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[A-3]COURSE SYLLABUS

1. COURSE DESCRIPTION (Approximately 100 words)

The course Advanced Engineering Mathematics 1. Numerical methods" is oriented on the
second-year students obtaining bachelor degrees in Telecommunication. The course covers
the following sections of mathematics:

- Numerical methods of Linear Algebra;

- Numerical methods of Analysis;

- Numerical methods of Differential equations

The course contains:

- Lectures materials

- A set of solved tasks with theoretic materials

2. COURSE GOALS AND OBJECTIVES (Approximately 100 words)

This course analyzed the basic techniques for the efficient numerical solution of problems in
science and engineering. Topics spanned root finding, interpolation, approximation of
functions, integration, differential equations and direct and iterative methods in linear algebra.

3. TEXTBOOK (Title, Author, Publisher, Year of Publication, etc.)

1. Amocos A. A., OyouHckun KO. A., KonyeHoBa H. B. BeluncnurtenbHble meToabl: YuebHoe
nocobue. - 4-e n3a., crep. - Cr6.: JlaHb, 2014.

2.

2. Kreyszig E., Kreyszig H., Normington E. J. Advanced Engineering Mathematics. 10 ed.
2011. JOHN WILEY & SONS, INC.

3. Ray S. S. NUMERICAL ANALYSIS WITH ALGORITHMS AND PROGRAMMING. 2016.
CRC Press.

4. REFERENCE
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5. COURSE REQUIREMENTS AND GRADES

Calculus. Linear algebra. Differential equations.

6. COURSE CALENDAR

Week Main Content
1 Errors in numerical computations
2 Approximation of function
3 Interpolation
4 Splines
5 Numerical differentiation
6 Numerical solutions of algebraic and transcendental equations
7 Direct methods of numerical solution of system of linear algebraic equations
8 Iterative method of numerical solution of system of linear algebraic equation
9 Matrix eigenvalue problem
10 Numerical integration
11 Numerical solutions of ordinary differential equations
12 Application of series in numerical calculations
13
14




JIEKUIA 1. HABJIWOXKEHI YACTIA

1.1. Touml Ta HAOAMKEH] YKCIIA

1.2. AOcoJtroTHA Ta BIITHOCHA ITOXUOKH

1.3. Iloxubku apudpMeTHIHUX T1H

1. 4. Trunom oOYUCITIOBAJILHUX METOI1B

1.5. KopekTHICTh 00YHCIIOBAILHUX aJITOPUTMIB

IIig vac oOuMcIeHb JOBOAUTHLCS BUKOHYBATH MOIi 13 JBOMAa BUIAMH Y-
ceJI — TOYHUMM Ta HAOJIMKeHUMHU. PO3riIsHEMO 0COOJIMBOCTI M1 3 HaOJ -
SKeHVMU YHMCJIAMMU.

1.1. TouHi Ta HAOAMXKEHI Yncna

1. Tounumu Ha3UBAIOTh YKCJIA, IO JAIOTHh CIIPABMKHE 3HAYEHHS JIOCJI1-
MKyBaHOI BemdauHU. HabniuowceHumu HA3UBAOTL YHCIA, IK1 OJIM3BKl 0
CIIPABKHLOTO 3HAUEHHS, IIPHMYOMY CTYHIHL OJIM3bKOCT1 BHU3HAYAETHLCS IIO-
XUOKOI0 HAOJIMKEeHHS.

[Tpumipom, umcna 20,31 Ta 2 € TOYHUMH Y BUCJIOBJIIOBAHHAX: «B ayIH-

topii 20 cTymeHTiBY, «y cluHl 31 geHbY, V4 = 2. Yucna 10,200 Ta 3,14 €
HaOJIMKeHNMHY Y BUCJIOBJIIOBAHHSIX «Ha PO3B’A3aHHSA 3ada4vl MeHl II0TP10HO
10 xBuamn», «200 TpaMiB IIyKepoK», T ~ 3,14 .

2. xepesa moxudok. Po3p’ssanHsa OLIBIITOCTI HPAKTUYHUX 3a0a4
CKJIAIAE€THCA 13 IBOX eTAalllB:

1) cTBOpeHHs MaTeMaTUYHOI MOJIesl 3a0ad4l;

2) po3B’sz3aHHA cPOpMYIHOBAHOI (B I MogesIl) MaTeMaTHYHOI 3a1a4l.

Y npomy BUIaOKy IpKepesiaMu IIOXHOOK €:

1) HeJOCKOHAJIICTh MATEMAaTHUYHOI MOIeJIl;

2) HeTOYHe 3aJaBAHHS II0YATKOBUX JAHUX, IO € Pe3yJIbTaTaMH eKcIIe-
PUMEHTIB;

3) moXmMOKa MeToy PO3B sI3aHHS MaTeMaTHYHOI 3a1a4l;

4) moxuOKM OKPYTJIEHHS IT1JT YaC BUKOHAHHS apuU(pPMeTUIHUX M 3 Yu-
CJIAMHU.

IToxubOkm 1) Ta 2) Ha3UBaAIOTh HeycysHuUML. BubpaHuii ynceIbHUNA Me-
TOJ €, SIK IIPaBUJI0, HAOJIMKEeHUM Yy TOMY PO3YMIHHI, ITI0 BIH He Jae TOUHOTO
PO3B’A3Ky 3a/ayl, a BU3HAUYAe HOT0 3 JEsSIKOI0 II0XMOKOI0, SKy Ha3WBaIOTh
noxubxorw memoody (noxubro anpoKcuMalii).

IIim yac po3B’ss3aHHS 3ama4vl BIAOYBAETHCS OKPYTJIEHHS ITOYATKOBUX
JTAaHUX, TIPOMIKHUX Ta OCTATOYHUX PE3yJIbTATIB 1 BUHHUKAE 00ULUCII08ATIbHA
noxubka (noxubrka oKpyeaerHs).
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Posp’ss3yroun HabamskeHO OyIb-IKy 3aaadvy, IIOTPIOHO BKa3yBaTHU HaM-
OL/IBIIY OOIIYCTHMY IIOXUOKY Pe3yJIbTaTy.

OTsxe, AKIIO JOBOAUTHCSA IIPOBOJIUTH OOUMCIICHHS 3 HAOIMMKEHUMU Y-
cJIaMH IIOTP1OHO:

1) 3Haoun 3aJaHy TOYHICTH BUXITHUX JAaHUX, YMITH OI[IHIOBATH TOY-
HICTh pPe3yJIbTaTy;

2) BUOMpAaTHU IOYATKOBI JaHl 3 TAKOI0 TOYHICTIO, IKa 0 3abe3medyBaJia
3aJlaHy TOYHICTb Pe3yJIbTaTy.

3. Oxpyrienna yuces. Haragaiimo, Oyab-sike qJeCATKOBE YHCJIO

r = *a,a, {...0,0),0_10_,...0_,

MOYKHA 3aIINCATH Y BUTJISIL
— n n—1
r = *(a, - 10" +a, -10"" 4+ ...+ a;-10 + a, +
+a_ -0+ +a 1077,
Omuum 13 mexepes HAOIMKeHNX JrcesI € OKpyryieHHsa. OKpyIiIonTh JK
HaOJIMsKeHl, TaK 1 TOYH1 YHCIA.

OxpyeneHHaMm 3aJaHOTO YUCIA I J0 JeIKOTO PO3psiIy HAa3WBaIOTH 3a-
MIHY HOr0 HOBHM YHCJIOM I, SKe OHepP:KYITh 13 3aJaHOT0 BIIKHIAHHIM

m

yCIX Horo Iu(p, cirpasa Bl IHUEQPHU IILOTO PO3psaay, ado 3aMIHOI0 iX HyJISd-
vu. OKpyTJII0I0Th YKC/Ia 32 TAKUM IPABUJIOM:

1) akmo mepira 3 mudp (3/1Ba), 10 BIOKKUOAIOTHCS, MEHIIA 3a 5, TO
OCTAHHIO 3aJINIIEeHY IINPPY He 3MIHIOIOTh;

2) AKINO mepina Imdpa, 1o BIIKUIAETHCA, OLIbINA 3a 5 a00 JOPIBHIOE
5, TO OCTAHHIO 3AJIMIIEHY 1Py 30LILIIYIOTH HA OSUHHUILO.

ITpumipom,

3,1415 ~ 3,142; 3,1415 ~ 3,14; 3,1415 ~ 3.

IToxmnbOra, 110 BUMHUKAE IIPU OKPYIJIEHH], He IIePEeBUIIY€E IIOJIOBHIHI
ONUHUIII MOJIOAIIOTO po3pany. IloBTopHl OKpyrJIeHHS 3a3BUYail He poo-
JISITH, OCKLJIBKH ITe MOsKe IIPU3BECTHU J0 301IbIITEeHHI ITIOXUOKHA.

1.2. AGCONI0THA Ta BiJHOCHA NMOXUOKM

1. Hexai i 2 — TouHe 3HAaueHHs, £ — Horo HabOJM:KkeHe 3HAUYeHHS (H10-
ro HaOJM:KeHHS). AKII0 Z < z, TO KaKyTh, III0 I € HAOJMIKeHUM 3HAYEeH-

HSIM YHCJIA T 3 HeOoCmaueio; aKIo K T > I, — HaOJIMKeHNM 3HAYCHHAM 3
HAOSLUULKOM.
Abcontomroro noxubroo HaAOJIUMKEHOr0 YncjIa £ HasuBaTh YHCJIO
A(2) = |z — 2|.

BioHocHo0 noxubkon HAOJIWMKEHOTo Ynucja £ = () HadWBaATh YHUCJIO
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Alz) |z—12

CR

5(7)

BinzocHy moxmOKy 4acTo BUPaKaiTh V¥ BILACOTKAX:
. Az
0(2) = ()

Ockinbru z HeBlmoMe, To A(Z) Ta §(2) Taroxk HeBlmoml. OgHak Aya

-100%.
T

X BeJIMYNH OyBAIOTh BIJOMI OIIIHKU 3BEPXY
A(z) < A Ta §(z) < 6.

Y 1pomMy BHUIIQAKY KaKyTh, IO a0COJIIOTHA Ta BIIHOCHA HOXMOKW Ha-
OJIM:KEHOro Ymcjaa £ He IePeBUIILYIOTh BIAIOBIIHO epaHUUHOI aOCOII0MHOL
noxubrxu A Ta eparuuHol 8I0HOCHOL NOXUOKU §.

2. Touni B cymHiBHI 3Hauymi mudgpu. Ilepiry miBopyd BIIMIHHY
BL HyJIA [Py YMcia 1 BCl pO3TAIIOBAHI CIIpaBa B Hel Iudpu HA3U-
BawTh srayvyu,umu. [Ipumipom, uucaa 0,0201 Ta 1,310 matote 3 Ta 4 3HAa-

UYIIl IIAPPH.
Hudpy o, uncna r Ha3uBaIOTL MmouHow, Ak A(Z) < 10°, TobTo abco-

JIIOTHA OXMOKA YHCjIa I He IIePeBUIye OQHIel OAUHUIIN BIIIIOBIIHOIO PO3-
pPALY JecaTKOBOro umcia. fkmo TouHa mudgpa e, 3Hadyma, To ii HazuBa-

IOTb MOYHOI0 3HAYYW,010 ITUQPPOIO.

Ao mudpa HaAOIMKEHHS € TOYHOI 3HAUYIIOK ITHMEPOI, TO Ie He
O03HAa4Jae, II0 BOHA 301raeTbCcd 3 BIOIIOBIIHUM HECATKOBUM 3HAKOM TOYHOIO
JuCIIA.

[Ipumipom, z = 3,000; £ = 2,999; A(2) = 107°. V HabnmsxeHHA £ Yo-

THPHU TOYHUX 3HAUYIIUX ITUQPPU, OTHAK *KOJHA 3 HUX He 30IraeTrhbcsa 3 BlJ-
MOBIIHUMHU JECATKOBUM 3HAKAMM YICJIA .

Habnm:xeHe 4mcio 3amucyoTh TAKHUM YHMHOM, 1100 BUTJIA 3AIIHCY Y-
cjla IIOKa3yBaB HMOT0 AO0COJIOTHY HOXHOKY, SIKa He IIePEeBUIIYE OIMHMUIIL
OCTAHHLOTO PO3PSAOy, SKUU 30eplraroTh IIpu 3amrcl. To0ToO BUIHCYIOTH
TLIBKH TOYHI II(pPH YKrcyIa, IPU IIbOMY TOUHI HYJIl CIIpaBa He BIOKUIAIOTh.
[Mudpmn, 1110 HE € TOUHUMU HA3UBAIOTL CYMHIBHUMIU.

Tax y mabmmxenHl umcia z = 2,0302 guciaom z; = 2,03 ycl mudpu

3HAYYII], & YUCJIOM T, = 2,0300 — ycl 11 pu, OKpIM OCTAHHBOTO HyJIA.

3. Ilokasuukosa HOpMaJidoBaHa ¢gopma uucaa. o6 yHUKHYyTH
HEIIOPO3yMIHbD 13 3aIIMCOM HAOJHMKEHHX YMCeJI BUKOPHCTOBYIOTH NOKA3HIL-
K08y HOPMAJIL308AHY (DOpMY 3AIUCY YHUCEJ, V AKIA YKCII0 3AINUCYIOTh Y BH-
ISl
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x=+M-10?,

ne M =0,a a ,..a .. — JoJaTHe 4ucJyo 13 mpomikkry (0;1], yci mudpu,
SKOTO ICJI KOMH 3Hauyml, Ta ¢, = 0, p € Z.

Yucmo M HA3UBAIOTH MAHMUCONW, & P — NOPAOKOM UHCIIA .

4. 3B’A30K MIsK YHCJIOM TOYHHX 3HAKIB 1 MOXHOKOIO uyuca. He-
xa yncisio z > 0 e HAOJIMIKEeHUM 3HAYEeHHAM TOYHOI'O YUCJIa I 1 Mae BU-
TJLAT

z=a, 10" +a, -10""+. . +a -10+a, +

—1 —m
+a 100" +...4+a 107",
ne 1udpu a,,...,a;, — TOUHIL. 32 03HAYEHHAM UYHCJIO TOUHMX 3HAKIB YHCIa &
BH3HAYAIOTH 3 HEPIBHOCTI
A(2) = |z — 2| < 107,
J1sram o0maB1 YacTUHU I1iel Hep1BHOCTI Ha |:i , J1CTaeMO
|- 10
0(2) = —7— < - <
n n— —m
2| a, 10" +a, 10" 4 4 107"
10’ 1
S - 0 . 101777,’
n
a, 10 a,
Je a, — Iepllia 3Ha4dylla IEdpa Ymucia &; a a, — OCTAHHA 3HaUyIa Iud-

pa IIbOTO YHcJIA.

1.3. Moxnbku apupmeTnuHNX ain

OmixiMo Terep IIOXMOKM, K1 BUHHKAIOTh HPHU ApPUPMETHUYHHX [TISIX
HaJ YHUCIAMH.
Hexat x Ta y — TouHl 4yucna, £ Ta § — IX HabmmxeHHS, A(Z) Ta

A(y) — ix abcomioTHl, a §(2),8(y) — Ix BIAHOCHI ITOXUOKX BIATIOBLIHO.
1. Iloxub6xa cymu rta pisuuni. Ilpasagusi dpopmyrum:

A + ) < AG) + AG);

A®) + AG)

Tty

8z £ 9) <

» Cropas,
AiLg) =]ty —@E+))|=|z-2)£@y-9|<
<|e—2|+|y— 9| = A@E) + AH). <
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Omsxe, abcosrroTHA MOXMOKA CyMU a00 PI3HUIN JBOX HAOIMMKEHUX YKUCEJI
He IIePeBUIIye iX a0COJTITHUX IIOXHO0K.

3BicyU BUILIMBAE IMPABUJIO OONABAHHS (BIOHIMAHHS) HAOJIMIKEHIX
YrceJI P13HOI a0COJIIOTHOI TOYHOCTI:

1) BUOLJIAIOTE YHCJIa, SK1 MaloTh HANOLILIITY a0COJIIOTHY HOXUOKY (drc-
JIa HaMMEeHIIIOl TOYHOCT1);

2) TOYHIII YHCJIa OKPYTJIITH TaK, 00 30epertu B HUX Ha OOHY 3HA-
qy1Ly 1udpy OlIbIe, HI3K Y BUILIIEHOMY YHCJII;

3) momaioTh (BIOHIMAIOTH) yCl YHCJIA 3 ypaxyBaHHAM 30epesKeHUX
udp;

4) ozep:KaHuil Pe3yJabTaT OKPYIJIIOIOTEH Ha OIHY IIUQPY.

2. BinnimanHa nBox Ou3bkux yuces. Hexait uncna z, Ta z, 0mau-

3bKl. I3 cI1BBITHOIIIEHHSA

6(.@1 . af\:2> S A(ml) + AA(ZEQ)

BUILINBAE, 110 IPU OyOb-IK1M, HABITh MaJilii aOCOJIIOTHIN IOXMOI[l HaOJIM-
*KeHb, BIITHOCHA IIOXMOKa pesyJbTaTy 0(; — 4,) 3HAYHO IOTIpIIyeThCA II0-
PIBHAHO 3 BIJHOCHUMU IToxubOkaMu 8(z,) Ta 6(2,).

Ile osmauae, 110 OJIsg TAaKUX OOUYMCJIEHb TpeOa OpaTu HAOJIMIKEeHHS 13
3HAYHO OlJIBIINOK KLIBKICTI0O TOYHHX 3HAUYIIHUX IHQP, HIXK BHUMAarae pe-
3yabTaT. AKIIo Takol MOKJIMBOCTI HEMAae, TO IIPOIeaypy Tpeda MoaudiKy-
BATH.

[Tpumipom,

Yoy = \/— - f
Pyt =@ —y)(z+y).
3. Iloxub6xu mooyTkry. IlpaBousi popmyn
A(zg) < |2|AY) (2) + A(2)A(9);
d(2g) < 8(2) + 8(9) + 8(2)5(7).-
» CuipaBni, Hexat © = Z + A(2),y = ¢ + A(y). Tonl
A(9) = |oy — 2] = |(2 + A@)(§ + Aly ))
[2(0) + 38(5) + MDA < [4]50) +

Jimsgum o0maBl YacTUHU HEPIBHOCT1 HA

( ) A(Z)A(Y)

0, omep:KyeMO HepiB-

HICTB JIJIS BIJTHOCHOI IIOXHUOKH JOOYTKY. «
Axmo moxmbkM HAOIMMKEeHbL MHOMKHHUKIB JOCTATHLO MAaJil, TO MOKHA
BBAKATH, III0
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A(B)A®G) = 0, §(2)8(7) = 0.

Orxe,

A(#g) < |2|A@) + || A#);
8(2) < 8(2) + 5(3)-

3BiJCH BUILIMBAE IIPABUJIO MHOMKEHHS HAOIMMKEHNX JrceJI P13Hol ao-
COJIFOTHOI TOYHOCTI:

1) BHIOIISIOTH YHCJIO 3 HAWMEHINOH KUJIBKICTIO TOYHUX 3HAUYIIIIX
udp;

2) pelTy MHOKHUKIB OKPYTJIIOIOTH TaK, 1100 BOHU 30eperyii Ha OmHY
3HaAUyILy IM(ppy OLIbIIe, HIK KLJIBKICTh TOUYHHUX 3HAUYIIHUX IIHUQP yV BHUII-
JIEHOMY YHCJIL;

3) v moOyTKYy 30epiraiTh CTLIBKH 3HAUYIIUX IHQPP, CKLILKK TOYHHUX
3HAYYIIUX QPP Mae BUILJIEHE UHCJIO.

3. lloxubka uyactru. /1 HabamkeHHs yacTku mpu y = 0 Tta § = 0

MAaeMO TOYHI OITIHKN:

A#) 2 [Ea@) +g[a@ 1
i) T 1—8(7)’
o) o 8(@) + 5(9)
g) = 1-8(y)
1 CITPOIIEHI:
Al2) < [2[AG) +9]AE).
j) Ta ’
|- | < 8(8) +8(3).
Y

IIpaBuio mieHHs 4Juces pl3HOi aOCOJIIOTHOI TOYHOCTI Take caMe SK 1
OOy TKY.

1.4. Tunn o6GUNCNIOBAIbBHUX METO/iIB

1. O0uwucimioBaJIbHI METOOU, SIK1 BHKOPHCTOBYIOTH, III00 IIEPETBOPUTH
3aJady 10 BUIVIAAY, 3PYYHOMY JJIsI peasidalii Ha KOMITI0Tepl, MOMKHA II0-
MIJINTU HA TaKl KJIACHU:

1) MeTooU €KBIBaJIEHTHHUX II€PETBOPEHb;

2) MeTooH aIIpoOKCHUMAIIli;

3) mIpsiMil (TOYUH1) METOIH;

4) iTepallifHl MeTOIH;

5) MeTOaM CTATUCTUYHNX BHUIIPOOYBAHD.
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2. MeTtogu exkBiBaJI€eHTHHX II€PETBOPEHb. L[1 MeTomu M03BOJISAIOTH
3aMIHHTH IIOYATKOBY 3aJad4y 1HIIOI, SKa Mae Toi caMuil po3B’sa30k. ExBi-
BaJICHTHI IIePEeTBOPEHHS € KOPHUCHUMH, IKII0 HOBA 3aJava IIPOCTIIIe II0Ya-
TKOBOI ab0 Mae Kpallll BJIACTHUBOCTI, a00 I Hel I1CHye BIIOMUM METO[I
PO3B’I3aHHH.

[Ipumipom, eKBiBaJIeHTHE II€PETBOPEHHSI KBAAPATHOTO PIBHIHHSI

2 4+br4+c=0

3a JOIIOMOI'0OI0 BU/IIJIEHHS IIOBHOTO KBAAPATY J0 BUTJISAIY

LB e
2 4

3BOOUTDH 3aJIa4y J0 IIPO0JIeMH OOYMCIIEHHS KBAAPATHOIO KOPEHs 1 IIPHUBO-
JIUTH 10 BIIOMHX (POPMYJI KOPEHIB KBAPAaTHOI'O PIBHSIHESI.
Ao, mpuMipoM 3aa4y BIOIIYKAHHS KOPEHS HEeJIIHIAHOTO PIBHAHHS
flz) =0
MOKHA 3BECTH [I0 €KBIBAJIEHTHOI 3a4adYl IOIIYKY TOYKU IJIO0AJIHHOTO MIHI-
MyMy PYHKIII
O(z) = ().

3. MeTtonu anpoxcumariii. 11 Mmeronu mo3BosigoTh HAOIM3UTH (AIl-
POKCHMMYBATH) IIOYATKOBY 3a/a4y 1HIIOI, PO3B’SI30K SKOI B IIEBHOMY CEHCl
OJIM3bKUI 0 PO3B’sI3KYy II0YATKOBOI 3asmaul. IloxumOKy, sAKka BUHUKAE IPHU
Taklil 3aMiHl, Ha3UBAIOTh NOXUOK0I0 anporxcumayii. 3a3BUYail aIIpPOKCHMY-
BaJIbHA 3ajJladya MICTUTH JesdKl ImapaMeTpH, IO JO03BOJIIIOTH pPeryJIioBaTH
3HAUYEeHHs IIOXHOKM allpoKcuMalili ado BIIJIMBATH Ha 1HII BJIACTHBOCTI 3a-
maul. KamyTs, 1110 MeTon ampokcuMaliil 36ieaemacs, SKIO IIOXUOKA aIlIpoK-
cuMainii Ipsamye 0 HYJId, KOJIM IIapaMeTPH METOAY HPSAMYIOTH 0 HesSKOro
TPAHUYHOTO 3HAYEHHS.

IIpumipom, ypaxoByHOUH O3HAYEHHS IIOX1IHOI (pyHKIIII

h—0 h
N1 11 HaOJIMKeHOT0 3HAYEeHHSI MOKHA BUKOPHUCTOBYBATH (DOPMYJIY
oy SE D) = f(2)
h

IToxubka amporcumarnii miei PopMyaIr YHCEeJIHLHOT0 Tu(epeHIIII0BAHHSI
OpAaMYye 10 HyJisd, Koau h — 0.

4. Ilpami meronu. Meton po3s’sa3aHHsa 3amadl HA3UBAIOTL NPAMUM,
SIKIIO B1H JO3BOJISE OJEPIKATH PO3B’A30K ITICJIS BUKOHAHHS CKIHUEHHOI Ki-
JIBKOCT1 eJIeMeHTAPHUX OIIePAIIlii.

[Ipumipom, MeTOa PO3B’A3aHHs JIIHIAHOTO PIBHIHHSI
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ax +b=20
3a (popmy.Ioio

€ IIPSIMHM METOIOM.

EnemenTapna omepairlis OpsSMoro MeToAy MOKe OyTH JOCHUTH CKJIAIHOIO
(oOumcieHHss 3HAYeHb eJIeMeHTapHol a0o cHoelaJbHOI  PYHKIINI,
PO3B’sI3aHHS CHCTEMHU JIHIMHUX AJINeOPUIYHHX PIBHAHDL, OOYHCICHHS BH-
3HAYEeHOro 1HTerpaJsia Toiro). Te, 1o Ii BBasKaIOThL eJJeMeHTapHoI0, 0O3HaJae,
110 Ti BUKOHAHHSA 1CTOTHO IPOCTIIIe 3HAXOIKeHHs PO3B’A3Ky Bclel 3amadyl.

Jlnst 11o0ymoBY ITPSIMUX METOJIIB 1ICTOTHY yBary IIPUILISAIOTH MIHIMI3a-
1111 K1JIBKOCT1 eJIeMeHTapHUX OIlepaIrii.

Izom mpsaml meTonu HA3WUBAIOTL MOYUHUMIU, POSYMIIOUM I ITHUM, IO
IPHU BIZCYTHOCT1 IMOXMOOK Yy IOYATKOBHUX JAHUX 1 IIPKM TOUYHOMY BHKOHAHHI
eJIeMeHTapHUX olleparliii oJiepKaHuil pe3yIbTaT TAKOMK Oyae TOUHIIM.

5. Ilpuknang mpamoro merony (cxema ['oprepa). Hexait 3amaua
II0JIATa€e B O0YMCJIeHH] 3HAYEHHS MHOTOYJIeHA

— n n—1
P (z) = ayx" +ax" +..+a, ;v +a,
y TOYIIl = c.

Aximo obumciIOBaTH 3HAYEHHS MHOTOUWIEHA 0e3rmocepeqHbo, IPUIOMY

c2,¢3,...,c" 3HAXOAUTH IIOCTINOBHUM JOMHOMKEHHSAM Ha ¢, TO OyIIe IOTPiOHO

BHKOHATH 2n — 1 omepailnii MHOMKEHHS Ta n OIlepallii JoJaBaHHs.
BHAYHO €KOHOMHIIIINM € MeTOJ O0UMCIICHH, AKUNM HAa3UBAIOTL CXEeMOI0
Ioprepa, 1110 OJIATa€ B 3aIIKCl MHOTOYJIeHA Y BUTJIAIL

P(z)=a2" +az" ' +..+a, x+a, =

=a, +x(a, | + ...+ 2(a; + a,7)...).
O6uuncienusa 3a cxemoio ['opHepa IIpoBOAATEH TAK:

b0 = q,
5 :boc b1 =a, +
s, = bic b, = a, + s,
EN = byc b3 = a5 + 84
Sp = bn—lc bn = a, + Sps

ne s = P (c), 1 morpebyoTb n oIepaliiifi MHOMXeHHA 1 n oIepalni

nomaBaHHs. MoskHA TOBeCTH, 1110 3HAYEHHS MHOTOYJIeHA B TOYI[l HEe MOKHA
OOYMCJINTH MEHIIIOI0 K1JIBKICTIO OIIePaIriii.
Cxemy 'opHepa MoskHa 3a0aTH PeKYPETHUM CII1BB1IHOIIIEHHSIM:
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b, =0, c+a,t=1n,
ne b, = a,, a b, — 3HAYEHHA BUPA3y, AKUN MICTUTD i-Ta Jy™KKa.

6. Itepamiiini merogu. lle cmeriagbpHl MeTOIH II00YIOBM IIOCJIIIIOB-
HUX HAOJIM:KeHb OO0 PO3B’SI3Ky 3aJadl. 3aCTOCYBAHHS METOAY IIOUYMHAIOTH 3
BHOOPY OJHOIO UM KLJIBKOX IIOYATKOBUX HaOm:KeHb. 11100 omep:kaT KoskHe
HaCTyIIHe HaOJMKeHHs BUKOHYIOTH OQHOTHIHHI HAOlp Ml 3 BUKOPHUCTAH-
HAIM 3HaAHOeHHUX paHilne HaOMMmKeHb — imepayiio. HeodmesxeHe 1mmpomos-
SKEeHHS I[HOT0 1TepaIllifHOro IIPOoIlecy A03B0JIsIE OyayBaTU HECKIHYeHHY IIOC-
JITOBHICTh HAOJMMKEHDb 10 PO3BSI3KY — 1TePAaIiHy IIOCIIIOBHICTD. fAKIIIO
11 IIOCJIIIOBHICTD 301raeThCs OO PO3B’SI3KYy 3amadvl, TO KasKyTh, IO 1Tepa-
MIAHUHA MeTon 30ieaemovcs. MHOKUHY IIOYATKOBUX HAOIMKEHD, IJII SKHIX
MeTOJ 301raeThCsi, HAa3UBAIOThL 00.1aCMi0 301CHOCM L METOIY.

7. llpuknan itepaiitiHoro nmpoiiecy (004YMcIeHHS KBaIpPaTHOIO KO-

peHs). Posrasgubpmo m100yBaHHSA KBAIpPAaTHOTO KOPEHI T = Ja 3a 1Teparri-
HHUA MeTonoM ['epoHa, BIOIIOBIIHO J0 SIKOI'0 HAOJIMKeHe 3HAUYEHHS KOpPeHs
BH3HAYAIOTH PIBHICTIO

1
xn+1:—xn+i :xn+—i—xn , n=07L12..
2 T, 2|z,

Tyr 1, — neaxe rpybe sHaueHHA KopeHA. TouHICTE € 0OYMCIIEHHA BU-
3HAYAETHCSI HEPIBHICTIO

1| a
r,|<es —-|——u1,|<E

2|z,

Tyl —

Bimomo, 110 1mei merton 30iraeTbesa IpU OyOb-AKOMY IIOYATKOBOMY Ha-
OnmusxeHH1 1, > 0, Tak 110 #oro 06/1acTh 301KHOCTI — MHOMKMHA BCIX J01a-

THHUX YHCEJ.

ITepaliitHuii MeTOI 3a CBOEIO CYTTIO € HAOJIMIKEHIIM; KOIHE 3 OLEePsiKY-
BAaHHUX He € TOYHHM 3HA4YeHHAM po3B’sa3Ky. OgHak 30L:KHUIT 1TepalliHui
IIPOIIeC Ja€ MPUHITAIIOBY MOSKJIMBICTD 3HAUTU PO3B SI30K 3a OYIb-sIKOI0 3a-
JTAHOI0 TOYHICTIO € > 0, MICJISA JOCATHEHHS SIKOI IIPOIleC IepepuBaioTh.

Xoua caMm (pakT 301"KHOCTI 0€3YMOBHO BaKJIMBUIM, BIH HEIOCTATHIM IJIS
IIPAKTUYHOTO BUKOPUCTAHHS METOIY, aJIKe MeTO MOKe 301raTHCs IIOBLIBLHO.

[IpakTuuma peaJsnisaliis 1TepamlifiHAX METOMIB 3aB:KIU II0Tpedye KpHu-
Teplsa 3aBepIIeHHs 1Tepalfiigoro mupoiiecy. O0unciaeHHs He MOKYTh TPUBA-
TH HEeCKIHYeHHO JOBIO 1 IMOBMHHI OyTH IIepepBaHl BIAIIOBIIHO M0 JESIKOIO
KPHUTEPIIo, 3B’I3aHOI0 3 JOCATHEHHAM 3aJaHO0I TOYHOCTI.

Bukopucranusa 3 1€l MeTo anpliopHux ouiHoK (TEOPEeTUYHHNX, Odepska-
HUX 0 IIOYATKY IIPOIIECY) YacTillle BChOr0 HEMOKJINBO a00 Hee)eKTHUBHO.
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Jlns bopMyBaHHA KPHUTEPIo 3aKIHYEHHS IIPHU JOCATHEHHI 3aJaHO0l TO-
YHOCT1, K IIPABHJIO, BUKOPHCTOBYIOTH QNOCMeEPIlOPHL OUIHKY TOXUOKH —
HEpPI1BHOCTI, ¥ IKHX 3HAYEHHS IIOXHMOKHM OITIHIOIOTH dyepes Blmomil abo omep-
SKAH] I Yac 00YMCII0OBAJILHOTO IIPOIIECY BEJIMYNHI.

Jnsa metony I'epoHa mIpaBamBa Taka amocTeplopHAa OITIHKA:

—x/E‘g|x n=012..,

III0 JT03BOJISIE OIIHIOBATU a0COJIIOTHY IIOXHOKY HAOJIMMKEHHS uepe3 MOIYJIb
P13HUII JBOX IIOC/IITOBHUX HAOJIMKEHD.

Boua mosossie cchopmymoBaTi Ipu 3adaHIM TOYHICTIO € > 0 OysKe IIpo-
CTHH KpHuUTeplii 3aBepiieHHA. AK TIIbKK Oyqe BUKOHAHO HEP1BHICTh

z,| <E,

xn—f—l n+l xn ’

|xn+1 -

oOumCIeHHs Tpeba MPUIIMHUTY 1 B3ATH I, ., 34 HAOJMKEHHS 710 Va 3 TOY-

HICTIO €.

8. MeToau cTaTUCTUYHUX BUIIPOOYBaHb. lle urcenbH1 MeToqU, IO
IPYHTYIOTHCSA HA MOIEJIIOBAHHI BUIATKOBUX BEJIMYMH 1 II00YJ0B1 CTATHICTHU-
YHUX OI[IHOK PO3B’sI3aHHAI 3a7ad4.

1.5. KOpeKTHiCTb 00UMCNI0BaNIbHMX ANTOPUTMIB

1. O0uucaoBaneHun aaroputMm. O0UYKCIIOBAIBRHUN METOJ I0Bee-
HHUH OO CTyHeHsd geTajisaifli, IImo [g03BOJIse peal3yBaTH HOro Ha
KOMIT'1I0Tepl, HabyBae opMy 00uLC/iH08AIbHO20 QJI20PUMMY — TOUYHOIO IIe-
peJIlKy Mi¥ HaJ BXIIHUMH JaHHUMHI, 110 3aJal0Th 00YNCIIOBAJILHUM IIPOIeC,
CKepOBaHUII Ha IIepPeTBOPEHHS JOBLILHUX BXITHUX JaHUX = (13 MHOMKHHUI
JOIIyCTUMUX JJI ITHOTO aJITOPUTMY BXITHUX JaHUX X) y IOBHICTIO BU3HA-

YeHUH IIUMH BXITHUMU JaHUMU Pe3yIbTar.

Peanpuuii o0unc/rioBaaIbHUNA AJITOPUTM CKJIAJAETHCSI 13 TBOX YACTUH:
a0CTPAKTHOI0 OOYMCJIIOBAJILHOIO AJITOPUTMY, CPOPMYJIIOBAHOIO B 3arajib-
HOIIPUUHATHUX MaTeMaTUYHHX TepPMIiHAX, 1 IporpaMu, 3allucaHol Ha OTHIH
3 aJITOPUTMIYHHUX MOB.

IIpumipomM, obumCIeHHs 3HAUYeHHs MHOTOYJIeHa 3a cxeMoio l'opHepa
MOKHA 3aJaTU TAKUM aJITOPUTMOM.

Kpox 0. Iloknacru b, = a,.

Kpox 1. 3011bIInT 3HAYEHHS | Ha OJUHUITIO.
Kpoxk 2. dAxiio i > n, To meperTH 00 KPOKy 4, AKII0 Hl — KPOKY 3.

ERpox 3. Obuucmutu b, = b, ,c + a, 1 mepe#iTu 10 Kpory 1.

ERpox 4. Ilokmactu P, (c) = b, 1 IpUIUHUTH IPoIlec 00UNCIeHH .



Nekuist 1. HabrxeHi ymcna 11

Kpoxm 1—3 11bOro aJropuTmMy IOBTOPIOIOTH 0ATaTOKPATHO ITHKJIIYHO,
IIPUYOMY YHCJIO ITUX HMOBTOPEHb (IIMKJIIB) BU3HAYAETHCSI CTEIIEHEeM 7 MHO-
rodJieHa.

2. Kopexktuicts aaropurmy. O0unc/iaoBaIbHUNA aJTOPUTM HA3UBA-
0THb KOPEKTHUM, SKIIT0 BUKOHAHO TaKl YMOBH:

1) BIH [03BOJIsg€e MICJSA BUKOHAHHS CKIHUEHHOI KIJIBKOCT1 eJIeMeHTap-
HUX IJIS KOMITI0Tepa omepalllii mepeTBOPUTH OyIb-sike BXigHe maHe r € X
y pe3yabTat y;

2) pe3yJibTaT y CTIMKWU BIAHOCHO JI0 MaJIUX 30ypeHb BXITHUX JIAHUX;

3) pe3ysIbTaT y Mae 00YMCITIOBAJIbHY CTIHKICTb.

CrifikicTh pe3yabpTaTy g0 Majux 30ypeHb BXITHHUX JaHHX 03HAYae, IO
pe3yabTaT HelepepBHO 3aJIeKUTh Bl BXITHUX JAaHUX 34 YMOBH, IO BIJICY-
THS OOYMCJ/IIOBAJIbHA ITOXMOKA. 3BICHO, IO IIOTPIOHO HPHUIIYCKATH, IO pa-
30M 13 BXIOHMMHK JAHUMU 7 y MHOMKHHI JOIYCTUMHUX BXITHUX JaHUX X

HaJIeKAaTh 1 BC1 OJIM3BbK] J0 2 HAOJIMKeH1 BX1IHI 1aHl z*.

Yepes HAIBHICTD ITOXHMOOK OKPYTJIEHHS IIPH BBOl JAaHHX 1 IPH BUKO-
HaHHI apu@METHIYHHIX OIIepaIliii 000B’sI3K0BO 3’ABJISE€THCS O0UMCIIOBAJILHA
moxubOka. Jas gpiKcoBaHOTO aJIrOPUTMYy 3HAUEHHS IIOXHMOKH BHU3HAYAETHCS
MAIIHHOIO TOYHICTIO €, . AJIFOPUTM HA3UBAIOTh 004 UCTII068A/IbHO CIMITLKUM,

AKIII0 O0YMCIIOBAJIbHA IIOXHMOKA pPe3yabTaTy MOpsAMye J0 HYyJsd, KOJIU

em—>0.

OG6uuncoBaIbHUI aJITOPUTM HA3UBAIOTH CMILUKUM, SIKIITO BIH CTIHKWHI
JI0 BXITHHUX JAHUX 1 00YMCIIIOBAJIIBHO CTIUKUHA, 1 — HecmilKuM, AKII0 Xoda
0 ooHY 3 YMOB He BUKOHAHO.
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