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Heas padorer: 1. M3yunTts MeTOABI PA3JIOKCHUSA MHOI'OYJICHA HA HEIIPUBO-

JTMMbIE MHOKUTEIN

2. U3yuuth MeToibl MIPEJCTABJICHUS PAllMOHAILHOU Jpo0Ou
B BHUJIE€ CYMMBI ITPOCTEHIINX TPOOEH.

3. OCBOUTH METOJUKY MHTETPUPOBAHUS PAlMOHAITBHBIX
npo0eit

4. OcBouTh METOAUKY TpuMeHeHns DBM npu npeacras-
JICHUM PaIMOHAJILHOW ApOoOU B BUAE CYMMbI MPOCTEH-
IuX Apooei.

5. Pemuth MHAMBUIYaTbHOE 3aJJaHUE.

1. TeopeTu4ecKkue MoOJI0KEHUSA
1.1 Ocnoénvie nonamus

MHOro4IeHOM #-ii CTEIEHN Ha3bIBACTCS BhIPAKCHUE BUIA
P.(x)=ax"+a, X" +...+ax+a,,
T7e aj — KO3(PPHUIMEHTH MHOTOWICHA, ICHCTBUTEIBHBIC YHC/IA, YHCIIO N
- HA3bIBACTCS CTEICHBIO MHOTOWICHA.

Kopnem MHOTOWIEHA Ha3bIBAaCTCS TAaKOe 3HAUEHHUE X; (ICHCTBU-
TEJIPHOE WM KOMILICKCHOE), P KOTOPOM MHOTOWIEH OoOpaIiaercs B
HYJb, T.C. P,(x)=0.

Ecnm x; ectb kopeHb MHOTOWIeHa P,(X), T0 P,(X) meaurcs 6e3 oc-
TaTka Ha (x-x1), T. €. P,(X)=(X-x1)Q,.1(X)(creocmeue uz meopemor be3zy).

Ecimm muorounen P,(X) nenurcst 6e3 ocraTka Ha (x-xl)k (k - mary-
pajgbHOe YMCII0) M He menmuTcs Ha (x-x1), To umcno K HaswBaeTcs
KPaTHOCTBIO KOPHSI. Pn(x):(x-xl)an_k (x)

1.2 Pa3znoscenue mnozounena na Henpueomunble MHOJICUmMmeiu

Bcesiknii MHOTOWIEH CTEIEHW N pas3jaraetcs Ha N JIMHEMHBIX MHO-
>KuTeseill BUaa (X-x1) 1 MHOXKUTEIb, paBHbIH K0d(QQULIUEHTY NpH X', T.
e. P,(X)=a,(X-x1)(X-x7)...(X-xp).

Bceskuit MHOrO4IE€H N-0M CTENEHW MMEET POBHO N KOpHEH (IencT-
BUTCIbHBIX WJIM KOMILJICKCHBIX ).



Ecimm muorowrien P,(X)c IEWCTBUTEIBHBIMU KO3 (GUIIMCHTaAMHU
UMEET KOMILICKCHBIH KOpeHb a+bhi, TO OH UMEeT M CONPSHKEHHBINA eMy
KOpeHb a-bi.

MHorouieH ¢ JeWCTBUTEIBHBIMU KOX(D(PHUIIMEHTAMH pasiaraeTcs
Ha MHOXHUTEIHU C JEUCTBUTEIBHBIMU KOA(DPUIIMEeHTaMu TIEPBON U BTO-
PO¥1 CTETICHU COOTBETCTBYIOIIECH KPaTHOCTH, T.€.

P (%) = 2 (x = 3)" (X = X) 2...(x = %) " (¢ + prx+ ) ™. (X + pox+) ™
rae k1+k2‘|‘ . thtmy+. tmg=n.

Ipumep: Paznoxuts Ha MHOKATEIN Ps(X)=x"+x +x +x*+x+1

Crpymnmupyem ciaraemsie Ps(X)=(x>+x" +x°)+(x*+x+1)=
=3 (P Hx+ 1)+ (Pt 1) = (P + 1) (6 +1) = (P + 1) (P + 1) (x+1).
JIMCKpYMUHAHTBI MHOTO4JICHOB (x2+x+1) U (x2—x+1) — OTPULATEIIBHBI,
CJIEIOBATENIbHO, OHU SIBJITIOTCS HETIPUBOIUMBIMH MHOKHUTEIISIMHU.

1.3 Hnmezpupoeanue payuonaibHvix opooeit

BCHKyIO pallrOHAJIbHYIO (I)YHKHI/IIO MOKHO IIPpCACTABUTbL B BHUJC
paHHOHaHBHOﬁ I[pO6I/I, T. €. B BUJIC OTHOICHHUA ABYX MHOT'OYJICHOB

Q(X)  Byx™+B X" +..+B,
F(X) AX"+AX" o+ A

He orpannuuBas oOIIHOCTH pacCyXIE€HHM, OyaeM IMpearnonararb,
YTO 3TU MHOT'OYJICHBI HE UMEIOT O0LIUX KOPHEH.

Ecnu cteneHp yucauTensl MEHbIIEe CTETIEHU 3HaMeHaTesl, TO Jpo0b
Ha3bIBAE€TCS MPABUIIBHOW, B POTUBHOM Cllydae JIpoOb Ha3bIBAE€TCS He-
[IPABUJIBHOU.

Ecnu npoOb HempaBuiibHasl, TO, pa3JeiIUuB YUCIUTENIb HA 3HaAMEHa-
TE€JIb, MOKHO MPEACTABUTh TAHHYIO JPOOb B BHUJIE€ CyMMBI MHOI'OYJIEHA
1 HEKOTOPOW MPaBUIbHOU IpoOH:

Q(x) _ M (x) + F()
fo) f(x)
F(x)
3nech M(x)- MHOTOYJIEH, a f(x) - paBUJIbHAS APOOb.
X
4 J— J—
Ilpumep: oS =3x? -9x+30— Ox=25

x2 +3x-1 2 +3x-1



Tak kxak HMHTErpPUPOBAHHE MHOTI'OYICHOB HE BBHI3BIBACT 3aTPYIHE-
HUMW, TO OCHOBHAs TPYAHOCTh MPU HHTETPUPOBAHHH PAIlMOHAIBHBIX
apoOel 3aKIIoYacTCs B MHTETPUPOBAHUH ITPABUIIHHBIX PalldOHAIBHBIX
poOeHi.

[IpaBuibHBIE pallMOHAIBHBIE IPOOH BUAA:

| A I A K-11e70€e monoxu-
" x—a’ ' (x— a)k TEJILHOE YUCJIIO > 2
" Ax+ B KOPHHU 3HaMEHaTeIs
R pPX +Q KOMILIEKCHBIE
k- memoe > 2,
AX+ B
V. » KOPHHU 3aMEHaTENs
2
(X +PX+ q) KOMILIEKCHBIE
Ha3bIBaroTCs npocteimmmu apoosmu I, 1, 111, 1V Tumnos.
X
[Iycth TpeOyeTcsi BBIYMCIUTD J‘$dx , €clu JnpoOb, cTosIas
X
I0J1 3HAKOM HMHTErpalia, HelpaBUJIbHasI, TO Mbl IIPEACTAaBUM €€ B BHU/IC
y y F(X)
CyMMbI MHOTOWJIeHa M(x) ¥ IpaBUJIBHOW PaIlMOHAIBHOM APOOH f(x) .
X

Bun nmpocreimux apooOeit onpenensercs kopHsamu 3HameHatens f(X).
311ech BO3MOYKHBI CICAYIOIINE CyYau:
| ciyuaii: KopHu 3HaMeHaTess ICHCTBUTEIIBHBIC U Pa3INIHbIE, T. €.
f(x)=(x-a)(x-b)...(x-d). Torma OymeM UMeTh:
F(X) A B D
= - +.ot
f(x) x—a x-b x—d
H, CIICJIOBATEIIBHO,
F (X D
[=—= () g j—dx j—dx+ 4 [——=
f (x) X—d
=A-In|x—a|+B-In|x—b|+..+D-Injx—d|+C
Il cryuaii: Kopau 3HaMeHatemns I[CI/ICTBI/ITGJII)HI)IC IpHYeM HEKOTO-
pble U3 HUX KpaTHble, T. €. f(X)=(x-a)"(x- b)...(x-d)™.
F(x)
f(x)

B aTom ciyudae npo6n

paznaraeTcsi Ha MpoCTeHIIne Apoou TUMA:



F (X B B
() __ A —+ A“ln_l+...+ A LB o —<L L+
F) (x-a)' (x-a) X=a (x-b)" (x-b)
D D D
L I — I+
Xx—b (x—d)" (x-d) x—d
¥ MBI IPUXOJUM K HHTETpajiaM OT CTEIIEHHBIX (PyHKITHH.
Il cayuan: Cpenun xopHEl 3HaMeHATENd €CTh KOMIUIEKCHBIE HE

nosTopsrompecs, T. €. f(X)=(+px+q)(C+Ix+K). .. (X2+sx+r).
F(x)

B aTom ciydae npo6n pasyiaraeTcsl Ha MpOCTEeHUIHe ApoOU THTIA:

F(x) Ax+B Mx+ N Cx+D
= + +it—————
f(X) x®+px+q x2+Ix+k X2 +SX+T
¥ MBI TIPUXOJIUM K MHTErpajiaM, COJACPIKAIINM KBaJIPATHBIN TPEXUJICH B
3HaMeHaTeJe.
IV cryuari: Cpenu kopHel 3HaMeHaATeNsd €CTh KOMILUIEKCHBIE KpaT-
mpie, T. e f(X)=(0C+px+q)"0C+IX+K)"... 0C+sx+r)".
F(x)
f(x)

B stoMm ciyuae 1po0b pazyiaraercsi Ha NpoCTenIlre ApoOdur TUMa:

F (x) A X+ B, AX+B; M, X+ N,
— 2 n et s T m
f(x) (x“+px+0q) X“+px+q (X°+Ix+k)
N M;X+ N; N C,x+D, - Cix+ D,
X2 +Ix+k (X% +sx+r1) X2 4+ SX+T

2. 3aganue

P-(x
Beraucnuts nHTETpan IMX
Qs (X)
1. Paznoxuth 3HaMeHaTeNnb Qg(X) Ha HEIPUBOAUMBIC MHOMKHUTCIIH.

P (X
2. I[IpencraButh A1poOb & B BUJIC CYMMBI IIPOCTEHIINX IpoOeH ¢

6 (X
HEONpeaeIEHHBIMU KO3 (DUITMEHTAMHU.
3. Haiftu nonmydenHnsie uHTErpassl ¢ ucnois3zopanueM MATHCAD.
4. HailTu Bpy4YHYIO MMOJIy4Y€HHBIE HHTErPaIbl OT NPOCTEUIINX APOOECH.
5. 3nauenus Ps(X) u Qg(X) B3saTh 13 TabMHIH 1.



Tabmuna 1

No Ps(x) Qs(X)

1 6x"+17x*-27x*+12x%-19x+9 x*+3x°-9x*+4x>-3x*+9x-5

2 2x°-2x*-22x-13x*+43x+43 -2x°-5x°-x*+x%-11x%-16x-6

3 8x°+36x"-13x°-286x°-163x+490 x°-3x°+17x*+70x°+117x*+405x+675
4 14x°-127x"*+403x°-530x°+373x+315 3x°-17x°+6x"+58x°+99x*-297x-108
5 7x°>-51x"+159x°-260x°+207x-63 2x°-15x°+45x"-71x*+66x°-36x+8
6 7x°+23x +7x3-51x°-69x-52 x0-6x°-14x*-17x-6x°+20x+24

7 Ax°+4x"-68x°+21x°+536x+321 x5 +2x +24x>-27x%-2Tx+162
8 2x°+51x*+387x°+1189x%+1206x-230 x%-11x5-32x*+38x+328x%+544x+384
9 Ox”-4x*-31x°-48x*-27x-9 3x*+11x°+23x +30x*+17x%x-3
10 5x°-16x"+34x°-7x*-30x+20 2%+ Tx-12x " +12x°-4x°-3x+2
11 4x°-x"-36x°+16x"+120x-121 -2x°+13x°-29x"+25x>-14x°+28x-24
12 5x°+13x"*-78x*+179x°-257x+158 x°-x°-6x*+34x>-71x°+63x-20

[N
w

7o+ 425* +15x3-212x*+50x+512

xC+x°-11x%-22x3-28x2-88x-96
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[Ipopomxenue Tadbauis 1

14 76x°+158x*+103x>+4x*-27x-11 8x°+28x°+46x" +45x>+26x +8x+1
15 96x°-186x"+76x°+86x°-80x+27 8x°-4x°-14x*+33x>-31x*+13x-2

16 3x°-14x*-16x>-18x%-6x+1 4x°+13x°+16x" +10x°+4x"+x

17 51x°+151x*-95x3+2x%+5 0x°-25x°+22x*-6x>+x°-x

18 16x°+68x*+73x*+91x°+165x-121 4x°+51x°+204x"+327x°+186x°+36x+56
19 48x°-304x*+659x°-56 7x°-64x+24 9x°-57x°+19x*+480x°-891x*+297x-81
20 88x°-76x"-58x>+93x°+77x+19 32x%-32x°-136x"-140x>-76x°-23x-3
21 16x°+18x"-8x>-17x°+2 3x°+5x°+4x"-2x°

22 49x°+98x"*+102x°-75x°-73x-14 5x°+27x +45x +14x°

23 25x°+49x"+119x°+96x°-143x-56 3x°+10x°+31x"+56x>

24 -7x°-21x*-139x°-250x%-79x-24 6x°+17x°+39x*+71x*+59x*+12x-4
25 25x°-73x*+125x°-60x"+34x+159 5x°-13x°+54x"-116x°+79x°+9x-18

26

5> +57x*+720x°+100x°-906x+994

3x°+26x°-53x*-445x>+1204x°-49x-686




3. O0pa3en BbINOJHEHNS 3a1aHUS

7x° +51x* +125x3 +130x° +185x + 70
BerancianTe nHTErpa dx

x® +7x° +13x* + x® —18x% —108x — 216

Pasnoxum 3HameHarens Qg(X)=X’+7x°+13x +x>-18x*-108x-216 Ha
HEIPUBOIUMBIC MHOXUTEIH. J[JI1 9TOr0 BOCIOIB3YEMCS CHMBOJILHBIM
onepatopom «factor», T.e.

XC+7-x°+13X +x>-18-x°-108-x-216 factor —> (x-2)-(x+3)*(x*+4)

[IpencrtaBuM UCXOAHYIO ApOOb B BHUAEC CyMMBI MPOCTBIX IPOOEH ¢
HEeOoIpeIeIeHHBIMU KOd(PduiimeHTraMmu
R(x) A N B C D Fx+E

N + 2t 3t 2
Q(X) x-2 x+3 (x+3)° (x+3)° x°+4
Bocmonb3yemcsi CHMBOJIBHBIM oriepatopoM «parfracy» u pasnoxum
TAHHYIO Ipo0b Ha CYMMY IIPOCTHIX JIpoOei

7x° +51x* +125x3 +130x? +185x + 70
x® +7x° +13x* + x° —18x% —108x — 216
3 2 1 4 2X+1

+ + 5+ s+
X—2 X+3 (x+3)° (x+3)° x“+4

convert, parfrac, X—>

Jlajiee IpOUHTETPUPYEM NTOTYUMBIIECECA BBIPAXKEHNUE, UCITOJIb3Y S
CHMBOJIbHBIN OTIEPATOP « —> »

3 2 1 4 2-x+1
j + + >+ st
X=2 Xx+3 (x+3)° (x+3)° x“+4
2 1
(x+3)% (x+3)

dx —

53 In(x-2) -

+2-In(x+3) + In(x? +4)+%-atan(%-x)

Brrancimm Bpy4dHYI0 HEONIPEIEIIEHHBIE HHTETPAJIbl OT KaXI0N U3
MOJIYYEHHBIX MPOCTHIX APOOEH:
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jidx 3-In(x-2)+C; jidx=2-ln(x+3)+C;
X+3

—2+1
j 2 2dx=2-&+c——i+c
(x+3) -2+1 X+3

-3+1
j 2 3dx:2-&+C:— 1 2+C;
(x+3) -3+1 (x+3)

2x+1 2xdx dx d(x? +4) 1 (xj
dx = - —-arct
sz+4 J.x2+4 J‘x2+4 -[ X° +4 i |2

1
=In(x“ +4)+—-arct C.
oy Lo 2.

Torga uHTErpas OT CyMMbl HECKOJIBKUX (DYHKIMI paBeH CyMMe MHTE-
IpajioB OT KaXXJ0i U3 ATUX QYHKIIH, T.€. Oy1eM UMETh

3 2 1 4 2-Xx+1
.[ + + 5+ Tt dx =
X=2 X+3 (x+3)° (x+3)° x°+4
_.f—dx+I—dx+ o 2+_[ 4 5 dX +j2 X+1 =
X+3 (x+3) (x+3)° x? +4

1 —_
(x+3)  (x+3)?

~3.In(x—2)+2-In(x+3) -

+In(x? +4)+ % -arctg (gj +C.

KoHTpo/ibHBIE BOPOCHI

1./1aiiTe mOHSATHE MHOTOWJICHA 1-i CTEIICHHU.

2. YTo Ha3bIBa€TCS KOPHEM MHOTOWJICHA?

3. JlaiiTe MOHATHE KPATHOCTH KOPHS.

4. JlaiiTe TIOHATHE KOMILIEKCHOI'O YKCJIA.

5. CKOJILKO KOPHEN UMEET MHOTOUJICH /- CTENEHU?

6. Ykaxutre cumBOIbHBIN omnepatop cuctembl MATHCAD, ucnons-
3yEeMBbIH JIJI Pa3JI0KECHUSI MHOTOWICHA Ha HEMTPUBOAUMBIE MHOKHUTEH.
7. Kakast 1poOb Ha3bIBa€TCS IPaBUIBLHOM ?

8. JlaliTe MOHSTHE NMPABUILHON U HEMPABWIBHOM pallMOHAIBLHON IPOOH.
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9. JlaitTe moHsiTue mpocTeiieit 1poou. YKa)KUTe OCHOBHBIC THUIIbI MPO-

CTEHIIUX IpoOeil.

10. Ykaxure cumBoibHbIA oneparop cuctembl MATHCAD, ucnoib-
3YEeMBIN ISl Pa3JIOKEHUS MPABUIILHOM pallMOHaIbHOM ApOOU HA CYMMY
MPOCTEUIINX JPOOEH.

11. Ykaxure cumBoibHbIA oneparop cuctembl MATHCAD, ucnoib-
3YEMBIN J1JIsl HAXO0KICHUSI HEONPEIeIEHHBIX UHTETPAJIOB.

bubaunorpagpuyeckui CIuCoK

1. Tluckyno H. C. uddepennmanbHoe u UHTErpaibHoe ucuucienus [Tekcr] :
yaebHoe nocobue. T. 1 / H. C. [IuckyHnos. - u3z., crep. - M. : Unurerpan-Ilpecc,
2007. - 416 c. - ISBN 5-89602-012-0

2. Manko I1. E. Briciias MatemaTuka B yIpaKHEHUSX U 3aja4ax : YueO. nmocoodue:

B2 4. Y. 1/II. E. lanko, A. I'. Tlonos, T. . KoxxeBHUKOB. - 5-¢ u3., ucnp. - M. :

Bricmrast mkona, 1999. - 304 c. : un. - ISBN 5-06-003070-9.

3. lllunayes B. C. Beiciias matemaruka : YueOuuk ajs cryd. By3. / B. C. llluna-

4eB. - 4-¢ u3j., crep. - M. : Boicias mikona, 1998. - 479 c.

4. 3anopoxer I'. Y. PykoBOACTBO K pEelICHHIO 3a/1ay M0 MAaTEMAaTHYECKOMY aHaJIH-

3y [TekcT] : yuebHoe mocobue / I'puropuii iBanoBuu 3amnoposxer. - 6-¢ u3., cTep.

- CIIG. : Jlansb, 2010. - 464 c. : un. - (YueOuuku aia By30B. CrieniuayibHas IuTepa-

Typa). - ISBN 978-5-8114-0912-9 :



