MUHUCTEPCTBO HAYKH 1 BBLICIIIET'O OBPA3OBAHWMA
POCCUNCKOU OEJTEPATTN
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PABOYASI IPOT'PAMMA AN CHHUIIIMHBI (MOAY.JI51)

YHCJTEHHOE MOJAE/THPOBAHHE ®HU3HYECKHX ITPOLUECCOB
IIEPEHOCA B TBEP/IbIX TE/IAX

HampasiieHue TOATOTOBKH (CHEIHATLHOCTD)
03.04.02 ®uzuka

HanpasieHHOCTb (PO(uIIb/ClIeNHaIn3alis) porpamMmbl
KOMIIBIOTEPHOE MOJIEINPOBAHKE HPH3HUECKUX MPOLECCOB U CTPYKTYP, METORI
npernojaBanus u3nKu
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Kadenpa OU3UKU
Kype 1
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PaGouast porpamMma coctasiieHa Ha ocHose PI'OC BO - maructpartypa 1o
nanpasyieHmio noarotosku 03.04.02 ®usuka (mpukas Muno6puayku Poccuu ot 07.08.2020
r. Ne 914)

PaGouast IporpamMma paccMoTpeHa i 0J00peHa Ha 3acelaHiu kadeapsl Pu3uKu
28.01.2025, mpoTokon Ne 4
3as. kadenpoi B ~ JI.M. Jlonrymus

PaGouyas nporpamMma 0100peHa METOANYECKOH KOMUCCH

uC
03.02.2025 r. mpotokon Ne 3 %OW/
[Tpencenareib 10.B. Comona
|
Pabouas mporpamMma cOCTaBJICHA: 7%
o1eHT Kapeapsl kadenprr Pu3nKH, KaH/. TEXH. HAYK . A.B. Konyus

PerieH3eHT: /g\/
3aB. kadeapoi [IMuM, n-p. TexH. HayK 1O.A. U3BekoB
4

/
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JIner akTyanusanuu padoyeil nporpaMmsl

Pabouast mporpamMma rnepecMoTpeHa, 00CykaeHa u 0100peHa s peanuzaruu B 2026 - 2027
y4eOHOM ToJTy Ha 3acefaHuu kapeapel Duznku

[Iporokonm ot 20 . Ne
3aB. kadenpoii .M. donarymux

PaGouas mporpamma nepecMoTpeHa, oocyxieHa u ogoopena s peanusanuu B 2027 - 2028
yueOHOM rojiy Ha 3aceqanuu Kapeapsl Du3UKU

[Iporokonm ot 20 . Ne
3aB. kadenpoii .M. Jonrymmx




1 Leau ocBOeHMS TUCHUNIIMHBI (MOIYJIA)

[ensimu oCBOCHUSI TUCHUIUIMHBI «HUCIEHHOE MOJIeIpOBaHNuEe (HU3HUECKUX
MIPOLIECCOB MEPEHOCa B TBEP/IBIX TEJIaX», B COOTBETCTBUU ¢ TpeboBaHusIMU DenepanbHOro
rocy/1apcTBEHHOr0 00pa3zoBaTesibHOro cranaapra BO 1o HanpaBieHHIO TOATOTOBKU
03.04.02 ®usuka (ypoBenb BO maructparypa), yreepxkaennoro 07.08.2020 r. (mpuka3 Ne
914), saBustoTes:

1) obecnieuenne 6a30BOM MOATOTOBKH, BKIFOYAIOIEH B c€0s1 M3yUCHHE U YCBOCHHUE
KJIACCMYECKHX OCHOB TEOPUH TBEPJOTO Teja, a TAKKe 3HAKOMCTBO C YHCICHHBIMU METOJaMHU
IIPH UCCIIEI0BAaHUU MTOBEPXHOCTHBIX U 0O BEMHBIX CBOMCTB TBEP/BIX TEJN C PA3IUYHOM
CTPYKTYpPOW;

2) ¢hopMupoBaHU€, BEICOKOT'O YPOBHS TEOPETUYECKOM 0a3bl 3HAHUI, TOCTaTOYHOM
JUIS @aHAJIKM3a U PEIICHUs COBPEMEHHBIX HAyYHBIX U TEXHUYECKUX IMPOOIieM, CBSI3aHHBIX C
UCIOJIb30BAaHHUEM CBOMCTB TBEP/ABIX TEJ B HAYKE U TEXHUKE.

2 MecTo qucHuIIMHBI (MOYJIs1) B CTPYKTYype 00pa3oBaTe/IbHOM NPOrpaMMbl

Jucnurmuaa YucneHHoe MoIeTUpOBaHe (PU3HUECKHUX MPOIIECCOB MEPEeHOca B
TBEPABIX TeJaX BXOJIUT B 0053aTeIbHYIO YacTh Y4€OHOTO IIaHa 00pa30BaTeIbHON
MPOrPaMMBI.

JIist u3ydeHusI TUCIUTUTMHBI HEOOXOTMMBI 3HAHUS (YMEHUS, BIIAJCHHS),
c(hOpMHUPOBAHHEIC B PE3YJIBTATE U3YUCHUS JUCIHUILINH/ TPAKTHK:

Jis u3ydeHust TUCIUIUIMHBI HEOOXOAUMBI 3HaHUS (YMEHHsI, HaBBIKH),
c(hOpMUPOBAHHBIE B pe3y/IbTaTe U3YUEHUS ONPEICIICHHBIX JUCIUILINH Ha YPOBHE
OakajaBpuaTa WIH CIIeHAINTeTa, Takux kak Oo6mas ¢usuka, TeopeTnueckas pusuka,
Brruucnurenbnas ¢pusnka, MeToibl MaTeMaTHYECKON GU3HKH, MaTeMaTHYSCKUN aHAJU3.

Taxxe HE0OX0AUMBI 3HAHUS (YMEHHUSI, BIafeHus ), GOPMUPYIOIIHECS apaIeTbHO C
M3y4YEHUEM JaHHOM NUCLUMIUIMHBI B PE3YJIbTATE U3YUEHUs JUCLHHUILIMH IEPBOTrO CEMECTPA
Maructparypsl: KoMnploTepHbIE TEXHOJIOTUN B HAyKE U TPOU3BOACTBE, Teopust TBEpAOro
Tena.

3naHus (yMEHUs, BJIaJICHNUs ), TOTYYSHHbIE IPU U3yYEHUU JTaHHOM IUCIIUTUINHBI
OyayT HEOOXOIMMBI AJIs U3YYECHUS TUCIUILTAH/TIPAKTHK:

KoMmnbroTepHble TEXHOJIOTHH B HAYKE U MPOU3BOJICTBE

Teopus TBepOTO TENA

[Ipon3BoACTBEHHAS - TPEAAUIIIIOMHAS MMPAKTHUKA

[Tpou3BoaCTBEHHAS - TPAKTUKA IO MOJYYEHHUIO MPpodecCHnOHaNbHBIX YMEHUN 1
OTIbITa MPO(ECCUOHANBHON 1eATeIbHOCTH

[ToaroroBka K mpoleaype 3alIuThl U 3aIIKUTa BBITYCKHOW KBATH(PUKAITHOHHON
paboThI

KoMmnbroTepHoe MOZeIMpoOBaHUE HAHOCTPYKTYP M UX CBOWCTB

3 Komnerenuuu ody4yarouierocsi, popmupyemsbie B pe3y/ibTaTe 0CBOCHUS

AUCHMILIMHBI (MOAYJIsl) ¥ IVIAHUPYEMble Pe3yJIbTAThl 00y4eHH s

B pe3ynbraTe 0cBOeHMS TUCHUIUIMHBI (MOaynsl) «YuciieHHoe MOoeTMpOBaHNeE
(GU3MYECKUX NPOLECCOB IIEPEHOCA B TBEP/IBIX TeIaX» 00yUaroIuics 10 KeH o0nagaTh
CJIEIYIOIIMMH KOMIIETEHIUSAMU:

KO,Z[ HHAUKATOpa I/IHIII/IKaTOp JOCTHIKCHUA KOMIICTCHIINNU

YK-1 CniocobeH ocyliecTBIATh KpUTHUECKHUI aHanu3 MpoOJIEeMHBIX CUTYallli Ha OCHOBE
CHUCTEMHOTO TO/IX0/1a, BRIPA0AThIBATh CTPATETHIO JCHCTBUN

YK-1.1 AHanuzupyeT npoOJeMHYIO CUTYalUIO KaK CUCTEMY, BBISBIISS €€
COCTABJISIFOLIME U CBSI3U MEXKY HUMU
YK-1.2 Kputnyecku olieHHBaeT HAAEKHOCTh HCTOYHHUKOB HH(pOpMAIINY,

paboTaeT ¢ IpOTHUBOPEYMBON MH(POPMALIUEH U3 Pa3HBIX HCTOYHUKOB,
omnpenenser npobenbl B nH(GOpMaIMK, HEOOXOJUMOM [T peIICHHS




poOJEMHON CUTYaAINH, U IPOSKTUPYET MPOLECCHI 110 UX YCTPAHEHHUIO

VK-1.3

PazpabaTpIBaeT 1 copepKaTeIbHO aprYMEHTUPYET CTPATETHIO PEIICHUS
poOJIEMHOM CUTYaIlMK HA OCHOBE CHCTEMHOTO ¥ MEXIUCIUTLIMHAPHOTO
MI0JIXO/IOB; CTPOUT CIICHAPUU PeaTU3aIlUK CTPATETUH, OTIPEACIISs
BO3MOYKHBIE PUCKH M TIpeJyIaras MyTH UX YCTPaHCHHS

OIIK-1 Cniocoben npuMeHsTh GyHAaMEHTAIbHBIC 3HAaHUS B 00J1aCTH (PU3UKH 711 PEIICHHS
HAy4YHO-HCCIIeI0BATENIbCKUX 33/1a4, a TAK)XKE BJIaJeTh OCHOBAMH I€arorukH,
HE0OXOIMMBIMHU ISl OCYIIECTBIICHUS TPETIOAABATENbCKOMN 1€ATEIbHOCTH;

OIIK-1.1

Hcnonb3yeT 3HaHuA (PU3NIECKUX 3aKOHOB M TPUHITUIIOB,
MaTeMaTHYCCKUH armapar JJis OMUCAHUs, aHAJIK3a, TCOPETUICCKOTO 1
SKCHICPUMCHTAJIBHOT'O UCCJIICAOBAHUA U MOACTIUPOBAHUA (1)I/I3I/I‘ICCKI/IX u
CHCTEM, SIBIICHHI U TPOIIECCOB, PEIICHUS HAYYHO-HCCIICI0BATEIbCKUX
3aa4 ¥ Mpo(hecCHOHATBHBIX 3a71a4

OIIK-1.2

3HaeT u HCIIOJIB3YCT 3aKOHbI U IPUHIUIIBI, MCTOAbI IICAArOTUKH U
IMPUMCHSCT Q)YHI[aMeHTaHBHBIC (I)I/I3I/I‘ICCKI/IC, MAaTEMATUYCCKUC U
MCKIAUCHUIITIMHAPHBIC 3HAHUS JJIS1 OCYHICCTBIICHUA HpeHOﬂaBaTeHBCKOﬁ
JACATCIIbHOCTH 110 y‘Ie6HBIM AUCHUITIIMHAM (((DI/ISI/IKB.», «ACTpOHOMI/IH»

OIIK-3 CriocobeH mpuMeHsITh 3HaHUsI B 00J1aCTH HHPOPMAIIMOHHBIX TEXHOJIOTUH,
HCIOJIb30BaTh COBPEMEHHBIE KOMITBIOTEPHBIE CETH, IPOTPAMMHBIE POIYKTHI U PECYPCHI
nH(OPMAaLIMOHHO-TEIIEKOMMYHHUKAITMOHHOM ceTu "MHTepHet" (nanee - cetsb "MuTepuet") ans
pelieHus 3a1a4 npodeccuoHaNbHON 1eATeIbHOCTH, B TOM YMCIIEe HaXOISIIMXCS 32
npeeaamMu NpoQuIbHOM MOATOTOBKH

OIIK-3.1

Omnpenensier 1 NpUMEHsIET He0OXOUMBIN NTepeYeHb MPOrPaMMHBIX
IPOAYKTOB, PECYpCOB HUH(POPMALIMOHHO-TEIEKOMMYHUKAIIUOHHON CeTH
"NHTepHeT" n mporpaMMHOro 00ecrieyeH sl, BBIOIHAET TPeOOBaHUS
UH(POPMALIMOHHOM 6€30MMaCHOCTH U MPUMEHSET B CBOEH IeATETbHOCTH
3HaHUS O COBPEMEHHBIX NH(OPMAIIMOHHBIX TEXHOJIOTHUSX U
IIPOrPaMMHBIX CPEACTBAaX JUIsl CO3aHUs MPOTpaMM U PELLIEHUH 3a7a4
npodeCcCHOHATIBHOM 1eATENTbHOCTH B 00JaCTH (PU3NUECKUX
UCCIIEN0BAHUI




4. CTpykTypa, 00b€M U copepkaHue JUCUUIIIMHBI (MOTYJISA)

OO6mias TpyA0€MKOCTh JUCIMIUIMHBI COCTABIISIET 4 3a4eTHBIX eauHuI] 144 akaja. yacoB, B TOM

qHCIIe:
— KOHTaKTHas pabora — 36,1 akaz. 4acos:

— aynuTopHas — 36 akaj. 4acos;

— BHeayauTopHas — 0,1 akan. 4acos;

— camocTosTenbHas pabora — 107,9 akas. dacos;

— B hopMe mpakTHuecKkoi moarorosku — 0 aka. vac;

®opma aTTecTalmu - 3a4€T ¢ OUEHKON

AynuropHas = o
KOHTaKTHas paboTa E z ®dopma TeKyIero
& =
B B aKaJ. yacax 3] Bun KOHTPOJIA
Paznen/ Tema 3 (B axan ) EB . P Kox
< 8 © | camocrosiTenpHON |  yCIIeBaeMOCTH H
JTUCLUTUTAHBI 3 [~ . | xommerenuuu
3 S 5 paboThI MIPOMEKYTOUHOM
nmab. | mpaxr. S
Tex. P 2'S aTTeCTaluu
3aH. 3aH. | O &
1. IMcKkpeTHbIE MOZIEIH TBEPAOTO
Tena
CamocrosTensHoe
n3ydeHue
JIUTEPATYPHI 110
TeMe, pelIeHue
I/IH[LI/IB’I/II[)I, QJBHBIX Tposepia
1.1 OgHOMepHast MOIENb 4 WHINBUIYaITbHBIX VK-1.1, VK-
JIOMAIIHUX
TIpYyro . JIOMAIIHUX 1.2, YK-1.3,
y
. 3aIaHuH, .
B3aMMOAECHCTBYIOIINX 6 17,9 3a/aHuii, onpoc, OIIK-1.1,
OCBOEHHE
MaTepHajbHbIX TOUEK IIPOBEPKA OTYETOB OIIK-1.2,
. MIPOrpaMMHBIX
OJIMHAKOBOW MaccChl 10 J1a0OPaTOPHBIM OIIK-3.1
MPOJIYKTOB,
pabotam
COCTaBJICHHE
OTYETOB I10
71a60paTOPHBIM
paboram
CamocrosTensHoe
U3y4YCHHE
1 JIUTEPATYPHI 110
TeMe, pelieHne
WHIVBHIYaTbHBIX Iposepka
1.2 Mozeis VInyro OMaIiIIHHX MHJUBUYyaJIbHbBIX VYK-1.1, VK-
B.BaI/IMoief/'ICl?,B p}(})]funx Hsanaﬂnﬁ AOMAIIIHHUX 12, YK-1.3,
Y 6 22 i 3aJJaHuH, OTpoc, OIlK-1.1,
MaTepHaJbHBIX TOUEK OCBOCHHE
HECKOJIbKUX COPTOB NPOrPaMMHBIX MPOBEPKa OTHCTOB OIIK-1.2,
p porp 110 1a00paTOPHBIM OIIK-3.1
MPO/IYKTOB,
paboram
COCTaBJICHHE
OTYETOB I10
1abopaTopHBIM
paboram
1.3 OnHOMeEpHast MOJIENTb CamocrosTensHoe IIpoBepka VK-1.1. VK
B3aMMOJICHCTBYIOLITIX n3y4YeHUe MHIUBHIYaTbHBIX 12 YK’ 13
MaTepuaIbHBIX TOYEK JUTEPaTyphl MO OMAITHHX i o
pHATLI 8 24 paryp AOME OIK-1.1,
OJMHAKOBOH MAacchl ¢ TeMe, pelIeHne 3a7aHui, o1poc, OIK-1.2
TOM aHTAPMOHHYHOCTH MHIVBHAYAJIBHBIX | MPOBEPKa OTYETOB !
€TOM aHrapMo oc all 0BEpKa OTIETO OHK31’
B3aMMOJECHCTBUS JTIOMAaITHUX 10 J1a00PaTOPHBIM '




3aJIaHUH,

OCBOCHHE
MPOTpaMMHBIX
[IPOLYKTOB, paboram
COCTaBJICHHE
OTYETOB I10
1a60paTOPHBIM
paboTtam
HWroro no pazaeny 20 63,9
2. HenpepeiBHBIE MOJETH
TBEPJIOTO Tela
CamocrosTenpHOe
n3yvdeHne
JIUTEPATypPHI MO
TeMe, pelIeHue Tposepka
2.1 Onmcanue WHIUBHUYaJIbHBIX
pacnpocTpancHus OMALIHIX nHauBuayaneHelx | YK-1.1, VK-
BO3MYIIIEHUI B TBEPAOM 3a/1aHuM, JIOMAIIIHIX 1.2, VK-1.3,
8 22 3aJJaHuH, O1poc, OIIK-1.1,
Telle P TOMOIIN OCBOCHHE
Ganus HDOIDAMMHEIX MIPOBEpKa OTYETOB OIlK-1.2,
YPaBHCHHA KOJIC porp 10 J1a00paTOPHBIM OIIK-3.1
CTPYHBI MIPO/IYKTOB, paboTam
COCTaBJICHUE
OTYETOB 10
1a60paTOPHBIM
paboTtam
CamocrosTenbHOe
U3y4YeHHE
JIUTEPATYPHI 110
TeMe, pelIeHue Tposepka
2.2 JisymepHas HHH;:SSZEE):HX uaauBuayansHeix | YK-1.1, VK-
IIEHTPATFHOCUMETPUIHAS 3a/1aHuH, FIOMAIITHHX 1.2, VK-1.3,
MO/IEITb PaCPOCTPAHCHUS 8 22 OCBOCHHE 3aNAHHH, oTpoc, OMK-11,
YIPYTUX KonebaHuH MIPOrPaMMHBIX TPOBEpKaA OTACTOB OIK-1.2,
10 J1ab0PaTOPHBIM OIlK-3.1
MPOJIYKTOB, paboTam
COCTaBJICHHE
OTYETOB I10
nabopaToOpHEIM
pabotam
Wroro no pazneny 16 44
HWroro 3a cemectp 36 107,9 320
Hroro no aucumruinye 36 107,9 3a4eT ¢ OLEHKON




5 O0pa3oBaTesibHbIE TEXHOJIOTHH

PesynbraTr ocBOEHUS TUCIHUILIMHBI «HUCIEHHOE MOAECTHPOBaHNE (PUZNIECKUX
MIPOIIECCOB MEPEHOCA B TBEPBIX TENAX»» — POPMUPOBAHUE Y CTYIEHTOB KOMITETCHIINN
MPEJCTABISAIONINX CO00I TMHAMUYHYIO COBOKYITHOCTh 3HAHHM, YMEHHA, BIaJCHUIA,
CIOCOOHOCTEH U JINYHOCTHBIX Ka4eCTB, KOTOPYIO CTYACHT MOXKET IPOJAEMOHCTPUPOBATH
1ocJyie 3aBepIleHus JaHHOH yacTu 0o0pa3oBaTebHON porpaMMel. it popMupoBaHus 3TUX
KOMIIETEHIMH U pealn3aluy NPeTyCMOTPEHHBIX BUAOB yueOHOI paboThl, B yueOHOM
nporiecce B KauecTBe 00pa30BaTEIbHBIX TEXHOJIOTUHA UCTIONB3YIOTCS TPaIUIOHHAS U
MOZYJIbHO-KOMIIETEHTHOCTHAS! TEXHOJIOTUU.

Y4eOHble 3aHATHS IPOBOJATCS B BUJIE

1) JTaGopaTopHbIX paboT

Pemenne gusnueckux 3agad Mpy MOMOIIY YUCIECHHOTO MOACTHPOBAHUS SBIISIOTCS
HEOTHEMJIEMOH M BaXKHOHM YaCThIO M3Y4YEHHUS COBpEeMEHHOro Kypca pusuku. Ha Hux, Ha
MpUMEpax KOHKPETHBIX 3a/1a4 YTIyOIISIOTCSl TEOPETHIECKHE OCHOBBI Kypca, TTOKa3bIBACTCs
UX [IPAKTUYECKOE PUMEHEHUE, BEIPAOaThIBAIOTCSl OCHOBHBIE BIIa/ICHUS JUIsl JalibHe e
CaMOCTOSITEJIbHON PaOOTHI.

2) KOHTPOJIBHBIX paboT.

KoHTtposnbHble paboThl HCIIOIB3YIOTCSA C LIEIbIO OLICHKH CTEIIEHHU YCBOCHUS KPYITHBIX
pa3zesoB WK COCTaBHBIX YacTell u3yyaeMoi AucuuIuInHbl. OCHOBHBIMU (POPMaMU KOHTPOJIS
SBJISIIOTCS MTUCbMEHHAs JOMAILHSAS KOHTPOJIbHAs paboTa, KOMIIbIOTEPHOE TECTUPOBAHHUE.

Ha naGopaTopHbIX 3aHATHAX IPUMEHSIOTCSA KaK aKTUBHBIE, TAK U MHTEPAKTUBHBIE
METO/bl 00Y4EHUs1, KOTOpPBIE B OTJINYME OT aKTUBHBIX METOJIOB, OPHEHTUPOBAHbI Ha OoJiee
LIMPOKOE B3aUMOJIEHCTBUE CTYACHTOB HE TOJIBKO € IIPENOAABATEIEM, HO U IPYT € APYTOM U
Ha JIOMMHUPOBaHHE aKTUBHOCTH CTYJCHTOB B Ipoliecce 00yueHus

6 YueOHO-MeTOAMYECKOE 0OOecTieYeHHe CAMOCTOATEILHOM padoThl 00yUYarommxcst

[IpencraBieHo B npuiiokeHuu 1.

7 OneHo4YHbIe CPEACTBA IJIsl IPOBEACHHUS IPOMEKYTOYHOM aTTeCTalluu
[IpencraBieHbl B IPUIOKEHUU 2.

8 YuedHO-MeTOAUYECKOE U HH(POPMAIIHOHHOE 00ecTIeYeHne TUCIHIIHHbI

a) OcHoBHasi IMTEpPaTYpA:

1. AbaxkymoB M. B. Jlexuiuu 1o 4uCiI€HHBIM METOAAM MaTeMaTHUECKON (U3UKH:
VYuyebnoe nocodue / M. B. AGakymos, A.B. I'ynun; MI'Y um. M.B. Jlomonocosa - M.: HUIL
NH®PA-M, 2013. - 158 c. - ISBN 978-5-16-006108-5 Pexum mocryna:
http://znanium.com/bookread.php?book=364601

2. Ctpexkanos 0. A. ®uszuka tBepaoro Tena: Yuednoe nocooue / 0. A. Ctpekaios,
H.A. Tensixosa. - M.: U] PUOP: HULL Uudpa-M, 2013. - 307 c.: 60x90 1/16. (nepemer)
ISBN 978-5-369-00967-3 Pexwum moctymna: http://znanium.com/bookread.php?book=363421

0) /lomoJiHUTe IbHASA JIUTEpaTypa:

1. KartmroHoB, A. M. ®u3nK0-MeXaHNYECKHE CBOMCTBA KOMITO3HUITMOHHBIX
MaTepuasoB. YIpyrue cBoicTBa [DnekTpoHHbIN pecypc] : MoHorpadus / A. M. KanutoHos,
B. E. Penpkun. - KpacHosipck: Cu6. denep. yu-T, 2013. - 532 ¢. - ISBN 978-5-7638-2750-7. .
Pexum noctyna: http://znanium.com/bookread.php?book=492077

B) MeTonnuyeckne yKa3aHus:
JlaGopaTopHbIi TPaKTUKYM 110 Kypcy «MonenupoBaHue GU3NIECKUX MPOIECCOB B



anepHbIX peaktopax» / Halimymun A.I'., UepTtkos 0.b., Anukun M.H. - Tomck:U3n-Bo
Tomckoro nonurex. yuusepcutera, 2015. - 111 c. - Tekct : anexTponHsIi. - URL:
https://znanium.com/catalog/product/701502

r) [Iporpammuoe obecneuenue u UHTepHeT-pecypcebi:

IIporpammHoe o0ecnieuenune

HaumenoBanue o
10 Ne norosopa Cpoxk neicTBUS JTULIEH3UH
MS Off_lce 2007 Ne 135 ot 17.09.2007 6eccpodHo
Professional
MathCAD v.15
Education J1-1662-13 ot 22.11.2013 OeccpouHo
University Edition
Borland Turbo
Delphi Nel12301 or 23.11.2005 6eccpouHo
ABC Pascal cB00OOIHO pactpocTpansemoe [10 0eccpouHo
IIpodeccnonanbubie 0a3bl JAHHBIX M HHPOPMALMOHHbIE CIIPABOYHbIE CHCTEMBI
HazBanwue kypca Ccbuika

DrekTpoHHbIe pecypchl oubnmuorekun MI'TY um. I'.1. https://host.megaprolib.net/M
Hocogra P0109/Web

9 MaTepuajibHO-TeXHHYeCKOe o0ecneyeHue JUCHUIIMHBI (MO1yJIs1)

MartepuanbHO-TEXHUUECKOE 00eCTIeYeHNE TUCIUIUIMHBI BKIOYAET:

MarepuanabHO-TEXHHUUYECKOE 0OeCTIedeHNe TUCIUIIINHBI BKIIOYALT:

AynuTtopuu 1151 J1abOpaTOpHON M caMOCTOATENbHOM paboThl 00yJarOLINXCS.
OcHalleHune: NepcoOHaIbHBIE KOMITBIOTEPHI € BBIXOJOM B MHTEPHET U JOCTYIIOM B
JIEKTPOHHYIO 00Pa30BaTENbHYIO CPEly YHUBEPCUTETA.



puioxenne 1
YueOHO-MeTOANYECKOE 00ecTIeYeHre CAMOCTOsITeILHOI padoThl 00yyaromuxcst
Ilpumepnvie memwl 1abopamopuvix pabom (JIAB):

JABb Nel «METOABI YHUCJIEHHOI'O UHTEI'PHPOBAHUA U JTHODPEPEHI[UPOBAH».

3amaya. [{yis u3BectHON QyHKIUH Y = Y(X), ONpeennuTe NepBYIO U BTOPYIO TPOU3BOIHBIC B TOYKE
C KOOPJMHATOM X, a TAK)Ke MHTETpall B HHTEpBaJe OT a 10 b

JIAB Ne2 « MOJJEJTMPOBAHHUE CUCTEM C OJHOH CTEIIEHBIO CBOEO/Ibl».

3amaua. meercss  (usnueckass cucTemMa C OJHOW CTEMEHBIO CBOOOIBI, COCTOSIIAs U3
WHEPIMOHHOTO 3JIEMEHTa MAcCcoi M, YIpyroro 3JeMEHTa JKECTKOCTBbIO K M JMCCHITAaTHBHOIO
3JieMeHTa ¢ KO3 PUIMEHTOM conpoTHBIeHUs I. OnpeaeauTs OTKIMK cucTeMbl X(), a Takxke ee
nepByio 1 Bropyro npousBoansie V(t), a(t), na Buemnee Bosaeiicteue Fx = Fy (1), eciin u3BecTHbI
HauanbHbie yeiaosus X(0), v(0).

JIAB Ne3 « MOJJEJIb IBYMEPHOI'O JABH)KEHHUS MATEPUAJTBHOW TOYKH ».

3amaua. MarepuanbHas TOUKa Maccoil M aBmkercs B cuioBoM moie Fy = Fy(Xy), Fy = Fy(X,y),
IPH 3TOM Ha Hee JEHCTBYET CHJa BSI3KOTO TPEHUS C HNPOSKIUAMHU Fix = - I Vy, Fry= - 1 vy,
HaIpaBJICHHAs! IIPOTHBOIOJIOXHO cKopocTu. HeoOxomimMo, 3Hast HauaabHbIE YCIOBHS Xo , Yo , Vox
Voy , IOCTPOUTH TPACKTOPHUIO ABMKCHUS TOUKH.

JABb Ned «MOLEJIb IBH?KEHUA CHCTEMbBI MATEPHAJIBHBIX TOYEKY.

Banaua. Umeetcs cuctema N wmarepuaibHBIX TOouek ¢ Maccamu m;, | = 1, 2, ..., N,
B3aMMOJICHCTBYIOIUX JAPYr C JAPYrOM C BHYTPEHHUMH CHJIaMH, Ha KaXAYIH0 M3 KOTOPBIX
JEeUCTBYeT BHEIIHss cuia. Mcxons W3 HayalubHBIX KOOPAMHAT X, Yi, U CKOPOCTEH Vyi, Vyi,
OTIpeIeITE KOOPINHATHI M CKOPOCTH MAaTepUABHBIX TOUEK B TIOCIEAYIOIIIE MOMEHTHI BPEMEHHU.

JIAB Ne5 « MOJEJIUPOBAHHUE KOJIEFAHUU CBA3AHHBIX OCLIUTJIATOPOB».

3amgaya: Umeercst cuctemMa w3 N OCHMILISITOPOB ¢ MaccaMd MU IKECTKOCThIO MPYXUH Ki,
CBSA3aHHbIE MEXAy COOOH yNpyrMMHU CBSI3IMH C JKECTKOCThIO (i . Ha kaxnplil ocummisrop
JICWCTBYET CHJIa BS3KOTO TpeHUs - I' 1i . 3aganbl HavanbHble cMmenienus & (0) u ckopoctu n; (0)
BCEX OCUMILIATOPOB. Ha oTnenbHble OCHMIIIATOPBI JeHCTBYET BBIHYXatomas cuna Fi: = Fi (t)
HEKOTOPhIE OCIMUIATOPBI KoneOmoTes mno 3akoHy &= ¢&;(t). M3BecTtHO, 4TO KpaitHue
OCLMJIIATOPBI  3aKperuieHbl (cBoOOAHbI). HeoOXoaumo mocTpouTh KOMIBIOTEPHYIO MOJENh
KoJie0aHUM CBSI3aHHBIX OCLUJUIATOPOB.

JAB Neb6 « MOAE/THPOBAHUE ABTOBOJIHOBAIX ITPOLIECCOB».

3anaua: Mimeercst nByMepHas akTHBHAs Cpela, COCTOSINAs U3 AJIEMEHTOB, KaX/Ibli U3 KOTOPBIX
MOYKET HAaXOJUThCSA B TPEX Pa3lIMYHBIX COCTOSHHSX: MOKOE, BO30OYXICHUU U pePPaKTEPHOCTH.
[Tpu OTCYTCTBHM BHEIIHETO BO3ICHCTBUS, SIIEMEHT HAXOIUTCS B COCTOSIHUM MOKos1. B pe3ynbrarte
BO3/ICUCTBUS JJIEMEHT NEpPEXOAUT B BO30YKICHHOE COCTOSHHE, HpuolOperas CIIOCOOHOCTH
BO30YXKIaTh COCEAHHE O3JIeMEHThl. Uepe3 HEKOTOpoe Bpemsi mociie BO30YKICHHUS AIIEMEHT
MEPEKIIIOYaeTCs] B COCTOSIHME PEePPaKTepHOCTH, HAXOAACh B KOTOPOM OH HE MOMKET OBbITh
BO30Y>KIEeH. 3aTeM 3J€MEHT caM BO3BpallaeTcs B MCXOJHOE COCTOSHUE IOKOS, TO €CTh CHOBa



npuoOpeTaeT CIOCOOHOCTh TEPEeXOAUTh B  BO30YXKAEHHOE coctosHue. Heobxomammo
IPOMOJICITUPOBATh MPOIECCHI, TPOUCXOSIINE B JTBYMEPHON aKTUBHOW Cpele NpPU Pa3TUIHBIX
napameTpax Cpeiibl ¥ Ha4ajJbHOM paclpe/ie]ICHUH BO30YKICHHBIX 3JIEMCHTOB.

JAB Ne7 «MOAE/THPOBAHUE PACIIPOCTPAHEHHNA BOJIHBI».

3anaua. MiMeeTcs HempepbiBHAs OJHOMEpHAs ympyras cpefa. 3aJaHbl KoJeOaHus OTIENbHBIX
9JIEMEHTOB CpeAbl M CKOPOCTh pacmpocTpaHeHus Bo3MmylleHus. Heobxoaumo pacuurtaTth
CMEIIIEHHUS JIEMEHTOB CPEIbl B MOCIEAYIOINE MOMEHThHI BpEMEHH.

JAE Ne8 «MOJEJIb ABJEHUU TEPEHOCA (TEILJIOIIPOBOJHOCTh, JUDDY3HUA,
BA3KOCTB)».

3anaua: Mimeercst mpsMOYToIbHas IIaCTHHA, KO3 PULIMEHT TeMIIepaTyporpoBOIHOCTH KOTOPOTO
3aBHCHUT OT KOOpAMHATHI a=a(X,Y). 3a/aH0 HaYaIbHOE pacipeaesieHue remieparypsl T=T(X,Y), a
TaK)Ke MOILITHOCTH (n ¥ KOOPJHMHATHI (X, Yn) HCTOYHUKOB Teria. Heo0XoMuMo H3yurTh H3MEHEHHUE
TeMIIepaTypbl pa3IMYHbIX TOUEK IIACTUHBI C TEYEHUEM BPEMEHH.

Cnucok BONIPOCOB /151 CAMOIIPOBEPKH:

Yo Takoe JUCIEPCUOHHOE COOTHOIIEHHE?

B uem pasznuune akycTH4ECKOW U ONITUYECKOM BETBEW KojaeOaHuii?

OT yero 3aBUCUT KOJUYECTBO aKyCTUYECKUX (ONTUYECKUX) BETBEH?

Kak 3aBUCHUT CKOpOCTh pacnpocTpaHEHHs] KosieOaHUII B OJHOMEPHOM LENOYKE OT Macchl

MaTEpUaIbHBIX TOYEK?

5. Kak 3aBucHT CKOpPOCTB pacrpocTpaHeHUsI KoJIeOaHUH B OJHOMEPHOMN LIENOYKE OT KECTKOCTH
CBA3U?

6. Uro Takoe (pa3oBasi u rpynmoBasi CKOpoCcTH?

7. Kak Biusger yuyeT aHrapMOHMYHOCTH B3aMMOJCHCTBHS Ha pe3yiabTaT YHUCIEHHOTO

JKCIIepUMeHTa?

B 4ém npenmymecTBo NCIOJIb30BAHNS HENTPEPHIBHBIX MOZEIIEH?

9. IlpoBeauTe aHANOTMM MEXAY BEIMYMHAMH, ONHCHIBAIOIIMMH HENPEPHIBHYIO MOJENb U
JUCKPETHYIO MOJIENb TBEPAOTO TENA.

10. KakoBsI yci0BHUs TIepexo/1a OT HeTPEPHIBHON MOJEIH K JTUCKPETHON?

11. 3anuimuTe aHATUTUYECKOE PEeLICHHE YpaBHEHUs KOJIeOaHUsl CTPYHBI.

12. 3anumunTe aHATUTHYECKOE PelIeHHe YpaBHEHHS KoieOaHuss MeMOpaHHI.

13. SIBHbIE U HESABHbIE PA3HOCTHBIE CXEMBI.

P

o

ITepeyennb BOpocoB Kk 3a4ery:
Yucnennslie MeTo 1. IHTEpIIONALINS 1 anmpoKcuManus GyHKIHOHATbHBIX 3aBUCUMO-
CTen.
YucnenHoe audepeHurpoBaHue U UHTETPUPOBAHHE.
YucneHHbIe METOBI TOMCKA IKCTPEMYMA.
BrrancnurenbHpie METOIBI TMHEHHOW anreOphl.
YucreHHble METO/IbI pelieH s cucTeM AudQepeHranbHbIX ypaBHEHUH.
CrnaitH-annpokcumarysi, UHTEPIOSLNS, METO/I KOHEUHbIX AJIEMEHTOB.
BoruncnuTenbHbIi SKcriepuMeHT. [ [puHIUIBI TPOBEIEHNS BBIYUCIUTEIBHOIO SKCIIEPUMEHTA.
TexHHUKa CHMBOJIbHBIX BBIYUCICHUH
0. Mogens, aaroputm, mporpamMma.
11. Anropurmuueckue s3bIku. [IpeacraBienue o s3bIKkax MPOrpaMMUPOBAHUS BEICOKOTO
12. ypoBHsi.
13. TlakeThbl MPUKIATHBIX TPOTPAMM.
14. OcHOBHBIE NPUHLIUIIBI MATEMAaTUYECKOI'O MOJIETUPOBAHUSI.

BOoo~NoOGRWDNE



15. DneMeHTapHBIE MATEMAaTUIECKHE MOJICIH B MEXaHUKE, THIPOJUHAMIKE, JICKTPOJUHAMHUKE.

16. YHUBEpCcaIbHOCTh MATEMATHYECKUX MOJIEIICH.

17. MeTonbl TOCTPOCHHSI MaTEMAaTHYECKHX MOJIENe Ha OCHOBE (PYHIAMEHTAIBHBIX 3aKO HOB
TIPUPO/IBI.

18. . BapranroHHbIC TPUHIIAITBI TTOCTPOSHUSI MATEMATUYECKUX MOCIIECH.

19. MeTo/b1 ucciieToBaHMs MaTeMaTUYECKUX Mojieiel. Y cToiunBoCTh. [IpoBepka aiekBaTHOCTH
MaTEeMaTHYECKUX MOJIEIIEH.

20. MaTemaTudyeckie MOJCIM B HAyYHBIX HCCICIOBAaHUAX. MaTeMaTHYECKUEe MOJCIH B
CTATUCTUYCCKON MEXaHUKE, SKOHOMHUKE, OMOJIOTHH.

21. MeTo1bl MaTEMaTHYECKOTO MOJICIIUPOBAHUS U3MEPHUTEIILHO-BBIYMCITUTEIIBHBIX CHCTEM.

22. mpubopa. IIpoBepka aneKBaTHOCTH MOJCIM HM3MEPEHUS U aJEeKBATHOCTH PE3yJIbTaTOB
PEAYKITUH.

23. Mopaenu nuHamuueckux cucreM. OcoOble Touku. budypkanuu. J{lunamuueckuii xaoc.

Memoouueckue pekomenoayuu 011 CAMOCMOAMENbHOU Padomvl CMyOeHmoe

IHoaroroska k 3a4ery

[lepen HavagoM MOATOTOBKM K 3a4eTy HEOOXOAMMO MPOCMOTPETh BECh MaTepuail H
OTJIOKHUTH TOT, YTO XOPOIIO 3HAKOM, & HAYMHATH YYUTh HE3HAKOMBIW, HOBBIN

Haunnaii roTOBUTBCS K 3a4€Ty 3apaHee, IOHEMHOTY, [0 YacTAM, COXPaHss CIIOKOMCTBHUE.
CocraBp IUIaH Ha KaKIbIH JICHb IMOATOTOBKH, HEOOXOAWMO YETKO OMPEASIUTh, YTO WMEHHO
CeroaHs OyJeT U3ydaThCs. A Takke HeOOXOIUMO OTPECIIUTh BpEeMs 3aHSATHH C YIETOM PHTMOB
OpraHusma.

K TpyaHo 3amommHaemMoMy wmarepually HEOOXOAMMO BO3BpalllaThCsi HECKOJIBKO pas,
MPOCMATPUBATh €ro B TEYEHNE HECKOIBKUX MUHYT BEYEPOM, a 3aTEM €ILIE Pa3 - yTPOM.

OdeHb MOJIE3HO COCTABIIATH MJIAHBI KOHKPETHBIX TEM U JIEP’KaTh UX B yMe, a He 3a3yOpuBaTh
BCIO TEMY MOJIHOCTBIO «OT» M «10». MOXKHO TakyKe MPaKTUKOBATh HAIMCAHUE BOIIPOCOB B BU/IE
KpPaTKOI0, TE3UCHOTO U3JI0)KEHUS MaTepHaa.

3ayunBaeMblii MaTepuan Jyd4ille pa3OuTh HAa CMBICIOBBIE KYCKH, CTapasich, 4TOOBI HX
KOJIMYECTBO HE TIPEBBIMAI0 ceMu. CMBICTOBBIE KYCKH MaTepHalia HEOOXOIWMO YKPYIHSITh U
000011aTh, BBIpaXKas TJIABHYIO MbBICTh OAHOM (pa3zoi. TekcT MOXKHO CHIBHO COKPATHUTH,
IIPEJCTAaBUB €T0 B BUJIE CXEMBI

Ilepecka3 TekcTa CBOMMH CJIOBaMH MPUBOJMT K JIYYHIEMY €ro 3allOMUHAHUIO, YEM
MHOTOKPAaTHOE YTEHUE, MOCKOJIbKY 3TO aKTHBHAs, OpTraHN30BaHHasl 11€7bI0 YMCTBEHHAs paboTa

Meroanyeckue yKa3aHUsi 10 BbINOJHEHHIO [JOMAIIHEr0 3aJaHUSl PEKOMEHIYETCS
CJIEZIOBATh CJeyIoleMy O0IIeMy alrOpuTMYy:
1. TIpopaboTaTh KOHCIEKT JEKLHU Ha MPEAMET BbISIBJICHHS HETIOHATHBIX MOMEHTOB T€-MBI.
2. B ciyvae HanmuuMs HEMOHSATHBIX MOMEHTOB C(OPMYITHPOBATH BOIIPOCHL.
3. HaiiThu ¥ u3y4uTh JONMOJHUTENBHBIH MaTepHal MO TeMe, HCIOJIb3YS PEKOMEHI0BaHHYIO
JUTEPaATypy U AJIEKTPOHHBIE peCcypchl yueOHBIX TocoOuii B ceTu MIHTepHeT.
OTBeTUTh Ha BO3HUKILINE B XOJ€ U3yYEHMS TEMbI BOIIPOCHI.
Beinucars TpakTOBKM OCHOBHBIX ITOHATHH, 3aKOHOB, IIPUHIIUIIOB U T.II. IIO TEME JIEKIIUH.
U3 nepeuHst BOMPOCOB K 3a4€Ty BBIOPATh TE€, KOTOPHIE OTPAXKAIOT COJEPKAHUE JIEKIIHH.
Haiit oTBETHI Ha 3TH BOIIPOCHI B TEKCTE JIEKI[UH U JOIOJHUTEIILHOM MaTepHae.
Odopmuth MaTeprai B MUCbMEHHOM BUJIE

N A

IHoaroroBka K BHINOJHEHHIO J1a00OPATOPHOI padoThI
JlaGopaTopHble pabOThI SABJIAIOTCA OAHUM M3 BUJOB MPaKTUUECKOro oOyueHus. Mx uenp —
3aKpeIIEHUE TEOPETUUYECKUX 3HAHMM, NMPOBEPKA HA ONBITE HEKOTOPHIX MOJOXKEHUM TEOpUH U



3aKOHOB, ITPUOOpPETEHNE MPAKTUYECKUX HABBIKOB, IPOBEIECHUM 3KCIIEPHUMEHTA, UCIOJIb30BaHUU
HpOCTENHIINX NPHOOPOB U aNaparos.

3agaHue Ha paboTy BBIAAETCS 32 HECKOJIBKO JIHEH /10 ee BbIIOJHEHHU. JlJ1s KaueCTBEHHOI O
BBINOJIHEHUS Ja0OPAaTOPHBIX PA0OT CTyIEHTaM HEOOXO0AUMO:

1) MOBTOPHUTH TEOPETHUUECKUI MaTepuall MO KOHCHEKTY M Y4€OHHMKY (COTJIACHO CIIHCOKY
JUTEPATYpPHI)

2) 03HAKOMUTHCS C OMHCAHUEM JIA0OPATOPHOM pabOTHI:

3) B cneuuanbHOM paboueil TeTpaau 3amucaTh Ha3BaHME M HOMEp PaOOThI, BBIUEPTHUTH
TaOMUIBl JJI  3allUCH  TOKa3aHuM nOpuOOpOB U  pe3yibTaTOB pacyera, IOATNOTOBHUTH
MWIIMMETPOBYIO OyMary, eciau TpeOyroTcs rpauueckue mocTpoeHus U T..1.

3) BBISICHMB LieJIb Pa0OTHI, YETKO IPEACTABUTh ce0€ MOCTaBJIEHHYIO 337a4y U CIOCOObI ee
JOCTH)KEHUS, IPOAYMATh 0’KUAAEMbIE PE3YJIbTATOB OIBITOB

4) cnenaTh NpeaBapUTENbHBIN TOMAIIHUI pacyeT, eciiv TpeOyeTcs B 3alaHuu

5) OTBETHTH YCTHO ¥ MUCbMEHHO HAa KOHTPOJIBHBIE BOIIPOCHI.

6) ColOuro1aTh OCHOBHBIE TIpaBHIIa O€30MACHOCTH IIPU paboOTe B 1a00paTOPHH.

I[TPABUJIA BBIIIOJIHEHMA JIABOPATOPHBIX PABOT
1.  3a xaxnoil mabopaTropHoil ycTaHOBKOHM paboTtaer He Oonee 2X cryaeHToB. ['pymma

pa30buBaeTCsl Ha MOATPYMIBI M3 2X 4YeJIOBEK OOBIYHO MO JKETaHWIO CTYAeHTOB. [loarpymmsl
bukcHUpyloTCs B XKypHaJIe MpernogaBaTeemM.

2. [Ipu ono3nanuu cryaenra Ha JIP:

- MeHee |5 MHH: CTYACHT JOIyCKaeTcs B 1a00paTopHio;

- Oosiee 15 MUH: CTYACHT IOIMYCKaeTCs B JIAOOPATOPHUIO C COOTBETCTBYIOIIEH OTMETKOW B
)KypHaiue rpynnsl. K cienyroment JIP cTyaeHT aonyckaercs npy HaJIu4uM JOIyCcKa U3 JeKaHaTa ¢
yKa3aHWEM IPUUYUHBI [TOJIy4EHUs JOIYCKa;

3. Bo Bpems JIP B naGopaTopuu MOTYT HaXOIMTHCS TOJNBKO COTPYIHHUKH KadeIpbl U
CTYAEHTBI U3 COOTBETCTBYIOILIEH Ipynmbl Mo pacnucanuio. O0g3aTenbHO MPUCYTCTBUE XOTS Obl
OJIHOTO Iperno/iaBaTess UM COTpYAHUKA Kadeapsl.

4.  CTymeHT JOmycKaeTcsl NpenojaBaTeleM K BBIIOJHEHHIO J1aOOpaTOpHON paboThI
TOJIBKO MOCJIE:

- MPOBEJIEHUS HMHCTPYKTa)ka IO TEXHHUKE O€30MacHOCTH M MOANUCU MOJIYYUBIIETO U
MPOBOAMBILETO HHCTPYKTAX B JKypHase rPyIIIbL;

- IpU HAJIUYUKM 0POPMIIEHHOTO XypHana (cMoTpu «TpeboBaHus K 0OpMIIECHHIO KypHalia
quist JIP»). Ilpu oTCyTCTBMM MM HE MOJIHOCTBIO 3alI0JIHEHHOM XypHaie JIP:

- IPOCTABJISIETCS] COOTBETCTBYIOLIAS] OTMETKA B )KypHaJIe TPYIIIIbI;

- CTYZICHT TOTOBUT JKypHaJl B JIaOOpaTOpuH;

- IIpM HAJIWYMM BPEMEHHU CTYACHT JOINYyCKaeTcss K BbimoiaHeHuto JIP (Bpemsi Hauana
BeITIOJTHEHHS JIP B 3TOM citydae mpocTaBiiseTcs B )KypHAJIe).

['oTOBBIN >KypHaJ MOAMKUCHIBAETCS MpENoiaBaTeeM, TaKkKe JIeIaeTcsd COOTBETCTBYOIIAs
OTMETKa B KypHaJI€ TPYIIIbL.

5.  CryneHThl BBINOJHSIOT OMNBITHI B COOTBETCTBUM C HMHCTPYKIHUEH IO TEXHUKE
0€30MacHOCTH.

6. B xozxe BemosHenus JIP mpenonaBarens OTBeyaeT Ha BCE BONPOCHI CTYJIEHTOB I10
teme JIP.

7. B xoge JIP B )xypHai 3aHOCSTCS:

- UCXOJHbIE MapaMeTphl (XapaKTEPUCTUKU OIBITHOW YCTAaHOBKH, aTMOC(EpHbIC JTaHHBIEC,
TOYHOCTb U3MEPHUTEILHOTO 000PYI0BaHUS H T.I1.);



- U3MepsieMble MapaMeTphbI;

- YCJIOBHS OIBITOB;

- pe3yJIbTaThl BEIYUCICHUH (B TOM YUCIIE TPOMEKYTOUHBIE U YEPHOBBIE).

8. [Tocne cHsATUS 3aMepoB, MPOBENEHUS HEOOXOIMMBIX pAacuyeTOB M TMOCTPOCHUS
rpaduKOB, CTYACHT JIOJIKECH MPEACTaBUTH MOJTyYSHHBIE PE3YIIbTAThl MPEMOAABATENIO Ha ITOIHUCH.
Taxxe nenaercs COOTBETCTBYIOIIAs OTMETKA B JKYPHAJIE TPYIIIIBL.

IoaroroBka k caiaye J1abopaTopHoOil padoThI

Jnst 3anuThl 1TabopaTopHOK paboThl HEOOXOIMMO 3aMOJIHUTE oTYeT O JIP

2. 3ammTa BBIMOJHEHHOH JIA0OpaTOPHOM pabOTHl TPOBOIUTCS:

- 1 4xvacoBbix JIP: B yacel ganHo# JIP B COOTBETCTBHUM C pacIMCaHUEM;

- 151 2x4yacoBeIX JIP: B 3TOT Wim Apyrue THU B 4achl B COOTBETCTBUM C PACIIUCAHHUEM.

3. 3amuTa BBIMOJIHEHHON Jab0paTOpHO pabOTHI MPOBOAUTCS TOMY K€ IIPEIO/IaBaTelNio, ¢
KeM mpoxoauiio e€ BeimosnHeHune. Jlomyckaercs cinada JIP nextopy xadenpsi

4. TpeboBanus npu 3amure JIP:

4.1. IlpenonaBarens oneHuBaeT JIP B coOoTBeTCTBUM € MpoOrpamMmoin Kypca U MpOCTaBIIseT
OLICHKY B >KypHaie JIP u B )xypHaiie rpymisl.

4.2. TlpenogaBaTenp BlpaBe OTKa3aTh B npueme JIP mo mu4yHbIM npuyruHaMm.

4.3. [IpenonaBarenb 00s3aH npuHATH JIP mpu:

- Hannuuu xypHana JIP, obopmienHoro B coorBeTcTBUU ¢ «TpeboBaHus K OPOPMIICHUIO
)KypHana s JIPy;

- JINYHOM BBITNIOJIHEHUU cTyAeHToM JIP;

- COBIIAJICHUU PE3YJIHTATOB OIBITOB C KOHTPOJIBHBIMH 3aMepamMu ¢ TOYHOCTHIO 710 20 % unu
JI0 OTJENBHO YKa3aHHOM B KOHKpeTHOM JIP TouHOCTH.

- TUCbMEHHOM BEPHOM OTBETE Ha KOHTPOJBHBIE (TECTOBBIE) BOMPOCH! U3 YTBEPKIECHHOTO
kadenpoii cnucka, HaMmMCaHHOM B MPUCYTCTBUU MPEIoaaBaTes.



Hpuioxenne 2

«OueHoYHbIe CPEACTBA JIJIsl MPOBEIEHUS MPOMEKYTOUHOM aTTecTAlMI»

[lo paHHOW AMCHMIUIMHE NPETyCMOTPEHbl PAa3JIMYHbIE BHJIBI KOHTPOJS PE3YIbTaTOB
0oOydYeHUs: TEeKyIIUd KOHTPOIb (IPOBEpPKA BBHIMOIHEHUS JTa0OpaTOPHBIX 3aJaHUil), UTOTOBBIN
KOHTPOJIb B BUJIE 3a4€eTa.

Crpykrypupiii| 1lIaHupyembie
JJIEMEHT pe3ynbTaThl Ol1ieHOYHbIE CPEACTBA
KOMIICTCHIIUN 06yquHﬂ

YK-1: Cnioco0eH ocymiecTB/ISTh KPUTHYECCKHIA AaHAIN3 IPO0OJIEMHBIX CHTyalliii HA OCHOBE
CHCTEMHOI0 MOAX0/1a, BLIPA0ATHIBATH CTPATETHIO A€ CTBHIA

AHanu3upyer Ilepeuens 60npocos 014 n0020MOBKU K 3auemy:
IPOOJIEMHYIO
CHTYaLHIO xak | 24 YucneHnHbie METOJBI. HuTepnosinus 51

anmpoOKCUMAaIus PYHKIIMOHAIBHBIX 3aBUCHMO-

25. cTeil.

26. Yucnennoe nudpepeHnnpoBaHre 1 HHTETPUPOBAHUE.
27.  YwucneHHBIC METOJBI ITOMCKA IKCTPEMyMa.

28. BrraucnurenbHple METOIbI TMHEHHOM anreOphl.

29. Uucriennoie METO/IbI perieHus CUCTEM
TuddepeHIaIbHbIX YpaBHEHUH.

CUCTEMY, BBIABIIAA
€€ COCTaBJIAIOIIUC
U CBiA3U MCKAY
HHUMU

3anaHus AJI1 CaMOCTOSITENIBHOTO PELIEHHUS.

1. Ha ocHOBe KOMIBIOTEPHOH MOJAENN H3YyYUTE JBUKECHHE
JBYX WM TPEX YacTHIl, MEXAY KOTOPBIMH AECUCTBYIOT CHUJIBI
HPUTSKEHUS.

2. VI3yunte IBWKEHUE JBYX MaTepHAIBHBIX TOYEK, MEXKIY
KOTOPBIMHU JNENCTBYIOT CHJIBI OTTaJIKUBAHUS.
IIpomoenupyiTe HEHTPAIbHBIA U HELEHTPAIbHBIN yaap.
YK-11 3. [Ipomoaenupyiite pa3pbIB CHapsJla HA HECKOJIBKO OCKOJIKOB
Pa3IMYHOM MacChl B OJHOPOAHOM I0JI€ TsKeCTH. [Ipn B3pbIBE
BO3HHUKAET CHUJIa OTTAIKUBAHUS, OBICTPO YMEHBILAIOMIASACS 110
Mepe yJaneHus1 OCKOJIKOB.

4. N3yuute JBUYKEHUE MaTepUaIbHOU TOYKH B
rPaBUTALlMOHHOM TIOJI€ JABYX MacCHBHBIX Ten. lIpoBenwnre
BBIUMCIIUTEIbHBIE KCIIEPUMEHTHI IIPU PA3IMYHBIX HAYaJIbHBIX
KOOPJIMHATAX U CKOPOCTSX TOYKH.

5. IlpomosenupyiTe IBUKEHUE HECKOJIBKHUX IJIAaHET U KOMET
COJIHEYHOM CUCTEMBI, YUUThIBasA, 4TO Macca CoJIHI[a BO MHOTO
pa3 OoJibIlIe Macchl TH0O0H TIaHETHI.

6. [Tpomoeupyiite JIBUKECHUE MOJIEKYH rasa B
IIPSIMOYTOJIBHOM 3aMKHYTOM COCyA€. Y4YTUTE, 4YTO IIpHU
COyJapeHUU MOJEKYJbl ¢ TOPU30HTAJIbHOU (BEPTUKAIBHOM)
CTEHKOH cOCy/la BepTUKajJbHas (TOPU30OHTAIbHAs) MPOEKLUS
€€ CKOPOCTH MEHSIET CBOM 3HAK HA MPOTUBOIOIOKHBIM.

7. Ilpomonenupyiite nuddysuto apyx razos. [lycte BHayame
MOJIEKYJIBI C MACCAMHM M 3aIIOJIHAIOT JIEBYIO IIOJOBUHY COCY /A,
a MOJIEKyJbl ¢ MmaccaMu M -- mpaByro. 3ajaiiTe ciaydaiiHble
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3HaueHuss  ckopocred  Mousekyn.  Kak — u3MeHsercs
KOHLEHTPALUsl MOJIEKYJI ra30B B COCY/IE€ C TEUEHNEM BpEMEHNU?
8. IlpomozenupyiTe BM)KEHUE MOJIEKYJ ra3a B OJHOPOAHOM
nosie Tspkectd. [loaTBepauTe, 4Tro MO Mepe YBEIMUYEHUS
BBICOTBl KOHLIEHTPALMs MOJIEKYJ Tra3a yMEHbBINAETCS 110
HKCIIOHEHIIMAJILHOMY 3aKOHY.

9. IlpomozmenupyiiTe  JIBHMXKEHHE  MOJIEKYJ  Taza B
IPaBUTAIIMOHHOM II0JI€ I1apa OOJIBIION MacChl

3anaHus 11 CaMOCTOSITEIIBHOTO PELICHUS.

1. Ilonyunte Mozenb OAMHOYHOM BOJHBI BO30YxaeHus. J[is
3TOr0 JOCTaTOYHO OAMH M3 JJIEMEHTOB AKTHUBHOW Cpeibl
NIEPEBECTH B BO30Y)KJICHHOE COCTOSTHHE.

2. [lpomonenupyiite  ceputo  aBTOBONMIH. [l 3Toro
HEOO0X0aMMO, 4YTOOBI OAWH W3 DJIEMEHTOB COBEpIIAT
HepuoIM4yecKue KojeOaHus, TO €CThb aBTOMAaTHYECKH dYepe3
3aJJaHHOE€ YHWCJIO IIAaroB MEpexoJusl B  BO30YXKIECHHOE
cocrosinue 1. Takoli anemMeHT Ha3pIBaeTCa OcLULIATOpoM. Jlis
IIOJIyUYEHUSI CEPUU aBTOBOJIH CJIEYET aKTUBU3UPOBATH CTPOKY
¢ moMetkoi# "Ocuusstop 1".

3. Ilpomopenupyiite audpakmuo aBToBONH. s 3TOTO
HE00X0/IMMO CcO3JaTh BOJHY, Ha IYTH KOTOPOI PacrookeHO
IIPENATCTBHE, HAIPUMEDP, HENPO3pPAYHBIM 3KPaH, COCTOSIIHN
U3 HEBO30YXIAIOUINXCS 3JEMEHTOB, PACIONI0KEHHBIX BJIOJIb
IpsIMOM U BCETJa HaXoAsIuXcs B cocTossHuu 0.

4. N3yunte pacnpocTpaHeHHE aBTOBOJH B JIBYMEPHOHU cpefie,
coJieprKalleil 1Ba mapajuleIbHO PaclOiIOXKEHHBIX dKpaHa WU
9KpaH ¢ otBepctueM. IlponaOmronaiite  aHUTMWIALNIO
ABTOBOJIH, PACIPOCTPAHSIOIINXCSI HABCTPEUY APYT APYTY.

5. Ilpomopenupyiite 3(h(peKT CUMHXpPOHHU3ALMH, COCTOSIIUN B
TOM, 4TO IPU HAJIMYUHU JIBYX WM O0Jiee ICTOYHUKOB aBTOBOJIH
IIPOUCXOOUT UX B3aUMOJEHCTBUE, B PE3YJIbTATE KOTOPOIO
BBICOKOYACTOTHBIE MCTOYHHMKH IOAABIISIOT HU3KOYACTOTHBIE.
B KoHIlE KOHIIOB HacTymaeT CHHXPOHM3alus KoJeOaHui
AIIEMEHTOB CpeAbl: KOJIeOaHHUsI TPOUCXOIAT C YacTOTOH,
paBHOM 4YacToTe BBICOKOYACTOTHOIO MCTOYHHMKA. YUTOOBI
MPOHA0JII0IaTh ATO SBJICHUE HA SKpaHe KOMIIbIOTepa, CeAyeT
CMOJIETUPOBATh J[Ba OCLMJUIATOpA, PabOTAIOUIMX HA Pa3HbBIX
yacrotax. Jlus a3Toro HEoOXOAMMO  aKTHUBU3HUPOBATH
onepaTtopsl ¢ nometkamu "Ocuumiarop 1" u "Ocummstop 2".
6. [Tpomoeupyiite oOpa3oBaHme OJTHOPYKaBHBIX
CHHMpaAbHBIX BOJIH. CriMpabHbIE BOJIHBI 00pa3yroTCs Ha Kpasix
(bpoHTa BOJIHBI, TO3TOMY JIJIsl MOJIETTUPOBAHUS 3TOTO ITpoliecca
HE00X0IMMO B 0JIOKE HadalbHBIX YCIOBHH 3a7aTh IJIOCKYIO
BOJIHY, pOHT KOTOPOI OOpHIBAETCS B CEpEANHE IKpaHa.

7. Ilpomonenupyiite oOpa3oBaHue JBYXPYKaBHBIX
CIUPAIIBHBIX BOJIH.

8. M3yunTte 3aBHCHMOCTh YacTOTHI BPALICHUS OJHOPYKABHOM
CIIMPaAIbHOM BOJIHBI OT MApaMeTpOB cpensl (T, s, h). [ToBTopute
STOT BBIYUCIUTEIBHBIA 3KCIEPUMEHT [UIsl JBYXPYKAaBHOMU
BOJIHBI.
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9. [IpomonenupyiiTe B3aMMOICHCTBHE CITUPATHHBIX aBTOBOJIH
C  aBTOBOJIHAMH,  BBIPA0ATHIBAEMBIMH  OCIIHILISITOPOM,
KOJIEOJTIOIIMMCS ¢ HU3KOH 4acTOTOM.
10. Uccnenyiite pacIpoCTpaHeHHe u AHUTWISLUIO
OJAMHOYHOTO UMITYJIbCA B OJTHOMEPHOUN aKTUBHOM CpeJIe.
11. U3yunte pacnpocTpaHEHHE AaBTOBOJIH B OJHOMEPHOM
aKTUBHOM cpejie MPpU HAIMYHUH OCLUILISITOPA.
12. Tlpomogenupyiite pacrpocTpaHeHue OJIMHOYHOI'O
MMIyJibca B OJHOMEPHOW aKTUBHOW cCpeje, MOCIEIHMI
3JIEMEHT KOTOPOIl KOHTAaKTUPYET C IEPBBIM.
13. Co3pnaiiTe KOMOBIOTEPHYIO MOJEIb PACIPOCTPAHEHUS
ABTOBOJIH B TPEXMEPHOM aKTUBHOM CpeJie.
Kputnueckun Ilepeuenv 60npocos 011 n0020mMOBKU K 3a4emy:.
OLICHHBAECT
HAZIEKHOCTD 1. Meronas!l UCCIIETOBAHNUS MATEMATHUECKUX MOIEIIEH.
HCTOUHNKOB YcroitunBocTk. [IpoBepka agekBaTHOCTH
uHpOpMALHH, MaTeMaTUYCCKUX MOJCIICH.
paGoTaer c | 2. Maremarnueckue MOAENH B HAyIHBIX UCCIEIOBAHUIX.
IIPOTHBOPEUHBON MaremaTrnyeckue MOJENIH B CTATUCTUYECKON MEXaHHUKE,
uHbopMalHel 3 9KOHOMMKE, OHMOJIOTHH.
pasHbIX 3. MeToasl MaTEMaTHYECKOTO MOJICITHPOBAHHS
MCTOYHUKOB, HU3MEPUTEIbHO-BBIUYNCIUTEIbHBIX CUCTEM.
onpesienser 4. mnpubopa. [IpoBepka ageKkBaTHOCTH MOJIEIH U3MEPEHUS U
TpoGeTBI B aJICKBaTHOCTHU PE3YJbTATOB PEAYKIUU.
uHpOpMALHH, 5. Moxaenu nuHamudeckux cucrteM. OcoOble TOUKH.
HEOGXO MO s bu¢ypkanuu. lunamMmuueckuit xaoc.
peuieHus
TpoGIIeMHOI 3ajaHus A1 CaMOCTOSITENIbHOTO PEILICHHUS.
CHTYaIHH, al L. quKa JIBMOKETCSI IPSIMOJIMHEIHO o ckopocThio V(1) = 3 + 2t
IPOEKTHPYET + 1t°. YucneHHBIMA METOJIaMU M aHAIUTUYECKU OMPEAETTUTE
VK-1.2 npoweccs 1o ux | YCKOPEHHE TOUKH B MOMEHT BpEMEHH | ¢ ¥ npolICHHBIN MYTh
YCTpaHEHHIO 3a Bpems oT 1 1o 3 c. [loBropuTe pacuersl Mpu paziInyHbIX

3HAYEHUSX 11ara ¥ CPaBHUTE PE3yNbTaThI.
2. Mimeetcst IacTHHKA TONIIUHOM N orpaHnueHHast KPUBOIL Y

= X u npsimoii 'y = 1. Ee mioTHOCTh ecThb (yHKIHS
koopauHathl Y: p(y) = po (1 + a Y), rae o -- MPOU3BOJIbHBIIM
ko3 ¢uimeHT nponopuHoHanbHOCTH.  Ormpenenure  ee

IJI01aIb U Maccy MetooM Monrte - Kapio.

3. Omnpenenure KOOPAWHATHI LEHTPA MAacC IUIACTHHBI
ToJuHbI h, orpannyeHHo npsmbeivu X =0,y =0,y =4 - X2,
IJIOTHOCTh KOTOPOM paBHa p.

4. IMnactuHa TommuHOM h uMmeet popmy Kpyra paauyca R. Ee
MJIOTHOCTh C POCTOM PAacCTOSHUS I 10 LEHTpa yOBIBAaeT IO
3akoHy p(r) = po (1,5 - r/R). MeromomM YHCIEHHOTO
WHTETPUPOBAHUS ONPENCTUTE MOMEHT WHEPIMU TUTACTHHBI
OTHOCHUTEJILHO OCH MPOXOASAIICH uepe3 ee [EHTP U JexKalllel B
€€ MIOCKOCTH.

5. IloctpoiiTe KpuBYHO 3aBUCHUMOCTH  HW3IIy4aTelIbHOMN
CITOCOOHOCTH a0COJIFOTHO YEPHOTO Tela OT YacTOThl TpHU
MOCTOSIHHOM ~ TeMmreparype 1, BeIpaxkaemyio (opmyron
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Ilnanka: f, (0,T) = Ao’/ (€%"- 1), rae A u B - nocrosiHHbIe
kodpduuuentsl. IlocTpoiite rpaduk npu pazauyHBIX .
Meroaom YUCJIIEHHOTO MHTErPUPOBAHUS HaluTe
MHTETPAIbHYI0 CBETUMOCTh aOCOJIOTHO YEPHOTO Tela, B3sB
unrerpain ot f, (©,T).
Pa3pabarbiBaer u | 3amaHus Ui CaMOCTOSITEIBHOTO PELICHUS.
COZIepXKATEIBHO 1.Ha Touky wMacchl m JeHCTBYeT CKayKOOOpa3zHO
apryMEHTUpPYET u3MeHswmascs cwia. Hcecnegyiite  IBH)KEHHE  TOYKH,
CTpaTeruto NPOAHATM3UPYHTE MOTYYUBIINECS TPAPUKH 3aBUCUMOCTEH X
peIICHHS = X(1), Vx = Vx (1), ax = ax (1).
npoOIeMHOM 2. llpomoenupyiiTe  JBIKCHHE  MaTepUAIBHOW  TOYKH,
CUTyaluHu Ha | ABIKYLIEHCS B BS3KOW Cpefe MoJ JACHCTBUEM IOCTOSHHOU
OCHOBE CUJIBI, HampaBJIEHHOW BHOJIL ocu X: Fy= const>0 mnpu
CUCTEMHOTO U | HayalbHbIX yclaoBUSX Xgo= 0, Vg <0. IIpoanamusupyiite
MEKIUCIUILIMHAD | monmydaronmecs: rpadpuku x(t), vk (1), ax (t). Jokaxwure, uro
HOTO TOJXOJIOB; | BpeMsi MOJbeMa KaMHs, OpOLICHHOIO0 BEPTUKAILHO BBEpX,
CTPOUT CLIEHAPUH | MEHBIIE BPEMEHU CIIyCKa.
peannzanuu 3. Coznaiite Mojzenb MEpPEeXOJHOro TMpolecca B  IEMNH,
cTpaTeruu, coxepxamer pesucrop R m karymky HMHAYKTMBHOCTH L,
onpenenss MOAKIIOYEHHBIE K ICTOUYHUKY ITOCTOSIHHOTO HAPSKEHUS], U
BO3MOXHBIE ycnoBud, 4TO ipHE paBHO 0. MccrmemyiiTe aHalOTHYHBINA
PHUCKH U [ nepexoaHbIi IpoLece B LIETH, COAEPHKAIIEH M0CIe10BATEIbHO
npejiarasi  IMyTH | COEIMHEHHBIE PE3UCTOP U KOHIEHCATOP.
UX yCTpaHEHUs 4. U3yunte nBUKEHHE KOJIeOaTelIbHOM CHCTEMBI B cllydyae
cJ1aboro 3aryxaHus, Korjua 1/2m<mg = (k/m)*2. V6enurecs B
TOM, 4YTO YCKOpPEHHE H3MEHSeTCsl B MNpoTHBOdaze ¢
VK-13 KOOPJIMHATOM, a CKOPOCTh ONepexaeT KOOpAMHATy Ha 7/2,

MpUYeM aMIUTATYAbI KoseOanuit X(t), v(t), a(t) yMeHbIIarOTCS
no o9KcroHeHTe. [IpoBeauTe cepui0  BBIYMCIMTENBHBIX
OKCIEPUMEHTOB TMPH PA3JIMYHBIX HAYAJIBHBIX  YCIOBHSIX
CHCTEMBI.

5. [IpoMonenupyiite JBUXKEHHE OCIMILISTOpAa B CIy4yae
CHITBHOTO 3aTyXaHus pH 1/2m>wo = (k/m)*2. Y6emurecs, uro
B OTOM CJIy4ae JABIKEHHE OyJeT alepruoIuIecKiM.

6. ccnenyiite 3aryxaroiie KosiebaHus Teja, CBA3aHHOTO C
TOPU30HTAIEHO PacIoOKEHHBIMH MPYKHHAMH "
CKOJIB3SIIEr0 IO IOBEPXHOCTH CTOJA, CYHUTasg, 4YTO
MaKCHUMalbHasl CWja TPEHHS IIOKOS paBHA CHJIE TPEHUS
CKOJIBXKEHHUS Umg.

7. IIpomonenupyiite paboty criaxusaromero RL - ¢punbrpa
Opu ToJaye Ha Hero MyJIbCUPYIOUIET0 HaNpsKeHUS,
MOJYYalOIIUEeToCss B pe3yibTare  OIHOIIOIYIIEPHOIHOTO
BBIIpSIMIIEHUs.  YOenuTecb B TOM, 4YTO C  POCTOM
WHIYKTHBHOCTH YMEHbBIACTCS KO OUITUESHT ITyIbCaIHid TOKa
U HampspkeHuss Ha pesucrope. H3yunte 3aBHCHMOCTH
aAMIUTUTY/BI TyJTbCAAN OT MHAYKTHBHOCTH L, COMPOTHBICHNUS
Harpy3ku R u 9acTOTBI UMITYJIBCOB .

8. I3yunte paboTy HMHTETpUPYIOMICH IIEMH, COCTOAIMIEH W3
MOCJIEIOBATEIbHO COCTUHEHHBIX PE3UCTOPa U KOHAECHCATOPA,
C KOTOPOrO CHUMAETCsl BBIXOJIHOE HampsbkeHue. BugHo, 4yro
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Opy TOJa4ye Ha IeNb MNPSIMOYTOJbHBIX HMIIYJIbCOB 3apsi
KOHJIEHCATOpa, & 3HAYUT U HAIPSDKEHUE HAa HEM, BO3pacTaeT
MPOMOPLUOHAIEHO UHTErPALy OT BXOJHOTO HAMPSKEHHUS.

Tak Kak B IporpaMMme OCYIIECTBIISIETCS A€JIEHUE HAa m (aHajIor
WHAYKTUBHOCTH L ), TO 3HaueHHe 3TOro napamerpa JAOHKHO
OBbITh OYEHb MAJIBIM, HO HE PABHBIM HYJIIO.

9. [IpomonenupyiiTe NBMKCHHUE TeIa B BA3KOH cpeze (m, r He
paBabl 0, k = 0), Ha KOoTOpOoe B MOMEHT BpemeHH to= 0
HAUMHAET JEHCTBOBATh BHEIIHSA rapMoHuveckas cuia Fy =
Fmsin(w t). DTa cuTyanust COOTBETCTBYET MEPEXOJHOMY
MPOLIECCY, MPOUCXONALIEMY IMPHU MOAKIIOYEHUH AKTHBHO -
UHAYKTUBHOM  Harpy3kM K HCTOYHUKY IEPEMEHHOIO
Hanpspkenus. [lpy t  crpemsimeMcss K OECKOHEYHOCTHU
NEPEXOJHbII TOK CTPEMUTCS K NPUHYKIEHHOMY TOKY,
M3MEHSIOIIEMYCsl C TOW K€ YacTOTOM, YTO W MPHIIOKEHHAs
OJ1C u oTcrarieMy oT Hee Ha HEKOTOpYIo ¢a3y.

10. Co3paiite mporpamMmy, MOJCIUPYIONIYIO IMPOIECCHI,
IIPOUCXOAIINE B KOJeOaTeNbHON cUcTEME B cllydae, eciiu Ha
Hee JIEHCTBYET MEepUOANYECKU U3MEHSIOMAsACs Cuila, 4acToTa
KOTOpoO# mponopunoHaisHa Bpemenu: Fy (f) = Fpsin(o(l + o
t)t), rne o >0. 3HaueHus ® U o TOAOEpUTE TaK, YTOOBI
pEe30HaHCHAs YacToTa KoJieOaTeIbHOM CHCTEMBl HAXOMJIach B
cepeanHe pabodero nuamna3oHa yactoT. Ha pucyHke mokasaH
nosyJaroniuiicss rpaguk 3aBucumoctd x = x(t). Tak kax
4yacToTa Koje0aHWi NpsSMONpPONOPLHMOHATbHA BPEMEHH, TO
orubaromiasi Tpapuka SBISIETCd AMIUIUTYJO0 - YaCTOTHOU
XapaKTepUCTUKON KoyebaTelnbHON CHCTEMBbl, U Ha3bIBAETCS
PE30HAaHCHON KPUBOM.

OIIK-1: CnocoGeH npuMeHsITH (pyHIaMeHTaJIbHbIE 3HAHUS B 00,1aCTH PU3UKH 1A
pelieHus HAYYHO-UCCIeA0BATEeIbCKHUX 32/1a4, a TAKKe BJIaJAeTh OCHOBAMU NEAAroruku,
He00XO0AUMBIMH /LISl OCYIIECTBJICHHS NPENoAaBATEeIbCKOM 1esITeJIbHOCTH

OIIK-1.1

Hcnonb3yer
3HAHUS
buznuecKux
3aKOHOB "
MIPUHIUIIOB,
MaTeMaTUYeCKUn
anmnapar JUISt
OTIICaHUS,
aHanu3a,
TEOPETUYECKOTO U
AKCIEPUMEHTAIIbH
OT'0 UCCIIEAOBAHUS
1 MOJEIIUPOBAHUS
(bU3UIECKUX u
CHCTEM, SIBICHUI
u IIPOLIECCOB,
penieHus

Ilepeuenv 60npocoe 011 NOO20MOBKU K 3auemy:

1. CnnaitH-anmpoKcUManus, UHTEPIIOJSALHS, METOJ]
KOHEYHBIX JIEMEHTOB.

2. BpluncauTenbHbIN SKCIIepUMEHT. [[pUHIMITBI TPOBEICHUS
BBIUHCIUTEILHOTO 3KCIIEPUMEHTA.

3. TexHHKA CHMBOJIBHBIX BBIYUCIICHUN
4. Mopens, aropuT™M, IporpamMmma.
5. Anroputrmudeckue si3bIku. [IpeacTaBneHune o S3bIKax

IPOrPaMMHUPOBAHUS BBICOKOTO YPOBHS
6. IlakeTbl MPUKIAAHBIX TPOTPAMM

3ajaHus A1 CaMOCTOSITENIbHOTO PEILIEHHUS.

1. [Tpomoaenupyiite KoJieOaHus JIBYX CBSI3aHHBIX
ocuuusITopoB. PaccMoTpute ciywau: 1) Ha OAMH M3 HHX
JEeNCTBYeT BBIHYXKJarollasi cuiia; 2) OJWH U3 OCLUJUIATOPOB
MMEET HauyajJbHOE CMelleHue; 3) OJAMH U3 OCHUUISITOPOB
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HAy4YHO-HCCJIEIOB | UMEET HAYaJbHYI) CKOPOCThb. BBINONIHHUTE KOMIIBIOTEpPHBIC
aTeIbCKUX 3aJau | SKCIIEPUMEHTHI PH Pa3InYHbIX Ki U qj .

u 2. U3yunte KoneGaHUsI TpeX CBSI3aHHBIX OCHUJUIATOPOB,
npoeCCHOHATIBH | pACCMOTPEB BCE MEPEUMCIICHHBIC BBIIIE CIy4Yad, BBHIIOJIHHB
bIX 3a/1a4 KOMITBIOTEPHBIE SKCIIEPUMEHTHI ITPH Pa3INUHBIX Ki U qj .
3. Ilpomopenupyiite  konebanust 50  ocHMIISATOPOB,
CBS3aHHBIX YIPYTMMH CBSI3SIMH, B Cllyyae, KOTJa Ha JIeBBIH
KpalHUM OCHMJUIATOpP IIOJEUCTBOBAJIA KPATKOBPEMEHHAs
cuna. PaccmoTpuTe ciydam, KoOrja TMpaBblil KpaWHHI
OCLMJUISITOP 3aKpEIIEH U HE3aKPEILJIEH.
6. [IpomonenupyiiTe pacnpocTpaHeHHE UMIYyJIbca BIOJIb
LENOYKH OCLMJUISITOPOB, CBSI3AHHBIX YIPYTUMHU CBSI3SIMH, B
ciIydae, KOTJla MX Macca WM KeCTKOCTh MPYKUH, HauWHas C
HEKOTOpPOr0 OCLIILIATOpAa, U3MEHsSeTCsl ckaukoM. M3yuwure
u3MeHeHue ¢asbl UMITyJIbca TIPU €ro OTpakeHUu oT "Oolee
MJIOTHOM" U ""MeHee TIJIOTHOU" CpeIbl.
7. 3yunte pacnpocTpaHEeHUE UMITYJIbCA U €T0 OTPaKEHUE OT
OTKPBITOTO HJIM 3aKpbITOTO KOHL@A CTPYHbI (OAHOMEPHOM
yhopyroit cpeabl), Kotopas mozenupyercs 50 cBS3aHHBIMU
OCHMJUISITOPaMHU
3Haer U | 3agaHus JUisl CaMOCTOSATEIbHOTO PEILICHUS.
UCIOJIb3YET 1. MarepuanibHasg TO4ka Maccbl M OpollieHa TOJ YIJIOM K
3aKOHBI U [TOpU3OHTY B OJHOPOAHOM ToJe TskecTH. W3yuure
MIPUHITUTIBI, TPACKTOPHUIO €€ JBMKEHUS NPU OTCYTCTBHUHM CHJIBI BSI3KOT'O
METO/IbI TPEHUS U IPU €€ HATTMYUH.
neaaroruku u|2. Yoenurech B TOM, YTO BpeMsl IMOJbeMa MaTepHAIBLHOU
MIPUMEHSET TOYKH, IBWKYILIEHCS MO JEHCTBUEM CHIIBI TSDKECTH B BSI3KOU
(GyHIIaMeHTaJIbHBI | Cpejle, MEHbIIIE BpeMeHH criycka. Bocmonb3yiTecs TeM, 4To B
e ¢usnyeckue, | HAUBBICIIEH TOUYKE MOABEMA MPOEKIHMsI CKOPOCTH Ha OChb Y
MaTeMaTHYeCKUe | MEHSET CBOM 3HAK Ha MPOTHUBOMOJIOKHBIM.
u 3. [Ipomopenupyiite IBUKEHHE TOUKU B I0JI€ LIEHTPAIbHBIX
MeXIUCIUILIMHAD | cuit ynpyroctu Fy = - KX, Fy = - Ky, B cirydae, korja Ha TOUKy
Hble 3HaHMs I | AeHCTBYET CHJIa BA3KOIO TPEHMS U KOI'Zla OHa paBHa HyJo. [1o
OCYILECTBICHUS | KAKOW TPAEKTOPHH JIBUYKETCS TOUKA?

OIIK-1.2 |npenonaBarenbck |4. MccrnenyiiTe ABM)KEHHE TOYKM B IOJE CHJI TMPUTSDKEHUS,
Off JEATENBHOCTH | ICHCTBYIOIINX MO 3aKOHY 00paTHBIX KBaapaToB F = GmM / r.
1o yueOHbIM | [IpomMosenupyiiTe cuTyaluu, B KOTOPBIX TOYKa JBMXKETCS IO
TUCHUILTUHAM runep6oie, napadoie, amnuncy. U3yunre xapakrep ABHKEHUS
«Duzukay, HCKYCCTBEHHOI'O CIIyTHHKAa 3€MJIM, BXOJSIIET0 B BEPXHHUE
«ACTpOHOMUS» clIou aTtMocdepbl, Ha KOTOpPHI JEHCTBYEeT cujia BSI3KOTO

TpPEHMUSL.
5. U3yunte nBUXKEHHE TOYKM B TOJIE€ CHUJ OTTaJIKHMBaHUS.
[Tpomognenupyiite onbiT Pezepdopaa mo oTKIOHEHHIO aibda -

YacTUI[ fAJpaMH aTOMOB 30J0Ta. MeHss NpUIETbHBIN
rapamerp, MPOBEIUTE CEpUIO KOMITBIOTEPHBIX
SKCIIEPUMEHTOB.

6. [Ipomonenupyiite ABUKCHHE 3apsHKCHHON YacTHUIBI B
kamepe BuibcoHa, MOMENIEHHOH B OJHOPOJHOE MArHHUTHOE
nosie. YUYTHUTE, YTO 110 MEPE CBOETO ABUKEHUS YaCTUIA TePSET
KMHETUYECKYI0 JHEpPruto. MarHuTHoOe T10Jie HampaBiIe€HO




CrpyKTypHBIit
JJIEMEHT
KOMIIETCHIINH

[Inanupyemsle
pe3ynbTaThl
00yJeHus

OneHouHble CpeCcTBa

MEePHEeHANKYJISIPHO TJIOCKOCTH KpaHa.

7. Uccnenyiite  IBW)KEHUE  3apsOKEHHOM — 4acTUIBI B
CKPEIICHHBIX  AJIEKTPUYECKOM U  MArHUTHOM  IOJISX,
HAIPABJIEHHBIX NapaJUICIbHO U NEPIEHIUKYISPHO INIOCKOCTH
AKpaHa COOTBETCTBEHHO.

8. Uzyunre JIBUKCHUE MaTepUalbHOU TOYKHU B
IrpaBUTAILIMOHHOM II0JI€ JBYX MacCUBHbIX Tell. [IpoBenure
KOMITBIOTEPHBIE IKCIIEPUMEHTHI MPHU 3aJaHHBIX HaudaJbHBIX
KOOPJMHATAX U CKOPOCTHU TOUYKH.

9. 3anaiite mpou3sBosbHOE critoBoe noje Fyx = Fyx (X,y), Fy =

Fy (X,y) 1 nmpomoenupyiTe IBUKCHUE YaCTULIBI B HEM.

OIIK-3: Cnioco0eH npuMeHsITh 3HAHUA B 00/1aCTH HH(POPMANMOHHBIX TEXHOJIOTHH,
HCNO0Jb30BATH COBpPEMEHHbIe KOMIILIOTEPHbIE CeTH, IPOrPAMMHBIE MPOAYKTHI U PeCYPChI
HHG(OPMALNOHHO-TEJIEKOMMYHUKAMOHHOM ceTH ""UHTepHeT" (najiee - cerb ""UnTepHeT')
JJISl pellieHus 3a1a4 npo¢ecCHOHAIbHOM 1eITeJIbHOCTH, B TOM YK CJIe HAXOASAIIUXCS 32
npeaeJamMu NpopuIbHON MOATOTOBKH

OIIK-3.1

Ompenenser u
MIPUMEHSIET
HE0OXO0TUMBIi
nepeyeHb
MIPOTPaMMHBIX
MPOJYKTOB,
pecypcos
MH(pOPMAaIMOHHO-
TEJICKOMMYHUKAIT
MOHHOU CeTH
"NuTepuer” u
MPOrPaMMHOTO
o0OecrieyeHus,
BBITIOTTHSIET
TpeboBaHUs
MH(POPMAIMOHHO
i1 6e30macHOCTH U
MIPUMEHSIET B
CBOEH

NS TebHOCTH
3HAHUS 0
COBpPEMEHHBIX
MH(OPMALIMOHHBI
X TEXHOIIOTUAX U
MTPOrPaMMHBIX
CpeacTBax
CO3JTAHMSI
pOrpaMm u
pelieHurd  3ajad
npodeccuoHanbH
ON JeATENHLHOCTH
B obnactu

TUTS

Ilepeuensv 6onpocoe 011 nO020MOBKU K 3auemy:

1. OcHoOBHbIC TPUHITUITEI MATEMATUYECKOTO
MOJCIIUPOBAHUS.

2. DneMeHTapHbIC MAaTEMATHYECKHE MOJICITH B MEXaHUKE,

TUAPOANHAMUKE, SJIEKTPOIUHAMUKE.

YHHUBEPCATTBHOCTh MaTEMAaTUYECKUX MOJICIICH.

4. Merobl MOCTPOSHUS MaTeMaTHYECKUX MOIeTiel Ha
OCHOBE (PyH/IaMEHTAJIbHBIX 3aKOHOB MTPUPO/IBI.

5. BapmuarnuoHHble IPUHIUITBI TOCTPOSHUS MATEMATUYECKUX
MOJCIICH.

w

3amaHus A1 CTY/ICHTOB.

1. IlpomonienupyiiTe  paclpoCTpaHEeHHE BOJHBI U €€
OTpakKeHHE OT 3aKPEIUIEHHOTO (HE3aKpelJIEHHOr0) MpaBOro
KOHIIa Cpe/ibl B Cllyyae, KOrja ee JEeBbIH JI€MEHT COBEpIlaeT
TapMOHHYECKHE KOJIeOaHMUS.

2. VI3yunte pacnpocTpaHeHHE M OTpaXEHHWE HMITyJbca B

ciaydae, KOTrJa JIEBBIM  DJIEMEHT  CPeIbl  COBEPIIHII
MOJIKOJIeOaHu.

3. [IponabimoialiTe  CyNmepro3WIMI0 BOJH, HCITYCKAeMBIX
IBYMsl ~ DJIEMEHTaMH,  KOJICONIOIMMHUCA C  PaBHBIMU

(pa3MMUHBIMHU) YaCTOTaMH U OTCTOSIIIIUMH APYT OT Apyra Ha
paccTOsHUE a.
4. TlpomonenupyiiTe BO3HUKHOBEHHE CTOSYECH BOJIHBI TIPH

OTPRXEHHMH  TapMOHUYECKOW  BOJHBI  OT  IIPaBOTO
3aKpETUICHHOTO (HEe3aKPEIJICHHOT0) KOHIIA IIHYpPA.
5. Uzyuure uHTepDepeHITII0 TIBYX I[yTOB,

pacupoCTPaHSIOIIMNXCS HABCTPEYY.

6. [IpoMonenupyiiTe OTpaKEHUE OJUHOYHOTO HMITYJIbCA OT
TpaHMIBl pa3fena JBYX Cpel C pa3IMYHbIMU CKOPOCTSIMH
pacmpocTpaHeHuss BOJH. JlJis 3TOro HEOOXOAMMO 3a/1aTh




CprKTypHLIﬁ HHaHpreMBIe
OJICMCHT PE3YIbTAaThI OI_IeHO‘-IHI:Ie cpeacTBa
KOMIICTCHIIUN 06yquHﬂ
(bI/I3I/ILIeCKI/IX pa3iIuYHBIC 3HAYCHUA a I JIEBOH U HpaBofI ITOJIOBHHOK
I/ICCJ‘IGI[OBaHI/Iﬁ Hypa.

7. VUcnonp3yst MOJIeNb, U3YYUTE 3aBUCUMOCTD JJIMHBI BOJIHBI
OT YacTOTHI.

3ananus AJis CTYIEHTOB.

1. Temneparypa rpynmsl 3JIEMEHTOB, HaXOSAIIUXCS B LIEHTPE
CTepXHS, JocTtaTouyHo Bbicoka. lloctpoiite  rpadux
3aBHCHUMOCTH TEMIIEpATypbl OT KOOPAMHATBI M HCCIEAYHTE
M3MEHEHHUE pacIpeesieHUs] TeMIepaTypbl BIIOJIb CTEP>KHS C
TEYEHUEM BPEMEHH, eciu KO3 PHUIIEHT
TEMIIEPATYPOIPOBOJTHOCTH BO BCEX TOYKAX OJMHAKOB.

2. PemuTe mpeapIayIIyIoO 3a1a4y UIsl CTy4dasi, KOT/Ia CTePIKEHb
HEOJTHOPOJIEH, HaTIpUMep, KO3 UIUEHT
TEMIIEPATYPOIPOBOJIHOCTH €I0 JIEBOU IOJOBUHBI OOJIBIIE, YEM
MPaBOM.

3. BOnmu3u 1eHTpa CTep KHS UMEETCS] HECKOJIBKO MCTOYHUKOB
Teria. M3yunTte M3MeHEeHHe paclpeaeseHus] TeMIepaTypsl ¢
TEYEHHEM BPEMEHH, €CIIH CTEP>KEHb OJTHOPOJIEH.

4. PemmTe npeapLAyIIyIO 3aa4y JJIs cliydasi, KOrJa CTep>KeHb
HEOJIHOPOJIEH, TO €CTb ero KO3 PHUIHEHT
TEMIEPATYPOIPOBOTHOCTH 3aBUCUT OT KOOPAUHATHIL.

5. U3yuure pacrpenencHue TeMIieparypbl BIOJIb CTEPXKHS B
cly4ae, KOIZJla OJMH KOHEll OXJaXIaeTcs, a Jpyrom
MOIJIEP’KUBAETCS MPU OCTOSTHHOW TeMIepaType.

6. 3amaiTe MCTOYHHMK TEIUIAa, MOIIHOCTb KOTOPOTO
NEePUOANYECKH HM3MEHSETCSI C TEUEHUEM BPEMEHU C OYEeHb
HU3KOH yacToToi. [IpoMonenupynTe TENI0BbIE BOJIHBI.

7. TemnepaTypa rpymnmnsl 3J1€MEHTOB, HAXOALIUXCS B LIEHTpE
IUIACTHUHBI, JOCTaTOYHO BbIcOKa. Mccnenyiite H3MEHEHHE
pacnpeziefieHusi TeMmIepaTypbl C TE€YEHHEM BPEMEHHM, €CIliU
IUIACTHHA OJTHOPOJHAS U U30TPOITHAS.

8. PemuTe mpeapiaymnyto 3aaady s cirydasi, Kor/a IiacThHa
HEOJITHOPOJHA.

9. [IpoMonenupyiiTe HarpeBaHWE HEW3OTPOITHOW ILIACTHHBI
MCTOYHUKAMU TEIIA, HAXOAAIMMUCS B LIEHTPE.

10. B6sm3u 1ieHTpa TUTaCTHHBI UMEETCS TPYIIA IMOTIOTUTETIeH
Temia (MCTOYHUKOB TEIUIa C OTPHULATEIbHOW MOIIHOCTBHIO).
W3yunte u3MEHEHHE paclpeiesieHus TeMIepaTypbl ¢
TE€YEHHEM BPEMEHH.

11. IlmactuHa ¢ OTBEPCTHEM COACPKUT HUCTOYHHK TeIia M
NOTJIOTUTEND Teruta. M3yunre pacnpeneneHue TeMieparypsl B
pa3IyHble MOMEHTHI BPEMEHHU.

12. Temmepatypa Tpynmbl 3JIEMEHTOB BOJM3M  IIEHTpa
IIJIACTUHBI TOJIJIEP/KUBACTCS HOCTOSIHHOM. N3yunrte
pacrupenesieHue TEeMIlepaTypbl, €CJIM IUIaCTUHA HUMEET
HUCTOYHUKM TeIUla C [MOJIOKUTEIbHOW (OTpHUIATENbHOM)
MOIIIHOCTBIO.

13. PemmTe npeasiaymyro 3aaaqy A ciydas, Koraa
IJTACTHHA aHU30TPOIIHA, TO €CTh €€ Kod(hhUuimueHT
TEMIEPATYPONPOBOIHOCTH 3aBUCUT OT HAIPABJICHMUSL.




Kpumepuu ouenku (6 coomeemcmeuu c¢ Gopmupyemvimu KOMREMEHUUAMU U
RIAGHUPYEMBIMU PE3YIbMAMAMU 00y4eHusn):

— Ha OICHKY «OTJIHYHO0» — CTYACHT AOJI2KCH IIOKAa3aTh BBICOKHIM YPOBCHB 3HaHWUM HE TOJIBKO
Ha YPOBHC BOCIIPOM3BCIACHUA U 00BSICHEHHUS PIH(l)OpMaLII/II/I, HO W HMHTCJUICKTYAJIbHBIC HABBIKH
peIICHUA HpO6J’I€M MU 3ada4, HaAXOXIACHHUSA YHHKAJIbHBIX OTBETOB K npo6neMaM, OLICHKH H
BBIHCCCHUA KPUTHUYCCKUX Cy>KI[€HHI>i;

— Ha ONLCHKY «XO0pomo» — CTYACHT OOJDKCH IIOKa3aThb 3HAHHMA HE TOJBKO Ha YPOBHEC
BOCIIPOU3BCACHUA U 00BICHEHHUS I/IHCI)OpMaI_II/II/I, HO W HMHTCIUICKTYAJIbHBIC HABBIKHW PCIICHUA
HpO6JIeM " 3aJia4, HaXOXJACHUS YHUKAJIbHBIX OTBECTOB K HpOGHGMaM;

— Ha OIICHKY «YAOBJIETBOPHUTEJIbHO» — CTYACHT JIOJDKEH I10Ka3aTh 3HAHUS Ha YPOBHE
BOCHpOI/I3B€ILCHI/I$I n O6L$ICHGHI/I$I I/IH(i)OpMaIlI/II/I, I/IHTCJIJ'IGKTyaJII)HI)IC HABBIKHA peHIeHI/ISI HpOCTI)IX
3a/1a4;

— Ha OLCHKY «HE€YAOBJECTBOPUTEJIBHO>» — CTYACHT HC MOXXCT IMOKAa3aTb 3HAHUA HAa YPOBHC
BOCITPOU3BCACHUA U 00BSCHCHHS I/IH(bOpMaIII/II/I, HC MOXCT IOKa3aTb HHTCIIJICKTYAJIbHBIC HABBIKH
pCeUICHUA IMPOCTBIX 3a1a4.



