3ansTue 3. Pekypcusi u peKypcUBHbIE AJITOPUTMbI

1 ean

N3yuutes npuHIMNBL paOOThl PEKYPCUBHBIX QJITOPUTMOB U HAYUYUTHCS
MPUMEHUTH MOJIYYCHHbBIC 3aHITHS Ha MPAKTHUKE.

2 Kparkas Teopust

2.1 IlousiTue pekypcun

Pexypcueii Ha3bIBaeTCs MeETOJl ompeaeseHus GyHKIUM 4epe3 eé
IpEIBIIYIINE U paHee OMPE/ICIICHHbIE 3HAUCHUS, a TaK e C0CcO0 OpraHu3aIiu
BBEIYHCIICHUA, TpH KOTOpOoM (YHKIHUS BBI3BIBACT camMa cebsi ¢ JApyrum
apTyMEHTOM.

BOABIIMHCTBO COBPEMEHHBIX SI3BIKOB BBICOKOTO YPOBHS TOJACPKUBAIOT
MEXaHU3M PEKYPCHUBHOTO BBI30Ba, KOornma (DyHKIMS, KaK 3JEMEHT CTPYKTYpPHI
S3bIKa MPOTPAMMHUPOBAHUS, BO3BPAIIAOIIAs BEIYHCICHHOE 3HAUEHUE TT0 CBOEMY
MMEHHU, MOKET BBI3bIBATh caMa ce0sl C IPyrUM apryMEHTOM. JTa BO3MOXKHOCTb
MO3BOJISIET HAIIPSIMYIO PEaTU30BbIBATh BHIYUCICHUE PEKYPCUBHO OIPEIACIICHHBIX
bynkuumii. [Ipu 3TOM 11000¥ PEKYPCUBHBIN aJITOPUTM MOXKET OBITh pealu30BaH
UTEPAIIMOHHO (Yepe3 IUKIIbI) U HA00OPOT.

PexypcuBHas mporpamma He MOXKET BBI3bIBAaTh ce0sl 10 OECKOHEUYHOCTH,
MO3TOMY Ba)XHBIM MOMEHTOM pealH3alliu 000 PEeKypCHBHOW MPOTrPaMMBI
ABJIIETCSI HAJIWYME yCIIOBUS  3aBEPIICHUS, TO3BOJISIIOIIEE MPOrpaMme
MPEKPaTUTh BHI3BIBATH CEOI.

Takum oOpa3oMm, pekypcus B MPOTPAaMMHUPOBAHUU MOXKET OBITh
OIpeJieNieHa KaK CBEACHHUE 3aJlaul K TaKOW ke 3a7ade, HO yxke Oosee mpocToii
IS petieHus (MaHUTYTUPYFOIEeH 0oJiee MPOCThIMU JTAHHBIMU ).

Kak crenctBue, pekypcrMBHas mporpamMma J0JDKHAa UMETh KaK MHHUMYM
JIBa TIYTH BBITMIOJTHEHUS, OAUH W3 KOTOPBIX IPEAroaraeT peKypCUBHBIN BBI3OB
(crydail «CIIOKHBIX» JAaHHBIX), & BTOPOW — 0€3 peKypCHUBHOTO BbI30Ba (Ciydyai
«IPOCTHIX» JTAHHBIX).

[Ipu pexypcUBHOM MOTPYKCHUH (YHKIIMS BBI3BIBAET TOYHO TAKOW IKe
HOBBIM 3K3emIuisip camou ceOs. [Ipu sTom cama (QyHKIusS Kak Obl emie He
3aBepIINIIach, @ HOBBIN €€ dK3eMIUISIp y)Ke HauMHaeT padoTaTh. M Tonbpko Korma
HOBBINM JK3EMIUISIP 3aBEPIIUT PadboTy (BEPHET PE3yibTaThl BHIYMCIICHUM), OYIET
pojioJbKkeHa pabota camoit pyuknuu. MHopmarus o Takux He3aBEpIICHHBIX
BBI30BaX PEKYpPCUBHBIX MOAMPOrpaMM (a 3TO, B CaMOM MPOCTOM TPEICTABICHNUH,
3HAUEHUA TEPEMEHHBIX, HEOOXOAUMBIX M1 pabOThl  MOJMNPOTPaAMMBI)
3alIOMUHAETCS B CIICIIUATBHON 00JIaCTH aMSITH — CTEKE.

2.2 [IpuMep peKypCMBHOI0 MeTOa

[Ipouenypa wnu (yHKIHMS MOXKET COAEPX aTh BBI3OB APYTHX MPOLEAYP
win QyHKuui. B Tom 4dnciie mpoienypa MOXET BbI3BaTh camy cedsi. Hukakoro



napajokca 3/1eCb HET — KOMIBIOTEp JIMIIb [OCIEAOBATEILHO BBIMOJIHSIET
BCTPETUBIIIKECS €My B MpOrpaMMe KOMaH/Ibl M, €CJIM BCTPEYAeTCs BBI3OB
MPOLIETyphl, TPOCTO HAYMHAET BBIMOJIHATH ATy Ipolienypy. be3 pasHuiipl, kakas
npolielypa Jaina KoOMaHay 3TO JenaTh.

[Tpumep 1.1 Ilpumep peKypCUBHOM TTPOLICAYPHI

procedure Rec(a: integer);
begin
if (a > @) then
Recursion(a-1);
writeln(a);
end;

PaccMmoTpum, 4TO MPOU30HAET, €CIM B OCHOBHOM IpOrpaMme MOCTaBUTh
BbI30B, Hampumep, Buaa Rec(3). Hmwxke mnpencraBieHa OJ0K-cxema,
MOKa3bIBAIOIIAs MTOCIIEI0BATEIbHOCTD BBHITTOJHEHUS OIIEPaTOPOB.
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Pucynok 1.1 — biok-cxema paboThl peKypCUBHOMN NpOLEAYPHI

[Tpouenypa Recursion BeI3bIBaeTcs ¢ mapamerpoM a = 3. B Hel
COZICPKHUTCS BBI30B Ipolieaypbl Recursion ¢ mapamerpom a = 2. Ilpeapiayiunii
BBI30B €I1I€ HE 3aBEPIINIICS, TTOITOMY MOXKETE MPEJCTaBUTh ce0e, YTO CO3/MaeTCs
elle OJIHAa TpOoIelypa U JI0 OKOHYaHUs €€ paboThl mepBas CBOIO paboOTy He
3akaHuuBaeT. [Iponecc BpI30Ba 3akaHuMBaeTcs, koraa napamerp a = 0. B aTor
MOMEHT OJJHOBPEMEHHO BBIMOJHAKOTCA 4 3K3eMILIsipa npoueaypsl. KomnuectBo
OJTHOBPEMEHHO BBITIOJIHSIEMBIX MPOLEYP HA3bIBAIOT INIyOMHOM PEeKYPCHM.

UerBepras BbI3BaHHas mponeaypa (Rec(0)) nameuaraer umcio 0 u
3aKOHYUT CBOIO paboTy. Ilocne 3Toro ynpasieHne Bo3BpallaeTcs K Mpoueaype,
koTopas ee BbI3Bana (Rec(1)) u mewaraercss uucino 1. U tak nanee moka He
3aBepuIaTcs Bce Mpoleaypbl. Pe3ynbTaToM HCXOJHOTO BbI30Ba OyAeT Ieyarth
yeTbipex uucen: 0, 1, 2, 3.

Eme onun BU3yanbHbBIM 00pa3 MPOUCXOIAIIET0 IpeacTaBieH Ha puc. 1.2.



Mpoueaypa Rec(3)

Mpouenypa Rec(2)

Mpouenypa Rec(1)

Mpouenypa Rec(0)

lNeyaTte ymcna O

lNeyaTe ymMcna 1

lNeyaTb 4Mcna 2

lNeyaTb yMcna 3

Pucynok 1.2 — Cxema paOoThl peKypCHUBHOW MPOLIEAYPHI

Brinonnenne npoueaypsl ReC ¢ mapameTrpoM 3 COCTOUT U3 BBINOJTHEHUS
npouenypsl Rec ¢ mapamerpoM 2 u nedatu umciaa 3. B cBoro ouepenb
BBINIOJIHEHHUE TMpolenypsl ReC ¢ mapaMerpoM 2 COCTOUT U3 BBITOJIHEHHS
npoueaypsl Rec ¢ mapamerpom 1 u nedatu uncna 2. M T. 1.

' TlogymaiiTe, 4TO MOTYIUTCS IPU BHI30BE OMMCAHHON MPOLEAYPHI, €CIHU
~omneparopsl if u writeln momensncy Mectamu.

OG6paTuTe BHHMaHHE, YTO B IIPUBEJICHHBIX IIPUMEpPax PEKyPCUBHBIN
BBI30B CTOMT BHYTPH YCJIOBHOTO oOIleparopa. ITO HEOOXOJIUMOE YCIOBUEC IS
TOro, 4YTOOBI PEKypCHS KOIJa-HUOYIb 3aKOHYWIach. Takke oOparure
BHMMaHHEe, 4TO cama cebs MpoIeaypa BbI3BIBACT C JAPYTHMM IapamMeTpoM, He
TaKMM, ¢ KaKiuM ObLJIa BhI3BaHA OHA cama. Eciu B mpomenype He HCTIOIB3YIOTCS
rI00aNbHBIC TEPEMEHHBIE, TO ATO TaKXKe HEO0OXOAMMO, YTOOBI PEKypCHUs HE
MPOJI0JDKAIACh 10 OCCKOHEYHOCTH.

2.3 PekypcuBHbI€ BbIYHCICHUS

[IpuBen€HHBIN BHILIEC INPUMEP BBIBOJWII PE3yJIbTaT HA DKpaH, OJHAKO
qamie BCEro pPEeKypCUBHbIC (YHKIMW WCHOJB3YIOTCS IS OpraHHU3alliH
BBIUMCJICHUM, KOTJa HEOOXOAMMO MOJYYUTh OJHO 3HAYCHHE, SBISAIOIIEECs
KOHEYHBIM PE3YyJIbTaTOM pabOThl (DYHKIIHH.

Hanpumep, paccMOTpUM peKypCUBHYIO CXEMY BbIYHMCIEHUS (aKkTopraa;

nl — { 1 n =20,

n-(n—1) n>0.

JanHass QyHKIMS HMEET YK€ B CBOEM OMNpEACICHUU JBE BETBU:
HepekypcuBHYO (miepBasi ctpoka, npu N=0) u pexypcuBHOW0 (BTOpas CTpOKa,
npu n>0).
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[Tpumep 1.2 TIpumep pexypcruBHOM (YHKIIMH BRIYUCIAONIEH hakTopran

function fact (n: integer): integer;

begin
if (n<= @) then
fact :=1
else
fact := n*(fact(n-1));
end;

Peanmzanus QyHKIME MOBTOPSIET €€ ONpEACICHHE: ONepaTop BETBICHUS
UMeeT HEpPEeKypCHBHBIA BO3BpaT pe3yibrata (B then Omoke), um BozBpar
pe3yJibTaTa ¢ BRI30BOM caMoi ()YHKITUH ¢ IPYTHM aprymMeHToM (B else Oioke).

B kadectBe napyroro mnpuMmepa, pacCMOTPUM PEKYPCHUBHYIO CXEMY
BeIUUCIIeHUs yncen Oubonavyyu:

Fn — L'n—1 +Fn—27
F,=0, F =1
[Tpumep 1.3 Ilpumep pexypcuBHOM (PYHKITMU BBIUUCISAIONICH (pakTopran

function Fib (n: integer): integer;

begin
if (n = @) then
Fib := ©
else if (n = 1) then
Fib := 1
else
Fib := Fib(n-1) + Fib (n-2);
end;

JlanHast (QYHKIMS COIEP)KUT JIBE HEPEeKypcHBHbIC BeTkH (Bo3Bpar 0 u
BO3Bpar 1) u oaHy pexypcuBHyto (Bo3Bpar Fib(n-1) +Fib(n-2)).

Crnenyer oOpaTWTh BHMMAaHHE Ha TO, YTO 3HAUYeHHE (YHKIIMHA 3aBHCHT
TOJBKO OT BXOJHBIX IMMApPaMETPOB, YTO JCIAET €¢ CBOOOMHOM OT «IMOOOYHBIX
s dexrony (side effects).

3 Bomnpochl 1)1 CaMONIPOBEPKHU

1) Yro Takoe pekypcus?

2) Kakue MOCTOMHCTBAa M HEAOCTATKH MMEKOTCS y PEKYPCHUBHOM 00pabOTKH
JTAHHBIX ?

3) OmnuImTe TPUHIKIBI Pa0OTHI PEKYPCUBHBIX (DYHKIHIT?

4) TloueMy B peKYPCHBHBIX (DYHKIIMSIX HEOOXOJAUMO MMETh XOTS ObI OJIHY HE
PEKYPCUBHYIO BETKY?



5 JloMalHee 3aJaHue

5.1 PexypcuBHble GyHKIIUH

Coznath peKkypcuBHYIO (YHKIHIO, PEATU3YIONIYI0 OJMH U3 CIEAYIOLIUX
ITOPUTMOB 00PaOOTKH MOCIIEI0BATEILHOCTH YUCEN.

1) IlocnenoBarenbHOCTh PHOOHAUYN

2) daktopuai (mpousBeacHUE Heabix yncea oT 1 10 N)
3) IlpousBeneHue HedeTHBIX urces oT 1 g0 N

4) TlpowmsBeneHue 4eTHBIX uncen ot 2 10 N

5) Cymma nensix gncen oT 1 o N

6) Cymma HeyeTHBIX yucel ot 1 1o N

7) Cymma yeTHBIX ymncen oT 2 jo N

8) Cremnens uncia X

5.2 Ucnosib30BaHHe PEKYPCHH NP pellieHNH 3a1a4

5.2.1 Aaroputm EBkinjaa
Haittu HOJ] metonom EBximnna (anroputm Eknuaa). Micrionas3oBaTh

PEKYPCUBHYIO TIPOIIEAYPY.

5.2.2 OctpoBa

Kaxxapiit anmeMenT kBagpaTHoi MaTpuiisl pasmepeHHocTd N X N paBeH HyIIto,
6o enunune. Haliqute KOMMYECTBO «OCTPOBOBY, 00pa30BaHHBIX €AUHUIIAMH.
[Tox «ocTpoBOMY» MOHMMAETCA TpyIa equHUL (JI0O OJHAa €AMHMIIA), CO BCEX
CTOPOH OKpPY)KCHHAsI HyJIIMU (WJIA KpassMu MaTPUIlbl). EMWHUIBI OTHOCATCS K
OTHOMY «OCTPOBY», €CJIM U3 OJHOM U3 HUX MOYKHO NIEPEUTH K IPYron
«HACTYTash» Ha eIMHUIIBI, PACTIONIOKEHHBIE B COCEAHNX KieTKax. CoceHIMHU
SBIISIOTCS KJIETKU, TPAaHUYAIIUE 10 TOPU3OHTAIH UITN BEPTUKAIU
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