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AHHOTaHI/Iﬂ K JUCIIUIIJIMHE

Haseanue YucjaeHHoe MOACTUPOBAHUEC TEXHOJOIHYCCKUX onepaunifl

OUCUUNTIUHDL

Homep 93 | Akaoemuueckuii 200 | 2018/2019 | cemecmp |5

Kageopa TMull IIpozpamma 15.03.05 «KOoHCTPYKTOPCKO — TEXHOJIOTHIECKOE 00eCTICUCHHE
MAaIIMHOCTPOUTEIBHBIX TPOU3BOJICTBY» (YPOBEHb OakaaBpHaTa),
podrth — « TeXHOJIOTHsI MAIITMHOCTP OCHUS

Cocmasumens CmupnoB B.A., K.T.H., AOLIEHT

Henu u 3a0auu
OUCYUNTIUHDL,
OCHOGHble Hembl

He.]'lﬂ: OCBOCHHUEC YHUCJIICHHBIX METOJAOB PCIICHHUSA IIPUKIIAIHBIX MATEMAaTUYCCKUX 3a/lavd

33}13'—[“: HpI/I06peTCHI/Ie 3HAHUW 110 YHUCICHHBIM METOJLaM PpEIICHUA MNPUKIAJHbIX MAaTCMAaTHYCCKUX 3aJa4;
HpI/I06peTeHI/Ie yMeHI/Iﬁ pemieHuA MNPUKIAAHBIX MATEMAaTHYCCKUX 3a/lad pas3/IMdHbIMHU YHUCICHHBIMU MCETOAaMM,
HpI/I06peTeHI/Ie HaBBIKOB HCIIOJIb30BAHUS IPOrpaMMHBIX MHPOAYKTOB JId p€aiM3alilii YHUCICHHBIX METOJOB PCHICHUA
3ajaq.

3HAHWS: OCHOBHBIE YNCJIEHHBIE METO/1bl PEHIEHUS ITPUKITAJTHBIX MATEMATHUYECKUX 3AJIAY.

YMEHUS. WCIMOJIb30BATh OCHOBHBIE YHMCJIEHHBIE METObI PEIIEHUS TTPUKJIATHBIX MATEMATHYECKUX 3AJIAY,

OLEHUBATD TOYHOCTD ¥ JOCTOBEPHOCTD YACJEHHOT'O PEIIEHUS ITPUKJIATHBIX MATEMATIYECKIX 3AJIAU.

HABBIKHM: VCIIOJIb30BAHUE TPUKITAJHBIX IMPOTPAMMHBIX TIPOJAYKTOB JUIS PEAJIM3ALIMM YUCJIEHHBIX METOJOB
PEILIEHUS NIPUKJTATHBIX 3AJIAY.

Jlekuuu (ocHOBHbIE TeMbl): UmncleHHbIE METOABI  ANNpPOKCHMAlMH. YHCICHHOE HMHTErPUPOBaHHE U
b depenipoBanue. YUcIeHHbIE METOBI PELIEHNS] YPAaBHEHUH 1 CHCTEM ypaBHEHUH. UHCIEHHBIC METObI PEIICHHS
OOBIKHOBEHHBIX AU (hepeHINAIBHBIX YPABHEHHH.

IIPAKTUYECKHE 3AHATHSA: YNCJIEHHBIE METOIBl  AINMMPOKCUMALMU. YWCIEHHOE WHTETPMPOBAHVE U
JMOOEPEHIIMIPOBAHNE. UWCIIEHHBIE METO/IbI PEIIEHNSA YPABHEHUI M CUCTEM VPABHEHWIA. UMCIIEHHBIE METO/BI
PEIIEHIS OBLIKHOBEHHbBIX IUOOEPEHIIMAJIHBIX YPABHEHNIA.

Ocuoenas 1.MoKPOBA, H. B. UHCJEHHBIE METO/Ibl B UH)KEHEPHBIX PACUETAX [DJIEKTPOHHBII PECYPC] | YUEFHOE ITOCOBME / H.

numepamypa B. MokpPOBA, JI. E. CYPKOBA. — DJIEKTPOH. TEKCTOBBIE JJAHHBIE. — CAPATOB : Aii ITn Op MEnA, 2018. — 91 ¢c. —
978-5-4486-0238-2. — PEXUM JJOCTVIIA: HTTP://WWW.IPRBOOKSHOP.RU/71739.HTML
2. KPAXOTKHHA, E. B. UMCJIEHHBIE METO/Ibl B HAYUHBIX PACUETAX [DJIEKTPOHHBII PECYPC] | YUEBHOE MTOCOBME. KyPC
JEKIM / E. B. KPAXOTKMHA. — DJIEKTPOH. TEKCTOBBIE JAHHBIE. — CTABPOIOJbL : CEBEPO-KABKA3CKUIA
®EJEPAJIbHBII ~ YHUBEPCMTET, 2015. — 162 C. —  2227-8397. —  PEXMM  JOCTVIIA:
HTTP://WWW.IPRBOOKSHOP.RU/62884.HTML

Texnuueckue VYueOHble ayAUTOPHUH AT NIPOBEJCHHS 3aHATHI JIEKIMOHHOI0, CEMUHAPCKOr0 THIIA, TPYNIOBBIX U HHAUBHAYaIbHBIX

cpeocmea KOHCYJIBTAIMi, TEKYyIEro KOHTPOJNS YCIEBAEMOCTH W IPOMEKYTOUYHOH aTTecTallu OO0ydarolmxcs, Juis
CaMOCTOSITEIIbHOM PabOThI CTY/ICHTOB.

Komnemenyuu Ilpuoopemaromcesn cmyoeHmamu npu 0C60EHUU OUCUUNTIUHbBL

[Ipogpeccuonansnole | 1IK-1. CIOCOBHOCTh NMPUMEHSTh CIIOCOBBI PAIIMOHAJIBHOIO HCTIOJNb30BAHNUSI HEOBXO/IIMBIX BHJIOB PECYPCOB B
MAIIMHOCTPOUTEJILHBIX  [TPOM3BOACTBAX, BBIBUPATH OCHOBHBIE W BCIIOMOIATEJBHBIE MATEPHAJIBI  JUISA
M3TOTOBJIEHNA MX W3JEJINH, CTIOCOBBI PEATTU3ALIMM OCHOBHBIX TEXHOJIOTMYECKHUX TPOLIECCOB, AHAJIMTUYECKUE U
YHUCJIEHHBIE METOJIBI ITPY PA3PABOTKE X MATEMATUYECKUX MOJIEJIEN, A TAKOKE COBPEMEHHBIE METO/IbI PASPABOTKH
MAJIOOTXOJHBIX, 9HEPT OCBEPETAIOIX 1 DKOJIOI MYECKN YACTBIX MAIIMHOCTPOUTEJIbHBIX TEXHOJIOI Ui
I1K-3. CHIOCOBHOCTb YYACTBOBATb B IIOCTAHOBKE LEJIEI IPOEKTA (IIPOTPAMMBI), EI'O 3AJAY IIPU 3AJLAHHBIX
KPUTEPUAX, LEJIEBBIX OVHKIMAX, OMPAHUYEHWAX, PA3PABOTKE CTPYKTYPbI MX B3AUMOCBS3EN, OIPEJIEJEHUN
[TPHOPUTETOB PEILEHNA 3AJJAY C VUETOM [TPABOBBIX, HPABCTBEHHBIX ACIIEKTOB ITPO®ECCHOHAJIbHON JEATEJILBHOCTH
Popma Ilpakxmuueckue JIABOPATOPH | Camocmosamenvnas

3auemmnpix 2 nposedenusn Jekyuu AU aGoma

eounuy 3anamuil BIE PABOTBI y4
Bcezo uacoe - 72 16 16 - 40

Budw Aug.zau KII/KP | Ycnosue Dopma npogedenus Hoaroroska k

KoHmpoasa | /3a4/ K3 Ilonydyenue oneHKH . | IPAKTUYECKAM 3aHATHIM,

3auema " " CamocmoamenbHou
3a4YTEHO 3a4ETY; BBIIIOJIHEHUE
dopmor 3auer HET OUCYUNIUNDL pabomui o
3amaanii CP

Ilepeuensy oucyunaun, 3nanue

KOMOpvIX HEO0X00UMO 011 U3YUEHUA

OUCUUNTIUHDL

MaT€MaTHuKa, MaTEMaTUIECKOE MOIACIIMPOBAHNE TEXHOJIOTMIECKUX MPOIECCOB B
MAaIIMHOCTPOCHUN
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1. lesan u 32024y TUCHMTLIAHBI

He.]'lbl() npenoaaBaHuAa AUCHUIUIMHBL ABJISACTCA OCBOCHUC YHCICHHBIX MCETOHNOB PCHICHUS
MPUKIAAHBIX MAaTCMAaTUYCCKUX 3a1a4.

3agaum TUCUIMILIMHEL:

— TpuOOpEeTCHHE 3HAHW M0 YMCICHHBIM METOJAaM PEIICHUS MPHUKIAIHBIX MaTeMATHYECKUX
3aJ1a4;

— TpUOOpETCHHE YMCHHHM pENICHUS MPHUKIATHBIX MATeMAaTHYCCKUX 3a1ad Pa3InuHbIMH
YHUCIEHHBIMUA METOJAMH;

— TpHOOpPETCHHE HABBIKOB WCIOJIB30BAHUS TPOTPAMMHBIX IPOJYKTOB JUISI peaH3aliH
YUCJICHHBIX METOJIOB PEIICHUS 3a]1a4.

B PE3yabTaTe U3y4yCHUA JUCHUIIIMHBI CTYJICHT JOJIKCH.

3HATb:
— OCHOBHBIC YHMCJIICHHBIC MCTOABI PCHICHUA NPUKIIAJHBIX MAaTCMATHYCCKUX 3a/1a4.

yMeThb:

— HCIIOJIb30BaTh OCHOBHBIC YHCIICHHBIE METOJBI PEIICHUS NPHUKIATHBIX MaTeMaTHYeCKUX
3aaq;

— OIEHHWBAaTh TOYHOCTh W  JIOCTOBEPHOCTh  YHCIEHHOTO  PEIIeHHsS  TPUKIAIHBIX
MaTeMaTHIECKUX 3aj1ad.

BJIAa1€Th:
— HaBBIKaMHU pa6OTBI C IMpOorpaMMHBIMHU MPOAYKTAMHU JJId pCain3allii YHUCJIICHHBIX MCTOI0B
PEIICHHUS MMPUKIAJHBIX MAaTCMATUYCCKUX 3aaa4

2. Mecto mucuumidabl B cTpykrype OOII:

JlucrunauHa OTHOCUTCS K BapuaTuBHOM yactu biok 1. Jlucuumimab (MO Tysn).
JIig u3y4eHus QUCHUIUIMHBI CTYIEHT JTO0JKEH |

3HAThb:

— AQHAJIMTHYCCKHUEC MCTOJbI pCHICHUA PA3JIMYHBIX MAaTEMATUYCCKUX 3a/1a4 B 001acTH TUHEHHON
anre6pLI 1 MaTEeMaTU4YCCKOro aHaIn3a,

— MaréMaTH4CCKHC MOACIH, BCTpEYAOIIHUECA B IMPAKTHUKE MalIMHOCTPOUTECIBHOI'O
IIpOU3BOACTBA.

yMeThb:
— pelaTh NPUKIATHBIE MATEMaTUYECKHE 3aJauu.

BJIAJeTh:
— HaBBIKAMHU Pa3pabOTKH MaTEMaTUYECKUX MOJIEICH TEXHOJIOTMYECKUX IIPOIIECCOB B
MAIIMHOCTPOCHHH.

I/IzyquHe JAUCHTUITIINHBI 6a3preTc;1 Ha 3HAHUAX, IMOJYUCHHBIX IIPU HU3YYCHUU AUCHUIIIINH:
MaTeMaTI/IKa, MaremMaTu4deckoe MOJCIINPOBAHUC TCXHOJIOTHYCCKHUX mponeccoB B
MallIMHOCTPOCHUMU.

3. TpeOoBaHus K pe3yJbTaTaM OCBOCHHMS AUCHUILUINHBI:

3.1.3naHus, npuodperaemMble B X0/1€ M3YUeHHU S TUCIUIIIHHBI

Ne n/m 3nanus
1. YucieHHbIe MCTObI alllIPOKCUMAllN
2 YucneHHbIe METO bl HHTEIpHUPOBaHUS U T HepeHITMPOBAHNS
3. YucieHHbIe MCTOAbI PCHICHUS ypaBHCHI/Iﬁ U CUCTEM ypaBHCHI/Iﬁ
4 YucneHHble METO bl pelIeHUs] 0OBIKHOBEHHBIX UG depeHIIMaIbHbIX YPaBHEHUN




3.2. yMeHI/Iﬂ, npnoﬁpeTaeMble B X0J1€ H3YYCHUHA TUCHUIIJTUHDbI

Ne n/m Ymenust
1. HCIOJIh30BaTh OCHOBHBIC YHCIICHHBIC METOJIbI PEIICHUS MPUKIAIHBIX MAaTeMaTHYSCKUX
3a/1a4
2. OIICHUBAaTh TOYHOCTh H  JIOCTOBEPHOCTh UHCICHHOTO pEIICHUS TMPUKIIAJIHBIX
MaTeMaTUYCCKHX 3a/1a4
3.3. HaBbIkHu, IpuodpeTaemMbie B X0/1e H3YYeHHs THCHUTIIUHBI
Ne n/m Hasbiku
1. Hcnosib30BaHMe MPHUKIIATHBIX TPOTPAMMHBIX TPOJYKTOB IS PEATU3alUN YHCICHHBIX
METOJIOB PEIICHUS MPUKIIATHBIX 3a/1a4.
3.4. KomneTeHnuu, npuodperaeMbie B X0/ie H3YYeHHS THCIHHIIHHBI
3uanus |[Ymenusi | HaBbik
KomMmnerenmuu (NeNe w3 [NeNe u3 | m (NelNe
3.1) 3.2) | m333)
IIK-1 CnocoOHOCTH NPUMEHSTH  CHOCOOBI  PallMOHAIBHOTO
WCITI0JTb30 BaHUS HE0OXO0TUMBIX BHJIOB pecypcoB B
MAaITMHOCTPOUTEIIBHBIX TTPOU3BOJICTBAX, BBHIOMPATh OCHOBHBIC H
BCIIOMOTATEJIbHBIE MaTepHalibl JUIS HM3TOTOBJICHHS WX W3JCITUH, 123
CHOCOObl peanu3allid OCHOBHBIX TEXHOJIOTMUECKUX IPOIIECCOB, | 4’ ’ 1,2 1
AQHAIMTHYCCKUE W YHCICHHBIC METOABl TMPH pa3paboTKe WX
MaTeMaTHYeCKHX MOJIeJICH, a TakKe COBPEMCHHBIC METO/IBI
pa3pabOTKH MaJOOTXOIHBIX, YHEPTOCOEPETAIONINX B IKOJOTUUECKH
YUCTBIX MAITUHOCTPOUTENBHBIX TEXHOJIOT Uil
IIK-3 CrnocoOGHOCTh y4acTBOBaTh B TIOCTAHOBKE IIEJIE€H MPOEKTa
(mporpammbl), €ro 3ajad MpU 33JaHHBIX KPUTEPUAX, LEJIEBBIX
GyHKIMSX,  OTpaHMYCHUSAX,  pa3paboTKe  CTPYKTypel  ux | 1,2, 3, 12 1
B3aMMOCBSI3€H, ONpPENCICHUN TPUOPUTETOB pEIICHUsS 3a1a4 C 4 ’
Y4eTOM IIPAaBOBBIX, HPABCTBEHHBIX aCMEKTOB MpPO(decCHOHATbHOM
JeSITeNIbHOCTH

4. CTpyKTYypa H coJep:KaHue U CHUTLINHBI
4.1.Pa3aenbl IUCHMUIINH U BUABI 3AHATHH

Buabl yue6Hoii padoThbl,
DopMBbI TEKYIIEr0o KOHTPOJIs
2 = J BKJIIOYasi
Ne 5l 2 B yCIeBaeMoCTH (no neoenam
Paznen 8 Q o CaMOCTOATEJbHY IO
n/ S| =9 cemecmpa)
AUCHHUIIIMHBI s 2 = pa60Ty CTYACHTOB U o
n Ol = s DopMa NPpOMe:KYTOUHOI
S|TpyRoemMKocT® (B acax) aTTecTalluM (no cemecmpam)
aek |mpak| naé |CPC* P
OTBeTl Ha BOIPOCHI Ha
1 JIEKLIUH. KoHTponbHas
paora. TectupoBanue.
Yucnennsie METObI 2
1. 5 4 | 4 - | 10 | PaGora Ha mnpaKTHYECKUX
anIpOKCUMALIUU 3 .
4 3aHATUAX: TEeKYyIUN
KOHTPOJIb BBINIOJIHEHU S
3aJaHUH.
OTBeTl Ha BOIPOCHI Ha
JIEKILIUH. TectupoBanue.
Yucnennoe
5 PaGota Ha npPaKTHYECKUX
2. | MHTerpupoOBaHUE ulb5 2 | 2 - 8 .
6 3aHATUSAX: TEeKYyLUN
middepeHunpoBanue
KOHTPOJIb BBITIOJIHCHUS
3aJaHUH.




7 TectupoBanue. 1
UYucneHHble METO/IbI 8 arrectanua.  PaGora  Ha
3. | pemieHuss ypaBHEHUH U |5 9 4 | 4 - 10 | mpakTUYecKux 3aHSATHUSAX:
CUCTEM YpaBHEHUH. 10 TEKYILUN KOHTPOIIb
BBINIOJIHEHUS 3aJJaHH.
11 TectupoBanue. KonrposbHas
Yucnennsie METObI 12 paborTa. 2 aTTecTanusl.
4 | pewenns OOBIKHOBEHHBIX 5 13 6 | 6 - |10 PaGora Ha mpakTHYECKHUX
" | muddepeHaTBEHBIX 14 3aHATUAX: TEKYILUN
ypaBHEHUH 15 KOHTPOJIb BBIITOJIHEHU S
16 3aaHnii. Bompock! k 3a4ery.
3auer 2 | Bompocsl K 3a4ery.
Bcero 3a cemectp, B TOM
qucle KOHTPOJIb 16 | 16 | - | 40
CaMOCTOSITEJIbHON pabOThI
4.2. Conep:xkaHue pa3aejioB Kypca
No Paszen 3nanusa | Ymenusi | HaBbiku
/i e — (nomep | (Homep (Homep
u3 3.1) u3 3.2) u3 3.3)
1. YucneHHbIe METOABI MHTEPIOJISAIINH (DYHKITHH.
JlokanpHas u rnoOanbHas uaTepnossiuus. CraiH-
nHTepnosiusa. Maorounensl Jlarpanxa n Herotona.
1 | 2. [Ipubmmwkenne ¢pynkauii. [Togbop anmpokcumupyromiei 1 1,2 1
(YHKIIMM METOJJOM HaUMEHBIIUX KBAJPaTOB.
[Ipubnmkenne opToroHaTbHBIMH MHOTOWJIEHAMU
YeObiIeBa.
1. YucnenHoe uHTerpupoBanue. @opmyibl
MPSAMOYTOJIbHUKOB, Tpaneuuid, Cumrncona. OneHka
MOTPEIIHOCTH YUCJIEHHOTO UHTETPUPOBAHMUSL.
2 | 2. Yucnennoe muddeperiupoBanue. PasHocTHbIE GOPMYITBI 2 1,2 1
JUISl TIEPBOM M BTOPOU MPOU3BOAHBIX. MeTo 1
HeonpeaesieHHbIX KoapduueHToB. OneHka
MIOTPEIIHOCTH YUCICHHOTO AU PepeHInPOBaHNUS.
1. Pemienuie ypaBHEHU METOJaMU MOJOBUHHOTO JIEJICHHUS,
3 METOJIOM XOPJI, METOZIOM HeroToHa, METOIOM MPOCTHIX 3 1,2 1
UTEpALIUH.
2. Pemenue cucreM ypaBHeHHI MeTogoM HploTOHA.
1. Pemenwue 3ampaun Ko a1t 0ObIKHOBEHHOTO
mddepeHnanbHOT0 ypaBHEHHs MeTo1aMu Didsepa,
Oninepa-Komm, Pynre-Kyrra.
2. Pemenue 3agaun Komm ass cucteMbl OOBIKHOBEHHBIX
4 mddepeHnanbHbIX YpaBHEHUH MeTo1aMu Difnepa 1 4 19 1
Pynre-Kyrra. ’
3. OueHKa NOrpenIHoCcTy pereHus 3aaaun Komm.
4. Pemenue kpaeBoi 3a1auu 111 OOBIKHOBEHHOTO
mddepeHInanbHOT0 YpaBHEHUSI METOI0M CTPEIbObI U
METO/IOM KOHEUHBIX pa3HOCTEM.
4.3. HanMeHOBaHHe TeM NPAKTHYECKUX 3aHSITHI, HX coiep:KaHue H 00beM B yacax
Ne Ne pasjeia HaumenoBanue TeMbl MPAKTHYECKOIo 3aHATHA U €r0 COACpPKaHue prll()eM'
n/n | JTMCHMILINHBI KOCThb (4ac)
1. 1 YuciieHHbIe METO/1bl AITPOKCHUMALIHH. 4




1lo 3a0annomy maccugy 5KCnepUMeHmMAanbHbIX OAHHBIX
cocmasums UHMEPNONAYUOHHBLE POPMYTIbL C UCNONL30BAHUEM
KYCOYHO-TUHEUHOU, K8AOPAMUYHOU, CHIAAUH-UHMEPNONAYUL,
Gopmyner Hoiomona u Jlaepanoica.

Yucnennoe unrerpupoBanue u nuddepeHnnpoBanme.
Buiuuciumo onpedenennulii unmezpan memooamu
npamoy2onvHuxkos, mpaneyuti, Cumncona. Oyenumo
MoYHOCMb Hall0eHHO20 peuteHus. Haiimu evipadicenue ons
8bLIYUCTEHUS NPOU3BOOHOU MEMOOOM HEONPEOENeHHBIX
K0a(puyuenmos.

HucneHHble METObI PEIICHUS] YPABHEHUI U CHCTEM
YpaBHEHUH.

Pewums nenunetinoe ypagnenue memooamu oeneHus
nonoaam, xopo, Hetomona, npocmuix umepayuii. Cpagnums
noJy4enHvle pe3yIbmamsl U 3¢eKkmueHoCmb Memooos.
Pewums cucmemy nenunetinvix ypasHenuil Memooom
Hvromona.

YucneHHbIe METOBI PEIICHHS OOBIKHOBEHHBIX
muddepenunanbHbIx ypasHeHuit (OY).

Pewums 3a0auy Kowu ons O]V nepsoeo u émopozo nopsioxa
memooamu Jiinepa, Jinepa-Kowu, Pynee-Kymma. Oyenums
MOYHOCMb NOTYUYEHHO20 PeuleHUs anpUuoOpHbiM U
anocmepuopHuim memoodamu. Pewumsb Kkpaegyio 3aoavy ona
OV emopoco nopsoxa memooom KOHeUHbIX PAZHOCMell U
Memooom cmpenvobl.

Bcero

16

4.4, PexomenayeMblie 00pa3oBaTe/ibHbI€ TEXHOJOTMH W HHHOBAIMOHHBbIE (JOPMBI YU4eOHBIX
3aHATHH
Jliia popaOoTKH M 3aKperieHus Marepraia 1o AUCUUILIUHE MPUMEHSIOTCS (MHTEpaKTHBHAS
TEXHOJIOTHS / MHHOBAIMOHHAst hopMa yIeOHbBIX 3aHITHH):
@DOoHJI TECTOBBIX BOMPOCOB U 3a]1a4 [0 KaXKJ10i TeMe Kypca.
Komrekt BonpocoB u 3a7au AJisi KOHTPOJIbHON pabOTHI.
KowMmrmnekt nHAMBHIyalbHBIX 33JaHUN U1 1a00paTOpPHBIX padoT.
KoMrmnekT nHAMBHTyanbHBIX 331aHUN U1 CAMOCTOSATEIbHBIX PaboT.
Buneo-npesenranum JIEeKIIMOHHOTO MaTepHarna.

5. Coepxxanue CcaMOCTOSATENbHOI padoThl cTydeHTOB. OLEeHO4YHble cpeacTBa sl

TEKYIIEro KOHTPOJs YCIIEBA€eMOCTH,

OCBOCHHUSA JUCIHUIIJINHBI

5.1.Conep:xkaHue caMoCTOATEIbHONH padoThI

leOMG)KyTO‘IHOfI arrecragum 1o UTOram

ain | ez Hamvenonanme tew coern (126)
1 1 UucneHHble METObI allIIPOKCUMALIUN 10
2 2 UYucneHHoe HHTErpupoBanue u auddepeHnupoBanme 8
3 3 UYucneHHble METO/Ibl PELIEHUs] yPaBHEHUIN U CUCTEM 10
YpaBHEHUM.
4 4 UncneHHbIe METO/IbI pelIeHUs OOBIKHOBEHHBIX 10
mddepeHnanbHbIX YpaBHEHUH
3ayer [ToaroToBka K 3auery. 2
Hroro 40




5.2.0ueHOYHbIEe CPEACTBA, MHCIOIb3yeMbIE IS TEKYLIEr0 KOHTPOJS YCIIEBAEMOCTH U
MIPOMEKYTOYHOM aTTeCcTalMy OOYYAOUIMXCS [0 UTOTAaM OCBOCHHS JUCLUUIUIMHBI, UX BHIBI H
¢dopmbl, TpeOOBaHMS K HUM M MIKAJbl OLIGHUBAHUS NPHUBEICHBI B MPUIOKEHUU K paboueit
nporpamMme JUCHUIUIMHBL «DOHI OIICHOYHBIX CpPEACTB» MO JAucHUIUIMHE «YucieHHoe
MOJICTTUPOBAHUE TEXHOJIOTUYECKUX OTIEepaIHii», KOTOpoe 0o(OpMIISETCS B BUJIE OTIEIBHOTO
JTOKYMEHTA.

6. YueOoHo-MeTOqMYecKoe M HH(OPMAIIMOHHOE o0ecniedeHHe TUCIUTITHHBI.

a) OcHOBHas JuUTEpaTypa

Ne n/m HanmeHoBanue KHUTH Ton
H3JaHUsA
MoxkpoBa, H. B. UwncnenHele MeToABl B HMHXEHEPHBIX pacyeTax
[OnexTponnblii pecypc]| : yueOnoe mocobuwe / H. B. Mokposa, JI. E.
1 CypkoBa. — DNeKTpoH. TeKcToBble maHHble. — CaparoB : Ai Ilm Dp | 2018

Memma, 2018. — 91 c¢. — 978-5-4486-0238-2. — Pexum npocryma:
http://lwww.iprbookshop.ru/71739.html

Kpaxotknna, E. B. UYwucnenHele MeTOAbl B HAy4YHBIX pacyeTrax
[OnexTponnbIii pecypc| : ydebHoe mnocobme. Kypc nexumit / E. B.
2 KpaxoTkmaa. — DnekTpoH. TekcToBble gaHHble. — CraBpomnonb : Cesepo- | 2015
KaBkasckwmii ¢enepansubiii yausepcuret, 2015. — 162 ¢. — 2227-8397. —
Pexxum noctyma: http://www.iprbookshop.ru/62884.html

0) lonojiHUTE/ILHASA JIUTEPATYpa

Tox
H3TAHUA

Ne i/ HauMeHnoBaHue KHUTH

UucneHHble METOJBl MPU MOJEIHPOBAHUU TEXHOJOTMYECKMX MAIIUH H
o0opynoBaHus [ DNEKTPOHHBIHN pecype] : yueOHoe mocodbue / I'. B. Anekcees,
1 b. A. Boponenko, M. B. TonuapoB, WM. U. Xonssun. — OInektpon. | 2014
TekcToBbIe AaHHBbIe. — CapaToB : By3oBckoe oOpa3oBanue, 2014. — 203 c.
— 2227-8397. — Pexxum poctymna: http://www.iprbookshop.ru/26229. html
CobouneBa, O. H. Beenenue B unciieHHbIE METOIBI [ DJIEKTPOHHBIN pecypc] :
yaebnoe nmocobue / O. H. CoboneBa. — DJIEKTPOH. TEKCTOBBIC TaHHBIE. —
2 HoBocubupck : HoBocubOupckuii  rocymapcTBeHHbIH — TexHuueckmit | 2011
yauBepcutet, 2011. — 64 ¢. — 978-5-7782-1776-8. — Pexum pocrtyna:
http://lwww.iprbookshop.ru/45362.html

B) [lepeyenn pecypcoB HH(POPMANIMOHHO-KOMMYHUKAIMOHHOH ceTn UHTEpHeT:
DnektpoHHas oubnuoreynas cucrema «IPRbooksy http://www.iprbookshop.ru

basa nanubix Hayunoii anexrponnoii oubanoreku eLIBRARY.RU https://elibrary.ru/
basa manusix Web of Science https://apps.webofknowledge.com/

4. baza mannbix Scopus https://www.scopus.com Nupopmanmonnas cuctema «EnuHoe OKHO
JocTyma K o0pa3oBaTenbHbIM pecypcamy» http://window.edu.ru

5. CnpaBouHo-mpaBoBas cucrema «I'apant» http://www.garant.ru

6. becninatHas snekTponHas MHTepHeT OMOIMOTEKAa HOPMATUBHO-TEXHHUYECKOU IUTEPATYPHI
TexJIut http://www.tehlit.ru/

7. baza nmaHHBIX TPO(ECCHOHANBHBIX CTaHAAPTOB MUHHCTEPCTBA Tpyla W COLUAIBHOM
samutel PO http://profstandart.rosmintrud.ru/obshchiy-informatsionnyy-blok/natsionalnyyreestr-
professionalnykh-standartov/

8. denepanbHas rocyaapcTBeHHas WHpopMaIMoHHas cuctema «HammoHabHas AIIEKTpOHHAS
oubnmorekay» https://H36.pd

9. HaumoHansHBIN MopTan oHnaiiH o0ydenus: «OTkpeITOE 0OpasoBanue» https://openedu.ru

10. Ba3bl maHHBIX MUHHUCTEPCTBA SKOHOMHUUECKOTO pa3BuTus PO http://www.economy.gov.ru

wrh e


http://www.iprbookshop.ru/
https://elibrary.ru/
https://apps.webofknowledge.com/
http://window.edu.ru/
http://www.garant.ru/
http://www.tehlit.ru/
http://profstandart.rosmintrud.ru/obshchiy-informatsionnyy-blok/natsionalnyyreestr-professionalnykh-standartov/
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https://openedu.ru/
http://www.economy.gov.ru/

11. Ocdunmanpapii caiit denepanbHOTO areHTCTBA MO TEXHHUYECKOMY PETYIUPOBAHHIO U
meTpostoruu http://protect.gost.ru/

12. MupoBas uuppoBas Oubmmorexa https://www.wdl.org/ru/ DnextponHas OubIHOTEKA
Programmer’s Klondike https://proklondike.net/

r) YueOHO-MeTOoAM4YecKOe o0ecneyeHue U CIIUTIINHbI

1. CmupHoB B.A. Meroanueckue yka3aHUs IO BBINOJHEHUIO MIPAKTHUECKUX padoT 110
TUCIHIUINHE «YHCICHHOE MOJICIIMPOBAHUE TEXHOJIOTHUSCKUX Omepanuii». BoTkuHckuid (umman
NxI'TY umenu M.T. Kamamnukosa. Borkunck, 2018.

2. Meroanueckue ykazauus «OQpopMiIeHHE KOHTPOJIBHBIX padoT, pedepaToB, KypcOBEIX padboT
Y TIPOCKTOB, OTYETOB IO MPAKTHUKE, BHIMTYCKHBIX KBATHU(PUKAIMOHHBIX paboT». CocraButenu: A.1O.
VYpazbaxtuna, P.M. Bbakupos, B.A. CmupHoB [OnexktpoHHbIi pecypc]. Pexum npocryna:
http://vfistu.ru/images/files/Docs/metodichka_po_oformleniu_v3.pdf

3. YueOHO-MeTOAMYEeCKOe  TMOCOOMEe 10  OpraHM3alud  CaMOCTOSITETIbHOM — paboThI
obOyuatontuxca. CoctButenu: E.B. UymakoBa, P.M. BakupoB [OnextponHbIl pecypc]. Pexum
noctyna: http://lwww.vfistu.ru/images/files/Docs/metorg_po_sam_rabote.pdf

n) IlporpammHoe obecnieuyeHue
1. Microsoft Office.
2. KOMIITAC-3D.

7. MaTepuaJibHO-TEXHHYECKOe 0o0ecneyeHue TUCIUIINHBI:

1. CienmayibHBIC TTOMENIEHUS - YIeOHbIC ayJUTOPUN I MPOBEJACHUS: 3aHATHHA JICKITMOHHOTO
THIIa, 000PYJOBAaHHBIE JTOCKOM, CTOJIAMHU, CTYJIbSIMHU.

2. CnenuanbHbIe TTIOMEIICHUS - YIeOHbIe ayTUTOPUH JJIsi IPOBEICHUS: 3aHATUNH CEMUHAPCKOTO
TUIA, TPYIIOBBIX W WHAWUBUIAYAIbHBIX KOHCYJbTAIMK, OOOPYIOBaHHBIE JTOCKOHM, CTOJIAMH,
CTYJBSMH.

4. CreuuanbHbIE MOMENIEHUS - YYCOHBIC ayIUTOPUHU I MPOBEACHHUS TEKYIIETO KOHTPOJIS
YCIIEBAEMOCTH U MPOMEKYTOYHOM aTTecTalri 0OydJaroImuxcs, 000pyI0BaHHBIC TOCKOH, CTOJIAMH,
CTYJbSMH.

5. CneuuwayibHbIe TOMEIIEHUS - Y4YeOHBIC ayJUTOPUHM IS OPTraHW3allid W IPOBEICHUS
CaMOCTOSITENIbHOM  paboOThl  CTYIEHTOB, OOOpPYAOBAaHHBIE KOMIIBIOTEPAMU C BO3MOKHOCTHIO
MOAKIIIOUEHUs K ceTu «IHTepHeT», CTOJIaMH, CTYIIbsIMHU.


http://protect.gost.ru/
https://proklondike.net/
http://vfistu.ru/images/files/Docs/metodichka_po_oformleniu_v3.pdf
http://www.vfistu.ru/images/files/Docs/metorg_po_sam_rabote.pdf
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MHWHOBPHAYKU POCCUN
BoTtkunckmii Grmman
DenepanbHOTO rOCY1apCTBEHHOTO OIOKETHOTO 00pa30BATEIBHOTO YUPEIKICHHS
BbICILIEr0 00pa30oBaHUs
«>KeBCKHM IOCYJapCTBEHHBIN TEXHUYECKUI YHUBEPCUTET
nvenn M.T. KanamHukoBay»

(B® ®T'BOY BO «MkI'TY umenu M.T. KananraukoBay

Kadenpa «TexHomoruss MammmHOCTPOSHUS U IPUOOPOCTPOCHUS»

®OHJT
OIIEHOYHBIX CPE/JCTB

MO JUCLUTIAHE

YuciieHHOE MOJEINPOBAaHUE TEXHOJIOTMYECKUX OIepaliui
(HAaMMEHOBaHHE MUCIUTIIAHBL)

15.03.05 «KOHCTPYKTOPCKO-TEXHOJIOrHYecKoe obecneueHrue MalnHOCTPOUTENbHBIX

OPOU3BOACTB»
(ubp ¥ HAUMEHOBAHKE HANIPABJICHHUS/CHEINATBHOCTH)

TexHoa0r1s MalIuHOCTPOCHUS
(HanMeHoBaHUE PO/ CTIEIIHATEHOCTH/MarHCTEPCKOM TIPOrPaMMET)

OakanaBp
KBaJIH(DUKAITUA (CTCHGHB BBIHyCKHHKa



IIACHIOPT
®OHJA OIIEHOYHBIX CPEJCTB
O JUCHUIIINHE «<YUCJIEHHOE MOJIEJUPOBAHUE TEXHOJOI'MYECKHUX

OIEPALIUI»
(HaMMEHOBAHUE JMCIMILIMHBI)
Kon
Ne Paznea KOHTpoaupyemoii | HaumeHoBaHHe OLIEHOYHOIO
n/n JTUCIHUTILINHBI KOMIIeTeHIIUH cpeacTBa
(uym ee yacTn)
1 YucneHHbIE METO/IbI allITPOKCUMAIINU [K-1 Tect. KonTponbHas pabora. Pabora Ha
MIPAaKTHYECKUX 3aHITUAX: TEKYIHN
KOHTPOJIb BHITTOJHEHUsI 33 JaHUH.

2 UucneHHOEe HHTETPUPOBAHUE U [IK-1 Tect. PaboTa Ha npakTHYECKUX

i depeHInpoBanme 3aHATHAX: TEKYIIUH KOHTPOJIb
BBITIOJTHEHUS 3aJaHUN

3 YucneHHble METO/IbI PELLIEHUS YPaBHEHUN U IK-1 Tect. PaboTa Ha mpakTUYECKUX

CHCTEM ypaBHEHHH. 3aHATHAX: TEKYIIHH KOHTPOIIb
BBINOJTHEHYS 33 JaHUH.

4 UwcieHHBIC METOBI PEIICHHS IK-1, [1IK-3 Tect. KorTponmsHas pabora. Pabora Ha
0OBIKHOBEHHBIX T depeHInanbHbIX MIPAaKTHYECKHX 3aHIATHIX: TEKYIHH
YpaBHEHHUH KOHTPOJIb BHITTOJHEHUS 33JaHHUH.

5 3auer

ONUCAHUSA YJTEMEHTOB ®OC

Haumenosanue: 3a4et
IIpeocmasnenue ¢ @OC: iepevyeHb BOIPOCOB
Ilepeuensv 6onpocoe 0na npogedenusn 3auema:

1.

2.

YucneHHble MeTOAbI MHTEpIONALUH PyHKIMHA. JIokanbHas u rnodanbHas uHTepnossiuus. CruiaifH-
nHTepnossinysa. Maorounensl Jlarpanka u Herotona.

[Tpubnuxenue ¢pynkuuit. [londop annpokcumupyromei GyHKIM METOJOM HAaMMEHBIINX
kBazpatoB. [Ipubnmkenrne opToroHanabHBIMM MHOTOUJIEeHaMH YeObliieBa.

Yucnennoe nnrerpupoBanue. @opmyiibl IpsMOYroJIbHUKOB, Tpanenui, Cummncona. OneHka
MOTPEIIHOCTH YUCIEHHOTO UHTETPUPOBAHMUSL.

Yucnennoe quddepenurpoBanue. PazHocTHbIe (OpMYITbI TSl TEPBOM M BTOPOM MPOU3BOIHBIX.
Meton HeonpeneneHHbIX K03 duunreHToB. O1eHKa NOrpeIHOCTH YUCIEHHOTO

Qg QepeHIMpoBaHus.

Pemenue ypaBHeHU MeTO/IaMU TIOJIOBUHHOT'O AEJIEHUS, METO/I0M X0pJl, MeToaoM HeloToHa,
METOJIOM IIPOCTHIX UTEPALUN.

Pemrenne cucrem ypaBHeHnuii MerogoMm HeroToHa.

Pemenue 3anaun Komm a5t 0ObIKHOBEHHOTO JU(QepeHIINaTIbHOI0 YpaBHEHUS MeTo1aMu Difepa,
Oitnepa-Komm, Pynre-Kyrra. Onienka norpeniHocty pemienus 3agaun Komm.

Pemenue 3anaun Kommu 171t cucteMbl 0OBIKHOBEHHBIX U (hepeHInaTbHBIX YpaBHEHHH METOAaMU
Oiinepa u Pynre-Kyrra.

Pemienue kpaeBoii 3ajauu 17151 0ObIKHOBEHHOTO AU PepeHIInanbHOro ypaBHEHHSI METOZIOM
CTpenbObI M METO/IOM KOHEUHBIX Pa3HOCTEH.

Kpumepuu oyenku:
IIpuBenensl B pazuene 2



Haumenoganue: tect
Ilpeocmagnenue ¢ @OC: HabOp TECTOB

Bapuanm bl mecmoe.

Tect Nel. UHTepnoasiuus 1 npudanskenue GyHKumii
1. Jlana radnmunas ¢pynkuus. Halitu 3Hauenne y npu X=1,5, ncnosb3yst Mmuorowien Hoiorona.

X

y
1 3
2 2
4 1

-25

- 2,458

- 2,56

-24

2. Jlana tadamunasi pynkuus. Haiitu 3Havenue y npu X=1,5, HcnoJib3ysi KyCOUYHO-JIHHEHYI0 HHTEPIOJISIUIO.

X

y
3
2
1

1
2
4

-25

- 2,458

-2,6

-24

3. CkoJbKO HeM3BeCTHBIX K03(pPUIIMEHTOB COAEPKAT KyOHUecKHil cniaifn?

-2

-3

-4

-5

4. K xakoMy BHIYy OTHOCHTCSH CIUIAH-MHTepNoasuus?

- JIOKaJIbHas

- rro0anbHas

- CpeHeKBa[paTHIHAs

- KyCOYHO-TIOCTOSIHHAS

5. K kakomy BHAY OTHOCHTCS HHTEPHOJISI U MHOTowIeHoM Jlarpam:ka?

- JIOKaJIbHas

- rro0anbHas

- CpeIHEeKBaIpaTHIHAS

- CILIAH-UHTEPIOJILUS

6. W3 kakux coodpakeHuii onpeneasiiorcsi K03 PUIMEHTHI NPH CPeTHEKBAAPATHYHOM NPHUOIMKeHNH QYHKIMIA.

- aIPOKCUMHUPYIOIIast QYHKIIHS J0JDKHA IPOXOIUTh Yepe3 y3JI0BbIC TOUKU

- CyMMa OTKJIOHEHUH MeXy 3HaueHHsSMH (QYHKIMH B y3JIOBBIX TOUKAX M 3HAYCHUSIMHU alNPOKCUMUPYOLIeld (yHKIUH T0JDKHA

OBITh MUHUMAJILHOM

- CyMMa KBaJpaTOB OTKJIOHCHHH MEXIy 3HaueHUSMH (QYHKIMH B Y3JIOBBIX TOYKaxX M 3HAUYCHHMSMH alIpPOKCUMHUPYIOLIEH

(YHKIWU TOJKHA OBITh MUHIMAIBHOM

- anMpoKCUMUpYyonias GyHKIHS JOJDKHA TPOXOUTh Yepe3 HauyalbHYI0 1 KOHEYHYIO Y3JIOBYIO TOUKY

7. B 4eM HeIOCTATOK CTENMEHHOH anmpoxcumupytomeil ¢Qyaxkouu Y(X)=a0-x?! mo cpaBHeHHI0 ¢ JHHEHHON
annpokcumupymwoumeii pynknueii y(x)=a0+al-x?

- CTerneHHast QyHKIUSI UMEET MEHBIIYI0 TOYHOCTh aIrllpOKCHMAIUN

- KO3 PHUIMEHTHI CTENCHHON ()YHKIIMK HE MOTYT OBITh BEIYUCIICHBI METOIOM HAMMEHBIIINX KBAJIPATOB

- IIPH UCTIOJIb30BAaHHUH CTETIEHHON (QYHKIINHM 3HAYUTEIBHO YCIIOXKHACTCS AITOPUTM BBIYHCICHUH

- CTCTICHHYIO q)yHKHI/II'O HEJIB34 MOCTPOUTH, €CJIN CPEAN UCXOJIHBIX JAaHHBIX UMECIOTCA OTPULATCIIBHBIC NN HYJICBBIC 3HAYCHUA

8. MHcxoas U3 KAKOro ycJI0BHsI MPOU3BOIUTCS paBHOMepHoe npudamkenne pynxuuu f(X) moamaomom Pm(X)?

- Tla)rf‘ f (Xi )_ Pm (Xi X < &, rjie € — IOIYCTUMAS [IOTPEIIHOCTD, | — HOMEp y371a

n 2

- Z[f (Xi)_ Pm(Xi )] —min , TJie | — HoMep y3ia

i=1



n

- Z| f (Xi )_ P, (Xi X — MIN | rxe i — nomep y3na
i=1

9. [aiiTe onpenaesienne cruiaiiH-GpyHKIUH.

n n

- IOJIMHOM Pn (X) = z f (Xi )H (X = Xy ) /(X =X )H (Xi - Xk) , IPUHUMAIONIHIT B TOUKax x; 3HaueHus f(Xi), Ha3pIBaeTCs
i=0 k=0 ki

CIUTalH-(QYHKIHEH, COOTBETCTBYOLICH nqanHoi Gpynkuun f(X) u y3mam x; (i = 0, 1,..., n).

- cIutaiiH-QyHKIMeH M-ro mopsaka, cooTBeTcTBytomen nannoi ¢yukuuu f(X) u y3mam xi (i = 0, 1,..., n), Ha3bIBaeTCs HYHKUUS

S(X), koTopasi: 1) sBIIsIeTCS MOIMHOMOM M-I MOPSAKA Ha KAXKIOM YaCTHYHOM OTpeske [xi1, Xi] (i = 1, 2,..., n); 2) HenpepbIBHA

BMECTE CO CBOMMH MPOU3BOAHBIMHU 110 (M-1)-ro mopsiaka B y3mam xi (i = 1, 2,..., n—1); 3) s(xi) = f(x;) (i =0, 1,..., n).

- crutaitH-pyHKIme#, cooTBeTcTBYROLIEH AanHOW (yHkumu f(X) u y3mam xi (i = 0, 1,..., n), Ha3bpIBaeTCA MOJMHOM BHIA
-1 -1)..(q—n+1
P.(X) =Y, +0Ay, +_q(q2| ) + ot 99-1 n(lq )A” Yo, rae

= (x - Xo)/h, h - mar passocTHOI1 ceTkn, AYY; - KoHEUHBIE pasHOCTH K-r0 mopsaKa

10. CdopmysupyiiTe NOCTAHOBKY 3a/1a4i HHTEPNOJIUPOBaHus GYHKIHUH.

- TpeOyeTCst BBIYUCIUTD POU3BOIHBIC OT HYHKIINIL, 38JAHHBIX B TAOJIUYHOM BHIC

- TpeOyeTcs Haiitu 3naveHue Gpynkuuu f(X), x #Xi (i = 0, 1,..., n), ecnu u3BecTHsI y3ibl uHTepronuposanus X (i = 0, 1,...,n) u

sHaueHus QyHkimu f(X) B aTHX y3max

- TpeOyeTCst ONPENETUTh AOTYCTUMYIO MTOTPEIIHOCTE aPTYMEHTOB TI0 IOTYCTUMOM MOTPEITHOCTH (QYHKITHH

11. Kakyo BeJIMYHHY NPHHUMAIOT 3a Mepy KavecTBa annmpokcumaunuu pyHkuun f(X) mommHomom Pn(X) B y3i1ax Xi B
MeTo/ie HAMMEHBIITNX KBAAPaToB?

- max|f (x,)— P, (x; ).

i=1..n

i=1

e )-Rals )

12. o mporuo3y 1983 r. mo6brua Hedptm B 3amaanoii EBpome mo/ukna oputa cocraButh B 1980 r. - 2,6 muH.
O0appeueii/cyt., B 1985 r. - 3,9 mun. Oappeneii/cyr. u B 1990 r. - 3,2 muan. Oappeneii/cyr. Hcnosab3ys
HHTePNOJSAIMOHHBINA nojuHoM JlarpaHika, paccuuTaTh JaHHBIN Moka3aTejab Ha 1988 r.

- 3,720 muH. 6appeneii/cyT

- 3,894 mutH. Gappeneii/cyT

- 3,643 muH. 6appeneii/cyT

13. OcraTouHblii YJeH HHTEPHOJINPOBAHUSA NonHOMaMu HpioToHA.

PR
24

h = const - paccrosiHie MexIy coceqHUMH y3mamu uuteprosiuun xi (i =0, 1, ..., n)

£09()

- Rn (X) = (X — XO)(X — Xl)...(X — Xn), rae & ecTb HEKOTOpasi TOYKa HAaUMEHBIIETO MTPOMEXKYTKA, COIEPIKaILEeTo

(n+1)!

Bce y3ibl uaTeprossiiwd Xi (i = 0, 1,..., N) ¥ TOUKY X, B KOTOPO# HAXOMUTCS 3HAYECHHE ceTOuHOM QyHKIwH f(X)

. tme M, = m[a>b(]| f "(§)|, & — HekoTOpast ToUKa 3aJaHHOTO TIpoMexyTKa [a, b],
&ela,

- Rn = max|x =X |, (I =0, n) , TJI€ Xi - Y3JIbl HHTEPHOJISILUH, X - TOYKa, B KOTOPOH HAXOAWTCS 3HaYEHUE CETOYHOU (QyHKIMU

f(x)

14. IlycTh A1l KOHEYHOI0 MHOXKECTBA 3HAYEHHIl apryMeHTa Xo, Xi, ..., Xn M3BeCTHbI Ta0IM4YHbIe 3HAYCHUS (PYHKIUIH
f(xo), f(Xx1),..., f(Xn). Kakyio pyHKIMI0 HA3BIBAIOT aNMPOKCUMUPYIOLIEHi?

- anmpoKcUMUpYyromed (mpuOmmKaronel) Ha3bpIBalOT (QYHKIHUIO ((X), pacdeTsl MO KOTOpOH JmOO coBmajgaroT, Jubo B

OTIPE/IEICHHOM CMBICITE IPUOMKAFOTCS K TAaHHBIM 3HadeHusM (yHkmmit f(X)

- anmpoKCUMHUpYoLel (MpHOIIMKaroNei) Ha3bIBalOT (QYHKINIO ((X), TIepBasi MPOU3BOJHASI OT KOTOPOIl paBHBI NPONU3BOIHBIM

¢byukimu f(x) B y3max xo, X1, ..., Xn

- anmpoKcUMUpYIomeH (MpuOIIMKaromei) Ha3bIBalOT QYHKINIO ((X), 3HAYEHHUsI KOTOPOH COBIAJAIOT CO 3HAUYCHUSAMH (YHKIIMU

f(x) B y3max xo, x1, ..., Xn

- ammpoKcuMUpyomel (npuOnmkaromeil) Ha3bBaloT QYyHKIMIO ((X), 3HAYCHUS] KOTOPOH OTIMYAIOTCS OT JIAHHBIX 3HAYCHUI

byukuuii f(X) Ha TOCTOSHHYIO BENUYUHY

15. Ha3oBHuTe JOCTOMHCTBA M HEJOCTATKH HHTEPNOJISANMOHHBLIX opmya Jlarpanika.



- JIOCTOMHCTBO - METOJ HauboJjiee MPOCT B MOHMMAHWU M OPraHU3al[MK BBIYHUCIUTEIBHOTO mporecca. OCHOBHOW HEJOCTATOK
METOJ[a - MPH YBEIUYCHUH YKCJIAa Y3JIOB M COOTBETCTBCHHO CTCIICHM MHTCPIIOJIAIMOHHBIA MHOrowieH Jlarpamka TpeOyercs
CTPOUTH 3aHOBO

- JIOCTOMHCTBO - METOJl OTHOCHTCS K YHCIy HTCPAIMOHHBIX METOJOB M HMEET HAUOOJNBIIYI0 TOYHOCTh HHTEPIIOJIAIIUH.
OCHOBHOW HEIOCTATOK METO/a - MEIJICHHAs CKOPOCTh CXOJMMOCTH, YTO MPHUBOJUT K 3HAYMTENLHBIM 3aTpaTaM MAIldHHOTO
BpPEMCHU

- JOCTOMHCTBO — WCIOJIb30BAaHHEC MHOTOWICHOB HEBBICOKOTO TMOPSAKa W BCJIEICTBHE 3TOTO0 MAJIBIM HAKOIUICHUEM
MOTrpeNIHocTell B mpoiiecce BeraucieHnid. OCHOBHOM HEOCTATOK METO/a - U3 YKCIIa METO/I0B HHTEPIOJSIIIUU HAU00JIee CII0KEH
B ¥ OpraHU3alliK BBIYHCIUTEIBHOTO Tpolecca

16. B yeM COCTOMT CYIIHOCTb MeTOAa HAMMEHbIIHNX KBAAPaTOB?

- OTPE30K WHTEPIIOIMPOBAHUS Pa30MBAIOT HA WHTEPBAJIBI M HAa KAXKIOM HHTEpBAIC MPUOIMKCHHO 3aMeHsIOT (yHkimio f(X)
MHOTOYWIEHOM TPEThel cTerneHu. J[js Toro 4To0bl He BO3HUKAIIO Pa3phIBOB MPOU3BOIHON B MECTaX COWICHEHUS, MPUPABHUBAIOT
MIEPBBIC U BTOPBIC IPOU3BOIHBIC COCEIHUX MHOTOUYJICHOB

- CTPOMTCS MOJMHOM, CyMMa KBaJIpaTOB OTKJIOHEHUH KOTOPOTO OT TaOJMYHBIX 3HAUEHH MHTepnoaupyemMoi ¢yukimu yi=Ff(x;)
MHUHUMaJIbHA

n n

- CTPOHMTCSA IIOJHMHOM BHJIA Pn (X) = Z f (Xi )H(X - Xk) /(X — X )H(Xi — X, |, TpUHMMANOWKA B TOYKAxX Xi,
i=0 k=0 k=i

HAa3bIBAEMBIX Y3JIaMHU HHTEPIIOJLIIUHI, 3HAUCHHS HHTeproaupyemoit ¢yHkuun f(X;)

17. IlpuBeguTe BhIpaKeHHe JJIsl OLECHKH MOTPELIHOCTH HHTEPNOasAnny 11s popmys Jlarpanxka nu HeloTona.

- |Rn (X)| <12hM,/(b—-a),rre M, = nEirg], & - HekoTopas TouKa 3aJaHHOrO TNpOMEKyTKa [a, D],

Sela,
h = const - paccrosiaue Mexay cocenuumu y3namu uarepnossun xi (i =0, 1,..., n)
f (n+1) (é)
- Rn (X) = —(X - XO)(X - Xl)...(X - Xn) , e & ecTb HEKOTOpas TOYKa HaUMEHBILIETO MPOMEXKYTKA, COIEPKALIETO

(n+1)!

Bce y3nbl uaTepnosun X (i =0, 1,..., n) ¥ TOUKY X, B KOTOpOU HaXOAUTCs 3HaYeHUe ceTouHoi (ynkiwu f(X).

- Rn (X) = SUp(X2 — Xi2 ), (i =0, n) , TI€ Xj - Y3716l MHTEPIIOJISILIUH, X - HEKOTOpOE 3HaueHue ceToYHOM (yHKImH f(X)

18. Ha3oBuTe 00/1acTH MPUMEHEHHsI HHTEPIOJUPOBAHNSA PYHKIUA.

- K WHTEpIOJMPOBAHMI0 (QYHKIMH dalle BCEro IpuOEralT, KOIrZa IPUXOIUTCS BBIYUCIATh 3HAYCHHS (QYHKIHH B

MPOMEXYTOUYHBIX TOYKaxX, MPHU ITOM JaHHas (QyHKUMS 3ajaHa B TAaOJIMYHOM BHJIE W AHAIWTHYECKOE BbIpaKeHHE (YHKIIHMU

HEHM3BECTHO.

- MHTEPIOJIMPOBAHUE MPUMEHSIOT B ClIydae, KOrjla aHAIMTHYECKUI BUI (YHKIMU M3BECTEH, HO CJIOKEH U TpeOyeT OOJbIIOoro

00BbeMa BBIYUCIICHUN

- K MHTEpHOJIMPOBaHUIO QyHKIUI NpUOEraroT, KOria IPUXOAUTCS BBIYHUCIISATH POU3BOIHBIE OT (DYHKIMHN, 3a]JaHHBIX TA0JIUYHO

- UHTEPIIOJINPOBAHNE NMPUMEHSIOT B CIIydae, KOr/la HE00X0AUMO BBIYHUCIUTE MOTPEUTHOCTh (PYHKIIMH HECKOIBKHX MEePEeMEHHbBIX

IIPH 33JaHHBIX NIOTPEITHOCTIX apryMEHTOB

- K MHTEPIOJINPOBAHUIO TIPUOETAIOT, KOTJa B PE3yJIbTaTe SKCIEPUMEHTA MOIY9IEHO OOJIBIIOE KOJINYECTBO IKCIIEPUMEHTAIBHBIX

JaHHBIX U TPpeOyeTcsl COCTABUTH M0 3THM JAaHHBIM MaTeMaTHYECKYI0 MOJIEIb B BUe HHTepHomupyromen Gynkiun f(X)

19. JlocToMHCTBA M HEAOCTATKH METOa HHTEPIOJIUPOBAHUS CIJIANH -(PyHKIIMSIMH.

- IOCTOMHCTBO - UCIIOJIb30BaHHE MHOIOYJIEHOB HEBBICOKOTO MOPSIKA U BCIEACTBHE ATOT0 MaJlbIM HAKOIUIEHUEM MOTPEIIHOCTEN

B Iporiecce BbIYMCIeHHH. OCHOBHOM HEJOCTaTOK METOJa - W3 4YHClIa METOJOB WHTEPIOJSIHMM Haubojee CIOXKEH B U

OpTraHM3aIH BEIYUCIUTEIHFHOTO TIpoIIecca

- JIOCTOMHCTBO - METOJl OTHOCHTCSI K YHCIy HWTEPalMOHHBIX METOJOB M HMEET HAMOOJNBIIYI0 TOYHOCTh HHTEPIIOJIAIIUH.

OCHOBHOW HEIOCTAaTOK METO/a - MEIJIEHHAs CKOPOCTh CXOAWMOCTH, YTO MPHUBOAWT K 3HAYWTENBHBIM 3aTpaTaM MAaIIdHHOTO

BpEeMEHU

- JIOCTOMHCTBO - METOJ] HamboJiee MPOCT B MOHWMAHUM M OPTaHW3AIMK BBIYUCIUTEIHHOTO Iporecca. OCHOBHON HEIOCTAaTOK

MeTOJIa - IPH YBEIWYECHUH YHCIIa Y3JI0B M COOTBETCTBEHHO CTEIICHH CIUTAHH-(QYHKIUIO TpeOyeTCcsi CTPOUTH 3aHOBO

20. B yemM npWHOUNHAJIbHOE OTIH4YHEe MeToda HaumMeHbmmX KBaapaToB (MHK) oT MHTepmoJSIHHOHHBIX METOI0B
Helorona u Jlarpansxka?

- UHTepHoSIIUOHHBIE hopMysbel HbroToHa U Jlarpamka CTpOsATCS Tak, YTOObl 3HAYCHUS AMMpPOKCHMUpyeMol GyHkuuu f(x) u

MHOro4JIeHa B y3/ax uHTepnosiiuu copnagain. B MHK cymma kBagpaTtoB OTKIOHEHHH Pj(x) oT TabnuuHbix 3HaueHuit f(x)

MUHHMAaJbHa

- WHTepHoIIIHUOHHEIe (opMmynsl HproToHa m Jlarpamka cTposTCS TakuM 00pa3oM, 4TOOBI CyMMa OTKJIOHEHHH 3HAUCHHUH

anmpokcuMupyemoit pyukin f(x) ¥ maHHOrO MHOTOWIEHa B y3/aX WHTEPIONSANWHN X; ObUla MHUHMMAalbHA, a CTEIEHb

HHTEPIOJISIMOHHOT0 MHOTrOYIeHa BhiOMpaercs uccienoBareneM. B MHK ¢yukuus f(x) ¥ MHTEPIONANMOHHBIA MHOTOYIEH

P,(x) B y311ax Xi COBIAIAIOT, a CTENEHD Py, (x) 3aBUCHT OT KOJIMYECTBA Y3JI0B

- MHK 1 uHTEpIomsunoHHbIe (OPMYJIBI JAIOT OJMHAKOBBIN PE3yJbTaT, €ClH annpokcumupyemas ¢yukius f(X) mpeacrasiser

co0oii MHOrouaeH crenend He Beime M. Ecau dyaxous f(X) mmeer muoii Bua, To MHK u mHTEpHONAMOHHBIE (HOPMYJIBI

Herotona u Jlarpan:ka Aar0T pa3IHuHbIN pe3yIbTar.



Tect Ne2. YncsieHHoe MHTerpupoBanue u anuddepenuupoBanue

1. B 4eM COCTOUT CyTh METOI0B YHCJIEHHOT0 HHTEIPUPOBAHUS (PYHKIHIT?

- CYTh COCTOUT B 3aMeHE MOJBIHTErpajibHol (QyHKIMU f(X) BCOMOraTreabHON, WHTErpaa OT KOTOPOM JIETKO BBIYUCIAETCS B
3IIEMEHTAPHBIX DYHKIUSIX

- CYTh COCTOMT B CJEAYIOIIEM: TPH 3aJaHHOM YHCIE HHTEPBAIOB Pa30MEHHs CIIEYeT PACIIONOKUTh MX KOHIBI TaK, YTOObI
HOJYYIUTh HAMBBICIIYIO TOYHOCTh HHTETPHPOBAHUS

- CyTh COCTOMT B TOM, YTO W3 MOIBIHTErpanbHOi GyHKuuu f(X) BeLIEIAIOT HEKOTOPYHO (yHKIMIO ¢(X), MMEIOIIYI0 Te Ke
ocobennocTH, uto (yHKIHs f(X), SIIeMEHTaAPHO HHTETPUPYEMYIO HA JTAaHHOM MPOMEXYTKE M TaKyro, 9To0bl pasHocTs f(X)-g(X)
UMelia HyXXHOE YUCIIO TIPOU3BOIHBIX

2.  VYkaxute (popMyJIy sl ONEHKH OCTATOYHOI0 WIEHA YHCIEHHOT0 HHTErPHPOBaHUsI 10 (pOpMYJie NPIMOYroJIHLHUKOB

(b—a)-h?

-‘R‘S Y -szrﬂe Mzzg;];ag)ﬂf”(xx
b-a)-h’
IR g%. M, e M, = max| f*(x)
b-a)-h?*
- ‘R‘S%'Mzhrﬂe M4 :g;]% f(A)(XX
0,4
3. Haiitu unterpan | = j dx no gopmyJie Tpaneuuii npu #=4 U OLEHUTH OCTATOYHBII wieH R.

0
- 1=0,3369, |R|< 0,00067
-1=0,3492, |R|< 0,0001
-1=0,287, |R| < 0,00094
4. 'Ykaxure GopMy.Iy ISl BBIYHCIEHUS] HHTErPaja MeTOI0M TPameluii, ecIu N — KOJIHYeCTBO HHTEPBAJIOB pa30ueHus
0Tpe3Ka HHTerpupoBaHus, N — mar pa3onenus.

b
- [yeodx=h-(yo+ ¥, +..+ ¥,1)
Z Yot Y
- Iy(x)dx: h-(%+ Y+ Y, et yn_lJ

(Vo Ay, + Ys ot Yoy )+ 20V, + Yo+ Vo) 4 Y,)

w| =

- [yeodx=

5. VYkaxurte popmysy A5l BbIMMCJIECHHS WHTErpaja MeToa0M MPSIMOYroJbLHUKOB, €CJu N — KOJUYeCTBO HHTEPBAJIOB
pa30ueHus OTPe3Ka HHTErpUPOBaHus, N — mar pa3oueHus

b
- [yO9dx=h-(yo + Yy + .+ Vo)
Z Yoty
- y(x)dx=h-(%+yl+yz+...+yn1]

b
h
- [0 =2 (Yo + 40y + Yo bt Yo ) H 20y 4 Yy bt Vo )+,

6. Kakoii U3 Tpex nepeyncieHHbIX METOA0B YMCJIEHHOT0 HHTEIPUPOBAHUS HMeeT HAMMEHBbIIYI0 TOYHOCTh?

- METOA MPAMOYT'OJIbBHUKOB

- METOJ Tpaneuun

- metog CumIicona

7. Yem BbI3BaHA MOIPELIHOCTH YyCeUeHHs] NPH BBIYMCJIEHHH TPOU3BOAHONH Mo (opMyjJaM YHCJIEHHOIO

audpepeHuupoBanus?

- IOTPEIIHOCTh YCEUCHHUs BBI3BAHA 3aMEHOM NaHHOH GyHKIuHK f(X) HHTEPNOIALHMOHHBIM MHOTOWICHOM Pn(X).

- IOTPEIIHOCTh YCEUCHHUS BhI3BaHA HETOYHBIM 331aHHEM HCXOJHBIX 3HaYeHHH faHHON (yHKImu f(X)

- IOTPEIIHOCTh YCEUCHHUS BBI3BAHA HETOYHBIM 33aHHEM HAaYalbHbIM M TPAaHUYHBIX JAHHBIX I HCXOAHOU (yHKImH f(X).
1 2

8. OueHHTH MOTrpemHOCTH R BHIYMC/IEHUs] HHTErpaja j e dX no popmy.te Tpanenuii npu pasromeprom mare h=0,1
0

-|R| < 0,04



- |R| < 0,002

- |R| < 0,00015

9. BbIunciieHHe oNpeeIeHHOT0 HHTErpaJa mno gpopmMyJiamM NpsiMmoyroJibHUKOB

- OTpe3oK uHTerpupoBanus [a, D] pasOuBaeTcs Ha n paBHBIX HHTEpPBaJOB. B mpemenax KaXIoro WHTepBaia [Xi, Xi+i]
noAbIHTErpanbHast GyHKuus f(x) 3aMeHseTCsI HHTEPIOMSIIHOHHBIM MHOTOWICHOM Jlarpanka MepBoil CTEIECHU C Y3IIaMH Xi U Xi+1,
YTO COOTBETCTBYET 3aMEeHE KPHBOU Ha ceKkyInyro. VHterpan mo [a, b] Beruucisercs: kKak cyMMa HHTETPAOB MO BCEM YaCTUYHBIM
OTpe3KaM.

1 n
- B KBAAPATYpHBIX (opMyiax I f (t)dtzzcif(ti)+l// k03 dUIMEHTHI ¢; M abermcchl ti MoaGUparoTes Tak, 4ToObI
a i=1
(bopMybl ObLIM TOYHBI JUIi MHOTOWICHOB HauBbICIIEH BO3MOXHOM cremend N. Ilpu n y31maX TOYHO UHTEIPUPYIOTCS BCE
MHorowieHsl creneHu N < 2n-1. KoadduuneHTs! ¢i u abcuuccsl tj HaxoasTcst U3 CUCTeMBI 271-1 HeNMHEWHBIX YpaBHEHU I
- oTpe3ok mHTerpupoBanus [a, b] pazOuBator Ha yacTuuHble OTpe3KH [xi, Xi+1] paBHOW mmuHbl. Ha kKaxmom otpeske [Xi, Xi+i]
noasIHTerpanbHas GyHkuus f (X) 3amensercs Ha mocTostHHYIO Besmuuny f (Xi+1/2) (mubo f (Xi), (6o f (Xir1)) u uHTErpan mo [a,
b] BBIUHCIISIETCS KaK CyMMa HHTETPAJIOB IO BCEM YaCTHYIHBIM OTPE3KaM
10. Bsruuciienue ompeaejieHHOr0 HHTerpaJa no gpopmysae CuMmcona
- oTpe3ok uHTerpupoBanus [a, b] pazOuBator Ha yacTHuHBIC OTpEe3KH [xi, Xi+1] paBHOW jmuHBL. Ha Kaxxmom oTpeske [Xi, Xi+i]
noaeiHTerpansHas ¢yukuus f(X) samensercst Ha nocrosiHayto BenunuuHy f(Xi+12) U uHTErpai mo [a, b] BeruncaseTcs Kak cymma
HWHTETPAJIOB 110 BCEM YaCTUYHBIM OTPE3KaM

1 n
- B KBaJpaTypHeIX (opmynax J f (t)dt=ZCif(ti)+l// KO3 PUIMEHTEl ¢i M abCmucChl ti MOAOUPAIOTCS TaK, YTOOBI
1 i=1
(bopMyIbl ObLIM TOYHBI JUIi MHOTOWIECHOB HaWBBICIIEH BO3MOXHOM cremeru N. Ilpu 7 y3iaXx TOYHO HUHTEIPUPYIOTCS BCE
MHOrouIeHbl crenenn N<2n-1. KoadduimenTst ¢i 1 abCyccsl ti HaXOAATCs U3 CUCTEMBI 21-1 HeTMHENHBIX YpaBHEHHH
- OTpe3oK uHTerpupoBanus [a, D] pa3OuBaeTcs Ha n paBHBIX HHTEPBAJOB. B mpemenax KaXIoro WHTEpBaia [Xi, Xi+i]
noABIHTErpanbHas GyHKuus f(x) 3aMeHseTcss HHTEPIOISAIHOHHBIM MHOTOWICHOM BTOPO# CTEMECHH C y3JaMH Xi M Xi+1/2 U Xi+1.
Nurerpan o [a, b] BeruuciseTcs kak cyMMa HHTETPaJIoOB MO BCEM YaCTHYHBIM OTPE3Kam
¢ odx
11. Onpeneants BeIM4MHY mara h mo omeHkKe 0CTaTOYHOrO YieHA /ISl BBIYUCJIEHHs] HHTErpaJia I
0

> 10 dopmyie

Tpaneunm ¢ TOYHOCTHIO 10 1072

-h=1,49
-h=0,79
-h=0,96

12. Ha3oBwuTe 06J1acTH npuMeHeHust GopMY.T YMcJIeHHOTo TuddepeHHpPOBaHNS

- K YHCIIeHHOMY IU((GEepeHIMPOBAaHMIO Yallle BCEro NPHOEraroT, KOrja NPUXOAUTCS BBIYHCIATH MPOU3BOJHBIC OT (DYHKIHH,

3a/IaHHBIX TAOJMYHO, WITH KOTJIa HEMOCPEICTBEHHOE A hepeHInpoBaHne HYHKINH 3aTPyIHATEIEHO

- K YHCICHHOMY Au(depeHINpOBaHUI0 Yalie BCero NpUOEraroT, KOrna NPHXOTUTCS BBIYUCIATH 3HA4YCHHS (YHKLIHMH B

NPOMEXKYTOYHBIX TOYKAaX, MPH 3TOM JaHHas (QYHKIHMS 3aJaHa B TaGIMYHOM BHIE M AHATUTHYECKOE BBIPAKCHUE (YHKLUH

HEU3BECTHO

- K 4HCIIEeHHOMY JTU(depeHIIMpOBaHUIO Yallle BCEro MpHOerarT, Korga TpeOyeTcsl OnpelNesiuTh JOIMYCTUMYIO MOTPEHIHOCTb

apryMEHTOB 110 JJOIIYCTHMOH MOTPEITHOCTH (QYHKIINU

13. Ha3zoBute pocromHcTBa MeTona I[aycca (Meroga HaumBbICHIel ajrefpanvyeckoil TOYHOCTH) BbIYHCICHUS
OIpe/ieJIEHHOr0 HHTerpaJia

- mertox laycca B psiiy Apyrux METOJOB YHMCIEHHOTO HHTETPUPOBaHHs HauOojiee MPOCT B MOHMMAHWU M OpTraHHU3allU

BBIYHCIIUTEILHOTO Tpoliecca. [Ipu 3TOM ecTb JIerko onpejesnsieMas OlleHKa MOTPEHUIHOCTH

- B MeTozie ['aycca OTpe30K MHTErpupOBaHUs pa30MBaeTCs Ha /1 PAaBHBIX MHTEPBAJIOB B OTIMYME OT APYIUX KBaJPaTyPHBIX

(dopMyn, B KOTOPBIX aOCIMCCBHI X, IMOJAOMPAIOTCA MCXOJS W3 COOOpaKeHWI TOYHOCTH M, BOOOIIE TOBOPS, SBISIOTCS

UpPaLMOHATIBHEIMU YHCIAMHU

- aust QYHKOMH BBICOKOHW TJIaAKOCTH IIPH OAMHAKOBOM 4YHCJE Y3JIOB MeTox laycca maer 3HauuTesNbHO Oojiee TOYHBIC

pe3yNbTaThl, YeM JAPYTHe METOJbl YHCICHHOro MHTerpupoBaHus. [Ipnm 3TOM Ui MOJy4eHHsl OJHOM M TOH K€ TOYHOCTH IIO

¢dopmyne ['aycca He0OXOANMO BBHITIOJIHUTH MEHBIIIE ONEpaIii

14. Bpi0Op 1mIara MHTErpUPOBaHUS /ISl o0ecriedeHns 3aIaHHOI TOYHOCTH BBIYUCJIEHHS MHTErPaJja ¢ MOMOLIbIO MeTOo/1a
JBOMHOIO nepecyera

- 0o0masi MOrpelIHOCTh BBIYUCICHUSI MHTETrpaja pacCMaTpHBaeTcss Kak CyMMa IOTPELIHOCTH YCEUeHHsl €5 U IMOTPEIIHOCTH

OKpyTJIeHHsT €. Tak Kak C yMCHBIICHHWEM Iara pacdera h IOTpemiHOCTD & yOBIBAaeT, a &, BO3PACTacT, TO CYIIECTBYET

ONTUMAJIbHBIH 1ar h, onpenensiemMplii TAKUM 006pa30M, ITOOBI €5 COCTABIISIIA IIPUMEPHO TIOJIOBHHY €,

- BBIYKMC/IAIOT HHTErpal | 1o BEIOpaHHOM KBagpaTypHOU (opMyJIie ABaXKIbl: CHauaj a HHTErpai |, ¢ HEKOTOpBIM ImaroM h, 3aTem

unrerpan Iy ¢ marom h/2, a 3arem cpaBHuBatoT ux. Eciu okaxercs, 4to |Ih —lnp| < €, roe € — momycTHMasi HOTPEIIHOCTh, TO

nonararot | = Iy, Ecnu ke |In —Ine2| > €, To pacuer moBTopsitot ¢ warom h/4 u T.1.

- mycTh TpeOyeTcss BBYMCINTG MHTerpan | ¢ TounocThio €. Mcnonb3ys popMyiay COOTBETCTBYIOIIETO OCTaTOYHOro wieHa ‘P,

BeIOMparoT mar h Takum, 4ToOBI BBIMONHSIOCH HepaBeHCTBO V| < &/2. 3ateM BbIMMCISIIOT | MO BBIOpaHHOW KBaApaTypHOil



(bopMyse ¢ MOMy4IeHHBIM aroM. I1py 3TOM BBIYHCICHUS CICAYET MPOU3BOIUTE C TAKMM YHCIOM 3HAKOB, YTOOBI OTPELIHOCTh
OKpYTJICHHS He MpeBbIiiana &/2

15. BblumcieHHe ONIpeAe/IeHHOT0 HHTerpaJjia no gpopmysie Tpanemuu

- OTpe30K MHTEerpupoBanus [a, b] pa3buBaroT Ha YacTHYHBIC OTPE3KH [Xi, Xi+1] paBHOH miuHBL. Ha xaxxmom oTpeske [xi, Xi+1]
noabiHTerpanbHas GyHkuus f(X) 3amensercst Ha mocrosHHyro Benunuuny f(Xi2) u unTerpan mo [a, b] BelUMCHsETCS Kak cymma
HHTETPAJIOB MO BCEM YaCTHYHBIM OTPE3KaM

1 n
- B KBaJIpaTypHBIX (hopmynax If(t)dt=zci f (ti)—i-‘{" koo unmentsl ¢; u abcuuccsl ti mMoAOMparoTCs TakK, YTOOBI
1 i=1
(opMynbl OBUTM TOYHBI Ui MHOTOWICHOB HauBhIcHIeH Bo3MOkHOH creneHu N. Ilpu n y3max TOYHO MHTErpHpYIOTCS Bce
MHorowieHs! crenern N < 2n-1. KoaguuueHTs! ¢; 1 aOcuuccsl ti HaXOAATCs U3 CUCTEMBI 21-1 HEeMMHEHHBIX YpaBHECHUHA
- OTpe3oK uHTerpupoBaHus [a, D] pasOuBaeTcs Ha n paBHBIX HHTEpPBAJOB. B mpemenax Kaxaoro WHTepBama [xi, Xi+i]
noasHTerpansHast GyHkiws f(X) 3aMeHsIeTcs HHTEPIOIIHOHHBIM MHOTOWICHOM Jlarpamika epBoii CTENCHH C Y3IaMH Xj H Xi+1,
9TO COOTBETCTBYET 3aMEeHE KPUBOW Ha cekyryro. MuTerpai mo [a, b] BerumcisieTcst kak cyMMa HHTETPaIoB [0 BCEM YaCTHIHBIM
OTpe3KaM
16. OueHUTH NMOTPelIHOCTH AMNPOKCHMALMH LEHTPAJBLHOW Pa3HOCTHON mpou3BoaHoH (Yi+1-Yi1)/2h, pazao:xus B psan
Teiinopa pemenne quddepeHInaabHOI 3a7a41 B 0OKPecTHOCTH y3Ja Xi (h - mar pa3HocTHO# ceTku)
-0(h%)
-0(h?)
- O(h/3)
17. IlpoBenurte cpaBHeHHe (GopMyJ YHMCIEHHOr0 WHTETPUPOBAHHUS N0 TOYHOCTH HA OCHOBAHUH OCTATOYHBIX YJIEHOB
dopmya
- (hopMmyna MpsAMOYTrOJNILHUKOB 00ECIEYMBACT BBHICOKYIO TOUHOCTH MPU HEOOJBIIOM YHCIE Y3710B, yeM (hopmyssl CUMIICOHA H
Tpamenuii, a mocienHue - Ooyiee TOYHBIE pe3yibTaThl, 4eM (opmyna [aycca. OmgHako mis GYHKIOMM Majoil INIaJKOCTH,
MMEIOIINX JIMIIB TEPBYIO WIHM BTOPYIO IPOU3BOIHYIO, & TAKXKe I (GYHKIHHA C pa3pbIBaMU IPOU3BOIHBIX MPOCTHIE (HOPMYITEI
unrerpupoBanns ('aycca, Ttpamemum u CuHMIICOHa) MOTYT JaBaTh IIPUMEPHO Ty JK€ TOYHOCTh, 4YTO M (opmyna
MIPSMOYTOJBHUKOB
- i1 GYHKOUH MMEIOIINX HETPEpHIBHBIC INTPOM3BOAHBIC JOCTATOYHO BBICOKOTO MOPSAAKA IIPH OJMHAKOBOM 4YHCIE Y3JIOB
¢dopmyna T'aycca maer 3HauMTeNbHO OOsiee TOUHBIE pe3yibTaThl, yeM (opmyna CHUMIICOHA, a TOCIeHss - Oojee TOYHBIE
pe3ynbTaThl, 4eM (OpMYJIbI IPSIMOYTOJILHUKOB M Tpaneuuii. [Ipu aToM aj1s mojydeHus OJHOM 1 TOW e TOYHOCTH 1o GopMmyiie
INaycca HEOOXOAMMO BBITIOJIHUTH MEHBIIIE Oliepalri, 4eM 1o Gpopmyse CUMIICOHA, a 110 IOCIeHel - MeHbIlle, YeM 110 GopMmyiie
Tparneuuu
- aHanu3 (HOpPMYJI YUCICHHOTO MHTETPUPOBAHMS MOKA3bIBAET, UTO /s (QYHKIMI BBICOKOH IJIaIKOCTH KBajpaTypHas (opmyia
Tpaneuuii sisiercsi Haubosee TOYHOU Mo cpaBHeHHIO ¢ popmynamu ['aycca u Cumrcona). OnHako i QyHKIUA ¢ pa3pbIBaMU
IIPOM3BOIHBIX HaNOO0JIee TOYHBIM SIBIISIETCS OoJtee cioXkHast (hopMyia MPSIMOYTOJIbHUKOB

0,6
18. OueHHTH MOTPEUTHOCTH BHIYHCIEHUS HHTErpajia J‘ dx 1o ¢gopmysie Cumncona npu papaomepHom mare h=0,1
0
-|R| <8,0-10°
-|R|<7,2-10*
-|R|<3,4-10°8
19. Yem BbI3BaHA NOIPEIHOCTH OKPYIVIEHMSI NPH BBIYUCIEHMH TPOM3BOAHON MO0 (opmyjJaM YHCIEHHOTO
nuddepeHunpoBaHus

- IOTPEIIHOCTh OKPYTJICHHS BbI3BaHA 3aMeHOM TaHHOH (yHKumH f(X) HHTEPIOISIIMOHHBIM MHOTOUJICHOM P (x).
- IOTPEIIHOCTh OKPYTJICHHS BbI3BaHA HETOYHBIM 3aJaHHEM HayaJbHBbIM U IPAHUYHBIX JaHHBIX AJIs HcxoqHor pyHkuuu f(X).
- IOTPEIIHOCTh OKPYTJICHHS BbI3BaHA HETOUHBIM 3aJaHHEM MCXOAHBIX 3HauUeHUH naHHou GyHkuuu f(X).

td
X
20. HaiiTu mo ¢popmy.ie Tpanenuii uarerpan | = I— NpH =4 ¥ OLeHNTH OCTATOYHBIN WieH R.
X
1

- 1=67/38, |R| < 0,053
- 1=101/60, |R| < 0,67
- 1=65/30, |R| < 0,94

Tect Ne3. YucieHHbIE METOAbI PeLICHUS YPABHEHHU M CUCTEM YPaBHECHUM

1. Kakoii u3 mepeyncaeHHbIX METOJ0B pelieHus1 ypasHenuii Buga F(X)=0 umeer HauGoJiee GLICTPYIO CXOTUMOCTH?
- METOJ IeJICHHSI OTpe3Ka MOMoJIaM

- metoa HetoTona

- METOJI XOPJ

2. Yrto siBAsieTcs HAYAJbHBIM NPUOIHIKeHNEeM 1711 MeToia HbloToOHA pemlennst ypaBHeHHI U cHCTeM ypaBHeHMii?

- KOOPJJMHATBI CTAPTOBOI TOYKHU

- IMAIa30H MONCKA PELICHHs — OT Hayaja A0 KOHLIA MHTEpBaja 10 KaXKJI0H KOopauHaTe




- ypaBHEHHE KacaTeIbHON INIOCKOCTH

- YpaBHEHHE XOPJbI

3. VYkaxkure J0CTaTOYHbIEe YCJOBHSI cxoauMocTH Merona [Iaycca-3eligesisi pemieHust CcHCTeM JIHHEHHBIX
aaredpanyeckux ypapHenuii (CJIAY).

- MOAYJIb TUaroHaJbHOTO KOA(QQHUIMEHTa KaXKI0T0 YpaBHEHUS JOJDKEH OBITh HAMMEHBIINM; MaTpuia kodpduuuentos CJIIAY

JIOJDKHA OBITh TPEeXIMaroHaIbHOM

- marpuna ko3d¢unnenro CJIAY nomxkHa ObITh NpUBEAEHAa K TAaKOMY BUAY, YTOOBI KO3((UIIMEHTHI, HaXomsIIMecs HIXKE

TJIABHOW AMarOHAJIN PaBHAINCH HYITIO

- MOIyNb AMArOHAIBHOTO KO3((HIMEHTa KaKIOr0 YpaBHEHHUs JOJDKCH OBITh OOMNbBIIE WM PaBEH CyMME MOIYNEH Bcex

OCTaJIbHBIX KOA(()UIIMEHTOB 3TOr0 YpaBHEHHST; A1 OHOTO YPaBHEHHS 3TO HEPABEHCTBO JOJKHO BBITIOIHSITHCS CTPOTO

4. B 4YeM JOCTOMHCTBO HTEPALMOHHBIX METOJOB pelIeHHsl CHCTeM JIMHEHHBbIX aaredpanyeckux ypaBHEHHMIl Mo
CPAaBHEHMIO C TOYHBIMH MeTogaMMu?

- UTEPALIOHHBIE METOIb UMEIOT aOCOIOTHYIO CXOAUMOCTb

- B UTEPAIIMOHHBIX METOJaX MOTPEIIHOCTh HE HAKAIUIMBAETCS OT Ilara K [ary

- UTepaIOHHbIE METO/bI TI03BOJIAIOT HOIYYUTh PEIICHUE 3a MEHbIlIee BpeMs

5. HaiiTu MeToA0M AesIeHNs1 OTpPe3Ka MOM0JaM KOpPeHb YpaBHeHHs COS x - x = 0 Ha unTepBaJe |0,7; 0,8| ¢ TouHOCTBIO € =
10

- KopeHb ypaBHeHus = 0,79

- KopeHb ypaBHeHHs = 0,78

- KopeHb ypaBHeHus = 0,74

6. J[lano HenuHeiiHoe ypaBHenmue sin x — 0,5x = (0. OnpegeuTs MeTOIOM JeTeHHsI OTPE3Ka MOMO0JaM KOpPeHb JaHHOTO
ypaBHeHUs1 Ha uHTepBaJe [1,7; 2| ¢ TouHocThIO £ = 1072

- KOpeHb ypaBHeHus = 1,87

- KopeHb ypaBHeHUs = 1,90

- KOpeHb ypaBHeHHS = 1,96

7. Haiitu MeronoM HblOTOHa KOpeHb ypaBHeHHss COS x - x = 0, mcmoab3ysa HauyanbHoe npuodamkenue Xo=0,5, c
TO4HOCTBIO £ = 102,

- KopeHb ypaBHeHus = 0,79

- KopeHb ypaBHeHus = 0,78

- KopeHb ypaBHeHus = 0,74

8. Otamume meroma Iaycca ¢ BBIOOPOM TJIABHOTO 3jieMeHTa oT MeroAa Il'aycca pemreHHsi CHCTeMBbI JIMHEHHBIX
anreopandeckux ypasuenui (CJIAY)

- OTJIMYME B TOM, YTO Ha OYEPETHOM IIare peaiM3anny MeToaa ['aycca UCcKIrouaeTcst He clieyIomiee o HoMepy HEM3BECTHOE, a

TO HEM3BECTHOE, KOA(P(UIIMEHT MPU KOTOPOM SIBJISICTCS HAUOOJIBIINM TI0 MOJLYJIFO

)

k-1 o
- OTJIMYHUC B TOM, YTO Ha OYEPECAHOM k-om mare pcamsanu METoaa Faycca HUCKIIIOYACTCA D3JICMCHT a&k , Ha3bIBACMBbIN

TJIaBHBIM 3JIeMEHTOM Ha K-M 1mare uckirodeHus. Tem cambiM CJIAY npHBOIHUTCS K TPEYTOJbHOMY BHAY

- OTJIMYME B TOM, YTO Ha OYEPEJHOM LIare peasim3annuy MeToaa ['aycca MCcKIrouaeTcsi He ciieIyloliee Mo HoMepy HEM3BECTHOE, a

TO HEU3BECTHOE, KOA(P(UIMEHT NPH KOTOPOM SIBJISICTCS] HANMEHBIIINM 10 MOJLYJIIO

9. Jloisi pemieHMs cMCTeM JIMHEHHBIX ajredopanyecknx ypasHenuii (CJIAY) kakoro Buja pa3padoTraH MeTo IPOrOHKH?

- MEeTOoJl MPOTOHKH pa3pabortaH ans pemreHuss CJIAY c¢ paspexeHHoil Marpuieil koadduueHToB (Manas J0Js JIEMEHTOB

MaTpHIBI OTJIMYHA OT HYJIs)

- METOJI MPOTOHKHM pazpadoTan s pewenns CJIAY ¢ tpexauaronanbHol MaTpuiei koddduireHToB

- METOJ] MPOTOHKH pa3paboran s pemenus CJIAY ¢ anepuoauueckoit MmaTpuriei ko3dduiiuenron

10. Tlouemy ™metox 3eiigensi penleHHsi CHCTEM JIMHEHHBIX  ajJrefpamyecKkux YypaBHEHHH  Ha3bIBaeTcs
CaMOMCIIPABJIAIOIHUMCS ?

- HOTOMY YTO B METO/I€ HCIOJIb3YETCs IBOMHO MepecyeT, YTO CHIDKAeT BEPOSITHOCTh BOSHUKHOBEHHSI OLITMOKHI

- IIOTOMY YTO OTJeJIbHAs OIIMOKa, NOIYyIIEHHAs NPH BBIYMCICHUSX, HE OTpPaKaeTcsd Ha KOHEYHOM pe3yNbTare, IOCKOJIBKY

omrO04YHOE NPHOIMKEHHE pacCMaTPUBACTCS KaK HOBBIM HaYaJbHBIA BEKTOP

- MIOTOMY 4YTO TIPH HCIIOJIb30BAaHMM JAHHOTO METOAA CTPOUTCS OTAEIbHAsl INPOLEAypa, HCHPABIIIOMAs JIIOObIe OLIMOKH,

JIONYIIEHHbIE TIPH pacyeTax.

11. Ha3oBHTe OCHOBHBIE ITANbI HAXOKIEHNUSI KOPHS HenHeliHoro ypaBHenusi F(X)=0.

- Ha TIEPBOM 3TaIle JIeBasi 4acTh HeMHEWHOTO ypaBHeHus F(X)=0 ammpokcumupyetcs Ha uHTepBaie [a, b] nHTepmOMSIIHOHHBIM

MHorowieHoM HrproToHa. Ha BTOpoM 3Tame, ucmons3ys 3afaHHOE HaYaJIbHOE IPUOIIKEHNE, CTPOUTCS HTEPALMOHHBIN TIPOIIecc,

MTO3BOJISFOINNH YTOYHHUTH 3HAYEHHE OTHICKIBAEMOTO KOPHSI.

- Ha TIEPBOM DTarle MPOBEPSACTCs BBIMOJHEHHE MOCTATOYHBIX YCIOBHI cxoaumocTd. Ha BTOpoM srtame ypauenwme F(X)=0

3aMeHsieTcss Ha uHTepBane [a,b] skBuBaneHTHBIM ypaBHeHHeM X=f(X). Ha TpeTbeM 3Tame CTpOUTCS MTEpallOHHBIA Mpolecc,

TIO3BOJISIIOIIUH ONPEAeUTh 3Ha4eHNE KOPHS ypaBHEHHUS

- Ha TIEPBOM 3Talle U3y4aeTcsl PacIoOKEHUEe KOPHEHl U MPOBOTUTCS MX pas3fesieHue, T.e. HaXOAWTCs uHTepBai [a,b] ocu Ox,

BHYTPY KOTOPOTO HAXOJUTCSI POBHO OJMH KOpeHb. Ha BTOpoM 3Tarie, HCIoib3ys 3a1aHHOe HavyalbHOE IPHOIMKEHHE, CTPOUTCS

UTEPALIMOHHBIN MPOLIECC, TO3BONSIONINN YTOYHUTD 3HaUCHHE KOpHS ypaBHeHus F(X)=0

12. B 4eM A0CTOMHCTBO U HeZOCTATOK MeToAa HbI0TOHA HaX0:K/IeHUsI KOPHell HeJIMHeiiHOro ypaBHeHus1?



- metox HeroToHa Hanbosnee MpocT B OpraHW3aIMN BEIYUCIUTEIBHOTO Iporecca. HemoctaTok MeToAa - ZOCTAaTOYHO MEUICHHAS
CXOAUMOCTh

- Mmeron HploToHa MMeeT HaMOOJBIIYIO TOYHOCTH HAXOXJEHMS KOpHEH ypaBHeHMs. Hemocrarok Meroma - MeJUIeHHas
CXOAUMOCTbD, YTO IPUBOIUT K 3HAUUTENBHBIM 3aTpaTaM MaIIMHHOTO BPEMEHHU IIPU PEIICHUH CIOXKHBIX HETMHEHHBIX YpaBHEHHH
- merox HeloToHa BecbMa ObicTpo cxoautcs. Hemoctarok merona - HEOOXOOMMOCTH JOCTAaTOYHO TOYHOTO HAYaIbHOTO
NpUOIMKEHUS, IPH HEYAaYHOM BBIOOpE CTApTOBOW TOYKH UTEPALUH MOTYT PACXOIUTHCS

13. Onummure meton 'aycca pemenus cucTeMbl JJUHEHHBIX anredpandecknx ypasHenuii (CJIAY)

- peleHHe WMeeT ABa dTama: 1) mpsmoin xon, koraga ucxoxHas CJIAY npuBomuTcs K TPEyroNbHOMY BHIY; 2) MOIYYCHHBIC
K03()(UIMEHTH IPH HEU3BECTHBIX U MPAaBbIC YaCTH yPABHEHMH HCIIONIB3YIOTCS MPU OCYIIECTBICHUN O0OPAaTHOTO XO/a, TO €CTh
HaXOXJICHNS HEU3BECTHBIX U3 CUCTEMBI TPEYTOJIBHOTO BHA

- 3amanHas CJIAY mpuBomuTcs K SKBHUBAJICHTHOMY BHAY. McXons M3 NMPOHM3BOJILHOTO HaYaJIbHOTO BEKTOPA IEPEMEHHBIX X,
CTPOUTCS UTEPALMOHHBIN Tporiecc. [Ipyu BEIMOIHEHNN AOCTATOYHBIX YCIOBHH CXOJMMOCTH, HOJYy4YaceTCs MOCIEI0BATEIbHOCTD
BEKTOPOB, HEOTPAHUUYEHHO MPUOIMKAIOIINXCS K TOUHOMY PELICHUIO

det A
det A

COOTBETCTBEHHO. MaTpuiia Aj o0pa3yercs U3 MaTpuLbl A IyTeM 3aMEHbI €€ i-ro cToyIONa CTONOIOM CBOOOIHBIX YWICHOB

14. PemeHue cucTeMbl JIMHEHHBIX aaredpandeckux ypapHeHuii (CJIAY) cnenuaabHOro BMIa MeTOAOM IPOrOHKHU

- HMCXOJIHAsI CHCTeMa U3 N ypaBHEHHI MPUBOAUTCS K BULY Xi=0itfiXi+1 (1=1,2,...,n-1). Uncna a;, fi, Ha3pIBacMbIe MPOTOHOYHBIMH
ko3¢ duIreHTaMy, MOCIeJ0BaTeIbHO HAXOAATCA B IpAMOM xoze. IIpu ocymecTBieHUH 0OpaTHOTO Xoja OHpefessercs Xn, a
3aTeM BBIYUCISIFOTCS 3HaYeHus Xi(i=N-1,..., 1), HOCIeI0BATEIBHO IPUMEHSISI PEKYPPEHTHBIC HOPMYITBI Xi=0iitfSiXi+1.

det A
det A

COOTBETCTBEHHO. Matpuna 4; o0pasyeTcst u3 A MyTeM 3aMeHBI €€ i-T0 CTONI0na CTOIOIOM CBOOOAHBIX YWICHOB.

- 3aga"Has CJIAY npuBoauTCcs K 3KBUBAJCHTHOMY BHAY. McXonsd M3 NMPOU3BOJIBHOIO HAYAIBHOI'O BEKTOpa MEPEMEHHBIX X,

CTPOUTCA I/ITepaHI/IOHHHﬁ mnpo1uecc. HpI/I BBIIIOJTHCHHUHN JOCTAaTOYHBIX yCJ'IOBI/Iﬁ CXOAUMOCTH, NOJIYyHaCTCsA MOCJICA0BATCIBHOCTD

BCEKTOPOB, HCOT'PAHUYCHHO HpI/I6J'II/I)KaIOIHI/IXC§I K TOYHOMY pCIICHUIO

15. Jdano ypapnenue x° + x? - 1 =0. IIpuBecTu 1aHHOE ypaBHEHHE K BHY, IPU KOTOPOM BBIIOJIHSIOTCH 10CTATOYHbIE
YCJI0BHS CXOAMMOCTH JIs1 MeTOa POCTOoii uTepauuu Ha otpe3ke [0; 1].

- 3HAY€HWs HEU3BECTHHIX NONMy4aloT no QopmynaMm X, = , toe detAi u detd ompemenmurenn marpun A u A

- 3HaYEHHUs HEU3BECTHBIX MOTYT OBITH NMOJTy4eHHI IO GopMynaM X; = , re detd; u detA - onpemenureny Matpul 4 u A

-x=x2-3

- x = (1-x3)/3x
1

- X=

NX+3

16. OnuuuTe mpouecc pemeHus ypasHenusi F(X)=0 MeTo10M npocToii uTepanmum

- ypaBHeHue F(X) = 0 3aMeHsieTCsl SKBUBAJIEHTHBIM ypaBHEHHEM x=@(X). 3amaeTcsi HaualbHOE MPUOIKEHHE Xo. JlanbHelnme
BBIYUCIICHUS BBIIOIHAIOT O Clleaytowei popmyie xk+1=¢(Xx), (K — Homep miara).

- JUIsI HaXOXKJEHUsl KopHs ypaBHeHust F(X)=0 tpeOyercs, uyToObl Ha KoHuax uHTepBana [a, D] dynkuus F(X) npuaumana
3HAYCHUs NPOTHUBOIIOJIOKHOIO 3Haka. Jlanee OCyIIecTBIsieM MEepexoJ K HOBOMY HHTEpBally, COBIAJAIOLIEMY C OJHOH U3
TIOJIOBUH MpeIbIAyNIero W o0jafaroimeMy TeM ke cBoicTBoM. IIporecc 3akaHYHMBAaeTCs, KOIJa JJIMHA BHOBb IOJYYEHHOTO
MHTEpBaJa CTAHeT MEHbLIEC 3aJaHHOIH ToYHOCTH €. KOpHEM ypaBHEHHMS MPUOIMKEHHO CYMTACTCS CEepelHA STOr0 HHTEpBaia

- UIA HaxXOKJeHWs KopHs ypaBHenusi F(X)=0 tpebGyetcs, urobel ¢ynkims f(X) umena na wmnTepBane [a,b] HempepbiBHBIC
MPOW3BOAHBIE 1-T0 M 2-T0 MOPsIIAKOB, coxpausiomue Ha [a,b] mocrosHHBIN 3Hak. [[ns Havama BBIYHCIECHHH HEOOXOIUMO
3alaHie HAYaIBHOTO MpUONIMKeHus Xo. [lociemyromme TPUOIIKEHHs OMpPEAeNsioTcs o dopmyie Xk+1=Xk - f(X) / f'(X),
(k=0,1,...).

17. Metoa Hpl0TOHA HaX0KAeHUsI KOPHeil HeTUHEIHOT0 YypaBHEHUA

- ypaBHenue F(X) = 0 3aMeHsieTCsl SKBUBAJIEHTHBIM ypaBHEHHEM x=@(X). 3a1aeTcs HaUalIbHOE MPUOIMKEHNE Xo. JlanbHelme
BBIYMCIICHUS BBIMOIHAIOT O ciieayroweit popmyine xk+1=¢(Xx), (K — Homep miara).

- Ui HAaXOXXACHUS KOpHs ypaBHeHus F(X)=0 TpeOyercs, 4ToObl Ha KOHLIAX WHTepBaia [a, D] ¢ynkuus F(X) mpuaumana
3HAUEHMs] NPOTHBOIIOJIOKHOTO 3Haka. Jlaymee ocymiecTBisieM HEepexoi K HOBOMY HHTEpBally, COBIAJAlOLIEMy C OJIHOH W3
MIOJIOBUH MpEABIIYIIero u obnanaromeMy TeM e cBoHCTBOM. [Ipomecc 3akaHuMBaeTcs, KOTr/a JJIMHA BHOBB IOJyYEHHOTO
MHTEpBaJa CTaHET MEHbIIE 331aHHOI TOYHOCTH €. KopHEeM ypaBHEHHMS IPUOIIMIKEHHO CUNTAETCS CEPEIMHA 3TOr0 HHTEpBaja

- UI1 HaxXOXIeHHs KopHs ypaBHeHus F(X)=0 tpeOyercs, uroObl ¢yHkuus f(X) mmena Ha wnTepBane [a,b] HempepbiBHBIC
MPOU3BOAHBIE 1-T0 M 2-TO MOPSIAKOB, coxpausiomme Ha [a,b] mocrosHHBIN 3Hak. J[ns Havama BBIYMCICHHH HEOOXOIUMO
3a/laHie HAYaIBHOTO MPUONMKEHUS Xo. [lociemyromme MPHOIIKEHHS ONpeaensores mo dopmyme Xk+1=Xk - f(X) / f'(X),
(k=0,1,...).

18. KakoBbI HeIOCTATKH pellleHHusi CHCTeMbl ypaBHeHuii MeTogom Kpamepa?

- METOJl MPUMEHHM JIMIIL JUIsl PEIIeHUs CHUCTeM JIMHEWHBIX anreOpawdueckux ypaBHeHud (CJIAY) c TpexauaroHamIbHOM
MaTtpuiei KodpUIIMEeHTOB

- peamu3anusi JaHHOTO MeETO/Aa TpeOyeT BBINOJHEHUS 3HAYUTEIBHOIO KOJMYECTBA apU(METHYECKUX ONepauuid |
COOTBETCTBEHHO OOJIBIINX 3aTPaT MAIIMHHOTO BpeMEHU. MeTo/] OUeHb YyBCTBUTENIEH K OIIMOKaM OKPYTJICHUS

- METOJI JIacT MEHee TOYHBIC pe3ynbTarThl, ueM Apyrue Merozasl pemenuss CJIAY. IIpu stom TpeOyeTcsi BBINOIHEHUE KECTKHX
YCJIOBHI CXOIMMOCTH



19. B uyem 3aki0o4yaercsi MeTO/ AeJIeHHsI OTpe3Ka nomoJiam?
- ypaBHenue F(X) = 0 3ameHsieTcst SKBUBAJICHTHBIM ypaBHEHHEM x=@(x). 3ajaeTcs HavanpHOe MpHOImKeHHe xo. JanbHeiime
BBIYHCIICHUS BBIMOIHAIOT O cieayromeit hopmyine xk+1=¢(Xx), (K — Homep mrara).
- Ui HAaxXOKACHUS KOpHs ypaBHeHus F(X)=0 TpeOyercs, uToObl Ha KOHHIAX WHTepBaia [a, b] ¢ynkuus F(X) mpuanMmana
3HAUEHMsl MPOTHBOIIOJIOKHOTO 3Haka. Jlamee ocyliecTBisieM IepexoJ K HOBOMY HMHTEpBally, COBIQJAIOIIEMy C OJHOW W3
MOJIOBUH MPEIBIAYLIEro W o0NagaroiieMy TeM ke cBoicTBOM. IIporiecc 3akaHYMBAETCS, KOTJa AJMHA BHOBb IMOJTYYCHHOTO
MHTEepBaJa CTAHET MEHbIIIC 3aJaHHOI ToYyHOCTH €. KOpHEM ypaBHEHHUS MPUOIMKCHHO CIUTACTCS CepeIiHa ITOr0 HHTepBaa
- JUIA HaXOKJIEHWs KOpHs ypaHeHus F(X)=0 tpebGyetcs, urobbl ¢ymkims f(X) mmena na wmuTepBane [a,b] HempepbiBHBIC
MPOM3BOAHBIE 1-TO M 2-TO MOPSIAKOB, coxpaustomme Ha [a,b] mocTrosHHBIN 3Hak. J[ns Havama BBHIYHCICHHH HEOOXOIAMO
3alaHie HaYaIbHOTrO MpUOIKEHUst Xo. [lociemyrompe NpuOMMKEHHs ONpeAeisioTes no dopmyie Xkr1=Xk - f(X) / f(X),
(k=0,1,...).
20. ITpoBeauTe cpaBHeHHEe MeTOI0B jejeHus orpedka momojaaMm (JOII) u HeioToHa mo pa3IMYHBIM KPUTEPHAM
(YHMBEPCAIILHOCTD, CKOPOCTb CXOJHMOCTH).
- metox Herorona obnmamaer Gomblielt yHUBEpcanbHOCTBIO, YeM Metox JOII, T.K. cXOOMMOCTh 3aBHCHUT TOJIbKO OT BbIOOpa
HavyaipHO# Touku. Beramcnenus meromom JIOIl MOKHO HaYMHATH JIMIIB C OTPE3Ka, HAa KOHLAX KOTOPOro (DYHKIUS HMEET
pa3HbIe 3HAKH, a BHYTPU 3TOTO MHTEpBajla HENpephIBHbIE MPON3BOAHBIE 1-T0 U 2-T0 mopAakos. Ilpy pelreHnu npakTHYeCKuX
3aJa4 HE BCErga yIacTCsa NPOBEPHUTH BBINIOJTHCHUEC HCO6XOI[I/IMI)IX OI'paHI/I‘-IeHI/Iﬁ Ha BbI60p HOI[O6HOFO HUHTEpBaja. O[[HaKO
metoj JIOIT obnmagaet 6osiee BBICOKOH CKOPOCTHIO CXOAMMOCTH.
- bonee yHuBepcanbHbIM siBisgeTcss Metoq JOI1. OH rapaHTHpyeT NONy4YeHHe penieH s uis Jr00it HenpepriBHOH QyHKIuH f(X),
€CIIM HaliIcH HHTepBaJl, HA KOTOPOM OHa MeHseT 3HaK. Merox HproTOHa npenbsBisieT K GYHKIUH OoJiee )KECTKUE TPeOOBaHUSL.
CxomuMocTh MeTona HpIOTOHa CyIIECTBEHHO 3aBHCHT OT BBIOOpAa HadaJbHOW TOYKH. [IpH peanusanuy JaHHOTO MeETOZAa
HEo0XOAMMO IpeyCMaTpHUBaTh BHIYMCICHHE TIPOM3BOIHBIX (DYHKLMH ISl OPraHU3AU HTEPAIMOHHOTO MIPoLecca U HPOBEPKH
YCIOBHH CXOOUMOCTH. BaXHBIM mpeuMymiecTBOM MeTona HplOTOHa sBIS€TCS BBICOKAas CKOPOCTb CXOJUMOCTH,
obecreunBaoIas 3HAYUTENBHYI0 SKOHOMHIO MAIIMHHOTO BPEMEHH MPU PEIICHUH CIIOKHBIX HEIMHCIHBIX YPaBHCHHI.
- ME€TOAbI HgeroTona u IIOH UMCIOT OAUMHAKOBBIC HCO6XO,HI/IMI)IC 1 TOCTATOYHBIC YCJIOBHA CXOAUMOCTHU, TOOTOMY NPUMCHUMEBI B
onuHaKoBbIX ycnoBusix. OnHako Meron JIOI1 obnanaer MMHEHHONW CKOPOCTBIO CXOMMOCTH, IOATOMY BeChbMa OBICTPO CXOIMTCS
B OTJMYHe OT MeToAa Hpi0TOHA, KOTOPBIH 00J1a1acT IHIb KBaAPATHIHONH CKOPOCTHIO CXOAMMOCTH

Tect No4, UncjieHHbIE METOIbI pelIeHHs 00LIKHOBEHHLIX AN depeHIMAILHBIX VPABHEHUH
1. Kakoii H3 TmepevYHCIEeHHBIX METOI0B pelleHnss OOBIKHOBEHHBIX An(depeHIHATbHBIX YpPaBHEHHH HMeeT
HauO00JIbIIYI0 TOYHOCTH NPH OIMHAKOBOM IIare H3MeHEeHUsI apryMeHTa?

- meroa Pynre-KyrTsl 4-ro nopsaka

- MeToA Dilnepa

- Meto Diinepa-Komm (merox Pynre-KyTtel 2-ro nopsiaka)

2. Kakoii nopsiiok TOYHOCTH HMeeT MeToj Jiijiepa ¢ mepecuerom?

- IIEPBBIii

- BTOpOH

- TpETUH

- YETBEPTHIi

3. Kakoe pemenne no3BossiioT nNoIy4YuTh YHCIeHHbIE METOIbI?

- o0miee perreHne 0OBIKHOBEHHOTO AU (HEepeHINATEHOTO YPaBHEHUS

- YaCTHOE pelIeHHe 0OBIKHOBEHHOTO Au((epeHIInaIsHOro ypaBHeHUs (3aqada Komri)

- o011iee perieHre OAHOPOAHOTO AN PEePEHIINATBHOTO YPaBHEHUS

4. CKOJBKO HAYAJIbHBIX YCJIOBHIH JOJKHO OBITH 3aJaHO TNPH pPeIIeHMH CHCTeMbl U3 JBYX OOBIKHOBEHHBIX
audepeHIHATBHBIX YPABHEHU BTOPOro nopsjaka?

-4

-1

-3

5. B 4eMm oTaIMYHe OAHOLIATOBBIX METO10B penieHust 3a1a4u Komm oT MHOromaroBbix?

- B OJHOIIArOBBIX METOJAaX IS MOJYYCHUS pEIICHUs B JAHHOW TOYKE HCIONB3yeTcs MHPOpMaIus o0 OJHON MpenblayIiei
TOYKE, & B MHOT'OIIIATOBEIX — HHPOPMAIIUSI O HECKOJIBKHUX MPEIBIIYIIIX TOYKAX

- OJJHOILATOBBbIE METO/bI MO3BOJSAIOT MOIYYUTh PEUICHUE C 3aJaHHOM TOYHOCTBIO 32 OAHY MTEPALUIO, & MHOTOIIArOBbIE — 3a
HECKOJIBKO UTEpaluii

- B OJHOIIArOBBIX METOJAax Hiar pacyeTa MOCTOSHEH, @ B MHOTOLIArOBBIX MOXKET MPUHUMATH Pa3JIMUHbIE 3HAUCHUS

6. B kxakom BHIe mosy4aercs YucJeHHOe pemenue 3agaun Komm meronom Jiinepa?

- B Buze popmyant yY=f(X)

- B BHJIE TAOIHIBI 3HAYEHU (X, Vi)

- B BHJIC KYCOYHO-TUHEHHBIX (DyHKIINH

- B BUZIE€ KBaJpaTHON MaTPHIIBI

7. 4Yto o3HauaeT Pppa3za «UncjJeHHbIi MeTO UMeeT BTOPOH MOPSAOK TOUYHOCTH»?



- 3TO O3HAYaeT, YTO IPH YMEHbIICHWH Immara pacdera B 10 pa3 MOrpemIHOCTh UYHCICHHOTO METOAA yMEHbBIIAETCS
npubauzuTensHo B 20 pa3

- 9TO O3HAyYaeT, YTO IPH YMEHbIIEHWH Imara pacdera B 10 pa3 MHOrpenIHOCTh YHUCICHHOTO METOAA yMEHBLIAETCS
npubiauzurensHo B 100 pas

- 9TO O3HAyYaeT, YTO NPH YMEHbIIEHWH Imara pacyera B 10 pa3 MHOrpenIHOCTh YHUCICHHOTO METOAa yMEHBLIAETCS
NpUOIM3NUTENHHO B 5 pa3

- 9TO O3HAyYaeT, YTO IPH YMEHbIIEHWH Imara pacdera B 10 pa3 MNOrpemnIHOCTh YHUCICHHOTO METOAA yMEHBLIAETCS
npubim3uTensHo B 10 pas

8. Kakoii nopsifok ToYHOCTH HMeeT MeTox Jiijiepa?

- TIEPBBII

- BTOpOH

- TpETUi

- YETBEPTHII

9. Kak Ha npakTHKe OlleHHBAETCs MOTPEUTHOCTH YMCJIEHHOT0 MeTo/1a pettenus 3agaun Kommu?

- CpaBHEHHEM NPHOIMKEHHOTO U TOYHOTO pelleHus 3a1aun Komm B kax10# Touke

- MOTPEIIHOCTH YHUCIICHHOI'O METOJa MMOCTOsIHHA U HE 3aBUCUT OT BUAa [[I/I(b(bepeHHI/IaIH)HOFO YpaBHCHUA

- TI0 mpaBwTy PyHre HA OCHOBaHMHU CPaBHEHHMS PCLICHHH, TTOMYUYCHHBIX TIpH Iarax pacuyera h u h/2

10. Jlas kakuX ypaBHeHHId cjIeyeT HCIO0JIb30BaTh epeMeHHbI mar pemenus ?

- IUIs1 ypaBHEHHH, PEIICHUS] KOTOPBIX UMEIOT YYaCTKH C CHIIBHO Pa3IMYarOIMMUCS CKOPOCTSIMU H3MEHEHUS

- ISl ypaBHEHHH, PEIICHUSIMU KOTOPBIX SIBIISIFOTCSI TPUTOHOMETPHIECKHUE (DYHKITHH

- IUIsl ypaBHEHHH, PEIICHUS] KOTOPBIX JIEXKAT BBIIIE OCH X

11. TpeoGpa3syiire o0bIKHOBeHHOE M depenunanLHoe ypaBHenue Tperbero nopsinka Y'''+2Yy"'—y'= X—3 k cucreme

00BIKHOBEHHBIX AN (pdepeHIHATBHBIX YPABHEHUI NEPBOro NOPsIAKA.

=1,

-42,'=X-3-2-2,+1,
z,'=72,+1,
2,'=1,

- 21'222
Z,'=X-3-2-72,+17,
Z,'=12,+1,

-12,'=2,+1,
Z,'=Xx-3-2-1,

12. Chopmynupyiite KpaeBylo 3anady [IJjsi OO0bIKHOBeHHOro auddepenunansuoro ypasuenusi (OJY) BToporo
nopsigka?

- HeoOxoaumo Halitu pemenne OJY, yaoierBopsitoniee ycnosusam y(a)=A, y(b)=B

- HeoOxoaumo Halitu pemenne OJ1Y, ynosietBopsiroiiee yenosusm y(a)=A, y’'(a)=B

- HeoOxoaumo Halitu pemenne OJY, ynosierBopsiroiiee ycnosusm y(a)=A, y’'(a)=B, y’’(a)=C

13. B 4eM 10CTOMHCTBO HESIBHBIX MeTO0B penieHus 1udepeHnHATBHBIX yPaBHEeHU?

- B TOM, YTO HESBHBIE METOJbI AOCOJIOTHO YCTOWYMBBI M IO3BOJIIIOT BBHIOMpPATh IIAr Mo MPOCTPAHCTBEHHOW IEpEeMEHHOM

HE3aBHCHMO OT IIIara 1o BpeMeHH (WM IapaMeTpa, UTParoliero poiib BpEMEHH)

- B TOM, YTO HESBHBIE METO/IBI SIBJISIIOTCS 00JIee NPOCTHIMM B pPeali3alliy B BHJIE POTPAMMHOTO IPOAYKTA

- B TOM, YTO HESBHBIC METOJBI HE TPEOYIOT Ha Ka)kKJOM IIare 1o MapIieBOH MepeMEeHHOH (10 BPEeMEHH) PEIICHUS CHCTEMBI

anreOpandecKux ypaBHEHUH

14. TIpumensis MeTon Jiijepa, YncjaeHHO peluTh Tuddepenunansuoe ypapuenune y' = 0,5 xy ¢ Ha4YaIBLHBIM yCJIOBHEM
y(0) = 1 na orpeske [0; 1] ¢ mmarom h = 0,2

- »(0,2) = 1,0000; »(0,4) = 1,0420; y(0,6) = 1,1952; y(0,8) = 1,3646; y(1,0) = 1,5644

- y(0,2)=1,0200; y(0,4) = 1,0404; y(0,6) = 1,0612; y(0,8) = 1,0942; y(1,0) = 1,1321

- y(0,2)= 1,0000; y(0,4) = 1,0200; y(0,6) = 1,0608; »(0,8) = 1,1244; y(1,0) = 1,2144

15. Ymnciennoe peurenne meroaoMm Jiisiepa 3agaun Komu 1 06bIkHOBeHHBIX T (epeHInaIbHBIX YPABHEHHIA.

- B Mertoze Diliepa peuieHue y(x) auddepeniuansHoro ypasHeHus y' = f(X,y) momydaercst kak mpenes MoCieI0BaTeIbHOCTH

X
(GyHKIMI y,(X), KOTOpBIE HAXOATCS O PEKyppeHTHOH dopmyre Y, (X) =Y, + J f ( X, Yna ( X))dX.

Xo
- CTPOMTCS CHCTEMA PABHOOTCTOAMIMX Touek Xi=Xo+i-h (i = 0, 1, 2, ...). IIpu Bbeuucnenus 3HadeHuit y(xi), ABISIONIMXCS
pemeareM UG GEPEHINATBHOTO YPaBHEHHS y' = f(x,y), nmpoBomsrcs B maBa dTama. Ha mepBoM 3Tame HaxOIUTCS



IPOMEKYTOYHOE 3HaYEHHE Yi=V+ ohf (Xi Y )c 1iarom ah, Ha BTOPOM JTame -

Vg =Y, +@-o)hf (X, y,)+ohf(x, +cah,y,), toe a > 0, c > 0 - napamerpel, ompezensemble u3 cooOpaxeHuit

TOYHOCTH

- CTPOHTCSI CHCTEMa PAaBHOOTCTOAIIMX TOo4Yek Xi=Xo+i-h (i = 0, 1, 2,...) mpu moctarouHo manom mare h. IlpubnmxeHHbie

3HAYCHUS Y(Xi), ABIAIONIMECS pelieHueM uddepeHunaipHoro ypapuenus y' = f(X,y), BBIUHCISIOTCS MOCIENOBATENBHO IO

dopmymnam Yi+1 =yi + hf(Xi yi)

16. ITouemy meron Pynre-KyrTa Ha3piBaercsi camocTapTyomum?

- meron Pynre-KyTrTa Ha3piBaeTcs caMOCTapTYIOIIMM, T.K. JUISl BBIYMCICHUS Vi+1 HY)KHO HCIOJB30BaTh JIMIIL HUMEIOIEIOCS

HHGOPMAIIHIO O I' IPEABIAYIIUX TOUKAX (Xi+1, Yi+1), (Xi-1, Yi-1)s -.., (Xicrs Yier), (- IIATOBBIH MeTO)

- metox Pynre-KyTTa Ha3piBaeTcsi caMOCTapTYIOIIUM, T.K. JUI BBIYHCICHHS Vi+1 HYXKHO 3HATh JIMIIb OJHO 3HAYCHHUE, U C

MIOMOIIBIO 3TOTO METOa MOXKHO HAYMHATh pelIeHne Tu(QpepeHInanbHOr0 YpaBHEHUS

- mMetox Pynre-KyTTa HaspiBaeTcs camMoCTapTYIOIIUM, T.K. HEBA3KAa WM TOTPEIIHOCTH ANNPOKCHUMAIMH PAa3HOCTHOW CXEMBI

CTPEMHUTCS K HYJIIO IPH U3METBYCHUH CETKU

17. TocTpoeHue pa3HOCTHOM cXeMbI /ISl YHCJIEHHOI0 pellleHUs] 00bIKHOBEHHOIO0 MM (depeHnaabHOro ypaBHeHU

- 007acTh HEMPEPHIBHOIO M3MEHEHUS apTyMEHTa 3aMEHSeTCS HEKOTOPBIM KOHEYHBIM MHOXECTBOM TOYEK, JEXKAaIUX B 3TOM

obmactu. DTO MHOXXECTBO HAa3bIBACTCS PAa3HOCTHOM ceTkoil. J[ins ogHOMEpHOW 3ajaunm NPUMEPOM IPOCTPAHCTBEHHOI

Pa3HOCTHOM CETKH SIBIISIFOTCS COBOKYITHOCTh TO4YeK pazOueHust otpe3ka Ha N wactedd. Touku neneHHst X; OTpe3Ka Ha3bIBAIOT

y371aMu ceTKH. PacCTosHue MEXIY Y3JIaMH Xi+1 — Xj = h ecTh 1mar cetku

- 3aJaHHbBIA OTpe3ok [a, h] 3ameHsieTcst cHCTEMO# YAaCTHUYHBIX OTPE3KOB [Xi, Xi+1] PaBHOM IJIMHBI, Ha3bIBAEMOMN Pa3HOCTHO

ceTko. PaccTosiHne Mexay KOHLIAMH MHTEpBala Xi+1 — Xi = N eCTh eAWHWYHAsA JMHA ceTKH. Ha kaxmoM otpeske [xi, Xi+i]

OCYIIECTBIISICTCS YUCICHHOE penieHne quphepeHINaIbHOTO ypaBHECHHS

- IIYCTh JJIsl HEKOTOPOTO MHOXKECTBA TOUCK Xo, X1, ..., Xn HCXOJHOW 0OOJNACTH MU3BECTHBI TaOiu4uHble 3Ha4eHHs QyHKImU y=Ff(X),

SIBIISTFOLICHCS. pereHneM TudepeHManbHOr0 ypaBHEeHUS. JJaHHOe MHOXECTBO 3HAYCHUH YHKIUA )0, V1, ..., Yn HA3BIBAEMBIX

y3J1aMH, €CTh Pa3HOCTHas ceTKa. PaccTosiHIe MeXay y3iaami Yi+1 — Yi = N Ha3pIBaeTcs IaroM CeTKH

18. B 4eM COCTOMT CyTh YHCIEHHBIX (KOHEYHO-PA3HOCTHBIX) METOA0B pellieHHsI 00bIKHOBEHHBIX MU (epeHInaIbLHbIX
ypaBHenuii (1Y)?

- CYTh JIaHHBIX METOJIOB COCTOMT B clieayromeM. Ilonaraercs, 4To HOrpemHOCTs € MOYKHO NMPEICTaBUTh B BUJE IMOIMHOMA N-0OH

crenieHu. Ecnu pasHOCTHas cxeMa yCTOWYHMBA, TO POCT JIIOOOTO BO3MYIIEHHS OTPaHUYEH, CJEIOBATEIbHO, MOXKHO B3STh

uHTerpan @ypbe 0T JaHHOTO NOJIMHOMA. B TakoM cityyae 1i1s yciaoBUsl YCTOMUMBOCTH KOHEYHO-PA3HOCTHOM CXEMBI I0Iy4aeTcs

HepaBeHCTBO BUA |I|=|aAt/AX|<1

- B paccMaTpuBaeMoil 00JacTH MPOCTPAHCTBA BMECTO HETPEPBIBHOW CPEIbI, COCTOSIHHE KOTOPOM OMUCHIBAaeTCS (DYHKIHSIMHU

HETIPEPHIBHOTO apryMEHTa, BBOAMTCS €€ PAa3HOCTHBIM aHaior. OJTa IUCKpPETHas MOJENb CpPeAbl ONMUCHIBAeTCS (DyHKIUSIMHA

JIMCKPETHOTO apryMeHTa, KOTOpPBIE ONpE/eNICHbl B KOHEYHOM YHCJIE TOYeK Ha ceTke. Y 3aMeHSIOTCS COOTBETCTBYIOIIUMH

KOHEYHO-Pa3HOCTHBIMU COOTHOWICHMSIMH. B wnTore mcciemyemas 3amada 3aMeHsIETCSI CHCTEMOM Pa3HOCTHBIX YPaBHEHUH -

Pa3HOCTHOM cXeMOI

- CTPOMTCS CUCTEMA PABHOOTCTOSIIMX ToueK Xi = Xo+i-h (i =0, 1, 2,...). Beruncnenus 3HaueHuit y(x;), SABISIOMUXCS PELHICHHEM

Y y' = f(x,y), npoBoastcs B aBa dTana. Ha mepBoM aTane pemieHne 3aMeHsIeTCss HHTEPITOSIMOHHBIM MOJMHOMOM Jlarpanxa ¢

mraroM h Ha BTOPOM 3Tarie HaXOUTCS PEIICHHE B MPOMEKYTOUHBIX TOUKAX

19. Ilpumensis Meron Jiijepa, HaliTH pelleHHe OOBLIKHOBEHHOro audQepeHnNaTbHOT0 ypaBHeHHs1 y'=y - 2x/y Ha
untepsaie [0; 1] ¢ HayaabHbIM yeaoueMm Y(0) = 1, Bpiopas mar h = 0,2

- y(0,2)=1,2000; »(0,4)=1,4205; y(0,6) =1,9562; y(0,8) =2,3646; »(1,0) = 3,0644

- y(0,2) = 0,9200; y(0,4) =0,9040; y(0,6) =0,8612; y(0,8) =0,7942; y(1,0)=0,7321

-»(0,2) = 1,2000; »(0,4) =1,3733; y(0,6) =1,5294; y(0,8) =1,6786; y(1,0)=1,8237

20. Yto siBnsieTcst pemenueM 3aaaqun Kommn 1151 00b1kHOBeHHOTO AU depeHINATEHOrO YpaBHEeHUS ?

- ¢pynkius y=f(x)

- KOOPIUHATHI TOUKH (Xo, Yo)

- ypaBHEHHE KacaTeabHOH Y=KX+b

- CUCTEMA JINHEWHBIX YpaBHEHUH

Kpumepuu oyenku:
[IpuBenens! B paznene 2



Haumenosanue: KOHTpOJIbHAs padoTa
Ilpeocmasnenue ¢ @OC: HaOOp BapUAHTOB 33 TaHUI
Bapuanmut 3a0anuii:
KOHTPOJILHASI PABOTA Nel
Hana ¢yskmus B tabnuunoM Buzae. IlpousBectu wmHTeprionsaiuioo ¢yHKnuu. [loctpouts rpaduku
MOJTyYCHHBIX MHTEPIIOIUPYIOMNX (PYHKIHIA.

1) KycouHo-IuHeHHYIO.

2) Ksagparuunyro.
3) CmnaitHamu.
4) MmuorowieHoM Jlarpamxa.
5) MuorowieHoM HproToHA.
Jlana ¢pyHkuus B TaOnMuYHOM BHle. HaliTH METOJOM HAMMEHBIINX KBAJIPATOB:

1)
2)
3)
4)
5)
6)

7)

JMHEHHYIO alllPOKCUMUPYIOLTYIO () YHKIIMIO.

KBaJIPaTUYHYIO AMMPOKCUMHUPYIONIYIO (DYHKITHIO.

CTENEHHYIO allPOKCUMUPYIOLIYIO (YHKIIHIO.

Jorapu(pMHUYECKYIO alllPOKCUMHUPYIONTYI0 ()YHKITHIO.

HKCHOHEHIMATIBHYIO alllPOKCUMUPYIOIIYIO PYHKLHUIO.

N3006pa3uth rpaduku mosydyeHHbIX (YHKIMA U OTMETUTHh MCXOJHBIC JaHHBIC TOYKAMH B TOH Ke
CUCTEME KOOpJUHAT.

BBIOpATh HAMITYUYNIYIO alllIPOKCHMHPYIOIIYIO () YHKITHIO
X y
1 3)
2 8,5
5 3
8 2,2
15 0

KonTtpoabHnas padora Ne2
1. Haiitu pemenne 3amaun Komm s auddepeHIHanbHOro ypaBHEHHUsl IEpPBOTO IMOpsIKa Ha
paBHOMEpHOM ceTke orpe3ka [a, D] ommu pa3 ¢ marom h=0,1, mpyroit — ¢ marom h=0,2 metomamu
Olinepa, Dunepa c nepecuerom, Pynre-Kyrra.
2. OUEHUTD MOTPEIIHOCT YHCICHHOTO PEIICHHUS [0 MPHHIMITY PyHre.
3. Momo6pate mar h, koTopwli obecmeunBaeT pemieHne MeTonoM Pynre-Kyrra ¢ TounocThio 107,
HavanpHoe 3HaueHHe mara onpeaenuTh mo Gopmyse h, = e .
4. TToctpouTh TpadMKH MOTYYSHHBIX HHTETPATBHBIX KPUBBIX.
5. CpaBHUTH YHCIIEHHOE PEIICHUE C TOYHBIM.

_1+xy 1

y' X2 ,Y‘x:1:O,1SXS2,¢(X)=E(X—;j

Jano O/lY u rpaHu4HbIE YCIOBHUS:

1.
2.
3

4.

y'+p(x)- y+a(x)-y = f(x)
y(@)=A yb)=B

Pemute Ha otpeske [a,b] kpaeByro 3amauy METOI0M CTPEIBOBI ¢ TOUHOCTBIO £=0),002.

Pemute Ha otpeske [a,b] kpaeByro 3aauy METO10M KOHEYHBIX pa3HOCTEH ¢ TOYHOCTBIO £=0,002.
[TocTponTh HHTETPAIBHYIO KPUBYIO I 11. 1 1 2.

CrenaTb BBIBO/IBI.

Kpumepuu oyenxu:
[TpuBeneHs! B pazaene 2



Haumenoeanue: pabota Ha NMPAKTUYECKUX 3aHATHUSAX: TEKYIIUH KOHTPOIbH BBITOJIHEHUS
3a/laHUN.
IlIpeocmasnenue ¢ @OC: nepevyeHb 3aJaHUN

Bapuanmut 3a0anuii:

IpakTnyeckas padora Nel
Hana ¢yHKIMS B TAOIMYHOM BUJIE.
1. TIpousBecT MHTEPHOIALMIO (PYHKIUH CIEAYIOIMMU METOAAMH:
KyCOUYHO-JIMHEIHYO;
KBaJIpaTHYHYIO;
KyOM4eCcKHMH CIIaiiHaMU;
MHorounenom HeroToHa.
2. ITocTpouts TpaduKH MOTYICHHBIX HHTEPIIOIHPYIOMUX HYHKINH.
s Beraucnennit ucmonb3oatb Microsoft Excel mm OpenOffice.Calc.

Bapuant 1 | Bapuantr 2 | BapuanT 3 BapuanT 4 Bapuanr 5
X y X y X y X y X
1 5 1 1 2 6 0,5 3 1
2 85 [35] 23 3 3 1 2,5 2 55
5 3 5 5 3,5 4 3 3,5 4

8 2,2 7 4,1 5 3,5 6 5 7 3

Bapunant 6 | Bapuant 7 | Bapuant 8 Bapuant 9 | Bapuanr 10
X y X y X y X y X y

05105 (05 3 1 2 0,5 15 [ 15 1

1 3,5 1 2 2 1 1 3 3 2,2

3 4 4 2,5 5 1,5 3 6,2 4 4

6 5,3 6 15175 | 32 6 4 6 3

9 3 9 2 8 3 9 2,6 10 3,5

Jana QpyHKIHS TpeX nepeMeHHbIx B Tabauanom sune f(X, Y, 2).

1. BbINOMHHUTH CpemHEKBAApAaTHYHOE MNpuUOImKeHHe (YHKIMH C HCMOJb30BaHHEM JIMHEWHOTO  ypaBHEHHS

f =a+bx+cy+dz, Tae a, b, ¢, d - koapdunmenTHL

2. BrmonauTs CPCAHCKBAAPATUIHOC HpI/I6J'II/I)K6HI/I€ (I)yHKI_[I/II/I C HCIIOJIb30BAHHUEM  CTCHCHHOI'O0  YPABHCHHUSA

f=a-x"-y".z%

3. CpaBHUTb KAUeCTBO JIBYX IIPHOIIKAIOMUX (YHKIMH ¢ HOMOIIBIO Ko dUIIeHTa AeTepMuHanuu R,

Bapwuanr | Bapwuant 2
z z
“| Y 1315 [ 17 [ 20 Y 23 [ 26 [ 30 [ 35
6 0,06 1009 | 01 | 012|014 6 0,06 | 0,16 | 0,28 | 0,21 | 0,24
6 011014 ] 0,16 | 0,18 | 0,21 6 01 | 0,24 |1028 0,32 | 0,37
6 0,16 | 0,2 | 0,23 | 0,26 | 0,31 6 0,16 | 0,35 | 04 | 0,46 | 0,54
8 0,06 | 0,11 | 0,13 | 0,45 | 0,17 8 006 | 02 | 023|026 0,31
8 011018 ] 0,21 | 0,24 | 0,28 8 01 1]032]036]|042]|049
8 0,16 | 0,27 | 0,31 | 0,35 | 0,41 8 0,16 | 048 | 0,54 | 0,62 | 0,72
8 02 |031]036 | 04 | 048 8 0,2 | 055 | 062 | 0,72 | 0,83
10 | 0,06 | 0,24 | 0,27 | 0,19 | 0,22 10 | 0,06 | 0,26 | 0,29 | 0,33 | 0,39
10 01 ]1023]026| 03 |[035 10 0,1 04 | 046 | 052 | 0,61
10 10,26 ] 0,33 | 0,38 | 0,43 | 0,51 10 | 0,16 | 0,58 | 0,66 | 0,76 | 0,89
10 02 |1039] 045|051 | 06 10 02 | 069 | 0,78 | 0,9 | 1,05
12 01 ]1027]032]036 | 042 12 01 ] 049 | 062|064 |074
12 10,16 | 0,41 | 0,48 | 0,54 | 0,64 12 1016 0,73 | 0,83 | 0,96 | 1,1
12 02 1048 ] 056 | 063|074 12 02 | 085 ]097] 11 13
12 0,3 | 0,66 | 0,76 | 0,86 1 12 03 | 1,16 | 1,3 15 | 1,76
Bapuanr 3 Bapuanr 4
z z
1Y T3 15 [ 17 [ 20 1Y 2312 [ 30 [ 35
16 | 0,16 | 054 | 0,63 | 0,71 | 0,84 16 1016 [ 09 | 11 | 137 | 1,46
6] 02 [ 062 | 0,72 | 0,81 | 0,96 16 | 0,2 11 | 125 | 157 | 1,67
16 ] 03 | 0,88 1 115 | 1,36 16| 03 [ 156 |176| 22 24
16 | 04 1,1 1,3 1,45 1,7 16| 04 | 197 | 22 2,8 3
201016 | 0,66 | 0,77 | 0,87 1 201016 ) 117 | 132|153 | 18
201 0,2 | 0,79 | 0,91 1 1,21 20 02 | 139 | 157 | 18 2,1
201 03 11 | 127 | 144 | 1,68 201 03 1194 | 22 25 | 2,95
201 04 | 139 | 16 181 | 2,13 20| 04 | 246 | 278 | 32 | 3,74
251 0,16 | 0,83 | 0,96 1,1 1,28 251016 | 1,46 | 1,66 | 1,92 | 2,23




251 02 [ 098 | 11 1,28 15 25| 02 [172 ] 195|228 | 2,63
251 03 [ 138 | 158 | 18 2,1 251 03 [ 242|275 | 32 | 37
251 04 [ 175 2 2,28 | 2,7 251 04 | 31 | 35 4 4,7
321016 | 106 | 1,24 | 139 | 1,63 32016 (188 | 21 | 245 | 2,86
32102 | 128 | 148 | 167 | 1,97 321 02 | 228 | 256 3 3,45
321 03 [ 168 | 194 | 22 2,6 32| 03 3 337 ] 39 | 45
32| 04 | 224 | 256 | 29 3,4 32| 04 4 4,45 | 515 6

IIpakTHueckas padoora Ne2

1.
2.

3.

Haiitu onpeneneHHbIil nHTErpan pyHKINN METOIaMH LIEHTPAIIBHBIX MPSIMOYTOJIBHUKOB, Tpareuil, CUMIICOHa.
OueHNTh TOTPENIHOCTH KaXKI0T0 U3 METOJJ0B NP pa3IMuHbIX MHTEPBaIax pa30OueHus Auarna3oHa HHTerpupoBanus (4,

8, 16 yuacTkoB) ¢ uconb30BaHNEM IpaBuia Pynre.

CﬂeﬂaTL BBIBO/JIBI.

Bapuant 1

1
[V +1dx
0

Bapuanr 2

124 x
]

Bapuant 3
L xe*

T dx
0(1 + X)

BapnaHT 4

2x+1
I

N

BapnaHT 5

j\/2+x

Bapuant 6
SESe
| dx

1+ X4

Bapuanr 7

1

X
[———dx
1+ X+X

Bapuanr 8

e

[(x In(x))zdx
1

Bapuanrt 9
f sin? x
o 1+ cosx

dx

Bapuanr 10
2 dx

|

IIpakTnueckas padora Ne3

1.
2.
3.
4.

5.

0\/m+\/(x+1)3

IMoctpouts rpaduk Gyukuun F(X) Ha 3a1aHHOM HHTEpBAJIC.

Pemuth ypaBHEHHE METOJIOM JIeJIeHHsI OTpe3ka nomosiaM. HaiiTu Tpebyemoe 4icio ureparmid.

Pemuts ypaBHeHme metogoM Herorona. Haiitm TpeGyemoe umcio ureparuii. B kadecTBe HayalbHOTO PEIICHUS

HCIOJIB30BAaTh Ha4aJIO WJINW KOHEL MHTEpBAaJia.
Pemuts YpaBHCHHUC MCETOJAOM MPOCTHIX HTepaHHﬁ. OHpeHeJ’II/ITb 3HA4YCHUC MapaMeTrpa 7,

MUHHMAJIbHOE YHCIIO UTECPAIHH.
Crenarb BBIBOJBL.

Bapuant 1

F(r)—085

[2,6r +In(530r)]-17

HMHTEpBaJl IOUCKA [0,1, 2], JOIycTHMast morpenHocts nepemenHoi ¢=0,0001.

Bapuant 2

F()=

In(10001? )+ 4,9

0,6l

~40

MHTEpBAI MoKcka [0,1; 1], AomycTimas morpemHocTs nepemensoi ¢=0,0001.

BapuanT 3

F(R)=9R-[3000R +In(50200R)—1]-100

HMHTEpBaJl OUCKA [0,01; 0,2], JIOITyCTUMAs! MOTPEIHOCTh nepeMenHoit €=0,0001.

Bapuanr 4

00ecIIeunBaroIero



_ T?+700T —210000

F(T) = _
™ T2 -700T + 210000
HHTEPBAJ TOMCKA [200, 800], JIOTTyCTHMAsI IOTPEITHOCTE epeMenHoit 6=0,1.

Bapuanr 5
F(D)=270: |g(2D ++1+4D? )— 600

HWHTEpBaJ IOUCKA [5, 100], JOIyCcTUMast HorpenrHocTs nepemenHoit £=0,01.

Bapunanr 6
0,09-(1+1000D)
F(D)= =2 —)_
D-In(1000D)

MHTEPBaN MOUCKA [0,0L 0,1], JonycTUMast norpemHocts nepemenHoi £=0,0001.
Bapuanr 7

F(n)= 0440+ 0.047) 4
VA il— 0,052 ’
HHTEPBAJI OUCKA [0,0L 0,1], JIOIyCTAMAs! MOTPEIHOCTh nepeMenHoit €=0,0001.
BapuanT 8
G(F)=F +2e**F —-10
HMHTEpBaJI IOUCKA [0, 8], JIOITyCTHMast morpemHocTs nepemenHoi £=0,001.
Bapuanr 9
F(x)=0,8x* —cos(2x +0,2)
MHTEpBal MOUCKa [- 2, 2], X — B pajiMaHax, JoMycTUMas NOrpenHocTs nepeMenHoi £=0,001.
Bapuant 10
F(x)=—xcos(x+0,2)-1
HHTEpBAaJI HOMCKa [— 1, 3], X — B paJjaHax, I0IycTHMas IorpeimHocTb nepementoi ¢=0,001.

IIpakTnyeckas padora Ne4

1. Haiitn pemenue 3anaun Kowmu mis muddepeHnpanisHOro ypaBHeHHs: NEpBOro MopsiAka Ha paBHOMEPHO# ceTke oTpeska [a,
b] omun pa3 ¢ marom h=0,1, npyroii — ¢ marom h=0,2 meronamu Diinepa, Ditnepa ¢ nepecuerom, Pyrre-Kyrra.

2. O1eHUTh MOTPENTHOCTh YHUCIEHHOTO PEIeH s 110 MPUHIUITY PyHre.

3. Tonobparts mwar h, xoTopeli obecneunsaer penieHne MetonoM Pynre-Kyrra ¢ Tounoctsio 1073, HauanpHoe 3HaueHue I1ara

OTIpENIeTIUTS 110 (hopMyIie ho = 4\/2 .

4. ITocTpouTh rpaMKH NOITYYEHHBIX HHTETPATIBHBIX KPUBBIX.
5. CpaBHHTb YHCIIEHHOE pPELICHHE C TOYHBIM. Pe3ynbTaThl MpeCTaBUTh B BUAE TAOIHIIBL:

Hazsanue meTona
- Yi ) di
b o1 | =0z | %) [heoa h=0.2
0
1
2
3
4
5
Bapuant 1
1+ X
y'= ;2 Y, y,u=0,1<x<2, ‘/’(X):;(X—ij
Bapuant 2
yey—2% Yoo =1, 0<x<1, p(x)=+2x+1
y
Bapuant 3

y'=x+3y, y‘le =0,1<x<2, (D(X)ZXZ(X—]_)
X

Bapuanr 4

y'=xy, ¥, =1, 0<x<1, o(x)=e"

Bapuanr 5

Yy =1,1<x<2 __X
y X2 Vs (D(X)_l—lnx




Bapuanr 6
yo oYXyl =0, 1<x<2, p(x)=Inx
X

Bapuanr 7

. XA+
y= y

Bapuanr 8
y'+2xy = xe™, y| o =0,0<x<1, (p(x):%xze’XZ

» Y1 =0, 1<x<2, p(x)=xInx

Bapuanrt 9

y'+ycosx=%sin2x, Yio =0, 0<X <1, x)=sinx+e ™ -1

Bapuant 10
y+y-tanx=sin2x, y|,., =—1, 0<X <1, p(x)=(1-2cosx)cosx

Kpumepuu ouenku:
[IpuBenensl B pazueine 2



2 Kputepuu onleHKH:

YPOBEHL OCBOCHHUS KOMIICTCHIIHH

N Komnerenuuun JleckpunTopbl Bun, popma KoMnereHuusi ocBoeHa*
OLIEHOYHOT0 OTJINYHO X0po1Io YIOBJIETBOPHUTEJILHO HEY/0BJICTBOPHUTEJIbHO
MeponpUsITHS

IK-1. Cnoco6HOCTH
MIPUMEHSTH CIIOCOOBI
PaLMOHAIEHOTO
HCTIONB30BAHHsA
HEOOXOINMBIX BHIOB
pecypcoB B
MAaIIMHOCTPOHTENBHBIX
IIPOU3BOJICTBAX, BEIONPAThH
OCHOBHBIC U
BCIIOMOTraTelIbHbIE
MaTepuabl 1s
H3TOTOBIICHUS HX M3/CIHH,
CHOCOOBI peau3auu
OCHOBHBIX
TEXHOJIOTHIECKHX
MPOLECCOB,
aHaIUTHYECKHE U
YHCIICHHBIE METO/IBI ITPU
pa3paboTke ux
MaTeMaTUYeCKUX MOJIeTIeH,
a TaK)Ke COBPEMEHHBIC
METO/IbI pa3paboTKH
MaJo0O0TXOJHBIX,
9HEProcOeperarommx u
9KOJIOTUYECKH YUCTBIX
MAaIIMHOCTPOHTENHHBIX
TEXHOJIOTHH

IK-3. CnocobHOCTH
Y4acTBOBATh B IOCTAHOBKE
neneil npoexra
(TmporpaMmsl), €ro 3aaa4y
IIPH 33IaHHBIX KPUTEPHSX,
1eNeBBIX QYHKIMAX,
OrpaHUYCHHUSX,
pa3paboTKe CTPYKTYpPbI UX
B3aMMOCBSI3EH,
ompeeIeHUI
MIPHOPHTETOB PEIICHUS
3a/1au C YYETOM IIPABOBBIX,
HPaBCTBEHHBIX ACIICKTOB
npodeccroHaTbHON
JIeATENbHOCTH

31. YucneHnusie

KonTposnbnast pabora

HpaBl/IJleO BBITTIOJIHCHBI

IIpaBUIIbHO BBINOJIHEHA

3a,£laﬂl/lﬂ BBIITOJIHCHBI

3aLLaHl/lﬂ BBIIOJIHCHBI

METOJIBI BCE 3aJaHHs. GorbIrast 9acTh 3a{aHMH. Oormee YeM  HANlOJIOBHHY. | MEHee 4eM HallOJIOBHUHY.
aIIPOKCUMALINI IIponemoHcTpUpOBaH IIpucyrctBytor ~ HesHauurtenbHble | IIpucyrcTByloT — cepbésnble | [IpomemoHCTpupoOBaH
32. YucneHHble BBICOKHH YPOBEHb OILLIMOKH. OLIMOKH. HEY/IOBJIETBOPUTEIIbHBIN
METOJIBI BIIAJICHUSI MATEPHAIIOM. IIpoxemoHCTpUpOBaH ITpoxemoHCTpHpOBaH YPOBEHb BJIaJICHHS
WUHTETPHPOBAHUS U TIposiBiieHBI XOPOILIHH YPOBEHb YIIOBJICTBOPUTENIBHBII MaTepHaJIOM.
nuddepeHpoBaHn IPEBOCXOIHBIE BJIaJI€HUs] MaTePUAJIOM. YPOBEHb Bnazenus | IlposiBieHbl

o CIIOCOOHOCTH IIposiBieHs! cpenane MaTepHaoM. HEJJOCTaTOYHbIE

33. YucneHHble NPUMEHSTh 3HAHUS CIOCOOHOCTH ITposiBrIeHBI HU3KHUE CIIOCOOHOCTH

METO/IbI PEIEHUs] TecT YMEHHUSI K BBIIIOIHEHHIO MIPUMEHATD 3HAHUS U Cnoco6HocTH IOPUMEHATh | NIPUMEHATH 3HAHUS U
ypaBHEHHH U KOHKpETHBIX 3aIaHUH. YMEHHUS K BBIIOIHEHUIO 3HAHUS U YMEHHUS K BBIIIOIHEHUIO
CHCTEM ypaBHEHUH KOHKPETHBIX 33/IaHUH YMEHUS K  BBIIOJIHCHUIO

34. YuciaeHHbIe KOHKPETHBIX 3aJIaHUi.

METO/IbI PEIICHUS

0OBIKHOBEHHBIX

nudbepeHIraTbHbI

X YpaBHEHHH

V1. Ucnonb3oBaTh Pabora Ha IIpaBHIIEHO BBITOTHEHBI [IpaBrIIbHO BBIOTHEHA 3amgaHus BHITIOJIHEHBI 3agaHus BEIIOIHEHEI
OCHOBHBIE HPaKTHIECKUX BCE 3aJaHHUs. GonbIIast 9acTh 3aJaHHUH. Gomee 4YeM  HANONOBHHY. | MEHEe YeM HAIllOJIOBHUHY.
YHUCIICHHbIC METO/bI | 3aHATHSX: TEKYLIUi IIponemoncTpupoBan IIpucyrctBytor He3HauuTenbHble | IIpucyrcTBytor  cepwésHbie | IIpomemoncTpupoBan
penreHns KOHTPOJIb BBITIOJTHEHUSI BBICOKHH yPOBEHb OLINOKH. OIINOKH. HEYIIOBJIETBOPUTEIILHBIH
MIPUKIIATHBIX 3amaHuit BJIaJICHHUS] MAaTE€PHAJIOM. IIponemoncTpupoBan ITponemoHCTpHpOBaH YpOBEHb BIIaJICHHS
MaTeMaTHYECKHX IIposiBiens XOPOIIHH YPOBEHb YIOBJICTBOPUTEIBHBII MAaTepHAIIOM.

3ama4 MIPEBOCXOIHBIE BJIaJICHUSI MaTepPUAJIOM. YpPOBEHb Biagenus | IlposiBieHs

V2. OueHuBarb CIIOCOOHOCTH TIposiBnens! cpeqHue MaTepuanoM. HEIO0CTATOYHBIE
TOYHOCTb U IPUMEHSTh 3HAHUS CHOCOOHOCTU IposiBeHBI HU3KUE CIIOCOOHOCTH
JIOCTOBEPHOCTD YMEHUS K BBIITOITHEHHIO MIPUMEHSTH 3HAHUS U CnocobHocTH NPUMEHSATh | NMPUMEHSTH 3HAHUS U
YHCIICHHOTO KOHKPETHBIX 3a/IaHUH. YMEHUS K BBIIOIHEHHIO 3HAHUS U YMEHUS K BBIIOIHEHHUIO
PpelIeHust KOHKPETHBIX 3a/IaHUH YMEHUSI K  BBIIOIHCHUIO

TPUKIITHBIX KOHKPETHBIX 33/IaHHUH.

MAaTeMaTHIECKHX

3a7a4

HI.

Hcnonws3oBanue

IPHUKIATHBIX

HPOrPaMMHBIX
HPOJYKTOB ISt
peann3aun
YHCIICHHBIX
METOZIOB PEIICHHS
[PHKJIAIHBIX 3a/a4.




JleckpUNITOPBI Bup, ¢opma 3a4er He3a4eT
OILIEHOYHOTO0
MeponpusTHs
V1. Ucnonb3oBate | 3a4er Oo6yuaromuiics OOHAPYKHIT OGyuaroruiicst 0OHAPYKHIT

OCHOBHbBIE
YHCIICHHBIE METO/IBI
peuieHus
MPUKIIATHBIX
MaTeMaTHYECKUX
3a1a4

V2. OnenuBath
TOYHOCTb K
JIOCTOBEPHOCTD
YUCIIEHHOTO
pereHust
TIPUKIIAJHBIX
MaTeMaTHIEeCKHX
3aa4

HI.

Hcnonp3oBanue
TIPUKIIAJHBIX
MPOrPaMMHBIX
TPOIYKTOB TUTSE
peanu3auu
YHCJIEHHBIX
METOJIOB  PEIICHHS
TIPUKIIAIHBIX 33134,

3HAHHE OCHOBHOTO
y4eOHO-POrpaMMHOTO
Mmarepuana B 00beMe,
HEOOXOUMOM TUTSt
najbHenIe y4eos! 1
npencrosimieii  paboTel 1O
CIIeIHAIBHOCTH,

CIIPAaBUJICS C  BBIIOJHEHHEM
3a[aHHH,

[PETyCMOTPEHHBIX
HPOrPaMMOii UCIHUILIMHBL.

3HAYUTEIBHBIC TPOOCIIBI B 3HAHUAX
OCHOBHOTO  y4eOHO-IIPOrPaMMHOIO
Marepuana, JOIYCTUIT
MPUHIUIHATBHBIE OLIHOKH B
BBIIIOJIHEHHH  MPEIYCMOTPEHHBIX
MporpaMMoi  3aJaHMil U He
Ccroco0eH TPOAOIDKUTE 00ydeHHe
WIM OPHCTYINHTh 0[O OKOHYAHUH
YHHBEPCHTETA K
MPOECCHOHANBHON  JeATEIBHOCTH
0€e3 JONOJHUTEIbHBIX 3aHATHI I10
COOTBETCTBYIOIIECH TUCLHUILIHHE




