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OOuue ykasaHusi K BbIIOJJHEHUIO padoT.

[lepen HayanoOM BBIIOJHEHUS] paOOThl BHUMATEIBHO O3HAKOMBTECHh C MHCTPYKLUEH,
3a/IaHUEM K MPAKTUYECKOU padoTe.

Otuer oopmiigeTcs Ha IMCTaX CO IITaMIOM. B oTyeT BoummTe TemMy, Leiab paboThl,
obopynoBanue, mnporpammHoe oOecneuenue. [Ipu BbImoNHEHUU palbOTHI cleayiTe
MPUBEACHHBIM IMyHKTaM IJ1aHa. HoMep MyHKTOB U MX Ha3BaHMSI IOJKHBI COOTBETCTBOBATD
ApYT ApYyTY.

[To mepe BbINOIHEHUS pabOTHI HEOOXOIUMO CHOPMYITUPOBATH BHIBO/I.

Otuetsl oopmitsitoTest B KypHasie. Ha TUTYIbHOM JHMCTE JOJIKHBI OBITH YKa3aHbI:
Ha3BaHHE MpeaMeTa, Tpynna u pamMuins cTyaeHTa.

[Tpumep odhopmileHHs TUTYIBHOTO JIUCTA:

MUHUCTEPCTBO HAVKH U BBICIIEI'O OBPA30OBAHUS Pd
OI'bOY BO «bpsiHCKHI TOCYAAPCTBEHHBIA TEXHUYECKU YHUBEPCUTET
(BI'TY)

[Tonutexuuueckuit komnemk (IIK BI'TY)

KYPHAJI

IMPAKTUYICCKUX pa60T 110 JIUCIHUIIIINHEC

Teopus aaropurmon

IIKTY ON.0012.0011TP

CryneHt [Terpos H.H.

I'pynma:

[IpenonaBarens




BBenenue

Metoanueckue yKa3aHHs K BBIIIOJIHEHUIO PAKTUYECKUX 3aHATUH 110 JUCLIUIIIINHE
«Teopust anmropuTMOB» NpPEAHA3HAYCHBI UL 3aKPEIUICHUS TEOPETUYECKUX 3HAHUM,
IIOJY4YEHHBIX Ha JIEKLHUAX, a TaKKe IUId OBJIAJCHUSA CTYACHTAMU YMEHUW U HAaBBIKOB
MPUMEHSTH ATH 3HAHUSA [IPU CAMOCTOSATEIBHOMN padoTe.

[lepeyeHb NPAKTUYECKUX 3aHATUH COOTBETCTBYET pabodeil mporpamme 1o
aucuuimHae «MareMaTuyeckue METOAbD)

BrinonHenue cTyaeHTaMy NPAKTUYECKUX 3aHITUN 1O JUCIUIUIMHE POBOAUTCS C
LEJIBIO:

- 3aKPEIUIEHUS TTOJTYYEHHBIX TEOPETHYECKUX 3HAHUM T10 JTUCUUIIINHE;

- YIIIyOJICHUSI TEOPETUYECKUX 3HAHUW B COOTBETCTBUU C 3aJaHHON TEMOM;

- opMupoBaHKs yMEHUH periaTh MPaKTHUECKUE 3aa4H;

- pa3BUTHUS CAaMOCTOSITEIIBHOCTH, OTBETCTBEHHOCTH U OPTraHU30BAaHHOCTH;

- (GopMUpOBaHUSA AKTHUBHBIX YMCTBEHHBIX JCHCTBUM CTYACHTOB, CBSI3aHHBIX C
MOMCKAaMH PAIlMOHAIBHBIX CIIOCOOOB BHITIOJTHEHUS 3aJaHUM;

- IOJATOTOBKH K 3a4ETY.

Meronuueckue yKa3aHUs BBIMOJHSAIOT (QYHKIUIO YHOPABICHUS CaMOCTOSITEIbHOU
paboToil CTyneHTa, MO3ITOMY KaXKJI0€ 3aHATHE HMMEET YHU(DHUIIMPOBAHHYIO CTPYKTYpPY,
BKJIFOYAIOILIYIO OIIPEACIICHUE LEJCH 3aHATHUs, OCHAILUCHUA 3aHATHS, MOPSIAOK BBIIOJIHEHHUS
paboThl, a TaK)Ke 3aJaHUS] U KOHTPOJIbHBIE BOIPOCHI JJIsl 3aKPEIUICHUS TEMBI.

HopMmbl o11eHKM 3HAHU, YMEeHUI M1 HABBIKOB 00YYaIOIIMXCS MO INUCIUIIHHE

OueHka NpakTHYECKUX 3aHATHIA 00y4YaloIMUXCs

Omeem oyeHugsaemcs ommemkou «5», ecau:

— paboTa BBITIOJIHEHA MTOJTHOCTHIO;
— B JIOTHYECKHUX PACCYKJIEHUSAX U 0OOCHOBAHUH PEUICHUS HET IPOOEIIOB U OMNOOK;
— B pEHICHMH HET MaTeMaTHYECKHUX OIMMOOK (BO3MOXHA OJHAa HETOYHOCTb, OIHCKA,
KOTOpasi HE SBJISIETCS CJEJACTBUEM HE3HAHUS WM HETIOHMMAaHUSl y4eOHOro Matepurana).
OT1MeTKa «4» CTABUTCH B CIAEAYONIUX CIyqYaaX:
— paboTa BBIMOJIHEHA TOJHOCTHIO, HO OOOCHOBAHUS IArOB PEIICHUSI HEJOCTATOYHBI (€CIH
yMEHHE 000CHOBBIBATh PACCYXIACHUS HE SIBISIIOCH CIIEHUAIBHBIM O0BEKTOM ITPOBEPKH );
— JOMyUIEHbl OJlHa OIIMOKAa WM €CTh JBa — TPU HEAOYETAa B BBIKJIAJIKAX, PUCYHKAX,
yepTexkax Wi rpadukax (€ciau 3TU BUIbI padOT HE SIBISIUCH CHEUUATBHBIM OOBEKTOM
MIPOBEPKH).
Ot1merka «3» cTaBUTCH, €CJIH:
— JomyuieHo OoJjiee OJHOM OMMOKK Wil OoJjiee NIBYX — TPEX HEIOYETOB B BBIKJIAIKAX,
yepTexkax Wi rpadukax, Ho oOydaroniuiics o0jiagaeT 00s3aTeIbHBIMU YMEHUSIMHU 110
MIPOBEPSAEMOM TEME.



O1MmeTKa «2» CTABUTCS, €CJIU:

— JIONYILIEHbl CYLIECTBEHHbIE OIIMOKM, IMOKa3aBLIME, 4YTO oOyyarluiica He oOianaer

00s13aTeTbHBIMU YMEHUSMU IO JAHHOW TeMe B TIOJTHON Mepe.
OtmeTtka «1» cTaBUTCS, €CJIU:

— paboTra mokazajia MOJHOE OTCYTCTBHE y oOOywaromierocst oOsi3aTeNbHBIX 3HAHUN U
YMEHUN TIO0 TPOBEpsieMONW TEeME WM 3HAYUTeNlbHAs YacTh pa0OThl BBIMIOJHEHA HE
CaMOCTOSITETIHHO.

Y4aurtenb MOXKET MOBBICUTH OTMETKY 33 OPUTHHAJIBHBIA OTBET Ha BOMPOC WM OPUTHHAIBHOE
pellieHne 3aJady, KOTOpPHIE CBUICTENBCTBYIOT O BBICOKOM MaTEMaTHUYECKOM pa3BUTUU
oOyu4aromierocs; 3a peieHue 0oJee CI0XKHOM 3a1aun WK OTBET Ha 00Jiee CIOXKHBIM BOIPOC,
Npe/UI0KEHHBIE 00yYaromeMycsl JOMOIHUTEIBHO MOCIIE BBHITIOTHEHUS UM KaKUX-THOO PYTHX
3aJaHu M

Ob0mas kiaaccupukanus oMMUOOK

[Ipu oueHKe 3HaHUN, YMEHUI 1 HABBIKOB yUYalUXCsl CJIEYET YUUTHIBATh BCE OIITMOKHU
(rpyOble 1 HeTpyOBI€) U HEOUYETHI.

I'pyObiMu cyuTaOTCH OIIUOKH:

— HE3HaHWE ONPEJICICHUS OCHOBHBIX MOHATHH, 3aKOHOB, ITPaBUJI, OCHOBHBIX ITOJIOKCHUN
TEOpUH, He3HaHHWe (OPMYJ, OOIIECNPUHATHIX CHUMBOJIOB OO0O3HAYCHHWH BEJIWYMH,
SAVHMI] KX U3MEPEHUS;

— HE3HaHWE HAUMEHOBAHUU €UHUI] U3MEPCHHUS,

— HEYMEHHE BBIJICIMTH B OTBETE IIABHOC,

— HEyMCHHE MPUMECHSTh 3HAHUS, aJITOPUTMBI JUTSl pEeLCHUS 3a/1a4;

HEyMEHUE JIeJIaTh BBIBOJIBI M 0000IIICHNS;

— HEYMEHHE YUTaTh U CTPOUTH IpauKHu;

— HEYMCHHE I0JIb30BaThCS MEPBOMCTOYHUKAMU, YICOHHKOM M CIIPABOYHUKAMH,

— TMOTeps KOPHS MM COXPaHCHUE TTOCTOPOHHETO KOPHS;

— ortOpacbeiBaHne 06€3 00BSICHEHUH OHOTO U3 HUX;

— PpaBHO3HAYHBIE UM OIITUOKU;

— BBIYHCJINTEIbHBIE OIINOKH, €CJIM OHU HE SIBIISIIOTCS OIHUCKOM;

— JIOTHYECKHE OIIUOKH.

K Herpy0biM ommOKkaM cieayer OTHECTH:

— HETOYHOCTh  (OPMYJIUPOBOK, OMNpEACICHUM, TMOHSATUM, TEOpHUM, BbI3BAaHHAs
HEMOJIHOTOW OXBAaTa OCHOBHBIX INPHU3HAKOB ONPEAEISEMOro IMOHATUS WA 3aMEHOMN
OJIHOTO - IBYX U3 3TUX IPU3HAKOB BTOPOCTENIEHHBIMU;

— HETOYHOCTbH rpaduka;

— HEpalMOHAJIBHBIA METOJ PELICHMS 3aJa4d WJIH HEIOCTATOYHO MPOAYMAaHHBIM ILIAH
oTBeTa (HApyUIEHHWE JIOTMKH, TMOJMEHAa OTACJbHBIX OCHOBHBIX  BOIPOCOB
BTOPOCTEIEHHBIMU);

— HepaluoHaJIbHbIE METO/bI PA0OTHI CO CIIPABOYHOM U JPYTroil TUTEpaATypOii;

— HEyMEHHUE peulaTh 3a/1a4u, BHINOJIHATH 3aJjaHus B OOIEM BUJIE.



Henoyeramu ABIISIOTCS:

— HepaluUOHAIbHbIE TPUEMBI BBIYUCICHUIN U TpeoOpa30BaHU;
— HeOpeXHOE BBINIOJIHEHHE 3aIIUCEH, YepTexell, cxeM, rpaduKoB.



IIpakTuyeckas padora Nel. IlocTpoeHue TUHEHHOI0 AJITOPUTMA

1. Ieanb padoThI:
[Tony4yeHure HaBBIKOB OCTPOECHUS AJITOPUTMOB JIMHEHHOTO THIIA.

2. Tembl 1511 IpeABApUTEIbHOI NPOPaAdOTKH
O61ee nousiTue 00 aIrOpUTME.

CrniocoObl 3anmcu anropuTMOB.

[IpeoGpazoBaHue BBIPAXKEHU K JIMHEWHOMY BUIY.

3. TeopeTuyeckuii MaTepuaJl

B konue 60-x — navaisie 70-x rr. XX cToneTusi BblpaOaThIBA€TCs AUCIUIUIMHA, KOTOPAs
IIOJIy4YHJIa Ha3BaHHUE CTPYKTYPHOI'O IPOrpaMMUPOBaHus. Ee NosBIIeHUE U Pa3BUTUE CBSA3aHbI
¢ umenamu J. B. Jlelikctpel, X.[[.Muica, 1. E. Knyra u apyrux yuensix. CTpyKTypHOE
IIPOTPaMMHUPOBAHME 10 HACTOSILIEr0 BPEMEHU OCTAETCS] OCHOBOU TEXHOJIOTUH
nporpamMmMmupoBanus. CoOJ0ieHUe ero MPUHIMIIOB MO3BOJISET IPOTPAMMUCTY OBICTPO
HAY4YUThCA MMUCATh SICHBIE, 0€301IMO0YHbIE, HA/IEKHBIE TPOTPAMMBI.

B ocHOBe CTpyKTYypHOIr0o MporpaMMUpOBaHUs JEXKHUT TeOpeMa, KOTopasi Obljia CTPOTro
J0Ka3aHa B Teopuu nporpammupoBanusi. CyTh ee B TOM, YTO aJITOPUTM JJisi pEIICHHs JTF000i
JIOTMYECKOM 3a/1a4¥ MOKHO COCTAaBUTh TOJIBKO U3 CTPYKTYP «CJIEOBAHUE, BETBICHHUE,
UK. VX Ha3pIBalOT 0a30BBIMU aITOPUTMUYECKUMU CTPYKTYPAMH.

CrnenoBanne — 3TO JIMHEHAsS MOCIEA0BATEIbHOCTD JEHCTBHIA:

—»{ Cepus 1 Cepus 2 |—>» —» Cepust NH—>»

Kaxxnp1it 6710k MOXKET coiepKaTh B ce0e Kak MPOCTYI0 KOMaHy, TaK U CIOXKHYIO CTPYKTYPY,
HO 00513aTENBHO JIOJDKEH UMETh OJMH BXOJ M OJIUH BBIXOJ.

Ha npakTuke Hanbosee pacpocTpaHeHbI CleAyomue GopMbl MPeCTaBICHUS aITOPUTMOB:
* cJIOBecHAasl (3aMKCh Ha €CTECTBEHHOM SI3bIKE);

* rpaduueckas (n3o00pakeHus U3 rpad)UIeCKUX CUMBOJIOB);

* ICeBIOKO/bI (MTOTyPOopMaIN30BaHHbIE ONMMCAHKS AITOPUTMOB Ha YCIIOBHOM
ANTOPUTMUYECKOM S3BIKE, BKIIOUYAIOIINE B C€0s KaK AIEMEHTHI S3bIKa

MPOTrPaMMHUPOBAHMSI, TaK M (PPa3bl €CTECTBEHHOTO SA3bIKa, OOIICTTPUHSTHIC

MaTeMaTH4YecKue 0003HaYCHHS U Ap.);

* IporpaMMHasi (TEKCThI Ha S3bIKaX MPOrPAMMUPOBAHUS).

Cnogecnblii cnocod 3amCH ANTOPUTMOB MPECTABISET COOO0M ONMMCaHNE MTOCIEI0OBATETFHBIX
ATanoB 00PabOTKH JaHHBIX. ANTOPUTM 3a7a€TCs B IPOM3BOJIBHOM U3JI0KCHUH HA
€CTECTBEHHOM

SI3BIKE.

I'paghuueckuti cnocob mpeACTaBICHUS AITOPUTMOB SIBJIsIETCS 00Jie€ KOMIAKTHBIM U
HATJISITHBIM IO CPABHEHUIO CO CIIOBECHBIM.

IIpun  rpadpuyeckom NPeACTABJIEHUN  AJTOPUTM u300paxkaercs B  BHJE
MmocJieI0BaTeJIbHOCTH

CBAI3AHHBIX MeEXKAY €000l (PYHKIHMOHAJIBHBIX OJIOKOB, KAaXKIAbIH M3 KOTOPBIX
COOTBETCTBYET



BBIIIOJIHCHUIO OTHOI'0 WJIHM HECKOJIbKHMX J1eiiCTBHI.

Takoe rpaguyeckoe npecTaBIeHUE HA3bIBAETCA CXEMOU ajlropuT™Ma Win 0J10K-cxemoid. B
0JIOK-CXeMe KaXJAOMy THUIy JeHCTBUN (BBOY UCXOJHBIX IaHHBIX, BBIYMCICHUIO 3HAYEHU I
BBIP@KCHUM, IIPOBEPKE YCIOBUM, YIPABICHUIO IIOBTOPEHUEM JCHUCTBUN, OKOHYAHUIO
00paboTku

U T..) COOTBETCTBYET TreoMeTpuyeckas (Qurypa, MpeJcTaBlIeHHas B BHUjAC OJOYHOIO
CHMBOJIA.

biioyHbIE CUMBOJIBI COETUHSIOTCS TMHUSIMHM MEPEX0A0B, ONPEIEIAIOIIMMU 04EPETHOCTD

4. llpumep
Hano 3Hauenue a. He ucnonp3ys HUKakux (YHKUUNA U HUKAKUX OIepaluii, KpoMme
YMHOKEHMS, TIOJY4HTh 3HAYE€HHE a°3a Tpu onepauuu 1 a'’ 3a ueTkIpe onepanum.

/ BEOIO a /

¥10=x5"x5
I

/ BBIBOJ X5, XlO/

5. 3aganmue

CocTaBuTh POrpPaMMBbl, BEIYUCIISIOIINE:
b+ +/b? + 4ac e
1. 2a -
CosX
2. 71—2X
3. BeruncnauTs nepuMeTp U oAb MPSIMOYTOJILHOTO TPEYTOJIbHUKA 110 33JaHHBIM IJTHHAM
JIBYX KaTeToB a u b.
4. TTonTOphl KOIIKK CHEIAIOT 3a MOJITOPA Yaca MOJATOPHI MBIIIKU. CKOIBKO MBIIIEK CheasIT X
Kolek 3a Y yacoB?

+b?

+16X - Cos(XY) -2

JlomoTHUTEIbHBIEC 3aJAHUSA

Jlana cropona kBajzpara. Haiitu ero nepumerp.

JlaH pannyc okpyxxHOCTH. HaiiTu ee nuamerp.

Jlana niuHa pedpa kyOa. Haiitu o0beM ky0a u miiomaas ero 00KOBOW MOBEPXHOCTH.

JlaH pagnyc OKpYy>KHOCTH. HaliTh JIMHY OKPYKHOCTH M IJIOIIAAb Kpyra.

Jlanbl 1Ba uensix yucia. Halitu ux cpegnee apudpmeTudeckoe.

N3BectHBl 00beM U Macca Tena. OnpenenuTs IIOTHOCTh MaTepraia 3TOro Tea.
N3BeCTHBI KOJMYECTBO KUTEJIEW B TOCYAAPCTBE U IUIOLIAIb €r0 TeppUTOopur. ONpeaennuThb



IJIOTHOCTH HACEJICHMs B OTOM I'OCYIapCTBeE.

JIaHBI KaTeThI IPSMOYTOJIBHOIO TPEYTrOJbHUKA. HallTh ero runotenysy.

Halitn miioniaap KosapLa 1o 3a1aHHBIM BHEIIHEMY U BHYTPEHHEMY PaJInyCaM.

Janbl 1Ba yucna. Haiitu cpennee apudpMeTdeckoe ux Moaysei.

Jlanel nBa uncna. Hatu ux cymMmy, pasHOCTb, IIPOMU3BEACHUE, A TAKKE YACTHOE OT JCICHUS

[IEpBOr'0 YUCjla Ha BTOPOE,

N3BecTHBI KOOPAMHATHI IBYX TOYEK Ha IJIOCKOCTH. HaliTH paccTOsHUE MEXKIYy HUMU.

CocTaBuTh mporpaMmy oOMeHa 3HaYEHUSIMH JIBYX IT€PEMEHHBIX.

CocTaBuTh mporpaMmy oOMeHa 3HaYeHUSIMH TPEX MEPEMEHHBIX a, b, C M0 CleyIoNIei

cxeMme:

a) b mpuCcBOUTH 3HAUEHHE C, a IPUCBOUTH 3HaYEHUE b, C MPUCBOUTH 3HAUCHUE a.

0) b npucBOUTH 3HAUYEHHUE A, C TPUCBOUTH 3HAUCHHE b, @ IPUCBOUTH 3HAUYEHHUE C.

JlaHo BemecTBeHHOE YKCIO a. He nmoip3ysach HUKaKUMH apu(METHUECKUMU OTlepallusiMH,

KpOME YMHOKEHUS, OJTYYNUTh:

a% u a'® 3a yetsIpe onepanuy; a* u a%° 3a nare onepaumii; a° u a'd 3a nare onepaunii; a®u

a'® 3a maTe onepauwmii; a2, a° u al’ 3a mectw onepanuii. a*, a'? u a?® 3a wecTs onepauyii.
IIpakTuueckas padora Ne2. IlocTpoeHue aJiIrOpuTMAa ¢ HEMOJIHBIM BeTBJICHUEM

0 5 3

1. Hean paboThi:
[TomyueHne HaBBIKOB MOCTPOCHUS AJITOPUTMOB C HEMTOJTHBIM BETBJICHUEM.

2. TeMbl U151 IPeIBAPUTEILHOMH MPOPaAdOTKH
o OO0miee moHsATHE 00 AITOPHUTME.
o [IpaBuiia MOCTPOCHUS AITOPUTMOB B BHJIE OJIOK-CXEM.
o CrocoObI peCTaBICHHS aITOPUTMOB.

3. TeopeTuuecknii MaTepuaJl

BeTBiieHust B anropurmax

Jlerko u mpocTo OBLIO OBI XUTH (M JaKe HEMHTEPECHO), ecliid Obl yIalloCh pa3 M HaBCeraa
pacnucarb, Kakue MOCTYIKM M B KaKOW IMOCJEN0BaTeIbHOCTH coBepiiath. Ha camom nene
HaM TIOCTOSSHHO MPUXOJUTCS MPUHHUMATh pELIEHHUS B 3aBUCUMOCTH OT CO3J1aBIIEHCS
cutyaiuu. Ecin uaé€r Aoxkab, TO Mbl PAacKphlBaeM 30HTUK. Ecin HaM Becello, TO MBI
cMmeéMcs. T.e. HAIIM JEWCTBUS 3aBUCAT OT HEKOTOPBIX YCJIOBHM, BO3HHUKAIOUIMX HM3BHE, a
BBIOOD PEIICHMsI OCYIIECTBIISIETCS KaK BHIOOpP BETBH ACHCTBHS, JUOO OHOM, THOO IPYTOM.
Tonbko BeTBIEHNE TOMOKET B CJIOKHBIX YCIOBHSIX CIEIaTh BHIOOP.

Bemenenue - smo anzopummuueckan KOHCMPYKUUA, 6 KOMOPOU 6 3A6UCUMOCHIU OmM
YC1068Us 6bINOJIHAECMCA MA WU UHAA NOC/1E006AMEeIbHOCb 0eliIC UL

CrpykTypa airoputma, cojepxaniasi BETBJICHHE, Ha3bIBA€TCS pa3BETBISIONICHCA. OTa
CTpYKTypa oOecrneunBaeT BBIOOp MEXIy HBYMs albrepHaTuBamMu. Jlis ompeneneHus
HaIpaBJIeHHs, B KOTOPOM MOUIET NalibHEIlee BBIIIOTHEHUE, IEJIaeTCsl MPOBEPKA YCIOBHS.
Kaxxapiii u3 myTeit Bea€T K oOmiel TOYKe CIUSHHS, TaK YTO BBIMIOJHCHHUE alropuTMa OyaeT
MPOJIOJDKATHCS HE3aBUCUMO OT TOTO, KaKOW IyTh OBLT BBIOpaH.

YacTo B KM3HU BCTPEYAIOTCA CUTYyallMW, KOTJla MO0 OJHOMY W3 HAMPABICHUN JBUKECHUS IO
QITOPUTMY MOKET HE COBEPIIMTHCA HU OJHOrO JIEUCTBUS, a MO APYroMy - COBEPUIUTCS
HECKOJBKO JeWcTBUM. Takoe BeTBICHHWE HA3bIBACTCS BETBJICHHEM B HemojiHoW dopme. B
BUJI€ OJIOK-CXEM TaKHE aJrOPUTMbI MOXKHO 3aIACATh TaK:



Ad yemopHe 1T
ICTHHA,
OMoK
HHC TPYELIHI
YcnoBue — 310 11000€ JOMYyCTUMOE B SI3BIKE BBIPAXKEHHUE, KOTOPOE BBIUUCIISACTCS

KOMITWJIATOPOM. Pe3ynbTar BBIUMCICHUS WHTEPHPETHUPYETCs cieayromuMm obpazom: 0 —
JI0Kb, BCE OCTaJbHbIC 3HAYCHHS — HCTHUHA. KoMNmWiIsiTOp HE NpOBEpSET MNPABUIBHOCTH
COCTaBJICHUS BBIPAYKCHUSI, B JTIOOOM CITyuae BhIPAXKEHUE MPOCTO BBIUYUCISCTCS.

€ UCTUHA UJIU JIOXKb.

4. llpumep
CocTaBUTb OJIOK-CXEMY PELICHUS 3a4a4u:

Ecimm atb=c+d TO cnhenmarp crieayrolee: HaredaraTh
coobmenue "[lpaBunbHO", BBIUMCIUTH  S=X*7-y*3, BBOZ a, b, ¢. d
CJIOXKHUTH a C IATBIO, BEIYECTH U3 d BOCEMB.

Ja HET
5. 3ananune
1. 3agano umcino p. Ecim p<0, To y=p+5. CocraBbTe
ANTOPUTM PEIICHUS TON 3a/1a4l TTOMOIIBIO OJIOK-CXEMBI. S=X*T-y*3
2. CocTaBbTe aITrOPUTM, OIPEACISIONINN HaXO0XIECHUE 7
TOYKH C KOOpAMHATaMu (X, y) B YETBEPTON UYETBEPTU HA —ats
TUTOCKOCTH. T
3. CocraBbTe aJarOpUTM, KOTOPBIM mMpoBepsT OBl Y
yUYe€HHKa TaOMUIly YMHOXEHUA MO TpEM BOMpPOCaM, =8

npuaémM, HOMEp BOmpoca 0003Ha4YbTe mepeMeHHou N, a
KOJIMYECTBO ITPAaBUIIBHBIX OTBETOB - IepeMeHHou K.

MpaBHIBHO

JlonmoTHUTEIbHBIEC 3aJAHUSA

1. Ecmu g+p=c+d 1o cmenaTh ciemayromiee: HamedaTaTh
coobmenue "Hcmpase", Beuucauth q=q*10+r*11,
CJIOKMUTH t ¢ IBaALATHIO.

2. [lomcunTaTh KOMMYECTBO OTPULIATETHLHBIX CPEAM Yncen a, b, c.

3. [lomcunTaTh KOJMYECTBO MOJTOKUTEIHHBIX CPEIH YUCEN a, b, C.

4. TlopcunTaTh KOJIMYECTBO LIEJIBIX CPEAU YHCEl a, b, C.

5. Onpenenuts, IeTUTENIEM KaKUX YHCEN a, b, ¢ ABIsSETCS Yucio K.

6. JlaHbl TpU ACHCTBUTENBHBIX YKciia. Bo3BeCTH B KBaapaT T€ U3 HUX, 3HAYECHUS KOTOPHIX
HEOTPHULIATEIbHBI.

7. 3ananbl pazMepsl A, B psIMOYyroJbHOTO OTBEPCTHS U pa3MeEpBhI X, Y, Z KUPIHUYa.
Onpenennuts, TPOMAET U KUPIUY YEPE3 OTBEPCTHUE.

8. Hammcatp mporpammy, KOoTOpas MO 3aJaHHBIM TPEM YHCIIaM ONPENETSeT, SBISETCS JIH



CyMMa KakuX-1100 ABYX U3 HUX MOJIOKUTEIbHOM.

9. BeiOpaTh MakCUMalIbHOE U3 IBYX YHCEN X, Y U IPUCBOUTH €r0 3HAUCHHE MEPEMEHHOM (.
10. BeiOpaTh MakcuMaabHOE U3 TPEX YHUCEN X, Y, Z U IPUCBOUTH €r0 3HaYEHUE IEPEMEHHOM
g.

IIpakTuuyeckas padora Ne3. IlocTpoeHue aJiropurMa ¢ MOJIHBIM BeTBJICHUEM

1. Hean paboTnIi:
[TonyueHne HaABBLIKOB MOCTPOEHUS AJITOPUTMOB C TIOJIHBIM BETBJICHUEM.

2. Tembl I IpeABaAPUTEJIbHON NPOPaAdOTKH
o OOwee noHsTHE 00 AITOPUTME.
o+ IlpaBuia mocTpoeHus: aNTOPUTMOB B BHJIE OJIOK-CXEM.
+ IlocTpoeHue 6110K-CXEMBI aNTOPUTMA C HEMIOJTHBIM BETBICHHUEM.

3. TeopeTuyeckuii MmaTepuaJl
BerBjieHusi B anropurMmax

B npaktuueckoit pabore Ne2 Obul pacCMOTpeH MaTepuayl IMOCTPOEHUS aJIrOPUTMOB C
HEMOJIHBIMU BETBAMH. TaKKe 4acTO B KM3HM BCTPEYAIOTCS CUTYaIlMH, KOTJa MO OJHOMY U3
HANPaBJICHUN ABWKEHHUS IO aJTOPUTMY JOJDKHBI COBEPIIMTHCS OJHU JEUCTBHS, a IO
IPYroMy - COBEpPIIUTCA Ipyrue naeuctBusi. Takoe BETBIICHWE HA3BIBACTCS GemGIeHUEeM
noanou gpopmui. B Buje 0610K-cXeM TaKUE aJITOPUTMbBI MOYKHO 3alUCATh TaK:

VCIIOBHE
ICTHHA?

OJIOK OJI0K
HHCTPYKLRHIT 2 HHCTPYKIRTI 1
Ycnoeusa
3anuce BUIA b<= c¢>d B uHpOpMaTHKE HE MPUMECHICTCS U MOXKET IPUBECTH K

HEIMPaBWIHLHON paboTe MPOrPaMMBI.

YcnoBue — BbIpakeHUE, KOTOPOE KOMIBIOTEP U BBIUKUCIISET U NPEICTABISIET PE3YJIbTaT B
Bujie 3HavyeHus (1, 0)

KommnreroTep He cieuT 3a NpaBUIbHOCTBIO COCTABICHUS JJIOTUUECKOTO BhIPaKEHHUS, a TOIbKO
BBIYUCIISIET €TO.

VYcnoBust MOTYT OBITh IPOCTBIMU U COCTABHBIMH.

HpOCTOC YCJI0OBHC!

Omnepang 1 3Hak onepanun | Onepang 2
OTHOIIICHUS

Yucno paBHO == Yucno

Tekct HE paBHO [|=> Tekct




IlepemenHas OoblIe > IlepemenHas
Breipaxxenue MEHBIIIE < Bripaxkenue
0O0JIbIIIE T PABHO
>=
MEHBIIE UM PABHO
<=
IIpumepsr:
A>=b+3*y

a+b==c*@*x+d)
He Bo Bcex 3aauax MOKHO 0OOMTUCH TPOCTHIM YCIOBUEM.

CocTaBHoOe yci10BHe

CocTtaBHOE yCIIOBHE MOJY4YaeTCsl U3 MPOCTHIX YCIOBUHM C MOMOIIBIO JOTHYECKUX OMepaLii
N, WA, HE (&&. || !). dns usMeHeHus nopsiaKa BEIUUCICHUN MPUMEHSIIOTCS CKOOKHU, KaK
B aIre0panvyeckux BhIPAKEHUSX.

IIprMepsl COCTaBHBIX YCIIOBUM:

(xty==C) && (z>3)

(b+x==2) || (t==r+0)

IX

I (a+b==v)

((a+b==g) || (s*f>n)) && (c*5==18)

4. Ilpumep

CocTtaBuTh 6JIOK-CX€My PCUICHUSA 3a1a4YM:
,HaHI)I JABa 4Hcjia. 3aMeHHuTE OOJIBIIICE U3 ABYX JAHHBIX YUCCJI YABOCHHBIM IIPOU3BCACHUCM, A

MEHBIIEE MMOJTYCYMMOW 3TUX YHCET,

BBOO X,V

x=2*ty y= (xthy)/2

BBIBOTI X, ¥

5. 3ananue

Jlanbl 1Ba yncia. 3aMEHUTE:

a)  MEHbIee U3 ABYX YUCET UX CYMMOM, a OOJbIIee MPOU3BEICHUEM ITUX YHUCEIT;

0)  MeHblllee M3 JBYX JaHHBIX YHCEN MOJYJIEM pa3HOCTU, a OoJjbllee MOAYJIEM
MIPOU3BEICHUS ATUX YKCEII,

B)  Ooiblllee W3 JBYX JaHHBIX YHCET MOJYJEM CYMMbI, & MEHbIIEE — MOJIYJIEM
MOJIYPa3HOCTH 3TUX YUCEI.



JlomoJiIHMTEIbHBbIE 3aaHUS

1. 3aganbl Tpu uKcna x, y, z. Ecim x<0, To p 3a71aTh Kak MakCUMaJIbHOE U3 X, Y. Eciu x>=0,
TO p 3aJ1aTh KaK MUHUMAJIbHOE U3 X, Y.

2. 3amaHbl JBa 4KCIa X, y. ECIM HX cyMMa HOIOKHMTENBHA, TO P 3a1aTh Kak X>+Yy?%; eciu
OTpHUILIATENIbHA MIIM PABHA HYJIIO, TO P 3a/aTh Kak (X+Y)2.

3. 3ajanbl TpU YUCHA X, Y, Z. Eciu x+y>z, nonoxuts s=x+y+z. Ecnu x+y<=z, To S=X+Y-Z.

4. IlogcunTarh KOJTUYECTBO MOJIOKUTEIBHBIX U OTPULIATEIBHBIX YUCEN CPEAM Uncen a, b, c.
5. JlaHbl Tpu NeHCTBUTENBHBIX YKciia. Bo3BeCTH B KBapaT Te U3 HUX, 3HAUEHUS KOTOPBIX
HEOTPULATEIbHBI, U B YETBEPTYIO CTENIEHb — OTPHULATENIbHBIE.

6. Jlansl uenblie yucna x, y. Eciiu ynciia He paBHBI, TO 3aMEHUTh KaXX/10€ U3 HUX OJJHUM U TEM
K€ YHUCIIOM, PaBHBIM OOJIBIIEMY U3 UCXOAHBIX, & €CJIM PaBHBI, TO 3aMEHUTDb YUCIIa HYJISIMH.
IIpakTuuyeckas padora Ned. IlocTpoeHune aJiropuTMa ¢ HCNOJIb30BAHUEM KOHCTPYKIMHU

BbIOOpaA

1. Hean pabdoTni:
[TomyueHne HaBBIKOB MOCTPOCHUS AJITOPUTMOB C UCIIOIH30BaHUEM KOHCTPYKIIMHU BBHIOODA.

2. Tembl 1511 IpeABapUTEIbLHOI NPOPAdOTKH
o OOmee noHsATHE 00 ANrOpUTME.
o IlpaBuna nmocTpoeHus: aIrOPUTMOB B BUJI€ OJIOK-CXEM.
« IloctpoeHune 6510K-CXEMBI AITOPUTMA C UCTIOIB30BAHUEM KOHCTPYKIMM HEMOJIHOM,
IIOJTHOM M BIJIO’)KEHHOU BETBEH.

3. TeopeTuuecknii MmaTepuan

WNucTpykiuss BbeIOOpa oOecrieynBaeT MHOTOHAIpaBICHHOE BeTBiieHHe. OHa IO3BOJISET
JIeJIaTh BBIOOP OJHOM M3 MHOXKECTBA aJIbTEPHATUB. XOTS MHOT'OHAIIPaBJICHHOE TECTUPOBAHUE
MOXKHO PEaju30BaTh C IMOMOIIBIO TOCICA0BATCIIPHOCTH BIOYKEHHBIX WHCTPYKIIUH IOJHOTO
WJIM HETIOJIHOTO BETBJICHHUS, BO MHOTHX CHUTYAIMSIX WHCTPYKIIHMS BBIOOpA OKa3bIBacTCs OoJiee
() PEKTUBHBIM PEIICHUEM.

Ona pabotaeT ciueayromuM oOpa3oM. 3HAUCHHE BBIPAKCHHS  IIOCIIECIOBATCIHHO
CpaBHUBACTCS C KOHCTAHTAMHU W3 33JIaHHOTO crrcka. [Ipw oOHapy>XeHUU COBIAICHUS IS
OJIHOTO M3 YCJOBHUI CPaBHEHHMS BBIIOJHSACTCS TOCICI0BATCILHOCTh HHCTPYKIIUM, CBSI3aHHAS
C 3TUM YCJIOBHEM.

DIEeMEHT 6bipadceHue WHCTPYKIIMA BBIOOpAa JOJDKEH TIPM  BBIYHCICHUW  JIaBaTh
IIEJIOYHMCIICHHOS WJIM CHMBOJIbHOE 3HaueHue. (BbIpakeHus, MMEMOIIME, HAIpUMEp, THI C
IJIABAOIICH TOUKOM, He pa3pemnieHbl.) OY4eHb 9acTO B KaUeCTBE YMPABIISIONICTO BBIPAKCHHS
MCITIOJIB3YeTCSI OJTHA TIEpeMEHHas!.



l kl l 2 l 3 | kn

Brox brox Brok Brno
uHCTpyEnHE 1| | HHCTRYKIHA 2 HHCTPYENHEA 3| |HECTpyRUHi T

| ! ! .
!

Wtak, nj1s npuMeHEeHHs] THCTPYKLIUU BbIOOpa HEOOXOIMMO 3HATH CIIEAYIOIIEE.

v VIHCTpYKIHs BBIOOpa OTJIMYAETCS OT WHCTPYKIIMH BETBJICHHS TEM, YTO BBIPAKEHUE
MOKHO TECTUPOBATh TOJBKO C MCIOJb30BaHUEM YCIOBUSI paBeHCTBa (T.€. Ha
COBIa/ICHHE BBIPAXKEHUS C 3aJJaHHBIMU KOHCTAHTAMHU), B TO BpeMs KaK yCIOBUE MOXKET
OBITh JIIOOOTO THIIA.

v' Hukakue JBe KOHCTAHTBI B OJTHON MHCTPYKIIMH BBIOOPA HE MOTYT MMETh HIEHTHIHBIX
3HAYCHUN.

v' WHCTpyKIHst BEIOOpa 00bIYHO Gostee 2 (PEeKTUBHA, YEM BIIOKEHHBIC BETBICHUS.

HNucTpykius BbIOOpa MOKET OBITh UCIIOJIb30BaHA KaK YaCcTh BHEIIHEW HHCTPYKI[MU BbIOOpA.
B sTOM citydyae oHa Ha3bIBAETCS 8102CeHHOU NHCTPYKIIMEH BbIOOpA.

4. Ilpumep

CoctaBuTh anroput™m cieayromei 3amaun. I[lonb3oBaTtens BBOAUT JIBa YHCIA U 3HAK
onepanuu. I[IporpaMmma B 3aBUCHMOCTH OT BBEJIEHHOTO 3HAaKa OIEpaldyd TPOU3BOJIUT
JEUCTBUS HAJ YUCIIAMU — CJIOKEHHUE, BRIYMTAaHUE, YMHOXKEHUE, JIeJICHHUE.

VYkazanue: k —3Hak apu@mMeTHiecKoil onepamuu.

i

[+ ! L
Z=x+y Z=X-y z=x'y z=xfy

i ! ! }
5. 3ananune

1. Hanmucats mporpamMmmy, KOTopas o Homepy JHs Heaenu (1eaoMy 9uciay oT 1 10 7) Beigaer
B KQ4€CTBE pPe3yJibTaTa KOJMYECTBO YPOKOB B BAIIIEM KJIACCE B ATOT JCHbD.

2. CocTtaBHTh IpOrpamMMy, KOTOpas 10 3aJlaHHBIM IOy U HOMEPY MECsIa T ONpeACIsIeT
KOJIMYECTBO JHEU B 3TOM MECHIIE.



3. Hns kaxnou BBeaeHHOM 1udpbl (0 — 9) BBIBECTH COOTBETCTBYIOIIEE €11 HA3BaHUE Ha
anrauiickoM s3eike (0 — zero, 1 — one, 2 — two,... ).

4. CocTaBUTb POrpaMMy, KOTOpas o JaHHOMY uuciy (1—12) BEIBOAUT Ha3BaHUE
COOTBETCTBYIOLLETO EMY MECALIA.

5. CocTaBuTh IpOrpaMmy, MO3BOJISIOLIYIO MOJTYYUTh CIIOBECHOE ONMHUCAHKUE IIKOJIbHBIX
otMeToK (1 — «10X0», 2 — «HEYJOBICTBOPUTEIBHO», 3 — «YIOBJICTBOPUTEIBHO», 4 —
«XOPOUIOY, 5 — «OTIUYHOM).

JlomoJiIHMTEIbHBbIE 3aaHUS
1. Ot nonw3oBatens BBoAuTCs 1udpa anrauiickoro andasuta. Ecnu ato 1, V, X, L, C, D,
M, TO BBIIATh JECITUYHOE 3HAYEHUE TAaHHOW PUMCKON UG PBI, HHAYE COOOUTUTD, YTO ITO HE
udpa.
2. Hammcate mnporpamMmy, MO3BOJIAIONIYIO [0 TOCJIEIHEW Mudpe duciaa OnpeaeauTh
HOCIIEHIO U(PY €ro KBajapara.
3. B craposimonckom kaneHaape ObuUT mpuHAT 12-1eTHUi nuki. ['oapl BHYTpU IIUKIIA HOCUIIU
HA3BaHUS JKUBOTHBIX: KPBICHI, KOPOBBI, TWUTpa, 3aiflla, JApPaKoHa, 3MEH, JIOIIAIW, OBIIHI,
00€3bsiHBI, KYpHIIbI, CO0OAKM M CBUHBU. HammcaTh mporpammy, KOTOpash BBOJUT HOMED
HEKOTOPOTO0 T'0JIa U MeyaTaeT ero Ha3BaHue Mo CTapPOSTIOHCKOMY KaJIeH1apIo.
(CopaBka: 1996 r. — roa Kpbickl — Havajio ouepeIHOTO 1UKIIA. )
4. lns uenoro uucna A: ot 1 go 99 nanevarats ¢paszy «MHe k ner», yauThIBas Mpu 3TOM,
YTO TIPU HEKOTOPBIX 3HAYCHUAX K CIIOBO «JIeT» HaJl0 3aMEHHUTh Ha CJIOBO «TOM» WM «TOJa».
Hanpuwmep, 11 ner, 22 roga, 51 rog.
5. Hamucatp mporpammy, Kotopasi Obl 110 BBEJIEHHOMY HOMEPY €AMHUIIBI U3MEPEHUS
(1 — geummerp, 2 — KWJIOMETP, 3 — MeTp, 4 — MULIUMETP, 5 — CAHTHUMETP) U JUIHHE
oTpeska L BrIaBania Obl COOTBETCTBYIOIIEE 3HAUCHHE JITTUHBI OTPE3Ka B METPaX.
6. Hamucate mporpammy, kKotopas mo BBoguMoMmy uuciay ot 1 go 11 (Homepy kiacca)
BBIJIAET COOTBETCTBYMOMIEE coodmienue «IIpuser, k-knaccauk». Hampumep, ecim k = 1,
«IIpuBet, nepBokiaccHUK»; eciu k = 4, «[IpuBer, 4eTBEPOKIACCHUK.

IIpakTuyeckas padora NeS. ITocTpoeHue ajaropurMa ¢ MCMOJIb30BAHUEM

apupMeTH4eCKOro HMKJIa

1. Hean padoThI:
[lonmy4yeHne HaBBIKOB MOCTPOCHUSI QJITOPUTMOB C HCIIOJIB30BAHUEM apU(PMETHIECKOTO
LMKIIA.

2. Tembl 1711 IpeiBapUTEILHOI NPOPadOTKH
o OOmuiee noHsTHE 00 AITOPUTME.
o IlpaBuna nocTpoeHus alropuTMOB B BUI€ OJIOK-CXEM.
o [IlocTtpoeHune ONOK-CXEMBI aNTOpUTMA C HKCIOJIB30BAHMEM PA3IMYHOTO THIIA
BETBJICHUM.

3. TeopeTuueckuii MaTepual

AJTOPUTMBI, KOTOPBIE MBI COCTaBIISIIA paHee, 00JIaIat0T OJJHUM OOIIMM CBOMCTBOM: MPU UX
BBITIOJIHEHUN KaXKJI0€ JIEMCTBUE COBEPIIAETCS OJMH pa3 WiIK BooOIIe He coBepiiaercs. Ho
JUI. MHOTMX 3aJ1a4, PEUIA€MbIX HAa KOMIBIOTEPE, XapAKTEPHO MHOTOKPATHOE BBIIIOJHEHUE
OTJEJIbHBIX YYACTKOB BBIYMCIICHUM.

Boiuucnumenwvnvie npoueccot, npu peanuzayuu KOmopovix uUmeem mMecmo MHO2OKPAmHoe



6bINOIHEHUE 00HO20 WU HECKOJbKUX HPOUECCO8 6blUUCICHUNl, NPUHAMO HA3bI6AMDb
UUKTUYEeCKUMU.

Hukn - 3T0 anropuTMUyecKkas KOHCTPYKUHUS, B KOTOPOM B 3aBUCMMOCTH OT YCJIOBHUS
MOBTOPSETCA ONPEACIEHHAS TTOCIEN0BATEIILHOCTD JEUCTBUN.

[ukn B anropuTMe UMeET 0co00€ 3HAaYeHHWE, T.K. TOJBKO €ro MCIOJIb30BaHHUE MO3BOJISIET C
TIOMOIIBIO CPaBHUTEJIBHO KOPOTKHX aJrOPUTMOB 3aIlUChIBATH IJIAHHBIE
MOCJIEAOBATENBHOCTA JIEMCTBAM, YTO IIO03BOJISIET 3HAYUTEIIBHO YMEHBIIUTH CKOPOCTH
BBITNIOJIHEHUS IPOTPAMMBI.

ANTOpUTM, MpEeayCMaTPUBAIOIINI MHOTOKPATHOE MOBTOPEHUE OJTHOTO U TOTO K€ JIECUCTBUA
HaJl HOBBIMU JTAHHBIMH, HA3bIBACTCS LIUKJIIMYECKUM.

[ukn Ha3bpiBaeTCsl apuPMETUUECKUM, €CIIA YHUCIIO MTOBTOPEHUHN IIUKJIA U3BECTHO 3apaHee UIn
MOKET OBITh BBIUKCIICHO.

BripaxeHnue 1 BBIMOMHAETCS TOJBKO OJWH pa3 B Havasie Iukia. OObBIYHO OHO OMpEaeIsieT
HaYaJIbHOE 3HAYEHUE MapaMeTpa MUKIa (MHUIHATM3UPYET MapaMeTp 1ukia). Beipaxkenue 2
— DJTO YCJIOBHE BBINOJHEHUS] LHKIA. BeipaxkeHne 3 OOBIYHO oOmpenenseT U3MEHEHUe
rnapamMerpa UUKJIa. bJIOK MHCTPYKIUM — TEJIO LUKJIA, TO €CThb WHCTPYKIMUHU, KOTOPBIC
JTOJIKHBI BBITIOJHATHCS 3aJJaHHOE KOJIMYECTBO Pa3s..

BRIpazKeHie 1

o110k
HHCTPVKLIT

DLIpayeInic 2

o BbIpasKeHHe 3
HCTITHA :

OOpature BHUMaHUE HA TO, YTO MOCJIE BBIYUCIICHHS BBIPAKEHUS 3 MPOUCXOJIUT BO3BpaT K
BBIYHCIICHUIO BBIPAKEHUS 2 — MPOBEPKE YCIOBUS MOBTOPEHUS LIMKJIA.

Huxkn ¢ napamempamu nHaAYE HA3bIBACTCA KAK YUK 01 KAHCO020.
EcTh crieruaapHbINA DJIEMEHT OJIOK-CXEM IS CYETHBIX [IHUKJIOB.

MoaroToaKa CHETHRIE UMK B
Jimicn

C ucrnoap30BaHuEM CIICHIMAJIBHOI'O 3JICMCHTA AJI'OPUTM UUKI1IA 07151 Kaxc0020 BBITJIAAWUT TAK:
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ITep. - mepemernan (mapaMeTp)

H3 - Ba9a;IeHOE 3JHA9eHHE MApaMeTPa

K3 - koHedHOe :Ha9eHHE DapaMeTpa

Ilar - ee,mMHHEA HIMeHeHIA oapaMeTpa HoC.Te KEXEI0rD
BEITIO.THEHAA Te A OHKIA.

Teno IMHUKJIA BBIMIOJHACTCA CTOJIBKO pa3, CKOJIBKO PAa3HbIX 3HA4YCHUM OpUMCET MMapaMeCTp B
3a/IaHHBIX IPCICIIax.

4. llpumep

CocTaBuTh aITOPUTM HAXOXKIACHHUSI CYMMBI TIEPBBIX N YUCE.

Oo6partute BuuManue! [lepemenHas s 10KHA OBITH MOATOTOBJIEHA — OOHYJIEHA, YTOOBI HE
OBLIO UCKAXXEHUS pe3yJibTaTa.

BEOJ 1

b
I
=

—

s=s+1 | i=itl1

HET

BEIBOT S

Beipaxxenne 1 =1
Bripaxxenne 2 I<=n
Bripaxxenne 3 =i+l
bnok uHCTpYKIMIA S=Ss+i

bnok-cxema aJropurMa € UCII0JIb30BaHHUCM CIICOHUAJIBHOI'O 3JICMCHTA AJIA CHCTHOI'O IIUKJIA
BBITJIAOWUT TAK:



BBOJ 11

§g=0

BBIBOT S

[lepemennas |
HauanbHoe 3HaucHHE TapameTpa 1
KoneuHoe 3HaueHUe mapaMmeTpa n

Bennunna nzMeHeHus mapaMeTpa IMmocCJIiC KaxxJa0ro BbIIIOJHCHUA TCJIa TUKJIA 1

5. 3ananune

1. CocraBbTE aNTOPUTM IS 33/1a4U: BBIBECTU HA 3KPaH BCE YETHBIE ABY3HAYHBIE YHUCIIA.

2. BeiBecTu Ha 3KpaH BCE TPEX3HAuHbIE YKCia, KpaTHbIE BOCEMU.

3. BoiBecTu Ha sKkpaH B yOBIBAIOIIEM MOPSIKE BCE IBY3HAYHbIE HEUETHBIC YHUCIIA.

4. B mnepemeHHyro p mno ouepeau BBogsATca 10 uwncen. B mepeMeHHOW ( NOIY4YUTh
MaKCUMAaJIbHOE U3 3THX YUCET.

5. Crapmmuii Opat momapwin MHe 1 pyOnb B TEpBbIH MOW JCHb POXKACHUSA. B Kakmblid
CICAYIOIMI JeHb POKIACHUS OH yJBaWBald CBOW mojapok. Kakyio cymmy s mosrydy Ha 16-
nerue?

6. HauaB TpeHUPOBKH, CIIOPTCMEH B MEpBHIN JIeHb mpodexan 10 km. Kaxapli criemyroniuii
neHb oH mpobOeran Ha 10% Oombine, yem B mpenpiaynuil. CKOJBKO KHJIOMETPOB OH
MPOOEKUT B ceibMoi JieHb? CKOJIBKO BCETO KAJIOMETPOB OH MPOOEKHUT 32 CEMb JTHEH?

7. OnHOKIIeTOUHAst ame0a KaKJble TPU Yaca JEeTUTCS Ha NBe KieTku. Onpeaenure, CKOJIbKO
ame0 OyneT uepes CyTKH.

JlomosTHUTEIbHBIEC 3aJaHUSA

1. Crapmmii Opat mogapunm MHe | pyOnb B TEpBBIM MOW JCHBb POXKACHUS. B Kablii
CIEAYIOIINI JIEHb POXIEHUS OH yABaWBaJ CBOM MOJAPOK M MPUOABISI K HEMY CTOJBKO
pyOIei, CkobKO JeT MHe ucnomHmIOCh. Kakyto cymmy s monydy Ha N-nmetue? K kakomy
JTHIO pOoKaeHusl cymMa nojapka npesbicut 1000 pyOneit?

2. BEIUHCIUTE CyMMY TIENIBIX YUCET O N 10 M.

3. Beraucnuts cymMMy KyOOB HIETBIX YHCEIN OT n 0 M.

4. Haittu nmpou3BeieHUE N MPOU3BOIBHBIX YHCEIL.

6. Beectu n uncen. Onpenenutp, CKOJIBKO U3 HUX MPEBOCXOAUT MEPBOE YUCIIO.

6. Beectu n uncen. Onpenenutp, CKOJIBKO CPEIN HUX MOJIOKUTEIbHBIX.



IIpakTuuyeckas padora Ne6. IlocTpoeHue ajJropurMa ¢ HCIOJIb30BAHUEM LHUKJIA €
npeayca10BUeM

1. Ieapb padoThI:
[lony4yeHre HaBBIKOB IOCTPOECHHUS AJITOPUTMOB C UCIIOJI30BAaHUEM LIUKJIA C IPETYCIOBHEM.

2. Tembl )11 IpeABApUTEIbHOI NPOPAdOTKH
o OOwee noHsATHE 00 AITOPUTME.
o+ IlpaBuna nocTpoeHus: aNrOPUTMOB B BUI€ OJIOK-CXEM.
« IloctpoeHne 6510K-CXEMBI AITOPUTMA C UCIIOJIB30BAHUEM apU(PMETUYECKOTO LIUKJIA.

3. TeopeTuyeckuii MaTepuaJl

ANrOpUTMBI, KOTOPBIE MBI COCTABIISIIA paHee, 001a1al0T OJHUM OOIIMM CBOMCTBOM: MIPH UX
BBIMOJTHEHUHU KaX/10€ JIeMCTBHE COBEPILNAETCS OJMH pa3 WU BooOIIe He coBepiiaercd. Ho
JUIS. MHOTHX 3ajlad, PEIIA€MbIX HAa KOMIIBIOTEPE, XaPAKTEPHO MHOTOKPATHOE BBHITIOJIHEHUE
OT/ICJIbHBIX YYaCTKOB BBIYMCIICHUIA.

Boiuucnumenwvuvie npoueccol, npu peanuzayuu KOmopovlx umeem mMecmo MHO20KpPamHoe
6bINOJIHEHUEe 00HO20 WU HECKOIAbKUX NPOUECCO8 6bIYUCIEeHUNl, NPUHAMO HA3bl6AMDb
UUKTUYECKUMU.

Hukn - 5TO0 anropuTMHUYEecKass KOHCTPYKIMS, B KOTOPOW B 3aBUCHMOCTH OT YCJIOBHS
MTOBTOPSIETCS ONPEAECIEHHAS TTOCIEI0BATEIIBHOCTh JEUCTBHU M.

Hukn B anropurmMe umeeT oco00oe 3Ha4Y€HHE, T.K. TOJBKO €ro MCIOJIb30BAaHUE MO3BOJISET C
IIOMOLIBIO CPaBHUTEJIBHO KOPOTKUX aJITOPUTMOB 3aIIUCHIBATH JUIAHHBIE
IIOCJIEAOBATEIILHOCTA JI€UCTBUM, YTO MO3BOJIIET 3HAYUTEIBHO YMEHBUIUTH CKOPOCTH
BBIIIOJIHEHUS [IPOIPAMMBL.

AJTOpUTM, MpPEeyCMaTPUBAIOIINNA MHOTOKPAaTHOE IMOBTOPEHHUE OJHOTO M TOTO K€ JAEHCTBUSA
HaJl HOBbIMU JAHHBIMH, HAa3bIBACTCS LIUKINYECKUM.

JIns opranu3anny MUKIOB MOXKHO IIPUMEHSATH YCIOBUS, T.K. IUKINYECKUN AIITOPUTM
SIBJISIETCS] YACTHBIM CJIy4aeM Pa3BETBIISIOLIETOCS.

Teno yukna - 3T0 MOBTOPSIONIAACS ITOCIEI0BATEILHOCTD NeUCTBHUH (OJI0K MHHCTPYKITU).
[uki, 11 KOTOPOro HENb3sl yKa3aTh YUCIIO OBTOPEHUM, U TPOBEPKA OKOHYAHUS KOTOPOIO
MIPOUCXOAUT IO JOCTUKEHUIO HYKHOTO YCIIOBUS, HA3bIBACTCS UM EPAUUOHHBIM.

IIpoBepka BBINOJIHEHHUSI YCIOBUS MOKET IPOUCXOJAUTH 10 BBIIIOJHEHUS TEJa LIUKJIA U TIOCIIE
HEr0, a HUKINYECKUE CTPYKTYPBI SABIAIOTCSA LUKIAMU ¢ BPEOyCA06UeMU € NOCHYCI08UEM.

B nukie ¢ npegycioBueM, Ha3bIBAEMOM €IIE YUKIOM “noka’”, cCHayana npoBepseTcs
YCJIOBHE, a 3aTEM BBIIOJHSIIOTCS ICUCTBUS.

VCIIOBHE
HCTHHA?

ONI0K

HHC TPVKLIHI




llum C npedycnoeueM ModrHcenm He 6blNOJIHUmMbCA HU paA3).

Pemum 3agauy:
Cocmasumbs aneopumm bINOJHEHUsL OOMAUIHE20 3a0aHUsi N0 2e0Mempul, eciu 3a0aHo
Ppeuums HeCKOIbKO 3a0aH.

Pewexune
HA ATBIKE IO K-CXEM.:

IMus1 “mowa™

a) Ha9a. 10

Hi pa3Z0E0PHOM 236K

Arzopuman: “ Tomamaee

ananme’”
Hexodnsre danuse:
HECKO.TBKO
Hepell€éHHEIX 33739
Koneunstii pezvasimam:
BOe 3aJa0l pellleHEL

HHocnedosamervHoC N

JefcTRHE:

a) Iloxka 3aga<n He pellleHkL,
MOETOPATH: PelIA 3agady

4. Ilpumep

CocTaBuTh anropuTM Ui OMNpeAeieHUs HAaWOOJBIIEro OOIIEeTr0 KPaTHOTO JIBYX HEJbIX
MOJIOKUTENBHBIX YHCEeN, UCMOoNb3ys anroput™ EBkimaa (ompeaenenne HOJl meromom
BBIYUTAHUS).

CornacHo anroputMmy EBkimma st HaXOXAEHHS HAUOOJBIIEro OOIIEro KpaTHOTO JIBYX
IEJIBIX MOJIOKUTEIBHBIX YUCEN, HY’KHO U3 OOJBIIETO YUCIIa BHIYUTATh MEHBIIEE 10 TEX TOpP,
MOKa OHHM HE CTaHYT PaBHBI, 3TO YUCIJIO U €CTh HAMOOIBIINA OOIIHIA IETUTEb.

Bo3bemem nBa uncna : 4 u 11.

Mlar |0 1 2 3 4 5
X 4 4 4 1 1 1
y 11 7 3 3 2 1

Taxum obpazom, HOJl uncen 4 u 11 pasen 1.
brok-cxema peurenus 3anauun onpeaenenuss HOJ[ meronqom EBknnna:
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5. 3apanue

1. CocTaBuTh aIrOpPUTM pelieHus 3anauu onpenaeiacaus HOJ[ meTomom neneHus. (aIroputm
EBkimna). Bombiee w3 ducen 3aMEHsSETCS Ha OCTAaTOK OT IEJIOYUCICHHOTO JICICHHS
OospIIero umcia Ha MeHbInee. [ToBTOpseTcs 3TO ACHCTBHE IO TeX IOp, MOKa OCTATOK HE
CTaHET PaBHBIM HYIIIO, BTOPOE YKCI0 Ipu 3ToM 1 ectb HOJI.

2. HauyaB uwurtate nerektuB ¢ 30-il cTpaHMIIBI, YUTATENb MOJCYUTAT CYMMY HOMEPOB
MPOYMTAHHBIX 3a JIeHb cTpaHull. OHa oka3anachk paBHa 84(0. CKOJbKO CTpaHHUI] 3a JIEHb OH
npounTan?

3. BecHoii Ha 6epe3e pacmyCTHIIOCh B TIEPBBIN JICHh A JINCTHEB, @ B KAXIBIM MOCICAYIOITUN
B TpU pa3a OoJbIlle, YeM B MpEebIIyIuid. B Kakoil neHps pacmycTuTcs Ha nepeBe B nuctbeB
3a oJIuH JIeHb? Uepes ckoinbko aHeil Ha aepese Oynetr 1000000 nuctoeB?

4, Huxonait poawics A cM B JUIMHY. 3a MHEpBbIA roj oH BbIpoc Ha B cMm. B kaxablid
MOCJEAYIONINI TOJl OH mojpacTtai Ha 17% MeHblle, 4eM B Npeablayluid rog. Yepes3 CKOIbKO
JIEeT ero pocT ctan Ooibie, uem 165 cm?

5. Crakan kunsatka (100 rpagycoB Llenbcusi) ocThUI 3a MEPBYIO MUHYTY Ha A TpaaycoB, a
KXYy TMOCIEIYIONIyl0 ocThiBal Ha 15% MeHbllle, 4yeM B MpeablayIlyro. Yepe3 CKOIbKO
MHUHYT TeMIiepatrypa Bojsl ctaHeT Huxe N rpagycoB Llenbcusi?

6. CenpbMOMYy KJIacCy Ha TpakTHKe mopydeHo cayTh 1000 oqyBaHunkoB. bpurama MamrsuukoB
B MEPBbIM JIEHb cllyja A OAyBaHYMKOB, a Opurajga JA€BOYEK — B 2 pa3a MeHbIIe. B kaxabii
MOCJICAYIOMMN JE€Hb MPOU3BOJUTEILHOCTh MaJbUMKOB yMeHbInanach Ha 10%, a aeBouek
pocia Ha 15% mno cpaBHeHHMIO ¢ TpeablaymuM. Yepe3 CKOJIBKO AHEW KIacC BBIMOJHUT
HOopMmy? CKOJIBKO c/iesiaeT Opurajia MaJb4MKOB U OpUraja 1eBoYeK B OTACIBHOCTH?



JlomoJiIHMTEIbHBbIE 3aaHUS
1. Hanmcatp anroput™m EBkiuaa, ucnoas3ytomnuii cootnomenuss HOJl(a, b)=HO/I(a mod b,
b) mpu a>= b HO/] (a, b)=HO/] (a, bmoda) npu b>= a

2. Hammcate anroput™ EBkinmma, wucnone3yromuid cootHomenus HOJL (a, b)=HO/ (a,
bmoda) mpu b>= a

3. aubl HaTypasibHbIe a U b, He paBHbIe 0 omHOBpeMenHo. Haittu d = HOJ] (a,b) u Takue
Helnsie X 1 'y, uro d = a*x + b*y.

4. Jlanwl HaTypasibHble a U b, He paBHble 0 oqHOBpeMenHo. Haiitu d = HO/J (a,b) u Takue
1esbie X U 'y, uto d = a*x + b*y.

5. [lanbl HaTypasibHbIC a U b, He paBHbIe 0 oqHOBpeMenHo. Haittu d = HO/I (a,b) u Takue
1esnsie X U 'y, uto d = a/x + b*y.

6. [lanbl HaTypanbHbBIE a U b, He paBHbIe 0 ogqHOBpemMenHo. Hatitu d = HOJI (a,b) u Takue
1esnbie X U y, uto d = a*x + bly.

7. Hanucatp BAPpHUAHT aJIrOpUuTMa EBKJ’II/IJIa, I/ICHOHBSyIOIIII/Iﬁ COOTHOIIICHUA

HOJI(2*a, 2*b) = 2*HO/I(a,b)

8. Harmcatp BapuaHT anroputMa EBKIIMIA, HCTIONB3YIOMIMA COOTHOIICHUS
HOJ/I(2*a, b) = HO/I(a,b) npu HeueTHoM b
9. Hammucats OMHApHBIN anroputm, ucnoib3yromuii cootHomenus HOJl(a, b)=HO/I(a mod
b, b) mpu a>=b HO/J] (a, b)=HO/I (a, bmoda) ripu b>= a
10. Jlans! HaTypasbHBIC a U b, He paBHbIe 0 ogHOBpemenHo. Haittu d = HO/J] (a,b) u Takue
nesbie X Uy, uro d = a*x + b*y, ucnonb3ys OMHAPHBIN aJITOPUTM.

IIpakTuyeckas padora Ne7. IlocTpoeHue ajropurMa ¢ MCIOJAb30BAHNEM HHMKJIA €

MOCTYyC/JIOBUEM

1. Hean padoThI:
[TonyuyeHne HaABBIKOB MOCTPOEHUS AITOPUTMOB C UCIIOIB30BAHUEM LIUKJIA C TIOCTYCIOBHUEM.

2. Tembl 1)1 IpeABapUTEILHOI NPOPaAdOTKH
o OO1miee noHsTHE 00 AITOpUTME.
o IlpaBuna nocTpoeHus alropuTMOB B BUI€ OJIOK-CXEM.
o IlocTpoeHue OI0K-CXEMBI aITOPUTMA C UCTIOJb30BAHUEM IUKJIIA C TIPEAYCIOBUEM.

3. TeopeTuueckuii MaTepua

ANTOPUTMBI, KOTOPBIE MBI COCTABIISIIA paHee, 001aIaf0T OJHAM OOIIMM CBOMCTBOM: TIPH UX
BBITIOJTHEHUN Ka)XX0€ JCHCTBHE COBEPIIACTCS OJWH pa3 Wi BooOIIe He coBepriaetcs. Ho
JUTSE MHOTHX 3ajla4, periaeMbIX Ha KOMITBIOTEPE, XapaKTepPHO MHOTOKPATHOE BBIMOJTHEHUE
OTJICITHHBIX YYAaCTKOB BHIYUCIICHH.

Botuucnumensnvie npoyeccel, npu peanuzayuu KOmopuvlx umeem mecmo MHOOKpaAmuoe
8bINONIHEHUE O00HO020 UNU HECKOJbKUX NPOUECCO8 BbIYUCAEHUIl, NPUHAMO HA3bIEAMD
YUKTUYECKUMU.



Hukn - >T0 anropuTMUYecKass KOHCTPYKIUS, B KOTOPOM B 3aBUCUMOCTH OT YCJIOBUS
IIOBTOPSETCS ONpEenesIEHHAs [OCJIEN0BATEIbHOCTD JEUCTBUM.

[Mukn B airopuT™Me UMeeT 0c000€ 3HAUYE€HUE, T.K. TOJBKO €ro UCIOJIb30BaHUE MO3BOJISET C
ITOMOIIBIO CPaBHUTEIBHO KOPOTKHUX aJIrOpUTMOB 3aITMCBIBATh JUTMHHBIC
MOCJIE0BATEIbHOCTH JCUCTBUM, YTO TMO3BOJISIET 3HAYUTENBHO YMEHBIIUTh CKOPOCTH
BBITIOJTHEHUS MIPOTPAMMBI.

AJTOpUTM, NpeyCMaTPUBAIOIIUNA MHOTOKPATHOE ITOBTOPEHUE OJHOTO U TOTO K€ JCHCTBUS
HaJl HOBBIMU JITAHHBIMH, Ha3bIBAETCS IIUKJIHUECCKUM.

JI71s1 opraHu3anuy MUKJIOB MOXKHO MPUMEHSITh YCIOBUS, T.K. IIUKIUYECKUMN aITOPUTM
SIBJISIETCSI YACTHBIM CITy4aeM Pa3BETBIISIONIETOCH.

Teno yukna - >T0 MOBTOPSIONIASICS MMOCTAEI0BATEILHOCTD NeUCTBUH (OJI0K MHCTPYKITU).
[y, 11 KOTOPOTO HEJb3sl yKa3aTh YKCIIO MOBTOPEHUMN, U MPOBEPKAa OKOHUYAHUSI KOTOPOTO
MPOUCXOIUT IO TOCTUKECHHUIO HY>KHOTO YCJIIOBUSI, Ha3bIBACTCS UM EPAUUOHHBIM.

[IpoBepka BBIMOJHEHUS YCIOBUS MOXKET MPOUCXOAUTH IO BHITIOJHEHUS TeJa [UKJIA U MOCTe
HEro, a IUKJINYECKUE CTPYKTYPHI SBISIOTCS LIUKIAMU € BPeOyCc106UeMU € ROCHLYCII08UEM.

B nukie ¢ moctyciioBreM, Ha3bIBAEMOM UUKIOM “00”, HA0OOPOT: CHAYaIa BBITIOJHSIETCS
NeHCTBHE, a JIUIIb IOTOM ITPOBEPSIETCS YCIOBHE.

——

6ok
HHCTPYKLIIET

yCIOBHE
HeTHHA?

Hukn “nmo” QyHKIMOHUPYET cileAyromuM o0pa3oM: 10 TeX Iop, IOKa YCIOBHUE HE
BBITIOJTHUTCS, BBIMOJIHSETCS TEJIO IMKJIA. XapakKTepHO, YTO TENO LMKJIA B IUKIE 10~
BBITIOJTHSIETCSL XOTS OBbI OJTUH pas3.

Hukn ¢ nocmycnosuem évinoaHAEMCA Xo0ms 0bl 0OUH PA3.

Pemum 3agauy:

Cocmasums aneopumm 8blNOIHEHUsL OOMAWHE20 3a0aHUsL N0 2eOMempull, eciu 3a0aHO
peuiums HeCcKOAIbKO 3a0adu.

PeweHne
Ha P00 PHOM A3BKE: HA AIBKE G10K-CXEM!

IMnza “30™

&) HAYAT0

lagaTy

§) 30 Tex mop, HOKA He
PeIINT 3a%aq9y MOETOPATE:
pemnn 3aagy

HET

KOHED



4. llpumep
Bbruncnuth cpenHee 3HAUYEHHE IMOJIOKUTENbHBIX YHCEN, BBEACHHBIX IOJIb30BATEIIEM.
[Ipu3Hak OKOHYaHUS BBOJIA YKCEN — BBOJ 3HAYEHUS HOJIb.

a=0n=10
srzn =0

s=g+a
n=n+1

SrZn=s/1n

BBIBOT 51711

5. 3aganmue
1. Onpenenuth MAaKCUMaJILHOE YUCIIO B MMOCIIEA0BATEIBHOCTH MOJOXKUTEIBHBIX YHCEII,
BBOJIMMBIX TTOJIb30BaTesieM. [Ipu3Hak okOHYaHUS BBOAA — BBOJI YKCIia HOJIb.

2. Havanprerii Bkitag B 6anke 1000 py6neit. Uepes kakaplii MecsIl BKJIa] YBEIMYUBACTCS HA
p npoueHToB (p=7%). Onpenenuts, yepe3 CKOJIbKO MeCSIEB pa3Mep BkIaaa npesbicuT 1100
pyOneit. BpiBectn KommuecTBO MecsieB W cymmy Bkiana. [loscHenue. IlporeHT
HAYHCIIIETCS HAa IEPBOHAYAIIBHYIO CYMMY BKJIAJIa.

JlomoTHATEIbHBIE 3aJaHUS
1. CocTaBUTh aITOPUTM, ONIPEACISIIONTNN, SBIISICTCS U BBEJICHHOE YHCIIO IIPOCTHIM (T.€
neautcsa Ha 1 u Ha camo ce0s10.

2. CocTaBUTH QITOPUTM MPOTPAMMBI, KOTOpas 3ampamvMBaeT Mapoyb (Hampumep,
YEThIPEX3HAYHOE YKCII0) 10 TEX MOp, MMOKA OH He OyJeT MPaBUIIbHO BBEJCH.



3. Crapmuii Opar mojmapwi MHe | pyOib B mepBbli MOH JeHb pokaeHus. B kaxblii
CIEIYIOUIMN JI€Hb POKIEHUS OH YABauMBaJl CBOW MOJApPOK M NPHOABISLI K HEMY CTOJIBKO
pyOseil, CKOJBKO JIET MHE HUCHOJHUIOCh. K KakomMy AHIO POXIEHUS CyMmMMa IoJapka
npeBbicuT 1000 pyOneit?

IIpakTnuyeckas padora Ne8. IlocTpoeHue ajaropurmMa ¢ HCHOJAb30BAHHEM BJI0KECHHOI' O

MUKJIA

1. Hean paboTni:
[TonyueHne HaABBIKOB MOCTPOEHUS AITOPUTMOB C UCIIOIH30BAHUEM BIIO)KEHHOTO LUKIIA.

2. Tembl i1 IpeABApUTEIbHOI NPOPaAdOTKH
o OOwee noHsTHE 00 AITOPUTME.
o+ IlpaBuna mocTpoeHus: aNrOPUTMOB B BHJIE OJIOK-CXEM.
« IlocTpoenue 610K-CXeMbI aJIrOpUTMa C UCTIOJIB30BAaHUEM LKA C TIPEAYCIOBUEM U
IIOCTYCIIOBUEM.
« IlocTpoenue 6I0K-CXeMbI aJIrOpUTMa C UCTIOIB30BaHUEM apU(PMETHIECKOro UKIIA.

3. TeopeTuyeckuii MaTepuaJl

AJNTOPUTMBI, KOTOPBIE MBI COCTAaBJISIIA paHee, 00JIaIal0T OJTHUM OOIIUM CBOMCTBOM: IIPH UX
BBITIOJIHEHUHU KaXKJI0€ JIEUCTBUE COBEPINACTCS OJWH pa3 WIM BooOIIe He coBepiraetcs. Ho
JUIS. MHOTHMX 3ajlad, PEIIaeMbIX HAa KOMIBIOTEPE, XapAKTEPHO MHOTOKPATHOE BBITIOJIHEHUE
OTZIEJIbHBIX YYaCTKOB BBIYMCIICHUN.

Buviuucnumenwnule npouyeccol, npu peanuzayuu KOmMopvlx UMeem mMecmo MHO20KPaAmHoe
6bINOJIHEHUEe O00HO20 WU HECKOJbKUX HPOUECCO8 @blUUCICeHUIl, NPUHAMO HA3bI6AMDb
UUKTUYECKUMU.

Iukn - 370 anropuTMHYecKass KOHCTPYKIMS, B KOTOPOW B 3aBUCHUMOCTH OT YCJIOBHS
MOBTOPSIETCSL ONIPEACIEHHAS MTOCIEA0BATENIbHOCTD AEHCTBUM.

[ukn B anropuTMe UMEET 0co00€ 3HAYEHHUE, T.K. TOJIBKO €ro MCIOJIb30BAHHUE TO3BOJISIET C
MOMOIIBIO CPaBHUTEIBHO KOPOTKHX aJIrOpUTMOB 3alUChIBATh JUTUHHBIE
MOCJIEIOBATENIBHOCTH  JI€MCTBUM, YTO TMO3BOJIIET 3HAYUTEIBbHO YMEHBUIUTH CKOPOCTH
BBIIIOJIHEHUS IPOTPAMMBL.

AJNTOpUTM, NPEeAyCMaTPUBAOLIMNA MHOTOKPATHOE MOBTOPEHUE OJHOTO M TOTO K€ JECUCTBUSA
HaJl HOBBIMU JJAHHBIMU, Ha3bIBAETCS LIUKIUYECKUM.

JI71s1 opraHy3anyy HUKJIOB MOXKHO MPUMEHSTh YCIOBUS, T.K. IUKIUYECKHIN alITOPUTM
SIBJISIETCS. YACTHBIM CIIy4aeM Pa3BETBIISIIOLIETOCH.

Teno yukna - 3T0 MOBTOPSIOIIASCS MTOCICAOBATEIBHOCTD JSUCTBUH (OJIOK HHCTPYKITUIA).
[ukn Ha3bIBaeTCS apugmemuyeckum, eCiivi YUCIO MOBTOPEHUM 1IMKJIIA U3BECTHO 3apaHee
WJIU MOXKET OBITh BBIUKCIIEHO.

[{ukn Ha3pIBaeTCA apu(METHUCCKUM, €CIIA YUCIIO TTOBTOPEHUH ITUKIIA U3BECTHO 3apaHee HIn
MOXET OBITh BBIUUCIICHO.

Beipaxkxenre 1 BBITIONHSIETCS TOJNBKO OAWH pa3 B Hadane mukia. OOBIYHO OHO OMpenemseT
HavyaJIbHOE 3HAYCHME MapameTpa uKIa (MHUIHAIU3UPYET napameTp 1ukia). Boelpaxenue 2
— D3TO YCJIOBHUE BBINOJHEHUSI LHUKIA. BblpaxkeHue 3 0OBIYHO oOmpeAeisieT U3MEHEHHUE
napaMerpa UUKiIa. BJIOK MHCTPYKUMM — TENo MUKIA, TO €CTh HHCTPYKUHUH, KOTOPBIE
JIOJIKHBI BBITIOJIHATHCS 33JJaHHOE KOJTMYECTBO Pas.



BhIpa:keHHE 1

G10K
HHC TP VKL

DLIpasKerTe 2
HFICTHHA?

BRIpaKEHHE 3

O6paTI/ITC BHHUMAHHC HA TO, YTO ITOCJIC BBIYUCJIICHUA BBIPAKCHUSA 3 MPOUCXOAUT BO3BPAT K
BBIYHCJICHUIO BBIPAKCHUA 2— IMPOBCPKEC YCIOBUA ITOBTOPCHUA TUKIIA.

HI/IKH, IJIA KOTOPOTr'o HECJIb34 yKa3aThb YUCJIO HOBTOpeHHﬁ, " IMPOBCPKA OKOHYAHUA KOTOPOTO
MPOUCXOAUT IO JOCTHUIKCHHUIO HYKHOT'O YCIIOBU:A, HA3BIBACTCA UmepauuoOHHbIM.

HpOBepKa BBITIOJTHCHUA YCIIOBHA MOXKCET IIPOUCXOAUTD O BBITIOJIHCHUS TCJIa IUKJIA U ITOCJIC
HCTO, 4 MUKIIMYCCKUC CTPYKTYPHI ABJIAIOTCA HUKIIAMHU C npedycnoeueMH C nocmycioeuem.
B MUKIJIC C IIPCAYCJIOBUCM, HA3BIBACMOM CIIC UUKIIOM “noxa”, CHa4daJia ITpoOBCPACTCA
YCJIIOBHUEC, a 3aTCM BBIITOJIHAKOTCA ﬂGﬁCTBHH.

VCIIOBHE
HCcTIHHA?

OJI0K

HHCTPYKILHIT

L
HMKJI c npedyCﬂoeueM MoIHcem He 6blNOJIRUmMbCA HU pa3s).

B nukie ¢ mocTyciioBreM, Ha3pIBAEMOM UUKIOM “00”, HA0OOPOT: CHAYaIa BBITIOIHSICTCS
JIEVCTBUE, A JIMIIb IIOTOM IPOBEPSETCA YCIOBHUE.

610K
HHC TPYKILTHI

VCIIOBHE
HCTHHA?

Hukn “no” (yHKIMOHUPYET CIEAYIOIIMM o00pa3oM: 10 TeX MOop, IOKa YCIOBUE HE
BBITIOJIHUTCS, BBIMOJIHSETCS TEJNO LUKIA. XapakKTEpHO, YTO TEJNO LUKJIA B LHUKIE A0
BBITIOJIHSETCS XOTS1 ObI OJIUH pa3.

Iukn ¢ nocmycnoguem évinoanaemcsa xoms 0vl 00UH pas.



B tene mukina BHOBb MOXKET OBITH [UKJI, B TAKOM CJIy4ac rOBOPAT O 6/10HCEHHOM HUKILE.

4. llpumep

Haiitn Bce mpocTele uncna B quana3oHe ot 1 1o n.

[IpocTbIM Ha3bBIBaCTCS YHWCIIO, KOTOPOE MICIUTCA TOJBKO HA CIWHHUIY M HA caMmo ceos,
Hanpumep 1,2,3,5,7,11, 13,17, 19,23 uT.A.

Jl1s1 penieHust HaJl0 BHavYaje MOJIYYUTh O4€PEIHOE YUCIIO (C IOMOIIBIO JIIDOOTO TUTIA LUKJIA),
a 3aTeM MPOBEPUTH — HA KAKKWE YUCIA JACIUTCA JAaHHOE YHCII0, GOPMUPYS ACIUTEIH OT 2 110
3HAUEHHUs CaMOT0 ATOTO Ynciia. Eclii Takux aenureneil HeT — YMCio MPOCTOe.

<>

BEOJ N
+
1=1
HET
hi £
1=0 pr=20
%
HET
j++
BHIBO]I 1
pr=1
+ w

5. 3ananue

1) OueHkn Kaxa0ro U3 18 ydeHUKOB 1O TpEeM IMpeaMeTaM MpPECTaBICHbI B BUJE TAOJHIIBL.
CocTtaBuTh TporpaMmy, B pe3ylbrate paboThl KOTOpOW Ha 3KpaHe OyaeT OoTpakeHa 3Ta
tabmmma. [Ipum 3TOM mporpamma AOHKHA 3ampaniuBaTh BBOJ KaXKIOW OIEHKH. 3ajady
pEelIuTh B IBYX BapUaHTaX:

a) BBOJ] — BBIBOJI OLICHOK OCYIIECTBIISETCS 110 CTPOKaM;

0) BBOJ — BBIBO/JI OLIEHOK OCYIIECTBIISIETCS MO CTOJOAM.

2) O1eHKY KaX10T0 13 18 YYCHHKOB 110 TPEM IIpeIMeTaM MPECTaBICHbI B BUJIE TaOJIHIIBI, B
KOTOPOU CTPOKH COOTBETCTBYIOT YUEHUKAM, a CTOJIOLBI — OLIEHKAaM IO TPEM MpeaMETaM.



CocTtaBuTh IporpaMMmy, B pe3yjbTare paboThl KOTOPOI Ha SKpaHe OyAeT OTpa)keHa
uH(popMaIus:

a) KOJIMYECTBO «IBOCK» JIUIS KKIOTO YUCHHKA;

0) cpellHsis OIIEHKA MO KaXKJA0OMY MPEIMETY.

3) HanevataTh MoJIHYHO TaOIUILy YMHOKCHHUSI

JlomoJiHMTEIbHBbIE 3aaHUS
1) Haiitu Bce menbie ynciia u3 mpoMmexyrka otl 10 300, y KOTOpBIX POBHO MSTh JACTUTEIICH.
2) HaiiTi HaTypaibHOE YKCIIO OT a 10 b ¢ MAKCUMAIIbHONH CYMMOU JICTTUTENCH.
3) Haiitu Bce menble unciia u3 npomexytka ot 1 10 100, B 1eCATHYHON 3aIUCH KOTOPBIX
€CTh LHUdpa «7».
4) Haitti cymmy Jenuresei Kaxaoro u3 measix yuces ot 50 go 70.

IpakTuyeckas padora Ne9. [locTpoeHue aaropurMa ¢ UCNOJb30BAHUEM PEKYPCUU

1. Hean pabdoTni:
[TomyueHne HABBIKOB MOCTPOCHUS aJITOPUTMOB C UCIIOJIb30BAHUEM PEKYPCHUH.

2. Tembl 1511 IpeABapUTEJIbHOI NPOPAdOTKH
o OOmIee noHsATHE 00 AITrOpUTME.
o+ IIpaBuna mocTpoeHus: aNTOPUTMOB B BHJIE OJIOK-CXEM.
+ IlocTpoenue 610K-CXeMBbI aJITOPUTMa C UCTIOIb30BaHUEM BIIOKEHHOTO IIHKJIA.

3. TeopeTuueckunii MmaTepuasn

[lpu co3maHWM mMpOTpaMMbl MJII PEIICHUS CIOXHOW 3aJadd MPOTPAMMHCT OOBIYHO
pa3OMBaeT e€e Ha I[0/A33Jadd, YTOOBI I KaXJAOW TakoW TMoA3ajadd Hamlucarthb
HOJIIpOrpaMMy, a 3aTeM OOBEAMHHUTH BCE HAIMCAHHBIC TIOAIPOTPaMMBI B iporpammy. Eciu
noj3aa4a JOCTaTOYHO CIIOKHAS, TO JUIS PEUICHHUS MOKET OKa3aThCs MOJIE3HBIM pa3OHTh ee
erre Ha 0osIee MEJIKUE TI0/33/Ia9H U TPOTPaMMHUPOBATH KAXKIYIO U3 HUX OTACIHHO U T. JI.

brok-cxema npenonpeneaeHHOro npoiecca — oopaiienue K noazanade (B C++ k GyHKIUN):
I

I
PaccmoTpum 3amauy Beruucienus ¢akropuana uncia N! = 123 - ‘N. PesynsraTom Oymer

OJTHO YHCII0, TIOATOMY JIy4Ille allrOPUTM O0POPMHUTH B BUAE QYHKITUH.

Ee Onok-cxema mokazana Ha pucyHke. Ilepemennas K wucmonbp3yeTcss aiis HaKOIUICHHS
npousBeAeHus u, mockoibky 0! = 1 ul! =1, To B G110Ke 2 el cpa3y mprUcBanBaeTCs 3HAUCHUE
1. Jlanee, ecitm N>1, To B mmkie, oOpa3oBaHHOM OJjokaMu 4-5, HaKaILIMBACTCS HCKOMOE
nmpousBeAeHNe U nomMemaercs B nepemennyio K. B 61oke 6 mmsa Fact GpyHkmm momygaet
3HAYEHHWE BBIYHUCICHHOTO Tnpou3BeacHus u3 suevikn K. Jlng npouenyp neucrtsus,
pa3MeIIeHHOTO B OJI0Ke 6, HE MOXET OBITh, a I PYHKIHI OHO JIOJDKHO OBITH 00S3aTENBHO,
MOCKOJIbKY MHA4€ 3HaUeHUEe (PYHKIIUU HA BBIXOJE OKAaXKETCS HEONPEIeICHHBIM.



Fact=K

7
FOHE

Obpawenue K GYHKIMU B JPYrux aiaroputMax (TOJOBHBIX, Mpoleaypax, (QyHKIUIX)
IPOU3BOUTCS 110 €€ UMECHHU.

[Tpu 5TOM OHO MOXET BXOJUThH B COCTaB BhIpAKECHHI. B KauecTBe (hakTHUECKUX MapamMeTpoB
MOTYT OBITh MCIIOJIb30BaHbI KaK IMEPEMEHHBIC, KOHCTAHTBI, TaK U II€JIbie BhIpaKeHUs. BaxkHo
TOJIBKO, 4TOOBI (paKTUUECKUI mapameTp ObLI COBMECTUM IO THUMY ¢ (OpMaIbHBIM, KOTOPBII
COJIEP KUTCS B 3ar0JIOBKE OMTUCAHUS aJTOPUTMA.

[Tpumep ucnonb3oBanus PpyHkimu Fact mokasan Ha pucyHke. B omeparope mpucBauBaHUs
ucnoib3yerca ooOpamenue Kk Qynkuuu ans N = 6. Ilocine mepemauum 3Toro 3HaveHUs B
QITOPUTM M BBIYUCICHUN BHYTPU HEro pe3ylbTaT OyAeT cHauyaja NPUCBOCH HMEHU
dbyHKIMy, T. €. nepemeHHoi Fact, a 3aTem B onepaTope nmpucBauBaHUs - IEPEMEHHOM L.

L =Fact(é)

-

YacTo ObIBacT, 4TO B MpOIIECCEe TAKOTO pa30MEHNUs 3aa4a CBOJUTCS K camoit cede. Ecnu npu
ATOM HCXOJIHBIEC JaHHBIE CTAHOBATCS MPOIIE, TO ATOT MPOLECC MOXKHO MPOJIOKATh JO TEX
1Op, OKa UCXOJHBIE JAHHBIE HE OKaXKYTCSA HACTOJIBKO MPOCTHIMU, YTO PELICHUE 3a/1au s
HUX CTAHET TPUBUAJIbHBIM.
[Ipouemypa win GyHKIUS MOXKET COJIEPKATh BBI30B JIPYTUX MporeAyp uin Gyukuuii. B Tom
quclie TPOIeaypa MOXKET BhI3BaTh camy ceds. Hukakoro mapagokca 31ech HET — KOMITBIOTED
JIMIIB MOCJIENOBATEIbHO BBIIIOIHSAECT BCTPETUBILIMECS €MY B IPOrpamMMe KOMAaHAbI M, €CIU
BCTPEYAECTCA BBI30B IPOLEAYPHI, NPOCTO HAYMHAET BBINOJHATH 3Ty Ipoueaypy. bes
pa3HULIBL, Kakas Mpoueaypa Jaja KOMaH1y 3TO JI€NaTh.
voidRec(inta){
iIf (@>0)Rec(a-1);

cout<<"\n a="<<a;
¥
PaccmoTtpum, 4TO MpOM30MAET, €CIIM B OCHOBHOW MPOTrpaMME MTOCTaBUTh BbI30B, HAIIPUMED,
Buaa Rec(3).
void main(){clrscr();
int x;
cout<<"\nx=";cin>>x;
Rec(x);




getch(); }

Hwxke mpencraBneHa OJOK-cXeMa, TOKAa3bIBAIOMIAS IOCIEAOBATEIBHOCTh BBIOTHECHUS
OIIEPaTOpPOB.

Com : :
Rec(3) Rec(2) Rec{1) Reci{o)
} } } } }
B Rec(3 et - L1 1] |a=0, perypeuBHOro
bi30B Rec(3) BbizoB Rec{2) Buizoe Rec(1) Boizoe Rec{0) : Perypeiak

L] ¥ ¥ [}
@ Mevars 4ucna 3 Meqars 4Hcna 2 Mevark yMcna 1 Mevyatk YHCNA O
1 S 1 |
PeSYJIBTaT pa6OTBI MporpaMMmal:

/*

*QJQJQI-?QJX
WNEFEOW

/
ITpouenypa Rec BbI3bIBaeTCA ¢ mapameTpoMm a = 3. B Hel COAEPKHUTCS BBI3OB MPOLEAYPHI
Rec ¢ mapamerpom a = 2. Ilpeaplayminii BbI30B €LIE€ HE 3aBEPIIMIICA, MOITOMY MOXKETE
IpeJICTaBUTh ceOe, YTO CO3/AaeTcs enle ofHa Mpolleaypa U 10 OKOHYaHUs ee paboThl epBast
CBOIO paboTy He 3akaHuyuBaeT. [Iporiecc BbI30Ba 3akaHuuBaeTcs, kKorjaa mapamerp a = 0. B
3TOT MOMEHT OJHOBPEMEHHO BBINONHAKOTCA 4 3K3eMIusipa npouenypsl. KomamdecTBo
OJIHOBPEMEHHO BBITIOTHIEMBIX MTPOLIEYP HA3BIBAIOT 271V OUHOU PEKYPCUU.

UYereptas Bei3BaHHas mnporeaypa (Rec(0)) manewaraer uncio 0 ¥ 3aKOHYUT CBOIO padoTy.
ITocne storo ympaBiaeHHE BO3BpalllaeTcsi K Ipoleaype, kotopas ee Bbi3Baia (Rec(l)) u
neyataercs uyucio 1. W Tak nanmee moka He 3aBepluaTcs BcCe MpoUEeAypbl. Pesynbratom
MCXOJTHOT'O BhI30Ba OyAeT nevarh yeteipex uncer: 0, 1, 2, 3.

Emie ogun Bu3yanbHbIM 00pa3 MPOUCXOSIIETO MIPEICTABIICH HA PUCYHKE.

Mpouenypa Rec(3)

Mpouenypa Rec(2)

Mpoueaypa Rec(1)

Mpouenypa Rec(0)

MNeyaTte yncna O

Mevate yucna 1

[leyaTtk 4yncna 2

[leyaTk 4yucna 3

Brimmosinenne npouenypsl Rec ¢ mapamerpomM 3 COCTOMT W3 BBINIOJHEHUS Mpouenypsl Rec ¢
napameTpoMm 2 u medatd uucia 3. B cBOI0 ouepenb BBINTOIHEHHE Opoueaypsl Rec ¢
MapaMeTpoM 2 COCTOUT U3 BBINIOJHEHUS npoueaypsl Rec ¢ mapamerpom 1 n neyatn uncna 2.
Ur. o



4. llpumep
OnuiiemM peKypCcUBHYIO (QYyHKIHMIO BelunciaeHus pakropuana. B pyHkuuu oqun napamerp —
HATypaJbHOE YUCIO n. TpUBHAIBHBIA Cllydyald — 3TO BbIYMCIICHHE 3HaueHus 1!. 3amerum,
YTO BEPHO ClIeyIollee COOTHOIIeHue n/ = n X (n — 1)!, mO3TOMY MOYHO CBECTH 3aJauy
BBIYUCIICHUS 1!/ K PEIICHUIO TOU e 3a7a4M, HO C IpyruM, Oosiee "MpOCThIM" MapaMeTpOM.
/Irec03
//pekypcus BeluncieHue haktopuaia
#include <iostream.h>
#include <conio.h>
long fact(int n) {
int f;

if (n==1) f=1,
else

f=n*fact(n-1);

return f;

}

void main(){
clrscr(); int a;
cout<<"a="; cin>>g,;
cout<<"\n Factorial="<<fact(a);
getch();
/*
a=7
Factorial=5040
*/
ITycte n=3. Kak Oyner BmIMOJMHATHCSA BBI30B fact(n) ? Ha pucyHke mpejcraBiieHa cxema
BBIMIOJHEHUsT BbI30Ba (GyHKUMU. CTpenky yKa3bIBalOT MOPANOK BbluucieHus. CHauarna
IMPOUCXOAUT MOBUIKCHHUC II0 CTPCIIKAM BHHM3, YKa3bIBAIOMICC Ha TO, YTO IIPOHUCXOIUT
BPCMCHHOC IIPCPBIBAHHC BBIIIOJHCHHUSA TCKYIICTO BbI30BA, M IICPCXOd K BBIIIOJIHCHHUIO BbBI3OBA
0oJee HU3KOTO YPOBHsI, MOKA HE Oy/eT MOJy4YeH TPUBUAIBHBIN ciiydaidl. 3aTeM MPOUCXOIUT
IIOABCM BBCPX, YTO O3HAYACT B0306HOBJ'IGHI/IG IIPCPBAHHBIX BBI3OBOB. HepBBIM BO300HOBHUTCH
BBITIOJTHEHHUEC TaKOI'O BbI30BA, KOTOpHﬁ 6I>IJ'I IIpCpBAH IOCICIHHNM.

| fact(3) |
3

b

2 x [ faci(l)

L1 ]

CxeMa BBITIOJIHEHHSI BbI30Ba PEKYPCUBHON (DYHKIIUU

5. 3ananue
1. CocraButh anroput™ Beiuuciaenuss HOJl aAByx uucen ¢ moMoIIbI0 peKYpCUBHON QYHKITUY.
2. CoCcTaBUThH aNTOPUTM BBIUUCICHUS 3HAYCHHSI OYEPETHOTO Yrciia DuOOHAYYN C TTOMOIIBIO



PEKYPCUBHOM (PYHKIUU.
3. Hanmummure peKypcuBHYIO PYHKIMIO, IEPEBOPAUYNBAIONIYIO 33JaHHOE HATYPAJIbHOE YHUCIIO.

JlomoJiIHMTEIbHBbIE 3aaHUS
1. HanumuTe pekypcuBHYIO (QYHKIHIO, KOTOPasl MO 3aJlaHHBIM HATYPaJbHBIM YHCiIaM M U 7
BBIBOJIUT BCE pAa3JMYHbIE MPEACTABICHHUS 4YHCIa N B BUIAE CYMMBl M HaTypaJbHBIX
cnaraeMbix. [lpeacTaBnenus, paziuyarolmvecs JUIIb HOPSAIKOM CJIaraeMblX, CUUTAIOTCS
OJIMHAKOBBIMH.
Hanumure pekypcuBHYI0 (PYHKIIMIO, BeIUHCIsAomyto nll.
2. Hanumure peKypcuBHYIO GYHKIHMIO, ONPEAEIAIONIYI0 KOTUYECTBO €JUHUI] B TBOUYHOM
Npe/ICTaBICHUU HATypaIbHOrO YKCIa.
3. Hanucath QyHKIMIO CIOXKEHUS IBYX YUCEN, UCTIOIb3YS TOJBKO MPUOABICHHUE €IMHUIIBI.
4. Hanucath PYHKIIMIO YMHOKEHHUS JIBYX UHCEI, UCIIOB3YS TOJIBKO OMEPAINIO CII0KECHHUS.
5. [IpoBepuTs, siBnsercs au GparMeHT CTPOKH C 1-T0 1O j-i CUMBOJI MATMHIPOMOM.
6. [ToncunTaTh KONMMUYECTBO LU B 3aJaHHOM YHUCIIE.

IpakTuyeckas padora Nel(. IlocTtpoeHue anropurmMa 00padboTKH OJHOMEPHOI 0

MaccuBa

1. Hean pabdoTni:
[TomyueHne HaBBIKOB MOCTPOCHUS AJITOPUTMOB C UCITOJIB30BAHUEM OJTHOMEPHOT'O MacCHBa.

2. TeMbl U151 IPeIBAPUTEIbHOMH MPOPaAdOTKH
o OO0miee moHsTHE 00 WITOPUTME.
o [IpaBuiia MOCTPOCHUS AITOPUTMOB B BHJIE OJIOK-CXEM.
o [IlocTpoeHue 06JI0K-CXeM IMUKIMYECKUX aJITOPUTMOB.

3. TeopeTuuecknii MmaTepuasn

Jlo cux mop MBI TOBOPWIM O TIEPEMEHHBIX, XPaAHALIUX TOJBKO OJIHO 3HAYCHHE, U
paccMaTpUBaJIM BO3MOXKHOCTH PAa3JIMYHOTO TPEACTABICHUS W HCIOJB30BAHUSA OITOTO
3HAUEHUS NP PEIICHNN KOHKPETHBIX 3a/1a4.

OrpomMHO€ KOJMYECTBO aITOPUTMOB TPeOYeT OJHOBPEMEHHOI'O XpPAaHEHHUS B MaMATH IIEJBIX
HAa0OPOB OJTHOPOJHBIX OOBEKTOB, MPUYEM JITTUHA ITHX HAOOPOB MOKET OBITh HEU3BECTHA.
Hampumep, mycts HeoO6XxoauMo o0padaThiBaTh JaHHBIE O CPEAHECYTOUYHON TeMIiepaType 3a
roJl JJIsi BBIYMUCICHUS MAaKCUMaJIbHOW W MUHUMAIBHOM TEeMIeparyp, CPEIHEMECSYHOW U
CPEIIHEeTO/IOBOM TeMmIiepaTypbl W T.m. s peanuzanuu TakWX aJrOPUTMOB HEOOXOIUMO
00€eCreunuTh XpaHEHHE KaXJOr0 OTIEIBHOTO 3HAYCHUS CPEIHECYTOYHOW TeMIepaTyphl.
Ecnmu uMeTts mpu 3TOM B BUJY NEPEMEHHBIC BEIIECTBEHHOTO THPA, TO TAKUX MEPEMEHHBIX
nmoTpedoBasioch Ob1 365.

Jlnist perneHust moT00HBIX 3a7]a4 MPUMEHSIOTCSI CTPYKTYPUPOBAHHBIC TUIIBI JaHHBIX.
CTpyKTypHpOBaHHBIC TUITBI OMMUCHIBAIOT HAOOPHI OTHOTUITHBIX PA3HOTUITHBIX JAHHBIX, C
KOTOPBIMH QJITOPUTM JOJIKEH padoTaTh KaK ¢ OAHOM UMEHOBAHHOW MEPEMEHHOM.

Haubomnee mmpoko n3BecTHAsI CTPYKTypa TaHHBIX — MACCHB.

MaccuB npeACTaBIsSIeT CO00M YIOPSAIOUYCHHYIO CTPYKTYPY OJHOTHITHBIX JAaHHBIX, KOTOPBIC
HA3BIBAIOTCS DJIECMEHTAMH MACCHBA.

JlocTyn K KaKI0MY 3JIEMEHTY MacCHBA OCYIIECTBIIICTCS C IIOMOIIBIO MHIEKCA — B 001IIeM
ClIy4ae MOpSAKOBOTO HOMEpa dJIeMEHTa B MACCHUBE.

MaccuBbl MOTYT OBITh KaK OJHOMEPHBIMH (aapec KaXIOTO DJIEMEHTa OMpEeesIeTCs



3HAQYEHUEM OJHOTO0 WHJAEKCa), TaK M MHOTOMEPHBIMHU (aapec KaxkJoro »JeMeHTa
OTPENIEIACTCS 3HAUCHUEM HECKOJIbKUX UHIEKCOB).

MaccuBbl 3aHUMAIOT CMEKHBIE SUENKU MTAMSITH.

(Ipyrumu ciioBamu, 3JIEMEHTbl MAaCCHUBA B MAMSITU PACTIOJIOKEHBI MOCIEOBATEIBLHO IPYT 3a
npyrom.) Sdeiika ¢ HaMMEHBIIUM aJPECOM OTHOCUTCS K MEPBOMY AJIEMEHTY MaccuBa, a C
HauOONBIIUM — K TociienHemy. l[Ipenmonoxum, Mbl HCHOJIB3yeM MAacCHUB a M3 CEMU
anemeHToB. [locie 3anonHeHust maccuB OyJET BBITJISACTh CIACAYIOIIUM 00pa3oMm.

a[0] | a[1] | a[2] | a[3] | a[4] | a[5] | a[6]

5 1 2 4 6 3 9

Jl71s1 paboOThI C OTHOMEPHBIMU MAaCCUBAMU NMPUMEHSIOTCS IIUKJIMYECKUE allTOPUTMBI.
AJTOpUTM, NpeyCMaTPUBAIOIIUNA MHOTOKPATHOE TTOBTOPEHUE OJHOTO U TOTO K€ JICHCTBUS
HaJl HOBBIMH JAHHBIMH, Ha3bIBACTCS [IUKINYCCKHUM.

Teno yuxkna - >T0 MOBTOPSIONIASCS MOCTIEIOBATEILHOCTD NEUCTBUH (OJIOK MHCTPYKITUA).
[{ukn Ha3bIBAaETCS apugmemuyeckum, €Ciivi YUCIO MOBTOPEHUM 1IMKJIA U3BECTHO 3apaHee
WJIM MOYKET OBITh BBIYHCIICHO.

[{ukn Ha3pIiBaeTCst apuMETUUYECKUM, €CJIA YMCIIO TTOBTOPEHUH 1UKJIa U3BECTHO 3apaHee WIn
MOYET OBITh BBIYHCIICHO.

Bripaxenue 1 BBITIONHSAETCS TOJIBKO OJWH pa3 B Havasie nukia. OOBIYHO OHO OmpesesseT
HavyaJIbHOE 3HAYEHUE MapaMeTpa MUKIa (MHUIHATU3UPYET MmapaMeTp 1ukKia). Beipaxkenue 2
— JTO YCJIOBHE BBINMOJHEHUs] LHKIA. BeipaxkeHne 3 OOBIYHO oOmpenenseT H3MEHEHHe
napamMerpa Iukia. BIIOK WMHCTPYKIMA — TeJI0 MHKJIA, TO €CTh HHCTPYKIIMHU, KOTOPBIC
JTOJDKHBI BBITIOJTHATHCS 3aJJaHHOE KOJTMYECTBO Pas.

BbIpajkeHHe 1

¥
DLIpuKeInie 2 OJIOK J

i .. —|BBIpA’KEHIIE 3
HCTITHA | HHCTPYVRIITL

OOparuTe BHUMaHHE HA TO, YTO MOCJE BRIUUCICHUS BEIPAKEHUS 3 TIPOMCXOIUT BO3BPAT K
BBIYMCJICHUIO BBIPAKEHUS 2 — MPOBEPKE YCIOBUSA MOBTOPEHUS IIUKJIA.

[uki, ny1s KOTOPOro HENb3sl yKa3aTh YUCIIO NOBTOPEHUM, U TPOBEPKA OKOHYAHUS KOTOPOTO
MIPOUCXOAUT IO JOCTUKEHUIO HYKHOTO YCIIOBUS, HA3bIBACTCS UM EPAUUOHHBIM.

[IpoBepka BBINOJIHEHHUSI YCIOBUS MOKET IPOUCXOJAUTH 10 BBIIIOJHEHUS TeJa LIUKJIA U TIOCIIE
HET0, & HUKJINYECKUE CTPYKTYPHI SBISIOTCA LUKIAMU € HPEeOyC/106UEMU C ROCHLYC/I06UEM.
B nukie ¢ npeaycinoBueM, Ha3bIBAEMOM €IIE€ UUKIOM “noka”, cHayaia npoBepseTcs
YCJIOBHE, @ 3aTEM BBINOJIHIIOTCS TEUCTBHUS.

VCIOBHE
HCTHHA?

Snok
HHCTPYKLIET

I
llum c npedywloeuem MoJricem He 6bINOJIHUMbBbCA HU PDA3).




B mnukne ¢ moctycioBueM, Ha3bIBAEMOM WUUKAOM “00”, HAOOOPOT: CHavalla BBIMOJHSIECTCS
JEeNUCTBHE, a JIUIb IOTOM MPOBEPSIETCS YCIOBUE.

——

[N
HHCTPYKLII

VCIIOBHE
HCTHHA?

Hukn “no” ¢GyHKUMOHUpPYET CcleayromuM o0pa3oM: 10 TeX MOop, IOKa YCIOBHE He
BBITIOJTHUTCS, BBIMOJIHSAETCS TENO IUKIA. XapaKTEpHO, YTO TEJIO LHKJIAa B IUKIE 10~
BBITMOJIHAETCS XOTs Obl OJIUH Pa3.

Huxn ¢ nocmycnoguem evinonnaemca Xxoms 0t 00UH pas.

B Tene nukia BHOBb MOXKET OBITh LIUKJ, B TAKOM CJIy4ae TOBOPSIT O 610MHCEHHOM YUKILE.

4. llpumep

BBecTn 3HaueHus 5SJIEMEHTOB MaccHBa C KJIaBUATyphl. BBIUHMCIUTH cpeiHee 3HaYeHUE
AJIEMEHTOB MacCHBa, BBIBECTH Ha OJKpaH OTKJIOHEHHE Ka)JO0ro 3JEMEHTa MacCHuBa OT

CPCOAHCTO 3HAYCHUA.

=10 =0 =0

BeO a[i]

5. 3ananue

CocTtaBUTh 0JIOK-CXEMY AJITOPUTMA PEIICHUS 3a1a4H.

1) JlaH MacCHB IEJBIX YnCel. BBISICHUTB:

a) SIBJISIETCS JIU p-il DIIEMEHT MacCHBAa MOJIOKUTEIbHBIM YHCIIOM;

0) siBnseTcs iy f-i 3JIeMEHT MacCHUBa YETHBIM YHCIIOM;

B) KaKOH 3JIEMEHT MaccuBa OoJibliie, N-i Win m-i.

2) B MaccuBe XpaHSTCS CBEICHHS O KOJMYECTBE OCAJKOB, BBIMABIIAX 33 KaXKIbIA JICHb
ceHTA0ps. OnpenenuThb, CKOIbKO OCAJKOB BBINAJAJI0 B CPEJHEM 3a OJIUH JEHb B MEPBYIO,
BTOPYIO U



TPETHIO JIEKAbl 3TOTO MECSIIA.

3) B maccuBe xpanutcs uHGpOpMAIHMS O YHCICHHOCTH KHHT B KaXJIOM W3 35 pas3jiernoB
OubnnoTreku. BpISICHUTH, BEpHO JKM, 4YTO OOIIEe YHUCIO KHUT B OHOIHMOTEKE €cCTh
MIECTU3HAYHOE YHUCIIO.

JlomoJiIHMTEIbHBbIE 3aaHUS
1) B maccuBe XpaHUTCS WH(POpPMAIUS O KOJUYECTBE JIFOJCH, XKHUBYIIMX HA KOKIAOM H3 15
JTaked loma (Ha MepBOM 3Take — B [IEPBOM AJIEMEHTE MAacCHBa, HA BTOPOM — BO BTOPOM U
T. 1.). OnpenenuTs 1Ba 3Taxa, Ha KOTOPBIX MPOKUBAET MEHBIIE BCETO JI0JeH
2) Jlan maccuB. OnpeaennTh:
a) KOJIMYECTBO MaKCUMAJIbHBIX 3JIEMEHTOB B MAaCCHUBE;
0) KOJTMYECTBO MUHUMAJIbHBIX 3JIEMEHTOB B MAaCCHBE.
3) HaiitTu 4YKCIO 3JIEMEHTOB MACCHBA, KOTOpbIE OOJBIIE CBOMX «COCEAeh», T. Ce.
IIPEAIECTBYIOLIETO U ITOCIEYIOLIETO.

IIpakTuuyeckas padora Nell. ITocTpoenune ajropurMa 3anoTHEHUs] OJHOMEPHOIO

MacCCHUBa 110 3aJaHHOMY 3aKOHY

1. Hean pabdoThbi:
[TomyueHne HaBBIKOB MOCTPOCHUS AJITOPUTMOB C UCITOJIB30BAaHUEM OJTHOMEPHOT'O MacCHBA.

2. Tembl 1511 IpeABapUTEIbLHOI NPOPAdOTKH
o OO0miee moHsATHE 00 WITOPUTME.
o IlpaBuia mocTpoeHHs aNrOPUTMOB B BHJIE OJIOK-CXEM.
o TlocTpoenue OJ0K-CXeM MUKIUIECKUX aJITOPUTMOB.

3. TeopeTuuecknii MmaTepuan

Jlo cux mop MBI TOBOPWIM O TIEPEMEHHBIX, XPAHALIUX TOJBKO OJIHO 3HAYCHHE, U
paccMaTpUBaJIM BO3MOKHOCTH PA3JIMYHOTO TPEACTABICHUS W WCIIOJB30BAHUS ATOTO
3HAUEHUS NP PEIICHNN KOHKPETHBIX 3a/1a4.

OrpomMHO€ KOJIMYECTBO AJTOPUTMOB TPeOYET OJHOBPEMEHHOTO XPAaHEHUS B MaMSTH IEJIbIX
HAaOOPOB OJHOPOJIHBIX O0OBEKTOB, MPUYEM JIJTHHA dTUX HAOOPOB MOXKET ObITh HEU3BECTHA.
Hampumep, mycts HeoOXoanumMo o0padaThIiBaTh JaHHBIE O CPEAHECYTOYHOU TEMIIepaType 3a
roJl IS BBIYUCICHUS MaKCUMAJIbHOM M MUHUMAJIBHOW TeMIeparyp, CPeIHEMECSYHOW U
CPEIIHEeTO/IOBOI TeMriepaTypbl W T.m. JlJig peanu3aiuyl TaKuxX ajJrOpUTMOB HEOOXOIUMO
00eCreunuTh XpaHEHHE KaKIOTO OTAEIbHOTO 3HAYCHHS CPETHECYTOUYHOW TeMIIepaTyphl.
Ecnmu uMers mpu 3TOM B BHUIY MEPEMEHHBIE BEIIECTBEHHOTO THPA, TO TAKUX MEPEMEHHBIX
nmoTpedoBasioch Ob1 365.

Jliist perneHust oT00HBIX 3a7]a4 MPUMEHSIOTCS] CTPYKTYPUPOBAHHBIC TUIIBI JaHHBIX.
CTpyKTypHpOBaHHBIC TUITBI ONMMUCHIBAIOT HAOOPHI OTHOTUITHBIX PA3HOTUITHBIX JAHHBIX, C
KOTOPBIMH aJITOPUTM JOJIKEH padoTaTh KaK ¢ OAHOM UMEHOBAHHOW MMEPEMEHHOM.

Haubomnee mmpoko n3BecTHasi CTPYKTypa TaHHBIX — MACCHB.

MaccuB npeACTaBIsSIeT CO00M YIOPSATOUYCHHYIO CTPYKTYPY OJHOTHITHBIX JAHHBIX, KOTOPBIC
HA3BIBAIOTCS DJIECMEHTAMH MACCHBA.

JlocTyn K KaKI0MY 3JIEMEHTY MacCHBA OCYIIECTBIIICTCS C IIOMOIIBIO MHIEKCA — B 001IIeM
ClIy4ae MOpsSAKOBOTO HOMEpa dJIEMEHTa B MACCHBE.

MaccuBbl MOTYT OBITh KaK OJHOMEPHBIMH (3IpeC KaXKIOTO AJIEMEHTA OMpPeaesaeTCs
3HAUYEHWEM OJIHOTO WHJACKCa), TaK W MHOTOMEPHBIMH (aapec KaXIOTO DJIEMEHTa



OTpEeNIENACTCS 3HAUCHHEM HECKOJIBKUX UHJIEKCOB).
MaccuBbI 3aHUMAIOT CMEKHBIC STUCHKU ITaMsITH.
(Ipyrumu cioBamu, 3JIEMEHTBl MACCHBA B MAMSITH PACTIOJIOKEHBI MOCIEOBATEIBHO APYT 3a
npyrom.) fdeiika ¢ HAaUMEHBIIUM aJPECOM OTHOCUTCS K MEPBOMY AJIIEMEHTY MaccuBa, a C
HauOONBIIUM — K TocienHemy. l[Ipenmonoxum, Mbl HCHOJIB3yEM MAacCHUB a U3 CEMU
anemeHToB. [locie 3anonHeHust MmaccuB OyJI€T BBITJISAETh CIASAYIOIIUM 00pa3oMm.

a[0] | a[1] | a[2] | a[3] | a[4] | a[5] | a[6]

5 1 2 4 6 3 9

J171s1 paboOThI C OTHOMEPHBIMU MAaCCUBAMU NMPUMEHSIOTCS IIUKINYECKUE allTOPUTMBI.
AJTOpUTM, NpeyCMaTPUBAIOITUNA MHOTOKPATHOE MTOBTOPEHUE OJHOTO U TOTO K€ JICHCTBUS
HaJl HOBBIMH JAHHBIMH, Ha3bIBACTCS [IUKINYCCKHUM.

Teno yukna - >T0 MOBTOPSIONIASCS MOCIEI0BATEILHOCTD JEUCTBUH (OJI0K MHCTPYKITU).
[{ukn Ha3bIBAaETCS apugmemuyeckum, €Ciivi YUCIO MOBTOPEHUM 1IMKJIA U3BECTHO 3apaHee
WJIM MOJKET OBITh BBIYHCIICHO.

[uxn Ha3bIiBaeTCst apuMETUIECKUM, €CIIA YMCIIO0 TTOBTOPEHUH 1UKIJIa U3BECTHO 3apaHee WIn
MOYET OBITh BBIYHCIICHO.

Bripaxenue 1 BBITIONHSAETCS TOJIBKO OJWH pa3 B Havasie nmukia. OOBIYHO OHO OmpeesserT
HavyaJIbHOE 3HAYEHUE MapaMeTpa MUKIa (MHUIUATU3UPYET MapaMeTp 1ukia). Beipaxkenue 2
— DJTO YCJIOBHE BBINMOJHEHUs] LHKIA. BeipakeHne 3 OOBIYHO OMNpenenseT HU3MEHEHUE
napamMerpa Iukia. BIIOK WMHCTPYKIMA — TeJI0 MHKJIA, TO €CTh HHCTPYKIIMHU, KOTOPBIC
JTOJKHBI BBITIOJTHATHCS 33JJaHHOE KOJTMYECTBO Pas..

BhIpasKeHiie 1

610K
HHC TPVELHI

pLIpaKeriie 2
HICTHHA?

BBIpazKeHHe 3

OOpatuTe BHUMaHHE HA TO, YTO MOCJE BRIUUCICHHUS BEIPAKEHUS 3 TIPOMCXOIUT BO3BPAT K
BBIYMCJICHUIO BBIPAKEHUS 2 — MPOBEPKE YCIOBUSA MOBTOPEHUS ITUKJIA.

[uka, ny1s KOTOPOro HENMb3sl yKa3aTh YUCIIO NOBTOPEHUM, U TPOBEPKA OKOHYAHUSI KOTOPOTO
MPOUCXOAUT IO JOCTUKEHUIO HYKHOTO YCIIOBUS, HA3bIBACTCS UM EPAUUOHHBIM.

IIpoBepka BBIMOIHEHHUS YCIOBUS MOKET IPOUCXOAUTH 10 BBITIOJHEHUS TEJa [IUKJIA U TIOCIIE
HET0, & HUKJINYECKUE CTPYKTYPHI SBJISIOTCA LUKIAMU € HPEeOyC/106UEMU C ROCHLYC/I06UEM.
B nukie ¢ npeaycinoBueM, Ha3bIBAEMOM €II€ UUKIOM “noka”, cHayaia npoBepseTCs
YCJIOBHE, a 3aTEM BBINOJIHIIOTCS JICUCTBHS.



VCIIOBHE
HCTHHA"?

OJIOK

HHCTPYKLIHI

Huxn ¢ npedycnosuem morcem He bINOTHUMBCA HU PA3Y.

B nukne ¢ moctycioBHeM, Ha3bIBAEMOM HUKAOM “00”, HAOOOPOT: CHayajga BBINOJIHSIETCA
NENCTBHE, a JIUILb IOTOM IIPOBEPSIETCS YCIOBUE.

%

ONoK
HHC TPYKLIH

yCIIOBHE
HCTHHA

(13

Hukn “mno” GyHKIUOHUPYET CIEAyIOIMM o00pa3oM: OO0 TeX IMop, IMOKa YCIOBUE HE
BBITIOJIHUTCS, BBIMIOJHSAETCA TEJIO LUKIA. XapakKTepHO, YTO TEJO LHKIAa B LUKIE ~A0”
BBITIOJIHSIETCA XOTSI OBl OJIUH pas3.

Iukn ¢ nocmycnoeuem évinonnaemca xoms 0vl 00UH pas.

B Tene mukia BHOB MOXKET OBITH IIMKJI, B TAKOM CITy4ae TOBOPST O 810MHCEHHOM YUKILE.

4. Ilpumep

3armoIHUTh MacCHUB JIBAJIIATHIO TIEPBBIMHA HATYpPATbHBIMH YHCIIAMH, JACIAIIMMHUCS HAIENIO HA
13 uymm 1a 17 u 6onpmmmu 300;
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5. 3ananune
CocTaBuTh OJIOK-CXEMY QJITOPUTMA PEIICHHS 3aa4H.
1) 3amoHUTh MACCUB TPUILIATHIO TIEPBBIMU POCTHIMU YHUCITAMHU.
2) BoiBeCcTH BiIeMEHTBI MacCHBa Ha 3KpaH B 00paTHOM IOPSIIKE.
3) MaccuB mnpeaHasHaueH IS XpPaHEHUS 3HAUCHHH pOCTOB JBeHaANATH dYeiaoBek. C
NOMOIIBIO JaTUYUKA CIIyYaWHBIX YUCEN 3alOJIHUTh MAaCCUB LEJIbIMU 3HAYEHUSAMH, JICHKAITUMU
B auamnasoHe oT 163 10 190 BKIIOUUTEIBHO.
JlonoJiHuTeIbHbIE 32IaHUSA
1) lano wHartypampHOe uYuCiIo n (1<999999). 3amomHuTh MaccuB ero nudpamw,
PacmoioKeHHBIMU B 00OpAaTHOM TOpsJIKe (IIEPBBIi JIEMEHT paBeH MoceHel udpe, BTOpoit
— mpeanociueaHel u T. A.). He3amolHEHHBIE DJIEMEHTHl MAacCHBa JOJKHBI OBITH PaBHBI
HYJTI0. DIIEMEHTHI MAaCCUBA, SBISIOMKECS MU(paMU YKCIIa 71, BRBIBECTH HA SKPaH.
2) 3amoHATh MAacCHB JBCHAANATHIO TICPBBIMU WICHAMH IOCiIeoBaTeIbHOCTH DrbOoHauIH
(mocneoBaTeNbHOCTH, B KOTOPOM MEPBbIE JIBa YJieHA PaBHbI 1, a KaXKblil ClIeAyIOIIHil paBeH
CyMME JBYX MPEIbIAYIINX).
3) Hcmonb3ys naT4WK CIIYYalHBIX YHCEJ, 3allOJHHTh MAacCHUB W3 JIBAJIIATH SJICMCHTOB
HEMOBTOPSIOIIMUMUCS YUCIaMHU.

IIpakTuueckas padora Nel2. IlocTpoenune aaropurMma nmy3sIpbKOBOH COPTUPOBKHU

1. Hean pabdoThI:

[lonyueHne HaBBIKOB TMOCTPOCHUS QJITOPUTMOB C  HCIIOJB30BAHUEM  ITY3bIPHKOBOI
COPTUPOBKH.

2. Tembl 1)1 IpeABApPUTEILHOI NPOPAdOTKH



o OOwee noHsATHE 00 AITOPUTME.

o+ IlpaBuna mocTpoeHus: aNTOPUTMOB B BHJIE OJIOK-CXEM.

« IlocTpoenune 6I0K-CXeM HUKIMYECKUX aITOPUTMOB.

« IlocTpoenune 610K-CXeMbI aJITOpUTMa 3aI0THEHUS] OJHOMEPHOTO MAacCHBA .

3. TeopeTuyeckuii MaTepuaJl

CopTupoBKa NpUMEHsIETCS BO BCeX 0€3 UCKIIOYEHHs 00JacTAX MpOrpaMMHUpPOBaHust, Oyab TO
0a3bl TaHHBIX WM MaTEMaTHYECKUE IPOrPAMMBI.

[IpakTHyecku KaxkJblil ITOPUTM COPTUPOBKH MOXHO pa3OUTh HA TPU YACTH:

- CPaBHEHUE, ONPEAEIAIONIEE YIOPALOYEHHOCTD MTAphl JIEMEHTOB;

- IEPECTAHOBKY, MEHSIOUIYI0 MECTAMH NIapy 3JIEMEHTOB;

- COOCTBEHHO COPTHUPYIOUIMH ajNrOpUTM, KOTOPBIA OCYIIECTBISET CpaBHEHUE U
NEPECTAHOBKY JJIEMEHTOB [0 TE€X IIOp, COKa BCE D3JEMEHThl MHOXECTBa HE OyayT
YIOPSIOYEHBI.

IIy3bIpbKOBast COPTHPOBKA

CaMblif MPOCTON aJITOPUTM 3TON TPYMIIBI MOJYYUII Ha3BaHUE My3bIPhKOBOM cOpTHUpOBKU. He
caMblil yJayHbId aJIrOpuUTM. 3aKIIOYaeTCs B CPABHEHUU COCEIHUX DJIIEMEHTOB H, MpPH
HEOOXOMMOCTH MX TmepecTtaHoBke. [lpum HeyObIBaromeM ymopsaOUYE€HUU HIEMEHTHI
"BBIMIJIBIBAIOT' KaK IMY3bIPbKU KaXK/IbIl 10 CBOET'O YPOBHSI.

Onuncanue anropurma:

Ucnonb3yetcst nBa uukia. Buemnuit npoxoaut N-1 pas, 3To rapaHtupyer, 4Tto Oaxke B
XYALIEM CIIy4ae KaKJbli 2JIEMEHT Oy/leT HaXOAUThCS Ha CBOEM MECTE.

Hcxonnelii MmaccuB d, ¢, a, b.

B nporecce paboTel mporpaMMbl MaccuB Oy1€T U3MEHSTHCS CIEAYIOIUM 00pa3oM:

d c,ab a,d o, b a, b, dc
(S e

d,%c,b a,d, b ab.c,d

[ T -

a,d.c.b a b, d ¢

Pacnonoxxum 1mmudpoBoit maccuB 4, 9, 7, 6, 2, 3 cBepXy BHH3, OT HYJIEBOTO JJIEMEHTA - K
MOCJICTHEMY.

WNnes meroma: mar COpTHUPOBKH COCTOMT B IIPOXOJE CHHU3Y BBepX Mo maccuBy. [lo mytu
MPOCMATPUBAIOTCS TIapbl COCETHUX JIEMEHTOB. ECiIM 371eMEeHThl HEKOTOPOU Maphl HAXOASATCS
B HEMPABWJILHOM IMOPSJIKE, TO MEHSIEM UX MECTaMHU.
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Hyner oii npoxon, cpaEHHE aeMBIe APl B BIOEJIEHEL
[Tocne HyneBoro mpoxoaa mo MacCuMBy '"BBEPXY' OKa3bIBACTCS CaMblid 'JETKHWU'" 3JIEMEHT -
OTCIOJIa aHAJOTHS C Ny3bIpbKOM. Cleayromuil mpoxXoJ AENaeTcs 10 BTOPOro CBEPXY
AJIEMEHTa, TaKUM 00pa3oM BTOPOH IO BEIWYUHE DJIEMEHT IMOJHUMAETCS HAa MPABUIIbHYIO
ITO3ULIUIO. ..



JlesmaeM IIpoOXObI 110 BCE YMEHBIIAKOMIEUCS HUKHEW YaCTH MacCUBa 10 TE€X IOP, MIOKA B HEN
HE OCTAaHETCA TOJIBKO OJMH 3JeMEHT. Ha 3TomM copTHpoBKa 3aKaHUYMBAETCS, TaK Kak
[IOCJIEI0BATEIILHOCTD YIIOPSALOYEHA 10 BO3PACTAHUIO.

4] [2] [2] [2] [2] [z
9 4 3 3 3 3
7 9 4 4 4 4
6 7 9 Q a o
2 0 7 7 9 7
3 3 6 ) 7 9
HOMep IIpoXoJa 1=0 i=1 =2 i=3 =4 i=5

TeopeTnueckuii MaTepuas 1Js MOBTOPEHUS

MaccuB npeacTaBiisieT co00i ynopsiIOUYEeHHYIO CTPYKTYPY OJHOTHUITHBIX JaHHBIX, KOTOpBIE
Ha3bIBAKOTCA JICMECHTAMHU MaCCHUBaA.

I[OCTyH K KaXKXIAOMY 3JICMCHTY MaAacCCHUBa OCYIICCTBIIACTCA C IIOMOIIBKO MHIACKCA — B 06III€M
ClIydac ImopsasaKoBOro Homepa 3JICMCHTA B MaCCHUBC.

MaccuBbl MOryT OBITh Kak OJHOMEPHBIMH (aapec KaxJOoro 53JIEMEHTa OIpeaessercs
3HAYCHUEM OJJHOT'O I/IHJleKca), TaK W MHOTOMCPHBIMHU (aglpec KaXXa0ro J3JICMCHTa
onIpeaACACTCSA 3HAYCHUCM HCCKOJIBKHUX I/IH,IIGKCOB).

MaccuBbI 3aHUMAIOT CMEKHBIEC SUEHKHU ITaMSITH.

(I[pyrI/IMI/I CJI0BaMH, 3JICMCHTBI MACCHBA B IMAMATH PACIIOJIOKCHBI IMOCIICAOBATCIIBHO APYT 3a
npyroM.) Sdeiika ¢ HAMMEHBIIUM aJAPECOM OTHOCUTCS K MEPBOMY BJIEMEHTY MacCHBa, a C
HAauOOIBIINM — K IMOCIICAHEMY. HpeI[IIOJIOXQI/IM, MBI HCIIOJIB3YEM MACCHB a HN3 CCMHU
aneMeHTOB. llociie 3anojiHeHNusT MacCUB 6y,IIGT BBITTIACTD CIICAYIOIIUM o6pa30M.

a[0] | a[1] | a[2] | a[3] | a[4] | a[5] | a[6]

5 1 2 4 6 3 9

J171st paGoThI C OTHOMEPHBIMUA MAaCCUBAMH MPUMEHSIOTCS [IUKIUYECKUE AT OPUTMBI.
AJNTOpUTM, NMPETYyCMATPUBAIOLINI MHOTOKPATHOE ITOBTOPEHHUE OJHOTO U TOTO KE JCUCTBUSA
HaJl HOBBIMU JJAHHBIMU, Ha3bIBAETCS LIUKIUYECKUM.

Teno yukna - 3T0 MOBTOPSIONIAACS ITOCASA0BATEILHOCTD NeUCTBHUH (OJIOK HHCTPYKITUIA).
[ukn Ha3bIBaeTCs apugmemuyeckum, €Ciii YUCIO MOBTOPEHUN 1IMKIIA U3BECTHO 3apaHee
WJTH MOYKET OBITh BHIYHMCIICHO.

[ukn Ha3piBaeTCs apuMETUIECKUAM, €CIIM YUCIIO TIOBTOPEHHM ITUKJIa U3BECTHO 3apaHee Win
MOKET OBITh BBIUYMCIICHO.

Boipaxenue 1 BBINOJMHAETCS TOJABKO OJWH pa3 B Havasie HUKIA. OOBIYHO OHO OMpEAEIsieT
HavyaJIbHOE 3HAYCHME NapameTpa uKIa (MHUIHAIU3UPYeT napameTp 1ukia). Boelpaxenue 2
— JTO YCJIOBHE BBITIOJHEHUS IHKIA. BbpaxkeHne 3 OOBIYHO ONpenensieT HW3MEHEHUE
napaMeTrpa UUKIA. BJIOK WMHCTPpYKUMII — Teno IUKIA, TO €CTh WHCTPYKIHH, KOTOpBIE
JIOJIKHBI BBITIOJIHATHCS 33JJaHHOE KOJMYECTBO Pas..



BhIpazkeHHe 1

BLIpasIeInie 2

810K J
5 — BLIDaZKEHHE 3
HCTHHA

HHCTPVKLIHI

OO6paTuTe BHUMaHUE Ha TO, YTO MOCJIE BRIYMCICHUS BRIpAXKEHUS 3 TPOUCXOIUT BO3BpAT K
BBIYMCIICHUIO BBIPAXKEHHS 2 — MPOBEPKE YCIOBUS MOBTOPEHUS IIUKIIA.

4. llpumep

3anoHUTh MacCHuB AeciaThio 3HaueHuamu 30,53,11,35,17,42,21,84,75,61. OrcoptupoBaTh
JTAHHYIO MOCIEI0BATEIbHOCTh METOIOM BBIOODA.



SZ=10
a[sZ]={30,53,11,35,17,
42,21,84,75,61}

h J

BLIEOT
Hezsopuni
MaCCHE 2

-

i EHE O]
oTCOPTHROBAHR
=87 -1 MacCHB a

buf=a[le-1] a[k-1]=alk]
a[lz]=buf

-

UToOBI HE 3arpoMOXKJIaTh OJIOK-CXEMY, BBIBOJ HCXOIHOTO W OTCOPTHPOBAHHOTO MAaCCHBOB
0003Ha4YeH OJHHMM OJIOKOM «BBIBOJ» (HAQJO IOMHHTH, YTO JIUIS BBIBOJIA HA SKpaH MacCHBa
HCTIOJIB3YETCS IIUKII C TTApaMETPOM).

Pe3ynbpTat paboThl anroputMma:
Hcxomueiit maccuB: 30 53 1135174221 84 75 61

11305317 352142618475
11173053213542617584
111721 3053354261 7584



1117213035534261 7584
1117213035425361 /7584
1117213035425361 /7584
1117213035425361 /7584
1117213035425361 7584
1117213035425361 7584
otk Rk *OTCOPTUPOBAHHBIA MAaCCHB

1117213035425361 7584

5. 3apanue
CocTaBUTh OJIOK-CXEMY aJITOPUTMA PEIICHHUS 3aa4H.

1) HW3MeHuTh TpOLEAYPY COPTHPOBKH TaK, YTOOBI COPTHPOBKA TMPOM3BOIMIACH TIO
yOBIBaHHUIO 3JIEMEHTOB.

2) [IpoBepuTs, SIBISETCS M JaHHAS MOCIICIOBATEIBHOCTD IEJIBIX YHUCEIT YIIOPSIOUYCHHOM 110
yObiBaHu10. Eciu HeT, ynopsiouuTh ee.

3) OTCcOpTHUPOBATH YETHBIC DJIEMEHTBI MACCUBA C MMOMOIIIBIO MY3bIPHKOBOI COPTHPOBKH.

JlonosiHuTEIbHBIE 3aaHU S
1) CocraBbTe aNrOPHUTM, YIOPSAOYMBAIOIIMIA JIEMEHTHI MACCHBA, CTOSIIME HAa HEYCTHBIX
MeCTax, B BO3pacTalONIEeM MOPSIKE, a HAa YETHBIX - B yOBIBAIOIIIEM.
2) B HeymopsI0YeHHOM MacCHBE MOTYT OBITh COBMAJArOIIUE AJIEMEHThl. W3 Kakmoi
IPYIIBl OJIMHAKOBBIX 3JIEMEHTOB OCTABUTH TOJIBKO OJIMH, YAAJIUB OCTAIBHBIE U «IOIKAB)»
MacCHB K €ro Hayvaly.
3) B maccuBe X(N) kaxapiii anement paBeH 0, 1 miam 2. IlepectaBuTh 3JI€MEHTHI MacCHBa
TaK, 4TOOBI CHayvaja pacroyiarajiiuch BCe €AUHUIIBI, 3aTEM BCE IBOMKM U, HAKOHEII, BCE HYJIH
(1OTOJIHUTEILHOTO MAaCCUBA HE 3aBOJAUTD).

IpakTuyeckas padora Nel3. IlocTpoeHue ajaropurMa nocjaea0BaTeIbHOr0 MONUCKA

1. Heab paboThI:
[TonyyeHne HaBBIKOB MOCTPOEHUS AITOPUTMOB MIOCJIEIOBATEILHOTO MTOUCKA.
2. Tembl 1711 IpeiBapUTEILHOI NPOPadOTKH
o OOmiee noHsTHE 00 ANTOpUTME.
o IIpaBuna mocTpoeHus aNTOPUTMOB B BHJIE OJIOK-CXEM.
o IlocTpoeHue 610K-cXeM MUKIMYECKUX aJITOPUTMOB.
o IlocTpoeHue 610K-CXEMBI AITOPUTMA 3ATIOJTHEHUS OJHOMEPHOTO MacCHBA .

3. TeopeTuueckuii MaTepuaJ

Teopernuecknii MaTepuaJ 1Jisi IOBTOPEHUA

MaccuB npeacTaBisieT co00il yHnopsI0YEeHHYIO CTPYKTYPY OJHOTHUIIHBIX JIaHHBIX, KOTOPbIE
Ha3bIBAIOTCS JIEMEHTAMU MACCHUBA.

JIoCcTyl K KaXKJIOMy 3JIEMEHTY MacCHBa OCYILECTBIISIETCS C MOMOIIBIO MHJIEKCA — B 00IIEM
ClIy4dae mOpsIAKOBOTO HOMEpPA JIEMEHTA B MAaCCHUBE.

MaccuBbl MOTYT OBITh KakK OJHOMEPHBIMHU (aIpec KaxJoro >JIEMEHTa ONpeaesaeTcs
3HAQYEHUEM OJIHOTO WHJAEKCa), TaK M MHOTOMEPHBIMHU (aJpec KaxJAoro >JeMeHTa
OMpeIeIIAeTCs] 3HAUCHHUEM HECKOJIbKUX UHIEKCOB).

MaccuBbl 3aHUMAIOT CMEKHBIE SUEHKU MTaMSITH.



(Ipyrumu ciioBamu, >JI€MEHTHl MAaCCHUBa B MaMSTH PACIOI0XKEHBI MTOCIEAOBATEIBLHO IPYT 32
npyrom.) Sdeiika ¢ HaUMEHBIIUM aJPECOM OTHOCHUTCS K MEPBOMY DJIEMEHTY MaccuBa, a C
HaI/I6OJ'IBI_HI/IM — K TIOCJICIHCMY. HpCI[HOJ'IO)KI/IM, MBI HCIIOJIB3YCM MACCHUB a H3 CCMU
anemeHToB. [locie 3anofHeHnst MaccuB OYJIET BBITJISACTh CIACAYIONIUM 00pa3oMm.

a[0] | a[1] | a[2] | a[3] | a[4] | a[5] | a[6]

5 1 2 4 6 3 9

J171s1 paboOThI C OTHOMEPHBIMU MaCCUBAMU MPUMEHSIOTCS IIUKJINYECKUE allTOPUTMBI.
AJTOpUTM, NpeyCMaTPUBAIOIIUNA MHOTOKPATHOE ITOBTOPEHUE OJHOTO U TOTO K€ JCHCTBUS
HaJl HOBBIMH JIaHHBIMH, Ha3bIBACTCS IIUKINYCCKUM.

Teno yuxkna - >T0 MOBTOPSIONIASCS MMOCTAEIOBATEILHOCTD NeUCTBUH (OJI0K MHCTPYKITUI).
[{ukn Ha3bIBAaETCS apugmemuyeckum, €Ciivi YUCIO MOBTOPEHUM 1IMKJIA U3BECTHO 3apaHee
WJIM MOJKET OBITh BBIYHCIICHO.

[ukn HazbiBaeTCst apuMETUUECKUM, €CIIA YMCII0 TOBTOPEHUH 1IUKJIa U3BECTHO 3apaHee Win
MOYET OBITh BBIYHCIICHO.

Bripaxenue 1 BBITIONHSAETCS TOJIBKO OJWH pa3 B Havasie nukia. OOBIYHO OHO OTpeesseT
HavyaJIbHOE 3HAYEHUE MapaMeTpa MUKIa (MHUIUATU3UPYET MapaMeTp 1ukKia). Beipaxkenue 2
— DJTO YCJIOBHE BBINMOJHEHUs] LHKIA. BeipakeHue 3 OOBIYHO oOmpenenseT H3MEHEHUe
napamerpa Iukia. BIIOK WHCTPYKIUA — TEJI0 LHKJIA, TO €CTh HHCTPYKIIMHU, KOTOPBIC
JTOJKHBI BBITIOJTHATHCS 3aJJaHHOE KOJMYECTBO Pas..

BBIpaskeHHe 1

oMok
HHC TP VKL

DLIpayKelHe 2
HICTIHA?

BRIPAKEHHE 3=

OOpatuTe BHUMaHUE HA TO, YTO TOCJIE BBIYUCIICHHS BBIPAKEHUS 3 MPOUCXOIUT BO3BpaT K
BBIYMCJICHUIO BBIPAKEHUS 2 — MPOBEPKE YCIOBUS MOBTOPEHUS IUKJIA.

IToucKk MUHEMAJIBHOT0 (MAKCUMAJIBHOI0) 3JIEMEHTA MACCUBA

3ajady MOMCKa MUHUMAJIBHOTO 3JIEMEHTa MacCHMBa paCCMOTPUM Ha MPUMEPE MACCUBA LIEIBIX
yycen. AJTOPUTM MOMCKa MUHMMAIBHOTO (MAaKCUMAaJbHOIO) 3JIEMEHTAa MacCHBa JOBOJIBHO
OYEBHJICH: CHauaja JEeJaeTcs MPEIOI0KEeHHE, YTO TMEPBbIM 3JEMEHT MAacCuBa SIBISIETCS
MHUHHMAaJIbHBIM (MaKCHUMaJlbHbIM), 3aTEM OCTAJIbHBIE 3JEMEHTHl MAacCHBa MOCIEI0BATEIbHO
CPaBHHUBAIOTCS C STUM dJIEMEHTOM. Eciii BO Bpemsi ouepeaHON MPOBEPKH OOHAPYKUBACTCH,
YTO TMPOBEPSAEMBIM  3JeMEHT MeHble (OoJbllie) MPUHATONO 332 MHHUMAJIbHBIN
(MakcUMaibHbIN), TO H3TOT SJEMEHT CTAaHOBUTCS MUHHUMAJIbHBIM (MaKCUMalbHbIM) U
MPOIOKAETCS MPOBEPKA OCTABIINXCS JIEMEHTOB.
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UtoObl HE 3arpoMoOXJaTh OJIOK-CXeMY, BBIBOJ HCXOJHOTO MaccHMBa O0OO3HAYEH OIHUM
0JIOKOM «BBIBO/I» (HAJI0 MOMHUTH, YTO JJIA BBIBOJIA HA DKPAaH MAacCCHBA MCIOJIb3YETCs LUK C
apaMeTpPOM).

IMouck B MaccuBe 32IaHHOTO 3JIEMEHTA METOI0M MPOCTOrO Nepedopa

[Ipu pemrennr MHOTHX 33724 BOZHUKAET HEOOXOAMMOCTD OIPEAEINUTD, COACPKUT JTU MAaCCHB
OTIpeJICICHHYI0 HH(pOpMaIIHIO Wik HeT. Hanmpumep, mpoBepuTh, €CTh JIM B CIIHUCKE CTYJECHTOB
damunms [letpos. 3amaun Takoro TUIA HA3BIBAIOTCS TIOUCKOM B MAacCHBE.

Jlyist opraHu3amyy MOMCKa B MAacCHMBE MOTYT OBITh MCITOJIb30BaHBI Pa3IUYHBIC AJTOPUTMEI.
HaubGonee mpoctoit — 310 anroputM mpocroro mnepedopa. I[lowck ocymecTBasercs
MOCJICTIOBATEIFHBIM CpPaBHEHHWEM JJIEMEHTOB MAacCHBa C OOpa3IoM 10 TeX IMOp, MOKa He
OyZeT HalijieH JJIEMEHT, paBHBIM oOpasily, Win HE OyAyT MPOBEPEHBI BCE DIIEMEHTHI.
AJTOpPUTM MPOCTOTO Mepedopa MPUMEHSIETCS, €CJIH JIEMEHThl MaCCUBA HE YIOPSAI0UYCHBI.
[ukn mpocMoTpa 3JIEMEHTOB MacCHBa 3aBEPUIAETCSA, €CJIM B MACCUBE OOHAPYKEH DJIEMEHT,
paBHbIA 00pa3ly (B 3TOM clydae 3HAYCHHE CIEUUAIbHOM MEepEeMEHHOW-TIPU3HAKa PABHO
€UHULIEC), WM €CIM NIPOBEPEHbI BCE dJEMEHThl MaccuBa. [lo 3aBepiieHMH UUKIA O
3HAYEHUIO NMEPEMEHHON-TIPU3HAKA MOXKHO OMPEIENUTh, YCICIIECH MOUCK WM HET.

OuyeBUJIHO, YTO YeM OOJIbIlIE 3JIEMEHTOB B MAacCHBE U Ye€M JaJbllle PaCIO0XKEH HYXKHbIN
AJIEMEHT OT Hayajla MaccuBa, TEM JOJibllle MporpamMma OyneT HCKaTb HEOOXOIUMBIi
AJIEMEHT.

4. Tlpumep




3amojJHUT, MaccuB JAeciaAThbio 3HaueHusmu 30,53,11,35,17,42,21,84,75,61. CocTtaBuTh
AJTOPUTM, KOTOPBIN IO BBEJCHHOMY MOJIb30BATEIIEM YHCIY OMPEACIUT — €CTh 3TO YHUCIO B
JAHHOW MOCJIEA0BATENBHOCTH U BBIBEJET HA IKPaH MO3ULIMIO0 B MACCUBE 3TOr0 YUCIIA.

HavTalo
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5. 3aganmue
CocTaBUTh OJIOK-CXEMY AJITCOPUTMA PEIICHUS 3a1a4H.

1) OnpenenuTh YUCIIO MAKCUMYMOB B 33JIaHHOM ITOCJICIOBATEILHOCTH YHCEI.
2) 3aMEHUTHh BCE MUHUMYMBI B TTOCIIC0OBATEITLHOCTH YHACET HX YTPOSHHBIM 3HAUCHUCM.
3) CxaTh YUCIIOBOM MAaCCHB, yJIaJIMB U3 HETO BCE MAKCHMYMBI.

JlomoiHUTEIbHBIEC 3aJaHUSA

1) HaiiTi IOBTOPSIOIIHECS JIEMEHTHI B 3aJIaHHOM ITOCJICIOBATEIILHOCTH YHCEI.

2) HaiiTi HenmoBTOPSIIOIIMECS YJIEMEHTHI B 3aIaHHOM ITOCIICIOBATEIILHOCTH YHCEIT.

3) CocTaBHUTPH OJTHOTIPOXOIHBIN AITOPUTM ITOICUETA MUHIMYMOB B ITOCJICIOBATEIILHOCTH
YUCEJL.

IIpakruyeckas padora Nel4. IlocTpoeHue anropurMa OMHAPHOIO IMOMCKA B
YIOPSAA0YECHHOM MOCJIe0BATEIbHOCTH.
1. Hean padoThI:



[lonyyeHre HaBBIKOB MOCTPOCHUS QJIrOpPUTMa OMHAPHOIO IOMCKAa B YHOPSAOYEHHOM
MOCIIEA0BATEIBHOCTH.
2. Tembl 11 IpeABapUTEIbHOI NPOPAOOTKH

o OOwee noHsATHE 00 AITOPUTME.

o+ IlpaBuna nocTpoeHus: aNrOPUTMOB B BUIE OJIOK-CXEM.

o IloctpoeHue 6510K-CXeM HUKINYECKUX AITOPUTMOB.

« IloctpoeHne 6510K-CXEMBI ANTOPUTMA 3aII0OJIHEHHUS OJHOMEPHOIO MacCcHBa .

3. TeopeTuyeckuii MarTepuaJ
TeopeTnueckuii MaTepuaJ AJisl IOBTOPEHUS
MaccuB npeacTaBisieT co00i YyNopsI0UeHHYIO CTPYKTYPY OJAHOTHUIIHBIX JIaHHBIX, KOTOPbIE
Ha3bIBAIOTCS DJIEMEHTAMU MACCHBA.

JlocTyn K KakJIOMy 3JIEMEHTY MacCHUBa OCYIIECTBIISIETCS C MOMOLIBIO MHAEKCAa — B OOIIEM
cllydae MopsiAKOBOTO HOMEpa 3JIeMEHTa B MAaCCHUBE.

MaccuBbl MOTYT OBITh KaK OJHOMEPHBIMHM (aapec KakIOro »3JeMEHTa OmpeesieTcs
3HAUYEHWEM OJIHOTO MHJEKCa), TaK W MHOTOMEPHBIMU (aapec KakIOro >3JIeMEHTa
oTpeJieNsieTCs] 3HaYeHUEM HECKOJIbKUX UHIEKCOB).

MaccuBbI 3aHUMAaIOT CMEKHbIE STYCHKN MaMSTH.

(dpyrumu cioBaMu, 3JIEMEHTBI MacCHBa B MAMATU PACTIONOXKEHBI MTOCIEI0OBATEIBHO APYT 3
apyrom.) fldeiika ¢ HaMMEHBIIUM aJPECOM OTHOCUTCS K TMEPBOMY 3JIEMEHTY MaccHBa, a C
HauOOJBIIMM — K ToclieqHeMy. llpeamnonoxum, Mbl UCHOJIB3yeM MacCUB a U3 CEMU
aneMeHToB. [lociie 3anonHeHuss MacCuB OyAET BBITJISAETh CIEAYIOIINM 00pa3oM.

a[0] | a[1] | a[2] | a[3] | a[4] | a[5] | a[6]

5 1 2 4 6 3 9

J151st paGoThI C OTHOMEPHBIMUA MAaCCUBAMH TIPUMEHSIOTCS ITUKIUYECKUE alITOPUTMBI.
AJTOpUTM, pEeyCMaTPUBAIOIIMNA MHOTOKPATHOE ITOBTOPEHUE OJHOTO U TOTO K€ ACHCTBUA
HaJl HOBBIMU JAHHBIMU, HAa3bIBAETCS IUKINYECKHUM.

Teno yukna - 3T0 MOBTOPSIOINIAACS ITOCAEI0BATEILHOCTD NeUCTBHUH (OJI0K MHHCTPYKITU).
[{ukn Ha3bIBaeTCS apugmemuyeckum, €Ciii YUCI0 MOBTOPEHHM 1IMKIIa U3BECTHO 3apaHee
WJIM MOXET OBITh BEIYUCIICHO.

[ukn Ha3piBaeTCs apuMETUIECKUAM, €CIIM YUCIIO TIOBTOPEHHM ITUKJIAa U3BECTHO 3apaHee Wiu
MOKET OBITh BBIUYUCIICHO.

Boipaxenue 1 BBINOJMHAETCS TOJBKO OJWH pa3 B Hadasie uKIa. OOBIYHO OHO OMpPEAEIISieT
HavyaJbHOE 3HAUYCHUE NapameTpa HuKIa (MHULHAIN3UPYET napaMeTp 1ukia). Beipaxenue 2
— JTO YCJIOBHE BBIMIOJHEHUs IHKIA. BbpaxkeHne 3 OOBIYHO ONpenensieT HU3MEHEHUE
napaMeTrpa UMKIa. BJIOK MHCTPYKUMM — TeNno IMKIA, TO €CTh WHCTPYKLHH, KOTOpBIE
JIOJIKHBI BBITIOJIHATHCS 33JJaHHOE KOJMYECTBO Pas3..



BLIpa/KEHHE 1

6ok
HHCTPVELTHIT

BLIpasier e 2
HCTHHA?

BBIPA/KEHIIE 3

OOpatruTe BHUMaHUE HA TO, YTO TOCJIE BBIYUCIICHHS BBIPAKCHHS 3 TPOUCXOJIUT BO3BpaT K
BBIYHCJICHUIO BBIPAKCHHS 2 — MPOBEPKE yCIOBUS MMOBTOPCHUS ITHKJIA.

JIJisi opraHu3amyy MOMCKa B MAcCCUBE MOTYT OBITh WCIIOJIb30BaHBI PA3IMYHBIC ATOPUTMBI.
Haubonee mnpoctoii — »93T0 anaroput™ mnpoctoro nepedopa. Ilouck ocymiecTBiseTcs
MOCJICIOBATEIIbHBIM CPAaBHEHUEM DJIEMEHTOB MacCHUBa C 00paslloM J0 TeX MOop, MOKa He
Oyner HailJieH JJeMEHT, paBHbId oO0pasily, WJIW HE OYIyT MPOBEPEHBI BCE DJIEMEHTHI.
AJTOPUTM MPOCTOTO Mepedopa MPUMEHSIETCSI, €CIIH JIEMEHTBI MACCHUBA HE YIOPSTI0YCHBI.
MeToa OMHAPHOTO MOMCKA

Ha mpakThke JOBOJBHO 4YacTO MPOM3BOIUTCS IOMCK B MAacCUBE, DJJIEMEHTBI KOTOPOTO
YIIOPSAOYCHBI 10 HEKOTOPOMY KPUTEPHIO (TaKMEe MACCHBBI HA3BIBAIOTCS YIOPSTIOYCHHBIMU).
Hanpumep, mMaccuB pamMuimii, Kak TpaBHIIO, YIIOPSAOYEH MO al(aBUTy, MAacCCUB JAaHHBIX O
norojie — M0 jJaTaMm HaOoJeHui. B cimydae, eciiu MaccuB YIOPS0YEH, TO MPUMEHSIOT
npyrue, 6onee d(PpQPeKTUBHBIE IO CPAaBHEHUIO C METOJOM IPOCTOTO Tepedopa aaropuTMBI,
OJINH U3 KOTOPBIX — METOJI OMHAPHOT'O IMMOKCKA.

OH U3BECTEH TaK)Xe MIOJ UMEHAMHU MemoO0 OUXOMOMUU WU MemooO NOJOBUHHO20 OCJIeHUS.
Kak 00bI4HO, 32 CKOpPOCTh B3UMAETCS IUIaTa: MAacCHUB JOJKEH OBITH ymopsgoudeH. CaM 1o
cebe 3Tanm MpeaBapuTEILHOTO YIOPSIOUYEHUS, I COPMUPOBKU, OOXOIUTCS HENCIICBO, BO
BCSIKOM CJIydae - JOPOXKe OJHOKPATHOTO JTUHEHHOTO IMOMCKa.

ITycTh ecTh yNOpsSI0YCHHBIN M0 BO3PACTAHMIO MACCHB IEIbIX umcesn. HyXHO ompenenuTs,
COJICPKUT JIU ATOT MAaCCUB HEKOTOpOE YHCiIo (0Opasern).

WNnes anropuTtMa COCTOMT B TOM, YTOOBI Ha KaXJIOM, OYEPEIHOM, Iare BBIACIATH W3
WHTEpBaJla WHJCKCOB - JJIA JajJbHEWINEro MOWCKa - JIMIIh €ro "MOJOBUHY'", OTOPOCHB
BTOPYIO.

1. OnpenensieM cepelMHy UHTEpBaja MOUCKA.

2. CpaBHuBaeM o0O0Opaser] C SJIEMEHTOM, pPacIHoOJIOKEHHBIM TocepenuHe. Ecmu oOpaszen
oKazayicsi OoJibIlie, TO OO0JACTBIO JAJbHEWINEero IOWCKAa CTAaHOBHTCS IIpaBas IIOJOBHHA; B
MIPOTHBHOM cJIy4Jae - JieBas MOJIOBUHA MHTEPBaja, HO B JIIOOOM cllydae WHISKCHBIM MHTEPBAJ
ymeHbinaercs BaBoe. (Eciam ocymecTBUTh elie oHy IPOBEPKY, TO MOKHO YCTAaHOBHTH U
COBIIAJICHUE, ITOCJIE YeTO JaJbHEHIITe Mard He 00s3aTeIbHEI.)

3. Ecnm ocTazncst mATEpBA €IMHUYHON JUIMHBI, TO TIEPEXOIUM K 3aKIIOUNTEIHFHOMY mary 4,
B IPOTUBHOM clTy4Jae - K mary 1.

4. JInubo eaWHCTBEHHBIN AJIEMEHT HMHTEpBaja COBIAAaeT ¢ o0pasnoM, JIMOO - HCKOMOTO
7JIEMEHTa B MAaCCUBE HET.

4. Tlpumep

3anoJHUThL MaccuB AecAThio 3HadyeHusmu 11, 17, 21, 30, 35, 42, 53, 61, 75, 84. Maccusn
TOJDKEH OBITh yrnopsigoueH! CoCTaBUTh alrOPUTM, KOTOPBIH MO BBEJICHHOMY I10JIb30BaTEIEM
YHUCITy OMPEACIUT — €CTh 3TO YUCJIO B JAHHOM MOCIIEI0BAaTEIbHOCTH U BBIBEAET Ha IKPaH



MO3UIIMIO B MACCUBE 3TOr0 YUCIIA.
IlycTp yncno, BBEAEHHOE MOIb30BaTENEM, K = 21.

C

a b
| M |
0 1 2 3 4 5 6 7 8 9
11 17 21 30 35 42 53 61 75 &4
¢ = (atb)/2=(0+9)/2=5 m[5]=42 21 <42 mowuck OyneT BECTHCH B JICBOM YacTH a - C

C
b N
a v
, L K
0 1 2 3 4 5
11 17 21 30 35 42

b=c-1=5-1=4 a=0 c=(a+b)/2=(0+4)/2=2 m[2]=21  Ywmcno maiigeHo. Ilo3urus B
MaccuBe paBHa 2.

IlycTp uncno, BBEAEHHOE MOJIb30BaTENEM, K = 61.
¢

| + b
I 1
0 1 2 3 4 5 6 7 8 9
11 17 21 30 35 42 53 o1 75 &4
¢ = (a+b)/2=(0+9)/2=5 m[5]=42 61 > 42 nowuck OyaeT BECTHCh B MPABOM YacCTH C -

b

a=c+1=5=1=6; c=(atb)/2=(6+9)/2=7 m[7]=61 UYwucno naiineno. Ilo3uius B MacCHBE
paBHa 7.

[TpoBepuM, KaK TPOBOUTCS MTOUCK YHCEII, KOTOPHIX HET B MACCHBE.
IlycTh uncno, BBEIEHHOE MOJIb30BaTENEM, K = 28.

Cc = (a+b)/2=(0+9)/2=5 m[5]=42 28 <42 mouck OyJeT BECTUCH B JICBOM YacTu a - C

v ' X

0 1 2 3 4 3

11 17 21 30 35 42
b=c-1=5-1=4 c=(atb)/2=(0+4)/2=2 m[2]=21 28 > 21 mnouck OyaeT BeCTUCH B IIPABOK
qacTu ¢ — b
a=c+1=2=1=3 b=4 c=(a+b)/2=(3+4)/2=3 m[3]=30 28<30 mnowuckcieBa a—C
b=c-1=3-1=2 a=3 c=(ath)/2=(3+2)/2=2 a>C mnowuck npekparieH, yrcia 28 B MaCCHBE
HET

[TycTh uncino, BBEAEHHOE MOJIb30BATENIEM, K = 65.



c = (ath)/2=(0+9)/2=5 m[5]=42 65 > 42 mnouck OyJIeT BEeCTUCH B MPABOM YacTH C -

b
C
Xt
| I
5 6 7 8§ 9
42 53 61 75 84
a=c+1=5=1=6 b=9 c=(a+b)/2=(6+9)/2=7 m[7]=61 65>61 mnouckcmparac -b
a=c=1=7+1=8 Db=9 c=(a+b)/2=(8+9)/2=8 m[8]=75 65 <75 nouckciena a — C
b=c-1=8-1=7 a=8 c=(atb)/2=(7+8)/2=7 a>C mnouck mpekpaiieH, yucia 65 B MacCHBe
HET

AHaTOrMYHO MOKHO MMpOCJICANTL BBIIIOJIHCHUC aAJITOpUTMaA 6I/IHapHOFO IIOMCKa IJIsI 4YUCCII,
KOTOPBIC BBIXOIAT 3a T'PAHUIBI AUAIIA30HA 3HAUYCHUM DJIEMECHTOB MacCCuBa, HAIIPHUMCP Su

100.
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5. 3apanue

CocTaBUTh OJIOK-CXEMY AJITCOPUTMA PEIICHUS 3a1a4H.

1) Mcmonb30Bath JUIsl IOMCKA MACCHB, YIOPSIOYCHHBIN 110 YOBIBAHHIO.

2) CoctaButh urpy. [lob30BaTeib TOJDKEH OTraIaTh YHCIIO B 33IAHHOM JUaria3oHe.

3) Hanwl HarypanbHble uucia al, a2, a3,...an u bl, d2, b3,...bm. al>a2>a3....>an.
ITogcumTaTe KOMMYECTBO TeX bi, 1<=i<=m, 11 KOTOPHIX HET paBHBIX cpeam al, a2,
a3,...a50.

JlonoJIHUTeIbHbIE 32 IaHUS

Nmeercs XKene3HONOPOKHOE pPACIMCAHUE, COAEpPIKAIlee HOMEpP pelica moe3na, BpeMeHa
OTMpABJICHUSI U MPUOBITHS HA CTAHUUIO NpuObITUA. OpraHu3oBaTh MOMCK HOMEpa IOe3]a,
BpeMsl OTIIPABIICHUS U IPUOBITHSI, €CJIU 3aJlaHa CTAHIIUS.



IIpakTuuyeckas padora NelS. IlocTpoenue ajaropurMa 3anoIHEHUs] ABYMEPHOI 0
MaccuBa

1. Ieapb padoThI:
[Tony4yeHure HaBBIKOB IOCTPOECHUS AITOPUTMOB 3aII0JIHEHUS IBYMEPHOTO MAacCHBa.

2. Tembl )11 IpeABApUTEIbHOI NPOPAdOTKH
o OOwee noHsATHE 00 AITOPUTME.
o+ IlpaBuna nocTpoeHus: aNrOPUTMOB B BUI€ OJIOK-CXEM.
« IloctpoeHne 6510K-CXEMBI ANTOPUTMA C UCIIOIB30BAHUEM BIIO)KEHHOTO LIMKIIA.

3. TeopeTuyeckuii MaTepuaJl

Hukn - 510 anropuTMUYecKas KOHCTPYKLHSA, B KOTOPOM B 3aBUCUMOCTH OT YCIOBHS
HOBTOPSIETCS ONpeIeEHHAs TOCIIEI0BATENBHOCTD JEHCTBUM.

[Hukn B anropurMe umeeT oco0oe 3HauY€HHE, T.K. TOJbKO €ro MCIOJIb30BAaHUE IMO3BOJISET C
OMOIIBIO CPaBHUTEJIBHO KOPOTKHX IITOPUTMOB 3aMuChIBAThH JUTUHHBIC
MOCJIEIOBATEIBHOCTA  JICMCTBUII, YTO TMO3BOJSET 3HAYUTENIBHO YMEHBIIUTH CKOPOCTh
BBITIOJIHEHUS TIPOTPAMMBI.

ANroput™, npeaycMaTpUBAIONIMI MHOTOKPATHOE MOBTOPEHHE OJHOTO M TOTO K€ JIeHCTBUSA
HaJl HOBBIMU JAHHBIMU, HAa3bIBACTCS IIUKITMYCCKUM.

JlJist opranu3anuu UKIOB MOKHO MPUMEHSTh YCIOBUS, T.K. HIUKINYECKUN alrOpUTM
ABJISIETCS YACTHBIM CIIY4aeM Pa3BETBISIOLIETOCS.

Teno yukna - 3T0 NOBTOPSIOMIASACS MOCIEAOBATENBHOCTD AEUCTBUH (00K MHCTPYKIIHI).
[ukn Ha3bIBaeTCA apughmemuueckum, €CIv YUCIO TTOBTOPEHUH IIMKIIa U3BECTHO 3apaHee
WJIA MOXET OBITh BBIYUCIIEHO.

[ukn Ha3bpiBaeTCa apuMETUUECKUM, €CIIM YUCIIO TOBTOPEHUH IIUKJIIA U3BECTHO 3apaHee Win
MOJKET OBITh BBIYUCIICHO.

Bripaskenrie 1 BBITIONHSETCS TOJIBKO OJMH pa3 B Hadalne mukia. OOBIYHO OHO OMpEneisieT
HayaJbHOE 3HAUYCHUE MapaMeTpa HUKIa (MHUIUATU3UPYET MapaMeTp 1ukia). Beipaxenue 2
— 93TO YCJIOBHE BBIMOJHEHUs IHKIA. BbIpaxkeHne 3 OOBIYHO ONpeNensieT HU3MEHEHUE
napaMmeTpa IUKiIa. BJIOK HHCTPYKUMA — TeNo MHKJIA, TO €CTh MHCTPYKIMU, KOTOPHIC
JOJIKHBI BBITIOJIHATHCS 33JJaHHOE KOJIMYECTBO Pas..

BhIpaskeHHe 1

OII0K
HHC TPYKLIFIT

DLIPOGKEITIC e

o BBIpa/KEHHE 3
HCTIHA®

OO6paTuTe BHUMaHUE Ha TO, YTO MOCJIE€ BRIYMCICHUS BhIpaXKEHHUS 3 MPOUCXOUT BO3BPAT K
BBIYMCIICHUIO BBIPAXKEHHS 2 — MPOBEPKE YCIOBUS MIOBTOPEHUS LIUKIIA.

llum C napamempamu nHA4YC HA3BIBACTCA KaK YUK 07151 KAxc0020.



Ecth CHCI_II/IaJ'IBHBII\/'I 3JIEMEHT OJIOK-CXEM JJIA CHCTHBIX IIUKIIOB.

Mo romaska CHETHRIE IMKNH
Flowi M

C ucnoab30BaHUEM CIICIMAJIBHOTO BJIEMEHTA AJITOPHUTM UUKIIA 07151 Kaxc0020 BBLITTISAIUT TaK:
|

Y

BBIXOJ
H3 = " Mep=H3,K3,Illar —~—
IAEIa \H _
¥
TeT0 DHE.T

Ilep. - mepemernan (mapaMeTp)

H3 - sa9a;1eHOE 3HAYEHAE DA PaMETPa

K3 - koHedHOe 3HA9CHHE ODAapaMeTpa

lar - e, MU EA HIMeHeHIA OapamMerpa moc.ie KLEJOTD
EEITIO.THEHNA Te A 0K I,

Teno HUKJIa BBITIOJIHACTCA CTOJIBKO pPa3, CKOJBKO Pa3HbIX 3HA4YCHUM MNpUMCT IapaMcCTp B
3aJIaHHBIX IIPCACIIax.

Bo3MoOXxHBI ciyyau, KOrja BHYTpU Tella IIMKIAa HEOOXOAMMO TOBTOPSTH HEKOTOPYIO
MIOCIIEIOBATENIbBHOCTh OMEPaTOPOB, T. €. OPraHU30BaTh BHYTPEHHHUM HUKI. Takas CTpyKTypa
NoJlydynsia Ha3BaHWE HMKJAA B NMKJE WIM BJOKEHHBIX HHUKJIOB. [1yOMHA BIIOXKEHUS
IIUKJIOB (TO €CTh KOJIMYECTBO BJIOKEHHBIX JIPYT B APYra IUKIOB) MOXKET OBITh PA3IUYHOM.
[Ipu Wcronb30BaHUU TaKOW CTPYKTYPHI JJIsi SKOHOMHUU MAIIMHHOTO BPEMEHU HEOOXO0IUMO
BBIHOCUTh M3 BHYTPEHHEIO IMKJIAa BO BHEIIHUN BCE OINEpPATOpbI, KOTOpPhIE HE 3aBUCAT OT
napaMeTpa BHYTPEHHETO IHKIIA.

4. Ilpumep
1. 3anoMHUTH NIBYMEPHBIN MacCUB U3 MATU CTPOK M TPEX CTOJIOIOB €IUHUIIAMH.
0O 1 2
0O |1 |1 |1
1 /1 |1 |1
2 |1 |1 |1
3 |1 |1 |1
4 |11 |1 |1

JJist 3TOTO HYXXHBI JIBa ITMKIIA. BHEMHMI — TI0 cTpokaM, mapamMeTp 1, n3mensiercst ot 0 10 4 ¢
maroMm 1, BHYTpEHHH — 0 cTonOIaMm, mapametp j, u3Mensercs or 0 mo 2 c¢ marom 1.
Mo>kHO opraHnu30BaTh 00pabOTKy U HA0OOPOT.



2. 3anoyiHUTh AByMepHBIN MaccuB u3 10 cTpok u 10 cTosO10B clieIyomuM 00pa3oM:

0000000000
0100000010
0020000200
0003003000
0000440000
0000550000
0006006000
0070000700
0800000080
9000000009



1=0,n-1, 1}

4}< j=0,m-1, 1>
aa HeT
/ a[1]] /
afi]i] =1 ali]fi] =
- -

3aganue

1) 3amosHuTH ABYMEpHBIH MaccuB m[5][5] cieayromum o0pa3oM: MO3ULKH, Tae 00a
MHEKCa YETHBIC IOCTABUTh 5, B OCTaJIbHEIE 1.

2) 3amoaHuTh ABYMEPHBIH MaccuB m[7][7] mpou3BeACHUSIMH HHIECKCOB CTPOKH M CTOJIOIIA.

3) 3amosHUTh ABYMEpHBIH MaccuB m[4][4] cieayromum o0pa3oMm:

00|00
01|10
01|10
00|00

JlomosTHUTEIbHBIEC 3aJaHUSA
1) ChopmupoBaTh AByMEPHBI MACCUB TIO CIICIYIOIIEMY TIPABIITY

g 0 0 0 0 1 1 1 1 1 1 2 3 4 5
01 0 0 0 2 3 1 1 1 6 7 & 9 10
0 02 00 4 5 &6 1 1 11 12 13 14 15
0 0 0 3 0 o8 5 10 1 16 17 18 19 20
0 0 0 0 4 25

6). 11 12 13 14 15 B). 21 22 23 24



2) 3amoJHUTh IBYMEpHBIH MaccuB m[7][7] Mo criupaiy ClIeayIOnuM 00pa3oM:

112 |3 |4 |5 |6 |7
24 125(26|27|28|29|8
231404142143 |30|9
22139|48|49|44|31]|10
21|38 |47|46|45|32|11
20137/36|35|34|33|12
19118 |17|16|15|14 |13

3) 3anoyHUTh ABYMEPHBIH MaccuB mM[S][5] 1o crupaiiu clieayronmm o0pa3om:

251241232221

1019 |8 |7 |20
11/2 |1 |6 |19
1213 |4 |5 |18

13114 15|16| 17

4) 3anoJHUTh MaTPHUILY 3aJJaHHBIM 00pa30M:
0111110

1011101

1101011

1110111

1101011

1011101

0111110

5) 3amoHUTE MaTPHUILY 3aaHHBIM 00Pa30M:
11111

10001

10001

10001

11111

6)3armoTHATE MaTPUIy 3aJaHHBIM 00pa30M:
0000000009

0000000080

0000000700

0000006000

0000050000

0000400000

0003000000

0020000000

0100000000

0000000000

7) 3amoHUTh MAaTPUILy 3aJIaHHBIM 00pa30M (ITECOYHBIC Yachl):
1000001



1100011
1110111
1111111
1110111
1100011
1000001
8) CocTaBuTh mporpamMmy, KOTOpas 3aloJHSACT KBaJIPAaTHYIO MAaTPUIly MOpsjaka N
HaTypajlbHBIMU yuciaaMiu 1, 2, 3, ..., n2, 3anMchiBasi UX B HEE IO COUPATIN».
Hanpumep, nis m = 5 nosnyyaem ClIeAyIOUIYI0 MATPHUILY:
1 2 3 4 5
16 17 18 19 6
15 24 25 20 7
14 23 22 21 8
13 12 11 10 9

9) 3amomHUTE MAaTPUITY 33JaHHBIM 00pa3oOM:

1111111

NWWWwE
NMNNWRE -
NMNNNPRFEP PP
NN PR
NS PR DBRPE
A

3
3
3
3
3
2

2222272
IIpakTuyeckas padora Nel6. IlocTpoeHue anropurmMa o0padoTKH IBYMEPHOI0 MaCCHUBA

1. Heab paboThI:
[Tony4yeHune HaBBIKOB TOCTPOCHHS AJITOPUTMOB 00paOOTKH ABYMEPHOIO MacCHBA.

2. TeMbl U151 TIPeIBAPUTEIbHOMH MPOPaAdOTKHU
o OO0miee moHsATHE 00 AITOPHUTME.
o IlIpaBuna mocTpoeHus aNrOPUTMOB B BHJI€ OJIOK-CXEM.
o IlocTpoeHue 610K-CXEMBI AITOPUTMA C UCTIOJIB30BAHUEM BIIOKEHHOTO ITUKJIA.

3. TeopeTuueckuii MaTepua

Hukn - >T0 anropuTMUYecKass KOHCTPYKIUS, B KOTOPOM B 3aBHCUMOCTH OT YCJIOBUS
MOBTOPSIETCA ONpeAeiaEHHas MOCIE0BATEIbHOCTD TEUCTBUH.

[ukn B anropuTMe UMEET 0co00€ 3HAYEHHUE, T.K. TOJIBKO €ro MCIOJIb30BAHHUE TO3BOJISIET C
MTOMOIIIbIO CPaBHUTEIBHO KOPOTKHX aJIrOPUTMOB 3alUChIBATh JUTUHHBIE
MOCJIEI0BATENIbHOCTH JICMUCTBUNA, YTO TMO3BOJISIET 3HAYUTENIbHO YMEHBIIUTh CKOPOCTH
BBITIOJIHEHUS IPOTPAMMBI.

ANTOpUTM, NpeayCMaTPUBAOIINN MHOTOKPATHOE IMOBTOPEHUE OJHOTO U TOTO K€ JCUCTBUSA
HaJl HOBBIMU JJAHHBIMU, Ha3bIBAETCS LIUKIUYECKUM.

JI71s1 opraHu3anuy HUKJIOB MOKHO MPUMEHSTh YCIOBUS, T.K. IUKIUYECKHUI alITOPUTM
SIBJISIETCSL YACTHBIM CIy4aeM Pa3BETBIISIIOLIETOCS.

Teno uyuxna - 10 MOBTOPSIOIIASACS TTOCAEIOBATEILHOCTD NEHUCTBHUH (OJIOK MHCTPYKIIUM).
[ukn Ha3bIBaeTCS apugmemuyeckum, €Ciii YUCI0 MOBTOPEHUM 1IMKIIA U3BECTHO 3apaHee
WJIU MOXKET OBITh BBIUKCIICHO.

[ukn Ha3zbiBaeTCst apu(hMETUUECKUM, €CIIA YUCIIO MOBTOPEHUM IIUKJIA U3BECTHO 3apaHee Win



MOKET OBITH BBIYHCIICHO.

Boipaxenue 1 BBINOMHAETCS TOJABKO OAWH pa3 B Havaye nukiaa. OOBIYHO OHO OMpesenseT
HayaJIbHOE 3HAUCHME MapamMeTpa IuKIa (MHUIHAIU3UPYET napameTp 1ukia). Beipaxenue 2
— DJTO YCJIOBHUE BBINOJHEHUS] LHKIA. BeipakeHne 3 OOBIUHO OMNpeNeNseT U3MEHEHUE
napaMeTrpa IuKiIa. BJIOK WMHCTPYKUMM — TeNno IMKIA, TO €CTh HHCTPYKIHMH, KOTOpHIE
JTOJKHBI BBITIOJTHATHCS 33JJaHHOE KOJMYECTBO Pas..

BhIpa/keHHe 1

le

ONoK |
.. P—{BBIpaKCHIIC 3
HHCTPYKLTT

BLIpaKeITie 2
HCTHHA?

O6paTI/ITC BHUMAHHC Ha TO, YTO IIOCJIC BBIYHCJICHUS BBIPAXKCHUA 3 MPOUCXOAUT BO3BpPAT K
BBIYHCJICHUIO BBIPAKCHUA 2— IMPOBCPKEC YCJIOBUA ITOBTOPCHUA TUKIIA.

l[um C napamempamu 1HAYC HA3BIBACTCS KAK YUK 07151 KAxc0020.
EcTtb cienuanbHBIN 2JIEMEHT 0JI0K-CXEM JJIs1 CHCTHBIX ITUKJIIOB.

Moaroroska CHETHBIE UMK
AssicTeamn

C ucroyib30BaHHEM CIICIIMAJIBHOI'O 3JICMCHTA AJITOPUTM UUKI1IA 07151 Kaxc0020 BBITJIAAUT TakK:
|
_ Y
BBIX 07
03 = ‘\h\ Mep=H3,K3,Illar =

KA -
¥

TeT0 OHE. T

ITep. - nepeMerHan (mapaMeTp)

H3 - HEadaIpHOe 3HAYeHHE DapaMeTpa

K3 - koHedHOe 3HAa9eHHEe IapaMeTpa

Ilar - Be.MYHHEA HIMEHEHIHA napaMeTpa moc.1e KaxIoro
EBINOTHEHNA Te A OINETA.

Teno Hukia BBINOJHSETCS CTOJBKO Pa3, CKOJBKO pa3HbIX 3HAYCHHM MPUMET MapameTp B
3a/IaHHBIX TIpeAenax.

Bo3MoOXHBI ciydad, KOrja BHYTPM Tella LUKJIA HEOOXOAUMO TMOBTOPATH HEKOTOPYIO
MOCJIEA0BATENLHOCTh OMEPATOPOB, T. €. OPraHU30BaTh BHYTPEHHUI IUKI. Takas CTpyKTypa
MOJIYYHJIa Ha3BaHWCIHUKIIA B IIMKJIE WIA BJI0KEHHBIX HUKJIOB. [ TyOnHA BIOKEHHS ITUKIIOB
(TO €CcTh KOJIMUECTBO BJIOKEHHBIX APYT B APYra IUKIOB) MOKET ObITh Pa3IuYHOM.

[Ipu ucnosib30BaHUM TAKOM CTPYKTYPHI JJis IKOHOMUU MAIIMHHOIO BPEMEHH HEOOXOIMMO
BBIHOCUTh M3 BHYTPEHHErO IMKJa BO BHEIIHWII BCE ONEPATOpPbI, KOTOPhIE HE 3aBUCST OT
rnapaMeTpa BHYTPEHHETO IUKJIA.

Hamnpumep, 3an10JIHUTh MaTPUILy U3 5 CTPOK U 3 CTOJIOIOB €AMHUIIAMH.



4. llpumep

JlaH 1ByMEpHBIN MacCuB. BBIBECTH HA 3KpaH CTPOKU ¢ MAKCUMAJIbHOW U MUHUMAJIbHOU

CYMMOfI, a TaK)XKC MHJACKCHI OTUX CTPOK.

BBOJ
MAacCHBA
a[n][m]

v

min=0 snum=0
max=0 smax=0

i=0,n1.1 >
r

.
e

g =g+ a[i][j]

- 4

HET

Ia

max =1
smax = 8

HET

ga

nm =1
sSnun = 8

-

5. 3apanue
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1) BeI9UCIINTE CYyMMBI 3JIEMEHTOB CTOJIONOB 3aanHoi MaTpuibl A(N, M).

2) TomcunTath, CKOJIBKO pa3 BCTpeYaeTCs B 3aJaHHOM menounciienHoi marpuie A(N, M)
MAaKCHMAaJIbHOE 110 BEJIMYUHE YHUCIIO.

3) Omnpenenutb, HWMEETCA JU CPeAW DJIEMEHTOB TIJIABHOH JHAroHaIHM 3aJaHHOU
nenounciieHHow maTpuilbl A(N, N) X0Tst ObI OJIUH MOJOKUTEIIbHBIM HEUETHBIN SJIEMEHT.

JlomoJiIHMTEIbHBbIE 3aaHUS
1) TlpoBeputhb, sABIsCTCS JIM 3aaaHHas lenouncicHHas Matpuna A(N, N) "Mmarudyeckum
KBajgpaToM" (3TO 3HAYUT, YTO CYMMBI YHCEI BO BCEX €€ CTpOKax, BCEX CTOJOIAaX U JBYX
JUAroHaIsX OJAMHAKOBBI).
2) JlaHbl CBEICHUS] O KOJUYECTBE 3a0MTHIX TOJOB KKAOr0 (pyTOOIMCTa KOMAH/IBI B KOXKIOM
u3 Matued yemnuoHata. [IpoBeputb, CKOJIBKO B KOMaH/€ €cTh (hyTOOIUCTOB, 3a0MBABIINX
rOJIbl B K&K/I0M Matye.
3) INoacunTaTh KOJMYECTBO PA3IMYHBIX (HE MOBTOPSIOMIMXCS) YUCEI, BCTPEYAIOUIUXCS B
3aganHou 1enounciacHHon matpuiie A(N, M).

IIpakTuuyeckas padora Nel7. IlocTtpoeHue aaropurma npeodpa3oBaHusi IBYMEPHOI 0

MacCuBa 10 3aJaHHOMY 3aKOHY

1. Hean pabdoThbi:
[TomyueHne HaBBIKOB MOCTPOCHUS aJITOPUTMOB IIPeoOpa30BaHUs JBYMEPHOT'O MAaCCHBA.

2. TeMbl U151 IPeIBAPUTEIbHOMH MPOPaAdOTKH
o OO0miee moHsTHE 00 WITOPUTME.
o [IpaBuiia MOCTPOCHUS AITOPUTMOB B BHJIE OJIOK-CXEM.
o IlocTpoeHune OJIOK-CXEMBI AITOPUTMA C UCITOJIB30BAaHUEM BJIOYKEHHOTO ITUKJIA.

3. TeopeTuuecknii MmaTepuasn

Iukn - 370 anropuTMUYecKass KOHCTPYKIMS, B KOTOPOMl B 3aBHCUMOCTH OT YCJIOBUSA
MOBTOPSIETCS. ONPEACIIEHHAS MTOCIEA0BATENBHOCTD AEHCTBUM.

[ukn B anroputMe umeeT ocoboe 3Ha4Y€HHE, T.K. TOJBKO €r0 MCIOJIb30BAaHUE MO3BOJISET C
MOMOIIBIO CPaBHUTEIBHO KOPOTKHUX aJIrOpUTMOB 3alMChIBATh JUTUHHBIE
MOCJIE0BATENIbHOCTH JACHUCTBUM, YTO MO3BOJSET 3HAUYUTEIBHO YMEHBIIUTh CKOPOCTh
BBITIOJIHEHUS IPOTPAMMBI.

ANTOpUTM, NMPEeRyCMAaTPUBAOIINN MHOTOKPATHOE MOBTOPEHUE OJHOIO M TOTO K€ JICHCTBUSA
HaJl HOBBIMU JJAHHBIMU, Ha3bIBAETCS LIUKIUYECKUM.

JIns opraHu3aluy UUKIOB MOKHO HIPUMEHATH YCJIOBHUSA, T.K. LHUKINYECKUA alropuTMm
SIBJISIETCSL YACTHBIM CITy4aeM Pa3BETBIISIIOLIETOCH.

Teno uyuxna - 10 MOBTOPSIOIIASACS TTOCTIEIOBATEILHOCTD NEHUCTBHUH (OJIOK HHCTPYKIIUM).
[ukn Ha3bIBaeTCs apugmemuyeckum, eCiivi YUCIO MOBTOPEHUM 1IMKIIA U3BECTHO 3apaHee
WJIU MOXKET OBITh BBIUUCIIEHO.

[ukn Ha3piBaeTCs apuMETUYECKUM, €CJIA YUCIIO TIOBTOPSHUH ITUKIIA U3BECTHO 3apaHee WITN
MOXET OBITh BBIUUCIICHO.

Boipaxenue 1 BBINOMHSAETCS TOJABKO OJMH pa3 B Havasie 1uKJIa. OOBIYHO OHO OMpPEAeIsieT
HavyaJIbHOE 3HAYCHME MapameTpa uKIa (MHUIHAIU3UPYeT napameTp 1ukia). Boeipaxenue 2
— D3TO YCJIOBHUE BBINOJHEHUS] LHKIA. BeipakeHne 3 0OBIUHO OIpeaeisieT H3MEHEHUe
napaMeTrpa UMKiIa. BJIOK MHCTPYKUMM — TeNo IMKIA, TO €CTh WHCTPYKIHH, KOTOpBIE
JIOJIKHBI BBITIOJIHATHCS 33JJaHHOE KOJIMYECTBO Pas..



BhIpaskeHHe 1

le

S \
.. P=—{BBIPAKECHIIC 3
HHCTPYKLII

pLIpaKeIrie 2
HCTHHA?

O6paTI/ITe BHUMAHHC HA TO, YTO ITOCJIC BLIYUCIICHWA BLIPAXKCHHA 3 MMPpOUCXOAUT BO3BPAT K
BBIYMCJICHUIO BBIPAXKCHUA 2— ITPOBCPKE YCIOBHA ITOBTOPCHUA LUKIIA.

lllll(']l C napamempamu 1HAYC HA3BIBACTCS KAK UUKIL 07151 KAxc0020.
Ectb cnienuanbHBIN AJIEMEHT OJI0K-CXEM JJIs1 CHCTHBIX INUKJIIOB.

MoaroToska CHETHHE UMK H
DmicTavA

C ncnonap30BaHUEM CIICIIMAJIBHOI'O 3JICMCHTA AJITOPUTM UUKI1IA 07151 Kaxc0020 BBITJIAAUT TaK:
|

Y

BLIX 0
H3 - ~  Mep=H3, K3, Illar —=4—
IHE.Ta H _
¥
Te 10 mHEKR

IMep. - mepemennan (DapaMeTp)

H3 - sa4a;1eHOE 3JHA9eHHE A PaMETPa

K3 - koHedHOe 3Ha9eHHE DapaMeTpa

lar - ge. MU EA HIMeHeHIA oapadMeTrpa moc.1e KXsJoro
BEITIO.THeHNH Te. 1A IHKIa.

Teno nuKIIa BEITOIHSAETCS CTOJIBKO Pa3, CKOJIBKO Pa3HbIX 3HAYCHUN IIPUMET IMapameTp B
3aJJaHHBIX IIpeeax.

Bo3MoxHBI ciydad, KOorja BHYTPU Tejla LHMKIA HEOOXOAMMO MOBTOPSITH HEKOTOPYIO
MIOCJIEIOBATENBHOCTh OIEPATOPOB, T. €. OPraHU30BaTh BHYTPEHHUM LMKJI. Takas CTpyKTypa
MOJIyYrJia Ha3BaHWE HMKJIA B IHMKJE WIH BJIOKEHHBIX HMKJIOB. [yOmHa BiIOXKEHUS
IIUKIIOB (TO €CTh KOJIMYECTBO BIOKEHHBIX APYT B IPyTra IUKIOB) MOXKET OBITh PA3TUYHOM.
[Tpu WcroNBb30BaHUM TAKOW CTPYKTYPHI JJIsl SKOHOMHUHU MAIIMHHOTO BPEMEHU HEOOXOIMMO
BBIHOCUTh M3 BHYTPECHHETO LMKJIAa BO BHEUIHHUW BCE OIEPATOPBI, KOTOPHIE HE 3aBUCAT OT
rapamMeTpa BHYTPEHHEr O LUKIIA.

Hanpumep, 3an10JIHUTh MAaTPUILy U3 5 CTPOK U 3 CTOJIOLOB €IMHULIAMH.



4. llpumep
OTpa3uTh 3aJaHHBIA JBYMEPHBIH MAacCMB C pPAaBHBIM YHCIOM CTPOK M CTOJIOIOB
OTHOCHUTEJIBHO TOOOYHOM TUaroHaH.

11110 22220
11102 22201
11022 =>22011
1022220111
0222201111

BEO]J
MACCHBA
/ 1[11][111] /
4>< 1=0,n-1,1 >
1=0,n-1,1 >;

) —< 1=0,m-1, 1}
HeT

/ a[1]i7] /
a[i]j}Fa[n-1-1][m-1+]
a[n-1-1][m-1-j]=pr

¢

pr=a[i][j]

5. 3apanune



1) HaiiTi HanGONBIIMI 1 HANMEHBIIHN JIEMEHTHI IIPSMOYTOJILHOW MATPUIIBI U TIOMEHSITh UX
MECTAMM.

2) Jana neiicTBUTeIbHAS KBajJpaTHas Marpuia nopsaka n. [IpeoOpa3oBaTh MaTpHIly IO
CIIelyIOLIEMY MPaBUIIy: CTPOKY C HOMEPOM N C/ENIaTh CTOJIOLOM ¢ HOMEPOM h, a cTonler ¢
HOMEPOM N — CTPOKOM C HOMEPOM N.

3) Ilycte nana nedcTBUTENbHAs Marpuia pasMepom a X b. TpeOyercs mpeoOpa3oBaTh
MaTpHIly CIEAYIOIUM 00pa3oM: MO3JIEMEHTHO BBIYECTh MOCIEAHIO CTPOKY U3 BCEX CTPOK,
KPOME IIOCJIEHEN.

JlomoJIHMTEIbHBbIE 3aaHUS
CrenepupoBaTh U BbIBECTH Ha 3KpaH maccuB 10x10 u3 enunun u aBoek. Onpenenuts u
BBIBECTH MacCuB B kak 01HO U3 T€OMETPpUUECKUX Mpeo0pa3oBaHui MaccuBa A:

a) pa3BopoT Ha 90 IpaaycoB () 4acoBOU CTpEJKE;
0) Pa3BOpPOT Ha 90 rpaaycoB MPOTHUB 4acoBOU CTPEJIKU;
B) pa3BopoT Ha 180 rpaaycos;

r) 3epKajJbHOe OTpakeHHe 1o TOPHU30HTAIIH;

1) 3epKaJIbHOE OTpaKEHUE 10 BEPTUKAJIH;
€) 3epKaJIbHOE OTPaXKEHUE 110 IVIABHON JMArOHAJY;
IIpakTnuyeckas padora Nel8. IlocTpoeHue aJropurMa Uit pelieHUusi peKyppPeHTHBIX

COOTHOILIEHUI (IKOJIOTHYeCcKasi 3a/1a4a).

1. Heab paboThI:
[Tony4yeHune HaBBIKOB TOCTPOCHHUS AJITOPUTMOB JIJIs1 PEILICHUS PEKYPPEHTHBIX COOTHOIIEHUH.

2. TeMbl U151 IPeIBAPUTEIbHOMH MPOPaAdOTKH
o OO0miee moHsTHE 00 AITOPUTME.
o [IIpaBuia mOCTPOCHUS AITOPUTMOB B BHJIC OJIOK-CXEM.
o [IlocTpoeHue OJIOK-CXEMBI AJITOPUTMA C UCITOJIB30BAaHUEM BETBJICHUS, ITUKJIA.

3. TeopeTuuecknii MmaTepuan

B Bex ®uboHay4ym BO3pOXKIECHHUE OBLIO eIe J1aleKo, OJIHAKO HCTOpHs napoBana Wramuu
KpaTKuil MNPOMEKYTOK BPEMEHH, KOTOPBIM BIIOJHE MOKHO OBUIO Ha3BaTh peENETHULINEI
HajaBUTAaromieicsa smoxu Perneccanca.

HaubGonbmuit maTEpEC MpeacTaBisieT s Hac counnenue "Kuura abaka'.

OTa KHUTA TPEJICTABISET COO0M 00BEMHBIN TPY/I, COAEPIKAIIUN MOYTH BCe apuMeTHUIECKHe
1 anreOpanyvecKue CBEICHUS TOTO BPEMEHH U ChITPaBLIMK 3HAYUTEIbHYIO POJb B Pa3BUTUU
MaremMaTuku B 3anagHod EBpone B TEYEHHWH HECKOJIBKUX CIEAYIOIIHNX cTojeTuidl. B
YaCTHOCTH, HWMEHHO [0 JTOM KHHUI€ €BPOINEHIbl TMO3HAKOMWINCH C HWHIYCCKHUMU
("apabckumu'") nudppamu.

CoobOmaemperii B "KHure abaka" wmarepuan IOSCHSICTCS Ha OOJBIIOM YHCIE 3ajad,
COCTaBJISIOIINX 3HAYUTEIBHYIO YAaCTh 3TOI'0 TPAKTA.

Ha ctp. 123-124 nannoii pykonucu, DuOoHauyym MoMecTHs CHEAYIOIIYIO 3ajJadyy o
KpOJIMKaX.

HekTo momectut nmapy KpOJHWKOB B HEKOEM MECTE, OTOPOKEHHOM CO BCEX CTOPOH CTEHOM,
YTOOBI Y3HaTh, CKOJIBKO Map KPOJMKOB POJUTCS MPU 3TOM B TE€UEHHUE T0OJa, €CIU IPUpoJa
KpPOJIMKOB TaKOBa, YTO 4Yepe3 Mecsl] Mmapa KPOJIMKOB MPOU3BOJUT HA CBET APYIYyIO mapy, a
POXKIAIOT KPOJIUKHU CO BTOPOTO MECAILIA ITOCIIE CBOETO POKICHHUS.



SIcHO, 4TO €clM CUMTATh MEPBYIO MApPy KPOJIHMKOB HOBOPOXKIACHHBIMU, TO HA BTOPOM MeECSII
MbI OyieM MO MpeXHEMY UMETh OJIHY mapy; Ha 3-ii mecsii — 1 + 1 =2; Ha4-1—2+ 1 =3
napsl (100 U3 ABYX UMEIOLIMXCS ap MOTOMCTBO AAeT JIMIIb OAHA Napa); Ha 5-i mecs — 3 +
2 =5 nmap (nuib 2 poauBivecs Ha 3-i Mecsll mapbl JaayT MOTOMCTBO Ha 5-i Mecsll); Ha 6-i
Mecal — 5 + 3 = 8 map (M00 MOTOMCTBO JAyT TOJIBKO T€ Mapbl, KOTOPbIE POJWINCH HA 4-M
Mmecdane) u T. A. T.o., ecnu 0003HAYUTh YKUCIO Map KPOJIMKOB, UMEIOLIMXCSA HA N-M MeECSIe
yepe3 Fk , To F1=1,F2=1,F3=2,F4=3,F5=5F6=8,F7 =13, F8 =21 u . a., npuuem
o0pa3zoBaHue ATUX YHUCEN peryiaupyercs o0mum 3akonoM: Fn = Fn — 1 + Fn — 2 pu Bcex n >
2, BeIb 4YMCIIO Nap KPOJUKOB Ha n-M Mecsle paBHO uyuciay Fn — 1 map KpojaukoB Ha
MPEALIECTBYIONIEM MECALE IUIIOC YUCIO BHOBb POJMBIIUXCS Map, KOTOPOE COBIANAET C
yuciaoM Fn — 2 map KpoJIMKOB, poauBIIMXCS Ha (n — 2)-M mecsue (100 JIMIIb 3TH Mapbl
KPOJIMKOB JIalOT IOTOMCTBO).

Pemenue 3amaun

Mecsupr | 1 2 3 4 5 6 7 8 9
[Tapsr 1 1 2 3 5 8 13 21 34

KpPOJIMKOB

@paHIy3cKUi MaTeMaTuK JIroka BIiepBbIe HAa3BaJl YUCIOBYIO IIOCIEA0BATEILHOCTD
1,1,2,3,5,8, 13...

yuciamu GuboHauyun

U OTKPBLT HE MeHee (QyHIaMEHTAIbHYIO MOCIIE10BaTEIbHOCTh

2,1,3,4,7,11...,

KOTOpas TO’KE CBsI3aHa ¢ 30J0TOM nponopuueil. OTHOLIEHUE coceqHUX uncen JIroka o mepe
yAaJIEHHs OT Hadajla IOCIeA0BATEIbHOCTH B IIPEJEIIE CTPEMUTCSA K 3010TOM P OMOPLUH.

[TocnenoBarensHocTH uncen ®udonauun F(n) =1, 1, 2, 3, 5, 8, 13,... u uncen Jlroka: L(n) =
2,1,3,4,7, 11,... yueHble BCe Hallle BCTPEUYAIOT BO MHOTUX SBJICHUSIX OKPYKAIOIIETO MHUPA.

PekyppeHTHbIMU  HA3bBIBAIOTCA  COOTHOIIEHHUS, B  KOTOPHIX  OYEPEIHONW  4ieH
MOCIIEJIOBATEIBHOCTH BBIPAKEH Yepe3 OJIMH WUIU HECKOJBKO MPEABIAYIUX. (OT JATHHCKOTO
"recurrere” — Bo3Bpamarscs'").

[Tpumep:
(bopMyIIBI 11 HAXOXKIEHUS N-TO DJIEMEHTA
ar=6,a=aij1+3 6,9, 12, 15, 18, 21, 24, 27, 31

ai=1,a=ai1+10 1,11, 21, 31, 41, 51, 61, 71,81
ai=3,a=aij1*2-1 59 17, 33, 65, 129, 257, 513

4. TIlpumep
IKOJOI'MYECKASA 3AJJAYA

B pe3ynbraTe cOpoca MpOMBIIUIEHHBIX CTOKOB BO3POC YPOBEHbB 3arpsi3HeHus: peku. Kakum
OH OyJIeT uepe3 CYTKH, ABOE U T.J. M KOT/1a YPOBEHb 3arpsi3HEHUS] CTAHET JOMYCTUMbBIM, €CIIU

HN3BCCTHO, YTO 3a CYTKH OH YMCHBIIACTCA B OIIPCACICHHOC KOJINYCCTBO pa3?

O0o03HaUNM:



Co — HayanbHas KOHLIEHTPALMS BPEIHON IPUMECH.
Cion — IPEIETBHO AOMYCTUMAs KOHLIEHTPALUS BPEIHON IPUMECH.
K — ko3¢ punrieHT cyTOUHOTO YMEHBIIEHHSI KOHIEHTPALlMU BPEIHOTO BEIIECTBA.

BemectBo | Co (Mr/m) Cyon (Mr/m) | K

CBuHeI| 5 0.03 1.12
MEIIBIK 1.5 0.05 1.05
dTop 0.2 0.05 1.01

MaremaTtrueckast OpMYIHPOBKA 3a/1a4H:
Ci=GCo/K

Co=C1/K=Co/K?
C3=C2/K=C1/K3

Ch=Ch1/ K=Co/ K" mim
Ch=GCo/K" WIN

Cn = Cn-1 / K

AHanuzupyeMm TOCIEeAHIO (DOPMYIy — COCTOSHUE 3arpsi3HEHUS PEKU B TEKYIIUH JeHb
3aBUCUT OT COCTOSIHMSI 3arpsi3HEHUS] B MPEABbIAYIIUMNA JAE€Hb, T.€. MMEEM PEKYPPEHTHOE
COOTHOUIEHUE.

Jlnst co3manust airopuT™Ma peCcTaBUM PeKyppPeHTHYIO0 GopMysTy B BUJIE:

c=cpred / k.

O603HaUMM TIpeJeIbHO JONMYCTUMOE 3HAYeHHWE KOHIICHTpAIlMU BpeaHOW mpumecHu cdop,
HavyabHOE 3HaueHHe KoHIeHTparuu c¢0 , K03 OUIMEHT YMEHBIIICHUS 3arPsI3HCHUS B CYTKH

K, | — 4nciao cyToK.
brnok-cxema pemenus 3amaquun

Ha4van

A 4

Beopg c0 cdop

A 4

cpred=c0 i=1

He

c=cpred / k
BbiBog

cpred=c i=i+1
|




5. 3axanue

N3MEHUTH alrOPUTM TakK, YTOOBI pacyeT MPOU3BOJMIICS C MOMOIIBIO TPEX BHUJIOB IIUKIIOB (C
napamMeTpoM, C TMPEAYCIOBHEM, C IIOCTYCJIOBHEM), a JIaHHBIE MOTJIM BBOJHTHCS
I10JI630BaTEIIEM.

N3mMeHuTh anroputM Tak, 4TOOBI MOJTB30BATEh MOT TIOJIYYUTh WH(POPMAILINIO B CIAEAYIOITUX
CIIyJasix:

1. HepanuBblii XO3SMCTBEHHUK HE UMEET OYMCTHBIX COOpYKeHUM. MI3BECTHO, UTO KOMHUCCHS
0 TIPOBEpPKE YpPOBHsS 3arpsi3HeHHs Bojbl mnpuener uepe3 10 nueit. Kakoit crenmeHu
3arpsi3HEHUS] OH MOXKET CJieaTh BEIOpOC?

2. Hauymnas c¢ 10-ro 1OHA NOpUMEHEH CHEUUAIbHBIM COCTaB, CHIDKAIONIMN YpOBEHb
3arpsizHeHust. [locrme mpuMeHeHus ATOro coctaBa KOI(DQPUIMEHT CYTOYHOTO CHHXKEHHS
3arpsi3HeHus mo cBuHIY 1.35, mo Mmpeimbsaky 1.25, mo ¢ropy 1.3

JlonosiHuTEIbHBIE 3aJaHUS
3agaH JUHEWHBIA MaccuB W3 N 3jeMeHTOB. COCTaBbTE aJIrOPUTM JJIsl PEUICHUS 3a7ayu,
MPEJIBAPUTEITHLHO COCTABUB PEKYPPEHTHOE COOTHOIIICHHUE.

1. Halitu cymmy, cllaraéMbIMU KOTOPOH SIBJISIFOTCS TOMApHbIE MPOU3BEIACHUS COCEIHUX
AJIEMEHTOB MacCuBa. (MEPBBIN-BTOPON, TPETUU-UYETBEPTHIN..., €CIM B MAaCCHUBE HEYETHOE
KOJIMYECTBO JJIEMEHTOB, TO CUMTAEM, YTO ITOCIEAHHUM 3JIEMEHT MACCHMBA YMHOXAETCs Ha
EJIMHHULLY ).

2. Haiitu cymmy, cimaraeMbIMH KOTOPOW SIBIISFOTCSI TONApHBIE TMPOW3BEICHUS COCEIHUX
AJIEMEHTOB MaccuBa. (IEPBBINA-BTOPOil, BTOPOU-TPETHUH...).

3. Haiitu cymmy, ciiaraeMbIMU KOTOPOH SIBIISIFOTCS TIPOU3BEACHUS TPEX COCETHUX IEMEHTOB
MaccuBa. (IEPBBIN-BTOPOU-TPETUNA, BTOPOU-TPETUI-UETBEPTHIN. . ).

4. HaiiTu MakcUMallbHO€ 3HAYEHUE CPEIM MOMAapPHbIX MPOU3BEACHUN COCEIHUX AJIEMEHTOB
MaccuBa. (IEPBBII-BTOPOIA, BTOPON-TPETHIL...).

5. HailTu MakcuManbHOE 3HAYEHUE CpEAU MPOU3BEACHUN TpEeX COCEIHHUX 3JIEMEHTOB
MaccuBa. (IEPBBIN-BTOPOU-TPETUNA, BTOPOU-TPETUI-UETBEPTHIN. . ).

6. HaifTi MmakcuManbHOE 3HAYCHUE CPEIM MUHUMAIBLHBIX U3 JIBYX COCETHUX DJIEMEHTOB
MaccuBa. (IEPBBIIA-BTOPOIA, BTOPON-TPETHIL...).

/. HaliTu MUHUMAaNbHOE 3HAYEHUE CPEAN MAKCUMAJIBHBIX U3 TPEX COCETHUX AIIEMEHTOB
MaccuBa. (IEPBBIN-BTOPONU-TPETUNA, BTOPOU-TPETUIN-UETBEPTHIN. . ).

8. Haiitn MuHUMaIbHOE 3HAYCHHUE CPEN MAKCUMAIBHBIX 1 MaKCUMAJIBHOE 3HAYCHUE CPEIH
MUHUMAJIBHBIX U3 K COCETHUX IJICMEHTOB MacCHBA.



IIpakTuyeckas padora Nel9. Onpeaesienne CJI0KHOCTH AJITOPUTMOB 00padOTKHU
LHMKJI0B, BJI0KCHHBIX LIUKJIO0B.

1. Ieapb padoThI:
[TonyyeHre HaABBIKOB ONPEEIECHUS CII0KHOCTH aJrOPUTMOB 00pabOTKH LIUKIIOB.

2. Tembl )11 IpeABApUTEIbHOI NPOPAdOTKH
o OOwee noHsATHE 00 ANTOPUTME.
o Cnoco0sbl 3aMCH AITOPUTMOB.

3. TeopeTuyeckuii MaTepuaJl

CI10KHOCTB BBIYMCIIEHUI

YTO TaKoe CI0XKHOCTb BBIYUCICHUN?

IleHTpanpHas 3a1a4a TEOPUU AITOPUTMOB — BBIACHUTH, CYIIECTBYET JIM AJITOPUTM PEIICHUS
TOM WIM WMHOW 3anaud. Eciny na, TO BO3HHKAeT CIEAYIOIIMM BOIPOC: a4 MOXKHO JIM UM
BOCITIOJIb30BAaThCSl HA MPAKTUKE, NPU COBPEMEHHOM YPOBHE pa3BUTHS BBIYUCIUTEIBHOMN
TexHuku? To ecTb cocoOeH UM KOMMBIOTEP 3a MPUEMIIEMOE BpeMs MOJYYUTh pe3yJbTaT?
Hanpumep, B urpe B maxmaTbl BO3MOXKHO JIMIIb KOHEYHOE KOJIMYECTBO MO3UUUNA U, 3HAYUT,
TOJIBKO KOHEYHOE KOJIMYECTBO PA3JUYHBIX MapTUi. 3HAYUT, TEOPETUYECKU MOMKHO
nepeOpaTh BCE BO3MOXHBIC MAPTUU U BBISICHUTH, KTO MOOEKAAET MPU NMPABUIBHONW UTpe —
6enpie WK yepHble. OAHAKO KOJIUYECTBO BAPUAHTOB HACTOJIBKO BEJIHMKO, YTO COBPEMEHHBIE
KOMIIBIOTEPHI HE MOT'YT BBIIIOJIHUTh TaKOM mepedop 3a mpuemMiaeMoe BpeMmsl.

Yro MBI XO0TUM OT anroputMa? Bo-mepBbiX, 4T0OBI OH padoTanm Kak MOXKHO ObIcTpee. Bo-
BTOPBIX, YTOOBI

00beM HEOOXOIMMOW MaMATH ObUT KaK MOXKHO MeEHbIe. B-TpeTbux, 4ToOBI OH OBLI Kak
MOXXKHO 0o0Jjiee TPOCT W TOHATEH, YTO IIO3BOJIICT JIerdye OTIaKMBaTh Iporpammy. K
COJKaJICHUIO, 3T TPEOOBAaHMS NPOTUBOPCYMBBEI, M B CEPHE3HBIX 3aJadyaxX PEIAKO yAacTCs
HAWTH aJICOPUTM, KOTOPBI OBLT OBI JIy4Ille OCTAIBHBIX 10 BCEM ITOKA3aTeIISIM.

YacTo TOBOpPAT O  8pemeHHou  crodxcHocmu — anroputMma  (OBICTPOJECUCTBUM) W
NPOCMPAHCMBEHHOU CILOXCHOCMU, KOTOPas OTMpeesieTcs: 00beMOM HEOOXOIUMON MaMSTH.
[lockonbKy mMaMsATh TIOCTOSIHHO JICIIEBEET, a OBICTPOJCHCTBHE KOMIIBIOTEPOB PaCTET
MEJJICHHO, MbI OyJIeM pacCMaTpUBaTh TJIaBHBIM 00pa3oM BPEMEHHYIO CIIOKHOCTh — BpeMs
BBHITIOJTHEHUS TPOTPAMMBI, pabOTAaIOIIEH 10 JAHHOMY aJITrOpPUTMY.

B o6miem citydae, roBops 0 CI0KHOCTH aJITOPUTMA, HY)KHO YTOYHHUTH, O KAKOM HCITOJIHUTENE
UJET peub, KaKhe 3JIEMEHTapHbI€ ONepalru Mbl HCHoJib3yeM. Kak mpaBuiio, 3T0 OJUH U3
YHUBEPCAJIbHBIX HCIOJHUTENEH (BO MHOTIMX Ciy4dasX YHUBEPCAIbHBIM HCIOJIHUTEIEM
MOXHO CUWTaTh KOMIIbIOTEP). BpemeHnem paboThl anropuTMa Ha3bIBAETCS KOJIMYECTBO
BBITIOJIHEHHBIX WM JJIEMEHTapHbIX omnepanui T. Takoll moaxox mNO3BOJSET OLEHUBATH
MMEHHO KauyeCTBO aJIrOpUTMa, a HE CBOWCTBA WCIOJIHUTENS (HAmpuMmep, ObICTPOACHCTBUE
KOMITBIOTEPA, Ha KOTOPOM BBITIOJIHSIETCSL JITOPUTM).

Kak npaBuio, BenuunHa T OylneT CYHIECTBEHHO 3aBUCETh OT 00beMa MCXOJHBIX JAHHBIX:
MOMCK B criiucke u3 10 3jeMeHTOB 3aBepIIUTCs ropasno ObicTpee, yem B criucke u3 10 000
sneMeHTOB. [l03TOMY CIOKHOCTH aJIrOpuTMa OOBIYHO CBSI3BIBAIOT C Pa3MEPOM BXOJHBIX
JaHHBIX N W ompexaensorT kak ¢yHkuio T(N). Hanpumep, mins anroputMoB 00pabOTKH
MAacCCHBOB B Ka4eCTBE pa3Mepa N UCTOIb3YIOT JUTHHY MaccuBa. DyHkius T(N) Ha3bIBaeTCs



6p€M€HHOZZ CJIOJICHOCMbIO djlieopumma.

ITpumepsl

PaccmoTpum airopuTMBbI BRIMOJHEHUS PA3IUYHBIX ONepaluii ¢ MacCuBOM A JJIMHBI N,
KOTOPBIM MOKET ObITh OOBSIBJICH B MPOTPaMME Ha aliTOPUTMHUECKOM SI3BIKE KaK

e A[l:n]

ITpumep 1. BeraucauTs CyMMy MEPBBIX TPEX 3JEMEHTOB MaccuBa (ipu N > 3).

Pemenne »To# 3amaun cCOEPIKUT BCETO OJIMH OIEPaTop:

S:=A[1] + A[2] + A[3]

DTOT aJITOPUTM BKIIFOYAET JIBE ONICPAIMH CIIOKCHHSI M OJHY OTICPAIINIO 3aITUCH 3HAYCHHS B
aMsTh, TIO3TOMY €0 CIOXKHOCTB T(N) = 3 He 3aBHCHUT OT pa3Mepa MacCHuBa BOOOIIIE.

IIpumep 2. BeryucnuTh CyMMy BCEX DJIEMEHTOB MACCHUBA.

B at10ii 3a1aue yxe He 000UTHCH 6€3 UKIIA:

S:=A[1]

HU g i oT 2 10 N

S:=S+A][i]

KIY

3/1ech BbINOJIHIETCA N — 1 onepanuii CJI0KeHUs U N onepaluii 3aucy B aMsTh4, TOATOMY
€ro CIIOKHOCTH T(N) = 2N — 1 Bo3pacTaeT JIMHEHHO ¢ yBEIMYCHUEM JIJTMHBI MacCHBas.
IIpumep 3. OTCOpTUPOBATH BCE DIIEMEHTHI MacCHBa MO0 BO3PACTAHUIO METOJIOM BBIOOpA.
HanmomuuM, 4to MeTo1 BeIOOpa IpeanoiaraeT moucK Ha KaXKJ0M I11are MUHUMaJIbHOTO U3
OCTABINUXCS HEYMOPAAOYCHHBIX 3HaUCHUH (31eCh I, J, NMIN 1 C — 1eJI04YHCICHHbIC
nepeMeHHBIC):

Hi xiagaior 1 xo n-1

nMin:=i;

HIULIA j oT i+1 10 n

ecau Afi] < A[nMin] To nMin:=i Bce

KII

ecsaim NMin <> i 1o

c:= A[i]; Ali]:= A[nMin]; A[nMin]:=c

BCe

KII

[TopcuntaeM OTAEIBHO KOJMYECTBO CPABHEHUM U KOJIMYECTBO MepecTaHOBOK. KonnuecTBo
CpPaBHEHUU HE 3aBUCHUT OT JAHHBIX U ONPEAEISAETCS YUCIOM IIaroB BHYTPEHHETO IIUKJIA:

nn-1) 1, 1
7 20 g2

Tm=m-1)+(n-2}+..+2+1=

Uucno mepecTaHOBOK 3aBUCHUT OT JaHHBIX. Hampumep, eciam mMaccuB yXe OTCOPTHPOBAH B
HY’)KHOM TIOpSJIKE, TIEPECTaHOBOK He OymeT BooOmie. B Xyamiem ciydae Ha KaKIOM Iare
OCHOBHOTO ITUKJIA TIPOUCXOIHT MEPECTaHOBKA, Bcero ux oyner Tp(n) =n—1.

Uto Takoe aCUMNTOTUYECKAS CIIOKHOCTD?
JlonmycThM, 4TO HYKHO BbIOpaTh MEXKIYy HECKOJIBKHUMHU aIrOpUTMaMH, KOTOPBIE HMEIOT
pa3Hy1o ciokHOCTh. Kakol u3 Hux nydiie (padotaet ObicTpee)? Oka3bIBaeTCs, JJIs1 3TOTO



HE0OXOIMMO 3HATh pa3Mep MAcCHBAa JAHHBIX, KOTOPBIE HYKHO 00padateiBaTh. CpaBHUM,
HaIpUMep, TPH aAJITOPUTMA, CIOKHOCTH KoTophix T1(N) =10000 - n, T2(n) =100 - n2 u
T3(n)

=n3.

[ToctpouM >TH 3aBUcUMOCTH Ha rpaduke (cM. puc. 15). Ipun < 100 moyaaemT3(n) <T2(n)
<T1(n),

npu N = 100 KoaM4ecTBO onepaiuii Jjsl BCEX TPEX allrOPUTMOB COBIAAAET, a MPU OOJIBIINX
n umeem T3(n) >T2(n) >T1(n).

7 A '

o |

0 100
OOBIYHO B TEOPETUYCCKOH WH(POPMATHKE NMPU CPABHCHHH aJTOPUTMOB HCIIOJIB3YETCS UX
ACUMNMOMUYECKAsL CLONCHOCMb, TO €CTh CKOPOCTh POCTa KOJMYECTBA ONEpaluil IMpH
oonpmux 3HaueHusx N. [lpu atom 3amuce O(N) (uuraercsa “O Oosbimoe oT N”) 0003HAYAET,
4T0, HAUMHAs C HEKOTOPOTo 3HaueHUs N = N0, KOJUIECTBO OIEparuii OrpaHUICHO QYHKITHCH
C - N, rae C — HekoTopas kKoHcTaHta: T(N) < ¢ - n mmsa n > n0.

Takue anropuTMbl UMEIOT JUHEUHYIO CIOHNCHOCMb, TO €CTh NpPHU YBEITUYCHUH pa3zMepa
naHHbIX B 10 pa3 00beM BBIYMCIICHUN YBETUYUBAETCS TOKE MpuMepHo B 10 pas.

[Tycts, Hanpumep, T(N) = 2n — 1, KaK B aIrOpuTME MOUCKA CYMMBI DJIEMCHTOB MAacCHBa.
OueBuaHo, uTo mpH 3ToM T(N) < 2N mas BceX N > 1, MOITOMY aJIrOPUTM HUMEET JTUHCHHYIO
CJIOHOCTb.

MHorue u3BeCTHBIC aJITOPUTMBI HMCIOT K8adpamuunyto ciodxchocms O(N2). ITo 3HAYUT, YTO
CJIOKHOCTH aJITOPUTMa orpaHndeHa ¢pyHkiuei ¢ - n2: T(n) < c - n2 mamsa n > n0.

IIpu sTOM ecnam pa3mep NaHHbIX yBenuuuBaeTcs B 10 pa3, TO KOJIWYECTBO omnepanuil (u
BpeMsl BBINIOJHEHUs) yBenuuuBaercs npumepHo B 100 pa3. Ilpumep Takoro aaropurma —
COpPTUPOBKA METOJIOM IPSIMOTO BBIOOPA, JJIsl KOTOPOM YUCIIO CPaBHEHUN

AnroputM  mMeeT acuMnToTHYeckylw ciaoxkHocth O(f(n)), ecnm HailigeTcs Takas
MOCTOSTHHAS C, YTO, Ha4YMHAas ¢ HeKoToporo N = N0, BemomHseTcs ycinoBue T(N) < c- f(n).
Oto 3HauuT, 4to Tpaduk ¢yHkmwu C - f(N) mmer Beime, yem rpaduk GyHkmuu T(N), mo
KpaitHe# mepe mipu N > N0 (cm. puc. 16).

Ecim konmuecTBO omnepanuii He 3aBUCUT OT pa3Mepa JaHHBIX, TO TOBOPST, YTO CIIOKHOCTh
anmroputMa O(1), TO €CTh KOJWYECTBO OTEpPAIMA MEHBINE HEKOTOPOW IOCTOSTHHOW TpH
JOOBIX N.

CyIecTByeT TakXe HEMajlo allfOPUTMOB ¢ KyOmuHOU ciiokHOCTHIO, O(N3). Ilpu Gosbmimx
3HAQYEHUSIX N aIropuT™M C KyOMYHOW CJIOKHOCTBhIO TpeOyeT OOJbIIero KOoJu4ecTBa
BBIYMCIICHUM, YeM aJITOPUTM CO ClIOKHOCThI0 O(N2), a TOT, B CBOIO ouepeb, padoTacT



JIOJIBIIE, YEM AITOPUTM C JIMHEWHOM CIIOKHOCTBIO.

| )
! ¢ fln)

1
/

,// I'(n)

-
0 1, n

3ameThTe, YTO NpPH MaJIBIX 3HAYEHUAX N BCEe MOXKET ObITh HA0OOPOT, TO 3aBUCUT OT
MOCTOSIHHOM C ISl KaXKJI0TO U3 aJrOPUTMOB.

N3BecTHBI U AJITOPUTMBI, [ KOTOPBIX KOJIUYECTBO OIMEpaIMil pacTeT ObICTpee, YyeM 00t
nojauHoM, Hanpumep, kak O(2n) wimm O(n!). OHM BCTpewaroTCs dale BCEro B 3ajadax
ONTUMM3AIMHU, KOTOPbIE PEIIAIOTCS TOJIBKO METOAOM MojHOro nepedopa. Camasi u3BecTHas
3ajlaya Takoro TUNA — JTO 3adaya Kommugosdxicepa (OpOASUETro TOProOBIA), KOTOPBIN
JIOJDKEH TIOCETHTh IO OJHOMY pa3y KaXKIblii W3 yKa3aHHBIX TOPOJOB W BEPHYTHCS B
HaYaJIbHYI0 TOYKY. J[Ji1 HEero HYXHO BBIOpaTh ONTUMAJBHBIA MapHIPYT, MPU KOTOPOM
CTOUMOCTD MOE3KU (WM 00IIast AJTMHA yTH) Oy/1eT MUHUMAILHOM.

Eme ogun mpuMep CIIOXKHOM 3alauu, KOTOpas pelraeTcsl TOJBKO MOJTHBIM MepedopoM BCex
BapUAHTOB — 3a0aua 8binoaHuMocmu. JIaHO JOTrHYecKoe BhIpaKeHHEe, KOTOPOE COACPIKHUT
TOJIKO MMEHA JIOTUYECKHUX MEePEeMEHHBIX, CKOOKH, a Takxke onepanuu “1U”, “UJIN” u “HE”.
TpebOyercs ompenenuTh, CyIMIECTBYET JU HAOOp 3HAYCHUH JIOTMYECKUX IMEPEMEHHBIX, MPH
KOTOPOM 3aJJaHHOE BhIPA)KCHUE NCTUHHO.

4. Ilpumep

1). Tlpu cpaBHEHHH PA3IUYHBIX AJITOPUTMOB BAKHO 3HATH, KAK UX CIOYKHOCTH 3aBHCHUT OT
00BEMa BXOAHBIX JaHHBIX. [lomycTuM, mpu COPTUPOBKE OJHUM METOIOM 00pabOTKa THICIYU
grcen 3aHuMaeT | c., a 0bpaborka MumoHa uucen — 10 c., MPU UCTIOIB30BAHUH JIPYTOTO
alNropuTMa MOXET MOTpeOoBaThCA 2 C. U 5 C. COOTBETCTBEHHO. B Takux yCIOBUSX HENb3S
OJIHO3HAYHO CKa3aTh, KAKOW aJrOPUTM JIyYllE.

B o6miem citydae clioKHOCTh alTOpUTMa MOKHO OIIEHUTH MO TIOPSIKY BETUYUHBL. AJITOPUTM
umeet cioxkHocth O(f(n)), ecnu npu yBenM4eHUU pa3MEPHOCTH BXOJIHBIX JTaHHBIX N, BpeMs
BBIMIOJIHEHUSI aJITOpUTMa BO3pacTaeT € TOW ke cKopocThio, uTto W ¢yHkusa f(N).
Paccmotpum koa, xoTopblid st Matpuilbl A[NXN] HaXoAuT MaKCUMaJbHBIM AJEMEHT B
KaXJI0l CTPOKE.

for (i=0; I<N; i++){

max:=A[i,0];

for (j=0; j<N; j++)

It A[i,j]>max max:=A[i,j];

cout<<max;

}

B atom anroputme nepemennas 1 mensiercs ot 0 mo N. Ilpu kaxaoM U3MEHEHUH 1,



nepemeHHas j toxe Mmenserca oT 0 mo N. Bo Bpems xaxzaoid u3 N uTepaiuii BHEUIHETO
LMKJA, BHYTPEHHUW LUK TOXe BbIMoJHsAeTca N pa3. OOliee KOJIMYECTBO HTepauuid
BHYTpeHHero I1ukia paBHO N*N. Dto omnpenenser cioxHOCTh anroputMa O(N72).
OueHuBas MOPSAOK CI0XKHOCTU aIrOpUTMa, HEOOXOAMMO HCIONb30BaTh TOJBKO Ty YacCTh,
KOoTopasi Bo3pactaer OwicTpee Bcero. llpeamonoxkum, 4ro pabouuii LMK OIMUCHIBAETCS
BeIpaxkeHueM N”3+N. B takom ciiydae ero cinoxHocth Oynet paBHa O(N”3). PaccmoTpenue
OBICTPO pacTylie 4YacTu (PYHKUUU TO3BOJIIET OLEHUTh IIOBEJCHHE aJropuT™Ma Mpu
yBenunuennn N. Hanpumep, npu N=100, To pazauna mexay N*3+N=1000100 u N=1000000
paBHa BCETO JINIIb 100, YTO COCTAaBJISIET 0,01%.
[Ipu BbruncneHun O MOXHO HE YYUTHIBATH IOCTOSIHHBIE MHOXHUTEIH B BbIPAKEHUSX.
Anroputm ¢ pabouum marom 3N”3  paccmatpuBaetcs, kak O(N”3). Dto gemaer
3aBucuMocTh oTHomeHust O(N) oT U3MeHeHus pa3Mepa 3a/1auu 0ojee OYeBUIHOM.

2). HanbGomnee CloXKHBIMH YacTSIMH MPOrPaMMbl OOBIYHO SIBJSICTCS BBIMIOJHEHHUE IMKIOB U
BBI30B Mpoleayp. B mpeasiayieM npuMepe BeCh alTOPUTM BBIMOJHEH C MOMOIIBIO JIBYX
ITUKJIOB.

Ecnu onHa mponeaypa BbI3BIBa€T JPYryro, TO HEOOXOAMMO Oo0jee THIATeNIbHO OLEHUTH
CIIO)KHOCTh TocieaHed. Eciu B Hel BBITIONHSAETCS ONMPEACTIEHHOE YHUCIO WHCTPYKIMH
(Hanmpumep, BBIBOJ] HA TIeYaTh), TO Ha OLEHKY CJIOKHOCTH 3TO MPAKTUYECKH He BiuseT. Ecnu
e B BbI3bIBaeMOU nporeaype BoimonasgeTcss O(N) maros, To GYHKITUS MOXKET 3HAYUTECIIBHO
YCIIOKHUTH anroputM. Eciu ske mporieypa BeI3bIBA€TCS BHYTPU IUKIIA, TO BIUSHUE MOXKET
ObITh HamMHOTO Oounbine. B kadecTBe mpuMepa paccMOTpUM JiBe Mporuenypsl: Slow co
CIIOKHOCTBIO O(N”3) u Fast co CII0OKHOCTBIO O(N”2).
void Slow(){

inti,j,k;

for (i=1; i<=N; i++)

for (j=1; j<=N; j++)

for (k=1; k<=N; k++)

//kaKkoe-To nercTBue

¥

voidFast(){

int )
for (i=1; i<=N; i++)

for (j=1; j<=N; j++)

Slow();

¥

voidmain(){

Fast();

¥

Ecnmu BOo BHYTpEeHHHMX NHMKIaxX mporenypsl Fast mpowcxoauT BbI30B mporenypsl Slow, To
CIIOHOCTH TIPOIEAYp TEPEeMHOXKAITCsI. B JaHHOM cilydae CIOXKHOCTh aJropuTMa
COCTaBIISICT O(N”2 )*O(N”3 )=0O(N"5).
Ecnmm e ocHOBHasi mporpaMMa BBI3BIBACT MPOIEAYPHI MO OYEpPEaU, TO HX CIOKHOCTH
cknanpiBaoTcs: O(N*2 JHO(N3 )=O(N"3). Cnenytouuii pparMeHT UMEET UMEHHO TaKYIO
CJI0KHOCTb:

voidSlow(){

inti,j,k;



for (i=1; i<=N; i++)
for (j=1; j<=N; j++)
for (k=1; k<=N; k++)
//KaKoe-TO NECUCTBHUE
}

void Fast(){

inti,j;

for (i=1; i<=N; i++)
for (j=1; j<=N; j++)
//KaKoe-TO NEeUCTBUE
}

voidmain(){

Fast();

Slow();

}

5. 3apanue

O1eHUTE KOJIMYECTBO OMEPAIH IS AJITOPUTMOB:

a) TIOMCKa BCEX JIeTUTENIEH Yuca;

0) HaXOXICHUSI MUHUMAJILHOTO U MAaKCUMAJIBHOTO JIEMEHTOB MAacCHUBA;

B) ONPEIEIICHNS KOJTMYECTBA MTOJIOKUTEIBHBIX JIIEMEHTOB MACCUBA;

I') IPOBEPKH YKCIIA HA TIPOCTOTY.

B kaxxziom cityyae onuiute HaOOp UCTOIB3yEeMbIX dJIEMEHTapHbIX onepanuid. Onpeaenure
ACUMIITOTUYECKYIO CJI0KHOCTh 3THX aJlTOPUTMOB.

JlonoJIHUTeIbHbIE 32 IaHUSA

1. *[Ipennmoxkute anropuT™M, IMO3BOJSIONIMNA HAWTH M BBIBECTH Ha DKPaH T€ CHUMBOJIBI,
KOTOpBIE BCTpPEYAIOTCA B CTpOKe Oojiee ogHOro pasza. OLEHUTE ero acUMMOTOTUYECKYIO
CJI0KHOCTb.

2. *AndaButr s3pIka IUIeMEHH “‘TymOa-tom0a” comepxxut K cummBosoB. Ilpemmoskure
aJITOPUTM MOCTPOEHHS BCEX BO3MOIKHBIX CJIOB 3TOTO SI3bIKAa JJIMHOW N CUMBOJIOB U OIICHUTE

CIro aCUMIITOTHYICCKYIO CIIOKHOCTD.

3. B MaccuBe n menbIx 4HWceNl HAWTH BCE Maphl DJIEMEHTOB, CyMMa KOTOPBIX YE€THA H
c(hOopMHUPOBATH HOBBIM MAaCCUB U3 ITUX CYMM.

4. Berynciaurb CPCAHCC 3HAYCHUC 3JICMCHTOB MACCHUBA U3 N YUCCII.
5. BeraucnuTh MakKCHMAaJIbHOE 3HAYCHHE B MAaCCUBE UHCEIL.

6. B MaccuBe n menBIX YHMCEN HAaWTH BCE TPOWKH AJIEMEHTOB, B KOTOPBIX CyMMa JBYX
3JIEMEHTOB PaBHA TPETHEMY, NOACUUTATH KOJIUYECTBO TAKUX TPOEK.

/. B MaccuBe n 1eJIbIX YUCEI HAWTH BCE 3JIEMEHTHI, paBHbIE KBAJIpaTy APYroro 3JieMEeHTa



MacCHBa U COCTAaBUTh MAaCCUB M3 ATUX DJIEMEHTOB.
IIpakTnuyeckas padora Ne20. OnpeaesieHne CJI0KHOCTH AJITOPUTMOB 00padOTKHU

MaCCHBOB.

1. Ieapb padoThbI:
[Tony4yeHure HaBBIKOB ONMPEEICHUS CII0KHOCTH aJTOPUTMOB JIMHEHHOr0 1 OMHAPHOTO
IIOMCKA B MACCHBE.

2. Tembl i1 IpeABApPUTEIBHOI NPOPAdOTKH
o OOwee noHsATHE 00 AITOPUTME.
« CnocoOsl 3anKcH aaropuTMOB.

3. TeopeTuyeckuii MaTepuaJl

O6mme GpyHKIMH OLEHKH CI0KHOCTH

[lepeuncnuM HEKOTOphIE (HYHKIHMH, KOTOpbIE Yallle BCEr0 MCIOJIb3YIOTCS JIsl BbIUMUCICHUS
cnoxHocTU. DYHKIMY MEPEYUCIICHBI B MOPSIKE BO3PACTAHUS CIIOKHOCTU. YeM BBIIIE B 3TOM
CIIUCKE HAaXOaUTCs QYHKIIHS, TEM ObICTpee OyACT BHIMOIHITLCS alTOPUTM C TAKOW OIICHKOM.
. C — koHCTaHTa

. log(log(N))

. log(N)
. N”C, 0<C<1

N

. N*log(N)

. N~C, C>1

.C"N, C>1

N!

Ecnmu MBI XOTHM OILICHHTH CJIOKHOCTH alTOPUTMA, YPaBHEHUE CIOXXHOCTH KOTOPOTO
COJIEPKUT HECKOJIBKO 3TUX (YHKIMA, TO ypaBHEHHE MOXKHO COKpAaTHTh 10 (DyHKIHH,
pacnonioxkeHHor Huxke B Tabnuie. Hampumep, O(log(N)+N!)=O(N!).

Ecnu anroputM BhI3BIBa€TCA PEAKO W A HEOONBIIUX OOBEMOB JAaHHBIX, TO MPUEMIIEMOMN
MOKHO CUUTATh CIOXKHOCTH O(N”2), eciu ke anropuTM padoTaeT B pealbHOM BPEMEHH, TO
HE Bcerja J0ctatoyHo mpousBoguTeabHocTH O(N).

O6buHO anropuT™Mbl €O ciaokHOCTRIO N*log(N) paboraroT ¢ XOpomieil CKOPOCTBIO.
AJTOpPUTMBI €O CIOKHOCThIO N*C MOYXHO MCIIOIb30BaTh TOJBKO MPHU HEOOIBIINX 3HAUCHUSIX
C. BerunciautenbHasi CJI0KHOCTh aITOPUTMOB, TIOPSAIOK KOTOPBIX OMpenensieTcs GyHKIUIMA
C”N u N! oyeHp Benuka, MO3TOMY TaKHW€ aJTOPUTMbI MOTYT UCIIOIB30BAThCSA TOJIBKO MJIS
00paboTku HEOOIBIIOr0 00bEMa TaHHBIX.

B 3akmiouenne npuBeAéM TaONMIly, KOTOpash MOKa3bIBA€T, KakK JOJII0 KOMIIBIOTED,
OCYLIECTBIISIIONMA MUJUIMOH ONEpaluii B CEKyHAY, OyJeT BBIIOJHATE HEKOTOPHIE
MEJIJIEHHBIE aJITOPUTMBI.

©oO~NOOUAWNR
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4. llpumep

OneHka CIOXKHOCTH aIropuTMa 0 TMOpSAKa SBISETCS BEpXHEH TpaHUIIeH CIOXKHOCTH
anroputMoB. Ecnau mnporpamMmma umMeer OOJIBIION MOPSAOK CIOXHOCTH, 3TO BOBCE HE
O3HAYaeT, YTO aJroOpuTM OyAeT BBINOJHATHCS ACHCTBUTENBHO A0iro. Ha HekoTophix
Habopax JMJaHHBIX BBINOJHEHWE aNTOPUTMA 3aHUMAET HAMHOIO MEHbBIIE BPEMEHH, YEeM
MO’KHO IPENIOJIOKUTh HA OCHOBE MX CJII0)KHOCTH.

Hanpumep, paccMOTpUM KOJI, KOTOPBIN MILET 3aJaHHBIN AJIEMEHT B BEKTOpE A.

int Locate(int data){

inti;

int fl;

fI=0; i=1,

while ((not fl) && (i<=N)){

If (A[i]==data)fl=1,;

else i=i+1,;

¥

if (not fl) i1=0;

returni,

¥

Ecnu ucKOMBIN 3J1EMEHT HAaXOAUTCSA B KOHIE CIMCKA, TO IMTPOrpamMMe NPUAETCSA BBITOIHUTD N
maroB. B TakoMm ciyuae cioxkHocTh anroputma coctaBuT O(N). B aToMm Hauxyauiem ciydae
BpeMsi pabOThI aropuTMa 0yJ1eM MaKCHMAaJIbHBIM.

C npyroil CTOpOHBI, UCKOMBIN AJIEMEHT MOKET HAaXOAUTCA B CIHMCKE Ha MEPBOM IMO3UIIMH.
AnroputMy NpuaETCS CAENaTh BCEro OJAMH wIar. TakoW ciydail Ha3bIBA€TCS HAWIYYIIUM H
€ro CJI0KHOCTh MOKHO OLIEHHUTH, Kak O(1).

O6a >tr cirydas maoBeposiTHBL. Hac OonbIiie Bcero nHTEpecyeT okumaeMblidi BapuaHT. Ecim
AJIEMEHTa CIHCKAa HW3HA4YalbHO OECHOpPSIIOYHO CMEMIAHbI, TO HUCKOMBIA JJIEMEHT MOXKET
OKazaThCsl B JII000M MecTe cnucka. B cpennem notpebyercs caenath N/2 cpaBHEHUM, 4TOObI
HaWTU TpeOyeMbIi 3JeMEHT. 3HAYUT CJIOKHOCTh 3TOr0 aJIfOPUTMa B CPEJIHEM COCTaBIISIET
O(N/2)=0O(N).

B nmaHHOM ciydae cpenHsis W OXHAaeMas CJOXXKHOCTh COBNAIAIOT, HO JJISI MHOTHX



AJTOPUTMOB HAUXYILIUU CIIy4ail CUIBHO OTINYAETCs OT OKUAAEMOTO.

JlaBaiiTe OLIEHUM aJrOPUTM OMHAPHOTO MOMCKA B MaCCUBE - TUXOTOMHIO.
CyThb airopuTma: HJIEM K CEpeuHE MacCHMBa U HIIEM COOTBETCTBUE KJIIOUa 3HAUYCHUIO
cpeauHHOro 3ieMeHTa. Ecnu Ham He yAaeTcs HAWTH COOTBETCTBUS, MBIl CMOTPUM Ha
OTHOCHUTEJIBHBIM pa3Mep KIIt0Ua U 3HAUCHUE CPEIMHHOTO 3JIEMEHTA U 3aTeM IepeMeniaeMcs B
HIDKHIOIO WJIM BEPXHIOI TOJIOBUHY CHHUCKAa. B 3TOW MOJIOBUHE CHOBAa WIEM CEPEIUHY U
OMATh CPAaBHUBAEM C KJIIOUOM. Eciin He moiydaeTcsi, CHOBa J€JIUM Ha MOJIOBUHY TEKYIIHM
WHTEpBAJ.
int search(int low, int high, int key){
int mid, data;
while (low<=high){
mid=(low+high) % 2;
data=a[mid];
if (key==data)
return mid;
else {
if (key < data)

high:=mid-1;
else

low=mid+1;
¥
return -1;
¥
Pemenue:
[lepBast uTepamus HUKIa UMEET JEN0 CO BceM cnuckoM. Kaxknas nocueayromas ntepanus
JEIUT ToNoJIaM pa3Mep nojacnucka. Tak, pazMepaMy CIUCKA JJIs allTOPUTMA SIBJISIFOTCS
n n/2t n/22 n/23 n/2% ... n/2™
B KOHIIe KOHIIOB Oy/IeT TaKkoe 1iejioe m, uto 1/2M<2 uam n<2m*!
Tak xkak m - 3TO IepBOE TEeNI0e, I KOTOporo n/2M<2, To JOHKHO OBITH BEPHO
n/2M1>=2 pmu 2M=<n
U3 sroro cienyet, 4To
2m=<n<2m+1
Bosbpmem norapudm kaxaoii 4acTH HEPABEHCTBA U MOJTYyUUM
m=<logan=x<m+1
3HaueHre m - 3TO HaHOOJIBIIIEE 1IETT0e, KOTOPOe =<X.
Uraxk, O(logzn).
OOBIuHO pemraecMasi 3a/ada UMEET eCTECTBEHHBINH '"paszmep" (0OOBIYHO KOJWYECTBO JTAHHBIX
€0 00pabarpiBaeMbIX) KOTOpoe MbI Ha3biBaeM N. B kKoHeuHOM uTOre Ham OBI XOTEJIOCH
MOJIYYUTh BBIpAKEHWE JIJII BPEMEHHU, HEOOXOAMMOTro MporpamMme st oOpaObOTKH JTaHHBIX
pasmepa N, kak ¢yHkiuio oT N. OOBIYHO Ha MHTEPECYET CPEIHUMN CIIydaill - OXKHIaeMOe
BpeMsi paboThl MporpaMmbl Ha "TUOUYHBIX" BXOAHBIX MJAaHHBIX, W XYIIIUW cCiydad -
0KHMJIaeMO€ BpeMsi padOThI MPOTPAMMbl Ha CAMBIX MJIOXUX BXOJHBIX JAHHBIX.

5. 3apanune
OrnieHuTE CI0XKHOCTh AITOPUTMA ONIPEASTCHUS SBIISIETCS JIM YUCIIO TTAJTHHIPOMOM.



JlomoJiIHMTEIbHBbIE 3aaHUS

OuenuTe cioxHOCTh porpammel "Tporiku [Tugaropa.
IIpakTnuyeckas padora Ne21l. OnpeaesieHne CJI0KHOCTH AITOPUTMOB COPTHPOBKH.

1. Hean paboThIi:
[TonyueHne HaBBIKOB OIPEEICHUS CIIOKHOCTH aITOPUTMOB COPTHUPOBKHU.

2. Tembl I IpeABAPUTEJIbHOI NPOPAdOTKH

O61ee nousiTue 00 anropuT™e.
CriocoOblI 3ammcy anropuTMOoB.

3. TeopeTuyeckuii MaTepuaJl

AJITOPUTM COPTHPOBKH

AJITOPUTM COPTHMPOBKHM — 3TO QITOPUTM JJIs YNOPSAOYEHHUs 3JIEMEHTOB B crnucke. B
Clly4ae, KOIJa 3JIEMEHT CIIMCKAa MMEET HECKOJBbKO IOJEH, IOoJIe, CIIyXKallee KPUTEpPHEM
NOpsI/IKAa, Ha3bIBa€TCS KIOYOM COPTHPOBKM. Ha mpakThke B KadecTBe KIO4Ya YacTo
BBICTYNIA€T YHCJIO, @ B OCTAJbHBIX IMOJSAX XpaHATCS Kakue-TuOO JaHHbIe, HUKAK He
BIIMSIOIINE HAa paboTy aJropuT™Ma.

Ouenka anropurMa COpTHPOBKH

ANTOpUTMBI COPTUPOBKHM OIEHUBAIOTCS MO CKOPOCTH BBIMOJHEHUS U 3(P(HEKTUBHOCTH
MCIIOJIb30BAHMS TIaMSTH:

Bpemsi — OCHOBHOW mapaMeTp, XapaKTEepU3YIOLUH OBICTPOAEHCTBUE aITOPUTMA.
HaspiBaeTcs Takyke BBIUYMCIUTENIBHOW CIIOKHOCTBIO. i ymopsiAoYeHus BaKHBI
Xyouiee, cpeonee W jiyyuiee TIOBEICHUE aJlTOPUTMA B TEPMUHAX MOIIHOCTH BXOJHOTO
MHOxecTBa A. Eciii Ha BXO/ alirOpUTMY MOAAETCs MHOKECTBO A, TO 0003HaYMM N = |

A | . Jlns TUIIMYHOIO aJrOPUTMA XOPOLIEE IMOBEJCHUE — DTO O (nlog n)lW i roxoe

2
- (»*) 4 _om)
[IOBEECHHE 3TO . UneanpHoe TOBeACHUE IJIA YIOPSAIOYECHUS .
AJTOPUTMBI  COPTUPOBKH, HCIOJB3YIONIME TOJBKO aOCTPAKTHYIO  OIEpaIUio

CpaBHEHUS KJIIOUEH BCeraa HyKIaloTCs 10 MEHBILEH Mepe B 2(nlog ﬂ)cpaBHeHHﬂx.
Tem nHe wmenee, cymectByeTr anroputm copTupoBkun Xana (Yijie Han) c

BBIMHCIHTENBHOM crokHOcTeio O (7 + loglogn - loglog log ”), UCIIOJIB3YIOMIMIA TOT
(akT, 9TO MPOCTPAHCTBO KIFOYCH OrpaHWUYeHO (OH YpE3BBIYAWHO CcJIOXeH, a 3a O-
o00O3HauUeHHWEM CKpBIBaeTCs BechbMa OoJbIIod KO3 dUIMEHT, YTO Jenaer
HEBO3MOXKHBIM €r0 NMPUMCHECHHE B TOBCEJIHEBHON MpakTHKe). Takke CyIIecTByeT
MOHATHE COPTUPYIOMIUX ceTer. [Ipeamnomnaras, 9To MOXKHO OJJHOBpEMEHHO (HAampuMmep,
NpH  [APAJUICIIEHOM BBIYMCICHHH) MPOBOJIUTH HECKOJIBKO CpPAaBHCHHH, MOXKHO
0 (lr:ng2 n) y

OTCOPTUPOBATH N YHUCEN 3a oreparwid. [Ipu 3TOM YHCIO N JOJDKHO OBITH
3apaHee M3BECTHO;

[MamMaTh — ps aIropuTMOB TpeOyeT BBIACICHUS JONOJHUTEIBLHOW IMAMSITH IO

BPEMEHHOE XpaHEHHE MaHHBIX. Kak MpaBWjIO, 5TH AJTOPUTMBI TPEOYIOT O (logn)
namMsaTh. [Ipy OLIEHKE HE YYMTBHIBAETCS MECTO, KOTOPOE 3aHUMAET UCXOAHBIN MacCHUB U
HE3aBUCSIIME OT BXOIHOM IOCIENOBATENLHOCTH 3aTpPaThl, HAPUMEP, HA XPAHEHUE

KOJla MpOrpaMMbl (TaK Kak BCE 3TO MOTPEOIISIeT O(l)). AJNTOPUTMBI COPTUPOBKH, HE
MOTPEOIISIIOIINE TOMOJHUTEIBHON NaMsITH, OTHOCST K COPMUpPOGKAM Ha Mecme.


http://dic.academic.ru/dic.nsf/ruwiki/1478
http://dic.academic.ru/dic.nsf/ruwiki/855899
http://dic.academic.ru/dic.nsf/ruwiki/36277#cite_note-0
http://dic.academic.ru/dic.nsf/ruwiki/1085882

Kaaccndukanus aropurMoB COPTHPOBKHU

YceroitunBocerh (Stability) —  ycToliumBas COpTHpOBKAa HE MEHSET B3aWMHOIO
PacIoIOKCHHS PaBHBIX JIEMEHTOB.
EcrectBeHHocTh moBeaennsi — HPPEKTUBHOCTHL MeETOJa NIpU 00pabOTKE yKe

VIOPSIOYCHHBIX, WJIA YaCTUYHO YIOPSAOYEHHBIX MAaHHBIX. AJNTOpPUTM BenET cels
€CTECTBEHHO, €CJIM YYUTHIBACT 3Ty XapaKTEPUCTUKY BXOTHOU MOCIEAOBATCILHOCTH U
paboTaeT Jiydiie.

Hcnonn3oBanne omnepanud CpPpaBHEHUsl. AJTOPUTMBI, HCIONB3YIONIUE IS
COPTUPOBKH CpaBHECHHE 3JIEMEHTOB MEXIy COOOH, HA3bIBAIOTCS OCHOBAaHHBIMHM Ha
CpaBHEHHUAX. MUHHMaNbHAs TPYJOEMKOCTb X)youleco ciyuas A 3TUX aITOPUTMOB

COCTaBIISIET O (nlog ”), HO OHM OTJIHMYAIOTCS THOKOCTBIO NpuMeHeHHs. JIis
CHEIUaNbHBIX Clly4aeB (TUIOB JAHHBIX) CYHIECTBYIOT Oojee 3(P(eKTHUBHBIC
AITOPUTMBI.

Emé omHuM BaXHBIM CBOWMCTBOM alifOpUTMa SIBISETCS €ro cdepa mpuMeHEHHsS. 31eCh
OCHOBHBIX THUIIOB yHOPSJOUYECHHUS JIBA:

BHYTpeHHSsIsI COPTHPOBKA ONEPUPYET C MACCHBAMHU, ICIIUKOM ITOMEIIAIONTUMUCS B
OIEPAaTUBHOMN MaMATH C TPOU3BOJIBHBIM JOCTYIIOM K JIt000# stuelike. JlaHHBIC OOBIYHO
YIIOPSIOYMBAIOTCS Ha TOM YK€ MecCTe, 0€3 JIONOJHUTEIbHBIX 3aTparT.

o B COBpeMEHHBIX apXUTEKTypax IEPCOHAJIBHBIX KOMIIBIOTEPOB IIIHPOKO
NPUMCHSCTCS IOJKAYKa W KDIIMPOBAHWE TNaMATH. AJITOPUTM COPTHPOBKHU
JOJIKEH XOPOIIO COYETAThCS C MPUMEHSICMBIMU aJrOPUTMaMU KIIITUPOBAHUS U
ITOJIKAYKH.

BHelHSIS COPTHPOBKA OINEPUPYET C 3aMOMUHAIONIMMU YCTPOWCTBAMH OOJIBIIOTO
00BéMa, HO ¢ JIOCTYIIOM HE IPOU3BOJIBHBIM, a TOCIEAOBATECIBbHBIM (yIOPSAI0UYCHUE
¢ainoB), T. €. B JaHHBIA MOMEHT MBI 'BHJMM' TOJIBKO OJIMH 3JIEMCHT, a 3aTpaThl Ha
NEPEMOTKY II0 CPaBHCHHIO C TMaMSATBHIO HEONPABJaHHO BEJIHMKH. JTO HaKJIAIbIBACT
HEKOTOPHIC JOMOJHUTEIbHBIC OTPAHUYCHHS HA aJITOPUTM M MPUBOIUT K CIICIIHAIBLHBIM
METOJIaM  YIOPSJIOUYCHHSI, OOBIYHO HCIOJIB3YIOIIMM JIOMOJHUTEIBHOS JIHCKOBOE
npocTpaHcTBO. KpoMe Toro, IOCTyIl K TaHHBIM Ha HOCHTEJE IPOU3BOJUTCS HAMHOIO
MeJJICHHEE, YeM OIepalliy C OTICPATUBHOMN MaMSTHIO.

o JlocTym K HOCHTEJIO OCYIICCTBIISCTCS MOCIEA0OBATCIbHBIM 00pa3oM: B KaKIbIi
MOMEHT BPEMEHHM MOYKHO CUUTATh WJIM 3aITUCaTh TOJIBKO JIEMEHT, CJICIYIOIIHMA
32 TEKYIIUM.

o OO0BEM MaHHBIX HE MO3BOJISIET UM pa3MecTuThes B O3V,

Taxxe anropuT™Mbl KJIacCUUIUPYIOTCS TIO:

MOTPEOHOCTH B IOMOJIHUTEIHHOM MaMSITH WK €€ OTCYTCTBUH
MOTPEOHOCTH B 3HAHUSAX O CTPYKTYpe IaHHBIX, BBIXOSIIMX 32 PaMKH OTEpaluu
CpPaBHEHUS, WIN OTCYTCTBUHU TaKOBOU

Cnncok aJiIrOpuTMOB COPTHPOBKH

B aT0ii Tabnuie N — 3TO KOJIMYECTBO 3aMuceld, KOTOPbIe HEOOXOAUMO YITOPSIOUUTh, a K —
3TO KOJNYECTBO YHUKAIBHBIX KIIFOUEH.

AJITOPUTMBI YCTONYUBON COPTUPOBKHU

Copruposka myssippkoM (anri.Bubblesort ) — cnoxusocts anropurma: O(n?); ans
KaXX/I0¥ Mapbl HHICKCOB MPOU3BOAUTCS OOMEH, €CIIH 3JEMEHTBI PACIIONIOKEHBI HE T10
HOPSIIKY.

CoprupoBka niepememuBanuem (Iletikepnas, Cocktail sort, bidirectional bubble sort)
— Cnoxzocts anropurma: O(n?)
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['HOMBSL COPTHUPOBKA — HMMEET OO0Iee ¢ COPTUPOBKON MYy3bIPHKOM U COPTHUPOBKOM
scraskamu. CrnoxHocTs anroputma — O(n?).

Copruposka _Bcrakamu  (Insertion sort) — Cnoxuaocts amroputMa: O(n?);
OIpeJeNsieM e TeKYIUH 3JIEMEHT J0HKEH HAXOIUThCS B YIOPSAJOUYEHHOM CIHUCKE U
BCTaBJISIEM €TI0 TyZAa

brnounasi coptupoBka (Kop3unnas coptupoBka, Bucket sort) — CroxHOCTB
anroputMma: O(n); tpedyercs O(K) MOMOTHUTENBHOW NMAMSATH W 3HAHUE O MPHUPOJIC
COPTUPYEMBIX JIAHHBIX, BBIXOJIAIIEE 32 paMKU (PyHKIMI "iepecTaBuTh" U "CpaBHUTH".

CoprupoBka nojcuérom (Counting sort) — CroxHocts amroputMa: O(n+k);
tpebyercs O(N+K) 70MOHUTEIBHON TaMAITH (PaCCMOTPEHO 3 BapHaHTa)
CoprupoBka cinusuuem (Merge sort) — Cnoxuocts amropurma: O(n log n);

Tpebyercst O(N) OMONMHUTEIBHON TaMSTH; BBICTPAaWBaeM TIEPBYI0O U BTOPYIO
MOJIOBUHY CIHMCKA OTJEIBHO, a 3aTeM — CIIUBAEM YIIOPSIOYCHHBIC CITUCKU
CopTHpOBKa ¢ TIOMOIIbKD JBOWYHOTO jepeBa (anrim.Treesort) — CiioKHOCTb
anroputMa: O(n log n); Tpedyercst O(N) TOMOJHUTEIBHOM MaMATH

AJITOPUTMBI HEYCTOHYUBOI COPTHPOBKH

Copruposka BeiGopoM (Selection sort) — Cnoxuaocts anroputMa: O(n?); mouck
HAMMCEHBIIIETO WM HAUOOJBINEro 3JIEMEHTA W MOMEIICHUSI €r0 B HAYaJlo MM KOHEIl
YIIOPSIIOYEHHOTO CIIHCKA

Copruposka Illenna (Shell sort) — Cnoxnocts anroputma: O(n log?n); momeiTka
YIYYIIATh COPTUPOBKY BCTaBKAMU

CoprupoBka pacuéckoii (Comb sort) — Crioxuocts anroputma: O(n log n)
[Mupamupanbaas coptupoBka (CoptupoBka Kyun, Heapsort) — CrnoxXHOCTB
anroputma: O(n log n); mpeBpaiaemM CIUCOK B Kydy, OepéM HAHUOOJIBIINN 3JICMEHT U
n00aBJIsieM €ro B KOHEI] CITUCKA

[TnaBHast coptupoBka (Smoothsort) — Cnoknocts anropurMa: O(n log n)

Beictpas copruposka (Quicksort) — Croxuocts anroputma: O(n log n) — cpeanee
Bpems, O(N?) — Xyammii ciydail; IMMPOKO W3BECTEH KaK OBICTPEHIINIA U3 U3BECTHBIX
JUTSL YIIOPS0YCHHS OOJBIIUX CIyYalHBIX CIIMCKOB; ¢ pa30MEHHEM MCXOJHOTO Habopa
JAHHBIX Ha JBE TMOJIOBUHBI TaK, YTO JIOOOM 3JIEMEHT MEPBOIl MOJOBUHBI YIOPSA0YCH
OTHOCHUTEJIBHO JIO0OOTO 3JE€MEHTa BTOPOW MOJIOBUHBI; 3aTEM QJITOPUTM IPUMEHSIETCS
PEKYPCHBHO K Ka)XIOW MOJIOBUHE

Introsort — Cnoxnocte anmroputma: O(n log n), coueranue OBICTpOH U
MUpaMUIAIBHON COPTUPOBKHU. [lMpaMunansHas COpTUPOBKA MPUMEHSETCS B Ciydae,
ecyim TiryouHa pekypcun nipessimaet log(n).

Patience sorting — Cnoxsocts anropurma: O(n log n + K) — Hauxymmui cioydaid,
Tpebyer pomomHuTenbHO O(N + K) mamsaru, Takke HaXOOUT CaMylo JUIMHHYIO
YBEJIMYHUBAIONTYIOCS TTOAMOCIIEI0BATEIEHOCTh

Stooge sort — peKypCUBHBIN alrOpPUTM COPTUPOBKU C BPEMEHHOU CIIOKHOCTBHIO
O(nlugi_nii) ~ O(nl?l).

[opaspsianas coptupoBka — CnoxHocth anroputma: O(n-kK); tpebyercs O(K)
JIOTIOTHUTEIIFHON TTaMSATH.

LludpoBas copTupoBKa — TO K€, 4TO U Ilopa3psgHas COPTHPOBKA.

HenpaKan HbIC AJITOPUTMBI COPTHPOBKH

Bogosort — O(n-n!) Bcpennem. [Ipor3BoIBHO TIepeMeNIaTh MACCUB, IIPOBEPUTH
MOPSIOK.
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o CoprupoBka mnepectaHoBkoir — O(n-n!) — xynmmee BpeMms. g KaxIOW mapbl
OCYILECTBJISCTCS TMPOBEpKAa BEPHOrO IMOPSJIKA W TEHEPUPYIOTCS BCEBO3MOKHBIC
MEPECTAHOBKU MCXOJHOTO MACCHBA.

o Dnynas copruposka (Stupid sort) — O(n®); pexypcusHas Bepcus TpeOyeT
nononauTenso O(N?) mamsatu

« Bead Sort — O(n) or O(n), Tpebyercs CIENUAIN3HPOBAHHOE AlAPATHOS
obecrnieueHue

o buunnas coprupoBka (Pancake sorting) — O(n), tpeOyercs creruaain3upOBaHHOE

amnmapaTHoe obecrieueHue
AJITOPUTMBI, He OCHOBAHHbIE€ HA CPABHEHHUSIX
o bnounas copruposka (Kop3unhas coprupoBka, Bucket sort)
o Jlekcukorpaduueckas uiu nmopaspsiHas copruponka (Radix sort)
« Copruposka noacuérom (Counting sort)
OcTajbHbIE AJITOPUTMbBI COPTHPOBKH
o Tonosoruueckasi COpPTUPOBKA
o Baeminss coptupoBka

4. llpumep

CopTupoBKka TpOCTHIM BKIHOUeHHUEM. [IpenanonokuM, 4To Ha HEKOTOPOM JTare padoThI
aJIrOpUTMa JieBas 4acTh MaccuBa ¢ 1-ro mo (i — 1)-i 3JIeMeHT BKIIOYUTEIILHO

SIBJISIETCS. OTCOPTUPOBAHHOM, a MpaBasi 4acTh C 1-TO MO N-M 2JIIEMEHT OCTAeTCsl TaKOW, KaKou
oHa OblIa B TMEPBOHAYAIIBHOM, HEOTCOPTUPOBAaHHOM Maccupe. OuepeqHOM IIar ajaropurMa
3aKJII0YaeTCsl B pACIHIMPEHUU JICBOM YacTH Ha OJMH DJEMEHT U, COOTBETCTBEHHO,
COKpaleHuu TmpaBod yactu. st 3Toro Oepercs MEpBBIM SJIEMEHT MpaBod dYacTH (C
WHJEKCOM 1) M BCTaBJSIETCS HA TMOJXOJSIIEe €My MECTO B JIEBYKO 4YacTh TakK, YTOOBI
yIOPSIOYEHHOCTD JIEBOM YaCTH COXPAHUIIACK.

[Ipouiecc HauMHaeTcs C JI€BOM YacTH, CcoOCTosIed u3 oJaHoro osieMeHta A[l], a
3aKaHYMBACTCs, KOTJa IpaBas 4acTh CTAHOBUTCS ITYCTOM.

Const n=1000;
Type tovar=Record
name: String;
key: Integer
End;
Var A: array(l..n] Of tovar;

Procedure StraightlInsertion;
Var i,j: Integer; x: tovar;
Begin For i:=2 To n Do
Begin x:=A[i]; {B nepemMeHHO) X 3anoMMHaeTCH
3HaueHue, KOTOPOE HYXHO MOCTaBMTL Ha CBOE MecTO B
Nesor yactTu}

ji=i=~1; ({lpaBuit Kpa) neBOi yacTu}

While (x.key<A([j].key) and (j>=1) Do

Begin A[j+1]:=A[3]); j:=3-1; ({lipomBuxeHne
"nupxu" B NEeBOM uwacTM MacCuBa CNpaBa Hajleeo OO To#
no3uuKK, B KOTOPYK IONKEeH OHTb BXJIOYEH IJIEMEeHT

Ali])

End;

Alj+1l]:=x (exnouenue A[(i] 2 "mupxy" B neBo#
JacTu)
End

End;
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OueHuM CIOKHOCTh aJIrOpUTMa COPTUPOBKM MPOCTHIM BKItOYEHUEM. (OYEBUIHO, YTO
BPEMEHHAs CIOKHOCTb 33aBHCHT KaK OT pa3Mepa COPTHPYEMOI'O MacCuBa, TaK U OT €ro
UCXOJHOTO COCTOSIHHMSI B CMBICJE YINOPSAOYEHHOCTH 3JIEMEHTOB. BpemMeHHas CI0KHOCTh
OyJeT MUHHUMAJIbHOM, €CIM HCXOJHBIA MAacCHB YK€ OTCOPTHUPOBAH B HYXXHOM IMOPSIKE
3HaYeHWM KiIo4Ya (B JaHHOM Ccllydae — II0 BO3pacTaHMI0). MakcuUMallbHOE 3HAa4YeHHE
CIIOXHOCTU Oy/IeT COOTBETCTBOBATH MNPOTHUBOMOJOKHONW YHOPSJOUYEHHOCTH HMCXOJHOTO
MaccuBa, T.€. YHOPSJAOYEHHOCTH HCXOJHOTO MAaccuBa MO YOBIBAaHMIO 3HAYEHUH KIIHOYA.
OOBIYHO ISl AITOPUTMOB COPTUPOBKH BPEMEHHAsI CIIO)KHOCTH OIIEHMBAETCS KOJIMYECTBOM
NEPECHUIOK JIEMEHTOB.

OueHnM BEJIMYMHY MHHUMAJIbHOW BPEMEHHOM CIIOKHOCTH ajaroputMa. Eciim mMaccuB yxke
OTCOPTHpPOBaH, TO Tejo IukiIa while He OyneT BBINOMHATHCS HU pa3y. BeinosiHeHue
IpOLIENYPHI CBEAETCS K pabOTe CIEAYIOLIETO [UKIIA:

For i:=2 To n do
Begin x:=A[i];
Jemi=-1;
A(j+1] :=x
End;

[Nockonbky Teno nukia for ucnomHsiercs n — 1 pas, TO YUCIIO MEePEeChUIOK AJIEMEHTOB

MaccuBa

Mmin = 2(n - 1),

a YUCJIO CPAaBHEHUHN KJIOUEN PaBHO

Cmin=n- 1.

CrnoxHocTh anroputMa OyaeT MaKCUMalbHOM, €CIM MCXOAHBIM MAacCHB YHOPSAOYEH IO

yOpiBaHuto. Torma kaxabiil sneMeHT A[i] OyJeT «IpOoroHATbCA» K Haudaly MaccuBa, T.€.

yCTaHaBIMBaThCs B NepByto nosunuto. [{ukn while Beimonautes 1 pa3 npu 1 = 2, 2 pasza npu

1=3uTt 10.,0— 1 pa3 nopu 1= 1. Takum oOpa3zom, ob11iee YncII0 NEPECHUIOK 3aUCeN PaBHO:
M, = 2(n-1)+i(z‘-1) = 2(n—l)+n(n—l)/2=%(n1 +3n-4).

in2
bonee noaxondmen 1ist peaibHOM CUTyallUU SIBIIIETCS] CPEIHSS OLIEHKA CI0XKHOCTH. 11 ee
BBIUMCJICHUS HAJ0 MPEIIOI0KHUTh, YTO BCE 3JICMEHTBI HCXOIHOI'O MacCHBa — CIIy4YalHbIC
YKClia U UX 3HAYCHHUS HUKAK HE CBSA3aHbBI C MX HOMEpaMH. B TakoMm citydae pe3ysabTaT
ouepenHoi mpoBepku ycnoBus X. key<A[j].key B ke While Takske siBisieTcs ciydailHbIM.
PasymHO nmomycTHTh, 4TO cpeaHee umciao BbimoiaHenumi nukiaa While mis  kaxmoro
KOHKPETHOTO 3HadeHus | paBHO /2, T. €. B CpeAHEM KaXIblii pa3 MPUXOIAUTCS
MIPOCMATPUBATh IIOJOBHHY IIOCJICIOBATEIIBHOCTH JIO TeX IIOp, II0Ka HE HauaeTcs
MOAXOAIIEE MECTO VISl OYEPETHOTO DJIEMEHTA
Torna dopmyna miis cpeHero Ynciia mepechbuiok (CpeIHss OIleHKA CIIOKHOCTH) OyaeT

CIETYIOIIEH:

M, =2(n—1)+ii/2=2(n--l)+(n—2)(n—l)/4=:1‘-(n2 +9n-10).

i=2
Kaxk MaKCHMaJIbHas, TaK U CPCAHAA OLCHKA CIIOKHOCTH aJI'OPHUTMaA KBaJApaTHU4YHA (}IBJ]SICTC}I
IOJMHOMOM BTOPOH CTEIEHH) O MapaMeTPy N — pasMepy COPTUPYEMOTO MACCHBA.

5. 3apanune
OrnpenenuTsb CI0KHOCTh alTOPUTMA.
Yopsan0unTh MacCUB N IEBIX YUCET TAKUM 00pa3oM, YTOOBI 3JIEMEHTHI C YETHBIMHU U



HEUYETHBIMU 3HAYCHUSIMH Y€pPEIOBATUCH (ITOKAa UMEIOTCS JIEMEHTHI pa3HON YETHOCTH).
JlomoJiIHMTEIbHBbIE 3aaHUS

Pazpabotats anroputm ObICTPOIl COPTUPOBKU. OLIEHUTH CIIOKHOCTH allTOPUTMA.

OTOT anroput™ ObL1 pazpadoTtan D. XoapoM.

B anroputme ObICTpOW COPTUPOBKU UCIIONB3YIOTCS TPU UJIECH:

* pa3zieJIieHue COPTUPYEMOI0 MacCHBa Ha 2 YacTH, JEBYIO U MPABYIO;

* B3aUMHOE YIOPSIIOYEHHE IBYX YacTel (IT0OAMACCUBOB) TaK, YTOOBI BCE 3JIEMEHTHI JIEBOI

YacTH HE MPEBOCXOUIM 3JIEMEHTOB IPABOM YaCTH;

* peKypcusi, Ipu KOTOPOH MOJIMACCUB YIIOPSIAOYUBAETCS TOUHO TAKUM K€ CIIOCOOOM, KaK U

BECh MACCHB.

Jlnist pa3neneHus MaccuBa Ha JIBE YaCTU HYXHO BbIOpaTh HEKOTOpPOE «OapbepHOE) 3HAUYEHUE

KJI04a. OTO 3HAYEHUE JOJDKHO YJOBJIETBOPSATH E€IWHCTBEHHOMY YCIOBHUIO: JI€XKaTh B

Jyana3oHe 3HAYeHUM JJi1 JAHHOrO MaccuBa (T.e. MEXIY MUHHUMAJIbHON M MaKCHMallbHOM

BEJIMYMHOMN). 3a «Oapbep» MOXKHO BBIOpaTh 3HAYEHHUE KIIOoYa JIIOOOro 3JeMeHTa MacCuBa,

HanpuMep MepBOTo, WK MOCIEIHEr0, UM HAXOASIIErocsl B CepeINHE.

Jlanee Hy)XHO cpenaTh Tak, YTOObI B JIEBOM IOJIMACCHBE OKa3ajUCh BCE JJIEMEHTHI C

KJII0OYOM, MEHBIIMM Oapbepa, a B MpaBOM — C OOJbIIMM: 3aTeM, MpocMaTpHUBasi MacCHB

clieBa HampaBoO, HEOOXOJUMO HAWTH TO3UIHUIO TEPBOTO 3JEMEHTa C KIIOYOM, OOJBIINM

Oapbepa, a mpocMaTpuBas ClpaBa HaJIEBO — HAWTH MEPBBIA IEMEHT C KIIOYOM, MEHBIITUM

O0apbepa. Cnegyer MOMEHSTh ATH 3HAYEHUS, 3aT€M IMPOAODKUTH BCTPEYHOE NIBIKEHHE 10

CJIeIyIONIEH Maphl JJIIEMEHTOB, MpeIHa3HAYCHHBIX 17151 oOMeHa. Heo6xoaumMo OBTOPSTH 3Ty

poLEaypY, MOKa UHAECKCHI JIEBOI'O M MPABOr0 MPOCMOTPOB HE COBMAAYT. MecTo coBnajeHus

CTaHeT TpaHUIEH MEeXAy JBYMS B3aWMMHO YHOPSJOYEHHBIMU TMoaMaccuBamu. Jlamee

QITOPUTM PEKYPCUBHO MPUMEHSETCS K KaXKJIOMY M3 MOAMACCUBOB (JIEBOMY M INpaBoMy). B

KOHEYHOM CuYeT€ TMPUXOJUM K COBOKYIMHOCTH H3 I B3aUMHO YIOPSATOYCHHBIX

OJTHORJIEMEHTHBIX MAacCHBOB, KOTOpBIE JAEIUTh Jaibllle HEBO3MOXKHO. JTa COBOKYIHOCTH

o0pa3yeT OJIuH MOJHOCTHIO YIOPsAI04YeHHbIH MaccuB. COpTUpOBKa 3aBepiieHa!
IIpakTuyeckas padora Ne22. [Toctpoenue MmamuHbl ThIOpUHTa, BHIYUCIAIOLIE H

npocreimue apupmernyeckue QyHKUun

1. Hean padoThI:
dopMupoBaHUE MPEICTABICHUS yJaluXcsi 00 YHUBEPCATBHOM HCIIOJIHUTENIE aITOPUTMOB.
[lonyyeHne HaBBIKOB MOCTPOEHUS MPOTPaMM Jisl MalIuHbl ThropuHTa.

2. Tembl 111 NpeABapUTEILHOI NPOPadOTKH
o OOmuiee noHsiTHE 00 ANTOPUTME.
« CnocoO»l 3amucu alropuTMOB.

3. TeopeTuueckuii MaTepua

B 1936 r. Ananom TblOpMHrOM [Jif YTOUYHEHHS MOHSTHS alrOpuTMa OBLUT MpPEasiONKEeH
a0CTpPaKTHBIN YHHUBePCAJIbHBIN HCNOJHUTENb. Ero adCTpakTHOCTh 3aKJIIOYAETCS B TOM,
YTO OH MPEACTABISAET COOOM JOTMYECKYIO BBIUUCIUTEIbHYI0 KOHCTPYKIIMIO, @ HE PEATbHYIO
BBIYMCIIUTENBHYIO MallMHy. T€pMUH «yHUBEPCAIbHBIA WCIOJHHUTEIL» TOBOPUT O TOM, UTO
JAHHBIA MCIOJIHUTENIb MOXET HMUTHUPOBATH JIO00M Apyroil ucnoiaHutedb. Hampumep,
ONEepalny, KOTOPHIE BBITOIHSAIOT PEATbHBIE BBIYMCINUTEIbHBIE MAIMHBI MOKHO



MMHUTHPOBATh HA YHUBEPCAJIBHOM MCHOJIHUTENE. B mocneacTeue, npuayManHas ThrOpUHIOM
BBIYMCIIUTENbHAS KOHCTPYKLIHS ObL1a Ha3BaHa MAaIIUHOH Teropunra.
Kpome Toro, mnpenmonaraercsi, 4YTO YHUBEPCAJIbHBIA WCIIOJHUTENb JOJDKEH YMETh
JOKa3bIBaTh CYIIECTBOBAHUE WIIM OTCYTCTBUE AITOPUTMA JJIsl TOM WIM MHOW 3aa4H.

UYmo coboit npeocmasnaem mawuna Toropunca?

Maimuna TeropuHra COCTOUT M3 OECKOHEYHOM B 00€ CTOPOHBI JICHTHI, pa3leiieHHOW Ha
AYEUKH, U aBTomara (roJI0BKM), KOTOpas yIpaBisieTcs IPOrPAMMOM.
[Iporpammel aia mMamuH ThlOpHHra 3alIMCHIBAIOTCSA B BUJIE€ TaOJIUIbL, IJ€ MEPBbIE CTOIOEI] U
CTpOKa cojepKaT OyKBbI BHEIIHEro andaBUTa W BO3MOXXHbIE BHYTPEHHHUE COCTOSHHUS
aBromata (BHyTpeHHuU andasut). Comepxumoe TabIULbBI MPEACTABIAET COOOM KOMaH/bI
st MaiuHbl ThiopuHra. bykBa, KOTOPYIO CUMTBHIBAET rOJIOBKA B siueiike (Haa KOTOpoW OHa
HaXOAMUTCS B JaHHBIA MOMEHT), U BHYTPEHHE COCTOSIHHE TOJIOBKM OIpPEAEIISIOT, KaKylo
KOMaH/y HY»KHO BBINMOJHUTE. KoMaHa onpeensercs nepeceyeHueM CUMBOJIOB BHEIIIHETO U
BHYTpPEHHETO aji(paBUTOB B TAOJIUIIE.

Yro0bl 3a1aTh KOHKPeTHYI0 MamuHy TbhlopuHra, tpedyercss omnucatb /IJs Hee
cJeayinmne COCTABJISIOIINeE:

o Buemmnmuii andaBut. Koneunoe mMHOXecTBO (Hampumep, A), dJIEMEHTBl KOTOPOTO
Ha3bIBaOTCS OykBamu (cumBojiamu). OmHa u3 OykB 3TOro ayndaBuTa (HalpUMeEp, ao)
JI0JIKHA TIPEJICTABISATh COOOM MyCTOW CUMBOII.

o Buyrpennnii andgaBut. KoHeuHO€ MHOXXECTBO COCTOSIHMH TOJOBKM (aBTOMAaTa).
OmgHo M3 cocTosiHUM (Hampumep, (i) JAOKHO OBbITh HAYalbHBIM (3aIlyCKaroIINM
nporpammy). Eme ogHo U3 cocTostHU (o) JOMKHO OBITh KOHEYHBIM (3aBEPIIAIOIIUM
IPOrpaMMy) — COCTOSTHUE OCTAHOBA.

o Tabnauua mepexomos. Onucanue NOBEAEHUs aBTOMAaTa (TOJOBKH) B 3aBUCHMOCTH OT
COCTOSIHMSI U CYUTAHHOTO CUMBOJIA.

ABTOMAT MamuHbl ThIOpUMHra B T@pouecce CBOeH PpPadoTbI MOXKET BbINOJHATH
cJIeayronue 1eicTBUA:

o 3amuchIBaTh CUMBOJI BHEIIHETO ai(paBUTa B TYCHKY (B TOM YHUCIIE U ITYCTOM), 3aMEHsIS

HaXOJUBIIMICS B HEH (B TOM YHCIIC U ITyCTOM).

o IlepenBuratbcs Ha OQHY SYEUKY BIEBO WJIM BIPABO.

o MeHATh CBOE BHYTPEHHEE COCTOSIHUE.
Opna xomaHnma Jyis MamuHBl THIOPMHTA Kak pa3 M TPENCTaBIsA€T COOOM KOHKPETHYIO
KOMOHWHAITMIO 3TUX TPEX COCTABIAIONINX: YKA3aHWM, KaKOW CUMBOJI 3alKcaTh B SYEHKY (HaT
KOTOpPOM CTOUT aBTOMAT), KyJa MEPEIBUHYTHCA U B KAKOE€ COCTOSAHHE MEeperTu. XOoTs
KOMaH/ia MOXET COJepkKaTh U HE BCE COCTABJISIOIINE (HAIpPUMEpP, HE MEHATh CUMBOJ, HE
MEePEIBUTATHCS UIIM HE MEHSATh BHYTPEHHET'O COCTOSIHUS).

Ipumep pabomvt mawmunovt Toropunza

JlomycTuM, Ha JICHTE €CTh CJIOBO, cocTosIiee u3 cuMBojioB #, $, 1 u 0. TpeOyercs 3aMEHUTH
BCce cUMBOJIBI # 1 $ Ha Hynmu. B MOMEHT 3amycka rojloBKa HaXOAUTCS HaJ MEepBO OYKBOH
CJIOBa CJ€Ba. 3aBeplIacTcs NporpaMma TOrAa, KOrga rojoBKa OKa3bIBAC€TCS HAJ IYCThIM
CHUMBOJIOM ocJie camou MpaBou OYKBBI CJIOBA.
IIpumeyanme: JyMHA CIOBAa M IOCJIEAOBATENBHOCTh CHMBOJIOB 3HAa4YeHHUs HE uUMeEroT. Ha
PUCYHKE MPUBOAUTCSA MPUMEP MOCIEI0OBATEILHOCTH BBIITOJIHEHHS KOMaH/ JJI1 KOHKPETHOTO



ciydas. Ecnm Ha neHte OyaeT Ipyroe CiIOoBO, TO M IOCJIEIOBATEIHHOCTH BBITIOJTHCHHUS
KoMaHJ OyneTr apyroi. HecMoTpst Ha 3T0, maHHAs mporpamMma Jjis MamuHbel ThopuHTa (Ha
pUCYHKE — TabJyMIla clieBa) MPUMEHUMA K JIIOOBIM CJIOBaM OINMKUCAHHOTO BHENTHEro ajdaBuTa
(cobmromaeTcsi CBOMCTBO MPUMEHHMOCTH QJITOPUTMA KO BCEM OJHOTHITHBIM 3aJadaM —
MacCOBOCTb).

[Mpumep paboTbl MalLUNHbI ThOPUHTa

[locienoparebHOCTE M3veHeHHS HA ICHTEC
BBITTOMHCHWS KOMAHT 114

HadCTHOTO CIIYHdA

. 5 0 ] )|
q = 0= - > {n
B aacine 1.

He MenaTs CRMBOI, CORHAYTECA BITPEERDS,
HE MEHATE COCTOAHAE.

] 5 () 1 &y
q =5 0= - - {n
B aaciine #.

FanHCaTE HTh, COEHHYTRCH BIPARO,
HE MEHATE COCTONAHHE.

] 5 () 1 &
q1 = 0= - - {n
AIEHKE 5.

FanHCaTE HTh, COEHHYTRCH BIPARO,
HE BMEHATE COCTOAHAE.

7 5 0 ] an
q1 = 0= - - {a
B maciime T,
He WMerdTh CHMBO, COBRAYTECA BIpaB, 1]
He MEHATE COCTOMHAE.
7 ';-; [ ) '_ Hiy 1 O 0 1 0 #
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B aaenne (h
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HE MEHATE COCTOAHHS.
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Q1 =5 (- -2 -2 {n
B aaciine .

3amAcaTh HOTh, COEHHYTRCA BIPABO,
HE MEHATE COCTOAHHE.

i 5 () 1 iy
qn 1= 1= -+ —¥ Qu
B aueiike mycToTa.

Hi=ero He 9amHeEBATE, CTOATE HA MECTE,
IIE‘D-:':I:-'I A B COCTOAHAS 0CTARDRA.

K ¥K ¥K ¥X ¥K ¥R ¢¥K

MOXHO YCIOXHUTH Iporpammy. JlomycTum, rojoBka pacnoliaraercsi He 00s3aTeIbHO Haj
MEepPBbIM, a HaJ JIOOBIM CHUMBOJIOM cjoBa. Torga mporpaMma s JTaHHOW MallIMHBI
TrropuHra MOXeT ObITh TaKOM (a MOTJia ObI OBITH U IPYTOH):



[lpMep nporpaMmbl Ans
MaLUMHbI ThHOPUHIa

# $ 0 | 1 ao

1 — — — “ -

Q2 | 02| 02| = =2 o

31eCh TPOUCXOAUT CIABUI TOJIOBKH BJIEBO 0 TEX MOpP, MOKA OHA HE OKAXXETCS HAJl MYCTHIM
cumBosioM. [locnme 3Toro mammHa NEPEXOAUT B COCTOSHHE (2 (KOMaHIbl KOTOPOTO
COBMAIAIOT C KOMaHAAMH (1 IPEAbLAYIIEH TpOrpaMMBbl).

4. llpumep
Ilpumep. TpebOyercs mocTpouTh MamwuHy THIOPHHTA, KOTOpas MPUOABISECT CIUHMUIYY K
YHCIly Ha JeHTe. BXoHOE CII0BO COCTOUT U3 HUGP IEJIOr0 JeCATUYHOTO YHUCIa, 3aITMCAHHBIX
B IIOCJIEAOBATENbHBIE STUYEHKH HA JIEHTE. B HayanbHBIII MOMEHT MalllMHA HAXOAUTCS MPOTUB
caMoi mpaBo# 1UQphI YKCIIa.

Pewenue. Mamuna nomkHa TpUOABUTH EIMHHUIYY K TocieaHed 1udpe uwucna. Ecmu
nocnenusis uudpa paBHa 9, To ee 3ameHuTh Ha 0 W MPUOABUTH €UHUILY K MPEABITYIIEH
nudpe. [Iporpamma 11t aHHOM MaIUHbBI ThIOPHUHTA MOXKET BBITJISAICTh TAK:

a 0 1 2 3 4 .| 7 8 9

1]

gl|itHg| " Hg|2Hg|3Hg|4H g |sHg,| . |8Hg|9H g |0 g

B »T0if mamuue TrropuHra 1 — cOCTOsIHUE W3MEHEHUS MUQPBI, Jo — COCTOSIHUE OCTAHOBA.
Ecnu B cocrosinum () aBromat BuAuT 1udpy 0..8, To oH 3ameHseT ee Ha 1..9 cOOTBETCTBEHHO
U TIEPEXOJIUT B COCTOSTHUE (o, T.€. MAlllMHA OCTaHaBiuBaeTcs. Ecnu xe oH Buaut nudpy 9,
TO 3aMeHsieT ee Ha 0, cABUTraeTcs BIIEBO, OCTaBasCh B COCTOAHMM (. Tak mpomoikaercs: A0
TEX TOp, MOKa aBTOMAT He BCTpeTUT 1udpy mMeHsine 9. Eciu sxe Bce mudpsl Obutn paBHBI 9,
TO OH 3aMEHUT MX HyJsMH, 3arnumieT 0 Ha MecTe cTtapiieil mu@pbl, CIBUHETCS BIEBO U B
MyCTOM KJeTKe 3anuieT 1. 3atem nepeiaeT B COCTOsIHUE (g, T.€. OCTAHOBUTCA.

5. 3ananue

1. Ha nenre wmamwuHbl ThIOpUHTA COJEPKUTCA MOCIEAOBATEIBHOCTh CUMBOJOB 1.
Hanumure nporpammy uisi MamuHbl ThlOpUHTra, KOTOpas KaXAbld BTOPOM CUMBON ““+”
3aMEHUT Ha “—’. 3aMeHa HauYMHAEeTCSl C MPaBOro KOHIA MOCJEN0BATEIbHOCTH. ABTOMAT B
COCTOSIHUM ()1 0003peBaeT OJWH M3 CHMBOJIOB YKa3aHHOHW IMOCJeaI0BaTeIbHOCTH. Kpome
caMOM MpOrpaMMbI-Ta0IMIbI, OMKUCATh CIOBAMHU, YTO BBIMOJHSETCS MAIMHOW B KaXJOM
COCTOSIHUH.

2. Jlana aecsaTUYHAS 3alMCh HATypalbHOTO uncia N > 1. PaspabGorars mammny ThropuHTa,
KOTOpasi yMeHblaaa Obl 3aJJaHHOE Yucio N Ha 1. ABToOMAaT B COCTOSHUM (J; 0003peBaeT



npaByro uudpy umcia. Kpome camoil mnporpamMmbI-TabJMIBI, OMHCATh CJIOBaMH, YTO
BBITIOJTHAETCS MAIIMHOW B KaKJAO0M COCTOSHUMU.
3. Ha nentre mamuubl ThropuHTa HAXOAWTCS YKCIIO, 3alMCAHHOE B JIECATUYHOM CHUCTEME
CUMCJICHUSI. YMHOXUTh 3TO YHUCJIO HAa 2. ABTOMAT B COCTOSIHUU (1 0003peBaeT KpalHIOIO
neByto 1udpy wuyucina. Kpome camoit mnporpamMmbi-TabiuIlbl, ONHUCATh CIOBAMH, YTO
BBITIOJIHAETCS MAIIMHOW B KQKJAOM COCTOSIHUHU.

JlomoJIHMTEIbHBbIE 3aaHUS

1. Ha nenre mamuubl ThropuHra HaxXoauTCA JeCATUYHOE Ynucio. OnpenenuTb, 1eTUTCs U
3TO yucio Ha 5 0e3 ocraTka. Ecnu nenuTces, To 3anucarh cripaBa OT YKcia CIOBO “Ja”, nHayue
— “Het”. ABTOMAT 0003peBaeT HeKyro Iuppy BxogHOTO yKcia. Kpome camoii mporpaMmbi-
TaOJINLIbI, ONKUCATh CJIOBAMU, YTO BBIMOJIHAETCS MAIIMHON B KaXKJOM COCTOSIHUH.

2. JlaHo yucio N B BOCbMEpUYHOU cucTteMe cuuciieHus. Paspaborars mamuHy ThlopuHra,
KOTOpasi yBenuuuBaja Obl 3aJlaHHOE 4yucio N Ha 1. ABTOMAaT B COCTOSHHMU (1 0003peBaeT
HEeKyIo u@py BXoAaHoro ciosa. Kpome camoii mporpaMMbI-TabJInLIbl, OMKCATh CIIOBAMH, YTO
BBINIOJIHSIETCS MAILIMHOW B Ka’KJIOM COCTOSIHUU.

3. Jlana crpoka u3 OykB “@” u “b”. Paspaborars mamuny TeropuHra, KoTopas mepeMecTUT
BCe OYKBBI “@” B JIEBYIO, a OYKBbI “D” — B mpaByto yacTu CTpoku. ABTOMAT B COCTOSHUM (1
0003peBaeT KpalHuM JIeBbIi CUMBOJ CTpOoKHU. Kpome camoil mporpaMMbI-TabIuIlbl, OMUCATh
CJIOBaMH, YTO BBIIIOJIHSETCS] MAllIMHOM B Ka)KJIOM COCTOSIHUU.

IpakTuyeckas padora Ne23. Iloctpoenue mammnbl [locTa, Berunciasironei

npocreimme apupmernyeckue QyHKUUM.

1. Heab paboThI:
dopMupoBaHUE MPEICTABICHUS yUaluXxcsi 00 YHUBEPCATIBHOM UCIIOJIHUTENE alTOPUTMOB.
[Tony4yeHune HaBBIKOB TOCTPOCHHUS MporpaMm st MamuHbl [TocTa.

2. TeMbl U151 TIpeIBAPUTEIbHOMH MPOPadOTKHU
o OO0miee moHsATHE 00 AITOPHUTME.
o Cnoco0sI 3amMCH AITOPUTMOB.

3. TeopeTuueckuii MaTepua
Mammuna Ilocta — 53710 abcTpakTHas (HECYIIECTBYIOIIAsl pEaTbHO) BBIYUCIUTEIbHAS
MaIlliuHa, CO3/IaHHas Uil yTouHeHus (popmanuzanuu) moHaTHs anroputma. [Ipeacramiser
co00l YHHBEPCAIbHBII UCIOIHUTENb, TTO3BOJSIONINI BBOJAUTh HaYalIbHbIC TAHHBIE U YUTATh
pe3yabTat BBITIOJIHEHUS MIPOrPaMMBl.
B 1936 r. amepukanckuit matremaTuk OMuIb [IocT B cTaThe omucan cucteMy, 00J1a1aronyto
ITOPUTMUYECKON MPOCTOTON U CIIOCOOHYIO ONPEAEINsITh, SIBJIAECTCS JU Ta WIM WHad 3ajada
aNrOpUTMUYECKH pa3pemuMoil. Ecin 3agaya MMeeT alropuTMHUYECKOE pelIeHHEe, TO OHa
npeactaBuma B hopme komanA asig mamunsl [locra.
Mammna [Tocta coctout us3 ...

1. OeckoHeUYHOM JIEHTBI, MOJICICHHOW Ha OAMHAKOBbBIC STYEHKH (CeKluM). Sueiika MOKeT

ObITh mycToM (0 WK mycToTa) WiK cojiepxkath MeTKy (1 unu 10001 Apyroit 3HaK),



2. TOJIOBKHM (KapeTKH), ClIOCOOHOMN MEepeABUTATHCSA IO JICHTE Ha OJHY SYEUKY B Ty WU
WHYI0O CTOPOHY, a TaKXe€ CIOCOOHOW MpoBepsSITh HAIUYUME METKHU, CTUpaTh U
3aIMChIBaTh METKY.

Tekymiee cocrositnue mamuHbl IlocTa ONMMCHIBa€TCS COCTOSTHUEM JIEHTHI U TMOJOKEHUEM
kapetku. CocTosiHue JeHThl — HHpOpPMalMs O TOM, KakKhe€ CEKIIMU IYCThl, a Kakue
otmeueHbl. IIlar — 3To ABM)KEHUE KapeTKU Ha OAHY SUYEHKY BJIEBO WU BIpaBo. CocTtosHue
JIEHTBI MOYKET U3MEHATHCA B MTPOLECCE BHIITOJIHECHUS TPOTPAMMBL.

Kapetkoii ynpaBnsier mporpamma, cocrodiias U3 CTpok koMania. Kaxpas komMaHaa vUMeEeT
CJIEIYIOIIUN CUHTAKCHUC:

1K,

rie | - HoMep komaH ki, K — eficTBHe KapeTKH, | - HOMep CIICAYIOIIeH KOMaH bl (OTChLIKA).

Bcero niist Mamunbl ITocTa cymecTByeT mecTh TUIIOB KOMAH/:
o V] - MOCTaBUTh METKY, NMEPEUTH K j-i CTPOKE MPOrPaMMBbI.
o X] - cTepeTh METKY, MEPEUTH K j-i CTPOKE MPOTPAMMBI.
o <-] - CABHHYTbCS BIICBO, IEPEHTH K -l CTPOKE MPOTPAMMEBI.
e ->] - CABHHYThCS BIIPABO, EPEHTH K j-i CTPOKE MPOTPAMMBI.
o ?]1; Jo - eciiu B siueiiKe HET METKH, TO ICPEHTH K j1-i CTPOKE MPOrpaMMbI, HHAYEC
NEPEUTH K jo-i CTPOKE MPOrpaMMBbl.
o | —KkoHnel nporpammsl (cTom).
VY KOMaHJIbl «CTOI» OTCBUIKHU HET.

BapuaHTbl OKOHYAHMS BBINOJIHEHHs MporpaMMbl Ha MamuHe Ilocra:
1. Komanaa "cron" - KOppekTHasi OCTaHOBKAa. BO3HMKaeT B pe3ynbTare BBITIOJIHECHUS
IPaBUJIbHO HAIIUCAHHOTO aJrOPUTMA.
2. BpinmosiHeHHe HeNONMYCTHMOII KOMaHAbl — Hepe3yJbTaThBHAs ocTaHoBka. Ciyuaw,
KOI'/la TOJIOBKA JOJIKHA 3alliCaTh METKY TaM, II€ OHAa YK€ €CTh, WU CTEPETh METKY
TaM, II€ €€ HET, SIBJSAIOTCS aBAPUUHBIMU (HEAOIYCTUMBIMH).
3. ¥YXo1 B 0eCKOHEYHOCTh, 3anukJauBaHue. MammnHa Ilocta B pe3ynpTaTe padbOTHI
aNIrOpUTMa MOKET BOOOIIIE HE OCTAHOBUTHCS (HUKOTJA HE TOWUTH 10 KOMAHJbI «CTOTI»
Y HUKOT/Ia HE 3aBEPILINUTHCS aBApUUHON CUTyaluei).
DOneMeHTapHble AeiicTBUa (koMaHnbl) mamuHa [locta mpolie KoMaHI MalmuHbl ThIOpPHUHTA.
[loatomy mporpammbl mis MamuHbl [locta umeror Oosblliee YHUCIO KOMAaHI, YeM
aHaJIOTUYHbIE IPOrpaMMbl TUTSt MaIllHbI Thropunra.
[loyemy 1OCTATOYHO JIMILB ABA PA3IUYHBIX CUMBOJA (€CTh METKa, HET METKH)? [[ero B ToM,
gTo 1000 andaBUT MOXKET OBITH 3aKOAMPOBAH JBYMS 3HAKaMHU; B 3aBUCUMOCTH OT
angaBuTa BO3pacTaTh MOXKET TOJIBKO KOJUYECTBO IBOMYHBIX CHMBOJIOB B OyKBe anaBuTa.

Iopsinok padoTbl

3amyctuth mporpammy Algo2000.exe m mpu momomm komaunasl WHTEPITPETATOP
nepeBecTd ee B pexkum paboret Mammna I[locra. HMcmonwssys ¢aiin add.pst, m3yuuth
MPHUHIUT porpammupoBanus Ha Mammae Algo2000.exe.

Hopsinok padorel mammubl [locTa

Pabora mamuubl [locta cocTOUT B TOM, UYTO KapeTka MEpeBUTaeTCsl BIOJIb JIGHTHl U
nevyataer win ctupaeT MeTkd. YtoOwl mammuHa Ilocta paborana, Hajgo 3a7aTh HEKOTOPYIO
MporpaMMy M HEKOTOPOE COCTOSIHUE MAaIIuHBI (T.€. HY)KHO KakK-TO PAacCTaBUTb METKHU IO



CEKIIMSIM JICHThI, B YaCTHOCTH, MOXXHO BCE€ CEKI[MM OCTaBUTh MYCThIMH, U TIOCTaBUTH
KapeTKy IPOTUB OJHOM U3 CEKLUN).

PaboTta mamuHbl HAa OCHOBAaHUM 33aJIaHHOW MPOTrpaMMBbl MPOUCXOJUT CIEIYIOUIUM 00pa30M.
MaiiiiHa OpUBOJUTCS B HAuyajdbHOE COCTOSIHUE W MPHUCTYNAET K BBIMOJHEHHUIO IEpPBOU
KOMaH/Ibl MPOTrpaMMbl. JTa KOMAaHJA BBIMOJIHSAETCS 3a OJWH IIar, MOCJE€ 4Yero MAaIlUHbI
MPUCTYNAET K BBIMOJHEHUIO TOW KOMaH/bl, HOMEpP KOTOpOW paBeH OTCHUIKE MEpBOM
KOMaH/bl. JTa KOMaHJa Tak)Ke BBIMOJHSIETCS 3a OJWH IIar, IMOCJ€ Yero HayuHaeTCs
BBITIOJITHEHWE TOW KOMAaH/bl, HOMEpP KOMAaHJIbl KOTOPOM paBEH OTCHUIKE MPEIbIIyIIeH
KOMAaH/Ibl.

BooO6mie kaxkmas koMaHJa BBITIOJIHSIETCS 3a OJIUH IIar, a MepeXoj] OT BBIMIOJHEHUS OJHOMN
KOMaHJIbl K BBITIOJTHEHUIO JPYTOW MPOUCXOJAUT MO CICAYIOIIEMY MPaBWIy: MyCcTh HAa k-oM
11are BBIMOJHSJIACh KOMaH/ia C HOMEPOM a, TOTJa:

1) ecnu 3Ta KOMaHAa UMEET SAMHCTBEHHYIO OTCHIIKY b, TO Ha (K + 1)-0M mI1are BBITOIHSICTCS
KOMaHj1a ¢ HoMepoM Db;

2) eciau 3Ta KOMaH/1a UMeeT JBe OTChUIKU b1l 1 b2, To Ha (kK + 1)-0M I1are BHIIOIHSAETCS OHA
U3 JIBYX KOMaHJ - ¢ HoMepom bl o ¢ Homepom b2;

3) ecnu e BBIMOJIHSAOMIANACA Ha k-OM I1are KoMaHa BOBCE HE MMeeT OTChUIKH, TO Ha (K +1)
- OM IlIare ¥ Ha BCEX IMOCJICAYIOIINX IIarax He BHITIOJIHISTCS HUKaKas KOMaH1a — MallluHa
OCTaHaBJIMBACTCS.

Bo3mosxnbie citydan octaHoBa MamuHbl [locra:

1) B Xoje BBIMOJHEHHS HPOrpaMMbl MaIlllMHA JOWACT 1O BBIMOJHEHHS HEBBITOJIHUMOMN
KOMaH/Ibl, BBIMOJHEHUWE TMPOTPAMMBbI MpEKpallaeTcs, MalliHa OCTaHABJIMBAETCS -
POUCXOIUT Oe3pe3ybTaTHAsI OCTAHOBKA.

2) B XO7I¢ BBITIOJIHEHUS MIPOTrPaMMbl MaIIIMHA JOMIET 10 BBITIOJIHEHUSI KOMaH bl OCTAHOBKH;
nporpaMMa B 3TOM CJlydya€ CYMTAETCS BBINIOJHEHHOM, MalllMHA OCTAaHABIMBAETCA -
IPOUCXOIUT Pe3yJIbTaTUBHAS OCTAaHOBKA.

3) B XO/€ BBIMOJIHEHHs MPOrPaAaMMbI MalllMHA HE JOWICT JO BBIMOJIHEHUS HU OJHON W3
KOMaHJl, YKa3aHHBIX B TEPBBIX JBYX BapUaHTaX; BBINOJHEHHWE MPOTPAMMBI TMPU ITOM
HUKOT/Ia HE NpPEKpallaeTcs, MallMHa HHUKOTJa HE OCTAaHABJIMBAECTCS - MPOIECC pabOThHI
MAaIIUHBI TPOUCXOIUT OECKOHEUHO.

3.2. Uupopmaumnonnas jenra mamunsl [locta

Jlenta coctout U3 1999 syeek, Hymepamusa ot -999 no 999. Sueiika ¢ TOJICTON pamMKOM,
HaxoJsIIasicsi B LIEHTPE JIGHThl - KapeTka. BcruiblBaroniee MEHIO JICHThI BBI3bIBACTCS IpU
IIeJTYKE TMPaBOM KHOMKOW MbImM Ha JeHTe. llpu momydenum ¢oxyca JIGHTOH Ha HEH
MOSIBIIAETCSL Kypcop (CHMHHUM MPAMOYTOJIbHUK). Ero MOXXHO cABUraTh MO JIEHTE BIPAaBO U
BJIEBO KJIABHIIIAMHU YIIPaBJIEHUS KypcopoM. Y nepkuBasi kinaBuinry Shift u HaxxuMast KaBuIm
"Birero"/ "BrpaBo" MOXXHO BBIICIHTH HECKOJBKO sSUeeK. Takke SYCHKH MOXKHO BBIJICIUTH
MBIIIBIO: yJIEPKUBAsl JICBYI0 KHOTIKY M BBIJICTTUB HY)KHbIE. METKU CTaBSTCS/ yAAIAIOTCS B
sYeiKaxX, KOTOPBIC BBIIEIEHB. OJTO MOXHO CJelaTh HECKOJbKUMHU crocobamu (JeHTa
JoJIKHA OBITH CHOKYCHUPOBaHA):

* rasumrei "IIpoden"

* IIEJIKHYTh MBIIIBIO HA KHONIKY "V" Ha maHeJn HHCTPYMEHTOB

* BRIOpATh MYHKT TJIAaBHOTO WJIM BCILIBIBAIOIIETO MEHIO "MOCTaBUTH/ yIalIUTh METKU"

* JIBOMHBIM IIETYKOM MBIIIH (B 3TOM CIIy4yae U3MEHEHHE MPOUCXOAUT TOJIBKO B OJHOM
sTAeuKe).

Knasumm ynpasnenus kypcopom "Beepx" wnm "BHu3" cTaBsAT Kypcop B KapeTKy.



"Home" - kypcop B Hauano BUAUMOMN YaCTHU JICHTHI.

"End" - kypcop B KOHEIl BUIMMOM YacTH JICHTHI.

"Ctr]" + "BneBo" - cIBUT KapeTKU BJIEBO

"Ctrl" + "BrpaBo" - cIBUT KapeTKH BIIPABO

KHomnku co cTpenkoil ciesa U CrpaBa OT JIEHTHI - IPOKPYTUTH KAPETKY COOTBETCTBEHHO
BJIEBO M BIIPaBO. KHOMKM CO CTPENIKOW U BEPTUKAIBHOW MaJOYKOM CI€Ba U CIpaBa OT JIEHTHI
- INPOKPYTUTH KAPETKY COOTBETCTBEHHO 10 KpaWHEW JIEBOM OTMEYEHHOW SYEUKH U 110
KpallHel IIpaBOM OTMEUEHHOM s4eike. Homepa dTuX sA4YeeK YKa3bIlBalOTCS B CTPOKE
COCTOSIHMS KaK MMH U MAaKC COOTBETCTBEHHO. M0KHO HENOCPEACTBEHHO ITIOCTABUTH KAPETKY
B HY)KHYIO SIYEHKY, YKa3aB €€ HOMEDP B PENAKTOPE HaJ KAPETKOM. JIEHTYy MOXKHO 3alIOMHUTH
(myukr wMeHo Kowmanpga/ 3anomMHuTH JieHTY) u 3ateM BoccTaHoBuUTh (Komanpga/
BocctaHoBUTE NEHTY).

3.3. UcnosiHenne anropurtma MamuHbl Iocra

3amycK aaropuTMa Ha UCHOJHEHHUE OCYLIECTBIIAECTCS:

* MIYHKTOM TJIaBHOTO MeHIo [lyck/ 3amycTtuth

* KHOINKOM 3armyCTUTh Ha MaHEIU HUHCTPYMEHTOB

[Tpu 3TOM BBITIOJIHEHUE TIPOTPAMMBbI OyIET UATH 10 TEX MOp, IMTOKAa HE BCTPETUTHCS KOMaH1a
CTOII UJIM HE BO3HUKHET Kakasg-HUOYAb OLINOKA.

[TIprocTaHOBUTH BHITIOJHEHUE MOKHO!

* MyHKTOM TIaBHOTO MeHIo [lyck/ [ay3a;

* kHonkoi [lay3a Ha maHenu UHCTPYMEHTOB.

Ecnu BeImonHEeHHWE He OBUIO MPUOCTAHOBIEHO, TO OHO BCEr/la HAYMHAETCS C IEpBOM
KoMaH/ sl aniroput™Ma. Eciu Oblia HaxkaTa mays3a, TO MOKHO MPOJOTKUTH BBITIOJIHEHUE C TOU
KOMaH/Ibl, HA KOTOPOW MalllnHa ocTaHOBUIACh. [IporpaMMy MOKHO BBITTOJTHUTB 10 IIaraM:

* MyHKTOM T1aBHOro MeHio [lyck/ [lomraroso;

* kHonikoM [lomaroBo Ha maHejaIn HHCTPYMEHTOB.

IIpu 3TOM BBINIOJIHUTCS O4YepeHas KOMaH/Aa U BBINOJHEHHE MPUOCTAaHOBUTCS. [T0MHOCTHIO
IpepBaTh BHIITOIHEHUE TPOTPAMMBI MOYKHO:

* MyHKTOM TJIaBHOTO MeHIo ITyck/ IIpepBaTs;

» kHonKOM [IpepBaTh Ha MaHEIW HHCTPYMEHTOB.

PerynupoBaTte CKOpOCTH BBITTOJIHEHUS MOYKHO:

* IyHKTOM TJIaBHOTO MeHIO0 CKOPOCTh

3.4. Omnoxku mamunbl [Hocta

[Ipu BOBHMKHOBEHUU 3TUX OLIUOOK NPOUCXOAUT MPEPHIBAHUE UCIIOJIHEHUS aJrOPUTMA.
* He ykazana komaHaa

* He yka3ana oTchUIKa

* HeBepHO yKka3aH HOMEpP OTCHUIKHU

* KoMaH/1bl ¢ TAKMM HOMEPOM HE CYIIECTBYET

* Henb3sg mocTaBUTh METKY, IJI€ OHA YKE €CTh

* Henb3s cTepeTh METKY, T/i€ €€ HET

* Omubka yreHus (aitna

* Omubka 3anucu (aitna

4. Tlpumep



VYBenuuuTh uncao 3 Ha eAMHULY (MI3MEHHUTh 3HAY€HHE B MaMSTH C 3 Ha 4).

[lenoe MOJIOKUTENBPHOE YHMCIO HA JIEHTe MamMHbl [locTa mpeactaBUMoO MAYHIMMHU MOIPS
METKaMH, KOTOPBIX Ha OJIHY OOJIbIIE, YeM KOAUPYEMOE YHCIO0. DTO CBA3AHO C TEM, YTO OJHA
MeTKa 0003Ha4aeT HOJb, & YK€ JIBE — €IUHUILY, U T. 1.

JlomycTuM, TOYHO HM3BECTHO, YTO KapeTKa CTOUT TI/Ie-TO CJ€Ba OT METOK M 0003peBaer
IyCTYIO fAYelKy. Toraa nporpamMma yBEJIWYEHHUs YHACIA HA €AUHUILY MOKET BBITJISAAETh TAK:
1->2

27?13

3<-4

4V 5
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A MMpOLECCC BBIMTOJIHCHUA MOKET OBITH TAKHM:

MauwmHa llocTa.
NMpnbaesneHme eamMHMLUbI K HNCTTY

—/

Komanna 1.
COBHHYTE KApPETKY BIIPABO. {L’ 1 =2
IMepeiirn & womMmange 20

I
Kosmanna 2. 29 1-3
EcnH mMeTKH HET, TO NepeiiTi K komaHme |. - >
HMuauc - nepeiT K KoMmange 3.

—/
Komanna L. L |

CAORHHYTE KAPETKY BIPaABO.
Iepeiitn & woMmangc 2.0

e

Ecnm mMeTKH HET, TO nepeiitH K komanme |.
Hnauc - nepeiTin K KoMmange 3.

viviviv] |

27?713

Kowsmanna 2.

&

—/
L IVIVIVIV] ]

Komarnna 1. ] =
CaBHHYTE KAPeTKY BIAPaBOo. -
/1

IMepeiite & wonMmange 20

| [ [ VIVIVIV] |

Komanna 2.
L. x> 1 - 5
Ecnm mMeTkn HCT, TO NMOPCHTH K KOMaHIIC 1. — - >

HMuaue - nepeiiTm K konmanmge 3.0

Kosmanna 3. -
CORHMHYTE KAPETKY BICBRO. w{b 3 <-4
Tlepeittn Kk Konmanae <

—/

L IVIVIVIV]

Konmarnmna <4+, -

£y

IMocTaBuTE METKY. {b 4 WV 5
/1

TlepeiTH K KOoMaHIe 5.

_ [ [ IVIVIVIVIV] |

Cron. -

[IpuBenem mporpamMmy AJisi CIOXKEHHUS 1IE€JIbIX HEOTPUILATEIbHBIX YKCeNl a U b Ha MaluHe
[locTa, Korjga rojioBKa HAXOJIUTCS HAJ YUCIOM a, a YHUCIO b HAXOJAUTCS MpaBee 4yucia a Ha
HEKOTOPOE KOJIMYECTBO KJIETOK. JTa MPOrpaMma pealiu3yeT CIEAYIOINN alrOPpUTM: ITIEPBOE



YHCJIO TIOCTECTICHHO MPHUIABUTACTCS KO BTOPOMY N0 MX CIUSHUSA, a MMOTOM CTHPAETCS OJHA
MeTKa (MHa4e pe3ysbTaT OKazayicsi Obl Ha €UHUILY OOJIbIIIE MPABUIHLHOTO).

ululv u[ulu[u]u
1¢ 2 7->8 13 -5 14
> 3 > 15
2 —{ g 14 ¢ 17
> 1 > 9
3 -5 4 9 <~ 10 15 <- 16
b ¢ 5 MWH 1 16 H 1
& 11 <- 12 17 cvon 17
7 _{> 7

5 >

>

6 ~[ 6

> 5 > 5
B ciydae Goiee CIOKHBIX HAYaIbHBIX YCJIOBHH, KOTJIa HEM3BECTHO, CIPAaBa M CIEBA OT
TOJIOBKH (M Ha KAKOE YHCIIO KIETOK) HAXOIHUTCA YUCIIO, MOXKHO IPHMEHHTH TAaKOH IPHHIHII
TIOMCKA YHCIIA: JBHTas TOJOBKY MOOYEPESHO BIPABO M BICBO M OTMEYas METKAMH CTENCHb
YIaNeHNs] TOJOBKH OT MCXOJHOTO IOJIOKGHUS, HAWTH YHCIO, a TMOTOM YK€ IPHMEHHUTh
M3BECTHYIO TIPOrPaMMY CIIOKCHHMSA. IIpM 3TOM HpoBepseTcs, HAXOAUTCSA JIM TOJNOBKA Hajl
OJTHO} M3 METOK YHCJIa M €CIIM 3, TO Takas 3ajada yxKe pelieHa, HHaue IPOBEPACTCs MycTa
JTM CEKIUs CIIPaBa OT TOJIOBKH U CIEIYIOMAs 33 HEll; ecii 00e IMyCThl, TO JeNaeTcss BO3BPAT
TOJIOBKH Ha OJMH IIIAT M CTABUTCSA METKA, a 3aTeM TaKas )K€ OIepaIis BHIIOIHACTCS CIeBa 1
110 OTMEUEHHOH JJOPOXKKE TOJNIOBKA BO3BPAINAETCS BIPABO M T.A. JO TeX MOp, MOKA TOJOBKA
HE HATOJKHETCS HAa YHCJIO, MOCIE Yero MOXKHO NMPUMEHHTh paHEe PACCMOTPEHHbIC BBIIIC
IIPOTPAMMBI:
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1— 6 < 7 12 > 12 18 -> 19
> 16 5 20

3 > 3 TH 8 12 H 14 19{
R > > 18

3] g <- 9 1u—[ 20 H 2
> 16 > 10 > 15

b -> 5 9~[ 15 > 14 21 cron 12
R > 8

5 10 <= 11 16 <- 17
> 18

> 12 > 20
11~[ 1?~[

> 16 > 16
Mamnny IlocTta MOXXHO paccMaTpuBaTh Kak yHpolleHHYI0 monaeins DOBM. B camom nerne,
kak OBM, Tak u mammuna Ilocta nmeror:

- HeIeIUMble HocHTenu uHpopMmanuu (KJIETKH - OHWTHI), KOTOpBIE MOTYT OBIThH
3aMoJTHEHHBIMH WK HE3aIOTHEHHBIMH,
- OrpaHUYEHHBIH HAOOp »HJIEMEHTAapHBIX JACHCTBUA - KOMaHJA, KaxkJIas U3 KOTOPBIX

BBITIOJIHSIETCA 32 OJMH TakT (1ar).

O6e mamuHbI paboTalOT HAa OCHOBe mporpammbl. OxHako, B mamuue [locta uHbopMmarms
pacrnosiaraeTcsl JJMHEWHO W 4YuTaeTcs moapsan, a B OBM MoxHO yuTaTh WH(OPMAIUIO TI0
aapecy; Habop koMana DBM 3HAUMTENbHO MIKPE U BhIPA3UTENbHEE, YEM KOMAH/Ibl MAIIMHBI
ITocta u T.1.

5. 3ananme

llosicuenus Kk ycnosusam 3aoau

1) B 3amauax mop maccusom MOHUMAETCS MOCIEI0BATEIBLHOCTD MOAPST UAYIIUX METOK,
OrpaHUYEHHAsl yCTHIMU STYEHKaMHU.

2) Ecnu B 3aa4e TOBOPHUTCS, YTO HA JICHTE 3aJIaHO YHCJIO B YHAPHOU CUCTEME, TO HMEETCS B
BH]lY, YTO HATYPaJIbHOE YHUCIIO N 3aKOAUPOBAHO C IIOMOLIBIO MAaCCUBA JUIMHEI N.

3) B 3amayax npu OmMcaHWU HAYAJIBHOTO COCTOSHHS JICHTHI OYZeM yKa3bIBaTh TO, YTO
3aIIMCAaHO HAYMHAs C CAMOW JIEBOW HEMYCTOW SIYEUKHU M 3aKaHYMBasi CAaMOM MIPABOK HEIyCTOM



aueiikoi. Ilpu 3ToM OyaemM uCHOJIB30BaTh CleAylolmIMe OOO3HAYEHUs: N MOAPSNT
UAYIUX METOK Oyaem o6o3Hauath 1N, a M mycteix sueek — Om. IIpu ob6o3HaueHuM
OJIHOM 3allOJIHEHHOM WM TMycTOM sAuelku Oyaem mnucarb mnpocto 1 wmm O,
COOTBETCTBEHHO.

K npumepy, 3anucs “12012” 6yaet coorBeTcTBOBaTh 3anucu “11011” Ha nenTe.

4) Ecnu HE CKa3aHO HHUYEr0 O MECTOHAXOXJICHUU KapeTKH B HAYalbHBIH MOMEHT
BpEMEHH, TO OyJIeM CUUTaTh, UTO KapeTka 0003peBaeT AYehKy C caMoi JIEBOM METKOM.

1. CocraBbTe U mpoBepbTe Mporpammy ajig MamuHbl [locta, co3parollyio Ha JIEHTe
KOIIMIO 33JJaHHOM T0CJIE€10BaTEIBHOCTH METOK CIIPaBa OT HEE.

2. Ha nenrte mpocTtaBieHa MeTKa B OJIHOM-€MHCTBEHHOM suelike. Kaperka cTtout Ha
HEKOTOPOM PACCTOSIHUHU JieBee 3ToH sueiiku. Heo6xoaumo noaBecTy KapeTky K sueuke,
CTEpETh METKY U OCTAHOBUTH KapETKY CJIEBA OT OTOU SIYCHKHU.

3. Ha nenTte 3ajan MaccuB METOK. YBENWYUTH JUIMHY MaccuBa Ha 2 MeTku. Kaperka
HaxoJauTcs 100 ciieBa OT MAacCUBA, JINOO HaJ OAHOM U3 SYEEK CaMOI'0 MacCHBa.

4. Jlanbl 1Ba MaccUBa METOK, KOTOpPbIE HaXOAATCA HA HE KOTOPOM PACCTOSIHUH JIPYT OT
npyra. TpeOyeTcsi COeIMHUTL UX B OJAWH MaccuB. KapeTka HaxomauTcs HaJ KpailHen
JIEBOM METKOM MEPBOTO MACCUBA.

I[OHOJ'IHI/ITCJII)HLIC 3aJJaHusA

1.,HaH MaCCHuB MCTOK. KapeTKa pacmojaracrtcda rac-To Haa MACCUBOM, HO HC Hal
KpaﬁHPIMPI MCTKaMH. CTepeTB BCC MCTKH, KpPpOMC KpaﬁHHX, U TIOCTABUTH KApPCTKY B
HCXOJHOC ITOJIOXCHHUC.

2. Ha nente mamunubl [locta pacnoniokeH MaccuB U3 N METOK (METKU PaCIOIOKEHbI
yepe3 mpoben). HyxHo ckarb MaccuB Tak, 4YTOOBI BCE N METOK 3aHUMaId N
PaCIOJIOKEHHBIX MO TUCeK.

3. JIaHO HECKOJbKO MacCHUBOB METOK. Y IaJUTh YETHbIC MacCUBbI. KapeTka HaxoauTcs
HaJl IEPBBIM MaCCUBOM.
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