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JlaGoparopna po6ora Nel. Halinpocrimi agaropurvu. O0podka mijinx yuceJt
Meta i 3micT po6orm: Po3poOka anroputmy, CTBOpPEHHS, HaJaro[KEHHS Ta
BUKOHAHHS MpOTpaM, IO ONEepPyITh LUIMMU YHMCIAMU Ta BUKOPUCTOBYIOTH IS iX
00poOKu apudMeTHyHi orepailii, Taki K MHOXEHHS, J10JaBaHHS, BIAHIMAaHHS Ta
oTeparlito MPUCBOIOBAHHSI.

B pe3yabrati BUKOHAHHS p000TH HEOOXIIHO:

* BMITH pO3pOOJIATH aNTOPUTMHU JIJIsl MITHECEHHS YUCEN 0 3a/IaHOT0 CTeNeHs

oe3 BHKOPHUCTAHHA onepaui'l' HiI[HeCCHHH J0 CTCIICHA,

* BMITH O6I/IpaTI/I ONTUMAaJIbHUN TUII I IIPCACTABIICHHA BXiJIHI/IX Ta BI/IXiI[HI/IX

JaHUX;
* BMITH peayi30ByBaTH PO3pOOJIECHUHN aJrOPUTM Ha MOBI ITPOrpaMyBaHHS;
* BMITH BUKOHYBAaTU T€CTYBaHHS MPOrpamu;

* BMITHU NOSCHIOBATH XiJl BUKOHAHHS aJITOPUTMY Ta IPUHIIUI pOOOTH IPOrpaMH.
Hpuxaan: Jlano mie yuciao x. KopuCTyloduCh TUIBKM OMEpAIliEl0 MHOXCHHS,
OTpUMATH:
3apaannsa. Jlano uine uyucno x. Kopucryiounch TUIBKM ONeEparieldo MHOXKEHHS,
oTpuMary x’ 3a YOTUPH OTIEpaIlil.

AJITOPUTM BUKOHAHHS:

ITouaroxk.

Bxig: x

a = x*Xx // oTpuMy€eMO X y CTeleHi 2
b =a*a // orpumyeMo X y cTeneHi 4
c = b*b // orpumyemo X y cremneHi 8
d = c*x // oTpumyemMo X y cTeneHi 9

7. Buxin: d, mio 3a 3Ha4€HHAM PiBHO X’
Peagizanisi aaroputMy Ha MOBI IpOrpaMyBaHHS:

A e

# include <iostream>
using namespace std;
int main () {

int x;
cout<<"Input x";
cin>>x;

int a = x*x;

int b = a*a;

int ¢ = b*b;



int d = c*x;
cout<<d;
return 0;

}
PesyabTar podoTn nporpamu:

1) Input x 2
512
2) Input x 3
19 683
3) Input x 4
262 144
3aBaanHs IS iHAMBIAYaJIbHOTO BUKOHAHHSA:
3HalTH 3HAYCHHS BEIUYMHU
1. x% 3a Tpu oneparii
2. x!73a stk omeparii
. x'" 3a gorupwu omeparrii
. x'3 3a 1B ONEpariit

. x?! 3a micTh omepariii

3
4
5
6. x° 3a ’saTH OnEepariit
7. x*% 3a micTh omepariii
8. x%% 3a mricTh omepariii
9. x'° 3a yorupu onepanii

10.x*° 3a ’aTH Onepariii
3BIT 10 naboparopHOi poOOTH TOBMHEH MICTUTH PO3POOJICHUN alITOPHUTM,
BUKOHYBaHHUH KOJI mporpamu. 3100yBauy TOBHUHEH TOSCHIOBATH XiJ] BUKOHAHHS
JITOPUTMY, IPOTPAMH BIIIMOBIIATH HA MUTAHHS 1100 POOOTH AJITOPUTMY, IPOrPaMH,
TEeMH JIabopaTopHOi poOOTH.

PexomennoBani qkepesa

l. I'pumianoBuu T. O. Anroputmu 1 cTpykTypu nanux [Enexrponnumii pecypc] :
€JICKTPOHHUHN KypC HaBYaJIbHOI TUCHMILTIHY, 3aTBepkeHnii HMP BHY imeni Jleci
VYkpainku, nporokona Ne 4 Bin 16.12.2020 / Tersna I'pumanosuu. — BHY im. Jleci
VYKpaiHku, 2020. // Pexum JOCTYILY
http://cs.vnu.edu.ua/moodle/course/view.php?id=123.




JlaGopatopna po6ora Ne2. [lisiouncesbHa apumMeTHKa

Meta i 3micT po6orm: Po3poOka anroputmy, CTBOpPEHHS, HaJaro[KEHHS Ta

BHKOHAHHS IIpOorpaM, mo OIICPYIOTh ]_IiJ'II/IMI/I qucCiiIaMd Ta BHUKOPUCTOBYIOTH IJIA X

0o0poOKku apudMeTHyHi ormnepailii, Takli sSK MHOXEHHS, JOJaBaHHS, BiIHIMAaHHII,

JIJICHHS HAIIUIO0, OTPUMAaHHS OCTayl B/l IUICHHSI Ta OMEpaIlito MPHUCBOIOBAHHS.

B pe3yabrati BUKOHAHHS p000TH HEOOXIIHO:

BMITH PO3POOJISITH aJITOPUTMU JJI BUAUIEHHS LUdp y Yucii, 30Kpema,
OTPUMYBATH KUTBKICTh OMHMIIb, IECIATKIB, COTEHb 1 T.JI. Y YUCHAX, ISl SIKUX

Hanepe]l BKa3aHO KUIbKICTh pO3PS/IiB;

BMITH O6I/IpaTI/I ONTUMAaJIbLHUN TUII AJIA IIPCACTABIICHHA BXiJIHI/IX Ta BI/IXiI[HI/IX

JaHUX;
BMITH peaji3oByBaT po3pOOJICHUN aJlTOPUTM Ha MOBI POTpaMyBaHHS;
BMITH BUKOHYBAaTH T€CTYBaHHS MPOTpamMu;

BMITH IOSICHIOBATH XiII BUKOHAHHA aJITOPUTMY Ta IMMPUHITUII p06OTI/I IporpamMu.

3aBnannsa: /[ano TpuzHauHe yucio n. OTpUMaru 4ucio, sIKe YyTBOPIOETHCS MPH

nepectadoBil 1 Ta 3 uudp. Hanpuknan: 234 — 432.

AJITOPUTM BUKOHAHHS:

7.
8.

SR e e

[TouaTok

Bxin: aucio n

a=n%10 // orpuMyeMO YHCIIO OAUHUILIb YKCIIA N

b =n/100 // oTpuMyEMO YHCIIO COTEHB YHCIa N

¢ = (n%100)/10 // oTpuMy€eMO YHCIO ACCATKIB YUCIA N

N = a*100 + c*10 + b // yrBoproeMo 4uCyI0, Y IKOMY KUIbKICTh COTEHb PIBHA
KIJIBKOCTI OJWHUIIb YMCJIA N, KIIBKICTh JECATKIB — KIJIBKOCTI JIECATKIB YHCIa
n, KUTBKICTh OMUHHIh — KIJIBKOCT1 COTEHB YHCIIa N

Buxig: N

Kineusn

Peanizanisi Ha MOBI IpOrpaMyBaHHS:

# include <iostream>
using namespace std;
int main () {

int n;
cout<<"Input n";
cin>>n;

int a = n%10;



int b = n/100;

int ¢ = (n%100)/10;
int N = a*100 + ¢*10 + Db;
cout<<N;

return 0;

}
Pesyn

bTAT POOOTH MPOrpaMu:

1) Input x 512

215

2) Input x 703

307

3) Input x 948

849

3aBaanHs IS iHAMBIAYaIbHOTO BUKOHAHHSA:

1.

9.
10.

Jlano Ttpu3zHayHe uyuciao #n. OTpUMAaTH YHUCIO, SKE YTBOPIOETHCS IIPHU

MIPOYMTAaHHI YKCTa 7 3 TIpaBa Ha J1BO. 234 — 432.

. Jlano TpusHayHe uucio n. Y HbOMY 3a0paiu mepuly Hudpy Ta AONUCAIU ii

BKIHIII. SIKe uncio oTpuManu B pe3yabrari? Hanpuknan: 234 — 342.

. JlaHo Tpu3HayHe 4yucio n. 3HAUTHU YUCIIO JECATKIB Ta OJUHUIL Y HHOMY.

. JJaHo TpuszHauHe wuymcno n. OTpUMaru 4YHCIO, SKE YTBOPIOETHCS IIPU

nepectanoBil 2 Ta 3 uudp. Hanpuknan: 234 — 243.

. JJaHno dvorumpuszHauHe uuciao n. OTpUMATH YHUCHO, AKE YTBOPIOETHCSA IMPHU

nepectanoBIl 2 Ta 3 nuudp. Hanpuknan: 2345 — 2435.

. JaHo TpuszHauHe wuymcno n. OTpUMaru 4YHCIO, SKE YTBOPIOETHCS IIPHU

nepectadoBil 1 Ta 2 nudp. Hanpuknan: 234 — 324.

. JJaHno dvorumpuszHauHe uuciao n. OTpUMATH YHUCHO, AKE YTBOPIOETHCSA IMPHU

MPOYUTAaHHI YKCIia 7 3 TIpaBa Ha JiBO. 2345 — 5432.

. JlaHo Tpu3HaAuHE 4YuCIO 1, B ssIKOMY yci 1udpu pizHi. Otpumaru 6 yucen, sKi

YTBOPIOIOTHCS IIPU MEPECTAHOBII IU(PP JTAHOTO YHCTIA.
JlaHO YOTHpPU3HAYHE YHUCIIO #1. 3HAUTH YUCIIO COTEHB Ta JIECATKIB Y HHOMY.
Jlano dotupu3HauHe uucio n. OTpuUMaTh YHUCIO, SKE YTBOPIOETHCS TPHU

nepectadoBIli 1 Ta 4 nmudp. Hanpuknan: 2345 — 5342.



3BIT 10 naboparopHOi poOOTH TOBMHEH MICTUTH PO3POOJICHUN aJTOPUTM,

BI/IKOHYBaHI/Iﬁ KOO IIporpamMu. 31106y13aq IIOBHMHCH ITOJACHIOBATH Xi}] BUKOHAHHA

AJITOPUTMY, IIpOorpaMu BiI[HOBiI[aTI/I Ha IINTaHHA 1010 p06OTI/I AJITOpUTMY, IIpOrpamMu,

TEeMH JIabopaTopHOi poOOTH.

1.

3.

4.

PexomennoBani qkepesa

I'pumanoBuy T. O. Anroputmu 1 cTpykTypu nanux [Enekrponnuii pecypc] :
€JICKTPOHHUN KypC HaBYaJbHOI TUCHMILTIHY, 3aTBepkeHnii HMP BHY imeni Jleci
Vkpainku, nporokona Ne 4 Bix 16.12.2020 / Tetsna I'pumanosuu. — BHY im. Jleci
VYKpaiHku, 2020. // Pexum JOCTYILY
http://cs.vnu.edu.ua/moodle/course/view.php?id=123.

. Imeman B. M., IBanog O. II., [lanix JI. O. Anroputmu, gaHi i CTPYKTYpH : HaBY.

noci0. / Jlninpo : JlHimpomeT. Hail. YH-T 3aji3H. TpaHcm.iM. akaia. B. JlazapsHa,
2019. 134 c.

[axoBcbka H. b., Tonomyk P. O. Anroputmu i cTpykrypu naHux. HaBuanbHUI
nocionuk. JIsBiB : Marnomis, 2018. 216 ¢
Onuiienko B. B., Konuk P. C Anroputmu ta crpykrypu nanux. K : 2017. 66 c.



JlaGoparopna podora Ne3. Po3poOka ajropurmis Uisl pO3B’A3aHHS 3a1a4
HLI0YHCeIbHOI apU(METHKH
Meta i 3mict po6orm: Po3poOka aiaroputMy, CTBOpPEHHS, HaJaro[KEHHS Ta
BUKOHAHHS MPOrpaM, IO ONEPYIOTh LHUIUMH YHCIAMH Ta BUKOPHUCTOBYIOTH JUIS iX
0o0poOKku apudMeTuyHi ormnepailii, Takli sSK MHOXCEHHS, OJaBaHHS, BiIHIMAaHHII,
JIJICHHS HAIIUI0, OTPUMAaHHS OCTayl B/l IJICHHSI Ta OMEparllito MpHUCBOIOBaHHS.

B pe3yabrati BUKOHAHHS p000TH HEOOXIIHO:

* BMITH PO3pOOJIATH aJTOPUTMHU JJIsl PO3B’I3yBaHHS MPUKIAAHUX 3a/1a4 13
BUKOPHUCTAHHIM IUTOYHCENbHOI apu(hMETUKU — MHOXKHUHU ONEPAILii, 110

3aCTOCOBHI JI0 JIaHKUX IILJIOTO THUITY;

* BMITH IEPEXOAUTH BiJI MPUKIATHOTO (GOPMYITIOBAHHS 3aaul A0 ii

MaTeMaTUYHOI MOJEIII;

* BMITH O6I/IpaTI/I ONTUMAaJIbHUI TUII HJIA IIPCACTABIICHHA BXiJIHI/IX Ta BI/IXiI[HI/IX

JaHUX;
* BMITH peai30ByBaTH pO3pOOJIECHUHN aJrOPUTM Ha MOBI ITPOrpaMyBaHHS;
* BMITU BUKOHYBAaTU T€CTYBaHHS MPOrpamu;

* BMITHU NOSCHIOBATH X1Jl BUKOHAHHS aJITOPUTMY Ta IPUHIIUI pOOOTH IPOrpaMH.
3ananns: [{ano narypanbne uncino M <1200, mro MUHYAU Bia I€sIKOT MOAIT 70 [OTO
yacy. BuBecTu MoBHY KUIBKICTh POKIB Ta MICAIB, SIKI MUHYJIH BiJ J€AKO1 MOAil A0
IBOTO Yacy.

AJITOPUTM BUKOHAHHS:

ITouaTok
Bxia: unciio M
y = M/12 // orpuMmy€eMO KiTBKICTh TOBHUX POKIB, 110 MUHYJIA B/ ESIKOT MOA1T
m = M%12 // oTpuMyeMO KUTBKICTh MICSIIIB, III0 MUHYJIA Bl ACSKOT MOI{
Buxin: y, m

6. Kinenn
Peanizanisi Ha MOBI IpOrpaMyBaHHS:

NhAELD =

# include <iostream>
using namespace std;
int main () {

int M;



cout<<"Input M";

cin>>M;

int y = M/12;

int m = M/100;

cout<<y<<" years and "<<m<<" months";
return 0;

}
Pe3yabTar podoTn nporpamu:

1) Input M 28
2 years and 4 months
2) Input M 104
8 years and 8 months
3) Input M 513
42 years and 9 months
3aBaanHs IS iHAMBIAYaJIbHOTO BUKOHAHHSA:

1. Hani mimi yucna h, m, s (0<h<23, 0<m<59, 0<s<59), sKi BKa3yl0OTb HA MOMEHT
yacy h rommH, m XBuIuH, s ceKyHJ. BusHauutu KyT (B TIpajgycax) Mix
MOJIOKECHHSM CTPLUIKH, KA TIOKa3ye TOIWHHU, HA IMOYaTKy JoOW Ta y 3aJaHuil
MOMEHT 4acy.

2. Tlonme maxoBOi MOIIKH 33JA€THCS MAPOI0 HATYypaJbHUX UYWCEN: MEpIIe YUCIO —
HOMEp BEpTUKAJ (paXyHOK 3/1Ba Ha MPaBo), Ipyre YUCIO — HOMEP FOPU30HTA1
(paxyHOK 3HU3Y noropu). Jlano HarypaibHi uucia k, [, m, n — yci MeH1i Bif 8.
3’sicyBaru, un nomo (k, [) 3arpoxye dep3b, po3MilieHUN Ha momi (m, n).

MosxnuBi xoau ¢ep3st moKa3zaHi Ha MaJIIOHKY.

a b ¢ d e £ g h
8 X B S
7 X X 7
& X X X &
5 X X X 5
2 x [ x B x B x [ «
3 B X e 3
2 X X e 2
1 . X X 1

a b ¢ d e £ g h

3. Bin mouarky go0M MHMHYJIO N CEKyHJ. BU3HAUMTH, CKUJIbKM TOBHUX TOJIUH

MUHYJIO BiJ OYATKY A00H.

10



4. Jlano HarypayibHe uuciio m <1188, ske € BikOM JIOAMHU B MicsIsix. BuBectu
MOBHY KUIBKICTh POKIB Ta MICSIIIB.

5. Tlone maxoBoi AOLIKM 3aJIa€ThCA MApOI0 HATypalbHUX YMCEI: MEpIIe YUCIO —
HOMEp BEpTUKAJI (paxXyHOK 3/11Ba Ha MPaBo), IPyre YUCIO — HOMEP FOPU30HTA1
(paxyHOK 3HU3Y noropu). JlaHo HarypaibHi uucnia k, [, m, n — yci MmeH1i Bif 8.
3’sicyBaru, uM nofto (k, /) 3arpoxye KiHb, po3MillieHU Ha ol (m, n). MoxiuBi

XO0OH KOHA MOKa3aH1 Ha MAaJIOHKY.

6 X X 6
5 X X 5
4 Q 4
3 X 7 X 3
2 X X 2

6. Jlani mini yucna h ta m (0<h<12, 0<m<60), sKi MMOKa3ylOTh MOMEHT 4acy h
rOIMH M XBUJIMH. Bu3HaunTH HaliMeHIINUN yac (KUIbKICTh MOBHUX XBWJIMH), SIKI
MOBHHHI TPONTH 10 TOTO Yacy, MOKH XBUJIMHHA CTPUIKA Ta CTPIIKA, sIKa TIOKa3ye
TOIMHU PO3MICTATHCS MEPIEHAUKYISPHO OJTHA 0 OHOI.

7. Bing mowatky mobu MUHYIO N CeKyHA. BHU3HAYMTH, CKUTbKM TIOBHHX XBHIJIWH
MUHYIO BiJ] IOYATKy OCTaHHBOT TOAMHH.

8. Bing moyatky moO6u MHHYIO n CeKyH]. BU3BHAYMTH, CKUTbKH CEKYHJ MUHYIO Bif
MOYaTKy OCTaHHBOI XBHIINHHU.

9. Ilone maxoBoi AOLIKM 33aJa€THCSA MApOI0 HATypaJbHUX YMCEIl: MEepIIe YUCIO —
HOMEp BEpTUKAJI (paXyHOK 3/11Ba Ha MPaBo), IPyre YUCIO — HOMEP FOPU30HTA1
(paxyHOK 3HU3Y noropu). JlaHo HarypaibHi uucia k, [, m, n — yci MeHIi Bif 8.
3’sicyBaru, uu nons (k, [) Ta (m, n) OMHAKOBOTO KOJIBOPY.

10.3agano Tpu HarypanbHux uyuciaa A, B 1 N. CkiacTu aaropuTM 3HaXOIKEHHS
HATypallbHUX 4YHUCEN, SKi He MEePeBUINYIOTh N, SKi MOXHA MPEACTaBUTUH Yy
BUIVISIZII CyMHU (JOBUIBHOIO YMCIIA) JOJAHKIB, KOXKHE 3 AKuX Oyae A abo B.

3BIT 10 naboparopHOi poOOTH TOBHMHEH MICTUTH PO3POOJICHUN aJTOPUTM,

BI/IKOHYBaHI/Iﬁ KOO IIporpamu. 3IIO6YBa‘I IIOBHMHCH ITOACHIOBATH Xi}l BUKOHAaHHA
11



aJTOPUTMY, IPOTPAMH BiJIIOBITaTH HA MTUTAHHS 11010 POOOTH aJIrOPUTMY, IPOTPAMH,
TeMH JIabopaTopHOi poOOTH.
PexomennoBani qkepesa

1. Tpumanosuu T. O. Anroputmu 1 cTpykTypu nanux [EnekrponHuit pecypc] :
€JICKTPOHHUN KypC HaBYaJbHOI AMCIUIUIIHU, 3arBepkeHuidi HMP BHY imeni
Jleci Ykpainku, npotokon Ne 4 Bix 16.12.2020 / Tersana ['pumanosuy. — BHY
M. Jleci VYkpainku, 2020. // Pexum JOCTYILY
http://cs.vnu.edu.ua/moodle/course/view.php?id=123.

2. borau I. B., Josraneups C. M., JlyboBoii B, M. Anroputmu po3B’si3aHHs 3aj7a4 3
nporpamysanss. Binnuug : BHTY, 2017. 119 c.

3. Bmaciit O. O. AnroputmMu Ta CTpyKTypu naHux: JlaGopaTopHHil MpakTUKYM.
IBano-®pankiscwk : [IBH3 «IIpukapnarcbkuii HallloHaIbHUN YHIBEPCUTET IMEHI1
Bacuns Credanukay, 2015. 68 c.

4. Maxposcrka H.A., ITorpomcebka I. C. Anroput™mu 1 CTpyKTYpH JAHUX: HaBYAJIb-
HO-MeTOAWYHUN nocioHuk. MukonaiB : MHY iM. B.O. CyxomnuHacbkkoro, 2019.
279 c.
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JlaGoparopna podora Ne4. Po3poOka aaropurmMiB Ha BUKOPUCTAHHS
AJITOPUTMIYHOI CTPYKTYPH PO3rajyKeHHs
Meta i 3mict po6orm: Po3poOka anroputmy, CTBOpPEHHS, HaJIaroJKEHHS Ta
BUKOHAHHS MPOTpaM, 10 BUKOPUCTOBYIOTh CTPYKTYPY pPO3Tajy>KEHHS, IMOBHOTO Ta
HEMOBHOT'0, BKJIAJIEHUX PO3TaNy’KE€Hb, a TAKOK (POPMYJIIOBAHHS JOTTYHUX YMOB, SIKI
OyAyTh BUKOPUCTaH1 y pO3ralyKEHHSX.

B pe3yabrati BUKOHAHHS p000TH HEOOXIIHO:

BMITH PO3POOJISITH aJITOPUTMHU 13 BUKOPUCTAHHSIM aJTOPUTMIUHO1 CTPYKTYpH

pO3raly’>KeHHS;

*  BMITH (GOPMYIIIOBATH JIOT14YHI YMOBH JIJIsl CTPYKTYPH PO3TaTYKEHHS 13

BHKOPUCTAHHAM JIOTTYHHUX onepauil‘/’l;

* BMITH NEPEXOAUTH BiJl MPUKIATHOTO (GOPMYITIOBAHHS 3aaul A0 ii

MaTeMaTUYHOI MOJEIII;

BMITH O6I/IpaTI/I ONTUMAaJIbHUN TUII HJIA TIPCACTABIICHHA BXiJIHI/IX Ta BI/IXiI[HI/IX

JIaHWX;

* BMITH peai30ByBaTH PO3pOOJIECHUHN aJrOPUTM Ha MOBI ITPOrpaMyBaHHS;

* BMITH BHKOHYBATU TCCTYBAHHA IIPOI'paMHU,

BMITH MOSICHIOBATH XiJl BAKOHAHHS aJITOPUTMY Ta MPUHIIUI pOOOTH MPOTPaMHU.
3asnannsi: Po3p’a3aTu KBagpaTHE piBHAHHSA BUAY ax’ + bx + ¢ = 0.
AJITOPUTM BUKOHAHHS:

1. ITouaroxk

2. Bxin: a, b, c.

3. gkmio a =0, To

4 skio b = 0, To

5. akmio ¢ = 0, To piBHIHHS Mae 6e37114 po3B’sa3kiB. [lepeiitu 1o 13
6 1HaKIle piBHSAHHA po3B’A3Ky He Mmae. [lepeiitu no 13
7 1HakIe x; = xy = -c¢/b. Ilepeiitu o 13

8. imakme D = b* - 4ac

9. axmo D =0, To x1 = x2 = -b/2a

10. inakmre skmo D < 0, To piBHIHHS PO3B’ 53Ky HE Ma€

11. imakme x; = -b + sqrt(D)/2a, x» = -b — sqrt(D)/2a

12. Buxig: xi, x2
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13. Kineup

Peanizanisi Ha MOBI IpOrpaMyBaHHS:

# include <iostream>
using namespace std;
int main () {

}

float a, b, ¢, D, x1, x2;

cout<<"Input coeficients of the equation"<<endl;

cout<<"Input a";

cin>>a;
cout<<"Input b";
cin>>b;
cout<<"Input c";
cin>>c;

if (a==0) {

if (b==0) {
if (c==0) {

cout<<"The equation has infinitly many

}
else{
cout<<"The equation has no solution";
}
}

else{
xl=-c/b;
cout<<"x = "<<x1;
}
}
else{
D=b*b-4*a*c;
if (D==0) {
xl=-b/ (2*a) ;
cout<<"xl = x2 = "<<x1;
}
else(
if (D<O0) {
cout<<"The equation has no solution";
}
else(
x1=-b-sqgrt (D) / (2*a) ;
x2=-b+sqgrt (D) / (2*a) ;
cout<<"xl = "<<x1;
cout<<"x2 = "<<x2;

}

return 0;

}

PesyabTar podoTn nporpamu:

1) Input a 0

solutions";
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Inputb 0
Inputc 0
The equation has infinitly many solutions
2) Inputa 0
Inputb 0
Input c 24
The equation has no solution
3) Inputa 0
Input b 4
Input ¢ 26
x=4.5
4) Inputa 1
Input b -4
Input c 4
xl=x2=2
5) Inputa 1
Input b -2
Input ¢ -15
xl=-3x2=5
6) Input a 3
Input b 2
Input c 15
The equation has no solution
3aBaaHHs 1S IHAUBIAYaJIbHOTO BUKOHAHHS:
1. Jlano TpusHaune yucno. [lepeBipuTH, Un BXOAUTH 10 HHOTO LIUPpA X.
2. Pik € BUCOKOCHUM, SIKIIO HOro HoMep KpatHuid 4. Ane 13 pokiB, kpataux 100,
BHUCOKOCHUMU € Ti, siKi kpaTHi 400. JlaHO HaTypajibHE YUCTIO X, IEPEBIPUTH, YU
X — BUCKOCHHH PIK.
3. TlepeBipuTH, Ud TPUKYTHUK, SKUU 3amaeTbcs Toukamu (x1, yl), (x2, y2), (x3,

¥3), MICTUTb [1OYATOK KOOPJMHAT.
15



4. Jlano yotupusHauHe uncio. [lepeBiputy, 4u Bci oro uudpu pizHi.

5. Jlano yotupuzHayHe yncio. Yu npapaa, 1110 BOHO MICTUTh 3 OAHAKOB1 LUPpu?
6. Jlano vorupusHauHe uyucio. Yu mpaBaa, MO0 BOHO HaliHIpoM? (OAHAKOBO
YUTAETHCA 3J11Ba Ha MpaBo, Harpukiasu, 3773 — tak, 3777 — Hi).
7. Jlara 3aa€ThCsi HOMEPOM Micsls Ta HOMEpoM AHs. OTpUMaTH HACTYNHUM Ta
nonepeaHii AH1 (HoMep Micsus Ta HoMmep JHs). Pik He BUCOKOCHMIA.
8. BuszHauutu, yn gaHe 6-3HauHE YUCIO — IIAC]IKMBE (CyMa NEPIIUX TPHOX Ta
CyMa OCTaHHIX TPbOX — OJIHAKOBA).
9. BuzHauuTu, 4u gaHe 4-3HaYHE YUCIO — HIACIMBE (CyMa MepIIMX JBOX Ta cyma
OCTaHHIX JBOX — OJHAKOBA).
10.1ano yotupuzHayHe yncio. Yu npapaa, 1110 BOHO MICTUTh 2 OAHAKOB1 IUPpu?
3BIT 10 naboparopHOi poOOTH TOBMHEH MICTUTH PO3POOJICHUN aJTOPUTM,
BUKOHYBAaHUU KOA Tmporpamu. 3m00yBau MOBHHEH TIOSCHIOBATH XiJi BHUKOHAHHS
aNTOPUTMY, IPOTPaMU BiMOBIIATH HA MUTAHHS 00 POOOTH ANTOPUTMY, POTPAMH,
TEeMH JIabopaTopHOi poOOTH.
PexomennoBani qkepesa

1. Tpumanosuu T. O. Anroput™mu 1 cTpykTypu naHux [EnexkrpoHHuUil pecypc|
€JICKTPOHHUN KypC HaBYalbHOI AMCIUIUIIHMU, 3arBepkeHuidi HMP BHY imeni
Jleci Ykpainku, npotokon Ne 4 Bix 16.12.2020 / Terana ['pumanosuy. — BHY
M. Jleci VYkpainku, 2020. // Pexum JOCTYILY
http://cs.vnu.edu.ua/moodle/course/view.php?id=123.

2. borau I. B., Josraneus C. M., Jlybooii B, M. Anroputmu po3B’si3aHHs 3aj7a4 3
nporpamysanss. Binnuug : BHTY, 2017. 119 c.

3. Bmaciit O. O. AnroputmMu Ta CTpyKTypu JaHux: JlaGopaTopHHuil MpakTUKYM.
IBano-®pankiscwk : [IBH3 «IIpukapnarcbkuii HallloHaIbHUN YHIBEPCUTET IMEHI1
Bacuns Credanukay, 2015. 68 c.

4. JIvoBkiH B. M. MetonnuHi BKa3iBKH J10 BUKOHAHHS CaMOCTIHHOT poOOTH CTy/Ie-
HTIB Ta PO3pPaxyHKOBO-IrpapiuHMX 3aBJaHb 3 JUCHUIUIIHM “ANTOpUTMIi3allis Ta
nporpaMmyBaHHs” JUIsl CTYACHTIB crieriaabHocTi 122 “Komm’rorepHi Hayku” (BCix
¢dbopm HaBuyaHH:). 3anopixxs : 3HTY, 2017. 54 c.
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JlaGoparopna po6ora NeS. Po3poOka ajaropurmMiB Ha BUKOPUCTAHHS
AJITOPUTMIYHOI CTPYKTYPH HHUKJY 3 IapaMeTpoM
Meta i 3mict po6orm: Po3poOka anroputmy, CTBOpPEHHS, HaJIaroJKEHHS Ta
BUKOHAHHS MTPOrpam, 110 BUKOPUCTOBYIOTh CTPYKTYPY LHKILY 3 TapaMETPOM.

B pe3yabrati BUKOHAHHSI p000TH HEOOXIIHO:
*  BMITH pO3pOOJIATH aJTOPUTMH 13 BUKOPUCTAHHSM IIUKITY 3 TapaMeTPOM;

* BMITH O6I/IpaTI/I ONTUMAJIbHUI TUII I TIPCACTABIICHHA BXiJIHI/IX Ta BI/IXiI[HI/IX

JTaHUX;
* BMITH peai30ByBaTH PO3pOOJIECHUHN aJrOPUTM Ha MOBI ITPOrpaMyBaHHS;
* BMITH BUKOHYBAaTU T€CTYBaHHS MPOrpamu;

* BMITH ITOSICHIOBAaTH XiII BUKOHAHHA aJITOPUTMY Ta IMMPUHITUII p06OTI/I nmporpamMu.

. v P =2
3aBaannsa: OOUYKNCIUTH 3HAYEHHS! CKIHUEHHOTO JOOYTKY p = H

L (-3)(-6)
AJITOPUTM BUKOHAHHS:

ITouatok

Bxin: n

,p=1

JUISL 1 B1A 2 1O N BUKOHATH

akio 1= 3 abo 1 = 6 nepeiitu 10 7
imakme p = p* (i* - 2)/((i-3)*(i-6))
1=1+1

Buxin: p

. Kinenp

Peanizanisi Ha MOBI IpOrpaMyBaHHS:

WX NNk =

#include <iostream>
#include <cmath>
using namespace std;
int main () {

int i,n;
float p=1.0;
cout<<"Input n: "<<endl;
cin>>n;
for (i=2,; i<=n,; 1i++) {
if ((i- 3)==0 [ (i- 6)==0) {
continue;

}
p= p* (pow(i,3)- 2)/((i- 3)*(i- 6));
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}

cout<<" "<<p<<endl;
return 0;

}

PesyabTar podoTn nporpamu:

1) Input n 4
-46.5

2) Inputn 7
243794

3aBranHs s IHAMBIAYAJBHOIO

0OYMCIIEHHS CKIHYEHHOT CyMH.

n .2 .
L S:z 5(+2i-3

& G-1)(—4)

n .2 .
2. S:z 4i" +3i—1

& (-3)(i )

3 Z”: i —2zi4)
12

5i° +2 +3
Zl l l )

5. ZO I +2l+7

~6)

BUKOHAaHHA:

n .2 .
6. S:z I"+5+3

“(i=3)(i+4)

3i7+7i+ 4
Z l+1 )

i +4i+1
8. 5=
Z l+2)

i +8i+3
9. 5=
Z l+1 )

Po3poOutu  anroput™ A

n .2 .
10.s:z I"+3i+9

S(i+5)(i-7)

3BIT

10 nabopaTopHoi poOOTH TMOBMHEH MICTUTH PO3POOJIEHUI  aJrOpuTM,

BI/IKOHYBaHI/Iﬁ KOO IIporpamMu. 3IIO6YBa‘I IIOBHMHCH ITOACHIOBATH Xi}] BUKOHAaHHA

AJITOPUTMY, IIpOorpaMu BiI[HOBiI[aTI/I Ha IINTaHHA 1010 p06OTI/I AJITOPpUTMY, IIpOrpamMu,

TEeMH JIabopaTopHOi poOOTH.

PexomennoBani qkepesa

borau 1. B., Josranens C. M., [lyboBoii B, M. Anropurmu po3B’si3aHHs 3a/1a4 3
nporpamysanss. Binnuug : BHTY, 2017. 119 c.

I'pumanoBuy T. O. Anroput™u 1 cTpykrypu aanux [Enexrponnuii pecypc] :
€JICKTPOHHUN KypC HaBYaJIbHOI AUCHUIUIIHU, 3arBepkeHnii HMP BHY imeni
Jleci Ykpainku, npotokon Ne 4 Bix 16.12.2020 / Tersna ['pumanosuy. — BHY
M. Jleci VYKkpaiHku, 2020. // Pexum JOCTYILY
http://cs.vnu.edu.ua/moodle/course/view.php?id=123.
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JlaGopaTtopHa podora Ne6. Po3podka aaropurMiB Ha BAKOPUCTAHHS BKJIAJEHUX

HMKJIB i3 mapameTpom

Meta i 3mict po6orm: Po3poOka anroputmy, CTBOpPEHHS, HaJIaroJKEHHS Ta

BHKOHAHHS ITpOrpaM, o0 BUKOPUCTOBYIOTh BKJIaJICHi MHUKJIN 3 [TapaMCTPOM.

B pe3yabrati BUKOHAHHSI po00TH HEOOXIAHO:

BMITH p03p06JI$ITI/I AJITOPUTMHU 13 BHKOPHUCTAHHAM BKIAJICHUX ]_II/IKJIiB, 30KpEMa

LUKJIIB 3 TAPAMETPOM;

BMITH O6I/IpaTI/I ONTUMAJIbHUI TUII I TIPCACTABIICHHA BXiJIHI/IX Ta BI/IXiI[HI/IX

JTaHUX;
BMITH peaji3oByBaT pO3pOOJICHUN aJilTOPUTM Ha MOBI MPOTPaMyBaHHS;
BMITH BUKOHYBAaTHU T€CTYBaHHS MPOTpaMu;

BMITH IOSICHIOBATH XiII BUKOHAHHA aJITOPUTMY Ta IMMPUHITUII p06OTI/I nporpamMu.

3apnanns: JlaHo HaTypasIbHI yncia m Ta n. PO3poOUTH anropuT™ Ta nporpamy Juist

oOuMcieHHsa cymu 1" + 27+ 3" + . + m" . Onepaiito MiJHECEHHs O CTENEHs He

BHUKOD

HNCTOBYBATH.

AJITOPUTM BUKOHAHHS:

XA B =

9.

10.
1.
12.
13.
14.

ITouaTok

Bxin: m, n

S = 0// 3miHHa a4 30epiraHHs pe3ynbraTy

X // IpOMDKHA 3MIHHA

1, ]/ 3MiHHI, 5IK1 OynyTh BUKOPHUCTAH1 Y IIUKIIAX
UIs 1 Big 1 10 m BUKOHATH

x=1

U1  Bif 1 10 n BUKOHATH

X = Xx* 1// MHOXXMMO 3HaUY€HHS 1 caMo Ha ce0e n pa3iB
j=j+1

S=S+x

i=1i+1

Buxin: S

Kineusn

Peanizanisi Ha MOBI IpOrpaMyBaHHS:

#incl

ude <iostream>

using namespace std;
int main () {

in

t m,n,x, S = 0;
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c
c
c
c
f

S
}

C

out<<"Input m";

in>>m;

out<<"Input n";

in>>n;

or (int i=1; i<=m; i++) {
x=1;
for (int j=1; j<=n; J++){

X *=i;

}

+=X;

out<<s;

return 0;

}

Pe3yabTar podoTn nporpamu:

1) Input m 2

Input n 4

30

1) Input m 3

Inputn 5

27

6

3aBaanHs IS iHAMBIAYaIbHOTO BUKOHAHHSA:

1.

Jlano HarypanbHe yuciio n (n< 27). 3HalTH BCi TpU3HAYHI YUCIa, cyMa HUPP
aKuX piBHa n. Onepartii 1iIeHHs, [IUIOYUCEIIBHOTO JIIJICHHS Ta OTPUMAaHHS OCTadl
BiJl JIUICHHSI HE BUKOPUCTOBYBATH.

3HaiiTu BCi 1l yncna 3 npoMikky Bif 1 10 300, y sIKUX piBHO M'ATh IUIbHUKIB.
3HaiiTi Bei 1l yncna 3 npoMixkky Big 200 mo 500, y IKMX piBHO IIICTh
JTUTHHUKIB.

3HailTH BC1 1UT1 YKcia 3 TPOMDKKY BiJ] @ 10 b, y IKUX piBHO K JAUTbHUKIB.

Jlano HarypanbHi yuciaa m Ta n. 3HaiiTh 1”7+ 2"+ 3"+ +m" .

3HaWTH yC1 POCTI HECKOPOTHI ApoOH 13 mpoMiKKY [0; 1], 3HAMEHHUK SIKUX HE
nepeBuinye 7. (Ipid 3a1a€ThCs ABOMA YUCIIAMHU — YUCEIHBHUKOM Ta
3HaMeHHUKoM. Hanpuknan, 2/7 — npocTuii HECKOPOTHUM 1pi0).

JlaHo HatypanbHe uncio a. OTpumaru yci Horo IiIbHUKH.

3HanTH BCl 1Tl yrcaa 3 npoMikky Big 1 10 300, v AKUX piBHO ITATh JUJIBHUKIB.
b
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9. 3HaliTH HaTypaJibHE YHCIIO 13 TPOMDKKY [a; b] 13 MakcUMaIbHOIO KUIBKICTIO
TUTHHUKIB.

10. 3HaiiTu cyMy AUIBHHUKIB KOKHOTO 3 yucen 3 mpoMikKy Big 50 g0 70.
3BIT 10 naboparopHOi poOOTH TOBMHEH MICTUTH PO3POOJICHUN aJTOPUTM,
BUKOHYBAaHUU KOA Tporpamu. 3m00yBau MOBHHEH TIOSCHIOBATH XiJi BUKOHAHHS
aNTOPUTMY, IPOTPaMU BiMOBIATH HA MUTAHHS MO0 POOOTH AITOPUTMY, POTPAMH,
TEeMH JIabopaTopHOi poOOTH.

PexomennoBani qkepesa

1. borau I. B., Josranens C. M., /lyboBoii B, M. Anropurmu po3B’si3aHHs 3a/1a4 3
nporpamysanss. Binnuug : BHTY, 2017. 119 c.

2. Tpumanouu T. O. Anroputmu 1 cTpyKTypu nanux [Enexkrponnuit pecypc] :
€JICKTPOHHUN KypC HaBYaJIbHOI JAUCHUIUIIHU, 3arBepkeHuii HMP BHY imeni
Jleci Ykpainku, npotokon Ne 4 Bix 16.12.2020 / Tersna ['pumanosuy. — BHY
M. Jleci VYKkpaiHku, 2020. // Pexum JOCTYILY
http://cs.vnu.edu.ua/moodle/course/view.php?id=123.

3. Hynzsanmii I. M. IIporpamyBanns MoBoro C++. Hactuna 1 : [Tapagurma mpore-
JypPHOTO TMporpamMyBaHHs : HapualbHHM TociOHMK. JIbBiB : JIHY imeni IBana
@panka, 2013. 468 c.
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JlaGopaTropna podora Ne7. Po3poOka ajJropurmMiB Ha BUKOPUCTAHHAM HMKJIIB 3
nepex yMOBOIO T IiCJIs1 YMOBOIO

Meta i 3mict po6orm: Po3poOka anroputmy, CTBOpPEHHS, HaJIaroJKEHHS Ta

BUKOHAHHS TPOrpaM, L0 BUKOPUCTOBYIOTh BKJIAJEHI IUKIU 3 NEPEIyMOBOIO Ta

MICIISIyMOBOIO.

B pe3yabrati BUKOHAHHS p000TH HEOOXIIHO:

* BMITH p03pO6JI$ITI/I AJITOPUTMHU 13 BHKOPUCTAHHAM ]_II/IKJIiB 3 IICPpCAYMOBOIO Ta

MICISTyMOBOIO;

* BMITH O6I/IpaTI/I ONTUMAaJIbHUN TUII I IIPCACTABIICHHA BXiJIHI/IX Ta BI/IXiI[HI/IX

JaHUX;
* BMITH peayi30ByBaTH PO3pOOJIECHUHN aJrOPUTM Ha MOBI ITPOrpaMyBaHHS;
* BMITH BUKOHYBAaTU T€CTYBaHHS MPOrpamu;

* BMITHU NOSCHIOBATH XiJl BUKOHAHHS aJITOPUTMY Ta IPUHIIUI pOOOTH IPOrpaMH.
3aBaanns: 3HaiiTu 100yTOK LK(Dp 3aAaHOTO HATYPATIBLHOTO YKUCa (KUIbKICTD LU —
TOB1JIbHA).

AJITOPUTM BUKOHAHHS:

ITouarox
Bxig: N
S = 0// 3miHHa a4 30epiraHHs pe3ynbraTy
noku N <> 0 BUKOHYBaTH
S=S+N%10;
N =N/10;
Buxin: S
8. Kinenp
Peanizanisi Ha MOBI IpOrpaMyBaHHS:

NV AL =

#include <iostream>
using namespace std;
int main () {
int N, S = 0;
cout<<"Input N";
cin>>N;
while (N!=0) {
S+= N%10;
N = N/10;
}

cout<<s;
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return 0;

}

Pe3yabTar podoTn nporpamu:

1) Input N 504

0

2) Input N 3714

84

3) Input N 98

72

3aBaanHs I iHAMBIAYaJIbHOTO BUKOHAHHSA:

1.

AN LU O S

10.

Jano HartypaibHe uucio. Yu mpaBaa, mo Bci Woro 1mudpu po3MilleHl y
MOPSAJIKY 3pOCTaHHA?

Ha ckinbku pokiB HEOOXITHO MOKJIACTU B OaHK cyMy B X TpOIIOBUX OJWHUIIb,
o6 oTpuMar cymy B Y rpomoBux ofuHuIlb (Y > X), Ko 0aHK HapaXxoBye
14 % mopiuyHux?

[lepeBiputH, uu € 3aaaHe yucio creneHem 2. Hanpuknan, 32 — e, 10 — Hi.
[lepeBipuTH, un cyma HU@p 3aaHOTO YUCIIA — MApHE YHUCIIO.

Jlano HarypanabHe uucio. CKUIbKH pa3iB y HhOMY 3ycTpidaethbes mudpa a?
3Haiiti u@py 13 MiHIMaJIbHUM 3HAUYECHHAM Y 3anuci uncna. Hanpuknaz, 391 —
1,25-2,10000 — 0.

Jano HarypaibHe uucio n. «BukuHyTtn» 13 Horo 3anucy mudpu 0 Tta 5,
3anumuBIIM yci iHmr. Hanpuknan, 13 uncna 59015509 nosunHo cratu 919.
3Haiit 100yTOK IMGp 3aAaHOTO0 HATYpaJbHOIO 4YMcia (KUIBKICTh Lupp —
TOB1JIbHA).

[lepmoro musa croprcmen npoOir 7 kM. Hactynuoro gus — Ha 10% Ounbiny
BIJICTaHb, HDK MEPIIOro JHS, TPEThOTo JHA BiH mpoOir Ha 10% Ouibiie, HIXK
apyroro i T.a. Ha sxuii 1eHb cnopTcMeH Brepiie NpoOiKUTh BiICTaHb OUTBIILY,
HDK 12 km?

3nHaiiti nudpy 13 MaKCUMaJbHUM 3HAUYEHHSAM Y 3anuci uncna. Hampuknaz, 391

-9,25-5,1000 1.
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3BIT 10 naboparopHOi poOOTH TOBMHEH MICTUTH PO3POOJICHUN aJTOPUTM,
BUKOHYBAaHUU KOA mporpamu. 3m00yBau MOBHHEH TIOSICHIOBATH XiJi BHUKOHAHHS
aNTOPUTMY, IPOTPaMU BiNOBIaTH HA MUTAHHS MO0 POOOTH aNTOPUTMY, IPOTPAMH,
TEeMH JIabopaTopHOi poOOTH.

PexomennoBani qkepesa

1. AxroputmH, AaHi i CTpyKTypH : HaBu. noci0. / B. M. Ineman, O. II. IBanos, JI.
O. [Manik. Jduinpo : JlHiOmpomer. Hal. YH-T 3aji3H. TpaHCILIM. akaja. B.
Jlazapsina, 2019. — 134 c.

2. I'pumanoBuu T. O. Anroputmu i cTpykTypu naHux [EnekrponHuit pecypc] :
€JICKTPOHHUN KypC HaBYaJIbHOI AUCHUILIIHM, 3aTBepkennit HMP BHY imeni
Jleci Ykpainku, npotokosn Ne 4 Big 16.12.2020 / Tetsna ['pummanosud. — BHY
M. Jleci VYKkpaiHku, 2020. // Pexum JOCTyIy
http://cs.vnu.edu.ua/moodle/course/view.php?id=123

3. axoBchka H. b. Anroputmu 1 cTpykTypu nanux. HaBuanbHuil mociOHuk /
JIpBiB : Maruomis. — 216 c.

4. Onumenko B. B. Anroputmu ta ctpykrypu ganux / B. B. Onumenko, P. C.
Konuk. - K : 2017 - 66 c.
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Meta

Jlaboparopna podora Ne§. Po3po0ka peKypcMBHHUX aJIrOpUTMIB

i 3mict poGorm: Po3pobka peKypCMBHOIO ajropuTMy, CTBOPEHHS,

HaJIarrOKCHHA Tda BUKOHAHHA IIPpOrpaM, 110 BUKOPHUCTOBYIOTb peKprI/IBHi AJITOPpUTMU.

B pe3yabrati BUKOHAHHS p000TH HEOOXIIHO:

BMITH PO3POOIISITH aJITCOPUTMHU, SIKI BUKOPUCTOBYIOTh PEKYPCIIO;

BMITH O6I/IpaTI/I ONTUMAaJIbHUN TUII LI TIPCACTABIICHHA BXiJIHI/IX Ta BI/IXiI[HI/IX

JTaHUX;
BMITH peaji3oByBaTu po3pOOJICHUN aJlTOPUTM Ha MOBI POTpaMyBaHHS;
BMITH BUKOHYBAaTH T€CTYBaHHS MPOTPaMu;

BMITH MOSICHIOBATH XiII BUKOHAHHA aJITOPUTMY Ta IMMPUHITUII p06OTI/I nporpamMu.

3agannsa: OOuncnuTH 3HauYeHHA QyHKIIT AKKEpMaHa JJIsl IBOX HEBIJ €EMHUX LLIUX

quceia n ta m, AC.

m+1,axkuwo n=0
A(n,m): A(n—l,l),ﬂku;on;tO,m:O
A(n—l,A(n,m—l)),ﬂKmo n>0m>0

AJITOPUTM BUKOHAHHS:

7.

AN

[Touarox Akkerm

Bxima: n, m

Ko n = (), To noBepHyta m + 1 7

iHakme sikio m = 0, To oOuucnutH 3HadeHHa Akkerm(n-1, 1)
iHakmie oouncnutu 3HadeHHs Bin Akkerm(n-1, Akkerm(n, m-1))

Buxin: Akkerm(n, m)

Kineusn

Peanizanisi Ha MOBI IpOrpaMyBaHHS:

#include <iostream>
using namespace std;
unsigned int A (unsigned int n, unsigned int m) {

if

(n==0) {

return m+1;}

else{

if ((n!=0) && (m==0)) {
return A(n-1,1);}

else{
return A(n-1,A(n,m-1));}
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int main () {

cout<< A(l,2)<<endl; // res = 4
cout<< A(0,1l)<<endl;// res = 2
cout<< A(0,0)<<endl; // res =1
cout<< A(2,2)<<endl; // res =7
return 0;

}
3aBaanHs IS iHAMBIAYaJIbHOTO BUKOHAHHSA:

1. Tano narypansHe uucio N. IlepeBiputu, un € naHe umcio creneHem 3. Jlns
PO3B'I3yBaHHS 1aHOI 3a/1a4l BUKOPUCTATH PEKYPCUBHY (YHKIIIIO.
2. 1ano narypansne uncio N. [ligpaxyBatu cymy iforo uudp. st po3B's3yBaHHsS
JaHO1 3a/1a4l BUKOPUCTATU PEKYPCUBHY (YHKIIIIO.
3. JJano narypanbshe yucio N > 1. IlepeBipuTH, 41 BOHO € MPOCTUM.
4. Po3kiacTu YUCI0 HA MHOKHUKU. MHOXXHUKH BUBECTH Ha €KpaH y MOPSAKY HE
craJiaHHs 3 BpaxyBaHHSM KPaTHOCTI.
5. [lobynyBatu peKypCUBHUMN aJTOPUTM IITHECEHHS YKCIIa X JI0 CTETEeHS Y.
6. [ToOynyBaT peKypCUBHUMN aJTOPUTM MHOXKEHHS YHUCIIA X HA YUCIIO Y.
7. [ToObynyBaTu YUCIOBY MOCIIIOBHICTD, B AAKIH 4KCIO K 3ycTpidaeTbes piBHO k
pasiB. Hanpuknan: 1, 2,2, 3,3,3,4,4,4,4, ...
8. PeanizyBatu pexkypcuBHY (QYHKIIIIO 3HAXOKEHHS IJIOLI1 MPSIMOKYTHHKA.
I, akmpo n=m=1
9. S(n,m) = S(n —l,m) + m, sikwgo n>1
S(n,m —1)+1,;11<u;0 m>1
10. IToGynyBaTi peKypCUBHUI aarOpUTM JJis OOUHUCIEHHS KBAApaTy IUIOr0 Yucia,
SIKILO BiZOMa 3aJeKHICTh: n2 = (n-l)2 +2:(n-1) + 1.
11. IToGynyBaTi peKypCUBHHM alroput™ Jjisi OOYUCIUTH KUTbKICTh KOMOIHAIIIN 3 7

pi3HUX esleMeHTIB 1o m. KibKicTh KoMO1HAIIIM BU3HAYAETHCS (POPMYIIOI0

1, saxkwgo m=0,n>0 abo m=n=>0
12. C" =<0, 2140 m>n =0

-1 .
C", +C",,6 inwux sunaoxkax

3BIT 10 naboparopHOi poOOTH TOBMHEH MICTUTH PO3POOJICHUN aJTOPUTM,

BI/IKOHYBaHI/Iﬁ KOO IIporpamMu. 3I[O6YBaLI IIOBHMHCH ITOACHIOBATH XiII BHUKOHAHHA
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aJTOPUTMY, IPOTPAMH BiJIIOBITaTH HA MTUTAHHS 11010 POOOTH aJIrOPUTMY, IPOTPAMH,
TeMH JIabopaTopHOi poOOTH.

PexomennoBani qkepesa
1. I'pumianoBuy T. O. AnropuTmu i cTpykTypu nanux [EnextponHuii pecypc] : ene-
KTPOHHHUI Kypc HaBUaJbHO1 JUCHUIUIIHY, 3aTBepaxeHuidt HMP BHY imeni Jleci
VYkpainku, npotokon Ne 4 Bin 16.12.2020 / Terana ['pumanosuu. — BHY im. Jleci
VYkpaiHku, 2020. /l Pexxum TOCTYIY
http://cs.vnu.edu.ua/moodle/course/view.php?1d=123

2. JIpoBkin B. M. MeTogu4H1 BKa31BKH 10 BUKOHAHHSI CaMOCTIHHOT pOOOTH CTY/IEH-
TIB Ta PO3PAaXyHKOBO-rpadiuyHUX 3aBlaHb 3 AUCHUIUIIHU ‘“‘AJITOpUTMI3allis Ta
mporpaMmyBaHHs” JUIsl CTYIEHTIB criemiaibHOCTI 122 “Komm’rotepHi Hayku” (BCixX
¢dbopm HaBuyaHH:). 3anopixxs : 3HTY, 2017. 54 c.

3. Pumkosens 1O. B., Bucoupka B. A. AnroputMmizaiiis Ta nporpamyBaHHs. YacTu-
Ha 2 : HaBuajabHUM mociOHuK. JIEBIB : Bugasaunrso «Hosuii CBiT-2000%, 2020.
320 c.

4. Tkauyk B. M. AiaroputmMu Ta CTPYKTypa IaHMX : HaBYaJbHUN MOCIOHUK. IBaHO-
@pankiBcbk : BumaBaunTeo I[Ipukapnarchbkoro HaiioHaJbHOTO YHIBEPCUTETY
imeH1 Bacunsa Credanuka, 2016. 286 c.

5. Tpopumenko O. I'., IIpoxon 0. B., Jlorinosa H. 1., 3anepeiiko O. B. C++. Anro-
puTMIi3allis Ta mporpaMmyBaHHs: miapydHuk. Oneca : @enike, 2019. 477 c.
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Jlaboparopna podora Ne9. O0unc/ieHHsI 3HAYECHb PEKYPEHTHHUX CIiBBIAHOLICHb
Mera i 3mict poOoru: Po3poOka anroputmy Juisi OOYMCIEHHS 3HAYCHHS
PEKYPEHTHOT'O CIIBBIIHOUIEHHS, IKE 3a1a€ThCs (POPMYIOIO.

B pe3yabrati BUKOHAHHS p000TH HEOOXIIHO:

* BMITH  pO3pOOJISITH  AJNrOPUTMH, SIKI ~ BUKOPUCTOBYIOTH  PEKYpPEHTHI

CITIBBIHOIIICHHS;

* BMITH BUJUISTH PEKYpEHTHY QOpMYIy JJIsl MIIHECEHHS 10 CTETCHS Ta

oOuucieHHs pakropiany;

* BMITH pEaJli30BYBaTH PEKYPCUBHY  (YHKIIIO, 3aJaHy pPEKypEHTHHUM

CITIBBITHOIIICHHSIM;
* BMITH BUKOHYBAaTH TECTYBaHHS IIPOTpaMu;

* BMITH ITOSICHIOBAaTH XiII BUKOHAHHA aJITOPUTMY Ta IMMPUHITUII pO6OTI/I ImporpamMu.

(2x)

12
. . COS
3aBaannsa: Po3poOuTu airoputM OOUYMCIEHHS CKIHYEHHOI CyMH Z—

ok
3HaueHHS TapaMeTpa X OTPUMYETHCS Ha BXOAI aJiropuTMmy. JIJIsi 4aCTHHU 3arajabHOTO
YjieHa HEOOX1THO O0OB’S3KOBO BH3HAYaTH PEKypPeHTHY (popMyny (OU4eBHAHO, IO 1€
CTOCYBaTUMETLCS IiTHECCHHS IO CTETNICHS &k 4 00unciIeHHs (hakTopiaa)
AJITOPUTM BUKOHAHHS:

JI71st mouaTKy HanmuiieMo peKkypeHTHY dopmynny. O4eBUIHO, IO 11 kK = 1 3HAUCHHS
CyMH piBHE cos(zx—ﬂj . SIxmio k = 2 maemo: cos’ (h—ﬂj l

180 180 ) 2
PexypenTHa ¢popmyna B TakoMy BUIIAJKY OyJie MaTy BUIJISIA:

cos 2x_7r k=1
180

2 |
u, - cos il —, k=211
180 ) k

Toni pyHKIis 17151 0OUMCICHHS 3HAYCHHS 3a/1aHO1 CKIHUEHHOT CyMy MaTUMe BUIJISI:
1. IloyaTok
2. Bxig: x
3. U — 4iIeH PeKypEeHTHOrO CIIBBIIHOIICHHS, S — 3HAUCHHS CyMHU
4. u=cos(2*x), s=u;
5. nna k Big 1 no 12; BukonyBatu

T/lk:
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6. u*=cos(2*x*PI/180), +=u/k
7. Buxig: s
8. Kineup
Peanizanisi Ha MOBI IpOrpaMyBaHHS:

#include <iostream>

#include <cmath>

using namespace std;

const double PI=3.14159265;
int main () {

float x, s, u;

cout<<"x=";

cin>>x;

int k=1;

for ( u=(float)cos (2*x*PI/180), s=u; k<=12; k++,
u*=cos (2*x*PI/180), s+=u/k) {
cout<<u<<" ",

cout<<s<<" "<<endl;}
cout<<s;

return 0;

}
3aBaanHs I iHAMBIAYaJIbHOTO BUKOHAHHSA:

Po3poOutu anroputM OOYUCIEHHS CKIHYEHHOT CyMHU. 3HAa4eHHS @apaMmeTrpa X
OTPUMYETHCS Ha BXOA1 aiaroputMy. JlJis 4YacTUHU 3arajibHOrO WieHa HEOOXITHO
000B’SI3KOBO BH3HAYaTH PEKYpPEHTHY (opmMyny (OYEBUIHO, IO 1€ CTOCYBATUMETHCS

MiHEeCeHHs /10 cTerneHs k un obuncnenHs gakropiana.

11 ]ock—l
1
;4kz+l
12
2 Zxkcosk(éj
P 4
3 4 k2 cost x
— 218-1)
4 L k?sin® x
= (2K 1)
11 _lk k-1
5 (=)
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= K
11 ]O(fk
8- = (41«2 —1)

10
10.> k(2k +1)"
k=1

3BIT 10 naboparopHOi poOOTH TOBMHEH MICTUTH PO3POOJICHUN alTOPUTM,
BUKOHYBAaHUU KOA Tporpamu. 3m00yBau MOBHHEH TIOSCHIOBATH XiJi BHUKOHAHHS
aNTOPUTMY, IPOTPaMU BiMOBIIATH HA MUTAHHS MO0 POOOTH ANTOPUTMY, IPOTPAMH,
TEeMH JIabopaTopHOi poOOTH.

PexomennoBani qkepesa

1. I'pumianoBuy T. O. AnropuTmu i cTpykTypu nanux [EnextponHuii pecypc] : ene-
KTPOHHHUI Kypc HaBUaJbHO1 JUCHUIUIIHY, 3aTBepaxennii HMP BHY imeni Jleci
VYkpainku, nmpotokon Ne 4 Bin 16.12.2020 / Terana I'pumanosuu. — BHY im. Jleci
VYkpaiHku, 2020. /l Pexxum TOCTYIY
http://cs.vnu.edu.ua/moodle/course/view.php?id=123

2. JIpoBkin B. M. MeToguuH1 BKa31BKH 10 BUKOHAHHSI CaMOCTIHHOT pOOOTH CTY/IEH-
TIB Ta PO3PAaXyHKOBO-rpadiuyHUX 3aBlaHb 3 AUCHUIUIIHU ‘“‘AJITOpUTMI3alis Ta
mporpaMmyBaHHs” JUIsl CTYIEHTIB criemiaibHOCTI 122 “Komm’rotepHi Hayku™ (BCiX
¢dbopm HaBuyaHH:). 3anopixxs : 3HTY, 2017. 54 c.

3. PumkoBens 1O. B., Bucoupka B. A. AnroputMmizaiiis Ta nporpamyBaHHs. YacTu-
Ha 2 : HaBuajabHUM mociOHuK. JIEBIB : Bugasaunrso «Hosuii CBiT-2000%, 2020.
320 c.

4. Tkauyk B. M. Aiaroputmu Ta CTPYKTypa aHMX : HaBYaJbHUU MOCIOHUK. IBaHO-
@OpankiBcbk : BumaBaunTeo I[Ipukapnarchbkoro HaiioHaJbHOTO YHIBEPCUTETY
imeH1 Bacunsa Credanuka, 2016. 286 c.

5. Tpopumenko O. I'., IIpoxon 0. B., Jlorinosa H. 1., 3anepeiiko O. B. C++. Anro-
puTMIi3allis Ta mporpaMmyBaHHs: miapydHuk. Oneca : denike, 2019. 477 c.
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JlaGopaTtopna podora Nel(. Po3podka ajaropurmis 3cyBy sl 00poOKH
OJHOBMMIipHHX MACHUBIB
Mera i 3micT podoTu: Po3poOka aqropuTmiB Jisi HEPETBOPEHHS MACUBIB ““Ha TOMY XK
MICII”, CTBOPEHHs, HAJAro[KEHHS Ta BHUKOHAHHS IMpOrpaM, L0 BUKOPUCTOBYIOTH
aJAropuTMHU 0OPOOKU MACHBIB.

B pe3yabrati BUKOHAHHS p000TH HEOOXIIHO:
* BMITH PO3pOOJIATU aJITOPUTMH, SIKI MOAU(DIKYIOTH OJHOBUMIPHI MAaCUBH;

* BMITH O6I/IpaTI/I ONTUMAJIbHUI TUII I TIPCACTABIICHHA BXiJIHI/IX Ta BI/IXiI[HI/IX

JTaHUX;
* BMITH peai30ByBaTH pO3pOOJIECHUHN aJrOPUTM Ha MOBI ITPOrpaMyBaHHS;
* BMITH BUKOHYBAaTU T€CTYBaHHS MPOrpamu;

* BMITH MOSCHIOBATH X1J] BUKOHAHHS aJITOPUTMY Ta MIPUHITUAI POOOTH TIPOTPaAMH.
3aBaanHs: 3aaHO HaTypaJIbHE YUCIIO # Ta OJHOBUMIpHUIN MacuB uucen A[4n], skuit

CKJIAAETHCH 13 4 4aCTHH I10 71 €JIEMEHTIB KOKHA.

l n_ ntl 2n  2ntl 3n_ 3n+l 4n
| 1-ma yacTuHa | 2-ra yacTuna | 3-TH 4acTHHA | 4-Ta yacTHHA |

[lepeTBOpUTH MacuB “Ha TOMY K Micll” (TOOTO Pe3yAbTYIOUUN MACHB IMOBUHEH OyTH
Ha TOMY 5K MICIII, IO 1 BXITHUM), IEPECTABUBILU €JIEMEHTH y TIOPSAJIKY, BKA3aHOMY Y
BalllOMY BapiaHTi.

3aBJaHHA PO3B’A3aTU ABOMA CIIOCOOAMMU:

1) 1151 BUKOHAHHS IEPETBOPEHHS BUKOPUCTATH AOAATKOBUN MacuB B po3MipHICTIO He
oubie 4n. Kpamum BapiaHToM pilieHHs Oy/ie BUKOPUCTaHHS MAaCHUBY PO3MIPHICTIO N.
2) 1151 BAKOHAHHSI IEPETBOPEHHS BUKOPUCTATH JIUIIIE OHY IPOMIDKHY 3MIHHY.
ITo3HaueHHs:

1. Hudpu 1, 2, 3, 4 no3HayarOTh HOMEpP YAaCTUHU MOYATKOBOIO MacuBy A. VY
BapiaHTax 3aBAaHb I IUGPU CTOSATH HAa TUX MICLSIX, HA $KI NMOBUHHA OyTU

MEePeCTAaBICHA YaCTHUHA MACHUBY, ITIO3HAYCHA IICBHUM HOMCPOM.
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2. Crpinka BIpaBO O3HAuYa€, MO0 MOPSAIOK B3a€EMHOTO PO3TAIlyBaHHS BiIMOBIIHOT
JaCTUMU MacuBYy A TOBUHEH OyTH 30€pEKCHUM TaKHUM CaMHM, SIK Y MOYaTKOBOMY
MacHBI.

3. Crpinika BIpaBO O3HAYa€, IO TMOPSJOK B3a€EMHOIO PO3TAIllyBaHHS BiAMOBIIHOT
YaCTUMU MacuBy A TIOBUHEH OyTH B3a€EMHO OOEpPHEHHUM 0 TOPSAKY PO3MIIIECHHS
€JIEMEHTIB Y IMOYaTKOBOMY MacCHBI.

Peanizanisn Ha MoBi mnporpamyBaHHsi Bapianty Nel i3 3aBaanp Jud
IHIUBIyaJIbLHOT0 BUKOHAHHS:

BapiaHT 13 BUKOpUCTaHHSM J10aTKOBOT'O MacCUBY PO3MIPHOCTI N.

#include <iostream>
using namespace std;
int main () {

const int N=4;

int A[4*N] = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16}, B [N];

for (int i=0; i<N; i++){ // 3 Ta 4

B[i] = A[3*N+1i];

A[3*N+1i] = A[2*N+i];

A[2*N+1i] = B[1i];

}

for (int i=0; i<N; i++){ // 2 Ta 3

B[i] = A[2*N+1i];

A[2*N+i] = A[i+N];

A[N+1i] = B[i];}

for (int i=0; i<N; i++){ // nepenucatu 2
B[i]=A[2*N-1-1];}

for (int 1=0; 1i<N; i++) {

A[1*N + 1] = BJ[i];}

for (int i=0; i<N; i++){// nepenmcaru 4
B[i]=A[4*N-1-1];}

for (int 1=0; 1i<N; i++) {

A[3*N + 1] = BI[1i];

}

for (int 1=0; 1i<4*N; i++) {
COUut<<A[i]<<"™ ";}

return 0;

}
BapiaHT i3 BUKOPHCTAHHAM OJHi€l MPOMIKHOI 3MiHHOI.

#include <iostream>

using namespace std;

int main () {

const int N=4;

int A[4*N] = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16};

int c;
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for (int i=0; i<N; i++){ // 3 Ta 4

c = A[3*N+i]

A[3*N+i] = A
C

A[2*N+1] =
for (int i=
c = A[2*N+1
A[2*N+1i]

for (int

c = A[2*N-1-14
A[2*N-1-1] =

[2*N+i];
;)

14

; i<N; i++){ // 2 Ta 3

0

1

A[i1+N];

A[N+i] = c;}
1i=0

; 1<2; i++){ // nepenmcarm 2

1];
A[1*N + 1]

A[1*N + 1]= c;
for (int i=0; i<2; i++){// nepenucaru 4

c=A[4*N-1-1i]

A[4*N-1-1]

14

A[3*N + 17,

A[3*N + 1] = c;}
for (int i=0; 1i<4*N;
COUut<<A[i]<<"™ ";}

return 0;

}

.
14

i++) {

3aBaanHs IS iHAMBIAYaJIbHOTO BUKOHAHHSA:

Bapiant 1
1 n+l 2n  2n+l 3n  3n+l 4n
1 2 3
Bapianr 2
1 n+l 2n  2n+l 3n  3n+l 4n
4 2 3
Bapianr 3
1 n+1 2n  2n+l 3n  3n+l 4n
3 1 2
> — —
Bapianr 4
1 n+1 2n  2n+l 3n  3n+l 4n
1 3 2
£ > — —
Bapiaur 5
1 n+1 2n  2n+l 3n  3n+l 4n
3 1 2
€ ¥ — —
Bapiaur 6
1 n+1 2n  2n+l 3n  3n+l 4n
4 3 1
¢ ¢ «—
Bapianr 7
1 n+1 2n  2n+l 3n  3n+l 4n
4 1 3
€ € > —
Bapiaunr 8
1 n+1 2n  2n+l 3n  3n+l 4n
4 2 3
€ > L e  e——
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3B

BUKOHYBaHUI KoJ Tmporpamu. 3100yBay IOBHHEH TMOSCHIOBATH XiJ

Bapianr 9
1

n+1 2n  2n+l 3n  3n+l 4n

-

Bapiaunr 10

1 n+1 2n 3n  3n+l 4n

Bapianr 11
1

n+1 2n  2n+l 3n  3n+l 4n

N &
L4 <

3 3
Ld L4

IT 10 J1abopaTtopHOi pOOOTH TOBMHEH MICTUTU PO3POOJICHUN aJTOPUTM,

BUKOHAaHHA

AJITOPUTMY, IIpOorpaMu BiI[HOBiI[aTI/I Ha IINTaHHA 1010 p06OTI/I AJITOPpUTMY, IIpOorpamMu,

TEeMH JIabopaTopHOi poOOTH.

1

2.

PexomennoBani qkepesa

. 'pumianoBuy T. O. AnropuTmu 1 cTpykTypu nanux [Enextponnuii pecypc] : ene-
KTPOHHUI KypC HaBYAJIbHOI JUCHUILIIHY, 3aTBepkeHudt HMP BHY imeni Jleci
VYkpainku, nporokon Ne 4 Bin 16.12.2020 / Tersna I'pumanosuu. — BHY im. Jleci
VYkpaiHku, 2020. // Pexum JIOCTYIy
http://cs.vnu.edu.ua/moodle/course/view.php?id=123

JIroBkiH B. M. MetonuuHi BKa3iBKM O BUKOHAHHS CAMOCTIMHOT poOOTH CTY/IEH-
TIB Ta PO3PAaXyHKOBO-rpadiuyHUX 3aBlaHb 3 AUCHUIUIIHU ‘“‘AJITOpUTMI3allis Ta
mporpaMmyBaHHs” JUIsl CTYIEHTIB criemianbHOCTI 122 “Komm’otepHi Hayku” (BCixX
¢dbopm HaBuyaHH:). 3anopixxs : 3HTY, 2017. 54 c.

. PumkoBenps 0. B., Bucoupbka B. A. AnroputMmizaiiis Ta nporpamyBaHHs. YacTu-
Ha 2 : HaBuajabHUM mociOHuK. JIbBIB : Bugasaunrso «Hosuii CBiT-2000%, 2020.
320 c.

. Tkauyk B. M. AnroputMu Ta CTpyKTypa JaHUX : HaBYaJIbHHUM MOCIOHUK. [BaHO-
@OpankiBcbk : BumaBaunTeo I[Ipukapnarchbkoro HaiioHaJbHOTO YHIBEPCUTETY
imeH1 Bacunsa Credanuka, 2016. 286 c.

. Tpodumenxo O. T, Ilpokon FO. B., Jlorinosa H. 1., 3axepeiiko O. B. C++. Anro-
puUTMIi3allis Ta mporpaMmyBaHHs: mipydHuk. Oneca : @enike, 2019. 477 c.
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Jlaboparopna podora Nell. PospoOka ajnropurmy JIiHIHHOIO MOLIYKY, JIHIHHOIO

NOUIyKy 3 6ap’epom

Merta i 3micT podoTH: 3aCTOCYBaHHS aJIrOpPUTMY JIHIHHOTO (IIPSAMOro) MOIIYKY Ta

JiHIHHOTO (MPSMOr0) MOIIYKY 3 0ap’€poM, CTBOPEHHS, HAJIArOJ)KEHHSI Ta BUKOHAHHS

ImporpaM, mo BUKOPUCTOBYIOTH I_Ii AJITOPUTMH.

B pe3yabrati BUKOHAHHS p000TH HEOOXIIHO:

BMITH 3aCTOCOBYBATH aJIFCOPUTM JIIHIHHOIO MONIYKY P PO3B’sI3aHH1 3a/1a4;

BMITH 3aCTOCOBYBATH aJIFOPUTM JIIHIHHOTO MOINIYKY 3 6ap’epoM npu

PO3B’sI3aHHI 3a]1a4;

BMITH O6I/IpaTI/I ONTUMAaJIbHUI TUII I TIPCACTABIICHHA BXiJIHI/IX Ta BI/IXiI[HI/IX

JaHUX;
BMITH peaji3oByBaTu po3po0JieH] alTOPUTMH Ha MOBI POTrpaMyBaHHS;
BMITH BUKOHYBAaTH T€CTYBaHHS MPOTpaMu;

BMITH IOSICHIOBATH XiII BUKOHAHHA aJITOPUTMY Ta IMMPUHITUII p06OTI/I IporpamMu.

3aBaanHs: 3a7aHO ABOBUMIPHUI MacuB IIIuX uynucen A[n, n]. Ha ronoBHii giaroHati

3HAWTH MEPIINA HYJIbOBUI Ta OCTAHHIN Bil’ €MHHI €IEMEHTH.

AJITOPUTM BUKOHAHHS:

XA B WD =

9.

10.
1.
12.
13.
14.

ITouaTok
Bxia: po3MipHICTh MacHBY N, IBOBUMIpPHUN MacuB A
MPOMIXKHI 3MiHHI 1, j, numZero, numNeg
i 1 Big 0 10 n BUKOHATH
s j Big 0 10 n BUKOHATH
A[1][j] =5 - rand()%11
KIHEIb UK TIO |
KIHEIb UKY 110 1
i 1 Big 0 10 n BUKOHATH
akio Afi][1] = 0 To numZero = i BUXiJ
1t 1 814 0 10 n BUKOHATH
akio Af1][1] < 0 To numNeg =i
Buxin: numZero, numNeg
Kineusn

Peanizanisi Ha MOBI IpOrpaMyBaHHS:

#include <iostream>
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using namespace std;

int main ()

{

const int n=5;

int A[n][n];

for (int 1=0; i<n; i++) {
for (int j=0; j<n; Jj++){
A[il[J] = 5 - rand()%11;
cout<<A[i][Jl<<™ ",

}

cout<<endl;

}

int numZero;

for (int 1=0; i<n; i++) {
if (A[1][1]==0){

numZero = 1i;

break;

}

}

int numLessZero;

for (int 1=0; i<n; i++) {
if (A[1][11<0){

numlLessZero = 1i;

}

}

A[numZero] [numZero] = A[numLessZero] [numLessZero];
A[numLessZero] [numLessZero] = 0;

for (int 1=0; i<n; 1i++) {
for (int J=0; j<n; J++) {
cout<<A[i][jl<<™ ",

}

cout<<endl;

}

return 0;

}
3aBaanHs IS iHAMBIAYaIbHOTO BUKOHAHHSA:

1. 3agano ABOBUMIpHMIT MacuB LUIKUX Yucen A[n, n]. Ha romoBHiii giaronani 3HalTH
MepIIUi JOJaTHINA Ta OCTaHHIN BiJl’€MHHM €JIEMEHTHU Ta MOMIHSITH iX MICLSIMHU.

2. 3agaHo 1BOBUMIpHUM MacuB LUIUX yucen A[n, n]. IIpu 00xoi MacuBy Mo psiaKax
3aiTH EPIIi BiJl’ €EMHUM €JIEMEHT Ta HOT0 KOOpAUMHATH (HOMEp psiKa Ta HOMEp
CTOBIIIIS ).

3. 3amaHo ABOBUMIpHUM MacuB LUIKMX unces A[n, n]. Ha Oiuniil qiaroHani 3HalWTH

MepIIUi JoJaTHINA Ta OCTaHHIN BiJl’€MHHM €JI€MEHTHU Ta MOMIHSTH iX MICLSIMHU.
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4. 3amaHo ABOBUMIpHMH MacuB mumx yucen A[n, n]. Ilpu oOGxomi MacuBy 1o
CTOBMIISIX 3alTH MEePIIUH BiJ’€MHHUM €JIeMEHT Ta MOro KoopAuHaTH (HoMep psaKa
Ta HOMEP CTOBIIIS).

5. 3agano nBoBUMIipHUN MacuB 1IMX yucen A[n, n]. [Ipu 06xoa1 MacuBy mo psakax
3alTH MEpIIM TONaTHUM €JIeMEHT Ta WOro KOOpAWHATH (HOMEp pslKa Ta HOMEp
CTOBIIIIS ).

6. 3agano nBoBuMipHU MacuB 1IMX yucen A[n, n]. [Ipu 006xoa1 MacuBy o psakax
3alTH OCTaHHIN JOJATHUM €JIEMEHT Ta Horo KoopaAuHaTu (HOMep psKa Ta HOMEp
CTOBIIIIS ).

7. 3agaHo nBOBUMIpHUN MacuB 1MX yucen A[n, n]. [Ipu 06xoai MacuBy o psakax
3alTH OCTaHHIN BIJ’€MHUI €JEMEHT Ta HOro KOOpAMHATU (HOMEp psKa Ta HOMEP
CTOBIIIIS ).

8. 3amano aBoBuMipHHMI MacuB HuIuX yucen A[n, n]. Ilpu o6xomi MacuBy 1o
CTOBMIISIX 3aTH OCTaHHIN JOAATHUN €JIEMEHT Ta HOro KoopaAuHaTH (HoMep psiaka
Ta HOMEP CTOBIIIS).

9. 3amaHo ABOBUMIpHHMM MacuB Humux uyucen A[n, n]. Ilpu o6Gxomi MacuBy 1o
CTOBMIISIX 3alTH OCTaHHIA BIJ €MHUI €NEeMEHT Ta WOro KoopAuHATH (HOMEp
psiZiKa Ta HOMEp CTOBIILIS).

10. 3amano aBoBuMipHHMII MacuB HUIUX uucen A[n, n]. IIpu oOGxomi MacuBy 1O
pAAKax 3alTH NMEPIIUi HYITHOBHUI €JI€MEHT Ta HOro KOOpAMHATU (HOMED psiaKa Ta
HOMEp CTOBMIIS).

3BIT 10 naboparopHOi poOOTH TOBMHEH MICTUTH PO3POOJICHUN alTOPUTM,
BUKOHYBaHUI KoJ mporpamu. 3100yBay IOBUHEH TMOSICHIOBATH XiJi BHKOHAHHSA
aJArOpUTMY, IPOrPaMU BIJNOBIATH HA MUTAHHSA 11010 pOOOTH aJIrOpUTMY, IPOTPaAMH,
TEeMH JIabopaTopHOi poOOTH.

PexomennoBani qkepesa

1. Maxposcbka H.A., ITorpomceka I. C. AITOpUTMH 1 CTPYKTYPHU JaHUX: HABYAJIb-
HO-MeTOoAUYHUM mocioHuk. Mukonaie : MHY im. B.O. Cyxomnuncskoro, 2019.
279 c.

2. Ilpuiima C.M. Teopis anropuTmiB: HaBYaJbHUM MOCIOHUK. Menitonons: OOII
Opnunopor T. B., 2018. 116 c.
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JlaGoparopna po6ora Nel2. Po3podka ajnropurmy GiHAPHOI0 MOLLYKY
Merta i 3micT podoru: 3HaTH anropuT™M OIHAPHOTO TOIIYKY, BMITH pealli30ByBaTH
aaroputM OIHApHOTO TOIIYKY Ha MOBI MpOTpaMyBaHHsS, BMITH 3aCTOCOBYBAaTH
anroputM OIHApHOTO TOILIYKY JJisi 3HAXOJKEHHS €JIEMEHTa y pPsAKax Ta CTOBIIISX
MaTpHIIi.

B pe3yabrati BUKOHAHHS p000TH HEOOXIIHO:
* 3HATH AJITOPUTM OIHAPHOTO MOIIYKY;

* BMITH O6I/IpaTI/I ONTUMAJIbHUI TUII I TIPCACTABIICHHA BXiJIHI/IX Ta BI/IXiI[HI/IX

TIaHWX;

* BMITH peai30ByBaTH aIropuT™M OIHAPHOIO MOIIYKY HAa MOBI IPOIPaMyBaHHS;
* BMITH BUKOHYBAaTU T€CTYBaHHS MPOrpamu;

* BMITHU NOSCHIOBATH X1Jl BUKOHAHHS aJITOPUTMY Ta MPUHIIUI pOOOTH IPOrpaMH.
3aaanns: 3agano Mmarpuiiio A[n, n]. Ha romoBHii niaroHanai MaTrpuill BU3HAYUTH
MPUCYTHICTh ILUJIOTO YHCJIa X Ta MOro 1HJIEKC IUISAXOM 3aCTOCYBaHHS aJrOPUTMY
ABIAKOBOro (O1HAPHOrO) MONIYKY, SIKIIO €JIEMEHTH L€l JiaroHajli BIOPSAKOBaHI y
MOPAJIKY HE3POCTAHHS.

AJIroput™m:

ITouyarox
Bxia: nBoBumipHuil MacuB M, pO3MIpHICTh MACHBY N, IITyKaHe 3HaUeHHsA key
L=0;R=N-1
moku L < R{
m=(L+R) /2
akio a[m] < Key
o L = m+1
1Hakme R =m

XA B W=

9.}

10.sxmo a[R] = Key

I1. To ememeHT Mae HOMep R

12. 1iHaKIIe eJIeMEHT BIICYTHIN

13.Buxin: ingekc R mykano 3naduenss key

14.Kineusp
3aBaaHHA:

#include <iostream>
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using namespace std;
int main () {
int const N =
int B[N], MI[N]
for (int 1 = 0
for (int j = 0;
d
J

< N; J++)
M[i][3] = rand()%21;
cout << M[i][j] << "™ ";

}

cout << endl;

}

for (int 1 = 0; i < N; 1i++){
for (int j = 0; J < N; Jj++){
if (1 + J == 4){

B[i] = M[1i][3];

cout << B[i] << " ";}

}

}

int 1 =0, r=N-1, X, m, max, maxi;
cin >> x;

for (int 1 = 0; i < N; 1i++){
if (B[1] == x){

max = B[i];

maxi = 1i;

cout << maxi << endl;}

}

while (1 <= r){

m= (1 + 1) / 2;

if (B[m] == x){

cout << "JlaHe UMCJIO NPMUCYTHE Ha niaroHamni" << endl;
break;}

else{

if (B[m] < x){

r=m- 1;}

else{

1l =m+ 1;}

}

}

if (1 > r){

cout << " JlaHe uUMCJIO BimcyTHe Ha niaroxHasgi ";}

}
3aBaanHs I iHAMBIAYaJIbHOTO BUKOHAHHSA:

1. 3agano marpuuto A[m, n]. OKkpeMO y KOXHOMY pSIKY MaTpHIll BU3HAYUTH
MPUCYTHICTD IUJIOTO YUCHIA X Ta MOro 1HJAEKC IUIIXOM 3aCTOCYBaHHS aJITOPUTMY
IBIMKOBOTO (O1HAPHOTrO) TMOIIYKY, SKIIO €JIEMEHTH KOXKHOTO PSIKa OKPEMO
BIIOPSIIKOBaH1 y OPSIIKY HECHaaHHs.

2. 3anmano marpuito A[m, n]. OKpeMO y KOXHOMY CTOBIILEB1 Marpulll BU3HAYUTH

HpI/ICYTHiCTB I_IiJIOFO yHpclia X Ta Moro iHJIeKC IJIIXOM 3aCTOCYBAHHA aJITOPUTMY
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IBIAKOBOrO (O1HAPHOIO) MOMIYKY, SKIIO €JIEMEHTH KOXKHOTO CTOBIILS OKPEMO
BIIOPSIIKOBaH1 y OPSKY HECHaAaHHS.

3agano wMarpuiro A[n, n]. Ha ronoBHIA [giaroHanal Marpuill BU3HAUYUTH
MPUCYTHICTh LIJIOTO YHUCJa X Ta HOro 1HJAEKC HUISIXOM 3aCTOCYBAHHS aJITOPUTMY
IBIAKOBOro (O1HAPHOrO) TOLIYKY, $KIIO €JIeMEHTH Ha TOJOBHIM JiaroHani
BIIOPSIIKOBaH1 y OPSKY HECHadaHHS.

3amano Marpuiio A[m, n]. Y nepumomy psaKy Ta OCTaHHbOMY CTOBIIIEBI
MaTpulll BU3HAUUTHU MPHUCYTHICTh IUIOTO YHCIa X Ta MOro I1HAEKC MIISTXOM
3aCTOCYBaHHSl AJITOPUTMY JABIHKOBOro (O1HAPHOTO) MOIIYKY, SIKIIO €JIeMEHTH
LUX psAJIKa Ta CTOBMIIS BIOPSAJIKOBAHI y MOPSIKY HECTIaAaHHS.

3amano Marpuio A[m, n]. B ocranHboMy psAKy Ta NEpIIOMY CTOBIIEBI
MaTpuill BU3HAUYUTH NPHUCYTHICTh IUIOTO YHCIa X Ta MOro I1HAEKC MIISXOM
3aCTOCYBaHHSl AJITOPUTMY JABIHKOBOro (O1HAPHOTO) TOIIYKY, SIKIIO €JIeMEHTH
LUX psAJIKa Ta CTOBMIIS BIOPSAJKOBaH1 y MOPSIKY HECTIaAaHHS.

3amano marpuiio A[m, n]. B ocraHHbOMY psiAKYy Ta OCTaHHbOMY CTOBIIIEBI
MaTpUlll BU3HAUYUTHU NPHUCYTHICTh IUIOTO YHCIa X Ta MOr0 I1HAEKC MIISXOM
3aCTOCYBaHHSl AJITOPUTMY JABIHKOBOro (O1HAPHOTO) MOIIYKY, SIKIIO €JIeMEHTH
LUX psAJIKa Ta CTOBMIIS BIOPSAJIKOBaH1 y MOPSIKY HECTIaAaHHS.

3amano Marpuiro A[m, n]. B mepmomy psaky Ta OCTaHHBOMY CTOBIIIEBI
MaTpulll BU3HAUUTH NPHUCYTHICTh IUIOTO YHCIa X Ta MOro I1HAEKC MIISXOM
3aCTOCYBaHHSl AJITOPUTMY JABIHKOBOro (O1HAPHOTO) MOIIYKY, SIKIIO €JIeMEHTH
LUX psAJIKa Ta CTOBMIIS BIOPSAJIKOBAHI y MOPSIKY HECTIaAaHHS.

3amano marpuiio A[m, n]. B apyromy psaky ta (n-2)-mMy CTOBMIIEBI MaTpulli
BU3HAYUTHU MPUCYTHICTh LUIOTO YUCIA X Ta MOTO 1HAEKC ILISAXOM 3aCTOCYBaHHS
aNropuTMy JBiiiKOBOro (O1HApHOIO) MOUIYKY, SIKIIO €JIEMEHTH LUX psiKa Ta
CTOBIILISI BHOPSAJIKOBaH1 y MOPSAKY HECTIaAaHHS.

3ampano Marpuito A[m, n]. B (m-2)-my paaky Ta JIpyromy CTOBILEBI MaTpuili
BU3HAYUTHU MPUCYTHICTh LUIOTO YUCHIA X Ta MOTO 1HAEKC ILISAXOM 3aCTOCYBaHHS
aaropuTMy JBiiiKoBOro (O1HApHOrO) MOUIYKY, SIKIIO €JIEMEHTH LUX ps/Ka Ta

CTOBIILA BHOpSII[KOBaHi Y HOPAAKY HECCIIaAAAHHA.
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10. 3agano marpuuo A[m, n]. OkpeMO y KOXHOMY pSIKY MaTpHIll BU3HAYUTH
MPUCYTHICTD IUIOTO YUCHA X Ta MOro 1HJAEKC HUIIXOM 3aCTOCYBaHHS aJITOPUTMY
IBIMKOBOTO (O1HAPHOTrO) TMOIIYKY, SKIIO €JIEMEHTH KOXKHOTO PSIKa OKPEMO
BIIOPSIIKOBaH1 y TIOPSJIKY HE3POCTAHHS.

3BIT 10 naboparopHOi poOOTH TOBMHEH MICTUTH PO3POOJICHUN aJTOPUTM,
BUKOHYBaHUI KoJ mporpamu. 3100yBay IOBMHEH TMOSCHIOBATH XiJi BHKOHAHHSA
aJArOpUTMY, IPOrPaMHU BIJNOBIAATA HA MUTAHHSA 111010 pOOOTH aJIrOpPUTMY, IPOTPaAMH,
TEeMH JIabopaTopHOi poOOTH.

PexomennoBani qkepesa

3. I'pumianoBuu T. O. AnropuTmu i cTpykTypu nanux [Enextponnuii pecypc] : ene-
KTPOHHHUI Kypc HaBUaJbHO1 JUCHUIUIIHY, 3aTBepaxeHnid HMP BHY imeni Jleci
VYkpainku, npotokon Ne 4 Bin 16.12.2020 / Terana ['pumanosuu. — BHY im. Jleci
VYKpaiHku, 2020. // Pexum JOOCTYILY
http://cs.vnu.edu.ua/moodle/course/view.php?id=123

4. Menemko €. B., Slxkumenko M. C., [Tomimyxk JI. I. Anroput™Mu Ta CTpyKTypH Ja-
Hux: HaBuanbHUI TOCIOHUK VISl CTYACHTIB TEXHIUHHUX CHEIIaJbHOCTEH IEHHOT Ta
3a0uHoi (popmu HaBuyaHHs. KponuBHuubkuii: Bumaseups Jlucenko B. ®., 2019.
156 c.

5. Maxposcbka H.A., Tlorpomceka I. C. AJIropuT™Mu 1 CTPYKTYpPH JaHHUX: HAaBYAJIb-
HO-MeTOoAWYHUM mocioHuk. Mukonaie : MHY im. B.O. Cyxominuncskoro, 2019.
279 c.

6. [Ipuitma C.M. Teopis anroputmiB: HaBYadbHUM mociOHMK. Memitonons: POII
Opnunopor T. B., 2018. 116 c.

7. Ceprienko A. M., Mapuenko O. I. KoHncnekr nekiiii mo xypcy “Anroput™u i
CTPYKTYypU HaHuX’ njs HamnpsMy miarotoBku 123 Komm’rorepHa imxkenepis. K :
HanionansHuit Texuiuanii YHiBepcuteT Ykpainu «KuiBcbkuii [lonitexuiunuii [1-
ctutyT iMeHi [ropst Cikopebkoroy, 2017. 74 c.
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JlaGopaTtopna podora Nel3. Po3podka ajropurtMiB COPTYBAHHS YUCIOBHX JAHUX
Merta i 3micT podoru: O3HAOMUTUCH 13 OCHOBHUMH aJITOPUTMAMH COPTYBaHHS
JaHuX, 30KpeMa, ajJropuTMOM COPTYBaHHSI BCTaBKU, BUOOpY, 3nutts, lllenna, BMiTu
BUKOPHMCTOBYBATH aJITOPUTMU COPTYBAHHS JJIsl BIOPSAKYBAaHHS CTOBIILIB Ta PSIAKIB Yy
JBOBUMIPHOMY MacCHBI.

B pe3yabrati BUKOHAHHS p000TH HEOOXIIHO:

* BMITH p03p06JI$ITI/I AJITOPUTMHU COPTYBAHHA METOJAOM BCTABKH, BI/I60py Ta

3IUTTS;

* BMITH OOMpaTH ONTUMAILHUM TUI JJISI TIPEJICTABICHHS BXITHUX Ta BUXITHUX

JIaHWX;

* BMITH peai30BYyBaTH PO3pOOJIEHI aITOPUTMH COPTYBAHHS Ha MOBI

pOrpaMyBaHHs;
*  BMITH OQOPMIISITH QITOPUTMHU COPTYBaHHS y BUIIISIAL (PYHKIIIH;
* BMITH BUKOHYBAaTU T€CTYBaHHS MPOrpamu;

* BMITH MOSACHIOBATH X1J] BUKOHAHHS aJITOPUTMY Ta MIPUHIIUAII POOOTH MIPOTPaAMH.
3aBnanus: PeanizyBatu aJiroputM 0OMIHHOTO COPTYBaHHS BUOIPKOIO.
AJIroput™m:

1. ITowaTok

2. Bxin: macuB a[n]

3. 3HaxoguMO  MIHIMAJbHUN  €JIEMEHT, TNepecTaBisieMo Horo  (pobumo
B3a€MO3aMIHY) 3 MEPUIUM.

4. 3HaxXOIMMO MiHIMAJIBHUN €JIEMEHT B 3aJUIICHOMY HEBIIOPSIKOBAHOMY MacCHUBI
a[2] .. a[n], mepecTtaBisiemo ¥oro i3 a[2]

6. n-2) 3HaxoguMO MiHIMalbHUM eneMeHT B MacuBl (a[n-2], a[n-1], a[n]),
nepecTaBiIsieMo Horo 13 a[n-2].
7. n-1) BrnopsankoByeMo 3anuiieny napy a[n] i a[n-1].
8. Buxin: BmopsiikoBaHui MacuB a[n]
9. Kinenp
Peanizanisi Ha MOBI IPpOrpaMyBaHHS:
#include <iostream>
using namespace std;
void swap (int *xp, int *yp) {
int temp = *xp;

42



*Xp = *yp;

*yp = temp;

}

void selectionSort (int arr[], int n) {
int 1, J, min_ idx;

for (1 = 0; 1 < n-1; 1i++){

min idx = 1i;

for (3 = i+l; 3 < n; J++)

if (arr[j] < arr[min idx])

min idx = J;

swap (&arr[min idx], &arr([i]);}

}

void printArray(int arr[], int size) {
int i;

for

(1=0; i < size; 1i++)

cout << arr[i] << "™ ";
cout << endl;

}

int main () {

int arr[] = {64, 25, 12, 22, 11};
int n = sizeof (arr)/sizeof (arr([0]);
selectionSort (arr, n);

cout << "Sorted array: \n";
printArray(arr, n);

return 0;

}

3aBaanHs IS iHAMBIAYaIbHOTO BUKOHAHHSA:

1.

3agaHo JMBOBUMIpHUN MacuB Himux uucena A[m, n]. BimcopryBaru
HEMapHUX PSAIKIB MACUBY METOJIOM BCTaBKH 3a 3POCTaHHSIM.

3agaHo JMBOBUMIpHUN MacuB Hinmux uucena A[m, n]. BimcopryBaru
MApHUX PSIAKIB MACHBY METOJIOM BCTaBKH 32 3POCTAHHSIM.

3agaHo JBOBUMIpHUN MacuB Himux uucena A[m, n]. BimcopryBaru
HEIMapHUX CTOBIIIIB MACUBY METOJIOM BUOIPKH 3a CHIaJaHHSIM.

3agaHo JIBOBUMIpHUM MacuB Himux uucena A[m, n]. BimcopryBaru
MapHUX CTOBIMI[IB MACHBY METOJIOM BUOIPKU 3a CHIaJaHHSIM.

3agaHo JBOBUMIpHHMI MacuB HuUMX yucenl A[m, m]. BigcopryBatu
rOJIOBHOT jJiaroHasni MacuBy metogom lllesnna 3a 3pocTaHHsM.

3agaHo ABOBUMIpHHMM MacuB Hutux yucenl A[m, m]. BigcopryBatu
614HO1 niaroHasni macuBy MetonoMm lllenna 3a cnaganHsIM.

3agaHo JMBOBUMIpHUN MacuB Himux uucena A[m, n]. BimcopryBaru

CIICMCHTHU

CIICMCHTHU

CIICMCHTHU

CIICMCHTHU

CIICMCHTHU

CIICMCHTHU

CIICMCHTHU

KOJXHOT'O CTOBIIIIA MACHUBY MCTOIOM HICfIKCpHOFO COPTYBAHHA 3a CIIaJaHHAM.
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8. 3agmano nBoBuUMIpHUN MacuB HuUMX yucen A[m, n]. BigcopryBatu enemeHTH
KO>KHOT'O CTOBIIIISI MACUBY METOJIOM IIEHKEPHOTO COPTYBAaHHS 32 3POCTaHHSIM.
9. 3amaHo NBOBUMIpHUN MacuB HumMX yucen A[m, n]. BigcopryBatu enemeHTH
KO>KHOTO PsiJIka MaCHMBY METOJIOM IIIBUKOTO COPTYBaHHS Xoapa 3a CIaIaHHsIM.
10. 3amano nBOBUMIpHMI MacuB LUTUX uyucend A[m, n]. BimcopTyBaru eneMeHTH
KOXKHOTO PsiJIka MaCHMBY METOJIOM IIBUIKOTO COPTyBaHHS Xoapa 3a 3pOCTaHHSIM.
PexomennoBani qkepesa

1. I'pumianoBuu T. O. Anroputmu 1 cTpykrypu AaHux [EnexrponnHuii pecypc] : enek-
TPOHHMM KypC HaBUAJIbHO1 JUCHUIUTIHY, 3aTBepakeHuit HMP BHY imeni Jleci Ykpa-
inku, mpotokon Ne 4 Big 16.12.2020 / Tetsina I'pumanosuu. — BHY M. Jleci Ykpain-
ku, 2020. // Pexxum pgoctymy : http://cs.vnu.edu.ua/moodle/course/view.php?id=123

2. Menemko €. B., Slxumenko M. C., [Tomimyk JI. [. Anroput™Mu Ta CTpyKTypH Ja-
Hux: HaBuanbHUI TOCIOHUK ISl CTYACHTIB TEXHIUHHUX CHEIIaJbHOCTEH IEHHOT Ta
3a0uHoi popmu HaBuyaHHs. KponuBHuubkuii: Bupaseups Jlucenko B. ®., 2019.
156 c.

3. Maxposcbka H.A., Tlorpomceka I. C. Alroputmu 1 CTpYKTYpH JaHUX: HaBYaJIb-
HO-MeTOoAWYHUM mocioHuk. Mukonaie : MHY im. B.O. Cyxominuncskoro, 2019.
279 c.

4. Ilpuiima C.M. Teopis anropuTmiB: HaBYajdbHUM MOCIOHUK. Menitonons: OOII
Opnunopor T. B., 2018. 116 c.

5. Ceprienko A. M., Mapuenko O. I. Koncrnekr nekiiii mo kypcy “AJroputMu i
CTPYKTYypU HaHuX’ njsi HamnpsMy miarotoBku 123 Komm’rorepHa imxkenepis. K :
Hanionansauit Texuiunnii YHiBepcuteT Ykpainu «KuiBcbkuii [lonitexuiunuii [1-
ctutyT iMeHi [ropst Cikopebkoroy, 2017. 74 c.
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