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MiHicTepcTBO OCBITW | HayKun YkpaiHu JepxaBHuii 3aknag
[ 7| UunTtuposanus: 0,03% id: 1
«JlyraHCbKWiA HaLioHanbHWIA yHiBEpPCUTET iMeHi Tapaca LLleByeHka»

HaB4YanbHO-HayKOBUI IHCTUTYT hi3nKKN, MaTeMaTVKN Ta iHhopMaLinHux TexHonorin Kadeapa
iH(hopMaLinHMX TexHoorii Ta cucTtem 3apemba Onekcin Bacunbosuy PO3POBKA TA
OOCNIAXXEHHA CUCTEMU TBOPYUX 3ABJAHD OJ19 ®OPMYBAHHA 3OATHOCTI CKJTALATU
PEKYPCUBHI AJTTOPUTMW kBanidikauinHa poboTa 3a06yBaya BULLOI OCBITU ApYyroro
(MaricTepcbkoro) piBHA OCBiTHbOI Mporpamu

u LnTupoBaHusa: 0% id: 2
«lHthopmaTuka»

3a cneuianbHicTio 014.09 .CepenHs ocBiTa (IHhopMmaTnka) OcobucTuin nianuc

Onekcin 3APEMBA HaykoBuii KepiBHNK Mukona CEMEHOB, kaHonaaT nefaroriyHmx
HayK, LOLEHT

@ O6Hapy>xeH MnarnaT: 0,08% https://ukd.edu.ua/sites/default/files/... id: 3
Kaenpu iHhopMaLiiHNX TEXHONOriN Ta cucTem 3aBiayBad Kadenpu Mukona

CEMEHOB, kaHAnAaT nefaroriyHmMx Hayk, AOUeHT Kadeapu iHhopMaLinHUX TEXHOOTIA Ta

cnctem Ctapobinbcbk - 2022 AHOTALIA 3apemba O. B. Tema: Po3pobka Ta focnifKeHHs
CMCTEMU TBOPYUX 3aBAaHb Anst POPMYBaHHA 34aTHOCTI CKJafaTn PEKYPCUBHI anropuTMu.
CneuianbHicTb: 014.09

7 | LutnposaHus: 0,02% id: 4
«CepepnHsa ocBiTa (IHhopMaTuhKa)».

YcTaHoBa: JIHY iMmeHi Tapaca LUeByeHka, 2022p. MaricTepcbka pob6oTta MicTuTh: 110 c., 17 puc. 8
Tab., 32 pxepena. O6’eKT AOCNIAXKEHHSA - PeKYPCUBHI anropuTmu. NMpeamMeT AOCNiAXKEHHS -
TBOPYi 3aBAaHHA AN (DOPMYyBaHHS 34aTHOCTI CKagaTn peKypCcuBHi anroputmMn. MeTta
[OCNiAXeHHA - po3pobka Ta AOCNiAXKEHHS CUCTEMN TBOPYMX 3aBAaHb 419 POPMYyBaHHA
3[4aTHOCTI CKJlaflaTu PeKypPCUBHI anropnTMu. PesynbTaT poboTun. Ha ocHOBIi aHanily HaykoBo-
MeTOAMNYHOI liTepaTypn Ta MEPEXHNX AXKepen NpoBeAeHO aHai3 MOB NPOrpamMmyBaHHS fAKi
MO>KJIMBO BMKOPUCTOBYBaTH

@ O6Hapy>xeH MnaruaT: 0,05% https://zakon.rada.gov.ua/go/463-20 id: 5
B 3aK/jlafax 3aralibHoi cepeaHboi OCBITW. [poaHai3oBaHO NporpamMmn Ta NigpPYYHUKN 3 TEMU

u LUntuposaHus: 0,01% id: 6
«AnropuTMn Ta Nporpammn»

B 3akJlajax 3arajbHoi cepeaHbOi 0CBiTU. [lpoBeAeHO aHani3 iCHy4YMX NiaxoAnis 4O METOAUNKN
BUKNaOaHHA TeMU

[ 7| LutnposaHus: 0% id:7
«PeKypcis».

Po3rnsHyTo Ta AOCNIAXKEHO 3HAaYEHHS peKypcii. PO3rnsHyTo KaTeropii 3agay, Wo A03BONATh
peKypCcuBHi BU3Ha4YeHHs. MpoBeneHo aHani3 peanisauii peKkypcuBHUX nignporpam Ta
TPYLOMICTKOCTI PEKYPCUBHUX aJirOPUTMiB METOAOM NiApaxyHKY BEpLUVH AepeBa peKkypcii. B
poboTi HaBeAeHO MeTOANYHI pekoMeHaLlii LWoao onncy peKypCcMBHUX PYHKLiA. Po3rasHyTo
BMKOPUCTaHHA TBOPYMX 3aBAaHb AN (PopMyBaHHA 34aTHOCTI CKNafaTu Pekypcii y YncnoBux
3a4a4ax, pekypcito Ta NOCNiAO0BHO OPraHi3oBaHi AaHi, pekypcnsHe 06pobneHHs ABiNKOBMX
nepes. Knioyosi cnosa: IHOOPMATUKA, METOAVKA BUKJTAOAHHSA IHGOPMATUKI, PEKYPCIS,
PEKYPCUBHI ATTOPUTMIA.

: 014.09
u LnTupoBaHus: 0,01% id: 8
" ( )n.

; ( ), 2022 . !
110 p., 17 im, 32 . - . -
u LntuposaHusa: 0,01% id: 9
u LUntuposaHus: 0% id: 10
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. 3MICT BCTYMN6 PO34l1N1 | ANTOPUTMI3ALIA
@ O6Hapy»xeH MnarnaT: 0,11% https://www.researchgate.net/publica... + 4 pecypcos! id: 11

TA NMPOrPAMYBAHHSA B LLUKIJIbBHOMY KYPCI IHOOPMATUKI10 1.1. BuBYEHHA anropuTMisauii Ta
nporpaMyBaHHs B WKosil0 1.2. Mpobaemn Bubopy MOBM NporpaMyBaHHA AJ1s1 BUBYEHHA B
LWKiNIbHOMY KYPCi

iHbopMaTnKM12 1.3. AHanis nporpam Ta NiAPYYHHUKIB 3 TeMHn

Ed LUytnposanus: 0,01% id: 12
«ANropuTMM Ta MPOrpaMm»

21 1.4. MeToAuKa BUKALaHHA TeMU

[ 7| LutnposaHus: 0% id: 13
«Pekypcin»

35 BucHoBku Ao | po3giny52 PO34T Il PEKYPCIA TA PEKYPCUBHI AJITOPUTMUS3 2.1. PeKypCcUuBHi
yHKLUii Ta anropuTMmn53 2.1.1. PekypcuBHi hyHKLIii53 2.1.2. PekypcuBHi npouenypu i GyHKLUii56
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2.1.3. AHani3 TPyLOMICTKOCTi peKypCUBHUX aJirOpUTMiB METOA0M NiApaxyHKy BepLunH AepeBa
peKkypcii60 2.1.4. PekypcuBHa peanisauis anropntmis6l 2.1.5. AHani3 TpyAOMICTKOCTI anroputmy.
obuncneHHs pakTopianabd 2.2. PeKypCuBHi anroputMu i MeToam ix aHanisy65 2.2.1.
Jlorapu@miyHi TOTOXHOCTI65 2.2.2. MeToaun pilleHHs peKypPCMBHUX CMNiBBiAHOWEHL66 2.2.3.
PekypcuBHi anropntmMn67 2.2.4. OCHOBHa TeopeMa Npo pPeKypeHTHi CMiBBiAHOLEHHA67
BucHoBku go Il po3ainy68 PO341J1 Il PO3POBKA CUCTEMU TBOPYNX 3ABOAHb ONA
®OPMYBAHHSA 30ATHOCTI CKNIAOATU PEKYPCUBHI AZITOPUTMWN6E9 3.1. MeToanNYHi
pekoMeHAaLii Woao onucy pekypcuBHUX MyHKLING9 3.2. BUKOpUCTaHHS TBOPYMX 3aBAaHb ANA
hopMyBaHHS 34aTHOCTI CKAaAaTu pekypcii y Yncnosmx 3agadax72 3.2.1. Pekypcisi 3a BeIM4NHOK0
4ucna73 3.2.2. Pekypcia 3a 3anvMcoM Yncna y nosnuinHin cuctemi YncneHHa77 3.2.3. binbw
cknagHi 3aBAaHHA80 3.3. BUKOpUCTaHHS TBOPYMX 3aBAaHb ANa POpMyBaHHA 34aTHOCTI
CKJlajaTun peKypcilo Ta NOCNIAOBHO OpraHi3oBaHi faHi83 3.3.1. PekypcusHa poboTa 3
oZHOBUMIpHUMN MacnBamMmn83 3.3.2. PekypcusHa poboTa 3 pannamn87 3.3.3. PekypcusHa poboTa
3i cnnckammn90 3.4. BUKOpMCTaHHA TBOPYMX 3aBAaHb A8 (hOPMYyBaHHSA 34aTHOCTI CknaaaTtu
pekypcuHe ob6pobneHHs aBinkoBux fepe93 BucHosky Ao Il po3ainy103 BACHOBKW104
CMNCOK BUKOPUCTAHUX OXEPEN107 BCTYM Ky chepy XUTTERIANbHOCTI MOANHN MU 6 He
B3A/1M: MapKeTUHI, NONITUKY, MeANLMNHY, OCBiTY, - 6€3 3any4eHHA KOMMN'IOTEPHUX TEXHONOrIN B
Cy4yaCHOMY CBITi Hi4YOoro He 06xo0ANTLCA. ONA KOXHOT 3 UnX cchep po3pobnsoTbCs BiANOBIAHI
nporpamu. OT>e, CbOrogHi cneuianictn |1 - ranysi € 3aTpebyBaHumu. A came, gegani
MoNyNsApHILWMMM CTalTh CneuianicTn B cdepi po3pobku Ta NpocyBaHHA canTis, daxisLi 3
HanpaMKy Kibepbe3neku, WTYHYHOro iHTeNeKTy, BipTyasbHOI peasibHOCTI Ta iHLWi. 3aBAAKN TakuMm
cneuianicTam cTBopOOTLCA BEH-CTOPIHKYK, 3abe3nedyeTbCs LiNiCHICTL AaHMX Ta ix 6e3neka,
po3pobnAEeTLCS pi3HOMaHITHe nporpaMHe 3abe3neyeHHs. KoxeH thaxiBeub NOBUHEH BONOAITU
TaKUMW AKOCTAMU: 30aTHICTb LBUAKO HaBYaTWUCb, aHaNITUYHWIA CcKNag po3ymy. LLloao
npodecinHNX HaBNYOK, aKkTyaslbHUMW €: BONOAIHHA TEXHIYHOIO aHM INCbKOIO MOBOIO HE HIKYe
, 3HaHHA MOB NporpamMyBaHHA (Han4vacTiwe Le: LG, C4 4, , ,

Towwo). LLlo6 oBONOAIT AaHUMKN AKOCTAMU, BMIHHAMW Ta HaBU4YKaMn HeOBXiAHO NoYnHaTH
AIK MOXXHa paHille BUB4aTN OCHOBMW NPOrpaMmyBaHHsA. HaranbHo npo6a1emMoto CTano BUBYEHHSA
LWKiNIbHOrO Kypcy iHpOpMaTUKK, 30KpeMa NMTaHb HaBYaHHS NPOrpaMyBaHHA y LUKOI.
JocniaHvKn, aKi po3rnaaalnTb NPorpaMyBaHHS AK CNocib cninkyBaHHA 3 KOMN'IOTEPOM Ha
3pO3yMiflii NOMYy MOBI, 3aBXAN NiATPUMYBaM i€l HaBYaHHSA YYHIB NporpaMyBaHHSA 3 paHHbOro
Biky [1]. B YKpaiHi y4Hi 5 - 9 knaciB MaloTb 3aCBOIOBaTW AesKi eNeMeHTapHi 3HaHHSA 3 i€l
ANCUMNAiHK, 3rigHO 3 HaBYaNbHO Nporpamoto MiHicTepcTBa OCBITY | HAyKW YKpaiHu, a came
TEeMy,

u LnTtupoBaHus: 0,01% id: 14
«ANropuTMU Ta NporpamMm».

Y4Hi 3acBotooTh 6a30Bi MOHATTS Ta BUKOHYIOTb €/leMeHTapHi 3afadi 3 nporpamyBaHHaA[2]. 3a
[ONOMOrol0 TaKoro cepeaoBuLLa, Ak

u LUnTtuposaHusa: 0% id: 15

" "
’

BYNTENi iHPOPMATUNKMN FrOTYIOTb Y4HIB [0 HaBYaHHA anropuTMisauii i nporpaMmyBaHHS SKiCHO,
OOCTYMHO | Nerko Ha NpPakTUYHUX NpUKNagax, NiABULLUBLLN NPU LbOMY PiBEHb MOTMBALLi Y4HIB
[10 HaBYaHHSA 3@ PaXYHOK BUKOPUCTaHHA Pi3HUX MYNIbTUMEIHNX MOX/IMBOCTEN CepefoByLia Ta
irpOBMX KOMMOHEHTIB. A 3aBASKN O3HANOMNEHHIO YYHSA 3 62a30BUMUN NOHATTAMU, NPUHLIMNAMU
anropuTMisalii, NoNerwyeTbCca noAanblie 3HaloOMCTBO 3 MOBaMM NPOrpaMyBaHHS. 3a YMOBHU
nNpaBWIbHOI OpraHisauii BUB4EHHS iH(DOPMaTNKK, a caMe TeMaTU4YHUX MOAYNiB

u LUnTtuposaHus: 0,01% id: 16
«ANIropuTMK Ta NporpaMm»

MO>Ha 3auiKaBMTU, Ta MOTUBYBATU NiAPOCTaloYe NMOKONIHHS B NOAAJIbLIOMY OCBOEHHI | T-
cneuianbHocTen. Tema

u LUntuposaHus: 0,01% id: 17
«ANropuTMn Ta Nporpamm»

[L03BOJISIE BYNTESIO HE TiSIbKM HaB4aTU YYHIB HaBMYKaM NporpamMyBaHHs, a il po3BMBaTU
aNropuTMiYHEe MUC/IEHHS, Ke € CKJ1af0BOK KpeaTUBHOro MucieHHs. o6 gocarTtu ycnixy,
N0AMHa NOBMHHA BMITW NAaHyBaTW CBOIO AifNbHICTb, BCTAHOB/OBATY NpiopnTeTH y
nocTtaB/ieHUX 3aBAaHHAX. 3a cnoBamm O. MacivyHUK, «B OCHOBI HaBYaHHSA NEXUTb HE BUBYEHHS
KOMMN'loTepa, a BUBYEHHS TOrO, K BUKOPUCTaTWN NOro MOXKMBOCTI A1 PO3B’SI3aHHA TUX 3aA4ady,
AKi NOCTaloTh - Lie PO3YMiHHS fK NoTpeb NOANHN, TaK i NepcnekTmB i obMeXxeHb
o64ncnoBanbHOI TEXHIKW. Y pe3ynbTaTi HabyBalOTbCA He PYTUHHI HaBUYKK, a pyHOaMeHTanbHi
YSIB/IEHHS, CTBOPIOOTHCA MaTeMaTUYHI MoAeni, SKi B3aEMOLiIOTb 3 peasibHUM CBiTOM. [lyxe
Ba)K/IMBO, WO HabyTi 3HAHHSA | HABUYKW MalOTb NPaKTUYHY 3aCTOCOBHICTb Y MOBCAKAEHHOMY
JKUTTI, | MOXYTb ByTV NOB’A3aHi 3 pi3HOMaHITHUMK cdhepamu: Bif MeaULMHN A0 MACTELTBA, Bif
iCTOPUYHMX foCnia)KeHb [0 KOCMIYHUX MONbOTIB»[2, c. 11]. BUKOPUCTaHHSA TBOPYMX 3afay Ha
3aHATTAX 3 MPOrpamMyBaHHs 3Ha4HO MiABULLYE ePEKTUBHICTb HaBYaIbHOrO MpoLecy. 3 yMOBMU
3apay Takoro Tuny 6e3nocepeliHbO He MOXHa CKasaTu Npo Te, AKi caMe 3HaHHA 3HafobnATbLCA
YYHAM 018 iX pO3B'A3aHHA, @ TOMY iX AiANbHICTb CNPSAAIMOBaHa Ha BUSABJIEHHSA LWIAXIB PO3B’A3aHHA
i Niabip noTpibHMX faHWX, BigOMOCTEN Ta 3aKOHOMIpHOCTEN. Mpy BUPILLEHHI TBOPYMX 3apay
MOXXYTb 3HaA0BUTNCA PiI3HOMaHITHI 3HaHHA 3 IHWWX NpeAMeTiB, Hanpukaaa 3 anrebpu,
reomeTpii, Teopii MMoBipHOCTeN ToLLo. OCHOBHOK 03HAKOIO TOrO, L0 YYHi 3HaXOAATHLCA Y
TBOPYOMY MpPOLECi € BigMOBa Bif TPaAUUINHMX NiAXOAIB A0 iHTeprnpeTauii iCHylo4Mx BigoMoCTen.
[lo npo6aem po3B’A3yBaHHA TBOPYUX 3afay y Pi3HUX rany3sx 3BepTanocb 6araTo HayKoBLB,
cepep Hux: E. Fpuroposa [2], A. fasuaerko [3], C. JaHuneHko [4], K. KHon [7], I. lepHep [9], 1O.
Mypawkoscbkuii [11], C. Mputynsk [13] Ta iHwi. Ane cam TepMiH

u LUnTtuposaHus: 0,01% id: 18
"TBOp4a 3agayva"

BBOAMM NMLe AesiKi yqeHi, Hanpuknag, |. JlepHep [9]. Lo X [0 TepMiHy

u LnTtuposaHus: 0,02% id: 19
"TBOpYa 3ajava 3 NnporpamyBaHHA",

TO [0 HbOI O 3BEpPTaNnCb 6araTo BYEHUX, ane XKOAEH He AaBaB KOHKPETHOr0 O3HaYeHHS | He
HaBoAMB iX Knacudikauito. na Toro, wob nepenTn A0 0O3HAYEeHHSA TBOPYOI 3adadi 3
nporpamMmyBaHHs, He0b6XiAHO CNoYaTKy 3BEPHYTUCH A0 O3HA4YEHb TaKWNX MOHATb, K

u LinTupoBaHusa: 0% id: 20
"3apava",
u LUnTtuposaHus: 0,01% id: 21

"TBOpYa 3agaya",

u LUntuposaHus: 0,01% id: 22
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"3afa4a 3 nporpaMyBaHHA".

Tep™miH

u UntuposaHus: 0% id: 23
"3apa4va"

Yy TNYMa4yHOMYy C/IOBHUKY POCIICbKOi MOBW TPAKTYETLCA Y Pi3HMX 3HaYeHHAX: 1) y 3aranbHoOMy -
Te, Wo noTpebye BUKOHAHHS, PilleHHS; 2) y MaTeMaTU4YHOMY - BMpaBa, Ika BUKOHYETbCS 3@
[0NOMOrol0 yMOBUBOAY, 064MCNEHHS; 3) Y HayKOBOMY - CKJlafHe NUTaHHA, npobnema, Wwo
BUMaratTb JOCNiAXEHHS | po3B'a3aHHA [12]. AHanoriyHe po3yMiHHS AAaHOro NMOHATTA MU
3HaxXo0AMMO i y TyMa4HOMY CNOBHUKY Yiwakosa [16]. lo TepMiHy

u LnTtuposaHus: 0,01% id: 24
"3agaya 3 nporpaMyBaHHA"

3BEPTANIOCh YMMaso BYEHUX Takux, K [. 3natononbcbkuii [6], C. Okynos [5], ®. MeHbLIMKOB
[10], A. FOpkiH [17] Ta iHwi. Mn Byaemo BBa)kaTu, LLLO 3afa4a 3 NporpaMyBaHHA- Lie Taka
3apava, Aka nepenbayae MoLyK afropuTMy pilleHHA 3afadi 3acobamMu fesKoi MoBY
nporpamyBaHHa. 1o TepMiHy

[ 7| LUutnposaHus: 0,01% id: 25
"TBop4a 3agaya"

B Pi3HMX ranyssx 3sepTanock 6araTto HayKoBUIB, fKi HaBeAeHi BuLLe. Ane AaHe MNOHATTS
BBOAWIN NNLLIE fLesKi BYEHi, Hanpuknaa:

u LUntuposaHus: 0,18% id: 26

"TBopYoto, - nuLue |. JlepHep, - BBa)KaeTbCA 3afa4a, Aii No po3B’s3yBaHHI SKOi He
LleTepMiHyloTbCst abo He MOBHICTI0 (HEOLHO3HAYHO) AEeTEPMIHYIOTLCA AKUMUCH NPONMcamu,
TO6TO SKLLO PO3B’SI3YOHOMY HEBILOMMWIA aNrOPUTM PO3B’'A3aHHSA N HEOBXIAHO 34INCHUTY MOLUYK,
KPOKW fIKOro Hanepepg He gaHi" [9, c. 81]

. O6’€KT [OCNIAXKEHHS - PEKYPCUBHI anropuTMu. MpeaMeT [OCNiIAXKEHHS - TBOPYI 3aBAAHHSA ANS
¢opMyBaHHA 30aTHOCTI CKNagaTy PeKypCUBHI anroputMu. MeTa AoCniaXeHHs - po3pobka Ta
LOCNIAXKEHHA CUCTEMUN TBOPYMX 3aBAaHb AN (POPMYBaHHA 34aTHOCTI CKJafaTu PeKypPCUBHI
anropuTMu. Y BiANOBIAHOCTI A0 METU AOCNIAXKEHHA NOCTABJIEHO TakKi 3aBAaHHS: BuBynTun
HayKoBY, METOAUYHY NiTepaTypy 3 NPOrpaMyBaHHsA Ta METOAMKU NOro HaBYaHHS B 3aKnagax
3arajibHoi cepefiHbOi OCBITW. MPOBECTN aHaNi3 LOKYMEHTIB Ta NiAPYYHUKIB 3 iHpopMaTUKK 3
TEMU

u LUntuposaHusa: 0,01% id: 27
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MpoBecTn aHani3 iCHy4YMX NiAXOAIB A0 METOAVKN BUKNAAAHHSA TEMN
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po3pobuTn cucTeMy TBOPHUX 3aBAaHb A5 (DOPMYyBaHHSA 30aTHOCTI CK1laAaTu PeKypCUBHI
anroputmun. [1na po3s’sA3yBaHHA NOCTaB/IEHNX 3a4a4 3aCTOCOBYBaMCb TaKi MeToAN
LOCNiAXKEHHSA: TEOPETUYHI: aHani3 HaykoBO-MeAaroriYHux axxepen woao snposagxeHHs IKT B
HaBYasIbHNI NMPoOLEC; aHani3 Aep)KaBHUX HOPMATMBHUX AOKYMEHTIB, HaBYalbHUX Nporpam, seb-
OpiEHTOBAHMX pecypcisB, MPOrpamMHoOro 3abesne4YeHHs; NOPIBHAHHSA, BUBYEHHSA Ta y3arajlbHeHHsA
neparorivyHoOro AoCBiAy LOAO MOKPALLEeHH: NpoLecy HaB4aHHA iIH(OPMaTUKK y 3aknagax
3arafibHOI cepeHbOoi 0CBITU. MNpakTNYHe 3Ha4YeHHA oA4ep)KaHUX pe3ynbTaTiB AOCAiIAXKEHHA
nosiAira€e B TOMy, LLO: NMPOBEAEHO OrNiaA Ta aHai3 nporpam i NiApyYHUKIB 3 Temun

u LnTtuposaHus: 0,01% id: 29
«ANropuTMUN Ta NporpamMu»

; POo3po6aeHO MeToANYHI pekoMeHaaLlii LWoAo onmcy peKypCcuMBHUX hYHKLIiR; po3pobneHo
cMcTeMy TBOPYMX 3aBlaHb A8 POpMyBaHHS 3[aTHOCTI CKlafaTu PeKypPCUBHI anropuTMu.
PO34IN |

AJITOPUTMI3ALIIA
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TA NMPOrPAMYBAHHA B LLUKIJIBHOMY KYPCI IHOOPMATUKW 1.1. BuBYeHHS anropuTMmisauii Ta
nporpaMyBaHHA B LLKOI

OBOJIOAIHHA (hyHAAMEHTabHUMMN 3HAHHAMY Ta NPaKTUYHUMWN HaBNYKaMK B ranysi
anropuTMisauii Ta MporpaMmyBaHHS CNpUSE (hOPMYBaHHIO Y LUKOAPIB KOMMAEKCY
KOMMNEeTEHTHOCTEeN, HeobXiAHUX AN yCNilWHOT y4acTi B iHHOBaUinHUX npouecax y cdepi
iH(bOpMaLiiHNX TeXHONOriA. 3aCBOEHHA OCHOB NMPOrpaMyBaHHA [O3BOJISIE HE JIMLLE CTBOPIOBATYU
BIaCHi NporpamMHi NPoAyKTH, a  ePeKTUBHO BUKOPUCTOBYBATW iCHYIO4i NPOrpaMHi pilleHHs,
BHOCS1YM A0 HUX HeobxigHi Moaudikauii. BnpoBag)XeHHs BUBYEHHSA anropuTMisauii Ta
nporpaMyBaHHA B OCBITHIll NpoLec BiAMNOBIAAE Cy4aCHUM BMMOram A0 NiAroTOBKM
KOHKYPEHTOCMPOMOXXHUX haxiBLiB. 3rifHO 3 OHOBNIEHNUMY HaBYaJlbHUMK NPOrpamMamMu, OCHOBU
nporpaMyBaHHA BUKNAAAOTLCA BXXE 3 MO4ATKOBOI LUKOW, LLIO CNPUSE PAHHLOMY PO3BUTKY
aNIrOPUTMIYHOr0 MUCNIEHHSA Y4YHIB. BUAIiNsA0TL ABa OCHOBHI HanpsiMy BUBYEHHS anropuTMisauii B
LWKOJIi: PO3BUTOK @NropuTMi4HHOr0 MUC/IEHHSA: (hOPMYBaHHS YMiHHS PO3p0o6asTH anropnuTmMn
po3B’A3aHHA 3a4ay, NIOriYHO MUC/IUTY Ta CTPYKTYpyBaTh iHhopMaLito. HabyTTs npakTUYHMX
HaBWYOK NPOrpamMyBaHHA: BUBYEHHS OCHOBHMX MOHATbH MOB MPOrpaMyBaHHS, 3aCBOEHHS
TEeXHOJO0rii CTBOPEHHSA NPOrpaMHMX KOAiB Ta iXHbOT peanizauii B cepefoBuLLi NporpaMyBaHHS.
OcTaHHiNn HanpsM nepeabadvae: NOCUNEHHS (hyHAAMEHTaNbHOI NiArOTOBKN: (hOPMyBaHHS
YSBJIEHHA MPO CTPYKTYPY MOB MPOrpamMyBaHHs, NMPUHLMMAN po6oTK KOMMiNaTopis Ta
iHTepnpeTaTopiB, @ TaKOX 0COBANBOCTI CTBOPEHHS NMPOrpaM Pi3HOro PiBHA CKAALHOCTI.
npoopieEHTaLIiINHY CKNAA0BY: 03HANOMJIEHHS YYHIB 3 Pi3HOMaHITHUMMN nNpodeciammn B ranysi
iH(bopMaLiHMX TexHoNOorin Ta POpMyBaHHA B HUX MOTMBALLii 4O NOAAIbLLIOr0 BUBYEHHS
nporpamyBaHHA. InAaKTUYHi aCNeKTn BUBYEHHSA anropuTMisadlii B LWWKosi nepenbayaoTb
nocnifoBHE OBOJIOAIHHSA YHYHSAMU PiSHOMAHITHUMMW @NrOPUTMIYHUMWN KOHCTPYKLisiMU. MNoYnHatoymn
3 MPOCTUX NiHIMHUX aNropUTMIB, YYHI MOCTYMOBO NEPEXOAATb A0 CKAALHIINX LUKAIYHNX
anropuTMiB Ta aAropuTMIB 3 po3rany>XeHHsaM. Takuii Niaxig fo3BoNsE chopMyBaTU y LLUKONAPIB
MiLHY TeopeTu4Hy 6a3y Ta NpakTUYHI HaBMYKU NPOrpamMyBaHHs. BUKOpUCTaHHA BidyanbHUX
3aco6iB HaBYaHHSA, TaknNX K 610K-CxeMn, € eheKTUBHUM METOAO0M ANA NOAAHHS aNropuTMiB y
OOCTYMHIN Ans y4HiB dopmi. Bizyanizauis anroputMivHUX CTPYKTYP CAPUSE KPALLOMY PO3YMiHHIO
X NOrikn Ta B3aEMO3B'A3KIB MiXK OKPEMUMUN eNeMeHTaMn. 3aCToCyBaHHA cepeaoBuLL,
nporpamMmyBaHHA 3 BUKOHaBLIAMY [O3BOJISIE YYHAM NePeBIpATU NPaBUIbHICTb Ppo3pobaeHmnx
a/ropuTMIB Ha NPaKTULL, aHani3yBaTn OTpUMaHi pe3ynbTaTu Ta BHOCUTW HEObXiAHI KOpeKTuBM.
TakMM YNHOM, y4Hi HabyBalOTb AOCBiAY CaMOCTIAHOIO BMPILLEHHA NPOrpamMHMX 3asay. AHanis
HaB4YaJIbHOro MpoLecy Nokasas, WO BUKOPUCTaHHSA OHMalH-NAaThopMmn . € 6inb
eheKTUBHUM A1 BUBYEHHS OCHOB NPOrpaMyBaHHSA Y MNOPIBHAHHI 3 TpaauLinHUMun
iHCTPyMeHTaMu, TakuMu Ak . CTpyKTypoBaHa cucteMa 3aBfaHb Pi3HOr0 PiBHS
CKNafHOCTI, afanToBaHMX 00 BikOBMX 0COBAMBOCTEN Y4HIB, 103BOSE 3abe3neqnTun
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iHAMBIAYyanbHWUIA NiAXiA 00 HABYaHHA KOXKHOro y4yHs. BbynosaHa cmctemMa 3BOPOTHOIO 3B'A3KY
HaJa€ MOXXJIMBICTb Y4YHAM OTPUMYyBaTUN OonepaTVBHY AOMNOMOrY Ta KOPEKTYBaTV CBOI MOMUJIKMN B
npoueci BUKOHaHHA 3aBAaHb. ®yHKLiOHaN CTBOPEHHS Fpyn Ta BiACTEXEHHSA NPOrpecy KOXXHOro
YYHS NO3BONSE BYNTENIO eheKTNBHO OpraHidyBaTy HaB4aJbHUIA Npouec Ta 3abe3nevnTun
iHAMBIAYanbHWUA NiAXiA A0 HABYaHHA.
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1.2. Mpo6nemun BubOpy MOBM NPOrpaMyBaHHs 4 BUBYEHHS B LUKINIbHOMY KypCi iH(DOpMaTUKu
Mpo6nema BUGOPY MOBW MPOrpaMyBaHHs 415l HABYAHHS

B 3araJlbHOOCBITHIl LUKONI € aKTyasIbHOIO B KOHTEKCTi NOCTINHOrO PO3BUTKY iHPOpMaLiiHNX
TEXHOJIori. He3Ba)kalum Ha Pi3HOMaHITHICTb ICHYOYMX MOB MpOrpamMyBaHHs, BUbip
ONTUMaNbHOIO IHCTPYMEHTY ANA HaBYaHHA LWKOASAPIB 3a/IMWAETHCA ANCKYCIAHUM NUTAHHAM.
OCHOBHOIO METOI BMKJIa@aHHS NPOrpaMyBaHHA B LLKOAI € (HOPMYBaHHSA aNropuTMi4HOro
MWUCJIEHHS Ta 03HAMOMJIEHHA Y4HIB 3 MPUHUMNaMn NobynoBy NporpaMHuxX cuctem. Mpu ubomy,
6araTo AOCNIAHUKIB NiAKPEC/IOTb, WO He CTiNlbKM caMa MoBa NporpamMyBaHHS, CKiNlbKn
METOAMYHI MPUNOMK Ta SIKICTb HaBYaJIbHMX MaTepianis BiAirpaloTb BUPiWaibHY pPosb y
yCMilWHOCTiI HaB4aHHA. Bubip MoBM NporpamyBaHHS A15 WKiNBHOro Kypcy iHpopMaTukm
3aNeXUTb Bifl HU3KM haKTOopPiB, TakMx AK: MPOCTOTa CUHTAKCUCY: MOBa MOBUHHA BYTW iHTYITUBHO
3pO3YyMiNol0 ANS YHHIB. HasiBHICTb iIHCTPYMEHTIB 415 HAaNaro4)KeHHs: Le A03BONSAE YHHAM
LWBNAKO BUABASATY Ta BUNPaBAATM MOMUJIKM Y CBOIX Nporpamax. AKicTb AOKyMeHTaLii Ta
HaBYaJbHNX MaTepianiB: AOCTYMNHICTb AKICHUX NiAPYYHUKIB, NOCIOHNKIB Ta OHNANH-pecypcCiB €
Ba)kK/IMBUM (haKTOPOM YCMiLLIHOMO HaBYaHHA. AKTyaslbHICTb: MOBa NoBMHHa 6yTu 3aTpebyBaHot
Ha Cy4aCHOMY PUHKY npai. 3 ogHoro 60Ky, TpaAWLiHi MOBM NporpamMmyBaHHs, Taki sk Mackanb,
[03BONISIIOTL e(hEeKTUBHO BMKNaAaTK 6a30Bi MOHATTS anropuTMmisauii. 3 iHworo 60Ky, WBNAKNIA
PO3BMTOK iH(OPMaLINHUX TEXHOMON I BUMarae NocTinHOrO OHOBJIEHHA HaBYaJIbHUX MpPorpamM Ta
BMKOPUCTAHHSA BifbLL CyHaCHMX MOB NPOrpamMyBaHHs, TaknX siK , Ta C#. Takum
4YMHOM, BUBIp MOBM NpOrpaMyBaHHA A1 LWKiNbHOMO KYypCy iH(POPMATUKKN € CKNaAHUM 3aBAaHHAM,
AIKe BMMarae KOMMNeKCHoro nigxoay Ta BpaxyBaHHA K ANAAKTUYHUX, TaK i NPaKTUYHUX
acnekTiB. Bubip MoBM NporpaMyBaHHA A/ HaBYaHHS YYHIB € BiANOBIAANbHMM 3aBAAHHAM, siKe
BMMara€ peTeslbHOro aHasidy Ta BpaxyBaHHS HU3KW haKTopiB. 3rigHO 3 AOCAIL)KEHHAM
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(2013), po kKnHOBUX KpUTEpIiB BiAGOPY MOBM NporpamMyBaHHS HaneXaTb: TeXHi4Hi
XapaKTepUCTUKMN: TPAHCASTOP MOBMW MOBUHEH 6yTn

KpocnaaThopMHMM Ta 6€3KOLWTOBHO AOCTYNHUM. CUHTaKCUC MOBM Ma€ ByTH iHTYITUBHO
3pO3yMiNNM, a ii MOXXANBOCTI - AOCTATHIMW A5 PO3B’A3aHHSA LUMPOKOro Kola 3ajaYy. 3py4HicTb
BUKOPUCTaHHA: NporpamMu, HanucaHi Ha obpaHint MoBi, NOBMHHI By TN KOMNAKTHUMK, 3pO3yMiANMun
019 YNTaHHSA Ta N1erko nigaasaTnca Mogmndikauii. Cy4acHIiCTb Ta NOWMPEHICTb: MOBa
nporpamyBaHHA Ma€ ByTu akTyaslbHOIO Ta LUIMPOKO BUKOPUCTOBYBATWCA B peasibHNX NpoeKTax.
MinTpUMKa pisHMX NapaaurM nNporpaMyBaHHsA: MOBa MOBUHHA [O3BOISTU peanizoByBaTh
anNropuTMM B paMkax CTPYKTYPHOro, yHKLiOHabHOro Ta 06'€eKTHO-OpiEHTOBAHOroO
nporpamyBaHHs. [pocTe cepenosuLLe PO3PO6KK: cepenoBuLLLE NMPOrpaMyBaHHA Ma€ byTu
iHTYITUBHO 3pO3yMiNINM Ta He NepeBaHTaXeHUM A0AATKOBUMU PYHKLIAMMN, AKi MOXYTb
YCKJTaAHUTW NpoLec HaBYaHHA. HasiBHICTb KOHCOJIbHOrO TPaHCAATOPa: KOHCObHUIA iHTepdeiic
[03BOJISIE 30CEPEeANTUCS Ha OCHOBHMX MPUHLMMNAX NporpamMyBaHHs Ta He BifBONIKaTUCS Ha
rpadiyHun iHTepdelic. Ha CborofHillHI AeHb iCHY€E BENNKWIA BUBIp MOB NMporpaMyBaHHS —
noYMHaloyM Big HANNPOCTIWKMX (TUX, Ha AKUX HABYalTHLCA AITM MONOALUNX KNACiB), i 3aKiHYylo4M
TaKUMU NOTY>XHUMU IHCTPYMeHTaMn po3pobku, ak C ++, C #, , i T. o. Nepepaxyemo
OesiKi 3 HUX. - Lle iHTepakTuBHa Bi3yaJibHa MOBa NpPOrpamMyBaHHS, 3aCHOBaHa Ha
nnaTgopmi , iIKa cneujianbHo po3pobsieHa ANA HaBYaHHA AiTei 0CHOBaM NporpaMyBaHHS.
3aBAAKN CBOEMY AMHAMIYHOMY XapakTepy, [03BOJISIE 3MIHIOBATU KOA,
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Lo pobuTb npoLec HaB4aHHA BiNbll iIHTEPaKTVBHUM Ta 3axonanBuM. BukopncToByo4n ,
LiTV MOXYTb CTBOPIOBATMW Pi3HOMaHITHI iHTEPaKTMBHI NPOEKTW, Taki Ak aHiMaLii, irpun Ta
npeseHTaLii, WO CApUAE PO3BUTKY IXHbOI TBOPYOCTI Ta NIOM4YHOr0 MUC/EHHSA. HUMK MOoXHa
obMiHIOBaTNCA BCepeAnHi MDKHapOAHOI CNiNbHOTK, fika cchopMyBanaca B Mepexi IHTepHeT»[17].
CepepoBuLLe NporpamMmyBaHHs € 6e3KOLITOBHNM, NOr0 MOXKHa 3aBaHTaXXUTW i3 canTy
po3pobHuUKiB :/ .mit.edu/ i BiNbHO BUKOPMCTOBYBATH 3 L0 HaB4aHHA. Ocob6anBoCTIO

ABNAETLCSA 6/104HE NporpamMyBaHHA: Ana Toro, Wwob cknacTu nporpamy noTpibHo
nepemiwyBaTu, Ta 3'€eAHyBaTU rpadivyHi 610KkKM y cTekax. KoxeH 6710k Ma€ cBoto hopMmy, LLIO
BUKJIOYAE MOXKJIMBICTb AONYLEHHS CUHTAKCUYHOT MOMUKMW B aNrOPUTMIYHUX CTPYKTypax. [o
OCHOBHWX MepeBar cepeaoBuLlia nporpamyBaHHa CKpeTy BapTa BigHeCTu:
MynbTUNNATPOPMEHHICTb (CKpeT4 KOPEeKTHO npaLiloe Ha , , ); nerkicTb i
3pO3yMifNicTb CepefoBULLa, MOXK/MBICTb BUKOPUCTOBYBATK il BXKE B MOYATKOBIN LLKOI
(AOCTaTHbLO, LWO6 AiTY BMiNIM YNTATN); MOXKANBICTb BUPILLEHHSA TBOPYUX 3aAa4, CTBOPEHHS
iHTePaKTUBHMX NPOEKTIB; iIHTEerpauis 3 pisHUMU NpeaMeTHUMM 06NacTAMU; OpieHTaLIA Ha
KONeKTMBHY poboTy Yepes crniBTOBapMCTBO Ha OiLiINHOMY CalTi; Pi3HOMaHITHICTb Ta MOBHOTa
(PYHKLIR, WO fa€E NepcnekTUBN BUBYEHHS BiyaslbHOro nporpamyBaHHs [18, c. 278]. ,
abo ( ), @ paHiwe sk - BiIbHO Yy AOCTYNi B MOYaTKOBMX TeKCTaX
KpoccnnaThopMHUiA 32-po3paaHUIA KOMMINATOP MOBM »[14, c. 215]. KonHsaK H. HaBoAnTb
HaCTyMHi NepeBarv BUKOPUCTaHHS cepenoBmLa y 3araJibHOOCBITHI WKoni: [Ba
BapiaHTW cepefoBULLa - BiJIbHO PO3NoBClOAXYyBaHe (6e3kolwToBHe NnporpaMHe 3abe3neyeHHn) Ta
nnaTHe ( , ). MOXXAMBICTb 0OAHOYACHOIO BUKOPUCTaHHSA OeKiSIbKOX
BiKOH BBeJeHHS (3py4HO y BUMNaAKy opraHisauii BBeAeHHA-BUBEAEHHA AaHUX Yepe3 dannn).
Mo>x/MBICTb peanizauii sk npouenypHOro, Tak i 06’€eKTHO-OPIEHTOBAHOIrO NPorpamMyBaHHs

- cepefoBuLLLE WBMAKOT po3pobky NporpamMmHoro 3abesneyeHHs ANns KoMninaTopa

[16, c. 219]. lo HeponikiB BUKOPUCTAHHA cepefoBuLLa 3 HaBYaJIbHO METOo
BiIHOCATh: [lelo obMexXeHi MOXXANBOCTI peasizauii AK CTPYKTYPHOro NporpaMyBaHHs, Tak i
06’€EKTHO-OPIEHTOBAHOr0. TEKCTOBUI KOPUCTYBaLbKNI iHTepdenc (KoHCoNbHa nporpama) -
HEMOXX/INBICTb BUKOPUCTAHHA CTaHAAPTHUX

u LnTupoBaHusa: 0% id: 35
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knasiw OC . BikHa BBefeHHSA (4019 TeKCTy NporpaMun) Ta BuBeAeHHs (AN pe3ynbTaTiB

BMKOHaHHSA Nporpamu) 3a 3aMOBYYBaHHAM OHOYACHO He BMKOPUCTOBYIOTLCA. He3pyyHe
(rpomi3nke) cTBOpeHHSA rpadivyHoOro iHTepdency ona nporpaM KOpucTyBayva. AHIIOMOBHUIA
iHTepdenc, AKUA y4Hi po3yMiloTb riplue 3a ykpaiHoMoBHMIN»[16, c. 219]. - BiflbHe
cepefoBuLle po3pobky NporpamMHoro 3abesnevyeHHs ANs KOMNinaTopa KoAy Ha MOBI
BacuneHko O. BiA3Ha4ae, Wwo
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BiJIbHO MOLUMPIOBAHUM Ha OCHOBI JliLEH3i ( )i

( ), LLIO € Ba>XJIMBUM, 0COBNBO A1t BUKOPUCTaHHSA B

[lep>KaBHMX OCBITHIX yCTaHOBaX, A03BOJIAYMN 3aK1aAaM OCBITU YHUKHYTW BUKOPUCTAHHS
nipaTcbKOro nporpamHoro 3abesnevyeHHs»[15, . 32]

. MoXKHa BUAINNTY fesKi OCHOBHI XapaKTepPUCTUKN cepefoBuLLa NPorpaMyBaHHs ,a
caMe: iHTerpoBaHuin peaakTop Koay, i3 Habopom nigkasok, rinepTekcToBOK HaBiralie Ta
ABTOMaTUYHOIO pereHepaLli€lo Koay; NPUCYTHI peaakTop popM Ta BiKHO iHCNeKTopa 06’ekTiB,
SIKi fly>Ke CXOXXi Ha BiAMoBiAHI eneMeHTN KOMepLiHOro cepefoBuLLa NporpamMmyBaHHS ;
HasABHICTb BOYAOBAHOr0 KOMMINATOPa NOMWIIOK; NIATPUMKA Pi3HUX TUMIB CUHTaKCUCY

, , , ; NPUCYTHIN BNacHW hopMaT KepyBaHHA
nakeTamu AaHux; HasBHICTb SIoKanisauii iHTepdency ykpaiHCbKOIO MOBOIO; CepefoBuLLe
(PYHKLIiOHYBaHHS onepauinHi cucteMmn ( 32, 64), , ,

, 05/2[3], . -6e3koLlITOBHE cepefoBuULLE MPOrpaMyBaHHS 3
niATPUMKOI MOBYU . Lle cepepnoBuLLe NpaLoe B peXXMi KOMaHAHOro psaky. Mosa
iHTepdeiicy - aHrNincbKa. Le cepenoBuLle NiAXoANTb AN BUKOPUCTAHHS B HaB4YalbHOMY
npoueci.
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«CunCTeMHi BUMOrun 3anexaTb Bifl BepCii MOBU , 3 IKOI0 MOCTaBNATLCA. Tak, Ans
Bepcii 3.9 cMcTeMHi BUMOru Taki: TakToBa YacToTa npouecopa: 80 MIry abo 6inbLioto;
orepaTuBHa Nam’aTb: 256 MB abo 6inbLue; BilbHe MiCLle Ha XXOPCTKOMY AUCKY: 256 MB;
apxiTekTypa 3 po3psagHicTio 32 6iT abo 64 6iT; onepauiiHa cncTema:
/ /7/8/10»[19]

- Le 6e3KOoLTOBHE CepefioByLLEe NMPOrpaMyBaHHSA AN MOBU . BiopisHseTbcs BiA
HasfABHICTIO BIKOHHWUM iHTepdencom Ta BULWMMN CUCTEMHUMMN BUMOramMmun. Mosa
iHTepdeicy - aHrnincbka. CucTeMHi BuMoru: 1. onepauinHa cuctema:
10/8/7/ /2003/XP; 2. onepaTuBHa Nam’sTb: MiHiMym 1 I'b, pekomeHposaHo 2 I'b; 3.
MiHiManbHa po3ifibHa 34aTHICTb ekpaHy: 1024x768; 4. MOBa NporpaMyBaHHS : Bepcii 2.4
abo Buwe»[20]. MoBa nporpamyBaHHa C#. KomnaHis po3pobuna moBy C# B KiHUi 1990-
X poKiB. ABTOpPOM MoBU € AHAepC Xelnbcbepr. MoBa C# € CKNagoBoOK NPOrpamMHoi nnaThopmMm
. Y cepenuHi 2000 poky 6yna BunyLieHa anbda-Bepcis MoBu. Xennbcbepr, Tak
caMmo sk aBTopu MOB C ++ i , He cTBOploBaB HOBUX HabopiB KoMaHp i NpaBua Nobynosu
CMHTaKCUCY, a BUKOPUCTaB ik hyHAAMEHT iCHYIO4i MOBW, 30CepeanBCs Ha MOKPaLLEHHSX 1
iHHOBauisx. C# mae 6araTo CnisibHOro 3 LUMPOKO BUKOPUCTOBYBAHMMM i NONYIAPHUMU MOBaMu
nporpamyBaHHa C, C ++, Ta . HUHi npakTnyHo BCi NpodecinHi nporpamicTu 3HaloTb Ui
MoBM, TOMy nepexia no C# BinbysaeTbca 6e3 ocobnmBmx TpyaHoLLiB. Mopag i3 UMM, 3HaHHS,
HabyTi y npoueci oBonofiHHA MoBoto C#, 6e3nepe4yHo 3HafobNATLCA Nif Yac onaHyBaHHS
iHWW1MK MOBaMM NporpaMyBaHHA. B ocTaHHI poku MoBa C# CTafla akTUBHO BUKOPUCTOBYBaTUCh

L1 HaBYaHHA NporpamMyBaHHs. ICHYE Haf3BMYaliHo 6araTo on- cepsiciB, Wo
BUKOPUCTOBYIOTLCA ANA HaAaHHSA AOMOMOrun BCiM 6a)KalouM y BUBYEHHI Li€i MOBU
nporpamMmyBaHHS. — cepefoByLLE NPOrpaMyBaHHA ANS LUKONAPIB NOYaTKOBMX Knacis
(MO>XHa BMKOpMCTOBYBaTK 3 5-6 pokis). HeobxigHo 3anporpamysaTu pyx

7 | LutnposaHus: 0% id: 38
«BipTyanbHOro»

@ O6Hapy>xeH MnaruaT: 0,09% https://uk.wikipedia.org/wiki/HaB4anb... + 3 pecypcos! id: 39
po6oTa. He3Ba)kalo4n Ha NPOCTOTY, 3a AOMOMOro MO>XHa He Tinbku opMyBaTn
JIOriYHEe MUCJIEHHSA YHHIB, ane N BUBYATW TaKi NOHATTA fK

(7| LutnposaHus: 0% id: 40
«nignporpamms

@ O6Hapy»xeH MnarnaT: 0,13% https://uk.wikipedia.org/wiki/HaB4Yanb... + 3 pecypcos! id: 41
i «npouenypw. — MpocTe cepefoBuLLE NPOrpaMyBaHHA, ike 403BOJIAE MPOrpamMyBaTn

noBefiHKY «MalUVHKK-poboTa». TyT y AOCTYMHI (hopMi BUBYAOTLCS MONYAsSipHi MeToamn
nporpaMyBaHHsA Ta OCHOBW LUTYYHOrO iHTeNnekTy. POBOT MO)Ke MporpamMmyBaTUCS Ha Pi3HUX

MOBaXx.
@ O6HapyxeH lMnarunat: 0,12% https://uk.wikipedia.org/wiki/HaB4anb... + 3 pecypcos! id: 42
cepefoBuLLEe NPOrpaMyBaHHA ANA AiTeN, NpU3HavYeHe ANA BUBYEHHA OCHOBHUX €/1IeMEeHTIB
nporpaMyBaHHS B MOYATKOBIN LWKOi. BAKOPNCTOBYIOYN TiSIbKN MULLIKY, Y4Hi OTPUMYIOTb
MOXJIMBICTb CKNaAaTy NPOrpamMu i BUBYATU TaKi MOHATTS, K «3MiHHI»,
u LntupoBaHusa: 0% id: 43
«BUpasn»,
u LUnTupoBaHusa: 0% id: 44
«po3raly>KeHHs»,
u LnTupoBaHusa: 0% id: 45
«YMOBU>»
i
u LUntuposaHus: 0,01% id: 46
«NOTiYHI 610KN>».
Ko>XeH efieMeHT MOBU € iHTYITUBHO 3pO3YyMiIUM CUMBOJIOM. , ++, . —
@ O6Hapy>xeH MnaruaT: 0,04% https://ukrbukva.net/print:page,1,521... id: 47
MOBM A5 NOYaTKIBLiB, BOHU BUKOPUCTOBYIOTLCSA ANA CKIafaHHA Nporpam ynpaBaiHHS
u LnTupoBaHusa: 0% id: 48
«po60oTOM>.

BVKOPUCTOBYE BJIaCHY MOBY NMporpamMyBaHHS, ++4+ — MOBY nporpamyBaHHA C++ ,

— Bepcilo Ha . — MoBa, fika byna cneuianbHo po3pobneHa 3 MeTol
HaBYaHHSA AiTen nNporpaMyBaHHA. Y cy4acHUX peanisauiax BipTya/slbHUI areHT nig Ha3Bowo
u LUntuposaHus: 0% id: 49
«4yepenatuka»,

@ O6Hapy»eH Mnarvat: 0,1% https://uk.wikipedia.org/wiki/HaB4asb... + 2 pecypcos! id: 50

nepeMilleHHAM IKOro MOXXHa NPOrpaMHO KepyBaTuW, BUKOPUCTOBYETLCS A5 TOrO, o6 3pO6I/ITVI
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nporpamyBaHHA NpuBabanBiM ANA OiTen, 30cepeanTy ix yBary Ha nobynosi 306pakeHb 3a

[10MoMOroto

u LUuntuposaHus: 0% id: 51
«yepenaLuKkm».

@ O6HapyxeH MnarnaT: 0,26% https://uk.wikipedia.org/wiki/HaB4anb... + 2 pecypcos! id: 52

CTBOPIOBasM, 3 0HOro 60Ky, ANf TOro, LWob LONOMOrTH AiTSM BUBHUTW OCHOBHI MOHATTS
nporpaMyBaHHs, @ 3 iHWOro, — AN iX iIHTeNeKTyanbHOro po3BUTKY Y CBITi, Ae Bce 6inbLie
BUKOPUCTOBYIOTLCS iHPOPMaLIHO- KOMYHiKaLiHi TeXHONOrIi. YCRiLUHO 3aCTOCOBYETLCA B
pi3HMX chepax — Bif MNO4aTKOBOro 3HAOMCTBA 3 KOMM'IOTEPOM i MPOrpaMyBaHHSAM Yy LIKOJI A0
BMBYEHHSA NPo6ieM LTYYHOro iHTeNeKTy | MOAeloBaHHS €KOJIOMiHHNX CUCTEM B YHIBEpCUTEeTaxX.

@ O6Hapy>keH MnarvaT: 0,18% https://uk.wikipedia.org/wiki/HaB4anb... + 2 pecypcos! id: 53

cy4acHa, BiiKpuTa, MOBHO(YHKLIiOHaNbHa peani3auis cepenoBuLa i 06'€KTHO OpiEHTOBAHOT
MOBM MporpamMyBaHHs . BMKOPUCTOBYETLCS 5K 3aCib AN5 CTBOPEHHSA
Ha/A3BUYaMHO LLUMPOKOro Aiana3oHy NPOeKTiB — Bif My/bTUMEAINHNX AOAATKIB i Pi3HOMaHITHUX
OCBITHiIX NnaTdopM 0o po3pobkun Beb-canTiB. MporpamHi 3acobu, po3pobneHi 3a LONOMOroo

, HaA3BUYaNHO NPOCTO

u LUntuposaHus: 0% id: 54
«nepeHocATLCA»

@ 06rHapyxen Mnaruat: 0,05% https://uk.wikipedia.org/wiki/Hasuass. . + 2 pecypcos! id: 55
B cepefoBuLLe 6yab-AKoi onepaLiiHOl CUCTEMM, OCKIJIbKM KOA MPOrpaMu BUKOHYETLCSA
(iHTepnpeTyeTbCA)

u LnTtuposaHus: 0,01% id: 56

«BipTyasibHOK MaLUVHOW»

. AHanoriyHa TexHonoria 6yna BUKOpMUCTaHa B NPOLECi pO3po6KN MOBM NMporpaMyBaHHs

. CepegoBuuie nporpaMmyBaHHaA . [laHni NporpamMmHMiA NPoAYKT 3 yCMiXOM MOXHa
BUKOPUCTOBYBATU AJ1A NPOrpamMyBaHHsA KOHCTPYKTOPiB-pobOoTiB KOMNaHii . Lle cepepoBue
3acHOBaHe Ha MOBi rpadi4HOro NporpaMmyBaHHsA — MOTY>XHOro cepefoBuMLLa
nporpamMmyBaHHs, Ike BUKOPUCTOBYETLCS iHXXEHepaMn i YHeHUMUN B OCAIAHNLBbKUX IHCTUTYTax i
NMPOMUCIOBOCTI. — Lie NPOBIAHWIA IHCTPYMEHT AN19 BUMIpIOBaHHA i KOHTpoo. BiH 6yne
KOPUCHWUM Y MpoLLeci aHanisy peasbHMUX pe3ynbTaTiB y 6ioMeanLmnHi, KOCMIYHUX AOCNIO)KEHHSAX,
eHepreTUYHUX AOCNIOXKEHHAX i Ma€ e 6araTto cpep BUKOPUCTaHHS. OA4HIE0 3 OCHOBHUX
nepesar cepefosuLla € MOX/INBICTb HAOYHOI feMOHCTpaLii pe3ynbTaTi B poboTun
nporpamu LWASXoM ii 3aBaHTaXeHHS B MikpornpoLiecop, AKuii kepye poboTom. Po6oT y cBoto
Yepry CKNafa€EeTbCsa 3 KOHCTPYKTOpPa [3]. lnea cTBopeHHs uboro poboTa 3'ABMaacs B
Macca4vyceTcbkoMy TexHonorivHoMy iHCTUTyTi (CLUA), ane ay>xe WBWAKO nowimpuaack B iHLWi
HaBYaJibHi 3aKNagmn K HAOYHWI HaBYanbHWUIA MaTepian. Y4eHb y npoueci cknagaHHs poboTta
OMaHOBYE OCHOBW KOHCTPYIOBaHHSA, (pyHAaMeHTaNbHi i3nYHi NPUHLMUNK | PO3BMBAE TEXHIYHE
MUCNIeHHA. Ha eTani nporpaMyBaHHS i BUKOHAHHSA MPOrpamMmn y4eHb MoXKe BiflCTEXMNTN NMOMUIIKK,
AKi, MOXX/IMBO, Bynn gonyuieHi y npoueci 36upaHHa poboTa i MOXXANBI MOMUNKIW B a/iIrOPUTMI
nporpamu. Lle cepenosuLe NporpaMmyBaHHA Y4y40BO NiAXOANTb AN axiBLiB NPaKTUYHO BCiX
KaTeropii, 0CKiNIbKN Ma€E MOXXNBOCTI AK

B Untnposanus: 0% id: 57
«6nokoBOro»

nporpamMmyBaHHs, Tak i NporpaMyBaHHA Ha Takux MoBax, sk C, C++, iT. 4 Us
ocobnmBicTb 06yMOBNEHA TUM, LLLO MIKPOKOHTPOJIEP, WO BXOAUTbL B Habip Ma€e

YHiBepcaslbHy CUCTEMY KOMaHA, A0 SIKOi, BUKOPUCTOBYIOHN TPAHCALIIO, MOXKHa 3BECTU
nporpamy, HanncaHy Ha iHLWKWX MOBaX NPOrpaMyBaHHA. 3a CTaTUCTUYHUMU JaHUMU pecypcy

( . ) HAMW [OCNIAXKEHO PENTUHI MOB NMPOrpaMyBaHHs, SKi € HaWbinbLw
noNyNapHUMK i SIKi MOXKHa BUBYaTW Y cTapLumx knacax 33CO. IHaekc (peATuHr mos
nporpamMmyBaHHA) - MOKa3HWK NOMyAAPHOCTI MOB MPOrpaMyBaHHS, WO CTBOPIOETLCS i
NiATPUMYETHLCA KOMMaHi€o , 3acHoBaHoto B EnHaxoseHi, Hinepnanam ( . ). PenTunr

MOB NpOrpamMyBaHHs PO3PaxOBYETLCS, BUXOAAYM 3 KiJIbKOCTi pe3ybTaTiB 3anuTiB A0 MOLLYKOBUX
CNCTEM, WO MICTATb Ha3By MOBW. OXOM/IOE MNOLLYKOBI CMCTeMU B , s , s
Bikinegii i . PEMTUHI OHOBNIOETHLCA OAMH pa3 Ha MicAub. PO3rnsHeMo CTaTUCTUYHI AaHi
PernTUHIY MOB NPOrpamMyBaHHs CTaHOM Ha KBiTeHb 2019p. (puc. 1.1). 3rifHo 3 AaHUMK Ha
puc. 1.1. moxxHa 6a4nTu, Wo NiLepom penTUHIy € MoBa (16,9%), TpeTe micLe nocina Mmosa
(9,1%), yeTBepTe - C++ (6,2%), (1,3%) i (1,2%) 3avimatoTb 13 Ta 16
Micus BignosiaHo. MoBa (1,05%) yTpumye 18 micue. Mosa nocinae 25
Micue. CTaHOM Ha KBiTeHb 2019 p. Ta BepeceHb 2018 p. MoBM , Ta
NiAHANNCS Y peATUHry, a mosu C++ Ta 3HU3UAN CBOT PEATUHI . yxe
OeKiflbKa poKiB YTPMMYE CBOI MO3ULLIT Ha NepLoMy MicLi He3MiHHO. Puc. 1.1. PeATnHr
nonynspHOCTi MOB NPOrpaMyBaHHA 3a AaHUMU iHAEKCY CTaHOM Ha KBiTeHb 2019 Ha puc.
1.2. BinobparkeHo rpadik NonysisipHOCTI AeSKMX MOB NPOrpaMyBaHHS 32 PENTUHIOBOIO
CTaTUCTUKOIO pecypcy . Ba4umo, Lo NocTiNnHUM Nigepom cepen MOB MPOrpaMyBaHHS,
noyuHatoum 3 2002 poky, € MOBa . He HacTinbkn nonynapHuMu, ane Tako)X peNnTUHFOBUMU €
MOBU Ta C++. OTXe, NepCneKTUBHUM CbOrOAHI Yy CTapLUiil WKOAi BUBYATU MNOMNYAAPHI
MOBM , Ta C++. Puc. 1.2. MonynspHICTb HANPEHTUHIOBILLMX MOB NPOrpaMyBaHHA
(2002-2019 pokwn) Becb npouec HaBYaHHS NMporpaMyBaHHA B LUKOJI po36UBAETHLCA Ha Kinbka
eTanis. [lepea NO4aTKOM HaB4YaHHA BYMTENb CTUKAETLCA 3 npobaemoto Bu6opy MoBu
nporpamyBaHHA A15 BUBYEHHA. OfHa rpyna BYNTENiB po3rnsfaEe Temy
[ | LutuposaHus: 0,01% id: 58
«ANropuTMisauis Ta NporpamyBaHHs»
Ha OCHOBI (hopManbHUX anropuTMiB, NObyAyBABLUN HABYAHHS Y4YHIB Ha MoBi 610K-CxeM. |HWa
rpyna B4uTeNiB iHOOPMaTMKN HaB4alOTb Y4HIB Ti€l MOBM NpPOrpaMyBaHHsA, 3a AOMOMOro AKOI
BMilOTb BUPIiLLYyBaTW 3aBAaHHSA, 3HalOTb OCHOBW BiAMOBIAHOI MOBU | BUKOPUCTOBYIOTb NPaBUJIbHY
METOAMKY BUBYEHHSA 06paHOi HUMM MOBY MPOrpamMyBaHHS. LIM BTpavya€eTbCa EANHNIA OCBITHI
iH(hOpMaLiNHWI NPOCTIp HEe TiNbKU KpaiHW, a 1 OKPEMUX pPerioHiB. TakKUM YNHOM, Ha NOYaTKY
BMBYEHHA NPOrpamMyBaHHs BYNTEN0 HeobXifHO BMOpaTM MOBY NporpaMyBaHHS 3 ypaxyBaHHAM
BJTACHOT KOMMETEHTHOCTI, iHTepeciB Y4HiB Ta CTPYKTYPW HaB4aHHSA iHpopMaTukm B WwKoni. 1.3.
AHani3 nporpam Ta NigPYYHUKIB 3 TeMu
[ | LUutuposaHus: 0,01% id: 59
«ANropuTMM Ta Nporpamm»
HopmaTuBHoto 6a30t0 AN BUBYEHHS iHpOPMaTUKK B

@ O6Hapy>xeH Mnarnat: 0,1% https://naurok.com.ua/metodika-vivc... id: 60
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5-9 klacax 3arasibHOOCBITHIX HaBYasbHUX 3aknagiB y 2020/2021 HaB4aNbHOMY poLi CNYrylOTb
HaBYaJibHi Nporpamu, 3aTBepa>keHi MiHiICTepCTBOM OCBITU i HayKn YKpaiHW Ta po3MilleHi Ha
odillinHoMy Be6-canTi

BigoMcTBa ( :// . .ua/). Ui nporpamun Bnu3HavatoTh Lini, 3aBAaHHA Ta 3MiCT HaB4YaHHSA
iHpopMaTuKK. 3MiCT HaB4YaNbHOro NpeaMeTa
| LutnposaHus: 0% id: 61

«lHhopmaTukKa»

MiCTUTb hyHaMeHTanbHYy CK/J1afoBy, L0 Peani3yeETbCA LASXOM BUBYEHHA OCHOB HayKu

u LUntuposarHus: 0% id: 62
«IH(hopmaTuKa»,

Ma€ npuknagHy CnpsiMoBaHIiCTb, sIKa peasli3yeTbCa B NPOLECi BUKOHAHHS YYHSAMU NPaKTUYHNX
3aBLaHb 3 BUKOPUCTaHHAM KoMn'tioTepa y opMi, AKy fobvpae BUMTeNb: BMpaB, MPakTUYHNX,
KOHTPOJIbHUX YN TeMaTUYHUX POBIT, pO3B'A3yBaHHSA KOMMNETEHTHICHUX 3aAay, BUKOHAHHS
iHOMBIAYyaNbHUX | FPYNOBUX HaBYaJIbHUX MPOEKTIB TOLLO, @ TAaKOX 3aCTOCYBaHHSA iHLLNX
opraHisauiiHnx popM AifsNbHOCTI Y4HIB 1 iHHOBaLINHUX MeToAiB HaB4aHHA. Kypc

7| LutnposaHus: 0% id: 63
«|H(hopMaTnKa»

BMOYLOBYETLCA 3@ TaKUMWN NPeAMETHUMMN 3MICTOBMMU AiHisMU: iHopMaUis, iHhopMaUiiHi
npowecu, CUCTeMUn, TEXHOJIONIT; KOMN'IOTEP AK YHIBepCcasibHWUA NPUCTPIN Ana onpaLoBaHHSA
OaHWNX; TeNeKOMYHiKauinHi TexHonorii; iHhopMaUiiHi TeXHONOr T CTBOPEHHS 1 ONpaLloBaHHSA
iHbopMaLinHMX 06'eKTiB; MOLENOBaHHS, anropMTMisaLia n NporpamMmyBaHHs. 3 MeTOl0
LOTPUMAHHS NPUHLUUMNIB HAYKOBOCTI | AOCTYMNHOCTI Nporpamoto nepenbavyeHo NocnifoBHe
yCKNaAHEHHA HaB4YasIbHOro MaTepiany KOXHOI 3 Ha3BaHUX BULLE 3MICTOBUX NliHIA Ta yMOBHe
BNWOKPEM/IEHHS ABOX 3MiCTOBMUX PiBHIB. MNepwunn piseHb (5-7 Knacu) - NpoA0OBXEHHS
pPO3MNo4aToro B MO4aTKOBIN LLUKOi 03HANOMJIEHHS 3 6a30BMMM NOHATTAMK Kypcy (Tabn. 1.1.). Ha
LbOMY PiBHi HEe CTaBUTbCH 3aBAaHHS rNM6OKoro Ta BU4epnHoro BmBYeHHs IKT, a 3pobneHo
aKUEHT Ha HabyTTi HaBUYOK iX MPAaKTUYHOr0 3aCTOCYBaHHA, @ TaKOX Ha PO3BMBAJIbHIN
CNpsAMOBAHOCTI HaBYaHHA. 3 MeTOl0 BpaxyBaHHS BiKOBMX 0COBMBOCTEN YHHIB AOMYCKAETbLCA
BUKOPUCTaHHA HaBYaJIbHO-iMiTaLiiHNX NporpaMHMX 3acobiB i cepefoBULL, 30KpeMa ANs
NiATPUMKN BUBYEHHS PO3Ainy

u LUntuposaHus: 0,01% id: 64
«ANFOPUTMU i MPOrpaMm».

Tabavus 1.1 Po3ainu Kypcy B 5-7 knacax 5 knac 6 knac 7 knac IHopmaLinHi npouecn Ta
cnctemmn MepexxeBi TexHoorii Ta IHTepHeT OnpauoBaHHA TEKCTOBUX AaHUX AAropuTtMu Ta
nporpamun Komn'toTepHi npeseHTauii Komn'toTepHa rpadika Anroputmn Ta nporpamm Cny>xéu
IHTepHeTy OnpautoBaHHA TabANYHMX faHMX ANropuTMKU Ta nporpamu Lpyrui piseHs (8-9
KJlacn) — NOoBHOUIHHE (hOPMYBaHHS KNIOYOBUX Ta NpeaMeTHUX IT-koMmneTeHTHocTen (Tabn. 4).
Ha uboMy piBHi, 30kpeMa, Mae hopMyBaTUCSA MNOHATINHUIA anapaT, AOCTaTHIN ANna HabyTTa
BYLLE3a3Ha4YeHNX KOMMNETEHTHOCTEeN. NS Lboro peKoOMeHAYy€ETbCA BUKOPUCTOBYBaTU
NoBHOMYHKLIIOHaNbHI, @ He iMiTauiHi, NnporpaMHi 3acobu Ta cepeposuila. Tabnuus 1.2 Posginu
Kypcy y 8-9 knacax 8 knac 9 knac KofyBaHHsS flaHMX Ta anapaTHe 3abe3neyeHHs OnpautoBaHHS
TEKCTOBMX AaHux CTBOpeHHs Ta nybnikauis

Beb6-pecypcie OnpautoBaHHA MyNbTUMeLiHUX 06'€KTiB ANropuTMKn Ta nporpamu MporpamHe
3abe3neveHHs Ta iHpopmMauiiHa 6e3neka 3D-rpadika OnpautoBaHHA TabanyHUX faHux basn
naHux. CucteMun kepyBaHHs 6a3aMu gaHnx AAropuTMm Ta nporpamum O4ikyBaHi pe3ynbTaTu
HaBYaHHSA BKa3aHO y 3MiCTOBOMY PO3Aiai NporpaMm Ans KOXKHOI TeMU KypCy B KOXXHOMY Knaci.
Yac, wo HeobxinHNN ANs LOCArHEHHSA LUX pe3yNbTaTiB, BU3HAYaETbCA BYMTEIEM 3aJ1€XKHO Bif,
piBHA NonepefHbOi NiArOTOBKMW Yy4HiB, 06paHOi METOANKN HaBYaHHS, HasiBHOrO ob6nafHaHHS
TowWo. OAHaK Ha OnNaHyBaHHSA TeM 3MiCTOBOI NiHil

u LUnTtuposaHus: 0,02% id: 65
«MopentoBaHHA, anropuTMisaLis Ta MporpamMmyBaHHs»

@ O6Hapy»xeH MnaruaT: 0,19% https://naurok.com.ua/metodika-vivc... + 3 pecypcos! id: 66

Ma€ npuainaTuca He MeHuwe 40 % HaBYaNbHOro Yacy B 5-8 knacax i He MeHwe 30 % y 9 knaci.
3a HeobXxiaHOCTi BYNTE/Ib MOXKE 3MiHIOBATW MOPAAOK BUBYEHHS TEM, HE MOPYLUYYM 3MiCTOBUX
3B’A3KIB MiXK HUMU. OYiKyBaHi pe3ynbTaTu HaBY4aHHA Ta 3MICT HaBYaJIbHOro MaTepiany 3 TemMmu

u LnTtuposaHus: 0,01% id: 67
«ANropuTMUN Ta NporpamMm»

Tabnvus 1.3 Anroputmun Ta nporpamn y 5 knaci OYikyBaHi pe3y/ibTaTu HaB4abHO-Mi3HaBaJIbHOI
LiSNbHOCTI y4HiB 3MICT HaB4asbHOro MaTepiany ANropuTMu Ta nporpamu Y4yeHb/y4eHnusa
3HaHHEeBa cklanoBa MOSCHIOE MOHATTSA aAropnTMy Ta NporpamMu. HaBoaAuTb NpUKnaan
BMKOHaBLiB Ta KOMaHA, AKi BOHN BUKOHYIOTb. [TOSICHIOE CYTHICTb @afirOPUTMI4HNX CTPYKTYP.
LisnbHicHa cknapgoBa Cknajae NpocTi anropuTMu. Po3pi3HAE arOPUTMIYHI CTPYKTYpW.
BrkopucToBye cepenosuLLe ANA ONUCY Ta BUKOHAHHA anropnTmis. Obupae anropmTMidHi
CTPYKTYPU 4S5 pO3B'si3yBaHHS NOCTaBNeHOI 3aaa4i. 3a HeobXiAHOCTI KOPUIYE aNropUTMu.
BrkoHye anropntmu, noaaHi y hopmanbHomy Burnsgi LliHHicHa cknaposa YcBiaoMoe
3HaYyLWiCTb @NropnTMIB y XXUTTi. POBUTL BUCHOBKMW NpPO BiANOBIAHICTb pe3ybTaTy BUKOHAHHS
anropuTMy NocTaBreHil 3afadi BukoHaBLi anropnTmis Ta ixHi cuctemn komaHa. Cnocobu onucy
anropuTMy. Mporpama. CepenoBuLLe ONUCY N BUKOHAHHS anropuTMmiB. JIiHiAHI anroputMu.
ANrOpUTMM 3 PO3rasly>XeHHAMU. ANrOpUTMUM 3 NOBTOPEHHAMKN Tabnuus 1.4 Anroputmm Ta
nporpamu y 6 knaci O4ikyBaHi pe3ynbTaTu HaBYalbHO-Mi3HaBaIbHOI AiSNILHOCTI y4HIB 3MiCT
HaB4a/IbHOro MaTepiany ANropuTMu Ta NporpamMm Y4eHo/y4yeHunus 3HaHHEBaA CKNafoBa 3HaE i
po3yMi€ NOHATTA 06’ekTa B NporpamMyBaHHi. HaBoaAnTb NpUKnaan BNacTMBOCTER 06'eKTiB Ta ix
3Ha4veHb. [MOSACHIOE NOHATTS NoAii Ta HaBOAWUTbL NPUKAAAW NOAIN Ta iX onpautoBaHHA. 3HaE i
PO3yMi€ MOHATTA BKNAAEHUX aArOPUTMIYHUX CTPYKTYP, HAaBOANTb NPUKIaAM iX 3aCTOCYBaHHSA
[LisnbHicHa cknapoBa Po3knafae 3afady Ha nia3apadi i po3s’a3ye ix (34INCHIOE AeKOMMNO3ULLito
3afadi). Jonae 06’ekT [0 NPOrPaMHOro NPoekTy. YMIie 3MiHIOBaTU 3HAYE€HHA BAcTUBOCTEN
06’eKTiB, Y TOMY 4YnCAi NporpamMHo. YMie nepesipaTn pe3yibTaT BUKOHAHHA Nporpamu Ha
BiZANOBIAHICTb YMOBI 3a4adi. Mporpamye onpavtoBaHHS NMOAiN. 3aCTOCOBYE BKNAAEHI
ANropuTMiYHI CTPYKTYpPM NOBTOPEHHS Ta po3ranyxeHHs LiHHicHa cknapoBa YcBigomnioe
OOUINIbHICTb 3aCTOCYBaHHA MOAINHOro NporpaMyBaHHA A1 PO3B'A3aHHSA KOHKPETHOI 3agavi.
Ob6rpyHTOBY€E HEOBXiAHICTb 3aCTOCYBaHHA BKNAAEHNX arOPUTMIYHNX CTPYKTYP. MOHATTS npo
06’eKT y NporpamyBaHHi. BnactunsocTi 06’ekTa. CTBOpEeHHA NporpamMmHux o6’'ekTiB. MOHATTA noAii.
Buawn nopain. MNporpamHe onpautoBaHHA Nofii. 3MiHIOBaHHS 3Ha4eHb BacTMBOCTEeN 06’ekTa B
nporpami. BknafeHi anropuTMiyHi CTPYKTYpPU NOBTOPEHHS Ta pPo3rany>KeHHs. Po3B’A3aHHS
3afayvi MeTo4oM noginy Ha nigsanadi Tabavus 1.5 Anroputmu Ta nporpamu y 7 knaci OdikyBaHi
pe3ynbTaTu HaBYaslbHO-Mi3HaBaNbHOI AiANILHOCTI YYHIB 3MIiCT HaBYasJlbHOrO MaTepiany
ANropuTMM Ta Nporpamu Y4eHb/y4eHnus 3HaHHEBa CK1afoBa MOSCHIOE MOHATTS BENYNHN,


https://naurok.com.ua/metodika-vivchennya-temi-algoritmi-i-programi-v-shkilnomu-kursi-informatiki-mova-programuvannya-python-51497.html

https://plagiarism-detector.com 9/25

3MiHHOT Ta onepaLii NpucBoloBaHHA. 3Ha€ 6a30Bi anropuTMu poboTr 3i 3MiHHUMUK: 0BMIH
3HaYeHHAMMW, BU3HaAYeHHN HanbiNbLIOro i HaiMeHLLOoro 3 ABOX 3Ha4yeHb [isnbHiCHa cknagoBa
B1KOPUCTOBYE Pi3Hi anropnTMidHi CTPYKTYPU Ta 3MiHHI ANA PO3B’A3aHHA HaBYaNbHUX | XKUTTEBNX
3a/lay. 3acToCOBYe 3acobu nNporpamyBaHHs aas nobynosu Mogenein LliHHicHa cknapoBa
YCBifOMJIIOE POSIb NPOrpaMyBaHHA Ta MOAENIOBAHHS ANA PO3B’'A3aHHA HaBYalbHUX i XKUTTEBUNX
3afay BeanumHun. 3miHHI. BKkasiBka npucsotoBaHHA. CTBOPEHHSA anropmuTMis i nporpam 3
BUKOPUCTAHHAM 3MIHHUX | Pi3HUX afiFOPUTMIYHUX CTPYKTYP: NiHINHWX, po3rany>KeHb i
nosTopeHb. ONuc Mmoaenen y cepenosuLli nporpamysaHHa Tabanua 1.6 AnroputMun Ta nporpamm
y 8 knaci OvikyBaHi pe3ynbTaTu HaBYaslbHO-Mi3HaBaJIbHOI AiANIbHOCTI Y4HIB 3MICT HaBYabHOIroO
MaTepiany ANropuTMu Ta Nporpamu Y4eHb/y4eHnus 3HaHHEBa CKnanosa Po3ymie npusHadyeHHs
MOBM MpOrpamMyBaHHS Ta OCHOBHWX ii enemMeHTiB. HaBoAWTbL NpMKNaan cy4acHMX MOB
nporpaMyBaHHsA. 3Ha€ BIAMIHHICTb MiX 3MiHHMMMK Ta KOHCTaHTaMu. MopiBHIOE 0cob6MBOCTI
pi3HMX CepenoBULL, NPOrpaMyBaHHA. Po3yMie NOHATTS 06’'ekTa B MOBi MpPoOrpaMyBaHHS, Oro
BJTaCTUBOCTEN | MeTOAIB. MOACHIOE CTPYKTYpPY Nporpamu. MNMoAcHIOE PyHKLIT enemMeHTiB
rpadiyHoro iHTepdency Ta KOPUCTYETLCA HAMU. PO3Pi3HAE BNAaCTUBOCTI i METOAN eNleMeHTiB
ynpasfiHHA [isnbHicHa cknagosa MNnaHye npouec po3s’a3yBaHHS 3aAa4i 3 BUKOPUCTaHHAM
nporpamysaHHA. CTBOPIOE i HaNaro4Xxye nporpamu, 3oKkpema nofiiHo- h 06’eKTHO-OPIEHTOBAHI.
BukopucToBye B Nporpamax Bnpasu, KOpekTHO fobupae Tunu aaHux. Po3s’'s3ye 3apaqi 3
BMKOPUCTAHHAM yCix 6@30BNX anropuTMiHHUX CTPYKTYP, 3MiHHUX Ta KOHCTaHT. O6rpyHTOBYE
BMbip TMNiB AaHUX ANs pO3B’A3yBaHHS 3apadi LliHHICHa cknagosa OuiHOE BiANOBIAHICTD
pe3ynbTaTiB BUKOHAHHA Nporpamun nocTasBfeHin 3aaadi. Po3nisHae 3anadi, AN po3B’a3aHHA AKUX
[l0LiNbHO BUKOPUCTOBYBaTM 3acobu nporpamyBaHHa Cy4acHi MOBM NporpamMyBaHHA. [oHATTA
06’ekTa B MOBi NporpamMmyBaHHS, NOro BNacTUBOCTeN i MeToAiB. [padidHnii iHTepdenc, OCHOBHI
KOMMOHEHTW NporpamMu 3 rpadivyHnM iHTepdencom. MoHATTA eneMeHTa kepyBaHHS. O6pobHUKM
noAi, NoB’A3aHNX 3 efleMeHTaMn KepyBaHHSA. BlacT1BOCTi Ta MeTOAN eNneMeHTiB KepyBaHHS.
Tunu faHnx y nporpaMyBaHHi. CTpyKTypa nporpamu. BeeaeHHs i1 BUBefeHHs faHuX. Bupasu.
JloriyHi BUpa3un Ta 3MiHHI 1 onepauii Hag HUMKU. YMOBHI onepaTopu (KOpoTKa Ta nosHa dopma).
CknapeHi ymosu. OnepaTtopu Lnkny. BknageHi umknm.

Mowyk HanbiNbLIOro Ta HAMMEHLLOro cepef KiflbKox 3HaYeHb Tabaunus 1.7 Anroputmun Ta
nporpamu y 9 knaci O4ikyBaHi pe3ynbTaTu HaBYalbHO-Mi3HaBaIbHOI AiSNIbHOCTI Y4HiB 3MiCT
HaB4asIbHOro MaTepiasy ANropuTMuU Ta Nporpamm Y4eHb/y4eHnLA 3HaHHEBa CKnafoBa MoACHI0e
NPUHLMMN OpraHisauii 4aHUX 3@ 4OMOMOro 0AHOBUMIPHMX MacUBiB. MOACHIOE MOHATTSA Macuey,
e/fleMeHTa MacuBy, iIHAEKCY Ta 3Ha4YeHHs esleMeHTa. ONKUCye anropuTMm onpaLioBaHHA
e/leMeHTIB MacuBy, WO 3a40BOJIbHAIOTb MNeBHIN yMOBi. ONNCYE aNropuTM 3HaXOAXKEHHA
niaCYMKOBUX BENIMYUH Y MacuBi. ONUCye NpuHaiMHi OA4VH anropuTM BNOPAAKYBaHHSA MacuBy
fisnbHicHa cknapgosa Cknagae N ONUCYE MOBOIO NPOrpaMyBaHHA aJropuTMy A5 OnpaLioBaHHA
e/leMeHTiB MacuBy, LU0 3a40BOJIbHAIOTb NMEBHY YMOBY, 3HAXOAXXEHHA MiACYMKOBUX BEINHUH Y
MacuBi Ta noro BnopsigkyBaHHs LliHHicHa cknagoBa OUIHIOE YacoBY Ta EMHICHY CK1aAHICTb
aNropuTMIB. YCBIAOMJIIOE BaXKJIMBICTb 3aCTOCYBaHHA e(heKTUBHUX METOLIB 418 OnpaLlloBaHH:
BeJIMKMX HabopiB AaHux MOHATTA 0AHOBUMIPHOIO MacuBy. BBeleHHS i BUBEAEHHS 3Ha4YeHb
efleMeHTiB MacuBy. AIrOpMTMM OMNpaLioBaHHA MacUBiB: 3HAXOO)KEHHS MiACYMKOBUX BESINYWH,
30KpeMa [J19 e/leMeHTiB, L0 3a[10BOJIbHAIOTb 3afaHi YMOBU, a TakoXX NOLLYK y MacuBi 3a
NeBHUMN KpUTePiMU. ANrOPUTMIN BNOPAAKYBaAHHA MacuBy. [TOHATTA CKNaAHOCTI anropntmis B
YKpaiHi, no4mHato4m 3 2018 poky, € YUHHUMYK ABi HaBYaNbHi Nporpamu BnbipKoBo-060B’A3KOBOro
npeameTy

u LUntuposaHus: 0% id: 68
«lH(hopmaTuka»

0119 YYHIB CTapLUMX KnaciB 3aknafiB 3aranbHoi cepeaHboi ocBiTu (33CO) ( . .ua):
IHthopmaTuKKa (piBeHb CTaHAapTy); IHhopMmaTrka (NpodinbHMI piBeHb). HaB4anbHa nporpama
CKNIAJA€ETLCA 3 ABOX YacTuH - 6a3oBoro Ta BubipkoBoro (BapiaTueHoro) moaynis. OCHOBHUM Ans
BMBYEHHA y CTaplwmnx knacax € 6a3oBuit Moayb, 3MIiCT SKOro Moxxe 6yTu po3LINPEHNM 3a
paxyHok Bunbipkosux moaynis. Came npu BMBYeHHI po3ainis 6a3oBoro Mmoayns BiabysaeTbcs
3aBepleHHsA GopMyBaHHA B Y4HIB NPeAMETHUX i KNIOHOBUX KOMMETEHTHOCTEN LoA0
BMKOPUCTAHHA Cy4acHUX iHPOPMaLiiHO-KOMYHIKaLiiHUX T@XHONOr i Ha PiBHi, BU3Ha4YeHOMY
YUHHUM [lep)KaBHUM cTaHAapToM 6a30B0oi i MOBHOI 3arafbHOI cepeHbOI OCBITU

( . . .ua). ba3oBuih MOLAYb € TUM MiHIMYMOM, NPY BUBYEHHI SKOr0O € HEAOMYCTUMNM
pO3HECeHHs HaB4a/bHOroO MaTepiajy Ha ABa POKWU. BubipkoBi MoAyni CAyryloTb ANs PO3LUMPEHHS
Kypcy iHpopMaTUKK, i yHuTeb Ma€ MOXKJIMBICTb 06MpPaTK iX CaMOCTINHO, CNMPaYUCh Ha
npoginb HaB4aHHA 33CO, 3anuTiB,

@ O6Hapy>xeH Mnarnat: 0,07% https://www.researchgate.net/publica... id: 69

iHOMBIAyaNbHNX iHTepeciB i 34i6HOCTeN y4HiB, 0CO6IMBOCTEN PerioHy NPOXKMBaHHSA, HASBHOCTI y
KabiHeTi iHpopMaTUKN MaTepianbHO-TEXHIYHOT 6a3un Ta

HeobxifgHoOro nporpamMmHoro 3abesneyeHHs. 3a 4ONOMOrol NoefHaHHA 6a3oBoro Ta BUGipKOBOro
MOAYNiB BUBYEHHS iH(OPMaTUKK y CTapLUin wkoni 3abesnevye HeobXigHy rHy4KicTb Ta cBoboay
y Biabopi i KomnnekTauii HeobXiAHOro HaBYaJIbHOrO MaTepiany ANA HaBYaHHA YYHIB i peanisauil
ONOAKTUYHUX Uinen. Po3rnsaHeMo oco6anBOCTI HaB4abHUX NPOrpam 3 iHpopMaTUKn
CTaHAAPTHOro Ta NPogiNbHOro PiBHIB AN YYHIB CTapwux Knacis (Tabn. 1.8). Tabanusa 1.8
XapaKTepucTrka HaB4asibHUX NPOrpam pPiBHSA CTaHAAPT Ta NpodiibHOro piBHA XapakTepucTuka
PiBeHb cTaHaapTy MpodinbHUIA piBeHb 3aranbHuii 06car HaB4anbHOro naaHy 105 roanH 350
roanH O6car 6asosoro moayns 35 roauH 350 roanH O6car Bubipkosmx moaynis 70 roamH (2
mMoayni no 35 roauH) - TemaTnkm 6a3oBoro Mmoayns IHpopmaLiiHi TexHoNorii B CycninbCTBI.
Mopeni i MogentoBaHHA. AHani3 Ta Bisyanizauis gaHux. CuctemMun kepyBaHHsA 6asamMm gaHUX.
MynbTuMeiliHi Ta rinepTeKkCToBi AOKYMEHTU MoBa NporpamMyBaHHSA Ta CTPYKTYpU AaHMX
Cy4acHi iHopMaLirHi TexHonorii AHani3 i Bidyanisauis gaHux padika\MynbTumenia ENnekTpoHHi
ny6nikauii ba3u aaHnx Anroputmu Beb-TexHonorii Mapagurmm Ta TeXHONOrii NporpaMmyBaHHA
Po3pninu Bubipkosux moaynis MpadiyHnin grn3anH Komn'toTepHa aHiMauia TpueBumipHe
MofentoBaHHA MaTeMaTW4Hi OCHOBM iH(hopMaTuKy IHhopMaLiiHa 6e3neka Beb-TexHonorii
OCHOBM eNeKTPOHHOro AokyMeHToobiry basun gaHux ®opmasnbHa norika Komn'toTepHi TexHonorii
ornpautoBaHHS 3ByKOBOI iH(hopMaLii KpeaTuBHe nporpaMyBaHHs 3rigHo 3 Tabnvueto 1.7 6a4umo,
o obuaBa piBHI MaloTb iICTOTHY pPi3HMLIIO B 06CA3i. Lle NOACHIOETLCA TUM, WO ANS NPOdiNbHOro
piBHA iH(hOPMaTMKa BUBYAETLCS MO 5 roAMH Ha TWXKAEHb, 175 roanH Ha pik, y TOW Yac, Koiu Ha
PiBHi CTaHAaPTy BUBYEHHSA iIH(OPMaTVKN 3aliMaE Tiflbkn 1 roanHy Ha TuxAaeHb y 10-x knacax Ta
2 roguHn Ha TuXxAaeHb y 11-x knacax. BapTo 3a3HayuTu, Wwo and NnpodinbHOro piBHS BiACYTHIN
BMBIPKOBUIA MOAY b, | BCi OCHOBHI pO34inn iHGOPMaTNKN BUBYAOTLCA Ha 6a30BOMY PiBHiI.
CTOCOBHO Nnepesiiky TeM ABOX HaB4aNbHUX NMPOrpaM 3a3Ha4yMMo, L0 OKpeMi TeMu cniBnafatooTb, a
feski B3arasi He po3rnsfaloTbca. Hanpvknag, po3gin

u LnTtuposaHus: 0,02% id: 70
«|HopMaLinHi TeXHONOrII B CyCNiNbCTBI»

6a30BOro MOLY NS PiBHSA CTaHAAPT MA€E NEBHY CXOXICTb 3 PO34ifioM

u LnTtupoBaHus: 0,01% id: 71
«Cy4acHi iHdopMaLinHi TexHonorii»
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nNpo@iNbHOro piBHS; po3ain

[ 7| LUutnposaHus: 0,02% id: 72

«AHani3 Ta Bi3yanisauia gaHux»

NPWUCYTHI B3arasi B 060x HaB4YasibHUX NpOrpamax;

(7| LutnposaHus: 0,02% id: 73

«Cuctemu kepyBaHHs 6a3aMum gaHnx»

6a30BOro MOLYNA PiBHS CTaHAAPT € NEBHUM BigbUTKOM BMGipKOBOro Moay s

7 | LUutuposaHus: 0,01% id: 74

«Bba3n paHux»

LbOro X piBHSA i po3ainy

| LutuposaHus: 0,01% id: 75

«ba3n paHux»

NpoifIbHOro PiBHA. 3B'A3KM TEM HaBYaNbHUX NporpaM Mix coboto npeacTasseHi Ha puc. 1.3

Puc. 1.3. 3B’430K po34iNiB iHPOpMaTUKKM MiXK piBHEM CTaHAAPTY Ta NPodinbHUM piBHEM fAK

6a41mo, NporpamMyBaHHsA BUBYAETbLCA 5K Y 3BUYAMHUX Knacax, Tak i B NpodinbHuX. Ane

BiAMIHHOCTI € y 3MiCTi caMunx TeM. TaK, Ha PiBHi CTaHAapTy NporpamMyBaHHS BUBYAETLCA Y

BnbipkoBOMYy MoAy i

Ed Lytnposanus: 0,01% id: 76

«KpeaTuBHe NporpamMyBaHHA».

Sk 3a3Ha4yeHo y HaBYanbHiN nporpami ( . .ua), uen posain nepenbayac BUBHEHHS

HacTynHux Tem (puc. 1.4). Ha npodinbHoMy piBHi ( . .U2) BMBYEHHA NMporpaMyBaHHS

nepeniTaETbCA BiApasy 3 TpbOMa po3dinamu:

(7| LutnposaHus: 0,02% id: 77

«MoBa nporpaMyBaHHS Ta CTPYKTYPU AaHUX>»,

«ANropuTMmn»,

7 | LutuposaHus: 0,02% id: 78

«MapagurmMmun Ta TEXHONOrIii NporpaMyBaHHA».

AJle OCHOBM NMporpaMyBaHHA, MOBa Ta CMHTaKCWC, CTPYKTypa Ta NnpaBuiia HanmcaHHa nporpam

BMBYAOTbCS CaMe B nepLiomy po3gini. Puc. 1.4. Temun BnbipkoBoro moayns

[ 7| UutnposaHus: 0,01% id: 79

«KpeaTnBHe nporpaMyBaHHSA»

BapTo 3a3HayMTwn, WO y 3MiCTi HaBYaJIbHOrO MaTepiany po3Aify, WO CTOCYETLCA BUBYEHHSA

nporpamMmyBaHHs, He 3a3Ha4YeHO KOHKPEeTHOI MOBUW NporpamMyBaHHs Ans po3rnsgy. Lle sHauuTsb,

Lo BMBIp Ti€i YM iHLWOT MOBY 3aMLIAETLCS 3@ BYNTENEM, i BXKE BiH PO3p06/ISiE KOHCMEKTH ypOKiB

Ta IHCTPYKLUii o nabopaTopHux pobiT BignosiaHO A0 06paHOi MOBU Ta 3MiCTY HaB4YaNbHOro

MaTepiany, SKUN 3a3HayveHo y HaB4asbHUX nporpamax (FnnHcbknin &Mantowok, 2013).

3a3Ha4MMO, L0 BUBYEHHS NPOrpaMyBaHHA € OAHIE0 3 HaNbiNbL CKNagHNX TeM Kypcy

iH(bopMaTUKKM B CTapLin WKoni. binbwicTb BYMTENIB HA NOYaTKY CTONITTA BUKAagann MOBY

nporpaMyBaHHs . MNoTim y 6araTbox LUKONax BUBYaNaca MoBa , Ika BBaXkanacs 6inbL

NPUAHATHO 3 METOANYHOI TOYKU 30pY A8 BUBYEHHS OCHOBHMX MPUHLUMMNIB MPOrpamMyBaHHS.

Mosa € HaBYaNbHOI CTPYKTYPHOIO MOBOIO NMPOrpaMyBaHHs, ika nepenbayvae He Tinbkun

BUBYEHHS aJIfOPUTMIYHNX KOHCTPYKLIN, POPMYBaHHSA JIOMYHOMO i @IfTOPUTMIYHOrO MUC/IEHHA B

YYHIB, @ 1 BUPiWEHHA CKNaAHUX TEXHOJIOMYHUX | BUPOBHNYUX 3aBAaHb. Hapasi Bxe 6inbworo

nowmnpeHHs HabyBaloTb MOBM NporpamyBaHHsa C, C++, ++, , , Ta iHLWi.

Han4yacTiwe AN BUBYEHHS B CTapLUii LUKONI 06UpatoTb HAaCTYMHi MOBUW NporpaMyBaHHs: ,
, , , C++, , Ta . IMHaMika BUKOPUCTaHHA MOB

nporpamyBaHHs

@ O6Hapy»xeH Mnarnat: 0,09% https://www.researchgate.net/publica... id: 80

Y WKINbHMX NiAPYyYHMKaX 3 iIHOPMaTUKN BKa3y€E Ha 3poCTalody posib Yy HaBYaslbHOMY

npoueci. AKLo y niapyyYHuKax ans 5-6 knacis

TPaAuLUIinHO BUKOPUCTOBYBaslacs MOBa , TO Ans cTapwumx knacis (7-9) no 2020 poky

OCHOBHOO MoBOtO Byna B CepefoBuLLi . OnHak, no4mHao4m 3 2020 poky,

CrocTepiraeTbCs TeHAEHLIA 40 Nepexoay Ha MoBY . 3okpema, B niapy4HuKax nig

pepakuieto H.B. Mop3e Ta ii koner, CTana OCHOBHOIO MOBOIO NMPOrpaMyBaHHA, MOYNHAOHYN

3 8-ro knacy. LlikaBo BiA3Ha4YMTK, WO AesKi aBTOPY MNOEAHYIOTb BUBYEHHS Pi3HUX MOB

nporpamyBaHHA. Hanpuknag, y niapy4Huky ans 7-ro knacy (Mop3se&bapHa, 2020) napanenbHo

BUBYAIOTHCA i , L0 A03BOJISIE YYHSAM 03HANOMUTUCS 3 PI3HUMM NapagurMamm
MporpaMyBaHHs.
@ O6Hapy>xeH MnaruaT: 0,1% https://www.researchgate.net/publica... id: 81

fikwo 6paTy 40 yBaru CTapluy LUKOJY, TO, IK BXe 6yJ10 CKa3aHo, Ha PiBHI CTaHAapPTy BUBYEHHSA
nporpaMyBaHHA MOXAUBE Ti/IbKN y BUOBIpKOBOMY MoAy i

u LnTtuposaHus: 0,01% id: 82
«KpeaTrBHe NporpamMyBaHHs».

@ O6Hapy>xeH MnaruaT: 0,15% https://www.researchgate.net/publica... id: 83

BipnosiaHo niapy4Hukis, ae 6ynu BinobpakeHi HaB4asibHi MaTepianu 3 4aHOro MOAyJA Hema.
3oKpeMa, y niapy4HuKy PyneHka, Peymya Ta MoTieHko (2019) ana 10-ro knacy npodinbHOro
piBHSA BUKOPUCTOBYETHLCS 4151 BUBYEHHS OCHOB anropuTMisaLii, 06’eKTHO-OpiEHTOBaHOr0
nporpamMmyBaHHsA

Ta CTBOPEHHSA rpadiyHnX iHTepdencis KopucTyBada. ABTopu nigpyyHunka ona 11-ro knacy Toro
»K aBTOPCbLKOr0 KOJIEKTVBY MPOMOHYI0Tb BUKOPUCTOBYBATU ANA peanizauii cknagHilmx
a/IrOpPUTMIB, TaKMX K anropuTMU COPTYBaHHS, NOLWYKY Ta 06pobku rpadis. BapTo 3a3HaunTy,
o Bubip SIKk OCHOBHOI MOBM MPOrpaMyBaHHS 415 CTapLUOi LWKON € TEHAEHLUIE, sKa
CMNOCTepiraeTbCs He TiIbKK B YKpaiHi. baraTo gocnigeHb Ta NpPakTUKiB OCBITY B ranysi
iH(bopMaTuKKM Bif3Ha4YalOTb NepeBarun , Taki ik NPOCTOTa CMHTaKCUCY, LUMPOKUIA CNeKTp
3aCTOCYBaHb Ta akTUBHa CMiJlbHOTa PO3POBHMUKIB.

@ O6Hapy>xeH MnaruaT: 0,17% https://www.researchgate.net/publica... id: 84

MigcymMoByt04M, MOXHa 3p0BUTM BUCHOBOK, LLIO YCi @apryMeHTW Ha KOPUCTb Ti€i 4 iHLWOI MOBY
nporpaMyBaHHA € BaXKJIMBMMU, aJie OCTAaHHE CJIOBO 3aBXXAW 3a/MLWIAETLCA 3a BYmTenem. Ha
AymKy aBTopiB cTaTTi (FOpyeHko&CemeHixiHa&XBopocTiHa&YnoBnyeHko&lMeTpeHko, 2019),
NepcrneKTUBHUM CbOrOAHI Y CTapLUii LWKOJi BUBYATW NOMYASPHI MOBK

) Ta C++. 1.4. MeToauMKa BUKIaAaHHA TEMN

u UntuposaHusa: 0% id: 85
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«Pekypcis»

Pekypcis BBaXXa€TbCA OAHUM i3 (hyHAAMEHTalbHUX IHCTPYMEHTIB NporpamicTa, ane oocuTb
CcKknagHuM, ToMy BoHa NoTpebye peTenbHOro BUBYEHHA Ta NOsSiCHEHHA. HeobxiaHo 3a3HaynTw,
LLI0 O3HANOMNEHHS YYHIB HaBIiTb i3 HAWMPOCTILLMMMN PEKYPCUBHUMW anropuTMaMmn BUKINKAE Paa
yCKJlafHEeHb Npu iX BUBYEHHI Ta 3aCBOEHHI. MeTOANYHOK NOMU/IKOIO € HaMaraHHa NOACHUTH
peKypCUBHI Npouecn Ha npuknagi paktopiany (abo iHWMX MaTeEMaTUYHMX 3aa4y), 3 MOHATTAM
AKOro 6iNbLWiCTb YYHIB A0 LbOro Yacy abo 30BCiM He 3ycTpidannck, abo He po3yMitoTb horo
MaTeMaTUYHOI CYTHOCTI 1 He BMiloTb Ha MpaKTuLi oro 3acTtocoByBaTwu. Lle o3Hayae, wo
NOSICHEHHA MOHATTS PeKypCii B LLbOMY BUMNaAKy 3BOAUTHLCA A0 MOSICHEHHS NMOHATTA (hakTopiany, i
TaKUM YYMHOM OCHOBHE MOHATTA He hopMYy€eTbCA. ToOMy chif 0co6aMBY yBary 3BepHyTH Ha A06ip
npukiagis 419 NOY4aTKOBOr0 NOACHEHHA NOHATTS peKypcii. BOHM NOBUHHI ByTW Hao4YHUMK,
NPUPOAHO 3pPO3yMiNIMMK Ta 4HiTKO BigobparkaloynMm CyTTEBI 03HaKK peKypcii. L pyrow noMukoto,
AKOI HaCTO NPUMYCKalTbCS, € Te, WO YYHAM He AEeMOHCTPYIOTb NPOLLEC BUKOHAHHA PeKYPCUBHUX
anropuTMiB, Lie NPU3BOANTb A0 HEPO3YMIHHA YYHAMM OCHOBHUX O3HaK peKypcii Ta npasua il
BMKOPUCTaHHSA. lMepLue 03HaNOMIEHHS 3 MOHATTAM PeKypcCii MOXXHa noYaTu 3 AeMoHCTpauil
nesikoro 306pa)keHHs BiNOBIAHOI CTPYKTYPWU, SiKe NOTiM pa3oM 3 yYHSIMU CAif NpoaHanisysaTu.
Puc. 1.5. Kono i3 wictbMa cynyTHiMK Konamu Ha puc. 1.5 nogaHo Koo i3 WicTbMa CynyTHIiMK
KOMlaMU, Y KOXKHOIO 3 IKMX € CBOI LWICTb CYMYTHIX Kifl, Y KOXXHOI0 3 OCTaHHIX — 3HOBY LWICTb
CYNyTHIX Kin i T.4., NPU4OMy CMiBBiAHOLIEHHSA MiX pafiycamu Kosia Ta CynyTHIX Kisl, @ TakoX Mix
BiACTaHsAMM Bif LEeHTPa Kona o LeHTPIB CyNyTHIX Kinl yBeCh Yac 3anuwaTbCs CTannuMu. Tomy,
AKLLO CKJ1aCTW airopMTM, 3a [OMOMOrOl0 SKOro MOXXHa 300pasnTy Ha eKkpaHi feske KoJio i3
WicTbMa CynyTHIMWU KOlaMK, a ANS MAJIIOBAHHA KOXHOIO i3 CYyNYTHIX Kifl TakoX
BMKOPUCTOBYBATW LIel XXe anropnTm (3po3yMino, 3 iHWMMKN NapaMeTpaMn — KoopAnHaTaMu
LIeHTpIB KiNl Ta padiycamu), TO MOXXHa oaep)kaTu 306pa)keHHs, nogaHe Ha puc. 1.5. Takum
YUMHOM MPUXOAMMO A0 iAei NPO MOXKJ/IMBICTb 3BEPHEHHSA B AESKOMY aJropuTMi A0 HbOr0 X
camoro. AHanoriyHy 3agady MoxxHa 6yno 6 cpopmynoBaTH Tak: 3alaHO AeAKWNA NPaBUAbHUIA
LWeCTMKYTHUK. Jani nobynoBaHo 6 NPpaBWIbHUX LWECTUKYTHUKIB 3 LLeHTPaMu y BepLUMHax
rnonepenHbLOro, CTOPOHaMu, NapanesibHIMN 40 CTOPiH NoNnepeAHbOro, NMPMYOMY BifHOLEHHS
LOBXWHW CTOPIH LMX LUECTW LIECTUKYTHUKIB 10 AOBXWHN CTOPOHM NonepeaHboro AOPIBHIOE a, (a
Moxke B6yTn MeHWUM 3a 1, 6inbwnm 3a 1, fopiBHIOBaTU 1). 3 KOXKHUM i3 LMX WECTn
LIEeCTUKYTHUKIB 3HOBY ByAY€ETbCA WICTb LWECTUKYTHUKIB 3@ TUMK XX NpaBuaamm, WO i paHiwe, i
T.0. Tak MOXXHa po3rnsfaTh i TPUKYTHUKN, YOTUPUKYTHUKW, N'STUKYTHUKA i T.iH., O KOXHOrO 3
HUX BMilLlyBaTW KOJIO 3 LLIEHTPOM Yy LIeHTPi NpaBuabHOro 6araTokyTHUKa i padiycoMm, AOBXUHa
SIKOro B K pasiB 6inbla abo MeHLWwa (41 AOpiBHIOE) Big paaiyca BMMCAHOro YM OMMCAHOMro Kona, i
T.4. MOXKHa 3anponoHyBaTN TaKOX 7 iHLIi PUCYHKN, AKi Byayl0TbCS 3 BUKOPUCTAHHAM Tak
3BaHMX PEKYPCMBHUX Npoueayp — Le BifoMi knanmm CepniHCbKOro, CHi>XuHkn Koxa Towo. dani
LOUiNIbHO MOBIAOMUTY YYHAM, LLO BUMOra (BKasiBKa) B aJirOPMTMi MPO BUKOHAHHS LIbOIO X
aNropuTMy Ha3MBAETLCS PEKYPCIElD (Bif NAaTUHCHKOroO — MOBEPHEHHS), @ anropmuTmu, B
AKWX € BKa3iBKMN MPO BUKOHAHHSA iX K€ CaMuX, Ha3nBaloTbCA PeKypPCUBHUMU. Mo)XHa npuraaaTtw,
IO CUTYaLis, fKa Haraaye pekypcito, 306pa)keHa Ha haHTUKY LyKepKu
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Ha AKOMY HaMasiboBaHa cobaka, fKka HaMaraeTbCs BiAHATU Y AIBYMHKN LIyKEPKK, a LiykepKa Ha
haHTUKY TaKoXK Ha3MBaETLCS
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i T.4. KpiM Toro, ik npuknag pekypcii MoXXHa HaBeCTn TeKCT
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npo nona Ta roro cobaky: «Y nona 6ys cobaka — BiH oro no6us. BiH BUKpaB LUMaTOK cafla —
TOW oro ybue. Y6uB, 3akonas, Ha KaMeHi HanncaBg: «Y rnona 6ys cobaka ...... TakuMm YnuHom, y
MiCHI LS KiNbKiCTb MOBTOPEHb HECKIHYeHHa, AKLLO il cneuiasbHO He 06MEXNTN AesKo
BEJINYNHOI, 3HAYEHHS AKOT NpW NOBTOPEHHI NicHi Byae 3MeHWyBaTUCA Ha 1, @ NPU BUKOHAHHI
TaKOi MiCHi KOXXHOro pa3y NepeBipATUCS, YM He [OPIBHIOE LA BeNn4nHa Hyo. MNpuknan 1.
Mo>KHa Tako>X 3anpornoHyBaTW Y4YHAM NpoaHanidyBaTy BXXe roToBUiA anropuT™ nobyaosu
CHI>XKWHKW, po3pobunTu Ha LbOMY Kpoui noro aetasi. FonoBHe—AeMOHCTpaUis Ta po3yMiHHA
peKypcuBHOro npouecy. Hexal CHiXKMHKa CTBOPIOETLCSA TakMM YNHOM: i3 LeHTpa BMPOCTaE 6
KPUCTaNuKiB — BifAPi3KiB AOBXMHOW |, KYTU MiXX CYCiAHIMY BigpiskaMun fopiBHIO0OTL 60
rpagycam; 3 ix «BiflbHUX» KiHLIB BUPOCTAE Mo 5 BiApPI3KiB; CyCiAHi BiAPi3KN yTBOPIOOTL KYTW Mo
60 rpagycis, LOBXUHM LMX BiApi3kiB y K pasiB MeHwWi 3a L, 3 iX «BiIbHUX» KiHLiB @aHanorivHo
BMPOCTAE NO 5 HOBUX BiAPI3KiB, AOBXMHA AKMNX Lie B K pa3iB MeHLa, i Tak pocTe
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CHIDKUHKW. [JOBXUWHA KPUCTaNNKa Ha KOXXHOMY piBHi B K pa3iB MeHLa Bif AOBXWHU KpUCTanuka
Ha nonepegHbOMy piBHi. CxeMa po3B’A3yBaHHs 3afa4i CHiXKMHKa CKNafa€eTbhes i3 6 rinok
rAanbuHmn N (ki MicTaTb [\ piBHIB), AKi NOBEPHYTI 0AHa BiAHOCHO iHWOI Ha 60 rpafyciB; KOXHa
rinka rnmbuHn M (M=, N-1,..., 3,2) cKnafa€eTbCs 3 0AHOrO
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— BiAgpi3Ka AO0BXNHOW0 L/ i N'aTn rinok rambuHmn M-1, aki noBepHyTi 0AHa BiAHOCHO iHLWOI Ha 60
rpagycis. Takuin onNnc CHIXXUHKN [03BONSIE PO3POBUTU peKypCUBHUA anropuTM ii nobyaosu. Onuc
AnropuTMy HaB4YasbHOK anropuTMiyHo MoBoto anr CHDKUHKA (uin N. gincH LK) apr M,L,K noy
uini gnaieing 1 go 6 nuy FINKA(N,L,K) HAMPABO(60) ku KiH anr FJIKA (uin M. giicH LK) apr I,L,K
noy wuin i MAJIIOM BMEPEA(L) sikwo | 1 To{HamamoBaTu 5 rinok ramébuHoto N-1} HAJIBO(120)
ansisig 1 go 5 nuy MJKA(N-1,1/K,K) HAMPABO(60) KU, iHakwe HAJTIBO(180) Bce HE MAJTION
HA3AL(L) KiH Mo)XHa 3anponoHyBaTN YYHAM HaMantoBaTU TaKy CHIXKUHKY. TakKMM YUHOM,
YBOAUTBLCA MOHATTA PEKYPCMBHOMO anropuTMy, NPy BUKOHAHHI SKOr0o 3yCTPi4YaETbLCA BKasiBKa
Npo BMKOHaHHS Moro camoro. HeobxigHo 3’acyBaTu 3 y4HAMM, AK BUKOHYETLCS aJropuTm
nobynoBu CHKUHKW. Ba)knneo, Wob y4Hi 3po3yminum, wo ans Toro, wob Takuit anroputm
3po6UTN CKIHYEHHWM, CNifi BUKOPUCTaATK B HbOMY AK apryMeHT AesiKy BEIMYUNHY, fika npu
KOXXHOMY HOBOMY BUKJINKY anropntmy Byae 36inbwysaTnca abo 3MeHwyBaTuCs Ha 1, a no
BKa3iBOK afiropuTMy CNlif BKJOYUTU BKa3iBKY Npo NepeBipky YMOBM, 3@ AKOK BKa3iBKY
aNnropuTMy NMOBUHHI BUKOHYBaTUCS NNLLE TOAi, KONW LSt YMOBA iCTUHHA (BMICT NiYnabHMKA
Ki/IbKOCTi 3BepHEHb [0 aJirOpUTMy MeHLLNI 3a Hanepes 3afaHy KinbkicTb I\, abo fOpiBHIOE HYO
i T.iH.). MpK NpoeKkTyBaHHi anropuTMy 3BepXy BHU3 AJ1 PO3B’S3yBaHHA AeAKOI 3afaydi Moxe
CTaTUCA, WO OJHIEI0 3 BU3HAYeHMX NiA3anay € BUxigHa 3ajava, afe 3 iHWUMKN JaHuMu, i 3a
[IONOMOrOl0 KOHTPOJIIO 3@ 3MiHOK AaHMX 3afa4vy MOXHa 3BeCTW 00 BUNaAKy, AKWUA JNerko
pO3B’A3y€eTLCA. [IOLINbHO CKOPUCTATUCA TaKOI CUTYaLIiE0 AN OAeP)KaHHSA NOBHOrO PO3B’A3KY
3ajadvi. MoxXHa faTu y4HSIM ONMCcoBe TiyMayYeHHs peKypcii: 3BeAeHHs 3ajadi 40 Hel X camoi, ane
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i3 3MiHEHUMK BXiAHMMUW OaHUMW, HAa3MBAETLCA pekypcieto. Pekypcis moxe 6yTn npsMoto
(6e3nocepenHbOIO) — SKLLO B @JITOPUTMi € BKa3iBKN NPO BUKOHAHHA LibOro X airoputmy, abo
onocepeKoOBaHOIO—B aNropUTMi HEMAE NPSMUX BKa3iBOK NMPO BUKOHAHHS LbOr0 X aaroputMmy,
asie € BKa3iBKY Npo BUKOHAHHS iHLWIUX anropmMTMiB, B AKX € BKa3iBKM NPo BUKOHAHHSA AaHOro
anropuTtMy. B Takuin cnocib B anropntmi MoXXyTb ByTr onocepenkoBaHi MOCMNaHHA Yepes iHLwi
anropuTMmM Ha Len camuin anropuTM. Micna NnpoBefeHHsA eTany MOTMBALLT BUBYEHHA
PEKYPCUBHUX aJIrOPUTMIB MOXKHa NEPenTN [0 MOSACHEHHS NPaBWJl ONUCY Takux anropuTMis. MNpwn
LbOMY MOSCHEHHS AoUiNbHO ByayBaTy iIHAYKTUBHUM cnocoboMm, cnupatoymcb Ha aobpe Bifomi
Y4HAM npuknagn. Mpuknag 2. NMpakTrKa CBifYNTb, LLO METOANYHO BUNPaBAAHWUM € PO3rNiag
CrnoYaTKy peKypCMBHOro anropnTmy ob4ncneHHs 6araTokpaTHUM AodaBaHHAM f00yTKy ABOX
Linux yucen. Mpu uboMy CRif NOSICHUTU YYHAM, WO obYncneHHs nobyTky ABOX Linnx Yyncen Ai B
MO>XHa NnoJaTu AK 064NCNEHHA CyMU, Ae AK 4OAAaHOK BUKOPVUCTOBYETLCA OLHE i3 3aaHunXx Yncen,
Hanpuknag, A; Apyre X 4yucno (B faHoMy npuknagi ymcno B) 6yae BM3Ha4yaTH, CKiNbku pasis
nepLue Yncao chif AoaaTh A0 CYMU paHilwe 3HalAeHUX AoAaHKiB, MO4YaTKOBE 3HAYEeHHA SKOi
[OPIBHIOE HyNeBi. YeproBe 3Ha4YeHHSA 3HaXOANAThb LWNSXOM 36iblUeHHs BiXKy4Horo 3Ha4YeHHs cyMun
Ha BeNIMYMHY JofaHKa S:=5+A. Takuii mpouec NpoAoBXYETbLCSA A0 TUX MNip, Nokn He Byae B pasis
noaaHo Ao 6iXKy4oro NpoMixKHOro 3Ha4eHHsA CyMun S oAaHoK A. TakuM YMHOM, ANa Toro, wob
3HaNTW 3HaYEHHS CyMU i3 B nonaHkis A, HeobxigHO AofnaTy AoJaHOK A Ao cymu S i3 (B-1)
nofaHkis A, To6TO BUKOPUCTaTN PeKypCUBHE 3BEPHEHHA [0 aHanorivHux Ain. LWo6 3Hantn cymy
i3 (B-1) popaHkiB A, Tpeba ponaTn gofaHoK A fo cymu S i3 (B-2) nonaHkis A. Takunii 3BOPOTHUNA
npouec NPoAoOB)XXYBaTUMETbLCS AOTU, MOKW He AinaeMo [0 cyMmu S i3 0 fofaHkiB A, 3Ha4YeHHS AKOi
[OpiBHIOE HyneBi. Micnsa uboro 34INCHIETLCA NPAMUNA Xifg (Npouec) — Big cymun 0 fofaHKIiB
nepexoaATb A0 CYyMW i3 OJHOro AOAAHKa, Bifl CyMu i3 04HOr0 A0AaHKa—A0 CyMU i3 ABOX
[ofaHKiB i T.4., Nokn He Byfe oTpuMaHa cyma i3 B nopnaHkiB. O60B'A3KOBUM eNeMeHTOM
PEKYPCUBHOIO OMMCAHHS MPOLLECY € YMOBa 3aBEPLUEHHS PeKypCii. B Wil yMOBi MOBUHHO ByTun
3aflaHo feske (hikcoBaHe 3HavYeHHA, SKoro 060B’A3KoBO Bye AOCArHYTO B NPOLECi PEKYPCUBHUX
ob4ncneHb, i KOHTPO/b 3@ AKUM A03BONSE 3a6e3Me4nTy CBOEYaCHe NPUNNHEHHS npouecy. Ans
po3rnsaysaHoro npuknagy e byne piBHICTb k=B, ae K— KifIbKiCTb KPOKiB 3BOPOTHOrO, a
nisHilwe — npaAMoro npotecy. TaknuM YHOM, Ba)KJIMBO HAaroaocuTy, wo byab-ska pekypcis
MIiCTUTb TPU €/IeMEeHTUN: NOYaTKOBE 3HAaYeHHSA NPOMIXKHOro pe3ybTaTy (Ha Hy/1bOBOMY KPOLIi)
nepep No4aTKoOM MPSMOro XoA4y; cnoci6 ofepXaHHS NPOMIXKHOIro pe3ynbTaTy Ha i-ToMy Kpoui
NPsSMOro xoAy 4Yepes NPOMiKHWUIA pe3ysbTaT, ofepXaHui Ha (i-1 )-My KpoLi; yMOBY 3aBepLUEeHHS
npouecy. MNpuknag 3. PO3rnsiHeEMO oNUCcaHWin BULLLE anropuTM Ha KOHKPeTHOMY npuknagi. Hexan
HeobxiAHOo 3HanTN fobyTOoK 7x5, AKWIA 3BOAUTBLCS A0 CyMU Y CBOIO Yepry Lo CyMy MOXXHa nogaTu
Tak: TaknuM 4mHOM, Yy AaHoMy npuknagi: 5(5)=7+5(5-1), a ansa posinbHux A i B hbopmyna
3HaxXo4XKEHHS 4eproBoro enemMeHTa byae Burnsanatv Tak: S(B)=A+5(B-1). OT)xe BU3HaYeHO
cnoci6 oaep>xaHHA NPOMIXKHOI0 pe3yibTaTy Ha KOXKHOMY HaCTyNMHOMY KpoLli Yepe3 NpoMiXKHUA
pesynbTaT Ha nonepeiHbOMY Kpoui. MpoLuec peKypcuBHUIA. Lie o3HayvaE, Wwo Kpim crnocoby
0[lep>KaHHA HaCTYMHOroO NPOMIXKHOr0 pe3ysibTaTy Yepes nonepenHin HeobxiaHo npu onucy
TakKoro npouecy BBeCTW A1 PO3rasfy BKa3iBKy po3rany>KeHHs, 3a akoto byne BM3HavyaTmCA
MOMEHT 3aKiH4YeHHS (KinbKicTb) AN, WO NOBTOPIOOTLCS. [pK LbOMY MPUPOAHO BUKOPUCTATH
3HaYeHHs BeNnYnHY B. Todi pekypcuBHUA anropuTM-pyHKLI0 MOXKHa 3anucaT HaB4yaabHO
anropmMTMIYHOI MOBOIO Tak: anr uin cyma(uin A, B) noy akwo B=0 To 3Ha4:=0 iHaKwWwe
3Hay:=cyMa(A, B-1 )+A Bce KiH MNpun BUKOHaHHI peKyPCUBHUX anropuTMiB 415 KOXKHOrO MOAyNs
6ynyeTbcs cBOS TabnnLA BUKOHAHHA. B peKypCcMBHMX anroputMax okpema Tabamus BUKOHaHHA
6yAy€eETLCA NPY KOXXHOMY YeproBOMY BMKOHaHHI anroputmy ans camoro cebe. Mpu Buxopdi 3
ANropuTMy 34iMCHIOETLCS NOBEPHEHHA A0 NonepelHboi Tabanui BUKOHaHHA (Tabnuui
ANropuTMy, SKUA BUKANKAHWA faHuM), a 6ixkyda Tabnuus BunyyHaeTbes. Micnsa CTBOPEHHSA Takoro
anropuTMy HeobxiAHO pa3oMm 3 y4HsiMU NobyayBaTu TabAuLi BUKOHaHHS Ta BUKOHATW OnNucaHuin
anropuTM. Ha puc. 1.6 HaBeaeHO TabnunLi BUKOHaHHA PEKYPCMBHOIO aaropuTMy, Ae CyLiNbHi
NiHiT BKa3yloTb HaNpaMu NpAMoro xoay, NyHKTUPHI — HanpsaMm 380poTHOro xoay. Kpim Toro, ans
YHAOYHEHHS CXeMW BUKINKY PEKYPCMBHOI YHKLi MOXKHa CKOPUCTATUCA CXeMaMW 3BEPHEHHA A0
anropuTtMy 3 geskoro 610Ky (puc. 1.7). BAKOPMCTOBYOYY TaKy CXeMy BUKJIMKY afiropuTMy 3a
[LONOMOroto crneiasibHoi BKa3iBKU NonepeaHii peKypCMBHUIA airOpUTM MOXKHa Hao4HO
300pa3nTy Tak, K NOKa3aHo Ha puc. 1.8. 3BOPOTHUI Xia 0OEpPXYETbCA aBTOMATUYHO 3a PaxyHOK
TOrO, WO KOXXHWUIA anropuTM, AKUIN BUKJIMKAETLCS, NiCNIA CBOro 3aBepLUeHHSA NoBepTae
yNpaBfiHHSA Ha BKa3iBKY, fKa e 3@ BKa3iBKOIO BUKOHAHHA anropnTtMy. TakMM YNHOM, OiALLOBLUN
[0 a/iITOPUTMY, SIKUIN BXXe He Byae BUKANKATWN AAHUIA | BUAACTb NEBHUIA pe3ynbTarT, i3 Lboro
ynpaBiHHSA NOBEPHETbLCA A0 NoNepeaHbOro Ha BKa3iBKy, ika po3TalloBaHa 3a BKa3iBKOKO
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). Micns 3aBepLUEeHHA BUKOHAHHA LbOro nonepeaHboro ajaropuTMy ynpasiiHHs 6yae nepenaHo
Ha BKa3siBKY, fKa e HaCTYMHOIO 3a BKa3iBKOIO BUKINKY MONepeaHboro aNropuTMy i T. iH., 40
TWX Nip, NOKW yNpaBfiHHA He NOBEPHETbCA Ha BKasiBKY, iKa CNify€e Nicna caMoi nepLuoi BKasiBKu
Npo BMKOHAHHS anropntMy. PekypcuBHe (K i HepekypcuBHe) 6araTokpaTHE BUKOHAHHS
anropnTMy (BkNagaHHs BNopsiKoBaHOro Habopy anropuTmiB NOCNiIAOBHO OAUH B iHLLNA) MOXKHa
rpacdiyHo nodaTu Tak, ik Ha puc. 1.9. Habip anroputmie S(A,B), S(A,B-1), 5(A,B-2), 5(A,2), S(A1),
(A,0) € BNOpsAAKOBaHWUM (3a cnagaHHAM 3Ha4veHHs B-K, K=0,1,2B), ko)XHa HacTynHa BKasiBka
BKJIafeHa B rnonepenHio, To6To B KOXKHOMY 3 anropuTMmiB S(A,B-K) € BkasiBka Npo BUKOHaHHA
anroputmy S(A,B-K-1), npn4omy nicna BUKOHaHHA BKa3iBKN NPO BUKOHaHHA anroputmy 5(A,B-K-
1) 6yae BUKOHYBATUCA BKasiBKa anroputmy S(A,B-K), wo cnigye oapasy 3a BKkasiBkow npo
BMKOHaHHA anroputmy S(A, B-K-1). Puc 1.6. Tabnuui BUKOHaHHA PeKYypPCMBHOIro aaroputmy Puc.
1.7. Bnok cxema anroputmy Puc. 1.8. bnok cxema anroputmy Puc. 1.9. Pekypcisa Mpuknag 4.
[ani MoXXHa 3a aHasnori€to NpoaHanizyBaT PEKyPCUBHUIA anropuTM 064NCNeHHA CTeneHs Yucna
ab, oe b — uine 4yncno. MipkyBaHHS ooUinbHO NobyayBaTW TakK: afropuTM 064NCNEHHSA CTeneHs
ab MOXXHa nodaTun y Burnagi nobyTky Ha KOXXHOMY KpoLi Ynucna a Ha fobyTok, OTpMMaHui Ha (K-
1)- My KpoLi, MOBTOPUBLUM TaKe MHOXKEHHS b pasiB, B3ABLUM AK NOYaTKOBE 3HAYEHHSA Ans
no6yTkis yncno 1: (...(((1*a)*a)*a)*....*a) b pasiB. CnoYyaTKy 3Ha4YeHHS Takoro fLobyTKy LOpPiBHIOE
1, a HaCcTynHe NOro 3Ha4eHHs BU3HAYa€ETbCA AK 40OYTOK nonepenHbLOro 3Ha4YeHHs fobyTKy Ha
3apaHe 4mcno a. KinbkicTb NOBTOPEHb Takoro npouecy AopiBHIOE b. O4eBUAHO, WO 3HAYEHHS
CTeneHto ab 3HaX0ANTbLCSH TaKUM YUHOM: TakKM YMHOM, Liel anropuTM MOXKHa onucaTun
peKypCUBHO. YMOBOIO BUXOAY i3 peKypcuBHOro npoecy byne piBHicTs b-k=0, k=0,1,2, b, a
cnoci6 oaep>XaHHA OLHOr0 3Ha4YeHHA Yepes iHLe MOXXHa BUPa3nTK 3a 4ONOMOrot (opmyn
cTeniHb(a,b):= cTeniHb(a,b-1)*a. IMWINNOCH PO3rNSHYTU BUNALOK, KOJIM NMOKa3HUK CTeneHs —
uine Bipg'€MHe 4ncno. B LbOMY BUNaLKy 3HaY€HHA CTEMEHs 3HaX0ANTbCA AK obepHeHe 3HaYeHHA
cTeneHs a|b|, To6To 1/ alb|. ONnc anropmMTMy HaBYabHOK afroPUTMIYHOK MOBOIO aar Lin
cTeniHb (Lin 0CHOBa, MOKAa3HMK) Moy SKLLO Noka3HUK 0 To 3Ha4y:=1/cTeniHb(oCHOBa,
abs(NoKa3HMK)) iHaKLe AKLOo NoKasHMK:=0 To 3Ha4y:=1 iHaKLe 3Ha4:= cTe N/Hb(oCHOBa,
nokasHuK-1 )* ocHoBa BCe BCe KiH BUKOHaHHSA Takoro aaropuTMy 3a 4OMNOMOro BiANOBIAHMUX
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Tabnnupb [OLINBHO 3aMPOMNOHYBAaTK YHHAM K CaMOCTiliHY poboTy. [lani MOXXHa pa3oM 3 y4HAMMK
po3B’A3aTu Taki 3agavi: Npuknag 5. JaHo HaTypanbHe Yncno. CkAacTy aaropuTM 3HaXO4)KEHHS
hakTOpiany LbOro 4YMcaa, BUKOPUCTOBYIOUYM peKypcito. CxeMa po3B'A3yBaHHA 3aaadi byaemo
BUKOPUCTOBYBATW pPeKypeHTHEe BU3Ha4YeHHs gakTopiany: N! = (N -1 )!* . YMOBOIO 3aBepLUEHHSA
pekypcii 6yae piBHicTb 1! = 1. Y Bunaaky, konu |\ AOpiBHIOE 0AMHMULI, PYHKLUiS dhakTopian
ofepXKYE 3Ha4YeHHs 1. Ao X [\ 6inbliee 3a OANHULIO, 3HAYEHHSA (haKTopian BU3HAYaAETLCA
PeKypPCUBHO: 3HaX0AUTLCA AOBOYTOK 3HavyeHHs |\ i pakTopiany nonepeaHboro fo ' yncna, To6TO
dakTopiany 4ncna (N-1). ONUC anropuTMy HaBYaIbHOIO aJIrOPUTMIYHOIO MOBOIO ar Lin
chakTopian (uin N) noy skwo N=1 To 3Ha4y:=1 iHaKwWe 3Hay:=|*(pakTopian(/-1) BCe KiH Ha puc.
1.10 HaBeneHO TabnuLi BUKOHAHHS PEKYPCUBHOMO anropuTMy akTopia, SKUN BUKIMKAETLCS i3
TaKoro rosloBHOro aaropuTMy: anr 3agada 1 (HaT ) pe3 - noy P:=dakTopian(4) KiH 9k BUAHO 3
Tabnnupb, NPV BUKOHaHHI PEKYPCUBHOMO aJirOpMTMy, CMoYaTKy BiAOYyBaeTbCA CBOEPiAHE
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Ha BCe rnunbLi piBHI PEKYPCMBHOMO anropuTMy, a NoTiM BMXIiA (MiAHIMaHHA) a)k A0 NOBEPHEHHS
[0 30BHIiLLHBLOT Nporpamu, B AKil € BKa3iBka NPO BUKOHaHHA anropnTMy. 3anoBHeHHS Tabauub

BUKOHaHHSA PEKYPCMBHOIO a/IrOPUTMY: KOXXHE HOBE BMKOHAHHA 36inblUy€ piBeHb PEKYPCMBHOIO
3arnMbieHHs, a NOBEPHEHHS pe3ybTaTy i BUXiA i3 afiropuTMy—3MeHLLYe
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peKkypcuBHOro 3arnnbneHHs. CTpinkamu no3Ha4yeHo nepefaBaHHA apryMeHTiB i MOBEPHEHHS
3HayeHb pe3ynbTaTiB MiXX anroputMmamu. Puc. 1.10. Tabnuui BUKOHAHHS PeKYPCUBHOMO
anropuTtmy takTopian MNpuknag 6. CkNacTu anropuTM ANA 3HAXOAXKEHHS YNeHiB apudmMeTUyHoi
i reoMeTpuYHOI Nporpecin Ta iX CyMn, BUKOPUCTOBYIOYUN MPU LLbOMY PEKYPCUBHI @anropuTtMu.
CxeMa po3B’'A3yBaHHA 3a4a4i Bigomo, o npu 3agaHoMy 3Ha4yeHHi neplioro YneHa al i pisHuUI
4YneHiB apudMeTNYHOT Nporpecii 3Ha4eHHA HAaCTYMHUX YeHiB 3HaXxoAATbCA 3a hopMynamu: 22
=al+d a3 =a2+d ........... =an-1+d ®opMysia 3HaXOL)KEHHS YEHIB apupMeTNYHOI Nporpecii €
peKypeHTHOI0, TO6TO AO3BONSAE 3HAXOANTWN HACTYMNHE 3Ha4YeHHS Yepes nonepenHeE, i BKasye Ha
MO>KJIMBICTb ONMUCAHHA PEKYPCMBHOIO aJiropuTMy. 3a/IMWLAETHCA BU3HAYUTM YMOBY 3aKiHYEHHS
pPeKypCUBHOrO npoLecy. YMOBOI 3aKiH4eHHs pekypcii € piBHicTb N-K=1 ans Homepa [\ 4yneHis
nporpecii. 04eBMAHO, LLO SKLLO HOMEP LUYKaHOro YeHa 36iraeTbCs 3 OAUHULEIO, TO 3HAYEHHSA
peKypcuBHOT OyHKLIT 36iraeTbCs i3 3HaYEHHAM NepLIOro YyieHa nporpecii. 3HavyeHHs by ab-SKoro
-ro YneHa apugmMeTrnyHOI Npodecii 3HaxoANTbCA AK CyMa pi3HULI d i 3HaYeHHs (/\N-1)-ro YneHa,
SIKUIA B CBOIO YEPry 3HaXOAMTLCA SK CyMa pi3HUUI d i 3HaYeHHsA (1N-2)-ro YyneHa i T.4. CyMy YneHis
apudMeTNYHOI NPorpecii TakoXK MOXXHa 3HaNTN Ha OCHOBI PeKYPCUBHOIo npouecy. Yeprose ii
3Ha4YeHHA Ans |\ YyneHiB NoAaeTbCs Yepes cyMy -1 4nieHiB, fika B CBOIO Yepry NoAa€eTbCs 3a
[IONOMOrOlO0 BXE OMUCAHOro PEKYPCMBHOMO afiropuTMy yHKLIT 3HaXo4)KeHH:A CyMu. AHaNO0ri4HO
Ha OCHOBI PEKYPCUBHOIO NPOLLECY OMUCYETLCA anropuTM 3HaX0AXKEHHS YJIeHIB reoMeTPUYHOI
nporpecii Ta ix cymn. ONuc anropuTMy HaB4YasibHOIO afirOPUTMIYHOIO MOBOIO anr AiicH APUOM

(mincH al, d, uin n) noy AKLWO n=1 10 3Ha4:=al iHakwe 3Ha4y:=APUOM(al,d,n-1 )+d Bce anr
nincH CYMA_APU®M gincH al, d, uin n) noy Akwo n=1 1o 3Ha4:=al iHakLwe
3Ha4y:=CYMA_APU®M(al ,d,n—1 )+APUNPM(al,d,n) BCe KiH AHaNOri4HO | HeproBui YneH i cymy

Y/1EHIB FrEOMETPUYHOI NPOorpecii MOXKHa 3HalW TN Ha OCHOBI PEKYPCUBHOIO npoLuecy. Y4HAM MOXHa
3anponoHyBaTN CaMOCTINHO CKNaCcTW TaKi afiropuTMu Ta NPOAEMOHCTPYBaTH iX NPaBUNbLHICTL 3a
[IONMOMOTOl0 BUKOHAHHA A5 KOHKPETHUX BXiAHMX AaHuX. Onnc anroputMy HaBYasibHOO
AnropmMTMi4HOI MOBOI anr gincH FEOM (aincH b1,q,uin n) noy skwo n=1 1o 3Ha4y.=b1 iHakwe
3Ha4y:=FEOM(b1 ,0,n-1 )*q BCe KiH anr gincH CYMA_FEOM(gincH bl,q, uin n) noy sKwo n=1 To
3Ha4=b1 iHakwe 3Ha4:=CYMA_EOM(b1,q,n-1)+TEOM(b1,0,n) BCe KiH Mpuknap 7. Cknactun
anropuTM ANs BU3HAYEHHS MiHIMa/IbHOrO BMICTY KNITUHOK JiHIAHOT Tabanui, BUKOPUCTOBYOYMN
PEKYPCUBHY (PYHKLIO A1 3HAXOAKEHHS MiHIMasibHOroO BMICTY cepejf peLlTu BMICTIB KNiTUHOK
Tabnuui. Cxema po3B’'A3yBaHHA 3aaayi Ona nobynoBm anropuTMy po3rsisiHEMO KOHKPETHY
Tabanuio A[1:5]: 1234512 8 10 4 5 MiHiManbHUI eneMeHT y Uit Tabauui 6ynemo 3HaxoanTn
AK MiHIManbHUI eneMeHT i3 ABOX: nepworo enemeHTa A[1] i MiHiManbHOro enemeHTa Tabauui
A[2:5]. Y cBOW Yepry Ans 3HaxoAXKeHHs MiHiManbHOro enemMeHTa B Tabauui A[2:5] 6ynemo
3HaxoAUTM MiHIMaNbHUI eNeMeHT i3 ABOX: NepLloro eneMeHTa uiei Tabnauui A[2] i MiHiManeHoro
enemeHTa Tabauui A[3:5]. AHanoriyHo 15 3HaX04)KEeHHS MiHiManbHOro enemMeHTa Tabauui
A[3:5] ckopucTaeMocs yHKLIEID 3HaX0AKEHHS MiHIManbHOro 3 ABOX: NEPLUOro efieMeHTa L€l
Tabanui A[3] i MiHiManbHOro enemMenTa Tabnuui A[4:5], ana uiei Tabnuui 3HangeMo MiHiManbHUIA
eNleMeHT, AK MiHiManbHUn 3 aBox A[4] i MiHiManbHoro B Tabnuui A[5:5]. Ak 6a4ynmo, npouec
3HAX0AXKEHHSA MiHIMaNbHOro BMICTY KJITUHOK Y KOHKPEeTHIn Tabnuui 3akiH4mBcs. Jinwmnnocs
BM3HAYUTUN YMOBY 3aKiHY€HHSA PEKYPCMBHOMO NpoLiecy Ta cnocib oaep>kaHHA HacTyMnHOro
3Ha4YeHHS NPOMIXKHOI0 pe3ysibTaTy Yepes nonepefHe. Y Takih ymosi Moxxe ByTu BUKOPUCTaHWIA
HOMEp PO3rnsAyBaHoi KNITUHKM TabsnLi: KO HOMeEP PO3rnsayBaHoi KNITUHKK Tabauui
36iraeTbCs 3 HOMEPOM OCTaHHbLOI KNITUHKK B Tabauui, To 3a MiHiManbHe cNif NPUAHATN
3HaYeHHSs po3rnsayBaHoro, To6To BMICTY OCTaHHbLOI KNITUHKK Tabnuui. 3a UMM anropuTMoM i3
BMICTOM KJIiTUHOK TabsinLi BUKOHYIOTbCA HAaCTYyMHi Aii: Onnuc anropmTtMy HaBYanbHO
anropuTMiYHo Mosoto anr HAMMEHTAB(uin I, giiicH Tab A[1:1], aiiicH miHTa6) apr \,A pe3
MiHTab noy MiHTab:=MIN(1) KiH Y uboMy anropuTMi MiCTUTBCS BKa3iBKa Npo HaAaHHSA 3Ha4YeHHS,
sika nepenbavya€ BUKOHAHHA PEKYPCMBHOIO afropuTMy A5 3HAXOAXKEHHSA MiHIManbHOro
enemeHTa Tabauui. anr gincH (uin K) noy win I, gincH Tab A[1 :N] akwo K=/ To 3Ha4:=A[N]
iHakwWwe sKwo A[K] (+1) To 3Ha4:=A[K] iHaKwwe 3Hay:= (K+1) Bce BCe KiH Mpwu 3BepHEHHI
[0 PEKYPCUBHOI PYHKLiT CMOYaTKy 3annCyETLCA YMOBa 3aKiHYEHHS peKypcii: Ko HoMep
KNITUHKK, 3 SIKOT BUBMPAETbCA apryMeHT (pyHKLUii, 36ira€TbCca 3 HOMEPOM OCTaHHbOIT KNITUHKMN
Tabnnui, To 3a 3HaYeHHA PYHKLUIT NPUAMAETLCS 3HAYEHHSA BMICTY OCTaHHbOI KNITUHKK Tabaunui.
AKLLO X HOMEP KNITUHKMK, 3 AKOi BUBMPAETLCA apryMeHT peKypCcuBHOI (hyHKLIi, He 36iraeTbcs 3
HOMEPOM OCTaHHbOI KNITUHKW, TO NOPIBHIOETHCA 3HAYEHHSA BiXKY4Oro apryMeHTy i3 3Ha4YeHHAM
MiHiManbHOro B Tabnumui, HoMmep NepLioro efemMeHTa AKoi Ha 1 6inblni 3Ha4eHHA HoMepa
6i>xKy4oro enemMeHTa. AKLWO 6iXKYYMIA €NeMEHT MEHLUWIA, TO 3Ha4YeHHS PYHKLUIT HabyBaE 3HaYeHHA
LbOro e/eMeHTa, iHaKLe 3HOBY e 3BEPHEHHS A0 (PYHKLUII, sKa 3HaX0ANTb MiHIManbHUA
enemMeHT cepej, HaCTYMNHOI YacTUHW Tabnuui, HoMep nepLloro eseMeHTa AKoi Ha 1 6inblie Bxe
PO3rAsHYTOro. KLLO Lei caMuii anropuTM onucaTi 3a AOMOMOrol PeKypCUBHOI NpoLeaypu
3Haxo04>KEeHHSA MiHIManbHOro enemMeHTa B 3ragaHin rnobansHin Tabnuui A, To BiH 6yne matn
Burnag: anr Min (uin n, gincH X) apr n pesX noy akwo n=1 1o x=A[1] iHakwe Min (n-1 ,x) aKwo
A[n] x To x:=A[1] BCe BCe KiH Mpuknag 8. CKNacTn peKypCMBHUA anropuTm

@ O6Hapy>eH MnarvaT: 0,08% https://www.ela.kpi.ua/bitstream/123... + 3 pecypcos! id: 95
0151 3HAaXO0A KEHHS HabiNbLIOro CniNbHOro AiNlbHUKA ABOX Ymcen. Ans nobynoBU peKypCcrBHOIo
ANropuTMy 3HaXOAXKEHHA HaMbiNbLLLOro CAiNbHOro AiNbHUKAa ABOX Ynucen

po3rnsiHemMo npuknag. Hexai 3agaHo ABa 4ucna m=15 i n=48. Akwio gpyre 4ncno n binbie
NepLUoro 1, To MOMIHAEMO iX MicusiMu: M=48, n=15. 3HaliAeMo oCcTayy Bif Lif0o4NCcenbHOro
nineHHs yncna m Ha n (48 15=3). Tenep 6ygemo po3rnsgaTu Yyncna m=15 (MeHwe 3 ABOX
nonepeaHix, Wo po3rasaannce) i =3 (ocTayvy Bif AineHHN). ONa Taknx YNCen TakoxX 3Hanoemo

13/25


https://www.ela.kpi.ua/bitstream/123456789/27864/1/Alhorytmy_ta_metody_obchislenn.pdf

https://plagiarism-detector.com 14/25

ocTauy Bif adineHHs (15 3=0). Tenep 3HOBY PO3rasaHEMO Yncna m=3 (MeHLe 3 ABOX
nonepepnHix) i =0 (ocTa4y Bif OiNeHHA). | KON Apyre Y10 CTasno LOPiBHIOBATW HYJIIO, TO Lie
03Ha4ae, Wwo npouec Tpeba 3akiH4YMTKU, TOOTO 3HaNAEHO HaNbINbLWINA CNINbHWIA AiNbHUK, | BiH
[OPIBHIOE Yncny m=3. IK BULHO 3 HAaBEAEHOr 0 Npuknaay, ANs po3B’'s3yBaHHA 3a4avi
6araTokpaTHO BUKOPUCTOBYBAJIMCb OAHI 1 Ti cami Aii: nopiBHIOBannCh ABa 4ncna i binblue 3 HUX
CTaBWJIOCb Ha nepLue Micle, NoTiM NepeBipsIoch Apyre Yo, | AKLWO BOHO AOPIBHIOBAO HYJIO,
TO NPOLLEC 3aKiHYyBaBCS i 3@ HaNbINbLWMIA CRINILHUIA AiNbHUK BUOMpPanock nepLue Yncno. AKwo
Apyre 4ncno BiAMiHHE Bifi HyN1a, TO NpoLec NPOAOBXKYBaBCSH, | Tenep aHaNoriyHi Aii BUKOHyBann
3 APYrvM YACIOM i OCTayelo Bifl AiNIEHHS NepLUOro Ynucaa Ha gpyre. Onuc anroputmy
HaBYasIbHOIO afIrOPUTMI4HOIO MOBOIO anr win HCA (uin m, n) noy uin h sKwo TO h:=HCAO( n,
) iHakwe Akwo N=0 To h:=m iHakwe h:=HCA (n, uin(m,n)) Bce Bce 3Hay = h KiH BucHoBKYK go |
po3gniny B naHoMy po3gini npoaHaizoBaHi MOBM NPOrpamMyBaHHA AKi MOX/IMBO BUKOPUCTOBYBaTU

@ O6Hapy>xeH MnaruaT: 0,05% https://zakon.rada.gov.ua/go/463-20 id: 96
B 3akJlagax 3arajbHoi cepefHbOi OCBiTU. [fpoBeAeHO aHani3 Nporpam Ta NiAPYYHUKIB 3 TEMU
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B 3aKJlaflax 3arasibHoi cepefHbOoi OCBITW. PO3rNaHYTO METOAUKY BUKIAAaHHA TeMun
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PEKYPCIAA TA PEKYPCUBHI AITOPUTMW 2.1. PekypcuBHi hyHKLii Ta anroputmn 2.1.1. PekypcuBHi
hyHKUii KoHuenuis pekypcii, Wwo nepenbayvae BU3HayeHHs 06'ekTa Yepes NocunaHHsA Ha camoro
cebe, € oaHi€l0 3 hyHAAMeHTaNbHNX igel B NporpamMyBaHHi. Ii KOpiHHS caralTb cepeanHn XX
CTONITTA, KON B KOHTEKCTi MpoLLeAypPHOro NporpamMyBaHHs 3'ABMIacsa NpakTUKa B3aEMHUX
BUKJIMKIB (DYHKLi. He3Barkato4um Ha NosiBy HOBMX MapafnrM nNporpamyBaHHs, pekypcis
3a/IMWAETHCS aKTyaslbHUM iHCTPYMEHTOM PO3po6KM anropuTMiB, X04a i PO3rnsafaeTbCa Ak
anbTepHaTuBa iTepaTUBHUM MeToAaM. Mo CyTi OAUH | TON XXe MeToA, CTOCOBHO A0 Pi3HMX
obnacTen HOCUTb Pi3Hi Ha3BW - Le IHAYKLUIsA, peKypcCis i peKypeHTHi CniBBiAHOLWEHHS -
BiIMIHHOCTI CTOCYIOTbCSA 0cObAMBOCTEN BUKOPUCTaHHSA. Mia iIHAYKLIE pO3yMiETLCA MeToq
[OBeAEeHHA TBEPAXKEHb, Ak ByayeTbes Ha 6a3i iHAyKUii npn n = 0,1, NOTIM TBEPAXKEHHS
NoKIafa€eTbCA NPaBUJILHUM NpU 1 = i NnpoBOANTBLCA AoKa3 Ana n +1. Pekypcia - ue
BM3Ha4YeHHs 06'ekTa Yepes 3BepHeHHA [0 camoro cebe. PEKYpCUMBHWIA aNiropuTM - Lie aaropuTM,
B OMWCi AKOro nNpsamMo abo NobiYHO MICTUTLCS 3BEPHEHHSA [0 camoro cebe. Y TexHiui
npoLenypHOro NporpaMmyBaHHA AaHe NOHATTSA MOLMPIOETLCSA Ha (hYHKLIIO, AKa peanisye
pilleHHsA okpemoro 610Ky 3aBAaHHSA 3@ LOMOMOrOK BUKJIMKY 3i CBOrO Tina iHWNX PyHKUIN, B
TOMY 4mnchi i cebe camoi. SIKLLO NpY LIbOMY Ha 4eproBoMy eTani poboTun yHKLis opraHi3oBye
3BepHeHHA A0 camoi cebe, TO Taka PyHKLIiN € peKypCHBHOI0. PeKypCisi - Lie MOTYXXHUIA
iHCTPYMEHT NporpamMyBaHHA, SKUA [03BONIAE BU3HAYNTU (PYHKLIO Yepes il BlaCHUI BUKNK.
ICHY€e ABa OCHOBHUX TUNW peKypcii: NpsiMa i Henpama. Mpsama pekypcia nepenbayae, Wo hyHKLUisA
6e3nocepeHbO BUKIMKAE camy cebe 3 iHWMMKU aprymeHTammn. KnacuyHuM npuknanom npsmoi
pekypcii € 064ncneHHa akTopiany Yucna. Henpsima pekypcis Ma€ micue Toai, Konn yHKLia
BUKJIMKAE iHWY (PYHKLIO, Ika, B CBOIO Yepry, MoXe BUKMKATU BUXiAHY dyHKUil0. TaKnM YMHOM,
BUKJIMKN DYHKLIN YyTBOPIOIOTL LK. MprKnagom HenpsamMoi pekypcii Moxke 6yTn B3aeEMHMIA
BUKJIMK ABOX (PYHKLUIN ans obxopy 6iHapHoro nepesa. Po3pobka pekypCuBHUX afiropuTMiB
nepeabavae 4iTke po3yMiHHA Ta BUKOHAHHA TPbOX OCHOBHMX eTanis: napameTpu3aLii, BuaineHHa
6a3u Ta nekomno3uuii. MapameTpu3auis nondrae y BU3HayYeHHi CYKynHOCTI napamMeTpiB, sKi
MOBHICTIO ONWCYIOTb BXiAHI AaHi 3afadyi. Llen eTan € KpUTUYHUM, OCKINbKW Bif NPaBUIbHOMO
BMbOpY NapamMeTpiB 3a1€XNTb ePEKTUBHICTb Ta KOPEKTHICTb NOAasbLUMX PO3PaXYHKIB.
BuaineHHs 6a3n pekypcii nepenbayvae BU3HaYeHHS TpMBiaibHUX BUNAAKIB 3a4adi, ANA SKUX
pileHHs Bigome 6e3nocepeHbO. ba3a pekypcii cyrye TOYKO 3yNUHKN PEKYPCUBHUX BUKIUKIB
i rapaHTy€E 3aBepLUeHHsA anroputMy. [lekomnosuuis nonsarae y po3buTTi 3aaadi Ha niasanadi, saKki
€ MeHWNMK KoniamMn BMxiaHoi 3aaadi. MNpu uboMy, KOXKHa nig3afaya NoBuHHa ByTu BupilleHa 3a
[LONMOMOrOl0 TOMO XX CaMOro ajiropuTMy, ajne 3 iHWUMN 3HaYeHHAMN NapamMeTpiB. ICHY€E AeKiNbKa
KaTeropivi 3aBAaHb, LLO AOMYCKalOTb PEKYPCUBHI BU3Ha4YeHHA. OfHa 3 KaTeropii - MaTemMaTuyHi
¢opMy N, BU3HAYEHHA SIKNX PEKYPCMBHE 3@ CBOEID CyTT0. OCHOBHWUM 3aBAaHHSAM [OCAIAXKEHHS
pPeKYPCUBHNX PYHKLIA € OTPMMaHHA F(11) B ABHIN abo AK Wwe KaxyTb
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¢dopmi, TO6TO y BUrnsaai aHaniTM4HO 3adaHoi yHKLUIT. KnacuyHunin npuknag GyHKLii, BUSHa4YeHHS
SIKOT MO>Ke 3ajaBaTUCS B peKypCUBHOI dopmi, (1) = n!
@ O6Hapy»xeH MnarvaT: 0,08% https://stackoverflow.com/questions/... + 4 pecypcos! id: 100
(n)=n*(1-1)*...*1, 0!=1 PeKkypcrBHe BM3Ha4yeHHA Li€i hyHKUii Mae BuA: ae F(1-1)=(1-1
)! Opyruin npuknag - Le onuc CUHTakKCUCy KOHCTPYKLI MOB NporpaMyBaHHS 3a JOMOMOr o0
B=kyca Haypa ¢opmu (BH®). Mpuknan. BusHayeHHs ineHTUdikaTopa B MoBi Mackanb: 3apas
C++ nitepa ::=2|b|...|z, undpa ::=0]1|...|9; ineHTudikaTop ::= niTepa | ineHTUikaTop niTepa |
ineHTudikaTop uUndpa . 2.1.2. PekypcmBHi npoueanypw i MyHKLii PeKkypcisi € NOTYy>KHUM
iHCTPYMEHTOM NpOorpamMyBaHHS, AKUA 3HAaXOAUTL LUMPOKE 3aCTOCYyBaHHS B Pi3HMX obnacTax.
BoHa 0co611BO KOpUCHa 4N14 3a4ay, Ae: MaTemMaTU4YHa MoLeslb Ma€ PeKYPCUMBHY (hOpMYy.
CTPYKTYpU AaHMX MaloTb PEKYPCUBHY CTPYKTYpY. Mpouec po3B'A3aHHs 3a4ayvi MOXKHa po3buTtun
Ha nig3afaydi Toro X TUNy. PeKypCUBHI anropuTMu [LO3BONSIOTb OTPUMATK KOMMNAKTHI Ta
eneraHTHiI pileHHA ana 6araTbox cKnafHWX 3agad. MignporpamMa Ha3MBaETLCA PEKYPCUBHOLO,
AKLLO B i BU3HAYEHHI NPUCYTHIN npsMo abo nobidyHO BUKANK camoi 06yMoBneHOT nianporpamu.
Mpu NpsAmin pekypcii nignporpamMa CTBOPIOE LMKAIYHNIA NOTIK BUKOHAHHSA, A€ KOXKEH HaCTyMHUIA
BMKJIVK MOBTOPIOE JIOFiKY NOMepeaHboro, ajae 3 iHWnMmn BXigHMMU aaHmmun. Henpsima pekypcis
CTBOPIOE B3aEMO3aNEXHICTb MiXK KiJlbkOMa nignporpamamMu, fie KOXXHa 3 HUX MOXKe BUKJIMKaTH
iHLWWY, YTBOPIOOYM LKA BUKNUKIB. Peanizauis pekypcusHux nignporpam Crek - ue
yHOaMeHTaNbHa CTPYKTYypa AaHuX, AKa NpaLioe 3a NPUHLMNOM ( ) ). Moro
OCHOBHa (PyHKLiA nonsrae B 36epexxeHHi iHpopMaLii Npo NOTOYHMI CTaH BUKOHAHHA Mporpamu,
0C06JIMBO B KOHTEKCTI PeKYPCUBHUX BUKIINKIB. KOXKEH HOBUIN BUKJIMK PEKYPCUBHOT YHKLLT
NPW3BOAWNTb A0 CTBOPEHHS HOBOIrO 3amucy y CTeKy, KU MiCTUTb JIOKaJibHi 3MiHHI, NapamMeTpu
Ta agpecy noBepHeHHA. TakuM 4YMHOM, CTek 3abe3nedvye MexaHi3M NS BiACTe)XXEHHS
NocNiAOBHOCTI BUKJIVKIB Ta MOBEPHEHHS A0 NONepeHboro CTaHy Mic/ig 3aBepLUEHHSA KOXXHOIo
BUKJ/IMKY. Y 3aranbHOMy BUNaAKy Npu BUKAMKY npoLeaypoto A npouenypu B Binbysaetbcs
HacTynHe: 1.B BepWMNHY CTeKa NOMILAETLCA hparMeHT NoTpibHoro po3mipy. 1o HEOro BXOASTb
TakKi, AaHi: (a) NoKasHUKM PakTU4HMUX NapamMeTpiB BUKANKY npouenypwu B; (6) nopoxxHi KoMipkn
015 NOKaNIbHUX 3MIHHUMX, BU3HaYeHMX y npoueaypi B; (B) aapeca noBepHeHHs (AB), To6To
ajapeca KOMaHAM B npouenypi A, AKy Cnifi BUKOHaTW Micas Toro, sik npouenypa B 3akiH4nTb CBOIO
poboTy. AKLo B - pyHKLiA, TO y hparMeHT CcTeky A1 B noMillaeTbCca NoKaK4nKk ocepenky y
hparmMeHTi cTeka Ans A, B AKill HANEXUTb NOMICTUTN 3HAYEHHA Uiel hyHKUIT (aapeca 3HavyeHHs).
2.YnpaBniHHA NepefaEeTbCa nepLioMy onepatopy npoueaypu B. 3.Mpu 3aBepLueHHi poboTun


https://zakon.rada.gov.ua/go/463-20
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npoueaypv B ynpasniHHA nepefaeTbcs npoueaypi A 3a 4ONOMOrol0 HaCTYMHOI NOCAiI4OBHOCTI
KPOKIB: (a) appeca NoBepHEHHS BUTAMYETHLCA 3 BEPLUMHU CTeKy; (6) akwo B - dyHKuis, To i
3HaYeHHA 3anaM'ATOBYETLCA B KOMIpLL, Ha fIKy BKa3y€ MOKaXK4nK agpecu 3Ha4eHHs; (B)
¢parmeHT cTeka npouenypu B BUTArYeTbCA 3 CTeKa, B BEPLUUHY CTaBUTbLCS hparMeHT
npoueaypu A; (r) BAKOHaHHA npoueaypu A NOHOB/IOETLCA 3 KOMaHAW, 3a3Ha4yeHol B aapeci
NoBepHEeHHS. PeKypCMBHUI afiropuTM CKNafaETbCs 3 BOX OCHOBHMX 4acTuH: 6a30BOro BMnanKy
Ta pPeKypCUBHOro BUNaAKy. ba3osuii BUNaaoK BU3Ha4Ya€ TpuBiajbHe PilLEHHS AN HaWMpoCTiWnX
BXOAIB i CNYrye TOYKOIO 3yNMUHKU AN19 PEKYPCUBHUX BUKUKIB. PEKYpPCMBHUI BUNAaLOK BUPaXKae
npobnemy B TepMiHax camoi cebe, asie 3 MEHLUIMMM 3@ PO3MIPOM AAHUMM, i MOBTOPIOETHCS AOTH,
[OKK He Byne pocsarHyTo 6asoBoro BMnanky. Pekypcis i iTepauis PekypCcMBHUIM Nipxin He 3aBXAun
€ onTuMasibHVUM BUOOPOM A5 PO3B'A3aHHA 3a4adi. ITepaTuBHi anropmTMmu, B 6araTbox BUNagKax,
MOXYTb 3abe3ne4nTn 6inblw NpocTe Ta eheKkTUBHE pilieHHs. Mpuknaa. HeobxiaHo cknacTtu
BU3HAYEHHS PYHKLIT AN 064NCNEHHSA 3HAYEHNIA AeSKUX NOJIIHOMIB, BU3HAYEHHS SAKMUX MaE
HaCTynHW Burnaa: PosrnsaHemo paa npuknagdis: 6) NMpuknaan pekypcMBHUX yHKLIA 1.
3po3ymMino, wo [(n)=n 2. MNocnifnosHa niacTaHoBKa Aae€ - (1) =

@ O6Hapy>eH Mnarunat: 0,16% https://www.ela.kpi.ua/bitstream/123... + 2 pecypcos! id: 101

1*2*3* .. * = 1! 109 NOBHOTW BiaoMocTen HaBeaemo opmyny CTipaiHra ans HabanxeHoro
obyncneHHs akTopiana pns Bennkux n: n! = (210)1/2*(nn)/(2n) 3. Ls pekypcuBHa (yHKLis
BM3Ha4ae yncna diboHayyi: 112 3

5 8 13, AKi AOCUTb YaCTO BMHUKAIOTb NPV aHani3i pi3HUX 3aBAaHb, y TOMY 4MCAi | Npu aHanisi
anropuTMis. Bia3Hauymmo, o acuMnToTryHO © (1) » [1,618 n] [8] 4. AnA oTpuMaHHA PyHKLUIT B
SABHOMY BUINIAA4i po3rfisHeMmo ii nocnifoBHi 3HaveHHs: [(0)=1, (1)=2, {(2)=4, {(3)=8, wo
[03BOJISE NPUMNYCTUTK, WO [(N)=2n, TOYHUI [OKA3 BUKOHYETbLCA MO iHAYKLIi. 5. M Maemo
crpaBy 3 NPUKAaLoOM TOro, WO OAHa i Ta X (MYHKLiA MOXXe MaTu Pi3Hi PEKYPCUBHI BU3HAYeHHS -
(n) = 2n, 9k i B NnpuKnagi 4, Wo nepesBipaETLCA eleMeHTapHOo NiACTaHOBKOW. 6. Y LiboMy
BUMNAAKY MU MOXXEMO OTPUMATU PiLLEHHS B 3aMKHYTIN hOpMi, 3iCTaBMBLUM L0 3HAYEHHSAM (hYHKLiT
BifiNOBiAalOTb CTyNeHi ABilikK: Mo3HaYvao4m Yyepes - 1 -e yucno ®iboHayvyi, Maemo: f(n)=2
2.1.3. AHani3 TpyAOMICTKOCTi peKypCUBHUX anropuTMis METOAOM NiApPaxXyHKY BEPLUVH AepesBa
peKypcii PEKYpCUBHI anropuTMu, He3Ba)katoymn Ha CBOIO eNIeraHTHICTb Ta iHTYITUBHY
3pO3YMiNiCTb, HaCTO XapaKTepn3yTbCS NiABULLEHO 064MCNIOBaIbHOIO CKNaAHicTo. Lie
noB'si3aHo 3 KinbkoMa hakTopamu. Mo-neple, rnmboka pekypcis MoXXe NpPU3BeCcTN A0 3HAYHOro
36iNbLUEHHA PO3MipY CTEKY BUK/UKIB, LLLO MOXKe 0OMeXMNTK 3aCTOCYyBaHHA TakUX aaropuTMiB Ans
BE/IMKUX BXiAHWUX AaHuXx. Mo-apyre, AonaTKoOBI onepaLii, NoB'A3aHi 3 ynpaBniHHAM CTEKOM
(CTBOPEHHS, 3HULLEHHS, MOLLYK e/IeMEHTIB), TaKOXX BMNNBAOTb Ha 3arajibHy 4acoBYy CKNaAHICTb
anropuTtMy. KpiM Toro, KinbKicTb nepefaHnx napameTpiB Y PEKYPCUBHUX BUKINKAX MOXKe
CYTTEBO BMANBATU Ha e(heKTUBHICTb anroputmy. OOHWUM i3 MeTOAIB OLIHKN epeKTUBHOCTI
PEKYPCUBHUX anropuTMiB € aHani3 peKypCcuBHOro aepesa. Lleih meTon A03BONSE BisyanidyBaTun
CTPYKTYPY PEKYPCUBHUX BUKJIVKIB Ta OLIHUTM iX KiNbKiCTb. [118 OLiHKN TPy AOMICTKOCTI
peKypcuBHUX anropuTMmis ByyeTbCA NOBHE AepeBO peKypcii. BoHo sBnsie coboto rpad,
BEpPLUMHAMMN AKOro € Habopu PakTUYHNX NapaMeTpiB NPU BCiX BUKANKaX MYHKLIi, noYnHaoym 3
nepLUoro 3BepHeHHs o Hel, a pebpamu - napun Taknx Habopis, BiANOBIAHMX B3AEMHUM
BMKJIMKaM. py LbOMY BEpLUMHMN AepeBa PeKypcCii BiANOBiAalOTb haKTUYHUM BUKINKaM
peKypcuBHMX pyHKLUIN. Cnif 3ayBaXkmTu, WO OA4HI N Ti X Habopn NnapameTpiB MOXYTb
BiANOBiAaTW pi3HMM BeplnHam aepesa. KopiHb MOBHOIro AepeBa PeKYPCUBHUX BUKIUKIB - Lie
BepLUMHa NOBHOro AepeBa peKypcii, BiANOBiAHa NO4aTKOBUM 3BEPHEHHAM A0 PyHKLI.
Ba)x/1MBOIO XapaKTEPUCTUKOIO PEKYPCUBHOIO anropuTMy € ranbuHa pekypCcuBHUX BUKNKIB -
Hanbinblue ogHOYaCHE KiIbKiCTb PEKYPCUBHMX 3BEPHEHb (YHKL, LLIO BU3HAYa€E MaKCUManbHy
KiJIbKICTb LWapiB peKypPCMBHOI0 CTEKA, B AIKOMY 3LiACHIOETLCS 36epiraHHs BigknaaeHnx
ob4ncneHb. KinbKicTb eneMeHTiB MOBHNX PEKYPCVBHUX 3BEPHEHb 3aBXXAN He MeHLe rAnbuHn
pPeKypCUBHUX BUKAUKIB. Mpu po3pobui pekypcrMBHMX Nporpam HeobxifHO BpaxoByBaTH, WO
rAnbuHa peKypCMBHUX BUKNKIB HE MOBUHHA NepeBepLlyBaTV MakCUMasibHOro po3Mipy CTeka
BMKOPUCTOBYBaAHOr0 064MCNioBasibHOro cepenoBuLLa. Mpu LboMy obcar pekypcii - e oaHa 3
XapaKTepUCTUK CKIaAHOCTI PEKYPCUBHUX 064NCIeHb A8 KOHKPEeTHOro Habopy napameTpis, Lo
npencTaease cobolo KiNbKiCTb BEPLUMH NOBHOrO peKypcmBHOro gepesa 6e3 oanHuui. 2.1.4.
PekypcuBHa peanisaLis anropnTMiB binblwicTb Cy4aCHMX MOB BMCOKOIrO PiBHA MiIATPUMYIOTb
MexaHi3M peKypCMBHOIO BUKJNKY, KON (YHKLIN, SK eNeMeHT CTPYKTYPU MOBW NPOrpamMyBaHHs,
Lo NoBepTa€E 064McneHe 3Ha4YeHHs No CBOEMY iMeHi, MOXXe BUKNNKaTK caMa cebe 3 iHWnM
aprymeHToMm. Lis MoxxnmBicTb [03BoNsiE 6e3nocepenHbO peani3oByBaTh PeKypCuBHE 064MCIeHHA
neBHUX PYHKLUIA. PEKYPCUBHUIA anropnTm Mmoxxe ByTn peanizoBaHuWi iTepauiiHO NOCNiAOBHICTIO

Lin. Po3rnsaHemMo npukiaa peKypcuBHOI yHKLIT, Wo ob4ncnioe dakTopian: F(n). =0 =1
(NnepeBipka MOXXANBOCTI NPAMOro o64NCNeHHS) 1 *F(n-1); ( peKypcmBHUI
BUKJIMK DYHKLIT) (F); AHani3 TpyAOMICTKOCTI PEKYPCUBHUX peani3auin anroputmis,

04eBMAHO, NOB'A3aHNI AK 3 KiNbKICTIO onepauiii, BAKOHYBaHUX NPW 0OAHOMY BUKNKY PYHKLT,
TakK i 3 KiJIbKICTI0 Takux BUKAUKIB. [padiyHe npeacTaBieHHs MOPOAXKYBaHOI AaHUMU anropuTMy
NaHLUI0XKa PEeKYPCUBHNX BUKJIMKIB HAa3NBAETLCA NepPeBOM PEKYPCUBHUX BUKAWKIB. BinbL
fleTaNbHWUA PO3rNaj NPM3BOANTL 10 HEOOXiAHOCTI BpaxyBaHHA BUTPAT AIK Ha opraHisaliio
BUKJIMKY (PYHKLIT Ta nepefayi napameTpiB, Tak i Ha NOBEPHEHHS 064MNCNEHNX 3HaYeHb i
nepefavy ynpasiiHHA B TOYKY BUK/MKY. MOXKHa NOMITUTK, WO AesKa rifika AepeBa PeKypCMBHUX
BVKJIVKIB 0OPMBAETLCS NPW AOCATHEHHI Takoro 3Ha4eHHA nepefaHoro napaMeTpa, Npu skomy
dyHKUia Moxe ByTn ob4ncneHa 6esnocepenHb0. TaknM YNHOM, PEKYPCia eKBiBaNeHTHa
KOHCTPYKLUIT LUKy, B SIKOMY KOXXEH MPOXi[ € BAKOHAHHSAM peKypPCUBHOI PYHKLIT 3 3afaHnM
napameTpoMm. Po3rasHemMo npuknan ana dyHkuii obuncneHHs dakTopiany (puc 2.1.) Puc. 2.1.
LepeBo pekypcii npn ob4ncneHHi hakTopiany - (5) [lepeBo peKypCMBHUX BUKJINKIB MOXe MaTK i
6inbll CKNagHy CTPYKTYPY, AKLLO Ha KOXXHOMY BUKJINKY MOPOAXKYETLCA KiSlbKa 3BEPHEHb -
hparMeHT fepeBa pekypci ans Yncen ®iboHavyi NnpeacTaBneHUn Ha puc. 2.2. Puc. 2.2.
PparmeHT gepesa pekypcii npu obuncneHHi Yucen ®iboHayui - F(5) MexaHi3mM BUKINKY hyHKLIT
abo npouenypn B MOBi BUCOKOr0 PiBHS CYyTTEBO 3aJIeXXNTb Bif apXiTekTypu koMmn'toTepa i
onepauiiHoi cuctemun. Y pamkax CYMiCHUX KOMMN'IOTEPIB Liel MexaHi3M peanizoBaHuN
Yepes nporpaMHuin cTek. Aki nepepaoTbCs B Npouenypy abo yHKLUiO hakTU4Hi napameTpu,
TaK i AKi NOBEPTAOTHCS 3 HUX 3HAYEHHS, MOMILLATLCA B MPOrPaMHUIA CTEK crewia/lbHUMmn
KoMaHAamu npouecopa. [logaTkoBo 36epiraloTbca 3Ha4YeHHs HeobxiaHWNX pericTpis i agpeca
rnoBepHeHHS B npoueaypy. CxemMaTMyHO Lieit MexaHi3Mm inlocTpoBaHnn Ha puc 2.3. na
niapaxyHKy TPyAOMICTKOCTI BUKIMKY Byaemo BBaXkaTu onepaLiii NOMilLleHHs CNoBa B CTeK i
BUBIpKY NOro 3 CTeKa efleMeHTapHUMK onepauisaMmn y chopManbHin cuctemi. Toli Npy BUKANKY
npoueaypn abo hyHKLIi B CTEeK NOMILLAETLCA aapeca NoBepHEHHN, CTaH HeobxiaHWX pericTpis
npowecopa, aflpecn NoBepHeHUX 3Ha4yeHb | nepefaHi NnapameTpu. Micaa LbOro BUKOHYETLCA
nepexipa 3a aApecolo Ha BUKUKYBaHy Npoueaypy, aka BUTArye nepenaHi pakTuyHi napameTpu,
BUKOHY€E 064MCNEHHS, NOMILLaE iX 3a BKa3aHMMUW B CTeLi agpecamu, i Npu 3asepLueHHi poboTun
BiZlHOBJIIOE PericTpy, BULLTOBXYE 3 CTEKA aipecy NOBEPHEHHS i 3L4INCHIOE Nepexia 3a uieo

aapecoto. Mo3Ha4YMMo Hepes: M - KifbKiCTb (hakKTUYHUX NapaMeTpiB, WO nepefanTbes, k -
KiNbKIiCTb 3Ha4eHb, L0 NOBEPTAOTHLCA NPOLLEAYPOIO, I - KiJIbKICTb PEricTpiB B CTEKY, LLO
obepiraloTbCcs, MaEMO: (BUKANK = m+k+r+1+m+k+r+1 = 2¥(m+k+r+1) enemeHTapHnx

onepawin Ha 0[UH BUKJIVK i NOBEPHEHHA. AHaNi3 TPYAOMICTKOCTI PEKYPCUBHUX afirOPUTMIB B
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HYaCTWHI TPYAOMICTKOCTi CaMOro peKypCUBHOMO BUKJIMKY MOXKHA BUKOHYBaTW Pi3HUMKU cnocobamu
B 3a/1€XKHOCTI Bif TOro, ik OpMy€eTbCA MiACYMKOBa CyMa efleMeHTapHMX onepaLii - po3rnsagom
OKPEMO NaHLI0XKKa PEKYPCUBHUX BUKUKIB i NOBEPHEHb, abo CyKymnHO No BepLlunHax gepesa
PEKYPCUBHUX BUKJMKIB. 2.1.5. AHani3 TPyAOMICTKOCTI anroputMmy ob4ncneHHs gakTopiana Ans
PO3rASIHYTOr0 BULLLE PEKYPCMBHOMO anropuTMy ob4mncieHHs akTopiana KifbKiCTb BEPLUNH
pPeKypCUBHOrO AepeBa 0HO, 04EBUAHO, 1, MPU LbOMY NepefacThCs i MOBEepPTaAETLCA MO OAHOMY
3HayeHHto (M =1, k = 1), B npUnyLeHHi Npo 36epeXXxeHHs YoOTUPbLOX pericTpiB - r = 4, a Ha
OCTaHHbOMY PEKYPCMBHOMY BUKJIMKY 3Ha4YeHHA PyHKLIT 064ncnioeTbcs 6e3nocepeiHbo - B
pesynbTaTi: (A () =n*2*(1+14+4+1)+ (0-1)*(1+3)+1*2=18*n - 2 Big3Hayumo, Wwo
- NapameTp aaropuMTMy, a He KiNnbKiCTb CiB Ha BXOAi. Puc. 2.3. MexaHi3m BUKIMKY npoLeaypu
3 BUKOPUCTaHHAM NPOrpaMHOro cteka 2.2. PeKypCuBHi anroputMu i metoam ix aHanisy 2.2.1.
JNorapudmiyHi TOTOXXHOCTI Mpwn aHanisi peKypCMBHNX anropuTMiB AOCUTb H4acTo
BUKOPUCTOBYIOTLCA SIOrapudMmidHi TOTOXHOCTI, Aani nepenbayaeTses, wo, 2 0, b 0, ¢ 0, ocHoBa
norapudma He A0pPiBHIOE oAnHULI: OCHOBa NlorapndMma He CyTTEBA, AKLWO BiHa 6inblie oanHuMui,
OCKiSIbKM KOHCTaHTa XOBAETLCHA B MO3HAYEHHI O. = Mo>xHa nokasaTu, Wwo Ans
6yanb-skoro £ 0, [n(n)= o(nt), npn ®, 2.2.2. MeToAM pillEeHHS PEKYPCMBHUX CMiBBiAHOLWEHb B
MaTeMaTuLi po3pobneHo psan MeTofiB, 3a AOMNOMOrol AKUX MOXKHa OTPUMAaTU ABHWUA BUrNag
hyHKUIi, AKi 3apaHi y pekypcuBHomy BuAi [1, 5] - meToa iHAYKLUIT, (hopManbHi cTeneHesi psau,
MeTof iTepauin i T.4. Po3rnaHemo feski 3 HUX: a) MeTog iHAyKUii MeTon nonarae B Tomy, wo 6
CnoYaTKy BrafjaTu pilleHHs, a NoTiM AOBEeCTU AOro NpaBuJbHICTb 3a AOMNOMOro iHAYKLII.
Mpuknan: NpunyweHHsa: {(n)=2n basnc: akwo f(n)=2n, Toai [(0)=1, Wo BMKOHAHO 3a
BU3HayYeHHAM. lHaykuia: Hexan [(n)=2n, Tomi ana n+1 (n+1)= 2*2n =2n+1 3ayBaxxumo, Lo
6a3unc CyTTEBO BMNJIMBAE Ha pilleHHsA. Tak, Hanpuknaa: skwo (0)=0, To f(n)=0; skwo {(0)=1/7,
T0 [(n)=(1/7)*21 ; akwo [(0)=1/64, To [(1)=(2)n-6 6) MeTopa iTepauii (NnincTaHoBKMN) CyTb MeTOOY
nonsira€ B NOCNiAOBHI NiACTaHOBLI - iTepauii peKypCMBHOIO BUSHAYEHHS, 3 HAaCTYMHUM
BUSIBJIEHHAM 3araJibHUX 3aKoHoMipHocTen: Hexan [(1)=3*(n/4)+n, Toai: [(n)=n+3*{(1/4)=

@ O6Hapy>xeH MnaruaT: 0,07% https://uk.wikipedia.org/wiki/BiHoMian... + 2 pecypcos! id: 102
+3*%[ /4+3%(1/16) 1=n+3* [1/4+3{ 1/16+3*((11/64) } 1, i po3KpMBaOYN LYXKKUN, OTPUMYEMO:
(n)=n+3*n/4

+9%1/164+27*1/64+...+3*1n/4] 3ynuHKa pekypcii Biabynetsca npu (1/41) = 1 41, B UbOMY

BMMNaAKy OCTaHHIN [OAAHOK He Binblue, HiX 3 4 0*0 (1) = 4 3*0 (1). f(n) = n*> (3/4) k +

4 3*%0(1), Tob6TO 7 (3/4) k = 4*n, To ocTaToY4HO: f(N) =4 *n + 4 3*0 (1) = © (n) 2.2.3.

PekypcuBHi anroputmMu OCHOBHMIA MeToA Nobya0BM PEKYPCUBHUX anropuTMiB - Le MeToA
Aekomno3suuii. lnesa metoay nonarae B po3knagi 3agadi Ha YaCTMHM MEHLLOT PO3MipHOCTI,
OTPUMaHi pilleHHS AN KOXHOI YacTuHWM i 06'€AHaHHS pilleHb. B 3aranbHOMy BUrnaai, SKLWO
BifOyBaETLCA PO3AiNeHHA 3aAadi Ha b nig3afad, ske Npu3BoAMTL A0 HeobXiAHOCTI BUpPILLEHHSA
nig3anay po3MipHicTio n/b, TOo 3aranbHUn BUrnaa yHKLIT TpyAOMICTKOCTI Mae surnag [51: TA(
)=a * TA(n/b)+d(m)+U(n) (2.1), pe: d(n) - TPYAOMICTKICTb anropuTMy po3noainy 3agadi Ha
nip3apavi, U(n) - TpyBOMICTKICTb anropuTmy 06'€AHAHHS OTPUMaHMX pilleHb. Po3rnsHemo,
Hanpuknaga, BiAOMUA anropuTM COPTYBAHHS 3MTTAM, WO Hanexutb Ox. PoH HenmaHy [5]: Ha
KO>XXHOMY PEKYPCMBHOMY BUKJIMKY NepefaHnii MacuB AiNUTbCA HaBMiA, WO AA€E OUiHKY Ansa d(n) =

(1). fani peKypCMBHO BUKJIMKAETLCSA COPTYBAHHSA OTPUMaHNX MaCuBiB MOJSIOBUHHI [OBXWUHN
(A0 TUX Nip, NOKN AOBXWHA MacyBY He CTaHe PiBHOIO OAWHULL), | 31MBAOTLCA NOBEPHEHI
BifiCOpTOBaHi Macueu 3a O (n). Todi ovikyBaHa TPyAOMICTKICTb Ha COPTYBaHHA cknage: f/A(n )= 2
*TA(N/2 )+ © (1)+ © (n) BuHuMKae 3apava npo OTPUMaHHSA OLIHKU CKNaAHOCTI thyHKLUT
TPYAOMICTKOCTI, 3afaHoi y Burnagi (2.1), Ana AoBiNbHUX 3Ha4yeHb 2 i b, 2.2.4. OcHoBHa TeopeMa
Nnpo peKypeHTHi cniBBiAHOWEHHA HacTynHa TeopeMa HanexunTb Ox. beHtni, [I. XakeHy Ta JX.
Cakcy (1980 r.), focTaTHLO NOBHUI A0Ka3 Li€i TeopeMn HaBedeHo B [5]. Teopema. Hexan 1,

1 - KOHCTaHTW, d(n) - pyHKUiA. Hexan pgani: f(n)=a*{(n/b)+a(n), Ae Toai: 1) Akwo a(n) =

( -£),£0, To [(n)=09( ). Mpuknaga: [(n) = 8(n/2)+n2, Toai [(n) = ©(n3) 2) AKwo

(n)=6( 62), To [(n)=06( * ). Mpuknag: TA(n)= 2 * TA( /2 )+ © (), Tomi f(n) =

(n* ) 3) ko a(n) = O +¢), 0, 7o [(n) = 6(a(n)). Npuknaa: [(n)=2*(n/2)+n2,
Ma€EMO: = nl, i BignosigHo: f(n) = ©(n2) OaHa TeopeMa € NOTY>XKHUM 3acobom aHanisy
ACUMNTOTUYHOT CKNaAHOCTI PEKYPCUBHUX aNroOpuTMIB, Ha XaJlb, BOHA He Ja€ MOXKJIMBOCTI
OTpPMMaTN NOBHUI BUA DYHKLii TPYAOMICTKOCTI. BucHoBkM Ao Il po3ainy B naHomy po3gini
peKypcis Ta PeKypPCUBHI aropuTMmN PO3rsSHYTO 3HaYeHHS peKypcii. PO3rnsaHyTo kaTeropii
3ajay, LWo A03BONAIOTbL PEKYPCUBHI BU3Ha4YeHHA. [poBeaeHO aHani3 peanisaLii peKypCuBHUX
nianporpam. MpoBeAeHO aHani3 TPYAOMICTKOCTI PEKYPCUBHUX aJrOPUTMiB METOAOM MNiApPaxyHKY
BepLUMH AepeBa pekypcii. PO3411 11
PO3POBKA CUCTEMU TBOPYNX 3ABOAHb 019 ®OPMYBAHHA 30ATHOCTI CKNAOATU
PEKYPCUBHI AJITOPUTMU 3.1. MeToAn4YHi pekoMeHAaLii Woao onucy pekypcMBHUX yHKLIRA
PekypcrBHO onncaTn PyHKLiO - 3Ha4YNTb HE BUKOPWUCTOBYBATU B Hili OMepaTopiB LUKy Ta
nepexoay, a TakoX He BUKOPUCTOBYBaTW rnobanbHMX (ONmMcaHux nosa pyHKLIE) 3MiHHNX,
SIKLLO, 3BMYAWNHO, LbOro He NOTPibHO 3@ YMOBM 3aBAaHHA. Mpu onnci peKypcrMBHUX HYHKLIA €
TUMNOBOIO HAaCTyMHa cUTyaLis. AKLO BXe € peKypcmBHa hopMyna Ana ob4ncieHHs PyHKuUii (ak,
Hanpuknag, onsa akTopiany), To ocobansmx npobnem 3 onucom ui€ei pyHKLUIT MoBoto Mackanb
HeMa€ HaBiTb y nporpamicTiB-noyaTKiBuiB. [pobnemMu 3'ABNAITHCA, KONW ANS BUPILLEHHS
[esAKoro 3aBaHHA 3anponoHOBaHO PEKYPCUMBHO ONMcaTu (yHKLi0, ane npu LibOMy He CKa3aHo,
3BiAKN TyT 6epeTbca pekypcia. CnpobyemMo aaTu aeski pekoMmeHAalLlii Wwo[o Toro, Ak Tpeba

[ 7] LnTupoBaHusa: 0% id: 103
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pekypcito. Biapa3y 3a3Ha4MMo, LLO Lie He TOYHi, He CyBopi NpaBuia NobynoBM peKypCUBHUX
yHKUiA (Taknx npaBua B3arai HEMae), a anLle nigkasku, Lo BKasyloTb HaNpsMokK, y AKOMy
Tpeba pyxaTucs 3a Takoi nobyaosu. CnovyaTKy HaBeAeMO Li pekoMeHaalii y 3arajibHoMy
BUrNA4I, @ NOTIM NOKaXXeMo iX 3aCTOCyBaHHA Ha KOHKPETHUX NpuKaagax. Y umx pekomeHaauisax
3aAN5 CTUCNOCTI BUKNady byaeMo BUKOPUCTOBYBaTW HACTYMHI TEPMiHN: BUXifHE 3aBAaHHA - Ta
3a4ava, AN19 BUPILLEHHS AKOI M1 ONMUCYEMO PYHKLI0; Hanpuknaa, ans GyHKuii (1) BuxinHum
3aBLaHHAM € o64mcneHHs dakTopiany ! nig3aBaaHHA - BUXifHE 3aBAaHHS, afe y NpocTilloMy
BapiaHTi; HaNpuKaa- 3axoAis Ans obyncnenHs N! nigsagadamm € obyncnenHs (N-1)!, (N-2)!i
T.4. OTXKe, Hexal NoTPibHO peKypCcMBHO onucaTn MYHKLIIO A8 BUPILLEHHA NEeBHOIro 3aBAaHHS.
Toai cnif [OTPMMYBATUCS HAaCTYNHUX pekoMeHAaui. PekoMmeHpauia 1. Hacamnepep cnifg 3Bectu
BUXigHe 3aBAaHHA [0 0AHOro abo Kinbkox nig3asAaHb, 3 BUPILLEHHA AKMX MOXXHa nobyaysaTu
pilLeHHA BUXiAHOro 3aBAaHHS. Taka iHcopMauis Ham noTpibHa ans Toro, wob 3'seunacs
pekypcia. Cnpasai, L0 03HaYa€ PeKYpPCMBHE 3BEPHEHHS A0 L€l hyHKLUIi? LiuM 3BepHEeHHAM
BUpPILLYEMO Nia3aBhaHHS, TO6TO. Te caMe 3aBAaHHA, WO 1 BUXigHe, ane B 6inbw npocTomMy
BMNaAKy. Hanpuknag, BU3Havao4m B hyHKUii - chakTopian yncna I, M1 peKypCcuBHO
3BEPTAEMOCS [0 i€l X pyHKUIT N8 ob4ncneHHs 6insblw npoctoro gaktopiany (/-1)! Tomy, wob
3'sABUNacs pekypcis, NnoTpibHo y BUXiaHOMY 3aBAaHHI xo4a 6 pa3 po3B'si3aTu NiA3aBAaHHSA, ske
MaHiny o€ NPOCTilWMMK AaHuMn. Mpn LbOMY BaxxaMBO, Wo6 BUXiAHe 3aBAaHHSA 3BOAUNOCS HE 00
6yab-AKMX Nif3aBhaaHb, a iuwe A0 Takux, 3 Bianosigen sknux MoxHa nobynysaTu Bignosiab ans
BMXiAHOro 3aBAaHHA. Hanpuknaga, npu ob4ncneHHi N! MoXXHa, 3BM4aiHO, PO3rasHYTH
nip3asaaHHs obumcneHHs 0!, npoTe 3 BiANOBIAI 1 LLOro NiA3aBAaAHHA HaBPSAA MOXKHA
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obrpyHTOBaHO oTpUMaTun BennyiuHy [\! npn nosinbHOMY . A 0Cb BUPILLIMBLUW NiA3aBAaHHSA
obuyncnerHs (1N-1)!, Mn 3M0>XXKeMo fierko oTpuMaT BennymHy ! 3a3HavymMmo, Lo 3BeAEHHSA
BMXiAHOr0 3aBAaHHA A0 NiA3aBAaHb € HAWCKAAAHILINM i HANBa>KNBILLMM MOMEHTOM Y

u LUnTtuposaHusa: 0% id: 104
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peKkypcii. Ane, Ha »Kasb, SKMXOCb 3araibHUX NpaBu, Sk Lie pobuTn, TyT HEMAE; BCE 3aNeXnTb
Bifj KOHKPETHOro 3aBAaHHA. Afle Hexall My Tak Yu iHaKLLe 3yMinu 3BecTu BUXiAHe 3aBAaHHA A0
nip3apay. Wo pobutn pani? MNoTpibHo BMpiWKTK Ui nig3aaadi. Ane sk? MNpo ue cBigyunTb
HacTynHa pekoMeHaauis. PekomeHaauia 2. Beaxkatouu, Wo dyHKLis NpaBuibHO BUpiLye Byab-
fAKi nig3afadi, 4na BUPIWEHHA UMX NiA3aBAaHb C/if PeKypPCUBHO 3BEPHYTUCS A0 HALLOi X
dyHKUii Ta 3 Bignosiaen nig3asaaHb NobyayBaTu BiANOBIAL Ha BUXiAHE 3aBAaHHSA. 3rifHO 3 Ui€0
pekoMeHaaLi€l, onncyBaTK Ail yHKUIT Npy BUpiLWEHHI BUXiAHOro 3aBaaHHa Tpeba
npunyckaoydn, Wwo GpyHKLUis BXXe BMie BApillyBaTy 6yab-aKi Nig3anadi (A0BOAW Ha KOPUCTb LibOro
HaBefeHi HUX4e). ToMy ANns BUpilLeHHs BifibpaHux nig3asaaHb Tpeba CMiNNBO 3BEPHYTUCS A0
Hawoi yHKuUii. Mpu Lubomy

[ 7] LnTupoBaHusa: 0% id: 105
«Ni3TU>»

BCEpPeANHY LMX PEKYPCUBHUX 3BEPHEHb He MOTPIbHO, a ciig nuwe 3po3yMmiTuy, siki Bignosiai
6yayTb BUAAHI LMK 3BEPHEHHAMM i SK Ui BianoBifi ckombiHyBaTK, Wo6 oTpuMaTh BiANOBiAb.
Hanpuknag, npv onuci F(/) M1 BUKOPUCTOBYEMO pe3ysibTaT obuncneHHs F([\-1), He ayMatouu, gk
B/IALLTOBAHO Lie 064ncneHHs. 3a3Buyaii, Take KOMBIHYBaHHSA He BUKIMKAE 0COBMBMX
TPYAHOLLIB, Tak AK LA npobneMa BUPILLYETLCA LLe Ha eTani 3BeeHHA BUXiAHOro 3aBAaHHS [0
niasasaaHb. [1o UbOro Yacy Mu po3rnaaanu Aii PyHKUii y peKypcuBHuX rinkax. Ane B yHKLT
MatoTb ByTV 1 HEPEKYPCUBHI TiIKK, B SIKUX BiANOBIAI Aal0TbCA ABHO, 6€3 NOBTOPHOI0 3BEPHEHHSA
[0 BU3Ha4veHoi yHKUii. Taki rinky BiaNoBifatoTb BUPILLEHHIO BUXiIAHOIO 3aBAAHHSA Y
HannNpoCTiWmMX BMNaakax. A Sk AisHaTuncs, B AKMX BUNadkax Tpeba fnasatu ABHI Bignosiai?
Hanpuknag, B pyHKUIT F(1\) sSBHY BignoBiab MoXXHa AaTtn i ana N=0 (0!=1), i gna N=1 (1!=1),i

=2 (2!=2), i N=3 (3!=6) Towo. Konn 3ynuHnTnCcs? Bianosiab Ha Lle NMTaHHS Oa€ HacTynHa
pekoMeHpauis. PekoMmeHpauia 3. 9BHy BianoBiAb Tpeba gaBaTu, KOAN BUXiAHE 3aBAAHHA He
3BOAMTbLCA A0 NiA3aBAaHb. Hanpuknag, dakTopian 0! He MOXXHa 3BeCTU A0 6iNbLl NPOCTOro
thakTOpiany, ToMmy 3a =0y ¢yHKUIi F Tpeba ABHO BKa3zyBaTW ii 3Ha4YeHHA. Y TOW e Yac
dakTopian 1! MoxHa 3BecTn Ao 6inbl NpocToro BUNaaKy, Tak Ak 1!=1*0!, Tomy Bunucysatu
HepeKypCcuBHY rinky eunaaky =1 He Tpeba, BiH nignapae nig 3arafibHUN, PEKYPCUBHUIA
BUNaAoK. TakMMK € 3aralibHi pekoMeHAauii, AKMx cnif 4oTpuMyBaTUCh Npu nobynosi
peKypcuBHOT yHKLUIi. Jani MM po3rnaHeMo KOHKPETHI BUNaAKy iXHbOro 3acTocyBaHHSA. Ane
Hacamnepen 3pobuMo napy 3ayBakeHb. 3ayBakeHHs 1. BignoBifHO 0o pekoMeHAaLii 1, BuxiaHe
3aBAaHHA Tpeba 3BeCcTn A0 NiA3aBAaHb, TO6TO. A0 aHaNOriYHUX BinbLl NPOCTMX 3aBAaHb. Ane Wwo
Take

u LUntuposaHus: 0,01% id: 106
«MpPOCTiLle 3aBAaHHSA»?

3aranbHoOro BU3Ha4YeHHS LIbOro MNOHATTSA HEMAE, Y Pi3HUX BMMagKax BOHO PO3YMIETLCS MO-
pi3HoMy. Ane sike 6 He 6yn0 BU3HaYeHHA NPOCTILLOro 3aBAaHHsA, BOHO Ma€ ByTu Takum, wob
npoLec crpoLleHHs ana byab-aKoro 3aBaaHHsa 6yB KiHLEBUM, TO6TO. Yepes KiHLeBe Yncio
KPOKiB M1 MaEMo 000B'I3KOBO MPUINTK 00 3aBAaHHSA, AKe CMPOCTUTYN BXXE HE MOXXHa. IHaKLwe npu
BMKOHaHHI peKypCcnBHOI hyHKLIT, KON 3aBAaHHA 3B0AATLCA A0 6iNbll NPOCTUX 3aBAaHb, MU
HiKONN He BUAAEMO 3 peKypcii. Bubip BiANoBiAHOr0 BU3HaYeHHS HaWMpoCTiWoi 3a4a4i - oaHa 3
OCHOBHWX TPYAHOLLIB NPV 3BeeHHI BUXiAHOI 3a4a4i A0 nia3aBAaHHA, LbOMY acnekTy mu byaemo
npuainaTn ocobnmBy yBary y KOHKpeTHUX NpukKNagax. 3ayBa)KeHHs 2. 3rilHO 3 pekoMeHaaLlieo
2, onncyBaTy NOBeAiIHKY PEKYPCUBHOI (PYHKLIT B 3arasibHOMY BUMaAKy CAif Yy NpUNyLUEeHHi, Wwo
BOHa A€ B 6inbll NPOCTMX BMMNagkax. TOMy ANs TOro, wob BupilunTn nig3asaaHHs, noTpibHo
CMiNIMBO 3BEPHYTUCS A0 Ui€l PyHKLUIT. HacKinbKn 3aKoHHe Le npunyLeHHs? TyT cnig 3ragaTtun
MeToA MaTeMaTU4HOI iIHAYKUii. Hexaln Tpeba nosecTun feske TBepaXeHHs P(1\) Ana BCiX Linmx
0. Toai, 3rinHO 3 METOAOM MaTEMaTUYHOI IHAYKLIT, MPOMNOHYETLCS AISTW Tak: cnoYaTKy Tpeba

[OBECTMN iCTUHHICTb 3aTBEPAXEHHA AN HannpocTiworo =0, a NoTiM, NpUNyCcKa4n iCTUHHUM

(N-1), Tpeba poecTn iCTUHHICTL P(I\). 3BiACKM BUNANBAE iICTUHHICTL BUXIAHOIO TBEPAXKEHHS:

(0), : P(N-1) () 0: P(IN) 3BepHiTb yBary: AoBOAAYM iICTUHHICTL P(I\), M1
MPUNYCKAEMO TiNIbKU iICTUHHICTbL P()N-1), ane He po3yMieEMO, AK AOBOAUTLCA iICTUHHICTb LbOro
npUNyLeHHs. AHanoridyHa cuTyauis i 3 peKypCUBHO (PYHKLIEIO: SKLWO (MYHKLiS onucaHa Tak, Lo
BOHa NpPaBW/IbHO MpPaLLOE Y HANNPOCTILWINX BUNAAKax i BUPILLY€E BUXiAHE 3aBAaHHSA Ha OCHOBI
NPUNYLLEHHS KOPEKTHOr0 BUPILLEHHA Helo Nia3aBAaHb, To4i ua QPyHKLUis B LiOMY €
npaBuibHOI0. 3.2. BUKOPUCTaHHSA TBOPYMX 3aBAaHb ANA (hOPMyBaHHS 34aTHOCTI cklagaTu
pekypcii y 4ncnosumx 3agadvax Y uboMy po3aini Mu po3rasHeMo nobyanoBy peKypCUBHUX DYHKLIN,
Lo 3anexaTb Bif LinMx aprymeHTis. 3.2.1. Pekypcis 3a BeNMYNHOW Yncna Y obnacTi HeBia EMHMX
Yucen NPOCTiLMMM, 3a3BUYaiA, BBaXKalOTbCA MEHLLI 3a BEe/IMYUHOLO Yncna. Hanpuknag, ons
6inbw NpocTumMn € 4ncna N-1, N-2 i T.4. O4eBUOHO, TaKe 3MEHLLEHHS Y1caa MoXXHa 3pobuTn
NNLWe KiHLEeBY KiNbKicTb pasie - Ao 0. 3aBaaHHA 1. MoTpibHO peKkypCcrMBHO onucaTn yHKUito (

), ika ob4ncnioe BennymHy xn/n! 3a 6yab-aKoro AincHoro x Ta 6yAb-SKOro HeBifA'€MHOro Linoro

. PiweHHs. Hacamnepeg, 3rifiHo 3 pekoMeHaauiamMn, o6uncneHHs f(x, n) Tpeba 3sectn Ao
nip3apadi - 4o ob4ncneHHs xk/<! npu peskomy . flke came k B3aTU? MOXXHa, Hanpuknag,
BnbpaTtun k=n-1 Tak gk 3a xn-1/(n-1)! nerko otpumaTy xn/n! OCKiNbKM MU ONUCYEMO ((x, N) Y
NPUNYLLEHHI, WO GYHKLISA NpaBuiibHO 0b64nchtoe xk/k! npn 6yab-sKoMmy k 1, To B onuci dyHKUii
MW NOBUHHI ob4mcnoBaTn xn-1/(n-1)! pekypcmBHO 3BepHYTUCS 80 [(x, N-1), a NoTiM oTpUMaHy
BE/IMYUHY MOMHOXUTU Ha x/n, Wob oTpnMaTu 3Ha4YeHHA f(x, ). HepeKypCcMBHWIA BUNaAOK -
obuncneHHs [(x,0), Tak ak ob4ncneHHs x0/0! He MOXXHa 3BeCTK 0O Oﬁ‘-IVICﬂeHHH /<! npn k 0.
OT>Xe, OTPUMYEMO ONMUC HaLloi PyHKLiT MoBoto Mackanb: (¢ ;n: ): HE S
0} =0 =1 t=x/n*t(x,n-1) ; MoXKe BUHUKHYTW MNTaHHA: SKLLO BUXiAHe
3aBL@aHHs MOXXHa 3BECTU A0 Pi3HMX Nif3aBaaHb, 3a BiANOBIAAIO KOXKHOIO 3 SKMX MOXKHa
nobynyBsaTun BiANOBiAb BUXiIAHOMO 3aBAaHHA, TO AKe 3 LMX nia3aeaaHb BubpaTtu? Y ubomy
npuknagi My 3senu ob4ncneHHs (x, n) Ao ob4ncneHHs f(x, n-1), TobTo. 3MeHWNAN Jpyrui
napameTp Ha 1. A 4n MoxxHa byno BnbpaTu iHWe nig3aBAaHHS, Hanpuknag, o64ncnenHs (x, n-
2)? Tak, MO>XKHa, OCKiNlbKM 3a Bignosigato Uiei nig3anadi nerko BUXoAUTb BiAnNoBiAb BUXiAHOro
3aBAaHHs: Ane 3a Takoro Bubopy HaMm foBefeTbCA BKa3yBaTu ABi HEPEKYPCUBHI rinku - npu n=0
Ta n=1, TaK AK npm LIMX 3HaYeHHAX [ BUpa3 xN-2/(1-2)! He Ma€e ceHcy . Y peayana'n OTPUMYEMO:

): i { 0} =0 =1 =1
1=xRX ) /( 1)* ( —2) ; Llelt npnknap nokasye, wo npuv Bubopi nia3aBaaHHA, 40 AKOro My
3BOAMMO BUXiAHE 3aBAaHHsA, Heba)kaHo 3aHaATo
u LUntuposaHus: 0% id: 107
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NTW BiA BUXiAHOrO 3aBAaHHA, Kpalle 6paTu nigsasnaHHs, HanbinbLw
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«6nn3bke»

00 Hboro. OagHak ByBa€ i Tak, Wo 3a BiANoOBiAAMN
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nip3anay He BAAETLCA NobyayBaTy BiANOBIAb BUXIAHOMO 3aBAaHHS, | TOMY 4OBOAUTLCA
BMKOPUCTOBYBaTW AOCUTb

| LutnposaHus: 0% id: 110
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nia3aBfaHHA. Po3rnsaHemMo BignoBigHI Npuknaan. 3asaaHHs 2. He BUKopucToByto4n onepadii
MHO>KEHHS Ta Nofiny, peKypcusBHoO onucaTtu dyHkuito VM(a,b) Big uinnx yucen 2 i b (2=0, b 0), sika
064YnCNIoE 3aNMLLIOK Big AineHHs 2 Ha b, TobTo. M(2,b)= . PiweHHsa. TyT Hacamnepepg

Tpeba BU3HAYMTUCS 3 TUM, 3@ AKUM NapameTpoM dyHKLUii M 6yaemo BecTn pekypcito, TobTo.
AKWIA NapamMeTp CrnpoLlyBaTMMeMo. BecTu pekypcito 3a ApyruM napamMeTpoMm b He MOXXHa,
OCKINIbKM HisIKOT XOPOLLIOi 3a/1€XKHOCTI MiX i , Ae c b, He Mae. ToMy pekypcito
BECTUMEMO 3a NnepLumM napameTpom . Mpun npasubHa piBHiCTb = (a-b)
ToMy AKLWO MU 3MOXKeMOo obumncanTu M(2-b,b), To 3Mokemo obuncanTn i V(a,b) - Wi BEANYUHK
36iraloTbca; oTXKe, BUXiAHY 3aaady Tpeba 3B0ANTM 40 Nif3afadi, e BeMYMHa & 3MeHLIeHa He
Ha 1, a Ha b. LLlo )X A0 HepeKypCMBHOro BUMNaAKy, BiH BUHUKAE MpU 2 b, OCKINbKU Pi3HULS 2-
BMXOAMWTb i3 06nacTi 4ONYCTMMUX 3HAaYeHb NepLIoro napameTpa (yHKUii. | TyT Bignosiaaio €
came 4ucsno a, Tak Ak = 2. OTXKe, OTPMMYEMO TaKuii ONUC HaLoi yHKLI: (2,

: ): ; {2=0,b 0} = :=M(a-b,b) ; 3aBAaHHs 3. OnncaTn
peKypcuBHy yHKLiO 5(1\), ska 064MCNI0E, AKMM CTyNeHeM Yyucna 5 € HaTypasibHe Ynco

. AKWo [\ He CTyniHb N'ATK, PYHKLISA NOBMHHA NOBEPHYTU Yncho -1. Hanpuknag, 5(50) =
-1, 5(125) =3, 5(5) =1, 5(1) =0. PiweHHs. |aea unMKNiYHOro po3B's3aHHA
3ajadi 3po3yMina: oTXKe AiINNTKN Halle YACSIo Ha 5, MoKK Le MOXMBo. B pe3ynbTaTi cepii Takux
noainis My abo ainaemo Ao oanHULI (Le NO3NTUBHUIA pe3ynbTaT, NPU AKOMY LUYKaHWUA NOKa3HMK
BiZINOBIAAE YNC/Y BUKOHAHUX MOAINIB), abo B AKMIACb MOMEHT 3'AICYETLCS, WO AINMTM HaLino Ha 5
nani HEMOXXNNBO (HeraTUBHWIA pe3yNbTaT 3 Bignosiaat -1) . CxoxXi MipKyBaHHSA NOKNafemMo B
OCHOBY PEKYPCUBHOIO PO3B'si3aHHA 3aBAaHHSA. Y LLbOMY 3ayBa)kMMO, LU0 AKLLO BeNYNHA 5-
CTYMiHb N'ATIPKM 3 MOKA3HWKOM k, TO 04EBUAHO, WO i YNCNO N - Tex CTyniHb N'ATipKK, ane 3
nokasHMKOM k+1. TakoXX 3ayBa)kKUMO, LLIO OAMHULS - e HaiMeHLa CTYNiHb N'STipKn 3
nokasHukom 0. 3BepHeMO yBary, Wo BUXiAHe 3aBAaHHA Ans Yicna [\ cnif 3secTu Ao niasapadi
Onsa Yucna 5 nuwe ToAi, KON Hale 4ncno I\ AinnTbCa Hauino Ha 5 (Tak Sk B LbOMy
BUMaZKy 3a/INLAETbCA Hafis Ha NO3UTUBHUIN pe3ynbTaT Po3B'A3aHHSA 3ajadi ), iHaKLe BiANoBiAb
B>Xe 3po3yMina (-1). CnpoLueHHA 3aBAaHHA TYT iiAe y HanpsiMKy nepexoay A0 CTYNeHs 3 MEeHLUM
MOKa3HMKOM i cnpobu AinTn fo cTyneHs 3 MiHiManibHUM NOKa3HUKOM. HepeKypCUBHUX BUNaAKiB

TYT ABa: NepLwmnin BUHUKaE npu N = 1 (NO3nTUBHWUIA pe3ynbTaT 3 Bignosiaao 0), Apyrunm - Ko
He BAAaNoCs NOAINMTY HaUino Ha 5 (HeraTUBHUIA pe3ynbTaT 3 Bignosiaaio -1). 5(
): ; {N =1} : ; =1 5:=0 50

5:=-1 = 5( 5); =-1 5:=-1 5:=k+1

; My po3rnsiHynu BUNaakKuy, Ae 3HaYeHHsM napameTpis Bynn HeraTuBHI Uini Yucna, a Tenep
pPO3rasHeMo BMNanoK ByAb-aknx Winux yncen. 3aBaaHHs 4. PeKypCMBHO onmcaTu yHKLio

(x,n), AKa ob4ncoe ons 6yab-aKoro AincHoro x (#0) Ta 6yab-sKoro winoro n. PiweHHs.
OCKiNnbKK xn= -1, To, 3paBanocs 6, ob4ncneHHs xn Tpeba 380ANTY 00 064MCNEeHHS xN-1.
OpHak, ue He Tak. OcobAmBICTb LbOro 3aBAaHHS B TOMY, WO ApYyrui napameTp (1) pyHKUIT )
3a AKMM BynemMo BeCcTu peKypcito, Moxe ByTu Byab-aKMM UMM 4YnCnoM, a B 061acTi Linmx Yncen
npouec CrpoLLEHHS YUCAa 1 WAAXOM BiiHIMaHHA 3 HbOro 1 HeCKiHYeHHun: n, n-1, ..., 1, 0, -1, -2,
.. TOMy MU HiKONW He AiAAeMOo A0 TaKoro 3Ha4eHHA 1, NPU AKOMY PeKypCif 3ynMHUTbLCS. 3
ypaxyBaHHAM Lboro, B o6nacTi uinnx yncen tpeba AKOCh iHaKLLe BU3HAYUTU NOHATTA BinbLu
MPOCTOro Ymcaa. 3pobuTn e MoXKHa No-pi3HOMY. MOXKANBMIA BapiaHT: po3rasHyTW B obnacTi
uinux Yncen Agi NinobnacTi - NO3NTUBHI | HEraTUBHI YACNA, | B KOXKHI 3 HUX BUKOPUCTOBYBATH
CBOE PO3YMiHHS 6inbLl MPOCTOro YMcna, BBaXkatoyn NPoCTilMM Y1CoM Te, ake 6anxye ao 0:
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0: 1, -1, 1-2, ..., 2, 1 (tyT -1 npocTiwe 1) n 0: n, n+1, n+2, ..., -2,-1
(TyT n+1 npocTiwe n) A gna n=0 MOXXHa AaTu BiANOBiAb: (¢,0) = 1. 9Kwo TakK i 3pobuTn, TO
OTPUMAEMO HaCTYMHY peKprVIBHy topmyny: Y LbOMy BUNAAKY OnncC PyHKLIT (x,n) BUrnapae
Tak: (x: ;n: ): ; {20} =0 =1 0
1=k (,n-1) = (on+1)/ ; IHWWI BapiaHT: OCKiNbKW NpaBuibHa GopMyna

-n=1/xn (n 0), TO MOXHa 3a HEraTUBHOIO MOKa3HWKa NepenTn A0 NO3UTUBHOIO 3riAHO 3 Li€to
opmysioto, a NOTiM TPaAULINHO CNPOLLYBaTU MO3UTUBHE YNCAO, BigHIMalo4m Big Hboro 1. TyT
0N HeraTUBHOro Ymncna 6inbll NPOCTUM BBaXKAETLCA NOro MOAY b, @ ANA NO3UTUBHOIO — YUCNO,

Ha 1 mMeHLwe noro. Lle [a€ Taky pekypcuBHy opmyny: | Toai onuc dyHKUii BUTrNafa€ Tak:
(x: : ): ; {x=0} =0 =1 0
=1/ (, ( )) = * (x,n-1) ; MoXKHa NpuayMaTu i sikicb iHWi BUSHAYEHHS

6inbLWw NpocToro Yncna B obnacTi Linnx Yucen, ane B byab-akomy pasi Tpeba yBaXKHO CnigKkyBaTn
3a TuM, Wob npouec cnpoleHHs bys KiHUeBMM. 3.2.2. PeKypcia 3@ 3annucom 4yucna y nosnuinHin
CUCTEMI YNCNeHHs Tenep po3rnsHeMo KJiac 3aBAaHb 06pobKM Linux Yyncen, fe Baxkansa He
BE/IMHUHA Yncen, a Habip Lndp 3 AKX CKNafeHi 3anucn uux Yncen. Take, Hanpuknaga, 3aBgaHHA
3HaXOAXXEHHA CYyMU LNMP Y AeCATKOBOMY 3amnuci 3aiaHoro HeraTUBHOMO LiIoro Yymucna.
3po3yMino, Lo BeANHNHA YUCNa He BiAirpa€e TyT rofIoBHY poJib, OCKiNIbKK CyMa umndp, ckaximo, y
7-HOMy 3anuci Toro camoro Yucna byae iHWo. Y Takux 3aBAaHHAX NPOCTILLIMM Cif, BBaXKaTu He
4YNCNI0, MEHLLE BUXIAHOMO YMCa 3a BEJIMYMHOIO, @ YNCII0, 3aMnC SKOro OTPUMYEMO BiAKUAAHHAM
oAHIET UNpKn (Hanpuknag, oCTaHHbLOI, CaMoi NpaBoi) i3 3anNncy BUXigHOro Yyucna: 123 npocTiwe
1234. 3po3yMmino, WO OTpMMaHe Takum crnocoboMm 4Ymco npocTiwe (y HbOMy MeHLe undp) i wo
noAibHe CNPOLLEHHS YNCen MOXAUBE NuLle KiHUeBY KinbKicTb pasis. Came 3 LuM 6inbll NpocTuUM
4YMC/IOM Ma€ npautoBaTu Nig3aBAaHHS, [0 SKOro 3BOAMMO BUXiAHE 3aBAaHHA. HepeKypcuBHUi
BMMaAO0K BUHUKAE NS YUCNa OAHIET Lndpn, Tak aK BiAKMAAHHA LNGPU 3 0A4HO3HAYHOI0 Ynucna
NpW3BOAWNTL A0 MOPOXKHLOIO 3aMnucy, ane He 3anucy Yyucna. Po3rnsHeMo Kinbka Npvknagis ons
06pobkn LUndp y 3anncy 4ucen. 3asaaHHa 1. PeKypcrBHO onucaTn PyHKLiO (N), sika
3HaxoAuTb HanbinbLy UNhPY B AECATKOBOMY 3amnnci HeraTUBHOMO Wisloro Ynucna . Hanpuknag,

(27306) = 7. PilweHHs. 3riAHO 3 3aNpONOHOBAHOK PEKYPCUMBHOK CXEMOIO, AK Mif3aBAaHHA
6epemMo 3HaXoAXKEeHHSA HanbiNbLWol Lnugpn B YACAI, OTPUMAHOMY 3 BUXIAHOMO Yncna (CKaxximo, 3
27306) BiaKMA@HHAM OCTaHHbOI undpu (y Yncni 2730). Oani, 3rifHoO 3 3arajbHO0
peKkoMeHAaLli€lo, MPUNYCKAEMO, Lo Halla (PyHKLUis NpaBubHO BUPILLYE Byab-aKke nif3aBhaHHS,
TOMY A1 BUPILWEHHS HaLoi Nig3aaadi peKypCuBHO 3aCTOCOBYEMO (hyHKUito Ao 2730, B
pe3ynbTaTi 4Oro BOHa BUAACTb y Bianosiai undpy 7. Tenep Tpeba nobyaysaTu Bianosiab ANA
BUXiAHOro 3aBAaHHSA: NOPIBHIOEMO OTPUMaHy UNdpPy 7 3 0OCTaHHLOK LNDPOoIo 6 BUXiAHOrO Ynucna
Ta HanbinbLly 3 HUX BUAAEMO 5K BIAMNOBiAb BUXiAHOIrO 3aBAaHHA. Ons 0AHO3HAYHOro Ynucna
BMIAEMO CaMe Lie YMCOo AK BI,D.I']OBIle OT>Xe, MaeEMO TaKUit onuc: (N ):

; {N=0} , : H 10 = 10;
{ocTaHHA undpal m:= ( 10); {HanbinbLia Lll/ld)pa cepe,u iHWnx}
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= = ; 3aBAaHHSA 2. PeKypcuBHO onucaTun yHKLio 3(N),
aKa o6\mcmoe 4uncno, wo OTpVIMyeTbCﬂ npunucyBaHHAM 3NiBa LndpU 3 0 AECATKOBOro 3anncy
uinoro HeraTuBHOro 4yncna l\. Hanpuknan: 3(1592) = 31592. PiweHHs. | TyT BuUXiaHe

3aBJlaHHA, CKaxXiMo, i3 yncnom 1592, 3soanmo fo nig3ajadi, Ae po3rnafaerbesa yncno 159,
OTpMMaHe 3 BUXiAHOI0 YNCNa BiAKMAAHHAM OCTaHHbOI undpu. MNpunyckawyu, Wwo hyHKUis
NpaBuWJ/IbHO BUPILLYE NiA3aBAaHHA, MU PEKYPCUBHO 3BEPTAEMOCA A0 PYHKLIT i OTpUMYyEMO Ans
Hawoi nia3aaayi signosiab 3159. 9k 3 uboro Yymucna nobynysaTy BiANOBIAb AN151 BUXiAHOMO
Yucna? Tpeba NpoCcTo NpMnucaTn NpPaBopyy A0 LbOro 4YMcia oCTaHHIo Lnudpy BUXIAHOIO Yncna,
T06T0. 064NCANTM 3159 * 10 +2. Y HeEpeKypCMBHOMY pasi, TO6TO. Npu 0AHO3HAYHOMY YMCAI,
npunMcyBaHHA NiBOPYyY UMdpn 3 peanisyeTbca fogatkom 30 [0 LbOro Yucna, Hanpuknag, ans

ymucna 7 maemo: 30+7=37. OTPUMYEMO HACTYMHUA ONUC PYHKLLi: 3(N: ):
; {0} 10 3:=30+ 3:= 3( 10)*10+ 10
; IKLLO Y BCiX monepeHix Npukaagax Mu onucyBanan peKypcuBHi yHKLIl, Tenep HaBegemMo
npuknan pekypcusHoi npouenypu. 3aBaaHHs 3. PeKypCcrBHO onncaTu npoueaypy (),
sIKa APYKYE Y 3BOPOTHOMY MOPSAKY LMGPPU AECATKOBOro 3anncy Linoro HeBif'eMHOro yncna
Hanpwuknag, (12345) mae BnBecTn TekcT 54321. PilweHHSs. 3HOBY po3risiiaEMo

nipsasfaHHs AN YMCcna, OTPUMAHOro 3 BUXiAHOMo Yncna, ckaximo, 12345 snganeHHam
0CTaHHbLOI LUndpn, To6To. And Yncna 1234. PilweHHA ui€i nin3anadi o3HavYae BUCHOBOK 4321, Ak
OTPUMaTV NPaBUSIbHUIA BUCHOBOK AN BUXiAHOro Ynucna? Ans uboro Tpeba cnoyaTKy BUBECTU
OCTaHHI0 Undpy 5 BUXiAHOIro Yncna, a NOTiM PeKyPCUBHO 3BEPHYTUCS A0 PyHKLUIT ANs
BUpILLeHHS AaHoi nia3aaadi, wob BMBeCTV B 3BOPOTHOMY MOPSAKY iHWI undpun. Ana
0[lHO3HAYHOr0 YMCNa nepeBepTaHHA 03HAaYa€ NPOCTO BMBELEHHS LIbOro X Ynucna. OTpuMyemMo
TaKUM onuc: (N ); {N10} 10 () (
10); ( 10) ; 3BEPHIMO yBary, sKMM KOPOTKMUM BUSBUBCS PEKYPCUBHWUIA
OnunC L€l Nnpoueaypwn; UMKAIYHE po3B'a3aHHS 3afadi 6yno 6 3Ha4yHo AoBLwUM. 3.2.3. BinbL
CKNafHi 3aBAaHHA Y HaBefeHUX BULLE NpUKNafax pekypcis Benacs avwe 3a 0gHUM
napameTpoMm. Po3rasiHemMo Tenep 3aBAaHHA, e peKypcia HeobxifHa Biapa3y 3a AeKinbKoMa

napameTpamu. 3aBaaHHs 1. OnucaTun peKypcuBHYy PyHKLO (N, S) (pe N i S - HeBip'eMHi
uini yncna), aKka nepesipseE, 4M cniBnagae cyma LUngp y AecaTKOBOMY 3anuci Yyncna |\ 3i
3HavyeHHaM 5. Hanpuknag: (12345,15) = , (24,7) = , (100,1) =

PiweHHs. TyT npu nepexofi Bif BUXiAHOrO 3aBAaHHSA [0 Nif3ajadvi CNpoLLyeEMo o4pa3sy ABa
napameTpu: y Yncna |\ BiAKMOAEMO NOro MONOALLY LIMPPY, @ 3HAYEHHSA S 3MEHLUYEMO MpU LbOMY
Ha BENNYUHY BTpayveHoi undpn. TuM caMuM, BUPILLEHHS BUXiIAHOMO 3aBAaHHA NOBHICTIO
3aN1eXWThb Bifl PO3B'A3aHHSA OTPMMaHoi 6inbl NpocToi nig3anadi. HannpocTiwwnii BUNagok Mae

Micue Ana Ymucna 3 ogHiel umdpu: 3a pesynbTaToM NOPIBHAHHA Ynucen N i S BU3Ha4YaeTbCA
LyKaHa BiaAnoBiAb. MaeMO HAaCTYMNHUIA onnc beHKLlII : (I, ): ;
{5, =0} 10 =N= = ( 10,5- 10) ; OfHak

npw yBa>XHOMY PO3rafi OTPUMaHOro PillEHHS MOXXHa MOMITUTK NOro iCTOTHUIA Heponik. Hexan,
Hanpukiaa, Biabynocsa 3sepHeHHA A0 HaLoi PyHKLUIT 3 aprymeHTamn N=12345 i 5=4.

[ONYyCTUMKX 3HAaY€Hb, TOMY PEKYPCUBHO BUKINKATUN (1234, -1) He MoXHa. € aBa crnocobun
BUMPaBAEHHS PilLEHHS. I'Iepumm nonsrae y BUKOPUCTaAHHI OXOPOHW nepen peKypCMBHUM
BUKNKOM: (1,5: ): ;{5 =0} :0..9; 10

=N= = 10; = = ( 10,5-d)

; Ik 6a4mMo, TeKCT (PYHKLIT yCKIagHUBCSA, [0 TOro X 3'ABMNacs JokajbHa 3MiHHa, WO
aBTOMaTMYHO O3Ha4YaE BTPaTW NaM'ATi MPU PeKyPCMBHUX BUKVKaX. IHWWIA crnocib go3sonse
YHUKHYTU UMX HeJoNikiB. BiH nonarae y poswnpeHHi obnacTi 4ONYCTUMMX 3Ha4eHb apryMeHTIB

OYHKLii: OBU3HaYMMO (IN,5) Ha 061acTb HEeraTUBHUX 3HAYEHb 5, BBaXKatouu, L0 (N,5)
= ans 6yab-akoro S 0. OTpmmyeMo (0,5 ) ; 0
= 10 = = ( 10, 10) ; Llen

NPUAOM - PO3LIMPEHHN 061acTi 3Ha4YeHb | AOBU3HAYeHHS DYHKLIT - 4OCUTb NAIAHWIA NPUAOM y
nporpamMyBaHHi peKypcii, 4acTo A03BOJIAE 3pOOUTU TEKCT YHKLIT HalbinbLL KOPOTKUM.
Po3rnsHemo ofHy HeCcTaHOapTHY 3ahadqy, Lo MOKa3ye, AK BBOAUTY A0AATKOBI NapaMeTpu, AKLLO
BOHM NOTPI6HI ANA NpoBeAeHHs peKypcii, ane Ha »anb BIACYTHI Y HeobXigHOT dyHKUii. 3aBAaHHS

2. PeKypcuBHO onncaTu yHKLito (N) ons nigpaxyHKy KifbKOCTi BCiX AiNbHUKIB LifOro Yncna
(N 1), 6e3 ypaxyBaHHS ginbHukiB 1 i . Hanpuknag: (5)=0, (18)=4. PilweHHs.

3p0o3yMino, Lo BUpillyBaTN 3aBAaHHS (3 o6MeXxeHb ii yMoBM) HEOBXiAHO PEKYPCUBHO. Ane SK TyT

MO>XXHa

(7| LutnposaHus: 0% id: 112

«BWUIOBUTU»

pekypcito? Cnpoba sk-Hebyab cNpoCcTUTK NapameTp I HaBpsAA 4Y¥ 3MOXKe MPMBECTU HaC A0 AKOICh
oCMUCNEeHOl Nif3anadi, 3 BUpPILWEHHS AKoT MOXXHa NobyayBaTu pilleHHA BUXIAHOMO 3aBAaHHA. TyT
CAif WyKaTv iHWWiA Niaxia. Y 38'A3Ky 3 LM 3BEPHEMO yBary Ha Te, Lo WyKaTu AiNIbHUKN
noTpibHo nuwwe cepen Yncen 3 aianasony [2.. 2]. 3aMicTb BUXiAHOT PO3rNSHEMO AOMNOMiIXKHE
3aBAaHHA: NigpaxyBaTu KiNbKiCTb AiNbHUKIB Yncna |\ (pikcoBaHOro), Lo fexxaTb B Aiana3oHi
[k.. 2]. BupilueHHA BMXiAHOT 3afa4i BUXOANTb AK PO3B'A3aHHS AOMOMIXKHOI 3afadi ansak =
2. [onoMi>kHe 3aBAaHHSA MOXHa BUPiLLlYyBaTN peKypPCUBHO. 3aBAaHHS N0 NigpaxyHKY AiNbHUKIB 3
ndianasoHy [k .. 2] 3B0AMTbLCS A0 Nig3afadi nigpaxyHKy AiIbHUKIB 3 6inbll By3bKOro
nianasoHy [+1 .. 2] i ogHOYacHOI NepeBipKX, Yn € NPU LLbOMY BUKUHYTE 3 Aiana3oHy 4ncio
AiNbHWKOM Haworo [\. HepekypcMBHMM BUNaAKoM y 3afadi byae nycTuii fianasoH, B AKOMY
HeMa€ AiNbHKKIB Yncna [\. Ane BCe-Taku e He SCHO, 3@ PaxyHOK SiKOro napameTpa nNpoBoAUTY
peKypcilo, 3BY>KYylo4n Aiana3oH (pyxalo4un npaBopy4 NOro HYKHIO Mexy)? Afxke noTpibHa

dyHKUia () noBUHHa MaTw NnLe oAnH NapameTp I, AKOro, K M1 3pO3yMinn, Ham SIBHO
Maso. MigemMo ToAi Ha HacTynHY
[ | LutnposaHus: 0% id: 113
«XUTPICTb».
Y Tini pyHKUii (\) onmwemMo AONOMIXKHY PeKYpPCUBHY (PYHKLLiO 1(k), ska 3anmMaeTbCcAa
niapaxyHKOM LinbHUKIiB Yncna | cepen
[ 7| LutnposaHus: 0% id: 114
«KaHaupaTiB»
3 dianasoHy [k. 2]. Togni BiANoOBiAb ANA BUXiAHOI (PYHKLIT (\) cniBnapgaTtume 3
pesynbTaTom 06‘-H/ICJ'IEHHﬂ q)yHKLul 1(2) (TYT 2 - HWXKHA MeXXa AianasoHy, Wo
nepesipsaeTLCA). (N ): AR 1(k: ): i {K-Tb
OiNbHUKIB Yncna | cepen kaHAMAATIB 3 Aiana3oHy [k.. 21} 2 1:=0
{pniana3oH NopoxHin} 1:= ( =0) + 1(k+1) ; = 1(2)

; 3BepHeMO yBary, Wo pe3y/bTaT NepeBipku Yncna k, Wo BiAKNOAETLCS, OhOPMIEHNIA Y
BUTrNALi BUpa3y ( = 0), Wo B JaHOMYy BUMNAAKY 3pY4YHO, TaK SIK Y Takuii cnocib B

noTpibHy cyMmy BiApasy X NocTaBAsSETLCA NoTpibHa Ham Bianosiab 0 abo 1 (6e3 3anyyeHHs
YMOBHUX onepaTopis). 3.3. BUKopnucTaHHSA TBOPYMX 3aBAaHb 418 (DOPMyBaHHA 34aTHOCTI
CKJlapaTy pekypcito Ta NOCAiAOBHO OpraHi3oBaHi faHi Po3rnsHeMo cTpyKTypoBaHi faHi -
OLHOBUMIpHi Macusw, hannm Ta CNUCKK. 3a3Ha4veHi CTPYKTYPU AaHUX MatloTb MNOCNi[OBHY
npMpoAy: MacuB - KiHLleBa NOCNIAOBHICTb MepeHyMepoBaHUX eNleMeHTiB, (pai Ta CMNCKU TaKoX
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€ NoCNifOBHOCTSAMUN enleMeHTiB. Mpn poboTi 3 TakMMU AaHMMN NPUPOAHO OPraHi3oByBaTH
peKypcito BiANOBIAHO A0 CTPYKTYpY AaHUX. BuxigHe 3aBAaHHA MOXKHa NMpeacTaBuUTKM K
kombiHauito nig3anay: 1) obpobka neplioro enemMeHTa; 2) obpobka pelTn NOCNiAOBHOCTI.
HannpocTiwmM (HepekypCnBHMM) BUNAAKOM Npu LboMy byne 06pobka NopoXKHbLOI
nocNiAOBHOCTI. 3BMYaliHO, 3aCTOCYBaHHA PEKYPCii 0 KOXKHOI CTPYKTYpU - MacuBy, anny,
CNNCKY - Ma€ cBoi 0cobanBoCTI, AKi ByayTb po3rnaHyTi y BignosigHMX nyHkTax. 3.3.1.
PekypcnBHa poboTa 3 0AHOBUMIpHMMUN MacmBaMu OCKiNIbKM MacvB CKNIadaETbCs 3 Hanepen,
3afaHoi (hiKCOBaHOI KiNIbKOCTi eneMeHTIB, pekypcito 6e3nocepefHbLO OpraHisyBaTh HEMOXK/INBO:
He MOXXHa 3BeCTuW 3aBAaHHA 06pobkn MacmBy A0 3aBAaHHS 06po6KYM LIbOro XX Macusy,
CMpOLEeHHA AaHnX He BiabyBaEeTLCA. Y LIbOMY BUMAaAKY BUKOPUCTOBYIOTb HAaCTYMHWIA NPUIAOM.
3aMicTb BMXiAHOI 3apadi 06pobkn Macmey, ckaximo, x[1..n], po3rnsaaTb 3aBAaHHA 06pobKMN
BMOpaHoOro nigMacmBy, Hanpuknag, Wo CKNafaEeTbCs 3 enemMeHTiB xk, xk+1,... xn. HoBe 3aBAaHHA
BUPILLYETHCA PEKYPCUBHO, OCKIiNbKM 3BOANTLCS A0 06pobku enemeHTa xk Ta 06pobkuy 6inbL
KOpOTKOro niamMacusy xk+1,..., xn. BuxiaHa 3apa4a npu ubomy nonsrae B o6pobui nigmacmey x1,
.., xN. Po3rnaHemo, K npautoe Len npMnom Ha TakoMy npuknagi. 3asaaHHa 1. Hexanm € onuc

= 100; = [1..n] ; PekypcmnBHO onmncaTun npoueaypy (x), ska
OPYKYE Bif'€MHI eneMeHTn BekTopa x. PilLleHHA. 3acTocyeMO po3ibpaHuin NPUNOM: po3rnsHemo,
AK HaApPyKyBaTW BiA'€EMHI enemMeHTU niamMacusy xk, xk+1,..., xn.. [Na BUPILLEHHS LbOro
3aBAaHHA CNOYaTKy NOTPIGHO HaApyKyBaTU x i, AKLLO BiH HEeraTUBHWIA, a NOTIM HaAPYyKyBaTuN BCi
BiZl'€MHI enemMeHTUN nigMacuBy xk+1,..., xn. HepeKypcMBHUM Bunaakom byne cuTyauis, Konm
o6pobneHo Becb MacuB, TO6TO. , Y pasi Hivoro pobuTun He NoTPiOHO. PilleHHS AOMOMIXHOT
ninsanadi o6pobkn macmsy chopMVIMO y BUrNsAi BKNaaeHoi pekypcrBHOI npouenypu BILl
napameTpa k. ( ) 1(k: );

[K]10 (x[k1); 1( +1) ; 1(1) ; FIK HacTynHWA
npuKnag po3riisHeMo 3a4a4y Nepesipku, Y € Aesaka NponosuLis naniHapoMoM. Harapgaemo, Lo
naniHAPOM - Lie NPOono3unLia, SKa 0AHAKOBO YNTAETLCA Bif NOYaTKY A0 KiHUA i BiA KiHUS 00
noyvaTky. MpukKnagn naniHApoMmiB:

u LUntuposaHus: 0,03% id: 115
«a po3a ynana Ha nany Asopa»

u LUntuposaHus: 0,01% id: 116
«Aopora 3a ropon»

u LUntuposaHus: 0,02% id: 117
«MosiebeH o KoHe benom»

Ta iHWi. Moaaemo npono3uuito y BUrnNaai Macusy cCMMBOAIB. 115 NPOCTOTY NPUNYCTUMO, WO B Ll
npono3unLii HeMae Po3aiNIOBMNX 3HAKIB - BUKOPUCTOBYIOTLCS Ti/IbKM Npobinv i mani nitepu.
MNporanvHy BBaXkaloTbCA HE3HAYHUMUN CUMBOJIaMUN. Hexall [OBXUHa PEeYEeHHSA He NepeBuLLyE CTa
3HakiB. OnNuwemo BiANOBIAHY KOHCTAHTYy Ta TUM MacuBY: =100; = [1..n]

; 3aBAaHHSA 2. PeKypCuBHO onucaTu NorivHy dyHKLUito Pal(t), ska nepesipsie, 4 € nponosuuis

TNy naniHapomoM. PilweHHs. Mo cyTi, B 3apa4i NoTpibHO NepeBipuTn, YN € CUMETPUYHOLD

nocniAoBHICTb ByKB, WO MICTUTLCA B £. [1N5 aHanizy cMMeTpUYHOCTI NOTpibHO nepernspaTn t 3
[BOX CTOPiH i NOpiBHIOBaTW BiANOBIAHI eneMeHTn & (AuB. puc. 3.1). Puc. 3.1. Nepesipka 6yks Ha

CUMETPUYHICTb BUKOPUCTOBYEMO NMO3HAYEHHS: | - iHAEKC HalniBiworo, a & - iHaeKc
Hannpasiworo HenpornaHyToro cumsony. Hexaw t [L]1i £ [R] - He npo6inn. Akwo ([L] = ([R],
npono3sunuis He € naniHapoMoM. Akwo x [L] = t{[R], npono3unuis byne naniHAPOMOM, SKLLO

nocnipoBHICTb cumBonis Mix t[L] Ta t[R] - naniHapom. Y npoueci aHanisy iHaoekcn L Ta
pyXalTbCsA Ha3yCTPi4 OAVNH OfHOMY. AHai3 3aBepLUYETLCA, KOJIM 3HaYeHHs | cTaHe binblie abo

[OPIiBHIOE 3Ha4YeHHs R. Akwo [L] (abo {[R]) - npobin, noTpibHO NepenTn A0 HACTYMHOro CUMBOJY
[L+1] (BimnoBigHo, [[R-1]). Ak i B npuknaai 1, BcepeanHi pyHKuUii () onuwemo fonoMixXHYy
dyHKUil0 Ana opraHisauii pekypcii. Ik no4aTok pekypcii y pasi nosepTaTUMeEMO 3Ha4YeHHs

, OCKI/ZIbKU Liell BUNaLoK peani3yeTbCs, Kou nepernsHyTi BCi napm BiAMNOBIAHWX CUMBONIB i
XKOLHOro pasy He 3yCTp|noc;| p0o36iXHICTb niTep. ( s ixt): ; (L,

): = = (=" = P(L+14) (="
= P(LR-1) {[ LiRT - 6yKBVI} [ 1121 = = P(L+1,R-1) end;
=P (1,n) ; K OCTaHHI Npuknag peKkypcusHoi poboTu 3 MacmBamun po3risHeMoO peanlsau.no

anropnTmy 6|HapHoro noLlyKy efleMeHTa B YNopsilkoBaHOMY MacuBi. Hexait € MacuB X Linmx
yucen, ynopsaakoBaHuin 3a 3pOCTaHHAM e/IeMEeHTIB, i Line 4ncno k. 3aBaaHHA NoNsrae B Tomy,
wob nepeBipuTK, 4N 3yCTPIHAETHLCA YNCNO0 K B MacuBi X. MeToa BiHapHOro NoLlyKy nonsirae B
HacTynHoMmy. MopiBHIOEMO K i3 cepeliHiM eneMeHTOM MacmBy X. KL Ymucna 36irnucsa, enemenT
3HaAeHo, NOLWYK 3aKiH4YeHo. B iHWOMY BUNaaKy MOXAMBI ABa BUNAAKW: K MeHLIe cepefHboro
efleMeHTa, TOAi BOHO MoxXe ByTuv TiibKM B NepLUiil NOSIOBUHI MacKBy; SIKLLO YUCAO0 k Binblue
cepefHbOro eneMeHTa, BOHO MoxKe 6yTu finwie y npasill NOIOBUHI MacKBy (Tak ik Macus
YNopsAKOBaHNA 3@ 3pOCTaHHAM efnieMeHTiB). Y Byab-KoMy pasi, KiflbKiCTb efleMeHTiB, cepep
AIKUX € CEHC NPOAOBXYBAaTW BECTY MOLLYK, CKOPOYYETLCA BABIYi. 3aBAaHHs 3. Hexan € onuc
=100; = [1..n] ; PekypcmBHO onucaTtu dyHKUi0 (%, k), wo
BM3HAYAE, YM BXOAUTH LisIe YNCIIO K yNnopsaAKOBaHUA 3@ 3pOCTAHHAM MacuB X Tuny .
PilueHHs. BUKOPUCTOBYEMO 3MiHHI L Ta B N9 No3Ha4YeHHsA MexX NiAMacuBy, B IKOMY BeeTbCs

nowyk. CnovaTky L = 1, R = n. ¥ npoueci poboTun Mexi L i 2 36amxKyloTbCs, Mepexonsaymn yepes
cepefvHy nigMacuBy, Noku He Byae 3HanAeHWI LIYKaHUA eneMeHT (anosl,ﬂ,b ) abo nokmn
nmmacms He 3akiH4nTbCs (L B, Bianosiab ). ( : . ):
H 1(L, ): ; : H L=
=(L+R) 2; {IHﬂeKC cepeaHbLOro eneMeHTa} =x[m] 1:=
[m] 1:= 1(L,m-1) 1= 1(m+1,R) ;
= 1(1,1N) ; Cnip nigKpecnnTu, Wo 3a3smyai ans poboTn 3 Macnsamm

3aCTOCOBYIOTb LMKJIIYHI anropnTMn. [na po3rnsaHyTUX BuLLe 3aBAaHb HE Ba)XKO HanucaTtu
iTepaTUBHI pilleHHS. Y peanbHill NPOrpamicTChbKin NpakTULi Tak i cnig YnHuTKu. 3.3.2.
PekypcnBHa poboTa 3 charinamu MNpu pekypcuBHin 06pobui daiinis HeobxifHO 3BepHYTU yBary Ha
Te, WO NnpoLefypw, Lo BCTaHOB/IOTL pexxum poboTu 3 dainom ( , ), NoTpi6HO
3aCTOCOByBaTVI Jviwe oAuH pas. AKLLO0 MU MOMICTUMO Yy PEKYPCUBHY npoLieaypy:

( : ); (1); e} (1) ok} ; MPY KOXKHOMY peKypCUMBHOMY BUKAUKY Byae
3aHOBO BMKOHYBaTUCS (f), noTo4Ha no3uuia 6yne 3pyLyBaTUCS Ha NoYaTok danny f, hann
6yne NPOCTeXYBaTUCS KOXKEH Pa3 3 CaMOro NoYaTKy, TakKUM YNHOM, PeKypcia 3aunknnTbea. Lo
npo6aemMy nerko BMpiWMTU. [JOCUTb PEKYPCUBHO 0ChOPMUTU 06pobKY He BCbOro tainy, a TiflbKn
0ro 4aCTUHW, MNOYNHAIOYM 3 MOTOYHOI NO3uMLUii i A0 KiHUA. MiAroToBKY X danny Ao poﬁo-rm cm,u
3po6buTK B OCHOBHIN Npoueaypi (pyHKLUIT). 3aBaaHHA 1. Hexali € onuc: ;
PekypcrBHO onncaTu npouenypy (f), sKa ApPYyKY€E HeraTUBHI eneMeHTH haiay vnucen
PiweHHs. CnovaTKy 6yaemo BBaXkaTw, WO | BXXe BiAKPUTO ANA YNTaHHA. FAKLWo dann’ e
MOPOXKHIM, 3 HUM HiYOro pobnTu He NOTPIBHO. AKLLO X [ He NOPOXKHIK, Tpeba NpoYnMTaTN OANH
eNeMeHT, HaApyKyBaTy MOro, SKLO eNeMeHT HeraTuBHWiA, i 06pobuTy aHanoriyHy YacTUHy
channy. Ui pii onuwemo sk 4onomixkHi npouenypun 6e3 napameTpis 1. B ocHOBHi
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npou,e,uyp| 3aNNWAETHCA BI,EI,KpI/ITI/I Ha YNTaHHSA Ta BUKIMKATU NPOLeaypy 1.
( ); : ; 1 () (f,a);ifa0
( ); 1 ; () 1 ; Ons eKoHOMIT Nam'siTi pekypcrBHa
npoueaypa 1 npauoe i3 rNo6anbHOK0 3MIHHOW 2. KOXeH peKypCUBHUIA BUKANK 3MiHIOE

3HaYyeHHS 2, Tak Wo B npoueci 06pobku anny 3mMiHHa = NPUAMAE BiATaK 3HAYEHHS BCiX
enemMeHTiB anny i Nnicns 3aBepLUEHHS PeKypCil MiICTUTb OCTaHHIN eneMeHT danny . OaHak ue
He 3aBa)ka€ poboTi npouenypwu 1, oCKinbKy NpoYnTaHe 3 f 3Ha4YeHHS Biapasy X
06pobnaeTbes, horo He NoTPiI6HO 36epiraTn Ao 3aBepLueHHA 06pobKM YacTUHKN ainny, LWo
3anumwmunacs. 3asaaHHsa 2. Hexan € onuc = ; Hanncatun npoueaypy

(71, 72), AKa y 3BOPOTHOMY MOPAAKY 3anucye y dain 2 enemeHTn hanny AincHMX Yncen
1. PiweHHsA. 9K | B nonepeaHbOMY NpUKIadi, PEKYPCMBHY YaCTUHY ONMUCYEMO Y BKAALEHIN
[OMOMIXKHI npouenypi . OcHoBHa npouenypa 6yne BCTAHOBNIOBATH peXxumm poboTun
ona dannie f1i 2 i BUKNIMKaTU Npouenypy . HanpocTiwuin, HepeKypCUBHUI BMNagoK MaEMo,
AKLWO hain f1 NOpoXKHiA; Todi NOTPiOHO NOBEPHYTW NOPOXHIV hain 72, npouenypa HiIKNX
[il He NoBMHHa BUKOHaTW. Hexal 1 He NOPOXKHIN. AK NnepecTaBnTn NOro eNeMeHTun y
3BOPOTHOMY MOPAAKY, SKLLO BBaXXaTw, LLLO MU BMIEMO pobuTu TaKy nepecTaHoBKY ANs 6ynb-
akoro 6inbL KopoTkoro danny? Tpeba npoynTaTu i 3anam'aTaTn Nepwnin enemMeHT (Npu LboMy
KiNbKicTb HeobpobneHnx eneMeHTiB 1 CKOPOTUTLCA Ha 1), 3acTocyBaTn Ons 3anucy B 12y
3BOPOTHOMY NOPAAKY, WO 3annwmnacs, 6inbw KOPOTKOi YacTuHK 71, NoTiM 3anucaTtun B (2
3anam'aToBaHWU efleMeHT. ( 1,12: ) ;

() (f1,2); Inv; (12,2) ; (1); (2);

; 3ayBaXknMO, L0 BUKOPUCTAHHA IOKaIbHOI 3MiHHOI - MPUHLMNOBUA MOMEHT Y BUPILLEHHI
AaHoi 3agadi. Y Mipy 06pobku cainy 1 10ro eneMeHTr 3anmcyoTbCs B NaM'aTb SK 3HAYEHHSA
JIOKaNbHOi 3MiHHOT 2 MOCNI[OBHUX PEKYPCUBHUX BUKIUKIB. 3peLuTolo, BCi eneMeHTn 1
OMUHAITLCS B ONepaTUBHIN Nam'aTi. Konn focAarHyTo KiHeub danny f1, npouec peKypCuBHUX
BUKJIVKIB 3aKiHYYETbCA | MOYNHAETLCA 3aKPUTTS Y 3BOPOTHOMY MOPAAKY BUKJIMKAHUX Npouenyp
i3 3aMMCOM 3HaYyeHb JIOKaJbHUX 3MIHHUX NMOCAIAOBHUX BUKAUKIB Y haitn 2. Takum YnHoM y (2
BMABNAIOTLCA eNleMeHTun anny 1, nepectasneHi B 3B0OPOTHOMY NopsaKy. HeobxiaHo 3pobutu
Take 3ayBa)KeHHs. HeMa€e XKOoAHOI rapaHTil, Lo Halwa npoueaypa 3MoXKe ycniwHo obpobutun
dann 6ynb-9Koi 4OBXMHUN, NaM'aTi MOXXe MPOCTO He BUCTAYUTK, | TOAi Nporpama aBapiiHO
3aBepwnTb CcBOO poboTy. Paiin 3 nornsay MoBum MNackab - CTPYKTYpa AaHUX, Lo 306paxye
30BHILUHE 3aNaM'ATOBYIOYMIA MPUCTPI Ha MarHiTHIA cTpiyui. Bcs poboTa 3 hannamu byayeTbes
Ha ToMy, WO aif LiIKOM He MOXKHa MOMICTUTK B NaM'ATb i Ha TOMy, Lo NpauoBaTn 3 anaiom
HeobxiAHO NoeneMeHTHO. PO3rasHyTa 3afla4ya € CyTO HaBYaJibHMM NPUKIALOM, inoCTpaLli€to
BUKOPUCTaHHA NOKaNbHUX 3MIHHUX Yy peKypcil. 3aBaaHHA 3. PekypcrBHO onucaTu yHKLito

(£), IKa BM3HaYaE 3 CKiNIbKOX NMOPOXKHIX PSAKIB MOYNHAETLCS TEKCTOBUN hainn . PilueHHS.
PilueHHs nonarae B nepernagi Ta nigpaxyHKy NOPOXHIX PAAKIB Ha NoYaTKy anny, nokn dann
He CKiHYNTbCA abo NOKU He 3yCTPIHETLCS HEMYCTUN PAAOK. HepeKypCMBHUMU BUNankamu €
cuTyauii, Ko ann NopoXkHin abo daitn NOYNHAETLCS 3 HEMYCTOro paaka. Y umx Bunagkax ciig
noepHyTH 0. PeKypCcrBHWIA BUNAAoK: NPOYUTATH NEPLUNA MOPOIXKHIN pmmK ¢danny i pogatn 1 o

MOPOXKHIX PAAKIB B YaCTUHI (haliny, WO 3aauwmnacs. (var: ): ;
1: ; (1) 1:=0 (t) 1:=0
(1); Li=1+ 1 ; (); = 1 ; OTXKe, AKLLO

noTpibHo ohopMnTn pekypcusHy obpobky macusy abo dainy, noTpibHO onucysaTn BKNaAeHiI
pekypcuBHi yHKLIT Ta npoueaypw. Crnpasa nae iHakwe npu poboTi 3i cnMckamu, Wo Mu
nobaynmo y HacTynHomy nyHkTi. 3.3.3. PekypcuHa poboTa 3i cnuckamu Po3rnsHemMo NiHinHi
OoZlHOHanpas/sieHi cnuckn 6e3 3arofIoBHOI NaHku (ame. puc. 3.2). [1, 2] 306parkeHnin Ha PUCYHKY
3.2 cnncok 6ynemo 3anucysaTu y Burasgi (¢1, €2, ..., en). Puc. 3.2. Cnucok PekypcmeHe
0hOpMIIEHHS O6p05KVI CMWCKY, SK NpaBuWo, He NpeacTaBife pr,EI,HOU.LIB HaBe,ueMo He06><|,uH|

onucu: ; {Tun enemeHTiB CNUCcKy} = ; . TE;
; 3aBpaHHA 1. OnmcaTm peKypCcuBHy npoLeaypy (L), SiKa ApYKYy€ HeraTUBHi enemMeHTun
CANCKY AiNcHUX Yucen L (TE= ). PilweHHs. SKWO cnncok L nopoxHin (L = nil), npoueaypa

Hi4YOro He NoBMHHa PobUTK. AKLLO X | He NOPOXHIA, Tpeba HaapyKyBaTV NEPLUNA eNeMeHT,
SIKLLLO BiH HEraTUBHWI, @ NOTIM 06pPO6bUTK YaCTMHY CMIUCKY, WO 3aauwunnacs. (L:

); . 0 (LT ); (LT, ) ; K
6a4nMo, HisfKi 4OAATKOBI BKNaAeHi npouenypu, noaibHi 4o TX, WO BUKOPUCTOBYBAANCS Npu
poboTi 3 MacmBamu i 3 chanamu, npu o6pobui cnnckis He NOTPiOHI. 3aBoaHHs 2. OnNncaTn
pPeKypCUBHY (pyHKLit0 (L), sKa nepeBipsi€, 4N BNOPAAKOBAHO €/1EMEHTU CMNCKY Ymcen
no HecnafaHHio (TE= ). PiweHHsA. ChopMyJIOEMO ifelo peKYypPCUBHOMO pilleHHSA. NopoXKHin
CMUWCOK i CMNCOK 3 OZHOIO e/1eEMEHTA, SK 3aBXXAW, BBAXXKAOTbCA YNOPAAKOBAHUMU. KLLO X Y
CANCKY ABa i b6inblie eneMeHTiB, BiH Oyae ynopsiAiKoBaHMUM, SKLLO NEPLUNA eNeMEHT MEHLLE
LPYroro i CNncok, Lo NOYUHAETLCS 3 APYroro efleMeHTa, BNopsAKOBaHMIA 3a 3pOCTaHHAM.

(L: ): ; = = . =

(LT, ) ; 3BEpHiMO yBary Ha Bax(nmsy 0cobnuBiCcTb pILLIeHHﬂ y peKprl/IBHIVI rinui MoxxHa
6y/10 BUKOPUCTOBYBaTU OMepaTop NPUCBOEHHS =(L1. . )

(LT ), IBHO BiANOBIAHWI CHOPMYNbOBAHIN ifel pilLeHHSs. O,D,HaK 3 MIpKyBaHb
eheKTUBHOCTI 6ynla BUKOPUCTaHa KOHCTPYKLIS 3 MOBHUM YMOBHUM OnepaTopoM, o 3abe3nevye
015 HEBMOPALKOBaHUX CMUCKIB MeHLLe onepauin. Cnpasai, AKLWLO0 Npu nepesipLi nepLuoi napun
e/leMeHTIB 3'CyBafioCs, Lo Nepwnii enemMeHT 6iNblunii 3a ApYrui, BiANOBIAb BiLOMUIA - CMIUCOK
He BMOPAAKOBaHWUN - | HEMa€e ceHCy pobuTu peKypPCUBHI BUKINKN A1 PELLTU CANCKY.
Po3rnsHemo Tenep 3aBAaHHS He Ha Neperssag, a Ha 3MiHy CnucKy. Po3B'sokemMo 3afdayvy
BKJIIOHEHHS e/leMeHTa B yNnopsaaKoBaHWI CNUCOK. Ba)knnmeoto ocobnmsicTio noaibHMx 3aBaaHb €
HeobXxiAHICTb Nepefadi B Npouenypy napaMeTpa-3MiHHOI, a He NnapaMeTpa-3HayeHHs. NMocunaHHs
Ha nepLly NaHKy MOXXe 3MIHUTUCSA, HanpyKiag, AKLLO eIeMeHT BK/IIOHA€ETbCA [0 NMOPOXHbOro
cnucky abo nepes NepLuolo 1aHKOK CNWCKY. 3aBAaHHA 3. OnucaTn pekypcrMBHY npoueaypy

(L, k), SKa BK/IOYAE 4YNCN0 k B yNOpsiAKOBaHMWIA MO HECMAAaHHIO CMUCOK L Tak, wob
36epernacs BuxigHa BnopsiakoBaHicTb (1L = ). PilueHHs. Akwo po3s'a3yBaTu 3agadvy 6e3
pekypcii, 3a 4ONOMOrolo LUWKIIB, PilUEHHS BUAAE TaKUM: 3HAUTU Micue y CMNCKY, Kyau noTpibHo
BCTaBUTU eNleMeHT K, CTBOPUTM NTaHKY, 3anucaTu B Hel Ynco k Ta nig4ennuTn naHky y noTtpibHe
Micue cnucky. Mpuyomy AocnTb BinbLIICTb pilleHHA NpunaAace Ha MOLYK NepLIOro efeMeHTa,
6inbworo abo piBHOro k. Y pekypcnBHOMY BUPILLIEHHI Lii€i npo6aemMun He BUHMKAE: cnpobyemo
BCTaBUTW YNC/I0 kK Nepen, NepLinM eJIeMeHTOM CMUCKY, a SKLLO NepLUNi eNleMeHT MeHLe |,
3aCTOCYEMO Ti X Aii 4O CMNCKY, LLO NOYNHAETLCS 3 APYroro eneMeHTa i T.4. TaknuM YnHOM,
PO3KpYyYyBaHHA peKypcii NpU3BoANTbL 40 TOrO, L0 eNeMeHT, nepes SK1UM noTpibHO BCTaBUTU
BM3HA4Ya€ETbCA aBTOMATNYHO. OKpPeMOoro po3rsisaay BMMaratloTb HEPEKYPCUBHI BUNMaAKW: CMTyaLlis
BKJ/IIOYEHHS [10 NMOPOXXHBbOIO CMNCKY | BKJIIOYEHHS nepea nepLivM efeMeHToM cnncky. Aii, aki
noTpibHO BUKOHaTW B LMX BMMNafKax, OA4HI 1 caMi, @ caMe, CTBOPUTU NaHKy, 3anncaTu B Hel
4uncno k i 3pobnTn HOBY NaHKy NepLUOo NIaHKO cnucky. LLo6 He BunucysBaTu ogHyY i Ty X
nocNiAoBHICTb onepaTopis ,D.BI‘-II CKOpVICTaEMOCFI JIOriYHOI0 3MiIHHOIO , o 06'eaHyE Ui
BUMNAAKWN. ( : ; ke ); : ; ; =

= =LT. =k; (), . =k e =L

= ( , k) ; Po3rnaHemo foknafHiwe, Ak BiAOyBaETbCA BKAIOYEHHA
efleMeHTa B cepeauHy CI'II/ICKy Hexam Ma€emo cnumcok IV = (100, 300). BukoHaHHSA npouenypu
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(M, 200) BinbyBaeTbCA B Takui cnocib. IM's napameTpa | acouiloeTbCs 3 im'am |V, B
NoKasibHY 3MiHHY k 3anncyeTbcs Ynucno 200. B pe3ynbTaTi BUKOHAaHHA NepLUIOro YMOBHOMO

onepaTopa 3MiHHa OTPUMYE 3HaYEHHSA (Tak sk 100 200). Apyruit yMOBHUIA onepaTop
BUKJ/INKAE PEKYPCUBHY FiNKy (LT, , ) pnst L= Ta k=200. Ha no4aTky po6oTun
npoueaypm iM'a L acoLiloeTbCA 3i 3MiHHOIO . i B CTBOPEHY JIOKaJIbHY 3MiHHY

3anucyeTbes 200. Tenep iM's L BKa3ye Ha NaHKy, WO MicTUTb 4mncno 300. MNpu BUKOHaAHHI
NepLIoro yMOBHOI0O orepaTopa BUKOHYETLCS NOpiBHSAHHA 300 =200 i Bnepen 3anucyeTbCs

3HAYeHHs . BUKOHaHHA Apyroro yMoBHOro onepatopa CTBOPIOE HOBWIA 3anuc, y noni
3anucye 200, Ha noni - 3Ha4YeHHA L, To6To. NOCUNAHHS Ha NaHKy 3 enemeHToM 300. Jani
(sika 306paxye 3MiHHY . , To6bTO None nepLUoi [aHKKU Cnucky V) 3anmcyeTbes

rnocunaHHA Ha cTBopeHui 3anuc (200). HoBa naHkKa BUABNSETLCA NPUKPINJEHO A0 nonepegHboi
naHkun. 3.4. BUKOPUCTaHHA TBOPYMX 3aBAaHb AN (POPMyBaHHA 30aTHOCTI CKNadaTu peKypcusHe
06pobneHHs ABiNKoBMX Aepes Mpu BUpiWEHHI HAaCTYNHMX 3aBAaHb 3py4HO CNMpPaTUCS Ha
HacTyrnHe peKypCcMBHE BU3Ha4YeHHA [BiIKOBOro Aepesa. [IBillkoBe AepeBo - Lie KiHLeBa MHOXWHa
6e3niy enemeHTiB, ika abo NOpPoXxXHSA, abo MICTUTb OAMH eNeMeHT, 3BaHUI KOPEHEM, a iHLWi
eNleMeHTU AiNATbCA Ha ABi HenepecivHi NiAMHOXMHMN, KOXKHa 3 AKUX CaMe € ABIIKOBUM AepeBOM.
Lli nigMHOXWHM Ha3MBalOTLCA NiBUM | NpaBUM NigaepeBamMmun BUXiAHOrO AepeBa. KoXXeH eneMeHT
[BiIKOBOr 0 lepeBa Ha3MBaETLCS BEPLLMNHOI LbOro AepeBa. Pekypcia TyT nonsrae B Tomy, LLO
BUXigHEe ABiiKOBE AepeBO BU3HAYaETLCS Yepes ABINKOBI fepeBa 3 MEHLLOK KiNbKiCTIo BepLUNH (i
B KiHLEBOMY paxyHKY 3BOAATbLCA A0 NOPOXHiX AepeB). OT)Ke, KOXXHe NiaaepeBo ABINNKOBOro
[epeBa - Lie TakoxX ABillkoBe aepeso. ToMy BUXigHe 3aBOaHHSA Ha 06pobKy ABiNKOBOro nepesa
6ynemo 3804MTY L0 BinbLll NPOCTUX aHaNOriYHMX 3aBAaHb Ha 06pobky oro aepes. Y KiHLEBOMY
paxyHKy Take 3BefleHHS JacTb HaM HalnpocTili (HepeKypCMBHI) BUNaaKu - [epeBo 3 OAHI€0
BepLUMHOIO i/abo MOPOXXHE fepeBo (3aN1eXXHO Bif KOHKPeTHOI 3afa4i 6yAyTb BUKOPMUCTOBYBaTUCS
abo obuasa Bunagkm, abo AKMACb 0aMH). MOXXNUBI 1 iHLWI OKpeMi BUNaAKu, Lo BiANOBiAalOTb
ABHWUM BigNoBiAaM, Wo 6araTo B YOMY 3a/1eXXNTb Bif PO3B'A3yBaHOro 3aBAaHHsA (Hanpuknag,
3'iCyBaJsioCs, L0 MOPYLUEHO BAACTMBICTb, @ OTXXe, HEMAE CEHCY B NoJasblUnX nepesipkax i Aiax,
TOMY LU0 BiANOBiAb Bigoma). Mpu po3rasai npuknanis 3aBAaHb MU CKOPUCTAEMOCH YSBIEHHAM
[epeBa y BUrIAAi CYKYNHOCTI OAHOTUMHUX AMHaMi4YHMX 06'eKTiB KOMGiHOBaHOroO TNy (3anwucis),
noB'sA3aHnX Mi>k cob60t0 3a 4OMOMOro NocunaHb. KoxeH 3annc NnpeacTaBise 4eAKY BEPLUNHY
nepeBa i 36epirae enemMeHT, a TaKoXX NOCUNAHHA Ha KOPEeHi NiBoro Ta npaBoro nigaepes i€l
BepI.IJI/IHI/I Onvu.uemo BI,EI,I'IOBI[:lHI T@anNu: .» {Tun enemeHTa nepesa} = ;

= ; s : 3aBHaHI/1MO neski ocobnumeocTi. Mpu TakoMy NofaHHi y BCi
BEPLUNHN, KpIM KOPEHS, BXOAUTb PIBHO OAHA FifIKa. 3 KOXHOI BEPLUNHN MOXKYTb BUXOANTU 2
rinku: nisa Ta npaea. MNpuyomMmy, niBa rinka Befe [0 KOPiHHA NiBOro nigaepesa, a npa.a rifika - y
KOpiHb NpaBoro nigaepesa Ui€i BeplwMHW. BeplinHa, 3 SKOi He BUXOAUTb XOAHOI MiJikK,
Ha3MBAETLCA MMCTOM. Ternep NOYHEMO PO3r/iaj KOHKPEeTHUX 3aBiaHb. 3aBfaHHa 1. Hanncatn

PEKYPCUBHY (PYHKLLitO (1,E), wo BM3Ha4aE, 4 BXOAUTb eNeMeHT L B AepeBo
(TE= ). PiLueHHs. HannpocTiwmnin BUNaaok TyT BiAHOCUTLCA A0 NMOPOXKHLOrO Aepesa, ANs
SKOro JAaEMO BignoBiagb (enemeHTa £ HeMag, TOMY LLO B MOPOXXHbOMY AiepeBi B3arani

BEPLUNH HeMae). AKLLO XX AepeBo HenycTe, TO Yepes MoKaXK4MK | HaMm AOCTyrnHa KopeHeBa
BEpLUNHA, @ 3Ha4YNTb MU 3MOXKEMO NepPeBIpUTU, 41 36epiraeTbCs B Hill LLYKAHWUI eneMeHT

SKLLO Tak, TO BiANOBiAb rOoTOBa (Lle HEpeKypCUBHa rifika, Lo BiANoBiAae Bianosiai ). SKwWwo
Hi, TO BMXiAHe 3aBAaHHA PO3nNafacTbCa Ha ABI Nig3aaadvi 3 NepeBipku BMICTY NiBOro Ta Npasoro
nipaepes. 9KLWO NOWYK enemMeHTa £ y niBoMy nigaepesi yBiHYaBCS yCMiXoM, TO Ha LbOMy
3aBepluyemo poboTy yHKLUIT 3 Bignosiano (pocnip)XyBaTu NpaBe NiAAEPEBO y pasi BxXe
HEMaE€ CeHCy - nLle BTPaTUMO Yac). AKLLO X Yy NiBOMY MifgAepeBi efleMeHT L He 3HalAeHo, To
oCTaTOYHa BiAMOBiAb MOBHICTIO 3aneXxaTVMe Bifi pe3ybTaTiB MOLWYKY B npaBomy ninaepesi.

OTpI/IMy€M0 HaCTyI‘IHI/IVI OnunC HaLoi yHKLi: (1 ; E: TE): ;
{nepeBipka KopeHs:} . = =
{3araanw7| anap,OK:} (T1.left,E) =
= (rr. ,E) ; 3aBAaHHS 2. HanucaTu peKypcuBHY (hyHKLiO (1) ons

nigpaxyHKy KifbKOCTi NMCTS y Aepesi | . PiweHHs. Y 3aranbHOMy BUNaAKy BUXiAHE 3aBAaHHA Mo
nigpaxyHKy JMCTS B 3aJaHOMy [lepeBi 380ANTbCA A0 MNif3aBAaHHA MO MiAPaxXyHKY INCTA B
niBoMy Ta npaBoMy nigaepesax (pekypcis!) Ta niAcymMoByBaHHS OTPMMaHWUX Bignosigen.
HepekypcuBHux rinok TyT ABi. MNepwa Bignosigae Bignosiai 0 - 415 NOPOXXHLOro Aepesa (y
HbOMY NINCTS HeMae, 60 Hemae BeplunH). [lpyra Bignosinae signosigi 1 - ans nepesa 3 ogHiel
BEPLUMHWN (BOHa € | KOPEHeM i IMCTOM 0fHO4aCHO). MPUXOAMMO A0 HACTYMHOrO PilleHHN:

(T: ): ; = :=0 {nepesipka Ha nncT:}
(T1.left=nil)and( =nil) =1 {pekypcis:} = (T1.lef)+
(rr. ) ; 3aBAaHHSA 3. HanucaTu pekypcuBHY hyHKL O (1) 3HaXOL >KEHHS

BMCOTU AepeBa (BBa)KaTI/I, LLIO BMCOTa HeMnycToro Aepesa - Lie YNC0 BEPLUVH Ha HangoBLLIOMY
3i LWNAXIB BiA KOPeHA AepeBa A0 JINCTS, BUCOTaA NOPOXHLOro Aepesa - 0). PiweHHs. O4eBnAHo,
Lo AnsA HenycToro gepesa | Bucota h(T) = (h(r . ), h(T 1. )) + 1. Tomy B 3arasbHOMy
BMMNaAKy NepBiCHY 3aZla4yy MOXHa 3BeCTW A0 ABOX MiA3aBAaHb 3i 3HAX0[)KEHHS BUCOT NiBOro Ta
npasoro nigaepes. ToAi BiANOBiAb - Lie Hanbinblia 3 4BOX OTPMMaHUX BUCOT, 36inblieHa Ha 1.
HalinpocTiwwnii BUNapoK TyT BiANOBifa€E nOpO)KHbOMy [epeBy, BUCOTa SKOro, 3@ BU3HAYEHHSIM,

0. (T: ): ; ,hR: ;{BUCOTWN niBoro Ta npasoro nignepes}
= =0 {3aranbHui BuNanokK:} = (T, ); hR:=

(11, ); i=hl+1 :=hR+1 ; 3aBaaHHA 4. HanncaTu

peKypcuBHy yHKLO (T,n) Ana nigpaxyHKy 4vMcna BepLnH Ha n-my (n=1) piBHi Aepesa

(BBaXKaTW, LLLO NEPLUMA piBEHb BiAMNOBIAA€E KOPEHIO AepeBa, a piBeHb 6yAb-AKOi iHLWOI BEPLUNHN -
Ha 0AnHULIO BinbLue piBHA il 6aTbKiBCbKOT BePLUNHM). PilueHHs. Mpn CNpoLleHHi 3aBAaHHS i
rnepexoAi Big BUXigHOro Aepesa A0 NOro nigaepes My NOBMHHI BPaxoByBaTW HasBHICTb Y HalLoOi
dyHKUii Apyroro napameTpa, Lo 3aAa€ Homep (1) piBHA. ToMy NiApaxyHOK Yncfia BEPLUMH Ha
piBHi Ny aepesi T (3aranbHUiM BUNagoK) 3B0ANTUMEMO A0 NiAPaxyHKY YMcia BEpPLUMH Ha PiBHi N-
1y nisomy Ta npaBoMy oro nigaepesax (pekypcis!), a noTiM - A0 NiACYMOBYBaHHA OTPUMaHMNX
Bignosigen. HannpocTiwmnx Bunaakis TyT ABa. [MepLlunin BiANoBiLa€e NOPOXKHLOMY AepeBY, Ae
HeMae BepLUMH (He3ale)XHOo Bif 3a4aHOr0 3HaYeHHs 1 faemo Bignosiab 0). Apyruii - Bianosinae
HaliMeHLwoMy (1) 3HaYeHHIO 1 NPWU HeNyCcToMy AepeBi: Ha 1-My piBHi B HENYCTOMY epeBi € PiBHO

ouHa BepLUVIHa KOpiHb (#aem BianoBiab 1). MPUXoAMMO [0 Takoro pilleHHs: (1
;n: ): ; {n =1} = =0 {HenycTe pnepeBo:} =1
=1 {3aranbHnn Bnnanok:} = (rr. ,n-1)+ (rr. ,0-1) ;
3aBAaHHs 5. OnncaTu pekypcuBHy pyHKLiO (1), sika nepes.ipse, 4n € y aepesi T xo4a 6
OAVH WNAX (Bi4 KOPEHA A0 NNCTKa BKOYHO), Y BCiX BEPLUMHAX AKOrO € AnLle No3UTUBHI
enemeHTun (1TE= ). PiweHHa. fkwo aepeso T HenycTe (3arajibHUIA BUNAAoOK), TO NEPEBIPMBLLN

e/leMeHT 3 KOPEeHeBOi BEPLUMHMW, MU Biipa3y X BM3HAYMMO, 41 € AaNi CEHC WYKaTU B LbOMY
nepesi 3agaHui wnsx. Cnpasai, AKWO eNeMeHT [OKOPIHHO - MO3UTMBHWIA (BAAMIA NOYaTOK
wnsxy), ToAi BCe 3anexaTume Big 06cTaBmH B nigaepesax. AKLO NPU LbOMY LUYKaHWUA WAAX
3HaMAeTbCSA NPU NPOXOAXKEHHI Yepes fiBe Niaaepeso, TO NpaBe Po3rnsfaTh HEMaE CEHCY.
IHaKLWe noLwyK cnig NPoAoBXUTY Yy NpaBoMy nigaepesi. M0 BigHOLWEHHIO A0 NiaaepeB 3aCTOCOBHI
aHasIoriyHi MipKyBaHHS, TUM CaMUM MW
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pekypcito. BUsBuMo Ternep MoXauBi okpemi Bunaaku. Mo-nepLue, Le NopoXKHE AepeBo - B HbOMY
HEeMaE€ BEpLUVH, a, 3Ha4YnNTb, HEMAE | Byab-AKOro wnsaxy (LaeMo BiANOBiAb ). Mo-apyre, AKLWO
B KOpeHi 36epiraeTbcsa enemMeHT 0, TO LWYKAHOrO LWAAXY TOYHO HEMAE (TaK K BCi MOXKMBI WNAXMN
BUXOAATH TiSIbKM 3 KOpeHs). Y uboMy BUNaAKy AAEMO Bigpasy BiAnNoBigb i He NPoAoBXYEMO
noAanbLIOro Nowyky. Mo-TpeTe, KopiHb (3 NO3UTUBHMM eNleMeHTOM) MoXXe By Tu €ANHOI
BEPLUNHO AepeBa, 0TXKe, WYKaHNI WAsSX UMM 3HanaeHo, Tob6To. gictanuca nncTa - KiHuesoi
BEPLUNHW WNAXY (BAEMO BiANOBiAb ). OTPMMYEMO HACTYMHUI ONUC PYHKLLIT: (

): H = = {nepeBipka BMicTy KOpeHeBOi BepLUMHN:}

. =0 = {wnaxy Hemae} {KOpiHb MNO3UTUBHUIA: }
(rr. =nil) (rr. =nil) = {ue nucT, To6TO. WNAX 3HanOeHo} {nowyk
Wwnaxy B fiBoMy nigaepesi:} (T1.1eft) = {nowyk wnaxy B npaBoMy
nipoepesi:} = (rr. ) ; 3a3Ha4MMo, Lo B npoueci poboTn Haloi peKkypCrMBHOI

hyHKUIi 3BEpHEHHA A0 YeproBoro nNiagaepeBa BiANOBIiAAE Nepexony Ha HAaCTYNHWIA (ranbwnin)
piBeHb pekypcii. IKLo nigaepeso He NiAinwno (Moro KopeHesuit enemeHT = 0 Yn Nigoepeso -
NOPOXXHE), BiOYBAETLCSA NOBEPHEHHA A0 NOMNEpPeLHbLOro PiBHA pekypcii. Pekypcia TyT
PO3ropTaETLCA CKAAAHUM KacKadoM: CNyCcK Mo Aepesy (LWIAXOM nepexoay A0 Noro nigaepes)
YepryeTbCs 3 NiANOMOM A0 nonepefHix (paHiwe NnponaeHnx) BepuinHaM. PaHo 41 nisHO
BinbyneTbcs ofHe 3 ABOX: abo Ha 4eproBoMy PiBHi PeKypCii M1 OMMHMMOCS B MO3UTUBHOMY JINCTI
(noTpibHMI Wwnax nobynysaTn Baanocs), abo My nepesiprMo BCi MOXXANBI BapiaHTW i )KoAeH 3
HUX He niginae (WNsax He 3HanaeHo). 3aBAaHHA 6. HanvucaTun pekypcrMBHY npouenypy (T,
1), ska 6yaye aepeso T1 - konito aepesa T. PilweHHsA. AKLWo AepeBo T - NOPOXKHE, TO, O4EBUAHO,
Lo 1noro Konisft Il - MoOpoXXHE AepeBo (Le HannpoCTiWnA BUNaaoK, AKNA 3afa€ HepeKypCUBHY
rinky). Ans KonitoBaHHA HENyCTOro fepeBa CKOPUCTAEMOCS PEKYPCi€0: CNOYaTKy BUAINMMO
nam'aTb Nig KopiHb AepeBa T1, Lo HOPMYETHLCS, | 3anMLLeMo Tyau efleMeHT 3 KopeHs aepesa T;

a pani (Tob6To 3 BUKOPUCTaHHAM Npoueaypu ) nobynyemo konii NiBOro Ta NpaBoro niaaepes,
3anucaBLIM NOCUNaHHA Ha NnobyaoBaHi nisaepesa B Nons i CTBOPEHOr 0 KOpPeHsi.
MpuxoAnMo A0 Takoro onucy Halloi npouenypu: (T: ; 1: );
= {BMNanokK Nopo>xxHboro aepesa:} '1:= {KonitoBaHHA HenycToro
nepesa:} (11); {BuaineHHs nam'aTi nig KopiHb Aepesa T1} 117, =T1T. ;
{KonitoBaHHA enemMeHTa 3 KOpeHs} (7. 1T, );{konitoBaHHA nisoro nignepesa}
(rr. LT, ){konitoBaHHs NpaBoro nignepesa} ; 3BEpHEMO yBary, OCKiJlbKun

nepeso 11 € pesynsTaTtoMm poboTn npouenypu, napameTp 1 HeobxigHO NnepenaTn 3a
nocuiaHHAM. 3ayBaXKMMO TaKoX, LLIO 3a paxyHOK 3a3Ha4yeHoro cnocoby nepepadi AaHoro
napameTpa NocuiaHHA Ha NobynosaHi Konii NiBoro Ta npasoro nigaepes 6yayTb aBTOMaTUYHO
3anucaHi B nons Ta KopeHeBol BepwinHu aepesa T1 (6o 3a3HayveHi Nosa nepefaTbCa
AK (haKTUYHI NapaMeTpu Npy peKypCUBHOMY 3BEPHEHHI 40 npouenypu ). HapewwTi, 3aBAskn
nepepayi LbOro NapameTpa 3a NOCUIaHHAM Yy Nons i KiHUEeBMX BepLUnH (nucTs) byayTb
aBTOMaTUYHO 3anuncaHi MOPOXHI NOCUNAHHS (AMB. FiNKY ). 3aBaaHHA 7. Hanncatun
pekypcuBHy npoueaypy (1), aka Bupanse (3i 3sinbHeHHAM Nam'aTi) Bce ncTs aepesa T.
PilweHHs. Mo4yHeMo 3 po3rnaay oKpemMux BUnagakis, akux TyT ABa. MNo-neplue, Le NOpPoXKHE
[epeBo, B AKOMY HEMAE BEPLUMH, @ OT)Ke, HEMAE | INCTA; Ha[ TakuMm aepeBoM He Tpeba pobutn
6ynb-aKunx Aiin. Mo-apyre, ue AepeBo 3 €EANHOI BEPLINHY (BOHa - 0AHOYACHO JINCT i KOPiHb); L0
BEPLUNHY CAif BUAANMTK. Y 3aranbHOMy BUNaAKy, Konu B aepesi binblue ogHiEl BepLUNHNY,
BUXiAHe 3aBAaHHA 3B0AMMO A0 ABOX NifA3anay 3 BUAAJNIEHHSA BCiX IMCTKIB y NiBOMY i MpaBoMy

noro ninaepes. OTPUMYEMO HACTYMHE PilleHHS: ( : ); {aii pobuTtn
TiNbKWN 3 HeNyCcTUM aepesom!} {nepeBo HenycTe, y HbOMY OfHa BepLlinMHa?}

(T 1.left=nil) (re. =nil), {Tak, ogoHa} {BnAaneHHs eANHOI BepWNHN, TOHTO.
nncrta:} (1); {BMBiNbHEHHA Nam'ATi, 3aMHATOI Nig apkyw} T:=nil {nicna BuaaneHHs aucra
[epeBo CTasio MOPOXHIM} {y Bepesi € 6inblle oHIEl BEpPLWINHN} {pekypcuBHa
obpobka ninpepes} (T 1.left); (rr. ) ; 3a3Ha4MMo, WO NapameTpu

HaLuol NpoLenypy Ba>XIMBO NepefaBaTy 3a NOCUNAHHAM (a He 3a 3HavyeHHaM!). Lle 3abe3neunTsb
36epeXxxeHHs 3MiH, BUKOHaHUX HaA napameTpoM T y Tini npoueaypu. 3okpema, Ans Aepesa 3
6iNbLU Hi>XX OAHIET BEPLUMHW NPU BUAANEHHI NOrO NCTA 3HAYEHHS 6yayTb aBTOMaTUYHO
3anucyBaTuCs B Nosa (sKwo nmcT 6yB niBopy4 - Ams. puc. 3.3) abo (SKLWwo NmcTok 6yB
npaBopyy - AnB. puc. 3.4) 6aTbKiBCbKMUX BEPLUMH (T.K. Li MONS BKa3ylTbCs AK haKTUYHI
napameTpu Npu peKypCMBHOMY 3BEPHEHHI [0 Npoueaypu ). Puc. 3.3. BuaaneHHs nnctka
3niBa Puc. 3.4. BuganeHHsa nucTka cnpasa 3aBAaHHA 8. PeKypCcuBHO onmncaTu yHKLio (1),
IO BM3HAYaE, Yu € y aepesi cumBoniB T xo4a 6 ABa oaHakoBi cumBonn (1E= ). PilueHHs.
3a3Ha4yMMmo, Lo, 3@ YMOBOIO 3aBAaHHS, Y BepLUMHax Aepesa 36epiraloTbca enemMeHTun
CMMBOJIBHOrO TUMY. 3rafaMo TakoX, WO y MoBi Mackasnb 3 ypaxyBaHHAM 3Ha4YeHb TUMNy
MO>XXHa byayBaT MHOXWUHWN. CKOPUCTAEMOCS A0MOMIXKHOI MHOXXWHOIO HAaCTYMHUM YMHOM.
OpraHizyemo obxia fepesa (BiABiAYyUYN KOXKHY BEPLUNHY Ti/IbKM OAMH pa3), i B npoueci obxony
3aHOCMTMMEMO B Hally MHOXWHY eeMeHTU 3 NepernsHyTux sepwuH. Mpu upbomy byaemo aistu
32 NPUHLMMNOM: AKLLO €NeMeHT i3 pOo3risHYTOi BEPLUMHM paHille HaMm He 3ycTpivascs (To6To
LbOro e/leMeHTa 3apa3 y MHOXWHI HeMag€), TO f0AaMOo MOro B MHOXUWHY, a iHaKLe (eNeMeHT Bxe
NPUCYTHIA Yy MHOXWHI) - 3aBepLUMMO Ornaj Aepesa, Tak K BUABIEHO NOBTOP. PelwTy eneMeHTiB
(3 HENPOrNAHYTMX BEPLUMH) BPaxoByBaTW HEMAE CEHCY. SICHO, WO MHOXWHA Nnepes, No4aTkom
obxony nepesa Ma€ ByTn NOPOXKHBLO. MPMYOMY, NOYATKOBY iHiLliani3auito MHOXUHN Cnif
BUKOHATW NnLle oAnH pa3 (y po3aini onepaTtopiB yHKLUIT ), @ BXXe NoTiM 3anyckaTu
peKkypcuBHU 06xia. Tomy B Tini OCHOBHOI (PYHKLIT noTpibHO onncaTn AOMOMIKHY
PEeKYPCUBHY (PYHKLLiO 1, sIka | BUKOHYBaTMMe Takuin obxig (BMKOpUCTOBYOUM rnobanbHy no
BiZlHOLLEHHIO A0 HEl MHOXWHY). Pe3ynbTaT poboTn 1 6yne NpuAHSATO 3a BiAMNOBIAb ANS
OCHOBHOI (PYHKLT . HaBepemo cnoyaTky onuc gyHKLiT , @ NOTiM 3pobuMO Kinbka
[00aTKOBUX 3ayBaXKeHb. (T: ): ; : ; {enemenTn 3
nepernsaHyTUX BeplimH} 1(T: ): H {obxin pepeBa [o nepLloro
36iry} = 1:= {nepesBipka KopeHsa:} . 1:=
{enemeHT 3 KOpeHs paHiwe He 3ycTpivyaBca} S:=5+[1T1. 1; {Bomatun HoBMIA
enemMeHTy S} 1(1 7. ) 1:= 1:= (0T, ) ;
=1 r= 1(7) ; Y Mipy 06xony 3afaHoro aepesa 6yayTh po3rasaatucs (3a
pPaxyHOK peKypCMBHUX 3BEpPHEHb) BCiNAKI MOro ninaepesa, B pe3y/ibTaTi HOro B MHOXUHY
6ynyTb 3aHOCMTUCb HOBI | HOBI €/1eMeHTH 3 NpoAeHUX BepLUNH. Hexal Biabynocs Yyeprose
3BEepHEeHHSA [0 PyHKLIT 1, i Hexal B KOpeHi Yeproeoro nigaepesa, WO pPoO3rnafaETbCs,
3yCTPIBCA €/1eMEHT, L0 He HaleXNTb MHOXWHI 5. ToAi Lie HOBMIA eNleMeHT O0LaETbCA B S, a
fani - aHanori4Ho o6pobnseTLCA CNoYaTKy niBe nigaepeso. AKLWo B npoueci 06xoay Lboro
niBoro nigaepesa 3HallNaca BepLInHa 3 €1eMEeHTOM, LU0 BXXe 3HaX0ANTbCA B MHOXWHI S, TO
[a€EMO BiANOBiAb i 3aBepLuyemMo poboTy (pyHKLUii. [HaKLe - BiANOBiAbL 3anexaTume Big
pe3ynbTaTiB aHaNoOriYHOro Nepernsay nNpaBoro nigfepesa. 3peLTotlo, CNpauloe ofHe i3 ABOX.
ABO B KOpeHi SKOroCb 4eproeoro nigAepeBa 3yCTPIHETLCSH €NeMEHT, paHille BKJIYEHUR y
MHOXWHY S (BignoBiab ), abo B npoueci noBHoro obxony Aepesa BCi MOro enemMeHTn
BUSIBNSTHCA Pi3HMMY (BiANOBiAb ). 3a3Ha4yMMoO, O OKPEMUI BUMNALOK | = nyxe
BaXK/IMBUN, i HE TiNbKW A5 MOYaTKOBOro NOPOXKHLOro AepeBa T (B IKOMY NMOBTOPIOBaHNX
eNleMeHTIB, 04EBUAHO, HEMAE), afe i AN NOPOXKHIX NigAepeB, A0 AKUX MOXYTb BiabyBaTuCA
3BEpPHEeHHA B NpoLeci NOBHOro o6xoay 1. TakoX, L0 yHKLA (T) oTpumye pesynbTaT
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nicnsa 3akiH4eHHS NOBHOrO Neperasay BeplivH aepesa |, Koau ii peKypCMBHUN BUKINK
BMKOHYETbCA A5 NONSA (= nil) y camoro npaBoro nucta. OT>xe, po3rnsHyTi Npukaaaun
NMOKas3syloTb, HAaCKiNbKM 3pY4HO NpaLioBaTu 3 AepeBaMy PEKYPCUBHO (3 PeKypPCUBHOT MPMPOAN LNX
CTPYKTYpP AaHux). BukopucTaHi B npnknagax pekypcuBHi yHKLIii Ta npoueaypu Npu LboMy
BiZIPi3HAIOTLCS HE TiNIbKN BEJIMKOIO JIAKOHIYHICTIO Ta HA0YHICTIO, aJie 1 BUCOKOI eheKTUBHICTIO.
3BMYalHO, iCHYIOTb | LMKNIYHI anropnTMy 06pobku fepes, ane BOHW, K NPaBuIo, MOAENIOTb
pekypcito. BucHosku Ao Ill po3ainy B naHoMy po3aini HaBefeHo MeTOAMYHI pekoMeHaaLii Wwoao
OMNUCY PEKYPCUBHUX PYHKLINA. PO3rIAHYTO BUKOPUCTAHHA TBOPYMX 3aBAaHb A5 (hOPMyBaHHS
3[0aTHOCTI CKNlafjaTu peKypcii y YNCNoBUX 3aflavax, CKlagaTu peKypcito Ta NocaifoBHO
opraHi3oBaHi AaHi, CknagaTn pekypcmeHe obpobneHHs AsiikoBux aepes. BACHOBKW B aaHin
MaricTepcbkii poboTi 6y10 po3rNsHYyTO po3pobKy Ta AOCHIA)KEHHS CMCTEMU TBOPYMX 3aBAaHb
ans hopMyBaHHS 30aTHOCTI CKTaAaTU PEKYPCUBHI anropuTtMu. He OnBnsYMCL Ha BCe
Pi3HOMaHITTS 3a4ay i3 NporpaMyBaHHs, iX MOXXHa po36uTn Ha obmexxeHnin Habip 6a3oBux
anropuTMie. MMCTeUTBO NPOrpaMyBaHHA MNOASra€ y NpeAcTaBieHHi PO3B'A3aHHSA 3arajbHol
3apadi Yyepes koMmbiHauito BifoMux 6a30BMUX anNropuTMiB - MPOEKTYBaHHI NporpamMu. Ane ofiHy i
TY XK 3a4a4y MOXXHa NPeACTaBUTW PisHUMKU KoMbiHauiaMu 6a30BUX anropuTMmie. ToMy UM
6inbwnm Habopom 6a30BMX aNrOPUTMIB BOSIOAIE MPOrpamicT, YAM epeKTUBHiILLE BMI€ iX
KOMGiHYBaTW, TUM BULLA Oro KBanidikauis. Y 3anexxHocCTi Big rnMbuHn po3aineHHs nporpam Ha
PYHKULiIOHaNbHI YaCTUHN MOXHa OTPUMATW Pi3HY KiNbkicTb 6a3oBux anropmTMmis. Pekypcis - Le
dyHOaMeHTaNbHe NOHATTSA, AKe 03HAa4Ya€ NOKPOKOBE OTPUMaHHS pe3ynbTaTy, NMPUYoMy Ha
HaCTYMHOMY KpPOLLi BAKOPUCTOBYETLCS pe3yibTaT, OTPUMaHUIA Ha nonepeaHboMy Kpoli. Pekypcis
Moxxe ByTn oTpuMaHa TpboMa cnocobamu: LIMKNiYHUN BUKNMK onepaTopa (%), Ae 3MiHHIN X y
NiBil YaCTWHI NPUCBOIOETHLCA HOBE 3HAYEHHS, OTPMMaHe 3a AOMNOMOro AesKoi PyHKLIi f Big
CTaporo 3Ha4yeHHA. BU3Ha4YeHHA peKypCcBHOI PyHKLIT, AKLLO Taka MOXAMBICTL NepeabadeHa
MOBOIO NPOrpaMyBaHHs, Ky C++ i MNackani. Y By3bKOMY NporpamicCTCbKOMY pO3yMiHHI pekypcis
- Le BUKAKK Yy npouenypi abo dyHKUii il camoi. F0N0BHMI MOMEHT Y NobyaoBi pekypcuBHOI
nporpamun - BU3Ha4eHHS YMOBU NPUNMUHEHHSA peKypcii. BpaxoByloyn MexaHi3M BUKANKY
nipnporpaMu Yepes cTek, MoxxKHa nobyaysaTu Nporpamy 3 LUTYYHOIO PEKYPCi€lo, CTBOPUBLLN
CTeK ik ANHaMIYHY CTPYKTYpPY AaHUX i 3anuncyiodn TyAW Y UMK 3HaYeHHA 3MiHHUX Nporpamu, a
rnoTiM BiAHOBJOOYM iX (

u LnTtuposaHus: 0,02% id: 119
"LWITYYHUI BUXiZ 3 pekypcii”

). O6paHHA TOro 4u iHWoro cnocoby oTpMMaHHA peKypcCii BUSHa4a€eTbCA ePEeKTUBHICTIO
OTPpMMaHOi Nporpamu, A0 XapakTepUCTUK SKOI BXOAATb: AOBXWHA KoAy (KinbKicTb onepaTopis); -
LWBMAKOAIA (4aC BUKOHaHHSA); HeobXiaHWMA 0b6car nam'aTi (K 3aranbHWiA, Tak i po3buTnin Ha
OKpeMi cermeHTN). PeKypcrMBHa NporpamMa HanyacTilwe NpocTilla 3a HePeKYyPCUBHY, ane KOXeH
BXiQ Y PEKYPCMBHY (hYHKLIitO Ta BUXiZ 3 HEl 3aiMa€ NEBHUI Yac, Lo YNoBiNbHIOE poboTy
nporpamu. Lono obcary nam'aTi, To cnif po3pi3HATK, Ky came 061acTb NaM'aTi BUKOPUCTOBYE
nporpaMa i siki Ha Hel HaknageHi obMexxeHHsA. Tak, UMKJiYHa NporpaMa BUKOPUCTOBYE OCHOBHY
nam'sTb AaHWX po3MipoM 0o 64 K. PekypcuBHa yHKLiS BAKOPUCTOBYE CUCTEMHWIA CTEK, PO3MIp
AKOro 06MeXXYEeTbCA AMPEKTUBO KoMNinsALii (Makcumym o 64K), ane KoxXeH BXiZi B peKypcito
BMMarae€ BeJIMKNX BUTpaT Nam'aTi cTeka. [lporpamMa 3i LWUTY4YHUM CTEKOM BUKOPUCTOBYE abo
AWHaMiYHY nam'aTe (po3mip Ao 640K nopuismun no 16 6anT), abo nam'aTb AaHUX (B 3a1€XHOCTI
BiZl cnocoby yTBOPEHHS CTeKa). BeNMKUM NnoCcoM pekypcii € Te, WO BOHa [03BOJISIE KOPOTKO i
JIOT4HO ACHO CHOPMYJIOBATU aJIFOPUTM, L0 HAOHHO AEMOHCTPYIOTb PO3rAHYTI NpuKaaan.
ITepaTuUBHI anropuTMmn BUPILLEHHA TUX CaMUX 3aBAaHb, K NpaBuio, AoBLWIi. Hegonikom pekypcii
€ i 3aTpaTHICTb, WO 3 0CO6MBOCTEN BUKOHAHHA PEKYPCUBHUX DYHKLIN i npouenyp. 3raganmo,
LLLO NPY KOXKHOMY PEKYPCUBHOMY BUKJIMKY CTBOPIOIOTLCA HOBI JIOKaNbHi 3MiHHI, A0 TOro X
HeobxiAHO 3aMamM'ATOByBaTK TOYKY NMOBEPHEHHA (Micue, Kyaun noTpibHO NnepepaTy ynpasaiHHA
nicnsa 3aBepLUeHHA BUKOHaHHA npoueaypw). Mpruyomy ouiHUTK 3a38anerigb 3a TEKCTOM
npoueaypu 41 yHKLii, CKinbkn Byane 3pobieHO peKypCUBHUX BUKJNKIB HE MOXKHa - rnnbuHa
peKkypcii 3aneXxunTb Bif 3Ha4YeHHA napameTpa. MNpu Benuki rnmbuni pekypcii
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nam'aTi KOMM'loTepa MoXe He BUCTa4yuTy, Wo Npu3Beae 40 aBapiiHOro 3aBepLIeHHs Nporpamu,

LLIO BUKOHYETbCA. He MoXXHa 3abyBaTu i TUMYaCOBi BUTPaTU: KOXXEH BUKANK npoueaypn abo
yHKLii BUMarae 4ac Ha nepefayy napameTpis (CTBOPUTYW JIOKaJIbHY 3MiHHY, MPUCBOITK i
BiANOBiAHe 3HAa4YeHH#A) | HYac Ha nepefayvy ynpasfiHHA NPoLeaypi, @ TaKoX Ha NOBEPHEHHS 3 Hel.
Pekypcisi - NOTY>XHWU Ta BUTOHYEHUI MexaHi3M, ogHakK, BUTPaTHWI 3a YacoMm Ta Nam'sTTio. MNpu
BMpilLEHHI KOHKPETHMX 3aBAaHb NPorpaMicT NoBMHeH 3pobuTn BUBIp Ha KOPUCTb pekypcii abo
LMKNiB, BUXOAAYM 3 0cOBNMBOCTEN 3aBAaHHSA. SKLLO 3aBAaHHS Nerko BUPIWYETLCS iTepaTUBHO,
peKypcilo BUKOPUCTOBYBaTK He BapTo. Of4HaK SKLLO 3aBAaHHA nonsrae B poboTi 3
PEKYPCUBHUMW CTPYKTYypaMmn aaHnx abo cama npupoaa 3aBAaHHS PEKYPCUBHA, HEMAE CEHCY
BiZAMOBNSATUCS Big pekypcii. Ane 3aBXXAuW CNig MaTu Ha yBasi BUTPaATW Ha PEKYPCUBHI BUKJIMKM i
HaMaraTuca yHUKaTK iX, AKLLO MOXX/IMBO - BUKOPMUCTOBYIOHYMN A0OATKOBI 3MiHHI An5 36epeXKeHHs
BXX€ OTPUMAHOrro pesynbTaTy abo WNAXOM CBOEYACHOrO BUXOAY 3 Npouenypu (DyHKLUIT), Konn
BiANOBiAb BXXe 0TpMMaHa. MNpu po3B’a3yBaHHI TBOPYMX 3a4a4 3 NPOrpamMyBaHHS Yy LUKONAPIB
¢pOpPMYIOTLCSH YMIHHS Ta HaBUYKIN PO3B’A3yBaHHA TBOPYMX 3aA4ay, WO CPUSE IX PO3yMOBOMY
PO3BUTKY, @ TAKOXX PO3BUBAIOTLCA TakKi MUCAUTENbHI onepauii, Sk Knacudikauia Ta
cucTemMaTm3auis, Npy po3B’a3aHHi Takoro niaHy 3afay 3abe3neyvyeTbca TBOPYICTL Ta AUCKYCIT Y
MOLUYKY PilleHHSs, HeobXiaHICTb NOSICHIOBaTW BNacHy BiAMNOBiAb Ta PO3MipKOBYBaTU.
MNincymoBytoym BuLLleckasaHe, My 6yiemMo BBa)kaTy, LLLO TBOpYa 3afadva 3 NporpamMyBaHHsA-Le
Taka 3ajava, Wwo nepenbayvae nowyk Ta nobyaosy aaropuTMmy ii po3B’si3yBaHHS 3
BMKOPUCTAHHAM iCHYIO4MX METOAIB, 3 NOAAbLUOK peani3aLi€lo MeBHO0 MOBOKO NPOrpaMyBaHHs,
Y NPOLLECi YOro Yy4Hi akTUBHO 3aCBOIOIOTb HOBi 3HAHHS, ONaHOBYIOTb YMiHHA Ta HaBUYKW,
pO3BKBalOTL abCTpakTHe Ta SIoriYHe MUC/IEHHS, BIAcHI TBOpYi 3Ai6HOCTI, Ni3HaBaNbHWI iHTepec.
CMNCOK BUKOPUCTAHUX OXEPEN Axo, A. CTPYKTYpL! AaHHLIX 1 anropuTMel / Axo A., XonkpodT
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