MUWHOFBPHAYKU POCCUU
(deaepanbHoe rocyfapcTBeHHoe OI0PKeTHOe 00pa3oBaTe/IbHOE YUpPe)K/ieHHe BBICIIero 00pa3oBaHus
«BanTuiickuii rocyfapcrBeHHbIi TexHnyeckul yausepcuter «BOEHMEX» um. I.®. YcTuHoBa»
(BI'TY «BOEHMEX» um. JI.®. YcTHHOBA)

YTBEPXIARO
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PABOYAS ITPOI'PAMMA JUCIIAII/INHBI
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JIUCT COI'JIACOBAHUA

PABOYAS ITPOI'PAMMA COCTABJIEHA B COOTBETCTBUH C TPEBOBAHUSMU ®ENEPAJIBHOI'O
T'OCYJAPCTBEHHOI'O OBPA3OBATE/IBHOI'O CTAHJAPTA BBICIIIET'O OBPA3OBAHUA (®I'OC BO)

24.03.05 [IBurarenu jieTare/bHbIX annaparoB
rog, Habopa rpynrbl: 2024

IIporpamMmmy cocTaBuIu:

Kadenpa A9 TINTASMOTASOAVMHAMUKA U TEIIJIOTEXHUKA
BprikoB Hukuta AnekcaHpoBudy, K.T.H., JOLEHT, JOLIEHT

Kadenpa A9 TINTASMOTA3OAVNHAMMUMKA U TEIIVIOTEXHUKA
JlanrtuHckast Mapust MuxaitinioBHa, acCUCTEHT

[Tporpamma paccMOTpeHa
Ha 3ace/laHuy Kadepbi-pa3paboTumka
paboueti nporpammel A9 ITINTASMOTA3OAUMHAMUKA U TEIVIOTEXHUKA

3apenyromuii kadeapoii Terepuna U.B., K.T.H., [011.

[Tporpamma paccMOTpeHa
Ha 3ace/laH11 BhIIyCKarollel Kadepbl

A9 IVTIASMOT'A30JVUHAMMUKA N TEIVIOTEXHUKA

3aBepytommii kKadeapoii Terepuna U.B., K.T.H., fo1].




PABOYAS ITPOI'PAMMA JUCIIAII/INHBI
JUHAMMUKA BSI3KUX JKUJIKOCTH, T'A3A U CTPYH

Paspensl paboyeii mporpaMmsI

1. HEJIN OCBOEHUSA JNCHUITIINMHBI

2. MECTO INCLHUIIIIMHBI B CTPYKTYPE OOII BO

3. CTPYKTYPA 1 COOEPXXAHWE NUCLIAITJINHBI

4. ®OPMbBI KOHTPOJIA OCBOEHUMA ANUCLIUITIMHBI

5. YYEBHO-METOIMYECKOE 1 UTHOOPMAILIMOHHOE OBECITEYEHUWE OVCLUITIIHBI
6. MATEPUAJIBHO-TEXHMUYECKOE OBECITEUEHWE OVUCHUITJIMHBI

ITpusoxeHusi K padouyeii mporpaMme JUCIMILUIHHBI

o Tlpunoxkenue 1. AHHOTaLMsI paboueli IpOrpaMMbl
¢ TIpunoxenue 2. TeXHOTOTUU U GOPMBI 00yUeHUSA
o [Ipunoxenue 3. OHABI OLIEHOUHBIX CPEJCTB



1. OE/IM OCBOEHUSA JUCILUIIVIMHbBI

Lenbto 0CcBOEHUS AUCLUILIVHEI SIB/IsieTCst (POPMUPOBAHUE CIeAYIOIMX KOMITeTeHLUI:

IICK-1.1 — cmnocobHOCTh WCIO/B30BaTh 3HaHWS (YHJAMEHTAlbHBIX PpasZieJioB eCTeCTBeHHOHAYYHOTO U
MpoheCCUOHATBHOTO LIUKJIOB /11 TIOHUMaHUs (PU3NUeCKOl CYIHOCTH pabouMx TPOIIeCCOB YHEPreTHUeCKUX
YCTaHOBOK aBHal[MOHHOMN U pakeTHO-KOCMUYeCKOM TeXHHUKU
TICK-1.2 — criocoO6HOCTh pa3pabaThiBaTh (hU3UUeCKHe U MaTeMaTUUeCKHUe MO/Ie/ U MPOLeCCOB, TIPOTEKAOIIIX
B JIBUrare/six U SHeproyCTaHOBKaXx JieTaTe/IbHbIX arrapaToB

DOpMHUPOBaHHIO KOMITETEHI[HUH CITY)KUT JAOCTKEHUE CJIeIYIOIINX Pe3y/IbTaToB 00pa30BaHuUs:
IICK-1.1

3HAHUS:

Ha ypOBHe TIpe[CTaB/eHUN: OCHOBHbIMU aHAaJUTUUECKUMU U UWCJIEHHBIMU MeTOJaMU pelleHus
anrebpanueckux W aUQQepeHIMaIbHBIX YPaBHEHUH M WX CUCTEM; 3aKOHbBI U OCHOBHbIE (DU3HKO-
MaTeMaThyeckue MOJeJId TepeHoca TeIuIoTbl W MacChl TPUMEHUTeNbHO K TeIUIOTeXHUUYeCKUM U
TeTUIOTeXHOJIOTHUeCKUM yCTaHOBKAaM U CHCTeMaMm;

Ha ypOBHE BOCTIPOW3BE/IeHUsT: OCHOBHBIE (DU3UUeCKHe CBOWCTBA YKUIKOCTEH M Ta30B, 00IIMe 3aKOHbI U
yYPaBHEHUS] CTaTHUKW, KWHEMAaTUKW W JUHAMUKU >KUJKOCTeH W Ta30B, OCOOEHHOCTU (U3MUECKOTO WU
MaTeMaTh4yeCKoro MOZe/IMPOBaHUsI OJHOMEPHBIX U TPeXMepHBIX, /J03BYKOBBIX U CBEPX3BYKOBbIX, JJAMUHAPHBIX
1 TypOy/IeHTHBIX TeUeHUH H/iea/lbHOM U peabHON HeCXKUMaeMOU U CKUMaeMOU JKU/IKOCTeH;

Ha ypOBHe TIOHUMAHUS: TIPUHIIUIIBI TIPUMeHeHUsI COBpeMeHHbIX MHPOPMAaIIMOHHBIX TeXHOJIOTUM B HayKe
Y TIpeMeTHOW JeATelbHOCTH; OCHOBHbIe METO/bl TEOPETUYECKOT0 U 3SKCIIepPUMEHTasbHOTO HCC/Ief0BaHUS
(GU3NUeCKUX U XUMHUECKUX SIBJI€HWH, METO/IbI MOMCKa U 00paboTKu MHGOpPMAIUKM Kak BPYUHYH, TaK U C
TpUMeHeHVeM COBPEMeHHBIX MH(OPMaIIMOHHBIX TEXHOJIOTHIA;

YMeHus:

TeopeTHUecKHe: WCII0/b30BaTh MareMaTUueCKUM armapar ¥ uHGOpMallMOHHbIe TEeXHOJOTMU TpHU
W3y4YeHUU eCTeCTBeHHOHAYUHbIX JUCIUIIIVH;

MpaKkTHYecKue: paCCUUTHIBATh THAPOAMHAMUUeCKHe MapaMeTphl IOTOKa KUAKOCTH (Ta3a) MpH BHeLITHEM
oOTeKaHWM Ten W TeueHWH B KaHasax (Tpybax), MPOTOYHBIX YaCTSIX TIHPO-Ta30[[MHAMHUYECKUX MaIllWH,
aHAJIM3MPOBATh Pe3y/IbTaThl PellleHrs] KOHKPETHBIX 3a/1au C 1[e/IbI0 TIOCTPOEHUs 60/iee COBEPIIIEHHBIX MOJIe/el;

HABbIKU:

BJIaJIeHUe MEeTOAMKAMHU TIPOBEJIeHUs THUIOBLIX THU/PO- T'a30[MHAMHUECKHUX PacueToB 00OPYJOBaHUS U
TpyOOIIPOBOIOB, OCHOBaMM pacueTa TPOLIECCOB TEIIOMAacCOTiepeHoCca B 3/IeMeHTaX TeIIOTeXHUUeCKOTO |
TETJIOTEXHOJIOTMYeCKOT0 000pYI0BaHUSI.

IICK-1.2

3HAHUS:

Ha ypOBHe TIpe[CTaBleHUN: OCHOBHbIMU aHAaJUTUUECKUMU U UHUCJIEHHBIMU METOJaMU pelleHus
anrebpanueckux W audQepeHIMATBHBIX YPaBHEHUH U WX CUCTEM; 3aKOHBI U OCHOBHbIE (DHU3HKO-
MaTeMaTHUecKrde MOJeNd IlepeHoca TeIvioThl M MacChl TPUMEHUTENbHO K TeIUIOTeXHUUYeCKUM |
TeTUIOTeXHOJIOTHUeCKUM yCTaHOBKaM U CHCTeMaMm;

Ha ypOBHE BOCIIPOW3Be/IeHUsT: OCHOBHBIE (DU3HUUeCKHe CBOWCTBA KUAKOCTEH M Ta30B, 00IIMe 3aKOHbI U
yYPaBHEHUS] CTAaTHUKW, KWHEMAaTUKW W JIUHAMUKW >KUJKOCTeH W Ta30B, OCOOEHHOCTU (U3MUECKOTO WU
MaTeMaTU4YeCKOT0 MOJIeJTUPOBAHUS OTHOMEPHBIX Y TPeXMEPHBIX, /JO3BYKOBBIX U CBEPX3BYKOBBIX, TAMUHAPHBIX
1 TypOy/IeHTHBIX TeUeHUH W/iea/lbHOM 1 peaslbHOM HeCXKUMAaeMOU U CKUMaeMOU JKU/IKOCTeH;

Ha ypOBHe TIOHUMaHUSI: TIPUHLIUIIBI TIPUMeHeHUsI COBpeMeHHbIX UH(POPMAaIIMOHHBIX TeXHOJIOTUM B HayKe
Y TIpeJMeTHOW JesATelbHOCTH; OCHOBHble METO/bl TEOPETUUYECKOT0 U 3SKCIIepUMeHTasbHOTO HCC/Ief0BaHUs
(U3NUeCKUX U XUMHUECKUX SIBIEHUM, METO/IbI MOWCKa M 00paboTKu WHGOpMAaI[UM KakK BPYYHYH, TaK U C
TpUMeHeHreM COBPEMeHHBIX MH(OPMaIIMOHHBIX TeXHOJIOTHIA;

YMeHuUS:

TEOpeTUUECKHe: WCIO/h30BaTh MaTeMaTHUeCKWUd armapaT U WHQOPMAaI[MOHHbIE TEXHOJIOTUH TIPH
W3yYeHUU eCTeCTBeHHOHAyUHbIX [JUCLUIUIMH; CTPOUTb MareMaThueckue Mofenu GU3NUYeCKUX SIBIeHUM,
XUMHYECKHUX TMPOLIeCCOB, IKOJIOTMUeCKUX CHUCTEM;

MpaKTHYeCcKue: paCCUUTHIBATh TUAPOAMHAMUUeCKHe TTapaMeTphl I0TOKA KUAKOCTH (Ta3a) Mpu BHeLTHeM
oO0TeKaHWM TeJl U TeUeHWM B KaHasmax (Tpy0ax), TMPOTOUHBIX YaCTIX TUZPO- Ta30[MHAMHUECKMX MallluH,
aHAJIM3MPOBATh Pe3y/bTaThl PEIIeHUs] KOHKPETHBIX 3a/]au C 11e/IbI0 TIOCTPOeHHUsT 60/iee COBEPIIIEHHBIX MOJIeJeH;
WCII0/Ib30BaHUe COBPEMEHHOTO CIIeLiMaIn3uPOBaHHOrO MPOrPaMMHOT0 0becrieueHus;

HaBbIKU:

B/IaJleHHe METOJUKAaMH IPOBEIeHUsT THIOBBIX THPO- Ta30JUHAMUYECKHUX PACUETOB 00OpYHAOBaHUS U
TpyOOIPOBO/IOB, OCHOBaMM pacueTa TPOLIECCOB TEIIOMAacCOTIePeHOCa B 3/IEMEeHTaX TeIIOTEXHUUeCKOTO |
TEeIJIOTEXHOIOTMYEeCKOT0 000pY/I0BaHUS.



2. MECTO ANCIIMIIVIMHBI B CTPYKTYPE OOII BO

Ouctunmisa JUHAMMKA BA3KNX JKUJKOCTH, TA3A U CTPYM sBnseTca AUCLUNIMHOM
yacrty, popMupyeMoii yuaCTHUKaMH 00pa3oBaTe/IbHbIX OTHOIIEHUH 0/10Ka 1, TporpaMMbl MOATOTOBKY T10
HarpassieHuto 24.03.05 [Jsuzamenu semamenbHblx annapamos.

CogepxaHve [JUCLMIVIMHBL SABISETCS JIOTUYeCKUM IpojospkeHueM gucuuiviviH: MEXAHWKA
KNIKOCTHN N TA3A, TEPMOJNHAMUKA.

Copep>xaHre AUCIMIVIMHBI SIBJISIETCS OCHOBOM [si ocBoenusi aucuuiimd: MOJEJIMPOBAHUE
BBICOKOUHTEHCUBHBIX ITPOIIECCOB.

Hpe,aBapHTeanble KOMIIeTeHLIH, C(I)OPMI/IPOBEIHHI:IE y 06yqa}01ueroc51 A0 HadaJ/la u3yueHud JUCLHUTIIIMHBI:

¢ OIIK-1 — CriocobeH MpUMeHsITh eCTeCTBeHHOHAYYHbIe U O0IIenHKeHepHbIe 3HaHUs1, METObI
MaTeMaTH4yeCcKOro aHa/iv3a U MOZlelIMpOBaHus, TeOPETUYECKOTO 1 SKCIIePUMEeHTa/IbHOIO UCC/Ie/JOBaHHUS B
rpodeccroHanLHON JesiTeIbHOCTH

e OIIK-5 — CrniocobeH 1CIo/b30BaTh COBPeMeHHbIe TIOJX0/bl U MeTO/[bl pellieHust PoeCCHOHATbHBIX
3a7iau B 00/1aCTH aBHUALIMOHHON M PaKeTHO-KOCMHUUECKON TeXHUKH

¢ OIIK-6 — CrniocobeH aHaM3UpOBaTh, CUCTEMATU3UPOBaTh U 000011aTh MHGOPMAIHI0 0 COBPEMEHHOM
COCTOSIHMU U NepCIIeKTUBAX pa3BUTHUS OTPac/d [BUraTeeCTpOeHUs U SHepreTHYeCKON TeXHUKU



3. CTPYKTYPA U COAEPXKAHUE JUCIIUII/INHBI

OO0111as TPY/I0EMKOCTh JUCITUTUTUHBI COCTaB/sieT 3 3.e., 108 u.

3.1. Copeprxanue (JUAAKTHKA) JHCLUATUTHHBI
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Pa3pen 1. JTamuHapHoe TeueHHe. YDaBHeHUs /IBH)KEHNS BA3KOW HeC)KMMaeMoi
4 7 [xuskocTn. CnoncTele Teuenns B3KOIf xKuAKOCTH. ToUHbIE PelIeHNs ypaBHeHHH 20 10 6 4 10 20 20
Hagbe-Crokca. HecrarjoHapHsle TeueHust. TedeHue B OKpeCTHOCTH KPUTHUECKOM
TOUKHU. BpaijarensHoe ABIKeHNe KUAKOCTHU.
Paspen 2. KonBekTuBHbIe Tedenus. Kpurepun nogobus. Ipubmokenne
4 7 Byccunecka. CBOG0HOKOHBEKTHBHBIN MOrPaHUYHBIN C/I0I HA BePTHKAIbHOMN 18 8 4 4 10 20 20
CTeHKe. CBO60AHOKOHB€KTHBHOE TeueHHe B 1ojiocTh. CMelliaHHas KOHBEKLWS.
Paszpen 3. Teuenue rasa B Tpy6ax. [i3oTepmuueckoe JBIDKeHHe rasa B
FOPH30HTA/ILHOM TPYGOIPOBO/e. 3aKOH COXPAHEHHsI SHEPTHH B MEXaHUUeCKOI
4 7 opme. YcTaHOBUBILIEeCST HEU30TEPMUUECKOE [IBI)KEHHE PeabHOro rasa B 18 8 4 4 10 20 20
rOpU30HTANIBEHOM TPyOOonpoBoze. TeueHHe BA3KOM XKUIKOCTH B TpyOax ¢
HCKYCCTBEHHOH 1 €CTeCTBEeHHOM I11epoX0BaTOCThIO.
Paspen 4. TypGy/sienTHbIe TeueHus. BosHukHoBeHue TypOynenTHOCTH. CpeaHue U
Ty/IbCallMOHHbIe Be/IMuMHbl. Oriepalius ocpejHeHus. KoppensiyoHHbIe
XapaKTepPUCTHKH TypOy/ieHTHOCTH. CleKTpasIbHbIN aHa/IN3 TyPOY/IeHTHBIX TeYeHHit.
4 7 Ipucrennas Typ6OyneHTHOCTb. [Ipo6iema 3aMbIKaHHsSI M OCHOBHBIE TIOZXO/IbI K ee 52 25 20 5 27 40 40
petuennto. Mogenu Typ6yneHTHOCTH. [10/{X0bI ¥ METO/bI BEIYHCIUTENEHOTO
MOJeTUpOBaHUsT Typ6yﬂeHTHl:IX u CprﬁHb]X TEeUeHUH BSA3KOH JKUAKOCTH Y rasa.
CrpyiiHble TeUeHHUsI ¥ TeYeHus B CJIefjax.
Bcero 3a 7 cemecTp 108 51 34 17 57 100 100
Bcero o gucnymmHe 108 51 34 17 57 100 100
3.2. AyUTOPHBIN IPAKTUKYM
Homep u
P Oo0nemMm,
Ne HavMMeHOBaHue
Tema MNPAKTUYECKOr'0 3aHATUA ay/.
n/n pasjena
JacoB
AUCITUITI/IMHBI
Pa3,qe11 1. PaCCMOTPEHI/Ie TUIIOBBIX 3a/id4: Te€UeHHs Hya3e1>’1n${, TeueHue KyE)TTa,
1 HHMI/IHapHOE TeueHre MeXXy BpalllaliolMMUCA QU/IKMHADPAMU, IepBasd U BTOPAsA 3a4dur 4
TeyeHue. Crokca
Pazgen 2. . .
OcobeHHOCTH MOJe/IMpOBaHKs KOHBEKTHBHBIW TeUeHHWK B COBPEMEHHBIX
2  |KoHBeKTHBHBIE 4
Crieria/JIn31upOBaHHBIX IMPOrpaMMHBIX Cpeax. P(:1360p MpUMepoB.
TeueHusl.
Paszen 3. TeyeHue OcobeHHOCTH MO/e/IMPOBaHWA JTaMHWHapHOI'0O U Typ6yfIEHTH01"O TeueHUus
3 FanB T ) 6ax B pr6ax C TIOMOIIIBKO COBPEMEHHBIX CITelUa/IM3MPOBAHHBIX 4
Py ’ MMporpaMMHBIX Cpen. Pa36op IMMpruMepoB.
Pa3,qe11 4, OcobeHHOCTH MO e/INPOBaHUA Typ6yneHTHOI‘O MOrpaHHUYHOI0 CJ10A C
4 Typ6yneHTHbIe TMOMOIIBI0 COBPEMEHHBIX CITeLIMa/IM3MPOBAHHBIX IIPOr'PAMMHEBIX Cpe[. 5
TeUeHHsI. Pazbop npuMepoB.
Bcero 3a 7 cemecTp 17
3.3. CamocTosnTenbHas padora crygenta (CPC)
No Homep n HaumeHOBaHHe Oombem,
Copep)xaHue yueOHOro 3ajaHus
n/n pPa3ae/ia JUCHUIIIMHbI yacoB
Brimonnenue npaktuyeckoro 3aganus Nel Ha Temy
1 |Pasgen 1. JlamuHapHOe " " 6
f[aMI/IHapHOQ TeueHue .
TeueHue.
2 W3yuenve marepuasna paszera. 4
3 W3yuenne maTepuana paszena. 4
Paszpen 2. KoHBeKTVBHBIE Y P DA
4 |revenus Brinonnenue npaktuyeckoro 3aganus Ne2 Ha Temy 6
"MopenvpoBaHve KOHBEKTUBHOTO TeUeHus "
5 |Pa3sgen 3. TeueHue rasa B N3yuenne maTepuasna pasjena. 4
6 |Tpybax. Brinonnenue npaktuyeckoro 3aganHvs Ne3 Ha Temy 6
6 22202




"Mo/ieTMpoBaHue TeueHus ra3a B Tpyoe".
7 Pasjien 4. TypGyeHTHbie N3yuenue marepuasna pasjena. 17
8  |reuenus Brinonnenue npaktuyeckoro 3aganus Ned Ha Temy 10
' "MogenupoBaHye TypOy/IeHTHOrO TIOrPaHUYHOTO CJ10st".
Bcero 3a 7 cemecTp 57
4. ®OPMBbI KOHTPOJIAA OCBOEHUA NTNCIIUII/IMHBI
CEMECTP HEJE/IN CEMECTPA
12 3 4|5/ 6 7 8/9/10 |11 12 13|14 15 16 |17
7 Otu. no 113 OP| Otu. mo 13 AP Otu. no 113 Ortu. no I13 | P

YcnoBHble 0003HaYEHVS:
e [P — qrarHoctrueckas pabora;
e Otu. o 13 — oTueT 110 NpakTUUECKOMY 3aZlaHUIO.

TeKyImui KOHTPOJIb YCIIeBaeMOCTH CTY/|eHTOB IIPOBOJUTCS B JUCKPETHbIE BpeMeHHbIe NHTePBaJIbl B
crefyrolmx Gopmax:

[IMarHoCcTUyecKasi pabora;
OTYeT 110 TIPaKTUYECKOMY 3a/IaHUIO.

IIpome)xyTouHas arTecTanusi IIPOBOJAUTCS B hopMax:
3K3aMeH.
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5. YYEBHO-METOJIMYECKOE 1 THO®OPMAIIMOHHOE OBECIIEUEHUE
TCIUATUIVHBI

5.1. OcHOBHas JiMTeparypa no JUCLUILIMHE:

1. B. H. EMenbsaHOB. . MojiesiMpoBaHue CBOOOJHOKOHBEKTUBHBIX TEUEHHI B TEXHUUECKUX O0LEKTaX.
CII6.FT'TY "BOEHMEX" um. [I. @. YctuHoBa, 2013, 371. pec.

2. 1. A. Benog, C. A. Vicaes. . MogenupoBanue TypOyneHTHbIX TeueHnid. CI16.BT'TY "BOEHMEX" um. [.
®. Yctunona, 2001, 16 3k3.

3. K. H. Bonkog, B. H. EMe/nbsiHOB. . Mozie/TMpoBaHye KPYIHbIX BUXPEH B PaCUéTax TypOy/IeHTHBIX
TeueHud. M.: DUSMATIINT, 2008, >51. pec.

4. K. H. Bonkos, B. H. EmenbsiHOB, B. A. 3a3umko. . TypOysieHTHbIe CTPYH - CTaTUCTUUECKHe MOJeU 1
MoJe/lMpoBaHNe KpymHbIX Buxpeil. M.: DU3MATIINT, 2013, 30 3k3.

5. M. C. fIkoBuyK. . BeiunciuTenbHble TEXHOJIOTUM PeLLeHHs 3a7,au MeXaHUKH JKUJKOCTH U rasa.
CII6.BI'TY "BOEHMEX" um. [I. ®. YctuHoBa, 2013, 3/1. pec.

6. H. A. Bprikos, B. H. EmenbsiHoB, 1. B. TerepuHna. . [luHaMuKa Bsi3koi >kugkoctu. CI16. BT TY
"BOEHMEX" um. 1. ®. YctuHoBa, 2021, 16 3K3.

7. H. A. Bpeikos, B. H. EmenbsiHOB, U. B. Tetepuna. . [InHamyKa Bsiskoit >xuzikoctu. CII6.BI'TY
"BOEHMEX" um. I. ®. YctuHosa, 2021, 3. pec.

5.2. JloronHUTeENBbHASA TUTeparypa o JUCLUIUIVHE:

1. A. IIk. PeiiHonbac. . TypOysieHTHBIe TeueHHs] B MH)KeHEPHBIX MPUIMKeHUsIX. M.: DHeprus, 1979, 2 3k3.
2. I IInuxTuHr. . Teopust norpanyryHoro cinosi. M.: Hayka. I'1. pea. ¢u3.-Mat. auT., 1974, 2 3K3.

5.3. Ilepuoguueckue U3gaHus:
He TpeOyroTCS.

5.4. TlepeueHb peCcypcoB UH(POPMAI[MOHHO-TE/IEKOMMYHHUKAIIMOHHOMN ceTy "VIHTepHeT", He0OXOAUMBIX /1/1sT
OCBOEHUS! TUCLIUTUIMHBI, 3/IeKTPOHHbBIE OMOTHOTEUHbIE CUCTEMBI:

1. https://urait.ru/ — O6pa3zoparesibHas riatdopma «HOpaiT». 15 By30B U CCY30B.;

2. https://e.Janbook.com/ — 3BC JlaHg;

3. http://library.voenmeh.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=474 —
dynamenTanbHasa 6ubmoreka BT TY «k BOEHMEX» um. [1.®. YcTHHORBA.

CoBpeMeHHBIe MpodeccroHabHbIe 0a3bl JAHHBIX:

1. https://rusneb.ru — HaijuoHaisHas 3/ekTpoHHas 6ubmoreka (HOB);

2. https://cyberleninka.ru/ - HayuHast aiektpoHHast 6ubnmoreka «KubeprieHuHKa»;
http://www.rfbr.ru/rffi/ru/library - ITonHoTekcToBas 37nekTpoHHas 6ubmoTeka Poccutickoro oHza
dbyHIaMeHTaIbHBIX UCC/IeI0BaHHI.

VHdopMaLoHHbIe CTIpaBOYHbIE CHCTEMBI:
1. Texakcriept — VTHGOPMaLMOHHBIN TIOPTa TEXHUYECKOTO perymvpoBanusi: HopMmbl, mpaBuia, CTaHAApPThI
P®;
2. http://library.voenmeh.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=457 - B/ TOCTos
cobcrBenHoi reHepauyu BI'TY "BOEHMEX" um. []. ®. YcTHHOBa;
3. http://www.consultant.ru/- KoncynsranTtIntoc- nH$opMalioHHbI# 1TopTa IpaBoBOM MHPOPMALUH.

5.5. TIporpamMMHoe obecrieueHue:

1. Ansys Multiphysics 2019 Teaching Advanced;
2. Matlab 2015a SP1.

5.6. ndopmaliioHHbIe TeXHOIOTUH:

B3aumogeiicTBre ¢ obyuaroumucs nocpegcrsom SMOC Moodle BI'TY «k BOEHMEX» um. [.®. YctuHOBa.



6. MATEPUAJ/IBHO-TEXHUYECKOE OBECIIEYEHUWE JUCITUII/INHBI

6.1. JleKijnoHHbIE 3aHATHSA:

CreLa/IM3UpOBaHHbIe TpeOOBaHus 110 000PYZAOBaHMIO OTCYTCTBYIOT; ayAUTOPHUS C TIOCAZOUHBIMU
MeCTaMHU I10 KOJIMYeCTBY CTYZIeHTOB; [OCKa.

6.2. IIpakTHyeckue 3aHATHA:

1. Ansys Multiphysics 2019 Teaching Advanced;
2. Matlab 2015a SP1.

6.3. Ilpouee:

1. pabouee MecTo rperiofaBaress, OCHaIleHHOe KOMITBIOTEPOM C JJOCTYNoM B VIHTepHerT;
2. pabourie MecTa CTYA€HTOB, OCHaIL|eHHbIe KOMITBEOTEPAMU C JOCTYTIOM B VIHTepHeT, npe/jHa3HaueHHbIe
I paboThI B 57IEKTPOHHOM 06pa3oBaTeNbHOU cpejie.



ITpunoxenue 1
K pabouyeii mporpaMme JUCIATLTHHbI
JUHAMUKA BA3KUX )KUAKOCTH, TA3A 1 CTPYHU

AnHoTanusa paboueii nporpaMMsl

Ouciunmida IUHAMUWKA BSI3KUX JKUJIKOCTU, TA3A U CTPYM ssnsercss AUCLUIUTAHON
yacTH, opMupyeMoii yuacTHUKaMH 00pa3oBaTe/IbHBIX OTHOIIEHH#H 0/10Ka 1, MporpaMMsbl MOTOTOBKH T10
HarpapyieHuto 24.03.05 /leueamenu nemamenbHbix annapamos. JUCIUIUIMHA peany3yeTcs Ha (dakynbTere A
PakeTHOo-KOCMMueckod  Texuuku BI'TY  "BOEHMEX" wum. [O.®. VYcrudoBa kadenpoit A9
[MITASMOT'A30AHAMUWKA U TETVIOTEXHUKA.

JucrunivHa HatjesieHa Ha hopMHpOBaHHe KoMhemeHYuli:
IICK-1.1 cnocobHOCTh UCIOB30BaTh 3HAHUS (yHJAaMeHTalbHBIX pa3/le/ioB  eCTeCTBeHHOHAyUHOTO U
MpoQeCCUOHANBLHOTO TUK/IOB /I TIOHUMAaHUsS (DU3UUeCKOM CYIIHOCTH pabourX TPOIECCOB SHEPreTHUYeCKUX
YCTaHOBOK aBUALIMOHHOW U PaKeTHO-KOCMHUYeCKOW TeXHUKU;
ITICK-1.2 criocobHOCTh pa3pabarhiBaTh (HU3MUECKHE U MaTeMaTUyeCcKhe MOJe/N TIPOIeCCOB, MPOTEKAIOIIUX B
JIBUTATeJISIX U SHeProyCTaHOBKAaX JieTaTe/IbHbIX allliapaToB.

Copep>xaHue OUCLUIUVIMHBI OXBaTbhIBaeT KPYr BOMPOCOB, CBSI3aHHBIX C MareMaTUUeCKUM OIMCaHWeM BSI3KUX
3G ¢eKTOB TIpY TEUEHWU KUJKOCTU U Ta3a. JMCIUIUIMHA HarpaB/jieHa Ha BhIPAOOTKY HAaBBIKOB, HEOOXOJUMBIX
IIST MICC/Ie[IOBATe/IbCKON JIesITe/IbHOCTH B 00/1aCTU CO3JaHUs HOBOW TEXHUKU U MHTEHCU(UKALUU paboumx
TPOLIECCOB B H3Je/NUAX BBICOKMX TEXHOJIOTHHM, a TakKe i TIPOBeeHUs MCC/Ie0BaHUN IIPOLIeCCOB U
ONTUMU3AIMK UX XapaKTePUCTUK B SHEPreTHYeCKUX YCTAaHOBKAX Pa3/MUHBIX THIIOB, [J/isi aKTUBHOTO BJafleHHsI
METO/JaM{ PacueTHOTO MO/Ie/TMPOBaHUSA TypOY/IEHTHOTO TeUEHHS U TeTyIoMacConepeHoca.

[IporpamMmoii JUCLUITIMHLI TTPelyCMOTPEHBI CJle/IyIollrie BHABI KOHTPOJIA:

TeKyuii KOHTPO/Ib YCIIEBAEMOCTH CTY/[eHTOB TIPOBOJJUTCS B JUCKPETHbIE BpeMEHHbIe NHTEPBAJIBI B
cnenyromux dhopmax:
e MATHOCTUYECKas paboTa;
*  OTYeT I10 NMPAKTUUECKOMY 3aZIaHHIO.

HpOME)Ky'TO‘lHaH dTTecTalus rMpoOBOJUTCA B CbOpMaXI
¢ D3K3dMeH.

OO01jast  TPYZI0EMKOCTh OCBOEHHSI UCIUIUIMHBI cocTaBiaser 3 3.e., 108 u. TIporpamMmoil AWCIUTUTHHBI

MpeAyCMOTPeHbI JIeK[MOHHbIe 3aHsATUs (34 4.), mpakthdeckve 3aHsaTusi (17 4.), camoctosTenvHast pabora
ctypenra (57 a).
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IIpunoxenue 2

K paboueli mporpaMme JUCIHTLTHHbBI
JUHAMUKA BA3KUX )KUAKOCTH, TA3A 1 CTPYHU

TEXHOJ/IOI'U 1 ®OPMbI OBYUYEHUA

PekoMeH/Jaliiy 110 0CBOEHHIO JUCHUILTHHBI /I CTyAeHTa

TpynoeMKOCTb OCBOEHMS JUCLMITIMHEI cocTaBageT 108 4., u3 HUX 51 4. ayJUTOPHBIX 3aHATHM, U 57 4.,
OTBe/|eHHbIX Ha CaMOCTOSITe/IbHYI0 paboTy CTyZeHTa.

PekoMeHzIalIK  TI0  pacripe/ie/ieHHI0  yueOHOTO BpeMeHU M0 BHJ]AM CAMOCTOSITE/TbHOM paboThl M
pasjeniam JVCIUI/IMHLI TIPUBE/IeHbI B TabTHIIE.

KOHTpO]Ib OCBO€HHSA [OUCHUITIMHBI TIPOU3BOAUTCA B COOTBETCTBUU C ITonoxxeHueM o TeKYIeM,

py6eXKHOM KOHTpOJIe yCIIeBaeMOCTH

Y TIPOMEKYTOUHOM aTTecTaly 00yUaroIyXcs.

®opMBbl KOHTPOJISI M KPUTEPUH OLIeHUBAHUs TIPYBe/ieHbl B TPUIOKeHHH 3 K Paboueii mporpamme.

HaumeHnoBaHue paboTbI Pexomenjyemas 1ureparypa prm:{?éKOCTb’
Paspen 1. J/lamuHapHoe TeyeHuUe.
I'. InuxTuHr. . Teopus norpanuyHoro ciosi: M.: Hayka.
BrInonHeHHe MPaKTUYeCKOTO I'n. pes. dpus.-mar. ., 1974 (7-15)
saziasust Nel Ha Temy "JIaMMHAPHO® H. A. bprikos, B. H. Eumenbs[HOB, . B. TetepuHa. . 6
— HuHaMmuika Bsi3koi »xugkoctu: CIT0.BI'TY
"BOEHMEX" um. [I. ®. Ycrunosa, 2021 (1-4)
H. A. bprikos, B. H. EmenbsHos, U. B. TerepuHa. .
Ivnamuka Bsizkoit xxugkoctu: CI16.BI'TY
Vsyueriiie MatepHasa pasjena. "BOEHMEX" nm. [I, ®. YctuHoea, 2021 (1-4) 4
Wroro mno pasgeny 1 10
Pa3pen 2. KoHBeKTHUBHBIE TEYeHHS.
Vsyuetiite MatepHana pasaena. B. H. EmenbsHoB. . Mogenuposanue 4
Brirno/Herue TPaKTHIECKOro CBOOOZJHOKOHBEKTHBHBIX TeUEeHUH B TEXHIUUECKUX
3apanns Ne2 Ha Temy o6bekrax: CI16.BI'TY "BOEHMEX" um. /1. ®. 6
MopenipoBaHie KOHBEKTHBHOTO Yerurosa, 2013 (1)
TeueHus".
Wroro no pasgeny 2 10
Pazgen 3. Teuenue rasa B Tpyoax.
Vsyuetiiie MatepHana pasena. A. ITx. PeitHonb/c. . TypOyneHTHbIe TeyeHus B 4
Brino/HeH#e TMPaKTHYeCKOro VH)XeHEepHBIX NpWIokKeHUusax: M.: OHeprus, 1979 (4)
fa'anHH Ne3 Ha TeMy I'. IllnuxTuHr. . Teopus norpanuyHoro cios: M.: Hayka. 6
MopenvpoBaHue TeueHus rasa B T'1. pesr. bu3.-mar. ., 1974 (20)
TpyOe".
Wroro no pa3geny 3 10
Pazjen 4. TypOy/ieHTHbIe TeUeHHS.
N. A. Benos, C. A. Hcaes. . MogenposaHue
W3yvenne marepuasna paszena. TypOyneHTHbIX Teuenmii: CI16.BI'TY "BOEHMEX" um. 17
O. ®. YcruHoga, 2001 (1-9)
K. H. Bosikos, B. H. EmenbsiHOB. . MozgenupoBaHue
KPYTIHBIX BUXpell B pacuérax TypOy/JeHTHBIX TedeHUit:
M.: ®U3MATIJIUT, 2008 (1-5)
BblirosiHeH1e MpakTHYeCKOoro M. C. fIkoBuykK. . BeruncivresibHble TeXHO/IOTUU
3ananust Ned Ha Temy peleHus 3a/jau MeXaHUKU XXUTKOCTH U ra3a: CII6.bI'TY 10
"MogenpoBanue TypOy/IeHTHOTO "BOEHMEX" um. [I. ®. Yctunosa, 2013 (8)
[OrpaHUYHOrO C/10s". K. H. Bonkog, B. H. EmenbsiHoB, B. A. 3a3UMKo. .
TypOy/neHTHbIe CTPYH - CTAaTUCTUYECKHE MOZe/IN U
MO/ie/IMpOBaHKe KPYTHBIX Buxpeii: M.: ®U3IMATIINT,
2013 (1-3)
Wroro mo pa3peny 4 27
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IIpunoxenue 3
K pabouyeii mporpaMme JUCIATLTHHbBI
JVNHAMMKA BA3KHUX JKUJKOCTH, I'A3A 1 CTPYU

®OH/J] OODEHOYHBIX CPECTB

®DoH/| O1[eHOYHBIX CPe/CTB, MO3BOJISIONIHE OL[eHUThL Pe3y/IbTaThl 06yUeHH s 10 JaHHOM AUCIUITINHE, BKIFOUYAIOT
B ce0s:

e UarHocTUYecKas paborta
*  OTYET I10 MPAKTUUECKOMY 3a/JaHHIO;
e 5K3aMeH.

Kputepuu onjeHuBaHus

JMuarnocruueckas: pabora
[uarHocTtrueckas pabora mpoBogutcs B popme Tecta B SNOC Moodle:

e TIpU MPaBUJILHOM OTBeTe MeHee ueM Ha 60% BOIPOCOB - He aTTeCcTalus;
e [IpU MPABHILHOM OTBeTe Ha 60% BOMpOCOB U OoJjiee - aTTecTalysl.

OTueT NMo NPaKTHYECKOMY 3a/{aHHI0

Otuer 110 npakTUyeckoMy 3aaanuto (I13)
Ortuert nio I13 nipeficTaB/seTCS B TIEYaTHOM BH/Ie B (hopmaTe, MpeyCMOTPEHHOM 111abi0HoM oTtueTa 1o T13.
Oruer no I13 fo/wkeH cofepykarb:
- IOCTAHOBKY 3a/laul, MaTeMaTU4ueCKyH MO/IeJIb ¥ OCHOBHBIE PaCUeTHbIE COOTHOIIIEHUS UCTIOB3YeMbIX
METO/IOB peIleHus;
- CXeMy pacueTHOM 06/1aCTH C XapaKTePUCTUKAaMU CETKU, KPaeBbIMU Y Haua/TbHBIMH Y CJIOBUSIMY,
peasii30BaHHLIMU B PeIIlaeMOM BapUaHTe;
- rpadryeckoe rpe/CcTaB/eHue TOyYeHHbIX pPe3y/bTaToB,;
- cofiepyKaHue MCC/IeIOBaTeIbCKOTO 3a/IaHusl, pe3y/IbTaThl BHIUKMCIATEIbHOTO MOZETMPOBAHKS, aHAN3 U
BBLIBOZIBI T10 TIPOBE/IEHHBIM HCCIIeI0BAHUSIM.

3awura 13

3amura 13 mpoxoauT B hopMe [0K/Ia/a CTyAEHTa 10 BbITOJHEHHOM paboTe ¥ OTBETOB Ha BOIIPOCHI
niperioziaBaresisi. IIporieiypa 3alyThl BK/IFOUaeT OTBEThI Ha BOTIPOCHI TIPEo/jaBaTelisi 1o paboTe U pa3zeny
Kypca. B xozie 3anutsi I13 o6yuaroruecs 0/DKHBI TIPOJIeMOHCTPUPOBATh 3HAHKS, YMEHUS U HABBIKH:

- KY/ILTyPY PeuH TTPU U3/IOKeHNUH CBOUX MBIC/IeH, IOTUUHOCTD B TIOCTAHOBKEe U M3/I0KeHUU MaTepuara,

- IOHVMaHKe MMOCTAHOBKY 3a/laui, 3HaHKe OCHOBHBIX IEMEHTOB MaTeMaTHueCKol MogiesH, (hopMy/IMpOBKa
Haua/IbHbIX ¥ I'PaHUYHBIX YCIOBHM, 000CHOBaHME OCHOBHBIX YIIPOILAIOIIUX ITOJIOXKEHUH;

- YMeHUe OTpe/e/TUTh MeCTO UCC/IeIOBAHHOTO SIBJIEHUSI B KOHKPETHBIX TEXHUUECKUX TIPOLIECCax U
yCTpOMCTBax;

- YMeHHe aHaJIM3UPOBAaTh MOTyUYeHHbIe pe3y/bTaThl U yMeHHe IMPOrHO3MPOBaTh XapaKTep MPOLeCCOB B
TeXHUYECKNX YCTPOMCTBAaX Ha OCHOBAHWY TIOYUYeHHBIX JJAHHBIX;

- YMeHHe CaMOCTOSITe/TbHO MOAU(UIIMPOBATh MaTeMaThyeCcKre MO/IeJI U TIPOrpaMMHBIe CPe/ICTBa JJis 1ieJieit
KOHKDETH3aIy WM PaciivpeHys 006/1acTy IPUIOKEeHUST Mo/lesiel, MCIT0/Tb30BaHHBIX B paboTe.

OrieHKa 3aluThl paboThl BhiCcTaB/sieTCs 10 100 6abHOM IIKasie C yUéToM:

- BeIrToIHeHue I13 — 40 0asios,

- ohopmIIEHHE TIOSICHUTETBHOU 3arucKy — 20 6aios,

- 3aII[UTa pe3y/bTaToOB, OTBETHI HA BOTIPOCHI U UX JIOTHKA, Ky/IbTypa peur — 40 6aios.
13 cuuTaetcs nmpuHsATol nipu Habope Oosee 80 GasioB.

[TepeueHb NpakTUYeCKUX 3aaHUM:

- ITpakTrueckoro 3aganus Nel Ha Temy "JlamuHapHOe TeueHue".

- ITpakTrueckoro 3aganus Ne? Ha Temy "MogenupoBaHue KOHBEKTUBHOIO TeYeHUs "

- ITpaktuueckoro 3aganust Ne3 Ha TeMy "MogenMpoBaHue TeueHus ra3a B TpyoOe".

- TTpakTrueckoro 3ajanus Ned Ha Temy "MogeupoBaHye TypOy/IeHTHOTO TIOTPaHUYHOTO CJI0sT".

[TpuMephI BBITIO/IHEHHBIX TIPAKTUUeCKUX 3aJjaHui nprBefieHbl B Y MK AMCLIUITTUHEL.

JK3amMeH
OK3aMeH, BK/IIOUAeT B Ce0st Ba KOHTPOJIBHBIX BOTIPOCA T0 BEIOOPY TperojaBaresisi U3 CIEMCcKa BOIIPOCOB
It cobeceloBaHUs T10 pa3zesiaM AUCIUITHHEI.
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IT71s1 TOJTyYeHUsT OIIEHOK 3a 3K3aMEH «XOPOIL0» WUTH «OTIMYHO» TPeOyeTCs BLIMOTHEHHE BCEX KOHTPOIBHBIX
MepONPHUSATHH 110 JUCLUIUIHE, TIPeyCMOTPEeHHBIX paboueli IporpaMMOi.

3HaHWs1, yMEHUS U HaBBIKW CTYIE€HTOB OMpefessTFoTCs CIeyIOLUM 00pa3oMm:

OLeHKH «OTJIUUHO» 3aC/TyKUBAaeT CTYAeHT, 0OHapyXUBIINM BCeCTOPOHHEee, CUCTeMaTUUYeCcKoe U IyboKoe
3HaHUe yyeOHOTO Marepuana, yMeHue CBOOOJHO BBITIO/IHATH 3a/laHMs, I1pe/lyCMOTpeHHbIe TIPOrPaMMOi,
YCBOMBIIIUM OCHOBHYIO U 3HAKOMBIH C TOTIOJTHUTE/TLHOM JTUTepaTypo, peKOMeHJ0BaHHOM ITporpaMmoii. Kak
TIpaBUJIO, OL|eHKA «OTINYHO» BBICTAB/ISETCS CTYAEeHTaM, YCBOMBILMM B3aHMOCBSI3b OCHOBHBIX MOHSATUN
JVICLIUTUTMHBI B UX 3HAY€HWH [Ij1s1 TproOpeTaeMoii podeCccry, MPOSBUBIINM TBOPYeCKHe CIIOCOOHOCTY B
TIOHVMAaHUH, U3/I0’KeHUH U UCTI0Ib30BaHUM yueOHOro Marepuaria.

O1eHKH «XOPOILO» 3aCy>KUBaeT CTYeHT, 0OHapyKUBLLIHM TIOTHOe 3HaHWe y4eOHOro MaTepuara, yCIenHo
BBITIOJTHSTIOLIWH TIpeIyCMOTPEHHBIE B IPOrpaMMe 3a/]aHusi, YCBOMBLLIWM OCHOBHYIO JIUTEPATYPY,
pPeKOMeH/I0BaHHYIO B Tiporpamme. Kak rmpaBuiio, Ol[eHKa «XOPOIII0» BBICTAB/SIETCS CTYIeHTaM, TT0Ka3aBIluM
CHCTeMaTH4eCKHi XapakTep 3HaHHUH 10 JUCLUIUIIHE U CIIOCOOHBIM K UX CAMOCTOSITE/TBHOMY TIOTIO/THEHHIO U
0OHOB/IEHHIO B X0/ie la/bHelIel yueOHOH paboThl U TpodeccroHanbHOM e ITeTbHOCTH.

OLeHKHU «y/Z|0B/IeTBOPUTE/IEHO» 3aC/TyKUBAeT CTY[eHT, 0OHapy KMBIINM 3HAHUSI OCHOBHOTO yueOHOTo
Marepuasna B 00beMe, HeOOXOAMMOM [isi labHelel yueObl v Tipe/iCTOosIIel paboThI 0 CIIeLUaaTbHOCTH,
CTIPABJISTFOIL{MICSI C BLITTOJTHEHWEM 3a/IaHHH, TPeJyCMOTPEHHBIX MTPOTPaMMOM, 3HAaKOMBIM ¢ OCHOBHOM
JUTepaTypoi, peKoMeH/J0BaHHOM IporpamMmoii. Kak npaBuio, olleHKa «y[,0B/1eTBOPUTE/ILHO» BbICTaB/IsIETCS
CTyZleHTaM, [JOITyCTHBLLIMM IIOIPELIHOCTY B OTBeTe Ha 9K3aMeHe U [1pY BBIIOJHEeHUH 9K3aMeHal[MOHHbIX
3a/1aHui, HO 00/1a/[aroIM HeOOXO[UMBIMH 3HaHUSIMH |15l UX YCTPaHeHHs 107, PyKOBOZCTBOM TIPeIofiaBaresisl.
OLleHKa «Hey/I0BIeTBOPHUTE/TBHO» BBICTABISIETCS CTYIEHTY, 0OHapY>KUBILIEMY TIPOOebl B 3HAaHUSX OCHOBHOTO
yuebHOro MaTrepuana, oMy CTUBLLIEeMY MTPUHLIUITHA/TBHBIE OLIMOKY B BHIMOJTHEHUH TIPeyCMOTPEeHHBIX
nporpammoii 3ajjannii. Kak mpaBusio, orieHKa «Hey/I0B/IeTBOPUTEIbHO» CTABUTCS CTYZleHTaM, KOTOphIe He
MOTYT MPOJO/DKUTh 00yueHHe WM TIPUCTYINTD K MPodeCcCHOHANbHOM AesTebHOCTH 110 OKOHYaHWH By3a 6e3
JIOTIO/IHHTE/TBbHBIX 3aHATUH [0 COOTBETCTBYHOILEH JUCLUILIHE.

[Tepeuensb 3K3aMeHALMOHHBIX BOIIPOCOB MpecTasieH B Y MK AuCLUTIIMHEIL.
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[MacriopT doHa OLIEHOUHBIX CPeJICTB

AyauTopHbIe
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Ortuet 1o
4 7 |Paspgen 1. JlamunapHoe Tedenue., 20 | 10 6 4 10 20 | 20 |mpakTHMYecKOMY
3a[jaHUI0
Paspen 2. KoHBeKTHBHBIE Order ro
4 7 A ) 18 8 4 4 10 20 | 20 |npakTUueckoMy
TeueHHs.
3a[jaHUI0
Paspen 3. Teuenue rasa B Order ro
4 7 s ) 18 8 4 4 10 20 | 20 |npakTUueckoMy
Tpybax. 3aJJaHUI0
Ortuet 1o
4 | 7 [Paspen 4. TypGynentirre 52 125 | 20| 5 | 27 | 40 | 40 |mpaktuueckomy
TeueHHs.
3a[jaHUI0
Bcero 3a 7 cemecTp 108 | 51 | 34 17 57 | 100 | 100
Bcero nmo aucIuIuInHe 108 | 51 | 34 17 57 | 100 | 100
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Kputepuu oneHuBaHus

IICK-1.1

Nel
Ne 2

Ne 3

Neo 4

Ne 5

Ne 6

Ne 7

Ne 8

Ne 9

Ne 10

Ne 1

Ne 2

Bonpocbl omkpbimozo muna:
B mopensx typbynentHocTH k-epsilon u k-omega Bemumnbl k , epsilon 1 omega o3HauaroT

BepHo 11 yTBepXK/ieHre, UTO TIPH TeUeHWH rasa B Tpybe OTHOCHTe/bHAs 11epOX0BaTOCThb He
B/IVsIeT Ha KPUTUUECKoe uncio PeliHonbaca

Kak 13BecTHO HauMHasi C HEKOTOPOTO MaJioro pasmepa TypOysieHTHbIe BUXPHU 1107, BO3[elCTBHEM
BSI3KOCTH JUCCUIIMPYIOT B TeIU10. XapaKTepHbIi pasMep MUHUMaJIbHBIX BUXPel ompe/ienseTcs
KOJIMOTOPOBCKHM MacIiTaboM, KOTOPBIH SIB/ISIeTCSl HAUMEHbBIIMM MaciTaboM B TypOy/ieHTHOM
TIOTOKe.

Harviiire dopmysy [/t pacueTa poCTPaHCTBEHHOTO KOJIMOTOPOBCKOT0O Maciitaba, UCIOb3yst
0003HaAYeHUS:

€ - CPeIHsAsl CKOPOCTh PAaCCEMBAHUS KMHETUYeCKOW SHEPTHY TypOy/IeHTHOCTH,

V - KUHeMaThueCKast BA3KOCTb KUJKOCTH.

Kak Ha3biBaeTcs Bsi3Kasi )KUIKOCTh, TEH30p HalpsDKeHU KOTOPO eCThb JInHeWHast QyHKLVS
TeH30pa CKopocTeit Aedopmariuu

BepHo /111 yTBepsKZieHe, UTO Ha TpaHUlLie CTPYH, UCTeKatolllel B HEMOJBIKHYIO OFHOPOJHYIO
cpezy, [aB/ieHre PaBHO BHELLIHEMY /laB/IeHHIO 3TOU cpefbl?

BepHo v yTBepskzeHre, uto Ha MKC (MexyHapoZHasi KOCMHUYecKas CTaHLMsA) eCTb
eCTeCTBeHHasl KOHBeKLUsl.

PaccmarpuBaeTcs TedeHue KyaTTa (BepxHss CTeHKa UMeeT CKOpOCThb U U Temrieparypy T_1,
HIDKHSISI CTEHKA HeToZIB)KHA U uMeeT Temrepatypy T_2, mpuuém T_2 > T_1. Kak Gyger
BBIIVISIZIETh TeMITepaTypHbIil Mpodub?

KpuTtepuansHoe 4nc/I0 XapakTepusytolliee OTHOLIIeHHe KHHeTHYeCKOM 3Hepruy MoToKa K
SHTa/bIINU Ha3bIBaeTCs

KpurepuansHoe unc/io XapakTepu3yrolijee OTHOLIeHHe BpeMeH! NpeObIBaHUs XKUAKOW YaCTULIBI
B PacCMaTpUBaeMol 00/1acTu TedeHHsl K XapaKTepHOMY BPeMeHH HeCTalMOHaPHOTO Mporjecca
HasblBaeTcst

BepHo JIN YTBEPXXAeHKe, UTO CUJIbI BA3KOI'O TPEHUA TTPpU Typ6y'JIEHTHOM " JlJaMHWHapHOM
TEeUEHHsAX PaBHbI
BOHpOCbl 3dKpblmo2o munda:

PaccmoTpuM TeueHue BOIM3M KOJeOMIONEHCS TI0CKOM cTeHKU. CIoH >KUAKOCTH, TIPUBOJUMBII
CTEHKOU B KojiebaTelbHOe [IBIDKEHHE, UMEET HEKOTOPYto TosIuHy h. Kak Oyaer MeHsITbCs
Be/IMUMHA h 1pU yMeHbIIeHNUH BSI3KOCTH?

- YBe/mmuuBaThbCs
- YMeHbIlIaTbCS
- He GyzeT usmeHsITbCS

- 3aBUCHUT OT YaCTOThI KOjie0aHUsI TIIaCTUHBI
Yucno PeitHonbzca (Re) onpesiensieTcss COOTHOILIEHUEM:
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Ne 3

Ne 4

Ne 6

pru-d
T

_ AMHAMKUYECKEAaA BA3IKOCTE Cpeasl

v

,TAg P - NNOTHOCTE Cpedb), U - CKOpOCTb, ¢ - XapakTepHbii pasmep, H -

 rae V- KMHeMATHYECKAA BRIKOCTL cpeakl, @ - koadduuyment

_ TemnepaTyponpoBoaHOCTH
u*
, rae u - CKOpOCTh, lJ’-j'_:l - 'WJ,Eanaﬂ TEMNDEMEOCTE NPW NOCTORHHOM JaBNEeHHA

Cy - AT
_ AT - pasnocTe Temneparyp

k-1

TEMNONPOBOAHOCTY Cpefkl

Kakoli morpaHi4HbIN C/10M COOTBETCTBYET OOJIbILIEMY CONPOTHUB/IEHUIO TPEHHUS
- JJaMUHapHbIN

- TypOy/IeHTHBIH

- He 3aBHUCHUT OT THIa NOTPaHUYHOIO C10sI

- 3aBUCUT OT XapaKTePUCTUK TeUeHHsl
[JusepreHius F B UunuHAprUUeckoi cucTeMe KOOpAWHAT 3aITUILIeTCS Kak

d ) = 14 ( aF) 1 52F¢,+52F2
e =rar\"ar) T 2 dp?  dz°
_ a.m oF, dF,
dw(T} = e + e
10F, 9F,
dw{F) ———( F.)+ P ?+ 37
dF, 1dF doF
div(F) = ——-g°+ - —2- z. g0
i (F) dr q+rd q"’+ﬁz 1

YToObl OPraHU30BaTh HEMPepPhIBHOE YCKOPEHUE IMOTOKA B KaHase HY>KHO

- MPOW3BECTH U3MEHEHHEe TeOMEeTPUH KaHasla: B J03BYKOBOM UaCTH KaHajla OpraHu30BaTh
Cy)Karollje CTeHKH, a B CBEPX3BYKOBOM - paclIMpSIOLLUe, TPU 3TOM B KDUTUUECKOM CeUeHHH
peasiu3yeTcsi 3ByKOBOE TeueHue.

- IPOM3BECTU M3MeHeHre HarpeBa MOTOKa: B J03BYKOBOM UaCTH KaHa/la OpraHU30BaTh
MHTEHCHUBHbIN TIOIOTPER MOTOKA, a B CBEPX3BYKOBOM - MHTEHCUBHBLIM OTOOp Ter/ia OT TOTOKa,
TIPYU 3TOM B KDUTUUYECKOM CEUeHUH peann3yeTcs 3ByKOBOe TeueHue.

- IIPOU3BECTH U3MEHEHME T10/1BOJa MdCChHI B IMOTOK: B ,E[OBByKOBOﬁ UdCTU KdHaJ/ld OpraHrU30BaThb
AOHOHHHTeﬂbeIﬁ moaBoOJA MaCChI I'a3a K IIOTOKY, a B CBerBBYKOBOﬁ - OTBOJ, MACChI I'a3a OT
IMOTOKa, IMPX 3TOM B KDUTHUYECKOM CEUEHHU pea/iM3yeTCda 3ByKOBOe TeueHue.

- OpraHMr30BaTh HETIPpEPBIBHOE YCKOPEHHKE TTOTOKA B KaHa/1Ie HEBO3MOXXHO

Ha kakoM pHCyHKe MpaBH/ILHO TIPe/ICTaB/IeHa 3aBUCMOCTh Oe3pa3MepHOro Ko3gdurpeHTa
TpeHus OT uncia Re fijist TeueHust B rafIkKux Tpybax?
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Ne 7

Ne 8

Ne 10

Inst onvicanuist TypOy/IeHTHOTO ABVKeHUs] PeHHO/B/IC MPeTIONOXKU, UTO

- CyljeCTByrOlre B ITIOTOKE MIHOBEHHLIE ITDOEKIIUKU CKOPOCTU U [AdBJ/IEHUSA HEO6XO,Z[I/IMO
3dME€HUTH ITy/IbCAIJTMOHHBIMU 3HAYE€HUAMHA

- CyLjeCTByrolire B IIOTOKE MIHOBEHHBIE ITPOEKIIUKU CKOPOCTU U AdBJ/IEHUS MOXHO TIPpeACTABUTh
KdK CyMMY UX OCPp€AHEHHBIX U IMYJ/IbCallMOHHbIX 3HAYeHUH

- [JIs1 OTIMCaHMs TypOy/IeHTHBIX Iy/IbCaliii CKOPOCTH U [JaBJIeHHsI HeOOX0AMMO OCpeJHeHHe
BA3KUX CUJI

- bombIre MacmTabbl TYPOY/IEHTHOCTH PAaCCUMTBIBAOTCA IBHO, a 3 (heKThI 60mee MeTKUx
BUXPEi MO/I/TUPYIOTCS C MCII0/Ib30BAHHEM TPABHJI ITO/ICETOYHOTO 3aMbIKAHHS

TypOyneHTHOCTb MOYKHO OTIPeZleTMTh KaK COBOKYITHOCTb pa3HOMAcIITabHbIX BUXpel. DT
03HayaeT, uTo TypOy/leHTHOe JBIKeHHe HeC)KUMaeMOM >KHJKOCTH MOXKET OBbITh ITPe/ICTaB/IeHo B
BHU/le CYTepIIo3ULIMHU Pa3/IMUHbIX BUXpell. B Takux CTpyKTypax CyllecTByeT Tak Ha3bIBaeMbIi
KaCKaZIHbIM MepeH0C 3HepryH, KOTOPbI MOJKHO OTpe/ie/IUTh Kak:

- TIporcXoaUT Mepe/iada SHEPTUr OT Oosiee MeKUX BUXpel K 6osee KpyrnHeiM. Haubonee
MeJIKHe BUXPHU MOJTyUYaroT SHEPTHIO OT OCPEHEHHOTO TeueHus, TIePejaloT IHEPTHI0 Bce bosee
KPYITHBIM, KOTOPbIE JUCCUITUPYIOT B TETLIO

- TIporcxoauT Mepe/iaua SHepruyr OT Oosiee KPYITHBIX BUXpel K Oonee menkuM. Haubonee
KDPYITHbIE BUXPH TOJIyUarOT SHEPTHI0 OT 0CPeJHEHHOTO TeUeHwUsl, epelaloT SHePruro Bce bonee
MeJIKMM, KOTOpble UCCUTIPYIOT B TEIIO

- I[TponcxoauT repesjava SHepruy oT 6osiee MeKKX M KPYTIHBIX BUXpel K cpeiHiM. Hanbosnee
MeJIKMe 1 KPYyTIHbIe BUXPH I10/Iy4Yar0T SHEpPTyi0 OT OCPeJHEHHOTO TeueHKs, Iepe/ialoT SHePrHio
CpeZiHNAM, KOTOpbIe AMCCUMTUPYIOT B TEII0

- [TpoucxoauT nepesjava SHePruy OT CPeJHUX BUXpeil K Oomee MesKiM U KpynHbIM. CpefHue
BUXDH TOTy4arOT SHEPIHI0 OT OCPeHEeHHOTo TeueHust. Harbosiee Meskue 1 KpyITHbIe BUXPH
[UCCUIIMPYIOT B TEIIO

Kakast u3 mogiesneii TypOysieHTHOCTH Oosiee J0CTOBEPHO OIMMCHIBAaeT TeueHre BOM3H CTEHOK?
- k-epsilon

- k-omega

- OZIMHAKOBO

- HY OJlHa He IMpUMeHKMa AJid OTIMCaHKA JaHHOI'0 TeueHud
HpeACTaBHeHHaH CucTeMa ypaBHEHI/Iﬁ COOTBETCTBYET HpI/I6J'II/I)KEHI/IIO BYCCHHECKH AJId 3aaa4n
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IICK-1.2

Ne 1
Ne 2

Ne 3

Ne 4

Ne 5

Ne 6

Ne 7

Ne 8

Ne 9

Ne 10

Ne 1

Ne 2

cBOOOTHOM KOHBeKI[UM. Kakoli ujieH B ypaBHEHUSIX IaHHOM CUCTEMBI OTBEYAET 3a
BO3HHUKHOBEHHE eCTeCTBEHHO KOHBEKTHBHOI'O TeUeHUs ?

Jdu oL

— 4+ — =)

or or . 1 2

Al Fa il i 1 dp 92u Pu

— Gt Ut—FV—=—=———t | —+—
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v o o 1 dp o P - )
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i (N cry LPOY ohr= ayt )

T il .r.fjr (r.j."'.jl. q'!."ijr.) N Qy 4 5

-+ 1 . .

o dhr iy dha? ihy? pe

6 7

Bonpocbl omkpbimoz0 muna:

TOHKMI €101 )KUAKOCTH, B KOTOPOM CYII|eCTBEHHO MPOSIB/ISIETCS BIUSHUE BA3KOCTU

BepHo 11 yTBep>KJjeHre, UTO XKUAKOCTb, B KOTOPOM OTCYTCTBYeT BHyTpeHHee TpeHHe
Ha3bIBaeTCs u/leaabHOM )KUAKOCTBIO

BepHo /1 yTBepsK/ieHre, UTo Ha pUCYHKe 1. n300pakeH 1poduib CKOPOCTH TypOyIeHTHOTO
TeueHUs], a Ha PUCYHKe 2. - JaMUHapHOIO TeUeHUs ?

1 a

77775777

e rrrrrr TTTT7777

BepHo /1 yTBepsK/ieHre, uTo 1py OaiiriacHOM JTaMHHapHO-TYPOY/IeHTHOM TIepexozie, CBS3aHHbIM
C BBICOKOH CTereHbI0 TypOy/eHTHOCTH BHEIITHEro MOTOKa, OTCYTCTBYeT YUacTOK JIMHEHHON
HEeYCTOMYMBOCTH, Ha KOTOPOM Pa3BUBAOTCs BOHBI TonnmuHa-InvxtuHra

BepHo /1 yTBepsK/ieHue, uTo rurnoTe3a byccrHecka as1st Mozieneit TypOy/ieHTHOCTH YTBepXKJaeT
TMPOTIOPLMOHATBEHOCTD A€BUAaTOPHOM YacTH TeH30pa TypOy/ieHTHBIX HarpsDKeHUH TeH30py
ckopocTeit fedopmariuii?

BepHo 11 yTBep>KJeHye, UTO TIPY TeueHUH rasa B TpyOe repexofHbIi pe)KUM TIOUTH He 3aBUCHT
OT OTHOCHUTE/IbHOU I11epOX0BAaTOCTH

BepHo 11 yTBep>KeHue, UTO TIPY TeueHWH ra3a B TpyOe, ueM MeHblile OTHOCUTEe/TbHAs
IIIepOXOBaTOCTh, TeM B OoJTbILIeM Auarna3oHe uncesn PeliHomnbca HabmogaeTcsi 0ObIuHOe
TypOy/ieHTHOe JBIKeHNe, COOTBETCTBYIOILee T/IaJ[KUM TpyOam

PaccmarpuBaeTcs TeueHue KyaTTa B KaHasle, I7je BepXHsisl CTeHKa UMeeT Temreparypy 11, a
HIDKHSIS1 CTeHKa TeruionsonuposaHa. Hapucylite pacripesienieHue TeMiieparypbl?

BepHo /1 yTBep>KJeHre, UTO JTAMUHAPHBIN TIOTPAHUYHBIN C/I0M COOTBETCTBYET OOMbIIIEMY
COTIPOTHBIIEHUIO TPEeHUsI, UeM TypOy/IeHTHBII?

HapucytiTe 3aBUCUMOCTb OTHOCUTEIHHOM 111ePOX0BaTOCTU OT urcia PeiiHombAca s ciyyast
TeuyeHMs rasa B B IVIaZIKOH TpyOe.

Bonpocbl 3akpblmozo muna:

[NorpaHuyHbIii €101 B WeanbHON )KUKOCTH:

- BCer/ia JlaMAHapHbBIN

- Bcerja TypOy/IeHTHBIN

- TaMUHAPHBIH, TIePeX0/HbIM WK TypOy/IeHTHBIN B 3aBUCMMOCTH OT uKc/ia Re
- OTCYTCTByeT

IpeacraBneHo ofHO U3 ypaBHEHUM CTAlIMIOHAPHOTO JIAMHHAPHOTO TIOTPAHUYHOTO CJIOS.
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UT0 0HO XapakTepusyet?

- YpaBHeHVe Hepa3pbIBHOCTU

- YpaBHeHVe U3MeHeHUs KOJIMUeCTBa JABYKEeHUS
- YpaBHeHUe COXpaHeHUs SHepruu

- YpaBHeHHe COCTOSIHUSA

Ne 3 Ha pucyHke oToOpa)keHBI paciipefiesieH!s1 CKOPOCTH BSI3KOM HeC)KMMaeMOM >KUAKOCTH MeXIY
JBYMs T1apaJijie/IbHbIMU IJIaCTHUHAMU, OJjHA U3 KOTOPBIX MTOKOUTCS, @ ipyrasi ABUKETCs B CBOei
IIJIOCKOCTH C MOCTOSIHHOM cKopocThio U. Kakoe 13 pacrpefesieHnii CKOPOCTU OTpakaeT [IPOCToe
TeueHune KysTTa (TeueHreM UHCTOTO CABUra)?

h

i e i

402 0 0.2 04 06 08 L0 12 147

- HeT NpaBWIBHOI'O OTBeTa
Ne 4 PaccmarpuBaeTcs TeueHue rasa B Tpyoe. Kakoe U3 yTBepKIE€HHUH SIB/ISIETCS TPABUIbHBIM?

- OTHOCHUTe/bHAs 111ePOXOBaTOCTh He B/IWseT Ha KpUTHYecKoe unciio PeiiHonb/ca
- [IepexozHBIN pe’KUM TaK)Ke TIOUYTH He 3aBUCUT OT OTHOCUTE/IbHOU I11ePOX0BATOCTH

- YeM MeHblIle OTHOCHTE/TbHASI I1IePOXOBATOCTb, TeM B OOJIbIlIEM Axarna3oHe unces PeliHombca
HabmoziaeTcss 00bIYHOEe TYpOY/EHTHOE JBUKEHHE, COOTBETCTBYIOIIee ITaZIKUM TpyOam

- TTpu Gonbinux unciaax Re, (TeMm Oosblile, YeM MeHbIIIE OTHOCHUTE/IbHAS [I€POX0BAaTOCTh)

K03 GUIMEeHT COTIPOTUB/IEHHS TIepecTaeT 3aBUCETh OT uncia PeliHosb/ca v omipeensieTcs
TOJILKO OTHOCUTETLHOMU IT11epOoX0BaToCThI0. [1py 5TOM 3HaueHHs Ko3dduieHTa pacTyT BMecTe C
OTHOCHUTETbHOU ITI€POX0OBATOCTHIO

Ne 5 PaccmarprBaeTcs TeueHMe MexXAy /10 CKUMU TI71aCTUHAMUA
U
L
P P>

L,
U

H

ITpu Kakux rapaMeTpax OyJeT eyl poduib CKOPOCTH:
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Ne 6

Ne 7

Ne 8

-p2>pL,Us=1,Ua=0
-p2>pL,Us=Un=0
-pl1>p2,UB=Un=0

-p1>p2,UB=-1,Un=1
Ha rpacduke orobpaskeHa 3aBUCHMOCTb OTHOCHTE/IBHOM 11€POX0BAaTOCTH OT uncsia PeliHomnbAca.
Kakoli 13 nepeunc/ieHHbIX KPUBBIX IMeeT MaKCUMaJIbHY0 OTHOCUTENBHYIO 111epOX0BaTOCTh

ig(1002)
1 TJI 4

1.0
09
0.8
0,7
0.6
0.5
04
0.3

A
.
B
6

a

0.2
26 30 34 38 42 46 50 54 58 62
Ig(Re)

Ha pucyHke nipe/icTaB/ieHbl 00/1aCTU YJHEPTETHUECKOTO CIIEKTPa TYPOY/IEHTHOCTH P BHICOKUX
3HaueHUAX urcia PeiHob/ca.

In(E) A

o6 3

T

In(k)

K kakoii 06/1acTi OTHOCUTCS IaHHOE YTBepsK/ieHre: 00/1aCTh COOTBETCTBYET
KPYITHOMACIITaOHBIM "3HeproHecyimm' TypOy/IeHTHBIM BUXPSIM C pa3MepaMu Topsiika
VHTerpajbHOTO JTMHEMHOTo MaciiTaba paccMarprBaeMoro TeueHus L, depraromym SHepruo us
OCpeJJHEHHOI'0 TeueHusl.

- Ob6macts 1
- Obnacts 2
- Obnacts 3

- Ko Bcem obsactam

Ha pucyHke nipeicTaB/ieHbl 00/1aCTH SHEPreTHUeCKOro CrieKTpa TypOy/TIeHTHOCTH TTPU BBICOKMX
3HaueHusiX urcia PefiHonbAca.
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In(E) 4

obn. 3

.
f

In(k)
K Kakoii 06/1acTi OTHOCUTCSI IaHHOE YTBEPIK/IeHHe: B JaHHOMH 00/1aCTH BAUSIHHAE MOJIEKY/ISIPHOM
BSI3KOCTH He TPOSIB/ISITCS, U SHEPrHst TypOy/IeHTHOCTH He TeHePUPYeTCs ¥ He AUCCUTIUPYET, a
JIMIB TIepe/IaeTcs OT 6osiee KPYITHBIX BUXpel K MeHee KPYIHBIM BUXPSIM.
- Obnacts 1
- Ob6mnacts 2
- Obnacts 3

- Ko Bcem obsactam
Ne 9 Ha pucyHKe 1ipe/icTaB/IeHbI 06/1aCTH SHEPTeTUUECKOTO CTIeKTPa TypOY/IeHTHOCTH TPH BHICOKMX
3HaueHUaX yncia PeiiHonbca.

In(E) 4

o6, 3

-

In(k)

K kakoit 06/1aCTH OTHOCHUTCS JAHHOE YTBEP)K/eHUe: B 00/1aCcTH JOMUHUPYIOT MEJTKHE BUXPH C
pa3MepamMu COM3MEepPHUMBIMU C KOJIMOTOPOBCKUM MaciiitaboM. Bsiskast AuccUmaiis Takux BUXpeit
TIePeBOIUT KUHETUUECKYIO0 SHEPrHi0 TypOy/IeHTHOCTH B TETIIO.

- O6mnacts 1

- Obnacts 2

- Obnacts 3

- Ko Bcem obnactsam
Ne 10 Kaxoii morpaHU4HbIN C/10M COOTBETCTBYET OO/bIIIEMY COTIPOTHUBIEHUIO TPEHHUS

- JIaMUHapHbIN
- TypOysIeHTHBIH
- He 3aBUCHUT OT THIIa IOrPAHUYHOTO CJI051

- 3dBUCHUT OT XdPAKTEPUCTUK TE€UEHHS
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