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OO01mue ykazaHusl K BbITIOJIHEHUIO Pa0doT.

[lepen HauamoM BBIOJHEHUS] paOOThl BHUMATEIHHO 03HAKOMBTECH C MHCTPYKIIMEH,
3a7laHueM K MPaKTHUYECKOn padoTe.

OTueT odopmiseTcst Ha JUCTaX CO IMITAaMIIOM. B oT4eT BIuIHTe TEMy, 1IeTb PadoThI,
obopyznoBanue, mporpaMmHoe obOecriedenue. [lpu BbImoTHEHHMH pPabOTHI CledyiTe
OpUBEICHHBIM IyHKTaM IuiaHa. Homep MNyHKTOB W HUX Ha3BaHUS JOJKHBI
COOTBETCTBOBATH JAPYT APYTY.

[To mepe BoImoHEHHS PabOTHI HEOOXOAUMO CHOPMYITUPOBATH BHIBOI.

OTtuetsl opopMIIIIOTCS B JKypHaie. Ha TUTYNIbHOM JHCTE JOKHBI OBITH YKa3aHbI:
Ha3BaHME MPEAMETa, Tpynna u (paMuiIns CTyIeHTa.

[Tpumep odopMIeHHS TUTYIHHOTO JIUCTA:
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BBenenue

Meronuueckue ykasaHUs K BBITOJIHEHHMIO NPAKTUYECKUX 3aHATUN IO IHCLMIUIMHE
«Teopus anropuTMOB» TNpEIHA3HAYECHbl JUIA 3aKPEIUICHWS TEOPETHUYECKUX 3HAHUM,
IIOJYYCHHBIX HA JEKIMAX, a TAKXKE U1 OBJIAJCHUSA CTYJCHTAMM YMEHHU W HAaBBIKOB
MPUMEHSTH 3TH 3HAHUS MPU CAMOCTOSITENIbHOM padoTe.

[lepeyeHb MPaKTUYECKUX 3aHATUM COOTBETCTBYET pabodeil mporpamme o
JUCHUIUINHE «MaremMaTHu4ecKrue METOAbDY

BrinonHeHne CTyJeHTaMy TPAKTUYECKUX 3aHITUA 10 JUCUUILUIMHE MNPOBOJAUTCA C
11€JIbIO:

- 3aKPEIICHUS TTOTYYEHHBIX TEOPETUUECKUX 3HAHUH 110 JUCLUIUINHE;

- yri1yOJieHHs TEOPETUUYECKUX 3HAaHUM B COOTBETCTBUHM C 3aJJaHHON TEMOM;

- opMHUPOBAHUS YMEHHM pelIaTh MPAKTUUECKUE 3a/1a4H;

- Pa3BUTHUA CAMOCTOSITEJILHOCTH, OTBETCTBEHHOCTH U OPTraHU30BaHHOCTH;

- (GopMHpPOBaHMUS aKTUBHBIX YMCTBEHHBIX JICMCTBUM CTYJCHTOB, CBSI3aHHBIX C
MMOMCKaMH paIliOHAJIbHBIX CIIOCOOOB BBIMOJTHEHUS 3a/IaHU;

- IOATOTOBKHU K 3a4€TYy.

MeTtonuueckre yka3zaHUs BBINOJHAIOT (PYHKUUIO YIPABIECHUS CaMOCTOSTEIbHOU
paboTON CTylIEHTa, MO3TOMY KaXKI0€ 3aHATHE HMMEET YHU(PUIMPOBAHHYIO CTPYKTYpY,
BKJIIOYAIOIIYIO OIPEIECICHUE LIEJIEN 3aHATUSA, OCHAICHUS 3aHATHS, MOPSAOK BBINOJHECHUS
paboThI, a TAKXKE 3aJaHUSI 1 KOHTPOJIbHBIE BOIIPOCHI JIJIs1 3aKPETUICHHS TEMBI.

Hopmbl o11eHKHM 3HAHUA, YMEHUI M HABBIKOB 00y4aI0IINXCSl M0 JUCHUILIJIMHE

OueHka NpaKTHYECKUX 3AHATHI 00y4al0IIUXCH

Omeem ouyenusaemcs ommemrou «5», ecnu:

— paboTa BBINOJHEHA MOJTHOCTHIO;
— B JIOTUYECKUX PACCYXKJICHHUSIX 1 0OOCHOBAHHUM PEILICHUS HET MPOOEIOB U OIITNOOK;
— B PCIICHUU HET MaTEeMaTHYEeCKHUX OIMUOOK (BO3MOXKHA OJHa HETOYHOCTh, OITHCKAa,
KOTOpas He SBJISCTCS CIISICTBHEM HEe3HAHUS WIIM HETIOHMMAaHUS Y4eOHOTO MaTepraa).
OT1meTka «4» CTABUTCS B CJEAYONIUX CIy4asaXx:
— paboTa BBIMOJHEHA MOJHOCTHIO, HO OOOCHOBAHMS IIarOB PEIICHUsS] HEAOCTATOUHBI (€CIu
yMEHHE 000CHOBBIBATh PACCYKICHUS HE SBIISIIOCH CIICIIMATIBHBIM O0BEKTOM MIPOBEPKH);
— JIOMYIIEHBl OJHA ONIMOKa WIM €CTh JBa — TpU HeAou€Ta B BBIKJIAJIKaX, PUCYHKaX,
yepTekax Win rpadukax (€Ciau 3TH BUIBI paOOT HE SBISUIUCH CICIHAIBHBIM OOBEKTOM
MIPOBEPKH).
OT1MmeTKa «3» CTABUTCS, €CJIH:
— JIOMyIIEeHO 0oJiee OJHOM OmMOKK WM OoJjiee IBYX — TpEeX HEIOYETOB B BBIKJIAJKAX,
yepTexkax Wi rpadukax, HO oOydarouuics o0agaeT 00s3aTeIbHBIMU YMEHUSIMU T10
IIPOBEPSAEMOU TEME.



OTMmeTKa «2)» CTABUTCS, €CJIN:

— JIOMYIIEHBI CYIIECTBEHHBIC OIMMOKH, IMOKA3aBIINE, YTO OOydYaIOIMIACS HE 00yamaeT

00s13aTEILHBIMU YMEHHUSMH TI0 TAaHHOM T€ME B MOJIHOM Mepe.
OtrmMmeTka «1» cTaBUTCS, €CJIN:

— paboTa TMokKa3ajia IMOJHOE OTCYTCTBHE y OOydYaromerocs o0s3aTelbHBIX 3HAHUM U
YMEHHUM IO TPOBEpPSEMOM TeMe WJIM 3HAYuTeIbHas 4YacTh pPa0OOThl BBINOJHEHA HE
CaMOCTOSITEIILHO.

Yuurtenb MOXET MOBBICUTh OTMETKY 3a OPUTHHAJIBHBIM OTBET Ha BOMPOC WMJIM OPUTHHAIBHOE
pelieHue 3ajadd, KOTOpPbIe CBUJICTEIILCTBYIOT O BBICOKOM MAaTeMaTHYECKOM Pa3BUTHU
o0yuJaroImierocs; 3a peiieHue 0osee CIOXKHON 3a/1aud WK OTBET Ha 0oJjiee CIOKHBINA BOIPOC,
peIJI0OKEHHBIE 00yJaroeMycsl JOTMOJHUTEIBHO MOCIIe BBIMOJIHEHUS UM KaKUX-TH00 JPYTUX
3aJIaHuN

O0mas ki1accupukanus omMudOOK

[Ipu oneHke 3HaHWN, YMEHHUI M HABBIKOB YYalIUXCs CIEAyeT YUYUTHIBATH BCE OUIMOKHU
(rpyOble 1 HeTpyObI€) U HETOUETHI.

I'pyObiMu cHUTAKOTCH OLIHOKU:

— HEe3HaHHWe OINpEACICHUS OCHOBHBIX MOHSATHM, 3aKOHOB, IMPABUJI, OCHOBHBIX IOJIOKCHHUI
TEOpUH, HEe3HaHWe ¢GOpMyJ, OOIICIPUHATHIX CHMBOJIOB O00O03HAYEHWUW BEJIMYUH,
SIMHUI] X U3MEPCHUS,

— HE3HaHWE HAMMEHOBAHWN €TUMHUIT U3MEPCHNUS,

— HEyMEHHE BBIJICJIUTH B OTBETE TJIABHOE;

— HEyMEHHE MPUMEHSTh 3HAHUS, AJITOPUTMBI JIJIsl PEIICHUS 3a1a4;

HEYMCHHE JIeJIaTh BBIBOJIBI U 00OOIICHHUS;

— HEYMEHHE YUTaTh U CTPOUTH IpauKu;

— HEyMEHHE IMOJIb30BaThCS MEPBOUCTOYHHKAMH, YICOHUKOM M CTIPABOYHUKAMM;

— TIOTEepS KOPHS WU COXPaHEHHUE TTOCTOPOHHETO KOPHS;

— otOpacbkiBaHue 0€3 00BSICHEHU OJTHOTO U3 HUX;

— PpaBHO3HAYHBIC UM OIIUOKH;

— BBIYHCJIMTEJIbHEIC OIIMOKH, €CJIM OHU HE SIBIISTIOTCS OITUCKOM;

— JIOTHYECKHUE OIIUOKH.

K Herpy0ObIiM omum0Kkam CieayeT OTHECTH:

— HETOYHOCTh  (HOPMYJUPOBOK, OMPEICICHHMN, TOHITHN, TEOpUH, BBI3BAHHAS
HETOJIHOTOW OXBaTa OCHOBHBIX IMPU3HAKOB OINPEACISIEMOr0 MOHATHUS WX 3aMEHOU
OJHOTO - IBYX W3 3TUX ITPU3HAKOB BTOPOCTEIEHHBIMU;

— HETOYHOCTh Tpaduka;

— HEPALMOHAJIBHBIM METOJ PELICHUS 3aJa4d WM HEIOCTAaTOYHO MPOAYMAaHHBIN IUIAH
OoTBeTa (HApyILIEHHE JIOTUKH, T[OJMEHA OTAEIbHBIX OCHOBHBIX  BOINPOCOB
BTOPOCTENEHHBIMU);

— HepalHuOoHAJIbHBIE METO Bl PAOOTHI CO CITPABOYHOMN U IPYTOM JIUTEPATYPOH;

— HEyMEHHUE pelaTh 3a7a4u, BHIMOJHATH 3aJIlaHusl B 0011IeM BHUJIE.



Henoyeramm SIBISIIOTCS:

— HEpalHOHAaJIbHbIE IPUEMBI BBIUNCIEHUN U NPE0OPa30BaHUM;
— HeOpeXHOEe BBIIOJHEHHUE 3aIUCed, YepTexel, cXxeM, rpauKoB.



IIpakTuueckas padora Nel. IlocTpoeHue JIMHEHHOT0 AJITOPUTMA

1. leas padoThI:
[TomyuyeHue HaBBIKOB OCTPOEHUS aITOPUTMOB JIMHEWHOTO TUTIA.

2. TeMbl AJ151 IpeABApPUTEIbHOM IPOPAOOTKH
OO61ee nousitue 00 anropuTMeE.

CnocoObl 3a1McH anropuTMOB.

[IpeoOpa3zoBaHue BBIpAXKEHHI K IMHEMHOMY BULY.

3. TeopeTudeckuii MaTepuaJl

B xoniie 60-x — nayane 70-x rr. XX cTosieTusi BbIpabaThIBaeTCs JUCIUILIMHA, KOTOpast
NOJIyyusia Ha3BaHHUE CTPYKTYPHOTO MPOrpaMMUpoOBaHus. Ee MosiBIIeHUE U pa3BUTHE CBSI3aHbI
¢ umeHamu J. B. [leiikctpel, X.J[.Muuica, /1. E. KnyTta u nqpyrux ydensix. CTpyKkTypHOE
MIPOrpaMMHUPOBAHKE 10 HACTOSAIIETO BPEMEHU OCTAETCA OCHOBOM TEXHOJIOTUU
nporpammupoBanusi. Co0JI0/IeHHEe ero MPUHITUIIOB TTO3BOJISIET MPOTPAMMHUCTY OBICTPO
HAy4HUThCS MHUCATh SICHBIEC, 0€30IITMO0YHBIC, HAJICKHBIEC TPOTPAMMBI.

B ocHOBe CTpyKTYypHOTr0 MpOrpaMMUPOBaHHUS JISKUT T€OpEMa, KOTopas Oblia CTpPOro
JI0Ka3aHa B T€OpUU MporpamMmupoBanus. CyTh €€ B TOM, UTO aJITOPUTM JIJIsl pEIICHUs 0001
JIOTUYECKOM 3a1a4M MOYKHO COCTABUThH TOJIBKO U3 CTPYKTYP «CIEJOBAHUE, BETBIICHUE,
UK. X Ha3piBatOT 0a30BBIMU aJITOPUTMUUECKUMHU CTPYKTYPAMH.

CnenoBaHue — 3TO JMHEWHAA IT0CIE0BATEIILHOCTD JEUCTBUIM:

—| Cepun 1 Cepua 2 —» —— Cepua Np—»

Kaxnprit 6710k MOXKET cofiepKaTh B ce0e Kak MPOCTYI0 KOMaH/y, TaK U CIIOXKHYIO CTPYKTYPY,
HO 00s13aTeJIbHO JOJDKEH UMETh OJIMH BXOJI U OJIUH BBIXO/I.

Ha npaktuke Hanbosiee pacipoCTpaHEHbI CIeAYOIUE (OPMBI IPEICTABICHHS AITOPUTMOB:
* CJIOBECHAS (3aIIMCh Ha ECTECTBEHHOM SI3BIKE);

* rpaguyeckas (M300pakeHus U3 rpaUUECKUX CUMBOJIOB);

* ICeBAOKO/bI (T10JTy(pOpMaIM30BaHHbIE OMUCAHUS AITOPUTMOB Ha YCIOBHOM
QITOPUTMHUYECKOM SI3bIKE, BKIIFOUYAIOLINE B C€0s1 KaK AJIEMEHTHI SI3bIKa

POrpaMMHUPOBAHUS, TaK U (Ppa3bl ECTECTBEHHOT'O SI3bIKa, OOIICTIPUHSATHIC

MaTeMaTHueckue 0003HaYeHUs U Ap.);

* MporpaMMHasi (TEKCThI Ha SI3bIKaX MPOTrPAMMHUPOBAHUS).

Cnogecnvlil cnoco6 3amyicu aarOPUTMOB MPEICTABIISAET COOOM OMMCAHKE MOCIEI0BATEIbHBIX
9TaIoB 00PaOOTKHU JaHHBIX. AJITOPUTM 3aJ1a€TCS B IPOU3BOJIBLHOM H3JI0KCHUH Ha
€CTECTBEHHOM

SI3BIKE.

I'paguueckuii cnocob nipeACcTaBICHUS AITOPUTMOB SABJISIETCS 00JIe€ KOMITAKTHBIM U
HATrJIIHBIM IO CPABHEHHUIO CO CIIOBECHBIM.

IIpu rpajuyeckoM  mNpeaACTABJIEHMH  AJTOPUTM  H300paxkaercsi B BHAE
MOCJIeA0BATEJIbHOCTH

CBSI3AHHBIX MeKAY C000H (PYHKIHOHAIBHBIX OJIOKOB, KaXKIbIii M3 KOTOPBIX
COOTBETCTBYET



BbINOJTHEHHUIO OJHOI'0 UJIM HECKOJIbKHUX AefCTBHM.

Takoe rpaduueckoe NpeIcTaBICHUE Ha3bIBAETCS CXEMOU ajlropuTMa Win 0J10K-cxeMoii. B
0JIOK-CXeMe KaKJOMY TUITY IeUCTBUM (BBOY UCXOJHBIX JAHHBIX, BEIUUCICHUIO 3HAUCHUM
BBIPDQXKEHUN, TNPOBEPKE YCIOBHI, YIOPAaBICHUIO IIOBTOPEHHEM JEUCTBUH, OKOHYAHUIO
00paboTKn

U T..) COOTBETCTBYET TreoMeTpuyeckas (Qurypa, MpeJCcTaBiIeHHass B BHUAEC OJIOYHOIO
CHUMBOJIA.

biiouHbIE CUMBOJIBI COCTUHSIOTCSA JIMHUSIMH NEPEX0A0B, ONPEICISIIOIINMU 0YEPETHOCTD

4. Ilpumep
Hano 3Hauenwe a. He wucnonb3ys HHMKakuX QYHKIMHA M HHUKAaKUX ONeEpaluid, Kpome
YMHOKEHHS, TIOJy4HTh 3HAUYCHHE a°3a TpH oneparuu 1 al’ 3a deThIpe onepanum.

/ BBOIO A /

®10=x5"x5
I

/ BBIBOT X5, XlO/

5. 3aganmne

CocTaBuTh MPOTPAMMBbI, BHIUYUCIISIOIIHE:
b +vb? + 4ac o
1. 2a -
CosX
2. 72X
3. BeuucnuTh nepuMeTp U IIomab NpIMOyTOIbLHOTO TPEYTOJbHUKA TI0 33JaHHBIM JJTMHAM
IBYX KaTreToB a u b.
4. ITonATOpHkI KOIIKK CHEIAIOT 3a MOJITOPA Yaca NOJTOPhI MBIIIKU. CKOJIBKO MBIIIEK CheasiT X
Kollek 3a Y 4acoB?

+b

+16X - Cos(XY) -2

JlonosiHuTEIbHBIE 3aITAHUSA

Jlana cropona kBanpara. Havitu ero nepumerp.

JaH pagnyc okpyxxHocTu. Haittu ee nuamerp.

Jlana qymHa pedpa ky6a. Haiitu o0beM Ky0Oa u miomab ero 00KOBOM MOBEPXHOCTH.

JlaH pagnyc okpykHOCTU. HanTu 1ivMHy OKpY’>KHOCTH U IIOIAAb Kpyra.

Jansbl n1Ba nensix yucia. Halltu ux cpegnee apudmeTndeckoe.

N3BectHbI 00beM U Macca Tena. OnpeaenuTh IIOTHOCTh MaTepralia 3TOro Tena.

M3BECTHBI KOJIMYECTBO JKUTEJIEH B TOCYAAPCTBE U IUIOMIAAL €ro Teppuropun. OnpenennuThb



IUIOTHOCTh HACEJICHUsI B 3TOM T'OCyAapCTBe.

JlaHbl KaTeThl MPSAMOYTOJIBHOTO TpeyrojibHuka. HailTu ero runorenysy.

Haiitu nomaas Koblia no 3aIaHHbIM BHEITHEMY M BHYTPEHHEMY paJinycam.

Jlanbl 1Ba yucia. Halitu cpegnee apudmeTnaeckoe ux MoayJieu.

Jlanbl aBa yncna. Haiktu ux cymMMmy, pa3HOCTh, IPOU3BEAECHUE, & TAKXKE YACTHOE OT JACIICHUS

MIEPBOTO YHCIIa Ha BTOPOE,

N3BecTHBI KOOPAMHATHI ABYX TOYEK Ha TUIOCKOCTH. HaliTu paccTosiHre Mex Iy HUMH.

CocTaBuTh porpaMmMy oOMeHa 3HAUYCHUSMH JIBYX TIEPEMCHHBIX.

CoctaBuTh TpOrpaMMy OOMEHA 3HAYEHUSMH TPEX TMEPEMEHHBIX &, D, C mo ciemyromei

CXEMe:

a) b mprcBouTH 3HaUCHKE C, & IPUCBOMTH 3HaUeHHUE D, C MPUCBOUTH 3HAYCHHUE A.

0) b npucBouTh 3HaUCHHUE @, C MPUCBOUTH 3HAUCHHE D, & IPUCBOUTH 3HAYCHUE C.

JlaHo BemiecTBeHHOE 4MCiO a. He mosib3ysich HUKaKuMU apuMETUYECKUMH OIepalusiMu,

KpOME YMHOXEHUS, TIOTyYUTh:

a® u a'% 3a werwipe onepanuy; a* u a?’ 3a nate onepamwmii; a° u a'® 3a mATE onepauuii; a° u

a'® 3a aTH onepaumii; a2, a® u al’ 3a mecTe onepanmii. a*, a'? u a®® 3a mectr oneparyii.
IpakTnueckas padora Ne2. IlocTpoeHue aJropuTMa ¢ HeMOJHBIM BeTBJICHUEM

1. Heab padoThI:
[TonydeHnnie HaBBIKOB MOCTPOEHUS AJITOPUTMOB C HETIOJIHBIM BETBJIICHUEM.

2. Tembl 11 IpeABapUTEIbHON NPOPAOOTKH
o OO1mee noHsATHE 00 AITOPUTME.
 IlpaBuna noctpoeHus anropuTMoB B BUJE OJIOK-CXEM.
« CnocoObl npeAcTaBIeHUs AITOPUTMOB.

3. Teopernueckuii MaTepuaJl

BeTBieHus B ajJropurmax

Jlerko u mpocTo ObUIO OBI KUTH (M JaKe HEMHTEPECHO), €CIM Obl YJIaJoch pa3 M HaBceraa
pacnucarh, KaKue MOCTYIIKM M B KaKOW IOCIIEI0BAaTEIbHOCTH coBepmiath. Ha camom pgene
HAaM TMOCTOSIHHO NPUXOAUTCA MPUHUMATh PEIICHUS B 3aBUCUMOCTH OT CO3/IaBIICHCS
curyaiuu. Ecium uaér noxkab, TO Mbl pacKpblBaeM 30HTHK. Ecin Ham Beceino, TO Mbl
cMmeéMcs. T.e. HamM JEWCTBHS 3aBUCAT OT HEKOTOPBIX YCIIOBHM, BO3HHMKAIOIIUX HW3BHE, a
BBIOOp PEIICHMs] OCYLIECTBIISETCS KaK BbIOOp BETBU ACHCTBUSA, TMOO OAHOW, TUOO PYyroi.
ToJIbKO BETBJICHUE TTIOMOXKET B CIIOKHBIX YCIIOBUSIX ClI€NIaTh BHIOOD.

Bemenenue - amo anzopummuueckana KOHCMPYKUUA, 6 KOMOPOU 6 3A6UCUMOCIU OmM
YCI106UA 6bINOJIHAECMCA MA UIU UHAA NOC1E008AMEIbHOCHL 0CUCHEUL.

CrpykTypa airoputma, cojiepxkaiias BETBJICHHE, HA3bIBA€TCS pa3BETBISIOLIEHCA. JTa
CTPYKTypa oOOeCneuYrBaeT BBIOOp MEXAy MABYMs anbTepHaTHBaMu. Jlns ompegeneHwus
HaIpaBJICHUsSI, B KOTOPOM MOUAET JlalbHEWIIee BHITIOTHEHUE, JIeNIaeTCsl MPOBEPKA YCIIOBHS.
Kaxxnprii 3 myTeit Ben€T K oO0IIei TOYKe CIHMSHUS, TaK YTO BBITIOJIHEHUE ajlropuTMa OyaeT
MPOJOKATHCA HE3aBUCUMO OT TOTO, KAKOW MyTh OBLIT BBIOPAH.

YacTo B KHU3HU BCTPEUAOTCS CUTyalldd, KOTJA MO OJHOMY M3 HAIMPABJICHUMN JBHXKEHUS IO
AJITOPUTMY MOXKET HE COBEPILIUTHCA HU OJHOTO JEWUCTBUS, a MO APYrOMY - COBEPIIMUTCS
HECKOJIbKO JIecTBU. Takoe BETBJIEHHE HA3bIBAETCS BETBJICHHMEM B HemoJiHOW dopme. B
BHJI€ OJIOK-CXEM TaKue aJrOPUTMbl MOXKHO 3aMUCaTh TaK:



Aa vemopme N HET
ICTHHA
GIoK
HHCTPVELIHIA
YcaoBue — 3TO JH000€ JOMYCTUMOE B SI3BIKE BBIPAXKECHHE, KOTOPOE BBIYUCISIETCS

KOMITHJIATOPOM. Pe3ysibTaT BBIYMCICHHUS HHTEPIPETUPYETCS ciemyromuM obpazom: 0 —
JIOXb, BCE OCTaJbHBIC 3HAUYCHUS — HCTUHA. KOMIWIATOp HE MOpOBEPAET NPABUIBHOCTH
COCTABJICHUSI BBIPAXKEHUS, B TIOOOM CITydae BhIPAXKEHUE TPOCTO BHIYUCISACTCS.

€ MCTUHA WJIU JIOXKb.

4. Ilpumep
CocTaBUTh 0JI0K-CXEMY PEIICHUS 33/1a4u:

Eciu a+b=c+d 1o caenare ciemyroliee: Hale4araTh
coobmenne "IlpaBUIBHO", BBIUMCIHTH S=X*7-y*3, BBOg a. b, ¢, d
CJI0’KHUTH a C IATHIO, BBIUECTH U3 d BOCEMB.

oa HeT
5. 3apanue

1. 3amano ymcno p. Ecam p<O, to y=p+5. CocraBbTe

QJTOPUTM PEIIECHUS STOU 3a/1a41 MOMOIIBIO OJIOK-CXEMBI. s=x*T7-y*3

2. CocraBbTe QITOPUTM, ONPEACISIIOIINNA HAXOKICHHE T

TOYKHM C KOOpAMHATaMU (X, Y) B YETBEPTOW YETBEPTH HA —ats

IIJIOCKOCTH. T

3. CocraBbTe anrOpuTM, KOTOPBIA TPOBEpsT Obl Yy

y4Y€HHKa TaOJlMIly YMHOXXEHHS IO TpEM BOIPOCAM, =8

npu4éM, HOMEp Bompoca o00o3HaubTe nepemeHHon N, a
KOJIMYECTBO MPABUIIBHBIX OTBETOB - IepeMeHHou K.

MpaBHIBHO

JlonoiHUTEILHBIE 32 IaHUSA

1. Ecnmu g+p=c+d TO caenath ciemyroliee: Hame4yarath
coobmienne "Ucnpasp", Bblumciauth Q=q*10+r*11,
CJIOXUTH I ¢ ABaaaThIO.

2. [TogcunTaTh KOJUYECTBO OTPHIIATEIBHBIX CPEAM YUCE a, b, C.

3. [TocunTaTh KOJIMYECTBO MOJIOKHUTEIBHBIX CPEIH Yucen a, b, c.

4. IMoacuuTaTh KOJIMYECTBO IEIBIX CPEIU YnCe a, b, c.

5. OnpenennTh, AeIUTENEM KaKuX ducen a, b, ¢ sieisercs uucio K.

6. Jlanbl Tpu AEHCTBUTENBHBIX YKClia. BO3BeCTH B KBaJlpaT T€ U3 HUX, 3HAUYCHUS] KOTOPBIX
HEOTPULIATEIIbHBI.

7. 3amanbl pa3mepbl A, B mpsMOYroiapHOro OTBEPCTUSI M pa3Mepbl X, y, Z KUpOUyYa.
OnpenenuTs, TPOUAET I KUPIUY Yepe3 OTBEPCTHE.

8. Hanmmcate mporpammy, KOTOpas MO 3aJaHHbIM TPEM YHCIIAM OINPENENSET, SABISETCA JIU



CyMMa KaKuX-JI100 ABYX M3 HUX MOJIOKUTEIbHOM.

9. BriOpaTh MakcUMalIbHOE U3 JABYX YUCEN X, Y U IPUCBOUTH €r0 3HaUYEHUE NTEPEMEHHO (.
10. BeiOpaTh MakcuMaabHOE W3 TPEX YMcCeN X, Y, Z U MPUCBOUTH €r0 3HAaUCHHE MEePEMEHHOM
g.

IIpakTnueckas padora Ne3. IlocTpoenue ajropurma ¢ noJHbIM BeTBJICHHEM

1. Hean padoThbi:
[Tony4yeHue HaBBLIKOB TOCTPOCHUS AITOPUTMOB C TTOJTHBIM BETBICHHEM.

2. Tembl 11t mpeaBapUTEILHOM MPOPAOOTKH
o OO6miee moHATHE 00 AITOPUTME.
« IIpaBuiia MOCTPOEHUS aJITOPUTMOB B BUJC OJIOK-CXEM.
o IlocTpoeHre 0JI0K-CXEMBI aITOPUTMa C HETIOJIHBIM BETBIICHHEM.

3. Teopernueckuii MaTepuaJl

BerBiieHus B ajiropurmMax

B mpaktudeckoir pabore No2 ObLI paccMOTpeH MaTepuand MOCTPOCHHUS aJITOPUTMOB C
HETOJIHBIMU BETBAMU. TakKKe 4acTO B KW3HU BCTPEYAKOTCS CUTYAIMHU, KOTJa [0 OAHOMY W3
HANpPaBJICHUN JIBUKEHHUS IO aJTOPUTMY JOJDKHBI COBEPIIUTHCS OJIHH JCUCTBUS, a IO
IPYTOMY - COBEPIIUTCA JPyrue€ ACWUCTBUSA. Takoe BETBICHUE HA3bIBACTCS GeMeEAeHUeM
noanoi gpopmet. B Buge 0J10K-CXEM Takue alrOpUTMbl MOXKHO 3alUCcaTh TaK:

VCIIOBHE
ICTHHA?

OMOK OJI0K
HHCTPYKLITT 2 HHCTPYKLRTI 1
Ycnosusn
3anuch BuUAA b<= c¢>d B uHpOpMaTHKE HE TPUMEHSICTCS U MOXKET MPHUBECTH K

HETPaBUWIHLHOUN paboTe MPOTpaMMBbI.

VYcnoBue — BBIpaKEHHE, KOTOPOE KOMIIBIOTEP M BBIYUCISACT U MPEACTABISET PE3yJbTaT B
Buje 3HadyeHus (1, 0)

KomribproTep He cleIuT 3a TpaBUIILHOCTHIO COCTABIICHUS JIOTHYECKOTO BBIPAKEHUS, a TOJIBKO
BBIUUCIISIET €TO0.

VYcaoBust MOTYT OBITH IPOCTHIMHU M COCTABHBIMU.

IIpocToe yciaoBue:

Omnepanp 1 3nak onepauuu | Onepann 2
OTHOLIEHUS

Yucno pPaBHO == Yucno

Tekct HE paBHO |=> Tekcr




IlepemenHas 0oJIblIIe > [lepemeHHas
Bripaxenue MEHBIIIE < Bripaxxenue
00JbIlle WM PABHO
>=
MEHBIIIE WA PABHO
<=
IIpumepsi:
A>=b+3*y

atb==c*@*x+d)
He Bo Bcex 3aadax MOXHO 000UTHUCH IMPOCTBIM YCJIOBHCM.

CocraBHoe ycioBHe

CocTraBHOE yCIIOBHE MOJY4YaeTCs U3 MPOCTHIX YCIOBUH € MOMOIIBIO JOTUYECKUX OMEPALIHA
N, WJIN, HE (&&. || !). Jas u3meHeHus nopsiika BHIYMCICHUN MPUMEHSIIOTCS CKOOKH, KaK
B aJreOpanvyeckux BhIPAKEHUSX.

[IprMepbl COCTaBHBIX YCIIOBHM:

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

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

IX

I (atb==v)

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

4. Ilpumep

CocTaBuTh OJ0K-CXEMY PEILIECHUS 3aJa4uH:
Jansbl 1Ba yncia. 3aMeHUTe 0OJIbLIee U3 IBYX JTaHHBIX YMCEN YJIBOEHHBIM POU3BEACHUEM, a

MEHBIIIEE MOJIyCYMMOM ITUX YHCEIT,

BBOJ XY

K= 2%ty v= (x+y)/2

| . ]
BBIBOT X, V

5. 3aganue

Jlaabl Ba ymncia. 3aMEHUTE:

a) MEHbIIIEe U3 JIBYX YHCET UX CyMMOM, a OOoJIbITiee POU3BEACHUEM ITUX YHCEIT;

0) MEHbIIIEe U3 JBYX JIAaHHBIX 4YHCEI MOJYyJIeM pa3HOCTH, a OojbllIee MOIyJieM
MPOM3BEICHUS 3TUX YUCET;

B) Oomnpiliee W3 ABYX JaHHBIX YHCEI MOAYJEM CYMMBI, & MEHbIIEe — MOJIyJIeM
MOTYPa3HOCTH 3TUX YKCEIL.



JlonosHUTEILHBIE 3aIaAHUS

1. 3amansl Tpu uncna X, Y, Z. Ecim X<0, To p 3a1ath Kak MakcuMmasibHoe u3 X, Y. Eciu X>=0,
TO P 3a1aTh KaK MUHUMAJIBHOE U3 X, Y.

2. 3amanbl ABa uncaa X, Y. BEciu MX cyMMa IONIOKUTENbHA, TO P 3a[aTh Kak X>+y?; eciam
OTpHIATEIFHA WM PaBHA HYJIIO, TO P 331aTh Kak (X+Y)2,

3. 3anganbl Tpu uncna X, Y, Z. Ecnu X+y>z, nonoxuts S=X+Yy+z. Ecinu X+y<=z, To S=X+Y-Z.

4. ITogcuuTaTh KOJMYECTBO TOJOKUTEIIBHBIX U OTPHUIIATCILHBIX YHUCEN CPEIM YKcel a, b, .
5. JlaHbl TpU AEHUCTBUTEIBHBIX 4YMcia. BO3BECTH B KBAaApAT T€ U3 HUX, 3HAYCHUS KOTOPBIX
HEOTPUIATEIbHBI, U B YETBEPTYIO CTENEHb — OTPHULIATEIIbHBIE.

6. Jlanb! nenplie yucna X, y. Ecnu uucia He paBHBI, TO 3aMEHUTh KaXKJ10€ U3 HUX OJTHUM U TEM
K€ YUCJIOM, paBHBIM OOJIBIIIEMY W3 UCXOJHBIX, a €CJI PABHBI, TO 3aMEHUTD YHCJIa HYJISIMU.
IIpakTuueckasi padbora Ne4. [TocTpoeHue ajgropurmMa ¢ MCNOJAb30BAHUEM KOHCTPYKIMH

BbIOOpa

1. Heab padoThI:
[Tonydenne HaBBIKOB MOCTPOEHUS AITOPUTMOB € UCIIOJIB30BaHUEM KOHCTPYKIIUU BBIOOpA.

2. Tembl 11 IpeABapUTEIbHON NPOPAOOTKH
o OOwee NoHATHE 00 AITOPUTME.
o+ IlpaBuiia mOCTpOEHUS aATOPUTMOB B BUJE OJIOK-CXEM.
o IlocTpoenue OnOK-CXeMbl aJIrOpUTMa C HKCIOJIB30BAHMEM KOHCTPYKLUMN HEMOJIHOH,
IIOJIHOW U BJIOKEHHOU BETBEM.

3. Teopernueckuii MaTepuaJl

Nuctpykiust BeiOOpa oOecreunBaeT MHOTOHAmNpaBieHHOe BeTBIeHHE. OHa TMO3BOJSET
JienaTh BHIOOP OJTHOM M3 MHOYKECTBA aJIbTEPHATUB. XOTSI MHOTOHAIIPABJIEHHOE TECTUPOBAHUE
MOYXHO peaJii30BaTh C MOMOIIBIO MOCJIEIOBATEIBHOCTH BJIOKEHHBIX MHCTPYKIUNA TMOJHOTO
WJTM HETOJIHOTO BETBJICHUS, BO MHOTUX CUTYallUsIX MHCTPYKIIMS BBIOOpa OKa3bIBaeTcs OoJiee
() PEKTUBHBIM pPEIICHUEM.

Ona pabotaer creaylmUM 00pa3oM. 3HAUYEHHE BBIPAKEHUS  IOCJIEI0BATEIBHO
CpaBHMBAETCA C KOHCTAaHTaMHU U3 3aJaHHOTO crnucka. [Ipu oOHapyXeHUU COBIAICHUS s
OJIHOTO U3 YCJIOBUW CPAaBHEHUS BBIMOJIHSETCS MOCIEIOBATEIIbHOCT MHCTPYKIUH, CBS3aHHAS
C 3TUM YCJIOBHUEM.

DNeMEeHT e6bipadiceHue WHCTPYKIIMM BBIOOpAa JOMKEH TIPU  BBIYMCICHUM  J1aBaTh
LEJIOYUCIICHHOE WM CHUMBOJbHOE 3HaueHue. (BbipakeHus, uMmeromnme, HanpuMmep, THI C
MJIABAIOLIEN TOUKOM, HEe pa3pelieHbl.) OUeHb 4acTO B KAUECTBE YNPABJISIIONIETO BhIPAKECHHS
HCIIONB3YETCs OJIHA MIEPEMEHHAs.
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Browx baox BIToK BIoK
HHCTpYKIHE 1| | HHCTPYELHE 2 HHCTpYEIHE 3| | #HCTpyROEd &
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Wrak, 1151 mpuMeHEHHS MHCTPYKIIMH BRIOOPAa HEOOXOAMMO 3HATh CJICTYIOIIEE.

v HCTpyKUUs BHIOOpAa OTIMYAETCA OT MHCTPYKIMH BETBJEHHS TEM, UTO BBIPAKEHHE
MOXXHO TECTUPOBAaTh TOJBKO C MCIOJb30BAaHUEM YCIOBUS paBeHCTBa (T.e. Ha
COBIAJICHUE BBIPAYKEHUS C 3aIaHHBIMA KOHCTAHTAMHM ), B TO BPEMSI KaK yCIIOBUE MOXKET
OBITB JTEOOOTO THIIA.

v Hukakue 1Be KOHCTaHTHI B OJIHON MHCTPYKIIMH BHIOOPA HE MOTYT UMETh MIEHTHYHBIX
3HAYCHUM.

v UHCcTpyKIus BEIOOpa 00bIYHO Gosiee 9(h(EeKTHBHA, YEM BIIOKEHHBIE BETBIICHHS.

WNHcTpyKIns BeIOOpa MOKET OBITh UCITOJIB30BAaHA KAaK YacTh BHEITHEH WHCTPYKIIUH BBHIOOpA.
B sToM cityyae oHa Ha3bIBACTCS 6102CeHHOU UHCTPYKITUEH BBIOOpA.

4. IIpumep

CocTtaBuTh anropuT™M creayromen 3aaaud. llonmp3oBarenb BBOJWUT JIBa 4YUCIAa W 3HAK
oneparuu. IIporpaMma B 3aBUCMMOCTH OT BBEJCHHOTO 3HAKa OINEpalid MPOU3BOAUT
JEUCTBUS HAJl YUCIIaMH — CJIO’KEHHE, BBIUMTAHUE, YMHOKEHHUE, JICJICHUE.

Vkazanue: K —3Hak apuMeTHUeCcKoi oneparuy.

<>
T I- I+ /
z=xty Z=X-y Z=x"y

| ' ! !

BEIBOT Z

5. 3aganue

1. Hanmucath nporpammy, KOTOpasi 10 HOMEPY JHS Henenu (1eaomy yucity oT 1 10 7) Belaer
B Kau€CTBE pe3yJbTaTa KOJIMYECTBO YPOKOB B BallleM KJIACCE B 3TOT JI€HbD.

2. CoctaBuTh mporpamMmy, KoTopas MO 3aJlaHHbIM TOJy W HOMEpPY Mecsilia T ONpeaeisieT
KOJIMYECTBO JHEH B ’TOM MECSIIE.




3. Hns xaxnon BBeneHHOM 1udpsl (0 — 9) BhIBECTH COOTBETCTBYIOIEE €l Ha3BaHHWE Ha
aHriauiickom s3eike (0 — zero, 1 — one, 2 — two,... ).

4. CocraBuTh IpOrpaMMmy, KoTopas IO JaHHOMY uuciay (1—I12) BBIBOOUT Ha3BaHUE
COOTBETCTBYIOIIETO EMY MecsIla.

5. CocTaBuTh NpOTrpaMMy, IO3BOJSIOIIYIO TOJYYHUTh CIOBECHOE OIKMCAaHUE IIKOJBHBIX
OTMETOK (1 — «10Xx0», 2 — «HEYJOBJIETBOPUTEIBHOY», 3 — «YIOBJIETBOPUTEIBHO», 4 —
«XOPOIIOY», S — KOTIUYHOM).

JlonoIHUTe IbHbIE 3a1aHUSA
1. Ot monp3oBaTens BBoAUTCS Iudpa anrauiickoro andasuta. Ecou ato I, V, X, L, C, D,
M, To BbIIaTh IECATUYHOE 3HAYEHUE JAaHHOW pUMCKOU LIU(PHI, HHAYE COOOIIUTD, YTO 3TO HE
dpa.
2. Hamwmcarp mnporpammy, MO3BOJSIONIYIO MO TMOCIEAHEH Ludpe dYucia omnpeneanuTh
MOCJIETHION IUGPY €ro KBajapara.
3. B craposimonckom kanenjape Obu1 npuHAT 12-neTHui nukil. ['oapl BHYTpH IIUKIIA HOCHIIH
Ha3BaHMS KUBOTHBIX: KPBICHI, KOPOBBI, THUrpa, 3aillla, ApPaKOHAa, 3MEH, JIOIIAIW, OBIIbL,
00e3bsiHbI, KypHIlbl, COOaKM M CBUHbM. HamucaTe mporpammy, KOTOpasi BBOIUT HOMEP
HEKOTOPOTI'O roJla U IeYaTaeT ero Ha3BaHUe MO CTAPOSAIIOHCKOMY KaJeHAAPIO.
(CrmpaBka: 1996 r. — roa Kpbicbl — Haudano 04epeIHOTo IUKJIA.)
4. JIns nenoro yucna A: ot 1 1o 99 Hameuarats ¢pazy «MHe K jeT», yauThIBasi pu STOM,
YTO TIPU HEKOTOPBIX 3HAUCHHSIX K CIIOBO «JI€T» HAll0 3aMEHHUThH Ha CIOBO «TOJ» MM «TOIay.
Hanpuwmep, 11 ner, 22 roga, 51 rox.
5. Hamucatp nporpammy, Kotopasi Obl IO BBEIEHHOMY HOMEDPY €AUHUIBI HU3MEPEHUS
(1 — nmemumerp, 2 — KHIOMETp, 3 — MeTp, 4 — MUUIMMETP, 5 — CaHTUMETP) U JIJTHHE
oTpe3ka L BbiiaBana Obl COOTBETCTBYIOLIEE 3HAUECHUE JJIMHBI OTpE3Ka B METpax.
6. Hamucarp mporpammy, Kotopas mo BBoguMomy uuciay oT 1 mo 11 (Homepy kiacca)
BBIJJACT COOTBEeTCTBYMOMIee coobmienune «I[IpuBer, K-kmaccauk». Hanpumep, ecmu K = 1,
«[IpuBet, mepBOKIaCCHUKY; ecin K = 4, «IIpuBeT, 4eTBEPOKIACCHUKY.

IIpakTnueckas padora NeS. IlocTpoeHue aJiropuT™Ma ¢ HCNOJIb30BaHHEM

apu(MeTHYECKOro HUKJIA

1. Heas padoThI:
[TonydyeHne HaBBIKOB TOCTPOCHUS QITOPUTMOB C HCIOJb30BAHUEM apUPMETUUECKOTO
IUKJIA.

2. Tembl 11 IpeABaAPUTEIbHOM NPOPAOOTKH
o OOmee moHsATHE 00 AITOPUTME.
o IlpaBuiia mocTpoeHUs aIrOPUTMOB B BUJE OJIOK-CXEM.
o IlocTtpoeHne ONOK-CXEMBI aNrOpUTMa C HCIOJIB30BAHMEM PA3IUYHOTO THUIIA
BETBJIICHUM.

3. Teopernueckuii MaTepuaJl

ANTOPUTMBI, KOTOPBIE MbI COCTABJISUIA paHee, 001a1al0T OJAHUM OOIIIMM CBOMCTBOM: MPHU UX
BBITNIOJTHEHUM KaX/10€ JEHCTBUE COBEpLIAeTCs OJUH pa3 WM BooOuie He coepuiaerca. Ho
JUISI MHOTHX 3aJ]ad, pPEelIaeMbIX Ha KOMIBIOTEPE, XapaKTepHO MHOTOKPATHOE BBIMOJIHEHUE
OTJIEJIbHBIX YYaCTKOB BBIUMCIICHUH.

Buiuucnumenvnvie npoyeccol, npu peanuzayuu KOmopuvix umeem mMecmo MHOZOKPAMHoOe



6bINOJIHEHUE O00HO020 UIU HECKOIbKUX HNPOUECCO8 GbIYUCIAEHUI, NPUHAMO HA3bIEAMDb
UUKIUYECKUMU.

IHukn - >T0 anropuTMUYecKass KOHCTPYKUHUSA, B KOTOPOM B 3aBUCUMOCTH OT YCJIOBUS
MOBTOPSIETCA ONpENEIEHHAs MOCIE0BATEIbHOCTD IEUCTBUN.

[{uki B anroputMe MMeeT 0cod0e 3HAYEHHE, T.K. TOJIBKO €ro HCIOJIb30BAHHUE MO3BOJIAET C
MMOMOILBIO CPaBHUTEIBHO KOPOTKHUX aJITOPUTMOB 3aIAChIBATH JUTMHHBIE
MOCJIEIOBATENbHOCTH  ICMCTBUM, YTO TMO3BOJISIET 3HAYUTEIIBHO YMEHBIINTH CKOPOCTH
BBINOJIHEHUS POTPAMMBI.

AnroputM, npeayCcMaTpuBaKOIIMA MHOTOKPATHOE MOBTOPEHHUE OJHOTO U TOTO K€ JIEUCTBUS
HAaJl HOBBIMU JIAHHBIMU, HA3bIBAETCS [IUKJIMYECKUM.

[y Ha3pIBaeTCst apu(METUYECKUM, €CIIA YUCIIO TIOBTOPEHUH IIUKJIIA U3BECTHO 3apaHee WM
MOJKET OBITh BBIYUCIICHO.

Boipakenue 1 BBIMONHSIETCS TOJNBKO OAWH pa3 B Haudaje nukia. OOBIYHO OHO OMpENENsieT
HavyaJIbHOE 3HAYEHUE MapaMeTpa IUKiIa (MHUIHATM3UPYET mapaMeTp Hukia). Beipaxkenue 2
— DTO YCIIOBUE BBITIOJIHEHUS IUKJIA. BpipakeHue 3 0OBIYHO ompenesnser HU3MEHEHHe
rnapamerpa LMKIA. BJIOK HMHCTPYKIMH — TENO0 LUKJIA, TO €CTh HMHCTPYKLHUH, KOTOpBIE
JOJKHBI BBITOJHATHCS 3aJaHHOE KOJIMYECTBO Pas..

BbIpazkeHHe 1

OJIOK
HHCTPVELIT

pLIpasKeraie 2
HCTHHA?

BRIpa/KEHHE 3

OOparute BHUMaHWE HA TO, YTO TOCJIC BBIYUCIICHUS BBIPOKEHHS 3 TPOUCXOJIUT BO3BpaT K
BBIYMCIICHUIO BBIPAXKEHUS 2 — MPOBEPKE YCIOBUS IOBTOPEHUS IIUKIIA.

Huxn ¢ napamempamu iHaye HA3bIBACTCS KAK YUK OJ151 KAHCOO020.
EcTh crienmmanbHbINA DJIEMEHT OJIOK-CXEM IS CYETHBIX [IUKJIOB.

MoAroTeKa CHETHRIE UHKNH
Pl crmin

C ncnoap30BaHUEM CIICHHUAJIBHOI'O 3JICMCHTA AJITOPUTM UHUKIIA 07151 KAX€0020 BBITJTIAAUT TAK:
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BLIX 07
3 = ~  Mep=H3, K3, llar “oll——
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TETD DHE. TR

IMep. - nepemensan (mapaMerp)

H3 - HaTaabHOe 3Ha9eHAE OapaMeTpa

K3 - kxoHedHoe 3Ha9eHHEe DapaMeTpa

Mlar - Be.mMYnEA A3MeHe HITA OapamMerpa moc.ie HALEIOTD
EBITIOTHEHAA Te.Ia I HKTa.

Teno nMKIa BBINOJHSAETCA CTOJBKO pa3, CKOJIBKO Pa3HbIX 3HAYEHHN NPHUMET IMapameTp B
3aJJaHHBIX MpeeIIax.

4. IIpumep
CocTaBHUTh aNTrOPUTM HAXOKJICHUS CYMMBI IEPBBIX N YUCEIL.
O6patute BHumanue! IlepemenHast S nomkHaA ObITH MOATOTOBJIEHA — OOHYJIEHA, YTOOBI HE

OBLIO UCKaXKEHUS Pe3yJIbTara.

BBOJ 11

i
I
=

s=s+1 || i=i+1

HET

BBIBOT 3

Bripaxkenue 1 i=1
Bripaxxenue 2 I<=n
Bripaxxenue 3 i=i+1
biok uHCTpYyKIMiA S=S+i

biok-cxema aJiroputMa € HCIIOJb30BAHUCM CIICHUAJIBHOI'O 3JICMCHTA AJIA CUCTHOI'O ITHUKJIA
BBII'JIAOUT TaK:



BBEIBO 8

[lepemennas |
HavanbHoe 3HaueHue mapameTpa 1
KoneuHoe 3HaueHHe mapaMerpa n

Benuunna n3MeHeHMs ImapaMceTpa MMOCJIC KaXXI0I'0 BBIIIOJIHCHU TCJIa MUKIIA 1

5. 3apanue

1. CocTaBbTe QJIrOPUTM JJIsI 33]1a4: BHIBECTH Ha SKPaH BCE YETHBIC JIBy3HAYHBIE YHCIIA.

2. BeiBecTH Ha 3KpaH BCE TPEX3HAYHBIC YKCIIA, KPATHBIE BOCHMHU.

3. BeiBecTu Ha 3KpaH B yOBIBAIOIIEM MOPSAJIKE BCE JIBY3HAUHBIC HEUETHBIC YHCIIA.

4. B nepemeHHyro P mno ouepenu BBomArcs 10 uncen. B mepemMeHHOW (| MOMYyYUTh
MaKCUMAJIbHOE U3 3TUX YHCEI.

5. Crapumii Opat momapwin MHe | pyOib B TEpBbIi MO JA€HB POXACHUS. B Kaxmbii
CIEAYIOUIUI JIEHb POXIEHUSA OH yJIBauBajl CBOW moaapok. Kakyro cymmy s monyuy Ha 16-
nerue?

6. HauaB TpeHUpOBKH, CHIOPTCMEH B MepBbIi JAeHb npodekan 10 kM. Kaxkapiii criemyromniuii
neHb oH mpoOeranm Ha 10% Oombine, yem B mpenbiaynuii. CKOJBKO KHUJIOMETPOB OH
PoOEKHUT B ceibMOM JieHb? CKOJIBKO BCEro KUJIOMETPOB OH MPOOCKUT 32 CEMb JHEH?

7. OnHokJieTOuHas ame0a Kaxable TPU yaca JeauTCs Ha ABe KieTku. OmnpeaenuTe, CKOJIbKO
ame0 OyneT uepe3 CyTKH.

JlonosiHuTEIbHBIE 3aITAHUS

1. Crapmmii Opat moaapuna MHe | pyOnab B mepBbli MOM JeHb pOXIeHUA. B Kaxblii
CJIEYIOIIMN JIEHb POXKJICHUS OH YJBauWBaJl CBOW MOJAPOK U MPHUOABISUT K HEMY CTOJIBKO
pyOseii, cKoJbKO JIeT MHE ucnosHuiIock. Kakyio cymmy s nonyuy Ha N-nerne? K xakomy
JTHIO POXKIEHUsI cymMa Toapka rpeBbicuT 1000 pyOeit?

2. BpluncauTh CyMMY LETBIX YUCEI O N 10 M.

3. Beruncnuts cymmy KyOOB LIETBIX YHCed OT N 0 M.,

4. HaiiTu mpou3BeieHUE N IPOU3BOIbHBIX YHCEIL.

6. Beectu n yucen. OnpenenuTs, CKOJIBKO U3 HUX MTPEBOCXOAUT IIEPBOE YHUCIIO.

6. Beectu N uncen. OnpenenuTh, CKOJIbKO CPEAN HUX MOJ0KUTETbHBIX.



IIpakTuuyeckas padora Ne6. Ilocrpoenne ajgropurmMa ¢ MCNOJIb30BAHUEM LHHUKJIA €
npeaycjioBHeM

1. Hean padoThbi:
[Tomy4yeHue HaBBHIKOB TTOCTPOSHUS AITOPUTMOB C HCIIOJIB30BAHUEM IHKJIA C MPEIYCIOBUEM.

2. TeMbl AJ151 IpeABAPUTEIbHOM IPOPAOOTKH
« OO6ee monsiTue 00 anropuT™Me.
o+ IlpaBuiia mOCTpOEHUS aATOPUTMOB B BUE OJIOK-CXEM.
o IlocTpoenue Gi10K-CXEMBI AJITOPUTMA C UCIOJIb30BAHUEM apU(PMETUYECKOTO LIUKIIA.

3. TeopeTudeckunii MmaTepuaJl

AJTOPUTMBI, KOTOPBIE MBI COCTABJISUIA paHee, 001a1al0T OJHUM OOIIMM CBOMCTBOM: MPHU UX
BBITIOJIHEHUH KaXKJI0€ JCHCTBUE COBEpIIAeTCs OJWH pa3 WK BooOIIe He coBepiiaercs. Ho
JUIsT MHOTHX 33Jlad, PEHIaéMbIX Ha KOMIIBIOTEPE, XapaKTEPHO MHOTOKPATHOE BBINIOJHEHUE
OT/ICJIbHBIX YYACTKOB BHIUMCIICHUM.

Buvituucnumenwvnvie npoyeccol, npu peanu3ayuu KOMoOpPvix UMeem mMecmo MHOZOKPAmHoe
6bINOJIHEHUE O0O0HO020 UNU HECKOIbKUX NPOUECCO8 GbIYUC/IEHUN, NPUHAMO HA3bIEAMDb
UUKTUYECKUMU.

Hukn - >TO anropuTMUYEcKass KOHCTPYKIMS, B KOTOPOM B 3aBUCUMOCTH OT YCJIOBUS
MOBTOPSIETCA ONPEACIEHHAS OCIEA0BATEIIBHOCTD JICWCTBUM.

[ukn B anropuTMe uMeeT 0coboe 3HaAYeHHE, T.K. TOJIBKO €ro HUCIOJIb30BaHUE MO3BOJISET C
MTOMOUIBIO CPaBHUTEIIBHO KOPOTKHX aJIrOPUTMOB 3aIUChIBATh JUTUHHBIE
MOCJIEAOBATEIbHOCTH JACHCTBHI, YTO TMO3BOJSET 3HAYUTENBHO YMEHBIIUTh CKOPOCTh
BBITIOJTHEHUS IPOTPAMMBI.

AJNTOpUTM, MPEeTyCMATPUBAIOIINI MHOTOKPATHOE MOBTOPEHHUE OJIHOTO M TOTO K€ JACHCTBHUS
HaJl HOBBIMU JTaHHBIMH, Ha3bIBAETCS ITUKIINUYECKUM.

JIns opraHu3alMyd IUKIOB MOYKHO NPUMEHATH YCIOBHUSA, T.K. UUKIMYECKUA aIrOpUTM
SIBJISIETCS YaCTHBIM CITy4aeM Pa3BETBIISIOMICTOCS.

Teno yukna - 3TO MOBTOPSAIONIASCA MOCIEIOBATEILHOCTD NEUCTBUM (OJIOK MHCTPYKIIUA).
[uk, 17151 KOTOPOTO HEJNb3s yKa3aTh YUCJIO MOBTOPEHUM, U MPOBEPKA OKOHYAHHUS KOTOPOTO
MPOUCXOJIUT IO JOCTHKEHUIO HY>KHOTO YCIIOBUSI, HA3bIBACTCS UMEPAUUOHHBIM.

[IpoBepka BBIMOJHEHUS YCIOBUS MOXKET MPOUCXOAUTH /10 BHITIOJHEHUS Teja IUKJIa U TOCIe
HET0, a IIUKJINYECKUE CTPYKTYPHI SBIISIIOTCS LIUKIAMHU € BPEOYC/106UEMI € ROCHLYCIOBUEM.

B mukie c mpemycnoBueM, Ha3bIBAEMOM €LIE UUKAOM “noka”, cHavyaia MpOBEpSIETCS
YCJIOBHUE, a 3aTEM BBITIOJIHSIOTCS ICHCTBHSI.

YCIIOBHE
HCTIHHA?

OJI0K
HHCTPYKLHE




llum C npeOyCJloeueM Moricem He 6blNOIHUmMbCA HU paA3).

Pemnm 3apauy:
Cocmasumb aneopumm GvlNOJHEHUsT OOMAUHe20 3A0aHUsi No 2eoMempuu, eciu 3a0aHo
peuums HeCKOIbKO 3a0ad.

Pewexue
Ha A3BIKE ATOK-CXEM!

a1 “mosa”™

a) Ha94.10

Hi pA3ZeE0PHOM A36IKED

Arzopumw: “ JoMamuee

3ajanme”’
Hexodnsie daunsie:
HECKO.IbKD
HepellEHHBIX 337129
KoHSYHBIN Pe3yTbiam:
ECE 347301 peIlleHbl

TocnedosmmaTsHOC Hs

JefcTEHH,

a) IToxa 3aJa<n He pellleHEL,
NOETOPATL: PeIOd 3aJaqy

4. Ilpumep

CocTaBuTh aJITOPUTM ISl OMPEACNICHHS HauOOJBIIEro OOIIEro KpaTHOTO JBYX IIEJbIX
MTOJIOKUTENIBHBIX YHCEN, HCIOoNb3ys aiaroput™ EBximmpa (ompenenenne HOJl meromom
BBIYUTAHUS).

CornacHo anroputMmy EBknuaa mjis HaXOXXIE€HHUS HaWOOJBIIEro OOIIEro KpaTHOTO JBYX
L[EJIBIX TIOJIOKUTEIBHBIX YUCEN, HY’KHO W3 OOJIBIIIETO YMCIIa BRIUUTATh MEHBIIIEE IO TEX TOp,
MOKa OHU HE CTaHyT PaBHbI, 3TO YUCJIO U €CTh HAMOOJBIINNA OOIINI ACTUTENb.

Bo3emeMm nBauncima :4u 11.

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

Takum o6pazom, HOJ] uncen 4 u 11 pasen 1.
brok-cxema pemenus 3anauu onpeaenenuss HOJl metrongom EBknuaa:




Ha'valo

(]
I
e
1
Vi

/351130;[ x (HO) X=X-V

KOHeL]

5. 3aganmne

1. CocTaBuTh anroputm pemieHus 3aaaun onpeaeneaus HOJl merogom nenenusd. (aaroputMm
EBknuaa). bonbiiee W3 4ucen 3aMeHSETCS Ha OCTAaTOK OT IICJOYMCICHHOTO JICJICHHUS
OoJiplliero yuciia Ha MeHblnee. [loBTopsercs 3To JaelcTBUE J0 TeX MOp, IOKa OCTATOK HE
CTAHET paBHBIM HYJIIO, BTOPOE YUCIIO Ipu 3TOM U ecTb HO/I.

2. HauaB uwtath gerektuB ¢ 30-i1 CTpaHUIBI, YATATEIb MOJACYUTAT CYMMY HOMEPOB
IPOYMTAHHBIX 34 JIeHb cTpaHul. OHa oka3anack paBHa 840. CKOJIBKO CTpaHUI 3a JI€Hb OH
MpOYHTAI?

3. BecHoil Ha Gepe3e pacnyCTHIIOCH B TIEPBBIN J€Hb A JINCTHEB, a B KAXK/BIA MOCIEAYIOIINI
B TpU pasza OoJjbliie, 4UeM B NMpeablAyliuid. B kakol JeHb pacnyCTUTCS Ha JepeBe B nucTheB
3a oJIiH JieHb? Yepes ckonbko aHel Ha aepese OyaeT 1000000 nmuctheB?

4. Hukonaii poawics A cM B JJuHY. 3a MEpPBBIM roj OH BeIpoc Ha B cMm. B kaxmawlii
MOCJIeIYIONIUI roj] OH nojpactan Ha 17% MeHbIle, 4eM B NMpeab Ay roa. Yepes CKoabKo
JIET €T0 POCT cTa Oosbie, yem 165 cm?

5. Crakan kunstka (100 rpagycoB Llenbcus) ocThul 3a MEPBYI0 MUHYTY Ha A rpaaycos, a
KXyl MOCIECAYIOUIYI0 OCThiBald Ha 15% MeHblie, yuem B Npeaplayniyro. Uepes CKOJIbKO
MUHYT Temneparypa Bojbl ctaHeT Hrke N rpagycoB Llenbcus?

6. CenpbMOMYy KJaccy Ha nmpakTuke nopydeHo cayTth 1000 omxyBanumkoB. bpuraga ManbunkoB
B MEPBBINA JIEHb Clyja A 0JyBaHYMKOB, a Opuraaa JIeBouek — B 2 pa3a MeHblle. B kaxbIit
MOCJIEYIONMNA JA€Hb MPOU3BOAUTEIBHOCTh MAJbUMKOB yMeHbIIanachk Ha 10%, a geBouek
pocia Ha 15% 1o cpaBHEHUIO C TpeAblaymMM. Yepe3 CKOJBKO JHEH KIIacC BBIOJIHUT
Hopmy? CKOJIBKO cienaeT Opuraia MabuYMKOB 1 Opuraja 1IeBOYEK B OTACIBHOCTH?



JlonoJTHMTE IbHBIE 32JAHUS
1. Harmucats anroput™m EBkinuaa, ucrnons3yromuii cootHomenuss HOJI(a, b)=HO/I(a mod b,
b) mpu a>=b HO/] (a, b)=HO/] (a, bmoda) npu b>=a

2. Hamucarp anroput™ EBkmmma, wucnombs3ytomuii cootnomenus HOJL (a, b)=HOJ (a,
bmoda) npu b>=a

3. Jlanbl HaTtypanbHBIe a U D, He paBHbIe 0 omHOBpemeHHo. Haiitn d = HOJI (a,b) u Takue
nenble X 1Y, uro d = a*x + b*y.

4. Jlanwl HaTypajbHbIC a U b, He paBHble 0 omHoBpemeHHo. Haiit d = HOJI (a,b) u taxue
ensie X Uy, uro d = a*x + b*y.

5. Jlanbl HaTtypanbHbie a U b, He paBHbie 0 ogHOBpemenHo. Haiitu d = HOJJ (a,b) u Takue
enbie X 1Y, uro d = a/x + b*y.

6. Jlausl HatypanbHbie a u b, He paBHbie 0 omHOBpemenHo. Haittu d = HOJJ (a,b) u Takue
nenbie X 1Y, uro d = a*x + bly.

7. HanncaTte BapuaHT airoput™Ma EBKIMIa, HCHOJIB3YIONUMKA COOTHOIICHUS
HO/I(2*a, 2*b) = 2*HO/I(a,b)

8. Hanucarp BapuanT anroputma EBKinaa, UCIIOIB3YIOMIUI COOTHOIIEHUS
HOJ/I(2*a, b) = HO/I(a,b) mpu HeuetHOM b
9. Hamucatp OMHapHBIN anroput™, Hcnoib3ytommmi cootHomenuns HOJI(a, b)=HO/I(a mod
b, b) mpu a>=b HO/] (a, b)=HO/] (a, bmoda) npu b>=a
10. Jlansl HaTypanbHbie a ¥ b, He paBuble 0 omHOBpeMenHo. Haittu d = HO/I (a,b) u takue
enbie X 1Y, uro d = a*X + b*y, ucnonb3ys OMHApHBIH aITOPUTM.

IIpakTnueckas padora Ne7. IlocTpoeHue ajropurmMa ¢ HCNOJb30BAHMEM LHHUKJIA C

MOCTYCJIOBHEM

1. Heas padoThI:
[TonydeHnune HaBBIKOB MOCTPOEHUS AITOPUTMOB € UCTIOIB30BAHUEM IIUKJIA C TIOCTYCJIOBUEM.

2. Tembl 11 IpeABaAPUTEIbHOM NPOPAOOTKH
o OO1mee moHsATHE 00 AITOPUTME.
o IlpaBuiia mocTpoeHus aJrOPUTMOB B BUJE OJIOK-CXEM.
o IlocTpoenue 0JI0K-CXEMBI ATOPUTMA C UCTIOIH30BAHUEM IIUKIIA C TIPETYCIOBUEM.

3. Teopernueckuii MaTepuaJl

ANTOPUTMBI, KOTOPBIE MBI COCTABJISUTH paHee, 00Iaaf0T OJHUM OOIIIMM CBOMCTBOM: TIPH UX
BBITIOJTHEHUH Ka)/10€ JEHCTBUE COBEpIIaeTcs OJWH pa3 WM BooOIIe He coBepinaercs. Ho
A1 MHOTHX 3a4a4, pCIIacMbIX Ha KOMIBIOTCPC, XAPAKTECPHO MHOI'OKPATHOC BBLIITOJIHCHUC
OTACJIbHBIX YUYAaCTKOB BBIYMCJICHUH.

Botuucnumensnoie npoyeccol, npu peanuzayuu KOmMopuvlx UmMeem mMecmo MHOZOKPAnHOe
6bINOJIHEHUE 00HO20 WU HECKONbKUX NPOUECccO8 6bIYUC/IEHUN, NPUHAMO HA3bI6ANb
WYUKTUYECKUMU.



Hukn - 510 anropuTMUyecKas KOHCTPYKILHMS, B KOTOPOW B 3aBUCHMOCTH OT YCJIOBHS
MIOBTOPSETCS ONpeIesIEHHAs MOCIEA0BATEIbHOCTD ICUCTBUI.

[{uxn B anroput™Me uMeeT 0coboe 3Ha4YeHHue, T.K. TOJIBKO €ro HCIOJb30BaHUE TMO3BOJISIET C
ITOMOIIIBIO CpPaBHUTEIBHO KOPOTKHUX aJTOPUTMOB 3alMChIBATh JUTMHHBIC
MOCJEAOBATEILHOCTH JACHCTBUM, YTO TMO3BOJSET 3HAYUTEIBHO YMEHBIIUTh CKOPOCTh
BBITIOJTHEHUS IPOTPAMMBI.

ANroputM, npeayCcMaTpuBaKOIIMA MHOTOKPATHOE MOBTOPEHHUE OJHOTO M TOTO K€ JIEUCTBUS
HaJl HOBBIMU JTAaHHBIMM, HA3bIBACTCS [IUKINICCKIM.

JIns opraHu3alMy IUKJIOB MOXKHO NPUMEHATH YCIOBHUS, T.K. HUKIUYECKHN aIrOpUTM
SIBJISIETCSA YACTHBIM CITy4aeM Pa3BETBIISIOMIETOCS.

Teno yukna - 3TO MOBTOPSIOIIASACS IMOCIE0BATEILHOCTD IEUCTBUH (OJIOK HHCTPYKITUHN).
[ukJ, Ay KOTOPOTO HEJb3s yKa3aTh YMCJIO MOBTOPEHUM, U MTPOBEPKA OKOHYAHUSI KOTOPOTO
MPOUCXOIUT IO JOCTHUKEHUIO HY>KHOTO YCIIOBUSI, Ha3bIBACTCS UM EPAUUOHHBIM.

IIpoBepka BBIMOJHEHUS YCIOBUS MOXKET MPOUCXOAUTH J0 BBIMOJHEHUA TeJa IUKJIA U MOCIIE
HETO, a IUKJINYECKUE CTPYKTYPHI SABIISIIOTCS LIUKIAMU € HPEeOyC108UeMU C ROCHLYC/I06UEM.

B mukie ¢ mocrycioBueM, Ha3bIBAEMOM UUKAOM “00”’, HA00OPOT: CHAYaJla BBIMOJHACTCS
JEUCTBUE, a JIMIIIb TOTOM MPOBEPSIETCS YCIOBHE.

——

ook
HHCTPYKLIHI

yCIIOBHE
HeTHHA?

Hukn “no” (QyHKIMOHUPYET CAeAyromuM o0pa3oM: J0 TeX Iop, MOKa YCJIOBUE HE
BBITMIOJIHUTCS, BBIMOJHAETCS TEJIO LHKJIA. XapaKTepHO, YTO TEJIO MUKJIA B LHKIE ~110°
BBITIOJTHSETCS XOTSI ObI OJTUH pas3.

Huxn c nocmycnosuem @vinoIHAEmMCA XO0ms 0bl 00UH pas.

Pemum 3anauy:

Cocmasumsb ancopumm GvlNOJHEeHUsT OOMAWHe20 3A0aHusi No 2eoMempuu, eciu 3a0aHo
peuums HeCKOIbKO 3a0ai.

PeweHne
Ha PaXeE0PHOM A2bKED Ha ATBIKE ATOR-CXEM!

HET <30

6) HAYAT0

n‘.ﬁ

3agaTy

6) 30 Tex mop, NOKA He

PemnI 3a3aq9y NOETOPATE:
pemu :ajaTy

HeT

EOHeI



4. Ilpumep
Boluucnuth cpenHee 3HAYEHUE TMOJIOKUTENBHBIX YHCEN, BBEJIEHHBIX IOJb30BATEIEM.
[Ipu3Hak OKOHYAHUS BBOJIA YUCEN — BBOJ 3HAUCHUS HOJb.

a=0n=0
srzn =0

§=s+a
n=n+1

srzn=s/n

BBIBOI S1'Z11

5. 3aganue
1. OmpenenuTh MaKCHUMabHOE YHCJIO B IOCIASAOBATEIBHOCTH TOJOKHUTEIBHBIX YHCEN,
BBOJIMMBIX TTOJIb30BaTeeM. [Ipu3HaKk OKOHYaHMs BBOJIa — BBOJT YMCJIa HOJIb.

2. Hauanbneiit Bkian B 6anke 1000 pyOmneit. Uepes kaxaplii MecsI] BKJIa/l YBEIMYUBAETCA Ha
p miporieHTOB (P=7%). OnpenaeauTb, 4epe3 CKOJIbKO MECAIEB pa3Mep BkJaaa mpesbicuT 1100
pyOneii. BriBecTn KonaumuecTBO MecsieB U cymmy Bkiaaa. [loscuenuwe. IlporeHT
HAYMCIISIETCs Ha MepPBOHAYAIbHYIO CYMMY BKJIaJIa.

JlonosiHuTEIbHBIE 3aITAHUSA
1. CocTaBUTh QJITOPUTM, ONPEIACISIONINN, SIBISETCS JIM BBEJECHHOE YHUCJIO TMPOCTHIM (T.€
nenutcs Ha 1 1 Ha camo ce0s0.

2. CocraBuTh aIrOpUTM MPOrpaMMbl, KOTOpas 3ampailvBaeT Maposib (HampuMmep,
YEeTBIPEX3HAYHOE YUCII0) A0 TEX MOP, MOKa OH HE OYJIET MPaBIIIHLHO BBE/ICH.



3. Crapumuii Opar mojmapuia MHe 1 pyOip B MEpBbIH MOW J€Hb POXACHUSA. B Kaxmpii
CJIEYIOIIMN JIEHb POXKJIEHUS OH YJBavWBaJl CBOW MOJAPOK U MPHUOABISUT K HEMY CTOJIBKO
pyOJieli, CKOJBKO JIEeT MHE HUCHOJHUIOCh. K KakoMy AHIO POXIEHUS CyMMa IMojapka
npeBbicuT 1000 pyOGeii?

IIpakTnueckas padora Ne8. IlocTpoeHue ajropurmMa ¢ HCNOJIb30BAHUEM BJIOKEHHOI'0

IMHKJIA

1. Hean padoThi:
[Tony4yeHue HaBBIKOB TOCTPOSHUS AJITOPUTMOB C HCIIOJIB30BAHUEM BIIOKEHHOTO ITUKJIA.

2. Tembl 11t mpeaBapuTEILHOM NPOPAOOTKH
o OO6miee noHsATHE 00 AITOPUTME.
« [IpaBuiia MOCTPOEHUS aJITOPUTMOB B BUJC OJIOK-CXEM.
o IlocTpoeHne OIOK-CXeMBI aJlTOpPUTMa C MCIIOJIb30BAaHUEM IHMKJIA C MPEAYCIOBHEM H
MIOCTYCJIOBHEM.
o IlocTpoenwme GI0K-CXEMBI AITOPUTMA C UCIIOIh30BaHUEM apU(METHIECKOTO ITHKIIA.

3. Teopernyeckuii MaTepuaJl

AJNTOPUTMBI, KOTOPBIE MbI COCTaBJISUIM paHee, 001aJat0T OAHUM OOIIMM CBOMCTBOM: MPHU UX
BBINIOJIHEHUH Ka)KJ0€ JCHCTBUE COBEpIIAETCs OAMH pa3 Wiu BooOlie He coBepiiaercs. Ho
JUISI MHOTHX 3aJad, pElIaéMbIX Ha KOMIBIOTEPE, XapaKTEpPHO MHOTOKPATHOE BBIMOJIHEHUE
OT/IEJIbHBIX YYACTKOB BBIUYMCIICHUM.

Buvtuucnumenwsnvie npoyeccol, npu peanu3ayuu KOMoOpvlx UmMeem mecmo MHOZOKpamHuoe
6blNOIHEHUE O00HO20 WU HECKOJbKUX NPOUEccOo8 6blYUCIEeHUll, NPUHAMO HA3bI6AMDb
UUKTUYECKUMU.

Hukn - 3TO anropuTMUYEcCKass KOHCTPYKIHUS, B KOTOPOMl B 3aBHCUMOCTH OT YCJIOBUS
MIOBTOPSIETCA ONpeeIEHHAs MOCIE0BATEIbHOCTD JIEUCTBUM.

[Mukn B anroputMe MMeeT oco0oe 3Ha4YeHHE, T.K. TOJIBKO €ro MCIOJIb30BaHUE IMO3BOJISET C
ITOMOUIBIO CPaBHUTEIBHO KOPOTKHUX aJrTOPUTMOB 3aIUChIBaTh JUTUHHBIE
MOCJIEIOBATEIbHOCTH JCHCTBUN, YTO TMO3BOJIIET 3HAYUTEIBHO YMEHBIIUTh CKOPOCTh
BBITIOJTHEHUS IPOTPAMMBI.

AJITOpUTM, MPEAYCMATPUBAIONIUNA MHOTOKPATHOE MOBTOPEHUE OJTHOTO U TOTO K€ JCUCTBHS
HaJl HOBBIMU JIAaHHBIMU, HA3bIBACTCS [TUKJINYECKUM.

Jlns opraHu3anuy IIUKJIOB MOXKHO TPUMEHSTH YCIOBUS, T.K. HHUKIUYECKUN aJrOpUTM
SBJISIETCA YaCTHBIM CITy4aeM Pa3BETBISIOMIETOCH.

Teno yukna - >T0 NOBTOPSIOMIASICS TIOCIEAOBATEIILHOCTD ACHCTBUM (OJIOK MHCTPYKITHHA).
[k Ha3bIBaeTCs apughmemuueckum, €CIvu YUCIO MOBTOPEHUN IMKJIA U3BECTHO 3apaHee
WJT MOKET OBITh BBIYHCIICHO.

[{ukn Ha3pIBaeTCst apu(METUUECKUM, €CIIA YUCIIO TIOBTOPEHUH ITUKJIA U3BECTHO 3apaHee WIIH
MOKET OBITh BBIUHCIICHO.

Bripakenue 1 BBIONHSIETCS TOJBKO OAWH pa3 B Haudaje nukia. OOBIYHO OHO OMpeesieT
HayaJbHOE 3HAYEHUE MapaMeTpa IuKia (MHULHAIM3UPYET napaMeTp 1ukia). Beipaxenue 2
— DTO YCIIOBUE BBIMIOJIHEHUS] IWKJIA. BeipakeHnue 3 0ObIMHO ompenenser HU3MEHEHHue
napamMeTpa UUKJIA. BIOK WHCTPYKIMI — Telo LHUKIa, TO €CTh MHCTPYKIHH, KOTOPbIE
JOJIKHBI BBITTOTHATHCS 3aJaHHOE KOJIMYECTBO Pa3.



BBIpazkeHHe 1

G10K
HHC TPVELHE

DLIpasKeInie 2
HCTHHA?

BBIpAKEHIE 3

O6paTI/IT€ BHHUMAHHUC HA TO, YTO IIOCJIC BBIYMCJICHHUA BBIPAKCHUA 3 IMPOUCXOAUT BO3BpAT K
BBIYUCJICHHUIO BBIPAKCHUA 2— IIPOBCPKC YCIIOBUA ITIOBTOPCHUS LIUKIIA.

[{uKi1, 111 KOTOPOTO HENb3sl YKa3aTh YUCIIO OBTOPEHUM, U IPOBEPKA OKOHYaHUS KOTOPOTO
IIPOUCXOJHMT I10 JTOCTUKEHUIO HY>KHOTO YCJIIOBUS, HA3bIBACTCS UMEPAUUOHHBIM.

[IpoBepka BBINOJIHEHUS YCIOBUS MOYKET MPOUCXOAUTH 10 BBIIIOJIHEHMS TEJa LIUKJIA U M0CIe
HEro, a HUKINYECKHUE CTPYKTYPHI SBISIOTCA LUKIAMU C BPEOYCA08UEMU C NOCHLYCIIOGUEM.

B mukie ¢ mpenmycinoBreM, Ha3bIBAEMOM €HIE UUKAOM “noka”, cHadana NPOBEPSIETCA
YCIJIOBHE, a 3aTE€M BBIIOIHIIOTCSA JEHCTBHUA.

VCIIOBHE
HCTIHHA?

OOk

HHCTPYKLIIT

L
llum C npedycnoeueM Moricem He 6blNOIHUmMbCA HU paA3s)y.

B mukiie ¢ mocrycioBueM, Ha3bIBAGMOM UUKAOM “00”°, HAOOOPOT: CHAYaJla BBIMOJTHSICTCS
JEUCTBUE, a JIMIIIb TTOTOM MPOBEPSIETCS YCIOBHE.

o

Y

610K
HHC TPYKLHIT

VCIIOBHE
HCTIHAa?

Hukn “no” (QyHKIMOHUPYET CHAEAYIUMM oO0pa3oM: J0 TeX Iop, MOKa YCIOBHUE HE
BBITMIOJIHUTCS, BBIMOJHAETCS TEJIO UUKJIA. XapaKTepPHO, YTO TEJO LHKJIAa B IUKIE ~10~
BBITIOJTHSETCS XOTSI ObI OJTUH pas3.

Lukn ¢ nocmycnoguem @vtnoOAHAEMCA XOMA 0bl 00UH PA3.



B tene IUKJIa BHOBb MOXECT OBITH IUKJI, B TAKOM CJIy4dac roBOPsAT O 6/10HCEHHOM HUKILE.

4. Ilpumep

Haiitu Bce mpocThie unciia B 1uamna3zone ot 1 1o N.

[IpocThIM Ha3BIBAETCS YMCIO, KOTOPOE JICIHUTCS TOJBKO HA EIUHUIy W Ha caMo ceOs,
Hanpumep 1, 2,3,5,7,11, 13,17, 19, 23 u T.a.

JI1s penieHust HaJl0 BHavyaje MOJyYUuTh OYEPETHOE YHCIIO (C TOMOIIBIO JT000T0 TUIA IUKJIIA),
a 3aTeM MPOBEPUTH — HAa KaKUE YUCIa JEIUTCS JaHHOE YUCIIO, GOpMUPYS ACIUTETH OT 2 110
3HAYEHUS CaMOT0 TOT0 unciia. Ecim Takux aenuteneid HeT — YUCIo MPOCTOe.

<>

BEOJ 11

v
i=1

HET

e 4

HET

j+e

BBIBO] 1

5. 3aganue

1) OueHku kaxao0ro u3 18 y4eHMKOB MO TPEM MpeaMeTaM IMPEACTABICHbl B BUAE TaOIUIIBI.
CocraBuTh mporpammy, B pe3ysbTaTe padOThl KOTOPOM Ha 3KpaHe OyAeT OTpaKeHa 3Ta
tabnuma. [lpu »TOM mporpamma JoJKHA 3alpaliMBaTh BBOJ KaXKIOM OLEHKH. 3agady
pELIuTh B IByX BapUAHTaX:

a) BBOJ — BBIBOJI OLIEHOK OCYLIECTBJIISETCS IO CTPOKAM;

0) BBOJI — BBIBOJT OIICHOK OCYIIIECTBIISIETCS IO CTOJIOIIaM.

2) OteHKH Kax0ro U3 18 y4eHHKOB 1O TpeM MpeaMeTaM MPeJACTaBICHBI B BUIE TaOIUIIbI, B
KOTOPOM CTPOKH COOTBETCTBYIOT YUEHHKAM, a CTOJIOIBI — OLIEHKaM IO TPEM IMpPEeIMETaM.



CoctaBuTh mporpammy, B pe3ysbTaTe paOoThl KOTOpPOW Ha JKpaHe OyaeT OTpakeHa
uHopMmarus:

a) KOJIMYECTBO «IBOEK» ISl KAKIOTO YUCHHKA;

0) cpeaHss OLIEHKA MO KaXKIAOMY IPEIMETY.

3) HanedaraTp NOJIHYIO TaOIUIy YMHOKEHUS

JlonoJtHUTE IbHBbIE 32JAHUS
1) Haittu Bce nenbie yncia u3 npomexyTtka oTl 10 300, y KOTOpbIX POBHO MSTh AEAUTENCH.
2) Haiitu HatypaibHOE YUCIIO OT a 70 b ¢ MakcuManbHON CyMMOU JIeTUTENeH.
3) Haiitu Bce nenble yncna u3 npomexytka oT 1 go 100, B 1ecATHYHON 3aIMCU KOTOPBIX
ecTb nudpa «7».
4) Halitu cymMy AenuTeNnei Kaxaoro u3 nenbix yucen ot 50 mo 70.

IpakTnueckas padora Ne9. IlocTpoeHue ajaropurmMa ¢ HCNOJAb30BAHUEM PEKYPCHH

1. Hean padoThI:
[TonydeHnne HaBBIKOB MOCTPOEHUS AITOPUTMOB C UCIIOIb30BAHUEM PEKYPCHH.

2. Tembl 11 IpeABapUTEIbHON NPOPAOOTKH
o OOwee NoHsATHE 00 AITOPUTME.
o+ IlpaBuiia mOCTpOEHUS aITOPUTMOB B BUJE OJIOK-CXEM.
o IlocTpoenue GJI0K-CXEMBI AITOPUTMA C UCIIOJIB30BAHUEM BIIOKEHHOIO IIUKJIA.

3. Teopernueckuii MaTepuaJl

[Ipu co3gaHum TporpamMmbl Il PEIICHHS] CIOXHOM 3aJaud MPOrPaMMHCT OOBIYHO
pa3OuBaeT e€e Ha ToJ3aJayd, 4YTOOBl JJisi KaXJOHW TakoW TMoA3ajayd HamucaTh
MOANPOTPaMMy, a 3aTeM OOBbEIUHUTH BCE HATMCAHHBIC MOANPOTPaMMEI B mporpammy. Ecim
nmoj3azayda JOCTAaTOYHO CJIOXKHAsI, TO JJIS PEIICHUS MOXKET OKa3aThCs IMOJIE3HBIM Pa3OUTh €€
enie Ha 0oJiee MENKKE MO3a]a4 U POTPaMMUPOBATH KAKIYIO U3 HUX OTJEIBHO U T. JI.
brok-cxema npenonpeneneHHOro npoiecca — oopaimienue k noazanaye (B C++ xk GyHKIum):

——

Paccmotpum 3amauy Berumcnenus gaxropuana uncia N! = 123 - ‘N. Pesynpratrom Oyzaer
OJIHO YHCJIO, IOATOMY JIy4llle aITOPUTM OPOPMHUTH B BUAE (PYHKIUU.

Ee Onok-cxema mokazana Ha pucyHke. Ilepemennas K ucnons3yercss s HaKOIUICHHS
npousBeAeHus U, nockoyibky 0! =1 ul! =1, To B G10Ke 2 el cpazy nprucBauBaeTCsl 3SHAUCHUE
1. JManee, eciu N>1, To B mukie, oopazoBaHHOM OJiokamMu 4-5, HaKaIIUBAETC MCKOMOE
mpousBe/ieHNe U nomMemniaercs B nepemennyio K. B Gmoke 6 ums Fact ¢pynknuu momyyaer
3HAYECHHWE BBIUHMCIEHHOIO TIpou3BeneHuss wu3 suerkn K. Jlng mnpouenyp neucTBus,
Pa3MeIIeHHOTo B 0JI0Ke 6, He MOXKET ObITh, a JIJIs1 (PYHKITI OHO JIOJDKHO OBITH 00S3aTEINBHO,
MMOCKOJIbKY MHA4€ 3HAYCHUE (PYHKITUU Ha BBIXOJ/IE OKAKETCS HEOMPEICICHHBIM.



Fact=K

7
KOHET

Obpawenue k (YHKIMU B JPyTHX aiaroputMmax (TOJIOBHBIX, Mpoleaypax, (QyHKIHSIX)
MIPOU3BOJAUTCS MO €€ UMEHHU.

[Ipu 5TOM OHO MOXET BXOJUTh B COCTaB BhIpakeHUI. B kauecTBe (hakTHUECKUX MapamMeTpoB
MOTYT OBITh UCITOJIb30BaHbI KaK MEPEMEHHbIE, KOHCTAHTHI, TAK U LIEJIbIE BBIpaKeHHsI. BaxkHO
TOJIBKO, YTOOBI (DAKTUUECKUI MapaMeTp ObUI COBMECTUM MO TUIY € (OpMaIbHBIM, KOTOPBIN
COJIEPKUTCS B 3ar0JIOBKE OMKUCAHUS AJITOPUTMA.

[Ipumep ucnonb3oBanust PpyHkiuu Fact nmokazan Ha pucyHke. B omepaTtope npucBauBaHUs
ucnosae3yercs obpamienre Kk ¢pynkuun ans N = 6. Ilocne mepepaum 3TOro 3HaueHus B
QITOPUTM M BBIYUCICHUH BHYTPU HErO pe3yibTaT OyJdeT CHayana MPUCBOCH HMMEHHU
¢byHKIMY, T. €. IepeMeHHoM Fact, a 3areM B oniepaTope NprUcBavBaHUA - IEpeMEHHOM L.

L =Fact(f

-

YacTo ObIBaET, 4TO B MPOIIECCE TAKOTO pa30MEHUsl 3a/1adya CBOJIUTCS K camoil cebe. Ecnu mpu
9TOM HCXOJHBIC JAHHBIC CTAHOBSTCS MPOINE, TO 3TOT MPOIECC MOXKHO MPOJIOJIKATh 10 TeX
IMop, NOKa UCXOAHBLIC JAHHBIC HE OKAXKYTCSA HACTOJBKO IMPOCTBIMH, YTO PCIICHUC 3aa4dn JJIA
HHUX CTAHCT TPHUBUAJIbHBIM.
[Ipouenypa win GyHKIUS MOKET COJIEPKaTh BbI30B IPYTUX Npoueayp uin ¢pyHkuuid. B Tom
qrCIIe TIPOIEAypa MOXKET BhI3BaTh camy ce0s. Hukakoro mapamokca 3/1ech HET — KOMITBIOTED
JIMIIb ITOCICAOBATCIIBHO BBIIIOJHACT BCTPCTHUBIIHUCCA MY B IIPOrpaMME KOMAHIbI U, C€CIHU
BCTPEYAETCS BBI3OB MPOLEAYPHI, MPOCTO HAYMHAET BBINOJHATH ATy Ipouenypy. bes
pa3HUIIBI, KaKas MpoIeIypa aajia KOMaHIy 3TO JeaTh.
voidRec(inta){
if (a>0)Rec(a-1);

cout<<"\n a="<<a;
¥
PaccMoTpuM, 4TO MPOM30MICT, €CIIM B OCHOBHOM MPOrpaMMe MOCTaBUTh BBI30B, HAIIPUMED,
Buaa Rec(3).
void main(){clrscr();
int x;
cout<<"\nx=";cin>>x;
Rec(x);




getch(); }

Hwxe mnpencraBieHa OJ0K-cxeMa, IOKa3bIBAIONIAs IOCIEAOBATEIbHOCTh BBINOJTHEHUS
OMepaTopoB.

Corm ‘ : :
Rec{3) Rec{2) Rec{1) Rec{o)
} } | | }
- . a=0, peKyPEHBHOTO
Bbizoe Rec(3) Brizog Rec(2) Bhizoe Rec(1) Brizoe Rec{0) - BLn?ga HeT
¥ ¥ ¥ ¥
@ Meyarb yicna 3 Mevatb yncna 2 Meyatb uncna 1 Mevatb YHcna o
I A | |
PesynbTat paboThl IpOrpaMMBI:
*
X=3
a=0
a=1
a=2
a=3
*/

[Iponenypa Rec BwI3bIBaeTcs ¢ mapameTpoMm a = 3. B Hell coaepKUTCs BBI3OB MPOIEAYPhI
Rec ¢ mapamerpom a = 2. Ilpenpiayiiuii BHI30B €I1I€ HE 3aBEPIIMIICS, MOATOMY MOXKETE
MPEJCTaBUTh ce0e, UTO CO3JaeTCs €lle OJHA MPOoleaypa U J0 OKOHYAHUS €€ paboThl repBast
CBOIO paboTy He 3akaHuuBaeT. lIpoiiecc BbI30oBa 3akaHuMBaeTcs, kKorjaa napamerp a = 0. B
3TOT MOMEHT OJJHOBPEMEHHO BBINOJHAIOTCA 4 »sK3eMIuisipa mporeaypbl. KommuecTBo
OJIHOBPEMEHHO BBITIOJIHSIEMBIX MPOLIEYP HA3bIBAIOT 2/1YOUHOU PEKYPCUU.

YerBepras Bei3BanHas nporeaypa (Rec(0)) nameuataet uncio 0 ¥ 3aKOHYHUT CBOIO padoTy.
[Tocne sToro ympaBieHuEe BO3BpalaeTcs K Mpoleaype, kotopas ee BbizBasna (Rec(1)) u
neyataeTcss uncio 1. M Tak mamee moka He 3aBepiiaTcs Bce Mpoleayphl. Pesynbrarom
HCXOJJHOTO BbI30Ba OyJeT rmevyath yeThipex uucen: 0, 1, 2, 3.

Emie oqun Bu3yanbHBIN 00pa3 MpOUCXOISIIETO MIPEICTABIICH HA PUCYHKE.

Mpouenypa Rec(3)

Mpouenypa Rec(2)

Mpouenypa Rec(1)

Mpouenypa Rec(0)

MeyaTtb yucna O

MevyaTtb yucna 1

MeyaTe yucna 2

MeyaTe yucna 3

Brinmonnenue nporeaypsl ReC ¢ mapameTpom 3 COCTOUT U3 BBINIOJHEHUS Mpoleaypbl ReC ¢
napaMeTpoM 2 M medatu uucia 3. B CBOIO ouepenb BBINOJIHEHUE Mpoueaypbl ReC ¢
rapaMeTpoM 2 COCTOMT U3 BBINIOJIHEHUS Mpoueaypbl Rec ¢ mapamerpom 1 u neuatu yucna 2.
Ur. o



4. TIlpumep
OnwuireM peKypcHuBHYIO QYHKITUIO BEIYUCICHUS GakTopuana. B pyHkuun onun nmapamerp —
HATypaJbHOE YHUCIO 7. TpUBHATBHBIN Clyyall — 3TO BbIYMCIIEHUE 3HayeHus 1!. 3ameTum,
YTO BEPHO ClIeNylolee cooTHomeHue n!/ = n x (n — 1)!, m0o3TOMy MOXHO CBECTH 3a7ady
BBIYMCIICHUS 1/ K PELICHUIO TOM K€ 3a7]auu, HO C IpyTuM, 0ojiee "mpocThiM" mapaMeTpom.
/lrec03
//pekypcus BerauciieHne (pakroprana
#include <iostream.h>
#include <conio.h>
long fact(intn) {
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
*/
[Tycts N=3. Kak Oyxer BeimonHsAThCs Bbi3oB fact(n) ? Ha pucyHke mpencrtaBiieHa cxema
BBINIOJTHEHUS BbI30Ba (GyHKIMU. CTpenku yKa3bIBalOT MOPAJIOK BbluucieHus. CHayana
MPOUCXOAUT JBHKEHHE 10 CTpPEJIKaM BHHU3, YKa3bIBAIOIIEE HA TO, YTO MPOUCXOIAUT
BPEMEHHOE MPEPHIBAHUE BBITTOJIHEHUS TEKYIIETO BbI30BA, M MEPEXO/I K BHINIOJIHEHHUIO BHI30Ba
0oJiee HU3KOTO YPOBHS, MOKa HE OyJEeT MOJIydyeH TPUBUAJIBHBIA Clydail. 3aTeM MPOUCXOAUT
MOJBbEM BBEPX, YTO O3HAYAET BO3OOHOBJICHUE MTPEPBAHHBIX BbI30BOB. [IepBbIM BO30OHOBUTCS
BBITIOJTHEHUE TAKOTO BBI30Ba, KOTOPHIN ObLI MPEPBAH MOCIETHUM.

| fact(3) |
3x

B

2 x [ fact(l)

L 1 |

(CxeMa BBITIOJIHEHHUSI BBI30Ba PEKYPCUBHOM (DYHKIIMU

5. 3apanmne
1. CoctaButh anroput™m Bbruuciaenus HOJl nByx uucesn ¢ moMoIbio peKypCUBHON (QyHKIIUH.
2. CocTaBUTh aJITOPUTM BBIUHUCIICHHS 3HAYCHUS o4epeaHoro yncia Gubonauyun ¢ nmoMouiso



PEKYPCUBHOMN (QYHKIHUU.
3. Hanuiure pexypcuBHY0 (GyHKIMIO, IEPEBOPAUUBAIOLLYIO 33JaHHOE HATYPAIbHOE YHCIIO.

JlonoiHUTE IbHbIE 3a]aHUSA
1. Hanmuimure pexypcuBHyIO (pyHKIIHIO, KOTOpas O 33JaHHBIM HATYPaJbHBIM YUCIaM M U 7
BBIBOJAUT BCE pAa3jIUYHbIC MPEACTaBICHUS 4YHCIa N B BUAE CYMMBI M HaTypaJlbHBIX
cnaraeMbiX. [lpencraBneHus, pas3idyaroldecs JUIIb MOPSAIKOM ClaraéMbIX, CUUTAIOTCA
OJINHAKOBBIMH.
Hanummre pekypcuBHYIO (YHKIIMIO, BBIYHCISAIONTY 0 NI
2. HanuiuTe peKypcUBHYIO (PYHKIIHIO, OMPEAETSIONIYI0 KOJIUYECTBO €IWHUI] B JBOUYHOM
IPEeICTaBIICHUH HATypaJIbHOTO YHUCIIA.
3. Hanncatb QyHKIMIO CIOKEHUS IBYX UMCEN, UCTIOIb3Ys TOJIBKO MPUOABICHUE €MHUIIBL.
4. Hanncath GyHKIIUIO YMHOXKEHHSI IBYX YHCEJI, UCIIOJIb3YSI TOJIBKO OINEPAIUIO CIIOKEHHUS.
5. TIpoBepuTh, ABJIsICTCSA JIU GPArMEHT CTPOKH C I-TO 110 j-i CUMBOJI AJMHIPOMOM.
6. [ToncunTarh KOIMUECTBO LU(P B 3aJaHHOM YHCIIE.

IpakTnueckast padora Nel0. Iloctpoenue aaropurmMa 00padoOTKH OAHOMEPHOI0

MacCcuBa

1. leas padoThI:
[TonydeHnnie HaBBIKOB MOCTPOEHUS AITOPUTMOB C UCIIOJIB30BAaHUEM OJJHOMEPHOTO MAaCCHBA.

2. Tembl 11l IpeABAPUTEIbHON NPOPAOOTKH
o OO1mee noHsATHE 00 AITOPUTME.
o IlpaBuiia mocTpoeHUs aIrOPUTMOB B BUJE OJIOK-CXEM.
o IlocTpoenue 00K-CXeM MUKIMYECKUX aTOPUTMOB.

3. Teopernueckuii MaTepuaJl

Jlo cux mop Mbl TOBOPWIM O IEPEMEHHBIX, XPAHSIIMX TOJBKO OJHO 3HAY€HHUE, U
paccMaTpUBaid BO3MOXKHOCTH PAa3IMYHOTO TIPEACTABICHUS M HCIOJIB30BAHUS ITOTO
3HAYEHUS MPU PEIICHUN KOHKPETHBIX 3a7a4.

OrpoMHO€ KOJUYECTBO AJITOPUTMOB TPEOYET OJHOBPEMEHHOI'O XPAHECHUSI B MaMSITH IEJbIX
Ha0OPOB OJTHOPOJHBIX OOBEKTOB, IPUYEM JJIMHA ITUX HAOOPOB MOKET OBITH HEU3BECTHA.
Hanpumep, mycth HeoOXoauMo 00padaThiBaTh JaHHBIE O CPEIHECYTOYHON TeMIleparype 3a
roj JJi BBIUUCICHUS MaKCUMAJIbHOM M MUHHMMAJILHOW TeMmepaTyp, CpeIHEMECSYHOU u
CPEIIHEeTO/I0BOM TemriepaTypbl U T.m. i peamu3anuu Takux aJropuTMOB HEOOXOIUMO
00ecreunTh XpaHeHHe KaKJIOTO OTAEIBHOTO 3HAYEHHS CPEIHECYTOUYHON TeMIlepaTyphl.
Ecnu umeTh mipu 3TOM B BUJly MEPEMEHHBIE BEIIECTBEHHOTO THUPA, TO TAKUX MEPEMEHHBIX
nmoTpedoBanoch Obl 365.

Jlyist periieHust ToT0OHBIX 3a71a4 MPUMEHSIFOTCSI CTPYKTYPHUPOBAHHBIC TUITBI TAHHBIX.
CTpyKTypUpOBaHHBIC THUIIBI OMUCHIBAIOT HAOOPHI OJHOTHITHBIX PA3HOTHUIHBIX JAHHBIX, C
KOTOPBIMH aJITOPUTM JIOJDKEH paboTaTh Kak C OJJHOM MMEHOBAHHOW MTEPEMEHHOM.

Hawnbonee mmpoko u3BecTHas CTPYKTypa JaHHBIX — MaCCHB.

MaccuB npenactaBisieT coO0H YMOPSI0YCHHYIO CTPYKTYPY OJHOTHUITHBIX JAHHBIX, KOTOPBIC
Ha3bIBAIOTCS JIIEMEHTAMH MAaCCHBA.

JlocTyn K KakIOMy 3JIEMEHTY MacCHBa OCYILUECTBISIETCS C TOMOIIBIO MHAEKCAa — B 00ILEM
Clly4ae MOpsSIKOBOIO HOMEpPA 3JIEMEHTA B MACCHUBE.

MaccuBbl MOTYT OBITH KaK OJHOMEPHBIMU (aJpec KaXXJoro »dJEMEHTa OMpenesseTcs



3HAUYEHHEM OJIHOTO WHJEKCa), TaK MU MHOTOMEpPHBIMH (aJpec KaKIOro dJIEeMEHTa
OnpeesieTcsl 3HaYeHUEM HECKOJIbKUX UHICKCOB).

MaccuBbl 3aHUMAIOT CMEXKHbBIC SUYEHKH MTaMSITH.

(dpyrumu cioBamu, 3JIEMEHTHl MAacCHBa B MAMSTH PACIOIOKEHbBI MOCIEA0BATEIBHO IPYT 3a
npyrom.) Sdeiika ¢ HAUMEHBIIUM aJPECOM OTHOCUTCA K MEPBOMY AJIEMEHTY MacCuBa, a C
HauOOJbIIUM — K TocienHemy. lIpeamonoxuM, Mbl HCHOIB3YyEM MAacCHUB a U3 CEMU
anemeHTOB. [locie 3anonHeHnst MacCUB OYJET BBITJISLAETh CIEIYIOIUM 00pa3oM.

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

3) 1 2 4 6 3 9

Jl1s1 paGoOTHI C OTHOMEPHBIMA MaCCUBAMU ITPUMEHSIOTCS [IUKINYECKUE AT OPUTMBI.
AJNTOpUTM, MPEeTyCMATPUBAIOIINM MHOTOKPATHOE MOBTOPEHHUE OJIHOTO M TOTO K€ JCHCTBHUS
HaJl HOBBIMH JJAHHBIMH, HAa3bIBAETCS IIMKINICCKHUM.

Teno yukna - 3TO MOBTOPSIONIASCA MOCIEIOBATEILHOCTD NEUCTBUM (OJIOK MHCTPYKIIUNA).
vk Ha3bIBaCTCS apughmemuyeckum, €CIA YUCIO TOBTOPEHUH ITMKIJIA U3BECTHO 3apaHee
WJIA MOJKET OBITh BBIYHCIICHO.

[{ux1 Ha3pIBaeTCA apu(hMETUUECKUM, €CJIM YUCJIO IOBTOPEHUM ITUKIIa U3BECTHO 3apaHee WM
MOKET OBITh BEIYMCJICHO.

Bripaxkenue 1 BBINOMHSETCS TOJBKO OAMH pa3 B Haudase Iukia. OOBIYHO OHO OMpenesisieT
HavyaJbHOE 3HAUCHHE MapaMeTpa HUKJIa (MHUIUATU3UPYET apaMeTp 1ukia). Beipaxenue 2
— 9TO YCJOBHE BBINOJHCHUS IHKJIA. BeipaxkeHue 3 0OBIUHO oOIpeneseT H3MEHEHUe
napamerpa LMKIa. BJIOK HMHCTPYKUMI — TelOo IUKJIa, TO €CTh HWHCTPYKIMH, KOTOPHIC
JIOJKHBI BBITIOJHATHCA 3aJITaHHOE KOJIMYECTBO Pas.

BbIpasKeHe 1

&
DLIpasIKeInie 2 OJIOK J

o .. |—{BBIpAAKEHHE 3
HCTHHA : HHCTPVEIRT

OOpaTuTe BHUMaHHE Ha TO, YTO IOCJIE€ BBIYMCICHUS BBIPAKEHUS 3 MPOUCXOAMUT BO3BPAT K
BBIYMCIICHHUIO BBIPAKEHUS 2 — MPOBEPKE YCIOBUS OBTOPEHUS LIUKIIA.

[{uKi1, 111 KOTOPOTO HENb3sl YKa3aTh YUCIIO MOBTOPEHUM, U IPOBEPKA OKOHYaHUSI KOTOPOTO
IIPOUCXOJIMT IO JTOCTUKEHUIO HY)KHOTO YCIIOBUS, HA3bIBACTCS UMEPAUUOHHBIM.

[IpoBepka BBIMOIHEHUS YCIOBHUS MOXET MPOUCXOAUTH 10 BBHITOJHEHMS TeJla LUKIA U MOCHe
HETO0, a LIUKJINYECKUE CTPYKTYPHI SABISAIOTCSA HUKIAMU € HPeOyCcl08UemMy € ROCHYCI06UEM.

B mukie ¢ mpemycinoBueM, Ha3bIBAEMOM €UIE UUKAOM “noka”, cHadyana NPOBEPSIETCS
YCIJIOBHE, a 3aTE€M BBITIOIHSIOTCS JEHCTBHUA.

yCTIOBHE
HCTIHA?

GMoK
HHCTPYKLII

I
llum c npedycnoeuem MOdicem He 6blNOJIRUMbCA HU DA3Y.




B mukiie ¢ mocrycioBueM, Ha3bIBAEMOM UUKAOM “00”°, HAOOOPOT: CHAYalla BBIMOJHAETCS
JIeHCTBUE, a JIUIIb IIOTOM MPOBEPSETCS YCIOBUE.

——

GIoK
HHC TPYKLHIT

yCIIOBIE
HCTIHHA?

13

Hukn “no” GyHKIMOHUPYET CIEAYIOUMM 00pa3oM: 0 TeX Iop, IMOKa YCJIOBHE HE
BBITIOJIHUTCS, BBITIOJHAETCS TENO LMKIA. XapaKTepHO, YTO TEJIO LMKJIA B LHUKIE ~10”
BBITIOJTHSIETCSI XOTS OBl OJIMH pas.

Hukn ¢ nocmycnoeuem evinoanaemcsa xoms 0vl 00UH pas.

B Tene nukiia BHOBb MOXKET OBITh LIUKJI, B TAKOM CIIy4ac T'OBOPST O 6710HCEHHOM YUKILE.

4. IIpumep

BBectn 3Ha4YeHMS SJIEMEHTOB MACCHMBA C KIABUATYPbl. BBIYMCINTH CpelHEE 3HAYCHUE
JJIEMEHTOB MAacCHBa, BBIBECTM HAa DJKPAaH OTKIOHEHHE Ka)XKIOI0 JJIEMEHTa MacCuBa OT

CPCOHCTO 3HAUYCHUS.

=10 =0 s=0

BBOA a[i]

BeIBOT okl

5. 3aganue

CocTaBUTh 0J0K-CXEMY aITOpPUTMA PEIICHUS 3aJauH.

1) Jan MaccuB UenbIX Yucell. BBISICHUTS:

a) SIBJISIETCS JIU p-i 3JIEMEHT MacCUBa MOJIOKUTEIbHBIM YUCIIOM;

0) sBnsieTcst Jin f-i 2JIeMEeHT MacCHBa YE€THBIM YHUCIIOM;

B) KaKOM 3JIEMEHT MaccuBa Oouibiiie, N-i Wi M-i.

2) B maccuBe XpaHATCS CBEIEHUS O KOJIMYECTBE OCAJKOB, BBIMABIIMX 34 KaXIbll JICHb
ceHTs10ps. OmnpenenuTb, CKOJIBKO OCaIKOB BBINAANIO0 B CPEIHEM 3a OJMH JICHb B MEPBYIO,
BTOPYIO U



TPETHIO JIEKaJIbl 3TOr'0 MecsIIa.

3) B mMaccuBe xpaHuTcs MHPOpMAIUS O YUCICHHOCTH KHHT B Ka)XXJIOM W3 35 pa3feroB
OuOnnoTeku. BpIICHUTH, BEpHO JiM, 4YTO OOIEe YHCIO KHUT B OHOJIHMOTEKE €CTh
IIECTU3HAYHOE YHCIIO.

JlonoIHUTe IbHbIE 3a1aHUSA
1) B maccuBe xpanutcsi uHpopManus 0 KOJIHMYECTBE JIIOJECH, KUBYIIUX HA KaxaoM u3 15
3TaXkeil 1oMa (Ha IepBOM 3Ta)ke — B IIEPBOM 3JIEMEHTE MacCUBa, HA BTOPOM — BO BTOPOM U
T. A.). OnpenenuTs ABa 3Taxka, Ha KOTOPBIX MPOKUBAET MEHBIIE BCETO JOJAEH
2) Jlan maccuB. OnpeenuTh:
a) KOJINYECTBO MAaKCUMAJIbHBIX 3JIEMEHTOB B MACCHUBE;
0) KOJTMYECTBO MUHUMAJIbHBIX 3JIEMEHTOB B MACCHBE.
3) Hailtu uwuciio 5JEMEHTOB MAacCHBa, KOTOphIE OOJbIIE CBOUX «cCOCelei», T. e.
NPEALIECTBYIONIETO U MOCIIEIYIOLIETO.

IIpakTnueckas padora Nell. IlocTpoeHue aJiropuTMa 3anoJTHEHUs 0JJTHOMEPHOTI0

MAacCcHBAa 10 3aJJaHHOMY 3aKOHY

1. eas padoThI:
[TonydeHnne HaBBIKOB MOCTPOEHUS AITOPUTMOB C UCIIOJIB30BAaHUEM OJTHOMEPHOTO MAaCCHBA.

2. Tembl 11 IpeABapUTEIbHON NPOPAOOTKH
o OO1ee noHsATHE 00 AITOPUTME.
 IlpaBuna noctpoeHus anropuTMoB B BUJE OJIOK-CXEM.
o IlocTpoenue 610K-CXeM LUKINYECKUX aJITOPUTMOB.

3. TeopeTnueckuii MmaTepuas

Jlo cux mop Mbl TOBOPWIM O IEPEMEHHBIX, XPaHSIIMX TOJBKO OJHO 3HAYEHUE, U
paccMaTpUBajid BO3MOXKHOCTH Pa3IM4YHOTO NPEACTABICHUS M HCIOJIB30BAHUS HTOTO
3HAYEHUS MPU PEIICHUN KOHKPETHBIX 3a7a4.

OrpoMHO€ KOJMYECTBO AJITOPUTMOB TPEOYET OJHOBPEMEHHOTO0 XPAHEHUS B MaMSTH ILIEJIBbIX
Ha0OPOB OJIHOPOJIHBIX OOBEKTOB, IPUYEM JJIMHA ITUX HAOOPOB MOKET OBITh HEU3BECTHA.
Hanpumep, mycth HeoOXoauMo 00padaThiBaTh JaHHBIE O CPEIHECYTOYHOM TeMIieparype 3a
roJl JJii BBIUUCIICHUS MaKCUMAJIbHOM M MUHHMMAJILHON TeMmeparyp, CpeIHEMECSYHOU U
CpPEIHEroJI0BOM TemmepaTypbl W T.m. JJId peanu3anuu Takux ajJrOpUTMOB HEOOXOIUMO
0o0ecreunTh XpaHeHHE KaKJIOTO OTAEIBHOTO 3HAYECHHS CPEIHECYTOUYHON TeMIlepaTyphl.
Ecnu umeTs mipu 3TOM B BUJly NEPEMEHHBIE BEIIECTBEHHOTO THUPA, TO TaKUX MEPEMEHHBIX
nmoTpedoBanoch Obl 365.

Jlyist pernieHust oTI00HBIX 3a71a4 MPUMEHSFOTCSI CTPYKTYPUPOBAHHBIC TUTIBI TAHHBIX.
CTpyKTypUpOBaHHBIC THUIIBI OMUCHIBAIOT HAOOPHI OJHOTHITHBIX PA3HOTHUIHBIX JAHHBIX, C
KOTOPBIMH aJITOPUTM JIOJDKEH paboTaTh Kak C OJJHOM MMEHOBAHHOW MTEPEMEHHOM.

HaunGosnee mmpoko n3BecTHast CTPYKTypa JaHHBIX — MACCHB.

MaccuB npenacraBisieT coO0H YMOPSI0YCHHYIO CTPYKTYPY OJHOTHUITHBIX JAHHBIX, KOTOPBIC
HA3bIBAIOTCS JIIEMEHTAMH MAacCHBA.

JlocTyn K KaXKIOMy 3JIEMEHTY MacCHBa OCYILUECTBISIETCS C MOMOIIBIO MHAEKCA — B 00IEM
Clly4ae MOpsSIKOBOIO HOMEpPA 3JIEMEHTA B MACCHUBE.

MaccuBbl MOTYT OBITH KaK OJHOMEPHBIMHU (aIpec KaXJoro »SJIEMEHTa OMNpeaesseTcs
3HAYEHUEM OJHOr0 WHJAEKCAa), TaK MW MHOTOMEpPHbIMU (aJpec KaxJoro J3JIeMEeHTa



OnpeesieTcsl 3HaYeHUEM HECKOJIbKUX UHIEKCOB).

MaccuBbl 3aHUMAIOT CMEXHbBIC TUYEHKH MTaMSITH.

(dpyrumu cioBamu, 3JIEMEHTBl MAaCCHBa B MaMSITH PACIOJIOKEHbI MMOCIEI0BATEIBLHO APYT 3a
apyrom.) Slyeiika ¢ HaMMEHBIIMM AJPECOM OTHOCUTCSA K MEPBOMY 3JIEMEHTY MAacCHBa, a C
HauOONbIIUM — K TocienHemy. l[IpeamonoxuM, Mbl HCHOJIB3YEM MAacCHUB a U3 CEMU
anemeHTOB. [locie 3anoHeHnst MacCUB OYJET BBITJISAETh CIEAYIOIUM 00pa3oM.

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

3) 1 2 4 6 3 9

Jl1st paboThI C OTHOMEPHBIMA MaCCUBAMHU ITPUMEHSIOTCS [IUKINYECKUE AT OPUTMBI.
AJNTOpUTM, MPEeTyCMAaTPUBAIOIINN MHOTOKPATHOE MOBTOPEHHUE OJIHOTO M TOTO K€ JCHCTBHUS
HaJ HOBBIMH JTaHHBIMH, Ha3bIBACTCS IIUKINYECKHM.

Teno yukna - 3TO MOBTOPSIOIIASACS IMOCIE0BATEILHOCTD IEUCTBUH (OJIOK MHCTPYKITUH).
vk Ha3bIBaeTCS apughmemuyeckum, €Ciid YUCIO MOBTOPEHUM ITUKIIA U3BECTHO 3apaHee
WY MOJKET OBITH BEIUHCIIEHO.

[{uk1 Ha3pIBaeTCA apu(pMETUUECKUM, €CIIM YUCIIO OBTOPEHUM ITUKIIa U3BECTHO 3apaHee WM
MOKET OBITh BBEIYHCIICHO.

Bripaxkenue 1 BBINOMHSETCS TOJBKO OAMH pa3 B Hauaje Iukia. OOBIYHO OHO OMpenesisieT
HayaJbHOE 3HAUYCHHE MapaMeTpa HUKIa (MHUIUATM3UPYET MapaMeTp 1ukia). Beipaxenue 2
— 9TO YCJOBHE BBINOJHEHUS ILUKJIA. BeipaxkeHue 3 0OBIUHO oOmpenenseT U3MEHEHUe
napamerpa LMKIa. BJIOK HMHCTPYKUMII — TeNO IUKiIa, TO €CTh HMHCTPYKIMH, KOTOPHIC
JOJKHBI BBITIOJHATHCS 33JJaHHOE KOJIMYECTBO Pas..

BhIpasKeHie 1

610K
HHC TPVEL

pLIpasKkernie 2
HCTHHA?

BBIpAKEHHE 3

O6paTI/IT€ BHUMAHHUEC HA TO, YTO IIOCJIC BBIYMCJICHHA BBIPAKCHHUA 3 IMPOUCXOAUT BO3BpAT K
BBIYHCJICHHUIO BBIPAKCHUA 2— IMPOBCPKE YCIOBUSA TOBTOPCHUSA LIUKIIA.

[ukn, 1158 KOTOPOro HEJb3sl yKa3aTh YMCJIO MOBTOPEHUM, U MPOBEPKA OKOHYAHUSI KOTOPOTO
MPOUCXOJIUT IO JOCTHKEHUIO HY>KHOTO YCIIOBHSI, HA3bIBACTCS UM EPAUUOHHBIM.

[TpoBepka BBIMOJHEHUS YCIOBUS MOXKET MPOUCXOAUTH /10 BHIIIOJHEHUS TeJa IUKIA U TOCIe
HETO, a IUKIIMYECKUE CTPYKTYPHI SBISIIOTCS LIUKIAMHU € BPEOYC/106UEMU € ROCHLYCI08UEM.

B mukiie ¢ mpemycinoBueM, Ha3bIBAEMOM €UIE UUKAOM “noka”, cHavyaia MpPOBEPSIETCS
YCJIOBHUE, a 3aT€M BBITIOJIHSIOTCS JICHCTBUSI.



VCIIOBHE
HCTHHA?

OJIOK

HHCTPVKLIHIT

Hukn ¢ npedycnosuem mosrcem He 6bINOITHUMBCA HU PA3Y.

B mukiie ¢ mocrycioBueM, Ha3bIBAGMOM UUKAOM “00”’, HAO0OPOT: CHAYaJla BBIMOJHSICTCS
JEUCTBUE, a JIUIIIb TOTOM MPOBEPSIETCS YCIOBHE.

%

OJI0K
HHC TPYKLIHMIT

VCIIOBHE
HCTIHA

Hukn “no” (yHKUMOHHUPYET CIEOYIOUMM 00pa3oM: 0 TeX Iop, IMOKa YCJIOBHE HE
BBITIOJTHUTCS, BBIMOJHAETCS TEIO LMKJIA. XapakTepHO, YTO TEJIO IUKIA B IUKIE 10~
BBITIOJIHSIETCS] XOTS OBl OJIUH Pas.

Iukn ¢ nocmycnoeuem 6vtnoanAeMcA Xxoms 0bl 00UH Pas.

B Tene unkiia BHOBb MOXET OBITh LIUKJI, B TAKOM CIIy4Yae TOBOPST O 6710MHCEHHOM WUKILE.

4. Ilpumep

3anoJHUTh MacCUB JABA/LIATHIO MEPBBIMU HATYPAJIbHBIMU YHCIAMU, JEISUIMMUCS HAIIENIO HA
13 v Ha 17 u 6onbiinmu 300;
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5. 3apanne
CocTaBUTh 0JI0K-CXEMY aJrOpPUTMA PEIICHUS 3aa4H.
1) 3anoaHUTH MacCUB TPUAUATHIO IEPBBIMU MTPOCTHIMU YHCIIAMM.
2) BeiBecTH 351eMEHTBI MAaCCUBA Ha 9KpaH B 00paTHOM IMOPSIJIKE.
3) MaccuB mnpeaHazHayeH JIsi XpaHEHUS 3HAYEHHM pOCTOB JBEHaauatd uesoBek. C
MOMOILBIO JJATYMKA CITyYAHBIX YMCEN 3allOJHUTh MAaCCUB LEIbIMA 3HAYEHUSMH, JICKAITUMU
B nuana3oHe oT 163 1o 190 BKIIIOUYMTEIBHO.
JlonoiHUTEILHBIE 3 IaHUSA
1) Hano wHarypampHOoe uyucio n (n<999999). 3anonHuTh MaccuB ero Iudpamu,
PaCIoJIOKEHHBIMUA B OOpaTHOM MOpPsiAKE (TIEPBBIA SJIEMEHT PaBeH MOCIeAHeH udpe, BTOpon
— mpennocienHed u T. A.). HeszamonaHeHHBbIE 37I€MEHThl MAacCHMBa JOJDKHBI OBITh PaBHBI
HYJII0. DJIEMEHThI MacCUBa, SIBIISIFONTUECS ITUdpaMu YKCIIa 71, BRIBECTH Ha DKPaH.
2) 3amoaHUTh MACCHB JBEHAJIIATHIO MEPBBIMHU WICHAMH TOCIen0BaTeIbHOCTH PubOHaYYH
(mocienoBaTeNbHOCTH, B KOTOPOU MEPBBIE IBA WICHA PABHBI 1, a KaXKAbIN CIEIYIONIUNA paBeH
CyMME JIBYX IPEABIIYIINX ).
3) Ucnonb3ys HaT4MK CIy4YalHBIX YKCEN, 3alOJIHUTh MAacCHUB W3 JABAJAUATA 3JIEMEHTOB
HEMOBTOPSIIOUTUMUCS YUCIAMH.

IIpakTnueckas padora Nel2. Ilocrpoenue ajJropurMa nmy3bIipbKoOBOil COPTHPOBKH

1. Heas padoThI:

[TonydyeHne HaBBIKOB TMOCTPOCHUS QJITOPUTMOB C  HUCIIOJIb30BaHUEM MY3bIPHKOBOM
COPTHPOBKHU.

2. Tembl AJ151 NpeABAPUTEILHON MPOPAOOTKH



o OO6miee noHsATHE 00 WIrOPUTME.

« [IIpaBuiia MOCTPOEHUS aJITOPUTMOB B BUE OJIOK-CXEM.

o IlocTpoeHwne 0J0K-CXEeM UKIHYCCKUX aJITOPUTMOB.

o [IlocTpoeHne 0JI0K-CXEMBI aITOPUTMA 3aI0JIHEHUS OJHOMEPHOTO MacCHBa .

3. Teopernuyeckuii MaTepuaJl

CopTupoBKa IpUMEHSETCS BO BeeX 0€3 UCKIIIOUEHHUs 00JI1acTsIX MPOrpaMMHUPOBaHHUs, OyIb TO
0a3bl JaHHBIX WM MAaTEMaTUYECKUE MPOTPAMMBI.

[IpakTryecku KaXabli aIrOPUTM COPTUPOBKH MOKHO pa30UTh HA TPU YACTH:

- CpaBHEHUE, ONPEACIIONIEE YIOPSIOYEHHOCTD MTAPHI JJIIEMEHTOB;

- IEPECTAHOBKY, MEHSAIOILYIO0 MECTAMH I1apy JIEMEHTOB;

- COOCTBEHHO COpPTUPYIOLIMI aIrOpUTM, KOTOPBIH OCYLIECTBISIET CpPaBHEHHE WU
IEPECTAaHOBKY JJIEMEHTOB JI0 TEX IOp, COKAa BCE DJEMEHThl MHOXECTBAa HE OyAyT
YIIOPSIIOYEHBI.

IIy3bIpbKOBasi COPTUPOBKA

Campblii IPOCTOM aNrOPUTM ATOW T'PYNIBI OJYyYHII HA3BAaHHUE Iy3BIPBKOBOW COpTUPOBKHU. He
CaMblil yJayHbIi AJITOPUTM. 3aKJIIOYAETC] B CPAaBHEHHH COCEIHUX JJIEMEHTOB W, IPH
HEoOXoAMMOCTH uX mnepectaHoBke. [lpu HeyObIBalolleM yHOPATIOYEHHH 3JIEMEHTHI
"BBIIUIBIBAIOT" KAK IMY3bIPbKH KaXkIbIH 10 CBOETO YPOBH.

Onucanue anropurma:

Ucnons3yercs nBa uukia. Baemnuit npoxomut N-1 pas, 310 rapantupyer, 4ro naxe B
XyJIIEM Clly4ae KaxAblid 2JIeMEHT OyeT HaXOAUTHCS HA CBOEM MECTE.

Ucxoaneiii maccus d, C, a, b.

B npouiecce paboThl mporpaMmbsl MaccuB OyA€T U3MEHATHCSA CIIEIYIOIIUM 00pazoM:

dc,ab a,d,c.b a b, dc
[ [

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

[ n_-

a,d, c.b a,b,d ¢

Pacnonoxum 1udposoii maccus 4, 9, 7, 6, 2, 3 cBepXy BHHU3, OT HYJICBOIO 3JIEMEHTa - K
MOCJICTHEMY .

Nness merona: mar COpTUPOBKHM COCTOUT B MPOXOJI€ CHU3Y BBepX Mo Maccury. Ilo myTtum
MPOCMATPUBAIOTCS Mapbl COCETHUX AJIEMEHTOB. Ecliu 371eMEeHThI HEKOTOPOU Maphbl HAXOATCS
B HETIPABUJILHOM TMOPSIKE, TO MEHSIEM UX MECTaAMH.

Wexa 24F6 24>7 24k9 24>y
4] 4]  [4] [4] [2]
o] o] [o] Az} [4]
K2 1 B Pl S 1 S Y
6 2 7 7 7
2] [e] [e6] || [6]
31 3]  [3] [3] [3]

Hyneeoii npoxon, cpagHUE aeMEIe [TAp L B BIIEIEHE

[Tocnie HyneBOro mpoxoja Mo MacCUMBY '"BBEPXY'" OKa3bIBACTCS CaMblid "JIETKUI" 3JEMEHT -
OTCIOJIa aHAJOTHUs C Iy3bIpbKOM. ClEeayrommi Npoxoa JelaeTcs IO BTOPOTO CBEPXY
AJIEMEeHTa, TaKUM 00pa3oM BTOPOW MO BEIMYMHE DJIEMEHT MOJHUMACTCA Ha MPaBUIHHYIO
MTO3ULHIO. ..



I[GJI&GM IIpOXO0AbI IIO BCEC yMeHLma}omeﬁc;I HW)KHEH 4aCTH MacCHBa A0 TEX I10pP, IOKa B HEH
HC OCTAaHCTCA TOJBKO OJHH JOJICMCHT. Ha »Tom COPTHPOBKA 3aKaHYMBACTCA, TaK KakK
IMMOCJaACA0OBATCIbHOCTD YIIOPAAOYCHA 110 BO3PACTAHUIO.

al (2] [2] [2] [z] [Z
9 4 3 3 3 3
7 9 4 4 4 4
6 7 9 9 g 5]
2 o 7 7 9 7
3 3 O 6 9
HOMEp IIpoXoJa =0 i=1 =2 =3 i=4 1=5

TeopeaneCKm‘fl MaTepuaJ 1Jd IMMOBTOPEHUS

MaccuB npeacTaBisieT co00il yNOpsSAOYEHHYIO CTPYKTYPY OJHOTHUIHBIX JAHHBIX, KOTOPbIE
HAa3bIBAIOTCS DIIEMEHTAMH MAaCCUBA.

JlocTyn K KaKIOMY 3JIEMEHTY MacCHBa OCYILIECTBISIETCS C MOMOIIBIO MHAEKCAa — B 00IIEM
ClIy4ae MOpsAAKOBOIO HOMEpPA JIEMEHTA B MACCUBE.

MaccuBel MOTyT OBITh KaK OJHOMEPHBIMU (aJpec KaXKIAOro 3JIEMEHTa OIpelessieTcs
3HaYEHUEM OJIHOTO HWHJEKCa), TaK M MHOIOMEpPHBIMU (agpec KaxJoro 3JIeMEHTa
OINPENENAETCS 3HAYEHUEM HECKOJIBKUX UHICKCOB).

MaccuBbl 3aHUMAOT CMEXHBIC STUYEHKH ITAMSITH.

(Apyrumu cioBamu, 37€MEHTHI MacCHMBa B aMSATH PACIOIOKEHBI MIOCIEI0BATENLHO APYT 32
ApyroMm.) Sueiika ¢ HAUMEHBIIUM aJIPECOM OTHOCHUTCS K IEPBOMY JJIEMEHTY MaccuBa, a C
HauOOJBIIUM — K mocienHemy. Ilpenmnonoxkum, Mbl HCIONb3yeM MAcCHB @ W3 CEMH
anemeHTOB. [locie 3anonHeHnst MacCuB OYJET BBITJISAETh CIEIYIOUUM 00pa3oM.

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

5 1 2 4 6 3 9

Jlnst paboThI C OTHOMEPHBIMA MaCCUBAMHU ITPUMEHSIOTCS [IUKINYSCKUE AT OPUTMBI.
AJITOpUTM, MPEeaYyCMATPUBAIOIIUNA MHOTOKPATHOE MOBTOPEHHUE OJIHOTO U TOTO K€ JEHCTBUS
HaJl HOBBIMH JIAHHBIMU, Ha3bIBACTCS [IUKJIMYECKUM.

Teno yukna - 3TO MOBTOPSIOIIASACS ITOCISI0BATEILHOCTD NEUCTBUI (OJIOK MHCTPYKITHHN).
[{ukn Ha3bIBaeTCS apugmemuueckum, €Ciu YUCIO TMOBTOPCHUM IUKJIA HW3BECTHO 3apaHee
WJIA MOJKET OBITh BBIYMCIICHO.

[{ukn Ha3pIBaeTCA apu(PMETUUECKUM, €CJIM YUCJIO IOBTOPEHUM ITUKIIa U3BECTHO 3apaHee WU
MOJKET OBITh BHIYMCJICHO.

Bripaxkenre 1 BBIMOJMHSETCS TOJBKO OAMH pa3 B Haudaje Iukia. OOBIYHO OHO OMpeaesisieT
HayaJbHOE 3HAUYCHHE MapaMeTpa IUKJa (MHUIUATM3UPYET MapaMeTp 1ukia). Beipaxenue 2
— 9TO YCJOBHE BBIMOJHEHUS IHKJIA. BeipaxkeHue 3 0OBIUHO oOmpenenseT H3MEHEHUe
napaMeTpa UHKIa. BJIOK MHCTPYKIMI — TEIo LHUKIA, TO €CTh WHCTPYKLHH, KOTOPBIE
JOJKHBI BBITIOJHATHLCS 3aJJaHHOE KOJUYECTBO Pas..



BEIpa:keHHe 1

DLIpGKEInIe 2

Gimok J
5 — BLIpAsKeHHE 3
IICTITHA :

HHCTPYKLITT

OOpaTuTe BHUMAHHE Ha TO, UYTO TMOCJE BBIYMCICHUS BBIPAKEHUS 3 MPOUCXOIUT BO3BpAT K
BBIYMCIICHUIO BBIPAXKEHUS 2 — MPOBEPKE YCIOBUSI MIOBTOPEHUS IIUKIIA.

4. Illpumep

3anoyHUTh, MaccuB AecsAThbio 3HaueHusimu 30,53,11,35,17,42,21,84,75,61. OtcopTupoBaTh
JTAHHYIO MOCJIEI0BATEIbHOCTh METOJOM BhIOOpA.



=2Z=10
a[=Z2]={30,53,11,35,17,
42,21,84,75,61}

b 4

BLIEGT
Hesoguni
MACCHE &

il

EEIECH
OTCOPTHROBAH
MacCcHE a

buf=all-1] a[k-1]=a[k]
allz)l=buf

<

YtoOBl HE 3arpoMOXKaaTh OJOK-CXEMY, BBIBOJ MCXOJHOTO M OTCOPTUPOBAHHOTO MAaCCHBOB
0003HaYeH OJHHMM OJIOKOM «BBIBOJI» (HAQJO IOMHHTH, YTO JJII BBIBOJIA HAa DKpaH MacCHBa
HCIIONIB3YETCS IIUKII C TAPAMETPOM).

PesynbTaT paboThl anropuTMma:
HUcxonuerit maccuB: 3053 1135174221 847561

11305317 352142618475
1117305321354261 7584
1117213053354261 7584



11172130355342617584
11172130354253617584
11172130354253617584
11172130354253617584
11172130354253617584
11172130354253617584
Foadckickck Rk OTcopTUPOBAHHBIA MACCUB

11172130354253617584

5. 3aganue
CocTaBUTh 0JIOK-CXEMY aJrOPUTMA PEIICHHS 3aa9H.

1) W3MeHutb mnpoueaypy COPTUPOBKA TaK, 4YTOObI COPTUPOBKA MPOU3BOJAUIACH TIO
yOBIBAHUIO 3JIEMEHTOB.

2) [IpoBeputb, SBIAETCA JHU JaHHAS MOCJIEIOBATEIHLHOCTD HEIbIX YUCEI YIOPST0YECHHOM 1O
yObIBaHM10. ECcniu HET, ynopsiouuTh ee.

3) OtcopTUpOBaTh YETHBIC ATEMEHTHI MACCHUBA C MIOMOIIIBIO MY3bIPHKOBOM COPTHPOBKH.

JlonoTHUTe IbHbIE 3a]aHUSA
1) CoctaBpTe alnropuT™, YNOpPSAOYMBAIOMIUNA 3JIEMEHTHl MAacCUBAa, CTOSIIME HA HEYETHBIX
MECTax, B BO3pacTalOIIEM MOPSIKE, & HA YETHBIX - B YOBIBAIOLIEM.
2) B HeynopsJ04YeHHOM MACCHBE MOTYT OBITh COBHAJAOLIUE 3JeMEHThl. W3 Kaxmoi
IpyIIbl OAMHAKOBBIX 3JIEMEHTOB OCTaBUTh TOJBKO OJIMH, YJAJIHB OCTaJbHbIE M «IOJKAB)»
MacCHB K €ro Haqaiy.
3) B maccuBe X(N) kaxapiii anmement paBeH 0, 1 wm 2. [lepectaBuTh 31€MEHTBI MacCHBa
TaK, 4TOObI CHayaja pacrojaraiich BCe €IUHUIIbI, 3aT€M BCE ABOWKH M, HAKOHEI], BCE HYJIU
(IONOJTHUTENFHOTO MAaCcCHBA HE 3aBOJAMTD).

IIpakTnueckas padora Nel3. IlocTpoeHue aJropurMa noc/jieI0BaTeJILHOr0 MOUCKA

1. Heas padoThI:
[TonyyeHue HaBBIKOB OCTPOEHUS aJITOPUTMOB MOCIEA0BATEILHOTO MTOUCKA.
2. Tembl 111 IpeABapUTEIbHON NPOPAOOTKH
o OO6muiee noHsiTHE 00 WITOPUTME.
o+ IlpaBuiia mocTpoeHus: aarOPUTMOB B BUJE OJIOK-CXEM.
o IlocTpoenue OJI0K-CXeM LHUKIMYECKUX aTOPUTMOB.
« IlocTpoenue 6110K-CXeMbI AITOPUTMA 3aI0IHEHHUS] OAHOMEPHOI'O MacCcHBa .

3. Teopernueckuii MaTepuaJ

Teopernueckuit MaTepuaJ A/ NOBTOPEHUS

MaccuB mipecTaBiIsieT co00i YIOpsIIOYECHHYIO CTPYKTYPY OJHOTHITHBIX JAHHBIX, KOTOPHIE
HAa3bIBAIOTCS JIEMEHTAMU MAaCCHBA.

JlocTyn K KaXI0My DJIEMEHTY MacCHBa OCYIIECTBIISIETCS C TIOMOIIBI0O MHACKCA — B 00IIeM
Ciydae mopsiIKOBOTO HOMEpPA JIEMEHTa B MaCCHUBE.

MaccuBbl MOTYT OBITH KaK OJHOMEPHBIMHU (aIpec KaxJoro »SJIEMEHTa ONpeaesseTcs
3HAYEHUEM OJHOTO WHJEKCa), TaK M MHOTOMEpPHbIMU (aJpec KaxJaoro JJIeMEHTa
OTIPENICNIICTCS 3HAUCHUEM HECKOJIbKUX UHIIEKCOB).

MaccuBbl 3aHUMArOT CMEXKHBIEC TYCUKU TTAMSTH.



(dpyrumu cioBamu, 3JIEeMEHTBl MAacCCHBa B MaMSITH PACIOJIO0KEHBI MMOCIEI0BATEIBLHO IPYT 3a
apyrom.) Slyeiika ¢ HAaMMEHBIIMM AJPECOM OTHOCUTCSA K MEPBOMY DJIEMEHTY MAacCHBa, a C
HauOONBIIMM — K TnocieqHeMy. I[Ipenmnonoxum, Mbl HCHOJIB3YEM MACCHB & U3 CEMHU
anemeHTOB. [locie 3anosiHeHust MacCUB OYJET BBITJISETh CIEIYIONUM 00pa3oM.

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

5 1 2 4 6 3 9

Jl1s1 paGoThI C OTHOMEPHBIMA MaCCUBAMHU ITPUMEHSIOTCS [IUKINYECKUE AT OPUTMBI.
AJNTOpUTM, MPEeTyCMATPUBAIOIINN MHOTOKPATHOE MOBTOPEHHUE OJIHOTO M TOTO K€ JCHCTBHUS
HaJ HOBBIMH JTaHHBIMH, Ha3bIBACTCS IIUKINYECKHM.

Teno yukna - 3TO MOBTOPSIOIIASACS IMOCIE0BATEILHOCTD EUCTBUM (OJIOK HHCTPYKITUHN).
[ukn Ha3pIBaeTCS apughmemuyeckum, €Ciid YUCIO TMOBTOPEHUM ITUKIIA U3BECTHO 3apaHee
WJIM MOKET OBITH BBIUHMCIICHO.

[{ukn Ha3pIBaeTCA apu(hMETUUECKUM, €CJIM YUCIIO OBTOPEHUM ITUKIIa U3BECTHO 3apaHee WU
MOKET OBITH BBEIYHCIICHO.

Bripaxkenue 1 BBINOMHSETCS TOJBKO OAMH pa3 B Haudase Iukia. OOBIYHO OHO OMpenesisieT
HavyaJbHOE 3HAUYCHHE MapaMeTpa KA (MHUIUATM3UPYET MapaMeTp 1uKia). Beipaxenue 2
— 9TO YCJOBHE BBINOJHEHUS ILUKJIA. BeipaxkeHue 3 0OBIUHO oOmpenenseT U3MEHEHUe
napaMeTpa LUKIa. BJIOK WMHCTPYKIMH — TEno MUKIA, TO €CTh HHCTPYKIHUH, KOTOPHIE
JIOJKHBI BBITIOTHATHCS 33JTaHHOE KOJIMYECTBO Pa3..

BhIpazkeHiie 1

OIIOK
HHCTPVKLIHIT

DLIpaiKelnie 2
HCTIHA?

BhIpasKeHHe 3

O6paTI/ITe BHHMAHHUC HA TO, YTO IIOCJIC BBIYMCJIICHHA BBIPAKCHUA 3 IIPOUCXOJUT BO3BpPAT K
BBIYMCJICHHUIO BBIPAKCHUA 2— IMPOBCPKE YCIOBUSA ITOBTOPCHUSA LIUKIIA.

ITouck MUHUMAJIBHOTO (MAKCMMAJILHOI'0) 3JIEMEHTA MAaCCUBA

3agavy Movcka MUHUMAJIbHOIO DJIEMEHTA MacCHBa paCCMOTPUM Ha MPUMEPE MACCUBA LIEJIbIX
quces. AJTOpUTM MOMCKAa MUHUMAJIBHOTO (MaKCHUMAaJILHOTO) 3JIEMEHTa MacCHBa JIOBOJIBLHO
OUEBMJICH: CHayaja JIeJaeTCsl MPEAINOoJIOXKEHUEe, YTO TEPBBIM 3JIEMEHT MacCuBa SIBIISETCS
MHUHUMAaJIbHBIM (MaKCUMaJbHbIM), 3aT€M OCTaJbHbBIE 3JIEMEHThl MACCHUBA IMOCIEA0BATEIbLHO
CPaBHUBAIOTCS C 9TUM dJieMeHTOM. Eciii Bo BpeMs odepeiHOM MPOBEPKU OOHAPYKUBAETCH,
YTO TIPOBEPSEMBIA DJIEMEHT MeHbie (OOoJbllle) TPUHSITOTO 33 MHUHHUMAJBHBIN
(MakcUMalbHbIM), TO H3TOT 3JIEMEHT CTAaHOBUTCS MHUHHMAIbHBIM (MaKCUMAJIbHbIM) H
MPOIOJIKAETCS MPOBEPKA OCTABIINXCS 3JIEMEHTOB.
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Yrobbl HE 3arpoMoXKIaTh OJOK-CXeMy, BBIBOJ HMCXOJHOTO MaccHMBa OOO3HAYEH OIHHUM
OJIOKOM «BBIBO» (HAJ0 MOMHHTB, YTO JJISl BRIBO/IA HA KPAaH MACCHUBA MCTOIB3YETCS UK C
rapaMeTpoM).

IMouck B MaccuBe 3aJaHHOTO YJIEMEHTa METO/I0M MPOCTOro nepedopa

[Ipu penieHrr MHOTHX 3a/1a4 BO3ZHUKAET HEOOXOIUMOCTh OINPENEIUTh, COACPKUT JIU MaCCUB
ornpezeneHHy0 HHpopmalio wid Het. Hanpumep, npoBepuTh, €CTh JIU B CHIUCKE CTYJICHTOB
¢damunus [lerpoB. 3aaun Takoro TUNA Ha3bIBAIOTCS IIOMCKOM B MAacCHBE.

JUis opraHu3anuy MOMCKa B MAacCHBE MOTYT ObITh MCIOJIb30BAHbI Pa3jIMYHbIE AJITOPUTMBI.
Haubonee mpoctoit — 310 airoputM mnpoctoro mnepedopa. Ilouck ocyuiectisercs
MOCJICI0BATEIbHBIM CPAaBHEHHUEM 3JIEMEHTOB MaccHBa C OOpa3loM A0 TeX IOp, MoKa He
OyZeT HaWaeH DJIEMEHT, paBHBIA 00pasily, Wiu He OyayT MPOBEPEHBI BCE DJIEMEHTEHI.
AJAropuT™ mpocToro nepedopa MPUMEHSETCs, €CII JIEMEHThI MACCUBA HE YIOPSAIOUYCHBI.
[{ukn mpocMoTpa >JIEMEHTOB MAacCHBa 3aBEpIIACTCs, €CJIM B MAacCHBE OOHApPY)KEH SJIEMEHT,
paBHBII 00pasily (B TOM Cily4ae 3HAU€HHUE CICNUaIbHOW MEPEeMEHHON-TIPU3HAKA PABHO
€IMHUIIC), WM €CIIM TPOBEPEHBI BCE JJIEMEHTHl MaccuBa. [lo 3aBeplIeHMH IUKIA TI0
3HAYEHUIO TIEPEMEHHOM-TIPU3HAKA MOKHO OIPEEINTh, YCICIIEH MTOUCK W HET.

OdeBuIHO, YTO YeM OOJbIIE AJIIEMEHTOB B MAacCHBE M UEM JajibIlle PACIIONONKEH HY>KHBIH
3JIEMEHT OT Hayajga MacChBa, TEM JOJIbLIE MporpaMma OyJeT HCKaThb HEO0OXOIUMBIN
AJIEMEHT.

4. Illpumep



3amoJIHUTh MacCUB JeciaThio 3HaueHusamu 30,53,11,35,17,42,21,84,75,61. CocraBuTh
AJTOPUTM, KOTOPBIM MO BBEJIEHHOMY IOJIL30BATEJIEM YUCIY OMPEACIUT — €CTh 3TO YUCJIO B
JTAHHOM TTOCJIEI0BATEIFHOCTH U BBIBEJIET HAa SKpaH MO3UIIMIO B MACCUBE ATOT0 YHCIIA.

HaTamno

sZ=10
a[32]={30,53,11,35,17,
42,21,84,75,61}
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5. 3apanmne
CocTaBuTh 0JI0K-CXEMY JITOPUTMA PEIICHUS 3aa4uH.

1) Onpenenuth YMCII0 MAKCUMYMOB B 3aJJaHHOU NOCIIEA0BATEIbHOCTH YNCEN.
2) 3aMEHUTh BCE MUHUMYMBI B MTOCJIEIOBATEIbHOCTH YUCEN UX YTPOCHHBIM 3HAUEHHUEM.
3) CxaTb 4MCIOBOW MAaCCHUB, YAAINB U3 HETO BCE MAKCUMYMBI.

JlonoTHUTEIbHbIE 3aIaAHUA

1) HaiitTi moBTOpsIOIIHECsS 3JIEMEHTHI B 3aJaHHON IMOCJIEI0BATEILHOCTH YUCEI.

2) HaifTu HEeMOBTOPSIOIIMECS DJIEMEHTHI B 33JITAaHHOM MOCIEI0BATEILHOCTH YU CE.

3) CocTtaBUTh OAHONPOXOJHBIM ANTOPUTM MOJCYETA MUHUMYMOB B TMOCJIEIOBATEIBHOCTH
YHUCEIL.

IIpakTnueckas padora Nel4. IlocrpoeHue aJaropurMa OMHAPHOIO NOMCKA B
YIOPAI0YEHHOM MOCIeA0BATEIbHOCTH.
1. Heas padoThI:



[TonyyeHue HABBIKOB TIOCTPOCHHS aJTOPUTMa OWHAPHOTO IIOMCKAa B YHOPSAIOYCHHOMN
[10CJIENOBATEILHOCTH.
2. Tembl 11t NpeaBapUTEILHOM MPOPAOOTKH

o OO6miee moHATHE 00 AITOPUTME.

o IIpaBuiia moCTpOEHUS aITOPUTMOB B BUE OJIOK-CXEM.

o IlocTpoenwne 0J0K-CXeM MUKIHYCCKUX aJITOPUTMOB.

o IlocTpoenne G10K-CXEMBI aNTOPUTMA 3aTOJTHEHUS OJHOMEPHOTO MACCHBA .

3. Teopernyeckuii MaTepuaJl
Teopernueckunit MaTepuaJl AJis1 IOBTOPEHUS
MaccuB npeacTaBisieT co00i yHopsI0YeHHYI0 CTPYKTYPY OJHOTHIIHBIX JaHHBIX, KOTOPBIC
Ha3BIBAIOTCS DJIEMEHTAMH MacCHBA.

JlocTyn K KaXXJIOMy 3JIEMEHTY MacCHBa OCYIIECTBIISETCS C IMOMOIIBIO MHJIEKCAa — B OOIIEM
CiIydae MOopsiIKOBOIO HOMEpPA AJIEMEHTa B MacCCHUBE.

MaccuBbl MOTYT OBITH KaK OJHOMEPHBIMU (apec Ka)KJIoro »SJEMEHTa OMpeaesaeTcs
3HAYCHUEM OJHOT0 WHJAEKCAa), TaK M MHOTOMEpPHBIMU (aJpec KaXJaoro J3JIeMEHTa
OTIpeIeNIICTCS 3HAUCHUEM HEeCKOJIBKUX MHIEKCOB).

MaccuBsl 3aHUMAIOT CMEKHBIC SUCHKU MaMSITH.

(Ipyrumu cioBamu, 3JIEMEHTHI MacCHBa B MAMSITH PACIOJIOAKEHBI MMOCIIEI0OBATEIIBHO APYT 3a
npyrom.) Sdeiika ¢ HAUMEHBITUM aJPECOM OTHOCUTCSA K MEPBOMY AJIEMEHTY MacCuBa, a C
HauOOJbIIUM — K Tociennemy. lIpeamonoxkuM, Mbl HCIOIB3YyEeM MAacCHUB a U3 CEMU
anemeHToB. [locre 3anoHeHus MacCuB OYJIET BBITJISAET CIASAYIONIUM 00pa3oM.

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

) 1 2 4 6 3 9

Jis pa®oTHI C OJTHOMEPHBIMU MAaCCHUBaMH MPUMEHSIOTCS HUKINUYECKHUE aJITOPUTMBI.
AJNTOpUTM, NPENYyCMATPUBAIOIINN MHOTOKPATHOE MOBTOPEHUE OJHOTO M TOT'O XKE ACHCTBUS
HaJl HOBBIMU JTAHHBIMU, Ha3bIBAETCS UKINYECKHUM.

Teno yukna - 3TO MOBTOPSIONIASCA MOCIEIOBATEILHOCTD NEUCTBUM (OJIOK MHCTPYKIIUA).
[uxn Ha3bIBaeTCS apughmemuyeckum, €CIA YUCIO MOBTOPEHUM IIMKIIA W3BECTHO 3apaHeEe
WJIM MOKET OBITh BBIYHMCIICHO.

[y Ha3pIBaeTCst apu(METUYECKUM, €CIIA YUCIIO MOBTOPEHUH IIUKJIA U3BECTHO 3apaHee WU
MOJKET OBITh BBIYUCIICHO.

Boipaxxenue 1 BBINOJIHSETCS TOJBKO OAMH pa3 B Hadaje 1ukiaa. OOBIYHO OHO OmpeAesnser
HavyaJIbHOE 3HaYCHHUE MapaMeTpa LUKIa (MHUIUAIU3UpPYyeT napaMeTp uukia). Boeipaxkenue 2
— 93TO YCJOBHE BBINMOJHEHUA LMKIA. BpipaxkeHue 3 0OOBIYHO ompenernser H3MEHEHHE
napamMeTpa LHKJIA. DBIIOK MHCTPYKIMII — TeNo LMKJIA, TO €CTh HMHCTPYKIHH, KOTOPBIE
JOJKHBI BBITOJIHATBCS 3aJaHHOE KOJIMYECTBO Pa3..



BEIpakeHe 1

S0k
HHCTPVELEIT

pLIpasker e 2
HICTHHA?

BBIpa/KEHIE 3

OOpatute BHUMaHWE HA TO, YTO TIOCJIC BBIYMCIICHUS BBHIPAXXCHHS 3 MPOUCXOJUT BO3BpAT K
BBIYHCIICHUIO BBIPAKEHUS 2 — TIPOBEPKE YCIOBHS TTOBTOPEHUS ITUKIIA.

JIJist opraHu3amyy MOMCKa B MacCUBE MOTYT OBITh HCITOJIb30BAHBI PA3IUYHBIC AJITOPUTMEI.
Hawnbonee mnpocroili — 3T0 anroput™ npoctoro mnepedopa. Ilowck ocymecTBisieTcs
MOCJIEIOBATEILHBIM CPAaBHEHHUEM JJIEMEHTOB MaccuBa ¢ 00paslloM J0 TeX IMOop, MOKa He
OylneT HaWJeH JJIEMEHT, paBHbI oOpasily, Wi He OyIyT MpPOBEpPEHBbI BCE DIIEMEHTHI.
AJTOpPUTM NPOCTOTO Mepedopa MPUMEHSIETCS, €CIU JIEMEHTHI MaCCUBA HE YIOPSIOUYCHBI.
MeToa OMHAPHOTO MOMCKA

Ha mnpaktuke JOBOJBHO 4YacTO MPOU3BOAUTCS MOWCK B MacCHUBE, AJIEMEHThI KOTOPOTO
YIOPSIOUYEHBI 110 HEKOTOPOMY KPUTEPUIO (TaKHUE MACCUBBI HA3BIBAIOTCS YIIOPSIOYCHHBIMH).
Hampumep, maccuB pamunmii, kak mpaBuiio, ynopsaodeH no ajadaBUTy, MACCUB JAHHBIX O
Mmorojie — 0 J1laTaM HaOmrojeHui. B ciaydae, ecnmm MacCWB ymopsiAodeH, TO MPUMEHSIOT
npyrue, 6oisiee d3pQPeKTUBHBIE IO CPABHEHUIO C METOJIOM IPOCTOro mepedopa aJroOpUTMBbI,
OJIMH W3 KOTOPBIX — METOJ OWHAPHOTO MOMCKA.

OH M3BECTEH TaKXe MOJI UMEHAMH Memoo0 OUXOMOMUU VI Memo0 NOA0BUHHOO OeleHUs..
Kak 00ObIYHO, 3a CKOPOCTh B3MMAETCs TUTaTa: MacCHB JIOJDKEH OBITH ymopsgodeH. CaM 1o
cebe ATam MpeABAPUTEIIBHOTO YIOPSAOUEHUS, WA COPMUPOBKU, OOXOTUTCS HEIEIIECBO, BO
BCSIKOM CJIy4ae - JOPO>Ke OJHOKPATHOTO TUHEHHOTO TIOUCKA.

[IycTh ecTh ymOpsiAOYEHHBIN MO BO3PACTAHUIO MACCHUB IEIbIX yuced. HyXHO ompenenuts,
COJIEPKUT JIM ATOT MaCCUB HEKOTOPOE uncio (obpaserr).

Unest anroputmMa COCTOUT B TOM, YTOOBI Ha KaXKIIOM, OYEPETHOM, IIare BBIJACIATH W3
WHTEpBaJla WHJCKCOB - JJIs JaJbHEWINIEro IMOWCKA - JIMIIb ero '"MOJOBUHY'", OTOPOCHB
BTOPYIO.

1. Onpenensiem cepeAnHy UHTEPBaJa OUCKA.

2. CpaBHHMBaeM oOpaszell ¢ 3JIEMEHTOM, pPacIloJIOKeHHbIM Tmocepenuue. Eciau  oOpaszert
OKazaJicss OOJIbIIe, TO OOJACThIO JATBHEUIETO TOWCKAa CTAHOBWTCS IpaBasl MOJIOBHHA; B
MIPOTUBHOM CJTy4Yae - JieBas IMOJOBHHA HHTEPBaJIa, HO B JIIOOOM CITydae MHICKCHBIN MHTEPBAIT
yMeHbIaeTcss BaBoe. (Ecmu ocymecTBUTh ere oJHy MPOBEPKY, TO MOXHO YCTAaHOBUTH U
COBIIAJICHUE, TTOCIIC YETO JaJbHEUIIINE 11ard He 0053aTe/IbHBI. )

3. Ecim ocrajcst mHTepBall €IMHUYHOMN JUTHMHBI, TO MEPEX0IUM K 3aKIFOUNTEILHOMY IIary 4,
B IIPOTHBHOM clIy4ae - K mary 1.

4. JIubo enWHCTBEHHBIM DSJIEMEHT MHTEpBaJIa COBIAMAET C o0pasloM, JHOO - HUCKOMOTO
AJIEMEHTa B MAaCCUBE HET.

4. Ilpumep

3anoJHATh MaccuB JecAThio 3HaueHusMu 11, 17, 21, 30, 35, 42, 53, 61, 75, 84. Maccus
TOJKEeH OBITh yropsimodeH! CoCcTaBUTh alrOPUTM, KOTOPBIH 110 BBEACHHOMY ITOJIh30BaTEIEM
YUCITy ONPEACIUT — €CTh 3TO YKCIIO B JAHHOM ITOCJICIOBATEILHOCTH W BHIBEJCT HA dKpaH



ITO3UIIMIO B MACCUBE TOT'0 YMCJIA.
[TycTh uncno, BBEIEHHOE MOJb30BaTeIeM, 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
¢ = (at+b)/2=(0+9)/2=5 m[5]=42 21 <42 mnouck OyAeT BECTUCH B JICBOM 4acTH a - C

C
R <
| :
0 1 2 3 4 5
11 17 21 30 35 42

b=c-1=5-1=4 a=0 c=(atb)/2=(0+4)/2=2 m[2]=21 Yucno wnaiigeHo. Ilo3umus B
MAaCCHUBE paBHa 2.

HYCTB YnCJI0, BBCACHHOC ITOJB30BATCIICM, K = 61.
C

| v b
I 1
0 1 2 3 4 5 6 7 8 9
11 17 21 30 35 42 53 61 75 &4
c = (at+b)/2=(0+9)/2=5 m[5]=42 61 >42 mowuck OyaeT BECTHUCH B MPABOH 4acTH C -

b

C

] |
56 7 8 9
42 53 61 75 #4
a=c+1=5=1=6; c=(atb)/2=(6+9)/2=7 m[7]=61 UYucno nHaiineno. Ilo3uius B MaccuBe
paBHa 7.

[IpoBepuM, Kak MPOBOJUTCS MOUCK YUCEN, KOTOPBIX HET B MaCCHUBE.
[TycTh uncno, BBEAEHHOE MOJIb30BATENEM, K = 28.

¢ = (ath)/2=(0+9)/2=5 m[5]=42 28 <42 mouck OyAeT BEeCTHUCH B JICBOW YacTH a - C

L 4

0 1 2 3 4 5

11 17 21 30 35 42
b=c-1=5-1=4 c=(a+b)/2=(0+4)/2=2 m[2]=21 28 >21 mnouck OyAeT BECTUCh B MPaABOii
qacTu C — b
a=ct1=2=1=3 b=4 c=(at+b)/2=(3+4)/2=3 m[3]=30 28<30 mnouckcneBaa—_C
b=c-1=3-1=2 a=3 c=(atb)/2=(3+2)/2=2 a>C mnouck npekpaileH, 4yncia 28 B MaCCUBE
HET

[TycTh unciio, BBEAEHHOE MOJIB30BATENEM, K = 65.



¢ = (ath)/2=(0+9)/2=5 m[5]=42 65 >42 mnowuck OyaeT BEeCTHUCh B MPaBOM 4acTH C -

b
C
Yot
| I
5 6 7 8 9
42 53 61 75 84
a=ct1=5=1=6 b=9 c=(atb)/2=(6+9)/2=7 m|[7]=61 65>61 mnouckcmpanac -Db
a=c=1=7+1=8 b=9 c=(at+b)/2=(8+9)/2=8 m[8]=75 65 <75 mouckciaeBa a—_C
b=c-1=8-1=7 a=8 c=(ath)/2=(7+8)/2=7 a>C mnouck npekparicH, yrcia 65 B MaCCHUBE
HET

AHaJIOTUYHO MOKHO IPOCIICANTL BBIIIOJIHCHHUC aJI'OpUTMa 6I/IHapHOFO IIOUCKa IJId 4YMCCII,
KOTOPBIC BBIXOJAT 34 I'PAHHIIbI AHWAIlIa30HA 3HAYCHUIN DJIEMEHTOB MacCCHuBa, HAIIPUMCP Su

100.
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m[n]={11,17,21,30,35.42.53,
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5. 3apanue

CocTaBUTh 0JI0K-CXEMY aJITOPUTMA PEIICHUS 3aa4H.

1) Ucnonp30Bath 11t MOMCKA MAacCUB, YIIOPSAOUYEHHBIHN MO yOBIBAHUIO.

2) CoctaButs urpy. [lonb3oBarensb 10MKEH OTraaTh YUCIO B 33IaHHOM JUANa3oHe.

3) aubl HatypanbHble uucia al, a2, a3,...an u bl, d2, b3,...om. al>a2>a3...>an.
[MoncunraTh KOIMuecTBO Tex bj, 1<=i<=m, mns KOTOpHIX HET paBHBIX cpeau al, a2,
a3,...a50.

JlonosiHuTEIbHBIE 32 ITAHUSA

Nmeercs xene3HOAOPOKHOE paclucaHue, COJEpIKAIllee HOMEp peilca moesna, BpeMeHa
OTHPABJICHUS W MPHUOBITHS Ha CTaHIUIO NpHOBITHS. OpraHu30BaTh IMOMCK HOMEpa I0e3/a,
BpeMs OTIPABJICHUS U IPUOBITHS, €CIU 3a/IlaHa CTAHITHS.



IIpakTuueckasi padbora NelS. IlocTpoeHue ajnropurMa 3anoJTHeHHUsI IBYMEPHOT 0
MaccuBa

1. Hean padoThbi:
[Tomy4yeHue HaBBIKOB TTOCTPOCHUS aJITOPUTMOB 3aIIOJIHCHUS IBYMEPHOTO MacCHUBA.

2. TeMbl AJ151 IpeABAPUTEIbHOM IPOPAOOTKH
« OO6ee monsiTue 00 anropuT™Me.
o+ IlpaBuiia mOCTpOEHUS aATOPUTMOB B BUE OJIOK-CXEM.
+ IlocTpoenue 6110K-CXEMBI AJITOPUTMA C UCIIOJIB30BAHUEM BIOKEHHOIO LIUKJIA.

3. TeopeTudeckunii MmaTepuaJl

Hukn - 3TO anropuTMUYEcKass KOHCTPYKLHUS, B KOTOPOM B 3aBHCUMOCTH OT YCJIOBUS
IIOBTOPSIETCA ONPEAEIIEHHAS IOCIEA0BATEIIBHOCTD IEVCTBUM.

[ukn B anropuTMe uMeeT 0coboe 3HaAYeHHE, T.K. TOJILKO €ro HUCIOJIb30BaHUE MO3BOJIET C
MMOMOILBIO CPaBHUTEIIBHO KOPOTKHUX aJTOPUTMOB 3aIACHIBATH JUTMHHbBIE
MOCJIEIOBATENbHOCTH  JICMCTBUM, YTO TO3BOJISIET 3HAYUTEIIBHO YMEHBIIUTH CKOPOCTh
BBINOJIHEHUS NPOTPAMMBI.

ANroputM, npeayCcMaTpUBaOIIMA MHOTOKPATHOE MOBTOPEHHUE OJHOTO U TOTO K€ IEUCTBUS
HaJl HOBBIMU JTAaHHBIMU, HA3bIBACTCA [IUKINYECKUM.

JIns opraHu3zanudM ILMKIOB MOXHO NPUMEHSTH YCIOBHS, T.K. HUKIMYECKHN aIrOPUTM
SIBJISIETCSL YACTHBIM CIIy4aeM Pa3BETBIISAIOLIETOCS.

Teno yuxna - >T0 NOBTOPSIOMIASICS MOCIEAOBATEIILHOCTD ACHCTBUM (OJIOK MHCTPYKITHIA).
[{ukn Ha3bIBaeTCS apughmemuyeckum, €CIA YUCIO TMOBTOPEHUI IIUKIIA U3BECTHO 3apaHeEe
WJT MOKET OBITh BBIYHCIICHO.

[y Ha3pIBaeTCst apuMETUUECKUM, €CIIA YUCIIO TIOBTOPEHUH ITUKJIIA U3BECTHO 3apaHee WU
MOKET OBbITh BBIUHCIICHO.

Bripaxkenue 1 BBITIONHSIETCS TOJBKO OAWH pa3 B Haudaje nukia. OOBIYHO OHO OMpeesieT
HayaJbHOE 3HAUCHHE MapaMeTpa HUKIa (MHUIUATU3UPYET MapaMeTp 1ukia). Beipaxenue 2
— 9TO YCJOBHE BBIMOJHEHUS IHKJIA. BeipaxkeHue 3 0OBIUHO oOmpenenseTr NU3MEHEHUe
rnapamerpa LMKIa. BJIOK HMHCTPYKIMI — TENO IUKJIa, TO €CTh HMHCTPYKIMH, KOTOPBIE
JOJKHBI BBITIOJHATHCS 33JJaHHOE KOJIMYECTBO Pas3..

BhIpasKeHi e 1

—
ONOK
HHC TPVELFIT

DLIpaskellie 2
HCTIHA?

BRIpakeHIIE 3

OOparute BHUMaHWE HA TO, YTO TIOCJIC BBIYMCIICHUS BBHIPAXKECHHS 3 MPOUCXOJUT BO3BPAT K
BBIYMCIICHUIO BBIPAXKEHUSI 2 — MPOBEPKE YCIOBUS IOBTOPEHUS IIUKIIA.

lIMKJl C napamempamu NHAUC HA3bIBACTCA KaK UUKIL 07151 KAX€0020.



Ecth CHGHI/IaHBHBIﬁ 3JIEMEHT OJIOK-CXEM JJI1 CUCTHBIX ITUKIIOB.

MNMoAroTosKa CHETHRAS LMK
Flawi v

C ucrnojbp30BaHUEM CIICHHUAJIbHOTO 3JICMCHTA AJITOPUTM UUKIIA 0N Kaxc0020 BBITJIAAUT TakK:
|

Y

BBIXOT
H3 = ~  Mep=H3, K3, llar “ol——
U HETa H -
¥
TeTD0 ODHE. TR

IMep. - nepemensan (mapamerp)

H3 - HaTaibHOe 3Ha9eHAEE DapaMeTpa

K3 - kxoHedHoe 3Ha9eHHEe DapaMeTpa

lar - Be.mMYnEA BINMEHEHIA OapaMeTpa moc.ne EELEI0TD
EBITIOTHEHAA Te.Ia I HKTa.

Teno OHKJIa BBIIOJHACTCA CTOJIBKO pPa3, CKOJIBKO pPa3HbIX 3HAYCHUM IIpUMCT I1apaMCTp B
3aIaHHBIX ITPCACIAaX.

Bo3MOXHBI ciayyau, Korja BHYTpPH Tella ILHMKJIAa HEO0OXOAMMO MOBTOPSATh HEKOTOPYIO
ITOCJIEA0BATEIBLHOCTD ONIEPATOPOB, T. €. OPraHW30BaTh BHYTPEHHUM IUKI. Takas CTpyKTypa
MOJIyYWJIa Ha3BaHUME LMKJIA B LMKJE WIH BJOKEHHBbIX HHMKJOB. ['JlyOMHa BIIOXKEHUS
LUKJIOB (TO €CTh KOJMYECTBO BJIOKEHHBIX JAPYT B IPyra HUKIOB) MOKET OBITh Pa3IUYHOM.
[Ipu KMcnOAB30BaHUM TAKOM CTPYKTYPBI ISl SKOHOMHUU MAIIMHHOIO BPEMEHU HEOOXOIUMO
BBIHOCUTHh M3 BHYTPEHHErO IMKJIA BO BHEIIHUN BCE ONEPATOPbI, KOTOPBIE HE 3aBUCAT OT
IapaMeTpa BHYTPEHHETO LIMKIIA.

4. Ilpumep
1. 3anoMHUTH TBYMEPHBIA MaCCUB U3 TSITH CTPOK U TPEX CTOJIOIIOB €TUHUIIAMU.
0O 1 2
0O |1 |1 |1
1 11 |1 |1
2 |1 |1 |1
3 |1 [1 |1
4 |1 |1 |1

JIist 5TOro HY’KHBI [iBa IIMKJIA. BHEHU# — Mo cTpokam, mapameTp i, uamenseTcst ot 0 10 4 ¢
mraroM 1, BHYTpEHHHME — MO CTOJOIaM, mapameTp |, uaMensiercs oT 0 g0 2 ¢ marom 1.
MoxHO opranu3oBaTh 00pabOTKy U HA00OPOT.
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2. 3anosHUTh 1ByMepHBI MaccuB U3 10 ctpok u 10 cTon6I110B clieyonmm o0pa3oM:

0000000000
0100000010
0020000200
0003003000
0000440000
0000550000
0006006000
0070000700
0800000080
9000000009



,<i=c.*u-1 1>
DN

Y
Cirms
b Fm-1, ==0, -1
N /

Ja HeET

RGOS
<G>
/

a[1]0] /
3aganue

1) 3anmomuuth AByMepHBIH MaccuB M[5][5] caemyrommuM oOpa3oM: MO3MIMH, TAe 00a
HWHJICKCA YETHBIC IOCTAaBUTh 5, B OCTAJILHbBIC 1.

alih] =1 a[i][i] = 0

2) 3anoaHuTh IBYMEpPHbIA MaccuB M[7][7] mpou3BeAeHUSIMU UHIEKCOB CTPOKU U CTOJIOIIA.

3) 3anoaHuTh AByMepHbIA MaccuB M[4][4] cienyromum oOpa3om:

0 000
0110
0110
0 000

JlonosiHuTEIbHBIE 3aITAHUSA
1) ChopmupoBaTh AByMEPHBI MACCUB IO CJIEIYIOLIEMY MPABUITY

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

6). 11 12 13 14 15 B). 21 22 23 24 25



2) 3anoaHuTh IBYMEpHbIA MaccuB M[7][7] mo cnupaiu cleyomuM o0pa3oM:

1 12 |3 |4 |5 |6 |7
24 125(26 |27 128|298
23140(41/42 143|309
2213948 |49[44 31|10
21|38 |47|46[45|32 |11
2037363534 |33|12
191181716 |15|14 |13

3) 3anoaHUTH ABYMEPHBIA MaccuB M[5][5] mo cnupaiy ciaeayromumM 00pa3oMm:

25242312221
10 20
11 19
12 18
13114 ]15]16 |17

(o]
oo
\‘

N
=
»

w
S
o1

4) 3anoHATh MaTpPHILY 3aJaHHBIM 00pa30M:
0111110

1011101

1101011

1110111

1101011

1011101

0111110

5) 3anoaHUTE MaTpHUIly 33JaHHBIM 00pa3oM:
11111

10001

10001

10001

11111

6)3anoJIHUTh MaTPUILy 3aJaHHBIM 00pa30M:
0000000009

0000000080

0000000700

0000006000

0000050000

0000400000

0003000000

0020000000

0100000000

0000000000

7) 3anoaHUTh MaTpUIly 3aJaHHBIM 00pa3oM (IIECOYHBIE YacChl):
1000001



1100011
1110111
1111111
1110111
1100011
1000001
8) CocTtaBuTh mporpaMmy, KOTOpas 3alloJHSET KBAJPATHYIO MaTpuUlly Mopsaka N
HATYpaJIbHBIMU Ynciiamu 1, 2, 3, ..., N2, 3alKUChIBast UX B HEE «I10 COUPATN.
Hanpumep, ns m = 5 nosydaem CAeayroUyr0 MaTpUILy:
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) 3anoHUT, MaTpUIly 3aIaHHBIM 00Pa30M:
1111111

N W w W
NN WER
NN R -
NN DR -
NDA DD
ADdDADD

3
3
3
3
3
2

2222272
IIpakTuueckasi padora Nel6. Iloctpoenue ajnropurma 00padOTKM JBYMEPHOI0 MaCcCHBA

1. Heas padoThI:
[ToyyeHue HaBBIKOB TOCTPOEHUS AITOPUTMOB 00paOOTKU JBYMEPHOTO MACCHBA.

2. Tembl 11l IpeABaAPUTEIbHOM NPOPAOOTKH
o OO1mee nmoHsATHE 00 AITOPUTME.
o IIpaBuna nmocTpoeHus: aATOPUTMOB B BUJIE OJIOK-CXEM.
o IlocTpoenue 010K-CXEMBI AITOPUTMA C UCIIOIB30BAHUEM BIIO)KEHHOTO IIMKJIA.

3. Teopernuyeckuii MaTepuaJl

Hukn - >TO0 anropuTMUYEcKass KOHCTPYKIMS, B KOTOPOM B 3aBUCUMOCTH OT YCJIOBUS
MOBTOPSIETCA OMPEACIEHHAS OCIEA0BATEIIBHOCTD JICHCTBUM.

[{uka B anropuT™Me uMeeT 0co0oe 3Ha4YeHHUE, T.K. TOJIBKO €ro MCIIOJIb30BaHUE TO3BOJISET C
IIOMOIIIBIO CpPaBHUTEIIBHO KOPOTKHX aJTOPUTMOB 3alUCHIBATh JUIMHHBIE
MOCJIEAOBATEILHOCTH JACHCTBHM, YTO MO3BOJSET 3HAYUTENIBHO YMEHBIIUTh CKOPOCTh
BBITOJIHEHUS MPOTPAMMBI.

AJropuT™, IpeayCMaTpUBAIOIINN MHOTOKPAaTHOE MOBTOPEHUE OJHOTO M TOTO K€ JACHCTBUS
HaJl HOBBIMU JaHHBIMH, Ha3bIBACTCS [TUKINUYECKHUM.

JIns opraHu3alMd IUKIOB MOKHO HIPUMEHSTh YCIOBHUS, T.K. HUHUKIUYECKHN alrOpPUTM
SIBJISIETCS YaCTHBIM CITy4aeM Pa3BETBIISIOMICTOCS.

Teno yukna - 3TO MOBTOPSIOIIASCA MOCIEOBATEILHOCTD IEUCTBUM (OJIOK MHCTPYKIIUN).
vk Ha3bIBaCTCSl apughmemuyeckum, €CIA YMCIO TIOBTOPEHUH ITMKIIA U3BECTHO 3apaHee
WJIN MOKET OBITH BEIUUCIIEHO.

[{ukn Ha3pIBaeTCA apu(pMETUUECKUM, €CJIM YUCJIO IOBTOPEHUM ITUKIIa U3BECTHO 3apaHee WM



MOJKET OBITh BBIYUCIICHO.

Boipaxkenue 1 BBIMONHSIETCS TOJBKO OAMH pa3 B Haudaje Hukia. OOBIMHO OHO OMpEIENsieT
HavyaJIbHOE 3HAYEHUE MapaMeTpa HUKIa (MHUIUATU3UPYET MapaMeTp 1ukia). Beipaxenue 2
— DTO YCIIOBUE BBITIOJIHEHUS IUKJIA. BbipaxkeHnue 3 0OBIYHO ompenesnser H3MEHEHUe
napaMeTpa LUKIa. BJIOK MHCTPYKIMI — TEno MUKIA, TO €CTh WHCTPYKIHUH, KOTOPBIE
JIOJKHBI BBITIOTHATHCS 33JJTaHHOE KOJIMYECTBO Pa3..

BhIpa/keHHe 1

le

DLIpayKernie 2

Gnok J
o —{BLID AKEHIIE 3
HCTIHHA :

HHCTPVELRTT

O6paTI/IT€ BHHMMAHHUC HA TO, YTO IIOCJIC BBIYMCJICHHUA BBIPAKCHUA 3 IMPOUCXOIUT BO3BpaAT K
BBIYHCJICHHUIO BBIPpAKCHUA 2— IIPOBCPKC YCIIOBU:A IIOBTOPCHUS LIUKIIA.

llum C napamempamu NHAUC HA3SBIBACTCA KaK UUKIL 07151 Kax€0020.
Ecth CHGHH&HBHHﬁ 3JIEMEHT OJIOK-CXEeM JJIA CHCTHBIX ITUKJIOB.

Moaromoska CHETHBIE UHKAL
. ]

C ucnoap30BaHUEM CIICIMAILHOTO DJIEMEHTA AIITOPHUTM HUKIIA 07151 KAX€0020 BBLITISIUT TaK:
|
_ Y
BEIX0]

—_ \,\H Mep=H3, K3, Ilar >

WHETa _//
¥

Te 10 OHEK.T

Ilep. - nepemerEHEan (mapamMeTp)

H3 - ma9aibHOe 3HAYeHAE DapaMeTpa

K3 - kxoHedHOe 3HA9eHHe DapamMeTpa

IIlar - e MYHHEA HIMEHEHN A OapaMeTpa ODocae Kakioro
BEINO.THEHAA Tea NAKIA.

Teno uMKIa BBIIOJHAECTCA CTOJBKO Pa3, CKOJIBKO PAa3HbIX 3HAYCHUM MNPUMET IMapaMmeTp B
3aJlaHHBIX TIpeIeax.

Bo3MoxHBI ciaydaw, Korjga BHYTpH Tela IIMKJIa HEOOXOIWMO TIOBTOPSITH HEKOTOPYIO
MOCJIEA0BATEIBHOCTh ONEPATOPOB, T. €. OPraHU30BaTh BHYTPEHHUN UK. Takas CTpyKTypa
MOJTyYHJIa Ha3BaHUCIUKJIA B IMKJIE WIIH BJI0KEHHBIX IUKJIOB. [ TyOrHA BIIOKEHUS ITUKIIOB
(TO ecTh KOJIMYECTBO BIOKCHHBIX JIPYT B JIPYyTa IUKIOB) MOKET OBITH Pa3TUYHON.

[Ipu ucmonp30BaHUM TaKOW CTPYKTYPHI ISl SKOHOMHUU MAIIMHHOTO BPEMEHU HEOOXOIUMO
BBIHOCUTh M3 BHYTPEHHEr0 LHKJIA BO BHEUIHHWM BCE OINEPATOPHI, KOTOPBIE HE 3aBUCAT OT
rnapaMeTpa BHYTPEHHEr 0 LIUKJIA.

Hanpumep, 3an1oTHUTE MaTpUIly U3 5 CTPOK U 3 CTOJIOIOB €IMHUIIAMU.
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ali]lj}=1

4. Ilpumep
JlaH nByMEpHBIA MacCHB. BBIBECTH Ha 3KpaH CTPOKM C MAaKCHUMAaJIbHOM M MHUHHUMAaJIbHOM
CYMMOM, a TaK)K€ MHJEKCHI 3TUX CTPOK.

BBOJ
MACCHBA
a[n][m]

v

imin=0 gnmin=0
imax=0 =smax=0

. -y

g=0 /1313130.;1 ima/

.

a[unax]h]/

j=0,m-1,1

b

g =g+ a[i][j]

I /
/

HET

BIB O 11111 /

Ja
) ) j=0,m-1,1
mmax =i
SIAX = 8

.
a[imin][j]
HeT

aa

smin = &

-

5. 3aganue



1) BeIYUCIUTD CyMMBI 3JIEMEHTOB CTOJIOIOB 3aaanHoi Matpuisl A(N, M).

2) IoncunrtaTh, CKOJIBKO pa3 BCTpedaeTcsl B 3amaHHOM 1enouncienHoi marpuie A(N, M)
MaKCHUMaJIbHOE 0 BEJIMYUHE YUCIIO.

3) OmpenenuTh, HWMEETCA JU CPEAW OSJICMCHTOB TJIABHOW JIHArOHAIM  3aJJaHHOM
nemourciienHo MaTpuibl A(N, N) X0Tst ObI OTHH MTOJIOKUTEIBHBIA HEUETHBIA JICMEHT.

JlonoJtHUTE IbHBbIE 32JAHUS
1) TlpoBeputb, sBisieTcs Jin 3amanHas nenouncicHHas marpuria A(N, N) "marmdgeckum
KBajgpaToM" (3TO 3HAYUT, YTO CYMMBI YHCEN BO BCeX €€ CTPOKaX, BCEX CTOJOLAX M JBYX
JIMaroHasIX OJJMHAKOBBI).
2) JlaHbl cBeIeHHs O KOJIMYECTBE 3a0UTHIX TOJOB KKI0r0 (PyTOOIMCTAa KOMAH/IBI B KaXKIIOM
U3 MaTdei yemnuoHara. [IpoBepuTh, CKOIBKO B KOMaHJIE €CTh (PyTOOIHUCTOB, 3a0MBaBIINX
rOJIbl B KQXJOM Matye.
3) IloxcuuTaTh KOJUYECTBO PA3IMYHBIX (HE MOBTOPSIIOUIUXCS) YKMCEI, BCTPEYAIOIIUXCS B
3aaHHOM nenounciacHuoi matpuie A(N, M).

IIpakTnueckas padora Nel7. Iloctpoenue ajropurmMa npeodpa3oBaHus IByMEPHOI0

MacCCHuBa 110 3aJaHHOMY 3aKOHY

1. leas padoThI:
[Tonydenue HaBBIKOB MOCTPOEHUS AJITOPUTMOB ITPeoOpa30BaHuUsl IBYMEPHOTO MACCHBA.

2. Tembl 11l IpeABAPUTEIbHON NPOPAOOTKH
o OO1mee noHsATHE 00 AITOPUTME.
o IlpaBuiia mocTpoeHUs aIrOPUTMOB B BUJE OJIOK-CXEM.
o IlocTpoenue G10K-CXEMbI AITOPUTMA C UCTIOIH30BAHUEM BIIOKEHHOTO ITMKJIA.

3. Teopernueckuii MaTepuaJl

Hukn - 3TO anropuTMUYECKass KOHCTPYKIHUS, B KOTOPOMl B 3aBHCUMOCTH OT YCJIOBUS
MOBTOPSIETCA ONPENCIEHHAS OCIEA0BATEIIBHOCTD JICHCTBUM.

[ukn B anropuT™Me uMeeT 0coboe 3Ha4YeHUue, T.K. TOJIBKO €r0 MCIOJb30BaHUE MO3BOJISIET C
MMOMOILBIO CpPaBHUTEIILHO KOPOTKUX aJrTOPUTMOB 3aMuChIBAThH JUTUHHBIE
MOCJEA0BATEILHOCTH JACHUCTBUM, YTO TMO3BOJSET 3HAYUTEIHHO YMEHBIIUThL CKOPOCTh
BBITIOJTHEHUS IPOTPAMMBI.

AJITOpUTM, MPEAYCMATPUBAIONINNA MHOTOKPATHOE MOBTOPEHUE OJHOTO U TOTO K€ JICUCTBUS
HaJl HOBBIMU JTAaHHBIMH, Ha3bIBAETCS [TUKINYECKUM.

JIns opraHu3alMyd IUKIOB MOXHO NPUMEHATH YCIOBHUSA, T.K. UUKIMYECKUA aIrOpUTM
SIBJISIETCSA YaCTHBIM CITy4aeM Pa3BETBIISIOIIETOCH.

Teno yuxna - >T0 MOBTOPSIONIASICS TIOCIEAOBATEIIBHOCTD ACHCTBUM (OJIOK MHCTPYKITUHA).
[{ukn Ha3bIBaeTCS apughmemuyeckum, €CId YUCIO MOBTOPEHUI IIUKIIA U3BECTHO 3apaHee
WJT MOKET OBITh BBIYHCIICHO.

[{ukn Ha3pIBaeTCs apuMETUUECKUM, €CIIA YUCIIO TIOBTOPEHUH ITUKJIA U3BECTHO 3apaHee WIIH
MOYET OBITh BEIYUCIICHO.

Bripaxkenre 1 BBIMOMHSETCS TOJBKO OAMH pa3 B Haudaje Iukia. OOBIYHO OHO OMpeaesiseT
HayaJbHOE 3HAUYCHHE MapaMeTpa HUKJIa (MHUIMATU3UPYeT apaMeTp Iukiia). Beipaxenue 2
— 9TO YCJOBHE BBIMOJHEHUS IHKJIA. BeipaxkeHue 3 0OBIUHO oOmpenenseTr HU3MEHEHUe
napaMeTpa LMKIa. BJIOK WMHCTPYKIME — TeIo MUKIA, TO €CTh HHCTPYKIHUH, KOTOpHIE
JOJ>KHBI BBITIOJHATHCS 33JJaHHOE KOJIMYECTBO Pas..



BRIpaskeHie 1

L.

610K J
.. p—{BBIpAKEHHE 3
HHC TPVELETH

pLIpasKernie 2
HCTHHA?

O6paTI/IT€ BHHUMAHHUC HA TO, YTO IIOCJIC BBIYMCIICHHUA BBIPAKCHUA 3 IMPOUCXOJUT BO3BpPAT K
BBIYUCJICHHUIO BBIPAKCHUA 2— IIPOBCPKC YCIIOBUA ITIOBTOPCHUS LIUKIIA.

llum Cc napamempamu 1HAYC HA3bIBACTCS KAK YUK 0713 Kaxc0020.
Ecth CHGHI/IEUII)HHﬁ AJIEMEHT OJIOK-CXEM JJIAA CYCTHBIX ITUKIIOB.

MoAroTosKa CHETHBIE UHKNL
Dpsicriwin

C ncnoap30BaHUEM CIICIMAJILHOTO 3JIEMEHTA AJITOPUTM YUKIA 07151 KA>€0020 BBLITISIUT TaK:
|

Y

BBIX 0T
3 = Tlep~=H3, K3, Iar  =—
IAETAa MH“ e
¥
TEID DHE.

ITep. - mepemensan (mapaMeTp)

H3 - msa9aibHOe 3HaA9eHHE DapaMeTpa

K3 - xoHedHoe :Ha9eHHE DapaMeTpa

IMar - Be.MYHHEA HIMeHeHIA DAPAMETPa HOC.Te KakIoro
BBIMIO.THEHAA Te A Il KT,

Teno uMKIIa BBIIOJHAETCA CTOJBKO Pa3, CKOJIBKO PAa3HbIX 3HAYCHUN NPUMET IMapamerp B
3aJJaHHBIX ITpeerax.

Bo3MoxHBI ciaydaw, Korjga BHYTpH Tela IIMKJIa HEOOXOIWMO TIOBTOPSITH HEKOTOPYIO
MOCJIEA0BATEIBHOCTh OMEPATOPOB, T. €. OPraHU30BaTh BHYTPEHHUN UK. Takas CTpyKTypa
MMoJy4Ynjia Ha3BaHHWE IMKJIA B _IMKJE WIM BJOKEHHBIX HUKJOB. [1yOMHA BIOXKECHUS
IIUKJIOB (TO €CTh KOJIMYECTBO BIOKCHHBIX APYT B APYra IUKJIOB) MOXKET ObITh Pa3InIHOM.
[Ipy MCroNb30BaHUHU TAKOW CTPYKTYPHI JJIi DKOHOMHUU MAITMHHOTO BPEMEHH HEOO0XO0IMMO
BBIHOCUTh M3 BHYTPEHHErO ILMKJA BO BHEIIHUW BCE ONEPATOPHBI, KOTOPHIE HE 3aBUCAT OT
rnapaMeTpa BHYTPEHHET O LIUKJIA.

Hanpumep, 3an1oTHUTH MaTpUIly U3 5 CTPOK U 3 CTOJIOIOB €IMHUIIAMU.
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4. Ilpumep

OTpa3uTh 3aJaHHBIA JBYMEPHBIA MAacCHMB C pPaBHBIM YHUCIOM CTPOK M CTOJOIIOB
OTHOCUTEJILHO MOOOYHOMN AMArOHaH.

11110 22220

11102 22201

11022 =>22011

1022220111

0222201111

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

1i=0,n-1.1

3 4)< 1=0,m-1, 1

Y'Y

HeT

af1][j]

N

pr=ai][j]
a[1][j]=a[n-1-1][m-1-]
a[n-1-1][m-1-j]=pr

v

e :

5. 3aganue



1) Haiitn HanOonbIuii 1 HAMMEHBIITUN SJIEMEHTBI MPSMOYTOJIBHOW MATPUIIbl K IOMEHSTh UX
MECTAMH.

2) lana neicTBUTENbHAs KBajapaTHas MmaTpuia nopsaka N. IIpeoOpasoBaTe marpuily 1o
CJIEIYIOLIEMY MPABUITY: CTPOKY C HOMEPOM N CIeNaTh CTOJOIOM ¢ HOMEPOM N, a cToiberr ¢
HOMEPOM N — CTPOKOM C HOMEPOM N.

3) Ilycte nmama neictBuTenbHAass Marpuia pasmepom a X b. TpeOyercs mpeoOpa3oBaTh
MaTpULy CIEAYIOIUM 00pa3oM: MO3JEMEHTHO BbIYECTh MOCIEAHIOI CTPOKY U3 BCEX CTPOK,
KPOME IOCIIETHEN.

JlonoJIHUTEIbLHbIE 3aJaHNUSA
CrenepupoBarTh W BbIBECTHM Ha 3KpaH MaccuB 10X10 u3 enunun u aBoek. OnpeaeinuTb U
BBIBECTH MaccuB B kak 071HO U3 reoMeTpuYeCKHUX Mpeodpa3zoBaHmii MmaccuBa A:

a) pa3BoOpoOT Ha 90 IpaaycoB o 4acoBOU CTpEJIKE;
0) pa3BoOpoOT Ha 90 IpajycoB IPOTUB 4acoBOU CTpEJIKH;
B) pa3BopoT Ha 180 rpamycos;

r) 3epKaabHOE OTpaKEHUE o TOPU30HTANIH;

1) 3epKaJIbHOE OTPaXEHUE 110 BEPTUKAIIH;
€) 3epKaJIbHOE OTPaXEHHE 110 IJIaBHOW JUaroHasu;
IIpakTnueckas padora Nel8. Ilocrpoenue ajropurMa Ui pelieHUs] peKYPPEHTHBIX

COOTHOILEHHUH (IK0JIOTHYECKasi 3a/1a4a).

1. Heas padoThI:
[TonydeHnne HaBBIKOB MOCTPOEHUS AJITOPUTMOB ISl PELICHUS] PEKYPPEHTHBIX COOTHOIIEHUH.

2. Tembl 11 IpeABaAPUTEIbHOM NPOPAOOTKH
o OO1mee nmoHsATHE 00 AITOPUTME.
o IlpaBuiia mocTpoeHus aJrOPUTMOB B BUJE OJIOK-CXEM.
o IlocTpoenue G0K-CXEMBbI aITOPUTMA C UCTIOIH30BAHUEM BETBJICHHUSI, IIUKJIA.

3. Teopernuyeckuii MaTepuaJl

B Bek ®uboHayuu BO3pOXKJeHUE ObUIO €lle AaleKo, OJHAKO HUCTOpHs AapoBana Wramuu
KpaTKUil TPOMEXYTOK BpPEMEHH, KOTOPBIA BIOJHE MOXHO OBLJIO Ha3BaTh pPENETHUIIMEH
HaJBUTarouerncs a1noxu Peneccanca.

HaunOonpunii muHTEpEC npeacTaBiseT Ay Hac counHenue "Kuura abaka".

OTa KHUTA NPEJICTaBIsET CO00M OOBEMHBIN TPy, COAEPKAIIUN MOYTH BCe apuMETUIECKHE
U anreOpanydecKkre CBEJEHUS TOrO0 BPEMEHU U ChITPABIIUI 3HAUYUTEIbHYIO POJIb B PA3BUTHUU
MaremMaTuku B 3anagHod EBporie B TEYEHWHM HECKOJBKHX CIEAYIOMUX CToneTui. B
YaCTHOCTH, HMMEHHO II0 3TOM KHHUI€ €BpONEHIbl NO3HAKOMWINCH € HWHAYCCKUMU
("apabckumu") mudpamu.

CooGOmaembrii B "Kaure abaka" wMarepuan TOSCHSACTCS Ha OOJBIIIOM 4YHCIIC 3ajad,
COCTABJISIFOLIMX 3HAYUTEIBbHYIO YaCTh 3TOrO TPAKTA.

Ha ctp. 123-124 panHoil pykomnucu, PubOoHAUYYM MOMECTHI CIEAYIOLIYIO 3ajady o
KpPOJIHUKAX.

HexTo momecTuit mapy KpOJIMKOB B HEKOEM MECTE, OTOPOXKEHHOM CO BCEX CTOPOH CTEHOM,
4YTOOBI y3HATh, CKOJILKO Map KPOJUKOB POIUTCS MPHU 3TOM B TEUEHHE TOfa, €CIU IpHUpoaa
KPOJIMKOB TaKOBa, YTO 4Yepe3 MECSI Mapa KPOJIMKOB MPOM3BOJUT HA CBET JAPYIYIO mapy, a
POXKIAIOT KPOJIMKHU CO BTOPOI'O MECSIA MOCIE CBOETO POKACHUS.



SIcHO, 4TO eciM cuMTaTh MEPBYIO Mapy KPOJIMKOB HOBOPOXKIACHHBIMU, TO HA BTOPOW MECSI]
MBI OyJIeM I0 TpEeKHEMY UMETh OAHY mapy; Ha 3-ii mecsiiy— 1 + 1 =2; Ha4-h—2+1 =3
napbl (100 U3 JBYX UMEIOUIUXCS Tap MOTOMCTBO JAeT JIMIb OfHa napa); Ha S-il mecs — 3 +
2 =5 nmap (b 2 poauBIIKHEcs Ha 3-i MecsIl Maphbl JaAyT MOTOMCTBO Ha 5-i Mecsil); Ha 6-i
Mmecsl — 5 + 3 = 8 map (100 MOTOMCTBO AaIyT TOJABKO TE€ Maphl, KOTOPHIE POIMINCH HA 4-M
Mecdne) U T. A. T.0., eciii 0003HAYUTh YHUCIIO Map KPOJIHMKOB, UMEIOIIUXCSA HA N-M Mecsue
gepes FK,ToF1=1,F2=1 F3=2,F4=3,F5=5,F6 =8, F7 =13, F8§ =21 u T. 1., npuiem
0o0pa3oBaHME ITUX YUCEI PETyIHpyeTCs oOmuM 3akoHoM: Fn = Fn— 1 + Fn — 2 npu Bcex N >
2, Bellb YMCIIO Tap KPOJIUMKOB Ha N-M Mecsie paBHO uuciay Fn — 1 map KpoiaukoB Ha
MPEALIECTBYIOIIEM MECSIE IUIFOC YUCIO BHOBb POAMBLIMXCS IMap, KOTOPOE COBIMATAET C
gyrcioM Fn — 2 map kpoiukoB, poauBIIuxcs Ha (N — 2)-M Mecsie (MO0 JMINb ATH Maphbl
KPOJIUKOB JIal0T ITOTOMCTBO).

Pemenue 3agaun

o
(@]
o
~
o
©

Mecsuer | 1 2 3
[Tapsr 1 1 2 3 5 8 13 21 34

KPOJIUKOB

@paHy3CcKMi MaTeMaTuK JIFoka BepBble Ha3Bajl YMCIOBYIO IIOCIIEI0BATENBHOCTD
1,1,2,3,5,8,13...

yrciamu OuboHau4n

U OTKPBUI HE MeHee (PyHAaMEHTaIbHYIO [1OCIIEJ0BATEIbHOCTD

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

KOTOpast TOXKE CBsI3aHa C 30J10TOM npornopuueil. OTHOIIEHUE COCETHUX Yucen JIroka nmo Mepe
yAQJIEHUA OT Ha4aJla I0CJIEeI0BATEIbHOCTH B IIPEEIIe CTPEMUTCS K 30JI0TOM IPOIIOPLUH.

[TocnenoBarensHocTH uncen @udonauun F(N) =1, 1, 2, 3, 5, 8, 13,... u uucen Jlroka: L(n) =
2,1,3,4,7,11,... ydeHble Bce 4allle BCTPEYAIOT BO MHOTHUX SIBJICHUSAX OKPY’KAIOIIETr0 MUpPA.

PeKyppeHTHBIMI/I Ha3bIBAKOTCA COOTHOLIICHUA, B KOTOPBIX oqepez[HOﬁ YJICH
MMOCJICAOBATCIbHOCTH BBLIPAKCH YCPE3 OJMH MJIM HECCKOJIBKO IIPCABIAYIINNX. (OT JJATUHCKOI'O
"recurrere" — Bo3Bpararbcs').

[Tpumep:
(bOopMyIIBI 7151 HAXOXKACHHS N-TO dIeMEHTa
ag=6,a=ajq1+3 6,9, 12, 15,18, 21, 24, 27, 31

ai=1,a=aj1+10 1,11, 21, 31, 41, 51, 61, 71,81
ai=3,a=aj1*2-1 59 17, 33, 65, 129, 257, 513

4. IIpumep
IKOJIOI'NMYECKASA 3ATAYA

B pe3synbrare cOpoca MpOMBIIUIEHHBIX CTOKOB BO3POC YPOBEHb 3arpsi3HeHus peku. Kakum
OH OyJIeT uepe3 CyTKHU, ABOE U T.JI. U KOT/Ia YPOBEHb 3arpsI3HEHUS CTAHET JIOMYCTUMbIM, €CIIH

HU3BECTHO, UYTO 34 CYTKH OH YMCHLIIACTCA B OIMPCACICHHOC KOJIMYCCTBO pa3?

O003HaYUM:



Co — HayanbHAsE KOHIICHTPAIUs BPEIHOU MPUMECH.
Cion — IPENIETLHO JOMYCTUMAsi KOHIICHTPAITUsI BPETHON TPUMECH.
K — ko3¢ dpunpieHT CyTOUHOT0 YMEHBIIICHUSI KOHIICHTPAIIUU BPETHOTO BEIIECTRA.

BemectBo | Co (Mr/m) Chon (Mr/im) | K

CBuHen 5 0.03 1.12
MEIIBSK 15 0.05 1.05
dTop 0.2 0.05 1.01

MaremaTtudeckas OpMyJIMPOBKA 3a/1a4H:
Cl = Co / K

C2=C1/K=C0/K2
C3=C2/K=C1/K3

Ch=Ch1/K=Co/K" wnmm
Ch=Co/ K" WIN
(:n ::(:n{1/ k(

AHaJII/ISI/IpyeM ITOCJIICOHIOIO (bOpMy.]'Iy — COCTOAHHUC 3arpA3HCHHUSA PCKHU B TGKYHlHﬁ JACHDb
3aBUCHUT OT COCTOAHHA 3arpA3HCHHSA B HpGI[LIIIYH_[I/Iﬁ ACHb, T.C. MMCCM PCKYPPCHTHOC
COOTHOIICHHC.

JIJist co3ianust anropuTMa IpeicTaBUM PEKYPPEHTHYIO GOpMYITy B BUJIE:

c=cpred / k.

O003HaUYMM TPEJEIIBHO JIOMYCTUMOE 3HA4YCHHE KOHIICHTPALMU BpenHoW mpumecu cdop,
HayaJlbHOE 3HaUY€HUE KOHUEHTpauu CO , KO3P(PUUUEHT YMEHBIICHHS 3arpA3HEHUSI B CYTKH

K, | — ancio cyTok.
brnok-cxema pemienus 3agaun

Ha4ano

A 4

Beog, c0 cdop k

A 4

cpred=c0i=1

HEeT

Aa

A

c=cpred / k .
BbiBop, i

cpred=c i=i+1




5. 3apanmue

N3MeHUTh aJIrOpUTM Tak, YTOOBI pacdeT MPOU3BOJAMIICS C MOMOIIBIO TPEX BHUJIOB LIMKJIOB (C
napaMeTpoM, ¢ TPEeAyClIOBUEM, C IIOCTYCJIOBHEM), a JaHHbIE MOTJH BBOJIUTHCS
MMOJIb30BATEIICM.

W3MeHUTh aJITOPUTM TakK, YTOOBI MOJIB30BATEIb MOT MOJIYYUTh HHPOPMALIMIO B CIEAYIOLINX
CIIy4asXx:

1. HepanuBslii XO34MCTBEHHUK HE UMEET OYMCTHBIX COOPYKEHUH. MI3BECTHO, YTO KOMUCCHUSA
[0 TPOBEPKE YPOBHS 3arpsisHEHHs BoAbl mpuenet yepe3 10 nuen. Kakoilt creneHu
3arpsi3HEHMS] OH MOXKET ClIeTaTh BEIOPOC?

2. Haumnas c¢ 10-ro OHA NOpPUMEHEH CHEUUAIBHBIA COCTAaB, CHWXKAIOWIWKA YpPOBEHBb
3arpsi3HeHus. [locie mpuMeHeHHs 3TOro cocraBa KO3(PQUUMEHT CYTOYHOI'O CHHKEHHS
3arpsi3HeHHs Mo cBUHILY 1.35, mo Melmbsky 1.25, mo ¢ropy 1.3

JlonosiHuTEILHBIE 32 ITAHUS
3agaH JMHEHMHBIA MaccuB U3 N 3yeMeHTOB. CoCTaBbTE aIrOpUTM ISl PEUICHMS 3a7adw,
MPEABAPUTEIIBHO COCTABUB PEKYPPEHTHOE COOTHOIIIECHHUE.

1. Haiitu cymMmy, cimaraéMbIMH KOTOPOW SIBIIAFOTCS IONAPHBIE IMPOU3BEACHUS COCEIHMUX
AJIEMEHTOB MaccuBa. (MEpPBBI-BTOPOW, TPETUH-YETBEPTHIU..., €CIIM B MAaCCHUBE HEUYETHOE
KOJIMYECTBO AJIEMEHTOB, TO CUHUTAEM, YTO MOCICIHUA 3JIEMEHT MAacCUBAa YMHOXKAETCA Ha
eIUHUILY ).

2. Haiitu cymMmy, cilaraéMbIMM KOTOPOM SIBJISIFOTCSI TOIAPHBIE TPOM3BEIACHUS COCEIHUX
AJIEMEHTOB MacCHBa. (MEPBbIM-BTOPOM, BTOPOH-TPETHIA...).

3. Haiitu cymMMy, cllaraéMbIMH KOTOPOU SIBJISIFOTCS MPOU3BEAECHUS TPEX COCEIHUX JIIEMEHTOB
MaccuBa. (IEPBBIA-BTOPON-TPETHI, BTOPOU-TPETUN-UYETBEPTHIN...).

4. HailTu mMakcumanbHOE 3HAYEHHE CPEAM IMOIMAPHBIX MPOU3BEACHUN COCEAHUX BJIEMEHTOB
MaccuBa. (IEPBBIA-BTOPOM, BTOPONU-TPETHUH...).

5. Halitm MmakcMMalbHOE 3HAYECHHE CPEAU MPOU3BEACHUU TPEX COCEIHUX DIIEMEHTOB
MaccuBa. (IEPBBIA-BTOPON-TPETHI, BTOPOU-TPETUN-UYETBEPTHIN...).

6. HaliTu MakcHMaJIbHOE 3HAYEHUE CpPEA MHHUMAJIbHBIX M3 JIBYX COCEJHUX 3JIEMEHTOB
MaccuBa. (epBbIN-BTOPOil, BTOPOU-TPETHHA...).

7. HalTu MUHHMMAaJbHOE 3HAYCHUE CPEId MAKCUMAJIBHBIX M3 TPEX COCEIAHUX DIIEMEHTOB
MaccuBa. (EpPBbIN-BTOPO-TpETUI, BTOPON-TPETUN-UYETBEPTHIN. . ).

8. HaliTu MUHMMaIbHOE 3HAYEHNE CPEAN MAKCHUMAJIbHBIX U MAKCUMAJbHOE 3HAYCHHUE CPEIU
MUHHMAJBHBIX U3 K COCETHUX AJIEMEHTOB MacCHBA.



IIpakTuueckasi padbora Nel9. OnpenesneHue CJI0KHOCTH AJTOPUTMOB 00padOTKHU
LHMKJIOB, BJOKEHHBIX IIUKJIOB.

1. Hean padoThbi:
[Tomy4yeHue HaBBIKOB OTIPEIEICHUS CIOKHOCTH aJITOPUTMOB 0OPaOOTKH ITMKJIIOB.

2. TeMbl AJ151 IpeABAPUTEIbHOM IPOPAOOTKH
« OO6ee monsiTue 00 anropuT™Me.
o CnocoOsl 3anMcH aIrOPUTMOB.

3. TeopeTudeckuii MmaTepuaJl

Cno>XHOCTb BBIYMCIICHUN

Yrto Takoe CI0KHOCTh BBIUUCICHUMN?

[lenTpanbHas 3a1a4ya TEOPUU AITOPUTMOB — BBIICHUTH, CYIIECTBYET JIU aJITOPUTM PEIICHUS
TOM WM WHOW 3amauu. Ecnu 1a, TO BO3HUKAET CHEAYIONIMH BOIMPOC: a MOXKHO JIM UM
BOCIIOJIb30BaThCS Ha MPaKTUKE, MPU COBPEMEHHOM YPOBHE PAa3BUTHUS BBIYUCIUTEIBHOMN
TexHuku? To ecTh COCOOEH JIM KOMIBIOTEP 3a MPUEMIIEMOE BpeMsl MOJYYUTh Pe3yabTaT?
Hanpumep, B urpe B maxmaTbl BO3MOKHO JUIITh KOHEYHOE KOJIMYECTBO MO3UIMHN U, 3HAUUT,
TOJBKO KOHEYHOE KOJMYECTBO PAa3JIMYHbIX MapTUi. 3HAYUT, TEOPETHUECKH MOMKHO
nepedpaTh BCE BO3MOXHBIE APTUU U BBISICHUTH, KTO TOOEXKIAET MPU NMPABUIBLHON UTpe —
Oenbie UM yepHblie. OJIHAKO KOJIMYECTBO BAPUAHTOB HACTOJBKO BEJIHMKO, YTO COBPEMEHHBIC
KOMITBIOTEPHI HE MOTYT BBIMOJIHUTH TaKO# nepedop 3a mpueMiieMoe Bpems.

Yro mbl XO0TUM OT anroputma? Bo-mepBbiX, 4ToObl OH paboTas Kak MOXHO ObicTpee. Bo-
BTOPBIX, UTOOBI

0o0beM HEOOXOIUMOM MaMsTH OBLT KaK MOXKHO MEHbIe. B-TpeThbux, 4ToOBl OH ObLT Kak
MOXHO 0oJjiee TPOCT U TOHSATEH, YTO TMO3BOJSET Jierde OTJaXuBaTh mporpammy. K
COXKaJICHUI0, 9TU TPEOOBaHUS MPOTUBOPEUYMBBHI, U B CEPHE3HBIX 3a/lauyax pPEIKO YIaeTCs
HAWTH aTOPUTM, KOTOPBIN OB OBI JTy4Ille OCTATBHBIX IO BCEM IMOKA3aTEIISIM.

Yacto TOBOpPAT O 6pemeHHOU  croxcHocmu — anroputMma  (OBICTpOACMCTBUM) U
NPOCMPAHCMBEHHOL CJLOHCHOCMU, KOTOPAsl ONpeaensieTcss 00beMOM HEOOXOIUMOM MaMsTH.
[lockonbKy mnamsATh TOCTOSHHO JELIEBEET, a OBICTPOJAEHCTBHE KOMIIBIOTEPOB PAaCTET
MEJIJIEHHO, Mbl Oy/IeM paccCMaTpUBaTh TJIABHBIM 00pa30M BPEMEHHYIO CIOXHOCTh — BpEMS
BBITIOJIHEHUSI IPOTPAMMBI, pabOTArOIIEH 10 JAHHOMY aJTOPUTMY.

B o01iem citydae, ToBOpst O CII0KHOCTH aJITOPUTMA, HY’)KHO YTOUHUTh, O KAKOM HCIIOJIHUTEIE
UJIET pPedb, KaKUE 3JIIEMEHTapHbIE OMepaly Mbl HCHoJb3yeM. Kak mpaBuiio, 3TO OJUH U3
YHUBEPCAIBHBIX HMCHOJHUTENEH (BO MHOTHX CIIy4yasX YHHBEPCAIbHBIM HCIHOJHUTEIEM
MOXHO CUHMTAaTh KOMIIbIOTEP). BpemeHem paboThl anropuTMa Ha3bIBACTCS KOJUYECTBO
BBITIOJTHEHHBIX WM JJIEeMEHTapHbIX onepanuid 1. Takol noaxoa mMO3BOJISAET OIEHUBATh
MMEHHO KaueCTBO ajTOpUTMa, a HE CBOWMCTBA HMCIOJHUTENS (HAmpumep, OBICTPOJICHCTBHE
KOMITbIOTEPA, Ha KOTOPOM BBITIOJIHAETCS AJITOPUTM).

Kak nmpaBuio, BenmuunHa T OyAeT CYIIECTBEHHO 3aBUCETh OT 00beMa HMCXOAHBIX JAHHBIX:
MOUCK B crucke u3 10 3y1eMeHTOB 3aBepHIUTCs ropasao oOwvicTpee, yeM B criucke u3 10 000
aneMeHTOB. [l03TOMY CIOKHOCTh alropuT™Ma OOBIYHO CBS3BIBAIOT C Pa3MEPOM BXOJHBIX
JaHHBIX N W ompenessoT kak ¢ynkmuio T(n). Hanpumep, ans anroputMoB o0pabOTKH
MacCHBOB B Ka4eCTBE pa3Mepa N HCIOJIL3YIOT AIuHYy MaccuBa. Dynkiwst T(N) Ha3piBaeTcs



GpeMeHHOﬁ CJIOJICHOCMbIO ajieopumma.

[Tpumepsl
PaccMOTpuM anropuTMbl BBITIOJHEHUS PA3IMUHBIX OINEpaluid ¢ MaccMuBOM A JJIMHBI N,

KOTOPBIA MOKET OBITh OOBSBJICH B ITPOrpaMMe Ha aJITOPUTMHUICCKOM SI3BIKE KaK
mea A[l:n]

IIpumep 1. Berunciute cymMMy NEPBBIX TPEX 3JIEMEHTOB MaccuBa (Ipu N > 3).

Pemenue 3Toi 3a1a4u COAEPKUT BCErO OAUH OIIEPaTOp:

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

OTOT QJIrOPUTM BKJIKOYAET JIBE ONEpPALMU CIOXKEHUS U OJHY OIEPalMIO 3aIlMCU 3HAYCHHUS B
MaMsTh, TOATOMY €T0 CIIOKHOCTH T(N) = 3 He 3aBUCHUT OT pa3Mepa MaccuBa BOOOIIIe.

IIpumep 2. BeryncianTs CyMMy BCEX 3JIEMEHTOB MacCHUBA.

B ar10ii 3a1a4e yxe He 000MTHCH 03 IUKJIA:

S:=A[1l]

HI 2" 1 oT 2 10 N

S:=S+A]Ji]

K1Y

3aech BBITONHAETCA N — | omepanuil CIOXKEHHSI U N onepanui 3alucy B NaMsITh4, MO3TOMY
ero CJIOKHOCTH T(N) = 2N — 1 Bo3pacTaeT JIMHEWHO C YBEIIMYECHUEM JIJTHHBI MacCHBaS.
IIpumep 3. OTcopTUPOBaTH BCE 3JIEMEHTHI MAaCCUBA IO BO3PACTAHUIO METOJIOM BBIOOpA.
HamomnauMm, uTo MeTon BbIOOpa MpeArnojiaraeT MOUCK Ha Ka)XJAOM Iare MUHUMAJIBHOTO W3
OCTaBIIIMXCSI HEYMOPSIOYCHHBIX 3HAa4eHUH (31ech 1, j, NMIN u C — 1eIoYrCIeHHbIC
MepEeMEHHBIC):

Hu 1 i or 1 o n-1

nMin:=i;

HIYLIA j oT i+1 10 n

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

K1Y

ecau nMin <>i 1o

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

BCe

K1Y

ITopcunTaeM OTHENBHO KOJIUYECTBO CPABHEHHWU M KOJMYECTBO IMEPECTAaHOBOK. KomnuecTBo
CpPaBHEHHUU HE 3aBUCUT OT JAHHBIX W OMPEIECIACTCS YACIOM IIAarOB BHYTPEHHETO IUKIIA:

nn-1) _l 5 1

7 2 2

ITn)=(n-1)+(n-2)+..+2+1=

Yucno mepecTaHOBOK 3aBHCHT OT JaHHBIX. Hampumep, ecim MaccuB yKe OTCOPTHPOBAH B
HY)KHOM TIOpSIJIKe, TIEPECTaHOBOK He OyzeT BooOmie. B Xyamiem ciydae Ha KaXIOM Iare
OCHOBHOT'O IIMKJIa TIPOMCXOIUT MIEPeCcTaHOBKa, Bcero ux oyaet Tp(n) =n— 1.

UYTto Takoe aCUMIITOTHYECKAs! CIIOKHOCTH?
JlomyCcTUM, 9TO HYXXHO BBIOpPATh MEXKIY HECKOJBKHMH aJTOPUTMaMH, KOTOPbIE HWMEIOT
pa3Hyro CioKHOCTh. Kakolt u3 Hux nyuiie (pabotaer OwbicTpee)? Oxas3bIBaeTCs, AJISI ATOTO



HEOOXOIMMO 3HATh pa3Mep MacCHBa JAaHHBIX, KOTOpPbIC HYXHO 00pabarbiBath. CpaBHUM,
HaIpuMep, TPH alropuTMa, CIOKHOCTH KoTophix T1(n) = 10 000 -n, T2(n) = 100 -n2 u T3(n)
=n3.

[Toctpoum >tH 3aBUCHMOCTH Ha rpaduke (cM. puc. 15). IIpun < 100 momygaemT3(n) <T2(n)
<T1(n),

mpu N = 100 xonmm4uecTBO omneparuii jIs BCEX TPEX aJITOPUTMOB COBMAIACT, a TIPU OOJIBIITNAX
n umeem T3(n) >T2(n) >T1(n).

=

0 100
OOBIYHO B TEOpETUYECKOW HH(POpPMATHKE NMPU CPaBHEHUHM AJITOPUTMOB HCIIOJIb3YETCS HX
ACUMNMOMUYECKas CJHOXCHOCMb, TO €CThb CKOPOCTh pPOCTa KOJIMYECTBA OlEpanuui Mpu
Oosbimx 3HadeHusAX N. [Ipu atom 3amuce O(N) (uuraercsa “O Gosbmioe ot N”’) 0003HAYACT,
YTO, HAYMHAsl C HEKOTOPOTO 3Ha4YeHUsI N = N0, KOJIMYECTBO ONepaluuil OrpaHuYeHo (PyHKIMER
C ‘N, rae C — HekoTopas koHcTtaHnTa: T(N) < C -n ams n > n0.

Takne anropuTMbl MUMEIOT JUHEUHYIO CIONCHOCMb, TO €CTh NPH YBEIWYEHUH pa3zMepa
naHHbIX B 10 pa3 00beM BBIYMCIICHHI YBEIMYUBACTCA TOXKE MpuMepHo B 10 pas.

[Tycts, Hampumep, T(N) = 2n — 1, kak B aAropuTME MOKWCKA CYMMBbI 3JIEMEHTOB MacCHBA.
OueBuaHO, yTo Tipu 3ToM T(N) < 2N ams Bcex N > 1, O3TOMY aJIrOpUTM UMEET JTHHEHHYIO
CJIOKHOCT.

MHor#e N3BEeCTHBIC AITOPUTMBI UMEIOT K8aopamuuryio ciodcrocms O(N2). DTo 3HAYUT, YTO
CJIO)KHOCTB JITOPUTMA OrpaHudeHa GyHkuueit ¢ -n2: T(n) < ¢ -n2 mns n > n0.

IIpu sTOM ecnu pasmep NaHHbIX yBennuuBaercs B 10 pa3, TO KOIMYECTBO omepauuid (U
BpeMs BBITNIOJIHEHU) yBenuuuBaercs npumepHo B 100 pas. Ilpumep takoro anroputma —
COPTHUPOBKA METOJIOM IPSIMOTO BBIOOPA, /ISl KOTOPOM YUCIIO CPAaBHEHHI

AJITOPUTM HUMEET acCHMNTOTHYEeCKYHw ciaoxkuocTh O(f(n)), ecnm Haiimercss Takas
MOCTOSIHHAS C, YTO, HAYMHAs ¢ HeKoToporo N = N0, Beimosnsercs yciaosue T(n) < ¢ -f(n).

Oto0 3HauuT, uro Tpaduk Qynkiuu C -f(N) wmer Beime, yem rpaduk ¢yHkmmu T(N), 1Mo
KpaitHeii Mmepe pu N > N0 (cm. puc. 16).

Ecnu konmyecTBO omepanuii He 3aBUCHT OT pa3Mepa JaHHBIX, TO TOBOPST, YTO CIIOKHOCTb
anmroputMa O(1), TO ecTh KOJWYECTBO OMNEPAIMA MEHBIIE HEKOTOPOW MOCTOSHHOW TpH
JOOBIX N.

CyIecTByeT TakXe HeMajio aJlTOPUTMOB ¢ KyOW4HOU cioxkHocThio, O(n3). [Tpu Gosbrmx
3HAUYEHUSAX N aJIrOpUTM C KyOMYHOW CIIOKHOCThIO TpeOyeT OOJbIIero KoJu4yecTBa
BBIYHCJICHHUM, YeM aJropuT™M co clIokHOCThIO O(N2), a TOT, B CBOIO OdYepein, padoTaer



A0JIbIIC, YEM AJITOPUTM C JIMHEMHOMW CJIOKHOCTBIO.

T A k
¢ f(n) |}

!r! T'(n)

0

3aMeTbTe, YTO MPU MajbIX 3HAYEHUSIX N BCE MOXKET OBITh HAO0OOPOT, 3TO 3aBHCHT OT
MOCTOSIHHOM C ISl K&KJI0T0 U3 allTOPUTMOB.

W3BeCTHBI W aITOPUTMBI, JIJISI KOTOPBIX KOJMYECTBO OIEpaIidii pacTeT ObICTpee, YeM JIF000i
nosmHoM, Hampumep, kak O(2n) miam O(n!). OHM BcTpeyaroTcs dYalle BCEro B 3ajadax
ONTUMU3AIINN, KOTOPBIE PEIIAIOTCA TOJBKO METOJIOM MOJHOTO nepedopa. Camasi u3BecTHas
3a/la4a TaKOro TUMA — 3TO 3adaua Kommusosdicepa (OpOASTYETO TOProBiia), KOTOPBIH
JOJDKEH TIOCETHTh IO OJHOMY pa3y KaxkAbld W3 YyKa3aHHBIX TOPOJOB W BEPHYTHCS B
HAaYaIbHYIO TOYKYy. [l HEro HyXHO BBIOPATh ONTHUMAIBHBIM MapHIPYT, MPU KOTOPOM
CTOMMOCTD MOE3/IKH (MU o01Ias JJIMHA MyTH) OyAeT MUHUMAJIbHOM.

Eme onuu npuMep ClOXKHOM 3a7auu, KOTOpasi PelaeTcs TOJIbKO MOJHBIM MepedopoM Bcex
BAPUAHTOB — 3A0aua GblNOJIHUMOCMU. JIaHO JIOTMUECKOE BBIPAKEHHUE, KOTOPOE COACPIKUT
TOJIbKO UMEHA JIOTUYECKUX TIEPEMEHHBIX, CKOOKH, a Takxke oneparuu “MN”°, “UJIN” u “HE”.
TpeOyetcst onpenenuThb, CymeCTBYeT U HA0Op 3HAYCHHM JIOTMYECKUX TEPEMEHHBIX, TPH
KOTOPOM 33JIaHHO€ BBIPAKEHHE NCTUHHO.

4. IIpumep

1). Ilpu cpaBHEHUM pa3IUYHBIX AITOPUTMOB BAXKHO 3HATh, KAK MX CJIOKHOCThH 3aBUCUT OT
00bEMa BXOJHBIX JaHHBIX. [lomycTUM, pu COPTUPOBKE OJTHUM METOJIOM 00pabOTKa THICSUYH
yucen 3aHuMaer | c., a 00paborka MuiuiMoHa yucen — 10 c., Ipy UCHOJIB30BAHUM IPYTOTrO
aJITOPUTMA MOKET MOTPEOOBATHCS 2 €. U 5 C. COOTBETCTBEHHO. B TakuX yCIOBUSX HEJb3s
OJIHO3HAYHO CKa3aTh, KAKOM aJTOPUTM JIy4lIE.

B o61ieM ciydae c0KHOCTD ajJropuTMa MOKHO OLIEHUTH 1O MOPSAJKY BEIMUMHBL. AJITOPUTM
umeet cioxkHocth O(f(n)), ecru pu yBeIMYSHUU Pa3MEPHOCTH BXOJHBIX JaHHBIX N, Bpemst
BBIIIOJTHCHUSI aJrOPUTMAa BO3pacTaeT ¢ TOW ke cKkopocthio, uro u ¢ynkmus f(N).
Paccmotpum kox, kotopeiid aiast marpuibl A[NXN] HaxoauT MaKCHMAallbHBIA 3JEMEHT B
KaXJI0l CTPOKE.

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

max:=A[i,0];

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

If Afi,j]>max max:=A[i,jI;

cout<<max;

¥

B stom amroputme mnepemennas 1 mensercs or 0 go N. Ilpum kaxaom u3MeHeHUH |,



nepemenHas ] Toxxe meHsercs ot 0 10 N. Bo Bpemst kaxaoi u3 N urepanuii BHEIIHETO
K2, BHYTPEHHUH IWKI Toke BbimonHsercs N pa3. OOmee KOIMYEeCTBO HWTEparyid
BHyTpeHHero mukmna paBHo N*N. Dto ompemenser cioxkHocTh anropurma O(NA2).
OrneHnBast MOPSIIOK CIIOKHOCTH alNTOPUTMA, HEOOXOAMMO WCIIONIB30BaTh TOJIBKO TY YaCTh,
KoTopasi Bo3pacTtaeT OwicTpee Bcero. IIpenmonoxkum, 4To pabouMil ITUKI OMUCHIBACTCS
BeIpaxeHrueM N”3+N. B Takom ciydae ero cimoxxaocTh OyaeT paBaa O(N”3). Paccmorpenue
ObIcTpO pacTymiell 4yacTd (GyHKIUA TIO3BOJISIET OICHUTH TOBEICHHUE aITrOpUTMa IIPH
yBenmnuenuu N. Hanpumep, mpu N=100, To paznuna mexay N*3+N=1000100 u N=1000000
paBHa BCETO JINIIb 100, 4To COCTaBIISIET 0,01%.
[Ipu Bbrumcnennn O MOKHO HE YYUTHIBATH IMOCTOSIHHBIC MHOMKHTEIH B BBIPAKCHUSX.
Anroputm ¢ pabounm 1marom 3N”3  paccmarpuBaercs, kak O(N”3). Drto nemaer
3aBucuMocTh oTHoteHus O(N) ot u3aMeHeHus pa3mepa 3a1auu 00JIee OUCBUITHOM.

2). Haubosiee CIOKHBIMU YaCTSIMH MPOTPAMMBbI OOBIYHO SIBJISIETCS BBINIOJHEHUE IUKIIOB U
BBI3OB Iporieayp. B mpenpiayiiemM npumepe BeCh aJITOPUTM BBITIOJIHEH C MOMOIIBIO JIBYX
IIUKJIOB.

Ecnu onHa mporeaypa BBI3BIBAE€T JIPYrylo, TO HEOOXOAMMO Oojiee TIIATENLHO OIICHUTh
CIOKHOCTh TocieAaHed. Eciu B HeH BBIMOJHSIETCS ONPENEAEHHOE YKCIO WHCTPYKIUM
(HammpuMep, BBIBOJI HA MeYaTh), TO Ha OIIEHKY CJIIOKHOCTHU 3TO MPAKTHUUYECKU He BiusieT. Eciaun
e B BbI3bIBacMOi mponeaype BoimojHsaeTcss O(N) maros, To GyHKIUS MOXKET 3HAYHTEIHLHO
YCIOXKHUTEH aliropuT™M. Eciiu e mpolietypa BhI3bIBA€TCSI BHYTPU 1IUKIIA, TO BIUSHHAE MOXKET
ObITh HaMHOTO Oouiblie. B KkauecTBe mpuMmepa paccMOTpUM JBE Mpouexypsl: Slow co
CJIO)KHOCTBIO O(N"3) U Fast co CJIOKHOCTBIO O(N”"2).
void Slow(){

intij,k;

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

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

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

//xaKoe-To eHCcTBUE

by

voidFast(){

int |,J
for (i=1; i<=N; i++)

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

Slow();

by

voidmain(){

Fast();

h

Eciu BO BHYTpeHHMX IMKIAaX mpoueAypbl Fast mpoucxoauT BbI30B mporeaypbl Slow, To
CIOKHOCTH MPOLEIyp NEpPEMHOXKAITCs. B [TaHHOM ciyyae CIOXHOCTh ajropuTMa
COCTaBJISIET O(N”"2 )*O(N"3 )=0O(N"5).
Ecnu ke ocHOBHasi mporpamMma BBI3bIBa€T MPOILEAYPHI MO OYepead, TO HMX CIOXKHOCTH
ckaaapiBatorcss: O(NA2 )+O(N/3 )=0O(N*3). Crnenyromuii parMeHT UMEET UMCHHO TaKyIO
CJIO’)KHOCTb:

voidSlow(){

inti,j,k;



for (I=1; i<=N; i++)
for (j=1; j<=N; j++)
for (k=1; k<=N; k++)
//kaKoe-TO IeUCTBUE
}

void Fast(){

inti,j;

for (i=1; i<=N; i++)
for (j=1; j<=N; j++)
/[kaxoe-To nercTBue
}

voidmain(){

Fast();

Slow();

¥

5. 3aganue

OueHuTe KOIMYeCTBO ONEPALMM JIJISl aITOPUTMOB:

a) MOMCKa BCEX JIEIUTENICH YUCIa;

0) HaAXOXJEHUS MUHUMAJIbHOTO U MAaKCUMaJIbHOTO 3JIEMEHTOB MACCHUBA;

B) OIpEACIICHUSI KOJIMYECTBA MOJIOKUTEIBHBIX JIEMEHTOB MACCHBa;

I') MPOBEPKHU YKCIIa Ha MPOCTOTY.

B kaxaom ciydae onuumTe HaOOp MCIOJIb3YEMbBIX AJIEMEHTApHBIX ornepaiuii. Onpenenure
ACUMIITOTHYECKYIO CJI0KHOCTh 3TUX AJITOPUTMOB.

JlonoTHUTe IbHBbIE 3a1aHUA

1. *IIpennmoxxutre aaropuT™, IMO3BOJSIOMIMNA HAWTH W BBIBECTH HAa DKpaH T€ CHUMBOJIBI,
KOTOpbIE BCTPEYAIOTCSI B CTpPOKe Oosiee onHOro pasza. OLEHHTE €ro acMMITOTHYECKYIO
CJIIO)KHOCTb.

2. *Andasur s3pika TWIEMEHH ‘‘TymOa-tomM0a” cogepxkur K cumBoioB. [Ipemmoxwure
AJITOPUTM ITOCTPOEHUS BCEX BO3MOKHBIX CJIOB ATOTO S3bIKA JJIMHOW N CUMBOJIOB U OLICHUTE

€T0 aCMMIITOTHYCCKYIO CII0KHOCTD.

3. B maccuBe N MeNbIX YUCENl HANTH BCE Mapbl 3JIEMEHTOB, CyMMa KOTOPBIX YE€THA H
c(hopMHUPOBATH HOBBIN MAaCCUB U3 3TUX CYMM.

4. BBIUUCIUTH Cpe/IHEE 3HAUEHKE 2JIEMEHTOB MacCHBa U3 N Yucel.
5. BeIUuciauTe MaKCUMAJILHOE 3HAYEHNUE B MACCUBE UHCEIL.

6. B MaccuBe N LENbIX YWCENI HAWTH BCE TPOMKH DJIEMEHTOB, B KOTOPBIX CyMMa ABYX
AJIEMEHTOB PaBHA TPEThEMY, MOJICUATATH KOJIMYECTBO TAKUX TPOEK.

7. B MaccuBe N LENBIX YMCEN HAUTU BCE DJIEMEHTHI, PaBHBIE KBAJApPATy APYIrOro 3JEMEHTA



MacCHBa U COCTaBUTh MAaCCUB U3 ITUX AJIIEMEHTOB.
IIpakTuyeckasi padbora Ne2(. OnpenesieHue CJI0KHOCTH AJITOPUTMOB 00padOTKH

MacCCHBOB.

1. Hean padoThbi:
[Tony4yeHue HaBBIKOB OIPEACIICHUS CJIOKHOCTH QJITOPUTMOB JIMHEWHOTO W OWHApHOTO
MOKCKa B MACCHUBE.

2. TeMbl AJ151 IpeABAPUTEIbHOM IPOPAOOTKH
o OO6miee moHsATHE 00 AITOPUTME.
« CnocoOsl 3an1cH aaropuTMOB.

3. TeopeTudeckunii MmaTepuall

O6mue pyHKIMM OLEHKH CJI0KHOCTH

[lepeuriciium HEKOTOpbIE (DYHKIIMH, KOTOPHIE Yallle BCETO MCIOJIb3YIOTCS ISl BBIYMCICHUS
CIOXHOCTH. DYHKINH MEPEUUCIICHBI B MIOPSAAKE BO3PACTAHUS CIOKHOCTH. UeM BBIIIIE B ’TOM
CITUCKE HaXOAUTCS (PYHKITHS, TeM ObICTpee OyAeT BBITOTHITHCS aITOPUTM 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!

Ecim MBI XOTMM OIICHUTH CJOKHOCTH aJTOPUTMA, YPaBHEHUE CIOXXHOCTH KOTOPOTO
COJIEPKUT HECKOJIBKO JTHX (YHKIMI, TO ypaBHEHHME MOKHO COKpaTUTh A0 (DyHKIHH,
pacniojoxxeHHor Huke B Tadsmie. Hanpumep, O(log(N)+N!=0O(N!).

Ecnu anropuT™m BBI3BIBACTCS PEAKO W I HEOOJBIIUX OOBEMOB JaHHBIX, TO MPUEMIIEMOM
MOXKHO cuuTath cioxHOCTh O(N”2), ecim ke anroputM paboTaeT B pealbHOM BPEMEHH, TO
He Bcera goctatouHo npousoautenbHoctr O(N).

OObryHOo  anroput™bl co  cinokHOCTBI0O N*log(N) paboTaroT ¢ Xopolmied CKOPOCTHIO.
AnTOpUTMBI cO CIOKHOCTEI0 N*C MOXHO HUCITOIH30BaTh TOHKO MPHU HEOOIBIINX 3HAYCHUSIX
C. BoruucnutenbHasi CI0KHOCTh aJITOPUTMOB, TIOPSAIOK KOTOPBIX OMpenesnsieTcs GyHKIUIMA
C™N u N! oyens Benuka, MOATOMY TaKuW€ AJITOPUTMBI MOTYT HCIIOJIB30BATHCA TOJIBKO IS
00paboTKkH HEOOIBIIOTO 00bEMA JaHHBIX.

B zakmrouenme mnpuBeném Tabnuily, KOTOpas TIOKa3bIBaeT, Kak JOJTO KOMIIBIOTED,
OCYIIECTBISIONMIMA MIIIHOH ONEpalii B CEKyHAY, OyJeT BBIMOJHATh HEKOTOPHIC
MEJIJICHHBIC aJITOPUTMBI.

©O~NDUTAWNE
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4. Ilpumep

OlleHKa CJIOKHOCTH QJIrOpUTMa JI0 TOpsAJKa SBISETCS BEPXHEH TpaHUIICN CI0XKHOCTH
anroputMoB. Eciam mporpamMma umMeeT OOJIBIION MOPSIOK CIOXKHOCTH, 3TO BOBCE HE
O3HayaeT, 4YTO AQJITOPUTM OYJEeT BBINOJHATHCS JAEHCTBUTEIBHO n0JT0. Ha HEeKoTOpbIX
Ha0opax JaHHBIX BBIMIOJHCHUE alTOpUTMAa 3aHUMAET HAMHOIO MEHBIIE BPEMEHH, YeM
MOYHO MPEANOJI0KUTh Ha OCHOBE UX CJIOKHOCTH.

Hampumep, paccMOTpuM KoJ1, KOTOPBIN HINET 3a/IaHHbIN JIEMEHT 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) i=0;

returni;

¥

Ecau ucKoMBIi 371IEMEHT HAXOUTCS B KOHIIE CIIMCKA, TO MporpaMmMme NpuaETCs BBIMOIHUTH N
mraroB. B takom ciydae cnoxHocth ainroputMa coctaBut O(N). B aTom Hauxymiiem ciydae
BpeMs paboThI aJiroOpuT™Ma OyJIeM MaKCUMaTbHBIM.

C npyroii CTOpOHBI, HICKOMBIN 3JIEMEHT MOKET HAXOJUTCSA B CIIUCKE HA MEPBOM MO3UIIUH.
Anroput™My NpHIETCS clenaTh BCEro OJWH mar. TakoW ciydaid Ha3pIBAa€TCS HAWIYUIIUM U
€ro CJI0XHOCTh MOYKHO OIICHHUTH, Kak O(1).

O6a »tu cirydast MmanoBeposiTHeL. Hac Oosbiiie Bcero nHTEpecyeT 0uaaeMblid Bapuant. Ecim
AJIeMEHTa CMHCKAa W3HAa4YalbHO OECHOpsAIOYHO CMENIaHbl, TO HCKOMBIA 3JIEMEHT MOXKET
OKazarhbcs B JI000M MecTe cniucka. B cpennem norpedyercs cnenats N/2 cpaBHEHMI, 4TOObBI
HalWTU TpeOyeMbIil 3JI€EMEHT. 3HAYUT CJIOXHOCTh 3TOr0 aJrOpPUTMa B CPEIHEM COCTABIISIET
O(N/2)=0(N).

B naHHOM ciywyae cpelnHssS W OXKHOAaemas CIOXHOCTb COBHAJAKT, HO JUISI MHOTHX


http://habreffect.ru/964/27b77498b/%D0%92%D1%80%D0%B5%D0%BC%D1%8F_%D0%B2%D1%8B%D0%BF%D0%BE%D0%BB%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F.jpg

AJITOPUTMOB HaI/IXYIIH_II/Iﬁ cnyqaﬁ CHJIBHO OTJIMYACTCA OT OXKHNAACMOTI0.

JlaBaiiTe OlLICHUM aJITOPUTM OMHAPHOTO MOMCKAa B MACCUBE - TMXOTOMHIO.
CyTp anropuT™ma: HUJEeM K CEpeMHE MacCMBa M HIIEM COOTBETCTBHUE KJIIOYa 3HAUCHUIO
CPEeAMHHOTO dJeMeHTa. Ecin Ham He yJaercs HaWTH COOTBETCTBHUS, Mbl CMOTPUM Ha
OTHOCHUTEJIBHBIN pa3Mep KIII04Ya U 3HAUYCHHE CPEIMHHOTO AJIEMEHTA U 3aTEM MEepEMEIaeMcs B
HIDKHIOIO WJIM BEPXHIOIO MOJIOBUHY CHUCKAa. B 3TOM MOJIOBMHE CHOBa UIIEM CEPEIUHY M
OMSITh CPABHUBAEM C KIIIOUOM. Eciiu He mosydaeTcsi, CHOBa JEIUM Ha MOJIOBUHY TEKYIIUM
HMHTEpBAJL.
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:
IlepBast urepanusi HHUKIA UMEET JEJI0 CO BCeM cnuckoM. Kaxknas moclienyromas uTepanus
JISJIAT TIOTI0JIaM pa3Mep mojacnucka. Tak, pa3mepamMu CIUCKa JIsl aITOPUTMA SIBIISTFOTCS
nn/2t n/22n/23 n/2* ... n/2™
B KOHIIe KOHLOB OyIeT Takoe 1exoe M, uto N/2M<2 umm n<2m*!
Taxk kak M - 3TO MEpBOE IIeNoe, I KoToporo N/2M<2, To J0KHO OBITH BEPHO
n/2™1>=2 ym 2M=<n
U3 sToro cnenyet, 4To

m:<n<2m+1
Bo3bpmeM norapudm Kaxxaoil 4acTu HEPABEHCTBA U MOJYYHM
m=<logzn=x<m+1
3HadyeHue M - 3To HauboJIbIIee 1EJI0e, KOTOpoe =<X.
Hrak, O(logzn).
OOBIuHO perraecMasi 3ajladya UMEET €CTECTBEHHBIN "pa3Mep" (OOBIYHO KOJWYECTBO JTAHHBIX
er0 00pabarpiBacMbIX) KOTOpoe MBI Ha3zbiBaeM N. B kKoHeWHOM HTOre Ham OBl XOTEIOCH
MOJIYYUTh BBIPAKEHHUE NIJII BPEMEHH, HEOOXOIUMOTO Tporpamme Jyuisi oOpabOTKH JaHHBIX
pasmepa N, xak ¢yHkiuo or N. OObIYHO HA WHTEPECYET CPeAHHUI ClIydail - 0XKHIaeMoe
BpeMs pPabOThl TpOrpamMMbl Ha "TUMWYHBIX" BXOAHBIX [AHHBIX, W XYyJAIMUH CIydad -
O’KHJIaeMO€ BpeMs padOThI MPOTPAMMbI Ha CaMBIX IUIOXUX BXOJHBIX TaHHBIX.

5. 3apanmne
OLeHHUTE CII0KHOCTD aJrOpUTMa ONPECTCHUS SIBISETCS JI YUCIIO MATMHAPOMOM.



l[Ol'lO.TIHl/ITeJIbele 3aJJaHHUA

OuenuTe CIOXKHOCTB nporpammsl "Tpoitku [Tudaropa".
IpakTnueckas padora Ne2l. OnpeneseHue CJI0KHOCTH AJTOPUTMOB COPTHPOBKH.

1. Hean padoThbi:
[Tony4yeHne HABBIKOB OMPECICHUS CIIOKHOCTH aJTOPUTMOB COPTUPOBKH.

2. TeMbl AJ151 IpeABApPUTEIbHOM IPOPAOOTKH

OOGriee oHsATHE 00 AITOPUTME.
CrocoOBbl 3aImKucH aJIrOPUTMOB.

3. TeopeTudeckunii MmaTepuaJl

AJITOPUTM COPTHPOBKH

AJITOPUTM COPTHPOBKHM — 3TO QICOPUTM JUISl YIOPSJOYEHUSI AJIEMEHTOB B coucKe. B
clydae, KOrJa JJIEMEHT CIMCKa MMEET HECKOJBKO IIOJIEH, MOJIE, CIIYy’)Kalllee KpUTEpUEM
MOpPSKA, HA3bIBACTCS KIOUOM COpPTUpOBKM. Ha mpakThke B KadecTBE KIOYa 4YacTo
BBICTYIIA€T YHMCJIO, a B OCTaJbHBIX TOJAX XpaHATCS Kakue-IuOOo JaHHbIe, HUKAK HE
BIIMSIIONIME HA padOTy aaropuTMa.

Ouenka ajJropurMa COpTUPOBKU

AJITOPUTMBI COPTUPOBKH OIICHUBAIOTCA IO CKOPOCTH BBIMOJHEHUS U 3PHEKTUBHOCTH
WCIIOJIb30BaHUs MAMSITH:

BpeMsi — OCHOBHOW MapaMeTp, XapaKTepU3YIOIIUA OBICTPOJECHCTBHE alrOpUTMa.
Ha3piBaeTcsi Takke BBIYUCIUTEIBHOW CIOKHOCTBIO. Il ymopsimodeHus BasKHBI
Xyouwiee, cpeOnee W Jyyuiee TIOBEJICHUE aIrOpUTMa B TEPMUHAX MOITHOCTA BXOJHOTO
MHoxecTBa A. Eciin Ha BXOJ alroputMy moAaércsi MHOKECTBO A, To 0003HaYMM N = |

A | . JInst THIIMYHOTO aJrOPUTMa XOpOIIEee MOBEAEHHE — ITO O (nlog n)ul y proxoe

? O (n)

n
IIOBEJICHUE — ITO . NpeanpHOe moBeneHWe s YIOPSAIOYECHUS —
ANTOPUTMBI  COPTHUPOBKH, HCIOJB3YIOIMIME TOJIBKO aAOCTPAKTHYIO  OIEpaluio

CpaBHEHUS KJIIOYEH BCerja HyKIAlTCs [0 MEHBIIEH Mepe B ¥ (nlog ”)cpaBHeHHﬂx.
Tem He wMeHee, cymiecTByeT anroputM coptupoBku Xana (Yijie Han) c
BBIAHCIHTENbHOM croskmocTsio O (7 - loglogn - loglog log ”), MCITIOJIB3YIOIIUMA TOT
(akT, 9TO MPOCTPAHCTBO KiIOYEH OrpaHuueHo (OH upe3BbIUAMHO cloxkeH, a 3a O-
0003HauUE€HWEM CKpBIBAaeTCS BechbMa OoOJbIION  KOA(P(GUIMUEHT, YTO JeJacT
HEBO3MOXKHBIM €r0 IPUMEHEHHE B IIOBCEIHEBHOM MNpakTuKe). TaKKe CyIIeCTBYET
HOHATHE COPTHPYIOIMX ceTei. IIpeamonaras, 4To MOXKHO OJHOBPEMEHHO (HAIIPUMED,

IIpru  napaujiCJbHOM BI)I‘II/ICJ'IGHI/II/I) IMPOBOJUTL HECKOJIBKO CpaBHeHHﬁ, MOKHO

0] (lcng2 n)

OTCOPTUPOBATH N YHCEN 3a
3apaHee U3BECTHO,
IMamare — psing aaropuTMOB TpeOyeT BBIJACICHUS JIOMOJHUTEIBLHON MaMSITH TOJ

oneparuii. IIpu 3TOM YnCIO0 N TOMKHO OBITH

BPEMEHHOE XpaHEHWe JaHHBIX. Kak NpaBmilo, 5TH ajlrOpUTMBI TPEOYIOT O (logn)
namsaTH. [Ipu OLIEHKE HE YUUTBHIBAETCS MECTO, KOTOPOE 3aHUMAET MCXOAHBIA MacCUB U
HE3aBUCAIINE OT BXOMHOM IOCJIENOBATENLHOCTU 3aTPaThl, HAIPUMED, HA XpaHEHHE

KOJIa TIPOrpaMMBbI (TaKk Kak BCE ATO MOTpeOseT 0 (1)). AJITOPUTMBI COPTUPOBKH, HE
NOTPEOIIAIONINE TONOTHUTEIBHOMN MaMATH, OTHOCST K COPMUPOBKAM 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

Kiaaccupukanusi aaroputMoB COpTHPOBKHU

YcroitunBocTh (Stability) — ycroiiumBas copTHpoBKa HE MEHSET B3aHMHOTIO
PacToJIOKEHUS paBHBIX AJIEMEHTOB.
EctecTBeHHOCTHL mOBeaeHUs1 — 3G(PEKTUBHOCT, METOJla MNpH 00pabOTKE YKe

YHOPSAOYCHHBIX, WJIM YaCTUYHO YIOPSIOYCHHBIX IaHHBIX. AJITOPUTM BEAET ceOs
€CTECTBCHHO, €CJIM YYHUTHIBACT ATy XapaKTEPUCTHKY BXOTHOW IOCIIEIOBATEIIBHOCTH H
paboTaert Jyurre.

Hcnonb3oBanue omepanud CpaBHEHHsl. AJITOPUTMBI, HCIIOJB3YIOIIUE IS
COPTHUPOBKH CpaBHEHHE 3JIEMEHTOB MEXIy COOOH, Ha3bIBalOTCS OCHOBAaHHBIMH Ha
CpaBHCHHSX. MUHHMAaIIbHAS TPYIOCMKOCTD X)youieeo Cayyas AL 3TUX aJITOPUTMOB

cocrapnser O (nlog ”), HO OHHM OTJIWYAIOTCS THOKOCTBbIO TpuMeHeHus. s
CIICIMAIBHBIX CIydaeB (THUIOB JAHHBIX) CYIIECTBYIOT Ooisiee d(deKTuBHbBIC
QJITOPUTMBI.

Emeé onHuMm BaXHBIM CBOWCTBOM alIrOpUTMa SIBISETCS €ro cdepa NpuMEHEHus. 37ecCh
OCHOBHBIX THIOB YIIOPSIIOYEHHUS BA:

BHYTpeHHsI COPTHPOBKA ONEPUPYET C MACCUBAMU, LEIUKOM MOMEIIAIOINIMMUCS B
OTIepaTUBHON MaMATH C MPOU3BOJILHBIM JTIOCTYIIOM K JII00OH stueiike. JlaHHbIE 0OBIYHO
YIOPSA0UYUBAIOTCS HA TOM K€ MECTe, 0€3 TOMOJHUTEIBHBIX 3aTpar.

o B COBpPEMEHHBIX ApPXUTEKTYpax MEPCOHAIBHBIX KOMIIBIOTEPOB IIUPOKO
OPUMEHSIETCS MMOJKA4YKa M KIUIMPOBAHWE NaMATH. AJTOPUTM COPTUPOBKH
JOJKEH XOPOILIO COYETaThCA C MPUMEHSEMBIMH aITOPUTMAMH K3IIUPOBAHUA U
MOJKAYKH.

BHellHsisi COPTHPOBKA ONEPUPYET C 3aOMUHAIOINIMMH YCTPOMUCTBAMHU OOJIBIIIOTO
00BEMa, HO C JIOCTYIIOM HE MPOU3BOJIBHBIM, a TOCIEAOBATEIbHBIM (YHIOPSIOUCHHE
¢aiiioB), T. €. B JaHHBI MOMEHT MbI 'BUJAMM' TOJIBKO OJMH DJIEMEHT, a 3aTpaThl Ha
NEPEMOTKY IO CPAaBHEHUIO C MAMSATHIO HEOMPAaBIaHHO BEIMKH. JTO HAKJIaJbIBACT
HEKOTOPBIE JOMOJIHUTEIbHBIE OTPAHUYEHNS HA AITOPUTM U TPUBOJUT K CHIEHUATBHBIM
METOJIlaM YIOPSI0YCHUSI, OOBIYHO UCIOJIB3YIOIIUM JOMOJHUTEIHHOE JIUCKOBOE
npocTpancTBo. Kpome TOro, 10CTyI K JaHHBIM Ha HOCUTEINIE MPOU3BOJAUTCS HAMHOIO
MEJJICHHEE, YEM ONEPALUU C ONIEPATUBHOM MAMSTHIO.

o JlocTynm K HOCUTENIO OCYIIECTBIISIETCSI TIOCIIEA0BATEILHBIM 00pa30M: B KaXKIbIl
MOMEHT BPEMEHHU MOXKHO CUMTATh WJIA 3aIUCATh TOJBKO SJIEMEHT, CIEAYIOIINI
3a TEKYIIUM.

o OO0BEM TaHHBIX HE MO3BOJISIET UM pa3MecTuThes B O3VY.

Taxoke anropuT™bl Ki1acCuPUIMPYIOTCSA T10:

HOTpe6HOCTI/I B HOHOHHHTGHBHOﬁ MaMsITH UIH €€ OTCYTCTBHHU
HOTpe6HOCTI/I B 3HAHUAX O CTPYKTYpPC AAHHBIX, BBIXO/AIIUX 34 PaMKH OIICpallhun
CpaBHCHMH:, UJIM OTCYTCTBUUN TaKOBOU

Cnmcok anroputMoOB COPTHPOBKHU

B aT0ii Tabnuiie N — 3TO KOJIMYECTBO 3aMUCEH, KOTOPhIE HEOOXOAMMO YIOPSI0YUTh, a K —
ATO KOJIMYECTBO YHUKAIBHBIX KIIFOUEH.

AJITOPUTMBI YCTOMYMBON COPTUPOBKH

Copruposka myssippkoM (anrn.Bubblesort ) — cnoxunocts anropurma: O(n?); ms
Ka)KI0M Mapbl HHAEKCOB TMPOU3BOAMTCS OOMEH, €CITH DJIEMEHTHI PACIOIOKEHBI HE IO
TOPSIKY .

Copruposka nepemeniranueM (Ilefikepuas, Cocktail sort, bidirectional bubble sort)
— Cnoxnocts anroput™a: O(n?)
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['HOMbSI COPTUPOBKA — HMMEET OO0IIee C COPTHPOBKOW IMy3bIPHKOM H COPTHUPOBKOI
BcraBkamu. CrioxkHoCTh anroputma — O(n?).

Copruposka _Bcraskamu  (Insertion sort) — Cnoxsocts anroputma: O(n?);
OTIpeeNIsieM Te TCKYIIHHA 3JIEMEHT JTOJDKCH HaXOTUThCS B YIOPSIOUCHHOM CITUCKE U
BCTaBIISICM €r0 TyJ1a

biounas coptupoBka (Kop3waHas coptupoBka, Bucket sort) — CiioxxHOCTB
anroputMma: O(n); tpedyercs O(K) mOMOTHUTENHLHOW MAMSATH W 3HAHUE O MPHUPOJIC
COPTHUPYEMBIX JTaHHBIX, BBIXOJIAIIEE 32 paMKU (PYHKIUN "TIepecTaBUTh" U ""CPaBHUTH'.

CoptupoBka _mojcuérom (Counting sort) — Cnoxsaocts anroputMa: O(n+k);
tpedyetcst O(N+K) momoHUTEIEHOM TaMATH (PAaCCMOTPEHO 3 BapuaHTa)
CoprupoBka cinusnuem (Merge sort) — Cnoxaocts anroputma: O(n log n);

tpedyercss O(N) JOMONHUTEIBHOM IMaMATH; BBICTPAMBAaEM IIEPBYI0O M BTOPYIO
MIOJIOBHHY CITUCKA OT/CIBHO, a 3aTEeM — CJIMBAEM YIIOPSI0YCHHBIC CITUCKH
CopTUpOBKA ¢ TOMOIIbIO JBOWYHOTO JepeBa (aHrim.Treesort) — ClaoXHOCTb
anroput™a: O(n log n); Tpedyercs O(N) AONOJHUTEIBHOM MaMATH

AJITOPUTMBI HEYCTOMYHUBOI COPTHPOBKH

CoprupoBka Beibopom (Selection sort) — Cnoxuaocts anropurma: O(n?); mouck
HAUMEHBIIIETO WJIM HAaWOOJIBIIEro 3JIEMEHTA W MOMEIICHUS €ro B HAYaJlo WIH KOHEI
YHOPSAA0YCHHOTO CITUCKA

Copruposka Illemna (Shell sort) — Cnoxnocts anropurma: O(n log?n); nomsiTka
YIIYYIIATh COPTHPOBKY BCTaBKAMHU

CoptupoBka pacuéckoi (Comb sort) — Cnoxnocts anropurma: O(n log n)
[MupamunanpHas coprupoBka (CoptupoBka kyum, Heapsort) — CIlI0)KHOCTB
anroput™a: O(n log n); mpeBpaliaeM CIUMCOK B Kydy, OepéM HauOOJBIINN 3JIEMEHT U
100aBJIsieM €ro B KOHEI[ CITUCKa

[TnaBHas coptupoBka (Smoothsort) — Crnoxxuaocts anropurma: O(n log n)

beictpas copruposka (Quicksort) — Cnoxuocts anroputma: O(n log n) — cpennee
Bpemsi, O(N?) — Xyamwmii cilydaii; ITMPOKO M3BECTEH KaK OBICTPEHIINI U3 M3BECTHBIX
JUTSL yIOPSAIOYEHUS OOJIBIITUX CIyYalHBIX CIIUCKOB; C pa30MEHHEM MCXOJIHOTO Habopa
JTAHHBIX Ha JIBE TIOJOBHMHBI TaK, YTO JIIOOOM 3JIEMEHT MEPBOM MOJIOBUHBI YIOPSA0UYCH
OTHOCHTEJILHO JIFOOOTO 3JICMEHTAa BTOPOW MOJIOBHHBI; 3aT€M aJITOPUTM MPUMCHSICTCS
PEKYPCHUBHO K Ka</JI0H TMOJIOBHHE

Introsort — CroxsHocte anroputma: O(n log n), coueranwe ObICTpOH |
MUPaMHJIATBHON COPTHPOBKHU. [IMpamumanbHas COPTHPOBKA MPUMEHSAETCS B Ciydac,
ecim TiyonHa pekypcun npessimaet log(n).

Patience sorting — Croxnocth anropurma: O(n log n + k) — Hauxyammii ciydvaid,
tpebyer momosuuTensHo O(nN + K) mamsaTH, Takke HAXOAUT CaMyl0 UTHHHYIO
YBEITMUNBAIOIILYFOCS TIOIIIOCIIEI0BATEIIBHOCTh

Stooge sort — peKkypCUBHBIN alTOPUTM COPTHUPOBKUA C BPEMEHHOM CIIOKHOCTBIO
log; 53 2.71

O(n™5%) ~ O(n*™)

[MopaspsinHas _coptupoBka — CroxnaocTh anmroputMma: O(n-k); tpedyercs O(K)

JIOTIOJTHUTEIILHOM MaMSITH.
Iudposas copTupoBKa — TO ke, 4TO U IlopaspsajiHas COpTUPOBKA.

HenpakTuunbie aJropuTMbl COPTUPOBKH

Bogosort — O(n-n!) Bcpeanem. I[Ipon3BoibHO TepeMeniaTh MacCHB, HMPOBEPUThH
MOPSIIOK.
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o CoprupoBka mnepecranoBkoir — O(n-n!) — xynmee Bpems. Jlns kaxmoi mnapsl
OCYLIECTBJISIETCSL MPOBEpKa BEPHOrO TMOPSAKA U TEHEPUPYIOTCS BCEBO3MOKHBIE
NEPECTAHOBKHU UCXOTHOTO MacCHUBa.

o Imynas coprupoBka (Stupid sort) — O(n®); pexypcuBHas Bepcus TpeOyeT
nononautensHo O(nN?) mamsaTu

. Bead Sort — O(n) or O(n), Tpebyercs CIEIUAIN3HPOBAHHOE AIIAPATHOS
oOecrieueHue

o bmunnas coprupoBka (Pancake sorting) — O(n), TpeOyercs crnenmuaaIn3upOBaHHOES

amnmapaTHoe oOecriedeHue
AJITOPUTMBI, He OCHOBAHHbIE HA CPABHEHHSIX
 Biounast coptuposka (Kop3unnast coptupoBka, Bucket sort)
« Jlekcukorpabudeckas win nopaspsaHas coptupoka (Radix sort)
« Copruposka nojacuérom (Counting sort)
OcTajibHbIE AJTOPUTMBI COPTHPOBKH
o Tomosoruyeckas cCOpTUPOBKA
o BHerHss copTrpoBka

4. IIpumep

CopTupoBKa MPOCThIM BKJIIOUCHHEM. [Ipeanonokum, 4To Ha HEKOTOPOM JTare padoThI
aJIrOpUTMa JIeBast 9YacTh MaccuBa ¢ 1-1o 1o (I — 1)-# 3J1eMEeHT BKIIFOUHTETBHO

SIBJIICTCS OTCOPTUPOBAHHOM, a MpaBasi 4acTh ¢ I-TO MO N-K 3JIEMEHT OCTAeTCs TaKOM, KaKO
oHa ObLIa B MEPBOHAYAIIBHOM, HEOTCOPTUPOBAHHOM MaccuBe. OuepeqHOM Iar aaropurMa
3aKJII0OYAETCS B pACUIMPEHHUM JIEBOM YacTM Ha OJIMH JJIEMEHT U, COOTBETCTBEHHO,
COKpallleHUH TMpaBoil yacTu. [lns aToro Oepercs NEpBBIM 3JIEMEHT MpaBod dacTtu (C
WHICKCOM 1) M BCTaBJIICTCA HA MOJIXOMASAIICE €My MECTO B JICBYIO YacTh TakK, YTOOBI
YIOPSAOUYECHHOCTD JIEBOM YaCTH COXPAHUIIACK.

IIpouiecc HauMHaeTcss C JI€BOM YacTH, COCTOsIIEH u3 ojHOoro »’yeMeHta A[l], a
3aKaHYMBAETCA, KOTJa ITpaBasi 4aCThb CTAHOBUTCS ITYCTOM.

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

Procedure StraightInsertion;
Var i,9: Integer; x: tovar;
Begin For i:=2 To n Do
Bagin x:=A[i]; {B nepemeHHON X 3aNOMMHAETCH
3HadYeHMe, KOTOpOE HYXHO NOCTaBMTE Ha CBOe MeCTO B
nepol yacTHl

Jr=i=1; {[paEui kKpaik neBol wacTH}

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

Begin A[j+1]:=A[j]; j:=i—-1; {lponBmxenne
"mMprM" B NeBol YacTHM MAaccHMBa CNPaBa HaneBo A0 TOH
NOo3MUKK, B KOTOPYE ION%eH OHTh BRIDUEH 3JAS8MEeHT

Ali])

End;

Alj+l]:=x {Brmouenue A[i] B "mupxy" B nesof
HacT}
End

End;


http://dic.academic.ru/dic.nsf/ruwiki/403321
http://dic.academic.ru/dic.nsf/ruwiki/1284376
http://dic.academic.ru/dic.nsf/ruwiki/317118
http://dic.academic.ru/dic.nsf/ruwiki/108322
http://dic.academic.ru/dic.nsf/ruwiki/108326
http://dic.academic.ru/dic.nsf/ruwiki/357707
http://dic.academic.ru/dic.nsf/ruwiki/626206

OueHuM CII0KHOCTh aJIrOpUTMa COPTUPOBKH IPOCTBIM BKJItOYEHHMEM. (OYEeBHIHO, YTO
BPEMEHHAsl CJIOKHOCTb 3aBHCUT Kak OT pa3Mepa COPTHUPYEMOIO MacCuBa, TaKk U OT €ro
UCXOJHOTO COCTOSIHHMSI B CMBICJIE YNOPSAJOYEHHOCTH JJIEMEHTOB. BpemMeHHas CI0KHOCTh
OyJeT MUHMMAJIbHOM, €CIM HCXOAHBIH MAacCUB YK€ OTCOPTUPOBAH B HYXXHOM MOPSJIKE
3HAUEHUI KiIo4a (B JaHHOM Clly4ae — II0 BO3pacTaHUI0). MakCHUMallbHOE 3HA4YECHHE
CIIO)KHOCTH OyZIeT COOTBETCTBOBATh MPOTHBOIOJIOKHON YIOPATOUYEHHOCTH HCXOIHOTO
MaccHBa, T.€. YNOPSJOYEHHOCTH HCXOJHOTO MaccuBa I0 YObIBAaHMIO 3HAYEHHUH KIIOYa.
OOBIYHO ISl AITOPUTMOB COPTUPOBKH BPEMEHHAS CIIO)KHOCTh OIIEHUBAETCS KOJIUYECTBOM
IIEPECHUIOK JIIEMEHTOB.

OueHuM BEJIMYMHY MUHUMAJIBHOM BPEMEHHOM CIIOKHOCTH anroputMa. Eciu maccuB yxke
OTCOpPTUpOBaH, TO Teio mwkia While He Oyaer BBIMONHATHCS HU pady. BwlmonHeHue
IpOLEAYpPHI CBEAETCA K pabOTe CIEAYIOLIEro UKIIa:

For i:=2 To n do
Begin x:=A[i];
Jimi=1;
A[j+1l] :=x
End;

[Tockonmbky Temo mukia for mcmomuseTrcs N — 1 pas, TO YKCIO TEPECHUIOK 3JIEMEHTOB
MaccuBa
Mmin =2(n - 1),
a YMCJIO CPAaBHEHUH KIIFOYEN PaBHO
Cmin=n-1.
CnoXHOCTh anroputMa OyJieT MaKCUMaJbHOM, €ClId HMCXOJHBIA MAacCHUB YIOPSAOYEH IO
yObiBaHuto. Torma Kaxiaplid symeMeHT A[l] OyIeT «IporoHSThCS» K Hadaly MaccuBa, T.C.
yCTaHABJIMBATHCS B MepByIo mo3uinuio. [{ukia while Beimonuutes 1 pas npu 1 = 2, 2 pasza npu
I=3uT 1., 0— 1 pa3 npu | = . Takum 06pazom, 00IIee YKCIIO MEPECHITIOK 3aMUCceil paBHO:

M,,m:2{n—l)+i{£—1]=2{n—l}+n{n—1}f'2=%{nl+3n—4),

=g

bonee moaxoadiien Ay peaJbHOM CUTYAIUM SIBJISIETCS CPEAHSS OLCHKA CIIOKHOCTH. {14 ee
BBIYHMCIICHUSI HAJ0 TMPEANOJIO0KUTh, YTO BCE AJIEMEHTHI UCXOJHOTO MAacCHBAa — CIIy4ailHbIC
YyuCcjia U WX 3HAYCHHS HHUKAaK HE CBS3aHbl C UX HOMepaMu. B TakoMm ciydae pesyibTaT
ouepeaHoi nmpoBepku ycnosus X. key<A[j].key B iukie While Taxoke siisiercst citydaitHbIM,
PasymHO gomycTHTh, 4TO cpeaHee umciao BeimonHenunid nukima While mas kaxkxmoro
KOHKPETHOTO 3HaueHWst | paBHO 1/2, T. €. B CpPEAHEM KaXIbId pa3 MPUXOJUTCS
MPOCMATPUBaTh TMOJOBUHY TIOCJIEAOBATEILHOCTH JI0 TeX TOp, IOKa HE Haijaercs
MOXOIAIIEE MECTO JIJIsi OYEPETHOTO DJIEMEHTA
Torma dopmyna mjis cpeaHEro 4ucia MepechbUIoK (CpeaHssl OIeHKa CII0KHOCTH) OyaeT
CIICIYIOLLIEH:

I 1
Mq,=Z{H-1]+Z!f2=2{ﬂ-1}+{ﬂ—2}{ﬂ—]]f4=E[H= +9n=10).

fmd
Kaxk MaKCHUMaJIbHasA, TaK U CpCAHAA OLCHKA CIOKHOCTH aJIrOpUTMa KBaJApaTU4dHa (HBHHeTCH
HIOJIMHOMOM BTOPO# CTENEHH) 10 IMapaMeTpy N — pasMepy COPTHPYEMOTO MAaCCHBA.

5. 3aganue
OnpenenuTs CI0KHOCTh AITOPUTMA.
YHopsaounTh MacCMB N IEIBIX YUCET TAaKUM 0O0pa3oM, YTOOBI 3JIEMEHTHI ¢ YSTHBIMU M



HCUCTHBIMHN 3HAYCHUAMHA YCPCAOBAIUCH (HOKa HMCHOTCs DJICMCHTHI paBHOﬁ IICTHOCTI/I).
I[OHOJIHHTGJII)HBIC 3aJJaHHUA

Pa3paboTaTh anroput™ ObICTPOIl COPTUPOBKU. OLIEHUTH CIOKHOCTh AJITOPUTMA.

OTOT alropuT™ OBLT pa3zpaboTan D. XoapoMm.

B anroputme ObICTpOI COPTUPOBKU UCTIOIB3YIOTCS TPU UACH:

* paszeneHue COpTUPYEMOro MacCHBa Ha 2 4acTH, JIEBYIO U MIPaBYIO;

* B3aMMHOE YIOPSAIOYCHHE JBYX 4YacTeil (ITOJIMAacCHMBOB) Tak, YTOOBI BCE 3JIEMEHTHI JIEBOM

YacTH HE MPEBOCXOIMIHN 3JIEMEHTOB IIPaBOil YaCTH;

* peKypcus, Ipyu KOTOPOU MOJMACCUB YIOPSIOYUBAETCS TOUHO TAaKUM € CIoco00M, Kak U

BECh MACCHB.

JUis pa3nieneHusi MacCHBa Ha JIBE€ YAaCTH HY>KHO BBIOpaTh HEKOTOpPOE «OapbepHOE» 3HAUEHHE

KJIIO4Ya. OTO 3HAYEHHE [OJDKHO YJOBJIECTBOPATH EIMHCTBEHHOMY YCIIOBHIO: JIEKaTh B

Avarna3oHe 3HAaYeHWH JUisi JaHHOrOo MaccuBa (T.€. MEXIY MUHUMAaJIbHON U MaKCHUMaJbHOU

BEJIMYMHOI). 32 «Oapbep» MOXKHO BbIOpaTh 3HAUEHME KItOYa JIFOOOTO 3JIEMEHTa MacCUBa,

HaIlpuMep MEePBOro, WM MOCIEAHETO, WIA HaXOIAIIErocs B CEPEINHE.

Jlanee Hy>XHO cJenarb TakK, YTOObI B JIEBOM IIOJAMACCHUBE OKAa3aJIMCh BCE AJIEMEHTHI C

KJIFOUOM, MEHBIIMM Oapbepa, a B MpaBOM — C OOJbIIMM: 3aTeM, IPOCMaTpuBas MAacCHUB

clieBa HampaBO, HEOOXOAMMO HAWTH MO3UIMIO MEPBOTO 3JEMEHTA C KIIOYOM, OOJIBIINM

Oapbepa, a MpocMaTpuBasi CIpaBa HaJleBO — HAWTH MEPBBIN JIEMEHT C KIIOUOM, MEHbBIIINM

Oapbepa. Cneayer MOMEHSATh 3TU 3HAYEHUs, 3aT€M MPOJOKUTH BCTPEYHOE JIBHXKEHHE [0

CIeAyIOIIeH mapbl JIEMEHTOB, MpeHa3HAaYeHHBIX 1151 0OMeHa. HeoO0XoauMo MOBTOPSITh ATy

IIPOLIETyPY, IOKA MHIEKCHI JIEBOTO U MPABOr0 MPOCMOTPOB HE COBNAAYT. MecTO COBIAIECHHUS

CTaHET TpaHULEW MEXKIy JBYMs B3aWMHO YIOPSAJOYEHHBIMH IoamaccuBaMmu. [lanee

QITOPUTM PEKYPCUBHO NPUMEHSETCS K KaXJIOMYy U3 IOJMAacCUBOB (JIEBOMY U IpaBomy). B

KOHEYHOM CYET€ NPUXOAUM K COBOKYNHOCTH M3 II B3aUMHO YIOPSJIOYEHHBIX

OJIHORJIEMEHTHBIX MAacCHUBOB, KOTOPBIE JEJIUTH JaJbII€ HEBO3MOXKHO. JTa COBOKYIHOCTb

oOpa3yeT 0JIMH MOJHOCThIO YyHOpsAA0YeHHbINH MaccuB. COpTHPOBKa 3aBeplieHa!
IIpakTnueckas padora Ne22. [Tocrpoenune mamnnabl ThIOpHHIra, BBIYHCISIOIICH

npocreiimue apupmernyeckue GyHKUUH

1. Heas padoThI:
dopMupoBaHUE MPEACTABICHUS YUalllUXCs 00 YHUBEPCATLHOM UCIIOJIHUTENE aJITOPUTMOB.
[TonydeHnne HaBBIKOB MOCTPOEHUS MPOrpamMM JJisl MalIuHbl ThlOpUHTra.

2. Tembl 111 IpeABaAPUTEIbHON NPOPAOOTKH
o OOmee moHsTHE 00 AITOPUTME.
o CrnocoObI 3amKCH aJITOPUTMOB.

3. Teopernueckuii MaTepuaJl

B 1936 r. Ananom TbIOpUHTOM AJi1 YTOYHEHHUS MOHSATUSA QJIrOpUTMa ObLI MPEAJIOKEH
a0CTPaKTHBI YHMBePCAJIbHBI HCIOJHUTENb. Ero aOCTpakTHOCTH 3aKIIIOYAETCS B TOM,
YTO OH MPEACTABISAET COOOM JOTMYECKYIO BHIYMCIUTENbHYIO KOHCTPYKIIUIO, @ HE PEAIbHYIO
BBIYMCIIUTEIbHYIO MAIIMHY. T€pMUH «yHUBEPCAIBbHBIA HCIOJHUTENBY) TOBOPUT O TOM, YTO
JAHHBIA HCIOJIHUTEh MOXKET UMUTHUPOBATH JIOOOW JApyro ucnoiaHuTenb. Hampumep,
ONEpaluy, KOTOpPHIE BBINOJHSIOT PEAIbHBIE  BBIUHUCIWUTEIBHBIE MAIIWHBI  MOHO



HMHUTHPOBATh HA YHUBCPCAJIbHOM HUCIIOJIHUTCIIC. B IMOCICACTBUC, IpUAYyMaHHasa TB}OpI/IHFOM
BBIYHCIIMTCIIbHAA KOHCTPYKIHA ObLIa Ha3BaHa MAIIHHOM TI)IOpI/IHFa.
KpOMC TOro, npeanojgaracrcia, UYTo YHHBepcaHBHBIﬁ HCIIOJHUTCIIL JOJDKEH YMCTD
AOKa3bIBATh CYIICCTBOBAHHC WJIIN OTCYTCTBHC aJIT'OpUTMA IJIA TON WJIU UHOU 3aJa4dH.

Umo coooit npeocmaesnsem mawuna Toropunza?

Mamuna TeropuHra cOCTOMT U3 OECKOHEYHON B 00€ CTOPOHBI JICHTHI, pa3/eICHHOW Ha
SYEUKH, 151 aBTOMara (rOJIOBKH), KOTOpast YIIPaBISETCS MPOrPaMMOM.
[Tporpammer s MamuH ThIOpUHTA 3aMMMCHIBAIOTCS B BUJIE TAOIUITGI, T TIEPBBIC CTOIOCT] U
CTpOKa cojepxaT OyKBbI BHEITHETO ai(aBUTa W BO3MOKHBIC BHYTPCHHHE COCTOSHHUS
aBromata (BHyTpeHHHH andaBut). CopepkuMoe TaOJIUIbI MPEACTABISIET COOOW KOMAaHJ bl
muist MamvHbl ThiopuHra. BykBa, KOTOPYIO CUMTHIBAET TOJIOBKA B siueiike (Haj KOTOPOW OHa
HaXOJUTCS B JAHHBIA MOMEHT), U BHYTPEHHE COCTOSIHME TOJIOBKH OMNPENEISIOT, KaKylo
KOMaH/ly HY>KHO BBINOJHUTE. KoMaHa onpeensieTcs: nepeceueHrueM CUMBOJIOB BHEIIIHETO U
BHYTPEHHETO ai(aBUTOB B TAOJIHIIE.

Yro0bl 324aTh KOHKPETHYI0 MamuHy TbHopuHra, tpeldyercd omucatb AJs1 Hee
cJIeayIoLIHe COCTaBISIOIIHeE:

o Buemnwmii andasur. KoHeuHoe MHOXECTBO (Hampumep, A), 3JIEMEHThI KOTOPOTO
HasbIBaloTCsA OykBaMu (cuMBosiamMu). OpHa U3 OyKB 3TOro andaputa (HarpuMmep, ag)
JOJDKHA MPEJICTABIISITE COOOM MyCTONH CUMBOL.

o Buayrpennuii andasur. KoHEYHOE MHOKECTBO COCTOSSHUM TOJIOBKH (aBTOMATA).
OnHo W3 cocTosiHUM (Hampumep, (1) MOKHO OBITh HayaldbHBIM (3aIlyCKarOIUM
nporpammy). Eme onHo u3 coctosiHuil ((o) J0JIKHO ObITh KOHEUHBIM (3aBEpLIAIOLINM
IporpaMMmy) — COCTOSIHUE OCTaHOBA.

o Tabauna mepexonoB. OnucaHue MOBeACHUs aBTOMaTa (FOJIOBKM) B 3aBUCHUMOCTH OT
COCTOSIHHSI U CYHUTAHHOTO CUMBOJIA.

ABtomMar MammHbl ThlOpuHra B mnpounecce cBoeil padoTbl MOKET BBINOJHATH
cJieayroume 1eMCTBUSA:

o 3amuchIBaTh CUMBOJI BHEIIHETO aji(aBUTa B STYEHKY (B TOM YMCJIE U MyCTOM), 3aMEHss

HaXOJUBIIUICS B HEH (B TOM YHUCIIE U ITyCTOM).

o IlepenBurarbcs Ha OJIHY SIYEHKY BJIEBO WJIM BIIPABO.

o MeHATb CBOE BHYTPEHHEE COCTOSHHUE.
Opna komaHza ayigs MamuHbl ThIOpUMHTa Kak pa3 M MOPENCTaBIsieT cOOO0M KOHKPETHYIO
KOMOMHAIIMIO 3TUX TPEX COCTABIIAIONIMX: YKA3aHMM, KaKOW CUMBOJI 3alKCaTh B STYEHKY (HaL
KOTOpPOM CTOWT aBTOMAT), KyJa NEPEABUHYTHCS M B KAaKOE€ COCTOSIHUE NEPEUTH. XOTS
KOMaHJIa MOXXET COAEP’KaTh U HE BCE COCTABIIAIOIIME (HAIpUMEp, HE MEHSTh CHMBOJI, HE
MEPEABUTATHCS WIIM HE MEHATh BHYTPEHHETO COCTOSIHUS).

Ilpumep pavomot mawmunvt Toropunza

JlommycTrM, Ha JIGHTE €CTh CJIOBO, cocTosIiee u3 cuMBoioB #, $, 1 u 0. TpeOyeTcst 3aMeHUTh
BCE CHUMBOJIBI # M $ Ha Hynu. B MOMEHT 3armycka ToJIOBKa HAXOAUTCS HaJl MEpBOM OYKBOIA
CJIOBa CJieBa. 3aBepLIAETCs MporpamMMma TOrAa, KOTrJa TOJIOBKAa OKAa3bIBAETCA HAJ IMYCThIM
CHMBOJIOM rocJe camon paBou OYKBBI CJIOBA.
IIpumeyanume: JuMHA CI0BA W MOCJIEAOBATEIBLHOCTh CUMBOJIOB 3HadYeHUs He umeroT. Ha
PUCYHKE TIPUBOJUTCS MPUMEDP MOCIIEIOBATEILHOCTH BBIMIOJIHEHUSI KOMAH/ JJI1 KOHKPETHOTO



ciyyass. Ecou Ha jeHTe OyaeT JIpyroe CjiIOBO, TO M IOCIIEI0BATEIbLHOCTHh BBITIOJIHCHHUS
KOMaHJ1 Oynetr apyroi. HecMoTpst Ha 3T0, TaHHas mporpaMma Jyisl MaIliuHbl ThlopuHTa (Ha
pUCYHKE — TabJIMIIa clieBa) MPHUMEHUMA K JIIOOBIM CJIOBaM OIMMCAHHOT'O BHEITHETO ayaBuTa
(cobmromaeTcsi CBOMCTBO NPHMEHMMOCTH aJrOpuTMa KO BCEM OJHOTHITHBIM 3ajiladyaM —
MacCOBOCTb).

[Mpumep paboTbl MalLUNHbI ThOPUHTa

[locienoparebHOCTE M3veHeHHS HA ICHTEC
BBITTOMHCHWS KOMAHT 114

HadCTHOTO CIIYHdA

. 5 0 1 A
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He wiensTh CnBo, CHBRAVTECH BITPEAR,
HE MEHATE COCTOAHAES.
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FAMCaTE HOTh, COBHAYTRCH BIPARG,
HE MEHATE COCTOMHAE.
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3aNACATE HOTh, COBHAYTRCA BIPARO,
HE MEHATE COCTONHAE.
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[le MERATE CHMBOUL, COBHAVTECA BITPERY,
HE MEHATR COCTHHAS.
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B seiike myeToTa.
Hugern He 1amHCEBaTE, CTOATE HA MECTE,
nepeliTi B COCTONHASE OCTATORA.

MoHO yCIIOXHHUTH TIporpammy. JlomycTuM, TOJIOBKA pacroyiaraeTcsl He 00s3aTelbHO Hall
MepBbIM, a HaJ JIFOOBIM CHMBOJIOM cjioBa. Torma mporpamMma Uis JaHHOW MaIllWHBI
TrropunTra MOXeT ObITh TaKOH (a MorIa ObI OBITH U APYTOM):



[lpuMep nporpamMmmbl ans
MalLUUHbI ThOPUHra

# $ 0 | 1 a0

q — — — e -

2 | 02| 0> | - - Jo

3/1ech NPOUCXOIUT CABUT TOJIOBKU BIJIEBO JI0 TE€X IOP, MOKA OHA HE OKAXETCS HaJ IyCThIM
cumBoiioM. llocie 3TOro mammHa mEPEXOJUT B COCTOSHHE (2 (KOMaHIbl KOTOPOTO
COBIAAAIOT C KOMaHAaMH (1 IpeIbIAYLIEH NIPOrpaMMBbl).

4. IIpumep

IIpumep. TpebOyercs mocTpouTh MamMHy ThIOPUHTA, KOTOpas MPHUOABISIET EIUHUILY K
YHUCITy Ha JIeHTe. BX0oIHOE CII0BO COCTOUT M3 MUGP IEJIOr0 JECATUYHOTO YHUCIIa, 3aIMCAHHBIX
B MOCJIEZIOBATEIIbHBIE STYEUKU HA JICHTE. B HavyalabHBI MOMEHT MAlllMHA HAXOJIUTCS IIPOTHUB
camoii mpaBoi 1udpeI YKca.

Pewenue. MammuHa nokHa NpUOaBUTH EAMHUIYY K mocheaHedt mudpe uucna. Ecnu
nocienusas nudpa paBHa 9, To ee 3ameHuTh Ha 0 U MPUOABUTH EAMHUITY K MPEIBIIYIICH
nudpe. [Iporpamma amst qaHHOM MamuHbl ThIOpUHTA MOXKET BBHITJISICTh TaK:

a, 0 1 2 3 4 | 7 8 9
g|'Hg|1Hg|2Hg|3Hg|4H g |5Hg,| .. |8Hg|9Hq,|00 g

B sToi1 mamne TwiopuHra (1 — COCTOSIHUE U3MEHEHUs UPpbl, (o — COCTOSHUE OCTaHOBA.
Ecnu B cocrosnuu () apToMat BUauT uudpy 0..8, To oH 3amensieT ee Ha 1..9 cOOTBETCTBEHHO
U TIEPEXOAUT B COCTOSIHUE (o, T.€. MalllMHA OCTaHaBiuBaeTcs. Eciu e oH BUAUT uudpy 9,
TO 3aMeHsAeT ee Ha (, cABUraeTcsl BIEBO, OCTABasCh B COCTOSAHMHU (). Tak mpoaoipkaercs 10
TeX MOp, MOKa aBTOMAT HE BCTPETHUT 1 py MeHble 9. Eciu sxe Bce nudpbl ObU paBHBI 9,
TO OH 3aMEHUT WX HyJsIMH, 3anumier (0 Ha mecte cTapiied MUdpbl, CABUHETCS BJIEBO U B
IIyCTOW KJIETKE 3anmuueT 1. 3aTeM nepenieT B COCTOSIHUE (g, T.€. OCTAHOBUTCSL.

5. 3apanne

1. Ha nente mammHbl ThIOpHMHra COIEpPKUTCS MOCIEAOBATEIBHOCTh CHUMBOJIOB ‘4.
Hanummre nporpammy st mamuHbl ThrOpHHra, KOTopas KaXAblii BTOPOM CHMBOJ “‘+7
3aMEHMUT Ha “—’. 3aM€Ha HAYMHAETCS C MPABOTO KOHIA MOCJIEAOBATEIIBHOCTH. ABTOMAT B
COCTOSIHUM (1 0003peBaeT OJMH M3 CHMBOJIOB YKa3aHHOHM IMOcCienoBaTeabHOCTH. Kpome
caMoOil MpOrpaMMbI-TabJIUIbI, OMUCATh CJIOBAMH, YTO BBIMOJHSETCS MAIIMHOW B KaXKIOM
COCTOSIHUMU.

2. Jlana nmecaTryHas 3amuch HaTypajabHOTO umcia N > 1. Pa3pabortats mamuny Treropunra,
KOTOpasi yMeHbIaia Obl 3alaHHOe 4yuciao N Ha 1. ABToMar B cocTosHMHM (1 0003peBaeT



npaByto uudpy uucia. Kpome camoil mporpamMmbi-TaOIuIbl, ONUCATH CIOBAMM, YTO
BBITIOJIHSAETCS MAIIMHOMN B KaXKJIOM COCTOSTHUU.
3. Ha nente mammuubl ThropyHIra HaXOIOUTCS YUCIO, 3allMCAaHHOE B JECATUYHOM CUCTEME
CUMCIICHUS. YMHOXHUTH 3TO YHCJIO Ha 2. ABTOMAaT B COCTOSIHUM (1 0003peBaeT KpanlHIOH
neByto mmdpy umcma. Kpome camoii mporpamMMbI-TaOIUIBI, OMUCATh CIOBAMH, YTO
BBITIOJTHSETCS] MAIITMHOM B KaXKJIOM COCTOSIHUH.

JlonoIHUTe IbHbIE 3aJaHUS

1. Ha nente mammubl ThIOpUHra HaxoAWUTCA AECATHYHOE 4YUCiO. OnpenennTsb, JeIUTCs U
3TO 4yKcIio Ha 5 0e3 octarka. Eciu nenurtes, To 3amucarth crpasa OT YKcia CJI0BO “Aa”, HAYe
— “HeT”. ABTOMAT 0003peBacT HEeKyIo Iudpy BXoaHoro yuciaa. Kpome camoii mporpaMmsl-
Ta0UIIbI, OMKMCATh CIIOBAMU, YTO BBITIOJIHIETCS] MAIIMHON B KaXKJIOM COCTOSIHUU.

2. JlaHo 4uciio N B BOCBMEPUYHOU cucTeme cuucieHus. Pa3paborats MammHy ThlopuHra,
KOTOpasi yBenu4uBaia Obl 3aJaHHOE 4YMCiIo N Ha 1. ABTOMAT B COCTOSIHMM (1 0003peBaeT
HEeKyI0 1udpy BXOJHOTO cioBa. Kpome camoil mporpaMmbI-Ta0IUIbl, OMUCATh CIIOBAMH, YTO
BBITIOJTHSAETCS] MAIIMHOM B KQXKJIOM COCTOSIHHH.

3. Jlana crpoka u3 OykB “a@” u “b”. Pazpaborars mamuHy TeropuHTa, KOTOpAsk MEPEMECTUT
Bce OYKBBI “@” B JIEBYI0, @ OYKBBI “‘D” — B MpaByr0 4acTH CTPOKH. ABTOMAT B cOCTOSTHUM (1
0003peBaeT KpallHUM JIEBBIM CUMBOJI CTpOKH. Kpome camoil mporpaMMbl-TabJInIbI, OUCATh
CJIOBAMM, YTO BBITIOIHIETCS MAIIMHOW B KaK/I0M COCTOSIHHH.

IIpakTuueckas padora Ne23. [locrpoenune mamunbl [locTa, Bbruncasiiomen

npocreriue apupmernyeckue PyHKUnM.

1. lHeab padoThI:
dopMUpoBaHUE NPEICTABIICHUS YUAIIUXCS 00 YHUBEPCAITHHOM HCIIOJIHUTEIIE aITOPUTMOB.
[Tomy4yeHue HaBBIKOB TOCTPOEHUS TTporpaMm Jijisi MamuHel [Tocra.

2. Tembl 111 IpeABapUTEIbHON NPOPAOOTKH
o OOwee noHsATHE 00 AITOPUTME.
o CnocoObl 3a1TMCH aITOPUTMOB.

3. TeopeTnueckuii MaTepua
Mamuna Ilocta — 510 abcTpakTHast (HECYIIECTBYIONIAS pPEANbHO) BBIUMCIUTEIbHAS
MallliHa, CO3/laHHas JJig yTouHeHus (popmanmzanuu) noHstus aaroputma. [Ipeacrasmser
co0o¥i yHUBEPCAIBHBIN UCTIOTHUTENH, TTO3BOJISIIONTNI BBOJIUTh HaYaIbHbIC JAHHBIC M YUTATh
pe3yJibTar BBITIOJTHEHUS POTrPaMMBl.
B 1936 r. amepukanckuii maTemaTuk IOMuib [locT B cTaThe onmucan cucteMy, 00JIa1aroIIyo
QITOPUTMUYECKON MPOCTOTOM U CIIOCOOHYIO ONpPENENsITh, SBISETCS JIM Ta WM UHAs 3a7ada
AITOPUTMHYECKU paspemuMoil. Eciau 3agadya mMeeT allrOpUTMHYECKOE DPELICHHE, TO OHa
npejactaBuma B hopme komana st MamuHs [locta.
Maimmuna [Tocta cocTout us ...

1. OeckoHe4HOM JIEHTHI, TTOJICJICHHON HA OJMHAKOBBIC sSTUEHKH (ceKIuu). Sueitka MoXKeT

ObITh IycToM (0 MM MyCcTOTa) WK coAepkaTh MeTKy (1 uium aro60i Ipyroit 3HaK),



2. TOJIOBKH (KapeTKH), CIOCOOHOM MepeaABUraThCs 1O JICHTE HAa OJIHY AYEHKY B Ty WM
UHYIO CTOPOHY, a TakXe CIIOCOOHOM IpOBEpATh HAIWYME METKU, CTUpaThb U
3aMMCBIBATH METKY.

Tekymee cocrosnue MamuHbl IlocTa ONMMCHIBAETCS COCTOSIHMEM JIEHTBI M IOJIO)KECHUEM
kapetku. CocrosiHMe JIeHThI — HH(OpManmus O TOM, KAaKHE CEKLIHMH IYCThl, a KAaKue
orMmeueHsbl. IIlar — 370 ABMKEHUE KapeTKU Ha OJHY A4YEHKY BIEBO WK BIpaBo. COCTOSAHHE
JIEHTBI MOXKET U3MEHATHCS B IIPOLIECCE BBITOIHEHUS IPOTPAMMBI.

KapeTtkol ympasnser mporpamma, COCTOSIIAS M3 CTPOK KomaHA. Kaxknmas xkoMaHIa MMeeT
CJIEIYIOIINN CUHTAKCUC:

K],

rae | - Homep Komaupl, K — neiicTBue KapeTku, j - HOMep CIIeAYIoIeii KOMaH bl (OTChIIKA).

Bcero pist mamunbl IocTa cymecrByer mecTb THIIOB KOMaH/L:
o V] - OCTaBUTHh METKY, IEPEUTH K J-i CTPOKE MPOTPAMMBI.
o X - cTeperh METKY, IIEPEUTH K |-i CTPOKE MPOTPAMMBI.
o <-] - CIBUHYTbCS BJIECBO, IEPEHUTH K j-U CTPOKE MPOTPAMMBHI.
e ->] - CIBUHYTbCS BIPABO, TIEPEHUTH K |-i CTPOKE MPOTPAMMBI.
e ?J1; J2 - ecin B sYCHKE HET METKH, TO MEPEHTH K ji-H CTPOKE MPOTpaMMBbI, HHAYEC
MEPEHTH K |-i CTPOKE MPOTPAMMBI.
o | —KkoHnen nporpaMmsl (cTorm).
Y KOMaHJbI «CTOM» OTCBHIJIKH HET.

BapuaHTbl OKOHYAHUS BBINOJHEHUs NporpaMmmbl Ha mamuHe Ilocra:
1. Komanaa "cron'" - KoppekTHas ocTaHOBKAa. BO3HHMKaeT B pe3ysbTaTe BBINOJIHEHUS
IIPAaBUJIBHO HAIIMCAHHOT'O aJrOPUTMA.
2. BplnmosiHeHHe HeAOMYCTHMOWH KOMAHIbI — HEpe3yJbTaThBHas ocTaHoBKa. Ciydau,
KOIZla TOJIOBKA JOJDKHA 3aIllCAaTh METKY TaM, I'I€ OHA YK€ €CThb, WIM CTEPETh METKY
TaM, TJIe €€ HET, SIBJSIOTCS aBapUMHBIMU (HEAOMYCTUMBIMHU).
3. ¥xon B 0ecCKOHEYHOCTh, 3amukauBaHue. Mamuna [locta B pesynbraTe pabOTHI
aIropuT™Ma MOKET BOOOIIE HE OCTAHOBUTHCS (HUKOTAA HE IOMTH JO KOMaHIbl «CTOID)
Y HUKOT]Ia HE 3aBEPUINTHCS aBApUUHON CUTyalLIUEH ).
DOnemeHTapHble nencTBUs (koMaHpl) mamnHa [locta npomie koMaHa MammHbl ThlOpuHTa.
[losTomy mnporpammel juisi MamuHbl [locta umeror Oosnblliee 4YHMCIO KOMaHJ, 4YeM
AHAJIOTUYHBIE IIPOTPaMMBbI JUISL MAaIlHbI TrropuHra.
[Touemy mOCTATOYHO JUIIb JBA PA3JIMYHBIX CUMBOJIA (€CTh METKA, HET MeTKH)? Jleno B ToMm,
yTO JII00OOM andaBUT MOXKET ObITh 3aKOAUPOBAH JABYMS 3HAKAMHU; B 3aBUCUMOCTH OT
angaBuTa BO3pACTaTh MOXKET TOJIBKO KOJIMYECTBO JBOMYHBIX CUMBOJIOB B OyKBe ajidaBura.

Iopsinok padoThI

Bamyctuth nporpammy Algo2000.exe u mpu momomm komauasl MHTEPITPETATOP
nepeBecT ee B pekuM pabotel Marmmba Ilocta. HMcmonw3yst daiin add.pst, us3yuntsb
NPUHIUI TporpammupoBanus Ha Marrae Algo2000.exe.

IHopsinok padorel mamunbl [locta

Pabora mammubl Ilocta cCOCTOMT B TOM, YTO KapeTKa NEPEeIBUraeTcs BIOJIb JIEHTHl WU
neyaraer uiau crupaer MeTku. UtoOsl mammHa [locta pabotana, Hago 3a1aTh HEKOTOPYIO
porpaMmMy M HEKOTOPOE€ COCTOSIHME MAalIMHBI (T.€. HY>)KHO KaK-TO PAacCTaBUTh METKHU IO



CEKIUSIM JICHTBl, B YAaCTHOCTH, MOYKHO BCE CEKIIMM  OCTaBUTh IYyCTBIMH, W TMOCTABUTH
KapeTKy MPOTHUB OJIHON W3 CEKIIH).

PaboTa mamuHbl Ha OCHOBAHUHU 33JIaHHOW MPOTPAMMBbI IPOUCXOJUT CIAEAYIOIIUM 00pa3oM.
MamivHa OpUBOAMTCS B HayajJbHOE COCTOSIHUE W MPHUCTYIAET K BBIIOJIHEHUIO TEPBOM
KOMaHbl MpOrpaMMbl. DTa KOMaHJia BBIMOJHSETCS 3a OJMH Iar, Mocjie Yero MalluHbI
MPUCTYNAET K BBINOJHEHUIO TOM KOMAaHJIbl, HOMEpP KOTOPOW pAaBEH OTCHUIKE IEPBOU
KOMaHAbl. JTa KOMaHJa TaK)KE BBIMIOJHSAETCS 3a OJWH IIar, IMOCJAE Yero HayMHAETCs
BBIMIOJIHEHUE TOW KOMAaHJIbl, HOMEpP KOMAaHJbl KOTOPOM pPAaBEH OTCBUIKE HPEAbIAYIIECH
KOMAaH/Ibl.

BooOuie kaxkaas koMaHJa BBIOJHIETCA 3a OJMH IIar, a Mepexoj] OT BBINOJIHEHUS OJHOMN
KOMAaH/Ibl K BBITTOJIHCHHUIO JIPYTOM MPOUCXOAMT 1O CICAYIOIIEMY MpaBWIIy: MycTh Ha K-om
1are BBIMOJIHSIACh KOMaH/1a C HOMEPOM &, TOT1a:

1) ecii 3Ta KOMaH1a UIMEET SANHCTBCHHYIO OTCHUIKY D, TO Ha (K + 1)-0M 1m1are BBIMOJIHACTCS
KOMaHJ1a ¢ HoMepom b;

2) ecii 3Ta KOMaH1a UMeeT JiBe oTchlIKU D1 1 b2, To Ha (K + 1)-oM mmIare BBITOJHACTCS OJTHA
U3 JIBYX KOMaHJ - ¢ HoMepoM b1 uau ¢ Homepom b2;

3) eciu ke BBIMOJIHAIONIAsICS Ha K-0M Ilare koMaH1a BOBCE He UMeeT OTChUIKH, TO Ha (K +1)
- OM IIIare M Ha BCEX MOCJIECAYIOIIMX IIarax HE BBIMOJHIAETCS HUKaKas KOMaHJa — MallnHa
OCTaHaBJIMBAECTCS.

Bo3moxnbie cinydyan octanoBa mamussl [locTa:

1) B Xo0/€ BBINOJHEHUS] MPOrPAMMBI MalllMHA JOWJET JO BBIMOJHEHUS HEBBITOJIHUMOU
KOMaH/JIbl; BBINIOJIHEHUE TMPOTPAMMBI  NPEKPAIIAETCsS, MallMHA OCTAHABIUBACTCS -
MIPOUCXOIUT Oe3pe3ysibTaTHAS OCTaHOBKA.

2) B X0/1€ BBITIOJIHEHHS POrPaMMbl MallTUHA JOUJET J0 BHIIIOJHEHUS KOMaH/Ibl OCTAHOBKH;
mporpaMMa B 3TOM CIIydya€ CUMTACTCA BBINOJHEHHOW, MAalllMHA OCTAaHABJIMBACTCA -
MIPOUCXOAUT PE3YJIbTATUBHASL OCTAHOBKA.

3) B XOA€ BBINOJHEHUS MPOrpaMMbl MalllMHA HE JIOMJET A0 BBINOJIHEHUS HHU OJHOM M3
KOMAaH/Jl, YKa3aHHbIX B IIE€PBBIX JBYX BapUaHTaX; BBINOJHEHUE IPOrpaMMbl IPU 3TOM
HUKOT/Ia HE TpPEKpallaercs, MalliHa HHUKOTJa HE OCTaHABIMBAETCA - MPOIECC pabOThI
MallMHbI MPOUCXOIUT OECKOHEUHO.

3.2. Mupopmanuonnas jenra Mmamuusl Ilocra

Jlentra coctout u3 1999 sueek, Hymepamusa ot -999 no 999. fueitka ¢ TOICTON pPaMKOH,
HaxoJAIIAsACd B LIEHTPE JIEHThl - KapeTKa. BemipiBarolee MEHIO JEHThI BBI3BIBACTCS MPHU
HIeJIYKEe MpaBOM KHOMKOW MbIM Ha JeHTe. Ilpu momyuyenum ¢oxyca JIEHTOM Ha Hel
MOSBISIETCA Kypcop (CMHUH NpsSMOYroyibHHMK). Ero MOXHO cABUraTh IO JIEHTE BOPABO U
BJICBO KJIABUIIIAMH YIPABJICHUs KypcopoM. Y nepxuBas kinaBumry Shift u Haxxumast KiaBuinm
"Bnero"/ "BrnpaBo" MOXXHO BBIACIHTH HECKOIBKO siUeeK. Takke SYCHKH MOXKHO BBIJCIUTH
MBIIIBIO: yAEPKUBAs JICBYI0 KHOMKY W BBIJCIUB HY)KHble. METKU CTaBsTCs/ yAalusioTCa B
AYeiKax, KOTOpbIE BBIACIEHBL. DTO MOXHO clieldaThb HECKOJbKMMM crocoOaMu (JIeHTa
J0JKHA OBITH C(HOKYCHPOBaHA):

» xrasuteit "TIpoben"

* IIEJIKHYTh MBIIIbIO Ha KHOMKY "V" Ha maHenu HHCTPYMEHTOB

* BBIOpaTh MyHKT IJIaBHOTO WJIM BCIUIBIBAIOIIETO MEHIO "MOCTaBUTH/ YJAIUTh METKU"

* JIBOMHBIM LIETYKOM MBIIH (B 3TOM Clly4ae HW3MEHEHUE MPOUCXOIUT TOIBKO B OFHOU
sUeuKe).

Knasumm ynpasnenus kypcopom "Beepx" wnu "BHus" craBsAT Kypcop B KapeTky.



"Home" - kypcop B Hauaso BUIUMOM YaCTH JICHTHI.

"End" - Kkypcop B KOHEI[ BHUIMMOM YaCTH JICHTHI.

"Ctrl" + "BneBo" - cABUT KapeTKH BICBO

"Ctrl" + "BrpaBo" - cIBHUTr KapeTKH BIPABO

KHonku co cTpenkoil cieBa W clipaBa OT JEHTHI - MPOKPYTHTh KapeTKy COOTBETCTBEHHO
BJIEBO U BIPaBO. KHOMKM CO CTPENKOW M BEPTUKAIBHOW MAJOYKOW CJIEBA U CHPaBa OT JIEHTHI
- IMPOKPYTUTb KAPETKYy COOTBETCTBEHHO N0 KpaWHEW JIEBOM OTMEYEHHOM SYEUMKH U 10
KpalHEM IMpaBOW OTMEYEHHOM suerke. Homepa 3TmX sdeek yKas3bIBalOTCSI B CTPOKE
COCTOSIHHMSI KaK MUH U MaKC COOTBETCTBEHHO. MOYKHO HEMOCPEACTBEHHO MTOCTABUTh KapeTKy
B HYXKHYIO SYEHKY, YKa3aB €€ HOMEDP B PENAKTOpE HaJ KapeTKOW. JIEHTy MOXKHO 3allOMHHTh
(mynkt wMeHo Komanga/ 3anoMHUTH JIeHTY) u  3areM BoccTtaHoBUTh (Komanpa/
BoccTtaHoBUTD JIEHTY).

3.3. Ucnosnenne aaropurma mamunsl Ilocra

3amyck aaropuTMa Ha UCIIOJTHEHUE OCYIIECTBISETCS:

* IyHKTOM IJ1aBHOTO MeHIo [lyck/ 3anycTuth

* KHOINIKOW 3aIyCTUTh HAa MaHEIU UHCTPYMEHTOB
[Ipu 3TOM BBHITIOJIHEHUE MPOTPAMMBI OyAET UATH JI0 TE€X MOp, MOKa HE BCTPETUTHCS KOMaHAa
CTOT WJIM HE BO3HUKHET Kakasi-HUOY/Ib OIIHUOKa.

[IprocTaHOBHUTH BBIMOJIHEHUE MOKHO:

* MyHKTOM TJ1aBHOTO MeHIo [lyck/ 1ay3a;

 kHonkou [lay3a Ha maHeIn HUHCTPYMEHTOB.

Ecnu BhImosiHEHWE HE OBLIO MPUOCTAHOBIEHO, TO OHO BCErjJa HAYMHAETCS C MEPBOIt
KOMaH/Ibl asiroput™a. Eciii Obuta Haxkata raysa, TO MOKHO TIPOJIOJIKUTH BBITIOJIHEHHUE C TOU
KOMaH/bl, HA KOTOPO# MalllMHAa OCTaHOBHWJIACH. [IporpaMMy MOHO BBITIOJIHUTH IO IIaraM:

* MyHKTOM T1aBHOTO MeHIo [lyck/ [Tomaroso;

 kHOonKOM [lomaroBo Ha maHeaIn HHCTPYMEHTOB.

IIpu 3TOM BBINIOJHUTCS O4YEpeIHAass KOMAaHAA U BBINOJHEHUE MPUOCTAHOBUTCS. [I0JHOCTBIO
IIpepBaTh BBIMOJIHEHNUE IPOTPAMMBbI MOXKHO:

* MyHKTOM TJIaBHOTO MeHIo [lyck/ [IpepBaTh;

 kHonko [IpepBaTh Ha MaHeI NHCTPYMEHTOB.

PerynupoBaTh CKOPOCTH BBIIOJHEHUS MOKHO:

* MyHKTOM TJIaBHOTO MeHIO CKOpPOCTh

3.4. Ommmoxu mamueabl [TocTa

[Ipy BO3HMKHOBEHHUHU 3THX OLIMOOK MPOUCXOIUT MPEPhIBAHNE UCTIOTHEHUS alITOPUTMA.
* He yka3ana xomanna

* He yka3ana oTcpuika

* HeBepHO yKka3aH HOMEDP OTCBUIKH

» KoMaH1bI ¢ TAKMM HOMEPOM HE CYILECTBYET

* Henb3s moCTaBUTh METKY, TI€ OHA yKE €CTh

* Henb3s cTepeTrs METKY, TAE €€ HET

» OmubKa yteHus ¢aina

» OmuoKa 3anucu (aitna

4. IIpumep



YBenuuuth 4nciio 3 Ha eAMHUIY (M3MEHUTh 3HAUYCHHE B TTaMsITH C 3 Ha 4).

L[CJIOC NOJIOKUTEIIBLHOE YUCIIO Ha JieHTe MammuHbl [locTta npeaACTaBuUMO HMAYIIUMHU IIOAPAN
MCTKaMH, KOTOPbIX Ha OJHY 60JIBIIIC, 4EM KOJHUPYEMOC YHUCIIO. 9TO CBSI3aHO C TEM, UTO OJHA
MCTKa 0603Ha‘IaGT HOJIb, a YK€ IBC — CIMHUILY, U T.1.

I[OHyCTI/IM, TOYHO M3BCCTHO, 4YTO KapCeTKa CTOUT I'JC-TO CJICBa OT MCTOK H 0603peBaeT
IIyCTYyIO0 A4elKy. Torga nporpaMMa yBeJIMUCHHS YUCIIa HA €AMHUILY MOXKET BBITJIAIETD TAK:
1->2

27?71;3

3<-4

4V5
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A IMPpONHCCC BBIITOJIHCHUA MOKCT 6I>ITI> TAKHM:

MawmHa lNocTa.
NMpubaeneHmne eaAMHMLbLI K HUNCNTY

|
Kowsmanna 1.
CORHMHYTE KAPETKY BIPaABO. {b 1
Iepeiitn K woMmange 2.0
Konmanna 2. > o 1: 3
Ecny MeTHH HET, TO NEPpeiTH K KoMaHIe | . : »
HMuaue - nepeiitn K konmange 3
—/
Komanna 1. 1 —
COBHHYTE KApeTKY BIIPaABO. - =
IMepeiitn k. worMmange 20
I
Komanna 2. . > 1: 3
Ecny METHH HET, TO NEPSHTH K KoMaHIe | . = - »
HMuaue - nepeiiTn K konarnge 3.
—

Konmanna 1. 1 -= 2
CORHHYTE KAPeTKY BIAPaABC. -
Tlepeiitn ¥ KoManTe 20

/1
Komanna 2.

OMAHE - 2 2 1
Ecas MeTKH HET, TO NEepeiiTH K komanae |. .
HMuauce - nepefiTyn K konmasme 3
Komanna 3. -
CAORHHYTE KAPETKY BICBO. 3 <-4
IMepeiitn K woManac 4.

—
Komanma 4. E—
£
IMocTaBNTE METKY. Qb 4V

TlepeiT K KoManIe 5.

1
L Iviviviviv] ]
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Foxmanma 5.
Cron.

[TpuBeaemM mporpamMmy IS CIOXKEHHUS LEIbIX HEOTPUIATEIbHBIX YHCeT & M D Ha MarimHe
[Tocra, KOr/Ia TOJIOBKA HAXOMUTCS HAJ YMCIOM &, a YMciao b HaxoauTcs mpaBee yucia a Ha
HEKOTOPOE KOJIMYECTBO KJIETOK. DTa MPOrpaMMa pealln3yeT CIEAYIOIIUN aaropuTM: MepBoe



YHCIIO MOCTETICHHO MPUBUTACTCS KO BTOPOMY IO WX CIUSHUS, a MOTOM CTHpPAETCs OJIHA
MeTKa (MHa4e pe3ysbTaT OKa3aycs Obl Ha €IUHMITY OOJIBIIE MPABUIBLHOTIO).

ululv u[ulu[u]u
1< 2 7->8 13 -5 14
> 3 > 15
2 —{ 8 1% ¢ 17
> 1 > 9
35 4 9 <= 10 15 <- 1%
b ¢S MWH 1 16 H 1
[ 11 <- 1% 17 c¢Ton 17
7 > 1
]
> 5

5 ->
>
|
> 5
B ciiydae Oonee CIIOKHBIX HAdalbHBIX YCIOBHI, KOTJa HEU3BECTHO, CIPaBa WIH CJIEBA OT
TOJIOBKH (M Ha KaKO€ YHMCJIO KJIETOK) HaXOJIUTCSA YHCIIO, MOKHO IPUMEHUTh TAKOW MPUHIUI
IIOMCKA YUCIA: JABUTas TOJIOBKY IIOOYEPEIHO BIIPABO U BIIEBO U OTMEYasi METKAMH CTEIICHb
YAQIEHUSA TOJIOBKM OT HCXOJHOIO IIOJIOKEHHUs, HAUTH YHUCIO, a IIOTOM YyXKE€ IPUMEHHUTH
U3BECTHYIO Iporpammy cioxeHus. [Ipu 3ToM mpoBepsieTcs, HaXOAMTCS JIM I'OJIOBKA Hal
OJIHOM M3 METOK YHCJIa U €CJIM Ja, TO TaKas 3aJa4da y»Ke pelleHa, HHaye MpOoBepseTCs IycTa
JIM CEKLIMs CIpaBa OT FOJIOBKU U CIIEAYIOIAs 3a Hel; eciu 00€ IMyCThl, TO J€JIaeTCsl BO3BPAT
T'OJIOBKM HA OJIMH IIar ¥ CTaBUTCSA METKA, a 3aT€M TaKas K€ OIEepalvs BBIIIOJIHAETCS CIEBA U
10 OTMEYEHHOM JOPOXKKE T'OJ0BKA BO3BPAILAETCS BIPABO U T.JI. IO TEX IOP, ITOKA IOJIOBKA
HE HATOJIKHETCSA HAa 4YMCIIO, IIOCJIE YEro MOKHO IPUMEHUTH PAHEE PACCMOTPECHHBIEC BBILIE
IIPOTPAMMBI:
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1— 6 < 7 12 -3 13 18 -> 19
> 16 > 20
3 > 3 TH 8 13 H 14 19~[
R > b > 18
3] g <- 9 1u—[ 20 M 21
> 16 > 10 > 15
b -> 5 9~[ 15 -> 14 21 cron 12
R > 8
5 10 <= 11 16 <- 17
> 18

> 12 > 20
1 17
> 16 > 16
Mammny Ilocta MOXKHO paccMaTpuBaTh Kak yHpOIIEHHYI0 Moaens OBM. B camom nerne,
kak 9BM, Tak u mamuHa [Tocta nmerot:

- HeJenuMble HocuTend HHPopMauuu (KJIETKH - OUTbI), KOTOpbIE MOTYT OBITh
3aMOJHEHHBIMH WJIM HE3aMOJHEHHBIMU;
- OrpaHUYEHHBIH HAOOp JJIEMEHTAPHBIX JACHCTBUM - KOMaHJ, KaxkIas U3 KOTOPHIX

BBITIOJTHSAETCS 32 OAWH TaKT (11ar).

O6e MammHbI paboTalOT HAa OCHOBE Tporpammbl. OxHako, B mamuHe [locta wHbOpMaims
pacroJiaraeTcsi JMHEHHO M 4YuTaeTcs moapsan, a B OBM MoxHO uuTaTh WH(OpMAIUIO 10
aapecy; Habop komaHg DBM 3HauMTENHbHO ITUPE U BhIpa3uTEIbHEE, YeM KOMaH/Ibl MAIIUHbI
ITocra u T.1.

S. 3apanue

llosicnenus x ycroguam 3aoay

1) B 3agayax mon maccuéom TOHUMAETCS IMOCIENOBATEIbHOCTh MOAPAN HAYUIMX METOK,
OTPaHUYCHHAS MyCThIMU STYEHKAMMU.

2) Ecnu B 3ajjaye TOBOPUTCS, YTO Ha JIEHTE 3a/1aHO YUCJIO B YHAPHOU CUCTEME, TO UMEETCS B
BHJY, YTO HATYPAJIbHOE YUCIO N 3aKOAUPOBAHO C MOMOIIBIO MACCUBA JJIUHBI N.

3) B 3agavax mpu OnMcaHMM HAYaJBLHOTO COCTOSIHUS JIEHTHI OyJeM YKa3bIlBaTh TO, YTO
3aIMCaHO HAYMHAS C CAMOM JIEBOM HEIYyCTOM SYEUKM M 3aKaHYMBAsI CAMOU IPABOU HEITyCTON



auelikoi. Ilpu 3TOM OyAemM HCHONB30BaTh ClEAyrolre 0003HAYEHHUs: N MOAPSAN HIYLIUX
METOK OyaeMm oOo3HauaTh 1IN, a M mycteix siueek — Om. Ilpu obGo3HayeHUU OHOM
3aMOJHEHHON WK MyCTOU siueiku OyaeM nucath npocto 1 uiau 0, COOTBETCTBEHHO.

K npumepy, 3anuce “12012” 6ynet coorBercTBOBaTh 3anucu “11011” Ha nenTe.

4) Ecniu He cka3aHO HUYETro O MECTOHAXOXKJCHUM KApPETKU B HAYAJIbHBII MOMEHT BPEMEHH,
TO OyZIeM CUMTaTh, YTO KapeTKa 0003peBaeT SUCHKY C cCaMOid JIEBOM METKOM.

1. CocTaBbTe M pOBEPHTE MporpamMmy Jjisi MamuHbl [locta, co3maonryo Ha JIEHTE KOMUIO
3a/IaHHOM TIOCJIE0BATEIBHOCTH METOK CITpaBa OT HEE.

2. Ha nente IMPpOCTAaBJICHA MCTKa B OI[HOﬁ-GI[HHCTBGHHOﬁ STYCHIKE. KapeTKa CTOUT Ha
HCKOTOPOM pPACCTOAHHUU JICBCC ATON SIYCMKHU. HCO6XOI[I/IMO IMOABCCTHU KApPCTKY K quﬁKe,
CTCPCTb MCTKY U OCTAHOBUTH KAPCTKY CJICBA OT ATOM STUCHKH.

3. Ha nenrte 3aJaH MaCCHUB MCTOK. YBeauuuTh JJIMHY MACCHUBa Ha 2 METKHU. KapeTKa
HaXOoaAHuTCA an0o cieBa oT MacCCHBa, 0o Hal O,Z[HOf/’I N3 JYCCK CaMOI'0 MaCCHBa.

4. JlaHbl 1Ba MaccuBa METOK, KOTOPBIE HAXOIATCS HA HE KOTOPOM PACCTOSIHUU JIPYT OT
npyra. TpeOyeTcsi COeIMHUTh UX B OJMH MaccuB. KapeTka HaxoauTcCs HaJl KpaliHEW JIeBOM
METKOM IEPBOTO MACCUBA.

I[OHOJIHI/ITCJII)HLIC 3aJaHuA

1.I[aH MaCCHB MCTOK. KapeTKa pacnojaracTcia rac-Tto Haa MaCCUBOM, HO HC Hall KpaﬁHHMH
MCTKaMH. CTCpGTL BCC MCTKH, KpPOMC KpaﬁHHX, N IIOCTAaBUTb KaApCTKYy B HCXOIAHOC
ITIOJIOKCHHUC.

2. Ha nenre mammuubl [locTa pacmoioxkeH MaccuB M3 N METOK (METKH PACIOJIOKEHBI Yepe3
npobein). Hy)kHO ckaTh MacCHMB Tak, 4TOOBI BCE N METOK 3aHUMaId N PacIoI0KCHHBIX
MTOPSIJT STYCEK.

3. JlaHO HECKOJIbBKO MAacCHBOB METOK. Y JaJduTh YETHbIC MaccuBbl. KapeTka HaxoauTcs Han
MEePBBIM MacCCHUBOM.
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