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Размещенное изображение


1. Ileaun ocBOEHUS TUCHMILIMHBI

K ocHOBHBIM messiMm OCBOEHUS TUCHMILUIMHBI « METOIbI TEOPETUUECKOTO aHAIN3a
npoueccoB ¢ (a3oBbIMH TPEOOPa30BaHUAMH TEIUIOHOCUTENS» CJIEAYeT OTHECTH
u3ydeHue (QyHIaMEHTAIbHBIX OCHOB TIPOLIECCOB TEIUIO- W MaccooOMeHa U
THIPOUHAMUKY TIpU (Ha30BbIX U XUMUYECKUX MPEBPAILICHUSIX BEIIECTB U MAaTEPHAJIOB. .

K ocHOBHBIM 3agayaM OCBOCHHSA JUCUUIUIMHBI «MeToabl TEOpETHYECKOIro
aHalu3a TPOIEcCCOB C (ha30BBIMH MPEOOPa30BAHUAMU TEIJIOHOCUTENSD» CIEAYET
OTHECTH:

— U3Y4YCHHE 3aKOHOB TEIJIO- M MAcCCOMepeHoca U TUAPOIMHAMUKY MpU (a30BbIX U
XUMHUYECKUX MPEBPALICHUSX;

— U3YYEHHE OCHOBHBIX BHUJIOB IPOLIECCOB U KOHCTPYKILMI arIapaToB, IPUHIIMIIOB
MOCTPOEHUSI YCTAHOBOK M CHCTEM JUIsl TpeBpallleHuid U 00pabOTKH BEIIECTB U
MaTepHUaJIOB, COMPOBOXKAAIOMIMNXCA (PA30BBIMU M XUMUYECKUMU MPEBPAILECHUSIMU;

— MW3y4YEHUE OCHOB TEXHOJOIMH IPOU3BOJCTBA U OOpabOTKH BELIECTB H
MaTEpUaJIOB NP (Pa30BbIX U XUMUUYECKUX IIPEBPALICHUSIX;

— HAy4yuTb METOAaM pa3pabOTKW U CO3[AaHMUS HOBBIX SHEprocOeperarmummx Hu
DKOJOTMYHBIX alllapaToB, YCTAaHOBOK M CHCTEM Uil pealu3aluyd IMPOLECCOB,
CONMPOBOXKAAIOIMIMXCA (PA30BBIMU M XUMUYECKHUMH MPEBPALLEHUSIMU;

— HAy4YWTh BBIOJHATH pPACUEThl M aNnaparoB, YCTAHOBOK M CHUCTEM I
peanu3aluy  MPOIECCOB,  COMPOBOXKAAOIMIMXCA  (A30BBIMU M XUMUYECKUMU
MIpEBPAIICHUSIMHU.

2. Mecro nucuuminebl B cTpykrype OOII acnupanTypbl

Jucuuminaa «MeTollbl TEOPETHUYECKOrO aHaliu3a TMpoIeccoB ¢  (Ha30BbIMU
peoOpa30BaHUSIMU TETNIOHOCUTEIS» OTHOCUTCS K YUCTY YUE€OHBIX AUCIUILINH broka 1
BAPUATMBHOM 4YacTM OCHOBHOM 0Opa3oBaTeIbHON MpPOrpaMMbl  aCHUPAHTYPbI
(b1.B.O/I.1).

«MeToapl TEOPETUUECKOTO aHaliu3a MPOIEcCOB ¢ (ha30BBIMU MPEOOpPa30BAHUSIMU
TEIUIOHOCUTEISD> B3aMMOCBA3aHA JIOTMYECKUM U COAEPKATEIbHO-METOAUYECKA CO
caenyromumu auctumHamMu OOTT:

B BapuarusHoii yactu (b1.B):

— MeTo1bl HHTEHCU(UKAIIMK TETNIOO0OMEHA B YHEPTETUYECKUX YCTAaHOBKAX.

B 6noxe aucturuiua o Beidopy (b1.B./JIB):

— MeTono0rus TEIOTEXHUYECKOTO SKCIIEPUMEHTA;

— MojenupoBaHue MPOLIECCOB U ANMNAPATOB MPOMBIIUICHHON TETUIOIHEPTETUKH.

3. IlepeyeHb IVIAHMPYEMBIX Pe3yJabTATOB 00y4YeHHUS MO JUCHUILINHE (MOTYJII0),
COOTHECEHHbIE € IVIAHMPYEMbIMHU Pe3yJIbTATAMM 0CBOCHHMS 00pa30BaTe/IbHOMI
MPOrpamMmblI

B pesynbTaTe OoCBOEHUS AMCIUIUIMHBI (MOIYJIs) y 0Oyyaromuxcsi GopMUPYIOTCS
CJIeIyIOlME KOMIIETEHLIIMH U JOJIKHBI OBITh JOCTUTHYTBHI CIIEAYIOUIME Pe3yJIbTaThl
oOy4eHHs KaK 3Tan (OpMUPOBAHUS COOTBETCTBYIOIIUX KOMIETEHIIMNA:



Kox B pe3yabrarte OCBOEHHSI
o0pa3oBaTe/bLHOI
KOMIIe IpOTpaMMET ITepedyenb miIaHMpyeMbIX pe3yJIbTATOB 00y4eHHS 110
TEeHLH . AMCLHUILIMHE
" 00yuyarouuiics 10J1KeH
00J1a1aTh
OIIK-1 | Bnagenuem 3HATH:
METOA0JIOTUEN ® OCHOBHBIE METOJbl TEOPETUUECKUX U
TEOPETUYECKUX U AKCIIEPUMEHTAJILHBIX HCCIIE0BaHUM B 001acTu
SKCIIEPUMEHTAIbHBIX poheCCHOHATILHOMN 1eATEIbHOCTH
UCCJIEJOBaHHM B 00JIACTH | yMeTh:
po(heCCUOHATLHOM ® JIPOBOJUTEH TEOPETUUYECKUE U DKCIIEPUMEHTAIbHBIE
JCSATeIIbHOCTH HCCIIeIOBaHMS B 00J1acTH POdeCCHOHATHHON
JEeATEIIbHOCTH
BJIaJIeTh:
® METOJOJIOTHEN TEOPETUYECKUX U KCIIEPUMEHTAIBHBIX
HCCIIEeIOBaHMH B 0051acTH MpodecCHOHaTbHON
NEeATEIbHOCTH
[IK-2 | ctocoOHOCTH BBITIONHATH | 3HATh:
Hay4HBIC NCCIICTOBAHUA ® METO/bI BBIITOJIHEHUS HAYYHBIX UCCIECJOBAaHUN B HAYYHO-
B Hay4YHO- HCCJIEIOBATENILCKUX OPraHU3alusaX U YUPEKICHUAX
HCCIIEI0BATENBCKUX BBICILIEr0 00pa30BaHUs TEIJIO3HEPTETUYECKOTO MPpOodus
OpraHu3alusaxX U yMeTh:
YIPCKACHUAX BBICIIETO ® BLINOJHATH HAYYHBIE NUCCIEAOBAHUS B HAYYHO-
obpa3oBaHus HCCIIEI0BATEIBLCKUX OPTaHU3AUIX U YUPEKIACHUAX
TCIIOSHEPTETUICCKOTO BBICIIIET'0 00pa30BaHUs TEILIOIHEPTETUYECKOTO0 Mpoduis
npoduis BJIA/IETh:
® CIIOCOOHOCTIO BBINOJIHATH HAYYHbIE UCCIIEIOBAHUS B
Hay4YHO-HCCIIEA0BATEIbCKUX OPTaHU3aLUAX U
YUPEXKAECHUAX BbICIIET0 00pa3oBaHUs
TEIUIOAHEPTeTUUECKOTO MPOPUILS
4. CTpyKTYypAa U CoJepKaHUue TUCUMUIINHBI
OO6mass TPyAOEMKOCTh JUCHUIUIMHBI «MeTOabl TEOPETUYSCKOro aHaIn3a

poIieccoB ¢ (ha30BBIMU MPEOOPA30BAHUSMH TEIJIOHOCHUTEIS) COCTABIIACT 3 3aUeTHBIX
enuauIpl, T.6. 108 akamemuyeckux yaca (M3 HUX 8 4acoB — JeKiuu, 16 4dacoB —
CEMUHAPCKHUE 3aHATHs, 84 Yac — caMOCTOsTeNbHAs paboTa aclupPaHTOB).

CTtpykTypa u cojepkaHuW€ IUCHUIUIMHBI «MeTOo/lbl TEOPETUYECKOTO aHaIu3a

MpOLIECCOB C (Pa30BBIMU MPEOOPA3OBAHUSIMU TEIIOHOCUTEISI

o CpoOKaM MW BHUAAM

paboThl oTpakeHsl B [Ipunoxxenun 1.
Copepxanue pa3aesioB IMCHUATIIAHBI
YerBepThlii ceMecTp
Tema 1. BBeaenue.
[Ipumepsbl (usnueckux 3amad, TpPeOYOIMUX MPUMEHEHUS METOJOB pacueTa,

¢dusnueckoro,

MaTEMAaTHU4YCCKOI'O )51

KOMIIBIOTCPHOTO MOJCJINPOBAHNA,

OKCIICPUMCHTAJIBHOI'O HCCJIICOOBAHUA ITPOLCCCOB TCILIO- H MacoOMeHa B aliraparax,
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YCTAaHOBKAaXx M CHCTEMAaxX IIPOMBIIUICHHONW TEIUIODHEPTETUKUM M TEXHOJIOTHHM IIPU
($a30BbIX U XMMHUYECKUX MPEBPALICHUSX 00pabaThIBa€MbIX BEIIECTB, MATEPHAIOB U
TermoHocutenel. JlocTikeHuss B 9TOM OOJAacTH HAYKW W TEXHUKH 34 TOCIICTHUE
nBaauaTh jer. Hepemenusie mpoOaeMsl.

Tema 2. Tensi000MeH NpPU KOHIEHCAUMH OTHOKOMIIOHEHTHOI'0 Iapa

VYcaoBus BO3HUMKHOBEHMS KOHAEHcaluu mnapa. llneHoynas U kamenbHas
kouaeHcanusa. Kospdunuent konaencanuu. TepMudyeckoe compoTuBieHHE (PazoBOro
nepexoaa.

Teopetnueckuil pacueT TemIOOOMEHa MNpPU  KOHACHCALUU  IPaKTUYECKU
HETOJBMKHOIO Napa (JJaMMHApHOE U TypOYJIEHTHOE TEUEHUE KOHJIEHCaTa); CPaBHEHHE C
ONBITHBIMU JAHHBIMM M pacyeTHbIE PEKOMEHIAUMH. BnusHue Ha TemooTaady
ckopoctu mnapa. Kongencamus mnapa BHyTpu Tpy0. Konaencaums mnapa Ha
TOPU30HTAIBHBIX TPyOax M Mmydkax Tpyo.

Tennoornaya mpu KamenbHOW KOHIAEHcAUU napa. OCHOBHBIE MPEICTABICHUS O
MEXaHU3Me IPOoILIecca, pACUETHbIE YpaBHEHUs. BiusiHue neperpesa, U BIAKHOCTH Mapa
Ha K03(QuuueHT Termnooraaur. OCoOEHHOCTH TEIIOOTAA4YH MpPHU KOHAEHCAIMU MapoB
METAJLIOB.

Tema 3. Tensio00MeH NP KUIIEHUH OTHOKOMIIOHEHTHOM KUAKOCTH

VYcaoBus BO3HUMKHOBEHMsI KuneHus. lleperpeB >KMIKOCTH W HaJIUYUE LIEHTPOB
napooOpa3oBaHUsl KaK YCJIOBHS BO3HMKHOBEHHUs MapoBoil ¢a3bl. PocT, oTpeiB U
IBWKEHHE My3bIpeit mapa. TernnooOMeH npu Mmy3bIpbKOBOM KUIIEHUU MEXAY CTEHKOH U
KUAKOM (ha3oii, MEXIY KHJIKOU M mapoBod (azamMu. MexaHU3M KUIICHUS KUIKOCTEH.
BinsiHME CBOMCTB NOBEPXHOCTHM W JABJICHMS CHCTEMBI. POCT mapoBBIX ITy3bIpeid B
00JacTl BBICOKMX M HM3KUX JaBieHH. OCOOEHHOCTH KUIIEHUS KUJIKHX METAJUIOB U
KPUOTE€HHBIX JKUIKOCTEH. |- Kpu3uc Termootnaur. HeruapoamHaMuyeckue acreKTsl
kpusuca. [IpenenpHple OLEHKM O (np B KaHanax. [Ipu-pona 2-ro kpusuca KUIEHUS.
TerooTnaya npy MIEHOYHOM KUIICHUH.

AHaIN3 CHEUUAJbHBIX YCIOBUU COBMECTHOCTH JUISl NMEPEHOCA YEPE3 TPAHMILY B
OJIHOKOMITOHEHTHBIX cHucTemax. OIleHKa BIHMSHUS HEPAaBHOBECHBIX A((PEKTOB.
KBa3zupaBHOBecHass cxeMa. 3aBUCUMOCTh KOA(P(UIHMEHTA TEIJIOOTAAYH U TIIOTHOCTH
TEIJIOBOTO MOTOKAa OT TEMIIEPAaTypHOIO Hamopa, AaBJICHUS, (PU3MUYECKUX CBOMCTB
KUIAKOCTH, COCTOSIHUSI TOBEPXHOCTU U JIPYTrUX (PAKTOpOB TPU KHUIEHUH B OOJIBILIOM
o0beMe Mg My3bIpbKOBOTO KumneHud. llneHounwlii pexum. Ilepas u BTOpas
KPUTHYECKHE INIOTHOCTHU TEIIOBOIO MOTOKa. «KpHu3ucen BToporo poa.

CtpykTypa M pexuMbl TEYEHHMs NpU KUIEHUH BHyTpu TpyO. MaccoBoe u
00BEMHOE pacxojHble mapocojepkanus. CKOpocTh HUPKYSIMU. PazButue mpouecca
0 JITTUHE TPYOBI.

Meton 00O0OILIEHUST OMBITHBIX J@HHBIX IO TEIJIOOOMEHY NpU IMy3bIPHKOBOM
KUIIEHUU B OosiblioM oO0beme u B TpyOax. OOOOIIEHHbIE U YaCTHbIE dMIMPUUYECKUE
3aBUCUMOCTH JJI1 KO3(P(HUIIMEHTOB TEIJIOOTIauH.

TerooOMeH mipu TypOyJIEHTHOM pEXUME IUICHOYHOTO KHIIEHHUS KUIKOCTH.
3aBUCUMOCTh TEPBOM M BTOPOW KPUTUYECKUX IIJIOTHOCTEM TEIUIOBOIO IOTOKA OT
paznuyHbIX (GakTopoB. OCOOEHHOCTH TEIIOOOMEHA MPU KUMIEHUH KUJKUX METal-JIOB.

Tema 4. Tensio- 1 MaccooOMeH B IBYXKOMIIOHEHTHBIX Cpeaax



OcCHOBHBIE TIOJIOKEHUS TEIJIO- 1 MacCOOOMEHa B OMHAPHBIX MAapOTa30BbIX CMECSX.
3aKOHbl ~ MOJIEKYJSIPHOIO  IepeHoca  Macchl.  KOHBEKTHMBHBIH  MacCOOOMEH.
Monekynsipaass u MoisipHas 1ud@dy3us U UX CBSI3b C JAPYTUMH (PU3NYECKUMU
npoueccamu neperHoca. Konnenrtpannonnas nuddysus. 3akon duka. Kosdduuments
Mouekyisipaoit  muddysuun. Tepmo- u Oapomuddysus. Tepmomuddysnonnoe or-
HomieHue u ko3 dunuent repmoanddysuu. Tepmo- u 6apoauddysus. KonBekTHBHBIN
maccoobmeH. Maccootnaua. Koaddunmentst maccoornaun. CredaHoB MOTOK Npu
MOJIyIPOHHUIIaeMOM TOBEPXHOCTH pazzeia (das.

Huddepennmanbuble ypaBHEHHUS COBMECTHOIO TEIUIO- M MaccooOMeHa B
OMHapHBIX Napora3oBbix cmecax. Kpaesble ycnoBus. CtedaHOB MNOTOK. AHANIOTHs
IpOLIECCOB TEIJIO- M MaccooOMEHa B IMapora3oBbIX cMecsix. TpoifHas aHaiorus.
Y C0BUS BBINOJIHEHUS aHAJIOTUU U €€ IPAKTUYECKOE MCIIOJIb30BAHUE.

Juddy3uoHHbIE  MOrpaHUYHBIM  CJIOM, pe3ylbTaThl €ro pacdera. Pacuer
KO3((PUIIMEHTOB TEIUIO- U MAaCCOOTAAYH MPU UCHAPEHUH CO CBOOOJHOM MOBEPXHOCTH U
u3 nopuctoro tena. OcoOEHHOCTH HUCMAPEHUs U3 KanwuapoB. Temno- 1 MaccooOMeH
IpU UCHApEHUH KUIKOCTH B NApOra3oByI0 cpeAy. YpaBHEHUs OanaHca TEIJIOTHl U
Macchl. Jluddy3rnonHbIil morpaHuyuHbIi cliod. Temio- 1 MaccooOMEH MPU KOHEHCAIUU
rnapa u3 nmaporasoBoil cmecu. BiusiHue mpoHuiaeMoctu Mexda3zHoi MOBEPXHOCTH Ha
MPOLIECCHl COBMECTHOTO TEIUIO- M MaccomepeHoca. IIpoueccel annabaTuyeckoro u
HeaguadaTHdeckoro ucnapeHus. MeTtonpl onpeneneHuss Ko3()(PHUIMEHTOB TEIio- U
MacCcoOTIauu.

Teruo- 1 MaccooTnaya NMpu KOHAECHCAIIMM CMECH IIApOB U Iapa U3 Napora3oBOi
cmecu. M3MeHeHHMe KOHLEHTpauuid W TeMIepaTyp B IapOra3oBOM  CMECH.
Pacnipenenenne nepeHoCMMOro TeIula MO OTAEIBHBIM COCTaBISIOIIMM. 3aBUCHMOCTH
MHTCHCUBHOCTU TEIUIOOOMEHA OT COJEpPKaHUS HEKOHACHCHUPYIOIIErocs KOMIIOHEHTa
IIPU Pa3JIMYHBIX YCIOBHSX MPOTEKAHUS ITpoLiecca.

Tema 5. OcHOBBI TEIIO- 1 MAaCCOOOMEHA NPU XUMHYECKHUX MPeBPALLIEHUAX

OcHoBHble mnoOHATHSA. KpaTkue CBeIeHUS U3 TEPMOXUMHM W XUMHUYECKOU
KkuHeTUKU. Iuddepennnanbupie ypaBHEHUsI TEIUIO- U MAacCOOOMEHa MpPU XUMHUYECKHX
npeBpamieHusx. KpaeBble ycioBHs. 3aMOPOXXEHHOE M PaBHOBECHOE TEUEHUE
pearupytouux cpen. [IpeobpazoBannbiii 3akoH Hpiorona — Puxmana. TermmooOmeH
MEXIy CMEChIO pearupyromx BEeIEeCTB U MOBEPXHOCTHIO pasjiena ¢as.

Tema 6. Tensio- 1 MaccooOMeH PU XUMHYECKHUX NIPeBPALLCHUAX

DOHTaNbNM T'a3a U CMECU ra3oB C YUETOM 3Hepruu odpaszoBanus. Kpaesble 3a1aun
JUIE COBMECTHBIX IPOIIECCOB TEIJIO- U MaoCOOOMEHAa NpU HAIWYMM XMUMHYECKHUX
pEaKINii; YaCTHBIE CIIy4aH, UX aHAJIOTHMH C PaHEE U3YUYEHHBIMU MPOLECCAMU.

Oco0eHHOCTH TeII0- U MAa0COOOMEHa B JUCCOLMUPOBAHHOM W MOHHU3UPOBAH-HOM
razax. Moaudukamus 3akoHa HeroronHa—Puxmana. PaBHOBecHbIE W HEpPaBHOBECHBIC
ITPOLIECCHI.

5. O0pa3oBare/ibHbIE TEXHOJIOTHHU

Mertonuka mpenojaBaHus JUCHMUIUIMHBI «MeEToAbl TEOPETUUECKOTO aHaIu3a
mporieccoB ¢ (pa3oBbIMM  MPeoOpa30BaHUSAMHM  TEIJIOHOCUTENIS» W pealu3alus
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KOMIIETEHTHOCTHOTO ~ TIOJIXOJla B  MB3JIOKEHUM W BOCIPHUSATHM  Marepuaia
MpeayCMaTpuBaeT MCIOJb30BaHUE CIEAYIOIMMX AKTUBHBIX U WHTEPAKTUBHBIX (HOpM
MIPOBEICHMS TPYNIOBBIX, WHIWBHIYATbHBIX, AyJIUTOPHBIX 3aHATHH B COYCTAHUH C
BHEAYJIUTOPHON paboTON ¢ menbio (opMUpOBaHUS W PA3BUTHUS MPOGECCHOHATBHBIX
HaBBIKOB 00YYarOIIUXCH:

— MOATOTOBKA K BBIMOJIHEHUIO MPAKTUYECKUX pabOT B ayJUTOPHSIX By3a U Ha
MOIITHOCTSIX TPEANPUATHN-TTAPTHEPOB;

— MIOJITOTOBKA, MPEJCTaBICHUE U 00CYK/IEHNE TPE3CHTALIMIA Ha 3aHATHUSX;

— OpraHu3alys ¥ MPOBEICHUE TEKYIEro KOHTPOJISI 3HaHUW acUpPaHTOB B (opme
0JIaHKOBOT'O TECTUPOBAHUS;

— HCIOJIb30BaHME MHTEPAKTUBHBIX (OPM TEKyIIero KOHTpoyisi B Qopme
ayJIUTOPHOTO U BHEAYJUTOPHOTO MHTEPHET-TECTUPOBAHUS;

— TIPOBEICHHME MAaCTep-KJIaCCOB OKCIEPTOB U CIEHHAIUCTOB IO METoAaM
COBPEMEHHOTO0  MPOEKTHpoBaHUS u  3D-MOAENMPOBAaHUA  TEIUIOPHEPTETHUECKUX
YCTaHOBOK, a Takke OJ(M(OEKTUBHBIX METOJOB OJKCIUTyaTallMd MPOMBIIUICHHBIX
TEIIOPHEPTETHUECKUX YCTAHOBOK.

6. OueHOYHBIE CPEACTBA /ISl TEKYLIEro KOHTPOJIS yCIIeBAeMOCTH 110 HTOram
OCBOCHUSI JUCHUILIMHBI U Y4eOHO-MeToAnYecKoe obecneyeHue caMoCTOATeIbHOM
padoThI aCIMPAHTOB

B mpouecce o00ydeHHs HCHONB3YIOTCA CJIEAYIOUIME OLEHOYHBIE  (POPMBI
CaMOCTOSITENIbHOM pabOThl ACTIUPAHTOB, OLICHOYHBIE CPEACTBA TEKYIUEro KOHTPOJIA
yCIIEBAEMOCTH U MMPOMEXKYTOUHBIX aTTECTALIUMI:

- TOJArOTOBKAa M BBICTYIUIEHHME C TMpe3eHTauueil u 0OCyXKJIEHHEM Ha TeMy
«IIporneccrl ¢ (pa3zoBbiMU MPeoOPa30BAHUSIMU TEINIOHOCUTENS» (MHIAUBUIYATBHO [IJIS
Ka)XJ10ro 00y4Jaromerocs);

- pelIeHre CUTYaIlMOHHBIX 3a/1a4, aHaJIN3 MPUHATHIX TPOEKTHBIX PEIICHU;

- TECTUPOBAHUE.

OueHouHble  CpeACTBAa  TEKYILIEro  KOHTPOJSI  yCIEBA€MOCTH  BKJIIOYAIOT
KOHTPOJIbHBIE BONPOCHI W 3a/aHusl B (opme OJAaHKOBOro M (MJIM) KOMIBIOTEPHOTO
TECTUPOBAHUS, JJI1 KOHTPOJIL OCBOEHUSI 00yYarOIMMUCS Pa3eioB TUCUUILITUHBI.

OO0pa3ibl TECTOBBIX 3a/1aHN, KOHTPOJIBHBIX BOIIPOCOB U 33JaHUI JUISl POBEACHUS
TEKYIIEro KOHTPOJIsl, IPUBEACHBI B IPUIIOKEHUU 2.

6.1. ®OH/ OLICHOYHBIX CPEJICTB AJIf NMPOBeIeHUS MPOMEKYTOUYHOM ATTeCTAlNHU
o0y4yaromuxcs Mo JMCUUILINHE (MOXYJII0)

6.1.1. IlepeyeHb KOMIETEHIUI ¢ YKa3aHUEM 3TANOB UX ()OPMHUPOBAHNS B
npoiecce 0OCBOCHUs1 00Pa30BaTeJbHON MPOTrPaMMBbl.
B pesyabraTe 0cBOCHUSA TUCUMILIMHBI (MOAYJis1) GOPMHUPYIOTCS CieAyIOLIUe
KOMIIEeTEeHIIUN



Kon B pe3yabTarte ocBoeHus 00pa30BaTebHOI MPOrpaMMBbI
KOMIIETEeHIIUHN o0y4arouuiics 10J15KeH 00J1a1aTh
OIIK-1 BJIaJICHUEM METOJO0JIOTUEH TEOPETUUYECKUX U SKCIEPUMEHTAIBHBIX HCCIICIOBAHUI
B o0Onactu npodeccuoHabHOM e TEIBHOCTH
HK-Z CHOCOOHOCTH BBIOIHATE HAaY4YHBIC HCCIICAOBAaHNUA B HAYYHO-HCCICAOBATCIIBCKUX
opraHu3alusax W YYPCIKACHUAX BBICHICTO 06pa303aH1/151 TCIINIOOHCPTCTUUCCKOT'O
npoduIst

B mporecce ocBoeHust 00pazoBaTENbHON MPOTrpaMMbl JaHHBIE KOMIETCHIIMH, B
TOM 4YHCII€ UX OTJENIbHbIE KOMIOHEHTHI, (POPMUPYIOTCS MOATAMHO B XOJI€ OCBOCHHS
0o0y4arouMMuUCs JUCHUIUIMH (MOAYJIEH), MPAKTHK B COOTBETCTBUU C YYEOHBIM IIJIAHOM
U KaJeHIapHbIM TpaduKkoM y4eOHOTO Ipoliecca.

6.1.2. Onucanue noka3sareyed 1 KPUTEPUEB OLICHNBAHUS KOMIICTCHIM,
(popMupyeMBbIX 110 HTOTAaM OCBOCHMS TUCHUILINHBI (MOAYJIs1), ONMMCAHME KA

Ilokazarenem

OLCHUBAaHUA

OIICHUBAHHUA

KOMIIETEHITU N

Ha

Pa3IUn4IHbIX

oTaliax Hux

(bopMHUpOBaHUS SABJISIETCS JTOCTHXKCHHE OOYYaIOMUMUCS IUIAHUPYEMBIX PEe3yJIbTaTOB
00y4eHUs MO JUCHUILIUHE (MOTYIIIO).

OIIK-1 - BiageHHMeM MeTO0JIOTHEH TeOPeTHYECKHX M IKCHEPUMEHTAJbHBIX HCC/IeI0BAHUN B
00s1acTH NMpPo(deccHOHAIBLHOM 1eATETbHOCTH

Kpurepun onenuBanns

Onenka
Onenka
«HEY/10BJIETBOP Ouenka
OIIeHKa «xXopouio» «OTJIMYIHO» NI
IHoka3zarTenan HUTEJIbHO» UJIN «YAOBJICETBOPUTEJIBbH o -
o HJIA MOBBINNIECHHbIN BbBICOKHH
OTCYTCTBHE 0>» NJIM HU3KOHU
YPOBEHb OCBOCHUS YPOBEHb
c¢()OpMHPOBAHHO | YPOBEHb OCBOEHUS
KOMIIETCHIIUHN OCBOCHUHA
CTH KOMIICTCHIIMHU
KOMIICTCHIIMH
KOMIIETCHIIUHU
3HATH: OOyuarommiics OO0yJatommiics OO0yJatormmiics OO0yyarontuiics
OCHOBHBIE J€MOHCTPHUPYET JEMOHCTPHPYET HEIOIHOE | JEeMOHCTPUPYET JEMOHCTPUPYET
METOBI HIOJIHOE OTCYTCTBUE COOTBETCTBHE CIEAYIOIINX | YaCTUYHOE HOJIHOE
TEOPETUYECKUX U | WM HEJOCTATOYHOE | 3HAHMIl: OCHOBHBIE COOTBETCTBHE COOTBETCTBHE
IKCIIEPUMEHTAIb | COOTBETCTBUE METOJIbl TEOPETHYECKUX U | CJISIYIOIIUX 3HAHUH: CJIEIYIOIVX 3HAHUM!

HBIX
HCCIIEIOBaHHH B
obnactu
po¢eCCHOHANTD
HOU
JIESTEIbHOCTH

CIEAYIOIINX 3HAaHUM:
OCHOBHBIE METOIBI
TEOPETUYECKUX U
SKCIIEPUMEHTAIBbHBIX
HCCJIEIOBAaHUN B
obactu
poeCCHOHATBHOM
JIeSITeIbHOCTH

IKCIICPUMEHTAIBHBIX
HUCCIIEIOBaHUI B 001aCTH
poeCCHOHATBHOM
JIeSTeIbHOCTH.
Jomyckarorcst
3HAYUTEJIbHBIE OIHOKH,
MPOSIBIISIETCSI
HEJIOCTATOYHOCTh 3HAHUIA,

OCHOBHBIE METOJBI
TEOPETUICCKUX U
AKCIEPUMEHTAITBHBIX
HCCJIEIOBAHUN B
obJactu
mpo¢heCCHOHATBHOM
JEeSITENLHOCTH, HO
JIOITY CKAarOTCS

OCHOBHBIE METOJIBI
TEOPETHYECKUX U
IKCIIEPUMEHTATBLHBIX
HCCJIEIOBAaHUHN B
obnactu
po¢eCCHOHATBHOM
JIEATENBHOCTH,
cBOOOIHO OTIEpUpyeT
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0 psify MoKa3aTemnel,

HC3HAYUTCIIbHBIC

pUOOpe-TEHHBIMU

oOyuatommmuiics OLIMOKH, HETOYHOCTH, 3HAHMSMH.
UCTIBITHIBAET 3aTpyIHEHUs pU
3HAYUTEIIbHBIE AHATUTHYECKUX
3aTpyIHEHUS PU oTepanusix.
OTICpPUPOBAHNHN 3HAHUSIMA
IIPU UX MIEpeHOCE Ha
HOBBIE CHTYAIHH.
yMeThb: OOyyaromuiicst He OOyuaromuiics OOyuaromuiics OO0yuaromuiics
MIPOBOANTH yMEeT WI B JIEMOHCTPHPYET HEMOJHOE | AEMOHCTPHUPYET JIEMOHCTPUPYET
TEOPETHUYECKHE U | HEAOCTATOUHOMH COOTBETCTBHE CIEIYIOIINX | YaCTUIHOE MIOJTHOE
9KCIIEPUMEHTAb | CTEIICHU YMEET YMEHUI: TPOBOJHUTH COOTBETCTBHE COOTBETCTBHE
HBIE IIPOBOANTH TEOPETHUECKHE U CIICIYIOIINX YMEHHH! CIIETYFOLITNX
UCCIICOBAaHMA B | TEOPETHIECKUE U 9KCTIEpPUMEHTAIIbHbIE TIPOBOANTH YMEHUH: IPOBOJUTH
obmactn 9KCTIEPUMEHTANbHBIE | MCCIENOBaHMSA B 00/1acTH TEOPETHIECKUE U TEOPETHUYECKHE U
npodeccroHans | UCCIEIOBaHMSA B podecCHOHANBHOM 9KCTIEpPUMEHTAIbHbIC 9KCTIEPUMEHTAIIbHBIC
HOM obmactu JIeATEILHOCTH. HCCIIEIOBAHUS B UCCJIEJOBaHMUS B
JIeSITENIbHOCTH npodeccuonansHoi | Jlomyckarorcs obyactu obnactu
JeATEILHOCTH 3HAYUTEJbHBIC OIINOKH, npodeccuoHaNbHOM npodeccHoHaIBLHOI
TIPOSIBIISIETCSI JeATEIbHOCTH. YMEHUS | JESTEIbHOCTH.
HEJIOCTaTOYHOCTh YMEHHI, | OCBOEHBI, HO CBoOoaHO
TI0 pSAAY MOKa3aTelnew, JIOIYCKafOTCs orepupyer
oOyuarormuiics HE3HAYHUTEIILHbIC PHOOPETEHHBIMHU
HCTIBITHIBACT OITMOKH, HETOYHOCTH, YMEHUSIMH,
3HAYUTEIbHBIC 3aTpyIHEHUS IpU MPUMEHSET UX B
3aTpyIHEHUS IpU AQHAITUTHYECKUX CUTYaIUsIX
OTICpUPOBAHNN YMEHUSIMH | OINEpalysx, epeHoce MOBBIIICHHOM
IIPU MX MIepeHoce Ha yYMEHHIi Ha HOBBIE, CJIOKHOCTH.
HOBBIE CUTYAIHH. HECTaHJapTHBIE
CHUTYaIHH.
BJIAIETh: OOyJatommiics He OO0yJarommiics BIaaeeT OOby4atormmiics OO0yuaromuiics B
METO/0JIoTHeH BJAJICET I B METO/0JIOTHEH YaCTHYHO BIAJCET MIOJTHOM 00BeMe
TEOPETHUYECKHX U | HEAOCTATOYHOMH TEOPETHIECKUX U METO/I0JIOTHEH BIazeeT
9KCTIEPUMEHTAb | CTENCHH BIIA/ICET 9KCTIEPUMEHTAIIBHBIX TEOPETHIECKUX U METO/I0JI0THeH
HBIX METOI0JI0THEi UCCIIeZIOBaHUi B 00JIaCTH | 3KCIIEPUMEHTAIBHBIX TEOPETHYECKUX U
UCCJIEJOBAaHUN B | TEOPETHYECKUX U npodeccuoHaTbHOM UCCIIeZIOBaHUI B IKCTIEPUMEHTATBLHBIX
obnactu 9KCIIEPUMEHTAIBHBIX | JIEATEIbHOCTH B HEMOJIHOM | 00JIacTH HCCJIeJOBAaHUH B
npodeccHoHallb | UCCIIEOBaHUH B o0beMe, JI0MyCKalTCs npodeccuoHabHOM obnactu
HOI obnactu 3HAYUTEIbHbIE OIINOKH, JIESITEIBHOCTH, HaBBIKU podeccHoHAIBHOI
JIeSITEIbHOCTH npodeCcCHOHANBHON | MPOSIBISETCS OCBOEHBI, HO JIeSITENIbHOCTH,
JeATeTbHOCTH HEJIOCTaTOYHOCTh JIOIYCKarOTCs cBOOOHO
BJIAJICHUS HAaBBIKAMH TI0 HE3HAYHUTEIIbHbIC MIPUMEHSET

psily noKasareJieH,
OO0yJatommiics
HCIIBITHIBAET
3HAYUTENIbHBIE
3aTPYAHCHUSI IPH
NPUMCHEHUH HABBIKOB B
HOBBIX CHTYyaIlUsiX.

OIIMOKH, HETOYHOCTH,
3aTpyAHEHUs IIpU
AHATUTHYECKUX
olepanusx, nepeHoce
YMEHUI Ha HOBBIE,
HECTaH/IapTHBIE
CUTyaluu.

MOy YCHHBIC HABBIKA
B CUTYyaIHsIX
MOBBIIIEHHOMN
CJIOKHOCTH.

IIK-2 - cnmoco0HOCTL BBINOJHATH HAyYHbIE MCCJIENOBAHMS B HAYYHO-HCCIEA0BATEbCKHX
OPraHM3aUMSAX U YYPeKIAeHUIX BbICIIEro 00pa3oBaHus TeIIOIHEPreTH4ecKoro npoguias




3HATB: OOyuaromuiicst | OOyuaromuiics OOyuaromuiics OOyuaromuiics
METO/IbI BHIIIOJIHEHUSI | JIEMOHCTPUPYET | JEMOHCTPHPYET HEMOJIHOE | AEMOHCTPHPYET JEMOHCTPHPYET
HaY4HBIX TIOJIHOE COOTBETCTBHE CIIEIYIONINX | YaCTUYHOE MIOJIHOE COOTBETCTBHE
HCCIIEJOBaHNH B OTCYTCTBUE WM | 3HAHWH: METOJBI COOTBETCTBHE CJICYFOLTNX 3HAHWH:
Hay4HO- HEJIOCTATOYHOE | BBINOJIHEHUS HAYYHBIX CJICYOIINX 3HAHWHA: METO/IbI BBITIOTHEHHS
HCCIIE0BATEIbCKUX COOTBETCTBHE HCCIIEOBAaHUN B HAYYHO- | METOJBI BBHITIOJIHEHUS HaY9IHBIX
OpTaHM3AISIX U CIIEAYFOLITNX HCCIIEI0BATEIbCKUX HaY9HBIX HCCIICIOBAaHHH B
YUPEXKICHUAX 3HAHMI: METOABI | OPTAaHHM3AIMAX U HCCIICIOBAaHHH B Hay4HO-
BBICIIIETO BBIITOJTHEHHSA YUPEKICHUAX BBICIIETO Hay4HO- HCCIIEI0BATEIbCKUX
o0pazoBaHus HaY4HBIX o0pa3zoBaHus HCCIIeI0BATEIbCKUX OpraHM3alyix U
TEIUIOPHEPIeTUUECKOT | MCCIIEIOBAaHUN B | TEIJIOIHEPIETHYECKOTO OpraHM3alusix U YUPEKICHUSIX
o npoduIs Hay4HO- npoduis. JlomyckaroTes YUPEKICHUSIX BBICIIETO | BBICIIETO
HCCIIEI0BATEIbC | 3HAUUTEJIbHBIC OLINOKH, o0pazoBaHus o0pazoBaHus
KHX TIPOSIBIISIETCS TEIJIODHEPTeTHYECKOTO | TEIUIOIHEPTETHIECKO
OpraHM3alysiX U | HeOCTaTOYHOCTh 3HAHUH, | mpoduis, HO r0 npoduIIs,
YUPEXKICHUAX TI0 PSAAY MOKa3aTeneH, JOIYCKarOTCS CBOOO/IHO OTIEpUpyeT
BBICIIIETO oOyyarormuiics HE3HAYUTEIIbHbIC MIPUOOPETEHHBIMU
o0OpazoBaHus HCTIBITBIBACT OIIMOKH, HETOYHOCTH, 3HAHHUAMH.
TETUIOPHEPTeTHY | 3HAYNUTEIIbHbIC 3aTpyIHEHUS IpU
€cKoTo npouins | 3aTpyaHEHHS NPH AQHATUTHYECKUX
OIIEpPUPOBAHUY 3HAHUSMU | OIEpaLUsX.
IIPU MX MIepeHoce Ha
HOBBIE CUTYAIHH.
yMeTh: Obygatomuiicss | OOygarommics OOby4atormmiics OO6yJatommiics
BBINIOJHATH HAYYHBIE | HE yMEET WM B | JEMOHCTPHPYET HETOIHOE | AEMOHCTPHPYET JEMOHCTPHPYET
HCCIIEJOBAaHMS B HEJIOCTATOYHOH | COOTBETCTBHE CIECAYIOUINX | YaCTUYHOE TIOJTHOE COOTBETCTBHE
Hay4HO- CTETICHN YMEET | yMEHMH: BBINOIHATH COOTBETCTBHE CJICTYFOIINX YMEHHH!
HCCIIeI0BATEIbCKUX BBITIOJTHATH Hay4HBIE HCCIICIOBAHUSI B | CIICIYIOUIMX YMEHHM: BBITIOJIHAThH HAY4YHBIE
OpraHHU3alUsIX U Hay4HbIE Hay4HO- BBITIOJIHATH HAY4YHBIE UCCIIEeZIOBaHUS B
YUPEKICHUSIX HCCJIEIOBAHMS B | HCCIIEIOBATEIbCKUX UCCIICZIOBAHUS B Hay4HO-
BBICIIIETO Hay4HO- OpraHM3aIusiX U Hay4YHO- UCCIIeIOBATEIbCKUX
o0pa30BaHUs HCCIIEIOBATENbC | YUPEXKICHUSX BBICIIETO UCCIIEIOBATEIBCKUX OpraHM3alysix u
TEIJIOPHEPTeTUUECKOT | KHX o0pazoBaHus OpraHM3alusiX U YUPEKICHUSIX
0 npoduIs OpPraHM3alsIX U | TEIJIO3HEPTeTHIECKOTO YUPEXKICHUSAX BBICIIETO | BBICIIETO
YUPEKICHUAX npoduirs. JlomyckatoTes o0pa3zoBaHus o0pazoBaHus
BBICIIIETO 3HAYUTEIbHBIC OIINOKH, TETJIOHEPTeTHYECKOTO | TEIUIOIHEPTETHIECKO
o0OpazoBaHus TIPOSIBIISIETCS npoduis. YMeHus TO IPOGHIISL.
TEIUIOPHEPTeTHY | HEJAOCTaTOYHOCTh YMEHHH, | OCBOEHBI, HO CBoboaHO onepupyer
€cKoTo nmpoduirs | o psity NMoKazaTeseH, JIOIYCKafOTCs MIPUOOPETEHHBIMU
oOyuatoruiics HE3HAYUTEIIbHbIC YMEHHSIMH,
UCIIBITHIBACT OLIMOKH, HETOYHOCTH, NPUMEHSIET UX B
3HAYUTEJIbHBIE 3aTpyIHEHUs PU CUTYaIHIX
3aTpyIHEHUs PU AQHAIIMTHYECKUX HOBBIIICHHOM
OIIEPUPOBAHUM YMEHHUSIMH | ONEpalusX, epeHoce CJIOYKHOCTH.
IIPU UX MIepeHoce Ha yYMEHHH Ha HOBBIE,
HOBBIE CHTYAIHH. HecTaHJapTHbIE
CHUTYaI}H.
BJIaJIeTh: OO6yuatomruiics | OOydYarONIMIACS BIAACET OO6yuarommiics OO6yuaronuiics B
CHOCOOHOCTBIO HE BJIaJCeT WIK | CHOCOOHOCTHIO BBINIOJHATH | YACTUYHO BIIAJCET HOJIHOM 00BbeMe
BBINIOJIHATH HAYYHBIE | B Hay4HBIE HCCIIEIOBAHKS B | CIIOCOOHOCTBIO BIIaJieeT
HCCIIeJOBaHUS B HEJIOCTaTOYHOH | Hay4HO- BBINOJIHSAThH HAYYHBIE CIOCOOHOCTBIO
Hay4HO- CTETICHN HCCIIeI0BATEIbCKUX HCCIIEIOBAHMS B BBINOJIHATH HAY4YHBIE
HCCIeI0BATEIbCKIX BJajieeT OpraHM3alysiX U Hay4HO- HCCIIEIOBAaHUS B
OpraHHU3aMsIX U CHOCOOHOCTBIO | YUPEXKICHUSIX BBICIIETO HCCIIeI0BATEIbCKUX Hay4HO-
YUPEXKICHUAX BBITIOJHATH o0pa3oBaHus OpraHM3alysiX U HCCIIEI0BATEIbCKUX
BBICIIIETO Hay4HBIE TEMJIOAHEPTeTHYECKOTO YUPEXKICHUIX BBICIIETO | OpPraHM3alusix U
o0OpazoBaHus HCCIEOBaHMA B | MPOQMIIs B HENOIHOM o0pa3zoBaHus YUPEXICHUIX
TEIJIOPHEPIeTUUECKOT | HAYYHO- o0beMe, JI0MyCKalTCs TEIJIOOHEPTeTUYECKOTO | BBICIIETO
o npodus HCCIICIOBATENbC | 3HAYNUTEIIbHBIC OLTHOKH, PO IS, HABBIKK 00pa3oBaHUA




KHX TIPOSIBIISIETCS OCBOEHBI, HO TEII0YHEPreTHIECKO
OpraHM3alysIX U | HEOCTATOYHOCTh JIOIYCKarOTCs r0 npoduIs,
YUPEKICHUAX BJIaJICHUS HAaBBIKAMH T10 HE3HAYUTEIIbHbIC CBOOO/IHO IPUMEHSIET
BBICILIETO psIy MOKa3aTese, OLINOKH, HETOYHOCTH, MIOJTyYCHHbIE HaBBIKH
o0Opa3oBaHUA OObygatommiics 3aTpyOHEHUS MIPH B CHUTYyalHsIX
TEIIOSHEPreTHY | MCIBITHIBACT AQHATUTUYECKUX MOBBIIICHHOH
€cKoro nmpouiisi | 3HAYUTEIBHBIC olepalusX, epeHoce CIIO)KHOCTH.

3aTPYyAHEHUS IPH YMEHUI Ha HOBEIE,

NPUMCHEHHUH HaBHIKOB B HECTaHIapTHBIC

HOBBIX CUTYyalUsIX. CHUTYaIHH.

[IIxanpl OLIEHUBAHUS PE3YJIHTATOB IPOMEKYTOUYHOM aTTECTALIMKU U UX OMKUCAHUE!

®opMa IPOMEKYTOYHOM ATTECTANUM: IK3AMEH.

[IpoMexyTouHas aTrectanus oOydarommxcsi B ¢opMe dK3aMeHa MPOBOIUTCS IO
pe3yJibTaTaM BBINOJHEHUS BCEX BHUAOB YUeOHON pabOThI, MPEAYCMOTPEHHBIX YUEOHBIM
IUIAaHOM M0 JAHHOW AUCHUIUIMHE (MOAYJIO), MPHU 3TOM YUYHUTHIBAIOTCS PE3YJbTATHI
TEKYIIETO KOHTPOJIS YCIIEBAEMOCTH B TeueHUe cemecTpa. OLeHKa CTENEHN TOCTHKEHUS
oOy4arouMMUCs IJIAHUPYEMBIX pPE3YyJIbTaTOB OOY4YEHUs IO JUCHUIUIMHE (MOJIYIIIO)
MIPOBOJIUTCS MPENOAaBATENIEM, BEAYIIUM 3aHITHS MO JTUCUUILIMHE (MOIYJI0) METOJIOM
JKCIIEpTHOW oOIeHKU. [lo wurToram mNpoOMEKyTOYHOW aTTecTalMd MO JAUCHUILUIMHE
(MOJTyJI0) BBICTABIISIETCS] OLICHKA «OTIUYHOY», «XOPOIIO», «YIOBJICTBOPUTEIHHO» WM
«HEYJIOBIIETBOPUTEIIBHO.,

K npomexyTouHO# aTTecTalnu AOMYyCKAKTCs TOJIBKO aCHUPAHTHI, BBHIOJIHUBIIHE
BCE BUJbI YUEOHOM pabOThI, IPEeLyCMOTPEHHbIE pabodell MporpaMMoil 1Mo JIUCHUILUIMHE
«Metoipl TEOPETHYECKOI0 aHalu3a MpoLeccoB C (ha30BBIMU IPEOOpPa30BAHUAMU
TETJIOHOCUTENIS (TIPOIIUTH MPOMEKYTOUHBIM KOHTPOJIb, BBITIOJHUIN BECh 00BEM padoT,
BBICTYNHIIN C JOKJIAJIOM HAa CEMUHAPCKOM 3aHATHH )

[IIxana oueHNBaHUA Onucanue

BoimonHensl Bce BHIBI y4eOHOW paloThl, NpeayCMOTpEHHbIE
y4eOHBIM IUJIAHOM. ACHHpPAaHT JE€MOHCTPUPYET COOTBETCTBHE
3HaHUI, yMEHU, HABBIKOB MPUBEICHHBIM B Ta0IMILIAX TOKa3aTeseH,
onepupyeT NpPUOOPETEHHBIMH 3HAHUSIMHM, YMEHHSMHU, HaBBIKaMH,
IIPUMEHSIET UX B CUTyalUsX IMOBBIIIEHHON cioxHOcTU. [Ipu 3TOM
MOTYT OBITh JONYIIEHbl HE3HAUWUTENIbHBbIE OIIMOKH, HETOYHOCTH,
3aTpyIHEHUS NPU AHAIUTHYECKHUX OIEpalysX, MepeHoce 3HAHUN U
YMEHHH Ha HOBBIE, HECTAHJAPTHBIE CUTYAIINH.

OTIIMYHO

ACIHpaHT MOKa3bIBAET JOCTATOYHBIA YPOBEHb TEOPETHYECKHX H
MPAKTUYECKUX 3HAHWM, CBOOOJHO ONEpUpyeT KaTeropHaabHbIM
Xopomo anmapaToM. YMeEeT aHaJIM3UpOBaTh IPAKTUYECKHE CHUTYallMH, HO
JIOTIYCKAaeT HEKOTOpbIE MOTPEeIHOCTH. OTBET IMOCTPOEH JIOTHUYHO,
MaTepHall U3/1araeTcsi TpaMoTHO.

AcnupaHT MOKa3bIBa€T 3HAHHME OCHOBHOTO ydyeOHOro marepuana. B
OTBETE HE BCErjJa MPUCYTCTBYET JIOTMKAa W3J0KEHUA. ACHUPaHT
WCTIBITBIBAET  3aTPYJHEHHS] TPU TPUBEICHUU TMPAKTHUESCKUX
MIPUMEPOB.

YI[OBJ'ICTBOpI/ITCJ'ILHO
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He Bemonmnen oauH win Oosnee BHIOB Yy4yeOHOW pabOTHI,
MPEIYCMOTPEHHBIX YYEOHBIM IUTAHOM. ACIHUPAHT JIEMOHCTPUPYET
HEIOJIHOE COOTBETCTBHE 3HAHUI, YMEHUH, HABBIKOB IMPUBEICHHBIM B
TaONIMIaX [OKa3aTejei, MOMyCKAIOTCS 3HAYMTEIbHBIC OIIUOKH,
MPOSIBIIACTCA OTCYTCTBHE 3HAHWW, YMEHHWH, HABBIKOB II0 PSay
HOKa33.TeJI€I>'I, aCHI/IpaHT HUCIIBITHIBACT 3HAYUTCIIBHBLIC Sany,[[HeHI/ISI
IPH ONEPUPOBAHUU 3HAHHSAMH M YMCHHSIMH IIPH HMX IEpEHOCE Ha
HOBBIC CI/ITyaLII/II/I.

HeynosnersopurenbHo

@OHIbI OIICHOYHBIX CPEJICTB TPEJCTABICHbl B MPUIOXKEHUSIX K pabouei
porpaMme.

7. YueOHO-MeTOANYeCKOe U HHPOPMAIIMOHHOE 0OecreuyeHne JUCHUIINHbI

a) OCHOBHAs JMTeparypa:

1. O6mas sHepretuka: yueoHoe nocobue / B.B. Illanomnukos, E.B. KouapsH,
H.I'. Aunpeiiko [u ap.]. — Kpacnonap: Kyol' TV, 2020. — 287 ¢. — ISBN 978-5-8333-
0955-1. — TekcT: >neKkTpoHHbIN / JlaHb: 31EKTPOHHO-OMOIMOTEUHAs CUCTEMa. —
URL: https://e.lanbook.com/book/167042.

2. ITonukapos, A. C. MHOTOKOMIIOHEHTHBIN MacCOINEPEHOC B CUCTEMaX ra3 (map) —
xuaKocTh: MoHorpadus / A.C. [Tonukapos, . 1. TenskoB. — Kazans: KHUTY, 2019.
— 128 c. — ISBN 978-5-7882-2575-3. — TekcT : 31eKTpOHHbIH // JIaHb: JIEKTPOHHO-
oubnuoteunas cucrema. — URL: https://e.lanbook.com/book/166180.

3. MouceeB b.B. IlpombllieHHas TEIIOdHEPreTUKa [DIEKTPOHHBIM pecypc]:
yue0. / b.B. Moucees, FO./l. 3emenkoB, C.FO. TopomnoB. — DIeKTpoH. naH. —
Tromenn: TroMI HI'Y, 2014. — 236 c.

4. Tennosnepretuka u temnorexHuka: CnpaBounas cepus: B 4 ku. Ku. 4.
[IpompblliUIeHHAs TEMJIOIHEPreTUKA M TEIUIOTEXHUKA: CIPABOYHUK [DJIEKTPOHHBIN
pecypc]: cnpaB. — OnektpoH. gaH. — MockBa: Uznarensckuii jom MOU, 2007. —
632 c.

5. JlaGynmoB JI.A., Mexanuka qByx¢a3HbIX CUCTEM [ DIEKTPOHHBIN pecypc]: yueo.
nocoobue / Jlabynuos JI.A., SIroB B.B. — DnekTtpoH. nan. — MockBa: N3naTenbckuii
nom MOU, 2016. — 384 c.

0) 1OMOJIHMTEIbHAS JIUTEepaTypa:

1. MakeeBa, E.H. lnTencuBHbIE TemI000MEHHBIE TTOBEPXHOCTH JIJIsI HCTIapUTEIIeH
XOJIOMUIIBHBIX ¥ TEIUIOHACOCHBIX YCTAHOBOK HA CMECEBBIX 030HO0E30MaCHBIX
ruapodropyrineponax / E. H. MakeeBa, O. A. Kubimm // Bectnuk I'omenbckoro
rocyJ1IapCTBEHHOTO TexHuueckoro yHuBepcurera uMenu 11.0. Cyxoro. — 2019. — Ne
3. — C. 71-76. — ISSN 1819-5245. — TexkcT : 3neKTpoHHbIH // JIaHb : 3JEKTPOHHO-
oubmmoreunas cuctema. — URL: https://e.lanbook.com/journal/issue/313252.

2. CemenoB b.A. NHKEHEPHBIN 3KCIIEPUMEHT B IPOMBIIIJIEHHON TEIJIOTEXHUKE,
TEIUIOPHEPTETUKE M TEIUIOTEXHOJIOTUSAX [DJIEKTPOHHBIM pecypc]: yuel. mocodbue —
OnektpoH. naH. — Cankrt-IlerepOypr: Jlans, 2013. — 384 c.

3. SIroB B.B. TennooOMeH B 0aHO(}A3HBIX cpefax U MpH (Ha3oBbIX MPEBPALICHUSX:
y4eOHOoe 1mocobue sl BY30B [DJIEKTPOHHBIM pecypc]: yued. mocodue — DIEKTPOH.
naH. — Mocka: U3garensckuii njom MOU, 2014. — 542 c.
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4. T'puropbeB b.A., TennomaccooOMeH: Y4eOHHMK ISl BY30B [DJIEKTPOHHBIN
pecypc]: yueb. / I'puropneB b.A., IlBetkoB @.®.. — DnexTtpoH. maH. — Mockaa:
Wznarensckuii nom MOU, 2011. — 562 c.

5. TeniooOMeH B SIEPHBIX SHEPTETUUYECKUX YCTAHOBKAX: COOPHUK 3a7a4: yueOHoe
nmocoOue I By30B [DIIEKTpOHHBIN pecypc|: yued. mocobue / B.B. Apxumnos [u ap.]. —
OnekTpoH. n1aH. — Mocksa: HUAY MU®U, 2010. — 128 c.

6. ApxunoB B.A. ®u3nko-xuMHUUEeCKHEe OCHOBBI MPOIECCOB TEIJIOMAacCOOOMEHa:
ydueOHOe mocobue [DIeKTpoHHBIH pecypc]|: y4ued. mocoOue — DNEeKTPOH. JaH. —
Tomck: TITY, 2015. — 199 c.

7. UBnue A.Jl. ®usuka [DneKTpoHHBIN pecypc]: yued. nmocodue — DIEKTPOH.
nan. — Caunkr-IletepOypr: Jlans, 2009. — 672 c.

B) IPOrpaMMHOe o0ecrnevyeHne 1 MHTEPHET-PeCypPChl:

[IporpammHoe obecriedeHue He MperyCMOTPEHO.

BapuaHTBl KOHTPOJIBHBIX 3aJaHW 10 JUCIUIUIMHE TPEACTABICHBI Ha CalTax:
http://1-exam.ru.

[Tone3npie yueOHO-METOANYECKUE U MH(OPMAIIMOHHBIE MAaTEepUaIbl IPEACTABICHBI
Ha calTax:

https://e.lanbook.com/journal/2560

https://e.lanbook.com/journal/2416

DnekTpoHHas oubimoreka — https://online.mospolytech.ru/course/view.php?d=7621

ObC «YHuBepcuteTckas oubnmnoreka onnaitH» — https://biblioclub.ru

ObC «Jlanb» — https://e.lanbook.com

OBbC «Znanium.comy — https://new.znanium.com

Oo6pazoBatenbHas miargopma FOpaiit — https://urait.ru

HammonanpHas snexkrponHas oubianoreka — https://rusneb.ru

Ha xommbroTepax (kadenpbl, KOMIBIOTEPHBIE KJIacchl) — IO MPSAMOU
cceuike http://172.16.3.18:8080/docs/ cnpaBounas cuctema «Texskcnept» (AO
«Koaexc»)

8. MarepuajibHO-TeXHHUYECKOE O0ecnedeHue TUCIMILIMHBI

Cnennanu3upoBanHas ydeOHas Jsaboparopusi kadenpsl  «IIpomblnieHHas
terodHepreTrka» Ayn. AB2406, ocHaiieHHas 1a00paTOPHBIMU yCTAHOBKAMMU:

- «Omnpenenenre KO3(pGUIUEHTa TEMIEPATYPONPOBOJAHOCTH CTald METOJIOM
PETYISPHOTO PEKUMAY;

- «Omnpeznenenue kodpdULKEHTa TEIUIONepeNaud MNpU BBIHYKJIEHHOM TEUEHUU
KUJKOCTU B TpyOe (TpyOa B TpyOe)»;

- «Onpegenenne kod3ppuiuenHTa Teronepeaaduu MeToA0M PETYIISIPHOTO PEKIMAY;

- «Omnpenenenrne kod(pduiMeHTa TEMJIOOTAAYM TMPHU IMY3bIPHKOBOM KHUIIEHUH
KUAKOCTH HA LIMJIUHIPE);

- «Onpenenenne kod(hduiMeHTa TEMIONPOBOJIHOCTH TBEPABIX TEI METOJIOM
HUJIMHAPUYECKOTO CIIOS.

Mynbrumenuitnass ayautopusi kadeapbl «llpombllieHHas TEMIOAHEPTETUKA»
Ayn. AB2415, ocHanieHHas OprTeXHUKON U MyJabTUMeua cpeactBamu (rmpoekrop, [TK
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http://i-exam.ru/
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http://172.16.3.18:8080/docs/

u 7ap.), a Ttake aymautopuu koprnyca YPBAH.TEXHOI'PAJl WuHoBaimoHHO-
oOpa3oBarenbHOTO KOMILIeKce «TexHorpam», KOTOPBIA PaCIOJIOKEH Ha TEPPUTOPUHU
BJIHX.

9. MeToauueckue PEKOMEHIANUMN IJIA IIPpEnoaaBaTe s

[IpenonaBanue muCHUAIUIMHBI «METOABI TEOPETUYECKOIO aHAIN3a IPOLECCOB C
($ha30BEIMH TIPEOOPA3OBAHUSAMH TEIUIOHOCUTENIS» HMEET CBOEH IIebl0 O3HAKOMHUTH
aCIIMPaHTOB C JIOCTIDKCHUSIMH B 00JIaCTH (PyHIaMEHTAJbHBIX OCHOB TEII0(MU3UKH,
METOJaMH TEOPETHUUECKOTO aHajdu3a TNPoIecCOoB ¢ (a30BBIMH IMPeoOpa30OBaAHUIMU
TETJIOHOCUTEISA, IPUBUTH UM MPAKTUYECKUE HABBIKA UCIIOJIB30BAHUS ATUX 3HAHUIM.

[IpenomaBanve AUCHMILUIMHBI ocymiecTBisieTcss B cooTBeTcTBUU ¢ PI'OC BO.

Llenvto METOAWMYECKUX PEKOMEHAAIMN SBJISIETCS TMOBBIIEHUE 3(P(EKTUBHOCTH
TEOPETUYECKUX U MPAKTUYECKUX 3aHSATUN BCIEJCTBHE 00Jiee YETKOW MX OpraHU3aluu
npenojaBaresieM, CO3/IaHMs 1IEJIEBbIX YCTAHOBOK IO KaXKJIO0H Teme, CHUCTEeMaTHU3alluu
Marepuajia Mo KypCy, B3aWMMOCBA3M TEM Kypca, I[IOJHOTO MAaTepUaJbHOIO U
METOJIUYECKOro o0ecredeHus 00pa3oBaTeIbLHOIO Mpolecca.

Cpeocmea obecneueHus 0C80EHUSL OUCYUNTIUHDBL

[Ipy wu3ydeHUHM AUCHUIUIMHBI PEKOMEHAYETCS HCMOJb30BaTh  CIEAYIOIIUE
CpeACTBa:

— PEKOMEHAYEMYIO OCHOBHYIO U JIOMIOJIHUTEIBbHYIO JIUTEPATYPY;

— METOJIMYECKHE YKa3aHUsI ¥ TIOCOOUS;

— KOHTPOJIbHBIC 3aJIaHUS TSl 3aKPETUICHUS TEOPETHUECKOTO MaTepurala;

— JJIEKTPOHHBIC BepcuM (QeaepalbHbIX 3aKOHOB, YYCOHHMKOB M METOJMYECKUX
yKa3aHUM JUIS  BBIMOJHEHMS TMPAKTHYSCKHX PAObOT M  CaMOCTOSITEILHONH palOOThI
acCIMUPaHTOB.

Memoouueckue pexomeHOayuu no op2aru3ayuy U3y4eHus OUCYUNIUHbl

Jns MakCUMaJbHOTO YCBOGHHUSI JUCHMIUIMHBI PEKOMEHAYETCS U3JI0KEHUE
JIEKITMOHHOTO MaTepuasia ¢ 3JIEMEHTaMH OOCYKIEHUS.

B xauecTBe METOAMKY MPOBEICHUS PAKTUUECKUX 3aHITUH MOKHO MPEIIOKHUTh:

1. CemuHap — 00CyXJ€HUE CYIIECTBYIOIIMX TOUYEK 3pEHUs Ha MPoOJIeMy U IyTH €€
pelieHus.

2. TemaTuueckue AOKIaAbl, MO3BOJISIONIME BbIPAOATHIBATH HABBIKUA IMYyOJIMYHBIX
BBICTYIUICHUU.

Jnd  MakCUMaJIbHOTO YCBOEHMS JUCHMIUIMHBI PEKOMEHIYETCS IPOBEICHUE
MUCBMEHHOTO OMpoca (TECTUPOBAHUE) ACHUPAHTOB IO MaTepuajgaM JIUCIUILIUHBI.
ITonGopka BOMPOCOB ISl TECTUPOBAHHUS OCYIIECTBISETCS Ha OCHOBE H3YYEHHOTO
TEOPETUYECKOT0 MaTepuaa.

JIIsi OCBOEHHSI HABBIKOB IIOMCKOBOM M MCCIEIOBATEIbCKON JE€ATCIbHOCTH
aCMMpaHT MHIIET KOHTPOJbHYIO paboTy uiu pedepar mo BbIOpaHHOU (CBOOOIHON)
TEME.

Jlexyuu MpOBOJATCSI B OCHOBHOM TOCPEJICTBOM METOJIa YCTHOTO H3JIOKEHHS C
AJIEMEHTaMH IPOOJEMHOI0 MOIX0/1a U OeCeIbl.

CemuHnapckue  3aHAmus MOTYT ~ UMEThb  pa3Hble  QopMbl  (pabota ¢
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UCCIIEI0OBATEIbCKON JINTEPAaTypOy, AaHAIW3 JaHHbIX HOPMATHUBHOM M CIPAaBOYHOU
JUTEepaTyphl, CIylIaHWE JOKJIaJ0oB U Jp.), BblOMpaemble MpenojaBaTeieM B
3aBUCHMOCTH OT HHTEPECOB ACIUPAHTOB U KOHKPETHOM TEMBI.

Camocmosamenvuas paboma aCUMPAaHTOB BKIIOYAeT B  €e0S  DIIEMEHTHI
pedepupoBaHusi M KOHCIEKTUPOBAHUSA HAYyYHO-MCCIEAOBATEIbCKOW JIUTEPATYPHI,
MIOATOTOBKY M HAMCAHUS HAYYHBIX TEKCTOB, OTPAOOTKY HAaBBIKOB YCTHBIX IyOJUYHBIX
BBICTYILJICHUM.

[IpoBepka kadyecTBa YCBOCHHUs 3HAHHMM B TEYEHHE CEMECTpPA OCYLIECTBIISIETCS B
YCTHOI Qopme, MyTeM o0OCyXIeHus NpoOJieM, BBIBOJUMBIX Ha CEMUHApax M
NUCbMEHHOM, ITyTEM BBIIIOJIHEHUS aCHUpPAaHTAaMHU Pa3HbIX MO (GOpME U COJEPIKAHUIO
paboT U 3aJaHUM, CBA3AHHBIX C MIPAKTUYECKMM OCBOEHHMEM COJAEPIKAHUS TUCLUIUINHBI.
AcnupaHThl IEMOHCTPUPYIOT B XOJ€ MPOBEPKH YMEHUE aHAIU3UPOBATh 3HAYUMOCTDH U
BBISIBJISITH CIIELU(PUKY pa3IMUHbIX MPOOJIEM U TEM B paMKax M3ydaeMON JUCLMILIMHBI U
€€ KOMIIOHEHTOB, 3HAHHME HAy4YHON M y4eOHO-METOAMYECKON nureparypbl. Tekymias
IIPOBEPKA 3HAHUM M YMEHHM ACIMPAHTOB TAKKE OCYLIECTBIICTCS YEPE3 MPOBEICHHE
psla TMPOMEXKYTOUHBIX TeCTHpOBaHMM. lToroBas arrecramus 1O JUCHUIUIMHE
IIPEANOIAraeT 3K3aMEeH, Ha KOTOPBIX IPOBEPSETCSA YCBOCHHE MAaTEpHUalla, YCBOCHUE
0a30BbIX MOHATUYN AUCLUILIAHBI.

[Iporpamma coctaBieHa B COOTBETCTBUU C DenepalibHbIM T'OCYIapCTBEHHBIM
o0pa3oBaTeNbHBIM CTaHJIAPTOM BBICHIETO OOpa30BaHUS IO HAMPABICHUIO MOJITOTOBKHU
13.06.01 «Dnektpo- u  TemwnoTexHuka» W npoduno  «IIpombinuieHHas
TEIUIOAHEPTETUKAY.

ABTOp

HoteHT kadenpsl «IIpomMblluieHHAs TEMIIOIHEPTETUKA»
1.T.H., mpodeccop C.J. Kopueen

[Iporpamma oOcy:xaeHa Ha 3acenanuu kadeapsl «IIpoMblieHHas TEMI0IHEPTeTHKA.
IIpoToxon ot 31.08.2020 r. Ne 1.

3aBenyrommii kadeapoit «IIpoMbllieHHas TEMII0IHEPTETHKA

K.T.H., JIOLICHT JLLA. Mapromux

PykoBogurens OOIT C.A. KopHuees
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[Ipunoxenue 1
CTpykTypa u cofep:kaHHue IUCHUILINHBI «MeToIbl TEOPETHYECKOT0 AHAJIN3A NMPOo1ecCoB ¢ (Ga30BbLIMHU
npeodOpa3oBaHNIMHU TENJIOHOCUTEISD> M0 HANPaBJeHUuI0 NoAroToBKH 13.06.01 «y1eKTPo- U TENJIOTEXHUKA»

Pazgen

Cemectp

HC}ICJ’IH CEMECTpa

Bunst yueOHOI paboTHI,

BKJIO4ast CaMOCTOSATCIIbHYTO

paboTy CTyE€HTOB, U
TPYAOEMKOCTE B Yacax

Bunpl camocTosTeIbHOM
paboThI CTyIEHTOB

Dopm
BI
aTTecT
aluu

I/
C

JIab

CPC

T QA

K. | K Pede | K/
P. | IL par p

YeTBepThI CEMECTP

Tema
1-2

Ipumepsbl ¢usnyeckux 3agad, TpeOyIIMX NPUMEHEHMs MeETOJ0B pacyera,
¢pusuyeckoro, MATEMATHYECKOr0 M  KOMIBIOTEPHOTO  MOJAEJIMPOBAHUS,
IKCINEPUMEHTAIBHOIO0 HCCIe0BAHMA IPOLECCOB Temao- M Maco0OMeHa B
annmaparax, YCTAHOBKAaX M CHCTeMaX NPOMBIIJICHHONW TeMI09HEePreTHKH M
TeXHOJOruM mnpH ¢(a3oBbIX M XHMHYECKHX NpeBpalleHUsX 00padaThiBaeMbIX
BelleCTB, MAaTEPUAJIOB U TeIIOHOcHTeJeid. JlocTu:keHust B 3TOii 00JacTH HAYKH U
TeXHUKH 32 MocCJeJHHe ABAANATE JeT. Hepemennbie npodJieMsl.

YciaoBusi BO3HMKHOBeHMS KoOHJeHcanuu napa. IlieHounas u kaneabHast
koHaeHcauus. Kodpdunuent kongencaumu. Tepmuyeckoe CONPOTHUBJIEHHUE
(¢azoBoro nepexona.

Teopernueckuii pacyerT Temjoo0OMeHa NPHM KOHAEHCALUM TMPAKTHYECKHU
HEMOABMIKHOIO mapa (JaMMHapHOe MW TypOyJIleHTHOe TedYeHHMe KOHAeHCaTa);
CpaBHEHME € ONBITHLIMH JaHHBLIMH M pacyeTHble peKoMeHIanuu. BiausiHue Ha
TemnooTAayy ckopoctu napa. Konnencanusi mapa BHYTpu Tpyo. KoHaeHcanus
napa Ha rOpU30HTATBHBIX TPy0ax M my4ykax Tpyo.

TemooTnaya npM KanejbHOl KoHIeHcanuu napa. OcHOBHbIe NMpPeACTABJIEHUS O
MexaHHu3Me Ipolecca, pacueTHble ypaBHeHUs. Biausinue neperpesa, 1 BJIaKHOCTH
napa Ha kodppuuueHT TemooTAa4Yu. OCOOEHHOCTH TeMJI00TAAYH TNPHU
KOH/ICHCAIIUM NTAPOB METAJLIOB.

17

Pacuem senuqunvl niomnocmu menio8oco nomoka npu U3SMEeHeHUU opueHmayuu
MeniomMaccooOMenHol nosepxHocmu 6 npocmpaicmee

Tema

YciaoBusi BO3HMKHOBeHHsl KumeHus. IleperpeB KMIKOCTH M HaJlM4ue LEHTPOB
napoo0pa3oBaHusl KaK yCJOBHS BO3HUKHOBeHHsI napoBoii ¢assl. Poct, oTpBIB M
ABHkeHHe my3bipeil mapa. Temioo0MeH NpH Ny3bIPbKOBOM KHICHHH MEKAY
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CTEHKON M KMAKo#l ¢a3oil, Mexkny »kMAKOH M napopoil ¢aszamu. MexaHusm
KHMIIEHMS KUAKOCcTel. Binsinue cBOCTB NOBEPXHOCTH M JaBJieHHs cucTreMbl. Poct
NapoBbIX Ny3bIpeili B 00/1aCTH BBICOKMX M HH3KUX JaBjeHHii. Oco0eHHOCTH
KHIIEHHUS KUJAKHX MeTAJVIOB U KPHOTEeHHBIX KUAKOCTeil. 1-i KpH3uc TeIIooTAa4u.
Hernapoaunammudeckue acnekTbl Kpusuca. IIpegeibHble OHEHKM 1O (up B
xaHajuax. Ilpm-popa 2-ro kpmsuca kuneHus. TemjooTnadya mnpu MNJIEHOYHOM
KHIICHUH.

AHalu3 cnenuAIbHBIX YCJIOBHH COBMECTHOCTH /ISl NMepeHoca 4Yepe3 rpaHuuy B
OJJHOKOMIIOHEHTHBIX cucTemMax. OueHka BJIMSHMSA HepPaBHOBeCHbIX JI(PdeKToB.
KBa3upaBHoBecHasi cxema. 3aBHCHMOCTh Ko3(puumeHTa TemI00TAAYM H
IJIOTHOCTH TeIUIOBOIO TMMOTOKAa OT TeMNepaTypHOro Hamopa, [IaBJeHMS,
(puznyeckux cBOCTB KMIAKOCTH, COCTOSIHUS MOBEPXHOCTH U APYIrUX (PakTOpoB TPU
KHMIIEHHU B 00JbIIOM 00beMe ISl NMy3bIPbKOBOro KumeHusi. IlJieHOYHBbIN pe:kuMm.
Ileppasi u BTOpasi KpUTHYeCKHe ILIOTHOCTH TeluioBoro moroka. «Kpusucbn»
BTOPOI0 poja.

CTpykTypa M peXuMbl Te4eHHs NPH KHIeHHIl BHYTpH Tpy0. MaccoBoe u
00beMHOe pacxoaHble mnapocoaepxkaHusa. CxopocTh wmupkyasauuu. Pasputne
npouecca no JJInHe TPyObI.

MeTton 00001IeHUS ONBITHBIX JAHHBIX MO TeNMJI000MeHY NpPH MNY3LIPEKOBOM
KHUIIEHUHU B 00JIb1IOM 00beMe U B TpyOax. O0001eHHbIe U YACTHbIE IMIIMPUYECKHE
3aBHCHMMOCTH 1JIs1 KO3(P(PUUHEHTOB TeIIOOTAAYH.

Tensi000MeH npu TypOyJIeHTHOM peKUMe IUIEHOYHOI0 KHMIIEHUS KUJAKOCTH.
3aBucUMOCTb NeEPBOH M BTOPOH KPUTHYECKHUX IUIOTHOCTeH TemJOBOI0 MOTOKA OT
pa3anuHbIX GakTopoB. Oco0eHHOCTH TenJ1000MeHa NPH KUIEeHUH KUAKUX MeTaJl-
JIOB.

Pacuem pexmugpuxayuonnoii ycmanosxu
Pacyem mennoobmennoii ycmanosxu ¢ (hazosvimu npeodpaz0e8aHusMU menioHOCUmes.

Tema

OcHOBHBIE MOJIOKEHHUS TeIJI0- H MaccoO00MeHa B OMHAPHBIX MapOra3oBbIX cMecsX.
3aKkoHBI MOJIEKYJSIDHOrO TmepeHoca Macchbl. KOHBEKTHBHBIH MaccooOMeH.
MoanekyasipHast 1 mMoJusipHasi 1ud@y3uss U UX cBA3b C APYruMH GuU3NYeCKUMH
npoueccamu  neperoca. KoHuenrpaumonnas maudpdysusa. 3axkon Puxa.
Ko3dpdpuumentsr  MogekynsipHoii auddysun. Tepmo- u Oapoauddysus.
TepmoanddysuonHoe or-HoumieHne U kodpduuueHt tepmoandysuun. Tepmo- u
0apoaud¢ysusa. KonBexkTuBHblii MaccooOMeH. Maccootrnaua. KosrgdpuumeHTsl
Maccootaauyn. CrepaHOB NOTOK NPH MOJYNPOHHIIAEMOII NMOBEPXHOCTH pa3jelia
has.

JAuddepenunanbuble ypaBHeHHSI COBMECTHOIO TeIio- M Maccoo0MeHa B
OnmHapHBIX Mapora3oBbix cMecsix. Kpaessble ycnosusi. CrepaHoB NOTOK. AHAIOTUS
NMPOIECCOB TEIJIO- M Maccoo0MeHa B maporasoBbIx cMmecsix. TpoiiHasi aHasorus.
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YcnoBus BbINOJHEHUS AHAJOTHH U ee IPAKTHYECKOe HCI0JIb30BaHHe.
JAuddy3noHHblii NOrpaHMYHBIH  CJIOH, pe3yJbTaTbl ero pacuyera. Pacuer
K03G(UINEHTOB TemJ0- M MAaCCOOTAAYM IPH HCHAPEeHHH ¢O0 CBOOOAHOI
NMOBEPXHOCTH M M3 MOpPHCTOro Teja. Oco0eHHOCTH HCNapeHMs M3 KaNMJLIAPOB.
Temmo- m Maccoo0MeH IpM HCHAPEHMH KUAKOCTH B Iapora3oBylo cpeay.
YpaBHenus 0ananca Temiorsl W Maccbl. Jud@y3HMoHHBIN NMOrpaHUYHBIN CJIOM.
Temio- 1 Maccoo0MeH NMPHM KOHJCGHCAIMH Mapa M3 MaporasoBoii cMecu. BansHue
NPOHULAEMOCTH MeK(pa3Hol NMOBEPXHOCTH HAa NPOLECChI COBMECTHOIO TEIIO- M
MacconepeHnoca. Ilpoueccol aamadaTu4eckoro U HeaguadaTMYECKOro MCIApPeHUs.
Mertoabl onpenesieHUust KO3(PPUIMEHTOB TeJIO- U MaCCOOTAAYH.

Tenjio- 1 MaccooTAa4a NPU KOHAEGHCAIIMH CMeCH NMapoB W Napa M3 NMapora3oBoii
cmecu. M3MeHeHHe KOHUEHTPaUMii M TeMIepaTyp B Napora3oBoil cMecH.
Pacnpenesnenne NepeHOCHMOro TeIla 1O  OTAEJbHBIM  COCTABJISIOIIMM.
3aBHCHMOCTD HHTCHCHBHOCTH Temn000MeHa oT coiep:kaHus
HEKOH/ICHCHPYIOIIErocsi KOMIIOHEHTa NP PAa3JIMYHBIX YCJOBHAX MPOTEKAHUS
npouecca.

Pacuem ucnapumenwvnoti ycmanosxu
Pacuem xonoencamopa napomypounnoil ycmanosku

Tema
5-6

OcHoBHble mnoHATHA. KpaTkume cBeaeHHuss W3 TepMOXHMHMHM MW XHMHYeCKOi
KHHeTUKH. JlupdepeHnuanbHpie ypaBHeHHsl TeIJIO- W MaccooOMeHa NpH
XHMHYecKHX npeppamenusax. Kpaesble ycioBus. 3aMopokeHHOe W PaBHOBECHOE
TedeHue pearupyromux cpea. IlpeodpasoBannbiii 3akon HbroroHa — Puxmana.
Temno000MeH MekK1y CMeChbI0 pearHpyHINMX BellecTB M NMOBEPXHOCTBIO pasjelia
(pas.

IDHTAIBIMSA ra3a U CMeCH ra3oB ¢ y4eToM 3Heprum odpasoBanus. Kpaesble 3agauu
JAJISl COBMECTHBIX IPOLECCOB TEIJIO- M Ma0COO0OMEHa NPH HAJIMYUH XHMHYECKHX
peaKIuii; YaCTHbIE CIy4ad, HX AHAJIOTHH ¢ PaHee H3YYeHHbIMH NPOIECCAMM.
Oco0eHHOCTH Temn10- U Ma0co00OMeHAa B MCCOMMPOBAHHOM M MOHU3HMPOBAH-HOM
razax. Moaudukanus 3akoHa  Hbrorona—Puxmana. PaBHoBecHble U
HEepaBHOBECHBIE MPOLeCChI.

17 +

Pacuem ucnapumeilbHoco XOJIOOUNIbHUKA

®dopwma aTTecTan

Bcero gyacos mo JAUCHUIUIMHE B YETBEPTOM CEMECTPE

16

84 + +
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[Tpunoxenue 2

MUHUCTEPCTBO OBPA30OBAHUS Y HAYKH POCCUICKOM OEJIEPAIINN
OEJIEPAJIBHOE I'OCYJAPCTBEHHOE BIOJUKETHOE OBPA3OBATEJIBHOE YUPEXK/IEHVE BBICHIEI'O OBPA3SOBAHIA

«MOCKOBCKHI HOJII/ITEXHI/IU‘—IECKI/Iﬁ YHUBEPCUTET»
(MOCKOBCKHMM ITOJIMTEX)

Hanpasnenue noaroroku: 13.06.01 DyekTpo- ¥ TEMIIOTEXHUKA
OII (mpoduie): «IIpombllIIeHHAs: TETTIOIHEPTETUKA
dopma 00yueHus: ouHas

Kadenpa: «[IpoMblnieHHas TEIIOIHEPTETHKA

®OH/J ONEHOYHbBIX CPEACTB
O AMCIUITVIMHE

«MeToabl TEOPETHYECKOI'0 AHAJIU3A MPOLECCOB € (Pa30BLIMH
NpeodPa30BAHNSIMH TEMJIOHOCUTEJISD

MockBa
2020



IHacnopt ¢oHIa O1LIEHOYHBIX CPEICTB

Tadmuma 1
K IPWIOKEHUIO 2

MeTtoabl TCOPETUYCCKOT0 aHaJIHU3a NMPOLUECCOB € (1)330B]:IMI/I Hp606pa30BaHI/IHMH TENJIOHOCUTECJIHA

®I'OC BO 13.06.01 Ds1ekTpo- U TeNJI0TEXHUKA

KOMIIETEHIIUH Ilepeuenn TexHosorust dopma Crenenu ypoBHeil 0CBOEHHUS
MHAEKC, ®OPMYJIUPOBKA KOMIIOHEHTOB ¢dopmupoBanus OLIEHOYHOI'0 KOMIIeTeH Ui
cpe/icTBA
OIIK-1 | BmameHueM METOIO0JIOTHEH 3HATh: Jlexuwsi, pemieHue | DK3aMeH, ba3oBblii ypoBEHb: BiIajeeT
TEOPETUYECKHUX U OCHOBHBIE METO/IBI CUTYallMOHHBIX TECTUPOBaHUE, METOJIOJIOTUEH TEOPETHUUECKUX U
AKCTIEPUMEHTAIIbHBIX TEOPETHUYECKUX U 3aj1ad, perieHne AKCIIEPUMEHTAIIbHBIX UCCIICIOBAaHUN B
HCCJIEIOBaHMM B 00J1aCTH 3KCHEPUMEHTAIBHBIX CPC CUTYallMOHHBIX obnactu npodeccuoHanbHON
npodeCcCHOHAILHON WCCJICIOBAHHI B 00JIaCTH 3aja4 JIEATEIIbHOCTH.
JEeSITEIIbHOCTH npodeccuoHanbHOM [ToBbIlICHHBIN YPOBEHB: BIaICET
NeSATeTbHOCTH METO/0JIOTUEH TEOPETHUECKUX U
yMeTb: AKCIIEPUMEHTAIBHBIX UCCIEA0BAaHUN B

MIPOBOJIMTH TEOPETUICCKHE
U DKCIIEPUMEHTATbHbBIE
HCCIIEAOBAHUS B 00JIaCTH
npodeccuoHaNbHOM
JIEATENILHOCTH

BJIAJIETh:

METOJIOJIOTHEH
TEOPETUYECKHUX U
IKCIIEPUMEHTAITBLHBIX
HCCIIeIOBAaHUI B 001aCTH
npodecCuOHATbHON
JIeITeIIbHOCTH

obsactu mpodecCuoHAIbHON
JESTEIbHOCTH B HECTAHIAPTHBIX
CUTyaluAax € NX NOCICAYOIHUM
aHaIN30M




[K-2

CHOCOOHOCTD BHITIOJIHSTD
HayYHbIC UCCIICIOBAHUS B
HAYYHO-UCCIIEI0BATEIbCKUX
OpraHu3alMAX U YUPEKICHUAX
BBICITIETO OOpa30BaHUs
TEIIOIHEPTeTUIECKOTO
npodus

3HATh:
METO/IbI BHITIOJTHCHUS
HAYYHBIX UCCIICIOBAaHHI B
HAY4YHO-
UCCIIEIOBATEIbCKIX
OpraHu3aIusIX u
YUPEKACHUSAX BBICIIETO
00paszoBaHus
TETUIO3HEPTrETHYECKOTO
npoduIst

yMeTh:

BBINOJIHATH HAYYHBIC
UCCIICIOBAaHHS B HAYYHO-
UCCIIEIOBATEIbCKIX
OpraHu3alusIX u
YUPEIKACHHUSAX BBICIIETO
o0OpazoBaHus
TETUIOIHEPTETHYECKOTO
npoduis

BJIa/IeTh:

CHOCOOHOCTBIO BBITTOJIHATD
HayYYHBIE UCCIICIOBAHMS B
HAy4YHO-
UCCIIEIOBATEIHCKIX
OpTraHu3aIUsIX U
YUPEKACHUSAX BBICIIETO
o0Opa3oBaHUs
TETUIOIHEPTETHYECKOTO
npoduis

Jlexius,
CEMHUHAPCKHE
3aHATUS, PEILICHUE
CUTYaIMOHHBIX
3aj1ad,

CPC

OK3aMeH,
TECTUPOBAHUE,
penieHue
CUTYaIlMOHHBIX
3a/1a4

ba3oBbIil ypoBeHB: CITOCOOEH BBITIOJIHSATH
HAy4YHbIEC UCCIIEIOBAaHUS B HAYYHO-
HCCIJIE0BATEIbCKUX OPTaHU3aLMIX U
YUpEXKJIEHUSAX BBICIIET0 00pa30BaHUS
TEIUIO3HEPTreTUYECKOT0 IPOQHIs B
CTaHJApPTHBIX CUTYyAaIHSIX.
IToBbIlIEHHBIN YPOBEHB: CIOCOOEH
BBITNIOJHATH HAYYHbIE UCCIICI0OBAHUS B
HAy4YHO-HCCIIEI0BATENbCKUX
OpraHU3aIUAX U YUPEKICHUSIX BBICIIETO
00pa30oBaHUs TEIIO3HEPTETUYECKOTO
npoduis B HECTaHJAPTHBIX CUTYALIUAX C
UX MOCJIEYIOIIHUM aHAIU30M




[Tpunoxenue 3

TunoBble KOHTPOJILHBIE 3aJaHUS WIN HHbIE MATEPUAJIbI, HEO0X0AUMbIE IS
OlleHKH 3HAHWI, yMEeHHUI1, HABBIKOB U (WJIH) ONbITA AeATEJIbHOCTH,
XapakTepu3yoIMX 3Tanbl ((OPMUPOBAHNS KOMIIETEHIIHII B Npolecce 0CBOCHHS
o0pa3oBaTe/IbHON NPOrpaMMbl B pAMKaxX y4eOHOH JUCHUNITIMHBI

Ilepeyens npakTHYeCKUX PadOT MO JUCHUILINHE

1. PacdeT BeIMYMHBI TNIOTHOCTH TEIIOBOTO MOTOKA MPYU U3MEHECHUU OPUEHTALUU
TEIMJIOMacCOOOMEHHOM MOBEPXHOCTH B MPOCTPAHCTRE.

2. Pacuer pexTu(UKalMOHHON YCTaHOBKH.

3. Pacuer TemnooOMeHHOM ycTaHOBKM ¢ (ha30BbIMU MpeoOpa3OBaHUSIMU
TETUIOHOCUTEIIS.

4. PacueT ucnapurenbHON YCTAaHOBKH.

5. Pacuet xoHAeHCcaTOpa NapoOTypOUHHOMN YCTaHOBKH.

6. PacueT ncnapuTenbHOTO XOJOAWIbHUKA.

[Tpunoxenue 4

Bonpocsl 411 CAMOKOHTPOJIA

1. KakoBbl OCHOBHBIE MpOIECCHI, IpOTEKarlmue (a3oBbIX U XUMHUECKHUX
MIPEBPAILICHUSIX ?

2. KakoBpl mnpuuyMHBI HMX YacTOr0 IPUMEHEHHsS B  IPOMBILUICHHON
TEIJIO3HEPTETUKE U TEXHOJIOTUU ?

3. KakoBbl 0COOEHHOCTH TEIUIOBBIX 3(P(PEKTOB NpU (Pa30BbIX M XHUMHUYECKHX
IIPEBPAILICHUSX ?

4. YTo Takoe CKOPOCTh XUMUUYECKOUN peaKIui U OCOOEHHOCTH €€ MPOTEKAHUS?

5. Kakue OCHOBHBIE BUJIbI PEXKUMOB PabOTHl TEIIOMACCOOOMEHHBIX alnapaToB
JUTSl peaju3aliy MPoLecCcoB ¢ (Pa30BBIMU M XUMUYECKUMHU MPEBPALIEHUSIMU?

6. KakoBbl mpu4MHbI, 00YCJIOBIUBAIOIIUE PA3IUUYME TEIUIOBBIX MPOLECCOB IPH
pa3IMYHBIX TEMIEpaTypax?

7. Kakme  OCHOBHbIE  BHUABl  PEKUMOB  pabOThl  MPOMBIIIJICHHOTO
TEIJIOMAacCOOOMEHHOTO 000PYIOBaHUS MJIsi OCYIIECTBICHHS (Da30BBIX U XUMHUYECKHX
MIpEeBpaIlCHU?

8. Kak BnusitoT pasnuyHbie (PakTOpbl HA BEIMYUHY CKOPOCTH XUMHUYECKON PEeaKINU
Y UHTEHCUBHOCTB IIPOLIECCOB UCIIAPEHUS U KOHACHC AU ?

9. Yro Takoe TernoBoi 3p(HEeKT XUMUUECKOU peakuun?

10. Kak wm3MeHseTcs BEIWYMHA IUIOTHOCTH TEIJIOBOTO IOTOKAa NPU W3MEHEHUHU
OpHMEHTALIMU TEMJIOMACCOOOMEHHOM MOBEPXHOCTH B MIPOCTPAHCTBE?

11. Kakue craguu mporeccoB 0OpaOOTKM BEHIECTB M MaTepUalioB MOTYT OBITh
JTUMUTUPYIOMIMMHU NMPU (PA30BBIX U XUMHUUECKUX MPEBPALICHUSIX ?

12. OcHoBHBIE NpeAcTaBiICHUS O Pa30BbIX U XUMUYECKUX MPEBPALIECHUSX.

13. OcoGeHHOCTH TEMIOMacCOOOMEHHBIX MPOIECCOB MPHU (PA30BBIX U XUMUUYECKUX
IIPEBPAILLCHHUSIX.

14. ba3zoBas cucrema nuddepeHIalbHbIX YPaBHEHUN TEIJIOMacCONepeHoca npu



(ha30BbIX U XUMUYECKUX MTPEBPALLECHUSIX.

15. TepmoaguHaMUYECKHE OCHOBBI ITPOIIECCOB (PA30BBIX MPEBPAIIICHHIA.

16. I'panuyHble yCIOBUS MPU OMUCAHUHM MPOILECCOB MepeHoca MpHu (a3oBBIX U
XUMHAYECKUX MPEBPALICHUSAX.

17. CBoiicTBa pacTBOpOB, 00pabaThIBa€MbIX BbIIIAPUBAHUEM.

18. KuHeTnka XuMHYECKUX PEAKIIUH.

19. Buapl 1 KOHCTPYKIIMH MEPETOHHBIX PEKTU(PHUKAITMOHHBIX YCTaHOBOK.

20. AKKyMyJATOpbl TEIUIOTBI M XonoAa ¢ (a30BBIMM M XUMHYECKUMHU
[IPEBPALLCHUSAMH.

21. XuMUHYECKHE PEaKTOphl IJsi OCYLIECTBIEHUS IPOLECCOB ¢ (Pa3oBbIMU
U3MCHECHUSMU.

22. Ilponeccsl copdbumu U AecopOLUU NpU NOJYyUYEHUU IPUPOJHOTO raza.

23. CuHTe3-ra3 ¥ BO3MOKHOCTH €TI0 IOJIyYeHUS] U IPUMEHEHUS B IPOMBIIUICHHON
TEIUIODHEPTETUKE.

24. TepaodazHble AKKYMYJISITOPBI TEIJIOTHI U XOJI0/A.

25. CoBpEMEHHBIE TEXHOJIOTUN TPUMEHEHUS AKKYMYJISITOPOB TEIUIOTHI U XOJIOA.

26. BuusHME CTPYKTYpHBIX W TEXHOJOTMYECKHX (PAKTOPOB HAa KUHETUKY
XUMHAYECKUX MPOLIECCOB.

27. Buapl ¥ TUIIBI BBIIAPHBIX AINIAPATOB U YCTAaHOBOK.

[Ipunoxenue 5

Bonpocsl k 3auery

1. Ipumepsl ¢uznueckux 3agad, TPeOYIOIMX MPUMEHEHHsS METOJOB pacuera,
¢buzngeckoro, MaTeMaTUYECKOTrO U KOMIIBFOTEPHOTO MOJEIUPOBAHUS,
AKCIIEPUMEHTAIILHOTO HMCCIIEIOBAHUS TPOIIECCOB TEIUIO- U MacoOMEHa B armmaparax,
YCTaHOBKaXx M CHCTEMaxX TMPOMBIIUICHHON TEIUIOPHEPTETUKU M TEXHOJOTUH MPU
($a30BBIX M XMMHUYECKHUX MpEBpalIeHUsX 00padaThIBa€MbIX BEIIECTB, MAaTEPHAIOB U
TETUIOHOCUTEIIEH.

2. YcnoBusl BO3HUKHOBEHUS KOHJICHCALIUM apa.

3. IIneno4yHas u KanenbHasi KOHICHCALIUS.

4. KoadduimeHT KoHACHCAIUH.

5. TepMuueckoe conpoTuiieHUE (HAa30BOTO MEPEXO/Ia.

6. Teopermueckuit pacueT TermaooOMeHAa TMPU KOHACHCAIIMM MPAKTUYECKH
HETOABMKHOTO Mapa (JIJaMHUHapHOE U TypOyJICHTHOE TEUCHHE KOHJICHCATa); CPAaBHEHHUE C
OTBITHBIMH TAHHBIMHU U PACUETHBIE PEKOMEHJAIUU.

7. BnusgHue Ha TEMI00TAA4YY CKOPOCTH I1apa.

8. Konaencarus mapa BHyTpHU TpyO.

9. Konnencanus mapa Ha TOPU30HTAIBHBIX TPyOax U mydkax TpyoO.

10. Tennootnava npu KaneabHOW KOHJICHCAIIUM TIapa.

11. OcHOBHBIE PEACTABIEHUS O MEXAHU3ME ITPOLIECCA, PACUETHBIE YPABHEHUS.

12. Bnusinue neperpesa, U BIaKHOCTH Iapa Ha KO3(P(ULKUEHT TEMI00TAAYH.

13. OcoGeHHOCTH TEIUTOOTAaUM MPU KOHACHCAIIUY [TApOB METAILIOB.

14. YcnoBus BOSHUKHOBEHUSI KUTICHMS.



15. IleperpeB *UAKOCTH W HAJIWMYME LEHTPOB NapooOpa3oBaHMs KaK YCIOBHS
BO3HUKHOBEHUS ApOBOH (pa3bl.

16. PocT, OTpbIB U JBUKEHUE ITy3bIpE Mapa.

17. TennooOMeH TpH My3bIPHKOBOM KUTICHUH MEXIY CTEHKOW M JKUIKOM (hazoi,
MEXIy KUIKON U mapoBoi dazamu.

18. MexaHn3M KUIIEHUs )KUJIKOCTEN.

19. BnusiHue CBOMCTB TOBEPXHOCTH U AABJIECHUS CUCTEMBI.

20. Poct mapoBbIX Iy3bIpeil B 00JIaCTH BBICOKUX M HU3KUX JTABJICHUM.

21. OcoGeHHOCTH KUNIEHUS )KUJKUX METAJUIOB U KPUOTEHHBIX KUAKOCTEH.

22. 1-i KpU3HUC TEIIOOTIAYUH.

23. HermapoauHaMu4eCcKue aclieKThl KpU3HCa.

24. IIpenenbHbIE OLICHKU 110 (p B KaHaJaX.

25. IIpu-poaa 2-ro kpusuca KUIEHUS.

26. TenmooTaava mpu MJICHOYHOM KUTIEHUH.

27. AHanu3 crieMaIbHBIX YCIOBANW COBMECTHOCTH ISl IIEPEHOCA Yepe3 TPAHULLY B
OJIHOKOMITOHEHTHBIX CUCTEMAaX.

28. OueHka BIMsHUS HEpaBHOBECHBIX 3 (dekToB. KBasupaBHOBeCHas cxema.

29. 3aBucuMocTb K03hPUIMEHTA TEIIOOTAAYH U IJIOTHOCTH TEMJIOBOTO MOTOKA OT
TEMIIEpAaTypHOI'O Haropa, JaBJIEHUs, (PU3NYECKUX CBONCTB KUIAKOCTH, COCTOSHUS
MOBEPXHOCTHU U APYrUX (PAaKTOPOB TPU KUIEHUHU B OOJILIIOM 00BEME 7Sl Ty3bIPHKOBOTO
KHUIICHUS.

30. [111eHOYHBIH peKUM.

31. IlepBas 1 BTOpast KpUTHYECKUE IUNIOTHOCTH TEIJIOBOT'O MOTOKA.

32. «Kpusuce» BTOpOro poja.

33. CTpyKTypa U peXUMbl TEUCHUS [IPU KUTIIEHUI BHYTpU TPYO.

34. MaccoBoe u 00beMHOE PacXOHbIC MAPOCOEPIKAHMUS.

35. Ckopoctb HupKysinuu. Pa3Butue npouecca no AjauHe TpyObl.

36. Meroa 0000IIEHHSI OMBITHBIX JAHHBIX MO TEMJIOOOMEHY MPHU MYy3bIPHKOBOM
KUIIEHUU B OOJIBIIIOM 00BbEME U B TpyOax.

37. O0001ICHHBIE U YAaCTHBIE SMIUPUYECKHE 3aBUCUMOCTH I KOA(DPUIIMEHTOB
TEIJIO0TAAYH.

38. TennooOMeH npu TypOYJEHTHOM PEXUME TNICHOYHOTO KUTIEHUS KUJIKOCTH.

39. 3aBUCUMOCTh NEPBOM U BTOPOM KPUTHUYECKHUX IUIOTHOCTEN TEIJIOBOTO MOTOKA
OT Pa3IMYHBIX (PaKTOPOB.

40. OcobeHHOCTH TEII000MEHA IPU KUTICHUH KUJIKUX METAJIJIOB.

41. OcHOBHBIE TIOJIOKEHHUSI TEIUIO- U MaccOOOMEHAa B OMHApPHBIX MapOTa30BBIX
CMeECsX.

42. 3aK0HBI MOJIEKYJISIPHOTO IIEPEHOCA MACCHI.

43. KOHBEKTUBHBIN MacCOOOMEH.

44. MonexynsipHas 1 MoJisipHast 1udy3ust U ux cBsA3b C APYrUMU (HU3MUECKUMU
MpolieccamMy MepeHoca.

45. Konuenrtpanuonsas nudysusi.

46. 3akon Duxka.

47. KoaddurmeHTsl MosexkyisspHoi nuddy3uu.

48. Tepmo- u 6apoauddyzus.



49. Tepmoauddy3ronHoe oTHOIIECHUE U KodDuiiueHT repmoauddy3um.

50. KonBekTuBHbIN MaccooomMen. Maccootnaua. Koadduunentsr maccootnauu.

51. CtedaHoB MOTOK MPH MOITYIPOHUIIAEMOM TOBEPXHOCTHU pazzena ¢as.

52. JluddepennmanbHble ypaBHEHHS COBMECTHOTO TEIUIO- M MaccooOMeHa B
OMHAPHBIX MMAPOTA30BbIX CMECSX.

53. duddy3noHHBIN NOTpaHUYHBIN CJIOH, pE3yIbTAThl €T0 pacueTa.

54. PacueT kK03 GUIIUEHTOB TEIJIO- U MAaCCOOTAaYH MPU UCIIAPEHUU CO CBOOOIHOM
MOBEPXHOCTH U U3 TIOPUCTOTO TeIa.

55. OcoOeHHOCTH UCTIapEHUSI U3 KaITWILISIPOB.

56. Temio- 1 MaccooOMEeH MpHU UCTIAPEHUH KUJIKOCTH B MAPOTa30BYyIO CPEy.

57. YpaBHeHus OanaHca TEIUIOTHI U MACCHI.

58. Nuddy3noHHbIN TOTpaHUYHBIN CITOM.

59. Temno- 1 MaccooOMeH MpU KOHEHCAIIMHU TTapa U3 apora3oBoil CMECH.

60. BuusHue npoHHIIAEMOCTH MeX(Pa3HOW TMOBEPXHOCTH HA  MPOLECCHI
COBMECTHOTO TEIIO- U MacCONEpPEHOca.

61. IIpoueccel annadbaTuyeckoro U HeaaAnabaTUYECKOro UCIAPEHUSL.

62. Metoas! onpeaeneHus Ko3PpUIMEHTOB TEIJI0- U MaCCOOT/IauHu.

63. Temno- 1 MaccooTIaya Ipy KOHJIECHCAIIMU CMECH MTapOB U Mapa U3 NaporazoBoi
CMECH.

64. I3MeHeHNe KOHIIEHTPpALMi U TEMIIEPATyp B MAPOra30BOM CMECH.

65. PacnipeneneHrue NeEpeHOCHMOrO TEIIa IO OTAEIBHBIM COCTABIISIFOLIUM.

66. 3aBUCUMOCTh ~ MHTEHCHUBHOCTH  TEIUIOOOMEHAa  OT  COJep)KaHus
HEKOH/ICHCUPYIOIIETOCsl KOMIIOHEHTA MPY Pa3Iu4HbIX YCIOBHUAX MPOTEKAHUS IIPOLIECCa.

67. Jduddepennunanbuple ypaBHEHHs TEIUIO- U MacCOOOMEHa NpPH XUMHYECKHX
npespaieHusx. Kpaesbie yciioBusl.

68. 3aMOpPOKEHHOE U PABHOBECHOE TEUCHUE PEATHPYIOIINX CPE.

69. [IpeoOpazoBannblii 3akoH HetoToHa — Puxmana.

70. TennooOMEH MEXAYy CMEChIO pEarupyrolux BEUIECTB U IMOBEPXHOCTHIO
pasnena (as.

71. DHTanpnus ra3a ¥ CMECH ra3oB C YUYETOM SHEPrUU 00pa30BaHUs.

72. KpaeBble 3amauu JJisi COBMECTHBIX MPOIECCOB TEIJIO- U MAaOCOOOMEHa Mpu
HaJIM4YMKM XUMHYECKUX pPEaKIMil; YacTHbIE CIydyad, UX aHAJOTUMU C paHee U3YyUYEHHBIMU
MPOLIECCAMM.

73. OCOOEHHOCTH TEIJIO- 1 MAa0COOOMEHA B TUCCOIMUPOBAHHOM W MOHU3UPOBAH-
HOM Trasax.

74. Moauduxarnus 3akona Hetorona—Puxmana.

75. PaBHOBECHBIE 1 HEPABHOBECHBIE IIPOLIECCHI.

[Ipunoxenue 6

IIpumepsl 3a7a4 A1 CEMUHAPCKUX 3aHATHI
3agauya 1. Pacuer a0COPOLIMOHHON XOJI0AMJIBbHON MAIMHBI
1. TepmoaguHaMU4ECKU pacyeT UUKIIA.
CxemMa aOcopOLMOHHON XOJOAWUJIBHON YCTAaHOBKM H300paxkeHa Ha puc. .
[Ipoueccol, npoTekaromyie B a0COPOLMOHHON XONOAMIBHOM yCTaHOBKE, MOKa3aHbl Ha
puc. 2.



Puc. 1. Cxema abcopOLMOHHOMN XOIOUIBHON YCTAHOBKHU:
I — ucnapurens; 11 — abcopOep; 11 — Hacoc kpenkoro pactBopa; IV — TemooOMeHHHUK
pactBopa; V — pektudukanuonHas koyionHa; VI — konaencarop; VII - nepeoxiianurensb

T.x. Temmeparypa OXJaXAAaEMOTrO MOMEIIEHUsA ¢, =-25°C, TO MPUHAMAEM
TEMIIEpaTypbl paccoya Ha BXOA€ U BBIXOJI€ U3 Ucnaputens: ¢, =—28°C u ¢, =-26°C..

Temmneparypa ucrapeHus:

ty=t,-5=-28-5=-33°C.

T.k. Temmeparypa OXJIaXXJIarolIeW BOABI HAa BXOAE B KOHJEHCATOp 7, =12°C, TO
IIpUHUMAEM TEMIICpaTypy BOJbI HA BBIXOAC £, =1, +5=17°C.

TemnepaTypa KOHICHCALUK:

t =t,+7=17+7=24°C.

[To TabmuuaM COCTOSIHUS HACBILEHUS JUIsl aMMHUaKa:

P, =0,IMIIla =1ama ,

P =0,97MIla =9,7ama

Temneparypa Kpenkoro pacTBopa Ha BBIXOJIe U3 abcopoOepa:

ty=t,+5=17+5=22°C.
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Puc. 2. IIporecchl abcopOIMOHHON yCTaHOBKHU

[Io paBienuto P, W TemIleparype ¢, OIPENENsieM KOHLEHTPALMIO pacTBOpa
&y =G5 ¥ €T0 DHTAJIBIINIO i .

ij; =—35kkan/ ke ,

éf(p = 513 = 0’35 *

Temneparypa cinaboro pacTBopa Ha BbIXOAE M3 reHepaTopa, IpUHUMas JaBieHHUE
IPEIOIIETO napa Prp.n. = 0,35 Mlla:
ty=t,, —5=139-5=134°C.

[To maBneHwto P, W TO TEMIIEpaType f, OMPEACNIIeM KOHIIEHTPAIHIO CIaboro
pactBOpa &, =&, U €T0 DHTAIBIIUIO i .



iy =122xkan/ ke,

5&1 = 59 = 0’16 *
KpatHOCTh UPKYJIAINN (T.€. OTHOIICHHE MAacCOBOTO pacxojia KPEmKoro pacTBopa
K MacCOBOMY pacxoj1y mapoB XA u3 aediermMaropa):

G _
;s _Gs_&-&

D Gz 513 _59 .
HpH IMPaBUJIbHO OPIraHU30BAHHOM IIPOLCCCC I[G(l)JIGl“MaHI/II/I u peKTI/I(bI/IKaHI/II/I §2 ~1

, IOATOMY:

f:é_é: 1-0,16 =4,42 .
E—-&  0,35-0,16

Temneparypa napa nocine aediaermMaropa A0/HKHA Ha [z, TIPEBBIMIATh TEMIIEPATyPY

KOHACHCAIIMKN YN CTOT'O arcHTa 1pu AaBJICHUH PK .

t,=t,+t, =17+8=25°C, (¢,>1,)

Ero sHTanbnus onpenensieTcs mo AuarpaMme noé, ~1 u P,.

i, =309kkan/ ke .

IIo l'é: AqUuarpaMmce OIIPCACIIACTCA IMapaMCTphI IIapd, PAaBHOBCCHOI'O KHIIAIICMY
KpPEMKOMY pacTBODY.

Kunkocts:
B=R =P, t=t=85C, ii=4%xan/ ke, =, =0,35.
[Tap:

F=R =P, t=t=85C, i =380kkan/xe, & =0,93.

VY aenbHbli 0TBOA (hierMbl u3 nedaermaropa (T.€. OTHOIIEHHE MacCOBOTO pacxoja
(rerMpl K MaCCOBOMY pacxojly rapa Ha BbIXOJE U3 Aediermaropa).

@®erMoBO€ OTHOLIEHHUE:

Gy &-& 0 1-0,93

Y76 e T 0.93-035

VYaenpbHas TemsoBas Harpy3ka jnediermMaropa , T.e. OTBOJ TEIUIOTHI U3
AeduermaTopa Ha €MHMILY MacCOBOT'O pacxo/a napa u3 aediermaropa:

q, = (i, — i)+ p(i, —iy) = (380—309) +0,12(309 —49) = 102, 2kKar / k2 .

[TapameTpsl c1aboro pacTBopa Mnocie TermI000MEeHHUKA!

&,=¢,=0,16, i, =i, =—35xan/ ke, t,=22°C,

t,=1t,+8=22+8=30°C,

i,, = 6kKan/ ke .

9

OHTaNbIg KPENKOro pacTBOpa Ha BXOJIE B T€HEpATOp, MpeHeOperas mpupocToM
SHTAJIBIIMUA PACTBOPA B HACOCE, BCIEICTBUE MAJIOrO 3HAYEHUS 3TOM BEJIUYHUHBI, T.C. U3
YCIIOBUA i, =i, =—35kkan/ ke .

4,42 -1

i =i13+%(i9—i10)=—35+ (122 -6) =54kkan/ ke .

5

OHTaNbIMA KPEMKOT0 pacTBOpa HE JOJDKHA MPEBBIMIATH AHTAIBIHIO KHIISIIIETO
pacTBOpa ¢ KOHLEHTpALUEH &, TP NaBIEHUH P, .

OHTaIBIUS ¢1a00T0 pacTBOpa MOCJIE TEIIO0OMEHHUKA!



Ly =1 _%(is —i)=122- 4’44;;2_1
VY nenpHas TETUIOBas Harpy3Ka TEII000OMEHHUKA:
q,, = =D, —i,)=(4,42-1)(122-13) =372, 78kkan / ke .
VILCJILHaH TCIUIOBAA HAI'Py3Ka KOHACHCATOPA:

q, =, —1,)=309-25=284kkan/ ke ,

rae: i, = 25kkan/ ke O JAArpamMme.

(49 - (—35)) =13kxan/ ke .

Temmneparypa napoB XA MOCJIE OXJIAXKICHUA:
t,=t,-8=24-8=16°C,

t, - TEMIIEpaTypa )KUJIKOro XA Iociae KOHIEHCAaTopa, T.€. £, =1, .
VY enbHas TEI10Bas Harpy3Ka OXJIAIUTEI:

q,, =i, =i, =300-292 =8kkan/ ke,

SHTAJIBIIN Iapa i, MO AuarpaMMe Npu b, u ¢, .

DHTaNbNUS KUJKOTO AMMHUAKA TIEPE APOCCETIEM:

i,=1,—q,, =25-8=17kkan/ ke .

VY nenpHast X010I0IPOU3BOIUTEIBHOCTh YCTAHOBKH:

q, =iy —is =292—17 =275kkan/ ke .

VY aenpHOE KOJMYECTBO TEIJIa, OTBOJIUMOE B ajicopoepe:

q, =i, =1, + f (@i, —i,;)=300-13+4,42(13 —(—35)) =499, 2kkan/ ke .
OHTaNbNUS TOYKUA CMEIICHUS: i, = 67kkan/ ke .
q,=f(i,—1i;)=4,42(67 —(—35)) =450,8xkan/ ke .

VY ienbHas TEIUI0OBas Harpy3Ka reHeparopa:

g, =i, —iy + [ (iy —is) + @i, —ig) =380 —122 +4,42(122 — 54) + 0,12(380 — 49) = 598, 3xKan / ke
TeruoBoit 6aiaHC yCTaHOBKH:

Groos =9 Yo > Doms =9 T4 T 955

Grooe =98,3+275=873kkan/xe, q,,, =450,8+102,2+ 284 =837xkan/ ke,

pacxoxenue bananca %100% =4%.

Pacxon XA (ammuaka):
0, 344000

49
rae: Q, =400xBm =344000xxan/uac .

TennoBple HArpy3KHU anmnapaTos:

-reHeparopa Q, =G-q, = 1,25-10°-598,3 =747,9-10° kxan / uac,
- abcopbepa Q, =G-q, =1,25-10-450,8 = 563,510’ kxan / uac ,
- oxnaaurens O, =G-q, =1,25-10°-8=10-10’kxan / uac ,

=1,25-10’k2/ uac ,

- KoHzeHcaTopa Q. =G-q, =1,25-10°-284 =355-10kxan / uac,

- nedermaTopa 0,=G-q,=1, 25-10°-102,2 =127,8-10° kxan / vac ,

- TerooOMennuka 0, =G-q,, =1,25-10°-372,8 =466-10’kxan / uac .
VY nenpHbIN pacxo/l Tema:



4, ©, 34
X070 1UIIbHBIA KOY(DDUITUEHT:
4 275 4 4.
q, 598,3
2. TermoBoM pacueT reHeparopa.
B xauecTBe HCXOHBIX JJAHHBIX UMEEM:
- KOJIM4YECTBO JUCTHILIATA G, =0,347ke/c,

9. _ Q. 7479 545,

- MaccoBO€ COJIEp)KaHUE aMMHUaKa B MICXOJIHOM cMecH a, = 0,35,

- MaCCOBO€ COJZICp)KaHMEC aMMHaKa B JUCTUILIATE a, = 0,92,

- MaccoBO€ Co/Iep )KaHNe aMMuaka B KyOOBOM ocTaTke a, = 0,16,

- rermMoBoO€ OTHOIIEHUE R =0,12,

- KpaTHOCTDb HUPKYIISILUN [ =4,42.

OnpenensieM KOJUYECTBO MCXOJIHOM CMECH M KyOOBOTO OCTaTKa Mo CIEAYIOIIUM

bopmynam:
G, =G, [=0,347-4,42=1,534x2/ c,

G,=G,-(f-1)=0,347-(4,42-1)=1,187«e/ c.

OnpenensgeM MOJSpPHBIE JIOJIM aMMHAaKa B HMCXOJHOM CMECH, AUCTHLIATE U
KyOOBOM ocTaTke. MosieKyJispHas Macca aMMHaKa i, =172/ mons , BOABL p, =182/ mons .

& 35

A, 17
X, = - =0,36,
Toa b 35,65

g 1718

Y 92
==t = 1T __0,924,

acl+bd % ﬁ
L, w17 18

a]/V E
S U
NWELT b 16 84 108

Mo a4, 17 18
Jlist ompezneneHusl yucia Tapesiok rpaduyeckKuM METOJOM CTPOUM JUarpaMmy
paBHOBecHs JjIs1 OMHAPHON CMECH aMMHUaK — BOJA.
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Puc. 3. Jluarpamma paBHOBeCHs Jjisi OMHAPHOM CMECH «aMMHAaK-BOJIa»

Tabnuua 1
Tabnuua paBHOBecHUs Juisl OMHAPHON CMECH aMMHUAK-BOJIa

Temneparypa a, a, X y
190 0 0 0 0
160 0,11 0,52 0,116 0,534
140 0,184 0,744 0,199 0,755
125 0,24 0,85 0,25 0,857
111 0,3 0,9 0,31 0,905
80 0,46 0,976 0,474 0,977
60 0,584 0,999 0,6 0,999
40 0,81 0,9999 0,82 0,9999
33 1 1 1 1

_ Xy 0,924 0,825
R+1 0,12+1
Vi =91,4%

OmnpenenseM MUHIMAIIbHOE (DJIETMOBOE YUCIIO:
R - xi —Vr _92,4-914 _ 0,018
Ye—x, 91,4-36

[To rpaduky paBHOBECHs OIpEACNSIeM JCHUCTBUTEIHHOE YWCIO TAapeloK n, =3.

OnHy Tapenky HCIOJIb3yeEM Ha HACAAKY.
[Tpuanmas KII Tapenku 1n,=0,5, onpenensem NeMCTBUTEIBHOE YUCIIO TAPEIIOK:




_n_ 2

n, 0,5 -
VYpaBHeHus paboyux JTUHUM:
a) BepXHeH 4acTH KOJIOHHBI:
R X, 0,12 0,924
X+ = X+
R+1 R+1 0,12+1 0,12+1
0) HIKHEH 9aCTH KOJIOHHBI:
_ R+ f . (f-D-x, _ 0,12+4,42 St (4,42-1)-0,16
R+1 R+1 0,12+1 0,12+1
Cpennue KOHIEHTpAIUU KUJIKOCTH:
a) BepXHeH 4acTH KOJOHHBI:
XX 0,36+0,924
” >
0) HHYKHEH 9aCTH KOJIOHHBI:
x;,? _% +x, _ 0,36+0,168 — 0,264
2 2
CpenHue KOHIEHTpAIlUU Mapa HaAXOAUM 0 YPaBHEHHUSAM paO0dYuX JIMHUIMA:
a) BEpXHEH 4acTH KOJIOHHBI:
y(]p =0,107-x+0,825=0,107-0,642+0,825 =0,894
0) HIDKHEH 9aCTH KOJIOHHBI
yclf) =4,05-x-0,513=4,05-0,264-0,513=0,556

Cpennue TemnepaTyphbl Ilapa onpeiesseM no guarpamme (puc.2):
a) BepXHEH 4aCTH KOJOHHBI:

1 1

i/ =119 pu y!, = 0,894

n,

y= =0,107-x+0,825

=4,05-x-0,513

=0,642

0) HUKHEHM YaCTH KOJOHHBI:
1

1" =158

Cpennue MOJIbHBIE MACChl U TUIOTHOCTH Tapa:

a) u! =yl u, +(1=y0)-u, =0,894-17+(1-0,894)-18 =17,106x2 / monb
;M Ty 17,106-273

Py = 22,4-T! = 22,4-(273+119)

1 11 11
0) sy, =y, 1, +A=y,)-p, =0,556-17+(1-0,556) 18 =17,44x2 / monw,

17
.T ,
pl = Hep 02 = 17,44-273 =0,493ke/ M.
v 22,4-Tcp 22,4-(273+158)

CpenHsisi IIIOTHOCTH Mapa B KOJIOHHE:
1 + {1
pn = pCp > pr = 0’53220’493 = 0,511('2/]1/13 .

Temnepatypa BBepXy KOJOHHBI TIpH x, =0,924 paBHsieTcs ¢, =36°C, a B KyOe-

=0,532xe/ » .

yucnapurese npu x, =0,168 oHa paBHsercs ¢, =147,5°C . II1OTHOCTh KUAKOTO aMMHUAKa
npu ¢, =36°C p,=586ke/ M, a BOAbl TpH ¢, =147,5°C p,=919xz/»’. [lpuHUMaeM
CPEOHIOI0 IIIOTHOCTH KUJIKOCTH B KOJIOHHE:

p,+p, 586+919

_ = =752,3ke/ M.
Poe 5 5




w=c- [P 0032|7223 _1230/c
P 0,51

OOBeMHBIN pacxo MPOXOISIIETo Yepe3 KOJOHHY TMapa Mpu Cpe/IHEe TeMIiepaType
B KOJIOHHE

o+, 119+1
=ttty IDOHIS (a0 000
) 2

G, (R+1)-22,4-T . .22 4.
. (R+1) w _ 0,347-(0,12+1)-22,4 (273+138,5):O’77M3/c’
u, T, 17,076-273

rae:

uy=y-u, +1=y)-p, =0,924-17+(1-0,924)-18 =17,0762 / monw .
]_II/IaMCTp KOJIOHHBI:

D= |— = | %77 _( g3y
0,785-w \0,785-1,23

[IpuauMaeM guameTp KOJOHHBI D, =1000amm, TOTA CKOPOCTH Iapa B KOJIOHHE

OyJzeT paBHa:
V 0,77

- _= - =0,98u/ ¢
0,785-D7  0,785-1

BricoTa TapenoYHOM YacTh KOJIOHHEL:
H.=n,-1-h;,

T€: h, - PACCTOSIHUE MEK]Iy TapEIKaAMH.

JIns nuamerpa KOJIOHHBI D, =10004v TPUHUMAEM PACCTOSIHUE MEKIY TapesIKaMH
paBHbIM /2, =0,3m . Torga:

H,=(n,—1)-0,3=(4-1)-0,3=0,9.

[IpousBeneM pacyeT HacaJO4YHOM YacTH KOJIOHHBI. BriOupaem Hacaaky wu3
KepamMuueckux koJien, Pamwura.

Jlns  Oecrops0YHO 3aChIMIAHHBIX KEPAMHMUYECKHMX KoJjel Pammmra pasMepoM
25%25%3 MM: yIelbHAs OBEPXHOCTh o =195y /m° W CBOOOHBIN 00beM V, =0,75m° / M’

JlnameTp HacaJO4YHON YaCTH KOJIOHHBI:

po |V
0,785 -

CkopocTh mapa omnpenensierca cienytoumMm mnyteM. CHavajla pacCUUTHIBAEM

(PUKTUBHYIO CKOPOCTh Mapa @, B TOUYKE 3axJieObIBaHUs (MHBEPCHM) IO YPABHEHHIO (IIPU
P> P,):

2 0,16 05 0,125
e G
lg[w3 g ’300 act ]:A—1,75[—j [p—”‘] ,
gV, Py D P,
rjie: o - yaelbHas MOBEPXHOCTh HACAAKHU, M/ M’ ;

g - YCKOpPEHHE CBOOOHOTO MafACHHS, m/c”
V.- cBOOOHBIN 00bEM HACAIKH, M /M’

P, U p, - INIOTHOCTH Mapa M KUIAKOCTH, K2/ M ;



i, =0,89mlla-c - TMHAMUYECKUM KOADPUITUEHT BA3KOCTH KUIKOCTH;

G u D — MaccoBble pacxo/bl )KUIKOCTH U Napa, ke/c;
A=0,125 — nna peKTI/I(bI/IKauHOHHLIX KOJIOHH B PEXKHME dMYJILIUPOBAHUS,

g R+f’ e f =X X;—Xx, =O,924—O,168=3’94.
D R+l x,—x, 0,36-0,168
G R+f 0,12+3,94

D R+l 0,12+1

| [a)f-195-0,51~0,89°’16]
9,81-0,75°-752,3

Ig(@? -0,0311)=-1,176,

a)32 =2,48(m/c)?,

w, =1,5Tm/c.

OmnpenenseM pabouyl0 CKOpPOCTh Mapa sl KOJIOHH, pabOTaroluuX B IUICHOYHOM
pexuMe:

=(0,75+0,9)- o,
o, =0,8-1,57=1,26m/c

D= —2TT o880
0,785-1,26

[IpruHMMaeM quameTp HacaJO4YHOU YaCTH KOJIOHHBI D, =1000am .

=3,63

0,125
=-0,125-1,75(3,63)" [70525 13]

OrnpenensieM BBICOTY HACaI0YHOW YaCTH KOJIOHHBI:

h k dHaC ﬂﬂ p
6-yT,
rae: k - SMOUPUYECKUM KOIPGUIMEHT sl OOJBIIMHCTBA OPraHUYECKHUX

KUJIKOCTEW; ISl KEPAMUUYECKUX KOJIEI] TPUHUMAETCS paBHbIM- 88;
d,. - IMaMeTp BLIOPAHHBIX KOJIEIl HACAIKU, MM;

4, =35 — MOJIEKYJISIpHasi Macca pa3ropsuYeHHON CMECH;
p - IJIOTHOCTH (PJICTMBI, 2/ e’ ;
w - KOO(Q(ULHEHT, yYUTHIBAIOIINNA CMauYMBaHUE HACANIKH, i =0,4+0,6;
T., - CpeaHsis TeMneparypa B KojioHHe, K;
25-35-0,752,3

T .0.5-(273+138.5)
BricoTa HacanoyHOM YacTu:
H, =n.-h =470-1=470mm .
OnpenensieM BBICOTY KOJOHHBI:
H, =09w, H =0,47Tm,H =2m.

', =(2+3)-D _=2-1000=2000mm =2m
H., =(0,5+1)-D, =0,5-1000 = 5001 = 0,5
Paccrostnue Mexy Tapenb4yaTol 4acThbl0 MU HACAAKOW MpuMeM paBHOU 450 MM.
Torna:




H=H +H +H +H_ +H, =09+0,47+2+2+0,5=5,87m

3. Pacuer ucnapureis

TenmoBon pacyer HCHApUTENS [ OXJAXKACHUSA JKUAKOTO XJIAJOHOCHUTENS,
paccoiia — pactBopa NHj B Boze, BeayT mo dopmyie:

O, =k, F,t,.

Ecnu 3amaHHas X0NI0J0NPOU3BOIUTEIBHOCTh YCTAHOBKU paBHA (Q, , TO C y4eTOM
TEIJIOBBIX ITOTEPh B OKPYKAIOLLYIO CPENY TEIUIOBask Harpy3Ka UCIIApUTENS OIPEIEIUTCS
bopmyoii:

0, =1,08-0, =1,08-400 = 432xBm .

k, ., =400Bm/(M’K),

t, —t —28+26

= T 28433
2
t,—t, -26+33

Torna:

F,,= O __ 432 g0,

K, Ot, 400-59

u.op

BribupaeM aMMuauHblii KOXKYyXOTpyOuaThlii ucnaputens 3aBoaa "Kommpeccop”
mapku 180-UKT.

KonuyecTBo paccoiia, TUPKyJIUPYIOLIETO B CUCTEME UCTIAPUTEIIS,

= Q, = 432 =74,1ke/c,
c,(t,,—t,) 2,916(-26+28)

rae: ¢, =2,916xJLx/kr — n300apHast TEIJI0EMKOCTh paccoa,

t,, =—26°C - TemMIIepaTypa paccoia Ha BXOJAE B UCIIAPUTEIIb,
t,, =—28°C - TEMIIEpaTypa paccoja Ha BbIXO/E U3 UCIIAPUTEIIA.
CKopoCTh ABMKEHHS paccoia B TpyOax UCMIApUTEINS ONpeaenseTcs no Gopmyre:

G
W= £ = 74,1 =23m/c
Py fune  1210-0,0266

rae: p,=1210ke/n’ — IIIOTHOCTH paccoia,

fro0a— TIIOIIA/Ib CEYEHUSI OJIHOTO X0J1a IO TpyOam, onpenensercs no Gopmysie:
_w-d. n_ 7-(0,025-2-0,002)° 614
fxooa - 4 ; - 4 ’
3nech d,, =0,021n — BHyTPEHHUM TUaMeTp TpyO HcrmapuTers,
n=614 - oO1ee yucio Tpyo,

z=38 - YHCJIO XOJ0B TpyO HCTIapUTE.

Koaddumument Temonepenaun ucnapuTeis ONPEACNIsIeTcsl ABYMS METOJaMH,
pe3yIbTaThl KOTOPHIX CPAaBHHUBAIOT.
I meTon
Koaddumuent remnonepenaun:
P _432:10°
F,0i, 180-59

=0,0266.1

=407Bm/(M°K)

rae: F, =180m> — MOBEPXHOCTh TEIJIOOOMEHA MCIAPUTEIIS; OMpPEASsSeTCs II0



TUIIOpa3Mepy UCTIAPUTENS,
[t,, - CpeAHss pa3HOCTh TEMIIEPATYP MEXKIY AMMHAKOM M PACCOJIOM, OIPEICIAETCH

ITO BBIPAKCHHIO:

Df _ tpl_tpz _ —26+28 _

@t -t . —26+33
n-2—2 In———
t,—t, —28+33

p

5,9

rae: ¢, =-33°C — TeMineparypa uCnapeHus aMMHaKa.

IT meton
TemnoBoit MOTOK Yepe3 TPyObl HCTAPUTEIIST HAXOAT 10 popMyIie:
0, 432:10°

F 180

u

=2400Bm/ m*

KoadduimenT remsonepenayu onpenessieTcs o BhIPaxeHHIO:

n_ 1 2
K, = T d 5. 5 o 1 Bm/(m"K)
e L
a, d, 1 A A «

cm m c P

rae: a,— Ko3(pPUIMEHT TemI00TAaun OT CTEHKU TPyObl K aMMHUaKYy;

o, - KOO(Q(UIUEHT TEMIOOTAaYM OT PACCOJIA K CTEHKE TPYOBI;

d, M d, — auaMmeTp TpyO, COOTBETCTBEHHO BHYTPEHHUI U HAPYKHBIH;

5,,0,,0. — TONIHMHA CTCHKU TPyO, CIIOSl 3arpsi3HEHUSI MAcCJIOM U OTJIOKEHUEM

COJI, COOTBETCTBEHHO;
Aes s A, — KOIPOUIUEHT TETUIOMPOBOIHOCTH METAILIa TPYOBI, Maciia U COJIH.

JInsi aMMHa4HBIX UCTIAPUTENICH NPUHUMALOT:
0,=0,05..0,08m ,

A,=0,14Bm/(m-K),

0, =0,3..0,5mm,

A, =0,7Bm/(m-K).

TepMuyeckuM CONMPOTUBICHUEM CTEHKH TPYObl Oc/Aer B pacueTe MOXKHO
npeHebpeys. Benuunna kodQduiinenta a, OnpenenseTcs u3 BhPaXeHUs:

a, =4,2(1+0,007¢,)g"" =4,2(1+0,007 -(=33))-2400%” =750 Bm / (mK)

Bennuuna kospduupenra o, Haxoaurcs 1o Gpopmyie:
. NZ, 4,

6H

a

rae: Nu — xpurepui Hyccenbra;
A, =0,463Bm /(mK)— KO3 YUIHMEHT TENIONPOBOAHOCTH PACCOIIA.
3nauenue kputepuss HyccenbTa ompenenstor u3 KpUTEPHAIbHOTO YpPaBHEHUS:
Nu =0,023-Re™®. Pr
B KOTOPOM:
0, 432
"o, (t,—t,) 2,916-2

=74,07ke/c,



G
= p 1407 =2,3ml/c,

Py fue  1210-0,0266
_w-d, od,p, 23.0,0211210

Re = — 64829
v, K, 0,009015
1% -C . 103
pe Vo _ M€y _0,009015-2,916-10° _
a A 0,463

p P

Nu=0,023-Re™* Pr®* =0,023-6482,9"°.57%* =130.

3m€Ch: i, =0,009015/]a-c - AMHAMHYECKUM KOO()DHUIMEHT BA3KOCTU PAacCoIa.

Torna:
Nu-4 .
a, = p J130°0.463 o6 mm /(MK
’d 0,021
. 1
Ku 1 d@H cm M 50 1
e +-C4+—
aa dH ﬂ’cm ﬂ’m ZC ap
= ! =383Bm/(M°K)

1 0,021 N 0,0004 N 0,00008 N 1
750 0,025 0,7 0,14 2866

4, FI/II[paBJ'II/IIIGCKHﬁ PacucT TpaKTa ImoJa4dunu I/ICXOI[HOﬁ CMCCH B I'CHCPATOP

A

Vg
/A

Puc. 4. Cxema TpyOOomnpoBoO/ia MoJa4u KPErnkoro pacTBopa B TEHEPATOP

Tak Kak B TpakT MOJAa4u MCXOJHONM CMECH B I'€HEpPaTOpP BXOIUT TEIIOOOMEHHHK
pacTBopa, TO HaM HEOOXOJMMO BBIMOJHUTh KOHCTPYKTHUBHBIM pacy€T JTaHHOTO
TEeIUI00OMEHHUKA.

Pacuér TerutooOMeHHUKA.

3 3

TerutoBas Harpy3ka annapara Q, =G-q,, =1,25-10"-372,8 =466-10° kkan / uac .

CpenHsisi pa3HOCTh TEMIIEPATYP MEKY TPEIOIINM TaPOM U PACTBOPOM:
C(t,-t)-(@t,~t) (134-85)—(30-22)
- t —t - 134 -85

In*+—=2 n

t —t 30-22

At =22,6°C

s
KKan

[TpunrMaem kodpduuueHt Temionepenadu k =1000——— " ;
MU

[ToBepxHOCTH Harpesa amnmnapara:



0 466000 20,648 .

T k-AC1000-22,6
Bribupaem AByXTpyOHBII TEI000MEHHHUK.

b

Huamerp BHYTpeHHEW TpyObl d, =38/33mm; JUMAMETp HAPYXKHOM TpyObI

d, =76/70mm ; caObIi pacTBOP HAIPABISIECTCA B TPyOY MEHBIIIETO TUAMETPA.

O6mas quHa TpyO:
206 og :
7-d 3,14-0,033

Yucno Tpy0 npu AnuHE OJHOU TPYOBI /[ =3Mm

L 198

—=——=606Mm;

[

CkopocTu ABMKEHHUSA €1a00r0 U KPErKOoro pacTBopa:
4-(G, -G 4(5522-1250

o, = ( / 2): ( ) 2:1’5M/c;
36007p,d; 3600 7-950-(0,033)

Y oo 4G 41250

¥ 36007p,,,d;,,  3600-7-590-(0,070-0,033)°
[M'unponnHamMuyeckuil pacuér TemI000OMEHHUKA PacTBOpA.
ITonHeIi Hanop:

APy =D Ap, + > Ap, + D Ap, +D Ap.;

=0,55m/c;

rae: . Ap,, - CyMMa THAPAaBIMYECKUX CONPOTHBICHHI IMOBEPXHOCTEH

TETIJI000OMEHHHKA;
> Ap, - cyMMa HOTepb HAIopa 3a CYET MECTHBIX CONPOTUBIICHHUIA;

> Ap, - cyMMa HOTepb, 00yCIOBICHHBIX YCKOPEHHEM II0TOKA (y Hac Y Ap, =0);

> Ap,.- 3aTpaThl HAIIOpPa IS IPEOAONCHHS THAPOCTATHIECKOTO CTONI0A KUIKOCTH

(y Hac TeIIOOOMEHHHK BKIIFOUEH B 3aMKHYTYIO CETh, @ 3HAUHT » Ap, =0); 3HAYUT:
Ap=> Ap,+>.Ap,,

2 2
2z 1 po
Ap =S g gt P
Y Ap, =) & > > Ap,., A——s

K6

3J1ECh:
A - KO3(DPUIIMEHT CONPOTUBIICHUS TPEHUS,

¢ - K03((BUIMEHT MECTHOTO COMPOTHBIICHHUS

[- nvHa TpYyO;

d,. - DKBUBAJICHTHBIN AMaMeTp TPYyOsl;

p - TWIOTHOCTh KPEMKOI'0 PacTBOpPa;

®,, - CKOPOCTb JIBMKEHHUS KPEIIKOIO PacTBOpa B TPyOax TErmnooOMEHHHUKA.

590-(0,55)’
2

2
ZApM=Z§/M)T"”=(2-l,5+66-0,5) ~3212,601a;

>A —1L—pw"f’2 :
pnm d 2 >

IK8

Onpenenum A :



o,-d,, 0,55(0,070-0,033)
Re= = 6
v 0,018-10

P

=1130556;

2

6 M v
rae: v, =0,018-10 ¢ - KMHEMaTHYCeCKUH KOA(D(OUIIMCHT BI3KOCTU IPH P, =9,7am,
c

1=35C.
T.k.Re=925000>10", TO KO3(hOUIMEHT CONMPOTUBICHUS TPEHUS OMpEISIsieM IO

dbopmyne Hukypanze:
0,221 0,221

A4=0,0032+—-=0,0032+ ———==0,011; TOr1a:
Re**’ 1130556"*7 A
@’ 590-(0,55)’
ZAp,,m=zL-p—“”= ,011- 198 590-(0.55) =525311a;
d 2 0,037 2

Ionnas IIOTCPA HAIIOPAa B TEIIOOOMEHHHUKE:
Ap,, = Ap,+ > Ap,, =3212,6+5253=8465,611a;

IM'uaponuuamudeckuii pacuét TpyoonpoBoa.
a) B ciyuae BKIIIOUEHHUS B TPAKT M09l CMECH TEIJIOOOMEHHHUKA pacTBOPA.

AD,, =D Ap, +> Ap,.;
rae: . Ap,, - CyMMa THAPAaBIMYECKUX CONPOTHBICHHI IMOBEPXHOCTEH

TpyOOIpOBOa;
> Ap, - cyMMa [HOTepb HAIopa 3a CYET MECTHBIX CONPOTUBIICHHIA;

2 2
2., =25WTW=(4-1+2-0,5)M

rje: o,,- CKOPOCTh IBUKEHHS KPEIIKOTO PaCTBOPA B TPyOOIPOBOJIE;

=3319/7a;

¢ - K03((BUIMEHT MECTHOTO COMPOTHBIICHHS;
[- nvHa TpYO;
d,, =57/51mm- nuamerp TpyOonpoBoaa;

p - TNIOTHOCTH KPEIKOTO pacTBOpA.

zApnm = zApnml + zApan + ZAan ;

rae: Y Ap,, - CyMMa THAPaBIMYECKMX CONPOTHBICHHI IOBEPXHOCTEH

TpyOOIpPOBOa HA yYacTKe TPyOOIpoBoa oT abcopOepa 10 Hacoca;
> Ap,,, - CyMMa T'HIPABIMYECKUX CONPOTHBIICHUH MOBEPXHOCTEH TpyOOIpoBoIa

Ha y4JacTKe TpyOOIpoBoJia OT Hacoca J0 TEMJI000MEHHUKA;
> Ap,,; - CyMMa T'HIDPaBIMYECKUX CONPOTHBIICHUI MOBEPXHOCTEH TPyOOIpoBoIa

Ha y4dacTKe TpyOOIpoBoJia OT TEIJIO0OMEHHHUKA /10 TEHEPaTopa;

I pa’

Ap oy =h ———
Z pnml /’i’ldmp 2
Onpenenum 4 :
_wo-d,, 150,051

v, 0014107

p

Re =54,6-10°;

2

6 M o
rae: v, =0,014-10° —- KUHEMAaTUYCCKH KOX(PQPHUIMEHT BA3KOCTH TpPH P, =lam ,
p c o



t=22°C.

T.k. Re=54,6-10">10", TO KO3((OHUIIMEHT CONPOTHBIICHHUS TPECHHS OMPEICIIACM 10
dbopmyne Hukypanze:

221 221
2 =0,0032+ 2221 _ 0 00324 — %221 _ 008793;

Re (54.6:10°)"
TOTAAa.

590-(1,5)"
Z pnml 1 pa) - Oa 008793 : 3 : ( ) = 343, 3]7(1 .
d,,,,, 2 0,051 2

l pa) )

Z pan d 2 )

mp

Onpenenum 4, :

w-d .
Re - mpzl,S 0,051:3’1_105;

1% 0,25-107°

p2

2
6 M v
rae: v, =0,25-10 ¢ - KMHEMaTH4YeCKUN KO3 UIIMEHT BSI3KOCTU TpU P, =9,7am,
1=22°C.

T.kRe=3,1-10°>10", To KO3 UIUEHT COMPOTUBICHUS TPEHHS OIMpPEACIsieM II0
dbopmyne Hukypanze:

0,221 0,221 .
ﬂ,z 0,0032 + Reoz37_0,0032+W:0,0142,
TOTr 4.
590-(1,5)*
S Ap = dy 2 P2 g 01424 U5) _ 339.2774.
S 0,051 2
I, pa’
Ap =) 3 P9 .
z pnm3 /ljd 2

mp
Onpenenum A, :
w-d .
Re= 2w _ L0055 440,
1% 0,024-10

p3
2

rae: v,, =0,024-10°° MT_ KHHEMaTH4eCKU Kod(pPUIueHT BsI3kocT pu P, =9, 7am ,
1=85"C .

T.k. Re=32:10°>10°, T0 KOX((DUIUEHT COMPOTHBIICHUS TPCHHS OIMPEACIIAeM II0
dbopmyne Hukypanze:

2,=0,0032+ 0,221 0,221

Reo 237 =0,0032+ W = 0, 00955 , Toraa.

590-(1,5)’
D APy =4 L ﬂ—0,00955‘ 7,5 590-(L5)
d, 2 0,051 2

CyMMa ruipaBIMyeCKUX COMPOTUBIICHUH TTOBEPXHOCTEN TpyOOIpoBoIa:
ZApnm = ZApnml + ZApnmz + ZApM =343,3+739,2+932,2=2014,711a;

=932,217a;



[Tonnas motepst Hamopa B TpyOOIPOBOJE B Cilydae BKIIOUEHHS B TPaKT MOJayuu
CMECH TEII00OMEHHUKA PaCTBOPA:

Ap,, =Y Ap,+> Ap,, =3319+2014,7=5333,71la;

CymMapHasi moTepsi Hamopa B TpakTe MOJa4yd MCXOJHOM CMECH B T'e€HepaTtop B
YKa3aHHOM CJIy4ac:

> Ap=Ap,, +Ap,, =8465,6+5333,7=13799,311a ;

6) B CJIy4ac BBIKIIIOUCHHUA U3 TpaKTa I1oga49u CMCCHU TEINIOOOMEHHHKA pacTBOpa.

A, =D 0D, 4D Ap,,

rae: ZApnm - CyMMa THJIPABIMYECKUX CONPOTHUBICHUM IOBEPXHOCTEMN

TpyGonpoBoza; » Ap, - CyMMa IOTEPb HAIOPa 3a CUET MECTHBIX CONPOTUBIICHHIA;

590-(1,5)’
2

2
2., =Z§%=(8-1+3-0,5) =6305,6311a ;5

IJe: - CKOPOCTb JABUKEHHS KPEIIKOTO pacTBOpa B TPyOOIIPOBOIE;
¢ - KO3 HIMEHT MECTHOTO CONPOTUBIICHNS;

[- nnuHa TpYyO;

d,, =57/51um- nuamerp TpybonpoBoaa;

p - TWIOTHOCTh KPEMKOTO PacTBOpPA.

D AP =D AP+ D APy + D AP,

rae: Y Ap,, - CyMMa THIPaBIMYECKHX CONPOTHBICHUH IOBEPXHOCTEH

TpyOOIIPOBOJIa HA y4acTKe TpyOompoBoja oT abcopOepa 10 Hacoca;
> Ap,,, - CyMMa T'HIPaBIMYECKUX CONPOTHBIICHUN MOBEPXHOCTEH TPyOOIpoBoIa

Ha yJacTke TpyOoIrpoBoa OT Hacoca A0 TeHepaTopa;

I pa’
Ap =1 — ;
Z pnml /11 d 2

mp
Onpenenum A, :

_w-d,, 1,5-0,051

0,014-10°°

2

6 M o
rae: v, =0,014-10° —- KUHEMAaTWYCCKH KOX(PQPUIMEHT BSA3KOCTH IPH P, =lam ,
p c o

Re =5,46-10°;

Vo

1=22"C.
T.k. Re=5,46-10°>10", To KOA()(PHUIIMEHT COMPOTUBIICHUSI TPESHHUS OTPEILIIIEM 10

dbopmyne Hukypanse:

0,221 0,221

Jy =0,0032+—-2-=0,0032 + —577 =0,008793; Torza:
(5.46-10°)

ReO,237

’ 590-(1,5)’
ZApnm1=ﬂll—l-ﬂ=O,008793- 3 590-(L5)
d,, 2 0,051 2

mp

I, pw’
ZApnm2 :ﬂ?d_zT,

P

=343,311a;

Onpenenum A, :



_w-d,, 150,051

— 0,25.1076 :3)1'105;

Re

sz

2
&M 9
rae: v,, =0,25-10°— - KuHeMaThiecKui kod3puuuent Ba3kocTH npu P, =9,7am,
C

1=22°C.
T.x. Re=3,1-10’>10", TO KO3((HULIHEHT CONMPOTUBICHUS TPEHUS OMPEACNIAEM IO
dopmyne Hukypanse:
0,221 0,221 .
ﬂ,z = 0,00324‘@ = 0,0032+W = 0,0142 .
TOTJa:
’ 590-(1,5)’
S Apy =22 P 00142 2L (5 _ 3081774 :
d, 0,051 2

CyMMa ruipaBIMyeCKUX COMPOTUBIICHUHN MOBEPXHOCTEN TpyOoIpoBoIa:
ZApnm = ZApnml + ZApm2 =343,3+3881=4224,311a;
[Tonnas nmoteps Hamopa B TPyOOIPOBOJIE B Cydae BHIKJIIOUCHUS U3 TPaKTa MOJ1aun

CMECH TeIJI000MEHHUKA pacTBOpa:
Ap,, = Ap,+ > Ap,, =6305,63+4224,3=10529,93/1a .
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