POHA OHEHOYHBIX CPEACTB 11O JUCHUIIVIMHE
«Tem1oBbIe MPOLECCHI B JJIEKTPOHHKE)

Komnerenuu:

IIK-3 - CrnocobeH BBIMONHATE paboOThl MO KOHCTPYUPOBAHHUIO OJIOKOB C HHU3KOW IUIOTHOCTBIO

KOMIIOHOBKH 3JICMCHTOB

[1IK-4 - CiocobeH cTponuThb HU3NIECKHE U MATEMAaTHYECKUE MOACIH MPHOOPOB, CXEM, YCTPOHCTB
U YCTaHOBOK 3JIGKTPOHUKH U HAHORJIEKTPOHHKH PA3JHMYHOTO (PYHKLUHOHAIBHOTO HAa3HAYCHMHS,
UCITIOJb30BaTh CTaHIAPTHBIE MPOTPAMMHBIE CPENCTBA MX KOMITBEOTEPHOIO MOIETUPOBAHUSA U

MPOBOJUTD AHAJIN3 PE3YJIbTATOB

1. IlacnopT ¢oHAA OLEHOYHBIX CPEACTB MO AMCLHILIHHE

B pesynbrate ocBoeHHs porpaMMbl OakanaBpraTa rmo AUCHUILINHE « TernIoBbie MPOLEeCcChl B
3JIEKTPOHUKEY» V BBIYCKHUKA OJUKEH ObITh C(HOPMUPOBAH IIMPOKHIA CIIEKTP 3HAHWH, COOTBETCTBY-
rommx komnereHwsaM 1K1 u I1K6. Pacnpenenenue 3Tux 3HaHU MO KOHTPOJIUPYEMBIM pa3ziesam

IVCLUTUIMHBI TPUBEICHO B CIENYIOIMEeH TabnuLe.

n/n

KonTponupyemsie paznenbl AUCLUILIUHBI

Kon xomme-
TEHLINU

OueHouHOE
CPEICTBO

2

BBeaenue. BiusiHUe TENMIOBOrO pekvMMa Ha HAIEXK-
HOCTb M BBIXOJIHbIE apaMeTpbl MpudopoB. OCHOBHBIC
BU/Ibl TEIUIONEpPENayr, HUCIOJb3yeMblE B CHCTEMax
OXJIAKJEHUS 3JIEKTPOHHBIX MPHOOPOB.

TIK3, TIK4

Dx3ameH

2

Hepenaua tenna uziaydeHuem. OCHOBHBIE 3aKOHO-
MEPHOCTH TEIIOBOTrO m3jy4enus: 3akoHbl Kupxroda,
Ilnanka, cmemenus Buna, Credana-bonbumana,
JlamOepra. TermooOMeH Mexny adCOMOTHO YEPHBIMU
MOBEPXHOCTSMU. Y TJIOBbIe KO3((UIHEHThI 00Ty4YeH-
Hoctu. TermooOmen mexny nupdy3HO-CEpbIME TO-
BEPXHOCTSIMH. MeTON «JTy4HUCTOTO CalIbJOo», YpaBHE-
HUe XPHCTHAHCEHA. 3alnTa OT TEIUIOBOrO H3JIyde-
HUSI

TIK3, TIK4

Dx3ameH

IMepenaua Tenja TemIONpoBOAHOCTHIO. Temmnepa-
TypHOE ToJie, U30TePMUUYECKHE TTOBEPXHOCTH, Ipagu-
€HT TeMIlepaTyprl. 3aKOH TEeIJIONpOBOAHOCTH Dypbe.
HuddepeHnnanbHoe ypaBHEHHUE TEIUIONPOBOIHOCTU
B TBEPAOM Teje. TenaonpoBOAHOCTD B MJIOCKON U IH-
JUHJPUYECKON CTeHKax. TepMuueckoe COmpOTHUBJIE-
Hue. Temnsomnepenaya yepes IUVIOCKYO U LMJIHHApUYeE-
CKYI0 CTeHKHU. Tenaonu3osiusi.

TIK3, TIK4

Dx3ameH




2

Mepenaua Tennia kousekuuen. {udpdepeHnmansHoe
ypaBHEHHE TEIUIONPOBOAHOCTH B TeKyuel cpene.
VYpaBHEHME CILUIOIIHOCTH OTOKA. YpasHeHus Happe —
Crokca. Iuddepenmanbabie ypaBHEHNS] KOHBEKTHB-
HOro TemiooOMeHa B Oe3pasmepHoii ¢dopme. YUucna
nonobust. Ycnousi monoOust TEMIOBBIX MPOLIECCOB.
Merton aHanu3a pa3MEepPHOCTEH, OOIIUIT BUA KPUTEPH-
AJNbHBIX COOTHOLIEHHH KOHBEKTHBHOIO TEIUIOOOMEHa
€CTECTBEHHON U BBIHYKIEHHON KOHBEKLIMEH, HEKOTO-
prle KpUTepualbHble COOTHOIIEHHus. TemuooTnada B
KaHaje IMOCTOSIHHOTO MOMEPEeYHOro CEeUeHUs IMpou3-
BOJIbHOW (pOPMBI, M3MEHEHHE TEMIIePaTyp >KUAKOCTH
U CTEHKHU KaHalla, TEMIEepaTypHOro Hamopa u MjoTHO-
CTH TEIJIOBOTO MOTOKAa B MPOAOJIbHOM CEUEHUHU KaHa-
na. CpenHeuHTerpajbHble 3HaUeHHs Kod(pPUIIEeHTa
TEIJIOOTAAaYM M TEeMIIepaTypHOro Halopa B KaHaje.
Jlorapudmuueckuii TemneparypHblii Harop. YacTHbIN
cilydall HECTAIlIOHAPHOTO KOHBEKTHBHOIO TEII000-
MEHa TBEPAOTO Teja C TEKyUeH Cpeaoi.

TIK3, TIK4

Dx3aMeH

NuTencudukanus TennoodMeHAa KOMIIOHEHTOB
PDA. PazBurue mnoBepXHOCTH TemiooOMEHa MyTeM
opebpenms. Ilepenada TemuoBOro moroka 4yepes mpsi-
MOYTOJIbHBIE M KpyTiible pedpa. Ontumusanus opeod-
penusi. KoHdurypupoBaHue TEIJIOOTBOJOB Ha IO-
BEPXHOCTH M B 00BEME MMEYATHOW IJIaThl JJIs1 UHTEH-
CU(UKAIMU TETUIOOTAAYH 3JIEMEHTOB IT€YaTHOI'O MOH-
Taxa.

TIK3, TIK4

Dx3ameH

Tensnooomennble anmapartbl. Kiaccudukanus ter-
JO0OOMEHHBIX aNMapaToB. KOHTAKTHBIE U IMOBEPXHOCT-
HbIE, PETCHEPATUBHBIC M PEKYNEePAaTUBHBIE TEII000-
MEHHUKH. Buabl pexymnepaTuBHBIX TEIIOOOMEHHU-
KOB: KOXXyXOTPYOHBIEC U IJIACTUHYATHIC TEIIOOOMEH-
HUKH, UX JTOCTOMHCTBA M HenoctaTku. OCHOBHBIE CO-
OTHOILIEHHS, ONMCHIBAIOIIUE TEIJIOOOMEH B peKyIepa-
THBHOM TEIUIOOOMEHHUKE B PEKUME MMPOTHBOTOKA.

TIK3, TIK4

Dx3ameH

O0mue npuHOUNBI pacyeTa TeMmepaTryp MHOJY-
NMPOBOAHHKOBBIX KOMNOHeHTOB PJA B kopmyce.
TeroBoe comMpoTHBIIEHHE «KPUCTALT (MEPEXOn) -
KOPIyC», «KpUCTa (MEPEeXo) — OKpyKarolias cpe-
na». OcoOEHHOCTH MPUMEHEHHSI ATHX XapaKTEPUCTHK
B 3aJla4ax pacyera TEIJIOBBIX PEKUMOB MOJYMPOBOI-
HHKOBBIX KOMIOHEHTOB POA.

TIK3, TIK4

Dx3ameH

JlaGopaTopHbIi NPAKTHKYM

/1

Haumenoanmne nadopatopHbIx ITepeuens GopmupyembIx
pabot KOMIIETSHIIHIA

DKCNEePUMEHTAIBHOE OIpENeNeHnue KO-
s¢punmenTa U3yUeHUs! MTOBEPXHOCTH.

TIK3, TTK4




H3ydeHne MeTon0B M3MEPEHHS TUIOTHO-
2 CTH TEMJIOBBIX INOTOKOB H COIPOTHBIEC- TIK3, I1IK4
HUS TETIONEpPeaadye MaTepuaionB
Teopernyeckoe U OSKCIEPUMEHTAIBHOE
onpenenaeHue ko3(ppULMEHTa TErIoOoT-
3 pen bun TIK3, TIK4
a4l BO3IYLIHOTO PaguaTopa B PEKUME
€CTECTBEHHOW KOHBEKLIUU
DKCMIEPUMEHTATIPHOE OMNpPEEICHUE KO-
s punmeHTa TEmIooTAaYH BO3AYLIHOTO
4 bun H ay 0 TIK3, TIK4
paauatopa B PEXKHME BBIHYXACHHOM
KOHBEKLIUU
IIpakTuyeckue 3aHATHS
Ne . Ilepeuens popmupyembix
Tema 3anaTuit P Gop py
n/n KOMIIETEHIUI
TIK3, TIK4
1 Ilepenaua Tenna usnydeHueM
TIK3, TIK4
2 Ilepenaya Tenya TeNIONPOBOAHOCTBIO
MopnenupoBaHue mporecca CTadun3a- T1IK3, TIK4
3 LIUU TETUIOBOTO PEXKUMa ra3opa3psigHoO-
ro Jla3epa ¢ y4eTOM TEeIUIOOOMeHa W3-
JIYYEHUEM U KOHBEKLIUEH
MogenupoBaHue pacrpeaeieHus] TeM- T1IK3, TIK4
4 nepaTypsl B OCHOBaHHH U pedpax BO3-
OYIIHOTO paguaTopa B PEKUME €CTe-
CTBEHHOU KOHBEKIIUU
OxnaxxaeHue  MOLIHOM  paauo3JieK- T1IK3, TIK4
5 TPOHHOM anmapartypsel. JIByXKOHTyp-
HbI€ JKMJIKOCTHBIE CHUCTEMBI OXJIaXe-
HUSA
6 Pacder TemmniepaTypbl KpucTasia mnoiy- TIK3, T1K4
MPOBOAHUKOBOTO YCTPOMCTBA
Kypcosoii npoekTt
Ne Tema ITepeuens GopmupyembIx
n/m KOMIIETEHIUH
«Pacuer cucteM  ABYXKOHTYPHOTO
1 JKUJKOCTHOTO OXJIAXIECHHsI YCTPOUCTB T1K3, ITK4

3JIEKTPOHHON TEXHUKHI

2. Kpurepuu oueHUBaHHS KOMIETEHUHH

1. YpoBeHb ycBOEHUS MaTepuaia, NpeayCMOTPEHHOTO ITPOrPaMMON.
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2. YMeHune aHanu3upoBarh U3jaracMblii MaTepuall.

3. YmMmeHue YCTaHAaBJIMUBATL NPUINHHO-CJICACTBCHHBIC CBA3HU.

4. OTBeTHI Ha BOTIPOCHL: MOJHOTA, APTYMEHTHPOBAHHOCTD, YOSKIECHHOCTb.
5. KauecTBo oTBeTa: 00IAsi KOMITO3ULHSL, IOTHYHOCTb; 3Py AULIHSL.

6. Mcnonp30BaHye NONMOJHUTENBHON JIUTEPATYPBIL.

3. llIkaja oueHUBaHHS AJs1 0(POPMJIEHHS HTOT0BOI0 IK3aMeHAa
nmo AMCIUIIJIMHE

OTBeT Ha SK3aMEHE OLICHMBAETCS 1O 4-X YPOBHEBOH CHUCTEME: KOTIIMIHO», «XOPOLIOY,
«YIOBJIETBOPUTENILHOY», «HEYIOBICTBOPUTENBHOY». 1Ipu 3TOM B HE3aBHCHUMOCTH OT yPOBHS
YCBOEHHUS MaTepHaia OLEHKA HeyIOBJIETBOPUTENIBLHO BBICTABIISIETCS B CIIydae, €CIU CTYIEeHT
HE BBINOJHUI JIabopaTopHble paboOThl W/WIM TPAKTUYECKHE 3aJaHUs, MPENyCMOTPEHHbBIE
y4eOHBIM rpad UKOM.

4. MeToauyeckne MaTepHuaJbl, ONpeae/sIioNIHe NPoLeAyPbl OLeHUBAHUSA
3HAHMI, YMEHUH, HABBIKOB H ONbITA /1eATEJIbHOCTH, XapaKTepU3yoLHe
3Tanbl (POPMHPOBAHHS KOMIETCHUHH

[Ipu ompeneneHNy ypoOBHS K3aMEHAIIMOHHOH OLIEHKH CIIEAyeT UCXOOUTh M3 oOIienpu-
HSTBIX TPeOOBaHUIL:

— OLICHKH «OTJIMYHO» 3aCIy’KHUBAET CTYIEHT, OOHApYy KUBLIMHA TiIyOOKOe 3HaHuE yueOHO-
IPOTPaMMHOTO MaTepHala, YCIEIIHO BBIIOJIHUBIINI BCE MPOrPAMMHBIE 3a/laHUs], yCBOWBIIMN
OCHOBHYIO U JIOTIOJIHUTEIBHYIO JIUTEPATYPY.

— OLICHKH «XOPOLIOY» 3aCiTy’KMBAET CTYIEHT, BBITOJHHUBIIUI BCE MPOrPaMMHbBIE 3a1aHUS,
YCBOUBLIMIA OCHOBHYIO JIUTEpPaTypy W OOHApPYKUBLIMHA JOCTATOYHO TOJHOE 3HAHWE ydeOHO-
MPOTrPaMMHOTO MaTepHuaa.

— OLIGHKH «YIOBJIETBOPHUTEIBHO» 3aCIy>KUBAET CTYIAEHT, CIIPABISIOLINICS C BBITOJIHEHU-
€M MPOTrPaMMHBIX 3a/laHHUH, 3HAKOMBII C OCHOBHOM JIUTEPATypOil, OOHAPY KUBIINUN 3HAHUS MPO-
rpaMMHOTO MaTepuaia B 00beMe, HeOOXOAMMOM JUTsl NajbHelIel y4eObl 1 mpeacTosiiei pado-
THI T10 TTPOGECCHH.

— OLICHKA «HEYIOBJIETBOPUTEIBHOY» BBICTABISIETCS CTYNEHTY, OOHAPY KMBLIEMY MPOOEIBI
B 3HAHMSX MPOTrPAMMHOIO MaTepHala.

5. TunoBble KOHTPOJIbHbIE 3a1aHUA UJIH HHBIC MATCPHAJIbI

TunoBsle KOHTPOJIBHBIC 3aaHUA BKIIKOYAKOT B cebst NEPCUCHb BOIIPOCOB K UTOI'OBOMY 3K-
3aMCHY IO JUCHUIUIMHE U IEPEUYCHDb BOIIPOCOB AJIA CaMOCTOSITEJIbHOM NMOATOTOBKU CTY AC€HTOB.

S.1. Bonpocel K 3K3aMeHy N0 AUCHHUILIHHE

1. BiiusiHue TEI0BOro pekuMa Ha HaJeKHOCTb U BBIXOIHBIE MapaMeTpbl mpudopos. Oc-
HOBHbIE€ BHJbI TEIUIONEPENAYH, UCIOIb3yeMble B CHCTEMAaX OXJAKACHUS SJIEKTPOHHBIX MPUOO-
POB.

2. 3axonbl Kupxroga, Credpana — bonprimana, Buna u Jlambepra.

3. ®opmyna I1nanka.

3. TermooObMeH Mexay aOCOTIOTHO YEPHBIMHU MOBEPXHOCTSIMH. Y TJIOBBIE KO3 PHUIIMEHTHI
U3JTy YEHUS.

4. TermoodmeH mexay nudy3HO-CEpbIMU OBEPXHOCTIMH.

5. MeToa «aydHrCTOro Cajabao», ypaBHEHHE XPUCTHAHCEHA.

6. 3amuTa OT TEIJIOBOTO U3JIyYEeHHUsI.

7. TemnepaTypHoOe I0Jie, H30TepMHUUYECKHE TOBEPXHOCTH, IPAUEHT TEMIIepaTy phl.

8. 3akon TteronposogHoctu Pypee. Jduddepenimanbioe ypaBHEHHE TEILIOMPOBOIHO-
CTH B TBEpPIOM TeJe.

9. TennonpoBOJHOCTE B MJIOCKON U MJIMHAPUYECKON CTeHKaX. TepMHuueckoe CONpOTUB-



JICHUE.

10. Tennonepenaya yepes MIOCKYIO U MIMHAPUYECKYIO CTEHKH. TenIon30IsILus.

11. JuddepennmanbHoe ypaBHEHHE TEIUIONPOBOAHOCTH B TeKyued cpene. YpaBHEHHE
CIUIOIIHOCTH MOTOKA.

12. Ypasuenus HaBbe — CTokca.

13. JduddepennnanbHple ypaBHEHHUS KOHBEKTUBHOIO TEIUIOOOMEHa B Oe3pa3MepHOn
dopme. Hucna nomobusi.

14. YcnoBust nogoOust TEIIOBBIX MPOLECCOB.

15. Meton aHanu3a pasMepHOCTEH, OOImMiA BUA KPUTEPHUAIBHBIX COOTHOLIEHUH KOHBEK-
THUBHOTO TETNIOOOMEHA €CTECTBEHHOM U BBIHY KACHHOW KOHBEKIIHEH.

16. TermooTnaya B KaHajie MOCTOSHHOTO IMOMEPEYHOrO CEUEHHs MPOU3BOIBHON (HOPMBI.
HsmeneHue temriepatyp >KUAKOCTH M CTEHKHM KaHaya, TeMIIEpaTypHOrO Hamopa W IUIOTHOCTH
TEIJIOBOTrO OTOKA B IIPOAOJIbHOM CEYEHUU KaHala.

17. TenmooTnaya B KaHaje MOCTOSHHOTO IMOMEPEYHOrO CEUEHHs! MPOU3BOIBHON (HOPMBI.
CpenHenHTerpanbHble 3HAUEHUS] KO3(pPHUIMEHTA TeIIO0TAaYHN U TEMIIEPATYpPHOrO Haropa B Ka-
Hase. Jlorapudmuueckuii TeMnepaTypHbIH HAOP.

18. YacTHbIi1 ciy4ail HECTALIMOHAPHOTO KOHBEKTUBHOIO TEIUIOOOMEHA TBEPIOrO Teia C
TeKy4el cpeaoi.

19. Tlepenaya TEIUIOBOTO MOTOKA Yepe3 MPSIMOYrojibHOE pedpo. OnTumusanus opedpe-
HUS.

20. Ilepenaya TEIUIOBOTO MOTOKA Yepe3 Kpyrioe pedpo. Onrumusanus opeOpeHus.

21. KoHpuryprupoBaHie TEIIOOTBOJOB Ha MOBEPXHOCTH M B OOBEME IMEYATHOW ILIATHI
11l UHTEHCU(UKALIMH TETUIOOTAYH 3JIEMEHTOB IMEYaTHOTO MOHTAXKA.

22. Knaccuduxarms TermooOMEHHBIX armapaToB: KOHTAKTHBIE U MIOBEPXHOCTHBIE, pere-
HEPaTHBHBIE U PEKYIIEPATUBHBIC TETIIOOOMEHHUKH. BHUIIbI peKynepaTHBHBIX TEIIIOOOMEHHUKOB!
KOXKYyXOTPYOHBIE U TUTACTHHYATBIE TETUIOOOMEHHHUKH, UX JOCTOMHCTBA U HEJOCTATKHU.

23. OCHOBHBIE COOTHOIIEHHSI, ONMMCHIBAIOLINE TEIMJIOOOMEH B PEKyIEPATHBHOM TEILIO00-
MEHHHKE B PEeKUME MPOTUBOTOKA.

24. O6mue MpUHLMITEL pacueTa TeMIepaTyp MOJyIMPOBOIHUKOBBIX KOMIOHEHTOB POA B
kopmyce. TemnoBoe CONMpOTHBIICHUE KKPUCTAIUT (MIEPEXOM) - KOPIYC», KKPUCTAILT (TIepexon) —
okpykarommas cpenay. OCOOEHHOCTH NMPUMEHEHUsI 3THX XapaKTePUCTHK B 3a/1a4ax pacuera Ter-
JIOBBIX PEKUMOB MOJYTIPOBOJHUKOBBIX KOMIIOHEHTOB POA.

5.2. Bonpocsl As1s1 caMOCTOSITeIbHOM padoThI MO AUCLUILIINHE

OCHOBHBIE 3aKOHOMEPHOCTH TEIUIOBOrO H3JydeHus: TerooOmeH mexay auddysHo-
CepbIMHU TIOBEPXHOCTSIMHU. METOM «JIyUHUCTOrO CcalbIo», popMyna XprucTHaHCEHA.

3akoH TermionpoBoaHOCTH Pypbe. TennonpoBOAHOCTh B MHOTOCJIOWHOHN TJIOCKOM U LIU-
JUHIPUYIECKOH cTeHKe. HecTannoHapHbIe MPOLIECCH TEIONEPeaayu.

VYpasHenue temnooraaun HelooToHa — Puxmana. DKBHUBaJE€HTHBIH AUAMETP, PEKUMBI
IBW)KEHUS JKUAKOCTH, €€ CPEAHsIsA TEMITEPaTy pa, MacCOBBIN U 00beMHBIN pacxonbl. TerooTnaqa
B KaHaJaxX MpHU BbIHYXIEHHOH KoHBeKIMH. KoaduumeHT TpeHus, nepenan AaBIeHUs B KaHa-
Jax.

Crnioco0s! noBeIeHns 3P PeKTHBHOCTH TeruioodMeHa. OnTUMH3aIyst OpeOpeHus..

Ypasaenus terooomeHa. Kosddumnuent rermonepenayn B TeruiooOMennuke. CpenHe-
JorapuMuyecKast pa3HOCTb TEMITEPATYP.

IIpunoxeHnue cocTaBun
K.T.H., nou. kadenpst [12J1 A A. ®Dedenos

3aBenyromuil kapenpoi
«IIpombliieHHas 3IEKTPOHUKAY C.A. Kpyrnos
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