MMNMHOBPHAYKN POCCUA
O®ENEPAINBHOE NOCYAAPCTBEHHOE BIOPKETHOE OBPA3OBATEIIbHOE YYPEXXOEHUE
BbICLLEIMO O5PA30OBAHUA

«BOPOHEXCKWN rOCYOAPCTBEHHbIA YHUBEPCUTET»
(Preoy BO «BI'Y»)

YTBEPXOAIO

3aBegyowmm kacegpomn
Teopun (pyHKUNN U reoMeTpumn

//// E.M. CemeHoB
11.04.2024 r.

PABOYASA NPOrPAMMA YYEEHOW AUCLUMUNINHDI

B1.0.25 MatemaTuyeckue mogenu ra3oBov AMHaAMUKU

1. Kog n HammeHoBaHue cneumnanbLHOCTH:

01.05.01 ®dyHaameHTanbHble MaTeMaTuKa U MexaHuKa

2. Cneumanunsauma: CoBpeMeHHble MeToAbl TeOpUM (PYHKUMIN B MaTemMaTuKe U MexaHuke
3. KBanudumkauusa BbinyckHuka: Matematuk. MexaHuk. Npenogasatens.

4. ®dopma oby4eHusa: O4yHasa

5. Kachenpa, oTBevarLwan 3a peanmsaumio QUCLUNIINHDbI:

0503 Teopun pyHKLMI N FeomMeTpumn

6. CoctaButenu nporpammbl: CTeHoxuH JleoHng ButaneeBud, K. d.-M. H., AOUEHT

7. PekomeHgoBaHa: Hay4Ho-meToanyeckum CoBeToM MaTeMaTu4eckoro akynbreTa,
npoTtokon Ne 0500-03 ot 28.03.2024 r.

8. YuebHbIn roa: 2027 - 2028 CemecTp: 8



9.llenu n 3apaum y4eO6HON ANCLUUNIIUHDI:
- 3HaTb OCHOBHbIE NPUHLMMLI U BlageTb OCHOBHbIMWM METOAAMU ra3oBor ANHAMUKM,
- MogenupoBaTb 1 YMEeTb peLlaTb 3a4a4ym ra3oBov AUHAMUKN.

10. MecTo yyebHOM AncumunuHbl B cTpykType OlMOI:

yyebHas
obgasaTenbHon 4actu bBrnoka 1.
MaTeMaTU4YecKoro aHanusa,

AUcUUNvHa

MaTtemaTtunyeckue

Moaesin

KOMMJ1IEKCHOIro aHasrimaa,

ypaBHEHWI C YaCTHbIMW NPOW3BOAHBIMMU.

ra3oBou
Ana ycnewHoro ocBoeHWa TpebyeTcA 3HaTb OCHOBLI
anddepeHumnanbHbIX  ypaBHEHUN,

OVNHAMUKN  OTHOCUTCA K

11. MnaHupyeMbie pe3ynbTaTbl 00y4YeHUsi MO AuUcuUNnNuHe/MoAynio (3HaHUA, yMeHwus,
HaBbIKW), COOTHECEHHbIE C NMIaHUPYeMbIMU pe3ynbTaTaMM OCBOEHUs 06pa3oBaTenibHOM
nporpaMmmbl (KOMNETEHLMSAMU) U UHAUKATOPaMU UX OOCTUXKEHUNA:

Koa HasaHune Koa(bt) NHankaTop(bl) lMnaHupyemble pesynbTaTtbl
KOMNeTeHUnmn oby4eHns
OrlK-1. | CnocobeH OlK-1.1. | Obnapaet 3HaTb:
HaxoauThb, 6a3oBbiMU - aKTyarnbHblE€ U 3HaYUMble
dopmynmpoBaTtb 3HaHUSIMMN, npobnembl yHAaMeHTanNbHOM
n pelwaTb Nony4YeHHbIMU B MaTeMaTUKN N MEXaHUKMW.
aKTyanbHble n obnactu
3Ha4MMble MaTeMaTUYECKNX U
npobriembl (MnKn) ecTeCTBEHHbIX
dyHOamMeHTanbH HayK.
o1 MatemaTukm U
MeXaHUKu OrliK-1.2. | Ymeet YMeTb:
ncnonb3oBaTb - ncnonb3oBaTtb 6a30Bble 3HAHUS,
6a3oBble 3HaHus, nosy4eHHble B obnactu
nony4eHHble B MaTemMaTU4eCKux n (Mnwm)
obnactu €CTEeCTBEHHbIX HayK, B
MaTeMaTU4eCcKnx u npogeccmoHanbHON AeATENTbHOCTH.
(Mnn) ecTeCcTBEHHbIX
Hayk, B
npodoeccrnoHarnbHom
OEeATENbHOCTN.
OlK-1.3. | meeT HaBblkK Brnagets:
BblbOpa meToa0B - HaBblkaMu BblIOOpa MeToa0B
pelleHus 3agad pelueHns 3agay npodeccnoHanbHOM
npodeccmnoHanbHon | AesaTenbHOCTU Ha OCHOBE
AeaTenbHOCTN Ha TEOPETUYECKNX 3HAHUN.
OCHOBe
TEOPETUHECKNX
3HaHUMN.
OrlK-2. | CnocobeH OrlK-2.1. | Bnapeet ocHoBamu | 3HaThb:
cosgasarTb, nnaHMpoBaHNs - HOBble MaTemMaTtnyeckme Mogenu B
aHanuanposaTb U1 9KCMNEPMMEHTOB C COBPEMEHHOM €CTECTBO3HAHUMN,
peann3oBbiBaTb MaTeMaTUYECKUMM TEeXHUKe, IKOHOMMKE W1 yNpaBrieHUN.
HOBblE MoaensiMu, 3HaeT
mMaTemaTunyeckmne YUCINEHHbIE U
mogenv B YUCINEHHO-
COBPEMEHHOM aHanuTu4yeckue
€CTeCTBO3HaHUW, MeToAbl MOCTPOEHNS
TEXHUKE, peLleHnn.
9KOHOMMUKE n
yrnpasneHun OlK-2.2. | YmeerT Bblbupatb YMmeTb:




mMeToabl - Bblbupatb meToabl
MOAEenMpoBaHMs U MOOEenMpoBaHMsA U aHanM3MpoBaTb
aHanuanposaTb MOZENNPYEMYIO CUCTEMY.
Moaenpyemyto
CUCTEMY.

Ol1K-2.3. | UmeeT Bnapgetsb:
NpPakTU4EeCKUN ONbIT | - OCHOBaMU NIaHNPOBaHWS
pa3paboTku 3KCNEepUMEHTOB C
MaTeMaTU4eCKnX MaTemMaTU4ECKUMMN MOAENSAMM,
mMopenen n nx 3HAEeT YMCNEHHbIE N YNCTIEHHO-
YUCNEHHOM aHanuTu4eckue MeToabl
peanunsaumu. NMOCTPOEHUS PELLIEHWIA.

12. O6bemM gucUMNNUHbI B 3a4eTHbIX eaMHULAax/UYac.(s coomsemcmsuu ¢ y4yebHbIM MIaHOM) —
2/72.

Popma NpOMEXYTOYHON aTTEeCTaLMM - 3a4ET.

13. TpyaoeMkocTb No Buaam yuyebHon paboTbl

TpyaoemMKocTb
Bug y4ebHol paboTbl Bcero [o cemecTpam
Ne cemecTpa Ne cemecTpa

AyOuTopHbIe 3aHATUS 32 8
B TOM 4uChe: nekuun 16 8
npakTnyeckmne 16 8
naboparopHble
CamocTtosaTensHas pabota 40 8
dopma NpomMeXyTo4YHON aTTecTaLmm
3a4em

UToro: 72 8

13.1. CopepxaHue AUCLUUNIUHbBI

n/n Havmetosakue pasnena CopepxxaHue pasgena gucuUnnivHbl
OVCLUUMNWHBI
1. NNekuum

1.1 [OnHamuka noeanbHon 1. OOuwiee ypaBHEHUE OABMXKEHUS XUAOKOrO 06bEMA.
XngKoctn 2. YpaBHeHus dunepa.

3. Mogenu xngkux ngeanbHbiX cpes.
4. Tlnockoe noTeHunanbHoOe ABWKEHNE.

1.2 Mooobue 1. Teopus nogobust n ee ponb B rmaporasognHamuke.
rmgporasognHamMmmnyeckmnx OCHOBHble MOHATMSE W  OMpeaeneHuss Teopun
npoLeccos. nogobus.

Kputepum nogobus rmaporasognHamMmmnyecknx
NnpoLIeCCoB.

3. [lNony4yeHne kputepmeB nogobus nytem npmBeaeHUs
AnddepeHumnanbHbIX ypaBHEHUN OBWXEeHns
Xngkoctu Kk 6e3pasmepHomy BMAY.

4. Teopembl Teopum nogobus.

1.3 [1BymepHble TeyeHus 1. 'maporazognHamMuUyecKni norpaHNUYHbIN CIIoun:
BA3KOW XXNOKOCTH. OCHOBHbI€ (pn3nyeckne npeacrtaBfieHnda o




POPMNPOBAHNN N CTPYKTYPE BHYTPEHHETO U
BHELUHEero norpaHnYHbIX Cnoes.

2. MeTogbl pacyeTa naMmmHapHOro u TypbyneHTHOro
NOrpaHNYHbIX CII0EB.

3. MeTogbl 1 cpeacTea nsmepeHui
rmaporasognHamMmumyecknx napameTpos.

2. NpaKkTu4yeckmne 3aHATUA

2.1 [dnHamuka ngeanbHon 1. OOuiee ypaBHEHUE OABMXKEHUS XMUAKOrO 06 bEMA.
XuagkocTt 2. YpaBHeHus dunepa.

3. Mopgenwu xxnaknx ngeanbHblx cpeq.
4. Tlnockoe noTeHUnanbHOe ABMKEHME.

2.2 MNopobune 1. Teopusa nogobusa n ee ponb B ruaporasoamHamuke.
rmaporasognHaMmnyecKkmnx OCHOBHble TMOHATMSE W  OMpeaeneHuss  Teopun
npoLeccos. nogobus.

Kputepun nogobus rmaporasognHaMmn4ecKmnx
npoLeccoB.

3. lMony4yeHue kputepmeB nogobus nytem npveBeneHUs
AndodoepeHumarnbHbIX ypaBHEHUN OBWXEHNSA

XnakocTtn kK 6espasmepHoOMy BUaY.
4. Teopembl TeOpUn Nogodums.

2.3 [ByMepHble Te4eHns 1. 'mgporasognHaMMYeCcKUii NOrpaHNYHbINA CITON:

BSA3KOW KWUOKOCTH. OCHOBHbIE (pu3nyeckue npeacraBneHns o
dOpPMNPOBAHNN N CTPYKTYPE BHYTPEHHETO U
BHELLHEro NorpaHnYHbIX CIrioes.

2. MeTtogbl pacdeTa naMmHapHOro n TypbyneHTHOro
NOrpaHuYHbIX CrOEB.

3. MeToabl 1 cpeacTea U3MepeHui
rmaporasognHamMnyecknx napameTpos.

13.2. Tembl (pa3aenbl) AUCUUNIIUHBI U BUAbI 3aHATUNX

Ne H Buabl 3aHATMI (YacoB)
anMeHOBaHWe TeMbI =
/ (pasgena) aucunnnuubl | Jlekumn | MNpaktnyeckue TNabopat  CamocrosTens Bcero
n OpHble Hag paboTa
1 OnHamunka noeanbHom 4 4 12 20
" | )KWOKOCTWN
MNopobue
2. | rmgporasogHaMmmnyecKknx 6 6 14 26
npoLEeCccoB.
[1BymepHble TeyeHus
3. BA3KOW XNOKOCTW. 6 6 14 26
WToro: 16 16 40 72

14. MeTogMuecKkue yKkasaHus Ansi 00y4aroLWwmxcs N0 0CBOEHUIO AUCLUMIIUHDbI

B npouecce npenogaBaHua AUCLMNIIMHBI MCMONb3YKOTCH TakMe Buabl y4ebHon paboTsl,
Kak MpakTU4Yeckne 3aHATUSA, a Takke pasnuyHble Buabl CaMOCTOATENbHOM paboTbl
oby4aroLmxcs.
Memoduueckue pekomeHOayuu cmydeHmam K npakmu4eckumM 3aHImusiM.

BaxHon cocTaBHOM 4YacTblo y4eBHOro npouecca B By3e SABASKTCA NpakTUyeckue
3aHATUA. [lpakTnyeckue 3aHATMS  MOMOralT  CTygeHTam  rnybxke ycBouTb  y4eOHbIN




TeopeTnyeckun matepuan, npruobpecty npakTuyeckne HaBblKW M HaBblKM TBOPYECKOW paboThbl
Hag y4eBHOW N Hay4YHOW nNuTepaTypow.

B Havane npakTtuyeckoro 3aHATUA MPOUCXOAMT OBCYXAEeHUEe TeMbl TeKyLLero 3aHAaTus,
paccMOTpeHne MpUMMEPOB M 3adad, pekoMeHAauuu Mo BbINOSMHEHUIO MpaKTU4Yeckon paboTbl.
OTO BO3MOXHOCTb 4191 CTYAEHTOB 06paTnTb BHUMaHWE Ha HEMOHATHbIE MOMEHTLI U pa3obpaTb
nx. Takke npenopgasarternem coobliaeTcs pekoMeHAyemas nutepatypa, uenb W 3agayvm ee
N3yYeHus.

15. NMepevyeHb OCHOBHOM U [OMOSIHUTENbHOW NUTEpPaTypbl, PECypCOB UHTEPHET,
HeobOXoaUMbIX AN OCBOEHUA

Ne n/n HemoyHukK

1. Jlekyuu rno audpoduHamuke / M.A. [asbidosa. - M.: OASMATIINT, 2011. - 216 c.

5 F'uépodouHamuka: y4eb. lNocobue Ons cmydeHmMo8 HeMamemMamu4yecKux ghakynbmemoe
) /A.B. Ma3so, K.A. lNMomauwes. — KazaHb: KazaH. yH-m, 2013. — 2-e u30. — 128 c.

0) gononHuTenbHasa nuTepartypa:
Ne

n/n NCcTOYHUMK
3. l'udpoduHamuka / I'. Jlamb. - M.- Vixeesck: PX/[, 2003.
4, l'udpoduHamuka / J1.4. JlaHday, E.M. Jlugpwuy. - M.: Hayka. ®USMATIINT, 2001.

TeyeHus s8sa3kol xudkocmu / B.A. Lllkados, 3.[. SanpsiHos. - M.: N38-e0
Mock. eoc. yH-ma, 1984.

B)MHGOPMAaLIMOHHBIE 3NEKTPOHHO-00pa3oBaTenbHble pecypchl (OduumnanbHble peCYpChbl UHTEPHET) :
Ne n/n Pecypc

6. | Iprbookshop.ru

7. | e.lanbook.com

8. | book.ru

16. NMepeyeHb y4eOHO-MeTOaNYECKOrO ob6ecneyvyeHns AN CaMOCTOATENIbHOW PaboThbl

Kypc agucumnnmHbl NOCTPOEH TakMm obpa3om, 4TOObl MNO3BOMUTL  CTyAEHTaM
MakCUManbHO MNpPOSABUTb CMOCOOHOCTb K camocTtosTenbHouM pabote. [Ona ycnewHown
caMoCToATENbHOM paboTbl NpeanonaraeTcs TECHbIM KOHTaKT C NpenofaBaTenem.

M3y4eHne gucumnnumHbl crieayeT HaunmHaTb ¢ NpopaboTkn HacToswen paboyen
nporpammbl, ocoboe BHUMaHWe, yaenss Lensm n sagadam, CTPyKType U CoaepkaHuio Kypca.

CTyoeHTam pekomeHayeTcs nonyyntb B 6nbnmorteke y4ebHyto nutepaTtypy no
ancumnnuHe, Heobxoammyro ons adpdekTMBHON paboTbl HA BCEX BUAAX ayAUTOPHbIX 3aHATUN, a
TaKke Ans CaMoCToATENbHOM paboThl NO U3YHEHUIO ANCLMUMNITUHDI.

CBoeBpeMeHHOe N KayeCTBEHHOE BbIMOSIHEHME CaMOCTOATENbHOW paboTbl GasupyeTcs
Ha COGNIOEHUN HACTOALWMX peKOMeHOaUMW W U3YYEeHUN pPEeKoMEeHAOBaHHOW nuTepaTtypbl.
CTyoeHT MOXeT [OOMOSMHUTb  CMMCOK  UCMOMb30BaHHOW  NMTepaTypbl  COBPEMEHHbIMU
WUCTOYHWKaMW, He npeacTaBrneHHbIMM B CMUCKE PEeKOMEeHOOBaHHOW nuTepaTypbl, M B
AanbHenwemM uncnonb3oBaTb COOCTBEHHbIE MOArOTOBMEHHbIE Yy4ebHble MaTepuanbl MNpu
HanMcaHWN KypcoBbIX N AUNSIOMHbIX paboT.

YcnewHoe 0CBOEHME Kypca npeanonaraet akTMBHOE, TBOPYECKOE y4yacTue CTyaeHTa
nyTeM niaHoOMepHOW, NOBCEAHEBHOW paboThl.

Bce BbINonHsieMble CTyaeHTaMu CaMoCTOATENBHO 3a4aHuns (BbINOSTHEHNE KOHTPOSbHOM
paboTbl 1 NnabopaTopHbIX 3a4aHui) noanexaT nocrneayLlen NpoBepke npenogaBaTenem.

PesynbTaThl TEKyLen ycneBaeMoCT! y4uUTbIBAOTCA NpenogaBaTenemM npy npoBeaeHum
3averTa.

Ne n/n McTOYHMK
1. Jlekuuu no eudpoduHamuke / M.A. Jassidosa. - M.: ©USMATIINT, 2011. - 216 c.
2 l'uépoduHamuxka: y4eb. lNocobue dns cmydeHmMo8 HeMamemMamu4ecKux
' akynbmemos / A.b. Maso, K.A. lNomawes. — KazaHb: KazaH. yH-m, 2013. — 2-e




| | u3d. — 128 c. |

17. OGOpa3oBaTefibHble TEXHONOrMK, UCNOoNb3yeMble Npu peanusauum y4eOHOMU
ANCLUMNIINHBLI, BKIOYas AUCTaHUMOHHble obpa3oBaTenbHble TexHonoruu (OOT,
aneKkTpoHHoe oby4yeHue (J0), cmewaHHOe 06y4YeHue):

OcyulecTBnsaeTca MHTEpaKTMBHAA CBA3b C NpenogaBaTtenieM Yepes ceTb UHTEPHET, MPOBOAATCSA
NHAMBUAYanbHble OHNaMH KOHCcynbTaumu. MNMpakTnyeckne paboTbl BbIMNOMHATCH Ha
KOMMbIOTEPHOWN TEXHUKE C UCMOMb30BaHUEM Pa3nMYHbIX MHPOPMALIMOHHBIX TEXHOMOIMMNA.

lMepeyeHb HeobxoAMMOro npPoOrpamMMHOro obecneyeHns: orepauuoHHas cuctema
Windows, Microsoft LibreOffice, 6paysep Mozilla Firefox, Opera wnu Internet Expolorer,
Lazarus, Free Pascal, MathCAD15, skpaH, HOYTOYK, MynbTUMEANANpPoeKTop.

18. MaTepnanbHoO-TeEXHUYECKOEe obecneyeHme QUCLUNIINHDI:

[Ona npoBefeHus NEKUMOHHBbIX W MNPaKTUYECKUX 3aHATUA  MCMOMb3YKTCsA  y4ebHble
ayautopumn. [Ins camoctoaTenbHonm paboTbl MCNOMb3YETCA KacC C KOMMbOTEPHOW TEXHUKOM
(aya. 310).

KomnbloTepHbll ~ Knacc:  cneumanuanpoBaHHas  Mebenb, MapkepHas  [OCKa,
nepcoHarnbHble KOMMNbIOTEPbI:
Ubuntu (6ecnnatHoe n/unu ceobogHoe MO, nuueHsuns: https://ubuntu.com/download/desktop)
VisualStudioCommunity (6ecnnatHoe n/mnm cBobogHoe Mno, nUUeH3nsa
https://visualstudio.microsoft.com/ru/vs/community/ ); MATLABClassroom (cy6nuueH3vOoHHbIN
koHTpakT 3010-07/01-19 o1 09.01.19);
LibreOffice (GNU Lesser General Public License (LGPL), 6ecnnatHoe u/unn ceobogHoe MO,
nMUeH3ns: https://ru.libreoffice.org/about- us/license/ )
Lazarus (GNULesserGeneralPublicLicense (LGPL), ©6ecnnatHoe w/vunu cBobogHoe [10,
NULEH3NS: https://lwww.lazarus-ide.org/index.php)
FreePascal (GNUGeneralPublicLicense (GPL), 6ecnnatHoe w/unn cesobogHoe MO, nuueHsus:
https://lwww.freepascal.org/fag.html );
Maxima (GNUGeneralPublicLicense (GPL), 6ecnnatHoe w/unu csobogHoe 10O, nuueHsns
http://maxima.sourceforge.net/fag.html )

B camocTosTenbHon paboTte oby4aromecs Mcnonb3yT pecypcbl 30HanNbHOW Hay4yHOW
onbnuotekun BI'Y (anekTpoHHbIn KaTanor: http://www.lib.vsu.ru)

B Hanuuum ecTb NpoeKTop M KOMMNblOTep AN npeseHTauun. pakTnyeckasi 4acTb 3aHSATUN
NMPOBOAMTCS C UCMONb30BaAHNEM FIMYHbIX HOYTOYKOB y4aLLMXCS.

19. OueHo4Hble cpeacTBa ANA NPOBeAEHUA TeKyLEen 1 NPOMEXYTOYHOWN aTTecTauumn
Mopsagok OueHKM OcBOoeHust obyvarowmmucs yd4ebHOro maTtepuana onpegensiercs
coAepXaHnem crneayrLmnx pasgenos AUCUNNINHBI

HavnmeHoBaHue WHamnkaTtop(bl)
N | paspena aucumnnuss Ko"l’/'l';‘(e;?” [OCTVXEHMS OueHouHblEe CpeAcTBa
(moayns) 4 KOMMNeTeHUnn
AnHamuika OrlK-1 OrlK-1.1 MpaKTMKo-OpUEeHTUPOBaHHLIE 3aJaHus.
1 | ngeanbHoun OrkK-1.2 KoHTponbHas pa6ota Ne1
XUOKOCTU OrlkK-1.3 Pedepar
MNopobwne OriK-2 OrkK-2.1
rMOPOrasoaMHaMM OMK-2.2 MpaKTUKO-OPUEHTUPOBAHHBIE 3a0aHus.
2 OMK-2.3 KoHTponbHasi pabotaNe2
YeCKnx -Z. Pecbepat
npoueccos.



https://ubuntu.com/download/desktop
https://visualstudio.microsoft.com/ru/vs/community/
https://ru.libreoffice.org/about-%20us/license/
https://www.lazarus-ide.org/index.php
https://www.freepascal.org/faq.html
http://maxima.sourceforge.net/faq.html

HanmeHoBaHue WHankaTop(bl)
r’,\ﬁ pasfena AMCLMNINHbI Kou:lng?;;aH [OCTVKEHNS Ouerourele cpenctsa
(moayns) 4 KOMNeTeHummn
[BymepHble Ol1K-2 OriK-2.1 n
. : PaKTUKO-OPUEHTMPOBAHHLIE 3aaHUsI
3 ;((?/:Jil—cl)vcl::l_MBﬂ3KOVl 8HE gg TecToBble 3agaHns
[MpomexyTouHasa atTecTtaums lNepeyeHb sonpocos
dopMa KOHTpONs — 3a4éT lpakmuyeckoe 3adaHue

20 TunoBble OLEHOYHbIe cpeAcTBa M MeToAMYECKME MaTepuanbl, onpeaensowme
npoueaypbl oLueHUBaHUs

20.1 TeKyWwunin KOHTPOSb YCNeBaeMocTu

KoHTpornb ycneBaemocT MO AUCLUMMIIMHE OCYLLECTBRSETCS C MOMOLLbLIO CReayoLwmnx
OLIEHOYHbIX CPEeACTB:
MNepeyeHb NPaAKTUKO-OPUEHTUPOBAHHbIX 3a4aHUN

3apaya 1. Kanan TpaneuenganbHOro cevyeHusi UMeeT creyllime pasmepbl: WUpUHa no

iy ; OHy b = 3,8 m, KoOadhdmLMeHT 3anoxeHns oTkoca m = 1,5 M, rnybuHa soapl
= h = 1,2 m. Onpegenutb pexmnm TeyeHust BOAbl B KaHane npy o6bLemMHOM
I pacxoge Q = 5,2 M3 ¢, a Takke KPUTUYECKYID CKOPOCTb Uxp NMPWU KOTOPOW

— np0|/|30171,u,eT CMEHa pPexXnmoB Te4eHnA.

Prc. 19 PeweHue
WMcnoneaysa (npun. 1, cx. 2, B) onpeaenym nrowanb XMBOro Ce4YeHns KaHana:
S=(b+m-h)h=(38+15-1,2)-1,2=6,72 m>.
Onpenenum cMOYEHHbIN NepuMeTp:

x=b+2hV1+m? =3,8+2.12y1+15% =813 m.

Onpenenvm rmgpasnuyeckui paguyc no popmyrne (1):
=202 _og3m.
x 813
Onpenenvm cKopoCTb TEYEHUSA XNOKOCTU B KaHare no dopmyne (5):
v=g=£=0,72 m/c.
S 6,72

Onpegenum uncno PenHonbaca no gopmyne (36):
_v-R._ 077-083
v 0,0101-107*
roe v — KUHemMaTuyecknin KoadpuumneHT BA3KOCTU ANs BOAbl, NPMHMMAaeM no npun. 5, v =
0,0101-10* m?/c.
Tak kak Re = 632772 > Rekp = 580, TO ABMXEHNE TypbyneHTHoe.
Wcnonbays popmyny (36) onpenenvm KpUTUYECKYHD CKOPOCTb, MPU KOTOPOW npousongeT
CMEHa pPeXmnMoB TEYEHUS:

Re

=632772,

Rewp v 580-0,0101-107*

Vp = 0,705-10_3 m/c=0,705mm/c .
R, 0,83

Omeem: pexxum TypOyneHTHbIN; Uxp = 0,705 mm/c.

f — — — ] 3apaya 2. W3 pesepByapa N0 TOpPU3OHTaSIbHOMY
Tpybonposogy anametpom d = 20 mm gnvHon € = 10 m

Puc. 20



BbITekaeT macno mapkn AMI-10 ¢ Temnepatypoun t = 20° C. OnpegenuTb BbICOTY Macrna H B
pesepByape, ecrnu ero MaccoBbIn pacxog coctaenseT M = 0,3 kr/c. KoaddpumumeHt Kopuonuca
NPUHATbL o = 1.

PelwweHue

lMnockocTb cpaBHeHus 0-0 npoBegem Mo ocu Tpybonposoda, cevyeHwe 1-1 no cBoboaHOM
NMoBEPXHOCTU Macra B pe3epByape, cedeHue 2-2 Mo CTpye mMacna B MecTe e€ Bbixoga U3
Tpybonposoga (puc. 20).

CocTtaBum ona cedeHun 1-1 n 2-2 ypaBHeHne bepHynnu:

2 2
P P
A,z =v—2+—2+ZZ+H,ml_2 :
29 pg 29 pg

Tak kak ceveHune pesepByapa 3HauMTenbHO Gonblle TpybonpoBoda, TO CKOPOCTb TEYEHUS
mMacra B ceveHun 1-1 MoXXHO NpuHATL U1 = 0, vz = u. [laBneHne B ceveHuax 1-1 n 2-2 pasHbl P1 =
P2 = Pam. [eOMeTpuyeckme BbICOTbl Z1 = H,

Z> = 0. NoTepn Ha yyacTke OT cedeHmsa 1 oo ceveHns 2 paBHbl Hnor 1, = hip.

Mepenuwiem ypaBHeHne BepHynnu ¢ y4eToM Cka3aHHOIO BhILLE M MOMYHUM:

2
Paﬂ+H=v—+ Parw +hyps
[ol¢ 29 pg
oTKyAa:
2
1]
H= £+ th .
Onpegenvm o6beMHbIV pacxog Macna:
Q= M_093 _435.1073 m3/c,
p 850

roe p — nnoTHocTb Macna AMI-10, onpegensiem no npun. 5, p = 850 kr/m3.
VMcnonb3ya ypaBHeHue (5) onpeaenim cpeaHio CKOpoCTb Macna B Tpyoe:

,_Q_Q4_ 0351074

= = =111 mM/c.
S nd? 314(20-107%)2
Onpegenum uncno PenHonbaca no gopmyne (34):
-3
Re- v7d _ 1112010 _ 1306,

% 0,17-107%
roe v — KoadpuumMeHT KMHeMaTMYeCKOW BA3KOCTM Macra, onpegensem no npun. 5, v =
0,17-10* m?/c.
Tak kak Re = 1306 < Rexp = 2320, pexum OBWKEHUS faMuHapHbii. Popmyny Ons

onpeaeneH’s rmapaBnnyYeckoro ConpoTUBIIEHNSA A BO3bMEM 13 Tabn. 1:
64 64

=—=—"1—=0,049 .
Re 1306
Onpegenum notepu Hanopa Ha TpeHue No AnvHe notoka no dgopmyrne (38):
2 2
hap L2 _goae 10 LT 50w,
d 29 20.10~3 2-9,8

Onpegenum BbLICOTY Macrna B pe3epByape, MNOACTABMB MOMyYeHHble 3HaYeHUs B
ypaBHeHue ansa H, nonyynm:

1112

H 8+1,54=1,6 M.

Omeem: H=1,6 m.



3apayva 3. BecoBown pacxog nerkon HedTu B ropu3oHTanbHoM TpybonpoBoge anametpom d
= 156 mm, gnvHon € = 2000 m cocTtaBnseT G = 0,5-10° H/yac. Onpenenutb gasnexHve Pi1 Ha
BXo[e B TpybonpoBoa, ecnv AaeneHue Ha Bbixoge P2= 15 H/cm?.

PeweHue

Wcnonbaysa dopmyny (3), onpeaenMm o6beMHbIN pacxon HeddTU B CEKYHAY:
_ 05-10°
~ 884-9,8-3600
roe p — NNOTHOCTL ferkon HedpTu, onpeaensieM no npun. 5, p = 884 krim3,

Mo dopmyne (5) onpegenvm cpeaHo CKOPOCTb MOTOKA B XKMBOM CEYEHUN:

p=Q 0016 _ 0,837 M/c.
S 10,0191
rae S — nnowagb XMBOro ceYeHns noToka.
nd® 3,140,156
=

[na onpegeneHns rmapoanHaMMYeckoro pexmnma TedeHus, Bblumcnum Yncno PenHonbaca

no dopmyne (39):

Q= <) =0,016 M%/c,
Pg

S= =0,0191 M2

_v-d_0,837-0,156
v 1,1.107%
Tak kak Re = 1187 < Rexp = 2320, crnegoBaTefnibHO, pexuMm TevyeHna B TpybonpoBoae

naMUHapHbIN.
Onpegenvm noTepu Hanopa Ha TPeHUs No AnvHe Tpydonposoaa no opmyne (38):

2 2

2 L2 _0539.2000 0837

d 2g 0156 2-9,8

rae A — koaUUNEHT rMOpaBNMYECKOro TPeHUst onpeaensieMm rno Ttabn. 1, T. K. pexum
TEeYeHNst NaMUHaPHbIN TO:

Re =1187.

=247 M.

hip

=ﬁ=ﬁ=0,0539.
Re 1187
CocTaBuM ypaBHeHue bepHynnu ans Havana v koHua TpybonpoBoaa:
2 2
P.
vi P

+Zl=v—2+&+22+h
29 pg 29 pg

Mo ycnosuwo 3agaun TpyobOMpPOBOA rOPU3OHTasNbHbIA UM MOCTOSIHHOMO AnameTpa,
cregoBatenbHo, Zi = Zz2, U1 = U2, hw 1., = hyp. TOTAA U3 ypaBHeHusi bepHynnu onpeaenum

AaBrieHne Ha Bxoae B Tpybonposoa;:

Wi-2*

P PZ+h

pg pg P’

oTkyda:
P1=P2+ pghwp=15-10%+ 884 -9,8 - 24,7 = 36,4 H/cm>.
Omeem: P1 = 36,4 Hlcm?.

3apava 4. OnpegenuTb pacxod Boabl Q B Tpybe anametpom di = 250 Mm, Mmerowen
nnaBHoe CyxeHue a0 avametpa d2 = 125 MM, ecrnv nokasaHus Nbe3oMeTpPoB: 40 CyXeHus hi =
50 cm; B cyxxeHumn h2 = 30 ecm. KoacbdpuumeHT pacxoga p = 0,98 (puc. 21).



PeweHue

CoctaBum ypaBHeHue bepHynnu ons ceveHnn 1-1 m 2-2 npuHSB 3a NNOCKOCTb CPaBHEHUS
OCb TPYOb!:

2 2
zl+p—1+m=22 +p—2+w+h}fof.
P 29 pg 2

YuuTbliBas, 4to z1 = z2 = 0, npeHebperas B NepBoM NPUBRMKEHUM NOTEPSAMI Haropa, T.
e. npuHumasn hiz2 =0, n nonaras a1 = o2 = 1, NONy4YUM:
2 2
Pi_P2_b2 b1
P P9 29 29
N3 ypaBHEHWs1 HEepa3pbIBHOCTM TEUYEHUS UMEEM S1U1 = S2U2.
MoCKONbKY s; =nd? /4; s, =nd3/4, TO vy =vyd?/d3.
O603Ha4nMm:

P1 P2
Pr_P2_y _hooh,
pg pg < °

Toraa ypaBHeHue 5€pHyJ'IJ'II/I npumMeT Buna:

U
“AG |,
29| d

oTKyAa:
2gh
v= |———.
Yy ddrdd -1
O6bemMHbIN pacxof Boabl B Tpybe onpeaenum no gopmyne (2):
nd? 2gh
Q=sip=—= | —/—.
YTt dd ot

B pgencTBuMTENbHOCTM pacxon BoAbl OyaeT MeHblle BCreacTBMe notepb
Hanopa, KoTopbiMK npeHeGpernu. C yyeToM STUX noTepb opmyna Ans onpeneneHus
06beMHOro pacxoga npuMeT BUA:

2
nd 2gh
Q== i
4 \dfrdi-1
rae B — KO3(h(UUMEHT, YyYMTbIBAKOLIMA YMEHbLUEHME pacxoda BcreacTBuMe noTepb
Hanopa:

Q=0gg>14025 \/ 2981 _ 5024 m3c,

4 0,25%/0,125% -1

Omeem: Q = 0,024 m3/c.

3apava 5. Onpegenutb 06Lwme notepu Hanopa hw B HOBOM CTanbHOM Tpybonposoae, ecnum
no Hemy TeyeT HedTb nerkas ¢ pacxogom Q = 20 n/c. Tpybonposog di1 = 200 mm, gnvHoW €1 =
1 KM nmeet BHe3anHoe cyxeHune 0o d2 = 100 mm. CyxeHbin ydacTok anuHon €2 = 1,5 Kkm nmeert
ABa nosoporTa: nnasHbi d/R = 0,4 u kpyTon a = 30°.



PeweHue

O6wme noTepn Hanopa CkNaabiBalTCS U3 NOTEPb Hanopa Ha TPEHWE U MECTHble NOTEPU U
onpeaenstoTcs no popmyne (37):
hw = hsp + hw.
[ns onpeneneHunss aTux MNOTepb, BbIMUCIIMM MMowWadb CeyYeHust TpybonpoBoga nNepBoro
yyacTka:

2 -3,2
nd?  314-(200-107°)

S, = =0,0314 M.
4 4
Mo ypaBHeHuo (5) onpefennm CKOpOCTb ABMKEHUA HE(PTN HA NEPBOM NIMHENHOM y4acTKe:
-3
v = Q_2107_ 64 mic.
S, 00314

Onpegenum vncno PenHonbaca npu TpaHCNopTupoBaHun HedTn rno dopmyne (34):
_vy-d; _ 0,64-200-107°
v 1410
roe v — KoappUUNEHT KMHEMATUYECKOM BA3KOCTU, onpegendem no npun. 5, ans nerkon
HedpTM v = 1,1.10* m?/c.
Tak kak Re1 = 1163 < Rexp = 2320, TO peXvm Te4YeHUs JTaMUHapHbIN.

KoathpmumneHT rugpasnmyeckoro conpoTusfieHus onpegenum no ¢opmyne [yansens,
ncnonb3ya Tabn. 1:

Re, =1163,

64 64
Aq=—=—-=0,055.
Re 1163
Ol'lpe,El,eJ'II/IM noTepmn Hamnopa Ha nepBoM NMMHENHOM y4dacTke pr6OI'IpOBO,EI,a, ncnosb3yA

ypaBHeHue (38):
2 2
hap g g os5 1000 0647 50,
! d 29 200-107% 2-9,81

Onpegenum nnowlagp ceyveHnst Tpybonposoaa BTOPOro NMIMHEMHOMO y4acTka:
2
o, _ 73 _314-(100-107°)

) =0,00785 M?.
4 4
Onpegenvm ckopoCTb TeYEHMST HEPTM Ha 3TOM y4acTKe:
20-1072
o= 2 220107555 mic.
S, 0,00785
Onpegenum uncno PenHonbaca:
-3
Re, = vy-dy _ 25-100-10 46364 .

v 11107
Tak kak Re2 = 46364 > Rekp = 2420, TO pexum TedeHnss TypOyneHTHbIN.

Yucno PenHonbaca BXoAUT B 30HY AOKBaApaTUYHOrO COMPOTUBIEHUS zoAi< Re2<500Ai,

€] ]
cnegoBaTtenbHO KO3(MUUMEHT rMapaBnnyeckoro ConpoTMBIEHMS ornpedenum no dopmyne
AnbTwyns, ncnone3ys Taén. 1:

0,25 0,25
A, =011 £+£ =011 007 + 68 64 =0,024,
d Re, 100 46364 1163

roe As — cpegHee 3Ha4YeHne 3KBMBAIEHTHOM LLepOXOBATOCTH, onpeaensem no npun. 2, ons
HOBbIX CTanbHbIX TPY6 As = 0,07 MMm.
Onpegenvm nNoTepu Hanopa Ha BTOPOM JIMHENHOM y4acTke Tpybonposoaa:

L2 05 _ o goq. 2500 2557

2720 g T T 001070 2-9,81
Onpepenum cymmapHble NoTepu Ha TPeHUe:

h =39,8M.




(39):

hp = hrp; + h1p, = 5,47 + 39,8 = 45,27 m.
OnpeenvMM MecTHbIE NOTEPK HaMopa Ha CYXXeHHOM yyacTke TpyGonposoga no hopmyne

0,642

2
h, =& - =0,375 =0,0078 M,
17"l og 2.9,81

rae §1 — Koa(hpmMuMeHT MECTHOro conpoTuBneHus, onpegensem no (npun. 3, cxema 6)

BHe3alrnHoe CyXXeHue:

2 2
& = 0,5[1—[3—2] ] = 0,5[1—[;%3 ] =0,375.
1

Onpe,u,enle MeCTHbIE NOoTepwn Harnopa npu rninaBHOM NoOBoOpoOTe pr6or|p0Bo,u,a:

2,552
2.9,81

2
e 2 _ -
hy, =&2 2" 021 =0,069 M,

roe &2 — KO3a(ppMuUMEHT MECTHOro conpoTuBneHus, onpegensem no (npwun. 3), npu
nnaBHOM NOBOPOTE %= 04; £=0,21.
Onpepgenum MecTHble NOTEpU Hanopa npu KpyToMm nosopoTe Tpybonposoaa:
2 2
h, =£;°2 01622 —0,053M,
3 29 2-9,81
Onpegenvm cymmapHble MEeCTHbIE NOTEPU Hanopa:
hm = hwm; + hmy, + hmy=0,0078 + 0,069 += 0,053 = 0,13 m.
Onpegenum obuime notepu Hanopa:
hw = hmp + hm=45,27 + 0,13 = 45,4 m.
Omeem: hw = 45,4 m.
3apaya 6. B OokoBon cCTeHke pesepByapa 60nblWMX pa3MepoB cAefaHbl Kpyrrnoe

Par const

I1aH OOKOBOM CTEHKH

Puc. 22

S/Q=0.2.

oTBepcTue anameTpom do = 2,5 €M K KOTOPOMY NMPUCOEANHEH
BHELWHUA UUANMHOPUYECKMA HaAcadoK U KBagpaTHOe OTBepcTue
co cTtopoHom a = 4 cm (puc. 22). Onpenenntb CyMMapHbI
pacxoq Q n/cek U3 pesepByapa 1 CKOPOCTb UCTEYEHUS BOAbI U3
otBepctuin. Hanop Hag ueHTpom oTtBepctna H = 2,5 m, Hag
ueHTpom Hacagka Hi: = 1,5 M. NcTteyeHne 4epes Hacagok
npoucxoguMtT NpuM  HECOBEPLUEHHOM  CXaTuKW, OTHOLUEHME
nnowaan oTBepcTna S K Niowaan cedeHnsa pesepByapa paBHO

PeweHue

Onpep,enMM CKOPOCTb WUCTEYEeHUd BOAbl M3 BHELWIHEro uunMHapu4eckoro Hacagka no

vy = 0,+/2gH; =0,82,/2-9,81-15 =44 M/ceK,

dopmyne (51):

roe o

KO9(PPULMEHT CKOPOCTH,

npuHMMaem no npwun. 4, Ans  BHELUHero

LMnmMHgpuyeckoro Hacagka @u = 0,82.
Onpegenum pacxop BoAbl, BblTeKaloWmMn Yepes Hacaaok no opmyne (53):

Qu=

Mu, Sy20H; =0,85-0,49-107°,/2.9,81-15 =

= 2,25-10_3 M2 /cex= 2,25 ualcexk,
rge S - nnowagb ce4eHnd BbIXOOHOIo OTBEpPCTUA:.

S

_md?®  314-(25-107%)2

=0,49-10"3 MZ2;
4 4




Un, — KO3ppmumneHT pacxoga. Npun HecoBepLLIEHHOM CXaTuu KO3(PPUUNEHT pacxona
onpeaensiem no opmyne (42):
puy = pu (1 +8) =0,82 - (1+0,034) = 0,85,
roe pn — KOI@UUMEHT pacxoda npu COBEPLUEHHOM cCXaTuwu, NpuHUMaem no npun. 4,
ANd BHELUHero unnmHgpuyeckoro Hacagka px = 0,82;

y S
81 — NONPaBOYHbLIN KOIPMPUUNEHT, NpUHUMaem no Tabn. 2, Ans OTHOLIEHUS 5=0,2,

61 =0,034.
Onpegenvm ckopoCTb UCTEYEHUs BOAbl M3 oTBepCTUA nNo dhopmyre (40):

vo = @4/2gH =0,97,/2-9,81-25 = 6,8 M/C,

raoe @ — KoadhuuMEHT CKOpOCTW, onpeaensaem no npwn. 4, ons OTBEPCTUS C OCTPOM
Kpomkon ¢ = 0,97.
Onpepgenum pacxof BoApl, BbITEKaloLWMi Yepes oTBepcTre no cdopmyne (41):
Q, = p1Sy2gH =0,66-1,6-1073,/2.9,81-2,5 =
= 7,39-10_3 M3 /cex = 7,39 a/cex,
roe S — nnowaab ceveHns otBepctusa S = a2 = 0.042 = 1.6-10°3 m?;
L, — KO3dhpuUMeHT pacxoga. Tak kak OTBEpCTME pasMeLLEHO B Yy

pesepByapa (CM. puc. 22), TO NPOUCXOOMUT HE MOfHOe cxatue CcTpyn. B atom cnyyae
KoadhbdmUMEHT pacxoga onpeaensem no gopmyne (45):

n = u[l+ 0,128%J = 0,62(1+ 0,1281—86] =0,66,

roe B — KoagduLuMeHT pacxoga npu NosiHOM cxaTuu, onpeaensemM no
npun. 4, ana oteepctns u = 0,62.
Onpegensiem cyMmmapHbIn pacxog BoAbl BblTeKalLwen U3 pesepByapa:
Q=Qo+Qu=7,39 + 2,25 = 9,64 n/cek.

Omeem: uo = 6,8 m/cek, ux = 4,4 m/cek, Q =9,644 n/cek.

dusnyeckne CBOMCTBA XNOKOCTEN N ra3os

1. OnpefgenuTb NIIOTHOCTb XMAKOCTU XK, NONYYEHHOW cMeLleHneM xuakoctn XKi, o6bemom
Wi = (10+10;) n, nnoTHocTbio p1 = (860+5 X j) kr/M3 1 xumakoctn X2 o6bemom W2 = (95-10j)
n/m3, nnoTHocTbio P2 = (910-5§) kr/m3,

2. XXupakocTb, UMetoLLas NNOTHOCTL p = (865+1 X j) kr/m3 n o6bem W = (150-1j) n, nonydeHa
CMelUMBaHMEM Macrna MroTHocTbio p1 = (850+1j) kr/M® ¢ macrnom nroTHOCTBIO P2 =
(885+0,5j) kr/m3. OnpenennTb o6bembl W 1 1 W2 Macen, COCTaBNSAOLMX 3TY XUOKOCTb.

3. Onpegenuntb NMOTHOCTb >XMAKOCTW, MOSyYEHHOW CMELMBaHMEM [OBYX MWHepasribHbIX
macen MnoTHoCTbio p1 = (845+5j) kr/M® n p2 = (865+5j) kr/m3. O6bem nepsoro macna
coctaBnseT 40 % obbema BTOPOro.

4. OnpepenuTb NMAOTHOCTb paboymx KMOKOCTEM NpPU  pasfnuYHbiX TemnepaTtypax W
pe3ynbTaTtbl pacyeta Ansd CBOEro BapuaHTta j 3aHecTu B Tabnuuy 2. TemnepaTypHbIn
KO3 PULUMEHT 06BEMHOIO paclUMPEHNst BCeX Macen NpuHNATbL paBHbiM 8,75 * 104 KL,

Tabnuua 2 — Pe3ynbTaTbl pac4eToOB MAOTHOCTU Pabo4mx XUOKOCTEN

, Mapka MNOTHOCTb XWAKOCTM P, Kr/M3 Npu Temnepartype t, °C
J macna -40 | -30 -20 |-10 |0 10 20 30 40 50
1 | M-8-B 886
2 | M-10-B2 890
3 | Mr-46-B 890
(MI"-30)
4 | MI'-15-B(c) 860




(PMI'3)
MI-15-b 870
(AMI'-10)
MI-20 885
5. [Mpu Temnepatype nntoc 20 °C macna M-10-B2, MI'-46-B (6biBune MIM-30) n MIr-15-B(c)

(6biBLIee BMI'3) 3aHumaroT 06bem Wo = (20+10j) n. Onpegenutb 06beMbl, KOTOpble OHU
OyayT 3aHumatb npu TemnepaTtypax MuHyc 40 °C mn nmoc 50 °C. TemnepaTtypHbi
KO3 PULMEHT 06BEMHOIO pacLUMPEeHNss BCeX Macen NpuHATbL paBHbiM 8,75 * 104 KL,
MuHepanbHOe Macno wu BoAa B rmapouuMnuHgpax npu atMocepHOM AaBrieHuu
3aHumMaT obvem Wo = (10+3j) n. Onpepenutb, kakon obbem OyayT 3aHMMaTb 3Tn
XuakoctTn npu gasneHun p = (8+4j) Mrlla, ecnn koapduuneHT obbeMHOro cxaTtus
MUHepanbHoro macna paseH 6,6 * 10°Ma?, a sBoabl — 4,7 * 10%Mat. Jedopmaunen
CTEHOK rmapoumMnMHApPOB npeHebpeyb.

Ha kakyto BenuumHy nepemectuTcs LWTOK rugpouunuHgpa guametpom D=(50+10j) mm c
3anepTbiM B HEM Npu aTMocepHOM AaBrneHnn o6bemMom MuHepanobHoro macna Wo = 18
n, ecny Ha wWToK npunoxutb yeunme T = (3+0,5j)) K 10* H. KoadhduuneHT o6beMHoro
coxkaTuna macna 6,6 * 1010 Mal. Nedopmauueir CTeHOK rmapoumMnmMHapa npeHebpeyb.
CranbHon Ttpybonposoa anuHon L = (100+20j) M w© BHYTpeHHMM guameTpom d =
(40+10j)) MM npun aTMOCHEpPHOM [aBfeHUN MOSIHOCTbIO 3anosIHEH MUHEpasibHbIM
macrniom. Onpenenntb, Kakom AONOMNHUTENbHbIN 06beM Macna HeobxoauMmo nogaTtb B
nonocTtb Tpybbl Npu ee rmapaBfMYEeCcKoM UCNbITaHUM nog gasneHun p = (16+4j) MlMa.
KoadbdmumeHT ob6bemHoro cxaTtus macna paseH 6,6 * 10-1° Ma. dedopmaLmein cTeHOK
Tpybbl NpeHebpeyb.

PesepByap 3anonHeH Boaon, 3aHumawowmii oobem Wi = (1,5+0,2j) m3. Ha ckonbko
YMEHbLUNTCA 1 Yemy ByaeT paBeH 3TOT 0O6beM Npu yBENMYEHUN AaBMEHNUST HA BENUYNHY
200 aT? KoadpdpmumeHT o6beMHOro cxatust BoAbl NPUHATL paBHbIM 4,75 * 1010 Ma.
Hedopmauuen CTeHOK pesepByapa npeHebpeub.

10.BbicoTa umnuugpuyeckoro pesepsyapa h = (2,5+0,1j) m, ero BHyTpeHHUn anameTtp d =

(2,7+0,1j) M. OnpegennTb Maccy MasyTa NNoTHOCTLI0 920 Kr/mM3, KOTOPYH MOXHO HaNUTb
B pe3epByap npu temnepatype 15 °C, ecnu ero temnepaTtypa MOXeT nogHaTbesa o 40
°C. PacwwupeHnem cTeHOK pesepByapa npeHebpedb, a koapdpuuneHT obbemHoro
TemnepaTypHOro paclUMpeHUs XUOKOCTU NPUHATb paBHbiM 0,0008 K,

TecTOBbLIe 3apaHuA

1. TeKy4yecTbto XNOKOCTN Ha3blBAETCS:

A. BENMYKMHA NpPSAMO NponNopuUnoHanbHas ANHAMUYECKOMY KO3(PPULNEHTY BA3KOCTH;

B. BennuuHa obpaTtHasa guHamMmn4eckomMmy KO3 PUUNEHTY BA3KOCTH;

C. BennyunHa obpaTHO nNponopLmoHanbHast KUHEMaTUYeCKoMy KO3(PMOULNEHTY BA3KOCTMU;
D. BennunHa nponopuunoHanbHas rpagycam JHrnepa.

2. OTAnYMTENBHBIM CBOWCTBOM XMAKOW Cpeabl OT razoobpasHomn sBnseTcs:
A. cBOMCTBO TENSIONPOBOAHOCTH;

B. CBONCTBO TeKky4yecTu;

C. CBOMCTBO CXXMMaEMOCTMU;

D. cBONCTBO pacTSXKMMOCTMU.

3.CXumaeMocCTb 3TO CBOMCTBO XXUOKOCTHU:

A. U3MeHATb CBOK (bopMy Noj AeNCTBUEM AaBlieHUs;

B. nameHsaTtb ceon o6bem nog AeNCTBMEM OaBIEHUS;

C. conpotnBnATbCA BO3OENCTBUIO JaBMEHNSA, HE N3MEHSISI CBOKO (hopMmy;
D. n3ameHsTb cBOM 00beM 6e3 BO3OeNCTBUSA AaBrEHUS.



Ha kakue Buabl pasgenarT ﬂ,eVICTByI-OLIJ,l/Ie Ha )XNOKOCTb BHELLUHNE CUJIbI.
. CInbl NHepPLUUN N NOBEPXHOCTHOIO HaTAXEHUA,
. BHYTpEHHNE N NOBEPXHOCTHDbIE;
. MaccoBbl€ N NMOBEPXHOCTHbLIE,
. CUJIbl TAXECTUN U OaBlieHUA.

ooOw>h

K rpynne 00 BbEMHBbIX (MaCCOBbIX CVIJ'I), ,D,eVICTBleU.lMX Ha XXNOKYK cpealy OTHOCUTCA cuna:
. AaBneHnd;

> o

w

. UHepUuu;

C. TpeHus;
D. NnoBEPXHOCTHOIO pacLUMpeHUs.

6. OTnrumne oT CUnbl TPEHUS, BO3HUKAKOLLEN NPU ABMKEHUM TBEPAbIX TES, CUNa TPEHUNA B
NOTOKE XXWAKOCTU HEe 3aBUCUT OT:

A. ynpyron gecgopmaumm casura CrioeB XUAOKOCTY;

. BA3KOCTU XXNOKOCTHU;

. CKOPOCTU TEYEHMS CITOEB XUOKOCTMU;

. JaBNeHUs B XXMAOKOCTW.

OOw

PeanbHOM XXMAKOCTbIO HAa3bIBAETCS XUAKOCTb:
. HE cyLlecTByoLLasn B MpUpoae;
. HAXO4ALAsCS Npy pearbHbIX YCNOBUSX;

. B KOTOPOW MPUCYTCTBYET BHYTPEHHEE TPEHME;
. cnocobHas BbICTPO ncnapaTbCS.

OO m>» N

MNaeanbHOM XUOKOCTbIO HA3bIBAETCH:
. XMOKOCTb, B KOTOPOW OTCYTCTBYET BHYTPEHHEE TPEHWUE;
. XXMOKOCTb, NoAxoasLas ans npuMMeHeHus;
. )KWAKOCTb, CNOCOBOHAasA CXXMUMAaTbCS;
. XMOKOCTb, CyLLECTBYIOLLAsA TONbKO B ONPeAeneHHbIX YCIOBUSIX.

OO m>» o™

Kakne cunbl Ha3bIBaOTCS MacCOBbIMMU:
. CIMa TAXeCTn U cujia MHepLunn,;
. Chna MonekyndapHada n cuina TAaXecCTH;
. CuJ1a nHepumn n curna rpaBntTaulmoOHHaA;
. Cna gaBrieHna 1 cuna noBepxHOCTHaA.

OO m>»©

10. BennumHa kacaTenbHOro HanpsikeHns (HanpsXKeHne curbl TPEHWST) B MOTOKE XKUOKOCTU
COrnacHO 3aKOHY HbIOTOHa NPSIMO NPOMNOPLUMOHanbHa CKOPOCTU YrnoBon gedopmaumm casura,
onpegensemMon no opmyrne, B KOTOPOn KOIPPULMEHT NPONOpLMOHANBHOCTM Ha3bliBaeTCS:
A. KOAPPULNEHT BA3KOrO TPEHUS;

B. kmHemaTnyeckmin K0adUNEHT BA3KOCTH;

C. K0abOMLUMNEHT CTPYKTYPHOMN BASKOCTMU;

D. auHamnyeckoro koadpduumeHTa BA3KoCTU. 11. BHyTpeHHee TeyeHne Xnakon cpeapl
OTNNYaETCS OT BHELIHENO TEYEHNS:

A. OTCyTCTBMEM CTPYyN4aTON CTPYKTYpPbl NOTOKA;

B. oTcyTCcTBMEM B NOTOKE TPEHUS;

C. Hannymem cBOBOOHON NOBEPXHOCTY;

D. Hanuunem orpaHn4MBaroLLnX NOTOK TBEPAbIX CTEHOK.



12. HanopHbIM ABWXEHNEM XMOKOCTN Ha3blBaEeTCS:
A. OBMWKEHNE XNOKOCTU NOL HAanopom;

B. BHyTpeHHee TeyeHue, Korga NoToK CO BCEX CTOPOH OrpaHnyeH TBepabiMyU CTEHKaMU;
C. oBmxeHune, 0bycnoBrneHHOe CUNON rpaBUTaALMOHHOIO NMPUTSKEHWS;
D. oBmXeHue, Npu KOTOPOM OAMH NOTOK HanMpaeT Ha OPYrou.

nepequb 3apaHnn ansa KOHTPOJIbHbIX pa60T

KoHTponbHas paboTta Ne1
YncneHHble MeToabl peLleHns ypaBHEHU MaTeMaTUYeCcKon OnU3nKn

1. TMonyorpaHnyeHHasi CTPyHa, 3aKpenneHHas Ha KoHLe, Bo3byxaeHa HavarnbHbIM
OTKIOHEHUEM:

2 2
a—?:aza—l:,—>0<x<oo,t>0
ot OX
u0,t)=0,->t>0
u(x,0) = ¢(x)
u,(x,0)=0

0,>—>—>0<x<c

D(x—c),—>CSXs20
c

@(X) = h
_E(x—Bc),—> 2c<x<3c

0,>—>—>x>3c

C
HayepTnTb NonoxeHue CTpyHbI AN MOMEHTOB t=—,ecnm a= 1, c= 1, h=2.
a

2. B cucrteme

8—“+aa—“+ﬂ@=0

ot OX OX

ov ou ov

E+7/&+5&=0 0<X<1

ow ou o, oW
—te—+u—+A—-=

=0
ot OX OX OX

nogobpartb napameTpsbl «, 5,7,0,¢&, 4, A TaK, YTO Obl cuCTEMa cTana runepbonn4eckon n 4To
Obl KpaeBas 3agada gonyckana KOPPEKTHYH MOCTaHOBKY:

a) [ABYX KpaeBblX YCIOBUSA Ha neBou rpaHuue npu x=0,
6) Tpex KpaeBbIX YCOBUA Ha NpaBon rpaHuLe npu x=1,

KoHTponbHasa paboTta Ne2
YucneHHble MeToAbl pelleHns 3agay ruapoanHaMumKu.



3apaHa KBasunMHenHasa cuctemMa ypaBHeHUn: Menkown Boabl, ONUCbIBaKOLLas
HeyCTaHOBMBLLEECS TeYeHne B TOHKOM crioe (NneHKe) XXUAKOCTH

oh ochu

—+—=0

ot oXx

chu 0 1 ob
—— +—(hu?+=gh?)=—-gh—
ot ax( Zg ) g OX

h - TonwwuHa cnos xumakoctu (h=h(t,x));
U — CKOPOCTb Xuakoctn (u=u(t,x));

b — npodunb gHa (b=b(x));

g — yckopeHue cBoboaHOro nageHus;

O6nacTtb peweHus 3agaumn: 0<x<l; 0<t<T;1=10; T=10
HauanbHble ycnosus:  h(0,x) = p(x); U(0,X) =y (X);
Kpaesble ycnosus : a) u(t,0) = f(t); u(t,1)=s(t);

6) u (t,0)=f(t); h (t,1)=s(t);

B) u(t,0)=f(t); h (t,1)=s(t);

1. MpoBecTn xapakrepuctudecknit aHanna. Onpegenutb TUN ypaBHeHus. [NonyunTs
XapaKTePUCTUYECKYIO CUCTEMY YPaBHEHUN.

2. PeanusoBaTb anroputm u nporpaMmmy peLleHust 3agadm CeTOMHO-XapaKTepUCTUYeCKUM
MEeTOO0M.

3. PeanunsoBaTb anroputm v nporpamMmmy peLlueHns 3agadn metogom [fogyHosa.

4. PeanusoBaTb anroputm 1 NporpaMmmy peLleHns 3agadn MeTogoM KpYMnHbIX YacTuL,.

5. NpoBecTn BblMUCANTENBHbIE SKCNEPUMEHTbI AS1S ABYX 3a4ay:

"MpopbIB NNOTUHBLI"  H.Y. o(X) = 2'()”")(30'5; w(x)=0;
1.0---,x>0.5
K.y. B) f(t)=0; s(t)=0;
" . 1.0---,x<0.45 _ _
ypa cCrakane:  H.y. .y _120...045<x<055 ¥(X)=0:
1.0---,x>0.55
K.y. a) f(t)=0; s(t)=0;

Tembl pechepatoB

1. Moaenu nnockux Te4eHun.

2. YacTHble cnyyau ypaBHeHnn HaBbe-CToKca.

3. OgHOMEpPHbIE TEYEHUS BA3KOW HECKMMAEMOM XKNOKOCTM.
4. [IBymMepHble TeYeHUs BA3KOW XNOKOCTH.

OnucaHune TexHonormum npoeeneHmnsA

Tekywmnn KOHTPONb npencrtaBnsieT cobow NpOBEpKY YCBOEHMS y4yebHOro matepuana

TEOPETUHECKOIO N NMPAKTUYECKOIo Xapaktepa, peryidpHO OCyLeCTBIIAEMYIO Ha 3aHATUAX.

TekylWwnun KOHTPONb npefHa3HayeH s NpoBEepKM xoda W kKayvectBa (POPMUPOBAHUSA
KOMMeTeHUMn, CTUMynMpoBaHna ydebHonm paboTbl obyvalromxcs U CcOBepLUEHCTBOBAHUSA
METOAMKN OCBOEHMSI HOBbIX 3HaHun. OH obecneuymMBaeTcs MpoOBeAEHUEM CRneayloLmx

OLIEHOYHbIX MEPOMNPUATUNA:
- peLLeHne NPaKTUKO-OPMEHTMPOBAHHbIX 3a4aHU;



- BbINOSTHEHNE KOHTPOSIbHbIX paboT;

- BbIMOMHEHNE TeCTOBbIX 3a4aHuM;

- HanucaHue pedepara.

Mpn Tekywem KOHTpoNe ypOBEHb OCBOEHWA Yy4ebHOW AOUCUMMAMHBI WU CTENEeHb
CPOPMUPOBAHHOCTM KOMMETEHUMU ONpPedensatTCa OLeHKaMM «3a4TEeHO» U «He3a4yTeHO».
CucremMatMyHOCTb, OO BEKTUBHOCTb, apryMEHTUPOBAHHOCTb — FaBHble NPUHLMUMbLI, HA KOTOPbIX
OCHOBaHbI KOHTPOSIb 1 OLIEHKa 3HaHUIN 0By4YatoLLMXCS.

Tpe6OBaHVIFI K BbIMOSTHEHWIO 3aaHUI (LIJKaJ'IbI n Kputepummn OLl,eHVIBaHVIFI)

Mpu NnpoBeaeHMM TEKYLLIErO KOHTPOSS UCMONb3YHTCH Creayolie nokKasaTenu:
peLleHne NpPakTUKO-OPUEHTUPOBAHHBIX 3a4aHWIA:

1) yMeHWE NPUMEHATb CTaHAapTHbIE MeTOAb! AN PeLUeHNst TUNOBbIX 3a4ay;

2) oNTMManbHOCTb Xo4a PeLUeHus;

3) npaBuUIibHOCTb BbIMNMOJIHEHNA paCHEeTOB.

BbInonHeHne KOHTPOnbHOM paboTbl OLEHMBAETCS NO YeTblpex GannbHON LWKane: OTIUYHO,
XOPOLLO, YAOBNETBOPUTENBHO, HEYA0OBNETBOPUTENBHO.

OTnnyHo Bce 3agayvm peLleHbl NONHOCTbIO NPaBUSIbHO
XopoLio pelleHne 3aaay He HKe XOPOLLEro YPOBHS- UMEOTCS YaCTUYHbIE HETOYHOCTU
B pacyeTax.

ynOBJ'IeTBOpI/ITeJ'IbHO yOOBIIETBOPUTENIbHOE pelleHne 3agay- MMerTCA CyleCTBEeHHbIe 3aMeYvYaHnd

HeynoBneTBopuTEnbHO | HEYOOBNETBOPUTENBHOE PELLEHNE 3afauy- BCE 3a4aHNS BbINOMHEHbI C
owmnbkamm

TecToBOe 3agaHWe cUYMTAETCHA BbINOMIHEHHBIM, €CNN AaHbl BEpPHble OTBETbI HE MEHeE,
Yem Ha 60% BONpPOCOB.

Pedbepat 3acnyxmBaeT OLEHKM «3a4TEHO» €CNU MOSTHOCTBLIO PackpbiTa TeMa, UNOXEHNE
MOCTPOEHO NOMMYHO, cobnoaeHbl Npasuna oPopMIEHNS.

20.2 NMpomexyToyHaa aTrectauus

MpomexyToyHas aTTecTauust No AUCUMNINHE OCYLLIECTBNSETCS C MOMOLLbIO CreayoLMX
OLIEHOYHbIX CPEeACTB:

Hepequb BOMPOCOB K 3a4eTy:

1. MNpeomeT M MeToAbl rMAaporasoauHaMuKM (MEXaHUKM >KMOKOCTEM U rasos).
OCHOBHble TEPMUHBI U OnpeaeneHns.
2. CxeMbl CNMOLIHON cpedbl U MOHATUS «KUAKas 4acTuua»; BA3KOCTb KamnerbHbIX

XWOKOCTEN 1 rasoB, naeanbHas (J'II/ILIJeHHaFI BFISKOCTI/I) N pearibHad XMaKoCTb, HbIOTOHOBCKaA 1
HEHbKOTOHOBCKAA XUOKOCTU.

3. [MOBEPXHOCTHOE HATSXKEHWNE; KUMEHUE XXNOKOCTEN, KaBUTaLMS.

4. Cwunbl, OENCTBYKOLME B >KMOKOCTM, HaxXoOsLLEWCs B CTAaTUYECKOM MOSTOXEHUM.
M'mapocTaTtudeckoe gasneHne. OcHoBHas hopmyna rmapoCcTaTuKK.

5. MoHAaTMEe O Hanope: rMapocTaTUYECKMA U Nbe30METPUYECKUA  Hanopbl.

PaBHOBecue xngkocten B coobuwatrowmxca cocygax. Metoabl n npubopbl Ans M3MepeHus
[aBreHus.

6. 3akoH Apxnmepga. MNnasaHue Ten.

7. PexXumMbl OBMXEHUS KUOKOCTM (NaMUHapPHbIN, TypOYneHTHbIA, NepexoaHbIn).
MecTHasi CKOPOCTb OBWMXEHUA XUOKOCTU. [lone ckopocTen OBMXEHUS XUAOKOCTWU. JIMHMKM ToKa.
Pacxop »xngkocTtu.




8. Buxpesoe gsuxeHue. Linpkynaums ckopocTtum

9. YpaBHEHNST ABMXKEHUSA NPUMEHNTENBHO K MPOM3BOSIbHOMY O6BHEMY MOTOKa BA3KOW
CKXnmaemom xmngkoctu (amdpdepeHumnansHble ypaBsHeHust HaBbe-CTokca).

10. [OndpdbepeHumarnbHble ypaBHEHUS OBWXKEHUA uaeanbHOW (HEBS3KOW) XWUAOKOCTU
(ypaBHeHUs dunepa).

11. YpaBHeHue bepHynnu ons naeanbHOW U BA3KOW XUOKOCTMU.

12. YpaBHeHus TypOyneHTHOro ABMXEHUA Xunakoctn (ypaBHeHuss PenHonbaca).
OcCHOBHbIE TMNOTE3bl O NEPEHOCE IHEPTUMN TYPOYNEHTHOCTU B BA3KUX NOTOKAX XNOKOCTH.

13. Teopusa nopobuss u ee ponb B ruagporasogvHamuke. OCHOBHblE MOHATUA WU
onpegeneHnsa Teopun nogobus.

14. Kputepun nogobus rugporasogmHamMmnyeckmx npoLeccos.

15. M'moporasognHamMmnyeckmin NOorpaHn4YHbln  Crown: OCHOBHble  dom3nveckme
npegcraBneHns o GOPMmMPOBaHUM U CTPYKTYPE BHYTPEHHEIO M BHELUHErO NOrPaHMUYHbIX CIOEB.

16. MeToabl pacyeTta naMmHapHOro n TypOyneHTHOro NorpaHNYHbIX CNoEB.

17. MeToabl n cpeacTea U3MEpPEHU CKOPOCTEN N PacXooB XUAOKOCTEN, OABMEHUS U
TemnepaTypbl MOTOKOB.

18. MeTponormyeckme xapakTepucTuku cpencts mamepeHun. OueHka MOorpeLLuHOCTU
n3mMepeHni

MpakTuyeckue 3agaHunA
3apaum (1-10). >Kmgkoctb X nopgaetca no HamopHoMmy Tpybonposogy Auametpom d,
BECOBOW pacxop XunakocTn paseH G. OnpenennTtb pexnM TEYEHNS XXNOKOCTU, N Kakon 06 BbEMHbIN
pacxoq Q Heobxoaumo npornyckate Mo TpybonpoBody, YTOObI M3MEHUTb PEXUM TeYeHUs.
PewnTtb 3Ty 3agady Anst OTKPbITOro NoTKa NPsIMOYroflbHOro CEYEHUS, 3an0STHEHHOTO XXNOKOCTbIO
BbicoTOM h = 80 MM, WnpuHa notka e = 120 mm. Yucnosble gaHHblEe NpuBEAEHLI B Tabn. 3.

Tabnuuya 3
Yuncnosble gaHHble K 3agadam (1-10)
BennyunHsbl HoMepa saaa
1 2 3 4 5 6 7 8 9 10
d, Mm 156 150 140 120 125 100 130 135 115 107
G-10%, H/yac | 2,0 1,8 1,6 1,3 1,2 1,9 1,5 2,1 1,7 1,4
5.8 28F  558E|8.:488 4804 50| 27|28

3apaum (11-20). OnpegenuTb pexum TeveHuns xumakocty XK no HanopHomy 1 6esHanopHoMy
(3anonHeHHOMY Ha nonoBuHy) TpybonpoBoady, WMMEKLWEMY BHYTPEHHMA guameTp d, npwu
obbemMHOM pacxoge Q. OnpegenuTb Takke CKOPOCTb TEYEHWUS XUAKOCTMU,
npu KOTOPOW MPOU3OMAET CMEHa PeXMMoB TeyeHud. Yucnosble faHHble
— /| npvBegeHbl B Tabn. 4.

Tabnuua 4
Yucnosble gaHHble K 3agadvam (11-20)

Benwuy Ne 3agauu
mebl | 11 [ 12 (13|14 [15]16 |17 ] 18] 9 | 20




d, mm |200|225|250|275|300|125|150|175|200 225

Q, 0,22)|0,2410,26|0,32| 0,3 |0,24(0,26(0,28| 0,3 |0,32
m3/cek 5
= O & | SR 5 L |Q |kl <P,
X =g %12 B EESI80/8T|80RSY
S |[SFRE|8RR "BEI|ISS==2SEES

3apaum (21-30). O6beMHbIN pacxoq xuakocTn XK Tekyllen no NOTKY NPSMOYrofbHOro
CeYeHnsi C OCHOBaHMEM a U1 BbicoToM h paBeH Q. OnpefennTb PEXUM TEYEHUS XUOKOCTU ANns
fffff HanopHoro n 6e3HanopHoOro (3anosiHeHHoro Ha K yactu ero BbICOTbI) fOTKa.

[ f————- Kakon pacxop HeobxoamMmo nponyckaTb MO fO0TKY, YTOObl U3MEHUTb PEXUM

fffff TeYEeHUS XXNOKocTn? Yncnosble gaHHbIE npmuBeaeHbl B Tabn. 5.

Tabnuua 5
Yucnosble gaHHble K 3agadam (21-30)

Benunun Ne 3agaum
Hbl (21|22 |23 |24 |25 |26 |27 |28 |29 | 30
a,Mm [17[165|130|145|150|170|160|175|165|180
0
K 0,6/ 0,4 |0,25| 0,3 | 0,5 (0,55| 0,6 |0,65| 0,7 | 0,8
h,mm [14]125|100|110|100({125|130|150|120|115

0
Q-103 |3,0/35|32|36(3,0(32|28|31|384,0
m3/c
s I sb FaR , (O 0o<Pp, P ©
X E=B(SERz1gb0icnoEssE
S B2looR " S=E=T28 7SR

3apaum (31-40). Becoson pacxop xuakoctn XK coctasnsiet G. MaTtepuan tTpybonposoga M,
BHyTpeHHM anameTp d, gnuHa €. TpybonpoBog umeeT gBa nnaeBHbiXx noBopoTta d/R v oauH
KpyTon Ha yron a. OTmeTka TpybonpoBoaa B KOHEYHOM TOYKE Ha Z2 METPOB Bbille HayanbHOW,
AasneHve BHadane Tpybonposoga pasHo Pi. Onpegenutb Nbe30OMETPUYECKUM YKITOH in U
NOJSIHLIN Hanop B KOHLE Tpybonpoeoaa. YncnoBble gaHHbIE NpuBeaeHbl B Tabn. 6.

Tabnuua 6
Yucnosble gaHHble K 3aga4am (31-40)
Bennuu Ne 3agayn
Hol [31] 32 | 33[34|35|36|37|38] 39|40
G-10%,/0,5| 0,60 |0,55|0,42|0,53|0,44|0,62|0,48|0,46|0,52
H/yac | O
d, mm [156] 142 |150]125|130(135|147|155)/160] 162




£, m |200| 1900 |180|170|220|210|240| 250|230 | 260
0 0] 0]0]0O0]O 0 0 0
P1.10°,(4,2| 40 |3,8|/3,6(4,4/39(4,1|4,7|45 4,8
Ma

Z2 30 34 [40/45|38|28[48|35|4,2|36
drR:s |0,2) 04 /08/|0,2/06]08]|04]/06/04]|0,2
dR2 |04 06 |0,2/04]|0,2]|04/06/0,2]/0,8|0,6
o,°C |20 30 | 4530|2045 60|45 | 20 | 30
O a2 & T b O Y o«nN sp g |9
w 5539|528 Rz165 85525
© O CUE ®6DQ_DS|'(UO<U¥£ODU; © =
s0q = T CPEE S3==LFEFr |

= E N ,2 Q bs = CIU = = =
SE=5p=12133338 35332
M 222532 C{Zaiol IR Il
sgeepeediceRirzeeEee
POIE—I}UQ >0>0F |>T|>0o/>1T

o Sp 81T T|T Tla |7 2 5

3apaum (41-50). OnpegenuTb obwme notepun Hanopa hw B Tpybonposoge T obLien AnnHon
L = 4 kM, ecnin no Hemy Te4eT xumakocTb X ¢ 06bemHbIM pacxogom Q. Tpybonposoa nmeet
Anametp D gnuHon €, ogHO BHe3arnHoe CyXeHwe Ao gvameTpa d M gBa noBopoTa, OAMH
nnaeBHbIN OTHOWeEHWeM d/R v gpyromn KpyTom Ha yron o. YncnoBble JaHHble NpyBeaeHbl B Tabn.

7.

D d
| R -
L |
Puc. 25
Tabnuua 7
Yucnosble gaHHble K 3agadvam (41-50)
Benny Ne 3apauu
MHbl | 41 | 42 |43 |44 |45 | 46 | 47 | 48 | 49 | 50
1 2 3 4 |5 |6 |7 | 8 9 | 10 | 11
D, mm|250| 200 |225|250|100|150|175|200 | 225|250
£.km |15 1,8 |2,1(25(2,7(19(18| 2 |22|2,4
Q, | 22| 24 (26|16 |18 |20 |22 |20 |24 | 26
n/cex
d, mm |200| 100 [200|225| 80 |100|150|150| 200|225
a,°C| 30| 45 [30]20|30|60|45 |20 |30 | 45
MpopormkeHwe tabn. 7
1 2 3 4 |5 | 6|7 |8 9 | 10| 11
dRrR |0,4, 08 |0,6/0,2/06/0,4/08|0,2|0,6]|0,8
P EnP oo SP 2, | E |2 T2
(O] > ¥ =P T E N (&) C A c
K Bx | 879352 PQidefoic o
bR S=p2 |5k TR=183 i8S
Sss65si5a5s358 | 8/55/5
T |ZAAFER{ER53F 822 8¢F4%2
LR R R
>o TofF TI|STk o/>0|T ixo|>T
J X p T (@) J (@) J J




3apaum (51-60). OnpegenuTb reOMEeTPUYECKUIA YKIOH ir U AaBNeHne XUOKOCTU B Havane
nunHum P1, ecnu notpebuTento nogaetca xungkocTb XK B konudectse Q. [nunHa Tpybonposoaa &,
BHYTpeHHUI anameTp d, matepuan Tpybonpoeoga M, gaBneHue Xuaokoctu B KOHUe nuHum Po.
OTtmeTka ocu TpybonpoBoaa B HavanbHOW TOYKE Ha Z1 METPOB Bblle KOHeYHoW. TpybonpoBoa
nMeeT ABa KPYTbIX MOBOPOTA Ha Yron o v oguH nnaeHbii d/R. Yncnosble AaHHbIE NpUBELEHDbI B

Tabn. 8.

Yucnosble gaHHble K 3agadvam (51-60)

Benwny Ne 3agaum
MHbl | 51 | 52 | 53|54 |55 |56 |57 |58 |59 |60
Q, |220| 240 |225|235|230|215|245|220|250 | 255
m3/yac
£, km |1,0] 1,20 |1,40(1,25|1,35(1,30|1,25(1,65|1,55|1,50
0
d,m |0,2(0,255|0,24|0,20/0,26|0,26(0,25|0,21|0,24| 025
07 5 0 0 0 0 5 0 5
P»-10-/1,5| 1,65 |2,15|2,00(1,75|2,45(1,85|1,95|2,10(2,15
SMa| 5
Zi,m|20| 25 1241281(2,7|121(29|30|3,2]|34
a1,°C| 20 60 [45]|30 (20|60 |30 |20 | 30| 20
02,°C| 30| 45 [ 20|60 (45|45 45|60 | 45| 30
dR 06| 0,2 |104/08|0,2/06/|0,4|0,2(0,8]|0,4
s T sb = oOSlo<|o<p « |0
x [2=8828 21835055585
© @2 [0 1233 sgssETREC
= _f = B RENN = = © o ’S =
s3320%125952585 B1352s
M IQ!mg9£JI££QIQ§£§;€ rTaoTA
R R R EEE N
> oOf Ok T |>Tk o/>0| T Qixo>T
>} X p T o T (o) T | T

Tabnuuya 8

3apaum (61-70) Onpenenntb cyMmMapHbIn 06beMHbIN pacxod Boabl Q 13 pesepsyapa (pwc.
26), nmetoLLero kBagpaTHoe OTBEPCTUE CO CTOPOHOW a U Kpyrrnoe oTBepctve guameTpom d, K
KOTOPOMY MPUCOEAMHEH KOHWYECKUA PacXOOALMnAcsa Hacagok. Cxatme CTpym B KpYriiom
OTBEPCTUE CUMTATb HECOBEpPLUEHHOM, OTMETKY AHa npuHATb paBHon 0,00. OTMeTkM ueHTpa
Hacagka h2, ueHTpa oTBepcTua hi M ypOBHA BoAbl B pesepByape h. Yucnosble [aHHble
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npuBedeHbl B Tabn. 9.

Tabnuua 9
Yucnosble gaHHble K 3agadvam B (61-70)
BennunHel Homepa safiad
61 62 63 64 65 66 67 68 69 70
a, CM 4,0 5,0 6,0 7,0 8,0 7,6 6,6 5,6 4.6 4,0
d, cm 6,0 6,5 7,0 7,5 8,0 8,5 7,5 7,0 6,5 6,0




h, m 3,20 3,30 | 3,40 | 3,50 | 3,60 | 3,70 | 3,80 | 3,90 | 4,00 | 4,10
h1, m 20 | 210 | 2,45 | 2,20 | 2,25 | 230 | 2,35 | 240 | 2,45 | 2,50
h2, m 0,02]0,025| 0,03 | 0,035| 0,04 | 0,038 | 0,033 | 0,028 | 0,023 | 0,02

3apaum (71-80). B 6okoBoWn CTEHKe pe3epByapa (puc. 27) caenaHbl KBagpaTHOe OTBEpPCTUE
CO CTOPOHOM a W Kpyrrnoe oTBepcTve AmameTpoMm d K KOTOpPOMY MNPUCOEAUHEH KOHUYECKUW
cxogdawmnca Hacagok. OTMeTKM LeHTpa Hacagka hi, ueHTpa otBepcTus hz 1 ypoBHS BOAbI B
pesepByape h npusegeHbl B Tabn. 10. OTmeTKy AHa npuHATE paBHou 0,00. CxaTtue cTpyum B
KpyrnomMm OTBEpPCTUM cYUTaTb HecoBeplleHHbIM. Onpefenntb CyMMapHbii 06beMHbIM pacxon

Boabl Q 13 pesepByapa. YncnoBble AaHHble NpuBeaeHbl B Tabn. 10.
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Tabnuya 10
Yucnosble gaHHble K 3agadam (71-80)
Benu4iunHsbi HOMEpa 3a/iad
71 72 73 74 75 76 77 78 79 80
a, C™m 4,0 4,5 5,0 5,5 6,0 6,5 7,0 6,0 | 45 6,0
d, cm 6,0 5,5 5,0 7,0 7,5 6,0 4,0 5,5 7,0 5,0
h, m 250 | 2,60 2,70 | 2,80 | 2,85 | 3,00 | 2,90 | 3,10 | 2,75 | 3,05
hi, M 190 | 1,95 2,00 1,80 | 1,60 | 1,50 1,60 | 155 | 1,30 | 1,45
h2, M 1,10 | 1,05 1,15 1,00 | 0,85 | 0,95 1,10 | 0,80 | 0,75 | 0,65
f 3apaum (81-90) B gHe Baka pacnonoxeHbl Tpy oTBepCTUA. [1Ba KBagpaTHbIX
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co cTtopoHon a. OgHO OTBEpCcTME NPUMbIKAET CTOPOHOW K OOKOBOW CTEHKE,
Apyroe pacronoXeHo B yrry AHa. TpeTbe OoTBepcTue Kpyrrnoe guwameTtpom d,
pacnosioXXeHo B LEHTpe OHa M K Hemy npucoeamHeH Hacagok H (puc. 28).

I ~ mybuHa Boapkl B 6ake h. Onpegenutb: 1) cymmapHbii MaccoBbi pacxod M1 n3
—— T OTBEPCTUN N HacadKka, ecnn gaBfieHne Ha NOBEPXHOCTU Bodbl aTMocdepHoe Po
e Parv; 2) cymmapHbii MaccoBbi pacxoq Mz, ecnu gaBneHne Ha NOBEPXHOCTU
********** Boabl Po = P. Yncnosble faHHble npBeaeHsbl B Tabn. 11.
Puc. 28. [Tnan nHa Ta6J'||/|L|,a 11
Yuncnosble gaHHble K 3agadvam (81-90)
BennuunHsbl HoOMepa saaa
81 82 83 84 85 86 87 88 89 90
a, Cm 3,0 4,0 3,8 4,2 4,3 3,7 4.4 4,0 3,8 3,9
d, cm 4,0 5,0 4,5 5,2 4,7 4,2 4.8 5,3 4,0 4,7
h, m 1,20 | 1,85 | 1,90 | 2,00 | 1,95 | 1,60 2,10 | 1,65 | 1,75 2,00
P-10°, Ma 1,8 1,4 1,6 1,3 1,5 1,7 1,9 1,5 1,65 1,75
H, BHELUHUN KOHWUYECKNIA KOHNYECKNI
HacagokK LUNIUHOPUYECKUIA cxoasaLLunncs pacxoasaLmincsa

MpomexyTouHas aTtTecTaumss no AUCUMNIMHE npecnenyeT LUenb OUeHUTb paboTy

obyuvatomxcs

nprobpeTeHHbIX
npuobpeTeHne HaBbIKOB CaMOCTOATENbHOW paboTbl, YMEHME CUHTE3NPOBaTb MOSyYEHHbIE
3HaAHUA N NPUMEHATb UX NPU PeLLIEHUU NPaKTUYECKMX 3aaau.
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3ayeT npoBoAMTCA Ha MocnegHeM MpPakTUYEecKOM 3aHaTUW.  MToroBas oueHka
BbICTaBNSIETCA NO pe3ynbTatam paboTbl CTyAeHTa B CEMECTpPE:

- peLleHne NpakTUKO-OPUEHTUPOBAHHBLIX 3a4aHUN;

- BbIMOSTHEHNE KOHTPOIIbHbIX paborT;

- BbINONIHEHNE TECTOBLIX 3a4aHWI;

- HanucaHue pedepara.

LLkana oueHnBaHuUA:

«3ayTeHo»: akTMBHaa paboTa CTydeHTa Ha MPaKTUYECKUX 3aHATUSX, BbINOSIHEHNE
NPaKTUKO-OPUEHTUPOBAHHbLIX 3aJaHUN C OUEeHMBaHWEM «3a4vyTeHO», BbINOSIHEHWE 3afaHun
KOHTPOSbHOW paboTbl HA OLLEHKY HE HUXE «YO0BNEeTBOPUTENBbHOY.

Mpw HeBbLINOSTHEHN OAHHbBIX YCIOBUM CTYAEHTY npeafiaraeTca TeopeTnyecKknin Bonpoc v
npakTuyeckoe 3agaHue.

NtoroBass oueHka — «3adTeHO» BbICTABMSETCA [MPU  BbINOMIHEHUM  CregyoLWnx
nokasarenemu:

1) 3HaHWe OCHOBHbIX MOHATUN U onpeaeneHu;

2) yMeHue ucnonb3oBaTb CTaH4apTHbIE MeToAbl AN peLleHnsa TUNoBbIX 3a4ay;
3) norvka usnoXXeHusi, paccy>XaeHun;

4) NpaBUSTbHOCTb BbINOSTHEHUS PACYETOB.

«Hesa4dTeHO»: B xo4e onpoca oTBeTbl 00yyaroLerocs He COOTBETCTBYIOT HU OAHOMY 13
nepedncrieHHblx nokasatenen. OOydyalWMNCa OEeMOHCTpUpyeT parMeHTapHble 3HaHWA U
YMEHUSA NNN NX OTCYTCTBUE.

20.3 MNepeyeHb 3agaHUN, peKOMeHAYeMbIX K UCMONb30BaHUIO NpU NpoBeAeHUN
ANarHoCTUYECKNUX paboT C Liefibio OLIEHKN OCTaTOUYHbIX pe3yfibTaToB OCBOEHUS AaHHOMN
ANCLUNIINHBI (3HAHUW, YMEHUIN, HaBbIKOB).

1) TecTtoBble 3agaHus
- 3agaHunsa 3aKpbITOro TUna - CPeaHN YPOBEHb CITOXXHOCTU

TecTbl

Testl
YKnakocTb B 3agaHHOM OObEME Ha3bIBAETCH HECXKUMAEMOW, ECIn
OTBeETHI

1. divv=20

2. Wi 0

3.rotv =10

4. rotv #+ 0

Kputepum oueHnBaHus: npaBunbHbIM oTBET — 1 6., HenpaBunbHbIN oTBET — 0 6.

Test?2
TedeHune XnaKocTn B 3agaHHOM 06 bEMe HasbiBaeTca 6e3BUXPEBbLIM, ECINN
OTBeThl

1. divv=20

2. divv+0

3.rotvr =10



Kputepumn oueHnBaHus: npaBunbHbi oTBET — 1 6., HENpaBunbHbI oTBET — 0 6.

YpaBHeHme HEePa3pPbIBHOCTU TEYHEHUA KNOKOCTU UMEET BU

1. 222 4 divp =0
p dt
1dv .

2. ;E+dwp=0

KpuTepun oueHnBaHus: ABa NpaBunbHbIX oTBeTa — 2 6., 04MH NpaBUnbHbIN OTBET
— 1 6., HeT npaBunbHbIX oTBEeTOB — 0 O.

[nnornb Te4YeHns XNOKOCTU 3a4aeTca NOTEHLMANIOM

4.

Kputepun oueHnBaHus: ABa NpaBunbHbIX oTBeTa — 2 6., 0AMH NpaBUnbHbIA OTBET
— 1 6., HET npaBunbHbIX oTBEeTOB — 0 6.

YTto Takoe nuHusa Toka?

1. 310 KpuBas, B KaXkaown Touke |<0Top0|7| B AA@HHbIA MOMEHT BpeMeHN BEKTOP
nons CKOpOCTeVI ABNAEeTCA HOPMalibHbIM.



2. OTO KpuBasi, B KaXX4O0M TOYKe KOTOPOWN B AaHHbIN MOMEHT BPEMEHU BEKTOP
MONs CKOpoCTen ABNsAeTCs GUHOPManbHbIM.

4. 3TO KpMBasi, B KaXKO0OW TOYKE KOTOPOM B AaHHbIN MOMEHT BPEMEHU BEKTOP
Nosisi CKopocTen aBnsieTca 6asncHbIM.

Kputepumn oueHnBaHusa: npaBunbHbi oTBET — 1 6., HENpaBunbHbI oTBET — 0 6.

I'Ipvl NJIOCKOM NnoTeHunarbHOM ABMXEeHUn NMNMHNN ToKa N N30noTeHuunarbHblie
JIMHNN

1. CoHanpasneHsbl

3. NpounsBonbLHO HanpasieHb!
4. CoBnagatoTt

KpuTepun oueHnBaHus: npaBunbHbii oTBET — 1 6., HenpasunbHbIi oTBeT — 0 6.

OLI,HOpOLI,HbIVI I'IOCTyI'IaTeJ'IbeIﬁ MOTOK OMNMUCbIBaAeTCA NOoTeHLUarIom

2 [

1
3. w=—
Z+a

4. w=az?,a=>0

KpuTepun oueHnBaHus: npaBunbHbi OTBET — 1 6., HenpasunbHbIA oTBET — 0 6.

CeueHune cocyaa, ucrnosnb3yemoro ansa soasHbIX 4acoB 3agaéTtcs YpaBHEHUNEM

1. y =ch (ax)
2.y =ax*®
3.y =ax?

KpuTepun oueHnBaHus: npaBunbHbl oTBET — 1 6., HenpasunbHbI oTBeT — 0 6.

Ykaxute cbopmyny Toppuyennm



2. W= 2gh

3. v=2gVh
4. v=2gh?

Kputepun oueHnBaHusa: npaBusbHbln oTBET — 1 0., HenpaBunbHbIK oTBET — 0 6.

- 3agaHuga oTKpbITOro Tmna (KOpoTKUM OTBET)

Testll

KpuBasi, B KaXKQOW TOYKE KOTOPOW B AAHHbLIA MOMEHT BPEMEHWN BEKTOP MOns
CKOPOCTEN ABMSETCS ... Ha3blBAaE€TCS IMHNEN TOKa.

OTBeT: KacaTenbHbIM

Kputepun oueHnBaHus: npaBusbHbin oTBET — 1 0., HenpaBunbHbIK oTBET — 0 6.

Testl2

[Mpy NSIOCKOM NOTEHUNanbHOM OBUWXEHUM NIMHUM TOKa U U3onoTeHunanbHble
AVHWUK ... OPYr OPYrY.

OTBeT: opTOroHanbHbl

Kputepum oueHnBaHus: npaBunbHbIM oTBET — 1 6., HenpaBurbHbIN oTBeT — 0 6.

Testl3

Teopema TomcoHa. KnHetnyeckasa aHeprma HECKMMaEMOW XXUAOKOCTN,
noTeHUManbHO OBUXYLLENCS B OQHOCBA3aHHOM 06beMe C 3aaHHbIM 3Ha4YEHNEM
CKOPOCTU Ha rpaHuue, ... , YeM KMHEeTUYecKasi SHEPIrust 3TOU XKe XXUOKOCTH,
coBeplLUalLLEeN HENOTEHUMANbHOE ABMWKEHMNE B TAKOM K€ 0ObEME C TEM XKe
3Ha4YEeHNEM CKOPOCTU Ha rpaHuLe.

OTBeT: MeHbLUe
KpuTepum oueHnBaHus: npaBunbHbIM OTBET — 1 6., HenpaBunbHbIN oTBeT — 0 6.

Test14

XKnpokocTb Ha3biBaeTCSA BA3KOW, ECINN NMPU €€ TeYEHNN UMEKTCS CUSTbI
BHYTPEHHETO ... .

OTBeT: TpeHus

KpuTepum oueHnBaHus: npasunbHbii OTBET — 1 6., HenpaBusibHbIN oTBeT — 0 6.

Testl5

XKnpgkocTb Ha3biBaeTCA U3OTPOMHON, ecnu eé pusmyeckne CBOUCTBA ... MO BCEM
HanpaBneHusMm.

OTBET: 0OQNHAKOBBI

Kputepum oueHnBaHus: npaBunibHbIM OTBET — 1 6., HenpaBunbHbIN oTBeT — 0 6.

Testl6



XKngkocTb HasbiBaeTCs naeansHOW, ecriv nNpu e€ Te4eHUn OTCYTCTBYHOT CUTbI
BHYTPEHHETO ... .

OTBeT: TpeHus

Kputepum oueHnBaHus: npaBunbHbIM oTBET — 1 6., HenpaBusibHbIN oTBeT — 0 6.

Testl7

3 npuHUMna makcMmyma rapMOHUYECKON OYHKLUMK criegqyeT, 4To npu ...
ABWXEHNN HECXKMMAEMOWN XNOKOCTN B OAHOCBSI3HOW 0611acTu CKOPOCTb HE MOXET
NPUHMMATb MakCUMasnbHOE 3Ha4YeHne BHYyTpu obnacTtu.

OTBeT: NoTEHLMANIbHOM

Kputepun oueHmnBaHusa: npaBusnbHbln oTBET — 1 0., HenpaBunbHbIM oTBET — 0 6.

Test18

TedeHune XnakocTu B 3agaHHOM 06bEMe HasbiBaeTca 6e3BUXPEBLIM, ECINN

... PaBeH Hyno.

OTBeT: poTop

KpuTepum oueHnBaHus: npaBunbHbIM OTBET — 1 6., HenpaBurbHbIN oTBeT — 0 6.

Test19

XungkocTb B 3agaHHOM 0ObEME Ha3blBaETCHA HECKMMAEMOW, ECIN

... paBHa Hyno.

OTBeT: anBepreHuns

Kputepun oueHmnBaHusa: npaBurbHbln oTBET — 1 0., HenpaBunbHbIM oTBET — 0 6.

Test20

[BWXeHne XNOKOCTU HasbliBaeTCA NoTeHunanbHbIM, ECNKN CyLLECTBYET CKanspHas
dYHKUNS, ... KOTOPOWN paBeH BEKTOPY CKOPOCTU B OO0 TOYKE.

OTBeT: rpagueHT

Kputepum oueHnBaHus: npaBunbHbIM OTBET — 1 6., HenpaBunbHbIN oTBeT — 0 6.
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