[loKyMeHT NoAnucaH NpocToit 3NeKTPOHHOM NOAMUCHI0

n ; ., .,

oo MUHHCTEPCTROHAYKH M BHICIIETO OBRA30BAHMS POCCHIICKOU GEAEPALIUN

[Honx : - < . -
Wdﬁﬁ%g(g%%%:};QgYﬂAPCTBEHHI)II/I HE®TSIHOM TEXHUYECKUI YHUBEPCUTET

[lata noanucanna

YHUKanbHbIA MPOTPaMMHbIIA Kilko: uMeHH akageMuka M./ .Mu/UIHOHIIIMKOBA
236bcc35¢296f119d6aafdc22836b21db52dbc07971a86865a5825f9fa4304cc

XuMH4ecKasi TEXHOJIOTHS He(hTH U ra3a

VYTBEPX/EH

Ha 3aceaHuu Kadeapsbl
«05» 05 2026 r., mpotokon Ne 8
3aBenvyiommii - kadeapoit
__AM. T'auaes

®OHJI OHEHOYHBIX CPEJICTB IO YYEFHOM JJUCITUILINHE

«YAUCJIIEHHBIE METO/JbI B PEHIEHUU 3AJIAY XUMHUKO-TEXHOJIOT'NMYECKHUX
MHHPOLECCOB»

HanpagJjieHne NoAroTOBKU
18.04.01 «XuMuueckasi TEXHOJIOTHSI

Hanpasiennocts (mpoduib)
«XHUMHYECKasi TEXHOJIOTHSI IPUPOJIHBIX SHEPTOHOCUTENEH U YIIIEPOIHBIX MAaTEPHUATIOBY
«XUMHYECKasT TEXHOIOT U OpraHu4€CKUX BEIICCTBY

KBanudpuxanus
Maructp

CocraBurenn ./ A.M. I'auaeB
/(noonucw)

I'posubiii 2026 .



ITACIIOPT

®OHJIA OIEHOYHBIX CPEJACTB IO YYEFHOM JUCIATLJINHE

«YucjieHHbIE METOAbI B pPelIeHrH 32129 XUMHKO-TEXHOJOIHYE€CKHUX IIPOIECCOB)»

Ne KonTposupyembie Kon KOHTPOJIMPYeMOH HanMeHoBanue
n/n pasnenbl (Tembl) KOMIIEeTEeHIIUU (UJIH ee YACTH) OLIEHOYHOI0 CPeCTBa
JUCIHUATIIMHBI®
Ocrosmble METOIbI OIIK-2. CobecenoBanue
1. PUOTKEHHOTO
[peLIeHUs] yPaBHEHUM U UX
CHCTEM
2.  |Antepnommposanue u OIIK-2. CobecenoBanue

anmpokcuManus QyHKIUHA

3. YncieHHOe MHTETPUPOBAHIE OIIK-2. KOHTpOJ'IBHaSI
i depeHnaIbHBIX
YpaBHEHUI pa60Ta

4. CTaTUCTUUYECKHAE METOIbI OIIK- 2 KOHTpOJILHaSI
00paboTkH pa60Ta

OKCIICPUMEHTAJIBHBIX JaHHBIX

NMPUMEPHBIIA NEPEYEHH OIIEHOYHBIX CPEJICTB

IIpeacraBiaenue
Ne | Hammenosanue Kparkasi XxapaKTepuCTHKA OILIEHOYHOI0
/i OLICHOYHOI0 OIIEHOYHOT0 CPeICTBA Cpe/CTBa B
cpeacTBa
donpe
1. |Cobecedosanue CpencTBo KOHTPOIIS yCBOEHHS y4eOHOro MaTeprana [Bompockl 1o TeMaM
TEMBI, pas3dela WM pasfgenoB ITUCHUIUIMHEL, [ pasnenam
OpPraHW30BaHHOE KaK y4eOHOe 3aHATHE B Buje (MICHATIIMHDI
coOecenoBaHMs
[penoaBaTens ¢ 00yJarouMHUCs
2. |Konumponvnas CTaTHUCTUYECKHE METOIbI 00paboTku [Bompockl 1o TeMam
paboma DKCIIEPUMEHTAIbHBIX nauHbIX.[TocTpoenne [Pa3ACIaM
MapHBIX, MHOYKECTBEHHBIX, HEJTMHCHHBIX YpaBHEHUN JRACTUHTLTHHET
perpeccui, BEIYUCIEHIE KO3 PHUIIIEHTOB
Koppensiuuy, t-kputepuid CTerofieHTa, F-xputepuit
dumiepa
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20.
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24,
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217.
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Bomnpocs 115 KoLJIOKBHYMa (co0ece0BaHUs)
OCHOBHBIE HCTOUHUKH U KIaCCU(PUKALMS TTOTPEIIHOCTEH.
[onsTre aOCOMIOTHONW U OTHOCUTENILHON TOTPEIIHOCTEH
[NousTre MpenenbHOM a0COMOTHOM U TpeebHOW OTHOCHTEIBHON MOTrPEIIHOCTEN
3navamas uudpa. Yncino BepHBIX 3HAKOB
ITorpemnocTs cymMmBl
ITorpemnocts pazHocTH
ITorpemnocTts Mpou3BenEHUS
ITorpemnocts yacTHOr0. YHCII0 BEPHBIX 3HAKOB YACTHOI' O
HeticTBust ¢ TpUOIMKEHHBIMU BETMYUHAMU.

. MHuorounen Jlarpanxa

. Horpemnocts Gpopmynsl Jlarpamka

. ®opmyna nuHeiHoi nHTepnonsauuu (N=1)

. ®opmyria KBaJpaTHYHOW UHTEPIOSIIUU (N=2)

. ®opmyina Kyoudeckoi uHTepnossuuu (N=3)

. [lepBas untepnonsuuonnas popmyna Hetorona 16. [lorpemnocts nmepBoit popmysel HeroToHa

Bropas unteprnionsiimonHas gpopmyina HerotoHa

[orpemHocTs BTOpoi ¢popmyinsl HeroToHa

Meroa HauMeHbIIUX KBaJpaToB. HaxoxieHue npuOmbkamomieid (yHKIMM B BHJIE JTHHEHHON
(GyHKIIH

®opmyina Hetotona — Koreca

dopmyna Tparenui u ee morpenHocTh

Meron Kpamepa pemennst CJIAY

Meropn I'aycca pemenus CJIAY

Meron KBaApaTHOTO KOPHS PELICHUS CHCTEM JIMHEUHBIX YPaBHEH Ui

Otnenenvie KOpHE ypaBHEHUS

Meto/ OJIOBUHHOTO JIEIEHUS JJIsl PELICHUS] ypaBHEHUM

Meron HeroToHa Ju1s pellieHus] ypaBHEHU N

Merop urepanuu sl pelieHus] ypaBHEHUN

Merton Diinepa (reOMETpHUIECKUI CIIOCc00)

DJeMeHTBI TeOpHUH BEPOSTHOCTEH: MOHATHE BEPOSTHOCTH, CBOMCTBA BEPOSTHOCTH, OCHOBHBIE
MpaBUjla TEOPUU BEPOSATHOCTEM U MX CIEACTBUS, 3aKOHBI PACHpENEiIeHUs] NHUCKPETHBIX M
HENPEPHIBHBIX CIYYailHBIX BETUYHH, (DYHKIIUU pacIlpe/leleHuns, YMCIOBbIE XapaKTePUCTUKU
CIIy4ailHbIX BEIHYHH.

Kpurepun oueHku: KoHTpoib OCBOCHHS AWUCIUIUIMHBI TPOM3BOAUTCS B COOTBETCTBHUHU C
[NOJIO’)KEHUEM o mnposenennn koHTponst 3HaHui crygertoB [THTY (r. I'posssrit). B GammsHO-
PEUTHHIOBOM CHUCTEME YCTAHOBIICHBI CIICAYIONIME BUABI KOHTPOJIS YYeOHOH NEATENbHOCTH CTYICHTOB:

TEKYIIUH KOHTPOJb, MPOMEXYTOYHBI KOHTPOIb, 3aKIIOYHTENBHBI KOHTPOJh (3a4eT WIH JK3aMeH),
HUTOTOBBIN MEXIUCHUIIIIMHAPHBIN 3K3aMEH.

Texymmuii kouTpoab (TK) mpu3BaH OIEHWUTh NpHISKAHWE CTYAEHTA B HW3YUYEHHUH TAaHHOTO

NpenIMeTa, W OINPEAENAETCS IOCEIIAEMOCThI0 JIEKUUW, OLIEHKOW, IOJIYYEHHOHM Ha CeMHHapax WId

nabopaTopHbIX paboTax, KOJMYECTBOM U 3HAUYMMOCTHIO [JOIYIIEHHBIX OMIMOOK NPH BBIIOJIHEHUH

JOMAIHEro 3aaHusl, KypcOBOH pabOThl U COOTBETCTBHEM HX Tpadukam, YCTaHOBIEHHBIM Kadenpol u

JCKaHaTOM.

TeKyumﬁ KOHTPOJIb CTYJACHTOB IIPOU3BOAUTCA B JUCKPETHBIC BPEMEHHBIC HHTEPBAJIBI JIEKTOPOM

" OperiogaBaTeiieM (HMI/I), BCAYHIUM IMPAKTUYCCKUC 3aHATHUA 10 AUCHUIIJIMHE B CIICAYIOIINX (bOpMaXI

¢ IMCbMCHHBIC TOMAIITHUEC 3aJIaHUA,



® OTACIBHO OICHUBAIOTCA JJMYHOCTHBIC KadycCTBa CTYACHTA (aKKypaTHOCTI),
HUCIIOJIHUTCIBHOCTBD, I/IHI/IHI/IaTI/IBHOCTb) — pa60Ta Y AOCKH, CBOCBpEMCHHAA CJada NHCbMCHHBIX
KOHTPOJIBHBIX U IOMAlITHUX 33I[aHI/II7L

[pomexyrounslii koHTpoab (IIK) KoHTpomb CTymeHTOB Mo pe3yibTaTaM ceMmecTpa IO
IUCUUIUIMHE IPOXOIUT B popMe 3ayera (BKIIOUYAeT B ceOsl OTBET Ha TEOPETUUECKUE BOIIPOCHI U PEIICHHE
3a1a4) 1100 B COUYETAHNUH Pa3IMYHbIX POpM (YCTHBIN OMPOC, pelieH s 3a1a4 1 Ip. )

Kputepnu onenku 3HaHMIi CTyJeHTa HA 3a4yeTe

OneHka « 3a4TeH0» BBICTABISETCS MPU YCIOBUH MPABUIBHOTO OTBETA CTYJIEHTOM HE MEHEEe YeM
51 % u3y4yeHHoOro marepuana.

OuneHKa «He3aYTEHO»BLICTABIISACTCS IIPU YCIOBUH MPABUIIBHOTO OTBETA CTYACHTOM HE MEHEE YeM
50 % n3ydeHHOr0 MaTepHuaa.

KpuTepm[ OICHKHU OTBETOB HA TECOPCTHYECCKHUE BOIIPOCHI:

- 0 6anno6 évicmasnsaemca cmyoeHmy, eciu OaH HenoJiHbll omeem, IPEICTABIISIONINN CO00M
pa3po3HCHHBIC 3HAHUS IO TEME BOMPOCA C CYIMIECTBEHHBIMH OINMMOKAMH B OMPEICIICHUSX.
[TpucyTCTBYIOT (PparMeHTapHOCTh, HEJIOTHYHOCTh W3J0KeHUsA. CTYIACHT HE OCO3HaeT CBS3b
JAHHOTO TIOHSITHS, TCOPHH, SBJICHHS C IPYTUMH 00beKTaMU JUCIHUILTAHBL. OTCYTCTBYIOT BBIBOJIBI,
KOHKpPETH3allus W JOKa3aTeIIbHOCTh W3JI0kKeHHs. Pedb HerpamoTHas. JlOTIOJHHWTENbHBIC W
YTOYHSIONTUE BOIIPOCHI MPETIOIaBaTelIsI HE MMPUBOIAT K KOPPEKIIUU OTBETA CTYICHTAa HE TOJIKO Ha
MTOCTABJICHHBIM BOIIPOC, HO ¥ HA JIPYrye BOTPOCH! JUCIIATLINHBL

- 1-2 dannoe evicmasnaemca cmyoenmy, eciu 0ax HeOOCMAMOYHO NOHBIU U HEOOCMANOYHO
paseepuymoiti  omgem. Jloruka W TOCJIENOBATEIbHOCTh H3JI0XKEHUS HMEIOT HapyLICHUS.
JlonyiieHsl OMKUOKKA B PAaCKPBITUU MOHATHH, ynoTpebieHuu TepMUHOB. CTyIEeHT HE CHocoOeH
CaMOCTOSITENIbHO BBIJCIUTh CYHIECTBEHHbIE U HECYIIECTBEHHbIE NPU3HAKK M TMPHUUYUHHO-
ClIeICTBEHHBbIE CBA3U. CmydeHm Mmodicem KOHKpemu3uposams 0000ueHHble 3Hanus, 00Ka3as Ha
npumMepax ux OCHOBHbvle NOJONHCEHUS MOIbKO C NHOMOWbI0 npenodasamels. Peuesoe ogpopmnenue

mpebyem NONpPaokK, KOPPeKyuu.

- 3-4 o6annoe evicmasnaemcsa cmyoeHmy, eciu OaH NOJHGIU, HO HeOOCMAMmoO4HO
noCcn1e008amenvHblli 0meem Ha NOCMAasIeHHbll ONPOC, HO TIPU 3TOM MOKAa3aHO YMEHUE BBIICIHUTD
CYIIECTBEHHbBIE U HECYIIIECTBEHHBIE IPU3HAKU U TPUYUHHO- CIIEJICTBEHHbIE CBsI3U. OTBET JIOTHYEH
U U3JI0KEH B TepMUHAX Hayku. Mozym Ovimb donyweHvl 1—2 owubku 6 onpedenenuy 0CHOBHbIX

l’lOH}ll’l’llxtlZ, Koniopble cmydeHm 3ampdeﬂemCﬂ ucnpaesunib CamoCmosAamellbHo.

- 5 oOannoe evicmasnaemca cmyoenmy, eciu OaH NOJIHLIL, PA3BEPHYMbIU Omeem Ha
[IOCTABJICHHBIH BOMPOC, IOKA3aHO YMEHME BBIICIUTH CYIIECTBEHHbIE M HECYLIECTBEHHBIE
IIPU3HAKH, IPUYUHHO-CIIEICTBEHHBIE CBA3H. OTBET YETKO CTPYKTYPUPOBaH, JJOTMYEH, U3JIOKEH B
TEpMHUHAaX HayKH.

Banner 3a memy 6vigooamces kax cpeonutl 6aul no 3a0aHHbIM CIYOEeHmy 80NPOCAM, He CUUmMAas

KoJjuvecmeo «Hagodﬂmux» U YymoUHAIOUWUX 60NpOCOs.

Bannwt 3a mexKywyrro ammecmayuio BbIBOOSIMCSL KAK cpec)Hud bann no 6cem memam.



KouTpoabHas paboTa no 4ucjaeHHbIM METO1aM

3aganusa

B koHTponbHoW paboTe kaxAabli CTyAeHT 06s3aH NMUCbMEHHO BbIMOMHWUTL OAMH BOMPOC
TEOpeTMYEeCKoN YacTu 1 NATb 3aaHU NPaAKTUYECKON YacTK: MO OAHOMY BapuaHTy U3 Kaxaow
TeMbl NpPaKTUYecKoi YacTu. Homep Bonpoca u BapuaHTa paBeH nocneaHei umgpe B 3a4eTHOM
KHUXKe. Kaxablii CTYAEHT BbINOSIHAET CBOW BapUaHT B KaxXA0W TEMe NpakTUYeCcKon YacTu.

BOI'IpOCbI TeOpeTquCKOIZ 4acTtun, He BowenLlne B KOHTPOJIbHYIO pa60Ty, CTyOeHT OOJTXEeH
NpoYnNTaTh N Bbly4YUTDb.

Teopernueckas 4acTb

1. TeopeTnyeckmne OCHOBbl YMCMEHHbIX MeToaoB. OcobeHHOCTM MaTeMaTUYEeCKUX
BblYMCNIEHUN, BbINOMHAEMBIX HA BblYMCAWUTENbBHbIX cUCTEMaX. MNMOHATME NOrpeLuHoCTu.
Buabl norpelHoCcTen, UCTOYHUKM MOrPELLHOCTEN.

2. YncneHHble MeToabl peLleHns CUCTEM NIMHENHbIX anrebpanyeckux ypaBHeHun. MeTtog

"aycca. Ycnosusa cxogumoctun MmetoaoB. OueHka NorpeLlHocTen.

MeToabl pelieHns HenmMHernHbIX cuctemM.OLeHKa NorpeLLHoCTEN.

MeToabl noucka aKcTpeMyma (yHKUMW OAHOM nepemeHHon. MeTtoabl nouvcka

3KCTpemMyMa OYHKLMIN HECKOSTbKUX MEPEMEHHbIX.

5. KoHeuyHble pa3HOCTM pa3HbiX nopsagkoB. [locTaHOBKA 3agayvvM MHTEPNONMPOBaHMS.
NHTepnonaumoHHble dhopmynbl HeloToHa, JlarpaHxa.

6. Dopmynbl npubnuxeHHoro aumddepeHumpoBaHua. MpubnuxeHHoe MHTerpupoBaHue -
obwwme 3ameyvaHuns. KsagpaTtypHble (hOpMyIibl UHTENPUPOBAHUS.

7. PeweHne cucteM OOGbLIKHOBEHHbIX AnddepeHumanbHbiXx ypaBHeHun. Metoapl PyHre-
KyTTbl. OueHKa norpeLHocTen ogHoLWaroBbiXx METOL0B.

8. MeTopabl peleHns ypaBHeHNs TENONPOBOAHOCTU. ABHAA U HEABHAA Pa3HOCTHbIE CXEMBbI.

9. CraumoHapHble ypaBHeHusl. YpaBHeHue Jlannaca. YpaBHeHue [lyaccoHa. MeTtogbl
Akobu, NTnbmana.

10. MNMpobnema annpokcumaumn. Annpokcumaumsa QyHKUUA MHOroYIeHaMu.

> W

IIpakTyeckas yacTb

Heo6xoanmo BbINOSHMTL NATb 3a4aHU - MO OQHOMY U3 Kaxaon Tembl. Homep BapuaHTa
paBeH nocnegHen uudpe B 3a4eTHOM KHUXKe. B KOHTponbHOM paboTe 3anncatb pacyeTHble
cbopMynbl UCMONb3yeMOro MeToAa, NPOBECTU BbIMUCIEHUSA, caenaTbh 6510K-CXeMbl U 3anncatb
nosly4yeHHble pe3ynbraTtbl. brok-cxembl BbinonHuTe No FOCTy 19.701-90 (MCO 5807-85).

Tema 1. YucieHHOe MHTErPUPOBaHHE (PYHKUMIA.
MpnbnmxeHHOe NHTErpMpoBaHue - obLLNe 3aMeyaHus.
MeToa NpAMOYrosibHNKOB. PacyeTHble hopMynbl.
MeTopg Tpaneuunin. PacyeTHble (popmyiribl.

MeTtopg CumnicoHa. PacueTHble hopmyrbl.
3adaHue 1.HucneHHoe uHmMeepuposaHue hyHKUUU Memodamu rpsIMOY20/IbHUKO8 8 CPeOHEM,
mpaneuyut u memodom CuMrcoHa.



Bbluncnutb MHTEerpan mMmetTogamMmun rMnpamoyrosibHMKoB B cpegHem, MeToaoMm Tpaneu,m7| n

Metogom CumncoHac warom h=0.01. TMogrotoBuTb OTYeT C pe3ynbTatamu. CpaBHUTb
pes3ynbTaThbl.

B KOHTpOJ'IbHOI?I pa60Te coenaTtb 6GNOK-CXeMbI MO BCEM TpeM MeTOOaM.

BapuaHm 1.Bblaucnntb MHTErpan:

2.0 1
O0dx.

0 V90 x?

BapuaHm 2.Bbluncnntb uHTErpar:

20Vx200.16

10 X2 dx .

BapuaHm 3.Bbluncnntb MHTErpan:

2000 x3 dx .

1 3.00x

BapuaHm 4.Bblancnntb nHtTerpan:

20ex0 eoxO

10x 2 dx.

BapuaHm 5.Bbluncnntb nHterpan:



1000 23x dx.
0

BapuaHm 6.Bblumcnntb MHTErpan:

30 (x In( x))? dx.
2.000



BapuaHm 7.Bblaucnntb MHTErpan:

oo

O e* sin( x) cos(x)dx .
0.0

BapuaHm 8.Bbluncnntb MHTErpan:

3.01n? (x)
0o dx.
20 X

BapuaHm 9.Bbluncnntb uHTerpar:

30 1
no dx .
20X 1g(x)

BapuaHm 10.BblMucnntb uHTErpan:

2.0 1
O0dx

0 \/1I]3xD2x2

Tema 2. Pemienne cucteM 00bIKHOBEHHBIX IH((epeHIMANbHBIX YPABHEHUIA.

MeTtop Ounepa. PacueTHble hopmyrbi.

MeTog PyHre-KyTTbl 2 (ynyylleHHbIn MeToa Oinepa). PacyeTHble hopmynbi.



MeTtop PyHre-KyTTbl 4. PacyeTHble dopMyIibl.
3adaHue 2.PeweHue cucmembi 06bIKHOBEHHbIX OuhpepeHyuanbHbIX

ypaeHeHul memolamu Jinepa, PyHee-Kymmesi 2 (yrydweHHbIM memodom Slinepa) u

memooom PyHee- Kymmebl 4

PewuTb 3apavy Kowwn metogamu dunepa, ynydleHHbIM MeToaoM Aunepa (meton PyHre-
KyTTbl 2) 1 MeTogom PyHre-KyTTbl 4. 3anonHuTb Tabnuuy BbIYMCNEHHbIX 3HAYEHW NapaMeTpoB
OT Ha4yanbHOro 3HaveHus, pasHoro 0, 4o max 3HayeHus, pasHoro 0,1, ¢ warom 0,01.

B KOHTpOJ'IbHOI7I pa60Te coenaTtb 6GNOK-CXeMbI MO BCEM TpeM MeToOaM.

Bapuarm 1.
dx

O x DlD O0x20vy?2 DDy,x°=1,0;
dt

dy
Oy DlD O0x20y? DDX,y°=1,0;
t

d

BapuaHm 2.

yooz20yoyoy0O,y°01,0:

1 1 1 2 1

y.00 000y, 0y;0y,0,y°03,0;

Bapuarm 3.



y1DDDyzE\rF=yFE=ytef,yloEI3,O;y
12 0y22

yO.0 Oy: 00y, 0O Y3 °00,0;

Y2
y12 Oy2

ysl 00,0;y12

Oy 22

10



BapuaHm
4.

ya0 Oyoys,y°00,0;
1

y
yO,0O00Ovy1yz,°01,0;

2

y3
yOs0 0 00,51y:y2, °01,0;

BapuaHm 5.

0
y:oQdy,, yr 02,0;

vooodioy.2 Oy,0y:,y,0 000:

BapuaHm 6.

__dy:0sinOxOy1y20,y00
2,0;dx 1

_ dydx2 O cosDx 2 Oyi00yo D y2001,0;

Bapuarm 7.



BapuaHm

_dX1D3X1|:| 2X2|:|X3,X10 EIl,O;

dt
- dXd'[2 X20Ox42,x22020;
O
1
T dxs X1 x20x2,°04,0;
O
dt
3 X3
8.
yid Ovysz, °00,0y
1

y2
y.00 000,07 xy. Ox2y;, °00,125;

12



BapuaHm
0.
y:ooodssoys0y,065y,,y:°01,0;

y
yO,0 00,07850y, 0y, 0,°01,0;

2

y3
yOsO0 O0,1y;, °00,0

BapuaHm 10.

_dxo0Oo2o0y0x00,1x2, x°0O1,0;
dt

_YpDOao2sxOyooiy?,y°ns0:;
dt

Tema 3. PenieHue ypaBHeHHsl TeNJIONPOBOAHOCTH

YpaBHeHMe TennonpoBOAHOCTU. ABHas U HesBHaA pPa3HOCTHble CXeMbl. PacyeTHble
dopmyIbl.

3adaHue 3.PeweHue ypasHeHUs1 merionpoeodHocmu, 0OHOMEPHbIU criy4dall, sieHast
pasHocmHasi cxema.

PewnTtb ypaBHEHNE TENNONPOBOAHOCTM C MOMOLLBIO ABHOW Pa3HOCTHOW CXeMbl. 3agaHue
BbinonHnTb npu h=0.1 ans 0.0 <t < 100.0,

0.0 <x< 300.0. B koHTponbHOM paboTe caenatb GMOK-CXemMy nporpammbl M 3anucaTb
nepBble AECATb BbIMUCIIEHHbIX 3HAYEHUA TeMNepaTyp.

13



BapuaHm
Tema 4. PerieHue crainoHAPHOT0 ypaBHEeHHUs

CraumoHapHble ypaBHeHUA. YpaBHeHue Jlannaca. YpaBHeHue lNyaccoHa. Metoabl Akobw,
JlnbmaHa. PacyeTHble hopmynbl.

3adaHue 4.PeweHue cmayuoHapHo20 ypasHeHus Jlannaca memodom JlubmaHa.

|/|CI'IOJ'Ib3yFI MEeTO CETOK, COCTaBUTb np|/|6n|/|>KeHHoe peweHne 3agadn ,D,I/IpI/IXJ'Ie ona

14



ypaBHeHus Jlannaca B kBagpaTte ABCD c sepwuHamu A(0,0), B(0,1), C(1,1), D(1,0); war h=0.2.
Mpun pelweHnn 3agaym ncnonb3oBaTb GopMynbl JInbmaHa. BelumcneHma 3akOHYUTb, BbINOSIHUB
200 utepauuin.

15



B KOHTponbHOM
3HaAYEeHNa UCKOMOW (PYHKLIMM BO BCEX Y3rax CETKU.

BapuaHTbl yka3sbiBatloT (popMynbl, 3agatoLme NCKomyo (OyHKLMIO Ha cTopoHax kBagpata ABCD.

BapuaHmei.

pa60Te caenaTtb 6J'IOK-CX6My nporpamMmmbl 3anmcaTtb BbI4YUCIIEHHbIE

BapE:HTa U’/AB U '/BC U/(‘D U/AD
1 30y 30(1-x3) 0 0
2
2 20y 30cos(Z) | 30cos(Z) 20.0x
2 2
3 50y(1-y3) 0 0 50sin(nx)
4 20y 20 20y 50x(1-x)
5 0 50x(1-x) 50y(1-y?) 50x(1-x)
6 30sin(ny) 20x 20y 30x(1-x)
7 30(1-y) 204/ 20y 30x(1-x)
8 50sin(ny) 304/ x 30y? 50sin(nx)
9 40y? 40 40 X
40sin(—)
2
10 50y? 50(1-x) 0 60x(1-x2)

Tema 5. UncaeHHbIE MeTOAbI JJMHEIHOMH aare0pbl

MeToAbl peLleHnst CUCTeEM NUHENHbIX anrebpanyeckux ypaBHeHu. Metog Maycca.

3adaHue 5.PeweHue cucmemMbi JIUHEUHbIX ypasHeHUlU memodom [aycca.

PewnTtb cuctemMy nuHenHbIX ypaBHeHUn meTogom aycca. B

KOHTpONnbHON paboTe caenaTb 6M10K-CXemMy NporpamMmbi.

1. 5,5x-123,1y+37z = 438,73
24,1x+7,2y-11,92 = -3,17

101,5x+54,8y-213,7z = - 208,63

2. 5,5x+3,1y+27z=6,42
40,1x+17,2y-21,9z = 119,02

115x+581,5y+123z = 1535,74




10.

29,2x+113,4y+37,12==7,05
41,3x+113,7y+37,8z = - 30,99

241,3x+133,7y+57,8z2 =680,99
10,5x+11,1y+272 = 6,42
40,1x+17,3y-21,9z = 119,02

115x+581,5y-123z = 1535,74

15,5x-13,1y+37z = 16,79
40,1x+7,2y-11,9z = -53,23

11,5x+54,8y+23,7z = 141,57

11,5x+54,8y+23,7z =141,57
15,5x-13,1y+47z = 33,79

40,1x+7,2y-11,9z = -53,23

20,5x-13,1y+37z = -60,92
40,1x+17,2y-11,9z = 106,02

11,5x+54,8y+23,7z = 129,01

2,9x+23,4y-17,4z = -324,43
12,9x+3,6y+0,7z = 5,45

221,9x+32,4y-37,4z = -320,33

2,9x+23,4y-17,4z = -38,27
12,9x+3,6y+0,7z = 27,66

221,9x+32,4y+374z = 3954,21

2,9x+23,4y-17,4z = -324,43
69,2x-13,4y+171,4z = 2150,56
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11.1,3x+133,7y+57,8z = 262,191) C moMOIIBbI0 3JEKTPOHHBIX TAOJHI TOCTPOUTE
rpadux ¢pyakmuit y=2%, y=3%, y=5" na npomexytke [-2;2]. (1 6amr)

2) C moMomIbio 3JEKTPOHHBIX TabMIl MocTpoiTe rpaduk QyHKImMA y=logyX,
y=logsX, y=logsx Ha mpomexxytke [0,2;4]. (1 Gan)

3) C moMoIIbIo ANEKTPOHHBIX Ta0IHIl MeTo10M MoHTe-Kapiio BEIYUCIIATE HHTETpaT
oT ¢pyHkumu sin(x) Ha npomexxytke [0;1]. B kauecTBe 0TBETa BHIMUIIUTE BO3MOKHBIE
pesynbTatel A 300 u 500 Touek. (5 6aIoB)

4) C mnoMOUIbIO 3JCKTPOHHBIX TAOIHII TPOMOJCIUPYHTE METOJ[ PEIICHHUS
YPaBHEHHUI JieJieHreM oTpeska rnomnosiam.B kadecTB o0pasia Bo3pMute GyHKIH0 f=—
cos(A*X)+A*x ¢ TounocThio e=107°. (3 6anna)

5) C noMmompK 3JICKTPOHHBIX TAOJHUI[ TPOMOJCIUPYUTE METOJ PEIICHUS
YPaBHEHMI TPaJMEHTHOrO ciycka, B kadecTB oOpasiia Bo3pbMHUTE (QYHKIHIO f=—
cos(A*X)+A*x ¢ TounocTbio e=107°. (5 6an10B)

IlepeyeHb KOHTPOJILHBIX BONIPOCOB U 3aIaHUI VISl CAMOCTOATEIbHOI padoThI:
1. OcCHOBHBIC MOHATHS TEOPHH IMOTPEITHOCTEH.
2. Kakoe COOTHOIIEHHE CBSI3bIBAET YHCIIO BEPHBIX 3HAKOB C MOTPEIIHOCTHIO YKciia?
3. UTo 3HAYUT OTAETUTH KOPHU YpaBHEHUS?
4. Korma MOXHO OTHEIUTh KOPHU YpPaBHEHUS aHAJIUTHUYECKUM METOOM,
rpaduyecKuM METOJIOM U MaIllIMHHBIM METOJ0M?

o

CYTB UTCPpAllMOHHOI'O MCTOJ14.

o

KakoBel ~ nmocTatouHble yCIOBUS CXOAMMOCTH HTEPAIMOHHON
nocJenoBaTeaIbHOCTH 1 ypaBHenus X O O (X) Ha oTpeske [a,b], comeprkaiiem o1uH
KOpPEHBb?

7. Ilpu uTepanlnOHHOM METOJIE pPeIlieHUs ypaBHEHHH OT ucxoqHoro ypaBHenus f (x) O

0 mepexo T K SKBUBalleHTHOMY ypaBHeHuto Buja X O O (x) O x OO0 (x) f (x) , rme O
(X) - mpou3BoIbHAS HETIpepbIBHAS (QYHKIIUS.

Kakas ¢pynkuus O (X) mpuBOIUT K METOTY XOpA, a Kakas k Meroay Herotona?

8. KakuMm 06pazom BeIOMpaeM Xo U X1 B METO/I€ XOP/ IJIs CIEIYIOIIHNX CIy4aeB:

a)f0 0,8)f0 0;6)f0'0,f0 0;f0O
0,f0 0;r)f0 0,f0 0. °

9. Kakoe YCJIOBHUC ABJIACTCA KPUTCPUCM JId JOCTUKCHUSA 3aJJaHHOIl TOYHOCTHU npu

PCHICHHUU YPAaBHCHUSA KOM6I/IHI/Ip0BaHHBIM MeTO,Z[OM?
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10.
11.
12.

13.
14.
15.
16.

17.
18.
19.

20.

21.

22.
23.

ITocraHoBKa 3aJa4UUHTEPIIOIUPOBAHMSL.
[Mouemy npubIMKAIOT MHOTOWIEHAMU ?
WuTepnonsuuonHas popmyna Jlarpanxka nuMeeT BUA:

L(x)EIDn y|:||:|n

_ (xOxj).n
i0o ijoojoi (X OXj)

Hanwmcats B pa3BepHyTOM BHJIE JIBA MEPBBIX CIIAaraeMbIX CYMMBI.
Kak cBsi3aHa cTerneHb MHOTOYICHA C KOJTHMYECTBOM Y3JI0B WHTEPIOJISIIAN?
Onpenenutb 0000IIEHHYIO CTENEHb YHCIA.
Kak nomyvarorcst popMyibl puOIMKEHHOTO AUPPepeHInpoBaHus?
3agaya uyncieHHoro AU (GEepeHIUPOBAaHHS SIBISETCS HEKOPPEKTHOM - 4YTO 3TO
O3Hayaet?
CyTb YHCICHHOTOMHTET PUPOBAHHSL.
Kak nonyvarorcs kBagparypubie popmyisl Hetotona - Koreca?
Kak MeHsieTcs BBIYMCIIUTENBHBIA ITOPUTM TIPY M3MEHEHUH KPAaTHOCTH WHTETpaja
JUI KJIACCUYECKHUX KBaJIpaTypHbIX hopmyin u 11t Meroaa Monte- Kapio?
K xakomy TuIy METOJIOB - IPSIMBIM WJIM UTEPALTUOHHBIMOTHOCUTCSI METO/] TJIABHBIX
JJIEMEHTOB?
Kakum o6pazom nosryuaercst smnupudeckas popmyna?
YeMm oTnmMuaeTcs METOJ HAaUMEHBUIMX KBAIPATOB OT METOIAaUHTEPIIOIMPOBAHU?
Kakum oOpazoMm ctpoutcss mnpuOmmkaromas (yHKIUS B BHIE Pa3IMYHBIX
3JIeMEHTapHBIX QYHKITUH?
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24. llenb CTAaTHCTUYECKOM 00PaOOTKH.

25. YUro 3HAYUT JETEPMHUHUPOBAHHBIN aITOPUTM?

26. Ha yem ocHoBan metoq Monte-Kapno?

27. Meton Monre-Kapio a7 BBIYMCICHUS KPATHBIX HHTETPAJIOB.

28. Korna muddepennmansHoe ypaBHEHUE MOKHO pemuTh MeToioM [Trkapa?

29. Korna muddepeHnnanbHOe ypaBHEHHE MOYKHO PEIIMThH YUCIEHHBIM MeToioM? Kak
OTIPENIeTUTh, YTO 3a]1a4a XOpoIIo 00yciaoBiIeHa (yCToHYMBa

lpunoxceHue 1

3adarusa k memody Faycca, memody 3elidens u memody npocmoli umepayuu (eapuaHmoi)

BapuaHnTt 1 BapuaHT 2

2X1 | 5X2 | 3X3D X4 0o 11 X1 ] 4X2 ] 8X3 ] 5X4 0o 1
X1 0O4x, 0O5x08x 00204x; 0O2x, O3xs Oxs 002
3X1 | 2X2 | 4X3 | 7X4 00 011 5X1 ] 8X2 ] X3 ] 3X4 goo

7xy O2x, 0O 3x30 X4 00 10 2x. 0 x» O3xs O4x, OO0O?2

Omeem (1; 2; 1; 2) Omeem (2;-1;1; 1)

BapuaHT 3 BapuaHTt 4

x: 0O4x, 09 0O7x, 0O0011x O5x, O6xs O2x, 0O0O22

2x; Ox, DO7xs O5x, 0O02003x;, Ox, 0Ob5xs Ox, 0OO6

3x1 O8x: O3xs OXs 00 29 4x, O09% Oxs 0Ox, 0O001
Ox: Ox. 0O2xs O03x, O001002x, O3x, O5xs O3xs 0O0O0O1
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Omeem (1; 2; 3; 1) Omeem (1;-1; 2; 2)

BapuaHTt 5 BapuaHT 6

X1 O 8X2 | 7X3 | 3X4 oo 1 X1 O 3X2 g 5X3 g 7X4 00 16
2X1 O 3X2 | X3 | 2X4 0o 8 2X1 O 4X2 g 3X3 g Xa ooo4
O X1 | 4X2 | 2X3 | 6X4 oo 9 5X1 ] 8X2 ] 9X3 ] 3X4 gooo9

11x, O5x, O3xs O7xs 0O0323x, 0O14x, 0O10xs 0O5x, 0O0O0O11

Omeem (3; 1; 1; -1) Omeem (1; -1; 2; 4)

BapuaHnt 7 BapuaHTt 8

X1 O03x, O12xs O Xy 00 20 5x, O4x, O8xs 0Oxs OO O17
3X1 O5x, O6xs 0O2xs 0011 2x O7x, O3xs 0O4x, OO0O7

2x1 Ox. Ob5xs 0O3x, 0019 0O3x. O2x; O74xs O5x, OO0O9

O5x; 09, Oxs 0O11x, 00033 x: Oxs 0O2x, 0001
Omeem (2; 1; 1; 3) Omeem (1; -1; 2; -2)
BapuaHT 9 BapuaHTt 10
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2X1 O 3X2 O 5X3 0o 8 5X1 O 8X2 O 9X3 O Xa oo 2
3X1 O X2 O 2X3 O 5X4 Oooi10 0O 7X1 O 11X2 g 3X3 g 7X4

| 4X1 O 5X2 O 3X3 O Xa a0 11 2X1 O 4X2|:| X3 g 9X4 oo 3
2X1 O 7X2 O 4X3 O 2X4 00 011 3X1 O 8X2 g 4X3 g 3X4
Omeem (2; 3; 1; 1) Omeem (-1; 3; 2; 1)
Bapuanm 11 Bapuanm 12
5X1 | X2 | 2X3 | Xa goo 2 3X1 O 9X2 ] 5X3 ] Xa goo
7X1 | 3X2 | 5X3 | 2X4 00 010 2X1 ] 4X2 ] 3X3 ] 7X4 goov
3, O4x, O7x3 Oxq o017 x O X3 oo s
2%, O6x, O2x3 O011x, OO0020x, O2x, Oxs 0O8x, 0011
Omeem (-1; 1; 2; 2) Omeem (4;-1; 1; 2)
BapuaHnTt 13 BapuaHT 14
X1 O 2X2 O 3X3 O 5X4 00 8 2X1 ] X2 ] 7X3 ] 4X4 gog 7
X O5%;, 0O4x30 Xy a0 7 x, 09, 0O3xs Ob5x, 0031
3X1 O 4X2 O X3 O 9X4 aa 22 X1 ] X2 ] 5X3 gooe
7X1 O X2 O 8X3 O 3X4 0o 11 4X1 O 7X2 ] 2X3 O Xa 00 39

oo 41

oo 32
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Omeem (2; 2; -1; 1)

Omeem (3; 4; -1; 1)

BapuaHT 15 BapuaHT 16

3X1 O4x, Ob5xs O7x, OO00O5x 0 2x O X4 oo 2
2X1 O 7X2 | 9X3 | 4X4 a0 4 2X1 O 3X2 g 5X3 g Xa gooiz

13x; O7x; Ob5xs O4x, OO07 3x, O7x, O6xs O3x, 004
2X1 | 3X2 | 6X3D X4 0o 10 2X1 ] 4X2 ] 9X3 ] 6X4 oo o 27

Omeem (1;1; 1; 1) Omeem (-1; 2; 3; -1)

3afaHue K cxeme JMTKeHa M NoanHoMy JlarpaH:Ka

X y Ne eapuanma X* X y Ne gapuanma X*
0,2050 | 0,207921 1 0,2064 | 0,8902 | 1,23510 |2 0,8942
0,2052 | 0,208130 5 0,2073 | 0,8909 | 1,23687 |6 0,8973
0,2060 | 0,208964 9 0,2082 | 0,8919 | 1,23941 | 10 0,8958
0,2065 | 0,209486 13 0,2079 | 0,8940 | 1,24475 | 14 0,8948
0,2069 | 0,209904 17 0,2088 | 0,8944 | 1,24577 | 18 0,8934
0,2075 | 0,210530 0,8955 | 1,24858

0,2085 | 0,211575 0,8965 | 1,25114

0,2090 | 0,212097 0,8975 | 1,25371

0,2096 | 0,212724 0,9010 | 1,26275

0,2100 | 0,213142 0,9026 | 1,26691

X y Ne eapuanma X* X y Ne gapuanma X*
0,6100 | 1,83781 3 0,6120 | 0,5400 | 1,66825 | 4 0,5415
0,6104 | 1,83686 7 0,6124 | 0,5405 | 1,66636 | 8 0,5424
0,6118 | 1,83354 11 0,6142 | 0,5410 | 1,66448 | 12 0,5436
0,6139 | 1,82860 15 0,6163 | 0,5420 | 1,66071 | 16 0,5442
0,6145 | 1,82720 19 0,6182 | 0,5429 | 1,65734 | 20 0,5451
0,6158 | 1,82416 0,5440 | 1,65322

0,6167 | 1,82207 0,5449 | 1,64987

0,6185 | 1,81791 0,5455 | 1,64764

0,6200 | 1,81446 0,5465 | 1,64393

0,6225 | 1,80876 0,5473 | 1,64097

3agaHua K metoay dinepa u metoay PyHre-Kytra
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No BapuaHTa ypaBHeHI/Ie HauanrHoe HpI/I6J'II/I)KeHI/Ie OTp€3OK HHTCTPUPOBAHUA
y’
1 y y°(1,8)=2,6 [1,8;2,8]
y'Ox0Ocos__
'3
2 y y°(1,6)=4,6 [1,6;2,6]
y' O x O cos
3
3 y y°(0,6)=0,8 [0,6;1,6]
y' 0 x O cos
—=20
4 W y°(0,5)=0,6 [0,5:1,5]
y' O x O cos
oo
5 y ¥°(1,7)=5,3 [1,7:2,7]
y'Ox0Ocos__
2,25
6 y y°(1,4)=2,2 [1,4;2,4]
y'Ox0Ocos e
7 y y°(1,4)=2,5 [1,4:2,4]
y'Ox0Ocos___
I
8 y ¥°(0,8)=1,4 [0,8;2,8]
y'Ox0Ocos___
5
9 y ¥°(1,2)=2,1 [1,2;2,2]
y'Ox0Ocos___
10 y ¥°(2,1)=2,5 [2,1;3,1]
y' O x 0O cos
—d
11 W y°(1,8)=2,6 [1,8:2,8]
y'Ox0Osin ___
12 y y°(1,6)=4,6 [1,6;2,6]
y'Ox0Osin
3
13 y y°(0,6)=0,8 [0,6;1,6]
y' 0 x O sin
—20
14 y y°(0,5)=0,6 [0,5:1,5]
y'Ox0Osin ___
15 y y°(1,7)=5,3 [1,7;2,7]
y'Ox0Osin
oo
16 y yo(1,4)=2,2 [1,4:2,4]
y' 0 x O sin
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J28

17 y y°(0,8)=1,3 [0,8;2,8]
y'Ox 0Osin £
18 Vy y°(1,1)=1,5 [1,1;2,1]
y'Ox 0Osin
J1.25
19 y y°(0,6)=1,2 [0,6;1,6]
y'Ox0Osin__
1,5
20 y y°(0,5)=1,8 [1,8;2,8]
y'Ox0Osin__
15
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