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1. HEJIb U 3AJAYH OCBOEHUS JUCHUITJINHBI

]_IeJ'IBIO JUCHUIIIMHEI ABJISICTCA M3YUYCHHUE OCHOB allllapara BBIYMCIIMTEILHON MaTeMaTUKH
u an06peTeHHe HAaBBIKOB €T'O0 HCIIOJIb30BAHHA B IIPUIIOKCHUAX. PasBuTre mormdeckoro
MBIIIJICHHS W MaTeMaTU4eCKOM HHTYULHH. VYmenue INPUMEHATh YHCICHHBIC MCETOJbI ITPHU
PEHICHUHN NPUKIAJHBIX 3a]a49 U U3YUCHUHN APYIrUX JUCHUILINH.

2. MECTO JUCHHAILIAHBLI B CTPYKTYPE OCHOBHOM
OBPA3OBATEJIbHOM ITPOT' PAMMBbBI

I[HCHHHHHH& ((I/IH(bOpMaL[I/IOHHBIG CUCTCMbI U TCXHOJIOTUH B HAYYHBIX HCCIICAOBAHUAX >
OTHOCHUTCSI K AUCIHUIUTMHAM 0a3oBoit yactu 0sioka b1. Ee ocBoenue npoucxonur B 1 cemectpe.

3. HAUMEHOBAHUE JIABOPATOPHbBIX PABOT

JlaboparopHas pabota 1. OOmiue cBoiicTBa anreOpandeckux ypaBHeHU. OTaeneHne KopHen.
JlaboparopHuas pabdoTta 2.I'padudeckoe pernieHre ypaBHeHHA. MeToT TIOJIOBUHHOTO JICTICHUS.
JlaboparopHas pabota 3.Metoxa xopa. MeTo1 KacaTe/IbHbIX.

JlaGopaTtopHnast pabota 4. KoMOMHUPOBaHHBIN METO] XOP/I U KacaTelIbHbBIX.

JlaboparopHas pabota 5. OOmas XapakTepUCTHKAa METOJOB pELICHUS CHCTEM JIMHEHHBIX
ypaBHeHui. MeTton nrepanuu.

JlaboparopHnas padota 6.Mutepnonsunonnas Gopmyia Jlarpanxa.

Jlabopatopnast pabora 7. Ilpubnmxennoe wuHTerpupoBaHue  GyHKIUNA:  QopMmyna
IPsIMOYTOJILHUKOB, (hopMmyia Tpaneuuid, popmyna CuMIicoHa.

JlaboparopHnas pabota 8.Mertox Ditnepa. Meton Iukapa.

JlaGopaTtopHast pabota 9.I'paduueckuii cnoco6. MeTo; HaMMEHBIIIUX KBaJIPaTOB.

4. COAEP)KAHME JJABOPATOPHBIX PABOT

JlaGopaTtopunas pabora Nel. O0mme cBoiicTBa anredpam4ecKux yYpaBHEHHH.
Otnenenue KopHeii.
®opma npoBeAeHHA: TPAKTUKYM
Xona 1a6opaTopHOii padoThI:
[TocTponTh KOHLENTYaJbHYI) MOJEAb W JMarpaMMy IIOTOKOB IaHHBIX I HH()OPMaIMOHHON
CHUCTEMBI.
1. OTaeneHne KOpHEH.
Ilycts f(x) = 0- HEKOTOpoe ypaBHEHHE. UHCIIO ¢ Ha3bIBalOT KOPHEM WM PEUICHHEM

JTAHHOTO YPaBHEHUS, €CIM OHO, OyAy4M IOJICTaBJIEHHBIM B 3TO ypaBHEHHE, OOpallaeT ero B
BEPHOE YHMCIIOBOE PAaBEHCTBO, TO €cTh f(c)=0. Takxke 4ncio ¢ Ha3pIBAIOT HYNEM (YHKIHU
y=f(x).

[Ipn pemreHHMH HEKOTOPBIX HENMHEMHBIX YPAaBHEHHM HEBO3MOXXHO HAaWTH KOpPHU C
MIOMOUIBIO TPAJAULIUOHHBIX METO/0B, IPUMEHSBILINXCS paHee. 3aMETUM, YTO, KaK IPaBUIIO, ITU
METO/Ibl PEIIEHUS OTHOCATCS K KAaKUM-JINOO KOHKPETHBIM KJIaccaM ypaBHEHUH: alreOpanveckux,
TPUTOHOMETPUYECKUX, IIOKA3aTeNbHBIX M Tak nanee. Ho, Hampumep, naxe Takoe, BHEIIHE
HECIIO)KHOE ypaBHEHHE, Kak X —COSX+1=0, HEBO3MOXXHO pPEIINTh MPUBBIYHBIMU CHOCOOAMH.
Jlis anreOpanyecKkux ypaBHEHUH OKa3aHO, YTO HE CYIIECTBYET OOMIMX (OPMYJ BBIYMCICHUS
KOpHEH JUIsl ypaBHEHMM CTENEHU Bblle 4eTBEPTOU. [109TOMY BO MHOIMX Cily4asx IPUXOJUTCS
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npuberaTb K YHCICHHBIM METOAAaM pEIIEeHUS ypaBHEHWH, KOTOpbIE TO3BOJISIIOT HAaWTH
JeHCTBUTENbHBIE KOPHU ypaBHEHUA f (x) = Oc J1r000H 3apaHee 3aJaHHON TOYHOCTBIO.

IIponiecc HaxOXKIEeHMS NEUCTBUTEIIBHBIX KOPHEH C ONPEAeIEHHOM TOYHOCTBIO MOYKHO
pa3feNnTh Ha J1Ba HTala:

1) oTneneHue KOpHEHW, TO €CTh YCTAHOBJIIEHHE YMCIOBBIX IPOMEXKYTKOB, B KaXJ0M U3
KOTOPBIX COJEPIKUTCS OJUH KOPEHb yPaBHEHUS;

2) BBIUUCIIEHUE KOPHSI, IPUHAJUIEKAIIETO JAHHOMY IIPOMEXYTKY, C 33JaHHOW TOUHOCTBIO.

H3BecTHO, 40 ecnu QyHKUMsA f (X) HENPEPhIBHA U IPUHUMAET Ha KOHIIAX OTPE3Ka [a; b]
3HAYEeHUS Pa3HBIX 3HAKOB, TO BHYTPHU 3TOTO MPOMEKYTKA HAUAETCA XOTSI ObI OIMH HYJb (DYHKITUH.
VYcnoBue, COrNIaCHO KOTOpPOMY (DYHKIMSI NPUHMMAET Ha KOHIAX OTpe3Ka 3HAUYEHUs Pa3HbIX
3HAKOB, MOKHO cpopMyIupoBaTh B Buze: f(a)f (b) <O.

Otnenenue KopHed ypaBHEHHS f(x)=0 JUId HENPEphIBHONH B OOJIACTH ONpEACICHHUS
(YHKIIMM MOXHO OCYIIECTBUTDH Pa3IMYHBIMU CIIOCOOAMH.

1) Cocrapnsitor Tabnumy 3Ha4eHUH QyHKIMK y = f(X) Ha ONpeneNIEHHOM MPOMEXKYTKE
M3MEHEHHUS IEPEMEHHOM X, U €CJIM OKAXKETCs, UTO I COCEHUX 3HAYEHUI apryMeHTa 3HaYeHUs
(GYHKLIMU MMEIOT pa3Hble 3HAKU, TO HYIb (YHKUHUU (M KOPEHb YPAaBHEHMs) HaXOAMTCA MEXKIY
HUMU.

2) VpaBHeHne f(x)=0 3aMEHSIIOT PaBHOCWIBHBIM €My @(X) = y(x). CTposrt rpapuku
GYHKLIUR y = p(X) U y = w(X); AICKOMbIE KOPHHU SIBJISIOTCS a0CIICCaMU TOYEK IIepeceueHmst ITUX
rpaguKoB.

3) Crpost rpaduk GyHKIUH y = f(x) Ha MNPOMEKYTKE M3MEHEHHUS X; TOrna abCIUCCHI
Touek nepeceyeHus rpapuka c ocbto OX — Hyau QyHKIUHN (M KOPHU JAaHHOTO YpaBHEHHUS).

3aMeTHM, YTO TEePEUMCIICHHBIE CITOCOObI HE TOJBKO MO3BOJISIOT OTIACIUTH KOPHH, HO U
OIPEACIIUTD UX KOJIHYECTBO.

[pumep 1. BBIACHUTB, CKOJBKO KOpHEH HMMeeT ypaBHEHHE 4—e* —2x” =0, U HalTu
IIPOMEXKYTKH, B KOTOPBIX 3TH KOPHHU HAXOATCS.

Pemenne.

PaccmoTpum Tpu QpyHKIIUY:

f(X)=4-e"=2x% p(X) =4-2x*, w(x) =¢".
VYpaBHeHUE 4 —e* —2x° =0 DKBUBAICHTHO YypaBHEHHIO 4 —2x° =e*. OTgenum ero KOpHH
NEPBBIM U3 MEPEYUCIECHHBIX crloco00B. M3 Tabnuiel 3HaueHuN QyHKIUKN f (X) Ha IPOMEXYTKE
[-3;1] ¢ marom W3MeHeHMs X, PaBHBIM 1, BUIHO, YTO CYHIECTBYIOT KODHM yPaBHEHHs Ha
OTpe3Kax [—2; —1] ¥ [0; 1], Tak KaK 3Ha4eHus (PyHKIMU UMEIOT Ha KOHIIAX 3THX OTPE3KOB Pa3HbIE
3HAKU.

X 3 ) 1 0 1
f(x) -14,05 4,14 1,63 3,00 20,72
oX) -14,00 -4,00 2,00 4,00 2,00
w(x) 0,05 0,14 0,37 1,00 2,72

3aMeTUM, YTO AaHaJOTHYHBIN pe3ynbTaT MOJYYUTCS, €CIM HCI0JIb30BaTh BTOPOH c€rocoO,
NOCTPOMB rpaduky yka3aHHBIX QYHKIUN (HEOOXOAUMBIE JaHHBIE COAEPKATCS B TAOIHULIE).
1. MeTon mosIoBUHHOTO JeNeHus s ypaBHeHus f(x)=0.
[TycTh naHo ypaBHEHHE
f(x)=0 (*),
npu4éM QyHKMs f (X) HenpephIBHA HA OTPE3Ke [a; b| u f (a) f (b) < 0. 1 BEMUCIEHHS KOPHS
ypaBHEHHUS (*), IPUHAAIEKAILETO YKa3aHHOMY MPOMEXKYTKY, HalAEM CcepeliHy 3TOro OTpe3Ka:

a+b o
= 5 . ECJII/I f (xl) = 0, TO 1A HpOI[OJI)KCHI/DI BBIYHCJIICHUS BI:I6€peM Ty 13 4aCTCHu JAaHHOT' O

1



OTpe3Ka [a; x, | WM [x,; b], Ha KOHIaX KOTOPOH QyHKIHsA f (X) MMEET NPOTUBOIMONOKHBIE 3HAKH.
KoHIb1 HOBOro 0Tpe3ka 0003HauuM [a,; b, |

HoBblll CyXeHHBIM NMPOMEXKYTOK CHOBA JEIUM II0NIOJaM U IIPOBOJMM BBIYUCIICHHUS 110
yKa3aHHOM cxeMme U Tak janee. B pesynbrare mosydaem JuOO TOUHBIM KOpPEHb Ha OJHOM M3

3TaNoB, JUOO0 MMOCIIEI0BATEIBHOCTh BIOKEHHBIX OTPE3KOB [a; b], [al; b, ], o [an; b, J, .1y TAKHX, YTO

f@)f(b)<0, i=12 ., (2)
b, -3, = (b-2). (3

Yucno ¢ — oOwmui mnpenen IMocieoBaTeIbHOCTEN {an} u {bn} - SBIIAETCS KOpPHEM

ypaBHeHUs (*). OEHKY € MOTPEITHOCTH PEIICHUS Ha 71-M I1are BBIYUCICHUH MOKHO TIOJTYYUTh U3
cootHouieHus (3) B BUzIE

0<c-a, szin(b—a)zbn—an. 4

3pgeck A, ® C cToYHOCTLIO €, He npeBbiLatoLLeit 1 b-a).
n 2n

[Tpumep 2. MeToa0M TIOJIOBUHHOTO JCJICHUSI HAUTH KOPSHb ypaBHEHUS 4 —e* —2x* =0 ¢
tounocTeio £=0,01.

Pewenue.
B npenpinymeM npumepe ObLIO NpU OTAEIEHUM KOPHEH ypaBHEHHS YCTAHOBIJIEHO, YTO
OJIMH U3 MCKOMBIX KOPHEH NPUHAIIEKUT OTPE3KY [0; 1]. Ha KaxaoM miare BEIYMCIICHUI 3HAYEHUE

a,—b

KODHS TIPUHUMAEM PABHBIM ¥ — "N ¢ [MOTPEIIHOCTHIO d =a -b .5 TIEM IIPOU3BOIUTH
n 5 n n n

BBIUMCJICHHUSI W BBIOMPATH IOCIICIOBATEIILHOCTh BJIOXKCHHBIX OTPE3KOB [an; bn], UCTIONB3YS
ycnoBue (2). Umeem

_a+b
===
Tak kak f(a)=3, f(x,)=18513 f(b)=-072 © f(x)f(b)<0, TO NPUHHIMAEM:
a, =x, =05 b, =b=1d, =b, —a, = 05.

la,:b,]=[05,1] x, = % ~0,75.

[a;b]=[0;1] x, 0,5.

Torga

3neck f(a,) =1,8513, f(x,)=0,758, f(b)=0,72, f(x,)f(b,) <O.
CnepoBatensHo, a, = x, =0,75,b, =b, =1;d, =b, —a, =0,25.

a, +b

Torpa [a,; b,]=[0,75;1] x, = 2 =0,875; d, = 0,125.

ITpou3Boss BeIUUCIEHHS Janiee (PEKOMEHIYeTCsl BOCIIONBb30BAThCs CHEIMAIbHOM
KOMITBIOTEPHON IIPOrpaMMOoii), MOKHO YOeTUThCs, 4TO TpeOyemasi TOUHOCTh IOCTUraeTcsl Ha 7-M

mare: X7 = 0,8828125 C IOI'pCIIHOCTBIO d7 = 0,00785 <&= 0,01

3ajanue.
MeTo10M TTOJIOBHHHOTO JIEJICHUSI HAWTH KOPHU YPaBHEHHH (MIPEABAPUTEIHHO OT/ICIINB HX):

1. X —4x+2= 0; ¢ TounocTsIO 10 0,001;

2. x* —2x-5= 0; ¢ TounocTsio 10 0,01.



3. X'+5x-7=0;

4. X' +2x*-6x+2=0:
5. X°—-x-2=0

6. eX—x—-2=0.

Bonpocsl 115 00cy:KI1eHus:

[Norpemnoctu Beruucnennii. OnpeneneHne KOJIUUecTBa BepHbIX 3Havamux uudp. [lorpemnoctu
anreOpanveckux omepauuii. llpaBuna okpyrienus. MeToapl pellieHHs HETMHEHHBIX YypaBHEHUIA:
rpaduuecKuil, Xop/, KacaTelbHbIX, nTepanuid. OueHka norpemnHocTeil. TpeOoBaHHs K BEIYUCIUTEIBHOMY
AITOPUTMY. Y CTOMYUBOCTD U CII0KHOCTD AJITOPUTMA.

PaGora c sureparypoii:

PexoMeHn1yeMblie HCTOUHUKH WH(DOpMALIAN
(Ne ucroyHmKa)

OcHoBHas JlonosmHuTenpHas Meroanueckas Hurepuer-
pecypcesl
1-2 1-3 1-2 1-3

OneHoYHbIE CPeCTBA: OTYET K JTab0paTOpHOi padore.

JlabopaTopnasi padora Ne2. I'paduyeckoe penieHue ypaBHeHHil. MeTo] TMOJOBHHHOIO
JAeeHus.

®opma npoBeeHUs : IPaAKTUKYM

Xox 1adbopaTopHoil padoThI:

Haiitn xopuu ypaBueHus F(X) = 0 MeToJ0M MOJOBHHHOTO jeineHus ¢ TouHocThio € = 0,01.
VYkazaHue 110 BEINOJTHCHUIO: npexac, 4eM HadaThb BBIITOJIHCHUEC pa6OTLI HeO6XO,I[I/IMO OIpeaACINTb OTPE30K,
Ha KOTOPOM HaXOAUTCA KOPCHb JAHHOI'O YpaBHCHU:. ITO MOXKHO CAcCIaTb rpa(pnqecxn WM IOCTPOUTH
Ta0JIMIly 3HAYCHUM (PYHKIMU Ha HEKOTOPOM, JOCTATOYHO OOIIMPHOM, JMAIa30HE 3HAUCHUH apryMeHTa.
OmnucaHHbIe ,JleI\/’ICTBI/IH MOXHO BBIIIOJIHUTE C MPUMCHCHUEM KOMIIBIOTEpA U SHGKTpOHHOﬁ Ta6J'H/IHLI Ms
Excel wiu Ha nmrcTe GymMaru ¢ IOMOIIBIO KadbKyJIATOPa. BBIMOIHUTE MPOBEPKY 3HAKOB JaHHOM (DYHKITHH
Ha KOHIIAX HaiJieHHOTO oTpe3Ka ((QYHKIHMsS, COOTBETCTBYIOIIAS JAHHOMY YPaBHEHHIO, JOJDKHA UMETh
pa3Hble 3HAKH B TOYKaX, OMpPENEIOMNX KOHIBI oTpe3ka). [lomyuuTs B KauecTBe pe3ysbTaTa 3HaYCHHE
KOPHSI ypaBHEHUS M 3HAUCHHUE MMOTYUCHHOU IMOTPEIIHOCTH peliieHus (OHa onpeaensercs no popmyse: € =
(b—a)

2n

, T1e N - HOMep UTepalun).

4
Bapuanr 1. X +3x—20=0 x>0

3
Bapuanr 2. X —2x-5=0 x>0

X
Bapuanr3. ——— — Inx=0
2+ x

4
Bapuanr 4. X +5x-7=0 x>0

Bapuanr 5. ¢-x-2=0

Bapuanr 6. 2-Inx-x=0
Bapuanr 7. 2¢'+x-1=0

1
Bapuanr 8. Ee —-x-1=0

Bapuaur9. Inx+05x-1=0

Bapuanr 10. —— — Inx=0
1+ x?




Bonpocs! 1151 00cyKIeHUs:

Uto Ha3biBaeTCsA KOpHEM ypaBHEHH? UTO 3HAUUTh pelinuTh ypaBHeHUE? KakoBbl ATaribl
pelleHus] ypaBHEHUs C OJHOU IepeMeHHoN? Kakue CylecTByIOT METO/1bl PELIEHHs YPAaBHEHHUSI C
onHoU nepeMeHHoi? CyTh METO/1a IOJOBUHHOTO JIeJIeHUs. B ueM 3aKitoyaeTcsi reoMeTpUiYeCcKui
CMBICJI METOJa MOJOBUHHOTO JeneHus? Bceraa nu mo3BoJsieT METOJ MOJIOBUHHOTO JIEJICHUS
BBIUKCIIUTh OT/AEJICHHBIH KOpEHb ypaBHEHHUS C 3aJaHHOW morpemHocThio? Kak BbiOMparoTcs
KOHIIBI OTPE3Ka CIEAYIOIIEro HHTEpBaia B METOE MOJOBUHHOTO JieieHus? Kakumu cBoiicTBaMu
noJpkHa oOnamath (yHKOUSA f(x), 94TOOBI METOJOM IOJOBHHHOTO JEJICHHUS MOXKHO OBLIO
rapaHTUPOBAaHHO pemuTh ypaBHeHHE f(X)=0? UTo He0OX0aUMO /7151 HAXOXKICHUS XOTsI OBl OTHOTO
JIEHCTBUTEIILHOTO KOPHS ypaBHeHUs f(X)=0 MeT0/10M MOJOBUHHOTO JiejeHUs? MOKHO I HAUTH
KOpPEHb METOJIOM IOJIOBUHHOTO JEJIEHUSI, €CIM OH HaxXOoJuTcsi Ha rpaHule uHTepBasia? CyTb
MmeTona xopa. ['paduueckas unrepnperanus Mmerona. CyTh MeTona kacatenbHbIX. [ paduueckas
unrepnperanus meroga. CyTtb Merona urepanuu. KakoBbl TOCTaTOYHBIE YCIOBUS CXOAUMOCTH
UTEPALlMOHHOIO Ipoliecca MpU pelleHnu ypaBHeHUs X=f(x) Ha oTpeske [a, b], comepxaiero
KOpEHb, METOJOM TipocToi wurepauuu? Kakoe ycioBue SBISETCS KPUTEPUEM JIOCTHKECHUS
3aJJaHHOM TOYHOCTH IMPH PELICHUH ypaBHEeHUs X=f(X) MeT0I0M XOp/, KacaTenbHBIX, uTepauuii? B
YeM 3aKJIF0YAeTCs CyTh METOJa IIPOCTOM UTEPALIMH JIJISl PEIICHUsI CUCTEM YpaBHEHUA?

Pabotra ¢ auTeparypoii:

PexoMeH1yeMblie HCTOUHUKH WH(DOpMALIAN
(Ne uctouHmMKa)

OcHoBHas JlonomHuTenpHas Meroanueckas Hurepuer-
pecypcesl
1-2 1-3 1-2 1-3

OueHoYHBbIE CPEICTBA: OTYET K JIabopaTopHOU paboTe.

JlabopaTopnasi pabora Ne3. Metox xopa. MeToa kacaTteJbHbIX.
®opma npoBeeHU: IPAKTUKYM
Xonx 1abopaTopHOi padoThI:

Haiitu xopHu ypaBaenust F(X) = 0 meromom kacarenbHbix (HpIOTOHA) € TOYHOCTBIO € =
0,01. (dns BbITONHEHUWS ITaHHOW JTA0OPAaTOPHOW pPabOTHI HCIIONB30BaTh BapHUAHTHI 3a/laHUM
npensayiiei 1abopaTopHOi paboThI.)
YkazaHnue 1o BblDOJHEHWIO:  HauanbHoe mnpuOnmkeHue Xo ONpeneNsercs Hu3 OTpe3Ka
ONpesieNIEHHOr0 B 3ajjauye Mo MpeabLaylieil 1adopaTopHoil pabOThl. AHAIUTHUECKH WIH
YHUCIIEHHBIM METOJIOM BBIYHMCIIE€TCS TMpous3BoaHas (yHkuuu F(X) u wucnoms3yercs aus
BBIYUCIICHUSI OUepeTHOrO 3HaueHus KopHs ypaBHeHUs F(x) = 0. tepaunonnas ¢popmyna metosaa
HeroToHa (KacaTenbHBIX):

J(x)

X. X.
i+l i f,(xi)
Yka3aHHast TOYHOCTb BBIYMCIEHUI CUNTAETCS JOCTUTHYTOM, ECIIM Pa3HOCTH (B34Tasi 10 MOJIYJIIO)
MEX/1y KOPHSMH YpaBHEHUsI, TIOJYYCHHBIMHU B IBYX COCEHUX UTEPAlMSIX | Xi+1 - Xi)| < €.
Bonpocs! 1is1 00cyKIeHus:

Uro Ha3pIBaeTCs KOPHEM ypaBHEHMs? UTO 3HAUMThH peminTh ypaBHeHHE? KakoBBI HTamsbl
pelleHUs] ypaBHEHUS C OJHOU NepeMeHHo? Kakune CylecTByIoT METO/IbI PELIEHHS YPAaBHEHHUS C
onHoil nepemenHoi? Cytb Merona xopn. ['paduueckas untepnperauus metona. CyTb MeTona
KacaTenbHbIX. ['paduueckas uHTeprperanus merona. Kakoe yciioBue sBIsSETCS KpUTEpUEM
JTOCTHKEHUS 3aJJaHHON TOYHOCTH MPHU pelieHnH ypaBHeHUs X=f(X) MeToa0oM XOop/, KacaTelIbHbIX,
urepanuii?

Pabora ¢ 1ureparypoii:

PexomeHryeMble HCTOUHUKH UHPOPMALIUU
(Ne ucrounmka)




OcHoBHas JlonosmHuTENEHASA Meroanueckas Hurepuer-
pecypcesl
1-2 1-3 1-2 1-3

OueHoYHBbIE CPEICTBA: OTYET K JIabopaTopHOH paboTe.

JlabopaTopnasi pabora Ned. KomOMHMPOBaHHBII MeTO/ XOP/ M KacaTeJbHBbIX.
®opmMa NpoBeAeHUA: IPAKTUKYM
Xon 1abopaTopHOii padoThI:

PemmTh mnpeanokeHHbIE ypaBHEHHMsS KOMOMHHMPOBAaHHBIM METOJOM XOpJI M KacaTelbHbIX.
IIpoBecTH CpaBHUTEIBHBIH aHAIN3 PE3yJIbTaTOB (IPEABAPUTEIPHO OTHEIMB WX, BapHaHT 3adaHHUS
BBIOHPAETCS U3 TaOIHUIIEL).

Bapumaurt | ®PyHKILHUSI, UHHTEDPBa.
1 (x-2) 2%1log (x+11) -7=0 [~1; 5]
2 (x-4)2 *log(x+1) -1=0 [0; 3]
3 (x-2)2%2x - 1=0 [0; 2]

4 (x-5) 2%logx -1.2=0 [1; 4]

5 (x - 3)*cos(x) -1=0 [-5; 0]
6 x2%cos (2x) +1=0 [1; 3]

7 x2 - In(6+x)=0 [-2; 2]

8 0.5x - 3+(x+1)2=0 [-2; 2]

9 0.2 *x - cos(x) -1=0 [2; 5]
10 2%1n (x) +cos (x) - |x|+1=0 [0. 1;3]
11 0. 3*x2+ cos(x) - |x| [0; 5]
12 x3 - 8%x2+3=0 [-2; 2]

13 x3-2x-5=0 [-5;3]

14 x4+5x-7=0 [-2;4]

15 x2+2x+2=0 [~1;5]

16 x2+-5x+6=0 [~4;3]

17 x5+3x2+x-5=0 [-2;6]

18 x4+x2+6=0 [0;4]

19 x2+5x-8=0 [-7;3]

20 x3+4x-7=0 [-3;5]

Bomnpocs! 1151 00CcyKaeHus:

Uro Ha3piBaeTCcad KOpHEM ypaBHEHMsI? UTo 3HauuTh pemiuTh ypaBHeHHEe? KakoBbl 3Tarbl
pelIeHns ypaBHEHUsI C OJIHOU nepemeHHon? Kakue cylmecTBYIOT METObI PELICHHS] YPAaBHEHHUS C
onHoi nepemenHoi? Cytb Merona xopa. I'paduueckas natepnperanus merona. CyTb Merona




KacaTenbHbIX. ['paduueckass MHTEpIpeTaIlsl METoJa.
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Kakoe ycnoBue sBisieTcs KpUTEpHEM

JOCTHKEHUS 33JJaHHON TOYHOCTH MU pelieHNH ypaBHeHUs X=f(X) MeToa0M XOp/, KacaTebHbIX,

urepanui’?
Pabora ¢ 1ureparypoii:

PexoMeHn1yeMblie HCTOUHUKH WH(DOpMALIUN
(Ne ucrouHmka)

OcHoBHas JlomoaHuTEIbHAS Metoauueckas HHTepHer-
pecypchl
1-2 1-3 1-2 1-3

OueHoYHBbIE CPECTBA: OTYET K JIabopaTopHOH paboTe.

JladoparopHasi padora Neb5. Ofmasi xapaKTepHCTHKA METOIOB pelIeHHs] CHCTeM JIHHEHBIX

ypaBHeHuii. MeToa nrepanun
®opma npoBeIeHH s : TPAKTUKYM
Xox 1adbopaTopHoil padoThI:

Pemmnts npeuioxkeHHble ypaBHEHHSI METOIOM UTEPALUHM.

Ne B |Cucrema nuHENHHbIX ypaBHEHUN

‘iDi}xI —14::2 +13x3 =-1232

1 < i}.ﬁxi + Ei}sz +9.53{3 =316
- 9:::1 +§}xz +3G{?:s:3 = 4335
300x; ~12x +11x; = —3504

2 *1,511 +6€}Gx? +S.5:t:3 =158E84
- ;xi + ;3:2 +9{?Gf{3 =001
.Eﬁﬁxi—iﬁxﬁ-ﬁﬁx3=:—4ﬁéﬁ

3 2,5:{2 + ZQG{*IE + ’?.SxS = 5030
_ Sy 4 Sy 5 =15
| H::,1+_J,2+L£}Gx3 13080
700, —8x, + 75, = 5600

4 < 3.511 + MG{%J:E +5,S:n:3 =G9824
- 3:‘::i +3.1:,? +EH}{L~{3 = 1A830
?Di}xi —ﬁxz —§—5t3 —54324

5 <4,5x§+23f3€}x7 +5 5% 3 =1R210
- :s:i +X, + 2?0{;:‘,3 =1a238

Ne B |Cucrema nMHEWHBIX ypaBHEHUN

10

12

13

200x
<%, 4001

—8x, +8x

400x
2%, +800x, + 8%
— Ay +6x

R800%, —
<41 +i§D€}x?+6~x?
— 2y, + 2y #2408y

—-13x, +ilxz =—2470
3= 004

;8 +6€}Gx3 = 7920

1

% 3 +0x

—1ix +1§313 —4334
=3216

=1325¢

1 2

i 2 3

i 7 - iE,{ZH}:s:3

' _ —_ %1%
iyt iy 9x2+8x3 A382
<3x
— 4y +d4x_ #1808y

1

+1200x = 71360

=16266

i 2T 7%,

i 2 3

=-3614
=12810
= 16830

i 2+61

3
i

P20 3

1000, 51, ~4x; =—5030
<5x
3000x

+ Ei}ﬂi}.'n:,, + 8y, = 20008

3 = 13000

1 3




Iii}ﬁxi —4»3:2 +3x3 =—4432
55y

(o]
.

1
X, —x. +3308x

R %5 3=1319’€}

ISGG:{Z —;Exz +x3 =

éjxi +

.3 xl -3x 5 + 3’5}6%}‘1:3

—2624

~
~

3
775

Iﬂi}ﬂxi —:{3 =(

+3ﬂ{*DI2

~ 45 -
: 4J}G:s,3

i= g
8 .uxi

Sx. —3x%
_ 2

=_75
i 75

Bomnpocel a1 00cy:KaeHus:

10

+ EZD{?I? +45x3 =24204 14
2600x, +3.5x, =3379 |15
s

+ 25::3 =45008 16

P,

E

~

1200

i - 3%, +Ex3 = 3630
6:{1 +E4G€}IE +4x3 = 25879
] S - =1077
_2‘11 ,..:Ll ; 3@:}1}13 177
1400x, —x, = —1414
i 2
’.J':t:1 +28€}D~12 +3:L:3 = 30204
- =47 =
_43} 4x2 : 4..€}E3x3 4140
iﬂmxi+xq—2x3=lﬂm
Exl +32€}Gx2 +2I3 =5121
.éxi —6.1:2 +~‘EEG€}:{3 =—4804

Uro Ha3bpiBaeTcs KOpHEM ypaBHeHMsI? UTo 3HauuTh pemuTh ypaBHeHHE? KakoBbl 3Tarbl
pelleHUs] ypaBHEHUs C OJHOU NepeMeHHoN? Kakune CylmecTByroT METO/IbI PELICHHs YPAaBHEHHUS C
onHou nepemeHHon? CyTb MeTOJla UTEpAIUU.
UTEPAIMOHHOI0 Ipolecca NMpHU pelleHny ypaBHeHus x=f(x) Ha orpe3ke [ a, b], comeprkariero

KOpPEHb, METOJIOM TPOCTON uTepanuu?

KaxoBsl AOCTAaTOYHBIC YCJIOBUA CXOAMMOCTHU

Kakoe ycnoBue sBII€TCS KPUTEPUEM JTOCTHUKEHUS

3aJJaHHOM TOYHOCTH MpH pelleHnu ypaBHeHHs X=f(X) MeTonom utepaumii? B uem 3akimrodaercs
CyTh METO/J1a IPOCTON UTEPALIUU JJIs PELLIEHUSI CUCTEM YpaBHEHUN?

Pabora ¢ mureparypoii:

PexomeH1yeMble HCTOUHUKH HHPOPMAITHT
(Ne uctounmuka)

OcHoBHas JonomHuTenpHas Meroanueckas Murepuer-
pecypehl
1-2 1-3 1-2 1-3

OueHoYHBbIE CPEICTBA: OTYET K JIabopaTopHOU paboTe.

JlaGopaTopHnasi pa6ota Ne 6. Unrepnosasiuuonnasi popmyJia Jlarpam:ka.

®opMa npoBeeHUs1: IPaKTUKYM
Xox j1adopaTopHoil padoThI:

[TpoBecTr HHTEPIIONUPOBAHKE TPEUIOKEHHBIX (PYHKIUH, HcTIoNb3ys popmyity Jlarpanxka.

PeammmzoBate B cuctemax Excel m MathCAD.

OnHuM U3 Hauboee pacpoCTPaHEHHBIX U YI0OHBIX MPAKTUYECKU CIIOCOOOB MOCTPOCHUS
MHOTOYJIEHa, MHTEPHOJIMPYIOUIET0 HEU3BECTHYIO (YHKIMIO y = f(X), SBISETCS MPUMEHEHHE

MHTEPHOIIIUOHHON popmynbl Jlarpanxa.

[Tycts QyHKIMS y = f(X) OlpeneseHa Tabaumen

X, | Xp | X[ ] X

n

Vil Yol 2| | Vs
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3HaucHUS] apryMeHToB X (| =0,1..,, n) OyzneM Ha3bIBaTh Y3JIaMU HMHTEPIIOJIALUH.

[TocTtaBuM 3amady MOCTPOUTH MHOTOYIEH L (X), 3HAUEHUS KOTOPOrO B y3JIaX MHTEPHOJIALMU

paBHBI COOTBETCTBYIOIIMM 3HAUCHUSM JAHHON (YHKIIHH, TO €CTh L(Xi) =Y (i=01..n).
Hns muorounena (1) w3 myHkTa 1-To ompeaenum 3Ha4YeHHS KOA()PHUIIMEHTOB

Ck (k =0,1,.., n) cenyrImuM 00pa3oM. J[0MKHO BEITIOTHSTHCS YCIOBHE:
I—(Xo):yoi L(xl):yl,...,L(xn):yn (2)

IMonoxus B popmyite (1) X = X, , Torma, yautsiBasi paBeHcTBa (2), MOIYIHUM:

_ ) ~ ~ _ Yo
Yo = Co(Xy =X, XXy =X, - A%, =X, ), oticyma C, (% — X)(Xg — X, ) (Xg = X,)

AHaNOrM4YHO, IOJNIOKHUB X = X, , HOTY4UM

c, - Vi
(Xl —Xo )(Xl —X, )"'(Xl — X, )

y
C, = ” |
(Xn — X )(Xn — X )‘"(Xn - Xn—l)
[ToacTaBuB MOTyYEHHbIE BIPAKEHUS 1711 K03()duuuenToB B popmyiy (1), HOIyIuM MHOIOUIEH

(X=X X=X, )X =X,) - (X=X X=X, X=X, )
( Xo); X )(X(; _(Xz )---(Xo)_ Xn) ’ (Xl —Xo )(X1 =X, )"'(Xl - Xn)
(x, - xoo)(xn - ;1 )(xn —nxlnl) - O

MHuorousneH L(x) Ha3bIBa€TCs MHOTOWICHOM (ToarMHOMOM) Jlarpanxa, a popmyna (3) —

MHTEPHOILMOHHON popmymoii Jlarpanxka.
Eciu M3BECTHO aHaIMTUYECKOE BBIPAKEHHE, 3ajaroliee (PYHKIUIO, TO IMOTPEIIHOCTh

Y+

L(x) = (

UHTEPHOIILUOHHOM popmyiisl (3) (B ciIydae HENPEPbIBHOCTH Ha OTPE3Ke [Xo ' X, ] camoll pyHKIHU
y = f(x) 1 €€ mpou3BOIHOMN 10 N +1 - TO MOpsAJKa BKIIOYUTEIHHO) OLIEHUBACTCS HEPABEHCTBOM:
M n+l

IT ., (X 4

(n+1)|| n+1( )| ( )1

n+l

rne M, = [max fl )(X)‘ 11,,,(x) = (X_ Xo)(x_ Xl)"'(x_ Xn)-

- ! n+l
XOvXn]

[Tpumep 1. [IpencraButh NpuOIMKEHHO PYHKLNIO y = f (X) MHOTOWIEHOM 2-i CTENIEHH, €CIIU U3
HKCIEPUMEHTA IOJIyYEHBI CIEYIOIINE €€ 3HAYCHMUS:

[ f(x) - L(x)| <

X, 112 |-4
7 3/-5|4
Pemenue.

I[To ¢popmyne (3) mpu n =2 umeem:
(x=2)x+4) . (x-1)\x+4) (x-1)x-2) 39 , 123 252

0= o) '3+(2—1)(2+4)'(_5)+(—4—1)(—4—2)'4:_%)( 30 30




12
Ilpumep 2. IlocTpouts MHOrOwieH Jlarpanxka BTOpOH CTENEHH, MHTEPHOIMPYIOIIMH
- . 7Z- 3
dynkumio y =sin x Ha orpeske | 0; ik €CIIM 3a/aHbl 3HaueHUs (QyHKIUM B TPEX y3nax

HHTCPIIOJIAINN.

% ~ 0,5235988 % ~ 0,7853982
sinx | 0|05 0,7071068

-~ . . T
C momoupl0 MHTEPIOIALUOHHON (OPMYIIBI BBIYHCIUTD NPUOIIDKEHHOE 3HAYEHUE Sin o 51
1

OIICHUTH MOTPEIIHOCTh PE3yJIbTaTa BHIYUCICHUH.
Pemrenue.
Muorounes Jlarpamxka st TpEX y3J10B UHTEPIIOJSIIIUU 3aMUIIETCS TaK:

L= (ix B iy o g et

X( I ) z
L(x) = 05+—— 2/ 0707 =-2,064- 2 +3344 2
(72’

z(z_x SR
414 6

T
Hpu x = % ~ 0,2617994 MOIy4UM L(Ej =0,264298.

i
6
C nmoMoIip10 HepaBeHCTBa (4) HAXOAMM OIICHKY MOrpenHocTH. Mmeem
sin| = |- L| = sﬂﬂgﬁ ,
12 12 3 12
rae
IT,(X) = (X=X, X =% (X=X, )= x[x—%)(x—%}
3
A A A A WP
12) 12\ 12 6 12

Tak KakK f(x)=sin x, f'(x) =cosx, f"(x)=-—sin x, f"(x)=—cosx, TO

M, = max|f"(x)|= max|— cosx| =1

o) o5

sin (lj - L[lj < l(ﬁf <0006, Wrax, Sin (lj ~ 0,264+ 0,006
12 12 312 12

. (7
3ameTum, 4to 3HayeHue Sin (Ej C mecThio BepHbIMH 1 pamu ecTh 0,258819.

", CJICA0BATCIIbLHO,

3adanue: 1lo 3agaHHON TabIUIE Y3JI0B UHTEPIIONALNUN MOCTPOUTH nonuHoM Jlarpanxka. Ilycth
3aJ1aHbl Y3J1bl MHTEpIoNsnu (X1, Y1), (X2, ¥2), (X3, ¥3). s oTux y31m0B nonuHoM Jlarpanka umeeT
BUJI:

Ly(x)=y

(x—x,)(x—x3) + (x—x )(x—x3) 4 (x—x)(x—x,)

) =) () — 1) (6 — )% —x,)
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BBIYMCIUTE € TOMOIIBIO IOCTPOEHHOIO IMOJMHOMA 3HAYCHUS (PYHKIUMM B  TOUKAX,
PACIIONIOKEHHBIX MEXTy y3JIaMHd WHTEPHOJISAIMHU. JIJIs 9TOro 3HAUEHHMS Xo1 M X02 MOJCTABIISFOTCS
BMECTO X B IIOCTPOESHHBIN MOJMHOM. B yKa3aHHBIX TOYKaxX (Xo1 M X02) PACCYMTATH MOIPELIHOCTD
BBIYMCIICHUS 3HaUueHUH (QyHKIMH F(X) ¢ MOMOIIBIO aHATMTHYECKOTO BBIPAKEHUSA (YHKIUH U
nonmaoMa Jlarpamka o ¢popmyie: € = |F(Xoi) - La(Xoi)| 1=1,2 rae Ln(Xoi) - 3HaUeHHE MOTHHOMA
Jlarpanxa.

Bapnant 1.  F(X) = In x?

Xi -11,2 | -0,5 18,3 43,7 69,2 110,8

F(xi) 4,83 -1,39 | 581 7,95 8,47 9,41

[To mocTpoeHHOMY MHTEPIIONISHTY BBIYMCIUTD 3HaueHus pyHkuuu F(X) B Toukax xo1= 23,4
u Xo2 = 50,2.

Bapuanr 2. F(X) = 5e/®

Xi -0,2 0,03 0,1 0,22 0,32

F(x)) 003 |1,72 |605 |5246 |317,35

[To mocTpOCHHOMY HHTEPIIOJSHTY BBIYUCINTE 3HaUeHUs PyHKmn F(X) B Toukax Xo1= 0,05
u xo2 = 0,15.

Bapuanr 3. F(x) = x3+ 7x2 + 5x

Xi -5,2 -2,5 0,8 2,4 4,1

F(x) 2267 | 1563 899 |66,14 | 207,09

[To moCTpOECHHOMY HHTEPIOJISTHTY BEIYUCTUTH 3HaueHUs QyHKInu F(X) B Toukax xo1= 0,2
uxo2=1,8.

2
-5
Bapuanrs. F(X)=€" "7
Xi 095  |-05 02 |06 1,02

F(x)) 28429 | 1564 |283 007 |0,02

[To mocTpoeHHOMY MHTEPHOJSHTY BBIYUCIUTH 3HaueHus pyHKuuu F(X) B Toukax Xo1= -

0,41 u x02=0,32.

Bapuant 5. F(x) = ¢

Xi 1,01 1,04 1,11 1,16 1,20

F(xi) 2,75 2,83 3,03 3,19 3,32




[To mocTpoeHHOMY MHTEPIIOJISHTY BBIYUCIUTH 3HadeHus ¢yHkuumu F(X) B Toukax Xo1=

1,031 u x02=1,152.

14

Bapuant 6. F(X) = C0S X
Xi 1,01 1,04 1,07 1,13 1,18
F(xi) 0,53 0,51 0,48 0,43 0,38

[To mocTpoeHHOMY WHTEPIOISHTY BBIYUCIUTH 3HaYeHHs QyHKkuuu F(X) B TOUKax Xo1=

1,022 u x02 = 1,145.

Bapuant 7. F(X) =shx
Xi 1,01 1,03 1,08 1,14 1,19
F(xi) 1,19 1,22 1,30 1,40 1,49

[To moCTpoeHHOMY WMHTEPIOISHTY BBIYUCIUTH 3HaYeHHUs QyHkuuu F(X) B Toukax Xo1=

1,053 m x02=1,172.

Bapuantr 8. F(X) =Inx
Xi 1,01 1,06 1,10 1,14 1,19
F(xi) 0,01 0,06 0,09 0,13 0,17

[To moCTpOEHHOMY WMHTEPHOISHTY BBIYUCIUTH 3HaYeHUs QyHKuMHU F(X) B TOUkax Xo1=

1,032 m x02=1,171.

Bapuaunt 9. F(X) =¢™
Xi 1,01 1,05 1,10 1,14 1,20
F(xi) 0,36 0,35 0,33 0,32 0,30

ITo mocTpoeHHOMY MHTEPIIOJIIHTY BBIYMCIMTH 3HaueHus ¢yHkuumu F(X) B Toukax Xo1=

1,028 m xp2=1,172.

Bapuant 10. F(X) =sin x
Xi 1,00 1,04 1,08 1,10 1,17
F(xi) 0,84 0,86 0,88 0,89 0,92

[To mocTpoeHHOMY WMHTEPIOISHTY BBIYUCIUTH 3HaYeHUs QyHKkuuu F(X) B ToUkax Xo1=

1,058 u xo2 = 1,124.
Bomnpoce! pi1s1 00cykaeHus:

[lonsitue untepnonsuu. MHTEepnoasauuoHHbIN nonuHoM Jlarpanka. BeluncneHue 3HaueHUS
(GYHKIIMY 110 UHTEPIIOJIALMOHHOMY MoIMHOMY Jlarpamxa.
Pabora ¢ auTeparypoii:

\ PexoMeHniyeMble HCTOUHUKH WH(OpMaLIUU
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(Ne ucrounuka)

OcHoOBHasA JlomonauTenbHas Metoanueckas Hurepuer-
pecypchl
1-2 1-3 1-2 1-3
OueHovHbIe CPeACTBA: OTYET K JIAOOpaTOPHOU padoTe.
JladopaTtopnasi paGora Ne 7. IlpubamkeHHoe uHTerpupoBanue (QyHkumii: Qopmyaa

NMPSIMOYroJIbHUKOB, opmyJia Tpaneuui, popmyaa Cummncona.
®opma NpoBeIeHUs1: IPAaKTUKYM
Xon 1abopaTopHOii padoThI:

[IpounTerpupoBath npeaioxKeHHbIe GYHKIUHN, UCTIONB3Ys (POPMYIIBI MPAMOYTOJIbHUKOB,
tpanenuii, Cummncona. Peanmuszosats B cucteme MathCAD.
PopMyIIbl IPAMOYTOJIbHUKOB.

3aMeHMM KPUBYIO y = f(x) JJOMaHOM, pacrojIokKeHHOH Boiie €€ (pucynok). Torna

onpeAenéHHblii MHTEerpal OyneT NpPUOIM3UTEIBHO pPaBEeH IUIOMIAAU CTyIeHYaTol (Urypsl,
COCTOSILLIEH U3 5 NPSIMOYTOJIbHUKOB:

b n
jf(x)dxzylh+y2h+...+ y.h=h>y, 1)-

i=1

a
3necs Y, = f (Xi ) - 3HaYEeHMsI IOJIBIHTErPaIbHON (PYHKIIMH B ITPaBbIX KOHIIAX OTPE3KOB pa30ueHUS.

Ecin ke xpuByro y = f(x) 3aMEHHUTH JJOMaHOM, PACIOJIOKEHHON HUKE €€, TO IOyYHTCsS
dbopmyna:
n-1
f(x)dx =~ yoh+yh+..+yh=h>y, (2
i=0

D Sy T

3nech Y; = f(Xi ) - 3HAQUEHUS MOJIBIHTETPATIbHOM (DYHKIIMU B JIEBBIX KOHIIAX OTPE3KOB pa3OUEHHUS.
®opmynsl (1) u (2) HA3BIBAIOT hopmynamu npsamoy2oIbHUKOS.
OreHka MOTPENIHOCTH JAaHHOTO MEeTOoJla MPHUOIMKEHHOTO BBIYUCICHUS OMPEAeNEHHOTO

WHTErpajia HaXOIUTCs 10 popMyIie:
b-a

@),

rme M, = r[na>]< f'(x) - HaubobIIEE 3HAUCHHE [IEPBOIT IPOM3BO/IHOI MOABIHTEr PANTLHON (YHKIIHH
ab

Ha OTPE3KE MHTETPUPOBAHUS.

< M,h

[Tpumep 1. Beruucnute no onHo# (Ha BbIOOP) U3 HOpMYNT MPSIMOYrOJbHUKOB HHTEIrpal
1
I e“dx, pa3ouB oTpe3ok uHTerpupoBaHus Ha 10 yacteil. OuUEHUTH OIMMOKY BBIYHCICHUNA U

0

CpPaBHUTHh TOJYYEHHOE 3HAaYEHHE C TOYHBIM 3HAYCHHEM,
MUKpoKanbKyssTopa (1,718281).

Pewienue.

BbruncnuM 3Ha4eHUs: MOJBIHTETPAIbHONW (DYHKIIMU e B TOYKAaX JIEJIEHUS M COOTBETCTBYIOIIHE
3HAYEHUs 3aHECEM B TAOJHILY:

BBIYHMCJIICHHBIM C IIOMOIIBIO

X

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

y

1,0

1,10517

1,2214

1,34986

1,49282

1,64872

1,82212

2,01375

2,22554

2,45960

2,71

Bocnons3yemcs hopmymnoit (1):



16

1 . 9
[erdx~ %Z y; =01-16,12534 =1,612534 .
i=0

0
’

OnenuM omMOKy BblUMCICHUA. MMeewm: (ex) =e%; rpa)]( e* =e' = 2,71828. Iloacrasnss B
0;1

opmyny (3), mnomyuaem gs%-2,71828-0,1:0,135914. JleficTBUTENBEHO, CpaBHUBAs

HOJIy4EHHOE 3HAYCHHE c TOYHBIM 3HAa4YEeHUEM, HOJIy4aeM
= |1,718281—1,612534| =0,105747 < & . Dto BecbMa 3HAYMTEIILHAS OLIHOKA.

3ameuanne. Bo wmHorumx caydasx ¢opmynsl (1) m (2) paroT npuOnmkEHHBIC 3HAYCHUS
onpeAenéHHOr0 MHTErpaia OJHa — ¢ U30BITKOM, a BTOpas — C HemocTtatkoM. [losTomy Oosee
TOYHOE 3HAYEHHE MOKHO MOJYYUTh, HAWS cpeHee apudMeTnyecKkoe pe3yibTaToB MPUMEHEHUs
obeux popmyi.

Popmyiia Tpanenuu.

CoenuHuB OTpe3KaMU KaXKJIbIe JIBE COCEIHUE TOUKHU Ai_l, A ’ (l =0,1..,, n), MOJTyYCHHBIC
Croco0OM, yKa3aHHOM B KOHILE IPEABIAYIIETO IYHKTA, 3aMEHUM KPUBYIO y = f(x) JOMaHOH
AOAlA,lAji%,lA] Omna cBepxy orpaHuuuBaeT GUrypy, COCTABICHHYIO U3 MPSMOYTOJIbHBIX
Tpanenui, Kaxk/1as 13 KOTOPBIX ONTUPAETCs Ha OJIMH U3 YaCTUYHBIX OTPE3KOB pazoueHus. [Inomans

9JIEeMEHTAPHONW KPHUBOJMHEHMHON Tpamenuuu C OCHOBaHUEM [Xi_l;xi] 3aMEHHUM TLIOIIA]IBIO

MPSMOYTOJIBHOM Tparenuu, OrpaHuYEHHON CBEPXY OTPE3KOM AHA;. Torpa uckomas miomanb
KPUBOJIMHEWHOM Tpaneuyu, OrpaHMIEHHON JIMHKEH y = f(x), OyAeT npuOImKEHHO paBHA CyMME

IJIOMIAZIE JAHHBIX NPSAMOYTOJbHBIX Tpamneuuil. Ilnomans KaxxIod TakoMl Tpaneuuu JIETKO
MOJICYUTATh, HCIONB3Ys XOPOIIO HU3BECTHYIO M3 MIKOJBHOTO Kypca TeoMeTpuH (opMmyiy:

S, = YiatYi h,i=12,..., n. Cymma Takux mjouajaei paBHa:

Sn y0+y1h+y1+y2h+ +y|—1 y|h+ +y yn—lh+yn—l+ynh_
2 2 2 2 2
yo yn n-1
ITocne oveBUAHBIX MpeobpasoBaHuii moixydum: S, =h - + Z Y; |. Takum oOpazom,
i=1

UMEEM CIIEAYIOUIYIO TPUOIMKEHHYIO0 (POPMYITy BEIUMCIIEHUS ONPEAeNEHHOTO MHTEerpaa;

Ja'f(x)dxzsnzh(%ffyij (4)-

b i=1
®dopmyna (4) HOCUT Ha3BaHue opmyavt mpaneyuui. OMUOKY I METOA TPANICIIMI MOYKHO
OLIEHUTH 110 (popmyie:
b—a

(5),

rie M, = rmg]( f”(x) - HauboJsplllee 3HAYEHUE BTOPON MPOU3BOAHOW MMOABIHTETPAIBHOMN
a;

<

(GYHKLIMU HAa OTpEe3Ke HHTEIPUPOBAHMS.

[Tpumep 2. B ycnoBusax npumepa 1 ucnonb3oBath Gopmyity Tpanenuii. OeHUTh OMUOKY

BBIUMCJIEHMSI; CPAaBHUTH MOJYyYEeHHOE TPUOIIKEHHOE 3HAUECHUE J. e*dx € TOYHBIM.

Perienue.
Bocnonbzyemcs Tabnurieit 3Ha4eHUN, KOTOPYIO MbI IPUMEHSUTH B MIPEABLAYIIEM MTPUMEPE.

'x/o0o] 01 | 02 | 03 | 04 | o5 | 06 | 07 | 08 | 09
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| »|1,0]1,10517 | 1,2214 | 1,34986 | 1,49282 | 1,64872 | 1,82212 | 2,01375 | 2,22554 | 2,45960 | 2,71

Cpazy o dopmysiie (4) momyqaem:
1-0(10+2,71828
10 2

+15,33798j = % -17,19712 =1,71971.

1
J'exdx ~
0

14

Ouenum ommOKy BeruncieHus. Mmeem (ex) =e"; n[1a>]< e’ =e~2,71828. [loacrasisis B popmyiry
0;1

(5), nmomywaem: gs%-2,71828-0,01=0,00271. JlefiCTBUTENLHO, CPABHMBAS IIOJYYEHHOE

3HaYeHMe C TOYHBIM, TomydaeM O = |1,71828 —1,71971| =0,00143<¢.

3amMeTuM, 4YTO JaHHBIM CHOCO0 Jajll HaM ropasziao 0oJjiee TOYHOE MPUOIMKEHHE, 4YeM
MCIIOJIB3YEMBIN B MPEIBIAYIIEM IPUMEPE.

dopmyna Cumiicona.

Jlnst citydaeB, KOrjia KOJMYECTBO TOYEK pazOueHust X; 4€THO, TO €CTh n=2m, me N,

yIOOHO UCTIONB30BaTh TaK Ha3biBacMyIo ghopmyay Cumncona (1apaboTHMUECKUX TPaIeuii).
[Tpumem e€ 6e3 BEIBOAA:

h m-1 m
I f (X)dX = E(YO +Yom t 22 Yo + 42 y2i1j (6)
i1 i1

a

n
HamomumnMm, 9TO 3718CH m = 5

OreHKa OINOKH MIPHA BBIYMCIICHUHU ONPEAECIEHHOTO NHTErPaia METOIOM CumMicosna:
b—a
M,h*  (7),
180

mex f@(x) - mnHawbonbliee 3HAYCHHE IPOMU3BOJHON UYETBEPTOTO  MOPSIKA
asb

MOJIBIHTETPAIbHON (PYHKIIMN Ha OTPE3KE UHTETPUPOBAHMUSI.

<

TIe M4:

1
[Tpumep 3. B ycnoBusax npumMepoB | 1 2 HaliTH NpuOIMKEHHOE 3HaUEHUE J‘ e*dx MeToxoM
0

Cumricona. OLeHUTh OIUOKY; CPAaBHUTH MOTYYEHHOE 3HAYEHHUE C TOUHBIM.
Pemenue.
Bocnonbs3yemcs Tabnuiiei 3HaueHU, KOTOPYIO Mbl TPUMEHSITH B TIPEIBIIYIIUX IPUMEPaX.

x{0 ] 01 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
0

v|1 1105 |1,221 1,349 |1,492 |1,648 |1,822 |2,013 |2,225 |2,459 |2,718
0 |17 4 86 82 72 12 75 54 60 28

[ToxcTaBUM COOTBETCTBYIOIIME 3HAUEHUS B hopmyny (7):

1
Jexdx ~ % (L0+2,71828+2-(1,22140 +1,49182 +1,82212 + 2,22554 + 4 - (1,10517 +1,34986 +
0 .

+1,64872 + 2,01375 + 2,45960) = % (3,71828 +13,52176 + 34,30840) = % =1,71828.

(3mece m=n/2=5)
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[Tpu pacuére o nanHO! (hopMyJie MOTYUHIIH BCe 5 BEpHBIX LU mocine 3ansaToi. Takum odbpazom,
B OJMHAKOBBIX HayaJbHbIX YCIOBHAX Merol CumncoHa aaéT HauOOJBUIYH0 TOYHOCTh
IpUOIMKEHHBIX BBIUMCICHUN ONPEEIEHHOr0 UHTErpasa.

3ajaHue.
Haiitu npuGimxEHHbIe 3HAaUEHUS CIEAYIOIUX ONPEACIEHHBIX HHTErpasioB. OLUEHUTH OLIHOKY

BBIYMCIICHUS U CPABHUTH C TOUHBIM 3HaUYCHHEM. BbhIUKCIICEHNS BECTH C MATHIO 3HAKAMU TOCIIE
3aMATOM.

Bapuant 1.
1
J- dXx
1+ %2 (I=£z0,785j
(@) 4
Bapuant 2.
1
J‘ dXx
1+ x (1=In2~0,693)
@)
Bapmuaur 3.
%
J-S|n4xdx (| =O,5)
0
Bapuanur 4.
1
J. dXx
1+ %2 (1=In(1++2) ~0,881)
@)
Bapuanrt S.
e
Inxd
j N xXax (I :1)
0
Bapmuanr 6.
1
| 1)d
.[ e (122l 2-1~0,386)
0
Bapuant 7.
%
Ixcosxdx (I:£—1z0,571j
0
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Bapuant 8.

1

j e*dx

1+e2* (I —arctg — = ~ 0,433)

0 4
Bapuant 9.

X

3

jcos xdx (l _ 0)

0
Bapuanr 10.

%
J‘ dx

COS X (I =In(1+ J2 = 0,881)
0

Bonpocs! 1151 00cyKIeHus:

YucieHHOe  UMHTErpupoBaHue. MeToa  NOpSIMOYTOJIbHUKOB, Tpanenuu u  Cummcosna.
CpaBHUTENBHBINA aHATIU3 PE3YJIHTATOB pacyeTa Mo 3TUM METOaM.

Pabora ¢ auTeparypoii:

PexomeH1yeMble UCTOUHUKH HHPOPMAITHT
(Ne uctounmuka)

OcHoBHas JonomHuTenpHas Meroanueckas Murepuer-
pecypehl
1-2 1-3 1-2 1-3

OueHoYHbIE CPEICTBA: OTYET K JIabopaTopHOU paboTe.

JlaGopaTopnasi pa6ora Ne 8. Meron Jiisiepa. Meroxa IMukapa.
®opma npoBeieHNUs: TPAKTUKYM
Xoa n1abopaTopHoii padoThI:
Meton Dunepa.
[IpocreiimumM uynciaeHHbIM MeTonoM pemieHus 3aaaun Komm B Buzae (1)-(2) sBusiercs
Memoo Diinepa, NHOTJIa Ha3bIBAEMBbII TaKXKe Memooom 1omanvlx Jinepa.

VYrnoBoil k03(pPUIMEHT KacaTelbHONW K MHTETPAJbHOM KPUBOW B TOUKE Po (Xo, yo) €CTh
4 o e o v —
Yo = f(Xo, yo). Haiiném opiauHaty y, KacaTelbHOMH, cOOTBeTCTBYomIeH abemucce X, = Xp + h.
o o !
Tak KaK ypaBHEHHeE KacaTelIbHOI K KPHBO B Touke P (Xo, yo) umeer Bux Y — Yo = Y, (X — X ), TO

Yi=Yo +hf(X0, yo)-

Vrinosoii kodpduumeHnT B TOUKE P/(x,,y,) TaKKe HaXOOUTCA M3 JaHHOTO
nuddepeHnranbHOro ypaBHenus y! = f(x,, y, ). Ha ciexyromem mare moaydaeM HOBYIO TOUKY
Pz(X21 Y2)’ HquéM Xy =X + h, Yo, =Y+ hf (X17 Y1)'

[Ipomomkasi BEIUMCIEHUS B COOTBETCTBHHM C HAMEYCHHOW CXEMOH, MOIYYUM @hopmyivl
Diinepa st n NPUONVMHKEHHBIX 3HAYCHWH pemieHus 3agadu Komm ¢ HaYaabHBIMH JaHHBIMU

(Xo, yo) Ha CeTKe OTpe3Ka [a, b] ¢ marom h:
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X =X.1 +0y; =y, +hf (Xi—1’ yi—l)’ 1=12..n (4)

I'paduueckoii  wiumrOCTpanueid  NPUOMIKEHHOTO  pEIICHUS  SBJISAETCS  JIOMaHas,
COCIMHSIONIAs TIOCIE0BATEILHO TOUKH PO, P,P,..P, KOTOPYIO Ha3bIBAIOT JIoOMaHOU Jiliepa

(CM. PUCYHOK).
O1neHrM MOTPENTHOCTh JAHHOTO MeTo/1a Ha oHOM Hiare. [Ipumem 0e3 BeIBOIA Cileytolee
YTBEPXKACHHE: MOTPEITHOCTh HA OJJHOM IIIare MMEeeT MOPSAI0K h® ¥ MOCie 7 MIaroB MOrpenurHoCcTh

BBIYKCIICHUS 3HAYeHHs Y, Bo3pacraer He Oojice yeM B n pa3. [lorpemHocts MeToma Diinepa

MOKHO OICHUTH HCPABCHCTBOM

1 "(x)-h?n = & "(x) - (b —
d <2 maxje"(x)-h*n = > maxje"(x)-(b-a

uiu npezcraputh B Buge d =Ch, e C € [0; %rm)fl(p”(xx : (b - a)} .

OT0 03HAYaeT, YTO METOJ Diljiepa UMEET NEePBbIN MOPSII0K TOYHOCTU. B yacTHOCTH, TpU
yMeHbiieHnu mara h B 10 pa3, morpenHocTh TOXKe yMEHbIIUTCS PUMEpHO B 10 pas.
[IpakTHYeCKyr0 OLEHKY IIOTPEIIHOCTH PEIICHHs, HAHIEHHOTO Ha CETKE OTPe3Ka [a, b] ¢

h N
1arom > B Touke X; €[d, b MIPOU3BOJIAT C TOMOIIBIO MPUOIMKEHHOTO PAaBEHCTBA — NPAsUIA

Pynze:
-]

¢K&)—m(gjz T

TakuM 00pa3oM, OLlEHKa MOJYy4YEeHHOro pe3yipTaTa Mo (opmyne (5) BBIHYXIaeT MPOBOIUTH
BBIYMCIICHUS JIBAX/IbI: OUH pa3 ¢ maroM h, apyroii — ¢ marom h/2.
Mertogp, Nukapa

, TJIe p — HOPSA0OK TOYHOCTH YUCIIEHHOTO MeToAa. (5)

JlaHHBII MeTOA ABISETCS MPEICTaBUTENIEM Kilacca MPUOIMIKEHHBIX METO/10B
peteHws.

Wnes merona ype3BblYallHO MpPOCTa M CBOJUTCA K MPOLEAYpE IOCIEI0BATENbHBIX
NpUOIIMKEHUH I PEIIeHHUsI MHTETPATbHOTO YPaBHEHHsI, K KOTOPOMY IPUBOJIUTCS UCXOIHOE
TuddepeHmaIbHOe ypaBHEHHE.

[Tycte nmocraBnena 3agavya Komu

v'(x) = p(x,v(x)) . 6)
Xg < X< X .,
V(Xg) = Vo -
[TpouHTErpUpyeM BBITHCAHHOE YPaBHEHHE
X
V(X)=vg + [o(t,v(t))dt . (7)
X0

[Ipouenypa mocnenoBaTenbHBIX TpuOMIKeHUN MeTona [lukapa peamusyeTcst COriacHO
CIEYIOLIEH cXxeme

Ys(X) = Vg + [@(t, Y (1)dt . (®)

X0
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npuuem Y (t) =Vp .
Ilpumep. Pewuumsv memooom [luxapa ypasnenue

v(x)=x3+v3,

Pemienue 3Toro ypaBHeHHs HE BBIPAXKAETCS Yepe3 dIeMEHTapHbIe (PYHKINH.

X X4
y1(x) =0+ [t%dt ==~
. 4

x4 1

X 1:4
x) =0+ [[t3 + (—)31dt = 1+ X2 ,

Yo (X) g[ (4) ] 2 ( 22 13 )
X 5t 1 .9\13

y3(x):0+j{t +H— 1+ 5 t9)] Hdt =
0 4 4 .13

4 13

_ X + X 1+ 3 x9+LX18+ 1 %27

4 4%.13° 4%.22 4%.13.31 4°.13% .40
U T.J1.
Bugno, uro npu X < 1 psag 6eicTpo cxoautcs. MeTton yno6eH, eciiu HHTETPalbl MOKHO
B35ITh AHAJIUTUYECKH.
Jlokaxem cxoauMocThs MeTona [Iukapa. IlycTs B HEKOTOPOU OrpaHUYEHHON

obnactu g (X, V) mpaBasi 4acTh (D(X, V) HEIpEPbIBHA M, KPOME TOrO, YAOBIIETBOPSET
yernosuro JIummmia o nepemersoil V T.e.
[@(X,v1) = @(X,V2)| < Ljvy — V5|
rae L - mexoropas xoncranTa.
B cuny orpannuensoctu obnactu g (X, V) MMEIOT MECTO HEPAaBEHCTBA
X=Xo| <1y, |[v—vg|<SV .
Boerutem u3 (5.3) dopmyny (5.2), mosydaum 11t MOAYJIEH TIPaBoM U JIEBOM
YacTeu:

lys () =v(X)| =| [ o(t,ys_1 (1))t = [o(t,v(t))dt]

X0 X0
NnIn

s () =v(x)| < [lo(t,ys 1 (1) — @(t V(D)) -

X0
OKOH‘-IaTeJ'IBHO, I/ICI'IOJ'IB3y51 yCHOBI/Ie HCHpCpBIBHOCTI/I .HI/II'IH_II/II_Ia, HOHy‘-II/IM

X
5 (X)| < L[|z 1 (t)]dt . 9
X0

rae Zg (X) =Y (X) — V(X) - IOTPEUTHOCTH MPUOIMKEHHOTO PEILICHHS.
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TocneoBaTenbHOe TpUMEHeHHe (Gopmyasl 9) mpu S = 1,2, v+ JIAET CIHENYIOLIYIO
IIETI0YKY COOTHOIICHUH MTPH y4eTe TOTO, YTO
1Zg(X)| =|vo —V(X)| <V,

|21 (X)| < LV|Xx — Xg| .

1
12, (X)| < 5 L -V|(x - Xg)*

24 (x)| < 1 L®-V|(x—Xg)°

T.x. ‘X — XO‘ <y , 0 nmeem

1 1
20V =SV (L)

Bamenss S! mo ¢popmyne CTupiaunra, OKOHYATENHHO IOJYYMM OLIEHKY IIOIPELIHOCTH
IpUOIMIKEHHOTO PEIIeHUs

el;L

\
\Zs(X)\Sm( <

U3 (9) cnenyer, uto npu S —> 00 MOJyJIb IIOTPEMIHOCTH ‘Zs (X)‘ — 0, re.

)°. (10)

IPHUOJIMKEHHOE PEIIEHHE PABHOMEPHO CXOIUTCS K TOYHOMY.

Haiitu perenue 3aga4un Komu st nuddepeHnnanbHOro ypaBHeHUs IEPBOTo MOPs/IKa Ha
paBHOMEPHO# ceTke oTpe3ka [a,b] oaun pa3 ¢ marom h = 0,2, npyroii — ¢ marom 0,1 MeTomamu
Olinepa, Oinepa-Komm n kimaccuueckuMm MeronoM Pynre — Kyrra. OneHuTh HOrpemrHocTb
YHUCIICHHOTO PENIeHHs 0 MpUuHIuUITy PyHre. CpaBHUTH YHCIEHHOE PEIICHUE C TOYHBIM.

Vkasanue no ebinoneHuio. st BHITTOIHEHUS 3aJaHUS UCIIOIB30BATh CIICYIOLINE UTEPALIHOHHbBIC

(bopMyIBI:

1) meron Diijepa: p=1 — mOpsIOK METOAA, Xi — y3JIbl CETKH OoTpe3ka [a,b], h — mrar pasouenus;
Xi = Xi-1+ h, yi = Vi1 + hf (Xi-q, yi1), 1=1, 2, ..., m.

2) meron DJiiniepa-Koum: p=2 — mopsgok MeTona, Xi — y3Jbl CeTKH oTpes3ka [a,b], h — mar

pasoueHus; Xi = Xi-1+ h, Vi =it + Ay, AYii= %[kl[”” + &MY 1=12,..,m

=0 C) K =0 ) )

3) meron_ Pynre-Kyrra: p=4 — mopsaok MeToja, Xi — y3JIbl CETKH oTpe3ka [a,b], h — mar

pasOuenus; Xi = X1+ N, yi =VYi1+Ayia, Ayia= é[kl“‘” 42K+ 2K+ kT

N - h 1.
i=12..m; kl[ U= hf(xi_pyi_l)a k£ ! :hf(xi—l +E>yi—1 +5k1[ l])

" h I i- i-
k=0 (x +E’yi—1 +Ek£ 1]), sz l]:hf(xi—l +thy, +k£ ),
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JU1s o1eHKu MOTrpEIIHOCTH HalJeHHOTO peuieHus 3agadu Ko HUCIIONB3YIOT IMPHUHILIHUII PyHre
h
Vi (h) )i (5)

27 -1

(npaBmiio Pynre): g ~

Bapuant 1.

y=1X oy =0 1<xs2

X

1 1
P(X) = E(X—;)

Bapuant 2.
2X
y'=y—7, y| =1  o0sxs1,  p(X)=+2x+1
x=0

Bapuant 3.
yex+ oyl =0, 1sxs<2, o(X)=x*(x-1)
X

Bapuaur 4.

y=xy, Y |1 0<x<1, (/)(X):ele2

Bapmuanrt 5.
2
Y XY
y =

x>
Bapuaur 6.
, 1-y+Inx

y=———" ¥
X

= 1, 1<X <2, @o(x)=x/(1—1InXx)

=0, 1sX<2, o(x)=Inx

Bapuanr 7.

, X+

y Z—y, y
X

=0, 1<x <2, @(x)=xInx

Bapuanrt 8.
y'+2Xy = xe ™ y

2

=0, 0<x <1, ¢@(x) :%xze"

x=0
Bapmuant 9.

x=0

Bapmuanr 10.

y' +ytgx=sin2x Yy | = -1, 0<x <1, @(x)=(1-2cosXx)cos X

x=0

Bonpocs! 1J1s1 00cyKIeHus:
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[TonsiTre o yncneHHOM pemieHuu 3aaauu Ko, UncnenHoe penieHne qudhepeHnnanbHbIX
ypaBHEHUH nepBoro nopsiaka. Meron Dinepa. Meroxa Pynre-Kyrra.
Pabora ¢ aureparypoii:

PexomeHryemble HCTOUHUKH UHPOPMALIUU
(Ne uctounuka)

OcHoBHast JononHuTtenpHast Meronuueckas Hureprer-
pecypebl
1-2 1-3 1-2 1-3

OueHoYHBIE CPeICTBA: OTYET K JIabopaTOpHOIi paboTe.

Jladoparopnasi padora Ne 9. I'papmueckuii cnocod. MeTox HAUMEHBIIUX KBAIPATOB.
®opma npoBeIeHUs: TPAKTUKYM
Xox 1adbopaTopHoil padoThI:

ATIIPOKCUMHPOBATh TPEUIOKCHHBIE (YHKIIMA METOJIOM HAWMEHBIINX KBaJIPATOB.
Peanusosath B cucteme MathCAD.
[TycTh nmaHHBIE HEKOTOPOTO OSKCICPUMEHTa WPEICTABICHBI B BUAC TAOMUIBI 3HAYCHUH
MIEPEMEHHBIX X U .

Xi Xy X5 e Xm

Y; Yi | Yo | = Yo

MOXHO TIOCTaBUTH 3anady OO0 OTBICKAHUW aAHATUTHYECKOW 3aBHCUMOCTH MEXKIY
NEPEMEHHBIMH, TO €CTh HEKOTOpoW (opMynbsl y = f(x), SBHBIM O0pa3oM BBIpaXKaromiei

3aBHCUMOCTh ) OT X. EcTecTBeHHO TpeboBaTh, 4TOOBI rpaduk HUCKOMOW (YHKIUU y = f(X)

HU3MCHSJICS IUIABHO W HC CIHUINKOM YKIIOHSJICA OT DKCIICPUMCEHTAJIBHBIX TOYCK (Xi’ y,) ITouck

Takol (PYHKIIMOHAIBHONW 3aBUCUMOCTH HA3bIBAIOT “‘CIJIAKMBAHHEM ™  DKCHEPUMEHTATBHBIX
JTAHHBIX.

3amadyy O CIUIQKUBAaHUW DKCIEPUMEHTAIBHBIX JIA@HHBIX MOXXHO peIIaTh METOJI0M
HAaUMEHBIINX KBaapaToB. COrIacHO METOAY HAMMEHBIINX KBAaIPaTOB, YKa3biBaeTcs (hopMyIia

y=Q(x. a5, 8,..a,) (4),
rae dg, dy, ...y A, - YHCITOBBIE TAPAMETPHI.

HaunyymmMu 3HadeHusMu napaMeTpos dy, dy, ..., &, (KOTOpsle 0003HAYNM 50, 51, . an
) CUMTAIOTCS Te, A KOTOPHIX CymMMa KBaxparoe yknonexuil dynxman Q(X, 8y, &, ..., ;) or

AKCIIEPUMEHTAIIBHBIX TOYEK (Xi, yi) ABJIIETCS MUHUMAJIBHOM, TO €cTh (QyHKIUS

(80,81 8,) = D Q6 0,8y, 8) - Y)) (B)

B Touke (8, ady, ..., ;) mocruraer mMuHuMyma. OTCIOA, UCIONB3Ysd HEOOXOAMMBIE YCIOBHS
OKCTpeMyMa (YHKIMA HECKOJIBKUX TMEPEeMEHHBIX, MOJy4aeM CHUCTeMY YpaBHEHUH s
onpe/eeHns mapameTpoB o, Ay, .y Ay

0S 0S 0S

- =Y = l"'1_:O' (6)

0a, 0, oa,,

~

Eciu cucrema (6) wMeer eaMHCTBEHHOE pelneHue do, dj, ..., A, TO OHO SBISETCA
MCKOMBIM 1 aHATMTHYECKAS 3aBUCUMOCTb MEK/LY SKCIIEPUMEHTAIBHBIMU JAHHBIMHU OTIPEJIENAETCS
dopmymoit Y= T(X)=Q(X, a5, a,,..,8,). 3amernm, uto B obmem cmydae sTa cucTeMa

HenuHelHa.
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Paccmotrpum moapoOHEe anmpoOKCHMHUPYIONIUE 3aBUCUMOCTH C JBYMSI TapaMeTpaMu:
y =Q(x, e, B). Hcnone3ys coornHomenus (6) M OImyCKas HECIO0XKHBIE BBIKIAIKH, HOJIYYUM

CHCTEMY JBYX YPaBHEHHH C IByMsl HEU3BECTHBIMU X U 3 !

Z(Q(x.,aﬁ) y)Mjm 0,
@).
Z(Q(x.,aﬂ) y)L}}“ﬂ) 0

B uacTHOM ciyd4ae ammpoOKCHMAalHMU SKCIEPUMEHTAIBHBIX JAHHBIX C TOMOINBIO JUHEHHON
GYHKIIUA UMEEM:

0Q aQ
=Q(k, X, b) =kx+b, —==x,—<==1.
y=Q(k x,b)=kx+b, 75 =x 70

Cucrema (7) U1st 3TOTO CITydas SBIISCTCS JIMHEHHOW OTHOCUTEIFHO HEM3BECTHRIX K U D'

Sy +b)-y) =0, [bnekdx =3,
i-1 - — e @.

m m m m
2
D kx +b)—y)x =0 [bY X +k> %" =>xy;
— i1 i1 i=L
Eciu 17151 IepeMeHHbIX X Uy COOTBETCTBYIOIINE 3HAYCHHUSI DKCIIEPUMEHTAIILHBIX JAHHBIX
(Xi Y ) HE PACIoIaratoTCst BOJIM3H MPSIMOM, TO BHIOUPAIOT HOBBIC IIEPEMCHHBIC
X=pX y),Y=w(xy) (9

Tak, 4TO6bl TpeoGpasoBanHble dKcnepuMentansusie nanusie X; = @(X, ¥;), Y =w(X, Y,)

HOBOMH crcTeMe KOOpAnHAT (X, Y) AaBaju Obl TOUKH (Xi Y, ) Menee YKJIOHSIOIUECS OT IPSMOI.
Jns  anmpokcumupytomed mpsiMoir Y =kX + B kodpdunmeHTsl MOXHO ONpenenuTs U3

ypaBHenuit (8), rme BMecto X; W Y| MOJICTaBJISIOT COOTBETCTBYIONIME 3HAYCHHS XiI/I Yi.
Haxoxxnenue 3aBucumoctedl (9) Ha3bIBalOT, BbIPAaBHUBAEM 3KCIIEPUMEHTAJIBHBIX JIaHHBIX.
DyHKIHUOHATbHASA 3aBUCUMOCTH y=f(x) ompenenacHa HESBHO YpaBHEHUEM
w(X; y) =ke(x; y)+b pa3peminMbIM OTHOCUTEIBHO ¥ B YaCTHBIX CIIyYasX.

Ipumep 1. VYcTaHoBUTH BUA SMOUPUYECKOH (opMynsl y = f(x), HCHOIb3Ys
AIIIPOKCUMHUPYIOIINE 3aBUCHUMOCTH C JIBYMs nlapameTpaMu X W S, U ONPEIEIUTh HAWIy4IIne
3HAuEHUs TapaMeTPOB, €CIIN ONBITHBIE JAHHbIE MPEACTAaBIEHbI TaOIUIIEH:

x |1 [2 [3 [4 |5

Y, 7,1|27,8|62,1|110 | 161

Perenue.

Jlerko 3aMCTUTh, UYTO OKCICPUMCHTAJIBHBIC TOYKH (Xi’ y,) JIC)KaT HpI/I6J'II/I3I/ITCJ'ILHO Ha OJHOM

npaMoil. [TonoxuM X =1In x;Y =Iny ¥ cocTaBUM TaOIHIly AJIS SKCIEPUMEHTAIbHBIX JIaHHBIX B
HOBBIX [TIEPEMEHHBIX

X, 0,000 | 0,693 | 1,099 | 1,386 | 1,609
1,960 | 3,325 | 4,129 | 4,700 | 5,081
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Touku (xi , Yi) JeKaT MPUOIHU3UTENBHO HA OJHOW MPSAMOH, B 4EM JIETKO YOEIUThCS, TOCTPOUB

UX B cHcTeMe KoopauHar (X,Y). Haumyumwue 3HaueHust mapamerpoB kK u h Haxomsrcs us3
CUCTEMBI ypaBHeHUH (8):

bn+k» X.=>Y,
+ ,21: i ,21: i o {5b+4,787k:19,166,
m m m 4 7 7 2 k _ 21 .
b X, 1k Xz =S Xy, (47870 +0.200k=21535
i=1 i=L i=1

PemnB 3Ty cucremy, noayduM: b =1,97; k =1,95. HesBHOe ypaBHEHHE, BbIpa)karolee CBs3b
MeX Iy nepeMeHHbIME X U Y uMeeT BUA In y =1,95In x +1,97 . OTCI0/1a JIErKO MOJIyYUTh MPSIMYIO

3aBUCUMOCTb MEX/1y IEPEMEHHBIMU B BHJI€ CTEICHHON (PYHKIUU:
197,,1,95
y=e"x®,
JUisi cpaBHEHUS] MOYKHO INPHUBECTU TAOJUIy HKCHEPUMEHTAIbHBIX JaHHBIX, U JAHHBIX,
MOJIyYEHHBIX C [IOMOILBIO HalIEHHON (hOPMYJIBI:

X 1 ]2 3 4 5

i
Y. 71 | 27,8 62,1 110 161
y= pl97y195 | 7,16 | 27,703 | 61,081 | 107,04 | 165,39

®opmyiia, MOJy4YEHHAss B pPE3yJIbTaTe€ PEUICHUsS NPUBEIEHHOTO NpPUMEpPA, SBIISIETCS YACTHBIM
CIy4aeM amnnpoOKCUMUPYIOUIEH 3aBUCHUMOCTH C JBYMs [apamMeTpaMy, HWMEIOLIEH BHJ

_ b . o
Q(X, a, ﬂ) =0X". TlapameTpbl 3TOH 3aBUCHMOCTH MOXKHO OBUIO Obl HAWTH M3 CHCTEMBI
HEJTMHENWHBIX ypaBHeHUH (7) HEMOCPEICTBEHHO, OJIHAKO NMPUMEHEHHE CIoco0a BBIPAaBHUBAHUS

b
CYIIECTBEHHO YIPOIIAET BHIUKMCIIEHHE apaMeTpoB. B 1anHom ciyyae o =¢€°, f =K .

PexomeHmanmm 1mo nepeBeACHUI0 SKCIIEPUMEHTABHBIX JaHHBIX B alIPOKCUMHPYIOIINE
3aBHCUMOCTH C JIByMsl IEpEMEHHBIMU IPUBEJICHBI B cIeyromeil Tabaule.
Ne | BeipaBHUBaHN€E TaHHBIX OMnupuueckas popmyna
(mpeobpa3zoBaHNEe IEPEMEHHBIX)
1 X =x;Y =Xy

y:ax+ﬂ a=k, f=b

(24

2 1 1
X=xY== y= ,a=k, f=Db
y ax+ fj
3
X:KY:E y= X ,a=k, f=Db
y ax+ fj
4 X=x¥Y=Iny y:aﬂx a:eb ﬂ:e"
5 X=IhxY=y y=ahx+ g, a=k, f=Db

6 X=hx;Y=Ihy

b
y=ax’,a=¢", f=k
OpaHy u3 TIeCTH TMPEAIOKEHHBIX (QopMya MpeoOpa3oBaHUsS CIEAyeT BBIOMPATH
OJTHOBPEMEHHO C TIPOBEPKON JTMHEHHON 3aBUCUMOCTH K MCXOIHBIM JaHHBIM. Y CJIOBHEM BBIOOpA
HAWIY4Iled SMIOUpUYecKOo (QOpMysbl SBISETCS HAUMEHbBINEEe YKIOHEHHWE HUCXOAHBIX WU
npeoOpa30BaHHBIX AKCIEPUMEHTAIBHBIX JaHHBIX OT MpsAMod. Ero MokHO ompenenuTs Mo

dbopmyre:
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1
S, kX, —b)* |
i=1
NG
i=1

Juis Hammydieit smoupudeckoit popmyiiel 3HadeHne d OyJeT HaMMEHBIIHM.

3ajaHue.
DKCIepUMEHTaIbHbIE JaHHbIE cojAepKaTca B TaOmumax. s Kakaoil U3 HUX BBINOJHUTH

CICAYIOUE OII€panuun:

d=

1 HaHectn akcnepumeHTanbHbIE TOUKM (Xi; yi) Ha KOOPAMHATHYIO CETKY (X; y).
2. BblB6paTb O4HY M3 LLECTU NPEA/IOKEHHBIX GOPMY NPeobPa3oBaHMA K HOBLIM MePEMEHHbIM
(X;Y) TaK, uTo6bl NpeobpasoBaHHbIe IKCMEPUMEHTA/bHbIE JaHHbIE (xi Y ) HaMMeHee

YKNOHAANCH OT NPAMON.

3. MeToAOM HaMMEHbLUMX KBALPATOB HANTW HaUYYLIME 3HAYEHWA napameTpos K

u b B ypaBHeHuu npsimoit Y = kX +D.
1. HaiiTvt AaBHbIN BUA sMNMpPUYecKoit dopmybi y = Q(X, &, ) v NOCTPOUTb rpadmk

3MNUPUYECKON PYHKLUMU.

x |1 |2 [3 [4 |5
y. 04055013009 0,07

Bomnpocs! pis1 00cyKaeHus:

['paduueckuii MeTos pemeHus. MeTol HAMMEHBIINX KBaApaTOB onpenaeneHus Ko3dduuueHTon
YpaBHEHUS.

Pabora ¢ 1ureparypoii:

PexoMeH1yeMble UCTOUHUKH HHPOPMAITHT
(Ne uctounmka)

OcHoBHas JononHurenpHas Meroanueckas Wurepher-
pecypcehl
1-2 1-3 1-2 1-3

OueHoYHBbIE CpPeICTBA: OTUET K JJabopaTOpHOI padoTe.
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5. KPUTEPUM OLIEHUBAHUS KOMITETEHIIUI

OrneHKa «OTJIIMYHOY» BBICTABISIETCS CTYACHTY, €CITU OH IMPOJEMOHCTPHPOBAI TIYOOKHE,
WCYEPIBIBAIOIINE 3HAHUS M TBOPYECKHWE CIIOCOOHOCTHM B TOHMMAHUU, W3JIOKEHUH U
UCTIOJIB30BaHUM  Y4EOHO-IPOTPaMMHOTO  MaTepuana;  JIOTUYECKH  IOCJIEI0BaTENbHBIC,
CoJiepXKaTeNbHbIE, MOJHbIE, IPAaBUIbHBIE U KOHKPETHBIE OTBETHI HA BCE MTOCTABJIECHHBIE BOIIPOCHI
U JIOTIOJIHUTEIbHBIE BOIPOCHI  IIpenojaBaTels; CBOOOJHOE BJIaJECHUE OCHOBHOM U
JIOTIOJTHUTEILHOM JINTepaTypOil, peKOMEHI0BAaHHOW y4eOHOH TTPOrpaMMOi.

OreHKa «XOpOIIO» BBICTABISIETCS CTYJEHTY, €CJIM OH IPOJEMOHCTPUPOBAI TBEPIbIE U
JIOCTATOYHO TMOJHBbIE 3HAHUS BCEr0 IMPOrPaMMHOIO MarTepuasna, I[PaBUIBHOE ITOHUMaHUE
CYIIHOCTH M B3aMMOCBSI3U pPAacCMAaTPUBAEMBIX IIPOLIECCOB M SIBJICHUH; TMOCIEI0BaTEIbHbBIC,
MpaBUJIbHbIE, KOHKPETHBIE OTBETHl Ha IMOCTABJIEHHBIE BOMPOCHI MPU CBOOOJHOM YCTPAaHEHUU
3aMEYaHMil 10 OTJEIBHBIM BOIIPOCAM; IOCTATOYHOE BJIAJICHUE JIUTEPATYPOU, pEKOMEHI0BAHHOU
yueOHOI MPOrpaMMoii.

OreHka «yJIOBIETBOPHUTEIIBHO» BBICTABIACTCS CTYACHTY, €CIIM OH TPOJEMOHCTPUPOBAI
TBEp/bIE 3HAHUS U MOHMMAaHKUE OCHOBHOTO MIPOrPaMMHOT0 MaTepuala; npaBuibHble, 6€3 TPyOhIX
OIIMOOK OTBETHI HA MTOCTABIICHHBIC BOIPOCHI MTPH YCTPAHCHUH HETOYHOCTEH M HECYIIECCTBEHHBIX
OIMOOK B OCBEIICHHM OTAENbHBIX IMOJOXEHHH MpU HABOISIIMX BOMpPOCaX IMperojaaBaTes;
HEJI0OCTATOYHOE BJIAJICHUE JTUTEPATYPOU, PEKOMEHJOBAHHOMN Y4EeOHOM MPOrpaMMoil.

OueHka «HeyA0BIETBOPUTEIBHO» BbICTABIISETCS CTYACHTY, €CJIH OH
MIPOJIEMOHCTPUPOBAJ HEMIPABUIIBHBIE OTBETHI HA OCHOBHBIE BOIIPOCHI, JIOIYIIECHBI TPyObIe
OIIMOKY B OTBETAX, HEIOHMMAaHKE CYIIHOCTH M3JIaraéMbIX BOIIPOCOB; HEYBEPEHHBIC U HETOUHbBIE
OTBETHI HA IOTIOJIHUTEILHBIE BOTIPOCHI.

6. METOJUYECKHUE MATEPHUAJIbI, ONPEJAEJISIFIOIIUE ITPOLEAYPBI
OLIEHUBAHMS 3HAHWH, YMEHHI, HABBIKOB W (MJIM) ONBITA
JESITEJBHOCTH, XAPAKTEPM3YIOIIUX DSTANbI ®OPMHUPOBAHUA
KOMIIETEHIIUH

Texymas arrectamusi CTYJIEHTOB IPOBOAMTCS  IPENOAABATENSIMH, BEIYLIUMU
n1abopaTOpHbIe 3aHATHS 10 JUCHUITIIMHE, B CIEAYIOMUX (opMax: OTYET MUCbMEHHBIN 10 3a/IJaHHIO
npernojaaBaress, cooece10BaHueE.

Jlonyck K jabopaTopHbIM paboTaM NMPOUCXOAMT NMPH HAIWYUU Y CTYJIEHTOB IE€YaTHOTO
BapHaHTa OTYeTa. 3allluTa oTYyeTa MPOXOIUT B (hopMe JOKIIaa CTyI€HTa 10 BBIITOJIHEHHOM paboTe
Y OTBETOB Ha BOIIPOCHI NPENOIABATENS.

MaxkcruManbHOE KOJMYECTBO OasIoB CTYIEHT IMOJIy4aeT, €ciau O(QOpMIIEHHE OTYeTa
COOTBETCBYET YCTAHOBJIEHHBIM TPEOOBAaHHSM, @ OTYET IOJIHOCTBIO PACKPBIBAET CYTh PaOOTHI.
OcHoBaHMEM JUIsl CHUKEHUEM OLIEHKU SIBIISIOTCA:

- YaCTMYHO HE COOBECTBYET YCTAHOBJIEHHBIM TPEOOBAHUSIM;

- B OTYETE HEMOJIBbHOCTHIO PACKPBIBAET CYTh pabOTHI.

OTtuer MoKeT ObITh OTIPABIIEH Ha JOPAOOTKY B CIEAYIOIIUX CIydasx:

- IOJIFHOCTBIO HE COOBECTBYET YCTAHOBIICHHBIM TPEOOBAHUAM;

- HE PacKpbITa CyTh pabOTHI.

Kpurepun orneHuBaHus OTYETOB MO J1A0OpAaTOPHBIM UM MPAKTUYCEKMM paboTam,
coOecenoBanus puBeieHbl B @OH/IE OIIEHOYHBIX CPEICTB MO AucuuIinHe « IHCcTpyMeHTaIbHbIe
cpezacTBa HH(POPMAIMOHHBIX cucTeM» Ha Kadenpe «MHpopMaimoHHON 6€30MaCHOCTH, CUCTEM U
TEXHOJIOTHH ».

7. YYEBHO-METOJIWYECKOE U WH®OPMAIIMOHHOE OBECIEYEHHWE
TACIATITAHBI

7.1. Pexomenayemasi IuTepaTypa
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7.1.1. OcHOBHas JUTepaTypa:
. BepxxOunkuit B.M. Uncnennsie Mmerossl. JInHeitnas anredpa u HemuHeHbIe ypaBHeHus. — M.: Jloroc,

2012.
. Bonkos E.A. Unucnennsle MeToabl. — M.: Jlans, 2012.

7.1.2. lonoJIHATEILHAS JIUTEPATypa:
. JlJammuuk M.IL., Parynuna M.J., Xennep E.K. Uncnennsie metoapl. — M.: Academia, 2005.
2. TepreimankoB E.E. Metoasr uncnennoro anaiau3a. — M.: Academia, 2007.
. PepxukosB 10.U. Berunciurensusie metoasl. — M.: BHV, 2007.
7.1.3. MeToauueckasi JuTepaTrypa:
. Mertonuveckue yka3aHus TI0 BBITOTHEHHUIO JTa00PaTOPHBIX paboT Mo qUucHUIUINHE «UrCIeHHbBIC METOIBI
B HAYYHBIX pacyeTax.
. Mertonnueckne peKOMEHIALWU MJisi CTYACHTOB IO OpraHU3allMd CaMOCTOSTENBHOH paboTHl IO
JUcHuIUInHEe «UKCIeHHBIe METO/IBI B HAYYHBIX pacueTaxy.
7.1.4. UnTepHeT-pecypcsI:
http://www.intuit.ru — caiiT aucTaHIIMOHHOTO O00Opa3oBaHWs B 00JACTH HMH(POPMAIIMOHHBIX
TEXHOJIOTUI
http://window.edu.ru — o6pa3oBaTesbHBIC PECYypPChI BEAYIIHX BY30B
http://ncfu.ru — caiir CKOY
7.1.5. [IporpaMMHoOe odecnieyeHHe
. Microsoft Office — Word, Excel.
. ITakeT aBTOMaTH3aMK MaTeMaTHYeCKuX Beranciaenuit — MathCAD.


http://www.intuit.ru/
http://window.edu.ru/
http://ncfu.ru/
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MUHMCTEPCTBO HAVYKU U BBICIIIEI'O OBPA30BAHUS POCCUCKOM
OEJIEPALIN

(DeﬂepaJ'IBHOG ToCyJapCTBEHHOEC aBTOHOMHOC 06p330BaTeJ'IBHOC YUPECKIACHUC

BBICIIET0 00pa30BaHUs

«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBIN YHUBEPCUTET»

IIaTuropckunii uHcTUTYT (puuan) CKOY

METOIWYECKHUE PEKOMEH/IALIUU )
TSI CTYAEHTOB IO OPTAHU3ALIMA CAMOCTOSITEJABHOM PABOTHI

o JNCIUIIJIMHE
NHO®OPMALUOHHBIE CUCTEMbI U TEXHOJIOI'MU B HAYUYHbBIX
NCCIEJOBAHUAX
Hanpasnenue moaroroBku 09.04.02
HNudopmanmnonnbie cHCTEMbI H TEXHOJIOTHH
Hampasiennocts (mponitk) MOATOTOBKU «TexHoJI0ruu padoThI ¢ JAHHBIMH U 3HAHUSIMM,

aHaIM3 HHpopManum»

[Tsaturopck, 2025
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1. HEJb U 3AJAYU OCBOEHUS JUCHUITJTIMHBI

]_ICJ'IBIO JUCHUILITIUHEI ABJISICTCA M3YYCHHUE OCHOB allIlapara BBIYMCIIMTEILHON MaTeMaTUKH
u HpI/IO6peTeHI/Ie HABBIKOB €T'O0 HCIIOJIb30BAHHA B IIPUIIOKCHUAX. PasBuTne mormdeckoro
MBIIIJICHUS W MaTeMaTH4eCKOM HWHTYUIIHUHU. YMmenue MNPUMCHATH YHUCICHHBIC MCTOABLI IIpH
PEHICHUHN NPUKIAJHBIX 3a]a49 U U3YUCHUHN APYTrUX OUCHUILINH.

2. MECTO JUCIHHAILIAHBLI B CTPYKTYPE OCHOBHOM
OBPA30OBATEJIbHOHN ITPOI'PAMMBI

Huctuurumna «MHGOpMaMOHHBIE CHCTEMBI 1 TEXHOJIOTUH B HAYYHBIX HCCIICTOBAHMSIIX )
OTHOCHUTCSI K AUCHUIUTMHAM 0a3oBoit yactu 0sioka b1. Ee ocBoenue npoucxonut B 1 cemectpe.

3. TEXHOJIOTUYECKASI KAPTA CAMOCTOSITEJIbLHOM PABOTBI
CTYJEHTA

J1s1 cTyeHTOB 32049HOi opMBbI 00yUeHHs

Konst CpencrtBa u O0beM yacoB, B TOM YHUCIie

peamnu3yeMsl TEXHOJIOTHU
CPC KonrtakTHa Bcero
X OLICHKHA

Bug gesrensHOCTH o T
KOMIICTCHIIU pagora ¢
o CTyJICHTOB pernogana

H,
TeJleM
uHARKaTOpa(

OB)

1 cemectp

OIIK-2 (U] Komnmoxsuym 0,36 0,04 0,4
-1, UJ1-2), IToaroroBka
OIIK-3 (U[
-1, UJ1-2),
OIIK-4 (U[
-1, U]1-2)

JICKIIMAM

OIIK-2 (U] Komnoxsuym 140,58 15,62 156,2
-1, UJI-2),
OIIK-3 (U] | CamocrosTrenbHOe
-1, U1-2), HU3Y4YEHUE JINTEPATYPBI
OIIK-4 (M
-1, U1-2)

OIIK-2 (M1 OTuer 2,16 0,24 2,4
-1, U11-2), MMCHMEHHBIH
OTIK-3 (W]
-1, U]1-2),
OTTK-4 (V]
1, UJ1-2)

IToaroroBka "
BBITIOJIHEHHE
nabopaTopHBIX padoT

Hroro 3a 1 cemectp 143,1 15,9 159
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Hroro | 143,1 15,9 159

PexoMeHyemMblie UCTOYHHUKH WH(OPMAITUU
wn | TeMsr st caMOCTOSTETFHOTO U3yUEHUS (Ne pcTovHHKA)

OcHoBHas | lononau | Meronnyec | MHTEepHeT-
TeIbHas Kast pecypcsl

Tema 2. AOCOIIOTHASI U OTHOCUTEILHAS 1-3 1-3 1-3 1-3
norpeurHocT. Yncino BepHbIX 3HAKOB.
[TpaBusio okpyrieHus.

Tema 7. OOmiast XapakTepUCTUKA METOI0B 1-3 1-3 1-3 1-3
peLeHHs CUCTEM JIMHEHHBIX YPaBHECHHH.
Meron urepauuu.

Tema 11. @opmyisl mPUOIMKEHHOTO 13 13 13 1-3
g depeHIpoBaHus, OCHOBAaHHbIC Ha
MePBOI UHTEPIOJSALUOHHON hopmyIie
HprotoHa.

Tewma 14. Meton Pynre-Kyrra.

Tema 16. [Tpubnuxenus GpyHKuui 13 1-3 1-3 1-3
crutaiiHamu. [IpeoOpazoBanue @ypebe.

4. COAEPXAHUE CAMOCTOSTEJBbHOM PABOTHI

Tema camocTosiTeJbHOIO M3ydeHust Ne 1. AOCOIIOTHASE M OTHOCHTEJbHAsI NMOTPEIIHOCTH.
Yucso BepHbIX 3HaKOB. I[IpaBuiio okpyrienus.
Bua f1esiTeIbHOCTH  CTYAEHTOB: CaMOCTOATENbHOE M3y4YeHUE  Yy4yeOHO-MEeTOAMUYECKOU
JUTEpPaTyphbl
HTOoroBplii NPOAYKT CAMOCTOATE/ILHOM Pa0OThI: KOHCIIEKT
CpeacTBa M TEXHOJIOTHH OLEHKH: coOeceloBaHNe
Ilnan KoHcnekra:

[IpubamxeHHoe  3HAYCHHWE  BCIIMYHHBL. AOCOMIOTHAasT ~ MOTPEITHOCTD,
OTHOCHUTEJIbHAs MOTPEIIHOCTh. BepHble, cOMHUTENbHBIC, 3Havanme nudpsl. Criocoob!

xpanenus uudp B namaru IBM. [orpemnoctu apupmMeTndecKkux 1eUCTBUM.
Pabora c 1ureparypoii:

PexomeH1yeMble HCTOUHUKH UHPOPMALIUU
(Ne uctounuka)

OcHoOBHas JlonoTHUTE b HASE Meroanueckas Hutepuer-
pecypchl
1-2 1-3 1-3 1-2

Tema camocTosiTeJIbHOTO HM3yueHuss Ne 2. O0miasi XapakTepHCTHKA METO/0B pelleHust
CHCTEM JTUHEHHbIX YpaBHeHHi. MeToa nrepanuu.

Bua f1esiTeIbHOCTH  CTYAEHTOB: CaMOCTOATENbHOE M3Y4YeHHE Yy4eOHO-METOIMYECKON
JUTEPATYypPBI
HToroBplii NPOAYKT CAMOCTOATE/ILHOM Pa0OThI: KOHCIIEKT
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CpeIlCTBa U TEXHOJIOI'NM OICHKH: COGGCCIIOBB.HI/IG
Ilnan koHcHeKTa:

Y CTOMYUBOCTb, KOPPEKTHOCTh, CXOAUMOCTb. UTO 3HAYUT PELIUTH CUCTEMY
ypaBHeHuil. Kakue BBl 3HaeTe TpyIIbl METOJIOB PELICHUS CUCTEM JIMHEHHBIX
ypaBHeHui. Kakue MeToapl OTHOCATCS K MPSIMBIM METOJaM PEUIEHUS CHCTEM
JUHEHWHBIX ypaBHeHHWU. Kakue MeToapl OTHOCATCS K MPUOIMKEHHBIM METOJaM
pEUIEHUsI CUCTEM JIMHEMHBIX YpaBHEHHU. B 4YeM OCHOBHOE OTJIWYHME TOYHBIX W
NpUOIMIKEHHBIX METOJOB PEIICHHWS CHCTeM JIMHEHWHBIX ypaBHEHHH. B dem
3aKJII0YAETCs CYyTh MeTo1a ["aycca ist pemeHns: CUCTEM JIMHEMHBIX ypaBHEHUN. B uem
3aKJIFOYAETCs CyTh METO/1a POCTOU UTEPALIAN ISl PELIEHUSI CUCTEM YPaBHECHUM.

Kak mnpuBectn cuctemMy K BHAy C TpeoOIaJalomiMHA JAHAarOHAIbHBIMU
kodhpunmerramu. B dem 3akimrodaeTcs CyTh MeToJa 3eWens I pelieHUs] CUCTEM
ypaBHeHu. KakuM MeTo/10M JTydIlle BCEro peliaTh CUCTEMY YPaBHEHHUI HEBBICOKOTO
MOpsJIKa, HAIPUMEDP TPEThEro. B KakuX ciaydasx NpearnovYTUTEIbHbI UTEPAIMOHHBIC
METOJbl PEUICHUS CUCTEM JIMHEWHBIX YPAaBHEHUW. YCJIOBUS  CXOIMMOCTH
UTEPALMOHHOTO Iporecca. OT 4ero 3aBUCUT CKOPOCTh CXOAUMOCTH METO/IA UTEPALIHA.
Pabotra ¢ aureparypoii:

PexomeH1yeMmble HCTOUHUKH UHPOPMALIUU
(Ne uctouHuka)

OcHoBHas JlonosmHuTenpHas Meroanueckas Hutepuer-
pecypcesl
1-2 1-3 1-3 1-2

Tema camocTosATEIbHOT0 H3yueHus Ne 3. @opMyJibl NPUOIHKeHHOT0 AU pepeHIpOBAHMS,
OCHOBAHHBIC HA NIEPBOH MHTEPNOJAALMOHHOH popmyiie HbroToHA.

BI/I)I AeATECJIBbHOCTH CTYACHTOB: CaMOCTOATCIIBHOEC HN3YUCHUC y‘IC6H0'MCTOI[I/I‘IeCKOI\/'I
JUTEPaTypBI

HToroBblii NPOAYKT CAaMOCTOATEILHOM Pad0ThI: KOHCIIEKT

CpEIlCTBa U TEXHOJIOI'HM OICHKH: CO6€CCI[OB3.HI/IC

ILnan KoHcHeKTa:

Yro Takoe MHTEPIOISLUS?

Uto Takoe y37bl MHTEpHoysimuu. B dyem 3akimrouaercs 3ajiada OTHICKAHMS
MHTEPIIOJUPYIOMIEr0 MHOroujeHa. Kak mocTpouTe MHTEPNOISUMOHHBIA MHOTOYJIEH
Jlarpamka. Kak ompenenuts MNOrpemIHOCTh METOJA HWHTEPHOJSALMU C ITOMOLIBIO
dbopmynsl Jlarpanxka. [lomnHOMOM KakoW CTEMEHH, SBISETCS WHTEPIOJSAIIMOHHBIN
nonuHoM Jlarpanxka nipu n+1 y3nax. Moxert nu Meton Jlarpanka npUMeEHSAThCS AJIA
DKCTPANOISALNN. UTO BIHUSIET HA TOUHOCTh UHTEPHOJIALMH B MeToe Jlarpanka. MoxxHO
71 J00aBISATH HOBBIE Y3JIbI HHTEPIIOJSIIIUKN TIPU UCIIOJIb30BaHUHM MeToaa Jlarpamka. K
KakoMy Kiaccy (QyHKIUA OTHOCUTCS (YHKIUS, 3aJaBacMasi MHTEPIOJISIIIHOHHON
dbopmyroii Jlarpanxa. Kak 00pa3yroTcs pa3neneHHbIe pa3HOCTH.

Kax cBs3aHbI pa3ziesieHHbIE pa3HOCTH U IPOU3BOAHAsA. Kak mpoucxoaut npouecc
MHTEPIIOIUPOBaHUS CIutaiiHaMu. YTo Takoe KOHEUHasi pa3HOCTh NEPBOTo Nopsaka. Uto
Takoe KOHEYHasi pa3HOCTh BTOporo nopsnaka. Kak ona Haxomutca? YUto Takoe
KOHEYHas pa3HOCTh N-ro nopsaka. Kak ona Haxoaurces?

[lepBass wunTepnonsuuonHas ¢opmyna HploToHa Ui PaBHOOTCTOSLIUX
y31m0B.  Bropas wunrepnossuuvonHas Qopmyna HpoToHa 111 paBHOOTCTOSIIIUX
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y3110B. Kak HaxoauTCs MOTPEIIHOCTh METO/1a MHTEPIOJUPOBAHUS C ITOMOIIBI0 (hOPMYIT
HeroToHa.
Pabora c 1ureparypoii:

PexoMeHn1yeMblie HCTOUYHUKH WH(DOpMALIUN
(Ne ucrouHmka)

OcHoBHas JlonosmHuTenpHAA Meroanueckas Hurepuer-
pecypcesl
1-2 1-3 1-3 1-2

Tema camocTosiTesibHOro udydenusi Ne 4. Meroa Pynre-Kyrra.

Bux gesiTeIbHOCTH  CTYJEHTOB: CAMOCTOATEIBHOE HM3y4yeHHE y4eOHO-METOIUYECKOU
JIIATEPATYPHI

HTOroBbIii NPOAYKT CAMOCTOATEILHON PA0OThI: KOHCIIEKT

CpencTBa ¥ TEXHOJIOTHH OLIEHKH: coOeceoBaHue

Ili1an koHcHmekTa:

Uro 3Hauutr — pemuTh 3amauy Komm s auddepeHIuanbHbIX ypaBHEHHM
nepBoro mopsaka. Yro sBisercs peuieHueM AUQPQPEpeHIInaIbHOTO YPaBHEHHUS.
['paduueckass  uHTEpHpeTalusi  YUCICHHOro  pemeHus  auddepeHnnaIbLHOro
ypaBHeHHs. Kakue cylecTByOT MeToibl perieHus qudpepeHnnaasHoro ypaBHEHUS B
3aBHCUMOCTH OT ()OPMBI IPEJCTABICHUS pellieHus. B uem 3akirodaercs cyTh METOAA
JoMaHHBIX  Oinepa. ['paduyeckas wuHTEepmperanuss MeTona  Jilepa U
YCOBEPIIICHCTBOBAHHOTO MeTona OJiepa. B wem ornmume. HeoOxomum v momck
HayaJdbHBIX yCJIOBUMM B Metoje Oinepa. K kakoil rpymnme OTHOCHUTCS
MOAU(PUITUIPOBAHHBIN METOT Difiepa.

Meton Pynre — Kytra. Kak onpeaenuTs KOIM4eCTBO BEPHBIX ITU(P B YHUCIE,
SBIISIFOIIEMCST  perieHreM  nuddepeHInaIbHOr0  ypaBHEHUsT MeTojaMm  Jiepa,
YCOBEPILIEHCTBOBAHHOTO MetoAa Ounepa, Pynre-Kyrrel. Kak MOXHO oOLEHUTH
MOTPENTHOCTH pelieHus AuQGHepeHIInaTbHOTO YpaBHEHHS MPU UCTIOJIB30BAaHUH METOAA
Pynre — Kyrra.

Pabora ¢ 1ureparypoii:

PexomeH1yeMble HCTOUHUKHA HHPOPMAITHT
(Ne uctounmuka)

OcHoBHas JlonoTHUTE b HASE Meroanueckas Hureprer-
pecypel
1-2 1-3 1-3 1-2

Tema camocrositeibHOro mu3ydenuss Ne 5. Ilpubamxenuss ¢QyHkuui cnjaiinamu.
IIpeodpasoBanue Pypsbe.

Bua f1esiTeIbHOCTH  CTYAEHTOB: CaMOCTOATENbHOE M3y4YeHHE Yy4yeOHO-METOIMUYECKON
JUTEPATYPBI

HToroBslii NPOAYKT CAMOCTOATE/ILHOM Pa0OThI: KOHCIIEKT

CpencTBa M TeXHOJIOTHH OLIeHKH: coOeceoBaHNe

ILnan KoHcHeKTa:

UYro Takoe crutaitH. Kak mporcxoauT nponecc HHTEPNOIupoBaHus cruraiiHamu. YTo takoe
KOHEYHas pa3HOCThb IepBoro mnopsaka. Kak ona Haxomutcs. UTo Takoe KOHEYHas pa3HOCTb
BTOpOoro nopsaka. Kak oHa Haxomutcsa. UYTo Takoe KOHEYHAas pPA3sHOCTh N-TO MOPAIKA.
[TpeoGpaszoBanus Oypse.

Pabora c 1ureparypoii:
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PexoMeHniyeMblie HCTOUYHUKH WH(DOpMALIAN
(Ne ucrouHmka)

OcHoBHas JlomoaHUTEIbHAS Metoauueckas HHTepHer-
pecypchl
1-2 1-3 13 1-2

5. KPUTEPAU OIIEHUBAHUA KOMIIETEHITAN

O1eHKa «OTJIMYHO» BBICTABIIETCS CTYIEHTY, €CIM OH MPOJEMOHCTPUPOBA IIyOOKHE,
UCUCPIIBIBAIOIIME 3HAHUS W TBOPYECKHE CIIOCOOHOCTH B TOHMMAaHUHM, H3JI0KEHUU U
UCMOJIb30BaHUM  y4EOHO-NPOrpaMMHOIO  Marepuana;  JIOTHYECKM  II0CJIEJOBATENIbHBIE,
COJZIepKaTeNbHbIC, MIOJIHBIC, IIPABUIIbHBIE U KOHKPETHBIE OTBETHI HA BCE ITOCTABIECHHBIE BOIIPOCHI
U JIONOJHUTENbHbIE BONPOCHl HperojaBaTeisi; CBOOOJHOE BIaJeHHE OCHOBHOM U
JOTIOJTHUTEILHOM JTUTEPaTypoil, PEKOMEHIOBAaHHOM y4eOHOI MporpaMMOi.

OneHka «XOpoIlo» BBICTABIAETCS CTYACHTY, €CIU OH IPOJAEMOHCTPUPOBAI TBEPIBIE U
JIOCTATOYHO TMIOJHBbIE 3HAHUSA BCETO MPOrPaMMHOIO MaTepuaa, MPABWIBHOEC IOHUMAHUE
CYIIHOCTH M B3aMMOCBSA3M PAacCMAaTPUBAEMBIX IIPOLIECCOB M SBJICHMM; IOCIEIOBATEIbHBIE,
IIPaBUJIbHbIE, KOHKPETHBIE OTBETHl Ha IOCTABJIEHHBIE BOMNPOCHI MPU CBOOOJHOM YCTPAaHEHUU
3aMEYaHMi 10 OTIEIbHBIM BOIIPOCAM; JOCTATOYHOE BJIAJEHUE JTUTEPATYPOU, PEKOMEHIOBAHHON
yueOHOM porpaMMoi.

OneHka «yIOBJIETBOPUTEIBLHO» BBICTABISETCS CTYAEHTY, €CIIM OH IPOJEMOHCTPUPOBAI
TBEpJIbIC 3HAHUS ¥ IOHMMaHUEe OCHOBHOTO MPOTPAaMMHOTO MaTepHaa; npaBmiIbHbIe, 0€3 rpyObIx
OLIMOOK OTBETHI HA ITOCTABJICHHbIE BOIIPOCHI IIPH YCTPAHEHUH HETOYHOCTEH U HECYLIECTBEHHBIX
OMMOOK B OCBEIICHHH OTACIBHBIX IOJIOKEHUH TNPH HABOISIIMX BOMPOCAX MPENoIaBaTes;
HEJI0CTaTOYHOE BIIAJICHUE JINTepaTypoil, peKOMEH0BaHHON y4eOHON MpOrpaMMoOi.

OneHka «Hey10BIETBOPUTENIbHOY BBICTABIISETCS CTYACHTY, €CIIU OH
IPOIEMOHCTPUPOBAJT HEMPABUJIbHBIE OTBETHI HA OCHOBHBIE BOIPOCHI, JOMYIIEHbI IPyOble
OIIMOKY B OTBETAX, HEIOHUMAaHKE CYIIHOCTH M3JIaraéMbIX BOIIPOCOB; HEYBEPEHHBIE U HETOUHbIE
OTBETHI HA JOTIOJHUTEIBLHBIE BOIIPOCHI.

6. METOIUWYECKHE MATEPHAJIbI, ONIPEJEJISIFOIIUE ITPOIEJYPhI
OILIEHUBAHMSA 3HAHUM, YMEHUM, HABBIKOB U (MJIN) OIIBITA
NESATEJBHOCTH, XAPAKTEPU3YIOIIUX STAITBI ®OPMHUPOBAHUS
KOMIETEHIIUIA

Tekymass  arrectanusi  CTYACHTOB  TIPOBOIMTCS  IPEMOJABATENISIMH,  BEIYIIUMH
n1abopaTopHbIe 3aHATH M0 JUCHUILIMHE, B CIEYIOMUX (opMax: OTUYET NUCbMEHHBIN 110 3aJJaHUI0
IpernoaaBaTess, cobeceoBaHue.

MaxkcumanabHOe KOJUYECTBO OajIOB CTYAEHT IMOJIydaeT, ecid OpOpMIICHHE KOHCIIEKTa
COOTBETCBYET YCTAaHOBJCHHBIM TpPeOOBaHUSIM M TIOJHOCTHIO PACKPHIBAET CYTh pPaOOTHI.
OcHOBaHMEM [JIsl CHPKEHHEM OLIEHKU SIBIISIOTCS:

- YACTUYHO HE COOBECTBYET YCTAHOBIICHHBIM TPEOOBAHUSIM;

- B OTYETE HEMOJIbHOCTHIO PACKPBIBAET CYTh pabOTHI.

OTueT MOKET OBITH OTIPABJICH HA TOPAOOTKY B CICAYIONINX CIyJasiX:

- IOJIFHOCTBIO HE COOBECTBYET YCTAHOBIICHHBIM TPEOOBaHUAM;

- HE PacKpbITa CyTh pabOTHI.

Kpurepuu olieHMBaHUs OTYETOB MO JaOOPaTOPHBIM paboTam, coOeceJOBaHNUS IPUBEIEHBI
B DOHJE OLEHOYHBIX CPEJCTB IO JUCIUIUINHE «UHCIIeHHbIE METO/BI B HAYYHBIX pacuerax» Ha
kapenpe «MHpopMannoHHOI 6€30MaCHOCTH, CUCTEM M TEXHOJIOTUH ».
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7. YYEBHO-METOJINYECKOE M HH®OPMAIIMOHHOE OBECIIEYEHUNE
TACIATLTAHBI

7.1. Pexomenayemasi 1uteparypa

N —

o o

[3XY

7.1.1. OcHOBHAas1 IUTEpPaTypa:

. BepxxOunkwuii B.M. Yucnennsie Metozpl. JIunelinas anre6pa u HenmuHelHble ypaBHeHus. — M.: Jloroc,

2012.

. Boakos E.A. Uucinennsie Mmetoasl. — M.: Jlans, 2012.

7.1.2. lonoJIHATEILHAS JIUTEPATypa:

. Jlamrauk MLIL., Parynuna M.U., Xennep E.K. Uncnennsie metomsr. — M.: Academia, 2005.
. TeipteiaukoB E.E. Meronb! ynciienHoro ananumsa. — M.: Academia, 2007.
. PepkukoB 1O.U. Beraucaurensasie MeToasl. — M.: BHV, 2007.

7.1.3. MeToauyeckasi JuTeparypa:

. MeToauveckue yKazaHus IO BBIITOJHEHHUIO JTa00paTOPHBIX pabOT MO TUCIUILTNHE «UNCIIEHHBIE METOBI

B Hay4HBIX pacyeTax».

. Mertonuveckne peKOMEHNAIMU Ui CTYIACHTOB II0 OpPTaHW3aIlMH CaMOCTOSITEIbHONH paboThl O

JMCHUILTHHE «YHCIICHHBIC METO/IbI B HAYYHBIX PAacUeTax».
7.1.4. UnTepHET-pECypCHI:
http://www.intuit.ru — caiit aucCTaHIIMOHHOTO O00Opa3oBaHWs B 00JACTH HMH(POPMAIIMOHHBIX
TEXHOJIOTUH
http://window.edu.ru — o6pazoBareabHbIE PECYPCHI BEIYIIMX BY30B
http://ncfu.ru — caiir CKOY
10.1.5. IIporpammHoe o0ecneyenmne

. Microsoft Office — Word, Excel.
. [Taker aBTOMaTU3aMy MaTeMaTdeckux BeiurciaeHnii — MathCAD.


http://www.intuit.ru/
http://window.edu.ru/
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