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AHHOTALUSA

Hacrosiee yue6Hoe nocoOue npenHazHauyeHo Ui CTYAEHTOB | Kypca, U3ydarolux Juc-
mumuHy «OCHOBBI porpamMmmupoBanus» Ha kKadeape UY-6 MI'TY um. H.D. baymana B coot-
BETCTBUU C NMPOrPaMMOM MOATOTOBKH OaKalaBpPOB TEXHUKU U TEXHOJIOTUH HampaBieHus: «MH-
(dopmaTrKa U BBIYMCIUTENbHAS TeXHUKa». OCHOBHAs 3a/1a4a, KOTOPYK aBTOPbI CTAaBUWIM IEpe]
co0OM, — MOMOYb CTYJEHTAM B OCBOEHUH 0a30BBIX MPUEMOB AITOPUTMM3ALUU 3a]ay, KOTOPbIE
HEMOCPEICTBEHHO BOCTPEOYIOTCS IPH BBIIOJHEHUU Ja00paTOPHBIX PabOT U JOMAIIHUX 3aJaHUN
110 Ha3BaHHOW yuyeOHOH qucuuiinHe. [naBa 1 mocBsiieHa pa3BeTBISIFOIIMMCS BBIYUCIUTENbHBIM
nporeccaM. B rimaBe 2 paccMOTpeHBI HUKIMUYECKHE MPOLIECCH Ha MpuMepe HanboJiee H3BECTHBIX
U NPUMEHUMBIX Ha IPAKTUKE 337124 BBIYMCIUTENBbHOM MaTeMaTuku. B riaBe 3 mokasassl U 1o-

SICHCHBI OCHOBHBIC ITPHCMbI 06pa6OTKI/I OJHOMCPHBIX MAaCCHBOB U MaTpHUII.
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BBenenue

N3smHoe ¥ TEXHUYECKH I'PaMOTHOE HAIlMCaHNEe KOMIBIOTEPHBIX NMPOrpaMM IMPEIoaract
HE TOJIBKO XOpOIIee BIAJCHUE CPEACTBAMU MX Pa3pabOTKU, HO U JOCTATOYHO PAa3BUTOE alro-
puT™MuYeckoe MpinuieHHe. CIOXKHMBIIAsCS HA MPOTSHKEHUH JECATUICTUH IMpakTHKa OOydeHHS
POrPaMMHPOBAHHIO TOBOPUT O TOM, YTO MMEHHO HEIOCTATOK JITOPUTMUYECKOTO MBIIUICHHUS —
OCHOBHasl TPUYHMHA HEYJa4d CTYJCHTOB B IIPOLIECCE OCBOCHHS TPOTPAMMHPOBAHHUS.

ANTOpUTMHYECKOE MBIIIUICHHE KaK YMEHHE BBICTPANBATh JIOTHYECKU OE3YyNpPEUHYIO MocIe-
JIOBATEIILHOCTD JACWCTBUI HA ITyTH K PEIICHHUIO 33/1a4H, MOXXHO U HY)KHO pa3BuBaTh. OTBIT MOKa-
3BIBACT, YTO OJHUM W3 Hamboliee JEHCTBEHHBIX CIIOCOOOB TOCTHMIKEHHUS ATOTO SIBISETCS MpOpa-
00TKa aJITOPUTMOB psijia HEOONBIINX, HO MOJIE3HBIX MPOrpaMM, NMPHUBOAAIIAS K (GOPMUPOBAHUIO
0a3bl IPHEMOB MTPOTPAMMHPOBaHMs. TaKMX MPHEMOB CPaBHUTEIBHO HEMHOTO, HO MX HAKOILIe-
HHe, 00001IeHre U YMEHHE OCO3HAHHO MPUMEHSATh Ha MPAKTHKE ITO3BOJISET CTYICHTaM HAayUUTh-
Csl IACATh MPOTPAMMBI.

B Hacrosiem y4eOHOM 1OCOOMM TpENCTaBICHBI 0A30BbIC aJTOPUTMBI, 0€3 N3ydeHHUs KO-
TOPBIX 3HAHUS, YMEHUS U HaBBIKK B 00JIACTU NMPOrPaMMHMPOBAHUS HE OyAyT OTIMYAThCs MOJIHO-
TOW. ABTOPBI CO3HATENHFHO HE MPHUBOIAT TEKCTHI MPOTPAMM M OTPAHHYMBAIOTCS CXEMaTHUECKH-
MU TPEJCTABICHUSIMHU aJTOPUTMOB: TEKCTHI MPOTPaMM, M300MIYIOIINE ACTATSIMA KOHKPETHBIX
CpEeACTB MPOTrpaMMUPOBAHUS, HEU30EKHO OTBIIEKAIN Obl BHUMaHHE OT CAMHX aJTOPUTMOB, UTO
ObU10 OBl KpaifHe HeXKeNaTeNbHO.

Jlnst mpejcTaBiIeHUsT alTOPUTMOB B TTOCOOMHM HCIONB30BaHbI rpadudeckne 0003HAYCHHS

OCHOBHBIX aITOPUTMHUYECKUX 0710K0B corsacHo 'OCT 19.701-90 (cm. Tabmuity 1).

Ta6auna 1 — O603HaYeHHSI ANTOPUTMUYECKUX OJOKOB

HasBanwue 0J10ka O0o3HaUeHHE Ha3znauenmne 0J10Ka
1 2 3
1. TepmuHaTO Haugaio, 3aBepineHue nporpaMMbl HIHA ITOIIIPO-
TpaMMBbI
2. Ilpouecc OO0paboTka naHHBIX (BBIYUCICHMS, MEPECBUIKH M
[eiicTBue
T.II.)
3. JlaHHbBIC Ormeparuy BBOAa-BHIBOIA
JlanHbie
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Tadauua 1 — npogoinKkeHne

1

3

4. Pemrenne BetBnenus, BLI60p, UTCPALMOHHBIC U MOUCKOBBIC
Ycmosue

LIUKJIBI

5. Ilogroroska CueTHBIE IIUKJIBI

JevictBus

6. ['panuna nukia JIro0bIe LUKIIBI

Hauano

Konen

7. llpenomnpenenes- Br13oB npouenyp

| @D

HBII Ipouecc

8. CoennHuTENH MapkupoBKa pa3pbIBOB JTHHAN

9. Kommenrapuit ITosicHeHus k onepanysimM

--- |:KOMM€HTapI/II71

[TpumeHeHne cxeMm JUIsl M300paXKEHUs aJTOPUTMOB, BO-TIEPBBIX, MO3BOJIAET JOCTATOYHO
dbopManbHO MX NPEICTABISITh U, BO-BTOPBIX, JaeT OoJjiee HArJIsIHOE BU3YallbHOE BOCHPHUSTHE.
Hcnonp30BaHue ICEBIOKO/IOB HE NPUBOIAUT K TpeOyeMoMy pe3yibTaTy — (OPMHUPOBAHUIO Y
oOyyaromuxcss HeoOX0AMMOI 0a3bl, MO3BOJIAIONIEH CAMOCTOSTENFHO pa3padaThiBaTh ANTrOPHUT-

MBI.
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I''TABA 1. PASBETBJIAIOHIUECS ITPOLIECCHI

B xone pemenus MHOTHX 3a7ja4 BOZHUKACT CUTYyallys, KOTJa 1ajabHEHIINE BEIYACICHUS 3a-
BUCAT OT BBIIIOJHEHUsI HEKOTOPOIO yCiaoBusA. Eciau yciioBHE BBINOJIHSAETCS, TO BBIYUCICHUS IIPO-
U3BOJATCS IO OJHOMY OIIPEJCIIEHHOMY IIPaBUILY, €CIIM YCIOBUE HE BBIIOJIHACTCA — 110 APYTrOMY.
Takue BBIYMCIUTENBHBIE IIPOLECCHI HA3BIBAIOT pa3semeiAowumucs uam seTsamumucs. Kaxnoe
OTJIENIbHOE HAIPABJICHUE BBIYMCICHUN HA3BIBACTCS 6€MEbHIO.

B kadecTBe IpuMepa pa3BETBIAIOILIETIOCS] BBIUUCIUTEIBHOIO MIPOLECCa PACCMOTPUM aJIrO-
PUTM HaxO0KJI€HUsI KOPHEN KBAJPAaTHOI'O YPABHEHUS.

Ilpumep 1.1. OnpeneneHue 1eUCTBUTENbHBIX KOPHEH KBaJAPAaTHOTO YPaBHEHHUS
ax’ + bx +c=0.

B 3aBucumoctu OT 3HaueHus nuckpumMuHaHTta D = b® - 4ac, ypaBHEHHE UMeeT JIu0o /Ba
JIEWCTBUTEIBHBIX KOPHS, JINOO OJUH, MO0 BOBCE HE MMEET ACHCTBUTEIBHBIX KOpHEH. [loaTomy
HEO0OXOAMMO MPEBAPUTEIHHO BHIYUCIUTH JUCKPUMUHAHT D 1 IPOBEPUTH BBHINOTHEHUE YCIOBUN
D<0 u D=0. Cxema anropuTma BBIYUCICHUS KOPHEI KBaPaTHOTO ypaBHEHUS MIPUBEICHA HA PU-

cynke 1.1.

Xj2:=(-Bx
+VD)2A

X:=B/(2A)

I
¢ Kopuu ‘X1=",X1,
paBHbI, X X2=",X2
|

Pucynok 1.1 — Cxema anroputMa Hax0oKAEHUsI JEHCTBUTEIBHBIX KOPHEH KBaAPaTHOTO YpaBHEHUS
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Ecnu ycinoBuit MHOTO, TO MPOLECC COCTABICHUS allTOPUTMA, COAEPKAIIETO MUHUMAIBLHOE
KOJIMYECTBO TPOBEPOK, MOXKET BBI3BATh HEKOTOPBIC TPYIHOCTH. B 3TOM ciydyae yaoOHO HCIIOINb-
30BaTh TaK Ha3bIBAEMbIC MAOAUYbL PeLUleHU].

Tadoauubl pemenuii. Tabiuira pemeHnii coctaBiuseTcs ciaeayrmmuM oopasom. 1o BepTu-
KaJId BBIMKUCHIBAIOT BCE YCIOBUS, OT KOTOPBIX 3aBUCAT JajJbHEUIINE BHIYUCIICHHS, a 10 TOPU30H-
TaJu — BCE BapUaHTHI BbruncieHnil. Ha nepeceyeHun kaxxaoro cToio1a 1 CTPOKHU YKa3bIBaIOT:

e OykBY Y, €CIIU JJIsl JAHHOTO BapHAHTA YCIOBUE JIOJDKHO BBITIOIHSATHCS,

e OykBy N, eciu yciaoBHe 00s13aTEJIbHO IOJKHO HE BBIMTOTHITHCS,

® [IPOYEpPK, €CIIU UCXOJ CPABHEHUS HE BaXKEH.

Hampumep, ans  anropuTtMa  BBIYMCICHHUS  KOPHEW  KBagpaTHOrO  YpaBHEHUS
ax? + bx + ¢ =0 MOXHO COCTABHTB CJICIYIOILYIO TaOIHILY:

Kopneii Her x=-b/2a x=(-b+\D)/2a

D<0 A N N
D=0 N Y N

Cxemy anroputMa cTposT no Tabnune. CHadana NpoBEpPSAIOT BBHITOIHEHUE MEPBOTO YCIIO-
Bus. U3 Ta6JII/IIII>I CJICAYCT, YTO IICPBOC YCIOBUEC JOJKHO BBIIIOJHATHCA TOJIBKO IAJId IIEPBOTO Ba-
pHUaHTa pelIeHus, MO3TOMY IOCJE €ro NPOBEPKU BETBb «J1a» COOTBETCTBYET CIy4ard «HET KOp-
Hei». B BeTBU «HeT» HE00X0auMO MpoBepuTh yciaoBue D=0 1 B 3aBUCHMOCTH OT €T0 BBIMOIHE-
HHUsl yKa3aTh OCTaBIIMECS [BA Clly4as. B uTore nmomyyaem aJirOpuTM, CXeMa KOTOPOro IPUBEIECHA
BBIIIIC.

WNHorna cocraBieHHast Tabivila pemieHnii mpruoOpeTaeT CIoXHbIN Bua. PaccmorpuMm, Ha-

npuMep, TabIuIy:

P1 P2 P3 P4
Vemouel Y - N Y
VYemoeue2 N Y N N
Yeaowe3 ' Y - - N

rae P1, P2, P3, P4 — BapuaHTHI pelieHH.
Ecnn cpasy npucTynmuTh K TOCTPOCHUIO arOPUTMA, TO OYAET MOJIydeHa cXeMa JIOBOJIBHO

TPOMO3AKOI0 aJiropuT™Ma, NIpuBCACHHAA Ha PUCYHKC 1.2.
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HET
HET na

Ja

P1 P4

Pucynok 1.2 — ®parmMeHT cXeMbl HEONTUMAIBHOTO ANTOPUTMA

Takol anropuT™ HeJb3sl CUUTATh NpueMiieMbiM. OTHAKO €r0 MOYKHO CYIIECTBEHHO YIIPO-
CTUTh, €CJIM B TaOJHIE TOMEHITh MECTaMU NpoBepseMble yciioBus. Kpome Toro, s yao0cTsa

IMOCTPOCHMHA aAJIrOpUTMaA uenecoo6pa3H0 TaK¥XKC IIOMCHATH MCCTaMH CTOJ'I6I_IBI Ta6J'II/II_[bI:

P1 P4 P3 P2
VYVemoue2 N N N Y
VYemoeuel ' Y Y N -
VYeaome3 ' Y N - -

ANTOpUTM, IOCTPOEHHBIN 10 TaKOH ONTUMH3UPOBAHHOM TabIuIEe, OKAXKETCS 3HAUUTEIbHO

IpOIIe, ¥ €ro MOCTPOCHUE MOTPEOYEeT MEHBIINX YCUIIHHN (CM. pUCYHOK 1.3).

P2 P1 P4 P3
\ \ \ |

Pucynox 1.3 — ®parMeHT cXeMbl ONTHMH3UPOBAHHOTO aJITOPUTMa

PaccmoTpuM erite oaMH pUMeEp UCTIOIB30BAHUS TAOIUI] PELICHUH.
Ilpumep 1.2. Pemints CUCTEMY YpaBHEHUI:
ax=bh;
x+cy=1
[Tpu cocTaBiieHNH aIropuTMa HEOOXOAUMO PACCMOTPETH CIEAYIOLINE S5 CIyJaeB:

1) a=0, b=0, Tormga x=1-cy, y - m000€ YKCIIO;
Ornasienue
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2) a=0, b+#0, Toraa pemeHwmii HeT;

3) a#0, ¢=0, a=b, Torga x=1, y m0b0e 4rco;
4) a#0, c=0, a#b, Torna peueHuit HeT:

5) a=0, c#0, Torma X=b/a, y=(a-b)/(ac).

CocraBuM Ta0nuIly pelIeHHid, yKa3blBas B IEPBOM CTOJIOIE YCIIOBHUS, KOTOPBIE CIIEAyeT

NPOBEPUTH:
1 2 3 4 5

a=bl- - Y N -

a=0YY Y N N N

b=0Yy N - - -

c=0- - Y Y N

Teneps mpeobpazyem Tabmuiy s 6onee yaoOHOM peanusanuu. Ha mepBoe mecto 1iene-
co00pa3Ho NOCTaBUTh yciaoBue a=0, T.K. COOTBETCTBYIOIIAsI CTPOKA HE COJEPXKHUT MPOYEPKOB, a
3HAYMT, ICUCTBHUS OJHO3HAYHO Pa3JIETSATCS HA JBE BETBH. BTOPBIM Jiydilie MPOBEPSITH YCIOBHE
b=0, T.k. Ha ocTaBIIKECs 1Ba YCIOBUS OHO HE OKa3bIBACT HUKAKOTO BIHMSHUA. TPETbUM YCIIOBU-

eM yz100H0 B3:aTh C=0. B pe3ynbTare noiay4uM CleayOUIy0 ONTUMU3UPOBAHHYIO TAOJIHUILY:

1 2 3 4 5
a=0Y Y N N N
b=0Yy N - - -
c=0—- - Y Y N
a=b—- - Y N -

Hcnone3ys 3Ty TabauIly, MOXKHO MOCTPOUTH ATOPUTM, B KOTOPOM JOCTAaTOYHO CHEIaTh

BCET0 YETBIPE MPOBEPKH YCIOBUH (CM. pucyHOK 1.4).

Cuyuaii 5

Pucynoxk 1.4 — ®parMeHT cXeMBbl allTOPUTMa PELICHHUS CUCTEMbI YpaBHEHUH

Cunyyaii 1 Cunyyaii 2

Cunyyaii 3 Cityuaii 4
\ |

KoHnTposabHbIe BONpockl

1. Kaxkoiif BBIYMCIUTENBHBIN MPOIIECC HA3bIBAIOT PA3BETBISIFOIIIMMCS ?
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2. Uro Takoe Ta0yMIla pelIeHUN 1 KaKoBa €€ CTPYKTypa?

3. B kakux ciyyasx cieayeT IPUMEHSTh TaOIHIbl peIIeHUNA?

4. KakoB IPHUHIUI TOCTPOCHUS AITOPUTMA TI0 TAOJIHIIe PEIICHU?

5. Kak u ¢ Kakoi 11eJIbI0 MOYKHO ONTUMH3UPOBATh TAOJIUITY pelIeHUui?

Orasaenue
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I''TABA 2. IUKJIMYECKUE ITPOIECCHI. AJI'OPUTMbI PEIIEHUSA
3AJIAY BBIYMCJIUTEJIBHON MATEMATHUKHA

2.1. Tunpl NMKJINYECKUX MPOIECCOB

[Tpu perenuu 3a1a4 HEpeaKO TPeOyeTCss MHOTOKPAaTHO MOBTOPUTH OJJHY U TY K€ MOCIE0-
BaTEJNbHOCTh JCHCTBUIl, HO HaJ Pa3jIMYHbIMH 3HAUCHUSIMH MEepEeMEHHBIX. Takue BBIYHUCIUTENb-
HbIE IIPOLECCHl HA3BIBAIOT YUKIUUECKUMU, & MHOTOKPATHO MOBTOPSIOIINECS YYaCTKU alrOpPHUT-
MOB — YUKAAMU.

B nro6oM mpoleaypHOM si3bIKE MPOrPaMMHUPOBAHUS CYIIECTBYIOT CPEACTBA pealld3alliu

TPEX THITOB IUKJIOB: IUKJIA-TI0Ka, [UKJIA-10 U CYETHOTO MUKIA (CM. pUCYHKH 2.1, a-6).

®

®

®

IToxroroska IToaroroBka Iloaroroska
LMK LMKJIa LHKIIa
HET Opr-uus
Vcnosue Teno nukia P
CUCTYMKA
Ja \
IToaroroska Teno nukIa
Teno uukia
HTEepaIN |
IToaroroska
ITonroroska T A
Ycnosue UTEepanun
UTEepanuu
na

o o

Pucynok 2.1 — CtpyKTypHbIe KOHCTPYKIIUH [[UKJIOB:
a — IUKJI-TIOKA; 0 — IIMKJI-/10; B — CYCTHBIA ITHKII

Kamnmﬁ N3 TpCX aJITOPUTMOB HUKIMYCCKUX IMPOLECCCOB COCTOUT M3 HECKOJIBKHUX OCHOB-
HBIX DTAIIOB:

® 110020mosKa yukia — 3aJaHuc HadaJlbHBIX 3HAUCHUHN NEpCMCHHBIM, U3MCHAIOIINUMCA B
LUKJIE;

® mejo Yukia — lICfICTBPIS[, BBITIOJTHACMBIC HETTOCPEACTBEHHO B IIUKIIC,

® 110020MosKa umepayuu — U3MCHCHUC 3HAUCHUH NEPCMCHHBIX JII OYCPEAHOTO BBIIIOJI-

HCHHA TCJ1a IIUKJIA,
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® ycro6ue — IPOBEpPKa YCIOBUS MPOIOJKEHHS WIIM OKOHYAHUS [IUKJIIA;

® oOpeanuzayus cuemuuka — 3alaHue Ha4yaJbHOIO U KOHEYHOI'O 3HAUEHUS, a TAK)Ke I1ara
MIEPEMEHHOM IUKJIA.

Teno nukia MOXXET UMETh CIOXKHYIO CTPYKTYPY, B TOM YMCJIE BKIJIIOUYAIOLIYIO BETBICHUS U
JIpYTU€ LUKJIIbl, KOTOPbIE HA3bIBAIOT G10JCeHHbIMU yukaamu. ITpu anroputMusanuu 3agad ¢ uc-
MOJIb30BAHMEM BJIOKEHHBIX ITUKIJIOB HEOOXOJUMO COONIOAATh MPABHJIO: BHYTPEHHUHN OmepaTop
UKJIAa U TpUHAJUIekKaIas eMy o0acTh AeUCTBUN JOJKHBI MOJHOCTBIO COJIEP)KAaThCs B 00J1aCTH
BHEIIHETO oreparopa LMKia. VIHbIMU clloBaMH, BHEUIHUM IIMKJ BCErJa HAUMHAETCS paHblle, a
3aKaH4YMBAETCA M103XKE, YEM BHYTPEHHUM LIUKII.

Pa3nuuaroT UMKIBI C 33JaHHBIM YKCJIOM MOBTOPEHUH M LIMKJIIBI C 3apaHee HEU3BECTHBIM
YHUCJIOM MOBTOPEHUI — TaK Ha3blBaeMble umepayuonnvie yukivl. llocneqnue xapakTepu3yroTcs
MOCTETICHHBIM MPUOIKEHUEM K TpeOyeMOMY 3HAUCHHIO C 3alaHHON TOYHOCTBIO MITH JIOCTHIKE-
HUEM HEKOTOPOI'O APYroro YCIOBHUS.

B KOHKpeTHBIX cilyyasix IUKIMYECKHUX IMPOLECCOB yKa3aHHBIE BBIIIE 3TaIlbl I[UKJIa MOTYT
MIPUCYTCTBOBATh B PA3JIMYHBIX COYETAHUAX, OJJHAKO MOPSIIOK UX MPOCKTUPOBAHUS HE MEHSAETCS:

1) ompenensoTcs AEHCTBHUSA, COCTABISIOIINE TEIIO [IUKIIA;

2) 3arnoiHseTcs OJIOK MOJrOTOBKU MTEPAIIHH;

3) ompenensercs ycJIOBUE BBIXOJIa U3 IIMKJIA (CUYSTYHMK WM JIOTHUECKOE BBIPaKEHHE);

4) 3anojHseTcs OJIOK MOATOTOBKH IHKJIA.

Paccmotpum npumep.

Ilpumep 2.1. 3anano neiicrBurenpHOe yrciao a>1. [TomyduTs Bce WICHBI MOCIEI0BATETb-
HOCTH 4, az, a3, ..., HE IPEBBIIIAOIINE IEVUCTBUTEIIBHOTO YUCIIa b.

W3 ycioBus 3a1a4uu SICHO, YTO MCXOJHBIMHU JTAHHBIMHU SIBJIIOTCS YKciaa @ u b, koTtopble, Ha-
pUMep, BBOAATCS C KIaBUATyphl. IMEHHO ¢ UX MOMOIIBI0 OyneT GopMHpOBaTHCS HYKHOE YHC-
7o creneHeil a. CTeneHu MOKHO MOJIYYUTh MOCIEN0BATEIbHBIM YMHOKEHHUEM a Ha caMo ceOs.
PesynpTaT ymMHOXKEHUS OyJIeM XpaHUTh BO BCIIOMOTATEIbHON MEPEMEHHOU C. DTH JNEUCTBUS WU
SIBILSFOTCS TenoM 1uKia. Tak kak a°=1, To B 6JI0Ke [OATOTOBKH LUKIIA MepEMEHHOM C yCcTaHaB-
JMBaeM HavaJbHOE 3HAUYCHUE, paBHOE 1. YCIIOBUE BBIXO/a U3 IUKJIA — 3TO MPEBBIIICHUE Yuciia b
YHCIOoM C.

Cxema aropuT™Ma pelIeHus 3aauy MpeICTaBlIeHa Ha pUCYHKE 2.2.
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Hauaio

c=1
na
c:=Cc*a

BriBo
C

Pl/leHOK 2.2 — Cxema AJIrOpUTMa NOJYUCHHA NOCICAOBATCIBHOCTU YHUCLCIT

B Tene mukia mociaenoBaTeNbHO BBIYUCISICTCS InepeMeHHas C, KoTopas NpHuHUMACT 3Haye-
2 3
HUs1 a,a, a, ... Hpouecc BBIYMCIICHUS IIPOJOJIKACTCA O TEX IOpP, IIOKa C HE CTAHET 0O0IBIINM

HJIX paBHBIM 3HAYCHHIO b. Eciin a > b, TO 6YI[6T BBIBCACHO TOJIBKO CaMO 4YHUCJIO 4.

2.2. Taby1upoBanue pyHKIUH

TUNMYHBIM TPUMEPOM LIUKIMYECKOTO MPOIiecca ¢ 3aJaHHBIM YHUCIIOM IOBTOPEHUH SBISET-
csl 3a/1a4a mabyauposanus GyuKyuu, TO €CTh MOTyYeHUs TaOIUIIbI €€ 3HAUCHHH.

3aj1aua CBOAMTCS K BBIYUCICHHUIO 3HaYeHHI (yHKImU Y=f(X) mpu M3MEeHEHHH X OT Havab-
HOTO 3HAYCHHUS & JI0 KOHEYHOIrO 3HAYeHHs D ¢ HEKOTOphIM MmocTosHHBIM miaroMm h. Takas mpo-
rpaMma peajn3yercs OCpeACTBOM LIMKJIA C 33JaHHBIM YHCIOM TOBTOPEHUI N, KOTOpOE ompeie-

nsieTcs o popmyiie:

riae ckoOku [ ] 03Ha4aroT HeNnyr 4acTh OT JAeneHus. [ pemeHus 3a1aqu MOXHO MPEITIOKHUTh

QITOPHUTM, CXeMa KOTOPOTO pUBEICHA Ha pUCYHKe 2.3.
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n:=((b-a)/h)+1

X=a

y:=f(x)

Brisog
X,y

xX:=x+h

L 7

Pucynok 2.3 — Cxema anroput™a Ta0dyJupoBaHus GyHKIHHA

IIpn moAroToBKE LMKJIA ONPENEISAETCS YUCIO €r0 NMOBTOPEHHMM N M IIPUCBAaMBAETCs Ha-
yaJlbHOE 3HaYeHHE MepeMeHHON X. B Tene nukia paccunThiBaeTcs 3Ha4eHUE (PYHKIIMH B TOUKE X
U BBIBOJATCSA 3Ha4eHUA X U Y. [Ipy MOATOTOBKE UTEpALIMM U3MEHSETCS 3HAUYEHUE X, ITOIyYarolee

npupaIieHne Ha Belmuauny h.
2.3. HaxoxneHune cyMMBblI psiia

MHorue 3a1auy BBIYUCIUTENbHON MaTeMaTUKN CBOJIATCS K BBIYMCIICHUIO CYMMBI psifia BUja

00

S=3r

=1
Omnpenenenne CyMMBI IIPEANIOIATAET MOCIEI0BATEIBHOE BEIUACICHUE YWICHOB PAla 7, U Ka-
KIIBIIA pa3 MPUOABICHHE OYEPEIHOTO BRIYMCICHHOTO 3HaYeHHs K yacTuuHOU cymme S. [Iporecc
IPOIOJDKAETCS, ITOKa He Oy/IeT BBIIOJIHEHO YCIOBHE BbIX0Ja M3 LUKIa. OOl BUJ cXeMbl aj-
rOpUTMA peleHHs TaKOW 3a/lauM MPUBEIEH Ha pUCcyHKe 2.4. YcioBUE 3aBepIleHHs [IUKIa 3aBU-
CHUT OT IIOCTaBJIeHHOM 3a7aun. Kak npaBuio, OHO CBSI3aHO € JOCTHKEHHEM TpeOyeMOol TOUHOCTH.

IIpumepsI NOCTAHOBKH 32/1a4H.

Ornasienue

Huuymkuna T.H., I'ypenko B.B. «Pa3paboTrka aaropuTMoB NpoCTEHIINX IPOTrpaMM»



14

[ 0]
1. Haiitn cymMMy nepBbIX N WICHOB psna S = Yr . B aToM ciydae ycnoBrem BbIXoza U3
i=1
MKJIa OyJeT BBIIOJHEHHE HEPAaBeHCTBA | > N.
w (3
2. Bpluucaars cymmy psaga S = izlri JI0 TeX HOop, IOKa He OyAeT JOCTUTHYT OuYepeHOMN
4JIeH psijia i , MeHBIINH 3a1aHHOTO €. 31eCh YCIOBHE BBIXO/a M3 LUKIIA ciieayroiee: | Ii| < e.

o0
3. BoauciauTh cymMmy psaa S :_eri C TOYHOCTBIO €, €CJIM M3BECTHO TOYHOE 3HAUCHUE
1=

cyMMBbI, paBHOE A. YcitoBue BbIXxoa U3 ukia: | S - A | <e.

Pucynok 2.4 — O0001IeHHast cXeMa alrOpUTMa BEIYHACICHUE CYMMEI psia

Oqepez[HofI YWICH psAda BBIYUCIAOT OAHHUM U3 CICAYIONIUX CIIOCOOOB:

o0

a)S=Z 21 y K= 21

=041 n+l’

e B IIpOCTEHIINX ciydasx — o (opmyse ob1ero uieHa psjaa, Hanpumep

o0
oS NX cosnx
6)s=Y. o ;
n=1 n n

® 110 PEeKYppEHTHHIM (OpMyJIaM yepe3 YK€ BBIYUCICHHOE 3HaU€HHUEe MPEIbIIyLIero YieHa
psiaa, ecau B GopMyily OOIIEro WwieHa BXOJST, K IPUMeEpY, Lenble creneHd u Gaxtopuainsl. [Tpu

9TOM HCKIIIOYAKOTCA ITOBTOPHLIC BHIYUCIICHUS. B stom cJIy4dac KaXXIbIH HOCHGILYIOH_II/Iﬁ YJICH psAda
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OTIIMYACTCA OT MPECAbIAYIICTO HA OAUH U TOT )K€ COMHOXHUTCIIb, IO3TOMY BBIYHUCIICHUA C UCIIOJIb-

30BaHUEM IPEBIAYIIET0 3HaYeHus1 OynyT Haubosee 3¢hpekTuBHbI, HanpUMep:

N (-1) x°
6) S=2
n=1
® CCJIM YJICH psma YI[O6HO HpeIICTaBI/ITb B BUIC HpOI/ISBeI[eHI/ISI, TO OAWH N3 COMHOXHUTC-
JIel BBIUMCIISACTCS 1O PEKYPPEHTHOMY COOTHOILICHHIO (T.. MO MPEIbIAYIIEMY WICHY psja), a
BTOPOU — HEMOCPEICTBEHHO, HATPUMED:

— (-1)"X" _
S:ZL’ r = —1)anl _ pn_l( r::-)x _ pn_l.(_l)x.% )

= n
"= P,

2.4, HpHﬁJ’IH)KeHHOC BBIYUC/IICHHE ONIPEACICHHBIX HHTEIPaJjioB

b

[Tycts TpeOyeTcsi BBIYUCIUTEH ONPEACICHHBIA HHTErpall _[ f(x)dx, tne f(X) — Hekoropas

a

byHKIMs, HenpepbiBHAS Ha oTpe3ke [a, b]. Kak u3BecTHO, 3HAUEHHE ONpEIeICHHOTO HHTEerpaia
PaBHO IUIOIIAAU KPUBOJIMHEHHOM Tpamenuu, OrpaHUYeHHON MOJBIHTErpaIbHOW (PyHKLIMEH Ha
JTaHHOM oTpe3ke. [IpocTeimmmu MeTo1aMu MPUOIMKEHHOTO BEIYUCIICHUS ONIPE/IeICHHbIX UHTe-

IPajIoB SBJIAIOTCS METOJ MPSIMOYTOJIBHUKOB M METOJI TPANELIUN.
2.4.1. MeToa npsiMOYTroJIbHUKOB

’ = n- =M, iy Aj =
Pazo0bem oTpe3ok [a,b] Toukamm a=Xp < X1 < Xp <... < Xp.1 <Xn=b, mpuuem |Xi, Xi+1]
=(b-a)/n. 3ameHuM TUIOIMIAAbP KAXKI0W KPUBOJUHEWHOW Tparerud ¢ OCHOBAHUEM [Xi, Xj+1] TUTO-

IaJp10 mpsMoyroiibHuKa co croponamu (b-a)/n u f(X;) (cm. pucynok 2.5).
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yda y =1(x)

Xy

0] a' x1 x b

Pucynok 2.5 — Meron npsMOyTOJIbHAKOB

[Tomiaap KaXka0ro Takoro MpsiIMOYrojibHHKa Beramcisiercs mo dopmyne: S;=f(x;)(b-a)/n.
CyMMa BceX IUIOMIael MOMyYeHHBIX MPAMOYTOJIbHUKOB MPUOIMKCHHO paBHA 3HAYCHHIO OIpe-

ACJIICHHOI'O MHTETpajia:

b n—1 n—1
a i=0 i=0

O‘IGBI/II[HO, yeM OO0JbllIe KOJTHYECTBO OTPE3KOB pa36I/IeHI/I${, TEM BbIIIC TOYHOCTH BBIYUCIIC-

IIpumep cxembl aJIrOpUTMa BBIYHUCICHHS OINPEACICHHOTO WHTErpaja METOAOM IpsIMO-
YTOJILHUKOB MPHUBE/ICH HA pUCYHKE 2.6.

B stom anroputme yepe3 N 0003HaUCHO KOJIMYECTBO TOUYCK pazdueHus, d — JUTHHA OTpe3-
KOB pa3z0ueHus. Teno mMKiIa anroputMa COIEp>KUT BHYTPEHHUH IMKII C 3aJJaHHBIM YUCIIOM IO-
BTOpeHui. Yuciio moBTOpEeHU BHYTPEHHETO LMKJIA MPEJICTaBiIsieT coOO0M KOJIMYECTBO IPSIMO-
YrOJIbBHUKOB, Ha KOTOPbIE MBI pa30UIN KpUBOJIMHENHHYIO Tparnenuto. [locie oTpaboTku BHYTpeH-
HEro LUKJIa IPOBEPSIeTCsl YCIOBUE JTOCTHXKEHUSI TpeOyeMol TOYHOCTH BblumMcieHus. Eciu Tou-
HOCTb HEJI0OCTaTOYHA, TO KOJIMYECTBO OTPE3KOB pa30MeHus yBeIMUUBaeTcs (Hanpumep, yaBauBa-

CTCA KaK B IPUBCICHHOM anropHTMe), W BBIYUCJICHUS IO ITOBTOPAOTCS BHOBD.
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Hauaino

N:=10

4>‘

N:=2*N

d:=(b-a)/N

S:=S+f(x)

xX:=x+d

PHCyHOK 2.6 — Cxema AJIrOpUTMA BBIYMCIICHUA UHTCTpajla METOAOM IIPAMOYTOJIbHUKOB

VYcnoBue TOYHOCTH, 0003HAUEHHOE Ha CXeMe alroputMa 0okoM pemieHus "Ycnosue", 3a-
BUCHUT OT MIOCTaBIIEHHOM 3a1aun. byiem monb30BaThes IByMs CIOCO0aMU OLIEHKH MOTPEITHOCTH:

1) ecnu 3amaHo TOYHOE 3HAUEHUE UHTETpaa, paBHOE |, TO yCIOBHEM BBIXOJIa U3 ITUKJIA OY-
JICT BBIMOJIHEHUE HepaBeHCcTRa | S - | | <g;

2) eciy TOYHOTO 3HAYCHHS MHTETpaia He 3a7aHo, TO OyJeM CpaBHHBATh CYMMY, TTOJTyUCH-
HYIO Tpu TocyieHeM pa3ouenuu N, ¢ CcyMMoO#, MOTydeHHOW TpU TIPEAbIAYIeM 3HaYeHUU Tapa-

metpa N.
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2.4.2. MeTtoa Tpaneumuii

MCTOI[ Tpaneuﬂﬁ AHAJIOTMYCH MCTOAY MPAMOYT'OJIbHUKOB. OtiMyue COCTOUT B TOM, 4YTO
KpHBOHHHCﬁHaﬂ Tparneuua 3aMCHACTCA HE IMPAMOYIOJIbHUKAMH, a IPAMOYI'OJIbHBIMHA TparcCuus-

MU (CM. PUCYHOK 2.7).

Xy

o| al X1 Xo b

Pucynok 2.7 — MeTop Tpanenuii

[Tnomaas i-TOM NPSIMOYTOJILHON TPAIICIIMU BHIYUCIISETCS CICIYIOUIMM 00pa3oM:

(b—-a)

Si Z%(f(xi)”(xnl))

Toraa gopmyna nmpuOIMKEHHOTO BBIUMCIEHMS ONPENEICHHOIO0 MHTErpajga METOJ0M Tpa-

1(S04507¢ MNPpUHHUMACT BU:

b n-1
If(x)dxzz(b_a)(f(xi)J” fx.,) _ (b- a)zf(X)+ f(x.,)

" i-0 2n

niIn

b
jf(x)dx (f(a)+f(b) Zf( )j(b a)

Cxema anropuTMma pa3padaTbiBaeTCS aHATIOTHYHO PEIBIAYIIIEMY METOTY.
2.5. OnpenesieHne KOpHeil ypaBHeHUA

Paccmotpum ypaBuenwue f(X)=0, 0 kKoTopoM H3BECTHO, YTO OHO UMEET KOPCHb Ha OTPE3KE
[a, b], mpuuem dynukius f(X) Ha qaHHOM OTpe3Ke HEeMpephIBHA U HA €r0 KOHIIAX MPUHHUMAET 3Ha-

YEeHUS TPOTUBOIOJIOXKHBIX 3HaKoB (T.e. f(a)f(b)<0). M3naraembie HMXKE METOMABI MpEILyCMATPH-
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BAIOT HEKOTOPYIO MOCJIEI0BATEIBHOCTD ICHCTBHIA, IPUBOIAIIYIO K HAXOKICHUIO HOBOT'O HHTEP-
Baia [a;, bj] rakoro, uro

a<ai<Xy<bhi<h,
rie Xo — KOPeHb ypaBHEHUs, | — HoMep uteparnuu. OYeBUIHO, YCIOBUE CYIICCTBOBAHUS KOPHS
coxpansiercs: f(a;)f(b;)<0. Cokpamienre untepBaia [aj, bi] mpogomkaeTcs 10 AOCTHIKEHUS 10~
nyctumoi norpemmnoctu €: [f(X;)|< €, rae X; € [ai, bi] Beraucnsercs cmocodom, peaar3oBaHHBIM B
KOHKPETHOM METOoJie. 3a KOPeHb ypaBHEHUsI Ha oTpe3ke [a, b] mpuaumaercs abciucca Xi: X = Xo

C TOYHOCTBIO €.

2.5.1. MeToa mOJIOBUHHOI'O JeJIeHUHA

MeTton sBIsSI€TCS OTHUM U3 CaMbIX MPOCThIX. [IpubnuxkeHne Kk KOpHIO ypaBHEHUS OCYIIle-
CTBIISICTCSl IyTEM HAXOXKICHHUsI CpelHEH TOo4Yku C oTpes3ka [a, D], T.e. menenus ero momonam:

|a c| = |c b| (cm. pucynok 2.8).

y =109

PucyHok 2.8 — MeTo/1 MOJIOBHHHOTO JCJICHHUS

Janee npoBepsieTcsi, IBIsieTCs Jin Touka C kopHeM ypaBHenus f(X)=0. B cinywae nmonoxu-
TEJIBHOIO OTBETA 3ajjaua pelleHa. B cioyyae oTpuiiarenbHOro HeoOX0AMMO CPaBHUTH 3HAK (PYHK-
IIUM B TOYKE C CO 3HAKaMH (PYHKIIMHM Ha KOHIIAX OTpe3Ka M Jajiee paccMaTpUBaTh TOT U3 OTPE3-
kOB [a, C] u [C, b], Ha KoHIIaX KOTOpOrO PyHKIMS NPUHUMAET 3HAYECHUS Pa3HBIX 3HAKOB. HOBBII
OTPE30K BHOBB JEIUTCA MOIOJIaM, U BCe JeicTBUs NOBTOpstoTCA. TakuM oOpas3oM, poiib abcuuc-
CBI X;, SIBJISIFOIIEHCS MPUOIMKEHHEM K KOPHIO YpaBHEHHs HAa TEKYyILeW WTepaluu, UTPaeT Koop-
JUHaTa C, KOTOpasi BBIYMCISAETCS 3aHOBO HAa Ka)KJOM WTEpAllMX aJIrOpuTMa U CTAaHOBUTCA JIEBOU
WIN TIpaBOW TpaHHUIEH COKpallaeMoro MHTepBaja. B mpouecce cokpalieHusi JIMHBI paboyero
OTpe3Ka MCKOMBI KOpEeHb YpaBHEHHS OCTaeTCsl BHYTpU Hero. BeruncieHus npekpaiarorcs, Ko-

rya Oy/ieT TOCTUTHYTA 3aJaHHasi TOYHOCTh BBIYUCIICHUH &, T.¢. [f(c)|< €.
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2.5.2. MeToa xopa

MeToa XOp/ aHaJIOTHYEH METOY MMOJIOBHHHOTO JCJICHHUS, HO 00JaaeT JydIield CX0aruMo-
CTBIO, T.€. JaeT Oosiee OBICTpOE MPUOIMKEHHE K KOPHIO ypaBHeHus. HoBas aOciucca, sIBIISIO-
I1ascs NpUOIMKECHHEM K KOPHIO Ha TEKYIIEH UTepalny, HaXOAUTC CIeaAyIomuM oopasomM. Tou-
ku ¢ koopaunatamu (a, f(a)) u (b, f(b)) coenuustorcs orpeskom (xopmoit). Adciucca C TOUKH
HepeceueHus MOJYYCHHOM XOp/bl ¢ 0chi0 OX JaeT o4yepepHOe 3HAUYCHHUE KOPHS (CM. PHCYHOK

2.9)

y =109

Pucynoxk 2.9 — Meton xopx

Koopaunary Touku C HaxoasT o hopmyre:

_ b—a _ __b-a
e=a=@ 1)~y W =T ) 7 ")

2.6. HaxoxneHnue JJIMHBI KPUBOii

[ycts dynkuus f(X) HenpepsiBHa Ha oTpeske [a, b]. Tpebyercs onpenenuts HMHY KpH-
BOU, 3aaHHON ypaBHeHHeM Y=f(X), Ha 3ToM oTpe3ke. 3aauy MOXKHO PEUIMTh, €CIIU aAMPOKCHU-
MHPOBATh KPUBYIO Ha JaHHOM OTPE3Ke JIOMAHOM, COCTOSIEH U3 N 3BEHbEB, U IPUHSATH 33 JTHHY

KPUBOH UTHHY JIoMaHOU (cM. pucyHOk 2.10).
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Pucynok 2.10 — Metox Xop HaX0KISHHUS JUTHHBI KPUBOI

Jliis ynoOcTBa anropuTMHU3AIMK CIIEAYET MPEIyCMOTPETh, YTOOBI MPOEKIIHS KaXI0T0 3Be-
Ha Ha ocb OX MMea OJHy U Ty e JuinHy. Takum 00pa3om, oTpe3ok [a, b] okaxercst pa3ouT Ha n
OTPE3KOB PaBHOM [UIMHBI, BbIukcasieMoi kak (D-a)/n, — Tak e, Kak B YMCICHHBIX METOIaX HMH-
TerpupoBanus. HaiiTi aiuHy I-ro 3BeHa JOMaHOM HE MPECTaBIAET TPYAa — 3TO [UIMHA OTPEe3Ka
¢ koopaunaramu (X, f(X;)) u (Xi+1, f(Xi+1)), rae Xi+1= xj+(b-a)/n, x; <b.

Havarp pazOueHue orpe3ka MOKHO ¢ N=2, HA CICIYIONICH WTEpamuu N YIABOWTH U T.H.
OdeBuaHO, YeM OOJIbIIIE 3BEHHEB JIOMAHHOM, TEM €€ JUTHHA OJIMKe K MCKOMOW JIJTMHE KPUBOA.
Brruucnenust He06X0AMMO MPOAOHKATH 10 JOCTHKEHUS TPEOYyeMON TOUHOCTH €, OTIPEIEIISIEMOH,
HampuMep, Kak Pa3HOCTh MEXY [UTMHAMH JIOMAHOM, MOJYYCHHBIMU Ha TEKYIIEH U TPEIbITyIIeH

UTepaluiax.

KOHTpOJIbHI)Ie BOIIPOCHI

. Kakoii BEIYMCIUTENBHBIN TPOIIECC HA3BIBAIOT IIUKINIECKUM?

. Kakue TUIIBI IIMKJIOB BEI 3HaeTe?

1
2
3. Kakue ocHOBHBIE 3Talbl NPUCYTCTBYIOT B JTFOOOM IIMKJIMYECKOM Iporecce?
4

. KaxoB mopsJIok MpOeKTUPOBAHUS TUKINYCCKOI'O Hpouecca?

5. Kako#i mukn Ha3pIBaloT BiIOkeHHbIM? Kakoe mpaBuiio coOnrogaercs Npu MOCTPOEHUH

BJIOXKCHHBIX I_II/IK.IIOB?

6. KakoBbl OCHOBHbIE OCOOCHHOCTH aJrOpUTMa Ta0yIMPOBaHUsS (HYHKIIUU?

7. Kakue MOXHO PUBECTH NMPUMEPHI MOCTAHOBKU 33a4l BBIYMCIIECHUS CYMMBI psaaa? Yro

MCHSCTCA B CXEME aJITOpUTMa 3aBUCUMOCTH OT ITOCTAaHOBKHU 3a21an/I?
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8. UeM OTIMYAIOTCS YHUCIIEHHBIE MCTOJbI MPSAMOYT'OJIbLHUKOB U Tpaneum‘/'l JJIA BBIYUCIICHUA

OoIpCaACICHHBIX I/IHTCI‘DEUIOB? Ectp mu MCXKAY 3THMU MCTOAAMU CYHICCTBCHHOC aJITOPUTMHUYC-

CKO€ pazinuyue?

9. KakoBebl AJITOPUTMHUYCCKHUEC 0COOEHHOCTH YHCJIEHHBIX METOJ0B OTBICKAHMS KOPHI YpaB-

HEHUs Ha 3a/laHHOM oTpe3Kke? B yem ux cxoacTBo U pazianune?

10. KakoBbI 0COOEHHOCTH aNTrOpUTMa ONpeAeTIeHNs JUIMHBI KPUBOW Ha 3aJaHHOM OTpe3Ke?

C KakuMHu U3 PaHEC U3YUYCHHBIX aJITOPUTMOB ,HaHHBIfI METOJ UMECT HauOoIbIIIEE CXOI[CTBO?
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I'/TABA 3. MACCHUBBI

Maccué — 310 ynopsiioYeHHAs: COBOKYITHOCTh OJHOTHITHBIX JaHHBIX, Ha3bIBAEMBIX Jje-
Mmenmamu MaccuBa. [IopsoK clieqoBaHHs 3JIEMEHTOB B MAacCHBE 3aJIal0T TaK HA3bIBACMBIC UH-
Oexcwl. KakoMy 37IEMEHTY COIOCTaBIICH CBOWM WHACKC B CIIy4ae OJJHOMEPHBIX MAaCCHUBOB HIIU
YHUKaJIbHBIA HA0Op MHIEKCOB B CIIy4ae MHOTOMEPHBIX MAacCHBOB. B OONBIIMHCTBE CiydacB B
Ka4eCTBE MHJIEKCOB UCIIOJIBb3YIOT KOHEUHBIN PSIJT LEITIBIX YHCEI.

O0paboTka MaccvBa CBOJMTCS K BBIOJHEHHIO MOCIEIOBATECIBHOCTH JCHCTBUN HAll €ro
aneMeHTamMu. J{ns oOpaimieHuss K KOHKPETHOMY JJIEMEHTY MAacCHBa HEOOXOIMMO YyKa3aTh MM
MacCcHBa W 3HaUYCHUE WHJCKCA (MHICKCOB) JeMeHTa. MOXKHO BBIICIUTH CICAYIONINE KIacChl 3a-
Ja4 00pabOTKH MacCHBOB.

1) mocienoBaTesbHas 00pabOTKa BCEX HIEMEHTOB MacCHUBa;

2) BbIOOpOYHAst 00pabOTKA DJICMEHTOB MAaCCHBA,;

3) u3MeHeHHe MopsiKa CJIe0BaHMs 3JIEMEHTOB 0€3 H3MEHEHHS pa3MEPOB UCXOTHOTO Mac-
CHBa,

4) nepeopMHpPOBaHIE MaCCHBA C K3MEHCHUEM €0 Pa3MepOB;

5) oaHOBpeMeHHast 00pab0TKa HECKOJIBKUX MAaCCHBOB MITH MO IMACCHBOB,;

6) moMCK B MaccHMBE 3J€MEHTa, OTBEYAOMICTO 33aJaHHOMY YCIIOBHIO, IPUYEM 3TO MOXKET
OBITH TIOMCK €IMHCTBEHHOTO 3JIEMEHTa, MO0 MEePBOTo MO MOPSAIKY 00pabOTKHU dIeMeHTa, THO0
BCEX 2JIEMEHTOB MacCHBa, OTBEYAIOIINUX YCIOBHIO.

KaxxaoMy W3 MepeurciIeHHBIX MIECTH KIACCOB 3a7a4 COOTBETCTBYET CBOSI COBOKYITHOCTH
MIPUEMOB MMPOTPAMMHPOBAHUS. B pealbHOI paKTHKE TOT WM WHOW KJIacC 3a/1a4 B YUCTOM BHJIC
BCTpevaercss penko. OMHAKO MPHU MOMOIIM METOJIa TOIIArOBOM JeTalu3aiuy Jiro0as CIoXHas
3ajjaua MOKET ObITh pa30MTa Ha OoJice MPOCThIC 3aJaud, OTHOCSIIUECS K yKa3aHHBIM BBIIIC
kiaccaMm. CreyeT TakKe YIUTHIBATh, YTO CYHMIECTBYIOT OCOOCHHOCTH PEIICHHS KaXKI0To U3 Ha-

3BaHHBIX KJIACCOB 3aJa4 B 3aBUCHUMOCTH OT KOJIHMYECTBA HHACKCOB MaCCHBa.

3.1. IIpuembl 00padoOTKH OJHOMEPHBIX MACCHBOB

OnHOMEpHBIMU HAa3BIBAIOT MAacCUBBI, Ui JOCTyHa K 3JE€MEHTaM KOTOPBIX HEO0OXOIHM
onuH uHAeKc. PaccMoTpuM Hambojee pacnpocTpaHEHHbIE MpHEeMbl 00pabOTKH OJIHOMEPHBIX

MacCHUBOB, UCIIOJIb3YEMBIE B IIPOTPaMMUPOBAaHNH.
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3.1.1. locaenoBaTtesibHas 00padoOTKa BCeX JIeMEHTOB MacCHBa

[Tpumepamu 0J00HOTO KjIacca 3ajay CIIy)KaT: HaXOXKIACHHUE CYMMBI 3JIEMEHTOB, TIPOH3Be-
JICHUS 3JIEMEHTOB, UX CPEIHEr0 apu(pMETHUECKOTO M CPEAHEro reOMETPUYECKOTr0, MOACYET KO-
JIMYECTBA JIEMEHTOB, OTBEYAIOLIMX OIMPEACICHHOMY YCIOBHIO WM O0JIAAIOINX HEKOTOPBIMH
NpU3HAKAMH, a TAK)KE BBIYMCICHUE UX CYMMBI, TPOU3BEACHHS U T.J1. Kpome Toro, K 3Toii rpyre
MOTYT OBITh OTHECEHBI 33JIa4H BBOJIa U BBIBOJIa MacCUBOB. OCOOCHHOCTHIO 3a/1a4 Kilacca sSBIISCT-
Csl TO, YTO KOJIMYECTBO 0OpabaThiBaEMBIX 3JIEMEHTOB MAacCHBa M3BECTHO. JTO IMO3BOJIIET HC-
1I0J1b30BaTh CUETHBIC IIUKJIbI, TApAMETP KOTOPBIX 00ECIEeYMBAET MOCTYI K 3aeMeHTaM. OHaKO
BO3MOYKHO NMPHUMEHCHHE W JPYIMX THIIOB IUKJIOB, MEHEe 3(PPEKTHUBHBIX B paccCMaTpHUBAEMOM
ciryyae.

PaccMOTpUM HEKOTOpBIE TUIIOBBIC AITOPUTMBI 3371a4.

Ipumep 3.1. Ilyctb HEOOXOAUMO BBECTH (BBIBECTH) MaccuB. JIJisi 3TOrO HYXKHO MOCIIEI0-
BaTEIILHO TepedpaTh BCE AIIEMEHTHI MacchBa. Kak OTMEUeHO, MPH M3BECTHOM KOJHMYECTBE BBO-
JUMBIX 3JIEMEHTOB JIJISl 3TOM Omepaiuy ya00HO UCIIOIb30BaTh CUCTHBIN UK. [Ipyu HeM3BeCTHOM
KOJIMYECTBE DJIEMEHTOB pallMOHAIbHEE MCIIOIb30BaTh IIMKIIBI C MIPE- WIH MOCTYCIOBHIMH. [Ipu
BBIBOJIC MacCHBa KOJMYECTBO AJIEMEHTOB MOXKET OBITh M3BECTHO 3apaHee WM 33]aBaThCsl MOJIb-
3oBateneM. Cxema ajiropuTMa, Ipu MOMOIIH KOTOPOTO OCYIIECTBISCTCS BBOJ KOJIMYECTBA dJie-
MEHTOB N W BBOJ-BBIBOJ OJHOMEpHOTro mMaccuBa A(N), mpejacrasieHa Ha pucyHke 3.1, a. 3ame-
TUM, YTO TIPU PEIICHUH PEAbHBIX 3a/la4 ObIBACT MOJIE3HO MOCJIe BBOJIA AJIEMEHTOB MacCUBa Te-
pen HayajgoM o0pabOTKH Cpa3y BBIBECTH €ro, Harmpumep, A ynooctBa otiaaku. C 3TOH 1enbio
MOYKHO MCITOJIb30BaTh TOT € IMKJ, YTO M JJIS BBOJA MAacCHBA, Pa3MECTHB B Teje IMKJIa Kak
orepaTop BBOJIa, TAK U ONEPATOP BBIBOJIA 3JIEMEHTA.

[TockobKy BBOJ-BBIBOJ] MAaCCHBOB BCET/Ia OCYIIECTBIISIETCS OJHOTHUITHO, KaXKIbIl pa3 Jie-
TAJIM3UPOBATH ATH ONEpaIMy HET HeoOXoauMocTu. Ha cxemax aJrOpUTMOB OIEpallié BBOJA U

BBIBOJIa MACCHBOB OOBIYHO TIOKA3bIBAIOT OJHUM OJIOKOM (CM. pHUCYHOK 3.1, 6).
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Hagano

BriBog
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Pucynoxk 3.1 — BBo-BbIBOJ OJHOMEPHOTO MacCUBa

Ilpumep 3.2. CpaBHUTEIIBHO YacTO BCTPEUYACTCS 3a/iadya HAXOXKJACHHUS HAMOOJBIIETO HIIN
HAUMEHBIIIETO IEMEHTa MaccuBa (HalpuMep, MPU MOCTPOCHUH Tpaduka QyHKIUN).

BcnomorarensHOM nepeMeHHOM AMaX MpUCBAaMBAETCsS 3HAYEHHE MEPBOrO JJIEMEHTA Mac-
CHBa, 3aTEM MOCJIEIOBATEIBHO BCE 3JIEMEHTHI MACCUBA CPABHUBAIOTCA C MepemMeHHon Amax. Ec-
U 3HaueHue AMax OKa3bIBA€TCA MEHbILIE, YeM OYEpPEIHOM 3IEMEHT, TO AMaxX IMpHCBauBAETCA

HOBOE 3HaueHHE (CM. pUCYHOK 3.2).

PI/ICYHOK 3.2 — CXCMa AJIrOpUTMa HaAXOXKJACHUA MAaKCUMaJIbHOTO 3JICMCHTA MaCCUBa
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Ilpumep 3.3. IlycTh HEOOXOMUMO HAWTH CpeHEE apu(PMETHUECKOE 3HAYCHHE JICMCHTOB
LEJIOYMCIICHHOTO MacCHBa, KPaTHBIX TpeM. JJisi pelieHus: 3Toi 3aa4u BOASTCS JBE BCIIOMOTa-
TeNbHBIC MepeMeHHble — SUM u Kol, koTopsie OyayT MCIOIb30BATHCS ISl HAKOTUICHUSI CYMMBI
TpeOyeMbIX 3JIEMEHTOB U WX KonuuyecTBa. [lepBoHayaibHO 00euM MepeMeHHBIM NIPUCBAUBAIOTCS
HYJIEBbIE 3HAYEHUS. AJITOPUTM OCYIIECTBIIAET MOJHBIA Mepedop BCeX AIIEMEHTOB U, €CIU OYe-
pEIHOW yIOBIIETBOPSIET YCIOBHIO, €0 3HaYCHUE J00aBISETCA K IMEPEeMEHHONM SUM, a 3HauYeHUue
nepemenHoit Kol yBenuuuBaercs Ha eaunuily. I[lociae mpocMoTpa MaccuBa cpeHee apudmeTu-
YECKOE OMpeJeNsieTcs JIeJICHHeM HAKOIUIEHHOW CyMMbl Ha KOJIMYECTBO HaWEHHBIX 3JIEMEHTOB.

Cxema asropuT™Ma pelIeHus 3aa4u MpuBeIeHa Ha pucyHke 3.3.
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Pucynok 3.3 — Cxema anropuTMa HaXx0KAE€HHS CPETHETO apU(PMETHIECKOTO 3JIEMEHTOB, KPATHBIX 3

IIpumep 3.4. IlycTh HEOOXOIMMO 3aMEHUTH BCE OTPHUIIATEIbHbBIE AJIEMEHThl MaccHBa Ha
HOJIb.

HecnoxHO MOHATH, YTO CXeMa ajlrOpUTMa pelIeHus ITo! 3a1a4u (CM. pUCyHOK 3.4) O4YeHb
MOX0%a Ha MPEebIAYILYIO, TOCKOJIbKY BHOBb TpeOyeTcst MociieioBaTeNbHas IPOBEpKa BCeX dJie-

MCHTOB MacCCHBa.

Orasaenue

Huuymkuna T.H., I'ypenko B.B. «Pa3paboTrka aaropuTMoB NpoCTEHIINX IPOTrpaMM»



27

PI/ICyHOK 3.4 — Cxema aAJIroOpuTMa 3aMCHBI OTPHUHATCIIbHBIX 3JIECMCHTOB MaCCHUBA HYJISIMU

3.1.2. BeiGopouHas 00padoTKa 3J1eMEeHTOB MacCHBa

K 3agauam gaHHOTO THIA OTHOCATCS 3aJ1a4d, MO (HOPMYIHPOBKE CXOXKHUE 33a]]a4aM IEPBOTO
KJjlacca, HO 00paboTKa BeleTCs HE BCEX AJIIEMEHTOB MacCHBa, a TOJBKO TE€X, KOTOPbIE UMEIOT
BIIOJIHE OIpE/IEJICHHOE 3HAUeHHE MHAEKCOB. TakuM 00pa3oM, OCHOBHOW OCOOEHHOCTBIO 3ajay
ATOr0 KJjacca SIBJSETCS HAJIM4YME ONPENEICHHOTO 3aKOHA M3MEHEHUs MHJEKCOB paccMaTpHUBae-
MBIX 371eMeHTOB. C 11eJIbI0 YMEHbBIIIEHUS BpeMEHU PadOThl IPOrpaMMBbI U yBenn4YeHHs ee dPdek-
TUBHOCTH MPOTPAMMHUCTY CJIE€lyeT HAMTHU 3TOT 3aKOH U 00ECIeYUTh €ro BhIOJHEHUE. B 3aBucu-
MOCTHU OT 3aKOHA M3MCHCHHA MHACKCOB MOTI'YT HMCIIOJIb30BATLCSA JIFOObIE BUbI TUKJIOB, a TaK¥XKE€
UX COYETaHUSI.

Ilpumep 3.5. B 3a1aHHOM 1IEJIOYUCIIEHHOM MAaCCHBE OMPEIENUTh MaKCUMAIbHBIN Cpeau
DJIEMEHTOB, CTOSIIUX HAa YETHBIX MECTax.

OueBuHO, TPOCMATPUBATh BECh MACCHB HET HEOOXonuMocTu. HaunHnaTe 00paboOTKy ero
AJIEMEHTOB HAJI0 CO BTOPOTO, a MHJEKC YBEJIMUMBATh Ha JBa MOCJE Kaxaou nposepku. Komauue-
CTBO aHAJIM3UPYEMBIX AJIIEMEHTOB MpPHU 3TOM YMEHbIIaeTcs BABoe. Cxema anropurma perieHus
3a/lauu TPE/ICTaBJIeHa Ha pUCYHKE 3.5. BO3MOXKeH BapuaHT pemieHus 3TOH 3a/1auu 0e3 UCIOJIb-
30BaHMsI BCIIOMOTATEIbHOMN MepeMeHHOM K, Kor/ia B KauecTBEe MH/IEKCA UCIOIb3YeTCs HEOCpe/I-

CTBCHHO MapaMeTp CYECTHOTO IHUKIIA, KOTOpLIfI HU3MCHACTCA OT ABYX C IIaroM JiBa.
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PI/ICyHOK 3.5 - Cxema AJIrOpUTMa NOUCKa MAKCUMAJIBHOI'O 3JIEMCHTA, 3alIMCAHHOI'O HA YCTHOM MECTC

Ilpumep 3.6. 3aMEHUTH KOKIBIA TPETUI IJIEMEHT MAacCHBa Ha HOJb, €CITH JJICMCHT YeT-
HBIW, 1 OCTaTKOM OT JICJICHHS JIEMEHTA HA MATh, €CJIM OH HEYETHBIN.

B naHHOM ciiyyae Hac MHTEPECYET KaXKAbId TPETHH DJIEMEHT, II0ATOMY KOJIMYECTBO IIPO-
CMaTPUBAEMBbIX DJIEMEHTOB PaBHO TPETH OT YHKCIIA 3JIEMEHTOB MacCHBa, a 3HaUCHUE WHIeKca K B
[UKJIE YBEIMYMBAETCS HAa TpU (cM. pucyHOK 3.6). 3amedaHHe OTHOCHTEIHHO BO3MOXKHOTO HC-
MOJIb30BaHUs MEPEMEHHOM LMKJIAa HEMOCPEACTBEHHO B KAa4€CTBE MHIEKCA aHAJIOTUYHO MPEIbl-
IyHieMy IpuMepy, Ha4aJlbHOE 3HAUEHUE PABHO TPEM, IIAr U3MEHEHUSI — TUTKOC TPH.

B 3agavax maHHOTO Kjacca U3MEHSIETCS TOJIBKO MOPSIOK CIECIOBAHUS 2JIEMEHTOB MACCUBA.

Pa3Mep MaccCuBa OCTACTCA HCU3MCHHBIM.
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PPICyHOK 3.6 — Cxema AJIrOPpUTMA 3aMCHBI KAXKA0I'0 TPETHETO 3JICMEHTA MaCCHBa
3.1.3. U3MeHeHUe MOPSIAKA CJ1eI0BAHUSA 3JIeMeHTOB MaccuBa. CopTupoBKa

[Tpumepamu no00HON OOpabOTKU CIyXaT: 3aME€Ha 3HAUE€HUI HEKOTOPHIX JJIEMEHTOB B
COOTBETCTBUM C OINpPENIEICHHBIMU MpaBUJIaMH, COPTUPOBKA MACCHUBOB 10 HEYOBIBaHHIO, HEBO3-
pacTaHuIio | 10 JIIOOOMY APYroMy MPHU3HAKY, Pa3IMYHOTO pOJia MEPECTAHOBKH, CIIBUTH DIIEMEH-
TOB U Apyroe. OcCOOEHHOCTBIO JAHHOTO Kilacca 3a/1ad sIBJsieTcs HE0OX0AUMOCTh TIOUCKA 3JIEMEH-
Ta IepeJ MepecTaHOBKOW WM 3aMeHoil. Takum o0pa3oM, HECMOTpsI Ha MOCTOSHHYIO pa3Mep-
HOCTh MaccHBa, JUIsl IpeoOpa3oBaHUs TpeOyeTcsi HECKOJIbKO MPOCMOTPOB €ro syieMeHToB. Ilo-
ATOMY JJaKe B cIydae OJHOMEPHOTO MacCUBa TpeOyeTcs NMPUMEHEHUE BIOKEHHBIX ITUKIOB. Pac-
CMOTPHUM HEKOTOPBIEC THUITOBBIC TIPUEMBI.

IIpumep 3.7. IlepedopmupoBaTh MacCUB TaKUM 00pa3oM, 4ToObI CHavyaja ObUIM Pacroio-
YKEHBI BCE TIOJIOKHUTEIbHbIE FJIEMEHTHI, 3aT€M OTPULIATENIbHBIE M B KOHIIE — HYJIEBBIE.

[Ipexne Bcero, 3agady CIIOKHO PEHINTh, HE UCIIONB3Ys JOMOJHUTEIBHBIH MacCHB, IO-
CKOJIBKY 3aITUCh AJIEMEHTOB IPOUCXOANT B HEM3BECTHOM 3apaHee Mopsiake. Takxke HE0OX0IuMO
YYUTBIBaTh, YTO HOMEpA 3JEMEHTOB B MCXOJHOM W HOBOM MacCHBE HE COBHAJalOT. B kauectse
MHJIeKCca UCXOJTHOTO MAacCHUBAa Mbl, KaK U paHee, OyieM UCIOIb30BaTh MEPEMEHHYIO IIMKIA. A JUIs
yKa3aHusi HOMepa JJIEMEHTa B HOBOM MAacCHBE TOHAIOOMTCS CICIMATbHBIA UHICKC (MHICKCHI),
KOTOPBIN MPHUIETCS U3MEHSTh C IIOMOIIBIO OTIEIBHOTO OIepaTopa.
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N mnocnennee. OcymiecTBUTh Tpedyemoe mnepedopMHUpPOBAHUE MAcCHBa 3a OAMH IMPOXO]
HEBO3MOXHO, ITOCKOJIbKY KOJIMYECTBO 3JIEMEHTOB KaXK[JOI'O THIIA HEU3BECTHO. 3a7ady MOXKHO
PELINTH, UCIIOIB3YS TPU LKA, B KOTOPHIX B HOBBII MAaCCHB IOCIIEIOBATEIFHO MEPEIHCHIBAIOT-
Csl CHaJaJa MoJI0KUTENIbHBIC 3JIEMEHTHI, 3aTeM OTpPHILATEeIbHbBIC U, HAKOHEIl, — HyJeBble. OHaKO
BO3MOKHO HCIIOJIb30BaHUE M JBYX IUKJIOB: B IEPBOM IEPENUIIEM B Hadajio HOBOTO MacCHBa
MIOJIOKHUTEJIBHBIE 3JIEMEHTHI, a B KOHEI — HYJIeBble, HAUMHAS C TIOCJICAHETO, & BO BTOPOM IIPOCTO
JIONHIIEM B CEPEANHY OTPUIATEIbHBIC SJIEMECHTHI.

OxkoHYaTeIbHBINA BapHaHT aIrOpyUTMa IpUBEJICH Ha pUCYHKe 3.7.

BIK]:=A[i]

ki=k+1

Her BIK]:=Ali]
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Pucynok 3.7 — Cxema ajdropurMa nepecTaHOBKH JIEMEHTOB MacCHBa
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Haubounee pacripocTpaHeHHBIME 3a7jayaMH BTOPOTO KJlacca SIBJISIIOTCA COPTUPOBKH MacCH-
BOB.

Copmupogxa — 3T0 U3MEHEHUE MOPAJIKa CIIeOBaHUS JIEMEHTOB MacCUBa TaKUM 00pa3om,
YTO 3HAYEHUS DJIEMEHTOB 00pa3yloT YIOPSAOYCHHYIO [10 HEKOTOPOMY 3aKOHY COBOKYIHOCTh. Ha
NPaKTUKE COPTUPYEMbIE MacCHUBbI OOBIYHO UMEIOT OOJIBIIYI0 Pa3MEPHOCTb, IIOATOMY IS JTH000-
ro aJIrOpUTMa COPTUPOBKH OLIEHUBAIOT 8PEMEHHYIO GbIYUCTUMENbHYIO CLONCHOCHb, KOTOpas Oll-
penensieTcsl 3aBUCUMOCTBIO BpeMEHHU paboThl anropuTMa (4Kciia HEro 1aroB) OT pa3MEepHOCTH
3aJja4d, T.€. OT KOJMYECTBA COPTUPYEMBIX 3JIEMEHTOB. UeM MeHbIle 3TO BpeMmsl, TeM Oosee 3¢-
dexTuBeH anroput™M. IPPEKTUBHOCTD aJTOPUTMA OLEHUBAIOT TAKKE EMKOCMHOU 8bIYUCTUMENb-
HOU CNIOJNCHOCMbIO, C TOUKU 3PEHMSI KOTOPOM CYLIECTBEHHO, KAKME PECYPChl IaMSTH TpedyeTcs
JUTSI BBITIOJIHEHUS anroputMa. llosTomy mHTEpec MpencTaBisioT Takue METOIbl COPTUPOBKH, KO-
TOpbIE MO3BOJISIIOT SKOHOMHO HCIOJIb30BaTh OMEPATUBHYIO MaMsTh, HaPUMEP, OOXOAUTHCS 0e3
JIOTIOJTHUTEILHBIX MacCHUBOB.

Kiaccuuecknx MeTo/10B COPTUPOBKU TPU: BEHIOOPOM, OOMEHOM U BCTaBKaMu. PaccMoTpum
UX 0COOEHHOCTH IPUMEHHUTEIBHO K COPTUPOBKE 110 HEYOBIBAHUIO.

CopTupoBKa BbIOOPOM. DTO OJIMH U3 CAMBIX MIPOCTHIX METOA0B COPTUPOBKU. OH Tpe-

MoJaraeT CJIeAYIUIYIO MTOCIEA0BATEIbHOCTD ICMCTBHIA:

e BBIOMpAECTCA HAMMEHBIINH JIEMEHT BCEr0 MacCHBa,

® HaliJICHHbII HAUMEHBIIHNH IEMEHT MEHSIETCS MECTAMH C IEPBBIM JIEMEHTOM;

® YKa3aHHBIC JIBa JICHCTBHSI MOBTOPSIOTCS C OCTABIIUMUCS N-1 smeMeHTaMu, N-2 31eMeH-
TaMH U T.J. 10 T€X MOp, TOKa He OCTaHETCs N-HbIi, HAUOOJIBIINIA IIEMEHT MacCUBa.

[Tpumep cxeMbI aNropuT™Ma COPTUPOBKH BEIOOPOM IIPHUBEIEH Ha pucyHKe 3.8.
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Pucynok 3.8 — Cxema ajqropurma COPpTUPOBKU BIOOPOM

CopTHpOBKa 00MEHOM (METO/ «IMY3bIPbKa»). AJITOPUTM MPSIMOTO OOMEHA OCHOBBIBACT-
Csl Ha TIOMAPHOM CPAaBHEHHMH COCEHUX DJIEMEHTOB U CMEHE UX MECTaMU B COOTBETCTBHH C BHIOM
coptupoBku. Hampumep, npu copTHpOBKE MO HEYOBIBAaHHIO OOMEH SJIEMEHTOB MECTaMHU IPOUC-
XOJIUT, €CIU MIPaBbIil AIIEMEHT B NIape MeHbIE JIeBoro. CpaBHEHUS MPOJOJIKAIOT 10 TE€X MOp, MO-
Ka He OyIyT yrmopsAaoueHbl Bce deMeHThl. Ha3BaHue MeToa 00BsICHSIETCSI CXOACTBOM Ipoliecca
COPTUPOBKH C BCIUIBIBAHUEM MY3BIPHKOB T'a3a B COCYJIE€ C KHUAKOCTHIO: AJIEMEHTHI MACCHUBA MOX-
HO pacCMaTpUBAaTh KaK My3bIPbKH, KOTOPHIE TTOJHUMAIOTCS K €T0 JICBOM JTMOO MpaBoOi TpaHHUIIE.

[TycTh, HampuMep, MaCCHB COCTOMT M3 dNIeMEHTOB (2, 5, 12, 1, 8, 4). Ecnu copTupoBats 1o
BO3pPACTaHUIO, TO TOCIIE MIEPBOrO «IIPOXOa» MO MACCUBY MbI MOJYYUM €0 B CIEAYIOIIEM BUJIE:
(2,5, 1, 8,4, 12). [Tocie Broporo «mpoxoga» — (2, 1, 5, 4, 8, 12), nocne tpersero — (1, 2, 4, 5, 8,
12).

AHanu3 MoKa3bIBaeT, YTO COPTHUPOBKY MOKHO IPEKPATUTh, KOTJa MPU OUYEPEAHOM MPOXO-
JIe HE TOHAI00UIIOCH BBIMOJIHUTH HU OJHOW MepecTaHoOBKU. Kpome Toro, ciemayeT ydecThb, 4TO
MOCJIe KKI0TO MPOXoJa M0 MEHBIIEH Mepe OJMH AJIEMEHT CTAaHOBHUTCS Ha CBOE OKOHYATEIHHOE
MECTO, TIO9TOMY MOKHO KXKIbIH pa3 COKpaliaTh KOJIMYECTBO MPOCMATPHUBAEMBIX SJIEMEHTOB.

Cxema ajiropuT™Ma COpTUPOBKH 0OMEHOM TpeICTaBjlIeHa Ha pUCyHKe 3.9.
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Pucynok 3.9 — Cxema aaropurma COpTUPOBKHA OOMEHOM

CoprupoBka BcTaBKamMu. AJITOPUTM MOXKHO ONMCATh ciefyromum obpasom. Ha kaxmom
IIare, Ha4MHAs ¢ i=2, U3 MCXOJHON MOCIEIOBATEIBHOCTH U3BIEKACTCS i-H 3I€MEHT U mepeme-
IIAaeTCs B TOTOBYIO IOCIIEI0BATENBHOCTh HA HY)KHOE MeCTO. B peanbHOM mporecce moucka mnoj-
XOJIAILEro MecTa yA00HO CHadasla CPaBHUBAThH U3BJICUCHHBIN 3JIEMEHT C OUYePEeIHBIM IEMEHTOM
aj, a 3aTeM MO0 @ CIBUTaAeTCs BIIPABO, JINOO @j BCTABISETCS HA ocBoOoauBlIeecs mecto. IIpo-
11ECC TTOMCKA 3aBEPIIAETCS NPH BBIIIOJIHEHUH OJHOIO U3 JABYX YCIOBHMA: TM0O HAMJIEH dJIEMEHT a
MEHBILHH, YeM @, TMO0 JOCTUTHYTA JieBas I'PAHHUIIA MACCUBA.

JlaHHBI ciiyyall MOBTOPSIOLIETOCS MPOLECcCa C ABYMS YCIOBUSIMU OKOHYAHMS SIBIISIETCS
THIIUYHBIM U MIO3BOJIIET BOCIIOJIB30BAThCS XOPOIIO MU3BECTHBIM IPHEMOM «Oapbepay. Js sToro
HEO00XOJMMO PACIIMPHUTh AUANa30H MHAEKca B onucaHuu maccusa oT 0 go Nn. Coprupyrores N
DJIEMEHTOB C MHJAEKCaMu OT 1 710 N, a s4yelika ¢ HyJEBBIM MHAEKCOM CIIyXKHT CBO€OOpa3HBIM
«Oapbepom» T CpabaThIBaHUS YCIOBHM OKOHUAHUS ITOUCKA.

Cxema alropuT™Ma COPTUPOBKH U3JIOKEHHBIM METOJIOM IpUBOAUTCS Ha pucyHke 3.10.
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Pucynok 3.10 — Cxema anroputMa COpTHPOBKH BCTaBKaMHU

[ToMrMO yKa3aHHBIX KJIACCUYECKUX, CYLIECTBYET Psii ONTHUMU3ZHPYIOIIUX METOAOB COPTH-
poBku. OnHuM u3 HuUX sBisgercs meron Ilesna. OH cocTOUT B TOM, YTO yHOPSAOYMBAEMBIN
MacCHB JEJIUTCS Ha TPyHIbl TAKUM 00pa3oM, 4TO B KaXKIOW IpyMIe HaXOAATCS 3JIEMEHTHI, OT-
CTosIIIUE APYT OT apyra Ha pacctosiHuu d. Kaxmast rpynma copTUpyeTcss METOJIOM BCTAaBKH, 3a-
TEM MAaCCHUB JICJIUTCS Ha HOBBIE IPYMIbI ¢ maroM d-1 u T.J1. MOKa KOJMYECTBO IPYII HE CTAHET
paBHbIM eauHuie. O0buHO d BHIOMpaeTCs TaKUM 00pa3oM, YTOOBI B KaKAOW IpyIIe HAXO/IH-

JIMCh JIBa 3JIeMeHTa, T.e. d=[n/2].
3.1.4. llepedopmupoBanne MacCHBa ¢ HN3MEHEHHEM €ro pazmepa

[IpumepaMu JaHHOTO KJlacca 3a/1a4 MOT'YT CIIY)KUTh BbIYEpKUBAaHUE M BCTABKA HJIEMEHTOB,
OTBEYAIOIIUX OINPEIEICHHBIM YCIOBUAM MM 00JIaJaroInX 3aJaHHBIMU CBOWCTBaMHM (TIpH3HAKa-
mu). [Tpu sTOM I ynaneHus wim T0OaBICHUS DJIEMEHTa MOXKET MPOHM3BOIUTHCS KaK TOJHAs,
TaK M 4acTHYHas 00paboTKa MaccuBa, KOT/Ia MPOCMATPUBAIOTCS HE BCE JIEMEHTHI, & HEKOTOpast
uX BbIOOpKA.
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Oco0eHHOCTBIO 33/1a4 KJlacca ABISETCS M3MEHEHUE Pa3MepOB UCXOAHOTro MaccuBa. Kpome
TOT0, BEIYEPKUBAHNE WIIM BCTaBKa 3JIEMEHTA TPEOYeT CBUTA BCEX TEX 3JIEMEHTOB, KOTOPBIE pac-
MIOJIOXKEHBI TIOCIIE YAAIAEMOr0 WIA BCTaBiIsseMoro. [[ns peann3anuu aaropuTMOB PELICHHS I10-
JMOOHBIX 3aJa4, Kak MpaBujo, TpeOyeTcss MCIOIb30BaHUE BIOXKEHHBIX HUKIOB. [Ipu 3TOM BHYT-
PEHHUH IHUKJI, B KOTOPOM OCYIIECTBIISICTCS CABHT, MOXKET OBITH CYETHBIM.

Buemmuii uki 06xo/1a 3JI€MEHTOB MacCMBa MMEET NMEPEMEHHYIO0 BEPXHIOIO TPAHUILY, MO-
3TOMY OH JIOJDKEH OBITh MTEPAIMOHHBIM — C Mpel- WK NmocTycioBueM. Eciau Ha cooTBeTCcTBHE
YCIIOBHIO ITPOBEPSIFOTCS BCE JEMEHTHI, TO MapaMeTp BHEIIHEro LuKiIa MeHsercs Ha 1. OxHako
[I0CJIE CABUIA HA MECTE IPEKHETO aHAIM3UPYEMOTO 3JIEMEHTa MOKET 0Ka3aThbCsl 3JIEMEHT, OTBE-
yaromuil Tpedyemomy ycnosuto. IlosTomy anis ompeneneHus KOJIMYecTBa MOBTOPEHUM IMKIa
CABUTOB HEOOXOJIMM LIMKJII C TTOCTYCIIOBHEM, a HE orepaTop BeTBieHus. Takum obpa3zom, B ajro-
pUTME 33JIEUCTBYIOTCS TPU LIMKJIA, BIIOKEHHBIE OJJUH B JPYTOM.

[Tpu BHIOOPOYHOM aHANIM3€E JIEMEHTOB MAacCHBA MapaMeTp BHELIHETO LIMKJIa MEHSETCS Ha
Pa3HyI0 BEJIMUYMHY B 3aBUCUMOCTH OT HAJIIMYUS WIK OTCYTCTBHS cABHUra. [ljig NpUHATHS peLIeHUs
O BBINOJHEHUH CABUTA MOKHO UCIOJIb30BaTh ONEPATOp YCIOBHOU Mepeaadyn yIupaBIeHUS.

Ecnu konm4decTBO ynansieMblX WM BCTaBISIEMBIX AJIEMEHTOB OOJBIIOE, TO BHIYUCIUTEINb-
Hasl CJIO)KHOCTb MOJOOHBIX QJITOPUTMOB JIOCTATOUHO BEJIMKA.

Ilpumep 3.7. Y 1anuth U3 MacCUBa IEJIBIX YHCEIT BCE YNCIIA, KpAaTHBIC 5.

JI1g anropuTMHU3anuy 3a1a4l MOKHO IIPEUIOKUTH J1BA ITyTH!

® [IpOCMaTpHBasi MaCCUB, HAUTU OYEPEIHON YJAISEMBIM 3JIEMEHT, a 3aT€M IIyTEM CJIIBUIa
IIEPEHECTU BCE DJIEMEHTBI, PACIIOJIOKEHHBIE I0CJIE HETO, 3aTUpas yAAIAEMBbIi 2yieMeHT. B nomy-
YEeHHOM MAacCHBE OKa)XKETCs Ha OJUH DJIEMEHT MeHblle. VI3MeHUB pa3mMep MaccuBa, CIeIyeT Mpo-
JIOJDKUTH TIPOCMOTP OCTABIIUXCS 3JIEMEHTOB (CM. puCyHOK 3.11, a);

® [IPOCMaTpHBas MAacCHB, MEPENUCHIBATH OCTAIOUIMECS JIEMEHTHI Ha OYEPEAHOE HOBOE
MecTo. B 3ToM ciyuyae motpebyroTcs ABe NMepeMeHHbIE /Il UHIEKCA: B KauecTBe MepBoil Oynem
MCIIOJIb30BaTh MapaMeTp LMKIA, a BTOPYIO OyJeM MU3MEHSATh HE3aBHUCHMO I10CIIE 3aIIUCH OYepe/-

HOT'O OCTAIOIIErocs deMeHTa (cM. pucyHOK 3.11, 0).
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Pucynok 3.11 — CxeMbI aJropuT™Ma pelIeHus 3a/1a4n.
a — ¢ ABYMsI IUKJIaMH; O — C OJHUM ITUKJIOM

B mepBoM anroputme BHEIIHHM LMK HE MOXKET OBITh CUETHBIM, MOCKOJIBKY B CUETHOM
IIUKJIC IEpeMEHHast | MEHSETCS Ha KaKI0i uTepanuu. B HalreM aliroputMe MEHSTD €€ He CIeIy-
€T B TOM Clly4ae, €ClId I-i 3JIEMEHT yaaiseTcs, MOCKOJIbKY B Pe3yJbTaTe CIBUra Ha €ro MeCTO
MEPEHOCUTCS CIEAYIOIINM, €llle HE MPOBEPEHHBIM AJIEMEHT. 3aMEHa CUETHOTO LMKJa Ha LIMKJI-
ITOKa [TO3BOJIAET U3MEHSTE | TOJILKO TOI/Ia, KOTJAa 3TO HEOOXOIMMO.

HetpynHo 3aMeTHTh, UTO BBIUUCIUTEIbHAS CIOKHOCTh BTOPOTO aJTOPUTMa MEHBIIE, YeM
nepBoro. Ho mepBblil anroput™m jerue st Bocnpusatus. IIpakTuka mokasblBaeT, YTO BTOPOMU
croco0 MpakTHUUYECKU BCET/Ia MPUMEHUM, €CIIU JIEMEHTHI U3 MaccuBa yaanstorces. [Ipu nobasie-
HUU DJIEMEHTOB BTOPOM CIOCOO HE MMPUMEHUM, TTOCKOJIBKY M3-32 OTCYTCTBHSI JIOMTOJTHUTEIILHOTO
MacCHBa MEPEMUCHIBAEMBIC DJIEMEHTHI PAHO WJIH MO3JHO HAYHYT 3aTUPATh €lIe He MPOBEPEHHYIO
YacTh MacCHBa.

Ilpumep 3.8. IlepedopmMupoBaTh MacCUB BEIIECTBEHHBIX YHCEN, JOOABUB B HETO HyJe-
BBIE DJIEMEHTHI ITOCJIE MOJIOKHUTEILHBIX DJIEMEHTOB, CTOAIIMX HA YETHBIX MECTaX.

B nmanHo#t 3a7a4e, 04eBHIHO, HEOOXOIUM BTOPOM ITUKII, IPUUEM CIIETYET UMETh B BHIY,
YTO NP BBINOJIHEHUW CIIBUTA HU OJIMH U3 DJIEMEHTOB HE JOJDKEH OBITh 3aTEPT, a 3HAYHT, C/IBH-
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raTh 3J€MEHTHI PUAETCS ¢ nocieanero. Kpome toro, Heo6xoaumo obecreduTs 00X0/1 IIeMeH-
TOB, PACIIOJIOKEHHBIX Ha YeTHBIX MecTax. ClleoBaTenbHO, MapaMeTp HUKIa 00X0aa HeoOX0aH-
MO MEHSTH Ha JIBE CIUHHULIBI.

[Tocne oOHapyXEHUsT OYEPEIHOTO IOJIOKUTEIBHOTO IJIEMEHTa, CTOSIIEr0 Ha YETHOM
MecTe, TpeOyeTCsl CIBHUTI BCEX OCTABIIMXCS JIEMEHTOB. [Ipu 3TOM Bce 3J€MEHTHI, CTOSIBIIUE HA
YETHBIX MECTaX, OKAXKYTCSI Ha HEUETHBIX. 3HAUUT, JUIs IPABUIILHOTO J00ABJICHUS HYJIEBOTO dJie-
MEHTa HEOOXOIMMO MEPEHUTH Yepe3 TP JIEMEHTa, a He Yepes JBa. [[jis Toro, 4To0bl B pe3yibTa-
Te pabOThI aJrOpUTMa BBIBECTH BECh MACCHUB, HAJI0 TAKXKE IOJCYUTATh KOJIHMYECTBO J00ABIICH-
HBIX 3JIeMeHTOB. 1, KOHEYHO, ciieyeT MpeJycCMOTPETh B MACCHBE CBOOOIHOE MECTO JUIS pa3Me-
HICHHS J00aBISIEMBbIX 3JIEMEHTOB. CXeMa OJJHOTO M3 BO3MOKHBIX AJITOPUTMOB PELICHUS 3a/1auu

IIpe/ICTaBJIeHA Ha pUCyHKe 3.12.
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Pucynok 3.12 — Cxema anroputma J00aBJICHUS 2JIEMEHTOB B MacCHB
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3.1.5. OnnoBpeMeHHasi 00pad0TKAa HECKOJBKIUX MACCHBOB WJIH MOIMACCHBOB

K aromy kiaccy OTHOCATCS TaKHe 3a/1a4Ml Kak cIusHue (00beIUHEHIE) MACCUBOB; MTEPEIIH-
ChIBAaHHE 3JIEMEHTOB, OTBEUAIOLIUX OIPEIEICHHOMY YCIOBHIO WJIM UMEIOIIUX HEKOTOPBIN MpH-
3HAaK, U3 OJIHOTO MAcCHBa B JPYroil; coO3JaHUE HOBOTO MacCHBa M3 3JIEMEHTOB UCXOTHOTO, Tpe-
00pa30BaHHBIX MO HEKOTOPOH (GopMylie WU MOAYUHSIOMIMXCS ONpeAeiIeHHOMY 3akoHy. Oco-
OEHHOCTBIO 3aJ]a4 ITOrO KJIacca SIBJISIETCS HaJIM4YMe y KaKJOr0 MacCuBa CBOEr0 MHJEKCa, KOTO-
pBI MEHSIETCSl B CBOEM JMara3oHe Mo cBoeMy 3akoHy. [Ipu anroputmuzanuu noJoOHBIX 3a1au
MO>KHO HCHOJIb30BaTh KAaK CUETHBIC LUKIIBL, TAK U LUUKIBI C MPE- WIH MOCTYCIOBHEM, MIPUUEM
BBIOOP 3aBHCHUT OT 3aKOHOB M3MEHEHHUSI MHJIEKCOB U OT TOT'0, KaK 'PaMOTHO OOECIEYHUTh UX U3-
MEHEHHE.

Ilpumep 3.9. [lanbl 1Ba MaccuBa, OTCOPTUPOBAHHBIE MO Bo3pacTaHuio. OObEAUHUTH UX B
TPETHIl MaCCUB, COXPAHUB COPTUPOBKY.

[TockonbKy 3a7ada OTHOCUTCS K KJIacCy 3a7ad MO OJHOBPEMEHHOH 00pabOoTKe HECKOIBKUX
MaCCHBOB, KaXXJIOMy MacCHUBY OyJI€T YCBOEH YHUKAIbHBIM MHACKC ISl JOCTYIA K €ro 3JIEMEH-
tam. KpoMe Toro, pazmMepsl HCXOIHBIX MAaCCUBOB B O0IIIEM Ciy4ae pa3luyHbl, TOITOMY y KaXKJ0-
ro uHAeKca OyJIeT cBOW AMana3oH u3MeHeHus. Tak Kak B pe3yibTare padoThl MPOTrpaMMBbl J10J1-
JKeH ObITh CHOPMHPOBAH HOBBIM MAacCHUB, JIEMEHTAMU KOTOPOTO CTAHYT 3JIEMEHTHI 00OMX HC-
XOJIHBIX MAaCCUBOB, TO Pa3Mep HOBOTO MacCHUBa JOJIKEH OBITh PABEH CyMME Pa3MEpPOB UCXOTHBIX
MaccuBOB. COOTBETCTBEHHO, JUANa30H U3MEHEHUs! ero MHAeKca OyleT OmpelneisThCsl CyMMOMN
JINaIa30HOB U3MEHEHHUS UHJIEKCOB UCXOIHBIX MAaCCHUBOB.

[TpumeM creayromlyro MocCIe0BaTeIbHOCTD IEUCTBUN JUIsl PELLEHUs [TOCTABJIEHHOM 3a-
nayr. CpaBHUBAEM TE€PBBIE AJIEMEHTHI UCXOJHBIX MAaCCMBOB A M B 1 HauMEHbIINI U3 HUX 3aIu-
ChIBAa€M TIEPBBIM AJIEMEHTOM pe3yJabTUpyIomIero maccuBa C. YBenuunBaeM Ha €IUHHILY UHICKC
PE3yIBTUPYIOLIETO MacCHBa U WHIECKC TOrO U3 MacchBOB A u B, anemMeHT koToporo ObLI mepe-
nucaH. [Ipogomxkaem ananoruuHo, mocieaoBareiabHo Gopmupys maccuB C. Tak kak pazMepsl
HCXOJIHBIX MAaCCHUBOB PA3JIMYHBI, TO MPOCMOTP OJHOTO M3 HUX 3aKOHYMTCS paHbIie. [locne Toro,
KaK €ro AJIEMEHTHI OKaKYTCsl HcUeprianbl, B MaccuB C JIOMHUCHIBAEM OCTaBIIHMECS AJIEMEHTHI BTO-
poro maccusa.

CxeMa anropuTma pelleHHs JaHHOW 3a/1aui TTOKa3aHa Ha pucyHke 3.13.
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Pucynok 3.13 — Cxema ayiroputMa CIUSHUAS OTCOPTUPOBAHHBIX MAaCCHBOB
3.1.6. ITouck B MaccuBe JIEMEHTA, 0TBEYAIOIIEro 3aJaHHOMY YCJI0BHIO

K sTOoMy KkJ1accy oTHOCSTCSI, HapUMep, CIEeIYIOIINe 3aJa4l: TOUCK IEPBOr0 OTPUIIATEIb-
HOTO, TIEPBOTO TMOJOKUTEIBHOTO U JIFOOOTO MEPBOTO AJIEMEHTa, OTBEUYAIOIIEr0 HEKOTOPOMY YC-
JIOBUIO, TIOUCK NIEPBOTO MM €JUHCTBEHHOI'O 3JIEMEHTA, PABHOTO HEKOTOPOMY KOHKPETHOMY 3Ha-
YEHUI0, a TAK)KE IMOUCK BCEX AJIEMEHTOB MaCcCHBa, OTBEYAIOIINX 33JaHHOMY YCIOBHIO. B pamkax
HACTOSIIIETO Y4eOHOTO MOCOOMSI OTpaHUYMMCS 3aJadeil MOMCKa MEePBOr0 WM €IMHCTBEHHOTO

9JICMCHTA, YAOBJICTBOPAIOMICTO YCIIOBUIO.
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OCOOEHHOCTBIO 3a]auyl SBJSIETCS OTCYTCTBHE HEOOXOJUMOCTH IPOCMOTPA BCEIO MAacCHBa:
nepe0op AIIEMEHTOB HYXKHO 3aKOHYUTH CPa3y, KaK TOIBKO TpeOyeMbIil dJIeMeHT OyneT HaiijieH.
ITpyr 3TOM MOXKET BBINOJHATH KaK MO3JEMEHTHBIA MPOCMOTP, TaK U BBIOOPOUHYIO 0OpabOTKY
MmaccuBa. OJJHAKO B XyALIEM cilydae Julsd MOMCKa IeMEeHTa NoTpedyeTcsl MOJIHbIN epedop Bcex
3JIEMEHTOB MaccHBa. Takol MOUCK Ha3bIBAETCs JuHeunbim. Ecau pasMep MaccuBa HEBENIMK, TO
3aTparaMd BPEMEHU Ha JIMHEHHBIM MOMCK MOXHO MpeHeOpeub. OqHako B OOJBIINX MacCHUBaX
HOJIHBIN Nepedop NPUBOAUT K 3aMETHBIM 3aTpaTaM MallMHHOrO BpeMeHH. CleoBaTelbHO, Tpe-
OyeTcsa onTUMM3alKs MOMCKOBOTo anropurMa. [IpuMepamMu onTUMHU3UPYIOLIMX aIrOPUTMOB MO-
TYT CIYXKHTb MTOUCK C «OapbepoM» 1 TBOUYHBIN (OMHAPHBII) TOKCK.

Yame Bcero mpu mporpaMMUPOBAHUU MOMCKOBBIX 3a/1a4 MCIOJIb3YIOTCS LIMKIBI C Mpe-
WINA TIOCTYCJIOBUEM, KOTOpOE (DAKTUUYECKH MPEACTaBIseT COOOW KOHBIOHKIMIO JIBYX YCIIOBMIA:
IepBOe — [OKa UCKOMBIN 3J€MEHT He HalJieH, BTOpoe — I0Ka MaccuB He ucuepnal. [locie BbI-
X0J1a U3 IIUKJIa OCYILIECTBIISIETCS IPOBEPKA, 110 KAKOMY M3 YCIOBHM MPOU30IIEN BHIXO/.

PaccMoTpum cnenyromuye npumepsl.

Ipumep 3.10. 3anan maccus u3 N nensix yucen. [IpucBouts nepemernoit K 3Hauenue true,
€CJIM B MaCCHBE CYLICCTBYIOT JIBa PAaBHBIX JIEMEHTA, CTOSAIINX psifoM, u false B mpoTuBHOM ciy-
yae.

3amady MOXHO pEIIMTb, €CIIU, HAallpUMEp, MOCIIE0BATEIbHO CPABHUTh KaXKJIbIM 3JIEMEHT
MaccHBa ¢ MOCIeAYOIMM. Tak Kak B XyJALIeM cllydae Iapa OJJMHAKOBBIX 3JIEMEHTOB MOXET Ha-
XOJMThCS B CAMOM KOHIIE MacCHBa WJIM BOBCE HE CYILIECTBOBATh, TO OJHUM M3 YCIOBHIl SIBIIsSETCS
JOCTHKEHHE KOHIlA MacCcHuBa, a IpyIrUM — OOHapyK€HHE JBYX OJAMHAKOBBIX COCEIHHX 3JIEMEH-

ToB. CXeMy aJlrOpuUTMa pelIeHHs JaHHOU 3a/1aun CM. Ha pucyHke 3.14.
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Pucynok 3.14 — Cxema aaropurMma Moucka napbl OJMHAKOBBIX 2JIEMEHTOB B MaCCHUBE

Ilpumep 3.11. Cpenu >IEMEHTOB MAacCHUBA, CTOSIIIIUX HA YETHBIX MECTaX, HAWTHU TEPBBINA
OTPUIATENbHBIN 2JIEMEHT.

Jloruka peUICHUs 3a1a4U sICHA U3 CXCMbI AJITOpHUTMaA, MMOKa3aHHOH Ha PUCYHKC 3.15.
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PHCyHOK 3.15 — Cxema AJIrOpUTMa NNOUCKA B MACCHUBE IEPBOI'0 OTPULATCIILHOI'O 3JIEMEHTA HAa YCTHOM MECTC
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3.2. llpuemMbl 00paboOTKN MATPHUILY

MaccuBsl, UMEIOIIME ABA UHIEKCA, Ha3bIBAIOT ABYMEPHBIMU WIH, 10 aHAJIOTUU C MaTeMa-
TUKOU, mampuyamu. J{ns KpaTkocTH OyAeM B JajbHEHIIEM NPUAEPKUBATHCS MMEHHO 3TOrO
TEepMHUHA.

PaccmoTtpum Hambosee pacrpocTpaHEHHbIE MPUEMbI TPOrPaMMHUPOBAHUS MIPH 00paboTKe
Mmatpull. Ciaenyer OTMETUTD, YTO AITOPUTMHU3ALUS 3ajad BCEX KJIACCOB MPUMEHUTENIBHO K Mart-
pHIIaM MMEET CBOIO crielu(UKY, CBI3aHHYIO C TEM, YTO MaTpula (pakTUYEeCKH SBJISIETCS MaCCHU-
BOM OJJHOMEPHBIX MAaCCHBOB. DTO 3HAYMT, YTO B KaXJIOM KJacce UMEETCsl ropas3io Oonblie pas-
JMYHBIX BapUaHTOB PELLEHUH, /1a U caMUX 3ajau Takxke. Kaxaas KOHKpEeTHO IocTaBiIeHHas 3a-

nada 00pabOTKU MAaTPHIIBI COJEPIKUT LENbIH PsijI o3aa4, OTHOCSIIUXCS K Pa3HBIM KJIACCAM.

3.2.1. ITocenoBaTesibHasi 00PadoOTKA 3J1eMEHTOB MATPHIbI

K nanHoMy Tuiy 3aa4 OTHOCSTCSI HE TOJBKO T€, MPU PELUICHUH KOTOPhIX Tpedyercs 00-
paboTaTh BCE 3JEMEHTBI MATPUIIbI, HO TaK)Ke U 3a7a4d 10 00pabOTKe OTIEIHHO CTPOK WIIH OT-
nenpHO cTonOIoB. KpoMe Toro, k 3ToMy Kilaccy MOTYT ObITh OTHECEHBI U 3a7]a4i BBOJIa-BbIBOIA
MaTpull. OcCOOEHHOCTH MPOTPAaMMHUPOBAHUS B JAHHOM clyyae, B OCHOBHOM, T€ K€, YTO W IS
OJTHOMEPHBIX MacCHBOB (cM. pazmen 4.1.1).

PaccmoTpuM HEKOTOpPBIE TUTIOBBIE AJITOPUTMBI 33]1a4 MIEPBOTO Kiracca.

Ilpumep 3.12. ]Jlana nenouyncieHHas KBagpaTHas MaTpuia mopsaka N. Haittm HanGomib-
M 5JIEMEHT MaTPULIBI U KOTUYECTBO TAKUX JIEMEHTOB.

Jlns pemieHus 3aadyu HEOOXOAMMO OpPraHU30BaTh LMK sl mepedopa BCeX AIEMEHTOB
MaTpuibl. Tak Kak MaTpUIla SABISETCS IBYMEPHBIM MacCHBOM, TO MTOTPEOYIOTCS JIBa IIUKJIA: OJIUH
[0 CTPOKaM, BTOpPOH — mo ctoibduaMm. OAUH U3 IUKIOB, OOBIYHO TOT, B KOTOPOM IepeduparoTcs
AJIEMEHTHI CTOJIOIOB, TOJDKEH OBITh BJIOKEHHBIM B JIPYTOM, TO €CTh JJIA KaKI0W CTPOKH MaTpH-
bl TIepeOUparoOTCsl MpUHAIeKAIINE €l DIEMEHTHI BCeX CTOJIONOB. B ocTadhbHOM aaroput™ pe-
HIeHus 3a7a4u (CM. pUCYHOK 3.16) cX0xk ¢ alropuTMOM HaXOXJACHHUS HAaUOONbBIIEro JIEMEHTa

OIHOMEPHOI'O MacCHBa.
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max:=A[1,1]
k=1

~/ i:=1,n

max:=Al[i,j]

BriBo
max,k

Pucynok 3.16 — Cxema ajnroputMa moucka HauOOJIBIINX SJIEMESHTOB MATPHIIBI

ITpumep 3.13. Jlana nenounciennas marpuna A(n, m). BerauciuTe cyMMy KaX0H CTPOKH
U pe3yJsbTar 3amnucaTth B Maccus B(n).

JIsl HaXOXKICHUSI CYMMBI JJIEMEHTOB CTPOKH C HOMEPOM | HEOOXOIMMO OpPraHH30BaTh
IIMKJI, IepeOnpatonnii Bce ee IeMeHTHl. [103ToMy mapaMeTpoM 3TOro HUKJIA CIenyeT BHIOpaTh
HoMep cronbua j. [lepen mukimoM ¢ mapaMeTpoMm j HEOOXOAMMO 3aaTh HadallbHOE 3HAYCHUE
cymmbl S=0. ITociie okOHUaHMs IMKIIA Pe3yJIbTaT MPHCBauBaeTCs neMeHTy MaccuBa B(i). dus
obecrieueHnss 00X0a BCeX CTPOK MaTPHUIIBI TapaMETPOM BHEIIHETO IMKJIa Ha3HayaeM MepeMeH-

Hy!0 | — nHAEKC cTpoku. CxeMa anropuTMa rokaszaHa Ha pucyske 3.17).
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S:=S+A[i ]

Pucynok 3.17 — CxeMa anropuTMa BBIYHCIICHHS CyMMBI SJIEMEHTOB Ka)kJJOH CTPOKH MaTpPUIIBI

3.2.2. U3MeHeHne NOPSIAKA CJIeIOBAHUS 3JIeMEHTOB MAaTPHUIIbI

3/1ech, Kak U B 3aj1a4ax, paCCMOTPEHHBIX B pazzene 3.1.3, pa3mep UCXOTHON MaTPHILI CO-
XpaHseTCs, MCHSICTCS JIMIIb MOPSJIOK CIICJIOBAaHMS €€ DJIEMEHTOB. B kadecTBe mpumepa 3aaad
JAHHOTO KJIacca pacCMOTPUM 3aJauy MepeMeIIeHUs SJIEMEHTOB MaTPHUIIbI.

Ilpumep 3.14. Jlana neiicTBuTeNnbHas KBaJpaTHas MaTpula nopsaaka 2n. [lonydyuts HOBYIO

Marpuny, nepeCcTraBssd €€ OJIOKH pa3mepa NXN B COOTBETCTBUMU C MMOKa3aHHOM CXEMOM:

n 2n

2n

st perieHust TaHHOM 3a7a4d, KaK U IPYTUX MOJO0OHBIX 3a/1a4d, HEOOXOIUMO MPOAHATU3HU-
pOBaTh, Kak Oy/eT MPOUCXOTUTH MOAUDUKAIIHS UHICKCOB JIEMEHTOB MaTPHUIIBI B COOTBETCTBUU
C TIOCTaBIICHHBIM YCIIOBHEM W3MEHEHUS MOpPsIKa WX CIEAOBaHHUS, U BHIPAOOTATh MPABUIIO Tpe-

o0Opa3oBaHus UHIEKCOB. byneM cuutarh, 4TO mocje Npeodpa3oBaHus UCXOIHOM MaTpuLbl A mo-
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Jy4aeTcsi HOBas KBaJpaTHas MaTpuia B Toro ke mopsaka 2n. M3yduB COOTBETCTBHE MEXITY

anieMeHTaMu Matpull A u B, nonydaem cienyronuil 3aKkoH npeoOpa3zoBaHUs:

KA(Z. +n,j+n), ecnu i=<n,j<n;

.. |AG+n,j—n), ecmn i<n,j>n;
B(i,J) =1 4 . , _

A(i—n,j+n), ecmu i>=n,j<n;

\A(i—n,j—n), ecom i=n,j=n.

Cxema asiropuT™Ma pelIeHus 3a7a4yyl MpecTaBlieHa Ha pucynke 3.18.

Hauaio

BBox
n,A(2n,2n)

i:=1,2n

j=12n

B[i,j]:= Bli,j]:= B[i,j]:= Bli,j]:=
Ali+nj+n Ali+n,j-n] Ali-n,j+n] Ali-nj-n]
| | | |

BoiBoj
B(2n,2n)

Pucynok 3.18 — Cxema asiroputMa nepecTaHOBKU 3JIEMEHTOB MaTpPHUIIBI

CrnenyeTr OTMETUTD, YTO NMPUBEJCHHBIE IPUMEPHI HE 0XBATHIBAIOT BCEr0 MHOI000pasus 3a-
nad Ha 0O0paboTKy Marpuuam. Kak ObuUlo OTMEUEHO BBIIIE, B MPOLECCE AITOPUTMUYECKOTO pe-
[IEHUS. MHOTMX M3 HHMX HCIIOJIb3YIOTCSl MPUEMBI, PUMEHsAEeMble IpU 00paboTKe OJHOMEPHBIX
MaccuBOB. OJHAKO CYIIECTBYIOT U CHElU(PUUYECKHE MPUEMbI, OTHOCAIINECS UMEHHO K MaTpH-
nam. OHU TpeOyIOT OTAETbHOro, O0Jiee AETaIbHOIO PAaCCMOTPEHUS, YTO BBIXOJUT 3a IMpeesbl

3aJa4i, KOTOPYIO CTaBUIIU Tepesl COOON aBTOPHI HACTOAIIETO Y4eOHOTO MOCOOHS.
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KoHnTpoabHbie BOnpockl

1. Yro nazpBaroT MaccuBoM? Kakum 00pa3oM ompenenseTcs MECTO KaxI0ro dJIeMEHTa B
maccuse?

2. Kakue knacchl 3aja4 O6D360TKI/I MAaCCHUBOB MOXHO BI)I,Z[CJ'II/ITB?

3. Kakoii Tun OUKJIa HauoOoJce MOAXOOUT JJIS IIOCIIeA0BATEIbHOM O6Da6OTKI/I BCEX DJIC-

MeHTOB MaccuBa? [IpuBenuTe npuMepsl 331a4 TaHHOTO Ki1acca.

4. B 4eM COCTOUT OCHOBHAsi OCOOCHHOCTh aITOPUTMHU3AIMH 3a7a9 BEIOOPOYHON 00paboT-

KU DJIEMEHTOB MaccuBa? HpI/IBeI[I/ITe IIPUMEPEI l'IOI[O6HOFO poaa 3aaady.

5. B uem 3akimouaeTcs 3ajadya COPTUPOBKU OJHOMEpPHOTO MaccuBa? Kakwme MeTombl cop-
TUPOBKH BBI 3HAETE?

6. ChopmynupyiiTe OCHOBHBIE AITOPUTMHUYECKHE OCOOCHHOCTU Ka)JI0TO M3 pacCMOTPEH-

HBIX METOJIOB COPTUPOBKHU OJJHOMEPHBIX MaCCHUBOB.
7. Ilepeunciure OCHOBHBIE OCOOCHHOCTH AJITOPUTMOB PEIICHUS 3a/1a4 nepeOpMUPOBAHHS

MaccuBa ¢ UISMCHCHHUEM €TI0 pasMepa. HpI/IBCI[I/ITC MIPpUMEPLI TAKUX 3a4a4.

8. KakoBbI 0COOCHHOCTH alTOPUTMH3AINY 33]1a4, CBA3aHHBIX C OJIHOBPEMEHHOH 00paboT-

KO HECKOJBKHX MAaCCHBOB?

9. KakoBa 0cOOEHHOCTh AITOPUTMHUYCCKOI'O pCHICHUS 3aa4 IONMCKAa B MACCUBC 3JICMCHTA,

OTBCYAIOMICTO 3aAaHHOMY VCJ'IOBI/IIO? Kakwne sl IMUKJIOB P 3TOM Yall€ BCCTO UCIOJb3YHOT-

cs?

10. B yem cocrout crernuduka 00pabOTKU MaTpHIl IO CPAaBHEHUIO ¢ MpueMamu o0pabdoT-

KH OJJHOMEPHBIX MacCHUBOB?
11. B 9yem cocTOUT 0COOEHHOCTh OPTaHHU3alMU ITUKJIMYECKOTO MpoIlecca Mpu MOCiIe10Ba-

TeJIbHOM 00paboTKE BCEX DJIEMEHTOB MATPUILIBI?

12. KaKYIO AHAIIUTUYCCKYHO pa60Ty HCO6XOI[I/IMO BBIIIOJIHUTDE NIEPE] COCTABIICHUECM aJII'O-

puT™Ma pCUICHUS 3a/1a4u, CBS3aHHOU ¢ M3MEHEHHUEM IIOpsIAKa CIeIOBAHUS DJIEMEHTOB B MaTDI/IL[e?
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