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BBEJIEHUE
1. Heas u 3a7a4n U3y4eHUs! AUCHHUILIMHBI

Lens aucuuruinHel: ¢opMupoBaHue Habopa 00mEenpo(ecCHOHATBHBIX KOMIIETECHIIUN
OakanmaBpa 10 HamparieHuto noarotoBku  23.03.03  Dkcrryartamus — TPaHCTIOPTHO-
TEXHOJIOTUYECKUX MAIIMH U KOMIUIEKCOB.

3amaun OCBOEHUS AMCHMIUIMHBL (OPMUPOBAHUE TNPEACTABICHUH O POJIM U MecTe
MaTeMaTHKd B COBPEMEHHOM MHpeE, JSTalax pa3BUTHUS, YHHBEPCAIBHOCTH €€ MOHATUH H
npeacTaBIeHNH; (HOPMHUPOBAHHE YMEHHH NPHMEHSITH METOAbI MAaTEMAaTHYECKOrO aHau3a |
MOJICIUPOBAaHUsT B TNPO(EeCCHOHANBHON AEATENbHOCTH; OBJAJCHHE HAaBBIKAMH TOYHOTO H
C)KAaTOTO BBIPAKCHHWS MAaTEMAaTHYECKOW MBICIM B YCTHOM M IIHCHbMEHHOM H3JIOKEHHUH, C
UCIIOJIb30BAaHUEM COOTBETCTBYIOIIEH CUMBOJIUKH.

2. O0opyaoBaHue U MaTePUAJIBI

[IpakTuueckue paboThl MO TUCHUIUIMHE «MaTteMaTruka» MPOBOASTCS B KOMIIBIOTEPHOM
KJIacce C MyJIbTUMeIna 000pyI0BaHHEM: TIPOEKTOP, KOMITBIOTEP, SKPaH HACTEHHBIN.

3. HammeHoBaHMe NPAKTHYECKHUX PadoT

Ne HanMeHoBaHMe TeM IMCUUILIHHDBI, HX KPaTKOe Oobem N3 Hux
Tem co/iep:kaHue 4acoB NpaKTHYecKast
bl NOATO0TOBKA, YACOB
AUCIY
UILTH
HBI
1 cemecTp
2 Pemienne cucrteM JIMHEHHBIX YpPaBHEHUM METOJAOM 2 2
l"aycca.
8 [Ipon3BoHBIE HEKOTOPHIX AJIEMEHTApHBIX (DYHKITHIL. 2 2
OcHoBHBIE NpaBuiIa A epeHnnpoBaHusl.
2 cemecTp
11 | 3ameHa mepeMEHHON B HEONPEIEICHHOM HHTErpale. 2 2
NuterpupoBanne 1o  yactsaMm. MHTerpupoBaHue
JJIEMEHTAPHBIX npo0eii. Hurterpuposanue
panyoHaIbHBIX (QYHKIIHI
15 | YactHble npoM3BOJHBIE NEpPBOro nopsiaka. YacTHele 2 2
MIPOU3BOHBIC BEICIIIHX MOPSIIKOB. IMonueri
muddepenman yHkuuu. JuddepeHimansl BBICIIMX
nopsinkoB.  lubdepeHunpoBanue  CIOXKHBIX |
HESIBHBIX (DYHKITHIA.
UTOI'O: 8 8




4. Conep:kanue NPpaKTHYeCKUX padoT

Ilpakmuueckasa paooma 1. Pewwenue cucmem auneiinvix ypasuenuii memooom I'aycca.
Ienw: BeIpaboTaTh ymenue pemarb CJIY meromom ["aycca
Teopemuueckan uacmp:

IIpakTruecku miid perieHus: CUCTEM JIMHENHBIX YPaBHEHUH Yallle BCEro NPUMEHSIETCS
MmeTo[ ['aycca, cocTosImMM B TOCIIE0BATEIbHOM HCKIIIOUEHUN HEU3BECTHBIX.
[TycTh 3a1ana cucTeMa TUHEWHBIX aNreOpanvyecKux ypaBHEHHIMA:

allxl +a12x2 +---+a1nx” = 61
a21x1 + azzxz +-eet+ a2nxn = 62
amlxl + am2x2 +eeet amnxn :6/71

ByneM npou3BoIuTh Hajl CUCTEMOH CIIEeIyIOIIe dJIeMEHTapHbIe TPe0Opa30BaHUS:

l. BrruepkuBanue ypasHenus suga 0-x, +0-x, +---+0-x, =0.

2. [IpubGaBneHne kK OAHOMY YPAaBHEHHMIO APYrOro ypaBHEHHs, YMHOKEHHOTO Ha
IIPOU3BOJILHOE YUCIIO.

3. Ilepemena Mectamu JByX ypaBHEHHIA.

ITycTs Teneps a,, #0.(Ecin a,; = 0,70 MBI IOMEHAEM MECTAMU IIEPBOE YPABHEHHE C TEM
ypaBHEHUEM, rie kodduuueHT npu x, oTaMdeH oT Hyns). MckmouuM Temeps X, M3 Bcex
YPaBHEHUH CHCTEMBI, HauMHas cO BTOporo. Jlis 3TOro Ko BTOPOMY YpPaBHEHMIO NpPHOABUM

a
IIEPBOE ypaBHEHHE, YMHOKEHHOE Ha (——2" ), 3aTeM NpHOABUM K TPETHEMY YPaBHEHHUIO IIEPBOE,
a
11

a
YMHOKEHHOE Ha (——1) ¥ T.JI. K OCJIEHEMY YPABHEHUIO TIPUGABMM MEPBOE, YMHOKEHHOE Ha (
a
11

a
——2L). TIpu 3TOM MOJy4HUM CUCTEMY
a
11

X HCpXy +ote X, e X, =a
CppXy +eootCy X, +o00+Cy X, =0,
CppX, +ooo+cC, X, +-+c, X, =a,
[anee, mpuMEHHB Te K€ PACCYXKACHUS K IIOIYYEHHOHM CHUCTEME, WCKIIOYUM U3
YPaBHEHMI, HAUUHAs C TPETHETO X, U T.[.
[Iponomxast 3TOT npouece, Mbl IPUIIEM K OTHOMY U3 IBYX CIIY4acB:
1. JIubo mocne ompeneNeHHOro IIara MOJYYUTHCS CHUCTEMa, cojeprKalias

ypaBHeHue Buga 0-x, +0-x, +---+0-x, =6 u ¢ # 0. Torga Hama cuctemMa He UMEET PEIICHUH,

T.€. HECOBMECTHa.
2. 1160 cucremMa He coaepKuT ypaBHeHue Bujga 0-x,+0-x,+---+0-x, =6 u 6#0.

Torz[a PaHO WJIK O3AHO MBI TIPUACM K CUCTCMC
CpX; tCpXy, oo+ C X, +--+C X, =a,
CyppXy too+Cy X, +--+C,y, X, =0a,

Bo3MmoxHBI Ba cityyast:



a) r=n. Torna nocinenHee ypaBHEHHE IOCIEHEH CUCTEMBI UIMEET BUL: C, X, =4, ,

a
OTKyna x, =—=. M3 npeanocieaHero ypaBHeHUs. HAXOAUM X, ; U T.J. U3 IIE€PBOIO ypaBHEHUS

nn

CHUCTCMbI HAXOUM X, .

b) r<n.Torga cucrema nmMeer 6€CUNCICHHOE MHOKECTBO PEIICHUH.
3ameuanue. C mNpakTUYECKOW TOYKM 3pEHHUS IPOLECC PEUIEHHS] CUCTEMBI MOYKHO
00JIerYnTh, €CITM BMECTO MPeoOpa3oBaHUil HAJ CaMO CHCTEMOM MPOU3BOIUTH PEOOpa30BaHUS
HaJl COOTBETCTBYIOIIEH pACIIMPECHHOW MATPULIEH CUCTEMBI.
[Tpumep. Pemuth cucremy merogom ['aycca.

2x,+x, —x; +x, =1
3x,—2x, +2x,-3x, =2
5x, +x, —x; +2x, =1
2x,—x, +x;-3x, =4
Pemenne. PaccMOTpuM pacIIupeHHYI0 MaTpUILY
2 1 -1 1 1

3 -2 2 -3 2
B=

5 I -1 2 -1

2 -1 1 -3 4

5
YMHOXXHB HEPBYIO CTPOKY Ha 5 3aTeéM YMHOKUB IEPBYIO CTPOKY Ha 5 HaKOHell,

YMHOXXHB TIEPBYIO CTPOKY Ha —1, CJIOXHM NEPBYIO CTPOKY MOCIEAOBATEIHHO CO BTOPOM, C
TpeTbeil U ¢ yueTBepToi cTpokou. [Tomyunm

21—11121_111

o 1 7 91
5 3 7 T3 5 0 -7 7 -9 1
o .3 3 L 71 o -3 3 -1 -7
2.2 2 2 0 -2 2 -4 3

0 -2 2 -4 3

B nocneaneit martpuiie Mbl YMHOXKWJIM BTOPYIHO U TPeThiO CTpoky Ha 2. Jlanee 1 u 2

CTPOKH ocTaBisieM 0e3 m3MeHeHus. CriepBa YMHOXHM BTOPYIO CTPOKY Ha s U CIOXUM C

y y 2 y y
TPETbEH CTPOKOM, 3aT€M YMHOXKMM BTOPYIO CTPOKY Ha ] U CIOXKUM C YETBEPTOM CTPOKOM.

[Tonyuum
2 01 -1 1 1 5 o1 11 g
. 307(7)2_8_15_2 ) 0 -7 7 -9 1 i
- - 0 0 0 20 -52
0o 0 o -2 D 000‘%%
77
2 1 -1 1 1 2 1 -1 1 1
0 -7 7 -9 1 0 -7 7 -9 1
0 0 0 20 -52| |0 0 0 20 -52
0 0 0 -10 19 00 0 0 -7



1
[TocnenHror0 Marpumy Mbl IOJIY4YUIIH, YMHOXHUB TPETBIO CTPOKY Ha 5 U CIOXHUB C
4yeTBepTOU CTpOKOH. Ilocmenussa yeTBepras CTpOKa 03Ha4aeT, YTO Mbl UMEEM YPaBHEHUE:!
0-x,+0-x,+0-x;+0-x, =7

CJIeI0BATEIIbHO, 10 CKa3aHHOMY BBIILIE CHCTEMA HECOBMECTHA.
IIpumep. Pemute meTonom ['aycca cucremy ypaBHEHHIA.

X, +2x, =3x;+5x, =1

X, +3x, —13x; +22x, = -1

3x,+5x, +x;-2x, =5

2x, +3x, +4x, - Tx, =4

Pewenue. PaccMOTpUM pacIiupeHHYI0 MaTPUILy CUCTEMBI

1 2 -3 5 1
1 3 -13 22 -1
35 1 =25
2 3 4 -7 4

YMHOXHUM cIiepBa TEPBYIO CTPOKy Ha (—1) M CIOXHUM CO BTOpPOH CTPOKOH, 3aTeMm
YMHOXXHUM TIEPBYIO CTPOKY Ha (—3) W CIOXHM C TPEThed CTPOKOW M, HAKOHEI, YMHOXHM
MEPBYIO CTPOKY Ha (—2) U CIIOXXHUM C 4eTBEpTOM cTpokoi. [Tomydnm

1 2 -3 5 1 1 2 -3 5 1
B~ 0 1 -10 17 =2 N 01 -10 17 -2

0 -1 10 =17 2 00 0 O O

0 -1 10 =17 2 00 0 0 O

Bropyto maTpuily Mbl HOJy4UM CIIOKHMB CIIEpBa BTOPYIO CTPOUYKY C TpPETheH, 3aTeM
CJIOXXHB BTOPYIO CTPOUYKY ¢ 4erBepToil. HymneBwle cTpouku BeiOpachiBaeM. OcTaeTcst cucreMa
ypaBHEHUH

X, +2x,-3x,+5x, = 1
x, —10x, +17x, =-2

Bbynem cuntate x; U x, CBOOOJHBIMH HEM3BECTHBIMH, 0003HAYAs UX: X; =, X, = f3

(*)

W13 BTOpOro ypaBHeHHs CHCTEMBI (*) HalileM X,

x,=10a -178-2

IToncraBuB x, B IEPBOE YPABHEHUE, OIYYHM:

x, +2(10a-174-2)-3a+56 =1 wm

x,+20a-34p-4-3a+5F =1 nnmn

x,=—17a+298+5.

Takum oOpa3om, JaHHAas cUCTeMa UMeeT OECUHCIEHHOE MHOKECTBO PEIICHUIA:

x, =—17a+296+5

{xz =10a-174-2
Bonpocwut u 3a0auu:
1.Pemnth cucTeMsl JINHEHHBIX ypaBHEHUI MeToaoM ["aycca:

ae(R)

3x, +2x, +x;, =5 X, —2x,+3x;, =6 2x, —x,—x;, =4
a) 12x, +3x, +x; =1 ;0) {2x, +3x, —4x, =20; B) <3x, +4x, —2x, =11
2x, +x, +3x; =11 3x,—2x, —=5x;, =6 3x, —2x, +4x, =11



2x, +4x, +4x, +6x, =18
4x, +2x, +5x, +7x, =24
D 3y, 42, +8x, +5x, =13

2x, +8x, +7x; +3x, =6
2.5BAsrOTCA 1M CUCTEMBl YpaBHEHUH, COOTBETCTBYIOLIME MAaTpULaM, IOJIy4YarolMMCs B

pe3yNbTaTe AMEMEHTAPHBIX MPEO0OPa30BaHUN CTPOK PACIIMPEHHONW MATPUIIbI, SKBUBAICHTHBIMH?
OO06ocHYyHTE OTBET.

IIpakTnyeckas padora 2. [Ipou3BoaHbie HEKOTOPBIX dJIeMEHTAPHBIX PyHKIMIT. OCHOBHbIE
npasuiia AuggepeHMpPoOBaAHHA.

Ilenw: chopMupoBaTh yMEHHE BBIYUCISTH MPOU3BOJHBIC 3JIEMEHTAPHBIX (DYHKIIMM, UCTIOIb3Ys

OCHOBHBIC TpaBwia IU(P(PEpPEeHIUPOBAHHS, MPUMEHITh NOJYYCHHBIE YMEHHUS INPH peIIeHUH
[IPaKTUYECKUX 3a]ay.

Teopemuueckan uacmo:
[IpaBuina BHIYUCICHUS IPOU3BOJHBIX, CBSI3aHHbIC C ApU(PMETUIECKUMU JEHCTBUAMU Ha
byHKIUSIMU.

L. T[Tocmosinubiil MHOMCUMEND MOJNCHO BbIHECMU 34 3HAK NPOU3B00HOU. MHbIMU closamu,
! o
ecau yHKyus u = (p(x) umeem 6 mouke X NpousBoOHy0 U , mo 8 3mou mouxe

(Cu)' =Cu' (C=const).
[Ipumep
y=5cosx, y'=(5cosx) =5(cosx) =—5sin x.
II. Ilpouzsoonas om aneebpauueckol cymmvl 08X (QYHKYull pasHa aieedpauyeckoll
cymme npou3BoOHbIX OM IMUX PYHKYULL.

bonee TouHo: ecim (bYHKHI/II/I u= @(X) uvy= l//(X) HMCIOT B TOUKEC X IIPOM3BOJHBIC, TO
’

(wtv) =u'+v'.
[Ipumep
y=x -3x>+2x-1,
V' = (x5 )I - (3x2 )’ + (Zx)l - (l)l =5x" —6x+2.
I1Il. Echu ¢ynxyuu u = (p(x) u v= 1//(x) umerom 68 mouke X NPOU3B00HbIE, MO

cnpaseonusa gopmyna

(wv) =u'v+uy'.
[Ipumep
y= (x2 - Sx)sin X,

y = (xz - 3x), sin x + (x2 — 3stin x)l = (2x—3)sinx + (xz — 3x)cos X,

[Ipumep

y=(r=1)x-2)x-3)

y':(x—2)(x—3)+(x—1)(x—3)+(x—l)(x—2)

1IV. Ecniu ¢pynkyuu U = (/)(x) uv= l//(x) umerom 6 mouke X Npou3BooHvie, Npudem 6

amoti mouxke v # 0, mo cnpasednuea popmyna
!

' ’
uy) uv—-uv
\% V2

[Ipumep



x+1 .
y= P B cooTtBercTBUU ¢ hOpMYITOH HAXOIUM
x J—

) (=)= (e 1)x-1) -2
V= 1) "oty (x;tl).

[Ipu BbIUKCIIEHNH IPOU3BOIHON HYHKIIUH LIETECO00Pa3HO MOJIb30BATHCS CICAYIOMUMHU

dbopmynamMu:

y=-=5: Y =—-5-u (@a— NOCTORHHAA BeHUHHA);
y=um y =t
(n — MmobGoe AeHCTBHTENBHOE WHCJO0)

. o1
y"‘VEv Yy = 2‘/'-‘“0
y=a* ¢y =a*-na-u'; y=¢ ¢y =e‘u’; a>0, a+1,

. "1 u’
y = logu; Y = u'loge =,
. R
y=Inu; y = u'y
y =sinu; Yy =cosu-u';
y = cosu; y' = —sinu -u';
1 ’
y:—--tgu;. y'=mu;
’ { v,
y=ctgu; Y =—gmat’
Yy = secu; y =secutgu-u’;
y = cosec &; -y = —cosecu -ctgu - u';
: . ’ 1 ',
y = arcsin u; Y ===y
Y = arccos u; Yy = — ll .u':
'y = arctg u; Yy = Tlu'"“"
’ l ’
yéamtgu; Y'=—13ak-

3anauu
3amaua 1. Haiitu npousBoanyto GpyHkiuu B Touke X=0:

r 9 5 . 1
L f(z) = sin (13 + z2 sin i) v x#0, 4. f(z) = In (l — g (‘r. sm ;)) » ¢#0,

-0. .l':O. _(). J':(].

[ 1 .tg(.lsiug) r#0

"] 2 9 . L " . s — J, y
2. fla)=|"® (J m“s)_r)hr' r#0 5 f2)= P
[ 0. z=0. LY =0

i 1 [ l' 1
i [ cens L , . f[14m(1+422s -1, z#0,
3. f(z) arcsin (.l cos 51) , ¢ #0, 6. f(z)= \‘ n ( x? sin 1) x F
| 0, z=0. | 0, z=0.

3anava 2. Haiitu mpou3BogHbIC QYHKITUI:
1. 1. y=2x"+5x>-7x—4

2. y=4/x
3. —ctg Xx—X
1
2

X
5. y=%/x72
6

y=5sinx+3cos x

y:
4. y=



7. y:S(tg x—x)

1
8. y=
Y e +1
9 y:2x2

10. y:x\/;

Bonpocsr
1. Cdopmynupyiite 3aauu, NPUBOIAIINE K TOHATHIO TPOU3BOAHOM.
2. JlaiiTe onpeneneHue NPOU3BOAHON (PYHKIIMH B TOUKE.
3. Cdopmynupyiite ocHOBHBIE NpaBuiia AU HepeHInPOBAHMSL.

Ilpakmuueckan padooma 3. 3amena nepemMeHHOU 6 HeonpeoeleHHOM uHmezpaJe.
Humezpuposanue no wacmam. Humezpuposanue 3nemenmapnuvix opooei. Humezpuposanue
PAYUOHATLHBIX PYyHKYUIL.
Leny: chopmupoBaTh yMEHHE BBIUUCISATH HEOIMPEACIICHHBIH WHTErpajl ¢ MOMOIIBIO 3aMEHbI
NEPEeMEHHON U MO YacTAM, HHTETPUPOBATh 3JEMEHTapHbIe JPOOU M palMoHalIbHbIE (YHKINH,
MPUMEHSTD MMOTYYECHHBIC YMEHUS MPU PEIICHUH MPAKTUUYECKUX 3a7a4.
Teopemuueckan uacmep:

3ameHa NepeMEeHHOM B HEONIPEACIIEHHOM HHTETrpale.

Teopema: Ecnu TpeOyeTcs HaliTH UHTETpaT I f(x)dx , HO CITIOKHO OTBICKATh MEPBOOOPA3HYIO,
TO C IIOMOIIBIO 3aMeHBbI X = @(t) u dx = ¢'(t)dt momyuaercs:
[ £Godx = [ floe)e' ).
IIpumep. HaiiTu HeonpeneneHHblid HHTErpall jm cos xdx .

Cnenaem 3aMeHy ¢ = sinx, dt = cosxdt.

J\/;dt - jt“zdt - %zm +C= %sinm x+C.

[pumep. jx(xz +1)* 2 dx.

Bamena t = x> +1; dt =2xdx; dx= %; [Monyyaem:
X

5/2 2 5/2
Iﬁ/zﬁ:%jt}/zdt:%.z ! quc

" +C=—+C=
2 5 5
HHTEerpupoBaHue 1Mo YacTsM.
Crnioco0 ocHOBaH Ha U3BECTHOH (opMyJie IPOU3BOJHON npousBeaeHUs: (uv)' =u'v + v'u,
I7ie U ¥ V — HeKoTopble GyHKIUH OT X. B nuddepenumanproii popme: d(uv) = udv + vdu.

[IpounTerpupoBas, IoOJydYaeM: _[ d(uv) = _[ udv + jvdu , a B COOTBETCTBUM C

MPHUBEICHHBIMH BBIIIE CBONCTBAMH HEONPEACICHHOTO MHTErpaia: uv = Iudv+ I vdu WA
Iudv = uv—jvdu;
[Monyunnu GopMmyiny HHTETPHUPOBAHHUS [0 YACTSAM, KOTOpas IO3BOJISET HAXOJIUTh
UHTErPabl MHOTUX 3JIEMEHTAPHBIX ()YHKITHIA.
2 .
u=x"; dv=sinxdx;

[Ipumep. Ixzsinxdx= = 2d =—x? cosx+Icosx'2xdx=
u=2xdx; v=-cosx

u=x; dv=cosxdx; 5 . . ) .
= =—x cosx+2xsmx—jsmxdx =—x"cosx+2xsinx+2cosx+C.

du=dx; v=sinx



Kak BuzaHO, mocienoBarenbHOE NpUMEHEHHE (HOPMYJIbI MHTEIPUPOBAHMS IO YacTsIM
II03BOJISIET MOCTENEHHO YIPOCTUTh (PYHKIUIO M IPUBECTH UHTETpall K TAOIUYHOMY.

2x 2x
u=e"; du=2e"dx; ) )
[pumep. J.ezx cos xdx = ’ T b=esinx — _[smx 2e*dx =
dv=cosxdx; v=sinx

2x 2x
u=e"; du=2e"dx; 2y ) 2 2
= .’ ’ =eXsmx—Z—excosx—J'—cosx-Ze Ydx|=e " sinx +
dv =sinxdx; v=-cosx;
2 2
+2e”" cosx — 4J-cosxe “dx
BuaHo, uto B pe3ynbTare MOBTOPHOTO IPUMEHEHHS HWHTEIPUPOBAHMS I10 YacTIM

(GYHKLIMIO HE YAAIOCh YNPOCTUTH K TabnumyHOoMy Buay. OnHaKo, MOCIETHHHA MOIXY4EeHHBIN
MHTETpaJl HUYEM HE OTJIMYAeTCs OT ucxonHoro. [loaToMy mepeHeceM €ro B JIEBYIO 4acTh

paBeHCTBA.
5_[ e’ cosxdx = e** (sinx + 2 cos x)

2x
e’ .
J-ezx cos xdx = ?(smx +2cosx)+C.

Takum 00pa3om, HHTETpaI HaIeH BOOOIIe 0e3 MpUMEHEHHs TaOIUIl HHTErPajIoB.
HuTerpupoBaHue dJIeMEHTapHBIX APOOCH.

3ﬂeMeHTaprIMI/I Ha3bIBAKOTCsA I[pO6I/I CICAYIOMUX YETBIPEX THUIIOB:

R 111, ﬁ“—“v;
ax+b ax”“ +bx+c

m— v, - MxtN
(ax+b)" (ax”™ +bx+c)"

m, n — HaTypajibHbIe yuciaa (m=2,n>2)u b® — 4ac <0.

[lepBble qBa THIIA HHTETPAJIOB OT AJIEMEHTAPHBIX JpoOeii TOBOJIBHO MPOCTO MPUBOASTCS

K TaOJIMYHBIM ITOICTAHOBKOH t=ax+ b.
1 1 1
[ 9 _Ligl+ €= Linfax + 8]+ C.
a

I =—[===
ax+b a’t a

I1. ILZL ﬂ=—;71+C=— ! —+C;
(ax+b)" a’t" a(m—-1)t" a(m—1)(ax+b)"

PaccmoTpuM MeTo MHTETpUPOBaHUS dJIeMEHTapHBIX apobeit Buaa 1.
Wurerpan apobu Buaa Il moxxet ObITh MpeICTABIICH B BUJIE:

Ax+ B ;(ZHPH[B_?) A; 2 4 d
[ B : dx:_j#dﬁ[l;__pjjz_x:
X+ px+gq X+ px+gq 2°x" +px+gq 2 P x +px+gq
=§ln‘x2+px+q‘+[3—%jj zdx ; =§ln‘x2+px+q‘+ZB;APZ-
x+ 2| £ 4q-p
2 4

-arctgﬂJrC
Vaq-p’
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3nech B 0011eM Bue MoKa3zaHo MpUBeACHNE HHTerpana apoou Buaa Il k asym
TaOJIMYHBIM HHTETpaJIaM.
PaccmoTpuM npuMeHeHne yKa3aHHOW BhIle (GOpMyIIbl Ha IpUMepax.

[Ipumep.
u=6x-15;, du==6dx;

Tx-2 84x—-24 84x—-24
.[ . dx:j - dxz.[ 5 dx = u+5 =
3x"-5x+4 36x" —60x +48 (6x—5)" +23 X = p ;
1 J-14u+70 gy T e 230 e Tyn gnyy B g e
u® +23 3dur+23 374423 6 3423 J23

J23 6x-5 .

7
= 1n[36x* —60x + 48| + —— arct +
6 ‘ ‘ 3 8 \23

2 2

BooO6iie roBops, eciu y TpexwieHa ax~ + bx + ¢ BelpaxkeHue b” — 4ac >0, To 1poOb 10

ONIPE/ICIICHAIO HE SIBJISETCS DJIEMEHTApHOW, OJJHAKO, TeM HEe MEHEe ee MOXKHO WHTEeTrpHUpOBaTh
yKa3aHHBIM BBIIIIE CTIOCOOOM.

[Ipumep.

- =x+3;, du=dx —-15-
IZSX3 I 5x-3 _u X u x:ISuZIS 3d:5j 2ua’u B
X +6x—40 (x+3)’ —49 x=u-3 u”-—49 u”-—49
~18f u ——1\ —49\——1 ”_7+C=§1n\x2+6x—40\—21n il PG

u-—49 u+7 2 7 |x+10

[Ipumep.

=x-3; du=d

I 44 f 3x+4 {u X - u x} j3u+9+4du=3f udu__
V7 —x? +6x V16— (x— =u+3; V16 —u?

316 —u? +13arcsinZ+C:—3 7% —6x +13aresin> > 4 C.

V16 —u?

PaccMoTpuM Teneps METOIbI HHTETPUPOBAHUS MTpOCTeUINX apodeit [V Tuma.
CHauasia paccMOTpUM YacTHbIN ciydai nipy M =0, N = 1.

dx
Torma wHTErpanm Buaa J. 5 — MOXXHO IIyTEM BBIIEIECHAS B 3HaMEHATEIe
(ax” +bx+c)
du
MOJTHOTO KBaJpara MpeCTaBUTh B BUIEC J‘W Crnemnaem cienyroriee mpeoOpa3oBaHue:
u +s

.[ B .[s+u —u du = .[ 1.[ u’du

(u’ +S) u’® +5)" sTWr+s)" s W Hs)"

Bropoii uHTErpas, BXOAAIIKN B 9TO PaBEHCTBO, OyaeM OpaTh M0 4acTsM.
udu

dvi=——— u, =u; du, =du
+
O06o03HaYnM: W +s)
udu 1 _
1 =J. 2 P 2 n1
(u” +5s) 2(n—D)(u” +9)
.[ u’du . u N 1 J- du
(u® +5)" Cn-2)w* +s5)"" 2n-27 W’ +s)""

11



I[.H}I HUCXOJHOI'0 UHTErpaia MoJrydacMm:

j du =—j N u B 1 J- du
W’ +s)" s W+s)"" s@n-2)w’+s5)"" sQ2n-2)Y u’+s)""

J- du u N 2n-3 J- du

W +5)"  s@n=-2)w’+s)"" sQ2n-2)" W +s)""

[Tomydyennast ¢opMmyna Ha3bIBacTCs peKyppeHTHOH. Eciu nmpumenuts ee n-1 pas, TO
du

u>+s
BepHeMcst Terepb K MHTETpaTy OT dJIEMEHTapHO# Apoou Buaa [V B obmiem cirydae.

u=2ax+b;, du=2adx;

IMOJIYYHUTCHA TaOJIMYHEIN HHTErpal J.

Mx+ N Mx+ N
dx=(4 - =
I(ax2+bx+c)" = J-[(2ax+b) +(4ac - b’ )] :uzab; s = 4ac—b*;
M(u b) N
(4a)J- * G [ M | udu___2aN - Mb | du
(u +5)"  2a (u” +5)" 2a (u” +5)"

B MONY4EHHOM pPaBEHCTBE MEPBBIA MHTErpal C MOMOIIBIO MOJACTAHOBKH [ = u° + §

dt
IPUBOAUTCS K TAOTUYHOMY J.—n , @ KO BTOPOMY UHTErpajly IPUMEHSETCA PACCMOTPEHHAs BBIILIE
t

peKyppeHTHas ¢popmyIa.

HecMoTpsi Ha KaXKylIyrOCsl CIIOKHOCTb MHTEIPHUPOBAHUS SJIEMEHTapHOW ApoOH
Buzaa [V, Ha mpakTUKe ero 10CTaTOYHO JIETKO MPUMEHSTH [T JpoOeii ¢ HeOOIbIION CTEeTEHBIO 7,
a YHUBEpPCAIbHOCTh M OOLIHOCTh MOAXO0JA AEIAeT BO3MOKHBIM OU€Hb IPOCTYIO PEAN3ALUI0
3TOro Meroja Ha OBM.

[Ipumep:

I(?)X—de:de :{uzx—2; du=dx} .[3u+6+5d

x* —4x+7)° (x=2)* +3)? Xx=u+2; (u® +3)*
42 .
:3_[ 2ua’u 2_’_11] 2a’u - t=u"+3; :i izt+11 uz N 1 _[ 2a’u
(u”+3) (u +3) dt =2udu;| 2°t 3-2w”+3) 3:2°u"+3
_ 3, et L 3 Lo M@=y o x-2
2% 6(u” +3) 6[ g[ 2 —dx+T7) 6 —dx+T) 63 S

HurerpupoBanne paroHaIbLHBIX (QYHKIIHAM.
HHTETpHpOBaHUE PAIlMOHATBLHBIX APOOCH.
J1st TOrO, YTOOB! MPOMHTETPUPOBATH PALMOHAIBHYIO IPOOb HEOOXOAUMO
Pa3NIOKUTH €€ Ha DJIEMEHTApPHBIE IPOOH.

Teopema: Ecmu R(x) = % - MpaBWIbHAs palMOHaJIbHAs JpOOb, 3HAMEHATEIb
X

P(x) xotopo#i mpencraBieH B BUAE IPOU3BENCHUS JUHEHHBIX M KBAaJpPaTHUYHBIX MHOXKUTEJIEH
(otmetnM, 4YTO JIOOOH MHOTOUYIEH C JEHCTBUTEIBbHBIMA KOI(P(GUIIMEHTAMH MOXKET OBITh
IpEJICTaBIIEH B TakoM BHE: P(x) = (x - a)”...(x - b)ﬁ(xz + px + q)’l...(xZ + rx + 5)), T0 T2 IPOOHL
MOJKET OBITh pa3iio’KeHa Ha 3JIEMEHTapHBIE O CIeAYIOLIeH cxeme:

12



Q(x): A, n 4, A4, B, n B, BB M\ x+ N, n

~ ot —+ ..+ — ot Tt
P(x) x—-a (x-a) (x—a) (x=b) (x-b) (x=b)" x"+px+gq
M,x+N, M,x+N, N Rx+S, N R,x+S, R x+S,

3 2-l-... 3 }L+... 3 3 2+...+ 3 .
(x"+px+q) (x"+px+gq) X" +rx+s (x"+rx+s) (x" +rx+s)

rae Ai, Bi, M;, N, R, S; — HekoTopble TOCTOSTHHBIE BEIMYUHBI.
[Ipu wHTErpUpOBaHUM paALMOHATBHBIX JpoOell NpUOEraroT K pas3lIoKEeHUIO
MCXOJIHOHM Apo0u Ha ayeMeHTapHblie. [ Haxoxaenus BenuanH Aj, Bi, M;, Ni, R;, S mpumenstor
TaK Ha3bIBacMbIi METOJ HeomnpeaeJeHHbIX KO3(Q(PUIMEHTOB, CYTh KOTOPOTO COCTOUT B TOM,
YTO JIsl TOTO, YTOOBI JIBa MHOTOWIEHA OBLIN TOKJIECTBEHHO PaBHBI, HEOOXOAUMO U JOCTaTOYHO,
YTOOBI OBLITH paBHBI KO3()(OUIIUEHTHI TPH OJIMHAKOBBIX CTETICHSX X.
[TpyuMeHeHne 3TOro MeTo/1a pacCCMOTPUM Ha KOHKPETHOM MpPUMEpE.
IIpumep.
f 9x” —30x° +28x — 88 e
(x> —6x+8) (x> +4)
Tk (x> —6x+8)(x* +4)=(x-2)(x—4)(x*+4), T0
9x’ -30x> +28x—-88 4 . B  G+D
(x=2)(x—-4)(x*+4) x-2 x-4 x*+4
[TpuBoas Kk 00LIEMY 3HAMEHATEINIO U IPUPABHUBASI COOTBETCTBYIOIINE YUCIUTENH,
MOJTy4aeM:
A(x —=4)(x> +4)+ B(x = 2)(x* +4) + (Cx + D)(x*> —6x+8) =9x° —30x> +28x — 88
(A+B+C)x’ +(—4A4—-2B—6C +D)x* + (44 +4B+8C —6D)x +(—164—8B +8D) =

=9x’ —30x> +28x —88.

A+B+C=9 C=9-4-B
-44-2B-6C+D=-30 D=-30+44+2B+54—-6A4A—-6B
44+4B+8C—-6D =28 2A+2B+4C-3D =14
-164—-8B+8D =—88 2A+B-D =11

C=9-4-B C=9-4-B
D=24-24-4B D=24-24-4B
2A+2B+36-44—-4B-72+6A4A+12B =14 44+10B =50
2A+B-24+24+4B =11 44+5B =35
C=9-4-B C=9-4-B A=5
D=24-24-4B D=24-24-4B B=3

44+10B =50 44+10B =50 C=1

50-10B+5B =35 B=3 D=2

Hroro:

I > dx+J‘ 3 dx—i—J. xz+2 dx:51n|x—2|+3ln|x—4|+J‘ 2x dx—i—J. 22 dx =
x=2 x—4 x"+4 x +4 x +4

= 51n|x—2| +3ln|x—4| +%ln(x2 +4)+ arctg§+ C.

Bonpocwt u 3a0auu:
3anava 1. BeluncauTe uHTErpasbi:
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/(.r +1)e” da. 2. /nrminftl.r.
3. /r sinz dx. /(I", + 2x + 3) cos x dx.
5. /.rlu.rd.r. 6. / - I., dz.
sin®
/0‘2’ cosx dx. 8. /12 arctg x dzx.
9. /sinlu.rd.r. 10. /.r"'t dr.

3agava 2. BeIYMCIUTE UHTETPAIbI:

—

-1

), = S—L— (nmoacranoBka x=2%);

Gx++7) Y x
= dx CTAHOBKA X = -'-)
2) 13—-—5‘ xy a*—xt (I‘IOA 2z
= —-—-———dx =
3) I, Ssmx WE T (nonc'rauoaxa ctgx 2).

3amaya 3. Pa3noxuth Ha mpocTeiime ApooH CIEAYIONINE PAMOHATBHBIC IPOOH:

l) llx—4
A F2x—8
YKaszaHue: suaMeHaTeJlb PasnioXHTh Ha MHOXHTEJH.
2x% -} 41x — . 3) 3% — 24x2 — 41x-}-20 |
T—T&Té')'(‘x ay CHFDFIC=3)@E—2)°
4 —25x+426 5 11x 4- 40
(x—-l)(x—?)(x 3)’ 4(1—4)(x+2)'
6) 34 28x4-28
CFEEFH—9"
3amaua 4.
Brraucnuts:
dx dx
) (7259 [o2m 3 (i o (2 5) [ 2.
3amaua 5.
Breraucnurs:

dx . - de | _ dx .
D h={ g 9 h=arars 3 h= PN TR

dx . _ dx . _ dx
0 1= amitrm 9 b= s 0= o=

3amauya 6.
BruuciuTh:

I)S dx . 2)5 dx .

5xf +9x 10’ 7x* —3x+5 '
dx .

3)§9x'+x+|2 ' 4)Ssx=+7x+ls
dx

5) j&x’—llx-{-ﬂ'

Bomnpocsr:
3anumute GopMyny 3aMEHBI IEPEMEHHOM B HEOTPEIeIEHHOM HHTETpaJe.
Onumure METOJ HHTETPUPOBAHHUS 110 YACTSM.
B kakux cinydasx meiaecooOpa3HO MPUMEHSITh METO HHTETPUPOBAHUS T10 YACTIM?
Kakue npoOu Ha3pIBaIOT MPOCTEHTITUMU?

14
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5. Kakas qpo6n Ha3pIBaeTCs parioHaIbLHON?
6. Kakas paunonanbHast JpoOb Ha3bIBAETCS MPABUIILHON?
7. Kak pa3inouTh NpaBUIbHYIO ApOOb HA TIpocTenIme?
8. B u4eM cymHOCTh MeTO]a HEONPEAEICHHBIX K03 (HUITMEHTOB?
Ilpakmuueckaa padoma 4. Yacmnuvie npouseoonvie nepeozo nopaoka. Yacmuvle

npouszeoonvie evicuiux nopaokos. Illonnwviii ougppepenyuan ynxkyuu. /lugpghepenyuanst
evicuiux nopaokos. /lugpgpepenyuposanue cnoiHcHvlX u HeAGHBIX QYHKYUIL.
Heny: chopMupoBaTh YMEHHE BBIYUCISTH YACTHBIE MPOM3BOAHBIE U nuddepeHuan GyHKIuu
HECKOJIbKUX TEPEMEHHBIX M TPUMEHSTh MOJNYUYECHHBIC YMEHHS NpPU PEIICHUU MPAKTUIECCKUX
3azad.
Teopemuueckaa yacmo:

[Tycts B HekoTopoil obnactu 3amaHa GyHkius z = f(X, y). Bo3bMeMm mpou3BOIBHYIO
Touky M(X, y) ¥ 3a1a7iuM npupaineHue Ax K nepemenHoi x. Toraa BemnunHa Ayz = f( X + AX, y)
— f(x, y) Ha3pIBaeTCSI YaCTHBIM NpPHUPalIeHneM (PYHKIUH 1O X.

MoxHO 3anucarb

Az _ Ay - f(x))

Ax Ax
Torna }iﬂ% E"Z Ha3bIBACTCsl YACTHOI npou3BoaHoM GyHKIMU Z = f(X, y) 1Mo X.
Ob6o3Hauenue:
%; Z,3 %; Ji(x,p).

AHaorunyHo OnpeaAcCIACTCA 4YaCTHAsA IIPOU3BOJHAA (bYHKI_[I/II/I noy.

0z _ lim f(x,y+Ay)—f(x,y)_
oy -0 Ay

o o 4
reOMeTpﬂ‘leCKﬂM CMBICJIOM YaCTHOMU ITPOMU3BOJHOU ()IOHYCTI/IM 6_) SABJIACTCA TAHI'CHC
X

yrja HakJIOHA KacaTelbHOH, MpoBeneHHOW B Touke No(Xo, Yo, Zo) K CEUCHHIO NOBEPXHOCTH

MIJIOCKOCTBIO Y = ).
Lud depernyuposane xormnosuyun

1. Ecan Z=f(x) )’)’ x:x(t), )’=)’('f)>ro

& _8d, Uy
z xxt Oyd
2.Ec.rmz=f(7f, )’): X=X(¢ S) y=y(t s) 1o
& Ya.ad
zt ox xt Oydt
L W
& OxoOs Oy ox
dz=gdx+%dy=gdt+a—zds.
o oy o o

IoanubiM auddepennuanom ¢ynkmuu z = f(X, y) Ha3pIBaeTcs TJIaBHAs JIMHEWHAsS
OTHOCUTENIbHO AX U Ay nipupamieHust yHKuuu Az B Touke (X, y):

dz = f(x, y)dx + f(x, y)dy.
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I[J'I?I (1)YHKI_II/II/I IMPOU3BOJILHOI'O YHCJIa IICPEMCHHBIX !

of of of
df (x,y,z,...,t) =—dx+—-—dy+..+—dt.
If (x,9,2,...,1) P ayy Y

[pumep. Haiitu monublit quddepeniman GyHKIuu u = x” =

du =8—udx+8—udy+a—udz
ox oy oz
%:yZnyzz_l; a_u:xyzz Inx-2yz; a_u:xy2z lnx'yz;
Ox oy 0z
du =y zx" " dx + 2x"* yzInxdy + y*x” Inxdz

YacTHbIE IMPOU3BOAHBIC BHICIIUX MOPAAKOB:

Zc_{ - %(%J unn f}" - (f"'l"

S a{§ e i ().

;;"; - %{aa:{) HIH fxzym = (fxznjy‘,

JAnddepennuanbl BbICHINX MOPSAIKOB:

2 2 2
a2 f =2 2 1297 ey o L gy,
ax? oxoy oy?

e " f - m!
dn =Tck—dxkdmk’ C.t=—,
d R " kH(m-k)

3 a .Y
d"f=|ZLax+ La
f (@c Y J &
d ——6 &!>c+—6 a
rae 3 5 Y - onepatop AuddepeHIUPOBAHHUA.

Bonpocwt u 3a0auu:

3anmava 1.
H;‘P"ITH YaCTHBIE MPOU3BOIHEIE 10 BTOPOTO MOPSIKA BKIFOUUTEIBHO 3aJaHHBIX ()YHKIIHIA:
l. z=¢"Y, 2. z=uzln(xz/y).
3. z =sin(zy). 4. z = e€* cosy.
5. z= /22 +y? 6. z=In(z*+7y).
7. z2=+/2zy + y2. 8. z=In ¥xy.

=(1+z)*(1+y)"

o

9. z==xcosy +ysinz. 10.

3amaua 2.
Haiitu npousBonusie GyHKINUU z=2(U,V):
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l. z=u*+v*, u=xx+y, v=x—y

2. z=In(u®+v?%), u=uzy, ve=ux/y.

3. z2=1u", u = sinuxr, U= COS Y.

. 2 u? 4+ 2uv9, u s — y°, v = e*V,

5. z=arctg(u/v), u=zxsiny, V=T CosyY.
6. 2 In(u — v?), u =z’ +y°, v Y.

7. 2= u’ +v?, u=Inyz?+y* v=arctg(y/z).
8. 2= /uv, u = In(z? + y%), v = 2y’
9. z=¢e"", u=Inz, v = Iny.
10. 2 = In(u/v), u=sin(zx/y), v = \x/y.
3amaua 3.

Haiitu npou3BonHble GyHKINH, 3alaHHBIX HESBHO:

1. ¥* Y. 2. v 14 v*.

3. y=xz+Iny. . z+y=¢€""Y,

5. xle® — et =0, 6. r—y+arctgy = 0.

7. ysinz — cos(z —y) = 0. 8. sin(zy) —e* — z°y = 0.
9. 14zy—In(e*™ + e *¥)=0. 10.2* ~2z2y+y’ +2+y—-2=0.
Bompocsr:

1.laiiTe onpeaeneHne YacTHOTO MpUpameHust (PYHKIMH 0 HE3aBUCHMOI TepeMeHHOH.

2.Yrto Takoe MoJHOe NpupalieHne GyHKIuu?

3.Uro Takoe uyacTHas TPOWU3BOAHAA (YHKIMHM HECKONbKHX mepeMeHHbIX? Kak
o003HauaeTcs 4acTHas IPOU3BOAHASA?

4.TlosicHUTE r€OMETPUUECKHUI CMBICII YaCTHON IPOU3BOJHOM.

5.Yto Takoe quddepeHunan GyHKIUN HECKOIbKUX EPEMEHHBIX?

6.Uto Takoe nuHeapu3anus QyHKITAN?

7 IlosiHuTe npaBuiia auddepeHIupoBaHysl CI0XKHBIX U HEABHBIX (DYHKIIUH.

8. Kak HaliTu yacTHbIE IPOU3BOIHBIE BTOPOI'O, TPETHETO, ..., N-T0 MOpsiAKa?

9. 3anumute Gopmyny Ui BeuucieHus TuddepeHiana BTOporo nopsaaka GyHKIuu
JBYX IIEPEMEHHBIX.

5. IlepeyeHb OCHOBHOM U JOMOJHUTEIbLHOM JUTEPATYPbI, HEOOXOAUMOM 1JIsl 0CBOCHUSA

AUCHMITHHBI
IlepeyeHb OCHOBHOM JIUTEPATYPbI
1.I'ycak, A. A. Brpicmias marematuka. Tom 1: yueOnuk / A. A. I'ycak. — MuHck:
TerpaCucremc, 2009. — 544 c¢. — Pesxxum pocryna: http://www.iprbookshop.ru/28059.html
2.I'ycak, A. A. Bpicmmas maremaruka. Tom 2: yueOnuk / A. A. I'ycak. — MuHck:

TerpaCucremc, 2009. — 446 c. — Pexxum noctyma: http://www.iprbookshop.ru/28060.html

IlepeyeHb 10NMOJHUTEIbHOI JUTEPATYPHI

1. UnauBuayanbHble 3aaHus 10 Bbiciiel Maremartuke. YacTts 1. JluHeinast u BekTopHas
anreOpa. AHnanutudeckas reomerpus. JuddepenunanbHoe wucuucienue (QyHKIUA OIHOU
nepeMeHHoO#: yueOHoe mocodue / A. Il. Psdymko, B. B. bapxaros, B. B. Jlepxasen, U. E.
IOpyts; non penaxuueit A. I1. PsaOymko. — Munck: Beimsiimas mkona, 2013. — 304 c. —
Pexxum moctyma: http:// www.iprbookshop.ru/20266.html.

2.VlnpuBuayansHble 3afaHusi 1o Bbicuied matemaTtuke. Yacts 2. KomrmuiekcHble yucia.
Heonpenenennsle u ompeneneHHble HHTerpaibl. @OYHKINM HECKONBKHX IE€PEMEHHBIX.

17



OO0bikHOBeHHBIE AU depeHnnanbable ypaBHeHH: yuebHoe mnocooue / A. I1. Psbymko, B. B.
bapxatos, B. B. Jlepxaseu, 1. E. IOpyrs; mox penmakmumeir A. Il. PaOymko. — MuHCK:
Brpiuiiiras LIKOJIa, 2014. — 397 C. — Pexum JOCTyma:
http://www.iprbookshop.ru/35481.html.

3.MunuBuayanpHble 3alaHus 1o Beiciied maremaruke. Yacts 3. Psnasl. Kpartnsie u
KPUBOJIMHEHHbIE WHTETpalIbl. DIEMEHTHI TeOpHH Mo : yueoHoe nmocodue / A. I1. Pabymxko, B.
B. bapxaros, B. B. Jlepxaseu, U. E. Opyts ; nox pemakuueit A. Il. Psabymko. — MuHck:
Bermmiinrast mkona, 2013. — 367 ¢. — Pexum gocryna: http://www.iprbookshop.ru/20211.html.
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COJEPKAHUE

OO0111€e TTOJI0XKEHUS
Ilens u 3a1aum cCaMOCTOSATEILHON PaOOTHI

TexHonornyeckas kKapTa caMOCTOATENbHOM paboThI CTyIeHTa
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1. OOuume moJI0KeHUA

CamocrositennbHast pabora - T[UIaHHpyemass ydeOHas, ydeOHO-HCClIeIoBaTeIbCKasl,
HAy4YHO-UCCIIeIOBATeNbCKasi padoTa CTYACHTOB, BBITIONHsEMAsi BO BHEAYAUTOPHOE (ayTUTOPHOE)
BpeMsl 10 3aJaHUI0 M TPU METOJAMYECKOM PYKOBOJCTBE IMpErnojaBaTeis, HO 0e3 ero
HEMOCPEJACTBEHHOTO y4yacTusi (MpHU YaCTMYHOM HEMOCPEICTBEHHOM YYAacTUU MPENoJaBaTels,
OCTABJISIIOIIEM BEYIIYIO POJIb 32 pabOTON CTYICHTOB).

CamocrositenpHas pabota crynentoB (CPC) B BY3e siBisiercs BaxHBIM BUJIOM y4eOHOU
U HAYYHOH JeATenbHOCTH cryaeHTa. (CamocrosiTenibHas paboTa CTYIEHTOB HUIpaeT
3HAYUTENIbHYIO POJIb B PEUTUHIOBOM TEXHOJIOTHH 00YUEeHHS.

CamocrosiTenpHass paboTra sBisieTcs BaxkHenmied (opmoil ycBoeHusi 3HaHui. B Xxome
CaMOCTOSITENIbHOM pa0OThl CTYNEHTHI YSICHSIOT 3HAHUA 110 KOHKPETHOW TeMe Yy4eOHOro
MaTepuana, 3aKpeIUIIIOT W YTOUYHSIOT YK€ H3BECTHBIE M OCBAaWBAIOT HOBBIE KATETOPHH.
CrankuBasch ¢ HEIOCTATOYHO MOHSTHBIMHU AJIEMEHTAMHU TEMbI, CTYJEHTBI CTPEMSTCS HAXOAUTH
OTBETHl WM (UKCUPOBATh BOMPOCHI ISl TIOCTAHOBKU M YACHEHHUS HMX Ha KOHCYJbTallUU C
MperoaaBaTesieM WA BO BPeMs TPAKTUIECKOTO 3aHSITHSI.

3aaun caMOCTOATEIHHOU PAabOTHI COCTOST B CIEAYIOLIEM:

1. Pa3BUTB JIOTMYECKOE U aITOPUTMUYECKOE MBILIJICHHUE.

2. BripabotaTh mnepBUYHBIE HABBIKM MAaT€MaTUYECKOTO HCCIIEIOBAaHUS TMPUKIATHBIX
BOIIPOCOB.

3. BeipaboTaTh HAaBBIKH JOBEIEHUS PEHICHHS 3a/la4d O MPUEMIIEMOr0 MPAKTHIECKOTO
pe3ynbTara — 4Mcia, rpaduka, TOYHOTO Ka4eCTBEHHOTO BBIBOJA C IMPUMEHEHHEM aJIeKBaTHBIX
BBIUMCIUTENbHBIX CPEICTB, TAOIHII, CIPABOYHUKOB.

4. BrlpaboTaTh yMEHHE CaMOCTOSITENLHO pa3OupaThCsi B MATEeMAaTHUYECKOM armapare,
MPUMEHSIEMOM B JINTEPATYPE, CBI3aHHON CO CIEIUATLHOCTHIO CTYACHTA.

5. HayuuTe omepupoBaTh aOCTPAaKTHBIMH OOBEKTAMH W aJeKBAaTHO YIOTPEOJSIThH
MaTeMaTUYeCKUe TOHATHUS U CHUMBOJBI JJISl BBIPKEHUS KOJWYECTBEHHBIX W Kau€CTBEHHBIX
OTHOUIEHHUM.

CamocrosiTenpHast paboTa CTyJaeHTa M0 y4eOHOU AMCHUITTNHE «MareMaTHKay BKII0YaeT
MNOATOTOBKY K MPAaKTUYECKUM 3aHATHUSM U BBINOJHEHHE MPAKTUUYECKUX  3aJaHMid,
CaMOCTOSITENIbHOE M3y4YeHHE TeM y4eOHOro Marepuajia MO PEKOMEHJyeMOW JHUTepaType U ¢

UCIIOJIb30BaHNEM MH(POPMAITMOHHBIX PECYPCOB.



CamocrosTenpHas pa60Ta 1o JUCILHUITIINHE «Marematuka HaIrpaBJICHA Ha

(opMHpOBaHUE CIEAYIOMINX KOMIeTeH M

IInanupyemMblie pe3yIbTaThl
0OyYCHMSI 110 AUCIIUTLINHE

Kon, bopmynuposka
A, Gopyatip Kox, dopmynupoBka HHIUKATOPA (MoymI0), XapaKTepU3yoIue

KOMICTCHINH 9Tansl HOpPMUPOBAHUS

KOMHCTCHL{I/II;’I, WHAUKATOPOB

OIIK-1. Crocoben N -1onk-1 3HaTh OCHOBBI [Mpumensier

MIPUMEHSATH €CTECTBEHHOHAYYHBIX 1 €CTECTBCHHOHAYYHbBIC U

€CTECTBCHHOHAYYHbBIC U OOIIENHKEHEPHBIX HAYK, METOJIOB | OOIIEHHKEHEPHBIC 3HAHUS,

OOIIeMHKEHEPHBIE MaTEMaTHYECKOI'0 aHaInu3a 1 METOJIbI MATEMAaTHIECKOTO

3HAHMS, METOMBI MOJICITMPOBAHUSI. aHaJM3a U MOJCIIUPOBAHUS B

MaTeMaTUYECKOTO NA-20mnk-1 [IpumensTs npodecCHOHATbHON

aHanmsa u €CTECTBEHHOHAYYHbIE U JIESITENLHOCTH

MOJICIIUPOBAHUS B oOIIenHKEHEPHBIC 3HAHUS, METOIbI

npodecCHOHATbHON MaTEeMaTU4YeCKOro aHaJIn3a 1

JIeSITENLHOCTH MOJEJIUPOBAHUS B

npodeccHoHaIbHON AEATETLHOCTH.
NU-3onk.1 OOmamath  HaBBIKOM
MNPUMCHCHUS CCTCCTBCHHOHAYYHBIX
U OOIIEMHXCHEPHBIX  3HAHUI,
METOJIOB MaTeMaTH4ecKoro
aHaJinu3a n MOACIINPOBAHUA B
npoecCUOHATLHON IEATEIEHOCTH.

2. eJub u 3212494 CAMOCTOATENbHOM PadoThI

Benymas nens opranusamuu u ocymiectsieHuss CPC coBnamaer ¢ 1enpio o0ydeHus
cTyaeHta — (opMupoBaHue Habopa OOIIEHAyYHBIX, MPO(ECCHOHATBHBIX M CIHEIHAIbHBIX
KOMIETeHINH Oyayiiero 6akanaBpa o COOTBETCTBYIOIIEMY HapaBICHUIO OITOTOBKU

[Tpu opranuzarnuu CPC BaXHBIM U HEOOXOIMMBIM YCIIOBUEM CTAaHOBSTCS (hOpMUPOBAHUE
YMEHHsI CaMOCTOSITENIbHOM pa0oThl AJii MPUOOPETeHUsS 3HAHWI, HABBIKOB M BO3MOXKHOCTH
OpraHu3aIy y4eOHOW U Hay4IHOU NesATeNbHOCTH. L{enpio caMocTosITensHOM PaboThl CTYACHTOB
ABIIIETCS OBJaJieHue (yHAaMEHTaIbHBIMU 3HAHUSMH, NPO(ECCHOHATBHBIMU YMEHUSMU H
HaBbIKAMHU  JIEATENBHOCTH MO NpOoGMII0, OMNBITOM TBOPYECKOH, HCCIIEeN0BaTENbCKON
JeATEIbHOCTH. CamocrosiTennbHast ~ paboTa  CTYACHTOB CIOCOOCTBYET  Pa3BHUTHUIO
CaMOCTOSITEJIbHOCTH, OTBETCTBEHHOCTH U OPTraHU30BaHHOCTH, TBOPYECKOTO MOAX0/A K PEIICHUIO
npo0JeM yueOHOTO ¥ TPO(HECCHOHATBEHOTO YPOBHS.

3amauamu CPC gBisrorcs:
- CUCTEMaTh3alusi W  3aKpeIUICHHE TMOJYyYEHHBIX TEOPETHYECKUX 3HAHUM U
MPaKTUYECKUX YMEHUMN CTY/ICHTOB;

- yriayOieHne U pacuIiupeHre TeOPeTHUECKUX 3HAHU;
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- dopMupoBaHHE YMEHHUH WCIOIB30BaTh HOPMATHBHYIO, IPABOBYIO, CIIPABOYHYIO
JOKYMEHTAIUIO U CIICIHATIBHYIO JINTEPATYPY;

- pa3BUTHE MO3HABATEIBHBIX CIIOCOOHOCTEH M AaKTHBHOCTU CTYIEHTOB: TBOPYECKOM
MHHIMATUBBI, CAMOCTOSTEIHHOCTH, OTBETCTBEHHOCTH M OPTaHU30BaHHOCTH;

- dopMupOBaHHE CaMOCTOSITENBHOCTH MBIIIICHUS, CIIOCOOHOCTEH K CaMOpPa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO M CaMOpEaTH3allHH;

- pa3BUTHE HUCCIIEAOBATENLCKUX YMEHUH;

- UCTIOJIB30BaHUE MaTeprasia, COOPAaHHOTO M MOJYYEHHOTO B XOJI€ CaMOCTOSTEIbHBIX
3aHATHH Ha CEMHHApax, Ha NPAKTHYECKUX W JA0OpaTOPHBIX 3aHATUAX, NPH HalWCaHUU
KYpCOBBIX U BBIIYCKHOM KBaMU(pHUKAIMOHHONW paboT, ans 3(QeKTHBHON MOITOTOBKH K

HUTOI'OBBIM 3a4€TaM U dK3aMCHaM.

3. TexHosoruyeckasi KapTa cCaMOCTOATEJIbHOI PadOThI CTyIeHTa

OO0beM 4acoB, B TOM YHUCIIC
Bun nesrenpHOCTH (actp.)

Komsl
peanu3yemMbIxX
KOMIIETEHIIU U

CTYJICHTOB Cpencrsa u Konraxra

TEXHOJIOTHHU as pabora
OIICHKH CPC C Bcero

npenojiana
TEeM

1 cemecTp

OIIK-1 IToaroroBka k nekuusaMm | KoMmiekr 27 3 30
3aJaHul U
BOITPOCOB T10
paznenam
JUACIATUTHHEI

OIIK-1 ITonroroBka K Komiuiekt
MPAKTUYECKUM paboTaM | 3aJaHuil 1
BOIIPOCOB IO 27 3 30
pasnenam

JUCIATIIMHBI

OIIK-1 CamocrosirennbHOe KommiekT
W3y4YEHHE JIMTEPATYPHI 10 |  3aJaHUM U
Temam 1-9 BOIIPOCOB 10 27 3 30
pasznenam
JTUCHUTITUHBI

Hroro 3a 1 cemecTp 81 9 90

2 cemecTp

OIIK-1 IloaroroBka k nekuusam | KoMrmiekr 27 3 30
3aJaHul U
BOITPOCOB T10
paznenam
JUACIATUTUHEI
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OIIK-1 IToaroroBska k Komiuiekt
MPaKTUYECKUM paboTaM | 3aJaHui U
BOIIPOCOB 110 27 3 30
pasnenam

JUACIATUTHHEI

OIIK-1 CaMOCTOATCIILHOE Kommiext
W3YYCHHUE JINTEPATYPHI 110 | 3aJJaHUH U
Temam 10-22 BOITPOCOB T10 27 3 30
paznenam

JIACIIUIUTHHBI

Hroro 3a 2 cemectp | 81 9 90

OIIK-1 MoaroroBka k 3x3ameny | Bonpocs! k 1
IK3aMeHy

Hroro 162 18 191

4.I1opsAI0K BBINMOJTHEHUSI CAMOCTOSITEILHON Pa00ThI CTYIEHTOM

4.1. Memoouueckue pexomenoayuu no pabome ¢ y4eoHou iumepamypou

[Ipu pabGoTe ¢ KHUTONH HEOOXOAMMO MOAOOPATh JUTEPATYPY, HAYUUTHCS MPABHIBHO €€
YUTaTh, BECTH 3anmucu. Jjig mogdopa murepaTypbl B OMOIMOTEKE MCIIONB3YIOTCS a()aBUTHBIN U
CHUCTEMAaTUYECKUHN KaTaJIOlH.

Ba)xHO MOMHUTH, YTO palnrioHATbHBIE HABBIKK PabOTHI C KHUTOM - 3TO BCETaa OOJbIIas
SKOHOMMSI BpPEMEHU U CUJI.

[IpaBuibHBI  TONOOp Y4YEOHHMKOB PEKOMEHAYETCSl IpernojaBaTesieM, YHTAIOIIUM
JEKIMOHHBIN Kypc. HeoOxomumasi nmurepatypa MOXET OBITh TaKKe yKa3aHa B METOJUYECKHX
pa3paboTKax 1mo JaHHOMY Kypcy.

W3yyast matepuan no y4eOHUKY, CII€yeT MEePEeXOAUTh K CIEIYIOIIEMY BOIPOCY TOJIBKO
nocjie TPaBUIBHOTO YSACHEHHUS MpEeNbIAyIIero, OMNKChIBas Ha Oymare BCE BBIKJIAIKU U
BBIUKCIICHHS] (B TOM YHCJIE T€, KOTOpPbIe B yUEOHHKE OIMYIICHb WU Ha JIEKIUHA JaHbl s
CaMOCTOSITENILHOTO BBIBOJIA).

[Tpu u3yuenuu 0601 AUCHUIIINHBI OOJBIIYIO U BaKHYIO POJIb UTPAET CAMOCTOSTEIbHAS
WHIUBUIyaJIbHAs paboTa.

Ocoboe BHHMaHHE CJIEAyeT OOpaTUTh Ha OMpeAeNiCHHE OCHOBHBIX TOHATHH Kypca.
CTyneHT JOKeH MOApoOHO pa3dupaTh MpPUMEPhI, KOTOPBIC MOSCHSIOT TaKUe ONpEAeTeHUs, U
YMETh CTPOHUTH AaHAJIOTWYHbIE MPUMEPHI camocTosTenbHO. HykHO 100UBaTbhCS TOYHOIO

NpEJCTaBICHUsI O TOM, 4YTO H3ydaemlb. [loJe3HO cOCTaBIATH OMOpHBIE KOHCHEKTHL. Ilpu
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M3YYEHUH MaTepuaja 1Mo y4eOHHKY MOJIe3HO B TeTpaau (Ha ClelHaIbHO OTBEIEHHBIX MOJISX)
JIOTIOJIHATh KOHCHEKT JeKUuid. TaM ke cienyeT OTMeYaTh BOMPOCHI, BBIACICHHBIE CTYIAECHTOM
JUISl KOHCYJIBTALMK C MPENOoAaBaTEeNIeM.

BrIBo/IbI, MTONTy4EeHHBIE B pE3yJbTaTe U3yYEHUs, PEKOMEHIYETCSI B KOHCIIEKTE BBIJICISATh,
YTOOBI OHU NPH MEPEUUTHIBAHUH 3aIUCEH JTyUIlle 3alIOMUHAIKCD.

OnpIT MOKa3bIBa€T, YTO MHOTUM CTYJEHTaM IIOMOTAaeT COCTaBJICHHE JIUCTAa OIMOPHBIX
CHUTHAJIOB, COJEPKAIIET0 BaXKHEUIIMe 1 Hanbosee 4acTo ynorpebiasiemble (OpMYIIbl U TOHSATHSL.
Takoil TUCT momMoraer 3anoMHUTH (OPMYJIbl, OCHOBHBIE MOJIOKEHHUS JIEKIIMH, a TaKKE€ MOKET
CILY’)KUTb ITIOCTOSIHHBIM CIIPAaBOYHUKOM IS CTYJEHTA.

UreHne Hay4yHOrO TEKCTa ABJISETCS YaCThbIO MO3HABATEIBHOM AesTeNbHOCTU. Ee menp —
U3BIICYCHHE U3 TEKCTa HE0OX0oauMoi nHpopmaruu. OT TOTro Ha CKOJIBKO OCO3HAHHA YHTAIOIIUM
coOCTBEHHasi BHYTPEHHSSI yCTAaHOBKAa NpU OOpallleHWHd K MEYaTHOMY CJIOBY (HaWTH HYXHbIE
CBEICHMSI, YCBOUTh MH(GOPMAIUIO MOJHOCTHIO MM YAaCTHYHO, KPUTUYECKH MPOAHATIU3UPOBATH
MaTepuai U T.II.) BO MHOTOM 3aBUCHT 3()(PEKTHBHOCTH OCYIIECTBIISIEMOTO JICHCTBUS.

Boiaenstor uemauipe 0cHoéHble yCMAHO6KU 6 YMEHUU HAYYHO20 MEKCMA:

MH(POPMaIMOHHO-TIONCKOBBIN (3a/1a4a — HAUTH, BBIJICITUTH KICKOMYIO HH()OPMAITHIO)

ycBauBaromas (yCwJds 4YMTaTeNlsl HampaBlIeHbl Ha TO, YTOOBI KaK MOXHO TIOJHEe
OCO3HaTh W 3allOMHUTh KAaK CaMU CBEJCHHS HU3JIaraéMbleé aBTOPOM, TaK M BCIO JIOTHKY €ro
paccyXaeHHi)

AQHAJIUTUKO-KPUTHYECKAsl (YUTATeNIb CTPEMUTCS KPUTHUECKH OCMBICIUTh MaTepual,
IPOAHAIU3UPOBAB €r0, ONPEIETUB CBOE OTHOUICHHE K HEMY)

TBOpYeCKas (CO3[aeT y yuTaTelsl TOTOBHOCTh B TOM WJIM MHOM BHUJE — Kak OTIPAaBHOU
MYHKT 71 CBOMX PAacCyXIEHUH, Kak o0pa3 Jyuisl TEHCTBUS 10 aHAJOTUH M T.N. — UCIOJIB30BATh
CYXKICHHSI aBTOpa, XOJ €ro MbICIeH, pe3ynbTaT HaONIoAeHus, pa3padOTaHHYI0 METOJHUKY,

JOTIOTHUTD WX, TOJABEPTHYTh HOBOM IIPOBEPKE).

4.2. Memoouueckue pekomenoayuu no no020MoeKe K NpaKmuyecKuM 3aHAmusIm

Jnst Toro 4YToObl MpPAaKTHYECKHE 3aHATHS MPUHOCHIM MAaKCHUMAaJbHYIO TOJb3Y,
HE00X0IMMO TOMHUTH, YTO YINPaKHEHHE W peIIeHUe 3a/ad MPOBOJATCS MO BHIYUTAHHOMY Ha
JEeKIUSIX MaTepuaty M CBSI3aHbl, KakK MPaBWIO, C JETAIbHBIM pa300pOM OTAENbHBIX BOIPOCOB
JEKIUOHHOro Kypca. Crenyer NOAYEpPKHYTh, YTO TOJBKO IIOCIE€ YCBOCHHS JIEKLIHOHHOIO
MaTepHaja C ONpPENeJICHHOW TOYKH 3peHHs (2 UMEHHO C TOW, ¢ KOTOPOW OH HM3Jaraercs Ha
JEKIHSIX) OH OyZeT 3aKpeIUIAThCS Ha MPAKTUUYECKUX 3aHATHAX KaK B pe3ysbTare 00CYKIACHUS U

aHaJIM3a JEKIHOHHOIO MaTepuana, Tak U ¢ MOMOUIbIO peuIeHus] MPOoOJEeMHBIX CUTYallUi, 3ajad.



[Ipu >THX yCIIOBUAX CTYIEHT HE TOJHKO XOPOIIO YCBOUT MaTepuai, HO U HAYYUTCS MPUMEHSTH
€ro Ha MpaKTUKe, a TAKKe TMOJIYYUT JOMOIHUTEIBHBIA CTUMYT (M 3TO OYEHb Ba)KHO) IS
aKTUBHOU MPOPAOOTKH JICKIUH.

Crnenyer MOMHHTB, YTO pelIeHUE KaXIOHW y4eOHOW 3afadd JOHKHO JIOBOIAUTHCS 10
OKOHYATEJIbHOTO JIOTHYECKOT0 OTBETa, KOTOPOTO TpeOyeT yCIIOBHE, W IO BO3MOXKHOCTH C
BBIBOJIOM. [lomydeHHBI OTBET ClEIyeT MPOBEPUTH CIIOCOOAMU, BHITEKAIONIMMH M3 CYIIECTBa
naHHoW 3amaun. Ilonme3Ho Takke (ecld BO3MOXKHO) peliaTh HECKOJIBKUMH CIIOCOOaMU H
CpPaBHUTBH TOJYYEHHBIC pe3yJbTaThl. PemieHue 3amad MaHHOTO THUIA HYXHO MPOAOIKATh 0

NpPUOOpPETEHUS TBEPIbIX HABBIKOB B UX PELICHUH.

4.3. Memoouueckue pexomenoayuu no camonposepke 3HaHull
[Tocre u3y4yeHUsT OMPEIEICHHON TEMBI IO 3aMUCSAM B KOHCIEKTE U YYCOHHKY, a TaKxKe

pelICHrUA AOCTAaTOYHOI'0 KOJIUYCCTBA COOTBCTCTBYIOIIUX 3adad HA MPAKTUUYCCKUX 3aHATUAX U
CaMOCTOSITENIbHO CTY/ACHTY PEKOMEHAYEeTCS, MPOBECTH CaMONPOBEPKY YCBOCHHBIX 3HAHMIA,
OTBETHUB HAa KOHTPOJIbHBIE BOMIPOCHI M0 U3YUEHHOH TeMe.

B cyyae HE0OXOAMMOCTH HYKHO €I1le pa3 BHUMATEIILHO pa300paThCcs B MaTepuale.

I/IHOFI[a HCAOCTATOYHOCTb YCBOCHUSA TOI'O WUJIM MHOI'O BOIIPOCA BBIACHACTCA TOJIBKO IIPU
M3YYEeHUHU JajbHeilero Mmarepuana. B aToM ciydae HaJi0o BEpHYThCS Ha3aJ U MOBTOPUTH IJIOXO
YCBOCHHBIM Marepuasl. BakHbIA KpUTEpUl YCBOEHHUSI TEOPETHUYECKOr0 Marephaia - YMEHHE
pemarh 3ajayd WIA MPOWTH TECTHUPOBAHUE MO IMpoWJAeHHOMY Marepuany. OmHako cienyer
INOMHHUTH, YTO MPAaBHUIIbHOC PCIICHHUC 3aJa4ul MOKCET MOJIYYUTHCA B PC3YJIbTATC NMPHUMCHCHUSA

MEXaHUYECKHU 3ay4eHHBIX (hopMyI 6€3 TOHUMAaHUS CYITHOCTH TEOPETUUECKHUX MOJI0KEHUH.

5.KoHTpO/Ib cCAaMOCTOATEIBLHOM Pa0OTHI CTYICHTOB

VYcneBaeMoCTh CTYACHTOB MO KKIO0M MUCHIUILIMHE OIICHUBACTCS B XOJI€ TEKYIIETO

KOHTPOJIA U IPOMEKYTOUHON aTTECTALIUN.

6. Cnincok uTeparypsbl

6.1. [lepeyeHb OCHOBHOIM JTUTEPATYPHI:

1.I'ycak, A. A. Beicmias marematruka. Tom 1: yueOnuk / A. A. I'ycak. — MuHck:
TerpaCucremc, 2009. — 544 c¢. — Pexxum noctymna: http://www.iprbookshop.ru/28059.html
2.I'ycak, A. A. Brpicias maremaruka. Tom 2: yueOnuk / A. A. I'ycak. — MuHck:

TerpaCucremc, 2009. — 446 ¢. — Pexxum noctyma: http:// www.iprbookshop.ru/28060.html
6.2. IlepeyeHb NOMOJIHUTEILHOM JIUTEPATYPbI:

1.InauBuayanbHbie 3a0aHus MO Bbiciied MaremaTuke. Yacth 1. JInHelHass U BEKTOpHAs
anreOpa. Anamutuyeckas reomerpus. JuddepenunanbHoe ucumcienne QyHKIUE 0aHON
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nepeMeHHoil: yue6Hoe mocobue / A. II. Pabymxo, B. B. bapxaros, B. B. Jlepxasen, U. E.
KOpyth; mon penakmueit A. I1. PsOymko. — Munck: Beimwiimas mxkomna, 2013. — 304 c. —
Pexxum noctyna: http://www.iprbookshop.ru/20266.html.

2.lanuBuayalibHbIE 3aJjaHusl N0 BhICIIe maTremaTtuke. Yacte 2. KoMIuiekcHble 4uca.
Heonpenenennsie u omnpeneneHHble WHTerpaibl. @OYHKIMM HECKOIBKHX IEPEMEHHBIX.
OO6wikHOBeHHBIE AuddepeHnnanbabie ypaBHeHus: yueoHoe mocooue / A. I1. PaOymxko, B. B.
Bbapxaros, B. B. Jlepxkasen, 1. E. Opyrs; mon penakuumeit A. II. PsOymko. — MuHCk:
Bremmniinias IIIKOJIa, 2014. — 397 C. — Pexum JOCTyNa:
http://www.iprbookshop.ru/35481.html.

3.nauBuayanbHble 3ajaHusd 1o Bbicuied marematuke. Yacte 3. Psaawsl. Kpartneie u
KPUBOJMHEHHBIE HHTErpaibl. DJIEMEHTHI TEOPUH Mo : yueObHoe mocodue / A. I1. Pabymko, B.
B. bapxaros, B. B. [epxagen, 1. E. IOpyts ; mox penakmueit A. I1. PsaOymko. — MuHCK:
Bermmiimas mkona, 2013. — 367 ¢. — Pesxxum goctyna: http://www.iprbookshop.ru/20211.html.



