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HaBuanpHa mucnumiiHa «AJTOpPHTMI3allisi Ta MPOTpaMyBaHHS» € 0a30BOIO CKJIAJIOBOIO
npodeciifHol miAroToBKM (axiBLiB 31 crenianbHOCTI «IHXKeHepist mporpaMHOro 3a0e3revyeHHs» Ta
dbopMye ¢yHIaMeHTalbHI 3HAHHS 3 aNTOPUTMIYHOTO MHCIEHHS 1 TMPUHIUIIB PO3POOKH
MpOrpaMHOro 3abe3meueHHs. Y MeXax AUCHUIUTIHM BHUBYAIOTHCA MOHATTSA aITOPUTMY, HOTO
BJIACTHBOCTI Ta crmocoOu momaHHs, 0a30Bi aJTOPUTMIYHI KOHCTPYKII, TUNH AaHUX, QYHKIII Ta
MacuBHM, a TaKOX MPHUHIMIM MOAYJIbHOI MoOymoBu mporpam. OcoOnuBa yBara NPUALIAETHCS
dbopmanizanii 3amay, peanizaiii anropuTMiB 3aco0aMH MOBU IPOrpaMyBaHHS BUCOKOTO PIBHS Ta
aHaJI3y KOPEKTHOCTI i €(pEeKTUBHOCTI MPOTPAMHHX pillieHb. JIUCIUIUTIHA 3aKJIaja€ TEOPETUIHY Ta
NPaKTUYHY OCHOBY [UIsI MOJNANBIIOTO ONaHyBaHHSA (axoBux KypciB 1 (¢Gopmye 0a3oBi
KOMIIETEHTHOCT] pO3pOOHHKA MPOTPaMHOT0 3a0€31eYCHHSI.
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IIpakTuuna podora 1. [lo0yaoBa 0.,10K-cXeM aJIrOPUTMIB PO3B’A3aHHA NMPUKJIATHUX 3124
Kuro4uoBi mos1o:xxeHHs

Anroputm € (opMalli30BaHUM OIHMCOM MOCTIIOBHOCTI Jiif, BUKOHAHHS SIKMX NMPUBOJUTD 10
PO3B’sA3aHHS MEBHOI 3a7ayi. Y NpOrpaMyBaHHI aJTOPUTM BU3HAYa€ JIOTIKYy poOOTH MalOyTHHOT
IIporpamMu Ta CTpyKTypy o0poOku nanux. Ilepen peasizaii€ro alropurMy MOBOIO IPOrpaMyBaHHs
JIOITPHO BUKOHATH WOTO TOMEpPeHINA aHami3 1 MpeACcTaBUTH y dhopmaitizoBaHOMY BUTIISAAL. OIHUM
13 HAMOUTBIIT HAOYHUX CIOCOO0IB MPEACTABICHHS aITOPUTMIB € BUKOPHUCTAHHS OJIOK-CXEM.

brok-cxema anroputMmy € rpadgiyHUM 300pa)KEHHSM IOCIIJIOBHOCTI BUKOHAHHS OIEpallii.
Bona ckmagaetbest 31 craHgapTHUX rpadidHUX €JIEeMEHTIB, Ki 3’€THYIOTHCS MK COOOK JiHISIMU
nepexoxiB. Koxen exemeHT 0J0K-CXeMH BiIOBIZa€ IEBHOMY TUITY omeparlii abo erany BUKOHaHHS
anroputMy. Takuil cnocid MOJaHHS /103BOJIIE HAOYHO BiJOOPA3UTH JIOTIKY pOOOTH airopuTMy,
CTPYKTYpY pO3TalyXeHb 1 IOBTOPEHb, a TaKOX B3a€EMO3B’S30K MIK OKPEMHUMH eTallaMH
O0YHCIICHHS.

BukopucranHs 6710K-cXxeM € BaXJIMBUM €TaloM ajlropurMizauii 3aaad. Ilepen nHanucanHsam
MPOrPaMHOTO KOAY MPOrpaMiCT MOBHHEH YITKO BU3HAYUTH IOCTIOBHICTH Mdii, SKi MOBHHHA
BUKOHYBaTH nporpama. IloOynoBa 6y0K-cXeMH [103BOJISIE€ MEPEBIPUTH IPABUIIBHICTh AJITOPUTMY,
BUSIBUTH MO>KJIMBI JIOT14HI IOMUJIKH Ta ONITUMI3yBaTU CTPYKTYpPY OOUHCIICHb.

Hns  moOymoBu  OJOK-CXeM  BHUKOPHUCTOBYIOTHCSI  CTaHAAPTHI  rpadiyHi  CHMBOJIH.
HaiiBaxmMBIIIUMH 3 HUX € €JIEMEHTH I0YaTKy Ta 3aBEpPIICHHS alropuTMy, OJOKH BHUKOHAHHS
oreparii, 0JI0KM BBEACHHS 1 BUBEICHHS TaHHUX, a TAKOXK OJOKH IIEPEBIPKH YMOB.

bnok moyatky i 3aBepIIeHHS aJrOPUTMY BHKOPHCTOBYETHCS JJISI TIO3HAYEHHS IMOYATKY Ta
3aBepIlEHHs BHUKOHaHHS mnporpamu. lLleit enemeHT Mae ¢opmy oBana ab0o NpPSIMOKYTHHKA 13
320KPYIJICHUMHU KyTaMu. Y HbOMY 3a3BHYail 3anucyeThbes ¢1oBo «Ilogarox» abo «Kinerp.

brok BUKOHaHHS omnepallii BUKOPUCTOBYETHCS AJIsl O3HAYEHHS OOYHMCIeHb a00 1HIIMX i
Haa pgaHumu. Takuit 610k Mae (opMy NpSIMOKYTHUKA. Y HbOMY MOXYTh 3allUCyBaTUCS
apudmeTnyH1 BUpa3y, MIPUCBOIOBAHHS 3HAYEHb 3MIHHUM a0o0 1HIII ornepariii 0OpoOKH TaHuX.

brok BBeneHHS Ta BHWBEIEHHS JaHUX BUKOPUCTOBYETBHCS [UIS B3a€MOJIi QITOPUTMY 3
KOpHUCTyBadueM abo 3 1HIIUMU JpkepenaMu iHpopMartlii. Bin mae ¢popmy napanenorpama. Y oMy
0JIOIII MOXYTh 3alKCYBAaTHCS OMepallii BBEJACHHS 3HAUYC€Hb 3MIHHUX a00 BHUBEACHHS PE3Y/IbTaTiB
00YHCIIEHb.

brok nepeBipku yMOBHM BUKOPHUCTOBYETHCS /ISl peallizallii po3rayKeHux aaroputmis. Bin
Mae GopMmy pomba. YcepeanHi Takoro OJOKY 3alUCYeThCs JIOTIYHA YMOBA, Pe3yibTaT SKOI MOXKe
OyTH ICTMHHUM a00 XMOHUM. 3aleXHO BiJl pe3yibTaTy MEpPEeBIPKH AITOPUTM IEPEXOIUTH J10
BIJIITOBIAHOT TJIKM BUKOHAHHS.

3B’SI3KM MK €JIEMEHTaMH OJIOK-CXeMH 3IIHCHIOIOTHCSA 3a JOTOMOTOI CTpiioK. CTpiiku
MOKa3yIOTh HAaNpsSIMOK BHMKOHAHHSA aJIrOPUTMYy 1 BHU3HAYAIOTh MOCIIIOBHICT NEPEXOMAIB MIX
OJIOKaMH.

[Tin yac moOymoBU OJOK-CXeM HEOOX1IHO JOTPUMYBATUCS MEBHUX MpPaBUI. AJITOPUTM
MOBMHEH MaTH OJMH MOYAaTKOBUH 1 OJUH 3aBepIIagbHUi OsoK. HampsiMOK BUKOHAHHS aJrOpUTMY
3a3BHUail 300paXkaeThCsl 3BepXy BHM3 a0o 3J1iBa HampaBo. Yci OJOKM MOBUHHI OyTH 3’ €IHaHI MiX
cO00I0 TaKUM YHHOM, 1100 OyJ10 3p03yM1NI0, Y IKOMY MOPSAAKY BUKOHYIOTHCS ONepartii.

brok-cxemMu IIMPOKO BUKOPHCTOBYIOTHCS y MPOLIECi HABUYAHHS MPOTPaMyBaHHIO, OCKITBKH
BOHU JIO3BOJIAIOTH CTYJEHTaM Kpalle 3pO3yMITH CTPYKTypy anroputmiB. Kpim Toro, 6mok-cxemu



3aCTOCOBYIOTBCS ITiJl Yac JOKYMEHTYBAaHHS IPOTPAMHOTO 3a0€3MedeHHs Ta ITiJ Yac MPOEKTYBaHHS
CKJIQJIHUX TPOTPAMHHX CHUCTEM.

[ToOymoBa GIIOK-CXEM € TIEPIITUM €TaroM IEPEeXo/ Ty BiJl OMHCY 3a7a4i MPUPOTHOIO MOBOIO 10
il peamizauii y BUTIIAAI mporpaMHOro koay. Ilicist cTBOpeHHS OJOK-CXEMHU aJrOpUTM MOXe OyTH
pearnizoBaHMii y BUTIISAL IPOrpaMH MOBOIO IIPOTPaMyBaHHS.

IIpakTn4yHe 3aBAaHHS

1. [TobynyBaTu OJIOK-CXEMYy aJITOpPUTMY OOYHCICHHS CYMH JBOX YHCEN, BBEIACHHUX
KOPHUCTYBa4yeM.
2. IToOynyBaTH OJIOK-CXEMY QJITOPUTMY OOUYHMCICHHS 3HAYCHHS MAaTEeMaTHYHOTO BUPA3y

S=za+b*c
€ 3HAUYCHHA 3MiHHI/IX BBOOATHCA 3 KJ'IaBiaTypI/I.

3. [TobynyBatu 610K-CXeMy anrOpUTMY BU3HAYEHHSI O1IBIIOTO 3 ABOX YHCEN.

4. I[TobynyBatu OIOK-CXEMYy aJlrOpUTMYy OOUYHMCICHHS CEpPEeIHbOr0 apu(PMETUYHOTO TPbOX
qHCe.

5. [ToOynyBaTu OJIOK-CXEMY alrOpUTMy OOYHCIICHHS IUIONII MPSMOKYTHHKA 3a 3aJlaHUMU
CTOPOHAMH.

MeTOJII/I‘lHi BKa3iBKn A0 BUKOHAHHSA NMPAKTUYIHOI'O 3aBAAHHSA

[lepen moOynoBoro OJIOK-CXeMHU HEOOXIIHO YBaXXHO IMpOaHaTi3yBaTH YMOBY 3ajadi Ta
BU3HAYMTU BXIiJHI JaHI, sIKI BUKOPUCTOBYIOTbCA y INpOrpami, a TaKOXX pe3yJbTaTH, sIKi MOBHUHHI
Oytu orpumani. Ha npoMy erami AOLiIBHO chOPMYNITIOBAaTH MOCHIJOBHICTh [il, SIKI HEOOXiJHO
BUKOHATH JIJIsi PO3B’sI3aHHS 3a1a4l.

[Ticns anamizy 3agadi GOpMyeThCs aIrOpUTM ii po3B’sA3aHHS. AJITOPUTM MOBUHEH MICTUTH
BCl HEOOX1/IHI eTanu OOpOOKH JaHUX: BBEJACHHS MOYATKOBMX 3HAY€Hb, BUKOHAHHS OOYMCIIECHBb Ta
BUBEJICHHS PE3YIIbTATiB.

[ToGynoBy OJOK-CXeMH CIiJ MOYMHATH 3 PO3MIIIEHHS OJOKY modatky anroputmy. Ilicis
L[bOTO JIOJIAEThCS OJIOK BBEJCHHS IaHUX, Y SIKOMY 3a3HAYarOThCs 3MiHHI, 3HAYEHHS SIKUX BBOZIATHCS
KOPHUCTYBa4yeM.

HactynHuM eranoM € BHUKOHaHHS oO4HCleHb. J[Is IIbOrO BHKOPUCTOBYETHCS OJIOK
BHUKOHaHHs omnepauii. ¥ 1pboMy OJIOLI 3alMCyeThCsl MATEMAaTUYHUM BHpa3 abo 1HIIA oreparlis, siKa
BUKOHYETHCS HaJl JAHUMH.

SK110 anropuT™M MICTUTH IEPEBIPKY YMOB, HEOOX1IHO BUKOPHUCTATH OJIOK NEPEBIPKU YMOBH.
VY TakoMy OJI0I1i 3aMHUCYETHCS JOTIYHUN BHUpa3. Bix HHOTO BIAXOIATH ABI TUIKH, IO BIAMOBIIAIOTH
pe3ynbTaTaM NepeBipkd YMOBH.

[Ticnst BUKOHAHHA BCIX HEOOX1THUX 00YMCIIEHb aITOPUTM 3aBEPIIYETHCS OJJOKOM BUBEICHHS
pe3ynbratiB. Y 1bOoMy OJIOII 3a3HA4YaeThCs 3MiHHA ab0 BHUpa3, 3HAYCHHS SKOTO HEOOXiTHO
BiIOOpa3UTH.

OcTaHHIM €JneMEeHTOM OJIOK-CXeMHM € OJIOK 3aBepUIeHHs alroputMy. BiH mo3Hadae
3aBepILECHHS] BHKOHAHHSI TPOTPaMH.



ITinm gac moOynoBu OJIOK-CXeMH HEOOXIHO BHKOPHUCTOBYBATH CTPUIKK JUIsl TIO3HAYCHHS
HanpsIMKy BUKOHAHHS alTOPUTMYy. YCI €JIEMEHTH TIOBHHHI OyTH pO3TaIloBaHl y JIOTIUHIN
MOCIiOBHOCTI. He momyckaeThcst HasIBHICTH OJIOKIB, sIKI HE MAIOTh BXOAY 200 BUXOY.

Jis moOynoBu OJIOK-CXeM MOXKHA BUKOPUCTOBYBATH rpadiyHi peJaKkTOPH, CIIeIiali3oBaHi
porpamHi 3acoou abo BUKOHYBaTH MOOYAOBY BpyuHY Ha nanepi. Baxxiauso, mo6 01ok-cxema Oyna
YiTKOI0, 3p03YMLJIOI0 Ta BiAMOBiAaja JIOTII aJropuTMy.

KoHTposbHi nuTanHs

. lIlo Ha3uBaeTbCA aNrOPUTMOM?

. Ikl OCHOBHI BJIaCTHUBOCTI aJTOPUTMIB?

. o Take OmoK-cxema airopuTmy?

. SIki ocHOBHI TpadiuHi €TeMEHTH BUKOPUCTOBYIOTHCS Y OJ0K-cxemax?

. SIxke mpu3HaueHHS OJIOKY BBEJICHHS 1 BUBEIACHHS JaHUX?

. J1J11 90r0 BUKOPUCTOBYETHCSI OJIOK MEPEBIPKU yMOBU?

. SIxi mpaBuiia HEOOX1THO JOTPUMYBATHUCS TI1]] Yac OO0y 10BU OI0K-cXxeM?

. SIKy poJb BiAIrparoTh 6JI0K-CXEMHU y MPOLeci po3poOKH MPOrpaMHOro 3a0e3nevyeHHs?

0 N L A W N —

3mMicT 3BiTY

1. Ha3Ba Ta meTa po6oTu.

2. KopoTki TeopeTHyHi BiJIOMOCTi PO aJITOPUTMH Ta OJIOK-CXEMH.
3. Biok-cxemu alropuTMIB pO3B’sI3aHHS IMOCTABJICHUX 3a7ad.

4. TTosicHEeHHS JIOTIKH MOOYJOBH KOYKHOTO alTOPUTMY.

5. BucHOBKY 3a pe3ynbTaTaMH BUKOHAHHS POOOTH.

IIpakTuna podora 2. Po3podka anropuTmy BillIOBITHO 10 €TANIB KUTTEBOI0 HHUKJIY
MPOrpaMHoOro 3ade3neyeHHs

Kiro4uoBi moj1osxkeHus

Po3poOka mporpamMHOro 3a0e3nedyeHHs € CKJIaJHUM NpPOLECOM, IO BKIIOYAE HHU3KY
B3a€MOIIOB’sI3aHMX eTariB. Iy opraHizaiii bOro MpoLecy BUKOPUCTOBYETHCS MOHATTS )KUTTEBOTO
LUKy MporpamMHoro 3a0esnedeHHs. JKUTTeBUIl LUK BH3HA4Ya€ TIOCHIJOBHICTh €TamiB, SKi
IPOXOAUTh NPOTPAMHUN TPOAYKT BiA MOMEHTY (opMyBaHHS i1ei 10 3aBepllieHHs ioro
BUKOPHUCTAaHHS a00 MOIepHi3aIlii.

VY 3araibHOMY BHIIAJIKy JKUTTEBUHM IMKJ MIPOrPaMHOTO 3a0€3MEUYeHHs BKIIIOUAE TaKl €Tarlu:
aHayi3 3agadi Ta (OpPMYBAHHS BUMOT, IPOEKTYBAaHHS aJIrOPUTMIB 1 CTPYKTYypU MPOTpaMH,
peastizallito IporpaMHOro Koy, TECTyBaHHS MPOTrpaMHOro 3a0e3NeyeHHs Ta NoJalbIIni CYIpOBiJ
MporpaMHOro npoaykTy. KokeH 13 mux eramiB BiAirpae BaXJIMBY pPOJib Y CTBOPEHHI Ha/iiHOI Ta
e(peKTHUBHOI MPOTrPaMHOi CUCTEMHU.

[TepimmmM etamom po3poOku € aHami3 3agadi. Ha npomy erari BH3HA4YalOTbCs BUMOTH 10
MPOrpaMHOTO 3a0€3MEeUCHHs, YTOYHIOETHCS MeETa IpOrpaMH, BH3HAUYAIOTHCS BXIiJHI JaHi Ta
pe3yabTaTd, fKi MOBHUHHI OyTM OTpHUMaHi. BaiuBo 4iTKO c(opmyltoBaTH YMOBY 3ajadi Ta
3pO3yMITH, SIKi caMe orepallii HOBUHHA BUKOHYBATH Iporpama.



Hactymaum kpokom € dopmamizaris 3amavi. Dopmaiizallis TOJArae y TMepexojl Bil
CIIOBECHOTO OMHCY 3adadi 10 ii ¢opMambHOTO TpeACTaBICHHSA. Y Tporeci Gdopmamizartii
BU3HAYAIOThCS 3MiHHI, SIKI BUKOPHUCTOBYIOTHCS Yy IpPOrpami, BCTAHOBIIOIOTHCS 3aJEKHOCTI MIX
HUMH Ta GOPMYIOTHCSI MaTEMAaTUYHI a00 JIOTIYHI MOJIEINI 3a1adi.

Qdopmarizamis 3a7adi € BaXIMBUM €TAaoM airopuTmizamii. Bona mo3Boisie TOYHO
BU3HAYUTU CTPYKTYpPY OOYHCICHb Ta YHHKHYTH HEOJHO3HAUYHOCTI Yy TpaKTyBaHHI 3ajxadi. Y
pesyibTaTi (dopmamizailii mporpamicT OTPUMYE YITKE YSABIEHHS MPO Te, sAKI JaHI HEOOXITHO
00po0IIsTH Ta SIKI pe3yabTaTH MOBUHHA BUAABATH MIPOrpaMa.

ITicns dopmamizamii 3amadi BUKOHYETHCS PO3pOOKa aaropuTMy. AJITOPUTM BH3HAYAE
MOCTIIOBHICTh JiH, sKI HEOOXIMTHO BHKOHATH I OTPUMaHHS pe3yiabrary. Ha mpomy erarmi
IpOrpaMicT BU3HAYA€E CTPYKTYpy OOUYHMCIICHb, BUKOPHCTAaHHS YMOBHHUX OIIEpPAaTOpiB 1 IMKIIB, a
TaKOK MOPSIIOK BUKOHAHHS OTeparliii.

AnroputM Moke OyTH TOJAaHMK y BUTJISAL CIOBECHOTO OIUCY, NCEBIOKOAY abo OJIOoK-
cxeMH. Bukopucranus 6J10K-cxeM J103BOJISIE HAOUHO MPEACTAaBUTH JIOTIKY aJrOpPUTMY 1 MOJETUIyE
MepeBipKy MPaBUILHOCTI HOTO OOy I0BH.

[Ticnst po3poOKu anropuTMy BUKOHYETHCS peaiizallis MporpaMHoro koay. Peamizaris
nependaydae 3amuc alropuTMy MOBOIO MpOrpaMyBaHHS. Y MeXaxX AMCHMILTIHU aaropuTMisarii ta
MporpaMyBaHHs AJIs pealiizallii alrOpuTMIB 3a3BUYail BUKOPUCTOBYETHCS MOBa mporpamyBanHs C
abo C++.

[lix wac HamucaHHS TPOTPaMHOTO KOJY BHKOPHCTOBYIOTHCSI 3MiHHI, OIEpPaTOpH
MIPUCBOIOBAHHS, apu(METHUYHI onepariii, yMOBHI onepaTopH Ta OIepaTopu IHKIiB. BaxiuBo, moo
CTPYKTypa IMpOrpaMu BiAMOBiAaja JIOTIMi aJrOpUTMY, PO3pOOIICHOTO Ha TIONEPEAHBOMY €TaIli.

[Ticnst 3aBepiIeHHs peajtizallii mporpaMu BUKOHYETHCS ii TecTyBaHHS. MeTOI0 TeCTyBaHHS €
nepeBipka MPaBWIIBHOCTI poOOTH MpOorpaMud Ta BUSBICHHS MOXIMBUX mnommiok. [lim dac
TECTYBaHHSI BUKOPUCTOBYIOTHCS Pi3HI HAaOOpU BXIHHUX JaHUX, IO JO3BOJISIE MEPEBIPUTH POOOTY
IIPOrpamMu y pi3HUX CUTYyallisX.

OcTaHHIM €TarnoM XHUTTEBOTO LUKy IPOrPaMHOro 3a0e3MeUeHHs € CYMpPOBiJ IPOrpaMHOI0
npoaykty. CymnpoBil BKIIOYAE€ BUIPABICHHS TOMIJIOK, YIOCKOHAJICHHS (PYHKI[IOHATHHOCTI
MporpamMu Ta ii aJlanTallio 10 HOBUX YMOB BUKOPUCTAHHS.

TakuM umMHOM, Qopmanizamis 3aaadi Ta po3poOKa aNrOpUTMY € BAXKIMBUMHU €TaraMu
CTBOPEHHS MporpaMHoro 3abesmedyeHHs. Came Ha mUX eTamax (QOPMYETHCS JIOTIYHA CTPYKTypa
Mail0yTHBOI porpamMu, BU3HAYAIOThCs HEOOXI/IHI JJaHl Ta criocoou ix 0OpoOKu.

IIpakTn4yHe 3aBAaHHSA

1. I[IpoananizyBatu NpUKIaJHY 3a/1a4y Ta BUKOHATH 11 (popMai3aiiito.

2. BuzHaunTy BXiaHI Ta BUX1IHI J1aH] 3a1ayl.

3. [TobynyBaTn MaTeMaTU4yHy a0 JIOTTYHY MOJIEIb 3a/1ad4i.

4. Po3poOuTH anropuT™ po3B’si3aHHS 3a/1a4l Y BUTIISIII OJIOK-CXEMH.

5. 3anucaTty alropuT™ y BUTIISI TICEBIOKOAY.

[Tpukmnan 3ama4i i BUKOHAHHS poOOTH: PO3poOWTH anropuTM OOUYMCICHHS 3HAYECHHS

byHKIT
y=(a+h)/c.

Jie 3HaYeHHA 3MIHHUX (a), (b) Ta (C) BBOAATHCS KOPUCTYBAUEM.



MeToanuHi BKa3iBKH 10 BUKOHAHHSA MPAKTUYHOT0 3aBIaHHSA

[lepen moyaTkoM BHKOHAHHS poOOTH HEOOXITHO YBa)KHO IMPOAHANi3yBaTH YMOBY 3ajadi.
[ToTpiOHO BU3HAYMTH, SIKI BEIMYMHU € BXIHUMH JaHUMH, a Ki — pe3ylbraTamu oOuncieHnHs. Ha
[IbOMY €Tarli JOLIIBHO 3aIHCaTH CIOBECHUI OMKC 3a7a4i Ta BUZBHAYHUTH 11 METY.

Jami BukoHyeThcs (opmamizamis 3amadi. HeoOXimHO BBECTH IMO3HAYCHHS 3MIHHUX,
BU3HAUUTHU IX TUIM Ta BCTAHOBUTH MAaT€MaTHYHI 3aJIEKHOCTI MDK HUMH. SIKIIO 3a7adya MiCTUTh
MareMaTuyHy Gopmyiy, ii MoTpiOHO 3amucaT y 3py4HOMY JIJIsi OOUMCIICHHS BUTIISII.

[Ticnsa dopmarizariii 3aga4i po3poOOISETHCA aANTOPUTM 11 pO3B’s3aHHA. AJITOPUTM TTOBHHEH
MICTUTH Taki OCHOBHI €Tamy: IOYaTOK aJrOpuTMy, BBEACHHS BXIJHUX JAaHUX, BHUKOHAHHS
HEOOX1THUX 00YHCIICHb, BUBEJICHHS PE3YJIbTATIB Ta 3aBEPILICHHS AJITOPUTMY.

JIJisi HA0YHOTO TPEICTABJICHHS aNTOPUTMY HEOOXiMHO MOOyayBaTH OJOK-cxemy. Y OIIOK-
cxeMi OBHHHI OyTH BUKOPUCTAHI CTaHIAPTHI rpadiuHi eeMeHTH, 110 BiINOBIAIOTh PI3HUM THUIIAM
ornepauiid. Baxxinmnpo 3a6e3meunTy NpaBUIbHY MOCITIAOBHICTh MEPEXO/iB MK OJIOKaMU.

[Ticnss moOGynoBM OJOK-CXEMH alrOpuTM HEOOXIHO 3amucaTH y BHUIUIAIL TICEBIIOKONY.
[IceBnoko 03BOJISIE MPEICTABUTH AITOPUTM Y TEKCTOBIM opMi, OJIM3BKIN O MPOTPaMHOTO KO,
asie 0e3 MpUB’A3KU A0 KOHKPETHOT MOBH IIPOTPaMyBaHHSI.

[Tin yac BUKOHAHHS POOOTH CIIiJl 3BEPHYTH yBary Ha JIOTI4YHY MOCIIJOBHICTh BUKOHAHHS
anropuTMy. Yci omepaiii MoBUHHI OyTH 4iTKO BHU3HA4Y€Hi, a aJITOPUTM MOBUHEH 3aBEPIIYyBaTHCS
OTPUMAaHHSM pe3yJbTaTy.

KonTpoJbHi nuTanus

1. o po3yMitOTh Mij )KUTTEBUM LIUKIOM MPOTPAMHOTO 3a0e3MeYeHHS?

2. SIKi OCHOBHI €Tanu KUTTEBOTO UKy TPOrPaMHOTro 3abe3nedeHHs?

3. o take popmamnizarris 3aga4i?

4. SIxi eTanu BKJIIOYAE MPOIEC aNTOPUTMI3AIi?

5. SIxi cmocoOu MojaHHs AITOPUTMIB BUKOPUCTOBYIOTHCS Y TIpOrpamMyBaHH1?
6. SIky poJsib Bifirpae 6JI0K-cxeMa IiJT 9ac po3poOKHU alnropuTmy?

7. YuM BIOPI3HAETHCS MICEBIOKO/T BiJl IPOIPaMHOT0 Koy?

8. YoMy BaXJIMBO BUKOHYBATH aHaII3 3ajaul epe]l HalMCaHHIM [porpaMu’?

3mMicT 3BiTY

1. Ha3Ba ta meta poboTH.

2. ®opMyIOBaHHS PUKIAIHOT 3a4aul.

3. ®opmanizariis 3a7a4i (BUZHaYCHHS 3MIHHUX 1 MaTeMaTUYHOI MOJE1).
4. briok-cxema alnropuTMy po3B’si3aHHSA 3a]1adi.

5. IlceBIOKOI anropuTMmy.

6. BucHoBKY 3a pe3yabTaTaMi BUKOHAHHS POOOTH.



IIpakTuyna podora 3. Peanizauis JiHIHNX aJIrOpUTMIB Ta BBeIeHHSI-BUBEICHHS TaHUX
Kuro4uoBi mos1o:xxeHHs

[Ticnst po3poOKK aNrOpUTMy HACTYITHUM €TallOM CTBOPEHHS IMPOTPaMHOTO 3a0e3MeUYeHHs €
fioro peaizallisi MOBOIO ITpOrpamMyBaHHs. Y MeXax JAUCHUILTIHU aJTOPUTMI3allil Ta MporpaMyBaHHs
JUTSL peastizallii alropuTMiB BUKOPHUCTOBYEThCS MOBa rnporpamyBanHs C abo C++, ska € oAHIero 3
HalMOMMpPEeHINX MOB CUCTEMHOT'O Ta MPHUKJIAJHOIO NporpamyBaHHs. L{s MoBa xapakrepusyeTbcs
BHCOKOIO €(EKTHBHICTIO BUKOHAHHS IPOTrpaM 1 IMPOKUMH MOXIIMBOCTAMHU POOOTH 3 IaM ATTIO Ta
JAHUMH.

HaiinpocrimmMu anroputMamH € JTiHiiHI aroput™u. JIIHIHHUN alrOpUT™ — 11€ JITOPUTM, Y
SKOMY BCi KOMaH/ BUKOHYIOTBCS TOCIHIJOBHO OJHA 32 OJHOIO 0€3 pO3TalyXeHb Ta MOBTOPEHb. Y
TaKUX aJTOPUTMAax MOPSAIOK BUKOHAHHS ONepaliil BU3HAUCHHH OJHO3HAYHO, 1 KOXKHA 1HCTPYKIIiS
BUKOHYETHCS JIMIIE OJIUH Pas3.

JIiHilHI aNropuTMHM HIMPOKO BUKOPHUCTOBYIOTHCS Uil PO3B’s3aHHS 33a/ay, OB S3aHUX 13
OOYMCIICHHSAM MaTeMaTUYHUX BHMpa3iB, IEPETBOPEHHAM JaHUX ab00 BHUKOHAHHSAM MPOCTHX
O0YHCITIOBAILHUX Olepaliil. ¥ mporpaMHOMY KOJII JIiHIHHI alrOpUTMHU pPeai3ylOThCS y BUTISIL
MTOCJTIZIOBHOCTI OIIEPaTOPiB.

Jns peanizaiii mporpaM BUKOPHCTOBYETHCS IHTErpoBaHe cepeioBuile po3polOku Visual
Studio Code. Lle cydacHmii peaakTOp MPOTPAMHOTO KOy, SKAW MiATPUMYE BEIUKY KIJTbKICTh MOB
nporpamyBanHs, 30kpema C i C++. Visual Studio Code 3abe3mneuye 3pydHi iHCTpYMEHTH ISt
HaNMCaHHs, KOMITUISIIT Ta HaJaropKEHHS Iporpam.

[Tepen movyatkoM poOOTH HEOOXiTHO BCcTaHOBHTH KoMmItuisaTop C/C++. JIns iporo y cucremi
Windows 3a3Bu4aii BUKOpUCTOBYeThCs nakeT MinGW abo iHmmid cymicHuii kommiastop. Ilicns
BcTaHoBieHHsA KomminaTropa Visual Studio Code Moke BUKOpPHCTOBYBATH HOTO JAJisi KOMITUISIIT
porpam.

[Tporpama moBoto C a6o C++ Mae neBHy CTPYKTypy. BUKOHaHHS MporpamMu MOYMHAETHCA 3
¢yskii main. Came y mif (yHKIIT pO3MILIYETHCS OCHOBHA YacTHMHA ajrOpUTMy. Y mporpami
MO>KYTh BUKOPHUCTOBYBATHUCS 3MIHHI PI3HUX THIIB, apU(METHUHI oIepallii, onepaTopyu BBEJIEHHS 1
BUBEJICHHS JIaHUX.

BaxxnuBum enieMeHTOM IporpamMyBaHHs € poOoTa 3 JaHUMHU. JlaHi, sIKi BUKOPHCTOBYIOTBCS Y
nporpami, 30epiratotbcs y 3MiHHUX. Ko)kHa 3MiHHA Ma€ NEBHUM THUII, IKUM BU3HAYAE, SIKI 3HAUEHHS
BOHa Mo>ke 30epirati. Jlo OCHOBHUX TUIIIB IaHUX HaJIeXaTh 1[Il YMACIA, TIHCHI YUCIIa Ta CUMBOJIH.

Jns B3aeMofii mporpaMu 3 KOpPHCTYyBayeM BHKOPHCTOBYIOTHCSI OIlepallii BBEJEHHS Ta
BUBEJICHHS JaHUX. BBeJEeHHs NaHUX J03BOJIAE KOPHUCTyBauyy IepelaTd Mporpami HeoOXinHi
3HauYeHHS, AK1 OyIyTh BUKOPHUCTAHI MiJ yac 004YuciieHb. BUBeAEHHS JaHUX BUKOPUCTOBYETHCS IS
B1J100pakeHHs pe3yJIbTaTiB BUKOHAHHS IPOrpaMHu.

Y moBax C 1 C++ BBe[IcHHS 1 BUBEJICHHS TAHUX MOYKE 31MCHIOBATHCS PI3HUMH CITOCOOAMHU.
¥ moBi C a1 1bOro BUKOPUCTOBYIOTHCSI CTaHAAPTHI (PYHKIII BBeleHHS 1 BUBeleHHsA. Y MoBl C++
IIUPOKO 3aCTOCOBYIOTHCS MTOTOKU BBEICHHS 1 BUBEJICHHSI.

I[Tix yac HanmMcaHHS TMPOrpaM BaXKJIMBO MPABUIBLHO OpPraHi3yBaTH MpPOLEC BBEJCHHS JaHUX.
IIporpama moBMHHA YiTKO MOBIIOMJISATH KOPUCTYBaya Mpo Te, AKi 3HaUeHHs HeoOXixHOo BBecTH. Lle
JI03BOJIsIE YHUKHYTH TIOMUJIOK i1 YaC BUKOHAHHS MPOTPaMHU.

JIiHiliHI aNrOpUTMH 3a3BMYail CKJIAQJAlOThCS 3 TPhOX OCHOBHHUX €TamliB: BBEIEHHS
MOYaTKOBHUX JaHWX, BUKOHAHHS OOYHCICHh Ta BHUBEACHHS pe3yiabTariB. Taka CTpyKTypa
XapakTepHa i OUIBIIOCTI TPOCTHX MIPOTpaMm.



Hampukian, mporpama Moke OOYHMCITIOBATH 3HAYCHHS MareMaTHYHOro Bupazy. Crodarky
rporpama 3amuTye y KOPUCTyBada 3HAYCHHS 3MIHHUX, MOTIM BUKOHYE HEOOXIiTHI OOYMCIICHHS 1
MICHs BOTO BioOpaXkae pe3ynbTar.

[Tix gac peanizamii JiHIHHUX aNTOPUTMIB HEOOX1AHO 3BEPTATH yBary Ha MOPSIOK BUKOHAHHS
apudmernunux omepariii. [Ipioputer omepariii BU3HA4ae, y sIKid TOCTITOBHOCTI BHKOHYIOTBCS
OOYHCIICHHSI y MaTeMaTHYHUX BUpa3ax.

OxpiM  apupMeTHYHHX oOmepamiii, y TporpaMi BHKOPHCTOBYIOTHCS ~ ONEPATOPH
npucBoroBaHHs. OnepaTop MNPHCBOIOBAHHS BHKOPHCTOBYETBCS ISl 30CPEKEHHS pE3yIbTaTy
00YHMCIICHHS y 3MIHHIMN.

ITinm wac crBopeHHs mporpam y cepenouii Visual Studio Code BaxiauBO NpaBHIBHO
opraHizyBatu npouec Kommisii. CrioyaTKy nporpaMHHiA KoJ| 30epira€TbCsi y TEKCTOBOMY (aiiii 3
BIIMOBIAHAM po3mmMpeHHsM. [licis pOr0 KOMITUIATOP TIEPETBOPIOE TMPOTPAMHHMMA KO Y
BUKOHYBaHUH (aii.

VY pa3i HasgBHOCTI MOMUJIOK Y MPOrPaMHOMY KOJi KOMIIUIATOpP MOBimomisie mpo HUX. Taki
MOMUJIKY Ha3UBAOThCS CHHTAKCHYHUMH. [licisi BHIIpaBJIeHHS TOMWJIOK Iporpama Moke OyTh
YCIIIIHO CKOMITITFOBaHA 1 BUKOHAHA.

TakuM yuHOM, peanizallis JTiHIMHUX aNrOpUTMIB € BAXIUBUM e€TanoM (OpMyBaHHS
MPAaKTUYHUX HABHYOK MPOrpaMyBaHHs. BOHa 103BOJSIE CTyJACHTaM 3aCBOITH OCHOBHI NPUHIIMITA
pOOOTH 3 MPOTrPaMHUM KOJIOM, 3MIHHHMH Ta OTIEPALlisIMUA BBEICHHS 1 BUBCIICHHS TaHUX.

HpaKanHe 3aBJ1aHHSA

1. CtBOpuTH ITpOrpaMy Jjisi OOUMCIEHHS CYMH JIBOX YHCEN, BBEICHUX KOPUCTYBAUYEM.
2. CtBOpUTH IIpOrpamy Jjsi OOUMCIICHHS 3HAUYCHHS MaTEeMaTUYHOTO BUpa3y

y=(a+h)/c

J€ 3HAUYCHHA 3MIHHHX BBOJATHCA KOPHUCTYBAUCM.

3. Po3pobutu nporpamy st 00UMCIEHHS CEPEAHBOr0 apU(PMETUUHOTO TPHOX YHUCEN.
4. Po3pobutu nporpamy Juis 00UHUCIECHHS IO NMPSIMOKYTHHKA 32 3aJJaHUMU CTOPOHAMHU.
5. Po3poOutu mporpamy asst 00uucCiIeHHs 3HaYeHHs (QyHKIIT

S=a’+b?
Jie 3HaUYEHHS 3MIHHUX BBOJSITHCA 3 KJIaBIaTypH.
MeToau4Hi BKa3iBKH 10 BUKOHAHHS MPAKTUYHOT0 3aBIaAHHS

[Tepen mouaTkoM BUKOHAHHS poOOTH HEOOXIAHO MiIrOTYBAaTH cepeloBHILE po3podku Visual
Studio Code. Ilicast 3amycky cepeioBHWINa CJijJi CTBOPUTH HOBUH (haill mporpamMHOro Koay 3
PO3IIUPEHHSM .C 200 .cpp.

VY nporpami He0OXiTHO OrOJOCUTH 3MiHHI, 5IKi OyyTh BUKOPUCTOBYBATHUCS /s 30epiraHHs
BXIJJHUX JIaHUX Ta pe3y/ibTaTiB 00UMCiIeHb. THMN 3MIHHUX MOBHHEH BIJIOBIIaTH XapakTepy JaHUX,
SIK1 BOHU 30€piraroTh.
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Jami y mporpami HEOOX1THO peasizyBaTh BBEICHHS HaHUX 3 KiaBiatypu. Ilicis BBemeHHs
3HA4YEHb 3MIHHUX BUKOHYETHCSI OOUMCIICHHS B1IMOBITHOTO MAaTEMAaTHYHOT'O BHPa3y.

Pesynbrar o0unciaeHHs HEOOXiAHO 30eperTu y 3MiHHIM 1 micias bOTO0 BUBECTH HA €KpaH.
JU1st IIbOTO BUKOPUCTOBYIOTHCSL CTAaHIAAPTHI 3aCO0M BUBEICHHS IaHUX.

[Ticns nHamucanHas nporpaMu HeoOXimHO 30epertw (aia i BUKOHATH KOMIUIAIIIO 3a
nonomororo komminaropa C/C++. Skmo y nmporpami BiICyTHI CHHTaKCHYHI TIOMIJIKHA, KOMIIUISATOP
CTBOPHUTH BUKOHYBaHUH (haidJl.

[Ticns koMmiALii mporpaMmy HEOOXITHO 3aMyCTHTH 1 NMEPEBIpUTH ii poOOTY HaA KITBKOX
Habopax BXigHuX JaHux. OTpumaHi pe3yJbTaTd I[IOBUHHI BIATOBIAATH MaTeMaTHYHUM
PO3paxyHKaMm.

VY pa3i BUHUKHEHHS TMOMHJIOK HEOOXiJHO TEpeBIpUTH MPOTPAMHHNA KOJ, BUIIPABUTH
MTOMUJIKH Ta TTIOBTOPHO BUKOHATH KOMITUIALIIIO.

KoHTpobHI nUTaHHSA

1. Illo Ha3uBa€eTHCS JIHIMHUM aJITOPUTMOM?

2. SIxi OCHOBHI eTanu peaizaiii JiHIHHOTO aNTOpUTMY?

3. SIky ctpykTypy Mae nporpama MoBoro C a6o C++?

4. SIxy pons Bimirpae QpyHkIis main?

5. J171st 40r0 BUKOPUCTOBYIOTHCS 3MiHHI Y TIporpami?

6. SIki omeparrii BAKOPUCTOBYIOTHCS IS BBEICHHS 1 BUBSICHHS TaHUX?
7. SIxi eTanu BKIIIOYAE MPOLIEC KOMITUISIIT Tporpamu’?

8. SIki MOMWJIKM MOXYTh BUHUKATH TIiJ] 4aC KOMITUIAIIT Tporpam?

3mMicT 3BiTY

1. Ha3Ba ta meta poboTH.

2. KopoTki TeopeTnudHi B1IOMOCTI PO JIiHIHHI aITOPUTMHU.

3. [Iporpamuuii KoJ1 po3poOOJICHUX TIPOTpaMm.

4. Pe3ynbTaTi BUKOHAHHS [IPOrpaM 3 PI3HUMHU HAOOpaMy BX1JHUX JaHUX.
5. BucHOBKY 3a pe3yapTaTaMi BUKOHAHHS POOOTH.

IIpakTyna podora 4. BukopucTanus apuMeTHIHHUX ONePaLii
i mepeTBOpEeHHs THIIB JaHUX Yy IPOrpamMax

Kiro4uoBi mojiosxeHns

[lim ywac po3poOKW MpOTPaMHOTO 3a0E3MEeUeHHsS BAXJIMBY POJb BIAITpa€ BUKOHAHHS
apumMeTHyHUX OOYMCIIeHb. BUIbIIICTh MPHUKIAIHUX MpOrpaM MoOB’s3aHa 3 0OPOOKOI UYMCIOBUX
JaHUX, TOMY MpPOrpaMmicT TOBHHEH J00pe pO3yMiTH IMpaBHUiia BUKOPUCTAHHS apu(PMETHUYHHX
ornepariif, 0cOOJIMBOCTI POOOTH 3 PIZHUMH THUIIAMHU JIaHUX Ta MEXaHI3MH iX IEPETBOPEHHS.

VY wmoBax mnporpamyBaHHs C i1 C++ mepeabaueHo craHIapTHUR HaOip apuPMETHUHHX
ornepauii, siki T03BOJISIOTh BUKOHYBATH OCHOBHI MaTeMaTH4Hi oOuucieHHs. [[o Takux omepamiit
HaJIe)KaTh JOJABaHHS, BiIHIMAHHS, MHOXKCHHS, NUICHHS Ta 3HAXOMKCHHS ocTaui Bix gineHHs. Lli
oreparlii BUKOPUCTOBYIOTHCS JIJIsl OOpPOOKHU YHCIOBUX JaHUX Y OLIBIIOCTI IpOrpam.

11



Onmnepariist JoJaBaHHS BUKOPUCTOBYETHCS JUIsl OOUMCIEHHSI CyMH JBOX 3HadeHb. Omneparis
BiIHIMaHHS JI03BOJISI€ BU3HAYUTH PI3HMINIO MK 3HaueHHsAMH. Oniepariisi MHOXXEHHS 3aCTOCOBYETHCS
Uit 00uMCIIeHHsT 10OyTKy umcen. Onepartlist TiJIeHHS A03BOJI€ 3HANTH pe3yNbTaT AUIEHHS OJHOTO
yrcna Ha iHme. Oneparlisi 3HaXOKEHHS OCTa4yi BHUKOPHCTOBYETHCS JIMIIE JUIA LIJMX YHCEN 1
JI03BOJISIE BUBHAYUTH 3QJIMIIOK Bifl TiJIEHHS.

BaxmBoro 0COOMUBICTIO BUKOHAHHS apu(METHYHHX OMNepaliii € MpiopuTeT olepaiii.
[IpiopuTter BU3HAuYa€ MOPSAIOK BHUKOHAaHHS OOYMCICHb y MaTeMaTHUYHUX Bupaszax. Hampukmnan,
orepallii MHOKEHHS 1 JIIJICHHS BUKOHYIOTBCS PaHillle, HDK Omepallii 1o1aBaHHs 1 BigHiMaHHs. Jlis
3MIHH NOPSIIKY BUKOHAHHS 004YHCIICHb BUKOPUCTOBYIOTHCS KPYTJIl TYKKH.

Y mporpaMmyBaHHI 4acTO BHUKOPHUCTOBYIOTHCS CKJIaJHI apuMETH4YHI BUpPA3H, sKi MICTATh
KiJTbKa omepamniii. ¥ Takux BHIIQAKaX NPOTPaMiCT MOBHHEH YBAXKHO KOHTPOIIOBATH MOPSIOK
BUKOHAHHS 00YMCIICHb, [00 OTPUMATH MPABHIBLHHUNA PE3YIIbTaT.

[Ile ogHUM Ba)KIMBHM aCHEKTOM POOOTH 3 apu(METHUHUMH OIEpaIiiIMU € BUKOPHUCTAHHS
pisnux TtumiB ganux. Y MmoBax C i1 C++ mependadeHo KinbKa YHUCIOBHX THIIB JaHux. [lo
HAWMONIMPEHIIINX HaleXaTh Il 4Mcia Ta AiiicHI yucna. L{im Yuciaa BUKOPUCTOBYIOTHCS IS
MIpe/ICTaBJICHHs 3Ha4eHb 0e3 JIpoO0OBOi YaCTUHU, TOAI SK MIMCHI YUCNA TO3BOJISIIOTH MPALIOBATH 3
IpoOOBUMHU 3HAYEHHSIMU.

[Tin yac BUKOHAHHS OOYMCIICHb BAYKIMBO BPAXOBYBATH THUIIM 3MIHHUX, IO OEPYyTh y4acTh y
BUpa3i. Skio obuaBa onepaHIu € HUIMMH YHCIaMH, Pe3yabTaT OOYMCIICHHS TaKoX Oyde LiTUM
9HCIOM. Y TaKOMY BHIAAKY APOOOBa YacTHHA pe3yibTaTy Oy/e BiIKUHYTA.

Hanpuknan, sKIo BUKOHATH AIJICHHS JABOX IUIMX YHCEN, pe3ylbTaToM OyJe Mije YHcIo,
HaBITh SKIIO MAaTEMaTHYHO PE3yJNbTaT Mae IpoOOBy dacTuHy. lle € BaJIMBOIWO OCOOIUBICTIO
po6OoTH apupMETUIHHX ONeparlliil y mporpaMmyBaHHi.

Jis oTpuUMaHHA TOYHOTO pPE3yJbTaTy OOYHUCIEHHS HEOOXiJHO BHKOPHUCTOBYBATH 3MiHHI
AificHOro TuMy. Y 1[bOMY BUIIAAKY PE3yJIbTaT 0OUMCIIeHHs Oy/1e MICTUTH JPOOOBY YaCTHHY.

VY nporeci 06UMCIEHb YaCTO BUHUKA€E HEOOXIAHICTh MEPETBOPEHHS OJHOTO TUIY AAHUX Ha
iHmmi. Takuil mpolec Ha3MBA€THCS MEPETBOPEHHAM THUINIB JaHUX. [lepeTBOpeHHs TUIMIB 103BOJIsE
3MIHIOBATH CIIOCIO MPEACTaBICHHS JAaHUX Y Mam’siTl KOMIT IoTepa.

[lepeTBOpeHHsI TUIIB MOKE BUKOHYBAaTHCS aBTOMAaTMYHO abo $BHO. ABTOMaTH4YHE
MIEPETBOPEHHSI TUIIB B1I0YBa€ThCs MiJl YaC BUKOHAHHS apu(PMETHYHUX Ollepallii, K10 y BHpasi
BUKOPHUCTOBYIOTHCSI 3MIHHI PI3HUX THUIIIB. Y I[bOMY BHUIIaJKy KOMIIUJITOP aBTOMaTHYHO MPUBOIUTH
3HA4YeHHs /10 BIAMOBIIHOTO TUITY.

Hanpuknan, skmo y Bupasi OepyTh ydacTh LJI€ YHCIO 1 AiICHE YHCIO, PE3ysbTaT
obOuncnenHs Oynae milicHuM uncnoMm. Lle moB’s3aHo 3 TUM, 1O AIMCHHUI THUN Mae€ BHILY TOYHICTh
NIPEJCTaBICHHS JaHUX.

SIBHEe TIepEeTBOPEHHSI THUIIIB BHKOHYETHCS MPOTPaMicTOM. BOHO BHUKOPHUCTOBYETHCS y THX
BHIAJIKaX, KOJIM HEOOXITHO CIeiaJIbHO 3MIHUTH THI 3HAYEHHS II1J] YaC BUKOHAHHS TPOTPAMH.
SIBHEe TIEpeTBOPEHHSI THUIIIB JIO3BOJISIE KOHTPOJIIOBATH TPOIEC OOYUCICHHS Ta YHUKATH ITOMHJIIOK,
OB’ sI3aHUX 13 HEMPABUIHLHUM THITOM JJAHUX.

[Tix wac mporpaMyBaHHS BaKJIMBO IPABMIFHO BUKOPHUCTOBYBATH IIEPETBOPEHHS THIIIB,
OCKIUJTbKU HETIpaBHJIbHE MEPETBOPEHHSI MOKE MPU3BECTH IO BTPATH TOUHOCTI a00 /10 HEKOPEKTHHX
pe3yNnbTaTiB 00YUCIICHb.

[Ile ogHUM Ba)KJIMBHMM acleKTOM € BUKOPHCTaHHS apu(PMETHUHUX olepaliil y MoeIHaHH] 3
oreparopamMu TNpUCBOIOBaHHsA. OnepaTop TNPUCBOIOBAHHS JI03BOJsIE 30epiratu  pe3ynbTaT
oOuucinenHss y 3MmiHHIM. Ilicnms BuUKOHaHHS omepaiii HOBE 3HAuY€HHS 3MIHHOI MOXe
BUKOPHCTOBYBATHCS y TIOJANTBIIINX OOYNCIICHHSX.
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VY mporeci po3poOKH mporpaM HEoOXITHO TaKOX BPaXOBYBATH MOJKJIWBICTh BUHUKHEHHS
MMOMUJIOK TiJ 4ac oOumciieHb. Hampukman, aijeHHS HA HYJIb € HEJOMYCTHMOIO OTEpalIli€lo 1 MOXKe
MIPU3BECTU JI0 aBapiifHOTo 3aBepiieHHs mporpamu. Came TOMY HpPOTpaMiCT MOBHHEH MEPEBIpsITH
BXIJIHI J1aH1 TIepe]] BUKOHAHHIM OOYHCIICHb.

VY cepenoBumi Visual Studio Code HammcaHHS Ta TeCTyBaHHS IMPOrpaMm 3HIMCHIOETHCS Y
TEKCTOBUX (pailyiax 3 po3MMpEeHHAM .¢ abo .cpp. Ilicns HamumcaHHS MPOrpaMHOrO KOAY MporpaMma
KOMITUTFOETBCSL 3a Jomomoror kommiastopa C/CH++, micas 4oro Moke OyTH BHUKOHaHa Yy
KOMaHJIHOMY PAJIKY a00 y BOY/IOBaHOMY TEpMiHAII CEpEOBHIIIA.

TakuM YMHOM, BUKOPUCTAHHS apH(METUYHHUX OIepaliid 1 MmpaBHiIbHA poOOTa 3 THUIIAMH
JaHUX € BKJIHMBOIO CKJIAJIOBOIO MPOrpaMyBaHHs. PO3yMiHHsI NpaBHJ BHKOHAHHS apu()METHUHHX
orepariiii, mpiopuTeTy OOYMCICHh Ta MEXaHI3MiB IEPETBOPCHHS THUIIIB JO3BOJSIE CTBOPIOBATH
KOPEKTHI Ta e()eKTUBHI IPOrpaMH.

HpaKanHe 3aBAaHHA

1. P03p06I/ITI/I IporpamMy s 00YKCIEeHHS 3HAYEHHSI MATEMATUYHOT'O BUpa3y
S=(@+h)/c

A€ 3HAYCHHA 3MiHHI/IX BBOJATHCA KOPUCTYBAYCM.

2. Po3poOutu nporpamy A 00YMCIIEHHS 3HAYEHHS BUPa3y
y=(a+b)/(a—h)

3. CtBopHTH TIpOrpaMy JJIsl OOUUCTICHHS CEPEAHBOr0 apu(PMETUYHOTO TPHOX YUCEN.

4. Po3poOutu mporpamy, sika BHU3HA4Ya€ pe3ylnbTaT MIJICHHS JIBOX YHCENl 1 BUBOJIUTH SIK
pe3yibTaT AUICHHS, TaK 1 0OCTady BiJ JIJICHHS.

5. CtBopuTH TIporpamy, y sIKiii BHUKOPHUCTOBYETHCSI SIBHE TEPETBOPEHHS THUIIB MiJ dYac
BUKOHAHHS apU(PMETUYHUX ONepariil.

MeTOIlI/I‘IHi BKa3iBKH A0 BUKOHAHHSA MPAKTUYHOI0 3aBAAHHA

[Tepen moyaTkoM BUKOHAHHS pOOOTH HEOOX1AHO BiAKpuTH cepenoBuine Visual Studio Code
1 CTBOPUTH HOBUH1 (haiin mporpaMHOro Koy 3 pO3LUIMPEHHSIM .C a0 .cpp.

¥ nporpami He0OX1IHO OTOJIOCUTH 3MiHHI, SIKI BAKOPUCTOBYIOTHCS JUIsl 30€piraHHs BXIAHUX
JAHUX 1 pe3yabTaTiB 00YKCIICHHs. THIT 3MIHHUX MIOBHHEH BIMOBIIATH XapaKTepy OOUHCIICHb.

[Ticast orosiomieHHs 3MIHHUX HEOOXIJHO peali3yBaTH BBEJIEHHS 3HAUY€Hb 3MIHHUX 3
kiaBiaTypu. [1icis 11bOT0 BUKOHYETHCS 00UMCIIEHHS BIAMOBITHOTO apu()METHUYHOTO BHPA3y.

[Tin yac BUKOHAHHS O0YMCIEHb HEOOX1THO BPaxOBYBaTH MOPSIOK BUKOHAHHS omepaiiil. ¥
pa3i HeOOX1AHOCTI CITiJl BAKOPUCTOBYBATH JIY>KKHU JJISl 3MiHH MOPSAJKY 00UHCIICHb.

V 3aBnaHHsX, 10 NependavaroTh BUKOPUCTAHHS PI3HUX THIIB JaHUX, HEOOX1HO BUKOHATH
nepeTBOpeHHs TUMIB. Lle 103BOUTh OTpUMaTH KOPEKTHUH pe3ynbTaT 0OUNCIIEHHS.

[Ticnss BuUKOHaHHS OOYMCIEHb pE3yNbTaT HEOOXiAHO BHMBECTM Ha ekpaH. Jlius 1poro
BUKOPHUCTOBYIOTHCSI CTAHIapPTHI 3aCO0M BUBEACHHS JaHUX.
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[licns HammcaHHS TIporpaMu HEOOXITHO BUKOHATH 11 KOMITUIALIO. Y pa3i BUHUKHEHHS
MMOMHUJIOK KOMIIIISITOP TOBIIOMUTH TIPO iX HasBHICTH. [liciis BUMpaBIICHHS TOMMIIOK IpoOrpamy
HEOOX1THO TOBTOPHO CKOMITLITIOBATH 1 3aITyCTUTH.

OTtpumani pe3yabTaTé HEOOX1AHO MEPEBIPUTH HA KUTBKOX HAOOPax BXITHHUX JTAHHX.

KoHTpobHI nUTaHHSA

. SIxi apudmeTryHi oneparlii BUKOPUCTOBYIOThCS Y MoBax C 1 C++?
. [llo Bu3Hayae npiopuTeT apuPMETHIHUX OTIEPALIiii?

. SIKl TUTIM TAaHWX BUKOPUCTOBYIOTHCS JIJIS IPEJICTABICHHS YUCeN?

. Y 4omy mosiArae BiIMiHHICTh MIXK IUIMMU 1 JIKCHUMU YHCIIaMU?

1
2
3
4
5. IIlo Take aBTOMaTH4HE EPETBOPECHHS THITIB JAaHUX?
6. I1lo Take sBHE EPETBOPECHHS THIIIB JaHUX?

7. SIxi MOMUJIKM MOKYTh BUHUKATH I1i]] YaC BUKOHAHHS apu(pMETHIHUX orepawin?
8

. HoMy BayKJIMBO BpaxOBYBAaTH THIIM 3MIHHUX i/l YaC BUKOHAHHS O0YUCIICHb?
3mMicT 3BiTY

1. Ha3Ba ta meta poboTH.

2. KopoTki TeopeTryHi BiIOMOCTI ITpo apuMETHYHI Omeparlii Ta TUIIN JaHUX.
3. IIporpamHuii Ko po3poOIECHUX MIPOrPaAM.

4. PesynbTaT BUKOHAHHS IPOTPAM.

5. BucHOBKY 3a pe3yabTaTaMi BUKOHAHHS POOOTH.

IIpakTuyna podora 5. 3acTocyBaHHS JOTiYHUX OoNepalii
Ta onepanii BITHOIIECHHS y IPOrpaMyBaHHi

Kiro4uoBi mojiosxeHns

[Tig gac po3poOku mporpamMHOro 3a0e3NedyeHHs] BaXJIMBY pOJIb BLAIrpae aHalli3 yMOB Ta
NPUUHATTSA PIIIeHb 3aJ€KHO Bl 3HAYeHb 3MIHHMX. Y TMPOTpaMyBaHHI II€ peali3yeThCcs 3a
JIOTIOMOTOI0 JIOTIYHUX BHUPA3iB, sIKi (HOPMYIOTbCS 3 BHUKOPUCTAHHSAM OIEpaliil BiTHOLIEHHS Ta
noriunux omnepaniifl. Taki oneparii A03BONAIOTH MEPEBIPATH BUKOHAHHS IE€BHUX YMOB 1
BUKOPUCTOBYIOTBCA IiJ Yac peajizalii po3raly’>kKeHUX alrOpUTMIB.

Omnepartiii BiJHOLIEHHS BHKOPHCTOBYIOThCS [UIl TIOPIBHSHHSA 3HAu€Hb 3MIHHUX a0o
pe3yibTaTiB OOYHCIICHHsS] BUpa3iB. Pe3yiabTaToOM BUKOHAHHS oOIepallii BIJHOIICHHS € JIOTIYHE
3HaueHHs — icThHa abo xuba. Y mMoBax mporpamyBaHHs C 1 C++ qisl 1MO3HAYE€HHS 1CTUHHOIO
3HA4YCHHSI BUKOPUCTOBYETHCS HEHYIHOBE 3HAUCHHSI, a ISl XHOHOTO — HYJIb.

Jlo ocHOBHUX omepalliif BiTHOIIEHHSI HaJleXaTh MepeBipka piBHOCTI, MepeBipKa HEPIBHOCTI,
nepeBipka O1IbIIOro abo MEHIIIOTO 3HAYEHHSI, a TAKOXK MepeBipka O1IbIIOro abo piBHOTO 1 MEHIIOTO
abo piBHOro 3HaueHHs. Lli omepaiii 103BOJSAIOTH BUKOHYBAaTH PI3HOMAHITHI MEPEBIPKU Mija yac
BUKOHAHHS IIPOTPaMHU.

Onmnepariii BiIHOIIEHHS HMIMPOKO 3aCTOCOBYIOThCS y MPOTpaMyBaHHI JUIsl EPEBIPKH 3HAUECHD
3MIHHUX IIepe]l BUKOHaHHAM NeBHuX Jii. Hanpukmnan, mporpama Moxke nepeBipsTH, Y MEPEBHILY€E
TIeBHE 3HAYEHHS 3aJaHHI TIOPIT, Y € YHUCIIO JOJATHUM a0o0 BiJ’€MHUM, a00 YU HAJIC)KUTh 3HAYCHHS
710 TIEBHOTO 1HTEpBATY.
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Y OinbpIl CKIAIHUX CHUTYaIisX OJHI€l omeparii BIAHONMIEHHS HEIOCTaTHhO. Y TaKHUX
BHIAJIKaX BUKOPHUCTOBYIOTHCS JIOT1UHI oOIleparlii, sKi T03BOJSIOTh 00’ €QHYBaTH KUIbKa yMOB Yy
€IMHUM JoriyHui Bupas. JloriuHi onepailii BUKOPUCTOBYIOTHCS ISl (POPMYBAHHS CKJIAIHUX YMOB
MEPEBIPKHU.

Jlo OCHOBHHIX JIOTIYHUX OIEpalliii HaJeKaTh JOTIYHE MHOXCHHS, JIOTIYHE J0/IaBaHHS Ta
joriuHe 3amepedeHHs. JloriyHe MHOXKEHHS BUKOPUCTOBYETHCS JJIsi TEPEBIPKH OJHOYACHOTO
BUKOHAHHA KUIBKOX YMOB. Pe3yibrar Takoro Bupasy Oyze iCTUHHUM JIMIIE TOAL, KOJIU BCl YMOBH €
ICTUHHUMH.

JloriuHe noAaBaHHs BUKOPHCTOBYETbCS JJIs IEPEBIPKM BUKOHAHHS X04a O OJHIET 3 KIJIBKOX
yMOB. SIKI0 Xoua 6 0JHa 3 YMOB € ICTUHHOIO, pe3yJbTaT YChOI'O JIOIIYHOIO BHpa3y TaKox Oyne
ICTUHHHM.

Jloriune 3amepeueHHs] BUKOPUCTOBYETHCS Ul 3MIHM JIOT1YHOTO 3HAYEHHS Ha MPOTHIIEKHE.
SIKo0 MoYaTKoBE 3HAYCHHS € ICTUHHUM, MICISI 3aCTOCYBaHHS Omepallii 3amepevyeHHs BOHO CTa€e
XUOHUM, 1 HABIIAKH.

Jloriuni omeparii M03BOJSIIOTH OyayBaTH CKJIQJHI JIOTIYHI BUpas3u, L0 CKJIANAIOTHCA 3
KUJIbKOX YMOB. Taki BUpa3u MIMPOKO BUKOPUCTOBYIOTHCS 1] 4ac peasizaliil yMOBHUX OMepaTopiB.

[Tin vyac moOynoBHM IIOTIYHUX BHUPAa3iB HEOOXIAHO BpPaxOBYBaTH MPIOPUTET BHUKOHAHHS
noriyHux omnepanid. Crovyatky BHKOHYIOTHCS OIepallii 3amepedeHHs], MOTiM omeparii JOTi4HOro
MHOYKEHHS, 1 JIMILE MicIsA [[bOI0 BUKOHYIOTBCS OIepallii JOriuHOro fojaaBaHHs. [ 3MiHM NOPAIKY
BUKOHAHHS JIOTTYHHX OMEpaIiii BAKOPHCTOBYIOTHCS KPYTJIl TyKKH.

[IpaBuibHE BUKOPHCTAHHS JIOTIYHHX ONEpaIliii 103BOJISIE CTBOPIOBATU THYYKI aJTOPUTMHU
00poOku nanmx. Hampukiax, mnporpaMa MOXKe MEpEBIpSATH OJHOYACHO KUTbKa YMOB Iiepen
BHKOHAHHSIM TIEBHOI orepailii 800 BUKOHYBATH Pi3Hi [Iii 3aJI€)KHO BiJ] pE3yJIbTATIB MEPEBIPKH.

Jloriuni BUpa3u € OCHOBOIO peaiizailii pO3TralyKeHHX alrOpUTMIB. Y pO3TalyKeHUX
JIrOpUTMax MOJAIBLIMHA X1JI BUKOHAHHS MPOTpaMH 3aJIe)KUTh BiJ Pe3ysbTaTy NEPEeBIPKU MEBHOT
ymoBH. CaMe TOMY IIporpamicT HOBUHEH YMITH IIPABUIBHO (POPMYBATH JIOT1UHI BUPA3H.

V¥ nporpamysanHi MoBaMu C i C++ JIOTi4HI BUpa3H MOXKYTh BUKOPHUCTOBYBATHUCS Y PI3HUX
KOHCTPYKIIISIX KEPYBaHHS BUKOHAHHSAM Iporpamu. Haifyacrinne BOHHM 3aCTOCOBYIOTHCS B YMOBHHX
oreparopax i B olepaTopax IHKIy.

ITin yac nHanucanHs mporpam y cepenoBumii Visual Studio Code mporpamicT cTBOpro€e
TEKCTOBUM (aill 13 MpPOrpaMHUM KOJIOM, MICJIS YOTrO BHKOHYE KOMIIUISLIIO IpOrpamMH 3a
nonomororo komminaropa C/C++. VYV pas3i BiICYyTHOCTI CHHTaKCHYHUX MOMHJIOK KOMIUIATOP
CTBOPIOE BUKOHYBaHUH (pailn, skuit Moxe OyTH 3ammylieHuil Uit mepeBipku poOOTH MPOTrpaMy.

ITin wac TecTyBaHHsS mporpaMm, LI0 BHUKOPUCTOBYIOTH JIOTiYHI omeparii, HEeoOXiJaHO
NEepEeBIPATH Pi3HI BapiaHTH BX1IHUX JaHUX. Lle 103Bojsie mepeKoHaTUCs y MpaBUWIBHOCTI poOOTH
JIOTIYHUX BHpa3iB Ta KOPEKTHOCTI BUKOHAHHS YMOB.

TakuM 4MHOM, JIOT1YHI omepalii Ta omnepaiii BiJHOUIEHHS € BaKIMBUMHU 1HCTPYMEHTaMU
nporpaMyBaHHs. BoHU [103BOJISIIOTH aHaNi3yBaTH 3HAYEHHS 3MIHHHMX, (OpPMYBaTH CKJIaTHI YMOBU
MEPEBIPKH Ta Peai30BYBATH aJTOPUTMH, Y SKMX TOPSTIOK BUKOHAHHS I 3aJIEKUThH BiJ] TIEBHUX

YMOB.
IIpakTu4yHe 3aBAaHHSA

1. Po3pobut mporpamy, sika BU3HAYa€, Y € BBEJCHE YMCJIO JOAATHUM, BiJI’€MHUM abo
PIBHUM HYJIIO.
2. CTBOpHUTH MpOrpaMy Jjisi BUBHAYEHHS OLIBIIOrO 3 ABOX YHCEN.
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3. Po3pobutu nporpamy, sika repeBipsie, Ui HATCKUTh YUCIIO 33IaHOMY 1HTEpBAIY.

4. CTBOpUTH MpOTrpamy JJisi BA3ZHAYCHHS, Y € BBEICHE YUCIIO MapHUM a00 HEeMapHUM.

5. Po3pobutu mporpamy, sika nepeBipsie BUKOHAHHS CKIIAJHOI YMOBH, IIO MICTHTH KiTbKa
oreparliii BiIHOIICHHS Ta JIOTTYHUX OIEpaIlii.

MeT()}IH‘lHi BKa3iBKu A0 BUKOHAHHSA NMPAKTUYIHOI'0 3aBAaHHHA

Ilepen moyaTkoM BHKOHaHHS POOOTH HEOOXITHO BIIKPUTH cepeioBHiIe po3poOku Visual
Studio Code Ta cTBopuTH HOBHUH (Daiis1 MPOrpaMHOro KOAY 3 PO3MIUPEHHM .C a00 .cpp.

Y mporpamMi HE0OX1THO OTOJIOCUTH 3MiHHI, SIKI BAKOPUCTOBYIOTHCS Il 30epiraHHs BXiTHUX
naHux. Twr 3MiHHUX TTOBHHEH BiJIIOBIATH TUIY JAHUX, IO BBOIATHCS KOPHCTYBAYCM.

[Ticnss uporo HEOOXiTHO peanizyBaTH BBEAEHHS 3HA4YCHb 3MIHHHMX 3 KiaBiatypu. Jami y
nporpaMi (OpMYIOThCS JIOTiUHI BHpa3d, IO BHUKOPUCTOBYIOTH ONeEpallii BiHOIICHHS Ta JIOTIYHI
orepartii.

[Tin yac moOyAOBU JIOTTYHUX BHPA3iB HEOOXIAHO YBaXKHO MEPEBIPATH MPABUIBHICTH 3aMHCY
YMOB 1 BpaxOBYBaTH MOPAJOK BUKOHAHHS JIOTIYHUX omepamiid. Y pas3i HEoOXIAHOCTI CIif
BUKOPHUCTOBYBATH JYXKKH JIJIsl YTOUHEHHS MTOPSIKY OOYKMCIICHb.

[Ticns mepeBipkM yMOB IMporpaMa IOBMHHA BHUBECTH BIAMOBIJHE TIOBIIOMJICGHHS PO
pe3yabTar nepeBipku. 1Jis IIbOro BUAKOPUCTOBYIOTHCS CTaHIAPTHI 3aCO0M BUBE/ICHHS JIaHUX.

[Ticnst HanmMcaHHS MTPOrPaMHOTO KOy HEOOXITHO BHKOHATH KOMIIUIALIIO mporpamu. Y pasi
BUHUKHCHHS IOMIJIOK HEOOX1THO BUIIPABUTH MTPOTPAMHUHN KOJI 1 TOBTOPHO BUKOHATH KOMITUIALIIFO.

[Ticns ycmimmuoi KoMmumAmii mporpaMy HEOOXiTHO HPOTECTYBaTH Ha KUTBKOX Habopax
BX1IHUX JJAHWX, NI00 MEPeBIPUTH NPABUIBHICTH pOOOTH JIOTIYHUX BHPA3iB.

KoHTposbHi nuTanHus

. lITo Take onepartii BiAHOILEHHS?

. SIx1 onepariii BiJHOLIEHHS] BUKOPUCTOBYIOThCs y MoBax C 1 C++7?

. Illo Take moriuHi oneparii?

. SIxi OCHOBHI JIOT14YH1 Omepallii BUKOPUCTOBYIOTHCS y POTPaMyBaHHi?

. SIxkuit pe3ynbTaT BUKOHAHHS JIOTTYHOTO BUpa3y?

. SIkuit MOpsAOK BUKOHAHHS JIOTTYHUX Omepanii?

. JI71s1 4Or0 BUKOPUCTOBYIOTHCS JIOT1UH1 BUPA3H y MpOrpamMmyBaHHi?

. HoMy Ba)KJIMBO TECTYBATH MPOTPaMU 3 PI3HUMHU HaOOpaMu BX1IHUX JaHUX?

0 N O L W N —

3micT 3BiTY

1. Ha3Ba Ta meTa po6oTH.

2. KopoTki TeopeTnyHi BiIOMOCTI IIPO JIOT1YHI Oneparlii Ta oneparii BiIHOMIEHHS.
3. [Iporpamuuii ko1 pO3pOOJICHUX TTPOTPaM.

4. Pe3ynbTaTh BUKOHAHHS [IPOTPAM.

5. BUCHOBKH 3a pe3ylbTaTaMyi BUKOHAHHS POOOTH.
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IIpakTuuna podora 6. Peanizauisi po3rajsy:keHux ajJropurmis
i3 BUKOPHCTAHHSIM YMOBHHX OIlepaTopiB

KirouoBi mojio:xkeHHs

[Tlix vac po3poOkM NpPOrpaMHOro 3a0E3MEUCHHS YacTO BUHHUKAIOTH 3afadi, Yy SKHX
HNOJAIBLIMKA X1J] BUKOHAHHS QITOPUTMY 3aJ€KUTh BiJ IEBHUX YMOB. Y TaKMX BHIIAJKax
BUKOPUCTOBYIOTBCS PO3Tay’KE€HI aJrOpUTMH. Po3ranyxeHuil alroputM — Le alropuTM, y sSKOMy
3JIC)KHO BiJ] pe3yJIbTAaTy NEPEBIPKU MTEBHOI YMOBH BUKOHYIOTHCS Pi3HI MOCIIIIOBHOCTI Jii.

Peanizanis posramyXeHMX aIrOpuTMIB Yy MOBax IPOrpaMyBaHHs 3I1HCHIOETbCS 3a
JOMIOMOTOI0 YMOBHHX oreparopiB. ¥ moBax C i C++ 11t IbOro BUKOPUCTOBYIOThCA omepatop if ta
omepatop switch. Ili omepaTopu 103BOJIAIOTH 3MIHIOBAaTH TOPSJOK BHKOHAHHS I1HCTPYKIII
MIPOTpaMH 3aJIeKHO BiJl 3HAUCHb 3MIHHUX 200 Pe3yJIbTaTiB OOUMCIICHHS JIOTIYHUX BHPa3iB.

Haiibinpm mommpenum € ymoBHHE omeparop if. BiH BHKOPHCTOBYEThCS AJsl MEPEBIPKU
JIOT1YHOi YMOBH. SIKIIIO YMOBa € iICTUHHO, BUKOHYEThCS MEBHUN OJIOK 1HCTPYKULIN. SKIo yMoBa €
XMOHO0, BUKOHAHHS IPOrpaMy MEePEXOIUTh O HACTYIHUX IHCTPYKIIiH MiciIsi yMOBHOTO Olleparopa.

Icuye xinbka ¢opm BukopucTaHHs omepatopa if. Haiimpocrimor € ckopodeHa dopma
YMOBHOI'O OIleparopa, y sKiii mependaueHO BUKOHAHHSA Aii JMILIE Y BHUIAJIKy ICTUHHOCTI YMOBH.
SIK1110 yMOBa HE BUKOHYEThCSI, TpOrpamMa pocTo NEePEeXOIUTh JO HACTYIHUX 1HCTPYKIIi.

Binein mommpenHoro € moBHa popmMa yMOBHOTO oreparopa. ¥ I[bOMY BHMAJKY mepeadadyeHo
BUKOHAHHS PI3HUX MO 3aJIeKHO BiJl pe3yiabTaTy NEPeBIpKHM YMOBHU. SIKIIO yMOBa € iCTHHHOIO,
BUKOHYETHCS OJIMH OJIOK IHCTPYKIIii, a AKII0 XHOHOO — HIIHIA.

VY nporpaMyBaHHI YacTO BUHMKAIOTh 33/1adi, 10 MOTPEOYIOTh MEPEBipKH KUTBKOX YMOB. Jlist
peamizalii TakuX aJIrOPUTMIB BHUKOPHCTOBYIOTHCS BKJIAJI€HI YMOBHI OIEpaTopH. Y BKJIaJIEHHX
KOHCTPYKLIAX OJMH YMOBHMH omepaTop po3MillyeTbcsi BceepeauHi iHmoro. ILle mo3Bosse
pearizyBaTy CKJIaHi aITOPUTMH IPUHHATTS pillIeHb.

BknaseHi yMOBHI omepaTopd BUKOPUCTOBYIOTbCS, HANpPHUKIAJ, MiJ 4Yac BU3HAUYEHHS
3HaueHHS (YHKIIII, sIKa 3aJIKUTh B1J KUIBKOX YMOB, a00 MiJl 4yac KjJacu@ikaiii JaHUX 3a PI3HUMHU
kputepisiMi. OJHaK MiA 4Yac BUKOPUCTAHHS BKJIQJEHUX KOHCTPYKIIM HEOOXITHO CTEXKUTH 3a
3pO3YMUTICTIO TPOTPAMHOTO KOy, OCKUTBKH BEJIMKA KUTHKICTh BKJIAJICHUX YMOB MOXKE€ YCKJIQJHUTH
CTPYKTYpY IIPOTpaMH.

[Ile onmnum 3aco0oM peainizalii po3raly)XKeHUX anroputMmiB € omeparop switch. Lleit
OIIepaTop BUKOPHUCTOBYETHCS Yy BUIAJKAX, KOJM HEOOXITHO 0OpaTH OIHY 3 KUIBKOX allbTepHATHB
3aJIe)KHO BiJl 3HA4YeHHs 3MiHHOI. Omepatop switch 3pydHuil ans peanizaiii anropuTMiB, y SKHX
3HAa4YeHHs 3MIHHOI MOKe Ha0yBaTH KUJIbKOX (DIKCOBAHUX 3HAUYECHb.

[Tin yac BUKOpHUCTaHHsS omeparopa switch 3HaueHHS 3MIHHOI MOPIBHIOETHCS 3 KUJIBKOMa
BapiaHTaMH. SIKIIIO 3HAUYEHHS 3MIHHOI 301ra€ThCs 3 OJHUM 13 BapiaHTiB, BUKOHYETHCS BIIOBIIHUN
050k 1HCTpyKIii. Takuil miaxia J03BOJIsiE€ 3pOOUTH MPOTPaMHHI KOJ OUIBII CTPYKTYPOBAHUM Ta
3pO3YMITTUM.

Oneparopu po3rajly’)keHHs IIMPOKO BUKOPHCTOBYIOThCSI Yy IMporpamyBaHHl. Bonu
3aCTOCOBYIOTBCSl JUISi TEPEBIPKM MPaBHIBHOCTI BBEIEHMX JAHHMX, peamizamii MareMaTHYHHX
¢byHK1IHA, 00poOKH pe3ynbTaTiB 00UMCIIEHb Ta BUKOHAHHS PI3HUX JIiH 3aJI€XKHO Bl YMOB.

I[Tix yac HanucanHs nporpam y cepenosuuii Visual Studio Code nporpamicT cTBoproe daiin
MIPOrPaMHOTO KOJY 3 PO3IMIMPEHHsM .c¢ abo .cpp. Ilicis HanmucaHHS KOy MporpaMa KOMITLTIOETbCS
3a gornomororo kommuiaropa C/C++, micist yoro Moxe OyTH 3aIylieHa i epeBipku i poOoTH.
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[Tim wac TecTyBaHHS TPOTrpam, IO MICTSITh YMOBHI ONepaTopy, HEOOX1THO MEPEBIPATH BCl
MOXJIMBI BapiaHTH BUKOHAHHA alropuTMy. Lle 103BossiEe EpeKOHATHCS, IO MTPOTpaMa MPaBUIIBHO
pearye Ha pi3Hi 3HAYCHHSI BXiTHUX JaHUX.

TakuM 4YUHOM, YMOBHI ONEpaTOpy € BaKJIMBHM IHCTPYMEHTOM peaji3allii po3ralyKeHHUX
aropuT™MiB. BOHU [03BOJSAIOTH 3MIHIOBATH TMOPSAJOK BUKOHAHHS 1HCTPYKIIN 3alie)XHO BiJ
pe3ybTaTiB NEPEBIPKH JIOTIYHUX YMOB 1 3a0€3Me4yI0Th THYYKICTh IIPOTPaMHOTO KOJY.

IIpakTn4yHe 3aBAaHHS

1. Po3pobutu nporpamy a1t BU3HA4EHHS O1IBIIOTO 3 IBOX YHCEL.

2. CtBOpUTH IIpOrpamy, sika BU3HaYa€ 3HaK BBEJICHOTO YMCIIa (0JaTHE, Bia €MHE a0 HYIIb).

3. Po3poOutn mporpamy ajsi BU3HAUCHHS, Y HAJIS)KUTh YUCIIO 3a]aHOMY IHTEpBaTy.

4. CTBOpUTH MpOTpamy, sika 00UHCIIIOE 3HAUYCHHS (PYHKIIIT 3aJIC)KHO BiJl 3HAYCHHS 3MIHHO.

5. Po3pobutu mporpamy, y sKiii BHKOPHUCTOBYEThCS omeparop switch s BuOopy nii
3aJIe)KHO BiJ] BBEJJICHOTO 3HAUCHHS.

MeToau4Hi BKa3iBKH 10 BAUKOHAHHSI MPAKTUYHOT0 3aBIaHHS

[lepen moyaTkOM BHKOHAHHS POOOTH HEOOXINHO BIAKPHUTU cepenoBHile po3polOku Visual
Studio Code Ta cTBOpHUTH HOBHIA (haii IPOTPaAMHOTO KOy 3 PO3IIUPEHHSM .C 200 .Cpp.

VY mporpami HEOOXiHO OTOJIOCUTH 3MiHHI, SIKi BAKOPHCTOBYIOTHCS ISl 30€piraHHst BXiTHUX
nanux. [icis poro HEOOXiqHO peani3yBaTH BBEICHHs 3HAYCHb 3MIHHUX 3 KJIaBlaTypu.

Jami y mporpaMi HEOOXITHO peayli3yBaTH IEPEBIPKY YMOB 3a JIOTIOMOTOI) YMOBHOTO
omepatopa if abo omepatopa switch. Jloriuni Bupa3u moBUHHI OyTH cPOpPMOBaHI TaKUM YHMHOM,
1100 MpaBUIIBLHO BiIoOpakaTu yMOBY 3ajaui.

[Ticnst BUKOHAHHS MEPEBIPKM YMOB IporpaMa NOBUHHA BUKOHATH BiJMOBI/HI Jii Ta BUBECTH
pe3yabTar Ha ekpaH. J{J1s 1boro BUKOPUCTOBYIOTHCS CTAaHAAPTHI 3aCO0M BUBE/ICHHS JTaHUX.

[Ticnst HanKMcaHHS TPOrPaMHOrO KOy HEO0OX1JHO BUKOHATH KOMIIUISALIIO Iporpamu. Y pasi
BUHUKHEHHS IIOMIJIOK HEOOX1THO TIEPEBIPUTH MPOTPaMHUI KO/, BUIIPABUTH ITOMHIIKH Ta TIOBTOPHO
BHKOHATH KOMIIUISILIIO.

[Ticnst ycmimHOT KOMOUIALII MporpaMmy HEOOXITHO MPOTECTYBaTH Ha KIIBKOX Habopax
BXiIHUX JaHuxX. OcoONuBY yBary ciiji NpUIUIUTH NEpEBipLi pi3HUX BapiaHTIB BUKOHAHHS YMOB.

KonTpoJbHi nuTanus

1. [Ilo Ha3UBAETHCS PO3TATYKEHUM AJIITOPUTMOM?

2. SIxe mpu3HAYEHHS YMOBHOTO oneparopa if?

3. SIxi popmu yMOBHOTO oneparopa if BAKOPUCTOBYIOThCS Y IPOrpaMyBaHH1?
4. 1o Take BKJIaJIeHI YMOBHI OTIEpaTOpH?

5.V sIKxux BUMAJKax BUKOPUCTOBYETHCS orepaTtop switch?

6. SIxi nepeBaru Mae oneparop switch mopiBHsiHO 3 ornepaTopom if?

7. YoMy Ba)JIMBO MEPEBIPATH BC1 MOKJIMBI BapiaHTH BUKOHAHHS YMOB?

8. SIKy poJib BiIrparoTh JIOT14HI BUPA3H Y PO3TATYKEHUX AITOPUTMax?
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3micT 3BiTY

1. Ha3Ba ta meta poboTH.

2. KopoTki TeopeTHyHi BiIOMOCTI ITPO pO3TralyKeHi alrOPUTMHU.
3. IlporpaMuuii ko1 po3po0IEHUX MTPOrpam.

4. Pe3ynbTaT BUKOHAHHS IPOTPAM.

5. BucHOBKH 3a pe3yinbTaTaMi BUKOHAHHS POOOTH.

IpakTuyna podora 7. IlporpamyBaHHs 3a/1a4 i3 BUKOPUCTAHHAM OIlepaTopa BUOOpY
Ku1ro4oBi nmos1o:xxeHHs

Y mpomeci po3poOKH MPOTpaMHOro 3a0E3MEUYCHHS YacTO BUHUKAIOTH 3a7adi, Yy SKHX
HEOOXITHO BUKOHATH OJHY 3 KIJTbKOX MOMJIMBUX Jii 3aJIeKHO BiJl 3HAYCHHS MEBHOI 3MiHHOI. Y
TaKMX BUMAJAKaX BHUKOPHCTOBYIOTHCS alrOPUTMH BHOOpY. AnroputMm BuOOpy mependadae
BUKOHAHHSI PI3HUX TUIOK QJITOPUTMY 3aJI€KHO Bijl 3HAUEHHS 3MIHHOI a00 pe3ynbTaTy MepeBipKu
[IEBHOI YMOBH.

Y moBax nporpamyBanHs C i1 C++ s peamizaiii alropuTMiB BUOOPY BUKOPHUCTOBYETHCS
omepatop switch. Lleit omeparop mo3Bomsie opraHizyBaTH BHOIp OJHOTO 3 KUIBKOX BapiaHTIB
BUKOHAHHS IPOTPAMH 3aJI€KHO BiJ 3HAUYCHHS 3MIHHOI.

Omneparop switch BHKOPHUCTOBYETHCS y BHITAJIKaX, KOJM 3MiHHA MOXE HAOyBaTH KiTBKOX
JUCKPETHHUX 3HAYCHB 1 JUISI KOXKHOTO 3 IMX 3HAYCHb HEOOXITHO BUKOHATH TIEBHY MOCIIITOBHICTb JTiH.
Takuiéi mWiAXio JO3BOJISE 3HAYHO CIPOCTUTH CTPYKTYPY NPOTPaMHOTO KOAY IMOPIBHSIHO 3
BUKOPHUCTAHHSIM BEITUKOI KIJTBKOCTI YMOBHHUX OMEpPaTOPiB.

3aranbHa CTpyKTypa omeparopa switch ckiagaerbest 3 BuUpa3y, 3HA4eHHsS SKOTO
MepeBIpS€ThCSA, & TAKOXK KUTHKOX BapiaHTIB BUKOHAHHS, SIKI BIAMOBIJAIOTH MOXKIMBUM 3HAUYEHHSIM
11p0ro Brupasy. KoxeH BapiaHT BUKOHAHHS MO3HAYAETHCS CIIEL[IAJIbHOIO MITKOIO.

[Ticnst BU3HAa4YeHHs 3HAUYEHHS BHpa3y Iporpama NEpexoJuTh A0 BIJIMOBILAHOTO BaplaHTY
BUKOHAHHS 1 BUKOHY€E IHCTPYKIIi, 1[0 BIAMOBIJAIOTH [IbOMY 3HAUYEHHIO. SIKIIIO *OJIEH 13 BapiaHTIB
HE BI/NOBIJA€ 3HAYEHHIO 3MIHHO1, MOke OyTH BUKOPHCTAHUH clieliaJbHUM OJI0K, 110 BU3HAYAE Jii
3a 3aMOBUYYBaHHSIM.

Omnepatop switch € oco0arBO 3pyyHHM Y 3a7auax, OB’ A3aHUX 13 BUOOPOM il 3aJIe)KHO Bij
BBEJICHOTO KOpHCTyBaueM 3HaueHHs. Hampuknaza, 3a J0NOMOror LBOTO OHepaTopa MOKHA
pearizyBaTy IpOCTe MEHIO ITPOrpaMH, Je KOXKEH IYHKT MEHIO B1JIIIOBIJIa€ MEBHIM onepartii.

V¥ moBax C i1 C++ 3HaueHHs, sKe NepeBIpsIeThCS OnepaTopoM switch, MOBUHHO OyTH L1700
abo cuMBOJIBHOTO THITy. KOKeH BapiaHT BUKOHAHHS BH3HAYA€THCS KOHCTAaHTHHM 3HAYCHHSM, 3
SIKUM TIOPIBHIOETHCS 3HAYEHHS 3MIHHOI.

[linm wac peamizamii omepatopa switch BaXJIWBO TPaBMIBHO OpraHi3yBaTH 3aBEpIICHHS
BUKOHAHHS KOXXHOTO BapiaHTy. SIKIIO 1[bOTO HE 3pOOUTH, TPOTpaMa MOKe IPOJIOBKUTH BUKOHAHHS
HACTYIHUX BapiaHTIB, 10 IPU3BEAE 10 HEKOPEKTHOI pOOOTH MPOrpaMHu.

3acTocyBaHHA omeparopa switch 1o3Bojsie  3poOMTH  MporpaMHHM KO — OLIbII
CTPYKTYpOBaHHUM 1 3po3yMiiuM. Lle 0coOIMBO BaXIIMBO y BUMAJAKaX, KOJIH HEOOXITHO 0OpOOISTH
BEJIMKY KiJbKICTh MOKJIMBUX BapiaHTiB 3HAYEHb.

[Tig gac po3poOku nmporpam y cepenosuii Visual Studio Code mporpamicT ctBoproe daiin
MPOTPAMHOTO KOJIy 3 PO3IIMPEHHSIM .c abo .cpp. [licns HanucanHs mporpaMu HE0OX1THO BUKOHATH
i1 KOMIUIAIIEO 32 ortoMororo kommiistopa C/C++.
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[Ticns ycmimmHOT KOMIUIAIIT mporpaMy HEOOXITHO 3alyCTUTH 1 MepeBipuTH ii poOOTy Ha
pi3HEX Habopax BXigHUX aaHuX. OcoOJMBY yBary cCiiJl TPHAUIATH TEPEBIPI BCIX MOMKIHUBHX
BapiaHTiB BUKOHAHHS OIlepaTopa BUOOPY.

TakuM yuHOM, omepartop switch € BaxmBUM 3aco00M peanizaiii alropuTMiB BHOOPY Y
nporpaMyBaHHi. MIoro BUKOPHCTAHHS 103BOJISE epeKTHBHO OPraHi3yBaTH BUKOHAHHS Pi3HHX Jiif
3aJIeKHO BiJ] 3HAUEHHSI 3MIHHOI Ta 3a0e3Meuye 3p03yMily CTPYKTYpPY MPOrPaMHOT0 KOY.

IIpakTn4yHe 3aBAaHHS

1. Po3poOutu mporpamy, 1o peanizye MpocTe MeHI0 BHOOpY apudMeTHYHOI omeparii.
KopucrtyBau BBOIUTH HOMEp OIlepallii, MiCJIsg 4Oro MporpaMa BUKOHYE BiINOBIIHY apU(PMETUUHY
10 HaJ[ IBOMA YHCIIAMHU.

2. CTBOpUTH IIpOrpamy, siKa 3a HOMEPOM JIHS THDKHS BU3HAYa€ HOro Ha3BY.

3. Po3poOutn mporpamy, 110 BU3HAYAE MIOPY POKY 32 HOMEPOM MICSIIS.

4. CTBOpUTH TIpOTpaMy, sika 3a BBEJCHUM CUMBOJIOM BH3HA4a€ TUN orepalii (apupmeTrnyHa
orepallisi, CAMBOJI TTOPIBHSAHHS a00 1HIIIMI CHMBOJI).

5. Po3pobutu mporpamy, sika 3a HOMEPOM IYHKTY MCHIO BUKOHYE BIAMOBIAHY JiF0 Hal
BBEJICHUMHU JIAHUMH.

MeTOJII/I‘lHi BKa3iBKH A0 BUKOHAHHSA NMPAKTUYIHOI'O 3aBAaHHSA

[lepen moyaTkoM BUKOHAHHS pOOOTH HeoOXiaHO Biakputu cepeposuine Visual Studio Code
Ta CTBOPUTH HOBHH (haiiil MPOrpaMHOIO KOy 3 PO3IIMPEHHSM .C 200 .Cpp.

Y mnporpami HEOOXiIHO OrOJIOCUTH 3MiHHI, SIKI BHUKOPUCTOBYIOTbCA MJisi 30epiraHHs
BBEJICHUX KOpUCTYBaueM AaHuX. [licist nporo HeoOXiAHO peanizyBaTH BBEACHHS 3HAYCHHS 3MIHHOT,
sIKa BU3HAYa€ BapiaHT BUKOHAHHS MPOrPaMH.

Jani y mnporpami HEOOXiJHO BHKOpPHCTaTH omeparop switch ans peanmizauii BuOOpy
B1AMOBIAHOI Ail. {151 KOKHOTO MOMKJIMBOTO 3HAYEHHsI 3MIHHOT HEOOXIAHO Tepen0adnuTH OKpeMHUit
BapiaHT BUKOHAHHS MPOTPaMH.

VY KOXkHOMY BapiaHT1 BUKOHaHHS IIOBUHHI OyTH peai3oBaHi BIAIOBIIHI 0OuncieHHs abo aii
HaJ gaHuMu. [licis BUKOHaHHS 00YHCIIEHh HEOOX1THO BUBECTH PE3yJIbTaT Ha €KpaH.

Jlns BUMaaKiB, KOJIM BBe/IEHE 3HAYCHHS HE BiAMOBIIA€ )KOAHOMY 3 Mepea0adeHnx BapiaHTiB,
HEeoO0X1JHO nepeadaunTi 0OpoOKY MOMUIIKU BBEICHHS.

[Ticns HamMcaHHS MPOrpaMHOIO KOy HEOOX1JHO BUKOHATH KOMIUIALIIO Imporpamu. Y pasi
BUHUKHEHHS TIOMMJIOK HEOOXITHO BHIIPAaBUTH MPOTPaMHUM KOJ| Ta TOBTOPHO BHUKOHATU
KOMIJISILIIO.

[Ticns ycmimHOI KOMOUIALIT MporpaMmy HEoOXiAHO MpOTecTyBaTH Ha pI3HUX Habopax
BXIJTHUX JIaHHX, 00 TIEPEBIPUTH MPABIWIBHICTH pOOOTH OmiepaTopa BUOOpYy.

KoHnTpoJibHi nuTanus

1. [Ilo Ha3UBAETHCS ANTOPUTMOM BHOOPY?

2. JInst 4oro BUKOPUCTOBYETHCS oreparop switch?

3. SIxi THIM JaHUX MOXKYTh BUKOPHUCTOBYBATHUCS y BUpa3i onepaTopa switch?
4. Slke mpu3HAYCHHS BapiaHTIB BUKOHAHHS y omepatopi switch?

5. Iyt 90TO BUKOPUCTOBYETHCS OJIOK BUKOHAHHS 32 3aMOBYYBaHHSIM?

20



6. Y oMy NOJIATalOTh MepeBaru oreparopa switch MOpiBHAHO 3 BUKOPHCTAHHIM KIJTBKOX
YMOBHHUX OTIEpaTopiB?

7. SIki MIOMUJIKK MOXYTh BUHHMKATH IIiJ] 9ac peajizallii onepatopa BUOOpy?

8. UoMy Ba)XJIMBO TECTYBaTH BCi BapiaHTH BUKOHAHHS oreparopa switch?

3micT 3BiTY

1. Ha3Ba Ta meTa po6oTH.

2. KopoTki TeopeTHyHiI BiIOMOCTI IIPO OIIEpaTop BUOOPY.

3. [Iporpamuuii Koz pO3pOOJICHUX TIPOTpaMm.

4. Pe3ynpTaTl BUKOHAHHS IPOTpaM 3 Pi3HUMH HaOOpaMH BXITHHUX JTAHHX.
5. BUCHOBKH 3a pe3ylibTaTaMyi BUKOHAHHS POOOTH.

IIpakTnuna podora 8. Po3podka nporpaM 3 BUKOPUCTAHHAM LUKy
3 IapaMeTpPoOM Ta 00YMCJICHHS CyM i J00OYTKIB

Kuro4uoBi nojiosxkeHns

[Tig yac po3B’si3aHHA 0araTbOX MPUKIATHUX 33/1a4 y MPOrpaMyBaHHI BUHUKAE HEOOX1IHICTh
0araTopazoBOro BUKOHAHHS OJHAKOBUX a00 MOMIOHMX omepariiii. s peanizalii Takux aaropuTmis
BUKOPHUCTOBYIOTbCS LUKJIIUHI KOHCTPYKIii. LlMKIT — e KOHCTPYKIiS KepyBaHHS BUKOHAHHSIM
nporpamu, sika 3a0e3nedye MOBTOPEHHS MEBHOI TPYIU 1HCTPYKILIN 3aJaHy KiIbKICTh pa3iB abo 10
BUKOHAHHS IEBHOI YMOBH.

Y wmoBax mporpamyBanHs C i C++ icHye Kinbka TUMIB nukIiB. OAHUM 13 HaWOLIBII
NOLIMPEHUX € LUKJI 3 MapaMeTpoM, SIKUH peai3yeTbes 3a jgomnomoroo omepatopa for. Ileit tun
LUKy BUKOPHUCTOBYETHCS y BHUIAJKAX, KOJIM KUIBKICTh MOBTOPEHB 3a3/alIeTi/ib BiloMa abo MoOXe
OyTH BU3HAYeHa M1/l 4Yac MOYaTKy BUKOHAHHS aJTOPUTMY.

Omnepatop for 103BOJIsSIE KOMITAKTHO 3aITUCATH BCi €IEMEHTH KEPYBAHHS IIUKJIOM Y OJHOMY
psaaKy. Y 3aragbHOMY BHIIISZI CTPYKTypa LBOTO OIEpaTropa MICTHTh TP OCHOBHI YaCTHHH:
1HIIlai3ail0 3MIHHOI LMKy, MEpPEBIPKY YMOBH BHKOHAHHS LIMKIY Ta 3MIHY 3HA4€HHSI 3MIHHOI
LUKITY TICIS KOXKHOT 1Tepartii.

3MiHHA LUKy BUKOPUCTOBYETHCS Uil KEPYBaHHS KIJBKICTIO MOBTOPEeHb. BoHa 3MiHIOETHCS
mic/sg KOXKHOI iTepamii IUKIY 1 JI03BOJISiE MpPOrpaMi BU3HAUUTH, KOJIU HEOOXITHO 3aBEpIIMTH
BUKOHAHHS IOBTOPIOBAHUX MiM.

[{ukn 3 mapaMeTpoM IIMPOKO BUKOPUCTOBYETHCS IMiJl 4ac 0OpOOKHU MOCIHIJOBHOCTEH JTaHUX,
00YMCIIEHHSI MaTeMaTUYHUX BUpPa3iB, pOpMyBaHHS TaOIUIb 3HaU€Hb (QYHKI[IN Ta BUKOHAHHS 1HIINX
3a/1a4, y SKUX He0OX1JHO BUKOHATH MEBHY OIepallito 6aratopaszoso.

OnHi€ero 3 HAUTIOMIMPEHIMINX 3a]1a4, 10 PEATI3yIOTHCS 3a JIOMTOMOTOIO IIUKIIIB, € OOYUCICHHS
CyM Ta 100yTKIB HOciioBHOCTEN uKcen. Hanpukiaza, mporpamMa Moke 00YUCIIIOBAaTH CyMY MEpIINX
N HaTypaJbHUX YKces abo 100yTOK eIeMEHTIB IEBHOI YMCIIOBOT MOCTII0BHOCTI.

[Tin uyac oOYMCIEHHS CyM BHUKOPUCTOBYETHCS CIelliajbHa 3MiHHA, fKa Ha3MBA€THCS
HakonmuyyBaueM cyMu. Ha mouaTky BHUKOHAHHS NpOrpamMHM L 3MiHHa OTPUMYE I10YAaTKOBE
3HA4YeHHs, MICIIs YOTo Ha KOXKHIH iTepalii UKy 10 Hel T0JJa€ThCsl HOBE 3HAUEHHS.

AHaJIOTIYHO MiJg 4Yac OOYMCIEHHS JOOYTKIB BHKOPHUCTOBYETHCS 3MiHHA HAaKOMUYyBaya
no0ytky. Ha mnouaTky BUKOHaHHS MporpaMH BOHA OTPUMY€E 3HAuU€HHS, 10 BIJANOBIAA€
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HEUTpaTBLHOMY €JIEMEHTY orepallii MHOkeHHs. [1i7 yac KoXHOT iTepallii UKy TOTOYHE 3HAYCHHS
MHOHATHCSI Ha HOBUI €JI€MEHT [OCIIITOBHOCTI.

BukopuctanHs IUKIIB J03BOJISIE 3HAYHO CIPOCTUTH peaizallilo alropuTMiB 00poOKU
YHCIIOBUX IOCHIIOBHOCTEH. be3 BHUKOPUCTaHHS LHMKIIB IMPOTPaMiCTy JOBENOCS O 3amucyBaTu
OJTHAKOBI ormeparlii 6araTopa3oBo, 10 3HAYHO YCKJIAIHHUIIO O CTPYKTYPY MPOTPAMHOTO KOAY.

[Tin yac mporpaMmyBaHHs BaXKJIMBO MPABWIHHO BU3HAYUTH IOYATKOBE 3HAYCHHS 3MIHHOI
LUKy, YMOBY BHKOHAHHS ITUKJIY Ta MPABHJIO 3MiHW 3MIHHOI MIiCJs KOKHOI iteparii. [Tomunku y
BU3HAYCHHI IIMX IapaMeTpiB MOXXYTh HPU3BECTH JI0 HEKOPEKTHOI poOoTH mporpamu abo 10
HECKIHYEHHOTO IHKITY.

ITix gac po3poOku mporpam y cepenopuii Visual Studio Code mporpamict ctBoproe (aiin
MIPOrPaMHOTO KOy 3 PO3MHUPEHHSM .c 200 .cpp. [Ticis HanmucaHHs porpaMu HEoOXiTHO BUKOHATH
il KOMITLIATIFO 32 JoroMoror kommissaropa C/C++.

[Ticns ycmimHOi KOMIUIALIT TporpamMmy HEO0OXiTHO 3aIyCTHTH 1 IEPEBIPUTH MPABHIIBHICTD 11
pobotu. OcobnuBy yBary ciij NPUAUTATH MEPEBIPI MPABUIBHOCTI OOYHMCICHHS CyM 1 JOOYTKiB
JUTS pI3HUX 3HAYCHBb TTapaMETPiB.

TakuM YHHOM, IUKJI 3 TAPAMETPOM € BaXKJIUBUM IHCTPYMEHTOM NpPOTpPaMyBaHHS, IO
N03BOJIsIE €(DEKTUBHO pealli3oBYyBaTH aJIrOPUTMH, SKi MOTPEOYIOTh 0araTopa3oBOr0 BUKOHAHHS
OJIHUX i THX caMuX ornepalliii. 1oro BUKOPHCTaHHS 3HAYHO CIIPOILYE CTPYKTYPY HPOrPAMHOIO KOy
1 JI03BOJISIE peai3oByBaTH CKIIAHI OOUMCITIOBAIbHI allTOPUTMH.

HpaKanHe 3aBJ1aHHSA

1. Po3poOutu nporpamy asisi 0OYMCIIEHHS CyMHU NEPIIUX N HATYPAJIbHUX YUCEIL.

2. CtBOpUTH IIporpamy Jjisi 0OUUCiIeHHs JOOYTKY MEPIIUX N HATYpaIbHUX YUCE]I.

3. Po3poOutu nmporpamy asst 0OOUUCIIEHHs] CyMU KBaJpaTiB MEPIIUX N HATYPAIbHUX YHCEN.

4. CrBoputH 1mporpamy JuUisi OOYHMCIEHHS 3HA4Ye€HHS apUPMETH4YHOI mporpecii 3
BUKOPHUCTaHHSAM ITUKITY.

5. Po3pobutu mporpamy, sika OOYHCITIOE CyMy 3HaueHb (YHKIII JJIs1 33JJaHOTO Jiana3oHy
3Ha4eHb apTyMEHTY.

MeTOJII/I'-IHi BKa3iBKn A0 BUKOHAHHSA NMPAKTUYIHOI'O 3aBAAHHSA

[Tepen moyaTkoM BUKOHAHHS pOOOTH HEOOX1AHO BiIkpuTH cepenoBuine Visual Studio Code
Ta CTBOPUTHU HOBUI (paiil MporpaMHOro Koty 3 pO3LIHPEHHSM .C abo .cpp.

VY mporpami HEOOX1HO OTOJIOCUTH 3MiHHI, SIKI BAKOPHCTOBYIOThCS AJIsl 30epiraHHs 3HaueHb
napaMeTpiB, a TAKOXK 3MIHHI JJI1 HAKOIMMYEHHS Pe3y/IbTaTiB OOUNCICHHS.

[Ticns mporo HEOOXIAHO peali3yBaTH BBEIEHHS 3HAYCHHsS MapaMeTpa, KU BH3HAYae
KUTBKICTh TIOBTOPEHb IMKIY. Jlanmi y mporpami BHKOPHCTOBYEThCS omeparop for mmst peamizamii
LUKIIYHOTO BUKOHAHHS 00YHCIIEHD.

VY Tini uukiy HeoOX1JHO BUKOHATH OOYMCIICHHS BiAMOBIJHOTO €JIeMEHTa MOCIiJOBHOCTI Ta
noaatu abo MOMHOXKHUTH HOTO Ha HAKOMUYyBay pPe3yibTaTy.

[Ticnst 3aBepiIeHHS BUKOHAHHS [IUKITY HEOOX1IHO BUBECTH OTPUMAaHMUM pe3ynbTaT Ha EKpaH.

[Ticns HanmMcaHHS MPOrPaMHOTO KOy HEOOXIJHO BUKOHATH KOMIUIALIIO mporpamu. Y pasi
BUHUKHEHHS IOMHJIOK HEOOX1THO MEePEeBIpUTH MPOTrPaMHUl KO/, BUIPABUTH MOMUIIKU Ta TIOBTOPHO
BHKOHATHA KOMIIUISALIO.

22



[Ticns ycmimHOT KOMMUIALIT MporpaMy HEOOXITHO MPOTECTyBaTH Ha KUIBKOX 3HAYCHHSIX
napametpa. OTpuMaHi pe3ysbTaTH OBUHHI BIJIMOBIIATH MaTEMaTUYHUM OOYHCIICHHSM.

KoHTpobHI nUTaAHHSA

1. [Ilo Ha3UBAETHCS UKJIOM Y TIPOTPaMyBaHHI?

2. JI;s 90r0 BUKOPHUCTOBYETHCS omnieparop for?

3. SIKi OCHOBHI €JI€MEHTH MICTUTh CTPYKTYpa oreparopa for?

4. 1o Take 3MiHHA UKy ?

5. IIlo Ha3uBa€eThCs HAKOMUYYBa4eM CymMu?

6. l11o Ha3uBaETHCSI HAKONIUYYBAYEM J100YTKY?

7. SIxi MOMUJIKM MO>KYTh BUHUKATH I1i]] 4aC BUKOPUCTAHHS LIUKJIIIB?
8. YoMy Ba)XJIMBO MPAaBUIBHO BU3HAYATU YMOBY 3aBEPILEHHS [IUKITY?

3mMicT 3BiTY

1. Ha3Ba Tta meTa poOOTH.

2. KopoTki TeopeTH4HI BiIOMOCTI ITPO UKJIH 3 TTAPaMETPOM.

3. IIporpamuuii koA po3poOIECHUX MTPOrPaAM.

4. PesynbTaT BUKOHAHHS IPOTPaM 3 PI3HUMH 3HAYCHHSIMU ITapaMeTpa.
5. BUCHOBKH 3a pe3ylibTaTaMi BUKOHAHHS POOOTH.

IIpakTuyna po6ora 9. Peasizauis 3aaa4 i3 BUKOPUCTAHHAM
mukJaiB while, do while Ta BKi1ageHux mMuKJIiB

KurouoBi nmojio;xeHus

ITin uac po3poOKM mporpamMHOro 3a0e3MEdYeHHs] YacTO BHUHUKAE HEOOXIIHICTh
OaraTopa3oBOro BHKOHAHHS MEBHUX omepauid. Jlng  peamizauii  Takux — aJrOpUTMIB
BUKOPHUCTOBYIOTHCSI LIMKJIIYHI KOHCTpYKIIi. [{MKIM H03BOJSAIOTH OpraHizyBaTH MOBTOPEHHS IPyIU
IHCTPYKI1{ 1O BUKOHAHHS MEBHOI YMOBH 200 MPOTATOM 3a/1aHO1 KIJIKOCTI ITepaltii.

¥ wmoBax mporpamyBaHHs C 1 C++ icHye KUIbKa TUNIB IMKIIB. Jl0 HaWMOIIMpPEHIMINX
Hanexath nukim for, while Ta do while. I{ukn for 3a3Buuail BUKOPHCTOBYETbCS Y BUIAKAX, KOJIU
KUIBKICTh TOBTOPEHb BiZiOMa 3a3Jalieriib. Y BHUIAJIKaX, KOJH KiJbKICTh MOBTOPEHb BHU3HAYAETHCS
i yac BUKOHAHHS IPOTrpaMu, BUKOPUCTOBYIOThHCS IMkiM while abo do while.

[uxn while Hamexxuth A0 TUKIIB 13 mepeaymoBoro. lle o3Hawae, moO mepen KOXHOKO
ITepalLli€lo UKy BUKOHY€EThCS MEepeBIpKa JOTYHOT YMOBH. SIKIII0 YMOBA € ICTUHHOIO, BUKOHY€ETHCS
TiI0 THKITY. SIKIIO K YMOBa € XMOHOI0, BUKOHAHHS ITHKITY 3aBEPIIYETHCS.

[Mukn while 3py4HO BUKOpPHCTOBYBAaTH y BUIAJKaX, KOJIM KUIbKICTh IOBTOPEHb 3a3/aJIer1/lb
HeBioma. Hampukman, KT MOXe BUKOHYBATHCS JIO THUX Tip, MMOKH KOPUCTYBa4 BBOJIUTH TEBHI
3Ha4YeHHs a00 MOKHU pe3yNbTaT 0OYMCICHHS HE 3a/10BOJILHUTD 33JaHy YMOBY.

[Hmmm pizHoBuoM nukiy € muki do while. Ha BinMminy Bin mukiny while, y 1iboMy BUMaaxKy
NepeBipKka YMOBU BUKOHYETHCS MICIs BUKOHAHHS Tita nukiy. Lle o3Hadae, mo Tu1o mukity Oyne
BUKOHAHO NMPUHAWMHI OJIMH pa3 He3aJIeKHO BiJ 3HAUYCHHS YMOBHU.
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[{uxn do while 3py4HO BUKOPHCTOBYBATH Y CUTYAIlIsX, KOJIM TIEBHA OMEparlisi IOBUHHA OyTH
BUKOHaHa Xo4a 0 oauH pa3. Hampuknaa, Takuil UK 4acTO BUKOPHUCTOBYETHCS JJISi OpraHizarii
BBEJICHHA JaHUX KOPHCTYBAa4yeM i3 EPEBIPKOIO MPaBUILHOCTI BBEACHUX 3HAYCHb.

[Ile oqHUM Ba)KIMBHUM IMOHATTSAM € BKJIAJCHI IUKIU. BKIaJeHNM Ha3MBA€THCS LMK, SIKUH
PO3TaIIOBaHUI BCEpEeIMHI 1HIIOTO IUKITY. Y I[bOMY BHUITAJKY ITiJl Yac KOXKHOI iTepalii 30BHIIIHOTO
[IUKITy BUKOHYETHCS IOBHUH ITUKJI BUKOHAHHS BHYTPIITHBOTO IIHUKITY.

BxutageHi [ukiu MIMPOKO BUKOPUCTOBYIOTHCS Y 33j1adaX OOpOOKU JBOBHUMIPHUX CTPYKTYP
naHuX, (opMyBaHHS TaONHIL 3HAYEHb, OOYUCICHHS CyM a00 JOOYTKIB €JIIEMEHTIB MaTpHIlb, a
TaKOX ITiJT Yac peajizaiii pi3HUX alfTOPUTMIB OOPOOKH MOCIIJOBHOCTEH TaHUX.

Ilim yac BHUKOPHUCTAHHS BKJAJEHUX IIMKIIB BaXJIMBO NPABWJIBHO OPTaHi3yBaTH 3MiHHI
KepyBaHHS IHUKJIaMH. [[JI1 KOXKHOTO IIUKITy BUKOPHCTOBYETHCS OKpEMa 3MiHHA, 1[0 BU3HAYA€ HOMEP
MOTOYHOI iTeparii.

[{uKmiyHi KOHCTPYKIIT YacTO BUKOPUCTOBYIOTHCA JUId (DOPMYBAaHHS YHCIIOBUX TaOJHUIb,
00poOKKM HAaOOPIB NaHMX, pealizalii MaTeMaTHYHUX AJITOPUTMIB Ta CTBOPEHHS PI3HUX CTPYKTYP
BHBEACHHS iH(OpMaItii.

[Tig yac mporpaMmyBaHHS HEOOXIHO YBa)KHO KOHTPOJIIOBATH YMOBH 3aBEPIICHHS ITUKIIIB.
Sxkmo ymoBa 3aBeplieHHS c(OpMynbOBaHAa HENPAaBWIBHO, IIporpaMa MOXe THepedTu Yy
HECKIHYCHHUH ITUKJI, 1110 TIPU3BEJIe 0 il HEKOPEKTHOI poOOTH.

[Tig yac po3poOku mporpam y cepeposuii Visual Studio Code mporpamicT ctBoproe daiin
MIPOrPaMHOTO KOy 3 PO3MUPEHHSIM .¢ 200 .cpp. [licas HamucaHHsS mporpaMu HEOOXiTHO BUKOHATH
il KOMITUIATIIFO 32 JoroMoror kommisistopa C/C++.

[Ticns ycmimHOI KOMMIuISHii mporpaMy HEOOXIZHO TPOTECTYBaTH Ha PI3HUX HabOpax
BXigHUX naHuX. OcoOJMBY yBary ciiJi TPHIUTMTH TIEPEBIpIli MPaBUIBHOCTI POOOTH YMOB
3aBEpIICHHS IUKIIIB.

Takum umHoMm, nukiu while Ta do while € BaxnmMBUMH iHCTpyMEHTaMH peanizallii
QITOPUTMIB 13 HEBU3HAYEHOIO KUIBKICTIO TOBTOPEHb. BUKOpUCTaHHS BKIAJCHUX ITUKIIB JO3BOJISE
pearizoByBaTH OUIbLI CKJIaJHI aJrOpUTMH OOpPOOKHM JAHUX 1 CTBOPIOBATH CTPYKTYpPH OOUYHCIIEHb,
10 CKJIAJaI0ThCS 3 KIJIbKOX PIBHIB TOBTOPEHHS.

HpaKanHe 3aBJaHHSA

1. Po3pobutu mporpamy i OOYHMCICHHS CYMHM HAaTypaJlbHUX 4YHCEJ, BBEAECHUX
KOpHCTyBaueM. BBeleHHs yncen 3aBepIIyeThCs BBEACHHSAM HYJIS.

2. CTBOpUTH IIporpamy, sika OOYHMCIIOE CyMy 4ucell Bifi 1 10 n i3 BUKOPUCTAHHAM IUKITY
while.

3. Po3pobutu mporpamy, fika BUKOHYE MOBTOPHE BBEJEHHS 4YMCIa JI0 TUX IIp, MOKHU
KOpPHUCTYBa4 HE BBEJIE 0aTHE 3HaueHHs. [yt peamnizamii Bukopucratu 1iuki do while.

4. CtBoputHu mporpamy, sika Gopmye TaOJIUII0O MHOKEHHS 3 BUKOPHCTAHHSM BKJIAJECHUX
[IMKITIB.

5. Po3poOut mporpamy, sika BUBOJUTH NPSIMOKYTHY TaOJIMIIO YUCEN 13 BUKOPHUCTAHHSIM
BKJIQ/ICHUX ITUKIIB.

MeT()}_II/I"IHi BKa3iBKu 10 BUKOHAHHSA NMPAKTUYHOI0 3aBAAHHA

[Tepen moyaTKOM BHUKOHAHHS pOOOTH HEOOXIAHO BIAKPUTH cepemoBuine po3podku Visual
Studio Code Ta cTBopuTH HOBHUH (Daiis1 TpOrpaMHOTO KOAY 3 PO3MIUPEHHSM .C a00 .Cpp.
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Y nporpami HeOOXiTHO OTOJIOCUTH 3MiHHI, SIKi BAKOPHCTOBYIOTHCS ISl 30€piraHHs 3HaueHb
rapameTpiB, a TAKOXX 3MIHHI JIJIs1 HAKOMTWYEHHS PE3yJIbTaTiB OOYMCIICHHS.

[Ticnst boro HEOOXITHO peai3yBaTH BBEICHHS HEOOXIMHUX NaHUX 13 KiasiaTypu. Jami
HEOOXiTHO BUKOPUCTATH BIAMOBIAHUI ONEpaTOp LUKITY JJIs OpraHi3allii MOBTOPIOBAaHUX OOYNCIICHB.

VY 3aBmaHHSX, JI€ KUIBKICTh NMOBTOPEHb 3QJICKHUTH BiJI YMOBH, JIOLIJIFHO BUKOPHUCTOBYBATH
ki while abo do while. ¥V 3aBganHsx, mo nepeadavaroTs BUKOHAHHS KUJTBKOX IMKIIIB OJHOYACHO,
HEOOX1IHO BUKOPHUCTOBYBATH BKJIAJICHI ITUKIIH.

ITin wac peamizamii BKJIQIEHUX LHKIIB CJiJ] YBOKHO KOHTPOJIFOBATH 3MIHHI KepyBaHHS
KOYKHOTO ITUKJTY. 3MiHHI Pi3HUX IMKJIiB HE TOBUHHI B3a€MHO BIUIMBATH OJIHA HA OJHY.

[Ticns BUKOHAHHS NMKIIYHUX OOYHUCIICHBb pEe3yibTaT HEOOXIHO BUBECTH Ha ekpad. [l
I[OTO BUKOPUCTOBYIOTHCS CTAHAAPTHI 3aCO00U BUBEJICHHS JIaHUX.

[Ticns HanmMcaHHS MIPOTPAMHOTO KOy HEOOXITHO BUKOHATH KOMIUIALIIO mporpamu. Y pasi
BUHUKHECHHS TIOMUJIOK HEOOXITHO MEPEBIPUTH MPOTPAMHHIA KOJI, BUTIPABUTH IOMUJIKH Ta TIOBTOPHO
BUKOHATU KOMITUISIIIFO.

[Ticns ycmimHOT KOMOUIALIT mporpaMmy HEoOXiJHO MpOTEeCTyBaTH Ha pPI3HUX Habopax
BXIJJHUX JaHUX, 100 MEepeBipUTH MPABUIBHICTh pOOOTH HUKIIYHUX KOHCTPYKIIIH.

KoHTpoabHi nuTanHs

. lIo Ha3MBaETHCA IUKIIOM Y POTpaMyBaHH1?

. SIKi TV IMKJIiB BUKOPUCTOBYIOTHCS Yy MoBax C i C++7?
. Uum Bigpizuserbes mukn while Big nukiry do while?

. llTo Take MUK i3 MEPeTyMOBOO?

1

2

3

4

5. o Take LUK 13 MiCATYMOBOIO?

6. I1lo Ha3MBa€TLCA BKIIAJEHUM LIUKIOM?

7.V sSKuX 3a1a4aX BUKOPUCTOBYIOTHCS BKIIQJACHI LIUKIN?
8

. SIK1 TOMMJIKM MOXYTh BUHUKATH ITiJ1 YaC BUKOPUCTAHHS IIUKJIIB?
3micT 3BiTY

1. Ha3Ba Ta meTa poboTu.

2. Kopotki TeopetnuHi BitomocTi mpo 1ukin while, do while Ta BkiageHi Hukiu.
3. IlporpaMHuuii KoJ po3po0IeHUX MpOrpam.

4. Pe3ynbTaTv BUKOHaHHS IPOTPaM.

5. BUCHOBKH 3a pe3ysibTaTaMU BUKOHAHHS POOOTH.

IIpakTnuna podora 10. Po3podka nporpam i3 BUKOpUCTAHHAM
¢yHKuiil Ta neperaBaHHs napamMeTpiB

KirouoBi mosnoxxkenus

Y mpomeci po3poOkM MporpamMHOro 3a0e3neueHHs BaXJIMBOIO 3HAYCHHS HalyBae
CTPYKTYPOBAHICTh TMPOTPaMHOr0 KOXy. SIKIIO Mporpama CKJIaJa€eTbCs 3 BEIMKOI KiTBKOCTI
IHCTpYKILIH, 3amuMcaHuX Yy Mexkax ojHiel ¢yHkuii, ii BaXKKO aHami3yBaTH, TeCcTyBaTH Ta
MoaudikyBatu. i momomaHHs 1i€l mpoOieMH y NMporpaMmyBaHHI BUKOPHUCTOBYIOTHCS (DYHKIII.
OyHKIlIS € OKPEMHM IMEHOBAaHMM OJIOKOM TPOTPAaMHOTO KOJy, SIKHl BUKOHYE TEBHY 3aBEpUICHY
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3amavy. BukopucraHHs QyHKIIH Ja€ 3MOTY PO3AUIMTH CKJIaJAHY MpOTpaMy Ha MEHII JIOT14HI
YaCTUHU, KOKHA 3 SIKMX BIJIMOBI/Ia€ 32 OKPEMHUI eTar 00poOKH JaHUX.

VY moBax C i C++ Oynp-sika mporpaMa Mo4YMHAa€E BUKOHAHHSA 3 (pyHKIIT main. Came BOHA €
rojoBHol (QyHKIico mnporpamu. OgHAK Uil peamizaiii CKIAJHINUX aJTOPUTMIB JIOIITBHO
CTBOPIOBATH J10JIaTKOBI (DYHKIII, sIKI BUKJIMKAIOTHCS 3 main abo 3 iHmmx ¢yHkuid. Takuit miaxig €
OCHOBOIO MOJYJIbHOI ITOOY/IOBH IPOTPaM.

OyHKIIA Mae 1M s, TUII 3HAYCHHS, SKE [TOBEPTAETHCS, a TAKOX CIUCOK MapaMeTpiB. SIKILNO
(GyHKLIS NOBUHHA IEpeaBaTH pe3yibTaT CBOEI poOOTH y BUKIMKAIOUy YacTUHY IpOrpamu, y il
3aroJIOBKY 3a3HAYa€ThCs BIAMOBITHUN THIT pe3ysbTary. Ko K QyHKIIiS BUKOHYE JIUIIIE MIeBHI il 1
He M0BepTa€ 3HAYEHHs, BAKOPUCTOBYEThCS TUI void.

[Tix yac poGoTu 3 PYHKIIAMHU PO3PI3HAIOTH MPOTOTHUIT (YHKIIT, ii onuc 1 BuKiMK. [IpoToTHn
¢byHKLIT € ToNepeHIM OTOJIOMIEHHSIM, SKE MOB1IOMIISE KOMIUIATOPY iM’s1 QYHKIIIT, TUI pe3yabTaTy
Ta chnucok mapametpiB. IIpoToTtun po3mimyerscst a0 QyHKUii main abo B OKpeMoMy
3arojoBKoBoMYy aiini. Lle nae 3Mory BUKIMKAaTH (QYHKIIIO paHilie, HiXK y mporpami Oyae HaBeJeHO
il MOBHUH OIUC.

Onuc ¢yHkuii MICTUTH i1 3aroJoBOK 1 TUI0. 3aroJIOBOK 3aJa€ THUIl pe3yibTary, iM’s Ta
CIMCOK NapameTpiB. Y Tull QyHKLIT 3aUCYIOTHCS IHCTPYKLIT, SIKI BUKOHYIOTBCS M1J] 4ac i BUKIIUKY.
Ile MoxxyTh OyTH OOYHMCIICHHS, MEPEBIPKU yMOB, LIUKIIYHI omeparllii, podoTa 3 MacuBaMu Ta iHII
.

Buxnuk ¢yHK1ii € nepegaBaHHsAM KepyBaHHS BiJ OJHi€T YacTUHU mporpamu jao inmoi. [1ig
9yac BUKIIMKY (YHKIIi MOXXYTb IepeaaBaTHCs 3HAYCHHS ITapaMeTpiB, a MICisl 3aBEpIICHHS ii poOoTH
Iporpama MoBEpTAETHCS IO TOUYKM BHUKIUKY. SIKIIO (YHKIIS IMOBEPTAE pE3yJbTaT, el pe3yabTar
Moke OyTH BUKOPUCTAHUH Y BUpa3ax, oreparopax MpUCBOIOBaHH: a00 nepeaanuil iHmii GyHkiii.

BaxnuBuM NOHATTAM Wi 4Yac BUKOpUCTaHHA (yHKUiH € napamerpu. Ilapamerpu
3a0e3neuyoTh OOMIH JaHMMH MIDK BHKJIMKAIOYOK YAaCTUHOIO MporpamMu Ta QyHKIi€w. Y
IporpamMyBaHHI poO3pi3HAIOTH (GopMaibHi Ta ¢dakTU4Hi napamerpu. DopmanbHI NapaMeTpu
BKa3yIOTbCSl Yy 3arojoBKy (QyHKuii. BoHM € JokanbHMMM 3MIHHMMH 1i€i  QyHKOIi Ta
BUKOPHUCTOBYIOTHCS JUIsl pOOOTH 3 TIepelaHuMH 3HauYeHHSIMUA. DakTHYHI TapaMeTpH — 1€ KOHKPETHI
3MiHHI, KOHCTAHTH a00 BHPa3H, SIKI MiJICTABIISIOTHCS 1] 4aC BUKIUKY () YHKIIII.

YV moBax C i CH++ mapameTpu MOXYTh IE€pelaBaTHCA 3a 3HAUYEHHSM abo 3a aJapecoro.
[lepenaBanHs 3a 3HAYEHHSIM O3HAYa€, 10 Yy (PYHKIIIO MEpPEeNaeThCsl KOMisl 3HaAYEHHS (PAKTUYHOTO
napamerpa. ¥ 1bOMy BUMAJKy 3MiHa (OpMaIbHOTO MapameTpa BcepeluHi (PyHKIIT He BIUIMBAE Ha
3HAa4YeHHs 3MIHHOI y BUKJIMKarouiil mporpami. Takuii croci0 € 3py4HUM Yy BHUIAAKaX, KOIU (PyHKIIISA
MOBMHHA JIUIII€ BUKOPUCTOBYBATH OTPUMAaHI J1aHi JUIsl 0OYMCIIEHb.

[TepenaBanHs 3a afpecoro 03HAYaE, 10 y PYHKIIIO MepelaeThes ajgpeca 3MIHHOI y am ATi.
VY upoMy BUMAIKy (QYHKIS OTPUMYE TOCTYI IO Ti€i camMoi 3MIHHOI, IO ICHY€ Yy BHUKJIMKAIOUIi
YacTHUHI Mporpamu. SIKIo 3Ha4eHHsS 3MIHHOI 3MIHIOE€TbCA BcepeAuHl (QYHKII, 11 3MIHU OyayTh
30epeskeH1 1 Mmicis 3aBepuleHHs il BUKOHaHHs. Takuil croci® mepeaBaHHS MapaMeTpiB JAOLILIBHO
BUKOPHUCTOBYBATH TO[1, KOJIX (DYHKIIisS MOBUHHA 3MIHUTH 3HAYEHHS 3MIHHUX a00 MOBEPHYTH KiIbKa
pe3yabTaTiB OAHOYACHO.

[Tix yac mporpaMyBaHHs HEOOX1THO YITKO PO3YMITH, SIKHH CIIOCIO nepesaBaHHs apaMeTpiB
BUKOPHUCTOBYETHCSI B KOHKPETHIHN 3a/1aui. SIKmo (yHKIis MOBUHHA JIUIIE OOYUCIUTH pe3yibTaT Ha
OCHOBI 3a/IaHUX 3Ha4Y€Hb, JOCTATHHO MEpPEaBaHHs 3a 3HAYCHHSAM. SIKIIO X (QyHKIIIST Mae 3MIHUTH
BXIi/IH1 JaHi, CJIiJi BAKOPUCTOBYBATH IEpEaBaHHs 3a aJIpecoro.

Bukopucranus ¢yHkuiii nae Husky nepesar. Ilo-mepiie, 3MmeHIIyeTbesl ayOJTIOBaHHS
MIPOrPaMHOT0 KOAY, OCKUIbKM OJHY W Ty caMmy (QYHKIII0O MOXKHAa BHKJIMKaTH Oararopas3oBo. [lo-
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JpyTe, MporpaMa crae OUTBIT 3PO3yMUION, OCKITBKH KOKHA (PYHKITiS peaii3ye OKpeMy Mia3anaqy.
[To-Tpete, cponyeThCs TECTyBaHHS, OCKUIBKH MPABWJIBHICT POOOTH MOYKHA TIEPEBIPATH HE IS
BCI€T Mporpamu opasy, a JUist OKpeMux (PyHKIii.

VY cepenoBumii Visual Studio Code mporpamu MoBoro C/C++ CTBOPIOIOTHCS y TEKCTOBUX
¢aiinax 3 po3mupeHHsM .c abo .cpp. [licas HamucaHHs MPOrPaMHOTO KOy (ailyl KOMITUTIOETHCS 32
JIOTIOMOTOF0  BCTAHOBJICHOTO Kommitsatopa, Hampukiang GCC abo G++. Ilig yac koMmimsiii
MePEBIPAETHCA MPABWIBHICTh 3aMKCy (DYHKIIIH, BIAMOBIIHICTh THUITIB MapaMeTpiB 1 MPaBUIbHICTh
BUKIJIHKIB.

Takum unHOM, (DYHKIIIT € BOXJIMBHM IHCTPYMEHTOM TOOYAOBH CTPYKTYPOBaHUX IPOTPaM.
BoHu naroTh 3MOTYy pO3AUTMTH 3a/1a4y Ha MiJ3a1adi, OpraHi3yBaTH MOBTOPHE BUKOPHUCTAHHS KOIY
Ta 3a0€3MeYnTH 3pyIHU OOMIH JAHUMHU MIXK PI3HUMHU YaCTHHAMU IPOTPAMH.

HpaKanHe 3aBJaHHA

1. Po3poOutu nporpamy, y skiid pyHKIIS OOUUCITIOE CyMY JIBOX YUCEI 1 IOBEPTAE PE3yIbTaT
y TOJIOBHY IIpOTrpamy.

2. CTBOpUTH Iporpamy, y sKiii okpema QyHKIIisl OOUHCIIOE TUIONTY MPSIMOKYTHHUKA 3a IBOMA
CTOPOHAMH.

3. Po3pobutu nporpamy, y sikii GyHKIliS BU3HA4a€e OUIBIIE 3 IBOX YUCEIL.

4. CtBopuTH Tporpamy, y sikii ()yHKIIiS 3MiHIO€ 3HAYCHHS JBOX 3MIHHHX 32 JIOTIOMOTOIO
nepeaBaHHs apamMeTpiB 3a aapecoro.

5. Po3pobutu mporpamy, y skidi ogHa (QyHKIIS OOYHCITIOE CepeaHe apuPMETHIHE TPHOX
YHCe, a iHIIa — BUBOJUTH PE3Y/IbTAT HAa EKPaH.

MeToau4Hi BKa3iBKH 10 BAUKOHAHHS MPAKTUYHOT0 3aBIaHHS

[Tepen moyaTkoM BUKOHAHHS pOOOTH HEOOX1AHO BiIKpuTH cepenosuine Visual Studio Code
Ta CTBOPUTH HOBHM (pailyl mporpaMHOTO KOAY 3 PO3IMIMPEHHSIM .¢ abo .cpp. ai ciaia miaKiIroduTi
HeoOxiaH1 010J10TEeKHM Ta OroJOCHUTH MPOTOTHUNM (YHKIIN, sIKI OylyTh BHKOPUCTOBYBATHUCS Y
Iporpami.

[Ticns mporo HEOOXiTHO peani3yBaTH (QYHKIIO main, y SKiH BUKOHYETHCS BBEIEHHS
BUXIJHHUX JaHUX, BUKJIUK JOTMOMIXHHUX (YHKIIiIl Ta BUBEJACHHS pe3ynbTaTiB. OCHOBHI 0OUYHCIIEHHS
JOLTBHO BUHECTH B OKpeMi (yHKLIi, m00 CTpykTypa mporpamu Oyna OUIbII 3pO3yMIJIOI0 Ta
JIOT1YHOIO.

ITin uyac po3poOku (QyHKLINA HEOOXIJHO YITKO BU3HAYMUTH, SKI HapaMeTpu IOBUHHI
nepeAaBaTucs y (QyHKINIO, SIKMA TUI pe3yibTaTy BOHA MOBEpPTA€, a TAKOXK YU MOTpiOHA 3MiHA
3HaYeHb 3MIHHMX Y BHKJIMKalO4Yiil mporpami. Y BHUMaaKax, KOJIM (QYHKIIS JUIIE OOYHCIIOE
pe3ynbTaT, CiiJi BUKOPUCTOBYBATH II€peJaBaHHS IapaMeTpiB 3a 3HAUYEHHAM. SIKumo (QyHKIis
TMOBUHHA 3MIHUTH 3HAYCHHS 3MIHHUX, HEOOX1JHO BUKOPUCTOBYBATH TMEepEAaBaHHs 3a aIpECoro.

[Ticnst manucanHs (QYHKIIA HEOOXIAHO MEPEeBIPUTHU MPABUIIBHICTH iX BUKIUKY 3 (QYHKIIT
main. KinbkicTh 1 THNM (aKTUYHUX HapamMeTpiB MOBHUHHI BIAMOBIAaTH (HOpMAILHUM MapamMeTpam,
3a3HaYEHUM y IPOTOTHII Ta ONUC] PyHKIIIT.

Ocob6nuBy yBary ciiJl OpUAUIMTH BHUKOPUCTaHHIO omeparopa return. Skmo QyHKIis
MOBEPTA€ PE3yNbTaT, BIH MOBUHEH MaTH THII, 110 BiAMOBiAa€ 3aroyioBKy QyHKIi. ko QyHKIis He
MOBEPTAE 3HAYCHHS, BUKOPUCTOBYEThCA TUI VOid.
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[Ticns 3aBepiieHHS HANMUCAaHHSA MPOTpaMU HEOOXimHO 30epertu Qainl Ta BUKOHATH
KOMITUIAII0. Y pa3i TMOSBHM CHHTAKCHYHHMX ITOMHUJIOK CJiJi TIEPEBIPUTH TPABUIBHICTH 3aIUCy
MPOTOTHIIIB, 3ar0JOBKIB (PYHKIIiH, CIUCKIB ApaMETPiB Ta BUKIUKIB (DYHKIIIH.

[Ticns ycmimuoi koMmurAnii mporpaMmy HEOOXiTHO HPOTECTYBaTH Ha KUIBKOX Habopax
BXiZHUX naHuX. Lle 103BOJIMTH MEpeBipUTH MPABUIIBHICTH MEpEJaBaHHs MMapaMeTpiB, KOPEKTHICTh
00YHCIICHB 1 MPAaBUWIIBHICTH MOBEPHEHHS PE3YNIbTATIB.

KoHTposbHi nuTanus

1. [llo Ha3uBaeThCs PYHKITIEIO Yy MPOTpaMyBaHHI?

2. Slke mpU3HAYEHHS Ma€ IPOTOTHIT (PYHKIIIi?

3. Yum Bigpi3HseThCS onuc QyHKIIT Bij i1 BUKIHUKY?

4. o take ¢popmanbHi mapamMeTpu QyHKIIIi?

5. o Take akTuyHi napameTpu QyHKIIi?

6. Y yoMy noJjsirae nepeiaBaHHs IapaMeTpiB 3a 3HAYCHHAM?
7. Y oMy noJjsirae nepeiaBaHHs MapaMeTpiB 3a aapecoro?
8. SIke mpu3HaUCHHS Mae omneparop return?

3mMicT 3BiTY

1. Ha3Ba Ta meTa po6oTu.

2. KopoTki TeopeTnyHi BiIoMOCTi Ipo GyHKIIIi Ta criocoOu nepeaaBanHs mapaMeTpiB.
3. IIporpamHuii koA po3poOIECHUX MIPOrPaAM.

4. Pe3ynbraT BUKOHAHHS IIPOTPaM 3 Pi3HUMHU HaOOpaMH BXiJHHUX JaHUX.

5. BucHOBKH 3a pe3ynbTaTaMy BUKOHAHHS POOOTH.

IIpakTuyna po6ora 11. lekomno3uuis 3a1a4i Ha nig3agadi Ta MoayJ/JibHa Mo0y10Ba Nporpam
Kiro4oBi moso:xeHHs

[Tin gac po3poOKu MpOrpaMHOro 3a0e3MeUeHHsT OAHIEID 3 OCHOBHHX BHUMOT € 3pO3yMija,
JOriYHa Ta 3py4yHa JJs CYNPOBOAY CTPYKTYpa MpPOTrpaMHOro Komy. SIKImo ckiaaHy 3aaady
HamaraTHucs peayi3yBaTH y BUIVIAAL OJIHIET BEIMKOI MOCHIJOBHOCTI 1HCTPYKIIH, Taka mporpama
IIBUJIKO CTAa€ BAXKKOIO JUIsSL aHaNi3y, TECTyBaHHs Ta HayjarojkeHHs. Came TOMy y MporpaMyBaHH1
IIMPOKO 3aCTOCOBYETHCS MPUHIMIT JEKOMIIO3ULIT 3a/adl Ha Mij3ajadi Ta MOAYJIbHOI MOOYA0BU
porpam.

JexoMrio3wurlisi 3aga4i mojsrae y po3moauT CKJIaTHOT 3ajavi Ha KUIbKa MEHIIHX, JIOTTYHO
3aBepiieHNX mia3anad. KokHa mig3amada oXOIDTFOE OKPEMHUH eTall 3arajbHOr0 allTOPHTMY i MOXKE
OyTH peali3oBaHa HE3aJIEKHO B IHIIMX YacTUH mporpamu. Takuil miaxia J03BOJIAE MOETAIHO
MIPOEKTYBATH TPOTPaMy, CIIPOIIYE aHATI3 aITOPUTMY Ta JIa€ 3MOTY 30CEPEIUTHCS Ha MPABHIBHOCTI
peaiizalii KO)KHOTO OKPEMOTro KOMITOHEHTA.

VY Mekax MOAYJIBHOTO MiXO01y KOXHA MMiJ3a7a4a 3a3BU4ail peati3yeTbCsl y BUTTISAAL OKpeMOl
¢bynkuii. OyHKIIA Mae YiTKO BU3HAUYEHE NMPU3HAYEHHS, NMpHIMae BXiTHI JIaHI yepe3 MmapamMeTpH,
BUKOHYE HEOOXiJHI omeparii Ta, 3a MoTpeOu, MoBepTae pe3ynbTaT. TakuM YMHOM, Hporpama
MIEPETBOPIOETHCS HA HAO1p B3a€MOIIOB’ I3aHUX MOJIYJIIB, KOKEH 13 IKMX BUKOHYE KOHKPETHY pOJIb Y
3arajqbHOMY aJTOPUTMI.
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MoaynsHa moOy10Ba IporpaMm € OJHUM 13 0a30BUX MPUHITUIIB CY9aCHOTO MPOrpaMyBaHHSI.
Bona 3a0e3nedye cTpyKTypOBaHICTb IPOrpPaMHOI0O KOy, MOJIETIIy€e HOro MOBTOPHE BUKOPUCTAHHH,
CIIPOIIy€ TECTYBaHHS OKPEMHUX YAaCTHH MPOrpaMH Ta JO03BOJISE IIBU/IIE 3HAXOAUTH 1 BUIIPABIISATH
MOMIJIKH. SIKIO TporpamMa CKJIaJaeThCss 3 OKpemuX (yHKIINA, MPaBWIBHICTE POOOTH MOKHA
MIEPEBIPATH HE JIUIIE /IS BCi€l mporpaMu, a i JJ1si KOKHOTO MOYJISI OKPEMO.

[Tix yac mexommno3umii 3ajadi MPOTPaMICT CIOYATKy aHaNi3ye ii 3arajJbHy CTPYKTYpY 1
BHU3HAa4Ya€ OCHOBHI eTanu po3B’s3aHHA. Hampukmnan, TunoBa HpUKIaJHA 3ajada MOXKE MICTHTH
BBEJICHHS JIaHMX, TEPEBIPKY KOPEKTHOCTI BBEACHOI iH(opMallii, BUKOHAHHS OOYHMCIICHB, aHAJI3
pe3yibTaTiB 1 BHBEACHHS MiACYMKOBUX naHuX. KoXeH 13 IuX eTamiB JOIUJIBHO peajli3yBaTH
OKpeMHUM MOJlyJieM. Y pe3ylbTaTi Iporpama HaO0yBa€ YiTKOI BHYTPIIIHBOI CTPYKTYpPH.

BaxunBoro nepeBaror MOJYJIbHOTO MiIXOY € TIOBTOPHE BUKOPUCTAHHS KOIy. SIKIIO MeBHA
GyHKIST pealli3ye yHIBepCalbHY OIeEpallilo, HANpUKIaa OOYMCICHHS CEPEIHBOrO 3HAUCHHS,
MEPEeBIpKy HAJIEKHOCTI 4YHcia 10 iHTepBaly a00 BHBEACHHS MAacuBy Ha €KpaH, il MOXKHa
BUKOPUCTATH B PI3HUX YAaCTHHAX OJHI€I mporpaMu abo HaBiTh y PI3HUX MPOTpaMHUX MpoekTax. Lle
3MEHIIy€e 00cAT KOAY, CKOpOUye uac POo3poOKH Ta MiJBUIIYE HAMIMHICTh MPOTpaMH, OCKIIBKU
nepeBipeHi MOyl He TOTPIOHO CTBOPIOBATH MOBTOPHO.

MonynbHa moOynoBa nporpam 0e3rnocepeiHbo MOB’si3aHa 3 BUKOPUCTAHHAM (QYHKLIA. Y
MoBax C i C++ mporpama mouynHae BUKOHAHHS 3 (DYyHKIIi main, aje OCHOBHA JIOTiKa alrOPUTMY
MOKe OyTH po3mojiieHa Mik JomoMbKHUMH (yHKIisMUA. DyHKIIS main y TakoMy BHUMAJKY
BUKOHYE POJIb KOOPAMHATOPA: BOHA OPraHi30BY€E BHKIIMKM IHIIMX (YHKIIH, iepeaae iM BXiaHI AaHi
Ta OTPUMYE PE3yJIbTaTH BUKOHAHHS.

[Tix gac po3poOKKM MOIYNBHOI MPOTpaMu BaKIMBO BU3HAYMTH, SKi caMe JaHi TOBHUHHI
nepenaBatucs MK QyHKIisMH. Ko QyHKINS TOBHHHA JIUIIC BUKOHATA OOYMCIICHHS HA OCHOBI
BXIJIHUX TapaMeTpiB 1 T[OBEpPHYTU pe3yibTaT, JIOLIJbHO BHMKOPUCTOBYBAaTH IlepelaBaHHS
napaMmeTpiB 3a 3HauUeHHAM. K10 >k (YHKIliS TOBUHHA 3MIHUTH 3HAUEHHS 3MIHHUX, 10 ICHYIOTh Y
TOJIOBHIM Iporpami, BUKOPUCTOBYETbCS TepeaaBaHHs 3a aapecoro. IIpaBunbHMI BHOIp crocoOy
nepeaBaHHs NapaMeTpiB € BaXIIMBOIO YACTHHOIO MPOEKTYBAHHS MOAYJIBHOT IPOrpaMHu.

Jlexommo3uiiis 3a/1a4i Ma€ He JIMIIEe MPOTrpaMHy, a W alrOpUTMIUHY LiHHICTH. Konu 3amaga
MOJAUIAETHCS Ha MiJ3aJ1a4i, IpOrpaMicT Kpalle po3yMie€ ii BHYTPIIIHIO JIOTIKY, JIETLIe BHU3HAYa€e
MOCIIIJIOBHICTh A1 Ta mpocTimie (GOpMyIIIO€ alrOpUTM po3B’si3aHHA. Takui Minxig € ocoOIMBO
KOPUCHMM i 4Yac poO3poOKM OuIbIIMX Iporpam, Ae 0e3 YiTKOI CTPYKTypu HIBUIKO BHUHUKAE
IUTyTaHWHA Yy TNPU3HAUYE€HHI 3MIHHMX, IOCIIOBHOCTI OOYMCIIEHb 1 B3a€EMOAIl MIX YacCTMHaAMHU
POTrpaMHy.

OxpeMy poib MOAYJIbHa MOOYAOBa BiAIrpae y TECTyBaHHI MPOrPaMHOro 3a0e3NedeHHS.
SIKiio mporpaMa CKJIaa€eTbes 3 KUIbKOX HE3aIeKHMX (YHKILIH, KOXKHY 3 HUX MOXKHA MEPEBIPUTH
OKpEeMO Ha Pi3HHMX Habopax BXigHUX gaHux. lle mae 3mory mBHAIIE JTOKaTi3yBaTH TOMHMIIKY.
Hamnpukian, skmo pe3ynbTar ycieli mporpamMu € HENmpaBWIBHUM, aje OKpeMO (YHKIIS BBEICHHS
JAaHUX TPaLIOE MPaBUIBLHO, NEPEBIPKY MOXHA 30cepenuTd Ha (YHKIIT oOuucieHHs abo (yHKIIi
aHaI3y pe3yJbTary.

[Tix wac Hanmaro[KEHHs MOAYJIbHA CTPYKTYpa TaKOXK € MepeBaroro. SIKIo jorika mporpamu
pO3iJeHa Ha HEBENMKI Miji3a/adi, MporpamicTy Jermie 3po3yMiTH, y SIKOMY came Miclli BUHHKIIA
noMuika. Kpim Toro, KOpoTki GyHKIIT 3a3BUYail JIeTIe YUTATH Ta aHaJli3yBaTH, HIXK OJMH JOBTUH
(parMeHT IporpaMHOro KOfy.

Y cepenopumii  Visual Studio Code wmonmyneHa moOymoBa mporpam wmoBoro C/CH++
peali3yeTbCsl LUIAXOM CTBOPEHHsSI (YHKIN y MeXax OJHOro mporpamHoro aitna abo, y
CKJIQIHIIIUX MPOEKTAX, IIJITXOM PO3MIIIEHHS OrOJIONIEHb Y 3arojIOBKOBUX (aiinax, a peamiszalii — B
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okpemux (hailylax BHXITHOTO KOIy. Y MeXax HaBUYaJbHOI MPAKTUYHOI POOOTH JOIIBHO
30CcepeaUTHUCS Ha MOOYI0BI MPOTpaMu y MekaxX OJHOTO (haiina, aje 3 YiTKHUM PO3MOIIJIOM JIOTIKH Ha
GbyHKIII.

TakuM YWHOM, JCKOMIIO3MINS 3aJadi Ha MiA3aaadi Ta MOJIyJIbHa MOOyaOBa MpOrpaM €
BOXJIMBUMH TPUHIMIIAMH TPOTPaMyBaHHs, SKi 3a0€3MedylOTh JIOTIYHY OpraHi3alilo ajJropuTMy,
MiABUILYIOTH 3pO3YyMUTICTh MPOTPAMHOTO KOy, MOJETUIYIOTh IMOBTOPHE BHUKOPUCTAHHS OKPEMHX
(parMeHTiB Ta CIIPOIIYIOTh TECTYBAaHHS 1 HAArO/PKEHHS IPOTPaMm.

IIpakTn4yHe 3aBAaHHS

1. Po3pobutu mporpamy, y sKiii 3agaqa OOYMCIICHHSI CEPEIHBOTO apU(PMETHYHOTO TPHOX
yucen TMOAUIEHA Ha OKpeMi Mif3ajadi: BBEIEHHS MAHUX, OOUYMCICHHS pe3yJbTaTy, BUBEICHHS
pe3yibTary.

2. CtBOpHTH TIporpamy, y sIKiii NepeBipka, UM € YWCIIO MapHUM, peali30BaHa OKPEMOIO
GbyHKIETO.

3. Po3pobutu mporpamy A 3HaXOJDKEHHs OLIBIIOrO 3 JABOX YHCEN, Y SIKIH OOYMCIIEHHS
pe3yabTaTy 0pOpPMIICHO K OKPEMUIT MOJTYJIb.

4. CrBoputH mporpamy, y sKiii OOYHCIIEHHS TIUIOINI Ta MEepUMeTpa MPSMOKYTHUKA
pealii3oBaHo ABOMAa OKPEMHUMH (DYHKIIISIMH.

5. Po3pobutu mporpamy, y sikii 3arajgpbHa 3aqadya oOpOoOKHM BBEICHHX JaHUX PO3JAUICHA Ha
(byHK1IT BBeJICHHS, TIEPEBIPKH, OOUYHCIICHHS Ta BUBEICHHS PE3yNIbTaTy.

MeTOJII/I‘lHi BKa3iBKn A0 BUKOHAHHSA NMPAKTUYIHOI'O 3aBAAHHSA

[lepen moyaTkoM BHKOHaHHS pPOOOTHM HEOOXITHO WpoaHaNi3yBaTH YMOBY 3afadl Ta
BU3HAUUTH ii OCHOBHI eTamu. Ha mpoMy eTami mOTpiOHO BCTAHOBUTH, SIKI MiA3aaayi MiCTUTh
3araqpHUM anroput™. Hampukinan, okpeMUMH MiA3ajadaMd MOXYTb OYTH BBEICHHS JlaHUX,
nepeBipKa MpaBMIIbHOCTI BBEICHHS, BAKOHAHHSI OCHOBHOT'O OOYHCIICHHS Ta BUBEICHHS PE3yibTaTy.

[Ticns bOro HEOOX1THO BU3HAYUTH, AK1 MiA3a7a4i JOUUIBHO O(QOPMUTH Y BUTIISII OKPEMUX
¢byHkin. s KokHOT QYHKIIT il 4iTKO cHOopMynroBaTH i NpU3HAUEHHS, BU3HAYUTH TEPEITiK
BXIJJHUX IapaMeTpiB 1 pe3ysbTaT, KU BOHA MOBMHHA MOBEpTaTH. SKIIO (QyHKIIS HE MOBUHHA
MOBEPTATU 3HAYEHHS, JUIs Hel CJIi/l BUKOPUCTOBYBATH THI Void.

VY cepenoBuii Visual Studio Code noTpi6HO cTBOpUTH HOBHH (hailyl mpOrpaMHOro Koy 3
po3mupeHHsaM .c abo .cpp. Ha mouarky daitna cnig miakarouuTd HeoOxinHi O6107i0TeKH Ta
OTOJIOCUTH MPOTOTUIM BCIX (YHKIIN, sIKI BUKOPUCTOBYIOThCA y mporpami. Lle macts 3mory
BHUKJIMKATU (DYHKIIT y main He3aJIeKHO B MOPSAAKY iX Oonucy y (aii.

[Ticnst nporo HeoOXiAHO peanizyBaTu QPYHKIIO main. Y Hiil CiIijl 3aJIMIIUTH JIMIIE 3arajibHy
JIOTIKY K€pYBaHHS MTPOrPaMOI0: BUKIIMK (PYHKIIIH BBE/IEHHS JaHUX, BUKIUK (QYHKI1H 0OYHCIIEHHS Ta
BUKJIMK (YHKIIA BHUBeAEHHA pe3ynbTariB. OCHOBHI OOYHCIIEHHS HE CIiJl pO3MIIIlyBaTu
Oe3nocepelHbO y (QYHKIIT main, OCKUIBKM METOI0 po0oTH € came (GOpMyBaHHS MOJYJIbHOT
CTPYKTYpPHU HPOTPaMHU.

Jani HeoOXigHO pearizyBaTu Bci JornoMixkHi ¢yHKIil. KoxkHa QyHKIIIS MOBUHHA MaTH YiTKe
MpU3HAYEHHS 1 BUKOHYBATH JIMIIE OJAHY JIOTIYHO 3aBepiueHy Aito. He cmix 00’enqHyBaTH y Mexax
onHiel ¢yHkuii HaATO GaraTo pi3HUX Omeparii, SKIO iX MOXXKHA NPUPOAHO PO3IUIMTH Ha KiJbKa
OKpEMUX Mia3aaad.
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[lin ywac mepenaBaHHs JaHWUX MDK (QYHKIISMH HEOOXITHO MpaBUILHO 00OpaTh cmocid
nepeaBaHHs mapaMeTpiB. SKIo GyHKIliS JTUIIE BUKOPUCTOBYE BXIJTHI 3HAYCHHS I OOYHMCIICHHS
pe3yNbTaTy, TOCTaTHLO NIEpeaBaHHs 3a 3HAYCHHAM. SIKIIO K (QYHKIliS MOBUHHA 3MIHUTH 3HAUYCHHS
3MIHHUX Yy BHUKJIMKAIOUYid YacCTHHI MPOTrpaMu, HEOOXiJTHO BUKOPUCTOBYBATH IIE€pPEIABaHHI 32
aJipecoro.

[Ticns peamizanii nmporpamu HeoOXigHO BHUKOHaTH ii kommismiro y Visual Studio Code.
SKIIO KOMIIUIATOP BHUSBHTH MOMWJIKH, CIiJ TEPEBIPUTH TNPABWIBHICTH 3alHCy MPOTOTHIIIB,
3aroyIoBKiB (DYHKIIIHM, KUIBKOCTI MapaMeTpiB Ta THMIB pe3yabTariB. Ilicis BUMpaBiIeHHS MOMHUIOK
KOMITUISIIIO TTOTPiOHO TTOBTOPHUTH.

[Ticns ycmimHOI KOMOUIAIIT mporpamMy HEOOXIIHO MPOTECTyBaTH Ha KUIBKOX Habopax
BXiIHUX NaHuX. bakaHo mepeBipUTH MPaBUIBHICTH POOOTH HE JIMIIE BCi€l MporpamMu B HUIOMY, a i
JIOTIKY OKpeMHuX MoayiiB. lle M03BONMWTH TEpEeKOHATHUCS, IO JIEKOMIIO3UIlis 3a/Jadyl BHKOHAHA
KOPEKTHO, a BC1 (DYHKIIIT MpaBUIIHO B3a€MOJIIIOTH MiXK COOOIO.

KoHTposbHi nuTanHs

1. [Ilo Take MeKOMMO3UIIisA 3a7a4l y MporpaMyBaHH1?

2. SIxka MeTa moALTy CKJIAJHOT 3a/1a4l Ha mig3anaydi?

3. lIlo po3yMitOTh MiJ MOIYJILHOIO TOOYI0BOIO Mporpam?

4. SIxy poib BiirparoTh (GyHKII y MOAYIBHIN Tporpami?

5. SIki mepeBaru Mae MOJIyJibHA OpPTaHi3allis MPOrPaMHOTro KOy ?

6. YoMy MonyJIbHA CTPYKTYpa HOJIETIye TECTYBAHHS Iporpam?

7. Y yomy noJsira€ NOBTOPHE BUKOPUCTAaHHS POrpaMHOIro Koay?

8. SIki BUMOTH JIOIILHO BPaxOBYBATH IiJ Yac MPOEKTYBAHHSA OKPEMHX MOJIYJIIB IporpaMu?

3mMicT 3BiTY

1. Ha3Ba Ta meTa po6oTu.

2. KopoTki TeopeTuyHi BIAOMOCTI TpPO JAEKOMIIO3UIIIIO 3a/1adl Ta MOAYJIbHY MOOYIAO0BY
IIPOrpaM.

3. Onuc mifz3anady, Ha K1 MOAIEHO 3arajlbHUM aJrOpUTM.

4. ITporpamMHuii KO pPO3pOOICHUX MOAYIIIB 1 TOJIOBHOI TPOTPaMH.

5. Pe3ynbTaTu BUKOHAHHS MPOTPaMH 3 pisHUMH HaOOpaMH BXiJIHUX JTaHUX.

6. BucHOBKY 32 pe3ynbTaTaMHi BUKOHAHHS POOOTH.

IIpakTuyna po6ora 12. TecTyBaHHS Ta HAJIArOI>KEHHSI 6AraTOMOyJILHUX NMPOrpam
KitrouoBi mostoxeHHs

[Tix yac po3poOKM MPOrpaMHOTro 3a0e3MeUeHHs HEA0CTaTHBO JIMILIE CTBOPUTH MPOrpamy, sika
¢dbopmanpHO BIANOBIZA€ MOCTABICHOMY 3aBIaHHIO. He MeEHII BaXIMBUM €TallioM € MepeBipKa
MPaBUIBHOCTI ii poOOTH, BUSBIIEHHS MOMUJIOK Ta ix ycyHeHHA. Came Ui IIbOTO Y NMpOorpaMyBaHH1
BUKOPHUCTOBYIOThCS TECTYBaHHS Ta HajlaropkeHHs. OcoOauBoi yBaru Iii MpouecH HoTpedyroTh Y
6araToMOyJIbHUX TporpaMax, Jie 3arajibHa 3ajada MOJiIeHa Ha KiUJIbKa OKpeMHuX (QYHKIIH abo
MIPOrpPaMHUX MOJYJIB, SIKI B3aEMOAIIOTH Mk COOOIO.
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bararomonynpHa mporpamMa Mae OUIBII CKJIAAHY BHYTPIIIHIO CTPYKTypy, HIDK MpoOCTa
Ni”iitHa mporpama. Ii po6oTa 3aNeXuTh He JNHIIE Bij MPABHILHOCTI peanizarlii KOXKHOTO OKPEMOTO
MOJYJISA, a ¥ BiJ KOPEKTHOCTI MEpEeAaBaHHs NaHUX MK (YHKIIISIMU, MPaBUIBLHOCTI MOCIiJOBHOCTI
BUKJIUKIB, Y3TO/DKEHOCTI THITIB TApaMETPiB 1 pe3yNbTaTiB, a TAKOXK BiJI JIOTIKH CHIBHOT poOOTH BCIiX
KoMmroHeHTiB. Came TOMy TecTyBaHHA 0araTOMOJYJIbHHX TIPOTpaM TOBUHHO MPOBOJUTUCS
CHCTEMHO 1 IOCIIiJIOBHO.

TecTyBaHHSAM Ha3MBaIOTh IMPOLEC MEPEBIPKU MPOrpaMu LUIIXOM BUKOHAHHSA 11 Ha PI3HHUX
Habopax BXIJHMX JAaHUX 3 MOAAJBIIUM aHAJII30M OTPUMAHUX pe3yibTaTiB. OCHOBHOK METOIO
TECTYBaHHsI € BUSBJIEHHS IIOMMWIOK, I1€pPEeBIpKa BIAMOBIAHOCTI IPOrpaMH MOCTABICHOMY 3aBJaHHIO
Ta OLIHIOBAaHHS 1i KOPEKTHOCTI B PI3HUX pekuMax poOotu. TecTyBaHHsS HE JOBOJUTH aOCOIIOTHY
0€3MOMIIIKOBICTh MPOTPaMH, aje J03BOJSE BCTAHOBUTH, YU MPABWIBHO BOHA MPAIIOE Y TUIIOBHX,
IpPaHUYHUX 1 HECTAHIAPTHUX CUTYAaIlisX.

VY mporeci CTBOpeHHsS Mporpam 3a3BUYail PO3pI3HSAIOTH KiIbKa pPiBHIB TecTyBaHHS. s
0araToMOIYJIbHUX TPOTpaM OCOOJIMBE 3HAUYEHHS MAlOTh MOJAYJIbHE TECTYBaHHS Ta IHTerparliiiHe
TeCcTyBaHHs. MOJynbHE TECTYBaHHA Tepefdayae mepeBipKy OKpeMux (GYyHKIH abo MomyiiB
HE3aJIeXKHO BiJl IHIIMX 4YacTUH nporpamu. Hampuknian, sKimo y mporpami € okpema (QGyHKIIS 1Jis
OOYHCIIEHHSI CyMH €JIEMEHTIB MacuBy, ii JOLIIBHO MEPEBIPUTH OKPEMO, BUKOPUCTOBYIOUH Pi3HI
BapiaHTU BXIJHUX JAaHUX. Takui OiAXiA J03BOJSE IIBUJIKO BUSBUTH, YU IPABUIBHO IPALIOE
KOHKPETHUI MO/1yJIb.

[aTerparmiiine TeCTyBaHHS BHUKOHYETHCS IICIS MEPEBIPKH OKPEMHX MOJYJIB 1 TOJTaEe y
KOHTPOJII TPAaBWJIBHOCTI iX cHiibHOT pobOotu. Ha mpomy erami mepeBipseThCs, Y KOPEKTHO
NepefaroTbes MapaMeTpd MK (YHKIISIMH, YH TPaBHIBHO BHUKOPUCTOBYIOTBCS PE3YyIbTaTH
BUKOHAHHS OJTHUX MOJIYJIiB B iHIIKX Ta 94X 3a0e3Meuye mporpaMa NpaBUiIbHUNA KIHIIEBUI pe3ybTar.
VY OararoMoaylpHUX HporpaMax IHTerpaliiiHe TeCTyBaHHS € OCOOJMBO BaXKJIMBHM, OCKUIBKU
OKpeMO IMpaBUJIbHI MOAYJI MOXYTh JaBaTH HENPaBWIBHUI pe3yiabTaT y pa3l HEKOPEKTHOI
B3a€MOJIII.

ITixn yac TecTyBaHHA HEOOXiJHO BHUKOPHCTOBYBAaTH DI3HI THUIIM TECTOBUX JaHMX. Jlo HMX
HaJeXaTh THUIIOBI 3HAYEHHs, TPAHWYHI 3HAYEHHS Ta MOMUJIKOBI a00 HECTaHAApTHI BXIJTHI JaHi.
TunoBi 3HaueHHs BiOOpaXarOTh 3BUYANHHUI pexUM poOOTH Hporpamu. ['paHMuHl 3HAYEHHS
BUKOPHUCTOBYIOTBCS ISl TEPEBIPKM TMOBENIHKHA TMPOTpaMH Ha MeEXax JOMYCTHMOTO [iarma3oHy.
[TomunkoBi a0 HeCTaHAAPTHI JaH1 JO3BOJISIIOTH OIIIHUTH CTIMKICTh MPOTpamMu J0 HEKOPEKTHOTO
BBEJICHHS 400 HEOUIKYBAaHUX CUTYaIil.

Hanpuknan, skuo QyHkiis o0uuciaioe cepenHe apupMETHYHE KUIBKOX YHCEN, JOLIIbHO
NePEeBIPUTH ii HA 3BUYAWHUX JJOJAaTHUX 3HAYCHHSX, Ha HYJIbOBUX 3HAUEHHSX, HA B1JI'€MHUX YHCIaX,
a Tako)Xk Ha TPAaHUYHMX 3HAUEHHSIX THUIY JaHHUX. SIKIIO mporpaMa BUKOHYE JIEHHS, HEOOXiJHO
000B’SI3KOBO MEPEBIPUTH BUNIAAKHU, KOJIM 3HAMEHHUK MOK€ Ha0yBaTU HYJIbOBOTO 3Hau€HHs. Takui
TIJIX17] T03BOJISIE BUSIBUTH HE JIUIIIE OUYEBH/IHI, a i TPUXOBAHI TOMUJIKH aJITOPUTMY.

[Ticnst BUSBICHHS TOMWIOK BHKOHYETHCS HaJAro/pKEHHS mporpamu. HamaromkeHHSIM
HA3WBAIOTh TPOIEC TONIYKY MPUYMH MOMHJIOK i BHECEHHS 3MiH y TPOTPAMHUN KOX 3 METOI0
YCYHEHHS [WX TOMIJIOK. HamaromkeHHsST € HEBil’€MHOK YaCTHHOI PO3POOKH TPOTPaMHOTO
3a0e3neueHHs], OCKIJIbKU HaBiTh MPABUIIBHO CIPOEKTOBAHUN aIrOPUTM MOe OyTH peai3oBaHHi i3
CUHTAaKCUYHUMHU, JIOTTYHUMH 200 CEeMaHTUUHUMH TOMUIIKAMH.

CHHTaKCHYHI MOMUJIKM BUHHUKAIOTh y BHUIMAJIKaX MOPYIICHHS MPaBHJI 3alUCy KOHCTPYKIH
MOBHM IporpamyBaHHs. [0 TakuxX NMOMHIJIOK HajeKaTh MPOIYIIEHI CUMBOJIM, HETIPABUIBLHUIA 3aruc
OrepaTopiB, HEBIJAMOBIAHICTh AY)KOK, HENpaBWIbHE OrOJIOMIEHHS (yHKLIH abo 3MIHHHX.
CuHTaKCHYHI IOMIJIKY 3a3BHYai BUSBISIOTHCS KOMIUIATOPOM III€ J0 3aIyCKY IPOTPaMHu.
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CeMaHTHYHI TOMMJIKM TOB’sI3aHI 3 HEMPAaBUIBHUM BUKOPHUCTAHHSM KOHCTPYKLIA MOBH.
Hampuxnan, me Mmoke OyTH IepelaBaHHS MapaMeTpiB HEMPaBUIBHOTO THUIY, BUKOPHUCTAHHS
HEIHIIIai30BaHUX 3MIHHUX, HEKOPEKTHMH JOCTYI 0 €JIEMEHTIB MacuBy a0 HemNpaBUIIbHE
MOBEPHEHHS 3HA4eHHS 3 (QyHKUii. Taki MOMMIKM IHKOIM BUSBISIOTHCA WA Yac KOMIUIALII, a
1HKOJIM — JIMIIIE ITi]] 9aC BUKOHAHHS IIPOTpaMHu.

JloriyHi MOMUWJIKK € HAHOUIBII CKJIAJHUMU JJIsi BUSBICHHS. Y I[bOMY BHUIAAKY MpOrpaMa
YCHIIIHO KOMITUTIOETBCS 1 3allyCKA€eThCs, OJHAK MPAIlO€ HEMPaBUIBHO 3 MOIJIAAY MOCTaBIECHOL
3amavi. IlpuumHoro Mmoxe OyTu HempaBwibHa ¢opMylia, MOMWIKOBA YMOBa, HEKOPEKTHA
oprasizarisi UKy, HEMpaBUJIbHA JIOT1Ka BUKIHMKIB (DYHKIIIH a0 MOMMIIKA y B3a€MOJIii MOTYIIB.
CamMe J10riuH1 MOMHJIKM Hal4acTille BUSBJISIOTHCS M1 Yac TeCTyBaHHS.

VY GaraToMonyJpHUX MpOrpaMax JHKEPEIoM MOMUIIOK YacTO € HelpaBHIIbHA B3a€MOIiS MIXK
¢bynkuismu. Hampuxiazn, onHa GyHKIIS MOXKE IMOBEPTAaTH Pe3yabTaT OJHOTO THUIY, a IHIIA OYIKYE
iHImWHA T JaHuX. AGO K QYHKIIiSt MOXKE 3MIHIOBATH 3HAYEHHS IMapameTpa 3a aJpecor0 TOJi, KOJIH
IporpamicT O4iKyBaB IEpeJaBaHHA 3a 3HAUYCHHSAM. MOXXJIMBA TaKOXX CHUTYallis, KOJM TOJOBHA
(GyHKIiS BUKJIMKA€ MOAYNI Y HEMPaBHIbHINM IMOCHITOBHOCTI, Yepe3 IO YacTHHA 3MIHHUX IIe He
HaOyBae NOTPIOHUX 3HAYEHb HA MOMEHT BUKOHAHHS 00YHCIICHb.

Jns nanaromxkenus nporpaMm y cepenosuili Visual Studio Code MoxHa BUKOPHCTOBYBATH
Kibka migxoxaiB. HalimpocTimyuM € BUBENEHHS MPOMDKHUX Pe3yibTaTiB Ha ekpaH. Takuii croci6
J03BOJIsI€ TOOAYUTH, SIKI 3HAYEHHS MAlOTh 3MIiHHI Ha pPI3HUX eTanax BUKOHAHHS MIporpamu, i
BCTAHOBUTH MOMEHT, KOJIM OOYHWCIICHHS MMOYHHAIOTH BIAXWISITHCS BiJ MPaBUIBHOTO PE3YJbTATYy.
Hampukman, MoXHa THMYAacoBO JIOJATH BUBEICHHS IMMapaMeTpiB Ha BXOAl (YHKII, pe3yabTary
O0YHCIICHHS B OKPEMOMY MOJIYJIi a00 3HAUEHHS 3MIHHOT IIUKITY ITi/T YaC BUKOHAHHS TOBTOPCHb.

[HITMM BasKIIMBHM CITOCOOOM € MOKPOKOBUH aHalIi3 mporpamMHoro koxay. st mporo y Visual
Studio Code MOXyTb BUKOPHCTOBYBAaTHCS BOYIOBaHI 3acO00M Hallaro/DKEHHA, SIKi JIO3BOJISIOTH
BUKOHYBAaTH MPOTpamy IMOETANHO, MeperisgaTH 3HaUeHHs 3MIHHUX, KOHTPOJIOBATH MPOXOIKEHHS
yepe3 (QyHKIii Ta aHami3yBaTH CTEK BHUKIHMKIB. OCOOIMBO KOPUCHUM € TMEPErysj MOCHiI0BHOCTI
BUKJIMKIB (DYHKIIH, OCKUIBKH y 06araToMOJYyJbHHUX Nporpamax MOMHJIKM YacTO IOB’si3aHi came 3
HEMPABUJIBHOIO JIOTIKOO NMEPEXOAIB MK MOAYIISIMH.

[Ile oJHUM BKJIMBUM MPUHITUTIOM HAJIATOJDKCHHS € MOCTAIHA TiepeBipka. SKimo mporpama
CKJIQ/Ia€ThCS 3 KUIBKOX MOAYNIB, HE CJI O/pa3y IIyKaTH MOMUJIKY B yciii mporpami. JlomuibHO
CIOYATKY MEPEeBIPUTH MPABUIBHICTh POOOTH KOKHOTO OKPEMOTO0 MOAYJS, a MOTIM NEPEXOIUTH J10
nepeBipku iX B3aemoii. Takuit miaxing Aa€ 3MOTy JIOKalli3yBaTH MOMUJIKY Ta 3HAYHO CKOPOTHUTHU Yac
11 IOIIYKY.

[Tin wac TecTyBaHHS 0araTOMOIYIBHUX TMPOTPaM BaXJIHUBO TaKOX JAOKYMEHTYBAaTH
pe3ynbTaTtu mepeBipkd. [lms KOXKHOro TEecTOBOro HaOOpy JOLUIBHO 3a3HAa4yaTd BXIiJHI JaHi,
OUIKYBaHUU pe3ylnbTaT 1 (aKTUIHWHA pe3yabTaT BHKOHAHHS NporpamMu. SKmo pe3yinbTaTH He
301raroThCs, 1€ € IMJACTaBOI0 JJIs MOAAJIBIIOTO Halaro/keHHs. Takui MiaxXid T03BOJIsE 3pOOUTH
MPOIIEC MEePEBIPKHU OUIBII CUCTEMHUM 1 OOTPYHTOBAHUM.

3HayHy pOJb BIAIrpa€e 1 MpaBWIBHUM CTWIb HOporpamyBaHHs. Skmo QyHKUii MaroTh
3pO3yMiJIi IMEHA, MOJIYJI YITKO BiIOKpEMJIEHI OJWH BiJ OJTHOTO, a KOJI MICTUTh JIOT14HI BIJICTYIH Ta
MOMIPHY KUIBKICTh KOMEHTapiB, TECTYBAaHHS 1 HANaro/KeHHS BHKOHYIOTbCS 3HAYHO IMPOCTIIIE.
HaTtomicTh Xxa0THYHO HAMCAHMIA TPOTPAMHUN KO/ YCKJIAIHIOE aHAII3 1 MOIIYK MTOMIIIOK.

TakuM 4YWMHOM, TECTYBaHHS Ta HAJIArOJKEHHsS 0araTOMOIYJIbHUX MPOTpPaM € BaXJIMBHUMHU
eTamaMu po3pOOKH TMPOTpaMHOro 3abe3rneueHHs. BOHU 03BONAIOTH MEPEBIPUTH MPABHILHICTH
pOOOTH OKpEMHUX MOJYJIB, OIIHUTHA KOPEKTHICTh iX B3a€MOJI1i, BUSBUTH CHHTAKCUYHI, CEMAaHTHYHI
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Ta JIOTIYHI TIOMMJIKH, a TaKOXX 3a0€3MeYuTH HAIIHHICTh 1 Tpare3laTHICTh YCi€i MporpamMHOl
CHCTEMH.

HpaKanHe 3aBJaHHA

1. Po3pobutu OararomMomyibHy Hporpamy, y sKii OKpeMUMH (DYHKIISIMH peani30BaHO
BBEJICHHSA JAaHUX, OCHOBHE OOYMCJIECHHS Ta BUBEACHHS pE3yJbTaTy, 1 BUKOHATH i MOAYJIbHE
TECTYBaHHS.

2. CtBopuTH TIporpamy 3 KiITbKOX (YHKIIIH, OIHA 3 SKHX HAaBMHCHO MICTHTh JIOTIYHY
IIOMMJIKY, Ta BUKOHATH 11 HAJIArOPKEHH.

3. Po3pobutu mporpamy, y sKiii ogHa (YHKIiS OOYMCIIOE 3HAYEHHS BHpa3y, Apyra
nepeBipsie KOPEeKTHICTh BXIIHUX JAaHUX, a TPeTS BHUBOAMTH PE3yJbTaT, MICIs 4YOTO0 MPOBECTU
iHTerpauiifHe TeCTyBaHHS.

4. BuxoHaTH TepeBipKy 0araToMOAyJabHOI MpOrpaMH Ha TUNOBHX, TPAHUYHHUX 1
MOMUJIKOBHX BXIJTHUX JIaHUX.

5. IligroryBatu TaONUIIO TECTOBMX NPUKIAAIB I Ppo3poOJeHOi nporpamMu Ta
MpOaHai3yBaTH Pe3yIbTaTH 11 BUKOHAHHSL.

MeToan4Hi BKa3iBKH 10 BAUKOHAHHS MPAKTUYHOT0 3aBIaHHSI

[lepen mouaTkoM BHKOHaHHS pPoOOTH HeoOximHo minrorysatu y Visual Studio Code
mporpaMy, IO CKJIATAEThCS 3 KUIBKOX OKpemMux QyHkmii. JomineHo, 100 oxHa QYHKIISA
BIAIIOBIZAIa 3a BBEIEHHS NAaHHUX, IHIIA — 3a OCHOBHI OOYHCIIEHHS, a II€ OOHA — 3a BUBEIECHHS
pe3ynbraty. 3a moTpedu MOXHa J10JaTh OKpeMy (YHKIIO Ui MepeBIpKHM KOPEKTHOCTI BXITHUX
TAHUX.

ITicnst cTBOpeHHS NMporpaMu HEOOXiAHO MEePEBIPUTH MPAaBUIIbHICTh OTOJIOUIEHHS TPOTOTHITIB
GyHKLINA, BIAMOBIAHICT THIIB IMapaMeTpiB 1 MPaBWIBHICTh BUKOPHCTaHHsS oOIepaTopa return.
Oco0nuBYy yBary ciiji 3B€pHYTH Ha Y3TO/KEHICTh THITIB MK BUKJIIMKOM (YHKIIIT Ta ii ormucom.

Jani notpiOHO BUKOHATH MOJYJbHE TECTyBaHHS. [ LbOrO ciiff Mo 4ep3l MepeBipUTH
KOXHY (YHKIIII0O Ha OKpeMHUX HaOopax JaHuX. SKimo (yHKIIsS BUKOHYE OOYHCIEHHS, HEOOX1THO
MiATOTYBaTH TaKi 3HAYEHHS MMapaMeTpiB, JUISl SKUX MPAaBUIBHHUNA pPE3yabTaT MOXHA 3a3/aJierisb
BU3HAYUTHU Bpy4HY. Lle 103BOJIUTH J1€TKO BCTAHOBUTH MPABHIIBHICTD ii pOOOTH.

[Ticns mepeBipku okpeMuX (DYHKIIH ciiJi MepedTH J0 1HTerpamiifHoro TecTyBaHHs, TOOTO
nepeBipku Bciel mporpamu B niomy. Ha mpomy erami HeOOXiZHO MEpeKOHATHCS, IO JaHi
MIPABUIIBHO NEPEAAIOThCA MK (PYHKIISMHU, pe3yIbTaTh 00YMCICHb BUKOPHCTOBYIOTHCSI KOPEKTHO, a
3arajbHa MOCIIJOBHICTh BUKJIMKIB MOJIYJIIB BIIMIOBIJA€ aITOPUTMY PO3B’A3aHHS 3a/1a4l.

VY mporeci TeCTyBaHHS HEOOXITHO BMKOPHMCTOBYBATH pi3HI THUNM BXiIHUX AaHux. Ciin
MEePEeBIPUTH TUIIOBl 3HAYEHHS, TPAHUYHI 3HAUYEHHS, a TAKOX HEKOPEKTHI ab0 HEOuiKyBaHI JaHI.
Sxmo mporpama He MICTUThH MEPEBIPKH KOPEKTHOCTI BBEAEHHS, NOIUIBHO JOJATH BIATOBITHUI
MOAYJh a00 TepeadaunT 00pOOKY TAKUX CUTYAITIi.

Skmio mig yac TecTyBaHHS Oy/e BHUSABICHO HEMPAaBUIIBHUN PE3ylbTaT, HEOOX1IHO MeperTn
70 HajaroJpkeHHs nporpamu. Haifmpoctimmm cnocoOoM € BHBEICHHS MNPOMDKHUX 3HA4Y€Hb
3MIHHUX Ha €KpaH y pi3HUX TOYKaX BUKOHAHHS Mporpami. Lle 103Bossie BCTAaHOBUTH, Y IKOMY caMme
MOJTyJ1i 200 Ha SIKOMY eTarli OOUMCIIEHHS] BUHUKAE BIIXWICHHS BiJl OUIKYBaHOTO pe3yJIbTary.

3a HasBHOCTI BiAmoBigHOro HajamrtyBaHHs y Visual Studio Code mominbHO BHKOpHCTATH
3ac00M TIOKpPOKOBOro Hanaro/JpkeHHs. [linm wac Takoro axamizy HOTPIOHO MPOCTEXKUTH
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MOCTIIOBHICTh BUKJIMKIB (PYHKIIIH, 3HA4YCHHS TIapaMeTpiB Ha BXOAl Ta BHUXOMl, a TaKOX
MPaBUJILHICTD 3MiH JIOKQIBHUX 3MIHHUX Y TUTl yHKITIH.

[Ticnst ycyHeHHSI TOMUJIOK HEOOXI1JHO TOBTOPHO BHKOHATH TECTYBAaHHS MPOTPaMH Ha THX
camux Habopax naHux. Lle 103BOMUTH MEpPEeKOHATHCS, IO BUSBICHI HEJOJIKM YCYHYTi, a BHECEHI
3MIHH HE IPU3BEIH JI0 MMOSBU HOBHX TOMHUJIOK.

KoHTposbHi nuTanHs

1. [llo Take TecTyBaHHs MPOrPaMHOI0 3a0€3MeUeHHs?

2. Slka MeTa MOJIyJIbHOT'O TECTYBaHHS?

3. Y yomy nonsirae iHTerpaiiiine TecTyBaHHsA?

4. SIxi T TOMUJIOK MOXKYTh BUHUKATH Y TIporpami’?

5. Yum JorivuHa MOMHJIKA BiAPI3HAETHCS BiJl CHHTAKCUYHOI?

6. lllo Take HanaroaKeHHs Nporpamu?

7. YoMy y 6araroMoylbHUX MPOrpaMax Ba)JIMBO MEPEBIPSATH B3a€MOIiI0 MIXK QyHKIiiMU?
8. Ski cmocoOu BUSIBICHHS TOMUJIOK JOLIUTEHO BUKOpUcTOBYBaTH y Visual Studio Code?

3mMicT 3BiTY

1. Ha3Ba Ta meTa po6oTu.

2. KopoTki TeopeTW4Hi BiZIOMOCTI TPO TECTYBaHHS 1 HAJAroKeHHS 0araTOMOMYIbHUX
porpam.

3. CtpykTypa po3po0iieHoi mporpamMu Ta Onuc ii MOy IiB.

4. Tabnuns TECTOBHX MPHUKJIAAIB 13 BXIIHUMHU JAaHUMH, OUYIKYBaHUMHU Ta (PaKTUUHUMU
pe3yJbTaTaMH.

5. Onuc BUSABIEHUX NOMUJIOK 1 CIIOCOOIB 1X YCYHEHHS.

6. IIporpamHuii Ko HaJIAaroHKEHOI MPOrpaMu.

7. BucHOBKY 3a pe3yabTaTaMH BUKOHAHHS POOOTH.

IIpakTnuna podora 13. Peasizauist anropurmiB 00poOKu 0AHOBUMIPHUX MaCHBIiB
Kuiro4uoBi nmoJs1oxxenHs

ITix yac po3poOku HporpaMHOro 3abe3neueHHs] 4YacTO BUHHMKAe MOTpeda MpalfoBaTH HE 3
OKpEMHMHM 3HAU€HHSIMM, a 3 HaOOpaMu OJHOTUIIHUX JaHMX. SIKIIO KUIBKICTh TakuX JaHHUX €
OUIBILIOI0 3a KIJIbKA €JIEMEHTIB, BUKOPUCTAHHS OKPEMHX 3MIHHUX /JIsi KOXKHOTO 3HAYEHHS CTae
HE3PYYHUM i IPU3BOJIUTH JI0 YCKIATHEHHS CTPYKTYpH mporpamu. st po3B’si3aHHs 1Mi€l mpoOieMu
y TporpamMyBaHHI BHKOPHCTOBYIOTHCS MacHBH. MacWB € CTPYKTYpOIO JaHUX, IO Ja€ 3MOTY
30epiraTé TOCIIJOBHICTh €JIEMEHTIB OJIHOTO THUMY IiJl CHUIBHUM iMeHeM. J[ocTym 10 KOXKHOTO
eJIeMEeHTa MaCUBY 3/IIHCHIOETHCS 32 JJOTIOMOTO0 1H/ICKCY.

OnHOBUMIpHUIT MacuB MOXKHa PO3IJISAATH SIK BIOPSIKOBAHY MOCHIJOBHICTh OJHOTHUITHHUX
3Ha4eHb, PO3MIIIEHUX y CYMDKHHMX Komipkax mam’ati. ¥ MoBax C i C++ Hymepalis eJIeMeHTIB
MacHBY NOYMHAETHCS 3 HyJs. Lle o3Hauae, mo nepumii eneMeHT Mae iHjaekc 0, Apyruit — ingexc 1, a
OCTaHHIM — 1HJEKC, 10 Ha OJAMHUIII0 MEHIINHI 3a po3Mip MacuBy. Takuii coci6 opraHizamii JaHUX
n03BoJIsie e(eKTUBHO BUKOHYBATH P13HI oneparlii o0poOKH, 30KkpeMa BBEJCHHS, BUBEJCHHSI, MOIIYK,
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oOuunciaeHHsT cyM, JOOYTKIB, CEpPEeIHIX 3HA4YeHb, BU3HAYCHHS MaKCUMAaJIbHOTO a00 MIHIMAJIbHOTO
€JIEMEHTA.

AnroputmMu 00poOKH OJJHOBUMIPHUX MAaCHBIB IPYHTYIOTbCSA HA TOCHIJOBHOMY MEpersai ix
eneMeHTiB. JIJis IbOTO 3a3BUYali BUKOPUCTOBYIOThCS ITUKIN. HaifuacTiie 3acTOCOBYEThCS UK for,
OCKIUTBKU KUIBKICTh €JIEMEHTIB MacHBY, SIK MPaBUJIO, BijoMa a00 3a/a€ThCs O MOYATKy OOpOOKH.
ITig yac KOXKHOI iTepallii LUKy Iporpama 3BepTaeThCs 0 YEProBOTO eIEMEHTa MAaCHUBY Ta BUKOHYE
HEOOX1/1HI omnepartii.

Opniero 3 0a30BUX 3a7a4 € BBEJCHHS CJIIEMEHTIB MacUBY. Y Tporpami Ie peayi3yeTbcs
LIUKJIOM, y MeXaxX SKOIro JUull KOXKHOI'O IHJEKCY 3UMTYETbCS 3HAUEHHs BIAMOBIJHOIO €JIEMEHTA.
AHaJIOTYHO BUKOHY€ETHCS] BUBEJICHHSI €JIEMEHTIB MacuBy. LUk 103BoJIs€ OCIII0BHO BiJOOpaXkaTu
3HAUYEHHS BCIX €JIEMEHTIB, 110 3a0e3reuye HaoYHe MPEeCTaBICHHS BMICTYy MacHBY.

OxpiM BBEICHHA Ta BHUBEJCHHSA, BKJIMBHUMHU 337a4aMH € OOYHCICHHS XapaKTEPUCTHK
MacuBy. Hanpuknaza, [uis 3HaXOMKEHHS CYMH BCIX €JIEMEHTIB BHUKOPHUCTOBYETHCS 3MiHHA-
HAKOMMYYyBay, sKa Ha MOYATKy iHiIiamizyerscs Hyaem. [lami miJ 4ac mpoXOKEHHS 10 MacHBY
3HA4YEeHHS1 KOJKHOTO €JIEMEHTa JI0/A€ThCs 10 HakonudyBada. [licas 3aBeplieHHS LMKIY 3MiHHA
MICTUTh 3arajibHy CcyMy. AHQJIOTIYHO MOXHA OOYHCIIOBAaTH JOOYTOK €JEMEHTIB, CepelHE
apupMeTHyHe, CyMy JIMILE 10aTHUX a00 JIUIle MApHUX eJIEMEHTIB.

[Ile oHiEIO THIOBOIO 33/1a4€I0 € MOIIYK MaKCUMaJIbHOTO a00 MiHIMaJIbHOIO 3Ha4YeHHs. [l
LBOTO Ha IOYATKy SIK MOTOYHUI MakcUMyM ab0 MIHIMYM JOLIIbHO B3STH MEPLIMH eIeMEeHT
MacuBy. Jlami Bci iHIII €IeMEHTH MOCIIIJOBHO IMOPIBHIOIOTHCS 3 MOTOYHUM 3HAYEHHSM, 1 32 MOTpedu
3MiHHa MakKCUMyMy a00 MiHIMyMYy OHOBJIIOETHCSA. Takuil anropuTM € TPOCTUM 1 BOAHOYAC
e(EeKTUBHUM JJIs1 OJHOBUMIPHUX MacCHBIB.

[Tin gyac oOpoOKM MacHBIB 4acTO BHHHMKAE HEOOXIJHICTh HE JIMINE BU3HAYUTH 3HAUCHHS
HalOUIbIIOro a0 HAMMEHIIOro eeMeHTa, a i 3HANTH HOoro MO3UIliI0 B MacuBi. Y TaKOMY BUMIAJKY,
OKpIM 3MIHHOI Ui 30€peKeHHs] 3HaUEeHHs, BUKOPUCTOBYETHCS 1€ OJIHA 3MIHHA Ul 30€peKeHHs
1HIEKCY BIAMOBITHOTO eneMeHTa. lle m03Boisie micis 3aBepiieHHS 0OpOOKH BUBECTH HE TLIBKH
caMme 3Ha4eHHs, a 1 HoMep Horo po3TrairyBaHHs y MacHBi.

[Ile oxHMM TNOLIMPEHMM BUIAOM OOpPOOKM € MiAPaXyHOK KUIBKOCTI €JE€MEHTIB, IO
3aJIOBOJIGHSIOTH TIEBHY yMOBY. Hampukinaa, mporpama Mo)ke BHU3HA4aTH KUIBKICTH JIOJATHHX,
B1JI'EMHMX, HYJIbOBUX, NMapHUX a00 HEMapHUX EJNEeMEHTIB. Y TakuxX 3aJadax BUKOPHUCTOBYETHCS
3MIHHA-TIYWIBHUK, SIKa 30UIBIIYETHCS HA OJWHUIIO KOXHOTO pa3y, KOJU YEProBUH EJIEMEHT
MacHBY 33/10BOJIbHSIE 3aJIlaHy YMOBY.

VY 3amagax oOpoOKM MacHBIB BaXIJIMBY DPOJIb BiJirpae NpaBUiIbHA OpraHizaiis iHJEKCIiB.
[HIeKc MOBHHEH 3alMIIATHCS Y MeXax JOMYCTUMOTO Jiana3oHy. SIKIo mporpama 3BepTaeThes 10
eJIEMEeHTa 3 1HJEKCOM, 1110 BUXOAUTH 3a MEXI MACHBY, BUHHKAE IOMUJIKA JOCTYIY /10 MaM’ATi, sKa
MOX€E MPU3BECTHU JI0 HEKOPEKTHOT poOOTH TIporpamMu abo aBapiifHOTO 3aBepieHHs. Came TOMy i
gac MporpaMmyBaHHsl HEOOX1IHO YBaKHO KOHTPOJIIOBATH MEK1 3MIHHM 3MIHHOI ITUKITY.

Hns peamizarii anropuTMiB OOpOoOKHM OJHOBHMIPDHMX MACHBIB y MEXax TUCHUTUIIHU
BUKOpHUCTOBYeThcs cepepoBuie Visual Studio Code Ta moBa mporpamyBanus C/C++. ¥V Visual
Studio Code ctBOproeThest Gaitn 13 po3MUpPEeHHSIM .C abo .Cpp, MHICHS YOro MPOrpaMHUN KOJ
KOMITUTIOETBCST 32 JIOMOMOT'OI0 BCTAHOBJICHOTO KOMIIUIATOpa. Takuil miaxiJ 03BOJISIE HE JIUIIE
peanizyBaTH alroput™M, a ¥ oJpa3y MepeBIpUTH MPaBWIBHICTb HOro poOOTH HAa KOHKPETHHX
Habopax JaHMX.

ITix yac po3poOku mporpam st pOOOTH 3 MACUBAMU BaXJIMBO JIOTPUMYBATHUCS MOAYJIBHOTO
nigxoay. Hanpukiaz, 1ouijibHO OKpEMO pealli3yBaTu BBEJICHHS €JIEMEHTIB, OKPEMO — iX BUBEACHHSI,
a TakoX okpeMi QyHKUIT 111 0OUUCIEHHS CyMHU, OIIYKY MaKCUMAaJIbHOTO €JIeMEHTa Y MiIpaXyHKy
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KUTBKOCT1 3HA4€Hb, IO 3aJOBOJILHSIOTH YMOBY. Takuil MiJXij IMOJICTIIYE CTPYKTYPY MPOTPaMH,
CIIPOIIY€E TECTYBAHHS 1 1a€ 3MOT'y IOBTOPHO BUKOPUCTOBYBATH OKpeMi (hparMeHTH KOY.

TakuM YMHOM, aJTOPUTMH OOpPOOKM OIHOBUMIPHUX MACHBIB € BaXXJIMBOIO CKJIAJI0BOIO
MiATOTOBKY 3 aJTOpUTMI3allil Ta mporpamyBanHs. BoHn GpopMyroTh HABHYKH MOCIIIOBHOI 0OpOOKH
HaOOpiB JaHUX, Oprafi3amii IMKIIB, BUKOPHCTAaHHS 3MiHHHX-HAKONWYyBadiB 1 JIYMJIBHUKIB, a
TaKOK HABMYKHU aHAJi3y 3HaYCHb €JIEMEHTIB MAaCUBY 32 PI3HUMHU KPUTEPISIMU.

IIpakTn4yHe 3aBAaHHS

1. Po3poOuTH mporpamy jjisi BBEICHHS Ta BUBEICHHS CIEMEHTIB OJIHOBUMIPHOTO MacHUBY.

2. CtBOpUTH IIpOrpamy Jjsi OOUMCIICHHS] CyMH BCiX €JIEMEHTIB MacHUBY.

3. Po3pobutu mporpamy aisi 3HAXOJKEHHS HAHOUIBIIOr0 Ta HAWMEHIIOTO EJIEMEHTIB
MAacHBY.

4. CtBopuTH Mporpamy Juisi OOYUCIICHHS KUTBKOCTI MONATHUX, BIT €MHUX 1 HYJIbOBHX
CJIEMCHTIB MaCHBY.

5. Po3pobutu mporpamy Juisi OOYHCICHHS CEPEIHBOIO apU(PMETUUHOTO EIIEMEHTIB
OJTHOBHMIPHOTO MacCHUBY.

MeToan4Hi BKa3iBKH 10 BAUKOHAHHS MPAKTUYHOT0 3aBIaHHSI

[lepen mowarkom BuKOHaHHA pobOotu HeoOximHo y cepemoBumii Visual Studio Code
CTBOPUTH HOBUU (haiil MPOrpaMHOTO KOAY 3 PO3MUpPEHHsM .c abo .cpp. [licimst mporo cimin
T IKITFIOYUTH HeO0OX11H1 010JII0TEKH Ta MiATOTYBATH CTPYKTYPY Mporpamu 3 GyHKITIEIO main.

Ha moyarkoBoMy eTami HEOOXiTHO OTOJIOCUTH OJHOBUMIPHHI MacuB BiJIOBIIHOTO THITY, a
TaKoX 3MiHHI, M0 BHUKOPHUCTOBYBATUMYTbCS MJis 30€piraHHs KIJIbKOCTI €JIEMEHTIB, CyMH,
CepeHbOr0 3HAYEHHS, MAKCUMAIILHOTO Ta MIHIMaJbHOTO €IIEMEHTIB, a TaKOX JIYMJIbHHUKIB IS
MiPaxyHKy eJEeMEHTIB 3a TMEeBHUMH O3HakaMH. SIKIIO KiNBbKICTh €NeMEHTIB  3a/1a€ThCs
KOpPHUCTYBa4eM, JOIUIHHO CIIOYATKY 3UUTATH 1€ 3HAYEHHs, a MOTIM BUKOHYBATH O0pPOOKY y Mexax
BIJIMIOB1THOTO J1alla30HY 1HJEKCIB.

Jani HeoOXi1HO peani3yBaTH BBEJICHHS €JIE€MEHTIB MacuBy. /ISl 1[bOr0 BUKOPHCTOBYETHCS
IUKII, Y MEXaxX SKOTO IS KOXXHOTO 1HJIEKCY BUKOHYETHCS 3YUTYBAHHS 3HAUCHHS 3 KIIaBiaTypH.
baxxano, mo0 mporpama MOBiIOMIISZIa KOPHCTyBada, SIKHA caMe eJeMEeHT MOTpPiOHO BBECTH,
HAMPUKIIA]] 32 HOMEPOM TMO3HIII].

[Ticst BBeZIGHHSI €IEMEHTIB JOLITFHO peani3yBaTH iX BUBEJIEHHS Ha €KpaH, 00 MepeBipuTu
MPaBWIbHICTh 3alIOBHEHHS MacuBy. [l IIbOTO TaKOX BHKOPUCTOBYETHCS HMUKI. SIKIIO MOTPiOHO,
BUBEJICHHS MOXKHA OpraHi3yBaTHU B OJMH PAJOK a00 y BHUIVIAIl CTOBIIS, 3aJI€KHO BIJ YMOB
3aBJIaHHS.

[lin wac peamizaiii 3ama4yi 3HaXOKEHHSI CYMH BCIX €JIEMEHTIB HEOOX1JTHO BHUKOPHCTATH
3MIHHY-HAKOIMYYyBa4, SKid Iepe]l MOYaTKOM UKy MPHCBOIOETHCS IMOYATKOBE 3HAYCHHS HYJIb.
Jam y mukmi 10 Hel J0/1ae€Thes 3HAYEHHST KOJKHOTO eJleMeHTa MacuBy. [licis 3aBepiieHHs TUKITY
pe3yNbTaT BUBOJAUTHCS HA €KPaH.

Jlns 3HaxXO/KEHHs HaWOUIBIIOr0 Ta HAaWMEHIIOrO EJIEMEHTIB JOIIBHO TOYaTKOBO
MPUCBOITH 3MIHHUM MaKCUMyMY 1 MIHIMyMY 3Ha4€HHs NEpIIOro enemMeHta mMacuy. [lami y nukii
MOPIBHIOBATH KOKEH HACTYIHHM €JIeMEHT 3 TOTOYHUMH 3HAYCHHSIMH MaKCUMYyMY 1 MiHIMyMY Ta 3a
MoTpeOu OHOBITFOBATH iX.
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[lin gac migpaxyHKY KIJTBKOCTI JOJIATHUX, B’ €MHHX 1 HYJIHOBHX €JIEMEHTIB HEOOX1IHO
BUKOPHUCTATH OKPEMIi JIYMIBHHUKH, SKI TMEepe]l MOYaTKOM OOpOoOKHM iHiIiami3yroThes HyneM. Jami y
MpOoLIeCi Meperiisiay MacuBy JJIsi KOKHOTO €leMEHTa BUKOHYEThCS TEepeBipka HOro 3Ha4YeHHS, 1
BIJIMTOBITHAH JTIYMILHUK 301IBITYETHCSI HA OJIMHUIIIO.

st oOYMCICHHSI CepeHBOrO apU(PMETHUYHOTO CIEMEHTIB MAcCHBY CIIOYATKy MOTPiOHO
3HAWTHU CyMy BCIX €JIEMEHTIB, a MOTIM MOAUTMTH ii Ha KUIBKICTh eneMmeHTiB. Ilig yac 1mporo ciia
BpaxyBaTH THUIH JaHUX. SIKIIO MaCUB Ma€ MIJIOYMCIOBUN THIIL, i1 OTPUMAHHS TOYHOTO PE3yJbTaTy
JIOIITPHO BUKOHATH MEPETBOPEHHS THUIIIB, 00 YHUKHYTH IIJIOYUCIOBOTO JUICHHS.

[Ticns HamwcaHHS TPOTPaAMHOTO KOy HEOOXiTHO BHUKOHATH HMOT0 KOMHIUIAIIN. SIKIO
KOMITUISTOP BUSIBUTH ITOMUJIKH, CJIi] IEPEBIPUTH PABUIHHICTH OTOJIOMICHHS MacHBY, MEXI1 ITUKIIIB,
TUINH 3MIHHHX, a TAKOXX MPABHJIBHICTD 3BEPHEHHS JI0 €JIEMEHTIB 3a iHjaekcamu. [licis BunpaBieHHs
MTOMHJIOK TIpOrpamy MOTPiOHO MOBTOPHO CKOMITLITFOBATH 1 3aITyCTUTH.

[Ticns ycmimHOro 3amycky ClijJi MPOTECTyBaTH MpOTrpaMy Ha KiIbKOX HabOpax BXITHHX
naHux. J{OIIBHO BUKOPUCTOBYBATH SIK THIIOBI 3HA4YEHHS, TaK 1 HAOOpHW, MO MICTATH JOMAATHI,
Bil’éMHI Ta HyNnbOBI eneMeHTH. lle J03BONUTH NEpeBIpUTH MPaBUIBHICTH pPOOOTH BCiX
peanizoBaHUX aJIrOPUTMIB.

KoHTpoabHi nuTanHs

. lITo Ha3KMBa€eTHCA OTHOBUMIPHUM MacHBOM?

. SIk 3MIHCHIOETHCS TOCTYT 10 elieMeHTIB MacuBy y MoBax C i C++7?
. 3 SIKOTO 3HAYCHHS MTOYNHAETHCS 1HIEKCAIlis €JICMEHTIB MacUBY?

. SIki 3aa4i 0OpOOKHM OTHOBUMIPHUX MACHBIB € THIIOBUMHU?

1

2

3

4

5. SIk 00uMCIIOETBCS CyMa €JIEMEHTIB MacuBy?

6. SIKUM YMHOM BH3HAYAIOTh HAWOUIBIINHI 1 HAMMEHIITNI eTeMEHTH MacuBY?

7. J171s1 4Oro BUKOPUCTOBYIOTHCS 3MIHHI-JIIYMIBHUKH 1111 4ac 00poOKU MacuBiB?
8. SIKi HOMMJIKM MOKYTh BUHMKATH MiJl 4Yac 3BE€PHEHHS /10 €JIEMEHTIB MacuBy?

3micT 3BiTY

1. Ha3Ba Ta meTa poboTu.

2. KopoTki TeopeTHyHi BiIOMOCTI PO OJJHOBUMIPHI MAaCHBH Ta aJTOPUTMH iX 0OpOOKH.
3. IlporpaMHuuii KoJ po3po0IeHUX MpOrpam.

4. Pe3ynpTaT BUKOHAHHS IPOrpaM Ha pi3HUX Habopax BXiAHUX JaHMX.

5. AHani3 oTpUMaHUX pe3yJbTaTiB.

6. BucHOBKY 3a pe3yabTaTaMi BUKOHAHHS POOOTH.

IIpakTuuna podora 14. Peasizauis aaropuTMiB NouyKy Ta COPTYBaHHS JaHUX

KarodoBi moio:xxeHns

[Tinq gac 0O6poOKM MacHBIB 1 MOCIIJOBHOCTEH JaHUX OJHUMHU 3 HAWBAXKIHMBINIMX 337a4 €
MOIIYK MOTPIOHOTO €NeMEHTa Ta BIOPSAKYBAaHHS €IEMEHTIB 3a MEBHUM MpaBuioM. Taki 3amadi

BUHUKAIOTh Yy OIBIIOCTI MPUKIAJAHUX IpOrpaMm, IOB’A3aHUX 13 UYHCIOBHUMH pPO3paxyHKaMH,
CTaTUCTUYHOIO 00poOKOI0, OPMYBAHHSIM 3BITIB, aHAII30M pPE3yJbTATIB BUMIPIOBaHb 1 poOOTOIO 3
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JOBIZIKOBOIO 1H(popMaliero. CaMe TOMy alrOpUTMHU TOIIYKY Ta COPTYBaHHS HajeXaTh 10 0a30BUX
aNropuTMIB 1HPOPMATHKH Ta IPOTPaMyBaHHS.

[Tomyk naHuX y HAMMpOCTIIIOMY BUMAJKY IOJSATra€ y BU3HAYEHHI, YU MICTHUTHCS B MacHBIi
€JIEMEHT 13 3aJaHUM 3HAYCHHSIM, a TaKOXX Yy 3HAXOPKCHHI WOro mosuilii. SKkmo nmaHi me He
BIOPSIKOBAHI, HAMIIPOCTIINM CIIOCO60M PO3B’A3aHHS Takoi 3ajaui € niHiiiHuii momyk. Horo cyrs
MOJISITA€ y MOCIIAOBHOMY TEpETJIsiii BCIX €JIEMEHTIB MacUBY, MMOYMHAIOYH 3 niepiioro. Ha koxHOMy
KpOIll BUKOHYETHCSI MOPIBHSAHHS MOTOYHOIO €JIEMEHTA 13 IIYKaHWM 3HA4YeHHSM. SIKI0 3HaYeHHS
301ratoThCsl, TOMIYK 3aBEPIIYEThCSA, 1 mporpama ¢iKCye 1HAEKC 3HAWIEHOro eleMeHTa. Ko
MEePETJIIHYTO BECh MAacHB, a 30ir HE BHUSBIICHO, POOUTHCS BHUCHOBOK IPO BIJACYTHICTh IIYKAHOTO
€JIEMEHTA.

[lepeBaroro IiHIKHOTO TMONIYKY € TpOCTOTa peamsamii. s #oro BHKOPUCTaHHS HE
noTpiOHO MONepeHbO BIOPSAKOBYBATH JJaHi, TOMY LI alrOpPUTM 3pYYHHN Y HABUAIBHUX 33/1a4ax
1 B THX BHIIaJKaX, KOJIM KUIBKICTh €JI€MEHTIB HeBelnKa. BogHoyac epeKTUBHICTh TAKOTO MOIIYKY
oOMekeHa, OCKUIbKH Y HAUTIpIIIOMY BUMAJIKY JOBOJIUTHCS MEPEBIPSATH BCi €IEMEHTH MacUBY. SIKIIO
MacuB Ma€ BEIMKHI pO3Mip, Yac BUKOHAHHS JIIHIMHOTO MOIIYKY CYTTEBO 3POCTAE.

VY 6aratbox MpakTUYHHUX 3a/1a4aX BaKIMBUM € HE JIMIIE MOIIYK KOHKPETHOTO 3HaUeHHS, a i
MOIIYK eJIeMEHTa 3a MEeBHOI0 yMOBowo. Hampukiaa, mporpama Moxe HIyKaTH MEpIIUN JTOAATHUN
€JIEMEHT, HaWOLIbIINN EJEeMEHT, eJNEeMEHT, IO IMEepeBUINye IEeBHE 3HAYEHHS, a00 KUIbKICTh
€JIEMEHTIB, SK1 3a/I0BOJBHIIOTh BU3HAYEHY YMOBY. Yci L 3aJadl TaKOXX Peali3yroTbCs LUIIXOM
MOCTIIIOBHOTO TIEPETJISIY MAacCUBY, ajle KPUTEPil EPEBIPKU 3MIHIOETHCS 3AJIEKHO BijIl yMOBH 3a/1a4i.

e oaniero pyHIaMEHTANBHOIO 33/1a4ei0 € copTyBaHHs. COpTyBaHHSM Ha3MBAIOTh MPOIEC
BIIOPSIZIKYBAHHSI €JIEMEHTIB MacHBY 3a 3pOCTaHHSM, CIIaJaHHAM a00 3a I1HIIUM BHU3HAYCHHUM
npaBWiIoM. BincoproBani gaHi 3pydYHimie —aHaui3yBaTd, BiZOOpakaThd KOPHUCTyBady Ta
BUKOPUCTOBYBATH y MoJaibIIuXx oOuucieHHsX. KpiMm Toro, 6arato e(peKTHBHIIIMX alTOPUTMIB
MOLIYKY MOXYTb 3aCTOCOBYBATHUCS JIMIIE IO BXKE BIOPAAKOBAHUX JaHUX. CaMe TOMY COpTYBaHHS €
BaXXJIMBOIO IMiJTOTOBYOIO OIEPALIEI0 TIepe/l BUKOHAHHAM CKJIQHIIINX QJITOPUTMIB OOPOOKH.

Y noyaTtkoBOMy Kypcli HporpaMmyBaHHs 3a3BUYail pO3MIAJAIOTHCS IPOCTI alrOpPUTMHU
COpPTYBaHHs, SIKI JIETKO 3pO3YMITH 1 peani3yBaTH y NporpaMHOMYy Koji. Jlo Takux ajropuTmis
HaJIe)KaThb COPTYBaHHA OOMIHOM, COPTYBaHHSI BUOOPOM 1 COPTYBaHHs BCTaBKaMHU. XO4a BOHU HE €
Halle()eKTUBHIIINUMU JJI BEJIMKUX MACHBIB, CaM€ Ha iX MPUKJIaAl 3py4HO GOpMyBaTH YSABIEHHS PO
TIPUHITUIH BITOPSAKYBAHHS TaHUX.

CopryBaHHs1 OOMIHOM, SIK€ YAaCTO HA3MBaIOTh OYyIbOAIIKOBUM COPTYBaHHSM, IPYHTYETbCS Ha
6araTopazoBOMY HOpPIBHSHHI CYCiIHIX €JI€MEHTIB MacuBy. SIKILIO JBa CYCiJHI €IEMEHTH PO3MILIEHI
y HENpaBWJIbHOMY TMOPSJKY, BOHH MIHSAIOThCS MicuaMu. Ilicis OAHOrO MOBHOTO TPOXOIY
HalOUTbIMi 200 HATMEHIITNI eeMEeHT, 3aJIeKHO Bif] clIoco0y COPTYBAaHHS, MEPEMIIIYETHCS Y CBOIO
KiHIIeBY MO3UIIif0. [[oBTOprOIOUM Taki MpOX0.I1, MO’KHA TIOCTYIIOBO BIOPSIIKYBaTH Bech MacHB. L{eit
QITOPUTM € TPOCTHUM JJisi PO3YMIHHS, ajie MOTpeOye 3HA4HOI KITBKOCTI TOPIBHSHB Ta
MIEPECTaHOBOK.

CoptyBaHHs1 BUOOpOM 0a3yeTbcsi Ha TOMIYKY HAMMEHIIOr0 a00 HaWOIIBIIOrO eJIeMeHTa y
HEB1JICOPTOBaHIM YaCTHHI MacHUBY Ta OOMiH1 1OTO 3 €JIEMEHTOM, SIKW IOBUHEH CTOSATH HA IMMOTOYHIN
no3uuii. Ha mepuiomy erani 3HaXoaUTbCs HAMMEHIINN €IeMEHT y BCbOMY MAacHUBi 1 IEPEHOCUTHCS
Ha mepiue micue. Jlami 1mykaeTbcsi HAWMEHIINH eJIeMEHT cepell PELITH €JIEMEHTIB 1 PO3MIILYEThCs
Ha Jpyrii no3uwii. IIpoiiec MOBTOPIOETHCS 10 MOBHOTO BIOPSAKYBAaHHS MacuBy. Takuii alnroputm
BUKOHYE MEHIIIe OOMiHiB, HIXK OyiabOalkoBe COPTYBaHHS, ajle TaKOX MOTpedye 3HAYHOI KiJIBbKOCTI
MTOPIBHSIHb.
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CopTtyBaHHsl BCTaBKaMH peaiidye iHmME miaxia. Crodarky BBaKa€ThCs, IO MEPIIUN
eIeMEHT YK€ BIOpsAKoBaHWM. Jlamli KOXKEH HACTyMHUW €JIEMEHT 110 4ep3l BCTABISIETHCS Y
NpaBUJIbHE MICIIE Cepel YK€ BIOPSIKOBAHOI YAaCTMHM MacuBy. Takuil crmoci0 Harazaye
BIIOPSZKYBAHHS KapT Yy PyIL, KOJU HOBa KapTa BCTABJISIETHCS Ha BIATIOBIAHY MO3UIIIO Cepes yxe
po3ramoBaHux Kapr. Lle amroput™m 3pydHui Yy BHMIAAKaX, KOJIM MaCHUB YK€ YaCTKOBO
BITOPSKOBAHUHM, OCKIIBKH TOJII KITBKICTh IEPECTAHOBOK MOKE OyTH MEHIIIO0.

[Tin wac peamizamii aJropuTMIB COPTYBaHHS OCOOJMBY YBary CliJl TPUAUISITH OOMIHY
3Ha4eHb €JEMEHTIB MacuBy. [ IepecTaHOBKM JBOX €JIEMEHTIB 3a3BUYail BUKOPHUCTOBYETHCS
JOTIOMIDKHA 3MiHHA, Yy SIKIMH THMYacoBO 30epiraeTbCs OJIHE 31 3Ha4eHb. Lle M03BOJIIE BUKOHATH
0OMiH KOPEKTHO 1 HE BTPATUTH YKOJHOTO 3 CJICMEHTIB.

AJNTOPUTMH TIOIIYKY 1 COPTYBaHHS AOLIBHO OLIHIOBATH HE JIUIIE 3 MOTJISAY HPaBUIBHOCTI,
a i 3 morsAny eQpeKTHBHOCTI. EQEeKTHBHICTh anropuTMy BU3HAYAETHCS KUIBKICTIO OMeEparii, sKi
NOTPiOHO BUKOHATH JJISl JOCSTHEHHS pe3yNbTaTy. Y BHUIMAJKY MOIIYKY OCHOBHHMH OIEpALlisMU €
MOPIBHSHHS 3HAYCHb. Y BUIAAKY COPTYBAHHS — MOPIBHSIHHSA 1 IEPECTAaHOBKH €JIEMEHTIB.

JliHiiHUH MOIIYK y HAWTIPIIOMY BUIAJKY BUMAarae meperisay BCiX eJIeMEHTIB MacuBY, TOMY
KUIBKICTh TOPIBHSHB 3pOCTA€ MPOIMOPIIHHO KUTBKOCTI eneMeHTiB. [IpocTi anroputMu copTyBaHHS
Mpalo0Th TOBUIbHINIE. [[71s MacuBy 3 n eleMEeHTIB KUIbKICTh omepamiii y HuX MOpHOIU3HO
MpoIopliliHa KBaJIpaTy KUTbKOCTI eneMeHTiB. Lle o3Hauae, 110 31 301UIbIIEHHSIM pO3Mipy MAacUBY dac
BUKOHAHHS TaKUX AJITOPUTMIB 3pOCTA€ TOCUTh MBUAKO. CaMe TOMY JJIs BETMKUX OOCSTIB IaHUX Y
MPAKTUYHOMY TPOTpaMyBaHHI BUKOPUCTOBYIOTH €(DEKTHBHIII alTOPUTMH COPTYBaHHs, OJHAK Ha
MIOYaTKOBOMY €TaIli BUBYECHHS JJOCTATHBO OBOJIOITH Oa30BUMHU METOJIAMH.

VY Mexax mi€l mpakTHYHOI POOOTH NPOrpaMyBaHHS BUKOHYETbCA y ceperoBumii Visual
Studio Code moBoro C/C++. CTyneHT NMOBHHEH HE JIMINE peali3yBaTh alrOPUTMH IIOIIYKY i
COpPTYBaHHS, a ¥ MepeBipUTH iX poOOTY HA Pi3HUX HAOOpax MaHUX, MpOoaHali3yBaTH MPAaBUILHICTh
OJIep’KaHUX PEe3yJbTaTiB 1 3BEPHYTU yBary Ha BiJIMIHHOCTI B JIOTiI[l POOOTH KOXKHOTO QJITOPUTMY.
Taka poGota popMmye mpakTHUHI HABUYKH CTBOPEHHS IMporpam jajs oOpoOKH MacuBiB 1 3aKJagae
OCHOBY JUJIs1 TO/1AJIBILIOTO BUBYEHHS CKJIAJHIIINX alTOPUTMIB.

HpaKanHe 3aBJ1aHHSA

1. Po3poOutu mporpaMmy uisi BUKOHAHHS JIHIMHOTO TOIIYKY 3aJIaHOTO €JIEMEHTa B
OJTHOBUMIPHOMY MacCHBI.

2. CTBopuTH mporpamy Julsl 3HAXO/KEHHS 1HJEKCY MEpIIOro eJleMEeHTa MacuBYy, IO
JIOPIBHIOE 3aJJaHOMY 3HAYEHHIO.

3. Po3poOutu mporpamy COpPTYBaHHS OJHOBHUMIPHOTO MAacHBY 3a 3pOCTaHHSIM METOJIOM
OOMIHY.

4. CTtBOpUTH TpOrpaMy COPTYBaHHS OJHOBHMIPDHOTO MAaCHBY 3a CIaJaHHSIM METOJ0M
BHOODY.

5. Po3pobutn miporpamy, y sIKiii BUKOHYIOTBCSI TIOIITYK €JIEMEHTa B MAacHBi /10 COPTYBAaHHS 1
IICJISl COPTYBAHHS, 3 OJANBIINM MOPIBHAHHSAM PE3yJIbTaTiB.

MeT()}_II/I"IHi BKa3iBKu 10 BUKOHAHHA NMPAKTUYHOI'0 3aBAaAHHSA

[lepen mowatkoM BUKOHaHHA poOoTH HeoOXximHO y cepenosumii Visual Studio Code
CTBOPUTH HOBHUH (paiiyl MpOrpaMHOro KOy 3 PO3IIUPEHHSM .¢ abo .cpp. Ha mouatky mporpamu ciif
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MIIKITIOYATH HE0oOXimHI O010J10TeKH, MICas 4Yoro peanizyBath (YHKIIIO main Ta, 3a MOTpeow,
JOTIOMIXKHI (DYHKITIT /ISl BBEJIEHHSI MaCUBY, HOTO BUBE/ICHHS, TOIIYKY €JIEMEHTIB 1 COPTYBaHHS.

Ha nepmomy erami HeoOXiJHO OpraHi3yBaTH BBEAEHHS MacuBy. J[Js IIbOrO KOpHCTyBay
MOBHHEH 33/1aTH KUIBKICTh €JIEMEHTIB, MICS YOro y IIMKJII BBOAATHCS 3HAUEHHS BCIX €JIEMEHTIB
MacuBy. JlOINBHO ofpa3y peasli3yBaTH TaKOXX BHBEJICHHS MacHBY Ha €KpaH, II00 MepeBipUTH
MPaBUJIBHICTB HOTO (POPMYBaHHS.

ITin gac peamizarii JIHIHHOTO TOMIYKY HEOOXIJHO OpraHi3yBaTH IOCIIIOBHUM TEPETJIsI
€JIEMEHTIB MacuBY. Y IIUKJII CJIiJ] TOPIBHIOBATH KOXKEH €JIEMEHT 13 IIYKaHUM 3HaYeHHAM. SIKI10 30ir
BHSIBJICHO, HEOOX1THO 3a(pikCyBaTH 1HJIEKC €JIEMEHTA 1 3aBEPIIMTH MOUTYK. SIKIIO MiCs 3aBEpIICHHS
nUKITy 30iry Hemae, mporpaMa IOBHHHA BHUBECTH IOBIJIOMJICHHS IPO BIJACYTHICTh IIYKAaHOTO
eJIEMEHTA.

Jis 3amavi MOMIYKY MEPIIOro BXO/KEHHS 3HAYEHHS HEOOXITHO 3yNMUHUTH BUKOHAHHS
UKy OJpa3y Micis MepIioro 3Haiizenoro 30iry. lle n03BOJMTH MpaBHIBLHO BHU3HAYMTH CaMme
NepUTy MO3ULI0 IIYKAaHOTO 3HAYEHHS, HAaBITh SIKIIO BOHO MOBTOPIOETHCS Y MAaCUBI KiJIbKa pa3iB.

[Tin wac peanizaimii copTyBaHHS OOMIHOM HEOOXiJHO BHUKOPHUCTATH BKIQJCHI LHUKIA. Y
BHYTPIIIHBOMY IIMKJII BHUKOHYIOTHCS TIOPIBHSHHA CYCIIHIX €JIEMEHTIB 1, 3a moTpedu, Iix
nepecraHoBka. Jljis 0OMiHy €JIeMEHTIB ClliJl 3aCTOCOBYBATH JOMOMIKHY 3MiHHY. [licis 3aBepiieHHs
COPTYBaHHsI MaCUB HEOOX1IHO BUBECTH HA €KPaH.

Jnis peanizalii copTyBaHHS BHOOPOM TaKOX BUKOPUCTOBYIOTHCS BKJIaAeHI LMKIM. s
KO)KHOT TO3MIii MacuBy NOTPIOHO 3HAWUTH €IIEMEHT 3 MOTPIOHOI BIACTUBICTIO, HAIPUKIIA
HAaWOUTBIIUI N1 COPTYBaHHS 3a CHAJaHHSM, 1 BUKOHATH HOro OOMIH 3 €JIEMEHTOM MOTOYHOI
no3uii. [Ticis KokHOTO IPOXO0y OJIHA MO3HUIIiSl BBAXKAETHCS OCTATOYHO BIOPSIIKOBAHOIO.

[Tix yac BUKOHAHHS 3aBIAHHS 3 MOPIBHSHHS TONIYKY J0 COPTYBaHHS 1 MiCIsl COPTYBaHHS
HEOOX1JHO 3BEpHYTH yBary Ha Te, I[0 CaM aJrOPUTM JIHIMHOTO MOUIyKY He 3MiHI€Thcs. OnHak
HICJI COPTYBaHHSA CTPYKTypa MacHBY CTa€ BIIOPSAIKOBAHOIO, IO MOJETLIye NOJAJIBIIMKA aHami3
JTaHuX. Y BHCHOBKax JOLUIBHO 3a3HAYUTH, IO MPOCTE COPTYBAHHS € KOPUCHUM HE JUILIE JUIs
BI3yaJIbHOT'O BIIOPSJIKYBAHHS, a i SIK MIATOTOBYMI eTan 0 3aCTOCYBAaHHS CKJIAJHIIINX alTOPUTMIB.

[Ticnst HanmKMcaHHS MPOTrPaMHOTO KOAY HEOOX1JHO BUKOHATH KOMIUIALII0. SIKIII0 KOMIUIATOP
BUSBUTH TOMMUJIKU, CJiJi MEPEBIPUTH NPABWIBHICTH OTOJIOIICHHSI 3MIHHUX, MEXI LMKIIB, JIOTIKY
MOPIBHSAHb, a TaKOX MPABWIBHICTE O0OMiHY einieMeHTiB. [licis BUIpaBiIeHHS MOMUJIOK Iporpamy
MOTP1OHO MOBTOPHO CKOMIIUIIOBATH 1 MPOTECTYBATH.

TectyBaHHs C€1iJl BUKOHYBaTH Ha KUJIbKOX Habopax BXIJHMX JaHuX. J[oLinbHO mepeBipuTH
MacMBHM 3 PI3HOIO KUIBKICTIO €JIEMEHTIB, y TOMY 4YMCIl 3 YK€ BIOPSAKOBAHUMH JaHUMH, 3
MOBTOPIOBAHNMMHU €JIEMEHTAaMH, 3 JI0JaTHUMH 1 BiJI’€MHUMHM dnciamu. Lle 103BONINUTE nmepekoHaTucs
y MPaBUIIBHOCTI peastizalii alrOpUTMIB MOUIYKY Ta COPTYBaHHS.

KoHTpoJbHi nuTaHHs

. lllo Ha3uBaeTHCS JIHIKHUM MOLIIYKOM?

. Y yomy nonfrae NpuHIUI poOOTH JIIHIHHOTO MOIIYKY?

. IIlo Ha3uBa€THCS COPTYBAHHSAM MacuBy?

. Y yoMy rnosisira€ NpUHIUI POOOTH COPTYBAHHS OOMIHOM?

. Y yoMy mnoJisira€ NPUHIUI POOOTH COPTYBaHHS BUOOpOM?

. Jlnst 4oro mij yac COpTyBaHHS BUKOPUCTOBYETHCS TOTIOMI’KHA 3MiHHA?
. SIK OLIIHIOIOTh €(PEKTUBHICTh AITOPUTMIB MOILIYKY Ta COPTYBaHH:?

0N N L AW N~

. YoMy mIpOCTi aITOPUTMHU COPTYBAHHS € MaJTOC(PEKTUBHUMHU JJISI BEJIMKUX MAcHBIB?
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3micT 3BiTY

1. Ha3Ba Tta meTa poOOTH.

2. KopoTki TeopeTHyHi BiIOMOCTI ITPO aJITOPUTMHU TMOIIYKY Ta COPTYBAaHHS JaHUX.
3. IIporpamMuuii Ko peai3oBaHUX AITOPUTMIB.

4. PesynbTaT BUKOHAHHS IPOTPaM Ha Pi3HUX HAO0OpaxX BXiJIHUX JaHHX.

5. IlopiBHsIIbHUI aHAJI3 POOOTH AITOPUTMIB MOIIYKY Ta COPTYBaHHS.

6. BucHOBKH 3a pe3ylibTaTaMu BUKOHAHHS POOOTH.
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Hapuyannue BunaHHs

Pycy Ouaexcanap IlerpoBuy

AJITOPUTMIBALIA TA IPOT'PAMYBAHHA

Meroau4Hi BKa3iBKH 10 BUKOHAHHS MPAKTUIHUX POOIT
JUIs 3100yBaviB BUIIOI OCBITH, Ki HABYAIOTHCS 32 CIIEL1aIbHOCTAMU
rany3i «lHdopMmarliitHi TeXHOIOTI»

YKpaiHCBKOI MOBOIO
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