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BBEJEHHE

TakTHkO-TeXHHUECKHe NOKa3aTeJH H 3KCIJyaTallHOHHAs HaJeX-
HOCTb JeTaTesqbHbIX aNnapaTtoB B GoJbluell Mepe, ueM JOGbX APYTHX
00BLeKTOB TeXHHKH, 3aBHCSIT OT COCTAaBa W KauectBa TOIVIMB, Maced,
CMa30K, TeXHHUECKHX XKHjJKocTeld. Doesasi mMoub pakeToHOCHHX Boen-
Ho-Boanywneix Cun u orpoMuble mMacimtabbl aBHANMOHHBIX NEPEBO30K
B HeMaJsoli crenend 0Os3aHbl JOCTHXKEHHSAM COBETCKOH HAyKH M IpO-
MBIIIJIEHHOCTH B 06s1acTH paspaboTKH W NPOH3BOACTBA TOIIMB U CMa-
30YHBIX MarepuanoB. Bnaronapst moBcenHeBHOMy BHHMaHHIO Kommy-
HucTHYecKol maptud 4 COBETCKOTO NpaBHTe/bCTBA GypHOE pasBHTHe
aBUALMOHHOI M pPaKeTHOH TEXHHKU IOJKPENJsieTCs HellpepbiBHBIM po-
CTOM H COBEpIlEeHCTBOBaHHEM HeOGXONHUMOH /sl Hee TONJNHBHOH 6a3bl.

OcnoBartenp KommynuctHueckoln uaptuu n CoBeTcKoro rocyaap-
ctea B. M. Jlenun, saborsicb 06 opranusanuy Kpacnoro Bosapymnoro
($10Ta, B TSXKENBIX YCJOBHAX I'PaIaHCKOH BOIHHBI He ymycKaJ U3 BUAY
BOIIpochkl ofecreueHnst aspomjanos TonsinBoM. Baagumup Habuu nuy-
HO W uYepe3 pYKOBOAsILHe opranbl MoJonoft CoBeTCKOH pecnyGJuKH
K cTpouTeabcTBY BosaywHoro ¢sota u BeipaboTKe TOMIHBA IS HErO
NPHBJEK BBLIAIOLINXCS YUEHbIX M HHXKEHepOB, NepeluefllHX Ha CTO-
pony pepoatouun. Mx Hayunble uaen ObliM NOAXBAaueHbl W Pa3BUTHI
THICSYAMHM 3HTY3HACTOB HAYKH M TEXHHKH, HaANpaB/JeHHBIX mapried B
aBHalMIO, CaMOJIETOCTpOeH e, HePTSIHYI0O B XHMHUECKYIO IPOMBIIIJeH-
HOCTb.

[Mpogoaxas TpagULHOHHYIO CBSI3b C NPAKTHKOM, 3a/710KEHHYIO B 06-
nacrd nepepaborku nedprtu kopudeem pycckoiét zayku . H. Men-
JeNeeBBIM, COBETCKHE yuenble 00ecleynii yClellHoe pelleHue npobaem
aBMALMOHHBLIX M pPAaKeTHBHIX TONJIMB M CMa30uHbiX MaTtepuanton. Emle
B 1918 r. H. . 3enunckuii Hanaaua nog MocKBoil mosnydenue 6GeH-
3MHa /5 MOJONON COBETCKOH aBHAlMK Ha OCHOBE MpPelJ0XKEeHHOrO
uM npouecca Kataautuueckoro kpexkHnra [89]!. Orkpuitoie H. H. Ceme-
HOBbIM B 20-X rolax 3aKOHbBI IEMHBIX Peaxiuil GblIH NPHMEHEHBl yue-
HBIMH €ro IIKOAb K MpoleccaM B aBHALWOHHBIX JBHUTAaTeNsX, UTO
MO3BOJIMJIO ONpefeanTh TpeboBauus K TomauBy ans uux. K. 3. Huon-
KOBCKHIl BbIIBHHYJI PYKOBOAsIKE HaeH B o6jacty non6opa roprouux

! B xBalpaTHEIX CKOGKax yKa3zaH NOPSAKOBBII HOMep CIIMCKa JHTEpaTypbl, 1o-
MELIEHHOTO B KOHIle KHHIA.
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OKHCJUTeNell A8 paKkeTHHIX ABUrareseil (OH nake npeanosaran BoO3-
MOXHbIM HCNOJNb30BAaHHE B HUX CBOOOMHBIX paaHKaJOB M aTOMHOII
sHepruu). Ydennle u crneuHanuctst PeakrusHoro HHMU — yuennxku n
npojponkatean ero jJena-—eie B 30-e roabl paspaboranu U HUCHBI-
TaJH KOHKPETHble COCTaBbl TOIIHB, JexallHe B OCHOBE COBpeMeHHOM
pakertHoil TexHukH [56]. dynnamenransusie unen H. I1. TMerposa (80-e
rojibl MPOUIJIOTO BeKa) B 06JIaCTH TPeHHs M CMAa3KH, pa3BuThie H yCO-
BEpILEHCTBOBAHHbLIE HA OCHOBE COBPeMeHHBIX NOCTHZKeHUl (HHIUKH H XU-
MHH, 03BOJINJIM ONPENENUTh COCTAB U 06ecnedynTh HEOGXOAUMbIe CBOI-
CTBa CMasOYHBLIX MarepHajoB A151 paboTalOWIUX B CJIOMKHBIX YCJAOBHAX
y3/10B TPeHHS JeTaTe/bHbIX annaparos..

Jas coBpeMeHHOro nepuoma xapakrepHo ¢opmupoBakie oco 6o
OTpacay HayKH, ugyvawuell Qusnueckne B XUMHUECKHE NpOIec-
Chl B JBHUTATeNsAX, KOTOpble ONPENeNsIoTCs NPHMEHSIeMbIMH B HHX
TONAHBAMH M MacjlaM{, HayKH O MPHUMEHeHHH TONJHB H CMa30uYHBIX
MatepuasoB (KpynHeHAIIHI COBETCKHH cHenHanuct B 3Tofl o6aacTu
npod. K. K. ITanox npepnoxkun uaspath ee xummoroaozueil). Ee za-
laya — Hccae0Bath M O6ecleydTh COOTBETCTBHE MEXAY TOIJIMBAaMH
H MaciaMmH, C OJHOH CTOPOHB, M ABUrateqssMH (HX KOHCTPYKUUEH H
nmapaMeTpaMH, MaTepHanaMHu, pexxuMamu paboTbl), C APYrofl CTOPOHHI.
C passuTHEM pEaKTHBHON TeXHHKH, HEeBHAAHHBIM pPOCTOM CKOPOCTH,
BLICOTHI, aJbHOCTH H MPOJOJIKHUTENbHOCTH I10JE€TOB, C NOBbILIEHHEM
CHJIOBOH M TEMJIOBOH HaMpPsKEHHOCTH [BUraTeseil B CHCTEM JeTaTeslb-
HKIX annaparoB B 3TOH 06sacTH BCTAIOT BCe HOBble H HOBblE CJOXKHbIE
npo6saembl. BosnelicTBHe KeCTKHX YCAGBHIl nojera Bbi3biBaeT Heolpa-
THMble H3MEHEHHS COCTaBa K CBOHCTB TOMJUB, CMA30UHLIX MaTepHaJOB,
TeXHHUECKHX XKHJAKOCTel, KOTOPbIC B Pe3y/bTaTe 3TOTO B CBOIO OYepelb
MOTYT BbI3bIBAaTb HEHCIPABHOCTH, OTKa3bl B paGoTe npurareneil U cu-
cTeM, paspylleHHe OTAenbHbIX feTaneil B ysnos [35].

Beupy onacHblx TMOCAEACTBHH 0TKasoB B paboTe  TeXHHKH
ofecrieueHHe HaXE€XHOCTH MAJAS JeTaTeNbHbIX alllapaToB BcCerja
spasercs npobGaemoit Ne 1. [Tosromy rnaBnoe BHuMaunue oGpauraercs
Ha 3KCNJAyaTaunHWOHHbB e CBOHCTBA TOM/IHB, CMAa30YHBIX Marepua-
JIOB M JKHAKOCTEH, OT KOTOPHIX 3aBHUCHUT HaNe/KHOCTh [ABHUTaTenell U cu-
CTeM JieTaTebHbHIX AanlnaparoB: IOBBHINEHHE  TepPMOCTaGHAbHOCTH,
yMeHblleline Harapoo6pa3oBaHusi, CHHIXKeHHe KOPPO3HOHHON aKTHBHO-
CTH, yJyullleHHe NPOTHBOU3HOCHBIX cBOficTB M T. A. IIpu 3ToM Bcerna
coxpanfiercs npo6iema mOBbIeHHss 3P GEKTHBHOCTH TONIHB H
CMa30yHbIX MaTepHaaoB, H60 KaxAbll JHIIHHI KUJIOTPaMM TOIIHBA,
Macsaa, JKHAKOCTH, MOAHSITHIH JIETaTeIbHbBIM aNNapaToM, COOTBETCTBEH-
HO CHHXKAeT IMOJE3HYI0 Harpysky HaH 60eBble BOSMOXKHOCTH JeTaTesb-
HOTO anmapara.

HenpepsiBubli nporpecc Kayectsa TOIVIHB U CMa30YHbIX MaTepua-
JIOB OTHIONb HE CHHXKAeT OCTPOTY 3THX npobsieMm, Tak Kak ONepexKaro-
lee pasBUTHE aBHAUNH, KOCMOHABTHKH, PakeTHOHl TEeXHHKH Tpebyer
pelienus ellle 6ojiee CIOXKHBIX BOIPOCOB, CJAYXHT HCTOYHHKOM HOBBIX
NPOTHBOPEYHIT, TPYMHOCTell pOCTa, KOTOpble NpPeJCTOHT NPEONOJeTD.
ITpu stom oTpruarenbuolit 3¢deKkT HeKOTOPHIX CBOHCTB TONJIHBA Hiy
Macia, HeyHOBACTBOPUTENLHBIX B 0COGO KeCTKHX YCJAOBHAX, mpuxg-
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IUTCS KOMIIEHCHPOBAaTh KOHCTPYKTHBHBIMH H TEXHOJOTHYECKHMMH Me-
pornpusiTusiMu. B cucreme JeraTeibHBII annapar — TOMJIHBO (UK
Macj0) BCe B3aUMHO CBf3aHO. Ecim HeJOCTATOUHO BEICOKOE KauecTBO
TomanBa (MAM Macsaa) CcHKaeT 3((pEKTHBHOCTb H HaleXHOCTb
JeTaTeqbHOr0 anmapara, TO [OBHIlleHne TpPeOOBaHUI K TOIUIHBY
(uam Macny) NpPHUBOAMT K YIOPOXKAaHHIO NOCAEJHHX, K COKpallleHHIo
BO3MOKHOCTEHl HMX MAacCOBOTO NPOM3BOJCTBA, T. €. MOXET NPUBECTH K
HepeHTaGeNbHOCTH TEXHUKM HJIH HEBO3MOMKHOCTH obecrmeuntb ee HeoO-
XOAHMbIM KOJIHUECTBOM TOMJAHBa (WM Macaa).

Ipananosuble nnaubl paspuTust HeQTAHON W XHMHYECKOH NMPOMBIIL-
JIEHHOCTH, mnepepaboTkn HedTH M rasa, HameueHHbe XXIV cbesmom
KIICC, o6ecneuynBalor BO3MOKHOCTbL MOJyUeHHs! BCeX BHIOB H COPTOB
TOMJIHB, CMa30YHLIX MaTepHajOB N CIeUUaNbHBIX JKUAKOCTeH, Heo6xo-
JUMbIX 1715 aBUALHOHHOW TeXHHKH.



YACTb NEPBAS
TONJIHUBA

maBpa 1

OB1HASI XAPAKTEPHCTHKA TONJIUB
AOJis1 JETATEJIbHDBIX ATNIMTAPATOB

HA3HAYEHHUE U KJIACCH®HUKAUUA TONJIUB
OcHOBHbBIE NMOHATHS

JBuratend BHYTpEHHEro CropaHus, ycTaHOBJAEHHbIE Ha JeTaTedb-
HBIX anmaparax, CO3[aloT CHJY TATH 3a CueT TemJIOoBOH 3Hepruu. Be-
wectsa, pacxodyemvie ¢ yeavio NOAYHUTy TENAOBYIO IHEP2UID, HA3bL-
saTcs Tonausamu, B pBurartensix sta 3Heprusi ¢ NOMOLUbIO ra3000-
pasHoro pabouero Tesaa npeoGpasyercss B MexaHuueckyio pabory or-
6poca ra3oBoif cTpyH WM BpailleHUS BO3AYLIHOT'O BUHTA.

Brigesnenye 3Hepruvl TOIJIMBOM MOXKET NPOHCXOAUTL B pe3yJbTaTe
XHMHYECKHX HWJIH siIePHBIX NPOIECCOB; COOTBETCTBEHHO TOMJIMUBA i€-
JATCSA HA Xumuyeckue n adepuovie. OOblUHBIE XUMHUECKHE TONJIHBA (Ke-
pocuH, 6eH3WH W Hp.) BbLIENSIOT SHEPLHI0 NPH CrOpaHUU — OBICTpOTE-
Kywem npouecce okucaenus. ns cropanus tpeGyercst He TOJBKO To-
plouee BEIIECTBO, HO M OKHCJAHTENb., B BO3AYIIHO-PEAKTHBHBIX U
nopwneBsix apuratensx (BPJ1 u I1Jl) okucaurtenem ciayxur aTtmo-
ceprblit Bo3nyXx. TONMHBO IS 3TUX JBUraTesNeldl OKHUCIHUTENS HE CO-
LOEPXKHUT; OHO COCTOMT H3 OJIHOT'O JHllb TOPIOYEro BellecTBa. TepMuHbI
«TOMJIMBO» U «TOpIOUYEes» NPHMEHUTENbHO K 3THM JBUTATENsIM P aBH O-
3HauHbl, Bo3ayx He MPHUHATO CYHUTATh COCTABHOH YACTBIO TOMJIHBA,
TaK KakK OH MOCTyMaeT u3BHe, a He pacxoayercs ¢ 6opTa JeTaTeabHOro
annapara.

Pakeruple gBUraTesu He norpebasioT oKUcauTeAst U3BHe. B kupko-
CTHBIX paKeTHbIX ABHUTATENsIX OKHUCAHUTENeM, KaK NPaBUJIO, SIBJASETCH
OTIENbHOEe BEWeCTBO (PKUAKUI KHCJAOPOJ WM a30THAs KHCI0Ta U Ip.),
KoTopoe Gepercs Ha OOpPT JeTaTeJbHOrO anmapara Hapsily C roploynMm
BEIECTBOM. B 3TOM cayuae MOHSITHS «TOIJIMBO® H «TOpIOuee» HepaBHO-
3HAYHB; TOMNJHUBO COCTOHUT HU3 JABYX KOMNODOHEHTOB—
ropmouYero U OKHCJAHTEeJs. B pakerHbix ABHrareisXx NPHMEHs-
POTCS TaKXe O JHOKOMMNOHEHTHBb € (yHHTapHblEe) TOMJIUBA, IiaB-
HHIM 00pa30M TBEPAbIE, B COCTAB KOTOPbIX BXOIHT HEOOXONHUMBIH AJIs
FOPEeHHsT KHCJAOPOA. Huorpa B kKauecTBe OJHOKOMIIOHEHTHOTO paker-
HOTO TOMJIMBA HMCOOJb3YIOTCS BelllecTBa, KOTOpbie HE TOPAT, HO pasna-
raloTcs C BhIIEJNEHHeM Tensa (Hanpumep, MEPEKHCb BOAOPOLA, THapa-
34H). DTO ToXKe XMMHYeCKHe TONJIKBA, TAK KaK BbIIENICHHE HMHU SHEPTUH
NPOHMCXOAHUT B Pe3yJbTaTe XHMHUECKHX NPOLECCOB PEKOMOHHALMU aTo-
MOB B GOji€e YCTOHYHBLIE MOJIEKYJbl 110 CPABHEHHIO C HCXOMHBIMH.



Kpome ocioBtioto tasnaueHns — BLIAEACHHs dHepruht TomanBo
O6LIYHO BBHIIOJHAET (DYHKIHIO HCTOUHHKA paboyero rTena—
rasoBOfi CMecH, C NMOMOLIbIO KOTOPOH OCyLIeCTBIfeTcs paGouud npo-
necc asurartens. OCHOBHBIM HCTOUHHKOM pabouero rtena BO3AYLIHO-
peaKTHBHbIX H NOPIUHEBLIX ABHrarTeseil siBAsfeTCs BO3JYyX; TOIVIHBO H
NPOAYKTbl €r0 CCOpaHHUsl COCTaBJSAIOT JHIbL He6OAbWYH YacTbh pabo-
yero Tesna. B pakernbix pBurartesnsx pabouee Teqo o6pasyercs LeaH-
KOM H3 TONJHBA.

Bo mHOrmx pBuraTensix KHIKOe TOMVIHBO MNONYTHO HCHOJb3YeTcs
ISl OXJIaXKIEHHUs! TOPSIYMX Y3JOB M JAerasel, OXJaxJeHus Mmacna, ru-
ApaBJHUECKOro ynpassenus arperaramu [60, 81, 97] L

Cocrtas Tonaus aaa BPJL

[lpumepnas cxema kaaccMDUKALUH TOMJHB JETATENbHHX anmapa-
TOB, COCTaBJieHHasi HA OCHOBE CHCTEMaTH3alUH NAHHBIX O COCTaBe CO-
BpPEMEHHbIX ¥ MepCneKTHBHbIX TOMJIMB, NMpelHasHayeHHbIX /A pas3Jiny-
HBIX JBUraTtenel, npuBeleHa Ha puc. l.

DBosibiiasi yacTh COBpEMEHHBIX aBHAIMOHHLIX TOMJIHB BO3AYILHO-pe-
aKTHBHbIX M NOPLIHEBbIX [BHraTeNell — 3TO JKHAKHE CMeCH yrie-
BOAOPOA0B, NmonyuaeMble nyrteM mnepepaborku Hedrtu. X o6biunHO
passuualoT no TeMnepaTypam BbIKRNAHUS: asuabeH3un BHIKUIAET B
npenenax npumepuo 140—180°C, asuaxkepocun — 120—280°C, yra-
acesennvii Kepocun — 200—315° C. Hcnoab3yloTcst Takike WUPOKO-
ppaKyuonHpie TONNNBA, T. €. cMeckt 6en3uHa U KepocuHa. Ilepcnexrus-
HbIMH 2 TOIJIMBAMU Jisi BO3LYIUHO-pEaKTUBHHIX ABHTaTeNeH CYHUTAIOTCA
OJKHMKEHHble YIVIEBOAOPOAHblE Ta3dbl, CHUHTETHUECKHE HHIUBHAYaJbHbIE
YyLA€BOAOPONbl, KUAKUA BOJAOPOJ; MEHee BEpOSITHO, HO B IMPHHIKIE
BO3MOJKHO NpUMEHEeHHe THAPHIOB — COeAMHEHUH BOAOPOAA C APYTHUMHU
sneMeHTaMH (6OpaHOB, TMApPa3NHa, aMMHaKa), CIUPTOB, CYCNEH3H H
OpraHWyYecKHUX cOeAHHEHHIl MeTannoB (ajloMuHusi, Maruus u Ap.). [lo
CpaBHEHHI0 C He(dTSIHBIMU TOMJHBAMHM OJHHM M3 HHX pator GoJsblie
Ten/ja B pacueTe Ha eJMHHIUY Beca Hau o6beMa TONIHBA, Apyrue — Ha

eHHUIy KOJHYecTBa NPOKAaUMBAaeMOro uyepe3 JBHrarelb BO3AyXa
[10, 35, 60, 73, 81].

CocTap paKeTHBIX TOINIMB

Bce nepeuncaentibie Bewecrsa, HauuHas OT yrJIEBOROPOOB, HCMOJb-
3YIOTCA B KayecTBe rOPIOYEro KOMNOHEHTA TOIIMB JKUIKOCTHBIX paker-
HblX fBUrarteneil. 3a py6e:KOM NperMyLIECTBEHHOE NPHUMEHeHHe B [O-
ciaellHye TOAb Npuo6peraioT 2udpudol a30Ta ¥ HUX OPTaHUUECKHE NpO-
U3BOJHBIE, a TaKxke Hudxuli 8000p00. OKHCAUTENBHEIM KOMIIOHEHTOM
9THX TOMJIHB MOTYT OHITb MUOKUL KucAOPOO W KuCAOpoOcodepicauyie

! 3jech u fanee B KOHie KaXAoro Nojipasfena BKBaAPAaTHbIX CKOGKAX YKa3aHhI
MOpAAKOBLIE HOMEpa CIHCKA JHTEPATyphbl, NOMELIEHHOr0 B KOHIE KHHIH.

? Ha pnuc. 1 coeinHHTeNbHbE JHHHH K NepPCHEKTHBHBM TOMJHBAM MpPOBEIEILL]
WITPHXaMH.
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cOeqMHEeHHs], KOTOpble CIOCOOHBI OTHATH HAa OKHCJCHHE FOpIOYero 3Ha-
yHTeJbHOE KOJMHYECTBO KUcaopona. [lepcneKTHBHBIM OKHC/IHTENEM CUH-
taercs xcudkud ¢prop u ero coennHenus. TonaHBa HAa OCHOBE KMIKOLO
KHCJ0PONa OTHOCATCH K TpyMnne HecaMOBOCIJlaMeHAIOUUxcd NpH 3a-
nycKe JBHCaTessl, HA OCHOBE XHAKOro )ropa — K rpynne camMoBOCHia-
Mensoinxes. Tonnnsa Ha OCHOBE KHC/JOPOJCONEPKALIUX OKHCaHUTeJeH
OTHOCAITCS! K TOH MJIH MHOH DPpynNe B 3aBHCHMOCTH OT KOHKPETHOrO CO-
CTaBa roplouero KOMIOHEHTA.

K uucny yHutapHbIX TONJAHB OTHOCSTCS, BO-NEPBLIX, CTAOHAbHbIE B
YCJAOBHSIX XPaHeHHs CMeCH HJH PacTBOPBl FOPIOYEro B OKHUCAHTeNAs; BO-
BTOpHIX, BelllecTB4, B COCTAB MOJEKYJ KOTOPbIX BXOAHUT KHCJIOPO,
o6ecrneunBalOIIME UX CPOpPaHWe, B-TPETbUX, TAK Ha3blBaeMble 3HAOTEp-
MU4Hble BelllecTBa, NOMIOUAIOUINe 3Heprui0 npu obpa3oBaHUU H3
NPOCTBIX BEUIECTB U COOTBETCTBEHHO BBIIENSAIOIINE ee NPH pasJjo-
xenun [9, 29, 38, 55, 73, 86, 90, 91].

HoBble HCTOYHHKHM IHEPTHH

Ilesalorcst nONBLITKE CO3MaHUst 0cOBOro poaa XHMHUECKOrO TOMJIHBA
151 BO3AYUWHO-pEeaKTHBHBIX H paKeTHbhIX ﬂBPIl"BTGJlGﬁ, KOTOpO€ BblAe-
JISIET 3HEPrui0 B Pe3ynbTaTe COeNHHEHUs cB0000HLIX aTomMo8 u padu-
Kas08 (0ockoakoB Mosekya). Hakowew, oraenbHyw Cpynny nepcnek-
THBHbLIX TONJIHB, BbITOJHYIO TJ1aBHbIM 06p330M /i1 3J1EKTPOPAKETHLIX
JABHraTeNel, cocrapjsier OGbIUHOE QTOMHOE TOIIMBO Ha OCHOBe pac-
WENISIWNXCA H30TONOB ypaHa M MJYTOHHs, KOTOPOe OCBOEHO B Cra-
LMOHAPHBIX U KOpabenbHbIX sIAEpPHBIX PeakTopax, H TepMOsiiepPHOE TOI-
JIHBO Ha OCHOBE CHHTe3a AelTepus, TpUTHs M Ap. [47, 55, 73, 119, 131].

'

MPOLLECCbl BOCIUIAMEHEHHS1 U FOPEHHS TOIIHBA
CymHoCTL rOpeHus

Topernue 066141020 TORAUBA — 3TO ObICTPAA peAKUUS OKUCAEHUS, 8
x00e KOTOpOL e20 XUMUYECKAA IHep2us Npespauiaercsi 8 OCHOBHOM 8
TENAOBYIO, A CAMO TONAUBO — 2AQ8HbIM 006pa30om 8 2a30006pasrbie npo-
Oyxrol. TOPIOUNMH 3j€MEeHTaMH B cOcTaBe GOJBIIHHCTBA COBPEMEHHBIX
TONJIUB SIBJASIOTCSI YyTAepog W BOXOpPOA Kpome HHX B cocTaBe
HEKOTOPbIX PAKETHBIX TONJIMB COPIOUHMH 3JEMEHTaMU sIBJIAIOTCA ajlio-
MHHHH, MarHui, Gop, Gepuanuni, auTnil. CYIHOCTb OKHCJIGHUS 3aKJlo-
yaercss B Mepexoe BaJEHTHBIX (BHEIIHHX) 3/J1€KTPOHOB OT aTOMOB TO-
pIOUEro 3JeMeHTa K aTOMaM 3/1eMEeHTa-OKHCIHTESL. IMpuo6peras B pe-
3yJbTaTe 3TOrO MOJIOKHTEbHbIN 3apaj, aTOMbl TOpPIOYEro NPHTATHBA-
fOTCAl K OTPHLATENBbHO 3apSXKEHHBIM aToMaM 37eMeHTa-OKHCAHTENS,
HanpuMep Kuciopopa HaM $HTOpa, H 06Pa3yIOT MOJEKYJbl NPOLYKTOB
OKHCJeHNst — yraekneaoro rasa COp, mapos Bombl HyO, dropucroro
pogopora HF u np.

Peaxuun oxkucienns —uenube. OHR COCTOAT M3 psiia MOBTOPSIO-
INXCSA 3BEHLEB, B XOAE KOTOPHIX 06pas3yroTcsl aKTHUBHblE YaACTHILL —
CBOGOJHbBIE ATOMBI W pajdKa/bl. HHUTOXKHO MaJioro KOIHYeCTBa aKTHB-
HBIX NPOMEXYTOUHBIX NPOAYKTOB JOCTAaTOUHO MAJist HENPEPBIBHOIO IpO-
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TeKaHHUsl LelIHOTO INpeBpalleHHsi, B KOTOpOe 3BEHO 33 3BEHOM BTHATH-
paercs Gosbluas Macca UCXOAHBIX BelllecTB (Hampumep, yrJaeBoaopona
u kucjaopoxna). Urobsl okucAeHHE NTPOUCXOAUAO B (popMe TOpEHHs, A0J-
XKHBl CYLIECTBOBATb YCJOBHS ISl OBICTPOro NepeMelleHHs aKTHBHHIX
yacTHi U pasBeTBJeHHst neneid peaxknuifl. Takue yc/JOBHA HMEIOTCH
TOABKO B FasoOBOM Cpenxe HX HET B XKHUAKHX W TBEPABIX Tejax.
JKugkoe TonsnmBo cHavasna npespaufaercs B nap, a TBeploe pasfa-
raercsi, o0pasys napsl U rasel (rasuduuupyercs), # JHIIb NOCJAe 3TOrO
oHu ropsit. Hanpumep, kepocuu po Ttemnepatypsl natoc 28—30°C
NOYTH He HCNapsercs U BCAeACTBHe 3TOTO He 3aropaercst OT NOJHECEH-
Horo niameHd. Uto6ul TONJHBO MOIVIO TFOpeTb, HYXKHO CO34aTh Yy CJIO-
BHsI I/ifi eTO HCNAapeHUa HAHK rasudHkalnun Takue ycro-
BHS MOTYT OBITH CO3/laHBl HAarpeBOM MOBEPXHOCTH KHIKOLO HJAH TBEp-
JOTO TOMNJHBA OT 30HBl T'OPeHHs ras3oB, OT BHEIUHErO0 HCTOYHHKA HJH
e B pe3ysbrarTe 3K30TepPMHUCCKHX peaKuuil BHYTPH CaMOro TOIJIHBa
[23, 46, 52, 88, 94].

BocnaaMeHeHue

I'openne cmecu Bo3GyxKpaercsds XMMHUeCKM AKTHBHBIMH YacTHIAMH,
KOTOpBEe 06/1a1al0T NOCTAaTOUYHOH IHepTHell /15 paspylleHdst XHMHue-
CKHX CBfI3€H aTOMOB B MOJIEKYJaX TOPIOYEro M OKHUCAHTeNsl. AKTHBHBIE
YacTHUIbl BO3HUKAIOT NPH CHJILHOM NOJOTpeBe ropioued cMecH 3JeKTpHu-
YeCKOH HCKPOH WJIH pacKaJeHHOH MOBEPXHOCTbIO, WM MyTEM pe3KOro
CXKATHS, WJIH HHBM CIOCO6OM. YC/JIOBHEM BOCIJIAMEHEHHS SIBJASETCS
npeBblIIeHNe CKOPOCTH BBIAENEHHS TeIla 3a CueT 3K30TepMHUECKHX
peaxkuuil B nepBOHAUaJ bHO NMOJOTpeTOM oObeMe cMecH (ouare pocnJja-
MeHeHHs!) HajJ CKOPOCTBIO TEIJIOOTHAUH B OKpYy2Kalollee NPOCTPAHCTRO.
Brlnesnenue Temsa B ouare BOCIJIaMeHEHHs! MPONOPIHOHAJNBHO 00bEMY,
a OTBOJ — IJIOLIAJAH €ro MOBEPXHOCTH; pas3mMep ouara NPONOPUHOHAJEH
HX OTHOweHHIO. YUem MeHbIle XHMHUeCKass aKTHBHOCTb H TEMJIOTBOP-
HOCTb cMecH, TeM OOJBIUHH HauaJbHBIE Oyar BocmyiamMeHeHHsI Heo6Xo-
UM 175 ee noAXHuraHug [46, 75, 88, 94].

PacnpocTpatieHse njaMeHH

[Tocne BocmiaaMeHeHHS HOPMAAbHOE paclpOCTPaHeHHe IJaMeHH B
CTMOKOMHOH, HE3aBHXPEHHOH CMecH IPOHCXOLHT CO cKOpocTelo 10—
30 ca/cex (aamunapHoe ropeinne). Conpukacaiomuiics ¢ niaMeHeM
CJI0OA cBeXeH cMecH HarpeBaercs 10 Temmepatypel 1500—3000°C n
BHIILIe (TeMmepaTypa 3aBHCHT OT COCTaBa ra3oBOH CMecH), XHMHUECKH
aKTHBHpYeTCst NOTOKOM AKTHBHBEIX YacTHL H 3aropaercs. ToJlIMHa
30Hb msamenu nopsaka 0,1 mm u MeHee.

CKOpOCTb BBICOKOTEMIIEPATYPHBIX XHMHUECKHX peakiuii (W) upe3BbluafiHo pesko

(Mo 3KCIOHEHTe) 3aBHCHT OT TEMIEpaTyphl; COMMIaCHO 3aKOHY Appennyca
E

W~ e RT. ( : )
rae FE — sHeprusi akTHBALWH, KOTOPYI0 HYXHO COOGUIHTb a3y MJISi BO3HHKHOBEHHS
JLaHHOH  peakKuui;
R — ra3oBasi NOCTOsINHASA;
T — aGcomoTHast TeMmepatypa. - T
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DTO cnoco6CTBYeT CTATHBAHHIO 30HBI FOPEHH B MOBEPXHOCTb — TOHKHA (POHT
KaueCTBEHHOrO CKauka, B KOTODOM BMECTE C DE3KHM IIOBBILICHMEM TEMNepaTyphsl npo-
HCXOLHUT pe3KHil Hepexoj COCTaBa rasa OT HCXOQHOH ropiloueil cMecd A0 NMPOAYKTOB
CTOpaHusl, COMPOBOXKIAaeMblil TEMJOBbIAENEHHEM. BpeMs 3TOro mpeBpaljenys NOpsaKa
MHJIJTHCEKYHABl H MeHblle. POCT TeMmepaTyph! BHI3bIBAET JOKadbHOE (B TOHKOM CJoe)
yBEJIHYEHHE CKOPOCTH PeaKLHH H TelJIOBBIAEMEHHs, UYTO B CBOW0 Ouepenb obecreyuBaer
MaKCHMa/JbHO BO3MOXHBI NpH [OTaHHOM XHMHYECKOM TpEeBpalleHHH pOCT TeMmmepa-
TypHI.

JBuKeHUe ra3a B KaMepe CrOpaHUs ABHraTeis MHOTFOKPAaTHO
yBeJHUYHBAET CKOPOCTb pacnpocTpaHeHus niamend. [lnams suep-
THUYHO <«IIPOTAJKHUBAETCSH» B CBEXYI0O CMeCh PE€3KO pPacCHIHpSIOMHUMHUCS
TOpPSTYMMHU NPOAYKTaMH Cropanusi, pPoHT ero UCKPHUBJSETCS TYypOYJIEHT-
HBIMH NyJbCAUUAMU CKOPOCTH, OTJe/bHbIE OYarH ropeHds 3adpachiBa-
I0TCS NyJbCalysMU Brepen (3cradeTHOe pacrnpocTpaHeHHe MJaMeHH).
Ha u3Buaucroit U yBesHueHHOH 3a cueT 3cradeTHbIX OUaroB NOBEpPX-
HOCTH TOPeHHs CXKUTaeTcs 3a TO XKe BPeMs BO MHOro paa 0oJjblie ro-
ployel cMecH, yeM MOIJIO OBl CropaTh Ha IJagKOM (pOHTe NiIaMeHH.
KpoMe ToOro, MeskomacuiTaGHble HYJ/JbCAILUd CKOPOCTH YBeJHUYHBAIOT
YHCJAO0 CTOJIKHOBEHHH MOJeKy.1. B KOHeyHoM cueTe CKOpOcTb Typby-
AetTHo2o ropenus jpocturaer 20-—40 u/cex [21, 46, 52, 94, 114].

HOuddy3noHHoe ropenue

3oHa ropeHHs BIPHICKHBAeMOrO B KaMepy TOMIHBa OGLIYHO npeicTaBiser coboft
pasMbiTBIi B NMpOCTpancTBe (aken co CJMOKHON BHYTpPeHHeil CTPYKTYpoO#, coctosiledt
H3 TepeMeKalolHXC y4acTKOB MCMApHBINErocsi TOMJIHBAa (roplouero), YHCTOro BO3-
ayxa (MAH mapOB OKHCAMTENs!) H NMPOAYKTOB CTOpaHHs, KOTOpble CMEIIHBAIOTCS Me-
Kay coboit. Takoit ¢aken HasviBaeTcs Ouggysuonnsim. «IToBepXHOCTHBI» MeXaHH3M
FOPEHHS, MO-BHIHMOMY, COXDaHSeTCsi M B 3THX YCJIOBHAX. PaKTHYECKHE YYacCTKH
FOpeHHs CaMONPOH3BONLHO (B CHJy 3akoHa AppeHHyca) CTATHBAIOTCS B TOHKHE CJIOH
TaM, Tle CMelllHBaeMble rasbl OGECNeYyHBAIOT MaKCHMaJbHBIi NOABEM TeMMepaTyph
npu ropenns. CKOpOCTb peaKlUHit FOpeHHS NpH 3TOM OrpaHHYMBAETC CKOPOCTHIO me-
peHoca NapoB FOPIOYEro M BO3AyXa (MM NApoB OKHCJHTeNs) K MOBEpXHOCTH rope-
HASS H MAJO 3aBHCHT OT XHMHYECKHX CBOACTB Tonausal2l,52 [14].

XHUMHYECKHA MeXaHH3M FOpeHus

Ins yrjieBOZOpPORHBIX TONJMB, HECMOTPS HAa OTPOMHOE YHC/IO HC-
CleOBaHMIl, XMMHYECKHH MeXaHH3M TOpeHHs BO MHOTOM OCTaeTcCs
HescHb M OCHOBHOH NOXXOX K BBICOKOTEMIEPATYPHOMY OKHC/IEHHIO
YIJIEBOJOPOJAHBIX TONIJIHB 3aK/04AeTCs B H3y4YeHHH UENHBIX MpOLeccoB
o6pa3oBaHUs W pacnajna ras3oo6pa3HblX NPOMEXYTOUHBIX NPOAYKTOB
(nepekucefi, anpAeruiioB ¥ JAp.) TNpH OTHOCHTEJIbHO HH3KHUX TemIepa-
Typax H SKCTPANOJNSAUUHM 3TUX MPOLECCOB B O6JACTh BLICOKHX TeMIle-
patyp nosakony AppeHuyca — dopmyaa (1.1). Oxnako sToT noaxox ne
HaeT O6bACHEHHS HEKOTOPHIM TMPAaKTHYECKH BaXKHBIM SIBJICHHSIM: HA/IH-
YHI0 B IJaMeHH YIJIEBOJOPOAOB TBepnOH ¢ a3 bl — Meabyaiimux
YaCTHL, YHCTOTO yrsepona (caxku) pasMepoM B JCCATHIE — COThIE JOIH
MHMKDOHA, $iBJeHHAM AbIMJeHHs H narapoo6pasosanus. Ecau caxa
BHITOpPAET M ee He OCTAeTCs B KOHEUHbIX MPOAYKTAX CrOPaHHs, OHa 06-

12



HapyxuBaer ce6sl pe3KUM (B NECKOJbKO pa3) MNOBbILIeHHEM 3HEPruH
H3JyyeHUs] MJaMeHH W MOUIHOM 3JeKTpOHHOH smuccuelt. Tennosoe u
3/J1eKTPOHHOE H3Jy4YeHHe yTJIeBOZOPOZHOTO MJaMeHH HACTOJNbKO HHTEH-
CHBHO, Kak OyATO OHO NpeAcTaBJser coGofi TBepAOe TeJso0, a HE
ra30BYIO CMecCh.

KoHuenTpauns caxu B NAaMeHH, CyAs [0 HHTEHCHBHOCTH €ro H3/yyeHHs, 3a-
BHCHT OT [JOJH yriepoja B YyraeBojopoJe H B eme GoJblllell CTENEHH OT CTPOEHHs
YFIeBORODOMHOTO CKesleTa MoJekysa. J1Byxda3HocTh YrieBOZODOJHOTO IJIaAMEHH MO-
XKeT ObiTb He C/IyyaiHBIM SIBJEHHeM, KaK 3TO CUHTaJOCh 10 TMOC/ENHEro BPEeMeHH,
a Befylllefi CTaJHeli mpoliecca FOPeHHsl YrJieBOAOPOAOB. B uacTHOCTH, XOA mpoitecca
MOXHO NPEACTaBHTb! Kak AeTrHAPOTreHH3 alnHIO (NHPOIH3) YIVIEBOLOPOIHBIX
MoneKkya ¢ obpasoBaHHeM cBOGOAHOTO BOAOPO/A, YIVIEDOJAHOTrO TNapa H YacTHYHO Mpo-
AYKTOB HX TNpPOMEKYTOYHOTO OKHCJIeHHS, 3aTeM — KOHJEHCAUHIO YIJIePOJHOTO mapa
B caXXy NIpH ero NepechilieHHH H, HAKOHell, CrOpaHHe CaXkH, BOAOPOJA M TPOAYKTOB
NPoMeXyTOuHOro okucieHus [46, 52, 113, 114].

HarapooGpa3soBaHue

ITpu BBICOKOH KOHIEHTPAlHH Ca)KH B MJlaMeHH OHa MOXKeT O0Cax-
IaThCA Ha CTeHKax KaMmepbl cropaHus u ee geransx. MHoraa o6pasy-
I0TCSi MJIOTHBIE YIVIePORHCTble Haraphl, 06YyC/JOBJAEHHLIE, NO-BHAUMOMY,
TepMHUYECKUM DPasfoKeHHEM H OKHCJHTENbHON KOHZeHcauuell KUAKOH
¢dasbl ToIMBa — KaneJsek, NONAaBLINX Ha TBEPHYyl0 noBepxHocTh, Hara-
poo6pa3oBaHHe YyCHIHBaeTCs, eCIH XKHJAKOe TOMIHBO 3abpaceiBaercs
BUXPAMH Ha CTeHKH M JAeTand KaMepbl CTOpaHHs, a TaKXe NMpH XyA-
el UcnapsieMOCTH TOMJHUBA,

Hau6onbilyio CK/JAOHHOCTH K caxeo6pa3oBaHHIO W 06pa3OBaHUI0
yIJePONHUCTOrO Harapa MNpOSBAAIOT apoMaTHUYeCKHe YIIeBOJIO-
PO/IbI, MOJIEKYJB KOTOPHIX COIEPIKAT KOMNAKTHYIO, TPYAHO paspyluae-
MYi0 TPYANHPOBKY M3 WIECTH aTOMOB yriaepoma M Oco0eHHO 6 H 11 H-
KJAnyecKHe apoOMaTHUECKHEe YFJeBOAOPOAbLl C elilc 6ojee KOMIAKT-
Ho#i rpynnupoBkoit u3 10 aToMoB yraepoaa [7, 58, 73]

JleToHauus

[Tpu BBICOKON XMMHUYECKOH aKTHBHOCTH TOpIOuell CMeCH ropeHue
MOJKeT NpUo6GpecTH XapakTep AeTOHAalUH (B3pbiBa): B ropsililell cMecH
803HUKAIOT CBePX38YKO8ble yodapHbie 80AHbL 0as8AeHUs U PE3KO NoBbl-
waeTcs CKopocTy naamextt (IO HeCKOJbKHX COTeH M Jaxe ThicAY Me-
TPoB B cekyHAy). JleToHalluoHHad (B3DbIBHASI) BOJMHA MPEACTaBAAET
co6oit COBMECTHOE paCnpOCTPaHeHHe yHapHON BOJIHBI CXKAaTHs, BHI3bI-
Baiolllei CaMOBOCMJaMeHEHHe TOMIHBA, M BOJNHBI TOPEHHS, KOTOpOE
nojjepKHBaer ee BbifienseMoil sHeprued. Ilpm peronauunm temnepa-
Typa B 30He peaKUHH Bbillle, 4eM NPH HOpMaJbHOM ropeHnu. [erona-
Iusi BbI3bIBAET ONACHble JNJIA JBUraTeJell TenJoBble H MeXaHHYECKHe
Harpysku [52, 94, 113].

! Touka 3peHHs aBTOpa,
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MOTPEBHOE KOJIMYECTBO OKWUCJHUTENA
CrexnomeTpHueckuil KO3(P(rULHEHT 2J€MEHTOB

KosnyecTBo KHCJIOpPOMA, TEOPETHUECKH HEOOXOAMMOe I/ MOJHOIO
OKHCJIeHHS] TOPIOYHX 3JeMEeHTOB, MOXKHO ONIpPELeHThb [0 ypaBHEHUAM
peakuuil okucienusi. Tak, 414 yraepola u Bojopoja:

o 1
ypaBHeHHs peakiHil C +0,-CO, H, + 5 0, - H,0;
MmoJekyasapusie maccs 12,01 32 2,016 -;—--32.

Chaenosatenbno, na 1 xe yrmepoma wumer 32:12,01=2,66 ke
KHCa0pona, a Ha | ke Bogopoma — 16:2,016=7,94~8 ke Kucaopoxa,
T. €. B TPU pa3a GoJblue. M3 aHasoruuubix pacueros CjieayeT, uTo A%
cropanusi 1 K2 Merannos u 6opa TpeGyeTcsi MeHblie Kucaopoia (cm.
Taba. 13).

KoauyecTBeHHBIe COOTHOINEHHS, B KOTOPHIX BEIUECTBA pearupyioT

Ipyr ¢ apyroM 6e3 ocraTKa, Ha3bIBAIOTCS CTEXHOMETPHYECKH-
K2 oKucaumens
M. CrexuoMeTpHyeckoe OTHOIIEHHE ¥%,== ———————— HAa3bBAIOT
K2 zopotezo
cTexuomerpuydeckum KodpguiyueHTom roploueil CMeCH HJIH PaKETHOTO
TONJHBA, B COCTaB KOTOPOTO BXOAST U ropiouee, U OKUC/IHTEJb.

B BO3AyIIHO-peaKTHBHBIX W MOPIIHEBbIX JABUraTeNsX VISl CXKHUCa-
HHS TOMIMBA ucHosab3yercs Bo3ayx. Ou comepxur 23,1% xucnopona
(no Becy), T. e. B 1 ke Bo3nyxa couepxkurcsa 0,231 x2 xucaopona. Cre-
JOBaTe/JbHO, NoTpedHOe KOJMYecTBO BO3Ayxa (ero NMpPHHATO 00O3Ha-
uath L) B 1/0,231, 1. e. B 4,33 pasa Gosabuie mMorpeGHOrO KOMHUECTBA
KHcaopona: asst Bogopoia 34,4 ke, ans yraepora 11,5 ke [23, 73].

CrexuoMeTpuuecknil KO3 iMUMEHT CAOKHBIX TOPIOUYHX

UtoGbl ompenenTh, CKONbKO KHCIOpPOAa TpebyeTcs AJd TNOJHOro
cropanusi | Ke TomnuBa CJOKHOTO COCTaBa, HYXKHO 3HAaTb €ro ate-
MEHTHbI €OCTA8: BECOBOE COMepKaHHe B HeM TOpIOYHX 3JEeMEHTOB
[Ck, [H) u T. a., a Takxke kucaopona [O], ecan OH CORXEPKHUTCA B ro-
pioueMm BemrectBe. OueBHAHO, YTO /ISl TOJHOrO CropaHus 1 Ke Tonau-
Ba Ttpedyercss Kucaopoxa (B Ke)

% =2,66 [C], 4+ 7,94 [H], — [O].. (1.2)

Mpumep. Daa cropauus 1 K2 xepocuna, cocrosimero u3 0,86 xz yraepoma u

0,14 k2 BojoOpOfa, HEOGXOAUMO KucaOpoAa Yo = 0,86-2,66 + 0,14-7,94 =340 x2 nan
Bo3yxa ly = m =14,7 k2.

3HayeHHs] CTEeXHOMETPHYECKOTro K03 HUMEeHTa pas3JUyHHX Tropio-
YHX, paccyutanHele no ¢opmyse (1.2), npusegens B Tada. 1.

UeM Gosblie BOAOpPOAA B YIVIEBOJOPOAHOM TOINJIHBE, TeM GoJiblie
KHCI0pPOAa HYXKHO A8 TOJHOrO cropanus tonauBa. Ilpu cropanunu
CIUPTa HJIK JPYTOro COJEpP:KAaUIero KHCJIOPON FOpIOYero COOTBETCTBEH-
HO MeHbIlee €ro KOJHYecTBO NoTpeb.asercs uaBHe. Hesesnko norpe6-
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NMOTPEBHOE KOJIMYECTBO KHCJIOPOIA H BO3NYXA 1Jig NMOJIHOTO

OKUCJIEHUS HEKOTOPLIX T'OPXOYUUX (k2 oxucaumensi/ke zoprouezo) [23, 73, 86]

Ta6auua 1

DJeMEeHTHBI COCTaB B Kz/K2

Popiosee Moxekyaspuas KOTMECTo0 | Kombeetng
10 JT
(6e3§ozmoe) Xumuueckas dopuyra vacea yraepox | Boxopon K"Z”zgsf“iojr KHCA0DPOAA 5022y xa
T r 3/MeMeHTH *o °
Yeaes000podot.
[Mapagunosbie C.Hypto (n = 5—18) 72—236 0,845! 0,155t — 3,49 15,05
Hagrenn, oaedunb C,H,, 14,03-n 0,857 0,143 — 3,43 14,78
ApoMmaTHueckue C,Hypeg (n =7—=-10) 92—134 0,90 0,100 — 3,20 13,8t
Beusunbl, xepocuHbl C,Hpn 100—200 0,86 0,14 — 3,40 14,7
Kavuyk 6y TaadeHCTH- (CHg-C,H;3-CeHy) 158,24 -x 0,912 0,088 — 3,13 13,6
PObHBIH
Meran CH, 16,05 0,749 0,251 — 3,98 17,23
Kucao podcodeprcawue Kucnopon
20 provue. 10]:
MeTtunoBbili CHHPT CH;0H 32,04 0,375 0,125 0,500 1,50 6,47
DTuNOBBIH CnupT C,H,OH 46,06 0,522 0,130 0,348 2,09 9,00
Kayuyx  nonncyabdua- (CHO8,), 200,37 -x 0,240 0,040 0,080 0,882 3,812
HbIH . [S]r 0,64 1,528 6,583

! TIpuGan3uTeAbHbIE AaHHbBIE.

2 Bes cropaHus cepsi.
? Co cropaHueM Cepbl.
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[1podoaxcenue
DAeMEHTHHH COCTaB B K2/K2 MotpebHoe Morpebuoe
Fopiovee X Monexynapras kucaopor [Of KONHYECTBO | KONHYeCTBO
(6e3BoaH0e) uMueckas GpopMyra Macca yraepon BOLOPOX W npyrue D KHcaopoaa BO31yXa
r r 9JEeMEHTH o °
Azomcodepacaujue )
eop/o‘tvme: Azor [N]:
AMMHaK NH, 17,03 _ 0,176 0,824 1,41 6,07
I'napasun N,H, 32,05 — 0,125 0,875 1,00 4,33
MeTHAruapasHu CH;N,H, 46,07 0,261 0,131 0,608 1,73 7,43
J HMeTHAT HAPA3HH (CH,;), N,H, 60,09 0,400 0,133 0,467 2,12 9,16
Tonatnaamun (C,Hg)s N 101,18 0,713 | 0,148 0,139 3,09 13,33
Kennnnun (CHjy), CcH3NH, 121,23 0,793 0,116 0,091 3,04 13,06
Kayuyx moanyperaHoBBIi [NHCOO (CH,)g], 143,18-x 0,588 0,091 0,099 2,08 9,00
[O]r 0,215
Hurpouennonosa [C;HgO, (OH)—, - 272,4 0,265 0,028 [N]r 0,126t 0,316 1,37
- (ONOy)o—sle [O]r 0,581%
Bopcooepxcaujue
20 piouue: Bop [B]: .
Menra6opan BsH, 67,17 —_ 0,141 0,859 3,03 13,10
JHeka6opan BioH 4 122,31 — 0,114 0,886 2,88 12,45

! TIpHG/IH3HTENbHEIE NaHHBE,




HOe KOJNHYECTBO KHCJAOPOAA H [IJA TOPIOUMX, COAEpPXKallHX a30T, Tak
KaK OH MPH CropaHHH TOMAHBA MOUYTH MNOJHOCTHIO MEPEXOAHT B cBOGOM-
HOoe cocTosHHe — o6pasyer MoJsexkyasl Np. Ecau Tomanso comepikuT
6op u Merannb, To K ¢opmynae (1.2) coorBeTcTBenHO R06ABAAIOTCH
yiensl 2,22 {Bl; 0,89 [A]: u 1. n. (cornacuo ta6a. 13) [9, 55,73, 81, 86].

KoaduuueHt u3bbITKa OKHCAUTENS

PeanbHbiil cocTaB ropioyeil cMecH B ABHraTeasix OOGbIYHO OTJIHUAET-
¢ OT cTexHoMerpuueckoro. Ero mpunsito BelpakaTb Ko3dHUHEHTOM
H36bITKa OKMCAHTENS (HJAH BO3NyXa, €CJIH OH CAYKHT OKHCJAUTENEM) @ —
OTHOLUEHHeM AEHCTBHTENBHOTO KOJHUECTBA OKHCAHTENS (HJIH BO3LyXa)
B CMecH K cTexuomeTpuueckoMmy. Ilpu a=1 (crexuoMerpuueckas
cMech) obecneunBaeTcs MOJHOe CropaHue TONJAHBaA 6e3 ocraTka H3ObI-
TOyHOro okucauteas. Ilpu a>1 (6edHas cMecb) Noc/e MOJHOTO OKHUC-
JleHHs TOPIOUEro ocTaercs H3GHLITOK okHcaurens. [lpu a<l (Hozaras
CMECb) H3-3a HEJXOCTAaTKa OKHCJHTEJS NPOUCXOAUT HENOJHOe CropaHue,
NPOAYKTHE CrOpaHHs colep:kaTt okuch yraepoxa CO (yrapublii ras),
HHorZa csobomubiii yraepon (caxy), Bogopon H, mnpocrefimue yrie-
BOZOPOIbl U JApyrue crnocoGHble roperb BeiuecTBa {65, 97].

TEMJOTA CroPAHHSt TOMNJIHBA

Boicuian 1 Hu3Was TENJOTBOPHOCTL

Tenaoroli ceopanus (TenAOTBOPHOCTHIO) HA3LIBAETCA KOAUYECTBO
Tenaqa, gvldeasemoe npu nosHom ceopanuu 1 ke Tonausa u oxaaxcOe-
HUW npooykros czopanus 0o ucxoonoi remneparypor (06uiuno 20°C).
Ee onpenensior onbiTHbIM MyTeM, cKHras B Kajaopumerpe (puc. 2)
B cpeme cxkaroro kucjopona 0,5—0,6 e ronausa. Breigenennyio tenso-
Ty PacCYUTHIBAIOT MO HarpeBy BOXB! B KaJOPHMETPHUECKOM COCYIE.

BonsHo#i nap, o6pasyeMbii NPH CrOpaHud TONJIHBA (OKHCJAEHHH
BOJOPOJa), B KaJODHMETpPE KOHAEHCHPYETCS, BbIAEJAsS NPH 3TOM OKO-
a0 600 xkaa/ke sodovt. KalopuMeTpHUECKY0 TEIJIOTY CrOPaHusi Ha3bl-
BaloT svicweld (Hy). Ilpu paGore nBuratesefi Tensaota KOHIEHCALHH
napos, BhiOpaceiBaeMbiX B aTMochepy, He HCNOJb3yeTCs, NO3TOMY /s
XapaKTEPUCTHKH TOMJUBA NMPHUMEHSIOT HUBWIYIO TENJIOTY CTOPaHMs, KO-
Topas MeHblle BbICHIeH Ha TEIVIOTy KOHIEHCAlHH NMapoB BOILL:

H,=H,— 600W, (1.3)

rne W -— xonnuectso BOAB B K2, oGpasylolliefics npu cropanun 1 xe
TONJIUBA.

Ias o6blunbix yraeBogopoxubix Tonaus W=1,15+1,35 ke sodui/xe
ronausa. ChaepoBatenbno, H, Menpwe Hy, npuMmepuo Ha 700—
800 kxas/ke. Beauwuuny W naxoast mno colepxanuio Boaopona [H]
B tonause (W=9[H] ke 8o0st/ke TOnausa) wunu HeNOCPEACTBEHHBIM
H3MepeHHEM KoJuuecTBa obpasylollleficg B KadkepsMeTpe BOAb [27,
73, 97).
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3aBl/lCHMOCTb TEMJIOTH CrOpaHHs TONJHMBA OT ero XHMHYECKOro
cocrasa

Tensora CropaHns 3aBHCHT OT 3JeMEHTHOT O COCTaBa TONJAMBa
H OT IPOYHOCTH CBSi3deH B MOJIEKyJaxX TONJHBaA H NpONYKTOB

flyna 6-8-KpamHoeo y8enuyeHus

Tepmomemp ¢ Genenusmu 0,01°C
&

flofsod moxa 10-158

K anexmpo-
npueody

Mewanxka

— Kpoiwka
I\ X R 060A04Ka C
] ] ‘ /|l —1 sodaHod
21 =M IS py6awrod
| B S Foropamen-
- ; =1y N~ 7}
ECSIN pudecKud
f:// ‘\' ///\_\/éig IR cocyd
-~ s /‘ h,ig N \§ Bxodwod u
[~ Al (N 66IZ00H0d
- 1 I Knanawol
-~ Hig i? R
~ o S Kanopumem-
5 : ]_1; puyecKkas
(1 domda (na-
< Tl nonuaemen
[/ 7 NN KUCAODOGDOM
. 8 do Gasrenus
g N 30Kr/cme)
5 S ™ Kanopumem-
pUYECKas
yaweyka
c 0,5-0,62
monnuea

Puc. 2. YerpofictBo Kanopumerpa

OKHc/leHusi, Boinenende TenJoBol 3Heprud NPH CTOPAHUM MOXKHO Ipen-
CTaBUTb CceGe Kak pe3yabTaT JBYX npoueccos (puc. 3):

1) paspeiBa oTHOCHTeJIbHO cJaGbplx Xumuyeckux cBsaseli C—C,
C—H u npyrux Mexjay aToMaMH B MOJeKyJaax TOpiOYera u OKHCJ/IH-
TEJs], Ha UTO 3aTpauuBaeTCsd sHeprua (IOABOA U MO H sHeprun
NPUNUCLIBAETCS 3Haxk maioc');

2) o6pa30BaHHsT NPOYHBIX XHMHUYECKHX CBSiI3eH Mex.Iy aTOMaMH ro-
ploudx H okucauTebHHX anementoB H—O, C—O u apyrux B modge-
KyJax OKHCJOB, IPH KOTOPBIX JHEPTHS BHI AE€N A €T CH (NOCKOABKY
NPOIECC PacCMaTPHBAETCH NMPH NOCTOSHHON TeMMepaType 3Ta IHeprus
OTBOLMMAas H el NpUNUChiBaeTCs 3HAK MuHyc). Kaxkaas xumuue-

' YkasanHoe NpaBH0 3HAKOB, (POTHBONONOKHOE NPHHATOMY B XHMHH, OBBIYHO
HCIOAb3yeTCsl B TePMOLHHAMHUECKHX pacueTaXx M CMpaBOYHHKaX.
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61

Tennoma o6paso-

Cxema pacyema

Tennoma 06paso-|6aHus U3 NPOCT6IX Tenncma czepasus
YpoeHU 3HEpezuu BAHUSI U3 QTOMO8 |BCUICCITIB-3HTAN6- Crgggg,‘:'g;'
ham nud 6 crand, vea. | oo Ham N0 [yyy | SbICWas (o) |HUsWA (fy) |
Lxum
c60060dHbIX amomos (G,H,0,N udp.) i 2 1
<o
=3
[
=
S
680600HbIX padUKanoe (CHz,CHy, S
CH,0H uadp.) =
=
3HOOMEPMUYHGIX MONAUB-CMOK- 2 [
Ho1x seujecme (NyHy, Colly, OF, udp.) g
o % Y L)
npocmelX GEUIECMI8 8 CIIaHdap- S g
Hom cocmogHuu (C-zpagum, 2 © =
Hy-2a3, 0,~2a3 u dp.) g o ® g
© = =
g St S
JK30MEPMUYHGLIX MONAUB-CAOMK- 5 Sl ohE 5} K
H6IX GeUWCCIME (CpHy - KEPOCUH, 2 SERSEE 3 3
GeH3un u dp. zoproyue; HNOz, Hp0, 5 HEE x E Y
u dp. OKUCAUMEAU ) % SAE 2 2
= S| <3| |S|E|S
3 Elx|g (o] 2|8
%) 35| O =
= 8 = | E = -
[« - al ¥ S = D
npodyKmos ceopaHus @ 2a3006pasl—" E H [ A R =
Hom GocmosHuu (C0z, H,0-nap u dp. &\ =y L4y S|®

PpoBaxHOM cocimognuu (H,0-#udkocrs,
OKUCAL! MCTIANI06-MBEpdsie U dp.)

Puc. 3. Cxema B3aHMOCBA3H TEMJAOTH O6PA30BaHHA, 3IHTAJbNHH M TENJOTBOPHOCTH TomauBa (LJs YCJIOBHO

npodyKimos czopaHus 8 KOHdEHCU")/

H30Tep-

MHYECKOro npouecca CropaHus BBIACJNEHHOE TEIVIO SABJASETCH] OTBOAHMBIM H MMEET 3HAK MHHyC)



CKas CBSI3b MMeeT OnpejleJieHHYI0 «dHepreTHYeCKy0 NPOUYHOCTb»: CBSA3b
C—C 85—90 kxaa/moasv, cBsa3b C=C 145 kxaa/mosrb, cBazp C—H
95—98 «kkaa/moab, cBass H—H 103 &xxaa/moas, csaze 0O—0
118 kxaa/moas, cBa3s H—O 115 kxaa/moss, cBazp C—O
150 xxaxs/more w 1. 1. Takum 06pasoM, XHMHYeCKas SHepPrus BeIIECTB
BblpaxkaeTcs B TEMJAOBLIX efununax [39, 73, 86).

MoaHasn sHTaAbLNUA

B TepMoanmnaMuke npHMeHsieTCs NoHATHe aMTaabnuu i=u+RT =
=CpT (rae u—BHyTpeHHsis sHeprus. C,— TeNNOEMKOCTL IpH MO-
CTOSAHHOM JaBJIeHHH, R — rasoBas nocTOsgHHas, | — aGCoOJIOTHAS TeEM-
nepatypa). Ee u3MeHeHue npoucxoaMT npu MoObIX BHAAX MOABOAA H
oTBoja 3Heprud. ITpu nepexone TonnuBa M3 OMHOrO COCTOSIHHSL B ApY-
roe (mamnpumep, NPH OXHKeHHH Ta30B WJIH aJJOTPONHBIX NpeBpalle-
HUSX) H MNPH AHMCCOUHANUMH MPOAYKTOB CrOPAaHHsl OHA SBJSETCS HaH-
6onee ypoGHBIM CcnocoGOM BBIpAXKEHHS SHEPreTHYeCKHX HW3MEeHeHHI.
¥C/0BHO NPHHATO CYUUTATh PABHOH HY/IIO MOJHYIO SHTAJBNHIO MPOCTHIX
BelleCTB Nnpu crangaprHoii Temnepartype 20°C B OGLIYUHOM yCTOHYHBOM
cocrosiuun (rasel Hy, O,, tBepaslit rpadut C u np.). ITosromy aHTanb-
NHs CJOXHOIO BeliecTBa MPH CTAHZAPTHBIX YCJAOBHSX paBHA T e Jo-
Teé ero o6pa3oBaHUg M3 NpPOCTHX Bemects. [Jas ro-
pPIOYHX OHa OOLIYHO HeBesMKa, HaNpHMep MJsl CMeCH YIJIeBOLOPOMOB,
BXOISIHX B cocTaB HedrsaHoro torunsa [ =—400-+500 xxaa/ke. [lpn
00pa30BaHHH OKHCJOB BbIIeNsieTCs 3HAUHTEJbHO 6osblie Temaa: A
CO, i=—2140 xkaa/xe, ana H,O i=—3210 kkaa/ke (npu 20°C).
TennoTBOPHOCTb TOpIOYero paBHA PA3HOCTH SHTANBIHU TOPIOYEro U
NPOAYKTOB ero cropaHus (okucaos) [55, 77).

H,=i —i,.. (1.4)
CxeMma pacyera TeNJOTBOPHOCTH

Ha pucynke 3 (cnpaBa) 10Ka3aHO, uTO TeNAOTBOPHOCTb KaK TellioBOii 3(pdext
DasJIO2KeHHd CJIOXKHOI'O BewecTBa Ha aTOMbl H OépaSOBaHHﬂ OKHCJIOB H3 aTOMOB
He OTJIHYaeTcsi OT TelJIOBOro sddexra pasioKeHHs CAOKHOFO BelECTBAa Ha MPOCTbIE
H OKHCJIeHHs1 NMpPOCTBhIX BelleCTB.

TeﬂJIOTBOpHOCTb BaXHeHIIHX FOPIOYHX MNPOCTHIX BEUIECTB NPH OKHUCJIeHHH KHCI0-
poaoM H (TOopoM mnpHBeaeHa B Taba. 2; OHa paBHa 3HTAJNbOHH COOTBETCTBYIOMIHX
IPOAYKTOB OKHCIeHHsi ¢ OOGpaTHBIM 3HAaKOM, OoTHeceHHolt k 1 x2 ropiouero. Tlpu cro-
paHHH Bo (Tope BbiienseTcsi GoJbllle Temsa, YeM B KHcnopoje (B pacueTte Ha | Ke
ropiovero), BeoifieneHne Tensia NPH CropaHHH MeTaJIOB 3aBHCHT OT COCTOSIHHMS MpPO-
LYKTOB HX OKHC/IeHHs (TBepiOro, KHAKOrO MM ra3oobpasnoro). CooTBeTCTBEHHO
AJ51 HHX pas3jHyYaloT BHICIIYIO H HH3WYIO TEMVIOTBOPHOCTDL; MOC/EIHAA HE BKIIOYAeT
TEMJIOTY KOHIEHCAUHH MNPOJAYKTa OKHCAeHH MeTanna. CxKHranue MeTamloB MOXKET
npeacTaBAaTh HHTepeC NMPH YCAOBHH 0Opa3oBaHHs FiaBHbIM O6pasoM TBepABIX, HO He
ra3oo0pasnbix MpPOAYKTOB cropaius. OG6pa3oBanHe ra3o00DasHBIX OKHCNOB MarHHs
(Mg) n Gepnunana (Be) Tpebyer aase Gofnbluelf 3aTpaThl Tellia, 4eM BbigenseTcst
npH Hx cropanuu [9).

TennoreBopHOCTb CJAOXKHBIX BEHIECTB

[Tpu noinom oxucieHudn 1 K2 4ucroro yriepoxa (rpagura) raso-
006pa3ubiM MOJeKyaspHeiM KucaopofoM O, sreimensercs 7850 kkaa,
NPH OKUCJeHHH | K2 MOJIeKyJAspHOTO Bolopoza Hs B BOASIHOH nap —
28 700 xxaa (B 3,66 pasa Goabile). Mcxona us seipaxenus (1.4) ren-
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Tabaunma 2

TEIJIOTBOPHOCTh BAWHENIIIHUX FOPHOUUX 3JIEMEHTOSB,
Kxxan/xz zoprorezo [86)

OxHcreHue razoo6pasHbM KHCTO- Okucrenue ra3o06pa3HbiM ¢GTOpOM
HauMenoBaune ponom (0,) (Fa)
ropioyero sie-
MeHTa u CoCTof-
HHe NPOCTOro ITpoaykT cropanus Tennotsop- [IponyKT cropauus TenaoTsop-
peueCTsa U ero CocTofHHe HoCTb H ero COCTOAHHE HOCTh
Vraepon (C) {CO,, ras; 7850; CF,. ras 18 340
TBEPAbIH CO, ras 2200 — —_
(rpadur)
Bonopoa (H,). | H;O, map Husuias HF, ras 64 300
ras 28 700
Bop (B) Teep- | B,O,, TBepawiii | 1-9 BbICHIAS BF;, ras 25 000
Ibifi (umxe 450° C). 14 000.
B,0,, wHaKui | 2-9 BbICIIAA — —
(Bbiie 4350° C). 13 760.
B0, raz (smiwe | Husmas — —
2225° C) 9200
Marunéi  (Mg) | MgO, TBEpAbIH Boicuias MgF,, Bricimas
TBEPAbLT (unxe 2800° C). 5930. TBEPBII. 10 700.
M§0. ra3 (sbiwe | Husmas MgF, (Bbime Husmas
600° C) —170 1263° C) 7200
Amomuuuii (Al) [ Al,0,,  TBepanit Bricuiag AlF;, TBepAbIil Bruicwag
TBEPAbIH (mxe 2050° C). 7400. (umxe 1040° C). 13 200;
AL, O3, rasz (swime Huswas AlF;, ras Husmasn
2700° C) 4130 (sbie 1280° C) 10 600
Bepuanuit (Be) | BeO, tBepaniit (im- | Boicmas BeF, TtBepabiit Boicwas
TBEPABLit we 2550° C). 15900, (anxe 540° C). 26 800;
BeQ, ras (seume | Husmas BeF, ras Huswas
3900° C) —3100 (suie 1170° C) 20 800
Jlutnii (Li) | Li,0, TBepAbiil, Bricuras LiF, tBepasiii Bricias
TBEpPAbIH (unxe 1430° C). 10 300. (unxe 850° C). 21 100;
Li,O, ras (Bbiume Husmas LiF, ras (snime Husmas
1700° C) 2880 1690° C) 11 450

JI0TA CropaHusi xepocuHa, 6eH3WHa WM JPYroOro BellecTBa, FOPIOYHMH
3JEMEHTAMH KOTOPOro SIBJSIIOTCH YIVIEpOJ H BOXOPOMA, NPU CXKHUTAHHH
B ra3po6pa3HOM KHCJAOPOAE HJH B BO3AYyXe MOXKET ObiTb ONpexeseHa
[0 €ro 3JIEMEHTHOMY COCTaBy M HM3BECTHOH M3 CNpPaBOYHHKOB MNOJHOH
suraapliud i (pasHoii mpu 20°C Tensore 06pa3oBaHUA M3 MPOCTHIX
BEILEeCTB)

H,=7850[C], + 28700 [H], + £, (1.5)

rae [Cl u [Hl — comepxanue yraepoga u sogopoma B 1 ke ropiouero
{refxel.

Bmecto npubaB/ieHHs SHTAJbIHH HJAH TEMJAOTH 06pa3oBaHHs MO-
’KeT GbiTb BBIUTEHA TEMJOTa Pa3vioxkeHHst Qpasn HAa MPOCTble BEllleCTBA

(Qpaan ="‘ir) )

[Tpumep. TennorBopHOCTs KepocHHa, | ke koroporo copepxut 0,86 ke yrae-
pona u 0,14 kz Bopopofa, a mosHas 3HTanAbNMs ir=-—450 kkaa/ke cormacuo (1.5)
cocrasasier H,=7850 - 0,86+ 28 700 - 0,14 — 450=10 350 kxaa/xke.
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UYem Goabllle BOAOPOAA COAEPIKHTCA B TOMJHBE, TeM Bbillie TeflloTa
ero cropanus. Tak, napacduuoBbie yraesoaopoabl Cn,Hgnye KOTOpBHIE
conepxar B 1,5—2 pasa Gonbule BOmopona, ueM apoMaTtuueckue, 06-
JlajaT CyllecTBeHHO 6ojee BBLICOKOH TeMIOTBOPHOCTbIO. Ecau Tom-
JHUBO COLep:KHT 60p W MeTaslbl, TO K ¢opmyae (1.5) coorBercTBeHHO
Jo6asasierca 14 000 {B); 7400 [Al} u 1. 1. (BecoBas mOMsi KaxKAOro
37eMeHTa YMHOMKAeTCs Ha ero TelJoTBOpPHOCTh). Eciy okucanTenem
siBaseTca QTOp, TO B BLIpaXKeHHe, aHasorHuHoe dopmyne (1.5), nox-
CTaBJAOTCA 3HAYEHHUS TENJOTBOPHOCTH TOPIOUMX JeMeHTOB NpH B3au-
MOZeHCTBHH €O (TOPOM, NpuUBefeHHble B Taba. 2. Temsora cropaHus
HEKOTODHIX YIIeBOAOPOJOB, YI1eBOLOPOAHbIX TOIJIHB H FOPIOUHX KOM-
NOHEeHTOB PAaKeTHOro TOMJWBa, paccyutaHHas no dopmynae (1.5), npu-
BegeHa B tab6Ja. 3 [16, 27, 55, 73, 81, 86].

AHaoTepMHYHbIE BeLleCTBa

CylecTBYIOT CJIOXKHbBIE BEIUECTBa, NMPH 06pa30BaHHH KOTOPBIX M3 aTOMOB Bbije-
Jasfercst (OTBOAHTCS) MeHblle Telljla, yeM 3aTpayuBaeTcs (MOABOAUTCHA) AMs paspy-
[IeHHs MOJIeKYJ TpOCThIX BelllecTB Ha aToMbl. CiefoBaTesbHo, 06pa3oBalHe TaKOro
poxa CJOXHBIX BelleCTB M3 I[IPOCTBIX COMPOBOXKIAeTCs He BBIJEJICHHEM Temaa, Kak
oOblyHO, a MOIJolleHHeM Telaa; NO03TOMY HX HasniBaloT sHOoTepmuutHoimu. IlonHas
SHTANBINA TAaKHX BelleCcTB B CTAHAApTHBIX YCJIOBHAX COIVIACHO MPHUHATOMY NPaBHIy
3HAKOB TMOJIOXHUTeJbHast (CM. Tabua. 3), a TenJaOTBOPHOCTb B bl Il €, yeM cyMMapHas
Eennora CropaHHs collepxKallerocss B HeM KOJHMYECTBA TOPIOYHX 3JIEMEHTOB (puc. 3)
16, 39, 73].

I pyrue snepreTHyeckne 3pexTnl

Hns kpuocennvix! TONNNB (0XKHKEHHBIX [a30B) — XKHAKOTO aM-
MHaKa H JKHAKOTO BOJNODOAA — NMOJHAs 3HTaJNbNHA H Tem1oTa cropa-
HHA paccunTanb He mas 20°C, a nas temmepartypbl kunenus. Onpene-
JieHHe MOJIHO 3HTAJbIIHM IJIs HeCTaHJIapTHOH TeMIepaTypbl COCTOHT
B fo6aBJeHHH K CTaHgapTHOR 3HTaabnuu (Tensore oGpa3oBaHHs)
3HepreTHuecKUX 3((HEeKTOB OXJaxKAeHHs rasoob6pasHOro BelleCTBa OT
20°C mo temnepatypbl kuneHHsi §=Cplium— Cp-20 (A1 amMuaka
3Ta BeJHYHHa paBHa —25 kkaa/ke, ans Bogopoga —860 xxaxa/ke),
KOHAEHCAlHH B XKHUAKOCTb (/51 ammuaxka —327 kka4/ke, AAst BOJO-
poma —108 xkas/ke) M ApPyrux H3MeHEHHH COCTOSIHHMA BellleCTBa, ecaH
OHH eCThb NPH OXJMaxkJeHHWH. B uacTHOCTH, paBHOBeCHOE COCTOsiHHE ra-
3006pasnoro sogoposaa mnpu 20°C coorBercTByeT comep:aHuio 75Y
optoBojopoaa (BpalleHHe TPOTOHOB OBOMX aTOMOB B MoJekynae Hj
NPOUCXOAHUT B OAHHAKOBOM HamnpasiaeHuH) u 25% mnapasopopona (Bpa-
[ieHHe MPOTOHOB OGOHX aTOMOB B MoJaekysde Hy B npoTHBONOJIOXK-
HBIX HanpaBJeHHsX), a NMpPH TeMneparype KHMNEHHA PaBHOBECHHIM SIB-
asiercst noutd uHcthiit (99,8%) napasomopon. Ilonnas remmora opTo-
napanepexona —168 xxaa/xe, a aas 0,75 ke Bogopoaa, yuacTBylouiero
B 3TOM Hepexofle, ona cocrasaser 0,75 (—168) =—126 xkaa/xe.

! Tepmun Kpuoecennsie 06pa30BaH OT TIPEUECKHX CJOB KPUOC — XOJONI, 2eHOC —
poxJeHHe, T. €. GYKBANbLHO 3HAUYHT «POXKIECHHbBIE XOJIOLOM»,
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Ta6anua 3

TEIJIOTA CTOPAHUSI U HEKOTOPBIE ®U3UYECKME CBONCTBA
TOIJINB M TI'OPIOYHX KOMITOHEHTOB PAKETHOI'O TOIIJIMBA! [86)

Tenaora
CropaHus
(pacyeTHasn), Temneparypa, °C
KKaa
Monnan K2 20pt04€20 | MaorHocTd
Tonausa u roproune suTanbnug I 1
KOMIOHEHTH npu 20° C, oE oo npx 20° C,
KKQAIKZ == §‘~"‘/ Ke/a
g & oz KHNEHHS | 33aMep3annus
93| £2
o o8
Yeaesodopodet.
ﬂapa(pnnosbg;; (CaHap+a | —500% [105002(250002(0,66—0,75/36—220 |—130—— +18
n= 95—
Hadrensi, oneqlagnbx —400% {104002%|24 5002(0,74—0,80/50— 220%| —93——+6
(C,H,y n = 5-+18)
ApowaTiieckne (g | 1O |9800° 2250040386-0385/100-200) —95+- 413
(CHoyp—gn =7—
Beuaﬁnéﬁ ’ KepocHHbl [420~—4602| 10 35024 300 |0,72—0,85| 40—300 —602
(CaHm)
Kayt?yxm Gyraguenctu- [ 45202 1102002(22900% — — —
poabubiil (CioHig)
Meran (CH,) wunxuii | —1260% |11820|27600| 0,424% | —162 —182
(npn —162° C)
Kucaopodcodeprcaujiie
20 provue:.
MeTunoBLIH COUPT —1780 | 4750 {13100{ 0,791 65 —08
(CH,0H)
DTHAOBBLIH  CnupT —1450 | 6380 [16 500{ 0,789 78 —114
(C,H;OH)
Kayuyx noaucynvdua-| 10002 | 56002 | 80002 —_ —_ —
Hpiit (C,HgOS,),
Asomcodepxcaujie
20proMue U cOCMaBHble
yacmu masepoo2o
mon.ausa.
Ammuax (NH;) xuaxuit | —990% | 4060 | 10300{ 0,6822 —33 —78
(npn —33° C)
Funpasun (NoHy) 4380 3970 { 8420 | 1,008 144 +2
Meruaruapasus +280 6090 | 13500] 0,876 88 —52
(CH;N,H,)
JuMeTnaruipasusu +190 7140 |16 100] 0,792 63 —57
(CHz), NoH,
Tpuatunamun (C,Hg), N —395 | 9460 | 22200 0,729 90 —114
Kenanann —380 9160 |21600] 0,978 212 —54
(CHy), CcHaNH,

! MosexkyldapHas Macca ¥ 3.JeMeHTHbI COCTaB npusefleHbl B tabu. 1.
2 [Ipubansureibiible RaHHble.
3 [Ipu TeMmepaType KiNeHHSs.
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MTpodorxcenue

Tenaora
CropaHusg
(pacueTrHas), Temneparypa, °C
KKaa
Tonaupa u ropioune 91;::;3:“ 2 ZOPORE0 | Maotnocts
' KOMIOHEHTH npn 20°C, | ¥ e npu 20°C,
Kraalrz £ :t‘ Kala
oA vz KHMEeHHs | 3aMep3auus
=) =
€5~ g8
£E0] 25
Kayuyx noauyperanosbii +50 7250 |16 700 — — —
[NHCOO (CH,)],
Hurpouneanonosa —590 1025 | — 1,66 — —
[C;HgO, (OH);—,-
‘(ONoz)z‘-a]x .
Hurporauuepun —400 1490¢| — 1,58 — +13,2
C3Hgs (ONO,),
Eopcodepocaujuz
20potue:
IMenraGopau (BgHy) +150 160005 30 700{ 0,63 62 —47
Ieka6opan (ByHy,) —170  {154005 29 700| 0,92 219 +99
Bodopod  acudxuii
(Hz npu —253° C):
HopManbubiii BOJOPOA, —90508 |27 750163 300; 0,0713 —263 —259
(0,75 opro+0.25 napa)
Mapasogopon —12008 |27 500} 63 100 — — -

% Ilpu Temneparype KuIeHus.
¢ Bes norpeGienus usBHe.
® [lpu o6pasoBaHHH GOPHOrO AHTHAPHAA B KMIAKOM BHJE.

Tensora cropauusi cMeceil, COCTOAILMX M3 XMMHMYECKH He CBA3AHHBIX MEXIY CO-
60/ KOMIIOHEHTOB, MOXeT ObiTb MOACYATAHA MO GopMye

Hey = aH; + bHy + cH + ... + Qpacre: (16)

rie a, b, c— oM KOMNOHEHTOB B cMecH (ke/ke Tonausa);
H, Hy, H, — TenjoTBOPHOCTb KOMIOHEHTOB;
pacrs — TeIVIOTa DaCTBOPeHHs (IS peasbHbIX TOMJIHB OHa OOBINHO
npene6pexkuMo Mana).

Bona, cozmepkauiasici B HEKOTOpbiX TONJMBAX, OTHAMaeT Ha CBOe HCIapeHHe
okolo 600 kkasn/xke. CaepoBaTenbHO, ee pacyeTHAass <«TeIJIOTBOPHOCTb» BbipaXKaeTcs
yucioM —600 kxaa/ke. Tloanas suranpnus npu 20°C aaa napoo6pasHod  BOIb
—3210 kkaa/ke, a IJs KUAKOH — Menbine Ha 600 KKas/ke, T. e. NPUGIH3UTENbHO
—3800 xxaxfke [9, 39, 67].

TennoTBOPHOCTL ropioyeii cMecH

Tennora cropanus B pacuere Ha | ke ropiouelt cMecH (HaM Ha
1 K2 pakeTHOro TON/MBa, COAEPIKAILEro roployee H OKHCIHTENb) onpe-
JeasieTcsi MO TeNJOTBOPHOCTH TOpIoUero, OKHCJAHTeN st H MX COOTHOUIe-
HH10. B mpocrefinieM ciyuae, KOrfia OKHcJAHTeaeM SIBASETCH BO3AyX H
TenJoBO# 3((heKT OKHCIAHTENs paBCH HYJ0, TENJIOTBOPHOCTb CMECH
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npu Kosbduuuente u3bbiTka OKHCaAuTeas a > 1 (T. €. npu NOJAHOM
OKHCJ/IEHHH ropiouero) Boipaxkaerca (QopmyJon

Hy
=17 | (1.7)

C yBenuueHneM wu36bITKa BO3JyXa KOJNHYeCTBO Temaa, coobiuae-
moro | ke mpOIdyKTOB CropaHHs, ymeHbmaercs (puc. 4, obaacts Gel-

He

Ia)

<t =1 st
( 6ozameie cmecu) (6ednoie cmecu)

Puc. 4. Buinsinue coctaBa cMecH Ha TemsoTy cropa-
Hus ropiovero £, # Tomawea f, (WITPUXaMy MOKa-

3aHO HU3MeHeHue JMIO0JH ropoyero B CMeCH T =
r

=—G—B-

HbIX cMmeceft). B o6aactm 6oraTtbhix cMeceil ropioyee OKHCJASIETCSl He
MOJHOCTBIO, BbifedeHHe Tenna FH <H, H, HeCMOTPS Ha yMeHbLIEHHE

KOJIHYECTBA OKHCAHTENS alp, TENJIOBbIAETeHHe /#, B pacuere Ha | Ke

NPONYKTOB CrOpaHHs TakKe yMeHbllae1cs. KOHKpeTHBI/i 3aKOH H3Me-
HeHuss h, B 06GJacTH GoraTbhiX CMeced 3aBHCHT OT COCTaBa TOIJIHMBA.

B ouenn Gorartoili uam oueHb OeqHOR CMeCH H3-3a HH3KOro TEINJOBbl-
IeJieHHs MJaMs pacnpocrpaHaTbes He moxer [1, 97].

TOINIUBO KAK HCTOYHHUK PABOYEIO TEJIA
Poab pabouero teaa

[azoo6Gpasnble NponyKThl CrOpaHHs ClAy:KaT paGouMM TesoM, C 10-
MOIIbI0 KOTOPOTO B JBHraTese TEeIJIOBast SHEPTHs NPeBpallaeTcs B Me-
xannyeckylo. OGpasoBanue Gosaplilero o6bema rasoB (OTCYTCTBHE KOH-
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NEHCHPOBAHHBIX NMPOAYKTOB cropanfis) obecneunBaer Gosee BHICOKYID
CKOPOCTb HX HCTeYeHHs H3 COmJa JABHratels H, CjlegoBaTeabHO, GOJb-
myio Ttary. [1py oAHOH M TOH Ke TeNJNOTBOPHOCTH BBITOLHEE Te€
TONJAHMBA, NPONYKTH CrOpPaHHS KOTOPHX HMelT 0o-
Jee HU3KYI TeMIOepaTypy. D70 CHHXKaeT YacCTHUHbIA pacrajg
NPOAYKTOB CropaHus (AHCCOLMALHIO), MOIJIOHIAIOMIHH Temao M yXyid-
(IAOIHH 9KOHOMHYHOCTL [BHrarte/sl, a TaKXKe yMeHbLIaeT OMAacHOCTb
paspyuieHHs MaTepHasoB ropsiueil yactu Asuraress [55, 72, 100].

l'azoo6pa3zosanue

[Ton razoo6pa3oBaHneM MOHMMaeTcsl NPHBEAEHHBIH K HOPMaJbHbIM
ycnosusim (760 mm pr. cr., 0°C) o6bem rasos, o6pasyeMblil npH cro-
paunn 1 Ke rtonnmBa (Uraz). Ero MOXKHO mHOACYHTATh, 3HAS, UYTO
1 Kke-moav mwo6oro rasa NpM HOPMAJbHBIX YCIOBHAX uMeer 0ObeM
22415 2 u, caenoBaTenbHo, of6beM | Ke rasa B HOpMaJbHbIX JHTpax
(#4), npuBeeHHblx K ycaosuam 760 mm pr. c¢r. u 0°C, paseH

22415
@rasz m - ., (1.8)

Ta6runa 4

FA300BPA30BAHUE TMPU CIrOPAHUU BAXKHEMIIUX T'OPIOUMX
JJIEMEHTOB, HOPMAJIbBHBIYT OBBEM HEKOTOPBLIX TA30B
U KOJIMYECTBO TEIUJIA, BBIOEJSIEMOE HA 1 ax TA30B
(BE3 YUETA JHMCCOUUWALIMH) [9, 81, 100]

O6bemM B HOPMAAbHBIX
AUTPAX (760 MM
pm. cm.. °C) Konuye-
[IpofykT Cropawis HIH More- CTBO Tem-
XuMuyeCxHil . Kyaap- rasa, o6pa-| aa, suine-
aneMenT ras, corepuauuncs Has 1 gz 3yeMoro Jmezlworo
B NPOAYKTAaX CropaHus Macca | mpoRykros l}’oacdl”e”c;‘g- nga I’C“l},’ad
cropaHus | 1 xz ane- '
MeHTa
¥Yraepon (C) Yraexucanii raz (CO,) |44,01 509 1865 4,22
Oxkucy yraepoga! (CO) 128,01 800 1865 1,18
YerbipexTOPHCThIi 88,01 255 1865 9,82
yraepon (CF,)
Bonopon (H) Bonsuoit nap (H,0) 18,02 1243 11120 2,59
®ropucrsiil Bogopos (HF)| 20,01 1119 22230 2,89
Bonopoxn! (Hy) 2,02 — 11120 —
Asot (N) Azor (Ny) 28,02 — 800 —
Kucnoposn (O) Kucnopop? (O,) 32 — 701 —
Bop (B) Bopunit aurugpun 69,64 322 1035 8,9
(B;0;), ras
®ropun Gopa (BF;) 67,82 330 2070 12,0

! Tlpu Herlo/HOM CropaHWH TOMHBA (HanpuMep, npH a<l),
2 Tlpu uabbiTke OKMCAHTENS (a>1).
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B rabGaune 4 pan moiAcuutaHHbli no dopmyne (1.8) HOpMab-
Hblfl o6beM 1 ke Ba)kKHeHWIHMX ra3oB, KOTOPble MOLYT COQEp:KaTbCs B
nponykrax cropanus [14]. Tam ke npuBesen o6Lem rasa, nosydaembii
py CrOpPaHuU | Ke roplouHx 3JeMeHTOB.

M3 ta6n. 4 BuaHO, YTO BOJZOpPOX OpPH cropaHuu obpa-
3yeT 3HauHTeaAbHO 6oabWIHE 00ObeM ra3aoB, 4eM yrie-

Ta6auuwa 5

'ASOOBPA3OBAHHUE NMPU CI'OPAHUH PA3JIHMYHBIX TOIJIUB
M KOJIMYECTBO TEIUJIA, BbIOEJIIEMOE HA 1 n2 TA3A
(BE3 YYETA IUHCCOLIMALIUH) [9, 81, 100]

C kucaopoaom C ¢ropom

rasoo6paso- | =z o [as006paso- | % &

BaHHe B Ha | 2O BanHe B #a | ° &

(767 mn o (760 <=

pm. cm., °C) | 2 3 pm. c¢m., °C) §§

Iopioyee BelwecTsO - b X - B

S b9 S| o8 e o9 o

20 |yg=s| 2z ¥o lpezoies
~8 |ZxvY EEs| ~8 [L3Y5|E8s

Yenes000podeL:
MMapadunossie (CpHap4s) 3400 | 760 | 3,09 | 5015 | 540 | 4,14
Hadrenn, oneduun (C,H,p,) 3190 | 7201 3,26 ) 4780 | 520 | 4,72
Apomarnyeckue (C,H,,;—¢) 2790 | 665 | 3,51 | 3900 | 450 | 4,82
Benzutint 3160 | 720 | 3,28 | 4720 | 520 | 4,06
Kepocuus 3160 | 720 | 3,16 1 4720} 520 | 4,03
Metan (CH,) wupknil 4200 | 843 | 2,81 | 7015 | 592 | 4,67
Cnupmor:
Merunosnit (CH3;OH) 2440 | 980 | 1,94 | 2785 | 610 | 4,70
Drunopuit (C,H;OH) 2660 | 860 | 2,40 | 3370 | 565 | 4,90
Asomcodepxcaujue zoprovue:
Ammuax (NHy) 2620 | 1010 { 1,50 | 4580 | 1050 | 2,25
Cuapasus (NoH,) 2090 | 1045 | 1,90 | 3480 | 1030 | 2,42
Iumernarugpasun NoH, (CHy), 2610 | 8401 2,73 | 4080 | 680 | 3,94
Tpusrnaamuu [N (C,Hy)s) . 3090 | 755 | 3,06 | 4740 | 570 | 4,48
Kcunugnu CgH3;NH, (CHy), 2740 | 680 | 3,35 | 4230 | 515 | 5,09
Bopcodepacaujue 20pioyuie:
[Teura6opau (Bs;Hg) 2460 | 830 | 4,921] 4920 | 865 | 6,23
Deka6opan (BjoHy,) 2190 | 795 | 5,26!| 4350 | 840 | 6,82
Bodopod (H,) arcudruis:

Hopmanbumit Bopopon 11120 1243 | 2,49 {22230} 1119 | 2,85
[Tapasonopog 11120 1243 | 2,47 | 22230 1119 | 2,83

! Tlpu 06pa3oBaHHH GOPHOTO aHFHAPILA B [a3006pa3HOM COCTOAHMH.



pon Bbicoxokunsine NpOAYKTHl CrOpaHHs MeTalJlOB Ha BHIXOJE
U3 JBHrartensi, no-BUAHMOMY, OyIyT TBepAbIMH HJH KHAKHMH (raso-
o6pasoBande paBHO HY/110). Tenmo, BeeNeHHOE NPH UX 06pasOBaHUH,
noijer Ha Harpes ra3oo6pas3HbiX NPOAYKTOB CrOpaHHs APYLHX 3Je-
MEHTOB.

Ina tonnmB cmoxHOro cocraBa (ta6ua. 5) rasoo6pasopanie Bhi-
ypcasiercss 1o cocraBasioiuM ux sjaementaM. OHo HMeeT 0cO6eHHO BaX-
Hoe 3HaueHHe A1 PaKeTHBX JBHraTeJjel, Tak Kak HX pa-
6ouee TeT0 COCTOMT LEJHKOM H3 INPOLYKTOB CrOpaHusi TOMJHBA, a
B BO3JYIIHO-PeaKTHBHBIX ABHrarensix — O6ojee ueM Ha 709% wu3 asora
sodayxa. M3 tabn. 4 u 5 BuAHO, uTO HauGoJblilee razooGpasoBanue
(B pacuete Ha 1 ke cmecHu) nocne BOAOpOAA LalOT aMMHakK M Tuapa-
31H, 3aTeM JAHMETHIATHAPA3UH U cnupTH [72, 73, 81].

Temneparypa npoaykTos cropanus

YpapHenHe TennoBoro GanaHca (ypaBHeHHe 3HTa/bNHA) [03BOJAET Ole-
HHTb BIMAHHE ra3oo6pasoBalusi Ha KOHEYHYIO TeMnepaTypy rasa f.. Hanpumep, Aas
1 k2 Tonausa u ! k2 Bo3nyxa'! npH a > |

(t+0 (C;rt’ — cgrto) =EH, + 1 (Chyty — Cgato) + (Ct—Cl,),  (19)

rae H,— tennorsopHOCTL TONHBA;
§— ko3 pHUHEHT NOJHOTHI cropands (o6bino 0,95—0,98);
£,=20°C— TeMneparypa, npH KOTODOHl ONpeAedsiércsi TEMJIOTBOPHOCTb TOI-
JIUBaA;
fz B f;— HCXOIHBlE TeMmepaTypsl Bo3AyXa H Tomausa, °C;
Cp #u Cp — CpellHHE TEIIOEMKOCTH (IpH MOCTOSHHOM JlaBJeHHH) NPOLYKTOB
r cropalust U Bo3ayxa, a C, — TOmJqHMBa IJIST TeMIeEpaTyphl, yKa-
3aHHON BepXHHM HHIeKcoM (GepyTtcs no Tabuanuam).
CocTaB NPOAYKTOB CrOpaHHsi ONpenefsercs MO COCTaBY TOIHBA,
Tpn a=1 (1. e. [=lo), ncxonnoi remnepatype fp=fr=20°C u §=1 u3 sbipa-
xenus (1.9) teMnepatypa fr onpefensieTcs CJAeYIOLIHM 06pa3oM:
CO
Hy Pry o H,

= + [}
Cp (1 +10) Co. Cp (1 + L)

(1.9Y

tr

(tak xak BTOpoil unen cocTasiser oxodo 1% or sennuunp #). 3HaMeHaTelb He-
T O
CIOXMHBIM NyTeM BbipaXkaeTcsi uepe3 o6beM rasa U p=T (1+14), noayuae-
Hn
Mbifi B pe3yapTate OKUCJAEHHS | K2 ropiouero, M TemiceMkocth | sa rasa Cp,° =

Pum

= 55415 (rme Cp, — MoasipHasn TEMIOEMKOCTh) !

C C 22415
p M __ HATO
Cop W +10) == (1 +1) =g9415 "~ — (1 + &) = o™,

H3 storo caepyer, uto
Hy

e ——2
Ha,,rop
Cp up

Pasnuua B ra3006pa30Bamm NpH CropaHuyd TOIJINBA PAa3JHUYHOTO
cocraBa 60aee pe3Kasd, ueM B TellJJOTBOPDHOCTH TONJIUBA H 06beMm-

! Auasiornyso TenaoBofi GajnaHc MoXeT ObITh COCTaBaeH JJS JIOGHX OKHC/H-
Tesell U roplouHx,
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HOW TEMJIOEeMKOCTH, KOTOpas MaJjo OTJIHYaeTCs AJAA pas3/JHUHbIX [a308.
[TostoMy BaAHsiHHe ra3oo6pa3oBaHHs Ha TeMnepaTypy IPOAYKTOB Cro-
paHHa yacTo oOKasbiBaercs pewatomum, Yem Ooablie raso-
o6paszoBaHHe, TeM MeHblle Tenna NOAYUHT Ka’KAblil HOPMaJabiblil
JAUTp rasa, TeM HHXKe TeMneparTtypa rasa. Tak, Tonimusa, co-
nepxaulne Oosblle Bomopoaa, Gmaropaps 6GosbiieMy ras3oo6pasosa-
HUl faloT 6ojlee HH3KYIO TeMIepaTypy CropaHusi, 4to 6JaronpHsiTHO
ckasbiBaercss Ha pabote aBuraresns. [losatroMy, nanpumep, napaduno-
Bole yraepogopoisl (CpHgngp) HMeloT Gosee HH3KYI0 TeMIepartypy
cropanus (#na 50—100°C u nuxe), uem apomatuueckne (C,Hy, o).
3710 0co6eHHO Ba)KHO NpPH yBeJHYeHHH TelJOTBOPHOCTH TOMJHBA, TaK
KaK M03BOJsieT MOJNYYHTh NMPHUPOCT MONe3HOH paGoThl (yaesnbHON TATH)
HeMmoCpefICTBEHHO 3a CyeT YyBeJHueHHs oO6beMma (ra3oBoil NMOCTOSHHOM)
pa6ouero Tesa, a He NyTeM IOBbIUIEHHS TeMllepaTypel rasa, KoTopoe
BBI3BIBAET CHHKEHHe K. M. . H3-32 JHCCOLMAlMM MPOLYKTOB Cropa-
wug [73, 77).

TepMuueckas auccounauus

ITpu seicOKHX TeMmneparypax (Bbiume 1800—2000°C) B rasooGpas-
HbIX NMPOAYKTAaX CropaHys BO3HMKAIOT XMMHUECKHEe NMPOLECCH, KOTOpble
MAYT ¢ MOTJAOUeHHEeM Tenaa. IDTo NPOueCC YacTHUHOro pac-
mapga (auccounaunuun) oxucaoB CO, u HyO na npocteie BelilecTBa,
paguKaJbl M aTOMBl, a TaK)Ke 3HIOTEPMHuecKHe peakuud obMeHa.

Peakuus 3aTtpata Tensa, Peaxuus 3arparta Temnaa,
KKaalKe KKaa/ke
CO,-»CO + 0,50, 1540 H,-H + H 6050
CO-~C + 0,50, 1060 No»N + N 51 300
H,O0-+H, + 0,50, 3220 Ny + 03+2NO— 360
H,0-~0OH + 0,5H, 570 CO + H,0-CO, + H, 220
0,-0 4+ 0 3640

Yem Bbillle TeMNepaTypa NPOLYKTOB CrOpaHHs, TeM GoJblle NOTEpH
TenJa Ha AHCCONHMANHIO H peakuHu o6MeHna. CHHKeHHe TEIIOBOroO 3¢-
dekra CropaHHsi TOMAHMBA M3-3a AHCCOUMAUUM MOXKeT OblTb OYEHb 3Ha-
YUTENbHbIM, 0COGEHHO NMPH HHU3KHMX AaBJAeHHAX (LeCATKH NPOIEHTOB).
bBonbuwee raszoo6pasoBanne, obecneunBaiollee 6olee HU3KYIO TeMmpe-
paTypy rasoB, cnoco6CTBYeT YMEHBIIEHHIO THCCOLHALHMH MW TO3BOJSIET
Jdydllle HCNONB30BaTh TEMJOBYI0 3Hepruio rtomituea (puc. 5). Ilpu co-
OTBETCTBEHHO ONHHAKOBOHM TeMmepaType MeHbUle NOANAIOTCS AHCCO-
uMauud gByxatoMHbl e moaekyan (CO, HF, Ny v np.), Goabrie —
tpexatoMuble (CO; H,0) u oco6eHHO MHOroaToMHBle (Hampumep,
CFy, B20s3).

ITo onHo#t nuIb TENJIOTBOPHOCTH MOXKHO MOJYYHTB JIOKHOE Mpen-
craBieHue 06 3bdekTHBHOCTH TOmaHBa. Tak, a3oTcofepiKaluue paker-
Hble TOpIOYHe, HAMpUMep FUAPA3HH H OUMETHATHADPA3HH, C HEBBICOKOM
TENJOTBOPHOCTbIO G/1arofaps HH3KOMOJIEKY/IAPHbIM (Majaoe p) H HH3-
KOATOMHBIM (C MaJblM YHCJIOM aTOMOB B MOJIeKYJe) MPOmyKTaM cro-
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panua ofecneyHBalOT C OfHHM H TeM Ke OKHCJIHTeaeM noJyueHue
0osiee BLICOKOM yjeqbHOM TATH, 4eM TOPIOYHE C OOJblied TEMnJI0TBOP-
HOCTbIO  (HampuMep, KepocHH), O6pasymollue BLICOKOMOJIEKYJIApHbIE
rasel (cm. taba. 10). ‘

1S
Te20p paxm

- —

= Mnc

UHOpM I

Puc. 5. Cxema BJIHSIHHS MOJEKYJSIPHOf MacChl

NPOAYKTOB CrOpaHusl Ha X TeMIepaTypy, mo-

TepH TEIJ1A U3-3a AUCCOLMALMH M HA Tenjo-
Ty, BbloenasieMyio B KaMepe cropaHus

Takum 06pasoM, TeMIOTBOPHOCTL XapakTepusyeT pacmnoJarae-
MYyIi0 9HEDTHI0o TONIHBA, a TeEPMOJHHAMHYECKHE CBOMCTBA MPOMYK-
TOB CropaHHss —BO3MOXKHOCTb €€ HCNOJAb3OBAaHHUSA A4
NPOH3BOACTBA MexaHHYeckoil paboTh u co3nanus taru [9, 55, 81, 86].

TONJMHBO KAK HCTOUYHHUK HMIYJAbCA TATH

Eanandubiii uMnyabe

HBuraTenb JeTaTe bHOTO anmapaTa 3a cueT cXKHraHHs TOTVIHBA CO3JLAeT HMNYJIbC
CH.Ibl TATH, KOTODHIA B MpOLECCe MOAeTA YPaBHOBIUMBAGTCS HMMYJAbCAMH CHJ PABH-
TAHOHHOTO TOJ H a3pOAMHAMHYECKOTO CONPOTUBJIEHUS W H3MEHEHHEM KOJHYeCcTBa
JIBUXKEHHA JIeTATeJbHOro annaparta. BoO3MOXXHOCTL peasu3amMu TOH WM HHOM npo-
rpaMMbl MoJeTa 3aBHCHT OT NOTPeSHOro pacxona uMNyJbca Ha NOLADBEM, pasros, pas-
BOPOTbI, FOPH30OHTAJbHBIA TOJMET H OT PAcCNONAraeMoro HMIyJbca TsITH, KOTOPHIi
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onpenensietca GopToBhIM 3anacoM TomauBa Gy n TAroBoi 9P HEKTHBHOCTBIO KAXAOrO
Kujorpamma Tomausa, 3a cuet 1 x[ Beca TOMMMBa ABHraTeseM CosjaeTca eOunutiHbid
umnyabe

Pr,
Gy

Iy = [cex),

rie P —cuna rary;
T, — Bpems ee JeficTBust npu pacxoae | kI Beca TonsuBa.

EQMHHYHBIE HMIYJAbC paBeH TAre ABMraTens, [e/leHHOH Ha CeKYHAHB pacxoX

T
TonanBa — - -
P I
= ——— - M O
h daG, [rcl‘/cefc]' (1.10)
dz

ExuuuYHBII MMIyAbC HMeeT Pa3MepHOCTH BpeMeHH M (puU3HYeCKH mped-
craBasieT cofoll BpeMsi B CexyHIaX, B Teuenue KoToporo | x2 ronnuBa ofecreunBaer
nonyuenue | kI TAru ABHMrateas, WM XKe BpeMA, 3a KO10pOoe pacXOLyeTcs BecC
TONAHUBA, YuHCAEeHHO paBHBH cHae Taru UYem Oonvwe Ir, TeM Goablie

pacno/faraeMoe BpeMs rpacn=IT7}pa60m IBUrateds ¢ Tdaroii P npu RaHHoM

sapmace tomtuBa G,
Hnaa  pakeTHoro TOMIMBA eIMHHUHEI HMIOYJbC —3TO yJedabHas TdAra
I+ =Py, Ona aBasiercsi OOWIENPUHATON IHEpPreTHYECKOH XapaKTepHCTHKOM paKeTHOro
TOIMBA. B BO3JyuIHO-peakTHBHOM JBHraTede eAMHHUHbI HMIYJbC TONJIHBA fBAAETCH
napamerpoM, o6paTHHM yNLeaAbHOMY pacXxony TONJAHBA!
/ 1 _ 1 3600 (.11
= = = . .
GTcek/P CYﬂcex CYﬂqac

Benuuuna Cy; o6paTHo NpoNopUHMOHATbHA TEMIOTBOPHOCTH TOMIHBA, CAENOBA-
Tenbio, Iy ~H,. Takum 06pa3oM, eIHHHYHbII WMIYyJbC TOM/HBA fBAfAETCH THAT O-
BbIM KBUBAaJeHTOM ero HepreTHyeCKHXx CBOWCTB NpH paboTe JoGoro ABHra-
Tesst B noJete [38, 55].

Pacnonaraemplii HMNYJbc TOMJIHBA

Mo Mepe pacxomoBanus TONM/MBA MOJETHHIY BeC yMeHbllaeTcd, 3a 37eMeHT Bpe-
MeHu dt ymeHbluenue Beca — dG=dG;, a sneMenTapHblii MMIyJbe CHJIbLl TATH, OTHe-
CeHHBIl K elMHHle MIHOBEHHOTO BeCa JeraTefbHOro ammapata;

Pdcx  1,dG, 4G

G G - =—hg

dW; =

CyMMapHBIfi HMIOYJBbC, COOOliaeMbifi eNuHUIe MepeMeHHOro BeCa JeTaTeqbHOro
annapata sa nosnHoe BpeMs t DaGoThl NBUraTeds B nodeTe, B TeueHHe KOTOPOro
MOJeTHEI BeC JleTaTeqbHOro anmapaTa YMeHbLIAeTCs OT HayaabHOro Gp KO KOHeys
Horo Gy=Gg — G:

GK
M= — |1 42 =1T1n—g-:—=l-,lnu, (112)
-~ G
H

G
rae L= —G—" ~— uncao lIunonkosckoro.

X
B. C. Toiuno HasbiBaer Beauununy M. pacnosazaemoim umnysvCom Tonausa,
®opmyna (1.12) npexpcraisier Co60l NMpHIOXKeHHe 3HaMeHUTOH (opMmyab Llnosxos-
CKOro, BHIBeJEHHOH MM /151 oNpeleneHHs] MaKCHMaJLHOM CKOPOCTH pakeThl, K ofpes
JeJIeHHI0 XapaKTepuCTUK Jwboro smeTarenbHoro annapara [76).
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BansHHe naOTHOCTH TOMJHBA

Uueno 1l u, ciegoBatesbHo, pacnosiaraeMblii HMINYJbC TONJIHBA B HEKOTOPHIX
clyuasix 3aBHCSAT OT NJAOTHOCTH TONJAUBaA pr. [Ipunonnoit sanpaske Ton-
JIMBHBIX €MKOCTeH V. ¢ yBe/jMueHUEM MJIOTHOCTH TOMJHBA p, COOTBETCTBEHHO BO3-
pactaer ero BeC Gr=Vqp,. Ecniu 3anan navanbvHbulil mosetrHH i Bec Gy,
TO LEHOH cokpaluenus nosesHoro rpysa Gp=G, — Gy — V.p; (G — Bec KOHCTpYK-

o

"1/
Rl A S
Travacs |

1 25
2,0
A

1,0 y
JH A
o,s[ // J{ / ///qye,%nm
0,4 l// /V///A/ ’l/v’“
N
1

0
62 04 06 08 10 1,2 14 16 18 20
finomHocme monausq, Keln

Puc. 6. Bausinne MIoTHOCTH TONJIMBA HAa WMMNYJAbC TATH, 006G~
IaeMblii eflHHHIIE Beca JeTaTeJbHOTO ammapaTta, OPH COOTBET-
CTBEHHO PaBHBIX HAYaJLHOM NOJIETHOM Bece H Y/Ae/lbHOH TAre

ABHUTaTens (—l—emxocm TONJAHBHBIX 6aKOB, MPHXOAAWAACA HA
H
eIMHHALY HAaYaJbHOTO MOJETHOTO Beca)

LMK, 5KHIaXKa H o6opynoBanus) uucio LI m pacmonaraeMbii HMIyJbC TONJMBA yBe-
JMYHBAIOTCAS

Gy _ 1
Gy — Vior 1 — Ve

=

Wy =IIn —. (1.13)

BiwsAnne MJIOTHOCTM TOMWBA B 3TOM C/yyae TeM pe3ue, ueM Bbillle MJIOTHOCTH
H ueM OGosablle eMKOCTh 6aKOB, NPHXOAAILAACH Ha eAMHHIy HayaJLHOTO MOJeTHOFO
Beca JleTaTeJbHOro ammapaTa (puc. 6). :

D70 0ObACHAETCS TeM, YTO C yBeJHuYUeHWeM BeCa TONAHBA yMeHb-
WMalwTCAa KOHEUYHB H BeC JeTaTeJbHOTO amnapata W TAra, MoTpebHAs B KOHLE
noneta. COOTBETCTBEHHO YMEHBILAETC KHJIOMETPOBBIi PAaCXOA TONJHBA, 4TO O6ecs
NeunBaeT yBeNMueHHe [AaJbHOCTH nNoneTa. B ciyuae onunHaxoBol TArH GyldeT Hapas
CTaTh CKOPOCTb MJIH BbICOTA HOJMETa U T, A.
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Bansitue naotHocTH nosyuaercs MeHee peskdM, ecaM CTOUT 3aflaua mnojeTa €
ONHHAKOBHM MNOJE3HBHM Tpy3oM, a HaualbHHN mnONeTHbIH BeCc Gy=
=Gy+ Gu+ Vrpr 3aBUCHT OT 3amaca TOMJHBA:

u=Go+Gn+VTPT__ V.

=14 —T 05
G + Gn t G ¥
V-r :
HT= IT In 1 +—(;—0“+—6;p1 . (1.14)

B cayuae ®e ojxunakoporo seca tonausa ((r=const) ero mnaor-
HOCTh, pasyMmeeTcs, He OKa3biBaeT HHKAaKOTO -BJAHSSHHSA Ha pacnojaraemhi
MMIY/ILC H NOJETHhle BO3MOXKHOCTH JeTaTejabHoro annapara [55, 73].

OCHOBHBIE MOKA3ATEJH &®H3HYECKHX CBOWCTB
KHAKHX TONJINUB

KayecTBo TOmiKBa OnpenessieTCs He TOJbKO €ro HepreTHuYeCKHMH
XapaxKTepHCTHKaMH, HO U TaKuMu PHU3MUeCKHU MU CBOHCTBAMH, Kak
MJIOTHOCTb, BS3KOCTb, HCNAPAEMOCTb, 3aMep3aHue, a TaKxKe TaKHMH
XHMHYEeCKHMH CBOHCTBAMH, KaK CTa0H/JIbHOCTb, KOPPO3HOHHAS aK-
THBHOCTb U 71p. J1/1 KepOCHHOB M GEH3HHOB, 3HEpreTHUECKHE XapakTe-
PHCTHKM KOTOpBIX IHOYTH OAMHAKOBEIL, (U3MKO-XHMHUECKHE CBOHCTBA
MrpaioT pell aloLly 0 pPoJib NPH ONpeJeseHHH BO3MOXKHOCTH H ycJO-
BHH npuMeHeHHs. HopMbl Ha NMoKasaTegH (H3UKO-XHMHYECKHX CBOHCTB
Kaxzaoro tomjuBa ycraHosienbl [OCT uin TeXHHYECKHMH YCJIOBUSIMH.

Ma0oTHOCTD

ITrotHOCTOIO Ha3biBaeTCA macca BewjecTsa, 3aKAO4eRHas 8 elu-
Huye eeo obvema. Tlockonpky Macca 1 4 Bogw npu 4°C Touno paBHa
1 ke, yucjeHHOe 3HayeHHe IJIOTHOCTH, BblpaxKeHHOe B Kefa (2/ma),
pPaBHO OTHOIUEHHIO Macchl (HMJH Beca) Kakoro-1u6o o6beMa BeleCTBa
K Macce (WM Becy) Takoro xe o6beMa BOMbl, HMelOLiell TeMmeparypy
4°C. B npaxTHKe NJIOTHOCTbIO TOILIMB, MaceJ H TeXHHUYECKHX MKHIKO-
crefi OObLIYHO HA3bIBAIOT 6e3pasMepHYIO BEJHUYHHY 3TOr0 OTHOLIEHHS.
Ee o6osnaualor p4 (rme ¢-— Temmeparypa MNPOAYKTa, NpPH KOTOPOH
onpefeseHa ero IVIOTHOCTb, a 4 — TeMneparypa Boabl B °C, mo OTHO-
IIEHHI0 K KOTOPOH BbIpaxKeHa MIOTHOCTh). OHa uHCc/IeHHO paBHA yleJb-
HOMYy BeCy TOIIMBA B TeXHMUYeCKO#l cHcTeMe enuHuu. Paccmarpupas
IJIOTHOCTb KaK BecoBylo, Mo ob6beMmy V: u miaoTHocTn pY (3aMepen-
HBIX NIPH OZHOH H TOH ke TeMIepaType !) Haxousr Bec TomiauBa G,=
=V}

[Ipy noBbiIeHHH TeMnepaTypbl IJIOTHOCTb TOMJIHB yMEHbLIAeTCH,
a4 TNpU NOHMKEHHH — yBesHuuBaerca. [Ipy H3MeHeHHH TemIlepaTyphl
Ha Af uaMeHeHue MJAOTHOCTH Ap=-—7Af, rie y-— TeMIepatypHas IO-

npaBkKa IJOTHOCTH maHHOro BellecTBa Ha 1°C. JInf He(TenpoayKToB
1~0,0005—0,0009 (Taba. 6).
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TaGaouuwa 6
CPEIHHE TEMIIEPATYPHBIE ITOIPABKHU ITJIOTHOCTH
HE®TENPOLYKTOB HA 1°C (1)

TaoTHOCTD Ilonpaska MaorHocTh [Tonpaska
0,6900—0,6999 0,000910 0,8500-0,8599 0,000699
0,7000—0,7099 0,000897 0,8600--0, 8699 0,000686
0,7100—0,7199 0,000884 0,8700—0,8799 0,000673
0,7100—0,7299 0,000870 0,8800—0,8899 0,000660
0,7300—0,7399 0,000857 0,8900—0,8999 0,000647
0,7400—0,7499 0,000844 0,9000—0,9099 0,000633
0,7500—0,7599 0,000831 0,9100—0,9199 0,000620
0,7600—0, 7699 0,000818 0,9200—0,9299 0,000607
0,7700—0,7799 0,000805 0,9300—0,9399 0,000594
0,7800—0,7899 0,000792 0,9400—0,9499 0,000581
0,7900—0,7999 0,000778 0,9500—0,9599 0,000567
0, 8000—0, 8099 0,000765 0,9600—0,9699 0,000554
0,8100—0,8199 0,000752 0,9700—0,9799 0,000541
0,8200—0,8299 0,000738 0,9800—0.9899 0,000528
0,8300—0, 8399 0,000725 0,9900—1, 0000 0,000515
0,8400—0, 8499 0,000712 )

Ha pucynke 7 nokaszana 3aBHCHMOCTb IJIOTHOCTH HEKOTODHIX TOII-
JHB OT TeMIepaTyphl B npefenax or —60° C go +200°C (nsiorHOCTH
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Puc. 7. ViameHenHe NJAOTHOCTH HEKOTOPLX TOMJIHB B
IMPOKOM AHanasoHe TeMnepatypbl
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IPH BBICOKOHA TeMIlepaType NpeacTaB/sieT HHTEpeC B CBS3M C HATPEBOM
TOMIMBA NpH GOJbUINX CKOPOCTAX NoJiera).

B rTexHumuecKHX YycJa0BUAX (cTaHIAapTaX) HOPMbI Ha I[JIOTHOCTH
yeraHoBgenst npu 20°C (cm. puc. 12). B pmacmoprax, xapakrepusyio-
HIUX KaYecTBO TOMJIMBA, IJIOTHOCTb yKa3blBaeTcsi TaKXKe IpPH TeMIepa-
type tomuuea 20° C. Eciu u3BecTHa INIOTHOCTb ) NPH JAPyrofl Tem-

mepatype f, TO MO ee 3HAUEHHI0 MOXKHO BBIMHCIUTH IJIOTHOCTb IPH
20°C (1. e. mpuBecty (aKTHYECKYI IJIOTHOCTH
K CTaHJapTHBIM YcJaoBHsIM) mo dopmyae

20 = + 1 (£ — 20). (1.15)

B nosesblx ycaoBHSX M BOHCKOBBIX Jalopa-
TOPHAX IJISi H3MepeHHsi IJIOTHOCTH NPHMEHHIOT
apeomerp (puc. 8). Ero pasHOBecue corsacuo
3akoHy Apxumena JOCTHraercs TOraa, Koraa Bec
JKHIKOCTH, BBITECHEHHOH IOTPYIKEHHOH YacTblo
apeoMmeTpa, paBeH COOCTBEHHOMY Becy apeoMe-
tpa. [loatoMy B GoJiee Jerkyo KUAKOCTb OH HO-
rpyxaercs ray6xe. IlemeHue Ha crepxkKHe apeo-
Merpa, CoBNajaiollee ¢ BEPXHUM KpPaeM MEHHCKa
JKUJKOCTH, YKasblBaer ee (pakTUUeCKylo [JIOT-
HocTh (OObiUHAS TOYHOCTb OTCUETaA—
TPHU 3HAaKa INocie anarol) [64]

HHE

Baskoctb

Baskocreto Ha3wieaeTcs cgolicreo HuOKOCTU
0Ka3blBATL ~ CONPOTUBACHUE Npu C0B8U2e UAU
CKOAbIXMCEHUU ee cA0e8. BA3KOCTb-—3TO BHY-
TpeHHee TpPeHHe MeXAy YacTHUAMH XKHM-
KOCTH, OO0YCJ/JOBJIEHHOEe MOJIEKYJASPHBIM CIienJe- ——>
HueM H OOMEHOM  KOJIHYeCTBa  JBUKEHUA. .

KacarenbHass cusa BHyTpeHnero Tpeduss F, Puc. 8; Usmepenne
npuxozsulasca Ha eAHHuIy IJolann S NpH  TIOTHOCTH ¢ TMOMOIIAIQ
cMelleHHd OJHOro CJOsi XKHUIKOCTH OTHOCH- apeoMerpa
TeabHo apyroro (T. e. KacarenbHoe HampsKe-

HHe XKHAKOCTH), NPONOPLHOHANLHO MONEPEeYHOMY T P AaLKEeHTY CKoO-

NHHHHH

i
!

;
l

v .
pocCtH an * v

F dv ‘
S =ty (1.16)
ITonepeunbtfi rpajgHeHT CKOPOCTH NOKa3LIBaeT ee H3MeHeHHe HA
eMHHIy AJHHBI B HalpaBJeHHH, NONePeYHOM HANPAaBJICHHIO ABUKEHHS
M[CEK -
WM BEKTOPY CKOPOCTH (pucC. 9); pasMepHOCTHL ero: MK ot ]

KosdpuureHr nponopuuoHanbHOCTH p, 3aBHCSLIMA OT m[PHPOIHE
KHIKOCTH, Ha3blBAeTCH OuHnamuueckod s6a3kocroro. Exununa ee nyas
COOTBETCTBYeT CHJIe CONPOTHBJEHUs B | Ouny, BO3HMKawuUlEH NpH
B3aWMHOM IlepeMELleHHH CJO0eB XKMAKOCTH miomanbio 1 c¢m? co cko-
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pocteio 1 cm/cex, HaxogsImuxcsa Ha paccmﬂrnm I cm mpyr or npyra
(puc. 9). 1 na=1 duna-cex/cu?= 981 Kkl cex|m? = Q1 H-cex|mn2.

Uem Gosblile MJIOTHOCTH KHAKOCTH, TeM ObICTpee OHa TeueT INpPH
OJAHHAKOBOH AUHAMHUEeCKOH BA3KOCTH. Bfi3KoCTHble CBOHCTBA KHAKOCTH
C TOYKM 3PEHHS €€ NOABHIKHOCTH XapaKTepU3YIOTCA KUHeMATU4eCKol
8A3K0CTb/0, PABHOH OTHOLIEHHIO NHHAMHYECKOH BSI3KOCTH XKHAKOCTH K
ge NJIOTHOCTH (IPH COOTBETCTBEHHO OJMHAKOBOH TeMIeparype):

v,_—'sf. (1.17)

——

- —— PasHocmb 3Kopocmu
cnoes swudxocmu
Cuna 10una
;:‘?/ﬂnowaﬁb Icu} Tem[cex

i

rpaduenm cxopocmy ,
— — — CM-CEK _ -1
3 1°G—= 1cek

WA e

|

Puc. 9. Cxema K onpepeseHHI0 MOHATHS JHHAMHYECKOMH
BA3KOCTH H METPHYECKHX €JHHHI BS3KOCTH

Enuuuua KuHeMaTHueCKOH BS3KOCTH CTOKC (COKpAlLEHHO CT) COOT-
BeTCTBYyeT JMHAMHUYeckOH BA3KOCTH B | n3 mpu nuoTHOCTH 1 2fcmd;
1 cr=1 cm?[cex. O6bluHO ucnonbayercs exnnuna, B 100 pa3 Menbluas,
veM CTOKC, — CAHTUCTOKC (COKpauieHHo ccr). Baskocrbo B1 cer o6ua-
nLaeT Boxa npu 20,2° C,

KnuemMaTHyecKkylo BS3KOCTb B BOHCKOBBIX J1a60paTOpUfAX ONpele-
JSIOT KaNWISAPHBIM BHCKO3UMETPOM IO BpeMeHH t HCTeUeHHs ONpeje-
JIEHHOTO 00beMa JKHIKOCTH M3 NYy3bIpbKa BUCKO3HUMETpa uepe3 KallHJ-
asip (puc. 10). Pacuer npoussogurcs no dopmyne y=Cr, rae C — no-
CTOsIHHAs BHCKO3MMeETpa, U3BeCTHAs H3 ero TaPUPOBKH MHCTUJIHDPO-
BaHHO# Bomo#t npH 20,2° C (C=T !

BOIBI
JKHAKOCTbIO, BA3KOCTb KOTOPOH TOUHO H3BECTHA.

BfA3KOCTh CYLIeCTBEHHO H3MEHAETCS NpPH H3MEHEHHH TeMIepaTyphl
xuaxocted. [TosToMy HOPMBI BSI3KOCTH [JJIsi KaXJOro NpOAYKTa ycra-
HaBJUBAIOTCA CTAHAAPTaMH M 3aNHCHIBAIOTCH B NacNOpPT NpPH onpene-
JIEHHOH TeMIepaType HCIBITaHUS (zum TonyuB 06eruno Npu 20° C); ku-
HeMAaTHUECKas BA3KOCTb INpH 3TOH TeMmIepaType 0003HAYAETCS vy,
C nonukeHHeM TeMIepaTyphl XKHIAKOCTH €€ BA3KOCTb BO3PAacCTaeT TeM
pesue, yeM HHXe TeMnepatypa [63, 64]

36

) HJIR APYTrOo#l XHMHYECKH YHCTOMH



Hcnapsemocts

HcenapsemocToio ocudKocTu Hasbieaerca cnocobHocTy ee nepexodurs
8 napo- u eazoobpasroe cocrosvue. Qua xapakTepusyercs AaBIeHHEM
HACBHILIEHHBIX M4POB, TeMOepPaTypol KuIeHHd (A1 XHMHYECKH OLHO-
POAHBIX KHAKOCTCH) M (DAKIUHOHHBIM COCTaBOM (WISl KHAKOCTEH

TepMoMemp

Tpyoka Ons sacoca
audkocmu 8
U3SMEPUMENLHOIU
pesepeyap

L —3amep T

Kanunnsip
L—" BucKo3umempa

|_— Mewanka

epmacmamqpyla-
wee yempolcimso
¢ nodoepesamenem

Puc. 10. Cxema ycTaHOBKH ¢ KamU/ISPHBIM BHC-
KO3MMETPOM IJis OnpeleseHusi KHHeMaTHuecKoi .
BSI3KOCTH

cnoXHOro cocrasa). Kpome Toro, ucnapsieMocTh OLEHHBAIOT IO TeMIle-
parype BCIBIILKH.

HcnapeHue NpOUCXOAUT NpH JW060H TemmepaTtype. Buy-
TpeHHHH MEeXaHH3M ero 3aKjKuaercs B TOM, u4TO Haubogee GbICTpbIe
MOJIEKYJIbl KHIKOCTH IIPEONOJIeBAIOT CHJIBl CHENJIeHUs C COCeTHHMH
MOJIEKYJaMH H BBIPBLIBAIOTCA 3a Npejenbl XHAKOTo Tena. YUem Bbile
TeMneparypa, TeM GoJblle TakuX MoJeky/d. Ecam ucnapenue uier B
He3aMKHYTOM Oo6beMe, TO MOUTH BCe MOJIEKYJIbl, IepelleflIne B Napo-
Bylo ¢asy, yAaJsioTC OT NOBEPXHOCTH XKHAKOCTH H 06pPaTHO He BO3-
spamatorcsi. Eciim Ke HCMapeHHe HJeT B 3aMKHYTOM MpOCTDAHCTBe,
TO M3 CKONMBIIKXCH NApOB 4acTh MOJeKYJ, YAapsiaChb O NMOBEPXHOCTb
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KHJKOCTH, NIONafaeT B Hee BHOBb. [IpH HeKOTOpOM KomuyecTBe Napa
Haj XKHUAKOCTbIO HACTynaeT HacbileHHe, AHHAMHYECKOE pPaBHOBECHE:
4UC/IO0 MOJIeKYJ, MOKHIAIOMHUX Npelesbl XHIKOCTH, OKa3biBaeTcs paB-
HbIM UHC/Iy BO3BpallalOIuXCA B Hee MOJeKyJa. Buaumslit npouecc uc-
napeHus NpeKpalaeTcs, KOJH4eCTBO NapoB GoJblle He yBelHYHBaeTcd
U, CJeJ0BaTeJNbHO, yCcTaHaBluBaeTcs HaubGOJNbliee paBJaAEHHe,
BO3MOKXHOe NpH NaHHOH TeMNepaType. DTa MaKCHMa/JbHas BeJHYHHA
AaBleHHsi HasbiBaeTca dasaexuem Hacwuyennozo napa. Ero ompene-
JAIT NpH YcaoBHOH Temmnepartype 38°C mo nokasaHio MaHOMETpa,
NPHCOEAHHEHHOr0 K ClelHaJbHOMY NpHOGOPY, B KOTOPOM NPOHCXOAHT
ucnapenue. TonnuBa ¢ Go/see BLICOKHM JaBjeHHeM HaCHIIEHHOTO fapa
6picTpee HCNApPHAIOTC, B YaCTHOCTH, HMEIOT Jy4ulline NyCKOBbIE
kavectBa. OnHako npu GOJBIIOM JaBJeHHH HACHILIEHHBIX NapoB BO
BCACHIBAIOLMX MaruCTPajfax MOTYT BO3HHKATh MapoBH e npoG6KH,
NPENsiTCTBYIOUIHe NPOKAUHBAHHIO TOILIMBA, a TakKXe MOI'YT GbiTh 3Ha-
qUTeJbHblE NOTEPH TONJ M Ba U3 eMKOCTeH.

UeM Bbllle TeMIlepaTypa, TeM Bbillle JAaBJeHHE HACBHILIEHHOTO Napa,
TaK KaK HClapeHHe HAeT 6ojee HHTEHCHBHO H YPaBHOBELIMBAeTCs
BCTPEYHBIM NPOLECCOM TOJNBKO HpPH JOCTATOYHO GOJBLUIOM HAKOMJIEHHU
napa. Korma paBieHHe HachlIleHHBIX NapoB AOCTHTaeT BeJHYHHEI
BHemHero (arMocdepHOro) naBaeHus, IPOHCXONHT Kune-
Hue — VUHTEHCHBHBII Mepexoj *HAKOCTH B N1ap He TOJNBKO C NOBEPXHO-
CTH, HO U BHYTpPH 00O DbeMa xuiakocTH. COOTBETCTBYIOIAS TeMIE-
paTtypa Ha3blBaeTCst TeMnepaTypoH KuneHnwud B npouecce ku-
neHus TeMmhepatypa XHMHYeCKH OJHODOLHON J>KHIAKOCTH He H3Me-
HAEeTCH, eClH JaBleHHe Haj KHUAKOCTbIO MNocTosiHHOe. C NoOHHKe-
HueM BHELIHero JaBJeHHs TeMIepaTypa KHIEHHS CTaHOBHTCS HH X e.
U3-3a sroro, HampuMep, Ha OOJbIION BBICOTe MOMKeET 3aKUNaThb TOM-
JuB0 B Gakax camoJjera. C NMOBbIIICHHEM BHEIIHEro JaBJeHHsS TeMIle-
patypa KHlleHus BO3pacTraer. DTO NO3BOJIsSET NOI BHICOKHM JAaBjeHHeM
XPaHHUTb B *HAKOM COCTOSIHHH BeLIeCTBa, KOTOPHe NIPH OGBIYHOM aTMO-
cepHOM 1aBjeHHH NPEACTaBIAAIOT COOOH ras (HampuMep, YIJIeBOAO-
POAHBIE T'a3bl, yIIEKUCIO0TA).

B npomnecce kunends He(PTHHOTO TONJHBa, NPeiCTaBIA-
Iero coGofl OXHOPOAHYIO . CMeCh (pPacTBOP) XHMHYECKH pa3JIHYHBIX
BeleCTB, TeMllepaTypa He ocTaeTcsti nHnocTtoaHHOHK Cuauana
HCHAPSIOTCH NPEHMYUIECTBEHHO KOMIIOHEHTH! C BBICOKHM AABJEHHEM
HACHIIIEHHOr0 Napa. Y OCTalollefics KHIKOCTH OHO HHZXKeE, CleJoBa-
TeJbHO, KHIleHHe NPOAOJKAETCS TOJbKO NPH MOBHILEHHH TemIepa-
typul. TeMnepartypa navasna KuIleHHs TOIJIMBA BHIIN e, YeM Y CaMOTO
HHU3KOKHMSIIErO U3 BXOAAIIMX B Hero BeuwecTB. [Ipu ucnapenun Hu3ko-
KHIAllMe BelleCTBa YBJEKAIOT 3a COOOH BBICOKOKHIAIIHE, NO3TOMY
TeMIlepaTypa KOHI@ KHIIeHHs OKa3bIBaeTCHi HHIKe, 4YeM y CaMoro
BHICOKOKHIALIEro BellecTBa. McnapsieMoCTh TAKOTO TOILIMBA Xapakre-
PU3YIOT (PPAKYUOHHOLM COCTABOM — TeMNepaTypamy 6bIKUNAHUA pa3-
AuuHbLY 00BemHbix Ooreli (Ppakyuti) Tonausa. XapakTepHbIMH TOY-
KaMu $paKUUOHHOTO COCTaBa OOLIYHO CUMTAIOTCH TeMIepaTypa Hayasa
Kunenus, Temnepatypa Buikunauus 10%, 50%, 909% ob6vema tomnusa
H TeMmeparypa KOHHA KuneHusi (uin Bbikunauua 97,5—98Y% rommu-
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Ba). Oun oGBIYHO HOPMHPYIOTCS CTAHZAPTAMH W yKasblBAlOTCA B Mac-
nopTax Ha TOIJIUBO.

®paxknMOHHBIH COCTAB ONpEeAETAIOT TNYTeM MePeroHkd TOIIUBA
(npubop uzobpaxen na puc. 11). I'padux pasronku usobGpaxkaior B
BHJle 3aBHCHMOCTH MeXJy NPOLEHTHOH NoJell BbIKUIeBIUEH KHIAKOCTH
u reMneparypoit (puc. 12). Uem Kpyue KpHuBas Pa3TOHKH, TeM OJHO-
ponnee Tonnuso. [lo ¢ppakuUOHHOMY COCTAaBY KOHTPOJIHUPYIOT NPaBU/Ib-
HOCTb TeXHOJIOMMH NPOHM3BOJACTBA TOMNJHBA. B HEKOTOPLIX ABHraTensix
OH OTpaxaeTcsi Ha JKCIJyaTAaLHOHHBIX XapaKTepHUCTHKaX TOIJIHBE, B
Y4ACTHOCTH Ha MOJIHOTe CTOPaHHf U CKJOHHOCTH K HarapooGpasoBaHHUI0.

Tepmomemp

Kon6a ¢ omeodoii
mpyGKou

|~ XonodungHug'
¢ 6odoii u
CHEZ0M

MepHbld
uuaundp

Puc. 11. Annapar asaa onpefeneHusi (GpakiyHOHHOrO eocTaBa
TOMJIMBA

Hapsny ¢ npsaMbIM U3MepeHHEM HCNAPseMOCTh TOMJIHBA OLEHUBAIOT
NPOCTBIM KOCBEHHBIM MeTOJO0M — 110 Temheparype Bcnvliulku. TOMIHBO
HarpeBaeTcsl B 3aKPBITOM THUIJIe M Napbl ero CMENIUBAIOTCH ¢ HAXOMAH-
HIUMCH TaM BO311}’XOM. HOKa ux KOHH,eHTpaLLI/IH HeaocTaTto4yHa, BCIbILH-
KH OT ropsiiiero GUTHISA He IPOUCXOAuT. TeMNepaTypoll BCHBIIKH Ha-
3pIBdeTcd MHHHMMAa/lbHAafd TeMOepaTypa, N0 KOTOPOH HYKHO
HarpeTh JXUAKOCTb, YTOGH Mapbl HAJ €€ MOBEPXHOCTbIO BCIBIXHYJIH OT
HogHeceHHOro K Hefi nnmamenyu. Uem OHa HHXKe, TeM, cie-
JOBaTeJbHO, Jierye Hcnapsiercs xHIKocTb [39, 60, 64].

3amep3aHnue

B oxsaxgaeMoil XKHAKOCTH NPH HEKOTOPOH TeMmepaType HauHHaeT-
CiKpHCTaaaHu3anuda Ecan KHUAKOCTD XMMHYECKH OAHOPOAHA, TO
ee KPHCTAJ/IM3aUUsl UIeT NIPH MOCTOAHHOH, XapaKTepHOH AJs1 Hee TeM-
neparype — Temnepartype 3amep3aHus, HeCMOTpPSI Ha OxJaxIeHue (OT-
BOJ Temja). DTo 00bACHAeTCA BbiAeleHHeM TeIJIOBOH 3HEPTHH INIpH
o6pasoBaHun KpucramnoB. O6BYHO TeMIlepaTypa 3aMep3aHHs COBNa-
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Jaer ¢ rteMnepaTypol mnaaBJAeHHS Kpucramios. Opxako
HHOTJA IIPOHCXOIHT nepeoxAascoenue MXHIAKOCTH — KPHCTAJIH3ALHAS
HayHHaeTCs NpPH TeMIlepaType HHXKe TeMIepaTypbl MJaBJeHHd KpH-
CTanMoB (HHOTHA HA HECKOIbKO JeCATKOB IpajgycoB).

Tonneo, cocraBHble YacTH KOTOPOro HEOTpAaHHYEHHO p ac-
TBOpPHMB ADPYr B Apyre (HanmpHMep, CMeCb YIVIEBOJOPOAOB), KpH-
CTAJNU3YETCst He NPH IIOCTOSHHOH TeMIepaType, a NOCTeNeHHO MO0
Mepe MOHHUMXKEHHS TeMIepaTypbi. BHayase KpHCTaMMH3YIOTCS BeleCTBa
¢ BBLICOKO# TeMIepaTypoii samep3anus, 3atem — ¢ Gosee uusxoi.[Ipu

085¢ LLIYm?oEe[n-eH?bE asuaKepocuscl 1B, TQ
e
5 Asuakepocux T-1
* geor  mengie prangsng smpey enagmny mapas =
E | _ Oo_fr_ YenHsle asuaxepocursl T-7,7C-1
§ lJupoKOppaKyuoHKae monaueo T-2 S
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s 075 | T 1
S Asualensunsi
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[ /\Q 4 / 7 / /
g < // /
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Puc. 12, Inanasodbl NJIOTHOCTH, Npefenbl BHIKMIAHUST H KpuUBble ¢pakiuHOH-
HOTO COCTaBa HEKOTOPLIX TOILIUB

3TOM TeMIepaTypa NOSIBJeHHS MepBbIX KPHCTAJJIOB HHKe TeMIlepa-
TYpbl 3aMep3aHHs CaMOro JIerk03aMep3awlero H3 COAepKalluXCH B
TOIVINBE BelleCTB (TeM HUXKe, 4eM ero Mednlle). B Hu3Kko3amepaaio-
leM TOIIMBE He ONACHO HaJMyMe HeGOJIBHIOrO KOJHYeCTBa YIVIEBOJO-
pPOIOB € BLICOKOH, Hae NOJNOXKHTENbHOH TeMIepaTypoll 3aMep3aHus
(6eH3osa, LUKJIOreKcaHa) — B PacTBOPe OHH HE KPHCTALTH3YIOTCS 10
HH3KHX TeMmIlepartyp.

[TosiBnenne pa)ke eAUHUYHBIX KPHUCTAJNJIOB B TOIUNIHBE MOKET IpH-
BECTH K OMacCHLIM NocseacTBusiM. [103TOMY NmpUHATO ONpenensTb TeM-
neparypy naudia KpucTaAAu3ayul, NPYU KOTOPOH B IpoIecce OXJaxjae-
HHAl TONJIHBAa HEBOOPY XK EeHHbBIM I'1a30M O6GHAPYXHBAIOT-
Csi mMepBbie KPHCTaAJJ b
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CocraBHble YaCTH HEKOTOPBIX XKHIAKHX PacTBOPOB (HampHMep, OKHC-
JIUTeNel 4YeTbIpEXOKHCh a30Ta — a30THAasl KHCJI0Td, MNepeKHCh BOAOPO-
Ia — Bojxa) NpH Nepexole B TBEPAOe COCTOSHHe OKa3bIBAIOTCHA Hepac-
TBOPHMBIMH HJIH OrpPaHHYEHHO DaCTBOPHMBIMH oAMH B JApyroM. [lpn
HYEeKOTOPOM IMPOLEHTHOM cOCTaBe TeMIlepaTypa 3aMep3aHHf TaKoro
pacTBOpa okaspiBaercs naunboJee HH3 KON (3HAYHTEJNbHO HHXKe,
yeM TeMIleparypa 3aMep3aHHsl KaXKAOro HHIMBHAYaJbHOro BelleCTBa,
BXOJsLIEro B pactBop, cM. puc. 31). CocraB 3TOT Ha3blBaeTca 38TeK-
Tudeckum. Mcmoab3ys 310 CBOHCTBO PAacTBOPOB, MOJydYalOT HH3KO-
3aMep3aaiolllie TONJMHBA M TONJHBHbBIE KOMNOHEHTH H3 BelleCTB, HMelO-
wHx GoJlee BBICOKYIO TeMnepatypy 3aMep3aHus [39, 60, 64].

dusnueckan OJHOPOAHOCTD

®du3uyeckn OJHOPOAHBIMH CYMTAIOTCA Takhe XKUJKHE TOIJINBA,
KOTOpble HeJb3s Pas3/eNuThb HAa COCTaBHblE YACTH MEXaHHYECKHM NyTeM
(orcramBanueM, ¢uabTpanHel, UeHTPHPYrHpPOBaHHEM). JEMEHTaMH
HEOJHOPOMHOCTH TOMJIHBA ABJAAIOTCH MeXaHHUeCKHe NMPHMeECH, Kalesb-
KH BOABl WJIH BOJHASl 3MYJ/bCHS, KPHCTA/JH Jbla (B BHAE B3BelleH-
HBIX B TOIVIHBE CHEXKHHOK).

Mexanudeckumu npumecamy B TOIJIHBE ABJSIOTCS TBEpJAble Be-
necTBa, o6pasylolliHe O0Ca L0 K WKW HaxOoAslLIHecs BO B3 Bell e H-
HOM COCTOSIHHH (TbIb M TEXHOJOTrHYeCKas rpssb, MPOAYKTH KOppo-
3UM M (PPUKUMOHHOrO H3HOCAa METAJJIOB, pa3pyllieHHs IIJAaHros, Hpo-
KJI4M0K 1 GUABTPOB, OKHCJIEHHS U PA3JI0OXKeHHs YIJIeBONOPOIOB H IpY-
rHX OpraHHuecKHX BellecTB). PasMepsl wacTuu BecbMa pasHoOGpa3HbI.
B oxHoM /uTpe NMpaKTHYECKH YHCTOrO TOIVIHBA, MOCTYNAIOUIEro Ha 3a-
NpaBKy CaMoJeToB, COAEPXKHTCA NOPSAKA ThICAYHM YACTHI, PasMepoM
0KOJIO 25 MK, COTHH TbICSiY YaCTUL, pasMepoM 5—25 MK, MHOFO MHJI-
JIHOHOB elile Gosee MeJKHX uyactun nmopsaka 1—5 mk. Ilpu ocmorpe
TOMJIMBA, HAJUTOrO B CTEKJAHHBIA UHJMHAD, IV1a3 pasjH4deT B fPKOM
npoxogfdueM cBeTe (IPH OCBelleHHH C 6 OKY) YaCTHLBI P a3 M e-
pom He MeHee 25—30 mxk, HaleXHo o6HapyXKHBAIOTCS 4aCTHIbI
KpynHee 50 mx. BpeJAHBIMH AJIsi TOIVIMBHOH annaparypbl 06bIYHO CUH-
TAlTCA 494CTHIBL, HauuHas ¢ 5—10 sk, HO He eAMHHUHbIE, a B Macce.
Kaszanoch 6bl, BU3yaJbHbIH KOHTPOJL MEXdHHUECKHX NpuMmecel Gecno-
Jgesed. OnHako 3T0 HeBepHO, TAK KakK Xapakrep 3aKOHa pacnpejele-
HU#A 4YacTHIl 10 pa3Mmepy HpuOJH3HTENBHO coxpaHdercda. Eciau B tom-
JUBe OKa3blBalOTCSl 44ACTHIBI, BHAHMble HEBOOPYMKEHHBIM IJ430M, 3TO
yKa3biBdeT Ha HaJHuYde HeJAOHNyCTHUMO GOJBWOro KOJHYe-
CTBa MeJKHX, HEeBUAUMBIX YacCTHIL, ’

KonuuecTBeHHbI!I KOHTPOJIb MEXaHHYECKHX TIpUMecefi B TOIJIMBE
IPOH3BOJAUTCA NyTeM (PHJALTPAIHH Y€pe3 HUTPOUEJIION03Hbe HUIABTPHI,
KOTOpbIe 3a/epXKHUBAIOT NPAKTHUECKM BCe yacTHubl KpymHee 0,5 mk.
CunTaeTrcs 6e30NaCHBIM CONEpXKAHHE MeXaHHYEeCKHX NpHMeceli B KOJHU-
yectBe 0,0002—0,0003% (2—3 e B onHOl TOHHE TOIJHBA).

Boda, npouuxuias B TOIJIMBO B Pe3y/bTaTe PAacTBOPEHHS BOASHBIX
napoB u3 armocepsl (THTPOCKONHMYHOCTH TOIVIHBA) HJIH obpa-
30BaHHA POCHl M HHEA B €EMKOCTAX C TOIUIMBOM, MOXeT GbITb B PacTBO-
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PEHHOM HWJIM HepacTBOPEHHOM BHuAe. B yriesomoponusix Tomiusax H3-
6BITOK BOJb!I CBEPX Npefesa pPacTBOPUMOCTH AOCTATOYHO HajexHO OG-
HapyXUBAETCsl BH3yaJbHO. TOININBO, COIEp:Kallee HEepacTBOPEHHYIO
BOLY B BHIE TOHKOH IMYAbCUU, BBITJASIUT MYTHBIM; B [ajbHeilIeM
B HeM NOABJIseTCA BOAHBIH OTcTO#. Kpucranauku samepsiueit
BOJbl — TOHKAf CYCneH3us Jbla — IpU NPOCMOTPEe UUIMHApPA C TOM-
JUBOM Ha CBeT XOpOLIO 3aMeTHB. PacTBopeHHas Boja B TONJHBE HE
BHJIHA, HO OHA He HapymaeT (GH3UYeCKON OAHOPOAHOCTH Tomanea. Ko-
JHYECTBO ee oOmNpejiefsieTcsi, ecaH HeoOXONHMO, MyTeM peaxuud ¢ Tu-
apunom xanpuus (CaHg), B pesyabTaTe KOTOPOI BbiAeAsieTCss BOAOPOL
(ero 06beM NPONOPLHOHAJEH COLEPKAHHIO BOMAbI). BOMBIIMHCTBO He-
YI/1eBOLOPOIHBIX KOMIIOHEHTOB PaKETHOTO TOMJIMNBA CMOCOGHO pacTBO-
pSTb BOLY B 3HAUNUTENHHOM KOJIHYECTBe, B HHX BOJA He MOXKeT OHITb
HCTOYHHKOM (u3uyeckoi HeoAnopoaHoct [60, 64, 85, 98, 99]

OCHOBHbIE MOKA3ATEJHW XUMHUYECKUX CBOWCTB
KUAKHX TOMNJIHB

Xumnyeckune npoueccol

Ilog xuMHYeCKUMH CBORCTBAMH TOIIKB NIOJPAa3yMeBaeTCA HX CKJOH-
HOCTb K XHMWYECKOMY TNpeBpAlleHHIO B YCJIOBUAX, XapaKTEPHLIX NS
XpaHeHus M paboTel TEXHHKH, a TaKkke K XUMHUECKOMY B3aUMOJIEH-
CTBHIO ¢ JPYTHMHU BELIECTBAMH, KOTOPble HAXOAATCSH B KOHTAKTe C TOI-
ansoM. B oTanune oT pU3nUeCKUX CBOHCTB XMMHYECKHE CBOHCTBa CBA-
3aHbl C M3MEHEHHUEM COCTaBa M CTPOEHHST MOJEKYJ
KaK caMuX TOIUIMB, TaK U BELIECTB, ¢ KOTOPLIMH OHH CONPHKACaIOTCH.

BaxHeHINUMH XUMHYECKUMH NpoLeccaMM I8 KUAKHX TOILIHUB fB-
JSIOTCS MEAJMeHHOe OKHCJAeHMe, pasjioKeHue, NoNUMepH3alis U yHjaoT-
Henue npu OObluHbIX TeMmIepaTypax (M0 NPUMEHEHHUA) H NpPH BBICOKUX
tTeMneparypax (npu pabore gBUrateseli); KOpPpO3us METaljOB U He-
MeTaJIMYeCKHX MaTepHAJIOB (pe3uHbl, IIacTMace, TKaHnel). B xaxaom
JHanas3one TeMmIepaTyp npeo0aaloT Kakue-TO ONpeleseHHble XHMHU-
YecKHe MpOuecchl, a OCTaJbHble OCTaloTca HecyulecrBeHHbIMH [63, 73]

Xumuyeckag cTabUABHOCTD

Crioco6HOCTh TOMJINBA XHUMHUUYECKH HEe H3MEeHAThCHS H He
BCTynaTh BO B3aHMOJAeHCTBHe ¢ APYrHMHU BenmecTBa-
M u (pasyMmeercsd, N0 NONajaHus B KaMepy CrOpaHHs) Ha3blBaeTcs XH-
MHuecKo#l cTabuapHocThio. CoBeplIeHHO CTAaGHIbHBIX TONJIUB HE CYIle-
CTBYeT, OHAKO napadHHOBble, HA(TEHOBbIE H B 3HAUUTENbHOH CTENEHH
apoMaTuyecKne YIJIeBOXOPOMbl, U3 KOTOPBIX COCTOAT HE(PTSAHBIE TOILIU-
Ba, NpakTuuecku cTabuabub. HecTabuabHBIMH ABIA-
I0TCS HenpedensHole YIIEBONOPOLb! oJie(hHHbl, KOTOPble B GONBLIIHHCTBE
HedTAHBIX TOIIHB COMEP:KATCs B HeOOMBIIOM KoauyecTBe (mo 2,5%),
a Takxe NPHMECH 2eTepoOp2anutecKuy COeAMHeHHH, B COCTaB KOTOPHIX
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KpoMe yrjiepoia W BOLODORa BXOAAT Cepa, a30T, KUCJAOPOL HAU Apy-
rue 3JeMeHThl.

HenpenenbHsie yriaesogopoabl Jerko NPHCOEIHHSIIOT KHCAOPON, MO~
JUMEepH3YIOTCSl B TNPeBpallaioTCs B OpraHuueckKHe KHCJIOTHl, CMOJBL
H Jpyrue Cno¥kHble OpraHuuyeckue coefuHeHus. IIpu BbiCOKuX Temme-
parypax (mopsaxa 150° C) BMecTe ¢ APYrMMH TeTepOOpraHHyeCKUMH
npuMecsMu OHH 06pasyloT TBepAble HepacTBopumble ocanku. Copmep-
KaHde HempelebHBIX YIVIEBOLOPOAOB NpH aHasu3e TOMJIHBa olpefe-
aAseTcd MO HOMHOMY yucay (Becy floga B rpaMMax, IPUCOEIUHSAIO-
leMycsi K HeTlpelesbHbIM yraerojopogam B pacuere na 100 e tommu-

Ba). Ilpouent Hempe/eIbHbIX YTJIeBOAOPOIOB B KepOCHHAX npubansu-
Teano pasen 0,7 honnoro umucnaa, a B HGensunax — 0,4 fiogHoro uucaa.

HenocpencTperHbIM NOKa3aTeneM CKJAOHHOCTH TOIJIHBA K CMOJIO-
00pa30oBaHUIO CAYKUT COAEpPrKaHHe B HEM P aKTHUECKHX CMOJ —
KOJTMUeCTBa MHUJJIUTPAMMOB TBEeDABIX UJAU NOJYTBEDAB X He-
JETyyHuX BemecTBsB, OCTawlinxcg nociae Boimapusanua 100 ma
TOMJINBa NOJ CTPyel BO3Ayxa WM NEeperpeToro BOASHOrO mapa (mpH
narpese g0 180° C mas kepocuua u g0 150° C mas Gensuna) [60, 64,72].

> Tepmuyeckas ctabHABHOCTD

XuMHUecKylo CTabWIbHOCTL, B YCAOBHSIX BBICOKHX TeMIepaTyp Ha-
3bIBAIOT TepMHYecKkofi cTabuIbHOCThIO. Olenka ee MPOU3BOAUTCS B CTa-
THYECKHX W AMHAMMUECKHX yCAOBHAX. B cTaTHuYeCcKHX ycaoBHSX
TOMJMBO HCIBITHIBAIOT B repMeTHunbix koabax npu 150° C ¢ nnactunkoi
n3 dochopuctoir 6poH3bl (Ipu 3TOM CTAHJZAPTHBlE TONJHBA RAIOT M a-

KCHMYM TBepHAOTo ocaxka). [IpogomKuTesbHocTs HCIObITAHUS
A5 ofHuX TonauB 4 waca, aaA APYrux, Gojee cTabHJIbHBIX,— 5 4acos.
OT(huabTPOBaHHbI OCaZOK OompejensieTcsi B MuaaurpaMmmax ua 100 aa
TonJuBa. McnbiTaHHe B IHHaMHUUYECK U X YCIOBUSX NPOH3BOLUTCS
HyTeM NpOKaukd TOIJIMBA, MOJOTPETOrO cHayasna B 6ake HCIHITATENb-
HOW yCTAaHOBKH, 3aTeM B Tpy6uatoM sieMenTe. OueHKka NPOH3BOIUTCH
[0 OTJOXKEHUAM BHYTpH TPyOGuaTOro sjJeMeHTa U Nepenany AaBjaeHHS
Ha ¢uabrpe. HecmMoTpa nwa Gosipllloe BHMMaHue K BONpOcaM TepMocra-
GHIbHOCTH, METOAbI ee OHEHKH B HEJIOCTAaTOYHON CTeNmeHH XapaKTepH-
3YIOT TONJIHMBA NPUMEHHTEJIbHO K peanpHbIM ycaosuaM [58, 60, 64,
72, 95].

Koppo3noHHbIe cBOHCTBA

Yraesonoponbi, BXOAfLME B COCTaB KepocHHOB M Oensunos !, He
06/1a1al0T KOPPO3HOHHON aKTHBHOCTBIO, HOCHUTENSIMU ee SBJIAIOTCS He-
opraHMuecKue M retepoopranuyeckue npumecu. HauGosee omacno na-
JHUHe B TON/JHMBE HEOPraHMYyeCKHX BOAOPACTBOPHMBIX KHC/IOT H LIesO-
yeit (KOTOpble MOFYT OCTaThCfl B TOIIMBE B pe3yjbTaTe IJIOXOH Iie-
JOyHOH 06pabOTKM M HeJOCTATOUHOH NPOMBIBKM [OC/e 3allenadnBa-
HHs B TNpollecce NPOU3BOACTBA), HEPACTBOPEHHOH BOMABI, CBOGOMNON

1 O KoppO3HOHHOH aKTHBHOCTH KOMIOHEHTOB DaKeTHLIX TOIMMB CM. B UL 5,
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cepel H ceposojopona. Cojepkanue UX B yIJEBOJIOPOAHBIX TOMIHBAX
He IOTTyCTHMO.

BoaopacTBopuMBle KHCJAOTH H HIEJO0YH, a TaKxe
B O 8, BCerja NpakTHYeCKH COJep:Kallasf HeKOTOpPOe KOJHMYeCTBO pac-
TBOPDEHHBIX COJIEH, SBASIOTCH 3JMCKTPOJIUTAMU (3/EKTPONPOBOAHBIMH
KHUIKOCTSIMH) H TNpPeACTaBjsAloT co60i cpely, B KOTOPDOH paspuBaeTcs
3TEKTPOXHMHUYECKASE KOPPO3HA METalnoB. B kameabkax
S/IEKTPOJNUTOB, TNPUMBIKAIOMIUX K IIOBEPXHOCTH MeTajnia, KOTopas
BCeria HeCKONbKO HEOLHODOAHA MO COCTaBY, BOSHUKAET Pa3HOCTh [10-
TeHHaJo0B. [log ee HeficTBHeM OT MOBEPXHOCTH MeTajjia OTPLIBAIOTCA
NONOXKHUTEAbHO 3apsKeHHble HOHBL. [IpM CTONKHOBEHHM HX € OTpHIa-
TeNbHO 3apAXKeHHbIMH HoHam¥ ruppoxkcuna OH WaM KHC/JIOTHBIX OCTAT-
KOB 06pasyloTcsl NpoAayKThl Koppo3uu. [loBepxHoCcTb MeTansa CTaHo-
BUTCS HEPOBHOMH, B y3/JaX TPEHHUS TOIIMBHOH amnnapaTypsl MOMKET ILipo-
HU30HUTHU 3a1Up.

Ocaxpnaoumunecs NpoayKTsl KOPPO3HH 3aCOPSIOT (HIbTPHI, TOIMJIUB-
Hylo anmnapartypy, Peryaupylouiie yCcTpoHCTBA.

Bojnopacrsopumsle KHCJAOTH U LIEJOYH TIPH KOHTPOJE
KauecTBa OOHADYyKHUBAIOTCS npu B30anTBIBAHUM TOJ0-
rperoro TomIuBa BMecTe ¢ moporpetoit somoit (10:1) B
npenutenpHo#l BopoHke (pué. 13). Bomauylo BbITS K-
Ky (HMXKHHUE CJOJ B BODOHKE) CHYCKalOT H INPOBEPSIOT
UHOUKQTOPAMU: METHJIOBBIM ODaHkKeBHM (B NPHUCYTCTBHUH
KHCJIOTBl MEHSIeT XKeJThil LBeT Ha po30BHll) u (deHOI-
(branenHoM (B NPHUCYTCTBUH LIeJOUYH M3 GECHBETHOrO 1e-
Jaercsi ManuHOBBIM). [aa wagexuo#l NPOBEPKHU OTCYT-
CTBHSI [I1€NOYHbIX COEIUHEHHH DEKOMEeHAYEeTCsi NpHUToTO-
BuTh 100 M2 BOLHON BBHITAXKKH BerpsixubaHueM c¢ 300 ma
TOMJIMBA, @ 3aTEM BBECTH WUHJUKATOP M YNapHTb BOJHYIO
BBITSIKKY 10 10 ma.

Opranuueckue KHUCJIOTH, HE IOJHOCTHIO yaa-
JeHHbIE M3 TONJIMBA [PU E€ro NpoOU3BOACTBE U obpasyo-
muecst B HeM NP IJAUTENbHOM XDaHeHHWH, NaloT C Mel-
HBIMH H JKeJe3HbIMHM CIiiaBaMu MBIJIBbHBIH 0CagOK.
KucnorHocTs TONNMBA BhIPaKaeTCss KOJHYECTBOM MHJIIH-
rpammos enkoro xkaau (KOH), koropoe Hefitpanu-
3yer (mpeBpamaer B Mblia W IPyrue cOMM) KHCIOTHL, CO-
npepxamuecs: B 100 ma Tonausa.

Cpo6Goanaa (3JeMeHTapHas) cepa B TOl-
JINBE BbI3bIBAET KOPPO3HIO M e HB X CliasoB. Ee mox-
HO 0o6HApYy:KHTb HCIBITAHHEM Ha MEIHOH IJIacTHHKE,
Puc. 13, Jle- KOTOpas Ha TDHU yaca MOrpyxKaercst B TONJIHBO, HAarperoe
auteabnag A0 B0 mam 100°C. Tlpm Hamawuum cepsl waHdOBaHHas

BOPOHKA nJacTHHKa TNOKpblBaercs nsitnamMu. Jlis  peaxkTHBHBIX
Yr/AeBONOPOAHBIX TONJIMB HE JOMNYCKaeTcs HUKaKOTr O
usMeHenus usera naactuiku. CepoBono-

PO, KOTOpblfl TaKkxke HeJONMyCTHM, OGHapy:KHUBACTCA ClELNHANbHLIM
HCILITAHHEM Ha CBHHLOBYIO 6YMaXKy.
N3 opranMueckux coelUMHeHHUN ceph Hauboje OmacHE
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mepkanramor (CoHpnSH) — TskeNble XUAKOCTH C pPe3KUM HENPHSATHBIM
3anaxoM. C [BeTHbIMH MeTallaMM OHH OOpPasyloT CJHAH3HCTHE
0cCaJKH— MepkanTuusl. Mepkanraupl 0COGEHHO aKTHBHLL B YCJIO-
BUSIX BbICOKOH BiaxkHOcTH. Comepikanie MepKanTaHOBOH cepbl B BOfl-
CKOBHIX Ja00paTOpUAX ONpPeNeNAoT N0 KOJHYeCTBY CHHEro aMMmuad-
HOrO pacTBOpa CEepHOKHUC/JIOH MeIH, NpopearnpoBaBIIEro C TOIJNHUBOM
(moka pacTBOp He TiepecTaHeT OGeCIBEUMBATHCS).

[Tpu 3TOM BHISIBAAIOTCS He BCe MepkanTaHel. TOYHOe OmpejeseHHe
NPOU3BOAUTCA NOTEHIMOMETPUYECKUM TUTPOBAHUEM.

Jpyrue coeqnHeHUs cepsl B TONMHBAX HENOCPEACTBEHHO He
BbI3bBAT KOPpPO3HI0 MeTaanoB. Ho oGpasywouuiica npu
ux cropanuu ceprucroll ea3 SOy nipn BEICOKOH TeMNlepaType pearupyer
C MeTaJnaMH, a NpPH OXJaXKJIEHHH B CMeCH C KHCJIOPOJOM BO31yXa H
BJIArofl MOXeT NPEBPaTHTbCS B KOPPO3MOHHOAKTHUBHYIO CEPHYIO KHCJIO-

Ty <SOg+ %02+H20—>H2804). O6uiee cogepxaHue cepsl HaxXOAAT

B pe3ynabTaTe CXKHUraHug TONJAHBA U Olpelae/ieHHd KOJUYECTBA CEpHHU-
CTOro rasa B IpOAYKTax CropaHud. ’

Paspymenno XKapoCTORKUX CIIaBOB, CONPUKACAIOUINXCA € NPOAYK-
TaMH CropaHus TONJINBA, MOXeET CNOCOGCTBOBATH Ha/lHUHE B TONJINBE
HUUYTOXHO MaJAbBX KOJHUYUeCTB (THCAYHBIX AONell NIpoileHTa)
sanadus, moaub0esa W HEKOTOPHIX APYTHX METaNJIOB;, UCTOYHMKOM HX
MOxKeT ObIThb KaK HUCXONHas He(Th, TaK U NpUMeHseMble B NPOU3BOJ-
CTBE TOILIMBA KaTanusaTopsl. OKHUCABl 3THUX METaJJIOB CJAYXKAT KarT a-
Ju3aTopaMuy ra3oBOfl KOPppPO3HMU

YrieBogopoabl MOIYT BbI3bIBaTb HAOyXaHHE M CO BpeMeHeM
pas3pylieHnne OObYHBIX («HeOEH30CTOMKHX») COPTOB pEe3UHBI H
IpYrHX MaTepuaJsioB, H3 KOTODPBIX BBINOAHSAIOTCS yniioTHeHusa. OHH BIH-
THIBAIOTCA B MUKPOCKOMHYECKHE TOPbl W MEJJEHHO pPacTBOPSAIOT 3TH
MaTepuasbl; NPOIEeCC pa3MArdeHUss M NOPYH HX HeT o6blYHO Ccpasy Ha
3HauuTeapHyI0 r1yOuHy. OcoGeHHO HHTEHCHBHO NEHCTBYIOT Ha pe3UHY
H KOXY apomaTHuyeckue yriesonopoisi. [103TOMy pesnHOBble HeTa/H
¥ yIJOTHEHUs, NPUMEHsieMble B TONJIMBHBIX CHCTeMax, U3rOTOBJSAIOTCA
U3 clenualpHbX (MaclocToiikux) coptoB pesunsl [64, 72, 116].

OBLIIUE TPEBOBAHHUA K TOIIUBY
MapameTpbl M Npoliecchl, Ha KOTOPbIe BJIKSIET TOMJIHBO

Ot kavecTBa TONJHMBA B TOH WM HHOH CTENEHH 3aBUCAT JEKOCTb
sanycka gasurarens, ObICTpOTa Hporpepa u nepexoja Ha pabouunit pe-
XKUM (IPHEMHCTOCTb), pa3BUBaeMas JBUraTeleM TAra (WIM MOLI-
HOCTb), SKOHOMHYHOCTh JABHUraTeNsi, yCTOHYMBOCTb ero paGoThl, Hadex-
HOCTb B TeueHHe yCTAaHOBJEHHOro pecypca (cpoxa cayxobei). Ilpu mio-
GbIX SKCIVIYATAUUOHHLIX YCJAOBHSAX TOIIMBO JOJKHO BO3MOXHO Jydulle
ofecrneunBaTh NpPOTEKaHHe NPOLECCOB NORAYH, cMeceoGpa3oBaHud, Cro-
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panus, ynajenns mpoAyKTOB CrOpauis u3 ABHraTels, He BBI3bIBAS NDH
3TOM HM3HOCA WJH NeperpeBa jerajell, KOPPO3HUH, 3arpsi3HEHHUs JABHra-
tend. JKenartenpbHo, 4T0OK B OTpaHHuYeHHOM O06beMe TOMIHBHBIX GaKOB
NOMEIaioCh BO3MOXHO 6O/JAbllee KOJNHYECTBO TOIJHUBA.
[Tpu TpaHCnOpPTHPOBKE, XpaHEHHH U 3aNpaBKe BaXKHOE 3HAUCHUE UMEET
CTabUNABbHOCTL TOIJHBA, y1106CTBo u 6esonacuocThb 00-
pamenus ¢ uuMm [1, 34, 73, 81]

TpebGosanus K CBOACTBAM TONINBA

O6ugue TpeﬁoBa}m;{ npeibsaBAseMble K HHEPreTHUECKUM H (U3UKO-
XHMHUYECKHM CBOHMCTBaM TOIJIHBA, MOXKHO CTPYINHPOBATH CJACAYIOLIMM
obpasom:

a) TpeboOBAHUA~K JHepeeTUYeCKUM CBOLCTBAM:

~— BBICOKAasl TENJOTBOPHOCTH;

— OnaronpusATHHE TepMOJMHAMHUECKHe CBOHCTBA MPOAYKTOB Cro-
paHus (CTOHKOCTb NPOTHB TepMHUUECKOH AMCCOIMANMK, BHICOKAS TENJo-
eMKOCTb, OTCYTCTBHE KOHNJIEHCHPOBAHHBLIX BEIECTB);

—— HU3KHH CcTexuoMerpuuecKud kKodhdunueHT (BO3MOXKHO MEHbB-
mee norpe6HOe KOJIUYECTBO OKUCJAUTENS);

—— BbICOKafl NJOTHOCTb, obserdalomas cosfganue Ha Gopry Tpebye-
MOro 3amaca 3Heprum u pabouero Tesna JJaA ABUraTesNs;

6) Tpebosanus K puauko-xumuueckum csoticteam, obecnequsaro-
wum pabouuti npoyecc dsuearena:

—— HeBbpICOKAas BA3KOCTH (0coGeHHO NpH HU3KOH TeMmmepaType), ra-
paHTupylonas XOpOWHUHA pacnbll TOMJIXBA MpH NOCTYNJEHUH B KaMmepy
CropaHus;

— ONTHMajbHas HCIapseMoCTh (TeMIepaTypa KuneHus uau dpax-
OUOHHBIA COCTAaB Y JaBJjeHue HaCBIUIEHHBIX IapoB), JOCTaTOYHad
JJIs Xopoiero cmeceoGpasoBanus nepel CropaHueM, B TOM YHCJIeE
‘IpY 3anycke, HO He BbI3bIBalOlasd KaBUTAlMM B TOIJMBHOH CH-
cTeMe;

~— JOCTaTOYHO HHTEHCHBHOE W OJHOBPEMEHHO paBHOMEpHOe H
yCTOHYHUBOE ropeHune 6e3 JeTOHAllUW U ONACHOrO YPOBHA BuUOpauuil; .

— ,BbICOKas MOJIHOTA CropaHusd,

B) Tpeboganus K (QU3UKO-XUMUYECKUM CBOUCTEAM, BAUAIOUWUM HA
6e30TKasnoCTy paboTel u cpok cayscbol Osuearess u TONAUBHOU cu-
cTemoL:

—— HHM3Kag TeMIepaTypa Havaja KpUcTaJJau3aLii,

— (dusnyeckas OLHOPOLHOCTb (OTCYTCTBHE TBEPIbIX BKJIIOUEHUH —-
MeXaHMYeCKHX MpUMecedl, OTCYyTCTBHE 3MYJbCHOHHOH BOABI);

—— JIOCTATOUHble CMasblBalOIIMe CBOHCTBa (NOBEPXHOCTHadA AaKTUB-
1I0CTB), OpeNOTBpariaiolite paspylleHue HaH ObICTPBIl H3HOC Y3J0B
Tpeuus TOMJIUBHOH annapartypsl;

~— OTCYTCTBHE MJM HEONaCHBI YpOBEHb KOPPO3HOHHOTO NeHCTBUS
Ha MeTaJJe H paspyllialouero BO3AEHCTBHS Ha ApPYrHe MaTepHasbl
(pesuny, nsacTMaccel) Kak caMOro TONJKBA, TaK H DPOAYKTOB €ro
Cropanus; , '
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— OTCYTCTBHe XMMUUECKH HECTORKHX COCTaBHbIX 4acTel, CKJIOH-
HBHIX K IpPEBPAIleHHIO B TBEPJble ‘MM BLHICOKOBA3KHE (CMOJHUCTHIE) OT-
JIOXKEHUs1 B TONVIUBHOH CHCTeMe;

—- HU3Kas W3JyuaTesbHasi CocOGHOCTh miaaMeHH (Bo mu3bekaHue
ONlaCHOTO HarpeBa CTEHOK KaMephbl CrOPaHHUA);

— OTCyTCTBHEe Harapoo6pas3oBanus;

r) Tpeboganua K (PUIUKO-XUMUYECKUM CBOLCTBAM, CBA3QHHbIE C
obecneuenuem GoecorosnocTu, ydobcrea obpaujerus u 6e30naACHOCTU
AUYHORO cOCTasA:

-— HHU3Kas TeMmieparypa 3acTbiBanis, obecrneyuBaiomias BO3MOXK-
HOCTh NepEKaYKd U 3alpaBKd B YCJIOBHUAX CHJIBHBIX MODO30OB;

— BBICOKAas TeMIlepaTypa KHIEHHS HJIH BHICOKAsh TeMmIepaTypa
BCIBILUKH, CIOCOBCTBYIOLIAs YMEHbIICHUIO IOTEPb IPH XPAHEHUHN U CHH-
JKEHHIO [0KapHOH ONacHOCTH;

— XuMHYecKas cTabUJIBHOCTb NMpHU IIUTEJbHOM XpaHeHuH;

— HH3Kasi THTPOCKONUYHOCTb (HEecnocofHOCTh NOrIolLaTh BAary u3
BO31yXa);

— B3pbIBO6E30NIaCHOCTD;

-—— HeBBLICOKHI ypOBEeHb TOKCHYHOCTH (AMOBHTOCTH) KHAKOIO TOI-
JIHBA, €ro 1apoB H NPOAyKTos cropanus [1, 60, 73].

i

CooTBeTcTBHE TOIJIMBA ABHUraTeNaio

Kpome o6uiux tpeboBaHH#l K TONJNUBY MOTYT NpeXbSBIAATLCS CII e-
nupuueckue TpeGoBaHUA, OTBEUAIONINE YCAOBUAM HX HPHUMEHEHHUA
B IBHIaTeNsiX ONpPeJeJeHHbIX THIOB, HAIPUMep CaMOBOCIIaMEHAEeMOCTh
NpH KOHTaKTe ropwoouero ¢ oxkucaurensem B JKPJL; BbiCcOKasi Tennoem-
KOCTb NPH HCNONb30BAHUU TOIJIMBA B KauyecTBE OXJaXKIAoUlel KUMI-
kocTn B pybamike kamepsi cropanus JXPJ. da u Kaxpoe u3 oOLUIKX
TpeGoBaHUil O CBOeH 3HAYMMOCTH HEOIMHAKOBO B JBUraTelfiXx pas-
JUUHBIX THUIOB.

Peasibible TON/MHBA, KaK NpaBuUio, He 06JafalT BCEM KOM-
NJAEKCOM XelJaTeabHBb X CBoOfcTB, K KaXkIoMy TONIUBY
OPeIbABIAIOTCH BbICOKHE TpeGOBaHHUA TOJBKO IO TeM CBOMCTBaM, KO-
TOpble SABJSATCA DEMAaIONUMH NI ero HCHONb30BaHHUs B [BUra-
TeJS1X OMpefeJeHHoro Tuna. K ocrasbHblM, MeHee CYlleCTBEHHBIM CBOH-
¢TBaM OOBLIYHO NPEXbABJASIOTCH JUIIbL MUHUMaJbHble TpeboBanus Ju60
Boofuie UX He npexbasisdoT. [Ipu 3ToM uMeeTcs B BHAY, YTO TOMIHBO
lIOJI}KHO] ObITh BO3MOXKHO 0Oojice NlemeBHM H HeJle(pHUUHTHHM
(81, 107].



I'masa 2
KPATKHE CBEAEHHS O NMPOU3BOJACTBE TOMNJUB

HE®Tb — OCHOBHOW BHA CbiPbf A4 NMPOU3IBOACTBA TOIJUB
3anacol # go0biua

[TpakTHueckn Bce aBHALHOHHOE TOIVIHBO M HEKOTOphle TOpIOUHE
KOMIIOHEHTB! PaKeTHOro TON/MHBa BhipaGaThiBaloTcs u3 Hedri !, Passe-
JaHHble 3anacbl He(TH B Pa3JUYHBIX palioHax 3eMHOro wWapa H3 rojaa
B rox yBenuuuBamwTcs. [lo-BuauMoMy, He(TAHble 3amachl 3eMJH CO-
CTaBJAAIOT COTHH MHWJHADPIAOB TOHH, NPHYEM 3HAYUTENbHAS HX YaCTh
naxonurcs ua teppuropuu Coserckoro Coiosa. Xota Muposas fo6bua
HeTH mpepblilaeT 2 MJPA. TOHH B TOJ, YIpO3bl HCTOLIEHHS 3aMacoOB
HeTH He BO3HMKHET B TedUeHMe, DO KpaifHell Mepe, psja deCATHIe-
THH. .

B CCCP nedTenobeiua n HedrenepepaGoTka pacTyT BHICOKHMH
Temnamu, 3a nociaennue 20 et goGsiya wedTH Bo3pocsaa Gosiee UyeM B
10 pas u pocturina B 1970 rogy 353 Muu TOHH, 8 B TeKylleM MNATH-
JIETUH BbIAJET Ha NoayMuanHapaHblt pyGex. OcuoBHY noni0 HedTH
NalT BOJTO-ypaabCKHe MECTOPOXKAEHHs (oKoso 3/, Bcell no-
6blun), pafionsl baky u I'possoro, zanaanoro Kasaxcrana n Typxme-
HUCTaHa; pasBuUBaercs HedTenolblya B pafoHax 'KpyNHeHRIIHX B CTpa-
He 3amMagHO-CHOHDPCKHX MECTODOXKICHUI HedTH,

IlepepaboTka HedTn

Hed1b coctouT #3 yriaeBoanopo 0B pa3Hoo6pa3sHOro CTPOEHHUs
C pa3JUuYHON TeMNDepaTypoH KHINeHHA, HEKOTOPOIO KO-
JUYEeCTBA reTepOOPraHHUYeCKHX COeJMHEHHH, COfepKallUX KHCAOPOL,
cepy, as3oT, a Tak:kKe HeopraHMUYEeCKHX npumecei cepwl, cosnell u np. Cy-
UIECTBYIOT ABa NOYTH NepepaboTKH He(hTH Ha TOIIUBO I JBUrareses.
[Tepsblii — Bhifleniennte copepxkRamuxcsa B HedTH yriaeBogo-
POOHBIX ¢pakuufi ¢ NOAXOAALUMMH (HH3UKO-XMMHYECKHMH CBOHCTBAMHU
U yjpajeHdHe M3 HUX BpeJHbIX Npumeceli. BTopof NyTb—XxuMHuye-
cKkasg nepepaGoTKa yrIeBoiOpOJOB, H3MeHEeHHe HX COCTaBa H
CTPO€HHUA B LEJSAX NPUIAHUA TOIMMUBY TpeGyeMbIX (PU3UKO-XUMHUUECKHX
CBOHACTB, T. €. NOJyuYeHHe TaKUX YIAeBOLOPOAHBIX (pakuufi, KOTOpbE
B HeQTH He COMEPXKaJUCh WIH HAXOAWIHCh B MalblX KOJHYECTBAX.

! BoipaG0TKa aBHAUHOHHOIO TONJHBA H3 YIis H JPYrHX TBEPIAbIX IopiouHx o6xo-
IHUTCH 3HAUHTEJBHO JOpOXKe, YeM H3 HedTH, B NMPaKTHUECKH NpeKpalileHa (3a HCKJIQ-
ueHHeM HECKOJIbKHX 3aBOJOB 3a IPaHHIeH). \
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B mnacrosamiee BpeMs BhIpa0OTKa OCHOBHOH MacChl aBHALLMOHHOTO
TOIJIMBA OCYLIECTBJIAETCA HEPBLIM Ny TeM, a BTOpOil yTh HCOOJb-
syercd TJIaBHBIM 06pasoM s BbIpaGOTKH OTHENbHbIX KOMIIOHEHTOB
tronyuBa. HeoGxonumele CBOMCTBA BPUAAIOT TONJMBY NDH €ro OpOH3-
BOJICTBE B pe3yJhTaTe COOTBETCTBylOLIero BoiGopa coipbsi (HedTu TOro
WIM HHOrO MECTOPOXKIEHHS) M TEXHOJOTHM, CMELIEHHsT KOMIIOHEHTOB,
no6aBkH mpucanok. KauectBo Colpbf M €noco6 NpOHU3BOIACTBA HHOTNA
AIBJIAIOTCA NPUYUHON HEKOTOPhIX HeXeJdaTeJbHB X CBOHCTB
TONJIHBA, C KOTOPBIMH NPUXONUTCA CUMTATbCA NPH €ro NpHMeHEHUH,
HaIpuUMep KODPO3HUOHHOH AKTHBHOCTH TOIJIMB M3 CEPHUCTHIX BOJTO-
ypanbckux medTel, HeIOCTATOYHOH TepMOCTabuIbHOCTH TONJAUB U3 Ba-
KUHCKUX HedTel, HUI3KUX NMPOTUBOU3HOCHBIX CBONCTB TONJIMB MOCHE TH-
IPOOUYHUCTKHU. .

Bropoii myTh, ycTpaHRIOLMA 3aBUCHMOCTh KayecTBa TONJIHBA
or npupoasl HedTH, npuobpeTraeT BCce OOJbliee 3HAUE-
HUe N0 Mepe y:KecToueHus TpeGoBaHHHA K TONJIHUBY, CBA3aHHOIO C IO-
BEILIEHUEM TeMIepaTypHOro peXuma M APYTMMH He61aronpUaTHLIME
ycaoBusiMu paGoThl aBualMOHHON TexHuKH [60, 62].

NPAMASl NEPEITOHKA HE®TH
Pa6ora TpyOuaroii ycTaHOBKH

ITepBrunupiM npoueccom nepepaGoTKH He@TH ABJAAeTCA APAMASL fe-
peeonka. OHa npefcraBiseT co6oil hu3vvyeckoe pagjfeeHHe

ben3uHosoe opoweHue
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Puc. 14. Cxema TpyGuaToii HedTenmeperoHHOH yCTaHOBKH

HedTy Ha GpaKuuu C pPAsJUYHBIMH Ipefie]aMl TeMIepaTyphl BbIKH-
nanna. Ileperonka Bemercs Ha TpyGuaThix ycrasoBkax (puc. 14).
He@rs, narperas B TenyigoOMEHHHKAX H B TPYOuaTOH NeuH 0 TeMmIe-
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parypsl 300—330°C, nocrymaer B PeKTHOHKALHOHHYIO KO-
JOHHY - CrajbHylo OawHio BbIcoTOR 15—30 # ¢ nomepeuHbIMH Tie-
peroponkaMu — TapeikaMH, Tle ee Jerkas 4YacTb HCOapseTcsi; HEHC-
napuBIIMACA OCTATOK (Ma3yT) CTeKAaeT B HUXKHIOK YacThb KOJOHHBI.

Hedraubie napel, nogsuMasich BBepX [0 KOJOHHE, OXJaxkKaaloTcs H
MOCTeNEHHO KOHJEHCHPYIOTCH Ha Tapejxax, o6pasys OucTuassiTel pas-
Horo cocraBa. C Tapesaok cpefiHell 4acTu KOJOHHBI OT6HPaeTcs AUCTHI-
JAAT JU3eJbHOTO TOIIMBA CO CPABHUTEJBHO BHICOKOH TeMaeparty-
POl KHIIeHHH, ¢ BeDXHHX, 60Jee XONOAHBIX TapesnoK,— AUCTHIIAT P e-
aKTUBHOIO TomIHBa ¢ Gonee HU3KOM TeMINepartypol kuneuns. Ca-
Mple HHBKOKHMNsiIHe GpakuuH He(dTH BHIXOAAT U3 KOJOHHB BBEDX IO
Tpy6aM u NOCTYNAIOT B XOJNOAM/IbHbIE YCTPOHCTBA; W3 HHX KOHAEHCH-
pyeTcs 6 eH3HHO BB i JHCTHIIAT U OTAENSAIOTCS YFJA€BO 40P O II-
Hbple rasp. Jasg nogjep:xauua TpebyeMOro mepenajga TeMIepaTyphl
BepXHAA 4YacTb KOJOHHBI OXJ/JazgaeTcCs NyTeM OpOIIEHHS — BO3-
BpalleHus 4acTu OeH3HHA B XKUAKOM BHJIE, @ OT/AEJIbHbIE TAPENKH HUK-
Hell U cpefHell YacTM NOAOTrpeB aloTC A NeperpeThiM BOASHBLIM Ha-
pom [60].

Bbixopn weneBbiX NPOAYKTOB

[Tpu npsMoi meperonke HedbTn noayuaercs B cpeanem 10—15%
Gensuna, 15—209% peakTHBHOrO TONJAWBa WIN Kepocuna, 15—20% nu-
3eJBbHOrO TONmNHBA M okosio 509 Masyta. I'omoBasi NpOM3BOAMTE/b-
HOCTb COBpEMEHHOH TPyGuaToli yCTAHOBKH JOCTHraeT HECKOJbKHX MHJI-
JINOHOB TOHH He(TH B roj [60, 62, 68].

OYHUCTKA H NEPEPABOTKA HE®TENPOAYXTOB
XHMHYeCKast OYUCTKA

OuucTKa AUCTHUANATOB OT BPENHBIX NpuUMecell, UMeIOMHUX GoJblieil
4acTbi0 KHC/ble CBOMCTBA, MNPOH3BOJAUTCH LI €JIOYbI0— PacTBOPOM
KayCcTHYeCKOH colpl. Ecau MHUCTHANAT COJepIKUT 3HAUNUTENbHOE KOJH-'
YeCTBO CMOJI, CEPHUCTBIX H a30THCTHIX BEIIECTB, €ro NOABEpPraT o6pa-
Gorke 92—939% cepHOH KHCAOTOH, C KOTOPOH OHH PearupyiT H BHI-
magawoT B OTCTO#., [locie OUYMCTKHM TONIMBO NPOMHBIBaeTrTcsa BO-
1o .

Hau6osee nagekupM cnocofoM yaaseHHs CEPHUCTBIX COeIHHEeHH
(ux MHOro B Yypa/o-BOJKCKHX HedTsaX) sHBAAETCH KaTalaUTHYecKas
2udpooducrka ueprenpoaykros (ounctka Bogoponom). [lpu nmas-
nennn 50—70 at™Mocdep u Temnepatype nopsaxa 400° C Bopopon, cMme-
MaHHbIA C HapaMH JHCTHIAATA, COEIHHAETC C CoflepxkKallefics B HUX
cepoft, o6pa3ysi cepoBojopon. B nanpuefimeM cepoBomopon ynajisercs
U3 QUCTH/JIATA NyTeM ILIeJouHoi ounucTKH. [1pu ruppoouncrke npoucxo-
JIHUT TaKxKe NPUCOeHHEHHe BOJOPOAa K HenpelebHbIM YIJIeBOLOPOAAM
U npeBpalleHue UX B NpejenbHble, 61aroaapa yeMy NOBbILIaeTcs CT a-
GUIBHOCTH TOMJNNBA. ¥YMeHbllleHHe COAepKaHUA Hanbonee BpeqHBIX
COeJMHEHH Cepbl — MEPKANTanoB MOMKET TakiKe NPOH3BOAUTBLCH MyTeM
KaTaJUTHUYECKOro IpeBpallleHUs UX B HEaKTHBHble AHUCYAbQUAL (6e3
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ymenpiiennsi ofulero copep:xauusg cepw) no peaxmun 2RSH+
~+ —;——02 — RSSR+Hy0; 31oT BHA ouncTKM HasbiBaeTcs demepkanta-
rHusayuel [60, 61].

HenapaduHuzanus

Jns nonuxkenus TemrnepaTypbl 3aCTHIBAHHS aBHANHOHHBIX TOIJIHB
fiX MHorga nojsepraloT 0coboMy BHAY OYHCTKH — 06paboTke xapba-
mudom (mouesunoit) CO(NHy)e. K HeMy npucOeIMHSIIOTCH BBICOKO-
IJ1aBKHe napaduHOBble yriaeBogoponnl. B tonsause ob6pasyercs B3Becs,
KoTopas 3aTeM OT(UILTPOBBIBAETCH.

Ounuiennble IPOAYKTHl IPSIMOH NeperoHKM HedTH, eCad OHU yIOB-
JETBOPAIOT COOTBETCTBYIOLUIUM TEXHHYECKUM TpeOOBaHUAM, SBAAIOTCH
FOTOBBLIMH TONJMBAaMM ass apurarteselt. [Ipn neo6XoguMoCcTH UX yJayu-
maT nyrem No06aBJeHUS TaKUX KOMIOHEHTOB W NPUCALOK, KOTOpble
ofecrnieynBalOT NOJYyYeHHe TONIMB ¢ TpeOyeMbiMH mokasateaamu. He-
OpUrofHble B KauecTBe TONJUB (pakuuud HAYT Ha XHUMHUECKYIO Iepe-
pa6otky [60].

TepMuueckuid KpeKHHr

Haubonee npoctoli, HO HEBBITOXHBIH H3-32 HM3KOI'O KauecTBa MNOJy-
yaeMblX NPOAYKTOB BHJ XUMHUYECKOH mepepaloTKH TAXKeNbiX HedTIHBIX
dbpaxuuil (B mepBylo ouepelb MasyTa) — repMuueckuii kpexuur. Cyur-
HOCTb KpDEKHHIa—pacu(eNJeHne KPYNHbIX MOJNEKYJ Ha MeJKHe
mon neficTBHeM BLICOKOH Temmeparyprl (okoso 500° C). On Bemercs
IpH HaBIeHHH B HECKOJbKO HeCsiTKOB arMochep. Buxon jerkux nedre-
IPONYKTOB THMa Oeu3uHa H KEepOCHHA INIPH TEepPMMUUYECKOM KpEKHHTe
MoxkeT ObiTh nopsagka 50%, HO OHM comep:KaT MHOIO HeNpereNbHBIX
YIIEBOJOPOAOB M MO3TOMY HecTa 6 uabHbl. Jlyumee KadecTBO TOMN-
JuBa Tmo/ayyaeTcs Hpu Oosee CHOXKHBIX M JOPOrHX KaTaJHUTHYECKHUX
npouyeccax [60, 89].

Karanutnueckas nepepaborka

Karanutnyeckut Kpexune oObIYHO NPOBOAHUTCH B KOJOHHAX, 3aMmoJ-
HEHHBIX TBEpJIBbIM H3MeJbUYeHHB M KaTajiH3aToOpOM, NpH
temneparype okoso 500° C n pgaBnenuu B Heckodbko atmocodep. Ila-
pasieNbio ¢ pacllenyieHueM KPYNHbIX YIJeBOLOPOIHBIX MOJEKYJ HAYT
[pPOLECCh NOJTHMEPH3aluH! — COeIMHEHHsT MENKHX MOJEKYyJ B HOBbIE
CTPYKTYpBI, Nlepepacrpesienetus Bojgopojaa ¢ ofpasoBanieM apoMarTH-
YeCKHX Yr/AeBONOPONOB M usonapacdunos U np. Karaautuuecknit pu-
opmute nHa aNIOMONJATHHOBOM KaTanHN3aToOpe MNpeBpa-
maer unagTeHOBHle yraesogoponsl B apomatuueckue (CpH,, —
~—~>CrHan—s+3Hz). On nposogurca raasuniM o6pa3oM B 1edsiX HOBHI-
IeHNs JeTOHAIIMOHHOH CTOAKOCTH OeH3MHOB, HO OQHOBpPeMeHHO ofec-
neyuBaeT NoJydeHne AELIeBOTO BOAOPONA.

Karanutnuecknii eudpokpexure, NpoBOAUMBI B Cpefe BOAOpPOIA
noj pasiaenueM 50-—150 armocdep, naobopot, ofecneunBaeT npeBpa-
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leHHe MOJHUHMK/JIHUECKHX apOMaTHUECKHX YrAeBOAOPOAOB B cTabub-
Hble, BBITOJHEE B COCTaBe PeakKTHBHBE X TONJHUB HadTe-
Hpl. HenpefesbHble yraeBOAOPOIbI, NPHCOETHHAS BOAOPOL, B 3TOM
npouecce InpespallaloTcs B NapaduHOBBIe H H30MapadUHOBBIE, a CO-
€IMHEHHA Cepbl YIaJadloTC, KaK HPH THAPOOYHCTKE.

OrnenpHple KOMIOHEH ThHl, HEOOGXOAUMBIE I YJAYYLICHHS AETO-
HallMOHHOH CTOMKOCTH W HCNapsieMOCTH aBHaGeH3HHOB, IIOBLIIEHHSA
ILIOTHOCTH M TeNJOTBOPHOCTH PEAKTHBHBIX TOIVIHB, a TAKKE HEKOTOpPbIe
ropioyle KOMMOHEHTH PAKETHBIX TOILIMB BbIpafaThIBAIOTCS C MOMOIIBIO
KaTaJHTHYECKHX NPOLECCOB THIPOTeHH3ALHMH, aJKHIMPOBAHHSA, H30Me-
pH3aLUK JerKHX YIVIEBOAOPOJOB, IIaBHBIM 06pa3oM XHMHUeCKH ak-
THBHBIX HeMpeJe/bHBIX KPEeKHHI-ra3os. B pesyabrate nosyuarorcs Mo-
JIEKYJIbl ¢ ONpelleJeHHOH cTPYyKTypo#, obecneudBatoiied npo-
nyxry tpebyemule cBofictBa. [lomumMepu3sanueil HempemeabHBIX
ra3oB MOXKHO MOJYYHTh HYXKHYIO CTPYKTYPY MOJEKYJ KaK XKHIKHX
TOIIKB, TaK H KayyyKooOpas3HbIX MOJTHMEPOB, HCIOJbL3YEMbIX B Kaue-
CTBe TOPIOYEro M CBA3BLIBAIOIIETO BeleCTBAa B COCTaBe TBEPILIX paKer-
Hbix Tomaus [28, 61, 82, 123].

NMPUHLUKUNDbI NPOU3BOACTBA HEYIJIEBOOOPOAHBIX
TONJAHB U KOMNOHEHTOB

IMony4yeHHe BOgOpOAA
Bonopon moaywairor pasjaduHeIMH Cmoco6aMu M3 MeTaHa (Han
IOPYTHX NPHPONHBIX YIJIEBOLOPOIHBIX Ta30B) NyTeM TepMHUYECKOro pas-

goxenus CHy—~C+2H,;, yacTHYHOrO OKHCJIEHHS CH4+—502—>CO+

“+2H,, BzaumoneficTBus ¢ BogsiHeM napoM (xoHBepcHeil) CH,+ H;O—
—CO+3H., nponyckaHueM BOILSAHOTO NMapa uepe3 pacKajJeHHBIH
yroas C+HyO—H;+ CO u B3aMMOIeACTBHEM ero ¢ OKHCbIO yriepoia
H,;0 4+ CO—CO;+H,. Bonsas yacre stex mpoueccos obpaTdMa H
HaeT CylecTBeHHbI BEIXOMX TOJLKO Py TeMneparype nopsinka 1000°C

NPHUCYTCTBHH KAaTaJH3aTOPOB, BCACICTBHE Yero NPOLECCH "0Ka3bIBaOTCA
Loporuwmu. Dosee neleBb# BOZOPOA NOJTyYaeTcs M3 KPEXHUHT-
rasoB, B 0COGEHHOCTH O6pa3ylOmHUXCA NPH KaTaJuTHyeckoMm pudop-
MHHTe M THAPOKPeKHHTe He(DTAHBIX AHUCTHJIATOB, a TaKXKe H3 KOKCO-
Boro rasa. [lps HajHuuu HelleBol 3J1eKTPOIHEPTHH BOLOPOL MOXKET
OLITL NOJYUYEH 3 EKTPOMH30M BOAb. Oxuxenue BOAOPORA NPO-
H3BOMUTCS NMyTeM IMpelBapUTENbHOIO CKaTHS, TJIYOOKOro OXJaXKIeHHs
JKHAKHM a30TOM, paclIdpeHHs C OTBOJOM MeXaHHUeCKOH 3Hepruu u
TEIJIOTH KOHAeHcalMH. HenocpencTBeHHO mepen OXKUKEHHEM TIPH TeM-
neparypax munyc 210—253° C ¢ nmomowipo xarasnusaropa (THIPOOKH-
CH XKeJje3a) OCYIIECTBJsIETCS NpoLecc opronapanepexoxa (cMm.
cTp. 22), TaX KaK [pH TeMmIeparype KdIleHHsa XKWJIKOro BOJLOpOLa T e p-
MOIMHAMHYEeCKH paBHOBECHBIM #BIAETCA NapaBoIOpPOL,
lpuueM Nepexo] OT HOPMaJbHOI'O COCTaBa K MapaBOJOPONLY CONPOBOXK-
paeTcs BbiJeseHHeM Gosbliero konuuectBa temia (126 xkaafxe), uem
tpebyercs mas ucnapenus Bogopoxa (108 xkaa/ke). Ecau opromapa-
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Mepexoj He NMPOBECTH HCKYCCTBEHHO, TO NPH €r0 MeLJEHHOM e€CTeCTBEeH-
HOM [IPOTEKaHHH KHAKHH BOXOPONL MNOJHOCThHIO HCNAPHUTCH
Jaxe B YCJAOBHSIX HIeaJbHOH Tem1oBofi H3oasauuu [68, 86]

IonyyeHne Kucaopoaa

Kucnopon noayuaior u3 XK HXKOT0 BOo3ayx a. I[Tyrem uepenyio-
Ierocsl CKATHfA, OXJaXJEHHs M pacIlHPeHHs TeMmiepaTrypa BO3AyXa
1I0CJIe[OBATENbHO CHHXKaeTcs BIJIOTH [0 Nepexofa ero B KHIKOE CO-
crosiuve. 3atem npu TeMmmeparype okoao —190° C u3 Bosgyxa Hcma-
psieTcss NMPAaKTHYECKH BeCh a30T (fum=—196"C) u ocraercs XHIKHIE
KHCIOPOA (tun=—183°C). BrimeJenHblli a30T HCHONb3yeTcs B MpO-
H3BOJACTBE €r0 COEAMHEHHMH H IJsf Pa3jMYHBIX TeXHHUEeCKHX I[eseH, B
TOM YHCJ€ BHOBb OXJAaxJaeTCsd L0 OXHKEHHA H 3a/]HBaercd B 3apy-
6aleyHyo MOJOCTb €MKOCTeH C JKHAKMUM KHCIOPOAOM H JIPYTHMH
KPHUOTEHHBIMH KOMIOHEHTaMH, HMEIOIIUMH TeMIepaTypy KHIEHHs
BbllIE, yeM y asota [10, 73].

HOle'-[eHHe a3orcoaepKalux KOMINOHEHTOB

Ammuax HOTYy4alOT IPAMBM CHHTE30M H3 a30Ta H BOAOPOAA
Nz+3H;—>2NH; B KoHTakTHOM anmaparte.— (aluHe, 3alOJHEHHOH Ka-
TaJIu3aTopoM (OKHCJAaMM 2Kejde3a) npu temnepatrype Boime 500° C
n pasaeHun 500—1000 armochep. O6pasoBaBlUHiics aMMHaK OTe-
JisieTcs OT HeNpopearupoBaBlIell Ta30oBOH cMecH NPH HPOMNyCKaHHH
yepes ' XOJOMUJIBNHK (TeMiepaTypa KHIEHHA KHIKOTO aMMHaka
—33° C). CuHTes aMMHaKa sIBJseTCI OCHOBOW NPOHU3BOACTBaA
BCeX COefMHeHHH a3oTa. A30THblui TeTpokcud W Q30THAA KUCAOTA IO-
JdyyaloTcss OKHCJEeHHEeM aMMHaKa BO3IyXOM B KOHTaKTHOM afl-
napaTe C IJIATHHOBBLIM KaTaJH3aTOPOM. AMMHAK BHayaJle NpeBpaiaer-
csa B okHch asora NO, sateM — B aByokHch NO, H, HAKOHel, NPH OXJa-
xKaennn Huxke 21° C—B KUAKYI0 yeTblpeXxokKuch NpOs — a30THHIH Te-
TPOKCHA. A30THYIO KHCJIOTY MOJY4YaloT H3 ABYOKHCH a30Ta, DacTBOPss
ee B BOje 0e3 KHCJIOPOZA HWJIH B IPHCYTCTBHH KHcaopoaa: 3NOp+
+H;0—2HNO;+NO uan 4NOy;+2H,0 4 O,—4HNO:s.

Hurpoeauyepun, HUTPOUEAAIOA03Q, HUTPAT AMMOHUSL U IPYTHE HH-
TpaThl, SABJASIOUIMECS COCTaBHBIMH YacCTSIMH TBEPIbIX PaKeTHBIX TOI-
JIUB, MOJy4YaloT B pe3yJbraTe B3aUMOAEHCTBHA KOHUEHTPHPOBAHHOW
a30THOH KHCJAOTH C IIHIEPHHOM, NEINIONO30H, PacTBOPOM aM-
MHaxa U T. I AMunbl— ropioune KOMIOHEHTHl XKHUIXKHX PaKETHBIX TOII-
JIUB — MOJY4aloT pas3juuHbIMH nyTsamu: tpustunaMuH N(CyHs)s npm
B3aUMOJZENCTBHM  aMMHakKa € 3THJIOBBIM  CIHPTOM, KCHJIHIH
Ce¢HsNH, (CH;)s — nyrem 06pa6orkn KCHJIOJa a30THOH KHCJIOTOH, a
3aTeM BOLOPOJOM.

T'udpasun NoH4 monyyaor u3 amMmMuaka 06paGoTKOH DPHRIOXIO-
putom: 2NH;+NaOCl—-N;H,+H;0+NaCl; ana npoussoncrsa Oune-
ruseudpasuna NsHo(CHs)e, kpoMe TOTO, HCHOJB3YETCA IHMETHIAMHH
NH(CHj3) 2+ NH;+NaOCl-N:H, (CH;) .+ NaCl+H,0 [2, 73, 86].



Fnmasa 3

TONMJIMBA IJid BO3AYIIHO-PEAKTUBHbBIX
JABHUTATEJENH (PEAKTUBHbBIE TONJIHWBA)

YCNOBHUSA NPUMEHEHHSA U TPEBOBAHHUY
K KAYECTBY TOIJIUB O T'A30TYPBUHHBIX IBUTATEJENA

Tunel Tonaus

CaMoJsIeTsl 1 BEPTOJIETH C rasoTypOHHHBIMH ABUraTensmu (Typ6o-
pPeakTHBHHIMH M TypOOBHHTOBHIMH) — OCHOBHOH, HauboJiee MacCOBBIH
BHJ aBHALHOHHOH TeXHHKH; OHH [IOJKHBI GbITh pACCUHTAHBI HA MpHMe-
HEeHHe TOIIMB, XOpOowWo obecNeyeHHB X CBIpPbeBH MU pe-
CypcaMH M NPOHU3BOACTBeHHON 6asofl, Uro6el moayuurs
oT 60pTOBOro 3amnaca TOIJHMBA, OrPAHHYEHHOI'0 €MKOCThbIO $AaKOB U Ha-
YaJbHBIM IOJIETHBIM BECOM CaMOJieTa, BO3MOXHO GOJbllie 3HepTHH, K
TOIVIHBAM INPELBABJAIOTCS TPeGOBAHWUS BBICOKOH TENAOTEOPHOCTU H
naorsocTd. V13 MaccoBBIX M HelleBEIX BHAOB He(TAHBIX TOIMJIHB 3THM
Tpe6OBAHUSIM JNyUIie BCErO yHOBJAETBODPSAIOT KepPOCHHH,
BHIKHIalOKue B npefenax npumepHo 120—280°C (puc. 12). Kpome
HUX B OrpaHHYeHHBIX MacliTabax NPUMeHSIIOTCS W HUPOKO P p ak-
MUOHHBIEe TOMJHBA— CMECH KepOCHHA H GeH3MHA (rJaBHHEIM 06-
pasoM Ha [O3BYKOBHIX CaMOJeTax), BBIKHIAIOUIHe B Mpejenax MHpHU-
MepHo 60—280°C, u yTAXKedeHHbBe KepOCHHBl C Ipelesamy
Beikunanus 195—315°C anst camo/ieToB ¢ GOJBLIMMH CBEPX3BYKOBBI-
mu ckopocrsamu [60, 80].

Monaua ronausa

Psin TpeGoBaHHH K KaueCTBY TOIJHB CBA3aH C yCTPOHCTBOM H yc-
JIOBUSIMH paGOTHl TOMJHBHOH CHCTEMBI caMojeTa W TOIJHBHOH anna-
patypbl aBHratess. Uro6nl n3bexaTh KaBUTallMH B TOIIMBHOH cHCTe-
Me caMoJeTa, Tapo-BO3AYIIHBIX poO6OK, NepeoeB B padore
MOAKAYHBAIOUIUX U NEepeKauyHuBaloOUMX HACOCOB, IS LWIHPOKO(pPAKUUOH-
HOrQ TOIJIMBA YCTaHABJHBAeTCs IpellebHAsfs HOpMa No 0asAeHUr0 Ha-
cowujennolx napog (e 6omee 100 mm pr. cr. npu 38° C). Ilepen mo-
CTYMJeHHeM B IBHUraTeJb TOMJIUBO, KaK IPaBHJO, MPOXONUT uepes ren-
2006 mennuK  (TOMIMBO-MACHSHBIL pajgHaTtop), Tle ero TeMmiepaTypa
noseliaercsi Ha 20—40° C, a B HEKOTOPBIX yCJAOBHAX (HallpHMep, NpH
CHUxeHUH camotera) —na 80—100°C. B cBasu ¢ HarpeeoM BO H3-
OexaHe NOSABJEHHS TBEePILBIX OCaKOB TOIMIHBO HOKHO OBITh
Tepmocrabusvubipm  (KesnaTeapHO, 4TOOB OCajoOK He nNpeslman 10—
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12 me va 100 ma). B manbHeiliem TpeGoBaHHsA MO 3TOMY MOKa3aTesIo
6ynyTt noBbiiathcs (B YaCTHOCTH, AJSl THAPOOUHLIEHHBIX TOMJIHB yCTa-
HOBJIeHA HOpMa He GoJsee 6 me Ha 100 ma).

QO HJIbTP HU3IKOTO NaBJEHHS CAYXKHT L5 3alIUTBl HACOCOB U pe-
TyJATOPOB [OJAYW TOIJIHBA OT TBEPIBIX YaCTHL, CJyYaHHO NOABHB-
IIUXCS B TOIJIMBHOM CHCcTeMe H3BHE HJH BCJAeAcTBHe H3uoca. [Tpume-
HEeHHe TOIJIMBA, 3arPA3HEHHOTO MEXAHUYECKUMU NnpuMecamy, CoOnepxa-
LEro Kpucrasas, Avda wid 800y, TPHBONHT K 3abuBaHHIO GHALTPA,
CHUKEHHIO ero MPOMyCKHOH cNocoGHOCTH M OoTKa3dy B paboTe IBHra-
tena. TemnepaTypa Hauara KpucTaAAu3Quyuu TONJIHBA HOMKHA OBITh
He Bplle —060°C,

TonnmuBHas annapartTypa ABArare/s BhUIOJHEHA IO BHICO-
KOMy KJlacCy TOYHOCTH, ¢ 3a3opaMmy nopsaigka 7—10 sk, ¢ xananamu
CeyeHHeM B JECSThIe JOJH MHJJHMETpPA; Jaxke HeGOJbLIHE OTJIO XK e-
HUS 4 KODPO3Us MOTYT HapyWHTh ee HOpMaJbHYIO paboty. B cea-
34 C 9THM B TOIJIMBEe OTpaHHYEHO COLepKaHHe akTuueckux cmos (Ko
‘4—6 me B 100 M2 TOWIMBA) H CKIOHHBIX K CMO0J1006pAa30BaHHUIO Henpe-
Oenvrbix yeaesodopodos (fiogHoe uucao He Gosee 2—3,5 ¢, a 1 ru-
JpOOUHIIEHHBIX TONAUB He Gosee 0,5—1 ¢ #a 100 ¢ ronnusa, 4TO CO-
orBercTByeT 0,3—2,5% uempeneabHblX yraeogoponoB). Hemonyctuma
€80600Has (3remeHTAPHAS) cepa, a COLePKAHUE MEPKANTAHOBOL cepol
orpanuveso seaunuunoit 0,005%; B masjpHelilieM 3TOT MoKasaTedb LOJ-
XKeH yKecrouaThcs. B TomnuBax u3 MasjoCepPHHCTEIX HedTel Mepkanra-
HOBOH cephl MpaKTHYECKH HET; B COpPTax, MOABEPraeMblX MMIPOOUHCTKE,
comepxanne ee posoaurca no 0,001% u Huxe. CoBepuieHHO He J0-
NyCKaIOTCsl KOPPO3HOHHOAKTHBHEIE 8000pACTEOpUMblE KUCAOTbL U UWje-
aouu. ‘Opeanuteckas KUCAOTHOCT, TOIJIHBA OrpaHUdYeHa He CTOJb XKe-
CTKO — OoHa He JqoyikHa npeBplwarte 0,7—1 me KOH una 100 ma, a ans-
THIPOOYHILEHHBIX TolauB 0,5 me.

Pa6ora arperaToB TOMJIHBHON anmapaTyphl 3aBUCHT TaKXe OT 813-
xocty tonnusa. [loBbllleHHAs BA3KOCTh NMPHBOXUT K GOJBLIINM Harpys-
KaM Hacoca, MOXKeT 3aMelJIUTb paBoTy HEKOTOPBIX pEeryJaupylou(ux
yCeTpOHCTB, yXyaIlaeT pacihbla TomyiuBa ¢opcyakoil. C yKpyHHeHHeM
Kaneab pe3Ko 3aMeIsOTCA NPOrpeB M HCIapeHHe TOMVIHBA, BIDPBICHY-
TOrO0 B KaMepy CrOpaHHd, CHHXKAeTCs MOJHOTA CTOPaHHs, yXyAlliaeTcs
3amyck, yCHJAuBaeTcss HarapooBpasoBanue. Bs3KocTh TONJIMB OrpaHH-
ygBaeTcs MO0 BepXHeMy INpeleny NpH OTPHUATEAbHB X TeM-
neparypax, korga oHa Beicokas (puc. 15). ITlpy nmonoxuTe b
Ho i remmepatype -+20°C Bf3KOCTh OrpaHuyeHa HO HHXKHeMY
npeneay u3 coobpaxeHuil riaBHbIM 06pas3oM yJyulleHHA CMa3KH Ha-
coca. Oanaxo cMaanlBalollle CBOWCTBa TOIIMBA B Hacoce, MO-BHAH-
MOMY, MAJO 3aBHUCSAT OT BA3KOCTH, ONpPelefAOlUM HX (ak-
TOPOM HABJISIETCA HaJNHYHe B TOMJHBE I[IOBEPXHOCTHO-aKTHBHBIX Be-
1ecTs, KoTopoe He HopMupyeres [35, 60, 80, 112].

CxuraHye TONJHBA

VeaoBusa mas cropaHHusi TOIJIMBA NPH peXUMHOR paborte rasoryp-
GUHHEBIX ABHraTesell HOCTATOUHO GJAarONpUATHBl, YTOOBl He I p et b-
ABJASATh 0COOGB X TPe6GOBAHUNH K HCNIAapsAeMOCTH TOI-
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aAuBa. bosbpmas yacre TOMIMBA, BOPLICKHBAEMOro B KaMepy cropa-
HHA, MonajaeTr B NOTOK CXKATOro BO3[yxa ¢ reMneparypoit 200—400°C
HIH ke elle Gojee TOPAUUX MPOAYKTOB CrOPaHHUA, MOJCACHIBAEMBIX B
cTopoHy ¢opcyHku (puc. 16), u 6eictpo ucnapserca. Ha rpanuue o6-
paTHOrO IOTOKAa M CTPyH BO3AyXa, NOCTyHamwllero OT (QpOHTOBOrO
ycrpolicTBa, H 0CO6eHHO depe3 OOKOBble OTBEPCTHA, TOpsUYHE Trasbl
3HEPrHYHO MepeMeIlXBAlOTCA ¢ BO3JAYXOM M HapaMH TOIJIMBA H MOI-
KHUTAIOT TOMIHUBO-BO3AYIIHYIO cMech, Ofpasyercs CTakaHOOGpasHBIN
HJIH H3BUJAUCTBIA (QPOHT mjaaMeHH, B KOTOPOM NIPH HOpMaJbHOH pabore
ycrmeBaeT CropeTh NpakTHUeCKH BCe TomauBo. MeHee 6/1aronpusATHBL
yCJaOBHS IJIA HCMApeHHd NPU 3anycKe JABHrarend, TakK Kak B Ka-
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Prc. 15. 3aBHCHMOCTb B3KOCTH DEAKTHBHHIX TOIUIMB OT TeMIEepaTyphl

Mepy CropaHusi TOCTyNaer XOJO[HBIH BO3xyX. B CBfA3H C 3THM B HeKo-
TOPBIX ABHUraTessiX NyCKOBBIM TOMJIMBOM CHYXKHUT JI€TKQ HCU AP 110-
murcsas OGeH3HH,
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Onpepenennsie Tpe6OBaHUSl K (DH3UKO-XMMHUUECKUM CBOHCTBAM TOMN-
JUBa MPeIbsBIASIOTCA B HEJsX MpeaoTBpallendss narapoo6paso-
BaHWs Ha JeTajsaX ra3oBOro TpaKkra [BUraTejeld, NJs 4yero orpa-
HHYUBAIOT COJEpKaHHE QpOMATUHecKux yeaesodopodos (He Oonee
10—22%) u sbicoTy HekonTaujeeo naamexu (He wmenee 20—25 mm).
Bo usbexanne MOsBJIEHHs HeOpPraHHYyeckoro Harapa (wsaxa) orpa-
HHYUBAETCs 304bHOCT6 TOmIWB (He Goaee 0,003%). BBumy rtpynHo-
crefl aHasn3a HOPMBI [0 KOHKDETHBIM 30JbHBIM IPHMeECSM, BBHI3bIBAIO-
IHM KOPPO3HIO ra30BOr0 TpaKTa (OKHC/Ib BaHalHs H 1p.), He yCTa-
HOBJeHH. Bo u36exaHHe ra3oBOH KOpPPO3HUH OrpaHHUEHO 00-
wee colepicanue cepvl— B TOIJIMBAX H3 MaJsOCEPHHCThIX HedTell He
6onee 0,1%, a B TonnuBax u3 cepHUCTHX He Gosee 0,25%. Has ton-
JIUBHOIl JKe CHCTEMbl TaK Has3biBaeMoe «obllee COAepIKaHHe Cepbl» He

Puc. 16, Cxema

cMeceobpasoBa-
HHSL U CXHIaHHs YeaagHoie 0O03HANEHUR
TOINMBa B Ka-  t={> Boadyr wwwp Npodyxmes c2opqHUR

Mepe CrOpaHHs  ——m= JufKoe MOMAUGD =5 30HQ BAQMEHU
rasoTypGHHHOTO ~-= {flapy mannusa
JABHrartens

BPeHO, TaK KakK MPaKTHYeCKH BCS 3Ta Cepa BXOIHT B COCTAB He a K-
THBHBI X coexuuenuil. IIpennonaraercs, 4To OHH HIpaOT MOJI e 3-
HYI0 pOJb— SABJIAIOTCA AHTHOKHCJAHTEJNSMH M CMasbiBalOWUMH Be-
mwecrsaMu. Jlas THAPOOYHLIEHHBIX TOMJIHB BEPXHHI npefea o6uiero
conepxanua ceps 0,05%.

Hakonen, nns Gosbluefl moxkapHo#l 6e3omacHOCTH ycra-
HOBJIEHO OrpaHHuYeHHe HCHapseMOCTH JerkHX (pakuuil TOMJIHBA THIIA
KepoCcHHA IO Temneparype BCnvilKy OT IJjaMeHH He Huxe 28—30°C
[35, 60, 80].

BausiHue TonJuBa Ha HaJeXHOCTb TEXHUKH

K ronnuBaM [1ss ra3oTypOUHHBIX [BUTaTeNedl HPEIbABASIOTCA B
NepByio Ouepellb TakHe TPeOOBaHHSA, KOTOPble OOECMEUHBAIOT HaleXK-
HOCTL paboTh JBUraresed M, caefoBaTeJbHO, 6e3aBapHAHOCTD
HOJIETOB.

Ha pucynke 17 mama npeHUMnHaNbHas cXeMa CBA3H CBONHCTB TOIJIMBA C BHAaMH
OTKAa30B, [e{eKTOB W JPyrux HeHOPMasbHbIX SBJIEHHA B SKCINIyaTaluH, a Takxe

C TaKTHKO-TeXHHUECKHMH [JaHHbIMH camojieTa ¥ ABHraress. Crenenb BJAUAHHS pas-
JUYHLIX CBONCTB TOM/AHBA He OJIHHAKOBa, a B pAjae CayyaeB 4erKO elle He olnpene-
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JAaHHbIE caMoJieTa H HA 3KCIVIyaTallHOHHYIO HaJex«

HOCTb €ro CHJI0 BOH YCTAaHOBKH

BAMAIOLIME HA TAKTUKO- TEXHHUECKHE
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nena. Hekoropule nokasateny O6OCHOBaHnl NPHMEHUTEAbHO K OXHHM Tunam TP]|
unu TBJL u nemocratoudo — k Apyrdm. CaMH CcBOICTBa B3aUMHO CBSI3aHbl, TAK KaK
B KOHeYHOM cHeTe ONpenenssOTCS TOJAbLKO XUMHUECKUM COCTAaBOM
TOMJHBa H, CIelOBaTeJbHO, OOYC/IOB/IEHH COPTOM HedTH, TEXHOJOrHel ee mnepepa-
6OTKH, mpHcafikaMy. Y 1y ulll e H He OJHUX CBOHCTB HHOrJa CONpOBOXKIAETCH Y XV AI-
meHUeM JIPYrHX, M BRICOKHH YypoBeHb Tpe6OBaHHH NO BCeM NOKa3aTejasiM MNpak-
THUECKH He MOXKeT OLITh peajH30BaH. BBuay BCero 3Toro craHgapTaMH yCTaHOBJIEHO,
YTO TOWMJNMBO [/ PEAKTHBHRIX JIBUraTellell [JOJXKHO COOTBETCTBORATb NO CHIPHIO H
TeXHOJIOTHH MNPOH3BOJACTRa TeM OOpasuaM, KOTOpbe NpowWan OdHUHADL-
Hble HCOBLITAHMS wa ABHrartenasx. CooTBercTsHe TOBapHOH NPOAYKUHH
HedTAHOH MPOMBILIJIEHHOCTH HCTILITaHHBIM OOpaslaM CJIy:KHT AONOJHHTEIbHON rapaH-
THEl HAAEKHOCTH paboTw Texsuku [7, 80, 112].

COPTA PEAKTHBHBLIX TOIJIHB

ABHaKepOCHHBI

Tonnuso T-1, KOTOpOe MOJNYYalOT B OCHOBHOM H3 M aJOCE P HH-
cto x HepTell Baky n CaxannHa, COIEpXKHT 3HAUHTEJbHOE KOJIHYe-
CTBO Ha @ Te HOBBH X YNJIEeBOLOPOIOB H OTHyaercsi 6ojee BH CO-
KOl HJAOTHOCTHLIO IO CPAaBHEHHIO C JAPYTUMH MacCOBHIMH COpPTaMH
aBHAIL[MOHHOTO KepocHHa (MO TeXHHYECKHM HOpPMaM IMJIOTHOCTh INpH
20° C ne nuxe. 0,800, daxruuecku 0,800—0,830).

Hau6onee mupoko npumensercs tonnuo TC-1 (6ykBel B ero map-
Ke 03HaualoT «ToliuBo cepHucroe»). Tommuo TC-1 BoipaGaTwiBaioT
M3 ypaJo-BOJNIKCKUX CepHHUCTH X Hedrell, pecypcsl # nobeiua KOTO-
PBIX B HECKOJBKO pa3 00Jibllle N0 CPaBHEHHIO C MaJOCEPHUCTHIMH Hed-
1aMi Baky. TomnuBo TC-1 umeer MeHbWI Y0 NJAOTHOCTH (He
uuxke 0,775 npu 20° C), OHO HECKOJIBKO XyKe, ueM Tomiuso T-1, mo
KODPO3HOHHB M CBOHCTBAM H BJHSAHHIO HAa H3HOC TOMIUBHBIX
HACOCOB aBHratenell;, ogHaxko tomauso copra TC-1 oGecneuuBaer HOp-
MaJpHyl0 paboTy B TeueHHe [OJHOIO pecypca CepHHHBIX ABHUratene,
IJIs1 KOTOPBIX OH mpenxHa3Haued. OcBoeHHe CHOUPCKHUX MaJgocCep-
HUCTH X HedTe# mo3oauT selpabareiBaTh tomauso TC-1 Takoi
e MJOTHOCTH, KaK ypaJso-BOJIKCKOe, HO He ycrynawumee T-1 no xop-
posuonHo# maccuBHocTd. HeBricokas mmothocte tonausa TC-1 o6bsc-
HSETCS TEM, YTO ypaJso-BOMIKCKHe M CHOHPCKHe He(TH COCTOAT Ipe-
HMYIIECTBEHHO H3 OTHOCHTENBHO JEerKHX mapa(@HHOBBIX YIJAEBO-
IOPOJOB, CPeIH KOTOPHIX 3HAUHTEJLHYIO 4aCTh COCTaBJSIOT HOPMaJb-
Hble HJIM MAaJopa3BeTBJEHHble fapadUHBl C BHICOKOH TeMmmepaTtypoi
Kpucrasausauud. Utobel 06ecneynTs Havyaao KPHCTaJIH3alHH TOMJIH-
Ba HHXke —60°C, ppakuuonumit cocta TC-1 gnemator 6o-
nee nerkum; TC-1—310 o6aeeuennsili KepocHs (cMm. puc. 12).

Tonanusa TC-1 u T-1 (ocobenno T-1) obsagaioT HeXOCTATOYHOH
TepMHUeCKOH CTabuIbHOCTBIO. BBHAy 2TOro BHeapseTca HOBOE T e p-
mMoctabuabuoe tonauso copra T-7. Ono BeIpaGaThiBaeTCs 3
ToH ke HedTaHOH ¢paxkuud, uto U TC-1, nyreM THIPOOUYHCTKH
(ouncTkH BOZOPOAOM) OT HeCTaGHJIBHBIX MW KOPPO3HOHHOAKTHBHBIX
npumecelt, Ilpy 35ToM NPOTHBOHW3HOCHEBI e CBOHCTBA TOIIMBA, X
COXAaNEeHHIO, YXYAWATCs, a TakxXKe YBeJHYHBAETCS CKJAOHHOCTb
K Ta30BON KODDO3HH KaMep CropaHus (BepOATHO, NOJ, BJIHSHHEM MHK-
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ponpuMecefl, HCTOYUHUKOM KOTODPBLIX SIBJSIETCA MeTaJIHUeCKHH KaTalsH-
3aTOp B NpOLEcce IHIPOOUUCTKH).

Yrupuyuposanroii copr ronausa PT npenHassaueH AJs peaxTHB-
HBIX ABHraTesell NO3BYKOBOH aBHAlLMH M CBEPX3BYKOBOH C OrpanuyeH-
HOH MpPOXOMKHUTEIbHOCTBIO nosera. OH MOKeT NMoJy4yaThCsl M3 pasany-
HEIX HedTed M N0 Pa3HOH TEXHOJOTHH — NPAMOH TNEPeroHKOH ¢ MNpH-
MeHeHHeM IIpolecca THAPOOMHCTKH H CMEIUeHNHEeM NpSIMOTOHHBIX H TH-
IpOOUULIeHHbIX KOMIOHeHTOB. [lo HOpMaM dpaxUHOHHOrO cocTaBa TOIM-
auBo PT coorBeTcTByeT aBHaKepocHHaM Kak copra T-1, Tak H copTos
TC-1 u T-7. Ilo HopmMam comepKaHHsi MEPKaNTaHOBOH M OOueH cepl,
(aKTHYECKHX CMOJ W HENpelesnbHBIX YIVIEeBOILOPOAOB, IO TepMOCTa:
6HILHOCTH, KHCJAOTHOCTH H TEIJIOTBOPHOCTH OH COOTBETCTBYeT Jyulle-
My H3 YKa3aHHbIX COpTOB — TOMIHBY T-7. B HeM HeCKOJbKO MeHbIle
conepXKaHue apoMaTHYECKHX YIJIeBOLODPOJOB IO CPaBHEHHIO C INpex-
HEMH cOpTaMH¥ aBHAKepOCHHOB, NPEIYCMOTPEH KOHTPOJb H3JIYYeHHS
naaMenu. [TnorHocts ronsuBa PT ycranosmeHa ne H2Ke 0,775 npu 20° C
(xak past coproB TC-1 u T-7), Ho no Tpe6oBaHHIO MOTpebUTeEH MO-
XKeT nocrasasaThes tomauso PT ¢ naorHocteio He Huxke 0,800 ¢ omHO-
BPEMEHHBIM CHHXEHHeM TemmoTBOpHOcTH 10 10250 kKas/ke (xax y
copTa]T-l) M yXyIIIeHHeM IoKaszaresas u3JayueHus miaMmenu [35, 60,
66, 72

LHpoKO(paKUHOHHOE TONIHBO

B otanyme or tomaus T-1, TC-1 u T-7, mpexcraBasiomux co6oi
aBHakepOCHHBI, TOMAUBO T-2 HMeer W HUDPOKHHA PPaKUHOHHBHA
COCTaB— OHO SIBJSIETCS CMEChl0 KepocHHAa M OGeH3HHa Yse-
JHUeHHe ero MPOH3BOJACTBA B ciaydyae HeOOXOMHMOCTH MOXKeT obecre-
YHTH 3HAYUTEJIbHOE MOBBIILIEHHE BBIXOJ1a PEAaKTHBHOIO TOIIHBA M3 Hed-
. TonsnmBo copra T-2 moxer BelpabareiBaThCAd KaK H3 MaJOCepPHH-
CTBIX, TAK H H3 cepHHCThIX HedTelr. [To cpaBHEHHIO C KepOCHMHAMH TOI-
a0 T-2 HMeer MeHbWYI0 NAOTHOCTHL (He HHxke 0,755 npu
20°C) W BA3KOCTH, XyJAlIHe NPOTHBOH3IHOCHBIE CBO M-
ctBa u 00Jdee BBHICOKOe JgaBJeHHE HACHBIUEHHOTO
nmapa, crnoco6cTByiolee BOSHUKHOBEHHIO KaBHTAL UM B TOIJIMBHOM CH-
cTeMe CaMoJieTa; 0 KOPPO3HOHHBIM CBOHCTBAM OHO OOGBLIYHO HE OTJIH-
yaercs ot tomsiuBa TC-1. Beamencrsue HemoctaTkoB Tomausa T-2 ero
IpPUMEHSIOT He Ha BCeX THIAX JBUraresned, a AJA psina ABUraTeneil
Npd ero HCIONb30BAHHM YCTAHOBJEHbl COKpPAaI(eHHbE CPOKH
cJyX 6Bl TOINIMBHBIX HacocoB. [lysf camosieroB, He HMEIONIHX Haf-
AyBa OCHOBHBIX TOIIHBHBIX 0akoB, npu paGorte Ha tomause T-2 B cay-
yae BBICOKOH TeMIlepaTypbl TONJIHBA B XKapKylo NOTOAY OTPaHHYe-
Ha BoicoTa nmoJgaerta [35, 60, 65].

Tonausa ¢ npucaaKkamu

Jlns cylleCTBEHHOTO yJay4llleHHs TePMHYeCKOH CTaGHABHOCTH M MPO- |
THBOM3HOCHBIX CBOHCTB PeaxXTHBHBIX TOILIMB pa3paboTaHBl ClenHalb-
wete npucaaxu TII, IT u ngpyrue, xoTOpHIEe BBOAATCS B TOMJIHBA MDH
HX IIPOH3BOACTBE; COOTBETCTBYIOIIHE MADKH TOIJIHB C NPHCaAKoH 060-
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snavator TC-I1TII, T-2TII, T-7TIT u TC-1I1, T-2I1, T-7I1. Ulupoxo-
¢bpaxuuonnbie tonauBa T-2TIT u T-2IT Mo NpPOTHBOH3HOCHBIM CBOIICT-
BaM He YCTYNaloT aBHaKepOCHMHAM H He TPeGyIOT coKpalUeHus CpoKa
CayKObl TOMJIMBHLIX HAcOCOB H JBuratesaefi (pecypc OTCUHMTHIBAETCSH
Jyac 3a uac).

CMewenne peakTHBHBIX TOIVIMB pas3jHuyHbIX COPTOB B pe3epByapax
M 3alpaBOYHbIX CPEACTBAaX He paspelnaeTcs, TaK KakK 3TO 3aTPYMHUJIO
Obl POBEPKY KauecTBa TOIVIMBA: HeJIb3si yCTAHOBHTH, HOPMaM KaKOTo
copra TOMJIHBA [AOJKHa OTBeuaThb cMech. IIpu mosampaBke camoseTos
MOXKHO CMeWMBaTh B TOMIHMBHHIX GaKax JioObie copTa, AONYILEHHBIE
K NpUMeHEHHIO Ha JaHHOM THIle caMoJjerta [60, 109].

\

YTsiKeneHHbIe KEPOCHHBI |

Jns cBepX3BYKOBBHIX CAMOJIETOB HPEXYCMOTPeHO THAPHPOBa H-
Hoe TomauBO 1-6 yTAXeneHHOro G pPaKUHOHHOTO COCTa-
Ba (cm. puc. 12). ITnotuocts ero npu 20°C ne menee 0,840. Bricokas
TeMIlepaTypa Hauasa KumneHus (He HHxKe 195° C) W ynasnenue u3z 310ro0
TONJIMBA HecTaOWAbHEIX M KOPPO3UOHHOAKTHBHHIX BEIeCTB HOJIKHEI
ofecrneunTh HOPMaAbHYI0 DPalbOTy TOIJIMBHON CHCTEMHEI CcaMoJeTa M
aBuratesefl MpH AJHTETbHOM CBEPX3BYKOBOM MOJIeTe B BBICOTHBIX yC-
JIOBUSIX, MPH KOTOPOM TOILIHBO HarpeBaerTcs RO 100—150° C u Bhime.
Banskoe no ¢paxunoHHOMy coctaBy Tom1uBO T-5 ¢ MIOTHOCTBIO MpPH
20° C "e MeHee 0,845, He nmopBepraeMoe rHIPOOYHCTKE, Pe3KO yC T y-
naet rtomiuBy T-6 mo TepMoOCTabHABHOCTH, 3TO TOMJIHBO
IPUTOIHO TOJBKO /151 KpaTKOBpPeMeHHBIX nojeroB. Bhicokas B 3-
KocTh TomauB T-6 u T-5 npu oTrpuumarteJqbHBIX TeMmllepaTypax He Io-
3BOJISIET HUCMIOJb30BaTh UX Ha TeX ABUrarte/ax, TOIIMBHAs ammapatypa
KOTOPBbIX paccyuTaHa Ha NpHMeHeHHe OOLIYHBIX KEDOCHHOB U UIHPOKO-
dpaxunonHoro TomuBa (cM. puc. 15) [58, 66].

3apyGexHbie copTa

M3 npumeHsieMbIXx 3a py0exoM COPTOB PeaKTHBHOTO TOIMJIHBA BaX-
HeHIUMH SBJSIIOTCA:

— wuporopparyuonnoe ronauso JP-4 unu copr B (mapka CIIA),
nna AVTAG (aHrauiickas Mapka), uan Air 3407 (dpanuysckas map-
Ka) ¢ miaotHocTeio (,746—0,797 npu 20° C, DaBjeHHEM HACHIIIEHHOTO
napa 103—160 mn pr. cr. npu 38° C, TeMnepaTypoil 3aMep3aHusi OKOJIO
—60°C (oHO colep:KHT Goablie OeH3HHOBLIX (paKuuil, 4eM coOBer-
ckoe TomauBo T-2, W MoxeT GBITH HCMNOJB30BAHO TOJABKO INpu (ak-
THYECKOM COOTBeTcTBHH HOpMaM T-2 Ha Tex camoJfeTax, [le MocjaegHee
JNONYLIEHO, B TOM YHCJe N0 [AABJEHHIO HACHIIIEHHOTO Iapa He BEBilIe
100 mm pr. CcT.);

— asuakepocun Jet A u Al (mapku CIHA) niau AVTUR/40, ATF-650
1 AVTUR/50, ATF-750, ATK (auraumiickne Mmapxu) uam Air 3405
(bpaHuysckas Mapka) ¢ maoTtHocteio 0,770—0,825, TeMnepartypoi
Benbiky 43° C, teMmepaTypoii 3aMep3aHudsl COOTBETCTBEHHO —40
—50°C (npuropen B3amen T-1, TC-1, T-7, 3a HCKIIOUeHHEM DPafiOHOB
¢ Gosee HHU3KOH TeMIlepaTypodl U AJHTENAbHBIX BBHICOTHBIX IIOJETOB Ha
J03BYKOBBIX CKOPOCTSX);
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— yTaAxeneHHHH asuaxepocun JP-5 (mapkn CUIA)
nnu AVCAT/40, AVCAT/50 (aurauiickve mapku) uau Air 3404 (dpan-
nyackass Mapka) c¢ maorhnocteio 0,783—0,841, tremnepaTypoil BCIbILIKH
ne Huxe 60°C, TemnepaTypoil 3amepaaHHs COOTBeTCTBeHHO —40
—>50°C (npu pakTHueCKOM COOTBETCTBHM HOpMaM Ha TomauBo T-6 mo-
JKeT OLITL €r0 3aMEeHUTEJNEM).

Ho nocneruero BpeMenu tomiheBo JP-4 6bio TIaBHHE M COPTOM
B Boennoi asuaumua CHIA; ¢ 1969—1970 rr. npumeHeHHe ero cokpa-
maercsi (riaBHbiM 006pa3oOM H3-32 TOXKApHOH OMAacHOCTH) H OcCyllle-
CTBJISIETCS Nepexo] Ha TONJIWBa THma KepocuHa. Tomauso JP-5 (Hau-
MeHee IOXKApOoONacHOe) INpeAHAa3HaUeHO B OCHOBHOM JUJis MOPCKOH
aBuauuy, 6asupylouleiicts Ha aBHaHOCI a X.

B nocnenuue roael B CUIA nosiBuinch TepMocTabuibHble aBUakKe-
pocuin JP-6, JP-7, JP-8 njst cBepX3ByKOBBIX CaMOJIeTOB, HMeOLiHe
GoJiee BBICOKYlO TeMnepaTypy HauaJja KHIenHs U Gojee HH3KYIO —
KOHIIA KHIIEHHsI TI0 CPaBHEHHIO C JADYTHMH COPTaMH, OTJIHYaloOUiHecs
Jydiieil OUYHCTKOH M HaluuueM npucagox [107, 110, 120].

O BJUSHHKU CBOHCTB TOIIJIMUBA HA CHJIY TIAIU NABUTATEJS
becdopcaxkHbie peXXHUMbl

CpoficTBa TONJIHBA, a TaK)Ke €ro HeroJiHoe CropaHHe, KakK MO p a-
BUJNO, IPAaKTHUYECKH He BJUHUSIOT Ha BEJHUHHY CHJBI TSTH
(MOLHOCTH) Tra30TypOUHHOTO JABMrATeNsi, a CJIeAOBATE]bHO, H Ha CKO-
pocTb noJsiera. [Ipn Gonpineil TeNNOTBOPHOCTH HJH GOJNbINER NJIOTHOCTH,
WK 2Ke Jyulleil IOJIHOTe CTOPaHUsl HacocC-perynasitop, obecrneynBaro-
IIMA 3a8aHHYyI0 NPOrpaMMy peryJHpOBAHHS, NOJaeT MeEHbINHH 06beM
tonsiuBa. Pacxon Tonanea Ha OoOGbIUHBIX pexumax (a>1) aBromaTuye-
CKH ycTaHaBauBaercs Takum o6pa3oM, yTOGHl B €HHHIY BpEeMEHH Bbi-
Jensiioc OJJHO M TO Xe KOJAHYeCcTBO TenJgaa, yro obeche-
4YBAT IOJYyueHHe OHON K TOH Ke TAr#H (B COOTBETCTBEHHO DPAaBHBIX
npounx ycaosusax). ITosoxurenvuwli spdext Gosee BHCOKOH TEMIO-
TBOPHOCTH U IJIOTHOCTH CKaXKeTcsi Ha AAJbHOCTH TOJeTa W JPYrHx
¢dbakTopax, 3aBUCHIINX OT UMIYJAbCA CHJAB TATH, HO He Ha THre.

OZnHAKO pery/aTopsl HEKOTOPHIX ABHrartesiell HMeIoT TakHe KOHCTPYKTHBHBIE OCO-
GeHHOCTH, KOTOpbie [A€Jal0T HX YYBCTBHTEJLHBIMM K CBOHMCTBaM TOMNJIHBA. TaK, Ha
npuratennax BK-1 m PJI-45® nnoTHOCTH TOWIMBA OKasblBd4eT BJIMSHHE HA M a K-
cHMaabHOe uucao o60pPOTOB H3-3a TOr0, YTO HX OrpaHHUHTENb CpaBaThl-
Bae€T nox JAaBJEHHEM TOIIHBA, 0T6paCbIBaeM0]'0 ueHTpo6e>Kan\m CHJIaMH 1IpH Bpa-
LIEHHH pOTOpa Hacoca (3TO JaBJjieHHe NPOHNOPUHOHANLHO NJIOTHOCTH), OrpaHHYHTEND
MaKCHMa/ibHBIX 060pOTOB 3THX JABHrateseil NPHXOOHTCA DeryjHpoBaTbh NpPH Iepexofie
C OJHOTrO TOILIKBA HaA JApPYyroe, €CiH OHM HMEKT pasHyl0 IJIOTHOCTb.

Ha typGoBHutoBbix Auratesnsx AM-20 u HK-12 pasauunbix Mogudukaumit Ko-
MaH/[HO-TOIIMBHbIE arperathl AO3HPYIOT TOMIMBO mo 06GBbeMy. IIponopuronanbHo
NJMOTHOCTH H3MEHSETCA YaCoOBOH pacxon TOmJIMBA M B COOTBETCTBHH C XapakTe-
pHCTHKOﬁ JBHTaTe s — €ro Tsra. npﬂ CYUIECTBEHHOM H3MEHEHHM TIJIOTHOCTH TONJIHBA

HEo6XOAHMO NPOH3BECTH MEPEHACTPONKY raMMa-KOPpeKTOpa, HMelOouLerocs Ha KoMami-
HO-TOMJIMBHOM arperaTe 3THX asurateseii [81].

PopcaxKkHble PEXUMBI

Tara TP/l ua pexume nosHoro ¢opcaxka, KOTOPBIE JOCTHraercst
npy cCTexXHMOMETpPHYECKOM COOTHOLIEHHH TONJIMBA H BO3dyxa
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(a=1) Ges «pasbasiaeHnst» NPOAYKTOB Cropanus H3GBITOUHBIM BO3-
AYyXOM, IIOYTH HE 3aBHCHUT OT COCTaBa H CBOHCTB peaabHO IpHMeEHse-
MBIX YrJ€BOAOPOAHBIX TOIJIUB. HpWJI/IHa 3TOI'0 — NPAaKTUYECKH OJHHa-

H,
KOBOe KOJIHYECTBO Temaa Tf‘=705 kkanr (£1,5%) una 1 ke Bosayxa,

KOTOpOe Jal0T yIJIeBOJOPOJAHbIe TONJIWBA HE3aBHCHMO OT MX KOHKpeET-
HOTO XMMHUYECKOro cocTaBa (M3 yero cjaeayeT NpubamKenunasi hopmyJsa
TEIVIOTBODHOCTH yrJIeBONOPOAHBIX TomauB Hyu=7050)). Dro obbsAc-
HseTcsl TeM, YTOo TOMNJHBA, cojpepxaukie OGoJablie BOJO-
polau BHgensilollue B CBSA3H C 3THM GoJblie TeNJa,
TpebylOT AJAST CBOEro CroOpaHHsT COOTBETCTBEHHO
bonbwe Bo3Ayxa. To ke OTHOCHTCS MW K mnpsimotTouHbim BP]I,
paboTalomuM npH a=1.

ITpu pabote ¢dopcaxuoro Hacoca HekoTopbix TtHnos TPA® Ha
ynope MAakCHMAaJbHOA NPOH3BOAUTENLHOCTH KOJHUYECTBO BBIENSEMOr0
Temsla U, cJef0oBaTesbHO, TAra JBUraTe/isl BblIie HA TONJHMBAaX c Oosee
BBICOKOH IMJIOTHOCTBIO HJIH TEMJIOTBOpHOCTHIO [81].

BJAHUSIHHUE CBOWCTB TOIVIMBA HA JAJIBHOCTb INOJIETA
CAMOJIETA KU HA NOTPEBHOE KOJHYECTBO TOIIJIUBA
OJIs NMOJIETA 1O 3AJAHHOHW NMPOrPAMME

DHeproeMKoCTh TOIIMBA

MaxcuManbHoe KOMHYECTBO TelJsa, KOTOpoe MOMKeT ObiTh MOJNYYEHO
B TeyeHHe N0JeTa NPU CTOPAHHU TOIVINBA, PABHO NPOHU3BEJEHHIO 00B-
eMa 6AKOB HA IJIOTHOCTb TOIVIHBA W HA €ro TemnoTBOPHOCTb ViyprHy.
B stom BeipaxeHuu npoussenenne Hy [kkar/xe] pr [ke[4]=Qu [kKaa/a)
npepcraBasieT coboil 06beMHYIO TENJOTBOPDHOCTL HJH IJHEp2oem-
KOCTb TOIUIMBA, T. €. KOJWUECTBO TeNJa, BhHjenaseMOe INPH CrOPaHUH
1 2 tonausa. OHO CYIIECTBEHHO 1J1A ONpejieleHHst eMKOCTH 6aKkoB IpH
KOHCTpPYHpPOBAaHHUHU caMoJgera.

HauGosbluyio 3HeproeMKOCTb HMEIOT YTsXKeJeHHble KepOCHHLL
(T-6), satem caenyoT o6blynble H obneryennbie kKepocuunl (T-1, TC-1,
T-7), HanMeHbIUell 3HeproeMKOCTbIO 006/1a7al0T LIHPOKODpaKIHOHHbIE

Ta6anua 7
DHEPTOEMKOCTbh (OB BEMHAY TEITJIOTA CIOPAHUSI)

TOIJIMB 1JIs1 TA3OTYPBUHHBIX HBUIATEJIER U BEH3UHA
MO CPEAHUM ®AKTHYECKHM JAHHBIM

DHeProeMKoCTb (KKaa/4) IpH Pas3iiye
Tennora | [1a0T- HOM TeMMNepaType Tonausa, °C)
HauMeHoBaHue TONIMBA cropaHus, Hg;;" 2
wwanfee | 20°C | o | AR Lo 1 L | a0
NapTHas)
T-6 10350 | 0,840 | 8540 | 8680 | 8830 | 8980 | 9110
T-1 10250 | 0,820 { 8260 | 8420 | 8570 | 8720 | 8860
TC-1, T-7 10300 | 0,780 | 7850 | 8030 | 8200 | 8350 | 8500
T-2 10350 | 0,760 | 7690 | 7860 | 8000 | 8160 | 8330
Benann B-70 10400 | 0,730 | 7400 | 7590 | 7760 | 7940 | 8100
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ronnnBa (T-2) u Geusuuwt (taba. 7). 310 0oObsicHseTcs TeM, 4TO C
yTsxKesNeHHeM (PakuUOHHOTO COCTaBa OOLIYHBIX He(TSHbIX TOIIUB
IJIOTHOCTh, KAk HPaBWjo, Bo3pacraer Gojiee pPe3Ko, 4eM yMeHblIaeTcs
TEIIOTBOPHOCTb. AHAJIOTHYHOE BJIHUSIHHE OKa3biBaeT YBeJHYEHHE CO-
JIepXKaHUsi apOMaTHYECKHX YIVIEBOAOPOAOB: OHM objazaior Ha [0—
15% OGosbimefi NJIOTHOCTBLIO, YeM YIIEBOJOPOJABI APYTHX FPYIN, H HA
4—69 MeHblIell TemJOTBOPHOCTBIO. TaK KaK IVIOTHOCTbL TOIJIUB H3Me-
Hsiercst ¢ temnepartypoi (mpumepuo 19% Ha xaxnasie 10° C), suepro-
eMKOCTb TOMJIHB 3aBUCHT OT MX TeMIepartypst [107].

HepaBHoOLEHHOCTb TENJIOTBOPHOCTH M MJOTHOCTH

Ilpu skcnayaTtauuu caMoJETOB He CJeAyeT CYHTaTh, YTO NAJbHOCTb
ToJieTa NpONOPLUHOHAIbHA SHEProeMKOCTH TONJWBA, ¥ 0Ka3hiBaTh Npej-
NOYTEHHE TOMJIMBAM C BBICOKOH TJIOTHOCTbIO, He oOpaiiasi BHUMAaHHS
HAa MX MeHbIIyI0O TemJIOTBOPHOCTb. Bo3melicTBHe TEN/IOTBOPHOCTH H
IJIOTHOCTH TOIJIMBA HA AaJBHOCTb NOJeTa HepaBHOLeHHo. Temso-
TBOPHOCTb TOIUIMBA B CET A a BIMSIET Ha JAJbHOCTb NoJieTa caMoJera,
a NJAOTHOCTB—HE BcCerpa. B rex e cayuasix, KOTAa JNajbHOCTb
TOJIeTA 3aBHCHT OT MJOTHOCTH TOIJIHBA, OHAa He MPONOPIUHOHAJ b-
Ha IJIOTHOCTH. 310 00YCHOBIEHO TEM, YTO yBesJHyeHHe GOPTOBOTO 3a-
naca TOMJHBA 3a CYET €ro IVIOTHOCTH NMPUBOJAUT K yBeJHUYEHHIO MOJeT-
HOTO Beca caMoJieTa H, CJIef0BaTe/]bHO, K MOBBIIEHHIO pacxofa TOI-
auBa (MHaue roBOPsi, YACTh YBEJMHYEHHOI'0 3alaca TONJKBa 3aTpayu-
BaeTCsl Ha NepeBO3Ky ero camoro). Eciu ke moser NPOH3BOZHTCS C
OIMHAKOBBIM HayaJsbHBIM IOJETHBIM BECOM, TO yBEJHUYEeHHE Beca TOIl-
JINBA 3a CYET €ro TJIOTHOCTH CONPSI?KEHO ¢ COOTBETCTBYIOIUM Yy M € H b-
meHHeM MONE3HOr o rpy3a. Hakonen, norpebHoe aas nosera
Ha 3aJaHHYIO0 AaJbHOCTH (IO 3aJaHHO¥ NpOrpaMme) KOJHYECTBO TOI-
JYBa COBEpIIEHHO He 3aBUCHUT OT ero IJIOTHOCTH; TENJOTBOPHOCTD
JKe BAWSIeT ¥ Ha Hero, H Ha BeJMYHHY IIOJNe3HOro rpysa [73, 76].

Bausinue Ha AAJbHOCTb ITOJETA ,

KniouoM K aHanM3y 3TOro BOHpoca fABJSETCsS ypaBHEHHe HMIYJAbCOB, COTJIACHO
KOTODOMY JaJIbHOCTH TOJIETa, KaK H JAPyrHe XapakTepHCTHKH, NPONOpLHOHAALHA pace
nojaraeMoMy HMmnyJascy tomiuBa Mr=/,Inll, WUs ypaBnennir (1.11) u (1.12) cae-
ZLyeT, uTo AJsi JABYX TOIJIHB, HMEIOLMHX TeMNOTBOpPHOCTh )} u Ha, oTHowenne pac-
noiaraeMbiX HMIIYJbCOB

“T, HyIn 11, 3.1)

”T, H1 11:1 u1 ’

TlpakTHyecKuli HHTepeC INpPeACTaBASIOT TpH THINHYHBIX CJydasi.

IMepBoift cnyuan 3agau sec tomausa ((Gr=const). TomnuBubie Gaku 3a-
NpaBasioTC HE TOJHOCTBIO, TaK Kak B3sThil rpy3 TpeGyeT OrpaHHueHHsi Beca TOf-
anea, [lockosmbky G, = Gr,, L=l u, cregoBarensHo,

W, _# 3.2
A

T,

T. e. JaAbHOCTL TOJETa He 3AaBHCHT OT NJAOTHOCTH TONJHBaA, OHa
NpONOpPLHOHAAbHA €0 TENNOTBOPHOCTHU (TouHee KOAMYECTBY Temna,
BblgessieMoMy TpH cropanuu 1 ke tomnnsa). llupokodpakunonHoe Tonaupo (THIA
T-2) ¢ Meublileil IIOTHOCTBIO, HO HECKOJbKO Gosbilefl BECOBOH TENJIOTBOPHOCTBIO H
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Jgyuiiefi MONHOTOM cropanus, weMm T-1, ofecreunBaer B 3TOM CJYYae HECKOJIbKO 6O/Ib-
Wy AaabHocTh nojiera (Ha 1—2%). Tpumepuo wa 1% Gosbmylo AadbHOCTH MOMKHO
0XHMAaThb TAKXKe IPH CxKHranud tonsus T-7 n T-6.

Bropo#t cavuail. 3agau nosesunidt rpy3 ((Gu=const). TonausHble 6akH
camoJieTa 3alpaBJeHbl MOJHOCTHIO, mose3ubti rpys Gn, = Gn, 6GepeTcs M3 Takoro
pacyera, uTo6hl HayaJbHbI{l [OJETHLIH BEC CAMOJIETA HE MpeBbilan HONYCTHMYIO HOp-
my. Tlpn srom cornacuo ypasuenusm (3.1) u (1.14)

Va
“Tz — H2ln (1 + GO+GH PTZ)

U, = V. ’
Ty Hiln(l + o +TG,, PT:)

(3.3)

AaNbHOCTL TOJIeTa MPONOPLHOHAJNbHA TEeNJAOTBOPHOCTH TONJAMBA H
cBfi3aHa JOTrapHPMHueckofn (6onee cnaboil) 3aBHCHMOCTDLIO
¢ naotHocThio (puc. 18). Pacnosraraemslii HMny/anCc TONAMBA H NPONOPLHO-
HajlbHas eMy [AaJbHOCTbL NOJIeTa HM3MEHSIOTCA 3a CueT IJIOTHOCTH MeHblue, uyeM Hc-
XOAHLI BeCc TOMJIHBa Ha GOpTYy caMmoJjeTa, BCJAEACTBHE 3aBHCHMOCTH HauyalbHOro
TNOJIETHOrO Beca camosera ®T IIOTHOCTH TomiuBa: Gy=Gy+Gu+ Viypr. Tak, 1noBoi-
wweHHe MIOTHOCTH Ha 5% ot 0,800 po 0,840 paer ysesnnuyeHHe HMOYyJbCa TOMBLKO Ha
2,7% npH OTHOCHTeJBHOH eMKOCTH GaxkoB 1 s/ke m Ha 4% npH OTHOCHTeJLHOH eMKO-
ctn 6akos 2 safke. Ilpu nouuxeHun nyortuoctd Ha 5% ot 0,800 mo 0,760 ummysnc
yMeHbllaetcs Ha 3—4%.

Tpertu# cayuaii 3alay HauadbHblil noneTHsl#t sec ((Gu=const), TonnuBusle
6aku caMoseTa 3alpaB/eHbl MOJHOCTbIO, paBeHCTBO (u, = (u, TpH H3MEHeHHH
IJIOTHOCTH M Beca TOIJIMBA [JOCTHI'aeTcsi KOPPEKTHPOBKOW noJsesHoro rpyaa. CorsiacHo
ypashenuaM (3.1) u (1.13) B 3tom cayuae

1

H,ln %
l/l'r 1= —(—% Pr,
T = lH . (3.4)
T H;ln %
2T
1— GH PT.

Kak n B mpeanlZywiux clyuyasx, AaJbHOCTb MoJeTa NpONOpUHOHAMbHA TelIOTBOp-
HOCTH TONJHBA, Ho JorapudMHYecKas 3aBHCHMOCTL ee OT IJIOTHOCTH Gosiee pesKas
(puc. 18). Hsmenenne miotHoctn Ha 5% BH3biBaeT npu ycl1oBH# (Gn=const usme-
HenHe umnyibca Ha 6,5—8%. OpHako uoBblLeHHe GOpTOBOrO 3amaca TOIMIHBA 32
CYET TJIOTHOCTH B 3TOM CJyuae NpPOHCXOANT LEHON yMeHBIUEHHS] IOJIE3HOro rpysa:
—AGqu=V,Ap;. [TosToMy posb NJOTHOCTH HPaKTHYECKH CyLIeCTBeHHa TOJNLKO INIPH
BHIIO/JIHEHHH [OJIeTa Ha MAKCHMalbHYH J[AaJbHOCTh C OrpaHHYEHHBIM MOJIE3HbIM
rpysom [76, 81].

INorpeOHbIi 3aMac ToNJaHMBa

Ilpn poimo/iHEHHH [OJETOB MO 3ajaHHOMY MaplIpyTy ¢ 3aZaHHBM
fipo¢ HMeM BhrofHell TOIIHBO ¢ GoJbilel TENJOTBOPHOCTLIO, TAaK KaK MeHblle ero
notpebuniii Bec. ITMOTHOCTL TOMJIMBA NPH 3TOM POJH He HIpaeT, eclH TOJNbKO
eMKOCTb GakoB AOCTaTOUHA MJIs ero pasMellleHHs. [loseram no ofHHaKOBOH Inpo-
rpaMMe COOTBETCTBYeT OJHHAKOBBI pacXojl HMIyJbca H, CIEA0BaTe]bHO, PaBEHCTBO
Uy, = Ur,, Boipaxaemoe corsacHo ypasHeruio (3.1) kak Hplnllp=H)Inll; wmm

H,

Gy, G, \F , @5
! Gﬂz_—GTg _(OHI—GH) ) ‘)

B nam6osee THNHuHOM CJyuae, NMpH NEpPeBO3Ke HA 3akaHHOE paccTosiHHe 00HO20
u To20 sce noaesnoeo epy3a (Gn, = Gn,), npeobGpasoBanHe Bolpaxenus (3.5) naer
C/IeAyIoNly0 3aBHCHMOCTE NOTpeGHOro KosHuecTsa TomiauBa (r, OT ero TeIJIOTBOP-
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HOCTH M, (IO OTHOIEHHIO K 3TAJOHHOMY TONMAMBY, Bec KoToporo Gr,, a TeJIOTBOp-
Hocte Hy):

G'r_z - I_ET. 1
G, T € 7, =
T1 Ty (1 - ET‘) H,y 1
1 i 1,_._&
S L (S 68
T: .

G
rie ET, =?T—“’-BeCOBaﬂ Joaa neprora (STaJ!OHHOI‘o) TONJUBAE,
Hy

0
4]
Q s
Q Py
2 6 >
= P
g, 1% | v /,// ]
3 2. (Ba*Co 2
) | Re npu b= const 4 -
[=]
: LI |
£
2T ‘
S nczodHelu sanac
g2 monnuga Ha dopmy
=1 7
S 4= 7 1 |
g . 1 _ // : RU,'/SR% ﬁ
E s 1 ( \ 0 si GH
§-8 - K2 | npu G,=const
2]
S L1
10

0,74 0,76 0,78 0,80 0,82 084 0,86
flnomrocms monausa, Kefn

Puc. 18. BiusiHue NJIOTHOCTH TONJAHMBA HA MAKCHMAaJbHYIO [aJb-

HOCTb [10JIeTa CaMoJIeTa NpH OJMHAKOBOM HAyajbHOM MOJETHOM

pece (auHug Gu=const) uim nonesuom rpyse (ubun Gp=

=const); 3a 100% npuHfATa AaTbHOCTH NpH NJIOTHOCTH TOIJIH-
Ba p=0,8 kz/a

Tlotpe6Hoe konuuecTBo TONmAMBA NpH ycnoBHH (Fu=const usMenserca Gonee
pe3ko, ueM TenJnoTBOPHOCTH (puc. 19): Ha 1,5—2% npu u3MeHenuu Ten-
J0TBOpHOCTH Ha 1% B cayuae £:=0,5+0,75. DT0 06bACHAETCA H3MEHEHHeM HAUAJb-
HOTO MOJIeTHOTO Beca MpH H3MEHeHHH NOTPeGHOrO KOJHYeCTBa TOILIHBA.

Ecnn coxpanuTh HadarvHoul noaeTHeul sec Heusmenuoim  (Gu, = Gu,),  Kop-
PeKTHPYsl TNOJE3HbIH rPys, TO BJHMSHHEe TElVIOTBOPHOCTH Ha NOTpebubifi 60pTOBOK 3a-
nac TOmNHBa, pasyMeerca, O6yAeT Menee pe3kHM, CooTBeTcTBylowee npeobpa-
30BaHHe COOTHoWleHHsi (3.5) B 3TOM cJyyae [aeT 3aBHCHMOCTb:

G l: H,
T 1 Hz]
—t = — |1 —(1—¢ . 3.7
G, €, ( ) @7
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3Has HauadbuLIA TOJETHLI BeC, MOXHO ONMpeleUTh NoJAydyaemblii 0OpH 3TOM
BLIHTDBI WJH Ke MPOHIPLIl B BeJHUHHe MOJE3HOrO rpysa:

G G
8Gy = Gy, ( S 1) = G, (-G—T— —~ 1). 3.8)
T, Ty

Hpu ycnosun Gu=const noshilltenne TenaoTsopHocTn ua 1% faeT SKOHOMHIO TOM~
JuBa Toabko Ha 0,6—0,7% mpn £:=0,5+0,75 (puc. 19), Ho OJTHOBpEME@HHO Moy«
4aeTCsl BBLITPHI B MOJe3HOM rpyse Ha 0,3—0,5% oT HaganbHOro noseTHoro Beca,
ITO Ha TAMeJOM CaMosleTe NOCTATOUHO CyllecTBeHHO. [IpHMepHO Takoii JKe [pOHrpLIL
NOJNYyuaeTCsH NPH yMeHbUIEHHH TeNnMOTBOPHOCTH Ha 1%.

5 1
g
Ss \\ Ery
=0,75

E ol S

6 ~3 T
8 NI
§ 4 \ ‘\ N /0,5
8 .
2 2 Q Gy=const -
e
o 0
§ 2 NS ]
< Aurua pasweiz paczodos )Q“"‘“ 4
8 DHengU Tonntied N S e
g -4 ~J ]
. -6 l | %0 RN
] Gy=const 4] \Q N
(] - b
$8 N
3
x-1 -

0 s 98 100 102 104 106

TennomeopHacme mMONAUGa (6 % om pacyemrod)

Puc. 19. BansiHue TenJoTBOpPHOCTH (a Takxe (akTOPOB, OT KOTOPBIX

3aBHCHT K. 0. A.) Ha norpe6HOe KOJNHMYeCTBO TOMJUBA AJs [OJeETa

Ha OJHO H TO K€ DAaCCTOsiIHHE NpH OJAMHAKOBOM HAauyaJbHOM MOJeT-

HOM Bece (iMHHH Ga=const) unn mnonesHom rpyse (Aunuu Gp=

=const); 100% norpe6HOro KoJHYeCTBA TOMJHBA COOTBETCTBYET JIO-
60OMY 3HAuEHHIO TeNJIOTBOPHOCTH, mpHHATOMY 3a 100%

Takum o6paseM, HIpu NoJeTe Ha 3alaHHylo (He MaKCHMaJbHYIO)
IaJbHOCTh WKW OTDAHWYEHHH BeCa TONJHBA He HYXKHO CTPEMHUTbCA NpH-
MEHSITh NeQHUUTHEE TsIXKeNble aBHAKEPOCHHB], JyuYlle HCHOJ b 3 0-
BaTb NOCTYINHBE TONJAHBA C MEHbIIEeH NJAOTHOCTLIO H
Gompitels TenJOTBOPHOCTIO (76, 81].

Bausinue Tem neparypbl TONJHBa

Ha pacnonaraeMelii HMIyJALC TOMIMBA M 3aBHCSIHEe OT HEro xa-
PaKTEepPUCTHKU TIOJNIeTa HHOrAAa BJMSIOT W JApyrue GakToOphl, CBsI3aHHbIE
¢ romauBoM. Tak, mpu TOBLILEHHOH TeMmIepaType IMHPOKO(PAKIHOH-
HOro TOIJIMBA NOTEpH ero OT HCcNMapeHHs depe3 ApeHax Oa-
KOB MOTYT JAOCTHraTh HECKOJLKHX MPOLEHTOB OT Beca TOMJHBA, YTO
BBI30BET COOTBETCTBEHHOE yMeHbLIeHNHe NalbHOCTH MJIH YXYJILEHHE ApY-
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rMX XapaKTepHCTHK nojera. B To 2Ke Bpemsi NOHWKeHHe TeMmepa-
TYPH TONJHMBA, 6JArONpPHSITHOE C TOUKH 3DEHHS YyBeJHueHHs Beca 3a-
NpaBKH TOIJIMBA U YMeHbINEHHS NOTEPh OT HCIAPEHHS, BbI3bIBAET P € 3-
KOe NMOBBLIMEeHHE BsSI3KOCTH, 4TO BeJeT K YXYAUIEHHIO pac-
Nblla W CHHXKEHHIO NOJHOTHI CropaHHs TomHBa. B KoHedHOM cuere
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Puc. 20. 3aBHCHMOCTh TEJIONPOBOAHOCTH A M TENJIOEMKO-
cti C peakTHBHBIX TOIIHB OT TeMIiepaTyphl

JAJbHOCTH [MOJIeTa He YBEJHYHUTCH, a yMeHbIIUTCA. IDTO MOXKeT, MNOo-
BHAMMOMY, NPOSIBUTLCS 3HMOH B XOJIOJHBIX PAfOHAX NPH NPHMEHEHHH
tonausa T-1 u 6onee Tsixkeablx Toniaus ThHna T-6, Tak Kak HX BA3KOCT-
HO-TeMIepaTypHas XapakTepHCTHKa Kpyue, uem y tonaus thna TC-1,
T-7 u wHpoKodpaKuHOHHEX Tomaue (cM. puc. 15).

[lpn Gonbinoii CBEPX3BYKOBOH CKODOCTH TMOJETa K 3HaueHHAM TeNJIOTBOPHOCTH
cieflyeT BBOAHTh NMOJOXKHTEbHYIO NONPABKY HA KOJHYECTBO Temua, cooGlieHHOe TO-
AHBY B pesyapTaTe €I'0 Harpepa B TOIUIHBHOA CHCTeMe caMoJieTa Ag=Cyt, — Cify
(tenioemkocts C u TeMmepaTypa ¢ ¢ HHAEKCOM 2 OTHOCHTCA K TOMAMBY Ha BXOJIe
B JBUTaTeJb, a C MHIEKCOM | — NpH 3allpaBKe CaM0JeTa; 3aBHCHMOCTb TeloeMKOCTH

OT TeMmepaTyphl nana Ha puc. 20) [14, 26, 81].

BJUSHHUE CBONCTB TOIJIMBA HA PABOTOCIIOCOBHOCTb
U 9KCNMIYATALUOHHYIO HAILEXHOCTb TOHNJHBHOH
CHUCTEMbI CAMOJIETA ¥ JIBHTATEJSA

$aKTOpbI, BHI3bIBAIOLIHE HEUCTIPABHOCTH

Henonanku ¥ OTKass B paboTe TOIIHBHOH CHCTE€MBI camoJjera H
NIBHraTens, CBA3aHHbBIE C COCTABOM H CBOMCTBAMM TOIJIHBA, MOTYT 6bITh
Bbi3BaHbl BO3HUKHOBEHHEM KaBUTAlHUH, TPYAHOCTAMH 3allycka JBHra-
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Teass (0coGeHHO B ronere), MOSIBJEHHEM B TONJHBE KPHUCTAMJIOB JbJa,
3arpssHeHHeéM H KODpO3HeH TONJHBHOH annapatyps!, (pUKUHOHHBIM
H3HOCOM TPYIIHXCS NOBEPXHOCTeH TONJHBHBIX HacocoB. YacTh ykasaH-
HBIX SBJEHHH OOyCJOBJeHa HarpeBoM TOIIMBA B CBEPX3BYKOBOM IMO-
JeTe; TeMIepartypa TonsnuBa B 6akax 3a 1 wac monera ¢ uuciaoMm M=
=2,5+3 npocruraer npumepro 70° C, 3a 2 waca— 100°C, 3a 3 uaca —
110—120°C, a B xone Nojaun K (GOPCyHKAM NOAHHMAeTCs B TelJo-
o6MenHyuxax u TonsnuBHOH annaparype TPJL eue npumepHo Ha 50°C
(npu cHuKenun camoJsiera — GoJee yem Ha 100°C) [60, 73, 80].

KaBHMTauHMs B TONJHBHOH cHcTEME

C noameMoM Ha BLICOTY B TONMBHOM cHCTeMe caMoJiera MOXKer
BO3HUKHYTb KaBHTanWs: pa3pbiBhl W nNapo-rasoBbie N1pobBKu
B MOTOKe JXHIKOTO TONJAHBa, KoleBaHus LaBjeHus, epe6ou B nojauye.
SIBneHre KaBHTANUW CBSI3AHO C PAacTBOPUMOCTBIO BO3AyXa H ra3oB B
TOIJINBE W C JaBJeHHeM HacChllleHHbIX napos rtomauBa. O6bem pacTBo-
pPeHHOro BO3LyXa B TOIJIMBE He3aBHCUMO OT AaBJeHHsl BO3Ayxa OOLIYHO
cocrasisier 12—16% o6bema tomiuBa, Bec pacTBOpeHHOTO
B TONJHBe BO3AYXa NPONOpPHHOHAJEH ero AaBJeHHIO
Hag tonauBowMm (3akoH [enpnu). [Tosromy npu HaGope BLICOTHI Bec
PACTBOPEHHOro BO3/yXa B TOIJIHBE YMeHbLIAeTCH MPONOPUHOHANBHO
najleHHio NaBJEHHS B TONJUBHBLIX 6aKaXx; U36bLITOK BO3AYyXa BH-
oendsiercsd B BULe nyswpbkoB OO6beM BbIeNgeMOro BO3-
JAyxa HOCTATOYHO Beauk (puc. 21), OH MoxkKeT LOCTHUraTb HECKOMBLKHX
cored Jaurpop Ha Kaxawele 1000 4 TomamBa (eciu y4yUTHIBaTh pAaCHIH-
peHHe BO3Jyxa BCJeNCTBHE YMeHbUIeHUS AaBJeHHS C BBICOTOM),

dp
DJieMeHTapHbIl 06beM BbIJEJNSIEMOT0 BO3JZyXa dV=—p—H -Vp (rne Vp — o6beM

H
pacTBoperHoro Bosayxa). Ilpu nocteneHHOM CHHXEHHH NaBleHHs OT Po O Py BECh

BHJINeHHEH ofbeM (yBEJTHUMBABIUMACA [0 Mepe POCTA BBHICOTHI)

7 d
Py Po
Vienp = —S‘ o Vo=V,ln - (3.9)
H H
b
Brinenenne u3 TOMJIMBA M3GLITOUHOIO BO3AyXa NpU Habope BhICO-
Thl, KaK NPaBuJIO, 3aNas3blBaeT, 0COGEHHO NP 60N bW OH CKO-
pononsemuHoctTu. Ha wnekoropoii BbicoTe (0OBIYHO He HHXKe
8000 x) 3TO NMpPUBOAMT K KPaTKOBPEMEHHOMY BCKHIAHMWIO TONJNBA.
B sroM ciyyae ogHOBpeMenHO BbIiesIeTCH OGBEM:

VouHosp = Vp ("50— - 1) . ) (3.10)

H

ITpoucxopnsimas npu 3TOM KpaTKoBpeMeHHas KaBHTalUHs B TpyGo-
NpoBOJAx, BHI3HIBalOIlasA KOJNeOaHHe HaBJeHHsA TOIJIHBA, He MNpelCcTas-
JisleT NPaKTHYECKOH OIIaCHOCTH, €CJH TOJNLKO OHA He ABHTCH MOBOAOM
K HelnpaBUJBHBIM AefCTBHAM 3JKHIIAXKa.

BHyTpb BBIAGIAIOLMXCS [Y3BIPBKOB BO3JlyXa HCHApsieTCs TOIJIHBO.
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Korza npu uaGope BBICOTH MNOJETa BHEIIHee HaBJeHHe NOHHKAETCA
HACTOJbLKO, YTO OKA3LIBAETCS PAaBHBIM HMJH MeHbIle JaBJACHHS HAaCHI-
[IeHHBIX TIapoB, HCHapeHue TOIIUBA BHYTPb y3bIpbKOB CTAHOBHUTCA
OueHb HHTEHCUBHBIM, NMy3bIPbKH PE3KO PACIIUPSIIOTCHA, HAUHMHAETCA KH-
nedue. B ormenbHbIX ydyacTKax TOIJIMBHO® CHCTEMB! camoJieTa JAaBJe-
HHe MOMKeT ObITh HHKe BHeEIUHero JapjeHus (Hampumep, Ha BXOJe B
nojKauMBalolike u nepekauusaiomue Hacocs). Hs-3a aToro KaButa-
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Puc. 21. O6weM Bosnyxa (B % K o6beMy TOMIHBA), BHI-
nmenfeMbiii M3 TONJMBA HpH HaGope BLICOTHI (€CJAH pacTBO-
PHMOCTb BO37yXa B TOMJMBE cocTaBiseT 15% no o6bemy):
Vupas — 06beM BO3ayXa, MNPHBENEHHBLIH K HOpMajbHOMY
napnaenuo 760 mm pr. ¢T., Vienp — NPH HENPEPHIBHOM Bbl-
ZeJieHHd H36GBITOYHOrO0 BO3LyXa B xOne MoAbeMa, Voxnosp—
NpH ONHOBDEMEHHOM BBHIJEJEHHH BCEro H30ObITOUHOrO BO3-
Lyxa nocae Habopa BHICOTH

[Ys TONJHBA B 3THX yd4acTKax TPyOONPOBOAOB HAYHHAETCA HA M €Hb-
Wei BoICOTE, dYeM KHNeHHe TonnuBa B 6axax. IIpu KaBHTauHH
no tTpyGoNpoBOAAM ABHXKETCH CKUMaeMmasi CMeCb KHAKOCTH C rasaMu
W mapaMu TOIUIMBA. B Heil Jlerko BO3HMKAIOT pe3kHe MYyJbCAaluu NaB-
JIeHUsi, KOTOpble BHI3bIBAIOT H3HOC HacocCa, KonebaHus H Ne-
pe6ou B pacxomge TOMNJHBA, BOJOTb A0 NpeKpaule-
HHf ero nopaux. '

U3 tomaus aast BPJL onacHoe ¢ TOYKH 3peHHsl KaBUTAlMH NaBJje-
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HHe HACBIEHHbIX MAPOB NPU OTKPHITOH TONJMBHOH CHCTEME MOXKer
OBITE y TOIVIMB INMPOKOTO (hPAKUHOHHOTO COCTaBa B JeTHee BpeMs
(oxon0 100 mm pr. cr. n BBINE). BaxHeiiune Meprel npoTHB KaBuTa-
LUK — [pUMeHeHHe TOMJIMB ¢ HU3KHUM JaBJEeHHEeM HachUeH-
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Puc, 22, Bansure TemnepaTyphl TOIJIMBA HA JaBJeHHE HACILEHHOrO

napa; cnpaBa ykKasalibl BbICOTA [OJIeTa, Ha KOTOPOH 3aKHIaer Tom-

JIEBO NDH OTKPBITOM JIpeHaxe 6AKOB (puys=0) H NpyH HAANYBE 6aKOB
(Puas=0,2 k[cm?)

HBIX NMapoB, 3amMra TONJNMBA OT HarpeBa COJIHEUHBLIMH JyyaMy,
YCTPOHCTBO 3aKPBITHIX TOMJHBHBIX CHCTEM C NOBLILEHHLIM JaBJIEHHEM,
yBeJaHueHHe pabouero naBjeHHs (KaBUTALMOHHOTO 3anaca) MNOAKauu-
BalOUIKX H MepeKaynBaromux Hacocos. OHH 0cOGEHHO HEOBXORUMDl M5l
CaMOJ/IeTOB ¢ GOJBbIIMMH CBEPX3BYKOBHIMH CKODPOCTSIMH MOJeTa, KOrjia
HarpeB TOMJINBA MOXKET BHLI3BAThb PE3KOE€ MOBLIILIEHHE NABJEHHS HACHI-
HeHHbIX napoB (puc. 22). OnHaxo H30LITOUHOE NaBJeHHe B TOMJIHMBHOM
CHCTEMe He ycTpaHsieT KaBHTalHi0, a OTOABHUraeT e€e O 60 J b-
IWHX BLICOT W O6OJee BLICOKHX TeMIepaTyp TONIUBA
(ra puc. 22 1Be IKasapl cnpasa). Bhicokoe NaB/jeHHe HACHILEHHOTQ
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napa npu NOBLULEHHH TeMIepaTypbl TomauBa B Haxkax mo 80—100° C
TpeGyeT yBeJHUEHHsI NPOUHOCTH M JKECTKOCTH GaKoB.

B ciyuae 3anosiHeHusi TONJIHBHBIX 0aKOB MHEPTHBIM Ia3oM KapTHHA
KaBUTallMM B NPHHLHIE He H3MEHsAETCs, HO BLICOTA MOJIeTa, HA KOTO-
pOit BO3HMKAaeT KaBHTAlLlMs, MOXKET CMECTHTbCS B Ty HJH HHYIO CTOPO-
Hy. Tak, NpH HCNOJAL30BAHHU YTJIEKHCJIOTO ra3a, pacTBOPUMOCTb KOTO-
poro B TOILIHBe NpHMepHO BTPoe GoJblie IO CPaBHEHHIO C BO3AYXOM,
BO3pacraeT BepOsITHOCThL KaBHTAlLlMK Ha MeHbWHX BeicoTax [35, 58, 81

TpynaHocTu 3anycka ABMrarens

Jlas 3amycka ABUTaTe/si B I0JeTe HeOOXOAHMO, BO-TNePBLIX, UTOOLI
aJeKTpUYecKuil paspsad obecneuns BOCIJaMeHeHHe TOMJIHBa B NYyCKO-
BOM YyCTPOHCTBE M, BO-BTOPBIX, YTOOBI MOCTYNJeHHe TOPAYHX rasos OT
MyCKOBOro YCTPOHCTBA BO BCTPEUHBIl NMOTOK BO3AyXa, HalpaBjeHHbIH
K ¢opcynke (cMm. puc. 16), obecneunsio pasorpes, HCIapeHHe H BOC-
niaMeHeHHe pabouero Tonsusa. BoimosHeHHe nepBoro TpeGoBaHUsA HO-
CTHraercss MNyTeM  yCOBepLIEHCTBOBAHHUS  KOHCTPYKLHHM  HyCKOBBIX
VYCTPOHCTB W NPUMeHEHHUA MYCKOBBIX TOHJHB C BbICOKHM JaBJje-
HHEeM HacblIeHHOro mapa (He3THIMpOBaHHbIX GensuHoB). OxHako Ha
Goabinx BbicoTax (mopsaxka 12000—15000 » u Gosee) He BuINOJ-
HsieTCsl BTOpOe TpeGoBaHMe: rOpeHHe OOLIYHOrO NYCKOBOTO TOIJIMBA
npoTeKaeT BAJO M JaeT TaK MaJo Telja, YTO OHO He cnocoOHO mHoA-
XKeub pabGouee TonsuBo. [ToaroMy myckoBble ycrpoficrBa cHabkaloTcs
KHCAOpPOAHOH NOANMHUTKOH, a mepel 3amyckoM B TOJieTe HPO-
H3BOJIUTCH CHUXKeHHe OO BLICOTHl, Ha KOTOPOl OH rapaHTHpOBaH
[2, 87, 112].

Kpucraaas gbpja

B yciaoBHSX 3KCI/iyaTalli¥ aBHALMOHHON TeXHHKH 3HMOH, NpH TeM-
nepatype tonanBa Huxe 0°C (a npu AJIHTENbHLIX BLICOTHBIX MOJeE-
Tax — M JIETOM), B HeM MOTYT HOSBJAATbCA Kpucrtasnasl apia. OHu 3a-
OMBAlOT TONJIMBHLIA (UALTD ABUraTens Nepel HACOCOM H pPe3KO CHH-
KAT €ro NPONYCKHYI0 CHOCOGHOCTb, UTO HNPHBOAMT K OTKAa3y [BHUTA-
tesisa. [TogBaeHne XpHCTaAJoOB JAbla B TOIIMBE MOXKeT ObITb BbI3BAHO
TpeMsi OCHOBHBIMM INPHYHHAMH: nonajlaHHeM B Hero uHes,
KOHJZeHCalHMell Bparm M3 BO3NYyXa H BHIACJEHHEM
pacTBOpPEeHHON B TONJHBe BOJHL

IIpn 3anonnesun pesepByapa, LHCTepHBI MJIM TONMJIHBHOIO Gaka
camoJieTa B TOILIMBO MOXKeT MONAcTb OCEeBLIMH Ha WX CTEHKax HHel.
Kpowme Toro, uHeil, 06pa3oBaBlUIHiiCA Ha CTEHKAX €MKOCTH Bblllle YpOB-
HA TONJ/IHBA, CHOJ33aeT B TONAHBO NIPH HAarpeBe eMKOCTH COJHEYHBIMH
JAydamH.

M3 Bo3pyxa, mpoHHKalolero B eMKOCTb uU€pe3 JAblXaTesibHble KJa-
naHbl WiHd ApeHa)X, Ha NOBEPXHOCTH XOJOJHOIO TOMJIMBA MOTYT KOH-
IEeHCHPOBATbCS BOASIHbIE Napbl; 3TO NPOUCXOAUT INPH HACTYIJIEHHH ,
Tenaoil noroxbl. KoHIeHcanus NpopoJKaeTcs B TeueHHe ONHHX-
ABYX CYTOK, IOKa TeMmlepaTypa TONIHBa He moBeicuTcs. O6pasyiomue-
Csl IIPH 5TOM MeJKHe KPHCTAJJHKH JbIa (THNA CHEXHHOK) MEIJIeHHO
0CceJaloT B TOIJIMBO, OCTABAACh B HEM JJAHUTENbHOE BpeMs BO B3BelleH-
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HOM COCTOSIHMM (MX ILIOTHOCTH NOYTH paBHA MJIOTHOCTH XOJIOAHOTO
TOTLINBA).

B rtomnnBe pacTBOpeHO HeGOJMBIIOE KOMHYECTBO BOMALI; €€ PacTBO-
pPHMOCTb YMEHBIUAeTCs C MNOHHXKEHHEM TeMIepaTyphl TONJHMBA M BHEIl-
wero nasjenusi. Tak, B TomnuBe T-1 npu Temmeparypax ot +10 1o
0° C moxer GuiTh pacTBopeHo no 60-—80 e Boxsl Ha 1 TomHy, a np
remneparype —20°C B 2—3 pasa wmenbitte (puc. 23). IIpn oxaa-
HKIEHHHU TONJHBA, HAPUMEP, B XOJOJHYIO MOTORY IpPH 3amoJj-
HEHMH Ha3eMHBIX eMKOCTell TeIUIBIM TONIHBOM H3 TNOJ3eMHBIX pe3ep-
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ByapOB HJH JIeTOM B IO3ByKOBOM INoJeTe Ha GOMbUIOH BBICOTE, H3GLITOK
BOJbLI BHIEJSETCA B BHAE MeJKHX KamejeK, KOTopble NPH OTPHUATE/b-
HOH TeMneparype 3aMep3aioT. ApoMaruuecKue yT/eBOZOPORLI PacTBO-
pAIOT B HECKOJBKO pa3 Oojblle BOIB, 4YeM YIVIEBOAOPOXBI JpPYrHUX
rpynn (3to Takxke BUmHO u3 puc. 23). OHUM SBAAIOTCS TIaBHBIMHM HC-
TOUHHKAMH BbIJEJEHHS] KPHUCTAJJIOB JbJa NPH NOHUMKEHHH TeMmuepa-
TypHl TOILIMBA.

PacTBOprMOCTh BOJB B TOIJIMBE NMPONOPLUHOHAJbHA [AaBAEHHIO BO-
JISIHOTO Mapa Haj TONJHBOM, T. €. BJaXKHOCTH Bo3nyxa. Mexny Bnax-
HOCTBIO BO3JyXa M COJEpXKaHHEM BOABl CO BPeMeHeM (3a HeCKOJbKO
4acoB) YyCTaHapanBaercsi papHoBecHe. ComepXkanue pacTBOPEHHOM
BoABl B TONJHBE COOTBETCTBYeT KpHBHIM, H300paKeHHbIM Ha puc. 23,
Tosnbko mpu 1009 BaaxHocTH BO3nyxa (HanpuMep, npu 20°C u Baax-
HoctH 100% B 1 ToHme Tomausa T-1 comepxkurca oxoso 100 ¢ Bogw).
[Mpn MeHbllleli Ba’KHOCTH BO3ZyXa NOCTENEHHO YCTaHABJAMBAETCS HO-
Boe paBHOBecHe (HamnpuMmep, B | Toune tonausa T-1 npu 20° C u Bnaxk-
HoctH Bo3nyxa 40% — 40 e Boxbl). Ecnn BraKHOCTL BO3nyxa OGan3Ka
K HYJIO, TO BCS BJlara M3 TOMJIMBA NOCTENEHHO NEPEXOAUT B aTMochepy
M pacceMBaeTrcs, ONACHOCTL OOpa3oBaHMs KpPHCTanaoB HcyesaeT. Ho
eC/lM BJ4XXHOCTb BO3xyXa mpesbimaer 1009% (moxaw, Tyman), To ToOm-
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JUBO He TOJLKO HachllllaeTcsl BJAarofl, Ho W NOrJjomaeTt H30bi-
TOUHOe KOJHUYECTBO BJAaru (cBepx mpelesa PacTBOPHUMOCTH),
KOTOPOe BblIeJAeTCA B BHIE KPHCTAJAI0B Jbla HIM B BHAE OTCTOA Ha
nHe eMkocTH. Uem OoJbllie BbICOTA HaJaWBa TOIJIMBA, MeHbIlle MOBEpX-
HOCTb KOHTAKTa ero ¢ BO3AYXOM U Bbllle BA3KOCTb TOIJIMBA, TeM Mel-
JeHHee JOCTHraeTcs paBHOBECHE.

M3 Bcero cKa3aHHOrO BHIHO, 4TO OCOOYIO OCTOPOXKHOCTbL HYKHO
NpOsIB/ISAITL B YCJAOBHSX PE3KOT0 KonebaHUs TeMnepaTyphl
TONJAHBA M BO3AYXa. 3uMoll nepex 3anpaBKoH Tonjnsa B 6akwy,
a Takxe NpH AJHTeNLHOM HAaXOXKJEHMH ero B 0akax CaMOJieTOB He-
06X01MMO TLlaTeJbHO NPOBEPATh, HEe NOSBHJANCH JH B HEM KPHCTAJJbI
abga. Hanuune xpucradanos nbna B 6akax camosiera of6HapyKUBaeTCs
MpH NPEANONeTHOH NOATOTOBKE M Hepej BbLIETOM IyTeM CJAHBa H OC-
MOTpa OTCTOSI TONJIMBA, @ Ha HEKOTOPHIX THIAaX CaMOJeTOB— IIpH
ocMOTpe TomJauBHOro ¢uabtpa mocle onpoboBaHMs  ABHUraTels
[60, 79, 115].

AHTHOGIeAEHUTEIbHbIE TPHCAAKH

A (eKTHBHLIM CPEICTBOM HpPOTHB 00pa3oBaHHA KPHCTANIOB Jbla
ABJSIOTCST aHTHOO/edeHNUTeJbHble NpUCALKH — 3TU/LeNN0301bB H He-
Koropbie cnupThl. OHM NOBBIIAIOT PAaCTBOPHMOCTL BOJALI B TOILINBE, He
LaloT efl BLINANaTb M3 PacTBOpa NDH HNOHMXKEHWH TeMIlepaTypel TOI-
JHMBa. DTWLENI030/1bB — GeclBeTHasl, Npo3pauHas KHUIKOCTb CO cJja-
6biM 3bupHBIM 3amaxoM, maotHocts ee 0,930—0,935 npu 20° C. JKun-
KOCTb CHOMPTOBON OCHOBHI — GecuBeTHass wiau ciaabo-xKentasi, ¢ Gojee
PE3KHM 3amaxoM, HecKoJbko OoJjiee TsxKenas, ee miorHocts 1,06—1,06
npu 20° C. IonycTuMoe cofep:kaHWe BOAb B 00enx mpHcankax (mo
no6aBku B TomauBo) He Gonee 0,5%. O6BOAHeHHYIO pPHCAAKY
HPHMeHATHb HeNb3f, OHA MOXKeT BHECTH B TOMJHMBO H3OLITOUHYIO
BJary M BbI3BaTb oOpasoBaHue KpucraanoB. ObGe npucajikm s KO-
BH ThI: apbl HX BHI3LIBAIOT TOJOBHYIO 60Jb, a NomnafaHWe B NHUIeBa-
PUTENbHBIN TPAKT — CHJIbHOE OTpAaBJIEHHE.

AHTHOG/I€IEHUTEIbHYIO IPHCAAKY A06aBJSIOT B TOIJIHBO B KOJHYe-
cree 0,1—0,3% (1—3 ke Ha 1 ToHHY TOWIHMBA) B 3aBHCHMOCTH OT
reMneparypsl Bodnyxa (y 3eman): 0,1% npu temnepatype no —15°C;
0,2% npu —15+—25°C; 0,3% npu temneparype uuxke —25° C. Oua
crocofHa yAepKHBaTh B PAaCTBOPEHHOM COCTOSIHHW OKoso 4% Bombl mo
OTHOLIEHHIO K CBOoeMy Becy, T. €. o 120 e B 1 ToHHe TomsmBa, Korpa
cozepkaHue aHTHOO/MefeHHTeabHOH npucagkun paBHo 0,3%. Ilpakru-
4eCKH KOJHUYECTBO BOJALI B TONJIMBE BCerja MeHblle 3TOH BeJIMYMHBL.
Ins BBeneHHss aHTHOO/MeNEHHUTENLHONH NPHCAAKH HCIOAL3YIOTCS Clie-
uHanbHble go3atopbl. Ecin B TomiuBe MMenHch KPHCTaMiH Jibla, TO
npu no6aBKe aHTHOO/IeJeHUTENLHOH MPUCANKH W NepeMellMBaHHA B Te-
yenne 20—30 mun OHH pacTBopsioTcs. [Ipy MOsIBJEHWH B eMKOCTH BOJ-
HOTO OTCTOSl aHTHOOJMENEHNTeNbHAs NPUCALKA NEPEXOAUT M3 TOIJIHBA B
BONY, TaK KaK B BOje OHa pacrBopsiercs jayume, Comepkanue ee B
TOIJINBE OMNpENensioT ¢ NOMOLIbI0 pedpaKromerpa — mo Ko3d@HIHeH-
Ty NpeJIOMJeHHs CBeTa BOAHOK BBLITAXKKOWN, NMPHTOTOB/JCHHOH B JeJH-
TenbHOR BopoHKe [1, 35, 115].
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Ocajnku 1 KOPPO3Hst B TOMIKBHON CHCTEMe

OcHoBHol Npo6/eMOl, BO3HHKAWIIeH B pe3y/ibTaTe HarpeBa TOI-
JUBa B TNoOJeTe, ABIAAETCS OCcaxKoo6pas3oBaHHe HauboJee HH-
TeHCHBHOe B npefenax temnepatyphl 130—200°C (puc. 24).

Ha ropsunx nosepxHoctsix (0COGeHHO OPOH3OBLIX), CONPHKACAIO-
MHUXCA € XKHIKHM TONJHMBOM, O0pasyloTcs TBepjble HaraponoxobHble
OTJIOXEHHA, a B MacCe TOIJVIMBA — B3BeChb MeJbualliMX TBEPALIX Ya-
CTHII, KOTOpble 3abuUBalOT (HUJb-

«
§30 TPBI, MONAJAT B KaHajbl M 3a30-
2 1 DBl TONIHBHON ammapatypsl. B ape-
3 HaXHBIX OTBEPCTHSIX OCAJKH HHO-
3 \ ra OTKJaAbIBAlOTC B BHJE PhIX-
°§20 Joii macchl. [uasi mpenorBpalieHus
S 0CaaKko06pa3oBaHus NPOHU3BOIUTCS
v 15 TC! Jyqmiasi OYHCTKa TONJMBA OT HC-
S / a TOYHHKOB HecTaOuALHOCTH — reTe-
g1 A T-2 POOPraHUYeCKHX COeJHHEHH{ U He-
2 ‘//M\ 7~s | © mpeleabHBIX YIEBOLOPOIOB, a TaK-
S s ; ) [~ e N06aBKa NpHCaAKH (HANpHMED,
§ by S~ TIT unu I1) B KONHMUueCTBE HECKOJIb-

0 KX COTbIX JoJed mnpoueHra. Ha

100 125 150 175 200 225 t°C pyc, 25 poKasaHbl  pe3yJbTaThl

Puc. 24. Buausuue TéMnepaTypbx na  HCHLITAHHS OLHOTO W TOTO Ke TOI-

TepMocTabuIbHOCTs  HekoTopux peak- JMBa 1C-1, He collepxauiero u co-

THBHBIX TOTIJIHB AepkKauero HpHCﬁlIKy, Ha yCTaHOB-

Ke, HMHUTHPYIOIEH TONJMBHYIO CH-

cremy. Onnako oueHp ray6okas

OYHCTKa TONJIHBA MOJKET BLI3BATb YXYJIIeHHE eT0 CTaBu/bHOCTH Beae-

CTBUE YJla/ieHHsl €CTECTBEHHBIX aHTHOKHCIHTeNdel (Aucyabduios, de-
HoJsi0B 1 Ap.) [108].

Onaciioe nis peryinpyloLHX y3/10B 3arps3HeHHe TOMJHBHOMN anma-
paTyps CTYyJeHHCTH MU NPOAYKTAaMH KOPPO3HH H CMO-
JUCTBIMH BEHleCTBaMHU NOABJASETCS B TeX CAydasX, KOrga Tol-
JIUBO COJEPMKHUT HEAONMyCTHMOE KOJHYeCTBO MepPKaNnTaHOBOH Cepwl, Op-
raHHYECKHX KHCJIOT, HaTEHOBHIX MBI, (DaKTHUECKHX CMOJ, UYTO MOXKET
ObITh CJIEJCTBHEM yNylEeHHH B KOHTPOJe KaueCTBa TONJIHBA.

B nocsenHue roas NpUXOAUTCS 06pallaTh BHUMaHuE elle Ha OxHH
BHI KOPPO3UH — muxpobuosoeuyeckyro [93]. B Hedrenpoaykrax mpax-
THYECKH BCerja uMelTcs OakTepHH, CNOpbl MJeCHEeBbIX TIpUOKOB, HO
OHH NPOABJAAIOT Cebs TOMbKO B YCJIOBUSIX 3HAUMTENbHOH BJAXKHOCTH H
OTHOCHTEJIbHO BbICOKOH TeMIlepaTypnl TomauBa. MX uHTeHCHBHOE pas-
MHOKeHHe NMPOHCXOAMT HA2 NMOBEPXHOCTH KOHTAKTAa TOIJH-
Ba ¢ BOJOMH, Ha BJAXKHHX CTEHKAaX TOIJIMBHBIX €MKOCTEH cCamo-
JieTa, 3ampaBlliiKa, cknaja U T. A. B npomecce GHomorudeckoro o6-
MeHa BEIleCTB OHH BBIAGJSIOT KHCJHE OpraHHYeckie BellleCTBa W, BO3-
MOJKHO, CepPOBOJMOPOA U CEPHYIO KHCJIOTY, KOTOpPblEé MOIYT BLI3BaTb
cepbesnble MOBPeX aeHHs, 0CO6eHHO NPH AJIHTE]bHOM BO3NEHCTBHH BHY-
TPH 3aCTOHHBIX y4acTKOB TOMIMBHON CHCTEMbl (BIJIOTL JO MO-
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SIBJIEHUA Teéuk KeCCoHHbx 6akos). Kpome Toro, 6akrepuanbuas macea
MOXeT BbI3BaTL 3arpsi3HeHHe aBTOMAaTHKH, 3a6HBKY (DUJABTPOB.

OcHoBubiMu MepaMu 60pbObl ¢ MHKPOGHOJOTHUECKOH KOPPO3HEl
ABJISIOTCSA PEryJsipHb CJIMB M KOHTPOJNDL OTCTOS, TIIaTe/bHAS IPOMBIB-
Ka chcreM (0cOGEHHO B YCJIOBHSIX TPOTMHYECKORO KAMMaTta), a TaKke
IpHMeHeHHe 6uoyudHbLx NPUCANOK K TONmuBY. M3BecTHO, uT0 GHOWMI-
HOe [ediCTBue OKasblBaeT aHTHOOJeleHuTenbHAss TNpucaika [1, 35, 58,
60, 95, 107, 108, 123].

§
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flepenad dasnenun Ha uasmpe, mam pr.ct.

1c-mn /

1 2. 3 4
Bpems npoxauxu,vac
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Puc. 25. Bunanne npucagky, nosbillaiouieil TepMOcTaGHAb-
HOCTb TOMJIHBa, Ha MNpoKaunBaemocTb Tomumsa (mpu 180° C)
H cocTosiHHe (UIBTpa noOcJe NPOKAUKH

D PpUKUHOHHLI H3HOC HACOCOB

[TporuBOH3HOCHBIE CBOMCTBA TOMJHBA ONPENENsIOTCS B OCHOBHOM
NOBEePXHOCTHOH aKTHBHOCTBHIO, T. € CIOCOGHOCTBIO TOMJIHBA
MK KaKux-1H60 colep:Kaluxcs B HeM BelleCTB aAcopBuUpPOBaTh-
Ccs Ha NMOBEePXHOCTH Mera/a. TeM caMBIM NpeAOTBpallaeTcs «OroJe-
HHEe» W CyXOe TpEHHe JeTajell TONJIMBHOIO HAacoca Ha y4yacTKax BBICO-
KOro KOHTAKTHONO MAaBJeHHs, BbIXKHMAIOIEro KuAKOCTh H3 3a3opa.
Haunbosee BBICOKOH NOBEPXHOCTHOH aKTHBHOCTBIO 06/1aNaioOT BEllleCTBA,
MOJIEKYJIbl KOTOPHIX fIBAAIIOTCA 3JMEeKTPHUYECKHMHU JHUUOJAAMH.
Uem Gosblie DUTONbHBIE MOMEHT. MOJNEKYJ, TeM TpO4YHee OHM <«TIPUJH-
naKT» K TOBEPXHOCTH, 3/1eKTpHYecKoe NOJe KOTOPOH He KOMIEHCHpO-
BaHO. YrJeBOAOPOAB TOMAKHBA 06MALAI0T HeGONBIIMM AUIOAbHBIM MO-
MEHTOM, HX NPOTHBOH3HOCHBIe CBOHCTBa Huskue. M3 Beuecrs, Kotopbie
€CTEeCTBEHHO MOTYT CONePKarbCsi B He()TAHOM TOMHBE, GONBIIHMH IH-
TOJbHLIMH MOMeHTaMH{ MOJeKyJd OTJHYAITCA CMOJbl, OPraHHye-
CKHe KHCJAOTH H ApPyrHe KHCAOpPOACOZepKauihe CoO-
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CAHHEeHHURA, a TakKKe cepaopranHueckHe M a3otropra-
HHYeCKHe COeAHMHEHHS, T. e Te BEUeCTBA, NPHUCYTCTBHE KOTO-
PBIX BPeJHO C TOYKH 3DEHHS TePpMHYECKOH CTaGUHALHOCTH M KOPPO3UOH-
HLIX OBOHCTB TONNHMBa. I'my6okas OUHCTKAa TOMJAMBA OT 3THX BellleCTD
CHHXaeT er0 NPOTHBOM3HOCHBEe CBOKCTBA, Tak, rMApO-
OYHUIeHHOe TOMAMBO T-7 1O NPOTHBOM3HOCHBIM CBOKCTBAM Xy¥e TOII-
ausa copra TC-1, koropoe BuipabaTeiBaercsa W3 TOrO e Cbipbs. I10-
BHAHMOMY, cCyllleCTByeT TaKoe OHTHMaJjbHOe COZepKaHHe NpHMecH
TeTepoOpraHuyecKuX COeJHHEHHH B TOMIHBE, KOTOpOe OGecneuHBaeT
CMa3Ky HacOCOB W He OIlaCHO C TOYKH 3DeHHs 0CagKoOGpa3oBaHHA.

HekoTopoe BaHsiHMe Ha NPOTHBOM3HOCHBle CBOHCTBA OKAa3bIBAET
TaKXe BS3KOCTb TOMJIMBA. B cocraB MeHee BSISKMX TONJIHB BXOJAT
BELeCTBA C MEHDLLWIMM MOJEKYJASDHBIM BECOM, MOJIEKYJbl KOTOPBIX
HMEIOT MEHblLIHe pasMephl H, CIeJ0BaTeNbHO, MEHBLINH AMNOJLHBIH MO-
meHT. [1o3TOMY npu OQMHAKOBOHN CTENEHH OYHUCTKH M OTCYTCTBHH TNPO-
THBOM3HOCHBIX TPHCAJOK MeHblle NMPOYHOCTL TPAaHMYHON MJeHKH, 06-
pasyeMOl HMH Ha NOBepXHOCTH Meramina. Kpome Toro, ¢ yMeHnblieHneM
MOJIeKYJl NOBBLIIIAETCS CPegHss CKOpPOCTb HX XaOTHYECKOro TeITOBOro
IBHXKEHHUS, CIocoOCTBYIOLIEr0 paspyileHuio (mecop6uuu) rpaHuuHOM
MIeHKH.

CyluecTseHHOe yJyuilleHHe TPOTHBOHU3HOCHLIX CBOHCTB PeaKTHBHBIX
TONJIMB JOCTHTAeTCst NyTeM BBENEeHHs HECKOJbKHX COTHIX HOJEed Mpo-
LleHTa NOBEPXHOCTHOAKTHBHONR npHucanku [109], moneky-
JIBl KOTOpOH 06s1aatoT GOABUIMM IUMOAbHBIM MOMEHTOM. TakHMM MpH-
caakaMu aBasioTcs, B yactHoctH, Te tke TIT m I1, moswimtaomue tep-
Muyeckyo crabunpHocTs TomauB. Tomausa T-2TIT u T-2[1 o6mapaior
JXOCTATOUHBIMH TPOTHBOH3HOCHBIMH CBOHCTBAMHM H MOFYT INPHMEHSTHCH
Ha TOH TexHHKe, rpe TOMIUBO T-2 ¢ Takoil ke BA3KOCTbIO, HO Ge3 1pH-
cagky He obecrmeumBaeT HameXKHOH pabOTHl' TOIJIMBHLIX HacocoB. Bae-
Jende TPHCAAKH B THIPOOYMILEHHOe TOmMBO T-7 KOMIeHCHpyeT
yXyallleHHe TMPOTHBOU3HOCHBIX CBOHMCTB, BBHI3BAHHOE €ero <«NepeoyH-
CTKOHU».

CnoxkHoe BAHMSIHME HA CMas3Ky M M3HOC JleTasell OKa3bIBaeT pacTBo-
peHHbI B TOMIMBE KHCI0poA. Pearupys npH noBbilleHHH TeMIepaTyphl
C TONJIHBOM, OH YyyacTByeT B 00pa30BaHHY MOJE3HLIX AJIR TPaHHUHOH
CMa3KH reTepOOpPTaHHUECKHX COeJIMHEeHHH, HO, OKHCIAA METa/sl B 30He
BBICOKHX KOHTAKTHBIX HAarpy3oK, CHOCOOCTBYeT pas3pyLIeHHI MOBepX-
Hoctu peraneil. J1o temnepartypsl tomtnBa 90—100°C (B o6neme) mpe-
BaJHpYyeT yCHJIeHHe nocienHero sdgexra, yckopsomero ussoc. Ipu
GoJsiee BLICOKHX TeMIepaTypaX TONJMBA H3HOC CHHXKaeTcs, 4TO OOhsAC-
HsIEeTCs, MO-BUAUMOMY, oOpa3oBanueM OOJBIIOTO KOJHYeCTBA NOBepX-
HOCTHOAKTHBHBIX BellleCTB BO BCeM OObeMe TONJIWBA, B TOM YHCTe
TaKHMX, KOTOPHlE XHMHUYECKH B3aHMOJAEHCTBYIOT C MeTaJJOM H CO3AAIOT
AQHTHOPUKIMOHHLIA CJIOH HA €ro NOBePXHOCTH. BO3MOXHO TakxKe, 4TO
C MOBbILIeHHEM TeMNepaTypbl NOJOKHUTEABHYIO POJIb HIPAET yMeHblle-
HHe DPacCTBOPHMOCTH H, C/efOBaTeNbHO, KOHLEHTPAUMH KHCIOPOAa B
ronauBe. MckyccTBeHHOe yMeHbIUeHHe CONepXKAaHHsi DPacTBOPEHHOTO
KHCJIOPOJA B TOMJIKMBe NyTeM o6pabOTKH TOM/IHBA a30TOM CYyLIECTBEH-
HO CHMKaer M3Hoc Hacocos [1, 35, 49, 107, 108].
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BJUAHHUE CBOMCTB TONJHUBA HA HALE)XHOCTH
DETAJIEV TA30BOI'O TPAKTA IBUTATEJS

Tonnuso oxaswiBaeT Tpu BHAA BO3AEHCTBUH Ha I'a30BBI TPaKT ABU-
ratens: TeNIOBOe, 3arpsi3Hsliolliee (Harapoo6pa3soBaHHe) W XHMHue-
cKoe (KOppo3ud).

TennoBoe H3AyuYeHHE

KonBekTHBHas Temi0oTHaya NPOAYKTOB CrOpaHHsi OT CBOHCTB TOI-
JAuBa NpaKTHYyeCKH He 3aBHCHT. JIyuHcras ke Temnoorgaua ¢akesna, He
ocnabasiemasi 3arpaguTesbHBIM C10eM BO3AyXa, 06yC/IoBAEHAa Ca XK U-
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Puc. 26. Xapakrep CBA3H JIOMHHOMETDHYECKOTO HUCTA TOMJHBA C H3Jy-
.
yaeMoil sneprueii naamedn Eusp (npu #,, =const) u temneparypoil rasa

*
£ a3 HA BBIXOJle MOJEJBHOH KaMepbl cropaus (npu Eysy=const)

CTOCTBH IO MJaMeHy W 3aBHCHT OT cocTaBa Tomausa (puc. 26). Has
OLIEHKH TOILJINB MO HHTCHCHBHOCTH H3JYUYEHHS HX NIJIaMeHH 3a py6e>K0M
noJqyuunjia nNpuMeHeHHe HIKaJia AIOMUHOMETPUUECKUX duceA. Hx omnpe-
LeJsIIOT Ha JIIOMHHOMETpe — AU (y3uOHHOR ropeske, 060pPYyLOBaHHON
npubopamMH AJsi U3MEDPEHHS SPKOCTH TJIaMeHH H CO3JaBaeMOro MJa-
MeHeM TNpupocra TemnepaTypbl. Uem Goablie IPHPOCT TeMIEPATypbl
Ip1 OXZMHAKOBOM SIPKOCTH, TeM Jyulle CUUTAETCS TOIJIHBO, BLIIE ero
JIOMHHOMETPHYECKOe UHCHO0.

HauGonee Bbicokne JomMuHOMeTpHueckHe uncaa (Bbuue 100), T. e. ciaboe wusny-
yeHHe, MMelOT HOpMaJbHpie H cnabopa3BeTBieHHble napaduHst @ nadrens (3a 100
NPUHAT H300KTaH 2,2,4-TPHMETHIMEHTaH), HH3KHe JIOMHHOMETpHUeCKHE YHCaa
(nmxe 20), T. e. CHIbLHOE H3jnyuyeHHe,— apoMathyeckue, HadTeHo-apoMaTHUecKHe, GH-
IHK/HYeCKHe apoMaTHYeCKHe (3a (0 NOPUHAT TeTpaJ/iMH — GHUMK/IHYeCKHN HadTeHo-
apoMaTHYeCKHHi yrjeBolopona). B cepenuHe wmiKaspl HaXOAATCA CHJBHO DPa3BeTBJeH-
Hule uzonapaduHel U HadTeHbl, GHUHK/INYeCcKHe HadTeHpl. UeM MO/eKy/1a «KOMNakT-
Heil», TeM G60Jbilie CKJIOHHOCTb K Ca)KeoGPa30BaHHIO, CHIbHee H3JYyYeHHe, HHXKe JIo-
MHHOMETPHUECKOe YHCJIO.

Umetores JaHHble O COOTBETCTBHM MeXAYy pe3y/jbTaraMH HCObITA-

HHA TOIVIMB Ha JJOMHHOMeTpe M B KaMepax CropaHus TPI: uem
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BhIllle JIOMHHOMETPHYECKOE UYHCHAO, TeM MeHbIIUH
TEeNJOBOH MOTOK UCNYyCKaeTca paKkKeaoM H HHXKe TeM-
nepatypa CTEHOK KapOBOH TPyOH. IDTO CUMTAeTCs CYUIECTBEHHBIM B
niaHe o0eCHeYeHns1 YCTAJOCTHOH TNPOYHOCTH TEMIOHANpPSAKEHHBIX Ka-
Mep cropanns. CoBpeMeHHble PeaKTHBHBEIE TOIIHBA HMEIOT JIOMHHOMeE-
Tpuyeckue ducna 40—70. das tomausa copra T-1 xapaxrepHble 3Ha-
YeHHsl JIIOMHHOMETpPHUYECKOro yucaa 50—55 (HO oTAesbHble 06pasiibl
6uiBalOT HHXe), Aas TtomnuB coproB TC-1 m T-7 —nopsaaka 60—70.
OTH uHCia TNPEICTaBASIOT COGOH «CMECHTENbHYIO» XaPaKTePHCTUKY
YIJ1€eBOJOPONOB, BXOAAILMX B COCTAaB TONJIHMBA; YIVIEBOAOPOABI C HHU3-
KHM JIIOMHHOMETPHYECKHM UYHC/AOM OKa3blBalOT Oojiee pe3koe BHsSHHE
Ha 3TOT ToOKasartenb cMecu. I1pu GoablHx cKopocTsx mojgera (M>3)
BBH/Y TOBLILIEHHA TeMIepaTypbl MJaMeHH Tpexanonaraercs, 4T0 MOTYT
noTpe6oBaThcsl TONJIMBA C JIOMHHOMETPHYECKHM 4dHCAOM OKojo 100.

HenocraTkoM J/IOMHHOMETpDHUECKOH IIKaJpl ABIAETCA €e HEPABHOMEPHOCTb: B
HIDKHEl YacTH HIKaJel MOYTH OJHHAKOBO OLEHHBAIOTCA TOMJHBA, 3HAUMTENBHO OTJH-
YalollHecs MO peaibHOMY HM3JNYUEHHIO B JBHIaTessX, a BepXHsS YacTh Kbl HMeeT
peKkJaMHBIl XapaKTep — OTpPOMHble YBEJNHYEHHST JIIOMHHOMETPHUYECKNX YHCEJN COOTBET-
CTBYIOT MPAKTHYECKH HECYLIECTBEHHBIM H3MEHEHHSM JY4YHCTOrO MOTOKa B peasbHbIX
ycaosuax. B cBA3u ¢ 3THM nNpennaraeTcsi BMECTO JIIOMHHOMETDHYECKOTO HHCJIA HC-
MOJML30BATh UHOEKC HEePHOTbL NAAMEHU, CBSA3aHHBIH ¢ JIIOMHHOMETPHYECKHM UHCIOM
06pAaTHOH 3aBHCHMOCTLIO. DTOT HHJAEGKC NPONOPUHOHA/EH KOHIEHTDALHH CaXH B IJa-
MeHH H TepMOXHHAMHUYECKOH CTeneHH YePHOTH MJIaMeHH, OOBIYHO HCIONL3YEMOH B Ten-
JoBuix pacuerax [94, 107, 123, 138].

Harap

ITpn 6amskoM K (opcyHke pacmodoxeHuu ¢axena narap obpa-
3yeTcsl y €e COMIa M PacChbli TOIJIHBA yXyAINAETCS HJIH KOHYC ero Hc-
Kaxaercs. B pesyabrare KHMAKOe TOIJIMBO TMONAJAeT HA CTEHKH XKapo-
BOoil Tpy6Gb M Cropaetr Ha HHX, BbI3bBas MeperpeB CTEHOK M HHTeH-
cuBHOe 06pa3oBaHMe HArapa, COCTOSIIEr0 B OCHOBHOM H3 06yrJHBIIHX-
Cs1 OCTATKOB apOMaTHYECKHX yIVIEBOZOPOLOB, CMOJI H T. 1. 3HauuTe/]b-
HOe COIepXKaHHe apoOMaTHUECKHX YrJIeBOJOPOJOB IIPH 3TOM CIIo-
cobctByeT meperpeBy, KOpoOJAEHHIO H TPOTAapPy CTEHOK
KapoBoit Tpy6b W APYrHX JieTajeil He TOJBKO BC/ENCTBHE Gosee
HHTEHCHBHOTO H3JiyueHusi Qakesa, HO M TIOrVIOLIEHHS YEPHOW MOBEpPX-
HOCTBbIO CTeHKH. YacTHubl Harapa, oTpbiBalolHecs oT CTEHOK »KapOoBOH
TpyObl, yAapsioTcsl O JONAaTKH TypPOHHB M BBLISBIBAIOT NMpeX/JAEeBpeMeH-
HBIIl H3HOC HX (3PO3HIO).

IlnoTHas TWJIeHKa 304bHOro IIjlaka obpasyercs MoOCAe CropaHus
MHKpPOTpHMeceH MeTa/aJoOB, COJAepXKalMXCA B TOMJIHBE B
BUme coJiefl M, BO3MOXKHO, B COCTaBe CJIOXKHBIX MeTaaJopPraHHYecKHX
coepuHenuii. B pacniiaBjeHHOM H/IH PasMATYECHHOM COCTOSTHHH OKHCJIHI
MeTaJJIOB.H COJM NPHIMNAIOT K JeTasisiM, a 3aTeM, OCThIBAs, 3aTBep-
_nesaiot [34, 69, 106].

Fa3oBasi KOppo3usi

ConepraHue B 30Je TOVIMBA NsTHOKHCH 8anadua VoOs, a Takxe,
BO3MOXKHO, ADyriX METa/JIOB Bbl3blBaeT KOPPO3HIO ¥ mparap
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XKapoOCTOHNKHX <COJAaBOB Ha JKeae3Hofl W HHKeJeBo# ocC-
HOBeE.

Muxponpumecs pauazusi (0,00001—0,01%) Bxomur B cocrap raas-
HbIM 06pa30M BBLICOKOMOJEKYJISIPHBIX a30TCOAEepPIKAIHX COeXHHEHHH,
KOTOpble KOHUEHTPHPYIOTCS B BLICOKOKMDAMUX (paxuusx HedTn u B
3HAQUHTEJLHON Mepe yRaJAOTCA NPH OuHCTKe HedTenpoxykToB. Onua-
KO OCTalolleecss HUYTOXKHO MaJjoe KOJHUECTBO BaHa[us, NMO-BHAHMOMY,
MOXeT HrpaTh pOJb NMePeHOCYHMKa KHCJAOpPOAAa-—KarTadJH-
3aTOpa ra3oBOH KODDPO3HH, MOXKeT ObITb HEeNoOCpeICTBEHHOMH
NPUYMHOH KOPPO3HM M Iporapa KapocToHkux MarepHanos. O6pasyio-
asica mocsie Cropanns NATHOKHCH BaHaausl (TeMIepaTypa NJaBJieHHs
685° C) B KHIKOM BHJe OCaxkaaeTcs B Ia30BOM TPAaKTe H BCJeACTBHE
nepeMennoil BaJIGHTHOCTH BaHAaHs TpeBpaliiaeTcssi B UETHIPEXOKHUCh
Vo05—>V,0,+0; aromapublit KHCJAOpPOA HAET Ha OKHCJEHHe Kese3a
uan Hukens. Ilpu KouTakre ¢ U3GBITKOM KHCJAODOJAA B Fa30BOM TpaKTe
YeTHIPEXOKUChL CHOBA pereHepHpyercs B MATHOKUCDH, ONATh pacnagaercs
¥ T. A. HesnauntenbHoe comepikaHue B 30Je TONIMBA cy’abdaTa Ha-
tpusi NapSO, man oxucu uarpusi NagO ycuiuBaeT BaHaAHEeBYIO KOPpO-
3UI0 XKeje3a B HECATKH pa3. Bompoc o BanamueBoil M mopo6HOH el
Kopposuu U Mmepax GopbObl ¢ Hell HeJxocTaTouHo paspaborad. Ilpea-
OTBpallieHHe 3TOrO BHAA KOPPO3UH HOCTHraeTcs OTOPAaKOBKOH TOMJHB
NpH HCILITAaHUAX.

JnutenbHoe KOppPO3HOHHOe JeHCTBHE CEPHHUCTOroO rasa, ob-
pas3yIoIErocsi MpH CrOpaHHH COeJHHEHHH cepbl (B HEKOTODLIX TOIIH-
Bax ee NOBOJbLHO MHOro-— g0 0,25% B BHIe HEaKTHBHBIX COeXHHe-
HHI) MOMKeT BLI3BATh NMpOrap JONaToK TyPOHH, ecad HX TemllepaTtypa
npesbimaer 900—950° C [35, 44, 50, 60, 81].

OTHEONACHOCTb TOIJIUBA

CamoBocniamMeHeHHe

[Tpuunuoit noxapa MoxeT ObiTb CAMOBOCHJIAaMEHEHHU e TOIN-
JMBa WJM BCHBIIKAZ ero MapoB OT BHEeMWHEro0 MCTOYHHKA —
MmJaMeHH, 3JeKTPHYecKod HCKpbi. HemocpepcrsenHo nporecc caMoBOC-
MJiaMeHeHNsl YIJIeBOLOPOLHOrO TOIINBA TPOUCXOAUT TOJbKO B NapOBOM
dase B pesyJbTaTe B3pbiBa ruApoNepeKuceil, KoTopbie 06pasyoTes NpH
KOHTaKTe rOpPSIYMX NApoB TOIJHBa ¢ Kucaopoxom. Ilpakruuecku mruo-
BeHtoe 06pasoBaHHe H CaMOBOCIJIaMeHEHHE TOIIHBO-BO3AYILHON CcMe-
CH TIPOMCXOZSIT MpPH TONajaHHWH KepocuHa Ha DacKajeHHYI0 MeTaJliu-
YecKylo TOBEpXHOCTb ¢ TeMmeparypoit Beille 350—400°C, nanpumep
Ha peakTHBHOe COIIO MJIM YaCTH TYPOWHBI, paspylieHHOH NpH aBapHH.

CK/IOHHOCTb TONJIMBA K CAMOBOCIIAMEHEHHIO He CjeflyeT NyTaTb C
BO3MOXKHOCTbIO BCHBIIKH OT BHEMIHero NiaMeHH. Jlerue camoBocmsa-
MeHAIOTCs OoJee TsAXKeNble YIJIeBOJOPOJAbI, OHH IO CBOell TIpHpoOxe
Jerye OKHCJsOTCA, 06pasyss B3phIBIAaTble NMEPEKHCH: KEPOCHHBI MPH-
mepuo na 100° C nuxke, uem GeHsnHbl. Eme Jjerue. camoBocniaMens-
I0TCA THAPOMaAcao, 6afi3Koe MO YIIeBOJOPOJHOMY COCTaBY K AH3EJbHO-
My TOIIABY, W CMasOuHQe Mac/o, Honajajolliee HA TOpPsuHe HETaNH
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neuratess. Ilpn aBapusax M TOBpeXkAeHHSX OOHIYHO OHH 06PasyioOT
nepBble OYard NJIAMEHH, a OT HUX YXKe 3aropaercsi TOIJIHBO.

OnachocTh caMOBOCTIAMEHEHHsT NOSIBSIETCA B YCJAOBUAX CBEPX3BY-
KOBOro moJsiera Ha Gosmplimx uncnax M nmpu HarpeBe mapoB TONJIHBA B
6akax go 200° C u Bbille, ecaH B HaATOMIHBHOM NPOCTPAHCTBE 6aKOB
COLEpIKUTCA KUCAOpPOA. B cBA3M ¢ 3TMM HeoOXOXMM HaaayB GakoB
HeATpa/sbHBIM rasoM (Hanpumep, azorom). OfHAKO cieayeT HMeTb B
BHIY, uTO NPH NOAbeMe caMoJjieTa M HarpeBe TOIMJIHBA W3 HEro Bbi-
nensieTcs BO3AyX, OOGOTraleHHB A KHCAOPOAOM (HOCAEIHHH
pacTBopsieTcss B TominBe B OosblieM KOJHUYeCTBE, uyeM asor). ITO
HOBBILIAET ONMACHOCTL CaMOBOCIJIaMEHEHHS] NAapoB BHYTPH TOIMIHBHBIX
6akos. PagnkanbHO# Mepoi, ycTpaHsOUEeH ONacHOCTbL CaMOBOCIIaMe-
HeHHsl, MOXKeT ObITb NpeJBapUTebHOE MOHUXKEHHEe KOHUEHTPAUHH KHC-
JIOPOJa B TOIJIHBE NMyTeM NMPOAYBKH ero a3otom [52].

BocniameHeHHe OT BHELIHEr0 HCTOYHUKA

Jlerko ucnapsiouinecs TOMJIMBA ONacHee NPH BO3XEHCTBHH BHELl-
HHX MCTOUHHKOB BOCIJIaMeHEHHSs — HEOCTOPOXKHOM OfpalieHuH ¢ or-
HeM, pas3pylleHHH 3JeKTPONPOBOIKH, pPaspsiic CTaTHUECKOro 3JEKTpH-
yecTBa. TOMIMBO 3aropaercst OT BHEIIHEr0 HCTOYHHKA TOJbKO NPH TEM-
nepatype, npeBHILalOmell TeMIepaTypy BCHB W KH, KOria Haj
HUM ofpasyercsi D OCTaTouHO Gorartas AAs BOCIIAMEHEHHS
CMech apoB TOIJIMBA ¢ Bo3AyXoM. Tak, mapul Hax romiuBoM T-1 B3pwH-
BOOTIACHBI, €CJM TeMNepartypa ToliuBa He Huxe 25—30° C, nag Tom-
auBom TC-1— ne nnxe 15—25°C, nap ronausom T-2 (comepxkartiem
Gensun), HaunHas ¢ Temneparypst munyc 10—20° C. Tlpu Gosee Hus-
KOl TeMNlepaType OT MCKDHI HJIH KPaTKOBPEMEHHO MOJHECEHHOro MJa-
MeHH TOIJINBa He 3aropaiorcs.

TeopeTHueCKH CylLecTBYeT TaKXe BepPXHHH TeMuOeparTy p-
HB I npengesa BocnjaMeHeHHs romiuea (a1a T-1 okono 65°C,
nas TC-1 55—60°C, mna T-2 40—45°C), npu KOTOpPOM HaIL HHM
o6pasyerca upe3MepHo Oorarasi cMecb, He crmocoOHas 3aroperncs,
npUYeM HHXKHHA M BEPXHHI Npeleibl BOCIJIaMeHeHus cOaMxaoTca
NpU TOHWXKEHHH JaBjieHHs B 6akax C yBeJHYeHHEM BHICOTHI TOJeTa.
Oanako NpaKTHYECKOro 3HAUEHMs 3TO He HMeeT, Tak KaK COXpaHseTcs
BEPOSITHOCTb BOCIJIaMEHeHHs TONJIMBA NPH TemlepaType Bbillle Teope-
THYECKOr0 BEpPXHEro npenesa H3-3a YNOMSHYTOIO Bhillle BbIAEJNEHHS
KHMCJ0pOJa U3 TONJIHBA NpH HaGope BHICOTHI [78].

BocniaMeHeHHe OT CTATHYECKOr0 3JEKTPHYECTBA

Bo Bpems HamOJHEHHs pe3epByapoB, LHCTEPH TONJHBO3anpaBILH-
KOB M TONJHMBHBIX 6aKOB NMpH GOJBILON CKOPOCTH HAJHBA NPOMCXOMHT
3JeKTPH3alWUs TONIMBA BCJAEACTBHE TPeHHsS O MaTepHan Quib-
TPOB M CTEHKH IiaHroB. TOmIMBO, KakK NmpaBH/o, NpHOGpeTaer mnoio-
KUTEJbHbIA 3apsAn (OTaaeT 31eKTPoHb Npu Tpenuu). B cyxyio nmoropy
HanpsKeHHe Ha TOBEPXHOCTH TON/HBA B GaKaX K KOHIly 3anpaBKH CO-
CTaB/IAET THICAYH BOJILT, YTO MOKET BBHI3BATb MOIUIHbIA UCKPOBOH pag-
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pan. ITo NMPOMCXOIAUT B pe3y/bTaTe HAKOMJIEHHs CTATHYECKOTO 3JIeK-
TPHYECTBA H3-32 HH3KOI 3JEKTPONPOBOAHOCTH CYXOro TomJiuBa. 3apsn
BJIAXKHOTO TONJHBa (COZeprKallero PacrBOPEHHYIO WIH 3MYJbCHOHHYIO
BONY) B HECKOJbKO pa3 MeHplue. Eciy Temnepatypa TOIIMBA HpH Ha-
J¥Be pe3epByapoB, NPHU BblAaue B IHACTEPHBI MM 3aNpaBKe CaMOJIETOB
Bblllle B3PLIBOONACHOIO Ipejena, TO HCKPOBOH paspsl, CTaTHUeCKOro
5JIEKTPHYECTBA MOXKeT BbI3BATb II0XKap.

[TpoGrema anexTpusauuy TormHBa ycyryGuiaach B pe3yjbTaTe Mep
N0 MOBBILIEHHI0 TepMmocTabuiabHoctTd tomaus. Ilpu ray6okoit ouncrTke
TOTVIUB OT 3JEKTPUYECKH NOJSAPHLIX IeTepOoOpraHMYeCKHX COelHHeHHH
YMEHbIIAETCH €ro 3/JEKTPONPOBOAHOCTb, a HEKOTOpble M3 INpHCaoOK,
BBOAYMBle B TOIUIMBO /S YJAydllleHUsi ero TepMocTabHIbLHOCTH U cMa-
3bIBAIOIUX CBOHCTB, YCHJIMBAIOT €r0 3JEKTPH3ALHUIO.

B kauecTBe Mephl NMpPOTHB HAKONJIEHHS CTAaTHYECKOro 3JEKTpHYe-
CTBa, ero paspsga U oOyCJOBJEHHOH 9THM NOXKAPHOH OMACHOCTH MOXK-
HO DEKOMEHIOBAaTh YMEHbIIATh CKOPOCThL HaJHBa Nocael-
Hux 20—259% TonnuBa mpM MaJof BIaXKHOCTH Bo3ayxa. Kpome obblu-
HOTO 3a3eMJIeHHsi CcaMoJieTa W TOIJIMBO3alpaBUIHKa CJeAyeT COejH-
HSTb MPOBOMHHUKOM 3aNpaBOuYHLIH KpaH c ropjosuuoll 6axa. [ToBeicuTsb
3JIEKTPONPOBOLHOCTh TOMMMBA W Of0eCneudTb ObLICTpOe paccenBaHue
3/JJEKTPOCTAaTHYECYOrO 3apsila MOXKHO NyTeM BBeJeHHS B TOMJIHBO CIie-
OHMalbHBIX MPHCAJ 0K, HU3BECTHO, YTO B HEKOTOPBIX HHOCTPAHHBIX
TOMJIMBAX COJdepIKUTCS mpucaika anrucratus [107, 120].

NMEPCNEKTHUBHbLIE TOIIJINBA
Ang BO3AYIHIHO-PEAKTHUBHBIX IABUTATEJEW, PACCUMTAHHBIX
HA BOJBIIHUE CBEPX3BYKOBBIE CKOPOCTH NOJETA'!

OcHoBHBIE NPOOJIEMBI

C yBesnuueHHeM CKOpPOCTH Hoseta 1o M=3-+4 u Bbliie Bce GoJee
OCTPBIMK CYHTAlOTCH NPOOJeMbl o6ecneueHdss TepMOCTaGHUJIbHO-
CTH TOMINBA, UCIOJb30BAHHS TONJUBA B KauecTBe O XJIa XK Jaa lo-
Hlero areHTa Ha JeTaTeJbHOM anNapaTe M MNOBbLILEHUS SHepT e-
TUYeCKHX XapaKTepHCTHK TOomauBa. PaccMarpuBatorca cie-
NyIollide mepcrneKTHBHbIE pellieHus 3TUX Npobiem:

— palMKaJbHOe yJayulleHHe He(THHbIX TOIJIUB THUNA KepoCHHA my-
TeM ray6OKOH THADOTreHH3ailHW W HCMOJb30BaHUS NOJMUYHKIIHOHAJb-
HBIX NPHUCANOK;

— CO31aHue YrIeBOJOPOAHBIX TOIJIUB, MOTJOWAIIIUX TEMJIO HpH
XUMHUYECKHX PeaKUUSX B TelJooOMEHHHKE CaMoJieTa;

— NpHUMEHeHHe OXHUXKEHHBIX YIVIEBOLOPOJHBIX ra30B, B TOM YHCJeE
HHUAKOTO NPHUPOAHOrO rasa;

— [OpHUMEHEeHHe >KHJIKOTO BOAOPOAA;

¥

! Tlo marepuanaM MHOCTPaHHOH meyaTH.
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