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PaGouas mporpaMma coctasiiera Ha ocoe ®T'OC BO mo HANpaBIeHHIO TIOATOTOBKHA
22.03.02 METAJUIYPTMS (ypoBerb Gakanapmara) (Tipuka3s Munob6puayku Poccu ot
04.12.2015 1. Ne 1427)

PaGouas mporpaMMa paccMOTpeHa W OofoOpeHa Ha  3acelaHuH xadeapsl
TermIoTeXHUIECKUX 1 YHEPTETHIECKUX CHCTEM

11.02.2020, mporoxom Ne 4

3aB. kadenpoit '/ _E.B. Aranuton
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1 Ilean ocBOEHMSI AUCHHUILJINHDBI

Llenpto ocBoenust aucuuiuimHbl «Temnodusnka» sBiseTcss n3ydeHue (yHIaMEHTATbHBIX
3aKOHOB IIEpEHOCa TEIUIOThl, COBPEMEHHON TEOpPHM TEIIo00MeHa M NPUMEHEHHE UX B TEIUIOBBIX
pacyeTax HarpeBa M OXJXKACHUS TEl PA3IUYHON (OPMBI C Pa3TUUYHBIMU  TEIIO()U3UYECKIMU
cBOMcTBaMM; (POPMHUPOBAHUE Y CTYJEHTOB HA OCHOBE PALlMOHAIBLHON TEXHOJOTMH HAarpeBa MeTasia
YMEHUH TEIJIOBBIX PAcyeTOB; MPHOOPETEHNE HABBIKOB TEIUIOBBIX PACUETOB IOPENOK, (OPCYHOK H
TOpEeHHUs Ta3000pa3HOro, XKHUAKOI0 U TBEPIOrO TOILUIMUBA.

2 Mecto aucuuniuHbl B cTpykrype OOII 6akanaBpuara

Kypc B1.b.17 «Temnodu3uka» BXOIUT B 0a30BYI0 4acTh 00pa30BaTEIBLHOM MPOTPAMMEI 110
HanpasieHuto noarotoBku 22.03.02 — «Metautyprusi», ans npoduis moaroToBku TexHomorus
JUTENHHBIX ITPOLIECCOB.

VYcnemHoe ycBoOeHHE MaTepualla MpeArnoiaraeT 3HaHue CTyIeHTaMU OCHOBHBIX TOJIO’KEHUI
CJIEAYIOUIMX AMCUUIUIMH: Maremaruka: nuddepeHiaabHoe 1 UHTerpaabHoe ucuucienus; dusu-
Ka: TEPMOJMHAMKKA; XUMUS: 3aKOHOMEPHOCTH MPOTEKAHUS XUMUYECKUX PEaKLUi.

3HaHus, NOJYYEHHBIE CTYI€HTaMu MpH U3ydeHuu Kypca «Temnodusrka» HeoOXOAUMBI A
MOCJIEAYIOLIET0 OCBOCHMS MUCLMIUIMH: MeTtamutyprudeckasl TerioTexHuka; OCHOBBI MeTaJIypru-
YEeCKOIo MPOU3BOJICTBA; MPH BHIIOJIHEHUH HAYYHO-UCCIIEAOBATENbCKUX U BBITYCKHON KBalu(UKa-
[IUOHHOU padoT.

Marepuan qUCUMIUIMHBEI 6a3UpyeTcsl Ha paHee U3yYEeHHOM MaTepuase KoMIliekca o011eo0-
pa30BaTeNbHBIX U CHEIHAIbHBIX AUCHUIUIMH, KOTOPBIH obecrieunBaeT GpopMupoBaHue TpedyeMoro
YPOBHSI KOMIETEHIIMM OOYy4aroUlerocs M MOATOTOBKU OaKajJaBpOB 10 HANPABIECHHIO MOJArOTOBKU
22.03.02 — «MeTamryprusi», Uit pouiIst MOATOTOBKH TEXHOIOTHS IUTEHHBIX POLIECCOB.

3 Komnerenuun ody4aromerocsi, popmupyemsbie B pe3y/ibTaTe 0CBOCHHS THCHUTIMHBI
(Moaynsi) M IJIAHMPYeMble pe3yJIbTAaThl 00y4YeHH s

B pe3yjibTaTe OCBOCHHUA AUCHUIIIIMHBI ((TeHHO(bH3HKa>> CTYACHT HOJIKCH O6J'I8.I[3TL CJIC-
AYIOIIUMHA KOMHGTGHHI/IHMI/I:

CtpyKTypHBII
DIIEMEHT [Tnanupyemsble pe3yabTaThl 00yUeHHs
KOMIIETEHINH
OIIK-1. '0TOBHOCTBIO HCIIOJIB30BATh (DYH/IaMEHTAJIbHbBIE OOIIENHKEHEPHBIE 3HAHUSI
3HaTh: ba3oBble 3HaHUS B 00JIACTH €CTECTBEHHOHAYUYHBIX JUCHUIUINH; OCHOBHBIE TIPO-

OJIEMBI C€CTCCTBECHHOHAYYHBIX JUCHUIINIMH; OCHOBHBIC MCTOABI PCUHICHUA ITPO-
0JIeM eCTeCTBEHHOHAYYHBIX JTUCIUTUIMH.

VYMeTh: Bri6pats MeToauku 0a30BBIX 3HAHWH B 00JACTH €CTECTBEHHOHAYYHBIX JHMCITH-
IUTMH, TPaMOTHO TOCTAaBUTH 3ajady, MOAOOpaTh METOAUKY HCCIEAOBaHUSA U
pelIeHUs ITOCTABJICHHON MPOOJIEMBI; TPAMOTHO TIOCTAaBUTh 3a/1ady, MOJI00paTh
METOJIMKY HCCJIEOBAHUS M PEIICHUS MOCTABJICHHON MPOOJIEeMbl U PelIuTh e
pa3HBIMHU CITIOCOOAMH.

Brnanets: HaBbikamu mpoBeneHUs aHallM3a MOCTABIEHHOW 3a7aud; HaBBIKAMH IPOBEIE-
HHUS aHaJIW3a IOCTaBJICHHOU 3aga4u, BI)I60pa MCTOAWKU PCHICHUSA ITOCTABJICH-
HOM 3a/auM; HaBBIKAMU MPOBEICHUS aHAlM3a MOCTaBJICHHOW 3a7adu, BHIOOpA
METOJIMKH PEIICHUS MTOCTABJICHHOW 3aJIa4M U PEIIUTH €€ pa3HBIMH CITOCOOAMH.
IIK-4. I'0TOBHOCTBIO UCIHOIb30BATH OCHOBHEIE NOHATUA, 3aKOHBI U MOACIIN TCPMOANHAMHKHU, XU~
MHUYECKOM KHHETHKH, TIEPEHOCa TETJIa U MacChl

3HaTh: OcHOBHBIE ONpeIeNICHHS U MOHATUS 0a30BBIX 3HAHUH B 00JACTH €CTECTBEHHO-
HAYYHBIX TUCHUTUIMH. DyHIaMEHTaIbHBIE OCHOBBI €CTECTBEHHOHAYYHBIX JIHC-
IMUIIIMH, OCHOBHBIC MCTOAbI PCHICHUA THUIIOBBIX 3aJla4 11O U3BCCTHBIM aJITOPUT-
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CTpyKTypHBII
AIIEMEHT
KOMIIETEHINH

[TnanupyemMble pe3ynbTaThl 00yUCHHS

MaM UM IIpaBHJIaM. OcHOBHEIC 3aKOHOMCPHOCTH IIPOLECCOB MACCOIICPCHOCA
IIPUMEHUTEIIBPHO K TEXHOJIOTHYCCKUM ITPOLECCaM, OIMMChIBATh, paCCUUThIBATh U
AHAJIM3UPOBATH NPOUCCCHI IMIEPECHOCA TCIJIa U MACChI, BBIACIIATH CI)aKTOpLI, OII-
peaACIAIOINE NX HHTCHCUBHOCTD.

YMmers:

OOBSICHSITH TUTUYHBIEC MOJICHM 33Ja4 B 00JIACTH TEeTIo0OMeHa. 00CyXIaTh (-
(beKTHBHBIE CITOCOOBI pelieHHs Mpo0IeM TEII000MEHa CTPOUTh U aHATU3UPO-
BaTh MaTeMaTHUYECKHE MOJICIM TeIloMaccornepeHoca. Pacro3naBath 3¢dek-
TUBHOE pelieHne oT Hed()(HEKTUBHOTO, TIPH PELICHUH 337a4 CJI0KHOTO TEIlIo-
oOMeHa.

Bnaners:

CriocobaMu IEeMOHCTpAIMK YMEHHUS BIIaJeTh cOOpoM HH(DOPMAIUH ISl TETLIO-
TexHudeckux pacuéroB. Criocobamu cOopa M aHaim3a WHPOPMAIUU O TEILIO-
OOMEHHBIX TpoIleccaX KOHBEKIMEH, U3TYYCHUEM H TEIUIONPOBOAHOCThIO. Me-
TOJIaMH pacyeTa IpoIecCOB KOHBEKTHBHOTO TEIIO- U MacCoNepeHoca, nepeia-
YH TETUIA H3TYYCHHUEM U MOJICKYJISIPHOW TEIIONPOBOJIHOCTHIO.

4 CTpyKTYpa M cojlep:KaHue JUCUMIJIMHBI (MOAYJIfA) I O4HOI (hopMBbI 00yUeHUSs

OO61mas TpyA0eMKOCTh AUCHHUILINHBI cocTaBiseT 3 3.¢., 108 vacos.
dopmMa NPOMEKYTOUHON aTTECTALUN — IK3AMEH.

1. KonraktHas padora — 14,9 akaz. 4acos:

— aynuTopHas — 12 akaj. yacos;

— BHeayauTopHas — 2,9 akaj. 4acoB.
2. CamocrosrtenbHas pabora — 84,4 aka/. 4acos.
3. TloaroroBka k ’k3ameHy — 8,7 akaj. Jaca.
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peHoca BellecTBa, Teria u
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Tema 2. TemmonpoBou- OIIK-1
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TUS W 3aKOHBL. Buabl my-
YUCTHIX TMOTOKOB. ClOX-
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TUYECKOro 3a-
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nuBa. Temmorenepanus 3a BYIOIINX  BO- a '
CYET JJICKTPOIHEPTHH. MIPOCOB  pazne-
na 6
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KOHTPOJILHOM .
Konrponbnas padora 2,9 TPOJBHOW pa-
pabotsl. IIpo-
OOTBHI.
paboTka cooT-
BETCTBYIOIIAX
BOIPOCOB pa3-
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5 O0pa3oBaTesibHbIe H HHPOPMAIMOHHBbIEC TEXHOJIOTHH

Jns pemieHus: MpeayCMOTPEHHBIX BHJOB Y4eOHOH pabOTBl MpH W3YyYEHUH IHCHUILTHHBI
((TGHJIO(l)I/I?;I/IKa» B Ka4€CTBEC O6pa3OBaTCJII)HI)IX TEXHOIOTHI HCIIOJIB3YIOTCA KaK TPAAUILIMOHHBIC, TaK
¥ MOJyJbHO-KOMIIETCHTHOCTHBIE TeXHOJIOTHH. [lepenaya HEOOXOIMMBIX TEOPETUYECKUX 3HAHUI 1
(dbopMupOBaHKE MPEACTABIECHUH 110 KypCy IIPOUCXOIUT C IPUMEHEHUEM MYJIbTUMEIUNHOTO 000py-
noBaHMA. JICKIMOHHBIN MaTepuall 3aKperuisieTcss Ha JabopaTopHbIX padoTax, rie NpUMEHSETCs CO-
BMECTHAs JIEATEIbHOCTh CTY/IEHTOB B IpYIIIE, HAIpaBJIE€HHAs HA PELICHUE OOLIEeH 3aJayu MyTeM
CJIO’KEHUS pe3yJIbTaTOB MHAMBUAYAIBHOM paOOThI WiIeHOB rpynmbl. [ pa3BUTHS U COBEPILEHCT-
BOBAaHUSA KOMMYHHWKATUBHBIX CIIOCOOHOCTEH CTYACHTOB OPraHU3YIOTCA MNMPAKTHYCCKUC 3aHATUA B
BUJIC JUCKYCCUH, aHalU3a peajbHbIX MPOOJIEMHBIX CUTYallMi M MEXKIUCUUIUIMHAPHBIX CBSA3EH M3
pa3nuYHbIX oOJacTeil B KOHTEKCTEe pemaeMoil 3aaauu. CamocrosiTenbHas padoTa CTUMYIHPYET
CTYACHTOB K CaMOCTOATEIbHON MpopaboTKe TEM B Mpoliecce HamMcaHus pedepaTroB, HOATOTOBKU K
JUCKYCCHAM, U TCCTUPOBAHUIO.

6 YueGHo-MeTOANYECKOE 0GecTieyeHre CAMOCTOATEILHONH PAaG0ThHI CTY1eHTOB

OrneHouHbIE CPEACTBA JUIsl TEKYIIEro KOHTPOJS YCIEBAaeMOCTH, MPOMEKYTOYHON arTecra-
LIMU 110 UTOTaM OCBOEHUS TUCLUIUIVHBIL:
1. OcHOBHBIE 3aKOHOMEPHOCTH MEXaHUKH MEUHBIX T'a30B.
. CBOOOIHbIE M YACTMYHO OTpAaHUYEHHBIE CTPYHHBIE TEUCHHUS.
. Orpann4eHHbIe CTPYHHBbIE TEUEHUS. THKEKTOD 1 3KEKTOP.
. IloTepu 3HEpruM Mpu IBUKEHUH ra3oB.
. Bunel nepenoca temnotsl. OCHOBHBIE MOHATHUS U OIIPEICICHHUS.
. AuddepennnanbHoe ypaBHEHHE TEIIONPOBOAHOCTHU. [ paHUUHBIE YCIOBHUSI.
. KoaddunumenT rennonpoBogHOCTH cTasiel M GaKTOPHI, BAUSIOUINE HA HETO.
. CraunoHapHas ¥ HeCTallMOHAPHAs TEIIONPOBOIHOCTD
. KonBekTHBHBIN TEMI000MEH NMpU CBOOOIHOM U BHIHYKICHHOM JABH)KEHUU T'a30B.
10. KputepuaibHble ypaBHEHUSI KOHBEKTUBHOT'O TEMJIOOOMEHA.
11. TennooOMeH uznydeHueM. Buibl TyducThIX TOTOKOB.
12. OcoGeHHOCTH U3Ty4YEeHUS T'a30B.
13. TemmooOMeH H3IydyeHHEM MEXIY TeJaMH, MPOM3BOJIBHO PACIOJOKEHHBIMH B TPO-
CTPaHCTBE.
14. YrnoBbie K03 HUIMEHTHI U3TYICHHS.
15. TenmooOMeH M3TydE€HUEM MPH HATUYHH SKPAHOB MEXK/Y TOBEPXHOCTSIMHU.
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17. OcHOBBI TeOpHH MOAOOHSI U MOACIUPOBAHUS TEIUIOTEXHUYECKUX M TEIUIODHEPreTHYe-
CKHX MPOIIECCOB U 000PYyI0BaHUSI.

18.
19.
20.
THH.
21.
22.
23.
24.
24.
25.

OcHOBBI pacueTa HarpeBa «TOHKUX» U «MaCCUBHBIX» 3arOTOBOK.
XuMHUUYECcKasi SHeprusl.
Pa3pyiienne u o0pa3oBaHue MOJEKYJISPHBIX CBsi3el. BpleneHne u NoriomneHue sHep-

OCHOBHBIE PHEPTETUYECKUE PECYPCHl XUMUYECKHE PEAKLIUU SHEPTETUKH.
OcHoBHBIE YCTPOKCTBA T€HEPAIMH U UCIIOJIb30BaHUS XUMHUECKON SHEPTUU.
Paspymenue u 06pa3zoBaHne aTOMHBIX CBSI3€H.

Briienenue u norjomeHne SHepruu.

ConneuyHoe n3nydyeHue. XapakTepucTHKa.

AKKyMyYJIHpOBaHHUE Teria. TUIbI aKKyMYJISITOPOB.

26. TeroBast SHEPTHUST OKPYKAIOIICH CPEIIbI.

7 O1ieHOYHbIE cpeacrea AJid MpoBEeACHUSA HpOMe)KyTO‘lHOﬁ aTrrecranum

a) Ilnanupyemsbie pe3ybTaTbl 00y4YeHHs] U OLIEHOYHbIE CpeICTBA /JI NPOBedeHHS
NMPOMEKYTOYHOM aTTeCTAllUM:

CTpyKTypHbBIii
3J1eMeHT
KOMIIeTeHIIUH

ILiianupyemsbie pe3yb-
TaThl 00y4eHHs

OueHo4vHbIE CpeacTBA

OIIK-1. '0oTOBHOCTBIO NCIIOIL30BATh (I)YHI[aMeHTaHBHLIC O6IJ.I€I/IH)I(CHepHLIC 3HaHHUA

30BBIX 3HAHUU B 00JIACTH
€CTeCTBEHHOHAYYHBIX

TUCIUIUIAH;  TPaMOTHO
MOCTaBUTh 3ajady, IIo-
n00paTh METOAMKY HC-
CIIEZIOBAaHUSI U PEIICHHS
MOCTaBIEHHOW  TpoOIIe-
MBI; TPAMOTHO MTOCTaBUTh
3agady, mnoaoOpaTh Me-
TOJIMKY HCCIEOBAaHUS |
peleHust TMOCTaBICHHOM
MpoOJIeMbl U PELIuTh €€
Pa3HBIMH CIIOCOOAMU.

3HaTh: baszoBble 3HaHuA B 00-|Ilepeuens meopemuueckux 60npocos K IK3ameny:
JacTU ecTecTBeHHOHayu- [ 1. TepmoanHaMuKa 1 MEXaHUKa Ta30B.
HBIX JHMCUUIUINH; OCHOB- |2. DHTAJBIHA, TEIJIOTA.
Hble Mpobnembl ectecT- | 3. OCHOBHbIC ypaBHEHHs TEUEHUS Taza.
BEHHOHAYYHBIX JUCHUI- (4. OCHOBHBIE CBEICHUS U3 MEXAHUKHU T'a30B.
JIMH; OCHOBHBIE METO/BI 5. PeXXUMBI ABHKEHUSI AKHUJIKOCTH.
pemeHust pobiem ecre- | 6. Micreuenue rasza uepes3 OTBEPCTHSL.
CTBEHHOHAyuYHBIX  Juc-| /. YpaBHeHnue bepnymnu. CtpyiiHoe ABH)KEHHE Ta3a.
LUAIIAH. 8. Temto- 1 MaccornepeHoc.
9. SIBneHus, 3aKOHBI U ypaBHEHUS MEepeHOca BEIIeCT-
Ba, TEIJIa U UMIIYJIbCa: TEIUIONPOBOJAHOCTh, KOHBEK-
1y, u3ydeHue, tupdysus.
YMers: BeiOpate Meronuku Oa- | Ilpumeprnoe npakmuueckoe 3a0anue 01s IK3amena:

1. B kakux equHULIaX U3MEPSAETCs KOJTUYECTBO TETLIO-
TbI?

1. °C;

2. KI/M;
3. JIx;
4. H/m

2. TeronpoBOAHOCTh KaKUX MaTepHAIOB HAaOOIb-
masn?

1. MeTannos;

2. I"a30B;

3. TBepIbIX TEN - TUAIEKTPUKOB;

4, Kunkocrei.

3. Ot KaKkMX mapamMeTpoB 3aBUCUT KOAPPHUIIUEHT TeM-
JIOTTPOBOAHOCTH?

1. Ot BUIa IBM)KEHUS KUJIKOCTH;

2. Ot TemmiepaTyphl ¥ GU3MUECKUX CBOWCTB Be-




CTpyKTYypHBIii
3JIeMEeHT
KOMIIETEeHIIUH

Ilnanupyembie pe3yJib-
TaThl 00y4eHHs

OueHo4HBIE CpPeICTBA

IIECTB;
3. OT Macchl ¥ MIONIAIM TOBEPXHOCTH TEJa;
4, OT KOIM4Y€eCTBA MOABEAEHHON TEIIOTHI.

4. Kakoe 13 ypaBHEHUE IJIOTHOCTH TEILJIOBOTO MOTOKA
COOTBETCTBYET IIEPCHOCY TCILIOTHI TCILIOIIPOBOJIHO-
CTBIO YEPE3 OJHOCIONHYIO IJIOCKYIO CTEHKY:

S -
1. q= z (2 -t
2. g =-Agradt ;

3. q=a @ -t, ;
A -
4. q:g(z—tl/.

5. [lo kakoMy U3 ypaBHEHUH PaCCUMTHIBACTCS TEILIO-
nepejaayda 4yepes3 CTeHKY?

1. qg = ;i’(tcl _tc2)

o
t., —1t.,.
2 q: cl n céfn 1)
2
_ tDIC] t:)/c2
A TR
o A o,

6. Yka3aTh, KAKOMY UHTEpBajly 3Ha4eHUN K03 Puiiu-
€HTa A COOTBETCTBYET TEIUIONPOBOJHOCTH CTaJIeH.

1. 20-50Bt/(m°C)

2. 0,07-4Bt/(m°C)

3. 0,007 -0,07 Bt/(m °C)

7. B xakux equHUIAX u3MepsaeTcs KodpUIMEHT TeT-

JIOTIPOBOAHOCTH?
Bm
1. —
B
M~ 2pao
M- 2pad
4, Bm.

8. Koo dunueHt remnonepenaun xapakTepusyeT UH-
TEHCUBHOCTb NEPEAayH TEIUIOTHI:
1. OT o1HOM cpensl K IpYyroi;

2. BHyTpu TBEpABIX CTEHOK;

3. OT OHOM cpefbl K APYrou 4epes3 pasaeiiu-
TEJIbHYIO CTEHKY,

4, OT XHUAKOCTEN K TBEPABIM CTEHKaM.

9. Yucno Pypwe onpenenser:




CTpyKTYypHBIii

Ilnanupyembie pe3yJib-

3J1eMeHT OueHouHbIe cpecTBA
TaThl 00y4eHHs

KOMIIETEeHIIUH
1. Pexum nBUKEHUS KUIKOCTH;
2. TepMHUECKyI0 MACCUBHOCTb TET;
3. be3pasmepHoe Bpemst Harpena;
4. dusnueckue napaMeTpsl BEHIECTBA.

Bnaners: Hasbikamu nposenenus | Illpumep 3a0anus na pewienue 3aoau u3z npoghec-

aHalmM3a IOCTaBIICHHOM
3a7a4; HaBbIKAMU MPO-
BEJACHHMS aHalu3a Io-
CTaBIICHHO# 3aJa4M, BbI-
0opa METOJIMKHU PEIICHUS
IIOCTAaBJICHHOM  3aJadyH;
HaBbIKAMHM  TMPOBEIICHUS
aHajau3a IMOCTaBJICHHOM
3a/1a4d, BbIOOpa METOIH-
KU PELIEHUs MOCTaBJIEH-
HOW 3a7jayu U PEUIUTH €€
pa3HBIMU CIIOCOOAMH.

CUOHAIbHOU obnacmu:

3amaua 1. Ilnockas meyHast cTeHKa COCTOUT U3
CJIOSl OTHEMOPHOTO MaTepHasa TONIUHON S1, M U Te-
TUTOM3OJISIIIMOHHOTO CJIOST TOMIUHON Sp, M. Koaddu-
[MEHTHl TEIUIOMPOBOAHOCTH CIIOEB DPABHBI: MEPBOTO
A, Bt/(m K), BToporo 4,, Br/(m K). Temneparypa
ra3oB OMBIBAIOIIMX BHYTPEHHIOKO MMOBEPXHOCTh
cTeHku tr, C; KO3 PUIMEHT TeII00TAaYH K BHYTPEH-
Heil crenke «,;, B1/(M'K); oT HapyXHO#l cTeHKH K
BO3AyXy «,, B1/(MK).
TemnepaTypa BO3[yXa, OMBIBAIOIIEIO HAPYKHIOKO
MMOBEPXHOCTh CTEHKH t5, °C.

HeoOxoaumo onpenenurs:

a) oOI1ee TEIIOBOe CONMPOTUBIICHHE OT Ta30B U
BO31yxy - R, O0mmii koadduuueHT Terionepenayu
K, TUIOTHOCTB TETUTOBOTO MOTOKA ( U KOJIMYECTBO Te-
wioTel Q, TepsieMoe CTEHKOW MpU TpeX BapHUaHTax
yKa3aHHBIX B Ta0IUIE 2;

0) HaiiTu TemmepaTypsl B CThIKe cioeB tl, t2 13
JUTSI T€X )K€ BAPHAHTOB;

B) TIOCTPOUTH JIJISl TPETHEro BapuaHTa rpapuku
pacnpeziesieHus: TeMIepaTypsl B KOOpAnHaTax t-S u t-
R; cpaBHUTH ¢ TemmepaTypamH, MOTYYCHHBIMU aHa-
JUTUYECKUM IyTeM ( 1o popMynam);

T') ONpEeNeUTh CHIDKEHUE MOTeph Terjia BO BTO-
POM H TPEThEM BapHaHTaX MO CPABHECHUIO C TIEPBHIM
(B mpouenrax). [lorepu mpu mepBoM BapuaHTE MpU-
auMarorcs 3a 100%;

1) pe3yiabTaThl pacyeToOB MPEJCTaBUTH B BUJC
tabmuiel 1 (Ilpuin. 1.) u coenath BBIBOJBI O POJIU Te-
TJIOBOUM U3OJISIIUU ISl CHIDKEHUS TTOTEPh TEIUIa Yepes

KIaaKy. BapuanTtel 3aaun manel B Tabnwime 2 ([Tpwo.
2).

IInomanes cren f, M.

[IK-4. '0TOBHOCTHIO HCIIOIL30BaTh OCHOBHEIC MOHATHUA, 3aKOHBI 1 MOACIIM TCPMOANHAMUHKHU, XU~
MHYECKOM KHHCTHUKH, ICPCHOCA TCIIJIa U MACCEHI

3HaTh:

OcHOBHBIE OIpeAeIICHUs
A MOHATHS 0a30BBLIX 3Ha-
HHH B 00JacTH €CTEeCT-
BEHHOHAYYHBIX JTUCIIUII-
nvH. DyHIaMeHTaJIbHbIE
OCHOBBI €CTECTBCHHOHA-
YUHBIX JUCHUUIUIAH, OC-

Ilepeuens meopemuueckux 60npoco8 K IK3AMEHY:

1. TenmonpoBoaHOCTh. JuddepenimansHoe ypaBHe-
HUE TEIJIONPOBOAHOCTH.

2. TemynonpoBOAHOCTh MPHU CTALIMOHAPHOM U HECTa-
LHOHAPHOM PEXHUME.

3. Tennonepenadya. KoHBEeKTUBHBIN TEIJIO- M MacCO-
MEPCHOC MpH CBO6OI[HOM 1 BBIHYKACHHOM TCUCHUMU.
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CrpykrypHbIi Ilnanupyembie pe3yJib-

3J1eMeHT OueHoYHBIE CPEICTBA
TaThl 00y4eHHs

KOMIIETEeHIIUH
HOBHBIE MeETOIbl peie- (4. ['maponuHaMuyeckuil M TEIUIOBOM MOTrpaHUYHBIE
HUS TUIOBBIX 3a7ad IO | CJIOH.

W3BECTHBIM alropuTMam (5. Panuanumonssiii Temno- u maccorepeHoc. OCHOB-
u npaswiaM. OCHOBHBIC | HbIC TIOHSITHS U 3aKOHBI.

3aKOHOMEPHOCTH  TpO- [ 6. BUIBI Ty4HCTHIX TOTOKOB.

meccoB  macconeperoca | 7. CIoKHBIN TeII000MeH.

MpPUMEHHUTENbHO K Tex-|8. Terorenepanus 3a cuer cxuranus torwiusa. Oc-
HOJIOTUYECKUM  TIPOILIEC- [ HOBHBIC XapaKTEPUCTUKH TOTUIHBA.

cam, ONMCHIBaTh, paccuu-|9. OCHOBBI Teopuu ropeHus. Pacyersl moiaHoro u He-
THIBATh ¥ QHAJIU3UPOBATH | IOJTHOTO TOPEHUS TOIUIHBA.

nporeccel neperoca ten- [ 10. YerpoiictBa ans cxxuranus Torusa. TersoreHe-
Ja W MAacChl, BBIJICISTH | palHs 32 CYET FICKTPOIHCPTHH.

(bakTopbl,  OMpeeNsio-

1€ WX WHTCHCUBHOCTD.

YMmeTs: OOBSCHATH TUNUYHEIC | IIpumepnoe npakmuueckoe 3adanue 01 IK3ameHa:
Mozenu 3anad B obnactu | 1. [lpu kakux 3HaueHusax uucia buo teno spisercs
TEII000MeHa.  00CYX- | TEPMHUYECKH TOHKHUM:
natb 3¢dexruBnbie cro- | 1. Bi »>0;
coOBI perieHus: mpooJeM | 2. Bi —> w;

TEIIO0OMEHa CTPOUTH M |3, Bi<O0:;
aHaIIM3upPOBaATL MaTeMa- |4, Bi <0,25.

THUYCCKHUEC MOJCIN TCII-

2. Kakoe yncio nojo0us aBisieTcs onpeiensieMbIM
nomaccornepeHoca. Pac-

[P pacueTax KOHBEKTUBHOIO TeI1ooOMeHa?

no3HaBaTh d(PPEKTUBHOE |1 Pr:
pewenre ot Hedphex-| o Nu':
TUBHOTO, TP PELICHUH |3 Re:
3a/a4 CIOXKHOIO TerIo- |, Gr.
oOMeHa.

3. KakuM ypaBHEeHUEM 11010015 XapaKTepU3yeTcs
BBIHY)KJICHHAsT KOHBEKITHSI?

1. Nu = f Gr,Pr ;

2. Nu=f@ePr;

3. Nu = f €o,Pr ;

4. Nu=f@iPr

4. Kakue 3HaueHus Re cooTBETCTBYIOT TypOyJIE€HTHO-
MY PEXKUMY JBHKEHHS KHUIKOCTH B TpyOax (KaHanmax)

1. Re >1300;
2. Re <9300;
3. Re >10300;
4. Re > 2300 .
5. Yucno Pelinonbpaca onpenensercs mo hopmyse
1. Re = wd 2. Re = vd
U 1%
3. Re = v 4. Re = “
w w

6. Kakoe 3HaueHne NOrIOMATENBHON CHOCOOHOCTH
uMeeT abCOJTIOTHO YEPHOE TEIIO:
1. A<1;

11




CTpyKTYypHBIii

Ilnanupyembie pe3yJib-

3JIeMEeHT OueHoYHBIE CPEICTBA
TaThl 00y4eHHs
KOMIIETEeHIIUH

2. A=0;
3. A=1;
4. A>1
7. Kakoii U3 npuBeeHHBIX 3aKOHOB MPUMEHSETCS AJIs
pacueToB TEIJI000MEHA U3JTydyeHUEM?

ot
1. qg=—A—

on
2. g=o(t.—t )

T
— % 4

3. g=¢&%c, (/)

“7100
8. Kakwue ra3pl 00J1agaroT U31y9aTeIbHOM U MOTJIoMIa-
TEIbHON CIOCOOHOCTHIO?
1. He, Ar, Ne;
2. N2, Oz, Hp
3, H,0, CO,, SO,

Brnanets: Cnocobamu nemoHctpa- | Ilpumep 3ad0anus na pewenue 3aoau u3z npoghec-

MM yMEHHUS  BJIAJCTh
coopom uHpopmanuu
IV TeTUIOTEX HUYECKHX
pacuéroB.  Cnocobamu
cbopa u ananuza uHdoOp-
MalMu O TErIO00OMeH-
HBIX MpOIlecCax KOHBEK-
Uel, U3ITy4eHueM U Te-
IJIONPOBOJHOCTBIO.  Me-
TOJaMHU pacyera Ipoliec-
COB KOHBEKTHUBHOT'O TeIl-
JO- M MaccomepeHoca,
nepefayu Tersia u3iryde-
HUEM H MOJIEKYJISPHOM
TETUIOTIPOBOAHOCTHIO.

CUOHAIbHOUL obacmu:

3anaua 2. B neuyb ¢ MOCTOSSHHOM TeMnepaTypoi
tag, °C, momemiaeTcsi CTaJbHOM HMWIMHJIP TUAMETPOM
D, m. HayanbHas Temmeparypa MeTallja COCTaBIISIET
taau, °C KoaddurmeHT TemionpoBoIHOCTH CTAIH Acr,
Bt/(m rpan); temmoemkocth Cgp, KIDK/(KT Tpan),
IJIOTHOCTB PCT, K/, Koaddunuent rennoornayu ot
MeYHbIX Ta3oB o OmnpenenuTh BpeMs Harpepa T, 0
MOMEHTa JIOCTHIKEHUS  TeMIepaTypbl thos, O0C
.TeMIIepaTypy HUEHTPA tyeyr B MOMEHT BbIJIaYHM METaJlIa
3 meun. Termodu3ndeckue mapaMerpsl CTallU: KO-
3G (ULIHEHT TEeMIONPOBOAHOCTH Acr, TEIUIOEMKOCTH
C¢r, TIIOTHOCTD P¢p, CYUTATH HE3ABUCAIIUMH OT TEM-
nepaTypel.

Paccunrare TeMIiepaTypHOE II0JIe HEOTpaHU-
YEHHOTO IWIMHApA A 3HAa4eHud paguyca r=r0) r=

1 2
r r==r

3, 3 | =R mo dbopMynaM U CpaBHUTH C pac-
CUUTAHHBIMU Opop,  Opepr, lyenr MO auarpammam J[.B.
bynpuna. Bapuantel mpencTaBieHbl B TaOnuie 3.
(ITpum. 3).

[Ipunoxenune 1

BapuanTsl 3a1aun

Temnepatypa, °C

tr tl tz t3 tB

be3 TemoBoil n3osuu

TCIIJIOBBIC I1OKA3aTCIIN

TEMIIEPATYpPhI NOJTyUCHHbBIE
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AHATUTHYECKU
rpaduvecKku
2 | C TemuoBoi u3onsanuein
TEIIOBEIC ITOKA3aTeIIN
TEeMIIepaTypbl TOJIYYCHHBIC
AHAITUTHYCCKHU
rpaduvecKu
3 | C yaBOeHHO# TETUIOBOW M30JISIIMEH
TEIIOBEIC ITOKA3aTeIIN
TEeMITepaTypbl TTOJIYYCHHBIC
AHAITUTUYCCKHU
rpaduyecKu
4 | CHMKEHHUE TIOTEePh TEIIOTHI 10 CPaB-
HEHUIO:
C TIEPBBIM BapHAHTOM
C BTOPBIM BapUAHTOM
C TPETHM BapHAHTOM
[Tpunoxenue 2
Ne Jlanubie ycioBus 3anaun Nel
BapI/Ia_lHTa Sy, Sz, A A, L, L, al’z az'z f
M M Br/MK | Bt/MK °C °C Bt/M°K | Br/MmK
1 0,23 0,115 1,0 0,1 1000 15 100 20 15
2 0,23 0,23 1,2 0,1 900 10 120 20 12
3 0.46 0,065 0,9 0,3 1200 20 80 19 18
4 0,46 0,115 1,3 0,2 1350 5 150 18 15
5 0,345 0,23 1,2 0,4 850 10 120 20 11
6 0,23 0,115 11 0,3 850 8 110 21 10
7 0,345 0,065 14 0,2 900 20 130 17 14
8 0,46 0,10 1,6 0,1 1200 30 100 15 17
9 0,23 0,130 1,1 0,15 900 10 120 15 13
10 0,46 0,23 1,0 0,3 1300 15 140 16 12
11 0,46 0,13 0,9 0,35 1200 10 130 17 15
12 0,46 0,10 1,0 0,25 1250 5 115 20 18
13 0,23 0,23 11 0,3 800 15 100 19 10
14 0,23 0,115 0,9 0,3 800 20 110 15 12
15 0,345 0,10 1,2 0,1 1000 30 115 15 14
16 0,345 0,23 1,0 0,2 1100 10 110 18 10
17 0,345 0,115 1,3 0,2 1000 10 125 20 11
18 0,46 0,23 11 0,1 800 5 100 20 18
19 0,46 0,115 1,3 0,2 1000 20 15 17 20
00 0,23 0,23 11 0,1 800 5 100 20 18
[Ipuioxxenue 3
Ne tod} D tHalI >\‘CT CCT Per o tl'IOB
1 1300 0,24 14 30 0,54 7820 250 1200
2 1200 0,17 20 28 0,50 7840 200 1120
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3 1100 0,15 40 35 0,63 7800 180 1040
4 1400 0,30 60 28 0,61 7850 310 1250
5 1400 0,25 12 25 0,57 7810 350 1100
6 1400 0,28 50 29 0,54 7800 340 1200
7 1300 0,32 10 30 0,52 7780 300 1150
8 1300 0,23 20 25 0,62 7820 280 1200
9 1300 0,20 25 33 0,60 7850 270 1250
10 1250 0,24 24 35 0,55 7850 260 1150
11 1250 0,18 20 27 0,51 7800 250 1100
12 1250 0,19 10 29 0,54 7790 255 1050
13 1200 0,30 17 25 0,60 7800 240 1080
14 1200 0,35 15 30 0,52 7850 250 1100
15 1200 0,23 20 20 0,61 7820 240 1120
16 1150 0,19 30 18 0,53 7830 200 1060
17 1150 0,15 25 23 0,55 7840 210 1050
18 1150 0,20 14 24 0,60 7800 220 1080
19 1200 0,30 24 28 0,63 7850 240 1100
20 1400 0,25 12 25 0,57 7810 350 1100
21 1200 0,30 15 25 0,60 7800 240 1080
22 1150 0,20 14 24 0,60 7800 220 1080

0) [Hopsaok npoBegeHUsI MPOMEKYTOYHONH ATTECTALMH, NTOKA3aTeJId U KPUTEPUH OLle-
HUBaHMUS.

Jis monmy4yeHust K3aMeHa Mo JUCIUIUIMHE CTYACHT JOJDKEH MOoKa3aTh CIAeAYIONINe 3HAHUS,
YMEHHUS U HABBIKK TI0 UCIOJIb30BAHUIO W BHEJPEHHUIO PE3yJhTAaTOB 00pa30BaTEIbHON JESITEIBHO-
CTH!

— Ha OLEHKY «OTJIHYHO:

CTyneHT JOMHKEH MoKa3aTh YPOBEHb 3HAHUN HE TOJBKO Ha YPOBHE BOCIPOU3BEICHUS U 00b-
SICHCHU L I/IH(l)OpMaHI/II/I, HO W MHTCJUICKTYAJIbHBIC HABBIKWU PCIICHUA HpO6J’ICM H 3a4a4, HaXOXJICHU
YVHHUKAJIbHBIX OTBETOB K MpoOIeMaM, OIICHKH U BBIHECEHUS KPUTHUECKUX CYKICHUIA; CTYJEHT JOI-
JKEH TMPEeJ0CTaBUTh BHITIOJIHEHHOE 33/IaHKe, B KOTOPOM OBLTH ObI OTpaKeHBI MPOOJIEMBI, KacaroIIre-
Csl BCEX aCIEKTOB U3y4aeMOW JUCHUIIINHBI.

— Ha OIICHKY «XOPOII0Y:

CryaeHT BiaJieeT TEPMUHOJIOTHEN U3y4aeMOl TUCIMIUIMHBL; CTYAEHT MOXET MOKa3aTh 3Ha-
HUSl Ha YpOBHE BOCIIPOU3BEACHUS U OOBSICHEHUsS MH(POPMALMU HU3y4aeMOM JUCIUIUIMHBI, MOXET
MOKa3aTh MHTEIUIEKTYaJ IbHbIE HABBIKM PEIICHUs MPOCTHIX 3a/1a4.

— Ha OLIEHKY «yA0BJIETBOPUTEIbHOY.

CryaeHT BlaJieeT TEPMUHOJIOTUEN U3ydYaeMOW TUCIMIUIMHBL; CTYAEHT MOXET MOKa3aTh 3Ha-
HUs Ha YPOBHE BOCITPOM3BCIACHUSA U 00BsICHEHNS I/IH(i)OpMaHI/II/I 1/13yqaeM0171 JUCHHUIIIINHBI, HEC MOXET
MOKa3aTh MHTEIUIEKTYaIbHbIE HABBIKM PEIICHUs MPOCTHIX 3a]1a4.

— Ha OLIEHKY «HeYy/10BJIeTBOPUTEILHOY!

CTyneHT BiaJieeT TEPMUHOJIOTUEN M3yd4aeMOW NUCLUMIUIMHBL; CTYJEHT HE MOXET IOKa3aTb
3HaHWA Ha YPOBHC BOCIIPOU3BCACHHA U 00BsACHEHNS I/IH(i)OpMaHI/II/I 1/13yt1aeM0171 JUCHHUIIIINHBI, HE
MO>KET MOKa3aTh UHTEJUIEKTYalIbHbIE HABBIKU PEIIEHUS TPOCTHIX 3a/1au.

8 YueOHo-MeTOnM4UecKoe M HH(POpMALMOHHOE 00ecnieYeHHe U CHMILINHBI
a) OcHoBHas JIMTepaTypa:
1. Cemenos, O. I1. OcHoBHI TemmomMaccooOMeHa : yue6. mocooue / FO.I1. CemenoB. — Mo-

ckBa : UHOPA-M, 2019. — 246 c. — (Bricmee oOpa3zoBanue: bakanaBpuar). —
www.dx.doi.org/10.12737/textbook_5b4c72d22046e3.77590088. - ISBN 978-5-16-013601-1. -
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Tekcer : anexTpoHHbId. — Pexkxum noctyna: https://znanium.com/catalog/product/945242

2. lIgetkoB, ®.®. TermmomaccooOMeH [ DIEKTPOHHBIN pecypc]: yueOHuK 1iist By30B / LIBeT-
koB @.®. - M. : Uznarensckuit sjom MOU, 2017. Pexum gocryna:
http://www.studentlibrary.ru/book/ISBN9785383011720.html

0) JonmosiHuTeIbHAS JIUTEPATYpA:

1. Mupam, A.O. Texuuueckasi TepMoArHaAMUKa. Teriomaccooomen / A.O. Mupawm, B.A.
ITaBnenko - M. : U3garensctBo ACB, 2017. - 352 c. - ISBN 978-5-93093-841-8 - Tekcr : di1ek-
tpouHbIl // DbC "KoncynbsTanT crynenta” : [cait]. - URL :
https://www.studentlibrary.ru/book/ISBN9785930938418.html - Peskxum mocTymna : o momucke.

2. Musnko, K.b. Uucnennoe pemienue 3a1ad THIpOAMHAMUKA U TEIJIOMaccOOOMeHa : yued-
noe nmocooue / K.b. Munko, I'.I'. SIupkoB. - M. : MDHU, 2020. - ISBN 978-5-383-01425-7 - Tekcr :
anexkTponHsbl // OBC "KoncynsranT cryaenrta” : [caiiT]. - URL :
https://www.studentlibrary.ru/book/ISBN9785383014257.htm| Pexwum moctyma : O MOAMUCKE.

3. Kynunos, A. A. TermmomaccooOMmeH : yuyebHoe nmocobue / A. A. Kyaunos. - Mockaa :
NH®PA-M, 2020. - 375 c. - (Beicmee obpa3oBanue: bakanaspuar). - ISBN 978-5-16-011093-6. -
Tekcr : anextponHsIit. - URL: https://znanium.com/catalog/product/1046937 — Pexxum noctyma: mo
TIOJIITUCKE.

4. Tenonepenaya : yue6Hoe rmoco6ue : B 2 4. Y. 1. OcHoBbl Teopuu Terionepenaun / B. C.
Uepennuuenko, B. A. Cununneiz, A. M. Amudepos, FO. . Hlapos ; mox pea. B. C. Uepennnuenko.
— Mocksa : UH®PA-M, 2020. — 221 c. — (Bsicmiee obpazoBanue: bakamaspuar). - ISBN 978-5-
16-014715-4. - Texkcr : anekrponHsIit. - URL: https://znanium.com/catalog/product/1001086 — Pe-
JKUM JIOCTYTIA: TIO MOJTHCKE.

B) MeToanueckue yKazaHusi:

1. Marseesa, I'. H. DxcnepuMeHTaIpHOE UCCIIETOBAHKE MTPOLIECCOB TEIIIOOOMEHA : yueOHOe To-
cobue / I'. H. Matgeena, 0. U. Taprakosckuii, b. K. CeHnukuH. - 2-¢ U31., MOATOT. I10 1eY.
u3a. 2008 r. - Maruuroropck : MI'TVY, 2011. - 1 anektpos. ont. muck (CD-ROM). - 3arm. ¢
TUTYJ. 3KkpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=989.pdf&show=dcatalogues/1/111
9153/989.pdf&view=true . - MakpooOBeKT. - TeKCT : 31eKTpOHHBI. - CBeIeHHSs JOCTYIHBI
takke Ha CD-ROM.

2. Aramuros, E.b. I'maporazoqunamuka: yaeonoe mocodue [ By3os] / E.b. Aranmu-Tos, M.C.
Coxonoa. — Marauroropck: MI'TY um. I'. U. Hocoga, 2019. - 1 CD-ROM. - ISBN 978-5-
9967-1510-7. - 3aru. ¢ TuTym. ’kpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=3939.pdf&show=dcatalogues/1/15
30514/3939.pdf&view=true - MakpooObeKT. - TekcT: 3MeKTpOHHBIN. - CBeIeHHS 10-CTYITHBI
taxke Ha CD-ROM.

3. CoxkomnoBa M.C., Jlememko M.A. BBesieHne B Kypc THAPOTa30JHHAMUAKA. — MarHu-Toropck:
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https://rucont.ru
TPOHHBIM.

Pexxum AOCTYIIA: [JIsA 3apeTUucCTpup. Moab30BaTeNei. —
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. — URL:
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Tun u Ha3Banue AyIUTOPUHA

OcHaleHue ayuTopun

VYueOHbIe ayJuTopun i IpOBCACHUSA 3a-
HATHHA JCKIIMOHHOI'O THIIAa

MynbTUMEAUITHBIE CPEACTBA XPAHEHUS, [IEpENaYd U
MIpeICTaBIeHNs] UHPOPMAaIIUH.

VYyeOHast aynuTopusi Ans MPOBEACHUS Ja-
OopaToOpHBIX padoOT:
nabopatopusi THAPOTA30AMHAMHUKHI

Komriekc nabopaTOpHBIX YCTaHOBOK IO THPOTa3o-
TUHAMUKE.

VYueOHast ayauTOpHs Uil TMPOBEICHHS Jia-
60paTopHBIX paboT:
nmabopaTopust TETIOMaccooOMeHa

YcTaHOBKa IO OINPENIEICHHUIO YIIIOBbIX KO3 uineH-
TOB M3JTy4eHUS; YCTAHOBKA IO U3YYEHHUIO POIIECCOB
KHIICHUS KHUKOCTH; 3JICKTPOIeYH, TpaHchopMaTop;
nupometp Testo 830-11, Roynger-89, IIpomuns.

VYueOHbIE aymIUTOPUH ISl  TPOBEIACHUS
MPAKTUYECKUX 3aHITHH, TPYIIIOBBIX U HH-
JTUBUIYAIBHBIX KOHCYJIbTAlMi, TEKYILETro
KOHTPOJISL ¥ IPOMEKYTOYHON aTTECTALIMU

Jocka, men.

VYueOHbIE ayIUTOPUH [JIST  BBIOJTHEHUS
KypCOBOTO TPOEKTHPOBAHUS, MOMEIIECHUS
JUISL  CaMOCTOSATENbHOW paboThl 00ydaro-
HIAXCS

[lepconanbubie kKomnbioTeph ¢ maketoM MS Office,
BBIXOZOM B MIHTEpHET U € TOCTYNIOM B 3JIEKTPOHHYIO
MH(pOPMALIMOHHO-00pa30BaTEIbHY0 Cpely YHHBEP-
CUTETA

[Tomemienue st XpaHeHUs U MPOPUITAKTH-
4eCKOro OOCITYKHBaHUS Y4eOHOTO 00OpYy-
JIOBaHUS

Crennaxwu, cednl 1yIsi XpaHEeHUs ydeOHOTO 000py-
JTOBaHUS
HNHCcTpyMeHTHI 411 peMOHTa J1abopaTopHOTO 000pY-
JTOBaHUS
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