VK 372.8:348.02
B.1. Kiouko,
3.B. bonnapenko
BiHHUIBKMI Aep>KaBHUH TEXHIYHUNA YHIBEPCHTET

Jesiki acmeKTH MeTOIMKH 3aCTOCYBAHHSI HOBHX iH(OPMALIHHUX TeXHOJIOTIH i Yac BUBYEHHS TeMH
“In¢epenniaabHi piBHAHHA”
Y BUIIIOMY TeXHIYHOMY HABYAJIBHOMY 3aKJaai

[Iporec BUBUEHHS OYIb-IKOI AMCHUIUIIHM Tiependadae HasBHICTh HABUAJIBHOTO MaTepiany, akTUBHY
ILiSUII)HiCTI) CTYJCHTa, JOAATKOBI 3aco0U nepesaBaHHs pi3H0MaHiTHHx HOBiI[OMJICHI) iH(popMaui'l' KOHTPOJIb
pesyinbratis. [lepina ckia10Ba — HaBYaJIbHUIA MaTepial, KUl BIANOBILAE CbOrONHIIIHBEOMY PIBHIO PO3BHTKY
HAyKH Ta TEXHIKM. Ajie 00CSI HAKONMYEHHX BIJOMOCTEH MOCTIHHO 3pOCTAE 1 IUisl AKICHOTO 3aCBOEHHSA iX
HeoO0XiTHO a00 30UIBIIYBaTH KUIBKICTh TOJMH HAa BUBYCHHS TUCHMILIIHU (TOOTO MOCTIHHO 30UIBIIYBaTH
TepMiH HaB4aHHs), abo iHTeHcH(]iKyBaTH HaBYaHHS. Alle, K MOKa3ye MPaKTHUKa, KUIBKICTh TOAWH, LIO
BiJIBOJIUTHCS HA HABYaHHS, MOCTIMHO 3MEHUIYETHCS. TaKUM YMHOM 3aJIMIIAETHCS JAPYTUH NDISIX: CTYIEHT
NOBUHEH y BI/IBC/ICHI HABYAIbHUM IUIAHOM TOJAMHH SIKICHO Ta TBOPYO 3aCBOITH 3aIPOIIOHOBaHMIA
HaBYallbHIUIA Matepian. lle sMyllye BUKIajadiB UIYKaTH Ta BIPOBADKYBATH Yy MPAKTHKY HOBI METONH Ta
MOJIeNTi HABYaHHSL, SAKi IPU MOCTIHHOMY BUKOPUCTaHHI 3a0€311€4yI0Th IiIBUILEHHS SIKOCTI HABYaJIbHOI Iparli
MPOTATOM YChOTO HaBUaHHS B YHIBEPCUTETi, PO3BUBAIOTH Y CTYJEHTIB TBOpYi 3mi0HocTi. B ymoBax
BCEOIYHOTO BUKOPHCTAHHS KOMIT IOTEPHHUX TEXHOJIOTIM HaBUaHHS, BENIMKUX 00’ €MIB HaBYaJbHOTO MaTepiay
Ta 3MEHIIEHHS O0CATY ayJUTOPHHX TOMWH JUIS HaBYAIBHUX JWCHMIUIIH aKTyaJlbHUM € MHUTaHHS
KOMIT'JOTEPHOT NiATPUMKM HAaBYAJIBHOIO IIPOLECY. AKTUBHE BIPOBAUKCHHS HOBHX IH(OpMALiiiHuX
TEXHOJIOT1H BHCBITIIMIIO MPOOIEMY MeTOILOJIOFII Ta MIAKTUKH opraH13au11 IPOBE/ICHHS PAKTUYHUX 3aHATh
3 BULIOi MATEMATHKH, 30Kpema 3 Kypey “Hudepenuianbhi piBHAHHS B TexHiaHOoMy BH3.

BHKopHCTaHHs[ matematnunux nakerie (DERIVE, GRAN1, GRAN-2D, MathCAD ra iHmux) aae
MOKJIUBICTb  YPi3HOMAHITHUTH 3aBJIAHHS. CTyIeHT caMOCTiHHO BHKOHYE YaCTHHY aHATITHYHHX
IICPETBOPCHb, @ YHMCIIOBI Ta AHAJIITHYHI PO3B’S3KH OZIEPIKYE 3a JJONOMOrOK0 [akeTa. 3aCTOCOBYIOUH Li 3aC00H
HOBUX IH(OpPMALIHIX TEXHONOTIH, BUKIafa4 peallisye HaiOUIbII MOBHO MPHHIKII AKTHBHOI JisIBHOCTI y
CaMOCTII/IHII/I poboTi cryzneHTa. CTyJIeHT Ma€ MOXIMBICTb BUILHOrO BUOOpPY (B NMEBHMX Mekax) crparterii
PO3B’sI3yBaHHs 3a/adi, a ODKE | HaB4yaHHs. [Ipamiooun B CepEefOBHILI MATEMATUYHUX IMAKETIB, CTYIEHT
MTOBHICTIO 30CEPEIKYETHCS Ha MTOCTAHOBIII 33/1a4i Ta aHAIII30B1 OJIEpKAHUX PE3YJILTATIB 1 YHUKAE TPYAHOIIIB,
OB’ I3aHUX 3 O0YMCIICHHSAMH Ta rpadiuHuMu 1100y 10BaMH.

PosrnsHemo nmedKi aceKTH METOAWKH 3aCTOCYBAaHHS MaTEeMAaTWYHUX IaKeTiB I 4ac BHUBYEHHS
Temu “JludepeHiianpHi PIBHAHHA Ha MNPUKIAAl PO3B'A3yBaHHsA Iu(EpEHINAIbHUX PIBHAHb JIPYroro
MOPAAKY, OCKUIBKA BOHH € MaTeMaTHYHHUMU MOJCIAMHU PEalbHUX 00’€KTIB B PI3HUX IPEAMETHHUX 001aCTIX
SIK TEXHIYHUX, TaK 1 TyMaHITapHUX.

Hexait piBastans (1) Mae BUTIIA:

x(t) + 3x’°(t) + 5x(t) = 4sin3t, x(0)=0, x’(0) =0 (1)

3aBmaHHs TOJISATAE B TOMY, IIO0 3HAWTH pO3B’s30K mudepeHiiansHoro piBHsSHHSA ([IP) 3a Meromom

HEBH3HAYCHUX KOE(DIIIEHTIB Ta 32 METOAOM Bapiaii JOBUTLHUX CTaINX, CKOpHCTAaBIHCH makeroM DERIVE.

Ha erami BuBUYEHHS 3ampONOHOBAaHWUX METOJIB CTYAEHT BIATBOPIOE BCi KPOKM MO0 BIAMOBITHIX
anroputMiB. Lle mae MOKIUBICTE:

1. 3posymiTte cyTh METOTY.

2. O3HallOMUTHCH 3 JCSIKUMH TOCTYraMH TMAaKeTy (3HaXOPKEHHS KOPEHIB KBaJpaTHOTO DPiBHSHHS,
00YHMCICHHS MOXIIHUX IEPIIOro Ta IPYroro MOPSAKY).

Taxuil miaxig 10 3aCTOCYBaHHs MAaKeTy NOLUIBHUI Ha eraml (HOPMyBaHHS Ta MOINIHONCHHS HOBHX
3HAHb, BHXOBYE y CTYJCHTIB YITKICTh BHKOHAHHs Iiif, IOMOMAra€ BH3HAYMTH PAI[OHAJIBHHIT IIIAX
BUKOHAHHS 3aBJAHHS, BMMAra€ BiJl KOPHCTYBAada PETENBHO OOMIPKOBYBAaTH BIACHI Jii Ta KPOKH
PO3B’s3yBaHHsl, IIKOIIE Ta TOYHINIE CIPUAMATH I€1 Ta METOIM, 3 MCHIUMMH 3aTPaTaMH 4acy OBOJIOAITH
BaKIIMBUM JUISl CIICLIIaTBHOCT] CTYJICHTd MATCMATHYHIM MATEPIiaoM, 3MICT SIKOrO BiH HE 3MIr O1 3pO3yMiTH
yepe3 Te, [0 CBOEYACHO HE 3aCBOiB Ha BINMOBIMHOMY piBHI TEXHIKY AuQeEpeHIifoBaHHSA Ta iHIII
MaTeMaTH4YHi 3HAHHS.

Memoo nesusnauenux Koegiyicnmis.
3aBIaHHS BUKOHYETHCS 3a TaKoro cxemor. Ckopucrasimuch nakeroM DERIVE, cTyneH T 3HaX005Th
3arajbHHI PO3B'I30K Xo(t) BiAMOBIAHOrO JMiHIHHOrO OHOpPIAHOrO Audepenitianbaoro pisasHHS (JIOIP):
x7() + 3x’(t) + 5x(t) = 0. 2
XapaKkTepuCTHYHE DIBHAHHS Ma€ KODEHi:

2
B1: x» +3-»+5 =28
B2: X € Complex
Bd4: [» = -1.5 + 1.65831-i, » = -1.5 — 1.65831-1]

3aranpHUIA PO3B’SI30K 3aMUIIETHCS Y BATIIAI
Xo(t) = e°(C1cos(1.65831t) + C,sin(1.65831t)).  (3)
Jlauti cTyeHTH 3annCcyoTh YaCTUHHIH po3B’s30k JIP (2) :
X,(t) = acos(3t) +bsin(3t) 4
Ta miACTaBIsIOTh (4) y piBHsAHHSA (2). 3 Li€0 METO 3aco0amu MakeTa 3HAXOUAThCH X' '(1), x’(1),
(bopMy€eThCs crcTeMa PiBHSIHB BITHOCHO & 1 D 1 po3B’s3yerbes:



Bi: a-COS(3-t) + h-SIN{3 t)

B2: 3-L-COSC3-t) — 3-a-SIN(3-t)

B3: - 9-a-COS{3-t) — 2 -b-SIN(I-t)

B4: (9-h — 4-a)-COS{3-t) — (P-a + 4-h)-SIN(3-t) = 4-§IN{3-t)
B5: 9h—4a =8

B6: - 9-a—4-h =4

B?: [ a = -0.371134 b - -B.164948 ]

Otxe, yactuHHU# po3B’s30k [P (2) HaOyBae BUTIISIIY:

X,(t) =-0.371134cos(3t) -0.164948sin(3t). (5)

DopmyeThes 3aranbauil po3s’s3ok AP (2):
x(t)=e""(C,cos(L.65831t)+Csin(1.658311))-0.371134c0s(31)-0.164948sin(3t) (6)

Hani crynentu po3B’'s3ytoTs 3amady Komri, ogepxytoTs 3HaueHHs koHctaHT C; = 0.371134, C, =
0.634105, a yactuaHU# po3B’s30k P (2), skuii 3a10BONIBHSE 3ajaHi IOYATKOBI YMOBH, € PO3B'A30K 3aj1aui i
HaOyBa€ BUTIISIILY

x(t) = €*'(0.371134c0s(1.65831t)+0.634105sin(1.65831t))-
-0.371134c0s(3t)-0.164948sin(3¢) )
Hux4ue HaBeneHo po3B’s3vBanHs 3amavi Korri.

L S
= & -{a-COS(1.65821-t) + b-SIN(1.65831-t)) — B.371134-C05(3-t) — 0.16-

- 1.5t -5 4 4 -5
12: - & -{3-18 -(5-18 -a — 5.5277-18 -h)-COS{1.6583@-t) + 3-1@ -{5.52'

-6 6 6 5
BB: - 18 -(1.5-18 -a - 1.65831-18 -b + 4.94843-18 )

M: a - B.371134
15 [ a =08.371134 b = B.634185 ]

SIK yxKe 3a3HAYANOCh, 3aCTOCYBAHHS MAaTEMaTHYHMX IMAKCTIB CTBOPIOE YMOBH JUISl BUBYCHHS abo
O3HAMOMIIEHHS CTy)IeHTlB 3 61J'IBIHOIO KIJIBKICTIO MCTOIIIB MOTJIMOIEHUM aHAaII30M YMOB 3aCTOCYBaHHH
MeToiB. Ha nmpakTuyHOMY 3aHATTI, @ TUM OULIBIIE Y TUIIOBOMY PO3paxyHKy, MOXe OyTH pO3IIISIHYTO 1 iHII
METO/IM, 30KpeMa METO]l Bapiallil JOBUIEHUX CTallUX.

Memoo eapiauii' 006i1bHUX CHATUX.
CryneHTH BUKOPUCTOBYIOTH YK€ 3HaI/I,ZJ;eHI/H/I 3aralibHAl PO3B's30K PiBHSIHHS (2):
Xo(t) = e1°(C,c0s(1.65831t) + C,sin(1.65831t)).
M Baminusmm koHcTanTH Cp i Cp dymkiismu Cy(t), Cy(t), 3ammcyroTs 3aranbHuil po3B'SI30K PiBHAHHS
1):
X(t) = e™*(Cy(t)cos(1.65831t) + C,(t)sin(1.65831t).  (8)
VY cepenosumii makera GopMyeThes crucTeMa piBHSHD BigHOCHO (yHkmi Cy(t) i Cy(t), sxa HaOyBae

BHTJISITY: i
i (C (t)cos(1.65831t) + C, (t)sin(1.65831t))=0, 9)
(C1 ()(-1.5cos(1. 65831t) -1.6583sin(1.65831t)) + C, (1)
( 1.5sin(1.65831t) + +1.65831cos(1.65831t))) =4sin(3t).
Po3B's3aBim cucremy (9) Tta migcraBuBmM y popmyiry (8), CTYIEHTH OAEPKYIOTh PO3B' 30K
x(t)=e*'(0.371129c0s(1.65831t)+0.634106sIn(1.65831t))-
-0.371132cos(3t)- 0.164946sin(3t).

Ha erami 3akpirieHHs 3HaHB JOITBHO CKOPUCTATHUCH MporpamMoro Maple. Aie BUKOpHUCTaHHS TaKeTy
Ja€ MOKJIMBICTh BHKIIAJadeBi PO3B’SI3aTH JIMIIE JAEAKi MUAAKTH4YHI 3amadi. Tak, mpormec po3B’si3yBaHHS
3a/avi 3a JIOTIOMOTO0 TMMaKeTa Ma€ HESIBHUW XapakTep, BiH CXOBaHHMH BiJl KOPHUCTyBada, HE TOSCHIOETHCS
IUIAX, WO BEJE /IO ONIEPKAHHS PE3yNbTary. BuxopucranHg makeTy Bene O BTPaTH HABHUYOK MOOYIOBH
3arajbHUX PO3B’s3KIB 3aja4l. ToMy AupakTHYHA €(PEKTHBHICTH MATEMAaTHYHOIO NAKETy 3pOCTAE Ha eranax
3aKpIlJIeHHA Ta 3aCTOCYBaHHS 3HaHb, IO Ja€ MOXIMBICTh B PI3HHX acCIEeKTax OIMPAlIOBATH HaBYAIBHUI
Marepiad.

3aBHaHHAM UISI CaMOCTIHHOT poOOTH MoXxe OyTH IiepeBipka opaepykaHoro pesymbraty (7 ) 3a
JOTTOMOT 00 TTakeTa Maple.

> with(DEtools):
dsolve({diff(x(t),t$2)+3*diff(x(t),t)+5*x(t)=4*sin(3*t),x(0)=0,D(x)(0)=0},x(t))

BuxonaHHS TUTIOBOTO pO3paxyHKy abo KypcoBOi poOOTH mmicist BUBYeHHS “OrnepariifHoro YucieHHs”
MOJKE TIONSITaT! Yy po3B’si3yBaHHI piBHAHHS (1) 32 MeromoM iHTerpampHOTO neperBopeHHs Jlammaca. SIkmio
METOIO0 TaKOro 3aBJIaHHS € OBOJIOMIHHS CAMHUM METOJOM, TOJi HEOOXiTHO BiATBOPIOBATH 1 KOHTPOIIOBATH
KO)KHHIA KPOK BIJIMOBIHOTO anropuTMy. MOBOI MaTeMaTHYHOIO TaKeTa CKJIQJaeThCs Tporpama Jyis
inTerpyBanHs [IP i cTyJqeHT Mae MOXKIIMBICTH KOHTPOIIOBATH KOXKHHM KPOK 3aCTOCYBAaHHSI IEPETBOPEHHS
Jlamnaca.

3aBIaHHS TUIIOBOTO PO3PaXyHKY MOXKE€ BUKOHYBATHUCh Y TaKii MOCIiOBHOCTI:

nepuwiuii eman
3HAlTH 300paeHHs F(p) JIP 3a nomomoroto pynxuii laplace;

" moxaté oxepxanuii api16 F(p) yepes enemenrtapHi apoOwH;

» 3acrocyBaTi QYHKIII0 00epHeHoro neperBoperns Jlarmaca invliaplace.
opy2uii eman

»  3HaiiTi 300paxenns F(p) JIP 3a Jlamnacom;

" mojatu ojiepxkanuii ap16 F(p) yepes enementapHi ApoodwH;

"  3aCTOCYBATH JIMILIKH /10 3HAXO/DKEHHS OPUTIHATY



Takuii TOPAAOK BHKOHAHHS POOOTH Ja€ MOXIIMBICTb CTYIEHTY ONpalfoBaTH 1 3amaM’sITaTH
TOCIIIOBHICTh I B HABEACHUX AITOPHTMAX, a TAaKOXK O3HAHOMMTHCH 3 mociyramu makery Maple, 3a
JOTIOMOTOI0 SIKUX NIpi0 MOAa€eThCs y BI/IFJ‘ISIILI CyMH €JIEMEHTapHUX JIPOOIB, 3HAXOAATHCS JIMIIKH (QYHKILIH,
MEPETBOPIOETHCA KOMITJIEKCHA (hopMa PO3B’SI3KiB.

> laplace(diff(x(t),t$2)+3*diff(x(t),t)+5*x(t)=4*sin(3*t),t,5);
> with(grobner):
2> solve(lp*s~2+3*s*p+5*Ip=12/(s"2+9),Ip);
3HaXOUTHCS 300pasKeHHS PO3B's3Ky piBHSAHHSA X(1):
1
2229 (43545
3a nonomororo QyHKIiH nakera Apid MOAA€ThCA y BUTIISIL CYMH €IEMEHTapHUX IpO0iB:
> convert(12/((s"2+9)*(s"2+3*s+5)),parfrac,s,true);
124435 12 13435
97 52+9 97 s2+3s+5

3a nonomororo (GyHKIii 00epHEHOro nepeTBOpeHHs Jlanaca 3HaX0AUTLCS 3arajlbHUN PO3B'SA30K:
> readlib(laplace):
>invlapIace(12/97*((13+3*s)/(s"2+3*s+5)-(3*s+4)/(s"2+9)).s.t):

E gin{3 £)— fcos(3 D+ 204 el ¥4 gin 1 f11 2| J11
1067 2
+¥e(’3’2” COS[% /11 Ij

abo
6341063327 e(-1500000000) gin ] 658312395 £)

+ 3711340206 e (1:3000000000) ¢q( ] 658312395 )
— 3711340206 cos(3. £) — .1649484536 sin(3. £)

Sk 6a4uMO, pe3ybTaT CITIBIAB 3 MOMEPETHIMU.

[Tix yac BHBUCHHS MpeaMeTiB (GaxoBOro IUKIY CTyJSHTaM 0araThoX CIIeliajJbHOCTEH HeoOXiaHI Ha
JOCTaTHBLOMY piBHI 3HaHHA JNUIIKiB. Tomy B mporieci po3s’si3yBanHs JIP € Haroma nosroputy 1o temy. s
3HaXOKEHHS OPUTIHAY X(?) 3a JaHUM 300pakeHHsIM F(P) 3aCTOCOBYIOTHCS JTHIIKH.

3 LI€I0 METOI0 3HAXOAThCS MOIIOCU IIEDILOrO Ta IDVIOrO I0NAHKIB.

124+35 12 13435

- +
97 s2+9 97 §2435+5
Hamnpukia, noiocy Ipyroro A0JaHKy 3HAXOAATHCS TaK:

> solve(s"2+3*s+5=0,5);
R INITIRE S AT

SIKIII0 TO3HAYUTH CyMY elleMeHTapHuX Ipo0iB 300paxeHHs depe3 F1
ppo—_ 123s+4 1 156+365
97 sP4+9 9T 243545
TO TMOJIOCH 3HAXOMIThCS 3 BUKOpPUCTaHHSIM (yHKiiii denom (BimokpemyeHHs 3HaMeHHHKa), Solve
(po3B’s13yBaHHS PIBHSHHSA):
>F2:=denom(F1);

F2={(s*+9){s*+35+3)
>sols:=[solve(F2,9)];

1
sols:—[?y[ 31, - 2 fo E[ﬁ}

Hani 3naxomsrees Jsmiiku ¢GyHkmii  exp(pt)F(p). HaBememo mpukian 3HaXOMKEHHS JIAIIKY MIOIO0
rronroca pl1=3l.
>x1:=residue(F1*exp(s*t), s=sols[1]);

97 97

O0'eqHABIIN BCi YOTHPH BHUITAJIKH, CTYIEHTH OEPKYIOTh PO3B'SI30K:
>X(t):= (residue(cl*exp(s*t), s = sols[1]) + residue(F1*exp(s*t), s = sols[2]) + residue(F1*exp(s*t),
s=sols[3])+residue(F1*exp(s*t). s=sols[41):
_{ 18 8 o 24 7SN 1]
x(1) '_( 97 971} SN e

24 Ie(-l;2(3+fﬁ)z)m

T YT,

_ Hani 3a nonomororo gynkuiii evalf i evalc kommiexcha popma po3s’ssky X(t) nepersoproeTbes 10
JIHACHOI.
>x(t):=evalf(evalc(residue(cl*exp(s*t),s=sols[1])+residue(F1*exp(s*t), s=sols[2])
+residue(F1*exp(s*t),s=sols[3])+residue(F1*exp(s*t), s=sols[4]))));

x! ::(-ngﬁIJe(B“)




x(£) = -3711340206 cos(3. £) — .1649484536 sin(3. 1)
+.6341063328 o{-15000000008) ¢inc ] 658312395 1)
+ 3711340206 (-1 5000000002 o061 658312395 £)

OnepikaHo pe3ybTaT, SIKHiA CITIBIIAB 3 TIOMEPEIHIMHU.

Sxmo meron po3B’s3yBaHHS [IP peanisyeTbcsi He sIK MeTa HaBYaHHS, a sIK 3aci0 Po3B’sI3yBaHHS
JTuQepeHIliaIbHUX PIBHSHB, TOOTO, SKIIO METOK 3HAXOMKEHHs po3B’s3kiB JIP € He CTUIbKM OBONOJIHHS
METO/IOM, CKUJIbKM aHaji3 pe3yiabTaTiB p03B’;I3yBaHH$1, TO AN 1HAWBiLyaldbHOI PoOOTH MOXe OyTH
copmynboBaHO Take 3aBAaHHs: 3HaiTH o3B30k [P (1) 3a meronom [lroamens. CryzeHt, 3aCTOCyBaBLIM
cucremy Maple, peanizye BCi KpOKU alTOPUTMY, ajie Uil HbOTO MOXKE 3aUINATHCS CXOBaHUM, HATPUKIIA],
npowec Au(epeHLioBaHHs 1 IHTerpyBaHHs 3ropTku. Hasenemo npuxias,.

Memoo inmezpana /[roamenn
Crepiiry CTyIEHTH 3HaX0sTh po3B’sa30k 3aaa4i Komri JIP:
x@) + 3x’(t) + 5xt) = 1, x(0)=0, x’(0)=0,
3aCTOCYBaBIIN cucTeMy Maple V.

> laplace(diff(y(x),x$2)+3*diff(y(x),x)+5*y(x)=1,X,s);

> invlaplace(1/(s*(s"2+3*s+5)).s.1);

2000000000 — 1809068067 et 15000000008 gin( 1 £58312395 1)
— 2000000000 ¢(-1:5000000008) ¢og( ] 658312395 £)

Jani 3HaX0UTHCS MOXiTHA OJIEPIKAHOTO PO3B'SI3KY.

>diff(1/5-3/55*exp(-1.5*t)*sin(0.5*sq rt(ll)*t)*sqrt(ll) -0.5%exp(-1.5*t)* cos(0.5*sqrt(11) *t),1);

Po3B's130k 3aganoro JIP 3HaX0ANTHCS NUISIXOM iHTETPYBaHHS 3rOPTKH:

>int(4*sin(3*x)*(.3318181818*exp(-1.5*(t-x))*sin(.5*sqrt(11)*  *(t-x))*sqrt(11)+0.45*exp(-1.5*(t-
X)) *cos(0.5*sqrt(11) *(t-x))),x=0..t);

-.1649484520 sin( 3. £) — 3711340169 cos(3. £)
+ 3711340167 e(-15000000002) oo ] 658312395 £)
+.6341063264 (-15000000000) gipy (] 658312395 £)

Posrnanyra Mem)mlca NPOBEJCHHA  3aHATTA ~ JCMOHCTPYE  CTY/AEHTaM JIOLUIBHICTH
BUKOPHCTOBYBAHHS KOMII FOTEPIB 3 METOK €(EKTUBHILIOrO 3aCBOCHHS MaTepiaiy; crpuse GOpMyBaHHIO y
CTYZICHTIB HaBHU4YO0K BI/IKOpI/ICTaHHﬂ HaKeTlB aKTI/IB13y€ Hanaano HlSHaBaJ'IBHy JIISIJ'IBHICTB CTleeHTlB

30UTBIIYEThCS. KUTBKICTh 3aBJIaHb, SIKIi MOXKHA PO3B’S3aTH Ha 3aHATTI, IO JIA€ MOXIUBICTH TIHOIIE
PO3KPUTH OCHOBHI imei Temu. Bukiamad Moke BKITIOUWATH CKJIAQNHINI 3aBIaHHS, YPI3HOMAHITHHTH IXHIH
3MICT, TIMOIIe TpoaHali3yBaTH PO3B’SA3KU. 3aBAaHHS Ta iX BUKOHAHHS mpu 3actocyBaHHi [IIIIT mMoxyTh
BIIpI3HATHCS BiA TpamulliiHUX. Maike B JeCATh pa3iB CKOPOUYETHCS Yac pO3B’SI3yBaHHS ONHIET 3amadi,
TIOTJITHOTIOETHCS PIBEHD OBOJIOAIHHS HaBYAIBLHIM MaTepiajioM.
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