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Paznean 1. IlepeyeHb KOMIIETEHIIUI, C YKA3aHUEM ITANOB UX ()OPMUPOBAHUSA B
npouecce 0CBOCHUA IMCHUNIMHBI/ IPAKTHKH

[Tnanupyemsie pe3yJsbTaThl | Busibl OlIeHOYHBIX CpeaCTB/
®opmupyemblie 00y4eHus (] IUCUMILIMHE, | K(P pa3lea B JAHHOM JOKYMEHTE
KOMIIETEHIIH XapaKTepU3yIoIue 3TallbI

(opMUpOBaHUS KOMIETEHIUI
ITIK-3: Cnocoden |3HaTh: Biiok A
NPOBOJIUTH H —  TEXHOJIOTMYECKHH MPOIece 110 — (poHTAIBHBIN OIpOC.
KOHTPOJIHPOBATH anarHoctuke, TO u peMOHTY
TeXHOJIOrnIeCKHii ATC 1 ux KOMIIOHEHTOB,

MpoIecc mo CUCTEMY TEXHHUICCKOI'O

00CTyKUBaHUS U PEMOHTA,
KOMIUTIEKCHBIE TI0Ka3aTeH

3¢ (HEeKTUBHOCTH TEXHUIECKOM
skcmryaranuu TuTTMO,
TEXHOJIOTHIO TEXHUYECKOTO
00CTYXKUBaHUS U TEKYIIETO
pemonTta TuTTMO, Hay4HbIE
OCHOBBI U 0COOCHHOCTH
MPOEKTUPOBAHUS U
peam3annuy TEXHOIOTHIECKUX
MPOIIECCOB TEXHUYECKOTO
00CTyXKUBaHHS U PEMOHTA
TuTTMO Ha npeanpusTHsx,
O0COOCHHOCTH TE€XHOJIOTHUH U
OpTraHu3alu TEXHUYECKON
skcmryarauuu TuTTMO,
HCITOJTB3YFOTIIHX
aJbTCPHATUBHBIC BU/IbI
TOTLTUB, 0COOEHHOCTH
TEXHUYECKOW AKCILTyaTallun

auaranoctuke, TO
u peMoHTy ATC n
X KOMIIOHEHTOB

WHJIUBUTyalTbHBIX,
CIEIATU3UPOBAHHBIX U
JIpyrux BuaoB TuTTMO
Ymern: baok B
— TPUMEHSTH OCHOBBI — TPOBEJEHHE M 3aIUTa Ja00PaTOPHBIX
TEXHOJIOTHH MTPOU3BO/ICTBA pabor.
TuTTMO otpacnu 1 ux

COCTaBHBbIX T-IEICTGI‘/‘I, IIOHATHA O
pEMOHTE, €r0 MECTE B CUCTEME
obecrieueHus
pabotocriocoorocTrt THTTMO
otpaciiu, 3pPEeKTUBHOCTH €ro
BBITIOJTHEHHUS, O COJIEPIKAHUH U
OTIIUYUTENBHBIX 0COOCHHOCTSIX
IMPOU3BOJCTBEHHOT'O U TEXHO-
JIOTHYECKHX TPOIECCOB
MPOU3BOJICTBA U PEMOHTA
TuTTMO otpacnm; 0 cocTaBe
onepanuid TEXHOJIOTHYECKUX
MPOIIEecCOB, 000PYAOBaHKE U
OCHACTKY, IPUMEHSIEMBIX TIPU
MPOU3BOJICTBE U PEMOHTE
TuTTMO otpacnu 1 ux
COCTaBHBIX YacTeH JIst




[Tnanupyembie pe3ysbTathl | BUbl OlIeHOYHBIX CPEICTB/
dopmupyembie o0yueHHs o JMCLUIUIAHE, | IU(P pa3/iesia B JTaHHOM JIOKYMEHTE
KOMITETCHITUH XapaKTePHU3YIOIIUE ATaIbI
(dhopMUPOBAHUS KOMITETEHITHIA

Ka4eCTBEHHOI'0 PEMOHTA
TuTTMO

Baajgern: Baok C

— 3HAHUAMHU 10 JUArHOCTUKU — INHMCBMEHHBIM KOHTPOJBHBIN OIPOC.
TPAHCIIOPTHBIX U
TPaHCIIOPTHO-
TEXHOJIOTHYECKUX MAIIHH U
000py10BaHHS, IPUMEHIEMAs
anmapaTtypsl U pabOTHI
CTEH/IOB, OCHOBBI TEXHOJIOTHU
TEKYIEer0 PEMOHTA
TEXHHYECKOTO 00CITyKUBAHHS
TPaHCIIOPTHBIX U
TPaHCHOPTHO-
TEXHOJIOTHYECKUX MAIIHH 1
000pyIOBaHUS HA OCHOBE
HUCII0JIB30BaHUA HOBBIX
MaTepHajoB U CPE/CTB
JMarHOCTHKH, METO/IBI
BOCCTaHOBJICHUS
paboOTOCIIOCOOHOCTH
TPAHCIIOPTHBIX U
TPaHCIIOPTHO-
TEXHOJOI'MYE€CKNX MallluH U
o0opymoBaHus C
UCIIOJIb30BAaHUEM PE3yJIbTaTOB
Hay4YHBIX I/ICCHCILOBaHI/II\/'I




Paznen 2. TexHoJsiornvyeckasi KapTa JUCHUILIMHBI

" PaGouue npouecchbl, KOHCTPYKIHSA U PacyeT CHJIOBBIX JHEPreTHYEeCKUX YCTAHOBOK "
Kypc 4, cemectp 7, KosmmuectBo 3E - 4, OT4eTHOCTH — 3K3aMeH

Haszsanue moayieit
JMCILIUILIMHBI
cornacHo PITJ]

KonTpoan

d®opma
KOHTPOJIf

3adyeTHLIN
MHHHMYM

3aYyeTHBIN
MaKCUMYM

I'padpux
KOHTPOJIfA

Moayas 1

1.
TepmonnHamuyeckue
IIPOLIECCHI JBUTATEIIEH
BHYTPEHHETO
Cropanus

Tekymmit
KOHTPOJIb

@pOHTAIBHBIN
orpoc,
BBIITOJIHCHUE
IIPAKTUYECKOTO
3a/1aHus

PyOexubiii
KOHTPOJTb

3ammra
pedepara o
3aJlaHHOU
TeMaTHKeE

4 wenensa

MoayJas 2

2. PabGounii mporiecc
JIBUTATEIs
BHYTPEHHETO
CrOpaHusI

Texymmit
KOHTPOJIb

@pOHTAIBHBIN
orpoc,
BBIITOJIHEHUE
IIPAKTUYECKOIO
3aJlaHus

PyOexubiii
KOHTPOJITb

3ammra
pedepara o
3aJaHHOM
TEMaTHKE

8 Henens

Moayas 3

3. TermoBo# pacuer
CTrOpaHus TOTLJIMBA

Texymmit
KOHTPOJIb

@pOHTAIBHBIN
orpoc,
BBIITOJIHEHUE
IIPaKTUYECKOIO
3aJlaHus

PyOexHbIii
KOHTPOJIb

3ammura
pedepara o
3aJaHHOM
TEMAaTHKE

10

12 wenens

Monayasb 4

4. TermoBoit pacuer
IBUTraTenei
BHYTPEHHETO
CrOpaHus

Texymmit
KOHTPOJIb

@pOoHTaIBHBII
orpoc,
BBIITOJITHEHUE
IIPAaKTUYECKOTO
3aJlaHus

Py6exubIit
KOHTPOJIb

3ammra
pedepara no
3aJaHHON
TeMaTUKE

10

18 nenens

BCEI'O 3a cemecTp

40

70

IIpoMeXyTOYHBIN KOHTPOJIb

(3K3amMeH)

KoHTponbHbIii
orpoc.
OK3aMeH

20

30




CemecTpOBBIii peHTHHT N0 AUCHUILIHHE | 60 | 100 |

Pa3I[eJI 3. TunoBsie KOHTPOJIBHBIC 3aJaHUAA 1 UHBIC MaTEpPHaJIbI,
HGOﬁXOI[I/IMbIe AJIA ONCHKH IUVIAHUPYEMBIX PE3yJabTaTOB oﬁyqumI o TMCIOMIIJIMHE /
MPaKTHUKE (OHeHO‘IHbIe CpeIlCTBa). Onucanue noxasareJjieu u KpUTE€puces
OlcHUBaHUA KOMHeTeHHI/Iﬁ, OIIuCaHueC MIKAJ ONCHUBAaHU.

Baok A

A.1 Bonpocul 05 pponmanvroco onpoca:
Paszgen 1. TepMoanHamMuyecKkre HUKIIBI NOPIIHEBBIX JIBUTATEIICH.

Bompocsr:

1. OOu1re MOHATUS SHEPIreTUKH U SHEPTUH.

2. Bugpl u hopMel sHEpTHN.

3. lcTOYHUKY U peCypChl SHEPTHH.

4. Ilpeobpa3oBaHue 1 aKKyMYJIUPOBAHUE SHEPTUU.
5. IIpeoOpa3zoBanue u mpeoOpa3zoBaTEIu.

6. AKKyMYJTHpPOBaHUE SHEPTUH U aKKYMYJISITOPHI.
7. DHepreTuka u TpPaHCHOPT.

8. DHepreTuyeckas HHPpPacTPyKTypa TPaHCIIOPTA.
9. DHeprozarparbl KOMIOHEHTOB TPaHCIIOPTA.

10. dakTops! opMUPOBaHMS SHEPrO3aTPAT HA MEPEBO3KHU.

Pazgen 2. PaGouune mpoiiecchl 1eMCTBUTEIBHBIX IUKJIOOB.

Bompocsr:

1. CraTHcTHKa SHEPreTHKH aBTOMOOMIIBHOT'O TPAHCIIOpTa.

2. Jloructuueckuii 1 reonH(GOPMaIIMOHHBIN MOAXO/IbI.

K TPAaHCIIOPTHOM DHEPIEeTHKE

3. DHeprus Kak Mepa paboTOCIIOCOOHOCTH (PU3NICCKUX TEI.

4. TomIMBO — UCTOYHMK TEIUIOBOW YHEPIUU.

5. Bunpl, Gpu3nKo-XxMMHUUECKHUE U IKCIUTyaTallHOHHbIE CBOMCTBA TOIUIMBA.

6. OCHOBHBIE TEPMOAMHAMUYECKHE XaPAKTEPUCTUKN U YPAaBHEHHS COCTOSIHHSI [TAPOTa30BbIX CUCTEM.
7. Tennora u pabora.

8. IlepBoe Hauano TEPMOJUHAMUKH.

9. Bropoe Havano TepMOAMHAMHUKH.

10. Luxn Kapwo.

12. Kiraccugukanmsi OCHOBHBIX paOOYHX MPOIECCOB.

13. N neanbHblil, TeOpeTnueckuid 1 pabounii (JecTBUTENBHBIN) TEPMOANHAMUYECKUE IUKIIbI TOPIITHEBBIX
JIBUTATENEH.

Paznmen 3. CmeceoOpa3oBanue B OCH3WHOBBIX JIBUTATEIISAX M TU3CIISAX

Bomnpocksr:

1. neansHbli, TEOpETHUECKUI U paboumii (AeHCTBUTEIHHBIN) TEPMOANHAMHUECKUE IUKITBI TOPIITHEBBIX
JIBUTaTENIEH.

2. 'a30TypOMHHBIN JBUTATENb.



3. [TapocwiioBBIE YyCTAaHOBKH.

4. JIpuraresb BHEUIHETO CrOPaHUs ¢ BO3BPATHO-TIOCTYNMATENbHO ABUKYILIUMHUCS MOPUIHSAMU (JBUTATEIb
Crepnunra).

5. Poropusiii neuratens Bankens

6. Opranu3zanus pabo4ux MpOIECCOB TPAHCIIOPTHBIX ABUTaTENeH BHYTPEHHETO CTOPAHHUS.

7. JBuraTenb ¢ HICKPOBBIM 3aXHUTraHueM (aBuratenb OTTo).

8. Jlu3ens.

9. l'uOpuaHbIC TBUTATEIIH.

Paznen 4. DddexTuBHBIC U 3KOTOTHYECKHE MTOKazaTenu JJBC

Bompocsr:

1. Knaccudukanust 1 0003HaYCHUE MOPITHEBBIX JIBUTATEIICH.

2. TepMoiMHAMHUYECKUE TTAPaMETPHI M YPABHEHHUE COCTOSHUS UACATLHOTO ra3a.

3. IIporteccyl BBINYCKa U HAIIOJHEHUS B TOPIIHEBBIX ABUTaTelsAX. KO3 (hUIIMEeHThI HATIOJHEHUS U
OCTAaTOYHBIX I'a30B, NX 3HAUYCHUS.

4. BnusiHUE HA IPOIIeCcC Ta3000MEHa KOHCTPYKTUBHBIX M AKCIUTYaTaI[HOHHBIX (aKTOPOB.

5. Cropanue B THU3EIIbHBIX ABUTATEISAX. BUIBI M CYITHOCTH HAPYIICHUN TIPOIIecca CTOpaHUs B
OEH3MHOBBIX JBUTATEIAX.

6. IlpuHOMIIMATBHAS cXeMa, 3HAUCHUS pabOUnX IMapaMeTpoB, TOCTOMHCTBA M HEJJOCTATKH CUCTEMBI
MUTaHUS KapOIOPATOPHOrO JBUTATEIIS.

7. TlpuHOMMUANBHAS cXeMa, 3HAUCHUS pab0oUnX IMapamMeTpoB, TOCTOMHCTBA M HEJIOCTATKH CUCTEMBI
MUTaHUS OCH3MHOBOI'O JIBUIaTeIIsl ¢ CUCTEMOM BIIPHICKUBAHHMS.

8. DddexTBHBIC TOKA3ATEIIN JBUTATENS, HX 3HAYCHUS JIsI OCH3WHOBBIX M TU3EIBHBIX JIBUTATEIICH.
9. DkcrepuMeHTaIbHbIC METObI ONIPEICICHNS MEXaHHUECKUX ITOTEPh, HHIAUKATOPHBIX U 3()PPEKTUBHBIX
ImoKa3aTelIei.

Pasnen 5. Kunemaruka n nuaamuka JIBC
Bormpocsr:

1. IlpeumyriecTBa 1 HEAOCTATKH MOPIIHEBBIX JIBUTATENICH BHYTPEHHETO CTOPAHUSI.

2. TepMoarHaMUYeCKHE TTApaMETPhl ¥ YPaBHEHHE COCTOSIHUS HICATBHOTO ra3a.

3. TlpuHIMIUaNbHAs cXeMa, 3HAaYeHUsI pab0vHX MapaMeTPOB, TOCTOMHCTBA M HEJIOCTATKUA CHCTEMBI
MUTaHUs KapOOPaTOPHOTO JIBUTATEIIS.

4. HpI/IHHI/IHI/IaJ'II)HaSI cXeMa, 3HauCHUuA pa60q1/1x HapaMCTpOB, JTOCTOMHCTBA U HEAOCTATKU CUCTCMBbI
MUTaHUsl OCH3MHOBOTO JIBUTATENIS C CHCTEMOW BIPHICKHBAHHS.

5. 9(1)(1)6KTPIBHBI€ II0KasaTeJiu ABUTraTeisl, uX 3HAYCHUA I 6eH3I/IHOBBIX 1 INU3CIIbHBIX }IBI/IFaTeJIeﬁ.

6. DKCHepUMEHTATbHBIC METOIBI OMPEICIICHHIS MEXaHUICCKUX TIOTEPh, HHIUKATOPHBIX U () (HEKTUBHBIX
ImoKa3aTeliei.

7. BHeumHss CKOPOCTHAsI XapaKTepUCTHKA OCH3MHOBOTO ABUratels. Koadduiment npucnocobiseMoctu
U €ro 3HaYEHMUS.

8. BHemHss CKOpOCTHAsI XapaKTePUCTHUKA AU3eIbHOTO ABurateis. Ko uiueHT npucnocooisseMocTd 1
€ro 3HaYEHMS.

9. TokcuYHBIC KOMIIOHEHTBI OTPAOOTABIIIUX T'a30B, IPUYUHBI KX 00pa30BaHUSI.

10 Hpez(enLHo }IOHYCTI/IMLIG HOpMBI CO)ICp)KaHI/ISI TOKCHUYHBIX KOMIIOHCHTOB B OTpa6OTaBIHI/IX rasax m
CII0COOBI X 00ecIIeUeHUs



baok B

B.1 Jlabopamopusie pabomwvl no oucyuniunme «Pabouue npoyeccvl, KOHCMPYKYus u
pacuem Cuio8blX IHEP2eMU4eCKUX YCmMaHoB80K» '

OcCHOBHBIE TApaMETPHI TEIJIOBOTO pacyeTa MPOSKTUPYEMOTO IBUTATENSI HEOOXOIUMO COTIOCTABIISITH C
AQHAJIOTUYHBIMH ITapaMeTpaMH CYIIECTBYIOIIMX MEPCIEKTUBHBIX JBUTATEICH COOTBETCTBYIOIIETO
Ha3HAYCHMS U TUIIA.

Meroanka TEmI0BOro pacyeTa MPUBEJACHA BO MHOTHUX YUYCOHMKAX M YU4EOHBIX MTOCOOUSX IO
ABTOTPAKTOPHBIM JIBUTATEIISIM.

Hwxe nmpuBoauTcs peKOMEH1yeMas IOCIeI0BaTeIbHOCTD BBIITOJIHEHHS TETUIOBOTO pacyeTa IMOPIIHEBOTO
JIBUTATEJISI B COOTBETCTBUU C peKoMeHaanusmu [1,3,5,6] Ha ocHOBaHUHU OOIIETTPUHATON METOIUKHI
TerioBoro pacuera npodeccopa MBTY (MI'TVY) B.U. I'punesurkoro (Poccus).

1. OnpenencHue napaMeTpoB padboyero rena

Ecnu B 3a1aHny yKa3aHbl YCIOBUS SKCIUTyaTallid U BBICOTA MECTHO "CTH HAJl yPOBHEM MODs, T1e OyneT
HKCIUTYaTUPOBATHCS IPOEKTUPYEMBIH IBUTaTEINb, TO HEOOXOIUMO HOJIb30BATHCS MMOKA3ATEIIMU
MesxayHapoIHOM CTaHIAPTHOW aTMOC(ephl, KOTOpbIe MpuBeaeHbI B Ta0u. 1.1

Tabmauua 1.1

BricoTta Hax ypoBHeM Mopsi, M ATMocdepHoe fasienue, Po Temneparypa Bo3ayxa,
TO, K ITmoTHOCTH BO3YXA,
p0, kr/m3

MM.pT.cT. MIIa

0

500 760

7150,1013 0,0972 293 1,225
1,116

1000 614 0,0917 284 1,112
2000 596 0,0811 275 1,006
3000 525 0,0715 268 0,009
4000 462 0,0628 262 0,819

B cooTBeTcTBHE € 3aJaHHBIM TPOTOTUIIOM JIBUTaTeN sl U UCXOAHBIMU JAHHBIMU (BapHAaHTOM) BBIOMpaeTcs
HeoOXOoIUMBIN copT ToruuBa. /st mu3eneit cneayeT NpUHATh AU3EIbHOE TOIUIMBO, JJIsi OEH3MHOBBIX
ABUraTenei - 6eH3uH. 3aTeM NPUHUMAIOTCS TapaMeTPhbl COOTBETCTBYIOLIETO TOITUBA!

1.1. HapaMCTpBI COOTBCTCTBYIOLICTO TOILJINBA:

ben3un /luzenpHoE TOIIUBO

Cpennsis Monexysipaast macca torusa, W kr/moms 115 190
Husmas Terota cropanus 1 kr tormBa, MJDx/kr 44 42,5
DneMeHTapHBIN COCTaB TOIJIMBA MO Macce:

yraepona, C 0,855 0,870

Bosopona, H 0,145 0,126

kuciopoxaa, O 0 0,004

1.2. TeopeTudecku HEOOXOIMMOE KOJIMYECTBO BO3AyXa AJisi cropanus 1 Kr Torumaa coryiacHo (1.6):



B kr: |_0=1/0,23 (8/3 C+8H-O_T), kr;
B kmosistx: L_0=1/0,209 (C/12+H/4-O_T/32), kmous. (1.1)

[Tpu pacuere 3nadennii 10 u LO mpuHsITO, 9TO KHCIOpOAa B BO3ayXe M0 00beMy coaepxutcs 20,9 %, a
o macce - 23 %.

1.3. KonudecTBo roproueit cMecH 11 OCH3WHOBBIX JIBUTATEIICH:
M_I=a-L_0+1/p_T ,xmoms/kr ToruuBa. (1.2)

1.4. KonruecTBO BO3ayXxa JUisl AU3EIICH:

M_I= o-L_0, xmons/kr TorumuBa, (1.3)

rae o - KoahduurueHT n30bITKa BO3TyXa,
p_T — MoJtekysipHast Macca TOTUTHBA, KT/MOJTb.

1.5.KonnuecTBO OTAETHHBIX KOMIIOHEHTOB MPOYKTOB CTOPAHUS [T 3aJaHHOTO o<1 (OCH3MHOBBIC

npuratenn) npu K = 0,5, rae K- no—crostHHbII KO3GPUIHEHT A5t OEH3MHOB, 3aBHUCSIIHIA OT OTHOIICHHUS
H2/CO B nmpoanykTtax cropanus (coriacHo [1,3], ouenuBaercs u3 Beipaxenuii(1.4), (1.5), (1.6), (1.7),

S)lj?ll)t;ecmo CO: M_co=0,42 (1-0)/(1+K) L_0, xmoup; (1.4)

xomgectBo CO2: M_( [co] 2)=C/12-0,42 (1-a)/(1+K) L_0, kmons; (1.5)
kommyectso H2: M_(H 2 )= 0,42K (1-a)/(1+K) L_0, xmoinb; (1.6)
kommyectBo H20: M_(H_2 O)=H/2-0,42 (1-a)/(1+K) L 0, kmomb; (1.7)
kommyectBo N2 M_(N_2)=0,79al._O, kmomb. (1.8)

KonnyecTBO OTAENBHBIX KOMIIOHEHTOB IIPOAYKTOB CTOpPaHus I U 3€JeH, Ipu o >1, Koraa Bech

yriepo TomiuBa Teopetruecku cropaet B CO2 a Bonopon - B H20, onpenensiercs u3 Boipaxenuit (1.9),
(1.10), (1.12), (2.12):

M_( [CO] _2)=C/12, kmons; (1.9)

M_(O0_2)=0,21(1-a) L_O, xmomnp; (1.10)

M_(H_2 O)=H/2 , xmonp; (1.11)

M_(N_2)=0,79aL_O, xmomnb. (1.12)

1.6. Ob11ee konuyecTBO NPOAYKTOB cropanus,M 2 mpu a<1:

M_2=M_( [CcO] )+M_( [CO] _2)+M_(H_2)+M_(H_2 O)+M_(N 2), kmons; (1.13)
a) mpuo>1:

M_2=M_( [CO)] 2)+M_(O_2)+M_(H_2)+M_(H_2 O)+M_(N 2), kmomns; (1.14)

1.7. 3nauenue M2 nipu a < 1 mpoBepsercs mo hopmyre:



M_2=C/12+H/2+0,79a-L_O, kmons; (1.15)

6)

npuo>1:

M_2=C/12+H/2+(a-0,21)L_O, kmoub; (1.16)

ux B mmmHApax [ABC, B ux MexaHu3max v cucTeMax.

C.

Bbaok C
I Bompocer 0nsn  nucbmennHoco onpoca no oucyuniune «Pabouue npoyeccol,

KOHCMPYKYUA U pacuyem Culo8blx dJHepcemudeCKux yCmaHOBOK) .

01N DN B~ WK =

DR NON) /== = = = = = O
WINNFP OOV W PNMWN—O

24.

. O0111e MOHATHUS SHEPIreTUKH U SHEPTUH.

. Bugsl u hopmer sHEpTHN.

. lcToYHMKY 1 pecypchl SHEPTUH.

. IIpeobpa3oBaHue 1 aKKyMYJINPOBAaHNE SHEPTUH.
. IIpeoOpa3zoBanue u mpeoOpa3zoBaTeIy.

. AKKyMYJIMpOBaHHUE SHEPTUH U aKKYMYJISITOPHI.

. DHepreTykKa u TPaHCIOPT.

. DHepreTnyeckas HHPPACTPYKTypa TPAHCIIOPTA.
. DHeprosarparbl KOMIOHEHTOB TPAHCIIOPTA.

. @akTopbl popMUPOBAHUS FHEPro3aTpaT Ha MEPEBO3KH.

. CraTHcTHKA SHEPreTUKH aBTOMOOMIIBHOTO TPAHCIIOPTA.

. Jloructrueckuit 1 reonHGOPMAITHOHHBIN TTOAXOIBI.

. K TPAaHCIIOPTHOM 2HEPreTHKe

. DHeprus Kak Mepa paboToCOCOOHOCTH (PUZNYECKUX TEJ.

. TONIMBO — MCTOYHUK TEIIOBOM HEPTHUH.

. Bunpl, pusnko-xumMmuueckue u 3KCIUTyaTallMOHHbIE CBOICTBA TOILUIMBA.

. OCHOBHBIE TEPMOIMHAMUYECKUE XaPAKTEPUCTUKY U YPABHEHUS COCTOSIHUS MApOTa30BbIX CUCTEM.
. Tennora u pabora.

. IlepBoe Ha4ano TepMOJUHAMUKHU.

. Bropoe Hauano TepMoAMHAMUKH.

. Hukn Kapso.

. TeopeTnueckre 0CHOBBI pabOYMX MPOLIECCOB TEIJIOBBIX JBUTATENEH.

. Knaccugukarus oCHOBHBIX paboO4HX MPOLIECCOB.

WneanbHblil, TeopeTnueckuii u pabounii (1eHCTBUTENbHBIN) TEPMOIMHAMUYECKHE LIUKIIBI IIOPIIHEBBIX

JIBUTaTENEH.

25
26
27

. ['a30TypOMHHBIN TBUTATEb.
. [TapocuiioBbIe YCTaHOBKH.
. JIBuTaTeNh BHEITHETO CTOpPaHus ¢ BO3BPATHO-TIOCTYIATEIBHO JIBMKYIITUMUCS TTOPIIHIMH (JIBUTATETh

CrepnuHra).

28
29
30

. PoropHsiii neurarens Bankens
. Opranu3zanus pabo4ux MpoIecCOB TPAHCIIOPTHBIX JABUTaTENIe BHYTPEHHETO CTOPAHHUS.
. JIBuraTens ¢ UICKPOBBIM 3aXKUTaHueM (aBurateins OTTo).



Baok D (mpoMeKyTOYHBII KOHTPOJIb)

Ilepeuensv 6onpocos u 3a0anutl OJist NPOMENCYMOUHOU ammecmayuu (IK3aMeH):

Bonpocwt ons nposepku yposus ooyuennocmu 3HATH:

. [Ipunumn paboTs! qu3ens.

. [IpuHIMANI pabOTHI THOPUIHBIX JBUTATEIICH.

. OcHoBHBIE cHCTEMBI 0OecTieueHus! pabOThl TPAHCIIOPTHBIX JIBUTaTeNIel BHYTPEHHETO CropaHusl.

. Cucrema nuranus [IBC.

. ununaponopirHeBas TpyIina, KpUBOIIUITHO-IIATYHHBIH U Tra30pacipeeIuTeIbHbIH MEXaHU3MBI.
. Cucrema nannysa /IBC.

. CucreMa oxJaKJeHHUS U CMa304Hasl CUCTEMA.

. Cuctema BbIITycKa OTpabOTABIINX T'a30B.

. [IpoaBukenue u peanu3zalus NOTOKa YHEPTHH B aBTOTPAHCIIOPTHBIX CPEICTBAX.

10. KayecTBeHHast KAPTHHA AUCCUTIALIAN SHEPTUH JBIKYIIUMCS aBTOTPAHCIIOPTHBIM CPEACTBOM.
11. DHepreTuka KoiedaTeIbHBIX MPOIECCOB.

12. OcHOBHBIC TTOHATHS KOJICOATEIHHBIX TPOIECCOB.

13. CBoOoaHbIe KONEOAHUS TUCCUTIATUBHON CUCTEMBI C OTHOM CTETEHbIO CBOOO/IBI.

14. luccunaTuBHBIE XapaKTEPUCTUKH MEXaHUIECKUX CUCTEM.

15. Konebanus u BA3KOYIIPYroe MOBeICHNE MaTepUajoB.

16. I[Tpon3BOACTBO MEXAaHUYECKOM SHEPTHH JBUTATEISIMU TPAHCIIOPTHBIX CPEJICTB B AKCILTYaTAIMOHHBIX
YCIOBUSIX.

17. CrenyoBbIe OJHOMIAPAMETPHUYECKUE XapaKTEPUCTUKH JIBUTATEIeH BHYTPEHHETO CTOPAHHSL.

18. PabGouee noje 1 MHOTONapaMeTPOBbIE XapaKTEPUCTUKH JIBUTATEIICH BHYTPEHHETO CTOPAHMSL.

19. O6pa3oBaHre MEXaHHYECKUX OTEPh B ABUTATEIE.

20. BnusiHre KOMIUIEKTAllMK, aTMOC(EPHBIX YCIOBUNA U TEXHUYECKOT'O COCTOSIHUS JIBUTATEINS Ha €T
OKCILTYaTal[MOHHBIEC TIOKA3aTEIH.

OO0 IN0T R~ WN -

3aoauu ona nposepxu yposus ooyuennocmu YMETD u BJIA/[ETH:

1. PaccuntaTh HEyCTAaHOBHUBILIHUECS PEKUMBI PAaOOTHI ABUrATENs.

2. Paccuntarh COBMECTHOE BIHSHHE HEIMHEHHOCTH XapaKTEPUCTUK U TUCTEPE3UCa Ha MIOKa3aTeNn
JBMDKEHUS aBTOTPAHCIIOPTHBIX CPEJICTB.

3. Paccunrars nepeady 2HEpTUU TPAHCMHUCCHEH.

4. O60CHOBATh SHEPTETUKY KOJIECHOTO JIBUKUTEISL.

5. Paccunrars npeoioieHne a3poJuHAMUYECKOTO COIPOTHBIICHHSL.

6. Paccuntars onTUManbHOE YIpaBiIeHUE aBTOTPAHCIOPTHBIMU CPEACTBAMHU.

7. O6ocHOBaTh 3HEpProoOecnevYeHrne BCIOMOTraTeNbHbIX U CHeHANbHBIX (YHKIUI aBTOTPAHCIIOPTHBIX
CPEACTB, COXPAaHHOCTH I'PY30B U JKU3HEIEATEIbHOCTH.

8. M300pa3nuTh MPUHIMITHAIEHYIO CXEMY, 3HAYCHHS Pad0UYNX apaMeTpoOB, JOCTOMHCTBA U HEJJOCTATKH
CHCTEMbI TUTaHUS KapOIOPaTOPHOTO ABUraTEIs.

9. TlocTpouTh MHIUKATOPHYIO IUATPAMMY JIBUTATEJIS.

10. Paccuurats 3ppeKTUBHbIE MOKA3ATENHU JIBUTATEIIS, X 3HAUEHUS ISl OCH3MHOBBIX M JTU3EIIbHBIX
JIBUTATENEH.

11. OGocHOBaTh FKCIEPUMEHTATILHBIE METO/IBI OTIPE/ICICHUSI MEXaHUUECKUX NOTEPb, MHIUKATOPHBIX U
3¢ PEeKTUBHBIX TTOKA3aTETEH.

12. PaccunTaTh BHEIIHIOIO CKOPOCTHYIO XapaKTepUCTUKY OEH3MHOBOIO ABUraTeNsl U KOAPPUIUEHT
MPHUCIIOCOOIISIEMOCTH U €70 3HAYCHUSI.

13. PaccunTtarh BHEIIHIOIO CKOPOCTHYIO XapaKTEPUCTHKY AU3EIBHOIO ABUrATENs U KOAPPHUIIMEHT
IPUCIIOCOOISIEMOCTH U €r0 3HAYEHUS.

14. PaccuuTarh TOKCUYHBIE KOMIOHEHTHI OTPA0OTABIINX ra30B, IPUYMHBI UX 00pa30BaHUS.



15. PaccunTarh npeaeasHo JOMYCTHMBIE HOPMBI COJIEPIKaHUST TOKCUYHBIX KOMITIOHEHTOB B OTPAa00TaBIIIMX
rasax M CocoOBI X 00€CIICUeHHS .

16. O6ocHOBATh CUCTEMBI, 00ECIICUYNBAIOIINE TOIIUBHYIO SKOHOMUYHOCTh, CHIDKCHHE ILIMHOCTH H
TOKCUYHOCTHU TPAHCIIOPTHBIX JIBUTATEJIC BHYTPEHHETO CTOPAHUSI.

17. OOecrieyeHre 3KOJOTMYECKOW 0€30MaCHOCTH MOTOPHOTO TOIUIMBA, KOHTPOJIb €ro KadecTBa IMpHU
UCIIBITAHUSX U PEATA3AINH

Paznen 4. Mertoanueckue MaTepualbl, ONpeaeJsaloNIHe
OLCHMBAHUS 3HAHWUN, YMEHHUH, HABBIKOB M (HJIH)
XapaKTepU3yIIUX 3Tanbl (POPMHUPOBAHUA KOMIIETECHIUMN

Onucanue mokasarejieili 1 KpuTepueB OLEHUBAHUS KOMIIETEHIMA, ONMCAHUE
IIKAJI OLeHUBAHUS

npouexypsbl
ONbITa [1esiTeJILHOCTH,

1. ®ponTanbubIii onpoc.

B pamkax gucuumiuunbl «Pabodue nporecchl, KOHCTPYKIUS U PacyeT CUIJIOBBIX YHEPreTHUECKUX
YCTAHOBOK» OIPOC IPOBOIUTCS (PPOHTAIBHBIM METOJIOM B yCTHOU (popme Oecenpl ¢ rpymmoii, couyeras
€ro C MOBTOPEHUEM IMPONIACHHOW TEMBI, KaK CPEICTBO JUIs 3aKPEIUICHHWs 3HaHWi. Bompocsl craBsaTcs
TakuM 00pa3oM, 4TOOBI OTBET UMEI KpaTKyto (hopMy, YTOOBI IOCIEIYIOLINI BOIIPOC ObUT MPOAOIKEHUEM
MPEIBIAYIIETO JUIsl TOTO, YTOOBI PacKphITh BCE BOMPOCH M3YUYEHHOH TeMbl. B pe3ynbraTe B aKTHBHYIO
YMCTBEHHYIO pabOTy BOBJIEKAIOTCSI IOYTH BCE CTYAEHTHI IPYIIIbI, OLIEHKA CTABUTCS BCEM YYacCTBYIOLIUM
B 00CYX/ICHUH B 3aBHCHUMOCTH OT aKTHBHOCTHU Ka)KJIOTO U TIPAaBUIBHOCTH, U TNTyOMHBI OTBETOB.

B pamkax ompoca OXBaTbIBarOTCS TeMbl: «TepMOIMHAMUYECKUI METOJ HCCICNOBAaHUSA IIPU
W3YYEHUH DPAa3JIMYHBIX (U3UUYECKUX W XUMHUYECKUX sBICHHUN». «llpoleccsl mepeHoca W M3ITy4EeHUs
TEIUIOTHI, (POPMUPOBAHHE KPUCTAUIOB U KPHUCTAIIMUECKUX CTPYKTYp» «XuMuueckue H (ha3oBble
npespaiieHus», «[Ipomneccsl B MarHUTOTHAPOJAMHAMUYECKUX U IUIA3MEHHBIX I'€HEpaTopax, B TEIUIOBBIX
JBUTATENAX, TOIUIMBHBIX DJIEMEHTaX, B YCTAHOBKAX XOJIOIUIBHOM M KPUOT€HHOW TEXHUKHU U APYTHX

YCTPOMCTBAX.
IIxana oueHUBaHUSA YCTHOIO OIIPOCA:

Jrtan (YpoBeHb)

Ilnanupyemble pe3ybTaThl
o0ydeHus™*™

Kputepuu oueHnBaHus pe3yjbTaToB 00y4eHUSs

0CBOCHHUSA (moKa3areny JOCTHKEHHS
KOMIIETEHIMU ™ 3aJIAHHOTO YPOBHS OCBOEHHSI 1 6amn 2 Gamna 3 Gamna 4 Ganna 5 GAIIOR
KOMITCTCHITHI)
Baaners ITK-3: He Bnageer He ciocoben Crocoben Baneer CriocobeH
3HAHHUSMH 110 JMATHOCTUKH BBIICIIUTD BBIICIIUTD OCHOBHBIMH JIaTh
TPAHCIIOPTHBIX OCHOBHYIO OCHOBHEBIE HAaBBIKAMH COOCTBEHHYIO
TpaHCIOpTHO- UZEI0 JAHHOW | MW TEKCTa, paboThI ¢ KPUTHYECKYIO
KOMIICTCHIIUU pa60TaeT C UCTOYHHUKAMHU OI_[eHKy
TEXHOJOTMYECKUX MAIIUH 1 .
KPUTHYECKOH | M U3y4aeMOro
obopymoBaHUs, N .
HHTCpaTypOI/I KpI/ITI/I‘IeCKOI/I MaTepI/Iaﬂa
IIpUMEHsIeMas anmnapaTypbl .
MK-3: Cnocoben P Paiyp o JIATCPATypOH
. 1 pabOThI CTEH/IOB, OCHOBEI JMCITHTITHEE o
MPpOBOAMTDH U TEXHOJIOTHH TEKYIIErO JMCIMILTHHE
KOHTPOJIMPOBATDL | peMOHTa U TEXHUYECKOI'O
TEeXHOJOTHYECKHUI | 00CTyKUBaHUS
npoiecc 1mo TPaHCIIOPTHBIX U
auarnoctuke, TO | TPaHCIIOPTHO-

u pemonTty ATC n
HUX KOMIIOHEHTOB

TEXHOJOTHUSCKUX MAIIHH 1
000py/TIoBaHUS HA OCHOBE
HUCIIOJIB30BaHUA HOBBIX
MaTepraoB M CPEJICTB
JUATHOCTHKH, METOIBI
BOCCTaHOBJICHUS
paboTOCIIOCOOHOCTH
TPAHCIOPTHBIX U
TPaHCIOPTHO-




TEXHOJIOTHYSCKUX MAIIHH U
000pyIOBaHUS C

HCIIOJIb30BaHUEM

pe3yJbTaTOB HAYYHBIX

UCCIEN0BAHUN

YMmers ITK-3: He ymeer MoxeT CnocobeH CnocobeH MozxeTt

IIPUMEHATh OCHOBBI TIIEpeCKa3aThb IIOKa3aTh IpEACTAaBUTH COOTHECTHU

TEXHOJIOTHH IIPOM3BOCTBA eMbicI OCHOBHYIO METO/IbI UIICH METO/IOB

TuTTMO oTpaciu u ux JIaHHO# UIero pacyéta | OMpeeieHuss | OMpeAeNCHUsI

COCTABHBIX YacTei, komnerenuuu | JIBC U pacuera U pacuera
9HEPreTHYECK | IHEPTreTHYECK

TIOHATH O pEMOHTE, Cro UX YCTAHOBOK | MX YCTaHOBOK

MECTE B CUCTEME

obecrieueHus

paboTOCIIOCOOHOCTH

TuTTMO otpaciu,

3¢ (HEeKTUBHOCTH €T0

BBITIOJIHEHHUS, O

COAEpKaHUU U

OTJIMYMTEIIbHBIX

0COOEHHOCTSIX

MPOU3BOJICTBEHHOTO U

TEXHO-JIOTUYECKUX

MIPOLECCOB IPOU3BOACTBA U

pemonta TuTTMO

OTpaciu; O COCTaBe

onepauui

TEXHOJIOTHUECKUX

MPOIIECCOB, 00OPYI0BAHUE

Y OCHACTKY, IPUMEHSAEMBIX

IIPY ITPOU3BOJICTBE U

pemonte TuTTMO

OTPacyIv U UX COCTaBHBIX

yacTel AJ11 Ka4eCTBEHHOTO

pemonta TuTTMO

3narp IK-3: He 3naer He umeer 3Haet [Torumaer Criocoben

TeXHOJ]OI‘I/I‘-IeCKl/If/'I HpOHeCC YETKOI'o OCHOBHBIC METOOUKY BBIJICIIUTH

o auarsoctuke, TO u NPEJCTaBICHH | CHCTEMBI CBSI3aHHOM C XapaKTepHbIH

pemonty ATC u nx S 0 METoJIax TIOKCKA, npoq)f:CCHOHa aBTOPCKUit

KOMIIOHEHTOB, CHCTEMY ompeneneHus | otbopa u JBHOM MOAXOAK

TeXHITUECKOTO U pacuera CHCTEMAaTH3al | IEeITeNbHOCTh | MOCTaBJICHHOM

9HEPIreTHYECK | MU 10C 3ajaue

ObcIyHBaHNA U PEMOHTA, UX YCTAHOBOK | MH(OpPMAMH, | UCIOJB30BAHU | OMpPEICICHUSI

KOMIUIEKCHBIE [T0Ka3aTeNn OJTHAKO HE eM W pacuera

s¢pexrrBHOCTH MOKET CTaHJapTOB, 9HEPTETHIECK

TEXHUYECKOM OIIPENEIINUTD HOPM U HX YCTaHOBOK

skcmuryataruu Tu T TMO, AIbTEPHATHBH | MPABHII

TEXHOJIOTUIO TEXHUYECKOTO BIC BAPHAHTHI | OTIPECIICHHUS

00CITy>KUBaHHS U TEKYLIETO CTpaTeruieck | npacuera

pemonta THTTMO, UX PELICHUH B | SHEPreTHIecK

HaywHbIE OCHOBHI H npoOJeMHOH | MX YCTaHOBOK

0COOCHHOCTH CHUTyaluu

MPOEKTUPOBAHUS U

peanuzanuu

TEXHOJIOTUYECKUX

MPOIECCOB TEXHUIECKOTO
00CITy)KMBaHUS M PEMOHTA
TuTTMO nHa
MPEIPUITHUSX,




0COOEHHOCTH TEXHOJIOTHHU
Y OpTraHu3alu
TEXHHYCCKOU
skcmtyatarun TuTTMO,
HCITIOJIb3YIOIIHNX
aJbTepHATUBHBIE BUJIbI
TOILIUB, 0COOEHHOCTH
TEeXHUYECKOUN
SKCILTyaTallui
VHJUBUIYAJIbHBIX,
CIICLMATU3UPOBAHHBIX U
npyrux BugoB Tu T TMO

HIkana oneHMBaHMUs 3aJaHUI HA TPAKTHYECKHE 3aAHATHS - TEKYIIUI KOHTPOJIb.

Juanaszon 6annos om 0 0o 1.

[Tpu oieHKe 3a1aHUH HA IPAKTUYECKHUE 3aHSATHS UCTIONB3YIOTCS CICIYIOIINE KPUTEPHU:

- YMenue popMUpOBaTh U IPUMEHSATH MOJTyYCHHBIC 3HAHUS HA TIPAKTHKE.

- YMeHue BbIpaboTaTh NPU PEIICHUH MTPAKTHUECKUX 3aJaHUi TaKuX MpodeccHnoHaNbHO 3HAYUMBbIX
Ka4eCTB, KaK CAMOCTOSTEIIBHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPYECKASI HHUIINATUBA.

Ommemrxoti (6-7 6Oannos) OLEHUBAETCS PE3YNbTAT, KOTOPBIM MOKAa3bIBA€T MPOUYHBIE YMEHUs
MIPUMEHSITh METOJIbI OTPEACIICHUSI M pacueTa dHEPreTHYeCKHX YCTAaHOBOK HA OCHOBE TEOPETUYCCKHUX H
OKCHEPUMEHTAIBHBIX HCCIICOBaHUN (U3NYECKHX TMPOIECCOB W  SBICHMI, BIIQJACTh CIOCOOAMU
OTIpE/ICTICHUS] U PacyeTa SHEPreTUYCCKUX YCTAHOBOK HA OCHOBE TEOPETUYCCKUX M IKCIICPUMEHTAIBHBIX
UCCIIeIOBaHMH (PU3MYECKHX TPOIIECCOB U SIBICHUM.

Ommemxoti (4-5 6annos) OUEHWUBACTCS PE3yJAbTAT, KOTOPBIA IMOKA3BIBACT XOPOIIWE YMEHUS
MPUMEHSTh METOJIOB OIPEIEJICHUSI U PacyeTa dHEPreTUUYECKUX YCTAHOBOK Ha OCHOBE TEOPETUYECKHX U
AKCIIEPUMEHTAIBHBIX HCCICIOBAaHUN (PU3NYCCKUX TIPOIECCOB U  SIBIICHUH, BIIAJCTh CIOCOOAMH
OTIpe/IeTICHUs] U pacyeTa PHEPreTUYECKUX YCTAHOBOK Ha OCHOBE TEOPETUYECKUX M IKCIIEPUMEHTAIbHBIX
UCCIICTIOBAaHMH (PHU3UIECKUX TTPOIIECCOB U SBIICHUH.

OtmeTKoit (2-3 6anoB) OLIEHWBAETCS PE3yNbTaT, KOTOPHIN MOKAa3bIBAET HE JOCTATOUYHO XOPOIIUE
YMEHHS TIPUMEHITh METOJBI ONPEICIICHUs ¥ pacueTa DJHEPreTHYeCKHMX YCTAaHOBOK Ha OCHOBE
TEOPETUYECKUX M DKCIEPUMEHTAIBHBIX HCCIeA0BaHUN (PU3MUECKUX MPOLIECCOB M SIBICHUH, BIAIETh
Croco0aMu OTpEISIICHHST M pacueTa JHEPreTHUSCKUX YCTAHOBOK HA OCHOBE TEOPETHUYCCKUX W
AKCIIEPUMEHTATbHBIX HCCIEA0BaHNN (DU3HMUECKHUX MPOIIECCOB U SIBJICHUIA.

Ommemxoti (0-1 6ann) oneHWBaeTCsS pe3yibTaT, KOTOPHIH IMOKa3bIBACT OYCHH CJIA0BIC YMEHUS
MIPUMEHSITh METOJIbI OTpEAeNICHUs] M pacueTa SHEPreTHYeCKUX YCTAaHOBOK HAa OCHOBE TEOPETHUYECKHUX H
AKCIIEPUMEHTAIBHBIX HCCIICOBAaHUKN (M3MUECKUX IPOIECCOB W SIBIICHUH, W HE BIAJIEET CIOCOOAMH
OTIpeIeTICHUs] U pacueTa YHEPreTUYECKUX YCTAHOBOK HA OCHOBE TEOPETUUYECKUX U IKCIEPUMEHTATbHBIX
UCCIICTOBAaHUH (PH3UIECKIX TIPOIECCOB U SBIICHUIA.

IIIkay1a oneHUBaHUA 3aLUThHI J1a00PATOPHO padOThI - py0eKHBII KOHTPOJIb.
Jluanazon om 0 0o 7 b6annos.

Conepxanue Bbaer

JlaGopaTopnast paboTa 3aKOHCIIEKTHPOBaHa U 0(OpMIICHA. 7
[Tpu 3ammre pabOTBl CTYJEHT AEMOHCTPUPYET MOJIHOE MOHUMAaHHE MPOOIeMBbl U IS
BBIPAXXCHUSA CBOUX MEICIIEN HCITOJIB3YCT TCPMHHBI U OITPCACIICHH.

JlaGopaTopHast paboTa 3aKOHCIIEKTUPOBaHA U 0(OopMIICHA. 5-6
[Tpwu 3ammTe paboOTHI CTYACHT IEMOHCTPHUPYET MMOHUMAaHUE TIPOOIEMBI U JITSI BRIPAKCHUS
CBOUX MBICIICH HCIOJIb3YeT TEPMHUHBI M ONPEIEITICHHUSI.

JlabopaTopHnast paboTa 3aKOHCIIEKTHPOBaHA U 0(OpMIICHA. 3-4
[Tpu 3amuTe paboThl JEMOHCTPUPYET HE MOJIHOE MOHUMaHKHE MPoOIeMbl U 00bICHEHHE
B 11€JIOM HE COOTBETCTBYET YPOBHIO 3HAHUH CTYJCHTA.

JlaGopaTopHast paboTa 3aKOHCIIEKTUPOBaHa U 0(hopMIIeHA. 1-2
[Tpu 3ammre paboThl CTYACHT IEMOHCTPUPYET MOJIHOE HETOHUMAHNE TPOOIIEMBI.




| PaboTa OTCYTCTBYET HIM HAINCAHA HE 110 TEME. |0 |

Illkana oneHNBaHUS MPOMEKYTOYHOT0 KOHTPOJIS (IK3aMeH)

Ilpu oyenxe ycmmuvix omeemog Ha nposepky YpoeHs obyuennocmu 3HATH yuumeiearomcest
cnedyrowue Kpumepuu:

1. 3HaHME OCHOBHBIX IPOILIECCOB H3Yy4aeMOM IMpeAMETHOH oO0jacTu, TIyOMHA M TOJHOTA
PacKpBITHS BOTIPOCA.

2. Bnagenue TepMUHOJIOTMUYECKUM aIllapaToM M UCIIOJIb30BAHUE €r0 IIPU OTBETE.

3. YMeHne 00BsCHUTD CYIIHOCTH SIBIICHUH, COOBITHIA, TIPOIIECCOB, JeNaTh BHIBOABI U 0000IIEHUS,
JaBaTh ApryMEHTUPOBAHHBIE OTBETHI.

4. BrnaneHue MOHOJIOTMYECKOH peyblo, JIOTHYHOCTh M TOCIEIOBATEIBHOCTh OTBETA, YMEHHE
OTBEYaTh Ha IMOCTABJIEHHBIE BOIIPOCHI, BEIPAXKaTh CBOE MHEHUE 10 00CyKIaeMoii podieme.

Otmetkoii (6-7 GayoB) OLIEHUBACTCA OTBET, KOTOPHII MMOKAa3bIBAET MPOYHBIC 3HAHUS MPUHIIUIIOB
OTpe/ieNICHUs U pacuera YHEPreTHUECKUX YCTaHOBOK, METOJIMKY COCTaBICHHS MOJIEIICH.

OtmeTkoil (4-5 6aiIoB) OLIEHUBAETCS OTBET, KOTOPHIN MOKA3bIBAET XOPOIINE 3HAHUS IPUHLUIIOB
METOJIOB OIpEIEICHHS 1 pacueTa YHEPreTUYECKUX YCTAaHOBOK, METOJIMKY COCTaBJICHHS MOJEIEH.

Otmerkoii (2-3 OamioB) OIEHMBAETCS OTBET, KOTOPHIM IMOKAa3bIBAET HEAOCTATOYHO XOPOIIUE
3HaHUS TMPHUHIMIIOB METOJOB OIpENeJeHUs] M pacueTa DSHEPreTUYECKUX YCTAHOBOK, METOJUKY
COCTABJICHUS MOJIEIIEH.

Otmetkoit (0-1 OanioB) OLIEHHBAaETCS OTBET, KOTOPBIA IOKa3bIBa€T OYEHb ClaOble 3HAHUS
MPUHIUIIOB METOJIOB OTNPEACICHUS M pacdyera SHEPreTHUYECKHX YCTaHOBOK, METOJIUKY COCTaBJICHUS
MOJIEJIEH.

Ilpu oyenxe omeemos na nposepxy yposus ooyuennocmu YMETH u BJIAJ[ETH yyumvieaiomcs
cneodyrowue Kpumepuu:

Otmetrkoit (6-7 0ayyioB) OIIEHMBAETCS OTBET, IMPH KOTOPOM CTYJEHT CTaBUT I1OCTaHOBKY
npoOseMbl  COOCTBEHHBIMM  CJIOBaMH;  OLICHMBAeT  AJbTEPHATHUBHBIE  PEIICHUS  MNPOOJIEMBI;
po(ECCHOHATIBHO CIPOEKTUPYET NPUHIUIIHAIBHYIO CXEMY YIpaBlIeHUs, MPUMEHSET METOIUKY s
COCTaBJICHUS] MaTeMAaTUYECKUX MOJIEIEeH 3JIEMEHTOB U BCEW CHUCTEMBI, MPOU3BOJIUT BCE HEOOXOJMMBIE
pacyeTsl Mo ONpPeNIeIeHNI0 OCHOBHBIX MapaMeTpoB 00beKTa, NPO(PECCHOHATBHO BIIAJICeT YHUBEPCAIbHON
METOJIMKON COCTaBJIEHUSI MAaTEMaTUYECKUX MOJIETIEH 3JIEMEHTOB M CHCTEM U CIIOCOOAMH UX pElIeHUs U
aHanu3a. [leMoOHCTpUpyeT NOJHOe MOHUMAaHue NMpodsieMbl. Bee 3a1aHust BHIIOIHEHBI.

Otmetkoil (4-5 OanyoB) OLIEHMBAETCS OTBET, NMPU KOTOPOM CTYAECHT CTABUT IOCTAHOBKY
npoOJeMbl COOCTBEHHBIMU CIIOBaMM, yMEET NPOEKTHPOBATh NPUHIUINHMAIBHYIO CXEMY YIpPaBICHHMS,
MPUMEHSITh METOJUKY JUIsl COCTaBJIEHUS MOJEJNEeH 3JIEMEHTOB M BCEMl CUCTEMBbI, IMPOU3BOJIUT BCE
HEOOXO/JMMBIE PAacUeThl MO OMNPEAETICHUI0O OCHOBHBIX IapaMeTpOB OOBEKTa, BIIAJICET YHHUBEPCATbHOMN
METOJIMKOM COCTaBJIEHHUS MOJIENed 3JIEMEHTOB M CHCTEM M CIocO0aMU HX pElIeHHs U aHalu3a.
JIeMOHCTpUpYET 3HAYUTEIbHOE MOHUMAaHUE MpoOsieMbl. BoJbIIMHCTBO TpeOoBaHUM, MPEIbABIIEMbIX K
3aJIaHUIO BBIMOJIHEHBI.

Otmertkoii (2-3 6aruia) olleHUBAeTCs OTBET, IPU KOTOPOM CTYJEHT CTaBUT MOCTAHOBKY MPOOJIEMBI
B CUTYallHOHHOM 33JJaHUM COOCTBEHHBIMHU CIIOBAaMH, HO CJIa00 yMEET MPOEKTUPOBATh MPUHIUIIHAILHYIO
CXEMY YIIpaBJICHUs, NPUMEHITh METOAMKY U1 COCTABJICHUS MOJEJIEH 3JEMEHTOB M BCEH CHUCTEMBI,
MIPOM3BOJIUT BCE HEOOXOAMMBIE pacueThl MO OINPEEICHHUI0O OCHOBHBIX MapaMEeTpoB 00BEKTa, ci1abo
BJIaJIC€T YHHBEPCAIbHOW METOJUKOW COCTaBICHUS MOJENEH SIIEMEHTOB M CHCTEM M CIOCO0aMM HX
perieHust U aHaim3a. JJeMOHCTpHpPYET cOBCeM HeOOJbIIOe TOHNMaHue mpoodsieMbl. MHOTHE TpeOoBaHMsI,
NpeIbsBIIsEMbIE K 33/IaHUIO0, HE BBIITOJHEHBI.

Otrmerkoit (0-1 OGamioB) OICHMBAaeTCS OTBET, TPU KOTOPOM CTYACHT JIEMOHCTPHUPYET
HEMOHUMaHue TMPoOIEeMbl UM HET OTBETa U JJaXke He ObLIO MOMBITKY BBIITOTHEHUS 3a/JaHHs.

Paszgen 5. Meroauuyeckne YyKa3aHusi AJsA 00y4awluerocsi mo OCBOEHUIO
AMCHHUIUIMHBI / TPAKTUKHA U BbINIOJHEHUI0 KOHTPOJIbHBIX 3aJaHU



MeTtoanyeckre peKOMEHIalluH CTyICHTaM.

W3ydyeHne qUCHUIIMHBI OCYIIECTBIISETCS B YETHIPEX hopMax:

1) mocernieHue JIeKIUM;

2) pelieHue J1abopaTOPHBIX pabOT U UX 3alUTa HA 3aHATHUSAX;

3) 3aKperuieHre NpoNIeHHOr0 MaTepuaa;

4) camocTOsITENIbHAS MTOATOTOBKA.

50 Pacuer KypcoBOro npoekxTa.

B npouiecce ayTUTOPHBIX 3aHATHI CTYIEHTHI 3HAKOMSITCS C TEOPETUKO-METOA0JIOTHYECKUMH OCHOBAMHU
M3y4aeMOH TUCIUILTUHBL. Ba)KHBIM yCIIOBHEM OCBOCHUS TEOPETHUECKUX 3HAHUM SBISETCS BEACHUE
KOHCIEKTOB JieKHii. Heo0X01MMo oCMbICIMBaHKUE U YCBOGHUE TEPMUHOJIOTMH U3Y4aeMOM TUCHUTIIHHBI
Y BOKHEHIINX KOJIMYECTBEHHBIX KOHCTAHT. MaTepualibl JEKIIMOHHBIX KYpCOB CJIEIyeT CBOEBPEMEHHO
MOJIKPEIUIATH MPOPAOOTKON COOTBETCTBYIOIIUX PA3/IEIOB B yUeOHHUKAX, YUCOHBIX MTOCOOUSX, HAYUHBIX
CTaThsIX U MOHOTpaUAX (CM. CIIUCOK JTUTEPATYPHI).

JlononHuTeNbHAS MPOPabOTKa N3Y4aeMOT0 MaTepuaa MPOBOAUTCS Ha MPAKTUUECKUX 3aHATHUSAX,
3aKperieHne MPOHAEHHOr0 MaTepraja OCYIIECTBISIETCS TIPU BHIIOJHEHUN TIPAaKTU4YeCcKuX pador. [1pu
M3YYEHHUHU MTPOrPaMMHOT0 MaTepHalia ABe TPEThUX 0011ero oobemMa yueOHoM Harpy3Ku MarucTpaHTOB
MPUXOJUTCS HA CAMOCTOSTENBHYIO paboTy, KOTOPYIO HEOOXOAMMO BBITIOIHSTH IO BCEM paz/iesiaM
MpOrpaMMbl B opMe U3yUdeHHUs] peKOMEHyeMO OCHOBHOMW U JIOMOJHUTENIBHOM JIUTEPaTypHl,
CaMOCTOSITENTbHBIX 3aHATUH 110 TOAOOPY M aHAIM3Y JINTEPATYPHBIX UCTOYHUKOB, BHITIOJTHEHUIO
pedeparoB u nokiaanoB. CaMocTosTeNbHAs paboTa MOXKET OCYLIECTBIATHCS B BUJIE IPOPAOOTKH
TEOPETUYECKHX M MPAKTHYECKIX MAaTEPHAJIOB B y4eOHOM IMOMEIICHUH OCHAIIIEHHBIM KOMITBIOTEPAMH,
MOJIKJIFOUEHHBIMHU K ceTu «/IHTepHeT» ¢ obecredyeHrneM 0CTyma B 3JEKTPOHHYIO HH(POPMAIIHOHHO -
00pa3oBaTeNbHYIO CPEly YHUBEPCUTETA, a TAKXKe HAUCaHUs peepaToB U JOKIIAI0B, BHITIOIHEHUS
MPAKTUYECKHX 3aJjaHui, paboThl B OnbanoTekax u 1.1. OOy4daromuecs J0KHBI COOI01aTh AUCIUILIINHY,
BOBpEMSI IPUXOANUTH HA 3aHATHS, OCYIIECTBIISATH JTOJDKHYIO TIOATOTOBKY K HUM, CJJaBaTh JOMAIIIHUE
3aJlaHusl ¥ TOTOBUTHCSA K MTPAKTHUYECKUM paboTam, MPOSIBIATh aKTUBHOCTh HA 3aHIATHAX. Bo BpeMs
M3ydeHUs YIeOHOH MUCIUIUTMHBI TEKYIIUH KOHTPOJIb 3HAHUH CTYJICHTOB OCYIIECTBISETCS TyTEM
CHUCTEMaTHYECKOTO OMPOca Ha MPAKTUYECKUX 3aHATUSAX, IPOBEPKH PE3YIbTATOB BBHITOJIHEHUS
CaMOCTOSITENTFHBIX paboT. B XxoJe mpoBeneHus BceX BUOB 3aHATHIA 3HAYUTEITHHOE MECTO yIENSIETCS
aKTUBHU3AIMH CAMOCTOSATENILHOW PabOThI CTYACHTOB C LENIBIO YIIIYOJIEHHOTO OCBOECHUS Pa3/IesioB
porpamMMbl ¥ (POPMHUPOBAHHS HABBIKOB CAMOOOPa30BaHMS.

TPEBOBAHUMA K O©OPMIIEHUIO JIABOPATOPHBIX PABOT

PABOTA nomkHa ObITh BBINOJIHEH B JIAOOPaTOPHOM >KypHalie win Ha opmate A4. Pacieuaran Ha
OJTHOM CTOpOHE JHcTa cTaHAapTHOro popmara — A4. Tlossa crpanuusl: teBoe — 30 MM, mpaBoe — 10 MM,
BepxHee U HikHee — 1o 20 MM. BripaBHuBaHue TekcTa — o mupuHe. KpacHas ctpoka odopMisieTcst Ha
OJTHOM YpOBHE Ha BceX cTpaHulax pedeparta. OTcTyn KpacHoOM cTpoku paseH 1,25 cm. Hlpudr
ocHOBHOTO TekcTta — Times New Roman. Pazmep — 14 n. [{Bet — uepHsbIil. UHTEpBa MeX 1y CTpOKaMu —
nonytopHbslil. OopmieHune 3aronoBkoB. HazBaHus ri1aB nponuCchIBalOTCS MONYKUPHBIM (pa3mep — 16
I1.), TO/13ar0JIOBKU TaK>Ke€ BBIJIEISIIOT KUPHBIM (pa3mep — 14 1.). Touku B KOHIIE 3aroJIOBOK HE CTaBUTCSL.
ITonuepkuBaTh 3aroi0BOK He HyxHO! HazBaHus pa3fennoB U NoApa3ienaoB PONKUCHIBAIOT 3arJIaBHBIMU
OykBamu. VIHTEpBasibl ocie Ha3BaHUM U M0J13arojI0BKOB. MIHTepBai MeX 1y M0/13arojIoBKOM M TEKCTOM —
2 n. Mexly Ha3BaHUSAMH pa3/ieoB U MOAPa3/esIOB OCTaBJIAIOT ABOWHOM MHTepBasl. Hymepaius crpaHuig
CTaBUTCSI BHU3Y CTPAHMIIBI 10 HEHTPY. OTCUET BEAETCs C TUTYIBHOTO JIUCTA, HO CaM JIUCT HE HyMEpYIOT.
Hcnonb3yrores apadbekue udpsl. [IpuMedanus pacnosiararoT Ha TOH ke CTpaHHULE, e cAejaHa CHOCKA.
OHu 3aKII04aroTcs B CKOOKH. ABTOpCKas IMyHKTYyallusl U TpaMMaTUKa COXPaHsIeTCA.

TIOJIOTOBKA JIOKJIAJIA 10O 3AIUTE ITPAKTUYECKOM PABOTHI

YcTHOE BBICTYIUIEHHE-I0KIIA 1 JOJKEH MPEICTaBIATh COO0M He MepecKas dy>KUX MBICIIEH, a OMBITKY
CaMOCTOSITENIbHOM MpoOeMaTu3aly U KOHIENTYyaln3aluu ONpeaeIeHHON, T0CTaTOYHO Y3KOM 1
KOHKpeTHO! TeMbl. Bee nmeronuecs B paboTe CHOCKH TIIATEIbHO BHIBEPSIIOTCS U CHA0XKAIOTCS
«agpecamMuy». HemomycTMo BKIIIOUATh B CBOIO pabOTY BBIAEPKKH U3 pabOT APYTrUX aBTOPOB 0e3
yKa3aHUs Ha 3TO, IEPECKa3bIBaTh YyXKYI0 padoTy OJIM3KO K TEKCTY 0€3 OTChUIKU K HEeH, UCTI0Ib30BaTh



qy)KHe uzen 0e3 ykazaHusl IEpBOMCTOYHHKA. DTO KacaeTcsi 1 UCTOUYHUKOB, HailieHHbIX B VIHTEepHeTe.
Heo6xoanMo yka3bIBaTh MOJIHBIHN afpec caifita. Bee ciyyan niaruata JOKHBL OBITh HCKITIOYEHBL. B
KOHIIE pa0OThI JaeTCsl MCUEPIIBIBAIOLINI CIIMCOK BCEX UCIOIb30BAHHBIX HCTOUHUKOB.

TemaTuka nabopaTopHBIX paboT npearaercs npenogapatenem B DOC.

METOJIMYECKUE PEKOMEH/IALMH ITPU BBITIOJTHEHMH 3AJAHUI HA TIPAKTUYECKUX
SAHATUAX. TlpakTuueckue 3aHITUS IPOBOISATCA MOCIE€ U3YYCHUS COOTBETCTBYIOIIUX PA3AC/IOB U TEM
JIEKIMOHHBIX 3aHATHIA. BeIoTHEHNE 00yJaroMMuCs 3aIaHui Ha 3aHATHUSIX MMO3BOJISIET UM TIOHSTh, T1IE U
KOTI'/Ia U3y4aeMble TEOPETUYECKUE MOJI0KEHUS U MPAKTUUECKHE YMEHUSI MOTYT OBbITh MCIOJIb30BAHBI B
OymylIe MpakTUYECKOU IeTEIILHOCTH.

Lenp 3ansaTHii: HopMUpOBaHHE TPAKTUIECKUX YMEHHI U HABBIKOB, HEOOXOIUMBIX B MTOCIIEAYIOIIEH
po¢eCCUOHATILHOMN 1EATEIbHOCTH.

3anaun 1abOpPaTOPHBIX 3aHATHI:

— 00001INTh, CHCTEMAaTU3UPOBATh, YTITYOUTh, 3aKPEIHTh MOJIYYCHHBIC TECOPETUICCKIE 3HAHUS 110
KOHKPETHBIM T€MaM JTUCHUIUIMH MPO(ecCHOHAIBHOTO IHKIIA;

— (popMupoBaTH yMEHUS TPUMEHSTH MOJTYYCHHBIC 3HAHUS HA MTPAKTUKE;

— BbIpa0OTaTh MPH PEIICHUU MPAKTHUECKUX 3aJaHUH TaKUX MPOPECCHOHATBHO 3HAYMMBIX Ka4eCTB, KaK
CaMOCTOSATENbHOCTh, OTBETCTBEHHOCTh, TOUHOCTh, TBOPUYECKAs] HHUIIUATUBA.

Ha 3ansaTusx oOydaromuecs oBIaeBal0T EPBOHAYAIBHBIME MPOGECCHOHATBHBIMUA YMEHUSIMH U
HaBBIKAMH, KOTOPBIC B TAJIbHEUIIIEM 3aKPEIUISIIOTCS U COBEPIICHCTBYIOTCS B MPOIIECCE MPOU3BOICTBEHHO-
TEXHOJIOTUYECKON U MPEIAUIITIOMHON MPAaKTUKK U HAyYHO-UCCIEeI0BATENIbCKON PabOTHI.

TunoBoit pacyer no nucruruinae «Padodne mporeccsl, KOHCTPYKIUS U pacyeT CUIIOBBIX YHEPTEeTHUECKUX
YCTaHOBOK»

1. IMokazarenu padotst JIBC.

KauectBo JIBC xapakTepusyercs CleayronMMu ToKa3aTeNIsIMU:

HanexHocTh U 0€30MacHOCTh KOHCTPYKIUH.

Crenens coBepuieHcTBa padbouero npouecca JIBC, T.e. kauecTBo cMeceo0pa3oBaHus U PeoOpa3oBaHUs
TEIJIOBOM DHEPTHU TOILTUBA B MEXaHUYECKYIO paboTy, T.€. pacXo/JaMy TOILTMBA B €IMHUILY BpEeMEHHU Ha
€IMHUILY MOIITHOCTH.

VnensHas morHocTs - N ; Ne / Vh

VnenbHas macca - Ne / Gas

Crenenb TOKCUYHOCTHU U AbIMHOCTH Ol , 1yMOB, BUOpaLIUii U 3JIEKTPOMATHUTHBIX U3ITYYECHUH.
ITpocToTa KOHCTPYKIMHU, YA0OCTBO OOCTYKUBAHHS U SKCILTyaTallUH.

HanéxHOCTh ImycKa B pa3IMYHBIX YCIOBUSAX SKCIUTyaTaIlH.

[TepcneKTHBHOCTh KOHCTPYKIMH, MexaHu3MoB U cucteM JIBC, T.e. X crocOOHOCTH K (hopcaxy
IBUTATENs 0€3 3HAYNTEIBHBIX KOHCTPYKTUBHBIX €TI0 N3MEHECHHIA.

[Tpucnocobas1eMOCTb JBUTATEIS.

Cpox ciy)0s1 (MOTOpECYpC).

B oTeuecTBEeHHOM IBUTATENECTPOCHUH OCHOBHBIMU MOKa3aTenssMu padbotel JIBC sBistoTcs:
OddextuBHas MorrHOCTH - Ne, kBT (J1.C) - MOIIIHOCTH, CHUMaeMasi C KOJICHUYaTOTO Bajia IBUTATEIIA.
YaenvHas (IuTpoBast) MoutHOCTh - Nit, kB1/1 (11.¢/m).

3. YacroTa BpamieHus1 KOJIeHYaToro Baja — e, 006/MuH.:

a) mpu MakcumaiabHOU MoriHocTH (Ne) - ne 06/MuH;

0) Mpu MaKCUMaJIbHOM KPYTsIieM MoMeHTe aABuratenst (Mk) - Nnm o6/MuH;

B) MUHHUMAJIbHAS YCTONYMBAsi 4aCTOTa BPAIICHUS KOJECHUATOTrO Bajia - NMIN Ha PeXKME XO0JIOCTOTrO X0/1a.



I') MaKCUMaJbHas (pa3HOCHAs ) YacTOTa BPAIICHHS KOJICHYATOTO Bajia IPH MaKCUMAaJIbLHOH To/1aue
TOIUUIMBA HA PEKUME XOJIOCTOTO X0/1a, T.€, KOTJa BCS MOIIHOCTb JIBUTATENS PACXOAYETCS Ha MPEOI0JICHUE
TPEHMUsI, HACOCHBIE TIOTEPU U MIPUBO/] BCIIOMOTaTEIbHBIX MEXaHU3MOB.

Pabota gBurarens mo ycuoBusIM HaEKHOCTH Ha PA3HOCHON YacTOTE BPAIICHUS KOJICHYATOTO Bajia HE
nonyckaercsi!

4. NuaukaropHast MOIIHOCTE - NI - MOIITHOCTh, Pa3BUBAIOIIASCS B IIMJIMHIPAX IBUTATEIIS.

5. ManukaTtopuserit KIT/] - ni- moka3sIBaeT CTENEHb COBEPIICHCTBA paboyero mpoiiecca B MUIUHIpaX
JIBUTATES.

6. Mexannueckuit KITJ[ — nm - moka3pIBaeT CTENEHb COBEPIICHCTBA KOHCTPYKIIMM JBUTATEIISA.

7. D dexTuBHbIA KpyTAmUA MOMEHT aBurarens - Me (H * m).

8. DKOHOMHMYECKHUE TTOKA3aATEIU:

a) yacoBoi pacxox Tormba — Gt, kr/gac;

0) yAenbHBINA pacxo]] TOIUIMBA - ge, I/KBT*u.

BHemHsAsA ckopocTHas XapaKTepUCTUKA IBUraTeNsl IPEICTABICHA HIDKE Ha PHC.

KPUBAS 1 - noka3pIBaeT XapakTep M3MEHEHUs MaKCUMaJIbHOW MOIIHOCTH JBUraress, T.e. Nemax npu
MaKCUMaJIbHOHU I0Jjaue TOILUIMBA, Ne-000pOTHI IBUTATEIIS

pu Nemax.

KPUBASI 2 - xapakTepu3syer paboTy ABUraTess Ipu MOYTH CONSt NE - T.€. peryysTopHasi XapaKTepUCTHKA
JBUTATENs], TOUKA a - IOKa3blBaeT HOMUHAJIbHYIO Ne, KoTopas

OrpaHUYMBAET CKOPOCTHOM PEKUM JIBUTATENs], TAaK KakK JajbHENIIee yBeIMUeHHE Ne y)ke He JacT
yBenudeHust Ne.

KPUBASI 3 - xapakTepu3syer paboTy ABUraTess, Harpy>KeHHOI0 BUHTOM (CY/IOBbIE, aBUALIIOHHBIE) -
3nech u3menenue Ne uaér nmo kyouueckou napabore,

1.e. Ne — Bn 3, rae B - koadpummenT npornopuroHaaIbHOCTH

KPUBAZI 4 -noka3slBaeT XapakTep U3MEHEHNS MaKCUMaJIbHOTO KPyTsIero MoMmenta, Memax

[Toxazarensimu padbotsl IBC cuibHO 3aBUCAT OT YCJIOBUM AKCILTyaTaliuu apTomoOuiei. Iloaromy, npu
OLIEHKE MX MpH paboTe ABUTaTeNel B YCIOBHX, OTIIMYHBIX OT HOPMAJIbHBIX (Ha YpOBHE MOpSI),
HanpHuMep, Ha TOPHBIX JI0POTax WM B YCIOBHSIX MOBBILIEHHBIX TEMIIEPATYpP OKPYXKAIOIIETO BO3AyXa
(>kapkHii KITMMAaT) HEOOXOMMO MOJIb30BaThCs MOKa3aTeNsIMi MexXTlyHapoHOH CTaHAapTHOM
aTMocQepsl, KOTOpbIe TpHUBEIEHBI B Ta0I. 3.1

Ta6muma 1. [Tokazarenu MexayHapoaHOW CTaHIAPTHOU aTMOC(EpHI.
Tabmuma 3.1

BricoTa Hax ypoBHEM Mopsi, M ATMOChepHoe
nasienue, Po Temneparypa

Bo3ayxa,To, K IInmotHoCTh BO31yXa, po, KI/M 3
Mi.pt.cT. MIla

0760 0,1013 293 1.225

500 715 0.0972 284 1.116

1000 6/4 0.0917 281 1.112

2000 596 0.0811 275 1.006

3000 525 0.0715 268 0.009

4000 462 0.0628 262 0.819

TepmonnHaMuueckue nukibl nopiHesbix JBC.

[IpeoOpa3oBaHue TEMIOBOM SHEPTUU TOIUIMBA B MEXaHUYECKYIO pPabOTy MPOUCXOJUT BHYTPU LUIHHIPOB
JBUTATEIS, TAE MPOXOIUT CIIOKHBIN (PU3NKO-XUMUYECKUN TEPMOAMHAMUYCCKUHN TPOIIECC OKUCICHHUS



TOIUIMBA KHCIOPOJIOM BO3/1yXa C PE3KHUM MOBBILIICHHEM JaBJICHUS TOPIOYEil CMECH C BbIIEJICHHEM
0O0JIBIIOTO KOJIMYECTBA TEIUIA, (TOPEHUE TOIUIMBO-BO3IYITHOW CMECH).

C onpeneneHHbIMH JOMYIICHUSIMH , TOT TEPMOJIMHAMUYECKHUH MPOIIECC MOKHO OMUCATh U PACCUUTATh C
IIOMOUIbIO U3BECTHBIX TEPMOAMHAMUYECKUX (TeopeTnueckux) ukioB (Kapue Orro, usens,
Tpunkepa).OTOT pacder BriepBble B Mupe npenioxui npodeccop MBI'Y B.U. I'punesenkuii B 1906 1.

[Ipu 3TOM nEnaroT Ciaeayromue JOMyIeHUs

B mwmHape nBurarens HaXoAUTCs MMOCTOSTHHOE (HECMEHSIEMOE) KOJIMYECTBO pab0overo Tela
(me#icTBUTENBHO pabouee TeNO B IUIMHIPAX JBUTATEIS IOCTOSTHHO OOHOBIISETCS).

Terota B NMIMHID ABUTATENs MOABOAUTCS HM3BHE (PEAJIbHO TEIUIOTa 00pa3yeTcsl BHYTPH IMIUHIIPA
JBUTATENs IPU CTOPAHUU B HEM TOIUTMBA(CMECH) , BEIMYMHA KOTOPOH MOKET U3MEHSTHCS , B
3aBHCUMOCTH OT ITOJIHOTHI OKUCIICHHSI TOILITMBA B CMECH.

TemnoemkocTs paboyero Tena (HECMEHSIEMOT0) B LIMJIMH/IPE TOCTOSIHHA M HE 3aBUCHT OT U3MEHEHHUS
TeMIepaTyphl (ICHCTBUTEILHO TEINIOEMKOCTh Pab0Uero Tena U3MEHSIETCsl U 3aBUCHT OT COCTaBa CMECH,
€e TEMIIepaTypbl ¥ BHEIIHUX YCIOBUHU IKCIUTyaTaIlHH).

4. [poriecchl CxKATUS M pacIMpeHus pabodero Tea B HWIHHIPAX IBUTATEIS IPOUCXOIUT 03
Ter1000MeHa (axuadaTuueck) , (peajJbHO MPOLECCHI UIYT CO 3HAUUTEIbHBIM TEIIO00OMEHOM
(monuTpomHo) , - Temreparypa BHyTpu nuiauaapa (70-100) 0 no (2200 — 2400) o C u 3aTeM CHUXKaAETCs
10 (500-600)o C.

VYuuThIBas yKazaHHBIE BbIIIE HCXOJHBIE JOMYILEHHUS, COIVIACHO BTOPOI'O 3aKOHA TEPMOJAMHAMUKHN MOXKHO
onpeaenuts Tepmudeckuii KI1/1 ognoro kunorpamma padodero tena (CMecH) OH OyAeT onpeaensTbes
OTHOIIEHHEM PAa0OTHI IIUKJIA 11 K [10/IBEIEHHOMY 3a IIUKJI Terty, - q1:

nt=1-(192 1)/ql = (q1- 192 1)/ql = l/ql (4.1)

rae - 102 | abcoMoTHOE 3HAYCHNE KOJIMYECTBA TEIIOTHI, OT/IAHHOH 3a IIHKJI XOJI0OCTOMY UCTOYHHKY,
JIx/xr; 1 — Konmr4uecTBO MOABEACHHOM 3a UK TeruoThl, J[x/kr; Lit - paboTta 3a IIUKI OJTHOTO
KuJiorpaMma pabodero tesa nepemMelieHus nopurHs B muuuape. Mnu ans mrodoro 3amMkHyTOoro nukia G
KWJIOTpaMM pabouero Tejia copepuiat padboTy:

(4.2)

I'paduuecku paboTa 1uKIIa paBHa TUIONIAIH, 3aKIIOUEHHON BHYTPH IUarpaMMbl IUKIa (B KoopAauHaTax P
-V).

B npouiecce pabouero mukia B nunusapax ABC sennunna P u V nocrosiHHO n3mensercs. ['papuueckoe

n3o0pakeHue pabouero nporecca (IMKIA) B KoopanHaTax P-V Ha3piBaeTCss MHAUKATOPHOM JuarpaMmmon

(cm.puc 4.1).

Puc. 4.1 — PaOounii 1MKJI TEIIOBOTO ABUTATEIIS

Urak, paborta mukia onpenensercs ionaabio BHYTpU KOHTYypa IUKia. [l yrnpolieHus HHKEeHEepHBIX
pacyeToB 3aMEHHUM IUIOIIAb , OTPAaHUYEHHYIO KPUBBIMH (paboyero LKKIIa) SKBUBAJICHTHON IUIOIAIbIO
psSIMOYTOJIbHUKA, ¢ BhicOTON P11 1 ocHoBanuem S(Vh) (cm.puc.4.1). ComocraBiieHre pa3inaHbIX
pabouux HUKIIOB MPOBOJUTCS MO BEJIMYMHE PAOOTHI(TUIONIAIN) B €JMHULIE 00beMa IUIHH]IPA , T.€

Vmax — Vmin = Vh (4.3
T.e. paboTa nukIa, L1y ycloBHO MpupaBHUBACTCS IJIOIIAIH PAaBHOBEIMKOTO €

MPSIMOYTOJIBHHMKA C BHICOTOM P11, KOTOpast Ha3pIBaeTCs CPeTHUM YCIOBHBIM JaBJICHUE IIUKJIA, -
MMOCTOSIHHBIM Ha BCEM XOJy MOPILIHS:



P = (L1 )/(Vmax — Vmin) 4.9
T.¢ P11 - yCITOBHO MOCTOSSHHO HAa BCEM XOJy MOPIIHS.

[IpMeHHUTETHHO K MOPIIHEBBIM JBUTATEISAM OOBIYHO paCCMAaTPUBAIOT 0000IIEHHBINH TEOPETUUECKHIA
uuki (I'. B. Tpunkiepa). - co CMEIIaHHBIM IIOABOIOM TEIJIOTHI (CM. puc 4.2 )

O606ménnsbiii nuki [.B Tpunkiepa o0benuHseT B ceOe ABa UKIIA : UK C [TOJABOJOM TEIUIOTHI PU
noctosiHHoM 00béMe (C.KapHo — H.OTTO) M HMKII ¢ IOJIBOOM TETUIOTHI IPU MOCTOSTHHOM faBienuu (P.
Huzens).

Puc. 4.2 — O60011eHHBIN TEPMOAMHAMUYCCKAN IUKJT IOPIITHEBOTO JIBUTATEIIS.

B 3TOM TeopeTHYECKOM ITUKIIE MPOIECChI CHKATUS M PACIIMPEHUSI TPOUCXoasT Oe3 Teruiooomena (PVK =
const) , T.e annabaTHO, OTBOJ M MOABOJ TEIIA IMPOUCXOIST TaKxke : pu V — const u P — const.

Toraa, 3Has Temneparypy pabodero Teia B OMpeAeIeHHBIX TOYKAX [UKIIA, MOXKHO 3alIUCaTh BhIPAKEHHE
JUTsI OTIPEICIICHHS] TIOJIBE/ICHHOM 3 IUKJI TETJIOTHI :

ql=Cv(TZ'-Tc)+Cp (Tz-TZ) (4.5)

rre Cv u Cp — cOOTBETCBEHHO, yeNIbHBIE MAaCCOBBIE TEIJIOEMKOCTH paboydero Tena nmpu V-const u P-
const.
AHAJIOTUYHO, MOKHO OTIPE/ICTUTH KOJIMYECTBO OTBEICHHOH 3a UK TETUIOTHI ( aOCOIIIOTHO) :

102 1=Cv(TB—Tf)+Cp (Tf—Ta) (4.6)
rne 12', Tz, Tc ... Ts, Ta... - Temneparypsl pabouero Teia B XapaKTepHBIX TOUKAX IUKJIA.
Torna, moxcTaBuB 3TH 3HaYeHMS B BblpakeHue (4.1) moiyduM BelpaskeHue TepmoanHamuueckoro KII/I:
nt=1-(192 1)/ql =1 - (Te-TH)+k(Tf-Ta)/((Tz"'- Tc)+k(Tz-Tz) 4.7

rae k = Cp/Cv - mokasareinb ajanadatsl
Cornacho puc 4.2 BBes1éM cienyromye 0003HadeHus(mapaMeTpsl ABUraTes) :

¢ = Va/VC - creneHp CxaTus:

A = Pz/VC - cTenieHs MOBLIIIEHHS 1aBJICHHUS;

p = Vz/\V/C - cTeneHpb NpeIBapUTEILHOTO PACIIMPEHHS:
0 = VB/Vz - creneHp NOCIeAYIOUIEro pacIupeHus;
p'=VB/Va - crenenp nNpeaBapuTENLHOTO CHKATHS.

Tenepb MOKHO B BeIpaxkeHUH (4.7) Bce TeMIepaTyphl B XapaKTEPHBIX TOUKAX TUAarpaMMbl BHIPA3UTh
gyepe3 Temmeparypy Ta - Hauama cxkaTHsl U MOJYYUTh CIIEIYIOIIee BEIpaKeHUE 1)t 0000IIEHHOTO UKIA U
cpeaHee yCIOBHOE aaBieHue, P

nt=1- 1/(eNk-1) ) * (p™ [A*(p/p™' ) k-1]+ K (p™'-1))/(A-1+kA(p-1)) (4.8)

N3 3T0r0o 06001EHHOTO IMKIAa MOTYT ONUCHIBATHCS TPU YACTHBIX CIydasi JJis

JBC

1 - uka ¢ V - const. ( mukna OTtTo - rukia Ju3zens)

2 - nuka ¢ P-const. (tukn Auzens-Tpunknepa)

3 - ememranubii 1K (TpuHKITEpa)

Torna cornacuo (4.8,). cpeaHee ycIoBHOE JaBieHHe 0000IEHHOTO IHUKIIA

Pu=Cv (T a [*e] ~k-1) &)/(Va (p™ &-1))*nt[A-1+ki(p-1)] (4.9)
Tax xak

Cv-R/(k-1) u Pa=RT/Va



rae R — yHuBepcanbHas ra30Bas IMOCTOSIHHAS, TO OKOHYATenbHO moyuum: Pip = Pa/(k-1)*e"k/(e-1)*nt[A-
1+kM(p-1)] (4.10)

Torna cormacuo (4.8) ns:

V = const: nt=1-(1/ek-1) (4.11)
Pu=Pa/(k-1) * [e] "k/(e-1) * nt (A-1) (4.12)

P = const: nt = 1-(1/ek-1)*(pk-1/k(p-1) (4.13)
P = Pa/(k-1)* (ek / e-1) * nt*k*(p-1) (4.14)

3. CMeNIaHHbIi UK
nt = 1- (/eM(k-1) )* (Ap”k-1)/(A-1+ki(p-1)) (4.15)
Pi = Pa/(k-1) * (ek/e-1) * nt [A-1+kh(p-1)] (4.16)

AHanu3upys noiay4eHHsie Beipaxkenus: 4.11 ... 4.16 moxxHO omnpenenuTs BausiHue (hakTopoB k u € Ha
BeJIMUMHY Nt 1 P1x .

K =1,41 - nna Bo3ayxa (2-X aTOMHBIH Ta3).

K= 1,3 - cpeanuii nokasarenb aguadaThl MPOJAYKTOB CTOPAHUs TOILIUBO - BO3AYIITHOM CMECH.
Teopernueckn U IKCIEPUMEHTAIBHO YCTAHOBJICHO, UTO YBEJIIMYCHHE ITOKA3aTeNs ainadaThl K —
yBennunBaeT Tepmuueckuil KIIJI. a ysenuuenue 3HaueHuil Py uaet nponopunoHanbHO YBEIUUEHHUIO
3HA4YEHUI 1aBjieHus Bycka Pa.

AmHanoru4no Bea€T cedst u € OIHAKO, € OTPaHMYUBAETCS YCIOBUAMU 0€3 JETOHAIMOHHOTO CTOPaHUs
OCH30-BO3IyIITHBIX CMECEH, a TAK)KE HEOOXOIMMOCTHIO CHIDKEHUS BHIOPOCA TOKCHYHBIX OKHCIIOB a30Ta,
MIPH BBICOKUX € , T.€. 3HAUEHUE € OrpaHnunBaroTcs BenuunHoi 10,5 ... 11, a He 12, kak 5T0 ObLIO paHee.
3HaYeHUs C U3MEHSIOTCS TaK:

OeH3MHOBLIE ABUraTenu: € =6.5 ... 11,
mmsenu: € =12...26.

Ju3enu ¢ HagayBoM: € = 12...16.

MHoroTommBHeIe ABATATENN: £ = &...21.

Tomnuso.

TemnnoBas sHeprus, HeoOXoMMast JJIs IPEBPALLIECHUS B MEXaHHUUECKYIO padoTy MoJlyyaeTcs B IMIIMHApaxX
JBUTATEIS] OKHCIICHUEM YTIIEBOIOPOTHBIX TOITUB KUCIOPOIOM BO3AyXa C BBIACICHHEM OOJIBIIOTO
KOJINYeCTBa TeIIa, T.€. TOPEHHEM TOIUIMBO - BO3AYIIHBIX CMecei, KOTopoe MporcxouT 3a Bpems ot 0.01
10 0.001 cexynnpl. Cropanue cMecH TeM JIydlille, 4eM FOMOTeHHee (OAHOPOIHEE) TOTINBO-BO3YIITHAS
CMECh, T.€ UeM ONIMKe OHa MPUOIIKAETCS K 0JHO(PA3HOMY COCTOSIHUIO (Ta3000pa3HOMY).

K MoTOpHOMY TOTTUBY TIPEIBSIBIISIOTCS CIEIYIOIINE OCHOBHBIE TPeOOBaHUS:

ObecneunTh OBICTPBIH IMyCK JBUTATENS B JIIOOBIX 3KCITyaTallMOHHBIX YCIOBUAX

Cropath 0e3 Harapa u KOKca.

He BbI3bIBaTh KOPPO3UHU A€TaNel [IUIUHIPO - MOPIIHEBOM IPYIIIBI JBUTATEIS

X0opo1mIo IepeMenTuBaThCs C BO3IYXOM.

[TomHOCTBIO CrOpaTh, HE YBEMUYNBAsi TOKCUYHOCTH U IBIMHOCTH OTPabOTaBIINX I'a30B.

OTUM TpeOOBAaHUSM B OCHOBHOM YIIOBJIETBOPSIIOT JKUAKHE U Ta3000pa3HbIC

YII€BOAOPOAHbIE TOMINBA. JKHIKIEe MOTOPHBIE TOIUIMBA MOIYYal0T NEPEroHKON U3 MPUPOJHON HehTH
WA CHHTETHYECKUE TOTUTUBA- TyTEM IMEPETOHKH: KaMEHHOTO YTJIsl, TOPIOYHX CIIAHIIEB U T.]I.



HedTh B OCHOBHOM COCTOWT M3 Pa3IMYHBIX YIIIeBOIOpO0B: ankanbl (CNH2n+2), ankensr (CNH2N) (ux
HEMHOT0), IuKioaikanbl (CNH2N),- (¢ apyruMu cBS3siMU Yriiepojia) ¥ apOMaTHYECKHE Y TIIEBOIOPOIbI
(CnH2n-6) (¢ KOIBIIEBO MOJICKYJIOH ).

UYem Oosiee KOMITAKTHA MOJIEIb CTPYKTYPHOU CXEMBI MOJIEKYJIBI YIJIEBOJ0pO/ia (€€ CTPYKTYpa), TEM
BbIIIIE JETOHAI[MOHHAS CTOMKOCTh NOJy4yaeMoro OeH3uHa. DTO ompeaensieMcsi OKTaHOBBIM yuciom (OY),
OeH3MHa, KOTOPOE XapaKTEPU3yEeT ero B JCTOHALIMOHHYIO CTOMKOCTb.

OxranoBoe yncio (OY) onpexaensiercs cofepx aHueM (B CreUaTbHON KOHTPOJIBHOM CMeCH) U300KTaHa
(04 =100) nopmansHoMm remnrtane (04 = 0).

BbeH3uHbI- 3T0 cMech pa3IMyYHbIX YITIEBOAOPOOB BHIKHIIAIOIIUX U3 HEPTH MIPU TeMIiepaTypax
(50...400)0C: nmpsiMoit IEperOHKON MM KPEKUHT - MPOIECCOM, I METOJOM TUAPOreHU3AIINH, T.€.
BBICOKOTEMITEPATYPHBIM KPEKUHIOM, - T.€ TIeperonka npu nasueHuu 10 200 atu u remneparype 400 °C
OxTaHOBOE YHCII0 OEH3MHA ONPEesAeTCs Ha OAHOMIIMHAPOBOI YCTAaHOBKE C M3MEHSIOLIMMUCS
3HAYEHUSIMU € OJIHUM U3 CIEIYIOIINX METOJOB:

MoTtopHbIi Metoa - [OCT 511 — 82 - na ycranoske M'TOM npu ne = 900 o6/mun

uccnenoparenbckuit Mmeton — 'OCT 8226-82 — na ycranoBke ' T9-6 ipu ne= 600 06/muH.

Paznuny mexxny OUM n OUU HasbiBaroT yyBcTBUTENBbHOCTBIO OeH3uHa K OY. CylecTByeT npuMepHast
AMIMpUYECKas 3aBUCUMOCTh Mexk1y OY (6e3neToHanonHas paboTa JBUTaTens), MEKIYy CTEIEHbIO
cxkarus , € u 0U= 1254 - 413/ + 0,183 1. (5.1)

bensunbl noaromy MapkupyroTcs no okraHoBoMy unciay o 'OCT 2084-82 unu o BHOBb BBEICHHOMY
Poccuiickomy 'OCTy P51105-97:

A-72, A-76 , Au - 91, Au - 93 , Hopmans-80, Perymsip-91, IIpemuym-95, Cynep-98.

MuHuMalbHYIO TEMIIEPATYPy BO3/1yXa IIPU IIYCKE ABUTaTENS MOKHO OIPEIEIIUTD 10 SMIUPUUECKON
3aBUCUMOCTH:

Tn = 0.5t10 - 50,5 + (tuk - 50)/3 °C (5.2)

rze t10 - remnepatypa Beikunanus 10% OensuHa mo 00bpEéMy: tHK - TeMnepaTypa Hadayia KHIICHHS
OeH3MHa.

Yewm Boiie OY 6eH3MHA, TEM BbIIIE€ MOKHO IMOJHUMATh CTENIEHb CHKAaTUs ABUTATENS, € - 0€3 MOSIBICHUS
JIETOHALIMOHHOTO TOPEHHUS , KOT'/1a CrOpaHre CMECH UAET B3pBIBOOOPA3HO, T.€ , KOI/1a CKOPOCTh
pacnpocTpaHeHus! GpOHTA U IJIaAMEHH YBEIMUUBaeTCs B 35 pa3, YTO MPUBOJAUT K 3HAYUTEILHOMY
MaJeHut0 MOIHOCTH aBurarens A0 50...55% wu u3Hocy AeTaliei HMIMHIPO-TIOPIIHEBOU IPYIIIBI
JBUTATENS U JIaXKe MPOTOPAHUI0 MOPUIHEH.

Jlu3enpHble TOIUIMBA XapaKTepHU3yIOTCs 1eTaHoBbIM ynciaoM(LIH), Te. aHamoruyHo - copeprkaHueM B
KoHTpoJbHOU cMmecu 1ietaHa (L{U=100) B o -metun-nadranune (I{U =0), OHO moka3bpIBaeT CIOCOOHOCTH
TOIUIMBA K 3a/Iep>KKe BOCIIJIAaMEHEHUsI OT Havyasa 1ojiayu (BIpbicka) B HWIMH/P TorumBa, [[U
XxapakTepu3syer "KECTKOCTh" paboTh! ABuratens. [y oreyecTBeHHbIX ToIuMB LU = 45.

Jlst moBeimenust OY OeH3uHa (ero ceiivac moay4yaroT METOJOM KaTaTUTHIEeCKOTo peopMuHTa - BBIXOJ
10 (65 -,70)%; k cpaBHEHHIO, ITPU TIPSIMO# MEPETOHKE - BbIX01 OeH3uHa Tosbko (10 - 15)% - B Bue
apoMaTHYECKUX YTJIEBOJOPOJIOB) JIENAIOT MPUCAIKH CIIEHHUATbHBIX AHTUAETOHATOPOB; OOBIYHO AJI ATOTO
ucnonb3yoT TerpoatuwicBuHel (TIC) - ouens cunbHbIH 1! [loaTOMY 3THIMPOBAaHHBIE OEH3UHBI
OKpallleHbI B SIPKUE I[BETa: CHHUN, OpaHKeBbIH, 3eeHblil. 1 BooOI1e ux sydiie He mpuMeHsTh. K
npuMepy, B SIMOHUM STUIMPOBAHHBIX O€H3WHOB BhIMTyckaeTcst okoio 1%. a B CIIA - okono 3%. Ceifuac
BeqyTCs pabOThl IO BHEAPEHUIO JUIs MoBbIeHNss OY GeH3MHOB HETOKCUYHBIX aHTHJETOHATOPOB Ha
MapraHieBOil OCHOBE (OHM OYEHb IOPOTHE) WIIN BOJIBI.

Kpome Toro, B HacTosimmee BpeMst OCH3UHBI BBIITYCKAIOTCS ¢ coOmoenneM cranaaptoB EC : «EBpo-3»,
«EBpo-4», «EBp0-5», «EBpo- 6».

B HacTosiee BpeMsi, B KaueCTBE MOTOPHOTO TOIUIMBA JIJIsl aBTOMOOUIILHBIX IBUTaTesIel HAaUUHAIOT
IIMPOKO MPUMEHSTH PA3TUYHBIE T'a3bl: IPUPOAHBIE (CKATHIE U CKMIKEHHBIE), IPOMBIIIICHHBIE, KOKCOBBIE.
TexHoJoruueckue 6uorasnl u apyrue. . Cxarbie npupoaasie ra3el (CIITY) npumepno Ha 95% coctosT u3
metaHa (CH4). a cxxmxkennbie (CHI) - B ocHOBHOM W3 mpomaH - OyTaHa.

Hapsiny ¢ monoxutensHpIM: OOJbIINE 3aMachl, Majlas CTOUMOCTb, OoJiee Bricokne OY u MeHbIas
9KOJIOTMUYECKask OMACHOCTh Ia30BOE TOIUIMBO UMEET U CYILIECTBEHHBIE HEJJOCTATKHU:



[Tpumepno B 800 ... 1000 pa3 MeHbIIIast TEIIOTA CTOPAHKS AMHHIIBI 00bEMA

(pu aTMOC(hEepHBIX YCIOBHUSAX ), YEM Y KUIKUX YTIIEBOIOPOTHBIX

TOIUINB; y CKMXKEHHBIX Ta30B, aHAJIOTMYHO, TEIUIOTa cropanusi Mense 1,3 ... 1,5 paza

2. MeHbl111ast 3HEProeMKOCTb.

3. Kak cneacrtBue 1. 1 1 11 2 COOTBETCTBYIOIIEE MOIUIHOCTH JIBUTATEINS

4. TInoxoe nepemMenIMBaHue ra3a ¢ BO3JIyXOM. - OTCIO/Ia HETIOJHOE CTOPAHKE ra3a B

CMECH U yBeJIMYeHHe TOKcndeckux BoiOpocoB (ocobeHHo CO - u CH, u 0coGeHHO B yCIOBUSX
MMOHMKEHHBIX TEMIIEPaTyp OKPY>KaIOIIETO BO3AyXa).

5. TloBbllIeHHAs [10KAPOOMACTHOCTD U CII0KHEE TEXHUKA 0€30IaCHOCTH

6. [Tnoxoii 3ammyck ABUraTes - 0COOCHHO B XOJIOHOE BPEMsI r0/ia, a 3HAYUT

HeoOxoaumocTh yctaHoBKH Ha ATC 6omee momubix AKD.

7. bonb11oii Bec 1 rabapuThl ra30BOH armapaTyphl.

JIM3TOIIIUBO - ATO TSAKEI0e MOTOPHOE TOILTUBO, COCTOUT U3 Oojee Tskenbix ppakuuit HedTu: 30 % -
OeH3uH, JierpouH, kepocut u 70 % - consipoBoe Macio. OHO XapakTepu3yercsi 1ieTaHOBbIM urciaoMm (L[H)
— OHO MOKAa3bIBa€T CIOCOOHOCTH TOIUIMBA K 33I€PKKE BOCILNIAMEHEHHUS], T.€ XapaKTEPU3YET «OKECTKOCTH)
paboThI IBUTATEIIS.

Cropanue TormBa

MoTopHbIe TOIIHBa — 3TO YIIIEBOAOPOHEIE TOIUINBA, T.€. COCTOST M3 MOJIEKYJI YIJIepo/a M BOJOPOIa.
DneMeHTapHbIH COCTaB TOILIMBA, T.€ MACCOBOE COJIEPKAHUE B TOIUIMBE COCTABIISIOIINX KOMIIOHEHTOB:
C+tH+O=1kr (6.1)

JIn3TOmImMBoO : 0,870C+0,126H+0,0040T1 =1 kr (6.2)

l"a3oBOE TOIIIUBO : - [CNHMOr+N] 2=1m3 (6.3)

Cropanue TorumBa (OKMCIIEHUE ero B pabodell CMecH ) MPECTaBIsieT cO00i CIOXKHBIN PHU3HKO-
XUMHUYECKUI MPOIIECC OKUCIEHHUS TOIUIMBA KUCIOPOIOM BO3/yXa, - C BbIJIEJIEHHEM OOJIBIIOTO KOJIMYECTBA
Teruia. DTO CIIOXKHAsK [IEMHAast SK30TepMUYeCcKasi peakIusl.

ITpu nomHOM cropaHuy (OKUCIEHUH) TOIIIIMBA YIIIEPO U BOAOPO TOIIMBA MTOJHOCTHIO OKHCIISETCS
KHCIIOPOJOM BO3JyXa.

C+02=C0O2 u 2H2 +02=2H20 (6.4)

B maccoBbIX equHMIaX :

Jlns Cxr IC | : Ckr IC 1+8/3Ckr 10 1=H/3Ckr 1CO2 | (6.5)
Jns Hkr 1H2 | : Hxr IH2 | +8 Hkr 102 | =9 Hxr IH20 | (6.6)

IIpu pacuére B KWIIOMOJIb:

Ckr IC 1 +C/12 kmomnp 102 | = C/12 xmomp ICO2 | (6.7)
Hxkr I1H2 | + H/4 xmonp 102 | = H/2 kmons I1H20 | (6.8)

W3 ypaBHenuii (6.6) u (6.8) BugHO, 4TO 00HEM UHMCIIa MOJIEH MPOAYKTOB peaKIMii CropaHusl yriepoja ¢
kuciopoaoM (CO2) pasen o0bemy O2, a peakiusi OKUCIeHHs Bojioposa ¢ kucinopoaom (H20) ITpusoaut
K IBYKPaTHOMY YBEJIMUYEHUIO BOJASIHOTO IIapa MO CPAaBHEHUIO € KUCIOPOJOM. DTO XapaKTepU3yeTcs

KO3 puIreHTOM MOJIeKyssipHOro uaMeHenus (p0).

Takum o0pa3om, MUHUMaIbHOE KOJIMYECTBO KHCIOPO/1a, HEOOXOAMMOE /JIsl IOJTHOTO OKUCIICHHS TOILIMBA
- 3TO KOJINYECTBO HA3bIBAETCS TEOPETHUECKH HEOOXOMMBIM KOJIMYECTBOM KHCIOPO/a I OJTHOTO
cropanus | Kr Torniusa :

00=8/3C +8H - Ot (6.9)
HJINX B KMOJIb:

00=C/12 + H/4 - O1/32 (6.10)



VY4uuThIBas, 4TO B pEaIbHOM JIBUTaTelle AJi1 OKUCICHUS TOTUIMBA KUCIOPO/ MOCTYAET B COCTABE
aTMoc(epHOro BO3/lyxa B MPOIECCE BITYCKa, a B BO3AYXE HO Macce KHCIOPO/Ia CONEPIKUTCS
npuban3uTenbHo 23%, a mo 00bEMY,- COOTBETCTBEHHO, 2 1%, MOJIyduM TeOpeTHUYEeCKH HE00X0IMMOe
KOJIMYECTBO BO3JIyXa JJIsi CTOpaHusi | KT TOIUIMBa

L0=1/0.23*(8/3C+8H-Ot) = 14,95 xr (6.11)

L0=1/0.21*(C/12+H/4-O1/32) = 0,512 xmob (6.12)

MonekynsapHas macca Bo3ayxa | B = 28,97

Crnenoarensno: LO=p B -L0=28,971 L0

AHANOTMYHO JIJIS CTOpaHus rasa:

1 mosie CNHMOTr +(n+m/4-r/2)monpe O2 = nmmoasCO2 + m/2 moas H20  (6.13)

WIHM: TEOPETUYECKH HEOOXOAUMOE KOJIMYECTBO BO3yxa /sl cropanus 1 Moust uinu 1 M3 Tomupa:
LO=1/0,21Y:: [(n] +m/2-r/2) CnCmOr xmous, (6.14)

riae CnNHMOTr - 06béMHBIE 107K OTAETBHBIX KOMIIOHEHTOB B ra3000pa3HomM torinee Koaddunment
n30bITKA BO3/ayXa ().

B 3aBucumoctu ot pexxuma pabotsl JIBC. nmonoxenus ynpapisiomUX OPraHOB CUCTEMbI TUTAHUS U
YCJIOBHH CropaHusi (aBTOMOOMJIbHBIC IBUTATEIU PabOTAIOT B OCHOBHOM Ha HE YCTaHOBUBIIIMXCS
PeXKHUMAax) U HWIHHIPBI MOKET MOCTYINATh Pa3IMuYHOE KOJIMYECTBO BO3/1yXa, T.€. CMECh OYIET pa3Iu4HON
0 COCTaBy. ITO XapakTtepusyercs KodhduimeHToM n30bITKa BO3ayXa (a), KOTOPBIM MOKa3bIBACT
OTHOIIICHHE ACMCTBUTEIHHO MOCTYMHUBIIETO B IUJIUHAPHI BO3IyXa K TEOPETHUECKH HEOOXOITUMOMY
KOJIMYECTBY JIJISl IOJIHOT'O CTOPAHUS MOCTYIHBIIETO TOIUIUBA, T.€.:

a=L/Lo wmu B kmoas a=L/Lo (7.2)

Taxum o6pazom, roprovast cmech B JIBC MoKeT OBITh:

pu a = | - CTEXHOMETPUUECKOIO COCTABA.

npu a < 1 - oboramienHas, 6boraras, nepeobdoraiieHHasl cMech (B 3aBUCUMOCTH OT BEJTUYHHBI ().

mpu a > 1 - COOTBETCTBEHHO - 00eTHEHHAs. OeTHas WU TIepeoOeTHEHHAsI CMECh

B 6en3unoBeix JIBC MOXeT U3MEeHSThCS (M3 YCIOBUS TOPEHUSI OEH30BO3AYIIHBIX CMECH B OOBIYHBIX
yeioBusix ) B mpezaenax (0.65...1.25).

B nuzensix, coorBeTcTBEHHO, B npeaenax 1,3...4,5.

8 TTonHoe cropanue Torumsa (o > 1).

["oprouas cMech COCTOUT M3 MAPOB TOIJIMBA CMELIAHHBIX C BO3JTYXOM.

OO0111ee KOJIMYECTBO TOPOYE cMecH B KMOJIb (TTapbl TOIUIMBA + BO3/1yX) Al OCH3MHOBBIX JIBUraTeNei
oyzer :

Ml=aLo+1/uT (8.1)

rae uT - MmonekymnsipHas Macca TOIUIMBA.

Jst 6eH3UHOB puT=110... 120.

Jlnst nu3TorIMBa uT =180...200

Hns Bo3ayxa uB =28.97

JList nu3enei KOJIMYeCcTBO MOCTYIAOIIEro BO3AyXa:

M1 =a*Lo (8.2)

Jli1 ra3a, COOTBETCTBEHHO:

Ml=1+a+Lo (8.3)

Jlnist 1i000r0 TOIIMBA Macca CMecH (B KT ):

Gl=1+a*Lo (8.4)

[Ipu nosiHOM cropaHuu (OKMCIEHUHU) TOIJIUBA

OO6m1ee KOIMYECTBO MPOIYKTOB CropaHus (B KMOJIb) , OTHECEHHOE K | KT JKHMJIKOTO TOTUJIMBA, TIPH MMOJTHOM
€ro CropaHuu , Oyaer, KMOJb:

M2=MCO2+MH20+MO2+MN2 (8.5)



KonnuecTBo O0TAENBHBIX KOMIOHEHTOB MPOTYKTOB CTOPAHUS ONPEAEIAIOT 10 GopMysiaMm :

MCO2 MCO2 = C/12 (8.6)
MH20 MH20 = H/2 (8.7)

MN2  MN2 =0,79%q- Lo (8.8)
MO2 = 0.21-(a-1) * Lo (8.9)

rae 0,21*a*Lo — macca moctymnuBIero kuciopoaa B kmoib: 0,21%* Lo - macca kucnopoa
y4acTBOBaBIIIasl B TOPEHUU B KMOJIb.

[ToxcraBuB Bee 3T 3HaUeHUs B BeipakeHue (8.5). a BMecto 0,21* Lo u3 Beipakenus (6.11), 3HaueHne
L0, momyunm (B KMOJIb):

M2 = a*Lo + 1/4(H+ O1/8) (8.10)
W
M2 = C/12 + H/2 + 0,79*Lo + 0.21(a- )Lo (8.11)

rae 0,79(a-1)Lo u 0.21 (a-1)Lo - cooTBeTCTBEHHO MacChl H30BITOYHOO a30Ta M KUCIOPOAA B MPOIYKTaxX
CTOpaHHUsL.
AHAJIOTUYHO MOKHO pacCcuUUuTaTh KOJIUYCCTBO IMPOAYKTOB CropaHus. M2 JJIA T'a30BOI'0 TOIIJIMBA.





