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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; HauMEHBIIIUX 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. UHCIO ¢ Ha3bIBalOT KOPHEM WM PELICHHEM

JTAHHOTO YPaBHEHUS, €CIM OHO, OyAy4M IOJICTaBJIEHHBIM B 3TO ypaBHEHHE, OOpallaeT ero B
BEpHOE YHUCIIOBOE PABEHCTBO, TO ecTh f(c)=0. Takxke 4ucno ¢ Ha3bpIBAIOT HYIEM (YHKIUH
y= ().

IIpn pemieHHH HEKOTOPBIX HENMHEMHBIX YPAaBHEHHM HEBO3MOXHO HAaWTH KOpPHU C
MTOMOIIBIO TPAJAMIMOHHBIX METOJIOB, IPUMEHSBIINXCS paHee. 3aMETUM, 4TO, KaK IPaBUiO, 3TU
METO/IbI PEIIEHUs] OTHOCATCS K KAaKUM-JTHOO KOHKPETHBIM KJIaccaM YpaBHEHHI: anredpanyecKkux,
TPUTOHOMETPUYECKUX, IOKA3aTeNbHBIX M Tak naanee. Ho, Hanmpumep, gake Takoe, BHEIIHE
HECJIOKHOE ypaBHEHHE, Kak X —COSX+1=0, HEBO3MOKHO PEIINTh HPUBBIYHBIMU CIIOCOOAMH.
Jlis anreOpanyecKkux ypaBHEHUH JOKa3aHO, YTO HE CYIIECTBYET OOMIMX (OPMYJ BBIYMCICHHS
KOpHEH JUIsl YpPaBHEHMM CTENEHU Bblle 4eTBEPTOU. [109TOMY BO MHOIMX Cily4asx IPUXOJUTCS
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npuberaTb K YHCICHHBIM METOAAaM pEIIEeHUS ypaBHEHWH, KOTOpbIE TO3BOJISIIOT HAaWTH
JeHCTBUTENbHBIE KOPHU ypaBHeHHA f (X) = Oc 11000 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.

HMsBecTHO, uTo ecnu QyHKuMs f (X) HENpepbIBHA M 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, MOXKHO c(hopMyupoBats B Buze: f(a)f (b) <O.

Otnenenue KopHel ypaBHeHHsS f(x)=0 JUIg HENPEphIBHONH B OOJIACTH ONpEACICHUs
(YHKIMU MOXHO OCYIIECTBUTH Pa3IMYHBIMHU CIIOCOOAMHU.

1) CocraBnsitor Tabnumy 3Ha4eHUH QyHKIMU y = f(X) Ha ONpenenEHHOM 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) YpaBHenue f(x)=0 3aMEHSIOT PaBHOCHIBHBIM eMy ¢(X) =y (x) . CTposT rpaduku
GyHKIUR y = (X) U Y = p/(X) ; HCKOMbIE KOPHH SBJISIIOTCSA a0CLUCCAMU TOYEK [IEPECEUEHUs STHUX
rpaguKoB.

3) Crposar rpaduk ¢pyHkuMu y = f(x) Ha IPOMEKYTKE M3MEHEHHUS X; TOrJa aOCLUCCHI
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.

[Tpumep 1. BeIssICHUTH, CKONBKO KOpHEW HMMeeT ypaBHeHHE 4—e* —2x° =0, U HalTH
IIPOMEXKYTKH, B KOTOPBIX 3TH KOPHHU HAXOATCS.

Pemenne.

PaccmoTpum Tpu QpyHKIIUY:

f(X)=4-e"-2x*, p(X) =4-2x*, y(X) =¢€".
VpaBuenue 4 —e* —2x* =0 JKBUBAJICHTHO YypaBHEHUIO 4—2x° =e*. OTmenuM ero KOpHH
MIEPBBIM U3 MEPEUUCICHHBIX CI0c000B. M3 Tabmuiibl 3HaueHU QYHKIMU f (X) HA TIPOMEKYTKE
[- 3; 1] ¢ marom u3MeHeHus X, paBHBIM 1, BUTHO, YTO CYIIECTBYIOT KOPHH ypaBHEHHS Ha OTPE3Kax

[~ 2; —1] u [0; 1], Tak kak 3HaYeHHs QYHKIMU UMEIOT HA KOHI[AX ATHX OTPE3KOB PAa3HBIC 3HAKU.
X

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

3aMeTHM, YTO AHAJOTHYHBIA pE3yNbTaT MONYYUTCS, €CIH HCIONb30BaTh BTOPOH CcmocoO,
NOCTPOMB rpaduky yka3aHHBIX QYHKIUN (HEOOXOAUMBIE JaHHbIE COAEPKATCS B TAOIHULIE).
1. MeTon moJIOBUHHOTO JeNeHus i ypaBHeHus f(x)=0.
[TycTh naHo ypaBHEHHE
fx)=0 (M,
npruéM GyHKIMs f (X) HempephlBHA Ha OTpeske [a; b]u f (@) f (b) < 0. s BEIYHCICHHS KOPHS
ypaBHEHHUS (*), IPUHAAIEKAILETO YKa3aHHOMY MPOMEXKYTKY, HalAEM CcepeliHy 3TOro OTpe3Ka:

a+b .
= . Ecim f (x,) # 0, TO 111 IPOAOIKEHHS] BEIYMCIICHUS BBIOEPEM Ty M3 YaCTEH JAaHHOTO
2

Xy



OTpe3Ka [a; x, | M [x,; b], Ha KOHIIaX KOTOPOH QYHKIUA f (X) MMECT HPOTHBOIOIOKHBIC 3HAKH.
Konue! HOBOro orpeska 0603HauuM [a,; b, |

HoBblll CyXeHHBIM NMPOMEXKYTOK CHOBA JEIUM II0NIOJaM U IIPOBOJMM BBIYUCIICHHUS 110
yKa3aHHOM cxeMme U Tak janee. B pesynbrare mosydaem JuOO TOUHBIM KOpEHb Ha OJHOM M3
3TaroB, TM0O0 MOC/IE0BATEILHOCTD BIIOKEHHBIX OTPE3KOB [a; b], [ai; bl], ey [an; bnl, .-y TAKHX, YTO

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

Uucno ¢ — oOmuil mpenen mocienoBaTeabHOCTEN {an} u {bn} - SIBISIETCS KOpPHEM

ypaBHeHus (*). OLEHKY € OTPEIIHOCTH PEIICHUS Ha /71-M IIare BEIYMCICHUH MOYKHO ITOYYHUTh U3
cooTHoueHus (3) B BUze

0<c-—a, szin(b—a):bn —a,. (4)

3peck &, ® C cTouHOCTbIO €, He NpeBbILWatoLLeit 2—];(b —a).

[pumep 2. MeTo10M MTOJIOBUHHOTO JIC/ICHHSI HAWTH KOPEHb ypaBHEHHs 4 —e* —2x* =0 ¢
tounocteio £=0,01.

Pemenue.
B npenpinymem npumepe ObLIO MpPU OTACIECHUU KOpPHEH ypaBHEHUS YCTAHOBIJICHO, YTO
OJIMH U3 UCKOMBIX KOpHEHN MPUHAJIEKUT OTPE3KY [0; 1] . Ha xa)xmoM 11are BeIYHCIIEHUH 3HAUECHHUE

KOpHSI IPUHUMAEM PaBHBIM X = 2, —b, C IIOTPEUIHOCTHIO dn =a, — bn. bynem nmpousBoauTh
2

BBIUMCICHUA H BI>I6I/IpaTL MOCJICH0OBATCIIBHOCTE BJIOKCHHBIX OTPE3KOB [an;bn], HCIIOJIb3Y

ycnoBue (2). Umeem
[a;b]=[0;1] x, = aTer =0,5.
Tak kak f(a)=3, f(x,)=18513, f(b)=-0,72 Hu f(x))f(b)<0, TO TIPUHUMAEM:
a, =x, =05 b, =b=1d, =b, —a, = 05.
a +b
[a;;b,]=[05;1] x, == > L = 0,75.

Toraa

3necwy f(a,) =18513, f(x,)=0,758, f(b,) =0,72, f(x,)f(b,) <O.
CneposatenbHo, a, = x, =0,75,b, =b, =1;d, =b, —a, =0,25.

a, +b

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

ITpou3Boss BeIUUCIEHHS Janee (PEKOMEHIYeTCsl BOCIIONB30BAThCs CHEIMAIbHOM
KOMITBIOTEPHON IIPOrpaMMOoii), MOXKHO yOeTUThCs, 4TO TpeOyemasi TOUHOCTh IOCTUraeTcsl Ha 7-M

mare: X7 = 0,8828125 C IIOT'PEIIHOCTBIO d7 = 0,00785 <&= 0,01

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

1. XP—4x+2= 0; ¢ TounOCTHIO 11O 0,001;

2. X°-2x-5= 0; ¢ TounocTsio 10 0,01.



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

4, X' +2x*-6x+2=0;
5. X' -Xx-2=0;

6. e*—x-2=0.

Bonpocsl 1151 00cy:KI1eHus:

[orpemnoctyu BerarcneHuii. OnpeneacHne KoJINIecTBa BEpHbIX 3Havamux 1udp. [lorpemHoctu
anreOpamvecknx orepannid. l[lpaBuma okpyrieHus. MeTonmsl pelreHusT HETWHEWHBIX ypaBHEHUI:
rpadudeckuii, Xopa, KacaTelbHbIX, nTepanuid. Omnenka morpemHocteil. TpeboBaHMS K BEIYUCIUTEIEHOMY
AITOPUTMY. Y CTOMYUBOCTB U CJI0KHOCTh AJITOPUTMA.

PaGora ¢ aurTeparypoii:

PexoMeH1yeMblie HCTOUHUKH WH(DOPMALTAN
(Ne ucroyHmKa)

OcHoBHas JIONOTHUTENbHAS Meroauueckas Hureprer-
PECYPCHI
1-2 1-3 1-2 1-3

OueHoYHBIE CPeICTBA: OTUET K JIaDopaTOpHOIi padoTe.

JlabopaTopnasi padora Ne2. I'paduyeckoe pemieHue ypaBHeHHil. MeToa TOJIOBUHHOIO
AeJIeHHS.

®DopmMa NpoBeeHMU: IPAKTUKYM

Xoa n1abopaTopHoii padoThI:

Haiitu xopuu ypaBHenus F(X) = 0 MeTomoM MOJOBHHHOrO jeneHusi ¢ touHocthio € = 0,01
Yka3aHue 110 BBIIOIHEHHUIO: TIPEXKIE, YEM HauaTh BBITOIHEHHE paboThl HEOOX0ANMO ONPEACTHTh OTPE30K,
Ha KOTOPOM HaXOJHUTCs KOPEHb JAHHOTO YpaBHEHUs. DTO MOXKHO CHeNaTh rpad)UuecKd WU MOCTPOUTD
TaOnuIy 3Ha4eHWH (QYHKIMU Ha HEKOTOPOM, JOCTATOYHO OOLIMPHOM, THana3oHe 3HAUYCHWH apryMeHTa.
OmnucaHHble EHCTBUSI MOKHO BBINIOJHUTH C NPUMEHEHHEM KOMIBbIOTEpa M 3JIEKTPOHHOW Tabmuipl MS
Excel wnu Ha nrcTe Gymaru ¢ IOMOIIBIO KalbKyJIATOpa. BBIMOIHUTE MPOBEPKY 3HAKOB JaHHOH (DYHKIHH
Ha KOHIIAX HaiJieHHOTO oTpe3ka ((QYHKIHs, COOTBETCTBYIOIAS AAHHOMY YPaBHEHHIO, JOJDKHA MUMETh
pa3HbIe 3HAKM B TOYKAX, ONMPEACISIONINX KOHIBI OTpe3ka). [1oaydnTh B KauecTBe pe3ysibTaTa 3HaUCHHE
KOpHSI ypaBHEHHUS M 3HAYCHUE MOTYYSHHOW TOTPEIIHOCTH PelIeHUs (OHA OTpeaersieTcst o popmyie: € =

(b—-2a)

, TJIe N - HOMEp UTEepaInm).

4
Bapuanur 1. X +3x—20=0 x>0

3
Bapuanr2. X —2X—5=O x>0

X

Bapuanr 3. ————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

Bapuant 8. Eex —-x=1=0
Bapuanr9. Inx+05x-1=0

1
= —Inx=0

Bapuant 10.
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):

S ()

X. .
BACS
Yka3aHHast TOYHOCTb BBIYMCIEHUIN CUNTAETCSI JOCTUTHYTOM, ECIIM Pa3HOCTH (B34Tasi 10 MOJIYJIIO)
MEX/1y KOPHSMH YpaBHEHUsI, TIOJYYCHHBIMHU B IBYX COCETHUX UTEPAMSIX | Xi+1 - Xi)| < €.
Bonpocs! 1is1 00cyKIeHus:

Uro Ha3pIBaeTCs KOPHEM ypaBHEHMs? UTO 3HAUMThH peminTh ypaBHeHHE? KakoBbI HTamsl
pelleHUs] ypaBHEHUS C OJHOU NepeMeHHo? Kakune CylecTByI0T METO/IbI PELIEHHs YPAaBHEHHUS C
onHoil nepemenHoi? Cytb Merona xopn. ['paduueckas untepnperanus meroga. CyTrb MeTona
KacaTenbHbIX. ['paduueckas uHTeprperanus merona. Kakoe yciioBue sBIsSETCS KpUTEpUEM
JTOCTHKEHUS 3aJJaHHON TOYHOCTH MpHU peleHnH ypaBHeHUs X=f(X) MeToaoM X0op/, KacaTelIbHbIX,
urepanuii?

Pabora ¢ 1ureparypoii:

PexomeHryeMble HCTOUHUKH UHPOPMALIUU
(Ne ucrounmka)




OcHoBHas JlonosmHuTEIbHAS Meroanueckas Muteprer-
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).

Bapumaut | ®PyHKILHUSTI, UHHTeEeDpPBa.J
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.

PeammzoBate B cuctemax Excel u MathCAD.

OnHuM U3 Hauboee pacpoCTPaHEHHBIX U YI0OHBIX MPAKTUYECKU CIIOCOOOB MOCTPOCHUS
MHOTOYJIEHa, MHTEPHOIMPYIOUIET0 HEU3BECTHYIO (YHKIMIO Yy = f(X), SBJISETCS NPUMEHEHHE

MHTEPHOIIIUOHHON popmynbl Jlarpanxa.

[Tycts QyHKIMS y = f(X) onpeneneHa Tadnuuei

X
X [ X | % X

n

yi yO Y| ... yn
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3uauenns aprymentoB X (1=0,1..,N) Gynem HasbBats ysmamu unTepmOmSLMM.
[TocraBuM 3agady MOCTPOUTH MHOTOWICH L (X), 3HaYEHHS KOTOPOrO B y3JIaX HMHTEPIOJISLHH

PaBHBI COOTBETCTBYIOIMM 3HaueHHsM Aannoii Gpyrxuun, to ects L(X) =Y, (1=0,1...,n).
Just mHOorouwnena (1) w3 myHkta l-ro ompexenuM 3HadeHUs KOI(DPHUIIMEHTOB

C. (k=01..n) CIIEAYIOLIUM 00pa3oM. JI0JDKHO BBIOIHATHCS yCIOBUE:
L(Xo):yo’ L(X1):y1’---’L(Xn)ZYn (2).
[Tomoxwus B popmyne (1) X = Xq, Toraa, yuursiBasi paBeHcTBa (2), Moayqnm:

e (e _ Yo
Yo = CylX%, X1)(Xo Xz) (XO X“)’OTKyﬂa G (%o = X)(Xo = Xp)-e (% = X,)

AHaJ'IOFI/ILIHO, ITOJIOXKHUB X = X, , IIOJIYIUM

Y1
(Xl —Xo )(Xl - X2)"'(X1 — Xy ) ,

Yn

(Xn =X )(Xn —X )"'(Xn - Xn—l)
[ToacTaBKB MOJTyYEHHBIE BEIPAKEHHs 11 KOdQPHUIHEHTOB B popmyaty (1), OTydrM MHOrOYIEH

(x = x X=X, ). (X=X, ) . (X=X X=X, )X =X, )
Xo = Xl)(XO =X )---(Xo - Xn) " (Xl —Xo )(Xl —X; )"'(Xl — X
(X — X )(X — Xl)"'(x — Xn—l) (3)

n
(Xn — X )(Xn —X )"'(Xn - Xn—l)
MHorousneH L(x) Ha3bIBae€TCs MHOTOWIEHOM (TMoiarHOMOM) Jlarpanxa, a popmyna (3) —

C =

C, =

L(x)=( )yl+...

+

WHTEPHOJIAIMOHHON dhopmyroi Jlarpanxka.
Ecnu m3BecTHO aHanmMTHYecKoe BBIpaXKEHME, 3ajJaroliee (QPyHKIHIO, TO TOTPEUTHOCTh

UHTEPIOSLUOHHON (opmynbel (3) (B cilyuae HENpPEpHIBHOCTU Ha OTpPE3Ke [Xo; Xn] camon
bynkmun y = f(x) u e€ mpousBogHON 10 N+1 - ro mopsaka BKIIOYHUTEIHHO) OLEHHBAETCS
HEPAaBCHCTBOM:

I () - LX) < Masy

s 1)!|Hn+1(x)| (4),

e M,y = [rxro‘axx]‘ f (M)(X)" I3 () = (=X Jx =X ) {x =X, ).

[Tpumep 1. [IpencraButh npubIMkEHHO QPYHKINIO Yy = f (X) MHOIOWIEHOM 2-H CTETIEHH, €CIIU U3

SKCIICPUMCHTA MOJYUCHBI CIICAYIOIINEC e€ 3HaUYCHUS:

X, 112 |4
Y, 3|54
Perenue.

ITo dpopmyne (3) mpu N =2 umeem:
(x—2)x+4) (x—l)(x+4).(_ )+((x—1)(x—2) 4 P, 18 252

L(x) = .3 =
) * —4-1)-4-2) 300 3 30°

(1-2)1+4)  (2-1)2+4)
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Ilpumep 2. IlocTpouts MHOrOwieH Jlarpanxka BTOpOH CTENEHH, MHTEPHOIMPYIOIIMH
- . 7Z. ..
GyHKIMIO y=sinX Ha OTpe3ke O,Z , €CIIM 33JaHbl 3HA4YeHUs (QYHKUUU B TPEX y3iax

HHTCPIIOJIAINH.

X 0 % ~ 0,5235988 % ~ 0,7853982

sinx [0]05 0,7071068

. .. . T
C moOMOIIBI HMHTEPIOJSIIMOHHOW (OPMYIBI BBIUUCIUTH MPUOIMKEHHOE 3HAYEHUE Sin-— U
12

OLICHUTh MOTPELIHOCTh PE3YyJIbTaTa BEIYMCICHUMN.
Pemenue.
MHuorounen Jlarpanxa uist TpE€X y3J10B UHTEPIIOJISILIUY 3aMUILIETCS TaK:

L(X):((X_Xl)(x_xz) + (X_XOXX_XZ) N (X—XO)(X—xl)

Xo_Xl)(Xo_Xz) ’ (Xl_xo)(xl_xz) ' (Xz_xo)(xz_xl) ‘
WUIN

T w
G ) ¢
=~ 05+ 22_.0,707 =—2,064-—_ +3344 = .
x(z_x r(z_x 7 z
6 ( 6 4) 4 ( 4 6)
T
Ipu x == ~0,2617994 nonyunm L| — |=0,264298 .
12 12
C 1OMOIIIBI0 HEPaBEHCTBA (4) HAXOJMM OLIEHKY MOTpenIHocTh. FiMeem
. M
sin| = |- Z | <=2 |m,| =
12 12 12
rac

3
Ha(X)=(X—XO)(X—X1)(x—x2)=x(x_z)[x_ﬁ)

6 4
3
oA I A A P 3
12) 12\ 12 6 12
Tak Kak f(x) =sinx, f'(x) =cosx, f"(x)=-sinx, f"(x)=—cosx, TO
M, = max|f "(x)| = max|-cos x| =1,
0.~ 0.~

i) {&)

(7
3ameTuM, 4To 3HaueHue Sin (Ej C IecThI0 BepHbIMU ITuppamu ecTh 0,258819.

4 "4

Hu, CJICI0BaTCIIbHO,

3
<) L0006, Wrax, sin(£j=0,264i0,006.
312 12

3adanue: Tlo 3amanHON TaONHIlE y3JI0B MHTEPIIONSAIUK TOCTPOUTH moHoM Jlarpanxka. ITycth
3aJ1aHbl y3JIbI HHTEPHOJISINN (X1, Y1), (X2, Y2), (X3, ¥3). 1st aTHX y3110B momuHoM Jlarpamka nmeer

BU/:
L(x)= (x—x,))(x—x3) (x—x )(x—x3) (x—x)(x—x,)
,(X) =y, 2 3
(x, —x,)(x; —x3) (x, —x)(x, —X3) (x5 —x)(x; —x,)
BblUMCIUTE ¢ TOMOIIBIO MOCTPOCHHOTO IOJIMHOMA 3HAueHHs (QYHKIMA B TOYKaXx,
paCHOJIO>KeHHLIX Me}Kﬂy y3HaMI/I I/IHTepHOJISIHI/II/I. ,Z[Hﬂ 9TOI'0 3HAYCHUSA X01 U X02 HOACTABIISAIOTCA
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BMECTO X B IIOCTPOECHHBIN MOJMHOM. B yKa3aHHBIX TOYKaxX (Xo1 M X02) PACCYHMTATH MOIPELIHOCTD
BBIYMCIICHUS 3HAaUueHUH (GyHKIMKH F(X) ¢ MOMOIIBIO aHATMTHYECKOTO BBIPAKEHUS (YHKIUH U
nonmaoMa Jlarpamka o ¢popmyie: € = |F(Xoi) - La(Xoi)| 1=1,2 rae Ln(Xoi) - 3HaYeHHE MOIHHOMA
Jlarpanxa.

Bapunant 1.  F(X) = In x?

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

F(x) 483 |-1,39 |5,81 755 847 |941

[To mocTpOCHHOMY HHTEPIOJSHTY BBIYUCIUTE 3HaUYeHUs PyHKImH 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 HHTEPTIOJISHTY BBIYUCINTE 3HaUeHUs PyHKmun F(X) B Toukax Xo1= 0,05
u xo2 = 0,15.

Bapuanr 3. F(x) = x3+ 7x° + 5x

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

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

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

x% —5x
Bapuanr 4. F (X) =€
Xi -0,95 -0,5 -0,2 0,6 1,02

F(xi) 284,29 15,64 2,83 0,07 0,02

I[To TOCTPOEHHOMY MHTEPIIOJSHTY BBHIYUCIUT 3HaYeHUst GyHKIMU 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(x)) 2,75 2,83 303 |319 |332

[To mocTpoeHHOMY WMHTEPIOISHTY BBIUMCIUTH 3HaYeHUs QyHkuuu F(X) B Toukax Xo1=
1,031 u xo2 = 1,152.
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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 3HadeHHs QyHKkuuu F(X) B TOUukax Xo1=
1,022 u xo2 = 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

1o HOCTPOEHHOMY MHTEPIIONSAHTY BBIYMCIMTH 3HAaueHMs (QyHKIMU F(X) B TOYKax Xg1=
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 MOCTPOCHHOMY WHTEPIIOISHTY BBIYUCIATH 3Ha4YeHUS QyHknmu F(X) B ToUkax Xo1=
1,032 m x02=1,171.

Bapuant 9. F(x) =e™
Xi 1,01 1,05 1,10 1,14 1,20
F(xi) 0,36 0,35 0,33 0,32 0,30

[To mocTpoeHHOMY MHTEPIIOJIIHTY BBIYMCIMTH 3HaueHus ¢yHkuunu F(X) B Toukax Xo1=
1,028 1 x02=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 WHTEPIOISHTY BBIYUCIUTH 3HaYeHHUs QyHKkuuu F(X) B Toukax Xo1=
1,058 n x02 = 1,124.
Bomnpocs! pis1 00CcyKaeHus:
[Tonsitue uHTepnonsauuu. MHTEpnoasumoHHbI nonuHoM Jlarpanxka. BeluuciieHne 3HaueHus
(GYHKIIMY 110 UTHTEPIOJIALMOHHOMY MosIMHOMY Jlarpamxa.
Pabora ¢ aureparypoii:

PexoMeH1yeMble HCTOUHUKH WH()OPMAITAN
(Ne ucrouHuka)

OcHoBHas JononuurensHas \ Metoaudeckas \ WuTepHer-
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pecypcbl
1-2 1-3 1-2 1-3
OueHovHbIe CPeACTBA: OTYET K JIAOOpaTOPHOU padoTe.
Jladopatopnasi paGora Ne 7. IlpubGamkeHHoe uHTerpupoBanue (QyHkumii: Qopmyaa

NMPSIMOYroJIbHUKOB, hopmyJia Tpaneuuni, popmyaa CummncoHa.
®opma NpoBeeHUs1: IPAaKTUKYM
Xon 1abopaTopHOii padoThI:

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

3aMeHMM KpHMBYIO y = f (x) JJOMaHOM, pacrosiokeHHoM Beinle € (pucyHok). Torna

onpeAenéHHblii MHTEerpan OyneT NpUOIU3UTEIbHO pPaBEeH IUIOMIAAU CTyNEeH4YaTol (Urypsl,
COCTOSAILEN U3 , MPAMOYTOJIbHUKOB:

b n
ff(x)dXzy1h+ y,h+..+yh=h>y, @)

3 i1

3nech Y; = f (Xi ) - 3HaYEeHMsI IOJILIHTETPaIbHOM (PYHKIIMH B IPABBIX KOHIIAX OTPE3KOB pa30UEHUSI.

Ecnn xe xpuBylo y = f(x) 3aMEHHUTb JIOMAHOM, PACIIONIOKEHHOH HUKE €€, TO NOIyYHTCS
dbopmyna:

b n-1

J'f(x)dXzyoh+ylh+...+ Yoah=h>y, (2).
i=0

a i=
3nech Yi = f (Xi ) - 3HaQU€HUs MOJIBIHTErPaJIbHON (PYHKLIMHU B JIEBBIX KOHIIAX OTPE3KOB pa30OueHMUsI.
®opmynsl (1) u (2) Ha3BIBAOT opmynamu npAMoy20ibHUKOS.

OrneHKa TOTPENIHOCTHA JTAHHOTO METOAa MPUOIMKEHHOTO BBIYUCICHUS OMPEAEeTIEHHOTO
MHTETpalia HaXoAuTcs 1Mo Gopmyre:

b-a
e<——M,h 3,
2
rme M, = rBa}))]( f ’(x) - HanOoJIblIIee 3HAYE€HUE EPBOI MPOU3BOAHON NOABIHTErPATBHON (PYHKIINH

Ha OTPE3Ke MHTETPUPOBAHUS.

[Tpumep 1. Beruucnuth no onHo# (Ha BbIOOP) U3 HOpPMYN MPSIMOYrOJbHUKOB MHTEIrpal
1
je"dx, pa3douB oTpe3ok uHTerpupoBanus Ha 10 yacteil. OUeHUTH OMMOKY BBIYUCICHUN U

0

CpPaBHUTh TOJYYEHHOE 3HAaYEHHE C TOYHBIM 3HAYCHHEM,
MUKpoKanbkyssTopa (1,718281).

Pewienue.

BbruncnuM 3Ha4eHUs: MOJABIHTETpabHON (YHKIIMU e B TOYKaX JIEJIEHUS M COOTBETCTBYIOIIHE
3HAa4YEeHHUs 3aHECEM B TaONIHILY:

BBIYHMCJIICHHBIM C IIOMOIIBIO

x |00 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

v 11,0]1,10517 | 1,2214 | 1,34986 | 1,49282 | 1,64872 | 1,82212 | 2,01375 | 2,22554

2,45960

2,71

Bocnons3yemcst hpopmymoit (1):

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

OrnenuM omMOKy BbIumcieHus. Mmeewm: (ex) =e’; rPax e* =e' ~2,71828 . IloacTaBnas B
0;1

]
(3), e< % .2,71828 - 0,1 = 0,135914 .

HOJTy4EHHOE 3HAUCHUE c TOYHBIM 3HauYEHHEM,
d= |1,718281 —ZL612534| =0,105747 < &. D10 BechbMa 3HAYUTEIHHAS OLIHOKA.

3ameuanue. Bo wmHorumx ciydasx ¢opmynel (1) um (2) nmaor npuOnuKEHHBIE 3HAYCHUS
onpenenéHHOr0 MHTErpajga ojJHa — ¢ U30BITKOM, a BTOpas — ¢ HegoctatkoM. [losTomy Oosee
TOYHOE 3HAYCHHUE MOKHO TIOJYyYUTh, HAWIS CpeHee apu(MEeTHIECKOe Pe3yIbTaTOB IPUMEHEHUS
obenx popmyi.

PopmyJia Tpanenuu.

JlecTBUTEIBHO,

bopmyny noJjiy4yaeM CpaBHHBas

Imojrydyacm

CoeMHUB OTPe3KaMU Kaxble ABe coceaune Toukn Ay, A, (' =0,1.., n), I0JIy4EHHEIE
CrocoOOM, yKa3aHHOM B KOHLE IpPEJbIAYIIEro IyHKTa, 3aMEHHM KPHBYIO y = f(x) JIOMaHOM
AA.ALAA A . Ona CBEpXY OrpaHMYMBACT (PUTYPY, COCTABICHHYIO M3 MPSIMOYTOJbHBIX
Tpamnenui, KaxKias U3 KOTOPBIX OIUPAETCSI Ha OJIUH U3 YACTUUHBIX OTPE3KOB pa3ouenus. [Lnoma s

SJIEMEHTAPHON KPUBOJIMHEHHOM Tpalenud C OCHOBAHHEM [Xi_l;Xi] 3aMEHHAM  IUIOIIA B0

IPSIMOYTOJIBHON Tpamenuu, OrpaHUuYeHHON CBEPXY OTPE3KOM A A.. Torma nckomas miomap
KPUBOJIMHEWHOH Tpanenyn, orpaHMYeHHON JTMHKEN y = f(x), OyaeT npubankEHHO paBHA CyMMe

IJIOMIAZIE JAHHBIX NPSAMOYTOJbHBIX Tpamneuuil. Ilnomans KaxxI0W TakoMl Tpaneuuu JIETKO
MOJICYUTATh, HCIONb3Ys XOPOILIO HU3BECTHYID M3 UIKOJBHOTO Kypca TreoMeTpu (opmyiy:

S, = Yiat Vi h,i=12,...,n. CyMMa Takux Ijioniasie paBHa:

h+...+ yn—2+yn—1 h-l— yn—1+yn h

S, — Yot Yip Yt Yo | Yiaty
2 2
" e _p[YotYe S
[Tocne o4eBMAHBIX TpeoOpasoBaHmii moxyunm: S, =h 5 + Zyi . Takum oOpazom,
i=1

UMEEM CIIEAYIOUIYIO IPUOIMKEHHYIO0 (POPMYITy BBIUMCIIEHUS ONPEAeNEHHOTO MHTErpaa;
a

n-1
[fodx=s, =n| 2270 Sy | (a).
b 2 i=1
®opwmyna (4) HOCUT Ha3BaHUEe opmyavt mpaneyuui. OMUOKY I METOA TPANICIIMI MOYKHO
OIICHUTH 10 PopmyIie:

b—-a

e<—0 M,h?  (5),

rac |\/|2 =r[naﬁ(f”(X) - HaI/I6OJ'IBH_Iee 3HAUYCHUC BTOpOﬁ HpOHSBO,I[HOﬁ HO,Z[BIHTCl"paJ'IBHOf/'I
ab

(GYyHKLIMU HAa OTpEe3Ke HHTEIPUPOBAHMS.

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

1
BBIUMCJIEHMSI; CPAaBHUTH MOJYyYEeHHOE TPUOIMKEHHOE 3HAUEHUE Iexd X € TOYHBIM.
0
Permienue.
Bocnonbs3zyemcs Tabnuiei 3HaueHu, KOTOPYIO Mbl IPUMEHSUTN B IPEIBITYIIEM TIpUMEpE.

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

Cpazy o dhopmysie (4) moryqdaem:
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+ 15,33798) = % 1719712 =1,71971 .

t 1-0(1,0+2,71828
Ie dx =
10 2

0
"

OnenuM ommOKy BerancieHus. Mmeem (ex) =e; rﬂzﬁ(ex =e ~ 2,71828 . [loxacrasiss B hpopmyity

(5), momyvaem: gﬁ%.z,ngzs.0,01=0,00271. JleicTBUTENIbHO, CpaBHUBAsI MOJYYEHHOE

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

3aMeTHM, 4TO JAHHBIH Crocod Janm HaM ropas3zno Oojiee TOYHOE NPUOIMKEHUE, YeM
UCIIOJIb3YEMBIil B IIPEbLAYLIEM IIPUMEpE.

dopmyna CumMocoHa.

JInst ciydaeB, KOT/a KOJMYECTBO TOYeK pasduenus X; 4€THO, TO ecTh n=2m,me N,

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

h m-—1 m
J. f(x)dng(yO + Yom +22 Yoi +4Z y2i—1) (6)
i1 i1

a

n
HarmomuumM, 4T0 316CH M = —.
2

OI_IeHKa OIIINOKHU IIpHU BBIYUCIICHUHU OHpe,Z[CJ'IéHHOFO HHTCI'pajia MCTOAOM Cumricona:

b-a
e<——M,h* 7),
50 M (7)
e M, = max f@(x) - HauOonbliee 3HAYCHHE IIPOU3BOJHON UYETBEPTOTO  HOPSIKA
ab

MOJIBIHTETPAIbHON (PYHKIIMK HAa OTPE3KE UHTETPUPOBAHMUSI.

1
[Tpumep 3. B ycnoBusix npumepoB 1 u 2 HaliTH npuOIMKEHHOE 3HAUEHUE _[ e*dXx MEeToa0M
0

Cumricona. OLeHUTh OIUOKY; CPAaBHUTH MOTYYEHHOE 3HAYEHHUE C TOUHBIM.
Pemenue.
Bocnons3zyemcs Tadnuiiei 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 |1648 |1,822 |2013 |2,225 |2,459 |2,718
0 |17 4 86 82 72 12 75 54 60 28

[ToxcTaBUM COOTBETCTBYIOIIME 3HAUEHUS B hopmymy (7):

1
'[exdx ~ % (L0+2,71828 + 2-(1,22140 +1,49182 +1,82212 + 2,22554 + 4 - (1,10517 +1,34986 +
. .

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

(3mece M=n/2=5)

I[Tpu pacuére o nanHOMi (hopMyJie MOTYUHIIH Bce 5 BEpHbIX LU mocie 3ansaToi. Takum odbpazom,
B OJMHAKOBBIX HaualbHBIX ycHoBUSAX MeTon CumicoHa maér HaMOONBIIYI0 TOYHOCTb
npuOIMKEHHBIX BBIYMCICHUN ONPeaeiEHHOTO HHTErpaia.

3amanue.
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Haiitu npuGnnxEHHbIC 3HaUEHUS CIEAYIOIUX ONpeAeIEHHBIX HHTErpasioB. OLEHUTH OLIHOKY
BBIUMCJICHUS U CPABHUTH C TOUYHBIM 3HA4YE€HUEM. BBIUNCIIEHNS BECTH C IIATHIO 3HAKAMU I10CIIE
3aIATON.

Bapuant 1.
1
J‘ d X
1+ %2 _ T
o) (I =4~ 0,785)
Bapuant 2.
i
j d X
1+ X (1=In2~0,693)
O
Bapuaur 3.
%
J-sin4xdx (| 20’5)
0
Bapuaur 4.
i
J. d x
NERR (1= In(1+~/2) ~0,881)
Bapuanr S.
e
Inxdx
j 1=1
0 (1=1)
Bapmuanr 6.
1
| 1)d
.[ e (1=21h 2-1~0,386)
0
Bapuanr 7.

o '—'l\)lﬁ

X cosxdx (I _ %_1z 0,57lj

Bapuant 8.
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1
J' e*dx
1+e2% (I —arctg— = ~ 0,433j
0
Bapuant 9.
X
Icos?’ xdx
(1=0)
0
Bapmuanr 10.

%
I dx

cosx  (1=In(1++/2 ~0,881)
0

Bonpocsl 1J1s1 00cyKIeHus:

YucieHHOe  UMHTErpupoBaHue. MeToa  NOpsSIMOYTOJIbHUKOB, Tpanenuu u  Cumicona.
CpaBHUTENBHBINA aHATIU3 PE3YJIHTATOB pacyeTa Mo 3TUM METOaM.

Pabora ¢ auTeparypoii:

PekoMeH1yeMblie HCTOUHUKH WH(DOpMALIAN
(Ne uctounmuka)

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

OuneHouHbIe CpeACTBa: OTYET K J1abopaTopHOii pabore.

JlabopaTopnasi paGora Ne 8. Meron Jiiiepa. Meroa IMukapa.
®opma npoBeieHNU s : TPAKTHKYM
Xonx 1abopaTopHOi padoThI:
Merton Diinepa.
[IpocrelimmM yucieHHBIM MeToAoM pemeHus 3anaud Komm B Buae (1)-(2) sBasercs
Memo0 Jiinepa, NHOTJa Ha3bIBAEMBII TaKKe Memooom 1omMaHnblx Jiiepa.

VYrinoBo k03pUIIMEHT KacaTeIbHOW K MHTETPAILHOW KPUBOW B TOUKE P (Xo’ yo) eCTh
l ~ .o v ~ —
Yo = f(XO, yo). Haiiném opanHaty y, KacaTelIbHOW, COOTBETCTBYoLIei abcuucce X = Xo + h.

o o _ !
Tak Kak ypaBHEHHE KAacaTelbHOI K KPUBOIi B TOUKe Py (XO, yo) umeer Bua Y — Yo = Yo (X ) ) , TO

Y1=Yo +hf(X0, yo)-

VrioBoii kodpGULUUMEHT B TOouke P,(x,,y,) TaKkKe HaXOJUTCd U3 JaHHOIO
anddepeHanpHoOro ypapHenus y; = f(x,, y, ). Ha ciaenyromem mare nony4yaemM HOBYIO TOUKY
Pz(xza yz)’ npudeM x, = x, +h,y, =y, +hf(X1! yl)'

[Ipogomxasi BBIYUCIIEHUS B COOTBETCTBUU C HAMEUEHHOW CXEMOMW, MOIYyYUM @hopmyisl
Diinepa st n NpuOMMKEHHBIX 3HAUYEHUW pemeHus 3agaun Ko ¢ HavaabHBIMH JTaHHBIMU

(XO, yo) Ha CeTKe OTpe3Ka [a, b] ¢ marom h:

X =Xy +h Y =y +hf(g, ) =120 (4),
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I'padmueckoit  wumocTpanueid  NpUOTMKEHHOTO — pELICHUs  ABISETCS  JIOMaHas,
CcoeMHsIOMmAs mocenoBatensho Touku Pyy Py Py, ooy Py, koTopyto HassiBaror nomanoii Diinepa

(CM. PUCYHOK).
O1eHUM MOTPEUTHOCTh JAHHOTO METOo/1a Ha OHOM Iiare. [Ipumem 0e3 BeIBOIA Ciieytolee
YTBEPIKACHHE: TIOTPEIIHOCTh Ha OJJHOM IlIare UMEET MOPSII0OK h? U MOCIe 7 MIAr0B MOTPEIIHOCTD

BBIYMCJICHHUS 3HAYCHUA yn BO3pacTacT HE Oosiee YyeM B 7 pas. HOFpeIHHOCTB MCTOAA Bfmepa
MOXXHO OLCHHUTH HEPABEHCTBOM

1 ” . h2 _l ” A _
d <2 maxle"(x)-h°n = Zmaxje”(x)-(b—a)h

wiu npeactasuth B Buge d =Ch, roe C e [0; %r[r;%)]q(pn()(] ) (b — a)} _

OT0 03HAYaeT, YTO METOJ Diljiepa UMEET NEePBbIN MOPSI0K TOYHOCTU. B yacTHOCTH, TpU
yMeHbiieHnu mara h B 10 pa3, morpenHocTh TOKe yMEHbIIUTCS PUMEpHO B 10 pas.
[IpakTHYecKyro OLEHKY MOIPEHIHOCTH PEIleHHs, Hali/IecHHOro Ha CETKe OTpe3Ka [a, b] ¢

h "
marom — , B Touke X; € [, b MIPOU3BOAT C MTOMOIIBIO MPUOIMKEHHOTO PABEHCTBA — NpABUILA
2

Pynze:
n0-3(3)

o(%)-Y, (gj T

Takum 00pa3oM, OIEHKa IOJYYEHHOTO pe3yibTara mo Qopmyie (5) BBIHYKAAET MPOBOAUTH
BBIYMCIICHUS JIBAX/IbI: OUH pa3 ¢ maroM h, apyroii — ¢ marom h/2.
Mertogp, Nukapa

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

I[aHHI)H\/JI MCTO/[ ABJIACTCA NPEACTABUTCIIEM KJlaCcCa HpI/I6J'II/I)KeHHBIX METOI0B
peILIeHusI.

Wnes Merona upe3BblYaliHO NMpPOCTa U CBOAUTCS K MPOLEAype MOCIeI0BaTEeNIbHbBIX
OpUOJIMKEHUH I pelleHHs] MHTETPaIbHOTO YpaBHEHHsI, K KOTOPOMY NPHUBOJIUTCS UCXOIHOE
muddepeHIMaTbHOE YpaBHEHUE.

ITycts mocrasnena 3agada Komm

v'(x) = p(x,v(x)) . (6)
Xg <X <X .,

V(Xg) = Vo -
[TpouHTErpUpyeM BBITHCAHHOE YPaBHECHHE

X
V(X)=vg + [o(t,v(t))dt . (7)
X0
Hpoue;[ypa IIOCJIICAOBATCIIbHBIX HpH6J’IH)KCHHﬁ METO4Aa HI/IKapa pPCaAIN3yCTCSA COTJIaCHO
CIEYIOLIEH cXeme

X
Ys(X) =Vo + [@(t,ys 1 ())dt . ®)
X0
npuaem Yo (t) =Vp .

Hpumep. Pewuumov memooom lluxkapa ypagnenue
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v'(X) = x3+v3,

v(0)=0.
Pemrenue 3Toro ypaBHeHHS HE BBIPAXKAETCS Yepe3 JIEMEHTApHbIE (QYHKIIUH.
X X4
y1(x) =0+ [t3dt ==,
. 4

y(x)—0+}([t3+(i)3]dt—x4(l+ L 9
? 0 4 4 7 4243 7
X 3t 1 .9\13
Ya(x) =0+ [{t* +[- L+ t")]"}dt =
. 4 42.13
4 13
S S SERINC IV R | ! x27

4 4%.13° 4%.22 4%.13.31 4°.13% .40
U T.nI.
Buano, uto mpu X < 1 psan 6wictpo cxomutesa. Meron yao6eH, ecliu HHTErpaibl MOKHO
B35ITh AHAJIUTUYECKH.
Jlokaxem cxoaguMocTh MeTona [Iukapa. IlycTe B HEKOTOPOM OrpaHUYEHHON

obnactu J (X ) V) npasast gacte (P (X ) V) HEIpephIBHA U, KPOME TOTO, YIOBJICTBOPSET
YCJIOBUIO .HI/IHH_II/II_[a 110 HepeMeHHOﬁ V T.C.
‘@(X,Vl)—Q(X,VZ)‘ = L‘Vl _VZ‘ :
rae I_ - HCKOTOpAasA KOHCTAaHTaA.
B cuy orpannuensoctn o6nactu J (X ) V) HUMECIOT MECTO HEPaBCHCTBA
IX—Xo| <l |[v—vg|<V .

Berutem u3 (5.3) dopmyiy (5.2), moayuum i MOysIel paBoil U 1eBoit
YacTEu:

lys (X) = v(X)| =| [ @(t, ys_ (1))dt — [ p(t,v(t))dt| |

X0 X0
NnIn

Y5 () =v(X)| < [lo(t, ys 1 (1) — o(t,v(E)dt .

X0
OKOHLIaTeJ'IBHO, HCIIOJIB3YA YCIIOBUC HENIPCPBIBHOCTH .HI/IHI_HI/II_Ia, OJIYUYnM
X
|25 (X)| < L [|zgy (t)|0t . 9)
X0

rne Zg (X) =Y (X) — V(X) - IOTPEITHOCTh MPUOIMIKEHHOTO PEIICHHS.

[ocnenoBatensHoe mpuMeHeHHe Gopmyinsl 9) mpu O = 1,2, +++ JIACT CIEAYIONIYIO
LEMOYKY COOTHOILIEHU MTPU y4eTe TOTO, YTO

129 (X)| =|vg —V(X)| SV,
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2, (X)| < LV|x = Xq| .
12, () < % L2 -V|(x—Xq)*

24 (x)| < % L®-V|(x—Xg)°
s!

T.x. ‘X — XO‘ < |1 , TO UMEEM

1 1
\zs(x)\gaLs Velf :av-(L-Il)S .

3aMeHss S! o (bOpMy.He CTI/IpJII/IHra, OKOHYAaTCJIbHO IOJYYUM OHLCHKY INOTPCHIHOCTU
HpI/I6J'H/I)KeHHOFO PCUICHUA

vV elL

‘ZS(X)‘S\/%( s ) :

U3 (9) cnenyet, uro npu S —> OO MOAYJIb MOTPELUTHOCTH ‘Zs (X)‘ — 0, 1e.

(10)

HPHUOJIMKEHHOE PEHICHHE PABHOMEPHO CXOIUTCS K TOYHOMY.

Haiitu perrenue 3anaun Kommu mis quddepeHianbHOro ypaBHeHUs EPBOro MopsiaKa Ha
paBHOMEPHO# ceTke oTpe3ka [a,b] oaun pa3 ¢ marom h = 0,2, apyroii — ¢ marom 0,1 Meromamu
Oiinepa, Ounepa-Komu un knaccudyeckum MmeroaoMm Pynre — Kyrra. OueHHTH HOTpemIHOCTh
YHUCIICHHOTO PELICHHS 10 MpUHIuUITy PyHre. CpaBHUTH YHCIEHHOE PEIICHUE C TOYHBIM.

Vkasanue no evinoanenuio. s BHIMOTHEHUS 33IaHUs UCTIOJIb30BATh CIIEAYIOIINE HTEPAIIUOHHBIE

(bopMyIbI:

1) meron Diijepa: p=1 — nOpsIOK METOAA, Xi — y3JIbl CETKH OoTpe3ka [a,b], h — mrar pasouenus;
Xi = Xi-1+ h, yi = Vi1 + hf (Xi-q, Vii1), 1=1, 2, ..., m.

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

pasoueHus; Xi = X1+ N, Yi = Vi1 + A Vi1, AYia= %[kl“‘” + kY i=1,2,..,m

/ﬂ[ = hf (xi—l s Vil ), kg_l] = hf (xi—l T h’y -l )t hf (x"‘l’y i‘l)

3) merox Pynre-Kyrra: p=4 — mopsjmok mMeTosa, Xi — y3ibl ceTKH oTpes3ka [a,b], h — mar

pasouenus; Xi = X1+ h, yi=VYi1+Avyiy Ayia= %[k,“‘” + 2K 4 2 4 T

i- i- h 1 i-
i=12..m; kl[ ! =hf(x,-_1,yl-_1), k£ ! =hf(x., +5>yi—1 "'Ekl[ 1]),

“ h 1 i- i- =
B2+, R =i 4y )

ZIJIH OIICHKH MOTpPEIIHOCTH HalJIEHHOTO peIIcHUs 3ada49u Komn HCHOJB3YIOT IMPHUHIHUII PyHre
h
Yi (h) Vi (5)

27 —1

(mpaBmiio Pynre): g ~

Bapmuanr 1.
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x=1

Bapuanr 2.

y=y-—, y| =1
y x=0

Bapmuanr 3.

3y y| =0, 1<x <

y' =Xx+—,
X

Bapuanrt 4.

y'=xy , y |= 0<x

Bapmuanrt 5.
Yy

x?

Bapuaur 6.
, 1-y+Inx y

X

Bapuant 7.
X+

XYy
X

x=1

Bapmuanr 8.

y+2xy=xe™* y |=0,

x=0

Bapmuant 9.

y '+ yCcosXx = Esin 2x Y

Bapmuanr 10.
-1,

y'+ ytgx=sin 2x Y

x=0

0<x <1,

=0, 1<x <2,

23

1+ Xy y = 0, 1<x _<2, ¢(X)=%(X—%)

o(X) =v2x+1

X212

<1, o¢o(x)=e

1<x <2, @(x)=x/1-Inx)

1<x <2, @(x)=Inx

@(X) = XIn x

0<x <1, o(X) :%xze"‘2

=0, O0<x<1 o(X)=sinx+e ™ -1

x=0

0<x <1, ¢(x)=(1-2cosXx)cosXx

Bomnpoce! pi1s1 00cy:KkaeHus:
[TonsiTre o yncneHHoM pemeHuu 3aaauu Komu. UncnenHoe pemienne qudhepeHanbHbIX

ypaBHEHUH nepBoro nopsaka. Meron Dunepa. Meroa Pynre-Kyrra.

Pabora ¢ aureparypoii:

PexoMeH1yeMble UCTOUHUKHA HHPOPMAITHT
(Ne uctounmka)

HNutepner-

OcHoOBHAasA

Mertoanueckas

JlonosiHuTENbHAS

pecypchl
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1-2 | 1-3 | 1-2 1-3

OueHo4HbIe CPeACTBAa: OTYET K J1abopaTopHOii padore.

JlaGopaTopnasi pa6ora Ne 9. I'papuueckuii ciocod. MeToq HAMMEHBIINX KBAPATOB.
®opma npoBeeHHs: TPAKTUKYM
Xon 1abopaTopHOi padoThI:

ATMPOKCUMHUPOBATh MPEUIOKEHHbIE (YHKIUKA METOJIOM HAUMEHBIIUX KBaJpaTOB.
Peamu3zoBats B cucreme MathCAD.
[IycTh naHHBIE HEKOTOPOrO SKCIEPUMEHTa MPEJCTaBICHbI B BUAC TaOMUIBI 3HAUYCHUUN
IIEPEMEHHBIX X U .

Xi X, X, Xm

Vi | Yo Ve | Y

MoXHO TOCTaBUTH 3a7adyy 00 OTHICKAHUU AHAIUTUYECKOM 3aBUCUMOCTU MEXKAY
HEPEMEHHbIMHM, TO €CTh HEKOTOpol ¢(opMynbsl y = f(x), SBHbIM 0Opa3oM BbIpa)karolleh

3aBHCUMOCTh ) OT x. EctecTBeHHO TpeGoBarh, 4T0OBI TpaduK HCKOMOW (yHKIHU Y = f(X)

HU3MCHSJICS IUIABHO W HC CIIMHIKOM YKIIOHAJICA OT 3KCHCPUMCHTAJIBHBIX TOYCK (Xi’ y,) ITouck

TakoH (QYHKIMOHATBHONH 3aBUCUMOCTH HA3bIBAIOT ‘‘CrIIAKMBAHUEM ™  AKCIICPUMEHTAIBHBIX
JTAHHBIX.

3amadyy O CIUIQKUBAaHUW DKCIEPUMEHTAIBHBIX JIAHHBIX MOXXHO peIIaTh METOJ0M
HAaUMEHBIINX KBaapaToB. COrimacHO METOAy HAaUMEHBIINX KBAaapaToOB, YKa3biBaeTcs hopMyIia

y:Q(X’ aO’al""’an) (4),

rae dg, g, ..y ;) - YHCIIOBBIE TAPAMETPBIL.
HaunnyymiMu 3Ha4eHUsIMA TapaMeTpoB g, &y «..y &, (KoTOpBIE 0003HAUNMM S, Sy, -y Ay
) CUMTAIOTCA Te, I KOTOPHIX CyMMa KBaaparoB ykioHenuit gynkuan Q(X, 8y, dy,...,a,) or

JKCIIEPUMEHTAIBHBIX TOYEK (Xi Y ) SBIIIETCS MUHUMAIIbHOM, TO €cTh QYHKIUS
m

S(aov Ay e an) = Z(Q(XH Agy Agyeey an) - Yi)2 (5)
i=1

B Touke (g, ay,...,dy) mocturaer muHUMyMa. OTCIO[A, WCMOJNB3Ys HEOOXOIMMBIE YCIOBHS
KCTpeMyMa (YHKIMH HECKOJbKUX IEPEMEHHBIX, IOJy4yaeM CHUCTEMY YpaBHEHUH s

~

OIIpENIENICHUs TTapaMeTPOB 50, al, oy Ay
oS 0 0S 0S

- ._’a:

—=0,—= 0. 6).
oa, 0, ©)

~

Ecmu cucrema (6) mMeeT €IMHCTBEHHOE penieHue Aoy, &y &, TO OHO ABISETCH
HCKOMBIM U aHAJIUTUYCCKad 3aBUCHUMOCTb MCXKAY DKCIICPUMCHTAJIbHBIMU JAaHHBIMU ONIPEACTIACTCA
dopmymoit Y= F(X)=Q(X,8,,8,,...8,). 3amerum, uTo B 0OmeM ciydae dTa cHCTeMa

HEJIMHEWHA.
PaccmoTrpuMm monpoOHee anmpoOKCUMHPYIONIHE 3aBHCHMOCTH C JABYMS IapaMeTpamu:
y =Q(x, a, 8). HUcnonp3ys cooTHomeHus (6) U OmycKas HECIOXHBIE BBIKIAAKU, IOIYyYUM

CUCTEMY JBYX YpaBHEHHI C IByMsI HEU3BECTHBIMU (X U f3 !
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Z(Q(X.,aﬂ) y)Ma“ﬁ) 0,
7).
o0k e Q4.2 8) _,
2( (0,0 ) -y R L)

B yacTHOM cilydae anmmpoOKCHMAalHUW SKCIEPHUMEHTAIbHBIX JAHHBIX C IOMOINBIO JIHHEHHON
(GYHKIIIN HMEEM:

xQ_, X
K, X, b) = kx+Db, =1.
y =Q(k, x,b) =kx+b, — - =x =~

Cucrema (7) 1u1s1 5TOTO CITydast IBISIETCS JIMHEHHOM OTHOCHTEIBHO HEN3BECTHBIX K 1 D

i(k& +b)-y;) =0, bn+kixi=iyi,
i=1 - i ry (8)

i(kxi"'b)_Yi)Xi:O me:Xi"‘kiXiz:iXiYi
i-1 i=1 i1 i=1

Ecau nns MNEPEMCHHBIX X U ) COOTBCTCTBYIOIIUC 3HAUCHUSA SKCIICPUMCHTAJIBHBIX NTaHHBIX

(Xi Y ) HE pacrosaraioTcs BOJIM3K NPSIMOM, TO BEIOUPAIOT HOBbIE IEPEMEHHBIE
X=pXy),Y=ypxy) (9

Tak, 4ToOBI MPeoOpa3oBaHHBIE AKCICPUMCHTATIBHBIC IAaHHBIC X = CD(Xi, yi), Y. =y (Xi, yi)

HOBOM cucteme KoopAuHar (X,Y) AaBayiu Obl TOUKH (Xi,Y;) menee YKJIOHSIFOIIIUECS OT MPSIMOH.
Just  amnpokcumupyrorneid mpsmoit Y =KX+ B koshumueHTsl MOXHO ONPEIeIuTh U3

ypaBHenuit (8), rme BMecto Xj W Y; MOICTaBJISIOT COOTBETCTBYIOIIME 3HAYECHUS XiI/I Yi .
Haxoxxnenue 3aBucumocted (9) Ha3bIBalOT, BbIPAaBHUBAEM 3KCIIEPUMEHTAJIBHBIX JIaHHBIX.
DyHKIMOHAIbHAS 3aBUCUMOCTH y=f(x) ompenenacHa HESIBHO YPaBHEHUEM
w(X; y) =ko(x; y) +b paspemMMbIM OTHOCUTENBHO } B YACTHBIX CIy4asx.

Ipumep 1. VYcraHoBUTh BUA SMOUPUYECKOH (opMynsl y= f(x), HCHOIB3YA
anMnpOKCUMHUPYIOIIME 3aBUCUMOCTHU C ByMs napameTrpamu & u 3, M ONPENEIUTh HaWIydllIne
3HAuEHUs TapaMeTPOB, €CIIN ONbITHBIE JAHHbIE MPEACTABIEHbI TAOIUIIEH:

x |1 [2 [3 [4 [5

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

Perenue.

JIerko 3aMeTUTh, YTO DKCIIEPUMEHTAILHBIE TOYKH (Xi, yi) JeXKaT MPUOIM3UTENLHO HA OIHON

npsamoil. [Tonoxxum X =Inx;Y =Iny u cocraBuM TabauIly JJIs SKCIIEPUMEHTAIBHBIX JIaHHBIX B
HOBBIX [TE€PEMEHHBIX:

X, 0,000 | 0,693 | 1,099 | 1,386 | 1,609
1,960 | 3,325 | 4,129 | 4,700 | 5,081

Touku (Xi ) Yi) JeXaT NPUOIU3UTENFHO HA OJHON MPSAMOI, B UM JIerKo YOeIuThCsl, TOCTPOUB
UX B cucTeMe KoopauHar (X,Y). Hawnyummwme suauenust mapamerpoB K u D Haxomsres us
CHUCTEMBI ypaBHEHHH (8):
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bn+k X. = Y.,
le ' 21: ' - {5b+4,787k =19,166,
m m m 4,787b + 6,200k = 21,535
> X, +kY X2 =D X.Y;; "
i=1l i=1l i=1

PemnB Ty cucremy, nomyuum: b =1,97; k =1,95. HedaBHoe ypaBHEeHHE, BbIpaXKarollee CBS3b
MeXTy iepeMeHHbIME X 1 Y uMeeT BUL In y =1,95In x +1,97 . OTCro/1a JIETKO MOIYYHTh IPSIMYFO

3aBUCUMOCTH MCXKAY NIEPEMECHHBIMHA B BUC CTEIIEHHOM (bYHKI_[I/II/IZ

y — el,97xl,95 -

JUis cpaBHEHUS] MOYKHO NPHUBECTU TAOJMUIy SKCIEPUMEHTAIbHBIX JaHHBIX, U JaHHBIX,
MOJIYYEHHBIX C MOMOIIBIO HaiiIeHHON (OPMYIIBI:

n 1 ]2 3 4 5

Y 71 | 27,8 62,1 110 161
y:el'97x1'95 7,16 | 27,703 | 61,081 | 107,04 | 165,39

®opmyiia, MOJy4YEHHAss B pPE3yJIbTaTe PEUICHUS NPUBEIEHHOTO NPUMEpPA, SBIISIETCS YACTHBIM
CIy4yaeM amnnpOKCUMUPYIOIIEH 3aBUCUMOCTH C JIByMs IlapamMeTpamH, HWMEKIIEe BUJ

— B o .
Qx,a, B)=ax". [TapameTpsl 3TOH 3aBUCMMOCTH MOKHO OBbUIO OBl HAWTH M3 CHUCTEMBI
HEJIMHEWHBIX ypaBHEHUH (7) HEMOCPEICTBEHHO, OJJHAKO NMPUMEHEHHE CIIoco0a BBHIPABHUBAHUS

b
CYHICCTBCHHO YIIPOIIACT BBIYUCICHUC MTApaMETPOB. B nanHoM ciay4dae & = e, ﬂ =k .

PexomeHmanmu 1mo nepeBeACHUIO SKCIIEPUMEHTAIBHBIX JAHHBIX B alIPOKCUMHUPYIOIINE
3aBHCHUMOCTH C JIByMsl IEpEMEHHBIMU IPUBEJICHBI B cIeyromeil Tabaule.
Ne | BelpaBHMBaHHE TaHHBIX OMnupuueckas popmyna
(mpeobpa3zoBaHuE EPEMEHHBIX )
1 X =XY =Xxy

y=ax+£,a=k,,8=b
a

2 1 1
X=xY== y= ya=K, =D
y ax+p
3
X:X;Y:Z y= X ya=K, =D
y ax+p
4 | X=xY=Iny y=ap’ o =eP ﬂ:ek
5 | X=Inhx;Y =y y=ahx+ g, a=k, f=Db

6 | X=Ihx;Y=Ihy

y=ax’, a=¢", f=k

OaHy W3 1IeCTH TMPEeAJIOKEHHBIX (QopMyd MpeoOpa3oBaHUs ClEAyeT BbIOMPATh
OJTHOBPEMEHHO C POBEPKOM JTMHEHHON 3aBUCHUMOCTH K MCXOJHBIM JIaHHBIM. Y CIIOBHEM BBIOOpA
HaWIydllled SMIOUpUYecKo QopMysbl SBISETCS HAUMEHbBIIEE YKIOHEHHWE HUCXOAHBIX WU
npeoOpa3oBaHHBIX 3KCIEPUMEHTAIBHBIX JIAaHHBIX OT MpsiMOH. Ero MoXHO ompenenuTb Io
dbopmyre:

_zm:(vi kX, —by |”

d=

m

Sy

i=1
JInst HaruTydInei SMIMpuIecKoi popMyisl 3HaucHre d OyaeT HauMEHBIIUM.
3ajanue.
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3KCHepI/IM€HTaHBHLIe AAaHHBIC COACPIKATCA B T3.6J'II/II_[aX. I[JISI Ka)I(ILOﬁ U3 HHUX BbIIIOJIHUTH
CICAYIOIUE OII€panuun:

1. HaHecTu sKcnepuMeHTaNbHblE TOUKM (Xi; yi) Ha KOOPAMHATHYIO CETKY (X; y).
2. BbibpaTb OA4HY M3 LWECTU NPEATONKEHHbIX POPMY NPe0bPasoBaHNUA K HOBbIM NepeMeHHbIM
(X;Y) TaK, uTobbl NpeobpasoBaHHbIE IKCNEPUMEHTA/IbHbIE AaHHbIE (Xi , Yi ) HaMmeHee

YKIOHAINCb OT NPSMOWN.

3. MeTofom HaMMeHbLUMX KBAaAPATOB HANTW HaWUAYYLLIMe 3HaYeHus napameTpos K

u b B ypaBHeHuu npsimoit Y =KX +b .
1 HaiiTv AaBHbIN BUA sMnMpUYecKoit dopmybi y =Q(X, &, ) v nocTpounTb rpaduk

3MMUPUYECKOM PYHKLMMN.

w11 |2 [3 [4 |5
y. | 04]055[0,13[009 007

Bonpocsl 1Jist 00cyKIeHus:

I'paduueckuil MeTos pemeHus. MeTol HAMMEHBIINX KBAaApaTOB onpeneneHus Ko3dduuueHTon
ypaBHEHUS.

Pabora ¢ 1ureparypoii:

PexomeH1yeMble HCTOUHUKHA HHPOPMAITHT
(Ne uctounmuka)

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

OueHoYHBbIE CpPeICTBA: OTUET K JJabopaTOpHOI padoTe.
5. KPUTEPUM OLIEHVWBAHUSI KOMIETEHIINIA

O1eHKa «OTJIIMYHO» BBICTABIISAETCS CTYIEHTY, €CIM OH NPOJEMOHCTPUPOBA TIyOOKHE,
UCYEpIBIBAIOIINE 3HAHUS M TBOPYECKHWE CIIOCOOHOCTM B TOHMMAHUU, W3JIOKEHUH U
UCTOJIb30BaHUM  Y4EOHO-IIPOrpaMMHOTO  Marepuana;  JIOTHYECKH  IOCJIeJ0BaTENbHBIE,
COJIepXKaTeNbHbIE, MOJHbIE, IPAaBUIbHBIE U KOHKPETHBIE OTBETHI HA BCE MTOCTABJIECHHBIE BOITPOCHI
U JIONOJHUTENbHbIE BONPOCHl MpernojaBaTels; CBOOOJHOE BJaJeHHE OCHOBHOM U
JOTIOTHUTEILHON JIUTEpaTypOl, peKOMEHJ0OBAaHHON y4eOHOI MporpaMmon.

OneHka «XOpollo» BBICTABIAETCS CTYACHTY, €CJIM OH IPOJAEMOHCTPUPOBAI TBEPIbIE U
JIOCTaTOYHO IIOJIHBIE 3HAHWS BCErO0 MPOrPAMMHOIO MaTepualla, INPAaBUIBHOEC ITOHMMAHHE
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CYIIHOCTM M B3aMMOCBSI3U pPACCMATPUBACMBIX IIPOLIECCOB U SBJICHUH; IIOCIEAOBATEIIbHBIC,
IPaBUJIbHbBIC, KOHKPETHbIE OTBEThl HA IOCTABJIEHHBIE BOIPOCHI MPU CBOOOJHOM YCTpaHEHUU
3aME4aHMUM 110 OTJEIbHBIM BOIIPOCAM; TOCTATOYHOE BIIAJICHUE JINTEPATYPOU, PEKOMEHIOBAHHON
y4eOHOI TTporpamMMoii.

OneHka «yJ0BJIETBOPUTEIBLHO» BBICTABISETCS CTYAEHTY, €CIIM OH IMPOJEMOHCTPUPOBAI
TBEp/Ibl€ 3HAHUS ¥ IOHMMaHUE OCHOBHOI'O NPOIPaMMHOI0 MaTepHaa; npaBuibHble, 6€3 rpyObIx
OLIMOOK OTBETHI HA MIOCTABJICHHBIE BOIIPOCHI NIPH YCTPAHEHUH HETOYHOCTEH M HECYIIECTBEHHBIX
OIMOOK B OCBELICHUM OT/AEIbHBIX IOJIOKEHHH NPH HABOISIIMX BOIPOCAX IpPENoJaBaTels;
HEIOCTaTOYHOE BIIAZICHUE JINTEPATYPOi, pEeKOMEHIOBAaHHON Y4eOHON MPOTrpaMMOi.

OneHka «HeyIOBIETBOPUTEIIBHO» BBICTABIIAECTCS CTYIEHTY, €CIIA OH
IIPOJEMOHCTPUPOBAJI HENTPABUIIbHBIE OTBETHI HA OCHOBHBIE BOIIPOCHI, JOIYLIEHBI IpyObIe
OLIMOKH B OTBETaX, HEMOHMMAaHUE CYLIHOCTH U3JIaraéMblX BOIIPOCOB; HEYBEPEHHBIE U HETOUHbBIE
OTBETHI HA JJOIIOJHUTEIILHBIE BOIIPOCHI.

6. METOJUYECKHUE MATEPHUAJIbI, ONPEJAEJISIFOIIUE ITPOLEAYPBI
OLIEHUBAHMS 3HAHWH, YMEHHMI, HABBIKOB W (MJIM) OINBITA
JESITEJBHOCTH, XAPAKTEPHU3YIOIIUX DSTANbBI ®OPMHUPOBAHHUA
KOMIIETEHIIUIA

TGKYHIEUI aTTecranusa CTYACHTOB IMPOBOAUTCHA npenoaaBaTCIsiMu, BCAYIIMMU
n1abopaTopHbIE 3aHATUSA TI0 TUCIUIUIMHE, B CIEAYIOMUX (PopMax: OTYET MUCHbMEHHBIH 110 3a/1aHU0
npernojaaBaress, coOece10BaHue.

Jlonyck Kk 1a00paTOpHBIM paboTaM MPOUCXOAUT MPU HATUYHUH Y CTYJECHTOB MEYaTHOTO
BapHaHTa OTYeTa. 3allyTa OTYeTa MPOXOAUT B (hopMe TOKIIa1a CTYACHTA 10 BBINIOJIHEHHOU paboTe
¥ OTBETOB Ha BOIIPOCHI MPENO/1aBaTENs.

MaxkcuManbHOE KOMMYECTBO OasIOB CTYIEHT IMONy4aeT, eciau OQOopMIICHHE OT4eTa
COOTBCTCBYCT YCTAHOBJICHHBIM Tpe6OBaHI/I$IM, a OTYCT IIOJHOCTBIO PACKPBLIBACT CYTb pa60TI>I.
OcHOBaHUEM [IJIs1 CHUKEHUEM OLICHKU SIBJISFOTCS:

- YaCTMYHO HE COOBECTBYET YCTAHOBJIEHHBIM TPEOOBaHUSM;

- B OTYETE HEMOJIBHOCTHIO PACKPBIBAET CYTh PaOOTHI.

OT4eT MOXKeT OBITH OTIPABJICH HA TIOPAOOTKY B CIEAYIONIUX CIIyJasx:

- IOJIbHOCTBIO HE COOBECTBYET YCTaHOBJICHHBIM TPEOOBAHUSM;

- HE PACKpbITa CYyTh pabOTHI.

Kputepun oreHuBaHus OTYETOB MO J1a0OPAaTOPHBIM U MPAKTUUYCEKHUM padoTam,
CO6GCGHOB3HI/I$I IMPUBCACHLI B q)OHI[e OICHOYHBIX CPCACTB M0 AVMCHHUIITIMHE ((I/IHCTI)YMCHTaJ'II)HI)Ie
cpencTBa HHGOPMAIMOHHBIX ccTeM» Ha Kadenpe « HpopMarmoHHON 6€301MacHOCTH, CUCTEM U
TEXHOJIOTHI ».

7. VUEBHO-METOJAUYECKOE U MH®OPMALIMOHHOE OBECHEYEHUE
JUCLUIINHBI

7.1. PexomMenayemasi IuTepaTrypa

7.1.1. OcHoBHas JuTepaTypa:
1. BepxxOunukuit B.M. Uucnennsie metoasl. Jlnneiinas anredpa u HenuHEHHbIe ypaBHeHus. — M.: Jloroc,
2012.

2. BonkoB E.A. Uucnenusie MmeToapl. — M.: Jlans, 2012.

7.1.2. JlonoJHuTeIbHAS JIUTEPATypa:
1. Jlamauk MLIL., Parynuna M.U., Xennep E.K. Uncnennsie metoner. — M.: Academia, 2005.
2. TepreinunankoB E.E. Metozas! uucnennoro ananusza. — M.: Academia, 2007.
3. PepkukoB O.M. Berauciurensnsie metonsl. — M.: BHV, 2007.

7.1.3. Meroauyeckasi JJureparypa:
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1. Meroaudeckue yKa3zaHHs 10 BEITIOJIHSHHUIO JJA0OPATOPHBIX padOT MO TUCIUTIINHE «UHCIIEHHBIE METOIbI

B HAYYHBIX pacueTaxm».
2. MCTO)II/I‘IGCKI/IG peKOMCHAAINMU [JId CTYACHTOB II0 OpraHu3alnvu CaMOCTOSTEIbLHOM pa6OTI>I oo

JTUCIUILTIHE «UUCIIEeHHBIC METOIBI B HAYYHBIX PAcUeTax».
7.1.4. UnTepHeT-pecypcsbl:

1. http://www.intuit.ru — caiiT aucTaHIIMOHHOTO O00pa3oBaHUs B 00JIACTH HMH(POPMAIMOHHBIX
TEXHOJIOTUH

2. http://window.edu.ru — o6pa3oBaTesbHbIC PECypPChI BEAYIIHX BY30B

3. http://ncfu.ru — caiir CKOY

7.1.5. [IporpamMMHoOe odeciedeHHe
1. Microsoft Office — Word, Excel.
2. ITakeT aBTOMaTH3anmMy MaremMaTudeckux Berauciaenuii — 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,

aHau3 HHpopmManum»

[Tsaturopck, 2026
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1. HEJb U 3AJAYU OCBOEHUS JUCHUITJTIMHBI

]_ICJ'IBIO JUCHUILITIUHEI ABJISICTCA M3YYCHHUE OCHOB allIlapara BBIYMCIIMTEILHON MaTeMaTUKH
u an06peTeHHe HaBbIKOB €I'0 HCIIOJIb30BaHHA B IIPHUIIOKCHHUAX. 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

JJ1s1 cTyaeHTOB 04HOIl (popMBbI 00yUeHH:

Konst CpencrtBa u O0beM yacoB, B TOM YHUCIie

peanu3yemsl TEXHOJIOTHH oTe < B
X OLleHKH OHTaKTHa cero

Bug gesrensHOCTH o T
KOMITIETCHIIN pagora ¢
. CTyJICHTOB rpernojana

u,
T M
uHAUKaTOpa( cne

OB)

1 cemectp

OIIK-2 (M1 Komnoxsuym 1,62 0,18 1,8
-1, UJ1-2), Iloxroroska
OIIK-3 (M
-1, U1-2),
OIIK-4 (U]
-1, UJA-2)

JICKIIUAM

OIIK-2 (M1 Komnoxsuym 74,52 8,28 82,8
-1, UJ1-2),
OIIK-3 (U]] | CamocrosrenbHOe
-1, U1-2), HU3Y4YEHUE JINTEPATYPHI
OIIK-4 (M
-1, U1-2)

OIIK-2 (U[] Oryer 4,86 0,54 5,4
-1, UJ1-2),
OIIK-3 (1]]
-1, U]1-2),
OIIK-4 (U]
-1, U1-2)

HOJIFOTOBKa " ITMCbMCHHBIN

BBITIOJIHEHHE
nabopaTopHBIX padoT

Hroro 3a 1 cemectp 81 9 90

Hroro | 81 9 90
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J1s1 CTyIeHTOB 3204HOi opMBbI 00yUeHHS:

Kombt Cpencrsa u
peanu3yemMsl TEXHOIIOTHH

OO0BEM YacoB, B TOM YHUCIIE

X OLIEHKH
Bun nesgrenpHocTH
KOMIIETEHIIH

. CTYJICHTOB
I/I’

uHIuKaTOpa(
OB)

CPC

KonraktHa

s paboTa ¢

TpernoaaBa
TeleM

Bcero

1 cemectp

OIIK-2 (U]
-1, UJ1-2),
OITK-3 (M]]
-1, U1-2),
OITK-4 (]
-1, U71-2)

Komnnoxsuym
IToxroroBska k

JICKITUSIM

0,36

0,04

0,4

OIIK-2 (V]I
-1, U1-2),
OITK-3 (M]]
-1, UJ1-2),
OITK-4 (V]]
-1, UJ1-2)

Komnoksuym

CaMOCTOSITEIBHOE
H3y4YEHUE JINTEPATYPEI

140,58

15,62

156,2

OIIK-2 (U1 Ortuer
-1, U-2),
OIIK-3 (U[]
-1, U-2),
OIIK-4 (U]
-1, U11-2)

HOHFOTOBKa " IMNCHbMCHHBIN

BBITIOJTHCHUEC
71a00PaTOPHBIX PadboOT

2,16

0,24

2.4

Uroro 3a 1 cemectp

143,1

15,9

159

Utoro

143,1

15,9

159

Ne PexomeHyemMble HCTOYHUKN HH(DOpMAIHN
/n | TeMsl 1J11 caMOCTOATEIIEHOTO U3YYEHUS (Ne ucrounuka)
Ocuosras | lonoman | Meronnyec | MaTEepHET-
TeJIbHast Kas pecypcel
1. | Tema 2. AGcomoTHast U OTHOCUTEIHHAS 1-3 1-3 1-3 1-3
orpenTHoCTH. YNCII0 BEpHBIX 3HAKOB.
[IpaBuno okpyrieHus.
2. | Tema 7. O0mas XxapakKTeprCTHKa METO/IOB 1-3 1-3 1-3 1-3
pEeLICHUS CUCTEM JIMHENHBIX YPaBHCHUM.
Merton urepauuu.
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Tema 11. @opmynbl TPpUOIMKEHHOTO 1-3 1-3 1-3 1-3
nuddepeHIMpoBaHysl, OCHOBaHHbIE Ha
MIEPBOM MHTEPIIONISIIMOHHON (hopmyIie

Hrerotona.
Tema 14. Meton Pynre-Kyrra. 13 1-3 1-3 13
Tema 16. [Tpubnmxenus GyHKIun 13 1-3 1-3 1-3

crutaitHamu. [Ipeo6pazoBanue Dypebe.

4. COJEPXKAHUE CAMOCTOSTEJIBHOM PABOTHI

Tema camocTosiTeJibHOro n3yueHusst Ne 1. AOCOJIIOTHASE U OTHOCHTEJbHAsI NMOIPEIIHOCTH.
Yucs0 BepHbIX 3HaKk0B. [IpaBuiio oKpyrJjieHus.

Bux gesiTeIbHOCTH  CTYJEHTOB: CAMOCTOATEIBHOE M3yYEHUE  y4yeOHO-METOIUYECKOU
JIUTEPATyphI

HToroBblii NPOAYKT CAMOCTOATEILHOM Pa0OThI: KOHCIIEKT

CpeacTBa M TeXHOJIOTHM OLIEHKH: cobeceloBaHNe

ILnan KoHcHeKTa:

[IpubnmxeHHoe  3HAYCHHE  BEJIMYMHBL.  AOCONIOTHAsT  MOTPEIIHOCTD,
OTHOCHUTENIbHAS MOTPEITHOCTh. BepHbIe, cOMHHUTENbHBIC, 3Hadanie mudpsl. Criocoos!
xpanenust iudp B mamsita DBM. [lorpeniHocty apupmMeTHIecKux 1eHCTBUM.

Pabora ¢ auTeparypoii:

PexomeH1yeMble HCTOUHUKH HHPOPMAITHT
(Ne uctounmuka)

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

Tema camocTosiTeJbHOr0 HM3ydeHuss Ne 2. O0masi XapakTepUCTHKAa MeETO/I0B pelleHUs:
CHCTEM JTMHEHHBIX YpaBHeHHid. MeTox nrepauuu.

BI/I)I AeATECJIBbHOCTH CTYACHTOB: CaMOCTOATCIIBHOC HN3YUCHUC y‘IC6HO'MCTOI[I/I‘IeCKOI\/'I
JUTEPaTypBI

HToroBbIii NMPpOAYKT CaMoOCTOSITEILHOM paﬁon: KOHCIICKT

CpeacTBa U TEXHOJIOTHH OLIEHKH: cOOeCe10BaHNe

IL1an koHcHeKTa:

Y CTOMYMBOCTh, KOPPEKTHOCTh, CXOAUMOCTb. UTO 3HAYHUT PELIUTH CHUCTEMY
ypaBHeHMi. Kakue BBl 3HaeTe rpylIbl METONOB PEIICHUS CUCTEM JIMHEHMHBIX
ypaBHeHHI. Kakume MeToabl OTHOCATCS K MNPSIMBIM METOJAM pPELICHUsS CUCTEM
JUHENHBIX ypaBHeHHM. Kakue MeToasl OTHOCATCS K NPUOIUKEHHBIM METOJIaM
pELICHUS CUCTEM JIMHEWHBIX YpAaBHEHUH. B 4YeM OCHOBHOE OTIMYHME TOYHBIX M
OpUOIMKEHHBIX METOJIOB PEIICHHMS] CHCTEM JIMHEWHBIX ypaBHeHH. B dyem
3aKJII0YaeTces CyTh MeTo1a ['aycca Juist peleHust CUCTEM JIMHENHBIX ypaBHEHH. B uem
3aKJII0YAETCS CyTh METO/A MPOCTON UTEPALUU JUIs PEILICHUS CUCTEM YPAaBHCHUM.

Kak mnpuBectu cucremy K BHAY C NOpeoONaJalolMMU JAUArOHAIbHBIMU
koapuirenramu. B dem 3akiroyaeTcsi CyTh METOJa 3eUens sl peLIeHUs] CUCTEM
ypaBHeHn. KakuM MeTOIOM JTydllle BCETO pelaTh CUCTEMY YPaBHEHHU HEBBICOKOTO
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MOpsAJIKA, HAIIPUMEDP TPEThEro. B KakuxX ciaydasx NpearnodYTUTEIbHbl UTEPALMOHHBIC
METOABl PELICHUS CUCTEM JIMHEHWHBIX YPAaBHEHHUW. YCIOBHS CXOJAMMOCTH

HUTCPAllMOHHOI'O IIponecca. OT 4ero 3aBUCHUT CKOPOCTBh CXOOAUMOCTHU MCTOIa HTepaHHﬁ.
Pabora ¢ aureparypoii:

PexoMeH1yeMblie HCTOUYHUKH WH(DOpMALIUN
(Ne ucrouHmka)

OcHoBHast JononHuTtenpHast Mertonuueckas Hureprer-
pecypcbl
1-2 1-3 1-3 1-2

Tema camocToATEIbHOT0 H3yueHus Ne 3. @opMyJibl NPUOIHKeHHOT0 Tu( PepeHITpoOBaAHMS,
OCHOBaHHbIE HA NMEPBOM NHTEPNOJASIIIUOHHOI popmyiie HbloTOHA.

Bl/lll JeATCJIbHOCTU CTYACHTOB: CaMOCTOATCIIBHOC HN3YUCHUC qu6HO'MCTOHH‘I€CKOﬁ
JIATCPATYPhI

HUTOroBbIii NPOAYKT CAMOCTOATEILHON PA0OThI: KOHCIIEKT

CpencTBa ¥ TEXHOJIOTHH OI[EHKH: COOece0BaHue

Ili1an koHcHmekTa:

Uto Takoe MHTEPIIOALIMS?

Urto Takoe y3ibl HHTEpHOISUMU. B yeM 3akimrodaeTcs 3ajiada OTHICKAHUS
MHTEPHOJIMPYIOIIEr0 MHOrowieHa. Kak mocTpouTs MHTEPHOISLMOHHBIA MHOTOYJIEH
Jlarpamwxka. Kak omnpenenuts NOTPEIIHOCTh METOJa HHTEPHOJSIIUU C TOMOIIbIO
dopmynel Jlarpanxka. IlomnHOMOM KakoW CTENEHH, SIBISETCS WHTEPHOJISIIMOHHBIN
nosmHoM Jlarpanxka mipu n+1 y3nax. Moxert nu Metos Jlarpanka npuUMEHSATbCS AJIs
AKCTpAnoISAIUU. UTO BIUSIET HA TOYHOCTh MHTEPNOJISAINU B MeTo 1€ Jlarpanxa. MoxHO
71 100aBJISATh HOBBIEC Y3JIbI MHTEPIOJISIIIUYU MPU UCIIOJIb30BaHUM MeToja Jlarpamxka. K
KakoMy Kjaccy (QYHKIUHA OTHOCUTCS (YHKIUS, 3ajJaBacMasi MHTEPIIOJSIIIMOHHON
dbopmyroii Jlarpanxka. Kak 00pa3yroTcs pa3ieneHHbIE pa3HOCTH.

Kak cBsizaHbl pa3jeieHHbIe pa3HOCTH U TPOU3BOAHAs. Kak mpoucxoauT npoiiecc
MHTEPHOJIMPOBAHUS CIUTATHAMU. YUTO Takoe KOHEYHAs pa3HOCTh MEPBOTo nopsiaka. Uto
TaKko€ KOHEYHas pa3HOCTh BTOporo mnopsiaka. Kak oHa Haxomutcsi? UTto Takoe
KOHEYHAs pa3HOCTh N-ro nopsaka. Kak oHa Haxoautces?

IlepBass wuHTepnonsiuimonHas ¢opmyna HpoTOHa IS PaBHOOTCTOSIIIMX
y31m0B.  Bropas wuntepnonsumonHas ¢opmyna HpoToHa i1 paBHOOTCTOSIIIUX
y370B. Kak HaxoIuTCs MOTperHOCTh METO/1a UHTEPIIOJIUPOBAHUS C TOMOIIBIO PopmyT
Hprotona.

Pabora ¢ 1ureparypoii:

PexoMeH1yeMble HCTOUHUKH WH()OPMAITAN
(Ne uctounmka)

OcHoBHas JlonoTHUTE b HASE Meroanueckas Hareprer-
pecypchl
1-2 1-3 1-3 1-2

Tema camocrosiTesibHOro n3yuenuss Ne 4. Meroa Pynre-Kyrra.

Bux  gesiTeIbHOCTH  CTYJEHTOB: CAMOCTOATENIBHOE HM3ydyeHHE  y4yeOHO-MEeTOIUYECKOU
JIIATEPATYPHI

HNToroBpiii NPOAYKT CAMOCTOSITEILHOM PA0OTHI: KOHCIIEKT

CpencTBa U TEXHOJIOTHH OIIEHKH: cOOeceIOBaHNE
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ILnan KoHcHeKTa:

Uro 3Hauut — pemnth 3aaauy Komwm mis nuddepeHnmanbHbIX ypaBHEHUN
nepBoro mnopsaka. Yro sBisercs peuieHueM AUQPQPEpeHIUaTbHOTO YPaBHEHHUS.
['paduueckass  uHTEpHpeTalMsi  YUCICHHOro  pemeHus  auddepeHurnaIbLHOro
ypaBHeHusi. Kakue cyniecTBytoT MeTobl pemieHus 1uddepeHInaabHOro ypaBHEeHHs B
3aBUCHUMOCTH OT (hOpMBI MIpe/ICTaBIeHUs peuieHus. B ueM 3akioyaercst cyTh MeToa
JoMaHHBIX  Oinepa. ['paduyeckas  wuHTEepmperanuss MeTona OJilepa U
YCOBEPIIEHCTBOBAaHHOIO MeToja Oiniepa. B yem ornmume. Heobxomum 5 mouck
HayaJbHBIX yCJIOBUMM B Metoje Oinepa. K kakoil rpymnme OTHOCUTCS
MOAU(PUITMPOBAHHBIN METOT Difiepa.

Meton Pynre — Kyrra. Kak onpeaenuTs KOIM4eCTBO BEPHBIX IIUQP B YHUCIE,
sBISIfOIIEMCST  petieHreM  aud@depeHInaIbHOro  ypaBHEHUsT MeTojnaMm  Jiepa,
YCOBEPIIIEHCTBOBAHHOTO MeToAa OJuinepa, Pynre-Kyrrel. Kak MOXHO OLIEHUTH
MOTPENIHOCTD pelieHus Au(HepeHIIUATBHOTO YPaBHEHHS MPU UCTIOJIB30BAaHUH METOAA
Pynre — Kyrra.

Pabora ¢ auTeparypoii:

PexoMeH1yeMblie HCTOUHUKH WH(DOPMALTAN
(Ne ucroyHmKa)

OcHoBHas JlomonHuTenbHAas Meroaudeckas Hureprer-
PECYPCHI
1-2 1-3 1-3 1-2

Tema camocrositeibHOro wu3ydenuss Ne 5. [lpubawmxenuss ¢QyHkuui cniaiinamu.
IIpeodpazoBanne @ypre.

Bua f1esiTeIbHOCTH  CTYAEHTOB: CaMOCTOATENbHOE M3y4YeHUHE Yy4yeOHO-MEeTOAMUYECKOU
JUTEPaTyphI

HTOroBnlii NPOAYKT CAMOCTOATE/ILHOM Pa0OThI: KOHCIIEKT

CpencTBa M TeXHOJIOTHH OLIEeHKH: coOeceJoBaHHe

Ilnan KoHcnekra:

Yro Takoe crutaitH. Kak mporcxoauT nponecc HHTEPNoIupoBaHus cruraiiHamu. Yto takoe
KOHEYHas pa3sHOCThb IepBoro mnopsaka. Kak ona Haxomutcs. UTto Takoe KOHEYHas pa3HOCTb
BTOpOro mnopsanka. Kak ona Haxoaurcs. UTO Takoe KOHEYHass pPa3HOCTb N-TO TMOpPSJKA.
[TpeoOpa3zoBanus Oypee.

Pabora ¢ aurTeparypoii:

PexomeH1yeMble HCTOUHUKH UHPOPMALIUU
(Ne uctounuka)

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

5. KPUTEPAU OLIEHUBAHUA KOMIIETEHIITAN

O1eHKa «OTJIMYHO» BBICTABIIETCS CTYIEHTY, €CIM OH NPOJEMOHCTPUPOBAN IIyOOKHE,
UCUEPIIbIBAIOIIME 3HAHUS W TBOPYECKHE CIIOCOOHOCTH B TOHMMAaHUH, U3JI0KEHUU U
UCTOBb30BaHUN  y4EOHO-NPOrpaMMHOIO  Marepuana;  JIOTUYECKH  IOCIEJOBATENIbHBIE,
COJZIepKaTENbHBIE, MIOJIHBIC, IIPABUIbHBIE U KOHKPETHBIE OTBETHI HA BCE MTOCTABIECHHBIE BOIIPOCHI
U JONOJHUTENbHBIE BONPOCHl IpenojaBaTelsi; CBOOOJHOE BIaJE€HHE OCHOBHOM U
JIOTIOJTHUTEILHOM JTUTEpaTypoi, peKOMEHIOBAaHHOM yueOHOI MporpaMMoi.
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OneHka «XOpoIlo» BBICTABIAETCS CTYACHTY, €CIM OH IPOJAEMOHCTPUPOBAI TBEPIBIE U
JIOCTaTOYHO IIOJIHBIE 3HAHMSI BCEro0 IPOrPaMMHOIO MaTepuala, IpPaBUIbHOE ITOHMMAHHE
CYIIHOCTM M B3aMMOCBS3M pPACCMATPUBACMBIX IIPOLECCOB M SBICHUH; IIOCIEHOBATEIIbHBIC,
IPaBUJIbHbBIE, KOHKPETHbIE OTBEThl HA IOCTABJIEHHBIE BOIPOCHI MPHU CBOOOJHOM YCTpaHEHUU
3aMEYaHMUM 110 OTIAEIBbHBIM BOIIPOCAM; JOCTATOYHOE BJIAJICHUE JINTEPATYpO, PEKOMEHI0BAHHOU
y4eOHOM TTporpamMMoii.

OneHka «yJ0BJIETBOPUTEIBLHO» BBICTABISETCS CTYAEHTY, €CIIM OH IMPOJEMOHCTPUPOBAI
TBEp/Ibl€ 3HAHUS U IOHMMaHUE OCHOBHOI'O IIPOrPaMMHOI0 MaTepHaa; npaBuibHble, 0€3 rpyObIX
OLIMOOK OTBETHI HA IOCTABJICHHBIE BOIIPOCH! MIPH YCTPAHEHUH HETOYHOCTEH M HECYIIECTBEHHBIX
OIMOOK B OCBELIEHUM OT/AEIbHBIX IOJIOKEHHH NPH HABOISIIMX BOIPOCAX MPENoJaBaTes;
HEI0CTaTOYHOE BIIAZICHUE JINTEPATYPOi, PEeKOMEHIOBAaHHON Y4eOHON MPOTrpaMMOi.

OneHka «HeyIOBIETBOPUTEIIBHO» BBICTABIIACTCS CTYACHTY, €CIIU OH
IPOIEMOHCTPUPOBAJT HENPABUIBHBIE OTBETHI HA OCHOBHBIE BOTIPOCHI, JOMYIICHBI IPyObIe
OLIMOKH B OTBETaX, HETIOHMMAaHHUE CYLIHOCTH M3JIaraeMbIX BOIIPOCOB; HEYBEPEHHBIE U HETOUHBIE
OTBETHI HA JOIIOJHUTEIIBLHBIE BOIIPOCHI.

6. METOJIUYECKWE MATEPHAJIbI, ONNPEAEJSAIOIIAE ITPOLETY PhI
OLIEHUBAHMS 3HAHUM, YMEHWM, HABBIKOB 1 (MJIN) ONBITA
JESITEJBHOCTH, XAPAKTEPU3YIONINUX 3TAIIBI ®OPMUPOBAHUSI
KOMIIETEHIIUHA

Texymas  arrectanusi CTYJIEHTOB  IPOBOAMTCS  IPENOAABATENSIMH, BEIYLIUMU
nabopaTOpHbIe 3aHATHS 10 JUCLUILIMHE, B CIEYIOIUX (GopMax: OTUeT HUCbMEHHBIHN 110 3aJJaHUI0
npernojaBaress, cooece10BaHue.

MaxkcumanbHOe KOJUYECTBO OajuIOB CTYAEHT IMOJIydaeT, ecid O(pOpMIICHHE KOHCIIEKTa
COOTBETCBYET YCTaHOBJEHHbIM TpPEOOBAaHUSM M TOJHOCTbIO PACKpPBIBAET CYTh pPaOOTHI.
OcHoBaHMEM JUIsl CHUKEHUEM OLIEHKHU SIBIISIOTCA:

- YACTUYHO HE COOBECTBYET YCTAHOBJICHHBIM TPEOOBAHUSM;

- B OTYETE HEMOJIbHOCTHIO PACKPBIBAET CYTh PaOOTHI.

OTueT MOKeT OBITh OTIPABJIEH Ha TOPAOOTKY B CIEAYIOIIUX CIydasX:

- IOJIBHOCTBIO HE COOBECTBYET YCTaHOBJIEHHBIM TPEOOBAHUSM;

- HE PacKpbITa CyTh pabOTHI.

Kputepun olieHuBaHus OTYETOB 110 JJAOOPaTOPHBIM padboTam, co0ece0BaHNsI IPUBEIEHBI
B DoHAE OLEHOYHBIX CPEACTB IO JUCLUIUIMHE «YHCIICHHBIC METOIbI B HAaydHBIX pacyerax» Ha
kadenpe «HpopMannoHHON 6€30MMaCHOCTH, CUCTEM U TEXHOJIIOTUH ».

7. YYEBHO-METOJINYECKOE M HH®OPMAIIMOHHOE OBECIIEYEHWE
JUCLUIINHBI

7.1. Pexomenayemasi IuTepaTrypa

7.1.1. OcHoBHas JuTepaTypa:
1. BepxxOunkuit B.M. Uucnennsie Mmeronel. JIuHeiinas anreOpa u HenmuHelHbIe ypaBHeHUs. — M.: Jloroc,
2012.

2. BonkoB E.A. Uucnennsie MmeToapl. — M.: Jlans, 2012.

7.1.2. [lonoJHuTeIbHAS JIUTEPATypa:
1. Jlamauk ML.IL., Parynuna M.U., Xennep E.K. Uncnennsie metoasl. — M.: Academia, 2005.
2. ToipreiunukoB E.E. Metoas! uncnennoro anainusa. — M.: Academia, 2007.
3. PepkukoB HO.M. Berauciurensnsie metoasl. — M.: BHV, 2007.
7.1.3. MeToauyeckasi JuTepaTypa:
3. Metoanyeckue ykazaHus M0 BBITOTHEHHIO JJa00PaTOPHBIX PaboT 1Mo JUCIUIUTHHE «UNCIICHHBIE METOIBI
B HAYYHBIX pacyeTax».
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4. Metogudeckue PEKOMEHIAIIMU I CTYIACHTOB II0 OPTaHM3AIlMH CaMOCTOSTEIBHONW paboTHl TI0
JUCIUIIIINHC «Yucnenanie METOJbI B HAYYHBIX pacucTax».
7.1.4. UnTEepHET-pECYPCHI:

4. http://www.intuit.ru — caiit aucTaHIIMOHHOTO O00pa3oBaHWs B 00JIACTH HMH(POPMAIIMOHHBIX
TEXHOJIOTHH

5. http://window.edu.ru — o6pa3zoBarebHbIE PECYpPCHI BEIYIIMX BY30B

6. http://ncfu.ru — caiir CKOY

10.1.5. IIporpamMHoe oGecneuenne
1. Microsoft Office — Word, Excel.
2. ITakeT aBTOMaTH3an My MaTeMaTudecKuX Beruuciaenuii — MathCAD.
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