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1. IlepeyeHb KOMIETEeHUMH M YPOBHH HX CHOPMHUPOBAHHOCTH IO
TUCHHUILIMHAM (MOYJISIM), IPAKTHKaM B npouecce ocsoenust OITIOII BO

B nporuiecce ocBoenus o0pa3zoBaTeabHOM MporpaMMbl y 00y4aroIIerocs: B Xo/1e
U3YYEeHUS! TUCHUIUTUHBI «MaremaTruueckoe MOJICIUPOBAHUE U ONMTUMH3ALUS TEIUIO-

A MaccOOOMEHHBIX
komnerennuu: [1K-1.

IMpoLccCoB

U YCTAHOBOK»  HOJIZKHBI C(l)OpMI/IpOBaTLCSI

Kpurepuu onpenenennsi chopMUpPOBaHHOCTH KOMIIETEHIIMN HA PA3IMYHbIX

YPOBHSIX UX (POPMHUPOBAHUS

Nunexkc xoMneTeHuuu

ConepmaHI/Ie KOMIICTCHI UM

ITK-1

Criocoben K mpoBeneHHI0 paboT 1mo oOpaboTKe W aHATU3y HAy4YHO-
TEXHUYECKOIl HH(OpPMAIMU U PE3yIIbTATOB HCCIICIOBAHHN.

KOI[ U HAMMCHOBAHMC MHIHUKATOpa

OneHouyHble CpeaCTBA

Bunel 3austuit
JUTSL OLICHKU YPOBHSI

it opMHUpOBaHUS

JOCTUKEHUS] KOMIIETEHIIUU c(OpMHPOBAHHOCTH
KOMIIETCHIINH
KOMIIETCHIINH
U-5nx1  Crnocoben mpoBOIUTH
00paboTKy M aHaiuu3 Hay4YHO-
TEXHUYEeCKOH  mHpopMamuu B YcTHBIN onpoc, penieHue
JIEKLUHY,

obnactu CO3aHus U OKCILTyaTaluu

3a/la4, BOIIPpOChI AJIA
IMPAKTUYCCKUC 3aHATUS,

TEXHOJOTMYECKOro  TemIo- U IIPOBE/ICHUS DK3aMEHa,
caMmocCTosTeNbHas paboTa

MaccOOOMEHHOro  000pyIOBaHUs TECTOBBIE 3aJ[aHUs

XUMHYECKMX U  He(TerazoBbIX

IIPOU3BOJICTB.

YPOBHHM OCBOCHUSI KOMITETEHIIUH

YpoBeHb OCBOEHUS
KOMIICTCHIINU

Kpurepuu onieHuBaHus

[TpoaBUHYTHIH (OTIMYHO)

3Haer: CYILLIHOCTb ¢duznveckoro u MaTEeMaTU4eCKOro
MOJECIIMPOBAHUs SIBIICHUH, MPOLECCOB U TEXHUYECKUX YCTPOMCTB;
OCHOBHBIE IIPUEMBI U METOABl MAaT€MAaTHYECKOI0 MOJAEIUPOBAHUS;
OCHOBHBIE  CIIOCOOBI ONTHUMM3AIMM TEXHUYECKUX YCTPOWCTB;
MaTeMaTHYeCKHe MOEH TEII0- U MacCOOOMEHHBIX MPOLIECCOB
YMeer: coCTaBIATh NPOCTEHIINE MATEMAaTUYECKHE MOJIETH TEIIO- U
MacCOOOMEHHBIX NPOLIECCOB U YCTAaHOBOK; ONPEIENSATh OCHOBHBIE,
pPeXKUMHBIE U KOHCTPYKTHBHBIE XapaKTEPUCTUKU OOOpYy/IOBaHUS,
OTBEYAIOLIUE YCIOBUSAM ONTUMAILHOCTH

Bnageer / umeer mpakTUYECKUN OIBIT: METOJAMHU OIpeeTIeHHs
ONTUMAJIBHBIX M PAUUOHAIBHBIX TEXHOJIOTUYECKUX PEKUMOB

paboThl  00OpYyMOBaHMS; METOJaMHU  pacdyeTa TEIUIOBBIX U

MacCOOOMEHHBIX MPOIIECCOB; HaBBIKaMU COCTaBIICHUS

MaTeMaTHYECKUX MOJeIei

3Haer:

B JIOCTaTOYHOM  CTENEHHW  CYIIHOCTh  (pu3mveckoro  u
[ToBeIIEHHBIH (XOPOIIIO) MaTEeMaTHYeCKOT0  MOJETUPOBAaHUsS  SBIECHUH, TMPOLECCOB U

TEXHHYECKUX  YCTPOWCTB, OCHOBHBIC TIPUEMBI M  METOIBI

MaTeMaTH4YeCKOT0o MOJIETUPOBAHUS; OCHOBHBIC CrocoObI




ONTUMU3AINKA TEXHUYCCKUX YCTPOMCTB; MATEMaTHYECKUE MOJCIH
TEIUIO- © MaCCOOOMEHHBIX MPOIIECCOB

Vmeer:

B JIOCTATOYHOM CTEMEHU COCTABISATH MPOCTEHIINE MaTeMaTHYECKUE
MOJICJIM TEIUIO- W MAacCOOOMEHHBIX TMPOIECCOB W YCTAaHOBOK;
ONpENEsATh  OCHOBHBIE,  PEXHUMHBIE UM  KOHCTPYKTHUBHBIE
XapaKTEPUCTUKU obopynoBaHus, OTBEYaroIue YCIIOBHSIM
OITUMAaJIbHOCTH

Bnageer/umeer npakTHYECKH OIIBIT:

Ha JIOCTaTOYHOM YpPOBHE METOJAMH ONpPE/eNICHUs ONTHUMAIbHBIX U
palOHAIBHBIX TEXHOJOTUUECKUX PEKUMOB PabOThI 000PYI0BAHUS;
METOJIaMH pacyeTa TeIUIOBBIX W MaCCOOOMEHHBIX MPOIECCOB;
HaBBIKAMM COCTABJICHHS MaTEMaTHUYECKUX Moeei

3Haer:

YaCTUYHO  CYHUIHOCTb  (U3MYECKOI0 U MaTeMaTH4ecKoro
MOJIETUPOBAHUS SIBICHUMN, MPOLIECCOB U TEXHUYECKUX YCTPOWCTB;
OCHOBHBIE NPUEMBI U METOJIbl MaTEeMaTHYECKOI0 MOJEIUPOBAHUS;
OCHOBHBIE  CIIOCOOBI  ONTUMHU3ALMU TEXHUYECKUX YCTPOUCTB;
MaTeMaTH4eCKHe MOJEIH TEIUI0- U MacCCOOOMEHHBIX MPOLIECCOB
YmMmeer:

Ha MHHMMaJbHO IPUEMIIEMOM YpPOBHE COCTaBIIATh HpOCTEHIINE
[Toporossiii (6a30BbIit) MaTEeMaTHYECKUE MOJIEIHN TEIJIO- U MAacCCOOOMEHHBIX IPOLECCOB U
(YZ1OBJIETBOPUTENBHO) YCTAHOBOK; ONpPEAEISATh OCHOBHBIE, PEKUMHbBIE U KOHCTPYKTUBHBIE
XapaKTepUCTHUKU  00OpyIoBaHMs, OTBEYAIOLIUE  YCIIOBUSM
ONTUMAJILHOCTH

Brnaneer/mmeer mpakTHYECKUH OIIBIT:

Ha MUHUMAJbHO TNPUEMJIEMOM YPOBHE METOJIaMH OINpeAeIeHUs
ONTUMAJbHBIX W PAUUOHAIBHBIX TEXHOJOTMUECKUX PEXKHMOB
paboTbl  00OpyHOBaHMS, METOJAaMHM  pacyeTa TEeIUIOBBIX H
MaccOOOMEHHBIX IIPOLIECCOB; HaBbIKaMU COCTaBJICHUS
MaTEMaTHYECKUX MOJENEH

2.1 OnieHOYHbBIE CPECTBA ISl TEKYIIEr0 KOHTPOJIS
Bonpocsl 1J151 yCTHOTO onpoca

Tema 1. OCHOBHBIC TOHATHSA METOAA MOACIUPOBAHUA.

1. [aiiTe ompenesieHUE MOHATHSIM «MOJICIMPOBAHUE» U «MOACIb». B dem
COCTOMT LI€JIb MOJICJIMPOBAHHUS?

2. MareMarnyeckoe OINUCAaHHWE TOBEACHUS OO0BEKTAa - MOJCIM W OOBEKTa-
OpUTHHAJA C TIOMOIIBI0 000OIIEHHBIX TIepeMeHHBIX. Heo0xomumMoe u 1ocTaTOuHOE
YCJIOBUE MOJEIUPYEMOCTH.

3. ®usznyeckoe M MaTEMATHYECKOE MOJCIHPOBAHUE; HUX COAEpKaHUE U
BO3MOXXHOCTH. PoJjib 1 MecTO (M3MYECKOr0 U MAaTeMaTUYECKOTO MOJCIIMPOBAHUS B
Hay4YHBIX UCCIICIOBAHUSIX U MHKEHEPHOM aHaJIU3eE.

4. CylmHOCTb CUCTEMHOTO MOAXO0Aa MPU MOJEIHpOBaHuU. Bxoab! (mapaMeTpsl)
U BBIXOAbI OOBEKTAa MOJEIUPOBAaHUA Kak cucrtembl. (CrToxacTuyeckue U
JIETEPMUHUPOBAHHBIC MPOLIECCHl U 0OBEKTHI MOACTUPOBAHUS.




5. JlaiiTe XapakTepHCTUKXM OCHOBHBIM BHJIAM MATEMAaTHYECKUX MOJEIEN
(aHAIUTUYECKHE U SMIIMPUYECKUE; MUKPO-, MAaKpO- U METAaypOBHA;, CTaTUYECKHUE U
JTUHAMUYECKHE, C COCPEJOTOYEHHBIMH M pacHpele]ICHHBIMU TapaMeTpaMu).
CymHOCTb U JOCTOMHCTBA OJIOYHOTO MPUHIIMIA IIOCTPOCHUS MOJIEEH.

6. Dtanbl W oOOUME TPUHIUIBI TOCTPOCHUS MAaTEeMaTHYECKUX MOJIeTeH.
®duznyeckre 3aKOHbI, YPaBHEHUS U OTPAHUYEHUS, UCTOJIb3yEeMbIE IPU COCTABICHUU
MaTEeMaTUYECKUX MOJICIICH.

7. DTanbl 3KCIEPUMEHTAIBLHOTO MTOCTPOCHUSI MAaTEeMAaTUYECKUX MOJIENEH; POJib
Y MECTO TEOPUH MOJ00MS U aHAJIN3a PA3MEPHOCTEM.

8. Wcnonw3ys aHamu3 pa3MEpHOCTEH, MOJy4YuTe OOOOIICHHBIE MEPEMEHHBIE,
XapaKTEPHBIC IS KAKOTO-TH00 (PU3UIECKOTO TpoIecca.

9. CymHOCT W METOAOJOTHS METOAa HAWMEHBIIUX  KBaJpaToB,
HCIIOJIB3YEMOT0 TIPU 00padOTKE SKCIIEPUMEHTAIIBHBIX JaHHBIX.

10. CrnocoObl TMpuBENEHUS HEIMHEHHBIX AMIUPUUYECKUX YpaBHEHUU K JIHU-
HeWHON (opme MNpu BBIYKCICHUM IOCTOSIHHBIX MapaMeTpoB (kKodhdUIueHTOB)
ypaBHEHUH 10 METOy HAMMEHBIIIUX KBaJApaToB. BhIMOIHUTE Takoe MpUBEACHUE IS
cilydasi CTeIICHHOW (PYHKITUH.

Tema 2. OnTuMu3anus.

1. [laiiTe ompeneineHuE TMOHATUIO «ONTUMH3aLUsA». B yem cocTouTt 1enb
ONTUMHU3AIIN?

2. Kakne srtamel BkItouaeT B ceOs (popMyIHpoBaHWE 3aadd ONTHMHU3AIIH?
Kpurepuii onTuManbHOCTH; €ro BHIBI U BbIOOp. Packpoiite comep:kaHue KpUTEepuUs
MPUBEICHHBIX TOJOBBIX 3aTpaT MJid TEIIOOOMEHHOro ammaparta. Tpu OCHOBHBIE
TpeOOBaHMSI, MPEABABIIEMBIE K KPUTEPUIO ONTUMATHHOCTH.

3. Buasl orpannueHuidi B 3ajadax ONTHUMH3ANWW. [IpUYMHBI HATHUHS
orpannyeHuil. Orpannyuenus 1-ro u 2-ro pogos.

4. Ontummsupyomue (HakTopbl; UX BbIOOP B 3aBUCUMOCTH OT oObeMa U
CTPYKTYPBI 33J1a4l ONITUMH3AIIUH.

5. HeneBas ¢yukmus. CocrtaBHas 1eneBas (QyHkius. JloKalbHBIR U
rJI00aJIBbHBIN AKCTPEMYMBI 11€7IEBOM (hYHKIIUU.

6. CymHocTh MeTOna onTHUMH3aluu TyTeM auddepeHIrpoBaHus IEIeBOM
dbynkuun. CrocoObl UCCIAEAOBAHUS SKCTpEMyMa Ha MakCUMyM M MuUHUMYM. Kak
YUUTHIBAKOTCSI OTPAHUYCHHUS?

/. CylHOCTh ONTHUMHU3AIMK METOJOM HEONpPEACICHHBIX MHOXHUTEIEH
Jlarpanxa.

8. OnTuMuzaiuys METOJIOM JIMHEWHOro MPOrpaMMHUPOBAHUS: OCOOCHHOCTH
MOCTAHOBKH 33/1au; rpaduueckas UHTEPIpeTaius MeToa.

9. Oco0eHHOCTM M BO3MOXKHOCTH AHAIMTUYECKUX M YHCJICHHBIX METOIIOB
onTuMuU3aluu. JlaliTe o01IyI0 XapaKTEPUCTUKY YHUCICHHBIX METOA0B ONTUMHU3AIIUU.

10. OnTtumuzanmsi METOJIOM CKaHMPOBAHUA: CYIIHOCTh METOJa; €ro
JIOCTOMHCTBA U HEJIOCTATKH; BeWIrHA YPHEKTHBHOCTH.

11. OnTrmMu3anKsi METOAOM IUXOTOMHUU: CYIIHOCTh METOJA; €ro JOCTOMHCTBA
W HEJOCTATKH; BeIMYnHA Y(PPEKTUBHOCTH.

12. OnTumMuzarusi METOJOM 30J0TOTO CEUEHHUS: CYIIHOCTh METOJa; €ro
JIOCTOMHCTBA U HEJIOCTATKH; BeTMYNHA dPHEKTUBHOCTH.



13. Ontummsaruss MeTonoM mokoopauHatHoro mnowcka ([Maycca-3erimerns):
CYyIIHOCTb METOJa M IOCJIEAOBATEIbHOCTh JIEUCTBUW; €ro JOCTOMHCTBA H
HEJIOCTaTKH.

14. OnTumuzanuss METOJIOM HaWCKOpEHIIero mnoabeMa (CIycKa): CYIIHOCTb
METOJa U NOCJIEA0BATENBHOCTD AEHCTBHI; €0 JOCTOMHCTBA U HEJOCTATKHU.

15. Ontumm3anus nepedopom.

Tema 3. du3nyecKkue  OCHOBbI  MOJACJIMPOBAHUA  MPOILECCOB
TeNmJIOMaccolepeHoca

1. MexaHu3Mbl IepeHoca TEMIOThI, UMITYJIbCa U MACChl B CIUIOIIHOM CpeJIe.

2. (DEHOMEHOJOTUYECKUI ¢ CTATUCTHUECKUNA TYTH HW3YYCHHS SBIICHUHN
nepeHoca.

3. MaTtemaTnueckoe OINMCaHUE KOHBEKTUBHOTO mepeHoca. ['umote3st Dyphe,
HrroTona, ®uxa.

4. luddepenuanbble YpaBHEHUS KOHBEKTHUBHOTO repeHoca (odmias popma
3aIHCH).

5. CucreMa ypaBHEHUH, ONMKUCHIBAIOIINX JIBMJKEHHUE JKUJKOCTU U TEIJIO0OMEH.
Hudbdepenunanpuple ypaBHEHUS JABWKCHHS, DSHEPTUM U HEPA3phIBHOCTU TIPH
MTOCTOSTHHBIX CBOMCTBAX KUJIKOCTH.

6. OcOOEHHOCTH 3amKucH ypaBHEHHM TepeHoca Mmpu TypOyJIeHTHOM TEYEHUU
KUIKOCTU. DDPexTuBHBIC KOADPUIIMEHTHI ITEpeHoca.

7. YcnoBus OJHO3HAYHOCTH JIJIS1 IPOLIECCOB KOHBEKTUBHOTO TEIIOOOMEHA.

8. DKcHepuMeHTAbHBIE METOIbI HCCICIOBAHUS M pacdyeTa KOHBEKTHBHOTO
nepeHoca

9. AmnamuTHyYeckwe METOABl HWCCICIOBAaHUS H pacueTa KOHBEKTHBHOTO
nepeHoca

10. Yucnennple METOIBI UCCIICIOBAHUS U pacdeTa KOHBEKTUBHOTO IEpeHOCa

11. CpaBHEeHHE METO/IOB UCCIIEAOBAHUS U pacueTa KOHBEKTUBHOTO TIepeHoca.

Tema 4. AHAIOTHA MeKIY MPOLECCAMH MEPEHOCAa UMITYJbCA, TENJIOTHI H
MAacCCBhl.

1. Ananorus Peiinomnnbaca.

2. AHanorus Mexay TerI000MEeHOM U MaCCOOOMEHOM.

3. Tpoiinast anamorus.

4. Ynyumenue anainoruu Pelinonbca.

5. 'paHu1Ibl TPUMEHUMOCTH AHAJIOTHA.

Tema 5. Moaeyu TenJ10BOro U THHAMHUYECKOT0 MOTPAHUYHBIX CJIOEB.

1. [ToHsATHE O MOTPAHUYHOE CJIOE.

2. OusznyecKkrue MOJACIH JUHAMHYECKOTO M TEIUIOBOTO IMOTPAHUYHBIX CIIOEB,
OCHOBHBIE XapaKTEPUCTUKH U TTapaMeTPhI.

3. Muddepennuanbaple ypaBHEHUS] KOHBEKTUBHOTO MEPEHOCA B MTOTPAHUYHOM
clioe.

4. YpaBHEHHE VIS CIIy4aeB OOTEKaHUS TUTACTUHBI U TEYCHUSI B TPYOE.

5. Pemienue ruapoaiHAMIUYECKOM 3a71a4u PY JJaAMHUHAPHOM TEUEHUU B TPYOeE.

6. XapakTepucTUKH MepeHoca TeIIOThI B TYpOYJICHTHOM MOTPAaHUYHOM CJIOE.

7. Pemienne TUIPONWHAMHYECKOW 3a7aud TpH TypOyJIEHTHOM TEUEHUU B
MOTPAaHUYHOM CJIOE.



8. YHuBepcanpHblii MPO(UIL CKOPOCTH.

9. 30HbI TYpOYJIEHTHOTO NOTPAHUYHOTO CIIOS.

10. TenmooOMeH B TypOyJICHTHOM ITOTPAHUYHOM CJIO€ Ha TIJIOCKON CTEHKE.

11. Pemenue auddepeHnaibsHOr0 ypaBHEHUs SHEPTUH JIJISl TOTOKA KUJAKOCTH
B KpyrJioi Tpyoe. MuTerpain Jlaiona.

12. PemeHue 3aa4u TEII000MEHA MPU JIAMUHAPHOM TEUCHHUH B TPYOe.

13. BausiHue rpaHUYHBIX YCIIOBUM Ha cTeHKe Ha yucio HyccenbTa.

14. Pemienne 3a1auu TEII000MeHa IpH TypOYJICHTHOM T€YCHHUH B TPyOe.

IIpakTHyeckue 3alaHus AJI51 TEKYLIET0 KOHTPOJIS
Tema 1. OcHOBHBIC NOHATHUA METOAA MOAEJTUPOBAHMSIL.

3amanue 1. B ropuzoHTanmpHON TpyOe € BHYTPEHHHM JIuaMeTpoM 1 cm
MPOTEKAET KUAKOCTh C MIOTHOCTHIO 900 Kkr/m°. Pacxom JKHMAKOCTH cocTaBisier 28
Kr/4yac, nepenaj JaBjieHHs MOTOKa Ha yJacTke JTMHOM 6 M numeet BenmunHy 180 Ila.
OnpenenuTh pacueTHBIM MyTEM AUHAMUYECKUN W KMHEMAaTHUYeCKUU KOd(DPUITMEHTHI
BS3KOCTH.

3amanue 2. B tpy6e muamerpom 1 cm mporekaer Boaa mpu 20 °C. Ha npsmom
TOPU30HTAJILHOM Yy4YacTKe TPYyObl JUIMHOW 5 M Tepemnaja JaBJICHHUS IMOTOKA BOJIbI
cocraBiseT 160 [1a. OnpenenuTs pacxos BOIsI B TPYOeE.

3amaane 3. OnpenenuTh KOJIMYECTBO TEIIOTHI, HEOOXoauMoe i Harpesa 10
kr cramd oT 20 °C mo 100 °C. McruHHas TEIUIOEMKOCTH CTald IS HHTEpBala
temmeparyp 0200 °C onuceiBaercs popmyoii C = 0,1053 + 0,00142t, kkan/(xr-K).

3ananue 4. B pesepByape umeercs 100 1 pactBopa, coaepkamiero 5 Kr
pactBopeHHoM comu. [logaercst ynucras Bona B koaudectse 30 j1/MuH. OTHOBPEMEHHO
C TOW K€ CKOpOCThIO ynansiercs pactBop. IlepeMmemuBanue oOecrieuuBaeT
OJIMHAKOBYIO KOHIIGHTpAIlMIO COJIM BO BCeM pe3epByape. Haiitu 3aBUCHUMOCTH
COJIep>KaHMsI COJIM B Pe3epByape OT BPEMEHHU.

3ananue 5. [IpuBenure cnegyromue QyHKIIUU K TUHEHHOMY BUITY:

y = ax® + bx
y = ebx+cx2
y=vax+b
1
YT ax? + bx
B 1
Vvax+ b
y = qeb®’
y =ax’

31ech BEIMYMHBI Y M X SBISIOTCS MEpEMEHHBIMH, a mapaMmerpsl a, b, ¢ -
MMOCTOSIHHBIMU HEU3BECTHBIMU BEJIMYNHAMM.

3aganue 6. C mOMOIIBI0 METO/JA HAUMEHBIIMX KBAJIPaTOB OIPEACIIUTh
YHCIICHHBIC 3HAYCHHS SMITUPHUYECKUX MMOCTOSHHBIX @ U b B 3aBHcHMOCTH y = ax® 1o
CJIEAYIOIIUM JaHHBIM:



Xi 1 2 3
Vi 3 12 27

Baganne 7. C NOMONIBIO METO/a HAMMEHBUIMX KBaJIpaToB OMNPEEINTh
HEU3BECTHBIE MapaMeTpbl B UCKOMON (DYHKIIMM M MOCTPOUTH aNNpPOKCHMHUPYIOLLYIO
3aBUCHMOCTb y = y(X) 110 IPHBE/ICHHBIM JAHHBIM.

X
Ne 1 2 3 1 5
BapuaHTa y
1 25 175 15 137 13
2 2 1131 3118 64 111.79
3 105 36.75 128,62 45019 157565
4 4 712 8.04 10,24 1124
5 3 6.5 10 14 19
6 125 32 645 110 1685
7 3.16 412 4.9 5,57 6.16
8 4,95 8.16 13.46 222 36,6
9 21 735 257 24 9004 3151
10 3 1424 17.88 2048 2248
11 5,44 148 40.25 1095 29777
12 25 64 129 220 347
13 75 5.25 45 411 3.9
14 6 34 93,54 102 336
15 315 1102 386 1350 4727
16 12 2136 26,82 30,72 33.72
17 166 865 578 44 36
18 375 9 1935 330 5055
19 4 5.1 6 6.78 748
20 55 115 215 355 535
21 48 19.2 432 76.8 120
22 20 40 70 100 150
23 5 6 8 11 15
24 3 6 3 1 0.2

Tema 2. OnTuMu3anus.

3amanue 1. 3aBUCUMOCTbh CTOMMOCTH M3TOTOBJIeHUS Tpoaykimu C, pyOo/Kr oT
npomsBogutensHoctr 11, Kr/4 Beipaxkena popmymoiit C = IT° — 411 + 10. Haiimure
MPOU3BOAUTENILHOCTD, IPU KOTOPOH CTOMMOCTD U3TOTOBJIEHUS OYJ€T MUHUMAJILHOM.
3aganue 2. lleneBas QyHkuus umeer Bug F = 2x% - 24x* +10. Haiitu
IKCTpEMAIbHOE 3HAY€HUE (PYHKIUMU U YEMy OHO COOTBETCTBYET (MAKCUMyMy WM

MUHUMYMY).
3amanne 3. Pacxon xuakoctu (ueneBas (PyHKIMsI) B Kpyrjiod TpyOe mpu
IOCTOSIHHOM CKOPOCTH OIHCHhIBaeTcs BhipaxkenneM G = 54d - 2d°. Haifru

ONTHUMAaJIbHOE 3HAYeHHE auameTpa d, COOTBETCTBYIOMIETO MAKCUMAIbHOMY 3HAYCHHUIO
pacxona G u MUHUMaTBHOMY 3HaueHUIO pacxoa G.

3amanue 4. TpeOyercss CHPOEKTHPOBATH OTKPBITHIA  MPSIMOYTOJIBHBIN
KOHTeHep oO0bemMoMm 20 M° ¢ MHHHMAJIBHO BO3MOHOM MAcCOM. 3agady pemuTh




MeTOOM Ju(PepeHInpoBaHUs U METOAOM HEONPEACNICHHBIX MHOXKHUTEIEH
Jlarpanxa.

3amanue 5. TpeOyeTcsi cIpoeKTUPOBATH 3aKPBITHIN MPSMOYTOJIBHBIM COCYH C
qHAIEeM, o6beMoM 32 M°, ¢ MHHHMATBHOH IUIOMANBI0 MOBEPXHOCTH COCYJIA.
Omnpenenuts ONTUMAIbHBIE 3HAUYEHUS JJIMHBI U LIMPUHBI COCYZAQ, €CIIM €r0 BBICOTA
JIOJIKHA COCTABJIATD 2 M.

3amanue 6. TpeOyercsa CpOEKTHPOBATh OTKPBITHIN LUIMHAPUYECKUI COCY €
IIOCKMM [JHHIIEM, 00beMoM 16 M°, ¢ MHHMMAIBHON IUIOMAABI0 TOBEPXHOCTH
cocyna. OnpenenuTs ONTUMAJIbHBIE 3HAYEHUS JUaMETPa U BBICOTHI COCY1a.

3ananue /. TpeOyeTcs CIpOEKTUPOBATh 3AKPBITHIN HUIMHAPUYECKUA COCYA C
IIOCKMM [JHHMIIEM, 00beMoM 16 M°, ¢ MHUHMMAIBHON IUIOMAABI0 TOBEPXHOCTH
cocyna. OnpenenuTs ONTUMAJIbHBIE 3HAYEHUS JUaMeTpa U BBICOTHI COCY/1A.

3ananue 8. s muIMHApPA ¢ THOM M OTKPBITOTO CBEPXY HAWTH COOTHOIICHHE
MEXKIy BBICOTOM h u paamycom R, mpu KOTOpPOM IUIOIIA/b MOBEPXHOCTH CTEHOK
uIMHapa o0beMoM V MUHHUMabHa.

3amanue 9. TpeOyercs cCHpOeKTHpPOBaTh NPSIMOYTOJIBHBIM cOCyd U3
IPSMOYTOJILHOTO JIUCTA CO CTOPOHAMU a U D, BeIpe3aB yriibl UCTa U 3arHYB 3aTEM
kpasi. O0BeM cocyia AOHKEH ObITh MaKCUMaIbHBIM

3amanue 10. B kpyrioit Tpybe c¢ BHyTpeHHUM paauycoM R, pacnonoxen
WIMHAPUYECKUN cTepkeHb pannycoM Rj. I1o xosblieBOMy 3a30py MEXIy CTEHKOU
TpyObl W CTEpPKHEM NPOTEKAeT KUAKOCTb. lIpH ycTaHOBHBIIEMCS MOJHOCTHIO
Pa3BUTOM JJAMUHAPHOM T€UEHUH KUIKOCTH €€ pacxo/]l onpeaeisercs: (GopMysIoi:

(r2-r2)"

G =k|R;— R — W :
1
rae K — mocrosiHHas (3aBUCUT OT BEJIMYMHBI MAJCHUS JaBJACHUS HA CAMHUIC JTHHBI
MOTOKA, INIOTHOCTU Y BA3KOCTHU KHUIKOCTH).
TpeOyetcst HaiiTu 3HaueHus R; u R, mpu KOTOPBIX pacxoja >KUIKOCTU yepe3
3a30p C IUIOMIAJIbIO TIOMEPEYHOr0 CeueHus F MakcumaleH Tpu YCJIOBHH, YTO
A =R, <R, = B.3nauenns A, B u F nausl B Tabnuue.

Neo BapuanTa F, cm? A, cM B, cm
1 10 2 10
2 15 1 10
3 20 1 12
4 25 2 15
5 30 1 20
6 35 5 30
7 40 4 30
8 45 3 20
9 50 2 25
10 55 1 30
11 10 1 15
12 12 2 15
13 14 1 20
14 16 3 30
15 18 4 30




Ne BapuanTa F, cm? A, cMm B, cMm
16 20 2 10
17 22 5 15
18 24 3 25
19 26 4 20
20 28 3 40
21 30 2 20
22 32 1 25
23 19 4 17
24 24 3 25
Tema 3. du3nyecKkue  OCHOBbI  MOJACJIMPOBAHUA  MPOILECCOB
TEIJIOMACCONepeHoca

3ananue 1. TeriooOMeH npu TypOyJIEHTHOM TEYEHHH BO3/yXa B TpyOe omucaH
dopmymoit Nu = 0,018Re’®. Mcrombsys sTy QopMmyiy MmOCTpOiTe 3aBHCHMOCTD
ko3 uienTa Temoo0MeHa 0T TUaMeTpa TPyOBI.

3amanme 2. B TpyOe amamerpom 4 cm m mmuHOM 1,5 M aBmKeTcs Boja.
[lepenan naBneHus moroka Boawl B Tpyde 1200 ITa. HaiiguTe CKOpOCTh IBHKCHUS
BOJAbl M BEIMYMHY KAacaTeIbHOIO HANpsDKEHHS HAa CTEHKE, €cld KO3 (QUIMEHT
CONPOTHUBJIEHUS TpeHUs notoka pasex 0,03.

3ananue 3. [loctpoiiTe 3aBucuMocTs yncna [Ipanaris oT TemnepaTypsl t st
teroHocutens npu C,=const, p = const, v=a/ (B + kt), A = mnt, rze a, B, k, N —
MTOCTOSIHHBIE BEJINYMHBI.

3ananue 4. B TeriooOMeHHOM ammapare, UMEIOIIero MOBEPXHOCTh Harpesa F,
KUIKOCTh ¢ MaccoBbIM pacxoaoM G HarpeBaercsi oT f; 1o t, rperommm mapom c
TeMriepaTypoit Hackimenus ts. Koaddumment remnonepenauun K siBnsiercs u3BecTHOM
BenuunHOM. Teriodu3ndeckue CBOMCTBA BOJBI CUMTATH MOCTOSHHBIMU. [locTpoiiTe
zaBucuMocTs B, = f(K, f, G, C,, At).

3ananue 5. CoCTaBUTh MaTEMaTHYECKYI0 MOJIENb T'a30BOT0 TEMJI0OOMEHHHUKA
ThMa «Tpyda B TpyOe», BKIIOUAIOUIYI0O B CE€OS CBSI3M BBIXOJHBIX W BXOJHBIX
napaMmeTpoB. [lo BHyTpeHHEH TpyOe TemiooOMeHHHMKa auamerpoM d, miwHON | wu
CTEHKOM TOJIIMHOM O mpoTekaeT ropsunii Teronocutenb (7). Ilo konbueBomy
MPOCTPAHCTBY, OOpa30BaHHOMY BHYTpPEHHEH TpyOOl W HapyXKHOH TpyOOu
nuameTpoM D mporekaer xonomuwiii TeroHocutenb (X). Ilotepu TemnoTel B
OKPYXAIOIYyI0 Cpely 4Yepe3 CTEHKY Hapy>KHOW TpyObl CUMTaTh PaBHBIMH HYIIIO.
TepMUYEeCKUM COMPOTHUBIICHHEM CTEHKH BHYTPEHHEH TPyObl M3-3a MAJOCTH MOKHO
npeHeOpeyb. BxomHpiMM mapameTrpamMu B 3ajade  SBJSIOTCS  Ha3BaHHBIC
KOHCTPYKTUBHBIEC XapaKTEPUCTUKH, a TAKIKE CPEIHHUE CKOPOCTH JIBUKEHUS FOPSIYETO
@W; W XOJIOJHOTO @y TEIUIOHOCHTENEH, KOIDPUIIMEHTHI TEIUIONMPOBOIHOCTH A M Ay,
KHHEMATHYECKHE KOA(PPHUIUEHTHI BA3KOCTH V. U Vy, yIelbHbIE TeIioeMKocTH (. u
Cx, TWIOTHOCTH P- U Py. CKOPOCTH M TEIUIOPHU3UIECKHE CBOWCTBA COOTBETCTBYIOT
CpEIHUM TEMIIEpAaTypaMm TEIUIOHOCUTENEN [y U L. BBIXOOHBIMH mapamerpamu
ABJSIFOTCS  KOHEUHBIE TeMmmeparypel TemioHocutenen t..um f.. OTHOUIECHHE
MHUHUMAQJIBHON PA3HOCTU TEMIIEPATYP TEIJIOHOCUTENIEN K MAaKCUMAJIbHOMN MPEBBIIIAET



BemmmunHy 0,6. TermooOmen crabunusupoBanuelil. D/d =5,

VcnoBus TeueHUs TEIJIOHOCUTENIEH IMPHUBCACHLI B Ta6J'II/II_Ie:

Ne cxema Te4eHUs Pexum TeueHus TEIUIOBOE T'PAaHUYHOE
BapHaHTa B TpyOe B KOJIBLIEBOM YCIIOBHE Ha MOBEPXHOCTH
IPOCTPAHCTBE TeruIonepe1aun
1 IPSIMOTOK TypOyJIeHTHBIN TypOyJIeHTHBIN t.; = const
2 IPSIMOTOK TypOyJIEHTHBII JJAMUHAPHBIN t.; = const
3 IPSIMOTOK JJaMUHAapPHBIN TypOyJIEHTHBIN t.; = const
4 IPSIMOTOK JIAMHUHAPHBIH JJAMUHAPHBIN t.; = const
5 MPOTHUBOTOK | TYpOYJICHTHBIMN TypOYJICHTHBIN t.; = const
6 POTHUBOTOK | TypOyJIEHTHBII JaMUHAPHBIN t.; = const
7 IIPOTHUBOTOK JIAMHUHAPHBIH JJAMUHAPHBIN t. = const
8 IIPOTUBOTOK JaMUHAapPHBIN TypOyJIEeHTHBII t.; = const
9 MIPSIMOTOK TypOYJICHTHBIN TypOYJICHTHBIN Jer = CONSt
10 IIPSIMOTOK TypOyJIEHTHBIN JJAMUHAPHBIN Jcr = CONst
11 IIPSIMOTOK JJAMUHAPHBIN TypOYJIEHTHBIN Jcr = CONst
12 IPSIMOTOK JJAMHUHAPHBIH JJAMUHAPHBIN Jcr = COnst
13 MPOTHBOTOK | TypOYJIEHTHBII TypOYJIEHTHBIN Jcr = CONst
14 MIPOTUBOTOK | TYpOYJIEHTHBIN JJAMUHAPHBINA Jer = CONSt
15 IIPOTUBOTOK JJAMUHAPHBIN TypOYJIEHTHBIN Jcr = CONst
16 IIPOTHUBOTOK JJAMHUHAPHBIH JJAMUHAPHBIN Jcr = COnst
17 IIPSIMOTOK IIEPEXOHBIN JJAMUHAPHBIN t.; = const
18 IIPOTUBOTOK IIEPEXOHBIN TypOYJIEHTHBIN t.; = const
19 MIPSIMOTOK TIePEX O THBIH TypOyJICHTHBIN Jer = CONSt
20 IIPOTUBOTOK NIEPEXO0JIHBIN JaMUHAPHBIN Jcr = CONst
21 IPSIMOTOK HEePeXOAHbIH JJAMUHAPHBIN Jcr = COnst
22 MIPOTUBOTOK NIEePEXO0IHBIN JaMUHAPHBIN t.r = const
23 IIPSIMOTOK JJaMUHAPHBIN TypOyJIEHTHBIN t.r = const
24 IIPOTUBOTOK JJaMUHAPHBIN TypOyJIEHTHBIN t.r = const

Tema 4. AHaI0OTHA MeEKAY NMPOLECCAMHU MEPEHOCAa UMITYJIbCA, TENJIOTHI H

MacCCBhI.

3amanue 1. CMech ra3oB COCTOMT M3 KOMIIOHEHTOB a, D, C, d, xortopas

XapaKTepHU3yeTcs mapaMeTpaMu Py KOMHATHOM TeMIiepaType:

KomnoneHr Ob6wemuas o, r [InotHOCTH TemnoemkocTb
p, Kr/m° Cp, kIx/(xr-K)

a 0,6 1,143 0,99

b 0,1 0,723 1,058

c 0,2 0,0513 14,5

d 0,1 0,723 1,045

C menplo OmMpeneNneHus BA3KOCTH, TEIUIONMPOBOAHOCTH M uucna [Ipanaris
CMECH €€ TPOIYCTHIIN Yepe3 TIIaJIKyto TpyOy auaMeTpoM dy; = 1 ¢M CO CKOpOCThIO W
= 50 M/c, npu 5ToM 3adUKCUpOBaH Iepernaa napieHus noroka AP = 1250 Ila na

mmae | = 1 M.

Onpenenutsb

KOO(DPUIIUEHT KHUHEMaTUYeCKON BSI3KOCTH,

TCIIOIIPOBOAHOCTH HW  YHCIIO HpaH)ITJ'ISI ra3oBOM CMECH, MHCIOJIb3ysd MCETOAbI

aHaJIOTHUH.

3amanue 2. Mcmonb3ys TUIPOTEIUIOBYIO aHAlIOruio PeliHomnbaca, ompenenuTh




KO3 GUIIMEHT TEIJIOOTAAYN ISl BO3ayXa B Kpyriod Tpybe aumamerpom 200 mwm.
Pacxon Bozmyxa - 0,5 M3/CCK, IJIOTHOCTH BO3ayxa - 1,2 KF/MS, TEIJIOEMKOCTh BO3/IyXa
- 1 xJIx/(xr-K), koapdunuent conporusnenus tperus - 0,03.

3ananue 3. Onpenenuth kputepuil HyccenbTa mpu TeyeHUUW rasa B Kpyriion
TpyOe aumamerpoM 150 MM, HCHONB3ys THAPOTEIUIOBYIO aHajoruio PeitHombica.
Pacxon raza 0,15 M3/C, KO3 GUIIMEHT KHHEMAaTHYECKON BS3KOCTH Ta3a - 16:10°® MZ/C,
K03 ULMEHT TEMIIEPaTypPOIPOBOLHOCTH raza - 2-10° m%/c.

3amanue 4. [lpu TypOyJeHTHOM TEYEHUHU BO3AyXa B TPyOe co CKOpocThio 50
M/C KO3 PUITUEHT COMPOTUBIIEHUS TpeHUS cocTaBisieT Benmmunny 0,032, Onpenenutsb
koddummenT MaccooOMeHa W KOI(PPUIIMEHT TertooOMeHa mJii 3THX YCJIOBHM
TeYeHHs TpH TerioeMkocTr Bo3ayxa 1 kJDk/(krK) m ero mumotHocTH 1 Kr/M°. ITpn
BBITIOJITHGHUH PACUYETOB HCIOJIB30BaTh METOJ] AHAJOTHH IPOIIECCOB IMEpeHoca
UMITYJIbCA, TeTIOTHI ¥ MACCHI.

3ananue 5. B TpyOe auamerpom d u uirHO# | mpoTekaeT TypOyIeHTHBINH OTOK
TEIJIOHOCUTENST ¢ uuciaoM PeliHonblca mpu cpenHed TemriepaType motoka Re.
OnpenenuTs MnepeaHHbll TEIUIOHOCUTENI0 MOTOK TEIUIOThI, €CIM HayaibHas ero
temneparypa ty = 20°C, a Temmeparypa CTEHKH H3MEHSETCS IO JUIMHE TPYOBI 10
3aKOHY: Ul = t(X). TIpu BHIIONHEHMM pACYETOB HCHONIL30BATH METOMBI
TUAPOTEIUIOBOM aHAJIOTHH.

Ne t. = t(x),°C
d, cMm I, m TEILIOHOCUTEND Re
BapHaHTa (X — B MeTpax)
1 2 3 4 5 6
1 1 1,5 BO3IYX 10° 100
2 2 2 BO3IYX 10" 50+30x
3 3 2,5 BO3JYX 10° 60+20x
4 4 3 BO3YX 2:10° 100+10x
4 X
5 5 8 BO3IyX 10 40+ 10x + lﬂﬂm
6 6 10 BOBIYX 10* 200-5x
7 7 10 BO3IYX 10° 200
8 8 12 BOBJYX 10* 100-x
5 X
9 9 15 BO3/yX 10 150—2x—10 T
10 10 20 BOBJTYX 2-10° 120
11 1 1,5 BOJIA 10° 80
12 2 2 BOIA 5-10° 70
13 3 2,5 BOJIA 10* 50+10x
14 4 3 BOIA 2:10* 60+8x
15 5 8 BOJIA 5-10* 70+2x
16 6 10 BOIA 810" 40+2x
17 7 10 BOMA 10° 90—
18 8 12 BOIA 2:10° 50
19 9 15 BOMa 510° 60
20 10 20 BOIA 8-10° 90
21 10 18 BOIA 5-10° 80
22 2 1,8 BOBJYX 510" 70




NQ tC'T = tCT (x).ln[:
d, cm I, M TEJIOHOCHUTEND Re
BapHaHTa (X — B MeTpax)
23 3 3 BO3ZYX 10° 110
24 4 4 BO3/YX 5-10° 140

Tema 5. Mogeyiu TenJI0BOro U THHAMHUYECKOT0 MOTPAHUYHBIX CJIOEB.

3amanue 1. ToHKas macTuHa JMHOM lg = 2 M u mmpuHo# a = 1,5 M oOTekaeTcs
IPOJOJIBHBIM NOTOKOM BO31yXa. CKOpOCTh M Temrmeparypa HaOeraromero MoToka
PaBHBI COOTBETCTBEHHO Wy = 3 M/c; to = 20 °C. TeMmnepaTypa MOBEPXHOCTH ILIACTHHEI
t, = 90 °C. OnpenenuTs CpemHmii MO UIMHE IIACTUHBI KO3(P(UIUEHT TEIIOOTAAYH 1
KOJIMYECTBO TEIUIOTHI, OTAABAEMOM TUIACTUHOM BO3YXY.
3amanue 2. Ilnockas tumactuHa qiuuHOM | = 1 M oOTekaercss MPOIOIBHBIM

OTOKOM Bo3ayxa. CKOpoCTh U TemIepaTypa HaOeraroero noToka Bo3ayxa Wy = 80
m/c; tg = 10 °C. Ilepen muacTMHOM YCTaHOBIEHA TypOYJIM3MPYIOIIAs pELIETKA,
BCJIE/ICTBUE YEro JBMKEHHE B IOTPAaHMYHOM CJO€ Ha BCEM JUIMHE IUIACTHHBI
TypOyJeHTHOe. BpruucnuTh cpenHee 3HaueHHE Kod(p@UIMEHTa TEIIOOTIauu C
NOBEPXHOCTU IUIACTHUHBI M 3HAYEHHUE MECTHOro Kod(p(uIMeHTa TEIUIO0TAAaYd Ha
3aHEN KpoMKe. BBIYMCINTE Takke TONIMHY THMIAPOJUHAMUYECKOIO MOrPaHUYHOIO
CJIOSl Ha 3a/IHEN KPOMKE IJIACTUHBI.

3amanue 3. Beramcnuth cpenHuit KodQPUIMEHT TEMIO0TAaYr MPH TEUYCHUU
TpancopmaropHoro macia B Tpyoe auamerpom d = 8 MM u nnuHoi 1 = 1 M, ecnu
cpenHsa 10 AaMHE TpyObl Temmeparypa macna t, = 80 °C, cpexnsas TemmepaTypa
crenku TpyOsl t, = 20 °C u ckopocTs Macna w = 0,6 m/c.

3ananue 4. Ilo TpyObamM BEpTHUKAIBHOTO TEIMJIOOOMEHHUKA CHU3Y BBEPX TEUET
BoAa. Buyrpennuii tuamerp tpy6 d = 16 mm; ux qumna 1 = 1,2 m. Pacxon Boasl yepes
onay Tpyoy G = 58 kr/4. TemmepaTypa BOAbI Ha BXOJ€E B TEII000MeHHUK t,; = 30 °C.

3amanue 5. Bona ¢ temmneparypoii t,; = 30 °C mocrymaer B TpyOy ¢ AHaMETPOM
d =12 mm u mmeoU 1 = 1,2 M. Onpenenuts TemiepaTypy BOJABI Ha BBIXOJE W3
TpyOBI, €CIIU U3BECTHO, uTO pacxoa Boabl G = 0,083 kr/c u Temneparypa BHyTpeHHEH
HOBEpXHOCTH TPYOHI t, = 60 °C.

3ananue 6. Paccuntarh K03(p(UIMUEHT TEIIOOTIAYu B TYpOYJIECHTHOM TUICHKE
npu Ttemneparype Boael t, = 60 °C u wunrepBanma umcen Pelinonbaca Re =
2300-+14000.

2.2 OueHO4YHbIE CPeICTBA ISl IPOMEKYTOUYHOT0 KOHTPOJIA
JK3aMeHAIlMOHHbIE BONPOCHI

1. [JaiiTe ompeneneHue IMOHATHSAM «MOJICIMPOBAHUE» U «MOACIb». B dem
COCTOMT LI€JIb MOJICIMPOBAHHUS?

2. MaremaThdeckoe OIMCAaHHME ITOBEJACHHS OOBEKTa - MOJENM U OOBEKTa-
OpUTHHAJA C TIOMOIIBI0 0OOOIEHHBIX MEPEeMEHHBIX. Heo0xommMoe U oCTaTOuHOe
YCIIOBUE MOJICITUPYEMOCTH.



3. ®duszuyeckoe M MaTEMATHYECKOE MOJCIHPOBAHUE; HUX COAEpKAHUE U
BO3MOXHOCTH. Poib U MecTo PU3NYecKoro U MaTeMaTUYECKOTO MOJIETUPOBAHUS B
Hay4YHBIX UCCIICTIOBAHUAX U UHKEHEPHOM aHAJIMU3E.

4. CymHOCTb CUCTEMHOTO MOAX0/a IPU MOJIeIupoBaHun. Bxobl (mapaMeTpsl)
U BBIXOJBl O0BEKTa MOJEIUPOBaHUS Kak cucrteMbl. (CrToxacTuyeckue H
JETEPMUHUPOBAHHBIE TTPOLIECCHI M OOBEKTHI MOJIETUPOBAHUSI.

5. JlaliTe XapakTEpUCTUKU OCHOBHBIM BHJAM MAaTEMaTHYECKHX MOJENEH
(aHATUTUYECKHE W SMIUPUUYECKHUE; MUKPO-, MAKpPO- U METAYpPOBHS;, CTAaTUYECKHUE U
JWHAMUYECKHE; C COCPEIOTOYCHHBIMHU U pacHpeiciCHHbBIMU TapaMeTpaMu).
CymIHOCTh U JOCTOMHCTBA OJIOYHOTO TIPHUHIIKIIA IIOCTPOCHHS MOJIETICH.

6. Dranbl W OOIIME TPUHUHUIBI MOCTPOCHUSI MATEMAaTUUYECKHX MOJICIICH.
du3nyecKkrue 3aKOHbI, YPAaBHEHUS! U OTPaHUYEHUS, UCIOJIb3yeMbIE TP COCTABIICHUU
MAaTEMATHYECKUX MOJEIEH.

7. DTanbl 3KCIEPUMEHTAIBHOIO MMOCTPOEHUSI MATEMATUYECKUX MOJIEIIEH; pOib
¥ MECTO TEOPHH MO00US U aHaIM3a PA3MEPHOCTEN.

8. Vcnonp3ysi aHanu3 pa3sMEpHOCTEH, MOTyYUTE OOOOIIECHHBIE MEPEMEHHEIE,
XapaKTepHbIE I KaKOT0-1100 (HU3MYECKOro mporecca.

9. CymHOCTP ¥  METOAOJOTHS METOJa HAaWMEHBIIUX  KBaJpaToB,
UCITIOJIb3yEeMOT0 Mpu 00pabOTKe IKCIIEPUMEHTATIBHBIX JaHHBIX.

10. CrnocoObl TMpuBENEHUS HEIMHEHHBIX AMIUPUUYECKUX YpaBHEHUW K JIHU-
HelHOUW (opMe NpH BBIYMCICHUM ITOCTOSHHBIX MapamMeTpoB (K03(P(UIIMEHTOB)
YpaBHEHUI 10 METOy HAUMEHBIINX KBaJpaToB. BhIMOMHUTE Takoe MPUBEICHUE IS
cilydasi CTEIEHHOW (PYHKIUU.

11. JlaiiTe ompeneneHue MOHATUIO «ONTHUMHU3AIMS». B 4eM COCTOMUT Lielb
ONTUMM3AIN?

12. Kakue srtamnsl BKIIOYaeT B ceOs GOpMyIHpOBaHHUE 3aa4ll ONTHMHU3AIAH?
Kpurepuit ontuManbHOCTH; €ro BUIIBI M BbIOOp. Packpoiite comepxkaHue KpuTepus
MPUBEJACHHBIX TOJOBBIX 3aTpar JUisl TEIMIOOOMEHHOro ammapara. Tpu OCHOBHBIC
TpeOOBaHMsI, MPEABABISIEMbIE K KPUTEPUIO ONTUMATHHOCTH.

13. Buael orpaHuueHuii B 3ajayax ONTUMM3AIUM. [IpUYMHBI HaIA4YWS
orpannueHuil. OrpanuyeHus 1-ro v 2-ro poaos.

14. Ontumusupyroniue (HakTopbl; UX BHIOOP B 3aBUCUMOCTH OT OObeMa H
CTPYKTYpPBHI 33/1a4¥ ONITUMHU3ALINH.

15. lleneBas ¢ynkums. CocrtaBHas ueneBas QyHkuusa. JlokanbHbBIA WU
rJ1I00aJIbHBIN AKCTPEMYMBI LIEJIEBON (HYHKIIUU.

16. CymHoCTh MeTOJa ONTUMM3alUu nyTeM AuddepeHurnpoBaHusl UEIEBOM
¢dbyukiuu. CrnocoObl MCCIEIOBAaHUS JKCTPEMyMa Ha MaKCUMyM M MUHUMYyM. Kak
YUYUTBIBAIOTCS OTPAHUYCHUS ?

17. CymHoCTh ONTUMHU3AIMU METOJIOM HEONPEACIICHHBIX MHOMXKUTEIICH
Jlarpanxa.

18. Onrtummzais METOJIOM JIMHEWHOTO MPOrpaMMHUPOBAHUS: OCOOCHHOCTH
MTOCTAHOBKY 3aJ1auu; Tpadraeckas MHTEPIpETaIis METOIa.

19. OcobGeHHOCTH U BO3MOXXHOCTH AHATUTUYECKUX U UYUCICHHBIX METOOB
ontuMu3anuu. Jlaiite o0IIyI0 XapaKTepUCTUKY YHCIICHHBIX METOJI0B ONITUMH3AIIUH.



20. OnTumuzamuss METOJOM CKAHMPOBAHUS: CYIIHOCTh METO/AA; €ro
JIOCTOMHCTBA U HEJIOCTATKH; BeIMYMHA 3(PHEKTUBHOCTH.

21. OnTuMu3anus METOJOM JTIMXOTOMHUU: CYIIIHOCTh METO/a; €ro TOCTOMHCTBA
Y HEJOCTATKH; BeIMYUHA 3PPEKTUBHOCTH.

22. OntuMu3anus METOJOM 30JI0TOr0 CEYEHHMs: CYIIHOCTh METOJa; €ro
JIOCTOMHCTBA U HEJIOCTATKHU; BeTMYMHA YPHEKTUBHOCTH.

23. OnTuMm3anus METOJOM IokoopauHaTHOTO Toucka (["aycca-3eimens):
CYITHOCTh METOAa M TIOCJIENOBATEeILHOCTh JCHCTBUH; €ro JOCTOMHCTBA U
HEJIOCTaTKH.

24. OnTuMu3amusi METOJOM HaHWCKOPEHIEro moabeMa (CIycKa): CYITHOCTH
METO/Ia U TTOCJIeI0BATEILHOCTh ICUCTBHI; €T0 JOCTOMHCTBA U HEJOCTATKH.

25. OntuMuzanus nepedopom.

26. MexaHu3MBbI IepeHoca TETUIOThI, UMITYJIbCa M MacChl B CILTONIHON CpeJie.

27. (DEHOMEHOJOTUYECKUM M CTATUCTUYECKUM TMYTH W3Y4YEHUS SIBICHHM
nepeHoca.

28. MaTtemaTu4ecKoe ONMHCaHhe KOHBEKTHUBHOTO mepeHoca. ['unoresst dypoe,
HrroTona, ®uxa.

29. IudbdepennnanpHble ypaBHEHUSI KOHBEKTUBHOTO TiepeHoca (061as opma
3aITUCH).

30. Cuctema ypaBHEHUH, OMUCHIBAIONIUX JABUKEHUE KUIKOCTH U TEIIIOOOMEH.
JlubdepeHnnansaple  ypaBHEHUS ABWKCHHS, DHEPTHMH W HEPA3pBIBHOCTH TIPH
MTOCTOSTHHBIX CBOMCTBAaX KHUIKOCTH.

31. OcobeHHOCTH 3allMCU YpaBHEHHH TepeHoca NMpu TypOyJIEHTHOM TEYECHUU
KUJIKOCTH. DDPeKkTruBHbIC KOIPDUIIMEHTHI IEPEHOCA.

32. YcnoBusl OJHO3HAYHOCTH JIS TIPOIECCOB KOHBEKTUBHOTO TETUIOOOMEHA.

33. DkcrepuMeHTaIbHbIE METOABl MCCIICOBAHUS M pacdyeTa KOHBEKTHBHOTO
nepeHoca

34. AHanuMTUYECKHE METOJAbl MCCIEJOBAaHUS M pacdyera KOHBEKTHUBHOTO
nepeHoca

35. UncneHnHbie METOIBI UCCIEAOBAHMS M pacueTa KOHBEKTUBHOTO TIEPEHOCa

36. CpaBHEHHE METOJIOB HCCIIEIOBAHUS U pacuyeTa KOHBEKTUBHOIO MepeHoca.

37. Ananorus Pelinonbca.

38. Ananorust Mexay TEII000MEHOM U MaCCOOOMEHOM.

39. Tpotiinas aHaIoTHA.

40. Ynyumenue ananoruu PeliHombca.

41. I'paHuLIbl IPUMEHUMOCTH aHAJIOTHMA.

42. TloHsiTe 0 MOTPAaHUYHOE CJIOE.

43. dusnyeckre MOJACIN JUHAMHUYECKOTO W TEIUIOBOTO MOTPAaHUYHBIX CIIOEB,
OCHOBHBIC XapaKTCPUCTUKHU U TIApaMETPHI.

44, JudbdepeHnmanbHble ypaBHEHUS KOHBEKTMBHOTO TIIEpEHOCAa B TIOrpa-
HUYHOM CJIO€.

44, YpaBHeHue /IS clydaeB OOTEKaHUS TIACTUHBI ¥ TEUEHUS B TpyOe.

46. Pemenne ruipoIMHAMUYECKON 331291 TP JIAMHUHAPHOM TE€YCHHUH B TPYOE.

47. XapaKkTepuCTUKH MEePEHOCa TeIUIOThI B TYpPOYJICHTHOM MOTPAaHUYHOM CJIOE.

48. Pemenue TruApoAMHAMUYECKON 3aJaud TpU TypOYJEHTHOM TEUCHUU B



MOTPAHUYHOM CJIIOE.

49. YHuBepcanbHbIN TPOPUIL CKOPOCTH.

50. 30HBI TYpOYJIEHTHOTO MOTPAHUYHOTO CIOS.

51. TermooOMeH B TypOYJI€HTHOM MOTPAHUYHOM CJIO€ Ha IJIOCKOW CTEHKE.

52. Pemenue nudepeHinanbHOro ypaBHEHUs SHEPTUH JJI IOTOKA KUJKOCTH
B KpyrJioi Tpyoe. MuTerpain Jlakiona.

53. Pemrenue 3amaun TermooOMeHa Py JIAMUHAPHOM TEUEHUHU B TPYyOE.

54. BrusiHME rpaHUYHBIX YCJIOBHM Ha cTeHKe Ha yncio Hyccenpra.

55. Pemenue 3agaun TemiooOMeHa Mpu TypOYJICHTHOM TEUYCHUHU B TPyOe.

IpakTnyeckue 3aganus AJsl NIPOBEJEHUA IK3aMeHA
3aganne 1. C nomMompl0 METOJA HAWMEHBIIMX KBAAPaTOB OIPEICINTh

— b
YUCJICHHBIE 3HAYEHHWA SMIIMPHYECKUX IIOCTOSHHBIX B 3aBUCUMOCTH y = ge . IO
CJEYIOIINM JAHHBIM:

Xi 1 2 3
Vi 10,9 | 29,6 | 80,3

3amaane 2. C TOMOIIBIO METOJa HAMMEHBIINX KBAJpaTOB OMPEICITUTH
YHCIICHHBIE 3HAYCHUS AMIUPUYECKUX MOCTOSHHBIX B 3aBUCUMOCTH ) = ax’ + b o
CHEAYIOIINM JAHHBIM:

Xi 1 2 3
Vi 1 10 | 25
3aganne 3. C T1OMOIBI0O METOJA HAMMEHBIIMX KBaJIpaTOB OMNPEACIUTH
YUCJICHHBIC 3HAYCHUS HSMIUPUYECKUX IMOCTOSHHBIX B 3aBUCHUMOCTH ) = ax® 1o
CJICIYFOIIUM JIAHHBIM:
Xi 1 2 3

Vi 2,5 20 | 675
3aganue 4. C 1NOMONIBI0O METOJA HAUMEHBIIMX KBaJIpaTOB OMPEACIUTH

YUCJICHHBIC 3HAYCHHA ODMIIMPHUUYCCKUX IIOCTOSHHBIX B 3aBUCHUMOCTH YV = X + b no
CJICAYIOIIMM JaHHBIM:

Xi 1 2 3
Vi 3 35| 39

3aganme 5. C T1OMOIIBI0O METO/Ja HAWMMEHBIIMX KBaJIPaTOB OIPEACIUTH
YHCJICHHBIC 3HAYCHUS SMIUPUYECKUX MOCTOSSHHBIX B 3aBUCUMOCTH ) = ax® + bx mo
CHEAYIOIINM JAaHHBIM:

Xi 1 2 3
Vi 2 12 | 30
3aganue 6. C TmOMOIIBI0 METOJA HAMMEHBIIMX KBaJIpaTOB OMPEACIUTh
YHCJICHHBIC 3HAYEHHUS SMIIUPUUYECKUX IMOCTOSHHBIX B 3aBUCHUMOCTH Y = ebxtex® po
CJEAYIOIIUM JaHHBIM:
Xij 1 2 3

Vi 2,72 | 1 ]0,05




3amanne 7. C DNOMOLIBIO METOAA HAMMEHBIIMX KBAJAPAaTOB OIPEIECIHUTh

2
YMUCJICHHBIC 3HAYCHUSA OSMIIMPHUYCCKUX IIOCTOSAHHBIX B 3daBUCHMOCTH VYV = ebx 10

CJIeaAyronum JaHHbIM:

X 1 2 3
Vi 1,65 | 7,39 | 90

3ananue 8. Tpebyercst CpOEKTUPOBATH 3aKPBITHIM MPSMOYTOJIBHBIA COCYI €
nHAmeM, o0beMoM 16 M°, ¢ MHHHMANBHOM IUIOMAABI0 OBEPXHOCTH COCYIA.
OnpenenuTh ONTUMAJIbHBIE 3HAYEHUS! NJUMHBI U IIMPUHBI COCYJla, €CJIU €ro BhICOTa
JIOJKHA COCTABIISATH 1 M.

3ananue 9. TpebOyeTcss CPOEKTUPOBATH OTKPBITHIN MPSIMOYTOJIBHBIN coCyn ¢
IHHIIEM, 00beMOM 9 M°, ¢ MHHHMAIBHOH ILIOII[A[bIO MOBEPXHOCTU COCYJA.
OnpenenuTs ONTUMAIBHBIE 3HAYCHUS JJIMHBI U IMAPUHBI COCYJa, €CIM €T0 BHICOTA
JIOJKHA COCTABIATH | M.

3amanue 10. TpeOyeTcst cnpOeKTUPOBATH 3aKPBITHIN IIMIIMHAPUYECKUN COCY]T C
IUNIOCKUM JHUIEM, oobeMoM 10 M3, C MHUHHUMAJIbHOW IUIOIIAABIO TMOBEPXHOCTH
cocyna. OnpenenuTs ONTUMAaIbHBIC 3HAYECHUS THaMEeTpa U BBHICOTHI COCY/Ia.

3ananue 11. TpeOyeTcsi CIPOEKTUPOBATH OTKPBITHIN IMIMHAPUIECKUNA COCY/I C
IUIOCKHM AHHIIEM, o0beMoM 10 M°, ¢ MHHHMAIBHON IUIOMANBIO MOBEPXHOCTH
cocyna. OnpeneanTs ONTUMANIbHbIC 3HAYEHUS TUaMeTpa U BBICOTHI COCY/IA.

3ananue 12. TernmooOMeH npu TypOyJIE€HTHOM TEYEHUH B TpyOax oJIHO(hA3HBIX
TeruoHocuTeleil omuchiBactess dopmytoii Nu = 0,023 Re®® PrP®. B unrepsaie
u3MeHeHus quamerpa Tpyosr d = 0,01 + 0,1 M, HaliUTe ONTHUMAaIbHOE €r0 3HAYCHHE,
COOTBETCTBYIOLLEE MakcUMyMy  KoddduiHeHTa  TerooOMeHa. Pacxon
TEIJIOHOCUTEIS M €T0 CBOMCTBA MTOCTOSIHHEI.

3amanue 13. ['mapaBiamdeckoe COMPOTUBJICHHE NpU TypOYJIEHTHOM TEYECHHUU
oHO(a3HOrO TETUIOHOCUTENIS B TJIAJIKUX TpyOax omuchiBaeTcs Gopmyinoi biasuyca
§ = 0,3164/Re®%. [Ipy NOCTOSIHHBIX pAacXoJle W CBOWCTBAX TEIJIOHOCHUTEINS
ompenenute A uHTepBayia auamerpa Tpyosr d = 0,01 + 0,1 M onTuManbHOE €ro
3HaYCHHE, COOTBETCTBYIOIIECE MUHIMAIIBHOMY 3HAYEHUIO C.

3amanue 14. ['mppaBaudecKoe COMPOTUBICHUE TMPHU JAMUHAPHOM TEUCHHUU B
TpyOe 0aHO(A3HOIO TEIIOHOCUTENS onmuchiBaeTcst Gpopmynoit [yaseiins & = 64/Re.
[Ipu MOCTOSTHHBIX pacxojie ¥ CBOWCTBAX TETUIOHOCUTENS ISl UHTEpBajia CKOPOCTH W
= 0,1+0,7 M/c, onipenenuTe onTUMaIbHOE 3HAaYCHUE W, COOTBETCTBYIOIIEE MUHUMYMY

3

3ananue 15. [Ipu naMmuHapHOM TeYeHUH B TPyOe 0HO(DA3ZHOTO TETIIOHOCUTEIS
TertoodMeH ormcbiBaetest hopmynoit Nu = 1,86 Re®® Pro®(d / 1 )°®. Pacxon
TETUTIOHOCHUTEISI M €r0 CBOMCTBA MOCTOSHHBL. [yinHa TpyOs! | = const. /s unTepBana
nunamerpa Tpyosr d = 0,005+0,05 M omnpeaenute omnTHMagbHOE 3HaueHHE O,
COOTBETCTBYIOIIIEE MAaKCUMyMYy K03 PuIinmeHTa TermiooomMeHa o.

3ananue 16. B Tpybe nuameTpom 2 cM U JUIMHOM 2 M ABUXKETCs Bojaa. [lepenas
naBiieHus: otoka Bojabl B TpyOe 1000 Ila. Halimure ckOpocTh ABMIKEHHS BOJIBI U
BEJIMUMHY  KacaTeJbHOTO  HalpsOKEHWsT Ha  CTEHKe, eciau KO3 UIIMEHT
CONPOTHBIICHHUS TPeH st oToKa paseH 0,03. [ltotHocTs Boms! - 1000 kr/M’.

3amanue 17. Omnpenenuth KOIOPHUIMEHT THUAPABINYECKOTO COMPOTHBICHUS
TPEHUS MPU JIAMUHAPHOM TEUEHUU KUJKOCTU C KMHEMATHYEeCKUM KOod(PpuImeHTom



Bs3koctn 2-10” m%/c B kpyrioii Tpy6e muamerpom 0,01 M co ckopocThio 1 m/c.

3aganue 18. Onpenenuth KOIPOUIMEHT TUIPABINYECKOTO COMPOTUBIICHUS
TPEHUS MIPU TypOYJICHTHOM T€UEHUU KUIKOCTH C KHHEMATHYECKUM KO3 (PPUIIUEHTOM
Bsskocti 10° M?/c B Kkpyrion Tpyoe nuamerpom 0,01 M co ckopocThio 1 Mm/c.

3ananue 19. Ucnonb3ys ruapoTeryioByto aHanoruto PeliHonbaca, onpenenuTh
KO3(phUIIMEHT TEIUIOOTAa4YM IS BO31yXa B Kpyrioi Tpybe muamerpoMm 200 mwm.
Pacxoz Bo3ayxa - 0,5 M%/cek, IIOTHOCTh BO3ayXa - 1,2 KI/M°, TeIIOEMKOCTh BO3/yXa
- 1 xJIx/(xr-K), koapuument conporusnenus tpenus - 0,03.

3amanue 20. Vcronp3ysi THAPOTEIIOBYIO aHAIOTHIO PeliHonbaca, OnpenenuTh
kputepuit CTaHTOHa MpU TEYCHHH raza B Kpyriod Tpyoe. Kpurepuii PeitHonmbaca
cocraBmsier 20000, koo((HIUIEHT KMHEMAaTHIeCKOi Bs3KOCTH rasa - 15:10° m%c,
K03 UIMEHT TEMIIEPaTypOIPOBOIHOCTH rasa - 2-10™ m%/c.

3ananue 21. Onpenenuts Kputepuid HyccenbTa mpu TedeHnH rasza B Kpyrion
TpyOe aumamerpoM 150 MM, HCHONB3ys THAPOTEIUIOBYIO aHajoruio PeitHolb/ca.
Pacxox rasa 0,15 m*/c, k09)QHUIMEHT KHHEMATHIECKOH BSI3KOCTH Tasa - 16:10° m%/c,
K03 BUIMEHT TEMIIEPaTypPOIPOBOIHOCTH rasa - 2-10™ m7/c.

3ananue 22. Vcnionb3ys TUAPOTEIIOBYIO aHAIOTHI0 PeliHonbaca, onpenenuTh
kputepuii CTaHTOHa MpU TEUEHUHU raza B Kpyrioil Tpyde. Kpurepuit Peitnonbaca
cocraBmsier 50000, kooddHUHEHT KMHEMAaTHYeCKOi Bs3kocTH rasa - 12:10° m%c,
KO QHUIIEHT TEMIIEPaTypOIPOBOHOCTH Taza - 1,510 m%/c.

3amanne 23. Mcmonn3ys THAPOTEILIOBYIO aHANOTHIO PeliHombaca, onpenenuTh
KO GUIIMEHT TETUIOOTAa4M JJid ra3a B Kpyrioil Tpyoe nquamerpom 150 mm. Pacxon
rasa - 1260 m*/gac, mWIOTHOCTH Ta3a - 1 kr/m°, TemioeMKocTs Tasa - 900 Ix/(kr-K).
Kputepuii Peitnonpaca coctasmser 25000.

3amanue 24. Vcrionb3ysl THAPOTEIIOBYIO aHAIOTHIO PeliHombaca, OnpeneTuTh
kputepuii HyccenpTa mpu TeueHWH raza B Kpyrioil Tpybe muamerpom 120 mwm.
CkopocTb raza 10 m/c, koodHIHeHT KuHEMaTHYecKOil B3KkocTH rasa - 12:10° v/,
K03 BUILMEHT TEMIIePaTypPOIPOBOAHOCTH raza - 1,5-10™ m%/c.

3amanue 25. B kpyrmoit TpybGe numamerpom 100 MM mpoTekaeT ra3 B
xomuaectse 1000 m>/gac. Pesxum Tederus - TypOynenTHsIid. [1oTHOCTS Ta3a - 0,8 Kr/
M°, TeroeMkocTh raza - 1,1 kJx/(kr-K), Kod(hUIMEHT CONPOTHBICHHS TPEHHUS -
0,025. Omnpegenuts  KO3(PGUIMEHT  TEIJIOOTAAYM JJIS  rasza, HCHOJb3ysA
TUAPOTEIIOBYIO aHAJIOTUIO PeliHonbACa.

3amanue 26. B TpyOy momaercst TypOyIeHTHBIN IMTOTOK BO3yXa CO CKOPOCTHIO 8
M/c. Koadduuuent conporuBienuss tpenus 0,032, Onpenenuts kodhdUITUEHT
TerI000MeHa, MCTOJb3ysl TUAPOTEIUIOBYIO aHanoruto. CBoicTBa BO3IyXa MPHHSTH
nocrossHHbIME C, = 1 k/Ix/(xrK), p =1 Kr/M°.

3aganue 27. [Ipu TypOyIeHTHOM T€UEHUU BO31yXa B TpyOe cO CKOpOCThiO 50
M/C K03hPUITMEHT CONTPOTUBIICHUSI TpeHUs cocTaBiisieT Benuuuny 0,032, OnpenenuTsb
kod(dummeHT MaccooOMeHa U Kod(PPUIMEHT TermooOMeHa mJii 3TUX YCJIOBHM
TeYeHus: mpu TerioeMkocTy Bo3ayxa 1 kJ[x/(kr’K) u ero mmornoctu 1 xr/m°. Tpu
BBITIOJIHGHUM PACUYETOB HCIOJIB30BaTh METOJ[ AaHAJIOTHHM MPOIIECCOB MepeHoca
UMITYJIbCA, TeTJIOTHI U MACCHI.

3amanue 28. Ilmockas muractuHa jaiuuHOM 1 = 1 M 00TekaeTcs MpoIOJIbHBIM
MOTOKOM Bo3ayxa. CKOpOCTh M TeMIepaTypa Haberaromiero motoka Bozayxa W = 60



M/c; t = 20 °C. BBIYMCIATH TONNIMHY THAPOIMHAMMYECKOTO IIOTPAHMYHOTO CIIOS Ha
3a/IHEH KPOMKE TUIACTUHBI.

3amganue 29. Ilnockas muractuHa jaiauHOM 1 = 1 M 00TekaeTcss MpojoJIbHBIM
MOTOKOM BOJibl. CKOPOCTh U TeMIIepaTypa HaberaroIiero noToka BoJasl W = 2 M/c; t =
20 °C. BbIUMCIUTH TOIMIMHY I'MAPOIMHAMUYECKOTO MOIPAHUYHOIO CJIOS HA 3ajHEil
KPOMKE TIJIaCTHHBI.

3anganue 30. CteHka 00TEKaeTCs MPOOJIbHBIM TypOYJICHTHBIM TTOTOKOM BOJIBI.
B dukcupoBaHHOM ceueHHUM MOTOKA KacaTeIbHOE HANPSDKEHUE TPCHUSI HA CTEHKE G,
= 0,1 IIa. KakoBbI JTJOKaJIbHBIE 3HAYEHHUS MTPOJOJIBHON CKOPOCTH ITOTOKA HA TPaHULIAX
BSI3KOT'O ITOJIC/I0S?

3anmanue 31. Tonkas mnactuHa JiuHOM | = 3 M U mMpuHON a = 2 M oOTekaeTcs
MIPOJIOJIBHBIM TIOTOKOM BO31yXa. CKOpOCTh M TeMreparypa HaOeraroriero moToka
PaBHBI COOTBETCTBEHHO W = 2 M/c; tg = 40 °C. Temmeparypa MoBEepXHOCTH MIACTHHEL
t, = 100 °C. Omnpenenuts KO3(PQUIMEHT TEMIOOTAAYM M KOJIUYECTBO TEIJIOTHI,
OTJIaBa€MOM TNIACTUHOM BO3IYXY.

3ananue 32. ToHkas miactTuHa JyIHOM |1 = 2 M 1 mupuHoi a = 1 M oOTekaeTcs
moTokoM Bojbl. CKOpPOCTh UM TemrepaTypa HaOeramIero IoToOKa pPaBHBI
cooTBeTcTBeHHO W = 1 M/c; to = 20 °C. TeMnepaTypa NOBEpXHOCTH IIACTHHBI t, = 80
°C. Onpenenuts K03QGUIMEHT TEIUIOOTAAYM M KOJIMYECTBO TEIIOTHI, OTJaBAEMOil
ILUIACTUHOM BOJIE.

OueHuBaHue pe3yabTaToB 00yuyeHus B (opMe ypOBHA CPOPMHUPOBAHHOCTH
AJIEMEHTOB KOMIIETEHLUWA MPOBOJUTCS MyTEM KOHTPOJS BO BPEMS MPOMEKYTOUHOU
aTTectauuu B GopMe IK3aMeHa:

a) OLEHKAa «OTJIMYHO» — KOMIIETEHIMSI WJIM €€ 4YacTh C(HOPMHUPOBAHBI HA
IIPOJIBUHYTOM YPOBHE;

0) OIlEHKa «XOpOIIO» — KOMIIETEHIMS WM €€ YacTb C(OpPMHUpPOBAaHbBI Ha
MOBBIIIEHHOM YPOBHE;

B) OIICHKAa «YyJOBJIETBOPUTEIILHO» — KOMIIETEHIUS WU €€ 4YacTh
chopMUpOBaHbI Ha 0a30BOM YPOBHE;

I) OIICHKa «HE YIOBICTBOPUTEIHHO» — KOMIETCHIIUS WJIM €€ YacTh He
c(OpMHUPOBAHBI.

OueHKkH «HE YJIOBJIETBOPUTEIBHO» CTaBATCA TaKXkKe B clydasdX, €clu
oOyyJaromuiicss He MPUCTYNAJI K BBIMOJHEHUIO 3aJ]aHus, a TAKXKe MPU OOHAPYKEHUU
CICAYIOIIMX HApyIICHUN: CHOHChIBAaHWE, IUIaruat; Qanbcudukanus [TaHHBIX WU
pe3yJIbTaToB pabOTHI.

Kputeprun, Ha OCHOBE KOTOPBIX BBICTABJISIOTCS OLEHKU MpPU MPOBEIACHUU
TEKYIIEro KOHTPOJIS U TPOMEKYTOUHOM aTTecTalluy MPUBEICHbI B Ta0. 1.

Tabmuua 1 — Kpurepun BBICTaBIEHUS OICHOK TPHU MPOBEACHUU TEKYIIETO
KOHTPOJISI U TPOMEKYTOYHOM aTTECTAllU

IIIkama oreHKH Orenka Kpurepuii BEICTaBIIEHUS OLIEHKU

YetbipexOamibpHast OT1an4HO OOyuaromuiics TTy00KO U IPOYHO YCBOMII BECh
HIKanza MIPOrpaMMHBII  MaTepuaj, HCYEPIbIBAOIIE,




IIIkaa onieHKH

Ornenka

Kpurepuii BEICTaBIIEHUS OLIEHKU

MIOCJIEZIOBATENbHO, TIPAMOTHO U  JIOTMYECKU
CTpPOIIHO €ero u3Jaraer, TEeCHO YBS3bIBAET
TEOpuio ¢ mpakTtukod. OOyuaromuiics He
3aTpyJHSETCSl C OTBETOM NPU BUIOU3MEHEHHH
3a/laHus, CBOOOJHO CHpPAaBISAETCS C 3aJadyaMy,
3alaHusIMU U APYTUMHU BUAAMU HPUMEHEHUs

3HAHUH, MOKa3bIBACT 3HAHUSI
3aKOHOJATEILHOTO u HOPMAaTHUBHO-
TEXHUYECKOTO MaTepHUaJIOB, MPaBUJILHO

000CHOBBIBAET TPHUHATHIC PEIICHHS, BIIAJEET
Pa3HOCTOPOHHUMH HAaBBIKAMH U IPUEMaMHU
BBITIIOJTHEHHS MIPaKTUYECKHUX pabor,
oOHapyKUBaeT yMEHUE CaMOCTOSTEIILHO
00001aTh W HU3JIaraThb MaTepuai, He JOIMycKas
OIINOOK

Xoportio

OOyyaromuiics TBEpAO 3HAET MPOTPAMMHBII
MaTepuai, TpaMOTHO U IO CYLIECTBY H3Jaraer

€ro, HC AO0IIyCKaceT CYHICCTBCHHBIX
HETOYHOCTEH B OTBETE Ha BOIIPOC, MOXKET
IIpaBUJIbHO IIPpUMCHATDb TCOPCTUYCCKUC

IHOJIOKCHUA n BJIaACCT HCO6XOIII/IMI>IMI/I
HAaBBIKAMU TPH  BBITIOJHEHUHM TPAKTHYECKUX
pabor

y,[[OBJ'IGTBOpI/ITeJ'IBHO

OOyuaronuiics yCBOWJI TOJBKO OCHOBHOM
MaTepuai, HO HE 3HaeT OTHENbHbIX JeTaleH,

JOITyCKaeT HETOYHOCTH, HEJ0OCTATOYHO
MIPaBUJIbHBIE (bopMyIHUpPOBKH, Hapymaer
I10CJIEJ0BATEIBHOCTD B U3JI0KECHUHU

IporpaMMHOIO MaT€puaja W  HUCHBITBIBACT
3aTpyJHEHUS] TPU BHITOJHEHUH MPAKTUYECKUX
pabot

HeynosnerBopurensHo

OOyyaromuiics He 3HAeT 3HAYUTEIHHOW YacTh
MIPOTPAMMHOTO MaTepuana, JIOTTYCKaeT
CYLIECTBEHHBIE  OMMOKH, ¢  OONBIIUMHU
3aTPYAHCHUSIMUA  BBITIOJIHSIET — IPAKTUUYECKUE
paboTHI




2.3. UToroBasi AuarHocTuyeckasi padora mno JUCUMILIUHE

3aHaHI/IH JJIA III/IaFHOCTI/I‘leCKOﬁ paﬁoTbI o AMCIOMIIJINHE (MOIlyJIIO), MpaKTHKE

Komnerenmuu: [1K-1 - CnocoGeH k mpoBeaeHuIo padoT 1o 00paboTKe U aHAIU3y HAyYHO-TEXHHUECKON HHPOpMAIIH U
pEe3yJIbTATOB UCCIIEIOBAHUM.

=R
= g
cE = Kon u HaumeHnoBanue
S . O WUHMKATOpa
o [TpaBuibHBII OTBET * Copneprxanue Bonpoca o A P
) = JOCTHKEHHUST
2 Z KOMIIETEHIIUU
T =
croco0 U3y4eHHUs IPOIIECCOB,
SBJICHUM U YCTPOUCTB, IIPU KOTOPOM
1, | MCCTICAYCTC HE HEHIOCPEACTBEMHO JlaliTe MOHATHE MOAETUPOBAHUIO ITPOLECCOB, SABICHUN U YCTPOMCTB
" | caM 00BEKT-OPUTHHAI, @ HEKOTOPAs p p ’ yerp W/1-5nik-1 Ciocoben
IIPOMEKYTOUHAS BCIIOMOTaTe bHasI MPOBOANTL 06paboTKy
CHeTeMA U aHaJIM3 Hay4yHO-
Kak mpu momenupoBaHum OOBEKTa HODKHA H3MEHSTHCS CTETCHb TCXHIICCKOH
2. | 0<CC<1 uHpopMaluu B
coorsercTBUs (CC) Moaenu 1 opuruHaia?
» 00J1aCTH CO3IaHUSI U
YIIPABJISAIONMMH (haKTOpaMH [TapameTpel, Ha KOTOpHIE MOYKHO OKa3bIBaTh MPSIMOE BO3JEHCTBHE B
3. 9KCIUTyaTaIu
(mapametpammu) COOTBETCTBUH C TEMU WJIM MHBIMH TPEOOBAHUSMH, HA3bIBAIOTCS IIK-1
TEXHOJIOTUIECKOTO
MO/IeJb, 0TOOpaXkKaroIas MpoIEeccCHl, S —
4. | IpOMCXOAIINE B CHCTEME CO JlmHaMu4eckas MOZIeIb 3TO MACCOOBMEHHOLO
BPeMCHEM q 000pyI0BaHUS
. TO HE BXOJIUT B COCTaB OCHOBHBIX TAIIOB MaTEMaTUYECKOTO
B) ONpe/IeTICHHIE YCIOBUH, MOTEH OBgHHH XUMHAYECKHUX H
o0ecreynBaroIuX HauBBICIIYIO p He(TerazoBbIX
5. | 3¢ heKTUBHOCTh MPOEKTHBIX IIPOU3BOACTB.

PEIICHUI U IKCIUTYaTallHOHHBIX
IPUEMOB

a) COCTaBJICHUE MAaTEeMAaTHYECKOTO OMUCAHUS U3y4aeMOro 00beKTa
0) BBIOOp MeTO/a pelICHUsI CUCTEMbl YPAaBHEHHI MaTEeMaTHIECKOTO
OIMCAHMS U peasin3anus ero B (GopMe MOJCTHPYIOIIEH MPOrpaMmMbl




Howmep 3ananus

[IpaBunbHbII OTBET *

Coneprkanue Borpoca

Kommerenmnusa

Ko n nammeHoBaHue
WHJHUKATOpa
JTOCTHKCHUS

KOMIICTCHITUH

B) OIpe/IeNICHHE YCIOBUI, 00ECIICUNBAIONIIX HAMBBICIITYIO
3¢ (HEKTHBHOCTH IPOSKTHBIX PEHICHUH U IKCILTyaTaI[MOHHBIX TPHEMOB
') YCTAaHOBJICHHSI COOTBETCTBHUS (aI€KBATHOCTH) MOJIENIU OOBEKTY

[Tpumepom 00600IIEHHBIX IEPEMEHHBIX SBIISIETCS

a) kod(pUIMEHT TerTonepeadn

6. | 6) uncno Hyccenbra 6) uncio Hyccenbra
B) IUIOTHOCTH TEIJIOBOTO ITOTOKA
r) K03 uuuent quddyzun
7. | MORCHR, B X OTOpOH OTCYTCTBYeT Cratuueckast MOZEIb ATO
BpPEMEHHOU TapameTp
MOJIENTb M OPUTHHAJ TOJDKHBI UMETh
OJTHO U TO K€ MaTeMaTHYecKoe
g | OmHcanue B HEKOTOPOW 0000IIEHHOM | Y CI0BHE MOJIETUPYEMOCTH (DOPMYTUPYETCS CAEAYIOIIMM 00pa3oM
cUCTeME MEePEMEHHBIX, TOMyCKAaeTCs
paznuune (GU3nuecKoil MpupoIsl
U3y4aeMbIX 00BEKTOB
OOBEKTHI MOJETUPOBAHHS, JJISI KOTOPHIX 3HAUCHHSI BBIXO/THBIX
9. | neTepMUHHPOBAHHBIE napaMeTpoB U (aKTOPOB OJTHO3HAYHO OTIPENENAIOTCS BXOAHBIMU U
YIPaBJISTFOIUME (PAKTOpaMU M NTapaMeTpaMy, Ha3bIBAIOTCS
10 OOBEKTHI MOJICITMPOBAHMSL, JJIS1 KOTOPBIX BEJIMKO BIUSHHUE CITy9alfHBIX
.| cToxacTuyeckue
BO3MYULIAIOMUX ()aKTOPOB, HA3BIBAIOTCS
KOTOPbIE U3MEHSIOTCS CITy4ailiHbIM
11.| obpa3om ¢ TeueHUEM BPpEMEHHU U Kakue mapameTpsl CHCTEMBI OTHOCAT K BO3MYIIIAOITUM (hakTopam?
HEJIOCTYIIHBI JIs U3MEPEHUS
12 0) Teopernueckue (aHanutuueckue) | [lo cocoOy monyueHus: Bce MaTeMaTHUECKUE MOAEIH pa3AeisaioT Ha

U DMIIUPUYECKHUE (CTATHCTHYECKHUE)
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a) MOJIENT! MUKPOYPOBHS, MAaKPOYPOBHS U METAYPOBHS

0) TeopeTHUecKHe (AHATUTUICCKUE) U IMITUPUICCKUE
(cTaTUCTHYECKHE)

B) CTATHYECKUE U TMHAMUYCCKUE

') MOJIETIH C COCPEIOTOUYECHHBIMH ITapaMeTpaMu U C pacrpeeseHHBIMU
rapameTpamMmu

OHH U3BCCTHBI, HO BO3MOXKHOCTDb

13. | Bo3neiicTBUs HA HUX B JaHHOE BpeMst | Kakue mapaMeTpbl CHCTEMBI OTHOCSAT K KOHTPOJIMPYEMBIM (akTopam?
OTCYTCTBYET
[lo crenenu aeranu3anuy 0ToOpakaeMbIX CBOMCTB U XapaKTEPUCTUK
00BEKTa MOJIENIN PA3JIENIAIOT Ha
a) MOJIeJI MUKPOYPOBHS, a) MOJIEJIN MUKPOYPOBHS, MAKPOYPOBHS 1 METaypOBHS
14. | makpoypOBHS U METaypOBHS 0) TeopeTHUecKre (aHAIUTUYECKUE) U IMITUPUUYECKUE
(craTucTHYeckue)
B) CTaTUYECKUE U TUHAMUYECKUE
') MOJIENIU C COCPEIOTOUEHHBIMU MTapaMeTPaMHU U C paclpeaesieHHbIMU
rapameTpamu
ITo xapakTepy U3MeHEHHsI TapaMeTpOB 00bEKTa B MPOCTPAHCTBE
paznanyaroT
I') MOJIENIU C COCPEIOTOUECHHBIMU
15. | mapameTpaMu U ¢ pacIpe/IeICeHHBIMU | a) MOJEIU MUKPOYPOBHSI, MAKpPOYPOBHSI U METAaypPOBHSI
napaMeTpamu 0) TeopeTuecKue (aHAIMTUYECKUE) U IMITUPUUYECKHE
(cTaTucTHYECKHE)
B) CTATUYECKUE U IUHAMUYECKUE
16. OlCpalliti NOTYICHHA HAMILYHLIHX ITox orruMusae MIOHUMAIOT

PE3YIBTATOB B JaAHHBIX YCJIOBUAX
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BXOJHBIC ITapaMCTpPbl CUCTCMBI,
KOTOPBIC B IIPOLUECCCC ONITHUMU3ATNN

17. | BapbUpYIOTCS, OCTANbHBIC Kakue mapameTpbl cucTeMbl OTHOCAT K ONTUMHU3UPYIOMINM (pakTopam?
napameTpbl IIPH 3TOM He
perynupyorcs
3aBUCUMOCTD KpUTEPUS
18. | onTUManbHOCTH OT BXOTHBIX Uro onpexensieT neneBas QyHKIusA?
napamMeTpoB 0OHEKTa
B ueM cocTout poiib HeolpeAeIeHHbIX MHOKUTENEH Jlarpanxa
B) TMO3BOJISIFOT MOJYYUTh 3aMKHYTYIO | @) SIBIISIOTCS AOMYIIEHUSMU, 3HAYUTEIHHO YIPOIIAOIIUMU CUCTEMY
19, | CHCTEMY C HHCIOM YpaBHEHUH, HUCXOJHBIX YPaBHEHUM
"| COOTBETCTBYIOUINX YUCITY 0) BBICTYNAIOT B Ka4eCTBE OIpPAaHUYCHUI THUIIA PAaBEHCTB
HEU3BECTHBIX B) MTO3BOJISIIOT MOJYYUTh 3aMKHYTYIO CUCTEMY C YUCIIOM YpPaBHEHUMH,
COOTBETCTBYIOIIMX YUCITY HEU3BECTHBIX
T') BBICTYNIAIOT B KAYECTBE OTPAHUYCHUI THIIAa HEPABCHCTB
KpUTEpPUN ONTUMAIBHOCTU JOJIKEH
OBITH €TMHCTBEHHBIM, BBIPAKATHCS . .
Kakum TpeGoBaHUSIM OMKEH YAOBICTBOPSATH BEIOPAHHBIN KPUTEPHUil
20. | yrcIoM U U3MEHSTHCS MOHOTOHHO "
MIPU U3MEHEHHUH ONITUMU3UPYEMBIX OTTHMATLHOCTH
napamMeTpoB
Hcnonb3ys ruApOoTEIIOBYIO aHanoruio PeitHonbaca, onpenesnTb
K03 (QUIIMEHT TeTTOOTAAYH AJIS Ta3a B KPYTJoi TpyOe nuaMeTpom
21.| 106 Bt/ (MZ'K) 200 mm. Pacxoxraza - 0,5 M3/CGK, IUTOTHOCTH Trasa - 1 KF/MS,

TeroeMKocTh ra3a - 1000 [Lx/(kr-K), koadduumuent conporuienus
tpenus - 0,03.
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Kaxoit u3 YKa3aHHbIX METOAOB OTHOCUTCA K MCTOAaM MHOT'OMEPHOTI'O
IIOHUCKa

22.| 0) TpauEHTHBIN METO/T
a) METOJl AMXOTOMHUU 0) rpaeHTHBII METO/
B) METOJI CKAHUPOBAHUS I') METOJ1 30JIOTOTI'0 CEYEHHUs
ONpEeEIICHUE YCIOBUH,
o0ecrneynBaroIuX HauBBICIIYIO .
Uro sBIISETCS LENbI0 NHXEHEPHOW ONTUMHU3AIUN TEXHUIECKUX CUCTEM
23.| 3¢ (heKTHBHOCTH MPOCKTHBIX
o 1 00BEKTOB?
pELICHUH U 3KCIITyaTallMOHHbIX
IPUEMOB
K
=9+,
TH
24| TAe O - DKCITyaTallMOHHEIE 3aTPAThl | Kpurepuii IPUBEICHHBIX TOIOBBIX 3aTPAT OMPENLIIETCS 0 (hopMyIe
B TeueHue rona; K - xamuranbHbIE
3arparbl; Ty, - HOPMAaTUBHBIA CPOK
OKYIaeMOCTH KalTMTAILHBIX 3aTpat
o5 1 _L-l Ilpu nmune wHTepBaia L w aumbe Gosbimero orpeska | mpasmio
1L | 30JI0TOTO CEYEHHS UMEET BUJ
Mertox nokoopauHatHoro noucka (I"aycca - 3eiiienst) He MOKeT OBITh
WCTIOJIh30BaH, €CIH
26. | 1) QyHKIUS HMEET U3JIOM a) pyHKUMA 3a/1aHA JIMHEHHO

0) byHKIIMS MOHOTOHHO BO3PacTaeT
B) (OYHKIIMSI MOHOTOHHO YOBIBacT
r) QYHKIMS UMEET U3JI0M
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0) 3ameHe audGhepeHIHATHHBIX
COOTHOIICHUH COOTBETCTBYIOIIMMHU

YuclneHHble METOIbI UCCIICIOBAHUS U pacu€Ta KOHBCKTUBHOI'O
IIEepeHOCa OCHOBAHBI Ha

a) mudpepeHIMPOBAHNY LIETEBOM (PYHKIIUN U IOUCKE IKCTPEMyMa
UCXOJ U3 YCIOBUH PaBEHCTBA HYJIIO IPOM3BOAHBIX

27. o
npUOIMKEHHBIMH KOHEYHO- 0) 3amene auQepeHIHATBHBIX COOTHOIIEHHH COOTBETCTBYIOIIUMHU
Pa3HOCTHBIMU alIPOKCUMALUSAMU NpUOINKEHHBIMA KOHEYHO-PAa3HOCTHBIMU alllPOKCUMAIUSIMU
B) HUCCJIEIOBAaHUH (PU3UUECKOM MOJIEIH C LEBIO OMPEACIICHHS
k03¢ (HULIEeHTOB MepeHoca
T') IPeICTaBICHMUSIX TEOPUH NMOJ00US KOHBEKTUBHOTO IepeHoca
28| 0.04 Onpenenure KO3IPGUUIUEHT COMPOTHBICHUS TPEHUS KHUAKOCTU B
N Kpyrioil Tpyoe npu uncie Peitnonbaca Re = 1400.
D¢ hekTUBHOCTH METO/1a IUXOTOMUU ONPEEIAETCS M0 3aBUCUMOCTH
2(b-a
29.| B) 5=(b 2) a) 5=b-a 6) gzg
' 20/2 q-1
(b-a) (
_ Had. — q-1)
B) 8= r) 8=(b-a),, 0,618
30.| 7. MM Lenesas ¢pynkuus umeer Bug F = 2x% - 28x. Haiitu JIKCTPEMYM
N m (YHKIIMU ¥ Y€MY OH COOTBETCTBYET (MaKCUMYM MJI1 MUHUMYM )
Kakoit ¢popmynoit onuceiBaercs runoreza Ouka
oT
6) g =-A—
31.10) g; oy Q oT

a) a 0) g, =—A—

:ﬁ oy
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B o=u" na=22"
oy oy
Kakoii popmynoit onuceiBaercs runoresa @ypoe
oT Q . oT
32.|1)Qq= oy ) FAT ) 9 oy
B o=u" na=22"
ay ay
Kakoii popmymnoii onuceiBaercs runore3a HprotoHa
ow Q * ot
= 2= a) o= —— 6) 9F = -A—
33.|B) o= pay ) FAT ) 9i ay
B o=u" na=27"
oy oy
34 3 QeKTHBHBIC MapaMeTPEI Jnist TypOyJIeHTHBIX TOTOKOB B YPaBHEHUS! KOHBEKTHBHOTO
| Hagr Vags Aags Dig TEMIOMaccooOMeHa JIONOTHUTEIFHO BKIIFOYAIOT
JIBrKy1Ien CHIoi mepeHoca TEIIOTH B CIUIOIIHBIX Cpeaax ABISIETCS
35.| a) O
' oy a)a_T 6) ow B) aCc r)ﬁ
oy oy oy oy
36.| B) oC JIBrOKyIer CHIION MEePEeHOCca MacChl B CINTONIHBIX Cpellax ABJISETCA
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oT ow oC’ oF
a) — 0) — B) —— r) —
dy oy dy dy
JIBmoKy1Iei cuiol mepeHoca UMITYJbca B CIUIOUIHBIX Cpefax sSBISETCs
ow
37.10) — .
oy oT oW oC oF
a) — 0) — B) —— r) —
dy dy dy dy
DeHOMEHOJIOTHYECKUN Ty Th U3YUYEHHUS SBJICHUN OCHOBAH
0) Ha IPEJICTABJICHUHU O
. a) Ha MCIIOJIb30BaHUU TEOPUU MOJIEKYJISIPHOTO CTPOEHHUS BEIlleCTBa
38. | HenPepPBIBHOCTH MaTEePHATLHOM .
eI 0) Ha IPEJCTABJIEHUU O HENPEPHIBHOCTU MaTepUaIbHON CPEJIb
p B) Ha UCMOJIb30BAHUH aHAIN3a Pa3MEPHOCTEH
I') Ha UCTIOJIb30BaHUU TEOPUH MTOT00MS
CratucTuueckuil MyTh U3Y4YEHUs SIBIEHUN OCHOBaH
39 B) Ha UCIIOJIb30BAaHUH TEOPHH a) Ha MCIIOJIb30BaHMHU aHaJIM3a pa3MepHOCTEe
"| MOJIEKYISIPHOTO CTPOSHHS BeliecTBa | 0) Ha IPEACTaBICHUHN O HETIPEPHIBHOCTH MaTEPHAIILHON CPEIbI
B) Ha UCIMOJIb30BAHUHU TEOPUHU MOJIEKYIIIPHOTO CTPOEHUS BEIECTBA
T') Ha UCTIOJIB30BAHUH TEOPUU TTOI00MS
40| T = const VYkaxuTe BhIpaXEHUE ISl TEIUIOBOTO TPAHUYHOTO YCIOBHUS TIEPBOTO
. cT pOI[a
41.| q. = const VYkaxnuTe BhIpaXEHUE NJIS TEIUIOBOTO TPAHWUYHOTO YCIOBHS BTOPOTO
N pona
oT, VYKaxkuTe BbIpaKEHUE ISl TEIJIOBOIO TPAHUYHOIO YCIIOBHUSI TPETHEro
42| M =T, -T,) hoa

y TOB.CT.
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o
w

q=0oT, -T,)

Vkaxure ypaBHeHue HproToHa-PuxmaHna 111 KOHBEKTUBHOTO
TerooOMeHa

o
e

g =plC;, —C;)

VYkaxure ypasHenue Hororona-1llykapesa i macconepeHoca B
mpeeax OJHOM (a3bl OT IPAHUIIBI pa3jiena B SIpo MOTOKA

45.

pw” L

AP=S700

VYkaxute ypaBHenue [lapcu-Belicbaxa ans onpeneneHus
THUAPABIMYECKOTO COMMPOTUBIICHHS TPEHUS B KaHAJIE

46.

Kakoe BblpakxeHHE OTpa)kaeT TPOWHYIO aHAJOTHIO (aHAJOTHIO MEXIY
IIpoIiecCaMy NIEPEHOCA UMITYJIbCA, TEIIOTHI U MACChl)

C 2
do_ Zery 6) AP =P -
-T w 2 D

x CcT

a) o=

ﬁ 2
JwaR drR
0 & o
1") —_—= — =
(1+7;:JI5 8 pwG

s l=

47.

Kakxoe BBIPAXKCHUC OTPAKACT aHAJIOTHUIO Peitnonpaca

C
qc—r _ (S p 6) Re — de

a) o=
T -T w 1)
o

XK CcT

0,3164
= Re%2

B) &

r) == =
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Css3b uncna Cranrona ¢ uucnamu HyccenbTa, [Ipanaris u
PeitHonbaca cnepyromas

Nu
48.18) St=—"00 a) St=NuRePr 6) St=—'
Re Nu
B) St = Ny r) St= 1t
RePr NuRePr
OTHolIEeHNEe KHHEMAaTUYECKOT0o KO3 PHUIIeHTa BA3KOCTH K
koxppuuuenty nupdysuu v/ D* npeacrasnser coboit
49.| B) uncmno LlImumara
a) yucio HyccenbTa 6) uncno JIstouca
B) unciuo [lImuara r) yncio CTaHTOHA
Kpurtepuii, xapakTepu3yromuii ruipoJUHAMUYECKUN PEXUM MOTOKa,
SIBIISISICH MEPOW OTHOIICHHUS CHJT MHEPIIMH U CHJI BSI3KOTO TPEHUS
50.| 6) gncno Peitnomnbaca
a) yucino [Ipanarns 0) uncno PeiiHonbica
B) uncio Hyccenbra r) yuciao CtaHToOHA
Kpurepuii, sBnstoniuiicss Mepoil mogo0us TeMneparypHbIX U
CKOPOCTHBIX T10JIEH B MOTOKE
51.| a) yucno Ilpanarns
a) uncno [Ipanaris 0) uncno PeiiHonbica
B) uncio Hyccenbra r) yncso CTaHTOHA
Kpurepuii, xapaktepusyoomuii 1o1o01e IpoeccoB TEIUIONepeHoca Ha
IpaHMIlEe MEXY CTEHKOH U IOTOKOM
52.| B) uncno Hyccenbra

a) uncyo [Ipanaris 0) uucio PeitHonmbaca
B) uncio HyccenbTa r) uncno CTaHTOHA
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OtHomenne koddpdunnenta quddy3un D* k korpdumeHTy
TEMIIEPATyPOIPOBOAHOCTH @ MPENICTABIISET COOOM

53.| r) uucno JIrrouca
a) uncyo [Ipanaris 0) uucino lImuara
B) uncio HyccenbTa r) yncio Jlstonca
AHaNOTHS MEXKIY ITPOIECCaMH IIEPEHOCA UMITYJIBCA, TETTIOTH K MACChI
HE MPUMEHUMA TSI
54.| 6) TaMHHApPHOTO MOTOKA B TpyOe a) TypOyJIEeHTHOTO MOTOKA B TpyOe
0) TaMHUHApPHOTO TIOTOKA B TPyOe
B) TypOYJIEHTHOTO T€UEHUS BAOJb MIIOCKOM CTEHKU
T') JAMHHAPHOTO TCUCHUS BJIOJb INIOCKOW CTEHKH
Bripaxxenue s =2 Mpe/icTaBiIsieT cooon
pwC,
55.| B) uncnio CraHToHa a) YMCJI0 FEOMETPHYECKOTO MO00Ms
0) uucio JIsrouca
B) uncio CtaHToHa
r) yncio [lImuara
MyTh, KOTOPBIM MPOXOINUT
TypOYJIEHTHBIN «MOJIb» OT MOMEHTA .
56. JlaiiTe omnpe/ielieHre JUTMHBI yTH CMEIICHHS B TYPOYJIEHTHOM ITOTOKE
ero oopa3oBaHus 0 MOMEHTA
pa3pylIeHusl B MOTOKE
00J1aCTh MOTOKA, TJI¢ Ha IBUKCHHE
KUJKOCTU OKA3bIBACT 3aMETHOE
57. [TorpaHUYHBIM CJIOEM HA3BIBAIOT

BIIMSIHUE NTPUCYTCTBUE TBEPIOH
TPAHUIIBI




Howmep 3ananus

[IpaBunbHbII OTBET *

Coneprkanue Borpoca

Kommerenmnusa

Ko n nammeHoBaHue
WHJHUKATOpa
JTOCTHKCHUS

KOMIICTCHITUH

Pemenue 3amaum TermiooOMeHa NP JAMHHAPHOM TEUYCHHH B TpyOe

58.| Nu=4,364
pH (c; = CONSt ompeessieTcst 3aBUCHMOCTBIO
59.| Nu =3658 Perenre 3a1aun TeIiooOMeHa py JIAMHHAPHOM T€YEHUH B TPyOe
' npu t.; = const onpeacsieTcss 3aBUCUMOCTBIO
o TonmuHON TEIIOBOTO U AWHAMUYECKOTO TIOIPAHUYHBIX CIIOCB
99 % oT cKOpOCTH U TeMIepaTypbl
. (v b
60 MPUHSTO CYUTATh PACCTOSIHUE OT CTEHKH, HA KOTOPOM CKOPOCTh U
HEBO3MYIIIEHHOTO CTEHKOM IMOTOKA
TeMIIEpaTypa COCTABJISIIOT
TonmmHa TUHAMHUYECKOTO MOTPAHUYHOTO CIIOS PACCUUTHIBACTCS IO
3aBHCUMOCTH
AX Ax 2(b—a)
61.|T) 0= a) 0=———= 0) 6=——
VRe, JRe, Pr q-1
Ax
B) 0=b-a r) =
JRe,
TounmuHa TEMIOBOTO MOMPAHUYHOTO CJIOSI PACCUUTHIBACTCSI 1O
3aBHCUMOCTH
AX Ax 2(b-a)
62.|a) d=—F—= a) 0= ——= 0) 6=——
VRe, Pr JRe Pr q-1
Ax
B) 6=b-a r) 6=
JRe,
TounmmmHa BSI3KOTO MMOJICIIOS HApacTaeT 10 3aKOH
63.| 6) 5, =const x"* = s p y
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a) 8, =constx’ 6) &, =const x**

B) 0, = const% r) 6, =conste®

Ecnu nauano oborpesa

B kakom ciIyvdac TEIJIOBOH U I[I/IHaMI/I‘ICCKI/Iﬁ IIOTpaHUYHBIC CJIOH

64. | (oXJaXICHHS) COBIAIACT C BXOAHBIM "
(hopMHUPYIOTCS OTHOBPEMEHHO?
CCUCHHEM KaHaJla
JITMHOM TETI0BOM cTaOMIIM3any MTOTOKA B KaHAJIE Ha3bIBACTCS
65 a) paccTosiHAE OT Havajia 00orpeBa a) paccTosiHUE OT Havaja 000rpeBa /10 CMBIKAHUS MOTPAHUYHBIX CIIOCB
"| 10 CMBIKaHUS IOIPAaHUYHBIX CIOEB 0) paccTosiHME OT Havasia o0orpeBa J0 KOHIIAa KaHalla
B) PAacCTOSTHHE OT CMBIKaHUS TIOTPAaHIYHBIX CIIOEB JI0 KOHIA KaHaja
I') PaCCTOSIHUE OT CMBIKaHMsI TOTPAHUYHBIX CJIOEB JI0 CEpEeIMHBI KaHasa
64 B ciydyae namMuHapHOTO TEYEHHUS MTOTOKA B KPYTIIOH TpyoOe, korma Re <
66.| &, = Re 2300, xo3(uIMEHT TUAPABINYECKOIO CONPOTUBICHUS TPEHUS
OTIPEJIENISICTCS BRIPAKCHUEM
. ) Ha ocHOBe Kakoro BBIpaXEHHS MOJIY4alOT PEIIEHHs Ui CIIydaeB
p WRAR | 4B TEIIOOOMEHA Kak MpH JIAMHHAPHOM, TaK W TpPH TypOYIEHTHBIX
1 J. peKuMax TeueHus B Tpyoe
67 1 0
0 =2
Nu ¢

q c.C, w? L
= cr = y 6 &: _
0= Ty ) "> D

X CT
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1
B) o= r)izzj
FAt Nu ¢

(l+ *y jﬁ’
A

B nmpakTuke WHXEHEpHBIX pPACYETOB TEYEHHS B Tpybax IIHUPOKO
MIPUMEHSETCS CTETICHHOM 3aKOH Paclpe/IeICHUsI CKOPOCTH

" W, W, ,—W w "
68 6) W, :(l] a) 0 X _ x,2| x,1 6) X :(lj
Wx,max R 0 Y ' Wx,max R
ow, OW, oT oT o°T  o°T
B) X 4 =0 r W, _—+Ww,—=a >+
ox 0y ox oy ox° 0y
TonumHsl TUHAMUYECKOTO M TEMJIOBOIO IMOTPAHUYHBIX CJIOEB IMpPHU
Pr>1 cBs3anbl Mmex 1y coO0M COOTHOIIIEHUEM
d

69.| 6) — =YPr ) %:\/ﬁ 6) %:i/ﬁ

B O —¥pr n S _pr
o, d,

[Ipu 1aMuHApHOM TEUEHUH KUJKOCTH C KHHEMATHYECKUM

70.1 0128 K03(h(HULIHEHTOM BSI3KOCTH 2° 10° M%c B KpyTJoi TpyOe TuamMeTpom

0,01 M co ckopocTtbio 1 M/c onpenenuTh KO3 PuIueHT
THAPABIMYECKOTO CONTPOTUBIICHHUS TPESHHS







