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BBEJIEHHUE

B o0miem citydyae moj; COpTUPOBKOM MOHUMAIOT MPOLIECC YIOPSI0UCHUST MHOXKE-
CTBa MOJO0OHBIX MH(POPMAITMOHHBIX OOBEKTOB B HEKOTOPOM OIPEIEICHHOM IMOPSIKE
C IIeJIbI0 OOJIErYeHUsT TOCJIEAYIONIeT0 OMCKAa HYKHBIX AJIeMeHTOB. Hampumep, mo-
CJIeI0BATEILHOCTh A U3 M DJIEMEHTOB OTCOPTHPOBAHA B MOPsJIKE BO3pacTaHus (He-
yObIBaHUS) 3HAUCHUH DJIIEMEHTOB, eclii @; < ... <a;<... < a, .

Paznuyaror aBa BUZla COPTUPOBOK: COPTUPOBKY MACCHUBOB U COPTHUPOBKY (haii-
710B. COPTUPOBKY MAaCCUBOB TaK)K€ Ha3bIBAIOT BHYTPEHHEH, T.K. BCE AJIEMEHTHI Mac-
CHUBOB XPAHATCS B OBICTPON BHYTpPEHHEW MaMSITH MAIIWHBI C MPSIMBIM JIOCTYIIOM, a
COPTUPOBKY (paiijIOB — BHEIIIHEH, T.K. UX DJIEMEHTBI XpaHATCS B MEIJICHHOM, HO OoJiee
€MKOM BHEIIHEH ITaMsTH.

IIpyn BHYTpeHHEW COPTHUPOBKE AOCTYH K IJIEMEHTaAM MOXKET OCYIIECTBIATHCA B
MPOU3BOJIBLHOM TOpsiike. HanpoTus, mpu BHELIHEW COPTUPOBKE JIOCTYII K DJIEMEHTaM
MPOU3BOAUTCS B CTPOTO ONPEAECIECHHON MMOCJIEI0BATEIbHOCTH.

NmeeTcss MHOXKECTBO aIrOPUTMOB KaXJAOTO M3 BUIOB COPTUPOBKU. Kaxkablil aj-
TOPUTM HMMEET CBOM JIOCTOMHCTBA, HO B 1LI€JIOM €T0 OIICHKA 3aBUCUT OT OTBETOB, KO-
TOpBIC OYAYT MOJTYYECHBI HA CIIEIYIONINE BOTIPOCHI:

o C KaKoW CpeIHel CKOPOCTHIO ATOT aJTOPUTM COPTUPYET HH(DOPMAIIHIO;

o KaKoBa CKOPOCTH ISl JIyYILEro U JUIsl XYAILIEro CiIy4yaes;

o ABJIETCS JIM €CTECTBEHHBIM “TIOBEACHUE alropuTMa (T.€. BO3PACTAET JIM CKO-
POCTh COPTUPOBKH C YBEIUYCHUEM YIIOPSTOUCHHOCTH MAaCCHUBA);

o ABIIETCS JIM aJTOPUTM CTaOWIBHBIM (T.€. BBITIOJIHSAETCA JIM MEPECTAaHOBKA BJie-

MEHTOB C OJJUHAKOBBIMU KITFOUaMHU ).

JUIs KOHKPETHOr0 alropuTMa 0oJIbIIOe 3HAUEHNE UMEET CKOPOCTh COPTHPOBKHU.
CKopocTh, C KOTOPOH MacCUB MOXET ObITh YHOPSJOUYEH, 3aBUCUT OT YMCJa CpAaBHE-
HUN ¥ HEOOXOAMMBIX ornepaluii ooMeHa. [Ipu 3ToM HEOOXOIUMO YUYHUTHIBATH, YTO
ornepanuy 0OMeHa 3aHUMarOT OOJIbIlIEe BPEMS, YEM OIEPALlUU CPAaBHEHUS.

Kputepusimu olieHKN pa3indHbIX METOJ0B COPTUPOBKU MOTYT OBITh:

. KOJINYECTBO CPaBHEHMUI;

. KOJINYECTBO MEPECTAaHOBOK;

o BpEMSL COPTUPOBKH;

o TpeOyeMbIii 00bEM MaMATH JJIs1 COPTUPOBKHU;
o CJIO’KHOCTB aJITOPUTMOB COPTUPOBKHU.

HpaKTI/ILIeCKI/I Ka)KIIBIﬁ AJIrOpuUTM COPTUPOBKU MOIKHO p336I/ITB Ha TpHU KOMIIO-
HCHTHI.

o CpaBHEHHE, ONPENEIAIONIEE YITOPSA0OUEHHOCTh aphl 3JIEMEHTOB;
o MEepECTAaHOBKY, MEHSIOIIYI0 MECTAMHU Mapy 3JIEMEHTOB;
o COOCTBEHHO COPTUPYIOIIUNA aJrOPUTM, KOTOPBIM OCYIIECTBISET CpaBHEHUE U

MePECTaHOBKY 3JIEMEHTOB JI0 TEX MOp, MOKa BCE 3JIEMEHTHI B IIOCIIEI0BATEILHOCTH HE
OyayT ynopsiIOu€HbI.

Jlnist perieHus 3aad COPTUPOBKH pa3paboTaH psij allfOPUTMOB. TpHBHAIBEHBIM
pemieHneM ObUTO ObI HAWTH HAMMEHBIIUN IJIEMEHT BO BCEM MAacCHBE M MOMECTHTH
€ro B KauecCTBE MEPBOTO 3JIEMEHTa BO BCIIOMOTATENIbHBIN MacCHB. 3aTeM HAWTH HaW-



MEHBIINNA U3 OCTABIIUXCS U MMOMECTUTH €T0 B KAY€CTBE BTOPOTO JIEMEHTa BO BCIIO-
MoraTeNbHbI MaccuB. OHAKO MPH 3TOM MpOorpaMMe TpeOyeTcs MaMsTH B JIBa pas3a
0oJbIlIe, YeM 3aHUMAET UCXOHBIA MaccuB. Jlaiee paccMaTpUBalOTCSI METOIbI COPTH-
POBKH, Y KOTOPBIX HET YyKa3aHHOTO HEJO0CTaTKa, T.e. COPTUPOBKA OCYILECTBISAETCS
“mo mecty’’.

Bce metompl BHYTpEHHEH COPTHUPOBKH MOXKHO pas3leliuTh Ha JBE OOJBIINE
TPYTIIbL:

o MPSIMBIE METOJIbI COPTUPOBKH;
o YIyUIICHHBIE METOABI COPTHPOBKH.

[IpsiMble METOIBI COPTUPOBKH MO MPHHIIUITY, JISKAIIEMy B OCHOBE METOZa, B
CBOIO OU€pe/lb pa3IesIOTCs Ha TPU MOATPYTIIbIL:

1) copTHpoBKa BCTaBKOM (BKIIOUCHHEM );
2) copTupoBKa 0OMEHOM (“Iy3bIpbKOBasi” COPTUPOBKA);
3)  copTupoBKa BEIOOPOM (BBIACICHUEM).

VY iydiieHHbIe METOIbI COPTUPOBKH OCHOBBIBAIOTCS HA T€X YK€ MPUHITUIIAX, YTO U
npsiIMbIe, HO UCTIONB3YIOT HEKOTOPHIE OPUTHHANBHBIC WACH U YCKOPEHUS IMpoliecca
copTupoBKU. [IpsiMbIe METOIbI Ha MPAKTUKE MCIIOJIB3YIOTCS TOBOJIBHO PEAKO, TaK KaK
MMEIOT OTHOCUTENILHO HU3KOEe ObICTpojaeiicTBUE. OHAKO OHU XOPOIIO MOKA3bIBAIOT
CYTh OCHOBAHHBIX Ha HUX YJIYYIICHHBIX METO/I0B. Kpome TOoro, B HEKOTOPBIX CITyda-
ax (KaK TpaBWIIo, MPU HEOOJBIION JAJIMHE MacCUBa WM 0COOOM MCXOAHOM Pacroio-
’KCHHH DJIEMEHTOB MaCCHBa) HEKOTOPHIC M3 MPSIMBIX METOJ0B MOTYT JIa)Ke€ TIPEB30UTH
yIy4IIICHHBIE METOBI.

K yny4iieHHbIM METOAaM MOKHO OTHECTHU CIEAYIOIINE COPTUPOBKHU:

1) coptuposky Illenna;
2) ObicTpyro coptupoBky (QuickSort);
3) nupamupanbHyo coptupoBky (HeapSort).

B manpHeiimeM A IpOCTOTHI B IpUMeEpax, WLTIOCTPUPYIOMIUX METOJIbI COPTH-
POBKH, OYIyT HUCIONB30BATHCS MACCHUBBI LEBIX YHUCEN, & COPTUPOBKA OyAET BBINOJ-
HATBHCS B MOPsIAKE BO3pacTaHus (HeyObIBaHUs).



1. MPOCTBIE BHYTPEHHUE COPTUPOBKHA
1. 1. COPTUPOBKA BCTABKAMM

1. 1. 1. TIPOCTBIE BCTABKHA

CyImHOCTh METOJIa COPTUPOBKM BCTaBKAMM (AaHHBIA METOJI HA3bIBAETCS €Il
METO/IOM TIPSIMOTO BKJIIOYEHUS) JIETKO MOSICHUTh HAa MPUMEpPE IMpoliecca TaCOBaHUS
KapTOYEK C UMEHAMHU. PErucTpaTop 3aHOCHUT KaKJ10€ UMS Ha KapTOYKY, a 3aTEM YIIO-
PSA0YMBAET KapTOUYKHU MO andaBUTY, BCTABJIASA KAPTOUYKY B BEPXHIOIO YacTh CTONKU B
MOAXOIAIIEE MECTO.

AHaIOrM4YHO MPOUCXOIUT U COPTUPOBKA B MaccuBe. B Kaxablii MOMEHT BpeMe-
HU B HEM MOXHO BBIJEIUTH JIBE YACTHU: OTCOPTUPOBAHHYIO U HEOTCOPTHUPOBAHHYIO.
DneMeHThl U3 HEOTCOPTHUPOBAHHON YacTH MOOYEPETHO BHIOUPAIOTCS U BCTABISIOTCA
B OTCOPTUPOBAHHYIO YacTh TakK, YTOObI HE HAPYLIUTh B HEH yMOPALOUYECHHOCTH 3JIe-
MeHTOB. Ha nmepBoM mare B kauecTBE OTCOPTUPOBAHHON YaCTW MaccHBa MPUHUMAET-
Csl TOJBKO OJMH IIEPBBIN DJIEMEHT, @ B KAUECTBE HEOTCOPTUPOBAHHOMN YacTH — BCE OC-
TaJIbHBIE.

Takum oOpazoMm, anroput™M OyAeT cOCTosTh U3 (m-1) — O mpoxona (rae n —
KOJMYECTBO 3JIEMEHTOB MAaCCHBA), KaXIbId M3 KOTOPBHIX OYyIET BKJIIOYATh YETHIPE
NEUCTBUA:

o B3SITUE OUEPETHOTO i-r0 HEOTCOPTHUPOBAHHOIO JIEMEHTA U COXPAHEHHE €ro B
JOIIOJTHUTEIIBHOU NIEPEMEHHON;

o MOUCK TIO3UIIUM j B OTCOPTUPOBAHHON YaCTU MAacCHBa, B KOTOPOU MPUCYTCT-
BHE B3STOr'0 JIEMEHTA HE HAPYIIUT YIOPATOYCHHOCTH JIEMEHTOB;

° CIBUT 3JIEMEHTOB MaccuBa OT j-TO 10 (i-1)-ro BIpaBo, 4TOOBI OCBOOOIUTH IO-
3UIHIO JJ1S1 BCTAaBKU;

o BCTaBKa B3SITOTO DJIEMEHTA B HAMJICHHYIO j-IO MO3UITUIO.

Ilpumep: nycTh JAaH UCXOAHBIN MaccuB uucen A={45, 55, 12, 42, 94, 18, 06,
67}. Kak Obulo CKa3zaHO BBIIIE, MPU COPTUPOBKE BKIIOYEHHUEM MACCHUB JEIUTCS Ha
JIB€ YaCTH: JIEBasl y3K€ OTCOPTUPOBaHA, a npasas eule HeT. CHavana jieBas 4acTh CO-
CTOWUT W3 OAHOTO AyiemMeHTa {45}, a mpaBas U3 BcexX ocTaibHbIX {55, 12, 42, 94, 18,
06, 67}.

Heo0xonumo B35Th NMEPBBIN JIEMEHT U3 MIPaBOil 4acTu, T.€. YUCII0 55 u nmomec-
TUTh €0 B JICBYIO YaCTh TAKUM 00pa3oM, UTOOBI JieBast 4acTh CTaJIa YIOPSI0YECHHOM.
ITocne >Toro sieBass OTCOPTUPOBAHHASL YACTh YBEIUYUTCS HA OJWH DJIEMEHT, a MpaBas
Ha OJIMH 3JIEMEHT yMeHbIIUTCA. B ipumepe 45 < 55, noaTomMy HE HaJ10 TPOU3BOAUTH
MEePeCTaHOBOK 3JIEMEHTOB. Ternepb MaccuB OyAET MOJENEH CIEAYIOIMHNM 00pa3oM:
{45, 55} {12,42,94, 18, 06, 67}.

Jlanee BBINICONMMUCAHHYIO MPOILIEAYPY HY>KHO MOBTOPUTH C HOBBIMH MPABOM U
JIeBOM yacTaMHU MaccuBa. BugHo, 4TO J71s1 TOT0, 4YTOOBI MOMECTUTD YKCo 12 Ha HYX-
HOE MECTO, HEOOXOIMMO TPOU3BECTH MEPECTAHOBKHU AJIEMEHTOB. JlemaeTcs 3To cie-
IYIOIIUM 00pa3oM: 3HaueHue 12 3amoMHuHaeTcs BO BPEMEHHYIO MEPEMEHHYI0, a 3a-
TEM BBITIOJIHAETCS CPAaBHEHUE YUCIIa 12 ¢ MOCHEHUM 3JIEMEHTOM JIEBOM YaCTH, T.€. C
yucaoM 55. [Tockonbky 12 < 55, To uncno 55 caBuraercs Ha MecTo yucia 12. 3arem



12 cpaBuuBaetcs ¢ unciaoM 45. Ilockonbky 12 < 45 | o uncno 45 nomemniaercs Ha
Mecto uncna 55. JlanHas mpoiienypa MoBTOpsieTCs 1O TeX Mop, MoKa He Oyner Joc-
TUTHYT JI€BBIM Kpail MaccuBa, JIMOO OYEPEIHOM 3JIEMEHT B JIEBOM YacTU MaccHUBa He
OKa)XeTCsl MEHbIIIE UM paBeH unuciy 12.

[locne sToro umcno 12 momeniaercss U3 BPEMEHHOM MEpEMEHHON Ha 0CcBOOO-
JUBIIEECS MeCTO (B JaHHOM ciiydyae Ha Mmecto yucia 45). Teneps MaccuB pazOut
cienyromum obpazom: {12, 45, 55} {42, 94, 18, 06, 67}. Ananoruunbie IeUCTBUS
MPOJOJKAIOTCS 10 TeX IMOP, MOKa B MPaBOW YacTH, T.€. B HEOTCOPTUPOBAHHOM Mac-
CHUBE, €II€ €CTh 3JIEMEHTHI.

Bce astanbl coptupoBku mpenactasiieHbl B Ta0a. 1. CepbIM 1IBETOM BblJeIeHa
HEOTCOPTUPOBAHHAS YaCTh MAacCHBA.

Taonua 1
COpTHpOBKa HpOCTBIMI/I BCTaBKaMHU
Llaz JeMeHThl MacCHBa

45 55 12 42 94 18 06 67
i 45 55 12 42 94 18 6 67
2 12 «—45 | 55 /42 94 18 6 67
3 12 42 J—a5 | 55 94 18 6 67
4 12 42 45 55 ] 94 18 6 67
5 12 18 | 42— 45 | 55 | 94— 6 67
6 6 12— 18 42 45 55 94 / 67
7 6 12 18 42 45 55 67 J 94

Cxema anropuTma COpTUPOBKHU IpecTaBieHa B npui. 1. Cxema paccMOTpeHHO-
ro alropuTMa M BceX nocieayromux BoinojgHeHa B coorserctuu ¢ 'OCT 19.701-90
(mpencraBieHue MUKIOB JaHO C MOMOIIBIO cuMBoJa “I'panuna nukna’) [4].

AHaJN3 COPTHPOBKHU METOJA0M NPAMOIr0 BKJIIOYEHHUS.

CoptupoBKa BCTaBKOW MMEET J[Ba MIPEUMYIECTBA.

Bo-mniepBhix, oHa o0JiajaeT €CTECTBEHHBIM ‘‘TIOBEEHHUEM ’, T. €. BBINOIHACTCS
ObIcTpee Ml YHOPSI0YEHHOI0 MacCUBa U JIOJbILIE BCETO BBIMOJIHIETCS, KOT/la Mac-
CUB YNOpSAJA04YEH B OOpaTHOM HaIlpaBieHUU. ITO JelaeT COPTUPOBKY BCTABKOM IMO-
JIe3HOM IIpH paboTe C MOYTHU OTCOPTUPOBAHHBIMU MacCHUBaMH. BO-BTOPBIX, 371€MEHTHI
C OJIMHAKOBBIMU 3HAYEHUSAMHU HE MEPECTABIAIOTCS, T.€. COPTUPOBKA CTAOMIIbHA.

HecMoTpst Ha TO, 4TO YMCIIO CPaBHEHUH MOKET OBITh HEOOJIBIIUM [IJIsl OTpe/ie-
JIEHHBIX HAOOpOB [IaHHBIX, IMOCTOSIHHBbIE CIBUTM MaccuBa TPEOYIOT BBINOJHEHUS
OOJIBIIOrO YKCIa ONepanuid NepecTaHOBOK. JTO SABIAETCS CYIIECTBEHHBIM HEJOCTAT-
KOM METOJa.

O6mee yucno cpaBHeHui (C) u mepecTaHoBOK (M) ompepaensercs: BbIpaxke-
HUsIMH [ 1]

Cminzn_l; Mmin=3*(n_1);



Coie=M" +n—-4)/4; Myp=m +3n-4)/2.

I'JIe # — KOJIMYECTBO DJIEMECHTOB B MCXOJTHOM MOCJIE0BATSIHLHOCTH;
Cuin 5 Cavg s Cpax — COOTBETCTBEHHO MHHUMAJILHOE, CPEIHEE U MAKCUMAJILHOE
3HAYCHHUE CPAaBHEHUM;
Mmin , Mavg, Mmax — COOTBETCTBEHHO MHMHUMAJIbHOE, CPEAHEE U MAKCUMAIBHOE
3HAYEHUE NIEPECTAHOBOK.

1. 1. 2. BCTABKHU C BAPBEPHBIM 2JIEMEHTOM

JlaHHBIA METOJ COPTHUPOBKH aHAJIOTMYEH OMMCAaHHOMY BBINIE 32 UCKIIFOUEHHEM
OJIHOM JieTalii, KOTOpasi MOXET B HEKOTOPOH Mepe YIIPOCTUTh allrOpUTM. Peub uaer o
O0apbepHOM 3JIEMEHTE, KOTOPbII pacroyiokeH Nepel OTCOPTUPOBAHHONW YACThIO Mac-
CHUBa, T.€. CJIEBa, JJII TOTO B UCXOJHOM MAacCHUBE ]ISl HETO pe3epBUpyeTcs MecTo. B
MO3UILMI0 0APbEPHOTO JIEMEHTA Ha KaXK/IOM IlIare MOMEIIAaeTcsl TeKYIUA BCTaBIIsie-
MBIl 3JIeMEHT (TIepBbI B HEOTCOPTUPOBAHHOM YaCTH).

BBenenne 6apbepHOro 3J€MEHTa MO3BOJISIET OTKa3aTbCs OT MPOBEPKH YCIOBUS
BBIXOJIa 3a Ipelesbl MaccuBa (clieBa), T. K. YCIOBHE OCTAHOBKM MPH TMOUCKE MeCTa
JUISL BIeMEeHTa ONpEeNEeNseTcsl CIeAYIONIMM MPAaBUIIOM: ClIeBa MEHbIIWE WU PAaBHBIC
BCTaBJISIEMOMY 3JIEMEHTY, a CIpaBa CTPOro OOJIBIIKNE €ro.

Cxema anroputMa COpTUPOBKH MPECTaBICHA B IPUIL. 2.

OO6111ee yncIo cpaBHEHUH U IEPECTAHOBOK IPU UCTIOIB30BAHUU JJAHHOTO METO/1a
aHAJIOTMYHO UX YUCIY [IPU COPTUPOBKE METOIOM MPOCTHIX BCTABOK.

1. 1. 3. BCTABKU C BUHAPHBIM IIONCKOM (bBUHAPHBIE BCTABKHN)

Meton OMHapHBIX BCTABOK SIBISIETCS YIYUYIIEHMEM METO/Ia MPOCTHIX BCTABOK.
OTnnune 3aKiIrodaercsi B C0c00€ OTHICKAHUS MECTa BCTaBKM OYEPEAHOIO HJIEMEHTA
B OTCOPTHPOBAHHYIO YacTh MAaCCHUBA.

OcTanoBuMcs noApoOHee Ha OMHAPHOM (JIBOMYHOM, TUXOTOMUYECKOM ) MIOUCKE.

PaccMoTpumM moOCIEn0BaTENBHOCTD, COCTOSIILYIO M3 M DJIEMEHTOB, 3HA4YCHMS
KOTOPBIX YAOBIETBOPSIOT YCIOBUIO

A;<A;<...<A,
T.€. SIBJIAFOTCSA OTCOPTHUPOBAHHBIMH.

[Ipu cpaBHeHMH B TaKOM MOCIEJOBATENbHOCTH UCKOMOro 3HaueHuss X u A;

MO>KET OBITH ITOJIYYEH OJUH U3 TPEX PE3yIbTATOB:

° X <A; {pnemeHThl A;, Ais1y +oey Ay UCKIIOYAIOTCS U3 PACCMOTPCHUS } ;
o X =A; {nouck 3aBeplieH};
° X>A; {pnemeHTol A}, Az ...y A; UCKIIOYAIOTCS U3 PACCMOTPECHUSA .

N3 sT0r0 BBHITEKAET CYTh METOJa OMHAPHOTO MOUCKA: CPABHUTH 3HAUeHUE X CO
CpeaHUM A, ;s 3HAYEHUEM TIOCIE0BATEIBHOCTH, B PE3YyJbTAaTe€ 3TOIO CPABHEHUS OIl-
pelenuTh, B KAKOM MOJOBUHE MOCIEI0BATEIBHOCTH HAXOIUTCS UCKOMOE 3HAYEHUE, U
CHOBA MPUMEHUTD TY ke MPOIEAYPY K BHIOPAaHHOMU MOJOBUHE MOCJIEI0BATEIBHOCTH.



JInsi moucka MCKOMOTO 3HAYEHHUsSl MOHAJAOO0UTCS BBIMOJHUTH TOpsaka logn
cpaBHeHMI. B pe3ynbrare nickoMoe 3HaueHue Ju00 OyJeT HalJIeHO, TM00 YCTaHOB-
JIEHO, YTO €r0 HET B MOCJIEI0BATEIbHOCTH.

B onHol u3 Hanbosee nonynsapHbIX GOpM peanusalii MeToAa MOUCKa UCTIOJb-
3ytoTcs ABa ykazartens: L u R, KOTOpble COOTBETCTBEHHO YKa3bIBalOT Ha JIEBYIO
(Left) u mpaByto (Right) rpaHulibl MOUCKA.

PaccMoTpum nocieqoBaTeNbHOCTD IATOB JJIs peaanu3aluy MoucKa ajaeMeHTa X
B MIOCJIEIOBATEIbHOCTH YHUCEN, PACTIONOKEHHBIX B MOPSAKE BO3paCTaHUSI, & UMEHHO:
A<Az<...<Ap.

Hlar 1. Uaunmuaan3anus

VYcranoButh L=1, R=N.

Iar 2. Haxo:xxnenue cepeauHbI

Ha sToM mare M3BECTHO, UTO €CJIM 3JIEMEHT X UMEETCS B MOCIEI0BATEIBHOCTH, TO
cripaBeuBo yciaoBue A;< X < A, Ecnu R< L, anropuTm 3aBepuIae€TCs HEYJAuHO,
T.€. UCKOMBIM 3JIEMEHT HE HalJeH. B mpoTHUBHOM ciy4ae CJleAyeT YCTaHOBUTH
Mid=|(L+R) div 2], yto0b1 Mid cOOTBETCTBOBAJIO CEpEANHE paccMaTpUBaeMOM Jac-
TH TIOCJIE0BATEIBHOCTH.

Iar 3. CpaBHeHue

Ecin X<A4,,;, nepeitu k mary 4; ecnu X>A4,,,;, IeperTu K mary 5; eciniu X=A,4
AJTOPUTM YCIICIIHO 3aBEPIIAETCS U UCKOMBIN 2JIEMEHT Hal/IeH.

lar 4. N3menenne R

VYcranoButs R=(Mid-1) n nepeiitu K mary 2.

Hlar S. U3menenue L

YcranoButh L=(Mid+1) u nepeiiTu K mary 2.

B Ta6n. 2 npeacrapieH npouecc OMHApHOTO MoucKa yucia 653. BeineneHnbie
TpaHUlIbl MOKA3BIBAIOT 30HY MOUCKA, & OTMEUYECHHAS CEPBIM IIBETOM STU€HKA — A pig.
B nanHoM ciiyyae MOMCK 3aBEpIIACTCS MOCJIE BHIIIOJHEHUS YETHIPEX CPABHEHUIM.

Tabnuua 2
buHapHbIil MOUCK 3nemMeHTa 653
H61 87 | 154 | 170 | 275 | 426 | 503 | 509 | 512 | 612 | 653 | 677 | 703 | 765 | 897 | 908

61 | 87 | 154 | 170 | 275 | 426 | S03 | 509 || 512 | 612 | 653 | 677 | 703 | 765 | 897 | 908
61 | 87 | 154 | 170 | 275 | 426 | S03 | 509 || 512 | 612 | 653 J| 677 | 703 | 765 | 897 | 908
61 | 87 | 154 | 170 | 275 | 426 | S03 | 509 | 512 | 612 H653 677 1703 | 765 | 897 | 908

Ha nepBom mare L=1, R=16, Mid=8, T.e. yka3pIBaeT Ha 3JIEMEHT CO 3HAUYCHHU-
em 509.

Ha Btopom mare L=9, R=16, Mid=12, T.e. yka3bIBaeT Ha 3JIEMEHT CO 3Haye-
HueM 677.

Ha tpetbem mare L=9, R=11, Mid=10, T.e. yka3pIBaeT Ha 3JIEMEHT CO 3Haue-
HueM 612.

Ha yerBepTrom mare L=11, R=11, Mid=11, 1.e. yka3bIBaeT Ha 3JIEMEHT CO
3HaueHueM 653. [louck 3aBeplieH.



CxeMa airoputMa COpTUPOBKH MPEACTABICHA B MPUI. 3.

AHaJIU3 COPTHPOBKH METOA0M OMHAPHOW BCTABKH.

Yucno cpaBHEHUN MpPHU UCIIOIB30BAHUU JAHHOTO MeToJa (PaKTUUEeCKH HE 3aBU-
CUT OT HA4yaJbHOrO MOPSAAKA 3JIEMEHTOB HU3-3a TOr'0, YTO IMPHU JACJICHUHU, BBIIOIHSIO-
meMcsl Mpu pa3OMEHUH WHTEpBaJia MOMCKA IOMOJIaM, MPOUCXOAUT OTOpachIBaHHE
JTpOOHOM YacTh, UCTUHHOE YMCIIO CPABHEHUN MOXKET OKa3aThCs Ha €IMHHILY OOJIbIIIE.
Bce 310 npuBOAUT K TOMY, YTO B HWKHEH YacCTH MOCIEIOBATEILHOCTH MECTO BKIIIO-
YEHUsI OTHICKUBAETCS B CPEJIHEM HECKOJIbKO ObICTpee, ueM B BepxHel yactu. DakTu-
YECKH, €CJIU B UCXOJHOM COCTOSIHMH BJIEMEHTBI PACIIOJIOKEHBI B 00paTHOM MOPSIJIKE,
noTpedyercss MUHUMaIbHOE YUCJIO CPAaBHEHMM, a €CJIU OHU YIOPSJ0UYCHBI — MaKCH-
MasibHOE uKciio. CieaoBaTesbHO, MOKHO TOBOPUTh O HEECTECTBEHHOM ‘TIOBEJICHUUN
aJropuTMa IMOKMCKA.

VYydiienus, NOpOXKICHHBIE BBEICHUEM IBOMYHOTO MOMCKA, KACAIOTCS JIWIIb
qucja CpaBHECHMM, a HE YhClia HEOOXOUMBIX MEepecTaHOBOK 4Huceld. CpenHee 4uciio
cpaBHEHHMI omnpenensercs no gopmyre [1]

CR n*(log2 n—logzeiO,S) :

A€ n — 9YUCJIO 3JICMCHTOB B COpTpreMOﬁ IIOCJIEA0OBATCIBbHOCTH.
2
HpI/I 9TOM YHCJIO IIEPECTAHOBOK TaK U IIPOJOIKACT OCTABATLCA IIOPAJKaA 11 .

1. 2. COPTUPOBKA METOJOM BbIBOPA

Mertop mpsiMOro BbIOOpa B HEKOTOPOM CMBICIIC MPOTUBOIOIOXKEH METOY Ipsi-
MOM BCTaBKU. [Ipu mpsiMoil BCTaBKe Ha KayKJIOM IIAre pacCMaTPUBAETCS TOJIBKO OJUH
OYEPETHON DJIEMEHT HMCXOAHOW HEOTCOPTUPOBAHHOM ITOCIENOBATEIBHOCTH U BCE
3JIEMEHTBI TOTOBOM IOCJIEIOBATENBHOCTH, CPEIM KOTOPBIX OTBICKMBAETCS TOYKa
BKitoueHus. [Ipu mpsiMoM BBIOOpE JjIsi TTOMCKAa OJHOTO MUHUMAJIBHOTO 3JIEMEHTA
MPOCMATPUBAKOTCS BCE AJIEMEHTBI HCXOAHOW HEOTCOPTUPOBAHHOM MOCIEI0BATEIIBHO-
CTU U HAUJCHHBINA AJIEMEHT IMMOMEIIAETCS KaK OUYEPEIHOM DJIEMEHT B TOTOBYIO IOCIHE-
JIOBATE€JIbHOCTb.

[Topsimox 1maroB Jjiss COPTUPOBKU METOJIOM MPSIMOTO BbIOOpAa MOXKHO TpeaCTa-
BUTH CJICTYIOIIUM 00pa3oM:

1) BEIOpaTh MUHUMAJBHBINA 3JIEMEHT W3 BCETO MCXOJAHOTO MAacCHBAa M MOMECTHUTh
€ro Ha NepBOE MECTO, a MEPBBIKA JIEMEHT — HA MECTO MUHUMAJIBHOTO;

2) mpocMaTpuBas MOJMacCUB OT BTOPOTO JIEMEHTa J0 KOHIIA, HANTH MUHUMAaJIb-
HBIN 3JIEMEHT U MIOMECTUTh €r0 Ha BTOPOE MECTO, & BTOPOM JJIEMEHT — Ha MECTO MU-
HUMAaJIBHOIO;

3) mpocmaTpuBasi TOJMAacCHUB OT TPEThETO AJIEMEHTa J10 KOHIAa, HAaWTH MHHH-
MAaJIbHBIA 3JIEMEHT U TIOMECTUTH €r0 Ha TPEThE MECTO, & TPETUM FJIIEMEHT — HA MECTO
MHUHHUMAaJIBLHOTO | T.JI.

4) mOBTOPATH ONEPALMIO A0 MPEANOCAEAHETO (n-1)-r0 dIeMEHTa.

B 1abn. 3 nmpuBeneH npuMep BBIMOJHEHHUS] COPTUPOBKU MacCHBa METOAOM Mpsi-
Moro BbIOOpa. CepbIM LIBETOM BBIJICJICHA YacTh MAacCHMBa, B KOTOPOW BBITIOTHSIETCS
MOMCK MUHUMAaJILHOTO.



Tao0muna 3

CopTHpoBKa NpsIMbIM BEIOOPOM

Llaz JJIeMEHTHI MacCcuBa
44 55 12 42 94 18 06 | 67
1] 44 55 12 42 | 94 | 18 [ 06 67
2 06 <|]——55" 12 42 94 18 44 67
3 06 12 A1]/ 55 42 94 | 18 44 67
4 06 12 18 41]/42// 94 55 44 67
5 06 12 18 42 *|] 94 55 | 44 67
6 06 12 18 42 4 55 94 67
7 06 12 18 42 4:/|I 55 ¢/|] 94 67
8 06 12 18 42 44 55 67 1] 94

CxeMma anroput™Ma COpTHPOBKM IIPEACTABIEHA B IIPHIL. 4.

AHaJIU3 COPTHPOBKHM METOAOM NPSIMOIr0 BbIOOpA.

[Ipu ucnonb30BaHUU METO/A MPSMOI0 BHIOOPA YMCIO CPABHEHUI 3JIEMEHTOB B
o01IeM ciayyae He 3aBUCUT OT HAaYaJIbHOT'O MOpPsKa 3JIeMEeHTOB. B aTOM cMbIcie “no-
BEJICHHE YKA3aHHOIO METOJla MEHEE ECTECTBEHHO, YeM ‘“‘TOBEIEHHE” MPSAMOro
BKTtoueHus. KonudecTBo cpaBHeHuUi onpeaensercs mo ¢popmyie [1]

C=m’-n)/2,

A€ n — 49YUCJIO0 3JICMCHTOB B COpTpreMOﬁ II0CJICA0BATCIIbHOCTH.

Yucno MEPCCTAaHOBOK MUHUMAJIBHO B CJIYy4a€ U3HAYAJIbHO YIIOPAAOYCHHBIX JJIC-
MCHTOB M MAaKCHUMAJIbHO, CCJIM IICPBOHAYAIBHO 3JICMCHTLI pPacCIiojarajvchb B 06paT-
HOM ITOPAIAKCE. Yucno MNEPECTAHOBOK OIIPCACIIACTCA BBIPAKCHUSAMUA

Mmin =3 *(n_l);
Muye=n *(Inn+g);
Myo=n’/4+3*(n-1),

rae g=0,577216... — koHCTaHTa Diliepa;
Mmin, Mavg, Mmax — COOTBETCTBEHHO MHHUMAaJbHOE, CPEIHEE U MAKCHUMAaJbHOE
3HAYEHUE NIEPECTAHOBOK.
Kak mpaBuio, anroput™M COPTHUPOBKHU C MPSMBIM BBIOOPOM MPEANOUYTUTEIbLHEE
MEeTO1a IPsAMOM BCTaBKU. OTHAKO €CJIU 3JIEMEHTHI BHAYaJE YIOPSAA0UYECHBI WU MTOYTH
yIOPSI0YEHBI, IPSIMOE BKIIFOUEHUE OYIET 0CTaBaThCA HECKOIBKO 00Jiee OBICTPHIM.



1. 3. COPTUPOBKA METOJAOM OBMEHA

1. 3. 1. COPTUPOBKA METO/JIOM ITPOCTOI'O OBMEHA (“my3bIpeK”)

CyIIHOCTBh 3TOTO METO/Ia OTpakeHa B €ro Ha3BaHuH. CaMble JIETKHE DJIEMEHTHI
MaccuBa “BCIUIBIBAIOT , & caMble "TskKenble" — TOHYT. AJTOPUTMUYECKH 3TO MOXKHO
peanu3oBaTh CleayronmM 00pazomM. HeoO6XxoauMo nmpocMOTpETh BECh MACCHUB ““CHU3Y
BBepX” (T.€. OT KOHIIA K HAYaJIy) U MEHSTh CTOAIIUE PSIAOM AJIEMEHTHI B TOM cllydae,
€CNIM “HIKHUN 3JIEMEHT MEHblIe, yeM “BepxHuii”. Takum oOpa3oM, HaBepX BbITAJI-
KHMBAETCS CaMbIM “JEeTKUI’ DJIEMEHT BCErO0 MacCHBa. 3aTEM 1Ta I10CIE€I0BATEIHLHOCTD
oreparuii MOBTOPSETCSA JJIsi OCTaBIIUXCSA HEOTCOPTUPOBAHHBIMHU (H-1) SJIEMEHTOB
(T.€. IJIs T€X DJIEMEHTOB, KOTOPBIE JIeXkKAT “HUKE” OTCOPTHUPOBAHHBIX).

IIpumep: nycTth umeercs maccus unucen A={44, 23,67, 11,20,79, 50}.
MaccuB npocMmaTpuBaeTcs, HauMHas ¢ KOoHIA. Ha mepBoM Immare cpaBHUBAeTCs IO-
CIEIHUN n-i U nipeanocienHuil (n-1)-it anementsl, T.€. 79 1 50. T.x. 79>50, To >11€-
MEHTBI MEHSIOTCSI MECTAMU U TIPOIIeAypa CpaBHEHUsI BHIOIHSCTCS HaT (n-1)-M u (n-
2)-M anemenTamu, T.e. 20 u 50. T.x. 20<50, TO 31E€MEHTHl MECTAMH HE MEHSIOTCS U
T.1. [Tocne mepBoro npoxona maccub Oynetr umerb Bun A={11, 44, 23, 67, 20, 50,
79}. Dnement 11 HaXOaUTCS Ha CBOEM MECTE M €r0 MOXXHO MCKJIIOUUTH U3 JaJIbHEH-
IIEro MpoCcMOTpA.

AHaJOTMYHbBIC IIard MOBTOPSIOTCS JO T€X MOp, MOKa MAacCUB HE OYyJeT MOJHO-
CTBIO OTCOPTUPOBAHHBIM. [Ipu 3TOM M3 MPOCMOTPaA UCKIIOYAOTCS 3JIEMEHTHI MacCH-
Ba, )K€ 3aHSBIIIME CBOM MECTa, T.€. Ha BTOPOM IlIare M3 MPOCMOTPa HUCKIHOYAETCS
-1 a51eMeHT, Ha TpEeTheM IIare — 1- u 2-i 3JE€MEHTHI U T.1.

Bun maccuBa mocie Kakao0ro 1ara npesacrasiieH B Ta0i. 4. CepbIM 1IBETOM BBbI-
JIeJIEHa 4acTh MAacCUBa, UCKIII0YaeMasi U3 MpocMoTpa.

Tabnuua 4
CopTupOBKa METOJIOM MPOCTOT0 0OMEHa
J1eMeHThl MAaCCHUBa
lar 44 23 67 11 20 79 50
i 11 44 23 67 20 50 79
2 11 I‘ 20 44 23 67 50 79
3 11 20 I] 23 44 50 67 79
4 11 20 23 |l 44 50 67 79
5 11 20 23 44 |l 50 67 79
6 11 20 23 44 50 I] 67 79

Cxema anroputMa COpTUPOBKH MPECTaBICHA B MPUIL. 5.

AHAJIN3 COPTHPOBKHU METOA0M MPOCTOr0 0OMeHa.

JI1s1 tTaHHOTO MeTOo/a XY/AIIUM SIBJISETCS CIydaid, KOrja MUHUMATbHBIN 2JIEMEHT
MaccuUBa CTOMT Ha IMOCJIeAHEeM MecTe. B mydinem ciydyae mepecTaHOBOK MOXET HE



OTPEOOBATHCS COBCEM (RJIEMEHTHI IIEPBOHAYAIBHOTO MAcCCUBA YXKE YIOPSIOYEHBI).
Wrak, 11 ynciia nepecTaHoOBOK CIPAaBEJINBEI CIEAYIOIIUE BbhIpakeHus [1]:

Mmin = 0;
My, =3%@m —n)/2;
Mywe =3 *(n° —n) /4,

TJI€ 1 — YKCJIO 3JIEMEHTOB B COPTUPYEMOM MOCIIEI0BATEILHOCTH,
Mmin, Mavg, Mmax — COOTBETCTBEHHO MHHUMAaJbHOE, CPEHEE U MAKCUMAaJbHOE
3HAYEHUE NIEPECTAHOBOK.
Yucno e cpaBHEHUM OCTOSTHHO U PaBHO

C=m"-n)/2
1. 3. 2. LIEMKEPHASI COPTUPOBKA

Jlerko yBUIETH, UTO B QITOPUTME COPTUPOBKHU “IY3BIPBKOM’ “JIETKHE Iy3bIPb-
KM~ BCIUIBIBAIOT 3a OJIMH MPOXOJ, a “TSKeNble” — TOHYT 3a HECKOJIbKO. Takas acum-
METpHS BbI3BAJIA TIOSIBIICHUE HOBOM UJIEU COPTUPOBKH, “Iy3bIPHKOM ’, @ UMEHHO: COp-
TUPOBATh HE B OJIHY CTOPOHY, a MOOYEPETHO B 00€, T.€. Ha Ka)JJOM Illare OCyllecTB-
JISI€TCSL IPOXOJT KaK B OJJHY CTOPOHY, TaK M B JIpYyryr0. Takum oOpa3oM, Ha KaKIOM
mare “Jerkui My3bIpeK’ BCIUIBIBAET HA MMOBEPXHOCTD, @ “TSIKEIbII~ — TOHET.

OTOT METOA MOJYyYHUJI HA3BAHHUE LIEUKEPHON COPTUPOBKU. MeETON HIEHKEpHOU
COPTUPOBKHU MOsicHsieT Tabs. 5. CepbIM IIBETOM BbIJ€JIEHa YacTh MAacCUBa, MCKIIIO-
yaemasl U3 MpoCMOTpA.

Tabmuma 5
ITerikepHas copTUpOBKa
laz Hanpasnenue DJIeMEHTBI MACCUBA
08UIICCHUS 44 23 67 11 20 79 50
Cnpaea-naneso 11 44 23 67 20 50 79
! Creea-nanpaso 11 23 44 20 50 67 79
Cnpaea-naneso 11 20 23 44 50 67 79
2

Cresa-nanpaso | 1 | 20 [ 23 | 44 | 50 | 67 | 79
Cnpasa-nareso | 11 | 20 | 23 | 44 [ 50 [ 67 | 79
g Cresa-nanpaso | 11 | 20 | 23 |] 44 [ 50 | 67 | 79

Cxema anropurMa npejcTaBieHa B MPUIL. 8.

AHaJIU3 MIEHKEPHOH COPTUPOBKH.
AHanu3 MEUKEPHOW COPTUPOBKH JOBOJIBHO CJOKEH. MHHHMMAIbHOE YHCIIO
CpPaBHEHUU PaBHO
Cmin = (n_l)'



Yucno ke MnepecTaHOBOK HE MEHSETCS B CPABHEHWH C METOJIOM “‘Iy3bIpbKa’,
IOTOMY CKOPOCTb pa0OThI aITOPUTMA BO3PACTAET HE3HAYUTEIIBHO.

1. 3. 3. MOAND®UKALHUU AJITOPUTMA COPTUPOBKMU “I1Y3BIPBKOM”

[Ipu npakTUYeCcKol peaiu3aluu COPTUPOBKHU METOJIOM 0OMEHa MPUXOAUTCS BbI-
MOJIHATH OJIMHOYHBIE MPOX0bI (r-1) pa3. ITOro MOKHO M30€XaTh, €CIIH Mepes Mpo-
BEJICHUEM OYEPEJHOr0 MPOXO0Ja MPOBEPSTh, OblIa JIM MEPECTAHOBKA AJIEMEHTOB Ha
npeabiayneM npoxoae. s 3Toro HeoOXoIMMO BBECTH BCIIOMOTATENbHYIO Tepe-
MeHHYIO (“‘(hyiaykoK-TIpu3HaK’), B KOTOPOU OTMeUaeTcsl, Obljia JIU BBIOJTHEHA XOTS OBl
OJIHA TEPECTAHOBKA Ha MpeApiaynieM npoxone. O4eBHUIHO, UYTO €CIU Ha Mpeablay-
IeM MPOXoje HE OBbUIO MEePEeCTAaHOBOK, 3HAYUT MACCHUB YIOPSIOYEH U COPTUPOBKY
MOYHO MPEKPATUTH. DTOT METOJI COPTUPOBKU MOKHO HA3BaTh “‘ILy3bIPBKOBOM COPTH-
poBKo# ¢ pnaxkom”. TIOHATHO, 4TO ATOT METOJI COKpALIAET BPEMSi COPTUPOBKH IS
YaCTHUYHO YIOPSAIOUYEHHOI0 MaccuBa (B TOM YHCIIE U JJI1 MAaCCUBa, KOTOPHIN YacTH4-
HO YHOPSIIOYHIICS B MPOIIECCE COPTUPOBKU).

Cxema anroputMa “my3bIpbKOBOM COPTHPOBKH. C (DJIaXKKOM™ MpeacTaBlieHa B
mpui. 6.

Kpome Toro, BO3MOKHOCTb XpaHEHUSI HE TOJIBKO MpPU3HAKA NEPECTAHOBKH, HO U
MecCTa 3TOM MOCIEAHEN TEPECTAHOBKH, IOMEYEHHOE KaK HOBasi TPaHUIIA, IIO3BOJISIET B
JaJdbHENUIIEM JENaTh IMPOXOJ TOJBKO 10 3TOW IpaHULbl. JTOT METOJ COPTUPOBKH
MO>KHO Ha3BaTh “‘My3bIPbKOBOM COPTHUPOBKOI ¢ OBICTPOIl rpaHuLei”.

Cxema anropuTtma “my3bIpbKOBOM COPTUPOBKHU € OBICTPOM IpaHUIICH” Tpe/ICTaB-
JIeHa B Ipuil. 7.

1. 3. 4. COPTUPOBKA METOJAOM “IIJIABAIOHIEI'O ITY3bIPBKA”

Ecnu Ha HEKOTOpPOM 1Iare BHIMOJHSAETCS MPOCMOTP i-TO 3JIEMEHTa U ClieBa
OT HEro UMEETCs yKe YHOps0UYeHHas MOCJIeI0BaTEeIbHOCTh JIEMEHTOB, TO MOKHO
MPEANOJIOKUTh, YTO B KOHEYHOM cYeTe i-i DJIEMEHT 3aliMeT 00y MO3UIUIO
oT 1- 10 i-i1 BKIIOUKNTENIbHO. C yUETOM CKa3aHHOIO CYHIHOCTh METOJA “‘IIJIABAKOLIETO
Iy3bIpbKa~ 3aKJIFOYAETCA B CIEAYIOIIEM: BBINIOIHACTCS ABUXKEHUE “BOEpen, T.. K
KOHIly MacCHBa, JI0 Te€X MOp, MOKa He OOHAPYKUTCSI HAPYILIEHHE COPTUPYIOLIETO yC-
nosus. [locne cOOTBETCTBYIOIIET0 OOMEHA 3JIEMEHTOB (PUKCUPYETCS] MECTO OCTAHOB-
KU M HAYMHAETCS JBUKEHUE B 00OpAaTHOM HaIPaBJICHUH, T.€. K HAYaJly MacCuBa JI0 TeX
HOp, IOKa BBIMOJHAIOTCS HE00X0AUMble 0OMEHBI 1eMeHTOB. Eciin oOMeHoB npu 00-
paTHOM NIBHKEHUH YK€ HET, TO JBH)KEHHUE “‘BIiepell” MPOJOJKAETCS C MECTa OCTa-
HOBKM. OmnucaHHasi Mpoueaypa MOBTOPSAETCS 10 TeX MOp, MoKa He OyAeT NOCTUTHYT
KOHEIl MacCHBa. DTO COOTBETCTBYET COCTOSHUIO MacCUBa, B KOTOPOM BCE AJIEMEHTHI
OTCOPTHPOBAHBI.

IIpumep: nycTth umeercs maccus unucen A=1{23, 44, 67, 25,79, 80, 11, 85, 34}.
CpaBnauBatorcst 35eMeHThl 23 u 44. Ilockonbky 44>23, TO BBIIOJHAETCS MEPEXOH K
CJIEYIOIEH Mape 3JIEMEHTOB, a UMEHHO: 44 u 67. Tlockonbky 67>44, TO BBINOJIHSAET-
Csl IEPEXO K CIEAYIOIIEH Mape 3IEMEHTOB, a UMEHHO: 67 u 25. Ilockonbky 25<67,
T.€. HAPYIIEHO COPTUPYIOLIEE YCIOBUE, BBITIOIHIETCSI OOMEH 3JIEMEHTOB U HAYMHAET-



csl JBI)KEHHE B OOpaTHOM HampaBlIeHUWH, T.e. K Hayalny maccuBa. CpaBHUBAIOTCA
anemeHThl 44 u 25. Tlockonbky 25<44, To BBINIOJHIETCS OOMEH 3JIEMEHTOB U Tepe-
X0l K clleiytolieil mape 3ieMeHToB (IpH JIBH)KEHUU K Hayany maccuBa). CpaBHUBa-
10Tcs 3neMeHThl 23 u 25. [Tockonbky 25>23, TO ABMKEHHE K HAYaJly MacCHBa 3aKOH-
YEHO.

IIponiecc cCOpTUPOBKM BO3BPAILAETCS B TOUKY OCTAHOBKH, T.€. Ha 3JIEMEHT 67, U
IIPOCMOTP Tap 3JEMEHTOB IIPU ABWKEHHUU B NIPSIMOM HAIIPaBJIEHUH, T.€. K KOHILYy Mac-
cuBa, npoaopkaerca. Ciuenyromas nmpocmarpuBaemas rnapa 67 u 79 u T.4.

Metoj COpTUPOBKH ““TIJIABAIOIIETO My3bIpbKa™ MOsICHSIET Tab1. 6. CepbIM 1IBETOM
BblJIeJIeHa ITyOMHa MPOX0/a M0 MACCUBY IPH JBMXKEHHUH ‘‘Ha3zal’, T.€. K Hayajay Mac-
CUBa.

Ta6numa 6
CopTHupoBKa METOAOM “‘TIABAIOIIETO My3bIpbKa’
a2 HanpagﬂeHue DJIeMEHTHI MacCHBa
08UIICCHUS 23 44 67 | 25 79 80 11 85 34
; enepeo 23 | 44 | 67 | 25479 | 80 | 11 | 85 | 34
Ha3ao 23 | 25 | 44 | 67 |79 | 80 | 11 | 85 | 34
enepeo 23 | 25 | 44 | 67 | 79| 80 | 11 | 85 | 34
2
Ha3ao 11 | 23 [ 25| 44 | 67 | 79 | 80 | 85 | 34
enepeo 11 | 23|25 ({44 | 67 | 79 | 80 | 85 | 34
3
Ha3ao 11 | 23 [ 25| 34 | 44 | 67 | 79 | 80 | 85

Cxema anropurMa COpTUPOBKH IIPEACTaBICHA B IPUIL. 9.

AHaJIU3 aJIrOpUTMA COPTHPOBKY “INIaBaIOIIUi IMy3bIpeK”.

Cnenyer oOpaTuTh BHUMAHUE Ha TO, YTO BCE MEPEUYMCICHHBIC BBIIIE YyCOBEp-
IICHCTBOBAHUS HE BIUAIOT HA YHCIO MEPEMELIEHUIN, OHM JIMIIb COKPAUIAIOT YUCIO
M3JIMITHUX JIBOMHBIX MPOBEpOK. [lockonbky 0OMEH MecTaMu JIByX 3JIEMEHTOB — 0o-
Jjee JAOpOrocTosAllas Onepamus, 4eM CPaBHEHHE JJIEMEHTOB, IIO3TOMY OYEBHIHBIC
yIy4dlIeHUs. MeToAa HE AT OOJbIIOro BhIMIphImA. OOIIee YMCIO MEePECTaHOBOK
COPTHPOBKH MO-IPEXKHEMY OCTACTCS TIOPSIKA 1 .

Taxoli aHaJIM3 MOKA3bIBAET, YTO “OOMEHHas” COPTUPOBKA U €€ HEOOJBIINE yCO-
BEPILIEHCTBOBAHMS MPEACTABIAIOT COO0M HEUYTO CpEeaHEE MEKIY COPTHUPOBKAMM C
HOMOIIIbIO BCTABOK M € IOMOIIbIO BBIOOpA.

2. YAIYUHIEHHBIE METOJbI COPTUPOBKH
2. 1. COPTUPOBKA HIEJIJIA

9T0T MCTOI ABJICTCA YIYUIICHUCM IIPAMOIo METOAa COPTUPOBKU — COPTUPOBKHU
BCTaBKaMH (CM. nmoapasmu. 11) OcHoBHAas nacda 3Toro Meroaa 3aKJIr4dYacTCsa B TOM,
yTOOBI B HayaJe YCTPAHUTD MacCCOBBIM 6CCHOp5{I[OK B MAaCCHUBEC, CpaBHHBAsA TAJICKO
OTCTOAINUC APYT OT Apyra 3JICMCHTLI. IlocTenenno HHTCPBAJI MCKIY CPpaBHUBACMBbI-
MU 3JICMCHTAMHU YMCHbLIIACTCA OO CANHHIIBI. 9T0 O3Ha4dacT, 4YTO HA IMO3JHHUX CTAAUAX



COPTUPOBKA CBOJMUTCS MPOCTO K MEPECTAHOBKAM COCEIHUX AJIEMEHTOB (€CJIU, KOHEY-
HO, TaKHUE€ TMEPECTAHOBKH SIBIISIOTCS HEOOXOIUMBIMH ).

Ha puc. 1-3 moka3aHbl cxembl BBITIOJIHEHUST copTupoBKH llenna.

Ilpumep: mycTh gaH UCXOAHBIA MaccuB uucen A={6,4, 3, 1,7, 2, 8, 5}. Cnaua-
Jla COPTUPYIOTCS BCE AJIEMEHTHI, KOTOPBIE CMEIICHBI APYT OT JApyra Ha YeThIpe MO3U-
1My, a UMeHHO: uncna 6 u7,4u 2,3 u 8, 1 u 5 (puc. 1):

6 4 3 1 71 2 8 5

PesynbtaTt

6 2 3 1 714 8 5

Puc.1. Copruposka Illenna (mar 1)

3aTeM COpTUPYIOTCS BCE AIEMEHTHI, KOTOPhIE CMEIEHBI Ha JIBE MO3ULIUH (puc. 2):

6 2 3 1 7 4 8 5

PesynbTar

3 1 6 2 7 4 8 5

Puc.2. Copruposka Ilemna (mar 2)
W, nakoHen, ynopsao4nBaTCs Bce COCeTHUE AIeMEeHTHI (puc. 3):

PesynbTtarT

Puc.3. Copruposka llemna (mar 3)

D PeKTUBHOCTD TAHHOTO AJITOPUTMa OOBSCHICTCS TEM, YTO MPH Ka)JIOM IpO-
XO/I€ HCIIONB3YETCs OTHOCHUTENHHO HEOONBINOE YHCIO SJIEMEHTOB WM DJIEMEHTHI
MacCHBa YK€ HaXOJATCSA B OTHOCHUTEIIHBHOM TIOPSIKE, a YIOPSIOYCHHOCTh YBEITUYH-
BaeTCs MPHU KaXKJIOM HOBOM ITPOCMOTPE JTAHHBIX.

Cxema anroputMma coptupoBku lllemra npuseaena B nmpui. 10.

Ananm3 anropurma coptuposku Ilesna.

PaccrossHuss Mexay CpaBHMBacMBIMHM — 3JIEMEHTAaMH MOTYT  BBIOMPATHCS
nmo-pazHoMy. O0s3aTeNbHBIM SBISICTCS JIUIIL TO, YTO IMOCJICIHUNA IIIar JOJDKECH paB-
HATbCS enunauIe. Jlokazano [2], uro Hanbonee 3pdhekTuBHA cleayromas mociea0Ba-



TEeTLHOCTh IaroB (oHa 3amucaHa B oOpatHoMm mopsake): 1,4,13,40,121..., rme

b, =3h+1;h =1ut= [log3 n] — 1 Mosxno ucnonssosats 1 apyryto mocie-

nosarenbrocTh:1,3,7,15,31,...,tne 1, =2h, +1 h =1 4y 1= [log2 n] -1,
B BhIIenpuBeieHHBIX GOPMYNIAX: A—pa3MEpHOCTh MAcCHBA; f—o0lee Koiude-

CTBO COPTHUPYHOIIHUX HIAroB, 3aBHUCAIICC OT PasSMCPHOCTU MACCHUBA, ht =1 II0CJIC A -

HUW COPTUPYIOIIMM IIar; BCce MpeablAYyLIMEe Iaru J0 MepBOro (camoro OOJBIIOrO)
OTIPEIETISIOTCS TIO MIPUBEACHHBIM PEKYPPEHTHBIM COOTHOIIICHUSIM.

Anamusz coptupoBku Illennma mokasan, 4To BpeMs BHITIOJHEHHS COPTHUPOBKH
TPOIIOPIHOHANEHO 1> . DTa 3aBHCHMOCTh 3HAUMTENBHO JIydlle KBAAPATHUHOI
3aBHCHMOCTH n’, KOTOPO# MOJUMHSIOTCS PACCMOTPEHHBIE paHee MPOCTHIC AlrOpPUT-
MBI COPTUPOBKH.

2. 2. BBICTPASI COPTHPOBKA (QuickSort)

bricTpast coptupoBka (qpyroe HazBanue QuickSort) siBnsieTcs yCOBEpUIEHCTBO-
BaHHEM METO/a COPTUPOBKU oOMeHamu (cM. mozapasza. 1.3). CyTs MeToda COCTOUT B
CJIeIyIOUIEM:
Ilar 1. BoeiOupaetcss HeKOTOpHIi 31eMeHT X MaccuBa A, COCTOSIIETO U3 K AJIEMEH-
TOB, (B KauecTBEe TaKOro 0apbepHOro 3JIEMEHTA MOKET ObITh BBHIOpaH LIEHTPAIbHBIN
AJIEMEHT MacCHUBa).
Ilar 2. MaccuB npocmaTpuBaeTcsi B IpsiMOM Hampasienuu (i = 1, 2... 1 Tak ganee A0
IIEHTPAJIBLHOTO AJIEMEHTA) C IIeJIbI0 TIONCKA B HEM djieMeHTa A[i], He MEHBIIIET0, YeM
X.
Ilar 3. MaccuB npocMmaTtpuBaetcsi B 00paTHOM HarpaBieHuu (j = n, n-1,... U TaK aa-
Jiee 10 UEHTPAJIbHOTO AJIEMEHTAa), HO Terephb BeAeTCs MOMCK AnneMeHTa A[j], He mpe-
Bocxoasmero X.
Hlar 4. [IpousBoauTcCs NepecTaHOBKA 3JIEMEHTOB A[i] u A[j] mecTamu.
Hlar 5. laru 1 — 4 moBTOpsItOTCS, TIOKA I < J.

B pesynprare Takux AEWCTBUM ClEBA OT AJEMEHTA X OKAXYTCSA JJIEMEHTBHI,
MEHbIINE WIK paBHble X, a crpaBa — 3JeMeHThl, Oonbiue X. Ilycth mpu 3TOM 3i1€-
MEHT X MOMAJET B MO3UIINIO C HOMEPOM K, TOTJ]a MacCUB OYyJIeT UMETh BUJT

A[1], A[2),..., A[k-1, A[K], A[k+1],...,A[n].

Kaxnpiii u3 anementoB A[1], A[2],..., A[k-1] menbiie unu paBeH A[k], a kax-
eI 3 sneMeHToB A[k+1],...,A[n] 6onbine A[k]. OTctoma MOXXHO caenaTh BBIBOJI,
4yTO 3JIeMEHT A[k] cTtout Ha cBoeM mecTte. VICXOIHBIM MacCUB MIPU ATOM Pa3Aeiauics
Ha JIB€ HE3aBUCHUMbIE HEOTCOPTUPOBAHHBIE YACTH.

JInst nanbHeIen COpTUPOBKHU Iaru 1—5 MpUMEHSAIOTCS ISl KaXKI0W U3 YacTei
MaccuBa. M Tak 10 TeX mop, MoKa B MAaCCUBE HE OCTAHYTCS MOJAMACCUBBI, COCTOSIIINE
W3 OJTHOTO DJIEMEHTA, T.€. I0Ka MAaCCUB He OYJET OTCOPTUPOBAH MOJTHOCTHIO.

Ipumep: nycts nan maccuB A={0, 1, 6,9, 5, 7, 3, 2, 4, 8}, cocrosmuii u3z 10
LIEJIBIX YUCEN, MPOUHIECKCUPOBAHHBIX B quana3one [0]...[9].



MaccuB UMeeT HIKHIOIO Ipanuily, paBHyto 0 (Low), 1 BEpXHIOIO TpaHUIly, paBHYIO 9
(High). Cpennee 3HaueHHE WHJIEKCAa MaccuBa Ipuxonutcs Ha 4-il anemeHt (Mid).
[ToaTOMY MepBbIM LIEHTPATIbHBIM 3eMeHTOM sBiseTcs A[Mid] = 5. Takum o6pa3zom,
BCE€ DJIEMEHThI MaccuBa A pa3zouBatoTcs Ha aBe yactu: Al u Ah. Yacts Al OGynet co-
JepKaTh AJIEMEHThI, MEHbIIUE WIH paBHbIE LEeHTpalibHOMY. YacTs Ah OyneT coaep-
KaTh AJIEMEHTHl OOJIbIIME, YeM LEHTpalbHbIA. [l0CKOIBKY 3apaHee M3BECTHO, YTO
IIEHTPAJIbHBIN 2JIEMEHT B KOHEYHOM UTOTe Oy/eT MocieaHUM B Al, Mbl BpEMEHHO Tie-
peaBuUraeM ero B Hauajao MaccuBa, MeHsst Mectamu ¢ A[0] (wiu A[low]). D10 M0O3BO-
ageT nmpocMarpuBath noamaccuB A[1]...A[9] ¢ nmomompio aByX uHAEKCOB: Up u
Down. Hauanvnoe 3Hauenue Up coorBerctByeT uHaekcy 1 (Low+l). lepemennas
Up anpecyer snementsl noamaccuBa Al. Ilepemennas Down aapecyeT 3j€MEHTHI
noamaccuBa Ah u umeet HauaneHoe 3HaueHue 9 (High) (puc. 4).

Lenbio mpoxoaa sIBIsieTCs ONPEEICHUE SJIEMEHTOB JJIs KaKI0T0 MOIMAacCUBa.

HNupnexc Up nepemeniaetcs BBepx 1no maccuBy, Down — Bau3. [lpn uzmenenuu
uHaekca Up uiercs snmeMeHT maccuBa A[Up] Gomnblinii, 4eM IEHTpaibHbIN. B 3TOM
MeCTe MPOCMOTP OCTAHABIMBAETCS, U HAWJIEHHBII JIEMEHT TOTOB K MEPEMEIIECHUIO B
BepxHMM moamaccuB. [lepen TeM kak 3TO mepemMelleHue npousonier, naaexc Down
M3MEHSIETCSl BHU3 110 MACCUBY ISl ONPEAENICHUs 3JEMEHTAa, MEHBIIIETO WX PAaBHOTO
LEHTPAJILHOMY.

5 0 1 6 9 7 3 2 4 8
ScanUp ScanDown

Puc. 4. beictpas coptupoBka (1mar 1)
Takum 00pa3oM, y Hac €cTh JBa AJIIEMEHTA, KOTOPbIE HAXOASITCS HE B TEX IMOJ-
MacCHBax, ¥ ©X MOYKHO MCHSITh MECTaMH:

Swap (A[Up], A[Down));

DTOT TPOLIECC MPOAOIIKAETCS O T€X MOp, Nmoka uHaekcbl Up u Down He 3ailnyT
npyr 3a apyra (Up=6, Down=5). B stor MmoMeHT Down oka3biBaeTcs B moamaccuBe Al,
3JE€MEHTHl KOTOPOTO MEHBIIE MM PAaBHBI LIEHTPATLHOMY. JTO COOTBETCTBYET TOUKE
pa3OMeHust TBYX MAacCHBOB W OMNpPEACISIET OKOHYATEIbHYIO TO3UIIUIO IS IIEHTPasIb-
HOT'O 3JIeMEHTa. B COOTBETCTBUM C aIrOPUTMOM B IPUMEPE MEHSAIOTCS MeCTaMu
gyucna 6 u4,9u 2, 7u3 (puc. 5).



ScanUp  ScanDown
PesynbTar

Puc. 5. Brictpas coptupoBka (1uar 2)

3aTeM MPOUCXOIUT OOMEH 3HAYCHUSIMH HIeHTpaibHOTO AemenTa A[0] ¢ A[Down]:

Swap(A[0], A[Down)).

Sl Sh

Puc. 6. beictpas copTupoBka (1mar 3)

B pesynbrare nosiBustorcs asa moagMaccua: A[0]...A[5] u A[6]...A[9], npuuem
BCE€ AJIEMEHTHI MEPBOT0 MMOMACCUBA MEHBIIIEC AJIEMEHTOB BTOPOTO, a MOCJICIHUM dJIe-
MEHT TEPBOr0 MOJAMACCHUBA SIBJISICTCSA €r0 HAaUOOIBIINM 3jeMeHTOM (puc. 6). Takum
00pa3oM, MOKHO CYUTaTh, YTO TOCJIC MPOJCIaHHBIX IIarOB IMOJMACCUBBI Pa3/IeICHBI
anemeHToM A[5]=5. [TockosibKy 00a moaMaccuBa SBISIIOTCS TAKUMU K€ MaCCUBAMU,
KaK ¥ WCXOJHBIA, TO K HUM MOYXHO NMPUMEHHUTHb PACCMOTPEHHBIN BBIIIE aJITOPHTM.
[TppMeHeHe OAHOTO M TOTO XK€ aJlTOPUTMA K YaCTSAIM MacCHBa Ha3bIBACTCS PEKYpPCH-
eu.

OnHUM U TEM K€ METOJI0M oOpabaThiBatoTCs iBa moamaccua: Al (A[0]... A[4])
u Ah (A[6]...A[9]). DnemenT A[5] 06pabaTsiBaTh HE HAO, T.K. OH YK€ HAXOJUTCS Ha
CBOEM MECTE.

Tor e anropuT™M NMPUMEHSCTCS IS KaXI0Tro IMOAMAaccHuBa, pa3OuBasi 3TH MO/I-
MAaCCHBBI Ha MEHBIIIME YaCTH, TIOKa B MOJIMACCUBE HE OCTAHETCS MO OJHOMY DJIEMEH-
Ty WIH MOKa TOJMAacCHUB HE OIyCTeeT. DTO COOTBETCTBYET COCTOSIHHUIO MacCHBa, B
KOTOPOM BCE 3JIEMEHTHI OTCOPTUPOBAHBI.

AHaJIM3 aJIropuTMa OBICTPOM COPTHUPOBKH.

Ananu3z 3(QPeKTUBHOCTH OBICTPON COPTUPOBKH JOCTATOUYHO TpyJeH. bymet
Jy4Ill€ TT0Ka3aTh €€ BBIYUCIUTENBHYIO CIOXKHOCTD, TOJACYUTAB YUCIIO CPABHEHUH MPU
HEKOTOPBIX UAcabHBIX AonyiieHusax [1,2]. [lycts pa3MepHOCTh HCXOIHOTO MacCUBa
R SIBISICTCS. CTEIICHBIO JBOHKH, n=2" (k=logyn), a IeHTpaJIbHBIN AJIIEMEHT pacioJiara-
€TCsl TOYHO TOCEepeUHE Ka)XJOro MaccMBa M pa3OMBaeT €ro Ha JiBa IMOJMAacCUBa



MPUMEPHO OJWHAKOBOMW JUTMHEL. [Ipu mepBoM mpocMoTpe mpou3BoauTes (n-1) cpas-
HeHUi. B pesynbTare cozmarorcs aBa moaMaccuBa pazmepoM (n/2). Ha cnemyromeit
(daze oOpaboTKa KakI0ro moaMaccuBa TpedyeT npuMmepHo (n/2) cpaBHenuil. Ooiee
YHUCJIO CpaBHEHUW Ha 3ToM ¢aze paBHO 2*(n/2)=n. Ha cnenyromeii ¢aze obpadathi-
BaIOTCSl YEThIPE MOJAMAcCUBa, 4To TpedyeT 4*(n/4) cpaBHenuii, u T.1. [Iponecc pas-
OuWeHus mpekpamaercs nocie k MpOXoa0B, KOTJa MOJYYHBIINECS TOAMACCHBBI CO-
AepKaT 1Mo ogHoMYy 31eMeHTy. OOIIee 9nuciao CpaBHEHUN TPUOTH3UTEIEHO PaBHO

n+2(m/2)+4m/4) +..+nn/n)=n+n+.+tn=n*k=n*log,n.

Taxum o6pa3zom, s MaccuBa OOILETO BUAAa BEIYUCIUTENbHAS CJIO0KHOCTH OBICT-
poii copTupoBKHU paBHa (n*log,n). VineanbHblil cayyail, pacCMOTpPEHHBIHN BbIlle, hak-
TUYECKU BO3HHMKAET TOTJa, KOTJla MACCUB YK€ OTCOPTUPOBAH MO Bo3pactaHuio. Torna
LEHTPAJIbHBIN 3JIEMEHT MONaJaeT TOYHO B CEpeIMHY KaK/10ro MoAMaccuBa.

Hauxynmum cuenapueM 1isi ObICTpOl COPTUPOBKU OyIET TOT, MPU KOTOPOM
LEHTPAJIbHBIN 3JIEMEHT BCE BpEMs MOMNAJAeT B OJHOAIEMEHTHBIW MOJMAacCUB, a BCE
MIPOYUE IIEMEHTHI OCTAIOTCS BO BTOPOM MOJMACCHBE. ITO MPOUCXOIUT TOT/Aa, KOT1a
LEHTPAJIbHBIM BCErJa SBISIETCS] HAMMEHbIINNA 3JIeMeHT (Miau HauOoibliuit). B aTom
Clly4ae Ha MepBOM MPOXOJe MPOU3BOAUTCS 1 CpaBHEHUI, a OOJIBIINI MOMACCUB CO-
nepxut (n-1) anementoB. Ha cienyroliem mpoxoje 3TOT nmoamMaccuB TpedyeT (n-1)
CpaBHEHHUI M JaeT moamaccuB u3 (n-2) snemMeHToB U T.A. CI0XXHOCTh COPTUPOBKHU
UL XyJIIIEro cIyd4asi MpONOpUHOHANbBHA B , T.C. He IydIle, 4eM ISl COPTHPOBOK
BCTaBKaMu U BbIOOpOM. OJHAKO 3TOT Ciydyail MajJoBEepOsITEH HAa MpakTuke. B nemnom,
CpEIHssl TPOU3BOJUTEIBLHOCTh OBICTPOM COPTHPOBKH BBINIE, YEM Y BCEX PACCMOT-
PEHHBIX paHee COPTUPOBOK. ANropuT™ ObIcTpoit coptupoBku (QuickSort) BeIOUpaeT-
Csl 32 OCHOBY B OOJIBIIMHCTBE YHUBEPCATBHBIX COPTUPYIOUIUX YTHIIHT.

B npun. 11 nana cxema anroputrma OBICTPOM COPTUPOBKU B HEPEKYPCHUBHOM
peanuzauuu. s XpaHeHUS! TPAHUI] TOMACCUBOB UCIOJIb3yeTCs ABYMEPHbINH Mac-
CHUB, MEPBbIN CTONOEI €r0 XPaHUT JIEBbIE UHJAEKCHI MOJIMACCUBOB, & BTOPOH CTOJI-
Oell — MpaBble WHJICKCHI.

B mpuii. 12 nana exema anroputMa ObICTPOIl COPTUPOBKM B PEKYpPCUBHOM pea-
JU3alIUH.

B mpuit. 13 nana mporpamma, HamucaHHasi Ha si3bike Pascal, pexypcuBHOi pea-
JU3aluu ObICTPOIl COPTUPOBKHU.

2. 3. MIUPAMHMJIAJIBHASI COPTUPOBKA (HeapSort)

Meron nupamuaanbHoil copTHpoBKH (Apyroe HazBanue HeapSort) 6azupyercs
Ha COPTHUPOBKE MPSMBIM BBHIOOPOM (cM. mojapas3a. 1.2) u Mo cyTH sBISETCS €ro yco-
BEPILICHCTBOBAHUEM.

MeTon COPTUPOBKH € MOMOIIBIO MPSAMOro BEIOOpa OCHOBAH Ha MOBTOPSIOMIUXCS
MOMCKaX HAWMEHBILETO AJIEMEHTa CPEAN M DIEMEHTOB, 3aT€M CpEeAu OCTaBIIMXCSA
(n-1) pnemMeHTOB U T.1. Y COBEPIICHCTBOBAHUE MPSMOT0 BHIOOPA 3aKIIIOYAETCS B TOM,
YTO MOCJE KaKI0Tro MpoXoJa coxpaHsercs 0oJblie nHopManuu, YeM MpocTo UaeH-



TAUQUKAKMA €IUHCTBEHHOI0 MHUHHMMAIBHOTO 3JieMeHTa. Hampumep, caemaB (n/2)
CpPaBHEHMM, MOKHO OIpPEJETUTh B KOXKJON Mape 3JeMEeHTOB HauMeHbIui. C momo-
1I6I0 (n/4) cpaBHEHUN — HAMMEHBIIIUA U3 TIAphl )K€ BHIOPAHHBIX HAUMEHBIIUX U T.1.
[Iponenar (n-1) cpaBHEHMI, MOKHO TIOCTPOUTH JIEPEBO BBHIOOpA U HUIACHTUPHUIIUPO-
BaTh €r0 KOPEHb KaK HCKOMBI HAUMEHBIITUN JIEMEHT.

ITycts A[1]...A[n] — ucxonnsiii MaccuB. CONOCTaBUM €My JE€PEBO, UCTIOJIb3YS
CJIeAYIOIINE TpaBuJa;

1) A[1] — xopeHb nepeBa;

2) ecnu A[i] »snemeHT AepeBa u (2*i) < n, To A[2*i] — “7AeBBIN” MOTOMOK 3JIe-
MeHTa A[i];

3) eciiu A[i] anemeHT aepesa u (2*i+1) < n, T0 A[2*i+1] — “npaBbIii”’ MOTOMOK
anemeHTa A[i].

[IpaBuna [1-3] ompenenstoT B MacCUBE CTPYKTYpY JepeBa, MPUUEM TIIyOMHA
nepesa He npebimaet ([log, n] + 1). OHM ke 3a1a10T CIOCO0 MEPEMEIICHUS 110 JCPEBY
OT KOPHS K JIUCThsAM (puc. 7). JIBuxkeHne B 00paTHOM HaIlpaBlICHUU 3a7aéTcs MpaBu-
oM 4:

4) eciiu A[i] — y3en nepeBau i > 1,10 A[i div 2] —y3en “npenok” y3na A[i].

Alil

— .

A[2%] A[2%i+1]

Puc. 7. IlpeacraBienue maccuBa B BUAE IEPEBA

Ipumep: nycth gan maccuB uncen A={9,2,4,7,1, 6, 10, 8, 3, 5}.

Ha puc. 8 nano npencrasieHne MaccuBa B BUe OMHApPHOro JiepeBa.
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Puc. 8. HpCI[CTaBJICHI/IC MacCHuBa B BUJC 6I/IHapHOFO ACpCBa

Takum o6pazom, mpu Ha4aJIbHOM IMPOXOJIE€ MO MACCUBY CO3JAETCS HEKOTOpas
IepeBooOpa3Has CTPyKTypa.



Jlnst coxpaneHnust ”HGOpMaIlUU BBOAUTCS MOHATHE TTUPAMU/IBI.
[Tupamuga onpenenseTcss Kak MOCIEA0BATEIbHOCTh 3JIEMEHTOB MaccuBa A,
Ay .. y Ay, TaxKas, 4To

A <A, u A<4

; S Ay, onai=1.n/2,
[TocTpoum aJis1 paCCMOTPEHHOTO BBIIIIE TPUMEPA TUPAMULY, BHIIIOJHUB MOCIIE-
JIOBATEJIbHO NIEPECTAHOBKY Map CACAYIONIUX JIeMEeHTOB: 9u2, 9ul, 2ul,

9uS5 (puc.9).

2%i+1

1
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Puc. 9. Ilpeacrapienue MaccuBa B BUJE MUPaAMUIbI

B pabore [1] omuckiBaeTcst criocod MOCTPOCHUS MUPAMUIBI “‘HA TOM e Mec-
te”. [lupamuna pacmmpsercs: BiaeBo. Kaxkapiii pa3 106aBisieTcss U CABUTAMU CTaBUT-
Csl B HQJJICXKAIIYIO TTO3UIINIO HOBBIHN AneMeHT (mporeaypa Sift B mpui. 15). Tlponecc
MTOCTPOCHHMS TUPAMU/IbI U3 B DJIEMEHTOB Ha TOM K€ CaMOM MECTE MOXHO 3arucaTh Ha
s3bike Pascal kak

L:=(n div 2)+1;
While L>1 do
begin
L:=L-1;
Sift(L,n)
end;

OquI/IIIHO, 4dTO MOCTPOCHUC IMUPAMHUABI IIPUBOAUT K BBITAJIKMBAHUIO B KOPCHb
ACPCBa HAMMCHBLIIICTO 3JICMCHTA. HOG)TOMy M1 peajin3alinu HHpaMHHaHBHOﬁ CcCopTH-
POBKH OCTAJIOCh PCHIUTH IMOCJICAHIOIO 3adady — HCKIIIOUUTL H3 JIEUIBHCﬁHICFO pac-
CMOTPCHUSA DJICMCHT, H&XOIISIHIHIZCSI B KOpPHC. DTOro MOKHO I[O6I/ITBCSI, 0OMeHMBas
HOCJICIIHI/Iﬁ 9JICMCHT B MACCHUBC C HAMMCHBIINM, T.C. HAXOIAIIUMCA B KOPHC. Takum
06pa30M, B KOPCHb ACPCBa IMOMCIIACTCA HOCHCI[HI/Iﬁ 9JICMCHT MacCCHBa U IIMpaMuIa
BHOBb CTPOUTCA OJIsI IIOAMACCHBA OT 1-ro smemeHTa A0 MpCAIoCICIHCTO. 9HCMCHT,
HCpCIIBHHYBHIHﬁCH B KOpPCHb ACPCBA, BHOBb 6YJICT HauMCHBIIINUM JJICMCHTOM, H €TI0
MOKHO HCKIIFOYHUTDH aHaJIOTMYHBIM CHOCO6OM, IMyTeM oOMeHa ¢ MMpCaIoCiICIHNUM 3JIC-
MCHTOM MacCCuBa, U T.A.



[Tocne m Takux mIaroB MpoIecc COpTUPOBKHU 3akaHuuBaercs. [Iporeaypa mo-
CTPOCHHMS MHUPAMUABI JJIsI TMOJMACCUBOB HA3bIBACTCS CIYCKOM WJIM MPOCEUBAHUEM
AJIEMEHTOB.

O6paTuM BHUMaHHE, YTO Ha KaXKJIOM M3 M IIAroB BBIOOpa TPeOYyeTCs TOJIBKO
logyn cpaBHenuii. [loaToMy Ha Bech mpoliecc moHagoouTcs nopsaka (n*log,n) sne-
MEHTApHBIX OMNEpaIuii TUII0C ele M I1aroB Ha MOCTPOEHHUE JepeBa. ITO BEChbMa Cy-
IIECTBEHHOE YIYUIICHHE HE TOIbKO MPSIMOT0 METOAA, TPEOYIOEro n° maros, HO U
naxe Merona lllemna, rae HyxHo n' mara.

Ilpumep: mycTh UCXOMHBIA MACCUB MPEJCTABIICH CIEAYIONIEH COBOKYMHOCTBIO
anemMeHToB A ={44, 55, 12, 42, 94, 18, 06, 67}, nponHAECKCUPOBAHHBIX B AUAIa30HE
i=[1]...[8]. Cnauana B moamaccuB {94, 18, 06, 67} BcTaBusercs snemeHT 42 (i=4) ny-
TEeM CpaBHEHHUs ¢ dyieMeHTOM 67 (i=8) (cM. ompejierieHue MUpaMubl). 3aTeM B MO/I-
MaccuB {42, 94, 18, 06, 67} BcraBmsieTcst 3nemMeHT 12 (i=3) myTeM CpaBHEHUS C dJie-
MEHTOM MUHUMAaJbHBIM U3 mapel {18, 06} (i=6 u i=7 cCOOTBETCTBEHHO) U OOMEHa C
HUM, T.€. ¢ 3neMeHToM 06. 3atem B moamaccuB {06, 42, 94, 18, 12, 67} BcTraBiseTcs
AJIIEMEHT 55 MyTeM CpaBHEHHUSI C 3JIEMEHTOM MUHUMAIBLHLIM U3 Tapsl {42, 94} (i=4 u
i=5) u obmeHa ¢ anemenTom 42. Hakonen, B moamaccus {42, 06, 55, 94, 18, 12, 67}
BCTaBJISIETCA dJ€MEHT 44 IMmyTeM CpaBHEHHS C DJIEMEHTOM, MUHUMAJIbHBIM U3 IMaphl
{42, 06} (i=2 u i=3), u obmeHa c smemeHToM 06 M Janee CpaBHEHUsS €TO C DJIEMEH-
TOM, MUHUMaJIbHBIM U3 napsl {18, 12} (=6 u i=7), n obMeHa ¢ snementoM 12. Ecnu
MIOCJI€ BBITIOJTHEHUS ITUX JACHCTBUM MPEJACTaBUTL PE3YJIbTUPYIOMIUM MAacCUB B BHJIC
nepesa (puc.10), To A1 KaKIOT0 JIEMEHTa AepeBa OyAET BBINOIHATHCS TPEOOBAHKE
MApaMUJIbl, T.€. eMeHT 06 MeHbIe 2IeMeHTOB {42, 12}; anemeHT 42 MeHbIIIEe dJie-
MeHTOB {55, 94}; snemeHT 12 MeHblue 3jieMeHTOB {18, 44}; snemeHT 55 MeHblle
a1eMeHTa 67.

06

55 94 18 44

e

67

Puc.10. IlpencraBnenue MaccuBa B BUAE MUPAMUIBI

Tabn. 7 wocTpupyeT Ipolecc MOCTPOCHHS MUPaMUABL Ui PACCMOTPEHHOTO
BhIIIIE TTpuMepa. TeMHBIM LIBETOM BBIJIEJICH BCTABJISIEMbIH AieMeHT. CBETIIBIM I[BETOM
BBbIJIeJIaHa YacCTh MAacCHUBa, MIPECTaBIseMas Kak MUpaMua.



Tabnuua 7
ITocTpoeHnne nupamMuasl

0-i1 waz 44 55 12 42 94 18 06 67
111 waz (cmapm) 44 55 12 42 Il 94 18 06 67
Bcmasxka 44 55 12 42 94 18 06 67
2-11 waz (cmapm) 44 55 12 Il 42 94 18 06 67
Bcmasxka 44 55 6 42 94 18 12 67
3-1i wae (cmapm) 44 55 Il 6 42 94 18 12 67
Bcmasxka 44 42 6 55 94 18 12 67
4-1i wae (cmapm) 44 Il 42 6 55 94 18 12 67
Bcmasxka 06 42 12 55 94 18 44 67

IIpouecc coOCTBEHHO COPTUPOBKU MILTIOCTpUpYeTCs Ta0i. 8. CepbIM LIBETOM IOMEYEHBI 3JIEMEHTHI [1epEBa, UCKJIIOUEHHBIE U3 TIOCIIEAYIOILET 0
IPOCMOTPA, T.€. CTOSIINE HA CBOMX MECTaXx.

Tabnuua &8
CopTHpoBKa MaccuBa

1-11 wae (cmapm) 06 42 12 55 94 18 44 67
Obmen 67 42 12 55 94 18 44 06
IIpoceusanue 12 42 18 55 94 67 44 06
2-u wae (cmapm) 12 42 18 55 94 67 44 06
Obmen 44 42 18 55 94 67 12 06
Ilpoceusanue 18 42 44 55 94 67 12 06
3-ti wae (cmapm) 18 42 44 55 94 67 12 06
Obmen 67 42 44 55 94 18 12 06
IIpoceusanue 42 55 44 67 94 18 12 06
4-11 wae (cmapm) 42 55 44 67 94 18 12 06
Obmen 94 55 44 67 42 18 12 06
IIpoceusanue 44 55 94 67 42 18 12 06
5-1i wae (cmapm) 44 55 94 67 42 18 12 06
Obmen 67 55 94 44 42 18 12 06
IIpoceusanue 55 67 94 44 42 18 12 06
6-1 wae (cmapm) 55 67 94 44 42 18 12 06
Obmen 94 67 55 44 42 18 12 06
IIpoceusanue 67 94 55 44 42 18 12 06
7-11 waz. (cmapm) 67 94 55 44 42 18 12 06
Obmen 94 Il 67 55 44 42 18 12 06
IIpoceusanue 94 67 55 44 42 18 12 06

Ha puc.11-17 nano npeacrtaBieHne MaccuBa B BUJIE AEPEBA, MILTIOCTPUPYIOIIEE
nocjeaoBaTeNbHbIe copTupyromue maru. Mcexogusiit maccus {06, 42, 12, 55, 94, 18,
44, 67} mpeAcTaBIseT MUpaMUIy, Ha BEPIIMHE KOTOPON HAXOIUTCS MUHUMAJIBHBIN B
MacCHBE 3JIEMEHT; BBIMOJHAETCS 00MeH 3yemMeHToB 06 u 67 (puc. 13, ciea), Takum
o0pa3oM, MUHUMAaJIbHBIA 3JI€MEHT CTaBUTCS B KOHEI| MacCHBa U B JaJbHEHIIEM HC-
KJIFOYAETCS U3 PAaCCMOTPEHHUs, & 3JIEMEHT 67 HauMHAET MPOCEUBAThCA CKBO3b IUpa-
MUY JJISI €€ BOCCTAHOBJICHUSI TyTeM 0OMeHa ¢ MUHUMAaJIbHBIM U3 mapsl {42, 12}, T.¢.
aneMeHToM 12, u gaiee myreM oOMeHa ¢ MUHMMAaJIbHBIM U3 mapel {18, 44}, T.e. ane-



MeHToM 18, u T.1. PesynbTaT mpoceuBaHus mpenactarBieH Ha puc.ll (cmpaBa). Ha
BEPIUIMHY MUPAMHUJIBI TIOJIHSIICS OUepeTHOM MUHUMAIIbHBIN 35ieMeHT. Ha puc.12 (cne-
Ba) MOKa3aH OOMEH MUHHMMAJILHOTO 3JIeMEeHTa 12 ¢ MpearnocieHUM 3JIEMEHTOM Je-
peBa. B pesynbrate mpaBUiiO MHUPAMUJIBI HAPYIIIEHO W BBITIOJHSAETCS MPOCECHBAHUE
AJIEMEHTa Yepe3 MUpaMUuay JJIsl €€ BOCCTaHOBIIeHUs (CM. puc.12, cripaBa) U T.1.

67 12
42 12 42 18
55 94 18 44 55 94 67 44
/ /
06 06

Puc.11. CoptupoBka maccuBa (mar 1: oOMeH, TpoCenBaHUE)
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Puc.12. CoptupoBka maccuBa (1ar 2: oOMeH, TpOCEUBAHUE)
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Puc.13. CoptupoBka maccuBa (1ar 3: oOMeH, TpOCEUBAHUE)
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Puc.14. CoptupoBka maccuBa (1ar 4: oOMeH, TpOCEUBAHUE)
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Puc.15. CoptupoBka maccupa (mar 5: o0OMeH, MpoceuBaHue)
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Puc.16. CoptupoBka maccuBa (1ar 6: oOMeH, TpOCEUBAHNE)

94 94
67 55 67 55
44 42 18 12 44 42 18 12
/ /
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Puc.17. CoptupoBka maccupa (mar 7: 0OMeH, MpoceuBaHue)

B paccMoTpeHHOM TIpuMepe COPTHPOBKA MAacCHBa BBIMIOJHACTCS TI0 yOBIBAaHUIO.
OOpaTHOrO MOpsiAKa COPTHPOBKH JOOWMBAIOTCS W3MEHEHHEM HAMpaBICHUS ‘‘yIO-
PSAIOYHMBAONIETO OTHOIICHUs B mporeaype Sift. Cxema anroputma nupamMuaaaIbHON
COPTUPOBKHM IpECTaBieHa B pui. 14.

AHaJu3 MeToa NUpaMuaaabHol coprupoBkn HeapSort.

MeTon nrupaMHuIaIbHON COPTUPOBKU HE PEKOMEHIYETCS PUMEHSTH JJIST MacCH-
BOB C HEOOJBIIUM YHCIOM 3JEMEHTOB. /{7 OONBIIUMX XK€ MacCHBOB COPTHPOBKA
HeapSort ouens rdpexrunna [1,2].

IIpoaHanM3upyeM HauXyALIMH CIIydail: ISl YIIOPSAJOYEHHUs MacCuBa U3 R dJie-
MEHTOB HEOOXOJIMMO BBIOJIHUTH (M/2)  CHABUTAIOIIMX IIIaroB, OHU  CIBHUTAIOT
aneMeHTHI Ha logy(n/2), logy(n/2-1),..., logy(n-1) no3umuii (morapudm oxkpyriasercs 10
CJIEAYIONIETO MEHbIero 1eoro). CiaeaoBaTenbHo, ¢aza COpTUPOBKU Tpedyer (n-1)
CIABUTOB C camoe Oombinoe log,(n-1), logy(n-2), ..., 1 nepememnienusmu. Kpome Toro,
HYXKHO eme (n-1) mepeMenieHnii 11 IpOCEeUBaHUs CABHHYTOTO JIEMEHTa Ha HEKO-



TOPOE PAcCTOSTHUE BIPaBO. ITU COOOpaX]EHUS MOKA3bIBAIOT, UTO JJaXkKe B CAMOM ILIO-
XOM U3 BO3MOXKHBIX cllydaeB coptupoBka HeapSort motpeOyer log,n miaros.
OueBuaHo, coptupoBka HeapSort “at00uT” HavadpHbIE MMOCIEI0BATEILHOCTH, B
KOTOPBIX 3JIEMEHTHI 00Jiee WM MEHEE OTCOPTUPOBaHbI B 00paTHOM nopsiake. [losto-
My “NOBelIeHHe’” METOJla HeecTeCTBEeHHO. [Ipu Hamnuuu oOpaTHOrO MOpPsAKa pacio-
JIO’)KEHHUS AJIEMEHTOB B MaccuBe (pa3za mocTpoeHUs MUpaMHIbl HE TpeOyeT BooOIIe
Kakux-1u0o nepemeiieHuid. CpeaHee YUCIO MepeMelIeHUu NPUOIU3UTEIBHO PABHO
(n/2*logyn), mpryeM OTKIOHEHHS OT 3TOTO 3HAYEHUS OTHOCUTEIHHO HEBEJIUKH.

3. COPTUPOBKA NOCJIEJIOBATEJIbHOCTEI (¢paiiios)

ANTOPUTMBI COPTHPOBKH, MPHUBEICHHBIC B MPEABLAYIIEM pasjieie, HeNb3s Mpu-
MEHSTh HETOCPEICTBEHHO I JaHHBIX, KOTOPHIE M3-3a CBOMX pa3MepOB HE TMOMeE-
[IAFOTCS B OMEPATUBHYIO MaMsTh MAIIMHBI. B TakoM ciy4yae NaHHBIE MPEACTaBISIOT
coboii ¢aitn (mocnenoBarenbHbli Gaiin). s daiina xapakTepHO, YTO AOCTYII K dJie-
MEHTaM MPOU3BOJUTCS B CTPOTO OMPESICHHON nocneaoBaTeapbHocTH. [ToaToMy miis
TaKUX CTPYKTYP JaHHBIX pa3paOdO0TaHbl CIICUATbHBIE METOABI COPTUPOBKH.

PazymeeTtcs, B ToMm citydae, Korja pa3mep ¢aiina HeBeIUK U 00hEM OnepaTHBHON
MaMsITH TOCTaTOYEH ISl €T0 pa3MEeIICHHsI, MOXKHO MPOYUTATh (paiiyl B maMsATh, OTCOP-
TUPOBATh MOJYUYEHHBIH MaCCHUB OJTHUM U3 METOJOB BHYTPEHHEH COPTUPOBKH, a 3aTeM
OTCOPTHUPOBAHHBIM MacCWB 3amucaTh B (aiin. OgHaKO ATO HE SBISETCS TUIUYHBIM
CIIy4aeM.

Jlanee Mbl paccMOTpUM OOIIUH CiTy4yal, KOr/ia COPTUPYEMBIi (pailil nMeeT 00beM
3HAYUTEIHHO OOJIBIIHIA, YeM JTOCTYITHO OTIEPATUBHON MaMSATH.

Haunbonee BaXHBIN U3 METOOB COPTUPOBKH (DAKJIOB — COPTHPOBKA C TTOMOIIIBIO
ciusiaus. CIustHue — 3TO 00beTMHCHNE HECKOJIBKHX TI0CIIEI0BATEIBHOCTEH TAHHBIX B
OJTHY YHOPSIOYEHHYIO TOCIEI0BATEIBHOCTh METOAOM MOBTOPSIONIETOCS BEIOOpA M3
JOCTYTIHBIX B JAHHBI MOMEHT 3JIEMEHTOB (aiina.

3. 1. IPOCTOE CJ/IUSIHUE

OpHa U3 COPTHPOBOK Ha OCHOBE CIIMSHUS Ha3bIBACTCS MPOCTHIM cusHueM. OHa
BBITIOJTHAETCS CHEAYIOIUM 00pa3oM:
[ar 1. Mexomnas nocienoBatenbHOCTS ((haiin) A pazouBaeTcs Ha JBe MosioBUHbBL: B u C.
[Ilar 2. Yactu B u C cauMBalOTCA B MOCJIEI0BATENBHOCTh A TaK, YTO Kaxjas mapa B
TOCJICIOBATEIIBHOCTH A TEeIeph SABISCTCS YIOPSIOYCHHOM.
[lar 3. laru 1-2 TOBTOPSIOTCS JJI1 BHOBB IMOJYYCHHOM ITOCJICIOBATEIBHOCTH A.
[Tpw 5TOM YIIOPSITOYCHHBIC MAPBI IEPEXOAAT B YIIOPSIOYCHHBIC YETBEPKU, BOCHBMED-
KM H T.J. IO T€X MOp, MOKa He OyACT yrmopsgoueHa BCs MOCICA0BATCIBHOCTD IIEITH-
KOM.

IIpumep: nycTh AaHa mocieaoBaTeIbHOCTS ((aitn) uucen: {6, 7,2, 5,9, 4, 1, 8}.
JInst cOpTHUPOBKK HEOOXOJIMMO HCIOJIB30BaTh TPH JICHTHI (pabouwne ¢aitnbl 4,B,C)
(puc.18):

A 6 7 2 5 9 4 1 8
B
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Puc. 18. CopTupoBka NpoCTHIM CIUSHUEM (MCXOIHOE COCTOSIHUE)

[Tocne nmepBoro pazoueHus MOJIy4aroTcs ABE nmociieqoBaTenbHOCTH (puc.19).

4 J6 7 2[5 Jo 4 J1 8
mtaanranl B B BN
B J6 7 J2 5 ]
3 v v
[c Jo 4 1 J8 ]

Puc. 19. CopTupoBka npocTsiM ciusinueM ((aza pa3aencHus)

CnusiHue OJUHOYHBIX KOMIIOHEHT (T.€. YHOPSIIOUEHHBIX MOCIEI0BATEALHOCTEH
JUTMHOW B 1 3JIeMEHT) B yMOpSIOYEHHBIE Taphbl JaéT yHOPSIOYEHHBIE Haphl, Mpe-
cTaBiieHHbIE Ha puc. 20.

(4 Je [9 ENNEEE' [ ENEEE

Puc. 20. CoptupoBka mpocThiM ciusinueM (Paza ciusHus, mar 1)

[lonyuyeHHass TOCIIEIOBATEIBHOCTh BHOBb JEIHUTCS TOMNOJAM, HO CIMBAOTCS
y’Ke€ yHopsI0ueHHbIE YeTBEPKH (puc.21).
4 |1 12 |6 |9 4 5 E E
Puc. 21. CoptupoBka npocTbiM ciusiHueM ((haza cinusiHus, 1mar 2)

Tperbe pazneneHue U CiausiHUE MPUBOAST K OTCOPTUPOBAHHOM MOCIEI0OBATENb-
HoCTH (puc.22).
a1t 2 |3 J4 5 Je [7 [8 |
Puc. 22. CoptupoBka npocThiM ciusinueM ((asza cinusiHus, mar 3)

N3BecTHO [1], 4TO nelcTBUs 10 OAHOKPATHON 00paboTKEe BCero Habopa JTaHHbBIX
Ha3bIBalOTCS (pa3oii, a HAMMEHBIIUI MPOIECC, KOTOPBIHA MEPHOINIECKH TTOBTOPSIETCS
B XOJI¢ COPTHPOBKH, HA3bIBACTCS MPOXOJOM WJIHM 3TanoM. B mpuBeneHHOM mpumepe
COPTHPOBKA BBITIOJIHACTCS 32 TPU MPOXOJA, KAKIBIA M3 KOTOPBIX COCTOUT W3 (ha3bl
pasnenenuss U (a3pl CAUSHUA. [T BBITIONHEHUS TaKOW COPTUPOBKH HYXHBI TPU
BCIIOMOTATeNbHBIX (paiiyia (JICHTHI), TOPTOMY OHA Ha3bIBACTCS TPEXJICHTOUYHBIM CIIHS-
HUEM.

®a3pl pazneneHns GaKTUIECKH HE OTHOCATCS K COPTUPOBKE, T.K. B HUX DJIEMEH-
TBI HE TIEPECTABIAIOTCS. B 9TOM CMBICIIe OHM HEMPOIYKTUBHBI, XOTS ¥ 3aHUMAIOT T10-
JIOBUMHY BCEX OTiepanuii rmo nepesanucu. Ecnyu o0beIMHUTD pa3ielieHue Co CIUSHUEM,
TO OT (pa3 pasjeneHust MOXKHO M30aBUTHCA. J{JIs1 3TOr0 BMECTO CIMAHHUS B OJHY IO-
CIIEIOBATEIILHOCTD PE3YNIBTATHI CIUSHUS OyIyT cpa3y pacrpenesiThes Mo IBYM (aii-
JaM (JIeHTaMm), KOTOpble CTaHYT MCXOAHBIMH JUIS MOCIEAYIOIIero nmpoxoaa. B ornu-
4re OT YHNOMSHYTOW ABYX(a3HOH COPTHPOBKU C TMOMOIIBIO CIUSHUS TaKas COPTH-
poBKa Oyner Ha3biBaThcsl oAHO(Da3HOM. OHa rddexTuBHEE, MOCKOIbKY HE00X0aUMa
TOJILKO TTOJIOBMHA OTEpalUii 10 Mepe3anucy, OJHAKO I ee peaau3aluu HeoOX0auM
4yeTBepThId (aiii (JeHTa).

Ipumep: nycth naH Qaiin 4, pacCMOTPEHHBIHN B pebIIyLIEM MTpuMepe (puc. 23).
| A | 6 | 7 | 2 | 5 | 9 4 | 1 | 8




Puc. 23. CopTupoBKa MPOCTHIM CIHUSHUEM (UCXOTHOE COCTOSTHUE)

[Ipu 1-M npoxone BBINOIHAETCS IEPBUYHOE pasnaeneHue daiina A Ha gaitnsl C u
J (puc.24).

A 6 7 2 5 9 | 4 |1 IE \
B

C 6 7 2 5

i 9 4 1 8

Puc. 24. CoptupoBka npocTbiM ciusinueM (1-i mpoxon)

Ha 2-M mpoxojie BBIMOJHSIETCS CIUSHUE W pa3eiCHUE C YIOPSAOUYCHUEM OJIH-
HOYHBIX KOMITOHEHT B Tiaphl (aitnel 4 u B) (puc. 25).

A 6 9 1 2
B 4 7 5 8
C 6 7 2 5
a 9 4 1 8

Puc. 25. CopTupoBKa NpoCThIM CIUSHUEM (2-1 TPOXO.)

Ha 3-m mpoxoje BBITIONHSETCS CIMSHUE W Pa3felieHUue C YIMOpsAI0UYECHUEM Iap
KOMIOHEHT B yeTBepkH (Paiiinsl C u ) (puc.26).

A 6 9 1 2
B 4 7 5 8
C 4 6 7 9
I 1 2 5 8

Puc. 26. CopTupoBka nmpocThiM chusiHueM (3-i mpoxon)

Ha 4-m ipoxoie BBITIOJIHSAETCS CIIUSIHUE C YIOPSI0YEHUEM Y€TBEPOK KOMIIOHEHT
B BochMepkH ((aitsibl A u B) (puc.27). Ans paccMOTpEeHHOro mpuMepa Ha 3TOM IIare
B (paitnne A OyaeT moJydeH pe3yibTar.

4 |1 2 4 |5 J6 |7 [8 |9 |

Puc. 27. CopTupoBKa npocThiM clusiHueM (4-i mpoxon)

AHAJIN3 COPTHPOBKH € MOMOIIbI) MPOCTOr0 CAUSTHHUSA.

[TockonbKyY MpH KaXKIOM TPOXOE YUCIIO CIMBACMBIX KOMIIOHEHT p  yJIBanBaeT-
ca (p=1,2,4,8,...) U COPTUPOBKA 3aKaHYMBAETCSA MPU P=n, TO BCEro MOTpedyeTcs
log,n poxonoB. Ha kaxaoM npoxoze 1o onpeAeseHnIo KONUPYIOTCs M0 OJHOMY pa-
3y Bce n sieMeHToB. [loaTomy of1iee yucio nepechliok paBHo (n*logn).

Yucno cpaBHeHuil snemMeHTOB C MEHbIIE YKClia MEepecTaHOBOK M, MOCKOIBbKY
IpHU KONTMPOBAHUHU OCTATKOB HUKAKUX CpPaBHEHH HE mpomu3BoauTcs. OIHAKO COPTH-
POBKH CIIMSTHUEM HCIIOJIB3YIOTCS TP COPTUPOBKE JAHHBIX, XPAHAIIUXCS Ha BHEII-
HUX HOCHUTEIISX, TIOATOMY OTEpaIHsl MEPEChIUIKN JaHHBIX HAMHOTO 0oJiee TpyIoeMKast
[0 CPAaBHEHHUIO C omepaiueil cpaBHeHus. Takum 00pa3oMm, JeTalbHbIA aHAJIU3 YKCIIa
CpaBHEHHUH HE MPEACTaBISET MPAKTUUECKOTO HHTEpECa.

MCTOII COPTUPOBKU CIIMAHHCM CPAaBHHUM I10 IIPOU3BOIUTCIBHOCTU C 6BICTpBIMI/I
MCTOAAMHU COPTHUPOBKHU MACCHUBOB. OI[HaKO MHHUMAaJIbHBIA 00BEM IHaMATH, HEO00XO-
IIPIMBIﬁ JJIA pa6OTBI JaHHOT'O ME€TOda, COCTABJIACT MUHHUMAJIBHO (2*11) 3JICMCHTOB, K



TOMY K€ BBICOKH 3aTpPAThl HA pa60Ty C NHACKCaMU. HOBTOMY COPTHUPOBKA CIIMAHUCM
JJIs1 MaCCUBOB, T.C. IJIsI JAaHHBIX, HAXOAAIINUXCSA B OHepaTHBHOﬁ MmaMATHU, UCIIOJIb3Y-
CTCs pCAKO.

3.2. ECTECTBEHHOE CJ/IUSIHUE

Metoa npoCTOro CIUsSHUS HE YUYUTHIBAET OCOOCHHOCTH CiIyyas, Ipu KOTOPOM B
(aiisie ecTh JIMHHBICE YACTUYHO YIIOPSIOYCHHBIC MOAMOCIEI0BaTeIbHOCTH. Pazmep
cIIMBaeMbIX Ha k-M IIare IoJmociIe[0BaTeIbHOCTEl MeHbIIe i paBeH 2* i He 3aBu-
CHUT OT CYIIECTBOBaHUS 00Jiee IJIMHHBIX YKE YIOPSAOUYECHHBIX MOANOCICAOBATEIIBLHO-
CTeH, KOTOphIE MOKHO OBLIO OBl MPOCTO 0O0BbEAUMHUTH. DAKTUYECKU JIFOOBIC BE yIIO-
PAIOYCHHBIC MOIOCICAOBATEILHOCTH JUIMHOW M U B MOXHO Cpasy CIUBATh B OJIHY
MOCJIEI0BATENILHOCTD U3 (m+n) 3meMeHToB. COpTUPOBKA, IPU KOTOPOW BCeraa Ciu-
BaIOTCS JIBE€ CaMble JUIMHHBIC U3 BO3MOYKHBIX MOATOCIEIOBATEIIbHOCTEH, Ha3bIBACTCS
€CTEeCTBEHHBIM CITUSTHUCM.

YropsgoueHHbIC MOMOCIEA0BATEILHOCTH HA3bIBAIOTCS CepUsIMHU. B copTupoB-
K€ €CTECTBEHHBIM CIIMSIHUEM OOBEIMHSIOTCS MaKCUMAJIbHBIC YIIOPSI0YEHHBIE CEPUH,
a He Toce0BaTeIbHOCTH (PUKCUPOBAHHOM 3apaHee JuiuHbL (p=1,2,4,8,....).

Ipumep: nycts gan ¢daiin A u3 20 uucen (puc.28). CopTHUpoOBKa BHITIOIHSAETCS C
MCIIOJIb30BaHUEM 4 BCIIOMOTATENbHBIX (paitinoB, T.e. HAa 4-X neHtax (painsl A4,B,C,/0).
Ha puc. 28 nmpuBeneno ucxoanoe cocrosiuue (aina (3tan 0) u ero COCTOSHUS TTOCIIE
Ka)XJIOr0 U3 MPOXOA0B (3Tarbl 1—4) ¢ MOMOIIbIO €CTECTBEHHOTO COaJaHCUPOBAHHOTO
cnusiausg (puc.29-32). Jlnga monHoM copTHpoBKU (aiiyia HY)KHO Bcero 4 mpoxoja.
[Iporiecc cCOpTUPOBKM 3aKaHUMBACTCS, KAK TOJBKO YUCIIO CEPUN CTAHOBUTCS PaBHBIM
equnune. [Ipeanonaraercst Tak»ke, YTO B HayajJbHOW IOCJIEIOBATEIILHOCTH €CTh 10
KpaiiHeil Mepe ofHa HemycTas cepusi. [loaToMy KonMuecTBO cepuil HEOOXOIUMO 3a-
MIOMUHATH B OTACIBHOM MepeMeHHOU. Toraa mpu3HakoM KOHIIAa COPTUPOBKH MOYKHO
CUMTATh PAaBEHCTBO 3TOM mepemMeHHON enunuiie. Ha puc. 28—32 xupHbiM mipudTom
BBIJICJICHBI CEPUH JIEMEHTOB (YIIOPSI0UCHHBIC TIOIMOCIEI0BATEILHOCTH).

Oran 0:
A 17 [31 [Jos |59 JJ13 [41 [43 Je67 JJu1 [23 [29 [47 JJo3 Jo7 [71 [fo2z [19 [57 [J37 et
B
C
A
Puc. 28. CopTrpoBKa €CTECTBEHHBIM CIUSHUEM (UCXOJIHOE COCTOSHUE)
Oran 1:
A 17 [31 [Jos [59 JJ13 [41 [43 Je7 JJu1 [23 [29 [47 JJo3 Jo7 [71 [fo2z [19 [57 [J37 et
B
Cc 17 [31 |13 [41 [43 [67 Jo3 [07 |71 J[37 |6l
Jr]0s 59 [ [23 29 [47 Joz [19 [57

Puc. 29. CoptupoBka ecrecTBeHHbIM cnusinueM (1-i mpoxon)




Oram 2:

A]05 [17 [31 [59 Joz Jo3 [o7 [19 [57 [T
Bl11 [13 [23 |20 |41 |43 [47 |67 |37 |61
c 17 [31 J[13 [41 [43 |67 Jo3 [07 |71 |37 |61
1105 |59 J1r |23 |29 [47 Jo2 |19 |57
Puc. 30. CopTupoBKa ecTeCTBEHHBIM CIUSHUEM (2-1 POXO.)
Oran 3:
AJ05 [17 [31 [59 Joz [03 [07 [19 [57 [T
B |11 |13 |23 |29 |41 |43 |47 |67 J[37 |6l
C|05 |11 [13 [17 |23 [29 [31 |41 |43 [47 |59 |67
H 02 [03 [07 |19 [37 |57 |61 |71
Puc. 31. CopTupoBka ecTeCTBEHHbIM ClUsHUEM (3-i POX0T)
Oran 4.
AJ02 03 [05 [07 [11 [13 [17 |19 |23 |29 [31 [37 |41 |43 |47 |57 |59 |61 |67 |71
B
C|05 [11 [13 [17 [23 [29 [31 |41 |43 |47 |59 |67
H02 [03 [07 |19 [37 |57 |61 |71

O6XOJII/IMBIC IJIA OIIPEACIICHUS KOHIIA CCPUU.

Puc. 32. CopTupoBKa ecTeCTBEHHBIM CIUsSHUEM (4-11 TpoXo.)

AHaJIN3 eCTECTBEHHOI'0 CIUSIHHA.
Ecnu ciuBaroTcs aBe MOC/IeIOBATEILHOCTH, COCTOSAIINE U3 B CEPUI KaXXJas, TO
pe3yABTUPYIOIIAs TOCIEI0BATEIILHOCTh COACPKUT OMSATh poBHO n cepuid. CrenoBa-
TEJLHO, TIPU KaXXJIO0M Ipoxoje oO0Ilee Yhci0 Cepuil YMEHBIIAeTCs BABOE M OOIee
YUCJIO TEPEeChUJIOK B CaMOM IUJIOXOM Clydae paBHO 3HaueHuto (n*logyn) (Ok-
pPYTIEHHOMY K OJfivKaiiieMy OOJbIIeMy TEIoMY), a B CpeIHEM Jlake MeHbIe. Oxu-
JTaeMO€ YHUCJIO0 CpaBHEHUN 3HAYUTEBHO OOJBIIE, TOCKOIBKY KPOME T€X U3 HUX, KO-
TOpbIE HEOOXOIUMBI JIJII OTOOpA BJIEMEHTOB MPU CIUSHUHU, HYKHBI €€ JTOMOJTHU-
TeJbHbIE CPABHEHUSI MEXY MOCIEI0BATeIbHBIMU JIEMEHTAaMU Kaxxjoro (aiina, He-

3AJAHUSA Ne 1

I[JIH 3aIaHHOr'0 IpCrogaBaTcjicM BapuaHTa U3 Ta6J'II/IHBI IMPOBCCTU CPABHUTCIIb-
HBIM aHaIu3 METOJI0B COPTUPOBKH MACCHUBOB!

Bapuant Metoapl  COpPTHPOBKU Kpurepuii

1 MeTton BbIGOpa a) CpaBHenust
Copruposka Hlea B) IlepecTanoBkHu

2 MeToa «ILIAaBAKOIIET0 MY3bIPbKAY a) CpaBHeHust
MeTox NPOCTHIX BCTABOK B) IlepecTanoBKH

3 IleiikepHasi copTHPOBKA a) CpaBHenust
MeToj IPoCTLIX BCTAaBOK (¢ 6apbepoM) B) IlepecraHoBKH

4 MeTton BbIGOpa a) CpaBHenust
MeToa odOMeHa B) IlepecTanoBku




5 MeTton BbIGOpa a) CpaBHenust
MeToa OMHAPHBIX BCTABOK B) IlepecTaHoBKH
6 MeTtoa oomMeHa ¢ «(IaKKOM a) CpaBHenust
IInpamugaabHasi COPTHPOBKA B) IlepectanoBKH
7 IleiikepHasi copTHPOBKA a) CpaBHenust
BricTpasi copTupoBKa B) IlepecTanoBku
8 Copruposka Illenna a) CpaBHeHust
IIupamuaaibHas COPTHPOBKA B) IlepecranoBku
9 Meton OMHAPHBIX BCTABOK a) CpaBHeHus
BricTpasi copTupoBKa B) IlepectanoBku
10 Coprtuposka Illesta a) CpaBHenust
IIelikepHas COPTHPOBKA B) IlepecTanoBKH
11 BoicTpasi copTHpoBKa a) CpaBHenust
Copruposka Hlesia B) IlepecTanoBKkH
12 MeToa «niiaBaiouiero my3sIpbKa» a) CpaBHeHHsI
Metoa OMHAPHBIX BCTABOK B) IlepecTanoBKH
13 IleiikepHasi copTHPOBKA a) CpaBHeHusl
Metoa OMHAPHBIX BCTABOK B) IlepecTanoBKH
14 MeTton BbIGOpa a) CpasHenust
MeToa «IUIABAIOLIET0 MY3bIPbKa» B) IlepectanoBku
15 MeTton BbIGOpa a) CpasHenust
IInpamugaabHas COPTHPOBKA B) IlepecTanoBKH
16 MeTtoa ooMeHa ¢ «(JIaKKOM a) CpaBHenust
BricTpasi copTupoBKa B) IlepecTanoBkHu
17 IleiikepHasi copTHPOBKA a) CpaBHenust
BricTpasi copTupoBKa B) IlepecTanoBku
18 Coprtuposka Illesmna a) CpaBHenust
IInpamugaabHas COPTHPOBKA B) IlepecTanoBKH
19 MeToa npocThIX BCTABOK (¢ 6apbepom) a) CpaBHeHHsI
BricTpasi copTHpOBKa B) IlepecTanoBKH
20 IMupamuaaabHasi COPTHPOBKA a) CpaBHeHHsI
IIelikepHas COPTHPOBKA B) IlepecranoBKu
21 MeToa OMHAPHBIX BCTABOK a) CpaBHenust
MeTox HPOCTBIX BCTABOK B) IlepecTanoBKH

HccnenoBaHusi MpPOBECTH JIJII MACCHUBOB Cleayromux pasmepHocteit: N=100,
200, 300, 500, 1000, 2000; nyst TUIIOB MAaCCUBOB: CIy4YailHbIN, COPTUPOBAHHBIH, I1€-
PEBEPHYTHIN.

Pe3ynbTaThl pacyeToB CBECTH B TAOIUILY.

JlaGopatopHyto pabOTy BBINOJIHATH MO CIAETYIONIEH CXEeMeE:

Oman 1: OObSBUTH TPU MACCHUBA:

Type
TM = Array [1..2000] of integer;
Var
MI: TMI,;
M2: TM2;
M3: TM3;

IJIA XpaHCHUA 2 000 CﬂyqaﬁHBIX HCJIbIX YHUCCJI, PACIIOJNOKCHHBIX B OOAHOM U3 YKa-
3dHHBIX HUKC ITOPAOKOB:



1) HEeOTCOPTUPOBAHHBIE JaHHBIE (CIyYalHbI MacCHUB);
2) OTCOPTUPOBAaHHbBIE JAHHBIE (COPTUPOBAHHBIN MAacCHB);
3) naHHbIe, OTCOPTUPOBAHHBIE B 0OPATHOM MOPSAIKE (IEPEBEPHYTHII MacCuUB).

Oman 2: pazpaboTaTh IPOrPaMMBbI, PCAUTH3YIOIIHE METOAbI COPTUPOBKH
(coriacHo 3aJ1aHUIO).

Oman 3. OTCOPTUPOBATH B MOPSIIKE «BO3PACTAHUS» MACCHUBBI, BEIOMpPAs COOTBETCT-
BEHHO M3 HUX moamaccuBbl pazmepHocteir N=100, 200, 300, 500, 1 000, 2 000 »ie-
MEHTOB KaXJbIM M3 UCCIEIYEMBbIX METOJ0B COPTHPOBKU. B mporecce copTUPOBKH
JUISL KKJIOTO0 BBIOPAHHOTO MAacCHBA MOACYUTATh KOJUYECTBO CPABHEHUU SJIEMEHTOB
(WM KOJIMYECTBO MEPECTAaHOBOK COTJIACHO 3aJiaHuio). [IpenBaputenbHo pa3paboTath
CTPYKTYPY JAHHBIX JJI XpaHEHUs PE3yJbTaTOB MOJICUETOB.

Oman 4: pe3ynbTaThl MOJCYETOB BHIBECTH Ha KPAH B BU/I€ TaOIHUIIbI:

PazmepHOCTH 1-i1 MeTOJ COPTUPOBKHU 2-1 METOJI COPTUPOBKHU
MaccuBa Konuuectso 3xcnie- | KonuuectBo Teo- | KonuuecTBo 3xcrie- Konuuectso Teope-
PHUMEHTAJIbHOE peTndecKoe PUMEHTAJIbHOE THYECKOE
N=100
N=2000

Oman 5: coriiacHo IMOJIYYCHHBIM PE3YiIbTaTaM CACIATh COOTBCTCTBYIOIIMUEC BLIBOAbI
1 3aHCCTHU UX B OTUCT.

3AJAHUSA Ne 2

1. Jana marpuna X[10,10]. YnopsnouuTs 371€eMEHTBI CTPOK MaTpHIIbI MO yObI-
BaHHIO, & CAMHU CTPOKH IO BO3PACTAHHUIO AJIEMEHTOB 1-ro cronbua (UCronb30BaTh
COPTUPOBKY BBIOOPOM).

2. Jlana marpuua X[9,8]. YIopsaouuTh 3J€MEHTBl CTPOK MATPHUIlbl O BO3pac-
TaHUIO, & CaMM CTPOKU IO BO3PACTAHHUIO CYMMBI 3JIEMEHTOB CTPOK (MCIOJIb30BAThH
COPTUPOBKY OOMEHaMM).

3.. Jana Marpuna X[8,9]. Ynopsaouutb 3J€MEHTbI CTPOK MaTpHULbl IO HEYObI-
BaHUIO, & CAMH CTPOKHU MO YOBIBAHMIO MAaKCHUMAJIbHBIX 3JIEMEHTOB CTPOK (MCIOJIB30-
BaThb COPTUPOBKY IIPOCTHIMU BCTAaBKaMH ).

4. Jlana matpunua X[8,10]. Ynopsgounts 371€MEHTHI CTPOK MaTpPHIIBI 10 HEBO3-
pacTaHulo, a caMHM CTPOKH IO BO3pAacTaHHIO 3JeMeHTOB 10-ro cTonbua (Kcmonb3o-
BaTh COPTUPOBKY OMHAPHBIMU BCTaBKAMH).

5. Hana matpuna X[9,7]. YOOpSO0UNTh 37€MEHThl CTPOK MATPHUIBI MO0 HEYOBI-
BaHHIO, & CAMU CTPOKHU MO YOBIBAHMIO MUHHUMAJIBHBIX 3JIEMEHTOB CTPOK (MCIIOJIB30-
BaTh MIEHKEPHYIO COPTUPOBKY).




6. Jlana marpuna X[6,8]. YHOpsAa04YUTh 3JIE€MEHTHI CTPOK MATPHULBI [0 HEBO3-
pacTaHulo, a caMU CTPOKHU MO BO3PACTaHUIO MPOU3BEACHUS 3JIEMEHTOB CTPOK (HC-
M0JIb30BaTh COPTUPOBKY «ILJIABAIOIIUN ITY3BIPEK»).

7. Jana matpuua X[9,10]. YopsagounTs 31€MEHTHI CTPOK MaTPUILbI IO BO3pac-
TaHUIO, @ CaMHU CTPOKHU IO BO3PACTAHUIO NMPOU3BEACHHS YETHBIX 3JIEMEHTOB CTPOK
(MCTI0IB30BAaTh COPTUPOBKY «ITY3BIPEK C (PIIAKKOM)).

8. Hana matpuna X[8,7]. YHOpsAa0UYUTh 3JIEMEHTHI CTPOK MaTpPHIIbl 10 yObIBa-
HUIO, @ CAMHU CTPOKHU MO yOBIBAHHIO MOAYJIS MPOU3BEACHUS HEUYETHBIX JIEMEHTOB
CTPOK (MCIIOJIb30BaTh COPTUPOBKY MPOCTHIMHU BCTABKAMH ).

9. Hana marpuna X[9,7]. Ynopsao4utb 3J€MEHTbI CTPOK MaTpPULbL TIO HEYObI-
BaHHUIO, & CAMH CTPOKH IO BO3PACTAHUIO MTPOU3BECHUS MOAYJIEH YETHBIX DJIEMEHTOB
CTPOK (MCIIOJIb30BaTh COPTUPOBKY OMHAPHBIMU BCTaBKaMMu ).

10. Jana matpuna X[10,7]. YnopsaouuTh 3JIeMEHTBl CTPOK MAaTPULIBI O YObIBa-
HUIO, & CAMU CTPOKH B COOTBETCTBHH C POCTOM XapaKTEPUCTHK CTPOK (KCIOIB30BAThH
OBICTPYIO COPTHPOBKY) (XapaKTepUCTUKOM CTPOKM MAaTpPHUIbl HAa3bIBAETCS CyMMa €€
MOJIOKUTENIbHBIX YETHBIX AJIEMEHTOB).

11.Jana marpunua X[7,9]. YHOpsSaouuTh 3J€MEHTHI CTOIOIOB MAaTPHUIILI IO yObI-
BaHHIO, & CaMU CTOJOLBI MO BO3PACTaHUIO AJIEMEHTOB l-if CTpOKM (MCIOIB30BATH
COPTUPOBKY BBIOOPOM).

12.JIana marpuna X[8,5]. YHOpsI04uTh 3JIEMEHTHI CTOJIOIIOB MATPHUIIBI 10 He-
BO3pacTaHUIO, a CaMU CTOJIOIbI IO HEBO3PACTAHUIO CYMM 3JIEMEHTOB CTOJIONOB (HC-
M0JI30BaTh COPTUPOBKY OOMEHAMU ).

13.Jlana matpuia X[8,10]. Yopsaouuts 31€MEHTHI CTOJIOIIOB MAaTPHUIIBI IO HE-
yOBbIBaHHUIO, & CAMU CTOJIOIBI MO BO3PACTAHUIO MAKCUMAJIbHBIX AJIEMEHTOB CTOJIOLIOB
(MCTIOB30BATh COPTUPOBKY MPOCTHIMU BCTABKaMMU ).

14. Jlana marpuna X[10,9]. YHopsgouuth 3JI€MEHTHI CTOJOIIOB MATPHUIIBI IO
BO3pacTaHUIO, a CAaMU CTOJIOLIBI IO HEBO3PACTAHUIO AieMeHTOB 10-i1 cTpoku (MCTob-
30BaTh COPTUPOBKY OMHAPHBIMHA BCTABKAMM).

15.Jana marpuna X[7,8]. YHOpsSa0ouuTh 3J€MEHTHI CTOJIOIOB MAaTPHUIIbI IO yObI-
BaHHIO, & CAMU CTOJIOUBI 10 HEYObIBAHUIO MUHUMAIBHBIX 3JIEMEHTOB CTOJIONOB (HC-
M0JIb30BaTh LIEUKEPHYIO COPTUPOBKY ).

16.J1ana matpuna X[6,8]. YHOpAI0YUTh 3JIEMEHTHI CTOJIOIIOB MATPHUIIBI 10 He-
BO3pacTaHMUIO, & CAMU CTOJIOLBI IO BO3PACTAHUIO MIPOU3BEIACHUS AJIEMEHTOB CTOJO-
OB (MCTIOAB30BATh COPTUPOBKY IUIABAIOLINN MTY3bIPEKY).

17.Jana marpuna X[9,10]. YHnopsgouuth 3JIE€MEHTHI CTOJOIIOB MATPHUIIBI IO
BO3pACTaHMIO, a CaMH CTOJIOIbI IO BO3PACTAHUIO MTPOU3BECHUSI YETHBIX DJIEMEHTOB
CTOJIOLOB (MCIIOJB30BaTh COPTUPOBKY «IY3bIPEK C (PIIaskKoM»).

18.Jana marpuna X[8,7]. YHOpSA0UUTh 3JEMEHThI CTOJIOIOB MAaTPHUIIbI IO yObI-
BaHUIO, & CaMU CTOJIOIBI MO YOBIBAHUIO MOJAYJSI IPOU3BEACHUSI HEUYETHBIX AJIEMEH-
TOB CTOJIOIOB (UCTOJIb30BaTh COPTUPOBKY BCTABKAMU).

19.Jlana marpuna X[9,7]. YOOpsI04uTh 3JIEMEHTHI CTOJIOIIOB MATPHUIIBI 110 He-
yOBbIBaHHIO, @ CaMH CTOJIOLIBI MO BO3PACTAHUIO MPOU3BEACHUS MOIYJIEH HEYETHBIX
AJIIEMEHTOB CTOJIONOB (MCIOJIb30BaTh COPTUPOBKY OMHAPHBIMU BCTaBKAMM).

20./lana matpuna X[10,7]. Yopsao4uTs 3JI€MEHTHI CTOJIOIIOB MATPHIIBI 110 He-
yOBbIBaHHIO, & CaMU CTOJIOLIBI B COOTBETCTBUM C POCTOM XapaKTEPUCTHUK (MCIOJIb30-



BaTh OBICTPYIO COPTHUPOBKY) (XapaKTEpUCTUKOW CTOJOIA MATPUIIbI HA3bIBAETCS CyM-
Ma MOAYJell ee OTpUIATEeNIbHBIX HEUETHBIX 3JIEMEHTOB).

21.Jlana matpuna X[7,10]. YopsimouuTs 3J€MEHThI CTOJIOLIOB MaTPHUIIbI IO He-
BO3pPAcTaHUIO, a CaMU CTOJIOLBI B COOTBETCTBUM C POCTOM MOJYJIE MUHUMAJIbHBIX
AJIIEMEHTOB CTOJIOLOB (MCIOJIb30BaTh COPTUPOBKY OMHAPHBIMU BCTaBKAMM).

3AJTAHUA JJI1 CAMOCTOSATEJIBHOM PABOTHI

1. B maccuBe A[100], comepskaiiem LeJble TMOJI0XKUTEIbHBIC YHCIA, HAWTH
CyMMY MaKCHUMAaJbHOT'O KOJIMYECTBA YUCEJ, IIPU 3TOM UX MPOMU3BEJACHUE HE JOJIKHO
npesbimath yucio 300.

2. Yucna B mMaccuBe X[10] pacnosiokKeHbl MO BO3pAacCTaHUIO. BKIIOUUTH B 3Ty
MOCJIEI0BATEILHOCTD YUCIIO B, He HapyIasi ynopsJ04eHHOCTH 3JIEMEHTOB.

3. Jlan maccuB X u3 crta uncen. ChopmMupoBaTh MacCUB, B KOTOPOM CHadalia
3amucaHbl TOJIOKUTEIbHBIE YUCa, a 3aTeM OTpHUllaTelibHbIe (MacCUB c(hOpMUPOBATH
Ha MECTE MCXOJIHOTO).

4. an maccuB X[100]. Bce nonoxuTenbHbIE 3JIEMEHTHI MaCCUBA PACIIONOKHUTh
B TMOPSJIKE BO3pACTaHUs, OTPULIATEIILHBIC — B TIOPSAKE YOBIBAHUS, HYJIEBbIE OCTABUTh
0e3 m3MeHeHuss. OTHOCUTEIBLHOTO PACION0KEHUS OTPULIATECIIBHBIX M TOJOKUTEIb-
HBIX 3JIEMEHTOB HE MEHSTb.

5. Jlan maccuB X[100]. OTcopTpOBaTh YE€THBIE SJIEMEHTHI MAaCCHBA IO BO3pac-
TaHMUIO.

6. lan maccuB X[100]. OTrcopTupoBaTh 3J€MEHTHl MACCHBA, CTOSIIME Ha HE-
YETHBIX MO3UIUAX 10 HEYOBIBAHMUIO.

7. B maccuBe X[100] BeiOpaTh 6€3 MOBTOpPEHUs BCE UMCIIa, BCTpedaromuecs 60-
Jiee OJTHOTO pasa.

8. B nenouucnenHom maccuBe B[50] HalTH 4YKMCIO, MOBTOPAIOIIEECS MAKCH-
MaJIbHO€ KOJIMYECTBO pa3. Eclii Takux Ymcen HECKOJIbKO, TO BHIBECTH Ha MeYaTh UX
BCE.

9. lan maccus nenpix yncen X[100]. Onpenennuts, CKOJbKO Pa3IMYHBIX YHUCEN
BXOJUT B ATOT MacCHUB.

10.IToayunte ymopsiodeHHbIH 10 yObiBaHHi0 MaccuB C[50] myTem ClausHUS
ynopsnoueHHbIX mo yowsBanuo A[30] u B[20]. (MaccuB C copmupoBaTh HEMo-
CPEACTBEHHO M3 MaccuBOB A U B)

11.B maccuse B[100] 3anucansl nensie uncia ot 1 1o 25. Ynopsaouuts 3iie-
MEHTBL MacCHBa B MOPSIKE YOBIBAHHS YaCTOThI BCTPEUAEMOCTH.

12.B maccupe B[100] 3anucaHbl JIFOObIE 1IETbIE YKCa. YTIOPSAI0YUTh dJIEMEHTHI
MaccHBa B MOPsJIKE BO3pacTaHUsl 4acTOThl BcTpedaemMocTu. (Ecim B MaccuBe ecTh
HECKOJIBKO 3JIEMEHTOB OJMHAKOBOM YacTOTHI BCTPEYAEMOCTH, TO TPYIIIBI YIOPSI0-
YUTh 110 YOBIBAHHUIO a0COTIOTHBIX 3HAUYCHHU I 2JIEMEHTOR).

13.Pacrionokuth 3l€MEHThl CTpOK MaTpullbl X[5,7] B MOpsiKe BO3pacTaHUs
AJIEMEHTOB.

14.Pacnionoxuth 3J€MeHThI cToNI010B MaTpullbl X[4,9] B nopsake HeyObIBaHUS
a0COJIFOTHBIX 3HAYCHUN JIEMEHTOB.



15.Pacnionoxuth 31€MeHThl cTpoK Marpuilel X[5,7] B mopsiike BO3pacTaHus
AJIIEMEHTOB, €CJIM HOMEpPA CTPOK YETHBIC, U B MOPSAKE YObIBAaHUS JIEMEHTOB, €CIIU
HOMEpA CTPOK HEUETHBHIE.

16.Pacnionoxxuth 31€MEHTHl M0O0YHOM Auaronanu Marpuisl X[7,7] no yobiBa-
HHUIO.

17.B marpunie A[10,10] pacnoyiokUTh 3J€MEHTbl CTPOK, HAXOISIIIUECS BBIIIE
IJIaBHOW JMaroHajiu, Mo BO3pacTaHUIo.

18.Jlana marpuma X[5,5]. YHnopsaouuts CTPOKM MaTpuLbl MO BO3PACTAHUIO
AJIEMEHTOB MEPBOT0 CTOJIONA.

19.{ana matpuna X[11,11]. Ynopsagouuts 3J1€MEHTH MaTpUIbl IO CIUPAIIH,
HauuHasg ¢ neHTpa (daeMeHt X[6,6]).

20. Man uenouucnennsii maccuB X[15,15]. Kaxnaa crpoka maccuBa ynopsijo-
yeHa 1o HeyObIBaHu10. Haiitu uncia, BcTpeuaronuecs BO BCEX CTPOKaX.
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[MPMJIOXEHUE 1

Cxema aJqropuTrmMa COpTupoBKHM IPOCTHIMH BCTaBKaMH

( Hauano )
Beopg
N,A[1..N]

/ AT N
=2, i<=N

x:=A[i]

ji=i-1

|
A2
(>=1) and (Afj]>)

Alj+1]:=Alj]

=j-1

—
|

Afj+1]:=x

=+
A1

BbiBog
A[1..N]
( KoHel, )




[MPUJIOXEHUE 2

Cxema aJqropuTrMa COpTupoBKH MIPOCTBIMH BCTaBKaMHM C 6ap1)epH1)1M 3JIEMECHTOM

<: Havano :)

Beopg
N, A[1..N]

/ A N\
=2, i<=N
I
A[0]:=A[i]
I
ji=i-1
I
/ A2 \
A[]>A[0]
I
Afj+1]:=AJj]
I
ji=j-1
I
\ A2 /
I
Afj+1]:=A[0]
i:=i+1
\ A1 /

BbiBOg
A[1..N]
(i KoHeL, j)




CxeMma anroputmMa OMHaApPHBIX BCTABOK

C Havano )

Beop
N, A[1..N]

/ A \
=2, i<=N

X:=Al[i]

L<R

M:=(L+R) div 2

[MPUJIOXEHUE 3

A3 N
j:=l; >=R+1
A[jl:=A[-1]
j:=j-1
A3 /
A[R]:=X
i:=i+1
A1 /
BbiBOg
A[1..N]
KoHew,

L:=M+1




Cxema aJropuTmMa cOpTUPOBKH BHIOOPOM

C Havano )
Bsop
N, A[1..N]

/ A1 N
i:=1, i<=N-1
min:=i
A2
j=i+1, j<=N

1
A[J']<AW

[MPUJIOXEHUE 4

@aqano Swap(A,BD

Temp:=A

Q(weu, Swap(A,BD

min;:=i

0
=
ji=j+1

. A2 /

Swap(A[i],A[min])

ir=i+1

\ Al J/
BbiBOA
A[1..N]

( KoHel, )




[MPMJIOXEHUE 5

Cxema anroputMa COpTUPOBKH oOMeHaMu (“Iy3bIpeK’)

C Havano )
/ N,BAB?N] /

/ AT N
ii=2, i<=N

/ A2 N
=N, j>=i

1

A-11>Alj

0 Swap(A[-11,A[])*
- |
j-=j-1
N A2 %
=i+ 1
\ Al /
BbiBog
A[1..N]

(o )

* CxeMmy MoaAnporpaMMbl 0OMeHa JIeMeHTOB SWap cM. B [Ipunoxenuu 4.



[MPMJIOXEHUE 6

Cxema ajropurMa COpTHPOBKHU 00MeHAMU € (IaKKOM

( Havano )

Besopg
N, A[1..N]

i:=2, F:=True
/ A1 N\
(i<=N) and F
F:=False
/ AD N
j=N, j>=i

Ali-1]>Aljl
/ +

0 Swap(A[-1LA[D*
F:=True
- |
ji=j-1
N A2 J/
ii=i+1
\ A1 J

[ wn /S
( KoHel )

e (Cxemy moamnporpaMMsl 0OMeHa 3eMeHToB Swap cM. B [Ipunoxenuu 4.



[MPUJIOXEHUE 7

CxeMma ajroputmMa COpTUPOBKH 0OMEHAMH C “OBICTPOI TpaHUIICii”

( Havano )

/ N,BAB?.H.N] /

i:=2
/ A1 AN
i<=N
K:=i
/ A2 N
=N, j>=i

Af-11>A[l]
/ +

0 Swap(A[-1LA[LD*
K:=j
. |
j:=j1
K A2 J/
i=K+1
N A1 V%

|
/ 25’4;&% /

(o)

e (Cxemy moamnporpaMMsl 0OMeHa 1eMeHTOB Swap cM. B [Ipunoxenuu 4.



[MPMJIOXEHUE 8

CxeMa mieiikepHoii COpTHUPOBKH

( Haao ) Gf)
[ noain / f j=Lﬁ?<)=R ]

Swap(A[-11A[])*
< |

A1l
PR/

0 Swap(A[-11Af)*
| BbIBO[,
R / AN /

KoHel,

L:=L+1

e (Cxemy moamnporpaMMsl 0OMeHa j1eMeHTOB Swap cM. B [Ipunoxenun 4.



[MPMJIOXEHUE 9

CxeMa anroput™Ma COpTHUPOBKH ““IIJIABAXOLIUN My3bIPEK”

C Hayvano )

Beopa
/ N, A[1..N] /
I
A1
i:=1, i<=N-1

1
A[i]mw

0

Swap(A[i],A[i+1])*

/ A2 N\
(k>1).and F

0 Swap(A[k-1],A[K])*
[
F:=False ki=k-1
< |
\ A2 /
>
ir=i+1
AN A /

[ &%/
C KoHel, )

e (Cxemy moamnporpaMMbl 0OMeHa 3eMeHToB Swap cM. B [Ipunoxenuu 4.



Cxema anroputma coptupoku [lenna

( Havano )

Beon
N,A[1..N],
K,H[1..K]

/ A1 N
i:=1, i<=K
/ A2 N
j:=H[i]+1, j<=N
x:=A[j]
m:=j-H[i]

’ A3
(m>=1) and (A[m]>x)

Alm+HIi]J:=A[m]

m:=m-H[i]

A3

®

?

A[m+H]Ji]]:=x

j=j+1
A2

i:=i+1
A1

BbiBoAa
A[1..N]

KoHel,

[MPMJIOXEHME 10




[MPUJIOXEHME 11

CxeMma anroputma OBICTPOI COPTUPOBKH (HEPEKYPCHUBHAS peaTn3aliysl)

C Havano

)

/ Beoa
N, A[1..N]

/

S:=1
|
St[1,1]:=1
St[1,2]:=N
|
/ A0 N
I
L:=St[S,1]
R:=St[S,2]
S:=S-1
|
/ A1 N
|
i:=L, j:;=R
x:=A[(L+R) div 2]
|
/ A2 N
/ A3 N
Alil<x
i:=i+1
N\ A3 /

©

y

0 Swap(A[il,A[j])*
|
i:=i+1, ji=j-1
< |
2. )
A2
i<R/ v
0 S:=S+1
|
St[S,1]:=i,
St[S,2]:=R
< |
R:=j
|
L>=R
\ A1 y,
S=0
\ A0 /

C

B3
Cxemy nomnporpaMMel 0OMeHa 3eMeHTOB Swap cM. B [Ipunoxenun 4.




[MPMJIOXEHUE 12

Cxema anroputrMma ObICTPOIl COPTUPOBKHU
(pexypcuBHas peanu3aius)

Havario nognporpamvis
( Havaro ) ( QuickSort

Beon o
/ NAM.N] i=L, =R
Bbi30B nognporpamvis - .
QSort(A1,N) X:=Data[(L+R) div 2]
BbiBog 4 Al N
N,A[1..N]
( KoHew ) é A2 N
Data[i]<X
Hayario nognporpamMvibl i-=i+1
QSort
Bbi3oB nognporpaMvis!
QuickSort(L,R) \ A2 p,
(KOHeu, no,qnporpaMMbl) é A3 h
QSort Data[j>X
j=-1
I
\

0 Swap(Datal],
Datalj])*

i=it+1, j=-1

P

i>j
A1

QuickSort(Lj)

QuickSort(i,R)

— |

¢

KoHeL\ noanporpammel
QuickSort

B3
Cxemy noJmnporpaMmMbl 0OMeHa 31eMeHToB Swap cMm. B [Ipunoxenun 4.



[MPMJIOXEHUE 13
[Iporpamma ObICTPOI COPTUPOBKHU (PEKYpCUBHAS peasin3alius)

Program Demo;
Uses
Crt;
Const
N=1000;
Type
List=Array[1..N] of Integer;
Var
Mas:Tlist;
I:Integer;
Procedure Qsort(Var Data:TList; L,R: Integer);
Procedure QuickSort(L,R: Integer);  {pexypcusnas noonpocpamma-npoyeodypa}
LJ,X,Y:Integer;
begin
I.=L;
J:=R;
X:=Data[(L+R) div 2];
Repeat
While Data[I]<X do Inc (I);
While Data[J]>X do Dec (J);
If I<=] then
begin
Y:=Data[l];
Data[I]:=Data[J];
Data[J]:=Y;
Inc (1);
Dec (J);
end
until I>];
If J>L then QuickSort(L,J);
If I<R then QuickSort(L,R);
end;
begin
Sort (L,R);
end;
BEGIN
For I:=1 to N do Mas[I]:=Random(N); {3anonnenue maccusa oanHviMu}
For I:=1 to N do Write(Mas[I],'"); {Bb1600 ucxoonoco maccusa,
Writeln;
QSort(Mas,1,N); {Bv1308 pexypcusHoti noonpocpammul-npoyeoypul;}
For I:=1 to N do Write (Mas[I],""); {Bb1600 pe3ynomupyroujeco maccusa,
END.



[MPUJIOXKEHUE 14
CxeMa ajiropuTMa NMpamMuIajabHO COPTHUPOBKH

( Hauano ) ( Havano Sift )
_| |
Beon o
/ N, A[1..N] / =L

L:=(N div 2) +1 =2’
| |
R:=N x:=A[L]
/ I N 1
AO (i<R) and
L>1 AlI<AL*1] Y
0 j=j+1
L:=L-1 |
| / N
_ A2
Sift(L,R) (j<=R) and (x<Al[j])
I
Alil:=A[j
L A0 ) [i]:=Al]
/ I N I
A1 11—
M Afj]:=x
I
SwanLTLARD: ir=j, j:=2%],x:=A[i]
1
R=R.1 (i<R) and
A[[]<A[j+1]
| i Y
Sift(L,R) ° a
| - I

A1
\ / L A2 J
EbIBOﬂ

(o )

E3
Cxemy noamnporpaMmbsl 0OMeHa 371eMeHTOB Swap cM. B [Ipumnoxenun 4.
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