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BBenenue

JlaHHBIM Kypc NMpeaycCMaTpuBaeT M3YYEHHE COCTaBa, (PU3UKO-XUMUYECKUX U
AKCIUTyaTallAOHHBIX CBOWCTB aBHAI[MOHHBIX TOIUIMB, CMa30YHbIX MATEpUAJIOB H
CHEUUATbHBIX JKUJKOCTEH, KOTOPHIE B COBOKYIHOCTH NPHHITO Ha3bIBaTh €JIHHBIM
TEPMUHOM ‘‘Toprodye-cMa3zounble MaTepuaisl” (I'CM).

Ot kauectBa ['CM 3aBUCHUT HAACKHOCTH U OSKOHOMHYHOCTH PaOOTHI
JIBUTATENIEN U CUCTEM JieTaTelbHbIX annaparoB (JIA).

PaGoTHuku MHKEHEPHO-aBUAITMOHHOMN CITY OBl (MAC) HECYT
HEMOCPEJICTBEHHYIO OTBETCTBEHHOCTh 3a IMPOBEPKY COOTBeTcTBUS KadecTBa ['CM
TpeOOBaHUSIM HOPMATUBHOM JTOKYMEHTAIIMH, MIOJTOTOBKY 0aKOB BO3/YIIHBIX CYJOB K
npuemy aBual'CM (CIuB U KOHTPOJIb OTCTOS).

Jiga ycnemHoW paOoThl aBUAIIMOHHOMY HH)KEHEPY-MEXaHMKY HEOO0XOIUMO
MMEThb YETKHE MPEJCTABICHUSA O IPOLEccax, NPOUCXOMAIIMX B TOIUIMBAaX, MAaclax,
CMa3KaxX, CIHEIDKUIKOCTAX TMpPU MX XPAaHEHHH, TPAHCIOPTUPOBKE, 3aIpaBKe
COOTBETCTBYIOIIMUX cucteM JIA, a Takke B MpOIECCe SKCIUTyaTallud UX Y3JIOB U
arperaTos.

HeoOxoaumo YeTko mNOMHUTH, u4Tro KadyectBo ['CM u wux rpamoTHas
JKCIUTyaTalMsl SBJIAIOTCS OJHMM M3 TJaBHBIX COCTaBIIOIIUX O0OECIeUeHHUs
0€30MacHOCTH IOJIETOB.

1. ABI/Ia]_[l/IOHHI)Ie TOILIMBA

OcHoBHOE chIpbe A5 TorydeHus: aBuatorumB (AT) — HEPTh.

1.1. Kparkas xapakrepuctuka cocraa AT

AT xapakTepusyloTcs JJIEeMEHTapHbIM U (a3oBbIM cocTaBoM. CpeaHuit
anemeHTapHbiii coctaB AT npencrasnen B Tabu. 1.1.

Tabmuma 1.1
Dnemenrtapubiii coctaB AT (% macc)

Yraepon, C Bonopon, H | Kucnopon, O | Azot, N Cepa, S
80...87 12...16 0,1...0,3 0,03...0,7 ]0,001...0,01

Vkasanuvie snemenmul npeocmasnenvl 6 monauge 8 Guoe XUMUYECKUX
COeOUHEHUIl OP2AHUYECKOU U HeOP2aAHUYeCKOU NpUpoobi.

[To dazoBomy coctaBy AT mpeAcTaBisiOT cCOO0M TeTEPOTreHHYI0 KOJUIOUTHYIO
CUCTEMY, COCTOSIIIIYIO U3 OCHOBHOM JAMCIEPCUOHHON Cpe/ibl U JUCTIEPCHBIX (a3.

OcHoBHasi (KumKasi) OUCIIEPCUOHHAS Cpela TMPEACTaBIsIET CO0OM CMecCh
B3aMMOPACTBOPHUMBIX YTIIEBOAOPOJIOB PAa3IMYHOIO COCTaBA M CTPOCHMS, a TAKKE
OPTraHUYECKUX COCAUHEHUN, COJIEPKALIMNX CEPY, KUCIOPOA, a30T.

K nucniepcHbiM azam oTHOCSTCS:

- TBepHas - TBEPAbIC YAaCTUIbI Pa3JIMUYHOM MPUPOABI (MUKPO3ArpsS3HEHUS ):
MbUIb, TIOYBA, MPOIYKTHI W3HOCA M KOPPO3UHM TEXHOJOTHYECKOTO O0OpYyHIOBaHWS,
KPUCTAJUIbI JIbJA;



6

- KUJKas — MUKPOKAIUIM BOZbI, 00pa3yIoline 3MyIbCHIO BOJIbI B TOIUIHBE;

- ra3oBas — My3bIPbKU ra30B, BBIACIAIONIMECS 110 BCEMY 00BbeMY TOIUIMBA MPHU
MOBBILICHUH TEMIIEPATYPHI UM IOHWKEHUH JTaBJICHHUS,

- Ouodaza — 6onee 100 BUIOB MUKPOOPTaHU3MOB U TPUOOB.

AHaJIU3 COCTABA OCHOBHOM IUCIIEPCUOHHOM CPe/bl

B nanHOM moppasnene pacCMOTPUM OCHOBHBIE CBOMCTBA YIJIEBOJAOPOJOB U
PacTBOPUMBIX MPUMECEH, BXOAAIIUX B COCTaB OCHOBHON CpEJIbI.

['pynmnoBoii cocTaB yriaeBoAOpOA0OB, BXoasmux B AT, npeacTaBisior:

a) napaduHbl (aJTKaHbI);

0) nmukaonapadrHbl (IUKIAHbBI);

B) apOMaTHUYECKUE YTIEBOJOPOIbI (ApEHBI).

1.1.1. Mapadunbl

[TapadmHaMu Ha3BIBAIOTCS YTJIEBOJOPOIBI C OTKPHITON YIJIEPOJIHOM LIETbIO, B
MOJIEKYJIaX KOTOPBIX aTOMBI YIJiepoja Bcerja 4-BaJICHTHBI, CBSI3aHbI MEX]y COOOM
OJIMHAPHOW KOBAJIEHTHOM CBSI3bI0, @ OCTAJIbHBIE BAJIEHTHOCTU KaKJIOTO aToma
HaCBIIIEHBl aToMamMu Bojopoaa. llapaduHbl COCTaBIAIOT TOMOJIOTHYECKUH psif
MeTaHa 1 uMeroT obmryro hopmyny CnHon+2: CHg4 — meran; CoHg — atan; C3Hg —
npomnan; C4H10 — Oyran; CgH12 — neHTan u T. 1.

Paznuyator nmapadyHbl HOPMAJIBHOTO CTPOCHUS M M30MeEpbl (HM3omapaduHbl).
N3oMepbl — yriaeBoAOpOibl OJMHAKOBOTO XMMHUYECKOTO COCTaBa, HO Pa3IU4YHOIO
CTPOCHHUS.

[lepBblit u130Mep nosiBsieTca y OyTaHa

CHj3.
CH3 — CH2 — CH2 — CH3 - CH-CH3
CH3
H. — Oyran n300yTaH
VY neHTaHa nosiBJISIETCS YK€ 2 U30Mepa
CH3._
CH3 — CHp — CH2 — CH2 — CH3 - - CH-CHy - CH3
3
H. — nenran HU30TICHTaH
CI|LI3
CHj3 —(’lj — CHj3
CHiz
TeTpaMeTHJIMETaH

[Io mepe mepexoga K BBICHIMM 4IE€HAM psfa YHUCIO HM30MEPOB OBICTPO
BO3pacTaert.
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[Tapadunbl B 60IBIIOM KOJTUYECTBE COAEPIKATCS B HE(TH U B IPUPOTHOM Trase.
TBepapie mapaduHbl SABISAIOTCA COCTABHOW YacThi0 OMTYMOB, ac(hajabTOB, 030KEpHUTA
(ropHOroO BOCKa).

[Tpu HopManbHBIX aTMochepHbIX yenoBusx (ty = 20 °C, pg = 760 MM pT. CT.)

IIEPBBIC YETHIPE WicHa MapauHOBOTO Psiaa IMPEICTABIIOT CO00H ra3sl (METaH, 3TaH,
IpoIiaH, OyTaH); YWICHBI psaa ¢ 5-ro 1o 15-i — )KUIKoCTH, ¢ 16-T0O 1 BBIIIE — TBEPIbIC
BeEIIEeCTBA.

Kpartkas xapakrtepuctrka (U3HMYECKUX CBOWCTB MapauHOB IPEICTABIICHA B
Tabm. 1.2.

Tabmuma 1.2
®dusnyeckue CBOICTBA MapapuHOB
Xumuueckas Temmnepatypa, °C [L10THOCTS, T/cM" (IIpH
Ha3zBanue 0
dbopmyra TUTABJICHUS | KHUIICHUS temriepatype C)
MeTtan CH, -182,5 -161,6 0,416 (-161,6 °C)
OtaH CoHe -183,3 -88,6 0,546 (-88,6 °C)
[Tponan CsHs -187,6 -42.1 0,582 (-42,1 °C)
H. — Gyran C4H1o -138,3 -0,5 0,579 (-0,5°C)
n300yTaH — || - -159,6 -11,7 0,559 (-11.7 °C)
H. — nenran CsHy -129,8 +36,0 0,626 (+20 °C)
M30IIEHTaH — || = -159,9 +27.9 0.620 (+20 °C)
H. — rexcan CeHis -95,3 +68,7 0,659 (+20 °C)
H. — rentan C/Hy6 -90,6 +98,5 0,684 (+20 °C)
H. — oxtan CgHyg -56,8 +125,7 0,703 (+20 °C)

W3 ananu3a ¢puznyeckux cBONUCTB napaduHOB CIEIYET:

- yeM BbIlIE HOMep mapaduHa, TEM BBIIIE €ro IJIOTHOCTh W TemIepaTrypa
KUIICHUS;

- n3oMepu3anus napadruHOB CHIKAET TeMIIEpaTypy IJIaBICHUS U KUIICHUS.

[lo xumu4yeckuM cBOWCTBaM TapauHBl  XapaKTEPU3YIOTCS  BBICOKOM
CTaOUJILHOCTBIO: MPH OOBIYHOM TeMIlepaType HE OKHCISAIOTCA U HE pearupyror ¢
KOHILICHTPUPOBAHHOM CEPHOM KHCJIOTOM, IIEJI0YaMyd B BOJHOM pPacTBOpE; He
PacTBOPUMEI B BOJIE.

1.1.2. lInkaonapaguubl (HUKJIAHBI)

[{ukaHbl COCTOST M3 LUKJIOB, TOCTPOCHHBIX U3 MeTHIICHOBBIX rpyri (-CH)).

O6mas popmyna nuxnoankanoB CyHy,. [lukioankansl, coaepxaiiue miaTu- u
MICCTUWICHHBIC MUKl (IIUKIONICHTaH, MUKJIOTEKCAaH W WX TOMOJIOTH), COCTaBJISIOT
OCHOBHYIO MacCy HEKOTOPBIX COpTOB He(hTH (Hanpumep, OAKMHCKOH).

[lepBbie 1Ba YIeHA TUKIOATKAHOB (IIMKJIOMPOIIAH U IIUKIO0YTaH) — rasbl, CpeHue
1ukianbl (10 Cys) - xkuakocty, Beiciime ( ¢ Cig) — TBepable BeriecTsa (Tadm. 1.3).

[{ukiioankaHbl B XUMHUYECKOM OTHOIICHHH OYE€HBb MOX0XKK Ha mapadunpl. OHU
CPaBHUTEIHHO MAJIOAKTUBHBI U CKJIOHHBI K PEAKIIHSIM 3aMETICHUS.



dusnueckre CBOMCTBA MUKJIAHOB

Tabmuma 1.3

Xum. Temneparypa, °C T110THOCTB, T/cM
Hazpanue
dbopmyna | ruiaBiaeHus KUTICHUS (B JKHUIK. COCT.)
Huxnonpomnan | CsHg -128 -33 0,720
[{uxnobyran | C4Hg -90 +13 0,704
Huxmorrentan | CsHyg -93 +50 0,745
Huxorekcan | CeHyo +7,0 +81 0,779
Huxmorenran | C7Hyy -8,0 +119 0,811
[ukmookTax CgHye +15 +151 0,836

ANKUIMpOBaHUE NUKIONAPA(UHOB CYIIECTBEHHO MOHMKAET TEMIIEpaTypy HUX

TJIaBJICHUS U MOBBILIAET TEMIEpaTypy KurneHus (tadm. 1.4).

Tabmuma 1.4
Temmnepatypsl Ga3oBbIX IEPEXOI0B IUKIAHOB
XuMuueckas CtpykTypHas Temneparypa,°C
Haspanme PYKTYP parypa,
dbopmyia dbopmyia IUIABJIEHUST | KHUIIEHUS
CH, CH,
[{ukronenTan CsHyp > CH, -93 +50
CH, CH,
CH, CH,
MeTHILuKI0-
H CsHy-CH, > CH-CH, -143 +72
IIEHTAH
CH, CH,
CH, CH, CH,
e
UMETHIILNKIIO-
A 4 " CsHg-CHa-CHg el -143 +105
TIeHTaH CH, CH, CH,
CH,
MeTuinnukio- CHZO CH-CH,
CsHy1-CH -127 +101
reKCaH OH LTS CH, CH,
CH,
1.1.3. ApomaTnueckue yrjieBoaopo/abl (apeHbl)
ApeHbl — 3TO TMPOM3BOJHBICE OEH30J1a, HMEIONUE OO0 XHUMHUYECKYIO

dbopmyny ChHone

U COJEpKallle YCTOMYHMBYIO IHMKIMYECKYI0 TPYNIHPOBKY
(6€H30IbHOE KOJIBIIO).

OCHOBHBIE METOJBI MOJYYEHHUs apeHOB — CyXas MEePEeroHKa KaMEeHHOTO YTJIS
(kokcoBanue) u HedrenepepadboTka. HekoToprie copra Hedtm comepkar mo 60%
apOMaTUYECKUX YTIEBOJOPOAOB, KOTOPHIC BBIACISIOT TMPOCTOW IMEPErOHKOW WIIN
KaTAJIMTUYECKUM KPEKHHTOM.
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PononauansHukoM o01mMpHOTO psiga apeHoB saBisiercs 6en3on CgHg. CTpoenue
MOJIEKYJbl ~ OeH307la  OOBIYHO  MPEACTaBISAIOT  IUKIMYECKOW  CTPYKTYpOH,
MpeI0)KeHHOM HeMenkuM xuMukom Kekyie (1865)

CH

HC CH '
He © CH VWM YIPOIICHHO @

HC

dusnueckue cBoOCTBa

Huznime 4diieHbl TOMOJIOTHYECKOTO psifja OeH307a — OeCLBETHBIE >KUIKOCTH,
HEpPaCTBOPUMBIE B BOJIC, HO XOPOIIO — BO MHOTHUX OPTaHUYECKHUX PACTBOPUTEIIAX.
lopsaT spxkum konTsmuM I1uiamMeHeM. C  TMOBBIIIEHHUEM MOJEKYJISPHOH MacChl
YBEJIMYMBACTCS TEMIIEpaTypa KUMEHU U raBiaeHus (Tabm. 1.5).

Tabmuma 1.5
OcHOBHBIC (PU3NYESCKHUE CBOKMCTBA HU3IIMX apCHOB
XuMuuecKas Temneparypa, °C [L10THOCTE
Hazsauue dbopmyia u 3
IUIABJIEHUSA | KUIICHUS r/cM
CTPOCHHE
CeHs

Berzon @ +5,5 +80,1 0,879

CeHs(CHs)
MeTtuia0eH30:1 95 +110.6 0,867
(Tosyou) — CH,

C6H5(CH3)2
JumeTunoen3on CH
(kcmIou) | -25,2 +144,4 0,88
OPTO-KCHJIOJ @ — CH;
‘ CH,

Mera-Kcritoa -47.8 +139,1 0,864

@ o CH3

D
[Tapa-kcunon | +13,2 +138,3 0,861

CH
CsHs(C2Hs)
CZHS

OTUI0EH30I1 @ -95 +136 0,867
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XUMHUYECKUE CBOUCTBA

M3 XMMHYECKHX CBOMCTB apeHOB CIIEAyeT OCOOEHHO OTMETHTh pEaKIMU
3aMEIECHHS], @ TAK)KE HEKOTOPBIE PEAKUUU MPUCOEANHEHUS, POTEKAIOIINE B 0COOBIX
YCIIOBHSIX, U peaKkuu okuciaeHuss. OJHAKO MPU XUMUYECKUX PeakUusaxX OEH30JbHOE
KOJIBLIO HE pa3pylIaeTCs.

[IpuMepb! peaknnii NpUBEAEHBI HUXKE.

Peakuus 3amenieHus (B3auMoIeCTBUE C KUCIOTaMH)

¢} NO,
7

[ ) emo—N — [ ] +mo
<§O

66H30J‘I a30THaid HUTPO-
KHCIIOTa OeH30T

Peakiusi mpucoenuHeHUs. DTH peaklUd HE XapakTepHbl st OeH3oa u
MPOTEKAIOT TOJBKO B OCOOBIX YCIOBUSIX (BbICOKasl Temmeparypa, odmydenue Y DO,
Katanuzarop). Hanpumep, B mpuCyTCTBUM KaTanu3aTopa (ITJIaTHHA, HUKEIh WU
najuiaguid) OeH30J BCTyHmaeT B pPEakUUIO THAPUPOBaHUSA C 0Opa30BAHHEM

LUKJIOTE€KCaHa
Pt, 150°C
+ 3H, O

Peaxinu oxuciennsa

beH301 04eHb yCTOMYMB K AEMCTBHUIO OKUCIUTENEH. B TO e BpeMs rOMOJIOTH
OeH3ona okucisoTcs Jierko. [Ipu 3ToM OkMCIeHHIO ToABepraeTcs OOKOBasl LEIb;
BMeCTO He€ oOpaszyeTcsi KapOOKCHUIIbHAS TPYIITa:

CH Ol
/ 3 ot c¢o
O P SN i ~ " OH
O 2 orte | s
-H,0
BenzoiiHag

KHCIIOTa
Ha Bo3gyxe 6eH30J1 TOpUT KONTAIIUM IIJIaMEHEM

2C¢Hg +30,— 12C + 6H,0 .

B cBs3u ¢ Huszkum otHomenuem (H/C) comepxanue apeHOB B aBHAIMOHHBIX
ToIIMBax orpanndeHo 110 20...25%.

1.2. PacTBOpMMBIEe NpUMeCH

Kak ObUIO OTMEYEHO BBINIE OCHOBHAS JHCIIEPCHOHHAS cpela IMOMHUMO
B3aMMOPACTBOPHUMBIX YIJICBOJIOPOIOB COACPIKUT PACTBOPUMBIC TIPUMECH, K KOTOPBIM
otHocaT O—, S—, N- cojaepaiiue OpraHMYECKHUE COCAUHEHUS W HEMpeac/IbHBIC
YTJIEBOOPOIBI.
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1.2.1. Kuciopoacoaep:xauue npumMecu
K HUM OTHOCSIT CIUPTHI, ATBJETU/IBI, KETOHBI, KAPOOHOBHIE KUCIOTHI.
CroupTsl (a1KOroJn)

AJIKOTOJIb — YTJIEBOAOPO/, B KOTOPOM aTOM BOAOPOJA 3aMEIIEH HA THAPOKCHUI
(-OH).

[To uncy THAPOKCHIIOB CITUPTHI MOAPA3ACIIIIOTCS Ha!

- ogHoatoMuble (R-OH);

- neyxatromuble (OH-R-OH) — riukonu;

- TPEXaTOMHBIE — TJIUIEPHH.

CnupThl B3aUMOJICHCTBYIOT C METaJlIaMU, 00pa3ys ajJKorojsita

2C,HsOH + 2Na — 2C,HsONa + H, .
AJIKOI'OJIAT HATpUA

AJIKOroOnsiTa — TBEPIABIE, HEYCTOMYMBBIE BEIIECTBA, JIETKO IOJBEPTaIOIINECS
ruaponn3y. OHM o0pa3yloTcs M OpH JACHCTBUM TaKMX METAJUIOB, KaK MAarHuii,
QIIOMUHHMM, LMHK, U ABJISIOTCS OJHOW W3 NMPUYMH 3a0MBKU TOIUTUBHBIX (DUIBTPOB
aBHA/IBUTATEIICH.

[IpenenbHblE CIUPTHI JETKO OKUCHAOTCA. OCHOBHAas NpHUYMHA OJTOMY —
rUApOKCWIbHAs rpymnmna. [Ipy OKucCieHHH TNEepBUYHBIX CHUPTOB 00paszyroTcs
aJbACTUABI, a IIPU OKUCICHUU BTOPUYHBIX — KETOHBI:

qﬁ\% O
/) ~ H,50,K,Cr,0, 7
H.C-C—H +0! ——=—%' H,C—-C +IH,0
3 £ 3
N~ N\
H H
3THIIOBHIH VKCYCHBIH
CIIUPT aTh IeTH /T
H,C
H,C OH N\
N —— = O+H,0
C +0 V4
RN H,C
H,C H
M 30T POITHUITOBEIH areToH

COUPT

AJNbIEruipl ¥ KETOHbI OKUCISIOTCS 10 OPraHUYECKUX KUCIOT.

TakuM 00pa3oM, KOHEUHBIM PE3YJIBTATOM COAEPIKAHUS KUCIOPOACOIEPIKALIIX
npuMeceid B aBHAIIMOHHOM  TOIUIMBE  SIBJSIETCS  TMOBBILIEHUE  COJEPKaHUS
OpraHUYeCKUX KUCIOT U HEPACTBOPUMBIX MPUMECEH.
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1.2.2. Cepo- u a3oTcoaep:xaniue npuMecH
HenpenenpHble yrieBog0opO bl

U3 cepocoaepxainx BemiecTB B HE(TH HAXOAATCS MepKanTaHbl. MepKanTaHbl
U THO3(UpPBI — MIPOU3BOAHBIE CEPOBOJOPOA, B MOJIEKYJIE KOTOPOro OJUH WX 00a
aTOMa BOJOPOa 3aMEILEHbI YIIIEBOAOPOJHBIMU PAIUKAIAMU:

H-S-H R-S-H Ri—-S—-R;
CEPOBOJIOPOJ MepKarTaH THOAUD

Kpome wmepkantaHoB B He(TH MPHUCYTCTBYIOT CYIbQUABI, A KOTOPBIX
XapakTepHa QyHKIMOHANbHAS rpynna — S - (CynbhuaHas, THOIUpPHAs).

MoryT npucyTcTBOBaTh TakKe TUCYIHGUABI U MOMUCYIb(HUIBI, B MOJEKYIaxX
KOTOPBIX CoJiepKaTcs JBa U 00jee aTOMOB CEpbI:

R—-S-S—R'- mcymsdur, R—S—S—S—S—R' - terpacynbdua.

W3 a3zoTconepkaliux COEIMHEHUH B HE(PTU HAXOAATCS, IJIaBHBIM OOpa3oM,
JIKWINPOBAHHBIC MUPUANHBI M XUHOJUHBI.

Bpennoe BnusiHME cepo- U a30TCOJAEPKALINX COCTUHEHUM CBSI3aHO C TEM, YTO
OHU SIBJISIIOTCS KOPPO3MOHHBIMU areHTaMH, a TAaKK€ MHUIMATOPAMU OKHUCIIEHUS U
cM0J1000pa3oBaHusl B TOIIUBaX (pasnuen 3.4).

HenpenenbHble yriieBoaopoabl (0J€(pUHBI) — 3TO YIIIEBOJOPOIbI, B MOJIEKYJIax
KOTOPBIX aTOMBI yTJIEpoAa CBS3aHBI MeEXAy co00H OJHOM WM HECKOIbKUMU
nBoitHbIME cBsizamu. Hanpumep: CH,= CH, — aTunes.

["omonorndeckuii psaa onedpuHoB npeacTaBieH popmynoit CyHay.

OneduHbI 3arps3HSIIOT AaBUATOIUIMBA B MPOIIECCE UX MOMy4YeHHus u3 Heptu. OHu
HCKITIOYUTENIFHO PEaKIMOHHO-CIIOCOOHBI 3a CYET HajWuvs B MOJIEKYJIaX JIBOMHOMN
CBSI3M. XapaKTepHBl PEaKIUU TMPUCOCTUHEHHUS JPYruX aTOMOB WJIM TpyNmn B
pe3yJibTaTe pa3phiBa 7- CBS3H.

OneduHbl SBISAIOTCS MHULUATOPAMH OKUCIIEHHS TOILIMB, 00pa30BaHUs CMOJ,
HEPACTBOPUMBIX OCaJKOB U Harapa. [lo 3Toil nmpuurHe OHM yAANSAIOTCSA U3 TOILIUB B
MPOILIECCE €r0 KUCITOTHOW OUMCTKH.

KauecTBeHHast peakiusi Ha NPUCYTCTBHE HENPEICNbHBIX YIJIEBOJOPOJIOB —
oOeciBeuynBanre OpomMHONM Bojabl. KonMuecTBEHHO OCTAaTOUHOE COJEp)KaHUe
oJie()MHOB B TOTUIMBE OI[CHUBACTCS HOAHBIM YHCIIOM.

2. Ileperonka npupoJaHoOro cbipbsi — He)TH B AaBUATOIINBO
OCHOBHBIMH CITIOCOOAMHU TOJYYEHHUSI aBUATOIUIMB W3 HE(TU SBISETCSA MpsmMast
MeperoHka (MUCTUIUISAINS ) U IeCTPYKTUBHAS MepepadoTKa (KPEKUHT).

2.1. Ilpamasi neperonka HeTu

IIpsimasi meperonka — HauOoyiee MPOCTOM U CTaphli CIOCOO MEPErOHKHU
Hedtu. Ha puc. 2.1 npuBeaeHa npyuHIMIHAIBHAS CXeMa YCTAHOBKH C MHOTOKPATHBIM
HCIIapEHUEM BCEH OTTOHSIEMOM 4acTu HE(PTU B OJHON PEKTU(PUKAIIMOHHON KOJIOHHE C
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OJTHOBPEMEHHBIM OTOOPOM M KOHJCHCAIHEH mapa ¢ HECKOIBKUX TOYEK IO BBICOTE
KOJIOHHBI.

Hedts  ueHTpoOexHBIM  HAacocoM 5  TONaeTcss MOA  JaBJICHHUEM
MOCJIETIOBATEIBLHO Yepe3 TPU JUCTHILIATHBIX TEIIOOOMEHHUKA 4, TPA3COTACIUTEN 6,
Ma3yTHbIC TEIUIO0OMeHHHKHN 7 #, Harperas g0 170...180°C, moctymaer B Tpy64aryo
neub 1. Harperass B meun 10 350°C B BUjie NBYyx(ha3HOU cpenbl (Tmap + >KHIKOCTH)
He(Th MOCTYMAET B PEKTU(PUKAIIMOHHYIO KOJIOHHY 2.

Kononna npexacrasisger coO0M HHJIMHIP C PAIOM PACHONIOKEHHBIX APYT Haj
JIPYroM TOPU3OHTAJIBHBIX IUIOMIAJIOK (Tak Ha3biBaeMbIX Tapenok) 18. Kaxnas us
IJIOMIAJIOK CHa0XeHa TapoBbIM MaTpyOkoM 16, konmaukoM 14, mepearuBHOM
Tpy6oii 13, ciiuBHBIM TTOporom 15.

CHpaA

HedTh
Ta3H

4
———_——Ei 10
12 9
3

GeH3VH
40-I300C

JITDORH
100-I300C

I KeDOCHH
140-250°C

| ‘\) ~— 16
2 —— razofmp 13 _ [ 1n

T20-350°C

6

—vb Masy?

Puc. 2.1. IlpyHuunuanbHas cxeMa yCTaHOBKHU MIPSIMOM MEPETOHKU
1 - TpyOuaras neusp; 2 - peKTu(UKaIMOHHAs KOJIOHHA; 3 - BBIHOCHBIE OTIAPHbBIC
CeKIMH; 4 - TETIIO0OOMEHHHUK; S - IEHTPOOEKHBIN HACOC; 6 - TPSI3EOTACIUTEb;
7 - TermooOMeHHUK; 8 - XonmoauwinbHUK; 9 - mpuemuuk; 10,11 - Hacoc;
12 - razocenaparop; 13 - mepenuBHas TpyOka; 14 - konma4ok; 15 - cnmuBHOM mopor;
16 - mapoBoii matpy0ok; 17 - obeuaiika; 18 — tapenka

I~ !

XKunkocts nAByx(pazHOM cCpelapl 3alloJIHAET TapelKy U CTEKaeT 4epes
MepeMBHYIO TpyOKy 13 Ha HMKepaclonoKEeHHYI0 Tapesky. Ha kaxoi u3 tapenok
KUJIKOCTh BCTPEYAETCS C MOABIMAIOIIMMCS BBEPX IMAPOM, KOTOPBIA MPOCAYUBAETCS
(mMpoOyBKUBAET) Yepe3 pacTBOp, MPOXOJd MapoBble NMaTpyOku 16 B 3a30p Mexay
naTpyokamMu M Kojmaukamu 14, oOecrnedyMBarOIMMHM KOHTAKT MEXKAYy MapoM U
KUAKOCThIO. Ilpm 3TOM dYacTe MeHee JieTydero (TSDKEIOro) KOMIIOHEHTa
KOHJICHCUPYETCs U3 I1apa B KUJIKOCTh, YACTh JIETYYEro - IMEPEXOAUT U3 KUIKOCTH B
nap. B pesynbrare map, moaxoAsmuii K mapoBOMy MaTpyOKy BBIIIEPACTIOIOKEHHON
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TapesKu, OKa3bIBa€TCA 00OrallleHHbIM 00Jie€ JIETKUMH KOMIIOHEHTAMH 110 CPABHEHHUIO
C IapoM, IOCTYHAalOUMM C HIKHHUX TapeloK, a >KHJIKOCThb, CTEKarollas Ha
pacmoJOKEHHYI0O HUXKE TapelKy depe3 mMepenuBHyro TpyOky 13, oOoramena 6onee
TSKETBIM KOMIIOHEHTOM [0 CPaBHEHHUIO C JKHUJKOCTBIO, MOCTYHAIOLIEH C BBIIIE
pPAcHoJIOKEHHOW TapeiaKd. DTOT MPOLECC MOBTOPSETCA HA KaXJAOW Tapeike U, B
pe3ynbTare, Npu NPUMEHEHUU KOJOHHBI C JIOCTATOYHBIM KOJUYECTBOM TapesioK H
NpaBUWIBHOM PETYIUPOBKE pexkuMa paboOThl U MeCT O0TOOpa MO BBICOTE KOJOHHBI
CTAHOBUTCSI BOBMOXHBIM MOJyY€HUE 3aIaHHBIX (PPAKIUN IEPErOHKU HEPTH.

C Bepxa KOJOHHBI OTOMPAIOTCS TMapbl OCH3UHA, KOTOPBIE OXJIAXKIAIOTCS H
KOHJICHCUPYIOTCSI B TeriooOMeHHuke 4 u xononunbHuke §. Ilpoxons uepes
razocenaparop 12 OeH3WH MOCTyIaeT B MPUEMHHUK 9, U3 KOTOPOro 4acTh OEH3MHA
otbupaercs HacocoM 10 117151 OpOLIECHUS KOJIOHHBI.

C 60Ka KOJIOHHBI 1OCJIE MPOXOXKACHUS Yepe3 BHIHOCHBIE OTIAPHbBIE CEKIUH 3,
TEIJIOOOMEHHUKN 4 W XOJOAWIbHUKUA 8 OTOMpAalOT OOKOBBIE IMOTOHBI — JIMTPOMH,
KEPOCHH, Ta30MJIb.

Ma3zyT ¢ Hu3a KOJIOHBI MpOKaunBaeTcss HacocoM 11 depe3 TermnooOMeHHUK 7 B
Ma3yTONPUEMHUK.

B 3aBucumMocTH OT Mapku HE(TH BBIXOJ CBETIBIX MNPOAYKTOB MPSMOI
neperonku Moxet gocturath 50%, B ToM uucie 6eH3unoBoi ppaxkuuu — 20...25%,
kepocuHoBou — 15...20%, auzenbHoro Tormaa — 5...7%.

2.2. lectpykTUBHAas nepepadorka HepTH U HePTENPOAYKTOB (KPEKHHT)

Jlyis yBenuueHus: BbIX0/la aBUATOIIUB UCHOJIb3yeTcs 0oJiee coBepIIeHHas (10
CPaBHEHUIO C TMPSMOM TEPEroHKO) TEXHOJOrHs mnepepaboTKu HedTH, a TaKxKe
XUMUYECKUE TPEBPAIICHHS BBICOKOKUIIAMUX ¢pakiuuid HePTH B AePUIIUTHBIC
bpakuum.

TakumMu MeTogaMu  SBIISIIOTCS TEPMHYECKMM KPEKHHI, KaTaJUTHUYECKHUI
KPEKHUHT, pUGOPMHUHT, THAPOKPEKUHT.

KpekuHroM npuHATO Ha3bIBaTh MPOIECC PACIICINIEHNUS BEICOKOMOJIEKYISIPHBIX
YTJIE€BOJAOPOAOB, HAXOAAIMIMXCA B TSXKENBIX (PpakuusIXx HEPTH, HA OoJiee JErKue Mmoj
JEHUCTBUEM TEMIIEPATyphl, IaBJIICHUS U KaTaJIu3aTOPOB.

Tepmuyeckuil KpPEKHHI OCYLIECTBISIETCS IIPM HArpeBaHUM MasyTa [0
temmeparypst 500°C u maBmenmu 40.50 atm. IIpOAyKTaMH KPEKHHTA SBILSIETCS
KPEKUHT-0€H3MH, BbIX0]1 KoToporo aocturaet ot 30% o 70%. KpekuHr nerkoro coipbst
(kepocuHa, Ta30MIIs) MPOBOAUTCS C LIENbIO TOTY4YEHHS BHICOKOOKTAHOBBIX OCH3UHOB.

KarannTuyecknii KpeKHHI OTJIMYAETCA OT TEPMUYECKOIO TEM, YTO B 3TOM
Cllydae MpOLECC PACHICIUIEHHsS MPOTEKAET C Y4YacTHEM pa3IMYHbIX KaTalW3aTOpOB,
KOTOpBIE YCKOPSIIOT YW HAIMPABJISIIOT XOJl PEAKIUU, CHIKAIOT TEMIIEPaTypy U J1aBJICHUE
npouecca.

TIpOMBINUICHHBIA KATAINTAYECKAH KpeKuHr mpoBoast Ha 50...70°C Himke
TEPMUYECKOTO, TIpU OoJiee HU3KOM JaBjieHuu (2..3 aTM.) U TOJBKO B mMapoBoit ¢asze. B
Ka4yeCTBE KaTaln3aTOPOB MPUMEHSIOT jemieBbie amroMocuiarkarsl (4Si0,*Al,03*H,0),
CWJIMKAThl MarHus U JPyrue, ClIOCOOCTBYIOUIME pacilleruieHu 0. YToObI KaTanu3upoBaTh



15

M30MEpHU3aITUIO, IIUKIIM3AIMIO U ICTHIPUPOBAHNUE K KHCIIHIM KaTaJIn3aTopam JT00aBIISIOT
OKHCHBIC KaTanm3aTopbl HeKoTophix MeTamioB (AlMO,Cr). Dtu ke kaTaam3aTopsl
CHOCOOCTBYIOT IPEBPAILEHUIO CEPOCOEPKALINX COETMHEHUI B CEPOBOJIOPO/I.

Karanmutnueckuil KpEeKHHI, NPOTEKAOMIAN C NPUMEHEHHE IUIATUHOBBIX U
OKHCHBIX KaTaJM3aTOPOB, HOCUT Ha3BaHUE pUGOPMHUHTA.

PudopmuHT ncnonb3yroT it 00JaropaxuBaHusi HU3KOOKTAHOBBIX OCH3WHOB.
B mnporecce pudopmunra nmapaduHbl ©30MEpPU3YIOTCA U YACTUYHO PACIIETLISIOTCS.
[1060YHBIM POAYKTOM SBJISIETCSI BOJIOPO/I.

Pa3HoBUAHOCTHIO pudOpMUHTA SBISIOTCS TMAPO(OPMHUHT U IUIAT(OPMMHT.

I'mapodopMuHr mnpejacTtaBiaser coOOW  KAaTAIMTHYECKUM  KPEKUHT  C
OPUCYTCTBUEM Boaopoaa mnoxa pasieHuem 20...35 aTtMm., 0Opu TeMIeparype
430...530°C Ha OKHCHBIX Karanu3aropax. [HIpopOpMUHT TpUMEHSETCS s
yIIYYIIIEHUS] aHTU]IETOHAITMOHHBIX CBOMCTB OCH3UHOB U JINTPOUHOB.

IInargopmuHr 3akiodaercs B 00paboTke OEH3MHOBBIX (PpAKIUI BOJAOPOIOM
HaJl TUIATHHO-TIMHO3EMHBIME KaTanu3aTopamu mpu temmeparype 500°C u naBieHnn
Bojioposia 50 at™. [Tpu 3TOM BbiciIve apadUHbl U30MEPUIYIOTCS U PACHICIUISIOTCS.
Hopmanbhbie mapaduHbl TpEeBpalllalOTCs B apOMaTHYECKHE COCIUHEHHS, a BCE
CepocoepkKalIie COEAUHEHUSI BOCCTAHABIMBAIOTCA 10 cepoBojopona. OKTaHOBOE
yrcio 0OeH3MHOB noBbIaercs 10 80.

I’'uapokpeknHr 3akitodaeTcs B 00paOOTKE TSAXKEIBIX OCTAaTKOB MPSMOM
IIEPETOHKU C TEMIIEPATYPOM BBIKUIIAHUS 350...600°C BOJIOPOJIOM IIPU JABJICHUHU
110 aTt™m., Temmneparype 400°C ¢ NpUMEHEHUE KOMOMHHPOBAHHBIX KaTaJIU3aTOPOB
(QJTFOMO-HUKETb-MOJIMOICHOBBIN, aIFOMO-KOOAIbT-MOJIMOICHOBBIM). DTOT IIPOIIECC
ABJISIETCST HAmOOJiee TMPOTPECCUBHBIM JUIsl TIOJYYCHHS PEAKTUBHBIX TOIUIUB M
1o3BoJisteT nojiydats A0 60...80% ToniamBa OT UCXOAHOTO ChIPbSL.

2.3. MeToabl OYMCTKH TOILJIMBA

TomnuBa &7 aBUAIMOHHBIX TOPIIHEBBIX W PEAKTUBHBIX JBUTATENled He
JOJDKHBI COZACPKAaTh HEHACHIIICHHBIX COCTUHEHUH, CKJIOHHBIX K TMOJMMEPHU3AINHA U
00pa30BaHMUIO KayIyKOIOJOOHBIX BEIICCTB. BpeaHbIMH SIBJISIOTCS CEpOCOIepIKAIINC
COCIMHECHHUS U, OCOOCHHO, MEpKaNTaHbl M CEPOBOJOPOMA, TaK KaK WX HAIHUNC
CIIOCOOCTBYET WHTEHCHBHOMY TPOTEKAHUIO KOPPO3HMOHHBIX IPOIECCOB. JlOMKHBI
OBITH yJaJCHBI U HOPMaJbHBIC BBHICIIHE MapaduHbI, CIOCOOHBIE K KPUCTAJUTA3AINH
MIPU TIOJIOKUTEIIbHBIX TEMIIepaTypax, a Tak)Ke 4acTh apOMaTHYSCKHX COCITHHCHHM.
[ToaToMy HEe(TSHBIE AUCTWIUIATHI, WAYIIME HAa TOJYYCHHE TOTUIUB, MOJBEPTAIOTCS
Pa3TUYHBIM BUIaM 00paOOTKHU C 1ETbIO yAaICHUS TPUMECEH.

KucnorHasi ouncTka 3akiodaercs B 00OpaOOTKE AMCTHIIISITOB TOTUIMBHBIX
dbpakmuii  80..86% H,SO4, mpu 3TOM CepHUCTBIE, KHCIOPOAHBIE M a30THCTHIC
COCIMHEHHSI 00pa3ylT ¢ BOAHBIM pacTtBopoMm H,SO, TpodyHBIE COCAMHEHUS W
W3BJICKAIOTCS U3 JUCTHILISATOB; YIAISIOTCS TaK)KE BCE HETPECTbHBIC YTIIEBOIOPOIBI
1 9aCTh aQpOMATUYECKUX.

IIlesjouHasi TPOMBIBKA BKIIOYACT 0OOpaOOTKY TOIUIMBHBIX JUCTHIUISTOB
1...3% BomabiMm pactBopoM NaOH. Takoii MeTrom OYHMCTKM TpPHUMEHSIETCS IS
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U3BJICUEHUSI CEPOBOJOPOJA, O0Opa30BaBLIECrOCs IMPU Pa3IOKEHUU CEPHUCTBIX
COEIMHEHHI B mpolecce neperoHku Hegtu. Kpome Toro, mpu mieno4Hoil mpoMbIBKE
YAAISIOTCS MEPKANTaHbl U OPraHUYEeCKHE KHUCIOTHI.

[Tocne KUCAOTHOM U IIENOYHON OYMCTOK TUCTHIUISTHI OTMBIBAIOTCS BOJOW 10
HEUTPAIIbHOW PEAaKLUU CPELBL.

OuncTKka OTOENMBAIOUIMMU 3EMIISIMU 3aKJIIOYAETCS B IPOIYCKAHUM IApOB
OeH3MHa uepe3 cioi mopucToit 3emiu. JlelicTBue 0TOSNINBAIOIINX 3€MENb IPUBOJIUT K
YCKOPEHUIO NOJIMMEPU3ALUHN HETIPEAETbHBIX YIJIEBOAOPOIOB.

OuncTKa XJIOPUCTBIM LIMHKOM, IUIFOMOWTOM HATpUsl TNpPUMEHSETCS s
yJlaJeHHs] U3 TOIUIMBA MEPKAIITAaHOB.

3. IKCIIyaTallMOHHbIE CBOHCTBA AaBUAIIMOHHBIX TOIJIMB

K 3KcITyaTallMOHHBIM CBOWCTBaM IPUHATO OTHOCUTBH CIIEAYIOUIWE: TEIUIOTY
CrOpaHHs, HCHAPAEMOCTb, BA3KOCTb, CTAOMIBHOCTh, KOPPO3HOHHBIE CBOMCTBA,
HU3KOTEMIIEPATYPHBIE CBOMCTBA, BOCIIIAMEHAEMOCTD, JJIEKTPU3ALUIO.

JlanguM KpaTKyro XapaKTEPUCTUKY KaXXJIOMY U3 YKa3aHHBIX CBOMCTB.

3.1. Temuorta cropanus

Jnst oneHkn 3¢(HEKTUBHOCTH TOIUIMBA OOJIBIIIOE 3HAYEHUE HMEIOT TEeIIoTa
CropaHusi, NOTPeOHOE KOJIMYECTBO OKUCIUTENS, OOBEM M TeMIlepaTypa MPOAYKTOB
CropaHusl.

['openue TomiMBa — 3TO LIEMHAs XUMHUYECKasl peaklus OKUCICHHUS TOIUIMBA
KHCIIOPOJIOM BO31yXa, B XOJI€ KOTOPOW XUMHYECKas BSHEPrusi NpeBpallacTcs, B
OCHOBHOM, B TEIJIOBYIO C 00pa30BaHMEM ra3000pa3HbIX MPOAYKTOB PEAKIIMH.

TomuBHas cMech HaXOUTCS B KaMmepe cropanus asurarens Bcero 0,002...0,01
CEKYH/Ibl. 3a 3TO BpeMsl JOJDKHBI ObITh 3aBEPILEHBI BCE MOATOTOBUTENILHBIE MPOLIECCHI
U COOCTBEHHO Ipouecc ropeHus. lloAroroBuTenpHbIE NPOIECCHl 3aKIIOYAIOTCS B
pacHbUICHUM, HCIAPEHUM W IMEpEMENIMBAaHUM MAapOB TOPKOYETO0 C OKHUCIUTEIEM.
OnHOBpeMEHHO ¢ (U3MYECKON MOATOTOBKOM MPOTEKaeT XUMHUYECKas IOJArOTOBKA
CMECH, 3aKJIFOYAIOLIAsC B MPOTEKAHUU HAYAJIBHBIX MTPEAITIAMEHHBIX PEAKLIUN MEXTY
MOJIEKYJIaMH TOPIOYEr0 M OKHUCIUTENS, MPUBOAAIIMX K OOPa30BAHMUIO PA3IUYHOTO
POJ1a aKTUBHBIX YACTHUIL — CBOOOHBIX PAIUKAJIOB.

[TogpoObHO  (PUBMKO-XMMHUYECKHE  OCOOEHHOCTH  Tpolecca  TOpPeHHs
paccMaTpUBAKOTCS IPU U3YYEHNUH TUCHMIUIMHBI ““Teopus ropeHus u B3pbiBa .

OcTaHoOBUMCS Ha ONPEJEICHUH TEIUIOThI CTOPAHUSL.

PaznnuaroT BHICHIYIO M HU3LIYIO TETUIOTHI CTOPAHUS.

Beiciiass Termiora cropanus (H,) — Konm4ecTBO Teruia, BBIACISEMOE IPH
cropanud 1kr (unu 1) TormBa ¢ y4€TOM TEIUIOTHI KOHAEHCALIMM BOJSIHOTO Tapa
[IPU CTaHJAAPTHOU TEMIIEpaType.

B paBurarensax MNpOAYKTHl CrOpaHHs HE OXJAKIATCA A0 Ha4YaJbHON
TEMIIEPATypbl U YHOCAT ¢ c000il YacTh Teria (Harpumep, TEIUio KOHACHCAlUU MapoB
BOJbI, OOPa30BaBIIMXCS NPU TOPEHUU BOAOPOAA TOIUIMBA), MO3TOMY IPHUHSATO
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paszinyath JIB€ TEIUIOTHI cropanus: Boiciiyto (H,) u ausmyro (H,). Husmas temora
CrOpaHusi MEHbIIIE BBICHIEH Ha BEIMYMHY TEIUIOTHI KOHACHCAIIMU MapoB BOJbI. JTa
TEIUIOTa COCTaBisAeT npuMepHo 2,5 M/I7K Ha 1 Kr BoIbI.

H, = H, -2,5W, MJx/xr ,

rae W - KoamdecTBO BOJbI, 00pa3yeMoi MpU CrOpaHUM 1 Kr TOILTMBA.

Ero nerxko ompeaenuTh 1o coaepaHHio Bojgopona B TommuBe \W=9[Hq],
rne [Hr] — maccoBas 1ot Bojopo/ia B TOTLIUBE.

Jlns aBUAMOHHBIX OEH3WHOB M KepocwHOB, umeromux [Hr]=0,13...0,15
(xr Bogoponaa/kr torua), W=1,15...1,35 (Kr BOJbI/KTI TOTUIMBA).

CnenoBaTenbHO,  TEMJIOTa  KOHJEHCAIMM  IMApOB  BOJbI  COCTaBJISET
2,5*W=2.9...3.4 (MI>x/Kr TOILINBA).

TennoTra cropanusi yriieBoJAOPOAHOrO TOIUIMBAa H3BecTHOro cocraBa C,Hpy
MOKET OBbITh ONpeJielieHa C TMOMOINbI0 3akoHa ['ecca mo TeroBbIM 3ddexTam
peaKkuy pa3fioKeHUsT TOIUIMBAa Ha YriepoJ U BOJOPOJ U 3aTeM pa3AeibHOTO
CropaHusi 3TUX MPOCTHIX BemiecTB ¢ oopazoBanueM CO, u H,0.

3aTpaThl SHEPTUU Ha PA3JI0KEHHE TOIUIMBA PaBHA CTAaHJAPTHOM TEIUIOTE €ro
00pa30BaHMsI - PHTAIBITUY IT OJTHOTO KHWJIOTpaMMa TOIUIHBA.

Huzmas Tenora cropanus U TEIjioTa 00pa3oBaHMs (SHTAJIBINS) HEKOTOPHIX
TOTUTHB TIPE/ICTaBIIEeHBI B Ta0M. 3.1,

Tabmuma 3.1
Huzmias termoTta cropanust ¥ TEIioTa 00pa3oBaHus (PHTAIBINSA) HEKOTOPHIX TOIUIHB.
[I;moTHOCTH TOTIIIMB

H., I, MJIK/KT 3

HanMeHnoBanme TommBa MJT/xr | mpn 293 K P, KI/M
ITapadunb CyHyn.o (cpennee 3rauenue N=5...18) 44,0 2,1 700
Ir;I:a;bTeIH;, omepuanl C,Hp, (cpennee 3HadcHHE 43,6 17 750
ApOMaTI/I‘IeEKI/IC yraesogopoasl C,Hayne (cpemuee 411 06 850
3HaueHue N=7...10)
beHs3unbl (KepoCuHBI) (CpeHee 3HAUCHUE) 43,4 -1,9 715(778)
Meran CH,; xuakuii npu Temneparype KUTICHUS 49.6 528 429
111,4K
Meran CH,ra3 50,2 -4,65 0,716
Metunossiii cimpt CH3;OH 19,9 -7,45 793
Orunossiid cinpt C,HsOH 26,7 -6,08 789
2B(())I?op0)1 KWIKAA TIPH TEMIEPAType KHMIEHHA | y)q g 461 708
Bonopon ras 120,4 0 0,0846
VYrnepon - rpadut TBEPABIN 32,8 0 2250
bepunuii 66,6 0 1855
bop 58,6 0 2300
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CrangmapTHas TeIioTa pas3ioxeHusi (0Opa3oBaHMs) KEPOCMHOB W OCH3MHOB
paBHa
It, =-1,9 MJIx/xr .
Tennora cropanus yriepoaa ¢ obpazoaruem CO, cocraBmser 32,8 MJ[x/kr
yraepona. J{ns Bomopona - 120,4 MJIx/kr Bogopona. CiaemnoBaTenbHO, BRIpaKCHHE
JUTSI HM3ITIEH TeTuIoThI cropanus H,, Oynet nMeTs Bu

H,=32,8[C1]+120,4[H1]+it, M Ix/kr,
riae [Cr] — comepikanue yriaeposaa B (KI/Kr TOILIMBA);
[H1] - conep:xanme Bogopoa B (KI/KI' TOILINBA).
IIpumep

OmnpenenuTh HUBIIYIO TEIUIOTY cropaHus Metana CHy, SHTaNBIUSA KOTOPOTO
paBHa it=-4,65 KJ[x/kr.
Omnpenenum [Ct] u [Hy]:

*
[Co]= 12,011*1 _ 0,749 Ke yenepooa
12,011*1+1,008*4 K2 moniuea
*
[H]= 1,008*4 _ 0’151K2 6000p00a
12,011*1+1,008*4 Ke MOnausa

Torna H,=32,8*0,749+120,4*0,151-4,65=38,09 MJI>x/kr.

Pacnionaraempiit 3anac sHepruu B 6akax BC, T.e. MakcUMallbHOE KOJIUYECTBO
TeIJia, KOTOPOE MOXET OBbITh TOJIY4EHO 3a CUYeT CropaHusi TOIUIMBA, PaBHO
Mpou3BeJeHNI0 00beMa OakoB V Ha IUIOTHOCTh TOIUIMBA P W HA €ro TEIUIOTY
cropanus Hy,.

Onepeoemrxocms monausa (Hy) — KOJMYECTBO TEIUIa, BBIACISIEMOE TIPHU
cropaaui | M° TormmBa. B psie mMOCOOHiT SHEProeMKOCTh HA3BIBAIOT VOENIbHOL
obvemHot menaomou ceopanusi. OHO PaBHO TMPOU3BEACHUIO YIEILHOW MacCOBOM
TEIUIOTHI cropanus H,, Ha MIIOTHOCTH TOIJIUBA P

HV=HH*P,

rae Hy— oO0bemHas ynenbHas TerioTa cropanus, MJx/ M
H, — ynenbHas MaccoBas TerioTa cropanus, MJk/kr;
Ke
M3 .
JIns caMOJICTOB OMpENeIISIONIUM IToKa3aTeaeM SBISICTCS OO0beMHas TEILIOTa

cropanus, T.K. 00beM 6axoB BC orpanudes.

P — INIOTHOCTH TOIJIMBA

Ipumep

CpaBHUTh yhenbHYI0 MaccoByio H, u oO0wbemuyro Hy TerioTel cropanus
F&BOOGp&SHOFO H )XKHUIKOI'0 BOOOpOaa.
M

Ke

- razoo0pasnsiii Bogopoa H,=120
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- IUIOTHOCTH razoo06pasznoro Bogopoaa p=0,0846 K—ZS;
M

M

Ke

- kugkuit Bogopo (1=20K) H,=116

Ke
- IUIOTHOCTH KUJIKOTO Bojopoaa (t=20K): p=70,8 -

Jls1 KU IKoro Bo1opoaa
Hy=H,*p=120*0,0846=10,15 Mﬂ_jfc

Jlanapie Taba. 3.1 moOKa3pIBalOT, 4YTO HAMOOJBIICH MAacCOBOM TEIIOTOM
cropanus 00J1a1aeT BOAOPO, HAUMEHBIIEH — YTIepo/I.

ApoMaThuecKkue YrieBOJOpOJbl (apeHbl) MO CPABHEHUIO C aJKaHaMU U
LMKJIaHaMH 00J1aJjal0T HAMMEHBIIEH MACCOBOM TEIUIOTOW CropaHusi, HO HauOOJIbIIEH
— 00BbEMHOM.

Anann3 Ttabn. 3.1 mo3BomseT Takke CcHOPMYTHpPOBATH MYTH TOBBIIICHUS
TETJIOTHI CTOPaHUS TOTUINB:

- YBEJIHMYEHHE COJAEpKaHMS BOJOpPOJAAa B TOIUIMBE 3a CUYET THUIPUPOBAHUS
apOMAaTUYECKUX YTIEBOJAOPOJIOB;

- W30MEpHu3alMs HOPMAIbHBIX MMapadUHOB, TO3BOJISIONIAS PACHIUPUTD
JMana3oH TEMIEPaTyp >KUIKOTO COCTOSHUSI BHICOKOHOMEPHBIX MapaduHOB;

- AJKUJIMPOBAHUE IUKIAHOBBIX YTJIEBOJIOPOJIOB;

- no0aBka B TOIUIMBO BBICOKOPHEPIETHUYECKUX KOMIIOHEHTOB Ha OCHOBE
METaJUIOOPTAaHUYECKUX COCJUHEHUN W3 TPYIIbl MPOU3BOJHBIX Oopa, Oepusuims,
MarHusi ¥ aJTFOMUHUS.

3.2. UcnapsieMocTh TONJIMBA

HcnapsieMOoCTh TOIJIMBA SIBASICTCSI OJHOW M3 TJIABHBIX JKCILTyaTallMOHHBIX
XapaKTePUCTHUK, BIUSIONIMX Ha JIETKOCTh 3aIllyCKa JBUTATElIsl, MOJIHOTY CrOpaHWs,
HarapooOpa3oBaHue. McmapsieMOCTh BBI3bIBAE€T MOTEPU TOILIMBA MPU XPAHCHUH Ha
ckianax ['CM u B BBICOTHBIX MOJETAX, a TAK K€ MOXKET ObITh MPUYMHON KaBUTAIIUU B
TOIUIMBHOM CHCTEME M OTKa3a JBUTaTECIIA.

HcnapeHne — 3TO mpouecc mepexoa BEHIECTBA U3 KUIKOTO WU TBEPJIOrO
COCTOSIHHUS B ra3000pa3Hoe.

Hanbosee mHTEHCHBEH MpOIIeCC UCIAPECHUS TIPH KUTICHUH XUaKocTH. Kaxmoe
XUMHYECKOE BELIECTBO KUIUT MPHU ONPENEIEHHONW TeMIepaTrype, MpeAcTaBIsioneil
(M3UYECKYI0 KOHCTAHTY 9TOTO BEIIECTBA.

ABHAITMOHHOE TOILJIUBO 10 XUMHUYECKOMY COCTaBY IMPEACTABISIET COOON CMECh
B3aMMOPACTBOPUMBIX YTJIEBOJOPOJIOB, BBIKUIIAIONIUX B OMPEACIEHHOM JUAIa30He
temneparyp. [loaTomy ucnapsieMoCTh TOIUIMBA 3aBUCUT OT XMMHUUYECKOTO COCTaBa U
MOKET OBbITh OLIEHEHA 110 KPUBOH (paklMOHHON pa3rOHKH.

OKCMEPUMEHTAIBHO KPUBYIO (PAKIIMOHHOM pa3rOHKH TOJYYalT IMYyTEM
NepeBoJa TOIUIMBA B Map M MOCJIEAYIONIEH KOHJICHCAMU MapoB C OJHOBPEMEHHOMU
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perucTpanueld TeMrepaTypbl mapa U OOBEMHOTO TPOIEHTa OTOTHAHHOW (pakiuu
(puc. 3.1).

B TexHMYeCKMX YyCIOBUSAX Ha aBUAIIMOHHOE TOIUIMBO KpWBas (HPaKIIMOHHOMN
pasroHku 3anaércs B TabnuuyHOoM Bujae. [Ipu sToM  BBIIEISIOTCS chemyromue e
XapaxkTepHble TOuku: t; - Temmeparypa Hayana neperoHku; tyg, tso, foo, fog —
temneparypsl Beikunanus 10%; 50%; 90%; 98% romnnmBa cOOTBETCTBEHHO.

Mexnay yKka3aHHBIMM TOYKaMU KpUBOW  (PAKIMOHHOM Ppa3rOHKH U
AKCIUTYaTallMOHHBIMHU XapaKTEPUCTUKAMHU JIBUTATENS U TOIUIMBHOM CHUCTEMBI UMEETCS
OIIpelICIIEHHASA CBA3b.

Temneparypa t,; onpenenser MOTepyu TOIUIMBA HA WUCHAPEHUE NIPU XPAHCHUU B
pesepByapax ckiaaoB 'CM u npu BeICOTHBIX Ton€Tax. UeM Huke t,, TeM 3T notepu
oonpuie. Kpome Toro, temmeparypa t, XapakTepu3yeT YCJIOBUS BO3HUKHOBEHHUS
KaBUTALMM (XOJ0AHOTO KumeHus). KaButaius BO3HUKAET MpHU MaJleHUH JaBJICHUS B
KUJKOCTH HUXKE JaBJICHUS HACBIIICHHBIX MapoB U PACTBOPEHHBIX ra3oB. OOBIYHO
KaBUTAllUs BO3HUKAET HA BXOJE B HACOC, T/I€ UMEETCS Pa3PsKEHUE, U BEPOSITHOCTD €€
MOSIBJICHUSI HAUOOJIbIIIAS.

Puc. 3.1. Cxema yCTaHOBKH IS OTY4YEHUST KPUBOU (PPAKITMOHHON Pa3rOHKH:
1 - marpeBarens; 2 - kon6a ¢ TorumBoM (100 mu); 3 - TepMomeTp; 4 - XONOTUITHHUK;
S - MEpHBIN TUITUHIP

Pe3ynpTaThl uMcCHBITaHMA H300paxaroT B BUIE TIpaduka 3aBUCUMOCTH
TeMIepaTypbl KUTICHUS OT NPOIICHTA BhIKUIIAHUS (pHC. 3.2).
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Puc. 3.2. IlpumepHnast kpuBasi GpakiiMOHHOMN pa3roHku kepocuna TC-1

UeMm HmKe t,;, TEM paHble BO3HUKAET KaBUTALMS MIPU BBICOTHBIX noJiérax. [Ipu
€€ BO3HMKHOBEHHUHM MOJlaya TOIUJIMBA B JBUTATENb IMPAKTUYECKH MPEKpPALIACTCA U
MIPOUCXOJIUT OTKA3 JBUTATEIIS.

Temneparypa t;p — XapakTepu3zyeT MyCKOBBIE CBOWMCTBA ABUTATENS HAa 3TOM
ToruMBe. UeM HIbKe 3Ta Temmeparypa, TeM ObIcTpee UcnapsieTcsi U BOCIUIAMEHSIETCS
TOIUTMBO—BO3YIIHASl CMECh, TEM JIETUE 3aITyCKAETCS IBUTATENb.

Jns obneryenus 3anmycka ['TJ] mpu oTpuuaTenbHBIX TeMIEpaTypax WHOTIA
MIPUMEHSIIOT CIIEHUAJIbHBIC TTYCKOBBIE TOIUIMBA C MOHM)XEHHBIM 3HaueHueM t,. Tak Ha
camon€rax Ty-104 nna 3amycka nasurarens PJ/[-3M-500 B kadecTBe MIyCKOBOTO
TOTUTMBA UCTIONB3YIOT OeH3uH b-70 ¢ no6aBkoii 1% macna MK-8.

Temnepatypa s xapakTepu3yeT ObICTPBIN MPOTPEB ABUTATENS MOCIHE 3amycKa
U €T0 IPUEMUCTOCTb.

[IpuémMucTOCTh — 93TO CBOMCTBO JBUTraTelisl MEPEXOAUThH C PpEeKUMA
MHUHUMAJbHON MOIIMHOCTH (Majblii Ta3) Ha MAaKCUMaJbHBIM (B3JETHBIN) pPEXUM.
[TpuémucTocTh xapakTepusyeTcsi BpeMeHeM. BpeMsi mpuéMHUCTOCTH Ta30TypOUHHBIX
nsurarenen cocrapisieT 8...10 ¢, mopmHeBoro apurarend 1...2 ¢. Uem Huxke tsg, Tem
MPUEMHUCTOCTD JTydlle (a BpeMsl — MEHBbIIIE).

Temnepatypsl tyy U tgg XapakTepu3ylOT cojepKaHUE BBICOKOMOJIEKYIISPHBIX
YIJIEBOJIOPOJOB M COOTBETCTBEHHO MOJIHOTY CTOPAHUS TOTUIUB.

Uewm BbIlIe 3TH TEMIEPATYPHl, TEM TPYAHEE HUCIAPSIOTCS TsDKENble (pakiuu
TOTUTMB, HIDKE TTOJTHOTA CTOPAHUs, BhIIIE ILIMJIICHHE, Ca)Ke- U HarapooOpa3oBaHUe.

Takum 00pa3oM, TIOBBIINICHHE WCIAPSEMOCTH TOIIMBA HWMEET CBOU
MPEUMYIIECTBA U HEJOCTATKH.

[IpeumymmectBa: oOyerdaeTcss 3amyCK JBUTATENs, TMOBBIMIACTCS IMOJHOTA
CrOpaHHsi TOIUIMBA; PACIIUPSIOTCS MpPEeAesbl YCTOMYMBOIO TOPEHUS TOIUIMBO —
BO3YIIIHON CMECH.

Henocrarku: Bo3pacTarloT MoTEpH TOIJIMBA HA UCTIAPEHUE TP IKCIUTyaTalluy U
XpPaHEHUHU;  TOHMKAETCS  BBICOTHOCTh  TOIUIMBHOM  CHUCTEMBI  BCIIEJICTBUE
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BO3HMKHOBEHHUS KaBUTAIIMH; YXYAIMIAIOTCS YCIOBUS PaOOThI TOTUTMBHBIX HACOCOB U
BO3pAacTaeT uX U3HOC.

B To ke Bpewmsi, CHIIKEHHE HCTApSIEeMOCTH TOIUIMBA MPUBOAUT K YXYAIICHUIO
MIYCKOBBIX CBOWMCTB JABUTATENS, YBEIUUCHUIO HArapoOOpa30BaHUsI.

CocTaB TPUMEHSIEMOIO TOIUIMBA 3aBUCUT OT THIMA JBUraTelis, BBICOTHl U
CKOpPOCTH IIOJIETA CaMOJIETA.

Jlnst cBepx3BYKOBBIX caMOJETOB Tuma Ty-144 npuMeHSIOT TsSKEIbIE TOILIMBA
T-6 u T-8B. Jly1s1 103BYKOBBIX ra30TypOMHHBIX camoiéToB (tuma Mn-86, Un-62, Ty-
204, Un-114 u np.) npumensitor kepocunbl TC-1 u PT. OTu TomimBa sSBISIOTCS
B3aMMO3aMEHSAEMbIMHU; pa3pellIaeTcsl 3ampaBka M Jo3alpaBKa camoJiéTa J0bIM U3
ATUX TOIUIMB, a TAKKE UX CMECIMH.

Jns camon€roB ¢ mnopuiHEBbIMH aABuratensMu (AH-2, Wn-14, x-18T)
npuMeHstoTes: O0eHsuHbl Mapok b-91/115 u B-95/130, B 0003HaueHUH KOTOPBIX
nepBas nudpa 0003Ha4YaET OKTAHOBOE YUCII0, BTOPAsk — COPTHOCTb.

3.3. CTa0MJIBbHOCTH ABHATOIIUB

[Tog cTaOMIBHOCTHIO TOIUIMB TOHMMAETCAd HX CIIOCOOHOCTh COXPAaHATH
MMOCTOSTHHBIM XUMHUYECKHH COCTaB M (PU3NYECKHE CBOWCTBA B IPOIIECCE XPAHCHMS,
TPAHCTIOPTUPOBKHU U TTOAAYN B KAaMEPY CTOpPaHUS JBUTATEIS.

[Ipy naUTENHPHOM XpaHEHHWH YTJIEBOJOPOAHBIC TOIUIMBA ITOABEPTAIOTCS
aBTOOKHCIeHUIO. CKOpOCTh MpoIlecca AaBTOOKHCIICHHS TEM BBIIIE, YEM BHIIIIC
TeMIlepaTypa TOIUIUBA U COJEP>KaHUEe KUCIOPO/ia B HAJATOILTMBHOM MTPOCTPAHCTBE.

B pesynbpTaTe aBTOOKHCICHHS TOIUIMBA OOpPa3yrOTCS albJETHUIbI, KETOHBI U
OpraHUYEeCKHE KUCIIOTHI, TPUBOJISIINE K TIOSIBJICHUIO B TOTUIMBE CMOJIMCTHIX BEIIECTB,
00pa3yIouX >KUIKUE U TBEPIBIE OCAIKH.

HauGonee ycTOWYMBBI K OKHCJICHHMIO allkaHbl (TIapauHbl) U IUKIOAJIKAHBI,
HaMEHEe — HEMpeJebHbIE M apOMaTUYECKHE YTIeBOAOPOAbl. [lpu okucieHun
HETPEICNbHBIX YIJIEBOIOPOI0B TOMUMO CIUPTOB, abJACTUIOB U KUCIOT 00pa3yroTCs
3HAYUTETHHBIC KOJIMYECTBA MTOJIMMEPHBIX i CMOJIOTIOJOOHBIX BEIIIECTB.

K dakrtopam, onpenenstomumM CTaOUILHOCTh aBUATOIUIMB, CJIEAYET OTHECTH:
TEMIIEpaTypy XpaHEHUsS; COJACpKaHWE BOJBI M MEXaHWYSCKHX IPHUMECEH;
KHCJIOTHOCTb TOTUIHBA; coJiep KaHue HETpeIeTbHBIX YTIIEBOAOPOJIOB;
KaTAJINTUYECKOE ACHCTBUE METAIIOB; COICPYKAHUE CEPBI; BpeMsI XPaHCHHMS.

Ornenka CTaOMIBPHOCTH ABHUATOIUIMB IPOU3BOJUTCSA IO HAJIMYHAIO B HEM
(haKTHYECKUX CMOJI, IO TTOKA3aTeII0 TEPMUYECKON CTAOMIIBHOCTH.

dakTHYECKHE CMOJIBI — OTO MPOAYKTHI, KOTOPHIE OCTAIOTCS B BHJIE TBEPIOTO
WM TIOTYXKUJKOTO OCajJKa B CTCKJSIHHOM CTakKaHe IOCjie OBICTPOTO W TOJHOTO
BBITIAPUBAHUS U3 HETO TOIJIMBAa. B OCHOBHOM, 3TO CMOJIBI, KOTOPbIC HAXOIWINCHh B
TOIUTMBE B PACTBOPEHHOM COCTOSIHUHU, & TAaK)KE€ CMOJIBI, 00pa30BaBIIINECS B MPOIIECCE
MIPOBE/ICHMUSI OTTBITA.

BrimapuBanue kepocunoB mpoBosaT mipu t=180°C, 6ensunoB — mpu 150°C, T.e.
MIpU TeMIIepaTypax HanOoJiee MHTEHCUBHOTO OKHCJICHUS YTJICBOJIOPOJIOB, BXOISAIITUX
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B COCTaB dTUX TOIUIMB. BbImapuBaHue MmpoBOJAT JUOO0 B BO3AYIIHOM IMOTOKE, JINOO
10| CTPYEW BOJSIHOTO Tapa.
Coneprxanue oOpa3oBaBIINXCS (PAKTUUECKUX CMOJI OIIpeeIIsaeTcs Mo popmyie

x=1(G2 — G1)*100)/25,

rae 7 - KouumdecTBo (pakTuyeckux cMmoi B Mr/100 mi ToruvBa;
G; — Macca 9uCTOro CyXoro crakaHa, Mr;
G, — Macca cTakaHa CO CMOJIAMU, MT
25 — 00BeM UCTIBITYEMOTO TOILJINBA, MJL.

NHayknuoHHbIA mepuoa — 3TO Bpems (MHH.) 1O Hadaja WHTEHCUBHOTO
okuciienus 100 mu tormBa npu Beiaepkke ero npu t=100°C u naBiaeHun kucioposaa
HaJ[ TOIUTHBOM p=7 Krc/cM?,

Cxema wucneiTanusi npuBeneHa Ha puc. 3.3. 100my TomMBa HaTWBaOT B
CTEKJIIHHYIO KOJOY, KOTOPYIO HOTPYKalOT B cOCyA C Kumnsuieil Bomod. B konOy
TPEIBAPUTEIHHO MOAAI0T KHCIOPO/ MO AABICHHEM 7KIc/CM” U 3aKpHIBAIOT KpaH 4.
KonOy BblIepKMBalOT B KUIAIIEH BOJE [0 TMaJCHUS [aBJICHHUS KHCIOPOJa,
¢ukcupyemoro no manometrpy 3. IlajmeHue naBineHUsi CBUAECTEIBCTBYET O PE3KOM
YBEJIMYEHUM CKOPOCTH OKHCJEHHUS TOIUIMBA W oOpa3oBaHusa cMos. UeM OoJblie
MHAYKIMOHHBIA NEepuoj, TeM Oosee UIMTEIbHO MOXKHO XPaHUTh TOIUIMBO, TEM
cTaOusbHEE €ro CBOMCTBA MpHU NPOKAYKE IO TOIIUBHOM CHCTEME, TEM MEHbIIE

KOJIMYECTBO OCAJIKOB IIPU MNOBBLIINICHHBIX TEMIIEpaTypax.
< T

4
3

X ) X/ 0752
- J_//

8]

H:O0
(100°C)

ey «J

Puc. 3.3. CxeMa yCTaHOBKH IO ONPEICICHUI0 MHAYKIIMOHHOTO NEPUOAA:
1 - HarpeBaTesb; 2 - COCY/ C KUTSIIEH BOAOM; 3 - MaHOMETp; 4 — KpaH; 5 - koyba ¢
UCIIBITYEMBIM TOTUTMBOM

Tepmuueckasi CTaOMJIBHOCTh ONpPENENseTCs IO KOJIMYECTBY MI Ocajka Ha
100 M TommMBa, oOpa3yomerocsi Ha OyMaKHOM (UIBTpe mocie HarpeBa 50 cm’
toruBa 1Tipu  Ttemmeparype 150°C B Teuenue 4 4YacoB B MPUCYTCTBUU
KaTAJIMTUYECKON MM M TMOCTeAYIomen (priIbTpauu oXIaxJIeHHOTO TOTUTHRA.

TepMoCTaOMIBHOCTh  XapaKTEPU3yeT OKCIUTyaTallMOHHBIE CBOWCTBA TMPHU
NOBBIIIEHHBIX TEMIIEPATYpax, HANPUMEP, B MEXAaHHW3Max YIPABICHUS CTBOPKAMHU
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perynupyemoro cormia npu t=180°C, B TOMIMBHBIX KOJIEKTOpax (HOpPCaxHBIX KaMep,
o0 ryBaeMbIX ropssuuMu razamu mpu t=600...800°C.

KoHCTpyKIIMOHHBIE MaTepuanbl — METaJIbl arperaToB TOIUIMBHOM CHCTEMBI
OKa3bIBAIOT KaTamuTHuecKoe (yCKopsIollee) AEeWCTBUE Ha MPOLECChl OKHCIICHUS
TOIUIMB M O0Pa30BaHHE B HUX HEPACTBOPUMBIX CMOJHCTBIX COCIUHEHHI, OCOOEHHO
IIPU MOBBIIIEHHBIX TEMIIEpaTypax.

[Io WHTEHCHMBHOCTH OKHCJICHHS METAUIBl MOXXHO pPaCHOJIOKUTh B DSl
Pb>Cu>Sn>...>Fe>Al, 1.e. HauGoNpmUM KaTaauTHICCKHUM d(P(PeKToM 007IaTaI0T
CBUHEI] U M€/[b, HAUMEHBIINM - KEJIe30 U ATFOMUHUU.

WNurubupyromee (3alMTHOE) NEHCTBHE HA OKHCICHHE PEAKTHBHBIX TOILIHB

OKa3bIBarOT MCTAJIJIbI
V>Mo>Mg>W>Ni.

TepmookucnuTeabHasi CTaOUIBHOCTh CHIDKAETCS B MPHUCYTCTBUM CEPHUCTBIX
COEIUHEHHM, OCOOEHHO, MepKanTaHoB. B  uX TNpuUCYyTCTBUM  CHHMKaeTCs
WHIYKIIMOHHBIA TEpUoJ,, 00pa3yroTcsi HEPaCTBOPUMBIE MPOAYKTHl OKHUCICHHUSA. ITO
00CTOSITEILCTBO ~ 3aCTaBIIICT  CHIXKATh ~ MAKCUMAJIbHYIO  OKCILTyaTallHOHHYIO
TeMIiepaTypy npsmMoronssix Tomus tuna TC-1 go 100...120°C.

['unpoounniennsie U ruapupoBanusie TormBa (PT, T-6, T-8B) c Bbicokoit
CTEIIEHBIO OYMCTKM OT CEPHHUCTBIX COCAMHEHUN W HENPEIEIbHBIX YIJIEBOJOPOJIOB
MokHO mnpumensaTh mpu t=330...350°C, He omacasch o0Opa3oBaHMsI OOJBIIOTO
KOJIMYECTBA HEPACTBOPUMBIX OCAIKOB.

HexenarenbHble MOCHEACTBUS TEPMOOKHUCIEHUS TOIUIMBA CBSI3AHBI  C
HapylIEHUEM TeIUIoNepeaul U MeperpeBoM Macjia B  TOILIUBO—MACISTHOM
paauaTtope, 3a0UBKON (PUIBTPOB, OTJIIOKEHUSIMH Ha JI€TalsAX TOIUIMBHBIX HACOCOB,
M3TOTOBJICHHBIX U3 CIUIABOB, COAEPKALIUX ME/lb, CBUHEII.

3.4. Koppo3uoHHble CBOWCTBA TOILIUBA

Koppo3uss — 510 paspylieHrne METAUIOB W CIUIABOB TOJ JICMCTBUEM
oKpyxkaromiel cpeabl. Koppo3uss 00bIYHO HauWHAETCS Ha MOBEPXHOCTH METalla U B
NAJIBHEUIIIEM PACIPOCTPAHSACTCA BHYTPb, CYIIECTBEHHO M3MEHSISI HCXOIHBIC
MPOYHOCTHBIE CBOMCTBA METAJIJIOB.

N3 XUMHYECKHX COEOUHEHHH, BXOIAIIMX B COCTaB TOIUIMB, HAaHOOJIBIICH
arpecCUBHOCTBIO O0JAAAIOT COCAMHEHHS, COJEpKAIINEe MEPKANTAaHOBYIO Cepy
(MeTHIMepKanTaH, dTHIMEpKaNTaH, IPOMMIMEPKAIITaH), CEPOBOIOPO U CBOOOIHAS
cepa. Takue cepocojaepkaiiie coeAUHEHUs, Kak THO(QEHbI, TUCYIb(UIbI U Jp. HE
SIBJISIFOTCSI KOPPO3MOHHO-arpECCUBHBIMU BEILIECTBAMU, HO UX COJEPKAHUE B TOTIIIMBE
JIOJDKHO OBITh MUHUMAJIBHBIM, UTOOBI YMEHBIIIUTH 3arps3HEeHUE aTMOC(hEpHI.

N3 npyrux OpraHM4ecKuX COCIUHEHUM, KOTOpbIC SIBJISIOTCA KOPPO3HMOHHO-
arpeCCUBHBIMM KOMITIOHEHTaMH, CJIEAYET OTMETUTh OPraHUYECKHE KHUCIOTHl H
1IEJI0OYH, a TAKKE HEPACTBOPEHHYIO BOY.

[Ipoieccel  KOppO3WM  JETaJ€d W arperaToB  CaMOJIETHBIX  CUCTEM,
KOHTaKTUPYEMBIX C TOIUIMBOM M MPOAYKTAMU €0 CrOPaHusl, OAPA3ACIISIIOTCS HA ABa
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TUNA: KUAKO(DA3HYI0O KOpPpO3HMIO, TMPOTEKAIOMIyI0 B JKUAKOM  cpele, W
BBICOKOTEMIIEPATYPHYIO HJIM Ta30BYI0 KOPPO3HIO, MPOTEKAIOIIYI0 IPH BBICOKUX
TEMIIEpaTypax B Cpeie MPOTYKTOB CrOPaHUSI.

AKunkopaznasgs Koppo3usi MO MEXaHU3MY pa3pylIAOIIEro JIeUCTBUS
NoJIpa3esisieTcss Ha XUMUYECKYI0, AMEKTPOXUMUYECKYIO 1 OMOXUMUYECKYIO.

XuMHYeCKasi KOPPO3MsA HMEET MECTO HENOCPEACTBEHHO Ha YYacTKax
KOHTAaKTa TOIUIMBA C MAaTepUAlaMH JETAJIE W arperatoB TOIUIMBHOM CHUCTEMBI U
OCYILECTBIISIETCA 32 CYET XMMHYECKOIO B3aMMOJICHCTBHUSI METala KOHCTPYKIUHU C
KOPPO3MOHHO-aKTUBHOM CpEIOM B TOIUIMBE, B KayeCTBE KOTOPOM BBICTYHAIOT
CEpPHUCTBIE COEAMHEHNS, a TAK)KE MUHEPAJIbHBIE U OPTaHUYECKNE KUCIIOTBHI.

Haunbonee 4yacto XUMHUYECKOW KOPPO3UM MOJABEPraroTCs JETAIU TOIUIMBHBIX
arperaToB U3 CIUIABOB MEAM, MMEIOIIUE KaJIMHEBOE IOKPBITHME, CBHUHEL, LWHK U
ApyTHE CIIaBbl. YKa3aHHbIE METAJUIbI, B3aUMOJCHCTBYS C MEpKanTaHaMu, 00pa3yroT
MEPKAITH/]IbI, C CEPOU — CYJIbPUABIL:

Cu+2(R-H-S8) > Cu(R-S),+H,T
MepKallTaH MEpKAaIITH]T
Cd +2(R-H-S) > Cd(R-S), + HT
MEpKAaITU] KaIMUS
Cu+S— CuS
Cynbua Meau

OOpazoBaBIecss MPOIYKThl PEAKIMM JETKO OTAENAIOTCS OT IMOBEPXHOCTHU
MeTaJljia U pa3HOCSATCs MO TOIUTUBHOM crucTeme, 3acopsis GUIbTphl U yXyAlas padboTy
TOIUTMBOPETYJIUPYIOIIEH arapaTypsl.

BBuay KOppO3MOHHOM aKTMBHOCTU CEPHHUCTBIX COCIUHEHHUMN UX COJIEP)KAHUE B
TOIUIMBE orpaHuuuBaercs. Tak nns torumBa PT copepiaHue cepbl MOXKET ObITh HE
6oiee 0,1%, B ToM yucie mepkantaHoBoit — He 6osee 0,001%.

OxuciieHrue yrieBoAOpPOJIOB TOIUIMBA, WAYIlEee HaumboJiee WHTEHCHUBHO NpH
MOBBIIICHHBIX ~ TEMIEpaTypax, MPUBOJUT K 3HAUYUTEIbHOMY  BO3pPAcCTaHUIO
KHCJIOTHOCTH ToIuiMBa. OOpa3oBaBUIMECS OPTaHUYECKUE KUCIOThI U JPYTUe KUCIbIE
MPOJIYKThI PU B3aUMOJECHCTBUU C METaJUIaMH 00pa3yroT MbLIa, CHOCOOHBIE 3aCOPAThH
TOIUIMBHBIE (DUIIBTPHI U TOHKHUE IIEJIeBble KaHajbl arperaroB. Kpome Toro, Kuciele
COeuHEHMsI, 0o0pa3yroluecss B TOIUIMBE, Pa3MArdaloT W pa3pyllaloT TePMETHKHU
KECCOH-0AKOB, YIJIOTHUTENbHBIE PE3UHOBBIE MPOKIAIKH, MaHXXEThl ILTyHXKEPHBIX
HAaCOCOB M JIPYTUX PE3UHOBBIX ACTAJICH.

DJIEKTPOXMMHYECKasi KOPPO3Usi UMEET MECTO NPHU BO3ACHCTBUU HAa METAJLIBI
(crutaBbl) PacCTBOPOB 3JIEKTPOJIMTOB MJIM BIJIAYKHBIX ras3oB. IIpu 3TOM OgHOBpEMEHHO
MPOUCXOAAT JIBa INpoLecca —  OKUCIUTENbHBIA W BOCCTAHOBHUTEIBHBIM,
COMPOBOXK/IAIOIINECS MTEPEMEIICHUEM AJIEKTPOHOB B METAJLJIE U HOHOB B PACTBOPE OT
OJIHOTO y4acTKa K APyroMy.

DIEeKTpOXUMHYECKasi KOPPO3Hsl arperaTtoB TOIUIMBHBIX CHUCTEM JIBUraresei
Ha0MroAaeTcs pu OOBOJHEHUH TOTUIMBA U OKHCIIEHUU €T0 JI0 OPraHUYECKUX KUCIIOT
M OCHOBaHUM, CIOCOOCTBYIOMIMX YBEIWYEHUIO AJIEKTPONPOBOJHOCTH TOIUIMBA.
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DNEeKTPOXUMHYECKOMY Pa3pylICHUIO MOABEPKEHbl CTaldd, OpOH3bl, JIATYyHH,
TIOPATIOMUHUNA U APYTHE CIUIaBbl. DTOMY BUY KOPPO3HH CIIOCOOCTBYET HAPYIICHHUE
3aIIATHOTO OKCHUJHOIO CJIOS MeTaula W JAeiCTBUE €€ HaOMoJaeTrcs B BHIE
OTJIENbHBIX MATEH P>KaBUYMHBI, MECTHBIX MOTEMHEHUN U HETTTyOOKHX OYarosB.

buoxummnyeckasi KOppo3usl CBsI3aHA C JKU3HEACITEIBHOCTHIO B PEAKTUBHBIX
TOIUIMBAX Pa3jJU4HbIX MHUKpoopraHu3moB (cBbime 100 BupoB Oakrepuil, rpuOKOB,
cnop u japyrux). [lurarenbHOl cpemoil st HUX CHOyXKaT YIJIEBOJOPOIBI.
CnocoOCcTByeT pa3BUTUIO MHUKPOOPTAHM3MOB Halu4he BOABI U YMEPEHHBIX
MOJIOKHUTEINIbHBIX TeMIepatyp B npeaenax +15 ... +35°C.

OpraHnyeckue M JpYrue€ KHUCIOTHI, BBIIEISIEMbIE MUKPOOPraHU3MaMH B
MIPOLIECCE KUBHENEATEIbHOCTH, BBI3BIBAIOT KOPPO3UIO METAUIMYECKUX CTEHOK
TOIUTUBHBIX OaKOB, pa3pylIeHUE TEePMETHKA, CIIOCOOCTBYIOT 3a0MBKE TOILTMBHBIX
¢unpTpoB U (GOPCYHOK NPOAYKTaMU Kopposuu. [ OOppOBl € pa3BUTHEM
MUKPOOPTaHM3MOB B  TOIUIMBO  J00aBise€TCd MUKPOOMOLMIHAs  MpUCAJIKa,
ABJIAIOIIASACA OJHOBPEMEHHO U MPOTHUBOBOJOKPUCTAUIM3ALUOHHONW  KUAKOCTHIO
(IIBKX) — xuakocts «M1-M». 3a pyOexoM B KadecTBE OaAKTEPUITUAHON MTPUMEHSIETCS
NpHCcaKa, U3rOTOBJICHHAs HAa OCHOBE O0pa.

I'azoBasi koppo3usi TMpeACTaBIsieT COOOM  XMMHYECKYI0  KOPPO3HIO,
IIPOTEKAIOIYI0 B Ia30BOM Cpelie IPU BBICOKMX Temreparypax. ['a3oBoil koppo3uu
MOJIBEPIalOTCsl KapoBble TPyObl Kamep CropaHus, COIJIOBbIE M pabodue JIOMaTKu
ra3oBbIX TYpOUH, 1€TAIU PEAKTUBHBIX COIEN.

B  pesymbraTe ra3oBOoM  KOpPpPO3MM ~ MOTIYT  NPOXOAUTH  IPOLECCHI
00e3yriepoxuBaHus (M, Kak CIEACTBUE, PA3yNPOYHEHUS) YIIIEPOAUCTBIX CTaleu Mo
MEXaHU3MY:

Fe;C+0,—> 3 Fe+CO,
FesC + H,0 -3 Fe +CO +H, T

XUMHUYECKHE TPOUECChl NpPHU MPOTEKAHWU Ta30BOM KOPPO3UM CBSI3aHBI C
MPUCYTCTBUEM B MPOAYKTax cropaHus coenuneHuit cepsl SO, , SOz u Hatpus Na,O,
a TaK»Ke COeIMHEHUI BaHA/IUs U MOJIMOIeHa.

[Ipu Temneparypax Bbime 800°C  HHKEIb, COCTABISIIOIIMI  OCHOBY
’KApOIPOUYHBIX CIUIABOB, MPHU B3auMozeicTBUU ¢ SO, o0pa3yeT CepHUCTHIN HUKENb
(NiS), xoTopblii oOTjaraeTcs 1O TpaHUIAM 3€PeH M CHOCOOCTBYET pPa3BUTHIO
MEXKpPUCTAJUIMTHOM Koppo3uu. [lpu Oonee BBICOKOW TeMIepaTrype MOXKET
obpaszoBbiBatbes cynbdua Hukens (NipS;), marommii ¢ HUKEIeM JIETKOIIABKYIO
3BTEKTUKY (t m1.=625°C), 4TO NPUBOJUT K CHUKEHUIO MPOUYHOCTHBIX XapaKTEPUCTHUK.

[TpucyTrcTBHEe MoONMOAEHA CHOCOOCTBYET MOTJIOLIEHUIO CILIABOM KHCIOPOJA.
Oxucen MyO; nerkoneryu (t mr.= 750°C); ero ucnapeHue paspymiaeT 3alUTHYIO
OKHCHYIO TUIEHKY M OTKPBIBAET JOCTYI K METaJUly HOBBIX MOPLUNA FOPSYUX Ta30B.

[IpucyTcTBHE B TOIJIMBAX CJICAOB BaHAAUS M MOJUOEHA TaK)Ke CIIOCOOCTBYET
Pa3BUTHIO Ta30BOM KOppo3uu. [lomanas Ha MOBEPXHOCTH CTAJIEN MATUOKUCH BaHAIUS
(V,05) 00pasyer JerkoriaBKue COSTUHCHNUS, TIPUBOJISAIINE K Pa3PYIICHUIO CTATBHBIX
YKapOIMPOYHBIX KOHCTPYKIIHM:
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4V + 502 —> 2V2O5
V7,05 + Fe ->V,0, +Fe O
V204 + Og —> V205

Koppo3noHHbIE CBOMCTBA aBUATOIUIMB OLICHUBAIOT 10 MCIBITAHUIO HA MEJIHOU
IUTACTUHKE, KOJIMYECTBY CEphl B TOIUIMBE, COJIEPKAHUIO MEPKANTAaHOBOU Cepbl,
KHUCIIOTHOCTH.

[Ipy HCHIBITAHMU HA MeTHOM MJIACTHHKE CTAaHIAPTHYIO IUIACTUHKY U3 YUCTON
ANEKTPOJTUTUYECKON MENM BBIICPKUBAIOT B TOIUIMBE B TEYEHHE 3-X 4YacOB IMpH
t=50°C. [losiBeHre Ha MJIACTUHKE YEPHBIX, TEMHO-KOPUYHEBBIX WIIU CEPO-CTATBHBIX
HAJETOB W TATCH YKa3blBACT HA COJEpPKAHUE B TOIUIUBE AKTHBHBIX CEPHHUCTHIX
coenuHeHnid. [Ipyn OTCYTCTBMHM W3MEHEHHMs IBETA IUIACTHHKH TOIUIMBO CUWUTACTCS
BBIJICPKABIIIUM HCITBITAHUE.

KoauvecTBO cepbl B TOIUIMBE ONpeseisieTcs myTteM cxkuranus 1,5....5,0 M
TOIUTMBA ¥ U3MEPEHUHU 00beMa 00pa3yIoIIerocsi CEpHUCTOTrO aHTHAPUIA.

Coaep:xaHue MepKANTAHOBOH cCepbl OMNPEEISeTCS IyTeM TUTPOBAHUS
UCIIBITYyeMOro o0paslia ToIliuBa amMmuadHbiM pactBopoM CuSO,. Ilpu sTom
MEpKaITaHbl MPEeBPAIAIOTCS B MEPKANTHUIBI, BHITAIAIONINE B OCAJOK U OTICISIEMbIC
(buUIBTpOBaHUEM

2 RSH + [CU (NH3)2]SO4 —> CU(RS)2 + (NH4)2 SO4 .
MEpPKAITH]T MEIN

[Ipy wucnbITAHUM Ha KHCJIOTHOCTH OIPEACICHHBIH 00BEM TOIUIMBA
00pabaThIBAIOT KHUIISIIIUM STUJIOBBIM CHUPTOM, KOTOPBIA PACTBOPSIET OpraHUYECKUE
KUCJIOTHL. [lo/y4eHHYI0 BBITSDKKY OTTHUTPOBBIBalOT pacTtBopoM KOH. KucinotHOCTh
BbIpakatoT B kosmuectBe Mr KOH, tpeOyromuxca nns nHeurpanmuzauuu 100 mo
TOTUTHBA.

3.5. HuzkoremneparypHbie CBOMCTBA

[TonmxeHne TemMneparypbl TOIUIMBA BBI3BIBAET HEMPEPHIBHOE MOBBIIMICHUE €T0
Bs3KoCcTU. [lpu 3TOM HamOOMIBIIEH BI3KOCTHIO O00JIAAIOT  apOMATUYECKHE
YTIIEBOAOPOIbI, HAMMEHBIICH - Tapo(PUHOBO-IIMKIIaHOBEIE. [Ipokayka BEICOKOBS3KUX
TOIUTMB TI0 TOIJIMBHOH CHCTEME CaMoOJieTa COTPOBOXKIACTCS  BBICOKMMH
TUAPABIMYCCKUMH TIOTEPSMH, YMEHBIIEHWEM IPOU3BOIUTEIHPHOCTH TOILTUBHBIX
HAaCcOCOB, CHIDKCHHMEM KadeCTBa paclblla M HCIAPEHUs TOIUIMBA TPHU IT0Jade B
KaMepy CrOpaHwsl.

Kpome Toro, mpu CHIKECHUHM TeMIIepaTyphl TOIIMBA MPOUCXOIUT 00pa3oBaHuE
KPUCTAJUIOB YIJIEBOJOPOJOB WiU JbAa. llpw 3TOM duibTpyromas crnocoOHOCTb
TOTUTMBHBIX (PUIIBTPOB YXYIIAETCS BIUIOTH J0 3a0MBKU (PHIIBTPOB M TPEKPAIICHHUS
M0/Ta4M TOTUIUBA K (POPCYHKAM.

O HU3KOTEMIIEpaTypHBIX CBOMCTBAX TOIUIMBA CYIAT IO TEMIIEpaType
MMOMYTHEHHS, KPUCTAIITU3AIIHH.
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Temneparypa nmoMyTHeHHsI — 3TO TeMIEpaTrypa, IPU KOTOPOM TOIUIMBO
HAaYMHAET MYTHEThb BCIEICTBUE BBIICICHUS MUKPOCKOIMWYECKUX KPUCTAJUIOB JIbJA
WJIU YTJIEBOJIOPOJIOB.

Temnepatrypoil KpHCTAIM3ALMHA HA3bIBAIOT MAKCUMAJIBHYIO TEMIIEpaTypy,
Ipy KOTOPOM B TOIUIMBE TNOSIBISIOTCS  TEPBBIE  KPUCTAUIBI, BUIUMBIE
HEBOOPYKEHHBIM IJ1a30M.

Temnepatypa kpucramiuzanuu oreuectBeHHbIX TomuB TC-1, PT cocraBnsier
—60°C.

3.6. PacTBopuMOCTH BOJbI B TOILIUBE

PacTBOpUMOCT, BOJBI WM TUTPOCKONMUYHOCTh B TOIUJIMBE 3aBUCHUT OT
XMMHMYECKOTO COCTaBa, MOJIEKYJSIDHOTO Beca  YIJIEBOJIOPOJOB, BJIAXKHOCTH,
TeMIrepaTypbl U aTMOoc(epHOro JaBiieHHus. Pa3nudaror oOpaTUMyr0 U HEOOPATUMYIO
TUTPOCKONMUYHOCTD TOILIUB.

[Ton HeoOpaTMMOM T'HIPOCKONMUYHOCTBHIO TMOHMMAETCS IOIJIOIICHUE BO/IbI
TOILJITUBOM, CBA3aHHOE C 00pa30BaHUEM YCTOMYUBBIX XUMHUECKUX COCTMHEHUIN BOJIbI
M KOMIIOHEHTOB TOIUIMBa. B 3TOM ciydae BoJa HE BBIAEISIETCS B CBOOOJHOM
COCTOSTHUU JIaXe TIPU PE3KUX KOJICOAHUSIX TEMIIEpaTyphl U JABJICHHUS.

O0parumMasi TUTPOCKONMMYHOCTH ONPEACISIETCS CIOCOOHOCTHIO TOILJIMBA
MOIJIONIATh BOJAY W BBIICIATH €€ B BHUAE OTACHbHOM a3pl mpHu KOJICOAHUSIX
TeMIepaTyphl U JaBJICHUS.

MexaHu3M TOTJIOMIEHUS] BOABI MPH 00OpaTUMON TMTPOCKOIUYHOCTH CBSI3aH CO
CITOCOOHOCTBIO BOJIBI 3AIIOJTHATH MEKMOJICKYJIIPHOE IMPOCTPAHCTBO 0€3 XMMUYECKOTO
B3aumojeiictBus. Komebanusi temmeparypbl OyAyT MEHSTH MEKMOJIEKYIISPHBINA
00bEeM M TIOTJIONICHHAs BojJia OyIeT IMOO BBITECHATHCS U3 HETO, MO0 3aIOIHSATS.

KosimyecTBO BOJBI, PACTBOPEHHOE B TOIUIMBE, COIJIACHO 3akoHY ['eHpu
onpeessieTcss ypaBHEHUEM

C= CMax P/PHam

raie C — KOHIEHTpalus BOJbI B TOILJIUBE;

Cyuax — MaKCHUMaJIbHO BO3MOXKHAsi KOHIIEHTpAIMs BOAbI B TOIIMBE MPHU JaHHOU
TeMrneparype;

P — mapumansHOE AaBieHUE MapOB BOJBI B BO3AyXe (aOCOMIOTHAS BIaXKHOCTb);

Pu.c — JaBlIE€HHE HACHIIIEHHOTO Iapa BOJALI IpPU TEMIIEpaType pacTBopa
(MakcUMalibHas BJIAKHOCTH).

Otnomenue P/P,,. Ha3pIBaeTCd OTHOCHTEIBHOM  BIIAXHOCTBIO. [lpwm
MOBBIIIEHUN BJIAXKHOCTH BO3/lyXa KOJUYECTBO PACTBOPEHHOW BOJIBI BO3PACTAET U
nocturaet Mmakcumyma mpu 100% BIakHOCTH.

[Ipy NOHMKEHMM TEMIIEpaTypbl OTHOCUTENIbHAS BIIAXKHOCTh  BO3JyXa
YMEHBIIIAETCS, TUTPOCKOMUYHOCTh TOIUIMB TAaKXke€ CHUkKaeTca. [Ipu 3ToM MoseKybl
BO/IbI, BBIJICTISIIOMINECS U3 MEKMOJEKYJISIPHOTO TPOCTPAHCTBA YACTUYHO UCIAPSIOTCS
B HAJTOIUIMBHOE IMPOCTPAHCTBO, & OCHOBHAS YacCTh BBIACISIETCS B BHUJIE dMYJIbCHU
tuna ‘“Boga B TorumBe”. Ilom BiOuMgHMEM TeMIeparypbl, MEXaHUYECKOTO
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NEePEeMEIIMBaHUSl MHUKPOKAILIIM 3MYJIbCHOHHOW BOJBI KOAryJHpyIOT, T.€. 00pa3yloT
Oojiee KpymHbIE Karsid BOJbI B TOIUIMBE. Ha ompeneneHHON cTaguu yKpYITHEHUS
Kameiab BOJBl HAYMHAETCA €€ OTcTauBaHue. Takod mpolecc 00pa3oBaHMs
AMYJIBCHOHHON BOJBI MPOUCXOIUT B Oakax JieTaTENbHBIX ammapaTtoB mpu Habope
BBICOTBI, W BBI3BIBACTCS OH CHIKEHHEM BIIAJKHOCTH BO3/yXa, [aBIICHUS H
TEMIIEpaTypbl B HAATOIIMBHOM IIPOCTPAHCTBE.

[lonmxenue temrepaTypbl TommmBa Hmwke O0°C  MOXET NpHBECTH K
IOPEBPAILICHAIO 3MYJbCHM BOJIBI B CyCHEH3MIO JbAa. llpm BbICOKOH yucTOTE
3alpaBiIEMOr0  TOIUIMBA  OMYJIbCHOHHAs  BOJA  MOXET  HAaxOIWUTHCS B
nepeoxynaxaeHHoM (10 —40°C) cocrossHuu. OOpa3oBaHue JibJJa B 3TOM cllydae
IIPOUCXOIUT INPU BCTpEUYE Kalelb NEPEOXTaXKICHHOM BOJBI C CETKOW TOIJIMBHOIO
¢uibTpa, YTO NMPUBOAUT K 3a0UBKE (PUIBTpA, MPEKPALEHUIO MOJAa4YM TOIUIMBA U
BBIKJIFOUCHHUIO JIBUTaTEIs.

Jns npenynpexaeHuss o0pa30BaHUs KPUCTAJIIOB JIbJIa B TOTUIMBE MPUMEHSIOT
KOHCTPYKTUBHBIE U (PUZUKO-XUMUYECKUE METO/BI.

KoHCcTpyKTHBHBIE MeTOABI IPEAYyCMAaTPUBAIOT MOJOTPEB  TOIUIMBHBIX
¢unpTpoB TpuM UX 3a0uBKe JbAOM. llogorpeBarenu TOIUIMBHBIX (UIBTPOB
YCTaHOBJIEHBI HA COBPEMEHHBIX OT€YECTBEHHBIX U 3apyOEKHBIX CAMOJIETaX.

POu3MKO-XUMHUYECKHe METOAbI IPETyCMaTPUBAIOT:

- BIIPBICK )KUJKOCTEH, paCTBOPSIOUINX KPUCTAILIBI JIbJIa HA (PUIIBTPE;

- BBIMOP@XMBAaHUE TOIUIMBA C MOCIEAYIOIIEH (QUIbTpaled U yAaleHUueM
KPHCTAJUIOB JIbJA IPH MOATOTOBKE TOIUIMBA K 3aIIPABKE;

- BBEJECHUE B TOIUIMBO CIIEHUAIIBHBIX IPUCATOK, PACTBOPUMBIX KAK B TOIUIMBE,
TaK 1 B BOJIe ¥ 00pa3yIolux B pacTBOPE ¢ BOAOW aHTU(DPU3.

B kauecTBe TakMX NPHUCAJOK HA OTEYECTBEHHBIX CAMOJIETaX MPEAbIIYIINX
nokonennit (Ty-154, Un-62, Wn-18, Ty-134 wu T.1.) nonyuyusna NpUMEHEHHE
MPOTUBOBOJOKpUCTAIM3AMOHHAs KUAKOCTh ([IBKXK) mapku “U-M”. Ona coctout
u3 stuneio3onbia (50% mace) u Mmeranosa (50% Macc) u 106aBsieTCsl B TOTUIMBO
npu 3ampaBke B kommdectBe 0,1-0,15% B TmiatensHO mepeMemiaHHOM BUJIE.
Konkpetnoe konmuectBo godasmsiemoir [IBKIK “HU-M” 3aBucut oT Thma camoJiera,
MPOJIOJDKATENLHOCTH  peiica, TeMmepaTrypbl BO3JyXa B a3pomopTy BbUIETA H
OTIPENEIIAETCS HOPMAaTUBHOW JOKyMEHTaluen o 3amnpaske BC.

3.7. 3arpsi3HeHHe aBHALIMOHHBIX TOILUIUB

OCHOBHBIMM HMCTOYHHUKAMH 3arpsi3HCHHN TOIUIMB SIBJSIIOTCSL  MaTepHUalbl,
BEIIIECTBA U CPEAbl, KOHTAKTUPYIOIINE C TOILUIMBOM. TakuMu 3arpsi3HEHHUSIMA MOTYT
OBITh: MHHEpaJbHBIE MPUMECH, TMOMAJAIONINE B TOIUIMBO W3 MepepadaThiBaeMon
HepTH; TPOAYKTH KOPPO3MHM W HM3HOCA TEXHOJIOTMYECKOTO, TPAHCIOPTHOTO U
CKJIQZICKOTO O00OpYyIOBaHUS TPU TMPOU3BOJCTBE, TPAHCIOPTUPOBKE M XPaHECHUU
TOIUIUB; 3arpsi3HEHUs, MOMAIAI0NIME B TOIUIMBO U3 BO3yXa yepe3 “‘NbIXaTelabHYyIO
CUCTEMY pPE€3epBYapoB U JAPCHAKHYIO CHUCTEMY TOIUIMBHBIX OaKoOB;  MPOIYKTHI
OKHCJICHUS] HECTaOUJIbHBIX KOMIIOHEHTOB TOIUIMB, TMPOIYKTHl KOPPO3UM JeTayieH
TOIUIMBHOW anmnaparyphl.
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Pe3ynpTaThl CIEKTPaIbHOTO aHAIM3a TBEPABIX YAaCTHULl B TOIUIMBE MOKAa3bIBAET,
YTO B MX COCTaB BXOJAT Takue 3eMeHThl, kak Si, Fe, Cu, Sn, Pb, Mg, Al, Zn, Cr, Ni,
Ti, Mn, P u np. ®opma u pasmep 4YacTull 3arpsA3HCHUNA PAa3TUYHBl U HAXOASTCS B
npeaenax or 1 nmo 40 Mxkm. Bosblmime mo pasmepy 3arpsi3HEHHsS YAAIAIOTCS IPH
MHOT'OCTYII€HYaTON (PUIIBTPAIIMK TOILJIMBA IIPU €ro MOAroTOBKE K 3anpaske BC.

Mukpo3arpsi3HeHHsT B YCIOBHUSX OKCIUTyaTallMd MOTYT HIPUBOJHUTH K
3aKJIMHUBAHUIO NPEHU3MOHHBIX  30JOTHHKOBBIX Iap  TOIUIMBOPETYJIHPYIOIIECH
anmnaparypbl, IOBBIIIATh aOpa3MBHBIA M3HOC J€Tajlel TOIJIMBHBIX arperaTos,
MHTEHCU(PULIUPOBATh KOPPO3HUIO TOIUIMBHOTO 00OPYI0OBAaHUS U MPOLIECCHI OKUCIIEHUS

YIJICBOAOPOOOB.
HOBTOMy K 4YHCTOTC PCAKTUBHBIX TOIUIMB IIPCABABIIAIOTCA  BBICOKHUC
Tpe6OBaHH5[ — COOCPKAHHNC MCXAHHUYCCKUX HpHMeceﬁ B COOTBCTCTBHUHN C

Poccuiickumu HopMaTuBaMu 107KHO ObITH He Oosee 21/T (0,002% macc).

Takas d4uWcTOTAa 3amMpaBiIseMOTO TOIUIMBA  JOCTUTACTCS  JJIUTEIHLHBIM
OTCTaWBaHUEM TOILIMBA B pe3epByape (He MeHee 4 4acoB Ha | METp BBICOTHI HAJIMBA
TOIUTMBA), TMPUMEHCHHEM TPEXCTYIMEHYATONH CHUCTEMBbI (DUIBTPAMHA TOIUIMBA TIPH
MOATOTOBKE €ro K 3ampaBKe dYepe3 CHCTeMy GUIBTPOB C IOCJIEIOBATEIHHO
yMEHbILIAIOWENCS TOHKOCThIO (priibTpanuu: 20Mk, 10MK, 3MK.

Kpome Toro, wuCmomb3yercst 3akppiTas 3ampaBkKa TOILNIUBHOW CHCTEMBEI,
YCTaHOBKA BO3AYIIHBIX (DUIBTPOB B APEHAXKHYIO cUCTeMY, nepuoanyeckas (1 pa3 B
roJl) 3a4MCTKa Pe3epPByapOB XpaHEHUS TOIJIMBA OT HAKOTIMBIITUXCS 3arpA3HEHUH.

3.8. HarapooOpa3yiomue cBOiicTBa TOIJIMB

[Ipu  cropanum  yrieBOAOpPOJOB  TOIUIMB  OOpa3ylTCs  TBepIble
TOHKOJIMCIIEPCHBIE YAaCTUILIbI, OJIM3KUE MO COCTaBY K yriaepoay. YacTb 3TUX 4acTHIL
YHOCHUTCSI C IPOJYKTaMH CrOpaHusi B BUJE JIbIMA, JIpyras 4acTb OCENAeT B BUJE
Harapa Ha CTEHKax >KapoBbIX TPyO Kamep CropaHusi U, OCOOEHHO, B 30HE BBOJA B
KaMepy CropaHusi NEPBUYHOrO BO3Ayxa. TodIMHA Harapa B 3TOH 30HE MOXET
NOCTUTaTh 3-4 CM.

CocTaB M UBET Harapa 3aBUCHT OT XMMHMUYECKOTO COCTaBa TOIUIMBA, PEKHUMA
pabOThI IBUTATENS U TEMIIEPATYPhI J€TaIEH.

OTnoxeHue Harapa Ha CTEHKAaX >KApOBbIX TpyO MNPUBOAUT K CHUKEHHUIO
TEIJIONPOBOAHOCTH, BOBHUKHOBEHUIO TEMIIEPATYpPHOIO I'PaJUEHTa, MPUBOJSAIIEIO K
0o0pa30BaHMIO  MECTHBIX  TEMIIEPATypHBIX  HaIpSKEHUH, KOpPOOJEHUIO U
pacTpeCKUBAHUIO CTEHOK >kKapoBbIX TpyO. Kycouku Harapa, OTpbIBasiCh OT CTEHOK
TpyO, BBI3BIBAIOT MOBPEXKICHHUS JOMATOK TypOuH. Harapsl Ha TOMIMBHBIX (hOpCyHKaX
YXYALIAIOT Pacibll TOIJIMBA, UCKAXAOT (POHT U CTPYKTYPY IUIAMEHU U MOTYT OBITh
MPUYUHOM MECTHBIX MPOTApOB KAPOBBIX TPYO.

JUis OLEHKM CKJIOHHOCTH TOIUIMBA K OOpa30BaHMIO Harapa HCIOJb3yeTcs
CTaHJapTHAs KEPOCUHOBas Jlamna. J[JIuHa miamMeHu B MOMEHT o0Opa30oBaHHs KOTIOTH
npuHUMaeTcs 3a TOUKY abimieHust (h). Uem Beie Touka JpIMIICHHS (BBICOTA HE
KOMNTAILLErO IUIAMEHHU), TEM MEHBIIE CKIOHHOCTh TOIUIMBA K HarapooOpa30BaHUIO.
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3aBUCUMOCTh TOYKM OT TPYIIIOBOIO COCTaBa YIJIEBOJAOPOAOB  BbIpaKaeTcs
YpPaBHEHHEM
h=0.4811+ 0.3211 + 0.20A,

rae h— touka IBIMIICHUS, MM;
I, I, A — coxepxanue mapadUHOBBIX, ITUKIAHOBBIX W apPOMATHUYCCKHX

YTJIEBOAOPOJAOB B MAaCCOBBIX MPOLEHTAX.

To ectb HauOosblliee BIMAHME Ha O0O0pa3oBaHUE Harapa OKa3bIBAIOT
apOMaTUYECKHUE YIIIEBOAOPOIBI.

NHTEHCUBHOCTh CBEUCHHS IUIAMEHM I[PU TOPEHUU PEAKTUBHBIX TOILUIWB
OTMpeeseTCs JJIOMUHOMETpUUECKUM unciiom (JIY).

B cootBercTBUM ¢ 3apyOeXKHbIMU cHelUUKAIUSIMU HArapooOpaszyrome
CBOMCTBAa TOIUIMB IIUPOKOTO (PPAKIMOHHOTO COCTaBa OIEHWBAIOT HHAEKCOM
AbIMJIEHHS U JIETY4eCTH, KOTOPBIE OMPenesatoTcs no Gopmye

WJUI = h + 0.42X,

rae h — Todka IBIMIICHHS, MM;
X — xkonuuecTBO (pakuuii B %o o0bema, Beikumnaromumx a0 204.4°C.
Takum oOpazom, MJIJI cBs3bIBaeT TOYKY JBIMIICHHS U XapaKTEPUCTHKY
MCIIapsiEMOCTH TOILJIUBA.

3.9. DyekTpu3anus TOIIHBA

Yucroe TOIIMBO - XOPOWIMA JUANEKTPUK M XapaKTepU3yeTcs HU3KON
AIEKTPOINPOBOIHOCTHIO.

[Tpu TeyeHuH TOMIMBA BCJIEICTBUE BHYTPEHHETO TPEHUS B 00BbEME KUIAKOCTU
HAKaIUIMBAIOTCA 3apsiibl CTaTHYECKOro 3JjeKkrpuyecTBa. CKOPOCTh HAKOIUICHHMS
3apsa BO3pAcTaeT IPU YBEJIMYEHWHW CKOPOCTH TEYEHHUS TOIUIMBA M TOBEPXHOCTH
TpeHus.. B cBsi3u ¢ 3TUM HauOOJBIIMM 3apsii HaKalUIMBaeTCsd B TOIUIMBE IOCIE
npoxoxaeHus @uipTpa. YacTe 3TOro 3apsga yXOIUT Uepe3 IOBEPXHOCTh
3a3eMJIEHHOTO (uibTpa B 3emino. Jlpyras ke, OCHOBHAsl 4acTb, BCICJACTBUE MaJon
AJNIEKTPOINPOBOIHOCTH HakarumBaercss B Oakax BC, co3maBas ycnoBus i
BOCIIJIAMEHEHUS NTApPOB TOIUIMBA OT 3apsi/ia CTATUYECKOTO AJIEKTPUUECTBA.

JInst yMeHbILIEHUsI 3JIEKTPU3ALMH TOIUIMB YMEHBIIAIOT CKOPOCTh (PUIIbTpaLUH,
YCTaHABJIMBAIOT HrOJIbYAThIE HEUTPATM3aTOpPhl  CTAaTUYECKOTO  3BJIEKTPUYECTBa
(MHCOT) HemocpeACTBEHHO Tociie  (QUIBTPOB,  3a3€MIIIOT  3alpaBOYHOE
o00OpyZ0BaHUE, BBOASAT AHTHUAJIEKTPOCTATUUYECKUE NPHUCAJKH, YBEIUYUBAIOIINE
AJNEKTPOINPOBOIHOCTD TOILIUB.

VcranoBka HMHCOT cuHumaer no 90% 3apsna, HaKOIUIEHHOTO IIPHU
bunpTparu.  AHTHCTaTHUeCKHe mpucaaku Ttuma “‘Curbon”  yBEIWYUBAIOT
AJIEKTPOIPOBOIHOCTh TOILINBA B 3-5 pas.
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3.10. TonymBo AJs ra30TypOMHHBIX ABUTaTeJIeil TPAKIaAHCKONH aBUALMHT

OteuecTBeHHas: HedTenepepadaThIBaONas MTPOMBIIIICHHOCTh BbIpadaThIBaeT
JUIA TpakJJaHCKOM aBUAIlMU BE MapKu peakTuBHOTO TorumBa - TC-1 u PT, koTopsie
ABJISIFOTCSL B3aUMO3aMEHSIEMBbIMH.

TC-1 - sBsieTcs MPSMOTOHHOM JIUTPOUHO-KEPOCUHOBOH (hpaKLUEH, MOTydeHHON
U3 CEpHUCTHIX HeTel, BhIKUMAaromiel B uHTepBaje temrepatyp ot 150 go 250°C. Ero
wiotHOCTh mipu 20°C He MeHee 775 Kr/M°, KMHEMATHYCCKas BS3KOCTD mpu 20°C He
amke 1,25 Mv?/c. OBIamacT yIoBIeTBOPUTEILHEIMU IPOTHBOM3HOCHBIMHU CBOMCTBAM,
XOpOIIeH MPOKAYMBAEMOCTHIO B 00J1aCTH OTPULIATEIILHBIX TEMIIEPATYP.

[Tonmxenue xkoHna kunenus TC-1 no cpaBuenuto ¢ PT (280°C) cBsa3aHo ¢ TeM,
YTO B €ro XBOCTOBBIX (paKUMsIX KOHIEHTPUPYETCS 3HAYUTEIBHOE KOJIMYECTBO
BBICOKOIUUIABKUX NapaUHOBBIX  YIJEBOJOPOJAOB M  CEPHUCTBIX COECIUHEHUI.
BricokomnnaBkue mnapapuHOBBIE YIJIEBOJOPO/AbI MOBBIIIAIOT TEMIIEpaTypy Hayaia
KpUcCTaJUIM3aluu. B 3aBUCHMOCTH OT colepkaHus NapapuHOBBIX YIJIEBOJIOPOIOB
BbIpabaThiBaloT: TC-1 ¢ Temmeparypoit kpuctammzanun -60°C (i1 mpuMeHEeHHs B
paiionax kpaiinero ceepa); TC-1 ¢ Temmeparypoil Hauana kpuctamuzauu -55°C
(m71s1 MpUMEHEHUS B OCTAIBHBIX KJIIMMAaTUUECKUX paiilOHAX rOCYapCTB COJIPYKECTBA).

B nocneanue roast BeipadareiBaloT TC-1 ¢ Temneparypoil KpucTtauiM3aluuu -
50°C (m1s mpUMEHEHHsI B KIMMATHYECKUX paillOHax, re Hapy)KHas TeMIleparypa
BOo3ayxa He Hike -45°C).

CepHHUCTBIE COETMHEHUS BbBI3BIBAIOT KOPPO3UIO JIIOOBIX METAUIOB M CILIABOB,
no3tomy B TormBe TC-1 oHn orpannumBaroTcs. MaccoBast 10JIs1 cepbl HE MPEBBIILIAET
0,25%, a coneprkanre MepKanTaHoBO# cephl fgormyckaercs He 6oiee 0,005%.

PT - yHuduuupoBaHHOE pEaKTHBHOE TOIUIMBO IMpPEIHA3HAYEHO [UIs peak-
TUBHBIX JIBUTATEJIEd JO3BYKOBOW aBWAIlMUA. BBIKMIIAET [aHHOE TOIUIMBO B
temnepatypHoM wuHTepBaie 135...280°C, uMeeT KMHEMATUYECKYHO0 BSI3KOCTh HE
meree 1,25 Mm/c, a TeMIiepaTypy BCIbIIKH He Meree 28°C.

PT nony4aroT u3 HepTeil pa3IuyHBIX MECTOPOKACHHUIN MO TEXHOJIOTH MPSMOMN
MEPErOHKH C MPUMEHEHUEM MPOLECCOB THAPOOUYHUCTKH U J100aBIEHUEM MPUCAIOK,
VIIYUIIAIOMIMX TEPMUUYECKYIO CTA0OMIBHOCTD M MMPOTHBOM3HOCHBIE CBOMCTBA TOIUIMBA.
B mpomecce mnpousBoactBa PT  mpsMOroHHsle  AUCTHIIATBI  MOABEPraroT
ruapoounctke. [Ipyu 3TOM B TOMIIMBE CHUKAETCS COAEPKaHUE MAacCOBOW JIOJIM CEPBI
10 0,1%, B TOM 4nciie MaccoBas J0J MepKanTaHoBO# cepbl nmoHmxkaetcs 10 0,001%.
YMeHbIIaeTCs KOJIMYECTBO HENPEAENbHBIX YIIEBOAOPOIOB, CMOJUCTBHIX BEIIECTB.
Viayudmaercss XUMHYecKas M TepMHUYecKass CTaOWIbHOCTh TOIUMBA. B TorumBe
YMEHBUIEHO KOJIMYECTBO apOMAaTUYECKUX YIJIEBOAOPOIOB A0 18,5%, mnosatomy
ckioraHocTh PT k HarapooGpazoBanuto ke, yem y TC-1.

Jlis yaydiieHdus TpOTUBOU3HOCHBIX CBOMCTB J0OABIISIOT MPUCAAKU: MOHOJ B
konmuuectBe 0,003-0,004% u HedTsaHBIC KHCTOTH B KoumaecTBe 0,002- 0,04%.

B cBa3u ¢ gepuuuTOM JAHHBIX MPUCATOK B IOCIEIHEE BpEMsl HaJIaXKEHO
npousBoacTBO PT ¢ mpucagkamu xaitek-380 B xomumuectBe 0,0025% u arumon B
kosmmuectBe 0,0031%.
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[Tocneanue necATUNETHS] XapaKTEPU3YIOTCS OBICTPHIM COKpAIllEHHEM 3aracoB
He(pTH B TPaJAMIIMOHHBIX pailoHax ee MoObrdu. HoBBIE MECTOPOXKICHUS HAXOIATCH,
KaK MpaBWIO, B TPYIHOAOCTYIHBIX paioHax. OJTO 3aTpPyIJHSET HMX OCBOCHHE,
IPUBOJUT K CYHIECTBEHHOMY pOCTY OJKCIUTyaTal[MOHHBIX pacxoJI0B IO J00bIYe
He(TH, CIe0BATEIBHO, K €€ YOPOKaHUIO.

B  kayecTBe anbTepHATHBBI  TOIJIMBAM, MOJy4aeMbIM U3  He]TH,
paccMaTpUBAKOTCS BO3MOYKHOCTH IIMPOKOIO HCIIOJIb30BaHUS Ta30BBIX TOIUIMB,
MOJIy4aeMbIX U3 IPUPOTHOTO U HEPTSIHOTO T'a30B, a TAKXKE - OMOTOIUIMB.

I'a3oBble TOMJIMBA, O CPaBHEHUIO C HEPTIHBIMH, OOJIANAIOT JTYUYIIUMU
AKOJIOTMYECKMMH TMOKa3zaresiMu. VX mMOTeHUHalbHBIE PECYpChl BO MHOTO pa3
npeBocXoAiIT pecypcbl HedTu. TorumBa W3 JETKMX YIJIEBOJOPOAHBIX Ta30B B
HACTOSIIIIEe BpeMs YK€ MPUMEHSIIOTCS Ha aBTOMOOWJIBHOM TpaHcropte. Bemyrtcs
WHTEHCUBHBIE PaOOTHI MO TEPEBOJY YAaCTH KEJIE3HOJAOPOKHOTO M aBUAIMOHHOTO
IapKa Ha ra30BbI€ TOILIABA.

Benyrcs uccnenoBaHus € LEIBIO NPOBEPKM BO3MOKHOCTH HCIOJIB30BAHMS
HeTsSHOTO Ta3a B aBUAlMU. B 4acTHOCTH, KOMIUIEKCHBIN aHAIW3, BHIIIOJHEHHBIN B
HUAM, HATU nu BHUIIUra3znepepadbotka B Hayasie 80-X roJoB, MOKa3aj, 4ToO IS
BEPTOJIETOB ONTHUMAJIBHBIM TOIUIMBOM, MOJYYa€MbIM M3 HE(PTSHOIO Tras3a, SBISICTCS
CMeCh IpolaHa, OyTaHa, IEeHTaHa U TeKCaHa, MOJyYMBIIasl B JaJIbHEHIIEM YCIOBHOE
Ha3BaHUE «aBUAIMOHHOE CKOHJIeHCHpoBaHHOE TOIINBO» (ACKT).

ACKT 1o MHOrMM OKCIUTyaTallMOHHBIM  TIOKa3aTelIsiM  MPEBOCXOJIUT
MIPUMEHSIEMBIE Ha BEPTOJIETaX TPAJULMOHHBIE aBUATOIIMBA. OHO SKOJOTHYECKHU
0ojiee YUCTOE U MEHEee KOPPO3MOHHO-AKTHUBHOE: B HEM OTCYTCTBYIOT CEPHHUCTHIE
COCIMHEHUSI, apPOMATHYECKHE YIJIEBOJOPOJbI, CMOJIbI, acQaJbTeHbl U JPYyTUe
BpEJIHBIEC BEIECTBa, MPUCYTCTBYIONME B aBuanmoHHbIX TorumBax (TC-1, PT u ap.).
ACKT o06namaer Jay4mivMMH IMyCKOBBIMU CBOMCTBAMU IO CPaBHEHHIO C MAaCCOBBIM
aBuatoruiuBom TC-1.

ACKT 1o (U3MKO-XMMHYECKUM M  JKCIUIyaTallAOHHBIM  CBOMCTBaM
CYILLIECTBEHHO OTJMYaeTCsl OT TOIUIMB, Moiy4daeMbix u3 HedTu. IlosTomy mepeBon
TpancnoptHoro cpeactBa Ha ACKT tpeOyeT onpeaeneHHON 10pabOTKU JBUTATEIS U
JIETaTEJIbHOIO anmnapara.

[To wnummatuee AT u [IUAM B 1982 r. ObUI0O TPUHATO pEIICHUE O
TEXHUYECKON pealtn3alliy MPEAJI0KEeHUS 110 UCHOIb30BAaHUIO TOIUIMBA, MOJIy4aeMOro U3
HedTsaHOTO Ta3a, Ha Beprosere Mu-8T. B JIHIIO um. B.S1. KiimmoBa Oblia nmpoBeneHa
nopabotka asurarens, a B MB3 um. M.JI. Mus - Bepronera. TorumBHas cucrema Obiia
nopabotana u3 pacueta nojgaun B kamepy cropaaust ACKT B )kuakoM cOCTOSHUM.

[IpenBaputenbHble CTEHIOBBIE HWCIBITAHMS JIBUTATENsl HA CHKMXKEHHOM Trase
ot mpoBeaeHsl B JIHIIO mm. B.SI. Knmmmoa B konme 1985 r. JlBurarens
UCIIBITHIBAJICA HA TEXHOJIOTHUYECKOM OyTaHe, IPOINaH-0yTaHOBBIX CMECSX, MPOIaHe U
tormuBe TC-1. BbUIO yCTaHOBIIEHO, YTO OCHOBHBIE NapaMETpbl ABUTATENS IIPU
paboTe Ha CXKUXKEHHBIX Tazax u TormBe TC-1 mpakTUYecKu HE OTIMYAIUCH OT
MapaMeTPOB CEPUUHOTO JIBUTATENS.
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MonepHu3UpOBaHHbBI  JBUTaTelb ObLI YCTAHOBJEH Ha crenuaibHO
ITOATOTOBJIEHHBIN BepToneT Mu-8T. IlepBrlii MONET SKCIEPUMEHTAIIBHOTO BEPTOJIETA
cocrosiics B KoHUEe 1987 r., a B Havane 1988 1. ObUIM yCNENIHO 3aBEPIIEHBI JIETHBIE
UCIIBITaHUS.

HccnenoBanus, MIPOBEICHHBIE LHAI'HA, LHNAM, I'ocHUUT'A,
HUIIUraznepepadbotka, OKb C.B. Hnptommua u A.C. SkoBneBa, mnoka3aiu
BO3MOXHOCTb, a, TJTaBHOE, 3(h(DEKTUBHOCTH MEepPEeBOjia Ha ra30BOE TOTUIUBO HE TOJILKO
BEPTOJIETOB, HO U caMoJjeToB. [IpuueM, Takyl0 pa3HOBUAHOCTH ra30BOI0 TOIUIMBA,
kak ACKT-b (o6ecnponanennoe ACKT), MOXHO 3aluBaTh HEMOCPEACTBEHHO B
TUIOCKHUE KPBLIBEBBIE TOIUIMBHBIE OaKW CaMOJIETOB MeCTHBIX aBuanuuuil (Un-114, Sk-
40) u T.. A0 TeMmmepaTypbl OKpyxaromer cpeasl or +5°C U Hmke (Takue
TEeMIIEpaTypbl B HEKOTOpbIX pailonax CuOupu u Cesepa ObiBatoT 10 10 mecsueB B
roay). Macca ONOJHUTENBHBIX arperaToB ra30KEPOCHHOBOM TOIUIMBHOM CHCTEMBI,
Harpumep, 11 camosiera Min-114 ne npeBbicut ~20 Kr.

Ha pasHbiXx cragusx pa3paOOTKM W BHEAPEHHS HAXOASATCS CIEIYIOLIUe
cHenuaibHO MpeaHa3HauYeHHbIE JIJIs TPAHCIIOPTa COPTa TOILJIUB:

- ckwkeHHbI! npupoanslid ra3 (CIII') s mopuiHEBBIX JABUTaTeNied 1o
TY-51-03-85;

- KpuoreHHoe MeranoBoe ToriuBo (KMT);

- aBuanuoHHoe ckoHjieHcupoBanHoe TOrIMBO (ACKT) mo TY 39-1547-91.

Corcusrcennwtit npupoonwtit 2az (CIIT). 1lpennazHayaercs 1 UCIOJIb30BaHUA
B JIBUraTeJIsIX aBTOMOOWJIEH, TEIJIOBO30B, PEUYHBIX CYA0B B cOOTBeTCTBUM ¢ TY 51-
03-85 u B aBuanuu (TormuBo KMT — kproreHHoe METaHOBOE).

Tormmeo mo TY 51-03-85 wm3roroBisieTcss W3 MPUPOJHOTO WX TIyOOKO
OTOEH3MHEHHOT0 HePTIHOro raza. OCHOBHOW KOMIIOHEHT B 3TOM ToIiuBe MeTaH. [lo
(U3UKO-XMMHUYECKUM CBOMCTBAM TOIUIMBO JTOJKHO COOTBETCTBOBATh TPEOOBAHUSM U
HOpMaM, MPUBEIEHHBIM B Ta0. 3.2. DTO TOIIMBO 0€3 LBETA U 3amaxa OTHOCHUTCS K
KPUOT€HHBIM  KMAKOCTSIM ¢ TeMmmepatypoil -168...-150°C npu armocdepHOoM
JIaBJICHUH; IJIOTHOCTH 460-480 Kr/MC.

Tabnuua 3.2
XapaKTepUCTUKH TOILIMBA U3 OYHUIIICHHOTO TpupoaHoro rasa (TY 51-03-85)

IToxa3zarens Hopwma
Cocras, % (00):
CH4 92 +6
C2H6 4+ 3
C3HS8+B 2,5+2
N2 1,5+1,5
Conepxanue cepoBO0OpOJia U MEpKanTaHOBOM cephl, % (Mac.),
He 0oJtee 0,005
Teruora cropanust Huswmas npu remneparype 20°C, kbx/m3,
HE MEHEee 39100




35

Aesuayuonnoe ckonoencuposannoe monaueo (ACKT). Ha TonnuBo umerorcs
TexHuueckue ycnoBusi TY 39-1547-91. Ono mpenctaBiser coOoil cMeCh JIETKUX
napadMHOBBIX YTIAEBOAOPOAOB (TIporaH, OyTaH, TEHTaH, TeKCaH C HEOOJBIIUMU
npuMecsimu sTaHa u rentana). ACKT OecuBeTHasi, mpo3padHasi >KUAKOCTb, KUISIas
MpU  OTPUIATEIBHBIX TEMIIEpaTypax, WMeeT crenududeckuii 3amax. OCHOBHBIM
CBIPbEM TS €T0 TTPOU3BOJICTBA SIBISICTCS MUPOKast GPaKIvs JETKUX yriIeBOJOPOI0B
(IDJIY), nomyuaemast nHa HII3 u3 HedTsHoro raza. TorimBo nmpeaHazHAYEHO AJis
UCIIOJIb30BAaHUSl B JIETATENIbHBIX alllapaTax ¢ ra3oTypOMHHBIMH JBuUrateiasmu. [lo
¢usuko-xummuueckum cBoiictBaM ACKT H0MKHO COOTBETCTBOBATh TPEOOBAHUAM U
HOpMaM, IIPUBEJICHHBIM B Ta01. 3.3.

Ouzuko-xumuyeckue cporctBa ACKT, ornuyaromme €ro oOT KepocuHa,
OOyCJIOBIIMBAIOT TPHUHATHE CHEIMU(PUYECKUX Mep 10 OOECIEeUEHUI0 TEeXHUKU
0e30MacHOCTH, TOXKAPHOM 3alIUThl U OXPaHbl OKPYXKAIOIIEH Cpeabl MpHU €ro
ucnons3oBanuu. OpHako, yuuThiBasg, uto cBoiictBa ACKT Onu3ku K CBOHCTBam
VIJIEBOJIOPOAHBIX Ta30B, IMPU €ro MCIOJb30BAHUU JOCTATOYHO COOJIIOAATh
TpeboBaHusl, u3NOKeHHbIe B  «[IpaBmiax TexXHUKM O€30MaCHOCTH B Ta30BOM
XO03MCTBE», YTBEPKAEHHBIX PocTexHanzopom PD.

Tabnuua 3.3
Texunueckas xapakrepuctuka ACKT mo TY 39-1547-91
Iloka3zareinb Hopma

MaccoBoe conepkanue nponasa, %, He 0oJee 7,2
JlaBiieHne HACHIEHHBIX apoB mpu 450C, MITa (kr/cm?),
He 0ojee 0,50 (5,0)
[TnoTHOCTE B XKUAKOM cocTosiauu pu 20°C, KI/M>, HE MeHee 585
TemutoTa cropanus Husmas, K/K/Kr (KKaJ/Kr), HE MEHee 45200(10800)
MaccoBas 1071 CEpHUCTBIX COCIIMHEHUN B MEPECUYETE HA CEPY,
% (Mac.), He Ooiee 0,002
Copeprkanre cBOOOTHOM BOJIBI M IIETIOUN OtcyrcTBHE
ConepxaHue MEXaHUUYECKUX MpUMecen OtcyTcTBUE
Buemnuit Bux [Ipo3paunsii,

OeCIBETHBIM

B kauecTBe aBHMAlIMOHHBIX KPUOTEHHBIX TOIUIUB PAacCMATPUBAIOTCS KUIKHUI
Bogopoa (KBT), sxunkuit meran (KMT) u xuakue yrnesonopoasl Cs-Cs (ACKT-K).
Kaxxmoe u3 »THMX TOIUIMB 00J1aJaeT CBOMMHU JIOCTOMHCTBAMHM M HEIOCTaTKaMHU,
KOTOpbIE B 3HAYUTEIBHONU MeEpe MpeonpeestoT 0baacts Hanbomee 3PpheKTUBHOTO
U pPalMOHAJIBHOTO WX MPHUMEHEHUS KakK Ha CBEpX3BYKOBBIX JIA co ckopocTsimu
MOJIeTa BILIOTH JO TUIIEP3BYKOBBIX, TAK U HA JI03BYKOBBIX BO3yIIHbIX cyaax (BC).

Ha cerogus yxe mMeeTcs ONpEeNeiCHHbIM HAYYHBIM TEXHUYECKUU 3aeN 10
co3manuio JIA Ha KpHOTeHHBIX TOIUIMBaX (Ha Bomopojae W MetaHe). Hawmbosee
YCIEUIHBIMUA OKa3alluCh MpakTUyeckue AeictBus B 3ToM HarpaBiennn AHTK uwm.
A.H. Tynonesa u Camapckoro HTK um. H.JI. Ky3nenona.
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[lepBblii B MHpe MOJET CaMOJIETa, HCHOJB3YIOIIEr0 B KadyeCTBE TOIUIMBA
KUAKANA Bomopond, - camoneT Ty-155 c¢ gsuratenem HK-88 B, obGopymoBanHBIi
OOpPTOBOI KPHOTEHHOU TOIJIMBHOM CHUCTEMOM, OBLT OCYIIECTBIEH B ampene 1988 T.
Yepes rox Ha 3TOM camoJjieTe ObLT COBEPIIEH MOJIET Ha CKIKEHHOM MPUPOTHOM rase
(mpakTHuecku Ha MeTaHe). HecKoJbKO TOJIETOB ATOrO camoJieTa B €BPONEHCKHUE
CTpaHbl HA AaBUALMOHHBIE BBICTABKUA MOATBEPJIUIN PEATBHOCTh TEXHUYECKHX
pelieHunii, obecrneuynBaroONUX MEePCHEKTUBY MIMPOKOrO0 Pa3BUTHS KPUOTECHHOM
aBuanuu. CpaBHUTENIbHAS XapaKTEPUCTHKA KPUOTEHHBIX TOIUIMB IpEACTaBiIcHA B
Tabn. 3.4.

AHanu3 TNOKa3bIBAET, YTO HA COBPEMEHHOM YPOBHE Pa3BUTHs aBUAIIMOHHOMN
TEXHUKH, a TaKKe HA3eMHOW MH(PPACTPYKTYphl TEXHOJOTUYECKH M IKOHOMHUYECKH
MEPCIIEKTUBHBIM HAIIPABIICHUEM CIIEAYET CUYUTATh  MUCIIOJIb30BAHUE KPHOTECHHBIX
toruB (ACKT-K), nonyuyaempix Ha 0a3e jnerkux napauHOBBIX YIJIEBOAOPOIOB C
HU3KOM TeMIepaTypor KpucTtauin3auuu (0T MpormaHa 10 TeKcaHa).

ACKT-K npencraBisier co00M  JIETKOKHUIIAIIYIO — MOKapOB3PHIBOOMIACHYIO
xuakoctb. C Bozayxom mapbl ACKT-K 00pa3yior mnoskapoomnacHble CMECH B
npenenax 1,5...9,5%(00.). DTO TOMIUBO MO CPaBHEHHUIO C aBHAKEPOCHHOM MEHEE
CKJIIOHHO K caMoBocIulamMeHeHnoo. Temmeparypa camoBocmuiameHeHnss ACKT-K B
3aBUCHUMOCTH OT COCTaBa MOXKET HaxoauTbess B mpenenax 350..470°C  (y
aBuakepocuHoB t ¢, =210...220°C).

Tabnuna 3.4

[IpuMepHasi cpaBHUTENIbHASI TEXHUKO-IPKOHOMHUYECKAsl XapaKTEepPUCTUKA

KPUOTEHHBIX TOILINB

HopmanbsHoe Kpuorennoe
Tomnuso ACKT ACKT-K KMT KBT
(C3-Co) (C3—Cs) | (CHy) (Hp)
PaGouas Temmepatypa, "C +45...-90 _953.
(mpu p=0,5 | -40...-180 | -160-180 259
MIla)
Jlnara3oH KUAKOTO COCTOSTHUS,
AT, °C 135 140 20 6
Oriocutenbias Uetia TeM0B0H |5 o6 | 06,08 | 1,2...1,6 | 10...15
€ IMHMIIBI
OTHOCHTENIbHBIE 3aTpaThl Ha 13 9 5 >100
COOPY’KEHHE adpoIopTa

[To cpaBuenuto ¢ aBuakepocuHamu kommoHeHThI ACKT-K oGmamaror Gonee
BBICOKOH TepMocTabuiabHOCThIO. OHM MEHee arpeccCHMBHbl [0 CpPaBHEHUIO C
ABMAKEPOCMHAMM I10 OTHOLIECHHUIO K KOHCTPYKLMOHHBIM, PE3MHOTEXHUYECKUM H
YIUIOTHUTEIbHBIM MaTEpUAJIAM.

Hakomnennsiit onbit skcmtyataiuu JIA nHa ACKT-K no3Bosnut ObicTpee u ¢
MEHBIIMMU pacxonaMu nepertu k skcruryaranuu JIA nva KMT u 3atem na KBT.
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3.11. BuoromiuBo

B macrosimiee Bpemsi ctpansl EBpocoro3a MpoBOIAT HHTCHCHBHYIO paboOTy IO
WCIIOJIb30BAHUIO BO30OHOBJISIEMBIX HCTOYHHUKOB DHEPrUM M, B YaCTHOCTH,
OMOTOTUTHRA JIJIT aBBTOMOOMIIBHOTO ¥ aBUAIIMOHHOTO TPAHCIIOPTA.

[Tox 6GMOTOTUTMBOM TIOHUMAETCS TBEPAOE, KHUAKOE WM Ta3000pa3HOE TOILIMBO,
MoJTy9aeMoe 3 OMOMacChl paCTCHUM XUMUYSCKUM UITH OMOJIOTHIECKUM CIIOCOOOM.

OcHOBY TBEpAOro TOIUIMBA COCTABJISIIOT JIpOBa, OPUKETHI, TOILJIMBHBIE
IpaHyJibl, 1IeTa, COJI0Ma, JTy3ra.

K uakomy OHOTOIIMBY OTHOCAT OHMO3TaHOJ, OMOMeETaHOJ, OHOOyTaHOI,
JTUMETHIIOBBIN 3(up, OMOAN3EIIb.

["a3000pa3HbIMU OMOTOTUIMBAMH SIBJISIOTCS OMoOTra3, OMOBOIOPO/I, METaH.

Pasnuyator Tpu nmokosieHus 6uororius (puc. 3.5).

buororummBo TEpBOro MOKOJEHUS U3TOTOBIAIOT M3 caxapa, Kpaxmarna,
PACTUTEHHOTO Macja M XKUBOTHOTO XU, MCTIONIB3Ys TPATUIIMOHHBIC TEXHOJIOTHH.
OCHOBHBIMH MCTOYHUKAMH CHIPBS SBIISIOTCS CEMEHa WM 3epHa. Hampumep, cemeHa
MOJICOTTHYXa MPECCYIOT JJIS MMOTYyYEHUs PACTUTEIHLHOTO Macia, KOTOPOE 3aTEM MOYKET
OBITh KCIOJIb30BAaHO B Ouoauzene. M3 MIIEHUIBI MOJy4aroT Kpaxmal, MOCJE €ro
cOpakuBaHUsI — OMOATAHOI.

OpHako TakWe WCTOYHUKU CHIPhS 3aHUMAIOT MECTO B THIIEBOM IIEMOYKE
JOJIeH 1 5KUBOTHBIX.

PacturenbHbie Macia — 3TO KUAKUE KUPBI PACTUTEIBLHOTO MPOUCXOXKICHUS.
Jlpyroe Ha3BaHWE€ XUPOB — TPUTIUIEPHUABL. TPUTIUIEPUIl TPEACTABISET COOOM
OCTOB IJIMIIEPHHA, K KOTOPOMY IIPUKPETUICHBI PaIUKAIIbI YKUPHBIX KUCIIOT.

- —————————————————— .I
Buomacca ! CunTeTHvecKue \
- KaT. KPOXNHT [ j \ =
M3 BOgOpocnen Buoka pe Yonnuea / ISMO‘ronnnaa 3-ro NOKONEHMA

[ Buomacca }-\ Qepmentauma / ,_j
MuKpobBHbIR doToNMa

n Te a 3
Henuuesoe CNPE:E}_" eﬁ::p::::;:::n / ) Buogusens

Buoscaopon

Anaspobroe —=) Buoras \. |Buoronanea 2-ro noxonexmsa
OTxoAbt OT Np-8a cOpamnsanmne ; [
Macen U KUPOS rasu¢nuuua/nuponnslj CuHTeTINECKHE
/ KaT. KpexkuHr ‘ TOonAMEa
Muuessie [rasndurauns/mponns)
wessie 1 cfx ’I’asmtmuaqun/nuponus[:’ Eitoonupis: ‘
orxoapi [ ®aT. kperkuHr /
= ”Caxapﬂu; % DepmenTtayma / [_3 *;”——osvuuon —
KynsTYpPbI ocaxapueanue
Macnanusubie || nooesrepudnkauns - Buoamsens L | Buoronamea 1-ro NOKoAGHKA
KYyNBTYP b (|
CaxapHbie 1 Kpaxman - ]o DepmeHTaums C 3: Bunoatanon
|COAepMaUMe KyAbTypSI '

Puc. 3.5. Tpu nmokonenus: OMOTOTUINB
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PactutenbHple Macia HMMEIOT CIUIIKOM OOJBIIYI0 BSI3KOCTh, KOTOpas
MPEIATCTBYET MX IMPSAMOMY HCIOJB30BAHUIO B KA4eCTBE AU3EJIBHOIO TOIUIMBA.
Bs3KkOCTP M IUIOTHOCTH HMM IIPUAAET OCTOB INIMIEPUHA B COCTABE MOJEKYJI
TpUrIMUEPUAOB. Eciin B MOJEKyJe TPUIVIMLEPUAA OCTOB IUIMIIEPUHA 3aMECTUTh Ha
Oojiee JIErKUil OCTOB ATaHOJA WJIM METaHOJa, TO OyAeT MOJy4eH MEHEE BSI3KHHA U
MEHEE IUIOTHBIM 3()Up, COOTBETCTBEHHO STWIOBBIA WiM METWIOBbIN. [lomydeHHbIE
OPOIYKTHI BIIOJHE NPUTOAHBI ISl MPSIMOTO MCIOJIB30BAHUS B KAUECTBE TOILIMBA IS
JM3EIIbHBIX aBTOMOOMIIEH (OroamM3es).

Peakiuio oOMeHa riuieprHa B COCTaBe KUPOB Ha OCTOBBI METHUJIA WM ITUJIA
Ha3bIBAIOT mepesrepudukanueit (um TpaHcaTepudukanueit). B cioyyae peakuuu c
METUJIOBBIM CIIUPTOM YpaBHEHUE XHMHYECKOM peakiuu OyAeT BbIIVISIETh
CJIETYIOIIUM 00pazomM

1 1
CH,— 0O—C—R! CH,-OH R'—C—O—CH,
|0 | 0
I 5 KaTanuzarop ,
CH —0—C R +3CHjOH ——— CH —OH + R*—C—0—CH;
| T | T
CH,—- 0—C—FR°® CH,-OH R'—_C—0—CH;
Kup METAHON [JTHIEPHH METHIOBHIE 3 hHPHI

To ectb cnoxHbIA 3¢uUp rauLepuHa (TPUTIUMLEPUI) + METAHOJ = CJIOKHBIE
3¢upbl MeTaHOa + INIULEPHUH.

Peakuus mepestepudukaliii UAET OYEHb MEJIEHHO W TPOTEKAET JIMIIb B
NPUCYTCTBUU KaTajn3aTropa. B mpombIIeHHbIX MaclITabax B KauecTBe KaTajau3aTopa
UCTIONB3YIOTCs TuApokcuabl mmienounsix MetawioB (NaOH, KOH). O6pazoBanue
sdupa Kak NpU Peakuuu 3TepUPUKalMU, TaK U NPU peakuud NepesTepuduKanuu
HUKOIZla HE HJeT A0 KoHua. ['nmyOuHa mnepestepudukanuyd Mpu OJAaronpusiTHBIX
ycloBusAx pocturaer 95-96%. Peakuus nepestepudukaiyiv ¢ IpUMEHEHUEM CIIUPTOB
Ha3bIBAETCS aJKOroju3oM. C yBeTUYEHHEM MOJIEKYJISIPHOM MacChl CIIMPTA aJIKOTOJIN3
3amemsiercsd. Bemnumna B 95-96% Bbixoga 3dupa  OTHOCUTCS K CIIydaro
MCIOJIb30BaHUS METUJIOBOTO ciupTa. [Ipy ncnoinb30BaHUK STUIIOBOTO CMPTA IITyOnHa
aJIKOTOJIM3a COOTBETCTBYET npumMepHO 35%. B 3Toil cBsi3u, HE CMOTpPS HA TO, YTO
STUJIOBBIA CHUPT Topasno 0oyiee SKOJIOTHYCH, YEM METHIIOBBINA, HNMEHHO METHJIOBBIN
CIUPT HaxoauT Oonbiiee mpuMeHeHue. W 3apyOekHble CTaHAapThl Ha OWOAM3ENb
pacTpoCTPaHAIOTCS IMEHHO Ha METUJIOBBIE A(UPHI.

Takum oOpa3oM, B HacTosiee BpeMs MJisi TMPOU3BOJCTBA OuOAM3EIS
HCITOJIB3YIOTCSl CJIEYIOIIME KOMIIOHEHTBI: PACTUTENBHBIE MACa; METaHOJI; LIEJI0YH
(NaOH, KOH).

buoTOmMBO  BTOPOTO MOKOJEHUS CIHOCOOHO  YBEIMYUTh  KOJIMYECTBO
BBIITYCKAEMOI'0 JKOJOTMYECKH YCTOWYMBOIO OMOTOIUIMBA, HUCIOJb3ys Onomaccy,
COCTOSILIYI0 W3 OCTAaTOYHBIX HEMHUIIEBBIX YacTel pacTeHWid, TaKUX KakK CTeOJH,
JIUCTHS, LIeNTyXa, OCTABIIIEMbIX MOCIIE W3BJICUECHUS MUIIEBOW YacTu. Takke roasrcs
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HEMUIIEBbIE pacTeHus (Mpoco, ATpoda) M MPOU3BOJICTBEHHBIH MYCOp: JIpeBecHas
CTPY’KKa, KOXKypa U MSIKOTh OT MIPECCOBKU (DPYKTOB H T.II.

BHOTOMIIMBO TPETHEr0 MOKOJEHUSI U3TOTOBIISIETCA U3 BoJopocieil. Bomopocau
- JICIIEBOE€ U BBICOKOMPOJYKTUBHOE ChIPhE ISl MOJIydeHUs OHOTOIIuMBa. Tem He
MEHEEe, BOJOPOCIEBOE TOIUIMBO MMEET M CBOM TPYAHOCTH MpPU HPOU3BOJICTBE:
HeoOxoauma OoJbIas TUIOIIA b AJISl BEIPAIIMBAHUS BOIOPOCIIEH.

[lepepaboTka OuomMacchl BOAOpOCIEH MyTeM OMOKATATIMTUYECKOTO KPEKHMHTa
MO3BOJISIET MOJy4aTh CUHTETUYECKHE HEPTENPOAYKThl OYEHb BBICOKOTO KayecTBa. B
pesynbTare ObIcTporo OHMOKATKpeKHMHra OuoMacchl Bojopocie 0e3 gocTyna
KHUCIIoOpoAa 00pa3yloTcsi TBEPHbIE, KUIKUE W Ta3000pa3Hble TOPIOYME MHPOIAYKTHI
(Tabm. 3.5).

Tabnuna 3.5
Brixo ToruiiBa npyu OMOKATATUTUUYECKOM KPEKUHTE
Kunkas dasza, % macc. I"azo00pa3nas daza, % macc. Koke, % macc.
80-85 12-17 3-5

VYrieBoaopoasl KUAKON (a3bl MPEeACTaBIAIOT cOO0M HA0Op YIJIEBOJIOPOJIOB,
colepKauxcsi B OEH3MHOBOM, KEPOCHHOBOW, JM3ENbHOM (pakuusx HedTH
(tabu. 3.6).

Tabnuna3.6
[Tony4yeHHbIE TPOAYKTHI )KUIKOU (pa3bl cuHTE3a HEDTH
bensunoBas dpakuus, % | Kepocunosas pakiius, HNuzenvHas pakmus, %o
Macc.(oT KuaKou ¢asbl) % Macc. (0T KuJIKon Macc. (0T KuAKo# ¢asbl)
¢ba3bl)
7-10 10-15 75-83

[lo cBouM cBoOMCTBaM  YIJIEBOAOPOABI  KUJAKOW  (a3bl  MOJHOCTHIO
COOTBETCTBYIOT YIJIEBOJIOPOJaM aHAJIOTUYHBIX (pakuuid HePTH.

IIpeumyniecTBa M HEAOCTATKU OMOTOIJINBA

Ilpeumywecmsa:

1. Vcnonb3oBaHue BO30OHOBIISIEMBIX CHIPHEBBIX HCTOYHUKOB.

2. Ddupbl pacTUTENBHBIX Macel TOJBEPraloTCi MPAKTHUYECKH TOJHOMY
OMOJIOTUYECKOMY pacrajy: B TIOYBE WJIM B BOJE MHUKPOOPTraHW3MBI 3a 28 nHeEU
nepepadateiBatoT 99% 3pupPoOB pacTUTEIHHBIX Mace.

3. Huzkas CTOMMOCTh MNPOMU3BOJCTBA BCJIEACTBUE OTHOCHTEIIBHO MPOCTOM
TEXHOJIOTMH U HU3KUX DHEPro3aTpar.

4. TIoOGouHBII TPOAYKT HPOU3BOJACTBA S(PHUPOB PACTUTENBHBIX Macenl —
IIMLEPUH, BOCTPEOOBAH BO MHOTHX OTPACIIIX HAPOJHOTO XO3SICTBA.

Heoocmamxku:

1. Beicokas aare3us (IpWIMIAeMOCTh K CTEHKaM TpPyOONpPOBOJIOB U
pe3epByapoB), BHICOKAsE TUTPOCKOMTUYHOCTb.
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2. llpm wucnonp3oBaHWM OWMOAM3ENS] MOIMHOCTh JU3EIBHOTO JBUTATEIS
cHmXkaeTcs Ha 5-8%.

3. TloBeimeHHass BS3KOCTh W BBICOKAs TeMIlepaTypa 3acThIBaHUS 3(PUPOB
PACTUTENBHBIX Macel. YXYJIIEHHWEe 3alycKa JBHUTaTeleii IMpHu TeMIepaType HUKe -
15°C.

4. Huzkast TepMOCTaOMIILHOCTD U BBICOKAs! CKIIOHHOCTH A()UPOB PACTUTEIBHBIX
Macell K pa3lIoKEeHUI0: OMON3eIbh HE PEKOMEHIYETCSI XpaHUTh 0oJiee TpeX MECSIIEB.
Karanmzatopom mporiecca pasioxeHus 3(QUPOB PACTUTEIBHBIX MAacesl SBISCTCS
HIMYUE B TOIUIMBE KHCIOpPOJAA, BOJbI, TMpPHUMECEH, MOBBINICHHAS TEMIIEpaTypa.
[TpoaykTamu pa3ioKeHUS SIBISIFOTCS OPTaHUYCCKUE KUCITOTHI.

5. MetwinoBsie 3QUPHl  KUPHBIX KHCIOT — XUMHYECKH AaKTHBHBIC
(arpeccuBHbIe) KUAKOCTH. OHU BBI3BIBAIOT BBHICHIXAHUE, 3aTBEPJICHUE U PA3PYIICHHE
PE3MHOTEXHUYECKUX H3JEIHM, KOPPO3UIO arperatoB M TpyOOINpPOBOJIOB TOIUIMBHOM
CUCTEMBI.

6. [ToBBIIICHHOE KOJUYECTBO YTJIEPOJMCTHIX OTJIOKEHWUN METHJIOBOTO 3(dupa
Ha TIOBEPXHOCTH KaMepbl CTOpaHWS W 3aKOKCOBBIBAHHWE COTUIOBBIX OTBEPCTHMA
pacnbutuTeneit hopcynok yepes 100-200 yacoB pabOTHL.

[Tonaganuwe cnemoB OWOaM3ENs B aBHAIIMOHHBIA KEPOCHH TPUBOIUT K
CHI)KCHUIO €r0 TEPMOCTAOMJIBHOCTH W B psJe CIydaeB K OTKa3y CHCTEMBI
PEryJIMpOBaHHUS.

3.12. DkcniyaTauMoOHHbIE CBOHCTBA MPHUCAT0K K TOMJIMBAM

[Tpucanku — BemiecTBa, A00aBII€Mble B HE3HAUUTEIbHBIX KOJMYECTBAX K
TOIUIMBAM JJIs YIIYUIIEHHS UX SKCIUTyaTallMOHHBIX CBOMCTB.

[Ipucagkm K TOIUIMBAM II0 CBOEMY HA3HAYEHUIO MOAPA3JEIAIOTCS Ha
AHTUOKCUIAHTBHI, IPOTUBOBOJOKPUCTAIUIN3ALIMOHHBIE, AHTUCTAaTUYECKUE,
MHTUOUTOPBl KOPPO3WM, YJYUINAIOIMIME  MPOTUBOM3HOCHBIE CBOMCTBAa TOIUIMB,
N€aKTUBATOPBI METAJUIOB, OMOLUTHBIE 17} Ip. N3BecTHBI TaKke
MHOTO(YHKIIMOHAJIbHBIE MPUCAIKH, O00JIaJaolMe OJHOBPEMEHHO, HaIlpUMED,
MPOTUBOKOPPO3UOHHBIMH, AHTUOKHUCIUTEIbHBIMU U POTUBOU3HOCHBIMU
cBorictBaMu. CodeTaHus MOJOKUTEIbHBIX CBOMCTB OOBIYHO JJOCTUTAIOT pa3paboTKOM
KOMIIO3ULIMA TPUCAAOK-CUHEPTUCTOB, BO3JEHCTBYIOIIMX OJHO HAa Jpyroe B
HaIpaBJICHUU yCuiIeHUs () ()EKTUBHOCTU KaXI0M OTAEIbHOMN MPUCATIKH.

AHTHOKHCIIUTENbHBIE IPUCAJKU IPU XPAHEHUH U TPAHCIIOPTHPOBAHUU TOIUIUB
CHWKAIOT MHTEHCUBHOCTh OKHCIUTENBHBIX MPOLIECCOB. B pe3ynbrare yMeHbIIAETCS
oOpa3oBaHH€ YIUIOTHEHHBIX NPOAYKTOB OKHUCIUTEIBbHOM MOJUMEpU3AlUd U
MHTCHCUBHOCTh  BO3ICHCTBUS MPOAYKTOB OKHCIEHUS Ha TMOJUCYJIb(UIHbIE
TFEPMETHKH U YIZIOTHUTEJIbHBIE MATEPHAIIBI HA OCHOBE HUTPWIBHBIX PE3UH.

Wurubutop okucineHus Azudon no0aBisieTcss B TMIPOOUMILEHHBIE TOIUIHMBA,
MOCKOJIBKY TpPH THUIPOTEHU3ALMOHHONW 00pabOTKe M3 TaKuUX TOIUIMB YIAISIOTCA
MPUPOJHBIE HHTUOUTOPHI OKUCIEHHUS - TETEpPOAaTOMHBIE COEIUHEHUs. MexaHu3Mm
NEUCTBUSl AHTHUOKUCIUTENEH 3aKJII0YaeTCsd BO B3aMMOJECWCTBUH MX C AKTUBHBIMHU
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paguKalamMH, JOAalOUMMHU Hayajlo OKHUCIUTEIbHBIM IIEMHBIM TMpoIleccaM U C
ruaponepokcuaamu. lIpucyrcTBue B TOIJIMBAX  AHTUOKHUCIMTENSI  CHMXKAET
oOpa3oBaHHEe CMOJ M KUCIOT mnpu Temreparypax a0 150°C. Pacxox MHorux
AHTUOKUCJIUTENBHBIX MPUCAJOK PE3KO BO3pPACTAECT B MPUCYTCTBUHM KAaTAIM3aTOPOB
OKHCJIEHUS - IJIaBHBIM 00pa3oM MU U €€ CILIABOB.

Jeakmueamopvt memannog. Katanus OKHCIEHUS YTIJIEBOAOPOIHBIX TOILIUB
MOHAMHM METAJJIOB 3aKJII0YAETCs] B TEHEPUPOBAHUM PATUKAIIOB, 00YCIOBIMBAIOIINX
pa3BUTHE OKHUCIUTENBHBIX IeMed U TpeOYyIoIMX JOMOJHUTEIBHOTO pacxoja
JieaKTUBaTOpa Ha BBIBOJ U3 cdephbl peakiMi BHOBb O0OPa3yrOIIMXCS MEPOKCHUIAHBIX
pamukanoB. BoccraHoBieHME  MeTallla  NOPOTEKAeT TOJIBKO C  yYacTHEM
AHTUOKHCIIUTENEH, KOTOpPbIE B HEKOTOPBHIE TOIUIMBA BBOJAT CIEHHUAIBHO;, B
MPSIMOTOHHBIX TOIUIMBAX MUMU SIBISIOTCA (DEHOJBI M CEPOCOJIepKaIllie COCTUHEHMUS,
MPUCYTCTBYIOIIME B HUX. K JeakTuBaTOpaM METAJJIOB OTHOCATCS CAJMLIWIINJICHBI,
aMUHO(EHOJIBI U JIp.

Ilpomueousnocuvie npucadku. JIeVicTBUE€ TPOTUBOM3HOCHBIX IPHUCATOK
OCHOBaHO Ha ()OPMUPOBAHUU B YCJIOBUAX BBICOKMX KOHTAKTHBIX TEMIIEpATyp H
Harpy30K Ha TPYIIHUXCA IMOBEPXHOCTSIX XEMOCOPOIIMOHHOIO CJO0s, OO0JaJarolIero
XOpOIIUMHU (PPUKIIMOHHBIMUA KAYECTBAMM.

Pa3paborana u ucnbiTaHa oTedecTBeHHass mpucangka «K». [lo pesynapTaTtam
UCIIBITAHUI OHA PEKOMEHJIOBaHAa K WPUMEHEHUI0. 3a pyOekoM B KauecTBe
MIPOTUBOU3HOCHOM MPUCAAKU NTpUMEHsIeTca UHruonTop kopposuu Cantanex C (Bcero
KE TaKUX MPUCATIOK OoJiee AeCiITKa).

Ilpomueoeoookpucmannuzayuonnsvie (IIBK) npucaoxu. B xadectBe Takux
MPUCAIOK MPUMEHSIOT 3TUILEIIO30JbB (KUAKOCTh «») U €ro cMech ¢ METaHOJIOM
(xkunkoctb  «M-My).  JlelictBue  mpHCaZioK  OOYCIIOBIEHO  TOBBIIICHUEM
PacTBOPUMOCTH BOJBI 32 CUET 00pa30BaHUsI BOJAOPOHOMN CBSI3H MEXKIY MOJEKYJIaMH
MpUCcaaKu U BoJbI. J[o Tex mop, moka coJiepKaHue BOJbI B TOTUIMBE HE MPEBBIIIACT €€
pPacTBOPMMOCTA B 3TOM TOIUIMBE MPU JAHHOW TeMIieparype, Bojia B MPUCYTCTBUU
MPUCAIKN HAXOIUTCS B MOJICKYJSIPHOM HECBS3aHHOM COCTOSIHUU. 30bITOUHAS,
BBIJICTISIFONIASCA M3 TOIUJIMBA MPU JaHHBIX YCJIOBHUSAX BOAA B CBOOOJHOM COCTOSIHUU
accouuupyercsa npucaiakoil. [lpm 3TomM accoumaTr BKIIOYAET KaK MUHHMYM YE€ThIpE
MOJIEKYJIbI BOJBI. [Ipu BBICOKOM cojep>kaHUU CBOOOJHOM BOJBI U HEJOCTATOUHOMU
KOHIICHTPAIMU MPUCAJKUA YaCTh BOJIbI MOXET BBIACISATHCA B BUJE Kallellb BMECTE C
MPUCAJKON B COOTHOIICHHH, COOTBETCTBYIONIEM KOA(D(DHUIMEHTY pacrpeaeieHus
MEXK]ly TOIJIMBOM W MpUCAAKON. B pe3ynbprare Kamim BOJbl KPUCTAJUIM3YIOTCS MpU
OoJiee HU3KUX OTPHUIATENIBHBIX TemIeparypax, 4yem B oTcyrcrBum [IBK-mpucankw,
YTO W B ATOM ClIy4ae MpeaoTBpaimiaeT oO0pa3oBaHWE KPHUCTAIIIOB Jibja. B aBuanmm
I[IBK-npucaaku «/-M» BBOAST B TOIUIMBO IpH 3arnpaBke camosieta. OTpaBieHUE
MPOTUBOBOJOKPUCTATUIMZALMOHHBIMU TIPUCAJKAMU TPOSIBIAECTCS B BHUJE T'OJOBHOI
00J11, PBOTHI, CJIA0OCTH, OMILSIHEHUS, TIOTEPU CO3HAHUS.

Buoyuonwsie npucaoxu. IlpumMeHsioT 3a py0exom B palloHax ¢ TPONMMYECKUM U
CyOTpONUYECKUM KJIMMATOM JIJIsl MOJABJICHUS KU3HEACATEIbHOCTH MHKPOOPTaHU3-
MOB. buonuaHble npucagkd CTEPWIM3YIOT BOJHYIO (ha3y B TOIUIMBE, HaJIU4YUE
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KOTOpPOW OOYCIIOBJIMBAE€T Pa3BUTHEC MHKPOOPraHU3MOB. B kadecTBe OHMOIMIHBIX
MIPHUCAIOK NPUMEHSIOTCs mpucaaku Biobor m Kathon EP. BuonumanesiM aeiictBrem
oOlajaer TaKKe METWILEIUIO30JbB, TPEACTABISIONMNA  CO00M  KOMIIOHEHT
MIPOTHUBOBOIOKPUCTAIUTH3AIIIOHHON ITPUCAIKH.

4. ApuanuoHHbIe Macjia. CMa3Ku
4.1. Haznauenue, kjaccupukanmus CMa304HbIX MaTEpPUAJIOB

OCHOBHOE Ha3HAYEHHE CMa3KH JIIOOOr0 MEXaHW3Ma — YMEHBIIEHUE H3HOCa
TPYIIMXCS AETANEN U CHUKEHNE MOIIHOCTH, 3aTPauYnBaEMOM Ha TPEHUE.

Kpome Toro, cma3zouHble MaTepualibl BBIIOJHSIOT TaKUE Ba)KHbIE (PYHKIUH,
KaK:

- OTBOJ] TEIUIA, BI3BAHHOTO BHYTPEHHUM (M3-3a TPEHHUS) U BHEIIHUM HAarpeBOM
JieTajiell MallliH;

- IPEIOXPAHEHUE AECTAIEN OT KOPPO3HH;

- BBIHOC NPOJYKTOB H3HAIIMBAHUSA W3 MPOCTPAHCTBA MEKIY TPYLIUMHUCS
ITOBEPXHOCTSIMH.

B 3aBUCMMOCTM OT arperaTHoro COCTOSIHUS CMAa304YHbIE MAaTEPHUAJIBI
MO/IPA3/IECISAIOTCS Ha TBEP/IbIE, INTACTUYHBIE (KOHCUCTEHTHBIE) U KUIKHE.

K TBepabiM cMa3kam oTHOCAT rpadur, qucyiasdua moaudaeHa MoS,, cioiona,
TalbK U JIp. OTH CMAa3KM HAaxOJAT KaK CaMOCTOSITEIbHOE IPUMEHEHHE, TaK U B
Ka4eCTBE MPUCATOK K MACIIaM U IUIACTUYHBIM CMa3KaM.

KoHcucTeHTHbIE WM NJIACTHYHbIE CMa3Kd B OOBIYHBIX YCIOBUAX (TIPU
KOMHATHOW TEeMIepaType W B OTCYTCTBHE BHEIIHMX MEXaHUYECKUX BO3JICHCTBHIN)
BEIyT ce0s Kak TBEpHAble BEIECTBA: COXPAHSIOT (QOopMy, YIEpKUBAIOTCS Ha
BEPTUKAJIBHBIX IOBEPXHOCTSX, HE BBITEKAIOT U3 Y3JIOB TPEHUS.

B TO Xe BpeMs moJ BO3JEMCTBHEM HArpy30K, MPEBBIMIAIOIIMX NpPEaesl HX
MIPOYHOCTH, CMa3K{ HAYMHAIOT T€Ub, BHITIONHSS 3aJaHHbIC CMa30uHble QyHKIUU. [Ipu
CHATHH Harpy30K, CMa3Kyd BHOBb CTAHOBSITCS IIJIACTUYHBIMU.

Kuaknme w™acna — Haubojee pacnpOCTPAHEHHBIM KJIacC CMa30YHbBIX
MaTepHuasoB, UCIOIb3YEMBIX B CAMUX Pa3HOOOPa3HbIX y3jaX TPEHUS.

B 3aBUCMMOCTH OT HA3HAYEHMS CMA30YHbIC MATEPHUAIIBI TOAPA3IAEIAIOTCS Ha!

- MOTOpHBIE MacCJIa, MPEJHA3HAYEHHBIE 11 CMa3KU MOPIIHEBBIX JBUTATEIIEH;

- Macia I CMa3Ku ra3oTypOMHHBIX, TYpOOBHHTOBBIX U TypOOpEaKTHUBHBIX

JIBUTATEJICH,

- TypOWHHBIC Maciia - Ui CMa3Ku M OXJKICHUS TOIIIUITHUKOB TypOo

arperaTtoB (TUAPOTYpOUH, TYpOOHACOCHBIX arperaToB M T.I1.);

- KOMIIPECCOpPHBIE Macia — JUIsl CMa3Kd U YIUIOTHEHUS JI€Tajedl MOPIIHEBBIX

KOMIIPECCOPOB;
- TPaHCMHCCHOHHBIE Macja — JJIsi CMa3K{ 3yOuaThIX Mepefad TPAaHCMUCCUHN
Pa3IMYHOrO0 HA3HAYCHHS;



43

- TUAPABIMYECKHE Macia, IpeCTaBISIIoNIMe cOO0N HeckKHMaeMmble padoune
KUAKOCTH U CIyXKallue Ui Nepelayd SHEPruu B THIPOCHCTEMAX U CMA3KH Y3JIOB
TPEHUS;

- KOHCEpPBAI[MOHHBIE Macja — JUIS 3alIUThl OT KOPPO3HHM TPYLIUXCS JeTajieu
P JUTUTEILHOM XPaHECHUH;

- YIUIOTHHUTEJIbHBIE MAaciia U CMa3K{ — I TEPMETH3ALUU y3JI0B TPEHUS.

[To poty HCXOAHOTO CHIPbS CMAa30YHbIE MaTepUaibl (Maciia) MOApPa3aeIIIOTCs
Ha: MUHEpaJbHbIC (HEPTSAHBIE); PACTUTEIbHBIC; )KUBOTHBIC; CUHTETHUYECKHUE.

4.2. OcHOBHBIE CBe/IeHHsI 0 IPOU3BO/ICTBE M CBOHCTBAX MU HEPAJIbHBIX
(He(pTAHBIX) M CHHTETHYECKUX MaceJI

OCHOBHBIM CBHIPBEM 1711 IPOU3BOJCTBA MUHEPAIIbHBIX MACEN CIY’KaT Ma3yThl -
OCTaTKU OT MpsiMOM mieperoHku HedpTH. IIpousBoautenu Macen pa3pabaTbIBaAIOT
CXEMBI U PELENTYpPbl UX MPOU3BOJCTBA, BKIIOUAOIIUE CIAEAYIOIIUE MTPOIECCHI:

- MPOU3BOJCTBO 0a30BBIX Maced W3 HEPTIHOTO ChIPhS WIM CHUHTETHUYECKHE
OCHOBBI;

- TPOU3BOJICTBO (PYHKIIMOHAJIBHBIX MPHUCAIOK, O0ECIEUUBAIOIINX OCHOBHBIC
TpeOOBaHUsI MO SKCIUTyaTallM Macesl U CO3JJaHuE ONTUMAJIbHBIX MAKETOB MPHUCAIOK,
00JIaJaloIMX HAWIYYIIUMU XapaKTEPUCTUKAMU MPU MX CMEIICHUU CO CIEHaTbHO
nogoOpaHHBIMU 0a30BBIMU MacClIaMH,

- MPOU3BOJACTBO MO CMeEIICHUIO0 (OJCHANHTY) O0a30BBIX Maced C IMaKeTaMu
MPUCAJIOK, MPEAHA3HAYEHHBIX [JI BBITYCKAa OCHOBHOIO acCCOPTHMEHTa TOBapHOI
MPOJIYKIIUH, COOTBETCTBYIOIIEH TpeOOBaHUAM HOpMATHUBHBIX JO0KyMeHTOB (I'OCTos,
TV, cnenudukanmii) ¥ JOMYHIEHHBIX K MPUMEHEHUI0O B KOHKPETHBIX THIAX
JIBUTATEJICH, arperaToB U MpuOOpOB.

4.2.1. llonyyenune oCHOB He(pTAHBIX MaceJl

Ba3oBble Macjia 00BIMHBIX TEXHOJIOTHI TOJYYalOT W3 OJHOTO WM CMECH
HECKOJBKMX  MUHEPAJIbHBIX  KOMIIOHEHTOB  (AMCTWUISTHBIX,  OCTATOYHBIX),
MpomeaIMX o0paboTKy MO KIJIACCHUYECKOW CXeMe: CEeJeKTUBHAs OYUCTKA WIIH
AKCTPAKIIUSI PACTBOPUTEIISIMU — JenapaduHU3alUsS PACTBOPUTEIISIMU — OUYHCTKA
aacopOoenTamu. Mcrnonp3oBaHHE OOBIYHBIX TEXHOJOTMWA TO3BOJISET MOJYYHTh
0a30BbIe Macja CO CBOMCTBAMHM, JOCTATOYHBIMHU JIJI1 MPOW3BOJICTBA HA UX OCHOBE
MOTOPHBIX MAaceJ Ha4daJlbHOTO YPOBHS KadyecTBa. B 3aBUCMMOCTH OT XMMHYECKOIO
COCTaBa HCMOJIb3yeMON B KadeCTBE ChIphs HEe(PTH pa3znuyaroT JBa TUMa 0a30BBIX
Maces OOBIYHBIX TEXHOJIOTHI — napapuHOBbIE U HAPTEHOBBIE.

HcxXoTHBIM ChIpBEM JIJIsI TIOJIYYEeHHS 0a30BBIX Macel CIIyXaT Ma3yThl (OCTaTKH
oT mpsMor meperoHku HedTH). OCHOBHBIM CHOCOOOM MepepaboTKH MasyTa IIo
MacisHOM cxeMme  siBhsieTcss (pakmuoHHas Tmieperonka. I[lpum 3tom u3 Oosee
JETKOKUTIAIIUX (paKIuii Ma3yTa MOJIy4aroT JUCTIILIATHEIE 6a30Bbie Macia (bM).
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[Tocne oTroHa U3 Ma3zyTa MaciasHbIX JUCTUIUIATOB B OCTATKE MOJIY4YaroT I'yIpOH
WIM TP MEHee TIIyOOKOM OTOOpe - TOIyryApoH. ['yApOHBI M MOMYTYIpPOHBI
WCIIOJIB3YIOT JIJIS MTOJTYYEHUSI BBICOKOBA3KUX, TAK HA3bIBAEMbIX OCTaTOYHBIX BM.

Ma3yTbl BBIKMIIAIOT B IIMPOKOM HHTEPBAJIE TEMIIEPATYp, IPHUEM TemIepaTypa
KUTICHUSI TIPU aTMOC(EPHOM JIaBJICHUU OOJBIIMHCTBA MACISHBIX (DPaKIUil JIEKHUT
BBIIIIE TEMIIEPATYPhl UX pa3nokeHus (KpekuHra). [loaToMy (pakioHHYI0 eperoHKy
Ma3yTa MPOBOJIAT MPY MOHMKEHHOM JIaBJICHUH B IIPUCYTCTBUU BOJISIHOTO Mapa.

Ha puc. 4.1 mnokazana cxemMa BaKyyMHOH yCTaHOBKH. Ma3zyT CHIPHEBBIM
HAaCOCOM MPOKAuMBAETCs Yepe3 TEII000MeHHUKH 9 u 11, HarpeBaeTcsi B HUX 3a CUET
TeIja OTXOJAIIMX MJUCTHIUIATOB M TYyJIpOHAa U 3aTeM TMPOKAYUBaETCAd 4epes
TpyOuaTyio neus 4, oTkyaa ¢ tremrepatypoit 420°C nomnagaet B peKTU(GUKAITMOHHYIO
koioHHy 3. KomonHa mnpencraBiser coOOW BBICOKMM CTalbHOW LMIMHAP C
TEIUIOU30JISILIMEN, KOTOPBIM N3HYTpU 000PYAOBAH ClIELUATbHBIMUA TOPU30HTAIBHBIMU
MeperopojikamMu (Tak Ha3bIBAEMBIMU TapesIkaMHh) ¢ OTBEPCTUSAMHM, a MHOI/AA OCOOOM
KOHCTPYKIMHU KOJIMayKaMH, 00€CIEYMBAIOIIMMU MHOTOKPATHBIN KOHTAKT KUAKOCTH
u napa. Cxema paboThl peKTU(UKAIIMOHHON TapelbyaTol KOJIOHHBI Oblla MpUBECHA
Ha puc. 2.1 B paznene 2.1.

3a cyeT 3THUX MHOTOKpPAaTHBIX KOHTAaKTOB OOECIIEUMBAETCS ONTUMAJIbHOE
(pakLMOHUPOBAHUE CMECH, MO3BOJIIONIEE BBIICTUTh U3 HEE HA OMNPENEIECHHBIX
YPOBHSIX IO BBICOTE€ KOJIOHHBI Yy3KHE (paKIUM HEPTENPOIYKTOB C 3apaHee
M3BECTHBIMM CBOWCTBAMHU. 371€Ch Ma3yT pasJielsieTcss Ha OTJelbHble (pakiui,
MAacCJsHbIE JTUCTUIUIATHI C PA3JIMYHOMN BA3KOCTBIO.

[
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Puc. 4.1. Cxema BakyyMHO# YCTaHOBKH:
1-mxexTop; 2- 6apoMeTpUUECKHU KOHICHCATOD; 3 — peKTU(UKAIIMOHHAS
KOJIOHHA; 4 — 1e4b; 5 — BEHTWJIATOP; 6 — IbIMOBas TpyOa; 7 — MoA0rpeBaTeb
BO31IyXa; 8 — CHIPHEBOM HACOC; 9 — MUCTUIUIATHBIC TEIIIOOOMEHHUKH;
10 — xonoauneHuk; 11 — Ma3yTHbIE TEMI00OMEHHMKY; 12 — Hacoc; 13 — kosoenn
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C HHM3a KOJIOHHBI OTOUPAIOT MONYTYAPOH U TyApoH. B BakyyMHBIX TpyOuaThIx
YCTaHOBKAax Ma3yT HarpeBaercs 0e3 pasnoxeHus 10 425°C. DTo 1ocTuraercs 3a cyeT
HENPOAODKUTEIBHOTO TpeObIBaHUS Ma3zyTa B TpyOuaThIX IeyaX U BakyyMma
250-350 MM pT.CT.

C noBbIlLIEHHEM TEMIIEpaTypbl HarpeBaHUs U HCHApEHUs Ma3yTa (B YCIOBUSX,
MCKJTIOYAIOIINX BO3MOXXHOCTh €T0 Pa3JIOKECHHs) YBEIUYUBACTCS TiTyOnHa oTOOpa U3
HET0 MacIsSHbIX AUCTUIUIATOB, OCOOEHHO 3a CUET BSI3KUX YTJIEBOJOPOJIOB.

[TosryuyeHHBIE MyTEM NEPErOHKM Ma3yTa MAacisiHble AMCTUIUIATBI U OCTaTKU
COCTOSIT M3 CMECH YIJIEBOJOPOJOB PA3IUYHBIX KJIACCOB M COJEP)KAT CEPHUCTHIC
coequHeHus. K ux uyuciny oTHOCATCS ac(haabTO-CMOJIMCTHIE BEIIECTBA, HA()TEHOBBIE
KHCJIOThI, apOMaTU4YECKUE YIIIEBOAOPOBI U JIP.

MacnsHple JUCTWILIATBL W OCTAaTKU  SABJIIFOTCS  MHOJYNPOAYKTaMH TS
nojiyueHuss ToBapHbIX BM. UToObl NOIYyYUTH TOTOBBIE Macia, HEOOXOJUMO
O0CBOOOJIUTh UX OT BpeAHbIX mnpumeceid. Hambosiee mpocThiM COCOOOM OYUCTKH
MacCJsHbIX JUCTHIUIATOB SIBJIAETCA BBILIEIAYMBAHKME, T.€. 00pabOTKa pacTBOpAMH
HIEJI0YEH IS yIaleHusl KHCIIbIX COEAMHEHUM.

Jlyumine pe3ynbTarhl JA€T KUCIOTHO-IIEIOYHAs OYUCTKA, KOTOPas 3aKII04aeTCs
B 00pabOTKE MaCISIHOTO MOJYIPOAYKTa KOHIIEHTPUPOBAHHON CEpHOM KHCI0TOH (96-
98%), a 3arem mienounto. [Ipu 3TOM mpoUcXOAUT OTAENeHHE ac(haaTbTO-CMOJIUCTHIX
BEIIECTB, YacTH HA(PTEHOBBIX KHUCIOT U  TKEIbIX  [OJIMAPOMATHUECKUX
YTJIEBOAOPOAOB, CKIIOHHBIX K CYJIb()UPOBAHNIO, KOTOPbIE IIPU BBHICOKOM TeMIEpaType
BCTYNAIOT B PEAKIMI0 C CEPHOM KUCIOTOM M YAAIIOTCA M3 Maciia. 3aTeM 3TH
MOJYNIPOAYKTbI 00padaThIBalOTCSl HATPUEBOM IEJI0YbIO, KOTOpas HeHTpaiusyer
OpPraHMYECKHE KUCIIOTBI M OCTaTKH CEPHOM KUCIOTHI. I yAaJleHusl OCTaTKa LIEI0YH
Y COJIEM YacTO MCHOJB3YIOT CYLIKY Macja ropssyuM Bo31yXoM. KucioTHO-11e1049HbIM
CI0co0OM MHOTHE T'OJIbl IPOBOJMIIACH OYUCTKA JUCTUIUISTHBIX Macell.

Hapsny ¢ KHCIOTHOM OYMCTKOM MNpH MOJY4YEHUM BSA3KHX OCTATOYHBIX bM
IIMPOKO MCHOJIB30BATIACH OYUCTKA C TPUMEHEHUEM MEJIKOPA3MOJIOTOM O€I0i TJIMHBI.
IIpy KOHTakTe C rOpsSYUM MaciioM TJIMHA aJcopOUpyeT Ha CBOEH MOBEPXHOCTH
ac(hanbTO-CMOJUCTHIE BELIECTBA, OCTATKH CEPHOM KHCIIOThI M KHUCJIOrO TyJIpOHA.
[Tocne 3TOro riavHy OTAENSIOT ¢ MOMOIIbI0 (UIbTpoB. OuncTKa Maciaa ¢ 00paboTKOM
CEpPHOM KHUCJIOTOM W OTOENMBAIOMICH TJIMHOM MyTeM KOHTAaKTHOTO (UIBTPOBAHMS
HOCUT Ha3BaHUE KHCIOTHO-KOHTAKTHOM ouyucTKH. OOHAKO CerogHs, IO
COOOpaXeHHUSIM JKOJIOTUYECKOW Oe30macHOCTH, OT 3TOro crmocoba ouyucTku bM
MIPAKTUYECKH MOJHOCTHIO OTKA3aJIUCh.

[Ipu mnepepaboTke Ma3yTOB, COJAEPXKAIIMX 3HAYUTEIBHOE KOJIUYECTBO
MOJIMIUKINYECKUX apOMaTHUYEeCKUX YIJIEBOAOPOJOB C OOJBIIUM KOJIUYECTBOM
OCH30JIbHBIX KOJIEI] U KOPOTKUMH adupaTHUYECKUMH LENsIMU B MOJIEKYJaxX, JIETKO
OKUCJISIIOIIMXCS W yXYALIAIIMX BSI3KOCTHO-TEMIIEPATYPHBIE XapaKTEPUCTUKH
TOBAapHBIX  Macell, OIHCAHHbIE BBIIIE  CIOCOOBI  OYUCTKM  OKa3bIBAOTCS
HenoctaTouHbiMU. [loaToMy ¢ poctom mnotpebnenus bBM u HeoOX0aUMOCTHIO
nepepadaTbiBaTh Ma3yThl HE TOJIBKO OTOOPHBIX MACISIHBIX HEPTEH, pecypchbl KOTOPBIX
B IIOCIEAHEE BpeMs MCUEpPHAINCh, HO U MEHee KauecTBeHHbIX. [lomyunia
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pacnpoCTpaHEHUE CEIEKTUBHAS OUYHUCTKA, T.€. OUUCTKA C IPUMEHEHUEM CEIEKTHUBHBIX
(u30MpaTeNbHbIX) pPACcTBOpUTENCH. DTOT METOJ OYHCTKH OCHOBaH Ha Moadope
pacTBOpUTENIEH, 00JIaJAlOIIMX [PU ONPENEIEHHON TeMIlepaType M COOTHOIICHHH
KOJIMYECTBA PACTBOPUTENI M OYMINAEMOIO Macjia pa3HOW pPaCTBOPSIOIIEH
CIIOCOOHOCTBIO K HEKEIATENbHBIM U MOJIE3HBIM KOMIIOHEHTaM bM.

[Ipn orcramBanmm cmecu bM ¢ pacTtBOpuTeneM OHa paccilamBaeTcs Ha
padUHATHBIN CJIOM, COCTOSIIIMI U3 Macia, U3 KOTOPOro yJajeHbl HeKellaTelbHbIe
KOMITOHEHTHI (paduHaT), U SKCTPAKTHOTO CIIOS, MPEJCTABISIONIEr0 OO0 pacTBOp
yJIaJIeHHBIX U3 Maclia KOMIIOHEHTOB (IKCTPaKTa) B pACTBOPHUTEIE.

[locne cenekTUBHOM OYHMCTKM, a MHOTAA TakKe M Tepea Hell MpOou3BOAST
JOTIOJTHUTENIbHYI0O KOHTAKTHYI0 OYHMCTKY Maciia. B KauecTBe CElIeKTHUBHBIX
pacTBOpUTEIIEH JOJTHE TO/Ibl UCTIOJIb30BaH Pypdypos, peHos, HUTPOOEH301.

dypdypoa (CsH4O,) — OGecrBeTHAs KUAKOCTh C MPHUATHBIM 3allaxoM XJieoa;
SAI0BUT; TNIOTHOCTH Tipu 25°C — 1,155 r/em® temneparypa kurnenus 161,7°C.

On oOsagaeT Xopouel CeIeKTUBHOCThIO, HO OFPAHMYEHHON PacTBOPSAIOIICH
CIIOCOOHOCTBIO, BCIJIEJICTBHUE YEro €ro MNPUMEHSIOT B OTHOCUTENIBHO OOJBIIOM
kosmuecte (10 150 —400%) k ouniiaeMoMy Maciy.

®enou (CgHsOH) - OecuiBeTHOE KpUCTANIMUECKOE BEILIECTBO, C TEMIIEPATY PO
mnaBnenust 40,9°C u temneparypoit kuneHust 181,75°C. IlnotHocTh (eHONa mpu
41°C — 1,05 r/em’. deHOm HMeeT XapaKTepHBI 3amax, 00JaZaeT HECKOIBKO
MEHBIIEH CEeNEeKTUBHOCTBIO, YeM (Qyppypos, HO XOpOLIEH pPaCTBOPSIOIIECH
cnocoOHocThi0. [Ipu (deHonmpHO# ouncTke 3HaunTenbHO (Ha 30-50%) cHIKaeTcs
COJIepKaHHUE CEPBI B MacJIe.

Hurtpoben3zou - CsHsNO, umeer crnemyroniyio cTpykTypHYyIO hopmyy

NO,

O

HutpoOenzon mnpuHamiexxur K 49uciny I(P(PEKTUBHBIX  CEJIECKTUBHBIX
pactBoputenieid. OTauyaeTcs BBICOKOM TOKCHYHOCThIO. TemmepaTypa KHUMEHUs
211°C, Temmeparypa mwiaBinenus 5,76°C, miotaocts mpu 15°C - 1,2 r/em®,

Jns moitydeHus BBICOKOKAYECTBEHHBIX BSI3KUX CBETJIBIX OCTATOUYHBIX MAacesl
MIPUMEHSIIOT CEJICKTUBHYIO OYMCTKY MAPHBIMH PACTBOPUTENSIMU, U3 KOTOPBIX OJUH
CEJICKTUBHO pACTBOPSIET KOMIIOHEHTBI, MOAJIekKAIIUEe VYAAJICHUI0, a Jpyrou -
MOJIE3HbIE KOMIIOHEHTHI Maca.

Takum crocoOoM oOecneynBaeTcss OYEHb 4YeTKas  Xopollas OdYHucTKa. B
KauecTBe pacTBOPUTENC MpU STOM NPUMEHSIOT TEXHUYECKUH  Kpe3o.,
MPEACTABISIIOUINI CMECh 0-Kpe30Jia C -KPe30JI0M

Hcnons3yercsi, B YacTHOCTH, cMech Kkpe3onoB ¢ 30-50% ¢enona wu
texHudeckoro nponana (C3Hg). IIponecc mpoBoadT npu MOBHIIIEHHOM JABJICHHUH (110
2,0 mlTa). Padunar nouninarot 0TOSIUBAIOIIECH TITUHOM.

B mocnenHue roipl Moiay4yusl IIUMPOKOE PACHpOCTPAaHEHUE HOBBIM IMpouecc
CEJIEKTUBHON ounCcTKU BM ¢ mpuMeHeHHeM B KaueCTBE CEJIEKTUBHOro peareHtra N-
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MeTunupponuaoH. OH o6nagaer OOJIBIION pPacTBOPSIONIEH CHOCOOHOCTBIO K
apOMaTHUYECKHUM YTJIEBOJOPOJIaM, HO HEJOCTATOYHO CcelleKTUBeH. [Ipu cMemenuu ero
C JPYTMMH CHEUHaIbHO TOJ00paHHBIMU PACTBOPUTEISIMH, HUMEIOIMIMMU OIU3KYIO
TEMIIEPATYPy KUTIEHUS, MOKHO MOJYYUTh CMECh, 00JIaIaI0IIyI0, HAPSAIY C XOPOIICH
pPacTBOPSIIOLIEN CIIOCOOHOCTHIO, BBICOKOM CEJIEKTHBHOCTHIO. B KauecTBe BTOpOro
TaKOr0 paCTBOPUTEIIA B MPOMBIIIJIEHHOCTH UCTIONB3YIOT ATUIEHTJIUKOJIb.

N-MeTUJIMPPOIUAOH: TeMIlepaTypa 1iaBienus -24°C, Temneparypa KuneHus
202°C; mnotHocTs 1ipu 20°C 0,8089 F/CM3, CMEIINBAETCA C BOJIOW U OPraHUYECKUMU
pactBoputesiMU. OCHOBHBIM TIPEMMYIIECTBOM €r0 MPUMEHEHUS B KadyeCTBE
CEJIEKTUBHOI'O PACTBOPUTENSI — Majlass TOKCHUYHOCTh M OTCYTCTBHUE 3KOJIOTHYECKHU
BpeAHBIX TOOOYHBIX NPOJYKTOB Tipoliecca. B Hacrosiee BpeMs BCE HOBBIC
TEXHOJIOTMYECKUE YCTAaHOBKM IOJNydYeHHss bBM cCTposATcs © 3IKCIUIyaTUPYROTCS
IIPEUMYIIECTBEHHO C IIPUMEHEHUEM IIOCJIEIHET0 B KAayeCTBE CEJIEKTUBHOIO
PacTBOPUTEIIS.

[Ipn nmpousBoacTee bM U3 MUHEPATBLHOTO CHIPbSI IO HOBEHIIIHUM TEXHOJIOTUSIM
MIPUMEHSIOT METOJ THAPoo4YMCcTKH [Iporeccel ruaponepepabOTKH MOTYT 3aMEHUTh
YACTUYHO WM TOJHOCTHIO KIJIACCHYECKUE METOJIbl OOpaOOTKH HE(PTSIHOTO ChIPHS.
MuHepanbHble KOMIIOHEHTBI, MOJIy4YaeMble MPH HCIOJIB30BAaHUH STHX IPOLECCOB,
Ha3bIBAIOTCS THAPONPOLECCUHIaMU. KayecTBO ruAponponecCuHroBeix bM 3aBucur ot
COBEpLICHCTBA M IIIyOMHBI IpoleccoB HedrenepepadboTtku. Ha 3ToM ocHOBaHUM
CIIEAYET pa3nnyaTh T'MIPOOYHUIIICHHbIE U TUAPOKPEKUHIOBbIE BM.

I'mapoouncrka - KaTAINTUYECKHM METOJ OYHCTKM BAaKyyMHOI'O Ta30MJIs.
[Ipouecc TUAPOOYMUCTKH MPUMEHSIOT MpU  00JIaropaXMBaHUM  KOMIIOHEHTOB
cma3zouHbix Macen tuna VHVI 6a30BbIX Macen ¢ MOBBIINIEHHBIM HHAEKCOM BSI3KOCTU
(6a3oBBIC Macia BTOpOW TpyIIbl) U MapaUHOB C LETbI0 CHUKEHHUS COACpKaHUs
cepol. ['mapoounctka npoBoautcs npu temneparype 380-420°C  u naBieHUn
Bojopoaa 2,5-4,0 mIla B npucyTcTBUmM amoMoko0anbT-MoinbeHoBbix (AKM) umu
anmtoMoHukenbMonnOeHoBbIX (AHM) karanuzaropoB. Ilpu 3TOoM ruapupyrorcs
HETpe/eNIbHbIE COEAMHEHUS B MIPEEIbHBIC, & COCIMHEHHUS, COAEPKAIIUE KUCIOPO U
cepy, - B BOJY U cepoBo0po. B aToM mpornecce mpu UCHOJIb30BAaHUU CIIEIUATIbHBIX
KAaTaJIn3aTOPOB JOCTHIAaeTCi BBICOKAs CTENEHb THIPUPOBAHMS apOMATHUYECKUX
COEIMHEHHUI U M30Mepu3alis H-napa@uHoOB B U30napapuHsbI.

KaraiuTnyeckuii TMAPOKPEKUHI W TOCIEAYIOIas TMAPOM30MeEpHU3anus
ABIIIIOTCS ~ HaumbOojee  CIOXKHBIMA  THUAPOTCHM3AIMOHHBIMH  IPOLIECCaMH,
MO3BOJIAIOIIMMHU TOJYYUTh THIPOKPEKHUHroBble bM, mpubimxkaromuecs Mo CBOUM
CBOMCTBAM K CHHTETHYECKMM. [lo »3TOM mNpuYMHE HEKOTOPHIE MPOU3BOIUTEIN
Ha3bIBAIOT TaKKWE Macja rHAPOCHHTETHYCCKUMHU.

4.2.2. XuMU4ecKHii cOCTAaB MUHEPAJIbHBIX MaceJ

B MacnsHbIX AMCTIIIISATAX cojepkKarcs mapaduHOBBIE  yTIECBOAOPOJbI
HopmasibHOTO U m3octpoeHus (C, Hanip), HahTEeHOBBIC YTIIEBOIOPOABI, COMECPIKAIIHEC
MATH- U MIECTUWICHHBIC IIUKJIBI C Tapa)UHOBBIMU OOKOBBIMU IIETISIMU PA3HOU JIJTUHBI,
apoMaTUYeCKHe  YIIeBOJOpOAbl  (MOJUM- ¢ MOHO-IMKIMYECKHE), a TakKkKe
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HadTeHOapomaTuyeckue (¢ mapaduHOBHIMU OOKOBBIMHU IIETSIMH), CMOJIUCTO-
acanbTeHOBBIE BEIECTBA, CEPY-, a30T- M KHUCIOPOACOJECpXKAIINE OpPTraHHYECKUe
coequHeHus. Ilo cpaBHEHHIO ¢ JpPYrUMH  YIJI€BOJAOpOAaMU mapaduHOBBIC
YTJIEBOAOPOABl MMEIT HAMMEHBIIYIO BS3KOCTh, HauOoOJee MOJIOTYI0 BS3KOCTHO-
TEMIIEPATYPHYIO XapaKTEPUCTUKY U HAMOOJIBIINI HHIEKC BSI3KOCTH.

Ha¢grenoBbie u wu3onapadguHoBbie YIVIEBOJAOPOABI SABISIOTCS OCHOBOM
HEe(TAHBIX Macell M HUX COJEpKaHHe, B 3aBUCUMOCTH OT Xapakrepa HepTH u
TEMIIEpaTypPHBIX MPENEOB BHIKUMAHUS HEPTIHBIX MACISHBIX (DpPaKIMil, COCTABISIET
or 50% n075% wmaccel macina. OT CTPYKTYpHBIX OCOOEHHOCTEH Ha(pTEHOBBIX
YIJAEBOAOPOIOB  3aBUCAT  MX  (PU3MKO-XMMUYECKHE  CBOMCTBA U P
AKCIUTyaTallMOHHBIX CBOMCTB: TakK, 4YeM OOJIbIIE KOJICI B MOJIEKYJE, TEM BBIIIE HUX
TEeMIIEpaTypa KUIEHUs; YeM OOJIbIlie aTOMOB yriepoja B OOKOBBIX LIETAX, TEM BBILIE
BS3KOCTh M MHJEKC BS3KOCTH. IIpM OZHOM M TOM K€ 4HMCJIE€ aTOMOB YIVIEpOJA B
OOKOBOW 1IN, C YBEJIMYEHHEM CTENEHU pa3BETBIEHHOCTH LEMHU, TEMIIepaTypa
3aCTBHIBAHMSI MacCJIa IOHUKAETCS.

Ot conepxxkanust CH-rpynn B OOKOBBIX LEMSIX WM MX MOJIOXKEHUS 3aBUCUT
CTaOMJIBHOCTh HA(TEHOBBIX YIJIEBOJOPOAOB IPOTHUB OKHUCIEHHUS MOJIEKYJISIPHBIM
KHCIIOPOJIOM.

ApomaTrudeckne U HapTeHOApOMaTHYeCKHe YIJIeBOAOPO/IbI IPUCYTCTBYIOT
B JIETKMX MAacIsHbIX ¢pakuusax (350-400°C) B BHme roMOJIOroB OcH3oma U
HadTanuHa, B Goiee Tspkenbix ¢pakmusix (400-450°C) comepskarcs MoHO-, 6W- U
Jake TPULUKINYECKHE apOMaTHUYECKUE COCTUHEHHS.

Cepoopranuveckue coequHeHusi. B BeicOkokumsmmx Qpakmusx HedTH,
UIyIIUX Ha TMPOU3BOJACTBO Macen, ckamimBaercs 60-70% cepoopraHu4ecKkux
COEIMHEHHM OT cojepKaluxcsi B ucxoqHo HegpTu. CepoopraHnyecKrue COeANHEHUs
TSOKETBIX (Dpakiuii HepTH MPUHAAJIEKAT B OCHOBHOM K Cylb(uaaMm, B TOM YUCTE K
MPOU3BOAHBIM THO(EHAM, CKOH/ICHCUPOBAHHBIM C apOMAaTUYECKUM HJIA HAQTEHOBBIM
LUKJIAMH.

B npouecce mnpou3BojACTBa 3HAUMTEIbHAS YAaCTh CEPOOPTaHUUYECKUX
COCIMHEHUI W3BJIEKAETCS, OJJHAKO HEKOTOPOE KOJIMYECTBO HUX IMPUCYTCTBYET B
MacliaX, U3rOTOBJICHHBIX U3 MaJIOCEpHUCTHIX Hedrel (0,16%).

B Macnax u3 cepHUCTBIX HeTell 3TuX coeauHeHuil coaepxurca B 10 - 15 pa3
6onbiie u cocraBisier 0,5 - 1,5%, uyro npu yuére MOJEKyJIsSpHOW Macchl Macel
cootBeTcTBYET 10 — 15% cepoopraHnyeckux COeTMHEHUI.

Takum 00pa3zom, B Maciax, NOJy4aeMbIX U3 CEPHUCTBIX HE(PTEH, MPOU3BOIHBIC
ceppl, Hapsagy ¢  mnapaduHOHaPTEHOBHIMM ¥ HadTEHOAPOMATUYECKUMH
COEIMHEHUSIMH, SIBJISIFOTCS OCHOBHBIMM KOMIIOHEHTAMH.

B 3aBucHMMOCTHM OT cocTaBa cepocoJeprKaliie COECIWHEHHUs OoJblle WIH
MEHBIIIE BIMIIOT HAa NPOTUBOM3HOCHBIE, IPOTUBO33JMPHBIE CBOWCTBA W HAa
CTaOMJIBHOCTh TPU OKHUCJIEHHH, B CBSA3M C 4Y€M, NPUCYTCTBHE ATUX COEIMHEHUU
SIBJISICTCSL TOJIOKUTEIBHBIM. OCHOBHOE KOJMYECTBO CEPOCOMEPKAIIMX COCIMHEHUM
COJIEPKUTCSL B MPHUCATKAX, BXOMASIIUX B MPOMBIIIICHHO MPOU3BOMASIIUAECS MaKETHhI,
IIMPOKO MCHOJIB3YEMBIE TIPU NMPOU3BOJCTBE TOBapHBIX Macesl. C Apyroi CTOPOHBI, €
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TOYKH 3PEHHSI YKOJIOTHH, CTPEMSITCSI CHIDKATh COJIEp KaHKe TTOI00HBIX COSTMHEHUN B
cocTaBe 0a30BBIX Macell.

A3oTcoaep:xaniue coeJMHEHUsI BXOIAT B COCTAaB CYKIIMHUMUTHBIX MPUCATOK,
IITUPOKO HCTIONB3YIOMUXCS TPU TPOU3BOJICTBE COBPEMEHHBIX COPTOB TOBApPHBIX
Macesl, TIOCTENIEHHO BHITECHSIOMUX cepy U (dochopcomepkamue MPUCATKA U3
perenTyp mocienHnx. BHenpeHue mojao0HBIX MPHUCATAOK CBA3aHO C YKECTOUCHUEM
AKOJIOTMYECKUX TpeOboBaHUN K TOBapHBIM Maciiam. CTapbie pernenTypbl Maced,
cojiepkaIme cepy M gochopcoaeprkanive MPpOTHBOM3HOCHBIC M IPOTHBO3aIUPHBIC
IIPHCAJKU TIPH BBICOKHX TEMIIEpATypaxX BBIJACISUIA YPE3BBIYAHO TOKCHYHBIC CEpPy M
dbochopopraHnUecKre COSIUHCHHUS, TaryOHO BIMABIINE HA OKPYKAIOIIYIO CPEy.

CMmoaucTo-acaibTeHOBbIE BellecTBAa Cofep)XaTcsi B OCHOBHOM B
BBICOKOKHUIIAIMMUX HEPTAHBIX MacisgHbIX ¢paknusax. OHH OTHOCATCA K KJaccy
MOJIUTETEPOUKINICCKUX COCAMHEHUM, COJEpIKaIlUX B IUKJIE, KpOME YIJepoja u
BOJIOPOJIa, a30T, CEPY, KUCIOPO/, a MHOTIa U PA3TUIHBIC METaJUTbI.

[To mpuHsTON KIaccu(UKAIUN CMOIHCTO-ac(haTbTEHOBBIC BEIIECTBA JCIAT Ha
CMOJTBI, ac(aabTeHBI, KApOSHBI U ac(haTbTOTCHOBBIC KUCIIOTHI M UX aHTHIPHIBI.

HedTsinble KUCJIOTHI CITOCOOHBI KOPPO3WOHHO BO3/ICHCTBOBATh HA METAJLIBI
(cBUHEI], OJIOBO, LIMHK, ME/b...), 00pa3ysi COOTBETCTBYIOIIHME COJIM, KOTOpHIC, 3a
MCKITFOYCHHUEM COJICH MIEeTOYHBIX METAIIJIOB, HE PAaCTBOPHUMBI B BOJIE.

MeTaiooprannyeckue coeIUHEHHUsI TIPEICTaBICHBI B HEPTAHBIX (paKIIUIX
MIPOM3BOJIHBIMHM BaHAJAMS, HHUKEJS, JKelie3a, MEIHM, MBIIIbIKa M MHOTHX JIPYTHUX
MeTaioB. (OCOOEHHO MHOTO METaUIOB  COJEPXKUTCS B BBICOKOCEPHHUCTHIX,
BBICOKOCMOJIUCTHIX HEPTIX, MPUIEM OCHOBHAS YaCTh MX COCPEAOTOUCHA B TSKEIBIX
dbpakusax U B ryapoHe. Bce meTamuionpousBoaHBIC, HAXOCh B MacliaX JaXke B
OYCHb HE3HAUMTENIBHBIX KOJHUYECTBAX, MOTYT KaTaJu3UpOBaTh OKHCIICHHE
KOMIIOHEHTOB Maclia B TIpoIecCe OKCIUTyaTallk, ¥ II03TOMY  SIBJISFOTCS
HE)KeJIaTEIbHBIMU.

4.3. CuHTreTH4YecKHre 0a30BbIe Macjia

[IpencraBnsioTr coOOM MaciaooOpa3Hble KUJIKOCTH — TOJUMEpPbl WU
OJINTOMEPHI, TMOJTYyYEHHBIE METOJIOM CHHTE3a W3 Pa3IudHBIX MOHOMepoB. CBoHCTBa
CUHTETUYCCKUX JKUIKOCTEH 3aBUCAT OT XMMHUYECKOTO CTPOCHUS, KOTOPOE SBIISACTCS
OCHOBHBIM KPUTEPHUEM UX KIACCU(PUKAIIHH:

- YIJIEBOJOPOJHBIE Macja Ha OCHOBE TosMaiib(paonedrHoB, nuzonapapruHOB
WJIM aJKUI0EH30J1a;

- mmdupHble Macia Ha 0a3e JBYXOCHOBHBIX KHCIOT M OJHOATOMHBIX
CIIUPTOB;

- monudGUpHBIE Maciia Ha OCHOBE 3(QHUPOB TMOJHOJIOB, MOJUTIUKOJIEBHIX
a¢hupoB uin 3pupoB GochopPHON KUCITOTHI,

- (TOpYTIAEBOAOPOIHBIE MACIA;

- CHJINKOHOBBIE Macla.
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OTnenbHBIE CBOWMCTBA HWCKIIIOYAIOT BO3MOKHOCTh TPUMEHEHUSI HEKOTOPBIX
CUHTETUYECKUX JKUIKOCTEH B KadeCTBE OCHOBHBIX KOMIIOHCHTOB aBHAIMOHHBIX
Maced:

- noaudgupHvle macia Ha ocHoge 3¢upos ocGopHol KUCIOMbl UMEIOT
HEJ0CTAaTOYHBIC WHACKCHI BI3KOCTH (B mipeenax ot 0 mo -30);

- ¢mopyene6o0opooHvle macia UMEIOT HU3KYI0 TEMIIepaTypy KHICHHUS U
TUIOXUE BA3KOCTHO-TEMIIEPATypPHBIE XapaKTEPUCTUKH;

- CUIUKOHOBble MACAa HE CMEIIMBAIOTCA C MHUHEpPAJIbHBIMH U 00Jaal0T
HEJ0CTaTOYHBIMU CMa3bIBAIOIIUMU U IPOTUBOM3HOCHBIMU CBOMCTBAMH.

Hoauanvgpaonegpunovt (IIAO) SBIAAOTCSA YTIEBOJOPOJIHBIMA CUHTETUYECKUMU
KUAKOCTAMHU. B IPOMBINIIEHHBIX 00beMaxX WX MOJY4YaloT MyTEM CHUHTE3a MOJIEKYI
JICIIEHA B OJIMTOMEPHI WIIH MOJTUMEPHI C KOPOTKUMH HIETISIMU.

Brbicokre WHIEKCHl BS3KOCTH TMO3BOJISIIOT HMCIIOJIB30BaTh Macjia Ha OCHOBE
nomanb}aoaehuHOB B IMIUPOKOM auamnazoHe temmeparyp. OTCyTCcTBHE NpuMecen
COCIMHCHWA Cephl M METAUIOB 00ECIeUYnBAECT BHICOKHE AHTHKOPPO3UOHHBIC
cBoiicTBa. XopomIas CMEIMIMBAEMOCTb C MHUHEPAIBHBIMA MacjaMHu TIO3BOJISET
WCITOJIB30BaTh TOJUaTb(GaoIeuHbl B KAadeCTBE CHHTETUYCCKOTO KOMITOHEHTA,
MIPUMEHSEMOTO TIPH TPOU3BOJICTBE MOJTYCHHTETHUECKIX Macedl.

bnaromapst HEBHICOKOW CTOMMOCTH B CPAaBHCHHH C APYTHMH CHHTETUYCCKHUMHU,
nonuanbdaonaeHOBbIE Macia SBISIOTCA HauOoJiee IMIUPOKO HCIOJIb3yeMbIMU B
MHpE CHHTETUYECKMMHM MaciaMud. HecmoTps Ha TO, YTO B TMOCJEAHHE TOJIBI
TUAPOKPEKUHTOBBIE Maciia MPUOIU3UIUCH 110 KaYeCTBY U 3a CYET 0oJiee HU3KUX IICH
OTBOCBAJIM 3HAYMTEIBHYIO JIOJII0 PhIHKAa 0a30BBIX Macell, paHee MPUHAJICKABIIYIO
nomanb}aoaeuHOBLIM, TIOCIETHUE BCE €IIe O0JalaroT pPSJAOM CYIIECTBEHHBIX
MPEUMYIIECTB:

- OYEeHb HU3KHUE TEMIEPATYyPhI 3aCTHIBAHUS (B CBSI3H C OTCYTCTBUEM JIMHEHHBIX
napauHOB);

- BBICOKHE TEPMOCTAOMJILHOCTh W CTOMKOCTh K OKHCICHHIO (OTCYTCTBHUE
HEHACBIIIEHHBIX YTJIEBOJIOPOIOB);

- Mayjas JIeTy4eCThb M KOKCYeMOCTh, OOCCIEYMBAEMBbIC OTHOPOIHOCTHIO
COCTaBa.

OTH TPEHMYIECTBAa OCOOCHHO BaXHBI, B CBS3M C YBEIWYHBAIOIIMMCS
MOTpeOJICHUEM MAJIOBSI3KUX MOTOPHBIX Macesl, PacCUMTAaHHBIX Ha YUIMHCHHBIC
WHTEpBaJbl 3aMEHbl U 0o0Jiee BBHICOKOTEMIIEPATYpPHBIE PEKUMBI pabOThI B y3Jax
Tpenus. K Hemocrarkam nonmanbh)aoneuHOBBIX Maces CIeTyeT OTHECTH:

- XYAIIyIO0, TI0 CPAaBHCHHWIO C MHHEPAJbHBIMH MAaclIlaMH, PaCTBOPSIOIIYIO
CIIOCOOHOCTH MO OTHOIIIEHUIO K HEKOTOPBIM THIIaM MPUCAJIOK;

- XYAIIYI0O COBMECTUMOCThH C dJaCTOMEpaMu (BBI3BIBAIOT yCAIKy PE3MHOBBIX
YIUIOTHEHUH € IOTEPEN UX 3JTACTUYHOCTH).

O6a »Tu HemocTaTka yCTPaHSIOT MyTeM J00aBjeHUsT HEOOJBIINX KOJUYECTB
COXHBIX d¢upoB. K coxkaneHuio, B HACTOSIIEe BpeMs OTCYCCTBEHHAs
MIPOMBINIUICHHOCTh ~ MPOU3BOIUT  MOJHATb(A0IChUHBI, KOTOPhIE HEBO3MOXKHO
UCIIOJIb30BaTh IIPU MPOU3BOJICTBE COBPEMEHHBIX aBramace. [IponsBoauTensm macen



51

B Poccuu, B OCHOBHOM, MPUXOAUTCS MOJb30BATHCS HMIIOPTHBIMH IPOAYKTAMH
Ha3BaHHOTO kjacca. OcTaeTcs HaJesIThCSA Ha TO, YTO B OJrpKaiiiieM OyaylieM OT 3TOi
IIOPOYHOM TPAKTHUKMA OTEUYECTBEHHBIC NPOU3BOAWTEIN ABHALMOHHBIX MAaces
OTKa)XyTCsl, IEPENI HA OTEYECTBEHHBIE POYKTHI.

Jlusgpuper  MoOTydarOT TpU  B3aUMOJIEMCTBHHM JBYXOCHOBHBIX KHCJIOT C
OJIHOATOMHBIMH ~CIIUPTaMHU HWJIM  OJHOOCHOBHBIX KHCIIOT C MHOIOaTOMHBIMHU
cnuptamu. {nsdupsl umeroT 60see pa3sHOOOpa3HYIO CTPYKTYpY, yem [TAO.

Onu 001a/1a10T XOpOIIeH CMEIIMBAEMOCThIO C MUHEpaJIbHBIMM Maciamu. B
CpPaBHEHUU C MUHEPAJIBLHBIMU Macia Ha 0a3e AudGupoB 0011a1at0T 00siee BHICOKUMHU
WUHACKCAMHU BSI3KOCTH W TEPMOCTAOUIIBHOCTBIO, 00Jiee HHU3KUMHU TeMIepaTypamu
3aCThIBAHUS, MEHBIIEH JIETY4ECThIO M OTHEOMACHOCTHIO. BhICOKas pacTBopsromas
CIIOCOOHOCTH MO3BOJISIET PACTBOPSTH JIAKU U LIUIaM, MOJAJEPKUBasi YUCTOTY JieTanen
nasurarens. Ha mnpaktuke, nusgupHble Macia CHOCOOHBI yAANsATh B JBUTaTele
OTJIOXKEHHMSI, 00pa30BaBIIMECS B PE3YJIbTATE UCIOJIb30BAHUS IPYTUX Maced.

HenocratkoM nU3(QUPHBIX CHHTETHYECKMX Macell ABISAETCS MX IOBBIIICHHAsS
arpecCUBHOCTh B OTHOLIEHUU HATYPaJbHBIX M CHHTETHYECKHX PE3MHOTEXHUYECKHX
m3nenuid. OHU BBI3BIBAIOT HAaOyXaHHE M PAa3MATYCHHE PE3UHOBBIX MPOKIAIOK,
CaIbHUKOB W T.n. [lo 3TOM npuYMHE KX CIEAYyET HUCIOJIB30BaTh C XHUMHYECKH
WHEPTHBIMH YIUIOTHUTEIbHBIMU MaTepUaIaMHU.

Ilonusgpupvr. B xadecTBE OCHOBBI I IPOM3BOJCTBA CHHTETHYECKHUX
aBMALMOHHBIX MaceJl Hallel MIMPoKoe NpuMmeHeHue 3¢gup nenraspurputa (I19T).
[leHTa’puTPUT MOTYyUYaIOT B3aUMOJEHCTBUEM (opManbleruia ¢ aleTaabIAeruioM B
npucytcteun Ca(OH),. Umeet popmyny C(CH,OH), .

B pesyabrare peakuuu ATepuUKALUA C CHHTETMUYECKUMHU SKUPHBIMU
kucnoraMu Cs — Cg mosyyaroT 3QuUp HEHTa3pUTpuTa, 00JaJAIOMUNA XOPOIIMMHU
BBICOKOTEMIIEPATYpPHBIMM ~ CBOMCTBaMH. Macina Ha ero OCHOBE  YCIICLIHO
BBIJIEPKUBAIOT TemmepaTypy 10 250°C 6e3 u3MeHeHHs: cBOMX (HPU3UKO-XUMHYECKUX
XapaKTEPUCTHUK.

KpemHuiioprannueckue coeluHeHUA

OmHrM W3 BaXHBIX KJIAaCCOB OPraHMYECKUX COCIMHEHWW, HAIIEAIIUX B
MOCTEAHUE JIECATUIIETUS IIMPOKOE HCIOJb30BAHUE B KA4ECTBE CHELUAIBHBIX
CMa304YHBIX Macel U JKUAKOCTEH B  ABUATEXHHUKE CTAIH  ITOJMMEPHBIE
KPEMHUHOPTraHUYECKUE COCTUHEHUSI.

B oTimuune ot mpupoaHbIX HEDTSHBIX Macell, COCTOSIINX U3 yTIEeBOJAOPOIOB -
COCIMHEHUM, Y KOTOPBIX MOJEKYJISIpHAs IIeNmb 0Opa3oBaHa W3 aTOMOB YTJIEPOJa,
ITOJIMCUJIOKCAaHBl MMEIOT B CBOEW OCHOBE LIETNIOYKY H3 YEPEAYIOIIHUXCS AaTOMOB
KPEMHHS U KUCIIOPO/IA, TAK HA3BIBAEMYIO CHJIOKCAHOBYIO I'PYIIIUPOBKY

-Si-0-Si—-0-Si-0-Si-
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K atomam kpeMHus B Bujie OOKOBBIX IETIeH MPUCOETUHEHBI YTIIEBOJOPOIHBIE U
IpYrue OpraHuYeCKUe PaJuKalIbl Pa3IMYHOrO CTPOCHUS. B 3aBHCHMMOCTH OT JUIMHBI
MOJIEKYJISIPHBIX 1IEMel, CTPOCHHUS U COCTaBa OOKOBBIX IIETIeH, TOJUCHIOKCAHBI UMEIOT
pa3inuHble PU3NUECKHe U XMMUUECKHE CBOMCTBA.

OTIMYNATENBHBIMU CBOMCTBAMU MHOTMX KPEMHHHOPraHUYECKUX MPOAYKTOB
ABJSIIOTCS.  MX  YCTOMYMBOCTH K  BBICOKMM TeMIEpaTrypaM M  OKHCIICHHIO,
CONPOTUBIISIEMOCTh K JEWCTBUIO BJIArM M XOPOIIHME BS3KOCTHO-TEMIIEPATypHBIC
cBoiicTBa. KpemMHMIOpraHM4eCKue COEOUHEHUS 3aHUMAIOT IIEPBOE MECTO Cpeau
IPYrux CUHTETUYECKUX KUIKOCTEN 1o BA3KOCTHO-TEMIIEPATYPHBIM
XapaKTEPUCTUKAM.

Xopomasi TepMOCTOMKOCTh KPEMHMUOPIaHMYECKUX COCIUHEHUH IT03BOJISAET
UCIIOJIB30BaTh HX B KA4eCTBE TEIUIOHOCUTENIEW B YCIOBHUAX JUIMTEIBHOU
skcruryaranuu npu 350°C.

KpeMHuiioprannueckre COEIMHEHUS MOTYT ObIThb OCHOBOM JIA MOJyYEHHS
CUHTETUYECKUX CMAa304HbIX Macels, paboTOCHOCOOHBIX MPU BBICOKUX TEMIIEpaTypax,
XapaKTEPHBIX JIJI1 MOIIHBIX PEAKTHUBHBIX JBUTATEIICH.

[IpakTdyeckoe 3HAYECHHE B KA4EeCTBE CMAa30YHBIX MAacell M KUIKOCTEH
ITOJTYYMJIIM MOJIMMEPBI C METWIBHBIMHU U 3THWJIBHBIMU paaukanamu. [lepBeie oTBeUaroT
oO1eit popmyre

I 1
CI|{3
- Sli _0-
CHj
In

M Ha3bIBAIOTCS METHUJICUJIOKCAHAMHU WM METHJICHIMKOHAMH, BTOPBIC OTBEUYAIOT
oO1eit popmyre

[ 1
C|2H5
_Sli_o_

Ca Hs
L I

Y Ha3bIBAIOTCA OTWICHIOKCAHAMU WM JTWICWIMKOHaMHU. I3BecTHBl Taxke
(hEeHUITIOIMCUIIOKCAHOBBIE COSAMHEHUS, COJiepKalie B OOKOBOW Iienu (peHUITbHBIC
pajuKalibl, CMEIIaHHbIC aJKUJIAPUINOIUCUIIOKCAHbI, HalpUMep, METWI(PEHWI- U
STUII()EHUITIOTUCUIIOKCAHBI.

[Tonucunokcanbl  MOPENCTaBISAIOT  cO0OM  OecCUBETHBIE  IPO3pAYHBIE
MaCJISTHUCTBIE JKUIKOCTH pPa3iMdHON Bs3kocTH. OHHM XOpOIIO PacTBOPSIOTCA B
YIIEBOIOPOAaX M HE pPACTBOPSIOTCS B BOJE, COUPTaX M JPYTHX TOJSPHBIX
PaCTBOPHUTEIISX.
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4.4. XapaKTepuCTHUKA OCHOBHBIX BH/I0B TPECHUS

[Ipn nBUXKEHUM OAHOrO Tela MO MOBEPXHOCTH APYrOro BO3HUKAET CHUia
TpPEHHUSL.

Tpenue mnojapazfensieTcss Ha CTaTUCTUYECKOE (TpEHUE TOKOs) U TPEHHE
JBH>KCHUSL.

B cBoro ouepenb TpeHUE ABMKEHUS NOApa3aesieTCs Ha:

- TpeHHe CKOJIbKeHHs (IIEpBOT0 poj/ia), KOTOPOE UMEET MECTO MPU KOHTAKTE
TPYILIMXCS TOBEPXHOCTEHN MO ONPEIeICHHOM MIIOIAIKE;

- TpeHHe KadeHHMsl, BO3HUKAIOUIEE TIPU COMPUKOCHOBEHHHM TPYIIUXCS
MOBEPXHOCTEH MO JJUHUU WIH B OJJHOM TOUKE (TpEHHE BTOPOTO POJA).

Tpenue ckoJbKeHUs MOJpa3zenseTcss Ha 4 BUAA: CyXO€ TpEHUE, FPaHHUYHOE
TPEHUE, MOIYKUIKOCTHOE U )KUJIKOCTHOE.

JlJ1s OLIeHKHM TOTeph MOIIHOCTH Ha TPEHUE UCTIONB3YIOT KOA((ULIUEHT TPEHUS
f, mpencrapnstonmii co00i OTHOMIEHNWE CUITHI TpeHus F k Harpyske N:

F — . (4.1)
N

Cyxoe TpeHme NOIUYMHSETCA 3aKOHY AMOHTOHA, KOTOPBIA TJIACHUT, YTO
KOA(DPUITMEHT TpeHHsI HE 3aBUCUT OT IUIOMIAJM KOHTAKTa TPYIIUXCS MOBEPXHOCTEH.
DTO 03HAyaeT, 4TO MPHU OJHOM U TOM ke Harpy3ke N, CHIIbI TPEHUSI U MaJIEHBKOTO U
00JBIIOr0 KyOMKOB, CKOJIB3SIMX IO OJHOM M TOW € MOBEPXHOCTH OJMHAKOBBI
(puc. 4.2).

B pesynbrate k03 PUIMEeHT TpeHUsT He 3aBUCHUT OT Harpy3ku u, eciid N; = Np,
TO Fl = F2.

I'pannyHoOe TpeHHe BO3HUKACT NPU HAIWYMU TOHYAMILIEro CJIOS Macia
(mnenkun). Ilpu rpaHWYHON CcMa3ke Ha BBICTYMAIOMIMX YYAacTKaX IMOBEPXHOCTU
MaTepuall MJIEHKU MOJHOCTBhIO BBITECHSIETCS W BO3HUKAET KOHTAKT METaUI-METaJll.
I'pannunHas cMa3ka BO3HMKAET IMPU BBICOKMX HArpy3kax, a TakKe B HayalbHBbII
nepuosi paboThl MexaHuW3Ma U TpeOyeT NPUMEHEHHS MPOTUBOM3HOCHBIX H
MIPOTUBO3AIMPHBIX PUCATOK.

|

|
I:1 2

|

Puc. 4.2. CooTHOlIIEHNE MEXAY HArPY3KOM U CUIION TpEeHUS

}KHI[KOCTHLIM Ha3bIBACTCA TaKOC TPCHUC, IIPU KOTOPOM TpPYHIMCCA
IMOBCPXHOCTH OTHACIICHBI JAPYI' OT Jpyra CJIOCM CMA30YHOI'0 Marcpuajia. B »sTom
CJIydac TPpCHHUC IIPOUCXOIUT MCKAY CJIOAMU MacCiia U ONIPCACIIACTCA, B OCHOBHOM, €TO
BA3KOCTBIO. }KHI[KOCTHBII;'I PCKUM CMAa3KH SABJEACTCA HanoOoee IMPUCMIICMBIM  JIJIA
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TPYUIUXCA JeTallel, TaKk KaKk OH 00eCTieYnBaeT MaJlble MOTEPU MOIIIHOCTH HA TPEHUE U
Manblii u3Hoc aeraneil. KosdduumeHT KUIAKOCTHOTO TpeHUs JEKUT B Ipeaenax
0,01...0,001.

Teopus XKHUIKOCTHOTO TPEHUs pa3padOTaHa PYCCKUM YYEHBIM Ipodeccopom
H.IL. TlerpoBeiM, omyOnukoBaBmuM B 1883 . cBolt Tpyn «TpeHue B MammHax u
BJIMSIHUE HA HETO CMasbIBaroUIel KUAKOCTH». OCHOBBIBasACh Ha 3akoHe HbrloToHA 1Is
TPEHUS B JKUJIKOCTU M Pe3ylbTaTaX MHOTOYHMCIICHHBIX OIIBITOB, OH MaT€MAaTHYECKU
BBIPA3WJI 3aKOH JKUJAKOCTHOTO TPEHUS M MPEIOKWI Uil  [PAKTHUYECKOIro
MCIIOJIb30BaHUS CIIEAYIOIIYIO YIIPOLIEHHYIO POpMyITy

FoS v (4.2)
h

rae F — cua JKuaKoCTHOTO TpeHuUs;
1M - IMHaMu4ecKast (a0CoII0THAs) BA3KOCTh MAclia;
V - IMHEeWHAst CKOPOCTh NEPEMEILICHUS] TPYILUXCS TOBEPXHOCTEN;
S — oAb COMPUKOCHOBEHHUSI TPYIIIUXCS TE;
h — ToJIIMHA MACIISTHOTO CJIOS.

JlnHamMuueckast BA3KOCTh T - 3TO CUJIa CONPOTHUBIICHUS IBUKEHUIO JBYX CIIOEB
JKUAKOCTH IUIONAABIO 1M C TPAJMEHTOM CKOPOCTH 1M/C M HAXOMSIIMXCA Ha
paccrossHuM 1M npyr ot apyra. Ona uzmepsiercs B cucteMe CHU B [lackanb-cekyHnax;
B cucreme m3MmepeHnit CGS emunamMmert nuHamMudecko Bs3KocTH sBisieTcs I[lyas,
(1113 = 0,1Ila-c). Ha mpaktuke wucmnosb3ytoT cotbie goiu Ilyaza - canrtullyas.
Hanpumep, BA3KOCTH BOJBI IpH 20°C paBHa | cantullya3y.

Kunemarnueckas BA3KOCTh V — 3TO OTHOLIEHWE TUHAMUYECKOW BSA3KOCTH M K
IUIOTHOCTH Macna u Bepaxkaetcs B cucreme CU B Mm/c. B cucreme m3mepenuit CGS
eIUHHUIIEN KNHEMAaTUYEeCKON BA3KOCTH ABisgeTca CToke, 1CT = 10* m?%/c. Ha MIPAKTUKE
MpUMEHSIOT coThie AoJu Ctokca — caHTuCToKC (1cCt = Imv?/c = 10" M?/c).

[Ipu ucnonab30BaHUM KMHEMAaTHYECKOM BsI3KOCcTU Vv Gopmyia [lerpoBa npumer
BH/]I

F:v-p'hv-s- (4.3)

N3 popmysl (4.3) cnenyer:

- MpU KUAKOCTHOM TPEHWU CHJAa TPEHUS W, COOTBETCTBEHHO, IOTEPH
MOIITHOCTH TeM O0JIbIle, 4eM OO0JIbIlle BA3KOCTh Macja Vv, CKOPOCTh BpalieHus Baita V
1 TIJIOIIAb COMPUKOCHOBCHHMS TIAp TPCHHMS;

- HAJeKHOCTh JKHUIKOCTHOM CMa3KM (HaJlMyue TapaHTHUPOBAHHOIO CJIOS
TOJIIIMHOM N) Bo3pacTaer ¢ yBeTHMUEHHUEM CKOPOCTH CKOJIBKEHHS, BI3KOCTH Macia
YMEHBIIICHUEM HArpy3Ku Ha MOIITUITHUK;

- YeM BBIIIE CKOPOCTb CKOJBXKEHHS, TEM MEHEE BS3KOE Macjo JOKHO
MIPUMEHSATHCS B Y3JIaX TPEHUSI U HA000POT;

- yeM OO0JIbIIe 3a30pbl MEXKIY JETAISIMH, TEM BBIIIC JOJKHA OBITh BA3KOCTH
MacJia;

- YeM BBIIIIC Harpy3ka Ha TPYyIIHECs JCTad, TeM 0oJjiee BIA3KOE Macio CIICIyeT
PUMEHSTH JJIT CMa3KH y3JI0B.
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4.5. MuHepaJibHble MacJia VI ABUALIMOHHBIX JIBUTraTeJIei

45.1. Macaa AJId ABUAIIMOHHBIX IMOPIITHEBbIX I[BHFaTeJIEﬁ

B nopmHeBbIX JBUTAaTeNsIX Maciaa paboTalOT B TSDKENBIX  YCIOBHSX,
CO3/IaBa€MbIX BBICOKUMH BHEITHUMH TeMIIepaTypaMd B IHJIMHAPOIOPIIHEBOM
IPYINEe W BBICOKUMH VYACIBHBIMH HAarpy3kaMd B KPHBOIIUITHO-IIATYHHOM
MexaHu3Mme. s obecriedeHuss TpeOyeMbIX YCIOBHM CMa3blBaHUs JBUTATels B
YCJIOBHUSIX BBICOKUX TEMIIEPATYp M YISIbHBIX HArPy30K MPUMEHSIOT BBICOKOBS3KHE
Macjia, TOJIBEPTHYThIE CHEIUaIbHOM ouncTKe. Takue wmaciaa JIODKHBI HMETh
BBICOKYIO CMa304HYIO CIIOCOOHOCTh, HE OBITh arPECCUBHBIMU K METajllIaM, CIIaBaM U
Ip. KOHCTPYKIIMOHHBIM MaTepualiaM U 00JIaaTh JOCTATOYHOW CTaOMIBLHOCTBIO K
OKHCJICHUIO TIPU BBICOKUX TEMIIEPATYpax U B YCIOBUSAX XPAHEHUS.

Hanbonbiiee mpuMeHeHHe IJisi CMa3KH IMOPIIHEBBIX JBUTaTENC camMoJIETOB
Hannio Maciao MC-20 kuHeMaTHdeckol BI3KOCTBIO Vigg =20,5 MM2/C npu 1OOOC,

MH/IEKCOM BSI3KOCTH He MeHee 80, TeMreparypoit 3acTsiBanus He Bbiire —18°C.

Macna MC-20, MC-20m, MC-20cn (knacc o API — SB) o61anarot:

- BBICOKOM TEpMUYECKOM U TEPMOOKUCIUTEIBHOW CTAaOMIBHOCTBIO, YTO
MO3BOJISIET MX WCIOJIB30BATh JUISl OXJIAXKICHUS IMOPIIHEH, IOBBIIAS ITPEACIIbHBIN
HarpeB Maclia B KapTepe, YBEIUUYNBasl CPOK 3aMEHBI;

- JIOCTaTOYHBIMHM IPOTUBOM3HOCHBIMU CBONMCTBAMH, KOTOpbIE 00€CIEUYEHbI
HY>KHOH BA3KOCTBIO, IPOYHOCTHIO MACIITHOW IICHKU;

- MaJIOW 3MYJIbTUPYEMOCTBIO C BOJION;

- XOpouel CrnocOOHOCTBhIO OTHENSATh BOAY W HEPACTBOPUMBIE 3arpsi3HEHUS
IIPU CEIapalny;

- MaJjou BCIIEHMBAEMOCTHIO ITPU BBICOKOW W HU3KOW TEMIIEPATypax;

- MaJIOH JIETY4YECThI0, HU3KUM PAcXOA0M Ha yrap (3KOJIOTHYHOCTH).

Eme ogHOM MapkoM MHHEpaJbHOTO Maciia Ui IOPILIHEBBIX aBUAJBUTATENIEH
SBJISIETCSI MACIO JUIsl TypOOBUHTOBBIX ABurareneid MH-7,5y. 3to yHubunupoBanHoe
Macjio Ha HE(TSIHOW OCHOBE C KOMIUIEKCOM IHpucazok. OO01acTh NMpUMEHEHUS -
pa3paboTtaHo B3ameH Maciocmeceit, macen MH-7,5 u BHUHUHII-7. Moxho
MPUMEHSATh B TYpOOBHHTOBBIX JBUTATENSX BCEX TUIIOB MPU TEMIEpaType Macia Ha
BbIxoze mu3 apuratens m0 150 °C. 3apyOexusiii anagor AeroShell Turbine Oil 750,
TurboNicoil 35M.

4.5.2. Macaa a5 TypOopeaKkTHBHBIX JBHraTeJiei

B ornnuune ot nopiHeBoro asurareis Macio B TP/ uzonupoBaHo oT kamepsl
CropaHusi; KpoMe€ TOro, B HamOoJiee OTBETCTBEHHBIX Y3JIaX TPEHUS pean3yercs
TpeHue kadeHusi. Porop typbokommpeccopa B TPJ] xopoiio cbanaHcupoBaH U MpHU
OOJBIION YacTOTe BpalleHHs, OOJIBIIMX OCEBBIX W YMEPEHHBIX pPaAUKaJIbHBIX
yCHIIHSIX paboTaeT 6e3 pe3KnX MepeMEHHBIX HAarpy30K.

CoBpemennbie ['TJ[ xapaktepusyrorcst KECTKUMH YCIOBUSIMH PaOOTHI
CMa3bIBaEMBIX AP TPEHUS: TEMIIeparypa — 10 300°C u BbIIIe, YACTOTHI BPALICHHS
15000...20000 06/MuH. 1 BHIIIIE.
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HanpsokeHHocTh  paboThl  Macia B TakMX — YCIOBUSX — ONPEIENseTcs
KOJIMYECTBOM TeIlIa, KOTOPOE HEOOXOAUMO OTBECTH OT MOBEPXHOCTH TPEHMSI JETAIH
Y MIpY NPOYMX PABHBIX YCIOBUAX XapaKTEPU3YETCS CKOPOCTHIO MPOKAYMBAHUS Macia
4yepes3 JIBUTaTellb.

Temmeparypa Macia Ha Bxoxe TPJI korxeGmercst ot 20° o 70°C, a Ha BbIXO/E
3aBUCHUT OT TEIUIOHANPSHKEHHOCTH JBUrareiid. B ABHATaTensx caMoOJIE€TOB, JETAIOMINX
C JJ03BYKOBBIMH CKOPOCTSIMH, OHa He mpeBbimact +130°C, a mpu ckopocTH monéra ¢
gucioM M=~2, a Takke Yy BBICOKO(GOPCHPOBAHHBIX COBPEMEHHBIX JBUTATENEH
JI03BYKOBBIX BO3/IYILIHBIX CYIOB 'PaKIaHCKOMH aBuamuy gocturaet 240°C.

Jns WCKIIOUEHWs MeperpeBa y3J0B TPEHUS MAacjO HEMNPEPBIBHO IO
JABJICHUEM MOJBOAUTCS K CICAYIOIIUM Yy3J1aM JBUTATENS: MOAMIUITHUKAM, 3y0UaThiM
KOJIECaM TPUBOJOB, KOHTAKTHBIM YIUIOTHEHUSAM, IUIMIEBBIM COCAUHECHUSIM.
Haubonee BbICOKHMIT ypOBEHb TEIUIOBBIJEICHHS 00pa3yeTcs B paaualibHO-YIIOPHBIX
HIAPUKONOMIIMIHUKAX poTtopoB ['TJ/l, BOCIpHHMMAKONIMX OCEBYIO HArpysKy.
[ToaTOMY K HUM MOABOASAT Maciia 0OJIbLIE, YEM K IPYTUM [apaM TPEHHUS.

Macna nist TP/ 1oJKHBI OTBEUYATh CIAEAYIOUIUM TPEOOBaHUSIM:

- HAJIC’)KHOE CMA3bIBAaHHUE BCEX Y3JIOB M arperaToB JABUTATENS C MUHUMAJIBHBIM
M3HOCOM B Tpejenax pabounx temneparyp ot —50 10 +200°C;

- [oJioras  BA3KOCTHO-TEMIIEPATYpPHAs  XapaKTEPUCTHKA M XOpOIIas
MIPOKAYMBAEMOCTh MPU HU3KUX TEMIIepaTypax, oOecrneynBarone HaJaeKHbIN 3aIyCK
BHTATENs 6€3 Iporpesa 10 Temmeparypsi -50°C;

- OJIHOPOJHBIM M CTAaOWJIbHBIN (PAKIMOHHBINA COCTaB, 00€CIEeUYNBAIOIIHIA
MUHUMAJIBHYIO UCHapsieMOCTh (DPaKIMil U COXPAHEHHE BSI3KOCTHBIX XapaKTEPUCTUK
Maclla B TEUEHHUE BCEro pecypca Macia;

- BBICOKME AHTUOKUCIUTENIbHbIE CBOWCTBA M MHHUMAJIbHOE OKHUCIICHUE B

0
aBuratene mpu  pabouumx — temmeparypax  150...200°C -  MHUHHMaJIbHAs
BCIIEHUBAEMOCTh, BHICOKAsI TEMIIEpaTypa CaMOBOCIIJIAMEHEHHS;

- HEarpecCMBHOCTh MO  OTHOLIEHWIO K  MeTajlaM,  CIlIaBawm,

PE3MHOTEXHUYECKUM H3JICTUSAM, TTIOKPBITHSM, KJISSIM M IPYTUM METaJlIaMm;

- MUHUMAaJbHBIC TIOTEPM HA TPEHUE TPH BBICOKUX YACTOTaX BpPAIICHUS
pPOTOPOB.

B nHaubosbliieli CTEMEHW yKa3aHHbIM  TPEOOBAHUSAM  YIAOBJIETBOPSIOT
MAaJIOBSI3KME MUHEPAIbHBIC U, B OCHOBHOM, CHHTETUYECKHE MacTa.

K oCHOBHBIM MpeICTaBUTEISIM aBHAIIMOHHBIX MUHEPATLHBIX MAaCeJl OTHOCSATCS

macjao MC-8II — nambosiee MHUPOKO NMPUMEHSIEMOE MHHEPAITBLHOE MAacyo C
KOMILJIEKCOM ~ BBICOKOA(D(PekTuBHBIX  mpucaaok. IIpemnasznaueno g ['T/]
JI03BYKOBBIX M CBEPX3BYKOBBIX CaMOJIETOB, y KOTOPBIX TeMIeparypa Macjia Ha
BBIXOJIE M3 ABHTaTess — He 6omee 150°C;

macyao MC-8pk — pabouee n KOHCEpBAIIMOHHOE Macjo Ha 0a3e macia MC-8I1
c JobOaBieHueM uHrubutropa kopposuu. Pauomenno waciny MC-8I1 1o
AKCIUTyaTallMOHHBIM  TIOKa3aTeasiM U 3HAYUTEJIbHO  MPEBOCXOAUT  TIO
KOHCEPBAIlMOHHBIM  XapakTepucTtukaM. [Ipy  KoHcepBalMu  MaciIOCHCTEM
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aBUAIMOHHBIX JBUTATENICH CPOK 3aIUTHI cocTaBisieT: i macia MK-8 — 3 mecsa,
st macna MC-8I1 — 1 ron, ayist macina MC-8pk — 4...8 ner.

3apyOexnsie anajgoru - AeroShell Turbine Oil 3SP, TurboNicoil 321.
TurboNicoil 306.

4.5.3. Macaa ajis1 TYypOOBMHTOBBIX JABUraTeJIeil

Ocobennocte  koHCTpykmumu TBJl cBsi3zama ¢ HammuueM B HUX
MHOTOCTYIIEHYAThIX 3y04aThiXx Mepenad (peayKTOpOB), KOTOpbIE OOECIEYMBAIOT
nepenady OOJBIIMX IMOTOKOB MOIIHOCTH OT Bada TypOokommpeccopa K Baily
BO3JyIIIHOTO BHUHTA. 3yObs miectepeH penykropoB TBJl paGoTaioT mpu BBICOKHX
KOHTAKTHBIX HanpsbkeHusax, gocturaroumx 800...1000 MITa.

Jnst  TypOOBMHTOBBIX ~JIBUTaTel€l 10 TOCIHETHEr0 BPEMEHU IIHMPOKO
UCIIONB3YIOTCS MAacIOCMECH, HW3rOTaBIMBAEMbIE IYTEM CMEIIEHUS MHUHEPAIbHBIX
OCTaTOYHBIX W JUCTUJUISITHBIX TOBAapHBIX COPTOB Macel OTE€YECTBEHHOTO H
MMIIOPTHOTO TPOU3BOACTBA, HMEIOIIUX PAa3JINYHbIE BEJIWYMHBl KHHEMATUYECKOU
BSI3KOCTH. B 3aBUCHUMOCTH OT MPOMOPIINI CMEIIMBAEMbIX UCXOAHBIX MPOTYKTOB, OHU
npeaHa3HavyaroTess Juisi  paboThl  NOpPU  Pa3HBIX  KIMMATUYECKUX  YCIOBHSX
AKCILTyaTal|H.

Bricok0OOOpOTHBIE MOAIIUITHUKKA poTopa TypOokomiipeccopa TBJI TpeOyroT
MAaJIOBSI3KOTO Macia, B TO BpeMs KakK yCJIOBHs paOOThl 3yObEB LIECTEPEH peayKTOpa
TpeOyIOT  BBICOKOBSI3KOI'O  Maclia €  yJIYy4IIEHHbBIMA  CMa3bIBAlONIMMU U
MIPOTUBOM3HOCHBIMU CBOMCTBaMH. /(151 cma3blBaHUS 3TUX JBUTATENICd MPUMEHSIOT
HedTsaHbIe U cuHTeTHYeckrue wmacia. OCHOBHBIMH CMa304YHBIMH MaTepHaTIaAMH
SABJISIFOTCS MAcJIOCMECH, MOJIydyaeMble CMEIICHHEM aBUalMOHHBIX Macen MC-8m u
MC-20 B cunenyromux cooTHOIIeHUsx (Mac. gonsa, %): 75:25; 50:50; 25:75.
Honyckaercs npumenenne Mmacia MC-8pk B coctaBe maciocmeceid. bnaronmaps
MPUMEHEHUIO BBICOKOKauecTBeHHOro Macia MC-8n  kauecTBO MaciocMmecei
3HAYUTEIBHO MOBBIMIAETCS. MacaocMecu TOTOBIT U KOHTPOJUPYIOT UX Ka4eCTBO IO
JEUCTBYIOIIMM HOPMATHUBHBIM JIOKYMEHTaM.

4.6. HopmupoBaHHe IKCIITyaTAIIMOHHBIX CBOMCTB M MOKa3aTeJiei
Ka4ecTBAa CMa304YHbIX MaceJl

Macna B 3aBUCHMOCTH OT HMCXOJHOTO CBIPBS, YCJIOBHH IPOU3BOJCTBA U
crocoba OYKMCTKA MOTYT 00JajaTh pa3iMdHbIMH CBOWCTBaMU. (COBOKYIHOCTH
Pa3IMYHBIX CBOMCTB Maciia ONMPEACISICT €ro Ka4eCTBO M BO3MOXKHOCTh IIPHUMCHCHUS
JUTSL T€X WM WHBIX Iejiel. BelMnunHbl OCHOBHBIX (PU3UKO-XUMUYECKUX ITapaMeTpOB
MaceJ PeriaMeHTHPYIOTCS CTaHaapTaMu (cepTuduKaTaMu KauecTBa), KOTOPHIE JAI0T
MPE/ICTABIICHUE O BO3MOXKHOCTU TIOBEICHMSI Macja B TPOIECCe DKCIUIyaTallud |
CIyaT JJii KOHTPOJBHBIX TMPOBEPOK KadecTBAa Macjia IyTeM COIMOCTaBICHUS
OTIBITHBIX JAHHBIX C TEXHUYECKUMH YCIOBUSMHU.
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Kpome xmaccudukammm MOTOPHBIX Macel IO KilaccaM U KaTeropusiM,
KJIaccu(pUKanuu 1O BSA3KOCTH HM3TOTOBUTEIh Macjia COOOIAeT TOTPEOUTEII0 H
apyrue GU3NKO-XUMUYECKUE XapaKTEPUCTHKNA MOTOPHBIX Mace.

4.6.1. BA3KOCTHBIC CBOMCTBA MaceJl

Bsa3zkocTHbIe CcBOWCTBA Maces (BA3KOCTb M MHIEKC BSA3KOCTH) SIBJISIIOTCS
BOKHEHIIMMU XapaKTepPUCTUKaMHM CMa3ouHbIX Macel. C HHUMHU CBSI3aHBl TaKXke
IJIOTHOCTH Macja, €ro TeMIepaTrypa 3acTbIBaHUSI U MPOBOPAYMBAEMOCTh MPU HUZKUX
TeMmrepaTrypax OKpyKaromeh cpeabl (XonoaHslid 3amyck). OHU  OnpeAensior
BO3MOXHOCTh OOECIEUYEHHS >KUJIKOCTHOTO TpeHUs, d(PPEKTUBHOCTD OXJIAKIACHHUS,
JIETKOCTH ITyCKa, IPOKAYMBAEMOCTh Macja M0 CUCTEME CMa3KH U T.J.

BsizkocTh Macia XapakTepu3yloT OOBIYHO B EAMHHUIIAX KUHEMATHYECKOUN
BSI3KOCTH WM OMNPEAEISAIOT C MOMOIIBI0 KAaNWJUISIPHOTO BUCKO3UMETpA. 3a €AMHUILY
knHeMatndeckoil Bsskoctd (I M%/c B crcreme CU) NPUHMMAIOT BS3KOCTH MAcia,
HMMEIOIIET0 JUHAMUYECKYK) BSA3KOCTh B | Hc/m® (ITac) u mmotHOCTH | kr/m°. B
TEXHUKE HCIOJB3YIOT TaKXKe E€IUHUIY W3MEpPEHUS KUHEMaTHYECKOW BA3KOCTHU IO
cucteme pasmepHocteit CI'C — ctokc (Ct), npuuem [ Ct = 1 cM/c (MpUMEHSIOT U
equaniy, B 100 pas MeHbImyio cTokca, - cantuCrokce: 1 ¢cCt = 0,01 cm?/c = 1 mm?/c).
IIpu BbIOOpPE BA3KOCTH AaBUAIIMOHHOTO Maclia HCXOASAT U3 JABYX OCHOBHBIX
TpeOOBaHUI:

- o0ecrnieueHre HU3KOTEMITEPaTypHOTO 3aIlyCcKa JBUTATENS;

- onTUMH3alKg pabodeil BA3KOCTU (HA MPOTPETOM JBUTATENE), 32 KOTOPYIO
MPUHUMAIOT BS3KOCTH Macia npu temmneparype 100°C. Benuunna paboueit BI3KOCTH
[0 BEpPXHEMY MpEAENIy OIpEeseTCs] YPOBHEM MOTEPh MOIIHOCTH HAa TPEHUE H
HUpKYJsiuio Macia. [Ipu 60mbI1eit BI3KOCTH yXYIIIAlOTCA MPOKAaYMBAEMOCTh Macia
(B OCOOEHHOCTM Ha peXuUMe TyCcKa) MW CMa3Ka TIOBEPXHOCTEW TpeHus
pazOpbiruBaHueM (0apOOTaXkKeM) H CaMOTEKOM, B pe3yjibTaTe Yero MOXKET
BO3HUKHYTh MacCJISHOE TOJI0JaHUE U TTOBBIIIEHHBIN U3HOC y3I1a.

Bsi3kocTh Macia 3aBUCUT OT XUMHUUYECKOTO COCTaBa, JaBJICHUS U TeMIEpaTyphl.
3aBUCUMOCTh BSI3KOCTM Macjia OT JaBJ€HUS 3aMETHO TMpOSBISETCA IMpPU €ro
sHaueHmsIx Beume 5 MH/M® u YCUJIMBACTCS MPU TNOHWXKEHUU TEMIIEPATYPBHI.
N3MeHeHue BSI3KOCTH C UBMEHEHUEM JaBJICHUS HEOOXOIUMO YUUTHIBATh MPU pacyeTe
MOIIIMITHUKOB COBPEMEHHBIX JBUTATENCH, Y KOTOPBIX JIaBJIEHUS MOTYT JIOCTUTaTh
90... 100 MH/m® .

3aBUCHUMOCTh BSI3KOCTH Macja OT TEMIIepaTypbl HA3bIBAIOT 6A3KOCHIHO-
memnepamyphnoit  xapakmepucmukou. Ilpu Oonee moNOro  BA3KOCTHO-
TeMIepaTypHOW KpHBOM KauyecTBO Macja BblIE, T. K. IMPU TMOHHKEHHBIX
TeMIlepaTypax OHO CBOOOHO TE€UEeT MO TPYOONpoBOaM, a IPH BEICOKUX - COXPaHSIET
JOCTAaTOYHYIO BSI3KOCTD TS HaJIJIC)KaIIeld CMa3Ku y370B TpeHus (puc. 4.3).
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Temmeparypa
Puc. 4.3. PaGouuii tuamna3zoH BSI3KOCTH MOTOPHOT'O Maciia [0 TeMIIepaType

HauGonee pacrpocTpaHEHHBIM CIIOCOOOM OILIEHKH BSI3KOCTHO-TEMIIEPATYPHBIX
CBOMCTB CMa30UYHBIX Macesl M0 HOPMATHUBHBIM JIOKYMEHTaM SBJISIETCA IOKa3aTellb
unoekca eéazkocmu (HMB). YUem oH OoJbllie, TEM Macjo Jydlle, TaK KaK MEHbIIE
M3MEHSETCS €ro BSI3KOCTh IO TeMIieparype. MeTroj onpeeneHust HHACKCa BI3KOCTH
uznoxken B 'OCT 25371-97.

Nupexe Bs3zkoctu (MIB) - smnupudeckas BeIWYMHA, KOTOpask OMpEneIseTcs
IyTEM CpPaBHEHUSI XAPAKTEPUCTHUK HCIBITYEMOTO Macjia C JBYMS DJTaJOHHBIMU
MacliaMi JBYX CEpUH, KOTOpbIE HMEIOT BA3KOCTb, OJIMHAKOBYIO C BSI3KOCTBIO
HCIIBITYEMOI'O0 Maciia IIpH 3aJaHHON Temnepatype. llepBas cepus BKiIrOYaeT macia,
oOnagarone TOJIOTOM  BSI3KOCTHO-TEMIIEPATYpHOM KPUBOM (MHIEKC BS3KOCTH
npuHsaT 3a 100), a BTOpasi cepust COCTOUT U3 Macel C IUIOXUMHU BS3KOCTHO-
TEMIIEpaTypPHbIMU CBOMCTBaAMU (MHIEKC BS3KOCTH MpUHAT 3a (). DTamoHHBIE Macia
OJHOM Y TOW K€ CEPUH OTIIMYAIOTCS APYT OT APYra TOJbKO BEJIMYUMHOM Bs3KocTU. VB
MOKHO OTIPEJICTTUTh PACUETHBIM WIIH TPAPUIECKUM CITIOCOOOM.

[Ipn Hammuuu XapakTepucTuk 3TanoHHbIX Macen MB (V1) Beuucasior no
dhopmyie:

unaekc Bsa3koctu (V1) Hedrenpoaykra

L-u

er 1 (4.5)

(4.6)
rne U - kxuHematuueckas Bs3kocTh mpu 40 °C HedTenpoaykTa, MWHACKC BSI3KOCTH
KoTOporo Tpebyercs onpexemuts ( D = L - H), mm?/c;

L u H — sMnupuyecKkrue BEJIMYHUHBI, KOTOPhIE MPUBEACHBI B [8] U BIUSAIOT Ha
ONPENIEIICHNE UHAEKCA BA3KOCTH.

[Ipn BemmumHax WB, npesbimarommx 3HadeHue 100, ero BeauuuHy
BhruncisitoT o Merony b I'OCT 25371-97 ¢ momouipto jgorapuMoB BEJTUYMH,
BXOJISIIIIUX B pacueTHyio popmyiy, ucnoiszyemyto B Meroge A I'OCTa.

Vj:ﬂ.mo,
i
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['padpmueckn 1B MoxkHO OmpenenuTh, UCMONB3Yysl 3HAYEHUST BS3KOCTH Macia
ripu 50°C u 100°C u HoMorpammy (puc. 4.4).
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Bsskocts Macna npu 100 °C, Mmm* /e
Puc. 4.4. Homorpamma iis onpeneneHuss MHIEKCa BI3KOCTH MOTOPHOI'O Macia

JInst Hax oK ACHUSI UHIEKCA BA3KOCTH HEOOXOAMMO OTJIOKHUTH Ha BEPTUKATBHOMN
IIKaJIe 3HadYeHHe Bs3KocTH Macia npu 50°C, a Ha TOPU3OHTAIBHOW - 3HAYEHUE
Bsi3kocTH npu 100°C, 1 U3 NOJYyYEHHBIX TOUYEK BOCCTAHOBUTH NMEPHEHIUKYJISPHI 10
B3aMMHOT'0 TIEPECEUYEHUS.

[Ipu mpouux paBHBIX MOKAa3aTeNSIX JIydlllee Maciao o0jamaeTr 0oJjiee BHICOKUM
MHJIEKCOM BSI3KOCTH U OHO 00JIee IPUTOAHO JUTS OKCIUTyaTalliy B 3MMHUX YCIIOBUSIX.

C BoO3pacTaHWeM TeMIIepaTypbl BSA3KOCTh Maclia CHIDKaercs (Macio
Pa3KMIKAETCS), a TMPU €€ TMOHWKEHUU BA3KOCTh YBEJIMYMUBACTCS (Macjio TYCTEeT).
Macino ¢ HHM3KUM HMHJAEKCOM BSI3KOCTH B XOJIOAHOM JBUTATeNie HACTOJBKO
3aryCcTeBaeT, 4YTO Ha TMPEOJO0JICHUE BHYTPEHHErO TPEHHS CaMOro Macja yXOIuT
CIIMIIIKOM MHOTO 5Hepruu. M3-3a MemJICHHOr0 MPUTOKA Maclia MNpHU 3alycKe MU
pazorpeBe JBUTATENsl TpyLIUMecs AeTald CUJIbHO W3HAImMBarOTCsA. [Ipu BBICOKHX
TeMrepaTypax U HEBBICOKOM HHJACKCE BA3KOCTH BA3KOCTh MOTOPHOI'O Macja MOXET
YMEHBIIIUTHCS HACTOJIBKO, YTO OHO HE 00pa3yeT MPOUYHYIO IUIEHKY.

Jlist ymydineHus BI3KOCTHO-TEMITEPATyPHBIX CBOMCTB Macell B HUX J100aBJISIOT
CHEIUAIbHBIE  GA3KOCHIHBIE  NPUCAOKU,  HATIPUMEDP,  TOIMH300YTHIEH  C
mostekynspaoit Maccoit 15000...20000. HoGaBka 2% mnoaun300yTUSIEHA MOBBIIIACT
Bsi3kocTh Macia npu 100°C mpumepHo B ABa paza. Kpome Toro, BI3kocTHas n00aBKa
yIy4dlIaeT CTPYKTYpy MHUHEpaiabHOro Macia. I[lpu mnpou3BoACTBE COBPEMEHHBIX
aBUAIIMOHHBIX Macel BO BCEM MHpPE UCIOJB3YIOT 3apyOeKHbIE 3aryIaroiiue
npucaaku ¢upm Lubrizol u Comad.

MunepanpHble Maciia HE HMEIT OIPENACICHHOM, YETKO BBIPAXXCHHOUN
TeMIepaTypbl Iepexoja U3 JKUAKOIO COCTOSHUSI B TBepaoe (u3-3a CBOEro
(dpakimonHoro cocrara). [loaToMmy TemnepaTypoit 3acTbiBaHUs (ITOTEPEN TEKYYECTH)
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YCJIOBHO CUMTAETCS Ta, MOPH KOTOPOM MOBEPXHOCTh Macia, OXJIaXJAaeMOro B
CTaHJapTHOM MpoOupKe, Mociae HakiIoHa oA yriioM B 45°C ocraeTcsi HEMOABUKHOMN
B TEUYEHUE OJIHOM MUHYTh. HecMOTpsi Ha HECOBEPILIEHCTBO 3TOTO MOKa3aTens, IO
HEMY MOXHO C JIOCTaTOYHOM 11 TPaKTUKU TOYHOCTBIO  CYIUTh O
HU3KOTEMIEPATYPHBIX CBOICTBAaX Macia.

JInsi TOHWIKEHHSI TeMIlepaTypbl  3acThIBaHMS Macell U YJIY4IlICHHS
HU3KOTEMIIEPATyPHOU TEKY4EeCTH MPUMEHSIOT CIICIUaIbHbIE MTPUCAIKHU, Ha3bIBAEMbIC
oenpeccopamu. WX JnedcTBUE OCHOBAHO Ha TOM, YTO OHM 3aTPYAHSIOT WIH
NpeKpallaoT KPUCTALIM3AIUIO MapadUHOBBIX YIIIEBOJOPOJOB B Macie MPU HU3KHUX
TeMIlepaTypax.

4.6.2. CMa304HbIe CBOICTBA

[Ton cma3biBaroliell CHOCOOHOCTBIO Macia (MaciasSHUCTOCTBIO) HOHHUMAIOT
CIIOCOOHOCTBh BEILECTB, BXOJAIIMX B €ro COCTaB, OOpa30BbIBATh HA TPYIIUXCS
MIOBEPXHOCTSAX MPOYHYK)  MOJIEKYJSIPHYIO IUIEHKY, KOTOpasi IpEMsITCTBYET
HETIOCPEACTBEHHOMY COIPUKOCHOBEHHUIO 3THUX MOBEPXHOCTEM. DTO CBOWCTBO Macia
0COOEHHO Ba)XHO B YCJIIOBHSX TPAHUYHOIO TPEHUS.

MacasHUCTOCTh Macell 3aBUCUT OT MX XMMHUYECKOro coctasa. [Ipucyrcrsue B
Macliax JKUPHBIX KUCJIOT U JPYTUX MOBEPXHOCTHO-AKTUBHBIX COEUHECHUM MOBBIIIACT
UX MacCJISIHUCTOCTb, TO3TOMY, YEM JIy4lI€ OYUIIEHO MUHEPAIBLHOE MAcio, TEM XYXKe
€ro MaclIIHUCTOCTh. B cTaHmapTax Ha cMa304HbIE Maciia MOKa3aTeslb MaCIsIHUCTOCTU
OTCYTCTBYET, TaK Kak €Ile He pa3paboTaHbl CTaHJAPTHBIE METO/IbI €r0 ONpPECICHHUS.
OpnHako Ha MpaKTUKE JJIs OIEHKHU CMa3bIBaromiel (TpruOOIOruYecKoil) criocoOHOCTH
Macesl MOJNb3YITCS CHEUUATIbHBIMA YemblPeXulapuKoGblMu MAMUHAMU MPEHUA
(AMT), B KOTOpPBHIX MPOYHOCTH MACIISIHOM IUICHKH OIPEHCsIeTCs 10  PAAY
XapaKTEepUCTUK (IuaMmeTpy msTHa wusHoca Dwu, wmHmekcy 3amupa U3, ycunuio
cBapuBanusa Pc). McnblTaHusi MPOBOAATCA MPU 33laHHBIX CTaHAAPTHBIX YCIIOBHSIX
WCIIBITaHUSI, IPUBEJICHHBIX B HOPMATUBHOW JOKYMEHTAIIMU Ha Ka)Ablii BHJ Macia.
Uem BbllllE HOPMATHUBBI IO 3TUM [OKa3aTelIsiM, TEM JIydlleld CMa3bIBarolen
CITOCOOHOCTBIO 00J1a/Ia€T UCIIBITYEMOE MaciIo.

JInsi MOBBILIEHUSI CMa3bIBAIOIIMX CBOMCTB Macesl MPUMEHSIOT ClelHaIbHbIE
MPOTUBOU3HOCHBIE U MPOTHUBO3AAUPHBIC MPUCAIKHU.

4.6.3. Koppo3uonHasi cTaOMJILHOCTH MaceJl

Koppo3uonHble CBOICTBA Maceda OINpeAeNaioTcs NPUCYTCTBUEM KHUCIOT,
1iesoveil, BOAbl, a TaKXKe UX OYHCTKOM B Mpolecce MPOU3BOJACTBA OT MPUCYTCTBUS
CJIEIOB cepoBoaOpoAa U MepkanTaHoB. [Ipu paboTe ABUraTens co3aaercs coueTaHue
YCIIOBUM, HWHTCHCUPUIUPYIOMINX KOPPO3UI0 KOHCTPYKIIMOHHBIX MAaTepHAIIOB, -
BBICOKME TEMMEpAaTypbl W JaBJICHUA B MPHUCYTCTBUM XHUMHUYECKH AKTUBHBIX
KOPPO3HUOHHO-arpeCCUBHBIX  BellecTB. KOppO3MOHHYIO  arpecCMBHOCTb — Macell
OoOyCIIOBIMBAIOT COAEpXkalldecs B HUX B BHAE MpUMeceld BOAOPACTBOPUMBIC
KHUCIIOTBI, 00pa3yIouInecs: U3 OKCHAOB a30Ta U cepbl. Koppo3noHHasi arpecCUBHOCTD
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CoJIepKaIlMXCAd B Macie OPraHWYECKHX KHCJIOT BO3pAacTaeT B NMPUCYTCTBUU BOJIBI.
Oco0OEHHO HMHTEHCHBHOM KOPPO3MHM MOJBEPraroTCs CBHUHEL M LBETHBIE METAJUIbL,
BXOJISIINE B AHTU(OPUKIIMOHHBIE CILIABHI.

KucinorHoe 4YHCJI0 — XapakTEpUCTHKAa KHCIOTHOCTH Macel, KoTopas
BBIPAXKAETCS KOJIMYECTBOM MHJUIMTPAMMOB €IKOro Kaiaus Ha 1 rpamMm macia (Mr
KOH/r), Tpebyromerocs ais HEUTpaIU3alliy BCEX TUIIOB KUCIIOT, COAEpKaIuXcs B 1
rpaMMe aHaJU3UPyeMoro Mpoaykra. KucioTHoe 4uciio yKa3bIBaeT Ha COJIEpPKAHUE B
Macje Kak CBOOOJHBIX, TaK M CBSI3aHHBIX KHUCIOT (HedTeHoBbIX). B mpouecce
AKCIUTyaTalliy KUCIOTHBIE CBOMCTBA Macel BO3PacTatoT.

WckiounTenbHO BpEIHBIM  SIBIIICTCA HAJIMYUME B Macjie MHUHEPaIbHBIX
6000pACMEOPUMBIX KUCAOM W wies04ell. ITU KUCIOThHI BbI3bIBAIOT KOPPO3UIO BCEX
METAJUIMYECKUX  ITOBEPXHOCTEH,  INEJIOYM  CWIBHO  pa3pyllaloT  JeTajH,
W3TOTOBJICHHBIE W3 LBETHBIX MeETaUIOB. [[03TOMY TEXHMYECKUMH YCIOBHUSIMHU B
HEKOTOpPBIX COPTAX Macesl JAOIMYCKAalTCS JUIIb HUX cliebl. B TpaHCMHCCHOHHBIX
Macjaax BOJOPACTBOPUMBIE KUCIOTHI U IIET0YN HEJOMYCTUMBI.

CopeprkaHue BOJABI B Maciax SIBISETCA HE MEHee omacHbIM. Boja yxyamaer
CMa3bIBAIOIIME CBOWMCTBA Maces, KOPPOAUPYET TPYLIMEcs IeTalH, CIOCOOCTBYET
00pa30BaHMIO OCAaJKOB M BCIEHHMBaHHWIO Macia. [Ipm HU3KHX TemmepaTypax BojJa
3aMep3aeT M NPEmsITCTBYET IoAadye Maciaa K y3inaM TpeHus. [loBblieHue
AHTUKOPPO3HOHHBIX CBONCTB Maces JOCTUTAeTCs YIYUYLIEHUEM HX XHUMHYECKOU
CTaOWJIBHOCTH,  TMPENATCTBYIOIIEH  OOpa3OBaHMIO  KHUCIBIX  MPOIYKTOB, U
IIPUMEHEHUEM AHMUKOPPO3ZUOHHBIX NPUCAOOK VI UH2UOumOpos. B KadecTBe
WHTHOUTOPOB KOPPO3UHU MAaCEI UCTOIB3YIOT dPUPHl HAPTEHOBBIX U YKHUPHBIX KUCIIOT,
cyiabdaThl METaNIOB, aMHHOCOeIWHEeHUuss U JAp. OCHOBHBIMH D3JE€MEHTaMH,
BKJIIOYAEMBIMH B AaHTUKOPPO3WOHHBIE TPHUCAAKH, JOJITHE TOAbl SIBISUIUCH cepa,
docdop, a Takke ankuideHONbHbIE U (DEHOJTBHBIE COCTUHEHUS C Pa3IUYHBIMU
(GYHKIIMOHATFHBIMUA TPYMIAMU, CYJIb(POHATHI, HUTPUPOBAHHBIE HEPTETPOMYKTHI,
CYKUMHUMUJIBI U T.J. B KauecTBe KOMINOHEHTOB aHTUKOPPO3UOHHBIX MPUCATIOK IS
HepTSIHBIX ~ Macel B MOpoHUIOM  HaubOoiee  4acTO  HUCIOJIb30BAIHCh
auankuiaTuoocdarsl METaIOB; Il CHUHTETHMYECKHX - MEpPKanTOOEH30THAa30
(cepoopraHmdeckoe  a30TCOACpIKAIee  COCAMHEHHWE),  OONQJAIONIMA  TaKKe
CBOMCTBAaMH TPOTMBO33JUPHOM M AHTUOKUCIUTENBHOM mpucagku. OpgHako B
COBPEMEHHBIX PELENTypax MaceJl OHU 3aMEHSIOTCS HOBBIMM MEHEE TOKCUYHBIMU
npHUcagKaMU, B KOTOPBIX cepy H (ocPopopraHMYecKue COEAMHEHUS 3aMEHWIN
a30TCOEpXKAIIMMH,  KOTOpbIE  HMMEKT  ropazgo  Jy4dlIMe  3KOJOTHYECKHE
XapaKTepUCTUKHU (HampUMep, CyKIMHUMUAHbBIE Mpucaaku). [IpakTuuecku Bce THUITBI
AHTUKOPPO3MOHHBIX  MPHUCAAOK  O0OJafal0T  TakKe  AHTUOKUCIUTEIbHBIMH,
IIPOTUBOU3HOCHBIMA M IPOTHUBO33JMPHBIMU CBOWCTBAMH, TO €CTh SBIISIOTCSA
MHOTO(YHKIIMOHAJIBHBIMU MIPUCATKAMHU.
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4.6.4. CTaOMJIBHOCTH MaceJl

[Tox CcTaOWIBHOCTBIO Macia TIOHUMAIOT €ro CIIOCOOHOCTh COXPAHSThH
MOKa3aTeJIn KauyecTBa B Tpejeiax OMPEISICHHBIX TOMYCKOB B 3aJaHHBIX YCIOBHIX
AKCIUTyaTaruu. Pa3nmudaroT XuMudecKyro U GU3NIeCKyI0 CTaOMILHOCTh Mace.

XuMHYeCKOii CcTaOWJIBHOCTBI0O Macel Ha3bIBa€TCI WX  CIIOCOOHOCTh
MPOTUBOCTOSATh M3MEHEHUIO CBOMCTB TMOJ BO3JAEHCTBHEM KHCIOpOJAa BO3AyXa WU
MOBBIIICHHBIX TEMIEPATyp MPU XpPaHEHUU, TPAHCIOPTUPOBKE U MCIOJIH30BAHUH B
neuratesne. OHa 3aBUCHUT OT XUMHYECKOIO COCTaBa Maclia, TeMIIepaTyphl,
JUTUTEIIbHOCTH OKUCIICHUS, BIUSIHUS KaTalIu3aTOPOB U T.JI. BeICOKOI CTaOMIBHOCTHIO
00J1aat0T CUHTETUYECKHE CMA304YHbIe Maciia (CHIIMKOHBI, (DTOPYTIIEBOOPOIBI U IP.).

MunepanbHble Macia Mpd HOPMAJbHOM TeMIiepaType NpPaKTUYECKU He
OKHUCJISIIOTCS, HO C TIOBBIIICHUEM TEMIEpaTypbl, OCOOCHHO B MPUCYTCTBUU
KATAJIMTUYECKU AKTUBHBIX MPUMECEH, CKOPOCTh U TIIyOMHA WX OKHUCJICHHUS CUIIBHO
BO3pACTaloT.

B mporecce okucneHuss B Macie o0pa3yroTCcs COBEPIIICHHO HOBBIE MPOTYKTHI:
KHCJIOTBI, CMOJBI achanbTeHbl W Jp. YacTh Macia, HaxXomsiCh B 30HE BBICOKHX
TeMriepaTyp (TopmiHeBas Tpymma #W T.J.), TpEBpaliacTcs B Harap W JAKOBBIE
(cMonHCTRIC) OTIIONKEHUS. B Macie mpoIyKThl OKUCIEHUS 00pa3yloT OCaJiKu (Iiam).
[TocnenHne W3MEHSIOT IBET Macia, BHI3BIBAIOT KOPPO3UIO M 3arPS3HSIOT JIBUTATEIIb.
[lnenka maka, SABJSSICH IUIOXUM MPOBOJHUKOM TeIIa, MPUBOJUT, HAMpUMEp, K
MeperpeBy MOPIIHEBOM IPYIIIBI U, KaK CJIEJICTBUE, K 3a€JJaHUIO0 TTOPITHEBBIX KOJEI[ U
JPYTHUM OIACHBIM TTOCIIC/ICTBUSM.

XUMHUYECKYI0 CTaOMJIBHOCTh Macej OILIEHUBAIOT MO YCTOMYMBOCTH TMPOTHUB
OKHUCJICHUS, TEPMOOKUCIUTEIHHON CIIOCOOHOCTH ¥ MOIOIIMM CBOMCTBAM.

TepmookuciauTesbHasi  CTA0WIBHOCTL M MOIOIIE-TUCTIEPTUPYIOIIHE
CBOMCTBA CMa30YHBIX Macell XapaKTepU3YIOTCS H3MEHEHUEM KUCIOMHOCHmU,
6A3KOCMU, KOKCYeMOCHmU, 30JIbHOCMU W coodepicanuem cmos. Tak, Hamnpumep,
KOKCYEMOCTb (KOKC080€ Uuc0) Macia MOKET KOCBEHHO CIIYKHUTh KOJUYCCTBEHHBIM
MoKa3aTelieM CIIOCOOHOCTH Macjia OoO0pa3oBbIBaTh Harap B KaMepe CropaHUs
JIBATATEIS TI0]] BO3JICHCTBUEM BBICOKHAX TEMIIEPATYP.

du3znyeckass CTa0MIBHOCTH Maclia OMPEIEIIETCS €ro CIIOCOOHOCTHIO
COXpaHsATh 3aJIaHHBIN (DPAKIIMOHHBIN COCTAaB M (PU3UUECKYIO TOMOTEHHOCTH ((ha30BYIO
OJTHOPOJTHOCTH). (DpaKIMOHHBI COCTaB Macjia W3MEHSETCS BCICJICTBUE €r0
UCTIapeHusi BO BpeMsl paboThl apurarens. [Ipu moBbImieHnn TeMiiepaTypbl Maciia B
MEPBYIO OYEpeb HCIMAPSIOTCS JIETKOKUIsIUe (pakiuu. OcTaromuecs TaKeTbie
dbpakun 00J1a1aroT MMOBBIIIIEHHON BSA3KOCTBIO 51 CKJIOHHOCTBIO K
0CaJIKOOOPa30BAHUIO.

DKcrnepuMeHTAIbHOE ompeeieHre (pakIMOHHOTO COCTaBa CMa304HOTO Macia
3aTPyAHEHO M3-3a TOTO, YTO €0 MEpPEroHKa JIOJDKHA MPOU3BOIUTHCS MO BAaKyyMOM
(Bo wm30exaHue TepMUYECKOro pasyiokeHus). Iloatomy oreHka Quznueckon
CTAOMJIBHOCTH Maclia OCYIIECTBIIICTCS M0 KOCBEHHOMY TapaMeTpy - TeMIepaType
BCIIBIIIIKA TTAPOB MacIia.
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TemmepaTypa BCOBIIIKH - 3TO MHUHUMAaJbHAs TEMIIEpPAaTypa, JO KOTOPOH
HY)KHO HAarpeTh Maciio B CHEIUaIbHOM TpuOOpe, 4ToOBI Mapbl ero oOpa3oBaiu ¢
BO3JyXOM CMECh, MTHOBEHHO BOCILIAMCHSIONIYIOCS OT KOHTAaKTa C IOJHECCHHBIM K
HEMY WMCTOYHHKOM OTKPBITOTO IUTaMEeHH. [Ipu 3TOM TropeHue mapoB TOILIMBA
npeKpamiaeTcss Ioclie  yAaleHWss WCTOYHWKA IDIAMEHH. DJTa  TeMmIepaTrypa
OTIpEIeNISIeTCs] aHAIOTUYHON XapaKTEpPUCTHKOW 0a30BOro Macia, a TaKkKe COCTAaBOM
HaKeTa MPUCAIOK.

Temmeparypa BCHBIIIKM Maced 3aBHUCHT OT HX XHUMHYECKOTO COCTaBa -
CTPYKTYPBbI MOJICKYJ1 0a30BBIX KOMITOHEHTOB. [IJi1 MaclIIHBIX (ppakiuii OHA OOBIYHO
YBEIMYNBACTCS C MOBBIIICHUEM IJIOTHOCTH M BSI3KOCTH (YMCHBIIACTCS KOJUYECTBO
JIETKO MCIIApSIeMbIX KOMITOHCHTORB).

TemmepaTypa BCIIBIIIKH CYIECTBEHHO CHIDKASTCS IO CPABHEHUIO C UCXOTHBIM
3HaYeHUEM B TIporecce paboThl. Maciio MOXKET pPa3KIKaThCS TOILUTMBOM M3-3a
HEUCIPABHOCTH JBUTATeNs. B codeTaHWHM €O CHHKCHHEM BS3KOCTH Macia
MOHIDKEHUE TEMIIEPATYPhI BCIIBIIIKH CIIY)KHT CUTHAJIIOM JJIS IIOMCKA HEUCIIPABHOCTEH
CHUCTEMBI II0JIaYM TOIUIMBA, CHUCTEMbI 3a)KWTaHHWS B TOPIIHEBBIX JBHUraTeisx. B
HCIIPABHOM JBUTATEJIC MAcli0O C BBICOKOH TeMIIEpaTypO BCHBIIIKH MPAKTUYCCKH HE
pacxoyeTcs B Mpeienax pa3pemeHHOro HHTEpBaia 3aMCHBI.

TemmepaTypa BCHBIIIKA Macell OMNpeAesAeTcs MNpd IMOMOINM Ipudopa
OTIpPE/ICIICHUS] TEMIIEpaTyphl BCIBIIKH B 3aKpPBITOM THUTJIE  WJIA B TIpHOOpe
OTIPE/ICTICHUS] TEMIIEPaTyphl BCHBIIIKA B OTKPBHITOM THIJIE, B COOTBETCTBUU C
METOJIOM ONPEEIICHUs, 3allUCAaHHOM B HOPMATHBHOW JOKYMEHTAIIMM Ha KaXTyIO
Mapky wmacia. OJHOBPEMEHHO OHa XapaKTepHu3yeT TakkKe I0Xapo0e30MmacHOCTh
Maca.

[Tpu crapeHnn Maciia MOKET IMPOUCXOIUTH €r0 KOJUTOUIHAS JIeCTa0 MTh3arusl -
pacclioeHWEe Macjia ¥ BBINQJCHHWE OcCajka, T.. HapylleHHe (U3NYECKOM
OTHOPOJHOCTH Macja. DTO sBICHHE XapaKTepU3yeTcs IoKa3aTelieM MOIoIIe-
JUCIICPTHPYIOIIUX CBOWCTB, KOTOPBIE MPEISATCTBYIOT BO3MOXHOCTH OOpa30BaHHUS
OOJIBIIMX CTYCTKOB CMOJIMCTBHIX BEIIECTB, 3aMETHO CHIDKAIONIUX YCIIOBUS CMa3Kh
y3JIOB TPEHUs. BEIlle TOBOPUIIOCH O TOM, KaK ¢ 3TUM OOPOTHCS C TIOMOIIBIO MOTOIIIE-
JUCTICPTHPYIOIINX TPUCAIOK.

M3MeHeHne 1BeTa Maciia B poliecce dKCILTyaTallid KOCBEHHO XapaKTepu3yeT
CTETICHb €TI0 OKUCIICHUS WJIH 3arps3HEHUSI.

4.7. CUHTeTHYECKHE MACJIa

MuHepanibHble Macjia UMEIT OTPaHUYEHHbIE SKCIUTyaTal[MOHHBIE CBOMCTBA,
BBUJy HEYJOBJIETBOPUTEIBHBIX BA3KOCTHO—TEMIIEPATYPHBIX XaPAKTEPUCTUK U MAJIOU
CTaOMJIBHOCTH TIPH BBICOKMX TeMIlepaTypax W AaBieHusx. [losTomy mocnenHue
necsatuieTrs: BcE Oosiee MUPOKOE MPUMEHEHHWE HAXOJAT CHHTETUYECKHE Macia C
3apaHee 3aJJaHHbIMU XapaKTEPUCTUKAMMU.

OCHOBHOE OTJIMYME CHHTETUYECKHX MAacCe]l OT MUHEPAJIbHBIX COCTOUT B TOM,
YTO B OTJIMYHME OT MUHEPAIBHBIX MAacCeyl, OCHOBbI KOTOPBIX SIBIISIIOTCSI MPOAYKTaMU
HedTenepepaObOTKU,  CHHTETUYECKHE  MPEACTABISIIOT  COOOM  MpaKTUYECKU
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OJIMHAKOBBIE MOJICKYJIbI, SIBJISIOMMAECS MPOIYKTaMH HE(PTEXHUMHUECKOTO CHHTE3a.
brnaronmapst aToMy, (QU3NKO—XUMHYECKHE CBOWCTBA M CTAOMIBHOCTh CHHTETUYCCKUX
MaceJ 3HaYUTENHHO BHIIIE, YeM Y MUHEPATbHBIX.

OCHOBHBIEC KJIAaCChl OCHOB CHHTETHYECKUX Macesl MepeurcieHbl B pasaene 4.3
HACTOSIIETO II0COOHS.

ACCOpTI/IMeHT CHHTCTHYECCKHUX MacCeJI U UX 3apy6e>KHble AHAJIOI'n

OOcyxkmasi aCCOPTUMEHT CHHTCTHYECKMX aBHamacell HEOoOXOIWMO HMETh B
BHJly, YTO B TOCJIETHAE TOJIbI, B CBS3U C CYIIECTBEHHBIM OOHOBJICHHEM IIapKa
BO3IYIIHBIX CYJOB IpaXIaHCKOW aBHAIIMM 32 CUET 3aKYyNKH 3apyOeKHON TEXHUKH,
CIIPOC Ha OTEYECTBEHHbIE aBHamacia CYHIECTBEHHO YMEHBIIWICS 3a CYeT uX
ITIOBCEMECTHOM 3aMEHbl MUMIIOPTHBIMU aHasioraMu. OJIHAKO OCTAE€TCs HANEkK[a, YTO
9Ta TEHJICHIIUS CO BpEMEHEM OyleT TepesioMJIeHa W Ha HAIlUX aBUAIUHUSX BHOBD
OynyT JeTratb BO3IYIIHBIE CyJa POCCHMCKOTO TPOM3BOJCTBA M IPOU3BOJICTBO
OTEUECTBEHHBIX Macesl BO30OHOBUTCH.

Macao UIIM-10 (TY 38.101299-90) — cuHTETHYECKOE YTIJICBOJOPOJHOE C
KOMILJIEKCOM  BBICOKOA()(PEKTUBHBIX Tmpucagok. PaboTocmocoOHO B HWHTEpBae
temnepatyp oT -50°C po +200°C. B konme 60-x rogoB ObUIO pa3paboTaHO U
UCTIBITAHO C TIOJIOKUTEJIbHBIMU pe3yJibTaTaMu, HE UMEBIIMMU K TOMY BpPEMEHHU
3apyOexHbIX aHanoroB. CuHTeTHYeCcKOoe yriieBoaopoaHoe macio UTIM-10 ycnemHo
MPUMEHSJIOCh B KadyecTBEe paldodero macjia B TeIoHanpsbkeHHbIx TP u Bo
BCIIOMOTATENIbHBIX ~ arperarax JieTaTedbHBIX  ammapartoB. Macio  UIIM-10
BbIPA0ATHIBAJIOCh HA OCHOBE M30mMapaMHOBBIX yriieBoaopoaoB (Macio UTIMA -10)
— CMeCh MPOAYKTOB THAPOKPEKUHTA U TUAPOU3OMEpPHU3AINH MapaduHa cO CI0KHBIM
sapupom JIOC ¢ pgobGaBkamMu KOMIUIEKca (PYHKIIMOHAIBHBIX mpucamok. B 1993 r.
npou3BoAcTBO Macia HWIIM-10 Oblmo mpekpaiieHo u3-3a OTCYTCTBHUSL CHIPbS,
tpedyemoro kadectBa. C 1999 roma macino MIIM-10 BeipabarpiBacTCs Ha OCHOBE
u3onapadHOBBIX  YIIEBOJOPOAOB,  MOJYYEHHBIX B  pe3ylbTare  JIPYrux
TEXHOJIOTHYECKUX NPOLECCOB — OJIMroMepu3aluel anbdaoneuHoB, B pe3yibTaTe
yero oOpasyrTcs nonuanbdaonepunbr  (ITAOMpr) pa3IMUYHON  BSI3KOCTH.
[IpumenstoTr B TerutoHanpspkeHHbIX [T/ BOEHHOM M TIpaXIaHCKOW aBHALMU C
TeMIIepaTypor macia Ha Bbixojae u3 asurarens 10 200°C, a Takxe B aBUAIMOHHBIX
TypOOXOJIOUILHUKAX B KaueCTBE YHU(PHUIIMPOBAHHOIO COpTa Macjia U B JIPYyTrHUX
arperatax. MOXHO HCIIOJIb30BaTh [IJIsi HEIJIMTENIbHOM KOHcepBalMu. B kauecTBe
3apyOexxHoro ananora npumensiercs macio TURBONICOIL 210a (TN-210a), a
Takke Oonee coBpemeHnHblie o0Opasmpl macen TURBONICOIL 400 (TN-400) u
TURBONICOIL 600 (TN600).

Macao BHUHUHII-50-1-4-¢ (IT'OCT 13076-86) — cuHTeTHYECKOE AMIPHUPHOE
Maclio C M[OpHUCAJKaMH, T[OBBIIAIOIIMMUA  HTPOTHBOM3HOCHBIE  CBOWCTBA U
TEPMOOKHUCIIUTEIIbHYIO CTAOMIHBHOCTh Ha OCHOBE CIIOKHBIX 3(PHPOB AUMZOKTHIOBOTO
cnupra u cebamunoBor kucinotel ([JOC). B 60-x romax Obuio pa3paboTaHO U
nomyuieHo K mnpumeHeHuto Macno BHUMHIT 50-1-4¢, oOnamaroniee XopoIIMMH
HU3KOTEMIIEPAaTYPHBIMU  CBOMCTBAMH U TepMmocTaObmiabHoe 10 175-180°C.
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[IpuMeHsIOT B ABUIaTeNsIX C TeMmueparypod macia Ha Bbixoge Ao 175°C um B
TypOoxonoaniabauKax. 3apyoexnsie aHanoru AeroShell Turbine Oil 390, AeroShell
Turbine Oil 560. BP Turbo Oil 2380 (BP TO 2380), BP Turbo Oil 2197 (BPTO
2197).

Maciao BHUUHII-50-4-y(TY38.401-58-12-91) — cunTeTHYeCKOE TUIPHUPHOE,
comepxkamiee  3G(EKTUBHYI0O  KOMIO3UIMIO  AHTHOKUCIUTEIBHBIX  MPHUCAIOK,
MO3BOJIAIOITUX MPUMEHSATh MacJo Mpu Temrneparype ot -60° no +200°C ¢ neperpeBom
10 225°C. lonymieHo K MpUMEHEHHIO BO Bcex aBualMoHHbIX I T/I. MoxeTr 3aMeHUTh
macio BHUMHII-50-4-¢ Bo Bcex oTHomieHusx. He TpeOyercs 3ameHa pe3uH H
KOHCTPYKIIMOHHBIX MaTepuaioB. Mcronb3yeTcss Kak OJIHO U3 OCHOBHBIX B BOCHHOM
TexHuke (Hampumep, Mul'-29). PekomeHmoBaHO JIsI TEPCHEKTHBHONW TEXHHKHU.
3apyobexnsie anaigoru AeroShell Turbine Oil 390, AeroShell Turbine Oil 560, BP
Turbo Oil 2380 (BP TO 2380), BP Turbo Oil 2197 (BPTO 2197).

Macuo B-3B (TY 38.101295-85) — cuHTeTHYECKOE MACIO HA OCHOBE CIIOKHBIX
3(hupoB neHTa’ puTpuTa U KUPHBIX KUCTOT Cs-Cy C KOMIUIEKCOM MpHUCaTOK. B ux
COCTaB BKJIIOYEHA AHTUOKHUCIIUTENbHAS (mapaokcuaueHnIaM1H ) 151
npotuBo3aaupHasa (2-mepkantobenstpuazon). Ilpumensitor B I'T/, peaykropax
BEPTOJIETOB U APYTrOM TEXHHKU C TEMIEPATYPOU Maciia Ha BbIXOAE M3 ABUTATENs 10
200°C, opmHako BBICOKAs KOPPO3HMOHHAs  arpecCUBHOCTH €r0 K  pAny
KOHCTPYKIIMOHHBIX MaTepHaoB (MEIHbIE U MAarHUEBbIC CIUIABBI) MPHU MOBBIIICHHBIX
TeMIlepaTypax OTPaHUYUBAIOT TEMIIEPATYPHBIC MPEEbl ero npuMenenus. Odnagaet
BBICOKMMH CMAa3bIBAIOIIMMU CBOMCTBAaMU. HemocTaTok: BbIMaJeHUE B OCAIOK
MPOTUBO3AAUPHON MPUCATKH MPU HU3KOW TeMIepaType dKCIUTyaTalliyd B pPe3yJbTare
OKHUCJICHHS C TIOCJIEIYIONUM pacTBOpeHreM ocajnika B Macie npu /0-90°C mogoOHO
TOMy, Kak »23To mpoucxoauT B Macie 36/1KyA BcimenctBue OKHCICHUS
MPOTUBO3AAUPHON MPHUCATIKU, OCOOCHHO B 3MMHee BpeMs. B Hacrosiee BpeMs psin
poccuiickux (UpM MPOU3BOAUTENEH AKTUBHO 3aHUMAETCS YCTPAaHEHUEM JaHHOIO
HepoctaTka. 3apyOexnsiii anamor AeroShell Turbine Oil 560, BP Turbo Oil 25
(BPTO 25), Castrol 98.

Macio 36/1-KYA(TY 38.101384-78) — cuHTeTHUECKOE HA OCHOBE CIIOXKHBIX
3¢uUpoB ¢ KOMIUIEKCOM mnpucagok. OO0nagaer BBICOKUMHU MNPOTUBO3AIUPHBIMU
ceorictBamu. Mcnonb3ytor B ['T/] ¢ Temneparypoir macna Ha BBIXOAE ABUTATENS 10
200°C. Ha ocnHoBe cmecu 3(pupoB AMATHICHIIMKONS W meHta’dputputa u CXKK
¢pakmuun  Cs-Cy  Obuto  pa3paborano macno 36/1, coxepkamiee B KadyecTBE
anTHOKuCIUTENbHOU Tipucanaku 0,5% mnapaokcumudenunamuna. [lozxe, Ha OCHOBE
ATOr0 Macia, OblT pa3padoTaH MOCIENOBATEIBLHO LENbI Psii KOMITO3UIIMA Macedl —
36/1K, 36/1Ky u 36/1KyA. B coctaBe yka3zaHHBIX Macej COJAepX aiach aKTHBHAsS
MPOTUBO3aAMPHAS TIPUCAJKa 2-MEPKANTOOEH3THA30J («KAaIlTaKc»), BBEACHHAS IS
VIy4IICHWS CMasbiBamomie cmocobHoctn Macna 36/1. Hemocratkom  3Tmx
CUHTETUYECKUX Macesl SBJSUIach BBICOKAs KOPPO3MOHHAS arpecCUBHOCTh IIO
OTHOIIICHUIO K IIBETHBIM MeTajlylaM M MarHueBbIM clutaBaMm. Hamwune B cocTaBe
macen 36/1K, 36/1Ky wu 36/1KyA npucangku kanTakc 0O0ycCIaBIMBajo
NOTEHIIMAIbHYI0O BO3MOXKHOCTh 00pa30oBaHUsl OCAJKOB B MAacCJIOCHUCTEME ABUTaTelen
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BCIIC/ICTBAE OKHUCJICHHS TPUCATKA KHUCJIOPOJIOM BO3JyXa TPH MOBBIIICHHBIX
temreparypax. OOpa3yomuics Tpyu 3TOM MNPOAYKT OKHCICHHS AUTHOOCH3THO30]
(«ampTakc») obmamaeT 3HAYUTEIBHO XYIIIEH PacTBOPHUMOCTBHIO B OCHOBE Macia,
0COOEHHO MPU HU3KUX TEMIIEpaTypax M B OMPEACICHHBIX YCIOBUAX MOYKET BBINAIaTh
B 0CaJloK. B Hacrosiee BpeMs He BbIpadaThiBacTcs. 3apyOekHbiid aHanor Aero-Shell
Turbine Oil 560, BP Turbo Oil 2389 (BP TO 2389).

Macao JI3-240 (TY 301-04-010-92) - cuHTEeTHYECKOE HA OCHOBE CIIOKHBIX
3(UPOB NEHTAIPUTPUTA U KUPHBIX KUCIOT C KOMIUIEKCOM IpHUCcaloK. PekoMmenayercs
JUTSI UCTIONIb30BAHMS B TEX >K€ JBUTATENSIX, B KOTOPBIX MpuMeHsieTcss macio b-3B.
3apyoexnbiii ananor AeroShell Turbine Oil 560, BP Turbo Oil 2389 (BP TO 2389),
Castrol 98.

Macao IITC-225 (TY 38.401-58-1-90) - cuHTETHYECKOE BBICOKOCTAOMIBHOE
Ha OCHOBE CJIOKHBIX 3(DUPOB MEHTAIPUTPUTA U CUHTETUUYECKUX JKUPHBIX KUCIOT Cs-
Cy. PaboTocmocoOHO B mHTEpBasie Temmeparyp ot -60° mo +225°C. PekoMeH10BaHO K
MPUMEHEHUI0O B  TEIUIOHANPSDKEHHOW  aBUAIlMOHHOW TEXHUKE B  KAadyeCTBE
VHU(UIIMPOBAHHOTO  Macia I OTPaOOTKM  HOBBIX  TEIUIOHAINPSKECHHBIX
asuaunonueix I'TJ (TP, TB/, TBB/I, TypOoBanbHbIX JBUTATENEH U PETYKTOPOB
BEpTOJIETOB). Macino o005agaerT yJIydlIEeHHBIMH  BSI3KOCTHO-TEMIIEPATYPHBIMU
CBOMCTBaMHU U BBICOKOW TEPMOOKHUCIUTEIBLHON CTAOMIBLHOCTHIO. PekoMeHnmyerces st
MEePCIIEKTUBHON aBUATEXHUKH, & TAK)KE B3aMEH TOBAPHBIX HE(PTIHBIX CUHTETHUECKUX
aBuamacein. [lo cBouM (QHU3UKO-XUMUYECKUM U  IKCIUTyaTallMOHHBIM CBONCTBaM
HanboJsiee COOTBETCTBYET (MO CPaBHEHUIO C JAPYTUMH MacjiamMH) aMEpPHKaHCKOU
cnenupukanuu MIL — L — 23699F. 3apy6esxnsriii anaor AeroShell Turbine Oil 500.

Macno BT-301(TY 38.101657-85) - cuHTeTHMYeCKOE Ha  OCHOBE
KpPEeMHUHOPTaHUYECKUX KHUIAKOCTeH ¢ mpucaakoi. [[ns paborel aBuanuoHHbIXx TP]]
BBICOKOH TEMJIOBOM HAMpPSHKEHHOCTH ObLIo paszpaborano macio BT-301 na ocHoBe
¢bropopranocunokcanoB. Macio BT-301 obnamaer BbICOKOW TEPMOOKHUCIUTEILHOMN
ctabmibHOCTBIO  (mo  250-280°C),  yHHMKaJbHBIMM  HU3KOTEMIEPaTypPHBIMU
CBOMCTBaMH, HE arpecCMBHO K OOJIBITMHCTBY KOHCTPYKIIMOHHBIX aBHAIIMOHHBIX
MmatepuanoB. K HemocTraTkaM Macja CleIyeT OTHECTH CpPaBHUTEIHHO HEBBICOKHE
MPOTUBOM3HOCHBIE CBOMCTBA, CIIO)KHOCTh TEXHOJOTHMHM HW3TOTOBJICHHUS U, Kak
CIIEICTBUE OSTOTO, HYPE3MEPHO BBICOKYIO CTOMMOCTH. 3apyOeKHBIX aHAJIOTOB HE
uMeer.

Macno BHUMHII-25 mapuupnoe (I'OCT 11122-84) — nedTsiHOE HHU3KO-
3aCThIBAIOIIEE Macio (3UMHHUH COpPT), 3arylleHHOE€ MOJUMEPHOU MPHUCAAKOMH,
COJIEPKUT aHTHOKHUCIUTEIBHYIO IPUCcaAKy. B HacTosIee BpeMs He TPOU3BOIUTCS.

Macso BO-12 (TY PM-80-4-95) — Bcece30HHOE MacCIIo IS OCEBBIX IIAPHUPOB
M BTYJOK BHUHTOB BepToJieTOB. Paspaborano B3zamen wmacna BHUWMHII-25.
PabGoTtocmocobHo mpu Temmeparype okpyxkatomei cpenbl oT -50° mo +60°C.
IIpencraBisier coboit cmech cuHteTnueckoro I[TAO u audUpPoOB ¢ KOMILIEKCOM
MIPHUCAIOK.


http://www.oktafluid.ru/main/download/_ID-145/_itype-attfile/_field-file.html
http://www.oktafluid.ru/main/download/_ID-145/_itype-attfile/_field-file.html
http://www.oktafluid.ru/main/download/_ID-145/_itype-attfile/_field-file.html
http://www.oktafluid.ru/main/download/_ID-145/_itype-attfile/_field-file.html
http://www.oktafluid.ru/main/download/_ID-145/_itype-attfile/_field-file.html
http://www.oktafluid.ru/main/download/_ID-145/_itype-attfile/_field-file.html
http://www.oktafluid.ru/main/download/_ID-145/_itype-attfile/_field-file.html
http://www.oktafluid.ru/main/download/_ID-145/_itype-attfile/_field-file.html
http://www.oktafluid.ru/main/download/_ID-145/_itype-attfile/_field-file.html
http://www.oktafluid.ru/main/download/_ID-145/_itype-attfile/_field-file.html
http://www.oktafluid.ru/main/download/_ID-147/_itype-attfile/_field-file.html
http://www.oktafluid.ru/main/download/_ID-147/_itype-attfile/_field-file.html
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4.8. TlnmacTuuHbIe CMA3KH
4.8.1. HazHayeHue, COCTaB U CTPYKTYPA IJIACTHYHBIX CMa30K

I[lnacTuyHble CcMAa3KU TPEACTABIAIOT CcOOOM CMa304HBIE MaTepHabl,
CHEIHATbHBIM 00pa3oM 3arylieHHble [JIsi TOT0, 4YTOOBI O0ECIEeYUTh CMa3Ky,
KOHCEPBALMIO U YIUIOTHEHHE TEX Y3JIOB TPEHUS W JETalied, Il KOTOPBIX CO3/1aTh
NPUHYAUTEIBHYIO LHUPKYIALUIO OOBIYHOM J>KUIKOM CMa3Kd HEIeeco00pa3sHO WU
HEBO3MOKHO M3-3a 0COOBIX YCIOBUI paOOThl U KOHCTPYKLIUU y3J1a TPEHUS.

[InactuyHble CMa3KM MO KOHCUCTEHLMH 3aHUMAIOT IPOMEKYTOUHOE
[OJIO)KEHUE MEXIY KUJKUMH MacilaMU U TBEPAbIMH CMa304YHBIMU MaTepUaTaMHU.
OHM npeAcTaBIAIOT COO0H KOJIJIOUIHBIE CUCTEMBI (TBEP/IbIE WU MOJIYTBEPAbIE TEIN),
XapaKTEepU3yIOIIUeCs BBICOKOM KOHLEHTpaluen aucrepcHod Qas3pl. Bricokas
CTENEHb CTPYKTYPUPOBAaHUS AUCIEPCHOW (a3pl MpuAaeT cMa3kaM IUIACTHYHOCTD,
yIOpyroctb W psAa APYTUX CBOMCTB, Onaromapss KOTOPbIM OHHU CYLIECTBEHHO
OTJIMYAIOTCA OT JKUJKHX CMa3blBarolluMxcsi MarepuanoB. CMa3ka Mpu HEBBICOKOU
TEMIIEpaType U OTCYTCTBUU HAarpy3Ku COXPAHSET MEPBOHAYAIBHBIN BUI U BEAET CEOs
MOJ00HO TBEPIBIM TEJIaM: HE PACTEKAETCS MOJ JEWCTBHEM COOCTBEHHOM MAacChl,
YAEPKUBAETCS HA BEPTUKAIBHBIX TOBEPXHOCTAX U HE COPAChIBAETCS MHEPLUUOHHBIMU
CUJIAaMU C JBWKYLIUXCS JETaJICH.

OpHako ye MpU CPaBHUTEIBHO MaJbIX Harpy3kax, MPEBBIIAIONINX MpPEae
IIPOYHOCTH CTPYKTYPHOTO KapKaca, U IIPpY HarpeBe cMa3ka Ha4YMHAECT pa3pyllaTbCs —
T€Yb KaK IJJACTUYHOE TEJIO, HO IIPH 3TOM W3 30HBI TPEHHs OHA HE BBITEKAET U Yepe3
YIUIOTHEHHs HE NpocauuBaeTcs. IIpu CHATHMM HArpy3ku TEUEHHE MPEKpallacTcs, U
CMa3Kka BHOBb NpUOOpeTaeT CBOWCTBa TBEPAOro Teina. B 3ToM M 3akirodaercs
[IPEMMYILECTBO MPUMEHEHHSI CMA30K 10 CPABHEHMIO C XUAKUMHU CMa3blBAIOILMMHU
MaTepuagamMH.

OcHoBHblE (YHKIUHM IUTACTUYHBIX CMa30K HE OTIMYAIOTCA OT (YyHKUUH
KUAKAX Macel U COCTOST B CIEAYIOIIEM: YMEHBIIEHHE CHUJIbI TPEHUS MEXKIY
nepeMenatouMMuUcs Ipyr OTHOCUTEIBHO JAPYTa MOBEPXHOCTSIMU; CHH)KEHUE M3HOCA
U TpeAoTBpallleHue 3aaupa (3aelaHus) TPYIIUXCA IOBEPXHOCTEH; YIJIOTHEHHUE
3a30pOB MEXKY CONPSHKEHHBIMU JI€TAISIMHU.

Crneunduka cMa30K 3aKJII04aETCs JIMIIb B 00JIACTH UX IPUMEHEHUS:

- IPUTOJTHOCTH JIJI1 CMa3bIBaHUSI CUJILHO U3HOILIEHHBIX Map TPEHHUS;

- BO3MOKHOCTb HCIIOJIb30BaHHUSI B HET€PMETU3UPOBAHHBIX HWJIM OTKPBITHIX
y37ax;

- CIIOCOOHOCTh IPOYHO JAEPKATHCSI HA CMA3bIBAEMBIX MTOBEPXHOCTSIX;

- JUIMTETIbHBIE CPOKU IKCILTyaTalluy U XPaHEHHUS U TIp.

[To cpaBHEHMIO C MacIaMH IUIACTUYHBIE CMa3KH UMEIOT PSIJ IPEUMYILIECTB:

- MaJIbId YAEIbHBIN pacxo] (MHOTIa B COTHH pa3 MEHBIIUN);

- Oosiee mpocTasi KOHCTPYKLMS MalIMH U MEXaHHU3MOB (UTO CHMKAeT maccy,
MOBBIIIAET HAJIEKHOCTh U pecypc pabOThI);

- 0oJiee MPOIOKUTENbHBIN MePUO] «MEKCMA30UHBIX) CTaHM;
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- 3HAYUTEIHLHO MEHBIINE SKCIUTyaTallMOHHBIC 3aTpaThl MpU OOCTY>KUBAaHUHU
TEeXHUKH.

[IpumeHeHne TIACTHYHBIX CMa30K Ooisiee A((PEKTUBHO B YCIOBHUSIX BBICOKUX
TEeMITepaTyp U KOHTAaKTHBIX Harpy3oK, B y3JlaX TPEHUs, paOOTArONIUX MMEPUOTUISCKH
WJIM C YaCTHIMH OCTaHOBKaMH.

K HepocTtatkaMm cMa3oK ClIeTyeT OTHECTH:

- OTCYTCTBHME OTBO/Ia TEIUIOTHI U MPOJAYKTOB U3HOCA OT CMa3bIBAEMBbIX JI€TAJICH;

- 0oJee CIOXKHYIO CHCTEMY IMOJayM TUIACTUYHOTO CMAa30YHOI0 MaTepuaia K
Y311y TPEHUS;

- HU3KYI0O XUMHUYECKYI0 CTaOMIIBHOCTh MBUIBHBIX CMa30K, YTO MPUBOJUT K UX
MOBBIIICHHON OKUCIISIEMOCTH M YXYIIICHUIO HKCILTyaTallMOHHBIX CBOMCTB.

[InacTuuHble CMa3Ku, MPECTaBISAIOMIUE COOOM Mazeo0pa3Hble MPOMYKTHI,
MOJIy4aroT J00AaBJICHHEM B MAaCISIHYI0 OCHOBY pa3JIMYHBIX 3aryCcTUTENeH, MOoj
JIEHCTBUEM KOTOPBIX MacJi0 CTAaHOBHUTCA MAJOMOABMKHBIM. OHU COCTOST U3
MIPOCTPAHCTBEHHOTO CTPYKTYPHOI'O Kapkaca, 00pa30BaHHOTO TBEPABIMHU YaCTHUIIAMU
3azycmumens (nucriepcHas aza — B 3aBUCUMOCTH OT KJIacca CMa3KH COJEpKaHUE
3aryCTUTEINS B HEW MOXET cocTaBisATh oT 5% 10 30 % ee maccel) U Hcuodxkozo macna,
BKJIFOUEHHOTO B SIUEHMKH 3TOTO TBEPAOIo Kapkaca (aucnepcuonHas cpega — 70...90 %).

B kadecTBe OCHOBBI IPUMEHSIOTCS MUHEPATbHBIC H CHHTCTHYECKHE Macia.

3aryCTUTENSIMU MOTYT CIY>KUTh COJIU KUPHBIX BHICOKOMOJICKYJISIPHBIX KHCIIOT
(MbLIa), TBEPABIC YTIIEBOAOPOABI (1IE€PE3UHBI, IETPOJIATYMbI) U HEKOTOPBIE MPOAYKTHI
HEOPraHW4YecKoro (OGHTOHUT, CHUJIMKareib) WIM OPraHUYECKOro (IMMMIMEHTHI,
KpUCTAJUIMYECKUE  TOJUMEphI, MPOU3BOAHBICE KapOaMuaa) MPOUCXOKIACHUS.
HauGonee pacpocTpaHeHHBIE 3aTyCTUTEIN — METAIITIOCOIEPIKAIIME MbLUIA U TBEP/IbIC
yraeBofopoabl. KoHIeHTpausi MbUITBHOTO M HEOPTAaHUYECKOTO 3aryCTUTENST OOBIYHO
He npeBbimaet 15 %, a KOHIEHTpAaIKs TBEPIAbIX YIIICBOIOPOIOB TOXOAUT 10 25 %.

Kpome OCHOBBI CMa3Ku M 3aryCTHTENs  IUTACTHYHBIE CMa3KH BKIFOYAIOT
crieruaibHble J0OABKH, HEOOXOAMMBIC IS YIYUIIEHUS YKCILTyaTallHOHHBIX CBOHCTB
(mns peryauMpoBaHMs CTPYKTYPBI M YIy4IIeHUsT (DYHKIIMOHAIBHBIX CBOMCTB). K HUM
OTHOCSITCSI:

- HanoJHumenu — TBEPIbIE BEILECTBA, KaK MPABUIO, HEOPraHUYECKOIro
MIPOUCXOXKJICHUSI, HEPACTBOPUMBIE B Maciie (rpaduT, AUCYIbPUT MOIUOACHA, CIIIOA
u 71p.). OHU ynydmiaroT aHTUQPUKIIMOHHBIE M TEPMETH3UPYIOIINE CBOMCTBA U MOTYT
cocTaBiaTh 10...15 % oT Macchl cMa3Ku;

- MoOuguxkamopsl cmpyKmypsl — TOBEPXHOCTHO-aKTHBHBIE BELIECTBA
(cupthl, KucAOTHI U Jap.). CrmocoOcTBYOT (QopMupoBaHUIO OoJjiee TPOYHOU U
AIIACTHYHOMN CTPYKTYPHI CMa3KU U COCTABIISIIOT 1 - 2 % OT Macchl CMa3Ku;

- mpucadku — MaJoOpaCTBOPUMBIC TMOBEPXHOCTHO-AaKTHUBHBIE BEIIECTBA,
nobasnsemble B kKonmuectBe 1 - 5 % oT macchl cMasku. [IpeumMyImiecTBeHHO Te *Ke,
YTO HCIMOJB3YIOTCA B TOBAapHBIX MacliaX; aHTUOKHUCIUTENH, CTaOUIIM3aTOPHI,
WHTUOUTOPHI KOPPO3UH.

Kpome Toro, cmasku OOBIYHO cCOAEpKAT HEKOTOPOE KOJUYECTBO BOJIHI,
UTPAIOIEH POJIb CTAOMIM3ATOPA.
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OcoOeHHOCTPIO IUTACTUYHBIX CMa30K SBJsIeTCsl 0OpaTMMOCTh Ipoliecca
paspyllieHusl CTPYKTYpPHOIO Kapkaca: IMOJA JEHCTBHEM OONbIIMX Harpy30K Kapkac
paspyuiaetrcsi, 1 cMaska pabOTaeT KakK KHAKOCTh; MPH CHATUM HArpy3KH Kapkac
BOCCTaHaBJIMBAETCS, U CMa3Ka BHOBb NPHOOpETAET CBOMCTBA TBEPIOTO TEA.

CrocoOHOCTh  JUCHEpPCHBIX  CHUCTEM  OOpaTUMO  pa3kKWKaTbCs  TpU
MEXaHMYECKOM BO3JCHCTBUM M OTBEpEBaTh IPHU OTHOCHUTEIBHO [JIUTEILHOM HX
npeObIBaHUM B TMOKOE HOCUT HA3BaHUE MUKCOmMPOnusA. TUKCOTPOIHBIE CBOMCTBA
IUIACTUYHBIX ~ CMa30K  HMMEIOT  OOJbIIoe OKCIUTyaTallMOHHOE  3HAYCHHE.
[TonoXUTETBHBIM KaueCTBOM, OOYCIIOBIMBAEMBIM THKCOTPOMHEH, SBIISETCS TO, YTO
Ipy BIOpAChIBAaHUU YACTHUIl Pa3KMKEHHON CMa3KH U3 30HBI TPEHUS U OTIIOKEHHS UX
Ha HEMOJABIKHBIX TOBEPXHOCTSAX OHU YBEIMYHMBAIOT BS3KOCTh M aBTOMAaTHYECKU
TepMETU3UPYIOT y3€]1 TPEHUS OT JaJbHEHIIEro BEITEKAaHUS MIIACTUYHON CMa3KU.

4.8.2. Knaccupukanus njiacTU4HbIX CMa30K H TPeOOBaHUS K HUM

[InacTuyHble CMA3KHU Pa3IMYalOT MO 00JACTH MPUMEHEHUS, 1O TUIY OCHOBHI,
10 MPUPOJIE 3aryCTUTEIISL, 10 KOHCUCTEHIUH (TYCTOTE).

[To Ha3HAYEHUIO CMA3KU MOAPA3AEISIOTCS:

- aHmu@pukyuonnvle  OOUIETO  HA3HAYEHUS U  AHTU(PUKIMOHHBIE
TEXHOJIOTUYECKHE — i1 OOJIETYEHUS TEXHOJOTMYECKHX IPOIECCOB 00pabOTKH
METaJUIOB JJABJICHUEM;

- KOHcepeayuoHHbvle (3auiumusle) — IS NPEIOXPAHCHHUS METALUTUICCKHX
W3JENIUN OT KOPPO3UHU;

- YnaomHumesibHble — JUISI TEpPMETU3alUU TPYLIUXCA IOBEPXHOCTEH,
CAJIbHUKOB, IIEJICH, 3a30POB U APYTUX JCTAICH;

- CReyuanbHo20 HA3HAYeHUs, HatipuMmep, GPUKIMOHHBIE — JIJISl YBEITUYCHUS
TPEHUS C LENbI0 MPEAOTBPAIIECHUS MPOCKAIb3bIBAHHS TTIOBEPXHOCTEH;

- npupabdomouHsle — IS yIyUlIeHUs PUPAOOTKUA TPYIIUXCS TTOBEPXHOCTEH
JeTajen u Apyrue.

[TonaBmnstomniee OOJIBITMHCTBO CMA30K OTHOCHUTCS K MEPBBIM JIBYM TpYyIINam,
MPUYEM Ha aBTOTPAHCTIOPTE MPUMEHSIOT, KaK MPaBUIIO, TIEPBYIO TPYMITY.

[lo Tumy ocHoést cMa3ku ObIBalOT Ha HEPTIHBIX, CHUHTETHYECKUX,
PACTUTENbHBIX Maciax, HA CMECH BBIIIECTIEPEYUCICHHBIX MaCell.

[lo Ttuny 3azycmumens cma3ku JelST Ha MbUIbHBIE, YTIIEBOJAOPOIHBIE,
OpraHUYecKre U HEOpraHUYeCcKue.

[InacTuueckue  CMa3Ku  TOAPA3ACISIOTCS MO  TUIY  MPUMEHSEMOTO
METaJUIOCOICPKAIIECTO Mblaa (CONMHM BHICIIMX KapOOHOBBIX KHCJIOT) Ha KaJbITUEBHIC,
HaTpUEBbIC, JIUTHUEBBIC, ANOMUHUEBBIE K Jp. [IOCKOIBKY THUN M KOJHYECTBO
3aryctutensa (10 30% Macchl) ONpenessitoT AKCIUTyaTallMOHHbIE CBOWCTBA CMa3KH,
MIOATOMY B €€ Ha3BaHWU, KaK MPaBWIO, OH MPUCYTCTBYET: KaJblIME€Bas CMa3Ka,
JUTHEBAst CMa3Ka U T.II.
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4.8.3. JkcnjyaTalMOHHbIE CBOMCTBA M NMOKA3aTe M Ka4ecTBa
IJIACTUYHBIX CMA30K

OKCIUTyaTallMOHHBIE CBOMCTBA CMA30K CBSI3aHBI C OTICIBbHBIMHU MOKa3aTeIIMU
uX QUBMKO-XUMHUYECKUX CBOMCTB. OCHOBHBIMH CBOMCTBAMH IUIACTUYHBIX CMAa30K, O
KOTOPBIM MOXXHO TPOHM3BOJAMTH CPaBHUTEIBHYIO OIICHKY HX KadecTBa U
npenyrajasiBaTh paboTOCIIOCOOHOCTD, SBISIOTCA: Mpened MPOYHOCTH, G (heKTUBHAS
BSI3KOCTh, TIEHETpalLlus, TeMIepaTypa KalulemaJeHus, KOJJIOWIAHAS M XHUMHUYecKas
CTaOWIBHOCTh, KOPPO3MOHHBIE CBOWMCTBA (BOAOCTOWKOCTB, KHUCIOTOCTOUKOCTD,
coJiepKaHue KUCIIOT, IIeTI0YeH, BOJIbI), COAeP)KaHNE MEXaHUYECKUX PUMECEH.

N3 Bcex mokaszaTeneil KadecTBa CMa30K OCHOBHBIE - O3TO TeMIleparypa
KaIuIenaJIeHusl ¥ YpOBEeHb MeHeTpauuu. [loToMy MMEHHO OHU SBISIOTCS BHIXOJAHBIMU
napaMeTpamu JUIsl OUEHKU U CPaBHEHHUS CMa30K APYT C APYTOM.

Il1acTnyecKkne CBOMCTBA CMA30K

[Ipenen mpouHocTH, 3HPEeKTUBHAS BS3KOCTh U TEHETPAIUsl XapaKTepU3YIOT
IJTACTUYECKUE CBOMCTBA CMA30K MPU BO3JACHCTBUY HA HUX BHEIIHUX CHUJL

IIpexesioM NMPOYHOCTH NMPHU CABHUIE HA3BIBACTCS COOTBETCTBYIOLIEE ITOMY
Mepexo/ly HampsKEHUWE CABUra CMa3Ku. JTO MUHMMAaJbHAasl Harpys3ka, Ipu KOTOpOMU
MIPOUCXOJIUT HEOOpaTUMOE pa3pylIeHHE Kapkaca CMa3KM W OHa BeIeT cels Kak
KUJIKOCTh. B paboueMm wuHTEpBaje TeMIlepaTyp Npeaesl MPOYHOCTH TIUIACTUYHBIX
cMa3ok coctasisier ot 0,1 1o 3 kH/M” (puc. 4.5).

Korga Ha cMa3ky JeHCTBYET ycuiue, MPEBBIIAIOINIEE Mpeesl MPOYHOCTH Ha
CIBUT, OHA TE€YET, U €€ CBOMCTBA B ITOM cliyyae (BEJMYMHA MOTEPh Ha BHYTPECHHEE
TPEHHE B CMa3Ke) XapaKTepU3yTCs Ihhekmusnoil 6a3kocmoio, T. €. BHyTPECHHUM
TPEHUEM MEXAY B3aMMONEpEeMEUIAIMMNMUC closiMUA. DaKTUYECKH 3Ta BEIUYMHA
ONpPENIEIIIET MMyCKOBBIE XapaAKTEPUCTUKU MEXAHU3MOB, JIETKOCTh MOJA4YH U 3alPaBKH B
y3JIbI TPEHUSI.

[Ipu moBBIIIEHUH TpaJHeHTa CKOPOCTH JedOopMallii BS3KOCTh IJIACTUYHBIX
CMa30K YMEHbIIAETCS O HEKOTOPO MUHUMAaJIbHOW BETMYUHBI (pHC. 4.5).

KpuBass wu3MeHEHUsI BS3KOCTH C W3MEHEHHUEM CKOPOCTU CHBUTa TIPU
MOCTOSTHHOM TeMIIepaType XapaKTepHU3yeT BA3KOCTHBIC CBOMCTBA CMA3KU: YEM Kpyde
KpUBas, TeM Jydile cMmaszka. [Ipu MOCTOSHHOM TpaaueHTEe CKOPOCTH Jedopmariuu
BSI3KOCTh CMa3KH U3MEHSIETCSI TOJIBKO C U3MEHEHHEM TEMIIePATYPHI.

Ilenerpanus - yucsiao nponunaemoctu (B 0,1 MM), KOTOpoe xXapakTepusyeT
KOHCHUCTEHIIUIO (CTENEHb MSTKOCTH) IIACTUYHBIX CMAa30K U SIBIISETCS MOKa3aTeleM
rIIyOMHBI TOTPY>KEeHHsI (MPOHUKHOBEHUS) B HUCIBITYEMYH CMa3Ky KOHYyca
CTaHJAPTHBIX pa3MepoB. B mpubope, Ha3bIBaeMOM HeHempomempom, TICHETPAIIHS
ONpENEIIIeTCS YUCIOM JICJICHUIH, OTMEYaeMbIX CTPEJIKOM Ha MIKajle WHIMKATOpa
npubopa, M COOTBETCTBYET UYHCIY JECATHIX JOJeH MWUIMMETpa TIIyOUHBI
MOTPYKEHUSI KOHyCa B CMa3Ky.
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IIpenen [MoBTopHble HATPYIKEHUS 10 HCTEISHUH
TIPOYHOUTH 10, 20, 30 mun

ITnacTrunas
cMaska

Hanpsoxenue casura
JluHamMuueckas BA3KOCTE

Kunxoe
Maclo

Hedopmarius, mm I'pajHenT CKOpOCTH, ¢ jv
n

Puc. 4.5. 3aBUCUMOCTb MEX]1y HATPY3KOM U IPaIMEHTOM CKOPOCTHU

[InactHueckas —

Yropyrast

Uem Oonbllle YUCIO TEHETpalMM, TEM Msrye CMaska M, CJEI0BaTENIbHO,
MEHbIIIE €€ KOHCHUCTEHTHOCTb. J[JIl MIIaCTUYHBIX CMA30K €€ 3HAYEHUE HAXOAMUTCS B
npenenax 170...400 exuauL.

4.8.4. CTaOMJIBHOCTH CMA30K

PaznnuaroT pu3nyeckyro U XUMHYECKYI0 CTAOUIBHOCTh INIACTUYECKUX CMAa30K.
[TokazaTensimu  (pU3UUECKON CTAOMIIBHOCTU SABIJISIIOTCS THUKCOTPOIHBIE CBOMCTBA,
TeMIlepaTypa KarienaaeHus CMa3Ky U KOJUIOUAHAs CTaOMIIBHOCTb.

Mexanuyeckas CTA0MJIBLHOCTH XapaKTepUu3yeTcs TUKCOTPOIHBIMU
CBOMCTBaMH, T.€. CIIOCOOHOCTBIO CMa30K MPAKTUYECKH MTHOBEHHO BOCCTaHABIUBATH
CBOIO CTPYKTYpY (Kapkac) mocje BbIXOJa M3 30Hbl HEMOCPEICTBEHHOIO KOHTAaKTa
Tpyluuxcs Jetaned. biarogaps 3TOMY YHUKaJIbHOMY CBOMCTBY CMa3sKa JIETKO
YAEP>KUBAETCSI B HETEPMETU3UPOBAHHBIX Y3J1aX TPEHUS.

Temneparypa kamjenageHusi - yCJIOBHbIM KPUTEpUM Hayasja IUIABJICHUSA:
MHUHUMAaJbHas TEMIIEpaTypa NaJeHus MepBOM Karji CMa3Ku, HarpeBaeMoM B KarcyJie
tepmomeTpa Yo0enoae (meron ASTM D556 - IP132; ISO 2/76; DIN 5/80/B1.1).

[Ton KOMIOMIHON CTAOWIBHOCTHI) TMOHMUMAKOT CTOMKOCTH KOHCHUCTEHTHBIX
CMAa30K K BBIJICJIEHUIO YAaCTH BXOJAIIETO B X COCTaB MacJia (CHHEpEe3ucy) B Impolecce
MEXaHMYECKOTO M TEMIEPATypHOIO BO3JICUCTBUS TPU MPUMEHEHUHU, XPaHEHUU U
TPaHCIIOPTHUPOBKE.

OneHKy KOJUIOMTHOW CTaOWUJILHOCTH MPOM3BOJAT Ha CIEUUAIbHOM Hpuodope,
A€ CJIOW CMa3Ku C Harpy3koM NOpuxUMaroT B TedyeHue 30 MHUH. K CIOIO
¢unpTpoBaIbHOM OyMaru, MOJOKeHHOW Ha cTekio. [lo komuuecTBy Mmacna,
nepeleamneMy U3 cMa3ku Ha Oymary (B mpOLEHTax Mo Macce), CyAaT O KOJIJIOUTHON
cTaOMIIBHOCTH cMa3ku. Yem OoJbIlle Macia OKaKeTcs Ha Oymare, TeM KOJIJIOWIHAS
CTaOMIIBHOCTh CMAa3KH XYXKeE.

XMMHMYEeCKON CTAa0MJIBHOCTBI)  HA3bIBAOT YCTOMYMBOCTH CMa3KH K
OKHCJICHHIO KHCJIOPOJAOM BO3[lyXa B YCIOBHUSIX NPUMEHEHHS U TpPU XpaHeHUU. B
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pe3yNbTaTe OKUCIUTENBHBIX MPOLIECCOB B CMa3Kax 00pa3yloTcs CBOOOTHBIE KUCIOTHI,
KOPKH U YIUIOTHEHHS Ha MoBepxHOCTH. KpoMe 3TOro, oKMcieHne cMa30K BbI3bIBACT
U3MEHEHUE MX MEXaHMYECKUX CBOWCTB (IIpejesia MPOYHOCTH, BA3ZKOCTU U T.1.) U
MOBBIIIAET KOPPO3UOHHYIO aKTUBHOCTD.

Kpome Toro, y cMa30k OLIEHUBAOT:

- TEPMHUYECKYI0 CTA0WJIBLHOCTH - CIOCOOHOCTH CMa3KH COXPaHATH CBOU
CBOMCTBA MPH BO3ACHCTBUHU MOBBIIIEHHBIX TEMIIEPATYP;

- UCIIAPSIEMOCTb - KOJIMYECTBO Macia (B %), MCHapUBIIETOCs U3 CMa3Kd 3a
OMpEeNeTCHHBIA MPOMEXKYTOK BpPEMEHH TIpU €€ HarpeBe A0 MaKCUMalbHOU
TeMIIepaTypbl IPUMEHEHUS;

- BOJIOCTOMKOCTD - XapaKTEPUCTUKY YCTOMUUBOCTH CMa3Ku K PaCTBOPEHHUIO B
BOJI€, CIIOCOOHOCTH NOTJIONIATh Biary, NpOHUIIAEMOCTH CMa304HOTO CJIOS JIJIsl TapoB
BJIaT'd U CMBIBAEMOCTH BOJIOM CO CMa3bIBAEMBIX TOBEPXHOCTEH.

4.8.5. ACCOPTHMEHT M KPAaTKasl XapaKTEePUCTHKA MJIACTUYHBIX CMa30K

PaccmoTpum  coctaB, 005acTM TNPUMEHEHHS] M OCHOBHBIE  CBOMCTBA
IJIACTUYECKUX CMA30K, JOMYUICHHBIX K MPUMEHEHUIO Ha CEPUUHON aBHAIMOHHOU
TEXHUKE TPaXIaHCKOW aBUAlMU, a TaKXK€ CMAa3KH, PEKOMEHIyeMble [l BHOBb
pa3pabaTbiBacMOIl aBUATEXHUKHU.

Cmaszka IMATUM - 201 - 3amenutenu Ipa, HUATUM-221 ssusercs
IIEPBOM OTEYECTBEHHOM JINTHEBOM CMA3KOW. I'OTOBHTCS 3arymieHHeM MallOBA3KOTO
MuHepaibHoro macia MBII necsaThio mpolieHTamMu cteapaTta JUTHS ¢ J00aBICHUEM
0,3 % nudenmnamuna. Mcmonp3yeTcss Kak OCHOBHOM COPT HU3KOTEMIIEPATypHOU
CMa3KH B CUCTEMAaX YINPABJICHUS IJI1 CMa3KU NOAIIMITHUKOB KAU€HUSI U CKOJIbKECHUS,
[IAPHUPOB, TOJIBYHOB, HEOOIBIINX PEAYKTOPOB, OPTaHOB YIPABJIEHUS TOPMO3HBIMU
IIMTKaMH, y3JaMU [OJBECKU pYJIeld, 3JIEPOHOB, 3aKPbUIKOB, 3aMKOB IIaccCH,
COCAMHEHUW TAr U Kavaiok. He pexkoMeHmyercs i NMPUMEHEHUS B YCIOBHSIX
JUIATEIBHOTO MPSMOT0 KOHTaKTa ¢ BOAOW U MPU OTHOCUTENIbHOM BIaXHOCTH OoJee
80%, 1S TSKENO HArpyKEHHBIX Y3J10B TPEHUS CKOJBXEHUs, U1l KPATKOBPEMEHHON
M JJIMTENbHOM KOHcepBauumu wu3faenuil. (Cmaszka [OJDKHA NPUMEHSThCS MpU
TEeMIlepaTypax, He BBIXOASAIIMX 3a mpenen auanazoHa -60 ...+90°. 3apyOexHble
anayioru - Aeroshell Grease 6 (SHELL), Unirex S 2 (Esso), Eneryrease LCI, LT 2
(British Petroleum)

Cmazka CT ( HK-50 ) — 3amenutenbp - Candup aHTUDPHUKIMOHHAS
IJIACTUYHAs BBICOKOTEMIIEpaTypHasi cMma3ka. M3rorosisieTcss Ha ocHOBe Macina MC-
20 , 3aryménnoro HaTpueBbiMH MbutamMu (31 %), canomaca u TeXHUYECKOro cana. B
e€ coctaB BxoauT 0,5 mporeHTa KOJUIOUAHOTO rpaduTa.

CMaska HMMEeT IUIOXME HU3KOTEMIIEpATypHbIE CBOWCTBA. [ MIPOCKONMYHA.
PactBopuma B Bome. IIpu xpaHeHMM B HEr€pMETMYHOW Tape IOIJIOLIAET BJATY W3
BO3/lyXa, 4YTO YyXyAIIaeT €€ XapakTepUCTUKH. MMeeT HU3KyH HCHapsieMOoCTh,
BBICOKYIO TeMmIepaTypy KaruienajaeHusi. PabGorocmocobHa mnpu Temmeparype -
20°C...+150°C, ¢ xpaTkoBpeMeHHBIM meperpeBom 10 200°C.



74

PexoMeHtyeTcsi 1Jisi BBICOKOHATPY>KEHHBIX Yy3J70B TpeHus. Hcmosnb3yeTrcs B
MOJIIMITHUKAX KOJIEC IIACCU CAMOJIETOB M BEPTOJETOB, B LUIMLEBBIX COCIAUHEHUAX
BO3AYIIHBIX BUHTOB CaMOJETOB U BEPTOJIETOB, PE3bOOBBIX COCAMHEHUSX.
3apyoexusie anaoru AeroShell Grease 22. AeroShell Grease 16, Mobil Grease 28.

Cmazka BHUM HII-231 3amennteqs BHUU HII-246 — antudpuxkinmuonnas
MJJACTUYHAS BRICOKOTEMITEpAaTypHasi CMa3Ka.

['oToBUTCS 3arymieHreM noiaucuiiokcaHoBou kuakoctu [19C-C-2 kaHanbHOU
caxkeit JII'-100.

O6isajaeT XOpOLIMMU HU3KOTEMIIEPATypPHBIMU CBOMCTBAMHU, MMEET BBICOKHE
IPOTHUBO3aIUPHBIE XapakTepucTuku. [lo cBoeMy cocTaBy M CBOWCTBaM 3aHHUMAET
IPOMEKYTOUHOE MOJIOKEHUE MEXIY IUTACTUYHBIMU cMa3zKaMu u
HECTPYKTYPUPOBAaHHBIMH TeKyurMMH Tmactamu. (CMmaszka paboTocrnocobHa mpH
temrepatype -60°C...+ 250°C, kparkoBpemeHHo 10 mitoc 300°C.

PexoMeHyeTcst 1711 IPUMEHEHUSI B TUXOXO/IHBIX BBICOKOHATPYXEHHBIX y3J1aX
TPEHUs:  3aKPBITBIX  YEPBIYHO-BUHTOBBIX  MEXaHW3Max, JJIA  CMa3blBaHUs
MOAIIMITHUKOB KAayeHUs W CKOJbXKEHUs W T.1. Mcmonb3dyercs B y3Jiax TpeHUs
CHUCTEMBI YIIPaBJICHUS JIETATCIIbHBIMU allapaTaMH.

Cmaszka BHUU HII - 242 - 3amenurtenb ®uon-2M - aHTUPPUKIIMOHHAS
IJIaCTUYHAsg  BOJAOCTOMKass cMa3ka. [lomywaeTrcs mnpu  3arymieHud  macnia
HUHIyCTpUaabHOTO 45 cteapatoM nuTus. COAEpKUT aHTUOKUCITUTEND - TU(PEHUITAMUH
Y IPOTUBOU3HOCHYIO MPHUCATKY - TUCYIbPUI MOJTUOACHA.

[Ipenna3navyaeTcs Ayisl CMa3blBaHUS IIAPUKOBBIX U POJIMKOBBIX MOIIIUITHUKOB,
paboTtaromumx npu Oosnbux Harpy3kax. CMa3ka peKOMEHIyeTcs JUisl IPUMEHEHUS B
MOAIINITHUKAX 3JICKTPOMAIIUH TOPU30HTAIBHOTO HCIIOJHEHUSI C PEAKO CMEHSEeMOM
cmaskoil. Paborocrocodna npu temmneparype -30°C...+110°C, kpaTKOBpEMEHHO 0
+120°C.

Cmazka BHUM HII-286M - 3amenutenrs BHUM HII-274 - rotoBuTCs
3arynieHneM cuHtetmdeckoro macina MAC-35 MbutaMH, COAEPKUT KOMIIO3WULIHIO
AHTUOKHUCIIUTENBHBIX U TPOTUBOM3HOCHBIX Mpucagok. CMa3ka paboTocrnocodHa mpu
temrnepatype -60°C...+120°C. PekomMenayercss sl CMa3Kud 3yOyaThIX Mepenad
CpeaHel MOIIHOCTU, B DJEKTPOMEXAaHU3MaX, MOJIIUIHUKAX KAY€HUSI C BBICOKUMHU
CKOPOCTSIMU BpallleHUsI, B MOJAIIUITHUKAX KAYEHUS CUCTEM YIPABJICHUS CaMOJETOM.
Ucnons3yetcs BMecto cmazok [IMATUM-201, IIMATUM-203, OKb-122-7, BHUA
HII-242 na BHOBb pa3pabaThiBaeMOll aBHaTexHUKE. 3apyOexkHbiii anamor Nyco
Grease GN 22, Mobil Grease 28.

Cmazka BHHUHU HII-261- Candgup npencraBmser coboil cmech
cuntetnyeckoro macia MAC-35 + adup-2, 3arymeHHy0 KOMIJIEKCHBIM MBUIOM U
nurmeHToM. Coaepxut rpadpur u npucagku MOHOJI u ®AHA. PaGoTtocmnocobna
npu temreparype -45°. PekoMeHayeTcs Ui CMa3KH IOAIIMITHHKOB KOJIEC IIacCH
camoJietoB BMecTo cMmasku CT (HK-50). 3apyoexubie anamoru AeroShell Grease 22.
AeroShell Grease 16, Mobil Grease 28.

IMacta BHUUM HII-225 - antudpukunonHas. [loayyaercs npu cMemmBaHUU
KpemHuiiopranndeckoi xuakoctu [IOMC-4 ¢ aucynbdugom MonubdaeHa.
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[IpennaznayaeTcst Ans  3alUThl  PE3bOOBBIX COEOUHEHHM OT 3aeqaHuil.
[IpumensieTca B pe3bOOBBIX COECAUHEHUSAX MEXAY MPOKIAIKAMU M3 €CTECTBEHHOW U
HMCKYCCTBEHHOU pe3uHbl. [Ipumensercs kak cyxas cmaska.

PaGoTocrocobna mpu Temrepatype: Kak aHTudpukimonHas 10 250°C u kak
TBepaas cyxas nacra g0 450°C-500°C. 3apy6esxnsriii anaor Molykote 50/50.

4.8.6. KoncepBanlMOHHbIE MAaCJIa H CMa3KHU

Macao K-17 - xoHcepBallMOHHOE XKHUIKOE, BJIArOCTOMKOE Macio (cmaska).
[lomyyaercss mpu 3arymieHMH cMecH HETSIHBIX Maced (TpaHCc()OpMATOPHOTO H
aBraniioHHOro MC-20) JIUTHEBBIM MBUIOM OKHMCIEHHOTO mnerposiaryma. Colep KUt
npucanaku [IMATUM-339, IIMCS, nudenmnamun u CK-45.

[Ipenna3zHayaeTcs Uil JJIMTEIBbHOM KOHCEPBALMU B YCIIOBUSX ITOBBIIIEHHBIX
TEMIIEpaTyp W BIAXHOCTH, JUIsl KOHCEpPBAalMM BHYTPEHHMX U  HapY>KHBIX
IIOBEPXHOCTEH M3JE€IUMI W3 LBETHBIX M YEPHBIX MeTawioB. lIpumensercs mis
JOJTOBPEMEHHON 3alllUThl OT aTMOC(HEPHOM KOPPO3UU HApPYKHBIX IOBEPXHOCTEH
U3IETUA U MEXAaHU3MOB, XPaHAILIUXCS MOJ YKPBITUEM U HA OTKPBITHIX IJIOLIAIKAX.
Hcnons3yeTcss ajie  BHYTPEHHEHM  KOHCEpBAalMM  IOPUIHEBBIX  aBHALIMOHHBIX
nasurateneit. 3apyoexnsrit ananor Nycolube 20.

Cmaska IIBK - koHCepBanMOHHAas cma3ka. ['OTOBUTCA Mpu CIUIABICHUH
nerpojatyma, macia uuiauHapoBoro II, nepesuna. Comepxkutr npucaaky MHU-7.
BogocTolikasi ¢ XOpomMMH 3alIMTHBIMH cBoWcTBamMHu. CTaOW/IbHA MPU XpaHEHUHU.
Pekomennyercs s HAapyKHOW KOHCEpPBAalMW M3ACIMA M3 YEPHBIX M IBETHBIX
MeTanioB. YToObl HaHECTH CMa3Ky Ha 3allldllaeMble JeTalld, HEOOXOAUMO OKYHYTh
UX B pacIuiaBlieHHY0 cMasky npu 100 - 120°C.

Cma3zka AMC-3 - 3amuTHas (KOHCEpBallMOHHAs) CMa3Ka, BOJOCTOMKAsL, OUCHb
ryctas, nunkas. CrabwibHa npu XpaHeHuM. CMa3ka TOTOBUTCS MpH 3arylieHUH
BBICOKOBSI3KOT'O Macijia Bamop ajltOMUHHUEBBIM MBUIOM OJIEMHOBOW M CTEAPUHOBOMU
KHCJIOT.

PekomeHnnyeTcst AJig Hapy>KHOM KOHCEPBALMU U3JEIUI U3 YEPHBIX U LBETHBIX
METaJUIOB, KOIrJa 3allUIIAeMblii OT KOPPO3UU MEXAHU3M MOXKET JJIUTEIbHO
COIPUKACATHCA C BOHOM.

Cma3zka HaHOCUTCS TOJIBKO ITyTEM HamMasbiBaHus npu temmeparype 0°C. Huxe
0°C BSI3KOCTH CMa3KH CHIBHO BO3PACTAET, 4TO 3aTPYIHSACT €8 HAHECCHHE M
UCIIOJIb30BaHUE B KadyecTBE aHTU(PUKUMOHHOM cMa3ku. Kak aHTHdpukimoHHas
CMa3Ka MOKET IpuMeHsThes pu Temmepatype 0°C...60°C.

5. I'mapaBanyeckue KUIKOCTH

['uapocucTemMbl COBPEMEHHBIX BO3IYLIHBIX CY/I0B 00ECIIEYMBAIOT BBHIOJIHEHUE
BEChbMa BaXXHBIX (PYHKIIHIA:

- yIOpaBlIEHUE PYJIEBBIMU MTOBEPXHOCTSIMU MaruCTPaIbHBIX CAMOJIETOB C

- HCTOJB30BaHUEM TUApOycunTenei (0ycrepon);
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- yIpaBJeHUE MeXaHu3auuen KpbliIa (3aKpBbLIKH, MPEAKPBUIKH,
UHTEPICTITOPHI, | T. IL.);

- BBIIYCK M YOOpKY IIaCCH, YIpPaBJEHUE MEPEIHUM KOJECOM IPU PYJIECHUH,
TOPMOKEHHUE KOJIEC MPHU MOCATKE, PYJICHUH U HAa CTOSHKE;

- YIpaBJEHUE HECYIIUM U XBOCTOBBIM BUHTOM BEPTOJIETA;

- OTKPBITHE U 3aKPBITHE CTBOPOK I'PY30BbIX JIFOKOB.

BxiroueHne rupoarperartoB B KOHTYpP YHOPaBJIEHUS BO3AYIIHBIM CYIHOM
TpeOyeT OT THUIPOCHUCTEM BbICOUAMIIEH HAJAEKHOCTU. PemieHue 3Tol MpoOIEMBbI
JOCTUTAETCs MHOTOKPATHBIM PE3€PBUPOBAHUEM THIPOCUCTEM (2-X, 3-KPaTHBIM).

VYcnoBusi  pabOThl  THAPABIMYECKUX  OKHAKOCTEM B THUAPOCHUCTEMAxX
XapaKTepU3YyIOTCs CICAYIOMUMHU TapaMmeTpamu: aasienue — 20 MIla (200 KFC/CMZ);
nuana3zoH padoumnx temmepatyp oT -50°C go +80...100°C; cKOpOCTH CKOJIbKEHHUS
Tpymuxcs nap cocrasisier 20..25 m/c.

Jns  obecriedyeHus: HAACKHOW pPabOThI TUAPOCUCTEMBI THUIIPABIMYECKUE
AKUJAKOCTH JIOJKHBI YJIOBJIETBOPATH CIEAYIOIIMM TPEOOBAHUSM:

- moJsioras  BSI3KOCTHO—TEMIIEpAaTypHas XapaKTEpUCTHUKAa MpH  HU3KOU
TEMIIEpaType 3aCThIBAHMUS;

- BBICOKHE CMAa3bIBAIOIE CBOMCTBA;

- CIIOCOOHOCTh MPEOXPAHATh TPYIIUECS AETAIU OT KOPPO3UH, & YIUIOTHEHHUS
OT pa3pyLICHHUS;

- CTaOMJIBHOCTD IIPH paboTe U XPaHEHUU;

- MaJiasi MO’KapOONaCHOCTh U HEB3PBIBAEMOCTh NPH YJAPHBIX HArpy3Kax;

- MaJiasi UCMapsIeMOCTb U BBICOKAsl TEMIIEpaTypa KUIICHHUS;

- DKOJIOTMYecKass 0e30MacHOCTh U Majiasi CTOUMOCTb.

Kunkoctu sl TUAPOCUCTEM JENATCS HAa TPU KATErOPUU: MHUHEPAJbHBIC,
CUHTETUYECKUE OTHECTOMKHE KUIKOCTH; CMECEBBIEC TMAPABINYECKHUE KUIKOCTH.

MuHepaiibHble KUAKOCTH H3rOTABIMBAIOTCA Ha He(TAHOW ocHoBe. J[lns
3TOro otOuparoT (Qpakiuuu HePTH, BBIKUMAIOINIME B HWHTEpBAJEC TEMIEPATYp
200...300°C, u mnonaBepraroT HX MOCIACAYIOMEH OYUCTKE (UMUYECKUMU H
XUMUYECKUMU MeToaamu. [lpu 3ToM ynansitorcs acaibTo-CMOJIUCTHIE BEIIECTBA,
reTepPOLUKINYECKHE, aApOMATUYECKUE U HOpPMalbHO-MIApa(UHOBBIE COEAUHEHUS,
KOTOpbIE  YXYAIIAIOT TEPMOCTAOUIIBHOCTb, HU3KOTEMIIEPATypHbIE  CBOMWCTBA,
YCWJIMBAIOT KOPPO3WIO, BBI3BIBAIOT HAOyXaHWE PpE3WH U  YIUIOTHUTEIbHBIX
MaTepuaioB.

Jlonrue rompl OMHONM W3 HamboJee pacmpoCTPAHEHHBIX B TPaXTAHCKON
aBparuu  P®  gBisimace MuHEpanbHaAs THApaBIndeckas kuakocte AMI-10,
MIPEACTABIISIONIAs CO00i Y3KyI0 HEeDTSIHYIO (PpaKIHIO, BHIKUIIAIOINIYIO B MHTEPBAJIC
temnepatyp 210...300°C.

B mensx ynydmieHuss BS3KOCTHBIX CBOMCTB (Ppakimu B He€ BBOIUTCS
BSI3KOCTHAs MPUCAAKA 6UHUNOJI, KOTOPAs MPEACTABISIET COOO0M MPO3PAUHYIO BA3KYIO
Maccy, XOpOIIO PAacTBOPUMYIO B yrieBoAopojaax. [loMHMMO MOBBIIEHHS BSI3KOCTU
6UHUNON YIIYYIIaeT AHTHUKOPPO3UUHBIE M CMAa3bIBAIOIIME CBOWCTBA KUAKOCTH.
Henocrarkom mnpucanku eununon sBIAETCS €€ JIeTKas OKUCISEMOCTb IIpU



77

MOBBIIICHHBIX TEMIEpPAaTypax W B MNPUCYTCTBUU Kuciopoja. Jlig yMeHbIIEHUs
OKHUCJISIEMOCTH TPHUCAIKH B KUIAKOCTh BBOJUTCS AHTUOKHUCIWTEIbHAS MPUCAOKA O-
Hagman (a-oxcu-nagpmanun). I'napasnnyeckas xxugkocte AMI'-10 okpammBaercs
B KpacHBIN I[BET, UTOOBI U30€KaTh OMITMOOYHOM 3aIPaBKU.

ToBapnas xxugkocts AMI'-10 pekomeHayeTcst B KauecTBe paboyeil KUAKOCTH
THJAPOCUCTEM CaMOJIETOB ¢ pabodmM TemmeparypHbiM pekumom -60°...+100°C B
KOHTAKT€ C BO3JIyXOM MJIM TEXHUYECKUM a30TOM.

[Ipu pabote TupoarperaToB, padOTAOIINX C YAAPHONH HATPY3KOM B YCIOBUSX
BBICOKMX TEMIEpaTyp U MPU KOHTAKTE C KHUCIOPOJOM BO3AyXa, Mapbl >KUIKOCTU
00pa3yloT cMech, CaMOBOCILIaMEHsoNTytocs ipu Temneparype 92°C u naBinennn 220
atmocdep. IlosTomy Takue ruapoarperaThl (TUAPOAKKYMYJISTOPHI, aMOPTHU3ATOPHI
I1aCCH) AOJKHBI 3aIIOJIHATHCS B Ta30BbIX MOJIOCTIX TOJIBKO a30TOM.

AMI-10 He KOppO3UITHOAKTHBHA U HE TOKCUYHA MPU OOBIYHBIX TEMIEPATYpax,
HO BbI3bIBa€T HAOyXaHHE HEKOTOPBIX COPTOB pPE3WH U BBIMBIBAECT NapapuH Hu3
KOYKaHbIX MaH)XeT, KOTOPhIM OHHM MPOMMTHIBAIOTCS JUIsl MPUAAHUS KOXKE OOJbIIEH
AIACTUYHOCTH.

B kadecTBe yIIOTHUTENBHBIX MaTepuaqoB mpu padore c AMI-10
HCIIOJIb3YIOTCSl MACJIOCTOMKHUE YIIJIOTHEHHS U3 HUTPUIbHBIX Kay4yKOB.

[Ipucanka 6uHune CKIOHHA K MEXAaHUYECKOW JECTPYKUUMU H TO3TOMY
HEOOXOUM TEpPUOJUYECKUI KOHTPOJb BSA3KOCTH Macia B IIpoLecce padoThI.
3apyOexHbIM aHajgoroM kuakoctn AMI'-10 seasercs sxuakocts AeroShell Fluid 41.
B cocrosaun noctaBku Bs3KOCTh kuakocth AMI-10 cocraBiaser 10cCt mpu
temneparype +50°C.

B HacTosiee BpeMst BeCh Mapk aBUALMOHHOW TEXHUKHU I'PAXKIAHCKOW aBUALUH,
SKCIUTyaTupytouieiics B Poccum, mnepeBeieH Ha THAPOXKUIKOCTH 3apyOeHOTo
npousBoacTea AeroShell Fluid 41.

Oo6nacte npumenennst AeroShell Fluid 41 Ha ocHOBe MuHepanbHOro Macnia c
KOMITO3HMIIMEN MPHUCAA0K PAa3IMYHOrO0 HA3HAYEHUS ISl THAPABIMYECKUX CHCTEM
coBpeMeHHBIX camosieToB. CoorBerctByeT crnenupukammu MIL-PRF-5606H, DEF
STAN 91-48.

CuHTeTHYecKHe THAPABJIHYECKHEe JKMIAKOCTH TIOJIY4YaloT M3 MPOAYKTOB
XUMUYECKOTO B3aUMOJEHCTBUS PA3IUYHBIX BEIIECTB, OTJIMYAIOIIUXCS BBICOKOU
XUMHUYECKON U TePMUYECKOM CTaOMIIBHOCTHIO U XOPOUIMMH HU3KOTEMIEpPaTypHbBIMU
CBOMCTBAMU.

CuHTEeTHYECKHE TUAPOKUAKOCTH BBITOJHO OTIMYAKOTCA OT MHHEPAJIBHBIX IO
KOMIUIEKCY JKCIUTyaTal[MOHHBIX CBOMCTB, a TaKXe OTrHECTOMKOCTH U OoJjbluel
M0’XKapo0e30MacHOCTH.

K stomy knaccy otnocstes xxkuakoctu HIK-5(Y) u 7-50C-3.

AoG6peuatypa HIK-5(Y) pacmudpoBsiBacTCs Kak HETOprodas >KUIKOCTh
HOoMep 5, ynyunieHHas. [IpurorasnuBaercst Ha ocHOBe (pocdopopranudeckoro rupa
— quoytun-penun-pocdara (IbDPD). B ocHOBY BBOAMUTCS BS3KOCTHAs MpUCAIKa
nonmumeruiMeraakpunat (IIMMA) wu  crabunuzatop, NpenCTaBIAIONIMN CcOOOM
AMOKCUHYIO KOMITOHEHTY.


http://www.rosma.ru/?id=732
http://www.rosma.ru/?id=732
http://www.rosma.ru/?id=732
http://www.rosma.ru/?id=732
http://www.rosma.ru/?id=732
http://www.rosma.ru/?id=732
http://www.rosma.ru/?id=732
http://www.rosma.ru/?id=732
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PabGouuit nuanazon nmpuMeHeHus XuaAKocTu: -60...+150°C. OcHOBa XUJIKOCTH
— JIb®® sgBusercs CUIBHEUIIUM PACTBOPUTEIIEM [UISI MHOTHMX CHHTETHYECKHUX
MaTepuasioB. B CBs3W ¢ 3TUM TOpUMEHEHUE KUIKOCTH 0€3 MpeaBapUTEIbHOM
MOATOTOBKH BCeH ruspocucteMbl o xxuakocts HIDK-5(Y) 3amperniena.

HIK-5Y npumensiercss Ha camonerax Wn-86, Nn-96, Ty-204 u np.
coBpeMeHHbIx BC.

OcBoeHHE dKCILIyaTalluu IMUpoKo(dro3esDkHbIX camosieToB Airbas m Boeing
noTpedoBan pa3pabOTKM HOBBIX HETOPHOYUX THUIAPOKUIKOCTEH, CIOCOOHBIX B
KauecTBe paboyeil JKUIKOCTU MepeaBaTh OOJIbIINE YCUITUSL OT OPraHOB YIIPaBJICHUS
K HCIOJHUTENbHBIM MEXaHW3MaM aBuajlaiiHepoB. B  kauecTBe Heroprodmx
TUAPOXKUIKOCTeH 4deTBepToro mokojeHuss gupmamu IlleBpon u MoHcanTa ObuH
pa3paboTaHbl M BHEAPEHBI IPOAYKTHI yeTBepToro mokosnenus HIOK — Skydrol LD-4
(rumpaBiMyYecKkasi JKUJIKOCTh Ha OCHOBE d3(pupoB (ochopHO KHUCIOTHI A
THIIPABIUYECKON cucTeMbl Bo3aymHbIX cynoB), Skydrol 500-B4 (ruppammmueckas
KUJAKOCTh Ha OCHOBE 3(pUPOB (HoCchHOPHONU KUCIOTHI JJIsi TUAPABIMYECKOW CHUCTEMBI
BO3AyIIHEIX cyn0B) U Hylet-1V, HyJet-IVa u HylJet-1Va+ .

B mocnemnue ronabl co3MaHbl OTHECTOMKHE >KUIKOCTH D-TO TOKOJICHHS, 4TO
MO3BOJIMIIO YBEJIIMYUTH PA00UyIO TEMIIEpATypy B TUAPOCHCTEMAaX NMEPCIEKTUBHBIX JIA.

B Hacrosmiee BpeMss KOMIIAHHMSIMU, NPOU3BOISAIIMMH THAPABINYECKUE
KUJIKOCTH HOBOTO TMOKOJEHHUS MPEIJIOKEHbI MEpCIeKTUBHbIE xujikoctu Hylet-V u
Skydrol -5. DTu THAPOKUAKOCTH MPOILIH BCECTOPOHHUE CTCHIIOBBIC MCIIBITAHHUS B
kommanusx Airbus u Boeing B o0beMax CTEHAOBBIX M JICTHBIX HCIBITAHHUM.
Kunkxoctu Hylet-V npousBoacTBa ¢pupmbel EXXON pacripocTpaHeHbI Jisi CaMOJIETOB
Boeing 707, 727, 737, 757, 767 u 777, nns camoneta A-380 xommanuu Airbus, a
TaKXKe Ui JPyrux camojetoB 3toit pupmel. Kuakocts SKydrol -5 mpoussomutcs
dbupmoit Solution.

Ha3BaHHbIe THIPOKUIKOCTH UMEIOT CIEAYIOIINE XapaAKTEPUCTUKHU:

- VIY4YIICHHYIO TEPMOOKHCIHUTEIbHYIO CTaOMIBHOCTh, TMO3BOJISIONIYIO
AKCIUTyaTallMOHHBIE TemmepaTypsl 10 190°C;

- MOBBIIIIEHHOE padoyee aaBieHue 10 300 KF/CMZ;

- YBEJIMUCHHE DKCILTyaTallMOHHOTO pecypca.

['paxxnanckue Bo3aylIHbIE cyna PP moJHOCTHIO MEepenuii Ha MCIOJIb30BAHUE
OTIMCAHHBIX BBIIIE UMIOPTHBIX THAPABIUYECKUX KUIKOCTEH.

Cunrernueckasi skuakoctb  7-50C-3  mpencraBmser  coboli  cMmech
MOJIUCHJIOKCAHOB M opraHmdeckux auddupoB. [lomucuiiokcansl — (MOIUIPHUPHI
KpEMHHEBON KHCIOTHI) oOmamaror monoroii BTX, HEBBICOKOW CTaOMIBHOCTBIO K
OKHUCJICHUIO M HU3KUMHM CMa304HbIMU CBoilcTBamu. [losTOMy C 1LEnbl0 NpuaaHus
paboyeil JKUIKOCTH JIYUIINX IKCIUTyaTaIlMOHHBIX CBOMCTB MOJIMCUIIOKCAHBI CMEIITUBAIOT
C OpraHMYeCKUMH audGrupaMu, UMEIOIIUMHU JTYUIIINEe CMa3bIBaIOIINE CBOMCTBA.

Pabounii quiana3on npuMeHeHust KuakocTu: -60...+175°C B KOHTAaKTe ¢ BO3IYXOM.
KparkoBpemenno nomyckaercst temrieparypa +200°C B KOHTAaKTe TOJIBKO C 30TOM.

Kuakocrb 7-50C-3 o6magaeT MOBBIMICHHBIM JIECTPYKTUBHBIM BO3JICHCTBHEM
Ha HEKOTOpPhIE METAIBI M TOKPBITHS (Meab, KaaMmueBble, (GochaTtHbie U Jp.
MOKPBITHUSA), & TAKKE HA YIJIOTHUTEIbHBIE PE3UHOTEXHUYECKUE u3aenus. [[nurenprHoe
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Bpemst xuakocte 7-50C-3 mpuMeEHsuIach B THJIPOCUCTEME CBEPX3BYKOBOIO
naccaxxupckoro camoiiera Ty-144 u psga Apyrux JjerareibHbIX anmapatoB. B
HACTOSILIIEE BPEMSI BBIIYCKACTCSI B OrPAHMYEHHBIX KOJMYECTBaX. 3apyOeKHbIM
aHayiorom >xugakoctH seisercs Nycolube- 934,

CMmeceBasi KMAKOCTB [UJISl THJIPOCHCTEM JIETKHX MOPUIHEBBIX CaMOJIETOB
Mapku AM/70 nipeacrasmisieT coboii cmech 70% raumepuna, 20% 3TUIOBOTO CIIUpTa
u 10% muctunnupoBaHHoM Boasl. OOecneunBaeT paboTy aMMOPTCTOEK HIACCH TpU
temriepatypax 110 -30°C. IIpu NOBBIIEHHBIX TEMIIEPATYPAX KUJIKOCTb OKUCISETCS C
o0pa3oBaHMEM CMOJIMCTBIX BELIECTB M NOHMKEHHUEM BA3KOCTH. BBuIy Hanmuuus B
cocraBe kuakoctd AM/70 Boxbl M COHUPTOB OHAa O00NaJaeT KOPPO3HOHHOU
aKTUBHOCTBIO.

6. AHTHOﬁJIeIleHI/ITeJIbeIe AKNIAKOCTH

OCHOBHBIM CPEICTBOM, IPUMEHSIEMBIM B MUPOBOM U OT€UECTBEHHOUN MPAKTHKE
JUIST  3allUThl  OT  Ha3eMHOTO  OOJICICHEHHUs]  CaMOJIETOB,  SIBJISIIOTCS
npotuBoooOenenuTenbabie KuAKOCTH ([TOXK). OHu obecreynBalOT Kak yJajiceHHE
JbJa, CHeTa, MHesl, TaK U IpeloTBpalleHne ux oopasoBanus Ha nosepxHoctu BC.

B Hacrosimee Bpemsa B TpaxaaHCKoum aBuauuu PO s npoBencHUs
MPOTUBOOOJIEIEHUTENBHBIX 00pabOTOK Hcnonb3ytorca kuakoctu “APKTU-KA”,
“APKTUKA-200”, “APKTHUKA OC-2".

[TOX “APKTHUKA” mnpencraBisieT coOOil BOJIHBIA pacTBOP ATUJICHIJIMKOJS C
nooasienneM 0,5% mpoTuBoKOppo3uitHON mpucanku auHatpuii (ochar (Na;HPO,).
[Tpucanka mpenoTBpaliaeT KOppoO3U0 METAUIMYECKUX YacTeil camosieTa, He pa3pyliacTt
JIAKOKPACOYHBIX MOKPBITUM M PE3MHOTEXHUUYECKUX M3ACNMU. Temrieparypa 3acTbIBaHUS
< -37°C. Ilpumensercst 10 TeMIieparyp HapyXKHOTo Bo3ayxa -30°C B Hepa30aBIeHHOM
cocTtossHUM W mogorpero Ao temmeparyp 80...90°C. Hcnonb3yercss i yoaleHUs
CHEXKHO-JIEJIOBBIX 00pazoBaHuil. O0sagaeT Manoi mpeaoXpaHsIonel CioCOOHOCThIO B
YCIIOBUSIX HA3€MHOT'O OOJICZICHEHUST: BpeMsI 3allIUTHOTO JEUCTBUS He Oosiee 3 - 5 MuUH.

[TIOXK  “APKTHUKA-200” mnpencraBisieT  coOOM  BOAHBIA  pacTBOpP
ATUJICHTJIMKOJS, K KOTOPOMY J100aBJIE€HbI MPOTUBOKOPPO3UITHAS TIpUCAIKa TUHATPUM
docdar B xommuectBe 1,5%, MOBEPXHOCTHO-aKTUBHBIE BEIIECTBA U 3aryCTUTEINb.
Ob6manaer menounoit peakumeit cpenbl (pH = 7,0...9,0), umeeT 1Mo cpaBHEHHUIO C
“APKTHUKOI” 6oiee BBICOKYIO BS3KOCTb H IUIOTHOCTh. IIpHMEHseTcss 10
TeMIepaTypbl HapyKHOro Bo3ayxa - 45°C nns yaaneHusi CHEKHO-JIEAOBBIX
00pa3oBaHuid, MPeIOTBpAIEHUs] TOBTOPHOTO obJieeHeHus. O01agaeT 3HAUUTEIIHbHOM
MPEeAOXPAHSIONIEH CIOCOOHOCTHIO.

[Ipy ynaneHUH CHEXHO-JICAOBBIX OOpa30BaHUM C TIOBEPXHOCTH caMoJieTa
xuakocte “APKTUKA-200” momorpeBator ao temmepatypbl 80...90°C. C uensto
skoHoMuM xkuakoctu “APKTHUKA-200” pasz6ammstor Bomoit: 70 wacteld Boawl (IO
o0BpeMy) Ha 100 gacTeil )KUIKOCTH NP TEMIIEpaType HApYKHOTO BO3ayxa Bhiie -30°C
u 30 gacreit Boabl Ha 100 vacteit xuakoctu pu tremieparype ot -30°C go -50°C.

Jlonyckaercst yaajneHHe CHEKHO-JIEHOBBIX OTJIOKEHMM ToOpsiYed BOJOU C
MOCTEAYIOIIUM  HEMEIJICHHBIM  OMNMPBICKUBAHUEM  XOJIOJHOW  Hepa30aBJICHHOM
*kuakoctero “APKTHUKA-200.
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[Tocne manecenusa xunkoctu “APKTUKA” wmn “APKTUKA-200" oOmmBKa
caMoJieTa CTAaHOBHUTCS CKOJIB3KOH, YTO HEOOXOIMMO YYUTBHIBATH NMPU TEXHUUECKOM

00CITyKUBaHUH.
C 1994 r. BBeaeHa B akcmutyartanuio KuakocTh “APKTHUKA OC-2”. Ona
IIPEACTABIIAECT coboit BOJIHBIN pacTBop ATUIIEHKIIUKOJIA, COZIEP/KUT

MPOTUBOKOPPO3UIHYIO TPHUCAIKY M CTPYKTYypooOpaszoBaTenu, 0OecreuynBaroIine
BSI3KOCTHBIE U IJIEHKOOOpa3yrolue CBOMCTBA XUAKOCTU. KnuHeMaTtrnyeckast BI3KOCThb
xuakoctn OC-2 mpu  temmeparype +20°C  cocraBmser  60...100mm%/c(cCr);
Temneparypa 3acteiBaHus -56°C; temneparypa kunenus +108°C. [locne Beikunanus
BOAbl TEMIIEpaTypa BCHBIIMIKM B OTKPBITOM Turie cocrasisger +128°C,
BocriaMenenus +380°C.

ITo cpaBHEHUIO C “APKTUKON” u “APKTUKOI-200 )kunkoctr OC-2
MMEET CYIIECTBEHHBIE IPEUMYILIECTBA!

- OoJIbIIICe BpEMs 3alTUTHOTO AekcTBHS (10 40 MUH.);

- MEHbIIas KUHEMaTH4ecKas BA3KOCTh, OOJierdaromias MPOKauyKy M pacibLl
KUJKOCTH B YCIIOBHUSIX HU3KUX TEMIIEPaATYp;

- «a’pOoJMHAMUYECKas MPUTOJHOCTBY, T.€. obecnedueHue 3pdexra cayBaHUs
KUJKOCTH C TIOBEPXHOCTH CaMOJIETa IIPU JTOCTHXKEHUH ONPEIEICHHON CKOPOCTH IIPH
pa30ere Ha 3Tare B3JeTa.

brarogapst cBouM CTpYKTYpHO-BSI3KOCTHBIM CBOWMCTBaM KuJkocTb OC-2 mpu
o0paboTke caMoiieTa 00pa3yeT Ha €ro MOBEPXHOCTH 3aIUTHYIO IJICHKY. JTa IJICHKa
B IIpolecce pa3zdera caMoJieTa MOJBEPraeTcsl CIABUTOBOMY BO3JECHCTBUIO OT MOTOKA
Bo3nyxa. Ilpu moctmxeHun CKOpocTH OKoJIO 70 KM/4 BA3KOCTH >KHAKOCTH PE3KO
MaJaeT U OHA CPHIBAETCA C MOBEPXHOCTU KPbLJIa U ONEPEHUs, OCTABIISAA TPAKTUUECKU
YUCTBIMHM HECYIIUE U YIPABISIOLINE TOBEPXHOCTH.

O6pabotka camoseToB JKUIAKOCTBIO OC-2 TPOU3BOJMUTCA C  ITOMOIIIBIO
MepeABMKHON YCTAaHOBKHU THUIA “OnedaHT’, B COCTaB KOTOPOU BXOJSAT HACOCHBIE U
PEryJIMPYIONINE YCTPOMCTBA, HE BBI3BIBAIOIINE CIBUTOBBIX HANPSIKEHUN B KUIAKOCTH
U CHUKEHHUS €€ BA3KOCTH.

Bce Tpu npoTMBOOONICACHUTENBHBIE JKUAKOCTH  SIBJSIOTCS  SAOBUTBIMU
BEIIECTBAMU: MTPOHUKAIOT Yepe3 HEMOBPEKACHHYIO KOXKY U OpraHbl JbIXaHHs, TOpaxast
HEPBHYIO CHUCTEMY, JieTkue, nedeHb U nouku. [Ipuém BHyTtpp 100..200 r maHHBIX
KUIKOCTEU SIBIIICTCS CMEPTEIBHOW 030U ISl YeroBeKa. B a’pompOMHBIX YCIOBHAX
0COOEHHO OIAacCHO BIbIXaHUE MEJKO PACIbUICHHON >XHUIKOCTH-a’po3oss. [lostomy
TEXHUYECKUI MepcoHall, MPOU3BOIAIINI 00pabOTKy camolieTa, JOJKEH pacroyaraThCst
TaK, 4YTOOBI BETEP OTHOCWJI OT HETO PACHBUICHHYIO JKUAKOCTh, U, KPOME TOTO, UMETh
CpEeJICTBA UHIMBUIyAJIbHOM 3aIlUTHI IbIXaTEIbHBIX ITyTEH, JIUIA U KOKH PYK.
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