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1. Kakaa nporpamma ny4ywe?

Ecau Bac, yBaskaeMblil UnTaTeIb, CIPOCAT: «Kakas mporpaMmma Jiyuimne —
MeHbITIasdg Mo 00beMy, paborarorias ObICTpee, UJIW Ta, UCXOMHBINA TEKCT
KOTOpOii 0OoJiee IMOHATEH?», TO, IIOAYMAaB, BbI, CKOPEe BCEro, OTBETUTE:
«Bojee ObIcTpas, MOHATHASA U 3aHUMAIOIasg MeHbIle MecTa». KoHeuHo,
BBI TIpU 9TOM OyzeTre mpasbl. Ho, K cokajieHunio, TaKue MPOrpaMMBbI BCTPe-
yaioTcsa Kpaiime penko. Kak mpaBuiio, yJaydllieHHe OJHOTO W3 IMoKasaTe-
Jeii (pasMepa, CKOPOCTH pabOThl M IIOHSATHOCTH JIUCTUHTA) IIPUBOIUT
K YXYIIIEHUIO IPYToro.

PaccmoTpuM B KauecTBe ImpuMepa 3aJady OIpeaeeHUs HanuOOJIbIIEero
obmero genurtena (HOJI) aByx HaTypaJlbHBIX YHCEJI.

CHauajia cCOCTaBUM IIPOTPaMMy 110 IPUHITUIY, KOTOPBIA MO-aHTJIUHCKHT
HasweiBaetrca «KISS». IIpaBza, cpasy CKaKy: C IOEJysIMU OH HUUYEro o0-
mrero He uMeer. «KISS» — sT0 Bcero jsuinb abbpesuarypa (pasbi: «Keep
it simple, stupid», uTo B mepeBose o3Hauaer: «IeJsai aTO mMpoIle, Kypa-
yok» ©. OTOT NPUHIUI NIPU3LIBAET HAC PEIIaTh IIOCTABJIEHHBIE 3aJaul
0ojiee IPOCTHLIMH MeETOJaMu, Ipuberas K M3OM[PEHHBIM aJrOPUTMaM U
IPOrpaMMHBLIM CpPeACTBAM TOJBKO B KpalHeM ciyuae.

Bynmem paccy:xkaars Tak. Ecau gBa 3aJaHHBIX UMCJA a U b PaBHBI MEX-
oy coboii, To ux HOJI paBeH ogHOMY U3 HUX; B IMpoTuBHOM cayuae HOJI
paBeH 160 MUHUMAJIBHOMY M3 3aJaHHBIX YHCEJ, JU00 HEKOEeMY IIeJIOMY
YHCIY, KOTOPOEe MEHBIIle 3TOTO MUHUMAJIbHOTO.

IIporpamma, peanuayioiias TaKue pacCy:KIeHUs, Ha IITKOJLHOM aJiro-
PUTMHUUYECKOM $3bIKe OyIeT MMeTh CJAeNYIOIIUil BUm, rae mod — (QyHK-
A, OIpeJesaioNias OCTATOK :

anr Onpenesienme HOI
Hau uey a, b, mmua, HON
| |BBOm umceJs

| BrIBOO "3amanTe nepsoe umcyo"

| BRBOZO a

| BeIBOO HC, "3amanTe BTOpOe umcjo"
| BBOO b

B npyrux si3pIKax IpOrpaMMUPOBAHUS [JIS OIIPEEJIEHUSI OCTATKA UCIIOJIb3yeTCs He (DYHK-
1y, a cuenuaabHasd onepanus (Kak IpaBuJio, 3HAK 9TOH omepanuu — mod).



Pasgen 1

| MHaUe
| |HaxomuMm MMHMMAJIBHOE M3 3aOaHHBIX UMCeJl
ecim a > b

| To
| MuH = b
| MHaUe

| MuMH = a
BCe

|

|

|

|

|

|

| |m npoepepsdeM, He ABJIAETCH JIM OHO

| | MeHbIIMe HeI'O 4Yuciia

| | obmmM menmTesieM BaOaHHBIX 4YUCeJI

| HOI = MmH

| |npoBepky HnpekpaumaeM, KaK TOJIbKO

| |®ymeT HamMOeHO umMcJio, ABJjdwomeecs HOJIL

| Hu noka mod(a, HOI) <> 0 mmm mod (b, HOHO) <> 0
| | HOI = HOL -

| xu

B

| BLIBOOMM pPes3yJibTaT

BEIBOH HC, "HamBospumi ofupi OeJUTellb 3TUX dnces paeeH", NOD

9Ty mporpaMMy MOXKHO HEMHOTO COKPATUTh, €CJU He CpaBHUBATDL 3a-
TaHHBIE YKCJIa MeX Iy co00ii, a cpady IPOBePATh OJHO U3 9TUX uuces (Ha-
mpuMep, IepBOe) ¥ MEHbIINe, YeM OHO:

anr OnpenesieHue HOJI
Hau ueJs a, b, HON

|BBOD umces

|llpoBepsaeM, HEe ABJISETCS JIM UMCIIO a
|1 MeHbIIMEe HeIr'o 4Umucja
|o6mMM meauTesieM 3aOaHHBIX YMCceJI

HOIl =

HI ITOKa mod(a, HOI) <> 0 mnm mod (b, HOHO) <> 0
| HOI = HOI -

Ko

| BBIBOOVM pPesyJibTaT

KOH
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Briurpsiiit B pasmepe OporpaMMbl CyIecTBeHHBIH! «[IoHATHOCTL» ee
XyoKe, MOKAIYil, He cTala — 6Jarofaps 3allCH KOMMEHTAapUsA OTHOCHU-
TeJIbHO IPOBEPKU YMCJa a U MEeHbIIUX Hero yuces. Ho ecim umcsio a 0y-
et GOJIbIle Ymcja b, TO KOJIUUYECTBO IIPOBEPAEMBIX UHCEJI 10 CPaBHEHUIO
C TepBBIM BapHMaHTOM BO3pacCTeT, MpUUYeM ueM OOoJIbIlle OTHOIleHue a/b,
TeM 3HAYUTeJbHEIH PacTeT KOJMYECTBO IIPOBePsSeMbIX uuces!

Kakoii n3 AByX NpUBEJEeHHBLIX BBIIIe BAPMAHTOB IPOrpaMMBbl JyUllle,
OIIpPeJIeIATh BaM, yBayKaeMbIA UUTATEJb.

ITo cyTtu nmesa, o6a pacCMOTPEeHHBIX BapuaHTa PaboTarT IO METOLY
nepebopa. Bmecte ¢ TeMm, cymiecTByer aaroputm HaxoxkaeHus HOJIl nByx
YuceJl, He MCIOJB3YyOIMUHN mepebop. OH HOCUT MMSA APEeBHErPeuYecKOro
mMaTeMaTuka EBKauaa, KOTOPBHIN M3JIOMKUJ €r0 B CBOel 3HAMEHUTOU pa-
6ore «Hauama» (330—320 rr. mo H. 3.). CyThb 9TOr0, CUMTAOIIEr0CsA Ca-
MBIM IPEBHUM, aJITOPUTMA COCTOUT B ciefyiomnieM. Ecau umcio a 60Jib-
e yncja b, To HysKHO U3 a BEIUECTh b; B IPOTUBHOM cJaydae, Hao00poT,
HYKHO U3 b BBIUECTDH a U MOBTOPATH 3TU AeHCTBUA 10 TeX IMOp, MoKa a He
cra"eT paBHO b. ITocise aroro nckomsriit HOJIl OyzmeT paBeH OfHOMY U3 TI0-
JYUYeHHBIX umcesi. [IpuBemeM mporpamMmy, paboTaionyo I0 3TOMY ajiro-
puUTMYy:

anr OnpenejyeHue HOI
Hau ueJs a, b, HONO

|Beom umces

HI Ioka a <> b
ecim a > b

|

|

|

||

| | Izo
1| a=a-b
| | |mHaAue

| 11 b=b-a
| | Bce

| ku

| HOO = a

| |BelBOO pe3yJbTaTa
|

KOH

Kommenmapuu — odopMiisieMble CIIeINaIbHBIM 00pa3oM ¢hparMeHThI TEKCTA IPOrPaMMBbI,
UrparIe NCKIUYNTEeIbHO NHGOPMAIIMOHHYIO POJIb. Tpancaamop (cucTeMHadA IPO-
rpaMma, epeBoJAIas IPUKJIAJHYIO IPOrPaMMy, HaIMCAHHYIO Ha A3bIKE IPOrPAMMUDO-
BaHUA BBICOKOTO YPOoBHsS — Ha Belicuke, Cu, I[Tackaje uiu Ap., B MAIIUHHBINA KOX) B IIPO-
mecce paboThl UTHOPUPYET KOMMeHTapun. Hannume KOMMEHTapUEB CUUTAETCS «XOPO-
MM TOHOM» B IPOIPAaMMUPOBAHUM, TAK KaK IIO3BOJAET CAEJATh JIUCTUHT IOHATHEE U
CHAOIUTH ero MOAPOOHBIMU O0'BbACHEHUSAMH (B TOM YKCJie O Ha3HAUEHUU IIePeMeHHBIX,
CMBICJIE BBHIIIOJIHAEMBIX OIIepaIuii 1 T. J.).



Pasgen 1

Kak yayummurs sty mporpammy? Ilpeskme Bcero, MOKHO MHOTOKPAT-
Hble BLIUMTAHUSA 3aMEHUTh Ha OIpe[ejieHHe OCTATKAa OT AeJIeHUs OLHOI'0
LIeJIOTO YMCJIa Ha APYroe:

E

| ecim a > Db

| ITo

| | a = mod(a, b)
| |uHaue

| | b = mod(b, a)
| Bce

kg opr a = 0 mim b = 0
NOD = a + b

Ob6paTuM BHHUMaHWE Ha yCJIOBHE OKOHUAHHUS Olleparopa IUKJA U Ha
cmocob onpenenernusa HOJl. OueBuaHO majibHelIee yCOBEPIIIeHCTBOBAHIE:
MOXKHO OTKAa3aThCs OT MHOTOKDPATHOTO CPaBHEHUSA BEJIUYWH a U b — J0-
CTATOYHO CIeJIaTh 9TO OJUH Pas, a IIOTOM YUYEeCThb, UTO MOJYUAEeMbIH B ITUK-
Jie OCTAaTOK Bcerga OyneT MeHbIIle, UeM BTOPOH IapamMerp QYHKIMY mod.

B mpuBenenHO¥ HU)Ke TmporpaMMe, YUUTHIBAIOIIEH 3TO 0OCTOATEJIHCT-
BO, MCIIOJb30BAHBI CJENVIOIEe HOBLIE BEJIWUYUHBI: MAKC — MAaKCHUMaJlb-
HOe M3 ABYX 3aJaHHBIX UMCEJ, MUMH — MHHUMAJbHOE M3 ABYX 3aJaH-
HBIX YHCeJ, OCTATOK — OCTATOK OT [eJIeHUS MakC Ha MMH.

anr Onpenejienme HOJ
Hau ueJy a, b, makc, MuH, ocraTok, HOI
| |BBOm umces
ecnim a > b
| To
| Makc = a
| MuH = Db
| MHAUE
| mMakc = Db
| MuH = a

ocTaTok = mod (Makc, MMUH)
HII IIOKa ocTaTok <> 0
| Makc = MMH

| MMH = OCTaTOK

|

|

|

|

|

|

|

|

| BCE
|

|

|

|

| | ocraTok = mod(Makc, MMH)
|

|

|

K1

HOI = MuH

BEIBOL HC, "HamOosbumyi obumil OejmMTesb 3TuX udmuces: paeen", HOI
KOH

HackosbKO MOHATHOM ITOJIyYMJIaCh 3Ta IPOorpaMMa — PEITUTEe CaAMU.
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" HakoHer], camas KOPOTKas BO3MOKHAS IPOrpaMMa HaXOMKIEHUS
HOM:

anr OmpeneseHue HOX
Hau ueJjy a, b, ocrarok, HOI
|BBOD umce

|

|

| HUO noka ocraTok <> 0
| | ocraToxk = mod(a, b)
| | a=D>b
|
|
|
|

| b = ocTaTok

KL

HOI =

BEIBOH HC, "HamOonbumi oOmLMI OeJMTellb 3TUX ducesl paseH", HOX

KOH

B ocoGennocTsx ee paboThl pazdbepuTech CAMOCTOATEJIBHO.

Wrax, Mbl yOequanch, UTO 4acTO OJHA U Ta Ke 3aJada MOKET OBITh
pellleHa pas3JNYHBIMHI CIIOCODAMU, KaXKIbIH M3 KOTOPBIX MMEeT CBOU IIpe-
UMYyIIecTBa W HemoCTAaTKU. KaKoll ’Ke IyTh paspaboOTKH IIPOTPaMM BbI-
o6pars? ITo MHeHHIIO aBTOPa, HAUMHAKIOIIEMY IIPOrPAMMUCTY JyUIlle PYKO-
BozcTBOBaThesA mpuHIuIoM «KIS» (ueTBepras OyKBa 37ech IIPOIMYyIIleHA
cosHarenbHo ©), a mocsie IpruOGPETEHUA JOCTATOYHOTO OMBITA IIPOTPAM-
MHPOBAHMUA HAJO BCErJa CTPEMUTHCA K YCOBEPIIEHCTBOBAHMUIO IIPOTPAM-
MBI C TOUKHU 3PEHUA ee pasMepa, ObICTPOAeHcTBUS U T. A. Beab, KaK Iu-
caJs Beifatornuiica marematuk XIX Beka K. 'aycc, «Z0CTOMHCTBO HayKu
TpebyeT, UTOOBI IIPUJIEKHO COBEPIIEHCTBOBAJNCH CPEACTBA, BeayIue
K JOCTH)KEHUIO IIeJIU...»



2. OOMeH 3HaYeHusSIMMm
MeXAy ABYMSA NepeMeHHbIMMU

Paccvmorpum Takyio samauy: JJaHv. 3HAYeHUS 08YX NepemMeHHuvlXx a u b.
Tpedbyemcsa npousgecmu 63AUMHLIL 00MeH UX 3HAYEHUIL.

«OueBugHOE» peEIlleHIe 9TOHM 3aJauyu, YTO HA3LIBAETCH, «B JIO0»:

a :=b niau b :=a
b :=a a :=D>b
TpebyemMoro pesyJjbTaTa He macT (KCTaTu — IIOAyMaiTe camMu Iouemy?).

Kax ke ObiTh? Hamo melicTBOBATh Tak, KaK IIPOUBBOAAT OOMEH COAEPIKIU-
MOI'0 IBYX UallleK, B OLHOU 13 KOTOPBIX HAXOLUTCA MOJIOKO, a B APYIrOM —
uaii. Hy:xHa Tperbs uamkal’ To ecTs B Hameil 3ajade 1A ee pellleHUS
morpebdyeTcsa TpeThs (BcroMmoraTeabHasd) nmepeMenHasi. C ee IOMOIIBIO 00-
MeH 3HAUEHHUAMU MOXKeT OBITHL IIPOBEJEH CJEAYIOIIUM 00pasoM:

C := a |3amnoMmHaeM 3HAUEeHUE a
a := Db |llepeMeHHON a NpucBaubBaeM 3HadueHMe b
b := c |llepemeHHOM b npuceambBaeM '"crapoe" 3HaueHME a
nin
c :=Db
b :=a
a :=c¢

Ho oxasbiBaercsi, 4To OOMEHATH 3HAUEHUS OBYX MEePEMEHHBIX MOK-
HO u 0e3 HCIIOJIB30BAaHUS BCIOMOTraTeJbHOI mepemMenHoi. «He moixer
OBITB!» — CcKaskeTe Bbl. EIlle KaK MOXKeT, — U CAeJaTh 9TO MOMKHO LasKe
HECKOJbKUMHU ciiocobamMu. BoT oguH 13 HHUX:

a:=a+b
b :=a->b
a:=a->b

Kpacuso, me mpasma au? C moJsiokom Tak He caesaerib! © [Ipyrue
mogo00HbBIe CIIOCOOBI perieHus (a UX, M0 KpaiiHeir Mepe, elre 7) HalguUTe
CaMOCTOSATEIbHO. A 330HO PEIINTe CAEeAYIONIYIO 3a4auy: /JaHbl 3HAYeHUS
mpex nepemeHHvlx a, b u c. Tpebyemcsa cocmagumev npozpammy, nocJe
8bLNOJIHEHUS KOMOPOiL nepemenHas b 6ydem umemov 3HALEHUE NepPeMeH-
HOUl a, nepemeHHas c — 3HAUEHUe NepPeMeHHOl b, a nepemeHHas a —
3HaueHue nepeMmenHHoll c. [[onosHumMeNbHble 8EJUYUHbLL He NPUMEHSMb.
MHTEepecHO, CKOJBKO CIOCOOOB ee peIlleHusA BHI Halimere?

Mo:xHO, KOHEUHO, MCIIOJIb30BATh U JBE JOMOJIHUTEIbHBIE YAIlIKU, HO 3TO ViKe nepe6op!



3. 00 oneparopax uukna

Kax BbI, oueBMAHO, 3HaeTe, ollepaTOpaMU IIMKJa HAa3LIBAIOT OIEPATOPHI,
obecrieuynBaIoONIe MOBTOPEHNE ONHUX W TeX Ke HNeNCTBUil (II03TOMy MX
WHOT/Ia TaK:Ke Has3bhIBAIOT OllepaTopaMu MOBTOPeHUs). B GOIBITUHCTBE CO-
BPEMEHHBIX SI3BIKOB IIPOTPAMMUPOBAHUS CYIECTBYET HECKOJLKO Pas3HO-
BUAHOCTEH omeparopoB IukJa. OmuineM HEKOTOPbIe MX OCOOEHHOCTH.

3.1. OnepaTop uukna ¢ napameTpom
(co cueTymkKkom)

HpI/IMeHﬁeTCﬂ B TeX cjyuadX, Korga B IIporpaMme KaKwue-J1oo I[efICTBPIH
(onepaTopbﬂ IIOBTOPAIOTCA 3apaHee HN3BECTHOE KOJNYECTBO pPa3 MW IIpu
9TOM HEKOTOpasda BeJIMYMHa MEHAEeTCA C IIOCTOAHHBIM IIIaroM.

ITpumep. s BeIBOJa «CTOIOMKOM» BcexX Iesiblx yuces oT 10 mo 20
0e3 MCHOOJIb30OBaHUSA OIlepaTopa IIMKJIAa TOTPeO0OBAJIOCh OLI 3aIMCATh:

BeIBOO HC, 10

BeIBOO HC, 11

BEIBOI HC, 20

XopoIo BHUIHO, UTO 37€Ch €CTh IIOBTOPAIOIINECA NeHCTBUA (BHIBOJ,
Yycja Ha KPaH) M YTO IIPH STOM BLIBOJUMOE UKCJIO MEHSETCH C IIaroM,
paBHBIM 1. A 3BHAYUT, MOKHO IPUMEHUTH OIEPATOP IUKJIA C IIAPAMETPOM.

O6Iuii BHUJ BTOTO OIeparopa’:

HL OJid <apamMeTp LMKJIa> OT <HaudaJIbHOE 3HauveHue>
00 <KOHEUHOE 3HaueHure>

| <Teyio omepaTopa LMKJA>

K1

rge <mnapaMeTrp LuKJa> — HMS IepeMeHHOH, ABJIAMIIelcsa IapaMer-
poM IuKJia (MEHSIOIelcsA NIpPU IMOBTOPEHUU [OEeUCTBUIl), <HAUAJIbHOE
3HaueHre> — HavajJbHOe 3HaUYeHWEe JTOU IIepeMeHHOI, <KOHEeuHOe
3HaueHre> — KOHEUYHOEe 3HAUeHUe BTOI IepeMeHHOH (IIpejIojaraercs,
YTO <KOHEUHOE 3HaueHue> 0OJbIIe, YeM <HAUaJIbHOE 3HaueHue>, U

C npaBuiamMu 0hOPMIIEHUA 9TOTO U IPYTUX OIIEPATOPOB IIUKJIA B KOHKPETHOM A3BIKE IIPO-
rpaMMUPOBaHNs, KOTOPHIHM BBl U3yUuaeTe, 03HAKOMbTECH CAMOCTOATEJIBHO.
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Pasngen 3

YTO M3MEHEHWE OT <HAYAJIbHOTO BHAUEHUS> N0 <KOHEUHOTO 3HAUeHUI>
TPOUCXOAUT C IIIaroM, PaBHBIM 1), a <TeJjio omeparTopa LMKja> — OIle-
paTopsl, IIOBTOpAIoIIHecd Ipu paboTe oleparopa IUKJA.

B paccmoTpenHoM mpuMepe omepaTtop ohOPMIIAETCS CIeAYIOMUM 00-
pasom:

HU g 1 or 10 mo 20 |1 — mMMSa BeJMUMHBI-TIAPaMeTpa LMKJIIa
| BEIBOO HC, 1
K1

CxeMa, WLIIOCTPUPYIOIIAsA paboTy omeparopa IHUKJIA C IapaMeTpPOoM,
moxasama Ha puc. 3.1.

Het

Hda

Teno
oneparopa umkna

Crnepytowpmii onepaTop nNporpamMmbi

Puc. 3.1

Ha »sT0i1 cxeme OyKBOIi a 0003HAaUeHO MM IIEPEeMEeHHONH — IapaMeTrpa
IIUKJa, [H.3.] U [K.3.] — COOTBETCTBEHHO HAaUYaJbHOE M KOHEUYHOEe 3HAa-
YeHUsA mapaMerpa.

BosHuKaerT Bompoc: Kakoe 3HAUEeHME HMeeT TapaMeTp ITMKJa TOocje
OKOHUaHuA paboTbl omeparopa? OTBeThHl 3[eCh PA3JUUYHBI AJA Pa3HBIX
cuCTEM ITPOTPAaMMUPOBAHUA: B IporpamMmme Ha Beiicuke oHO paBHO (a + 1),
B nmporpamme Ha Ilackajge — a, a B IporpamMme Ha IITKOJbHOM aJITOPUT-
MUYECKOM SI3BbIKE OHO BOOOIIle CUMTAETCsS HeOolpeaeeHHBIM (He KarKeTcs
J1 BaM, yBasKaeMbIii uMTaTelb, UYTO B STOM €CTh CBOS JIOTMKa — BeIb
mapamMeTrp IUKJA HYKeH TOJbKO JJs paboThl ollepaTopa IIUKJAa, KOTaa
BBITTOJTHSIOTCS MeHCTBUSA IIPU PA3JUUHBIX €ro 3HAYeHUsX?).
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B HEKOTOPBIX SA3BIKAX HPOrPAMMUPOBAHUS IPELYCMOTPEHA BO3MOK-
HOCTb M3MEHEHHNA 3HAUEHUS IepPeMeHHON — mapaMeTpa IHUKJA C IIarom,
orsanuHbIM ot 1. Hanpumep, B sasbike Ilackajp’ IIar MOXKeT ObITH paBeH
—1, a B aswike Belicuk — B00OIIe JIOOOMY UMCJIY, B TOM UICJI€ BeIlecT-
BeHHOMY. B Takmux ciayuasx npu opOPMIECHHHU OIlepaTopa yKasbIBaeTCs
3HaUeHUe Iara, a IpuBeJeHHas Ha puc. 3.1 cxemMa HEMHOI'O MEHSETCs
(BMecTOo a:=a+1 B Hell Oymer 3ammcaHO: a:=a+ [mar]).

/g 1. Hapucyiite cxemy paboThl omepaTopa IIMKJIa ¢ TapaMeTpoOM, 3HAUeHIe
KOTOPOIr'0 MEHSIEeTCS:

e OT OOJIBIIIETO HAUAJbHOT'O 3HAUECHHS 0 MEHBIIIEero KOHEUHOTO C Ia-
rom, paBHBIM —1;

e OT MEHBIIIero HAUAJbLHOTO 3HAUEHUA A0 OOJIBIIIEr0 KOHEUHOTO C IIa-
TOM, PaBHBIM 2.

2. MoskerT Jiz TeJio omepaTopa IUKJa ¢ IIapaMeTPOM He BBIIIOJIHUTHCA
HU pasy?

3. CKosbKO pas 0y/eT BRIMOJHATHCS TeJIO oIepaTopa IINKJa ¢ ITapaMer-
pom mpu HavaabHOM (a) 1 KoHeuHoM (b) 3HaUeHUAX IapaMeTpa [MUK-
Jia, PaBHBIX:

a=1, b = 10;
a 10, b = 20;
a =N, b=V,

€CJIM BO BCeX CJIydasx IIar m3MeHeHUs IapamMeTpa IUKJa paBeH 1?7

4. CKoJBbKO pas3 OyIeT BBITIOJHATHCA TEJIO OllepaTopa IUKJa ¢ IapaMeT-
poMm, ecqiu HauaJbHOE 3HAUeHMWe mapaMerpa a = N, KOHEeYHOe 3Haue-
HHe b = M, a mar usmeneHus paseH s (s # 1)? (Ilpenmosaraercs, 4To
3HaueHue s # 1 JomycKaeTca B JaHHOM S3bIKe TPOTPAaMMUPOBAHUA. )

5. CaMOCTOATEJIbHO YCTAHOBUTE, MOMKHO JIX B A3LIKE IIPOrPaMMHUPOBA-
HUSA, KOTOPHIH BBl UCIHOJIb3yeTe, UBMEHATHh 3HAUEHUE apaMeTrpa B
TeJie ollepaTopa IUKJIa, a TakKe OlpeJesnTe 3HaAUEHNEe TTapaMeTpa
mocJie 3aBepIeHusa pPaboThl omeparopa muKaa. (9To 0OUeHb BayKHBIEe
BOIIPOCHI, OTBETHI HA KOTOPbIE IIOMOTYT BaM m30e:KaTh OMNO0K Ipu
paspaboTKe mmporpaMM. 3aMeTUM, OTHAKO, UTO M3MeHeHne mapamMeT-
pa, a Tak:Ke ero HauaJbHOTO U KOHEUHOI'0 3HAUEHUU B Teje OllepaTo-
pa IIUKJA MOKET IPUBECTH K HeImpeACKa3yeMbIM MMOCJIeACTBUSAM U
CUNTAETCS MJIOXUM CTUJIEM IIPOTPAaMMUPOBAHUS.)

B aswike mporpammupoBanuda [lackanb mpu mare, paBHOM —1, B omepaTope BMECTO CJIy-
sKe0HOTO csI0Ba TO NOJKHO OBITH 3aIIMCaHO Downto.
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YacTHBIM ciiyyaeM oIlepaTopa IHWKJA C IapaMeTpPoOM SBJIAETCA BapU-
aHT, IPY KOTOPOM CaMO 3HauUeHWe IIapamMeTpa IIMKJa B e€ro Teje He WUC-
nosb3yercsa. Hanmpumep, ecsin TpebyeTcsA IMOBTOPUTH KaKWe-TO NEUCTBUSA
10 pas, TO COOTBETCTBYIOIIUI (pparMeHT MOKeT OLITH 3aIlKcaH (C yueToM
cxeMbl Ha puc. 3.1) Kak:

HU gng 1 or 1 mo 10
|
K1

niain

HI 0jg 1 or 2 mo 11

Ko

WJIN APYTUM I0m00HBIM crocobom. IIpumepom sBIsieTcs 3amada o0padoT-
KM IIocJiejoBaTesbHOCTU umces (cM. pasgen 4). B Hell maiasa BBoma uwmces
TpebyeMoll IOCJIeJOBATEILHOCTY MOJKET OBITh MCIIOJIB30BAH CJIeNYIOITHi
dparMeHT IIPOTPaMMBI:

HU mjig 1 or 1 1o n |n — ofumee KOIMYUECTBO YMCEJI B IOCIeNOBaTEeIbHOCTU
| BEIBOO HC, "3amanrTe OodUepenHOe UMUCJIO MNOCJeIOBaTesJIbHOCTMI"

| BBOO a | OuepenHOEe WMCIIO

[ .. |OBbpaboTka 3amaHHOT'O 3HAUYEHMA 4uucia a

K1

3mech BUIHO, UTO IlepeMeHHAadA 1 B Teje omeparopa IIUKJa BOOOIIe HU-
KakK He HCIOJIb3yeTcd — OHA JUIIb UI'PaeT POJIb CUETUNKA KOJHUYECTBa
MOBTOPeHU (BCIIOMHUTE BTOPOE HA3BaHUE ITMKJA C IIapaMeTpoM).

/g W3meHnuTe IpUBEIeHHBIN BhIIIe (DPATMEHT TaK, YTOOBLI HA 9KpaHe IIpu

BBO/Ie OUEPEIHBIX 3HAUEHUH II0CJeJ0BATEIbHO MOABJISINCEH CIELYIO-
mue coobiienus (mpu n = 20):

BamanTe l-e UMCIIO NOCJIENOBATEJIBHOCTHU
3amanTe 2-e UMCJIO IOCJIENOBATEJILHOCTHU

BananTe 20-e 4UMCJIO IIOCJIENOBATEJILHOCTHU

OmepaTop IHUKJa C IapaMeTPoOM TaK:Ke MOMKHO HCIIOJIb30BATh B IIPO-
rpamMme AJIs peaausaluy aysbl, eCJI B ero TeJjie He 3aliChIBATh HUKA-
KHX OIlepaTopoB (Tak Has3bIBaeMbINl «nycmoil yuka»). Hampumep:

HU g 1 or 1 gmo 2000
|
K4
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IIpomom:kuTeIbHOCTh TAaKOU IIay3bl OyIeT 3aBUCETh OT OBICTPOMEICT-
BUS KOMIIbIOTEPA M OT KOHEUHOTO 3HAUeHHUS MapaMeTrpa ITHKJA.

g IToxGepuTe Ha cBOEM KOMIbIOTEpPE TaKoe KOHEeUHOe 3HaUeHUe Iapa-
MeTpa «IIyCTOro ITUKJIa», IPU KOTOPOM OYAeT MmoJaydaThes maysa AJIu-
TeJILHOCTBIO IIPUMEPHO B 5 CEKVHI.

3.2. OnepaTtop uuksna c npeaycsioBuem

ITOT omepaTop MUCIOJb3yeTCA, KoTAa TpedyeMoe KOJUUECTBO IMTOBTOPEHMH
3apaHee He u3BeCcTHO. Ero oOIumii BU1I:

HII MOKa <yCJioBue>
| <Tesyio omepaTopa LMKJaA>
K1
rae <ycJjioBMme> — YCJIOBUE, IIP1 KOTOPOM BBINIOJIHSETCSA <TeJIO ollepaTopa
LHMKJIa>.
Cxema, MIIIOCTpPUpYIOIas paboTy STOro omeparopa, MOKasaHa Ha
puc. 3.2.

Ycnosue

iﬂa

Teno
oneparopa umkna

v

CnepytoLumii onepatop nporpamMmel

Puc. 3.2

IIpumeuanne. B a3pike mporpamMmmupoBanus QuickBasic Taksike numeercs
oIepaTop IUKJA C IPEeayCJI0BUEM, BBITIOJHAEMbIN, ITIOKA 3aJaHHOE JIOMKHOE
yCJIOBUE He CTaHEeT UCTUHHBIM, — DO UNTIL <ycjoBue> ... LOOP.
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CylllecTByeT I0OJIE3HOE IPABUJIO, C IOMOIIBI0 KOTOPOI'O JIETKO MOJKHO
chopMyIMpOBaThL YCJIOBHE, 3alMCLIBAEMOE B TAKOM OIlEpPaTOpe IUKJIA:

1) ompemenure ycioBue, IPpU KOTOPOM HeJb3S UIN HE HYHHO BHITOTHSTH
TOBTOPAIOIINECS NeliCTBUST;

2) 3amuIIUTe B OIEpaTope IMUKJA YCIOBUE, TPOTUBOIIOJJIOKHOE TOJHKO UTO
HaWIeHHOMY.

Paccmorpum, Hanmpumep, Takyo 3azauy: /JJaHO HAMYpPAibHOE LUCLO N.
Tpebyemca nailmu ezo cymmy uug@p.

Bymem paccy:xkmath ciaenyroium obpasom. Ilocaenusas mudpa J000ro
HaTypaJbHOTO YMCJa paBHA OCTATKy OT JIejieHus sToro umciaa Ha 10 (ca-
MOCTOSTEJbHO yOeanTech B 9TOM). SHAUUT, AJA PEIleHusa 3aJaull HYIKHO
MHOTOKPATHO BBITIOJHATH CJENYIOIINE JEUCTBUI:

1) ompezmenuTsh MOCJIETHIOI ITUPPY YUCIA N;

2) mobGaBHUTH ee K pacCUMTaHHOII paHee cymMMe ITU(p;

3) M3MEHUTH YHMCJIO N, OTOPOCUB B HEM ysKe 00pabOTaHHYIO IIOCJIEeTHIOI0
nudpy.

Hanpuwmep, opu n = 30 625 Heo6x0guMO 3TU IEHCTBUA ITIOBTOPUTH  pas:

IITar ITocnennas Cymma Hosoe
mudpa 00pabdoTaHHBIX 3HAUeHHue n
nudp
1 5 5 3062
2 2 5+2=7 306
3 6 7+6=13 30
4 0 13+0=13 3
5 3 13 +3=16

Torma ¢parmMeHT mporpaMMbI AJIA MOACYETA CYMMBI TGP MOXKHO odop-
MUTH C HUCIOJIL30BaHUEM ollepaTopa IIMKJa C IIapaMeTpoM:

cymma umdpp := 0

HO g 1ot 1 mo S

| mocnenHasa umuppa := mod(n, 10)

| cymma umdp := cymma umpp + nocyuemHad umdppa
| n := div(n, 10)

KII

rge div — (QYHKIIUA, BO3BPAIlAIOIas pPe3yjabTaT IeJIOUNCIEHHOTO aese-
HUA ee IIePBOrO apryMeHTa Ha BTODOM .

B apyrux sispIkax IporpaMMUPOBAHUSA IJIA OIIPEeIeHUA OCTATKA OOBIYHO UCIIOJIb3YEeTCA
He (DYHKIIUA, a cIelrajbHasa onepamnusd. B s3pike [lackanb 3HaK 9ToM onepanuu — div,
B si3bIKe Belicuk — o0paTHasa Kocas uepTa («\»).
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OnHaKO IO YCJOBUIO 3aJjaui KOJUUECTBO PaspsAg0B B 3aJaHHOM UNC-
Jie n Hem3BeCTHO, a 3HAUUT, HEM3BECTHO U TpedyeMoe KOJIUUECTBO IIOBTO-
peuwnii. IlosToMy omepaTop IMKJa C ITapaMeTpPoOM 3[eCh HCII0Jb30BaTh
Heab3sd. IlompoOyeM HNPUMEHUTH OMEepaTop IIUKJA C IIPeayCJIOBUEM:

HI oka ?

| mocnenmnasa uuppa := mod(n, 10)
|

KII

Yro6bl OIpPENeInuTh YCIOBHE, 0003HAYEHHOE B JAHHOM JIMCTUHIE CHM-
BOJIOM «?», BCIOMHUM IIPMBEIEHHOE paHee IPaBujo. MbI ZOJKHBI IIpe-
KpaTUTh BBIUUCJIEHUS, Korga n = 0 (cMm. Tabaumny maa umcaa 30 625).
3HAYUT, YCIOBUE' , 3aIIICHIBAEMOE IIOCJIE CIYKEGHOTO CI0Ba [TOKA, AOJIIKHO
ObITh TakuM: n > 0 (oTpuiaTeJbHBIM n ObITH He Mo:keT!). CiemoBaTeabHO,
MOKHO O()OPMUTH HAaIll ()parMeHT IIporpaMMbI TakK:

cymma umdpp := 0

HU noka n > 0

| mocrmenuaa umuppa := mod(n, 10)

| cymma umpp := cymma umbp + nocrenHaa umbpa

| n := div(n, 10)
K

1. MosxeT Jiu TeJsio omepaTopa IUKJA C IPEJyCJIOBAEM He BBIITOJHUTHCS
HU pasy?

2. Moaker Jix TeJIo oreparopa IUKJIA ¢ IPeAyCJIOBHUEeM BbIIOJHATHCA Oec-
KOHEUYHO (MJIX IO TOr0O MOMEHTA, KOra IM0Jb30BaTe/ib BPYUHYIO IIpe-
PBET BBHITMIOJIHEHNE IIPOrpaMMbl OZHOBPEMEHHBIM HaKaTUeM KJIaBUIII
Ctrl + Break)?

OmepaTop IUKJA C MIPEIYCJIOBHEM TaKyKe MOKET OBITh MCIIOJIb30BaH
B IporpamMme AJs noJsydeHusi maysbl. (CocTaBbTe COOTBETCTBYIOIIHUI Ba-
PUaHT CaMOCTOSITEJIbHO.)

O6paTuM BHUMAaHME HA OOHY OCOOEHHOCTEL PabOThI ollepaTopa IUKJa C
npenyciaoBuem. Kak ciaenyer ms puc. 3.2, yCJIOBHE IPOBEPAETCA TOJBKO
neped 6vinoJHeHUeM Teja IUKJIa, HO He IPOBEPAETCA B IIPOIECCE €r0 BbI-
nosiHeHusA. Heyuer 9Toro 06CTOATEIHCTBA MOYKET IIPUBECTH K OIIUOKAM.

ITOo oueHb HATJISAHO IIPOJAEMOHCTPUPOBAHO B yueOHUKe [1] Ha mpumepe
sdamauu ¢ ucnosuurenaemMm «Po6or». IIycts PoboT, HaxomAmuiica Ha KJIeT-
YyaToM II0Jie ¥ YMEIOIUI TepeMeIaTbca Ha OAHY KJETKY BJIeBO, BIPABO,

KoneuHo, B JaHHOM CJIyYae 9TO YCJIOBUE MOYKHO OBLIO OIPENeIUTh U He UCIIONb3YA yKa-
3danHOe npaBuao. OZHAKO YaCTO UCKOMOE YCJIOBHE JaJleKO He TaK OUYEeBUHO, U 9TO IIPABU-
JIO CITOCOOHO 0OKAas3aTh BaM CYIIECTBEHHYIO YCIYTY.



16

Pasngen 3

<

<—

oo >
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Puc. 3.3

BBepPX MJIM BHU3, Haxoautca B KieTke A (puc. 3.3). Torma, corsacHo cxe-
Me Ha puc. 3.2, IPU BBLIIOJHEHMU (PparMeHTa IPOrpaMMbI:

HILl [IOKa CHM3Y CBOOOOHO

| BHUS3

| BHUS3

K
pesyJbTaT ee pabOTHI OyAEeT CJIEeTYIOIITUM.

1. Ucxoxpuoe mososkenue — PoboT HaxonuTcsa B KieTke A. IIposepsaercs
yCJIOBUE: CHM3Y CBOOOOHO (OHO MCTUHHO) U BBIMIOJIHAETCS TeJIO oliepa-
topa. Torga PoGoT, BasKabl CMECTUBIIINCH BHI3, OKAYKETCA B KIeTKe B.

2. OmaTs IpoBepseTcs YCJI0BUE CHM3Y CBOOOIHO; OHO TaKsKe MCTUHHO,
TaK YTO HauHeTCs BBINIOJHeHUe Teja oneparopa. IIpu sTtom Pobor cHa-
yajla CMEeCTUTCA B KJeTKY I', HO 3aTeM BTopad KomauHzaa (omepaTop)
BHM3 BBINOJHUTHCSA HE CMOXKET — IIOSIBUTCS COOOIIeHre 00 OImnoKe.

Koneuno, Po6oT — 5TO «yCJIOBHBIII» HCIOMHUTENb. OTHAKO HETPYIHO
IPUBECTH U IPUMEpP «PeaJbHOM» 3aJauM Ha S3bIKe IPOrpaMMKPOBAHIA.
IIycTes Ham TpebyeTcs BEIBECTH HA 9KPaH YHCJIa B CIAeAVIOIeM IIOPIIKe:

21 20

19 18
17 16
11
Kasamoch ObI, moCcTaTOUHO 3ammcaTh B IIporpamMMe:
a =21
HI noka a >= 11
| BeIBOO HC, a, " ", a -1
| a :=a - 2
K

OmHaKO B pe3yJabTaTe BBITIOJHEHUI 3TOTO (hparMeHTa Ha 9KpaH OyAeT BbI-
BeJleHO cjenyioiiee (TaKiKe COTJIaCHO cxXeme Ha puc. 3.2):

21 20
19 18
17 16

11 10
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Ho sTo He cooTBeTcTBYyeT 3amanuoMy ycaoBuio (umcio 10 HaM BBIBOAUTH
OBLIIO HEe HYKHO).

Eme 6osee Harmagubiil npuMmep npusened B [2]. B aToii crarbe mpes-
cTaBjieHa IIporpaMMa, MOAeJUPYIoIas UTPY ABYX YUaCTHUKOB, KaKIbIi
U3 KOTOPBIX OepeT HeKOTOpoe KOJUUECTBO CIIMYEK M3 OJHOH M3 ABYX
Kyuek. COOTBETCTBEHHO, B TaKOIl IporpaMMe MOJKeH ObITH ()parMeHT,
0JIOK-cXeMa KOTOPOro II0OKasaHa Ha puc. 3.4.

IIOBTOpPEeHMue

| Xon mnepeoOrc ydYacTHMKA

‘ BHBOL HOBOM I10SBMULIMK

‘ Xon BTOPOT'O ydYacCTHMKA

‘ BrIBOO HOBOM I1OBMULIUAM

KOHEll NOBTOPEHUMN IOpHU VCUepIliaHuM CIIMYEK B oberx KyudKax

Puc. 3.4

Kasamoch Obl, Bce MPaBUJIbHO: YUACTHUKY IO OUepPelu MeaaloT XOIbI,
IoKa Urpa He 3aKOHUUTCH (Korga B o0eMX KydKaxX He OymeT CIuUUeK).
OnHako mpu TakoM oOPMJIEHUU IPOTPAaMMBI €CJIU IIOCJIe X01a IIePBOTO
yUYacTHUKA Wrpa 3aKOHUHUTCS, TO OJIOK XOI BTOPOTO ydacTHMKAa BCe
paBHO OyIeT BBIMIOJHATHLCSA (M HA dKPaH OYAYT BIBOAUTHCS BOIIPOCHI, CBSI-
3aHHBIE C XOJOM BTOPOT'O UI'POKA), XOTS YCJIOBUE OKOHUAHUS PabOTHI OIe-
paTopa y:ke colJirogaercs!

AHaornuyHbIe CUTyaIl[MX MOTYT HMETh MECTO B APYIUX KOMIILIOTED-
HBIX IIPOrpaMMax, MOJEJUPYIOIIUX UTPhI ABYX U 60jiee YUAaCTHUKOB, U B
pAnme npyrux ciaydaeB. IlomHuTE 00 3TOM!

/g ITogymaiiTe, Kak U3MEHUTDH IIPUBEAEHHYIO BBIIIE OJIOK-CXeMYy UT'PHI B
CIIMYKY, YTOOBI B OIMCAHHON CUTYaIlMX OII€PATOPHI OJIOKA XOI BTOPOTO
YUaCTHMKA He BBIIIOJHAJNCH.

3.3. OnepaTtop uuksa ¢ NOCTyCJZIOBUEM

ITOT BUJ IIMKJOB TaKyKe IIPUMEHAETCS, KOrJa KOJUYECTBO ITOBTOPEHUH
3apaHee HEMB3BECTHO, HO 3[IeCh TPOBEPKA YCJIOBUA IIPOU3BOAUTCA YiKe IIOCJIe
BBIIIOJTHEHUS TeJja ITUKJA.
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OOmuii BUI 3TOrO omepaTropa:
HO
| <Tejyio omepaTopa LMKIa>
KL npu <ycJjoBue>
rge <ycJjioBmMe> — YCJOBUE, IIPU KOTOPOM OIEpaTop IIpeKpalaeT CBOIO

pabory.

Hanpumep, B 3amaue o cymMe 1u@dp (CM. BBIIIE) TaKO OIIEPaTOP MOMK-
HO O0(OPMUTH CIEAYIOIMIAM 00PA30M:

cymma umdpp := 0

HIL

| nocrnenuaa umppa := mod(n, 10)

| cymma umdpp := cymma umpp + nociepHsad umdppa
| n :=div(n, 10)

ki npu n = 0

CxeMa, MILIIOCTPUPYIOIIas paboTy omeparopa IUKJA ¢ IOCTYCJIOBUEM,
IoKasaHa Ha puc. 3.5.

Teno
—>

oneparopa uukna

Ycnosune

Ja

CnepytoLmii onepatop nporpaMmmbl

Puc. 3.5

IIpumeuanue. B a3bike mporpammupoBauus QuickBasic Tak:xe umeer-
cA omepaTop IHUKJIAa C IIOCTYCJIOBUEM, BBINIOJHAEMBIN, IIOKa HCTUHHOE
yCcJIOBHE He CTaHeT JIOKHBIM — DO ... LOOP WHILE <ycjoBue>.

g 1. MoskeT Jiu TeJio omepaTopa IIKJa ¢ IIOCTYCJIOBUEM BBITIOJIHATHCA Oec-
KOHeUHO (MJIX 0 TOTO MOMEHTA, KOr/ja II0Jbh30BaTe/lb BPYUYHYIO IIpe-

PBET BBITIOJIHEHNE TPOTPAMMbI OHOBPEMEHHBIM HaKaTHUeM KJIaBUII
Ctrl + Break)?

2. MoskerT Jiu TesIo ollepaTopa IUKJAa C IIPeyCJA0BHUEeM He BBIIIOJIHUTHCS
HU pasy?
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OmepaTop IMUKJIA C TOCTYCJIOBUEM, B YACTHOCTH, MOYKHO MCIIOJIb30BATh
I IPOBEPKU ITPABUJILHOCTU BBOAMMBIX B IIporpaMMmy 3HaueHwmit. Iletict-
BUSA IIPU 3TOM 00A3aTEJTbHO BBIMOJHAIOTCA XOTA OBl OAWH Pa3 M B caydyae
BBOJ]a OIITMOOYHOTO 3HAUEHWA MOBTOPAIOTCA. Hampumep, cienyiomnuii Ba-
puaHT o0eclieynBaeT MPOBEPKY IIPABUJIBHOCTY BBEEHHOTO 3HAYEHUA KO-
addumeHTa a B mporpaMMe HaXOMKJIEHUsS KOPHEW KBaJpaTHOTO ypaBHE-
HUA BUAa ax  +bx+c=0 (a #0):

HIL

BHIBOJ HC, "3BamaiTe 3HaueHMre KO3bdnuMeHTa a B ypaBHeHum"
BBOI a

ecit a = 0

| o

| BeEBOX HC, "KO30dMLMEHT a He HOJKeH OHTh paBeH HyJmo!"
BCe

ki npu a <> 0

1. Hanumure pparMesT IporpaMmMbl, B KOTOPOH II0JIb30BATEIb B OTBET
Ha Bompoc: «Yer (2) uau Heuet (1)?» moJKeH BBECTH OIHO U3 ABYX
3HaueHUil — «1» mau «2». B cayuae ke BBoja APYroro ymcja Ha dK-
PaH DOJIXKHO BBIBOAUTHCS COO0IeHMe 00 OITNOKe, IIOC/Ie Yero 9TH Aei-
CTBUSA JOJXKHBI IIOBTOPSITHCS IO BBOAA IPABUIBHOTO 3HAUCHMS.

2. Hamnuimure pparMesT mporpaMmMbl, B KOTOPOI II0JIb30BATENb JOJIMKEH
BBECTH YCTAHOBJIEHHBIN IIapoJib. B cilyuae BBOJA HEIIPABUJILHOIO IIa-
poJid Ha 9KPaH JOJIKHO BBIBOAUTHLCS CO00IeHre 00 omubKe, Iocie
4ero AefCTBUS JOJIMKHBI IIOBTOPATLCS 10 BBOLA IIPABUJILHOIO IIAPOJI.

flcHo, uTO paccmarpuBaeMas PasHOBUIHOCTH OIlepaTopa ITUKJA TOXKe
MOKeT OBITH IPUMeHeHa B IpoTrpaMMe AJIdA MOJyYeHUs ay3bl B ee paboTe.
31ech JKe 3aMeTHM, UTO B OOJIBIIIMHCTBE COBPEMEHHBIX SIBBIKOB IIPOTPaM-
MUPOBaHUSA OlepaTop IIWKJA C IIOCTYCJIOBHMEM HCIIOJL3yeTCH [IJIfd IIPU-
OCTaHOBKM IPOTPAaMMBbI 10 HaKaTuUs 0001 KaaBuiu. Hampumep, B A35I-
ke Ilackanb 9TO IenaeTcda Tak:

Repeat
Until Keypressed;

rae Keypressed — (QYHKIIUSA, KOTOPAs BO3BpAaIllaeT 3HAUEHIE JJOTUUECKOTO
THUIA, YKasbIBawllee, OblIa JU HaKaTa Kakas-aubo KJaaBuilia. B s3bIKe
Beiicuk (BapuanT Quick Basic) Ta ke mporpamma OyneT BBITJISAETH CJe-
OVIOIIIM 00pasom:

DO

LOOP UNTIL INKEYS <> " "

rae INKEYS — (pyHKIIUsS, BO3BpAIIA0Ias CUMBOJI, CYUUTAHHBIN C KJIaBUa-
Typbl. Ecim HUKAKOW CHUMBOJ He OBLI CUMTaH (Ha)KaTwud KJIABUII He
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OBL1I0), TO BO3Bpalaerca «Iycroil» cumsoia (). 3aMeTuM, 4To PYyHKIIUA
INKEYS He mybiaupyeT BBOJ C KJaBHATYPhl BBIBOLOM CHMBOJIA Ha 9KPaH
(T. e. HaKaTBHINI CUMBOJI HA YKPaH HE BBIBOJUTCH).

YacTo B mporpamMMe HeOOXOAMMO 3aMEHUTDL OJHY PA3HOBUIHOCTDH OIIe-
paropa nuKJa Ha Apyryo. Tak Kak, 3HAs yCJIOBUE IPOJOIMKEeHUS PabOThI
orepaTropa IUKJAa ¢ IIPeayCI0BUEeM, MOMKHO ONPEeJeUTh YCJI0BUE OKOHYA-
HUsS paboThI ollepaTopa IMKJA C IIOCTYCJIOBUEeM, U HA000poT (Kaskaoe U3
STUX YCJIOBUH MPOTHUBOIIOJJOMKHO APYTOMY), TO OJHY M3 dTUX PASHOBUIHO-
cTell omeparopa BCerjga MOXKHO 3aMEHUTh HA IAPYIYIO.

Bojee c0XHBIM SIBJISIETCS BOIIPOC O BO3MOXKHOCTU 3aMeHBI OIlepaTopa
IMUKJa ¢ mapamMerpoM. Ecau mpoaHaln3upoBaTh cxeMy Ha puc. 3.1, To He-
TPYAHO YBUAETH, UTO IJIs HEro:

1) u3BeCTHO 3HAUEHME BEJUUYMHEL & JO Hauyaja BBLIIOJHEHUS TeJia ollepa-
TOpA;

2) ycyioBUE OKOHUYaHUS PabOTHI olepaTopa: a > [KOHEeUHOe 3HaueHme].

ITO O3HAYAET, UTO OIEepPaTOp IIMKJA C IIapaMeTPOM BCerja MOXKHO 3ame-
HUTH Ha OIepaTop IIMKJIA C IIOCTYCJIOBUEM (a ciieqoBaTeibHO, — U Ha olepa-
TOp IMKJA ¢ mpexycaoBueM). Hanmpumep, mpuBeneHHBIN paHee (hparMeHT:

HU gia 1 or 10 mo 20

| BEIBOO HC, 1
KL
MOXKHO O0()OPMHUTH B BHJE OIllepaTopa I[MKJia C IIOCTYCJOBUEM:
i :=10
HI
| BHIBOO HC, 1
| 1 := 1+ 1

xu opu i > 20
WJIN C IIpefyCJOBUEM:

i :=10

HI noka i <= 20

| BEIBOO HC, 1
[ 1 :=1+1

g

A maoGopor? Bcerma i MOMKHO 3aMEHUTh IIUKJ C IIPEA- WJIKU C IIOCT-
yCJIOBHEM Ha IUKJ ¢ mapamerpom? BemoMHuM 3amauy o cymMme mudp He-
KOTOPOI'0 HATypaJIbHOI'O Uucja:

cymma_ 1mdp:=0

HO

| nocnenuaa umppa := mod(n, 10)

| cymma umpp := cymma umdp + nocremHaa umdpa
| n :=div(n, 10)

xy opu n = 0
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MoskeM Ji MBI OTIPEeIUTh HaualbHOE ¥ KOHEUHOe 3HAUEHUS BEJIUYHU-
HBI N ¥ IIar ee U3MEHEHWsS W TeM CaMBLIM IPUMEHUTh OIlepaTop ITHKJa
¢ mapamerpom? B manmom cayuae — Her! Ho mHOTZA 5TO BO3MOXKHO
(cM., HaTTpUMep, IPUBEJEHHbBIE BHIIe OMePATOPHI IUKJA C ITOCTYCJIOBUEM
U C IIPeayCcJaOBUEM).

CroenmaeM BBIBOJ[: BO3MOXKHOCTh «B3aMMO3aMEHSEMOCTH» ITUKJIOB Pas-
HOTO TUIIA MOYKHO IIPOUJIIIOCTPUPOBAThL CXEMOIl, TOKa3aHHOU Ha puc. 3.6.
IIpu sTomM wmHOrma O peajus3aniuyd IIOBTOPAIOIIUXCS AEWCTBUU MOIKET
OBITh MCIOJIb30BaHa Jil00as M3 TPeX Pas3HOBUIHOCTEN ollepaTopa IUKJa,
a B HEKOTOPBIX CJyUYasgX BO3MOJKHO HCIIOJb30BAHUE TOJBHKO OIEPATOPOB
IMUKJA C IIPEIyCJOBUEM U C IIOCTYCJIOBHUEM.

OnepaTop uukna
C napameTpom

Onepatop upka > Oniepartop uvkna
C npegycnosveMm  [d—— C MOCTYC/I0BMEM

Puc. 3.6

A BoOT errfe onHa 3a7aya, CBA3aHHAS C 3aMEHOU OJHOI PasHOBUAHOCTU
omeparopa IMKJa Ha Apyryio: /Jan maccus uenvix uucenr. Tpebyemcsa
onpedenumv, umeemcs aAu 6 maccuge uucao 13.

Mo:xHO, CKasKeM, MMOACUYUTATh KOJUYECTBO UKMCeJ B MAcCHUBe, PaBHBIX
13, 1 110 9TOMY 3HAQUEHHNIO IIOJIYUYUTH OTBET Ha BOIIPOC B YCJIOBUU 3aJaYM:

k :=0

HU 04 1 or 1 go n

| ecimt m[1i] = 13

vHaue
BeIBOO HC, "Umcma 13 B maccuee HeT"
ce

ecnau
|
| BbIBO,JZL HC, "Umcio 13 B maccuee ecTh"
|
|
B

Ommako Taxkoii crmocod HepalMoHaJIeH — B HeM IIPOUCXOAUT IPOBEpKa
8cex dJIEeMEHTOB MacCCHBA, B TO BpeMs KaK uyucyio 13 MoKeT oKasaThCs 3a-
MHUCAHHBIM YsKe, HallpUMep, BO BTOPOM ero ajeMeHTe. Torga keaaTeabHO
MIPEeKPaTUTh IIPOBEPKY CPasy, KaK TOJBbKO BCTPETUTCS 9TO umcyo. Ho 1mo-
CKOJIbKY KOJMYECTBO IIPOBEPOK [0 STOTO MOMEHTa 3apaHee HEU3BECTHO,
TO IPUMEHHUM OIepaTop IIUKJA C IIPeayCJIOBHEM.
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yCJIOBI/Ie, 3allxucCblBaeMoe B HEM, OIIpenejiiM, MCIIOJIB3ydA TO caMoe IIpa-
BUJIO, KOPTOpPOE OBLJIO OMMCAHO IIpu paCcCMOTpeHUM OaHHOI'O oIlepaTopa.
By,ueM paccyxagaThb TaK: IIPOBEPKY 3HAUEeHUI 9JIEMEHTOB MacCHBa Hanoo
IIPEKPaTuTh, KaK TOJIBKO BCTPETUTCA UYHMCJIO 13 niu Korga MacCCusB 6y;1e'1‘
HCUepIiaH; COOTBETCTBEHHO, 3TO YyCJOBHE MOJMXHO 3allncaTh B BHUOE:

ecTpl3 mim 1 > n

rge ecThb13 — mepeMeHHasa JOTUYECKOTO THUIla, IPUHUMAIOINAAd UCTUHHOE
3HAYEHWE, eCJI UYncjao 13 BCTPETUTCA B MAaCCUBE, a 1 — WHAEKC OYePeTHO-
T0 IIPOBEPAEMOTO djieMeHTa MaccuBa. Torga, corsiacHO mpaBMy, YCJIOBUE
B omIepaTope IMKJA C IPEJYCIOBUEM AOJIKHO OBITH ITPOTUBOIOJIOMKHBIM:

He ecThl3 m i <=n

a Bech ()parMeHT IIPOTPAMMEI JJI PelleHns JaHHOH 3a7a4uu opopMIAeTC
CIeqyIomuM 06pasoM":

i :=1; ecrnll3 := HeT

HL IOKa He ecTel3 m 1 <=n

| ecomm m[i] = 13

I | o

| | ecTslld := ma

| | mHaue |llepexoIMM K PAaCCMOTPEHMIO CJIenyllero 3JIeMeHTa
[ ] 1 :=1i+1

| BCe

KII

ecyim ecTbl3

| o

| BeEBOZ HC, "Umcyio 13 B MaccusBe ecTb"
| mHaue

| BEIBOO HC, "Umcma 13 B maccuee HeT"
BCE

g Yobenurech, YTO IPUMEHUTEJILHO K MaccuBy [21 6 13 7 77 12 0 120
12 15] pabora omepaTopa IPEKPATUTCA MOCJE IIPOBEPKU TPETHETO
3JIeMeHTa MaccuBa, a IJd MaccuBa [21 6 15 7 77 12 0 120 12 15],
B KOTOpoM umcjo 13 OoTCyTCTBYeT, pe3yabTaT PadOThI IIPOTPaMMBI
TaKKe OyIeT IIPaBUJIBHBIM: €€ BBIIIOJHEHNEe 3aBePIIUTCS II0CJe IPOo-
BEPKU BCEX 3JEMEHTOB MacCUBa.

B sakiioueHre paccCMOTPHUM eIlle OJHY OUeHb IIOKA3aTeJIbHYIO 3akaduy.
IIycTh TpebyeTcs cocTaBUTh MPOTPaMMYy [Jis BbIBoja Ha sKpaH umcen 0.1,

0.2, ..., 1.0. Ha aswmike DBeiicuk Takasa mporpaMma KMMeeT BU:
FOR i = 0.1 TO 1 STEP 0.1
PRINT i
NEXT i

O6paTI/ITe BHUMaHUEe Ha yCJIOBUE, UCIIOJIb3yEMO€E B OIlepaTope €CJil.
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WM C HCIOJb30BAHMEM OIlepaTopa IHUKJA C IPeIyCIOBUEM:
i=0.1
WHILE i <=1
PRINT i
i=1i+0.1
WEND

OnHaKo B pesdyJbTaTe BBIMOJHEHUA JI000H M3 3TUX IIPOrpaMM MBI II0-
JIyUYUM IOocJjiefoBaTeJbHOCTh umcesa: 0.1 0.2 0.3 0.4 0.5 0.6 0.7
0.8000001 0.9000001, T. e. TpeOyeMas eqUHIIIA BbIBeAeHA He OymeT!

Mo:xkeT ObITH, OHA OyJeT BbIBeleHa B pe3yJjbTaTe pPabdoThI IIPOTPAMMBbI
Ha a3bike Ilackanb? Tak Kak B 3TOM s3bIKe IapaMeTp IIUKJA He MOKeT
OBITh BEIleCTBEHHBIM UYIMCJIOM, MCIIOJIb3yeM AJIA pellleHus Halleil sagauu
ommepaTop IIUKJA C ycJOoBHEM (XOTA CYThb OT JTOT'0 He MEHSeTCH):

Var i: real;

BEGIN
i :=0.1;
While i <= 1 Do Begin
Write(i:4:1);
i: =1+ 0.1
End
END.

3mech pe3yJIbTAT IOJYUUTCS CJIETYIOIIMIA:
0.1 0.20.30.40.50.60.70.820.9

Kax Bumgum, smech HYKHOI HaM eIUHHUIILI TOXKe HeT!

IIpuuwmHOii MoOJMyYaeMbIX HENPABUJBHBIX PE3YJIbTATOB ABJIAETCSI TOT
daxT, 4TO B mIaMATH KOMIbIOTEPA BeIllleCTBEHHbIe urcya (a UMEeHHO TaKoi
THUI WMeeT B IporpaMMax BeJWdYHWHa 1), He BCerja IIpeacTaBJIeHbl TOYHO.
Tak, mcmoab3yeMoe B 00enx mporpamMMmax gecatuuHoe umcyao 0.1 mpu me-
peBojie B IBOMYHYIO CHCTEMY CUMCJIECHUS WMeeT BUJ IePUOIUUECKON Ipo-
01, a MOCKOJBbKY KOJUUECTBO PaspAmoB (OUTOB) B IaMATH OTPAHUYEHO, TO
yucJio 0.1 Gyzer npencraBieHo B Hell npubiamkeHHo. [losTomy cymma He-
crkonbkux uncea 0.1 B mamMaTH KoMIbloTepa OyneT HEe3HAUUTEJIbHO IIpe-
BermaTthk 0.9, u mocjie ouepenuoro ciaoxkeHus ¢ 0.1 mpeBwicut 1. ATy 0CO-
0eHHOCTb PabOTHI C BEI[eCTBEHHBLIMU UHCJIAMH CJIeAyeT YUUTHLIBATH IPU
CO3MAaHUM IIPOrPAMM.

HanummuTe nporpaMmy AJis PellleHus: paccMaTpUBaeMol 3ajauu, B KO-
,@ TOpOIi OyIeT BbIBeeHO ncKoMoe uuciio 1 (odopmMuTe omepaTop IUKJIA,
B YCJIOBUM KOTOPOTO HCIOJIb3YIOTCS IIepeMeHHbIe IeJI0T0 THIIA) .

Bouwimioe unciio HO,E[OGHLIX 3a4a4 Ha UCIIOJIb30BaHME OIIEPATOPOB IMUKJIA IIPDUBEIEHO B [3]



4. TunoBblie 3apa4ym Ha 00paboOTKy
nocnenoBaTesbHOCTU Yucen

B sTom pasmese paccMOTpeHBI METOABI PEIIeHUsA BOCBMU THUIIOBBLIX 3aaad,
KOTOpBIE Uallle BCEI'0 BCTPEUAIOTCA IIPU 00paboTKe IIOCJIeZOBATEIHLHOCTEN
yncea (HaXOMKIAeHWE WX CyMMBbI, MAaKCUMAaJbHOTO 3HaUeHUs m ap.). ia
Kak 0l 3aaum IpuBeleH (pparMeHT IPOTpaMMbl ee PelleHns Ha ITKOJIb-
HOM QJITOPUTMHUYECKOM sA3BIKe. IIpm 5TOM WHCIOJIB30BAHBI CJIELYIOIIHE
OCHOBHBIE BEJIMUMHBI: N — 00IIlee KOJIMYIECTBO UKCEJ B IIOCJIEOBATEILHOCTH
(oHO MO:KeT OBIThH 3apaHee 3aJaHO B IIPOrPaMMe MU BBOOUTCS B XOJIe €€ BhI-
TIOJIHEHUs); a — ouepegHOe 00pabaThbIBaeMOe UNCJIO IIOCJIE0BATETIHHOCTH.
CMBICJI OCTAJIBHBLIX BEJIMUUH MOYKHO JIETKO OIIpEeNEeJINTh II0 NX MMEHaM.

Taxk Kaxk KoaudyecTBO oOpabaThIBaeMBbIX YHCEJ n M3BECTHO 3apaHee,
B IIporpaMMaxX HCIIOJb30BAH ONEpaTop IIMKJa C IIapaMeTpOM.

4.1. CymmupoBaHuMe BCEX YMcen nocrsiefaoBaTesibHOCTHU
cymma := 0
HU ona i or 1 mo n
| |BBOO OouepenHOT'O UMcCIia a
|
| cymma := cymma + a
ﬂ
| BBIBOI pe3yJibTaTa MJIM €TI0 MCIOJIb30BaHMe B pacueTax

ITpumep. VI3BecTeH Bec KayKAOTO IIpPeAMeTa, 3arPysKaeMoTo B aBTOMO-
6uab. OmpenmeauTte oOIUiI Bec rpyaa.

Pewenue

BHIBOJ HC, "YKaxXmuTe KOJMUECTBO HpeaMeToB"

BBOI N

cymma := 0

HU ona 1 or 1 mo n

| BEIBOO HC, "BBemure Bec", i, "-ro npeamera"
| BRBOO a

| cymma := cymma + a

K1,

BHIBOI HC, "OOmmi BeC BCexX NpeIMeToOB pakBeH", cyMMma
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IIpumeuanue. B aswikax nporpammupoBanus Beiicuk, [lackans, Cu u
pAfe OIPYTUX WHUNUAJU3UPYIOMUI omepaTop cymMa := (0 He ABJISAETCHA
00s3aTeIbHBIM (TaK KaK BCe WCIIOJb3yeMble B IIPOTpaMMe IiepeMeHHbIe
U3HAUYAJIbHO OOHYJIAIOTCA aBTOMaTHMuecKu). Bmecre ¢ TeM, HadaJIbHOE
MpUCBaWBaHUe BeJWUWHE CyMMa HYJIEBOTO 3HAUEHUS SBJIAETCS <«IIPABU-

JIOM XOPOIIIero TOHAa» (& B HEKOTODPBIX 3aJadax dTO ABJISIETCS 00A3aTesb-
HBIM [EeMCTBUEM).

4.2. CymmupoBaHMe YMcen nocnenoBarenbHOCTHU,
YAOBJIETBOPSIOLWMX HEKOTOPOMY YCJIOBUIO

cymma := 0
HU ong 1 oor 1 mon
| |BBOO OouepemHOT'O uMCJa a

ecnu <ycJoBue>
| TO

|
|
|
| | cymma := cymma + a
| Bce

KII

| BeiBOI pesyisibTaTa MM €ro MCIIOJIb30OBaHME B pacdueTax

IIpumeuanue. 31ech yCJI0BUE B YCIOBHOM olepaTope (KOMaHIEe €CJin)
MOXKET OIPeNesAThCSA 3HAUEHWEM UWCJa a WIA €ro MOPAAKOBBIM HOMEe-
pom 1i.

4.3. NMNoacuyeT KoONMYECTBa YMCen NocnefoBaTesibHOCTMU,
YAOBNETBOPSIOLWMNX HEKOTOPOMY YCJIOBUIO

koJmuecTBO := 0
HI 0iag 1 or 1 mo n
| |BBOO OouepenHOT'O uUMcClla a

|
| ecau <yciyoBue>
| | o
| | KOJIMUECTBO := KOJIMUecTBO + 1
| BCe
K1
| BbIBOI pe3yJibTaTa MJIM €TI0 MUCIOJIb30BaHMe B pacueTax

IIpumeuanue. B gamHOM ciiyyae ycJOBUe B YCJIOBHOM OIlepaTope
(koMaHze ecJiin) ompeessercsa 3HaueHueM uucja a. Eciiu 9To ycioBue 3a-
BHUCHUT OT TTOPAJKOBOTO HOMEPA 1, TO 3aZlaya MOKET OBITH pelieHa 6e3 mc-
MOJIb30BaHUS OllepaTopa IIMKJOB (CaMOCTOATEIbHO yOequTech B DTOM).
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4.4. OnpepgeneHue cpeaHero apupmMeTu4eckKkoro Ymcen
nocnefoBaTesibHOCTU, YAOBJIETBOPSIOLLUX HEKOTOPOMY YCJIOBUIO

cymma := 0

koJmuecTBO := 0

HU ona i or 1 mo n

| |BBOO oduepenHOTO YMCIIa a

|

| ecau <ycryoBue>

| | o

| | cymma := cymma + a
|

|

|  KoOJIMUECTBO := KOJMUeCcTBO + 1
BCE

Ko
|llogcueT M BHBOJI pe3yJjbTaTa
cpenHee apudMeTHHUeckKoe := cyMMa / KOJIMYECTBO

BelBON HC, "CpernHee apupMeTrueckoe: ", cpenHee apudpMeTmdecKoe

O0paTtuM BHHMAaHNWE HA TO, YTO MHOTOKPATHO ONpeNessaTh 3HAUeHIe
cpenHee apubMeTudeckoe B Tejle YCIOBHOIO ollepaTopa HeT HeoOXomu-
MOCTH. ITO MOKHO CIeJjIaTh OAWH Pas II0CJie OKOHYAHUA ollepaTopa IMUK-
aa. OTHAKO MOKET OKa3aThCs, UTO YMCEJI, YIOBJIETBOPAIOININX 3aJaHHOMY
YCJIOBHUIO, B IIOCJIEIOBATEJILHOCTHA HE OKAXKEeTCsS BOBCE, M TOTAA IPOU30ii-
IeT nejeHue Ha HYJIb, UTO HemoIrycTuMo. IlosTomy 0Oojiee mpaBUILHBLIM
Oymer cienyomiuii hparMeHT:

|TloncyeT M BHIBOO pe3yJibTaTa
ecym koJimuecTBO > 0

| To

| cpenHee apubmMeTmyeckoe := CyMMa / KOJIMYECTBO

| BeEBOX HC, "CpemHee apmdMmeTmdeckoe: ", cpernHee apupMeTrUeCKoe
| mHaue

| BEBOO HC, "UMces, YyIOBJIETBOPALMX yCJIOBMIO, HeT"

ce

4.5. OnpeageneHve NOpSAKOBOro Homepa
HEeKOTOpPOro 3HayeHus B 3alaHHOW NocyefoBaTeNIbHOCTHU

3lIech 3HaueHMe — BJTO UHCJO, HOMEDP KOTOPOTO (HOMEep 3HauYeHUS)
HYKHO HaAWTHU.

HU oia i or 1 mo n

| |BBOO oduepenHOT'O UMCIIa a

|

| ecu a = 3HaueHUe

| | o

| | HomMep 3HauveHma := i
| Bce
K
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| BelBOIT pe3yJibTaTa

ecyqu HOoMep 3HadeHus <> 0

| To

| BEBOO HC, "HoMep 3TOro 3HaueHuA: ", HOMEP 3HAUCHUA
| mHaue

| BEBOO HC, "Takoro umcia HetT"

BCe

BosHuKkaeT Bompoc: Kakoii 13 MOPALKOBBIX HOMEPOB OyaeT HaiifeH Io
MIPUBEJEHHOMY aJITOPUTMY, €CJU B IIOCJIENOBATEIHLHOCTH OKAYKeTCS He-
CKOJIBKO UMCeJ C MCKOMBIM 3HaYeHUeM?

IIpumeuanne. HecKobKO M3MEHUB TaHHBIN (hparMeHT, MOYKHO OIIpeje-
JATh, UMeeTCA JIM B 3aJaHHOM TOCJIeIOBaTeIbHOCTH HEKOTOPOE YMCJIO.

4.6. OnpeageneHne MakCMMaJibHOro 3Ha4YeHUs
B NOCNef0BaTesIbHOCTU Yucen

AJIropuTM pellleHus STOM 3aJauy aHAJOTHUUYEeH AeMCTBUSAM UeI0BeKa, KO-
TOPBLIN OmpeaesseT MaKCHMAaJIbHOE 3HAUeHHe B HEKOTOPOM IIoCJIeoBa-
TeJIbHOCTHU, Hanmpumep 4, 2, 9, 6, 3, 16, 10, 2, 7. CHauasa oH 3aIlOMHUHAET
ImepBoe YHCJI0. 3aTeM pPacCMaTPUBAET BTOPOE UMCJIO: €CJU OHO OOJIbIlle
TOT'0 YMCJA, KOTOPOE OH 3alOMHILI, TO YEJOBEK 3allOMHHAET yiKe HOBOe
MaKCHMaJIbHOE UHCJI0 U MEePEeXONUT K CJIAeAVIOIeMY; B HPOTHUBHOM CJIY-
yae — IMPOCTO IEPEeXOAUT K CaeAyoIneMy (TPeTbeMy) YKCJIY U OeJIaeT TO
JKe camMoe, IIOKa MacCHUB He OyJeT IIPOCMOTPEH BeCh.

Tak u B HaIllell IporpaMMe: CHAUYAJIa CJIeAYeT BBECTH U MPUHATEL IIEPBOE
YHCJIO B KAUECTBe MAKCHMAJILHOIO (€ro MMs B IIPOrpaMMe — MaKCHMAaJIbHOE),
3aTeM BBECTM OCTaJbHBIE umcia (a) U KasKIoe M3 HUX CPaBHUBATL CO 3HA-
YeHMEeM MaKCHMMaJIbHOE: €CJU a > MaKCHMaJlbHOe, TO B KauecTBe HOBOI'O
3HAUEHUS MaKCHUMaJibHOe IPUHUMAETCA 3HAueHHe UHucja a:

|BBOI IepBOTO uMCIa a

MakCHUMaJIbHOE := a
HI OJI9 1 oT 2 mo n
| |BBROO OCTaJILHEIX UMCEJI IIOCJIeIOBATEJILHOCTHU a

|

| ecau a > MakcuMalibHOe
|| o
|
|

| MakcuMmalJbHOE = a
Bce
KII
| BEIBO pesyJsibTaTa MM €TI0 MCIOJIb30BaHMe B pacueTax

HpnMeanne. AHBanornuHbpIM CHOCOGOM, IIpP HE3HAUYMNTEJBbHOM H3MeE-

HEHUU IIPUBEOEHHOI'O (I)par'MeHTa, HINEeTCA MUHMMAJIbHOE YHMCJIO B IIOCJIE-
A0BaTeJIbHOCTH.
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Eciu muHMManbHOEe 3HAUeHIEe B 00pabaThIBaeMOIl IIOCIeqOBATEILHOCTH
3apaHee M3BECTHO, TO COOTBETCTBYIONIWII (pparMeHT IIPOrpaMMBbI MOXKHO
o()OPMUTH KOpOUe:

MaKCUMaJIbHOE = MMHMMaJIbHOE

HI o0ig 1 or 1 mo n

T|@,ﬂ otTepen?oro dyrcJia II0CJIeoOoBaTeJIbHOCTUM a

|

| ecJsiM a > MakcuMaJiIbHoOe
I lTo
|

|

| MakcuMaJsibHOE := a
BCE
K4
roe MMHMMAJIbHOE — MHUHUMAJIbHOE UYMCJIO IIOCJIeTOBATEJIBHOCTMH.

Hanpuwmep, ecsiii n3BecTHO, UTO B 00pabdaThIBAEMOU MOCJIEIOBATEIBHO-
CTHU HeT OTpuIlaTeJbHBIX 3Ha‘{eHI/Iﬁ, TO MOHO 3alIvCaThb:
MakcuMasibHoe := 0
HU onia i or 1 mo n
|Beom Oo4UepeHOI'O UMcCljla IIOoCJIeJOBaTEeJIbHOCTUM a

TO
MaKCrMaJIbHOE = a
ce

KL
| BelBOIT pe3yijibTaTa MM ero MCIIOJIB3OBaHME B pacueTax

ecJiy a > MaKCuMaJIbHOe
|
|

4.7. OnpepgeneHve NOpSAKOBOro HOMepa MakCMMaJibHOro
3Ha4YeHMs B NocsiefaoBaTesibHOCTU Yucen

31ech aJropuUTM PeIleHUs 3aJaull aHaJOIMUYeH IIPUBEIEeHHOMY BBIIIE, HO
KpOMe OUepeaHOr0 «IIpeTeHJeHTa Ha 3BaHMe» MaKCUMAJIbHOTO YKCIa CJe-
IyeT 3allOMUHATL TaKiKe U ero IIOPSAAKOBBIA HOMEp.

CoOTBeTCTBEHHO, B IIpOorpaMMe CHAYaja HAJO BBECTHU I€PBOE YKCJIO U
MIPUHATL €r0 B KAaueCTBe MAKCHUMAaJbHOTO (MakCHMMaJbHOE), a MCKOMBIN
IIOPANKOBBIN HOMeD (HoMep MaKCUMaJlbHOT'O) IPUHATH PaBHBIM 1. 3aTeM
BBOJSITCSI OCTAJIbHBIE UMCJIA a M KaJA0e U3 HUX CPABHUBAETCS CO 3HAUEHU-
€M MaKCrMaJIbHOeE. ECJII/I a > MaKCMMaJIbHOe, TO B Ka4ueCTBe HOBOTO 3Ha-
YeHMUsI MaKCUMaJibHOe IMPUHUMAETCA 3HAUeHNe UNCa a, 4 B KauecTBe HO-
BOTO 3HAYEHHS HOMEP MaKCMMaJIbHOT'O — HOMEpP 3TOr0 4ymcjiaa i.

|BBom IIEepPBOI'O 4UMCJIa IIOCJIeIOBATEJIbHOCTUM a

MaKCHUMaJIbHOE := a

HOMEP MaKCHMMaJlbHOTO := 1

HU And 1 or 2 mo n

| |BBOI OCTaJIBLHEIX UMCEJI [IOCJIEOOBATEJIbLHOCTHU a
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ecJyi a > MakKCHuMaJlIbHOe

|

| | TO

| | ™MakcumasbHOE := a

| | HOMEp MaKCHMMaJbHOTO := 1
| BCE

| BelBOIT re3syijibTaTa MijiMm e€ro MCIIOJIB30OBaHMEe B pacueTax

Ecan munmManbHOe 3HaueHMe B oOpadaThIBaeMOM IIOCJIeL0BATEIbHO-
CTU 3apaHee M3BECTHO, TO, KaK M B IIPEIBIAYINEH 3amadye, COOTBETCTBYIO-
muii parMeHT MOKeT ObIThb O()OPMJIEH KOopoue:

MakcuUMaJIbHOE := MUHMMAJIbLHOE
HI 0Jg 1 oT 1 mo n
|BBOO OouepelnHOTO uMciia IMOCJeOOBATEeJIbHOCTU a

|

| ...
| ecau a > MakcuMalibHOe
| |To
|

|

|

| MakcuMmasbHOEe := a
| HOMEp MaKCMUMalbHOTO := i
BCE
KL
e MMHMMAaJIbHOE — 3TO0 MUHHMAJbHOE UYHCJIO B IOCJIEeLOBATEJIbHOCTH.

4.8. OnpepeneHne MakKCMMaJibHOro0 3HaA4Y€HUA Ynucen
nocnefoBaTesibHOCTU, YAOBNIETBOPSIOLLUX HEKOTOPOMY YCJIOBUIO

IIpu sTOM BO3MOMKHBI [Ba CJIiydas:

1) TOYHO M3BECTHO, UTO UMCJA, YAOBJIETBOPSAIOIINE 3aJaHHOMY YCIOBUIO,
B oOpabaThIBaeMOM IOCJIeq0BaTeIbLHOCTH UMEIOTCS;

2) uuces, yIOBJIETBOPAMOIINX 3aJaHHOMY YCJIOBHUIO, B 0OpabaTbiBaeMoOIi
TIOCJIeIOBATEIbHOCTA MOYKET U He ObITh.

B mepBoM ciayuae 3amaua perraeTcs CJAEAYIOINIEM 00pasoM:

MakcuMmaJibHOe := X
HU 0ia 1 or 1 go n
|BBOII OUEpenHOTO UMcCJla IMOCJIENOBATEJILHOCTHU a

ecyim <yCcJIOBUEe>

| TO |BCTpPeTMUJIOCh UMCJIO, YIOOBJIETBOpPLIEe 3alaHHOMY YCJIOBMIO
| |cpaBHMBAaEM e€T0 C BEJIMYUYMHOM MaKCHMaJILHOE

ecJiM a > MakCcuMaJibHOe

| TO

| MakcumasabHOE := a
BCE

BCE

ce

KL

rae X — YHnCJIO0, O KOTOPOM 3apaHee M3BECTHO, UTO OHO He IIPEeBhINIaeT MUHU-
MaJIbBHOE M3 MCXOOHBIX YMCeJI, OJId KOTOPBIX Haa0 OIIPenejJnuTb MaKCUMyM.
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Pasnen 4

Ecau :xXe Takoe 3maueHue 3apanee HeI/I3BeC’I‘H010, TO 3aga4ya HECKOJIBKO
yCIOKHsAeTCsI. B mpuBemenHOM (hparMeHTe MCIIONIb3yeTCs BeJIMUMHA JIOTIYe-
CKOI'0O TUIla BHepBbIeH, omnpeneIdroIinasa, BIIepBbl€ JI1 BCTPETUJIOCH B IIOCJIE-
A0BaTeJIbHOCTH 4YMCJIO, YAOBJIETBOPAIOIIEE 3aJaHHOMY YCJIOBHUIO. OcrajabHbIe
0CO0EHHOCTU PabOThI IPOTPAMMEI OIIMCAHBI B € KOMMEHTAPUIX.
BIIEPBEIE := Ia
HU s 1 or 1 go n
|BBOI OUuepeZHOTO 4YMcJia IOCJIeNOBaTEeJIbHOCTHU a

ecnu <ycJoBue>
| To |BCTpeTMsIOChE WMCIIO, YIOBJIETBOPAKIEE 3alaHHOMY YCJIOBMIO

eCJl BIIEPBEIE |ECJIM OHO BCTPETUJIOCH BIIEPBEE,
T o
| MaxcumajbHOE:= a |IpMHMMaeM eI'0 B KauecTBe
| 3HAUEHUA MaKCHMAJIBEHOE
BIIEPBEIE := HET | Cnenmynomye TakMe 4yucila yxe OynoyT
| BCcTpeuaTbCsa He BIIEPBHE
rHaue |ECoiM OHO BCTPETMJIOCH HEe BIIEPBHE,

| cCpaBHMBaEM UMCJIO C BEJIMUMHOM MaKCHMAaJIbLHOE
ecJM a > MakCuMaJibHOe

|
|
|
|
|
|
|
| | MaxkcuMasibHOE := a
|
B

|
|
|
|
|
|
|
|
|
|
|
|
|
B

| TO
BCE
ce
BCE

KL

Ecam ke momyckaeTcs, UTO dYHCEJ, YIOBJIETBOPAKIINX 3aJaHHOMY
yCJIOBHIO, B oOpabaThbIBaeMO#l IIOCJIEIOBATEILHOCTY MOXKET He OBITh, TO
IJIS PEIleHus 3aJaui MOYKHO HCIIOJIB30BATh ITOCHEIHUN U3 IIPUBENEeHHBIX
¢dparMeHTOB IIPOrpaMMBbI:

BIEPBHE := Ta

HU 0jig 1 or 1 go n

| |BBOO OUepeXmHOI'O UMCJla [IOCJIeNOBATEJILHOCTHU a
|

E

O,D,'HaKO BBIBOJ OTBE€Ta IIPX 3TOM OOJIMKEH OBITH YTOYHEH:

€CJIM BIIEpBEIC = Oa
| o
| BEIBOX HC, "UmceJsi, YyIOOBJIETBOPAKLIMX yCJIOBUIO, "

| BEHBOH "B mocJjemoBaTeJyIbHOCTM HeT"

| mHaue

| BEBOHO HC, "MCKOMOE MakKCHMallbHOe 3HadeHme: ", MaKCUMaJlbHOe
BCE

10 o o
Bonpoc O TOM, BCerjzia Jii MOYXHO HAaUTU TaKOe 3Ha4YeHue, uCCjaefynuTe CaMOCTOATEJIbHO.

1 o
B nporpammax Ha sizbike Beticuk u Cu BMECTO BEJIMUNHBI JJOTUYECKOTO THUIIA CIEYET WC-
M0JIb30BaTh BEJIUUYMHY I[eJIOr0 TUIIA, HAIPUMeD, IPpUHUMAaIyo sHavenus 0 u 1.
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10.

W3BecTHO COPOTUBIEHNE KAKIOTO U3 ITECTHU 3JI€MEHTOB dJIeKTpUYe-
CKOU 1menu. Bce saeMeHTBI COeIMHEHBI IIocIefoBaTe/ibHo. Onpemesin-
Te 00II[ee COITPOTUBJICHNE IETIH.

W3BecTHA CTOMMOCTS KAk IOTO TOBapa 13 HEKOTOPO# rpynnsl. Haigu-
Te 0OIIyI0 CTOMMOCTEL TOBApPOB, KOTOphIe cToAT goposke 1000 py6Gieii
(KoIMUecTBO TaKUX TOBAPOB 3apaHee HEM3BECTHO).

HN3BecTHBI JaHHBIE O KOJHMUYECTBE OCANKOB, BBIMABIINX B KaKIBLINA
IeHb HEeKoToporo Mecsiia. OmpenenuTe 001iee KOIUYECTBO OCAIKOB,
BBITIABIIIUX BTOPOTO, YETBEPTOTO U T. JI. UKCJIa 9TOro MecsaIa. (Omepa-
TOP IUKJIA C TapaMeTPOM, II1aT U3MEeHEeHU s KOTOPOTO OTJINYAeTCs OT 1
miu —1, He UCIIOIB30BATH!)

W3BecTHBI OIeHKM MO MHMPOPMATUKE KaKIOro yUeHWKa KJacca.
OnpenmennTe KOJIUUYECTBO «IIATEPOK».

W3BecTeH pocT KasKAOTO yUeHUKA B Kjaacce. POCT MaJIbUYMKOB YCIOBHO
3aJlaH OTPUIATEIbHBIMU uncaaMu. OmupenennTe CpeqHUNA POCT MaJlb-
YUKOB U CPEJHUU POCT IeBOUYEK.

WzBecTHBI paccToaHusa oT MOCKBBI 10 HECKOJIBKUX I'oponoB. Hatigure
paccrosaHure oT MOCKBEBI [0 caMOI'0o OJIM3KOTO OT Hee ropoza (13 mpes-
CTaBJIEHHBIX B CINCKE).

W3BecTHBI faHHBIE O TEMIIEPATYPE BO3yXa B TeueHUe Mecsaita. Ompe-
JleJINTe MaKCUMaJIbHYIO TEMIIEPATYPY B 3TOM MecHIle.

H3BecTHBI HJaHHBIE O KOJMUYECTBE OCALKOB, BBINMABIINX B KaiIbII
IeHb Mecana. Kakoro umcJa BBIIIAJI0 00JbIlle Bcero ocankos? Ecuan
TaKUX JHeH HeCKOJbKO, TO JOJIKHA OLITH HalJeHa JaTa IIOCJeIHero
U3 HUX.

Hana mocaemoBaTebHOCTD 13 10 1menbix uncesn. Oupemenure, nMeeT-
cs U B Heli umcyio 13.

Hama mocaenoBaTenbHOCTb U3 20 1esbix ynces. OnpenesnnTe MaKCU-
MaJIbHOE UeTHOe UHMCJIO B 9TOI mocaenoBarenbuoctu. (IIpu pemrenuu
HAaJ0 yYeCThb, YTO YETHBIX YMCEJ B IIOCJIELOBATEIbHOCTH MOMKET He
OBITh.)




9. PekyppeHTHblIe COOTHOLUEHUS

1 B maTemaTuke, 1 B UH(POPMATHUKE YACTO BCTPEUAIOTCS IIOCJIEIOBATEIIh-
HOCTH UHCEeJI, B KOTOPBIX KaKIbIA ITOCJEAYIONINI YJIEH BBIPAKAETCS ue-
pe3 npeabiayiiue. Hanpumep, TaKUMHU IIOCJIEOBATEILHOCTIMY SABJISIOTCS
npozpeccuu — apudmMeTnyecKasa U reoMmerpuyecKkad. B mepBoil u3 HUX, KakK
M3BECTHO, KaKAbIN ITOCJEIYIOIINH UJIeH paBeH IIPeAbIaYIIeMY, YBeJIUUYeHHO-
My Ha pasHOCTb IIpOrpeccuu: a, =a, , +d, a BO BTOPOH — IIpeAbIAyIIeMy,
YMHO'KeHHOMY Ha 3HaMeHAaTeJb IIPOTPECCHM: a, =a, , X k.

Dopmyabl, BEIpAYKAIOIIE OUEPETHON UJIEH TTOCIEI0BATETHHOCTY Yepes
OIVH WU HECKOJBbKO IPEeAbIAYINNX UJIEeHOB, HABHIBAIOT «PEKYPPEeHMHLMU
COOMHOWEHUAMU > .

Kak BpIUYMCAUTDH n-i YiIeH MOCIeL0BATeIbHOCTH, 3aJaHHON PEeKYPPEHT-
HBIM cooTHomrenmeMm? VHorza JJisi ero pacuera ecThb Ipocrad (opmyJa,
Hampumep, AJd apudmeTndeckoil mnporpeccum — a, =a, +d(n -1).
Yare, ogHaAKO, TaKoOll TPOCTOH (opMyJbl HET HJAM OHA HEW3BEeCcTHA.
B sToM ciyuae 4sieHBI IIOCJIELOBATEILHOCTH BHIUKUCIAIOT IO PEKYPPEHTHO-
MY COOTHOIIEHHUIO OAUWH 3a APyruM oT i =1 mo i =n.

BosmosxHO gBa cmocofa TaKMX BBIUMCJIEHUNI: C KMCIOJb30BAHUEM MAac-
CHBOB nUJau 0e3 HUX.

IIepBbIii cITOCO0 TPOUJIIOCTPUPYEM Ha IIpUMepe MOCJIeT0BaTEeJIbHOCTH:
2, 3, 5, 9, 17, ..., 3amzaBaeMOll PEKYPPEHTHBIM COOTHOIIEHUEM
a, =2xa,, -1, roe a, =2.

CocTaBuM mporpaMmy [Jis pacueTra n-ro 4ieHa TaKOW IOCJIef0BaTeJb-
HOCcTH. TaK Kak HOMep MCKOMOTO ee UJjieHa 3apaHee HEM3BeCTeH, TO MACCUB,
B KOTOPOM OyAyT XPaHUTHCSA BBLIUKCISEMble 3HAUYEHUS, CJIEAYeT OIINCATh,
TaK CKasaTh, «C 3aIacoM» ~, Hampumep, Ha 100 smeMeHTOB (T. e. IPUHUMA-
em, uto n < 100). [lanee GyaeM BBIUUCIATDL YJIEHBI ITOCJIEIOBATEIHLHOCTU II0
3aJaHHOMY PEKYPPEHTHOMY COOTHOIIIEHUIO OAWH 3a ApyruM oT i =1 mo
i =n, 3amoMuHaA 3HaUeHUE 1-TO UJeHa B 3JIeMeHTe a [i]maccuBa a:
uen k | KOHCTaHTa — pasMep MaccuBa
k := 100
anr Pacuerl
Hau gesa Tad al[l:k], wen i, n

2 o
B sasbike mporpaMmMupoBanua BelicuK HomycKaeTcs OMKUCHIBATH MACCUB yiKe IIOCje 3a1a-
HUA KOJIMYECTBA ero 9JIeMEeHTOB, TaK UTO OIMCAaHHAS 3/IeCh «XUTPOCTh» B IpOTpaMMe Ha
Beilicuke BaM He IIOHAJO0UTCS.
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BEIBOJI HC, "3amalTe HOMEP MCKOMOI'O WJIeHa IOocJjiefoBaTesibHOCTU

|

| BBOO N

| a[l] := 2 |TIepBEI UJIEH ITOCJIENOBATEJIBHOCTHU

| HO gng i oT 2 mo n

| | al[i] =2 * a[i - 1] — 1 |OuepenHble UJIEHEl [IOCJIENOBATEJILHOCTH
| xu

| BEIBOO HC, "VICKOMBEIA 4JIeH MNOCJI€HOBATEJBHOCTM paBeH ", a[n]
KOH

HenocraTkoMm 3mech sIBIAETCA TO, UTO, XOTS HAC MHTEPECYET JIUIIb N-i
YJIeH II0CJIeI0BATEeIbHOCTU, B IIPOIIECCe BBIMTOJHEHUA IIPOrPaMMbl KOMIIBIO-
Tep BBIUUCJIAET W XPAHUT B IaMSATH BCe UJIEHBI IIOCJENOBATEIbLHOCTHA OT
1-ro 1o n-ro. Kpome TOro, B IMaMATH BBIAEISETCS MECTO JJs OOJIBIIIOTO
KOJIMYeCTBa HEe WCIIOJIb3yeMBbIX 3JIeMEHTOB MaccuBa (OIIMCAHHOTO, KaK
YKasbIBaJIOCh, C 3amacoM).

IlepeuncieHHBIX HETOCTATKOB JIUIIIEH BTOPOM METOJ BBIUWCJIEHUN —
0e3 HMCIIOJIb30BAHUA MacCUBOB. [[eficTBUTENBHO, €CJAMW IJis BBIUMCJIEHIS
CJEeIYIOIIEero YieHa I0CJIeOBATeILHOCTH HY}KHO 3HATHh TOJHKO 3HAUEHUE
IpeabIAYINeTo, TO MOYKHO He 3alIOMUHATH BCE UJIEHBI TOCJIEIOBATEIHHOCTHA
B MaccuBe, a UMeTh OJJHY MePEeMeHHYI0 a U IPU YBeJIUYeHUN HoMepa 1 u3-
MEHSTH ee 3HaueHue (IJ1d pacCMOTPEHHOTO mpuMepa — a := 2 * a — 1).
Opyrumu cjioBaMu, PeKYPPEHTHOE COOTHOIIEHUE a, =2X a, ; —1 MOKHO
3aMEHUTh COOTHOIIIEHUEM: a = 2xa - 1, KOTOpOe 3alUChIBAETCS

HOBOE crapoe

B BUJe ollepaTopa IpucBaWMBaHusg a := 2 * a - 1:

ajnr PacueT?
Ha4d ueg a, i, n
BEHIBOJ HC, "3amaliTe HOMEP MCKOMOT'O 4YJleHa IIOCJICHOBATEeJIbHOCTNI'"

|

| BBOO N

| a :=2

| Ho gng i oT 2 mo n

[ | a:=2*a-1

| K1

| BuBOO HC, "VICKOMEIM YJI€H IIOCJIEOOBATEJIbHOCTM paBeH ", a
KOH

B paccmoTpeHHBIX mpuMepax (IIPOrpeccuu U ApP.) OUepeaHOU UjeH II0-
CJIEIOBATEJILHOCTH BBIPAMKAETCS TOJBKO Uepes OAWH IIPEeAbIAYIIUN dje-
meHT. HO 4acToO KOJIMUYECTBO 9JI€MEHTOB, OT KOTOPBIX 3aBHCUT OUEPeqHOMN
YJIeH II0CJIeOBATEILHOCTH, OOJIBIIE OAHOr0. PaccMoTpuM, HAIIPUMED, II0-
caemoBaTesJbHOCTD umeces: 1, 1, 2, 3, 5, 8, 13, ... KoHeuwno, BBl yiKe ycTa-
HOBIJIN 3aKOH, II0 KOTOPOMY OHA CTPOUTCS, — KaKIbIA CJAeAYIOIIUHA UIeH
IIOCJIEIOBATEJILHOCTY, HAUNHAS C TPEThEero, PaBeH CyMMe ABYX HPenbIay-
mux. 3HaeTe Bbl, HABEPHOE, X TO, UTO TAKYIO IIOCJIEJOBATEILHOCTh HA3BI-
BaOT yucaamu Pubornavuu. I{isa Hee peKYPPEHTHOE COOTHOIIIEHWE MMEET
BUj: a, =a,, +a,,,a, =1, a, =1



34

Pasgen 5

OueBUIHO, UTO €CJU JJIA pacuera n-ro 4jeHa mocjenoBaTeabHoCTH Pu-
0oHaUYYM He WMCII0JH30BATh MAacCCHBBI, TO B IIPOIECCE BBLIUMCJIEHUI HAIO
XPAHUTL 3HAUEHUS ABYX MPEAIIEeCTBYIOIIUX 3JIEeMEHTOB.

PaspaboTaem cooTBeTcTBYyIOINyI0 mporpammy. Mcmoab3yeM B Heli cle-
IYIOIe OCHOBHBIE BEJIUYUHBI: N — HOMEP MCKOMOTO UJieHa II0CJIeI0BAa-
TeJILHOCTH; OUyep — OUYepPeJHON pacCUMTHIBAEMBIH 3JIeMEHT II0CJIe0Ba-
TeJILHOCTH; Ipes — 3JEeMEeHT, IPeAIIeCTBYIOIINI 0UuepeHOMY 2JIEMEeHTY;
npeanpen — BJIEMEHT, HPEeAIeCTBYIOIUHA dJIEMEHTY Mpes.

Cuavasa mmeeM: npern = 1; mpexnpen = 1. 3aTeM paccUuUThIBaeM
ouepemHOI (TpeTuii) sJAeMeHT II0 (popMyJie: cjerm = npen + Ipennpem,
IIoCjie Yero roTOBUMCS K PacueTy CJeAYIOINero sJeMeHTa:

npennpen = npem

npen = ciuen

U oIpefeJsidgeM ero: ouep = npen + npenmnpen, U T. O.
flcHo, uTO MyIA ompeseseHUs n-TO UJeHA IOCJIef0BaTEJILHOCTH HE00XO0-
IuMO TpoBecTH (n — 2) MOBTOPEHUI OMUCAHHBIX TEUCTBUM:

anr IocyienoBaTelbHOCTL dubOoOHaAUUM
Hay 1eJl n, odyep, Npen, npenmnpen, i
BEIBOI HC, "3amanTe HOMEpP MCKOMOT'O uJleHa MOCJIeNoBaTeJIbHOCTU"

|

| BBOO N

| mpen :=1

| nmpennpen :=1

| Hu gna i or 1 mon - 2

| | ouep := mpen + mpenmnpen
| | npenmmpen := npexn

| | open := ouep

| x1

| BEIBOO HC, "VICKOMBIA 4UJIEH MOCJI€HOBATEJEHOCTM paBeH ", ouep
KOH

B zakiaroueHnre paccMOTPUM HHTEPECHBINA IPUMEP MCIOJL30BAHUA pe-
KYppeHTHBIX cooTHOIeHuit [1]. Ilycts, HampuMep, TpedyeTcss BLIYNCIUTH
0011lee COMMPOTHUBJIEHNE TUPJAAHALI U3 N IIapaJlieJbHO COeIUHEHHBIX JIaM-
moueKk (Kaskmas COIMPOTUBJICHMEM R2), eCly KaKIbli COeTUHUTEIbHBIN
MPOBOJ uMMeeT comporuBieHme R1 (puc. 5.1).

R7 R17 R7

R2
R7

Puc. 5.1
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Tupnsaupa ¢ ogHOM JTAMIIOUKOM BBITJIAAUT, KaK IIOKAa3aHo HA puc. 5.2,
a ee COIPOTUBJIEHUE (9JE€MEHTHI COeIWHEHBI IIOCJIENOBATEIBHO) DPAaBHO:
a, = 2R1 +R2

R7
A0 1

B [ 52

go— 1+—

Puc. 5.2

Tupnsugy ¢ aBymsa jgamooukamMu (puc. 5.3) MOMKHO TaKyKe IIpeacTa-
BUTB IO-aApyromy (puc. 5.4), rae I'l — TupJasgHIa ¢ OSHOI JaMIIOYKOM.

R7 R17 ey c
Ao— T+—o—1 Ao— 13
R2 I:I R2 R2 7
R1 R 5o 2
Bo—{T+—o—_ } — )
Puc. 5.3 Puc. 5.4

Torma obIlee COIIPOTUBJIEHNE CXEMbl Ha pPHC. 5.4 MOKHO OIIPEIeUTh
ciaenyiomum obpasom. Ha yuacTke CD mapaJsiieIbHO COEJUHEHBI COIIPO-
TUBJIEHUA R2 U a,, Tle &, — CONPOTUBJIEHNE I'UPJIAHIBL C OAHOH JIaMIIOY-
KOii, T. e. o0Illee COMPOTHUBJIEeHNE ydyacTKa CD paBHO:

1 _a, "R2

a .
P11 & +R2

R2 a

1

Tak Kak yuacTku AC, CD u DB coeJMHEHBI II0CIe0BaTeJIbHO, TO obIee
COIPOTUBJIEHIE CXEMbI C ABYMSA JAMIIOYKAMU PABHO:

a, ‘R2

a, =RL+Rl+a, =2R1l + .
a, +R2
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Pasgen 5
R7 C
A
R2 a/-l
R7
B o | } O
D
Puc. 5.5

Paccyxpmasa aHamornuyHo, cxeMy C i JaMIOYKaMM MOKHO paccMaTpH-
BaTh B BUJe, IIOKA3aHHOM Ha pucC. 5.5, Ile a, , — COIPOTUBJIEHUE T'UP-
asgupsl ¢ (1 — 1) JamMmoukaMmu, a o0Ijee COIIPOTUBJIEHNE CXeMbI Ha PUC. 5.5
omnpeneyiuTh IO (opmyJie:

a, =2R1+ B (R2 .
a,,; +R2

Takum 00pas3oM, MbI MOJYUYUJIN PEKYPPEHTHOE COOTHOIIIEHUE AJIA pac-
yeTa COMPOTHUBJIEHUS MCXOMHOIN cxeMbl. IIporpamMmy AJs OmpeaesieHus
00IIIero COIMPOTUBJIEHUS CXEMBbI IIPU JIIOO0OM KOJMUECTBE JaMIIOUeK II0[-
TOTOBBTE CAMOCTOSTEJIbHO.

51

B mpuBegeHHOI IporpaMMe pacueTa 11-Iro 4JeHa I0oCIeJ0BaTeIbHOCTH!
duboHauum mocaeIHNE BEIUNCIEHHbIe 3HAUEHUS BeJIUUNH Mpennpen u
rnpen He UCIOJIb3YIOTCA, UTO He COBCEM pallMOHAJIbHO. MI3aMeHUTE IIpo-
rpaMMy TaK, YTOOBI 5TH 3HAUEHUS NCI0JIb30BAINCE IS OIIPeaeIeHIs
MCKOMOM BeJINUNHBI.

2. HauaB TpeHUDPOBKH, JbI}KHUK B IIePBbII AeHb npobe:xkan 10 kM. Karxk-
IbIH CJeNyIOIUil MeHb OH yBenmuumBais mpober Ha 10% ot mpobera
npenwigyinero gus. OupenenanTe, KaKol CyMMAapHBIM MIyTh OH Ipode-
JKaJI 3a IepBble 7 JHell TPeHUPOBOK.

3. B Hexoropom roxay (HasoBeM ero YCJIOBHO «MEPBBIM») HA yYacCTKe B
100 rekTapoB cpenHsA YPOIKAMHOCTD AuMeHs coctaBuiaa 20 meHTHe-
poB c rekTapa. ITocsie aTOro KasKablil Tof MJIOMIALb YIACTKA YBEJIUUN-
Basach Ha 5%, a cpenuaa yposkaniHocTs — Ha 2% . OupenenuTe, Ka-
KOil yposxaii OyaeT coOpaH 3a mepBbIe IIIeCThb JIET.

4. ITocyef0BaTEIBHOCTD YUCEI &,,a,, a,, ... 00Pa3yeTcsa IO 3aKOHY:
a, =1l;a, =a,, +1/k,rmek =1, 2,... JlaHo HaTypaabHOE YHUCJIO N
(n = 2). Buumciure a,.
5. IlocienoBaTeJbHOCTE YHCENI V,, V,, V,, ... 00pasyeTcsa II0 3aKOHY:
i+1 .
v, =v, =0 v, =15, v, =—v, -V, v, , THe 1=4,5,...

i?+1
Jano HarypanbHOoe uucjgon (n > 4). Beruucaure v .
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6.

CocTaBbTe IIpOorpaMMy BBIUMCJIEHUA CYMMBI:

1 2 3 n
X X X X

T+ T+
1! 2! 3!

nt’
roe k! =1-2-3... k (pakropuas uuciaa k). (Ilpu pacuerax omeparuio
BO3BEJIEHUs B CTEIEeHDb U (DYHKIIUIO IJIA pacueTa (pakTopuasa dyucia k
He UCII0JIb30BaTh.)
Haiigure 10-it uieH mocjie10BaTeIbHOCTH, HAUNMHAIOIEIHC s ¢ uncyaa 2.5,
B KOTOPOM KaKIbIi CJIeIYIOIUI UJIeH PaBeH CyMMe 00pPaTHBIX BEJIMYNH
BCeX MPEIBIAYIINX.
IIpu moso:KUTEILHOM 3HAUEHUH a PEeKYPPEHTHOEe COOTHOIIIeHNe:!

1+

MOKHO HCIIOIb30BATH AJIA BHIYMCIEHUS va, TaK KaK dIeMEHTHI IIO-
CJIeIOBATEJIHLHOCTH, IIOCTPOEHHON Ha TaKOM COOTHOIIEHUU, IIPU yBe-
JUYEHUHN 1 0UeHb OBICTPO IPUOIMIKAIOTCA K Ja. Bor, mannpumep, Kak
BBITVIAZUT HAYAJIO STOH IIOCJIEL0BATEILHOCTH IIPU a = 2:

=1;

= 1.5;
1.4166666667;
1.4142156863;
1.4142135624;
=1.4142155624;

N
Il

w

i

5

XX X X XX
Il

6

ces

CocraBbTe IIporpaMMy AJIA OIpPeleseHUS Ja Ipu 3aJaHHOM a | 3a-
IaHHOU morpertHocTu e. (PacueTs! 1OYKHBI BBITTOJTHATHCA, ITIOKA pac-
CUUTHIBAEMOE 3HAUEHVE He UBMEHUTCA Ha BeJINUNHY, MEHBIITYIO €, —
CM. IIPUBEJIEHHBIE BBIIIE 3HAYEHUA UJEHOB IIOCJIEOBATEIHHOCTH.
IIpunars x, =1.)




6. TunoBbie 3apaum oo6paboTkmn
OAHOMEPHbIX YACJIOBbIX MAaCCUBOB

B sTom pasgeisie paccMOTpeHBI METOABI PEIlleHUsA IBAAIATHA THUIIOBBLIX 3a-
Iad, KOTOphIe BCTPEUAIOTCS IPU 00paboTKe OMHOMEDPHBIX UMCJIOBBIX MAac-
CUBOB (HOI/ICR CYMMBI UX 3JIEMEHTOB, MAKCHMAJIBHOI'O 3HAYEHUA U ,Z[p.).
Hma xasxmoii 3agaum npuBefeH (parMeHT IIPOrpaMMbl HA ITKOJIBHOM aJi-
TOPUTMUYECKOM A3bIKe. IIpu 5TOM MCIOJIB30BAHEI CJIEAYIOIINE OCHOBHEIE
BEJIMUUHBI: & — UMsdA MacCuBa; n — 00Iee KOJIUYECTBO DJIEMEHTOB Mac-
cuBa (YCJIOBHO MPUHATO, UTO HyMePAIluA 3JIeMEHTOB MacCUBa HAUMHAETCS
C 1). CMBICJI OCTAJIBLHBIX BEJUUYUH MOYKHO JIETKO OIIpeneJInThb I10 UMX MMe-
HaM.

6.1. HaxoxaeHue CyMMbl BCEeX 3JIEMEHTOB MacCuBa

cymma := 013

HU ona i or 1 mo n

| cymma := cymma + ali]
ﬂ

| BeIBOO pes3yJibTaTa MM eT0 MCIOJIb30BaHMeE B pacdeTax

IIpumep. B maccuBe 3amucan Bec KasK/JOT0O U3 N IPEIMETOB, 3arpysKae-
MBIX B aBTOMOOWJbL. OIpenmesnTe OOIMUI Bec Ipysa.

Pewenue:

cymma := 0

HU onig 1 oor 1 mon

| cymma := cymma + ali]

KII

BEHIBOL HC, "OOwmii BeC BCEX NPeIMeTOB pabBeH ", cyMMma

3 o
Kak yxe ormeuasioch B paszee 4, B A3bIKax nporpaMmmupoBanusa Beilicuk, ITackanb, Cu
U psifie IPYTruX HAYaJIbHOE IPUCBAUBAHNE TIePEeMEeHHOM HYJIeBOr0 3HAUEHUS He SIBJIAETCS
00s3aTeIbHBIM.
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6.2. HaxoxaeHue CyMMbl 3JIEMEHTOB MacCUMBa C 3a,aHHbIMM
cBoCcTBaMm (yAOBNETBOPSIOLLNX HEKOTOPOMY YCJIOBUIO)

cymma := 0

HU gna i or 1 mo n

| ecau <ycrnoBue>

I | o

| | cymma := cymma + ali]

| BCce

E

| BLIBOI pes3yJibTaTa MM eT0 MCIOJIb30BaHMe B pacueTax

IIpumeuanue. 31ech ycJOBUE B YCJIOBHOM ollepaTope (KoMaHIe ecin)

MOJKET OIpelendATbCA 3HAUEHWEM 3JIEMEHTa MaccuBa a[i] MM ero wmH-
oeKcom i.

6.3. HaxoxaeHue KonuYyecTBa 3JIeMEHTOB MaccuBa
C 3ajilaHHbIMM CBOMCTBaMu

xoJyimuecTBO := 0

HU Ana 1 or 1 mo n

| ecniu <ycraoBue>

I | o

| | xommMuecTBO := KOJIMUECTBO + 1

| BCce

KII

| BEIBOI pesyJsibTaTa MJIM eT'0 MCIIOJIb30BaHMe B pacueTax

IIpumeuanue. B manHoM ciiydyae ycJIOBUE B YCJIOBHOM ollepaTope (KOMaH-
Jle eciiv) oIpejesdeTca 3HaUeHHeM djeMeHTa MaccuBa a[i]. KommuecTBo
5JIEMEHTOB, 3aBUCAIINX OT 3HAUEHUS WHIEKcCA 1, MOXKeT ObITh HalifeHo 0e3
HCIIOJIb30BAHUSA OIepaTopa IUKJa (CAaMOCTOATEIbHO yOeauTech B 3TOM).

6.4. HaxoxpeHue cpenHero apudmeTU4ecKkoro
9JIeMEeHTOB MacCuBa C 3a,aHHbLIMU CBOMUCTBaMMU

cymma := 0

koJmuecTBO := 0

HU ona i or 1 mo n
ecnu <ycJioBue>

|
| | o
| | cymma := cymma + ali]
| | KoOJIMUEeCTBO := KoJMUecTBO + 1
| BCe
K1
|[TloocueT pes3ynbTaTa
cpenHee apudMeTHHUeckKoe := cyMMma / KOJIMYUECTEBO

| BeilBOn pe3sylsibTaTa MJIM €I'O MCIIOJIb30BaHMEe B pacdeTax
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ObpaTuM BHHMaHHIE, YTO MHOTOKDATHO OIPeNeNATh 3HAUEHUE CperHee
apubMeTHMUeCcKOe B TeJie YCJIOBHOTO oleparopa (KOMaHILI eCcJji) HEeT He-
00X0AUMOCTH. ITO MOKHO CIeJIaTh OAUH pas II0cje OKOHUYaHUSA olepaTopa
nukga. OgTHAKO ecJu YUCeJ, YAOBJIETBOPSIONIUX 3aJaHHOMY YCJIOBHUIO, B
MaccuBe He OKaXKeTCs, TO BOSHUKHET CUTYyaIlus JeJIleHUsS Ha HYJb, YTO He-

momyctuMo. IlosToMy HpaBUJIBHBIM OyIeT CJAeAYIOINUI (parMeHT IIPO-
IpaMMBbI:

|[TlooncyueT M BHIBOI pe3yJibTaTa
ecym kojmuuecTBO > 0

| ToO

| cpenHee apupmMeTMUeckoe := CyMMa / KOJMYECTBO

| BmeOm HC, "CpemHee apudMeTrueckoe: ", cpemHee apnpMeTmIeCKOe
| MHaue

| BEIBOIO HC, "UmMceJsi, YHOOBJIETBOPAKIMX yCJIOBMIO, B MaccuBe HeT"
ce

6.5. U3MmeHeHMe 3HAYeHUH 3NIeMeHTOB MacCuBa
C 3ajilaHHbIMM CBOMCTBaMu

HU gna i or 1 mo n
| ecnu <ycijgoBue>
| | o

[ I alil :=
| Bce

K1,

6.6. BbiBOA Ha 3KpaH 3/1IeMEHTOB MacCcuBa
C 3apaHHbIMU CBOMCTBaMMu

BEIBOJ HC, "OJIEMEHTE MaccCuba, yIOOBJETBOPAKIME yCJOBUIO: "
HU onig 1ot 1 mon
| ecim <ycrnosue>
| | o
| | BeEIBOm ali], " "
| BCe
Ko

IATOT (pparMeHT MMeeT eJHNHCTBEHHBIN HEIOCTATOK: €CJIM B MACCHBE
HET 9JIEMEHTOB, YAOBJETBOPAMOIINX 3aJaHHOMY YCJIOBUIO, TO IiepBad
KOMaHJa BEIBOI OyaeT maauinHeii. IlosTomMy »KejaTeJbHO IIpegBapu-
TeJIbHO OIPeNeUTh KOJNUYECTBO UICeJI B MacCuBe, 00JafaloInX 3aJaH-

HBIMU cBoiicTBaMu (cM. 3amauy 6.3), a 3aTeM oPOpPMUTH (pParMeHT IIPO-
rpaMMbl B BHUE:
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ecnu koJyimuecTBO > 0
TO

|

| BEIBOI HC, "BJIEMEHTH MacCHuBa, YHOBJIETBOPAKLIME yCJIOBMIO: "
| Ho gna i or 1 ;o n

| | ecnu <yciaoBue>

| | | To

| | | BmBOm afil, " "

|| Bce

| xo

| mHaue

|

BHIBOI HC, "UmceJs, yIOBJIETBOPSAULMX YCJIOBMIO, B Maccupe HeT"
BCe

6.7. HaxoxaeHue HOMepoB (MHAEKCOB)
3JIEMEHTOB MacCcuBa C 3aijaHHbIMU CBOMCTBaAMM

BEIBOL HC, "HoMepa sjleMeHTOB MacCHuba, yHOOBJIETBOPAKIMX yCJOBMO: "
HU ona i or 1 mo n
| ecim <ycrnosue>
| | To
| | BeBOm i, " "
| BCE
KO
31ech TOXKe MOMKHO yUyecTh 3aMedyaHWe, CAeJaHHOEe NPU pPelleHuun
OpenbIAyIned 3amadu.

6.8. OnpeaeneHue nHaexkca afieMeHTa Maccumea,
paBHOIro 3aflaHHOMY 4Yucny

B npuBemeHHOM HUKe (GparMeHTe MPOrPaMMBI 3HAUEHUE — JTO YUCJIO,
HHAEKC KOTOPOTO (MCKOMENI MHIOeKkC) Tpebyercda HaiiTu:

HU gna i or 1 mo n

| ecim a[i] = 3HaueHue

| | To

| | wmcxoMEIM MHOEKC := i
| Bce

KL,

| BelBOIT pe3syjibTaTa MM e€ro MCIIOJIB30OBaHMeEe B pacueTax

IIpe:xme uem oOCy:KIAaTh 9TOT BapWMaHT JIUCTUHTA, IIpeAjaram uuTaTe-
JIIM OTBETHUTh Ha BOIPOC: UHAEKC KAaKOro djJeMeHTa OyaeT HalieH, ecJu B

MacCUBe OKAYKeTCs HEeCKOJBLKO 2JIEMEHTOB, 3HAUEHUA KOTOPHIX PaBHBI HC-
KoMoMmy?
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Herpynno Taxske 3aMeTuTh, UTO B cjydae, €CJIMU B3aJaHHOTO YHCJA
3HaueHre B MAaCcCHUBE HET, TO Pe3yJIbTAaT PAOOThHI MOKA3aHHOM BBIIIE IIPO-
rpaMMbl OyJeT HenpaBUJABHBIM. UTOOBI yUecTh 3TO, HEOOXOAWMO M3ME-
HUTH (pparMeHT CJIeAYIOIIUM o0pasoM:

UCKOMEIA mMHAEKC := 0

HU ona i or 1 mo n

| ecou a[i] = 3HaueHue

| | TOo

| | wMCKOMBEII MHOEKC := 1
| Bce

KII

| BelBOI pe3yJbTaTa

€CJIM MCKOMEIM MHIOekc > 0
| o

| BEIBOO HC, "VMHIOEKC 3TOI'O 3JIEMEHTA:

", VICKOMBII MHIEKC

| mHaue
| BmBOm HC, "Takoro umcja B Maccupe HeT"
BCE

OHAKO 1 BTOT BAPUAHT HEPAIMOHAJIEH: eCJIM NCKOMOE UMCJIO HAXO/MT-
csl, HaIIpUMep, BO BTOPOM 3JeMeHTe MAaCCHBA, TO BCE PABHO IPHAETCA
IPOCMATPUBATL BeCh MaccuB. JKeaTeabHO IPEKPATUTH IIPOBEPKY 3JIe-
MEHTOB MACCHBa, KaK TOJbKO BCTPETUTCH MCKOMOE 3HAUEHIUE; I 9TOTO
cJIelyeT MCIOJb30BATh OIEPATOP IMKJA C yCJIOBUEM :

UCKOMBI MHIOEKC := 1

HL IIOKa MCKOMBIM MHIOEKC <= N 1 a[UCKOMBEIM MHIeKC] <> 3HaudyeHue
| MCKOMEIM MHOEKC := MCKOMBEIM MHIEKC + 1

KL

Ho Bmech omaATh BO3HUWKJA yiKe BCTpeUaBINAscA HaM IpobiieMa —
B cJyuae, eCJIM UYHCJIa 3HaueHMe B MacCHUBe HeT, Pe3yJbTaT PadoThI IPO-
rpaMMBbI OyZieT HeTPaBUIbHBIM (KaKUM MMEHHO — OIIPeeIUTe CAMOCTOSI-
TEJIBHO). YUeCTh BO3MOXKHOCTH TAKOI'0 CJydYasd MOXKHO IIPKM BEIBOJE pe-
3yJIbTaTa CJEIYIOINIIM 00pasom:

| BEIBO pesyJlibTaTa

€CJIM MCKOMEIM MHIEKC <= n
| To

| BHIBOA HC, "VMHIOEKC 3TOTO 3JjieMeHTa: ", MCKOMBM MHIEKC
| mHaue

| BEBOI HC, "Takoro umcija B Maccuse HeT"

BCE

4
YcaoBue, 3anuckiBaeMoe B HEM, MOYKHO OIPEeJIUTh 10 IPABUJY, OIMUCAHHOMY B Pas-
neme 4.



Tumnossie 3agauyn 00PaGOTKN OJJHOMEPHBIX YHMCJIOBBIX MAaCCUBOB 43

HMurepecHo, uTo TeM caMbIM MbI PEIUIN U APYIYIO 3aauy — OIIpene-
JIUTH, UMEETCS JIX B MAaCCHUBE JJIEMEHT, PABHLIII HEKOTOPOMY 3HAUEHUIO.
HamomHuUM, 9TO ee MOKHO PEINUTh, TaKKe HUCIIONb3Yys CAeayouil ¢par-

MEHT:
MCKOMBI MHIOEKC := 1
eCcThb := HeT

HI| [IOKa HE& €CTb U MCKOMBI MHIEeKC <= n
| ecom a[i] = 3HaueHue

I | o

| | ecTs := ma

| | mHaue |IlepexoIMM K PACCMOTPEHMUIO CIIEAYIEIO B3JIEMeHTa
| | MCKOMBEIM MHIOEKC := MCKOMBI MHIOEKC + 1

| Bce

K

E

ecJiM eCcTb

| TO

| BEIBOO HC, "VMHIOEKC 3TOrO 3JjieMeHTa: ", MCKOMHM MHIEKC
| MHaue

| BmBOm HC, "Takoro umcja B Maccupe HeT"

ce

rge eCTb — BEJIMUYMHA JIOTUYECKOI'0 TUIIa, IPMHUMAaIIad NCTUHHOE 3Ha-
YeHue, eC/JIn 3HadYeHMre BCTPETUTCA B MaCCHUBeE.

6.9. OnpepeneHne MHAEKCa 3JIeMEeHTa, paBHOro 3aflaHHOMY
yucny, Ans MaccuBa, OTCOPTUPOBAHHOIO NO BO3PaCTaHUIO

dra 3amaya OTJAMYAETCA OT MPEABIAYINell TeM, UTO 3aJaHHBIN MacCUB
omcopmuposar. ITo 00CTOATETHCTBO MOMKHO HMCIIOJIH30BATh, YTOOBI 3HA-
YUTEJbHO YMEHBIINTL KOJUYECTBO IIPOBEPSIEMbBIX 3JIeMeHTOB. Ve perie-
HUSA 3[[eCh aHAJOTUYHA OTTaALIBAHUIO HEKOTOPOTO 3ayMAaHHOTO YUCIa U3
3aJJaHHOTO0 MHTepBaJia (Hampumep, oT 1 g0 99) ¢ momMoIIbI0 BOIIPOCOB, Ha
KOTOpBIE 3aAyMaBIIHNI YWCJIO OTBEUAeT «Aa» Wiau «HeT». CHavasa HaIo
cupocuTh: «Barre uncao 6osabie 50?». 3aTemM, B 3aBUCUMOCTU OT OTBE-
Ta, — «Bame uucao OGoabmre 25?» uau «Bame uucsao Oosabmre 75?»,
u T. A. [Ipu Takom cmocobe pelreHus (KOTOPBIN Ha3bIBAETCA Memodom
OUHAPHO20 NOUCKA) NUATa30H BO3MOJKHOTO DPACIIOJIOYKEHUA 3aTaHHOTO
YyuycJsa mocje KayKJIoTo OTBeTa yMeHbIIaeTcs B 2 pa3a, B pe3yJibTaTe uero
KOJIMUECTBO BOIIPOCOB, 3aJaBaeMbIX [JIsI OTTaAbIBAHUS UMCJA, HE IIPEBHI-
mraer [log, 100] + 1, rage kBagpaTHBIEe CKOOKY COOTBETCTBYIOT II€JION YaCTH
yncsa, 3alMCAHHOTO MEKAY HUMH .

B nporpamme [Jis pelieHus 9TOM 3a4aun, peaanusyolleii MeTo OMHapHO-
ro TOMCKAa, WMCIOJIL3YyeM CJEAYIOI[e OCHOBHBIE BEJMYUHBI: 3HAUCHUE —

5
3aBUCHUMOCTB IIPEIEJIHHOTO KOJMYECTBA BOIIPOCOB IJId OTTa[bIBAHUA YICJIA U3 JUanasoHa
oT 1 10 n moOJIyunTe CaMOCTOATEIbHO (0HO He Beerza pasHo [log, 100] + 1).
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4HCJIO, MHAEKC KOTOPOro (MCKOMENI MHIEKC) HINeTCdA; jieBas I'PaHula —
WHIEKC Havaja paccMaTpuBaeMOll IIPU IIOMCKE 4YacTd MAacCHUBa;
npasas TI'paHula — TO JKe AJIA KOHIIA PAacCMaTPUBAaeMOIl YacTH MacCHUBa;
cepenuHa — BeJWUYWHA, PaBHAs cpegHeMy apudMeTHUEeCKOMY 3Haue-
HHUH jleBasd T'paHulla U npasas TpaHulla.

Bynem paccy:xmars Tak. CHauajga mMeem:

JeBasd TIpaHuua := 1; npakasd TIpaHulla := n
Haxonum 3HaueHUe BeJMYUHBI CepenyHa :

cepemuHa := div (Jilepad TrpaHuua + npaeas T'paHula, 2)
Ianee paccmaTpuBaeM TPU BO3MOYKHBIX BapHaHTA:

1) 3uHaueHre > a[cepemuHal; B 3TOM CJydyae MCKOMOE UKCJIO HAXO-
IUTCA B IIPABO¥ IIOJIOBMHE MaccuBa (Cpefu 5JeMEHTOB C MHAEKCAaMHU OT
cepenuHa + 1 o mpaBas T'paHMLa);

2) sHaueHue < a[cepenuHal; OPU 9TOM HCKOMOE UMCJIO HAXOIUTCS
B JIEBOI IIOJIOBUHEe MaccuBa (CpeAu 5JIeMEHTOB C MHIeKCaMH OT jieBas
TpaHuiia o0 cepemuHa — 1);

3) sHaueHue = a[cepemnuHa); 9TO O3HAUAET, UTO 3aJaHHOE UKCJIO Ha-
XOOUTCA B MacCuUBe B AUeliKe ¢ MHIEKCOM cepeauHa, T. €. JaJbHeHnIue
JeliCTBUSA MOXKHO IPEKPATHUTh, IIOCKOJBKY 3aJada pelleHa (MCKOMEBIA
UHIEKC = cepenuHa).

B nByx mepBBIX BapmaHTaxX HEOOXOAMMO 3aTeM aHAJOTUYHBIE PACCYIK-
IeHud MPUMEHUTHh K HOBOHM YacTu MaccuBa, U T. O. lleficTBuA mpeKpara-
I0TCA, KOTJa jleBasd TpaHulla > npasBasd TI'PaHulla WIX KOILA HACTYIHUT
TPeTUil M3 YKa3aHHBIX BBIIIE BAPUAHTOB (UTOOBI 3aMKCUPOBATH €T0 Ha-
CTyIJIEHWEe, B IIPOrpaMMe MOJKHO VCIIOJIb30BAaTh BEJINYUHY JOTHMUECKOTO
THIIA MCKOMBIM MHIEKC HalIeH).

CoOoTBeTCTBYIONUH (hparMeHT HmporpaMMbl OGOPMUM CJIEAYIOITUM 00-
pasoMm:

Jepad_TIpaHmua := 1; mpakad_I'paHuua := N

VICKOMBI MHIEKC HaMOeH := HeT

HII
cepenmuHa := div (1eBad TIpaHmMua + npakad TpaHMla, 2)
ecyy 3HaudeHMe > alcepenmHal
| 7o

| |ickoMOe UMCJIO MOXEeT HaXOIOMThbCS
| TOTBKO B MNpPaBOM INOJIOBMHE MaCCUBa

JeBasd_TpaHulla := cepenmHa + 1
nHaue

| To
|VickoMOEe UMCJIO MOXEeT HaxOIOUTbCS

|
|
|
| ecyny 3HaueHMe < acepenmHa]
|
|
|
|

|
| | TOIBKO B JIEBOM IIOJIOBMHE MaCCHUBa
| mnpaBad TpaHuMLa := cepenmHa — 1
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[ | mHaue | BHaUueHVe = alcepenmHal]
| | MCKOMBI MHIEKC HaWOeH := na
| | MCKOMBII MHIEKC := CepenyHa
| | BCe

| BCe

KL [PV MCKOMBIA MHIEKC HalIleH = Oa WM JieBad I'paHulia > IpaBad I'PaHuia
€CJIM MCKOMEIM MHIEKC HalleH

| To

| BuBOO HC, "VHIEKC 3TOrO umMcja paeeH "

| BERIBOI MCKOMI:HZ_MH,ueKC

| mHaUe

| BuBOO HC, "Takoro umcija B Maccuee HeT"

BCEe

CaMoCTOATEeILHO OIpeAeuTe, Kak OyaeT pabdoTaTh OIMMCAHHASa IIPO-
rpaMma B cJIydyae, KOTZla B MacCUBe MMEeTCA HEeCKOJbKO DJIEMEHTOB, PaB-
HBIX 3aJaHHOMY YHCIY.

6.10. OnpepeneHne MakCMMasibHOro 3JIeMEeHTa B MaccuBe

AJITOpUTM pellleHus dTOH 3amaun aHAJOTUYEH paHee PACCMOTPEHHOMY aJl-
TOPUTMY IIOWCKA MaKCUMAaJILHOTO UHMCJA B IMOCJIEIOBATEIbHOCTHU:

MakcuMaJibHoe := a[l]

HU ona i or 2 mo n

| ecom al[i] > mMakcuMasibHOE

I | o

| | ™MmaxkcuMasibHOEe := al[i]

| Bce

KII

| BLIBOO pes3yJibTaTa MM eT0 MCIOJIb30BaHMe B pacueTax

HpnMeanue. HpI/I HEe3HAYNTEJIbHOM H3MEHEHHUMN AaHHOIO (bpaI‘MeHTa
MOKHO 00eCIeulTh MOMCK MUHUMAJLHOTO 3JIEMEHTa MaCcCHBa.

Ecnu muHmMManbHOEe YMCJIO B MaccuBe 3apaHee U3BECTHO, TO yKa3aH-
HBIII (hparMeHT IIPOTpPaMMBbI PeIleHUs 3aJaul MOXKHO O(OPMHUTH TaK:

MaKCHMaJIbHOE := MMHMMAaJIbHOE
HU gna 1 or 1 mo n

| ecnu al[i] > MakcumMmalibHOE

| | To

| | mMaxkcuMmasibHOe := al[i]

| Bce

KII
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rIe MMHMMAaJibHOEe — BJTO MHUHHMAaJbHOE YMCJI0 B MaccuBe. Hampuwmep,

€CJI N3BECTHO, YTO B MaCCHUBE BCe 9JIEMEHThI HEOTPHUIlaTEeJIbHBIE, TO MOMX-
HO 3aIlucarhb:

MakcuMasibHoe = 0
HU ona i or 1 mo n
| ecou al[i] > mMakcuMasbHOE
| | To
| | mMmakcuMmasibHOe := al[i]
| Bce
K
6.11. OnpepeneHme mHpaekca
MaKCMMaJibHOINro dJjieMeHTa B mMmaccuBe

3mech aJrOPUTM PeEIeHUs 3aJaul TaKKe aHAJOTMYEeH PACCMOTPEHHOMY

BBIIII€, HO KPpOME€ OuUepeJHOr'o «MaKCHMAaJIbHOI'O» 4YHCJIa HYXHO 3allOMM-
HaTh W €ro MHIOEKC:

MakcuMaJibHoOe := al[l]
HOMEP MaKCHMMaJlbHOTO := 1
HU nig 1 or 2 mo n

| ecnm al[i] > MakcumMmalibHOE

| | To

| | MakcumaJibHOe := a[i]

| | HOMEp MakKCUMMaJIbHOTO := 1
| BCe

KO
| BEIBOI pesyJibTaTa MM €TI0 MCIOJb30BaHME B pacueTax

WHTepecHO, UTO IPU PEIIeHWN STOM 3amaduu MOYKHO 000WTHUCH 0e3 mc-
MOJIb30BAaHUSA TEPEMEHHOU MakCuMalibHoe. B caMoM fese, ecjou HAM W3-
BECTHO (3aIIOMHEHO0) 3HaUeHNe NHAeKca MaKCUMAaJJIbHOTO 9JIeMeHTa MaCcCH-
Ba, TO MBI 3HaeM U ero 3HaueHUe (OHO PaBHO a [HOMEp MaKCHMaJjlbHOT'O]):

HOMEP MaKCHMMaJlbHOTO := 1

HU oa 1 or 2 mo n

| ecir a[i] > a[HOMEpP MaxKCUMaJbHOTO]
| | TOo

| | HOMEp MaKCHMMaJIbHOTO := 1

| Bce
K

Kpacupoe pelenue, He mpasma Jm?
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6.12. OnpepeneHme MakCMMasibHOro 3Ha4eHus
cpeau 3JIeMEeHTOB MacCUBa, YAOBNETBOPSIOLWMX
HEKOTOpPOMY YCJ/IOBUIO

B,HeCB BO3MOJMHBI OBa CJay4ad:

1) sapamee M3BECTHO, UTO YHUCJIA, YAOBJIETBOPAIOIINE 3aJaHHOMY YCJIO-
BUIO, B UCCJIeyeMOM MaCCHUBE TOUYHO UMEIOTCH;

2) uwmces, yAOBJETBOPAIOIINX 3aJaHHOMY YCJIOBUIO, B 00pabaTbIiBaeMOM
MaccuBe MOXKET U He ObITh.

B IIepBOM cCJiyuae 3agada pelrnraeTrcd CJIedyIOIINM 06pa30M:

MakcuMaJibHOe := X

HU ona i or 1 mo n

ecym <yCJIOBuUe>

| To |BCTpPeTMJIOCh YMCJIO, YIOBJIeTBOPAKNIEEe 3alaHHOMY YCJOBMIO
| |CpaBHMBaeM €ro C BEeJMUMHOW MaKCHMaJILHOE

| ecmm al[l] > MakcumMmasibHOE

| | To

| | wMmaxkcuMmasbHOe := a[i]

| Bce

ce

Ji3i

rge X — UMCJI0, O KOTOPOM 3apaHee M3BECTHO, UTO OHO He IIPEeBLIIIaeT
MUHUMAJIBHOT'O U3 YUCeJI, OJd KOTOPBLIX HALO0 OIIpelejIuTh MaKCUMaJJIbHOe
3HaueHUe.

Ecau ke Takoe 3sHaueHue 3apaHee He M3BECTHO'’, 3aJjaua HeCKOJIBKO
ycio:KkHseTcs. B npuBejeHHOM HUMXe (hparMeHTe UCII0JIb3yeTcd BeJIuunHa
JIOTUYECKOI'0 THUIIA BIIEpPBHE, OIpeAesdallas, BIepPBble JU BCTPETUJIOCH
B MacCUBe UYHCJO, YIOBJIETBOPSAIOIEE 3aJaHHOMY ycaoBuio. OcrajabHBIE
0co0eHHOCTM PAbOTHI IPOTrPaMMBbI OIMCAHBI B €6 KOMMEHTAPUAX:
BIIEPBEE := Ja
HU gna i or 1 mo n
ecau <ycjgopue>
TO |BCTpeTusica 3JIEMEHT MacCHubBa, YOOBJIETBOPSAKIMNA

| 3amaHHOMY YCJIOBUIO

|

[

[

| | ecnu BHEepBHE |ECJIM OH BCTpeueH BIIEPBLHIE,
| | | o

| | MakcumMmaJibHOe := a[l] |npuHUMMaeM ero B KaueCTBe
[ | 3HAUEHUS MaKCHUMAaJIEHOE

| | | BHepsBele := HET | Cienynmme Takue 4dmucia yxe OynyT
[ |BCTpeuaTbCsa HE BIEPBHE
| | mHaue |Ecyi He BIIEPBHE,

[

| CoaBHMBAEM UMCJIO C BEJIMUMHOM MaKCHMAaJIbHOE

Bonpoc 0 TOM, BCeTJa JI1 MOKHO HAWTU TaKoe 3HaUeHue, PICCJIe,E[yfITe CaMOCTOATEJIBHO.
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ecnm al[i] > MaxkcuUMaJibHOE

.

I | | o

| | | | wmakcuMasbHOe := al[i]
| I | Bce

| | Bece

| BCe

Ko
| BeiBOnT pesylsibTaTa MJIM €I'O MCIIOJIb30BaHMEe B pacdeTax

Ecau ke momyckaercs, UTO UMNCEJ, YIOBJIETBOPSIOIIUX B3aJaHHOMY
yCJIOBHIO, B 00pabaThbIBA€EMOM MAaCCHBE MOJKET M He ObIThb, TO IJISA pellle-
HUSA pacCcMaTpPUBaeMOIl 3aJauyl MOXKHO KCIIOJIb30BATh IIOCIAEIHUN IPUBE-
IeHHBI (pparMeHT IPOTrPAMMBIL:

BIIEpPBBEIE := Ia
HO Ong i or 1 mo n

|

K1

HO BBIBOJ| OTBETA MIPHU STOM [IOJIXKEH OBITh yYTOUHEH:
€CJIM BIIEPBEIE = Oa

| T0

BHIBOI HC, "Umcesi, yIOBJIETBOPAKIMX yCJIOBMO,
BEIBON "B MaccuBe HeT"

BHIBOL HC, "MckoMOe MakCuUMalJibHOE B3HaueHue: ", MakKCUMaJIbHOe

6.13. OnpepgeneHme mecTta 3a,aHHOroO YMcna
B yNnopsifi0MEHHOM MaccuBe

Peus umet 06 onpeneseHnn MecTa, KOTOPOe 3aJaHHOe YNCJI0 M ITOJIKHO 3a-
HUMAaTh B MacCuBe, YIIOPAAOUYEHHOM II0 Bo3pacTtaHuio (puc. 6.1), mpu co-
XpaHeHuMn ero ymnmopaao4YeHHOCTH, €CJIM M3BECTHO, YTO YHMCJIO M MeHBbIIIe
mocJIeJHEeT0 dJeMeHTa MAacCHBA.

Takas 3agaua MOKeT OBITh pellleHa HeCKOJbKUMU craocobamvu. Onuu 1us
HUX 3aKJIIOUYAeTCA B MOJCUeTe KOJMNUECTBA 9JIEMEHTOB MacCUBa, MEHbBIITUX
M (cm. pamee). Ecam 5TO KOJMUECTBO PaBHO k, TO MCKOMOE MeCTO (WH-
nexc) paseu (k + 1). HegocTaTok sToro cmocoba 3aKJa0YaeTCsa B TOM, UTO
MIPUXOIUTCS paccMaTPUBaTh BCe JIEMEHThI MacCHUBa, B TO BpeMs KaK MO-
JKeT 0Kas3aThCs, UTO UCKOMOE MeCTO HaXOJUTCS B CAMOM Hayaje MacCuBa.

2 (4|5 |12|120]| 24| 31|45| 50| 53

Puc. 6.1
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Bouee pannoHaibHO IPUMEHUTHh METOM, KOTOPBIA OOBIUHO MCIOJIb3YEeT
YyeJIOBeK, pelllasg TaKyI0 3aJauy: OH IIOCJIeloBaTeJbHO CpPaBHUBAET IIep-
BbIl, BTOPOA W T. A. 3JEMEHThI C YHCJIOM M, U €CJU pacCMaTpPUBaeMbIi
9JIEMEHT MEeHbLIIIe M, TO IePeXOAUT K CJAeAYIOIIeMYy 9JIEMEHTY, a B IIPOTUB-
HOM cJy4ae IIpeKpalllaeT IIOUCK (CumTaeTcs, YTO MCKOMOE MeCTO Halife-
HO). B mporpamme aTo odopmisercsa Tak:

UCKOMBI MHOCKC := 1;

HI TIOKa a[MCKOMBIM MHAeKC] < M

| MICKOMBI MHOEKC := MCKOMBIM MHIEKC + 1

K1

| BeIBOm oTBETAa

BEIBOI HC, "HOoMep 3JjieMeHTa, B KOTOPOM IOJDKHO HaxoIMTbCA umcjio ", M
BEHEOI "paBeH ", MCKOMEIM MHIOESKC

g 1. IIpaBuapHO Ju OygeT paboTaTh 3Ta IPOorpaMMa, eCJIU YUCJIO0 M MeHb-
IIle CaMOTo IIepPBOTO 3JIeMeHTa MaccuBa?

2. MoxHO 11 HAUNHATh IIPDOBEPKY 3JIEMEHTOB C KOHIIa maccuBa?

HeTpynuo BuseTs, 4TO B IpUBEIEHHOM (DparMeHTe, YTOOBI HAUTH HYK-
HOe MeCTO, B CpefilHEM HeoOXOAMMO n/2 NPOBEePOK YCIOBUSA a [MCKOMBIA
uHnexc] < M. 9TO KOJUUYECTBO IIPOBEPOK MOKHO CYII[ECTBEHHO COKpa-
TUTh, €CJAU [ HAXOXKJEHUs HCKOMOTO MeCcTa B MACCHBE IIPUMEHUTH
ugeo 6uxHapuoro moucka. (IIporpamMmy A pellleHUsA TaHHON 3agadu C
HUCIIOJIB30BAHUEM 3TOTO MeTOoJa paspaboraiiTe caMOCTOATETHHO.)

Ecau ke o yucyie M TOUHO M3BECTHO, UYTO OHO OOJIBIIIE TIEPBOTO BJIEMEH-
Ta MaccuBa, TO IMPOBEPKY MOKHO ITPOBOJUTEL C KOHIIA MacCHUBAa:

MCKOMBI MHIEKC := n;

HL IOKa a[MCKOMEIM MHOEKC] > M

| MCKOMEIM MHOEKC := MCKOMBEIM MHIEKC — 1
KII

OJIHAKO II0CJIe OKOHYAaHUA paboThI ollepaTopa IUKJIa HalifeHHOe 3HAUeHe
BEJIMUYMHBI MICKOMEIM MHIEKC JOJMKHO OBITH YTOUHEHO (IloueMy — oIlpe-
IeJINTe CaMOCTOSTEIbHO):

VICKOMBI MHIEKC := MCKOMBIM MHAeKC + 1
| BeIBOm oTBETA

flcHo, uTO WpM 9TOM UMCIO M HE MOJIKHO OBITH 0OJIBINIE TOCJIEeTHEro
dJIEMEHTa MacCHuBa.
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6.14. O6mMeH mecTamMm ABYX 3JIeMEHTOB MaccMuBa
C 3a,aHHbIMM HOMEepaMu

31ech, Kak 1 IIpu 00MeHe 3HAUeHUAMHU ABYX MPOCTHIX IIEPEeMEeHHBIX, Heo0-
XOAMMO KCIIOJIb30BATh BCIOMOTATEIbHYIO IIEPEMEHHYI0 UK KCII0JIb30BaTh
IIpreM, ONMCAHHBIA B COOTBETCTBYIOIIEeM pasaese. Eciau mHIEKCHI oOMe-
HUBAeMbIX 9JIEMEHTOB — ml ¥ m2, TO B IIEPBOM cCJyuae (pparMeHT IIPO-
rpaMMBbl BBITJIAAUT TaK:

BCioMoTraTesibHadg := a[ml]
a[ml] := a[m2]
a[m2] := BcnomoTraTejbHAad

a BO BTOpPOM:

a[ml] := a[ml] + a[m2]
a[m2] := a[ml] - a[m2]
a[ml] := a[ml] - a[m2]

6.15. YnpaneHue s maccuBa k-ro anemeHTa co CABUIroM
BCEX PacCnoJIOXXEHHbIX CrpaBa OT HEro 3JIeMEeHTOB
Ha OAHY NMO3ULMIO BJIEBO

OmepaTopbl, OCYIECTBIAIOINNE CABUAT HEOOXOAUMBIX JJIEMEHTOB:

alk] :=alk + 1]
alk + 1] :=alk + 2]
aln - 1] := al[n]

MOKHO O(l)OpMI/ITB C HCIIOJIb3OBaAHHMEM oOIlepaTopa IIMKJIa B BHUE:
HU onig 1 oor k gon -1

| a[i] = a[i + 1]

KL

nin

HI 0ig 1 oTr kK + 1 go n

| ali - 1] := ali]
KL,

IIpumeuanue. Ilocae mpousBeIeHHBIX N3MEHEHUI CJaeayeT He 3a0LIBATh,
YTO KOJUYECTBO DJIEMEHTOB MCXOMHOTO MacCWMBa yYMEHBIIMJIOCHL Ha 1.

Ob0paTuM TaksKe BHUMaHIe Ha IPUeM, KOTOPBI OBbIJI MPUMeHEeH BBIIIIe:
€cJIM OIIepaTop IUMKJA C ITapaMeTPOM cpa3y o(pOPMUTH CIO0XKHO, TO CJIELY-
€T BBHIIUCATDH AEHUCTBUA, ABJIAIOIIUECS TEJIOM HTOT0 OIepaTopa, IPUHATH
U3MEHAIONIYIOCA BEJMUMHY B KadecTBe IIapaMeTpa oIepaTopa IUKJA U
OIIpeleIUTh ero HAavYaJbHOe M KOHEUHOe 3HAUeHUsA. JTOT IpueM OyIeT
HaM{ HCIOJb30BAH M IIPU PEIIeHUU HECKOJbKUX CIeNYIOIIUX 3a7ad.
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6.16. BcTaBka B Maccus 3ajaHHOro umcna Ha k-e mecrto
co casurom k-ro, (k + 1)-ro, (k + 2)-ro u 1. A. anemMeHTa
Ha OAHY NO3ULMIO BripaBo

Hpem,ue BCero saMeTuM, 4TO OJId pelnIeHud aTOH 3ajauyn pasMep MacCuBa
AOJIKEeH OBITH 3aJaH IIp1 ero OnmmcaHum C yd4eTOM IOOIIOJTHUTEJIBHOI'O 3JIe-
MeEeHTa. EH.Ie ogHa 0COOEHHOCTh 3aKJIIOUAETCSA B TOM, UTO B JaHHOM CJiydae
oIrepaTopsl, peaJn3yrIllue CABUI' 3JIEMEHTOB BIIpaBO, MBI HE MOMEM 3a-
IIMcaTh KakK:

alk + 1] := alk]
alk + 2] :=alk + 1]
aln] :=aln - 1]

ITousaruo, mouemy He MoskeMm? IIpaBUIBLHBIN OTBET — CABUI HALO IIPO-
BOJIUTH, HAUMHAA C KOHUG M3MEHSIeMOl YacTu MAacCuBa:

aln] :=a[n - 1]
aln-1] := a[n - 2]
alk + 2] :=alk + 1]
alk + 1] := alk]

WJIN HCIIOJNB3yd IIPHW 3TOM OIlepaTop IHKJIa:
HU 0y 1 or n go k + 1 wmar -1

| a[i] := a[i - 1]

KO

A Temepsb, y)Ke IIOCJIe CABUra, MOMKHO B k-I0 AUelKy 3aluncaTh 3aJaH-
HOEe UMCJO:

alk] :=

6.17. Lluknumyeckoe nepemMelieHme 3JIeMEeHTOB MacCuBa BJNIEeBO

IMukanueckuM mepeMeIneHNEM 3JIEMEHTOB MAacCHBa BJIEBO HA3BIBAETCS Ta-
Kad UX IIepecTaHOBKA, KOTHA IIePBLIN 5JIeMeHT MAacCHBa 3aIlllChIBaeTCsa Ha
MECTO IIOCJeTHero, CABUHYB BTOPOIi, TPeTUIl U T. I. 3JIEMEHTHI Ha OITHY

HO3UIIMIO BJIeBO — puc. 6.2,

fAcHo, uTO cpasdy 3ammcarh B mporpamMMme: a[n] := a[l] Heabsda (Tax
KaK HCXOIHOe 3HaueHUe a[n] Oymer yrepsHo). Heab3sa cHauaJsia mposec-
TU U CABUT 3JE€MeHTOB BJeBO (a[l] := a[2] um 7. n.). Kak e ObITH?

IIpaBuabuo! Hy:kHO mpeaBapuTeNbHO 3aIIOMHUTL 3HAUEHHUE IIEePBOTO dJje-
MeHTa MacCHUBa BO BCIIOMOTaTEJbHON ITepeMeHHOI, 3aTeM ITPOBECTHU CABUT

17 o
B obmiem caryuae 3amada GopMynIHPYeTCA CAELYIOMIM 06pasoM: «s-if 9JIeMeHT MaccuBa
3amucaThb Ha MEeCTO k-ro, IPY 9TOM CABUHYB (s + 1)-ii, (s + 2)-ii, ..., k-il 91eMeHTHI Ha
OIHY IIO3UIUAIO BJIEBO (s < k)».
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51128 |0 |14 5| 13|23 4|8]| 0| 9

a) ncxoqHbIvi MaccuB

12|18 [0 (145 |13 |283(4|8|0| 9] 5

6) KOHEeYHbIVT MaccuB

Puc. 6.2

HeO6XOlII/IMI>IX J9JIEMEHTOB BJIEBO, & IIOTOM 3allOMHEHHO€ 3HaYeHHne 3allu-
caTb B IIOCJIEOHIOIO quﬁHy MaccuBa:

BcrioMoraTeJsibHadg := al[l]
HU anig ioor 1 gon -1

| ali] := af[i + 1]

KII

aln] := BcnomMorarejsbHasa

6.18. Uuknuyeckoe nepemMelleHne 3JIeMeHTOB MacCuBa BripaBo

ITUKINYeCKUM IIepeMelleHIeM dJIeMeHTOB MAaCCHBa BIPABO HABZHIBAETCA
TaKas WX II€PeCTAHOBKA, KOTAA IIOCAeTHMIl 9JeMeHT 3aluCchIBaeTca Ha
MECTO II€PBOr0, CABUHYB IEePBHIi, BTOPOA 1 T. . 5JIEMEHTEI HA ONHY IIO3H-
IIMI0 BIIpaBo — puc. 6.3,

12 3| 0|23 5 | 7 |13| 7 |7 | 45 8|2 |1

a) uCxofqHbIvi MaccuB

111213 |0 |23| 5 |7 |183| 7 | 7 |45 8| 2

6) KOHEYHbINI Maccus
Puc. 6.3

BcecmmoMHUB perieHma mpembpIayIUX 3ajad, MBI MOXKEM 3aIlUCaTh:

BCIioMoTaTeJsibHadg := al[n]
HI 04 1 oT n go 2 mar -1
| ali] := a[i - 1]

KII

all] := BcnomoraresbHasa

18 o
B ob6miem cayuae 3amaua GopMyJIupPYyeTCA CAeAYIONIUM 00pasoM: «s-i dJIeMeHT MacCuBa
3amuncaTh Ha MEeCTO k-ro, CABUHYB k-i1, (k + 1)-1, ..., (s — 1)-i1 syieMeHTBI Ha OAHY IO3UIIUIO
BIIPaso (s > k)».
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6.19. NMpoBepka maccuBa Ha ynopsaao04Y€HHOCTb
no HeybbiBaHMIO (ONpeaeneHue, BepPHO JIU, YTO KaXAbliiA ero
3JIEMEHT, HAYMHasi CO BTOPOro, He MeHblue npeabLIAyLWero)

31ech, Kak U IIPU PeIeHnn pAna IPeIbIAYINUX 3a1adu, BCeraa paccMaTpu-
BaTh BeCh MACCUB HEIeJIecOO0pPasHO, MOSTOMY JKeJlaTeJbHO IPUMEHUTH
ormepaTop IMKJa € ycJaoBueM (HampuMep, C IIOCTYCJOBUEM). ¥ CJIOBUE
OKOHUYaHUSA PabOTHI ATOTO OIlepaTopa — «BCTPETUJICSA SJI€MEHT, MEeHbIITHHI
IpPeAbIAYINero, WJIX PACCMOTPEHBI BCE 3JIEMEHTHI MACCHUBA»:

[ 1 := 1+ 1
ki npu ali] < afli - 1] mwm 1 > n

ITocse aTOrO0 OTBET MOXKHO IIOJIYUYUTH II0 3HAUEHWNIO BEJINYMHBI i:

ecnu 1 <=n
| o

| BEBOO HC, "MaccusB He ynopAamoueH"
| mHaue

| BEBOI HC, "Maccusp ynopAnodeH"
BCe

6.20. MNpoBepka HanNM4YMga B MacCCUMBE OAMHAKOBbLIX 3JIEMEHTOB

MoKHO ITOCUUTATH KOJIMYECTBO B MaCCHBE KaKJOTO i-ro syeMeHTa k, (CM.
COOTBETCTBYIOIIYIO 3a7auy). Eciu OJUHAKOBBIX 9JIEMEHTOB B MACCHBE HET,
TO CyMMa BCeX TAKMX KOJMUYECTB PaBHA OOIIEMY UMCJIY dJIEMEHTOB MAacCHBa
(camocTrosiTesibHO yoemnuTech B 3ToM). COOTBETCTBYIOIAS IpOrpaMma:

CyMMa_ BCeX KoamdecTh := 0

HU 04 1 or 1 go n | g xaxgoro 1—TOo 3JIeMeHTa
| ompernengeM KOJIMUECTBO TaKMX 3HAUEHUN B MacCCHUBE

| xosmuecTBO := 0 | HauanbHOE anCBaMBaHMe”

| 5o myia j or 1 mo n | j — MHOEKCE 3JIEMEHTOB, C KOTOPEMU
[ | cpaBHMBaeTCHa 3HaueHue ali]

| | ecom al]j] = alil]

| | | To

| | | xoJImMuecTBO := KOJMUECTBO + 1

|| Bce

| xu

| | YumMTEIBAEM BTO KOJIMUECTBO B OOmEN CyMMe

| cyMMa BCexX KOJIMUECTB := CyMMa BCeX KOJIMUECTB + KOJIUUECTBO
KI

19 .
31ech HAUAJbHOE NIPUCBAVBAHUE HYJIEBOT'O 3HAUEHUS [JIS Ka’KIOTO HOBOTO 1 SIBJISAETCS
00sA3aTeIbHBIM!
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€CJIM CyMMa BCEX KOJIMUECTB = N
| To

| BEBOI HC, "B MaccuBe HET OIOMHAKOBHEX 3JIEMEHTOB"
| mHaue
|

BEIBOI HC, "B MaccuBe eCTb OOMHAKOBLEE BJIEMEHTH"
BCEe

KoauuecTBo cpaBHeHUI 3HAUEHUH 31eMeHTOB (KOTOPOe B IPUBEIeHHOMI
IporpaMMe PaBHO n°) MOXHO COKDATUTHL BIBOE, €CIM KasKAbIi dJeMeHT
CPaBHUBATBL C dJE€MEHTaMU, PACIOJOKEHHBIMU IIpaBee HEro:

CyMMa BCeX KoJmdecTe := 0

HU ona i or 1 mon - 1

| xosmmuecTBO := 0

| 5o gna j or i + 1 mon

| | ecom al[j] = alil

[ | | To

| | | KxoJIMUecTBO := KOJMUECTBO + 1
| | Bce

| xu

| cyMMa BCeX KOJNMYECTB := CyMMa BCeX KOJMYECTB + KOJMUYECTBO
K1,

B stom cJIydae OTBeT oIipenaesideTrcd CaeAYIOIINM o6pa30M:
ecny cymMma Bcex kommdecTB = 0 |OOpaTuTe BHMMaHME Ha yCJOBME!
| mo
| BEIBOO HC, "B MaccuBe HET OIMHAKOBBIX 2JIEMEHTOB"
| mHaue
|

BEIBOII HC, "B MaccuBEe eCThb OIOMHAKOBHE BJIeMeHTH"
BCE

Ho u sToT HOBBIN BapmaHT mporpaMMbl UMeeT HeJOCTATOK: €CJIM B Mac-
cuBe OIUHAKOBBIMU ABJIAIOTCS, HAIIPUMED, YK€ BTOPOUA U TPETUI dJIeMeH-
THI, TO PaCCMaTPUBATh BCe PABHO MPUXOAUTCS Bech MaccuB. sKeaaTesrbHO
IIPEKPATUTH IIPOBEPKY, KAK TOJBKO BCTPETATCS ABA OJAWHAKOBBIX 3JIEMEH-
Ta. ITO MOYKHO CIejaTh, UCIOJb3ys B IpOrpaMMe BMECTO IIUKJIA C I1apa-
MEeTPOM OIIePaTOPHI IIUKJA C YCJIOBHUEM:

CyMMa BCeX KoJmdecTe := 0

i :=1

HI noka i <=n - 1

| xommuecTrBO := 0

[ §J : =1+ 1

| B moka j <=n

| | ecam al]j] = alil]

| | | To

| | | xonuuyecTBO := KOJMUeCcTBO + 1
(I

BCe
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13 ::=3+1

| xo

| CyMMa_BceX_KOHquCTB = CyMMa_BceX_KOHI/IT{eCTB + KOJIMYeCTBO
[ 1 := 1+ 1

E

OxHaKO U B IPUBEJEHHOM BapHUaHTe MO-IIPEKHEMY pacCMaTPUBAIOTCSA
BCe 9JIeMeHThI. UTOOBI NPEeKPATUTDL AeHCTBUA B HYKHBII MOMEHT, BBEIEM
IlepeMeHHYIO JOTUYeCKOro THIA €CTh OINMHAKOBEIE: KaK TOJBKO BCTPe-
TATCSA ABA OAMHAKOBBLIX 9JIEMEHTA, IPUCBOUM el 3HaueHue na. IIpu sTom
HUCIIOJIb3yeM Ty IIePeMEeHHYI0 B YCJIOBUAX:

i :=1; ecTb_OIMHAKOBHE := HET

HI noka i <= n - 1 ¥ HE eCTb_OIMHAKOBEIC
[ J :=1+1

| HL moka j <= n ¥ HEe eCTb_ OIMHaKOBEIC
| | ecam al]j] = alil]

| | | To

| | | ecTp OIVMHAKOBHE := Oa

| | Bce

13 :=3+1

| x1

[ 1 :=1+1

K1

HckombIii OTBET MOXKHO IIOJIy9UTH IIO 3HAYEHHNIO BEJIHNYMHBI €CTbH
OIVMHaKOBEIE.

B sakgrouenmne 3aMeTHM, UTO €Ille OJHOM JOCTATOUHO PacIpOoCTpPaHeH-
HOIT 3amaueii 00PabOTKMU YMCJIOBBIX MACCUBOB ABJIAETCS UX COPMUPOBKA,
T. €. IlepepasMelleHre dJIEMEHTOB B HEKOTOPOM MopsAaKe (KaK IpaBUJIO,
110 BO3PACTAHUIO UM YOBIBAHUIO). M3yUeHUIO PA3INUHBIX METOMOB perle-
HUSA 9TOH 3aJauu OyJeT MOCBAINEH OAUH M3 CIAEAYIOINUX pPasesoB.

/g CaMOCTOSATeIbHO PEeIuTe IpeajaraeMble 3aJaul C UCIOJb30BaHUEM
MAaCCHUBOB:

1. VI3BeCTHO COIIPOTHUBJICHIIE KAXKIOT'0 13 BOCHMMU 9JIEMEHTOB DJIEKTPU-
yecKoi Ienu. Bece seMeHThI coeqUHEHEBI IocaegoBaTeabHo. Omnpee-
JIATe 00Illee COITPOTUBICHNE TIeTH.

2. W3BecTHBI JaHHBIE O CTOMMOCTHU Kakaoro u3 12 ropapos. Haiigure 006-
IIYIO0 CTOUMOCTE TOBapOB, KOTOphIe cToAT noposke 1000 py6. (Komuue-
CTBO TAaKMX TOBAPOB 3apaHee HEM3BECTHO).

3. W3BecTHLI JaHHBIE O KOJIMUYECTBE OCALKOB, BLIIIABIINX B KAXKILII TeHD
auBapa. OnpepesuTe o0Ilee KOJINUYECTBO OCALKOB, BBIIABIINX BTOPO-
ro, 4eTBepToOro u T. A. suHBaps. (OmepaTop IUKJA C IapamMeTpPoM, IIar
U3MeHeHUs KOTOPOoro oTjimuaeTcsa oT 1 uiam —1, He MCII0JIL30BATh!)
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Pasngen 6

10.

11.

12.

13.

14.

15.

16.

17.

W3BecTHEI O1IeHKY 110 MHMOPMAaTHKE KasKJ0T0 13 22 YUeHNKOB KJacca.
OmpenennuTe KOIUYECTBO «IIATEPOK».

HsBecTen pocT Kakmoro u3 25 yUEHHMKOB KJacca. POCT MaJbuMKOB
YCJIOBHO 3aJaH OTPHUIATEJbHBIMH uncaamu. OmnpemennTe CpemHUA
POCT MAJILUMKOB M CPEIHUI POCT NEeBOUEK.

Bce oTpuitaTenbHbIe 91€MEHTHI UCXOJHOTO MacCUBa 3aMEHUTe Ha UX
a0COJIIOTHYIO BeJIMUNHY .

BreiBeuTe HA 9KPaH BJIEMEHTHI IEJIOUNCIEHHOTO MacCUBa, OKaHUYMBA-
fomruecs Ha «49».

Onpezennre MOPATKOBBIE HOMEPA DJIEMEHTOB MacCUBa, KOTOPBIE 6OJIb-
111 CBOUX «COCeel» (Umcesi, PaCIIOJIOXKeHHBIX CITPaBa U CJIEBA OT HUX).

Haiigure nngexc sjaeMeHTa B MaccuBe, paBHoro 13. Ecau Takoro umuciia
B MACCHBe HET, TO BBIBEIUTE HA SKPAH COOTBETCTBYIOIIEE COOOIIIeHNE.

B maccuBe 3amucamo o6Iiee KOJMYECTBO YUAIIIUXCSA B KayK/I0M mapasi-
saenau 1mkoJbl (¢ V mo XI xiaacc). HaiinuTe HOMep caMoii «cTapimeii»
mapaJiienau, B KOTopoi yuurcsa 6osiee 120 yuaruxcs.

B maccuBe xpaHUTCA POCT KaKAOT0 yUeHMKa KJjacca (Bce 3HAUEHUA
pacroJjiosKeHbl B IOpPsAAKe Bospacranusa). Ompengenute, ecTh JU B
KJIacce YUYeHUK, POCT KoToporo paBeH 170 cm.

WsBecTHEBI paccTosuusa oT MockBbI 10 15 ropomos. Haiigure paccros-
HHe oT MOCKBBI 10 caMOT0 OJIM3KOT0 OT Hee ropoja (13 IIpeacTaBIeH-
HBIX B CIIUCKeE).

W3BecTHHI JaHHBIE O TeMIIepaType BO3ayXa B Teuenne arycra. Ompe-
IeJnTe MAaKCUMAJIbHYIO TEMIIEPATYPY B aBrycTe.

W3BecTHBI JaHHBIE O KOJHUUYECTBE OCANKOB, BBIMABIINX B KaKIbIH
neub espans. Kakoro umciaa BbIMTAJIO camMoe OOJIBIITOE KOJUYECTBO
ocankoB? (Eciu Takux mHeN HECKOJBLKO, TO JOJIXKHAa OLITh HaligeHa
JIaTa MocJIeJHero 13 HuX.)

Hau maccus us 20 menasix uncesa. Oupenennte MakCuMalIbHOE YeTHOE
YUCJI0 B HEM. PaccMOTpHUTe [BA BOSMOMKHBIX CIAyUasi:

1) “3BeCTHO, UTO UEeTHBIE UIMCJIA B MACCHUBE TOUHO MMEIOTCS;
2) moIyckKaeTcs, YTO UeTHBIX UHCEJ B MACCHBE MOXKET U He OBbITh.

Pemure sagauy 6.13, ecom:

1) umcyio M MOsKeT ObITH OOJIBIIIe IIOCJIeHEro dJeMeHTa MacCuBa, HO
TOYHO U3BECTHO, UTO OHO 0OJIBIIIE €r0 IEePBOro JIEMEHTA;

2) umcyao M MOXKeT OBITH MEHbIIIE IIEPBOT0 dJIeMEeHTa MacCHuBa, HO TOU-
HO M3BECTHO, UTO OHO MEHBIIIE ero IIOCJIeJHEr0 3JIeMeHTAa.

3HaueHNs 2JIEMEHTOB MACCHBa YIOPALOUEHE! 10 yobIBauuio. Ompeae-
JUTe, Ha KaKOoe MeCTO B MaccuBe cjenyeT 3anucarsb urucao 100, yToosl
0o0Ias yIopAamOUYeHHOCTh 3HaueHUi coxpanuiack. (M3BecTHO, UTO
MUHUMAJbHOE Uncja0 B MaccuBe MeHbIre 100.)



Tumnossie 3axayu 00pPaGOTKH OJHOMEPHBIX YHMCIOBBIX MaCCHBOB 57

18.

19.

20.

21.

22.

23.

B sagannoM MaccuBe IOMEHANTE MeCTaMU UMEIOIINEeCa B e JUHCTBEH-
HOM 9K3eMILIsape uucaa 5 u 15.

B maccuBe 3anmcanbl 3HaueHusA pocTa 13 roHoIei Kiaacca. B cepenu-
He yueOHOr'o rojfa yUYeHUK, POCT KOTOPOTo OBLI 3alMcaH B TPeTbheil
suyeliKe MaccuBa, ObLJI IIepeBeJleH B APYTryIo IIIK0Jy. BHecuTe sTO 13-
MeHeHUe B MACcCHUB.

Hsmenure maccus

113 (10|70 |35|47|53|57|58|65|68| 72| 81

TaK, YTOOBI €T0 3JIeMEeHThI OBIJINM PACIIOJIOKEHBI II0 BO3pacTaHUO (IIpu
IPOCMOTpE CJieBa HAIIPaBo).

B maccuBe sanucansl 3HaueHUA pocTa Kaskaoro us 20 yueHnKOB KJac-
ca. B cepenune yuebHOT0 roja B KJjacC ObLI HIPUHST HOBBIN YUEHUK,
POCT KOTOPOTO JTOJI?KEeH OBITH 3aIIMCAH B IIATYIO AYEKYy MaccuBa. BHe-
CHUTe 9TO U3MeHeHNue B MacCuB.

HNsmenure maccus

113 (10|23 35|47 |53|57|58|65|18| 72| 81

TaK, YTOOBI €TI0 3J1€MEHTHI OBLJIN PACIOJIOMKEHBI II0 BO3PACTAHUIO (IIpU
IIPOCMOTPE CJIeBa HAIIPABO).

IIpoBepbTe 3amaHHBLIN MacCUB HA YIOPSAAOUYEHHOCTH 10 HeBO3pacTa-
HUIO, T. €. OIPeeJINTE, BEPHO JIN, UTO KAKABIN ero sJIeMeHT, HaunHas
CO BTOPOTO, He IIPEBBIIIAeT IPEIbIAYIIIH.




7. CnyyanHble uyucna
B NporpamMmmax

IIpu paspaboTKe ImporpaMM MHOTA BO3HUKAET HEOOXOAUMOCTh B ITOJIyUe-
HUY U UCTOJb30BAHUU CAYUALUHbLX YUcCe], SHAUEHUA KOTOPBIX 3apaHee He
u3BecTHBI. I[IpuBeneM HECKOJIbKO IIPUMEPOB:

1) TpebOyeTcs 3aIOJHUTEL CAYUYANHBIM oO0pasom MaccuB u3 20 IMeJIbIX Yncesa
sHaueHuaAMU 13 nuanasdona ot 10 1o 100 u oTrcopTpOBaThH €T0 3JI€MEHTHI
10 BO3PaCTaHUIO;

2) TpebyeTcs mpoMOIeIMPOBATh OPOCAHVE UTPAJBHOTO KYyOUKAa, T. €. ITOJTY-
YaTh IPU KAKIOM 3aIyCKe IIPOrpaMMBbI CIyJYaiiHOe IlejIoe YKCJIO, PaB-
"oe 1, 2, 3, 4, 5 uau 6;

3) TpebyeTca IPOMOAEINPOBATH TUPaK Jorepen «CmopTaoTo — 5 us 49»,

T. €. HOJYUYUTh D PA3JINUYHLIX CJIYUANHBIX IIEJILIX YNCE]I U3 JUAIa30HA OT
1 mo 49.

g nosyyeHMA CAyYAWHBIX YKCEJ NPAKTUYECKU BO BCEX COBPEMEH-
HBIX $3BIKaX IIPOTPAMMHDPOBAHUSA WHMeeTCa CTaHZapTHad QYyHKIUA.
B mikospHOM ajJrOPpUTMHUUYECKOM A3BIKEe ee mMda — rnd, B sA3bIKe Dbeii-
cuK — RND (mpommcHO# peructp OyKB, pasyMeercs, 3[ech He 0o0s3are-
JeH); B a3bIKe [lackainb — RANDOM. @opMyJIbl AJIs pacyueTa CaAydaiiHOTO
Yucsia X PasJUYHOTO TUIIA Ha dTUX A3BIKAX IMPOTPAMMUPOBAHUSA TIPUBE-
IeHbl B TabJjuIe:

Tun | Junanma3on IIkoasHBIIH ITackansp Beiicuk

BeJIH- | BO3MOSK- | QJITOPUTMUYECKUI
YUHBI | HBIX 3HA- SISBIK

x yeHu
Be- 0<x<1 x =rnd(1) x = RANDOM x = RND

ecT-
I;;H 0<x<A x =rnd(A) x = RANDOM * A x =RND * A
HBIH A<x<B x=A+rnd(B— A) |x=A+ RANDOM * (B- A) |x=A+RND* (B- A)
Ile- 0<x<A x =rnd(A+1) x = A+ RANDOM (A + 1) x =INT (RND * (A + 1)
JIBIH

A<x<B x=A+ rnd(B-A+l) |x = A + RANDOM (B— A + 1) |x = A+ INT(RND*(B-A+1)
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IIpumeuanue. B mporpammax Ha aA3biKe Beticuk u Ilackans, ecoin yra-
3aHHBIe (DYHKIIMU MCIOJIb3YIOTCA HECKOJIBKO pa3, IPU Ka'KJIOM HOBOM 3a-
OyCKe IPOrpaMMbI OyAYT reHepUpPOBaAThCA OJHU U Te Ke CJOyUYalHble UKC-
Ja. YToObl UCKJIIOUUTH 9TO, HEOOXOIUMO 3anucaTh (JKejaTejibHO B HauaJe
IpOrpaMMBbI):

1) B nporpammax Ha Belicuke — omepartop RANDOMIZE ¢ mapaMeTpom
TIMER (B Bume RANDOMIZE TIMER);

2) B mporpamMmax Ha ITackaie — omeparop RANDOMIZE 06e3 mapamMeTpOB.

Wnrtepecnoit 3amauein saBiaderca (OPMUPOBAHUE MACCUBA CAYHAUHbLX
yucej, B KOTOPOM BCE UHMCJA JOJKHBI OBITH PA3JIUYHBIMU (CM., HATPUMED,
BBIINIE 3a/1aUy O Tupake jorepen «CroptiioTo»). OHA MOKeET OBITH pelleHa
HECKOJIbKUMU MeTOoIaMu.

ITepeviii memod. OcHOBHAA HAed ero ajropuTMa 3aKJI0YaeTCa B Cle-
LYIOIIeM:

1) reHepupyeTcs ciaydyaiiHOe UMCIO;

2) mpoBepdAeTcA, MMEeTCs JIU yKe TaAKOe UMCJI0 B 3alI0OJHEHHOM YacTu Mac-
cuBa. Eciiu He uMeeTcsA, TO YKUCJO 3alUCHIBAETCS B MACCUB; B IIPOTUB-
HOM cJIyuae TeHepUpyeTca HOBOe CIyUYaiiHoe UMCJIO U T. . ([0 TeHepaIuu
Yucsa, KOTOPOTO eIlfe HEeT B MacCUBe);

3) ommcaHHBIE NeHCTBUSA TOBTOPAIOTCS 0 3aII0OJTHEHUA BCETO MacCUBa.

B mpuBegenHoi HUMKe IporpaMMe, Peaausyoliei STOT MeTOM, UCIIOIb-
3YIOTCS CJIeAYIOIMe OCHOBHBIE BEJIUUYUHBI: a — B3al0JHAEMBINl MacCHuB;
n — o0IIee KOJIUYECTBO SJIEMEHTOB MAaCcCHBAa; nn — OUepemHoe caydaiiHoe
YUCJI0, TOJyUuaeMoe ¢ MMOMOINbI0 QYHKIMYU rnd; k — KOJUYECTBO YKe 3a-
MMOJHEHHBIX 3HAUEHUAMHU DJIEMEHTOB MAacCCHBA; €CTh — BEJIWUYNHA JIOTH-
YeCKOro THIa, (PuKcHupyiomas (akT HaJIUUNS OUePeIHOTO CAyUailHOTO
ypcjaa B 3alO0JHEHHOW YacTU MacCHUBA.

mejl n

3
Il

| PasmMep maccusa
anr 3aloJIHeHVE MaCCUBA HENOBTOPARIMMMCA UMCIIaMA
Hay ues Tad all:n], uen nn, k, i, JoOr ectsb

| all] := rnd(100) |IlepBeM BJIEMEHT MacCuBa —
|BCcerna OopMIMHAJIbHEM

nn := rnd(100) |OuepenHoe ciydalHOeE YMCJIO
|llpoBepsaeM, €CThb JIM yXe TakKoe UMCJIO B MacCHUBe
i :=1; ecrp := HeT
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Pasmen 7

| | |uHaue

[ 1:=1+1

| | Bce

| XU Opy ecTh MM 1 > k

| ecau He ecThp |UmMcia nn B MacCuBeE HET
|

|

|

|

| TO

| k :=k + 1 | BanucriBaeMm

| alk] := nn |ero B mMaccus
BCE

|

|

|

|

|

|

|

|

|

| xu npm k =
| |MaccuB a 3aloJIHEH CJIyYaVHBEIMU
| |HenoBTOPAKOWMMNUCA YMCIIaMU

|

K

OH

ObpatTuM BHUMaHWE HA CJIOYKHOE YCJIOBUE OKOHYAHUA BJIOXKEHHOTO
ollepaTopa IIUKJIa — YCJIOBUE 1 > k BKJIOUEHO B HEro ImoTomMy, 4To 3HAa-
YeHNE 1 MOYKeT IIPEBBLICUTH 3HAUeHUe k.

Bmopoil memod. Vicnonb3yeM BCIIOMOTaTeIbHBIH MacCuB b — IeJbId
0 THUITY, HO JIOTUYECKUH II0 comep:KaHuio. Ero sjieMeHTHI IPUHUMAIOT
suavenus 0 uau 1 u XpawaT nHPGOPMAIIUIO O TOM, UMeeTCs JIU YiKe B Mac-
CcUBe a YHCJIO, COBIIAAAIOINEee C HOMEepoOM sJjeMeHTa maccuBa b. Hanpumep,
ecaiu b[5] := 0, TO 9TO 3HAUUT, UTO UHCJIA D B MACCUBE a eIlle HeT; eCJau
Ke b[9] := 1, To IeBATKa B MacCHUBe a yKe €eCTb.

B npuBenmenHoil HUXKe IIporpaMMe TeJ0 OolepaTopa IUKJAa ¢ mapaMeT-
POM BBIIIOJHAETCA N pasd, M KayKJIbIA pas cIydaiiHoe YIMCJ0 reHepUpPyeTcs
0 TeX II0P, MOKa He BBIACHUTCSA, YTO TAKOT'0 UMCJa B MacCUBE a eIle HET
(blal[i]] = 0):

Lej n

n:= .. | Pa3sMep MaccuBa

anr 3anonHeHme MaCCHrBa HeHOBTOpHDMMMMCH CﬂyanHHMM yyciylaMm
Hau uey rtabd all:nl, bl(l:n], uen i

HU 0jid 1 or 1 go n

| b[i] =0

KIJ,

Eﬂ oia 1 or 1 mo n

HIL

| |OuepenHoOe ciydaMHOE UMUCIIO

| al[i] :=1 4+ rnd(10)

xy 0opu blali]] =0

IHonyquo M 3allMCaHO B MaCCUMB a

| ouepenHoe umcyio ali]

| Desmaem "ormeTky" 06 3TOM B MaccmuBe b
bla[i]] =1

K1

|MaCCMB a 3allOJIHEH CﬂyanHHMM
|H€HOBTOpHDMMMMCH UycijlaMm

KOH
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Tpemuil memod. Vxeio s3TOoro MeToma Mbl IPOUJIIIOCTPUPYEM Ha IPHU-
Mepe ABYMEPHOTO MAacCHBA M3 N CTPOK U ABYX CTOJIOIIOB, T'/le B IIEPBOM
cToJI0Ile HAMO TMOJYYUTH HEIOBTOPSAIOIIHecS UYucsa.

CHauajia MAacCUB 3aIIOJHAETCS CJAEAYIOINUM 00pas3oM: 3JIeMeHThI ITePBO-
ro CToJIOIa TPUHUMAIOT 3HAUEHUS HOMepa CTPOKHM, a BTOPOTO — CJIydaii-
HbIe IleJible 3HAUEeHUS M3 HeKOTOPOro MHTEepBajia; 3aTeM CTPOKM MaccuBa
IepepasMeIaioTcA B IOPALKe BO3PACTAHUA = 3HAUEHUIl IeMEHTOB BTODO-
ro croiba. B pesyibTaTe HEIIOBTOPAIOIIMECS JIEMEHTBI B IIEPBOM CTOJIO-
e OyAyT PACIIOJIOMKEHBI «CIy4YaiiHBIM» 00pasoM.

B nmpuBegenHol HUMKe IporpamMme AJs YIIOPSIOUNBAHUSA YHCEJ BO BTO-
poM cToJ0Ile MacCHBa MCIOJIB30BaH MeTOJ oOMeHa («Iy3bIPbKOBas» COP-

TUPOBKA — cM. paszgena 11):
Hes n
n:= ... | Pa3smMep MaccuBa

aIr 3amoJiHeHMe MacCCHMBa HENOBTOPAKIMMMUCA CIIyYalHEMU  4dMCIIaMy
Had ges Tab all:n, 1:2], ven i, j, Bcho
HU 0y 1 or 1 go n

| ali, 1] := 1
| ali, 2] := rnd(20)
KII

|CopTHUpyeM CTPOKM MaCCHBa
| o umciaM BO BTOPOM CTOJOLE
HU giag 1 or 1 gon -1
HU 0ia j or 1 + 1 mon
eciau ali, 2] > alj, 2]
|70
| |MeHseM MecTaMM CTPOKM I U J
| 3HaueHMa B IIepBOM CTOJIOLe (CcM. pasmes 2)

|

|

|

|

[

| | | Benm := afli, 1]

[ I | ali, 1] :=alj, 1]
I | | alj, 1] := Bcno

| | | |3HaueHMsa BO BTOPOM CTOJOLE
| | | Bcon := ali, 2]

[ | | ali, 2] :=alj, 2]
[ I | alj, 2] := BCno

| | Bce

| xn

K1

|TlepBBL CTOJNDEL, MaccuBa a
| 3allOJIHEH HEINOBTOPSAOUMMUCS
|umcaamm oT 1 mo n

KOH

0
ROHe‘IHO, MOMHO COPTHUPOBATH 3THU SHAUEHUA U B IIOPAJKE y6LIBaHI/IH.
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Pasmen 7

B zakigrouenme oTMeTHM, UTO XOTS IIojydaeMble C IIOMOIIBIO YKa3aH-

HBIX
OHHU

BbIIlle (DYHKIIUI YKCJIa HA3HIBAIOT «CJAYUYAWHBIMU», HA CAMOM [ejie
BBIUUCJISIOTCA II0 CIeIMaJbHBIM IIpaBUJiaM, — BeJlb, KaK BbI 3HAETe,

JI00BIe I[efICTBPIH B KOMIIBIOTEpPE IIPOUCXOAAT TOJIBKO IIO XECTKO 3aJaH-
HBIM aJIr'OpruTMaM.

1.

2.

ITonyuuTe B mporpamme:
a) 8 cayualiHBIX BelllecTBeHHBIX yucean, (0 < n, < 1);

0) k BemecTBeHHBIX uncesa n, (0 < n, <1); sHaueHHe k BBOAUTCA
C KJIaBUATYPHI;

B) 15 BemecTBeHHBIX uncen n, (38 < n, < 39);

r) 20 BemjectBeHHBIX uncen n. (0 < n, < 10);

I) HaTypaJibHOe k, He IPeBOCXOAIIee A, U k BEIIIECTBEHHBIX UM CEJT
n, (0 < n, < B); 3BHaUeHUdA A U B BBOAATCA C KIaBUATYPBHI;

e) 10 BemecTBeHHBIX yncen n, (—50 < n. < 50);
’K) HaTypajbHOe k, He IpeBOCXojsAIIee M, 1 k BeIlJeCTBEeHHBIX YHCeN N,
(A £ n. <B); 3HaUeHUA M, A U B BBOAATCA C KJIaBUATYPBHI.

IToryuuTe B mporpamme:

a) 10 cayualiHBIX IeJIbIX UHCeJI, Jexkaliux B auamnaszoxe ot 0 mo 10
BKJIIOUMTEIBHO;

0) k IeJBIX UHCe, JesKalux B nuamnasoHe oT 0 10 A BKJIOUUTEIHHO;
3HaueHUud k U A BBOAATCSA C KJIaBUATYPHI;

B) 20 mesnIxX unces, Jexxamnux B nuamnasoue oT 10 o 20 BKJIIOUNUTEIbHO;

r) Kk IeJbIX YMcell, JeXKalux B quanasone or —10 10 A BKJIIOUNTEIIh-
HO; 3HAUEHUA k 1 A BBOASATCSA C KJIABUATYPHI;

I) HaTypajgbHOe k, He mpeBocxojAInee 15, u k IeJbIX Yucel, Jexa-
IUX B AUAIla30He OT A 10 B BKJIOUUTEJLHO; 3HAYEHUA A U B BBO-
IATCS C KJIABUATYPHI.

ITonyuure cayduaiinble HaTypaJIbHBIE UKCJIA M 1 n, He IpeBocxopasArue 20,
n IeJbIX YMceJi, JesKallluX B AualasoHe OT A 0 B BKJIIOUUTEJBLHO,
¥ m HEOTPUIIATEJIbHBIX BEIeCTBEHHBIX UNCEJI, HEe ITPEBOCXOIAIINX N}
3HaUeHUs A U B BBOJATCS C KJIaBUATYPHI.

CocTaBbTe MPOrpaMMy, IIPOBEPAIOIIYIO 3HAHNE TAOJIUIIbI YMHOMKEHMIA.
B meii coryuaiinbIiM 00pa3oM J0JKHBI BEIIABATECS ABA IIeJIbIX UKCJIa, 00JIb-
mmx 0 u menbiux 10, mocsie Yero Ha 9KPaH BBIBOJUTCS BOIIPOC O TIPOU3-
BeJIeHUU 9TUX Urces (HalrpuMep, B Buae: « UeMy paBHO IIPOU3BeeHLe
4 x 9?»). Ilocyie BBoZa OTBETA JOIMKHO BHIBOJUTHCSA COOOITIEHUE O ero IIpa-
BuIbHOCTH. PasgpaboraiiTe cirefyioliue BApUAHThI TAKOH IIPOrPaMMbI:

a) BOIIPOC BBIBOJUTCS OAWH pPas;
6) Bompoc BeiBoauTcA 10 pas, IpoBOAUTCA IIOCUET U BHIBOJ Ha 9KPaH
KOJINUYECTBA MPABUJILHBIX U HEMPABUJIBHBIX OTBETOB;

B) BOIIPOC BBIBOJAUTCS IO Te€X IIOP, ITIOKA B KAuecTBe OTBeTa He OyaeT
ykazaH «0».
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5.

10.

11.

12.

13.

IIpomogenupyiiTe momdopachbiBaHe MOHETHI U IaeHNe ee ONHOM u3
CTOPOH — JIUIEBOM («PeIIKa» ) Ui o0paTHON («opes»), T. e. IOJIyUdu-
Te OJHO M3 CJIYyYaWHBIX IesbIX uncesa 0 uam 1.

ITogcumTaiiTe OTHOCUTENHLHYIO YACTOTY MOSABIEHUSA KK OO0 U3 UKCeJT
Ou 1 mpu 100 u ipu 1000 «mogOpackIBAHUAX MOHETHI» (CM. ITPEABIAY-
MIYIO 3a7a4y).

IToacumTaiiTe OTHOCUTENBLHYIO YACTOTY MOSBIEHUS KK OT0 U3 UHUCEJT
1, 2, ..., 6 opu 100 u npu 1000 «Opocanusax UrpaJbHOro Kyomnka» (Irpo-
MO/IeJINPOBAB ero Ha KOMIIbIOTepe — CM. 3aJjauy 2 B HauaJje paszaesa 7).

ITpomopenupyiiTe BHIOOD «HAyrag» OSHON KOCTU JOMUHO M3 IIOJTHOTO
Habopa Kocrei sTout urpsl (0-0, 0—1, ..., 6—6). BeiBeguTre cocTas
9TOUW KOCTU B BUE, aHAJOTUUHOM CJIeAyioIllemMy: « BoiopaHa KoCThb
4-3» (0-6, 2-2, 6—0 u T. 1.).

ITpomomenupyiiTe BEIOOP «HayTrag» IBYX KOCTEH JOMMWHO 13 IIOJHOTO
Habopa xocreit aToit urpel (0—0, 0—-1, ..., 6—6) u oupemeanTe, MOIKHO
JIY TIPUCTABUTDH 9TH KOCTU OJHA K APYroii B COOTBETCTBUU C IIpaBUJIA-
MU JOMUHO.

ITpomomenupyiiTe BBIOODP «HAyraa» OAHOW KapThl M3 HaOOpa UI'paJib-
HBIX KapT OJHOW MAacCTH, BKJIIOUAIOIIEr0 KapThl CJAEAYIOIIUX ITOCTO-
uHCTB: «6», «7», «8», «9», «10», «Bamer», «Jgama», «KOPOJb»,
«Ty3». BeIBeuTe JOCTOMHCTBO 9TOM KapPTHI.

IIpomopenupyiiTe BLIOOP «HAYTak» OLHON KApThI U3 IOJHOI'O Habopa
UTPAJBbHBIX KapT, BKJIOUAIONIEro 4 MacTu («OuUKM», «Tpedbl», «0y0-
HBI» U «UEPBBI») U 0 9 TOCTOMHCTB KapT B KaK 0 MacTu («6», «7»,
«8», «9», «10», «BayseT», «JamMa», «KOPOJb», «Ty3»). BeiBeguTe Ha-
3BaHUE 9TON KapThl B BUJE, aHAJOTUYHOM CJenyroIneMy: «BoiOpana
TamMa OUK», « BeiOpana miecrepka Oy0eH» u T. II.

IIpomogmenupyiiTe BBIOOD «HAYTad» ABYX KapT U3 IIOJHOr0o Habopa ur-
PaJIbHBIX KapT, BKJIOUYAONIEeTro 4 MacTu («IUKU», «Tpedbi», «OyOHBI»
U «YEPBBI») U M0 9 JOCTOMHCTB KapT B KAXKA0M MacTh («6», «7», «8»,
«9», «10», «Bamer», «JamMa», «KOPOJb», «Ty3»). BuIBeauTe HasBa-
HUS 9TUX KapT B BUJe, aHAJOTMUYHOM cjeayroliemy: « Boiopana mama
UK U Iectepka O0ybem». Ompemenure, Kakas M3 OBYX OTUX KapT
«cTapiie» (IpUBeJeHHBIE BBIIIIE IePEUHY MaCTell U KapT OAHON MacTu
JaHBI B IIOPAJKE YBEJIMUEHUA UX «CTAPIINHCTBA», HAIPUMeD Jrobas
OyOHOBasA KapTa «CTapile» J00H KapThl MACTH «IIMKH», a BaJeT
yepBeil «cTapiiie» JecsaATKH uepBeii). PaccMorTpuTe TakKe BapuaHT,
KOTZla MMeeTcA KO3bIpHasA MacThb (J100as KapTa KO3BIPDHON MacTu
«crapiie» J100i KapThl HeKO3bIPHOI MacTu). HomMep KO3BIPHOIT Mac-
TU BBIOMPAETCS CAyYalHBIM 00pasoM.

3anoJyiHUTE IBa MaccuBa AANHON mo 10 s/1eMeHTOB KaKAbIHA ciydaii-
HBIMU IIeJIBIMU uynciaaMu nu3 guamnaszoHa ot 10 go 100 Tak, 4uToObI Bce
20 yunceJ OBIIN PA3JIUYHBIMU. 344Uy PEIIUTEe TPeMs MeTOAaMMu.
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14.

15.

16.

17.

18.

OmpenenuTe, KaKue IPEUMYI[eCTBA U HEJOCTATKY UMeeT BTOPOIl Me-
TOJ PellleHrs PACCMOTPEHHOM B TaHHOM pas/eJe 3aJauy 3al0JIHe s
MaccCHBa II0 CPABHEHUIO C IIePBLIM METOIOM.

CocTaBbTe IIporpaMMy 3amojHeHuA mMaccuBa us 20 sJ1eMeHTOB He-
MOBTOPSAIOIUMUCS CAYUANHBIMU I[€JIBIMUA YHCJIAMA U3 AUAalla3oHa
ot 100 no 200 (Ha oCHOBe BTOPOT'O MeTOJa peIlleHuA 3amauu), riae
B KAQUecTBe BCIOMOI'aTeJbLHOI'0 MCIIOJIL3yeTCs MACCUB b C 3jIeMeHTa-
MU JIOTUYECKOTO TUIIA (€CJIM 3TO BO3MOYKHO B UCIOJIb3YEeMOM BaMU
A3BbIKEe ITPOrpaMMUPOBAHUA).

CocTaBbTe IIpOrpaMmy, B KOTOPOII Ha sKpaH BeIBogATCA 10 HemoBTO-
PAOIINXCA CAYYARHBIX IIeJbIX yncea ud auamasona oT 10 go 100
(MaccuB He UCIOJIL30BaTh!).

PaspabGoraiiTe BaprauT IporpaMMbl, peaJInu3yoIeil TpeTruii MeTok, pe-
IIeHUA 3a4a4 CO COYUYANHBIMU YKMCJIAMU, B KOTOPOM BMECTO JBYMEP-
HOT'0 MacCHBAa HCIIOJIL3YEeTC ABa OMHOMEPHBIX, B IIEPBOM M3 KOTOPBIX
HaJ0 MOJYUYUTH HEIIOBTOPSIOIIMECS UKNCJIa, 8 BTOPOU SIBJISAETCS BCIIO-
MOTaTeJbHBIM.

ITogymatiTe, KaK caesaTh TaK, YTOOBI IIPU TPeThbeM MeTozAe (opmu-
pyeMblii MmaccuB (MU IMEePBBIN CTOJIOEI] IBYMEPHOTO MaccuBa) ObLJI
3aII0JIHEH:

a) IBAAIATHIO HETIOBTOPSIOIUMUCS IEJBIMU YNCJIaMU U3 TUarnasoHa
ot 20 1o 39 (B cayuaitHOM ITOPAIKeE);

0) IecsaTbI0 HEIIOBTOPAIOIIUMUCS BellecTBeHHbIMU uucaamu 0.3, 0.4,
0.5, ..., 1.2 (B ciyuaiiHOM IIOPSIKE).

ITonroTOBBTE COOTBETCTBYIOIIVE BAPMAHTHI IPOTPAMMGBI.




8. TunoBbie 3apaum oo6paboTkmn
ABYMEPHbIX YMCJIOBbIX MaCCUBOB

B sTom pasmesie pacCMOTPEHBI METOIbI PEIeHUs THUIIOBBIX 3a7a4, KOTO-
pble BCTpeUaroTcAa Mpu 00pabOTKe MBYMEPHBIX UMCJIOBBIX MAcCCUBOB (Ha-
XOMKJIeHNEe CYMMBI 3JIEMEHTOB, MAaKCUMAaJbHOT'O 3HAUEHUA U [IP.).

Ja Kaykaol 3amauyu MpUBeeH (pparMeHT MPOTrpaMMBbI ee PEeIleHnsa Ha
IIKOJIBHOM aJITOPUTMHUUYECKOM fA3bIKe. [Ipu 9TOM MCIOIb30BAHBI CIENYIO-
e OCHOBHBIE BEJUYUHBI: & — UMS MacCHMBa; n — KOJUUECTBO CTPOK
B MaccuBe; m — KOJIMYECTBO CTOJIOIIOB B MaccuBe (YCJIOBHO IPUHATO, UTO
HyMepalus CTPOK U CTOJIOIOB HaunHaeTcsa ¢ 1). CMbBICJ OCTAJIbHBIX BEJIU-
YUH MOJYKHO JIETKO OIPEAeJIUTh II0 MX MMEeHaM.

8.1. HaxoxaeHune CymMMbl BCEX 3/IEMEHTOB MacCUBa

cymma := 0

HI IJId HOMEp CTpPOKM OT 1 1o n

| HUO OJig HOMep cToJsibua oT 1 mo m

| | cymma := cymma + a[HOMEp CTPOKM, HOMEP CTOJOua]
| x1

K1

| BelIBOO pes3yJibTaTa MM eT0 MCIOJIb30BaHue B pacueTax

BoamoskeH u Apyroii BapmaHT OPOTPaMMBbI, B KOTOPOM 3JE€MEeHThI Mac-
cuBa IIPOCMATPUBAIOTCS IIO CTOJIOIIAM:

cymma := 0

HL IJId HOMep cToJjibua oT 1 mo m

| HUO OJi9 HOMEep CTPOKM OT 1 mo n

| | cymma := cymma + a[HOMEp CTPOKM, HOMEP CToJbua]
| xu

K1

| BeIBOLN pe3yJibTaTa MJIM €TI0 MUCIOJIb30BaHMe B pacdeTax

IIpumep. B nBymepHOM MaccuBe U3 8 CTpoK u 14 cTonOII0B 3amMCaHO
KOJIMYECTBO JKUJIBIIOB KAXKA0N M3 8 KBApPTUP, HAXOAAIUXCA HA KaXKJIOM
us 14 stakeii :xxujaoro goma. OmnpenesnTe o0Illee YUMCIO YKUJIBIOB.
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Pewenue

cymma := 0

HL IJIA HOMep cToJsibua oT 1 mo 8

| HL 1J1d HOMEp CTpoku oT 1 mo 14

| | cymma := cymma + a[HOMEp CTpPOKM, HOMEp CToJbua]
| xO

K4

BEIBOI HC, "OBOumee umMcJIO XMIIBLOB paBHO ", cyMMa

8.2. HaxoxaeHne CyMMbl 3JIEMEHTOB MacCcUBa
C 3ajaHHbIMU CBOMCTBaMM (yAOBJIETBOPSIOLMX
HEeKOTOpPOMY YCJIOBMUIO)

cymma := 0

HL IJIA HOMEP CTpOKM OT 1 mo n

| HL mJ1g HOMep cTojibua oT 1 Zo m
| | ecomn <yciyoBue>

[ | | To

| | | cymma := cymMmma + a[HOMEp CTPOKM, HOMEp CTojbua]
|| Bce

| x1

Ko
| BelBOnn pesylsibTaTa MJIM €I'O MCIIOJIb30BaHMEe B pacdeTax

IIpumeuanue. 31ech ycJIOBUE B YCJIOBHOM ollepaTope (KoMaHIe ecJin)
MOJXKET OIPefesIAThCA 3HaUeHHeM 3JIeMeHTa MacCHBa a [HOMEp CTPOKM,

HOMep cTosfua] HWIK ero MHIeKCAaMH HOMEP CTPOKM HJIH/M HOMEp
cToJybua.

8.3. HaxoxageHue KonvuyecTBa 3JIeMEHTOB MaccuBa
C 3ajaHHbIMM CBOMCTBaMm

xondecTBO := 0

HL IJIA HOMEep CTpOKM OoT 1 mo n

HI IJId HOMep cToJjibua oT 1 go m

| ecnin <ycnoBue>

| | To

|  xoamMuecTBO := KoJMUecTBO + 1
BCEe

| BeiBOIT pe3syjibTaTa MM ero MCIIOJIB30OBaHMe B pacueTax
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IIpumeuanune. B gmammHoM ciydae ycJoBHUE B YCJIOBHOM OIepaTope
(xomaHIe ecsv) ompefensaeTca 3HaUeHHEeM dJIeMeHTa MacCHBa a [HoMep
cTpokM, HoMep crojybua]. KonrmuecTBo s1eMeHTOB, 3aBUCAIINX OT 3HA-
YeHUI WHAEKCOB, MOYKET OBITh HaljeHO 0e3 MCIIOJIb30BAaHUA OllepaTopa
muKJa (CaMOCTOATEIbHO yOeAUTeCh B 3TOM).

8.4. HaxoxpeHue cpegHero apudmeTnyeckoro
9JIeMEeHTOB MacCuBa C 3a,aHHbLIMU CBOMCTBaMMU

cymma := 0

koymuecTBo := 0

HL IJIA HOMEp CTpOKM OoT 1 mo n
HL IJIA HOMep CcToJjifua oT 1 mo m
| ecniu <ycrnoBue>

|

|

| 1| o

| | | cymma := cyMmma + a[HOMEp CTPOKM, HOMEp CTojbua]
| | | xoJImMuecTBO := KOJMUECTBO + 1

| | Bce

| ®u

KII

|TloncueT pesyJybTaTa

cpenHee apubMeTnyeckoe := cymMMa / KOJMYECTBO

| BbIBOI pes3yJibTaTa MM eT0 MCIIOJIb30BaHMe B pacueTax

O0paTtuM BHHMAaHNE HA TO, YTO MHOTOKPATHO ONIpeNesaATh 3HAUeHIe
cpenHee apmdMeTMyecKoe B Tejle YCIOBHOIO oleparopa (KOMaHIBL
eciv) HeT HeoOXOAUMOCTU. ITO MOYKHO CAeJaTh OAUH Pas MocJjie OlepaTo-
poB nukjga. OQHAKO MOKeT 0Ka3aThbCA, UTO UNMCeJI, YAOBIETBOPAIONINX 3a-
ITaHHOMY YCJIOBUIO, B MacCCHBe He OKaYKeTCsd; TOTAa BO3SHUKHET CUTYaIllusd
leJIeHUs Ha HYJb, YTO HemomrycTuMo. IlosToMy mpaBuiabHOE pelreHune 0y-
IeT TaKuUM:

|[TloncueT ¥ BHIBOI pe3yJibTaTa

ecny kosmuecTBo > 0

| mo

cpenHee apudMeTHHUeckoe := cyMMma / KOJIMYECTBO
BuBOO HC, "CpemHee apudpmermueckoe: ",
CpenHee apuoMeTndecKoe

BHIBOI HC, "UmceJ, yIOBJIETBOPSAKULMX YCJIOBMIO, B Maccupe HeT"
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8.5. AI3ameHeHue 3Ha4YeHuM 3JIeMeHTOB MaccuBa
C 3ajilaHHbIMM CBOMCTBaMu

HL IJId HOMEp CTPOKM OT 1 1o n
HL IJId HOMep cToJjibua oT 1 mo m
| ecnu <yciaoBue>

| | o

| | alnomep cTpoku, HOMEp cTojybual :=
| BCE

K

KU

8.6. BbiBOA Ha 3KpaH 3JIeMEHTOB MaccuBa
C 3ajaHHbLIMU CBOUCTBaMMH

BLIBOI HC, "DJIEMEHTEH MacCHuba, YyIOOBJIETBOPAKNIME yCJIOBMIO: "
HL IJIg HOMEp CTPOKM OT 1 1o n

| HUO OJiga Homep cToJsibua oT 1 mo m

| | ecnu <ycioBue>

[ | | To

| | | BEHBOHO alHOMEp CTpPOKM, HOMep crojbual, " "

| | Bce

[9:911

Ki

IIpuBemenubIi 37ech (pparMeHT MMeeT CYIIeCTBEHHBLIN HeIOCTATOK:
ecJIi B MacCUBe HeT 3JIEMEHTOB, YIOBJIETBOPAIOIINX 3aJaHHOMY YCJIOBHIO,
TO IIepBasa KOMaHAa BLIBOI OyAeT uaaullrHeii. [[J1s ero ucupaBieHnsa Heo0-
XOAUMO IIPeIBaPUTEIbHO OIPEIeJUTh KOJUYECTBO dJI€MEHTOB MaccuBa C

3aJaHHBIMU cBolicTBamMu (cM. 3amauy 8.3), a sareM 0GOPMHUTH TAHHBIN
dpparmMeHT B BHUJE:

ecnmu koJyimuecTBO > 0
| To

| BEIBOO HC, "OJJIEMEHTH MacCuBa, YHNOBJIETBOPAKLIME YCJIOBMIO: "
| HI IJId HOMEPp CTPOKM OT 1 Zo n

| | HU mysg HOMep crojyibua or 1 mo m

| | | ecnu <ycjoBue>

| 111 o

| | | | BeEBOO al[HOMep CTpOKM, HOMep crTojbual, " "

| | | Bce

I 1

| kg

| mHaue

| BEBOX HC, "Umces, yIOBJIETBOPAKIMX yCJIOBMK, B Maccuee HeT"
ce
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8.7. HaxoxaeHue MHAEKCOB 3JIeMeHTOB MaccuBa
C 3ajilaHHbIMM CBOMCTBaMu

BEIBOIl HC, "VIHIEKCEl 3JIEMEHTOB MacCuBa, yIOBJIETBOPAKIMX yCJIOBMIO: "
HL IJI HOMEpP CTPOKM OT 1 IO n

HL IJIg HOMep cToJjbua oT 1 mo m

| ecau <ycrnoBue>

| | To

| | BHBOXm HOMep cTpoku, ",", HOMep crojybua, " "
| BCE

K

K1

31ech TaKsKe MOMKHO yUyecThb 3aMeuaHUe, CAeJaHHOEe NPU PelleHuun
OpenbLIayInel 3amaun.

8.8. OnpegeneHne MakCMMaJsibHOro 3JieMeHTa MaccuBa

Pemuts ary 3aauy MOKHO AHAJOTMUYHO €€ PEIleHUI0 IJIs OJHOMEPHBIX
MAaCCHUBOB:

MakcmuMajibHoe := al[l, 1]
HL AJIA HOMEP CTPOKM OT 1 1o n
HL IJId HOMep cToJjibua oT 1 go m

| ecim a[HOMEp CTpPOKM, HOMEp cToJjibua] > MakCuUMallbHOe
| | To

| BCe
11

|
|
|
| | | maxcuMmanpHOE := a[HOMep CTPOKM, HOMep CcTojbua]
|
|

Ko
| BeiBOIT pe3syjibTaTa MM ero MCIIOJIB30OBaHME B pacueTax

Herpynao BumeTh, UTO B HallleM cJaydae 3HaueHUHe djaeMeHTa a[l, 1]
OyIeT UCIIONbL30BATLCA ABaKALI. Ec/in Ke MUHUMAaJIbHOE YICJIO B MAacCuBe
3apaHee M3BECTHO, TO (pparMeHT IIPOTPAaMMEI IJId PeIleHts dTOHN 3amaun
MOKeT OBITH O(OPMJIEH TaK:

MaKCVIMaJIbHOE = MMHMMaJIbHOE
HL IJIA HOMEep CTPOKM OT 1 mo n
| HL 1J1d HOMep cTojibua oT 1 Zo m

| eciv a[HOMEp CTpPOKM, HOMEp cToJjibua] > MakCuUMalibHOe
| | TO

BCe

| Bce
K

|
|
| | | MaxcuMmasbHOE := a[HOMep CTPOKM, HOMep cTojbua]
|
|

Ki

rge MMHMMAJIbHOE — 9TO MHMHHMAaJIbBHOE YMCJIO B MaCCHBE.
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HpnMeanue. HpI/I HEe3HAUYNTEJIbHOM HM3MEHEHNHN BBIINIEIIPHMBEOACHHBIX

(parmMeHTOB HETPYAHO PEIIUTh 3a4aduy IIOMCKA MUHUMAJILHOI'O DJIeMEHTa
MaccuBa.

8.9. OnpeaeneHne NHAEKCOB
MaKCUMaJibHOro 3JiIeMeHTa MaccuMBa

BIIGCI: peireHne ToXe JOCTUraeTcAa aHaJJOT'MYHO OTHOMEPHOMY MaCCHUBY:

MakcmuMasibHoe := a[l, 1]
CTPOKa MAaKCUMaJIbHOTO := 1
cTosibel MakKCUMMaJbHOTO := 1
HL IJId HOMEP CTPOKM OT 1 IO n
HL IJId HOMep cToJjbua oT 1 mo m
€cyM a[HOMep CTPOKM, HOMep CToJifua] > MaKCHMMallbHOe

|

| T =0

| | MakcuMmasibHOE := a[HOMep CTPOKM, HOMep CcTojlbua]
| | CcTpoka MakCUMaJIbHOTO := HOMEP CTPOKM

| | cronben MakCMMaJIbHOTO := HOMep cToJjbna

| BCE

Ko
KL

IIpu permenun sToM# 3aauym MOKHO 000UTHCH U 0€3 MCIIOJIHL30BAHUS Be-
JUYUHBI MakCcHMaJibHOe. B camMoM Jeje, eciu HaM WM3BECTHO 3HAUEHUe
WHAEKCOB MaKCHUMAaJILHOTO 3HAUEHUWS CPeNUd PACCMOTPEHHBIX 3J€MEHTOB
(cTpoka MaxKCUMAaNbHOTO U CTOJOEel] MaKCMMaJbHOT'O), TO MBI 3Ha-
eM U 3HaueHUe COOTBETCTBYIOIIEro ajeMeHTa (OHO PaBHO a[CcTpoka
MaKCMMaJlbHOTO, cTojybel MakcumanbHoTo]). CooTBercrBylomuil Ba-
pHaHT IporpaMMbl paspaboTaiiTe CaMOCTOSTEJIbHO.

8.10. OnpepeneHme MakCMMasnbHOro 3Ha4eHusa cpeau
3JIeMEeHTOB MaCCUBa, YAOBJIETBOPAIOLMX HEKOTOPOMY YCJIOBMIO

B,HeCB BO3MOJMHBI OBa CJay4dad:

1) TOYHO M3BECTHO, UTO UMCJA, YIOBJIETBOPAIOIINE 3aJaHHOMY YCIOBMIO, B
HncCaeNyeMOM MacCHBe NMEIOTCs;

2) umces, yIOBJIETBOPAIOININX 3aJaHHOMY YCJIOBHUIO, B 00pabaTbIBAeMOM
MacCHuBe MOJKeT 1 He ObITh.

B mepBoM ciyuae 3amaua pelraeTcs CJAEAVIONIMM 00OpasoMm:
MaKcumMaJsibHoOe := X
HL IJI HOMEp CTPOKM OT 1 IO n
| HL OJ19 HOMEep CTon6ua or 1 gom
| | ecou <ycrnoBue>
| | | TO |BCTpeTmyioCk UMCJIO, YIOOBJIETBOPAKIEE 3aOaHHOMY YCJIOBMIO
[ |CpaBHMBAEM €TI0 C BEJIMUMHOM MaKCHMaJIbEHOE
|
|

| | ecau a[HOMEp CTPOKM, HOMEp cTojfual] > MaKCHMaJlbHOe
[ | | To
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| | MaxcuMmaJbHOE := a[HOMep CTPOKM, HOMep CToJibua]
[

[

| k1

KII

| BEIBOI pesyJsibTaTa MM eT'0 MCIIOJIb30BaHMe B pacueTax

rge X — YHCJIO, O KOTOPOM 3aBeJOMO M3BECTHO, UTO OHO He IIPEBBIIIAET
MUHUMAaJbHOE W3 YuCces, NI KOTOPBIX HYKHO OIIPENeJINTh MaKCUMaJb-
HOe 3HaueHUe.

Ecnn xe Takoe 3HaueHWe 3apaHee He M3BECTHO, TO 33/ada HECKOJIBKO
ycao:xkHAeTcA. B mpuBeeHHOM HUKe (DparMeHTe IIPOrpaMMbl UCIIOJIB3YeTCA
BeJIMYMHA JIOTMUECKOr'o TUIIa BIIEPBEE, OIIpeelAlollas, BIlepBble I BCTPe-
THJIOCh B MacCCHUBEe UMCJIO, YIOBJIETBOPSAIOIlee 3aJaHHOMY ycJsoBui. Ocrayb-
HBIE O0COOEHHOCTM PabOThI IIPOTPAMMBI OIIMCAHBI B €6 KOMMEHTApPUAX.

BIEPBEE := Oa

HL IJId HOMEP CTPOKM OT 1 IO n

HL IJId HOMep cToJjbua oT 1 mo m

ecan <ycJoBue>

TO | BcTpeTrmscsa 3JIEMEHT MAaCCUBa, YIOBJIETBOP AWM
| 3alaHHOMY YCJIOBMI

|

[

| |1 To

[

| | | ecyau Bnepsue |ECyM OH BCTPEeTUJICA BIIEPBHE,
[ I | | To

I | MaxcumanbHOe := a[i] |npuHMMaeM eTo B KauyecTBe

[ I | BHAUEHMA MaKCHMMaJILHOE

| | | | Bonepsee := HeT | Cnemynomye TakMe 4uucila yxe OynoyT
[ |BCTpeuaTbCa HEe BIIEPBHE

| | | | mHaue |ECcyn He BIIEpPBHE,

| | | | |cpaBHMBaeM UMCJIO C BEJIMUMHOMN MaKCHUMaJILEHOE

I | ecom al[i] > MakcuUMaJIbHOE

1 T T

[ 1| | | w™MakcumamnbHoe := al[i]

I | Bce

| | | Bce

| | BCe

| KL

K0

| BLIBOO pes3yJibTaTa MM e€T0 MCIIOJIb30BaHMe B pacueTax

Ecnu ke pomyckaercd, UTO dUHces, YLOBJIETBOPAIONIUX B3aJaHHOMY
yCJI0BUIO, B 00pabaThIBaeMOM MAaCCHUBE MOXKET He OBITb, TO AJIA PeIleHUusd
33/lauy MOJKHO HCIOJIb30BAaTh CJeAYIOINUY (hparMeHT IpOorpaMMBbI:

BIEPBHE := Ta

HI IJI9 HOMEp CTpOKM OT 1 1o n

| HU OJig HOMep cToJjibua oT 1 mo m
Il

| xu

x4
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HO BBIBOJ OTBE€Ta IIPK 3TOM OOJIXKEH OBITH YTOYHEH:

€CJIM BIIEPBBIE = IIa
TO

BHIBOZL HC, "UmceJs, yIoBJIEeTBOPALLMX yCJIOBMIO, "
BEIBOI "B MaccuBe HeT"

"JlckoMOe MakCuMMaJIbHOe 3HaueHue: "

|

|

|

|

| BBIBOO HC, , MakKCKuMaJIbHOE
B

ce

8.11. HaxoxaeHme CyMMbl 31IeMEHTOB
B HEKOTOPO CTPOKE MacCMUBa

cymma := 0

HL IJIg HOMep cToJjibua oT 1 mo m
| cymma := cymma + a[HOMEp CTpPOKM, HOMEp cCTojbua]
K1

| BeiBOnT pe3sylsibTaTa MJIM €I'O MCIIOJIb30BaHMEe B pacdeTax

Ile HOMEpP CTPOKM — HOMED CTPOKH, JJIA KOTOPOH pelraeTcs 3azada.

8.12. HaxoxaeHme CyMMbl 3J1IEMEHTOB C 3aaHHbIMMU
CBOMCTBaMM B HEKOTOPOW CTPOKE MaccuBa

cymma := 0

HL IJI HOMep cToJjbua oT 1 mo m
| ecau <ycrnoBue>

| | To

| | cymma :=
| Bce

K1

cymMma + al[HomMep CTpPOKM, HOMEep cToJjbual

| BEIBOI pesyJibTaTa MM €TI0 MCIOJIb30BaHME B pacueTax

8.13. HaxoxaeHue KosiMyecTBa 3JIEMEHTOB C 3aAaHHbIMU
CBOMCTBaMM B HEKOTOPOM CTPOKE MacCMuBa

komuecTBO := 0

HL IJId HOMep cToJjibua oT 1 mo m

| ecnu <yciaoBue>

| | To

| | xommMuecTBO := KOJMUECTBO + 1
| Bce

g

| BLIBOI pes3yJibTaTa MM eT0 MCIIOJIb30BaHMe B pacueTax
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8.14. HaxoxpeHue cpeaHero apudmMmeTn4eckoro
3HA4YeHUA 3JIEMEHTOB C 3a/,laHHbIMM CBOMCTBaMM
B HEKOTOPOW CTPOKEe MacCcuBa

cymma := 0

xouduecTBO := 0

HI IJId HOMep cToJjibua oT 1 go m

| cymma := cymma + a[HOMEp CTpPOKM, HOMEp cTojbua]
| xoaImMuecTBO := KoOJIMUecTBO + 1

KII

ecay xoJamdecTtBo > 0

| To

| cpenHee apupMeTmuUeckoe := cymMa / KOJMUECTBO

| |BeIBOO pe3yJibTaTa MJIM €T'0 MCIOJIb30BaHMEe B pacdeTax

BCe

8.15. U3aMeHeHue 3Ha4YeHUN 3JIeMEeHTOB MaccuBa
C 3aAaHHbIMU CBOMCTBaMM B HEKOTOPOM CTPOKE MaccuBa

HL IJId HOMep cToJjibua oT 1 go m
| ecniu <ycrnoBue>
| | To
| | alnoMep cTpOkM, HOMep cTojbual :=
| BCe
KL
8.16. BoiBOA Ha 3KpaH 3JIEMEHTOB C 3aJaHHbIMM CBOMCTBaAMM
U3 HEKOTOPOW CTPOKM MaccUuBa

ecym koymuecTBO > 0

| o

| BEBOX HC, "DJIEMEHTE], YIOBJIETBOPAKIME yCJIOBMI:
| HU gy HOMep crojyfbua or 1 mo m

| | ecau <ycrnoBue>

| | | To

| | | BoBO& alHOMEp CTpPOKM, HOMep cTosdual, "

|

|

| Bce
E
| mHaue
| BEIBOO HC, "UmMces, yIOOBJIETBOPAKUMX yCJIOBMUIO,
| BEIBOI "B 3aIaHHOM CTPOKe MaccuBe HeT"
ce

rlle KOJIMJYeCTBO — KOJUYECTBO UMCEeJ C 3aJaHHBIMU CBOMCTBAMH B pac-
cMaTpuBaeMoOU cTpoke MaccuBa (cM. 3amauy 8.13).
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8.17. HaxoxaeHue MHOEKCOB 3JIEMEHTOB MaccuBa
C 3ajilaHHbIMM CBOMCTBaMu

ecym koJmuecTBO > 0
TO
BEIBOI HC, "VHIOEKCH 3JIEMEHTOB, YyHOBJIETBOPAIMX yCJOBMOO: "
HL IJI HOMep cToJjibua oT 1 mo m
| ecnu <yciaoBue>

|
|
|
|
l | | o
|
|
|
|
|

| | BHBOX HOMep cTpoku, ",", HOMep crosbua, " "
| BCe
K
YHaue
BEIBOII Hc, "Uyces, yOOBJIETBOPAKIMX yCJIOBMO, "
| BEIBOI "B 3aIaHHOM CTpPOKe Maccupe HeT"
BCE

Tlle KOJIMUEeCTBO — KOJUYECTBO UMCEJ C 3aJJaHHBIMU CBOMCTBAMH B pac-
cMaTpuBaeMoii CTpoke maccuBa (cM. 3azauy 8.13).

8.18. OnpepeneHme MakCMMasibHOro 3JieMeHTa
B HEKOTOpPO# CTPOKe MaccuBa

MakKcuMmajilbHOe := a[HoMep cTpokm, 1]

HL IJId HOMEep cToJjbua OT 2 OO m

| ecim a[HOMEp CTpPOKM, HOMEpP CcToJbua] > MakCUMallbHOE
| | To

| | MaxcuMasibHOE := a[HOMep CTpOKM, HOMep cTojlbua]

| BCe

K1

| BEIBO pesyJibTaTa MM €TI0 MCIOJIb30BaHMe B pacueTax

8.19. OnpepeneHume MHAEKCa CTONOLA MAaKCUMaJIbHOrO
3/IeMeHTa B HEKOTOPOM CTPOKe MaccuBa

MakKcumajibHOe := a[HomMep cTpokwu, 1]

crosybel MaKCHMMaJlbHOTO := 1

HL IJIS HOMEep cToJjbua OT 2 OO m

ecJM a[HOMep CTPOKM, HOMep CToJifuLa] > MaKCHMMallbHOe

|

| | o

| | MakcuMmanbHOE := a[HOMep CTPOKM, HOMep CcTojbua]
| | crombel_ MakKCUMMaJIbHOTO := HOMEp cToJjbua

| BCe

K1

| BLIBOI pes3yJibTaTa MM e€T0 MCIIOJIb30BaHMe B pacueTax

CamocTosTeIbHO paspaboTaiiTe BapuaHT IPOTPaMMbI, B KOTOPOM IIepe-
MEeHHAasI MaKCHMaJIbHOe He HCIIOJIb3yeTCsd.
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8.20. HaxoxaeHne CyMMbl 3JIEMEHTOB
B Ka)XX[AOW CTPOKe MaccuBa

HL IJId HOMEp CTPOKM OT 1 1o n

| cymma := 0

| HUO OJjig HOMep cToJjibua oT 1 mo m

| | cymma := cymma + a[HOMEp CTPOKM, HOMEP CTOJbOua]

| o

| |BeIBOO pe3yJbTaTa MJIM eT'0 MCIOJIb30BaHMe B pacdeTax
KIJ

Ob0patTuM BHHMAaHWE, UTO 3[€eCh HAYaJbHOE IIPHCBAWBAHUE HYJIEBOTO
3HAUYEHUA ABJIAETCA 00d3aTeJbHBIM. 3aMETHUM TaKKe, UTO HalJAeHHBIe

OIS KasKIOW CTPOKM CYMMBI MOTYT OBITh 3alMCAHBI B OJHOMEDPHBIN Mac-
CUB U3 N 3JIEMEHTOB:

HL IJId HOMEp CTPOKM OT 1 IO n

| cymma := 0

| HU myia HOMep cTojibua oT 1 Zo m

| | cymma := cymma + a[HOMEp CTPOKM, HOMEp CTOJOLa]
| ®u

| cymma B CTpOKe [HOMEp CTPOKM] := cyMmMma

K1,

rfle CyMMa B CTPOKE — HM#A TOJBKO UTO YIOMAHYTOI'O MAaCCHBA.
CamocTosTeTbHO paspaboTaiiTe BapuaHT IPOTPAMMbI, B KOTOPOM TIepe-
MeHHad CyMMa He HCIOJb3YyeTcd.

8.21. HaxoxaeHue CyMMbl 3JIEMEHTOB
C 3ajaHHbLIMM CBOMCTBaAMM B KaX[AO0M CTPOKe MacCUBa

HL IJIA HOMEp CTpOKM OT 1 mo n

| cymma := 0

| HUO OJig HOMmep cToJsibua oT 1 mo m

| | ecnu <ycjgoBue>

| | | o

| | | cymma := cymMmma + a[HOMEp CTPOKM, HOMEp CToJOLa]
| | Bce

| xu

| |BeIBOO pe3yJbTaTa MJIM €T'0 MCIOJIb30BaHMe B pacdeTax

|

jada
31ech, paBHO KaK W B APYrux 3ajavax, CBA3aHHBIX ¢ 00pabOTKOM Bcex

CTPOK ABYXMEPHOT'O MAacCUBa, TAKMKEe MOYKET OLITh MCIIOJb30BAH OJHOMEP-
HBIM MAaCCHUB JJs 3alliCU MCKOMBIX 3HAUEHMUI.
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8.22. HaxoxaeHue KoJvyecTBa 3JieMEeHTOB
C 3aaHHbIMU CBOMCTBaMM B KaX10M CTPOKEe MacCuBa

HI IJI9 HOMEp CTPOKM OT 1 1o n

| xosmuecTrBO := 0

| HO OJjig HOMep cToJsibua oT 1 mo m

| | ecnu <ycjoBue>

| 1 T o

| | | KoJMUecTBO := KOJUUECTBO + 1
| | Bce

| xu

| |BeIBOO pe3yJibTaTa MJIM €T'0 MCIOJIb30BaHMe B pacueTax
|

K

8.23. HaxoxpeHue cpegHero apudmMmeTu4eckoro
3Ha4YeHUA 3N1IeMEHTOB C 3aAaHHbIMM CBOMCTBaAMM
B Ka)X[O0W CTPOKe MaccuBa

Ja ynporneHns mporpaMMbl ITPUMEM, YTO BJIEMEHTHI ¢ 3aJJaHHBIMU CBOT-
CTBaMU MNMEIOTCA B Ra)R,Z[OfI CTPOKEe MaccCuBa.

HI IJI9 HOMEp CTpOKM OT 1 1o n

| cymma := 0

| xommuecTBO := 0

| HUO nJig HOMmep cToJsibua oT 1 mo m

| | ecom <ycimoBue>

| 1T o

| | | cymma := cymMmma + a[HOMEp CTPOKM, HOMEp CToJOLa]

| | | xoJImMuecTBO := KOJMUECTBO + 1

| | Bce

| xu

| cpenHee apmbpmMeTmMueckoe := CcyMMa / KOJIMYECTBO

| |BeIBOO pe3yJibTaTa MJIM €TI0 MUCIOJIb30BaHMe B pacueTax

| .

K

8.24. OnpepeneHne MakCMMasibHOro 3J1IeMEHTa
B KaX[0M CTPpOKe Mmaccusa

HL IJId HOMEp CTPOKM OT 1 1o n
| MakcumasbHOe := a[HoMep CTpOKM, 1]

HL IJIA HOMEep CToJjifla OT 2 IO m
ecyM a[HOMep CTPOKM, HOMep CToJifua] > MaKCHMMallbHOe
| o
| MakcuMasibHOE := a[HOMep CTPOKM, HOMep CTojlbua]
ce

|
[
(I
|
| | BCce
| xo

| |BeIBOO pe3yJibTaTa MJIM eT'0 MUCIOJIb30BaHMe B pacueTax
|

K
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8.25.

OnpepeneHue MHAEKCa CTONOLa AN MaKCUMaIbHOro

3JIeMEHTa B KaX/10M CTPOKe MaccuBa

HL IJId HOMEp CTPOKM OT 1 1o n

|
|
K

8.26.

MaxkcumajibHOe := a[HoMep cTpokm, 1]

crosibel MakKCHMMaJlbHOTO := 1

HI OJIA HOMep cTojbua OT 2 IO m

| eciv a[HOMEp CTpPOKM, HOMEp cToJjibua] > MakCuUMallbHOe

| | To

| | MakcuMmasibHOE := a[HOMep CTpOKM, HOMep cTojlbua]
| | crombel MakKCUMMaJIbHOT'O := HOMep cToJjbua

| BCE

11

| BelBOIT pe3syjibTaTa MM e€ro MCIIOJIB30OBaHME B pacueTax

CamocTosiTeIbHO paspaboTaiiTe BapraHT IPOrPAMMbI, B KOTOPOM IIepe-
MeHHasI MaKCMMaJIbHOE He HCIOJIb3YyeTCs.

OnpepeneHue MakCMMasibHOW CYMMbl 3HaA4YE€eHUA

B CTPOKax Mmaccuea

IIpz mcHoJB30BaHMM MacCHBa CyMMa B CTPOKEe CO 3HAUYEHUAMH CYMM
9JIEMEHTOB B KayKJo#1 cTpoke (cM. 3amauy 8.20) mckomMoe 3HAUEHUE MOKET
OBITH HaWIEHO KaK MaKCHMaJbHOE UIMCJIO0 B 5TOM MAaCCHBE.
Bes ncmosbpzoBaHIA MaccuBa CyMMa B CTPOKE 9Ta 3aada pellaercs
CJIeqYIOIIUM 00pasoM:

| PaccuMTEHBaEeM CyMMYy 3JIEMEHTOB 1-M CTPOKMU
cymma := 0
HI IJIS HOMep crojibua or 1 mo m

cyMmmMa := cymma + all, HOQEb_CTOﬂ@ua]

K1,

TﬁpMHMMaeM ee B KauecCTBe MaKCHUMaJIbHOM
MakKCuUMajibHass CyMMa := CyMMa
|OnpenesndgeM CyMMy DJIEMEHTOB

|B KaxXOoy M3 OCTAaJIbHEIX CTPOK

HL IJIA HOMEP CTPOKM OT 2 HO N

|
|
|
|
|
|
|
|
K

cymma := 0

HL IJIA HOMep CcToJjifua oT 1 mo m

| cymma := cymma + a[HOMEp CTpPOKM, HOMEp CTOJ0La]
KL

| CpaBHMBAEM ee C MaKCMMAaJIbHOM CYyMMOM
€CJIM CyMMa > MaKCuUMaJlbHasd CyMMa

| zo

| MakcuMaJbHad CyMMa := CyMMma

BCce

11

| BbIBOIT pesysibTaTa i €I'0 MCIIOJIB30BaHMEe B pacueTax
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8.27. OnpepeneHme HoMepa CTPOKM MaccuBa
C MaKCMMaJibHOM CYMMOM 3HaAYeHUM

Jdra 3azaya TaKiKe MOKeT OBITh peIlleHa C KCIOJH30BAHMEM MacCUBa
cyMMa B cTpoke mau 6e3 Hero. Bo BTOpoM ciryuae COOTBETCTBYIOIIUM
dpparMeHT mMeeT BUL:

| PacCcumMTEHBaEM CyMMYy B3JIEMEHTOB 1-M CTPOKMU

cymma := 0

HL IJId HOMep cToJjbua oT 1 mo m

| cymma := cymma + a[l, HOMep cTosnbual
KL

|IIpyHMMaeM ee B KaUeCTBe MaKCHMMAaJIbHOM,
MaKCuMaJlbHafA CyMMa := CyMMa

|a B KaUuecTBe HOMepa CTPOKMU

| c MakCMUMaJIbHOM CYMMOM NpMHMMaeM 1
HOMEP CTPOKM C MaKCHMMAaJIbHOM CyMMOM := 1
|OnpenesndgeM CyMMy SJIEMEHTOB

| B KaxXIOM M3 OCTAJIbHBIX CTPOK

HL IJIA HOMEP CTPOKM OT 2 OO n

cymma := 0

HL IJIg HOMep cToJjibua oT 1 go m

| cymma := cymma + a[HOMEp CTpPOKM, HOMEp cToJjbua]
K1

|
|
|
|
| |CpaBHMBaeM ee C MaKCMMaJIbHOM CYyMMOM
| ecm cymMa > MakKCuUMallbHasd CyMMa
| | To
| | MakcuMasbHad CyMmMa:= CyMmMa
| | HOMEp CTPOKM C MAKCHMMAJIBHOW CYMMOM := HOMEpP CTPOKM
| Bce
K1

| BEIBO pesyJibTaTa MM €TI0 MCIOJIb30BaHMEe B pacueTax

CaMocTosaTe/IbHO paspaboTaiiTe BApHAHT IIPOrPaMMbI, B KOTOPOM IIepe-
MeHHad MakKCUMaJlbHAas CyMMa He HCIOJIb3yeTcd.

8.28. O6mMeH MecTamMu ABYX 3JIEeMEHTOB MacCuUBa
C 3a,aHHbIMM UHAEKCaMM

Ira s3amavya MOKeT OBITHL pelreHa ABYMsS CIIocobaMu:

1) ¢ ucmosb30BaHMEM BCIOMOTAaTEJLHOM IIepeMeHHOII:
BCrioMoraTeyibHasa := a[ml, m2]
alml, m2] := a[m3, m4]
a[m3, m4] := BcnoMoraTeJyibHAad
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2) 0e3 HCIOJIb30OBAHMA BCIOMOTAaTeJNbLHOI HmepeMeHHOU (cM. pasmen 2):

a[ml, m2] := a[ml, m2] + a[m3, m4]

a[m3, m4d] := a[ml, m2] - a[m3, m4]

a[ml, m2] := a[ml, m2] - a[m3, m4]
rae ml m m2 — HHIEKCHI IIEPBOr0 M3 OOMEHHBAEMbIX 3JIEMEHTOB, a m3
u m4 — BTOPOTO.

8.29. O6mMeH mecTamMm ABYX CTPOK MacCUMBa

dra 3agada TaKMXe MOMeT OBITH perniena ABYyMSA crocobammu:

1) ¢ wucmoanr3oBaHMEM BCIOMOTraTeJIbHOTO OJHOMEPHOTO MaccuBa
BCHOMOT'ATEJILHEN MaCCUB JJIA BPEMEHHOI'0 XpaHeHUA OZHOH u3 00-
MEHUBAEeMbIX CTPOK;

2) C HCHOOJIb30BaHMEM BCIIOMOTATEJIbHON BEJIMUYNHBLI BCIOMOTAaTeJIbHAaHA
AJId BPEMEHHOI'O XpaHEeHMUA 3HaUYeHd OTAEJIBHOI'O 3JIEMEHTa MaCcCHuBa.

Ecnu BHOMepa o0MeHUMBaeMBIX CTPOK — S1 U s2, TO B IIePBOM cJIydae
(hparMeHT MpPOrpaMMbI BBITJIAIUT TaK:

| 3annoMMHaeM BCe BJIEMEHTH CTPOKM C HOMepoM sl

| B Maccupe BCHOMOI'aTeJIEHEI MAaCCUB

HL IJIA HOMEep CcToJjifua oT 1 mo m

| BCroMOTraTesbHEDI MacCub [HOMep crojybual] := a[sl, HoMmep cTojsbua]
KII

| llepenucelBaeM BCe BJIEMEHTHE CTPOKM C HOMEPOM 52

|B COOTBETCTBYKIME BJIEMEHTE CTPOKM C HOMepoM sl

HL IJIA HOMep CToJjifua oT 1 mo m

| al[sl, nomep cronbual] := a[s2, HoMep cToJybua]

KII

| 3anosiHAEeM CTPOKY C HOMEPOM sS2

| "cTapeMM" BJIeMEeHTaMM CTPOKM C HOMEPOM Sl

HL IJIA HOMEep CcToJjifua oT 1 mo m

| a[s2, HOMep cTosybua] := BCIOMOTATEJIbHEN MaCCHB [HOMEP CToJoLa]
K1

a BO BTOpPOM:

| Kaxmens sJIeMeHT CTPOKM C HOMepoM Sl

|MeHdaeM MecTamMy C COOTBETCTBYIMM 3JIEMEHTOM
| CTPOKM C HOMEPOM S2

HL IJIA HOMEep CcToJjifua OoT 1 mo m

| BCcnomorareynpHasa := a[sl, "HoMmep crosbua]

| al[sl, nomep cronbual] := a[s2, nHoMmep crojybua]
| al[s2, nomep crosfua] := BCIOMOTaTeJlbHasA

K1

CamocTosaTesbHO padpaboTaiiTe BapUaHT IPOrPaMMBbI, B KOTOPOM Iepe-
MEHHadA BCIOMOTI'aTeJIbHas He HCIIOJIb3YyeTCd.
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8.30. YpaneHue us maccuBa k-l CTPOKM CO CABUIOM BCeEX
PacCrosIOXEHHbIX HUXXE Hee 3JIEMEHTOB Ha OfiHYy CTPOKY BBepX

OmepaTopbl, OCYIIECTBJIAIONNE CABUT HEOOXOAUMBIX 3JIEMEHTOB:
e ¢ (k+1)-it crpoku Ha k-0

alk, 1] :=alk+ 1, 11; alk, 2] :=alk+ 1, 21; ;
alk, m] :=alk + 1, m]

e ¢ (k+2)-i1 crpoku Ha (k+1)-10:
alk+1, 1] :=alk+ 2, 11; alk +1, 2] :=alk+2, 21;... ;
alk + 1, m] :=alk + 2, m]

e ¢ n-i1 crpoku Ha (n—1)-fo:
aln-1, 1] :=afn, 1]; aln -1, 2] :=al[n, 2];
aln-1, m] := a[n, m]

ITomHsA, uTO M KayKI0H CTPOKM MOYKHO IPUMEHUTDH OIEepaTopbl ITHKJA:

HL IJId HOMep cToJjibua oT 1 mo m

| alk, HOMep cTomybual] := alk + 1, HOoMep cToJnbLa]
KL - B
HI IJIS HOMep crojibua or 1 mo m
T alk + 1, HOMEp cronbual := alk + 2, HOMep cToJbua]
K

43 0Jisd HOMep_CTOHGHa or 1 mom
| aln , HOMep crojybual] := a
Ko

[n, HOMep crosbual

o)OopMUM TIPOTrpaMMy C HCIIOJIb30BaHUEM BJIOKEHHOTO ollepaTopa:
HI IJIS HOMEP CTpOkKM OT k mo n — 1

T HL IJI9 HOMEp cTonbua oT 1 IO m

| a[HOMep_CTpOKM, HOMep_CTOHGHa] := al[nomep cTpoku + 1,

| HOMep cToJbua]

| xu

KII

IIpumeuanue. Ilociae mpowsBeNeHHBIX M3MEHEHUI cJiefyeT He 3a0bI-
BaTh, YTO KOJIMYECTBO CTPOK WMCXOJHOTO MacCUBa YMEHBIITNUJIOCH Ha 1.

8.31. BctaBka B MaccuB 3a,aHHOro OAHOMEpPHOIro Maccmea
Ha k-10 cTpoky co caBurom k-, (k+1)-i, (k+2)-hmT. A.
CTPOK Ha OAHY NMO3ULMIO BHU3

IIpe:xme Bcero, 3aMeTHM, UTO AJIA PEIIEHUS 3TOM 3aJauy MACCUB JOJIKEH
OBITH ONMCAH C YUETOM JOIOJHUTENbHON cTpoKu. EIlle ogHa 0cO0EHHOCTH
3aKJII0YAeTCs B TOM, YTO B JAHHOM CJydYae OIIEPATOPhI, Peasn3yIoIue
CIIBUT 3JIEMEHTOB BHU3, MBI HE MOJKEM 3aIIUCATh CJIETYIOIINM 00pa3oM:

HIl IJIA HOMEP CTpOkmM OT k + 1 mo n + 1
1 HL Oos HOMEp cTomnbLa or 1 gom

| T a[HOMep CTPOKM, HOMEpP crosybual := al[nomep crpoxm - 1,
(. HOMep cTojybua]

| L

K
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ITousaruo, mouemy He MoskeM? IIpaBUILHBIA OTBET: COABUT HALO IPOBO-
IUTH, HAUMHAS C HIKHHX CTPOK M3MEHSEeMOM YacTH MacCHBa:

HL IJId HOMep CTpoku oTr n + 1 mo k + 1 mar -1

| HL mJ1a HOMep cTojibua oT 1 Zo m

| | alHomMep cTpokM, HOMep cTojybual] := a[Homep cTpoxm — 1,
(. HoMep cTosnbua]
|

8.32. Lluknuueckoe nepemMeljeHMe CTpOK MaccuBa BBepX

IIpu Takoil mepecTaHOBKe IiepBas CTPOKA 3allMCBIBAETCS Ha MECTO IIO-
cjenHell, CABUHYB BTOPYIO, TPEThIO M T. . CTPOKU Ha OLHY IIO3UIIHIO
BBEpX. .

fcuo, uTO cpasy mepenucaTh 3JIEMEHTHI IIEPBOM CTPOKU Ha COOTBETCTBYIO-
Iee MecTo B IlocjemHel cTpoke (a[n,1]:=all,1];aln,2]:=all,2],...)
HeJIb3s1 — MCXOJHbIe 3HAUEHUS HJIeMEHTOB IIOCJIeSHEel CTPOKHU OYAyT yTe-
psaubl. Hesnb3sa Takske cHauvaJla IMPOBECTH U CABUT CTPOK BBepx. HyKHO
IIpeABapUTEIbLHO BaIlOMHUTL 3HAUEHHE 5JIeMEHTOB IIEPBOM CTPOKM BO
BCIIOMOTaTEeJIbHOM OLHOMEPHOM MACCHBE, IIOCJIE Uero IIPOBECTHU CABUI He-
00XOQMMBIX 3JIEMEHTOB BBEPX, a IIOTOM 3aIIOMHEHHbBIE 3HAUCHNS 3aIlNCATh
B IIOCJIEIHIOI0 CTPOKY MAaccCHuBa:

| 3arioMMHaEM BCE BJIEMEHTEHl 1—-J CTPOKMU

| B Maccupe BCHOMOI'aTeJIBHEN MaCCHB

HL IJIA HOMep CcToJjifua oT 1 mo m

| BCioMOT'aTesNIbHENL MacCub [HoMep cTosibual] := al[l, HoMmep cTosbual]
KII

|CoBuraeM CTPOKM BBEPX

| (cM. npenployllyilo 3agaudy)

HL IJId HOMEep CTpoku oT 1 mo n = 1

| HO OJjig HOMep cToJjibua oT 1 mo m

| | al[Homep crTpokm, HOMep crojybua] := a[HOomMep cTpoxu + 1,
(I HOMep crosnbual

| xu

KII

| 3anmMceIBaeM 3HAUYEHMUsS B IIOCJIENHIIN CTPOKY

HL IJId HOMep cToJjibua oT 1 mo m

| a[n, nomep crojsifua] := BCHOMOT'ATEJIbHEIA MacCUb [HOMep cTojbua]
K1,

B ob1ieM coaydae aTa 3agaua GopMyIUDPYETCs CAETYIONIMM 00PasdoM: «S-10 CTPOKY MacCH-

Ba 3amucaTh Ha MECTO k-, Ipu 3TOM CABUHYB (s + 1)-10, (s + 2)-10, ..., k-10 CTPOKHU Ha
OIHY ITO3UIUIO BBEPX (s < k)».
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8.33. Lluknuyeckoe nepemMeljeHMe CTpoK MacCuBa BHU3

IIpu Takoii mepecTaHOBKE IIOCJEIHSAA CTPOKA 3alMChIBAETCA Ha MECTO IIep-

BOM, IIPX 9TOM CABUHYB IIEPBYIO, BTOPYIO U T. J. CTPOKY HA OJHY IO3UIIHIO
22 o

BHU3 . C yueTOM peIllleHMH ABYX HPEeNbIAYIINX 3aJad MOYKHO 3alNCaThb:

| 3annoMMHaeM BCe BJIEMEHTEH! NNOCJIeOHEM CTPOKM

| B MaccuBe BcroMoIa TeﬂbHHJZ_Ma ccuB

HL IJIg HOMep cToJjibua oT 1 mo m

| BCrioMoTaTesibHEM MaccCub [HOMep crojsifual := a[n, HOMep crojdual
K1

|CoBuTaeM CTPOKM BHU3S

| (cM. ODpenlployllylo 3amady)

HL IJIA HOMEP CTPOKM OT n mo 2 mar -1

| HUO Ojia Homep cToJsibua oT 1 mo m

| | al[Homep crTpokm, HOMep crojibual] := a[HomMep cCTpoxu — 1,

| HOMep cTojybua]

| x1

KL

| 3anmceBaeM 3HAYEHMA B IIEPBYKD CTPOKY

HL IJIA HOMep cToJjifua oT 1 mo m

| all, Homep cTosibual := BCHOMOTATEJIbHBE MaCCUB[HOMEpP CToJoLa]
KL

8.34. BbisicHeHue, MMeeTCSl iu B MaCCUBE 3JIEMEHT,
PaBHbIA HEKOTOPOMY 3HAYE€HMUIO

Mo:KHO PeIuThb 9Ty 3a7a4y, HOACUYNUTAB KOJIUUYECTBO 3JIEMEHTOB, PABHBIX
3aJaHHOMY 3HaueHHio (cM. 3amauy 8.3), U IO HAUIEHHOMY KOJMYECTBY
MOJYUYUTDH HYKHBIN oTBeT. OAHAKO TaKOIl BapUaHT HepalMoHaJeH — ecJu
3aJaHHOMY YUCJIy PaBeH, HAaIIpUMeEpP, BTOPOH 9JIeMEHT IIePBO#l CTPOKU, TO
BCE PaBHO MPHUAETCA MPOCMATPUBATH BeCh MaccuB. IlosToMy KeaaTeabHO
MIPEeKPaATUTh IIPOBEPKY SJEMEHTOB MAacCCHBa, KaK TOJBKO BCTPETHUTCS 3a-
ITaHHOe 3HAUYeHUe.

Ias1 Ka)I0# CTPOKM ABYMEPHOTO MACCHBA MBI C BTOM IIEJBI0 MOMKEM
HUCIIOJIb30BATh (hpParMeHT MIPOTrpaMMbl, AHAJOTHUUYHBINA IPUMEHSIBIIEMYCS
IIpY PeIleHnr 3aJaun 8 IPU M3YyUeHUN OJHOMEPHBIX MACCHUBOB (CM. COOT-
BETCTBYIOITUN pasaen):

€CTb := HeT
HOMep crojybua := 1

HIl [IOKa HE eCTb M HOMep cTojbua <= m

| ecau a[HOMEP CTPOKM, HOMEpP CTOJIOLa] = 3Ha4YeHUEe

22
B o61iem ciiyuae ata 3agada GopMyIUDPYETCs CIeLYIOMUM 00pasoM: «S-I0 CTPOKY MaccuBa

3amuncaTh Ha MEeCTO k-i, IpU 3TOM CABUHYB k-10, (k+1)-0, ..., (s — 1)-10 CTPOKU Ha OLHY II0-
3umuio BHU3 (s > k)».
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| | To

| | ecrep := ma

| | mHaue |llepexomMM K PaCCMOTPEHMIO CJENYKIEeIOo DJIEMEHTa B CTPOKe
| | HomMep crojybua := HOMep cToJjbua + 1

| Bce

K

rle eCTb — BEeJIWYMHA JIOTUUYECKOTO TUIIa, IPUHUMAIOIIAA UCTUHHOE 3HA-
YeHUEe, €CJU UYMCJIO0 3HAaUeHMe BCTPETUTCS B MaCCHUBE.

MoskHO TaKKe IPeKPaTUTh HEePEX0]] K CIeAYIONell CTPOKe, eCJIU UCKO-
MoOe 3HaueHWe y:Ke BCTPETUJIOCh B mpenbiayineii. IIpuBemem Bech dpar-
MEHT TPOTPaMMBbI DPeIlleHusA MaHHOU 3amaduu:

HOMEP CTpOKM := 1; eCTb := HeT

HIl IIOKa He eCTh M HOMEep CTPOKM <= n
HOMep crojybua := 1
HI [IOKa He eCTh M HOMep cTojibua <= m

|

|

| | ecim a[HOMEp CTpPOKM, HOMep cToJjibna] = 3HadyeHue
| 11 o
| | | ecTbp := ga
| | | nHaue |IlepexomM K PacCCMOTPEHMIO CJIEOYIWETO BJIEMEHTA B CTPOKE
| | | HomMep croybua := HOMep cTojbua + 1
| | Bce
| ®u
| eciau He ecTb

| | To

| | |lepexomum K cClledyllley CTPOKe

| | HOMEp CTpOKM := HOMEp CTpokm + 1
| BCe

K

OTBeT HA IOCTABJEHHLIN B YCJIOBUHU 3aga4vYy BOIIPOC MOJKHO IIOJIYUYHUTH
II0 3BHAYEHHNIO BEJIMYMNHBI €CThb.

8.35. NpoBepka HanMuYMa B Maccuee
OAVHAKOBbIX 3JIEMEHTOB

Mo:KHO MOACUYUTATL KOJUUECTBO B MACCHBE KaiKJIOr0 M3 €ro 3JeMeHTOB
(cm. Bamauy 8.3). Eciiv ofmHaKOBBIX 3JIEMEHTOB B MacCuBe HET, TO CyMMa
BCeX TAKMUX KOJUYeCTB OymeT paBHA n X m (yOeguTech B 3TOM CAMOCTOS-
TesibHO0). CooTBeTCTByIOIIasA HporpaMMa:

CyMMa_ BCeX KoJmdecTe := 0

| Ina KaxOoTo BJIEMEeHTa MacCuBa

HL IJId HOMEp CTPOKM OT 1 IO n

| HO OJjig HOMep cToJjibua oT 1 mo m

| | |OnpenengeM KOJIMUECTBO TaKMX 3HAUEHUN
| | xommuecTBOo := 0
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HL IJIA HOM CTp OT 1 1o n
HL IJI HOM CTOJI OT 1 mo m

| |HOM CTp M HOM CTOJI — UHOEKCH

| |PJIeMeHTOB, C KOTOPHMM CPaBHMBAETCH

| |3HaueHue al[HoOMEp CTPOKM, HOMEP CTOJbIa]

| ecom a[HOMEp CTPOKM, HOMEP CTOJOUa] = a[HOM CTp, HOM CTOJI]
| | o

| | xoImMuecTBO := KOJMUECTBO + 1

| BCe

K

K1,
| YumTEIBAEM 3TO KOJIMUECTBO B OOMEN CyMMe
CyMMa_ BCeX KOJMYEeCTB := CyMMa BCexX KOJMYECTB + KOJMYECTBO

€CJIM CyMMa BCeX KOJMYUECTB = n * m

BEIBOII HC, "B MaccuBe HeT OIMHAKOBHIX B2JIEMeHTOB"
rvHaue

BEIBOII HC, "B MaccuBe eCTb OOMHAKOBHBIE BJIEMEHTH"
BCE

OxHaKo ACHO, TAKOW BapMaHT HepallMOHAaJIeH: ecJii B MacCuBe OJMHa-
KOBBIMU SIBJISTIOTCS, HAIPUMEP, YK€ BTOPON U TPETHUH JIEeMEHTHI IIePBOI
CTPOKU, TO MPOCMaTPUBATHL BCE PABHO HPUXOAUTCA Bech MaccuB. Keia-
TeJIbHO IPEeKPAaTUTh IIPOBEPKY, KaK TOJHBKO BCTPETSTCS IBa OJMHAKOBBIX
aJeMeHTa. ITO MOKHO CHeJaTh, UCII0Jb3ys B IIpOrpaMMe BMECTO OIIepaTo-
POB IIHKJA C IIapaMeTPOM OIIepaTOPhI IUKJIA C YCIOBHEeM (COOTBETCTBYIO-
U BapHaHT IIPOrPaMMbI paspadoTaiiTe caMOCTOATENILHO).

1. B 1ByMepHOM MaccuBe XpaHUTCSI UH(PpOPMAIINA O KOJINUYECTBE YUEHM-
KOB B KaXKJIOM KJiacce KaK o nmapasienu mKroJb ¢ I mo XI (B mepBoit
CTpOKe — MH(pOpPMAaIMUa 0 KJiaccaX MepPBOY MMapajjiejan, BO BTOPOA —
BTOPOIi mapaJjjieJinu U T. A.). B KasKI0i mapaJsijiesit IIKOJbl IMeeTCs II0
4 xnacca. Onpenmeaunre:

a) ofIree KOJIMYECTBO YUAIIIUXCS IITKOJIbI;

0) KOJMYECTBO yUaIllnXcs B mapaJjieau V KJacCcoB;

B) B KAKOM KOJIMYECTBE KJACCOB UHMCJIEHHOCTb YUEHNKOB IPEBLIIITAET
25 uesioBeK;

r) OOIIYyIO YMCJIEHHOCTh YUeHUKOB KJIACCOB, B KOTOPBIX yUaTCs MeHee
18 yesioBeEK.
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2.

Tabuuiia pe3yabTaToB (PyTOOJSHHOIO UEeMIIOHATA 3aJaHa B BUJE ABY-
MEepPHOT'0 MacCHUBa M3 N CTPOK U N CTOJOIIOB, B KOTOPOM BCE 9JIeMEHTHI,
OpuHaIeKalue TJIaBHOU AUaroHa I, PABHBI HYJ0, a KayKIbIi dJe-
MEHT, He IPUHAAJEKAIIUN IJIaBHON aumaroHanu, pased 3, 1 mam 0
(KOJIM4eCcTBY OUKOB, HaOPAaHHBIX B UTPe: 3 — BBIUTPHIINI, 1 — HUUYbA,
0 — mpourpsii). Oupegenure:

a) KOJIMYECTBO HUUYLUX Y KOMaHIbI HOMED 2;

0) KOJMYECTBO BBIMT'PHIMNIEH KaKI0N KOMAaHIbI;

B) KOJIMYECTBO OUKOB, HAOPAHHBLIX KOMAHION-UeMINOHOM;

r) HOMED KOMAaH/bI-UeMIIMOHA (CUMTAasl, YTO MAKCUMAIbHOE KOJMUYECTBO
OUYKOB Ha0paJja TOJLKO OJHAa KOMaHA).

B nBymepHOM MaccuBe xpaHUTCA MHMOpPMAINUA 0 3apmiaTte 18 dueso-
BeK 3a KasKIbII Mecsll rofa (3a sHBapb — B IIePBOM cTOJI0IIE, 3a (heB-
pansr — BO BTOpoM u T. 1.). Ompenenure:

a) OOIIyI0 CyMMY 3apIlJaThl, BRIIIJIAUEHHOI B UIOHE;
0) CpemHIOI0 3apILIATy 3a KaXKABIH MECHIL.

B aBymepuom maccuBe u3 10 cTpok u 25 cTOJIOIOB XpaHuTCs nH(pOpMAa-
IS O POCTEe KAMKIOrO0 YUEHHKAa [OEeCATH KJIAacCoB. POCT MaJIbunKOB
YCJIOBHO 3a/IaH OTPUIATEIbHBIMUY urcaamu. Eciiu B Kitacce meHee 25 ue-
JIOBEK, TO JIUIITHIE 9JIEMEeHThI MacCUBa PaBHbI Hy 10. Ompemesunre:

a) CpegHMUI POCT MAJbYMKOB B KAKJOM KJAacce;

0) cpemHUI POCT AeBOUYEK B KJiacce, mHGOPMAINA 0 KOTOPOM 3aluca-
Ha B TPEThEN CTPOKE.

B nBymepuoM MmaccuBe u3 31 CTPOKU U 5 CTOJIOIOB XPAaHUTCSI UHGOP-
MaIusa 0 HOYHOM TeMIIepaType 3a KaMKIbIi JeHb MecAla C HOA0PA o
MapT (AJIsS MecsAIeB, YMCJIO JHell B KOTOPBIX MeHbIlle 31, B COOTBETCT-
BYIOIIIX 9JIEMEHTaX MaccuBa sanucanbl Hyau). CocTaBbTe IpOrpaMm-
MBI JIJIsI OIIPEeJeJIeHIsA CPpefHell OTPUIATeILHOM TeMIIepaTyPhI:

a) B 3alaHHOM MecHIE;
0) B KasKIOM 13 IIPEACTABJIEHHBIX B MACCHUBE MECSAIEB.

B nBymepHOM MaccuBe XpaHUTCA HHMOPMAIINA O KOJIUUECTBE CTYIeH-
TOB B TOI MJIM WHOU IPynne KasKIoro Kypca MHCTUTYTA C IIEPBOTO II0
OATHIN (B IIEPBOM CTOJIOIE — MH(MOPMAIINA O IPYIIIIaxX IepBoro Kypca,
BO BTOPOM — BTOpOTO U T. 1.). Ha Kakgom Kypce umeercsa 10 rpymi.
g Kaykagoro Kypca oIpeeinTe:

a) o0Ilee KOJUUYECTBO CTYAEHTOB B I'PYIIIaX, YHNCACHHOCTb KOTOPBIX
IIPEeBBITITAET 25 YesIoBeK;
0) cpenHee KOJMYECTBO CTYJAEHTOB B TAKUX I'PYyIIIIax.

CocTaBbTe TaKKe IIporpamMmmy AJid oIipenejieHud oﬁmero KoJim4yecTBa
CTYAE€HTOB B TAKUX I'PyIIax nJjd 3afaHHOI'O Kypca.
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7.

10.

11.

12.

dupma umeer 10 marasuuos. MaGopManua o foxXoAe KasKI0ro Mara-
3WHA 3a KasKAbIH MECHdIl rofla XpPaHUTCA B IBYMEPHOM MaccuBe (IJsd
IIepBOro MarasmHa — B IIEPBOII CTPOKe, AJI BTOPOTO — BO BTOPOI
uT. 1.). Tak KakK He KayKAblll MarasuH paboray Bce 12 mecsAIies, To He-
KOTOPBIE 3JIeMeHThI MaccuBa paBHbI Hy 0. CocTaBbTe IIPOrPaAMMBI:

a) IJis pacueTa CpeIHEeMeCAYHOr'o J0XOoJda 3aJaHHOro MarasmHa (IIo
ero HOMepY);

0) IJisA ompeesieHNa MaKCUMAJIbLHOTO JOX04a 34 MEeCHI] I KaKIoro
MarasuHa;

B) [JIsI OTIpeesieHUnsT HoMepa MecsIla, Korjaa OBl IoJyYeH MaKCH-
MaJbHBIH H0X0[ (TaKsKe IJIA KaKI0ro MarasmHa).

dau 1ByMepHBII MAacCUB HATypPaJbHBIX uncea. Oupegennre MaKkcH-
MaJIbHOe YeTHOE YUCJIO B HEM.

B aBymepHOM MaccuBe xpaHUTCS MHGOpPMAIUA O Oajljiax, HOJyUdeH-
HBIX CIIOPTCMEHAMU-IIATUOOPIAMY B KaKIO0M U3 IIATU BUAOB CIOPTA
(B mepBOM cT0.JIOITe — MH(pOpMAaIuA 0 6aLaax IJd IIePBOTO CIIOPTCME-
Ha, BO BTOPOM — [JIs BTOPOTO U T. 1.). O0Illee KOJIUUYECTBO CIIOPTCME-
HOB paBuo 20. OmpexeanTe, B KAKOM KOJHUUYECTBE BUIOB CIIOPTa BTO-
poii criopTcMeH mosyuna 6osee 50 6asioB.

B spurenruom 3ajse 25 psimoB, B KaXKIO0M M3 KOTOPBIX 36 mect. MH-
dopmanusa o TpogaHHBIX OMIeTaX XPaHUTCA B JBYMEPHOM MaCCUBE,
HOMEpa CTPOK KOTOPOTO COOTBETCTBYIOT HOMEDPAM DPANOB, a HOMepa
CTOJIOIIOB — HOMepaM MecT. Ecu OujaeT Ha TO MU MHOE MECTO IIPO-
JlaH, TO COOTBETCTBYIOIIMI 3JIEMEHT MaccuBa paBeH 1, B IPOTUBHOM
cayuae — 0. CocTaBbTe mporpaMMy [Jisi BEIBOJIA Ha 9KpPaH CBeIeHUH
(HOMepa psma U HoMepa MecTa) O CBOOOJHBIX MECTax:

a) BO BCEM 3aJie;
6) B 10-m pany.

B nBymMepHOM MaccuBe XpaHUTCA HHPOPMAIKA O 3apIljiaTe KakIoro
u3 20 cOTPYyAHUKOB UeTbipex orhesoB. CocTaBbTe MporpaMmy mepe-
pacueTa 3apIaThl II0 OpaBuUJay: ecau 3apmaata meubire 8000 pyo.,
TO ouHa yBeauuuBaerca Ha 20% , B mpoTuBHOM cayuae — Ha 5%.
CocTaBbTe TaKsKe aHAJOTUUYHYIO IPOTpaMMy [IJA Iiepepacuera 3ap-
MJIaThl B OMHOM TOJIBKO 3aJaHHOM OT/eJe.

B moeszge 18 Baromnos, B KaxKI0M 13 KOTOPBIX 36 MecT. Mudopmanusa
0 IIPOJAHHBIX Ha II0e3] 01IeTax XPaHUTCS B JBYMEPHOM MacCHUBe, HO-
Mepa CTOJI0I[0B KOTOPBIX COOTBETCTBYIOT HOMEepaM BaroHoB, a HOMepa
CTPOK — HOMepaMm MecT. Ecjam Omier Ha TO MJIM MHOE MECTO IIPOJaH,
TO COOTBETCTBYIOIIUI 3JIeMEHT MacCHBa paBeH 1, B IPOTUBHOM CJIy-
yae — 0. Ompenenure:

a) KOJIMYeCTBO IIacCaKMPOB B HamboJiee 3aII0JTHEHHOM BaroHe;

0) HOMEep OAHOTO U3 Hambojee 3aITOJHEHHBIX BATOHOB.
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13.

14.

15

16.

17.

B nBymepHOM MaccuBe xpaHUTCA MHMOPMAIIUA O KOJIMYECTBE OCal-
KOB, BBIIIABIINX 38 KAKIbIN JeHb KaiKIoro Mecsana roga. CocraBbre
IporpaMMBI AJId OIIpesiesIeHUA:

a) MaKCUMAaJbHOTO KOJIMYECTBA OCAAKOB, BHIIIABIIINX 34 J€HD;

0) HoMepa MecdAla U HOMepa AHA, B KOTOPBIH 5TO IPOUSOIILIO.

B nBymepHOM MaccuBe xpaHUTCA MHGOpPMAIUA O Oajax, MOJTydeH-

HBIX CIIOPTCMEHAMU-TecATUOOPIaMY B KaKJOM U3 NEeCATU BUIOB

cropTa (B mepBOM CTOJIOIle — HH(popManua o 0ajjiax IJs IepBOTro

CIIOPTCMEHa, BO BTOPOM — [IJIsI BTOpPOro u T. a.). O0Ilee KOJIHUIECTBO

cnoptcMeHOB paBHO 30. CocTaBbTe MPOTPAMMBI IJIA OTIPeeTeHUA:

a) MaKCHUMAaJbHOTO KOJHYecTBa 0aJiJIOB, MOJYYEHHBIX KasKIbIM
CIIOPTCMEHOM 3a KasKIBbIi BUJ CIIOPTA;

0) HOMepa BHIA CIIOPTA, B KOTOPOM KasK/JbIii CHOPTCMEH HAOpaI MaK-
cuMaJbHOE KOJIUYECTBO 0AJIJIOB;

B) MUHUMAJBHOTO KOJUYECTBA 0aJIJIOB, IMOJYUYEHHBIX KaKIBIM
CIIOPTCMEHOM 3a 3aJaHHBIN BuM criopTra (II0 ero HoMepy);

r) HOMepa CHOPTCMEeHAa, IOJYYMBIIET0 MUHUMAJIbHOE KOJUYECTBO
6aJIoB.

B nBymMepHOM MaccuBe XpaHATCS Pe3yJIbTAThI (BpeMs B MUHYTAax), I10-
KasaHHbIe KaXXIbIM 13 12 aBTOrOHIIINKOB Ha KaskaoMm u3 10 sTamos co-
peBHOBaHUI «PopmyJia-1» (B IepBoii CTPOKE — PE3YJIbTATHI AJIsI IIEPBO-
T'0 TOHIIIMKA, BO BTOPOIi — JJisi BTOPOro u T. A.). Ilocse mecAaToro sarama
TOHIIUK C IOPALKOBBIM HOMEPOM 4 BBLIOBLT 13 COPeBHOBaHUMA. VIaMeHU-
Te MAcCHUB, VIAJIUB U3 HETO Pe3yJIbTAaThl BHIOBIBIIIETO TOHIIINKA.

B nBymMepHOM MaccuBe XPaHATCS Pe3yabTaThl (BpeMsA B MUHYTAaX), II0-
KasaHHbIe KaXKILIM 13 16 BeJOTOHIIMKOB Ha KaMXJAOM u3 12 sramos
COpEeBHOBAHMUI (B IIEPBOM CTOJIOIe — Pe3yJILTATHI JJIs IIEPBOTO ATala,
BO BTOPOM — [IJIsI BTOPOTO U T. 1.). CymeiicKkoii KoJjjierueil pe3yjabTa-
TBHI ISATOTO STAIla M'OHKM OBLIM IMIPU3HAHBI HeleHCTBUTEIbHBIMU. V3-
MEHUTE MAaCCUB, YIAJNB U3 HErO Pe3yJIbTAaThl 9TOr'0 dTala.

B nBymepHOM MaccuBe XpaHHUTCA MHPOPMAIKA O 3apIljaTe KasKIoro
u3 20 coTpyAHUKOB oTzAesa 3a 12 MecsAleB (AJIA MIePBOTO COTPYIHU-
Ka — B IIePBOM CTOJI0IlEe, AJI BTOPOTO — BO BTOPOM M T. 1.). B cBsizu
¢ u3MeHeHneM (PaMUJINHA COTPYAHNUIL], HEOOXOAUMO:

a) IIOMeHATH MecTaMu gaHubIe B 4-M 1 10-M cTobax;

0) uHGOPMAIIUIO O H5-II COTPYAHUIE TIepeMecTHuTh B 15-if crToxberr,
COBUHYB IIPU 9TOM 3HaueHus B 6-m, 7-M, ... , 15-M crosdiax Ha
OJHY IIO3HUIINIO BJIEBO;

B) mHpopManuio o 18-ii coTpyAHUIlEe IIepeMecTUTb B 3-il cTojberr,
COBUHYB IIPU 9TOM 3HAUeHUs B 3-M, 4-M, ... , 17-M cToabiax Ha
OJHY IIO3UIIMIO BIPABO.

CocraBbTe COOTBETCTBYIOIIIME ITPOTrPaMMBI.
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18.

19.

20.

B nBymMepHOM MaccuBe XpaHUTCS MHMOPMAIUs 00 OIeHKaX KaKI0ro
u3 25 yYeHMKOB KJacca II0 8 mpeaMeTaM 3a IePBYIO UYeTBepPTh (IJid
IIEPBOTO yYEeHWKA — B IIE€PBOM CTPOKE, IJIA BTOPOTO — BO BTOPOH
u T. 1.). ITocie OKOHUAHUS EePBOII YETBEPTHU B KJACC IOCTYIUJ HO-
BBIN yUeHUK, (paMUJINUSA KOTOPOTO TaKoBa, UTO MHMOPMAIUI O €ro
OIleHKaX JOJI’KHA HAaXOAUTHCA B HATOI cTpoke. CocTaBhTe mporpam-
MY IJid BHECEHUA dTUX UBMEHEeHU# B MaccuB (MHGOPMAIIHUIO 00 OIeH-
KaX HOBOTO YUEeHUKA CUUTATH U3BECTHOM).

B npeppiayieii 3agave BEIACHUIIOCH, UTO IO IPEJAMETY IO HOME-
poM 5 HeoO0X0aMMO IIOMEHATh MECTAMHU OIeHKH 2-T0 1 4-T0 YUeHUKOB.
PaspaboTaiiTe mporpaMMmy, OCYIIECTBJIAIOIIYIO 9TO.

B nBymepHOM MaccuBe u3 5 cTpoK u 25 cTOJIOII0B XpaHUTCA UHPOP-
Malua 0 Bece KaXKJI0ro yUeHUKa NATU cTapiiux KjaaccoB. Onpene-
JUTE:

a) nMeeTcCd JIM B 9TUX KJlacCaX YUeHHK, BeC KOTOPOro paBeH 90 KT

0) MMeIOTCS JIU B 9TUX KJIaccax YUeHUKHU, BeC KOTOPBIX 0ojbIiire 90 Kr
(ecsii ©3BECTHO, UTO XOTs OBI OMMH TAKOIl YUEHUK €CTh).

B 00oux ciayuasax He JOJKeH IIPOU3BOAUTHLCS IMOJIHLIN IIepedop Bcex
5JIEMEHTOB MAacCHUBa.




* %

9. Ucnonb3oBaHue npouenyp
n GyHKUUN

Yro Takoe MpOLEAypa, U 4TO Takoe GyHKIua? O0e OHU  NPEACTABISIIOT
€000l (hparMeHThHl IPOrpaMM, B KOTOPBIX PeIlaeTcs KaKas-TO YacTh 00-
mieit sagmaun. Taxoii pparmeHT oopMIsAETCS 0COOBIM 00pasoM u CHaOKA-
eTcAd COOCTBEHHBIM WMEHEM.

BosHukaer Bompoc: 3aueM HYKHO KaKyI0-TO 4acTh IPOrpaMMbl 0opM-
JIATH oTAeabH0? UTOOBI OTBETUTH HA HEro, PACCMOTPUM HECKOJBKO IIPU-

MepOB.
B mporpammax wacTo BCTpeUaroTCA IIOBTOPAIOIIVECS WJIN IIOXOXKUeE
(parMeHTHI — HaIpUMep, UTOOBI BHIBECTH HA SKPAH «3aCTaBKYy», IPEJ-

CTaBJIEHHYIO Ha DpHC. 91, B IIporpamMme mOJIZKHO OBITHL 3aIIMICAHO:

HU gja 1 or 1 mo 40
| BRIBOHm "*"

KII

HUO gig 1 or 1 mo 5
| BeiBOOD " "

KII

BeiBOn "OTY IIPOT'PAMMY PABPABOTAIJ MIETHA XAKEPOB"
BEIBOI HC

HU gja 1 or 1 mo 40
| BRIBOH "*"

KIT

Kax Bugmm, B 5Toli mporpamMme ecTh ABa abCOJIIOTHO OLMHAKOBBIX
(¢dparmenTa s BBIBOJA JUHUNA 13 3BE3A0UYEK. ITH (hparMeHTHI MOIKHO
0odopMUTH KaK npoyedypy.

EE I S S S S N S S S S S S S S D S S S S

ITY ITPOI'PAMMY PA3SPABOTAJI IIETSI XAKEPOB

E S

S S S L S S I S S S S S S S L S S S S S S S

Puc. 9.1

3
B asvike IIpOorpaMMHUPOBaAHUA Cu 06a 9TUX IMOHATHUS HA3BIBAIOTCS OJIMHAKOBO: «DYHKIIHA» .
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Ha 1mixojabHOM aJroOpUTMHUYECKOM S3bIKE OOIIUil BUJ IIPOIEAYPHI CJe-
IYIOIUH s
anr <uMda IpPOoLeIypPh>
Hau <OHVIcaHV[H_HepeMeHHI::IX_B@JII/I‘-:‘[I/IH_I/ICHOJII:ByeMbIX_B_HpOLI,e,D;ype>
| <Tesio_npouenyps
KOH

raoe <OHMC&HT/[F[7HepeMeHHbIXiBeJ'H/[‘:U/[HiMCHOJ'Ib3yehdleiBinpoLleﬂype> —_—
IepedyeHb HCIOJL3YEeMBLIX B IPOIeAype BeJIWUMH C VKasaHWeM MX TUIIA;
<TeJIo NpoLenype> — OIepaTopbl, COGCTBEHHO DeaH3yIOIlHe Delae-
MYIO C IIOMOIIBIO IPOIeAYPHI 3amauy.

B mamrei#n samaue mporienypa, ¢ MOMOIILI0O KOTOPOH MOMKHO IOJYUYUTH
aunHuio u3 40 3Be3gouer, MMeeT BUL:

anr JinHus

Hay uen i

| Hu gna i or 1 mo 40
| | BemBOm "*"

| xu

kon

Temeps ee MOKHO HCIIOJIH30BATH B OCHOBHOM YaCTW ITPOTPaMMbI. BhI-
30B IIPOIEAYPHl HA BBHIMOJHEHUE OCYIIEeCTBJISAETCSA OTAEeIbHBIM OIePaTo-
POM, B KOTOPOM YKa3bIBaeTcA MMA TPeOyeMoil IpOIeaypHI:

JInumsa

HU gyig 1 or 1 go 5

| BeiBOOD " "

E

BeiBOZ "OTY IIPOT'PAMMY PA3SPABOTAJ NETSA XAKEPOB"
BEIBO L E

JInumsa

Herpyauo ybGenmrbesi, 4TO B JAHHOM CJydYae IIPUMEHEHHE IIPOIeLy-
pPBI YMEHBIIIAET pasMep IMPOrpaMMbl (3TO IPEUMYIIECTBO IPOSBUIOCH ObI
B elrle 0OJIBINEH CTemeHu, ecJiu ObI B 3aJlaue TPeOOBaJIOCh PUCOBATH JIUHUHT
Tpu u OoJjiee pasa).

Eme oxve mpumep (XO0TA B 3HAYUTEJILHOUM CTENEHU YCJIOBHBINU, HO J[O-
CTATOYHO IIOKAa3aTeJbHBIH): MyCTh HEOOXOAMMO Ha dKpaHe HAPUCOBATH
U3 JUHUA usobpakeHue cJugoBa «MY». CooTBercTByIOIIas IIporpamma
odopMsgerca Tak:

anr My

Had

[ ...

| cmecTtuThCcsa Ha BexkTop (0, 100)
| cmecTuThCcsa Ha BexkTop (50, —-50)
| cmecTuThCa Ha BekTOp (50, 50)
| cmecTuThCa Ha BekTOop (0, —100)

24 o
C mpaBujaMu 0(POPMJIEHUS IIPOIEAYP B A3bIKE IPOrPAMMUPOBAHNA, KOTOPLIA BLI M3yda-
eTe, 03HAKOMbBTECH CAMOCTOATEBHO.
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| mMOOHATE MEepo
| cmecTuThCsa Ha BekTOp (10, 0)
| onyCcTUTL Hepo
| cmecTuThCsa Ha BekTOp (50, 0)
| cmecTuThcsa Ha BexkTop (0, 100)
|
KoH

Jlerko Jiz B TaKOU IIporpamMMe HAWTHU OIIMIMOOYHBIN OIlepaTop, 13-3a KO-
TOPOro, HAIIPUMEDP, OyKBa «¥» m3o0pakeHa HempaBuiabHO? U rme HYKHO
ITO0aBUTH OMEPATOPBI, UTOOBI TOJYUYUTH HA SKpPaHe BMecTo ciaoBa «MY»
caoBo «MAY»?

Eciu xe pucoBanme OyKB «M» 1 «¥Y» 0QOPMUTL B BHUAE OTAEJIBHBIX
IpOIEeAypP, TO OCHOBHASA UYACTh IIPOTPAMMBI IIPUMET BUI:

anr My

Had

| cmecTuTeca B Touky (50, 100)
| M

| cmecTuThCca B Touky (160, 100)
|y

KoH

Komeuno, mpu sToM pasMep Bceil IporpaMMbl HEMHOT'O YBEJIUUYUTC, HO
3aTO HPOABATCA APYrue IIPEeHMYyIecTBa — IIporpamMMa cTaHeT 0oJjee II0-
HATHOI, B HEH JIETKO HAWTU HYKHOE MEeCTO, B TOM YHCJIe 1 CBSI3aHHOE C
omubkamu! Eciau ke Hy:KHO M300pasuTh HA sKpaHe cjaoBo «MYMY», To
IpUMeHeHIe IIPOIeayp, KpPoMe TOro, MPUBENET Y:Ke M K YMEHBIICHUIO
pasmepa IporpaMMbi!

Bo3MOKHOCTDh MCIIOJIB30BAHUS MPOIEAYD ¥ PYHKIIMI TO3BOJSAET IIPHU-
MEHSTHh COBPE€MEeHHBbIe MEeTOMbl MPOeKTUPOBaHUSA mporpamMm. lleso B ToM,
YTO MPU MPOTPAMMHPOBAHUU JOCTATOUHO CJOMKHOI 3aJauu PEIuTh ee
«OIHUM MaxXoM», T. €. HAllMCaTh cpasy BCIO IPOrpaMMy OT Hadaja 0 KOH-
11a, 00OBIYHO HEBO3MOKHO. IIpoIiecc paspaboTKM IPOrpaMMbl — 9TO TBOP-
YeCKUIl IpoIecc, IMPOXOAAIUI B HECKOJBKO 3TamoB. BHauajie 00BIYHO
crapaloTcs paspaboTaTh HauboJiee OOIIYI0 CXeMY aJropuTMa, He OCTaHAB-
JIMBAsICh HA TeXHUUYECKUX JeTaAX ero peajlusaluu. B pesyibTaTe Takoi
aJITOPUTM IIPEACTaBJISIETCSI B BUE IIOCJIeN0BATEIbHOCTH OTHOCUTEIHHO
KPYIHBIX OJIOKOB, peajusdyionuxX 0ojee WUJIM MeHee CaMOCTOATebHbIe
CMBICJIOBBIE YaCTH, PEIlaInX KaKue-TO YacTHbIE 3ajaun. OTH OJIOKU, B
CBOIO ouepenb, MOTYT PasdbMBaThCA HA MEHbIKWE MOA0JOKU U T. 4. Takoi
IIPOoIecc IIOCJeN0BATEeIbHOT0 CTPYKTYPUPOBAHUSA MPOTPAMMBI IIPO0JIMKA-
eTcs, IIOKa peajindyeMble 0JIOKAMHU aJTOPUTMbI He CTAHYT IIPOCTBIMU U
JIETKO IIPOrpaMMUPYEeMBIMMU.

PacckaszaB o mpeumyliecTBax NPHUMEHEHUs IIPOIEAYP, IepergeM K
U3YUYEeHUI0 UX Pa3HOBUIHOCTEMN.
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BosMO:KHO MCIIONb30BaHMEe TaK HA3bIBAEMBIX «npouedyp ¢ napamem-
poM» — TIPOLENYP, Pe3yabTaT BHITOJHEHUS KOTOPBIX 3aBUCUT OT HEKUX
BeJIUUUH — napamempos. Ilyctsb, Hampumep, B IporpaMme TpedyeTcs pu-
COBATh M3 3BE3[O0UEK JUHUM PA3HOH «IJIUHBI»:

HO gng 1 or 1 mo 40
| BEIBOL "*"
Ko

HU mig 1 or 1 mo 20

| BRIBOHm "*"
KL

HU ni4g 1 or 1 mo 30

| BmBOm "*"
K1

MookHO, KOHEUHO, AJIA TAKOHN 3aJaum CO3[ATh TPU OTHEJbHbIE MPOIeay-
pBI, pelrampoIue 3TU 3agauu. Ho BeIUTpaeM Ju MbI DA 9TOM B pasMepe
nporpammbi? Komeuno, mer! HemareabHo paspaboTaTh YHUBEPCAILHYIO
IIPOIeNyPY, KOTOPas yMeeT PUCOBAThH JUHUU U3 3BE3J40UeK JII000M IJINHBIL.
Ito m OymeT mpolleAypa ¢ IIapaMeTpPOM.

O06uIuii BuUA TaKuX IIPOIEAYP:

anr <mMMda_Npouenype> (apr <COMCOK (QOpMalibHEIX [NapamMeTpoB>)
Hau <ONMUCaHUA [E€PEMEHHHX BEJIMUMH MCIIOJb3YEMEX B Ipouenype>
| <Teyo_npouenypsr>

KOH

rae <comcok (QopMasibHEIX IIapaMeTpPOB> — 3TO IlepedeHb BeJUYUH, OT
KOTOPBIX 3aBUCUT PE3YJIbTAT BBIMMOJHEHUA MPOIEAYPHI (C yKazaHueM UX
TUNa). T BEJIMUYMHBLI HA3hIBAIOT «(OPMAJIbHBIMU MapaMeTpaMu ITPOIENy-
pbI», U UMEHHO OHU WCIIOJB3YIOTCA B Tejie IPOIeAypHI.

B mamrem cioiyuae mporenypa, ¢ IMOMOIIIBIO KOTOPOM MOYKHO IIOJIYUYUTh
JUHUIO JIO00U NJUHBI, UMEeeT BU/I:

anr Jinuusa (apr uen k)
Hau UeJs i
| 5o gna 1 or 1 mo k

| | BeiBOm "*"
| KL
KOH

PeSy.IIBTaT ee BBINIOJTHEHUA 3aBUCUT OT BEJIMUUHBI K, KoTopada ABJIAET-
Cd €eIJMHCTBEHHBIM IIapaMeTpOM 9TOM IIponenypsnl.
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Br130B Takoi#l mpormenyphl OCYIIIECTBJIAETCI KOMAaHIOI:
<mMA_npouenype> (<CHMCOK_ (QaKTUUECKUX [NapaMeTpOB>)

rge <cnmcox OGaKTUUeCKUX [apaMeTpOoB> — 3TO IlepedeHb KOHKDeT-
HBIX 3HAUEHWI MapaMeTpPOB IIPOIEAYPHI AJA PEIIeHusa KOHKPETHOU 3aja-
yu. B HameMm ciydae, 4ToOBI MCIIOJB30BAThH MPOIEAYPY AJA PUCOBAHUA
auanu u3 30 3Be3nouer, BHIZOB IIPOIEAYPHI OOJKEH ObITH Oo(opMJeH
KoMaHmom: Jimuua (30).

B KauecTBe 3HAUeHHUIT (PAKTHUECKUX IAPAMETPOB MOMKHO YKAa3hIBATE

1) xomcTaHTHI (3aJaHHBIE, 3apaHee U3BEeCTHbIE 3HAUEHUS) — MMEHHO TaK
OBLJIO CIEeJIaHO B IPHUBEIeHHOM BBIIIIE IIPUMEDPE;

2) mMeHa BeIWUYWH, HATTpUMeD JInuus (nyvual) ; Kak BUIHO U3 9TOTO IIPU-
Mepa, nMeHa GaKTUYeCKUX U (hOPMAaTbHBIX apaMeTpPOB He 003aTeNb-
HO JOJI’KHBI COBIIANATh;

3) BeIpaskeHUs (JimHua (mmmHal + 10)).

B kakgoMm 13 3THX Tpex caydaeB TUI (PaKTUUECKOTO ITapaMeTpa o0sa3a-
TEJIBHO JOJIXKEH COBIAJaTh C TUIOM (hOPMaJbHOTO ITapamMeTrpa, yKasaH-
HBIM B 3aroJIOBKe IIPOIEAypPHI.

flcHo, uTO B TpoOIlEAype MOTYT OBITH WMCIOJB30BAaHBI ABa WU 0OoJjee
dopmanbHBIX TapaMeTpa. B Takux caydadax Opu O(DOPMIEHUU CIIHUCKA
(haxTUUECKUX ITapaMeTPOB CJeAyeT YUUTHIBATDH CJIeAYIOIe TpeOOBaHMUA:

1) xoauuecTBO (PaKTUUECKUX IIApaMEeTPOB JOJIMKHO OBITh TAKUM JKe, KaK 1
B cIIMCKe (popMaJbHBIX TapaMeTPOB B OMMCAHUU IIPOIEAYDHI;

2) Tun Kaskaoro pakTUUEeCKOro mapaMeTrpa JOJXKeH COBIAAATh C TUIIOM CO-
OTBETCTBYIOIIETro (OPMAaIbHOTO IapaMeTpa;

3) coorBercTByOINUE (haKTMUecKre 1 (hopMaJbHBIE ITapaMeTpPhl TOJKHBI
COBIIAJATH II0 CMBICTY.

Ecnu nepBbie nBa TpeGoBaHUSA IOHATHBI, TO TPEThe TPEOYeT JOIMOJIHU-
TeJbHBIX 00bscHeHUu. IlycTh, Hampumep, IIOATOTOBJIEHA IIPOIEeaAypa,
usobpaskarolasa Ha sKpaHe NPAMOYTOJbLHUK:

anr JinHug (apr ues a, b)
Hau

KOH

Kaxk ¢ ee moMoIIp10 HApUCOBATH IPAMOYTOJbHUK ITUPUHON 20 U BBICO-
Toii 100 mukceneii? Kakoii n3 BapruaHTOB O0(pOpMJIEHNA BbI30Ba IIPOIENY-
PBI ABJASETCA MPABUIBHBIM: JluHma (20, 100) wmawm Juuwmua (100, 20)7?
OTBeT 3aBUCHUT OT TOT'0, KAKOMY Pa3Mepy COOTBETCTBYeT (DOPMAaJIbHBIN I1a-
pameTp a, a Kakomy — b. Ecam a — 5To BbICOTa IPSAIMOYTOJLHUKA, TO
OPaBUJILHLINA BapuaHT — Jiuuwusa (100, 20); B IPOTUBHOM CJIydae IepBOM
IoJyKHA OBITh YKa3aHa IIHPUHA M300paskaeMoro IpAMOYyTroJbHIKA, & BTO-
poii — BwIcOTa: Jimumsa (20, 100).

5 o
HpI/IBe,HeHHLII/I 30eChb IIepevueHb JaJjee 6y,ue'1‘ YTOYHEH.
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Paccmorpum xapakrepubiii mpumep. IlycTs B mporpamMme HeoO6XOIUMO
yacTo 0OOMEHMBATh MECTaMU 3HAUEHUA JBYX IIePeMeHHBIX. [la perreHus
TaKoO#l 3aJadd COCTABUM IIPOIEeLyPYy OOMeH:
anr ObwmeH (apr ues a, b)

Hau umenm c

| ¢ := a
| a :=Db
| b :=c
KOH

Wcnonbayem 5Ty mpolenypy OJid IIepeMeHHBIX X U y:

anr OCHOBHad mpoTrpamMMma
Had LeJ X, VY

| |VicxomHEIE 3HAUEHUSA

| x := 10

| v := 100

| |BeI3EIBaeM npouenypy OOMeH

| OBbwmeH (x, V)

| |BHIBOOMM Ha 3KpPaH HOBHE 3HAUEHUS
| BHIBOI El HX:H, X, ny:n, y

KOH

BrImmoiHUB mporpaMMy, OOHApPYKHM, UTO 3HAUEHUSA IIEPEeMEeHHBLIX He
usmenuanck! ITouemy? Bens BrI3bIBasiachk 1 padoTajia mpoiiegypa O6MeH,
B KOTOPOM MPOMCXOAMJIN M3MEHEHUs 3HAUEeHWH mapamMeTpoB. A Bce [IeJio
B TOM, YTO B IIIKOJIBHOM QJTOPUTMHWYECKOM fA3BbIKE, B A3BIKE ITackaap u
pAane OPYyrux BO3MOMKHBI 1Ba BHUAa (POPMAJIbHBIX IIapaMeTpPOB:

1) dbopmasnbHBIE napamempovl-3HAYCHUS;
2) dopmanbHBIE napamempbl-nepemMertbLe.

Oc00eHHOCTBIO IIEPBLIX ABJIAETCS TO, YTO BCE AEMCTBUA HAJ HUMU BHYT-
pU IpOIleAypPhl HUKAK He OTPAKAIOTCA HA COOTBETCTBYIOMINX (DAKTUUECKUX
mapaMeTrpax, T. €. KaKIMU (paKTHUeCKHe IIapaMeTphl ObLIN 4O BbI30BA IIPO-
1eayphl, TAKMMU OHU U OCTAHYTCS ITOCJIe 3aBepIlieHus ee paboTel. IMeHHO
MOSTOMY 3HaueHUs (PaKTUUYECKUX IIapaMeTpoB x M y Y HAC He HU3MEHU-
JINCh — OHU OBLIM OIMCAHBI KaK IIapaMeTpbl-3HAueHHuA (CO CIYIKeOHBIM
cjoBoM apr). Urobbl B pesysbTaTe BBHINOJHEHUS HIPOLEAyPHI 3HAUEHUA
(hakTHUECKUX IIapaMeTPOB M3MEHUJIKCH COIVIACHO IIPOBENEHHBLIM B IIPOILLE-
Iype HefcTBUAM, (popMajbHBIE HAPAMETPhI HOJIKHBI OBITH OIMMCAHBI KaK
mapaMeTphI-llepeMeHHbIe. B IITKOJBHOM aJrOPUTMUYECKOM S3BIKE 9TO JeIaeT-
CA IyTeM COUETAHUA CIY:KeOHBIX CJIOB apT' U Pe3 B 3ar0JIOBKe IIPOIeyPhI:

anr OOMeH (apr pes uen a, b)

a B aA3bIKe IlacKajb — yKasaHMeM B 3aroJIOBKe MIPOIeAYPHI CAYKeOHOro
cjaoBa Var:

Procedure Swap (Var a, b: integer);

6 o
B s3pIKe mporpaMMupoBaHusi BeicuK i o0MeHa 3HAUEHUSMU JBYX II€PEMEeHHBIX UMe-
eTcs CTaHAapTHAA mpoleaypa SWAP.
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Komeuno, B onucaHuy mpoIeaypbl MOXKHO 1 codyeTaTh o0a Buaa (op-
MaJIbHBIX IIapaMeTpPOB.

ITpumeuanue. ITpu rcnoab3oBaHUT (GOPMATHHBIX IIAPAMETPOB-TIEPEMEHHbBIX
B CHMCKe (PaKTHYECKHX IIapaMeTpPOB MM MOYKET COOTBETCTBOBATEL TOJIBKO MM
BeJIMYMHBI (KOHCTAHTHI ¥ BbIPAYKEHUs B TOM CJIydae 3allMChIBATh HEJIb3s).

Haraagroi namocTpaiiueil MexaHuaMa mepemaur 3HaUeHUH B IIPOIeny-
py u u3 Hee ¢ GOPMAJLHBIME IIapaMeTpaMU-IePEMEHHBIMU SIBJISIETCS CJIe-
OYIOIUN TpUMep:
anr OBmMmeH MeCTaMM ,HByX BJIEMEHTOB MaCCI/IBa

Hau ueJs i, ues Tab m[l: 10]
HUO Oa4 1 or 1 go n

|

| | m[1i] := rnd(100)
| | BeiBOD m[i], ™ "
| 1

| O6men (m[1], m[10])
| 5o gna 1 oTr 1 mo n
| | BerBODm mf{i], " "
| w1

KOH

31ech B mporeaype O6MeH IPOU3BOAUTCSI OOMEH 3HAUEHUSAMHU ABYX €e
mapaMeTpoB, KOTOPbIe ABJIAIOTCA 3HAUEHUAMU 3JIEMEHTOB MacCHUBa, a B
pesyJibTaTe M3MEHAETCSI W CaM WMCXOMHBIA MAaCCHUB.

Terneps 1TOroBOpMM 00 OCOOEHHOCTSAX WCIIOJIB30BAHUA IIPOIEAYD B A3BIKE
mporpamMupoBanusa Belicuk. B Hem Bce (hopmanbHbIe TapaMeTphl IIPOIERYD,
KaK TOBOPUTCH, «II0 YMOJYAHUIO» CUUTAIOTCA IIapaMeTpaMU-IIepeMeHHBIMU.
IIpu sTom mcmonb3oBaHME B KaduecTBe (DaKTUUECKUX ITapaMeTPOB KOHCTAHT U
BBIPAKEHUN OIMMOKOI He cunTaeTrca (Pe3ysIbTaT BBITIOJIHEHUSA ITPOIEAYDP IIPU
TaKOM O(MOPMJIEHMM WX BBHI30BA OMPENEJINTE CAMOCTOATEIHHO).

IIpe:xae uem uATH Hajbllle, 3aMeTHUM, UTO IIepPeMeHHbIe, OIIMCAHHbIE B
IpoIenype, Ha3bIBAIOT «JOKAJbHbLMUY, a ONMHNCAHHBIE B OCHOBHOUW YacTu
OporpaMMbI — «2/100aJbHblMU» . JIOKAJIbHBIE IIepeMeHHbIe CYIIeCTBYIOT
TOJIBKO BO BPEMSA BBIMIOJIHEHUSA IIPOIEAYPhl U II0ATOMY HEIOCTYIIHBI B
OCHOBHOII UYacTHU HPOTPaMMbI W B APYTHUX mIpolenaypax. Hampumep, mpu
BBIIIOJITHEHUU CJIEAYIOIIUX UYeThIPeX IPOrpaMM IIOABUTCS COOOIeHre 00
ornbKe, CBA3aHHOE C 3TUM OOCTOATEIHCTBOM:

1) anr OcHoBHada nporpamma?’
Hau B

| BHIBOI a

KoH

anr Illpouenypal

Hay ULes a

1 a := 100

7
B mkosnsHOM AJITOPUTMUYECKOM A3bIKE€ OCHOBHAA YaCTh IIPOTPAaMMBI pasMellfaeTCd PaHb-
I11e BCeX BCIIOMOTraTeJbHBIX IIPOIEaYP.
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2) anr OCHOBHadA NporpaMmMma
Hau
I pouenypal
| BEIBOI a

anr Mpouenypal
Had LeJs a

| a := 100

Kon

3) anr OCHOBHadA NporpaMMma
Had
| Hpouenypal
[Ipouenypa?
KOH
gg;rnpoueﬂypal
Had LeJa a
| BHIBOI a
KOH
anr Ilpouenypaz
Had HeJ a
| a := 100
KOH

4) anr OCHOBHadA NporpaMMma
Had
| Ipouenypa?2
| Mlpouenypal
KOH
anr Ipouenypa?
Had Hexa a
| a := 100
KOH
anr Ilpouenypal
Had LeJ a
| BEIBOI a
KOoH

B T0 :Ke Bpems riobaabHbIe IIepeMeHHbIe HJOCTYIIHEI («BUAHBI») B IIPO-
nenypax:

anr OCHOBHa4A HNporpamMma

Hau uen a

1T a := 100

| HDpouenypal
KOH

anr Ilpouenypal
Hau

| BHBOI a

KOoH

Eire onwe coydaii, KOTOPBII HYMKHO 3/IeCh PACCMOTPETb, — JTO COBIAAEHIIE
MMeH JIOKAJIbHOH U I100aJIbHOM IIepeMeHHbIX. UTo, II0 BallieMy MHEHUIO, 0y-
IIeT BBIBEIEHO Ha 9KPaH B Pe3YJILTATE BLIMOJHEHUS CJIeAYIOIeil IporpaMMbl?
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anr OCHOBHad mporpamMMma
Hau LeJ a

| a := 100
| HDpouenypal
KOH

anr Ilpouenypal
Ha4d LeJ a

IIpaBuabubIii oTBeT — 1 (FOBOPAT, YTO B 3TOM CJIy4Yae JIOKaJbHasdA IIe-
peMeHHas «3aKpbIBaeT» CO00H TI00aIbHYI0)™.

Teneps — 0 TOM, UTO TaKkoe QyHKUUsA. Bbl, KOHEUHO, 3HAETE O TAK Ha-
3bIBAEMbBIX «CTAHIAPTHBIX» (MMEINXCS B SI3LIKE IPOrPaMMUPOBAHUS)
byHKIIUAX (TAKUX Kak sin, sqr u ap.). YTo OHU [Aeai0T MIPU UX UCIIOJIb-
30BaHuMM B mIporpammax? BosBpaijaloT Kakoe-TO OZWHOUYHOE 3HAaUYEHUeE
(pesysbTaT pacueToB U T. A.). Tak BOT, ¢ TaKOH sKe IIeJIbI0 MOYKHO CO3/a-
BATh W HCIOJIb30BAaTh COOCTBEHHBIE (PYHKI[HU!

IIycTh, HampuMep, B IporpamMMe HAA0 PACCUUTHIBATH 3HAUEHUS X IIO

opMyJie.
opay X_2+J§+ 5++5 +11+\E
5+/5 13+413 8++8

BugHo, uTO B 5TOM BBIPAYKEHUN NMEIOTCS MOXOoxKue (pparmMeHTsl. IIo-
9TOMY KeJaTeJbHO IJs pacueTa Apolbeil opopMuTh PYHKIIHIO, KOTOpas

BBIUMCJATA Obl 3HAUEHUS BHuga npu JIO0BIX 3HAUEHUSAX a U Db.

at++a

b ++/b
IIpaBunma odopmiaeHusa (GPYHKINN B PasHBIX S3BIKAaX IIPOrpPaMMUPOBA-

HUS Pa3JIMYHBI. B IIIKOJIbHOM aJIrOPUTMUUYECKOM A3bIKe OOIUil B (PYHK-

Ui TaKoii:

anr <Tun pes3yJbTara> <uMa QYyHKUMM> (apr <CIMCOK

- @opﬁaanmx_napaMeTpdE>) - B

Hau <ONMUCaHMA [EePEMEHHBIX BEeJIMUMH MCIIOJIb3YEeMBIX B QyHKUMM>

| <Terno obyHKUMM>

koH

IIpuyeM IIOCJIEJHNM OIlepaToOpoOM TeJa Q)YHKI_II/II/I 30eChb JOJIKEeH OBITEH OIIe-
paTop nmpucBamBaHUA, B JIeBOIi uacTu KOTOPOI'o AOOJIMKHO OBITH YKa3aHOo
CJIy}KeGHOQ CJIOBO 3HAad4.

Hepr/IHO BUOETH, YTO B 3TOM A3BIKE OTJINYME (I)YHK]_H/II/I OT IIPOIIEeaYPbI
3aKJII0HaeTCA B HaJIMUMM B 3arojJIOBKe (I)YHKHI/II/I THUIIa pesdyJjbTaTa, KOTO-

% Ciemyer OTMETUTh MHTEPECHBIH (1 II0JIe3HBII) haKT: B IporpaMMme Ha a3bike [lackaib
IIPU OTCYTCTBUM B IOCJIEJHEN IpOIleAype omepaTropa a := 1 pe3yJbTaT BBHIIOJHEHUSA
IporpaMMsbI OyeT HEePeACKa3yeMbIM — Ha 9KPAH MOJKET ObITh BBIBEJIEHO JIF000E UKCJIO.
Ilesto B TOM, YTO HaYaJbHOE IIPUCBaUBaHLe HYJIEBOrO 3HAUEHUS JOKAJIbHBIM IIepeMeHHbIM
mpouenyp u GyHKIuil B 9ToM sidbike He nmpousdBoauTcsal (Cm. Takske samauu 4.1-4.4,
6.1-6.4, 8.1-8.4, 8.11-8.14, 8.20-8.23.)
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pBIFA OHA Bo3Bpamiaer. B Apyrux A3bIKax MPOrpaMMUPOBAHUA, KAaK IIPABU-

JI0, B OMMMCAHMU (PYHKIIUU YKas3bIBaeTCs CJIY:Ke0Hoe cJIoBO Function.
B mamem ciayuae QpyHKIIUA Iy pacueTa 3HaUeHUA Apobell YKa3aHHOTO

BBIIIIe Buja O(MOPMIIIETCH TaK:

anr sem IpoGs (apr Hen a, b)

@ LI,GJ YyCcJnTeJilb, 3HaMeHaTeJlb

| umcauTenp := a + sqrt(a)

| 3HamMeHaTesib := b + sqgrt (b)

| |3HaueHre QYHKLUN:

| 3HA4Y = YMCJIIMTEeJIb / 3SHaMeHaTeJlb

KoH

Kaxk u crangapTHble, QYHKIINI, CO3JaHHAS IIPOrPAMMICTOM, MCIIOJIb-
3yeTcs B IIPABOM YacTH omeparopa IIpucBauBaHuA. IJIsg 9TOTo HaAIO yKa-
3aTh ee MM, a B CKOOKax — 3HaueHUA (PaKTHUUECKUX IapaMeTpPOB:

X := JJpo6s (2, 5) + Ipobb (5, 13) + HOpobr (13, 8)
TpeboBaHuA K 0DOPMJIEHUIO CIIMCKA (DAaKTUUYECKUX IIapaMeTpOB Te Ke,

uTo W MJId IIponenyp C (l)OpMaJILHBIMI/I IIapaMeTpaMu-3aHAYeHUAMMU.

Pesynbrar, BosBpaIaeMbiil (PyHKITHEH, MOYKET OBITH JIFOOOTO THUIIA, B TOM
29
yupcje Joruueckoro . Hampumep, GyHKIUA, OMpenesdroiasa, ABIAeTCA JIN
HATypaJbHOE UYHCJIO a JeJIMTEeJIeM HaTypPaJbHOTO Yucjaa b, MMeeT BU:

anr jior HenmTelnb (apr Lels a, b)

Had LeJi

| |3HaueHMe QYHKLUUN:

| sHau := mod(b, a) =0
Kon

Ira PYHKIMA 3aTeM MOYKeT OBITh MCIIOJL30BAHA B IPOrpaMMe IJIs pe-
meHusa 3agaun: JJaHo HamypaavHoe yucio a. Ilodcuumamov Koauwecmeo
denumeJieil. 3moz0 YUCLA:

anr KonmuuecTBO HeymTesien

Hau LeJl a, BO3MOXHHM IeJIMTe]lb, KOJUUECTBO
| BuBOO HC, "3amanre umciso a"

| BBOO a

| xosmuecTrBO := 0

| HI OJ19 BO3SMOXHBIA HEeJUTEeJIb OT 1 go div(a, 2)
| | ecim HenuTesb (BO3MOXHEN OEJMTEJb, a)

| 1| o

| | | xoJIMuUecTBO := KOJMUECTBO + 1

| | BCe

| kL

| BEIBOI Hc, "KonmmuecTBO mejamuTesier umucia a "

| BeiBOO "parBHO ", KOJMUECTBO

KOH

29 o
Ecnu, KoHeuHO, TaKO! TUI IIpenyCcMOTPEH B KOHKPETHOM A3bIKE IIPOrpaMMUPOBAHUA.
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BosHukaoT 3aKOHOMEpHBIE BOIPOCHI: KaKasd CYIIECTBYET CBSA3h MEXKIY
nporeaypamMu u QyHKIuaMu? MoKHO U BMECTO OJHOUN M3 HUX HCIIOJb-
30BaTh APyryio? YToGbl OTBETUTH HA HUX, HAJAO BCIOMHUTDL HPOIEAYPHI C
(opMasbHBEIMU IapaMeTpaMu-nepeMeHHbIMu. OHU, KaK 1 QYHKIIUN, BO3-
BpallfaloT B BBIBIBAIOIIYIO UX IIPOrpPaMMy KaKue-TO 3HaueHusd. PyHKIIUA
JKe BCerja BO3BpaIllaeT eqUHCTBEHHOE 3HaUeHWe. JTO 03HAYAET, UTO BMEC-
TO (QPYHKIUU Bcerga MOYKHO WMCIIOJb30BAaTh COOTBETCTBYIOIIUM 00pasoM
oopmyeHHYIO TIpOIEeAypy. O ToM, Iesiecoo0pasHo JIM 9TO AeJaTh, MOMKHO
CYAUTH, HAIIPUMEDP, II0 CJeAYyIoINeil mpolleaype, CO3TaHHOU IJid pacueTa
3HaUeHUsd APoO0KM B PaCCMOTPEHHOI BBIIle 3aaaye:

anr Jpobb (apr ues a, b, apr pes Bel yacTHOE)
Hay leJl YMCJIMTEJIL, BHaMeHaTelb

| uncnurens := a + sqgrt(a)

| 3HamMeHaTesib := b + sqgrt (b)

| yacTHOE := uMcJauTesb / 3HAMEeHAaTeJb
Kkon

Wcnonp3oBaHue mponeaypsl Jpobb:

anr OCHOBHaA NporpamMa

Hau Bew cjaraeMmoel, ciaraemoeZ, cijaraemoe3d, X
| crnaraemoel := 0

| |BeI3EIBaeM npouenypy Jpobs
| |mjisa pacyeTa NepBOTO CjlaraeMoI'o
| Opobw (2, 5, cmaraemoel)

| cnaraemoe? := 0

| |BeI3EIBaeM npouenypy Jpobn
| |mjns pacueTa BTOPOIO CjlaraeMoIo

| Opobw (5, 13, ciaraemoe?2)

| crnaraemoe3d := 0

| |BeI3EIBaeM npouenypy Jpobs

| |misa pacyeTa TpeTbero cJjaraeMoIo

| Opobw (11, 8, crmaraemoe3)

| | PaccumMTEIBAEM 3HAUEHME X

| x := cnaraemoel + crnaraemoe?2 + ciaraemoe3
|

KOH

Bwmecto nporierypei, Bo3BpaIaomieil ToJIbKO OOMH PesyJIbTaT, TaKiKe MOXK-
HO (¥ maxxe, KaK cJieflyeT U3 IIPUBEIEHHOIO IIPUMePa, Yalrle BCETo I1esiecoo0pas-
HO) oopMuTsh GyHKITMIO. OTHAKO ACHO, UTO €CIU KOJMUIECTBO BO3BPAIIIAEMBIX
IIPOIeAYpOH 3HAUEHUI OOJIbIle OJHOTO, TO IPUMEHATH (DYHKITUIO HEeJIb3d.

B zakirouenne oTMeTHM, UTO IIPOLEAYPA WM (PYHKIIUSI MOXKET B IIPO-
mecce cBoeil pabOThHI MCIOJIB30BaTh JIIOOYIO APYyryio mpolienypy (hyHK-
uio) Wianu gaske camy ceba. B mociaemrem ciydae mporenypa (QyHKIITA)
Ha3bIBaeTCA PeKYPCUBHOU. PeKYpPCUBHBIM IpollenypamM U GpyHKIuAM Oy-
IIeT IIOCBSINEH CJIeAVIOIIUI pasmell.
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1.

2.

10.

CocraBbTe IPOIEAYPY, BBIBOAAIINYIO IO IIEPUMETDPY SKpaHa IIPAMO-
YTOJIbHUK W3 «3Be3T0UeK» (¥).

Hanumure nponenypy, BEIBOOAIYIO HA 9KPaH CTPOKY U3 JIIOOOTO KO-
JINYECTBA KOMUI 3aJaHHOTO CMBOJIA.

CocTaBbTe MPOIEAYPY, OCYIIECTBIAIOIIYI0 O0OMEeH 3HAUEHUAMU IJIs
Tpex MepeMeHHBIX a, b ¥ C II0 CJeAYIOIeil cxemMe: b IPUCBOUTH 3HA-
YeHNe a, C IPUCBOUTDH 3HAUEHNE b, a IPHUCBOUTL 3HAUCHNE C.

JaHbl CTOPOHBI ABYX TPEYroJbHUKOB. Haliiure cyMMy UX IIepUMeT-
poB u cymmy ux maomianeii. (Hanumure nporenypy aJasd pacueTa me-
puMeTpa U IJIOIaAu TPEYTrOoJbHUKA II0 er0 CTOPOHAM. )

PaccuuraiiTe 3HaUeHNe X, OIPENEIUB 1 NCIOJb30BaB (DYHKIINIO:

L _V6+6 +13+13 21+21
2 2 2
OmnpenennTte 3HAUEHUE z = sign X + sign y, Tae

—1lmopu a <0,
signa =4 0 opu a =0,
1 opu a > 0.

3HaueHNUsA x U y BBOAATCA ¢ KjaaBuaTypsl. (IIpu pelrenun sagayuu Tpe-
OyeTcsA oIpeneuTh U UCIIOJIH30BaTh (DYHKIIUIO Sign.)

Haiigure mepumerp purypst ABCD mo 3agamubiv cropoHam AB, AD
u CD. (Ompenenure GyHKIIUIO AJIA pacueTa TUIOTEHY3bI IIPAMOYTOJIb-
HOT'O TPEeYTroJbHUKA II0 ero KaTeTaM. )

B

C
A D

ZBAD = 90°, ZBCD = 90°

HaiiguTe mepumeTp TpeyroJbHUKA, 3aJaHHOIO KOOPAWHATAMU €ro
BepinuH. (OnpegenuTte GyHKIIUIO I/ pacyeTra IJIUHBI OTPE3Ka 0 KO-
OpAVMHATAM eTo BEPIINH.)

ITonyuuTe Bce IlleCTU3HAUHBIE «CUYACTIAMBBIe» HoMepa. «Cuactiau-
BBIM» Ha3BbIBAIOT TaKoOe IEeCTU3HAUHOEe UMCJO, AJIs KOTOPOTO CyMMa
mepBHIX Tpex nudp paBHA cymMMe nocaenHux Tpex nudp. (Onpegenn-
Te PYHKIIUIO JJId pacueTa CyMMbI TGP TPEX3HAYHOTO YUCIA.)
Jaubl [Ba IPeaI0oKeHns. B KakoM 13 HUX BCTPEUaeMOCTh (B IIPOIEH-
Tax) OyKBBI «0» Oosbitte. (Onpenenutre QYHKIINIO AJIS pacueTa BCTPe-
YaeMOCTH 3aJaHHO# OYKBBI B IPEIJIOKEHUN. )




10. Pekypcus

Pexypcueil (OT TaTUHCKOTO «Iecursio» — «BO3BpaIlleHVE» ) HA3bIBAIOT CU-
Tyanuio B IporpaMMe, KOTZa Ipolenypa nin yHKIMSA BbISLIBAET B Kaue-
CTBe BCIlOMoOTaTeJabHOU camy cebsa. HemousaTuo? Torma BcmoMHUTE QYHK-
nuio Jpobb, CO3JAaHHYIO HaMMU B IPeJbIAYIINEM pasiee:

anr sem JJpo6b (apr ues a, b)

@ LI,@J YlrCcJnTeJIb, 3HaMeHaTeJlb

| umcauTenb := a + sqrt(a)

| 3HamMeHaTesb := b + sqgrt(b)

| |3HaueHre QYHKLMN:

| 3Ha4Y := umciauTesb / 3HaAMeHaTeJb
@

B Hei#t ucnionpdyercsa craHgapTHas (MMeOIascsa B A3bIKe IIPOTPaMMU-
poBaHUsS) (QYHKIUS sSgrt, PacCUUTHIBAIOIIAsS KBAAPATHBIN KOPEHb U3
CBOETO apryMeHTa.

Tak BoT, mpu odOpMJIEHUU COOCTBEHHOM (MYHKIIUU (MU IIPOILEAYPHI)
B KauecTBe BCIOMOTATEJbHOM MOJKeT ObITh BhI3BaHA caMa 3Ta (PYHKIIUA
(unu mporenypa). 9To M ecTh perkypcusa. [Jd MIIIOCTPAIluU CO3JaJUM
byHKOUIO ¢ perkypcuell (Takme (PYHKIIUU HA3BIBAIOTCA DEKYPCUBHbLLMU)
I pacueTa (paxTopuasa HaTypajabHOro umciaa n (parKTopuaa ducaa n,
o0o3HauaeMbIil Kak n!, paBeH mpousBefenuio uncesnl-2-3- ... -n). Takyio
(GYHKINIO MOXXHO CO34aTh, 3Had, uro n! =(n —1)!-n:

anr ues daxkTopmati (apr uLeJs n)

Hau
| 3Hau := dakTopMaly(n - 1) * n |PexKypCHUBHEIN BH30B
| | byHkunm ®axTopHasl
KOH

Ha camom gesie aTa GyuKIua oopMieHA He O IpaBujaaM (1 IO3TOMY
IIPY BBIITOJHEHUY TAKOM IPOTPaMMBbI IIOSBUTCA COOOINeHre 00 OIInOKe),
HO 00 3TOM — UyTh IO3Ke. 3IeCh »Ke MBI 00CYyIUM 3aKOHOMEPHBLIN BO-
Ipoc, KOTOPBI y:Ke, HaBepHOe, V BacC MOSBUJICA: 3aUeM HYKHO OBIJIO «TO-
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POIUTH OTOPOM», KOT[a MOKHO OBIJIO CO3aTh TaKYI0 eCTECTBEHHYIO U II0-
HATHYIO (PYyHKIIWIO:

anr uesn ®axTopuas (apr ues n)
Had LeJl Npou3sBeneHue, i
| mpom3sBeneHue := 1
| HU gna i or 2 mo n
| | mpomusBemeHue := NpomMaBeIeHMe * i
| x1
| 3HaAU := NpoM3BeIcHUE
Kon
Ha sroT Bompoc B JaHHOM ciiyuyae TPYZHO OTBeTUTH ybemurenabHo. Ho
IaBaiiTe pacCMOTPUM ellle OfHY 3ajauy: Tpebyemcsa paspabomamov QyHK-
yui 0as paciema k-20 ujaeHa nocnedosamenvHocmu Pubonayyu (noce-
dosamenvHocmv Pubonauyu obpasyrom yucaa 1, 1, 2, 3, 5, 8, 13, ...).
Hna mavasa mompoOyiiTe co3maTh TaKyoo (DYHKIIUIO CAMOCTOATEIbHO,
He ucnonb3ya pexypcuio. (Ecau He momyduTes, TO BOCIOJIb3yHUTECh IIPU-
BeJJeHHBIM HUKEe OTBETOM U ... 3€DPKaJIOM.)

(3l mou Tgs) OnN® mou I06

I \megnmedqn \msgmn (goPO oL FPEH |
I omoqmn | |

[ =: pognnmnaqrm]| |

S =23 om € To [ RO pH| |
oogqumegn + moegrn =: gsvol ||

oogn =: poaqnoaqr| ||

goro =: npoqn] ||

| |
veHe | |
HOM |

gqevo

NOHN9(J9P0 — 5VO :IdHNPNIOE SNIIIOIVON) IdHRE0EdOION
— O5gn  (NTOOHJINOTSIONONIONI THOMOIE NIIMOSEIdTNFII8(]

{YTHOMSILE YMOHL9JOPO RNJIIOIVaTISIINS(I ( THOMOILE
oodr YTHOMSIE RNIITOIVaTISIINSgI (THOMOE — MR

BricTpo au BB HamIu periienre? A Terepb MOCMOTPUTE, KAK IMIPOCTO U
JIOTMYHO BBHITVIAAUT PEKYPCHUBHBIN BapHaHT 9TOH (DYHKIUH :
anr nes ®mb (apr ey k)
@
| 3Hau:=0u6 (k - 2) + oub(k — 1)
KOH

30
OH To’Ke TTOKa oopMJIeH He 110 IpaBUJaM, HO OTpaskaeT OCHOBHYIO CyTh UJIEN.
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Taxas 3aIMCh TOJTHOCTHIO COOTBETCTBYET 3aKOHY IIOCTPOEHUSA TIOCJIEHO-
BaTesbHOCTH PUOOHAUUM — OUEPETHOUN ee 9JeMeHT paBeH CyMMe ABYX
mpenbpiayux. IIpu aTom He TpebyeTcs IPUMEHATh OepaTop IUKJIA U Y-
MaTh HaJ I0CJIeN0BaTeIbHOCTHIO pacueTa 3HAUEHUN npen U npeanpem.

A ecau u 9TOT IpUMep He yOeIuJ Bac B IPEUMYIIECTBE MCIIOJIbh30Ba-
HUsA peKypcuu (KOHEUYHO, B OIpPEJEJIeHHBIX CJIydasdx), TO PacCMOTPUM
emle onHy 3azauy: Tpebyemcs noayiumos HA IKPAHe U300paxicerue, noxa-
3aHnHoe Ha puc. 10.1.

o oG o o
q.u uﬂ- n:[;iu nﬁn nﬁﬁ
jediies oL ol
n: un n:[:;sn nﬁﬂ nZ::ED
nE':Eﬂ DE::EU uztju = =]
ﬂﬁﬂ EEU aﬁﬂ uﬁo
ol e o

Puc. 10.1

Hy xak, Bo3bMeTech JI BBl PEINIUTDH ATy 3amauy 0e3 perkypcuu? Ecanm
HeT, TO maBaiiTe OoOCyIUM PEKYPCHUBHBLIII BapHUAaHT.

Bynem cuurath, uTo Ha puc. 10.1 msobpakeHa IeHTpaJbHaA IJIaHETa
C IIeCTHIO CITYTHUKAMM, Y KaXKIOT0 M3 KOTOPBIX €CTh CBOU CIIyTHUKU, Y
TeX — cBou U T. A. OUueBUAHO, UTO KaKABIN CIIyTHUK MOJKET paccMaTpU-
BaThCA HaMM KaK IIJIaHETa C COOTBETCTBYMOINMUMU cunyTHUKamu. [losTomy
€CJIM COCTaBUTH MIPOIENYPY, C IIOMOIIbI0O KOTOPON MOYKHO M300pasuTh Ha
9KpaHe HEKOTOPYIO OKPY KHOCTh-ILJIAHETY C HECKOJbKUMU OKPYKHOCTAMU-
COYTHUKAMHU, a IJiA PUCOBAHUSA CIYTHUKOB MCIOJH30BATh 9Ty Ke IIPO-
meaypy, HO ¢ APYyrMMHU IIapaMeTpaMu — KOOpAMHATAMH, paguycaMu
u T. . (T. €. IPUMEHUTb PEKYPCHUIO), TO MOKHO IOJYYUTL Tpebyemoe
usobpasKeHue.
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CooTBeTCTBYyIOIAas PEKYPCUBHAA TPOIEAypa MMeeT BU:

anar Ilnadera (apr uen x, y, paxn, Ncmo, Bemw kK _op6, K _CHOYT)

| X, Yy — KOOpIMHATH LleHTpa [JIaHeTH, paXd — e€e paluyc

| Ncrm — 4YMCJIO CIYTHMKOB Yy KaXIOM IIJIaHETEH

| kK coyT — OTHOWEHVE paarMyca CIyTHUKA K pamuycy "cBoen" mnjaHeTs
| Kk op6 — TO ke IJIA pamnyca OpPOMTHE CIYyTHMKOB

Had uexa x1, yl, i, Bem yros, pazn opb

| |BeI3BIBAEM Npolenypy [l1aHeTa C HOBHBIMM IIapaMeTpaMu

| HOnmarera(xl, yl, int(panm *x_cnyt), Ncmo, x_op6, K _CHOyT)
K

KOH

| moz(x, V) |leHTP HJIaHETH

| OprmHOCTb(pan) | Pucyem mnjiaHeTy

| pan_op6 := pam * k op6 |Pamuyc OpOMTH CIy THUKOB

| yrom := 6.28 / Ncn |YTos Mexny CIyTHUMKAMU

| 5 gna i or 1 mo Ncn | Ina KaxOoro CIYyTHMKA

| | x1 := x + pan_op6 * cos(yrosa * i) |KoopauHaTEl LEeHTpa
| | y1 := x + pan_op6 * sin(yron * i) |i-To cnyTHMKa

|

|

|

OxHako U 9Ta IpoIleaypa moka odopmieHa HempaBuiabHo! Temeps Ha-
CTaji0 BpeMsd CKasaTh moueMy. BbI, KOHEUHO, 3HAeTe, UTO HPU KaKIOM
BBI30OBE BCIIOMOTATEJIbHOII IIpouenypbl (GYHKIHMN) OJA Hee OTBOLUTCS
MEeCTO B OIEePATHUBHOM IIaMATH, KOTOPOE OCBOOOMKIAETCA IIOCJe 3aBepIiie-
HUs paboTsl mporeaypbl. Ho eciim BO BCIIOMOraTeJbHOI IIPOIeAype MMe-
eTcs PEeKypCHUs, TO BBI3OBBI BCIIOMOTATEJIbHBIX HPOIELYyP OYAYT IPOLOJI-
JKaThCA, MOKA MECTO B MaMATU He OyAeT mcueprnaHo (MMEHHO C 9TUM
CBs3aHO co00IeHre 00 OIMOKe, KOTOpoe ObIIO Obl BBEIZAHO IIPU 3AIIyCKe
pPexypcuBHOM (GYHKIIUU dakTopma).

Yro6bl YCTPAHUTEL STOT HEAOCTATOK, HEOOXOAMMO TaK O(OPMIATE IIPO-
menypsl (QyHKIMM), YTOOBI PEKYPCUBHBIE BBHI3OBBI OCYINECTBJSAINCH II0
YCJIOBHIO, KOTOPOE B KAKOM-TO MOMEHT CTaHeT JIOXKHBIM. B mpuBegeHHOi
BBIIIIE IIPOIeAYypPe AJIS 9TOT'0 MOYKHO MCIIOJIb30BaTh B KauecTBe apryMeHTa
HEKOTOPYIO BeJMUMHY n, KOTOopas IIPH KayXJOM HOBOM BBI30Be OymeT
yMeHbIIIaThCs Ha 1, a B TeJo IpoIeAyphl BKJIUYUTL YCJIOBHE, UTO €€
KOMAaHABI JOJIXKHBI BBIMOJHATHCA TOJBKO mpu n > 0:

anr InaHera (apr uesa X, y, pan, n, Ncmo, Bem K op6, K _COyT)
Hay

| ecnm n>0

| | To

[ | mos(x, y)

[

| | Inanera(xl, yl, int(pan*x cnyT), n — 1, Ncn, x op®, K _CHOyT)
| BCe

K
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Ipyroii cmoco6 OorpaHWYEHUS KOJUUECTBA «BJIOKEHHBIX» PEKYPCUB-
HBIX BBIBOBOB — IIO JOCTUIKEHUIO PAIUYCOM «OCHOBHOI» OKPYKHOCTU He-
KOTOPOT0 MUHUMAJIFHO BO3MOJKHOTO 3HAUEHU.

IIpuBemeM Tak:Ke «IpPaBUJIbHBIE» BaPUAHTHI paHEe PaCCMOTPEHHBIX
byHRIUN dakTopmas m dub:

anr ues daxTopmali (apr LeJ n)

Had

| ecam n>1

| | o

| | | PexypCHUBHEIN BH30B QOYyHKUUM PaKTOpPMAJI
| | BHau := daxkTopMay(n - 1) * n

| | mHaue

| | 3mHau :=1

| Bce

KOH

u

anr uges dub (apr ues k)

Had

| ecom k > 2

| | To

| | PEKYPCUBHEI BHB0OB QyHKUMM Db
| | BHau:=0ub(k - 2) + dub(k - 1)

| | nHaue

| | 3BHau :=1

| Bce

KOH

BepueMcsa Temephs K pucoBamuio maobpaxkeHus Ha puc. 10.1 u mamu-
IIIeM OCHOBHYIO UACThb IIPOTPAMMBI PeIIeHUs STOM 3aJaumn:

anr Cucrema IJjlaHeT
Hau ues n, Ncm, pan, X, y, Beuw K opb, K COyT

| Bumeo (18) |YcTraHoBKa IpadmuecKoro pexmMma
n :=7; Nco := 6
x := MakcX / 2 | KoopamHaTH LieHTPa
y = Makcy / 2 | myaHe TH

|
|
|
| pan := 120; x _op6 :=1.6; xk _cnyT := 0.5
| Ilnarera(x, y, pax, n, Nco, x op6, K cCOyT)
KOH

Kcrartu, ¢ momMoIbio 3To# MporpaMMbl, 3aJaBas Pa3JudHbIe 3SHAUEHUS
UCXOHBIX BeJIWUYMH (pagmyca, KOJIMYecTBA CIYTHUKOB U AP.), MOKHO II0-
Jy4aTh KpacuBble KapTUHKMU.

YouBuUTH CBOMX TOBAPUINEll BhI CMOKETe TaKiKe, MOJYUMB HaA dKpPaHe
npyrue mono0uble pucyHKHU (cMm. puc. 10.2 m 10.3; Takme mzobpakeHUA
Ha3bIBAIOT «(PPaKTAJIBLHBIMI» ).
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Kapruuka ma puc. 10.2 moayueHa caenyoinuM ciiocobom. B Tpeyroin-
HUKe MPOBOAATCA BCe CPeqHMe JUHWUMW; TeM CaMbIM OH pas30uBaeTcsa Ha
YyeTwIpe TpeyroJabHuKa. K TpeM M3 HUX, IPUMBIKAIOIIIM K BepIIMHAM
IepBOHAYAJIBHOTO TPEYTOJbHIKA, IPUMEHAIOTCS Te JKe AefiCTBUs, U T. [.
Pexkypcusuas mporieypa TpeyTroJibHUK, B KOTOPOII BCe 9TO peau3dyerT-

csl, UMeeT BU[:

Hady 1LeJs xXp,
ecim n > 0

YP,

Yd,

anr TpeyT'OJIBHMK (apI' LeJl Xa,

XJy xr,

va, xb, yb, xc, yc, n)

yr

| To
| KoopomHaTH cepenuH CTOPOH TpeyToJibHUKA
xp 1= (xb + xc) / 2; yp := (yb + yc) / 2
Xq := (xa + xc) / 2; yq := (ya + yc) / 2
Xxp := (xa + xb) / 2; yr := (ya + yb) / 2
nos (xp, yp)
| PucyeM cpenHMe JIMHUU
JmHYA (Xg, y9)
JIMHUA (XY, YIr)

JIMHUL (XP, VP)
| PEKYPCHBHO BEI3BIBAEM MNPOUEnYyPY TpeyIoJIbHUK

TpeyToJbHUK (Xa, ya, Xr, yr, xXq, vq, n - 1) |njasg xaxmoon
TpeyronbHUk (xb, yb, xp, yp, xr, yr, n - 1) |u3 Tpex
TpeyT'OJIbHUK (XC, YC, XJd, Y9, Xp, vp, n — 1) |cTopoH

ce

KOH
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A BOT U OCHOBHAs YacThb IPOTPAMMBbI:

aJIl' MHOXEeCTBO TpPeyI'OJIbHMKOB
Hau ues xa, ya, xb, yb, xc, yc
| Bumeo (18)

| | KoopmomHaATE BepUMH CaMOI'0 OOJIBIIOTO TPeyI'oJIbHMKA
| xc :=0; yc :=0

| xb := makcX; yb := MmaxcY

| xa 0; ya := maxcY

| mos(xa, va)
|

|

|

|

|

|

| PucyeM cambeli OOJIBIION TPeyTOJIbHUK
mHML (xb, vb)
JnHUA (xC, yC)
JIMHUA (xa, ya)
| HaurMHaeM pMUCOBATHL BHYTPEHHME TPeyITOJIbHUKU
TpeyrosabHUuk (xa, ya, xb, yb, xc, yc, 6)
KOH

Wszobpakenne ke ma puc. 10.3 monyuerno muaue. Ha Kammoii u3 cTo-
POH BHYTpeHHero (camMoro 0OJBIIIOr0) KBaJpaTa HapUCOBAHBLI 3 CTOPOHBI
MaJoro KBajJpaTa, Ha KaKJO0M M3 CTOPOH KOTOPOTO TaK:Ke M300pasKeHBbI
3 CTOPOHBI eIlle MEeHBIIIero KBajapaTta m T. 4. IIpomenypa, KoTopasa BBI-
MMOJIHSAET COOTBETCTBYIOINE AEMCTBUS Ha HEKOTOPOM OTPEe3Ke C KOOPIu-
HaTaM¥u KOHIIOB xXa, ya, Xb, yb, MOXKeT ObITh oopMIeHa CIETYIOITUM
obpasoM:

anr CropoHa (apr uen xa, ya, xb, yb, n, Bem k)
Had neJs xXp, yp, X9, y9, Xr, yr, Xs, ys, dX, dy
ecau n = 0

| To
mHML (xb, vb)
VHaue
dx := 0.5 * (1 - k) * (xb - xa) |k — xond. yMeHbIIeHUD

|

|

|

| dy = 0.5 * (1 - k) * (yb - ya) |pasmepa KBampaToOB
| | KoopomHATE QUIyps, M300paxaeMol Ha OTpeske AB
| Xp = xa + dx; yp := ya + dy

| xXs := xb-dx; ys := yb - dy

| xq:=xp + (ys - yp); yq := yp - (xs - xp)
|  xr := xg + (xS — Xp); yr va +(ys - yp)
| amHML (xp, yp) |K Hauasny Majloro KBazpaTa
|

|

|

|

B

CropoHa (xp, yp, Xd, yq, n - 1, k)
CropoHa (xg9, vyq, xr, yr, n -1, k)
CropoHa (xr, yr, xs, ys, n -1, k)
JImHYA (xb, yb) |K xKoHLY oTpeska
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OcHOBHAA YacTh TPOTPAMMBIL:

anr KaprtuHka

Hau UeJs n, Xc, yc, b, Bem k

| Bumeo (18)

| xc := MakcX / 2; yc := makcY / 2

| b := 100 |IonoBMHaA OJMHE CTOPOHE 0Aa30BOTO KBazpaTa
| n :=5; k :=0.4

| mos(xc - b, yc - b) |Touka, C KOTOPOM HaAUMHAETCH PUCYHOK
|

|

|

|

CTopOHa(xc - b, yc - b, xc + b, yc - b, n, k)

CropoHa (xc + b, yc - b, xc + b, yc + b, n, k)

CTopOHa(xc + b, yc + b, xc - b, yc + b, n, k)

CropoHa (xc — b, yc + b, xc - b, yc - b, n, k)
KOH

Rorna BbI HaIIMINleTe aHaJOT'MYHBbI€ IIPpOTrpaMMbl Ha M3BECTHOM BaM
A3BIKE IIporpaMMHNpPOBaHMUA, TO IIOJyUUTE, 4 YBEPEH, MCTMHHOE yIOBOJIb-
crBue. KpacuBo mosyuaercs, He mpaBna jqu? Bes peKypcum Tak, HaBep-
HOe, He Cclejaerb!..

CnokHO (HO MOKHO — CM., Hampumep, [4]) 6e3 peKypcuu pemruTh u
M3BECTHYIO 3a7auy «XaHoicKue OallHu», I'le PeUb UIeT O MepeKJaabiBa-
HUU UCKOB C OJHOTO CTEP:KHA Ha APYTOH II0 OIIpeAeeHHBIM IIPaBUIaM.

OgHUM U3 caMbIM APKUX MPUMEPOB HCIIOJIb30BAHUA PEKYPCUU ABJIACT-
cs MeTOJ COPTUPOBKW MaCCHUBOB, paspaboTaHHBIM B 1962 r. B AHraum
npodeccopom Orchopackoro yuuBepcutrera 4. Xoapom (C. Hoare). 9toT
MeTon, CQHTaIOHIHﬁCH CaMbIM 6BICTpBIM "3 BCeX HN3BECTHBIX, OCHOBAH Ha
pexypcum; o HeM OymeT pacckasamo B pasmesae 11.

A ceifuac maBaiiTe pacCMOTPUM pas3jimuHble (DOPMBI PEKYPCUBHBIX TIPO-
nesyp.

B obmiem ciyuae srob6ad peKkypcuBHadA mporenypa P Briamouaer B cebs
HEKOTOpOe MHOYKECTBO oIepaTopoB [ u oguH MM HECKOJLKO OIIEPaTOPOB
pexkypcuBHOro BbIzoBa P. Kak yike oTmeuasioch, IiIaBHOe TpeOoBaHUE K
PEKYPCUBHBIM MIPOIleAypaM U (MYHKIIUAM 3aKJII0UaeTCsS B TOM, UTO PEKYP-
CUBHBIN BbBIBOB [OJI’KEH OCYIIECTBJIATHLCA II0 YCJIOBUIO, KOTOPOE B Ka-
KOI-TO MOMEHT CTaHeT JIOXKHBIM.

CTpYKTypa PEeKypPCUBHBIX MHPOIEAYP MOKET NMPUHUMATH TPHU pPa3HBIE
dopmBI:

1) c BLImOJIHEHUEM AeHCTBUI MOCJe PeKYyPCUBHOIO BbI30Ba (MU C BBHITOJI-

HEeHUEM OelICTBUHA Ha PEeKYPCUBHOM BO3BpAaTe):

anr P NIn anr P
Hay Hay
| ecnu <ycioBue> | ecnmu <ycroBue>
| | To | T mo
|| P I P
| BCE .
| IO | BCe
KOH KOH
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ITpumepsl TaKoOU IpPOIEenyphI:

anr BeBogYmcia (apr LUeJ n)  WIA
Hau
| ecimtn >0

| To

I | o

| | BremBomUmcia(n - 1)
|

|

BCe
BEIBOIO N

anr BemBonUmciia (apr LeJs n)

e
1 0
| BHBOHqMCHa(n - 1)
|  BHIBOI N

BCE

Herpyzano npesckasaTh pes3yJsibTaT ee BBITIOJTHEHUSA, HATIPUMED, IIPU N = 5:

1 2 3 4 5;

2) c BBIIIOJTHEHUEM JeHCTBUH 10 PEKYPCUBHOTO BHI30BA (MJIU C BBITIOJTHEHU-
eM JeicTBUil Ha PEKYPCUBHOM CIIYCKe):

anr P nin

‘m
Q
i

ecnu<ycJjoBue>
TO
P
ce

KOH

Uﬂ——(D]:l

IIpumepsr:
anr BeeomYmcia (apr LeJ n)  KWIN
Hau
| BEHIBOZI n
| ecimn > 1
| | TO
| | BrBom4dmciia (n
| BCe
KOH

- 1)

Pesyabrar (mpu n =

anr P

T o

| BBEIBOIO N
|  BreiBOmYmciia(n — 1)

5): 5 4 3 2 1;

3) c BBIMOJTHEHWEM JAeHCTBUH KaK J0, TaK U IOCJEe PEKYPCUBHOTO BBHIZ0BA
(unm c BBIMOJIHEHUEM IeWCTBUN KaK Ha PeKYPCUBHOM CITYCKe, TaK 1 Ha

PEKYPCUBHOM BO3BpaTe):

nin

anr P
Hau

| ecnu <ycioBue>
| To

|

|

|

|

|
KOH
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ITpumepsr:
anr BeiBonmUmciia (apr uLeJ n) nuanu anr BeieonmUmciia (apT uejs n)
"~ Hau - Hau -

| BEIBOI N | ecniyn >0

| ecimn > 1 | | TO

| | ToO | | BHBOO N

| | BereomUmcia (n — 1) | | BereogUmciia(n - 1)

| BCe | | BEBOO N

| BEIBOHO N | BCE
KOH KOH

PesyapraT: 5 4 3 2 1 1 2 3 4 5.

Muorue samaum 06es3pasjuUYHBI K TOMY, Kakas (opMa pPeKypCUBHOI
MPOIleAyPhl AJIS HUX HCIoab3yercd. OMHAKO ecTh KJAaccChl 3amad, MPU pe-
IIeHNN KOTOPBIX IIPOrPAMMIUCTY TPeOyeTcs CO3HATEJbHO YIIPABIATL XO-
oM paboThl PeKYPCUBHEIX IIpolenyp u Qyuxinuii. Takumu, B 4aCTHOCTH,
ABJIAIOTCS 3aJa4Yl, HCIOJb3VIOI[Ne CINCKU U JPEBOBUAHBIE CTPYKTYPHI
maHHbpIX. Hampumep, npu paspaboTKe TPaAHCJISITOPOB MIMPOKO IIPHUMEHS-
IOTCA TAK HasblBaeMble «aTpPHOYTHPOBAHHEIE NepeBbsA pasdbopa», padora ¢
KOTOPBIMHU TPeOyeT OT IIPOrpaMMICTa YMEHH’S HAIPABIATL XOI PEeKyp-
CHUH: ONHU JeHCTBUA MOYKHO BBIIIOJHATH TOJBKO HA CIYCKe, APYrue —
TOJIBKO Ha BoadBpaTe. IloaToMy riiyboKoe MOHMMAaHNE PEKYPCUBHOTO MeXa-
HU3MAa ¥ yMeHUe YIIPaBJISATbh UM II0 COOCTBEHHOMY KeJaHUIO SABJISETCA He-
00XOAMMBIM KA4eCTBOM KBaJIM(PUIIMPOBAHHOTO IIPOrPaMMICTA.

Cy1ecTByeT TaKsKe Pa3HOBUIHOCTh PEKYPCHU, KOTOPYIO HAa3bIBAIOT
KOCBeHHOlL, nau Henpamoii. Takoil pekypcuei SBaseTcsa CUTyaIus, Koraa
mporieypa A BbI3bIBaeT ce0s B KauecTBe BCIOMOTATENbHOI He Helmocpe-
CTBEHHO, a uepes APYIyi BCIIOMOTATEJIbHYIO Hpolenypy b.

O0pasHO KOCBEHHYIO PEKYPCHI0 MOKHO omrrcaTh Tak. Ilepen sepxasiom 1
crout 3epkajo 2. Uro BugHO B 3epKaje 1? 3epkayio 2, B KOTOPOM OTPaKAET-
ca camo 3epkaso 1. B mocimemmem BumHO 3epkasio 2 um T. n. (puc. 10.4).

Puc. 10.4
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B KauecTBe IpuMepa KOCBEHHOM PEKYPCUU MOKHO IMIPUBECTU HECKOJb-
KO M3MEHEeHHYI0 IIporpaMMy pPHcOBaHUsA usobpaskeHusa Ha puc. 10.1:

anr InaHera (apr uena X, y, pan, n, Ncmo, Bem K op6, K _COyT)

Hay

| ecnimn >0

| | TOo

| | mo3(x, y) |LUeHTp nJjiaHEeTH

| | OKpPYXHOCTH (pan) |PucyeM mnjaHeTy

| | CnyrHuxm(x, y, pax, n, Ncro, x op6, K cnoyr)
| | Cmy THMKM — BCIIOMOT'@TEJIbHBIM aJITOPUTM

| Bce

KOH

anr CnyTHuKM (apr ues x, y, pax, n, Ncr, Bem kK op0, K COyT)
Hau uexs x1, yl, i, Bew yroJs, paznm op6

| pan_opb := paxn * k opO |Pammyc OpOUTH CHYyTHMKOB

| yrosm := 6.28 / Ncn |YToJ Mexny CIyTHUMKaMU

| Ho gna i or 1 mo Ncn |[jida KaxOoro CIOyTHMKA

| | x1 :=x + pan_op6 * cos(yron * i) |KoopauHaTE LeHTpa

| | y1 :=x + pan_op6 * sin(yrom * i) |i-To cnyTHMKa

| | |PexypCMBHEM BE30B Ipolelyphl [lnaHera

| | Inarera(x, y, int(pam * x cnyr), Ncn - 1, x op6, kK cOoyr)
| xu

KOH

OcHOBHaAA YacTh TPOTPAMMBIL:

anr CucreMa IJIaHeT

Hau ues n, Ncm, pan, X, y, Bell K OopO, K _CHOYT
Bumeo (18) |YcTaHOBKA I'padmMueckKOTO pPexmMa
n :=7; Nco := 6

x := MaxcX / 2 |KoopamHAaTH LeHTpa

X mMakcX / 2 |mnjaHeTH

pan := 120; x op6 := 1.6; x _cnyT := 0.5
llnanera (X, y, pan, n, Nco, x opO, K _CIOyT)
KOH

IIponenypa [ianeTa 3#eCh BLIBOOUT HA 9KPAH IEHTPAIHHYIO OKPYKHOCTH-
IUTaHETy, a IJIf PHUCOBAHUSA €€ CIIyTHUKOB HCIIOJIL3yeTCsl BCIOMOTaTeJIbHas
nporenypa CnyTHuky. IlociegHasa pUCyeT COYTHUKY C IOMOIIBIO PEKYD-
CUBHOTO BBI30Ba WIPOIEAYpHI [lnanera. He Kakerca jau BaM, UUTaTeNb,
YTO B TAaKOM BHJe IIporpaMMa jaske 0ojiee JOTMUHA U IOHATHA, YeM C
«OOBIYHOM» peKypcuen?

IIpumeuanmue. Ilpu HanmucaHuuU aHAJOTHUUYHOM IIPOTpaMMbl Ha A3BIKE
ITackanb BosHUKaeT mmpobJjeMa, CBsI3aHHASA C TeM, UTO Ipolleaypa [liadera
HUCIOJIb3yeT B KAaueCcTBe BCIOMOTATEJILHON eIlle He OINMCAHHYIO IIPOIEeNyPY
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CnyTHuku, a 9To B [lackame Hemomyctumo. [Ipuuem mporenypy Criy THUKM
TOYKe HeJb3s OIIKUCATh IIePBOM, IIOCKOJIBbKY B Hell MMeeTCsa BBI30B IIPO-
menypsl [nanera. Beixozom 3mech ABIAeTCA IPUMeHeHNe TaK HasbIBae-
MOTO <«OIIEPerKAaIoIero» OIMCAHUA IIPOIEeRyDP.

gl.

CocTaBbTe IPOTPaMMYy, B Pe3yJIbTATE BLIIIOJHEHUA KOTOPOI HAa 9KPaH
10 pa3 BEIBOAUTCSA TEKCT BCEM M3BECTHOM MCTOPUU O IIOIe 1 ero coda-
Ke («¥Y mona 6sLa cobaka ...»).

(YrazaHus mo BeIMOJHEeHNI0. YT0OBI HAGIIOLATh BBIBOJ KaKI0M HO-
BOI MCTOPUU, IPEIYCMOTPUTE B IIPOIeAype HeOOIBIINYIO May3y B BhI-
moJIHeHU Y IIporpamMMbl. Kak 9To ciesnaTh, paccKasaHo B paszeie 3.)

CocraBbTe IIporpaMMBbl OJId pacuera.

1) smaueHus a" IJid 3aJaHHBIX 3HAUEHUUN a u n (a — BeIeCTBEHHOE
YUCJI0, N — HATYPaJIbHOE);

2) n-ro wieHa apupMeTHUECKON TPOTPECCUN;

3) n-ro ujieHa reOMeTPUYECKOH IIPOrpeccun;

4) cyMMBI N IePBBIX YWIEHOB apu(PpMeTUIeCKOU ITPOTPECCUN;

5) cyMMBI n IePBBIX UJIEHOB I'eOMETPUUYECKOMN IIPOTrPEeCCUn;

6) MMHUMAaJbLHOTO 3JIEMEHTA MacCuBa;

7) uHAEeKCa MUHUMAaJbHOTO 3JIeMeHTa MaccuBa.

CocraBbTe TIpOrpaMMy, B KOTOPOM BBOAATCS, a 3aT€M BBIBOAATCS HA
sKpaH B ooparHoMm nmopaske 10 samanubix unces. Kaxkgoe us 3aman-
HBIX YKCeJI JOJYKHO BBOAUTHCA oquH pas. (MaccuBbI He IPUMEHATH!)
Iamo HaTypaabHOE YKCJO n. BEIBEAUTE BCE €ro AeJUTENN B IOPAIKE
ux Bodpactanusd. (IIpoBepKy BOBMOIKHBIX JEeJIUTEJEN UKCIIa N IPOBO-
JIITE TOJBKO J0 3HAUEHUA, HE ITPEBBIMIAOIIETO v/ ; BCE OCTAJIbHBIE
JIeJINTeIU IIOJyUaloTCA B pedyabTare JeJeHuA YKUCIa N Ha HalileHHbIe
IeJINTEeNIN. )

Bce ykasanHbIe 3amauu cilefyeT PeIINTh C UCIOJIH30BAHUEM DEKyD-
CUBHBIX QYHKIIUNA U IPOIEAYP.




11. MeTOoAabl COPTUPOBKMU
4YUCNOBbIX MACCUBOB

Copmuposkoil HA3BIBAIOT IIPOIIECC PasMeIleHUs 3aJaHHOTO MHOKEeCTBa
00BEKTOB B ONpEeIeJeHHOM IOpPsAKe (B YaCTHOCTM, MHOYKECTBA UMCE —
B IOPAJKE MX BO3PaCTaHUA WM yOLIBAHIS).

3aueM HY:KHa copTupoBKa? OueBUIHO, UTO C OTCOPTUPOBAHHBIMU JAHHBI-
MU B pslie caydaeB paboTaTh Jerde, ueM ¢ IPOU3BOJHHO PACIIONOKEeHHBIMU.
Korzma aseMeHTBI OTCOPTUPOBAHBI, UX IIPOINEe HaliTH (Kak, HAIpuMep, B Te-
JeOHHOM CIIPABOYHHKE, B CJIOBape, Ha maHeJdax mnporpammbl Windows
Commander miau FAR Manager). Ha oTcopTupoBaHHBIX JAHHBIX Jierde
OIIPEIe/INTh, NMEIOTCS JIM IIPOIYINeHHbIE 9JI€EMEHThI, ! YIOCTOBEPUTHCS, UTO
BCe 9JIeMEHThI OLLIN IIPOBepeHbl. Jlerue HalTH OOIIMe SJIEMEHTBI [BYX MHO-
JKecTB, ecau o0a STHUX MHOXKECTBA OTCOPTUPOBAHBI. COPTHPOBKA SBJIAETCS
MOIIHBIM CPEJCTBOM YCKOPEeHUsS PaboThl MPAKTUYECKU JIO00r0 ajaropuTMa,
B KOTOPOM HYKHO YacTO 00paIaThbCs K OlpeaesIeHHbIM 9JIeMeHTaM JaHHbIX.

Ho, xax mnwuimeT oAWH W3 KJACCHKOB TEOPUU MPOTPAaMMUPOBAHUS
. KryT, «nae ecam ObI COPTUPOBKA ObLIa mouTu OecriosiesHa, HaILJIach
ObI Macca TpUUYMH 3aHAThCA eio! V3obperaTesbHbIE METONbI COPTUPOBKU
TOBOPSAT O TOM, UTO OHA U caMa IIo cebe MHTepecHa KaK 00beKT UCCIeoBa-
HuA» [5]. 3HAKOMCTBO C 9TUMU METOJaMU OUeHb IIOJIE3HO MPU U3YUEeHUU
IIPOrPaMMUPOBAHNUSA, TAK KAaK C UX IIOMOIIbIO MOYXHO HATJISIAHO IIPOMJIJIIO-
CTPUPOBATH MHOTHE IPUHIUILI U CUTyalMK, BOSHUKAIIINE U B IPYIUX
s3agauax. Tax 4TO ecim BBl XOTHUTE CTATh XOPOIIKM IIPOTPAMMUCTOM, TO
0053aTEeIbHO MOJKHBI 3HATH PA3JIMYHBIE METOIbl COPTUPOBKMU.

B macrosiiee BpemMsa M3BECTHO MHOKECTBO METOJOB COPTUPOBKH, U3
KOTOPBIX MBI PACCMOTPUM BOCEMb.

CHauajsa mpuBegeM YeThbIpe MPOCTHIX MEeTOHa:

1) copTupOBKa IIOACUETOM;

2) coOpTUPOBKA BCTaBKaMIU;

3) COpTHpPOBKa BBHIOOPOM;

4) copTupoBKa OOMEHOM.

BaTeM paccMOTPHUM 0oJiee CJIOMKHBIE, HO 1 60J1ee 3¢eKTUBHbIE’ METOMbI:

5) copTupoBKa BcTaBKamMmu ¢ yoObiBaromum Imarom (meron Illessa);

6) copTupoBKa c pasaeseHueM (ObICTpas COPTUPOBKA);

7) COPTUPOBKA CIUIHUIMU;

8) mupamMugasbHaA COPTHUPOBKA.

9D hHeKTUBHOCTh METO/Ia TaKsKe 3aBUCUT OT KOJUUECTBA 3JIEMEHTOB MacCUBA n; IIPHU JI0-
CTATOYHO MAJIBIX 3HAUEHUSAX N IIPOCThIE METOAbI YACTO paboTalT GhICTpee.
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Kaxxmomy ms mpemcTaBIeHHBIX METONOB COPTHUPOBKU OYAET MOCBAIIEH
oco0OrIit moapasaesi. CTpyKTypa BcexX STUX IOApasiesioB ONMHAKOBA: cHaua-
Jla M3JaraeTcd CYITHOCTh METOZA, 3aTeM IIPHBOLUTCA IIPOIeAypa’ , COOT-
BETCTBYIOIIasd AAHHOMY METOAY, a TaK:Ke HEeKOTOpble APyrue BCIIOMOTa-
TeJIbHBIE IIPOIeAYPLI U (PYHKIIUY, HeOOXOAUMBIE IJIA PaOOTEI IIPOTPAMMEI.

Bo Bcex cayuasix paccMaTpUBaeTCs COPTUPOBKA MaCCHBA, COCTOSIIETO
N3 n 3JEeMEeHTOB — IIeJIbIX YNCeJl. HpeILCTaBJIeHHLIe IIponeaypnsl MOryT
OLITDH JIETKO MO,Z[I/I(I)I/ILII/IPOBaHLI 1 MIPMMEHMNTEJIBHO K MaCCuBaM, 3JIEMEHTBI
KOTOPBIX — 9TO JaHHBbIe KOMOMHHPOBAHHOIO THMA (3alucu), — IJIaBHOE
TOJIBKO, UTOOBI OJHUM M3 IOJel samucy ObLIa BeJINUYNHA YNCJI0BOTO TUIIA,
OT 3HAUEHHUS KOTOPOM 3aBHCHUT MECTO KasKIOr0 3JIeMEHTA B YIIOPSI0UEH-
HOM MaccuBe. Maccus yunopdaagouymBaeTcda B IIOPAAKE Hey6bIBaHI/IH.

g uaniocTpanuu paboThl IPOIEAYP COPTUPOBKM M Js IIPOBEPKU
uX PabOTOCIOCOOHOCTH MOJIKHBI TaKyKe ObITh pas3paboTaHbl IIPOrpPaMMBbI,
peanusyole 3aloJHeHNe NCXOTHOT0 MAacCHuBa, BHIBOJ Ha SKPaH HCXO-
HOTO M OTCOPTUPOBAHHOTO MAaCCHBOB.

3amoJHeHNe MCXOIHOTO MaccuBa yA00Hee BCEro IPOBOIUTH C ITOMOIITBIO
¢dyHKIIIT rnd, BO3BPAIIAIOIel CaAyUaiHOe YMCJI0 13 HEKOTOPOT0 MHTepBa-
aa (cm. pasgena 7). s saToro B mporpaMMax HCIIOJIb3yeTCS BCIIOMOTATEJb-
Had Ipolleaypa 3arnoJjiIHeHME:

anr 3anojyiHeHue (apr pes uen Tab al[l:n])
Had uen i

| By mng 1 oor 1 mon

| | ali] := rnd(100)

| xu

KOH

O0paruM BHEMAaHNE, YTO (POPMAJBLHBIM MapaMeTp IPOIEeAYpPbl 31eCh
oIrcaH Kak mapamMerp-nepeMeHHas (T. €. B pe3yJIbTaTe BLIIOJHEHUS IIPO-
meaypbl MacCUB OOJIYKEH M3MEHUThCA — CM. pasgea 9).

BriBog MaccuBa Ha 9KpaH MOKET ObITh IPOBEAEH C IIOMOIILIO IIPOIELY-
pBl [leuaTh:

anr IleuaTsk (apr ues Tab all:n])
Hay uen i

| Hu gna i or 1 mo n

| | BeiBOm afi]l, " "

| xn

KoH

31ech B OIMCAHMM IIPOIEAYPhl MCIIOJb30BAH IIapaMeTp-3HaueHNe.

32 .
Ecyiu BBI He 3HAKOMBI C IIPABUIAMU O(POPMIIEHUSA COOCTBEHHBIX IIPOLEAYP U QYHKI[UIHA, TO

MOXKeTe BKJII0UATh COOTBETCTBYIOIINE OIIePATOPHI B OCHOBHYIO IIPOIPaAMMY.
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Bcsa mporpaMmma cOpTUPOBKY MaccuBa B 3TOM cayuae OyIeT MMeTb BUI:

ueJs n |TsmoBanbHasa KOHCTAHTa
n := ... |Pa3MepHOCTb MaccCHUBa
anr OCHOBHAA YaCTb MNPOTPaMME
|B IIKOJIBHOM aJITOPUTMMYECKOM A3BIKE
| OCHOBHASA YACTb MNPOTPAMMEL pPas3MelaeTCsd
| paHBIle BCeX BCIIOMOTATEJIBHEIX IIPOLENYP
Hay uey Tab all:n]
| 3annosiHaeM MaccuB a
3anojyHeHMe (a)
|1 meuaTaem ero
BLIBOO HC, "lMcxomHemi mMaccus:"
[leuaTs (a)

CoprupoBKa (...)
|lleuaTaeM OTCOPTMPOBAHHBI MaCCUB:
BHIBOI HC, "OTCOPTMPOBaHHEIM Maccus:"
[leuaTs (a)

KOH

|
|
|
|
|
| |CopTupyeM MCXOIOHEM MaCCUB :
|
|
|
|

rme COpTMpPOBKa — BTO MPOLEeAypa COPTUPOBKU MACCHBA KAKHUM-JIH00
KOHKPETHBIM METOJOM.

U mocsennee: A HEKOTOPBIX IIPOIEAYP COPTHUPOBKU MPOBOAUTCS UX
YCOBEPIIIEHCTBOBAHNE C I[€JbI0 YMEHBIIIEHN BPeMeH! BBIIIOJHEHHNA IIPO-
rpaMM — MpeAJaralp YuTaTeJsM elfe pas mpouutaTh ciaoBa K. Iaycca,
npuBeIeHHBIe B paszaese 1.

11.1. CopTpoBKa noac4Y4eTOM

ITOT METOJ OCHOBAH Ha CJeNyIOIleil, OueHb IMOHATHOM, Uee: MECTO KaK-
JIOT'0 3JIeMEeHTa B OTCOPTHPOBAHHOM MACCHBE 3aBHCUT OT KOJIUYECTBA dJe-
MEHTOB, MEHBININX ero. VIHBIMU CJI0BaMU, €CJI 3HAUEHIEe HEKOTOPOTO dJie-
MeHTa WMCXOJHOTO MAacCCHUBa IIPEBBIITAeT 3HAUEHUsS UYeThbIpeX APYTUX, TO
ero MecCTO B YIOPSAAOUYEHHOU IIocjiefoBaTelbHOCTH — ImAToe (pmc. 11.1).

HiexonHeivi maccus

123256192035

Yriops804eHHbIVI MaccuB

3| 5|5]|6 |10

Puc. 11.1
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W maobopoT, ecin Kaxkoe-aIubOO YKCIO0 B OTCOPTHPOBAHHOM MAacCCHBE HAXO-
IOUTCA Ha IIATOM MeCTe, TO 3TO 3HAUUT, UTO B UCXOJAHOM MacCUBe eCThb Ue-
TBIPE dJIeMeHTa, KOTOPhIe MeHbIIle UJau PaBHBEI eMy. CiaemoBaTebHO, OJIs
COPTUPOBKU HEOOXOAMMO IOJd KayKAOro JJIEMEHTa 3aJaHHOTO0 MacCuBa
MOACUYNTATh KOJUUYECTBO 3JIEMEHTOB, MEHBIIIUX €ro, U 3aTeM Pas3MeCTUTh
KaKIbIll PACCMOTPEHHBIA 2JIeMEeHT Ha COOTBETCTBYIOIIIEM MECTe B HOBOM,
CIIeIuaJIbHO CO3JTaHHOM, MAacCCHUBeE.

Hcnonsdyem B mpolieaype COPTUPOBKU CJIEAVIOINNE BEeJIUUYUHBI: a —
NCXOMHBIA MAaCcCUB; b — OTCOPTUPOBAHHBINT MAacCHUB; N — KOJUYECTBO dJe-
MEHTOB B MacCuBe; 1 — HMHJEKC paccMaTpUBaeMOrI'o 3JieMeHTa; j — WH-
IeKC 3JIEMEHTa, C KOTOPBIM CPaBHUBAETCA PacCMaTPUBAEMBIN; k — KOJIU-
YeCTBO 3JIEMEHTOB, MEHBIIIUX, YeM pPacCMaTpPUBaEMBbIH.

IIpomenypa, BHIDOJHAIOIASA COPTUPOBKY MacCHBa a METOIOM IIOJCcUe-
Ta U 3aMOJIHAIOINIAS OTCOPTUPOBAHHBIMU 3JIEMEHTAMU MAaCCUB b, MMeeT
BU:

anr Coprrpoeka noacderoM (apr ues Tab al[l:n], apr pes uen Tab bll:n])
mag men i, j, k
| | Oag xaxmoro 2JieMeHTa MaccuBa a
| Hu gna i or 1 mon
| | |onpemengeM BeJIMUMHY K,
| cpaBHMBasA ero CcO BCeMU
| ocTanbHEIMM 3JIEMEHTAMU
k :=0
HU nig j or 1 mo i -1
| eciim al[j] < ali]

|
I | k:=k+1
|

ona j or i+ 1 gon
eciu alj] < alil]

| k:=k+1

|
[
[
[
[
|
|
[
|| ko
| | HO
[
[
[
|

| | xu
| | |PasmMemaeMm sjeMeHT ali]

| | |HAa (k + 1)-M mMecTe B Maccuee b
| | bk + 1] :=ali]

Ko
oH

Tak KakK IIpUBeJEHHASA BBIIIE IPOIEAYyPa MCIIOJIb3YeT NI COPTUPOBKU
IOTIOJHUTEIbHBI MAcCHUB, TO IPU BHIBOJE Ha 9KPaH YHIOPSAJAOUEHHOH IIo-

CJIeqOBaTeJIbHOCTH B OCHOBHOII YacTU IIPOTPaMMEI CJIeAyeT MCIIOJb30BaTh
Maccus b:
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ey n
n := .
ajr OCHOBHas YaCTb_ NPOTPaMMEL
Hau uey Tab all:n], bl[l:n]
| BanomsHeHue (a)
| BEIBOO HC, "VCXOOHEIM Maccus:"
| TMeuats (a)
| Copruporka noncuerom(a, b)
| BEIBOO HC, "OTCOPTUPOBAHHEI Maccus:"
| IMeuats (b)
KOH
Hetpynuo 3ameruTh, 4TO AaHHasA IIpolieflypa He pelllaeT 3aJady COPTH-
POBKU IIDY HAJIUYUY B MCXOJHOM MAaCCHBE OJAMHAKOBBIX 9JIEMEHTOB (B II000-
HOM CJy4ae BCe OMHAKOBBIE 9JIEMEHTHI OyAyT 3allMCaHbl OAWH IIOBEPX APY-
roro (cTupas TeM CaMbIM HPEIbIAYIINI) B MACCUBE b TOIBKO B OJHY, CAMYIO
JIEBYIO AUEWKY M3 TeX, KOTOPble OHU JOJIKHBI 3aHMMATh Ha CaMOM JeJie, a
B OCTAJIBHBIX AueilKax OyJeT 3alncaH Bce TOT JKe HAYaJIbHBIN HYJb ).
Jsa MaccuBOB, 3alIOJTHEHHBIX HEOTPUIATEIHLHBIMU UMCJIaMU, 9TOT He-
JOCTATOK MOMKHO JIMKBUIWPOBATH, €CJIM:

a) MaccuB b IIpeJBapUTEJIbHO 3AMOJHUTH 3HAUEHUAMU, PABHBIMU HYJIIO
(B mporpaMmMax Ha MIKOJLHOM aJITOPUTMUYECKOM A3BIKE, B OTJINUYUE OT
IPYTUX SIBBIKOB IPOTPAMMUPOBAHUSA, TPV MHUIIUAJINSAIINY TPOIeAYPhI
HYyJIeBbIE€ 3HAUEHUS BEJIMUYNHAM HE IPUCBAMBAIOTCH);

0) KaKIbIll 9JIeMEeHT MaccuBa b, PaBHBIH HYJII0, 3aMEeHATH 3HAUYEHUEM
IIpeJIIecTBYIONIEro djieMeHTa (pasyMeeTcsa, KpoMe IIepBOTO 9jIeMeHTa
MaccuBa)®'.

IIponenypa opMupoBaHUA YIOPAZOUEHHOTO MacCHBa b, YUUTHIBAIO-
Ias 9To 00CTOSATEIbCTBO, OYIeT CJeAVIOIei:

anr CopTupoBka noacderToMm (apr ues Tab al[l:n],
apr pes uey Tab b[l:n])

Hay ues i, j, k

| |3anosHseM MaccmuB b HYJISMU

| Hu gna i or 1 mo n

| | b [1i] =0

| xu

| | Oaa xaxmoro 2JieMeHTa MaccuBa a
|

|

|

HU ona i or 1 mo n |
| |onpemesnsgeM BeJIMUMHY K
| Kk :=0

3
IIpoBepbTe 9TO HA IPUMEPE MACCUBAa, CKaskeM, u3 30 5JIeMEeHTOB, 3aII0JHEHHOTO YMCIaMU
u3 uaTepsBasa ot 0 7o 10.

34
I[JIH MacCuBa, 3JieMeHTaMU KOTOPOI'o ABJIAIOTCA TaKMXe 1 OTPUIlaTeJIbHbIE YKCJia, MOMHO
BBIIIOJITHUTH aHAJIOTUYHBbIE I[efICTBHﬂ, UCIIOJIBb3yA BMECTO HYJIA 3HAUeHHe, MUHUMaJIbHOe
cpenu BCexX 3HAUEHUI 3JIEMEHTOB MacCcuBa.
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HU g J or 1 mo i - 1

|
|
| xn
|
|

| PasmemaeMm sjeMeHT al[i] Ha (kK + 1)-M MecTe B Maccmuee b
blk + 1] := a[i]
K1

|
|
|
|
|
|
| |9nemMeHTH MaccHuBa b, HauuMHas CO BTOPOTO,

| |paBHBIE HYJIO, 3aMeHseM NpedlleCTBY UMMM 3JIEMeHTaMU
| Hu gna i or 2 mo n

| | ecmm b[1i] = 0

| | | To

[ | bli] :=Dbl[i - 1]

|| Bce

| xo

KOH

OcHOBHAA YacTh IPOTPAMMBI B 3TOM cJyuae o)OpMJISAETCA TaK JKe, KakK
U paHee.

OxHAKO ¥ 3TOT BapWaHT MMeEeT HeJOCTATOK: JJIA MPOBEPKU DJIeMEHTOB
Ha PaBEHCTBO HYJIIO MPUXOAUTCS 3aHOBO IPOXOAUTDH MOUTHU II0 BCEMY Mac-
cuBy. Kpome Toro, Hamo 00s3aTelbHO 3HATh MHUHHMAJbHOE CPEIU BCEX
3JI€MEHTOB MacCHuBa 3HaUEHUE.

CamocTosaTeIbHO paspaboraiiTe BapHAHT MOPOIEeAYyPBI, HE MMEIOIUHi
9TUX HEJOCTAaTKOB. B HeM MecTO IJId pas3MelaeMoro 3JieMeHTa a [ i ] ompe-
JleJigeTcsA cpasy IIocjie MoJcUeTa 3HAYEeHWA BeJIMUUHBI kK Ha OCHOBE CJIEJY-
omux paccyskaeruii. Ilepen Tem Kak samucath sHaueHue B (k+1)-io
AYENKY, HaJ0 CPABHUTDH €T0 C COMEPKUMBIM ATOM SAUYEHKM: €CJIM OHU pPaB-
HBI, TO IIPOBEPSAEM CJIEAVIOIIYIO AUYEHKY U T. . IO Te€X IOP, IIoKa He OyaeT
HalieHa AdYeliKa C APYTMM 3HAUEHMEM, KyZa U 3aHOCUTCA paccMaTpUBae-
MBI BJIEMEHT. JTU PaCCYKIAEHUSA HEe PacIpoOCTPAHAIOTCA Ha HadYaJbHbBIE
HYyJIEBbIE€ BJIEMEHTHI — BCE OHM y’Ke€ PacCTaBJIeHbI Ha CBOU MeECcTa.

YcoBepueHCTBOBaHME Nnpoueaypbl COPTUPOBKU

IIpoaHanmmn3upoBaB IPUBEIEHHYIO BBIIIIE IPOIEAYPY COPTUPOBKU, MOKHO
yBUa€eThb, 4TO IIPDU IIOACYUETEe 3HAUYEHUA k mosoBHMHA ,ILefICTBPIfI ABJIAETCA
usauirHeii. B camom mese, mocjie cpaBHEHHUS 1-TO dJeMeHTa MaccuBa a
C ero j-M DJIEMEHTOM y’Ke He HaJ0 CPaBHUBATH -1 djaeMeHT ¢ i-M. Moxk-
HO CPaBHUBATH 9JE€MEHTHI TaK, KaK IOKasaHO B TabJiuIe:

3HaueHUEe HNHpexcsl j 2JIeMeHTOB, ¢ KOTOPBIMU
HHIeKca i CpPaBHUBAETCA i-# 3JIEMEHT

1 2,3,...,n

2 3,4,...,n
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JocTaToyHO CpaBHUTL 3HAUEHUA & [1] U a[j] mpu Bcex 1 m j, YAOBIETBO-
patormux yeaoBuaM: 1 <1 <n—-1wu i +1 < j < n. OgHAKO IPU 9TOM BO3HU-
KaeT mpobJsieMa IoficueTa KOJIMUEeCTBA 9JIEMEHTOB, MEHBIIINX KaKIOTO 1-TO.
Hanpuwmep, nnsa maccusa 3, 2, 5, 1, ..., ecau MOACUNTHIBATH 3HAUEHUWE k Tak
JKe, KaK paHee, TO IIPU OIIPeeJIeHNU k AJIsT TPETHETo 3JeMeHTa OH He OyneT
CPaBHUBATHCA C MEPBHIM W BTOPHIM, U B pPe3yJibTaTe 3HAUeHUE k OyneTr pac-
CUMTAHO HEMPaBWJIBHO. UTOOBI PEIUTh 9Ty MPOo0JIeMy, HaAO0 MCIOJIb30BaTh
He OOHY IIepeMeHHYIO Kk [IJIs BCeX DJIEMEHTOB, & MAacCCUB C TeM JKe MMeHeM
W3 n BJIEMEHTOB U NIPU CPABHEHUU DJIEMEHTOB JUIA Ka'KJAON Hmapbl MHAEKCOB
(i, j) ompenenATs 3HAUEHWA Kk KaK AJd 1-TO 9JIeMEHTa, TaK W JUIA J-TO.

CooTBeTcTByOIIIAA IIPOIEAypPa COPTUPOBKU MacCHUBa a METOAOM IIO[-
cueTa uUMeeT BUJL:
anr CopTrpoeka_rnoacderoM (apr uesr Tab al[l:n], apr pes uen Tab bll:n])
Had uen Tab k[l : n], men i, J
| |HomcumTEIBAaeM 3HaueHMe k[1] OJjg KaxgoI'o 3JIeMeHTa MaccCHubBa a
HU 04 1 or 1 go n
| k[i] =0
g
HU ona 1 or 2 mo n
HU ona j or 1 7o i - 1
| ecm al[i]l < alj]

|

|

[ | | To

I | YBemMumBaeM 3HAUEHMEe K IOJisd j—T0 BJIeMeHTa
|11 k[3] :=k[j] +1

| | | mHaue

[ | | |YBenmnumBaeM 3HaUeHMue K IJig 1-T0 BJIeMeHTa
[ || k[i] :=k[i] + 1

| | Bce

| xg

KII

| PasMemaeM BCce BJIEMEHTH MacCuBa a

|Ha COOTBETCTBYyNIMX MM MeCTax B Maccube b
HU nig 1ot 1 mon

| blk[1] + 1] := a[i]

KII
OH

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
K

CormocTaBUM KOJMYECTBO CPABHEHUII SJIEMEHTOB IIPU 3aTIOJTHEHUN MaCCH-
Ba b B IIpoIleflype COPTHUPOBKY, IIPUBEIEHHON paHee, U B IIOCJeTHEM ee Ba-
puanTte. B mepBoM ciryuae 9T0O KoJimuecTBO paBHO n (n — 1), rme n — Kommye-
CTBO BJIEMEHTOB B MaccuBe; Bo BTopoM — n (n — 1) / 2, T. e. BABOe MEHBIIIE.

WHTepecHO, YTO IPOBEeHHBIE YCOBEPIIIEHCTBOBAHNA HE TOJIbKO YMEHb-
IIAaI0T BPeMsA BBIMOJHEHUS IPOTPAaMMBbI, HO WM 00ECIIeYNBAIOT COPTUPOBKY
MaccuBa, B KOTOPOM MMeIOTCA OLUHAKOBBIE 9JeMeHTHI, 06e3 Iocaenylole-
ro U3MeHeHUs 3HaUeHUIl HyJIeBBIX 2JIEMEHTOB MaccuBa b (cM. Beime)”.

5 o
Hoquy 9TO IMMPOUCXOAUT, IIPOAHAIUSUPYUTE CAMOCTOATEJIBHO.
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YacTHbiA cnyyail meToaa noacyeTa

Cy1ecTByeT elle U Apyras pasHOBUAHOCTH COPTUPOBKY METOAOM IIOZCUe-
Ta. [IpaBga, mpuMeHMa OHA B OCHOBHOM, €CJIM B MACCHUBE MMEETCA MHOTO
OOMHAKOBBIX DJIEMEHTOB U MX 3HAUEHU JeKaT B AuamnasoHe u < a[i] < v,
Tle pas3HOCTh (Vv — u) HeBeJUKa.

YT006BI TOHATH OCHOBHYIO UEI0, MPEAII0NOKNIM, UTO BCE 9JI€MEHTHI HC-
XOJZHOTO MaccuBa a mMerT 3HaueHuA oT 1 no 50. lia moayueHUss ymops-
IOYEeHHOTO MAacCWBa MOYKHO IIPU IIEPBOM IIPOCMOTPE MAacCHBa a IOJACUM-
TATh KOJIMYECTBO JJIEMEHTOB, paBHBIX 1, 2, ..., 50, a mpum BTOpOM —
3amucaTh 3TU BJIEMEHThI B COOTBETCTBYIOIIUE AUYEHKU MaccuBa b (uam a,
3aMEHVWB B HEM MCXOAHbIE 3HAUEHU).

JTa pa3sHOBUIHOCTH METOZA COPTHUPOBKU Ha3LIBAETCA Memodom pacnpe-
denswuiezo nodcuema (BapuaHT Ke, OIMMCAHHBIN paHee, OOBIYHO HA3bIBa-
erca memodom cpasHeHus u nodcuema [5]).

IIpu ucmoabp30BaHUY METOAA PACIPEHEJIAIIIEero IocuerTa KOJIUIeCTBO
BBITIOJIHSIEMBIX CpaBHeHU# paBHO n (v —u +1), rle n — KOJUYECTBO dJie-
MEHTOB B COPTHUPYEMOM MaccuBe, a (v —u + 1) — KOJUUYEeCTBO BO3MOYKHBIX
3HAYEHUII BJIEMEHTOB JTOTO MacCHBa.

ComocTaBisaa 9TO KOJNUECTBO CPABHEHUH C MOJYUEHHBIM pPaHee, MOK-
HO CIeJIaTh BBIBOJI, YTO COPTUPOBKA METOIOM PaCIPEAEAIIIEro moIcueTa
s deKTIBHEE MeTOZa CPAaBHEHUA U IojicueTa, ecan (v —u +1)< (n —1) / 2.

ITomMy TpeGOBAHUIO YIOBJIETBOPSET, HAIPUMED, YCJIOBUE CJIeAYIOIIei
dagauu: [Jan maccus, aiemenmamu Komopozo aéasmcea yu@pot. Tpedy-
emcs ynopsadoyumsv ezo no 603pacmaHuio.

IIpencraBum mporeaypy COPTUPOBKU TaKOTO MaccuBa (P IO METOIY
pacIpe/iesIsIoIIero mogcyera’”. B Heil MBI HCIIONB3yeM CJIEIYIOIIIe OCHOB-

Hble BEJIUUYUHBI: & — COPTHUPYEMbII MACCHB; KOJI_LMbp — MAacCUB U3
10 syseMeHTOB, 3HAUEHUAMHN KOTOPBIX SABJSAIOTCS KOJHUUECTBA KaKIOM
us nmupp (0, 1, ..., 9) B maccuBe a (puc. 11.2); z — HHIEKC dJeMeHTa

MaccuBa, KOTOPOMY IIpHCBavBaeTcsA 3HaueHHe IIPU BTOPOM IIPOCMOTPe
(cM. BbIIIE).

anr CopTupoBKa noacueToM (apr pes uen Tad al[l:n])
Hau ues Tab xon umdpp[0:9], wenm i, j, £

| 11. Ona xaxnoy UMOpH NONCUMTEEBAEM

| |ee xoJIMUeECTBO B MAaCCHUBE a

| By mns 1 or O mo 9

| | xonm umdpp[i] := 0

36

zuang i or 0 mo

‘KOJ‘IiLU/[(in[i} =

KL

HuAna j or 1 1o n

\Kon_uv@p[a[j]] (=xon umbplalj]l] + 1
KIL

CooTBeTcTBYIOUIUI (hparMeHT IIPOIeAYPHI MOKHO O(DOPMUTE U KOpoUe:
9
0
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HU 0jid j oT 1 go n

|

| | ecom al]j] =1

| | | To

[ | | xo;m umdppl[i] := xom umbp[i] + 1
| | Bce

| x0o

K

|2. PasmMmemaeM BCe 3JIEMEHTH MaccCuBa a

| (T. e. xkaxOoyo UM@py) B NOPAOKEe BO3PaACTaHMUA LUOP
|1 B COOTBETCTBYIEM KOJIMUECTBE B BTOM XE& MacCCUBe

z =1
HU gna 1 or 0 mo 9
| |Kaxoyo i-10 nmubpy BannchBaeM
| |B xKoI_numppli] mompAn MIOYWMUX
| | aueex mMaccuBa a
| 5o ona j or 1 mo xos umdp [i]
| | al[z] := 1
| | |CmemaeMm "ykazsaTesnb 3anmucu" z
| | z : =z + 1
| xg
KII
KOH
Maccus a:

213(0(1|1(2|4|6|7|8|3|2|5|6|7|3[0|]9|0|5

Maccuns xon_undp-
31233122211
o 17 2 3 4 5 6 7 8 9

Puc. 11.2

/g Ha msBecTHOM BaM A3BIKe IIPOrPAMMUPOBAHHA paspaboraiTe IIpo-
IPaMMBbI COPTIPOBKM MAaCCHBA:

a) MeTOoJ0M CPaBHEHUS U II0JCUeTa;
0) MeTOo0M pacIIpeessIon[ero moacyueTa.

Bo BTOpOM ciyuae ucmosbayiiTe maccuB u3 100 s1eMeHTOB, 3HAUCHUA
KOTOPBIX HaxonATcsa B auamasoHe or 30 mo 45. IIpoananusupyiire,
Oymer i paboTaTh IPOIleAyPa COPTUPOBKHU, €CJAU KaKUX-JI100 3HaAUe-
HU# 13 YKa3aHHOTO JUAla30Ha B MACCUBE He OKaKeTCsd.
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11.2. CopTupoBKa BbiOOpOM

CopTupoBKa BBIOOPOM COCTOUT B TOM, UTO CHauaja B HEYMOPALOUYEHHOM
MaccHBe BLIOMPAETCA MUHUMAILHBIH 5IeMeHT . DTOT 5JIeMeHT MCKJI0Ya-
eTcdA m3 JaJIbHeHIeil 00paboTKM, a OCTaBIIAsACS IIOCJIEeJOBATEILHOCTD BJIe-
MEHTOB IIPUHUMAETCS 3a MCXOMHYIO, U IPOIIECC MOBTOPSETCS [0 TeX IOop,
IIOKa Bce 9JIeMEeHTHI He OyayT BbIOpaHbl. OUueBUAHO, UTO BHIOPAHHBIE BJIe-
MEHTBI 00Pa3yIoT YIOPSAZOUYEHHYIO IT0CJIeZ0BaTeJIbHOCTD.

IIpu sTomM BBIOPAaHHBIM B MCXOJHOM MAaCCHUBE MUHUMAJIbHBINA BJIEMEHT
MOKeT OBITh pasMeIlleH Ha IIpeJHAa3HAYEHHOM €My MeCTe YIIOPALOUYeHHOM
IIOCJIe0BATEIbHOCTY PA3HBIMU criocobamMu. OZUH M3 HUX 3aKJIIYAETCA B
UCTIOJb30BAaHUU [OIOJHUTEJIbHOT0 MaccuBa. llocsie mepBoro mpocMoTpa
HaWJeHHBIA MUHUMAJILHBIA BJIEMEHT pasMeIllaeTcd Ha IIEPBOM MeECTe B
aTom MaccuBe (puc. 11.3). OgHako ecau Ha BTOPOM IIPOCMOTPE MCXOTHOTO
MaccuBa BHOBb HAWTW MUHUMAJIBHBIN JJIEMEHT, TO UM OKaYKEeTCS BCE TOT
JKe caMblii (HaleHHBIN paHee) djieMeHT. UTOOBI MCKJIIOUUTH 9Ty CUTya-
IIAI0, HAJIO B MCXOJHOM MAaCCHBE BMECTO BBHIODAHHOTO 3aIlMCaTh YMCJIO, 3a-
BEJIOMO IIPEBOCXOJsIIee JII000I BsJIeMeHT COpTHpyeMoro maccuBa. Torza,
BHOBB HaW/AA IIPU BTOPOM ITPOXO0/Ie MUHUMAJIBHBIN 9JIEMEHT, MOKHO pa3Me-
CTUTH €ro Ha BTOPOM MeCTe B HOIIOJHUTEJIbHOM MaccuBe, u T. A. Torma o0-
mjas cxeMa aJI'TOPUTMa COPTUPOBKY PACCMOTPEHHBIM METOAOM MMEET BU/I:
HU ang 1ot 1 mon
| 1. OHpeJ:LeJ'H/ITb MMVHVMAJIbHEIM 2JIEMEeHT MacCHuBa.
| 2. 3anmcaTrhk €0 Ha 1-€ MeCTO B IOINOJIHMTEJILHOM MAaCCUBE.
| 3. B MCXOOHOM MacCHBE Ha MeCTO MUHMMAJILHOT'O B3JIEMEeHTa
| 3anucaTe "OoJsbmoe" Ymcio.

g

YTo HY:KHO 3HATh, UTOOBI BBIMMOJHUTEL 9TAll 37 Bo-mepBbIX, YHCJIO, KO-
TOPOE IPEBOCXOAUT JIIOOOM 9JIEMEHT COPTHUPYEMOT0o MaccuBa. BbyaeMm cum-
TaTh, YTO TAKOE UMCJIO HAaM M3BECTHO. BO-BTOPBIX, HYKEH HHAEKC MUHU-
MaJIBHOT'O 9JIEMEHTa, a 3HAUMuT, Ha oTame 1 ciaeayeT HaAWTH TaKyKe U STOT
HHIEKC.

HiexonHbiii MaccuB

12132 |5 |6 |19|20| 3 | 5 |10

LHorosHnresibHbIVE MaccuB

Puc. 11.3

7 o
PasymeeTcsi, MOKHO BbIOpATh M MaKCUMaJbHEI. B 9TOM cayuae morpebyeTcs JIUIIb
He0OJIbIII0e N3MEHEeHNE B aJrOpUTMe.



MeToabl COPTUPOBKU YMCJIOBBIX MaCCHBOB 123

IIporpaMMy COPTHPOBKM MAacCuBa OOCY:KJZAaeMbIM METOJOM B BUIeE
UCKJIOUEeHUSA IpPUBEIeM CHauajsa 06e3 MPUMEHEeHHS BCIOMOTATeIbHBIX
mporenyp. B Heit MbI HCTIOIB3YeM BEIUUYNHBI: MMH — MUHUMAJIBHBIN 9J1€-
MEHT MacCHBa'; MHIMMH — €0 MHIEKC; MaKC — UHCJIO0, KOTOPHIM 3aMe-
HSIOTCS BbIOPAHHBIE MUHUMAJbHBIE 3JIEMEHTHI MCXOJHOI'O MAaCCHBA.

| Tsto®anbHEIE KOHCTAHTH

e n, Makxc

n :=

MakKc := .

anr OcHOBHafA YaCTb NPOTPaMME
Had LeJ MMH, MHIMMH, 1, J

| | 3anojgHeHMe MaccuBa

HU 0a4 1 or 1 go n

| ali] := rnd(100)

K1

| BLIBOI MaccHuBa Ha 3KpaH
HU anig 1ot 1 mon

| BerBOO alfil, " "

K1,

TEOpTMpOBKa

HI g 1 or 1 mo n
TAWITAHaXSQMMgiiHMMaHbHHﬁ 3JIEMEHT MaccCuBa
|1 ero mHIOIEeKC

MyH := al[l]; mHOMMH := 1

HI Ona j OT 2 1o n

| ectm al[j] < al[mHOMMH]

| | o

| | Muu := alj]

| | wmuoMuuH = j

| BCe

ggigi

| 2. BanmceBaeM MUHMMAJIbHEI 3JIEMEeHT
|Ha iI-e MecTO B Maccuee b

b[i] := Muu

| 3. 3ameHsgeM MMHMMAJIbHEIM 3JIEMEeHT
|McxogHoTo MaccuBa "OoabmmM" UMCIIOM
b[i] := makc

KIJ,

| BLIBOIT Ha BKpPaH

| OTCOPTUMPOBAHHOTO MaccuBa b

HU gjig 1 or 1 o n

| BmBOm b[i], " "

K1

8 . o
BapuanT nmporpaMmbl, B KOTOPOM BeJUYMHA Min He UCIOJIb3yeTcs, padpaboraiiTe caMmo-
CTOSATEJHHO.
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IIpuBegem Tak'ke BapuaHT TPOTPAMMBI, B KOTOPOW WMCHOJIb30BaHBI
OpOIeAyPHl 3alojiHeHre u lleuaThb, a TakKe ABe (PYHKIUU :

1) MuumMyM, BO3Bpallamlnas 3HaueHWe MUHUMAJbHOTO dJIeMEeHTa Mac-
cuBa:

anr uesn MuxuMyM (apr uent Tab a[l:n])
Had uen i, m

|m — Texkyuee 3HaAUYEHME MCKOMOM BEJIMUMHE
m:=af[l]

HI OJd 1 OT 2 go n

| ecimr al[i] < m

| | To

[ | m:=afli]

| Bce

KII

3HaAUY :=m | BHaueHMe QYyHKLUUMU

KOH

2) VHoekcMyHUMYMa, OIPeAedioniasd WHIEKC 9TOr0 3JIeMeHTAa:

anr ues VMupexcMmHumyMa (apr ues Tab al[l:n])

Had LeJ MHOMMH, 1 |MHIMMH - TeKyllee 3HadeHMe MCKOMOM BeJIMYMHEL
VHIOIMMH := 1

HI OJ4 1 OoT 2 go n

|

|

| | ecim ali] < a[uEOMMH]

I | | To

| | | wmEHOMMH = i

| | Bce

| L

| 3HAY := UHIOMUH | 3HaueHme GYHKUUU

KOH

Ucnonb3ys cosmanubie QYHKIUM, paspaboTaeM camy IIPOIEenypy Cop-
TUPOBKU MAaCCHUBa:

anr CoprupoBka BeIOOpoMI (apr pes ues Tab all:n],

pe3 uein Tabd b[l:n])

Hau LeJs 1, MMH, MHIMUH

| MMH — MMHMMAaJIbHBEIM 2JIEMEHT MaCCUBa a

| MHIMMH — €70 MHIEKC

| Hu gna i or 1 mo n |n pas

| | |1. OnpenengeM MMHMMAaJBbHEM BJIEMEHT MacCHUBa a
| | |m ero MHOEKC

| | MumH := MuHUMyM (&)

| | mHOoMMH := MHmekcMuHuMyMma (a)

CamocTrosiTeIbHO pa3dpaboTaiiTe BAPUAHT IPOTPAMMbBI, B KOTOPOM HCIIOJIB3YeTCS TOJIbKO
onHa GyHKIIUA — VHOekCMuHyMyMa.
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| | 12. MUHMMAJIBHEI 3JIEMEHT MaccuBa a
| | |3anmcelBaeM B 1I-10 gUuelKy MaccuBa b
| | b[i] := MmuH
| | |3. Ha MecTe MMHMMAJILHOTO B3JIEMEHTAa
| | |pasMemaeM 4MCIIO Makc
| | a[uHOMMH] := Makc
|
KOH
Tak Kak mpuBeleHHAas 37ech IPOIeaypa IIPUMEHseT IS COPTUPOBKU
IOMOJHUTEJbHBII MacCUB, TO B OCHOBHOI YacTHU MPOTrPaMMBbI IIPU BLIBOJIE
Ha 9KpaH YIOPAJOUYEHHON IIOCJIEeI0BATEIbLHOCTH CJIEAYET KCIIOJIB30BATh
MaccuB b:

anr OCHOBHAA YacCThb NPOT'PaMME
Hau pes Ttab all:n], bl[l:n]

| BanomsHeHue (a)

| BEIBOO HC, "VCXOOHBEIM Maccus:"
| HeuaTs (a)

| Copruporka BreibopoMml (a, Db)

|

|

BEIBOL HC, "OTCOPTMPOBAHHHEIM MaccCus:"
[leuaTs (b)

Hageemcsa, uTo mpuBeAeHHBIN BapHMaHT IPOTPaAMMBbI eIle pas yOemu
YuTaTeJsI B IPEUMYIEeCTBaX WCIIOJIb30BAHUA IPOIEAYP U (QYyHKIMMA.

BTOpoii cnocod copTUPOBKU BbiIGOpOM

PaccmoTpeHHBIN BapuaHT COPTUPOBKU MacCUBa METOJOM BbIOOpa obJama-
eT IBYyMs HeJOCTaTKaMU:

1) mna ero peanusanuu TpedyeTcs NOTOJHUTEIbHBIA MAaCCUB;

2) [Jida HaXOXKIeHUA MUHUMAJbHOTO 9JIeMEHTa U eT0 NHeKca Ha KarKIoM
IPOXO0Jie IPUXOAUTCSI IPOCMATPUBATE BCe BJIEMEHThI MacCHUBa.

YKazaHHBIE HEJOCTATKU YCTPAHSIOTCS, €CJAU BCEe M3MEHEHUS IIPOBO-
IUTH B UCXOJHOM MaccuBe. Torga oTcopTUPOBATEH €Tr0 MOKHO CJIEIYIOIIM
obpasom:

1) HaliTM MUHUMAJBLHBIA 3JIEMEHT CPEeAU BCEX BJIEMEHTOB MAacCHUBA U II0-
MEHATH er0 MeCTaMU C IIEPBBHIM 3JI€MEHTOM;

2) HallTMU MUHUMAJBLHBINA BJIEMEHT CPEIN BTOPOTO, TPETHETO W T. J. dJe-
MEHTOB MacCCHBa U IIOMEHATH €0 MeCTaMHt CO BTOPBIM 3JIEMEHTOM;

3) ...

Ha IIOCJIeJHEM JdTaIlle oIIpeaejdeTcd MUHUMAJbHBIA 2JIEMEHT cpean
ABYX IIOCJE€JHUX II0O HOMEPY MHJIAEKCa U HaﬁﬂeHHBIfI JJIEMEHT MeHdAeTCA
MecTaMHu C IIpeAIIoCJeHNM 3JIEMEHTOM MCXOOHOI'0O MacCCHuBa. HOCKOJILKy
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mocjie KaskIoTo IMMPOCMOTPAa YIOPAZOUEHHBIE dJIEMEHTHI MCKJIIYAIOTCA U3
majbHeHelr oopaboTKM, pasMep KakIOoro IIOCJemyiomniero oopabaTbiBae-
MOTO ydJacTKa MaccuBa Ha 1 MeHbIle pasMepa IpPembIAYIIero.

B mporpamme, peanusyroineil COpPTUPOBKY BBIOOPOM II0 TAKOMY CIIOCO-
0y, OymeM HCIIOJIL30BATh (PDYHKIUIO VHIeKCMMHUMYMa, OIPEIeJISIOIyIo
HHIEeKC MUHNMAJLHOIO 3JIEMEHTA U3 CINCKA IIePeMEeHHOM AJINHBI, HAUN-
Hasd C 9JIeMeHTa MacCuBa a C HEKOTOPHIM HHIEKCOM Hau MHI U A0 IIO-
cJenHero sjeMeHTa 3TOTO MacCUBa:

anr ey MamexkcMmuHmmyMma (apr ues tab a [l:n], uen Hau uHA)
Ha4d UeJ i, MHIOMMH

| MHOMMH — Tekyllee 3HadeHMEe MCKOMOM BeJIMUMHEL

UHIOMMH := Had MHI

HI 04 1 oT Hau mHO + 1 o n

| ecomm al[i] < a[mHoMMH]

| | To

| | mHODMMH := 1

| Bce

KII

3HAY := MHIMMH |3HaueHre QYyHKLUU
KOH

Hanwuimem takxske mporenypy, o0ecIeurBAIOIyI0 OOMEH 3HAUEHUAMU
ABYX BEJIMYMH:

anr ObmeH (apr pe3 ueis a, b)
Ha4d LeJ C

| ¢ :=a; a :=Db; b :=c
KOH

Bcesa mporieypa coOpTUPOBKE MaccUBa a IPU 3TOM OPOPMJISIEeTCA OUeHb
KpaTKo:

anr CopTmpoBKa BHOOpPOMZ (apr pes uesa Tabd all:n]l)
Had uen i

| By mna ior 1 mon -1

| | OBmeH (a[i], a[MuHmexcMuHmuMmyma (a, i)])

| xn

KOoH

Kpacuso, me mpasga ju?

Ha wm3BecTHOM BaM a3BIKe IpPOrpaMMUPOBaHUsS pa3paboraiiTe mpo-
/g rpaMMy COPTUPOBKHM MAacCHBA METOJOM BBIOOPa (B ABYX OMHCAHHBIX
BBIIIIE BAPUAHTAX).
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11.3. CopTupoBKa 06MEeHOM
MeTopa «ny3bipbKa»

CopTupoBKa 00OMEHOM — 3TO METOJ, IPX KOTOPOM BCE COCEIHUE 3JIeMEH-
Thl MACCHBA IOIIAPHO CPABHUBAIOTCA APYT C APYIOM W MEHAIOTCS MeCcTa-
MU, €CJI IPEeIIIeCTBYIONUN 3JIeMeHT OOJIbIIle IIOCaenyIoIIero. B pesyib-
TaTe MaKCUMAJIbHBII 2JIEMEHT IIOCTEIIEHHO CMEIaeTcs BIIPABO U B KOHILE
KOHIIOB 3aHUMAaeT CBOe MecTO (KOTOPOe OH JOJIKeH 3aHUMATh B YIOPSAIO-
YeHHOM MacCuBe — KpaliHee IIpaBoe), IIOCJIe Yero 3TOT 9JeMEeHT UCKJIIoYa-
eTcd U3 JasibHelileil o0paboTKMU. 3aTeM IIPOIlecC IIOBTOPAETCA, U CBOE
MECTO 3aHHMAaeT BTOPOI IO BeJWYUHE JIEMEHT, KOTODBIN TaKiKe HCKJIIO-
yaeTcda W3 JajbHellnero paccmorpenus. Tax mpomoskaercsa A0 TeX IIop,
IIOKA BeCh MACCHUB He OyIeT YIIOPSLOdYeH.

Hanpumep, nycts Tpebyercsa mpoBecTu cOpTUPOBKY maccuBa: 30, 17,
73, 47, 22, 11, 65, 54. Xoa COPTUPOBKU STOTO0 MACCHBA OTPAKEH B Tal-
autie (IpeacTaBJeHBI TEPBBIE JBa MPOXoJa 00pPaboTKM):

Ne CpaBHUBaeMbIe
Oomen
mpoxozga 3JI€MEeHTHI
ITepauiil npoxod no maccusy:

1) 30 m 17 ITpoBoguTcsa
2) 30u 73 Her

3) 73 m 47 IIpoBogurcs
4) 73 u 22 IIpoBoguTcs
5) 3ull ITpoBopuTca
6) 73 u 65 IIpoBoguTcs
7 73 u 54 ITpoBoguTca

ITonyuennsiit maccus: 17, 30, 47, 22, 11, 65, 54, 73

Bmopoii npoxod no maccusy:

1) 17 u 30 Her
2) 30 u 47 Her
3) 47 nu 22 ITpoBoguTca
4) 47Tu 11 IIpoBoguTcs
5) 47 u 65 Her
6) 65 u 54 IIpoBoguTrcs

ITonyuennsrit maccus: 17, 30, 22, 11, 47, 54, 65, 73

Ecau ke mocaenoBaTeIbHOCTh COPTUPYEMBIX YKCEJ PACIIOJIOKUTH BEP-
TUKAJBHO (T/[le IEPBBI SJIEMEHT UCXOJHOTO MAacCUBa — BHUBY) W IIPOCe-
IUTH 3a IepeMellleHreM 3JeMeHTOB (puc. 11.4), To MOKHO YBUIAETh, UTO
60JIbIIINIe BIeMeHThI, I0L00HO y3bIPbKAaM BO3AYXa B BOJE, «BCILILIBAIOT»
Ha COOTBETCTBYIOIYIO HO3UIUIO. II09TOMY COPTHPOBKY TaKMM CIIOCOOOM
U HaA3BLIBAIOT COPMUPOBKOL MemoOOM <«NY3vblPbKA», WU «NY3bLPbKOBOU»
COpMUpPOBKOlL.
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54 73 73 73 73
65 o 54 .- 65 65 65
11 - 65 - 54 54 54
22 7 11 .47 47 47
47 22 11 ... 30 30
73 47 - 22 o 11 e 22
17 ...~ 30 30 227 11
30 17 17 17 17
Puc. 11.4

Beinumniem mapbl MHIEKCOB 3JIEMEHTOB, CPABHUBAEMBIX Ha KaKIOM
IPOXOJie COPTUPOBKM, B BUIE TAOJIUIIGI:

Homep npoxoma

Nunexcer
10 MacCHUBY
ITepsorit 1—2 2—3...(n—2)—(n—1) (n—1)—n
Bropoit 1—2 2—3 (n—2)—(n—1)

ITocnepunit 1—2

Herpyauo ybeauTses, 4To 001[ee KOJUYECTBO IIPOXOJ0B IIPU 3TOM PaB-
Haerca (n —1).

Ecim mHAEeKC mpaBoro sjeMeHTa B IOCJeAHel mape CPaBHMBAEMBIX Ha
KayKJOM IIPOXOfie uucesl 0003HAUUTh KaK [1OCJ_ Npas (COOTBETCTBYIOIILE
3HAUYEHUs B TAOJIUIE BBIJEJEHBI KUPHBIM IIIPUPTOM), TO MOXKHO COCTABUATD
CJIEAYIONTYIO TIPOIEYPY COPTUPOBKM MACCHMBA & METOJOM «ITY3BbIPbKa»:

anr IyselpbKOBasa CcopTupoBkal (apr pes uen Tab al[l:n])
Had LeJ NOoCJ_mpas, 1

HL IJIA [IOCJI_NpaB OT n mo 2 mar -1

HU g 1 or 1 mo mocy npas — 1

|

[

| | | ecoim ali] > al[i + 1]

[ | | | To

[ | | | O6wmen(ali], ali + 1])

| | | Bce

| | x4

| Ku

KOH

rge O6MeHn — IIpoIeaypa, obecleunBaioniasi oOMeH 3HAUYEHUAMHU OBYX

BeaumuuH (cM. moapaszgena 11.2).
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YcoBepuweHCTBOBaHHAaA «My3bipbKOBas» COPTUPOBKA

HerpynHo 3ameTuTh, YTO B IIPUBENEHHON pPaHee MPOIEIype CPaBHEHUS
BJIE€MEHTOB OyAyT IPOJOJIXKAThCS JasKe II0CJe TOT0, KaK MAacCUB CTaHET
YIOPAMOUYEHHBIM IIOCJIE HEKOTOPOro, He IIocJiefHero mpoxonaa. Tak, us
puc. 11.4 ciemyer, UTO yiKe IOCJe IMATOTO ITPOX0/Ia MACCUB CTAHET YIIOPS-
IOUYEeHHBIM, HO CPaBHEHUS dJIeMeHTOB (0ecmosesubie!) OyAyT MPOLOIKATD-
cda. JKenaTeqbHO IPEeKPaTUTh IIPOXO/IBI II0 MACCUBY CPa3y, KaK TOJbKO OH
CTaHET YIIOPALOUYEHHBIM.

Ho kak ompemenuTb MOMEHT, B KOTODBINI MacCHB CTaJl YIOPAJOUEH-
HbIM? MOJKHO, KOHEUHO, IIOCJe KasKJ0ro IIpoxXoja MOIIapHO CPaBHUBATH
BCe dJIeMEeHThbI, HO MAHHBIN CIIOCO0 HepallMoHAaJIeH: KOJIMYeCTBO CpPaBHE-
HUHM IPU BTOM CYIIIECTBEHHO Bo3pacTraeT. JIydllle IPUMEHUTDH CJIeAYIOIINe
paccykaenusa. SIcHO, UTO ecjii HA OUepPeaHOM IIPOXOJe He OBLIO CAesIaHO
HU OJHOTr0 00MeHa, TO MAaCCUB yiKe CTaJ YIIOPSAS0UeHHBIM, U BCe MeHCTBUA
MOJKHO IpeKpaTuTh. Ecau Mbl OyaeM (pUKCHUPOBATh HaHHBIA (PaKT, TO He-
00JIBITIOE YCJIOKHEHNEe IPOTPaMMbl MOKET IATh CYIITeCTBEHHBIN BHIUTPBIIIT
BO BPEMEHMU ee BBIMOJIHEHUA. B 4acTHOCTH, MOYKHO UCIOJb30BATh BEJIUYM-
HY JIOTUYECKOT0 TUHa ObljI OOMeH, OUPENeJISIONyI0, BBIIIOJTHANCA U 00-
MeH 39JIEMEHTOB IIPU MIOCJIEJHEM IIPOXO0/Ie, U OUePeTHON IIPOXO0/ ITIPOBOAUTH
TOJIBKO B cJiydae IIOJIOKUTEJbHOTO OTBETAa Ha 9TOT BOIPOC, IPUMEHUB
omepaTop IIUKJAa C yCJIOBUEM.

IIpuBenem mporeaypy, YUUTHIBAIOIIYIO 9TO OOCTOATEIHCTBO:

anr IlysepbKOBas COPTMPOBKaZ (apr pes uesa Tab all:n]l)
Had LeJ NOCJ_Ipak, i, JIOT OBJI_OOMeH

| |Eciu oOMeH Owvwi, TO CplJI_OOMEH = 1a,

| B OIPOTMBHOM CJllydae — ObUl_OOMEH = HeT

Obll_OOMEH := ma |YCJIOBHO

[OCJI_NpaB := n

HI [OKa IOCJ Mpak >= 2 U OblJl_OOMeH
Obl_OOMEH := HeT

HU 04 1 or 1 mo mocs _npas — 1
ecimm al[i] > al[i + 1]

|
|
Il
I I | mo
| | | Obmen(a [i], ali + 1])
| | | Owul_oOmMmeHn := ma
| | Bce
| xu
| mocy _npak := mocj_npas — 1
KL
KOH

31ech ycaoBUe, 3alUChIBA€MO€ B OIlEpaTOpe IIUKJA C IIPENyCIOBUEM,
ompefesiseTcsA MO MPABUIY, M3JIOKEHHOMY B pasiese 3.
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IIpoiiecc coBepIlleHCTBOBAHMUSA METOAA «IIy3bIPhbKAa» MOYKHO IIPOHOJI-
JKaTh, €CJIM (DUKCUPOBATEL He TOJBKO caM (PaKT, HO X MeCTO (MHIEKCHI dJIe-
MEHTOB) IIOCJIEJHET0 OOMeHa, a 3aTeM YUUTHIBATEL €ro AJIA YTOUHEHU 3Ha-
YeHHd IOCJI [Ipas.

O0BscHUM cKasamHoe Ha npumepe. V3 puc. 11.4 BuAHO, YTO HA TPETheM
IpoXojie mocjaeqHuMu ooMeHuBaanch Mectamu yucaa 30 u 11 (ux MHAEKCHI,
COOTBETCTBEHHO, — 3 U 4). Uucao 30 3aHSAI0 cBOe MECTO B MacCuBe, U
cJIeyIOMUi MPOXO0J MOYKHO JleJIaTh 0 3HaUeHUsd [10CJI [IpaB, PAaBHOTO 3.

CooTBeTcTByIOIIIAA IIPOIeAypa MMeeT BUL :

anr IlysepbKOBasd COpPTUPOBKA3 (apr pes uen Tab al[l:n])
Had LeJ IOCJ_npas, 1, JOT ObJl_OOMeH

| Opu1_OOMeH := ma
[OCJI_MHpaB := n
HL IIOKa IMOCJ Ipas >= 2 u Opl_OOMEH
Obl_OOMEH := HeT

HU g 1 or 1 mgo mocy npas — 1
ecmm al[i] > al[i + 1]

TO
ObMeH (a [1], a[i + 171)
Obul_OOMEH := ma

|
|
[
[
| | 3annoMmHaeM MecTo obBMeHa

| | (HOBOE 3HaUEHMe BEeJIMUMHEL [TOCJI IIPAaB)
| | mnocnm mpap := 1

| BCe

KL

| Cienyrommil OorepaTop yXe He HYyXeH
|1 opopMileH B BMIE KOMMEHTAPUI

| oms HaTISOHOCTU

|mocy_mpas := nocJy_npas — 1

Ko

OueBUIHO, UTO YCOBEPIIIEHCTBOBAHUSA «IIY3bIPHKOBOM» COPTUPOBKHU JAIOT
HamnboabIuil 3GGEKT, KOTAa MCXONHBIN MACCUB yyKe HOUTU OTCOPTUPO-
BaH. [lJia MaccuBa »Ke, TAKOBBIM He SABJIAIOIIETOCS, YCOBEPIIEHCTBOBAH-
HBIII METOJl «IIy3bIPhKOBOII» COPTUPOBKM JAeT Jaske HECKOJbKO XYAIINe
MOKas3aTejin, YeM OOBIUHBIN MEeTOJ COPTUPOBKU oOMeHOM [6].

«Llleikep»-COpTUPOBKA

HecmoTps Ha Bce caesaHHBIe BBHIIIE YCOBEPIIIEHCTBOBAHUSA, «IY3BIPHKO-
Basi» COPTHUPOBKA cjaemyroinero (IIouTu ymopsagodyeHHoro!) maccusa: 5, 7,
12, 17, 28, 36, 85, 2 6ymer npoBeneHa 3a 7 IPOXOAOB. ATO CBSI3AHO C TEM,
YTO IIPU COPTUPOBKE paccMaTPUBAE€MbIM METOJOM 3a OMUH IPOXOJ JIF00OT
2JIEMEHT He MOKeT IMePeMeCTUThCS BJIeBO 0oJjiee UeM Ha OJHY ITO3UIUIO.
TaK uTo ecJjun MHHHMaJIBHBIﬁ 9JIEMEHT MaCCHuBa HaXOAUTCA B €ro mpaBoM
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KoHIle (KaK 1 OOCTOUT JeJI0 B pacCMaTPUBAEMOM IPUMEDPE), TO MPUAETCS
BBIIIOJIHUTL MaKCHUMAaJIbHOE UMCJI0 HpoxonoB. IlosToMy, ecTecTBEHHO, Ha-
mpaminuBaeTcA ellfe OLHO YJIYUIIeHIe MeTOHa «IIY3bIPbKOBOII» COPTUPOB-
KU: IOoIepeMeHHbIe IIPOX0OIbl MACCHUBA B 00OMX HAIIPABJIEHUAX, a He TOJb-
KO OT ero Hauaja K KOHI[y. B 9TOM ciiyuae BpeMs COPTHUPOBKU MOXKET
HECKOJIbKO COKpaTUThCs. Takoil MeTos COPTUPOBKU HA3LIBAETCA «ULleilkep»-
copmuposkoil (0T aHTIHMCKOro cjoBa «shake» — «TpsicTH, BCTPAXU-
BaTh»). Ero pabora moxkasana Ha puc. 11.5 Ha mpumepe COPTUPOBKU Mac-
cuBa M3 BOCBMMU djeMeHTOB: 67, 6, 18, 94, 42, 12, 55, 4.

4 94 94 94 94

55 S 4 55 PR Y 67

12 55 . 12 - 55 55
42 12 42 12 42
94 .- 42 67 42 18

18 BT .18 18 12

6 18 6 6 6
67 6 4 4 4

T l T l T HaripasieHue

npoxona
Puc. 11.5

B mporenype, peanusymoiieii «IeliKep»-COPTUPOBKY, MbI OyIeM IcC-
MOJIb30BATh OBE HOBBIE BEJIWUYUHBI: JIeB — JeBas rpaHuia (UHIEKC)
y4yacTKa MaccuBa, o0pabaTbIBaeMOro Ha KakJOM IPOXOJe; IIpaB — TO
JKe, mpaBas rpauuniia (MHAEKC), a IPOIlecC YIOPAZOUMBAHUSA MacCHBa
OymeM IPOBOAUTH, MOKAa cOOJIOMaeTcss ycloBHUe: jneB < npas. Takas
mpoIeaypa MOMKeT OBIThL IpeJcTaBJeHa CJHeLYIOIIMM 00pasoM:

anr llerkep CopTrpobKa (apr pes ues Tab al[l:n])
Had LeJ JeB, Npak, 1, JIOT OJI_OOMeH

| Opu1_OOMeH := ma

Jer := 1; mpas :=n

HI noka JieB < mpaB ¥ Obul _OOMeEH

| Obl_OOMeH := HeT

|lIpoxon clieBa HaIpako

HI O0Jid 1 oT JjieB mo npak - 1

| ecom al[i] > al[i + 1]

I | o

| | Obwmen(al[il, ali + 11)
| | Obul_oOMeH := ma

| BCe

K1
|[MeHdeM OpaByl I'PaHULLY
npaB := Opas — 1
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| | |lIpoxoxn cnpaBa HaJlIeBO
| | Hu gna i oT npak go Jjee + 1 mar -1
| | | ecm ali] < ali - 1]
[ || | To
[ I | | Obwmen(ali]l, ali - 11)
[ | | | Obul_obmeH := ma
| | | Bce
| | Ko
| | |MeHdeMm JIeBYI I'paHMULy
| | meB := jer + 1
(9 :9:1
KOH
Kax u B ciayuae meroma «mys3bIpbKa», «IIEHKeEpP»-COPTUPOBKY MOIKHO
YCKOPHUTD, eciau (PUKCUPOBATH MecTa (MHIEeKCHI) IIOoCJeJHero oOMeHa IIpu
IIpoXoJax cjieBa HalpaBO U CIIpaBa HaJIeBO, a 3aTeM HCIIOJb30BaTh UX AJIA
yTOUHEeHUsA IpaHUI] oOpabaTbiBaeMoro yuyactka maccuBa. (CooTBeTCTBYyIO-
IIyI0 IIPOIeAypy paspaboTaiiTe caMOCTOSITEIbHO.)
g Ha wmsBecTHOM BaM fA3bIKe IIPOTPAaMMHPOBaHUS paspaboTaiiTe Mmpo-
TpaMMBbl COPTUPOBKM MacCHUBAa METOIOM:

1) «Iy3BIPBKOBOI» COPTUPOBKU (B TPEX ONMMCAHHBIX BapUAHTAX);

2) «1efiKkep»-COPTUPOBKU.

11.4. CopTnpoBKa BCTaBKkaMmm

ITIpu coprupoBKe BcTaBKaMu (UM «BKJIOUEHUAMU» [6]) m3 Heymopamgo-
YEHHOH II0CJIeZJ0BATEJIBLHOCTY BJIEMEHTOB IIO0YEPEIHO BHIOUpAETCA KalK-
IBIF BJIEMEHT, CPAaBHUBAETCA C HPebIAyIIuM (yiKe YIIOPAZOUYEHHBIM)
CHUCKOM ¥ IIOMEIIAeTCA HA COOTBETCTBYIOIIIEE MECTO B HEM. 3aMEeTUM, YTO
TAKOU METOJ YIOPANOUMBAHUA OOBIYHO KCIIOJb3YIOT UT'DOKU B KapTHI.

CopTUPOBKY BCTaBKaMU MBI PACCMOTPUM Ha IIPUMEPE CIAeAYIOIIeH He-
YIIOPAZOUYEHHON II0oCJefoBaTeJIbHOCTH sJjemMeHToB: 38, 12, 80, 15, 36,
23, 74, 62. MeToguKy COPTHUPOBKM MJLIOCTpHUPyeT puc. 11.6, rae masa
KaKJIOTO 3Tama KUPHBIM BBIZEJIE€H OUEepPeIHON 9JeMeHT, a CTPeJKOu
CBEPXY OTMEUYEeHO MECTO JIJIs ero pasMelneHuA (Ipu HeobxogumocTu). Ha
BTOPOIi CTPOKEe AJA KasKJOr0o dTalla MPUBEJEH BUJ MacCHUBa MOCJE Tpe-
OyeMOro pasMeIlleHUs dJIeMeHTA.

Ha mepBoMm sTame paccMoTpum sjieMeHT 12 (BTOPOII IO CUeTy, IIPOITyCcKas
nepBoe umcyao 38). OH MeHbIe 38, MOATOMY CTABUTCA Ha IIEPBOE MECTO, a
ymesio 38 caBUTaeTCss BIPABO (3I€MEHThI YIIOPALOUEHHON ITOCIe0BATEIbHO-
CTHU, CMeIllaeMble BIIPaBo, Ha puc. 11.6 moguepkHyTHI). Teneps yrnopsamaoueH-
Hasl IIOCTIeJ0BATEIbHOCTL COCTOUT YsKe M3 ABYX sjaemenHToB 12, 38.
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1-i1 sram:

2-1i sraim:

3-1 sTam:

4-1 sram:

5-11 sram:

6-11 sram:

7-11 sram:

.

38 12 80 15 36 23 74 62
12 38 80 15 36 23 74 62
12 38 80 15 36 23 74 62

12 38 80 15 36 23 74 62

v

12 38 80 15 36 23 74 62

12 15 38 80 36 23 74 62

v

12 15 38 80 36 23 74 62

12 15 36 38 80 23 74 62

12153

[=2]

38 80 23 74 62

12 15 23 36 38 80 74 62

.

12 15 23 36 38 80 74 62

12 15 23 36 38 74 80 62

-

12 15 23 36 38 74 80 62

12 15 23 36 38 62 74 80

Puc. 11.6

Ha BTOpOoM srame paccMaTpmBaeM IIEPBBIN BJIEMEHT OCTABIIIEHCS HEYIIO-
pAmouenHoii mocaegoBareabHocT — 80. OH 6o0JIbIle BCeX 9JI€MEHTOB paHee
YHOPALOUYEeHHON II0CJIe0BaTeILHOCTH U IIOTOMY OCTaeTcs Ha CBOeM MecTe.

Ha Tpernem sTame ynopsajgoueHHas IIOCIELOBATEIbHOCTH COCTOUT U3

uyucen 12, 38, 80, a paccmarpuBaeMblii dyemMeHT — 15, m T. 1.

ITomo6HBIM 06pa3oM IMOCTIEmOBATEIbHOCTh MEHAETCS 0 TeX II0p, IOKa
OHa He CTaHeT YIOPAMOYEeHHOI (9TO MOCTUraeTcss Ha CeAbLMOM JTalle).
WubiMu ciaoBamMu, o0Iasd cxeMa ajJroOpUTMa COPTUPOBKY MACCUBA a METO-
IOM BCTABOK BBITVIAAUT CJEAYIOIIUM 00pasoM:

LUMKJI OJIS 1 OoT 2 OO n
| PasMecTuTh 3JIEMEHT al

KOHel, LUMKJIa

1] Ha COOTBETCTBYIEM eMy
| MecTe B NpeduecTBYIUEN, yXe yIOPAINOYeHHOM, [10CJIeNOBaTeJIbHOCTU
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Paswmerienue ke sjieMeHTa MacCHMBa Ha COOTBETCTBYIOIIIEM €My MecTe
B IIPEIIIeCcTBYIOIell, y:Ke YIOpAMOUYEeHHOHN II0CIeI0BATEIbHOCTA MOIKET
OBITH ITPOBEAEHO ABYMS CIIOCOOAMM:

1) MOXKHO cHauajIa OIpeme/]UTh MECTO, COOTBETCTBYIOIIEE PACCMATPUBAEMO-
My 3JI€MEeHTY B YIOPALOUYEHHOH II0CIeI0BATEILHOCTH, a 3aTeM IIOMEC-
TUTHh TaM 9TOT 3JIEMEHT, CABUHYB COOTBETCTBYIOII[E€ 3JIEMEHTHhI Ha OOHY
MIO3UIIUIO BIPABO, KAaK MOKa3aHo Ha puc. 11.6; 5Ty pasHOBUAHOCTEL METO-
[la MBI HA30BE€M «TLOUCK MeCcma U 8CTNABKaA»;

2) MOMKHO IIOCJeLOBaTeJbHO CPaBHUBATH paccMaTpUBaeMbI 3JIeMeHT C
9JIEMEHTOM, PACIIOJIOKEeHHBIM cJieBa OT Hero, 1 o0OMeHMBaTh UX MecTa-
MU, IIOKa cJeBa OT IepeMelllaeMoro dJieMeHTa He OKa’KeTcsd 9JIeMeHT,
MEHBIIUN 1IN PaBHBIN eMy. TaKoii crioco6 MBI OyeM Ha3hIBATh «CPAG-
HeHue u o0men» (Miu «npoceusarnue» [6]).

Paccmorpum mporenypbl, COOTBETCTBYIOIIVE STMM BapuUaHTaM.

Mouck mecta n BCTaBka

B mporieaype, peaiusyroleii COPTUPOBKY BCTaBKaMU ¢ TAKUM BapHUaHTOM
pasmelrennsi, ejecoodpasHo UCII0JIb30BaTh BCIIOMOTaTeIbHbIe (DYHKITHUIO
U IpOIeAypY:

1) dyurnusa llouckMecra — OIpeeseT MECTO dJeMeHTa MacCuBa C WH-
IeKCOM 1 B IIPeLIIeCTBYIONeil eMy YIIOPAJOUYEeHHO YacT MacCHUBa;

2) mporieaypa Bcraska — obeceunBaeT mepeMeIlieHrie B MaCCUBe 9JIeMeH-
Ta ¢ MUHAEKCOM 1 Ha m-I0 MO3UINIO 1 CMeIlleHNe BCeX 3JIEMEHTOB C MHIEK-
camu oT m 70 (1 — 1) Ha OAHY IMO3UITUIO BITPABO.

dyarmua ovckMecTa MMeeT BU:

anr uges IlouckMecrta (apr uen tab a[0:n], wex i)
Hau ey m | Tekyllee 3HAYCHME MCKOMOM BEeJIMUMHEL
| m := 1
| Hu noka a[m] < afi]
| | m:=m+ 1
| xu
| 3HAY := m |3HaueHMe GYHKLUUU
oH

ITIpomenypa Bcraska:
anr Bcraeka (apr pes uen Tab all:n], apr uex i, m)
Had uen ech, k
| |3anoMmHaeM 3HaueHMe BJeMeHTa ali]

| BO BCIIOMOT'ATEJIbLHOM IIE€PEMEHHOM BCII

BCIl := ali]

|
|
| |2semMeHTHE ¢ MHIOekcaMu oT I — 1 mo m
| | cMemaeM BOpaBO Ha OIOHY I1O3MLMIO
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HU gjid k or 1 — 1 go m war —1

|

| | alk + 1] := alk]

| L

| | PasmemaeM 3jeMeHT al[li] Ha m-¥" DO3ULMNU
| a[m] := BCI

KOH

COOTBeTCTBYIOUJ;I/Ie 3agaun yxKe paccMaTpuBaJIICh HaMKM B pa3jgeie
«Tunossie 3amaun 0OPAOOTKU OJHOMEPHBIX UMCJIOBBIX MAaCCHUBOB».
IIpomienypa copTUpPOBKU BCTaBKAMU B 9TOM cjaydae ohOpMJISAETCS CJie-
OVIOMIIM 00pasom:
anr CoprupoBka BcraBkamul (apr pes uen tab al[l:n])
Had Heg i, m
HI 04 1 oT 2 go n
|ECJIM HYXHO IepeMellaTb I1-¥ 2JIEMEHT

ecim al[i] < al[i - 1]

| TO
|HaxonoyMm MecTo m nJjisg sJjeMeHTa ali]
m := I[louckMecTa (a, 1)

|

|

| |llepeMemaeM 1-¥ DJIEMEHT Ha m—-e€ MeCTO
| BcraBka(a, i, m)

BCE

K
KOH

IIpumeuanue. B npuBeneHHON IIpolieype U lajee UCIIOJIH30BAHO YCJIO-
BUe IiepeMeleHud 3jJeMeHTOB (a[i] < a[i - 1]). Ilenecoo6pasHocTh
9TOTO mpueMa o0Cy:KIaeTcs B KOHIIe JaHHOTO pasjeia.

CpaBHeHMue U OOMeH

B sTom BapmaHTe pasMelieHUS 1-TO dJIEMEHTa COOTBETCTBYIOIIIVE IEHCT-
BUS MOTYT OBITh O(pOPMJIEHBI B BHUE CIENYIOIINX KOMaH[ (] — HHIEKC,
KOTODBIII pasMeIaeMbIil HJIEMEHT MMeeT B XOJe ero IepeMelleHus):

|ECaM HYXHO IepeMelaTb 1-7 BJIEMEHT
ecau ali] < a[i - 1]

| To
=1

| HO

| | |Cmemaem ero BJIEBO IIyTeM oOMeHa

| | Obwmen(alj]l, alj - 11)

| | |HOBEIM MHIOEKC IepeMellaeMOoI'o B3JIeMeHTa
1 3:=3-1

| ko mpm j = 1 wm alj] >= aflj - 1]

BCE

rae O6MeH — Mpolleaypa, odecmeunBaioIasa 00MeH 3HAUeHUSIMHU IBYX Be-
JINYMH.
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IIpumeuanne. Vicrionb3oBaHme i OKOHUYAHUA ITUKJIA JOIOJHUTEIHHOIO
ycsoBusa j = 1 mo3BoJigeT usbeskaTh CDABHEHUA J-I'O dJIEMEHTa C HeCcyIlecT-
BytommuM ( — 1)-M, uTo mMmeeT MecTo pu j = 1. ITO, B CBOIO OUEpPeb, TOCTH-
raercd, KOrZa pasMeIaeMblil dJIeMeHT MeHBIIle BCeX 9JIeMEeHTOB, PacIIOJjo-
JKEeHHBIX [0 Hero, HaIpuMep, Kak B MaccuBe: 12 15 36 38 80 3 74 62.

Mo2KHO TaksKe IMPUMEHHUTH OMepaTop IWKJA C IPELyCJIOBUEM:

|ECJIM HYXHO IepeMelaThb 1-¥ BJIEMEHT
ecimm a[i] < al[i - 1]

| To

lJ =1

| Huooka j > 1 wmalj] <alj - 1]

| | |CmemaeM ero BJIEBO IIyTeM oOMeHa

| | oomen(aljl, alj - 1])

| | |HOBEIM MHIOEKC IIepeMellaeMOoI'0o B3JIeMeHTa
1 J:=3-1

| KU

BCE

IIpornenypa Ke COPTUPOBKU, MCIIOJL3YIONIAass COOTBETCTBYIOIIUH (hpar-
MEHT C OIepaTOpOM ITMKJIa C MOCTYCJIOBUEM, MMEeT BU.I:

anr CoprmpoBka BcraBkammZ (apr pes uey tab al[l:n])
Had men i, j

HI OJ4 1 OoT 2 mo n

ecau ali] < afi - 1]

|

(I

| | | To

[ J:=1

[ | | HO

[ | | | O6bmen(aljl, alj - 11)
Ll 13 :=3-1

| | | xuopm J=1wmmalj] > alj - 1]
| | Bce

| L

KOH

fcHO, UTO MCHOJIbL3OBAHME B IIPOIEAYpPaX IOIOJHUTEJNBHOTO YCJIOBUA
7 =1, 0 KOTOPOM TOBOPHUJIOCH BBIIIIE, IPUBOAUT K CYIIIECTBEHHOMY YyBeJIU-
YeHWI0O BpeMeHU BBITIOJHEHUA IIporpaMM (Tak Kak JJIsd KaKJ0oro sJeMeHTa
MHOTOKPATHO IIPOBEPAETCA 5TO AOMOJHUTEJbHOE ycjaoBue). aHHBIA He-
IOCTAaTOK MOYKHO YCTPAaHUTDH, €CJIU IPUMEHUTHL TaK HasbIBaeMbIil «0apb-
ep» [6] — cosmaTs B copTupyeMoM mMaccuBe djieMeHT ¢ mHaekcoMm O (coot-
BETCTBEHHO, PAaCIIMPMWB AHAIIA30H MHAEKCOB B OIIMCAHUU MaCCI/IBaw) n Ha
KaskJOM IIare COPTHUPOBKU INPUCBAMBATh eMy 3HaUeHUe, paBHOe 3Haue-
HUIO OUEepeJHOT0 PasMeIlaeMOoro 3JeMeHTa.

0 o
B aswikax mporpammupoBanus Belicuk u Cu Takoe 3HaUeHVE HUKHETO AMAalla3oHa MH-
JIeKCOB MacCUBa IPUHUMAETCA II0 YMOJIYAHUIO.
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IIpomieaypa, mpumensamimias «bapbep», MMeeT B

anr COpTVIpOBKa_BCTaBKaMI/I3 (apr pes uen Tab al[0:n])
Hay uesa i, j

T HI HI 04 1 oT 2 mo n

ecrm ali] < ali - 1]

TO
|Coznmaem "Oapbep"
al0] := afl1i]

J =1
HIT

|
|
|
|
|
|
| T |CMemaeM i-3 5JIeMEHT BJIEBO IyTeM oBMeHa
| | ObmeH(al[j], alj - 11)

| | |HOBEIM MHIOEKC IIepeMellaeMOI'0 BJIeMeHTa

| | § =3 -1

| xy nopy alj] >= alj - 1]

|

|

KOH

Mo:kHO TaKKe YCKOPUTH PaboTy, eciiu B XOe pPasMeIleHnsa He IPOBO-
IUTHh OOMEH 3HAUeHUSIMH ABYX COCEIHHUX SJIEMEHTOB MaccuBa (mporenypa
O6MeH BBIIOJIHAET 3 omepaluy mpucBaumBaHusal). Begb ToCTaTOYHO TOJb-
KO CMeIljaTh BIIPABO HA OHY IIO3UIIMIO 9JIEMEHTHI, MEHbIINE PACCMATPU-
BaeMoro, a 3aTeM Pa3MeCTUTh IOCJHeIHNI Ha HAWJeHHOM IJId Hero MecTe:

anrn COpTI/IpOBKa_BCTaBKaMM4 (apr pes uen Tab al0:n])
Hay uesa i, J
HII g 1 or 2 mo n

Iecnma[ ] <ali- 1]

" |Cozmaem "Gapbep" (M 3anoMmMHaeM
| 3BHaueHMe sJeMeHTa ali])

afl0] := alil

J o= 1

E

| |CmMemaeM cocemHMM CJleBa B3JIEMEHT BIPaBO
| alj] :=alj - 1]

'3 :=3-1

|[MecTOo j, COOTBeTCTByKIlee 3JIEMeHTY ali], HauIeHO
|Ha HalmeHHOM MecTe pasMemaeM sjieMeHT al0]
aljl := alo0]

ce

Ki

| HI
|
[

Il

[

[

I

[

[

I

[

| | | xuopm alO0] >= al[j - 1]
[

[l

[

| | B

|

KOH

B nmpuBenenHoll BhIIle mporeaype BeawumHa a[0] XpaHUT 3HAUYEHUE
pasMelliaeMoro 3JjieMeHTa MaccuBa a[i].

3aMeTuM, YTO eCJIU BCe 3JIEMEHTHI MacCUuBa — HEOTPUIlATEJIbHBIE YKC-
Jja, TO MeXaHW3M MCIIOJIb30BaHUA «0Oapbepa» YIPOIIAETCA: TOCTATOYHO
TOJIBKO PACHIMPUTH HUIKHIOI I'DAHUILYy AUanasoHa uHAeKcoB no 0, u Tor-
nIa syneMeHT a[0], B KOTOpPOM 3allCaHO HyJeBOe 3HaueHWe, OyzeT cam
BBIIIOJIHATH POJIb «0apbepa» [IJs BCEX pPa3MeIaeMbIX 3JE€MEHTOB.



138 Pazmen 11

BuHapHas BcTaBka

MecTo, COOTBETCTBYIOIIlEe HEKOTOPOMY 3JIEMEHTY MAacCuBa B MPEAIIIECTBY-
oIeil eMy MIOLIIOCJIEJOBATEIbLHOCTY, MOYKHO HAWTH 3HAUUTEJIBHO OBICT-
pee, TOJL3YACH TEM, UTO 9TA ITOAIOCJIEI0OBATEIHLHOCTh yiKe YIOPAZoUeHa.
s aToro HEOOGXOAMMO MCIOJIb30BaTh TaK HA3bBIBAEMBIN OUHAPHLLI NOUCK,
KOTOPBIA MCCIeNyeT CPeTHUI 9JIEMEHT YIIOPAAOUEeHHON II0CIeI0BATeILHOCTH
U TIPOJIOJIMKAET JieJIeHre II0II0JIaM, TIOKa He OyAeT HaieHO TpedyeMoe MeCTO
BKJIIoOUueHUs. TaKol MeTOoJ IIOMCKAa MCIIOJIL30BAJICA P pelreHnn 3agaun 6.9
B pasgene «TumoBble 3amaum OOPaOOTKM OMTHOMEPHBIX UMCJIOBBIX MAaCCU-
BOB». Ha ero ocmoBe paspaboTaemM (GYHKIIMIO BrHapHblillorckMecTa,
OIIPeIeIAIONTYI0 UHAEKC SUelKN B YIOPSAAOUEeHHOM YacTu MacCuBa a, B
KOTOPOH JOJIXKHO pasMeIlaTbcsd HeKOTOpOe YUCJO m, TAe YIOoPsamoueHHas
YacTh MacCcuBa MMeeT T'PAHUITbI WHAEKCOB 1 :MOCJI.

O6o3HAYUM: JIeB — WHAEKC JIEBOTO 9JIeMeHTa NCCIeIyeMOoTO B XO/e TIO-
WCKa OTpe3Ka MacCuBa, [paB — IIPaBOTO, CEP — BEJIUYUHY, PABHYIO
(neB+mpasr) /2. B Havasie moucKa IpUHUMAaeM JieB = 1, Ipas = IIOCJI.
OmpenenseM BeIUUYNHY CEp U CPAaBHUBAaeM 3HauUeHUdA a[cep] u m. Eciam
alcep] > m, To pasMeliaeMoe UMCJIO HAXOAUTCS B JIEBOI ITOJIOBUHE HUC-
cJelyeMoro AuamnasoHa, T. €. MOKHO MPUHATH IpaB = cep — 1; ecam
alcep] < m — OHO HAXOAUWTCA B IIPABOU IMOJOBUHE (JieB = cep + 1);
B IIPOTUBHOM cJiyuae (a [cep] = m) mCKOMOe MecTO ysKe HaimeHo. B gByx
TMEePBBIX BapMAaHTaX aHAJOTUYHBIE PACCY:KAEHUA HEOOXOIUMO majiee IIPH-
MEHUTH K HOBOU YaCTW MAacCHUBA, W T. 1. JleficTBUA IpeKpamiamoTcsa, KOoTaa
npaB CTaHeT MeHbIlle JieB Jubo Korjga a[cep] = m. B aroit curyanuu
WCKOMBIM WHAEKC pPaBeH 3HAUEHUIO Cep.

Torpga dyurmua BrHapHeMIlockMecTa mWMeeT BUL:

anr uen BuHapsemllomckMecTa (apr ues noct, ues tab al[l:moci], ues m)
Hauy leJl JIeB, Ipae, Ccep

| e :=1

| mpaB := mocia

| HL

| | cep := div (mes + npas, 2)
| | eciim alcep] > m

| | | To

| | | mpaB :=cep - 1

| | | mHaue

| | | ecnim alcep] <m

|11 1 o

| I | | useB :=cep + 1

| || Bce

| | BCE

| xu npum npae < Jee WM alcep] =m
| 3Hau := cep

KOH
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IIpomenypa ke COPTUPOBKU METOAOM OMHAPHBIX BCTABOK, MCIIOJIb3YIO-
mas IpuBeAeHHYI0 (GYHKINIO, opOopMIsSeTCS TaK:

anr CopTmpoBka BuHapHEIMM BcraBkamu (apr pes ues tab al[l:n])
Had ues 1

HU o7na i or 2 mo n

| ecom al[i] < al[i - 1]

| mo
| |BcTaBisgeMm sieMeHT ali]

|  |Ha cooTmBeTcCcTByNIEE eMy MECTO,

| | HaimeHHOEe MeTOInOM OMHAapPHOIT'O IIOMCKa

| |Ha oTpeskKe Maccupa a

|  |c mHnoexkcammu oT 1 mo 1 - 1

| BcramBka(a, i, BumHapsbmillomckMecta (i - 1, a, alil))
BCe

KOH

PasHoBugHOCTE MeTOIa BCTAaBOK, IPHUMEHAMIad OMHAPHBINA TOUCK
MecTa pasMeIllleHUs OUepeqHOTO 2JIeMeHTa, HAa3bIBaeTCA COPMUPOBKOLL
OuHapHvimu eécmaskamu. CpaBHUM ee ¢ BapuaHTaMM, ONUCAHHBIMU
BBIIIIE (9TW BapWAaHTHI COPTUPOBKU HOCAT Ha3BaHUE «Memod npocmouLx
8CMABOK»).

Korga mpu copTupoBKe IIPOCTHIMK BCTaBKAMU Ha COOTBETCTBYIOIIIEM
MecTe pasMelllaeTcs 1-ii 9JIeMeHT, TO ero 3HaueHne CPaBHUBAETCS B CPe.I-
HeM MIPUMEPHO C 1 /2 paHee OTCOPTHUPOBAHHLIMI 3HAUEHUSIMI, IIOITOMY
o6I1Iee KOJIMYIeCTBO cpaBHeHMH paBHO: (L + 2 + ... +n) / 2 ~ n”/ 4. 9ro oueHD
MHOTO, Ha’Ke €CJI N YMEPEHHO BeJIMKO!

IIpu mcnonp3oBaHMM JKe OMHAPHOrO MOMCKA MECTa Pa3MEeIleHUs Oue-
PeoHOro sJIeMeHTa KOJMUYEeCTBO CPABHEHUN 3HAUNTEJIbHO MeHbIne. Hampu-
Mep, ecJi OUepenHoil ajaeMeHT — 64-i1, To ero 3HaUueHNE CHAaYaJa CPaBHU-
BaeTcda ¢ 32-M, 3ateM ¢ 16-Mm miaum 48-M u T. 4., TAK UYTO MCKOMOE MECTO
OymeT HalileHO MaKCHMYM IIOCJIe BCEero JIMIIL IIecTu cpaBHeHuii. O0Iee
JKe KOJIMYECTBO CPABHEHHU IJIs N 3JIEMEHTOB PABHO HPUOJIM3UTEIHLHO
nlog, n, 4TO CyIlecTBEHHO MeHbINe, ueM n°/ 4.

HenpusaTHOCTL 374€CH COCTOMUT B TOM, UTO OMHAPHBINA IIOMCK peIlaeT
TOJILKO IIOJIOBUHY 3aJaui — IIOCJIe TOT'0 KaK MbI HAIILJIX MECTO OUepPemHO-
ro 9JIeMeHTa, BCe PABHO HYKHO «BCTABUTBH» JTOT SJIEMEHT Ha HalAeHHOe
MEeCTO U CMECTHUTb HEKOTOPBINI OTPE30K YIIOPAMOUEeHHOI IT0CJIeOBATENIhb-
HOCTHU HA OHY MO3UITHIO BIPaBo. A IMOCKOJbKY B KOMIbIOTEPE IJIA IIeJIBIX
Yuces olepanus IPHUCBAWBAHUA BBLIMOJHAETCA 3a 3HAUUTEJIBHO 0OJIbIIIee
BpeMsdA, 4eM OIlepalusA CPaBHEHUS , TO 00IIas HKOHOMHA BpPeMeHU OyaeT
He3HauUNUTeJIbHOM, TaK UTO o0Iee BpeMsa pPaboThbl Mpu OMHAPHOM IIOHCKE,
II0 CYIIECTBY, OCTAeTCHA IPOIOPIMOHAIBHEIM n’ [5].

41
Il7151 BEII[eCTBEHHBIX UNCEJI, HA000POT, CPAaBHEHIE BBIMIOJHAETCS Me/JIeHHee, YeM IIPUCBa-
UBaHUe.
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HHTepeceH BOMPOC O TOM, UMEET JIU CMBICJ TepPel pasMeIeHneM oue-
pPenHoro sjeMeHTa IPOBEPAThH, MEHBIIe JIU OH IIPEIIeCTBYIOIero 3JIeMeH-
ta? (B mpeacTaBIeHHBIX BBIIIE IPOIEAyPAX TaKas MPOBEPKA TPOBOIUTCS;
B paborax [5, 6] — mer.) Kak mokasanm pacueTbl, IPOBEPKA YCJIOBUSA
ali] < al[i - 1] He IPUBOAUT K YBEJIUUYEHUIO IIPOLOJIKUTEIBHOCTU COP-
TUPOBKU. B TO Ke BpeMs, ecjid TaKyI0O IPOBEPKY He MPOBOAUTD, TO B CIY-
yasgx, KOr[a MCXOAHBLIM MAaCCUB YIOPSAAOUEH WU OJU30K K TAKOBOMY, OU-
HapHBIA IIOMCK IIOTpedyeT OOJbIlle BpeMeHU, YeM MeTOAbl IIOMCKa,
omucauHuble paHee' [6]! DToT mpuMep IOKA3bIBAET, UTO B pAJe CIydaeB
«OUeBHUIHOE YJIYUIIIeHUEe» IIPOrpaMM OKa3bIBaeTCA HAMHOTO MeHee CyIle-
CTBEHHBIM, UeM KajKeTcs BHauaje, a MHOTJA MOJKET Ha caMoM JeJje OKa-
3aTbCS UX YXYAIIIEHUEM.

,, Ha usBecTHOM BaM sI3bIKe IIPOrpaMMUpPOBaHWs paspaboraiiTe mpo-

rpaMMy COPTHUPOBKM MacCHBa METOJOM BCTABOK BO BCeX OIMCAHHBIX
BapUaHTax.

11.5. CopTupoBka BCTaBKaMu C yObIBAIOLLUM LLUArOM

PaccmarpuBaeMblil B JaHHOM HOIpasnesie MeTOJ COPTHUPOBKM ObIJI paspa-
o6oran [. Illesnom, ube umsa oH u HOcuT. OH 3aKJIOYAETCA B TOM, UTO CHA-
yaja BCe dJIEMEHTHI MacCHMBa PasOMBAIOTCS HA TPYINbI, TIe B KaXKAYIO
TPYIIy BXOIAT 3JIEMEHTBI, OTCTOAIIME APYT OT Apyra Ha HEKOTOPOe KOJIM-
YeCTBO MOBUIUI L. 3aTeM 3JIeMeHThI KaKI0 I'PYIIIbl HE3aBUCUMO COPTHU-
pytoresi. ITociie aTOro BCe 97€MEHTHI BHOBb OOBEIUHSIOTCS U COPTUPYIOTCS
B IPYyIIIax, IPU 9TOM PACCTOSAHUE MEXXKIy dJeMeHTaMUu yMeHbInaercsa. I1po-
Iecc 3aKaHUYMBAETCSA IIOCJIEe TOTO, Kak OyJeT IpPOBEeIeHO YIOPSAAOUYMBaHUE
3JIEMEHTOB C PACCTOSAHUEM MeXXKIy HuMH, paBHbIM 1. IIpu sTom mjia copru-
POBKHU 3JIEMEHTOB Ka’KIO¥ IPYIIbl UCIIOJb3yeTCA METOJ IIPOCTBIX BCTABOK
(cm. pasmen 11.4)

IIpounntocrpupyem meton Illenna ma caexmyrommem maccuBe: 40, 11,
83, 57, 32, 21, 75, 64.

0003HaYNM pacCTOSHUE MEXXKIY YIIOPAJOUYNBAEMBIMH Ha KaKIOM IIPOXO0-
e saeMeHTaMu B rpymnmax Kak L. CHauajga paccMOTPUM BapHaHT, KOTAa
TepBoHAYATbHOE 3HAUeHWe [, PABHO TOJIOBUHE KOJUYECTBA JJIEMEHTOB B
MaccHuBe, a KakJjoe IOoCJaeyIoniee 3SHaUeHe BIBOE MEHbIIEe ITPeIbIAYIIEeTro.
Meronmnka copTuUpOBKM mIpejcTaBiieHa Ha puc. 11.7.

OueBugHO, UTO B NMPUBEAEHHBIX Ha puc. 11.7 sramax Ha TOcaegHEM
npoxone (mpu L =1) uMeeT MeECTO COPTHUPOBKA BCET0 MacCHUBA METOIOM
MMPOCTHIX BCTaBOK. HO Torza BOBHUKAET BOIIPOC: 3aUeM HYKHBI OBLIN
npepinecTByiomniue npoxonbi? Ilemo B Tom, uto mpu L =1 maccuB OyzeT

2
ITocKoBbKY MOMCK MeCTa, COOTBETCTBYIOIIETO OUEPEeIHOMY JIEMEHTY, IIPOBOAUTCA TasKe
B CJIy4asX, KOTJa B 9TOM HET HeOOXOJMMOCTH.
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McxonHbli MaccuB (B HEM BCe 3/1eMeHTbI pa3buTbl Ha rpynnbl ¢ L = 4):
40 77 83 57 32 27 75 64

MaccuB nocrne ynopsao4mMBaHus aneMeHToB B rpynnax ¢ L = 4:
32 11 75 57 40 21 83 64

MaccuB nocne ynopsaoyunBaHng aneMeHToB B rpynnax ¢ L = 2:
32 11 40 21 75 57 83 64

MaccuB nocne ynopsnouvBaHusa aneMeHToB B rpynnax ¢ L = 1:
11 21 32 40 57 64 75 83

Puc. 11.7

yiKe B 3HAUUTEJbHOU CTENeHU YIIOPAMOYEeH B pPe3yJibTaTe IPEeabIAYIIIIX
MIPOXOMI0B, X 00Illee BpeMs COPTUPOBKU CTAHET MEHbIIe, YeM IIPU COPTHU-
POBKe MCXOZHOTO MACCHBA IIPOCTHIMH BCTABKAMH .

B mpomenype coptupoBru, peanusymoineit meton Illesna, Kak u IIpu cop-
THUPOBKE IIPOCTHIMU BCTABKaMU, MIPU PA3MEINEeHNN 0YePeHOT0 dIeMeHTa Ha
COOTBETCTBYIOIIIEM eMy MeCTe I1eJIeco00pasHo UCII0Ib30BaTh «bapbep». Ilpu-
YyeM B JAHHOM CJyYae JJIis 9TOTO MAaCCHUB CJIeAyeT «IPOAJIUThL» BJIEBO eIrle Ha
HEKOTOpOe YICJIO 9JIeMeHTOB (a He Ha OWH, KaK dTO JeJIajoCh IPU COPTHU-
POBEKE IIPOCTBIMU BCTaBKAMM). OTO MOIIOJHUTEILHOE KOJIUUECTBO 9JI€MEHTOB
3aBUCUT OT HAUAJIBHOI'O 3HAUYECHUA BEJINUNHBI L, T. €. OIIMCaHne COPTUPYEMO-
ro MacCuBa B pacCMaTPUBAEMOM CJIyYae MOJIXKHO OBITh CJIEIYIOIIMM:

ues Tad al[-div(n, 2) + 1 : n].

B mporienype COPTUPOBKM MBI MCIIOJIb3yeM CJIEAYIOIEe OCHOBHBIE Be-
JUYUHBI: 1 — HHAEKC 0YepPeJHOTO 3JIeMeHTa, PasMell[aeMoro Mpu COPTH-
POBKE; paccT — PACCTOSHUE MEXKAY COPTUPYEeMBIMHU dJIeMEeHTaM! Ha
KaJI0M IIPOXOJe; b — MHAEKC dJIeMeHTa MacChBa, B KOTOPOM pasMelria-
eTca «bapbep».

IIpoaHanus3mupoBaB 3aBUCHMOCTH MeCTa pasMeleHus «bapbepa» OT 3Ha-
YyeHU# 1 U paccT, MOKHO YCTAHOBUTDH, UTO MHAEKC Oap AYEHKU, B KOTO-
poIi ciiefyeT Pa3MecTUTDb «0apbep», OMPeAessaeTcs CAeqyOIM 00pa3om:

0, eciu 1 mod pacct =0,

Oap =
—(@1 - imod paccT) — B IPOTUBHOM CJyuae,

rge i mod paccT — OCTAaTOK OT JeJleHHA 1 Ha paccr.

“© IononuurensHOe npermyiiectBo Merosa Ilesnna MoKeT BEIABUTHCA C yUETOM Bee Oosee
HIINPOKOTO PACIPOCTPAHEHUA MHOTOAAEPHBIX MHKPOIIPOIIECCOPOB, IO3BOJIAIOIINX BBI-
MOJIHATH COPTUPOBKY B IIPEeJIaX PA3HbIX IPYIII OJHOIO U TOTO K€ MacCUBa OLHOBPEMEH-
HO B KauecTBe IIapesjebHO BBIIOJHAEMBIX BBIUMCIUTENbHBIX IporeccoB. OgHAKO IIO-
IPOOHO B 3TOH KHUTEe BOIPOCHI IapasieIn3aluy BEIYUCIEHN He PACCMaTPUBAIOTCA. —
ITpum. peo.
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ITpomenypa copTupoOBKU:

anr CoprupoBka MeTonoM llemnna (apr pes uesn Tab

al-div(n, 2) + 1 : nJ])
Had ues i, j, paccrt, 6ap
L :=div (n, 2) |HauajbHOe pacCTOSHUE
| MEXTTY COPTUPYEMEIMM BJIEMEHTaMMU
HU noka L >= 1
| HO gna i oT paccT + 1 mon
ecomm al[i] < al[i - L]
TO | lepememaeM ay1eMeHT ali1]
|Coznmaem "Oapbep":
|a) ompenesiseM MeCTO pasMelleHra "Oapbepa
ecnu mod (i, pacct) =0
| mo
| Gap
| MHaue
| ©Gap
Bce
| ©) pasmemaeMm "Gapbep"
al[bap] := al[i] |“ OOHOBPEMEHHO 3alrloMMHaeM BHaueHue ali]
|TlomemaeMm sJeMeHT al[ 1]

0

- (paccTt — mod (i, paccT))

|Ha cooTBeTCTByKIEe eMy MecTO (cMm. pas3mes 11.4)
J o= 1

| alj] :=alj - L]

| j := j - paccrt

K1 0pu al[Gap] >= al[j - L]

|[MecTO j, COOTBeTCTByKIlEe 3JIEMeHTY ali], HaWIeHO

aljl := al[bap] |Ha HalimeHHOM MeCTe pas’MellaeM BJIEMEHT a [ 1]
Bce
KII
| paccT := div (paccT, 2) |YMeHbImaeM PacCTOSHME MEXIY BJIEMEeHTaMM
K1
OH

HamomuuMm, 4TO, Kak W IPU COPTUPOBKE BCTAaBKAMU, B IPUBEIEHHOI
IIpoIeype dJIeMEHT-«0aphep» XPaHUT 3HAUeHUE Pa3MellaeMOoTo dJIeMeH-
Ta MaccuBa a[i]. 3aMeTUM TaKyKe, UTO JJIA BBIBOJA Ha YKPaH MacCUBa
(MCXOMHOTO M OTCOPTUPOBAHHOTO) B OCHOBHOM IporpamMme OJIKHA OBITH
HCIIOJIb30BaHA MIPOIeypa, He YUUTHIBAIONIIAA SJIEMEHTBI AJIs «0apbhbepoB»
(aHajmormuyHO IpUBeAeHHOI B pasmene 11.4).

o cux mop He yCTaHOBJIEHO, KaKas II0CJeL0BATEJIbHOCTH PAaCCTOsI-
HUII Me)KIy COPTUPYEMBIMU JJIeMEeHTaMU SABJAETCA ONTHUMAJILHON, HO
BBIAABJIEH yAWBUTENIbHBINH (DAKT, 4TO 60IbIIAA S9KOHOMUS BPeMeHHU IIPO-
HCXOAUT, KOTa BEJIMUNHBI PACCTOAHUIN paccT Ha PA3HBIX IPOXOAaxX He
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KpaTtHbl Apyr apyry! . Kuyt B [5] yKassiBaeT, UTO pasyMHBIM BBHIGO-
pPOM MO:KeT OBITh TaKas MOCJeIO0BATEJbHOCTD (3amrcaHHas B 00paTHOM
nopanke): 1, 4, 13, 40, 121, ..., B KOTOpOoli KOJUUECTBO 3HAUEHUU
m =Int(log; n) -1, a caMu 3HaAUYeHUA OIpPeneNAOTCA KakK paccT, =1;
pacct, = paccrt,, x3+1(k=m-1,...,1).

3mech Int ( ) o3HauYaeT OKpYyIJIeHNe 3HAUEHUS apryMeHTa, YKasaHHOo-
ro B CKOOKax, A0 OJIMIKAMIIIero MeHBIIIero IeJIoro YucJja.

YT006BI yUuecTh yKa3aHHbIE PEKOMEH AU B ITporpaMMe, CJIeayeT olpe-
JeJUTh 3HAUYEHUs PACCTOAHUI paccT, 3alMCaTh UX B MacCHB MaCCHMB
paccT u3 m 3JIeMEeHTOB U MCIOJb30BaTh ATU PACCTOAHUA Ha KasKIOM IIPO-
X0/le COPTUPOBKH.

IIpomieaypa cOpTUPOBKY, B KOTOPOU BeJIMUYMHA PACCT IPUHUMAETCS IO
pexomergamuam [[. KHyTa, HeCKOJIbKO M3MeHEHA 110 CPABHEHUIO C IIPUBe-
IeHHOU BBIIIIE:

anr CoprmpoBka MmeTomoM llennaZ (apr pes uea Tab a
[-maccue_paccr[1l] + 1 : n])

| PasMep MaccuBa yUuMTHIBAET MeCTa

| n51a pa3MemeHus "Oapbepor"”

Hau uexn i, j, k, pacct, b

HU ona k or 1 7o m

PaccT := Maccue pacct [K] |PaccTosHme MexIly COPTVPYEMEMA 3JICMEHTaMM

HU g 1 oT paccTt + 1 mo n

| ecm a[i] < a[i - paccT]

| o

| | PasmMemaeMm sjeMeHT ali]

| |HA cooTBeTCTBYNIEM eMy MecTe (CM. BEHIIE)

|

BCe

|
|
|
|
| |

| |

| |

| |

| |

| K11
|

KO

KOH

IIpu sTOM B KadecTBe r100aTbHBIX IIePeMeHHBIX B OCHOBHOI IIporpam-
Me JOJIKHBI OBITh OIIMCAHBI U OIpeJe/eHbl KOJIUUeCTBO 3HAUeHU paccTo-
AHWIA M M MAacCUB 9THX 3HAUYEHHMU MacCHUB_PAacCT:

ues m
m := int(ln(n) / 1In(3)) - 1 |KoInMuecTBO PABJIMUHEIX PACCTOIHUMA
ues Tab mMaccub_pacct[l:m] |IMaccupe paccTOAHUN
| 3arnoyiHAeM MacCUB MaCCHB_PaccT
Maccup_paccT[m] := 1 |3HaueHue NOCJIeOHETO 3JIEMEHTa
|MaccmuBa pacCTOSHUM
uen k
HU giig kK orm - 1 go 1 mar -1
| maccuB_pacct[k] := 3 * maccus_paccr[k + 1] + 1

K1
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Kpowme Toro, Kak u paHee, B OCHOBHOU ITpOoTpaMMe IIPU BBIBOJIE HA JK-
pPaH 3HAUeHUU 95JIeMEeHTOB MaccHUBa (I/ICXO,HHOI‘O n OTCOPTI/IpOBaHHOI‘O)
J9JIEMEHTBhI, MCIIOJIb3yeMbI€ MJId pa3dMeIlleHnA <<6apbepOB>>, YUYUTBIBATHCA
He OJI’KHBI.

B zakmouenne oTMeTUM cienyioiiee. Kak 1 mpu cCOPTUPOBKE BCTaBKaAMU,
WHTEPECHBIM SBJISIETCA BOIIPOC O TOM, CTOWT JIM IIepel pasMeIeHueM oue-
PeIHOrOo sJIeMeHTa IPOBEPATh, MEeHbIIe JIM OH IIPEIIECTBYIOIIEro aJIeMeHTa
B rpymie (B OpeACcTaBJIeHHBIX IPOIleAypax TaKas MPOBepKa MPOBOAUTCS, B
paborax [5, 6] — met). IIpu copTupoBKe BCTaBKaMu 9Ta IIPOBEPKA, KaK OT-
MeueHO B mozpaszesne 11.4, obecreunBaeT yCKOPeHNE PaCcYeTOB TOJIBKO MIPHU
COPTUPOBKE ITOUTH YIIOPSIJOUEHHOr0 MaccuBa. IIpu cCOPTUPOBKeE 3Ke METOI0M
ITenna mpoBepka ycaoBus a[i]< a[i — 1] maeT cyIiecTBEHHYIO 3KOHOMUIO
BpeMeHu paboThl mporpaMM (6ojee ueM B 2 pasal) u JJId MaccuBa, 3al0JIHEH-
HOTO CJIyJYaiHBIM 00pasoM.

11.6. CopTMpoBKa C pa3aesieHUeM
(obicTpas copTupoBka Xoapa)

IIpe:xge uem ma3ydaTh HAHHBIN METON COPTUPOBKU, PACCMOTPUM TaKYIO
3agauy: Tpebyemcsa nepepasmecmums 3jieMeHmMblL MACCUBA MAK, WMOObL 6
HOB0M Maccuée 6ce 3HAYEHUS, MEeHbULUe HeKOmopozo UJU paéHble emy,
HaxXo0uJUucCh cie8a om Hezo, a 0oabWiue UJU pagHvle — cnpasa (B Aajb-
HeHIlIeM d5JIEMEHT, OTHOCUTENHHO KOTOPOTO MOJKHBI OBITH pPasMeIleHbI
ocTaJbHBIE 3JIeMEHThI, MBI OyJeM Has3bIBATh «OCHOBHBIM»). Hampuwmep,
maccuB 38, 8, 16, 6, 79, 76, 57, 24, 56, 2, 58, 48, 4, 70, 45, 47 upu
OCHOBHOM 3JIEMEHTe, paBHOM IiepBoMy (38), Imocjie yKasamHOTro Irpeobpa-
30BaHUA AOJKeH NPUHATH Bui: 4, 8, 16, 6, 2, 24, 38, 57, 56, 76, 58, 48,
79, 70, 45, 47.

9TO MOYKHO cIeJiaTh ciaenyroniuM obpasom. Vciorb3yeM [Ba «yKasaTe-
JsI» JIeB U NpaB, U3 KOTOPBIX JIeB BeJeT OTCUET HOMEPOB 3JIEMEHTOB CJe-
Ba, a npaes — cmpaBa. CHauasma umeeM jieB = 1, npaB = n (B pac-
cMaTpPHUBaeMOM cJydae KOJMUECTBO 9JIEMEeHTOB MaccuBa n = 16). 3HaueHue
OCHOBHOTO dJIeMeHTa 0003HAUMM OCH .

CpaBHUBaeM ocH ¥ a[npas]. Ecam a [npae] > oCH, TO yCTaHABJIU-
BaeM npas = npas — 1 ¥ TPOBOAWM CJeAyIolllee CpPaBHEHWE OCH U
a[npas]. IIpomom:xkaemM ymenvwiamsy npas M0 TeX MOP, IMTOKa HE TOCTUT-
HeM a[npae] < ocH. Torma momMeHseM MecTaMU 3JIEMEHTHI a[npas] H
al[mser] (cM. cTpoKy 5 Ha puc. 11.8, oomeH 3HaueHUul 38 u 4), yCTaHOBUM
3HAQUeHUe JIeB = JieB + 1 U, CpaBHUBAA dJIEMEHTHI a [JIeB] CO 3HaUe-
HUeM OCH, O0yJeM ygeiuyu6ambs JeB L0 TeX IIOP, IOKa He IIOJYYUM
almer] > ocH. Ilocae caenyiomiero oomena (crpoxa 10, sJaeMeHTHI CO
sHauveHUAMHU (9 1 38) omATH YMEHBIIUM paB U OyAeM ITPOoCMaTPUBATH
BJIeMEHThI CIIpaBa HaJIeBO U T. . O TeX II0p, IIOKa He CTaHeT UCTUHHBIM
ycjaoBue npak < JeB.
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OCH
JIeB

= 48

npas

.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

38 8 16 6 79 76 57 24 56 2 58 48 4 T0 45 47 [eiicTBue
38 47 YMeHbIIeHVE [paB
38 45 .
38 70 -4
38 4 4 < 38
4 38 O6men
8 38 VYBenuueHue jeB
16 38 e
6 38 -4
79 38 79 > 38
38 79 O6men
38 48 YMeHbIIIeHNE pas
38 58 i
38 2 2 < 38
2 38 O6men
76 38 VBenuueHue jies
38 76 O6men
38 o6 YMeHbIIIeHNE pas
38 24 24 < 38
24 38 ObMeH
57 38 VBenuueHue jes
58 57 O6mMen

Ionyuennulil maccus:
4 8 16 6 2 24 38 57 56 76 58 48 79 T0 45 47

Puc. 11.8

IIporenypa, B KOTOPOIT pelnaeTcs 3amava pasiesieHnus MAacCuBa, MOMKET
4
OLITH O(pOpMJIEHA B BHje '

anr PaszperneHue (apr pe3 ues Tab all:n])
Hay LleJ JieB, IpaB, OCH, BCII

| BHaAUeHMe OCHOBHOT'O BJIEMEHTAa

| YMeHbIIaeM yKaszsaTeJlb [IpaB

JeB := 1; OpaB :=n
ocH := al[l]

E

| HL noka al[mpas] > OCH
| | npae := nmpaB - 1

| xo

omepanuu oOMeHa 3HAUeHUI a [sieB] U a [npae].

4
MoxxHO TaKksKe pa3paboTaTh COOTBETCTBYIOIIYIO OTACIBHYIO IPOLEyPY AJISA BEIITOJTHEHUS
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ecyim JjieB <= IIpasB

|

| | | To

[ | | |OBbwmen

| | | Bcmo := alner]; almner] := alnpas]; alnpas] := BCI
[ |[MeHngeMm ykaszsaTeslb JIERB

| | | JyemB :=JgeB + 1

| | Bce

| | Hu noka al[mneB] < ocH

| | | meB := jeB + 1 |YBelmumpaeM ykKazaTeJlb JIEB

|| ko

| | ecnu jeB <= mpas

| | | To

[ | | |Obmen

| | | Bcn := al[neB]; almner] := alnpar]; alnpaB] := BCIO
[ |MeHsseM yKaszaTeJlb [IpaB

| | | mpaB := mpaB - 1

| | Bce

|

KL IIpM JIeB >= IIpaB
@

3aMeTHM, UTO IIPU WMCIOJB30BAHUU CTPOTUX OTHOIIEHUH «>» U «<»
B OIlepaTopax IMKJAa C IPeIyCJOBUEM IPU M3MEHEHUU yKasaTeJlel Nnpas
u sieB (BMeCTO «>» U «<»), 3HAUEHNA, PABHbIe OCHOBHOMY 3JIEMEHTY, Hei-
CTBYIOT KaK «0apbep» AJA 000MX HMPOCMOTPOB. OTO IIPEUMYIIECTBO KOM-
IIeHCHPYeT TAKON HEeNOCTATOK, KaK «JIHUIIHNE» OOMEHBI 2JI€MEHTOB, PaB-
HBIX OCH, KOTOpbI€ B CpPeIHEM MAJA CAYUYaHBIX MACCUBOB ITPOUCXOIAT
KpaiiHe peaKo.

Temepsb TOpa BCIOMHUTD, UTO HAIIIA TJIaBHAs IeJib — He PasieuThb HcC-
XOMHBIII MacCUB Ha GOJILIIINE U MEHbIIINE, a PACCOPTUPOBATEL ero. OmTHAKO
OT pasfeseHus 0 COPTUPOBKU HAC OTAEJIAET BCEro JIMIIb OJUH HeOOJIbIIION
mar: pasmejnB MacCUB, MOKHO CIeJIaTh TO JKe caMoe C O0eMMU II0JIYUeH-
HBIMU YaCTAMU, 3aT€M — C YaCTAMHU STUX YaCTeil W T. M., IOKa KarKaas
YacTh He OyIeT comep:kaTh TOJAbKO oauH sjaeMeHT. COOTBETCTBYIOIINE Heii-
CTBUSA MOJKHO BBIIOJHUTH, MCHOJB3YA peKypcuio (cm. paszesn 10).

Hauubiii Meton coptupoBKu ObL1 m3o0peren Y. Xoapom (C. Hoare).
Wccinegopanusa mokasajv, YTO 3TOT MeETOH 00JIafaeT CTOJb OJIeCTAIMMU
XapaKTepucTUKaMu (C TOUKM 3PEHUS BPeMEHU BBIMIOJHEHUS IIPOrpaMMm),
uyro Xoap Ha3BaJl ero 0b.CMpoil COPMUPOBKOLL.

IIpexxge uem HammcaTh MPOIEAYPHI OBICTPOI COPTHUPOBKU, 3aMETHUM,
YTO B HUX MCIOJIb3yeTCs BCIIOMOTaTeJbHAas Hpollefypa PaszmesieHune?,
paboTaroiias aHAJOTUYHO IIPUBEJAEHHON BHIIIEe MPOIleAype PaszmeseHue,
HO BBIMIOJHSAIONIAA pasfeeHne MaccruBa Ha OTpe3Ke ¢ rpaHuiaMu (MHIEK-
caMu) JIEBTP U paBTrp. OTa TPOIEAypa PEeKYPCUBHO BBIBBIBAET caMa
cebsi, TP STOM B KauyecTBe TepefaBaeMbIX IMPU PEKYPCUBHBIX BBI3OBAX
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IIapaMeTpoOB HCIIOJb3YIOTCA 3HAUEHUA I'DAHUIL JIEBTP U NIPaBI'p, a TaKXKe
yKasaTeJell JieB U NpPaB BBI3BIBAIOIIEH IIPOIENYPHI:

anr PazpmejieHue? (apr LeJ JIeBTP, NPaBTrp, apr pes uesn Tabd al[l:n])
Ha4d UeJl JIeB, Ipak, OCH, BCI

ecyu JieBrp < INpaBIp |YCJoBue NPOMOJIKEHUSA PEeKYPCHMBHEIX BEI3OBOB

| To

| JeB := JIeBTp; IOpaB := HIPaBIp
| ocH := alJneB]

| HO

| ... (cMm. BHUIE Hpoluenypy PazmemeHue)
Kl T[IPM JIeB > IIpasB
| PeKYPCUBHO BEI3BBIBAEM MPOLEnypPy PaszgeseHmel

PaszpesieHue? (e, nOpasIp, a) | PasmesigeMm JIeBYIO 4acCcThb
| PaszmejenHue 2 (JIeBT'p, HOpaB, a) | PasmesnigeM npaByl 4acTb
ce

KOH

IIpu sToM mpolieaypa COPTHUPOBKU O(OPMJISETCS OUEeHb MPOCTO:

aJr BeICTpad COpTUpOBKa (apr pes uey tab al[l:n])
Had

| Paszpenenue? (a)

KOH

B zakjaroueHure 3aMeTuM, UTO IPUBEAEHHbBIE 3[]eCh MPOIeAYPhI paboTa-
IOT, TOJIBKO €CJIM B KaueCTBe OCHOBHOTO NPUHUMAETCS IIePBBIN 3JIEMEHT
maccuBa. OUueBUIHO, UTO IIPU CAYyUAHOM XapaKTepe COPTHUPYEMOTO Mac-
CHBA BTO BIIOJIHE OOIIYCTUMO.

11.7. CopTUpOBKa CIMSIHUEM

U spmech, mpe:ke ueM IPUCTYIUTh K OIMMCAHUIO JAHHOTO METOa COPTH-
POBKM, DeIuM <«BBOAHYIO» 3amauy: Hanvl 06a HAMYypaivbHbLX HUCLA
m u n u 08a ynopadoueHHvlx Mmaccuga: a[l] < a[2] £ .. < aln]
u b[l] £ b[2] £ .. b[m]. Tpebyemca obpa3osamsv U3 aJemeHmos
amux maccugos ynopadoveHnwvlit maccug c[1] < c[2] £..< c[n + m];
KOJUYecCmae0 CPpas8HeHull npu amom He 00JHHO npesviutamds (n + m).

KoHeuHO, MOKHO PEIUTh 3Ty 3aJauy, MCIIOJIb3ysl METOJ BCTABOK (CM.
pasmen 11.4): KaKIblii 2JIEMEHT MacCHUBa a Pa3MECTUTh HA COOTBETCTBYIO-
meMm emMy Mecre B maccuBe b. OZHAKO IpU 9TOM KOJUYECTBO CPaBHEHU
npeBbicuT (m + n). IlosTomy 00CyauM APYroii cIoco0 pellleHus 3aJadumu.

PaccmoTpuM mepBbie 9J€MEHTBI 000X MACCUBOB, CPABHUM UX U MEHb-
il 3aHeceM B MacCuB c. B maccuBe, djieMeHT U3 KOTOPOTO ObLI 3aHECeH
B MacCUB C, B JajbHelileM OyJeM pacCMaTPUBATH CIAEAVIONIUH 9JI€MEHT.
CHoOBa cpaBHHUM 2 9JIeMEHTA W3 MaCCUBOB a U b U TaKKe BBIIIOJHUM aHa-
JIOTUYHBIE JeficTBUA, U T. A. TaKUM 00pasom, mocjae KasKJoro CpaBHEHU
B MaccuB c mAobaBiseTcd OAWH dJEMEHT; CJIeJOBaTeJIbHO, KOJUUECTBO
cpaBHeHU# OymeT paBHO (m + n).
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Ha pwuc. 11.9 npexcraBieHbl TIEpBBIE 9TANbI PEIIeHUA JAaHHOW 3aJadyu
(MeHBIIUHA M3 MBYX CPAaBHUBAEMBIX JJIEMEHTOB IIOJUEPKHYT).

CpaBHeHne HOJIy‘-IEHHBIﬁ MacCCHuB I/ICXOIIHI;IQ MaCCHUBBI

503 703 765 ...
1 <«— 87 512 677 ...
<+— 503 703 765 ...
2 87 512 677
703 765 ...
3 87 503 <+«— 512 677 ...
Puc. 11.9

OcHOBHBIE BEJWYNHBI, HCIIOJb3yeMble B IporpamMme (KpoMe IlepeMeH-
HBIX M, N 1 MACCHUBOB a, b, C¢): 1 — WHIEKC dJIeMeHTa, pacCMaTPUBaeMOro B
MaccuBe a; j — TO Ke, B MaccuBe b; k — MHIEKC dJeMeHTa B Maccuse C,
KOTOPOMY IIPHMCBAWBAETCA OUePeTHOe 3HAUEeHUeE.

IlpucBanBanue 3HaueHUIl dJIeMEeHTaM MacCHUBa C U M3MeHeHU’e 3Haue-
HUN 1 ¥ j OOJIKHBI MPOUCXOOUTH IO CJAENYIOIIUM ITPaBUJIAM:

ecou al[i] > b[]j]

| To

| clk] :=Dbl]j]
[ J =3 +1

| mHaue

| clk] :=ali]
| i :=1+ 1
BCeE

OpHako Ipu 9TOM IIporpamMMma He OyaeT padoTaTh IOcje MCUepHaHUsa
OOHOT'O 13 MAaCCHUBOB.

Heob6xonumoe yciaoBue i HAXOMKIEHHS OYEPEeSHOro 3HaueHus: c [k
MOXKHO yCTAHOBUTDH, pPaccy:Kuas cJenyioniuM odopasom. IIpucBauBaHme sie-
MEHTY MacCuBa C 3HaYEHU:A M3 MaCCUBa b NOJIKHO IPOUCXOAUTH B CIydadx,
Korga a[i] > b[j] wam Korga MacCUB a MCUepIIaH; IPU dTOM MacCCUB b He
IOJIXKeH ObITh McuepHaH. B IPOTHBHOM ciyyae AJIsl IPUCBAWBAHUS HCIOJIb-
3yeTcs 9JIeMEeHT U3 MacCuBa a. ITO YTBep KIeHue O(DOPMIIAETCSA B BHIE:

eciim J <=mwu (i >nwumm ali] > blj])

| o

| cl[k] :=Db[]]
3 =3 +1

| mHaue

| clk] :=afli]
| i :=1+ 1
BCe
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ITonHOCTBHIO TIPOIIEAYpPa «CAMAHUA» MACCUBOB a M b B €IUHBIA YIIOPHA-
,HOLIeHHBIIU/I MAaCCUB C BBITJIAOUT TakK:

anr Ciamanue (apr uen n, m, uenx Tvad al[l:n], b[l:m],
pes men Tab cll:n + m])

Hay uea i, j, k

i:=1; 3 :=1

HI g k or 1 mon +m

ecom j <=mwu (i >nwmmali] > Db[j])

|

|

|

| | | To

[ |1 clk] :=Dbl[3]
[ 11 J:=3+1

| | | mHaue

[ I | cl[k] :=afli]
[ 1 :=1+1

| | Bce

| xu

KOH

Wcnonb3ya maeo M3 3TOU MPOIEAYPHI, MOYKHO TeIllePh PEIIUTh TJIaB-
HYIO 3a/lauy — OTCOPTUPOBATHL MaccHUB. [[eficCTBUTEILHO, €CJI MHOTOKPAT-
HO TIPOBECTH CJUSHUNE YKe YIOPSAZOYEeHHBIX YacTell MCXOMZHOTO MaccuBa,
TO B KOHIIe KOHIIOB OH CTaHeT OTCOPTMPOBAaHHBLIM. BHauajie MaccuB pac-
cMaTpuBaeTcA KaK COBOKYIHOCTDL YIOPAJOUEHHBIX T'PYIII II0 OJHOMY 3Jie-
MeHTY B Kaxkaol. CiingaHueM coCceqHUX T'PYIII MBI IIOJYYaeM yIIOPSAL0oUeH-
Hble TPYIIILI, KayKaasd U3 KOTOPBIX COMEP:KUT IO JBa 3JjieMeHTa (KpoMe,
MOJKeT OBITh, IIOCJEeTHEHN TPYIIIbI, B KOTOPOM COMEPIKUTCS TOJbKO OIWH
ajemeHT). Ilajiee yIopsamOUYeHHbIE I'PYIIIbl YKPYIHAIOTCSI T€M YK€ CIIOCO-
6oMm, u T. 1. KosruecTBO yIIOPsLOYEHHBIX I'PYIII YObIBAeT, CJIeJOBATEIIb-
HO, PaHO UJM MMO3JHO HACTaHET TaKOil MOMEHT, KOrJa Bech o0OpabaThIBae-
MBIl MACCHUB CTAaHET YIOPAAOUEeHHBIM. ECTECTBEHHO, UTO IJIA peain3aliun
9TOr0 AJITOPUTMAa HAJ0 WCIIOJb30BATh JOMOJIHUTEJIbHBIN MacCUB L U II0-
OUYepesHO TepechLIaTh YIOPAJOUEHHBbIe I'PYINbI TO M3 MAcCUBa a B Mac-
cuB b, To HAoOOPOT.

Paspaboraem BcmomoraTelbHYIO TpOIEAypPYy, KoTOopasd oOecrieumBaeT
«CIIMAHUE» BYX yYaCTKOB MAcCWBa a M 3allCh MOJIyYeHHOU IOCJIeI0Ba-
TEJIbHOCTH 3JIEMEHTOB B MaccuB b. Bygem cuuTaTh, UTO «CAUAHUIO» IIOM-
JerKaT OBa OTpe3Ka MacCuUBa a: AJUHOW, COOTBETCTBEHHO, IJiMHAl U
OJIVHaZ2 3JeMEeHTOB, HauMHas C 3JIEMEeHTOB C MHJAeKCaMHU Haul U HauZ.
OueBuUAHO, UTO 3allOJTHEHME MaCCHBA b IIPU 3TOM BCerjga HAUMHAETCS C
BJeMeHTa, MHIeKC KOTOPOTO PaBeH MHAEKCY IIePBOTO 3JIEMEHTAa IIePBOTO
U3 «CJIUBAEeMbIX» OTPE3KOB (T. e. naul). Kpome BesiuumH i1 1 j, yKasbiBa-
IOIIUX MCXOMHBIE BJIEMEHTHI, OyIeM HMCIIOJIb30BaTh TaK)Ke BEJIUUUHY K —
MeCTO 3allluCu B MaccuBe b.
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C yueToM 3TOTO yKasaHHas Ipoleaypa ohpopMiasercs B BUIE:

anr CiugHme? (apr uen Tad all:n], uesn Haul, noamHal, HaYZ2, OIMHAZ,
apr pes uea Tad b[l:n])
Hau ues i, j, k

i := Haul; j := HaAu2
HI mjida k or Haul go Haul + gmmual + mimHa?2 - 1
ecm j <= HauZ2+mmHaz — 1 u (i>maul+ommual - 1 wm ali] > alj])

|

|

[

[ | | To

[ I | blk] :=alj]
L1l 3::=3+1

| | | muHaue

[ I | blk] :=afli]
[ 1] i :=1+1

| | Bce

| xu

KOH

Haee g yOpoOIIeHUS AOIMYCTUM, UTO KOJUYECTBO 3JIEMEHTOB B COD-
TUPYEeMOM MacCHBe PaBHO 2 B HEKOTOPOIi cTemenu. IIpu TakoM mOIyIie-
HUW JJWHBI «CAUBAEMBIX» IIap IIOCJeJ0BaTeIbHOCTEl OyAyT BCerma Onu-

HAKOBBIMU, a 3HAUEHUA STUX MJUH paBHBI 1, 2, 4, ..., n/2.
B mporienype COPTUPOBKIU CAMSHUEM HCIIOIL3YEM CJIEIYIOIIME BeIMUMHBI:
oJivHa — [IJIAHA «CJANBAEMBIX» II0CJIEI0BATEIbHOCTEHN; IepBEll — HUHIEKC

IIePBOTO 9JIEMEHTa IIePBOM IIOCTIEN0BATEILHOCTU W3 HapPhI «CJINBAEMBIX»;
Hamnp — BEJWYNHA, ONPelesIA0as HallpaBIeHNe IePEeChIKY YIOPALOU-
BaeMbIX T'PYIII dJIeMEHTOB (ecau Hanp = 1, TO M3 MaccuBa a B MacCHUB b;
ecau Hanp = -1, TO HaobOpOT).

Torma mpoilenypa COPTUPOBKY MACCUBOB «CJIUSHUEM» OYAeT BBITJISA-
IeTh TakK:

anr CopTrpoBKa ciuaHMeM (apr pe3 ues Tab al[l:n], b[l:n])
Had LeJ NepBHl, IJIMHa, Hamp

Hanp := 1

nnauHa = 1

nepBet := 1

HL IIOKa Nepeelt < n

ecay Hamp = 1

| o

| CrnmsaHwe? (a, NEpPBBM, OJMHA, [NEPBHY + IOJIMHA, IOJIMHA, D)
| [TlepexonmuM K CJenyolel rnape NoCJenoBaTeJIbHOCTEN

| mepBBMM := mepBHM + 2 * OJIMHA
|

|

|

nHauye
Cnusanue? (b, TepBHM, IJIMHA, [EPBHM + IJIMHA, IOJMHa, a)
IIEPBEM := IEePBHEM + 2 * OJmHa

Bce

KL IIpM OJiMMiHa = N
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| navHa := 2 * miuHa |YBeJuuMBaeM IJIMHY

| | "cauBaemex" nocJyienoBaTeJIbHOCTEN
| Hamp := -HaNp | TlepekiouaeM HalpaBJIeHME

|

| mepechIIKM 3JIEMEHTOB

K1

BEHIBOI HC, "OTCOPTMpOBaHHEM Maccue: "
|OnpenesigeM, Kako¥ MaCCHUB BEIBOOAUTL: a MU b
ecnu Hanp = 1

| To

| BEIBOO HC, a
| mHaue

| BEIBOI HC, b
BCE
OH

IIpumeuanue. [I71a yOpoIreHnsa IPOrpaMMBI B Iponefypy CopTupoBKa
ciMsHMEM BKJIIOUEH TaKiKe BBIBOJ OTCOPTHMPOBAHHOI'O MaccUBa Ha 9KPaH.
ITO MOJIXKHO OBITH YUTEHO B OCHOBHOM mporpamme (cMm. paszaes 11). Kpome
TOTO0, HEOOXOAUMO MCIIOJIH30BATh CJIEAYIOIIYIO IPOLeyPY 3arnojiHeHue:

aJr 3anojHeHMe (apr pes uen tab al[l:n], b[l:n])
Had ues i

| Hu gna i or 1 mo n

I ali] :=

| | b[i] =0

| xo

KoH

Temepdb oCcTaIoCh YCTPAHUTH OTPaHUUYEHUE, B COOTBETCTBUU C KOTO-
PBIM KOJHMUYECTBO 3JIEMEHTOB B COPTHUPYEMOM MaccuBe n 00s3aTeJbHO
IOJIXKHO OBITH PaBHO CTeIeHU ABOMKU. Ha KaKyl YacTh OPOIEAYPHI
COPTHUPOBKHU 3TO0 moBamser? OueBuUAHO, UTO B 0OoJiee 00ImeM cJydae
JIy4Ilie BCero MCIoJb30BaTh IPEKHUI METOM 0 TeX IMop, MOKa 9TO BO3-
MO:KHO. [ Hac 9TO 03HAYAET, UTO MOYKHO IIPOBOAUTDH «CIAUAHUE» OT-
pes3KoB MaccuBa, IMOKa AJUHA OCTaBIIelcs, elle He «CJAUTO», YacTu
MaccuBa 0OJibIlle WMJIM paBHA 2 * nnwHa (B IpelCcTaBJIEHHBIX BBIIIIE
nmpoieaypax o0Iiras AJWHA CIMBAeMBIX IIOCJIELOBATEIbHOCTEN paBHA
aToil BesuuumHe). [locsenHee yciioBue MOXKeT OBITH 3alIlMCAHO B BUJE:
n - nepBHy + 1 = 2 * njmHa.

ITocuie aToro cienyer onmpeneuTh AJIUHBI OCTABIIINXCA YacTel, a 3aTeM
«CIIUTh» U UX. 3IeCh BO3MOKHO [IBa CJydas:

1) «camBaioTcsa» MBa OTPE3Ka MacCUBAa, OAWH U3 KOTOPBHIX MUMEET «IIOJHYIO»
IIUHY IJIMHA, & BTOPOH — HEIOJHYIO;
2) nauHA BTOPOTO OTPe3Ka paBHA HYJIIO.
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Torma mpolenypa OIpefesieHHs IJIUH OTPEe3KOB MAacCHUBA IOuHAal H
OuHa2, MOMJIEMKAIUX «CANAHWIO» HA IIOCIAeIHel cTaguu COPTUPOBKH,
oopMaseTcsa CaemyIOINUM 00pasoM:

anr Pacuer mymH (apr UeJsl NePBEM, OJMHA, apl pes Lel mmHal, mmHaZ)
Hauy
ecyiu n — nepBelt + 1 > OimHa

|

| | To | "camBawoTca" 2 oTpeska

| | nmmmHal := gimHa

| | mmuua? :=n - (nepewplt + mimHa — 1)
| | mHaue

| | mmmual :=n - nepeelt + 1

| | mimHaz2 := 0

| BCe

W maxoner, B o01meM caydae, 4ToObI 00€CIIeUNTh OKOHUYAHIIE COPTUPOB-
KM, HYKHO 3aMEeHHUTh YCJIOBHUE IJIMHA = N, YIPABJIAIEe BHEITHUM ITUK-
JOoM, Ha mimHa > n. Ilocse aTux Moam(UKAIIUN IPolieaypa COPTUPOBKU
OIPUHUMAEeT BUI:

LeJ NePBeM, IOJMHa, OJaMHal,
ovHaz?, Hamnp, i

anr CoOpTUPOBKa CHMHHMGM( apr pes uen tabd al[l:n], b[l:n])
nl,

Hau ey Tad all:n], b[l

onyHa = 1

Hanp := 1

HIL

nepBet := 1

HI IOKa N — Hepeelt + 1 >= 2 * gnmHa

| "CireaeMm" OTpPEe3KM NPEXHMM METOIOM (CM. BHIIE)
eciu Hanp = 1

| o
CnuaHue? (a, NepBBM, IJIMHA, [NEePBHM + IJMHA, OJIMHA, D)
IIEPBEM := NEePBHM t+ 2 * OJamuHa
VHaye

Cnusauue? (b, mepBBl, IJIMHA, [EPBHM + IJIMHA, OJIMHa, a)

|

|

|

|

|
BCe

IIEPBHM := MEPBHM + 2 * OjamMHa
KL
ecnu nepsBelt <= n |ECIM Maccup elle He UCUEepIaH
| TO

| |OnpenerngeM OJIMHEL OCTABIMXCH OTPE3KOB

| PacuerT muvH (NepBH, OJMUHA, navHal, noamHa?z)
| lm "camBaeM" ux

| ecnmu Hamnp = 1

| | To

|

| ChimugHue? (a, nepsblM, myimMHal, nepsBBl + mmHal, mmHa?2, b)
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| | nHaue
| | Cimasawe? (b, nepsbni, mmmHal, NepBBlM + IymmHal, IJMHaZ2, a)

|

|

| | mce

| Bce

| mnmHa := 2 * giamHa
| Hamp := -Hamp

Kl IOpM OJIMHa >= n
BEIBOI HC, "OTCOPTUPOBAHHEIM MaCCUB :
ecnu Hanp = 1

|
|
|
|
|
|
|
|
|
|
| | BEHIBOO HC, a
|
|
|
K

| TO

| muHaue

| BHIBOOD HC, b
BCE
OH

B sakioueHme OoTMETHM, UTO PACCMOTPEHHBIN B JaHHOM pasiesie Me-
TOJ, COPTUPOBKMN — OAUH M3 CAMBIX II€PBBLIX METOOB, IIpeIHA3HAUEHHBIX
nnas coptupoBKu Ha OBM; on Ovbln nmpennosken [:xomom dou Heilimamom
emme B 1945 r.

11.8. NMupamupanbHas COPTUPOBKA

31ech MBI TOXKe He cpas3y OIUIIEeM HOBBLII METOI COPTHPOBKM, a cHauaja
MIPOBeAEM HeOOXOAMMYIO IIOATOTOBUTEJLHYIO PaboTy.
Paccmorpum psg umces, PAcIOIOMEHHBIX CJIELYIOIIMM 00pasoM:

06,
42, 12,
55, 95, 18, 44,

61, 58y 1014, -
Puc. 11.10

Ecsim npornymepoBaTh 4mciIa @, TakK, Kak 9TO cjaenaHo Ha puc. 11.10
(moMep umcia yKa3aH B CKOOKAax), TO HETPYJHO YBUJETh, UTO &, < a,, U

a, <a,, Ana Bcakoro i =1, 2, ..., n/2, rie n — KOJHUYECTBO UYUCEJ.
B panpmeiimem uymciaa a,, U a,,, MBI OyJeM HasbIBaTh «IIOTOMKAMN»
qmucna a;.

IlocyemoBaTeILHOCTD YHCeN, IOAYMHAIOIIAACA YKa3aHHOMY YCJIOBHIO,
MBI OyZeM HasBIBAThb «nupamudoii» [5, 6]. OueBUAHO, UYTO HA BepPIIUHE
IUPaMUIbl HAXOQUTCS MUHUMAJIbHBIHN 3JIEMEeHT. ITO 00CTOATEIbCTBO IPU-
BOJUT K MBICJIM O BO3MOYKHOCTHY COPTHUPOBKM UWCeJ B MHpPaAMULe CJIeLYIO-
UM cr1oco6oM. MoKHO B3ATH YKUCJIO C BEPIIUHLI U PA3MECTUTDH €ro Ha II0-
cJIeHEM MecTe B IHpaMuje, a UYUCJIO, HAXOAUWBIIEECS Ha ITOM MecCTe,
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42 12
18 44

a) ucxomHas curyanusa (4ucyio 34 — B BepIIMHE MUPAMUIBI)

12
42 34

18 44
0) cuTyanusa mocje ImepBoro Iara «IpoCerMBAHMUA»

12
42 18
34 44

B) CUTyalus IOCJE BTOPOTO IIara «IpOCEeMBaHUI»

Puc. 11.11

PACIIOJIO}KUTE TaK, UTOOBI Yrcja 6e3 3TOro mepBOTO0 MUHUMYyMa TaKKe CO-
CTaBJIAJU TUPaAMUAy (UTOOBI M IJiA HUX COOJIONAJIOCH YKa3aHHOE YCJIO-
Bue). B pesyisbraTre mepepasMelieHUs BCeX 9JI€MEHTOB Ha BepIIIMHE IHUpa-
MUIBI OIATH OKAYKEeTCsI MUHUMAJIbHOE M3 Bcex uumces (0e3 yuera mepBOTo
MuHuEMyMa). Iloce 9TOro HOBBIM MUHHUMYM C BEpPIIUHBI PaCIOJIaraeTcs
Ha IIpeJIocjiefHEM MeCTe, a HaXOJUBIIIeeCA TaM UYHCJO TaKiKe IepeMelria-
eTcs Ha Jpyroe (COOTBETCTBYIOIIlee eMy) MeCTO B HOBOI mupamuze. [Ipu
STOM Ha BEPIIVHE BHOBb OKAMKETCA OUEPEeIHOU MUHUMAJIbHBINA 3JIE€MEHT.
B pesysbTraTe MHOTOKPATHOTO MOBTOPEHUA YKAa3aHHBIX AEeWCTBUUA BCA IIO-
CJIEIOBATEJIBHOCTh UMCEJ, B3ATHIX W3 MHUPaAMHUIbI, OyAeT ymopsaoueHa
(mpaBga, B 0OpaTHOM IIOPAIKE).

W3 cxkasaHHOTO cJieyeT, YTO HAM HeoOXOAWMO yMeThb pacIiojaraThb
KakKoe-TO YHCJO TaK, YTOOBI BHOBBH IIOJIydYajach HUpaMuga. JTO MOXKHO
cresaTh, MOMECTUB TpebyeMoe UMCJIO CHAadyajia B BEPIIUHY MHUPaAMUIBI,
a 3aTeM, CPpaBHUBAs 9TO UUCJO C €r0 «IIOTOMKaMMH», OMYyCKATL €ro II0
MyTH, HA KOTOPOM HaXOAATCSA MEHBIIINE II0 CPABHEHUIO ¢ HUM uucia (Ko-
TOphle OZHOBPEMEHHO IOAHMMAaIOTCsA BBepx). IIpomecc mpekpaiiaercs,
KOT/[la BCTPETATCS «IIOTOMKHN», OOJbINNE WJIU PaBHBIE PasMeIaeMoOMYy
YUCIY, T. €. IPOUCXOMUT KaK OBbI €r0 «IIPOCEeUBaHUE» Uepe3 UucJja B IU-
pamuzge (puc. 11.11a—3).

Paspaboraem mpolenypy «IpOCEMBAHUSA» HEKOTOPOT'O YKCJIA B IUpPa-
muze. B Heit MbI GyIeM MCIIOJIb30BATh CJAEAVIOIE BeJIUUNHBI: 1 — HOMEP
MecTa, KOTOPOe 3aHMMAaeT pasMeIlaeMoe YWCJIO0 B XOJe IIPOCEeUBAHUA;
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jmj + 1 — HOMepa «IOTOMKOB» IIePeMeIaeMoro Ymncja; BCI — BeJIU-
YMHAa, XPaHAIIAsd 3HAUeHNE Pa3MeIaeMoro YNcja; HalleHO — BeJIuUYnHa
JIOTUUECKOT0 THUIIa, ONpeesidmoniasa (akT HaX0MKIeHUs MecTa, COOTBETCT-
BYIOII[ETO pPasMeIaeMoOMy BJIEMEHTY.

Yucsa B mupaMuje Mbl OyZieM paccMaTpuBaTh KaK 3JIEMEHTHI HEKOTO-
poro maccuBa. HamoMHUM, YTO JOJI?KHO 00ECIIeUYMBATHCSA «IIPOCEUBAHUIE»
B IMpaMuzie ¢ IepeMeHHbIM KOJIMYEeCTBOM ducesi (B IIPOIlecce COPTUPOBKU
HEKOTOpbIe YKCJa B KOHIe MUPAMUABI MOTYT He yUYUTBhIBaThcA). Homep
IOCJIETHETO YUYUTHLIBAEMOTO UMCJIa MHUPaAMHUALI 0003HAUMM KaK [1OCJI.

Bort mpornegypa «mpocenBaHusa» duciia, HaXOMAIIEToCsa B BepIINHE IIU-
paMuIbI:

anr I[IpoceupaHuel (apr uUeJs nocy, apr pe3 ues Tab all:noci])
Hay ues i, Jj, JIOT HAMIOEHO, LeJ BCII

i :=1; Bcn := all] | 3annoMMHaeM BJIEMEHT C BEPIMHE
HAWOEeHO := HeT
Joi=2 * i
HI INOKa j <= MOCJI 4 He HalIeHO |YCJoBMe NPOLOJIKEHMA
| "npoceuraHmua"

|

| |OnpenesngeM, NO Kakoy BeTBM OyIeM OINyCKaTbCH
| ecm alj] > alj + 1]

| | To

[l J:=3+1

| Bce

| ecam Bcnn > alj]

| | To
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
K

| ali]l := al7j] |TToogumMaem umcio aljl,
[ 1 :=7 | a pasmemaemMoe 4MCJIO ONyCKaeM
| 3 :=2*1 | HoMep HOBOT'O IIOTOMKAa
| mHaue |ickoMOe MecTO HalIeHO
| HalipmeHO := Ha
BCe

E

|Ha HaliIeHHOM MeCTe pasMellaeM 4YMCJIO C BEePIMHEL

al[i] := Bcno

OH

Hetpyzazo BuaeTh, UTO BBHIIIE OBLT PACCMOTPEH CJIyUYail, KOTAa y KasKIo-
ro dJIeMEeHTa MMEIOTCA JBa «IIOTOMKAa» (eCTeCTBEHHO, KPOME PACIIOJIOMKEH-
HBIX B HIDKHEM DAY MUPAMUIBI), T. €. KOT/Ia KOJUYECTBO YMCeJ B IUpa-
mune HeueTHoe. HesHaunTeIbHOE YCOBEPIIIEHCTBOBAHIE TA€T BOSMOYKHOCTD
IIPOBECTU «IIPOCEMBAHUE» MW IIPM YE€THOM KOJIMYECTBE YMCeJI. O‘{eBI/I,Z[HO,
YTO €CJW T = I[IOCJ, TO 9TO 3HAUUT, UTO Yy 1-TO dJIEMEHTa €CTh TOJbKO
OONH <«IIOTOMOK», M B 3TOM CJiydae OIIpeaeidTb HeO6XOI[I/IMy10 BEeTBbH HE
Hy:KHO. C yueToM aTor0o hparMeHT, OTHOCAIUINCA K OIPENeJIeHUI0 BETBU,
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M0 KOTOpOil OymeT IPOMCXOAUTH OajbHEHIee «IPOCEHMBAHUE», TOJIMKEH
OBLITH HECKOJIBKO H3MEHEeH:

ecim j < mOCJH

| To |¥Y i-ro syemeHTa nBa "noTomxa"

| |OnpeznengeM, IO KaKOM BETBM OyIeM ONYyCKAaTbCH
| ecmm alj]l > alj + 1]

| | To

1 3 ::=3+1

| Bce

ce

Brlimre yixe roBopmJIOCh, UTO UYKCJIA B IHPAMHKLE MOXKHO pacCMaTpU-
BaTh KaK dJIEMEHThl HEKOTOporo maccuBa. Ho B 00IleM cJiydae sJieMeH-
TBI MACCHBA, IIOAJIEKAIIer0 COPTHPOBKE, He 00eCIIeurMBAIOT COOJIIOLEHIE
paHee YKa3aHHOI'O YCJIOBUS, T. €. MCXONLHBIN MAaCCHUB He SBJISETCS IHpPa-
MU0 B MPUHATOM HOHMMaHuu. Ho ecau ObI MBI CMOIJIM IIPeoOpa3oBaTh
MCXOJHBIA MACCUB B IIMPAMHUAY, TO HPOobJieMa COPTUPOBKM MaccuBa ObLIa
ObI peilreHal

Waamueii crmocob mOCTPOoeHUs MUPaMULbl 13 3JIEMEHTOB JII0OOT0 Mac-
cusa ObLI npeaaoxkern P.Y. @aoiigom. Ecau gau maccus a[l], a[2], ...,
al[n], TO sICHO, UTO dJIeMEeHTHI a [n/2 + 1], a[n/2 + 21, ..., a[n] yxe
00pasyoT IUPaMUIY, IIOCKOJbKY YV HUX HET «IIOTOMKOB», U II09TOMY MOJK-
HO CUMUTATh, UTO TpebyeMoe YCJIOBHUE IJIA 9THUX SJIEMEHTOB He HapyIIaeTcs.
Torma MOXKHO IIOOUYepemHO OpaTh aJjieMeHThl a[n/2], a[n/2 - 1], ...
U IIPU IOMOIIK «IIPOCEeMBAHUSI» Pas3MeIaTh UX Ha COOTBETCTBYIOIEE MEeC-
TO B mMeloleiica nupamuge. I[lociae TOro Kak OyAeT «IpOCesH» TMePBBIN
9JIeMEHT UCXOLHOr0 MacCHUBa, IPOIeCC ero Mpeodpas3soBaHusd B IUPAMULY
OyzeT 3aBepIlleH — MOJKHO IIPOBOAUTEL €I'0 COPTUPOBKY C IIOMOIIBIO IIPO-
Imeaypbl, aHAJIOTUUHOM mporenype [lpocensauuel. [locaenuss, mpasaa,
IOJIKHA OBITh HECKOJIBKO MOAH(UIIMPOBAHA, IIOCKOJBLKY «IIpOCerBae-
MBIi» B XOJ€ MOCTPOCHHUSA IHUPAMHULLI DJIEMEHT He SABJIIETCS IIePBBIM,
a HOMep IIOCJeIHero sjJeMeHTa B HHpPaMHUAe PaBeH n:

anr I[IpoceuBaHMe (apr LeJ JieB, IIOCJ, apr pes3 ues Ttab a [l:n])
Hay ues i, j, JIOT HAMIEHO, LeJ BCII

| 1 := neB; BCI := aljer] | PasMelaeMet 3JIEeMeHT
HaMIeHO := HeT
Joi=2 %1

HI 0OKa j <= IOCJ M He HalIeHO
eciu j < mocCJa

|

| | To

| | ecmowm alj] > alj + 1]
[ | | To

1 1 J =3 +1

| | Bce

|

BCE
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ecnu BCII > al7j]
| TO

| afli]l := alj]
| i :=7

| 3 =2 *1

| mHaue

| HaipmeHo := Ha

IIponenypa copTUpPOBKM MaccuBa OIMCAHHBIM METOJIOM, KOTODBIA ee
usobperarenb K. YUIbAMC HA3BAI NUPAMUIALbHOL COPMUPOBKOILL, 0OPM-

JIdeTCda B BUJE.

anr I[rpamMypalbHas COPTUPOBKA (apr pes ey Tab a [1:n])
Had LeJ JieB, [OCJ, BCI

| |IIpeoBpa3yeM MCXOOHBIM MAaCCHUB B NMPaAMUIY

JgeB := div(n, 2)

HL NOoKa Jiee >= 1

| IlpocemBaHue (e, n, a)

K

|

|

|

| | meB := jeB - 1

| xn

| |CopTupyeM nupamMmny (MacCCUB)

| mocyo :=n

| HUO moka mocy > 1

| | Bcm := all] | OBbMeHBaeM MecTaMu

| | al[l] := alnociu] | TepBB (MMHUMAJIBHEM) 3JIEMEeHT
| | al[nocn] := BCO |1 symemeHT almocir]

| | mocyn := moca - 1 | YMeHbIIaeM 3HauUeHMe I10CJI

| | IpocemBanue (1, nocis, a) |"lpocemBaeM" 3JIeMEHT C BEPUIMHE
|

B saxkaoueHVe HAMOMHUM, UTO PACCMOTPEHHBIM METO]T COPTUPYET Mac-
CUB B 00paTHOM TOPSAKEe, U 9TO HEOOXOAMMO YUUTHIBATEH IPU (hOPMYJIUPO-
BaHWU HANPABJIEHUA COPTUPOBKHU B IPOTpPaMMe, YTOOBI MOJYUYUTH COPTU-

POBKY, TpeOyeMyi0 B HMCXOAHOM YCJIOBUU 3aJaui.



12. AmHamMmunyeckoe
nporpaMmMmupoBaHue

JTunamuyeckoe npozpammuposanue’” — dT0 0COBBIH METOJ HOMCKA OIITH-
MaJbHBIX PEIeHUH, CIenuaJbHO MPUCIOCOO0JeHHBIN K TaK HAa3bIBAEMbBIM
«MHOTOIIIaTOBBIM», WJIW «MHOTOdTANTHBIM», omnepanuam [7]. IIpu arom
«MHOTOIIIaTOBOCTH» OTPAYKAET peaJibHOe IIPOTeKaHuUe MIPoIecca IPUHATUA
pelreHnii BO BpeMeHU JuOO BBOAUTCA B 3a/lauy MCKYCCTBEHHO 3a CUET
«pacuJieHeHUA» MIPOIlecca MPUHATUA OJHOKPATHOTO PEIeHns Ha OTAEeNb-
HBIE BTallbl.

IIpuBemeM HECKOJBKO IPUMEPOB 3aau, B KOTOPBHIX PacCMaTPUBAETCA
«MHOTOIIIaroBasg», T. €. IPEeJCTaBJAMIIAasA CO00I IIOCIeI0BATEIbHOCTD
«IIIarOB» («3TAIOB»), OIepaIusd.

3adauva 1. Hy:XHO TPOJOMKUTL MYyTh, COEAUHAIOITUN TYyHKTHI A u B
(puc. 12.1), BTOpOIi M3 KOTOPBIX JIEXKUT K CEBEPO-BOCTOKY OT IIEPBOTO.
IIpoksasgka IIyTHM COCTOUT M3 PAAA IIAroB, TJe HA KayKJOM Iare MBI MO-
JKeM JBUTAThCA TOJBKO CTPOTO Ha CEeBep WMJIM CTPOTO Ha BOCTOK (T. €.

y
(ceBep) B

A x
(BOCTOK)

Puc. 12.1

’ TepMuH «IpPOrpaMMUPOBAHME» B HA3BAHUY 3TOT'0 METO/]a IIPOMCXOLUT OT CJIOBA «IIPOTPaAM-
Ma» B 3HAUEHUMU «ILJIaH NEeMCTBUN» U HE CBS3aH C IOHATHEM «KOMIIbIOTEPHAS IPOrpaMmMa» .
TTosTomMy nuHAMUYECKOE IPOTPAaMMUPOBAHNE YACTO HA3BIBAIOT MHAUE — OUHAMUYECKUM
naanuposaruem. IIpoucxoxaeHre e TepMUHA « ITMHAMUUYECKU» 3/1eCh CBA3aHO C HC-
MOJIb30BAHMEM B 3ajlaUaX IMPUHSATHUS PEIIEeHNI BLIOPAHHOIO MEeTOo/[a IIEPUOIUUECKU, Yepes
(rKCcUpPOBaHHBIE TPOMEKYTKU BPEMEHN.
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a0b6oit myTh M3 A B B mpeacTaBiseT co00W CTynmeHYATyIO JIOMAaHYIO JIU-
HUIO, OTPEe3KU KOTOPOH IapaJijelbHbI OJHOI M3 KOOPAWHATHBIX Oceil).
3arpaThel Ha IPOKJANKY KaKJOro U3 IONOOHBIX OTPE3KOB WH3BECTHHI.
TpebyeTcsa IPOJIOKUTH TAKOU NyTh U3 A B B, Ipu KOTOPOM CyMMapHBIe
3aTpaThl MUHUMAJIbHBI.

3adauwa 2. VlMeerca ompeeseHHBIN Habop mpegmeroB — II,I1,, ..., II_
(KRakabplii — B €IWHCTBEHHOM »JK3eMILIdpe). VM3BecTHBI WX Beca —
B,;,By5 ..., B, u crommoctu — C,,C,, ..., C . I'pysonoabeMHOCTh MAIITMHBI

pasHa Q. Kaxkue n3 IpeaMeToB HYJKHO B3SATh B MAIIIUHY, YTOOBI UX CyMMAap-
Hasg CTOMMOCTD (IIPU CyMMapHOM Bece He 0oJjiee Q) ObljIa MaKCHUMAaJIbLHO?

3adaua 3. IMmeeTcsa HEKOTOPHIN 00HEM TEHEKHBIX CPEACTB Q, KOTOPHIH
IOJKeH OBITH pacupejesieH MeXAy Ipepnpuatuamu 11,10, ..., I . Kax-
Jloe 13 IPeANpUATHH [1, IPK BJIOKEHUU B HETO KAKUX-JIN00 CPENCTB B 00b-
eMe X IPUHOCHUT LOXOJI, 3aBUCAIIUI OT X, T. €. IPeICTABJIAIOIINIA co00it
Kakyoo-To (pyHKnuio f, (x). Bce ¢pyrxknmuu f(x) (1 = 1, 2, .., n) 3agaHsl
(pasymeeTcs, Bce 9Tu (pyHKIIUN — HeyObIBaioiue). Kakue cpeacTBa HYK-
HO BBIZIEJIUTH KAXKAOMY IPEAIPUATHIO, YTOOBI B CyMMe OHU AaJu MaKCH-
MaJIBHBIA TOXOH?

B mepBoii 3amaue omepaiueil ABJISAETCS CTPOUTENLCTBO IIYTHU U3 TOU-
K1 A B TOuKy B. 3ech m1aru BbIAeJIeHbl V:Ke B YCJIOBUU 3aJauu: IIaroM
sABJsIeTCS TPOKJIAIbIBaHUE O0UYePEeJHOTO OTpes3Ka IIYTHU.

B mocramoBKe BTOpOI 3amauu HeT yHoMuHAHUA O BpemeHu. Ho mporiecc
3arpysKy MaIlllMHBI MOYKHO IIPEICTABUTh KAK COCTOSIIUII M3 n IaroB, CUU-
Tasi 3a MEePBBIH IIar MPUHSITHE PEIeHUs O TOM, OpaTh WU He OpaTh MepBbIi
IIpeaMeT, 3a BTOPOIA IIar — TO K€ OTHOCUTEJIHHO BTOPOrO IpeaMeTa, 1 T. [.

B Tperneil 3amaue TaksKe MOXKHO OIlEpAIlVIO PACIpeNesieHUA CPEJICTB
MBICJIEHHO DPa3JIOKUTH BO BPEMEHU B HEKOTOPYIO IIOCJIELOBATEIbHOCTb U
paccMaTpUBaTh PEILIeHNWe BOIIPOCa O BJIOYKEHUYU CPEJICTB B IIPENIPUATHE
[I,KaK IepBBbIH mar, B IpeinpusTHe [I, — Kak BTOPOH IIar, u T. [.

Kak pertats mogo6uble 3amaun? MosKHO mepebpaTh BCe BO3MOMKHBIE Ba-
PUAHTHI PeIleHusa U BbIOpaTh Cpeau HUX Jydinuii. Hampumep, B IIepBoii 3a-
Jllaue pacCMOTPETh BCE BO3SMOKHbBIE BADMAHTHI ITYTU U BHIOPATh TOT, HA KOTO-
poM 3aTparhbl MUHUMAaJbHBI. HO MOKHO BBIOMpATH JIYUININU BapUAHT IIyTU
Iar 3a Iarom, Ha KasKJOM 9Tale pacueTa ONTUMUBUPYSA TOJHKO OIUH ITar.
OOBIYHO TaKO# CIIOCO0 ONTHMMU3AIIUMK OKA3LIBAETCS ITPOINEe, UeM HIpPembITy-
I, 0COGEHHO IpM GOJBIIIOM KOJIWYECTBE INAroB .

°B psze caydyaeB Ipu OOJBIIIOM KOJHYECTBE IIAroB PelleHre 0 IepPBOMY CIIoco0y BooGIIe
He MOJKeT OBITh peasins3oBaHo. B 3amaue 1, Haupumep, 001Iiee KOJIUUIECTBO BOBMOKHBIX Ba-
PHUAHTOB IIyTH PaBHO YHCIY codeTaHui us (N, + N,) mo N,, rae N, — KOJIHYECTBO OTpe3-
KOB OT TOUKH A JI0 TOUKHU B B BOCTOYHOM HalpaBJeHuu, N, — B ceBepHoM. [Ipu N, = 10u
N, = 10 o6mee uncyo BapuanTos pasHo 184756. IIpu ysenuuenuu ke N, u N, OHO CyIie-
cTBeHHO BoapacTaer. (B [8] mokasano, uto npu N, = 30 u N, = 30 KoMIIbIOTED, BLIIOIHA-
FOIUI MUJLIMOH OIePaIuil B CEKYHAY, PACCMOTPUT BCE BOZMOKHBIE BAPUAHTHI IIyTH 0O-
see uem 3a 100 000 set!)
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Takasa uges MOCTEIEeHHO, MOIIATOBON ONTUMU3AIUN U JE€KUT B OCHO-
Be IMHAMUYECKOro mporpaMMupoBanusd. K Hell MbI BepHEMCS UyTh HUKeE,
a TIOKa 3aMeTHM, UTO MIPU PeIIeHun 3a7ad MEeTOJOM AUHAMUYECKOTO IIPO-
rpaMMUPOBAHUA HCIIOJB3YIOTCA CJeAyIoIue MmoHATuA [7]:

cucrema;
miar (araim);
COCTOSIHVE CHUCTEMBI;
yIpasJieHue;
BBIUTPHINI (100 HPOUTPHIII, KOTOPBI HAL0 MUHUMU3UPOBATH).

ToumHble UX OIpeNeJeHU AaTh JOCTATOUHO CJIOYKHO, ITOATOMY MBI IIPOCTO
OPOWJLIIOCTPUPYEM MX HA IpuMepe IIepeurcIeHHBIX 3amau (tabsa. 12.1).

Tabnuua 12.1

i-ro oTpeska Iyt

ITonsiTue 3amaua 1 3anmaua 2 3amaua 3
Cucrema Coopy:kaeMblii IyTh 3arpy:xaeMsblit Pacupenensiembre
aBTOMOOMIIH cpeacTBa
IITar (aTam) Bri6op ouepenuoro, IIpunsarue pemrenus Omnpenenenue

0 TOM, HYKHO Jiu OpaTh
B MaIlIMHYy 1-U TpeaMeT

o0’beMa CpeicTs,
BBIIEIAEMbIX 1-My

wiu Het (1 =1, 2, .., n) | OpPeAIPUATUIO
(i=1,2,..,n)
Cocrosanue Touka, B KOTOpOI Bec, KoTODBIT erre O6meM erre
MOYKEeT HaXOIUThCS MOYKHO B3STh He BJIOKEHHBIX
KOHeII y)Ke B MaIIIUHY IOCJIe CpeJcTB
IIOCTPOEHHOT'0 0 1-TO | IPEBIAYIIUX IIIaroB
mara yJdacTka ImyTHu
Yupasiaenue | CTpouTesILCTBO Pemenwne: 6pats i-it O06BeM cpeficTs,
0YEepeHOT0 yYacTKa | IpeaMeT MJIu He OpaTh? | BBIJEIAEMBIX
B CEBEPHOM WUJIN i-my
BOCTOYHOM MIPEIIPUATHUIO
HanpaBJIeHUU
Beinrpsim 3aTparsl Ha CrouMocCTh Hoxon
(TIpourpseInI) | CTPOUTEIHLCTBO 3arpy KeHHBIX OT BJIOXKEHUS
B MAIIIUHY IPEIMETOB CpeJCcTB

BepHemcsa Temeph K uaee mOMIaroBOM onTuMusanuu. Ha mepBuIil B3TISA
OHA MOJKET IIOKas3aThbCs JOBOJILHO TPUBUAJILHOI. B camoMm mese, uero, xa-
3aJI0Ch OBI, IIPOIIEe: eCJN TPYAHO ONTUMU3UPOBATH IPOIlECC B IeJIOM, HAIO0
pPasdouTh ero Ha PAJ IIAroB U ONTUMU3UPOBATh KA bl miar. CaeaaTb 5TO
HETPYAHO — HAJO0 Ha 9TOM IIlare BbIOPATh TaKoe yIpaBJeHNe, YTOObI ad-
($EeKTUBHOCTh AAHHOI'O Iara ObLIa MaKCHMAaJIbHA.

Her, ma camom gesie Bce o6cTouT BoBce He Tak! [IpuHIIUN AUHAMUUYE-
CKOTO IIPOrpaMMHPOBAHUS BOBCE He IIPeAIlojiaraeT, UTO KaKAbIN Iar
ONTUMUBUPYETCA OTAEJIbHO, HEe3aBUCUMO OT Apyrux. Hamporus, yopas-
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JIleHre Ha KaKIOM Iare JOJIXKHO BbIOMPATHCS HAJTLHOBUIHO, C YUETOM €r0
mocJeNCcTBUIl B OyAyIIuX sTamax. UTo TOJKY, ecjii Mbl BbIOepeM Ha TaH-
HOM IIIare yiIpaBJjeHune, P KOTOPOM 3(P(PeKTUBHOCTEL 3TOT'0 KOHKPETHOI'O
mara MakKCHUMaJIbHa, HO BO3HUKHET IIPOUTPHIII Ha IIOCJAeAYIOIINX IIIarax?

Ho xax BpIOpaTh onTHMAaJbLHOE YIpPaBJIEHHE HA TOM WJIM HHOM Iare?
Benp Ha KakaoM u3 HUX (€CTECTBEHHO, KPOME IIePBOT0) CHUCTEeMa MOKET
HaxXooUThCs (B 00I1IeM ciiyuae) B PA3HBIX BOBMOXKHBIX COCTOAHUAX (B pas-
JINYHBIX TOYKAX MECTHOCTM, HAa KOTOPOM coopysKaeTcs myTb u3 A B B;
C Pa3JIMYHBIM BECOM I'Py3a, KOTOPBIN eIlje MOKHO B3ATh B MAIIIUHY, U T. II.),
a B KayKJIOM U3 9TUX COCTOSTHUI B 00IIleM cJiyduae BO3MOKHO HECKOJBbKO Ba-
PUAHTOB yHOpaBjieHusA (CTPOUTH OUEPEeJHOM yJaCTOK ITyTU B CEBEPHOM WJIH
B BOCTOUHOM HampaBjeHUN; OpaTh WU He OpaTh i-ii MpeaMeT; BKJIAIbIBaTh
JU B 1-e IpeAnpUATHe OAWH M3 BO3MOYKHBIX 00EMOB CPEJCTB MU He BKJAa-
IBIBAaTh BooOIIIe). Kakoe pellieHre ABIsSeTCS ONTUMAIbHBIM? Benb MbI gaske
He 3HAeM TOYHO, YeM 3aKOHYMJICA HPEeIbIAYIIHi Iar!

Tak Kak OTBETUTH HA 9TOT BOIPOC HEIIPOCTO, JaBaiTe cHAUaia PEeIruM
IPYIyIo 3afjauy — OIIpeaenM, KaKoe yIIpaBJeH!e ABJIAETCS JYUIITUM IJI
KasKI0ro 113 COCTOSHUI CHCTEeMBbI Ha TOM UJIN WHOM Inare (MHBIMHU CJIOBa-
MU, cIejiaeM pasHble IPEIIOJJIOMKEeHNA O TOM, YeM 3aKOHUMJICA HPeqbIay-
muii mar). Takoe ympaBjieHWe MBI HA30BEM IJYCJLOBHbLM ONMUMALLHBLM
ynpaejeHuem IJis 3TOTO COCTOSAHUSA, a BBIUTPBINI, KOTOPBIM HaeT 3TO
yIpaBJeHUEe, — YCAOBHbLM ONMUMASLbHLLM 6bluzpblulem («YCIOBHBIM» —
IIOTOMY UTO yIIPaBJIEHNE BBLIOMPAETCA MCXOIAA U3 YCJIOBHUSA, UTO HPEIBIAY-
U II1ar KOHYUJICSI TaK-TO U TaK-T0). BeIOpaTh TaKoil BapuaHT yIIpaBJie-
HUSI MOYKHO, CPABHUB BCE€ BO3MOJKHEBIE YIIPABJICHUS II0 CIELYIOIIEMY KPU-
TEPUIO: CYMMA BbLUZPLLILA OM PEAAUIAYUL MO020 UJLU UHO020 YNpaBaeHUs
Ha OaHHOM uLaze U YCJO06HOZ0 ONMUMAJLLHOZ0 BblUZPbLULA 6 COCMOAHUL
cucmembl, 6 KOmopoe oHa nepeiidem 8 pe3ysbmame Imoz0 YnpasieHus
(BBI BeIb IIOMHUTE O HEOOXOAMMOCTY Ha Ka’KJAOM Iare IPUHUMATD «IaJb-
HOBUIHBIe» pemreHua?)".

OueBUAHO, UTO AJISI KCIIOJH30BAHIA TAKOIO0 KPUTEPUS HEOOXOAMO 3HATH
YCJIOBHBIE ONTHUMAJIbHbBIE BREIMIPLIIIN JJIS BCEX COCTOSHUM CHCTEMbI Ha CJie-
OyIoLeM Imare. A m3 3Toro, B CBOIO OUepelb, CAeAyeT OUeHb BAXKHEIN BBHIBOJ:
oIpefiesIeHe YCJIOBHBIX ONTHMAJIbHBIX IIapaMETPOB HAA0 HAYMHATHL C IIO-
cJIeHero Ilara, 3aTeM HaWTU UX AJS IIPeAIlocjefHero Imara W T. 1.

Il camMoro mocjeqHETo Iara caesjaTh 3TO He TaK YK CJIOXKHO. Benb
I KaKJOr0 COCTOSHHUSA Ilepel, IIOCJAeIHUM IIIaroM WN3BECTHO, KaKoe
yIpaBjeHre HeoO0X0qnuMO IIPUMEHUTb, — TOJBKO TO, KOTOPOE IIPUBEAET K
KOHEUHOMY COCTOSHUIO CHCTeMbI (IIyTh AOJIKEeH 3aKOHUUTHCA B TOUKe B;
aBTOMOOMJIb JOJIJKEH OBITh IIOJHOCTHIO 3aTrPYsKeH; BCE CPeICTBA MOJIMKHBI
OBITH BO:KeHBI). Takoe ynpaBieHue Mbl O0yIeM Ha3bIBATh 8bLHYMCOCHHULM.
3amnuiiieM ycJOBHBIE OINTUMAJIbHBIE IMOKas3aTeJ W IJis IOCJeIHero Iiara B

47
He BrIsbiBaeT coMHEHUA (PAKT, YTO UMEHHO 10 TAKOMY KPUTEPUIO MPUIILIOCH ObI BHIOU-
paTh ONTUMAaJbHBIN BADUAHT YIIPABJIEHUS B CJIyUae, KOrJa KAK0e-TO COCTOSIHUE ObLIO ObI
UCXOOHBLM.
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rabauiy (taba. 12.2), roe 3sHaueHMs MOKasaTesiell IIOKa3aHbl YCJIOBHO B
Buge cuMBoJa «v ». To ke camoe MbI OyZeM JesaTh U Ha APYTHUX IIarax.

Ta6bnuua 12.2

Cocrosanue | Ilepsbrii mar | Bropoii mar IIpenmocaen- ITocaemunii
CHCTEMBI HHUH mIar mar
YOy | YOB | YOY | YOB YOy | YOB Yoy | YOB
v v
v v
v v
IIpumeuanune: YOY — yciioBHOe oITHMaibHOe ympaBienue, ¥YOB — ycios-

HBIA ONTUMAJBHBIA BBIUTPBIII.

OnpegenuB HEOOXOAMMbIE ITaPAMETPHI AJIA BCEX COCTOSHUI IOCJIeTHETO
mara, MOYKHO IIePeNTH K PACCMOTPEHUIO CUTYaIMU IIepe]] IIPeAIocse[-
HuM marom. Ha aToM aTame cucTemMa Tak)Ke MOYKET HAXOAUTHCSA B He-
CKOJIBKMX COCTOSHMAX, HO JJIA KaXKAOTO COCTOSHMSA HA DTOM Ilare B 00-
IeM cjiyuae BO3MOJKEH He OIWH, a HEeCKOJBKO BAapUAHTOB YIIPABJIECHUSA
(HampuMep, MOJKHO CTPOUTH OUEPEIHOH yYaCTOK IMyTH B CEBEPHOM WJIU B
BOCTOUYHOM HAIIpPaBJIeHNM; OpaTh WJM He OpaTh 1-i IpeaMeT; BKJIAIbIBATh
B 1-e TIpeAnpuUATHe OAUWH M3 BO3MOKHBIX 00HEMOB CDPEJACTB WJIN He BKJIa-
IBbIBaTh). BeIOpPaTh M3 HUX YCJIOBHOE ONTUMAJIbHOE yIIPaBJIeHUEe MbI CMO-
JKeM II0 KPUTEPUIO, KOTOPBIN yIIOMUWHAJCA BBIMIE (BeAb IJIA KaKIOTO U3
BO3MOJKHBIX BAPUAHTOB YIIPABJIEHUS M3BECTHO, B KAKOE HOBOE COCTOAHUE
mepeuieT cucTeMa B pe3yJabTaTe, a s KadKIOTO COCTOSHUSA ITOCJIEeTHETO
miara ysKe HalJleH YCJOBHBIN ONTMMAJbHBIN BBIUTDPHIII). BuiGop ymo6HO
IPOBOAUTL C HCIOJb30BaHMEM TaOJIUIbI, ITONOOHOM Tabua. 12.3.

Ta6bnuua 12.3

Bosmo:xHOE Bemurpsim Cocrosnue, Y ciioBHBII Kpurepwnit
yIpaBiieHHe OT 3TOro B KOTOpOe ONITUMAJbHBII CpaBHEHUSHA
yIpaBJIeHUs | mepeiiier cucreMa | BHIMTPHINI IS BapHaHTOB
Ha TaHHOM B pe3yJbTaTe COCTOSTHUSA yIpaBJeHus
miare ynpaBJIeHUS B rpage 3 (cymma
rpad 2 u 4)
1 2 3 4 5
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AHaJIOTUYHBIM CITIOCOOOM MOYKHO OIPENEJUTh YCJIOBHOE ONTUMAJILHOE
yIIpaBJeHUEe U YCJAOBHBIN ONTUMAJIBHBIN BBIUTPHIII JIJIA KaXKAOTO COCTOSI-
HUS TPeANpenIlocieHETO M JPYTUX IIaroB, BKJIOYAs BTOPOH (COOTBETCT-
ByIoIllasi mHQOPMAaIlUs 3anucbiBaeTcsa B Tabua. 12.2).

ITocse sTOrO OoCcTaeTcs paccMOTPETh CAMBIM IepBBIi miar. Ero ocobeH-
HOCTb COCTOUT B TOM, UTO HAa HEM CHUCTE€MAa HAXOJUTCA B OJHOM, MCXOJ-
HOM, COCTOAHUU. [IJIA 3TOTO COCTOAHUS TaKiKe MOKHO BbIOPATH YCJIOBHOE
ONITMMAaJIbHOE yIIpaBjeHHe, KOTOPOe Ha caMOM [eJie fABJIAeTCA y:Ke He
«yCJIOBHBIM», a 0e3yCJOBHBIM. 3aMeTUM, KCTATH, UTO MMOJYUYEHHBINA IJIA
IaHHOTO COCTOSHUSA OIITHUMAJbHBIN BBIUTPBIII €CTh HAMOOJBIIUNA BBHIUT-
PBIII IJIA 8cex IIaroB PeIlleHus 3aJadmu.

Ianee, TpUMEHUB ONTUMAJbHOE YIPaBJIeHNE HA IIePBOM IITare, MbI IIe-
peBeeM cucTeMy B KaKOe-TO HOBO€ COCTOsSHMEe Ha BTOPOM Iliare, IJd KO-
TOPOTO HAM y:Ke M3BECTEH ONTHUMAaJbHBIN BapuaHT AelicTBuii. Peasn3oBaB
ero, MbI mepeiaeM K ciaeyIioleMy Iiary, KOTOPbIii TaKKe MOMKeM BBIIIOJI-
HHUTH OITUMAJBHBIM CIIOCOOOM, M T. . IO IIOCJIEIHEro Imara, T. €. HalgeM
pellieHne 3aJjauu.

Kar ormeuaercs B [7], momHOE MOHMMAHNE OCHOBHBIX TOJIOMKEHUH M-
HaMUYECKOTO IIPOTPAaMMMUPOBAHUSA, KaK ITPABUJIO, BOBMOYKHO TOJBKO IIO-
cJle PacCMOTPEeHUA psAla IPUMEPOB, TTOITOMY TaBalTe mepeieM K pelie-
HUI0 TIePeurCJIEHHBIX paHee 3ajad.

PeweHue 3apaum 1

Pasgenum paccrosinue oT A 10 B B BOCTOUHOM HaIpaBJeHUU, CKakeM, Ha
7 yacreii, a B ceBepHOM — Ha 5 (B IPUHIIUIIE, TAKOE APOOJIeHNE MOKEeT
ObITh CKOJIb yromuHo MeJkum). Torga jio6oii myTh m3 A B B cocTout
us (7 + 5) = 12 orpesxkoB, HAIPaBJIEHHBIX HA BOCTOK HJIM Ha CeBep
(puc. 12.2). IIpocTaBuM Ha KaKIOM K3 OTPE3KOB UMCJIO, BbIpasKaiolllee
(B KaKUX-TO YCJIOBHBIX €IMHUIIAX) CTOUMOCTh MPOKJAAKYU MYTHU IO 3TOMY
orpesky. Ilo TpeboBaHMIO YCIOBUA 3aJauyl HEOOXOAMMO BBLIOpATH TaKOu
oyTh 3 A B B, Ipu KOTOPOM cyMMa YMCeJI, CTOAIINX HA OTPe3Kax, OyaeT
MUHUMAJbLHON.

Bynem paccmaTpuBaTh COOpPY:KaeMblil MyTh KaK yIPaBIAEMYIO CHUCTe-
My, IIepeMeIamyiocsa (M3MeHSIONIYIOCsa) IOA BANAHUEM YIIPaBICHUS
(cTpouTeSbCTBA OUEPENHOTO yUYAaCTKAa) M3 HAYAJIBHOTO COCTOSHUS A B KO-
Heunoe B. CocTosgHMe CHCTEMbI IIepe]] HauaJIoM KaKIOoro Iara Mbl Oyaem
XapaKTepus0BaTh ABYMS I[eJIOUNCIEHHBIMU KOOPAMHATAMH: BOCTOYHOM
(x) u ceBepHO# (y), Tme 0 < x <7, 0<y <5, [In9 KaKJOT0 U3 COCTOS-
HUU cucTeMbl (y3JI0BOWI TOUKM IIPSIMOYTOJILHOM CeTKHM Ha puc. 12.2) MbI
JIOJIKHBI HAWTU yCJIOBHOE ONITMMAaJbHOE yIIpaBJeHte: UATH JIM HaM Ha ce-
Bep WM Ha BOCTOK? BriOmpaeTcs 5To yupaBJ/ieHHe Tak, YTOOBI CTOMMOCThD
BCeX OCTaBIIMXCA OO KOHIIA ITaroB (BKJIOYasa NAaHHBIN) Oblia MUHUMAJb-
HOI. Ty CTOMMOCTh MBI JOTOBOPUJINCH HA3BIBATDL «YCJIOBHBLIM OITHMAJIb-
HBIM BBIMTPBIIIIEM» [IJIsI JAHHOTO COCTOSHHUS CHCTEMbI (XOTS B JAaHHOM
cJIyuyae 9TO, KOHEUHO, He «BBIUTPHIII», & «IPOUIPBIII»).
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10 9 10 8 9 11 10 B

11 12 10 10 11 12 13 14
8 9 14 10 9 12 14

10 13 11 15 10 10 9 8
10 12 13 10 8 10 9

11 15 12 14 15 10 9 11
8 10 11 13 16 12 10

12 14 11 10 12 11 10 12
12 10 15 13 15 12 10

10 13 12 12 11 10 12 15
14 14 13 12 10 14 13

A

Puc. 12.2

Kax yxasbeIBajioch BBIIIE, OIpPeIeJeHNe YCIOBHBIX ONITUMAJILHBIX IIapa-
MeTpoB (yHpaBJeHWs W BBIUTPBIIIA/IIPOUTPHIITA) HALO0 HAUWHATH C II0-
cienHero, 12-ro mara.

PaccmoTpuM oTaesnbHO TpaBBIM BEPXHUM YroJ HANIER IPAMOYTOJIb-
HOM ceTKu (puc. 12.3). 'me MbI MoKeM HaxoAUTbcA mocje 11-ro mrara?
ToabKo TaM, OTKYZA 3a OAUH (MOCJHEIHNIT) IITar MOKHO IIOIIACTh B TOUKY
B, T. e. B ogHO# u3 Touek: B, uiu B,. Eciu Mbl HaxoguMmcA B Touke B,
TO y Hac HeT BbIOOpa (BBIHYKIEHHOE yIpaBJieHMe): Hamo UATU Ha BOC-
TOK, 1 3T0 oboiifgercsa mam B 10 egmuuil. 3amnuiiem 9To uuciao 10 B Kpy-
JKOK y TOYKM B,, a onTuMajbHOe yIpaBiIeHHe IOKaKeM KODPOTKOM’
CTPeJIKOH, ucxoaAmeil us B, 1 HaIpaBJIeHHOH Ha BOCTOK. [In1a Touku B,
yIpaBJieHVE TOYKe BBIHYKJIEHHOe (Ha ceBep), a 3aTpaThl PaBHBI 14; MBI
WX 3alHIIeM B KPYXKOK y Touku B,. Takum o6pasoM, ycI0BHAA ONTUMU-
3aIusA IIOCJeTHero Imara caejlaHa, YCJOBHBLIA ONTHUMAJBLHBIA BBIUTPBIII
IJIsT 000MX COCTOSAHUE 9TOrO Iara HaWJeH W 3alllcaH B COOTBETCTBYIO-
A KPYKOK.

Temneps maBaiiTe ONTHMUSUPOBATH Ipeamocaenuuit (11-it) mar. Ilocie
npenmnpexanociaenuero (10-ro) mara MbI MOTJIM OKas3aThCA B OSHOII M3 TO-
uek: C,, C,, C; (puc. 12.4). Hajizem s Ka)kIoH M3 HUX YCJIOBHOE OITH-
MaJbHOE YIpaBJe€HWE W YCJIOBHBIN ONTUMAJBHBIN BBIUTPHIIII.

Iuisa Trouxku C, ynpaBiieHNe BEIHYKAEeHHOe — UATU Ha BOCTOK; 000 geT-
cda 9To HaM B uTore B 21 eguruity (11 ma gamraom mrare mirtoc 10 — yciioB-
HBIA ONTHUMAJBHBIM BBIUTDBHINI AJIA TOUKHU B, y:Ke 3alUCaHHBIA B KPYiK-
Ke). 910 uncao 21 MBI 3amuIilieM B KPYKOK Ipu Touke C.

Hua Touxku C, ynpaBiieHNUe y:Ke He BBIHYJKJEHHOe: MbI MOKEM HATH KaK
Ha BOCTOK, TaK U Ha ceBep. B IepBOM ciiyuae MBI 3aTPAaTUM Ha JaHHOM IIiare



JluHaMu4YecKkoe IMporpaMMUpOBaHHe 165

C, 1»-11 »104TB
13 14

A A
B, @10 B - (23)-14-(19)
411 G ;3
A |
32 22 C3

Puc. 12.3 Puc. 12.4

14 epuaun u or B, 1o KoHNA Iyt — eine 14, mau Bcero 28 examunn,. Ecam
JKe MBI IoiigeM Ha ceBep, To s3arpatum 13 + 10 = 23 egunuipl. 3HAUUT,
YCJIOBHOE ONTHMAaJIBHOE yIIpaBieHMe B Touke C, — nUATH Ha ceBep (BHUMA-
TeJbHBIA YNTATeIbh, KOHEUHO, 3aMETWJI, YTO JTO YIIpaBJeHHe HaWAeHO II0
TOMY CAMOMY KPUTEPUIO, O KOTOPOM TOBOPHMJOCH paHee). OTmeuaeM ero
CTpeJIKOU, a uncjo 23 3amnuchbiBaeM B KPYKOK y Touku C,.

HOusa touku C, ymnpaBjleHHe CHOBA BBIHYXKJEHHOe — HATH Ha ceBep;
oboiimercsa 9TO OOIIMM CUETOM B 22 eIWHUIBI (CTaBUM CTPEJIKY Ha ceBep,
a umcyo 22 3alHuCchiBaeM B KPY:KOK y Touku C,).

AHaNIOTUYHO, «IATACH» OT MIPEANOCeNHero Iara Hasajm, HalgeMm AJs
KakJ0H TOUYKU YCJOBHOE ONTHMAaJbHOE yIIpaBJieHNe, KOTOPoe 0003HAUNM
CTPEJIKOM, M YCJIOBHBIN ONTHUMAJIbHBIN BBIUTPBIII, KOTOPBIN 3alUIleM B
COOTBETCTBYIOII[EM KpYy:KKe. BbIUMCiaseTcs OH TaK: pacXoJ Ha JaHHOM
miare CKJaJbIBAETCA C yKe ONTHMH3NPOBAHHBIM PAaCXO0/0M, 3alIMCAHHBIM
B KPYJKKe, K KOTOPOMY BefieT cTpesika. TakuMm oOpasoM, Ha KaKJIOM Ilare
MBI OIITUMHU3UPYEM TOJBKO 3TOT IIIar, IIOCKOJbKY CJAeAYIOINue 3a HUM YiKe
OIITMU3UPOBAHEI.

Komeunsrii pesyabraT mokasan Ha puc. 12.5. VI3 Hero BUAHO, UTO B Ka-
KOI ObI M3 Y3JOBBIX TOUEK MBI HU HAXOIWJINWCh, MBI BCerJa 3HaeM, Kyaa
uaTu (CTpesKa) U BO UTO HaM 00OiaeTcs IIyTh B UTOre (UMCJIO B KPYIKKE).
IIpruem B KPysKOUKe y TOUKHU A 3allMCaH ONTHUMAJbHBIN BBIATPHIII (MU-
HUMAaJbHBIE 3aTPaThl) HA BCe COOpYKeHme mytu us A B B!

Temepsb ocTaeTcAa MOCTPOUTH CaM IYTh, BeAyIuil us A B B, caMbIM [ie-
IIeBLIM cItocoboM. [ 9TOr0 HAM HAAO TOJBKO «CJYHIATHCS CTPEJIOK»,
T. €. IPOYNUTATDH, UTO OHU IIPEAIINCHLIBAIOT AejaTh Ha KaykaoM iiare. Takasa
ONTUMAaJIbHAS TPAEKTOPHUS IYTH OTMeUeHa Ha puc. 12.5 KpysKoukamMu ce-
poro 1Bera.

Kak BuguMm, s HAXOXKIEHUS YCJIOBHOT'O OINTUMAJBLHOI'O YIPaBICHUS
B KalKIOM TOUKE MbI IBUTAJNNCH II0 AMATOHAISIM, HapajlIebHBIM IUAro-
Hamu B, — B,, mprueM KaKkJas AMaroHajb HaXOAWJach IOTO-3allagHee
npensigymeit. Tak, caexgyromieit nmocne guaroHanu B, — B, Oblia guaro-
Hanp C, —C;, u 1. 1.
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Puc. 12.5

Boamosken u npyroi cnoco6. CHauaja HaiileM yCJIOBHOE ONTUMAaJIbHOE
yIpaBJieHre B CaMbIX CEBEPHBIX TOUKAX, YUUTHIBAS, UTO 3/€Ch yIpaBJie-
HUe BBIHYKIEHHOE — TOJBKO HA BOCTOK. [[JIs 9TOTO MBI ABUKEMCS OT
TOuKu B Ha 3aman 0 IepBOM TOUKU CaMOIl CeBePHOU MOPU30OHTAIN. 3aTeM
HalileM yCJOBHOE ONTUMAJbHOE YIIPABJIE€HWE B CAMBIX BOCTOUHBIX TOU-
Kax. 31ech ympaBjeHUe TaKiKe BBIHYKJeHHOe — TOJbKO Ha CeBep, U MBI
IBUKEMCS OT TOYKMW B Ha 10T 10 IepBO#l TOYKMW caMOil BOCTOUHOUN BEPTU-
Kajsu. Temepb MOXKHO HAWTU YCJIOBHOE OIITMMAJIbHOE yIIPaBJeHIe BO BCeX
OCTAJILHBIX TOUYKAaxX. /JId 5TOr0 MBI ABUIKEMCS II0 TOPU3OHTAJIAM, HAUU-
Has CcO BTOPOH C ceBepa M KOHUYAA CaMOIl I0KHOM, a BJOJIb TOPU3OHTAIN —
OT BTOPOIi TOUKHU C BOCTOKA BILJIOTH 0 caMoii 3amanuoii. (Pasymeercs, ToT
JKe pesyJbTaT MBI MOJYUYUM, IBUTAsCh MO0 BEPTUKAIAM, HAUNHAS CO BTO-
POl ¢ BOCTOKAa M BILJIOTH IO CAMO¥ 3allaJHOM, a BHYTPU BEPTUKAJIU — OT
BTOPOII TOUKHU C ceBepa OO0 caMoOil IOKHOI.)

HasepHoe, qBUiKeHMe 10 TUATOHAJISIM BBITJIAIUT 00Jiee eCTEeCTBEHHBIM,
HO JJIsT ITPOTPaMMHOM peasiudanuu 0ojee MOAXOAUT BTOPOi cmocob. O6o-
3HAYUM KOJIMYECTBO OTPE3KOB Ha CeBep M Ha BOCTOK Kak Ncer U NBOCT.
3HAUeHUsA YCJOBHBIX ONTUMAJBHBIX BBIUTPBIMIEH IS KasKIOT'0 COCTOS-
HuA (Yucja B KPYysKKax Ha puc. 12.5) U COOTBETCTBYIOIIEe YCJIOBHOE OII-
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TUMaJbHOE yIpaBJieHWe (HampaBJeHWe OTpe3Ka IYyTH B BUJE CUMBOJIOB
«B» U «C») OyZeM 3amuchbIBaThb B MaccuBaX YOB[0O:Ncer, O:NBocT] m
YOY[0:Nces, O0:Nsoct]. IIpum sTOM mepBas CTpoKa KasKJIOTO MacCHBa
COOTBETCTBYET IO}KHOUW TOPU30HTAJN, a IePBBIN CTOJIOEI] — 3aIaaHol Bep-
TUKaau, nHAeKchl Touku A — ato (0, 0), a Touku B — (Nces, NBocT).
JlanHbIe 0 3aTpaTax HA MPOKJAAKY IIyTHU 10 BOCTOYHBIM OTpe3KaM (CM.
puc. 12.2) mb1 OyzeM XpaHuUTh B MaccuBe SsocT [0:Nces, 1:NsocT].
AmajoruuHo, 3aTpaThl Ha IIPOKJAAKy CEBEPHBIX OTPE3KOB OyAyT Xpa-
HUTbCA B MaccuBe ScenB[l:Nces, 0:Nsoctr]. IIpu BBIOOpPE YCJIOBHOIO
OIITMMAJIBHOTO YIPAaBJEeHUA U3 JIBYX BO3MOYKHBIX BapUaHTOB II0 KPUTe-
puio, YKasaHHOMY paHee, HMCII0JIb3yeM BeJauunHbl Kces u KsocT. (UTOOGBI
He YCJOXKHATH PaboTy ¢ IIporpaMMoOil, 3HAUeHHUA 3JIEMEHTOB MaCCHUBOB 3a-
maioTcsA KaK KOHCTAHTHI.)

Bor auctuHr TpeGyemMoil mporpamMMbi:

anr 3amauva_ 1

Hau ues NsocT, Nces, i, j, k, Kcer, KsocT

| NeocT := 7 | KOJI-BO BOCTOUHEIX OTPE3KOB

Ncer := 5 | KoJl-BO CEBEPHHX OTPE3KOB

cuM Tab YOY[0:Nces, O:NBocT]

ues Tab YOB[0:Nces, 0:NBocT]

uen Tab SpocT[0:Nces, l:Neoctr], Scer[l:Ncer, 0:NBocT]
| 3aniosiHIeM MaccuB SBOCT

|

|

|

|

|

| SeocT[0, 1] := 14; SeocT[0, 2] := 14; SsocT([0, 3] := 13
| SeocT[0, 4] := 12; SeocT[0, 5] := 10; SBocT[0, 6] := 14
| SeocT[0, 7] := 13; SeocT[l, 1] := 12; SsocT[1l, 2] := 10
| SeocT([1l, 3] :=15; SBocT([1l, 4] := 13; SBocT[1l, 5] := 15
| SeocT([1l, 6] := 12; SBocT[1l, 7] := 10; SBocT[2, 1] := 8
| SeocT([2, 2] := 10; SBocT[2, 3] := 11; SBocT[2, 4] := 13
| SeocT[2, 5] := 16; SeocT[2, 6] := 12; SBocT[2, 7] := 10
| SeocT[3, 1] := 10; SeocT[3, 2] := 12; SBocT[3, 3] := 13
| SeocT[3, 4] := 10; SeocT[3, 5] := 8; SeocT[3, 6] := 10
| SeocT[3, 7] := 9; SmocT[4, 1] := 8; SmocT[4, 2] := 9
| SeocT[4, 3] := 14; SeocT[4, 4] := 10; SsocT[4, 5] := 9
| SBocT([4, 6] := 12; SsocT[4, 7] := 14; SBocT[5, 1] := 10
| SeocT[5, 2] :=9; SBocT[5, 3] := 10; SBocT[5, 4] := 8

| SeocT[5, 5] := 9; SBocT[5, 6] :=11; SBocT[5, 7] := 10
| |3anosnHgeM MaccuB ScCeB

| Sces[1l, O] := 10; Scem[2, 0] := 12; Scen[3, 0] := 11

| Scem[4, O] := 10; Scem[5, 0] := 11; Scen[1l, 1] := 13

| Scem[2, 1] := 14; Scen[3, 1] := 15; Scen[4, 1] := 13

| Scen[5, 1] := 12; Scen[l, 2] := 12; Scen[2, 2] := 11

| Scen[3, 2] := 12; Scem[4, 2] := 11; Scem[5, 2] := 10

| Scemn[1l, 3] :=12; SceB[2, 3] := 10; Scen[3, 3] := 14

| Sces[4, 3] :=15; Scen[5, 3] := 10; Scen[1l, 4] := 11

| Scen[2, 4] := 12; Scer[3, 4] := 15; Scen[4, 4] := 10
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SceB[5, 4] := 11; Scem[l, 5] := 10; Scen[2, 5] := 11
Sces[3, 5] := 10; Scen[4, 5] := 10; Scen[5, 5] := 12
Sces[l, 6] := 12; Scen[2, 6] := 10; Scen[3, 6] := 9
Scer[4, 6] := 9; Scer[5, 6] :=13; Scen[l, 7] := 15
Sce[2, 7] := 12; Scen[3, 7] := 11; Scen[4, 7] := 8
Sces[5, 7] := 14
| BanosHsgeM maccuse YOY u YOB
|a) MX MOCJIeOHII CTPOKY (CaMble CeBEpPHBEIE TOUKM)

YOB [NceB,NBocT] := 0

HU 0ia j oT Nsoct — 1 mo 0 mar —1

| YOY[Nces, j] := "B" |YnpaBJieHME BHHYXIEHHOE

| YOB[Nces, j] := SBocT[Ncer, 7 + 1] + YOB[Ncer, j + 1]
K1,

|6) mx nmpaBelt cTOoJbel (caMble BOCTOUHHE TOUKM)

HU 0i4a 1 or Ncer — 1 go 0 mar —1

| YOY[i, NBocT] := "c" |¥YnpaBJjieHME BHHYXIEHHOE

| YOB[i, NBocT] SceB[1i + 1, NBocT] + YOB[1i + 1, NBocT]
E

|B) ocTasbHBEIE BJIEMEHTEL

| IBmxeMCsa IO CTpOKaM OT MIPEenlnocyjienHeM CTPOKM K IIePBOM,
|a BOOJIb CTPOKM — OT HNPEnNOCJIEOHETO 3JIEMEHTAa K INEPBOMY
Hil s i or Ncee — 1 mo 0 mar —1
| v misa j or NeocTt — 1 mo O mar —1
| |BelOMpaeM yCJIOBHOE OITMMAaJIbHOE yIpaBJIeHUE
| 3BHaUueHMe Kpurepmusa OJd yhnpabjieHusa "Ha cesep"

Kcer := YOB[i + 1, j] + Scer[i + 1, 7j]
| BHaUeHMEe KpUTepMsa OJd yhnpaBJjeHusa "Ha BOCTOK"
KeocT := YOB[i, J + 1] +SsBocT[i, J + 1]

| BeiOMpaeM yCJIOBHOE ONTMMalIbHOE yHIpaBJIeHUE
ecsit KBocT > Kces
| To |VmeMm Ha ceBep

|
|
|
|
|
|
|
|
|
|
|
|
|
K

| YOy[i, J] :="c"
| YOB[i, j] := Kces
| mHauve |Mzoem Ha BOCTOK
| YOYI[i, j] := "B"
| YOBI[i, Jj] := KeocT
BCE

K1

|TleuaTaeM pes3yJibTaTH
| ONTMMAaJIbHEI BEMITPHII — B 2JieMeHTe YOB[0, 0]
| (B KxpyXKe y TOuku A)

BEIBOI HC, "MMHMMAJIEHEIE 3aTPaTEl Ha CcoopyxeHme nytm: ", YOB[O, O]

BHIBOZ HC, "OnTmMaJibHEE HAlpaBJIEHUS OTPE3KOB nyTu:"
| HauanpHOEe HanpaBJieHUE
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| 3anmcaHo B sjgemeHnTe YOY [0, 0]
| (cTpesika Ha KpyXKe y TOuku A)
i:=0; J :=0

HL g k or 1 mgo Nces + NpBocCT

| BeBOD YOY[i, J]," "
|llepexomuM K cJelyoley TouKe
ecim YOY[i, j] = "c"

| To

| i :=1+ 1
| mHaue

| j =3+ 1
BCe

BuIMOJIHUB IPOrpaMMy ¢ UCXOAHBIMU JaHHBIMU, IIPEACTABJIEHHBIMA Ha
puc. 12.2, MOKXHO O0HAPY/KUTb, UYTO OITUMAJLHBIA BBIUTPBINI (MHUHU-
MaJIbHBIE 3aTPaThl) HA coopysKeHue nmyTtu u3 A B B paBen 118, a moctura-
eTcsi OH TIPU CJIeAyIoIleM Habope OTPEe3KOB IYTH:

c, ¢, ¢, ¢, B, B, C, B, B, B, B, B

NuatepecHo — Kakoil pe3yabTaT ObLI ObI ITOJYUYEH, €CJU Obl MBI perra-
JIV 3a[jayy HAWBHBIM CIIOCOOOM, O KOTOPOM I'OBOPHUJIOCH BBIIIE, T. €. BHIOU-
pasi Ha KaskJoM Illare, HaunWHAas C IIePBOTO, CAMOEe BBITOAHOE IJIS JAaHHOTO
miara Hanpasjgenue? M3 puc. 12.2 BUAHO, YTO TAKUM CIOCOOOM MBI IIOJIY-
Yman Obl IIYTh, COCTOSIIUI U3 OTPE3KOB:

c, ¢, B, B, B, B, ¢, B, B, B, C, C
ITomcunraem pacxonawl mys Takoro mytu. OHu OyayT paBHBI:
10+12+8+10+11+13+15+8+10+9+ 8+ 14 =128,

uyTo 0O0JIbIlle, UeM HaliJleHHOe MEeTOJAOM AMHaMHUYEeCKOro IIporpaMMIpOBa-
HuA sHauenue 118. B mamHoM ciyuae pasHHIlAa He OUeHb BeJIHKa, HO B
IPYTUX CHUTyallMAX OHA MOJYKET OBITH CYII[eCTBEHHEE.

OTMeTHM U ellle OAWH MOMEHT. B Xo/e YCJIOBHOI OINTHUMU3AI[UU MbI
MOJKeM CTOJIKHYThCA CO cJydyaeM, Korza o0a BO3MOKHBIX BapuaHTa
yIpaBJeHUs OJd KaKOro-iInbo COCTOAHUS (KaKou-Inb0 y3JI0BOM TOUKN)
ABJSIOTCA ONTUMAaJbHBIMU, T. €. NPUBOAAT K OAMHAKOBOMY pPacXonay
CPEJICTB OT 9TO¥M TOYKM 0 KOHIIAa myTu. Hampumep, B TOUKE ¢ KOOpPAMHA-
tamu (1, 4) o6a BapuaHTa yIpaBJIeHUS ABJIAIOTCA ONTUMAJLHBIMU U AIOT
UTOTOBLIN pacxol, paBHBIN 67. VI3 HUX MBI MOKeM BbIOpaTh Ji000i1 (B Ha-
IeM cjiyuae MbI BHIOpPAJM «B», HO C TeM JKe yCIIeXOM MOTJIA Obl BHIOpATh
«C» — OOIIUI BHIUTPHIII OBLI ObI TeM Ke). Takue cayuayu HEOTHO3HAUHO-
o BbIOOPA OIITHMAJIBHOTO YIIPABJIEHUS YaCTO BCTPEUAIOTCS P HUCIIOJIb30-
BaHUU MeTOJla AUHAMHUUYECKOTO ITPOrpaMMUPOBAHUA.
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PeweHue 3apaum 2

O0cyIuM METOLUKY PeIleHUs STOHM 3aauM IJId CJIELYIOIIMX KMCXOLHBIX
IAaHHBIX: I'PY30I0IBEMHOCT, MAMINHBI Q = 35, KOJMUYECTBO IIPEIMETOB
n = 6. CBemenusa o0 9THUX IIpeaMeTax HPHUBeNeHbl B TalJIUIIE:

Ne 2 3 4 5 6
Bec 4 7 11 12 16 20
CTOoMMOCTDb 7 10 15 20 27 34

-

HamomHUM, UTO COCTOAHMEM CHUCTEMBI B JaHHOI 3ajjaue SBJISETCSA Bec,
KOTOPBIH ellle MOYKHO B3ATH B MAIIIMHY ITOCJe IPEeIbIAYIINX IIaros (ocra-
TOUHAas TPY30TMOABEMHOCTE). ['Py30MOABEMHOCTS MAIITMHELI U BEC KaKIOTO
mpeaMeTa CUUTAIOTCA IMeJbIMU YHUCJIaMU, II09TOMY BO3MOMKHBIE COCTOSHUSA
MIPUHUMAIOT BCe IeJIoUncCeHHble 3HaueHus oT 0 g0 Q.

VipasieHue B KaKJIOM COCTOSHHUM U AJA KaXKIOro Iara 3akKJII4YaeTcsa
B OTBeTe Ha BOIIpOC: OepeM Ju MbI JaHHBLIM IpeaMeT UIU He OepeM, UTO
KOQUPYEeTCsI, COOTBETCTBEHHO, €IMHUICN W HYJIeM.

I peltenns 3agaun 3amoauuM Taba. 12.4 (HaszoBeM ee IJIaBHOI; OHA
ABJAeTcA aHasoroM Tabs. 12.2).

B rpade S samuchiBaeTcssi BO3MOKHOE COCTOSHUWE MAaHHOW CHUCTEMBI
(Bec, KOTOPHIH ellle MOYKHO B3ATh B Mamuny). B rpade YOV ; Oyzem zamu-
ChIBATh YCJIOBHOE ONTUMAJbHOE yIpaBiaenune Ha i-m rmare (1 — «BGepem»;
0 — «He Oepem»). B rpadge YOB, zanuceiBaeTcs yCIOBHBIN ONTHMAIbHBIN
BBIMTPHIII Ha 1-M Imare.

Haunem omruMmwmsaiuio c¢ mocjaenHero, 6-ro mara.

Bec 6-ro mpeamera paBer 20, m03TOMY ecJi BeC, KOTOPBI MOKHO B3STh
B MaIlIuHy, Ha 6-M miare meubiine 20, To 6-i mpegMeT B3ATH HEBO3MOYKHO.
3uauur, B rpade YOV, B crpokax, rae S < 20, craBum «0», a B ocTamb-
HBIX caydaax (S = 20) crasum «1». B rpade xe YOB; craBum «0» mpu
YOV, = 0 u 34 (croumocTs 6-ro npeamera) npu YOV, = 1. HanmomauwMm, 4to
TaKoe yIIPaBJIEHWE MBI YCJIOBUJIUCHL HA3bIBATH 6bLHYNCOCHHBLM.

Temeps onTUMHU3UPYEM 5H-# Iar.

Bec 5-ro mpenmera paBen 16, u ecau Bec, KOTOPHIH eIlle MOYKHO B3ATh
B MAIIIMHY, MeHbIlle 16, To MBI He MOKeM B3ATH H-I mpeaMer (9TO TaKKe
BBRIHY:KJ€HHOE yIIpaBjleHue), u B rpade YOV, B cTpokax, rge S < 16, cra-
BUM HYJIb. CooTBeTCTBYyIOINEe 3HaueHue B rpade YOB s sTUX CTPOK TaK-
JKe paBHO HYJI0, MTOCKOJBKY IOCJe KasKI0T0 M3 TaKWUX YIIPaBJIEHUI CUCTe-
Ma OCTaHeTCA B TOM ’Ke COCTOSHWH, IJA KOTOPOro Ha miare 6 3HaueHume
YOV, = 0. A BOT B CTPOKax, rae S = 16, ycI0BHOE ONTUMAaJIbHOE yIIPaBJie-
HHe Hajgo OyneT BBIOMpATh M3 ABYX BO3MOKHBIX — OepeM 5- mpemMeT
uan He OepeMm.
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Ta6nuua 12.4

Cocro- 1-it mar 2-1 mar 3-i1 mar 4-i mar 5-i1 mar 6-11 mar
TS |y0y, | YOB, | Y0¥, YOB, |YOV3 YOBg | YOV, |YOB,| Y0¥y | YOBs | YOV | YOBg
0 — — 0 0 0 0 0 0 0 0 0 0
1 — — 0 0 0 0 0 0 0 0 0 0
2 — — 0 0 0 0 0 0 0 0 0 0
6 — — 0 0 0 0 0 0 0 0 0 0
7 — — 1 10 0 0 0 0 0 0 0 0
8 — — 1 10 0 0 0 0 0 0 0 0
9 — — 1 10 0 0 0 0 0 0 0 0
10 — — 1 10 0 0 0 0 0 0 0 0
11 — — 0 15 1 15 0 0 0 0 0 0
12 — — 0 20 0 20 1 20 0 0 0 0
13 — — 0 20 0 20 1 20 0 0 0 0
14 — — 0 20 0 20 1 20 0 0 0 0
15 — — 0 20 0 20 1 20 0 0 0 0
16 — — 0 27 0 27 0 27 1 27 0 0
17 — — 0 27 0 27 0 27 1 27 0 0
18 — — 0 27 0 27 0 27 1 27 0 0
19 — — 1 30 0 27 0 27 1 27 0 0
20 — — 0 34 0 34 0 27 0 34 1 34
21 — — 0 34 0 34 0 34 0 34 1 34
29 — — 0 34 0 34 0 34 0 34 1 34
23 — — 1 37 1 35 0 34 0 34 1 34
24 — — 1 37 1 35 0 34 0 34 1 34
25 — — 1 37 1 35 0 34 0 34 1 34
26 — — 1 37 1 35 0 34 0 34 1 34
27 — — 1 44 1 42 0 34 0 34 1 34
28 — — 0 47 0 47 1 47 0 34 1 34
29 — — 0 47 0 47 1 47 0 34 1 34
30 — — 0 47 0 47 1 47 0 34 1 34
31 — — 0 49 0 49 1 47 0 34 1 34
32 — — 0 54 0 54 1 54 0 34 1 34
33 — — 0 54 0 54 1 54 0 34 1 34
34 — — 0 54 0 54 1 54 0 34 1 34
35 0 57 1 57 0 54 1 54 0 34 1 34

MeToauKy TaKOTo BhIOOPA IPOUJLIIOCTPUPYEM HA IIPUMEPEe COCTOSHUS
S =16 ¢ momomipio Tadba. 12.5 — amajsora Tabua. 12.3.
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Ta6nuua 12.5
BosmoixHOE Bemurpsim Cocrosnue, Y caoBHOE Kpurepuii
yInpasieHue OT 3TOTrO0 B KOTOpOE ONTHMAJIbHOE BBIOOpa
yIOpaBjIeHUsl | HmepeigeT cucTeMa | yIpaBieHHe s
Ha JaHHOM B pe3yabTaTe JITOTO0 COCTOAHMUA
uiare yIpaBJeHus Ha 6-M mare
He 6epem (0) 0 16 0 0+0=0
Bepewm (1) 27 0 0 27+0=27

3HaUUT, AJiA COCTOAHUA S = 16 yCIOBHOE ONITUMAJIbHOE yIIPaBJIeHUE 3a-
KJIIOUAETCA B TOM, UTO H-ii mpeaMeT MBI OepeM. ¥ CJIOBHBIN ONTHMAJIbHBIN
BBIUTPBIMI JJIA TAKOTO YIIPaBJIeHUA paBeH 27, UTO MBI U 3alHUIIEM B rpa-
¢y YOB, rnasHO#l TabauIIBL.

AHaJIOTUYHBIN PE3yJIbTAT MOKHO TMOJYUUTDh U AJIA cocTodaHu S = 17,
S =18, s = 19. [Ina cocroauusa xe S = 20 ucxomxHada mHGOPMAUA I
BBIOOpPA YCJIOBHBIX ONITMMAJbHBLIX TAPAMETPOB IpuBeaeHa B Taba. 12.6.

Ta6nuua 12.6

BoamosxHoe Brrurpsim Cocrosanue, Y ciaoBHOe Kpurepuit
yInpaBiieHue OT 3TOr0 B KOTOpOE ONTHUMAJBHOE BBIOOpA
yIOpaBIeHUsl | IepeieT CUCTeMa | yIpaBJeHUe I
HAa JAHHOM B pe3yJabTaTe 9TOro COCTOIHUA
urare yIpaBJeHusa Ha 6-M miare
He 6epem (0) 0 20 34 0+34=34
Bepewm (1) 27 0 0 27+0=27

W3 sToii Tabauibl ciaegyer, UTO YCJIOBHOE OITHMAaJbHOE YIIPaBJIEHUE
IJIA BTOTO COCTOSAHWA COCTOUT B TOM, UTO 5-W mpeamer He Oepercs, a
YCJIOBHBIA ONTHUMAJILHBIA BBIUTPHIII paBeH 34. 3anuiieM 3TO B rpadbl
YOV, nu YOB, riaBHOI TaOJHUIIbI.

Ananornuyno BeruucauM YOV, u YOB, 11 BceX OCTAJbHBIX 3JIEMEHTOB

IVIABHOI TaOJUIILI MO 1 = 2 BKJIIOUMUTEJIBLHO.
Curyamusa ke aaa 1 =1 mpoire: B caMoM Hadaje MalllMHA IIyCTa U

S = Q = 35, a BBIUNMCJEHHUS IIPOBOAATCS TOJBKO OJsI CTPOKU S = 35
(raba. 12.7).
Tabnuua 12.7
Bosmo:xHOE Beinrpsim Cocrosanue, YcaoBHOE Kpurepuit
yIpaBJieHne OT 3TOr0 B KOTOpOe ONTHMAJIbHOE BBIOOpA
yIpaBJieHUsd | Tmepeiiier cucTeMa | yIpaBJIeHUE TSI
Ha JaHHOM B pe3yJabTaTe 9TOro COCTOSIHUA
mare yIpaBJeHUus Ha 2-M mare
He 6epem (0) 0 35 57 0+57=57
Bepew (1) 7 31 47 T+47=54
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IIpu sTomM aBTOMATHMUECKHM JaeTcs OTBET Ha BOIPOC, KaKOBa MaKCHU-
MaJbHad CTOMMOCTH IIPEIMETOB, KOTOPLIMM MOJYKHO 3arpy3uUTh MAaIllU-
Hy. OTBeT HaxoAUTCA Ha IepecedeHUU 35-U cTpoKu u croybna YOB, u
paBeH 57.

1A mosiyuyeHMA OTBEeTa Ha BOIIPOC, KAKWMMU TIpeAMeTaMU HaJo Harpy-
3UTH MAIIUHY, YTOOBI X CTOMMOCTB ObIJIa MaKCHUMAaJIbHOM, HAJIO IIPOCMOT-
peTh TabJuIly cIpaBa HAJEBO:

e Tak Kak YOV, = 0, To mepBbIii Ipeamer MbI He GepeMm;

e TaK KaK MbI He B3sJM MEPBBII IIPeJMeT, TO «CBOOOJAHOTO» Beca Tak U
ocrajoch 35; HaAXOAUM JJIEMEHT Ha IIepeceueHuU CTPOKH S = 35 u
cronbna YOV,: oH paBeH 1, a 3HAUUT, BTOPOHl IIpeAMeT MbI OepeM B Ma-
HINHY;

e TAaK KaK MBLI B3sJM BTOPOH IIpeIMeET, a ero Macca pasBHa 7, TO IIOCJIe
ero morpys3Ku «CBOOOZHOTO» Beca ocTaHerca 28. Haxomaum sjieMeHT
Ha IepecedyeHny CTPOKU S = 28 u cronbna YOV : on pasen 0, a 3Ha-
YUT, TPETUH HpeaMeT Mbl He 6epeM 1 «CBOOOJHOI'O» Beca TaK M OCTa-
Herca 28;

u T. n. B raaBHoii Tabauile MOJYyUYeHHbIE 9JIEMEHTHI BBIJEJEHBI CePbIM
IIBETOM.

IIpu mporpamMmMHO# peajsim3aliiy OMMCAHHOTO MeToAa WH(MOPMAIIUIO 13
TJIaBHOUM TaOJUIBI MBI OyZeM XPaHUTh CIAEeOYIOIIUM o0pasoM. SHaUeHUS
BapWaHTOB YCJIOBHOTO ONTHUMAJBHOTO yHIpaBJeHUWs OyAeM 3aluchIBaTh B
IBYMEpPHBIN MaccuB YOY [0:Q, 1:n]. A AJs YCAOBHBIX ONTUMAJIbHBIX BbI-
UTPHINIEN MCIIOJIb30BATH MAaCCUB C MHOKECTBOM CTOJIOIIOB HEOOXOJMMOCTH
HET — MOJKHO 3aMeTUTh, UTO IIOCJIe ONTUMU3AI[UU 1-TO Iara W 3amoJiHe-
HuA rpagppl YOB; rpaga VOB, ,, craHeT HeHy:XHOI u OyJeT JIMIIbL 3a-
HUMATh MEeCTO B maMATu. [looToMYy [Jid XpaHEeHUsS YCJAOBHBIX OITUMAJb-
HBIX BBIUTPHINIEN, yiKe HaleHHBIX Ha miare Nmara, Mbl HCIOJb3yeM
OTHOMEPHBIN MaccuB YOB[0:Q], a mpu mepexofie K IPeabIAyIIeMy Iary
(Nmara — 1) ycjIOBHBIE OIITHMAaJIbHbIE BHIUTPBIIIN OyIeM 3aHOCUTh B OJHO-
MepHBINT MaccuB YOBHOB [0:Q], I'le mocje 3aIlloJHEeHUS MaccuBa YOBHOB
3HAUYEHUSA ero 3JeMEeHTOB MePeIChIBAIOTCA B MacCUB YOB U MCHOJIb3YIOT-
cA /A ONTHUMHUBAIIMM Ha APYroM Imare.

Bec u cTouMmocTh mpeaMeTOB MBI 3aIIMINIEM B MACCUBBI ¢ MMEHAMM, CO-
OTBETCTBEHHO, B 1 C, a COCTOSTHME CHUCTeMBbI (BeC, KOTOPBIHA eIle MOKHO
B3ATh B MAIIIMHY IIOCJE TPEABIAYIINX IaroB) o603HAUMM KakK OcCT.

Kar MBI mOMHUM, TOMCK BapMAHTOB YCJIOBHOTO ONTUMAJILHOTO yIIPaB-
JIEHUA W BBIUTPBINIEN HAJL0 HAYMHATH C ITOCJIeIHETO ITara. 3/1ech yrupanJe-
HUEe BBIHYKIEHHOE: eCJIM BeC Nn-ro mpeamMeTa He 0OJIBIIIE OCTATOUYHOM I'DY-
30moabeMHOCTH OCT, TO IIpeaMeT OepeTcs, a B IPOTUBHOM cJydyae — He
Oepercsi, MOCKOJIBKY BTO HEBO3MOYKHO.
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SanuiremM ckasaHHoe 0ojsiee (GOPMATILHO:

ecnm B[n] > Ocrt

| TO

| YOY[OcT, n] := 0; YOB[OcT] := 0

| mHaue

| YOY[OcT, n] :=1; YOB[OcT] := C[n]
BCe

OTciofla HaXOAMM YKasaHHbIe BeJIUUYNHBI IPU BCEX BO3ZMOJKHBIX 3HaUe-
HUAX COCTOAHUSA OCT.

Temeps mpucTynaeM K HaXOXKIEHUIO YCJIOBHOTO ONTHUMAJIBHOTO yIIpaBJIe-
HUSA ¥ BBIUTPBIMIENA HA BCEX MPOMEXKYTOUHBIX ITIaraxX OT IPEAIOCIIETHETO 10
Broporo. Ilycts Ha HeKoTopowm miare (Nmara + 1) ycaoBHBIE ONTUMAJIBHBIE
BBIUTPBIMIN yKe HaWJeHbl W XpaHATCSA B MaccuBe YOB. Ompemenum mx
Iada npeneiayInero mara Numara. [lo-mpeskHeMy, ecyiu Bec IIpeaMeTa ¢ HO-
MepoM Nmara mrara OOJbIIIe OCTATOYHOW TIpy3omoabeMHOCTH OCT, TO
npenMeT He OepeTcs; MHAYe BBISICHAEM, HYKHO Ju ero OpaTb. Haxomum
YCJIOBHBIE BBIUTPBININ (KpUTEpUHU BbIOOpa) KGepem, KHeT mjsa o60UX BO3-
MOJKHBIX BapMaHTOB yIPaBJEHUSA U BLIOMpPaeM TOT, IIPU KOTOPOM YCJIOB-
HBIM BBIUTPHIIIT OOJIBIIIE.

Bor 6osee mompobHas 3ammnch CKas3aHHOIO:

ecau B[Nwmara] > Oct
TO

YOY [OcT, Nmara] := 0; YOBuoB[OcT] := 0
MHade

| BeibpaeM Jiydlnil BapMaHT

| KpuTepuy njasa 1-10o BapuaHTa

KrHeT := YOB[OcT]

| KpuTepunt 0Jisg 2-TO BapuaHTa

Kbepem := C[Nmara] + YOB[OcT - B[Nwaral]]
ecau Kbepem > Kuer

| TO

| YOY[OcT, Nmara] :=1

| YOBHOB[OcT] := KbepeM
| mHaue

| YOY[OcT, Nmara] := 0

| YOBHOB[OcT] := KuHeT
BCe

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
BCe

BreimosHsem aTu omeparnuu IpU BCeX BO3MOMKHBIX 3HAUEHUAX COCTOA-
Husa OcT, IIOCJIe Uero konupyem maccuB YOBHOB B YOB.

Haxonemn, paccmaTpuBaem mepBbIi miar. [Jid HETro CyIIeCTBYeT JIUIIb

OIHO cocTosHHE Q. AHAJOTMYHO IIPEABIAYIIIEMY, HaXOAUM OITUMAJIbHOE
yIIpaBjieHue Ha IiepBoM Imare: YOY[Q, 1].
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Ocrajsoch onpeeanuTh ONTUMAJNbHOE YIPABJIeHNE Ha IIOCHELYIOIINX
marax. [asg aToro, 3HasA ONTHMMAaJIbHOE YIpPaBJeHUE U COCTOAHUE Ha
IpenbIAYINEM IIare, HAXOJUM COCTOSHNE Ha OUepPeJHOM Iare u bepem
YCJIOBHOE OIITHMMAaJbHOE YyIpPAaBJIEHHE JTOTO COCTOAHUA U miara (cM.
BBIIIIE).

IIporpamma:

ues Q, n |I'mofasnbHEE INapaMeTpPHE 3amaun
anr 3amada 2
Had uesa Nmara, Oct, uen tad B[l:n], C[l:n], YOY[0:Q, 1:n],
YOB[0:Q], YOBuoB[0:Q]
= 35 |I'py30NOOBEMHOCTL aBTOMOOMIIS
n := 6 |KojmuuecTBO NpeIMeTOB
| B3annosHsgeM maccuBe B u C
B[l]:=4; B[2]:=7; B[3]:=11; B[4]:=12; B[5]:=16; C[6]:=20
C[1l]:=7; C[2]:=10; C[3]:=15; C[4]:=20; C[5]:=27; C[o]:=34
| OnpenesiseM yCJIOBHEE OITMMAJIbHEIE MapaMe TP
|TocmegHMM mar
HU ona Oct o 0 mo Q
ec B[n] > OctT
| TO |B3ATH mocJemHMM NpeaMeT HeJlb34

O
|

|

|

| | YOY[OcT,n] := 0; YOB[OcT] := 0

| | mHaue |MOXHO B3ATH [NOCJIEOHUN NpenaMeT
| | YOY[OcT,n] :=1; YOB[OcT] := C[n]

| BCe

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

| x1

| |OcTanbHBle WarK (KpoMe IepBOI0)
| Hu gya Nwmara or n — 1 mo 2 mar -1
| | By mng OcT or 0 mo O
| ecau B[Nwmara] > Oct
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

TO |B3aTp HpemMeT C HOMepoM Nmara HeJlb34
YOY [OcT, Nmara] := 0; YOBuoB[OcT] := 0
MHaye | MOXHO

| BeibpaeM JIiydunil BapMaHT

Kuer := YOB[OcT]

Kbepem := C[Nmara] + YOB[OcT - B[Nmara]]
ecau KbepeMm > Kuet

|
|
|
|
|
|
|
|
|
|
|
|
|
|
B

| TO
| YOY[OcT, Nmara] :=1
| YOBHOB[OcT] := KbBepem
| uHaue
| YOY[OcT, Nmara] := 0
| YOBuor[OcT] := KHeT
Bce
BCE

KL
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| |IllepenuceiBaeM maccus YOBHOB B Maccue YOB

| 2L ozna Oct oT 0 mo Q

| | YOB[OcT] := YOBHOB[OCT]

| x1

K1

|lepBBIM WAT

| BO3BMOXHOE COCTOSHME OIHO — MOXHO B34Tb O eIMHMUIL Ipy3a
|HaxonouMm onTuMalibHOE yhnpablieHue (Des3yCJIOBHOE)
Kuer := YOB[Q]

Kbepem := C[1] + YOB[Q - B[1]]

ecau KbepeMm > KuHeT

|

|

|

|

|

|

|

|

|

|

|

| | To

[ | YOYI[Q,1] :=1

| | YOBuoOB[Q] := Kbepem

| | mHaue

[ | YO¥YI[Q, 1] :=0

| | YOBuHOB[Q] := Kuer

| Bce

| |lleuaTaeM MaKCUMAaJIbHEM BEMIPBII
| BuBOO HC, "MakcuMallbHasa CyMMapHasa CTOMMOCTb: ", YOBHOB[Q]
| |OnpenesnsgseM BapMaHT yIpaBJIEHUS, IPU KOTOPOM OH IOCTUI'AeTCs
| BuBOO HC, "OnTmMasbHOE ynpabjeHue:"
| OcT :=Q

| Hu gya Nmwara or 1 mo n

| | BerBOO HC, Nwmara, "-u npenmer "
| | ecmm YOY[OcT, Nmara] = 1

| 1| o

| | | BeBOL "Oepem"

| | | Oct := OcTt - B[Nmara]

| | | mHaue

| | | BeBOH "He Oepem"

| | Bce

| x1

KOH

BroimostHuB mporpaMMmy, MOMKHO MOJYUUTD, UTO ONTUMAJIBHBIM ABJISETCS
Habop m3 2-ro, 4-r0 U 5-TO MPEAMETOB, MPU KOTOPOM CyMMapHas CTOU-
MOCTH paBHA 57 (UTO COOTBETCTBYET AAHHBIM IJiaBHOU Tabs. 12.4). IIpena-
ralo YHUTATENI0 caMOMy yOeZUTbCH, YUTO JIIO0OHM Apyroil Habop IIpeIMeTOB
C CyMMapHBLIM BecoM He 0ojiee 35 obJjagaeT CyMMApHOM CTOMMOCTBIO, HeE
OosbIreir 57.

YcoBepireHecTByeM ImporpamMmmy. Tak Kak B Hell uMeeTcA ABa IIOXO-
JKux (parMeHTa, CBA3aHHBIX C BBHIOOPOM OITHMAJbHBIX IIapaMeTpPOB
Ha IePBOM IlIare ¥ Ha OCTAJbHBIX IlTaraX, KpoMe IMOCJeJHEero, TO COOT-
BETCTBYIOI[ME ENCTBUSA 11eJ1ecO00pa3Ho 0opopMUThH B BUAE HMPOIEAYPhI
BribopBapuaHTa:
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anr BuOopBapmanTa (apr uesn Oct, Nmara,
uen Tab B[l:n], C[l:n], YOB[0:Q], apr pes uen YOY, YOBH)
| |BeiOOp Ha mare Nmara yCJIOBHOT'O OINTMMAJIBHOT'O YIPaBJIEHUS
| |M3 OBYyX BO3MOXHEIX: OpaThb MM He OpaThb NpelIMeT,
| |a Taxkxe onpenejieHME YCJIOBHOI'O OITMMAJIbLHOT'O BHMI'PHIIA
Hau ueJy Kbepewm, KhHer
Kuer := YOB[OcT]
Kbepem := C[i] + YOB[OcT - B[i]]
eci Kuetr > Kbepewm

|

|

|

| | o

| | YOY := 0; YOBH := KHeT

| | mHaue

[ | YOY :=1; YOBH := KbOepeM
| Bce

KOH

s maros ¢ Homepom oT 2 10 (n — 1) BBI30B 2TOI MPOIEeAYPHI SO KEH
OCYIIIECTBIATHCA CJAEAYIOITUM 00pasoM:

BeibopBapmanTa (OcT, Nmara, B, C, YOB, YOY[Oct, Nwara], YOBHOB[OcT])
a MJid IIepBOro Imara:

BeibopBapmanTa (Q, 1, B, C, YOB, YOYI[Q,1l], YOBuoB[Q])

VY6enurech, UTO UCIOJb30BaHUE 3TOM MPOIEAYPHI CYIIIECTBEHHO YMEHb-
ImIaeT pasMep HPOTrpaMMbl M YJIYUIIIaeT €€ <«UUTaeMOCThb».

PeweHue 3apaum 3

IIpe:x e Bcero oTMeTHM, UTO MCXOHBIN 3alac CPEACTB Q, a TaAKIKe CPeJICT-
Ba, BJOYKEHHBIE B IIPEANPUATUS, ABIAIOTCS IMeJbIMU BeaununHamu. Torga
J11000€e BO3MOJKHOE CoCcTOosIHIEe, KoTopoe (cMm. Tada. 12.1) xapakTepusyercs
00'beMOM ellle He BJIOXKEHHBIX CPeACcTB (Ha30BeM 9Ty BeJUUYUHY OCT), IIPU-
HUMAaeT Iejible 3HaueHuA B AuamaszoxHe or 0 mo Q.

s Kakaoro BOBMOKHOTO COCTOSHUA BO3MOKHO HECKOJHKO BapuaH-
TOB yIIPaBJEeHUS: BJIOKeHNE B TO niu nHoe npegnpusarue 0, 1, 2, ..., OcT
eIVMHUIL CPEICTB. OTUM JaHHAA 3a7jadya CYIEeCTBEHHO OTJIMYAETCS OT IIpe-
OBIAYINIUX, TJe UMeJOoCh JUIIL ABa BapuaHTa ymupaBienus. C gpyroi cro-
POHEI, 3amaua 3 JOBOJILHO OJMB3KA K IIPebIayIeii, BTopoii 3amaue. IloaTo-
My MBI BOCIOJIb3yeMCs yiKe BBEJeHHBLIMU O0O03HAUEHUSAMHU TeX BEJUUNH,
KOTOpBbIE SBJAIOTCA OOIUMHU AJS HUX: YOY [Ocr, Nwmara] — yCJIOBHOE
OIITUMAJIbHOE yIIpaBJEeHVe B COCTOAHMU OcT Ha miare Nmara, YOB[OcT]
U YOBHOB[OcT] — YyCJIOBHBIE OINTUMAJbHBIE BBIUTPBIIINA B COCTOSHUU
Oct Ha miare Nmara u (Nwara — 1).

HoBriM monATHEM Baech aABIdgeTcA QYHKUUA 00X00a OT BJIOMKEHUSA
CPEeICTB OJA NAaHHOTO NpPeanpuaTus. IIoCKOJBbKY BJIOKEHHBIE CpPeCcTBa
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OPUHUMAIOT Bce Iiesble 3HaueHuA orT 0 mo Q, To GpyHKIHM moxoma — Tab-
JINYHEIE.
O0BeguHUM BCe 3TH TAaOJUIILI B ABYMEPHBIA MaccuB Joxonm[1:N, 0:Q].

Torma Hoxoxn[Nmara, X] — 3TO IOXOH OT BJIOKEHUS X eOUHUIL CPeICTB
B IpennpusTue Nmara.
HamomuuMm, uTo 0OmINii IMOAXOJ K PEIIeHWI0 IIOZOOHBIX 3agau — IIO-

cJaeqoBaTeJIbHO 3alOJHATE Ta0auIly Tuma tabua. 12.2; ee peanusanus Ajs
IAaHHOM 3amaun npusegeHa B Tadba. 12.8. 3gech IPUHATO, UTO KOJIUUECTBO
npegupusaTuii N = 5, ucxomuslii 3anac Q = 10, a marpuiia goxona Joxon
nMeeT BUL:

0.0 0.5 1.0 1.4 2.0 2.5 2.8 3.0 3.0 3.0 3.0
0.0 0.1 0.5 1.2 1.8 2.5 2.9 3.5 3.5 3.5 3.5
0.0 0.6 1.1 1.2 1.4 1.6 1.7 1.8 1.8 1.8 1.8
0.0 0.3 0.6 1.3 1.4 1.5 1.5 1.5 1.5 1.5 1.5
0.0 1.0 1.2 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3
Ta6nuua 12.8
Cocro- 1-it mar 2-i1 mar 3-i1 mar 4-¥ mar 5-1 mar
e yoy YOB Yoy YOB yoy YOB yoy YOB yoy YOB
0 — — 0 0 0 0 0 0 0 0
1 — — 0 1 0 1 0 1 1 1
2 — — 0 1.6 1 1.6 1 1.3 2 1.2
3 — — 0 2.1 2 2.1 2 1.6 3 1.3
4 — — 0 2.4 2 2.4 3 2.3 4 1.3
5 — — 5 2.9 1 2.9 3 2.5 5 1.3
6 — — 5 3.5 2 3.4 4 2.6 6 1.3
7 — — 5 4.1 2 3.6 4 2.7 7 1.3
8 — — 5 4.6 2 3.7 5 2.8 8 1.3
9 — — 7 5.1 4 3.9 5 2.8 9 1.3
10 0 5.6 7 5.6 5 4.1 5 2.8 10 1.3

3HaueHUA, COOTBETCTBYIOIINE IIOJYYEHHOMY OINTUMAJIbHOMY YIIDaBJIe-
HUIO, 3J€Ch TaK)Ke BBIJEJIEHBI CEPBIM IIBETOM.

IIpu cocraBnenun tabs. 12.8 onTuMaabHBIN BapuaHT yaI00HO BHEIOMPATH
¢ IIOMOIIBI0 TAabOMUITLI TUIla Tabs. 12.3. B Haleil 3agaue IpoaeMOHCTPUPY-
€M ee HCII0JIb30BaHWE Ha IIPUMepPe ONPEJesIeHUs YCIOBHOTO ONTUMATBHOTO
YIOpaBJeHUSA U YCJIOBHOTO ONTHUMAJBHOTO BBIUTPHINIA HA TPEThbEM Iare B
COCTOSHUM, KOTZa 3amac cpeacTB paBeH 7 (tabua. 12.9).

EcrecTBenHO, UTO K 9TOMYy MOMEHTY 4-# IIar y»ke ONTUMHU3WPOBAaH, T. €.
3aIl0JIHEHBI COOTBETCTBYIOIIME CTOJIONEI Ta0a. 12.8. M3 Taba. 12.9 caenyer,
YTO YCJOBHOE OITHMMAJLHOE YIIPaBIeHWE B PacCMaTPUBAEMOM COCTOSHUU
PaBHO IBYM €IWHUIIAM CPEACTB, & COOTBETCTBYIOIINI YCIOBHBIH ONTUMAIb-
HBIN BBIUTPBINI — 3.6. OTH 3HAUEHUA W 3amuchiBaroTcAd B Tabs. 12.8.
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Ta6nuua 12.9

BosmosxHOE Brerurpsim Cocroanue, Y cI0BHBIH Kpurepuii cpas-
yIpaBiieHue OT 3TOTO B KOTOpOE ONTUMAJIBHBINH | HEHUS BAPUAHTOB
yIpaBJ/IeHU | epeiiieT cucTeMa | BBIMTPBIT [JIs yIpaBJIeHU S
Ha JaHHOM B pe3yJbTaTe cocrogHuA B | (cymma rpag 2 u 4)
mare yIpaBJIeHuA rpacge 3

1 2 3 4 5

0 0 7 2.7 2.7

1 0.6 6 2.6 3.2

2 1.1 5 2.5 3.6

3 1.2 4 2.3 3.5

4 1.4 3 1.6 3.0

5 1.6 2 1.3 2.9

6 1.7 1 1.0 2.7

7 1.8 0 0 1.8

Ilepexogum K cumcTeMaTHYECKOMY M3JOKEHUIO aJropuTMa. B HeM
CYIIeCTBEHHYIO POJIb OyIeT UrpaTh mporeaypa BubopBapuaHTa AJS OIpe-
JIeJIEHUA YCJIOBHOI'O ONTHUMAJILHOIO YIIPABJICHUS X YCJAOBHOI'O OINTHUMAJILHO-
IO BBIUTPHIIIA B COCTOAHMU OcT HAa Imare Nmara, aHaJorMuHas paspado-
TAHHOM MPHU PeIleHNU 3aJauu 2, HO YUYUTBIBAIOIIas TO O00CTOATEIBCTBO,
YTO MPU BBIOOPE ONTUMAJIBLHOTO BapHaHTa TPedyeTcs IMPOBEPUTHL BCE BO3-
MOXKHBIe 3HaueHUs ymupasieHus or 0 mo Ocrt:

aJyr BeibopBapuaHTa (apr uen Oct, Nwara, eew Tab Hoxon[l: N, 0:Q],
YOB[0:Q], apr pes uen YOY, Bew YOBH)

Hau ueys BY, OY, Bem KBy, Kmakc

| BY — BO3MOXHOE yIpaBJIeHUE

| O¥Y — onTuMasibHOE yNpaBJIeHME Cpeny PacCMOTPEHHHX

| KBy — 3HaUeHMe KpUTepusd OJid BHOOpa OITMMAaJIbHOI'O BapuaHTa

| KMakCc — MakCHMaJIbHOE 3HAauUeHMEe KPUTepUd

Kmaxkc := Joxoxn[Nmara, 0] + YOB[OcT]

HU gyig BY or 1 mo Oct

| KBy := Hoxoxn[Nmara, BY] + YOB[OcT - BY]

| ecniu KBy > Kmakc

I | o

[ | OV := BY

| | Kmakxc := Sx

| Bce

KII

YOy := 0¥

YOBH := Kmakc

OH
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B mponienype cuauasa mpuaATo OY := 0; Kmakc := Hoxoxn[Nmara, 0]+
YOB[OcT], a 3aTeM pacCMOTPEHbI BCe 3HAUEHUA yIIpaBieHus BY oT 1 mo Ocr.

ITouck onTuMAaJILHOTO BapuaHTa Mbl HAUMHaeM, KaK OOBIUHO IIpm uc-
IIOJIB30OBaHUM AWMHAMMWYECKOI'O IIPOTrpaMMMPOBaHMA, C IIOCJTIeAHEro Iiara
(paccMOTpeHUsT BAPUAHTOB BJIOYKEHUS CPEACTB B H-€ IPeIIpuaTrue). 31ech
yIpaBjieHUEe BBIHYKIEHHOE — JIJISA JI0OTO COCTOAHUSA CUCTEMBI OCT MBI
BKJIQAILIBAa€M B H-e IIPEeNIPUATHE BCE OCTABIIIMECS CPEJCTBA, a YCJIOBHBIN
OIITUMAJIbHBINA BBIUTPBIII OIIpeaesideM M3 MacCHuBa ,J:[OXOJZH

HU gna Oct or 0 mo Q

| YOY[OcT,n] := OcT
| YOB[OcT] := Hoxonm[n, OctT]
KO

3areM MbI IIPUCTYIIAaeM K HAXOMKJIEHUI0O BAPUAHTOB YCJIOBHOTO OIITH-
MaJILHOTO YIIPABJEHWS W BBLIUTIDHIMIEH Ha BCeX MPOMEKYTOUHBIX IIarax
OT TpeAIiocJeHer0 0 BToporo. Ilycts mpu HekoTopoM (Nmara + 1) oHEI
yoKe HaWJeHbl, IIPU 3TOM YCJIOBHBIE ONTUMAJIbHBIE BHIUTDPBIIIN XPAHAT-
ca B MaccuBe YOB. OnpenenuM ux 4jid OIpenbIayInero mara Nwara, Jis
Yero BBINOJHSAEM oOpallleHre K IpPOoIeAype:

BribopBapmraHTa (OcT, Nmara, loxon, YOB, YOY [OcT, Nwara] , YOBHOB [OcT] )

IIpU BCeX 3HAUEHUAX cocToAHUA OcT orT 0 mo Q, a mocjie 9TOro KOIUpyeM
MaccuB YOBHOB B YOB.

Ha mepBomMm 1m1are cocrodHme eTUHCTBEHHO W paBHO Q. IlosTomy, BBI-
MOJHUB oOpallleHue:

BuibopBapuanTa (Q, 1, Hoxom, YOB, YOVI[Q, 1], YOBHOBI[Q])

MBI HaXOAUM ONTHUMAJbHOE YIIPaBJIEHUE AJIA IIEPBOT0 IPEAIPUATUS U
MaKCHUMAaJbHBII JOXOI.

OcTajioch OIpPeNeJuTh OITHMAaJbHOE yIpaBJeHHe Ha IMIOCIeYIOIINX
mmrarax. I[JIH 9TOI'0, 3HadA COCTOSAHMNE Ha IIPEeAbIAYyIIeM Ilare n OIITHUMAaJib-
HOe yIIpaBjieHre, HaXOoAuM X pasHocTh. CoCTOsSHME Ha OUepeSHOM Iare
paBHO 3Toii pasHocTu. OTCIOZa MOJIlyYyaeM YCJIOBHOE OIITMMAaJIbHOE YIIpPaB-
JIEHHE OJId IIOJIYYE€HHOI'0 COCTOAHHUA WM OUYepPEeaHOro IImara.

IIpe:xme uem HammcaTh COOTBETCTBYIOIIIYIO IPOTPaMMYy, C IeJbI0 ee
YIIPOINeHU A, BCEe MCXOMHBIE NaHHBIE (MCXOOHBIN 3amac pPecypcoB, KOJU-
YeCTBO HPEAIPUATUN UM (PYHKIUH OOXOLA IJIS KAXKIOr0 HPEeIIIPUSITIIL)
IIpMMEeM H3BECTHBIMHK 3apaHee.

ues Q, N |T'mofasnbHEE NMapaMeTpH 3amaun

aar Bapmada 3

Hau ues Nmara, Oct, Bem Tab Hoxoxm[l:n, 0:0], YOB[0:Q],
| YOBroB[0:Q], uen Tab YOY[0:Q, 1:n]

| Q := 10 |VcxonmHeM 3amac CpelncTs

| n :=5 |KonmnuyecTBO NPellpuaTuUn
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| 3anosiHsgeM Maccup QYHKUMM OOXOIOB JOoxXOoI

IHoxonm[l, O] := 0.0; Hoxom[2, O] := 0.0; Hoxom[3, 0] := 0.0
Ioxon[4, 0] := 0.0; Hoxom[5, 0] := 0.0; Hoxom[l, 1] := 0.5
Ioxon[2, 1] := 0.1; Hoxom[3, 1] := 0.6; Hoxom[4, 1] := 0.3
Ioxon[5, 1] := 1.0; Hoxom[l, 2] := 1.0; Hoxom[2, 2] := 0.5
Ooxoxn[3, 2] :=1.1; Ooxonml[4, 2] := 0.6; HOoxoxm[5, 2] :=1.2
IOoxoxm[l, 31 :=1.4; IOoxonl[2, 3] := 1.2; HOoxoxm[3, 3] :=1.2
IOoxoxm[4, 31 :=1.3; ODoxonm[5, 3] := 1.3; Hoxoxm[l, 4] := 2.0
Ooxoxn[2, 4] := 1.8; IOoxon[3, 4] := 1.4; Hoxoxn[4, 4] := 1.4
Ioxoxn[5, 41 := 1.3; IOoxonml[l, 5] := 2.5; Hoxoxm[2, 5] := 2.5
Ioxoxn[3, 5] :=1.6; Ooxonm[4, 5] := 1.5; Hoxoxm[5, 5] := 1.3
Ioxoxnm[l, 6] := 2.8; IOoxonl[2, 6] := 2.9; HOoxoxnm[3, 6] := 1.7
Ioxonm[4, 6] := 1.5; IOoxon[5, 6] := 1.3; Hoxoxm[l, 7] := 3.0
IHoxon[2, 7] := 3.5; Hoxomn[3, 7] := 1.8; Hoxom[4, 7] := 1.5
IHoxon[5, 7] := 1.3; Hoxon[l, 8] := 3.0; Hoxom[2, 8] := 3.5
Ioxon[3, 8] := 1.8; IHoxon[4, 8] := 1.5; Hoxom[5, 8] := 1.3
Hoxom[l, 9] := 3.0; Hoxom[2, 9] := 3.5; Hoxom[3, 9] := 1.8
IHoxon[4, 9] := 1.5; Hoxom[5, 9] := 1.3; IHoxoxm[l, 10] 3.0
Ioxon[2, 10] := 3.5; IDoxonm([3, 10] := 1.8; IOoxom[4, 10] := 1.5
IHoxonm[5, 10] := 1.3

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

| |OnpenensgeM yCJIOBHEIE OINTMMAaJIbHBIE INapaMeTpPbl
| |MocnmenHuy mar. BxkjamgwlBaeM BCe, UTO OCTAaJIOCH
| 5u gna Oct or 0 mo Q

| | YOy [OcT, n] := OcT
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

| YOB[OcT] := IOoxom[n, Oct]
K

|OcTanbpHEIe Waru (KpoMe MNepBOTO)
HL 0Jyid Nmara or n — 1 mo 2 mar -1
| g gia Oct or 0 mo Q

| Bm@opBapmaHTa(OCT, Nmara, Hoxom, YOB,

| YOY [OcT, Nmara], YOBuor[OcT])

| x1

| |llepenucelBaeM Maccus YOBHOB B YOB

| Hu gia Oct or 0 mo Q

| | YOB[OcT] := YOBHOB[OcCT]

| xu

K1,

|TlepBe mar: Nmara = 1. BO3MOXHOE COCTOSAHME OHOHO — (Q
BribopBapuanTa (Q, 1, Hoxom, YOB, YOY[Q, 1], YOBHOB[Q])
|lleuaTaeMm pes3yabTaT

BHIBOO HC, "MakcumanpHeM moxomn: ", YOBHOB[Q]

BLIBOO HC, "IJIA 3TOT0 HEOOXOIOMMO BHEIOSJMTL"

Oct :=Q

HU gjda Nmara oT 1 mo n

| BuBOO HC, "- npennpuarmpo", Nwara, " - ", YOY[OctT, Nwmara]
| OcT := OcT - YOY[OcT, Nmara]

Ko
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BeimosHUB 3Ty mpoOTrpaMMy, MOJYYWM COOOIIeHUe:

MaxkcuMaJIbHEI Joxon: 5.6

I 2TOTO HeOOXOOMMO BHIOEJIUTD :
- npepnpuaTtuio 1 — 0

- npennpuATHio 2 — 7

- npennpmuATHMO 3 2
- npennpuaTtuio 4 — 0
- NpennpuAaTun 5 1

Kax Bugum, mosryuyeHHBIN pe3yaIbTaT BIIOJHE corjiacyercs ¢ Tadosm. 12.9.

B zakirouenme ormeTuM cienyoiiee. KoHeurno, HaMu ObLIN PaccMOTpe-
HBI IIPOCTEHININE 3aJaull JUHAMWYECKOro IIporpamMmMupoBanns. OQHAKO OHU
IaroT IIOHSATHE 00 0o0Ieil 1aee MeTOA: ATO IIOINAroBas ONTUMU3AIUA, IIPO-
BOAMMAsI CHAYAJIA B OMHOM HAIIpaBJIeHUU (OT KOHIA K HAYAJY) «YCJIOBHO», a
3aTeM B ApyroM (OT Havajia K KOHILy) — «0e3ycsioBHO». I[Ipu 5TOM IIpu BBI-
0ope YCJIOBHOI'O ONITUMAJIBLHOTO YIIPABICHUS CIEAYET COOIIONATH CIAELYIOIee
MIPaBUJIO: KAK0B0 Obl HU ObLIO COCMOAHUE CUCMmeMbl neped ouepedHblM ula-
20M, HAOO 8vLOUPAMb YNPABJCHUE HA IMOM ULdze MAK, LIMO0bL 8blUzPbLUL HA
0QHHOM ULGze NJIOC ONMUMALLHBLIL BbLUZPLLUL HA BCeX NOCACOYOULUX ULA2AX
Oblll MAKCUMAJIbHbLM. OTO TPABUJIO SBJIAETCA OOIIMM IPUHIIAIIOM, JEXKa-
MM B OCHOBE peIlleHMs BCeX 3aJau AUHAMHUYECKOrO IIPOrpaMMUPOBAHIA
(ero 4acTo Ha3BLIBAIOT «NPUHUUNOM ONTMMUMALbHOCMU).

ChopmyaupyeM TaKKe HECKOJbKO MPaKTUUYECKUX PEeKOMeHIaIluii,
MOJIe3HBIX HAUMHAOIIEMY IIPU MMOCTAHOBKE 3aa4 JUHAMUUYECKOTO IIPO-
rpaMMUpPOBaHUA. OTY MMOCTAHOBKY yJAO0OHO MHPOBOAUTL B CJIEAYIOIEM
mopsAgKe:

1) pacuneHseM HccIeIyeMYIO OIePaIliio Ha 9Tanbl (II1aru);

2) BpIOMpaeM mapamMeTphl, XapaKTePUIYIINe COCTOAHNE CUCTEMBI IIepeT
KasKJIbIM I1IaroM;

3) [JId KasKJOro 1-ro Iara BeIACHAEM HaOOP BOBMOXKHBIX YIPaBJIEHUH Y,
U HajaraeMble Ha HUX OTPaHUYEHUS;

4) ompenessieM, KAKOW BBIUTDBIII IPUHOCUT HA 1-M IlIare ynpasjieHue VY,
ecu Iepej 3TUM CHCTeMa OblIa B COCTOAHUM S, T. €. 3allICHLIBAEM TaK
HA3BbIBAEMYIO «(DYHKIIMIO BHIUTPBIIIA»

;o .
B! =f(5,Y,);
5) ompenenseM, KaK M3MEHSETCS COCTOSHWE S CHUCTEMBI IO BIUSHUEM
yIpaBJeHus Y, HA i-M mare, — OHO NEPEXOJUT B HOBOE COCTOSHUE S':
! .
S = (s,V,); (12.1)

6) sammchIBaeM AJIs KaykJOT'0 COCTOSHUS S OCHOBHOE PEKYPPEHTHOE ypas-
HeHNe AUHAMHYECKOI0 IIPOrpaMMHPOBAHUSA, BHIPAKAIOIIEE YCIOBHBIN
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0]

8)

9)

onTMMAabHBIN BRIUTPHII ¥ OB (HaumHas ¢ i-ro mara 1 1o KOHIa) uepes
yoKe U3BeCTHYIO QyHKIUIO B, (S):

j ’
YOB, (S) =max {B] +YOB,,,(S")}. (12.2)
Vs

BTOMy BBINTPLBIIITY COOTBETCTBYET YCJIOBHOE€ OIITHMMAJIBHOE YIIpAaBJIEHUE
YOV ,(S);
MPOW3BOAMM YCJIOBHYIO ONITUMUBAIUIO TTOCJaeaHero (n-ro) mara, 3ajgaBa-
fACH «TaMMOM» COCTOAHUI S, M3 KOTOPBIX MOKHO 3a OAWH IIar JOUTHU 10
KOHEYHOI'0 COCTOAHMA, 1 BBIUMCJIAA AJIAd KaXJ0I'0 13 HUX yCJIOBHLIfI OII-
TUMAJIbHBIN BBIUTPHIII 110 (hopMmyJie:

YOB, (S) = max {B!}
V.

U HaxXOoJdA YCJIOBHOE ONTHMAaJIbHOe yIpaBiieHue YOY (S), AJId KOTOPOTO
IOCTUTAETCS 9TOT MAKCUMYM;

IPOU3BOIUM YCJIOBHYIO onTuMu3auio (n—1)-ro, (n—2)-ro u T. 1. mIaros
o popmye (12.2), momaras B Hent 1 = (n—1), (n—2), ..., 1, 1 114 Kaxm0-
ro W3 IIIaroB yKas3bIBaeM YCJOBHOE OIITHMMAaJIbHOEe yIIpaBjieHue YOY(S),
OIpu KOTOPOM MAaKCHUMYM JOCTHUTraeTcA (AJIA KakJOTro BO3MOMKHOTO CO-
CTOAHUSA). 3aMeTHM, UTO €CJIU COCTOSHNE CHUCTEMbl B HAYaJbHBIA MO-
MEHT U3BeCTHO (a 00BIYHO 9TO OBIBAET MMEHHO TaK), TO Ha IIEPBOM IIlare
BapbUPOBATH COCTOAHUE CUCTEMBI He HY’KHO — MBI IIPAMO HAXOAUM OII-
TUMAaJbHBIA BRIUTPHINI OB, [JId JaHHOI'0 HAYaJbHOI'0 COCTOAHUA S, (3TO
U €CTh OIITUMAaJIbHBIN BBIUTPHIII 32 BCIO OIIEPAIlNiO); IIPU 3TOM OJHOBPE-
MEeHHO OIIpefie/iieM ONTHUMAaJIbHOE yIpaBjaeHue OV ;

TPOM3BOAUM 0€3yCJIOBHYIO ONTUMUBAIUIO YIIPABJIIEHUSA, «UYUTAA» COOT-
BETCTBYIOIIME PEKOMEHAAIINY Ha KaKaIoM 1are. [[Jid 9Toro Hagmo B3ATh
HalileHHOe ONTHUMAaJbHOe yIIpaBjeHue Ha IIepBoM Iare OY, = OV, (S;);
U3MEHUTh COCTOAHME cucTeMblI 1o opmyse (12.1), nyis BHOBL HalIeH-
HOTO COCTOAHUSA HAWTHU ONITUMAJLHOE YIIPaBJIeHIIe Ha BTOPOM Ilare oy,
U T. 1. 1O KOHIIA.

g 1. Ha pucynke nso0paskeH TPeyroJbHUK u3 unces. Haligure MakcuMasIb-

HYIO CYMMY YHCeJI, PACTIOJIOKEHHBIX Ha ITYTU, HAUYNHAIOIEMCS B BEPX-
Hel TOYKe TPeYTOJIbHUKA U 3aKaHYUBAIOIIEMCS HA €70 OCHOBAHUN:
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2. CTtpaxoBas KOMOaHUsA pacipenesaseT 7 areHTOB IO TpeM paiioHaM IJIs
3aKJII0OUEHIs JOTOBOPOB CTPAXOBaHMUA. 3aBUCHUMOCTD O3KKaeMOro KO-
JMYecTBa JOTOBOPOB OT UMcja paboTamIUuX B TOM HUJIN MHOM paiioHe
areHTOB IIPUBEIEHA B TaOJIMIIE:

Kox-so |, o paiion | 2-it paiton | 3-it paiion
areHToB

0 0 0 0

1 30 50 40

2 50 80 50

3 90 90 110

4 110 150 120

5 170 190 180

6 180 210 220

7 210 220 240

Pacnpepenure areHToB mo paioHaM Tak, 4TOOBI OOIjee OMKHIaeMOe
KOJINUYECTBO JOTOBOPOB ObIJIO HAMOOJIBIIINIM.

3. U3 mpexpmeToB Maccoi m,,m,,..,Mm, COCTaBbTe HAOOpP Maccoi M miu,
€CJIV 9TO HEBO3BMOXKHO, MaCcCO, MaKCUMaJIbHO OJM3KOM (CHU3Y) K M.




13. ®dopmupoBaHue
KOMOMHaATOPHbLIX 00OBLEKTOB

B srom pasmesie paccMOTpeHBI aJrOPUTMBI ()OPMUPOBAHUSA TPEX OCHOB-
HBIX KOMOMHATOPHBIX 00bEKTOB — II€PECTAHOBOK, COUETAHUI 1 pas3Mellie-
HUI 1“3 HEKOTOPOTO MCXOJHOTO HabOpa 3JeMEeHTOB.

IIpe:xme Bcero, cmemaeM HECKOJBKO HPEABAPUTENLHBIX 3aMeUaHUI.

Bce Takme 06beKTHI (hOPMUPYIOTCS M3 Habopa M3 n aaeMeHTOB. [lis
XpaHeHusa 9TUX DJIEMEHTOB B IMporpaMMax MPUMeHsSeTCs MaccuB 1. [Ipu
9TOM MIPUHUMAETCS, UTO 3JIEMEHTHI UMEIOT CTPOKOBBIN TUN (UTO JaeT BO3-
MOKHOCTh HCIIOJIb30BATh B KaueCcTBe 3HAUEHUI 9JIeMEHTOB CUMBOJIBI,
CTPOKMU, a TaKiKe UHCJa — BepHee, UX «CTPOKOBOE» IIpeJCTaBJIEHUE).

B T0 :xe BpeMs KOMOMHATOPHBIE 00BEKTHI (GOPMUPYIOTCA HE U3 ITUX
3HAUEHUII — IIPUBEJIeHHbIE aJrOPUTMbI OCHOBAaHBLI Ha 00paboTKe uHOek-
€068 3JIeMEHTOB MaccuBa 5J1. Hampumep, pe3yabTaTOM BBIIIOJHEHUS IIPO-
Ieayp reHepupoOBaHUS MePEeCTAaHOBOK SIBJIAIOTCS IIOCJIEOBATEILHOCTU WH-
IIeKCOB BCeX WMCXOMHBIX 3JIEMEHTOB. 3Has MX, MOYKHO JIETKO IIOJYYUTH
COOTBETCTBYIOIIE II€PECTAHOBKU CAMUX BJIEMEHTOB .

BBezem Takike MOHATUE JEKCUKO02PAPULECKO020 NOPAO0KA PACIIOJIOXKe-
HUA IIocJieoBaTeJibHOCTEN a m b. IlocaemoBaTelbHOCTH PAaBHOMW IJIMHBI
Ha3BIBAIOTCA YNOPAJOUEeHHbIMU 8 JeKcukozpapuieckom nopsdke, WU TO-
CJIeI0BATEJbHOCTh a IPEeAIIecTBYeT IIOCJeLOBATEeJIbHOCTH b, eCJU IIep-
BbIe S 9JIEMEHTOB BTUX IIOCJTIENOBATEIbHOCTEN COOTBETCTBEHHO PABHBI, a
(s + 1)-71 sa1emMeHT mOCJIEIOBATEJILHOCTU a MeHbIe (s + 1)-ro siemeHTa
mocJseoBaresibHOCTU b. Ilpm artom s > 0.

IIpuMeHUTETBHO K TOCJIENOBATEIbHOCTSIM, 3JE€MEHTHI KOTOPBIX Mpe[-
CTaBJIAIOT CO00M umcyga oT 1 70 n, MOKHO JaTh WM TaKoe OIIpelaeseHle
[8, 11]: mopsaAmOK Ha MHOKECTBE YKasaHHBIX IIOCJEIOBATEJIbHOCTEN IJIN-
HBI k HasbIBaeTCA JIeKCUKOrpahUueCcKUM, €CJIU AJS ABYX JIOOBIX ITOCJe-
IOBATEJIbHOCTEH CHpaBEIJUB CJIAEAYIOINNH MOPSIJOK HMX PACIOJOMKEeHU:
paHee JOJI’KHA CTOSITh Ta M3 HUX, KOTOpas SABJISETCS MEHBIITUM YMCJIOM
B (n + 1)-puuHOii cucTeme cuucyeHus. Hanmpumep, mpu k =3 un = 14
IIOoCJIeIOBaATeJbHOCTh 1 8 4 [OoJIXKHa CTOATH pPaHblle, yueM 1 13 2, Tak
kak 184, < 1D2,, (B 15-puunoii cucreme 13 = D).

“® Cm. Jajee Ipouenypy lleyars.
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13.1. lNepecTaHOBKM

HanmomuuMm, uTO nepecmarno8kamu W3 n pPasINUYHBIX DJEMEHTOB HAa3bI-
BalOTCS BCe BO3MOJKHBIE BapHMAHTBLI UX pasMelleHus (IPU 3TOM KOJIMUe-
CTBO pasMelllaeMbIX 3JI€MEeHTOB He3MEeHHO U pPaBHO n). IIpu 9TOM Kojau-
YeCTBO PA3JMUYHBIX IIEPECTAHOBOK M3 n 9JIEMEHTOB paBHO n!, II03TOMY
HaJI0 cpasy OTKAa3aThCA OT AJTOPUTMOB, B KOTOPBLIX II€EPECTAHOBKU 3aHO-
CATCS B MAacCCHUB.

W3BecTHO HECKOJIBKO aJaropuTMOB (hOPMUPOBAHUS IlepecTaHOBOK. OmuH
U3 HUX COCTOUT B cJenyiolieM. Kak yKasbIBaJaoCh UyTh BBIIIE, B Pe3yJbTa-
Te BBITIOJHEHUS aJTOPUTMa MOJI’KHBI OBITH MOJIYyYEHBI IMOCJIEI0BATEIbHO-
CTU WHJEKCOB BCeX HCXOMHBIX 3JeMeHTOB. a1 XpaHeHUS U 00paboTKU
9TUX WHAEKCOB MBI OyJeM MCIIOJb30BaTh BCIIOMOTATEJIbHBIA MACCHUB C
umeneM vuz. Ilorpedyem, 4TOOBI ITOCIELOBATEILHOCTA UHAEKCOB 3JIEMEH-
TOB mMHn[1], muan(2], .., mEn[n] @OpPMHUPOBAJNUCH B JIeKCUKOTpaduue-
cKoOM mopsake (cMm. BbImie). Hampumep, 114 MaccuBa M3 UETHIPEX DJIEMEH-
TOB B TAKOM IIOPAIKeE:

1 2 3 4
1 2 4 3
1 3 2 4
1 3 4 2
1 4 2 3
1 4 3 2
2 1 3 4
4 1 3 2
4 2 1 3
4 2 3 1
4 3 1 2
4 3 2 1

Ecnn nmpoanannsaupoBaTh 3HaUeHUs, MeHAOIIUeca IPU Ilepexole OT
OIHOU IlepecTaHOBKU K APYToil B IpUBeLeHHOM IIpUMepe, TO MOXKHO YBU-
leThb, B KaKOM cJjyuae k- ujeH IIOCJie[0BaTeJIbHOCTU yBeJIUYUBAETCH, a
(k — 1) mpenpIAYIIUX YJIEHOB IIPU 3TOM HE MEHAIOTCA: 9TO IPOUCXOIUT IIPU
TaKOM MaKCHUMAaJbHOM k, KOTOPOE MEHbIIIE KAKOT0-JIN00 dJIeMeHTa IIpaBee
Hero. UToObI HaliTH TaKoe 3HAUeHHEe, HaJ0 IPOCMAaTPUBATh MACCUB MHI C
IpaBoro KOHIIA U HCKATh IIEPBYIO Iapy COCENHUX DJIEMEHTOB, OJIA KOTO-
peix van[k] < wmuHnl[k + 1].

CoryiacHO ATOMY HEpaBEHCTBY, IIpaBee mHI [k] CYIIecTByeT IO Kpaii-
Hell Mepe OAWH dJIeMEeHT, 60JbINui k], a TAK KaK TaKoe HePaBEHCTBO
MEXXKAy COCeOHUMU dJIeMeHTaMU BCTPETUJIOCH BIIEPBBIE, TO AJIA yiKe IIPO-
CMOTPEHHBIX 3JIEMEHTOB CIPaBelJINBO COOTHOIIIEHUE:

uan [k+1] > wung[k+2] > uanl[k+2] >...> uan(n) (13.1)
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mun [k+1]

HAVY, )
y

k t
Puc. 13.1

Yro elle IPOUCXOOUT IIPU IIEPEXOJe OT OJHOM II€PECTAHOBKU K APYIroi?

Bupmo (cm., HampuMep, mmepexof OT mepecTaHoBKu 1 4 3 2 K 2 1 3 4),
uTO:

1) malifeHHBIN sJIeMeHT uH [ k] MeHseTcsa MecTaMu ¢ MUHUMAaJIbHBIM U3

2)

9JIEMEHTOB, OOJBIITUX HETO U HAXOMAIIUXCS ITpaBee Hero. BasKHo, 4To
mocJie Takoro ooMmeHa cootHolrenue (13.1) ocTaercsa cupaBedJIuBBIM
(cM. puc. 13.1%). IHZeKC MUHEMAJIbHOTO U3 BIEMEHTOB, 0 KOTOPOM
TOJBKO YTO II1JIa PeUb, 0003HAUNM KaK t;

(x + 1)-#, (k + 2)-i, .., n-if 5JIeMEeHTHI PACIIOJATAIOTCS TaK, YTOOBI HO-
BadA IIepecTaHOBKAa ObLila HAMMEHBIIEH C TOUKM 3PEeHUdA JeKCuKorpadu-
YEeCKOT0 IIOPAAKA, T. €. OHU JOJIKHBI OBITH Pa3MeIlleHbl B IIOPAIKE BO3-
pacTraHus; 9T0 00JerdaeTcsa TeM, YTO S3TU BJIEMEHTHI yiKe PACIIOJI0KEHbI
B yOBIBatolieM mopsaake (cm. puc. 13.1, rae sJaeMeHTHI, padMeIleHHbIe
B IIOPAJKE BO3PACTaHUsA, 0003HAUEHBI KPYIKOUKOM).

IIpe:xme ueM HammcaTb COOTBETCTBYIOIIYIO IIPOIENYPY, 3aMETUM, UTO

OHA OIEePUPYeT C MACCUBOM MHII, OIMKUCAHHBIM B IIpOrpaMMe KakK Ia100ajb-
HBII (cM. pasmen 9).

anr Cregnywomas
Hau ueJs k, t, BCcm, JeB, npas, 1

|OnpenesnsgeM 3HaUeHUe kK

k:=n-1

HU noka mHn[k] > muno[k + 1]
| k :=k -1

K1

|OnpenesnsgseM 3HaueHMe t

t :=n

Ha PUCYHKE MeCTO dJIeMeHTa vHn [t ] mmocie o0MeHa MOKas3aHo B BHUI€E KBaapaTHUKAa.
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| Hu noka mHAO[t] < mHOlk]
[ 1 t:=t -1
| xu
| |OBbMeHMBaeM 3HAUYEHUAMM DJIEMEHTH C MHOeKCaMu kK u t
| ObmeH (k, t)
| |PacnojaraeM sJeMeHTH C MHIOekcamMu kK + 1, ..., n
| |B obparHOM nopamke’’
| meB := k + 1 |JleBasa rpaHulla MHIOEKCOB
| mpaB :=n |IlpaBasa rpaHuULa
| HU noka jieB < mpas
| | ObwmeH (j1eB, mnpaB)
| | meB := jeB + 1
| | mpaB := mpaB - 1
| xu
KOH
rge O6MeH — IIPOLEAypa, OCYIIECTBIAOINAS OOMEH 3HAUEHUAMH IBYX

3JeMEeHTOB MaccuBa ind ¢ 3agaHHBIMM MHAEKcaMHB nl U n2:

anr O6MeH (apr uest nl, n2)
Hau LieJ BCII

| Bcn := mHO[nl]

| muo[nl] := mHO[n2]
| muo[n2] := BCIO
KOH

OCHOBHYIO TIPOTPAMMy MOKHO O(GODPMUTH CJAEAYIOITUM o0paszoMm (Ha-
TIOMHUM, UTO Pe3yJIbTAaTOM €€ BBLIIOJHEHUS SBJIAITCA IIOCJIEIOBATEILHO-
CTH He WHIEKCOB MCXOJHBIX DJIEMEHTOB, a UX 3HAUCHU):

eaxn

n := .

uen Tab mEn[l:n], sgur Tab s5a[l:n]

anr IlepeCTaHOBKM M3 N DJIEMEHTOB

Had uen i

| BBOOVM MCXOIHBIE OAaHHBIE :

HU 04 1 or 1 go n

| BEIBOO HC, "BBemure", i, "-11 sjgeMmeHT"
| BBOO Ba1[1]

KII

| PopMMpyeM MaCCHUB MHI — IEepPBYID [NOCJIeIOBATEJILHOCTD
| MHOIEKCOB MCXOIHBIX DJIEMEHTOB

HU anig 1ot 1 mon

| mum[i] := 1

KII

50
MoOJKHO IPUMEHUTD [JJIS 9TOr0 TaKJKe OIepaTop IMKJIAa C IapaMeTpoOM:

HU g 1 or k +1 go div(k +1+n, 2)
| OBbmMen (i, n+ k + 1 - I)
fasty
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|TleuaTaeM IepPBYD IepPeCTaHOBKY :
[leuaThb

BeiBOm " "
HIL

| |Vcnombp3yeMm npoluenypy QOpMUPOBaHMUSI

| | cnenyomer nocjaenoBaTeIbHOCTU

| Crnenymwomas

| |lleuaTaeM COOTBETCTBYUYI IepPeCTaHOBKY
| TTeuaTnb

|

BeIBOID " "

KL npu IlocynenHas

KOH

3mech:
1) Nocnenusa — (QPYHKIUA JIOTUYECKOTO TUNA, OIIPEAEIAIONIasa, ABISIET-
cA JIM TIOCJIe0BAaTeIbHOCTD MHI [1], ..., uun[n] mocaenueii. [lomusa, uTO
mocJieTHeH TT0CJIeOBaTeJILHOCTBIO ABJSAETCSA n, n — 1, ..., 1, a7y QyHKIUIO

MOXXHO O(pOopMUTH B BuUeE:

anr jior llocnenHada (apr uesn n, ues tab mHn[l:n])
Hay UeJs i, JIOT ymnopsan
|yHOpHﬂ’— BeJIMYMHA, KOHTpOHMpmeaH, ABJIAeTCHA JIN

|mocnenmoBaTenvHoCcTs MHA[1], ..., mMHO[N]
| YIIOPAOOUYEHHOV IO yOBIBaHMIO

i :=1

ynopan := mga

HI noka i <=n - 1 u ynopaxn

| ecam mug[i] > mug[i + 1]

|
|
|
|
|
|
|
|
|
|
|
|
|
|
K

| | To

[ ] 1 :=1i+1

| | nHaue

| | ymopsan := HeT

| Bce

K1

3Ha4Y := ynopan |3HadeHue QyHKLUUMU
OH

2) leuaTs — TPOIENypPaA IeUATH TePECTAHOBKY (IIEPEeUYHS DJIEMEHTOB Mac-
cuBa 271):

anr IlleuaTsb

Hag ues 1

| BHIBOI HC

| Hu gna i or 1 mo n
| | BeBOm o [mum[i]]
| xo

KOH
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MosxkHO HECKOJIBKO YCKOPUTH BBIUMCJIEHUSA, «COBMECTUB» OIPeAeIeHUe
BeJINYUHEI k U IIPOBEPKY TOTO (paKTa, UTO IOCJIELOBATEJIbHOCTh MHT (1), ...,
uHI (n) ABJSETCA TocjaenHell. B camom zmese, ecau MOMyCTUTh, YTO k MOKET
O0bITH paBHO 0 (IpU pacHIUpPEeHUN B MacCUBE MHI] AMAIlla30Ha WHAEKCOB BJIEBO
no 0), To B ciayuae, korga k = 0, mosryueHHAasT I€PECTAHOBKA SIBJISAETCS IIO-
ciaenueii. C yueToM 5TOTO OCHOBHAs IIpOrpaMMa IPUMET BU.I:
aJir HepeCTaHOBKI/I 3 n SJIEMEHTOB
Hay 1en k, 1 -
ﬁBEMM MCXOIOHBIE IIaHHEIE :

|®opMMpyeM MaCCUB MHI
HO 0ad 1 or 0 mo n

| mao[i] := 1i

KII

Heanb

|OnpenesngeM 3HaueHMUE kK
k:=n-1

HL noka x[k] > x[k + 1]
| k :=k -1

[leuaTnb

KOH

IIpomienypa Cremywomas mpm 3TOM OyAeT BBITJIAAETH TaK:

anr Cregnywomas
Ha4y ueJjs t, BCH, JiIeB, [IpasB
IOnpeﬂenHeM 3HauUeHue t

t :=k+1

HU noka t < n um uun[t + 1] > munlk]
| £t : =t + 1

Ko

|

|

|

|

|

| |OBbMeHMBaeM 3HAUEHUSAMM BJIEMEHTHE C MHIeKCcaMm K 1 t
| ObmeH (k, t)

| | PacnojaraeM sJeMeHTH C MHIOekcamMu kK + 1, ..., n
| |B oOpaTHOM HOpPAIKE

| e := k + 1

| mpaB :=n

| HL noka Jjep < npas

| | ObwmeH (j1eB, HOpas)

|
|
|

| e := jeB + 1
| mpaB := npas - 1
KL

KOH
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BaMeTI/IM, qToO IIpn H(—’,‘6OJI]>]_T_II/IX51 3HAQUYEeHUAX N MOJKHO He NCIIOJb30BaTh
yCcJ0oBUe, IIPOBepAIlee, SBISAETCA JU IOJyUYeHHaAs IepecTaHOBKa IIO-
cjeqHel, a TPUMEHUTh OIlepaTop IUKJA C TapaMeTpoOM, BBIUUCIUB MIPET-
BapUTEJbHO KOJHUYECTBO IIepecTaHOBOK (n!).

Ha pemeHma paccMaTpUBaeMOU 3aaud TaKyKe MOMKET OBITH MCIIOJIb-
30BaHa peKypcus. IIycTs MaccuB MHI TePBOHAYAIHLHO 3aII0JHEH YUCIaMU
1, 2, ..., n. Co3mammm peKypCUBHYIO IIPOIEAypPy IlepecTaH, (OpMUPYIO-
ITyI0 BCe IEPEeCTAHOBKY YKA3aHHBIX UMCEJ B JEKCHUKOTpPa@UUecKOM IIO-
panke. mea mMcIonb30BaHUSA PEKYPCUU B Hel cieayiolas: Ha IIePBOM
MecTe B TIepecTaHOBKAaX MOJIXKHBI MOOBIBATHL Bce umcaa ¢ 1 g0 n u [qis
KasKJ0T0 U3 3TUX DJIEMEHTOB JOJKHBI OBITH ITOJIYUEHBI BCE DJIEMEHTHI Mac-
CHBA MHJ CO 2-TO [0 n-TO B JeKCUKorpaduueckom nmopsaake. Kak aTo cae-
JaTh — B JeTalAX MbI OOCYIUM UyTh HUKe. 3IeCh JKe 3aMeTUM, UTO AJIs
ATOTO HAJO PEIUTh aHAJOTUUYHYIO 3aJlauy — Ha BTOPOM MECTe IO0UYepe[-
HO pasdMecTUTh Bce umesaa ¢ 1 1o n (KpoMe Tex, KOTOphIe Y:Ke pasMeIeHbl
Ha TePBOY MO3UIIUN) U IJIS KasKAOTO U3 HUX MOJYUYUTH MEPECTAHOBKU I
OCTaBIIIUXCA YUCEJ, U T. A. JJIA BCEX OCTAJNbHBIX MO3UIMII. DTO O3HAUAET,
YTO ITapaMeTpoM IIPOIeAyphl lepecTan AOJMKEH ObITh WHAEKC 3JIeMeHTa,
HauYMHAasa ¢ KOTOPOTO JOJIYKHBI OBITH IOJyYEeHBI BCe ITEPECTAHOBKY IIPAaBO
YacTH MaccuBa (IMs 9TON BeJIMUYMHBI — Hauajio). IIpum Hauaso = n ode-
penHas mepecTaHOBKA IMOJyYeHa, T. €. HaUaJbHbBIN ()parMeHT IPOIEaYPhI
MOKeT OBITH O()OPMJIEH TaK:

anr IlepecTaH (apr LeJ Hadajo)
Had
| ecam Hauvasyio = n

| 7o

| TTeuaTnb

| |IIponmosrxkaeM GoOpMMPOBAHME OUEPENHOM INepeCTaHOBKU

|
|
| |mHAUE
|
|

Kak mosmyuuTts Bce yIopsgoUeHHbBIE IEPECTAHOBKY OCTABIINXCS YMCeJ,
HaumHasg ¢ mo3unuu (Hauaso + 1)? Jlaa sToro Hamo:

1) peKypCHBHO BBI3BATh IIPOIEAYPY llepecTaH C MapaMeTPOM, MeHSO-
mumed ot (Hauasno + 1) 10 n, u mmocjie KasKJaoro BbI30BA MEHATH MECTaMU
9JeMEeHThl ¢ MHIEKCAMU HAauajo M 1 :

HI 0Jd 1 oT Hadayjo + 1 mo n
| TlepecTaH (Hauajio + 1)

| OBmeH (Hauajo, 1)

KII

Takoit oOMeH HY:KeH, YTOObI Ha MECTe Hauajio Pa3MeCTUTh BCe ITUMPBI
U3 HAXONAIUXCA CIIpaBa, KpPoMe n;

1

YuurbsiBad, 4TO 3HaAUEHUE n! pacTeT OUeHb 6I:ICTpO.
52 .
CMBICJT BeIUYUHBEI 1 caenyeT u3 IIPUBEJEHHOI'O JaJjiee oliepaTopa ImuKaa.



192

Pazmen 13

2) errie pa3 PeKyPCUBHO BBIZBATH MPOIENYPY [lepecTan A (opMupoBaHUA
OuUepeHOI TPYIIILI IEPECTAHOBOK, KOT/Ia HA MECTE HauaJjio CTOUT YUCJIO n.
B xomme mporenypsl Ilepecras ClIegyeT BOCCTAHOBUTH TOT IIOPSOK
2JIEMEHTOB, KOTODPHIHM OBLI IIPU ee BbI30Be. TaK KaK IIOCJIEJHUM Ha MeCTe
HadaJsio OKa3bIBaeTCA UMCJIO N, TO 3TO MOKHO CleJlaTh, CMECTUB 9JIEMEHTHI
¢ mHAeKcaMu Hauasio + 1, Hauasio + 2, ... , n Ha OAHY IO3UIUIO BJIEBO, a
BJIEMEHT MHI [HauaJsio] pPadMecTUTh B KOHIle MaccuBa (KaK 9TO CHeJaTh,
0bL10 omtmcaHo B paszesie 6). Torma Bea mporienypa [lepecTad IPUMET BUJ:

anr IlepecTaH (apT LeJI HA4ajo)
Had ues i, BCH
eCcJI HauaJio = n
| To
| TTeuaTsb
| MHaUue
| HO gng i oT Hadaso + 1 o n
| IepecTaH (Hauajyio + 1)
| OBbmeH (HauaJjo, 1)
KII
[lepecTaH (Hauajyio + 1)
|CoBUID BJIEBO M IIepeMelleHMe DJIeMeHTa MHI [HayaJjio]

|
|
|
|
|
|
|
| | mEg[i] := mugl(i + 1]
|
|
B

BCII := MHI[HauaJo)]
HI O34 1 OoT Hauvajo o n — 1
KII
vHO[n] := BCO
Bce
KOH

Eciu jormka »Toil HpoIeAypsl IOKasajgach BaM CJIOMKHOIM, TO pac-
CMOTPHUM eIlle OJUH PeKYPCUBHBIN BapuaHT. Ero 0CO0EHHOCTD 3aKJII0UAET-
cs B caenyioiem. [loMmersieM MecTaMM IePBBINT U BTOPOIi, IEePBBIH U Tpe-
TUH, ..., IEPBLIA W n-i 2JeMeHThl MaccuBa mHn. Ilociie KasKkmoro ooMeHa
OyzmeM TakKuM Ke o0pa3oMm (T. €. PEKYPCUBHO) IOJYYATh IIEPECTAHOBKU
(n—1)-siemenTHOTO MaccuBa (OTOPOCUB TEPBBLIN BJIEMEHT JAaHHOIO):

ayr IllepecTaHOBKM (apT LeJ 1)
Had ues j, BCH

| ecim 1 = n

I lTo

| | HeuaTs

| |mHaUe

| | B0 ama j or 1 mo n
[ | | ecoim 1 <> 3
1| | o

| | | | O6wmen(i, j)

3 o
B 0CHOBHOII YacTU MPOrpaMMbI €€ BBI3OB BBITVIAAUT TaK: [lepecTan (1) .
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| Bce

| MepecTaHoBKM (1 + 1)
| ecam 1 <> 7

| | To

| | O6bwmen(i, Jj)

| BCce

K

N —_——— — = — — —

Herpynuo yb6emnmThbcsi, UTO B IOCJEIHEM BapuaHTe JieKCUKorpaduue-
CKUH IOPSIOK MEePEecTAaHOBOK He obecleurBaeTcs.

3aBepiiad o0cyskAeHUe 3amauu (GOPMUPOBAHUS IIEPECTAHOBOK, 3aMe-
THM, YTO TPHU AJTOPUTMAa PeIleHUs dTOH 3amaumu npuBeneHs! B [9]. B mep-
BOM M3 HUX II€PeCTaHOBKU IIOJIYUaIOTCS B TaK HA3bBIBAEMOM <«aHTUJIEKCHU-
KorpauyecKoM» IMOPAJKe HMHIEKCOB BdJIEMEHTOB, BO BTOPOM — KasKiaasd
cjenyiolias IlepecTaHOBKA IIOJydaeTCsa U3 IIPeAbIAyIlel IIyTeM BBIIIOJIHE-
HUSA OTHON mpaHcno3uyuu (oOMeHa MecTaMu ABYX 9JeMeHTOB). B TpeTbem
ajropuTMe, Kak M BO BTOPOM, IIDOBOJUTCSA OHA TPAHCIIOSUIIUA, HO TOJIHKO
COCeIHUX 3JIEMEHTOB. BTOpPO#l M3 mepeuncJIeHHBIX aJrOPUTMOB IPUBEeH
Tak:ke B [8].

13.2. CoueTtaHusa

Hanomuuwm onpenenenue [10]. Ecau u3 n pasjauvyHBIX 9JIEMEHTOB COCTaB-
JISITH TPYIITBI IO M 3JIEMEHTOB B KaiKJI0l, He oOpalrad BHUMAHUA HA II0-
PAIOK SJIEMEHTOB B I'PYIIIaX, TO MOJYUAIOIIUECA IIPU d3TOM KOMOWHAIINHU
Ha3BIBAIOTCA COYeMAHUAMU U3 n dJieMeHTOB 1o m. Hampumep, coueranus-
MU U3 OATU DJIEMEHTOB a b c d e o Tpu ABAAIOTCA: a b ¢, a b d,
abeacd aceade,bcd bcebdecde.

Pemnv crHauana rakyio 3azauy: Tpedyemcsa noayiumos 6ce COLeMAHUA
n pas3audHulX aemernmos (T. e. Bce MOAMHOKECTBa JAaHHOTO MHOYKECTBA).

Eciu mcmosp30BaTh BCIOMOTATENbHBIA MACCUB IBOMUY U3 N 3JIEMEHTOB
co 3HaueHuAMHY 1 miu 0, TO MOYKHO YTBEPIKAATD, UYTO KAXKJOMY UCKOMOMY
COUeTaHMIO COOTBETCTBYET HEKOTOpas COBOKYIIHOCTh 3HAUEHUU BCeX dJie-
MEHTOB MaccuBa IBOMY, OIIpefesisgeMas II0 IIPABUIY:

1, ecau 3J[i] BXOAUT B cOoUyeTaHUe,

nBomul[i] = (13.2)
0 — B IPOTUBHOM CJyuae,

rme sJ1 — MaCCHMB MCXOOHBIX 3JIEMEHTOB.

3HaueHUA BCEX 9JEMEHTOB MAcCHBa IBOMY OyZeM paccMaTPUBaTh Kak
HEKOTOPYIO TOCJIEJOBATEJILHOCTh €IWHUI M HyJel nnamaou n. Herpymuo
3aMeTHUTh, YTO KasKAasd TaKas IOCJef0BaTeJbHOCTh €CTh JBOMYHOE IIPE[T-
cTaBJIeHIEe KaKoro-aubo 1eoro unciaa m u3 uarepBamal < m < 2" —1 (Ges
ydeTa MOCJIeIOBATEIbLHOCTH, COCTOAINell M3 omHux HYyJeit). Ilostomy,
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uTOOBI IMOJYYUTHL BCE COUETAHMS N PA3JUUYHBIX 3JIEMEHTOB, HEOOXOIMMO
MOJIyUYUTH BCEe OIBOMUHLIEC IpeacTaBiaenud umcera 1, 2, ..., 2" —1, a sarem
HameyaTaThb COOTBETCTBYIOIIME COUYeTaHWA, yuuTbiBasg mpasBuio (13.2).
IIpomenypa meuaTwm B TOM cJyiyuae MMeeT BU:

anr IleuaTb

| BEIBOI HC

| Hu gna i or 1 mo n
| | ecomm gromu[i]=1
[ | | To

| | | BeBOm 5y[1]

| | Bce

| xu

HOJIy‘-II/ITb ’Ke IBOMUHOE IIpeJCcTaBieHre YKasaHHBIX UMCces, N00aBIAs
1 Ha KaKJOM IIare, MOKHO C TIOMOIIbI0O MAaCCUBA ABOUY CJIEAYIOIITUM 00-
pasom. Eciu mocienumit sieMeHT MaccuBa nsouu paBeH 0, To HE0OXOAM-
MO 3aMEHHTh ero Ha 1, B IPOTHMBHOM CJydae HaJo:

a) HaWTU IepBBIH (UOA OT KOHIIA MAcCHUBAa) 9JIeMEeHT, paBHBIA 0, 1 3aMe-
HUTH ero Ha 1; MHIEKC TaKOoTo djieMeHTa 0003HauuM Kak 1H10;

6) Bce 9JaeMeHTHI OT (s+1)-To [0 n-T0 IPUHATH PABHLIMU HYJIIO.

CooTBeTcTByIOIIIAA TPOIleAypa yBeJudeHnA Ha 1 ABOMYHOTO IIPEACTaB-
JeHUsA IeJioro ymcjga ohopMIIdeTcsa TaK:

anr yepeamul
Had ues uEal, i
cau geomu[n] = 0

| ecim

[

|

| | nHaue

| | |OnpenenseMm 3Hauernue mHI0

| | mHOO :=n

[ | HLO

| | | mao0 := MHHO -1

| | xu opu s = 1 mim gsomd [MEn0] = 0
| | 3Hauenme mHg(O HAMIEHO

| | |3amensaem gBomy [mHA0] Ha €OMHULLY

| | mpomu[muzmO] :=1

| | |a Bce ocraBmmecs cIpaBa BJIEMEHTHE — Ha HYJb
| | By gas i or men0 + 1 go n

| | | oBomul[i] := 0

I | xug

| BCE

KOH
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OcHoBHasA IporpamMMa:

ues n
n:= ...
ues 7ab mHa[l:n], gur Tad sna[l:n]
anr Bce coueTaHMA N 3JIEMEHTOB
Had mes i
|BBOOMM MCXOIHEIE IaHHBEIE
HU 0jg 1 or 1 o n
| BEIBOO HC, "BBemure", i, "-11 sjgeMeHT"
| BBOO 2J[1]
KL
| PopMUpyeM IMIOCJIENOBATEJILHOCTL €OMHUIL U HyJlel
| (Maccup OgBOMY), COOTBETCTBYIOIYIO
| IBOMUYHOMY NpPeNCcTaBJIEHMIO YdMcya 1
HU giag 1 or 1 gon - 1

| nBOMq[l] =0

oBomu [n] :=1

|lleuaTaeM nepBoe CoueTaHUe
[leuaThb

HI

| |Vcnombp3yeMm npolenypy QOpMUPOBaHUSI
| | crenyomer nocjaemnoBaTEJIbLHOCTY €IOMHMUIL M HYJIeu
| YBennul
| |TleuaTaeM COOTBETCTBYyKIIEE COUETAHUE :
| [MeuaTsb
K1 npu [locenHas
KOH

|
|
|
|
|
|
|
|
|
|
| Ku
|
|
|
|
|
|
|
|
|
|

rzge IllocjienHasd — 9TO (PYHKIIUSA JIOTUUYECKOT'0 TUIIA, OIPeNe/Iaiolnasd, dB-
JseTCsI JIX IIOCJIeLO0BATEeJIhHOCTHL UHCEJ B MacCCHBEe OBOMYU IIOCJIETHEIl.
3Hasdg, UTO IIOCIENHAA IIOCJIEeL0BATEeIbHOCTHL COCTOUT K3 OJHHUX EIWHHNIIL,
9Ty (PYHKIIMIO MOYKHO O(DOPMUTL B BHUIE:

anr Jjor IllocnenHasa

Hay UeJ 1, JioT paBHHEL |paBHE] — BeJIMUMHA, KOHTPOJMPYOIAS,
| PaBHEL JIM €OMHUIIE BCE BJIEMEHTEl MacCCHUBa X

i :=1

paBHEIL := Oa

HL IOKa 1 <= n u paeHHL

| ecnmu nBOMq[l] =1
| | To
[ ] 1 :=1+1
| | mHaue
|
|

| paBHHl := HeT

BCE
KII
3HA4 := paBHH] |3HaueHue QYyHKUUU
KOH
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Temepdb pemruM 3agaduy MOJYUEHUS COUETAHWUM M3 n JJIEMEHTOB IO m.
OueBuAHBIN CIIOCO0 pellieHnsT — Iepedbop BcexX coueTaHU (Kak paHBbINE) U
0T6Op M3 HUX TeX, B KOTOPBIX M 9JI€MEHTOB, — MbI OTOPOCUM, CUUTAS €T0
HEOKOHOMUYHBIM (3HaUeHHe m MOKEeT OBITh HaMHOTO MEHbIIIe n).

OnvH M3 BO3MOYKHBIX «9KOHOMHUUHBIX» BapUAHTOB PeIleHUs 3aJauu
3aKJII0O4aeTcA B ciaenymolieM. Ecamn, Kak U paHbIlle, NCIIOJb30BATH MACCUB
OBOVY M3 N JJIEMEHTOB, paBHBIX 0 mam 1, TO MOMKHO YTBEP:KAATb, UTO
KaXJOMy M3 MCKOMBIX COUETAHHUI COOTBETCTBYET HEKOTOPBLINI HabOp 3HA-
YeHUH BCeX 9JIEMEHTOB MacCUBA NBOUUY, B KOTOPOM MMEETCS M eJUHUIL U K
KoTopoMy mIpuMeHuMO npaBuyo (13.2).

IlocemoBaTesIbHOCTH 3HAYEHUN BCEeX 3JIEMEHTOB msoud (1], .., oBomd [n]
MBI OyZieM II0JIyYaTh B JIeKCUKOTpaduUecKoM MopAnKe (CcM. BbIIIe), T. €.,
Hampumep, npu n = 4 um = 2:

2o oo
o okrkRFOo
O O O
oo O

3Iech BUJHO, UTO OuepeaHAas IIOCJEeJ0BATEJbHOCTH IIOJydaeTcs U3
OpeabIAyINell Mo CJaeAyIoIeMy IIPAaBUJIY:
1) omuH U3 5JIeMEeHTOB, PABHLII HYJIIO (Ha30BEeM eT0 HHAEKC S), HaJl0 3aMe-
HUTH Ha eqUHUILY;

2) upyiiue 3a s-M 9JIeMEHTOM UJI€HBI II0CJIeL0BATeIbHOCTH CAeAyeT 3aIll-
caThb TaK, 4TOOBI IIOCJEZOBATEJILHOCTh nBoud (s + 1], .., oBouu[n]
ObLIa MUHUMAJILHOHM C TOUKHU 3PEHUSA HAIIeTo IIOPAIKa, T. €. YTOOBI
cHauaJia IIJIu HYJW, a IIOTOM eTUHUIEI (€CJI OHU eCTh Ha YKa3aHHOM
OTpe3Ke MoCJaeq0BaTeIbLHOCTH).

Jist aTOoro HAZO 3HATH KOJMUYECTBO EIWHUI[ HA yUYaCTKe MacCHUBa
nsouu(s], .., aouu [n]. OnpenennB 5TO KOJUIYECTBO (MM BeJIUUYNHBI —
K0J11), MOYKHO PACCUNTATh 1 KOJMUYECTBO HYyJIEll HA 9TOM Ke ydJacTKe — xoyi0:

xoj0 = (n — s + 1) - xoml

A kKak ompegenunTs camo 3HaueHue s? Ecam nsomnu[s] mensercs c 0
Ha 1, TO OJd coXpaHeHH’s OOIero KOoJMUYecTBa eIUHUIl HYXKHO CIIpaBa OT
neoud [s] samenuTrsh 1 Ha 0. Takum ob6pasoM, s — 3TO MHAEKC IIEPBOI0
(mpu paccMOTpeHMU MacCHUBa C KOHIIA) HYJIS, CIIpaBa OT KOTOPOTO CTOUT
enuuuIa. Jlerko yBumerb, uto neovul[s + 1] = 1, uHaue neouu[s] —
He mepBbIi HyJab. ClleoBaTeIbHO, HAMAO HANTH HamboJIbIlee S, AJIA KOTO-
poro nsouu[s] = 0 m oBouu([s + 1] = 1.

Wrak, ocHOBHBIE 9TaIlbl (POPMUPOBAHUS IIOCTIENOBATEIFHOCTH nBoMdY[1], ..,
oBouu [n] U3 UMeIoIneica OyAyT CJIeMYIOIIIIMI:

1) ompeneseHne 3HAUEHUA S;
2) sameHa meomu[s] Ha 1;
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3) samuchk B MaccuB koJi0 HyJeH (HauuHAas ¢ 3JIeMeHTa ¢ MHIAEKCOM
s +1);

4) 3anuch B KOHIle MaccuBa xojil — 1 egmHuUI (ogHA eIUHUIA YIKeE
IPUCBOEHA BeJIWUYNHE nBord [Ss]).

ITUM 3TalaM COOTBETCTBYET TaKas IpPoIleaypa:

anr Crenyomasd
Hau ues s, kojsl, xoxnO, i

|OnpenesnsgeM 3HaAUYeHUE S

s :=n—1

HI nokxa He (meomd[s]=0 u mponu[s + 1]=1)
| s :(=s -1

KII

| OnpenesiseM 3HaueHue KoOJIl:

xosil := 0

HU gna i or s + 1 gon

| ecnu gBomu[i]=1

| | To

| | xoml := koxnl + mgBomu[i]

| Bce

KII

| 3ameHnsgeM 3JIEMEeHTH Ha ydacTke geomu(s], .., OBouu|[n]
|1) B3amMeHsgeM B3JIeMEeHT OBOMY[ S]

npouu[s] := 1

| OnpenensgseM umucyio HyJen xoJi0

kosi0 := (n — s + 1) - kousl

| 3anmuceBaeM Mx:

HO gng 1 or s + 1 mo s + om0

| mBomu[i] := 0

KII

| 2) =BanmceBaeM HeOOXOIOMMOE UMCJIO €IOMHUII:
HU gjg 1 or s + xonn0 + 1 go n

| oBomu[i] := 1

KIJ,

OcHOBHasA IporpamMMa:

uesg n, m

n

ues Tad uHn[l:n], sur Tad sa[l:n]
aJIT Bce codeTaHMA N 3JEMEHTOB
Hau ueJs i

| BROOMM MCXOIOHBEIE IaHHEIE
(cMm. BoIIE)
|B T. Uu. 3HAUEHMUE M
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H
| BuBOO HC, "BBemure 3HaueHue m'"

| BBOOD m

| eciy m > n

| | To

| | BEHBOX HC, "3HaueHMe M HE OOJIKHO OHThL Oojsbme n'"

| Bce

KL Opy m <= n

|TlostyyaeM ¥ IedaTaeM [IepBOe CoueTaHue

|a) BanoJsHAeM HepByK NOCJeOOBATEJIbHOCTL (MacCUB IBOMY)

HU 0jg 1 or 1 gon —m |Ona cocTouT M3 (n — m) HYJEN
| oBomu[i] := 0

HI g 1 orn-m+ 1 gon |umenmanl

| mBomu[i] := 1

KII

|0) medaTaeM nepBOe COUYeTaHUE

[leuaTs

HL

| |Mcnonb3yeM npouenypy dopMmpoBaHMA
| | crenyomer nmocjiemnoBaTEJIbHOCTY €IOMHMUIL M HYJIeu
| Crnenyomasa
| |lleuaTaeM COOTBETCTBYyKlEe CoueTaHMe
| TMeuaTsb
K1 npu [locyienHasa
KOH

|
|
|
|
|
|
|
|
|
|
|
|
| xu
|
|
|
|
|
|
|
|
|
|
|
|

31ech IIpolenypa IIedYaTh OUYepemHOr'o COoueTaHUs [leyaTh aHaJOTHUHA
IPUBEIEHHON BBIMIE, a GYHKIUA [loCcyenHas OupeaeiaeT, ABIAETCA JIU II0-
CJIeI0BATEeIHLHOCTD UMCEeJ B MACCHUBE NBOMY IIOCTHEeAHEeN. YUHUThIBAasA, UTO IIO-
cjenHell ABJIsAETCA IocaenoBaTeJbHOCTh: 1 1 ... 1 0 0 ... O (m egmHuI,
(n — m) HyJe#), QyHKIUIO IocyjenHsasa MOMKHO ODOPMUTH B BUJE:

aJnr Jior IlocynenHasa
Hay LUeJ i, JioT paBHBIL

KU opu 1 = m + 1 wiam He paBHBIL
3HA4Y := paBHHL

| paBrEIl := ga; 1 :=1
| HL

| | ecim gBomu[i] <> 1
| || mo

| | | paeHHl := HeT

| | |mHaAue

[ 1] 1 :=1+1

| | Bce

|

|
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Bce coueTanusa m3 n 3J1€MEHTOB II0 m B JIEKCUKOTpPAQUUIECKOM TOPSIIKe
TaKkyKe MOKHO IIOJIYUUTh, IPUMEHUB peKypcuio. Kak sTo 00BLIUHO mMMeeT
MeCTO IIPU UCIIOJIb30BAaHUY PEKYPCUU, PEIlleHre CBOAUTCSA K aHAJOTUUHOMN
3ajaue Opyroii pasmMepHocTu (B HAIlleM cJyuae — MeHbIeii). IlepBbIM
9JIEMEHTOM COUETAHUS MPU STOM MOIKET OBITh JIF00OII 9JIeMEeHT MaccuBa
UHI, HaUYWHAsA ¢ IepBoro U KoHYas (n — (m — 1))-m (MHAYe MBI HE CMOYKEM
pasmecTuTh ermre (m — 1) sjiemMeHTOB — ybOeguTech B 3TOM CaMm):

heJj n, m
n:=5
m := 2
ues T1ab man[l:n]
anr Bce codyeTaHMA n_3JIEMEHTOB
Hay Les i
E @ iorl mom
| ofi] =1

anr CoueTaHnud (apr UeJ n, m)
Hayu

| Coueran (m, 1)

KoH

anr Couetas (apr uejs k, Haudajso)
Hay Les i

cmm k =0

HLL,HJ'IFI:LOT].,HOHI
| BrIBOO MHI[1]

| e

| o

[

[

| | KO

| | BEIBOO HC

| |nHaue

| | 2o gna i oT Hauwayno mo n — k + 1
| | | mEeo[m - k + 1] :=1i
| | | Coueran(k - 1, i + 1)
| | KL

| BCce

KOH

13.3. PaamelwneHuqa

Crauasa Takke HarmoMHuM onpegesnenue [10]. Bymem cocraBiasaTh m3 n pas-
JIMYHBIX 9JI€MEHTOB I'PYIIIBI IO M 3JIEMEHTOB B Ka)KIOil, pacriojarasi B3s-
ThI€ M SJIEMEHTOB B PA3JIUUYHOM mopsake. IToayuarormecs mpu sSTOM KOMOH-
HAIIUW HAasbIBAIOTCS DPA3MEULCHUAMU W3 n dJIeMeHTOB 1o m. Hampuwmep,
pasMeIeHns U3 YeThIPeX SJIEMEHTOB a, b, ¢ 1 d 1Mo 2 GYAYyT CIAETYIOIIMU:

ab, ba, ac, ca, ad, da, bc, cb, bd, db, cd, dc
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Herpyano yBumers, 4TO pasMeIleHsa U3 n 3JIEMEHTOB II0 m MOT'YT OBITh
MOJIyYeHbI myTeM (DOPMUPOBAHIS BCEX BO3MOJKHBLIX COUETAHUII M3 n dJie-
MEHTOB II0 m C TOCJenyIoleil reHepamueil AJasS KaKIOTO COUETAHUS dJje-
MEHTOB UX MepecTaHoBOK. IIpeasarat uuratesaM paspaboTaTh TaKOI Ba-
PUAHT peIIeHUs CaAMOCTOSTEJbHO. 3ech K€ MBI OIHIIEeM IIPOIeaAypy,
¢ TIOMOII[bI0O KOTOPOM MOYKHO MOJYUUTH BCE PA3MEINeHUs U3 n 9JIeMeHTOB
M0 m HeIoCPeJCTBEHHO.

Haunem ¢ BapuauTa, B KOTOPOM pas3MeIl[aeMbIMU 9JI€MEeHTaMU SIBJISIOT-
cs mudpsl. IIyers n = 4, m = 3. Bece cooTBeTCTByIOIME PABMEIEHUS IIPH-
BelleHbI (B JIeKCUKOTpauuecKoM MHOPAAKe) B Tabauiie:

123 124 132 134 142 143
213 214 231 234 241 243
312 314 321 324 341 342
412 413 421 423 431 432

Kaxmoe popmupyemoe pasmellieHre OyaeM XPaHUTb B MacCHUBE pasM,
a a;meMeHTHI (1u(PHI), yKe UCIOJb30BAaHHBIE B PA3MEIlleHN, — B MacCCH-
Be mcroJ. /g mpoBepKu (haKTa MCIOJIb30BaHUA IMUMPHI 1 cpenm k yixe
UMeIOIUXCA B pasdMellleHny Nudp npumMeEuM QYHKIUIO VICIIOJIE30BaHA:

ayir Jor lMcnonab3obkaHa (apr uen Tab mucnosal[l:n], dex i)
Had JIOT MC, Les ]

j :=1; mc := HerT

HLU noka j <= k u He uc

ecnu ucnoJsi[jl=1

|

|

[

| | |ro

| | | uc := ga
| | |uHaue
113 ::=3+1
| | Bce

| ®u

| 3HAU := uc
KOH

s hopMUPOBAHUSA OUEPEIHOTO Pa3MeIleHusa CO3NaAUM PEKYPCUBHYIO
Iporeaypy PasMemeHus; ee IapaMeTpPoM cAejiaeM HoMep IIO3UIMU B Pas-
MeIlleHN, OJIs KOTOpoil mombupaercs mudpa:

anr PasMmemeHud (Apr LeJl NO3ULINA)
Had ues i

| | Kaxnyo umudpy

HU ang 1 or 1 mo n

| ecnm He Mcnomb3o0BaHa (Mcmos, 1)
I Imo

|
| | |lIpoBepsgeM, MCHOOJIB30BAaHAa JIM OHa B pa3MelleHUn
|
|
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| 3anmucelBaeM ee B MaCCMB MCIIOJIb30BAaHHEIX LUQP
k := k + 1 |HomMep oUuepeXIHOM MCIIOJIE30BAaHHOM UMOPEH
ucnosl[k] := i
| 3anmcelBaeM ee B pa3MelleHMEe Ha MeCTO HO3MIMS
pasMm[nosuumal := i
ecay nosuuug < m
| To
| PekypPCMBHO BHIBHBAaeM IPOLEenypy
| oyia nombopa uMOpE B Ccjenyiluer IO3ULUM
PasMeneHuda (nosuumsa + 1)

| OuepenHoe pas3MeleHMe NOJIYyUYeHO
| BIBOOMM €T0
BBIBOO pas3m, " "
Bce
|Bo3ppamaeM Lubppy I B UMCIIO HEMCIIOJIb3OBAaHHEIX,
| ymMeHbIIMB Ha 1 3HaueHue K
k =k -1

|
|
|
| mHaue
|
|
|

Jloruka paboThl TPOIEAYPHI ONMMCAHA B KOMMEHTAPUAX.

OcHOBHaAA mporpamMma MMeeT BU/I:

nen
nen
nen
aJir
Had
| n
| k

KOH

n, m, k

Tab pasm[l:m]
Tab mucnonos[l:n]
Bce pasmeumeHusa

=4; m := 3

=0
| Pasmemenmsa (1)

Temepsb 06CyaAMM, UTO SOJKHO UBMEHUTHLCA B CIydae, KOT/a pasMeliiae-
MbI€ 9JIEMEHTBI SBJISAIOTCA BeJINUYMHAMHN CTPOKOBOI'O THIIA. BO-IEepBHIX,
IIOHAJOOUTCA MACCHUB 3JI C STUMMU djaeMeHTaMu. CTPOKOBBIA THUII JOJIMKHEI
UMeTh U DJIEMEHTBhI MacCUBOB pasm U mcnoJi. ClegoBaTesbHO, OCHOBHAS
mporpaMMa AOJKHA ObITH OPOPMJIEHA TaK:

uesg n, m, k

n
JIT

JIT

JIT

=4; m := 3

T7ad sxa[l:n]
Tad pas3M[1l:m]
Tad mucnos[l:n]
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anr Bce pasmeumeHusa

@

b=

N
Il

k :=0
Pazmemenusa (1)
KOH

Bo-BTOpBIX, 3aroJIOBOK IIPOIEAYPHLI VCIONE30BaHa HOJMKEH IPUHITH
54
BUJ :

anr jor lcnosie30BaH (apr jurT Tab wmcnom[l:n], JguT 1)

BoJiiee cyimecTBeHHbIe M3MEHEHUS IOJIKHA IIpPeTepIieTh IIpolleaypa
PasmMmemenmnsa:

anr PasmemeHurd (apr LeJl NO3ULMA)
Had Uesy 1 |HoMep 3JieMeHTa

| KaxOpii BJIeMeHT
HU gna i or 1 mo n

| |IIporepseM, MCIOJIB30BAH JIM OH B pa3MelleHUM
ecyau He JVicnoses3o0BaH (ucnoj, sia[i])

| o

| 3anmMceIBaeM €70 B MAaCCUB MCIIOJIE30BAHHBIX BJIEMEHTOB
k :=k + 1 |HoMep ouepenHOT'O MCIOJIb30BaHHOTO B2JIEMEHTAa
ucnos[k] := sm[i]

| 3anMceBaeM ero B pa3MelleHue

pa3M[nosuuma] = 3J[1i]

ecJy nosmuumda < m

| To

| | PexypCHMBHO BHIBEIBAEM IPOLEIYPY

| | o1 nonmbopa 3JIEMEHTa B Cclledylllel IO3ULUM

|  PasmemeHmsa (t + 1)

| mHaue
| BEHBOH pPasm, " "
Bce

| Bo3BpamaeM 3JIEMEeHT 5J1[1] B UMCIJIO HEMCIIOJIb30BAHHEIX,
| ymMmeHbmMB Ha 1 3HaueHUe K

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| k:=k -1
|

K

KOH

54
C YUIeTOM TOr0, UTO 3/IeCh PeUb IeT He 0 Iudpe, a 0 CHMBOJILHOM pa3MeIllaeMOM dJIeMeHTe.
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51.

Hauo cuioBo «koaymn». IlosyunTe Bce mATMOYKBEHHBIE CJIOBA (B TOM
umcJie 6ecCMBbICIEHHbIEe, HAIPUMED «KHYOJ»), KOTOPhIe MOKHO COCTa-
BUTH 13 OYKB 3TOT0 CJIOBA.

ITonyunre nBOMUYHBIE IPEACTABICHNUA BCEX NECATUUYHBIX Ynces OoT 1
mo 31.

B cGopHYIO IIIKOJIBI IO 0aCKeT00JIy BXOAUT 8 UeJIOBEK: AJIeKCaHIp,
Amnppeii, Apmen, Bopuc, Imurpuit, Erop, Punar u Cepreii. Ilosmyunure
BCE BO3MOJKHBIE BAPUAHTHI CTAPTOBOM MATEPKHU AJIS 9TOM KOMAH/IbI.

B aBTOMOOUIIE MMeeTcsA 5 MeCT: BOAUTEIBCKOE, KPECJio PSIIOM C HUM
U TPU MecTa Ha 3aJHeM cuzeHuu. [loayumnre Bce BapUaHTHI pasMelre-
HUSA B aBTOMOOMJIE IIATH IACCAKUPOB 13 MMEIOIUXCS IIIeCTH YeJI0BEK.

Bce 3agmaum pernuTe, MCIIONIB3ysA METOABI, OIIMICAHHBIE B JAHHOM pas-
IeJe.




14. O6bpaboTka nepeBbeB

Her, yBaskaemblii unTaTesib, B 9TOM pasjeje Mbl He OyaeM pacCKas3bIBATh,
KaK HaJ0 YXaKUBATh 34 OepeBbAMU U KycrapHukamu ©. Peus moiizer o
MeTonuKe 00pabOTKe NAaHHBIX, CBASU MEXKAY KOTOPHIMU HMMEIOT «IPEBO-
BUAHBIN» xapakTep (puc. 14.1-14.4).

Mom JJoxyMeHTH

Mot koMnelTEP

Program Files

IncTprbyTHUBE

Puc. 14.1 Puc. 14.2

Kak pemaTs 3afaun, cBA3aHHBIE ¢ 06pa0OTKOM JaHHBIX, IIPEJCTABJICH-
HBEIX B JPeBOBUAHOIN cTpyKType? IIpexe ueM oTBedaTh Ha 3TOT BOIIPOC,
naBaiiTe 06CYAUM TepMIHOJOIHIO. KOHEUHBIe TOUKM OTPE3KOB, U3 KOTO-
DBIX COCTOUT Oepe60, HABHIBAIOT epuiuHaMl. BepIinHa, U3 KOTOpOil Ha-
yuHaeTcsa («PacTeT») [ePeBo, HA3BIBAETCA KOPHEeM, BEPIIHHBI, K KOTOPHIM
BeIyT JMHUHU U3 HEKOTOPOH i-i BEpPIIMHBI, — ee NnomomkKamu’, a cama
i- BepIIMHA HA3HIBAETCA NPedKOM BEPIINH — ee HOTOMKOB.

55 -
CTporo roBopsi, MOTOMKAMHU 1-¥ BEPIIUHBI ABJIAIOTCI HE TOJHKO YKA3aHHBIE BEPIINHBI,
HO M BCE UX IIOTOMKH.
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Gates Brown

lseptember

Puc. 14.3

Muxann
BacuneeBuy

Muxamnn Anexceir i
Sunmnn Axos Augpen

IMuTpmii Onsra

Puc. 14.4

MoskHO paccyskaath Tak. Haxondch B KOpHe, clIeqyeT o0padoTaTs  ero
3HAUYEHUE, a 3aTeM BBITIOJHUTEL TO K€ caMoe IJIs KaKkIoro moToMka (T. e.
HCIIOJIb30BATh IpPHEeM, KOTOPBIH B IIPOrpaMMUPOBAHNY HA3LIBAIOT PEKYP-
cueii, — cMm. paszmea 10).

IIpumeHuM »5TH paccyKIaeHus, HaIpUMep, UYTOOLI BBLIBECTH HOMepa
BCeX BepIINH AepeBa, n300pakeHHOro Ha puc. 14.1. KoHeuHo, MBI U Tak
3HAeM STH HOMEpa, TaK UTO €IMHCTBEHHAS IleJib, KOTOPYI0 MbI CTABUM
mpu paspaboTKe COOTBETCTBYIOIIEl MPOrpaMMbI, — IIOKAa3aTh MCIIOJIb30-
BaHNe PEKYPCUU MIJIS PEIlleHus dTOH M IMOAOOHBIX 3amad.

Tax kax Me:kIy HOMEDPOM BepIIMHBI-TIPeAKA N, ¥ HOMEpPaMU Bep-

IIMH — ee IOTOMKOB N_ B JaHHOM ClIydae HMMeeTCS 3aBUCHMOCTD:
NHOTZanX2+l mpu i =0, 1
W
NHOT=NHp><2+(i—1) npu i =1, 2,

TO cIeJiaHHBIE BBIIIE paccy:KaeHusA o6 o0paboTKe MTAaHHBIX B JPEBO-
BUAHOHN CTPYKTYypPe MOKHO 0)OPMUTH B BHUAE CIEAVIOIell PeKYPCUB-

6 o
Ilox TepMuHOM «00paboTaTh» 371€Ch MOHUMAETCS JII000€e [eficTBIe, CBA3aHHOE C HOMEPOM
BEPIUIVHBI UJIU CO 3HAUEHUEM, COIIOCTABJIEHHBIM 9TOI BepIINHE (CM. Jajiee 10 TEKCTY).
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HO# Tpolenypbl, MOJEeJIUPYIOINel AelicTBUA Ha OUepPemHOM Iimare 00-
paboTkmu:

anr OuepenHoM mar (apr LeJl HOMEP BEPUIMHEL)
Had

| BLIBOOMM HOMEP TeKyllel BepIMHE

BEIBO LT HOMep_B S PUIMHEI

€CJIM HOMEP BepmMrHBl <= 7

| o

| |BeseiBaeM npouenypy OuepenHOM mar

| | 1519 oBpaboTku ee (BEpPWMHE) IOTOMKOB
| OuepenHolM mar (HOMep BEPWMHEL * 2)

| OuepenHoM mar (HOMep BepumMHE * 2 + 1)
BCe

Kak Bugum, ee apryMeHTOM SABJIsIeTCS HOMED BepIIUHBI, 00pabaThI-
BaeMoO¥l Ha ouepexHoM Iare. Vcmosb30BaHHOE B IPOIleype YCJIOBUE
HOMEP BepmMHE <= 7 II03BOJAET OTPAHUYMUTHL PEKYPCHUBHBIE BHI30BBI
mporeAyphl (B Halllell 3ajjaue YMCJIO | — MaKCUMAaJbHBIN HOMED BepIIU-
HBI, UMEIOIIeil IIOTOMKOB).

MoskHO TakKe B mpoIeaype IPUMEHUTH OIIEPATOP IIUKJIA C ITapaMeTPOM:

anr OuepedHOM mar (apr LeJl HOMEP BEePUIMHE)

Ha4

| BLIBOL HOMEP BEPIMHEL

| eci HOMep BepuMHH <= 7

| | To

| | HU gas i1 or 1 mo 2

| | OuepenHo¥ mar (HOMEp BepmmMHHE * 2 + 1 — 1)
I | xug

| BCe

KOH

OcHOBHaAsA YacThb IIpPOrpaMMBbl BBITJIAOUT TaK:

aJr BHIBOI HOMEPOB BCEX BEPIMH
Had

| OuepenHor mar (1)

KOH

B sToM mpocreiiliieM mpumepe AJd HaAC IIPEACTABJIAAECT MHTEPEeC II0Ce-
IOBaTeJIbHOCTh BBIBOJa HOMepoB BepminH. OHA OyaeT cJenyIoIei:

1 2 4 8 9 5 10 11 3 6 12 13 7 14 15

(ybexuTech B 3TOM UM IPOaHAJIUBUPYHTE MOPANOK PEKYPCUBHBIX BHLISOBOB
IIpoueAypsl OuepenHOM mar).
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B ob1eM cayuae AJId JepeBa, KaxkJas BepPIIMHA KOTOPOTO UMeeT 2 II0-
TOMKA®', COOTBETCTBYIOI[As IpOIeAypa ohOpMIAETCA TaK:

anr OuepedHOV mar (apr LeJl HOMEP BEePUIMHE)

Had

| BEIBOI HOMEP BEPUIMHE

| ec HOMEp BepUVHBEl <= MaKCHMAaJIbHBEII HOMEP BEPIMHEL C ITOTOMKaMu

| | o

|| Hn gna i or 1 mo 2

| | | Ouepenuolii mar (HOMEp BEpWMHE * 2 + 1 — 1)

I o

| BCe

KOH

rle MaKCHMAaJIbHEM HOMEP BEepPUMHE C MNOTOMKamy — 3TO BeJIUYHnHAa,
CMBICJI KOTOPOHN SICEH W3 €e WMEeHW.

/gg CocTaBbTe IIPOIEAYPHI OJIsI BHIBOJA HOMEPOB BCeX BEPIIHNH JepeBa, B
KOTOPOM KOJIMYECTBO IIOTOMKOB B KasK/JIOU BEpIIIMHE PaBHO: a) TPEM;

0) ImeJioMy YHCJaY 1.

Hayuupincs 0o6X0UTH BCe BEPIIUHBI [epPeBa, MbI MOKEM pellnaTh 3a-
Iauu, CBA3AHHBIE C PA3JIUUYHON 00pabOTKOII JaHHBLIX, IPEeACTABIEHHBLIX B
BUJEe ePEeBbEB.

3adaua 1. Kaxxmoii BepIllinHe qepeBa, IpeacTaBieHHoro Ha puc. 14.1, co-
TIOCTaBJIEHO YMCJIO, 3alliCaHHOe B TabiuIle:

Homep 1] 2 3 4 5 6 78 9 |10 |11 12| 13 |14 15
BEPIINHBI
Yucao 10/ 22|16 | 11 |45 |25|25| 4 |10 | 7 | 8 |25/ 10 | 1 |9

OmpepennTe cyMMy BCeX UHMCeJ B BepiuHax (000#ad mX Tak, KaK 3TO
Ieajioch B IIPeNbIAYIIeM IIprMepe).

Pewenue

Yucsa, IpuBeIeHHBIE B IIEPBOI CTPOKE 5TOI TaOJHUIBI, MbI OyZeM Ha3bl-
BATh «IIOMETKaMM» B BepIInHax. B mporpaMme MbI UX OyZeM XPaHUTh B Mac-
cuBe a u3 15 amemenTtos. Torga pekypcuBHas mIporefypa OdepernHoM mar,

57
PasyMeeTca, KpOMe BEPIINH, HAXOAAIIIUXCA Ha IIOCJIeJHEM YPOBHE epeBa.
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CYMMUPYIOIIasa 3HAUEHHSA «IIOMETOK» BO BCEX BEPIIMHAX ~, IIPH COBJIIOe-
HUMN Tpe60BaHI/II71 ycaoBuA 3aJa4uu OOJIXKHA MMETb BUI:

anr OuepenHOM mar (apr LeJl HOMEP BEPUIMHEL)

Had

|OBbpabaTEiBaeM TeEKYIYID BEPUMHY

CyMMa uuceJl := CyMMa uKceJsl + a[HOMep BepVHH ]
€CJIM HOMEP BepmMrHBl <= 7

| o

| |ObpabaTEBaeM €e MNOTOMKOB

| Hu oya ioor 1 gmo 2

| | OuepernHoi mar (HOoMep BepwMHH * 2 + 1 — 1)
| xu

BCE

IIpumeuanne. BenuumHa cyMva umcesl U MAacCHB a JOJKHBI OBITH
OIIMCaHBI KaK IJIOOaJIbHEIE.

OcHOBHAA YacCTh HPOTPAMMBI O(POPMJISETCS CJEAYIOIIUM 00pasoM:

uen Tab a[l:15], uen cymMa uuces

anr CyMma BCex YMCeJl B BepHMHax repeBa

Had

| all] :=10; al[2] := 22;

| cymma umcen := 0

| Ouepennon mar (1)

| BeiBOO HC, "CyMMa BCex NOMETOK pabBHa ", cyMMmMa umcel
KOH

g Ins nepeBa, UCIIOJB30BAHHOIO B 3ajaue 1, ompeaeanTe:

1) cyMMy «IIOMETOK», KOTOphIe OoJibIlie 15;

2) KOJIMYECTBO YETHBIX «IIOMETOK»;

3) cpenHee apu(MeTUUECKOE HEUETHBIX «IIOMETOK»;
4) nmeeTcsa Jiu B iepeBe «moMeTKa», paBHasa 100.

IIpumeuanue. [Ipu pemnteHun Bcex 3a7ayu 00X0 BEPIITNH TOJMKEH OCY-
IIECTBJIATHCA TaK, KaK 9TO JeJaJIOCh B IIPEeIbIAYINUX IPUMepax.

3adaua 2. [Insa nepeBa, UCIIOJB30BAHHOTO B 3ajmaue 1, moiiguTe 10 Bep-
IINHLI JlepeBa C «IOMETKOii» 25 UM BLIBEIUTE ee HOMep.

58
Iliist pacueTa CyMMBI «IIOMETOK» TaKsKe MOKHO COCTABUTH PEKYPCUBHYIO (DYHKIIUIO.
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IIponenypa Ouepennoy war LJA BTOH 3amadu oPOPMIIAETCS CIeLyIo-
oM obpasom:

anr OuepenHOM mar (apr LeJl HOMEeP BEePUIMHE)

eciu a[HomMep BepmuHEI] = 25
| To
| BHIBOJ HOMEP BEPIIMHE
| mHaue
| |IponoimxaeM PeKyPCUBHEE BEI3OBLL
| ecau HOMEp BepwMHE <= 7
| | To
|| BO ana iorl ;o2
| | | Ouepennoi mar (HOMEp BepWMHH * 2 + 1 — 1)
I ko
| BCE
BCE

OcHOBHAA YacTh IPOTPAMMBIL:

ues Tad a[l:15]

all] :=10; a[2] := 22;
anr 3amada 2
Hau

| BoiBOO HC, "Umciio 25 — ©TO ImoOMEeTKa B BepumHe HOMep "
| OuepenHov mar (1)
KOH

BrImosHUB porpaMMy, MOKHO OOHApPYKUTh, UTO HA 9KpaH OyAeT BbI-
BeJIeH He TOJHKO HOMED IePBOM BepIInHEI (6), mMerIneil «moMeTRy» 29,
HO 1 HOMep 7, a BOT HOMep 12 BeIBeaeH He OymeT. ITO 00'bSICHIETCS TEM,
4TO IOCJIe BBIIOJIHEHNUA IPOolefyphl OuepenHoM war ¢ IapaMeTpoM, PaB-
HBIM 6, pEeKypPCUBHBIE BHI3OBBI «13 HEe» IPOUCXONUTH He OyIyT, HO OyaeT
OCYIIIeCTBJIEH BBIZOB 9TOI IPOIEAYPHI C TapaMeTPOM, PABHBIM 7 (IIOCKOJIb-
Ky mpouenypsl OuepenHol mar (6) U OuepenHoy mar (7) BbI3BIBAIOTCH
U3 Ipoueaypbl OuepenHoit mar (3)).

Yr0o6bl MOJYYUTHh HOMED TOJBKO ONHOU M3 BEPIIUH C «IIOMETKOI» 25,
cJenyeT MCIIOJb30BaTh INIOOAJBHYIO BEJIUUYNHY JIOTUYECKOTO TUIIA C UMe-
HEM BCTPeTUJIOCH25:

anr OuepenHOM mar (apr LeJl HOMEeP BEePUIMHE)
Hau nes i

| ecim a[HOMep BepwMHEI] = 25 UM HE BCTPETUIIOCHZDS
| | To

| | BCcTpeTmsocs25 := ma

[

BEIBO ] HOMep_B S PUMHEI
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nHaue

€CJIM HOMEP BepmHbl <= 7

| To

| Ho gna i or 1 mo 2

| | OuepenHo¥ mar (HOMEp BepmmMHHE * 2 + 1 — 1)

N o—_——— — — = — —

ObOpaTuTe BHMMAaHNe Ha MECTO B IPOIeIype, B KOTOPOM IIpUMeHeHa Be-
JUUYNHA BCTPEeTUIJIOCH25.

g I nepeBa, MCIIOJIb30BAHHOTO B 3amaue 1:

1) BeIBeAMTE HOMEPA BCEX IIOTOMKOB BEPIIINH, KOTOPLIM COIIOCTaBJIE-
HO YHUCJ0 25;

2) BeIBEIUTE HOMEpA BCeX IIOTOMKOB IIePBOM BCTPETUBIIIEIiCS Ipu 00-
X0Jle epeBa BEePIIIUHEI, «IIOMETKa» KOTOPOH paBHa 25.

3adaua 3. ]Jlnia pepeBa, MCHOJL30BAaHHOTO B 3amade 1, ompemesuTe
CYMMY YWHCeJI, COIIOCTABJIEHHBIX BCEM «MapIIPyTaM», KOTODPbIE CBA3bIBA-
IOT KOPeHb JiepeBa ¢ BepPIIMHAMMU Ha ero IocjJeJHeM YPOBHe (C HoOMepaMu
8-15).

WUnesa pemmenusa sToii 3amaum cIeAyIOAa: IPU IIepeMeIleHun 0 Bep-
muHAM JepeBa HAJ0 HOJCUYUTHIBATH CYMMY COOTBETCTBYIOIIUX «IIOME-
TOK», & MOCJ€e JOCTUKEHUS IIOCJEeTHEr0 YPOBHSA JepeBa — BBIBECTU TIO-
ayueHHYI0 cymMMmy. C y4eTOM 9TOro HAYaJbHBIA (DparMeHT HTPOIeaypPhI
OuepenHoi mar OQPOPMUTH HECIOMKHO:

anr OuepenHOV mar (apr LeJl HOMEP BEePUIMHEBI)

CyMMa uuceJl := CyMMa uKceJsl + a[HOMep BepVHH ]
€CJIM HOMEP BEepWMHEL > 7
| To |JOCTMIHYT KOHEeL OOHOTO mu3 "MapupyToB"
BHIBOJ HC, CyMMa UYMCeJI
nHayde

|IIpomosnkaeM PeKypPCHUBHBE BEI3OBEH

HU gna i or 1 mo 2

| OuepenHoV mar (HOMEp BepumHeE * 2 + 1 - 1)
g
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IlepBoIii «MapIIPyT» IEpeMeIeHns 0 AePeBY, MJIA KOTOPOTro OyaeT Hall-
IeHa U BbIBeJeHA Ha dKpaH HMcKomas cymMa: 1-2-4-8. Ilocyie BuIOTHEHUSA
nponeAypbl OuepenHol mar (8) OyZeT BeI3BaHA IIpolenypa OuepenHOM
mar (9), IPU BBIIOJHEHUU KOTOPOUN OyaeT MOCTHUTHYT KOHEI[ BTOPOTO
«Mmapuipyta» (1-2-4-9), mojcumTaHa W BhIBeJleHA BTOpas MCKOMas CyMMa.
OpHako B Hell OyeT yUTEHO YHCJI0, COIIOCTABJIEHHOE BEPIIINHE 8, UTO Helpa-
BUJIBHO. UTOOBI YCTPAHUTH 9TOT HEJOCTATOK, HAJIO Iepel OKOHYaHUEM pPado-
TBI NPOIEeAYypPhl OuepenHoy mar (8) BEIYECTh U3 HAWJEHHOH CYMMBI 5TO
YrCa0. AHAJOTMYHO HAZO0 BBHIUUTATDL YyKe YUTeHHBbIE B UTOTOBOM CyMMe «IIO-
MeTKH» U B JIPYI'MX BepIIUHAX JlepeBa:

anr OuepenHOM mar (apr LeJl HOMEP BEePUIMHEI)

CyMMa dYucCeJl := CyMMa dKceJsl + a[HOMep BepUMHH ]
€CJIM HOMEP BEepWMHEL > 7

| TO |JOCTUTIHYT KOHEL OOHOTO M3 "MapupyToB"

| BHIBOZ HC, CyMMa uMcCeJl

| mHaue

| O gnsa i om 1 mo 2

| | OuepenHoV mar (HOMEp BepummHE * 2 + 1 — 1)
| xO

BCE

| coloCcTaBJIEHHOE BeplMHE, B KOTOPOM HaXOOMMCH
CyMMa dMCeJI := CyMMa d4MCeJl — a[HOMep BepUMHH ]
OH

|
|
|
|
|
|
|
|
|
| |UckiouaeM M3 CYyMMBl UMCJIIO,
|
|
K

/g st nepeBa, n3obpaskeHHOro Ha puc. 14.1, chopMupyiiTe Bce « MapIipy-
TBI» , KOTOPBIE IIPOXOIAT OT «KOPHSA» JepeBa 0 ero II0CJIeIHET0 YPOBHS.

3adaua 4. [Ina nepeBa, UCIOJIb30BAHHOTO B 3amaue 1, omrpenesinTe MU-
HUMaJBHYIO U3 CYMM, YKasaHHBIX B YCJIOBHUHU 3amaduu 3.

IIporpamma AJsi pellieHHs 9TO¥ 3ajayud MMeeT BU[:

ues Tad al[l:157,
LeJl cyMMa uMCcCeJl, MMHUMaJlbHas CyMMma
anr 3anava 4

Had
| all] :=10; al[2] := 22;
cymma_dupncen := 0
MuHMManbHaa cymMa := 10000 |YcmoBHO

|

|

| Ouepennoy mar (1)

| BEIBOO HC, MMUHMMAaJIbHAA CyMMa
KOH
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anr OuepenHOM mAaTr (apT LeJl HOMEP BEePUIMHEBI)
Hayd OeJ i

CyMMa uuceJl := CyMMa uKceJsl + a[HOMep BepUVHH ]
€CJIM HOMEp BepMHH > 7/

| |DocTUrHYyT KOHEl] OOHOTO M3 MapmpyTOB

| o

| ecau cymma umces < MUHMMAJIbHAA CyMMa

| | To

| | MyHMMaJbHAA CyMMa := CyMMa 4MCeJ

| BCE

| mHaue

| HO mas 1 or 1 mo 2

| | OuepernHo¥ mar (HOMEp BepmmMHHE * 2 + 1 — 1)
| xO

BCE

CyMMa dMCeJI := CyMMa dYMCeJl — a[HOMep BepUMHH ]

KOH

&5

W3 Touku A B TOuKy B MOYKHO IIOIIACTb 110 JIUHUSAM, N300PaKeHHBIM Ha
puc. 14.5 (umcsia Ha PUCYHKE COOTBETCTBYIOT PACCTOSHUIO MEMKIY TOU-
KaMmu, 0003HAUEHHBIMU 3aKPaIlleHHBIMU Kpy:Koukamu). Haligure miu-
HY caMOT0 KOPOTKOI'0 MapIpyTa OoT TOYKu A 10 Touxku b.

Puc. 14.5

Tenepsr BBegeM HOBBIE TepMuHBI. VM300paskeHHoe Ha puc. 14.1 mepeso

Ha3BIBAIOT «NOJAHbLM 080UYHBLM Oepesom». IIJid KarKION ero i-il BepIIu-
HBI OIIPENIeJIEHO nepgoe noddepe6o — YacThb IepeBa, KOTOPOe HAUMHAETCA
¢ IOTOMKa ¢ HOMepoM 2 X 1, U 8mopoe noddepeso — UYacThb AepeBa, KOTO-
poe HaumHAaeTCA C HMOTOMKa ¢ HomepoMm 2 X i + 1.
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Jleouunvim ynopadoueHHbvim depedom Ha3bIBAIOT JEePEBO, M KOTOPOTO
CIIPaBeIJIMBO CJENYIOIllee CBOMCTBO: AJIA JIO0OU 1-II BEePIIMHBI BCE <«IIO-
MeTKH!» B IIePBOM IIOJJepeBe MeHbIlle «IIOMeTKM» B 1-W BepIllinHe, a BCe
«IIOMETKM» BO BTOPOM IIOJepeBe OOJbIlle «IIOMETKU» B 1-i BepriuHe. Ha-
IpUMeEpP, YIOPALOUYEHHBIM ABJIAETCS AEpPeBO, m300paskeHHoe Ha puc. 14.1,
IpU «IIOMETKaX», MEePEeUMCJIeHHBIX B TaOJIUIE:

Homep 1123, 4|56 |7 8|9 10/11]12|13|14 |15
BEPIINHBI

«Ilomerrka» |[20|10 26| 8 |18 24|30 1 | 9 |11 19|22 |23|28 |50

s nepeBa, OMMCAaHHOTO BHIIIE, HAWAWUTE HOMED BEPIIIUHBI C «ITOMET-

/@ Koii», paBHOU p (cumTasi, 4TO TaKOe UHCJIO CPeIU «IIOMETOK» €CTh).
00x0z BcexX BePIIIUH JepeBa W MOCJIeI0BATEIbHBIN IPOCMOTD dJIEMEH-
TOB MacCUBa HE MCIIOJb30BATh.

YrkazaHus 10 BBINMOJHEHUIO 3alaHusA. byarogapsa yInopsagouYeHHOCTHA
JlepeBa YMCJIO P B HEM MOKHO OBICTPO HAWTHU CJAEAYIOIIIUM CIIOCOO0M:
IPUIS B KAKY0-JI100 BePIIUHY C «IIOMETKON» m, MOKHO OIIPeJeUTh,
HalifleHa JI1 UCKOMAasA BepIIINHA, NJIU B KaKoe IOoAAepeBo (IlepBoe uiu
BTOPOE) HYKHO UJTHU JaJIbIIe:

Pp>m

IpU p = m BepIIMHA HalJeHa

HauaB ¢ KOpHA u ABUTAACH IO 9TOMY IIPABUJIY, MOMKHO BCerja HaWTHU
COOTBETCTBYIOIIYIO BEPIIIHY.

o aTor0 OBLIM PACCMOTPEHBI CIyYan, KOrAa y Kas/I0il BePIINHEI Jepe-
Ba UMEJIOCh OAWHAKOBOE KOJMYECTBO ITOTOMKOB (IBa). A KaK OBITH, ecou
ono pasanuuo (puc. 14.6)? Kak o6oiiTu 1 o6paboTaTh BCe BEPIIUHEL Jepe-
Ba B aTOM cJyuae?
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Puc. 14.6

T'nmaBHas upes pelleHuss mOJ00HOII 3aJauyuM Ta »Ke, UYTO W paHbIle, —
00paboTaB KaKAyI0 BEPINUHY, CJHedyeT BBIMIOJHUTL TO K€ IJIs KaKJ0ro
MOTOMKAa 5TOM BepinuHBI. HO KaK ompeneauTh HoMepa IMOTOMKOB? Benb
YyeTKas 3aBUCHUMOCTH MeXKIy HOMEPOM BEPIIMHBI-IPEeIKa U HOMepaMu ee
IMOTOMKOB B JaHHOM cJIiyuae OTCyTcTByeT! 31ech HaAM Ha IIOMOIIb IIPHUXO0-
IUT ciemyiolias Tabauiia, B KOTOPOH oTpaskeHa MHQMOPMAIUA O CBI3AX
BEePIIUH-TIPEIKOB U BEPIIUH-IIOTOMKOB:

Homep IlopsagkoBeIii HOMED
BepIINHBI- BEePIIMHBI-IIOTOMKA
TIpenka IIepBoro Broporo
1 2 3
2 4 5
3 7 8
4 6 0
5 0 0
6 0 0
7 9 10
8 0 0
9 0 0
10 0 0

IIpumeuanne. Yucao 0 yKasbIBaeT, YTO COOTBETCTBYIOIIUI IIOTOMOK [JIS JAaH-
HOU BEPIIWHBI OTCYTCTBYET.

O06o3HauUM MOPAAKOBBIN HOMEpP MOTOMKAa KaK 1 (B paccMaTpUBaeMOM
cayuae i paBHO 1 mam 2) u OyaeM paccyskAaTh Tak. [ KaKI0ro HoMe-
pa i mpoBepsieM, CYIIECTBYeT JIM TAKOM IIOTOMOK y paccMaTpPUBaeMO
BEPIIUHEI, U B CIyYae IOJOKUTEJIHLHOTO OTBETA PEKYPCUBHO IIEPEeXOIUM K
00paboTKe 3TOr0 MOTOMKA, HOMEP KOTOPOr0 MOXKHO ONPENeIUTDH II0 IIPU-
BeJIEHHOI Ta0JuIie.
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PaspaboTaemM COOTBETCTBYIOIYI0 mporpaMmy. I XpaHeHUsa TaHHBIX
0 HMOPALKOBBIX HOMEpPAaX BEPIIMH-IIOTOMKOB M3 TOJHKO UTO IIPUBEIEHHON
TAaOJUIBI KMCIOJb3yeM ABYMEPHBLI MAacCHB a M3 OECATH CTPOK M IBYX
CTOJIOI[OB:

Y
O OO o OO O WU Ww

O O O W OO dIbsDND

C ucnoJsib30BaHMEM IIOLOOHOI'0 MacCHBa PEeKypCHUBHAS MIpoleaypa o0-
XOJa BEPIINH JepeBa M BBIBOJA MX HOMEPOB O(OPMIISETCS CJIELYIOIIHNM
obpasom:

anr OuepenHOM mar (apr LeJl HOMEP BEPUIMHEL)
Hay ueJs i

| BLIBOO HOMEP BEPMHE

ecnau HoMmep BepmuHEl <= 10

| TO

HUO Oida 1 or 1 mo 2

| |Ecam i-¥ NOTOMOK CYIHEeCTBYyeT

| ecom a[HoMep BepumHE, i] <> 0

| | To |OOpabaTmBaeM ero

| | HoMep BepUWMHBE — 3TOT'O IOTOMKa
|

|

|

| |paBen alHoMep BepmMHE, 1]
| OuepenHo¥ mar (a[HOMep BepmMHE, 1i])
BCE
Ko
ce

|
|
[
[
[
|
|
|
[
(I
[
| BCE

KOH

BrI30B 9TOIi TIpOIEeAyPHI B OCHOBHOM YACTU MPOTPAMMBI JOJIXKEH OBITH
TaKUM:

Ouepennor mar (1)

Eme pas oOparum BHMUMaHHE, UTO 3aBUCHUMOCTh MeXKIYy HOMEPOM
BEPIINHLI-TIPEeAKa U HOMepaMU ee IIOTOMKOB B PACCMOTPEHHOM CJydae
OTCYTCTBOBAJIa, HO 9TO He IIOMEIIaJi0 HaM PeIINUTh 3ajgaduy OJaromaps
NCIIOJIb30BAHUIO ABYMEPHOI0 MacCHBa, B KOTOPOM OTpaskeHa MHDOP-
MaIusa O CBSI3AX BEPIINH-IPEIKOB M BEPIIMH-IIOTOMKOB.
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AHaJIOTUYHO MOKHO PEIlIUTh PACCMOTPEHHYIO 3a7layy U B cjydae, KOT-
Ia MaKCHMaJbHO BO3MOIKHOE KOJIMUYECTBO IMOTOMKOB B BepIIIMHE PaBHO
Kmax. B aToM ciyuae cTpyKTypa TabGauIlbl OyIeT BBITJISAETh TaK:

Homep ITopsaakoBbIit HOMEP
BEePIINHBI- BEePUINHBI-TIOTOMEKA
Tpeaka 1 2 w. | Kmax
2
Ny

3nech Ny — o0IIiee KOJIMYECTBO BEPIIIUH B JepeBe, a MACCUB a JOJMKeH
HMeTh OIMCAHNE:

uen Tab al[l:Ny, 1:Kmax]

IIpu sToM nponenypa OuepernHoil mar odopMiAeTca caeLyIolnM 00pasoM:
anr OuepenHOM mAar (apr LeJl HOMEP BEPUIMHEBI)

BEIBOI] HOMep_BeleH/[HbI

€cyM HOMep BepumHbel <= Ny

| mo

HU 04 1 or 1 mo Kmax

| ecim a[HoMep BepumHE, i] <> 0

| | To

| | Ouepennoy mar (a[HOMEp BepumMHE, 1])
| BCe

Perrennas BhIIle 3a7a4a IIO3BOJIAT HAM pellIaTh W APYrue 3afaui, B KO-
TOPBLIX BEPIINHBI JepeBa MMEIOT HPOM3BOJbHYI0 Hymepaluio (puc. 14.7 —
TaKue [epeBbs B JaJbHEHIIIeM MBI OyJeM HasbIBaTh NPOU3BOJIbHbLMUL).

Puc. 14.7
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Hna npencraBiaeHHOTO Ha puc. 14.7 MpOM3BOJBHOTO JepeBa TabJuIia,
B KOTOPOM OTpaskeHa MHMOPMAI[KI O CBA3AX BEPIINH-IPEIKOB 1 BePIINH-
IIOTOMKOB, MIMe€eT BHU:

Homep ITopsankoBEIil HOMED
BEPUINHBI- BEPUINHBI-TIOTOMKA
Tpeaka IlepBoro Broporo | Tpersero
0 0 0
2 3 13 1
3 7 0
4 0 0
5 9 11 0
6 0 0 0
7 0 0 0
8 2 12 5
9 10 6 0
10 0 0 0
11 0 0 0
12 0 0 0
13 4 0 0

Ha ocuoBe 570 TabAUIBI /15T XPAaHEHUS JAaHHBIX O IOPSIIKOBBIX HOME-
pax BepIIUH-TIOTOMKOB B IIPOTpaMMe TaK:Ke MOKeT OBITH c()OPMUPOBAH
IBYMEDPHBINA MAacCHB.

BrizoB mpomenypbl OuepenHOM War B OCHOBHOI YacTU IIPOTPAMMBI
I paccMaTpUBAEMOrO cJiydas TOJIKeH OBITh TaKWM:

Ouepennor wmar (8)

Ilocne perreHus HECKOJIBKUX IOCJHETHUX 3a7a4 HETPYLHO YBUJETH,
YTO TAKUM CIIOCOOOM MOXKHO PelIaTh IPaKTHUUecKU Jo0ble 3afauu 1o o6-
paboTKe JaHHBIX, MPEACTABICHHBIX B BUE IIPOM3BOJLHOTO JepeBa, B KO-
TOPOM BePIIIMHAM JiepeBa COIOCTaBJEHBI KaKue-Iubo 3HaueHUus («IOMeT-
KH») — 4YHCJOBBIe (Kak paHee) maum TeKcToBble (puc. 14.2-14.4). Yro
HOBOTO BHOCHUT 3TO OOGCTOSATEJNHCTBO B METONUKY PEIIeHUS TAaKUX 3a7au?
TonbKO OJHO — AJIS XpaHeHUs nH(poOPMAaIuU KPOMe MaccuBa, MOAEJIUDPY-
JOII[eTO CBSA3W BEPIINH-IPEIKOB U BEPIINH-IIOTOMKOB, CJEAYET HCIIOJIbH30-
BaTh eIlle OAUWH OJHOMEDPHBI MACCUB C «IIOMETKAMM».

PerkypcuBHasa npornegypa OuepemHoM warT B 9TOM ciaydae OyJeT OTJIH-
YaThCs OT MPUBENEHHBIX BBIIIE TOJBKO TEM, UTO B Hell JOJIXKHBI oOpaba-
TBIBATHCSA «IIOMETKM», COOTBETCTBYIOIIIME KaiKa0i Bepiiuue. Hampumep,
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BBIBOJ] BCEX <«IIOMETOK» IIPU PEKYPCUBHOM 00XOfe JepeBa MOYKeT OBITH
IIPOBENEH CJIEAYIOIIUM CIIOCOOOM:

anr OuepenHOM mar (apr LeJl HOMEeP BEePUIMHE)
Hay ueJs i
| BEIBOI b[HOMEP BEPUMHE]

€CJiM HOMEep BepumrHH <= Ny
| mo
HU a4 1 or 1 mo Kmax
| ecim a[HoMep BepumHE, i] <> 0

|

|

[l | | To
| | | Ouepegnnoy mar (a[HoMep BepummMHE, 1i])
|| Bce
| &

rae Ny — ofIliee 41CJIO BEPIINH B JepeBe, Kmax — MaKCUMaJIbHO BO3MOXK-
HOe KOJIMYEeCTBO TOTOMKOB, & b — MaCCHUB C «[IOMETKAMHU» B BEePIINHAX.

1. Nuadopmarnus o cTpyKType GaiijioB U IMAllOK Ha KOMIILIOTEPE IIPe-
cTaByieHa Ha puc. 14.2. BeiBefuTe Ha 9KPaH HOJHBIN IIYTh K KAXKIOMY
daiiny, MeIeMycsa Ha JKeCTKOM JUCKE.

2. Nudopmanusd o IeTAX, BHYKAX U T. [. UeJioBeKa 1o nMeHnu Muxami
Bacunnesuu nmoxasana Ha puc. 14.4. Onpepennre, BCcTpedaeTcs JuU
y ero moToMKoB uMsa Medozauii. (PaccmoTpuTe 06a BO3MOMKHBIX CJIY-
vasi — HaJU4YKUe dTOr0 UMEHU U er0 OTCYTCTBUE. )

IIpumeuanue. OcTaibHbIe CBEIEHUA, HEOOXOAUMBIE AJIA PeIleHUus
(kpoMe MIpeCTaBJIEHHBIX Ha PUCYHKAaX), 100aBbTe CAMOCTOATEIBHO.

3aBepirias o0Cy:KIeHNe 3amad, 3aMeTUM, UTO IPUMEHSEeMbBIN IIPU UX
pelieHun IOAX0Md, TI0 CYTH, IIPeACTaBJIsIeT co00ii MeTO I IIOJIHOTO Imepedopa
BCeX BO3MOJKHBIX BApPUaHTOB, IIOATOMY OH HE MOKET ObITh MCIIOJH30BAH
mpu OOJIBIIIOM KOJUYECTBE BEPINUH JepeBa. 3aMeTHUM TaKiKe, UTO s
MHOTUX 3aJad o0paboTKM MaHHBIX, MPEACTAaBJIEHHBIX B IPEBOBUIHON
CTPYKTYpE, CYIIIEeCTBYIOT CHeIuaJbHbIe, O0siee 9(p(heKTUBHBIE CIIOCOOBI pe-
mienusd (MeTon BeTBell u rpanuil [8], mouck B rayouny u ap.). IX uurare-
JIA MOTYT HUBYYUTH CAMOCTOSTEIBHO.
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