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Teopus anroputTMoB

JIABOPATOPHASI PABOTA N2 1
«OIlMPEQEJIEHNE MALLUWHbBI TbFOPUHTA.
TTIPUMEHEHWE MALUWHbI TBFOPHUHIA K C/IOBAM.
KOHCTPYUPOBAHUE MALLUH TbFOPUHIA>»

Llenb pa6oTbl: MoyyYnTb NpaKTUYECKME HaBblkM B peanvsa-
LMW anropuTMOB C UCMOMb30BaHMEM MALLMH ThIOpUHTa.

TeopeTnueckuit MaTepuman
CUMBOJIbHbI€ KOHCTPYKLMH

Andasutom 6ygem HasbiBaTb l060e KOHEYHOE MHOXECTBO
MonapHO pPasnNYHbIX 3HAKOB, Ha3blBaeMblx 6GykBaMu (CMMBONaMmu)
aToro andasuta. AndasuT 6yaeM 0603HauaTb 3arnaBHbIMK BGykBaMmu,
Hanpumep:

A={aa,..y} B={01}; C={4+10}.

CvMBosioM A 6yzeM 0603HaYaTh MycTo CUMBOJI.

CnoBoM B JaHHOM andaBuTe Ha3blBaeTcs Ntobas KOHeYHast
(B TOM umncne 1 nycras) nocneaoBaTenbHOCTb 6yKB 3TOro andasura.
CnoBa 6bynem 0603HauaTb ManbiMmM rpeyeckummn Gykesamm.

Hanpumep: o = anroputMm — c/10BO B andasuTe A4; g =

1010100 - cnoso B andasute 5, y = +0A - cnoso B andasute C

Myctoe cnoso 6yaem o603HauaThb A.

AnuHa cnoBa « (0603HaYaeTCa /a/) — 3TO KONMYECTBO H6YKB B
cnose.

OnpenennM HeKOTOpble OTHOLLEHWS M OnepauMn Haj CloBa-
MU,

PaBeHCcTBO cnoB B andasute A onpefensieTcs MHAYKTUBHO:

a) NycTble C10Ba paBHbl

6) ecnn cnoBo o paBHo cfoBy B, To a. b =Bb, rae b— 6yksa B
andasute A.

Ecnv cnoBo « ABNseTCA 4YacTblo CoBa S, TO FOBOPSAT, YTO
UMeEeT MeCTO BXOXKAEHMEe CI0Ba « B C10BO 3 (CNI0OBO ¢ Ha3blBaeTCs
NOACOBOM CfnioBa f). DTO MOXHO 3anucaTb creaylowmMm obpasom:

37/,5 . 7/065= ﬂ, roe 7/,5 — cnosa B andasute A.
CnoBo « Ha3blBaeTCs Ha4yaJoOM cnoBa f, ecu
Jdy iay=/; xonuom _cnosa g, ecm Iy yax=f3. Cnoso

JJIMHBI 71, COCTaBNEHHOE U3 6YKBbI &, MOBTOPEHHON 71 pa3, byaem 060-
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n 3,,4
3HayaTb A , HaNpuUMep XyxXxxyyyy = XyxX-y .

mep,

Onepaunsa (M pesynbTaT) NPUNUCBIBAHUS CNOB a U S ApYr K
ApYry Ha3blBaeTCs KOHKaTeHauueW (obosHauyaeTcs «//B). Hanpu-

a =aabbce || f=abc

andasuTta A= {al Aoy Ay }, a TakXe NycToi CMMBON A;

2) paboueli ronoBku wWnu ynpaenatwollero ycrpoictea (YY),
KOTOpOE B KaX/blii MOMEHT BPEMEHW MOXET HAaXOAUTLCA B OAHOM W3

cocTosiHuit MHoxectBa Q = {ql,qz ,...qn}. B kaxpaom u3 cocros-

HWI TO/IOBKA pa3MELLAeTCsl HanpoTUB SIYEMKM M MOXKET CYUMUTLIBATb
(o603peBaTb) WK 3anucbiBaTb B Hee BykBy 13 andasuTa A.

Teopud aaropuTMmoB

= || f=aabbccabc.
OnpepeneHve MmawnHbl Toropuura (MT)

Moa MalmnHOW ThlOpMHra MOHUMAETCS HEeKoTopasi rMMoTETU-
yeckas (abcTpakTHas) MalliMHa, COCTOSLLAA U3 CreayoLLmnX YacTen:

1) 6eckOHeYHON B 06e CTOPOHbI NEHTbI, Pa3buUToN Ha AYeElKu,
B KaXAON U3 siUeeK MOXET ObiTb 3anucaH TOSIbKO OAWH CMMBOS U3

A

2) B 3aBMACKMOCTW OT cBOEro coctosHua (]; u obospesaemoro
cumBona A j

!
YY BbipabaTtbiBaeT cuMBon a j € A v 3anuceiBaet ero B 0603pe-

BaEMYI0

MawwvHa TbrOpuHra

(BO3MOXHO a’j = aj);
6

ﬂ

®yHKUMOHMpPOBaHMe MT COCTOMT M3 MNOC/eAoBaTENbHOCTU
3neMeHTapHbIX LWaroB (TakToB). Ha kaXaoM Luare BbIMOSIHSAOTCS Crie-

Ayolme AencTems:
1) ynpaBnsiollee yCTpOWCTBO cuMTbiBaeT (0603peBaeT) CMMBON
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3) ronoBka NEpeMeLaeTcs Ha OaHy sa4eliky BrpaBo (R),
BneBo (L) wnun octaetcs Ha mecte (E);
4)  ronoska nepexoauT B APYroe BHYTPEHHee COCTosHMe ()

(Bo3MOXHO Qf =(;)-

CoctosiHne (]; Ha3blBaeTcs HauanbHeiM, (7, — 3aknoun-

TenbHbIM. [py nepexoae B 3aKNOUMUTENbHOE COCTOSIHME MallMHa OcC-
TaHaB/IMBAETCH.

MonHoe cocTosiHne MT Has3bIBaeTCA KoH@urypaumes. 310
pacnpeaeneHme 6ykB Nno s4yeiikaMm NeHTbl, COCTOsiHWME paboyeit ronos-
K1 1 obo3peBaeMas auelika. KoHburypaums B TakTe ¢ 3anvcbiBaeTcs

B Bue: Kt =a(; aj [, rne & - noacnoso cnesa oT o6o3pesae-
MOW suelikn, A i~ bykBa B 0603peBaeMon syelike, [— NOACNOBO
cnpaBa. HauanbHas  KoHdUrypaums Kl =(;& wn «koHeuHas

KZ = {,Q Ha3bIBaOTCS CTaHAAPTHLIMY.

[nsa onncannsa pabotel MT cywecTsyeT 3 cnocoba:

s’ .

1) cuctema komana Buaa 0;&; — 0;a;S,S € {R,L,E},

2) dyHKUMOHanbHasa Tabnuua;

3) rpa¢ (avarpamma) nepexonos.

C nomowbto MT MOXHO ONUCbIBaTb BbIMOSIHEHME apudMeTn-
YecKMx onepaumnin Hag yncnamu. MNpu 3TOM Yncna NpeacTaBsoTCs Ha
NeHTe, kak cnoea B andaeuTe, COCTOsILEM M3 UMbp Kakon-HMBYAb
CUCTEMbl CYMCIIEHNS, U Pa3densioWwmMxcs CrneumanbHbiM 3HAKOM, He

BXOASILLEM AaHHbIN andaBuT, Hanpumep, ' *
Hanbonee ynotpebutenbHol SBNSIETCS YHapHasi cucTeMa, Co-

CToslLas M3 OAHOro CMMBOMA — | Yncno X' B yHapHOW CUCTEME CUMC-
NEHMS1 Ha NIeHTEe 3anucbiBaeTCs CIOBOM |||||| |||||, ( cokpalleHHo
X
|X) B andasute A={| A
[lpumep 1. Onepaums CNOXeHUs ABYX YMCen B YHApPHOM KoZe.

HauanbHas koHdurypaums: (), |a* |b. KoHeuHasi KoHdury-

ab
paums: qz | | , T.e. cnoxeHne hakTUYEeCKn CBOAMTCS K NpUNucbiBa-

HUIO Yncna b K uncny a . [Ans aToro nepsbiit CUMBON | cTvpaetcs, a *

7
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Teopusi arOPHTMOB
3aMeHsieTcs Ha | .
Cucrema KOMaHz npu A={|,A,*} n

Q= { d,,0; ’qS,qz}'

- 0| > 024R

2. 9, *—>(,4R

. O[> 0 IR

4.0,* >0, L

. O3[—>0qs|L

6. 934 —>q,4R

KoMMeHTapuit k cucteMe KoMaHz
1. g, | — g,AR - ctupanme nepsoro cumsona | .

-

w

(62}

Ecnm B 06o3peBaeMoit sueiike 3anmcaH cumeon | 1 MT Ha-

XOAUTCA B COCTOsSHUMM (], Torga coctosiHue nsMeHsieTcd Ha (), , obo-
3peBaeMblil CUMBO/ 3aMeHSIETCS Ha MYCTOM, YY cABWraeTcs Bnpaso.
2. 0;* > Q,AR - ctupanune cumBona *, nepsblit aprymeHT

paBHsieTcs 0.
Ecnmn B 0603peBaemMoit suelike 3anuncaH cumBon * u MT B coc-

TosHuu (], (NepBbI apryMeHT paBHaeTcs 0) Torha cocTosHUe U3Me-

HAeTca Ha (], , o6o3peBaemblil CMBOJI 3aMEHAETCA HA MycTom, YY
CABUraeTcs Brpaso.

3.0,]|—0,|R - casur snpaso.

Ecnn B 0603peBaeMoli suelke 3anucaH CMMBOJI, 3amnucaH CUM-
BON | n MT HaxoauTcs B cocTosiHuM (J,  Toraa coctosiHue u 06o3pe-
BaeMbIli CUMBOJ HE U3MEHSIIOTCS, YY cABUraeTcs Bnpaso.

4. 0,* > 03| L - crupanve cumsona *.

Ecnn B 0603peBaeMoii sueike 3anucaH cumBon * u MT Haxo-
AMTCS B cocTosiHum (],  Toraa coctosiHue usmeHsietcst Ha (3, u 06o-
3pEeBaEMbIl CMMBOJT 3aMeHSIETCS Ha | , YY casuraetcs Bneso (KoHel
nepBOro aprymeHTa).
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5. 03|03 | L - casur eneso.
Ecnm B 06o3peBaeMoit ueiike 3anmcad cumeon | 1 MT Haxo-

anTca B coctosiHun (3, Toraa cocTosiHme n 0603peBaeMblii CUMBON He
M3MEHSIOTCA, YY CIBUraeTcs BNEBO.

6. OsA —> g, AR -

Ecnu B 0603peBaeMoii siyeiike 3anncaH cumson A 1 MT Haxo-
ANTCA B cocTosHnn (3, Toraa cocTosHue n3MeHsietcs Ha (), , 060-

3peBaeMblil CUMBOM He M3MeHsieTcs, YY casuraercs BnpaBo (KOHel
anroputMa, YY pacrnonoXXeHo B Hayane paboyeit 30HbI ).

Onucanue MT B Buae dyHKUMOHAIbHOM Tabnuubl:
I * A

0;\

d; QAR | AR |-

d, |92/R |aslL |-

ds az|L |- qzAR

OnucaHne MT B BMAe AvarpaMmMbl Nepexoaos

|/ AR

*[ AR
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BbluncneHue Ha MT cnoBapHol yHKUMK f 6yaeM noHuMaTb

cneaytomM 06pa3oM. TycTb B HauyanbHOM KOHMUIypaLmn Ha neHTe
3anucaHo cnoso & . Ecm 3nauenve (@) onpemeneno, To komeu-
HOro uMcna LWaroB (TakTOB) MallMHa [O/KHA MepeiiT B 3aKoum-
TENbHYI0 KOH(UrypaLmio, B KOTOPOIi Ha JileHTe 3anucaHo C/OBO
S = f(a). B npotuerHom cydae MT gomkHa paboTaTb GECKOHEUHO.

Yucnosas dyHkums T (X;,...,X,, ) npaBunbHO BbluMC-
nuMa (MNn NpocTo BbIYMCMMA) NO ThIOPUHIY, €Cn CylIecTByeT

MT, koTopas NepeBOAUT KOHMUrypaLmio qllx1 * Qe *k KFQg

koudurypaumio Q, 1Y, korma f(X;,....X, )=y , wm paboraer

6eckoreuro, koraa f(X;,...,X, ) He onpeneneHa.

3apaHuve Ha nabopartopHyto paboTy

1.0nucatb cucTeMoi KoMaHA, (yHKUMOHaNbHOW Tabnuuein wu
AvarpaMmMoil nepexoaoB paboTy MalwuHbl ThIOpUHIA, peanusyioLlyto
3aflaHHbIVi BApUAHTOM anroputM. HauanbHasi M KOHeYHasi KOHduUrypa-
UMK CTaHAapTHbI.

2. MpoBepuTb MoAenb anroputMa Ha MHOXECTBE TECTOBbIX
npvMepoB. lpuBECTM nocnefoBaTeNbHOCTM KOHMUIypauui MaluuHbI
TblopuHra, 3aaaHHoi B NpeablayweM MyHKTe, AN PasfnyHbIX TECTO-
BbIX MCXOAHBIX C/10B.

BapuaHTbl 3agaHun

1. Peanu3oBaTb GYHKUMIO apuUPMETUYECKOoe BbluMTaHUE
X—'Y B yHapHOM Kope.

2. Peanu3oBaTb (yHKUMIO BbIBOp MaKCMManbHOro U3 ABYX Yu-
cen Max( X, y) HaA YnCIamMn B YHapHOM Koge.

3. PeanuzoBatb yHKUMIO Min(x, y) Haj yvicnamu B yHap-

HOM Koze.

4, PeanunzoBaTtb PyHKuMio X mod Y Hap umMcnamu B yHapHOM
Koae.

5. PeanunzoBaTb ¢yHKumio X div Y Hag uucnamm B yHapHOM
Koae.

6. PeanuzoBaTtb (QyHKUMIO ‘X— y\ Haj 4uicnaMum B YHapHOM

10
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Koae.
7. PeannsoBatb yHKUMIO BbI6OP apryMeHTa
|:1( X1:Xoy00X,) ) =Xy ;( m< n) Haj uMcnamMm B yHapHOM Koge.

8. PeanunsoBaTb BblUMC/IEHWE rpeanKkaTa X>Y' B yHapHOM Kkoje C
COXpaHeHueM (BOCCTaHOB/IEHNEM) MCXOAHbIX AAHHbIX.

9. Peanun3oBaTb BbluMCNIEHME NpeanKaTa X=Y B yHapHOM Koae C
COXpaHeHueM (BOCCTaHOB/IEHNEM) UCXOAHbIX AAHHbIX.

10. Peanu3oBaTb BblUMCIEHME MpeanKaTa "X - YeTHoe ymcio” B
[ABOWYHOM Koge.

11. Peanu3oBaTb anroput™m B andasuTe AZ{O,l}, MEHSI0-
WM MECTAMM NEPBYIO 1 NOCNEAHIO BYKBbI CIOBA.

12. Peanu3oBaTb anroputM Haj andasBuToM AZ{O,l}, Me-
HSAOLWMIA MECTAMW NEPBbIV HOMb U MOCNEAHIO eanHNLY.

13. PeanusoBaTb onepauuio KONuMpoBaHue B andgasuTe {O ,l},
TO €CTb MNOSY4YUTb U3 CNoBa (X C/I0BO O * X .

14. Peanu3oBaTb anroput™ Hag andasutom A= {O ,l}, KOTO-

pbll‘/‘I BblAaE€T eanHuuy, ecim B UICXOAHOM CfioBe TOJIbKO MapHble HYNn
M HOMb B NMPOTMBHOM Clly4ae.

15. PeanusoBaTb anroput™ B andasute A= {0 ,1}, KOTOPbIiA

nepecraensieT 6ykBbl B CNOBE (X TaK, YTObbl CHayana Wav BCe Hynu,
NOTOM — €AMHULBI.
16. Peanu3oBaTb anropuTM, KOHCTPyMpylowmin B andasute

A= {0,1} cnosa supa @ =11010%103...10"1, rae N - npous-
BOSIbHOE HaTypasbHOE YMCIO.

17. Peanu3oBaTb anroputM, peasnmsyowmin GyHKUMIO LmMKinde-
CKWI COBWI ABOMYHOMO YMCNA Ha OAHY SUENKYy.

18. PeanuzoBaTb anroput™m B andasute A= {1,2,3}, aHanu-

3UpYIOLWMIA NOCNeaoBaTeNbHOCTb UMGP B COBE U BbIAAIOWUN «+>,
ecnm undpbl 06pasyoT HeybbIBaloLLYyIO MOCIeA0BaTENbHOCTb, U «—» B
NPOTUBHOM Clyyae.

19. Peann3oBaTb BblgesnieHWe MOACTPOKM, 3aKJIOUEHHOW Mexay

ABYMs1 cumMBonamm * (nepsasi napa) B andgasute {a,b,*}. Ecnv no-
cnepoBaTenbHOCTb | * . . . #' oTcyTCTBYeT Ha neHTe, cTepeTb Bce.

20. B cnoee « B andasute {a,b} cTepeTb BCe, Kpome
3 =aabb. Ecnm Takoit nocnenosatensHocTH HeT, Bee cTepeTb.

11



yllpaBJIEHMe AUCTAHIIMOHHOTO O()y‘{eH[/IH U MMOBBIILIEHU A KBaJIl/l(bl/lKaLLI/Il/l

Teopud aaropuTMmoB

21. Peanu3oBaTb aaropuTM Hag andasButom {a,b}, nepecras-

nsiowmii 6ykebl B 06paTHOM nopsiake.
22. Peanu3oBaTb npeaukata «B CfioBe o B andasute

A={X,Y,Z }ects napa 6yxs ‘yy » .

23. PeanusoBaTb anroput™ B andasute A :{a,b,c}, npo-
U3BOASLLMIA B CrIOBe o andaBuTa 3aMeHy BCEX BXOXAEHWIT GyKBbl & Ha
6ykBy 6.

24. Peanu3oBaTb anroputM B andasute A= {0 ,l};um Bbl-
yMcneHns nornueckoii dyHkum X A'Y V Z, rae X,z NpuHMMaloT
3HadveHue 0 unm 1.

25. PeanusoBaTtb anroput™ B andasute A= {O ,1}LI,J'IFI BbIYMC-

neHust nornyeckon dyHkuMm X A'Y, rae X, y,z NpuHMMaloT 3HaueHne

0wnmm 1.
KOoHTpOnbHbIE BOMNPOCHI

1. HaTb onpepeneHve mawuHbl TotopuHra (MT) u ee co-
CTaBNSIOLLMM,

2. MepeuncnnTb 1 onpeaennTb cnocobbl onncaHmns MT.

3. Kakune onepauun BbINOMHSAOTCA B KaXKAoM TakTe pabo-
Tbl MT?

4, [aTb onpepeneHne KoHburypauun MT.

5. Kakune HavanbHble M KOHEYHble KOH(pUrypaumMm HasbiBa-
0T CTaHAApPTHLIMK N Kak OHM 0603Ha4YaroTCa?

6. YTo Takoe (yHKUMS, NpaBUAbHO BblYMCAMMAsA MO Tbto-
PUHry?

7. Kakune cnocobbl komMnosuumm MT CywecTBYIOT, Kak OHU
NPUMEHSIIOTCA N 0603HavatoTCa?

8. dopMynnMpoBka Te3nca TblopUHra; MOXHO /M ero Joka-

3aTb CTPOro?

12



N praBJIeHI/Ie AUCTAHIIMOHHOTO O6y‘{EHI/IH W NMOBbIIIEHHU A KBaﬂI/I(l)I/IKaLU/II/I

Teopus anroputTMoB

JIABOPATOPHAS1 PABOTA N22
«KOMIIO3NLNs MALUNH TBFOPUHIA. CI[TOCObb/
KOMIIO3HULINN MALLUWH TbFOPHHIA. AJIFTOPHUTMbI/
C ACIT10/1b30OBAHUEM KOMITO3HLINN >

Llenb pa6oTbl: Nony4nTb NpakTUHYECKME HaBbIKW B 3amnucu an-
rOPUTMOB C UCMO/b30BAHNEM KOMMO3ULMM MalnH ThlOpUHra.

TeopeTnueckuit MaTepuman

BobllwenepeuncnenHsle cnocobbl onucaHuss MT npakTMyecku
MOXXHO MCMOMb30BaTh TOMbKO A1 HEC/IOXHbIX anroputMoB, B MpoO-
TUBHOM C/lyyae OnucaHme CTaHOBUTCS CAIMLLKOM rpoMO3akuM. Mawum-
Hbl TblOpUHIra ANs COXHbIX anAroOpuTMOB MOIYT CTPOUTBLCS C UCMOSb-
30BaHWEM YXE MMEIOLLUMXCS 3/1eMeHTapHbIX MT 1 Takoe nocTpoeHwe
Ha3blBaeTCs kKoMnosuuuein MT.

OnuwemM 4 oCcHOBHbIX cnocoba koMnosnumm MT:

- nocnegoBaTesnibHast KoMnosnums (cynepnosvuus);

- napannenbHas KoMnosuums;

- pasBeTB/eHNe

- LMKN

1. NocnepoBaTtesibHast KOMNO3ULMA MAaLWWMUH TbIOPUHra

MocnepoBaTenbHOW KOMMO3ULMEN WM Cynepno3vuuen
MawuH ToiopuHra M M M 5, BBIYNCNIAOWIMX CNOBAPHbIE (YHKUMM
fl(a) " fz(a) B andasuTe A, Ha3blBaeTCs MalmnHa M, BblUnC-

nsowas byHkumio | (0{) = fz( fl( o ))
MocnenoBaTenbHas KOMMO3MLMA M3006paxkaeTcs CreayowmMm
obpazom:

i f(a) f,(fi(@)

= M, M,

n o6osHavaetca M =M, o M, wu M =M,(M,).
2. MapannenbHas KOMNO3MLUUA MallUH TbIOpUHIra
Mapannenbhoii komnosuumeii mvawms M, n M ,, Boi-

uncnsiowmx cnosaprbie dyrkwm (o) n f,(S3) B andasurax A
W B, COOTBETCTBEHHO, Ha3blBAETCs MalMHa M, BbIMMCNSIOWAs CIO-

13



yllpaBJleHl/Ie AUCTAHIIMOHHOTO 06yqum{ U MMOBBIILIEHU A KBH]II/I(l)I/lKaLLI/II/l

Teopud aaropuTMmoB

saprylo dyHkumio T(f|B)= ()| T,(f). 3aecs 3nak || wnc-

nonb3yeTca Anda pasgeneHna CnoB npu napanneanoﬁ KoMnosnuuun
MT.

MapannenbHaa komno3uuma MT M s M > W306paxaeTtcs

cnepytowmm obpasom:
= e — e

M

f,(a)

f, ()

n obozravaercsi: M =M, * M.

dakTnyeckn napannenbHas komnosuumst Asyx MT nonydaet
Ha BXOA C/TI0BO, COCTOsILLEe M3 2-X CNIOB B pa3HblX andaBuTax, U Ha
BbIXOZE BblAAET C/IOBO, TaKXe COoCTosLee U3 2-X CoB, T.e. NpeacTas-
nsietT cobow 1Be 0JHOBPEMEHHO U HE3ABUCMMO paboTatolme MallvHbl.
[ns peanusauuv napannesibHon KOMMO3WUMM MCMOMb3yeTcsl MallvHa
C ABYX3TaXHOWM NEHTON.

MallrHa C ABYX3Ta)kHOW NieHTol paboTaeT creaytolmm obpa-
30M:

1) cnoBo 3 mepenuceiBaeTCst Ha BTOPOIt 3TaX JIEHTbI U CTU-
paeTcs Ha NepBoM,

2) Buiuncnisietcs f, (o) Ha nepeom aTaxe,

3) Boiuncnsiercst f,( ) Ha BTopom ataxe

4) f,( /) nepenvcsiBaeTcst Ha nepabilt 3Tax, BO3MOXHO, CO

COBUIOM,
KoMaHaa MT c ABYX3TaXXHOM NEHTOW 3anMCbIBAaeTCa Creayto-
WM obpasom:
b b,
k r Mk
Ta, My
i j
roe d j ,bk — 6yKBbl, 3anMcaHHble COOTBETCTBEHHO Ha MEPBOM

14



. yllpaBJleHMe AUCTAHIIMOHHOTO 06yqum{ U MMOBBIILIEHU A KBHJII/I(l)I/lKaLLI/II/l

Teopud aaropuTMmoB

M BTOPOM 3Taxax. OBO3HAaUMM ANMHbI COB (X, [, COOTBETCTBEHHO,
n,m.

MPOAEMOHCTPUPYeM paboTy MalunHbl ThIOpUHra C ABYX3TaX-
HOVi neHTOl. B oblem crydae anvnbl cnos o, B v T (), f,(3)

He COoBMafalT Mexay coboi, HO Ans NPOCTOTbl U30BPaKEHUsT NPUHW-
MaeM, YTO OHM paBHbl. Torga peanusaums NyHKToB 1)-4) Ha MT c
ABYX3Ta)KHOMN IEHTOMN BbINONHAETCSA TakuM 06pa3oM:

A A A A A A A A A4 |4

A a; |a | a, || by by [ by |4
A b, b, b, A
A a a, a, A
A f,(8) |4
A fi(a) A

A AAAA.. A A

A fl(a)Hfz(ﬂ) A

[ns peanusaumn napannenbHOM KOMMO3uumMK /1 MaluH Thbio-
pviHra UCroJsib3yeTcs /1-3TaXKHas JieHTa.
3. Pa3BeTBNIEHME UM YCNIOBHbI Nepexoa B KOMMNO3ULMKU Ma-
WKH TblOpUHra

Ecrv 3apaHbl MawmHsl Totopuira My u M, Boiuncnsiowme

cnosaprbie dykumn (@) v f,(a), v mawmHa M, Bblunc-

nsowas HeKOTOpbIN npeavkaT Pla) C BOCCTaHoB/eHMeM (T.e. 6e3
CTMpaHWs CNoBa «), TO ANS peanusauum pasBETB/IEHUS MOXET ObiTb

NOCTpOeHa MaliMHa TblopuHra M , Bbluncnsowas GyHKUMIO:
fi(a), P(a)="true"
fla)= . y
f,(a), P(a)="falsée

PasBeTBneHne MawmH TblOpUHra Ha cxeMax KOMMo3uuMKn M30-
6paxkaeTca cnegytowmm obpasom:
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yllpaBJleHMe AUCTAHIIMOHHOTO 06yqum{ U MMOBBIILIEHU A KBHJII/I(l)I/lKaLLI/II/l

Teopud aaropuTMmoB

wW* o

Y

——{ M =M,

1 0
M,vM

Y

2

n o6ozrauaetcs M =M, Vv M, sgece W - pesynbrar pa-
60Tbl MawmHbl M, MpUHUMalOWMIt 3HaueHns «1», ecin npeavkar

Pla)="true” n «0», ecnn npeavkat Pla)="rfalse’, |\/|0 — MaluWHa

TblOpWHra, peanusytowwasl KonnmposaHMe BXOAHOro cosa & —> O .
4, Uukn B KOMNO3MLMM MALIUH TbIOPUHIa

Uukn B Komnosuumm MT peanmsyeTcs Nno TeM Xe MPUHUM-
nam, 4YTo 1 pasBeTB/eHNe.

Linknnueckum 6yaem cuntats cnepytowmii anroputm M
« noka P(a)="true”, BuinonHsTs | (a ) »,
roe o — CoBo Ha neHTe nepesa nepsbiM BoinonHeHem M u

nocne o4YepeaHoro BbIMOSIHEHUS.
[na n3obpaxeHus uukna BBEAEM HEKOTOpble 0603HayeHus,

nycTb:
M p ~ MawuHa TblopyHra, peanuaylollas BblunciieHe npeau-
kata Pla);
|\/|(J — MT, peanusyowas KoOnMMpoBaHWe BXOAHOro C/i0Ba
oa—>a;

M 1 — MT, BbinonHsieMas B LMKNe v peanusytowas fl(a);
|\/|2 — MT, BbINONHAEMas Npu BbIXOAE U3 UUKIA U peanusyio-

was ().
Tor,qa, UUKIn4yeckass Komnosnumna MallumnH TbIOpVIHFa nnn uukn,
MOXeT 6bITb n30bpaxeHa cnegyowmm obpasom:
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yllpaBJleHMe AUCTAHIIMOHHOTO 06yqum{ U MMOBBIILIEHU A KBHJII/I(l)I/lKaLLI/II/l

Teopud aaropuTMmoB

wW* o

Y

M, *M,

—_— p

1 0
M, vM, >

MporpaMMUpOBaHNE C MOMOLLbIO KOMMO3ULUMIN MalWH ThbiOpUH-
ra:

1) noctpoeHne 610K-CXEM CNIOXHBIX anropuTMOB TakoW cTene-
HW AeTanusaumm, YTo nx 6710KM COOTBETCTBYIOT 3/IEMEHTAPHbIM MT;

2) noCTpoeHWe 3neMeHTapHbix MT, peanusylowmx npocTble
6noku;

3) obbeamHeHne aneMeHTapHbix MT B koMno3uuuo MT.

llpumep.

X,y

A
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yllpaBJleHl/Ie AUCTAHIIMOHHOTO 06yqum{ U MMOBBIILIEHU A KBH]II/I(l)I/lKaLLI/II/l

Teopud aaropuTMmoB

M, o M°

YY

¥ #1Y 170 ) W1 %1 #17
Mo(M3)*M, | 5

0 >

M (M3)* Mg *M_ (Mg ,M;)

1
3
—> MyvM3t—> oy

0

|\/|0 — MawuHa TblOpUHra, peanvsylowas KonvpoBaHue BXOA-
HOro CJ10Ba;

0
M" — MT, peanusylowasi dyHKLUMIO YCTAHOBKM KOHCTaHTI
HOMb;

|\/|.>0 — MT, BbluMCnsoWas npeaukaT C BOCCTaHOB/IEHMEM
x>0;
i -
M n — MT, peanusytowas dyHkumio Bbibopa | -Toro apryme-
HTa n3 N aprymeHTOB;
|\/|_1 — MT, peanusytowast GYHKUMIO YMEHbLUEHNE apryMeHTa
)i

|\/|Jr — MT, BbINOMHAIOWWAA CNIOXEHWE ABYX YMCEN B YHAPHOM

X Ha 1 B yHapHOM kopfe (BbITUPAET KpaliHWIA NEBbIN CUMBON

Koze.

CnepyeT OTMETWUTb, YTO B NOGOM C/lydae HEOBXOAMMO B Ha-
yane BbIMONHEHNUS aNropuTMa BbIMOMHUTL NPOBEPKY BXOAHBIX AAHHbIX
Ha KOPPEKTHOCTb (HanpuMep, paBeHCTBO 0 apryMeHTa npu AeneHun).

3SAO0AHME

MocTpouTb MawuHy TbiOPUHIA, BbIYUCASIOWYO  (DYHKLMIO
f(N). OyHkunio BLIGPaTL U3 BApUAHTOB 3afaHMIi MEPEUNCTIEHHBIX

Hwke. MawwuHy TblopuMHra nNpeacTaBuTb, Kak KOMMO3UUMKO 3/1EMEeH-
TapHbiX MT, BbINOMHAOWMX OMepauun: KOMUMPOBaHME apryMeHTa,
CNIOXXEHWE, YMHOXeHWE, apudMeTMYecKoe BbluMTaHWE, HaXOXAEHMWE
LiefIo YacTM M ocCTaTKa OT AENEHUsi, CPaBHEHUSI YMCEN, BblaesneHne
aprymeHTa. Hepoctatowme sneMeHTapHole MT onucatbe ntobbiM K3-
BECTHbIM COCO60M.
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yllpaBJleHMe AUCTAHIIMOHHOTO 06yqum{ U MMOBBIILIEHU A KBHJII/I(l)I/lKaLLI/II/l

Teopud aaropuTMmoB

BapuaHTbl 3agaHui

CyMMa Bcex YeTHbIX aenuteneit uncna N.
KonnyecTBo Bcex HeYeTHbIX aenutenen uncna N.
KonunuectBo Hynel B ABOMYHOM 3anvcn N .
CymMa umdp B ABomyHOM 3anucy N .

Konuuectso B3auMHo-npoctbix ¢ N umcen, < N.

MakcmmarnbHas umdpa B 8-puyHont 3anucy uucna N .
MuHuManbHas umdpa B 8-puyHoi 3anucn umicna N.
KonunuectBo YeTHbIX uncp B 8-puuHoi 3anmcy uncna N .
KonnyecTBo HeveTHbIX Ludp B 8-puyHoOi 3anucy uncna N .
CyMMa npocTbix genuteneit uncna N.

KonnuyecTtBo npoctbix genutenen umcna N.

12. Konwuuectso npocTbix uncen, < N.

WONO ThAWNH

[S Y
= O

13. KonnuectBo uucen, SBASIOWMXCS MOMHbIMUA KBagpaTamu,
n.

14. CyMmMa uncen, SBNALWMXCA CTeneHblo ABoiku, < N.

IA

15. MakcumanbHas umdpa B 16-puyHoit 3anucy uncna N .
16. MwuHumanbHas undpa B 16-puuHoi 3anucy ymicna N.
17. bBnuxaiwee k N npocroe uncro.

18. MpousBeaenHue aenutenen uncna N.

19. Tpou3BeaeHne NpocTbiX Aenutenei uicna N.

20. MMpowusBeaeHue B3auMHo-npocTbix ¢ N uncen, < N.

21. Haumenbliee obiwee kpatHoe asyx umcen, K(X,Y),
K(x0)=K(0,y)=0.

22. Haubonblumii o6 aenutenb OBYX uumcen,
D(x,y),D(00)=0.

23.  OyHKUMS, OTIMYHASA OT HY/S1 B KOHEYHOM YKCTIE TOYEK.

24. Homep HambonbLiero npoctoro genutens yncna N.
25. OyHKUMS, BbIYUCNSIOWAN Leylo YacTb KBaapaTHOro KOpHS OT

aprymeHTa, Yy = [\/;]

KOHTpO/ibHbIE BOMPOCHI

1. Komnoanumun mMawuH TelopyHra n 061actb UX NpuUMeHeHns?

2. [atb onpegeneHve n npuBectu 0H603HadeHve cynepnosvunm
WK NocneaoBaTenbHOM KOMMO3ULMK MaLnH ThiopuHra.

3. [aTtb onpepeneHve n NpuBectu 0603HayeHVe MnapanensibHoMn
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ynpaBJIeHI/Ie AUCTAHIIMOHHOTO O6y‘{EHI/IH W NMOBbIIIEHHU A KBaJ]I/ICl)I/IKaLU/II/I

=

A

Teopus anroputTMoB

KOMMO3MLUMK MaWnH TbIOpUHra.

4, [ByxaTaxHas u N —3TaxHas NeHTbl, UCNONb30BaHWE WUX B
rapanesibHol KOMMO3MLUMM MalWH TblOpUHra.

5. [daTtb onpepeneHne u npuBectu o603Ha4YeHME pa3BETBIEHUS
WAW YCIOBHOMO nepexofa B KOMMO3UUmMy MalunH TblOpuHra.

6. [aTb onpeneneHve n npuMBecT 0bo3HayYeHne uMKna B KOMMo-
31UMM MalMH TbIOpUHra.
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yllpaBJIEHMe AUCTAHIIMOHHOTO O()y‘{eH[/IH U MMOBBIILIEHU A KBaJIl/l(bl/lKaLLI/Il/l

Teopud aaropuTMmoB

JIABOPATOPHASA PABOTA N° 3
«COPTUPOBKA MACCMUBOB. METOAbI
COPTUPOBOK»

Yenb: wn3yuntb 0COBEHHOCTM  OCHOBHbIX anropntMmoB
COpPTUPOBKK MacCCu1BOB, nony4nTb npakTnyeckne HaBbIKN
aIropuTMnU3aummn 3aga4 CopTMpoBK1 MaccuBa.

TeopeTnueckuin MaTepuan

B JlaHHOW nabopaTtopHoit paboTe npeacTasneHbl
MpUHUMNMAnbHbIE  anrOpUTMbl  BHYTPEHHEN COPTUPOBKW. 3agaya
COPTUPOBKM COCTOUT B YMNOPSAOYMBAHMUN 3/IEMEHTOB B HeybblBatoLLEM
(HeBo3pacTatowem) nopsake. OCHOBHBIM YCNIOBUEM, MpeabsBisSeMbiM
K anropuTMaM COPTMPOBKK, SIBASIETCS 3KOHOMHOE WCMoJib30BaHue
AOCTYMHOW NaMsiTU. TO NPeanosaraeT, YTo NEPECTaHOBKWN 3/1EMEHTOB
C Uenblo WX YrNopsiAouMBaHUSI AO/MKHbI BbINMOMHATLCS Ha TOM JKE
MECTE, T. €. METOAbI, B KOTOPbIX 3/IEMEHTHI U3 MAacCuBa & NepefaoTcs
B Pe3yNbTUPYIOWMI MaccuB b, NPeACTaBASIOT CyLIECTBEHHO MEHbLLUUNA
WHTEpeC.

O heKTUBHOCTb  anropyTMOB COPTUPOBKM MaccmMBa MOXHO
OLEHWTb MO TAKUM KPUTEPUSIM, KakK UYMCIO HEOOXOAMMbIX CPaBHEHWM
3neMeHToB (C) 1 YMCI0 NepecTaHoOBOK 3n1eMeHToB (M).

37K uncna QakTU4eckn SABASITCA GYHKUMSAMW OT /7 — yucia
COPTUPYEMbIX 3/1EMEHTOB. XOTS XOpOoLIME anropuTMbl COPTMPOBKM
TpebyloT nopsiaka 7 * J/og(n) cpaBHEHWA, PacCMOTPUM HECKOSbKO
MPOCTbIX W OYEBUAHbIX METOAOB, HA3bIBAEMbIX /[IDIMbIMM, TOE
TpebyeTcs nopsaka /7 CPaBHEHWt 3neMeHTOB. Pa3bop npsMbIX
MeToAoB LenecoobpaseH BBMAY CrieayoWwmx NPUYmH:

1. Mpamble MeToabl OCOBEHHO YyAO6HbI Ans 0b6bACHEHUS
XapaKTePHbIX YEPT OCHOBHbIX MPUHLUMMOB 60/bLUMHCTBA COPTUPOBOK.

2. [lporpamMMbl 3TUX METOAOB JlIerkO MOHMMaTb, M OHMU
KopoTku. CneagyeT NOMHUTb, YTO CaMM MNPOrpaMMbl TaKXKe 3aHMMaKOT
namaTb.

3.  YcnoxHeHHble MeToabl TpebylT Hebonblworo 4ucna
onepauui, Ho 3Tu onepaumm 06bl4HO camu 6Honee CNOXHbI, U
NosTOMy ANS AOCTAaTOYMHO ManblX /1 NPsiIMble METOoAbl OKa3blBalOTCS
bbicTpee, XOTS Npu BOMbWKMX 77 UX WUCMNOSb30BaTb, KOHEYHO, He
cneayer.

MeToabl COPTUPOBKU «Ha TOM )K€ MECTE» MOXHO pa3buTb B
COOTBETCTBUM C ONpeaensiowmMMn MX MNPUHLMNAMU Ha TPU OCHOBHbIE
KaTeropum:
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yllp'dBJleHl/le AUCTAHIIMOHHOTO 06yqum{ U MMOBBIILIEHU A KBaJII/l(l)I/lKaLLI/II/l

Teopus aaropuTMoB

o CopTunpoBku ¢ noMoLbto BktoveHus (by insertion).

o CopTtupoBkuM ¢ nomowbio Beibopa (by selection).

. CopTunpoBku ¢ nomoLlbto obMeHa (by exchange).

Bce paccmaTpuBaeMble anroputmbl  ©yayT  OnepupoBaThb
MacCMBOM &, B KOTOPOM OyAyT XpaHWUTbCS MepecTaBsieMble Ha MecTe
3neMeHTbl. [lJaHHbI MaccMB OBbSBASETCS CreaylowmM obpasoMm: int
alny;

1.1. CopTpoBKa C NOMOLLbIO MPSAMOro BK/IIOYEHUS

MNpy COpPTUPOBKE 3MEMEHTOB MaccvBa C MOMOLUBIO MPSMOro
BK/IIOYEHUS MAcCMB AENAT Ha [ABE 4acTu: OTCOPTUPOBAHHYIO WU
«roTOBYIO» a, veey ari "
HEOTCOPTUPOBAHHYIO UNMN «UCXOOHYIO» & ..., ap.

B Hauane paboTbl anropuTMbl B KayecTBE OTCOPTUPOBAHHOM
YacTM MaccvBa MPUHMMAETCS TONMbKO OAWH TMEPBLIA 3MEMEHT, a B
KayecTBe HEOTCOPTUPOBAHHOM YaCTW — BCE OCTaJIbHbIE 3/IEMEHTHI.

Ha KaxxaoM ware, HaumMHas ¢ /= 2 1 yBenuuuBas 7 Kaxabli pas
Ha  eavHuly, W3  HeoTCOPTUPOBAHHOW  MOCIeA0BaTENbHOCTH
M3BMEKAETCA Fi 3/IEMEHT W BCTaBSIETCS B OTCOPTMPOBAHHYK Tak,
yTO6bl HE HapylWWTb B HEN YMOPSAOYEHHOCTU 3/1EMEHTOB. Kaxabii
Lar anropuTMa BKJIIOYAET YeTblpe AenCTBUS:

1. B3aTb A/ 3MEMEHT MaccuBa, OH XE SBNSAETCA NEpBbIM

3/IEMEHTOM B
HEOTCOPTMPOBAHHOM YacTW, U COXPaHUTb €ro B [AOMOSIHUTENbHOW
nepemMeHHoM.

2.  Haitu nosvumio j B OTCOPTMPOBAHHOM 4acTWM MaccuBa,
Kyoa 6yneTr BCTaBneH FM 3/eMEHT, 3HauyeHue KOTOporo Ternepb
XpaHUTCS B AOMOSHATESIbHOM NepeMeHHOM. BcTaBka 3Toro anemeHTa
He [OJKHA HapywuTb yrnopsa0YeHHOCTH 3/1IEMEHTOB
OTCOPTUPOBAHHOW YacTu MaccuBa.

3. CaBur aneMeHTOB MaccuMBa € / — 1 no3vuum MO 1O Ha
OAMH 3NeMeHT BMpaBo, YTo6bl 0CBO6OAUTL HAWAEHHYIO MO3MLMIO AJist
BCTaBKMW.

4. BcTaBka B3STOro 3/1eMeHTa B HANAEHHYIO 10 MO3MLMIO.

Ha puc.l npuBegeHbl ABa nepBbix Wwara paboTbl anropuTMa
COPTUPOBKM C MOMOLLUbLIO MPAMOro BK/IIOYeHWs. OTCOpTUMPOBaHHas W
HEeOTCOPTMPOBaHHas YacTu OTAENEHbl BEPTUKANIbHOW YepToun.
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llarl./=2,j=1 War2./=3,j=2

135 J12 [ 28 [47 [20 |31 | |12 |35 |28 |47 |20 |31 |
12 28

112 135 |28 [47 |20 |31 | 112 |28 [35 |47 |20 |31 |

Puc. 1. MNMepBble gBa wara anropMtMa COPTUPOBKN C MOMOLLbIO
NpsAMOro BKJSIHOYEHUS

B 1abn. 1 nokasaH npumep paboTbl anroputMa COPTMPOBKM
MaccMBa M3 WeCTM 3neMeHToB. OTCOPTMpOBaHHas 4acTb MaccuBa
noaYepKHyTa.

Tabnuual
MprMep COPTUPOBKM C MOMOLLBIO MPSIMOMO BKITKOYEHMS]

35 12 28 47 20 31
=2 12 352847 20 31
=3 12 283547 20 31
=4 12 283547 20 31
=512 202835 47 31
=6 12 202831 35 47

AHanus anropuTMa COpTMPOBKM C NPSAAMbIM BKJIIOYEHUEM.
Yncno cpaBHeHwui kntoder (G) npu AM npoxoae camoe 60sbLiee paBHO
/ — 1, camoe MeHbwee - 1. Ecnv npeanonioXxuTb, 4YTO BCe
nepectaHOBKW W3 /1 3/IEMEHTOB PaBHOBEPOSTHbI, TO CpeaHee 4Mcno
CpaBHeHUN — // 2. Yncno xe nepectaHoBok M; paBHo G + 2.

[JaHHbI  anropuT™M  MOKasbiBAeT Hawyywue pesynbTaThl
paboTbl B Cny4yae yxe YrnopsAo4YeHHON MCXOAHOM YacTu MaccuBa,
Hauxygwue — KOrga 3feMeHTbl MNepBOHAYasbHO PacrofioKEHbl B
obpaTHOM nopsigke. ANropuTM C NpPsSIMbIM BKJIKOYEHWMEM MOXHO Nerko
ynyywmnTb, ecnM obpaTWTb BHMMaHME Ha TO, 4TO [rOTOBas
nocneaoBaTeslbHOCTb, B KOTOPYH HaAo BCTAaBUTb HOBLIM 3M1EMEHT,
cama yxe ynopsigodeHa. ECTecTBeHHbIM SIBNSIETCS OCTaHOBMTBCS Ha
[LBOVYHOM MMOWCKE, MpW KOTOPOM Aenaetcs MomnbiTka CpaBHEHUSt C
cepeavHoN roTOBOWM MOCNeA0BaTENbHOCTM, @ 3aTeM NPOLIECC AENEHUS
nononaMm uaeT A0 Tex Mop, noka He 6yaeT HalgeHa Touka
BK/tOYEHUS. Tako MoANGULIMPOBAHHBIN anropuTM COPTUPOBKM Ha3bl-
BaETCA METOLOM C ABOMNYHbLIM BK/ToYeHnemM (binary insertion).
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K HecyacTblo, ynydwleHWs,, MNOPOXAEHHbIE  BBEAEHUEM
[ABOWYHOIO MOMCKa, KacalTCca Nub YUCNa CpaBHEHUs, a He uucia
HeobXxoaMMBbIX nepecTaHOBOK.
A NOCKOMbKY ABWXEHWE 3neMeHTa, T. €. CaMoro 3feMeHTa, U
CBSI3aHHOM C HUM MHOPMaLMK 3aHUMAET 3HauuTenbHO bonblue Bpe-
MEHM, YEM CpaBHEHWE ABYX KtoYel, TO (PaKTUYEeCKU YNyylleHnus He
CTOMb YXX CyLLECTBEHHbl, BeAb BaXHbIM YneH M Tak U NpoaoskaeTt
ocTaBaThCsl nopsaka /7. W Ha camMoM fene, COPTMPOBKA Yyxe
OTCOPTMPOBAHHOrO MaccuBa noTpebyeT 6onblue BpeMeHw, 4eMm B
Cnyyae nocneaoBaTeNlbHOM COPTUPOBKM C MPSIMbIMK  BKJTOYEHUSIMU.

STOT NpUMep MOKa3bIBaAET, YTO «OYEBUAHBIE YyULIEHWUS» YacTo
[Al0T He CTONMb YX GOMbLION BLIMIPLILL, KakK 3TO KaXeTcs Ha nepBbli
B3rN94, @ B HEKOTOPbIX Cly4asx (CNyyaloWwmnxcs Ha caMoM fJene) 3Tu
«yNydleHns» MOryT QakTUYecku NpuBeCcTU K yxyAweHusm. ocne
BCEro CKa3aHHOrO COPTMPOBKA C MOMOLUBIO BK/IIOYEHUS YXE He
KaXeTcs CTonb  YAOBHbIM  MeToAOM  Ans  UuMpoBLIX  MaLUWH:
BK/IIOYEHVWE OHOr0 3MEMEHTa C MOCNeAyloWMM CABUIOM Ha OAHY
MO3MLMIO LEeNON Tpynnbl  3/eMEHTOB He 3KOHOMHO. OcTaeTcst
BreyaTNeHne, 4TO Jiydwuii pesynbTtaT [afyT MeToabl, rae
nepeaBmxKa, NycTb U Ha 6onblume paccTosHus, byaeT cBsA3aHa Nub
C OAHVUM-EANHCTBEHHBIM 3N1IEMEHTOM.

1.2. CopTupoBKa C NOMOLLbIO NPSIMOro Bbi6opa

Mpn copTMpoBKE C MOMOLLbLIO MPSIMOro BblbOpa MaccuB TakKxe
JenMTCa  Ha AB€ 4acTU: OTCOPTUPOBAHHYID WM «TOTOBYO»
nocnefoBaTenbHOCTb &, ..., dr1 W HEOTCOPTUPOBAHHYKD WM
KUCXOAHYIO» — &j ..., dp.

MeTtog npsiMoro Bblbopa B HEKOTOPOM CMbICrie
NPOTMBOMONIOXXEH MeToAy MpsSMOro  BK/oYeHus. [pu  npsiMOM
BK/IIOYEHMM HA KaXKAOM Llare pacCcMaTpuBaloTCs TOMbKO  O4guH
(NepBbIii) 3NEMEHT MCXOAHOW MNOCNEfOBaTENIbHOCTU U BCE 3NEMEHTI
roToBOM MoCneaoBaTenlbHOCTU. [py 3TOM OTbICKMBAETCS TOYKA BKJILO-
YeHUs 3TOro d/IEMEHTa B «FOTOBYIO» MOC/EA0BaTENbHOCTb TaK, YTO6bI
npw BCTaBKe He HapyLWWTb ee ynopsao4eHHOCTU.

Mpn npsiMOM Xe BbibOpe MPOUCXOAMT MOWUCK O4HOro 3neMeHTa
M3 MCXOOHOW MOCNeAoBaTeNlbHOCTU, KOTOpPbIA 06/M121a€T HaUMEHbLLUM
(HaMBONbLUMM) 3HAYEHWEM, U YXKE HAWAEHHbIN 3N1EMEHT NMOMELLaeTcs B
KOHeL, roToBOM NocnefoBaTeNbHOCTU.

Ha MOMeHT Hayana COpPTMPOBKM METOAOM MpsiMOro Bblbopa
roToBasi MoOCneAoBaTENbHOCTb CYMTAETCS MYCTOM, COOTBETCTBEHHO,
MUCXo4Has MNoCiefoBaTeNbHOCTL BK/IOYAeT B cebs BCE 31EMEHTHI
MaccmBa.
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ANropuTM COPTUPOBKM C MOMOLLBI0O MPSMOrO BblbOpa MOXHO
onucaTb cneayowmm obpasom:

1.3 Bcero MaccmBa BbIGMpAeTCs 3M1€MEHT C  HavMMeHbLUUM
3Ha4YeHneM.

2.0H MeHsleTCs MecTaMu C NePBbIM 3/IEMEHTOM  &;.

3.3aTeM 3TOT npouecc MNOBTOPSieTCA C ocTaBwmMuca n — 1
3/1eMeHTaMu,
n — 2 3neMeHTaMM M T. 4. OO Tex Nop, Nnoka He OCTaHeTCs oauH
3M1EMEHT C HanboNbLIMM 3HAYEHMEM.

PaccMOTpMM HECKONbKO MepPBbIX LIArOB anropMTMa COPTUPOBKU
C MNOMOLWbK NpPSAMOro BbibOpa Ha npuMepe YynopsAovMBaHWUA Mo
BO3pacTaHuIo CrieayroLero Maccmea:

35 12 28 47 20 31

Ha nepBoM ware rotoBasi NOC/1eA0BaTE/IbHOCTb HE COAEPXMUT
HW OfIHOrO 3/IEMEHTA. BblbMpaeM HauUMEHbLUWI 3EMEHT U3 UCXOAHOW
nocnefoBaTeNbHOCTM, KyAa NOKa YTO BXOAST BCE d/1IEMEHThI MaccmBa.
TakuM 3M1EMEHTOM SBNSIETCS BTOPOM 3/1EMEHT MAcCMBA, 3HayeHue
KOTOporo — 12. OH MeHsleTcs MecTamu C NePBbIM 3/1IEMEHTOM.

Tenepb rotoBas Moc/iefoBaTeNIbHOCTb BK/OYAET B cebs oauH
3NeMeHT — 12. Ha puc. 2, WinloCTpupyloweM Tekyllee COCTosiHue
MaccuBa, [roTOBasl MOC/IEAOBATENbHOCTb MOAYEPKHYTA  CrIOLLIHOW
NMHWEN. HanMeHbLLWA SNEMEHT UCXOAHOM nocneaoBaTenbHocT — 20,
OH [OO/MKEH 3aHsATb MEeCcTo BTOPOro 3snemeHTa. Oba 3TM anemeHTa
BblAeNeHbl Ha puc. 11 nonyXnpHbIM WprdTOoM.

12 35 28 47 20 31
Puc. 2. MepBbiit War anroputMa COpTUPOBKU C MOMOLLbIO
npsiMoro Bblbopa

Ha BTOpOM Lware rotoBas NoCief0BaTEIbHOCTb COCTOUT YXe U3
ABYX 3neMeHToB: 12 © 20. HauMeHblWA 3NEMEHT  WUCXOAHOM
nocnegosaTenbHOCTH — 28.

OH sABnsieTCcs TPeTbUM 3MEeMEHTOM MacCMBa W MMEHHO 3Ty
Nno3NUMIO OH JO/MKEeH 3aHATb. [103TOMy Ha puC. 3 MOAY>KMPHbIM
LWpNTOM BblAENEH TOSTIbKO OAWH AaHHbIN 3/IEMEHT.

12 20 28 47 35 31
Puc. 3. BTopo# war anroputMa CopTMPOBKU C MOMOLLbIO
npsiMoro Bblibopa

B Tabn. 3 HarnsgHo nokasaHbl BCE WarkM anroputMa
COPTUPOBKM C TOMOLbID MpsSIMOro Bblbopa: OTMEYeHbl rOTOBbIE
nocnenoBaTesnibHOCTU U NepecTaB/isieMble 3/IEMEHTDI.
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Tabnuua 2

MpvMep cOpTMPOBKM C MOMOLLbIO NPSAMOro Bblbopa
35 12 28 47 20 31

=2 12 35 28 47 20 31

i=3 12 202847 35 31

i=4 12 202847 35 31

f=5 12 2028 31 35 47

f=6 12 2028 31 35 47

AHanus anropuTtMa COpPTMPOBKM C NpPsIMbIM Bbi60pPOM.
Mpwn paboTe AaHHOro anropuTMa YnUCo CpaBHEHUI 3nemMeHToB (C) He
3aBMCUT OT HayasibHOro MopsiAKa 3neMeHToB. MOXHO CkasaTb, YTO B
3TOM CMbIC/IEe MOBeAEHUEe [JaHHOro MeToda MeHee eCTeCTBEHHO, YeM
noeefeHue NpsiMoro BkAoYeHus. Ans Cumeem

C=(-n)/2.

B cnyyae wm3HayanbHO YNoOpSOOYEHHbLIX 3MEMEHTOB  YMUCIIO
nepectaHoBok M MUHMMANbLHO:

Mpin = 3 * (n—=1).

Ecnm ke nepBoHayanbHO 3MeMeHTHl  pacrionaranncb B
obpaTHOM nopsiake, YMcno nepectaHoBoK byaeT MakCMMasbHbIM:

Mpyox = 1] 4 + 3% (n-1).

B obwem cnydae anroput™ C NpsiMbiM BbIBOPOM, Kak NpaBwurio,
npeanoyTUTeNnbHee anroputMa npsMoro BKMOYeHUSA. OAHaKo ecnu
9NIEMEHTbl B Haudane ynopsiaoyeHbl WM NOYTU  YrNopsiAOYeHb,
aIrOpUTM C NPSMBbIM BKJTIOMEHMEM BbIMOSHUT COPTMPOBKY bBbiCTpee.

1.3. CopTnpoBKa C NOMOLLbIO NPAMOro o6MeHa

Anroput™ npsaMoro obMeHa OCHOBLIBAaETCS Ha CPaBHEHUWU U
nepecTtaHoBKe Mapbl COCEAHUX 3/IEMEHTOB W MPOAO/IHKEHUN 3TOrO
npouecca A0 Tex nop, noka He 6yayT ynopsifoyeHbl BCE 3MeMEHTI.
ObMeH MecTaMu ABYX 3N1eMeHTOB NpeacTaBnsieT cobor XapaKTepHyio
0COBEHHOCTb  JaHHOro  MeTofa, XOTs, KOHeYyHo, B  oboux
paccMaTpyBaBLUMXCA OO0 3TOro0 MeTofdax MepecTaBfiieMble 3/1EMEHTI
Takke «0bMeHMBaNUCb» MecTamu.

1.3.1. Ny3bIipbkOBasi COPTUPOBKaA

Kak n B MeToge npsMoro Bblbopa npu COPTUPOBKE AaHHbLIM
METOAOM BbIMOMHSAETCS psiA NMPOXOAOB MO MAcCMBY, CABUrast KaXziblii
pa3 HauMeHbLUMWA 3MEeMEeHT OCTaBLUEeNCs MoCnefoBaTeNnbHOCTU K
Hayany MaccuBa. OAHako B OT/IMUME OT PACCMOTPEHHLIX paHee
METOA0B MpY My3bIpbKOBOM COPTMPOBKE MPOUCXOAUT CpaBHMBAHWE U
nepecTtaHoBKa TONbKO COCeAHUX ABYX 3/IEMEHTOB.
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Ecnn pacnonoxuTb 3neMeHTbl MaccMBa BepTMKaibHO, TO 3a
nepBbii NPOXOA4 3MEMEHT C HaWMEHbLUMM 3HAYeHWEM, T. €. CaMbiit
«JIErKUIA» 3MEMEHT, NMOAHMMETCA Ha CaMbll BEPX MAcCMBa M CTaHeT
€ro nepBbIM 3/IEMEHTOM. B pesynbTaTe crefytoLlero npoxoaa BTOpPOM
Mo «NerkoCcTu» 3feMEeHT NOAHUMETCS K Hayany Maccmsa U CTaHeT ero
BTOPbIM 3/1IEMEHTOM. Takoe MNPOABWXXEHWE 3/eMEHTOB MO MaccuBy
BbI3bIBAET accoumaumm C ny3blpbKOM BO34yXa, BCM/IbIBAOWMM B BOAE.
OTcioga M Ha3BaHWE [AHHOMO MeTofda — METOA «My3blpbKa» WK
«MNy3blpbKOBasi COPTUPOBKa».

OnucaTe anroput™M COPTMPOBKM METOAOM My3blpbKa MOXHO
cnegyowmm obpasom. Ha F~om npoxoge anropytma (1 < /7 £ n)
paccMaTpuBaloTcs B 06paTHOM Mopsiake 3M1eMeHTbl MaccuBa C /+ro no
£ BKIOYMTENBbHO. CpaBHUBAKOTCS TONTbKO COCEAHWE 3eEMEHTbI. Mpu
3TOM, €C/IM MPOM3BOAMTCS COPTMPOBKA MO BO3PACTAHMIO M 3M1EMEHT
dlj] oka3blBaeTCcsa MeHblue npeawecreytowero emy a[j — 1], TO oHu
MEHSIIOTCS MECTaMW.

Ecnim  roBoputb  TEPMMHAMKM  «TOTOBOM» U <UCXOOHOMW»
NnocneaoBaTeNlbHOCTEN, TO 3/IEMEHTHI A0 Aro NpeacTaBnaloT coboit
roTOBYIO MOC/EA0BaTENIbHOCTb, @ C Ar0 MO /i — UCXOAHYt0. B Havane
rotoBasl MOCNeAoBaTENbHOCTb MycTa. Mo mMepe paboTbl anroputma
3/IEMEHTbI  «BCMJIbIBAOT» U3  WCXOAHOW MOCNeAoBaTeNIbHOCTU W
3aHMMaOT MECTO B KOHLIE FOTOBOW.

B Tabn. 3 nokasaHa paboTa anroputMa COPTMPOBKM METOAOM
nysblpbka. lepemelleHre 31eMeHTOB K Hadaay MaccuBa MOKasaHo
CTpenkamu.

Tabnuua 3
MpuMep Ny3bIpbKOBOW COPTUPOBKM

/= =2 =3 =4 i=5 =6 =7 =
21 —» 4 4 4 4 4 4 4
25 21 9 9 9 9 9 9
9 25 21 12 12 12 12 12
17 9 25 21 17 17 17 17
43 4 17 12 25 21 3 21 21 21
12 43 17 17 25 25 — 25 25
4 12 43 32 32 32 32 — 32
32 32 32 43 43 43 43 43

Yny4leHus 3Toro anroputMa HanpalmBaoTcs camu coboin. Ha
npuMepe B Tabn. 3 BMAHO, YTO TpU MOC/IEAHUX MPOXOAA HE BIMSIIOT
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Ha MOpPSAOK 3NEMEHTOB MOCKOSIbKY, OHW YXX€ OTCOPTMPOBAaHbI.
Ou4eBMAHbIN NPUEM YNYYLLIEHNS STOMO afIrOPUTMa — 3aNOMUHATL, Gbln
WM He BblNIM NepecTaHOBKM B NpoLEecce HEKOTOpPOro npoxoda. Ecnu B
nocriegHEM Npoxode NepecTaHoBOK He 6bio, To paboTa anroputMma
MOXeT 6bITb 3aBepLLeHa.

3TO ynydlleHne OAHAKO, MOXHO OMATb e YAydluTb, ecnu
3arNoMMHaTb He TONbKO caM ¢akT, 4YTo OBMEH MMen MeCTo, HO U
nonoxenune (MHAEKC) nocnegHero obmeHa. ScHo, 4TO BCe napbl CO-
CEeAHWNX 3JIEMEHTOB BbIWE 3TOr0 MHAEKCA K YXe YNnopsiAO4YeHbI.
MosToMy MPOCMOTP MOXHO 3akaHuMBaTb Ha 3TOM MHAEKCE, a HE UATU
[10 3apaHee onpeaenieHHOro HXKHero npeaena /i

1.3.2. LlleiikepHas COPTUPOBKa
MpyMep Ny3blpbKOBOW COPTUPOBKM, NMPEACTaB/IEHHbIV B Tabs. 3,
OTpaXaeT  HEeKOTOpYyl  CBOeobpa3Hyld  acuMMMeTpuio  paboTbl
anropuMTMa: Nerkuii nysbipek BCM/bIBaeT cpa3y — 3a OAMH Mpoxo, a
TSDKENbIA TOHET OYeHb MEAJIEHHO — 3a OAWH MPOXOA Ha OAHY
nosvumio. Hanpumep, Maccus
15 29 31 55 70 93 8
C MOMOLLbIO MYy3bIpbKOBOW COPTUPOBKU ByAeT yrnopsiAoveH 3a
OAVH NpoXoA, a A/1 COPTUPOBKM MaccMBa
93 8 15 29 31 55 70
noTpebyeTcs LWeCcTb MPOXOAOB. 3TO HABOAWUT HA MbICIb O
cneayowem ynyyleHun: YepeaoBaTb HampasfieHWe NpocMoTpa Ha
KaXxAoM nocregytowieM npoxofe. AMrOpWUTM, peanu3ylowmin  Takom
Moaxod, HasblBAETCS  «IUEMKEPHOM  cOpTMpoBKOW».  Tabn. 4
WNIOCTPUPYET COPTMPOBKY [JaHHbIM MeToAoM Tex e (Tabn. 3)
BOCbMW 3/ieMeHTOB. [lepeMeHHble L wn R cogepXaT MWHAEKCH
3/IEMEHTOB, [0 KOTOPbIX JO/MKEH MNPOUCXOAWUTb NPOCMOTP NpuU
ABVKEHUM BNeBo (MM BBEPX) U BMpaBo (MM BHU3) COOTBETCTBEHHO.
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Tabnuua 4

MpuMep LIENKEPHO COPTUPOBKM

L= 1 2 2 3 3
R= 8 8 7 7 6
HaripassieHne 1 l 1 ! 1
21 4 4 4 4

25 21 21 9 9

9 25 9 21 12

17 9 17 12 17

43 17 25 17 21

12 43 12 25 25

4 12 32 32 32

32 32 43 43 43

Ecnn BBeCcTM nepeMeHHylo, KoTopass OyaeT oTBevaTb 3a TO,
6biMM NN MEepecTaHOBKM 3/1EMEHTOB, TO anropuUTM  LIEKEepPHOM
COPTUPOBKMN BbIMOSIHAT COPTUPOBKY 3a NSTb MPOXOA0B, B TO BpeMs
KakK Af1s My3blpbKOBOW COPTMPOBKM 6€3 yydlleHuit noTpeboBanoch
6bl CEMb NPOXOAO0B.

Ecnn e Kk anroputMmy LIEMKEpHOW COPTUPOBKM A06aBUTb
NepeMEHHY0 d coaepxallyto NHAEKC nocneaHero
NMepecTaHOB/IEHHOMO 3/IEMEHTA, TO YMCMIO MPOXOAOB COKPATUTCA A0
yeTblpex, Kak NokasaHo Ha npuMepe B Tabn. 4.

AHanu3 ny3blpbKOBOW M LIEKePHON COPTUMPOBOK. Yncio

CpaBHeHMM B 6a30BOM O6MEHHOM anroputMe — anropuTMe
My3bIpbKOBOW COPTUMPOBKE — PaBHO
C=(7-n/2

a MWHMManbHOE W MaKCMMaJIbHOE YMCIO  MepecTaHOBOK

3/IEMEHTOB PaBHO
Muin =0, Mpax = 3*(”2_/7)/4

AHanus e YNyJlleHHbIX METOAOB, OCODEHHO LUEKEPHOM
COPTUPOBKM, AOBOSIbHO CNoXeH. CTOUT OTMETWUTb, UYTO BCE MEpeYmc-
NEHHbIE  BbIIE YCOBEPLUEHCTBOBAHMSI HE BAMSIOT HA  YMCIO
nepeMeLLIEHNIA, OHW NNLLIb COKPALLAIT YMCIO M3MULLHKMX NpoBepok. K
HecyacTblo, 06MeH MeCTaMM ABYX 3/IEMEHTOB — Yalle Bcero 6onee
[OporocTosilasl onepauusi, YeM Ux cpaBHeHue. Mo3TOMy OYeBUAHblE
Ha MepBbIN B3rNsA YyULLEHUS AAI0T HE TAKOW YXXK GOSbLUOW BbIMIPbILL,
KaK 0Xuaanock.

LLlelikepHasi COPTUPOBKA C YCMEXOM WCMOMb3YETCS /Wb B TeX
Cnyyvasix, Korga U3BEeCTHO, YTO 3NIEMEHTbI MOYTU YNOPSA0OUEHbI, YTO Ha
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npaktuke 6ObiBaeT BecbMa peako. AHanM3  MoKasblBaeT, 4TO
«0bMeHHas» COPTUPOBKA M ee YCOBEPLIEHCTBOBAHMA (aKTUUECKK
OKAa3blBAlOTC XYXXE€ COPTUPOBOK C MOMOLLbI0 BKJIOYEHUA M C
NMOMOLLbIO Bbibopa.

1.4. Coptuposka LWWenna

Bce ™MeToabl MpsiMOM COPTMPOBKM (haKTUYeCKU nepeasuratoT
KaX<Abl SN1EMEHT Ha BCSIKOM 3/IEMEHTAPHOM LUAre Ha OAHy MO3MLMIO.
Mo3ToMy OHW TPebyloT nopsaka /7 Takux waroB. CnefoBaTenbHo, B
OCHOBY J/t0ObIX YNyYLUEHWUI anropuTMOB COPTMPOBKM AOSKEH ObiThb
MOJIOXXEH MPUHLMM MEPEMELLEHNS HA KaXkKAOM TaKTe 3/IEMEHTOB Ha
6onbluMe paccTosiHMs. MOXHO MOKa3aTb, YTO CpeHee paccTosiHME, Ha
KOTOpOE [O/MHKEH NPOABUraTbCsl KaXAablh U3 /1 3/IEMEHTOB BO BpeEMS
COPTUPOBKKM, paBHO 77 / 3 nosvumi. 3Ta undpa ABNSETCS UENbio B
rnoucke ynydlleHun, T. e. B noucke 6onee 3(pheKTUBHBIX METOAOB

COPTUPOBKMN.

PaccMOTpMM  ynyudlIEHHbIN MEeTOA, OCHOBaHHLI Ha MeToae
npsiMoro
BK/IOYEHUS  —  COPTMPOBKE  C  TMOMOLbIO  BKJIIOYEHU  C
YMEHbLUALMMUCS

pacctosHuamu. B 1959 r. [. LWennom 66110 NpeanoXxxeHo yCoBEPLUEH-
CTBOBaHWe asroputMa COpTUPOBKM C MOMOLLbIO MPSMOro BK/IIOUYEHUS.
PaccmoTpuM ero paboTy Ha npuMMepe cneayowero Maccuea:

35 28 49 79 45 11 89 70 91 67 54 19 13 24

CHavana OTAEeNbHO rPYMMUPYIOTCS 3/1EMEHTHI, OTCTOSILME ApYr
OT Apyra Ha pacctosHunm 4. Takux rpynn 6yaeT 4eTblpe, OHU
MokasaHbl Ha puc. 4 (@ — r). dnemMeHTbl, NpUHaZnexalme ofHON
rpynne, obbeavHeHbl gyramu.

a)35 28 49 79 45 11 89 70 91 67 54 19 13 24

6) 35 28 49 79 45 11 89 70 91 67 54 19 13 24

B)35 28 49 79 45 11 89 70 91 67 54 19 13 24

r)35 28 49 79 45 11 89 70 91 67 54 19 13 24

Puc. 4. Pa € MaccvBa H Mbl 3/1IEMEHTOB, OTCTOALLMX

ApYr OT Apyra Ha YeTbipe
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CnepytoWwmM LIAroM BbIMOSHSIETCS COPTUPOBKA BHYTPU KaXkaow
M3 rpynn MeTOAOM nNpsMOro BKAOYeHMs. CHayana CcopTupyloTcs
anemeHThl 35, 45, 91, 13, 3atem 28, 11, 67, 24, cnegom 49, 89, 54, n,
HakoHel, 79, 70, 19. B pe3ynbTaTe nonyyaemMm MaccuB:

13 11 49 19 35 24 54 70 45 28 89 79 91 67

TakoW MpoLecc Ha3biBAETC YETBEPHOW COPTUPOBKOWN. CrneayeT
OTMETUTb, YTO anropuTM copTupoBku Lenna Takke aBnseTcs
aNnropuTMOM COPTMPOBKM «Ha MecTe». [1o3TOMy BCe MnepecTaHOBKM
NPOUCXOAAT B OAHOM M TOM XKe MaccuBe.

CnepyrowmnM MNpoOXOAOM  3fIEMEHTbl  FPYNNMPYIOTCA TakK, u4TO
Tenepb B OAHY rpynny BXOAST 3/1EMEHTbI, OTCTOSLWME APYr OT APYr Ha
ABe no3vumun. Takux rpynn ABe, OHW NokasaHbl Ha puc. 5 (a — 6).

a) 13 11 49 19 35 24 54 70 45 28 89 79 91 67

A AAAANA

6) 13 11 49 19 35 24 54 70 45 28 89 79 91 47

"N AANAAA

Puc. 5. Pa3bueHne maccuBa Ha rpynmbl 3/1IEMEHTOB, OTCTOSALLMX
Apyr OT Apyra Ha ABa

BHOBb B Ka)xaoW rpynmne BbINOSHAETCS COPTUPOBKA C MOMOLLbIO
MpsIMOro  BK/OYEHUSI. DTO Ha3blBaeTCs [ABOWHON COPTUPOBKOM, ee
pe3ynbTaToM byaeT MaccuB:

13 11 35 19 45 24 49 28 54 67 8 70 91 79

N HakoHel, Ha TpeTbeM npoxode maeT obbluHas WM oanHap-
Hasi COPTMPOBKA C NMOMOLLBIO NPSIMOro BKtOYeHus (puc. 6).

13 11 35 19 45 24 49 28 54 67 89 70 91 79

\NAANAAANANANNN

Puc. 6. 'pynna aneMeHToB, OTCTOSAWMNX ApPYr OT Apyra Ha oauH

Pe3ynbTaToM paboTbl anroputMa copTupoBku Lllenna ssnsercs
OTCOPTUPOBAHHbIN MaccuB

11 13 19 24 28 35 45 49 54 67 70 79 89 91
Ha nepsbiii B3rNs4 MOXHO 3aCOMHEBaTbCA: eCn Heobxoanmo
HECKOJ/IbKO MPOLIECCOB COPTMPOBKW, MPUYEM W KaXKAbIA BKIOYAIOTCS

BCE 3/1EMEHTLI, TO He f06aBAT MM OHM  bonblwe  paboTbl,  4YeM
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C3KOHOMAT?  OpHako Ha KaxaoMm 3tane /mbo  copTupyeTcs
OTHOCWUTENbHO Mano 3/1eMEHTOB, NMB0 3/1EMEHTbI YXe [O0BOMbHO
XOpOLO yrnopsiaoyeHsl U TpebyeTcs cpaBHUTEIbHO HEMHOMO nepecTa-
HOBOK.

OueBMAHO, YTO TaKOM MeToA B pe3ynbTaTe faeT ynopsao-
YeHHbIN MaccvB. BMAHO TakXkKe, UTO KaXKabli MPoxXod OT Npeablayuimx
TONbKO BbiMrpbiBaeT (T. K. Kapaas F~COpTUpoBKa obbeavHseT ase
rpynnbl, yxe OTCOPTUPOBaHHbIE
2 FCOPTUPOBKOWA).

PacctosiHMa B rpynnax MOXHO yMEHblUaTb MO-pa3HOMY, JULLb
6bl nocnegHee 6bIO €AUHWYHBLIM, Bedb B CaMOM [UJIOXOM C/ly4vae
nocneaHMin npoxoa M caenaeT Bcio paboTy. OAaHAKoO COBCEM He
OYEBWAHO, UYTO TaKOW MPUEM «YMEHbLLAIOLMXCSA PaCCTOSAHUN» MOXET
JaTb Jlydlne pe3ynbTaTbl, €C/IM pacCTosHUS He 6yayT cTeneHsiMum
nBONKKU. Tlpu BbINOMHEHUN NA6OPATOPHBLIX PaboT pPeKOMEeHAyeTCs
HayasnbHbIA War B3siTb PaBHbIM fay = 77/ 3, TAE N — KOMMYECTBO
3/IEMEHTOB MacCMBa, ¥ yMeHbLIAaTb €ro Ha KaXkoM NpoxoAe BABOE:

he = hil 2.

Kak oTMeyanoch BbllE Aguey = 1.

AHanu3s coptupoBku LWlenna. AHanus 3TOro anroputma
NMOCTaBMN HECKONbKO BeCbMa TPYAHbIX MaTeMaTudeckux npobnem,
MHOMME W3 KOTOpbIX TaK ele M He pelweHbl. B vactHoCTW, He
M3BECTHO, KaKuMe PpacCTOSHUS AaloT  Hawfydlime  pesynbTaThl.
M3BeCTHO, OAHAKO, YTO BbLIGOP PACCTOSHWUI [OONMXKEH OblTb TaKWM,
yTO6bl B3aMMOAENCTBME PA3NYHBIX LIEMOYEK MPOXOAMNIO KaK MOXHO
vawe. B pabote KHyT nokasan, 4To MMeeT CMbIC/T UCMOAb30BaTb
cneayoLwyto
nocnegoBaTenbHOCTbL (OHa 3anucaHa B obpaTHoM nopsigke): 1, 4, 13,
40, 121, ..., roe he1 =3+ 1, Ay (Mn Aored) = 1 1 £ = logg(n) — 1.
OH pekoMeHAyeT u Apyryt nocnegosatenoHocts: 1, 3, 7, 15, 31, ...
roe Mes=2h+ 1, b= 1 n t = log(n) — 1. MaTeMaTUUeCKMi1 aHann3
nokKa3sblBaeT, YTO B MOC/eAHeM crydae Ansi COPTUPOBKU /1 SNIEMEHTOB
meTopoMm Lllenna 3aTpaThl NPOMOPUMOHANbHLI /772, UTO 3HAUUTENBHO
nyylLe /7, HeO6XOAMMBIX ANS METOAOB NPSIMOIi COPTUPOBKY.

3ALAHMUE

1. PeanusoBatb 6nOK-CXeMbl  anropuTMOB  CRedyoWmMX
COPTMPOBOK:
o COpTMpOBKa C NMOMOLLbIO MPAMOro BKIOYEHWS;
o CopTupoBKa C NOMOLLbI0 NPSMOro Bblbopa;
o [ly3blpbKOBasi COPTUPOBKA;
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o LLleiikepHas copTUpOBKa;
e CopTuposka Llenna.
3ajaHne HeobxoauMo odopMUTb B BMAE OTYETa M CAaThb
npenoaasaTento.

2. 3anporpamMMMpoBaTb METOAbI COPTMPOBOK, YKa3aHHbIE BbilUe
(cm. 3apaHue 1).

**3, CpaBHuUTb 3(P(EKTUBHOCTb peann30BaHHbLIX anropuTMOB
Mo YMC/y NepecTaHOBOK. (3aAaHne Ha AOMOSIHUTENbHbIE Bansbl)

KoHTpoOnbHbIE BONPOCHI

1. Yrto Takoe copTmMpoBKa?

2. lMepeuncnuTe BUALI COPTUPOBOK.

3. MNepeuncnurte obiyme KDUTEPMU OLLEHKMN anropnuTMoB
COPTUPOBKM.

4, I'Iepeqmcane OOCTOMHCTBA W HEAOCTATKU  U3YYEHHbIX
MEeTOAOB COPTUPOBOK.
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JIABOPATOPHAS1 PABOTA N2 4
«COPTHPOBKA 3/TEMEHTOB BYMEPHOIo
MACCHBA»

Llenb pa6oTtbl: 1M3yunTb OCOBEHHOCTU MPUMEHEHUS anropuT-
MOB COPTMPOBOK M MepecTaHOBOK B ABYMEPHbIX MaccMBaX, HayunTbCs
pewaTb 3a4a4n COPTMPOBOK M NepecTaHOBOK B ABYMEPHbIX MaccuMBax
Ha s3blke C.

Mpw BbINOAHEHMM TAa6OpaTOPHOW PaboThl A1l KaXKA0ro 3aaHus
TpebyeTcs HanucaTb nporpamMMmy Ha a3bike C, KOTOpas nosyyaeTr Ha
BXOAE YMCNIOBble AaHHble (B 3aBMCMMOCTM OT MOCTAHOBKM 3adauu),
BbIMOSHSIET TeHepaunto W Bs/BOJ ABYMEPHOrO MaccMBa YKa3aHHOro
TuNa. B kaxxaoi 3apaye Heo6X0AMMO BLINOMHWUTE 06paboTKy ABYMEp-
HOro MaccuBa. Ons 3TOro Heobxo0aMMOo pa3pabo-
TaTb a/sroputm (COPTUPOBOK MM MEPECTAHOBOK B ABYMEPHbIX MacCu-
Bax) W peanv3oBaTb €ro B BUAE OTAENbHON (pyHKUMW. BBOA AaHHbIX
OCYLLECTBNSETCS C K/IaBMaTypbl C y4eToM TpeboBaHUA K BXOAHbIM
[JaHHbIM, COAepXalnxca B MNOCTaHOBKe 3adaun. OrpaHuyeHusiMu
Ha BXOAHbIE AAHHbIE ABNAETCA AMAra30H UCMONb3YEMOT0 YUCIOBOro
TUMa AaHHbIX B A3blke C M MaKCMManbHO AOMYCTMMbIN pa3Mep 06bsiB-
NSIeMOro AByMEpPHOro MaccuBa.

3apaHua K nabopaTtopHou pa6orte

1. O6bsiBUTE ABYMEpHBIM BeLECTBEHHbIN MaccuB, B KO-
TOPOM 11 X M 3N1EMEHTOB. 3aro/IHUTE €ro YNCNamMu, NonyHeHHbI-
MU MO 3aKOHOMEPHOCTMK: n=0 ~° . OTCOpTUpyWTe Kax-
Ayl CTPOKY MaccvBa Mo ybbiBaHuio. PacneuaTaiite ero B Buae
Tabnuubl C TOYHOCTBIO A0 3 3HAKOB MOC/E 3ansTON ABaXabl — A0
n nocne coptupoBkn. OdopMnTe reHepaumio, BbIBOA Maccvea U
COPTUPOBKY CTPOK C MOMOLLbIO PYHKLMIA.

2. 06bsBMTE ABYMEPHbIN LIENOYUCIIEHHBI MAccuB, B KO-
TOPOM 71 CTPOK MO /17 3N1eMEHTOB. BbiMonHWTE reHepauuio Mac-
CMBa CNyYalHbIMK LIENbIMK YnCnaMmn U3 npomexyTka fa;b). MNe-
pectaBbTe cTonbubl MaccMBa Tak, 4YTO6bl UX MaKCMMasbHble
aneMeHTbl 06pa3oBany BO3pacTaloLWyk MNOCnefoBaTeNbHOCTD.
BbiBeauTe MaccuB Ha 3KpaH B BMAE Tabnumubl ABaXabl — [0 U No-
cne nepectaHoBku. OdopMuTe reHepauumio, BbIBOA Maccusa U
MepecTaHoBKY CTO/IBLOB C NOMOLLbLIO (hYHKLIMIA.

3. 0O6bsiBATE ABYMEPHbIN BELLECTBEHHbIN MAccuB, B KO-
TOPOM 11 X /M 3NeMeHTOB. BbinonHuTe reHepaumio Maccuea cny-
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YalHbIMW BeLYECTBEHHBIMU YMCIamu U3 npomexyTka fa; b). OT-
COpTUPYITE KaXAablh cToNnbeL, MaccMBa MO Bo3pacTaHuio. Pacne-
YaTalTe ero B BuAe Tabnuupbl C TOYHOCTbIO A0 2 3HAKOB MOC/E
3ansaTon ABaXabl — A0 W nocse coptuposku. OdopMuTe reHepa-
uMio, BbIBOA MaccMBa WM COPTMPOBKY CTONOGLOB C MOMOLLbIO
byHKUMIA.

4. [laHa kBagpaTHas MaTpuua pasmepa 2n x 2n. [ony-
ynTE HOBYIO MaTpuLy, nepecTaBnsis ee 6510K1 pa3Mepa 7 X N B
COOTBETCTBUM C PUCYHKOM.

5. TlpuBeaunte KBagpaTHYIO LIENOYMCIIEHHYIO MaTpuuy n
X nx TpeyronbHoMy Buay. Cnocob reHepaumm MaTtpuubl Bblbe-
puTEe CaMOCTOSATENbHO.

YKa3aHus K BbIMNOJIHEHUIO Ppa6oThl

Kaxkgoe 3agaHne HeobxoaMMO pelnTb B COOTBETCTBUM C U3Y-
YeHHbIMM MeToAaMKn 06bsIBNEHMS, reHepaumMm M BbliBOAA ABYMEPHbIX
MaccuBoB B a3blke C. O6paboTKy AaHHbIX HEOOXOAMMO BbIMOSHUTS,
NCMonb3ysl anropuTMbl COPTUPOBOK WMAN NMepecTaHOBOK AaHHbIX B ABY-
MEepHbIX MaccuBax.

CnepyeT peanu3oBaTb KaX[oe 3aJaHuWe B COOTBETCTBUM C Npu-
BEeAleHHbIMW 3Tanamu:

e M3yUnTb C/IOBECHYIO MOCTaHOBKY 3aJayu, BblAennB Mpu 3TOM

BCE BUAbI AaHHbIX;

e C(hopMyNMPOBaTb MaTEMaTUYECKYIO MOCTAHOBKY 3ajauu;

e BbibpaTb MeTOA peLleHns 3a4a4mn, ecnm 3To Heobxoanmo;

e paspaboTaTb rpaduUecKyto CxemMy anropnTma;

e 3anMcaTb pa3paboTaHHbIN anropuTM Ha s3blke C;

e OTNIaAUTb NPOrpamMMy.

KoHTpoOnbHblEe BONPOCHI

1. B uyeM npuHUMNUMaNbHOE OT/MYMe 3ajayvy COPTMPOBOK
[ABYMEpPHbIX U OHOMEPHbIX MacCMBOB?

2. Kakum ob6pasom odopmnseTca npoTotun yHKUUK,
YTOObI M3MEHEHUS, BbIMOSIHEHHbIE C 3N1eEMEHTAMMN MaccuBa, bbinu
COXpaHeHbl nocne 3aBepLieHus paboTbl QYyHKUMKN?

35



ynpaBJIeHI/Ie AUCTAHIIMOHHOTO O6y‘{eHI/IH W NMOBbIIIEHHU A KBaJTI/ICl)I/IKaLU/II/I

=

A

Teopus anroputTMoB

3. TpvBegnTe BO3MOXHble OOpaALlEHUS K 3NIEMEHTY
TpexMepHOro MaccmBa, aHanornyHole obpaieHunto mas[i][j][k].

4. B ueM npuymHa HeygobCTBa MCMNOb30BAaHNS MacCMBOB
CIMWKOM 60MbLIMX U3MEPEHWI B NMpOrpaMMax?

5. TMpu pewennn Kakmx NpuknagHbIX 3agaq Ucrnonb3yoT-
€S MHOroMepHble MaccuBbl? OTAENBHO NpUBeAnTE NPUMEpPh! ANs
MacCvBOB C M3MepeHMeM ABa U bornee.
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JIABOPATOPHASI PABOTA N2 5
«AWHAMWYECKUE CTPYKTYPbl AAHHbIX.
JINHEMHbIN CNIUCOK. OAHOHANPABJIEHHbIW U
ABYHAMPABJEHHbIA. COPTUPOBKA HA OCHOBE
JINHEWHbDbIX CITIUCKOB»

Llenb: 13yunTb NOHATUSA, KNAacCMbUKaLMIO U 0BbsABNEHNE CN-
CKOB, OCOBEHHOCTM 0CTYNa K AaHHbIM M paboTy C NamsTbio Npu UC-
NONb30BAHUN OAHOHAMNPABNEHHbIX W JBYHAIPAB/IEHHBIX CNCKOB, Hay-
UMTbCA peLlaTh 3aAa4M C UCMOb30BaHWEM CMIUCKOB Ha s3bike C.

TeopeTnueckuit MaTepuan

MoHATME CnMCKa XOpOLLO M3BECTHO U3 XXM3HEHHbIX MPUMEPOB:
CrMCOK CTYAEHTOB YYebHOW rpynnbl, CMCOK NPU3EPOB ONMMMMa-
[bl, crimcok(nepeyeHb) AOKYMEHTOB A NpefACTaBfieHns B NPUEMHYIO
KOMUCCUIO, CIIMCOK MOYTOBOWM PacCChifikW, CriMCoK NUTepaTypbl Ans ca-
MOCTOSITE/TbHOrO YTEHUSA U T.M.

CnMCKOM Ha3bIBaeTCA YNopsAOYEHHOE MHOXECTBO, COCTOsILLEe
U3 NEepeMeHHOro Y1cna 3/1EMEHTOB, K KOTOPbIM MPUMEHUMbI orrepaLinmi
BKJTIOYEHMS], UCKNIOHEHUS. CITMCOK, OTpaXkatoLwmi OTHOLIEHNs coces-
CTBa MEXAY 3NEMEHTaMM, Ha3bIBAeTCs IMHENHbIM.

[nvHa cnvcka paBHa YMCy 3/1EMEHTOB, COAEPXALLMXCA B Cru-
CKe, CITMCOK HYNeBOW ANWMHbI Ha3blBaeTCs MyCcTbIM cnUckoM. Crncku
npeacTaBnsioT coboi cnocob opraHv3auuy CTPYKTYpbl AaHHbIX, Npu
KOTOPOW 3NneMeHTbl HEKOTOPOro Tnna 06pasytoT Lenoyky. [Ans cBasbl-
BaHWS M1EMEHTOB B CMMCKE WCMONb3YIOT CUCTEMY yKkasaTenel. B mu-
HMManbHOM cfyyae, /060N 3MeMEHT JIMHEMHOrO Crncka KMeeT
OOMH yKa3aTe/Ib, KOTOPbIV YKa3blBaeT Ha Creaylolwmin 3NIeMeHT B Cu-
CKe UNWN SABNSETCH NYCTbIM YyKa3aTesieM, YTO MHTEprpeTUupyeTcs Kak
KOHeL, Crimcka.

CTpyKTypa, 3neMeHTaMu KOTOpPOM CNyXaT 3anucu C OOHUM U
TeM ke (popMaToM, CBS3aHHble Apyr C ApYroM C MOMOLbO ykasaTe-
nei, XpaHaWmMXcs B CaMMX 3N1EMEHTax, Ha3biBalOT CBSI3aHHLIM Cru-
CKOM. B cBSi3aHHOM cnucke 3neMeHTbl JIMHEWHO YNopsifioHeHbl, HO No-
PAAOK OMpeaenseTcs He HoMepaMu, Kak B MacCMBe, a yKasaTensamu,
BXOASALMMMW B COCTAB 3/IEMEHTOB CrMCKa. KaXkabl Crivcok UMeeT 0co-
6blli 3neMeHT, Ha3biBaeMbli yka3aTeneMm Hadana cnucka (ronosou
crucka), KOTOpbI O6bIYHO MO COAEpXaHWI0 OT/IMYEH OT OCTasbHbIX
3/IEMEHTOB. B rione ykazatens rocregHero 3/IEMEHTA cm-
CKa HaxoanTcs crneumanbHblli npusHak NULL, cBuzeTenbCcTByowmin o
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KOHLIE Crm1cKa.

JIHeliHble  CBSI3HbIE  CMMCKM  SIBASIIOTCS  NPOCTEMLLN-
MW JUHGMUHYECKUMU CTDYKTYPamu fgarHblx. 13 Bcero MHoroobpaswus
CBSI3aHHbIX CMUCKOB MOXKHO BbIAENWTL CEAYHOLME OCHOBHbIE:

e OfiHOHanpaBneHHble (0AHOCBA3HbIE) CMMCKK;

o ABYHarpas/ieHHbIe (4BYCBS3HBIE) CTINCKN;

e LUMkSIMyeckue (KomnbLEBBIE) CMIUCKM.

B OCHOBHOM OHM OTNINYAIOTCA BMAOM B3aMMOCBSI3M 3/IEMEHTOB
n/vnu AonycTMMbIMA OnepaumnsiMu.

OpHoHanpasJsieHHble (OQHOCBA3HbIE) CMNUCKU

Hanbonee npocTon AMHAMUYECKOW CTPYKTYPOM SIBASIETCA OfHO-
HanpaBfIEHHbIN CIMCOK, 3NEMEHTaMM KOTOPOrO CNYXaT O6bEKThI
CTPYKTYPHOIO TUMA.

OpHOHanpaBJiIEHHbIA (oAHOCBSA3HbIN) CMUCOK —
3TO CTPYKTYPa AaHHbIX, NpeacTaBnsiowas cobol nocneaoBaTeNbHOCTb
3NEMEHTOB, B KaXkaom u3 KOTOPbIX XpaHUT-

CSl 3HAYEHHNE N yKa3ate/ib Ha Cnepywwmin siemeHT crivicka (puc.l). B
NOCNeAHEM  JMIEMEHTE yKa3are/b Ha  Clefylowmin  3eMeHT  pa-
BeH NULL.

ViazaTens HA NepERL
3MEMEHT CIIHCKA

. L L NULL

Puc. 1. JIMHelHbIN ogHOHanNpaBieHHbIN CIUCOK
OnucaHne NpOCTEWILEro 3MeMEHTa TaKoro CrvcKka BbIFNSauT
cneayowmm obpasom:
struct ums_tuna { nHdopmaumnoHHoe ros7e; agpecHoe f10/€, };
rae MHhopMaLnoHHOe nose — 3To /70/1€ nioboro, paHee 06bSB-
NEHHOr0 MNW CTaHAAPTHOro, TUNa;
aflpecHoe rnosne — 3TO yKa3are/ib Ha 06bEKT TOr0 Xe TuMa, YTo

" onpegensemas CTPYKTYpa, B Hero 3anucbiBaeT-
Csl agpec cnefylowero aneMeHTa crnuncka.
Hanpumep:

struct Node {
int key;//viHdopmMaumoHHoe none
Node*next;//agpecHoe none
b
MHdOopMaLMOHHLIX NoMein MOXET ObiTb HECKOMLKO.
Hanpumep:
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struct point {

char*name;//wHdopmaumoHHoe none
int age;//vHdopMaumoHHOoe none
point*next;//appecHoe none

b

Kaxxablil 5/1eMEHT Criicka COREPXUT K/I0Y, KOTOPbLIA WAEHTU-
durumnpyeT 3TOT 3n1eMeHT. K77to4 06bI4HO b6bIBaeT MO0 LeNbiM YMCIIOM,
nnbo CTPOKOM.

OCHOBHbIMK OMepauMaMmK, OCYLLECTBASIEMbIMA C OAHOHaNpaB-
NEHHBIMU CNUCKaMK, SBNAIOTCS:

e CO3@aHME CNNCKa;

e neyatb (NPOCMOTP) CMMCKa;

e BCTaBKa 3/IEMEHTA B CMMUCOK;

e yAaNieHne 31eMeHTa 13 CNnNCKa;

e MOWCK 3/IEMEHTA B CMUCKE

e MpoBepKa MyCTOTbl CNNCKaA;

e yJaneHne crnuncka.

AByHanpaBneHHble (ABYCBA3HbIE) CTUCKMN

NS YCKOpPEHMSI MHOTMX onepaumnii LenecoobpasHo NpUMEHSITb
nepexoabl Mexay 3/eMeHTaMu Crnmcka B 060Mx HamnpasneHusx. 3TO
peanusyetcs C MOMOLLbIO JBYHAarpPaB/ieHHbIX CMUCKOB, KOTOpble $B-
NATCSA CIIOXHOW ANHAMUYECKON CTPYKTYPOM.

[AByHanpaBNeHHbIl (ABYCBSI3HbII) CNUCOK —
3TO CTPYKTYPa AaHHBIX, COCTOSILAS U3 NOCNeA0BaTENbHOCTU 3MEMEH-
TOB, KaXk[bl1 U3 KOTOPbIX COAEPXMT MH(OPMALIMOHHYIO YacTb U ABa
yKasaTensl Ha cocegHue anemeHThbl ( puc. 2). Mpu 3TOM ABa COCeAHUX
3M1EMEHTa AO/MKHbI COAepXXaTb B3aUMHbIE CCbISIKM ApYr Ha Apyra.

B TakoM cniucke Kaxaplil 3n1eMeHT (KpoMe nepBoro v nocnea-
Hero) CBsi3aH C MpeablaywnM WM CleaylowmnM 3a HUM 3/1IEMEHTaMMU.
Kaxxablil aneMeHT 4ByHarnpas/ieHHOMo CNNCKa UMEET ABa Mons C yKa-
3aTeNsiMU: OfHO /70/71€ COAEPXKUT CCbINIKY Ha CReaylolnii 31EMEHT,
ApYroe 710/1e— CCbiIKYy Ha NpeablaylWwmin 371EMEHT W TPETbe /10/e —
nHMOpMaLMoHHOE. Hannume ccbiIok Ha cneayioLlee 3BEHO M Ha npe-
Ablayuiee no3BoNSieT ABMraTbCa MO CMUCKY OT KaXKAoro 3BEHa B JIt0-
60M HanpaBfieHWM: OT 3BEHA K KOHLYY CMMCKa WM OT 3BEHA K Hadany
CMMCKa, NO3TOMY TaKOW C/IMCOK Ha3blBAOT ABYHAMPaBEHHbIM.
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ViazaTens HAa COHCOK

|

® - [ - > + + + —=| NUILL

NULL *

L]
h
L]

Puc. 2 [IByHanpaBnieHHbI CrNcok

OnucaHne NpoCTeNLIero 3MeMeHTa TaKoro Crvcka BbIrNSAnUT
cnepytowmm obpasom:

struct ums_tuna {

MH(OPMaLIMOHHOE MONE;
agpecHoe none 1;
agpecHoe norne 2;

o

rae MHopMaUMOHHOe Mnone — 3TO /70/1€ Noboro, paHee ob6bsIB-
JIEHHOrO MK CTaHAapTHOro, TUNa;

agpecHoe none 1 — 3To ykasaresb Ha 06bEKT TOF0 Xe TuMa,
4yTo M onpegensemMass CTpyKTypa, B Hero  3anucblBaeT-
Csl g4peccnenyroLero sfeMeHTa Cnmcka ;

agpecHoe nosne 2 — 3TO yKka3are/ib Ha O6bEKT TOro Xe Tuna,
4yTo W onpeagensemMas CTPyKTypa, B  HEro  3anucbiBaeT-
Csl ggpempenplayLlero aneMeHTa cnmcka.

Hanpumep:

struct list {

type elem ;
list *next, *pred ;
by

list *headlist ;

rae type — Tmn nHhOPMaUMOHHOIO NOAS dNeMeHTa Cnncka;

*next, *pred — ykasaTenu Ha cneaylowmin n npeabiaywui ane-
MEHTbI 3TOWN CTPYKTYpPbl COOTBETCTBEHHO.

lMepemerHas-ykazaresip headlist 3agaeT cmcox Kak eauHblin
NPOrPaMMHbIN OOBEKT, €€ 3HAYEHME — YKa3aTe/lb Ha nepBbid  (MNn
3arNaBHbIN) 3/IEMEHT CITUCKA.

OcHoBHbIe oriepaLymy, BbINOMHAEMbIE Hag [ABYHanpaBfieHHbIM
CMUCKOM, Te Xe, YTO M ANs OAHOHANpPaBfIeHHOro cnucka. Tak Kak
ABYHAINPAaBAEHHbIY criicok bonee rmbkuii, YeM OJHOHAMpaBEHHbIN,
TO NPY BKJIIOYEHNN SNEMEHTA B CIIMCOK, HYXXHO UCMONb30BaThb yKa3a-
7€/1b KAK Ha JMIEMEHT, 3a KOTOPbIM MPOMCXOAMT BKJOYEHME, Tak
W yKasate/ib Ha 3MEMEHT, nepes KOTOpPbIM MPOUCXOAUT BKIIKOYEHME.
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MpM  MCKNKOYEHWWM 3neMeHTa M3 CnMcka HY)XXHO MCMonb30BaTh
KaK yKazare/lb Ha CaM WCKJIIOYAEMbIN 3MEMEHT, TaK M yKasaTenu Ha
NpeaLwWwecTBYOWMIN MW CreayoWniA 38 UCKTIOYaeMbIM 31eMeHThI. Ho
TaK KaK 3NMeMEHT gByHarnpas/eHHOro CNncka MMeeT ABa YyKasaTens,
TO MNpW BbLINONAHEHWUWN OrfepaLmyi BKITIOYEHUSVCKITIOUEHMS] SNEMEHTA
HaZl0 M3MeHSATb BosblLe CBSI3EN, YEM B OAHOHAMNPAB/IEHHOM CIUCKE.

PaccMOTpuM OCHOBHbIE oriepaumy, OCYLLECTBSIEMbIE C ABYHa-
NpaBfeHHbIMK CNUCKaMK, TakMe Kak:

eCO3AaHNe CNncKa;

erneyaTtb (MPOCMOTP) CMNCKaA;

eBCTaBKa 3/1EMEHTA B CNMCOK;

eyZaNiEHNE 3/IEMEHTA M3 CMUCKA;

eMOUCK 3/IEMEHTA B CMUCKE;

eMpoBepKa MyCTOTbI CMNCKA;

eyanieHne crnmcka.

3AO0AHME

I. CospaHue NpocCTOro ynopsiAo4veHHoOro no Heso3pacra-
HUIO CMUCKa HeoTpuuUaTeNbHbIX Uenbix uucen (Hanpumep, 12-
>10->9->7->3->NULL)

1. [Ina onuncanus y3noB Cnucka cosgaTb CTpykTypy Node
C ABYMS NMONASAMU:
@) 3Ha4YeHMe a1IeMeHTa cnucka (Lenoe Yncno),
6) ykaszaTesb Ha cneayoLumin y3en.
2. C nomowbto typedef onpepenutb 0603HayeHuss NODE u
pNODE
COOTBETCTBEHHO AN y3/1a W yKa3aTens Ha Hero.
3. [Ins onucaHus cnucka co3aaTb CTPYKTYpHbIN Tun List ¢ aBy-
MS NONSIMU:
a) begin - ykasaTenb Ha NepBbI 3N1EMEHT CMUCKa;
6) len - KONNMYECTBO 3N1EMEHTOB B CMUCKE.
4. OnpegenuTb CUHOHWMBbI LIST w pLIST ans TMNoB CNUCOK U
yKa3aTeslb Ha CrmCoK.
5. HanucaTtb dyHKUMIO co3aaHMsa HOBOMO (MyCTOro) cnmcka
pLIST createList(void);

Mpu ycnewHoM co3aaHum cnucka QyHKUMS BO3BpaLLaeT yka-
3aTeNb Ha Co34aHHy0 CTpykTypy TMna LIST, nHave NULL. MNons cos-
AAHHOW CTPYKTYpbl OBHYNSIOTCS.

6. Hanucatb dyHKkuMo-npeamkaT
int isEmpty(pLIST pL);
NCMonb3yeMyio Ansa onpeaenexHus, cnucok nyct (1) unm Het (0).
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7. Hanucatb dyHkumio
PNODE getPointer(pLIST pL, int date);
ANS NOMCKa B YNOpsiAOYEHHOM MO HEBO3PaCTaHMIO CMMCKe Mec-
Ta Ans BCTaBKKM y3M1a CO 3Ha4YeHueM date.
®yHKUMS BO3BpallaeT ykasaTesllb Ha MpPeALecTBYOWMA Hali-
[EeHHOMYy MecCTy y3en.
Ecnn B cnncok nycT - Bo3BpatLaetcs NULL.
[ns y3n0B, CTOSAWMX Na NEPBOM M BTOPOM MeCTax, BO3Bpalla-
eTcs pL->begin.
8. Hanncatb yHKumMIo
int addNodeAfter(pLIST pL, pNODE pN,int newdate);
Ans pobaBneHus B CMMCOK HOBOMO 3neMeHTa newdate nocne
Y351, Ha KOTOpbIiA
yka3biBaeT pN, UCK/IlOYEHNE COCTaBASAIOT Clydau,
1)  korga pN == pL->begin!=NULL;
2) korga pN ==NULL.
Mpn ycnewHom aobaeneHun Bo3Bpalyaetcs 1, B MpOTMBHOM
cnydae - 0.
9. Hanucatb dyHKUMIO
pPNODE findNode(pLIST pL, int date);
ANS MOMCKa B CMMCKe y3na co 3HadeHneM date. ®yHKumsa BO3-
BpaLlaeT
yKasaTeNb Ha MpeawwHecTByoWmMiA HaaeHHoMy y3en. Ecam B
CMNCKE HET 3/IeMeHTa €O 3HayeHneM date - Bo3Bpawaerca NULL. [ns
y3/10B, CTOAWMX Ma NepBOM M BTOPOM MecCTax, Bo3Bp pL->begin.
®yHKUMS UCNONb3yeTCs AN yaaneHus ysna.
10. Hanncatb yHKUMIO
int deINode(pLIST pL, pNODE pN);
ANS yAaneHus u3 cnucka afeMeHTa, Ha KOTOpbIi ykasbiBaeT pN.
11. Hanncatb yHKUMIO
void clearList(pLIST pL);
[ANS yAaneHust BCceX Y3/0B crmcka (O4YMCTKK crucka).

12. Hanncatb yHKUMIO
void showSList(pLIST pL);

KOTOpasi MoCNeaoBaTeNbHO MPOCMATPMBAET BECh CMMCOK U Anst
KaXkAoro y3na BbIBOAWUT Ha 3KpaH ero agpec, HaxoAsweecs 4Yncio u
agpec cnegylowero ysna. B cnyyae nycroro cnvcka BbIBOAWUTCS COOT-
BETCTBYHOLWEe coobLieHume.

13. Hanncatb yHKLMIO

void deleteList(pLIST pL);
NS yaaneHust cnucka.
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14. B dyHKUMM main

Q) co3aaTb MNYCTOW CNNCOK;

6) paboTa CO CNNCKOM OCYLLECTBASIETCS B pEXMME Anasora:

BbIBECTM MEHIO AJ1s1 BbI6OPa OAHON 13 BO3MOXHbIX Onepaumii

-nobaBneHns aneMeHTa B CNMCOK (CMMCOK AOMKEH BbITb ynops-
[OYEH M0 3HaYeHNsM Lenbix uncen!);

-MOWUCK YNCNA B CMIUCKE;

-yAaneHue yncna m3 Cnucka;

-NMPOCMOTP CMMNCKa;

-04MCTKa CMUCKa;

-KOHeL, paboTsl.

KoHTpoOnbHbIE BONPOCHI

1. Jlobol nn cnmcok aBnseTcs cBsA3HbIM? O60CHYITE OT-
BET.

2. B yeM OT/IMUME MEpPBOro 3NEMEHTA O[HOHAMpPaBNeH-
HOro (4ByHarpas/ieHHOro) Cnucka OT OCTaNbHbIX 3/1EMEHTOB
3TOro Xe crmcka?

3. B yeM OT/MuMe MOCNeAHEero 3/1eMeHTa OfIHOHaMpaBs-
NEHHoro (4ByHanpas/ieHHOro) CrMcka OT OCTaslbHbIX 3/1IEMEHTOB
3TOro Xe crmcka?

4. B 4yeM MpUHUMMUANbHBIE OT/IMYMS BbLIMOSIHEHUST OC-
HOBHbIX onepau,MF/'l B OAHOHaMNpaBNEHHbIX
W ABYHAEMPAB/IEHHBIX CTINCKAX?
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NABOPATOPHASl PAGOTA N2 6
«AVUHAMUYECKUE CTPYKTYPbI JAHHbIX. CTEK U
OUYEPE[b»

Lenp paborei: V3yuntb NOHATUSA, 00BABNEHUS, OCOBEHHOCTM
[0CTyna K AaHHbIM M paboTbl C MaMATbIO B CTekax U odepeasix, Hay-
UYNTBCA peLlaTh 3a4auun C UCMOJIb30BAHMEM CTEKOB U oYepeaei B A3bl-
ke C.

KpaTkue TeopeTnueckme ceeieHus
Crekmn

B cnuckax ZocTyr K aneMeHTaM npoucxoauT NocpeacTBoM af-
pecaunn, npyu 3TOM JOCTyr1 K OTAENbHbIM 31IEMEHTAM He OrpaHuyeH.
Ho cywecTByIOT TaKkXe W Takue CrIMCKOBbIE CTPYKTYPbl BAHHBIX, B KO-
TOPbIX UMEIOTCS OrpaHuYeHns 4OCTyra K anemerHTam. OgHuM m3 npea-
cTaBUTENEN TAKUX CIIMCKOBBIX CTPYKTYp 9BNSETCA CTeKo-
BbI CITMCOK UMW NPOCTO CTEK.

Crek (aHrn. stack — cTtonka) — 3TO CTpyKTypa AaHHbIX, B KOTO-
POV HOBLIV 3NEMEHT BCErAa 3anuckiBaeTcs B ee Hadvano (BepLUnHy) U
oYepesHoi YATaeMblil SNEMEHT Takxke Bceraa BbibMpaeTcs U3 ee Ha-
yana (puc. 1). B crekax WCNOnb3yeTcs MeToq AOCTYra K 3NeMEH-
Tam LIFO ( Last Input — First Output, "nocnegHum npuwen — NepebiM
Bbiwen"). Yawe Bcero npuHUMn paboTbl CTeKa CpaBHMBAIOT CO CTOM-
KOM Tapenok: 4Ttobbl B3sSTb BTOPYI CBEPXY, HY)XXHO CHayana B3aTb
BEPXHIOI0.

CTeK— 3TO CrIMCoK, Y KOTOpPOro AOCTYNEH OAuH 3neMeHT (oAHa
no3nums). ITOT 3/IEMEHT Ha3blBAETCS BEPLUMHOM CTeka. B3sTb ane-
MEHT MOXHO TONbKO W3 BEPLMHbLI CTEKE, [AOOABUTb 3NEMEHT MOXHO
TONbKO B BEpLUMHY CTEKA. Hanpumep, ecnv 3anucaHbl B crexumcna 1,
2, 3, TO Npv NoCNeaylowem nssnedeHmmn nonyymm 3,2,1.
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Bepumna

CTEI{E.
Hobaenenne

\*QOOOO

H?.B:IE‘]E‘HHE

VkazaTens Ha
EEpIIHHY CTEKa

Hzeneaenue
- . [ .oes = MNULL

_ =— | Bepmmina
Jobasnenne

Puc. 1. Ctek 1 ero opraHnsaums
OnucaHue cTeka BbIrNSanT cneayowmmM obpasom:
struct ums_tuna {
MH(OpMaLMOHHOE None;
aJpecHoe nore;
b
rae MHhOopMaUMoHHOE Mone — 3TO /7o/7€ Noboro paHee 06bSIB-
NTEHHOr0 MW CTaHAAPTHOro TUMa;
apecHoe rose — 3TO yKkasaresib Ha OOBEKT TOM0 Xe TuNna, 4To
n onpegensiemMas CTPYKTYpa, B Hero 3anucbiBaeT-
CS a4pec cnepytoLero safemMeHTa creka.
Hanpumep:
struct list {
type polel;
list *pole2;
} stack;
CTeK KaK gUHAMUYECKYIO CTPYKTYPY AaHHbIX NEerko OpraHunso-
BaTb Ha OCHOBE JIMHEMHOrO crucka. MockonbKy paboTa Bceraa UAET C
3aro/IOBKOM CTeKa, TO eCTb He TpebyeTcs OCyWecTBASATb NPOCMOTP
3/1IEMEHTOB, YAaNeHMe U BCTABKYy 3/1EMEHTOB B CepeauHy MM KOHeL
CMMCKa, TO AOCTaTOYHO MCMO/Ib30BaTb 3KOHOMWYHBIA MO MAMSITU Jn-
HeMHbIN OAHOHAMPAaBNEHHbIV CrIMCOoK. NS TaKOro Crncka A0CTaTOYHO
XPaHWUTb yKa3areslb BEPLIMHbI CTEKE, KOTOPbI YKa3biBAaeT Ha nep-
Bbl 3/1eMEHT crimcka. Ecnn crex nycT, TO CUCKa He CYLLECTBYET, U
yKazaresib npuHnMaeT 3HayeHne NULL.
OnncaHve aneMeHTOoB CTe- Ka aHanorn4yHo ONMCaHUIo
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MEHTOB JIMHEMHOro OAHOHaNpPaBfeHHOro cnucka. [Mo3ToMy o06bs-
BUM CTEK Yepe3 06bABNEHNE NTMHENHOIO OIHOHAMNPAaBNEHHOMO CrUCKa:
struct Stack {
Single_List *Top;//BeplumHa cTeka

I

Stack *Top_Stack;//yka3aTenb Ha BEpLUMHY CTEKa
OCHOBHbIe orrepaLmy1, NPOM3BOAMMbIE CO CTEKOM:
. co3gaHune CTeka;

. neyatb (NPOCMOTP) CTEK];

) fobaBneHune anemMeHTa B BEPLUMHY CTEKS,

. W3BMIEYEHME NIEMEHTA U3 BEPLUMHbI CTEKA;

) npoBepKa NycToTbl CTEKA;

) OYMCTKa CTeKa
3apganne 1. CO34AHME CTEKA HA OCHOBE JIMHEHHOIO
CITUCKA

1. lnsa onucaHus y3noB cTeka co3aaTb CcTpykTypy Node ¢ aBy-
MA NoNAMU:

a) 3HaueHuWe 3neMeHTa cTeka (CMMBOJIbHbIN TUM),
6) yKasaTesb Ha cneayoLwwmii y3en.

2. C nomowpbto typedef onpepenutb 0603HauveHnss NODE wu
pNODE cooTBeTCTBEHHO ANs Y3N1a U yKasaTens Ha Hero.

3. ns onucaHusi CcTeka €o3daTb CTPYKTYpHbIM Tun Stack c
[ABYMS MONSAMM:

a) begin - ykasaTenb Ha NepBbI 3NEMEHT CMUCKa;

6) len - KONNMYECTBO 2N1EMEHTOB B CNIUCKE.

4. Onpepenntb cMHOHUMbI STACK 1 pSTACK anst TMNoB Crmncok
W yKasaTesb Ha Cr1COoK.
5. Hanucatb dyHKUMIO co3aaHMsa HOBOroO (MYCTOro) crnmcka
PSTACK createStack(void);
Mpn ycnewHoM co3gaHumn cnmcka QyHKUMS BO3BpaLLaeT yKasa-
TeNb Ha co3gaHHyto cTpykTypy Tmuna STACK, nHave NULL.
Mons co3gaHHOM CTPYKTYpbl OBHYNSIOTCS.
6. Hanucatb dyHKuMo-npeamkaT
int isEmpty(pLIST pL);
ncrnonb3yemyro gns onpegenexvs, cnmcok nyct (1) wam Het
(0).
7. Hanucatb dyHkumio ana pobaBneHus HOBOrO 3feMeHTa B
CTex.
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void push (pSTACK pS, char ch)
8. Hanucatb yHKUMIO ANs U3BNeYeHusl afieMeHTa U3 CTeka
char pop (pSTACK pS)
9. B dyHKUMM main
PaspaboTtaTb nporpamMMmy paboTbl C CMUMBOJSIbHBIM CTEKOM, pea-
NN3YIOLWYIO onepaumun Ao6aBneHust 1 yaaneHus 371eMEHTOB U3 CTeka U
OTODpaXXeHUsI TEKYLLEro COCTOSIHMS CTeka.
3aganmne 2. Peanu3oBaTb CTeK CMMCKOM. Bce cTaHAapTHble
ornepaumm Co CTEKOM AO/MKHbl 6bITb OopMAeHbl OTAENbHBIMM MOA-
nporpaMmMamu.

1. Co3paTb CTeK M3 ClyyYalHbIX LenbiX YWCen, nexalimx
B AvanasoHe —50 go +50 u npeobpaszosaTtb ero B ABa creka. lep-
BbIl IO/MKEH cofepXaTb TOSIbKO MOJIOXKUTESbHbIE YMCa, @ BTOPOU —
TONIbKO OTpuuaTenbHble. MNopsaok cnefoBaHns vncen AoMmKeH ObiTb
COXpaHeH.
2. Co3paTb CTeK U3 CrTydaliHbIX LESbIX YMCen U yaanuTb
M3 Hero 3anucu ¢ YETHbIMU YUCTTaMK.
3. Co3paTb CTeK M3 CNTyYalHbIX LiefbIX YUCen U NOMEeHsITb
MECTaMW KpaHWE 3/1EMEHTHI.
4. Co3patb CTeK U3 CrTyYalHbIX LEbiX YMCEen W yaanuTb
U3 HEero Kaxxablii BTOPOW 3M1EMEHT.
Ouepeam
Ouepenb — 3T0 CTPYKTYpa AaHHbIX, NPeAcTaBsiowas cobou
NnocneaoBaTeNlbHOCTL 371EMEHTOB, Obpa3oBaHHash B MOpsAKe MX Mo-
cTynneHusi. Kaxkablil HOBbI 3N1EMEHT pa3MeLLaeTcsl B KOHLIE ovepeau;
3M1EMEHT, CTOSILUMMA B Hayane odepeau, BbIbMpaeTcs 13 Hee nepsbiM. B
oyepean UCMOMb3yeTcs MNPUHUMN Aoctyrna K 3anemeHTtam FIFO ( First
Input — First Output, "nepsbii Npuwén — nepsbiii Boiwen") (puc.2). B
ouyepeaM OOCTYMHbl ABa 3MeMeHTa (ABE MO3MUMKM): Hayano ouepe-
O 1 KOHel o4yepean. [MOMEeCTUTb 3/IEMEHT MOXHO TOMbKO B KOHELl
ouyepeau, a B3dATb MEMEHT TOMbKO U3 ee Hayana. lMpumepoM MoxeT
CNYXWTb OBbIKHOBEHHAs1 OYEPESL B MarasuHe.

47



praBJIeHI/Ie AUCTAHIIMOHHOTO O6y'{EHI/IH W NMOBbIIIEHHU A KBaﬂI/I(l)I/IKaLU/II/I

Teopus anroputTMoB

Hagamo Kouen
Ve (s Lo i OYEpETH
,l, ¢ HobDagmenne
Harnegenne
VEkazaTens Ha VKasaTens Ha
HAYAN0 O9epemH KOHEI O9epeaH
Hzpnesenne L —] ... —=| NULL Jobarmenne
- NULL . e —— -—
Ha=amo - Konen

Puc. 2. Ouepefb 1 ee opraHusaums
OnucaHne oyepean BbIrNSAUT cnegyrowmm obpasom:
struct nms_tuna {
MH(OPMALIMOHHOE Nore;
aapecHoe nonel;
agpecHoe nosnez;
o
rae nHhopMaumnoHHoe none — 3To /70/1€ noboro, paHee 06bsIB-
JIEHHOrO MK CTaHAapTHOro, TUNa;
agpecHoe nonel, agpecHoe none2 — 3TO yka3aTenu Ha obbek-
Tbl TOrO e TUMa, Y4To U onpefensieMas CTpyKTypa, B HUX 3anucbiBa-
I0TCS aApeca NepBoro 1 CeayoLEro 3/IEMEHTOB O4epeaun.
Hanpumep:
1 cnocob: appecHoe r70/1€ CChbiNnaeTcs Ha 06bSABASEMYIO CTPYK-
Typy.
struct list2 {
type polel;
list2 *polel, *pole2;
by

2 cnocob: aApeCHOeE /70/1€ CCbINAETCA Ha paHee 06'b$IBJ'IeHHytO

CTPYKTYpY.
struct listl {
type polel;
listl *pole2;
b
struct ch3{
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listl *beg, *next ;
by
O4epesp KaK guHaMHUYECKyro CTPYKTYPY AaHHbIX NEFKO OpraHu-
30BaTb Ha OCHOBE JIMHENHOro cnucka. Mockonbky pabota uMaeT ¢ 06o-
MMM KOHLAMW ovepeau, TO NpeanodTMTenbHO GyaeT MCnonb3oBaTb
NMHEWHBIA ABYHANPaBNEHHbIN CriMcoK. XoTa Ans paboTbl C TAKUM Cru-
CKOM [OCTaTO4YHO UMETb OAVH YKA3aTesib Ha N0BON 3/IEMEHT CITUCKa,
30ecb LenecoobpasHo XpaHWTb ABa yKasaTens — OAMH Ha Havano
cnucka (OTKyAa M3BEKAEM 3/1IEMEHTLI) M OAMH Ha KOHel cnuncka (Kyaa
pobaensieM aneMmeHTbl). ECnun owepess nycra, TO CNMCKa HE CylLecT-
BYET, W yKa3aTenu NpuHuMaloT 3HavyeHne NULL.
OnuncaHne 3NeMeHTOB o4Yepean aHanorM4yHO ONMCaHWUI0 31EMEH-
TOB NMHENHOTO 4BYHAarpPas/IeHHOo CrINCKa. MosTomy 06bsI-
BUM OYepEs]b yepes obbsiBNEeHNE NVHENHO-
ro 4ByHarnpas/aeHHOro Cnncka:
struct Queue {
Double_List *Begin;//Ha4yano ouepean
Double_List *End; //koHew ovepean
b
Queue *My_Queue;//yka3aTenb Ha oyepenb
OCHOBHbIe orrepaLmy, NpoM3BOAMMbIE C OYEPEabIO:
e CO3JaHue oyepeau;
e neyatb (NMPOCMOTP) o4epeau;
e f06aBneHNE 3NeMEHTa B KOHEL o4epeau;
e 13BJIEYEHME 3MIEMEHTA U3 Hayasla ouepeau;
e MpoBepKa NyCTOThbl o4epeau;
e OUMCTKa oYepeau.

3apaHue 3

OnuwwuTe o4yepeqb C BEWECTBEHHbBIM VIHCbOpMaLLVIOHHbIM nonewM,
M 3anoNHUTE ee 3N1IEMEHTaMM C KNlaBMUaTypbl. BbinonHute LLMKﬂMHeCKMVI
COBWI 3/1EMEHTOB B O4Yepeaun Tak, 4Tobbl B ee Hauvasne 6bin pacnosno-
>KEH HanboNbLIUIA SNIEMEHT.

KOHTpOﬂ bHbl€ BOMPOCHI

1. B 4yeM npeumyuwlectBa M HeOoCTaTKU OpraHu3auuu
CTPYKTYp B Buae creka?

2. B uem npeumywectBa M HeaoCTaTKM OpraHu3aumnu
CTPYKTYp B BMAE oyepean?

3. [na MoaenupoBaHus KakuxX peasnbHbIX 3adady yaobHo
NCNoMb30BaTh CTEK? A ANS KaKux oyepenb?
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4. Kakoe 3HauyeHue XpaHWUT ykasaTeslb Ha CTek?
5. Kakoe 3HayeHune xpaHWUT yKa3aTenb Ha odepeab?

6. C Kakol Lefblo B MporpamMMax BbIMOJHAETCS MpoBep-
Ka Ha NycToTy cTeka u oyepeaun?
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JIABOPATOPHAS PABOTA N297
«ANHAMUYECKUE CTPYKTYPbl JAHHbIX.
BMHAPHbIE JEPEBbS>»

Lilenb pa6oTbl: M3yunTb NOHATUE, (hOPMUPOBAHME, OCOBEHHO-
CTU AOCTyNa K AaHHbIM U paboTbl C NaMATbIO B 6MHAPHbIX AEpeBbsX,
HAY4MTbCA pelaTb 3aAayu C WCMONb30BaHUEM DPEKYPCUBHBIX QYHK-
Ly  anropuTMOB 06X0Aa BUHapHbIX 1epeBbeB B A3blke C.

TeopeTnueckuit MaTepuman

epeBo ABNSETCS OAHVMM M3 Ba)KHEWLIMX M MHTEPECHbIX 4acT-
HbIX cnyyaeB rpada. JpesosBuiHas MOAE/TL OKa3blBaeTCs [OBOJSIbHO
aheKTUBHON NS NpeACTaBNeHUs AMHAMUYECKUX AaHHbIX C Liesblo
6bICTPOro r7oMcKa MHGOPpMAaLMH.

[epeBbs 9BMSAOTCS OAHUMM M3 Hambonee WMPOKO pacnpocTpa-
HEHHbIX CTPYKTYP A@HHbIX B MHGOPMATHKE N MPOrPaMMUPOBAHMK, KO-
TOpble NPeACTaBNAlOT cob0M MepapXUYeckue CTPYKTYpbl B BUAE Habo-
pa CBA3AHHbIX Y3/10B.

[lepeBo — 3TO CTPYKTYpa AaHHbIX, NpeacTaBnsiowas coboin co-
BOKYMHOCTb 3/IEMEHTOB M OTHOLLEHWI, 06Pa3yHOLLMX MepapXUYECKYHo
CTPYKTYPY 3TUX 31eMeHTOB ( puc.1). Kaxkabli 31eMeHT AepeBa Hasbl-
BAETCA BEPLIMHONM (Y3110M) AepeBa. BeplumHbl aepeBa coeamnHeHbl Ha-
npaBfeHHbIMU Ayramu, KOTOpble Ha3blBalOT BETBAMM AepeBa. Hauanb-
HbI y3en AepeBa Ha3blBalOT KOPHEM [epeBa, eMY COOTBETCTBYET Hy-
NneBON ypoBeHb. JICTbSIMM AepeBa Ha3biBAOT BEPLUMHBLI, B KOTOpblE
BXOAWUT OHA BETBb U HE BbIXOAUT HWU OAHON BETBMU.

Kaxxpoe gepeso obnapaet cneayowmMm CBOMCTBAMU:

1. cyuwecTByeT y3en, B KOTOPbI He BXOAWUT HWU OAHOW AY-
rn (KopeHb);
2. B KaXAayto BepLUMHY, KpOMe KOPHSI, BXOAUT OAHa Aayra.

[JepeBbs 0CO6EHHO YacCTO MCMOMb3YIOT Ha MPaKTUKe MpU U30-
B6paXKeHnn pasnnyHbIX Mepapxuii. HanpuMep, nonynsipHbl reHeanorun-
yeckue AepeBbs.
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Puc. 1. [lepeBo

Bce BepluUMHbI, B KOTOPbIE BXOAAT BETBU, UCXOASLUNE U3 OAHOW
obluelrt  BeplUMHbI, HA3bIBAKOTCA MOTOMKAMKW, @ CaMa BEPLINHA —
npegkoM. [nsi Kakaoro npefaka MOXeT 6biTb BbIAENEHO HECKOSb-
KO. YpOBeHb MOTOMKA Ha €AMHWLY NPEBOCXOAUT YPOBEHb €ro npefn-
Ka. KopeHb [EepeBa He VIMEET NpefKa, a /MCTbS AEDPEBA HE WUMEIoT
MOTOMKOB.

Bbicota (rnybuHa) aepeBa onpeaensieTcss KOJMYeCTBOM YpOB-
Hel, Ha KOTOPbIX pacriofiaraloTCst ero BepLUMHbI. BbicoTa NycToro Ae-
peBa paBHa HYNI0, BbICOTA AEDEBA U3 OAHOIO KOPHS — eauHuue. Ha
MepBOM YPOBHE [epeBa MOXET 6biTb TOSIbKO OAHA BEPLUMHA — KOPEHD
ZepeBa, Ha BTOPOM — MOTOMKMN KOPHSI AepeBa, Ha TPETbEM — MOTOMKM
NMOTOMKOB KOPHS AepeBa 1 T.A4.

MoapnepeBo — yacTb ApeBoObpa3HOM CTPYKTYpbl AaHHbLIX, KO-
TOpasi MOXeT 6bITb NPeACTaBieHa B BUAE OTAE/bHOIO AepeBa.

CTeneHblo BepLUMHbI B AepeBe Ha3bIBAETCS KOMMYECTBO Ayr,
KOTOpoe W3 Hee BbIxoauT. CTENeHb AepeBa paBHA MAKCUMA/IbHON
CTENEHMBEPILVHBI, BXOAALLEN B gepeBo. MNpun 3TOM NIUCTbAMU B AepeBe
SIBNSAIOTCA BEPLUMHbI, UMEIOLLME CTENEHb HY/b. /70 BENNUYMHE CTEMNeHM
[EepeBa pasnuyaloT ABa TUMa AEPEBLEB:

. ABOMYHbIE — CTEMNEHb AepeBa He 6ornee AByX;
. CUNbHOBETBSALLMECS — CTEMNEHb AepPEBA NPOM3BOJIbHAS.

YnopsigoueHHoe AepeBO — 3TO JEPEBO, Y KOTOPOro BETBM,
ncxoasilime M3 KaXaon BEPLUMHBI, YNOpSAOYEHb! /70 ONpeaeneHHoMy
KpuTEpULIo.

[epeBbs SBNSIOTCS peKypPCUMBHBIMU CTPYKTYPaMK, Tak Kak Kax-
[O€ r1044epeBo TaKkxke  ABNSETCA  AepeBoM.  Takmm  obpa-
30M, 4EPEBO MOXHO OMpPeAeNUTb Kak PEKYPCUBHYIO CTPYKTYpY, B KO-
TOPOW KaXkabl 3/IEMEHT ABNSIETCS:

. nnbo NyCTON CTPYKTYpOW;
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. nnbo 3NEMEHTOM, C KOTOPbIM CBS3aHO KOHEYHOe YMC-
N0 NoAAEPEBbLEB.

[eNcTBus C pekypcuBHbIMU CTPYKTYpaMu yaobHee Bcero onu-
CbIBAKOTCS C MOMOLLbID PEKYPCUBHbBIX anirOpUTMOB.

CnuncoyHoe ripescTasieHmne AEpPEBLEB OCHOBAHO Ha dNeMeHTaXx,
COOTBETCTBYIOLWMX BepMHaM AepeBa. Kaxabli 3nemMeHT uvMe-
€T /70/1eNaHHbIX U [ABa MONS yKasaTeneW: yKka3are/b Ha Havano cnu-
CKa MOTOMKOB BEPLUMHbI N yK33aTe/Ib HA CNEAYIOWMIA SNIEMEHT B CNu-
CKke MOTOMKOB TeKyLlero ypoBHsi. Mpu TakoM cnocobe npeacTaBfieHuns
AepeBa 06a3aTeNnbHO crneayeT COXPaHsTb yKa3aTe/lb Ha BEPLUMHY, SIB-
NSUOLLYIOCS KOPHEM [EPEBA.

Ans Toro, 4Tobbl BLINONHWTL OMpeAeneHHy0 onepaunio Hag
BCEMM BeplUMHaMK AepeBa HeobxoaMMO BCe ero BEPLUMHbI NMPOCMOT-
peTb. Takasi 3aaadva HasblBaeTCs 06x0A0M AepeBa.

06xon AepeBa — 3TO yNopsiAOYeHHas MOC/eAoBaTENbHOCTb
BEPLUMH [epeBa, B KOTOPOM KaXkaasl BEDLUMHA BCTPEYAETCS TONbKO
OAVH pas.

Mpn obxone Bce BeplMHbI AepeBa AOMKHbI NocewaTbcs B on-
peneneHHoM nopsiake. CyLlecTByeT HeCKosbKo crnocoboB obxona Bcex
BEPLMH AepeBa. Bblaenum Tpy Hanbonee 4acTo UCMONb3yeMbIX Cro-
coba obxoga gepesa ( puc. 2):

. NpsiMOWA;
. CUMMETPUYHBIN;
. 06paTHbIN.

Cummempuynsiii Oébpammuuwii

ABDECF DBEACF DEBFCA
Puc. 2. O6xoapbl AepeBLEB
CywectByeT 6osnbloe MHOroobpasve OpeBOBUMAHLIX CTPYKTYP
[JaHHbIX. Bblgenum camble pacnpocTpaHeHHble M3 HuX: OGuHapHble
(aBOMYHbIE) [AepeBbsl, KpacHO-4YepHble pAepeBbs, B-pepesbsi, AB/T-
AEPEBLS, MAaTPUYHbIE AEPEBbS, CMELUAHHbIe AEPEBbS U T.4.
BbuHapHble aepeBbsi

burapHbie AepeBbs ABNSAOTCS AEPEBbSMU CO CTEMEHbIO He 60-
nee AByX.
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BnHapHoe (ABOMUYHOE) AepeBO — 3T0 JUMHAMUYECKAs CTPYK-
TYpa fJaHHblx, NpefcTaBnsiollee cobow Jepeso, B KOTOPOM  Kax-
fas BepuwHa nMeeT He 6onee aByx notomkoB ( puc.3). Takum obpa-
30M, OBUHAPHOE [EPEBO COCTOMT U3 3/IEMEHTOB, KaXAbl U3 KOTOPbIX
COAEPXUT MHMOPMaUMOHHOE 770/7€ U He Bonee AByX CChbIIOK Ha pas-
NNYHble GUHapHbIe noaaepeBbsi. Ha KaXkabli aNeMeHT AepeBa UMeeT-
CS1 POBHO OfHA CCbI/IKA.

VKazaTems Ha
OMHApPHOE ASPEED

dl

@ @ d2 d3

JERN pos| &

4 N N
d4 ds d7
Puc. 3. buHapHoe aepeBo 1 ero opraHu3aums
Kaxxpasi BepiumHa 6MHapHOro  AepeBa SBNSeTcs  CTPYKTYpPOW,

COCTOSILLEN M3 YeTbipex BUAOB noneir. Coaep>XMMbIM 3TUX nonen 6y-
QYT COOTBETCTBEHHO:

o WHOpMaLMOHHOE none (KoY BEPLUNHDI);

. cnyxebHoe none (MXx MOXET 6biTb HECKOSIbKO W/ HU
0fHoro);

o yKasaTenb Ha J1eB0e Mo4AEPEBO;

o yKa3aTeslb Ha npaBoe /71044€PEBO.

[lo crernieny BepLunH 6UHAPHbIE AEPEBLS AeNaTca Ha ( puc. 4):

5080 &5 5%

Cmpozoe Hecmpozoe Ilonnoe Henoanoe
Puc. 4.
. CTpOrve — BepLUMHbI AepeBa MMEKT cTeneHb Homb (Y
nmcTbeB) unu aea (y y3nos);
J HecTporme — BepLlnHbl AepeBa UMEKOT CTEMEHb HOJb
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(y nuctbeB), oanH nnmn aga (y y3nos).

B obwem cnyvae y 6uHapHoro gepesa Ha k -M ypoBHe MOXeT
6bITb 10 2! BeplWWH. BUHAPHOE AEPEBO HAa3bIBAETCA MOMHBIM, €CNN
OHO COAEPXUT TOMBKO MOJSTHOCTHIO 3aMOSIHEHHbIE YPOBHUW. B npoTue-
HOM Cfly4ae OHO SIBNISIETCS HEMOJTHbIM.,

JlepeBo Ha3biBaeTCs cbanaHCMPOBaHHbLIM, €CNU AJIMHBbI BCEX MNY-
TEN OT KOPHS K BHELWHWM BEPLWMHAM paBHbl Mexay cobol. Jepeso
Ha3bIBaeTCA NOYTU c6anaHCMPOBaHHbLIM, €CiM AJIMHbI BCEBO3MOXHbIX
NyTel OT KOPHSI K BHELLHMM BepLUMHAM OT/IMYaloTCa He 6onee, YeM Ha
eauHuLy.

buHapHoe 4epeBo MOXET NPeACTaBNsTb COBOW /1yCcToe MHOXE-
CTBO. buHapHoe [4ePEBO MOXET BbIpOANTLCS B crimcok (pvc. 5).

Puc. 5. Cn1cok KaK YacTHbIi cnydalt 6uHapHOro aepesa

CTpykTypa AepeBa OTPaXaeTcsl BO BXOAHOM MOTOKE [AaHHbIX
TaK: Kakaol BBOAMMOM NYCTON CBSA3M COOTBETCTBYET YC/OBHbIN CUM-
BOM, Hanpumep, *' (3Be3gouka). lNpu 3TOM CHayana OMUCLIBAKOTCH
neBble MOTOMKM, 3aTeM, MpaBble. [N CTPYKTYpbl 6MHaPHOIro AEPEBa,

NpeacTaBNEHHOMO Ha CNeAyHoLEM pUCYHKE 6, BXO4HOU OTOK UMEET
BuA: ABD*GX**CEX*FH**J**,
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A
B C
NULL .
™~
D E F
NULL & NULLNULL FARN
N Y N
G H J
NULLNULL NULLNULL{  [NULL{NULL

Puc. 6. Agpecauus B 6MHapHOM aepese
BUHapHble [AepeBbs MOTYT MPUMEHATLCA A1 NOUCKA AaHHbIX B
cneumanbHO MOCTPOEHHbIX AepeBbsX (6a3bl AaHHbIX), COPTUPOBKM
[aHHbIX, BbIYUCNEHUN aPUPMETUHECKUX BbIPAXEHMY], KOANPOBaHMSI
(MeToa XadpdmaHa) u 1.4.
Onucanvne 6uHapHoOro 4Epesa BbIrNSANT cneayowmM ob6pasom:
struct nma_tuna {
WH(OPMaLIMOHHOE None;
[cnyxebHoe none; ]
afpec NeBoro NoaaepeBsa;
afpec NpaBoro noaaepeBa;
¥
rae MHopMauMoHHOe nose — 3TO /7077 ntoboro paHee 06bsIB-
NEHHOr0 MNW CTaHAAPTHOro TUNa;
agapec NeBoOro (npaBoro) riogaepesa —
3TO yKa3are/ib Ha 06bEKT TOr0 Xe Tuna, Y4To M onpegensiemasl CTpyk-
Typa, B Hero 3anucbiBaeTcs ggpec Cneaylowero 31eMeHTa eBoro
(npaBoro) rogaepesa.
Hanpumep:
struct point {
int data;//viHdopmaunoHHoe none
int count; //cnyxebHoe none
point *left;//anpec neBoro noaaepesa
point *right;//agpec npaBoro noaaepe-
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Ba
¥
OCHOBHbIMM OMnepaumnsiM1, OCYLLECTBASEMbIMU C OGUHAPHLIMK
[AEPEBLSIMU, SABNSOTCS:
. co3naHune 6UHaPHOIro 4EPEBa;
neyatb 6MHAPHOIo AEPEBA;
obxon 6uHapHoOro AEpeBa;
BCTaBKa 3NIeMEHTa B OMHapHoOe AEPEBO;
yAaneHue sanemMeHTa U3 6MHapHoOro 4EPEBa;
npoBepka NyCcTOTbl OMHaPHOIro 4EPEBA;
. yaaneHvwe 6MHapHoro 4epesa.
[ns onvcaHus anropuTMOB 3TUX OCHOBHBIX OMepauuii UCrosb-
3yeTca cnegyoulee obbsiBNeHne:
struct BinaryTree{
int Data; //none paHHbIX
BinaryTree* Left; //yka3aTenb Ha NneBbIi NOTOMOK
BinaryTree* Right; /ykasaTenb Ha npaBblii NOTOMOK

BinaryTree* BTree = NULL;

3apaHua K nabopaTtopHoii paborte

Mpw BbLINOMAHEHUM TAabopaTOPHOW PaboThl A1 KaXKAoro 3aaHus
TpebyeTcs HanucaTb NporpaMMy Ha si3blike C, B KOTOPOM BbINOSIHEHO
(bopMupoBaHmne HGUHapHbLIX AepeEBLEB B COOTBETCTBUM C MOCTAHOBKOM
3afa4n, BBOA AaHHbIX 3/IEMEHTOB AEPEBLEB C y4YETOM TuNna nHdopma-
LUMOHHOro nonsi, ux obpaboTka W Bs/BOA Ha 3KpaH B YkasaHHOM (op-
MaTe. [Ina XpaHeHns AaHHbIX BUHAPHLIX AepeBbeB CneayeT UCnoMb30-
BaTb Pecypcbl AMHAMMYECKON MaMsiTU. BBOA AaHHbIX OCYLLECTBASIETCA
C KnaBuaTypbl C YYETOM TpebOBaHMI K BXOAHbLIM AaHHbIM, COAeEpXa-
LWMXCA B MNOCTaHOBKe 3adaun. OrpaHuUYeHuUsIMU Ha BXO4HbIE AaH-
Hble SBNSIKOTCS MaKCUMasibHbIM pa3Mep CTPOKOBLIX AaHHbIX, Auanaso-
Hbl YUMC/IOBbLIX TUMNOB MOMEN CTPYKTYPbl M AOMYCTUMBbIA pa3mep obnac-
M AMHaMM4Yeckon namsTu B s3bike C.

BbinonHMTE NpuBEAEHHbIE HUXXE 3afaHus.

1. Peanusyiite nporpamMMy, B KOTOPOM BbIMOJIHSILOTCS BCE
OCHOBHble onepauny ¢ 6UHapHbIM AepeBoM.

2. HaiguTte KONMMYECTBO YETHbLIX 3/IEMEHTOB OMHAPHOMO
Aepesa. YKaKUTe 5TU 3NeMEHTBI U X YPOBHM.

3. Hangute cyMMy 3neMeHTOB COa/IaHCUPOBAHHOMO Je-
PEBA, HAaXOAALWMXCS Ha YpoBHe K.
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4. Onepatop MOBUSILHOM CBSI3W OpraHu3oBan 6asy AaH-
HbIX a60HEHTOB, COAEPXKallylo cBeAeHusl 0 TenedoHax, MX Bna-
[enbluax u ucnonblyemblx Tapudax, B BUAE OMHAPHOIo Aepesa.
CocTaBbTe NporpamMmy, KoTopas:

o obecneumBaeT HavanbHoe opMupoBaHue ba-
3bl AaHHbIX B BUAE OMHApPHOIo 4EPEBa,

o NMpOu3BOAUT BbIBOZ BCEW 6a3bl AaHHbIX;

o Npou3BOANT MOWCK BrafesnbLa No HoMepy Te-
nedoHa;

o BbIBOAMT Haunbonee BOCTPebOBaHHbIN Tapud

(no HaubonbLeMy Yncny aboHEHTOB).
YKa3aHus K BbINOJIHEHUIO paboTbl

BbinonHeHne paboTbl CneayeT HayaTb C pelleHus 3agaun 1,
peann3oBaB anropuTMbl OCHOBHBIX Onepauuin Hag GuHapHbIM aepe-
BOM. Kaxxaoe 13 3agaHuit 2, 3 n 4 HeobxoaAMMO PELUNTb B COOTBETCT-
BUM C M3yYEeHHbIMM METOAAMM W peanin30BaHHbIMK - anropuTMamm
¢opmmpoBaHusi, BbiBoAa M 06paboTky AaHHbIX BMHApHbLIX AepeBLEB B
a3blke C. O6paboTky BUHAPHbLIX AEPEBLEB CreayeT BbIMOSHUTL Ha OC-
HoBe 6a30BblX a/IrOPUTMOB: /I0MCK 110 OEPEBY, BCTaBKa 3/IEMEHTA
B gJepeso, 6anaHCMpoBKa [EpeBa, ygasleHne 3/1IEMEHTAa U3 AepeBa,
yAaneHue BCero aepesa.

KOoHTpOnbHbIE BOMNPOCHI

1. C uyeM cBfi3aHa NONYNSPHOCTb WCMONb30BaHUS Ae-
peBbLEB B NPOrpaMMUMPOBaHNA?

2. MOXHO Nn CMCOK OTHEeCTM K aepesBbsiM? OTBeT oboc-
HyMTE.

3. Kakue paHHble copepxaT agpecHble Mons 3MeMeH-
Ta OGMHapHOro Aepesa?

4. MoxeT nu buHapHoe Aepeso bbiTb CTPOrnM U Henon-
HbIM? OTBET 0BOCHYMTE.

5. MoxeT nu 6uHapHoe gepeBo bbiTb HECTPOrUM U MON-
HbIM? OTBET 060CHYITE.

6. Kakmm mMoxeT 6bITb  noytn  cbanaHcupoBaH-
Hoe OUHapHoe AEPEBO: NOMHbIM, HEMOMHbLIM, CTPOrMM, HECTpo-
rmm? OTBET 060CHYiTE.

7. Kyoa MoxeT 6biTb gobaBneH 3nemMeHT B OMHAPHOoE
AEPEBO B 3aBUCMMOCTU OT ero Buaa (MOSMHOe, HEMnosHoe, CTpo-
roe, HecTporoe)? Bua aepeBa Npy 3TOM AO/MKEH COXPAHUTLCS.

8. Kypa moxeT 6biTb fobaBneH snemeHT B cbanaHcmpo-
BaHHOe buHapHoe fepeso? Bua pepeBa npu 3TOM AOMKEH CO-
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XPaHUTbCS.

9. YeM OTIMYAIOTCH, C TOYKU 3PEHUS peanusaumum anro-
puUTMa, NPSIMON, CUMMETPUYHBIN U 06paTHbIN 06X04bI BUHEPHOIO
AepeBa?
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JIABOPATOPHAS PABOTA N28
«AJITOPUTMbI XELUMWPOBAHUA AAHHbIX>»

Lenb paboTbl: N3yunTb NOCTPOEHNE PYHKUNWN XELUMPOBAHNS VI
aNropuUTMOB XELMPOBaHMs NaHHbIX U HayunTbCcs pa3pabaTbiBaTb al-
rOPUTMbl OTKPbITOrO W 3aKPbITOr0 XELUMPOBaHMS NPU PELIEHNN 3aaau
Ha a3bike C.

TeopeTnueckuit MaTepuman

Mpouecc noucka AaHHbIX B 601bLMX 06beMax MHGOpMaLmu co-
NpskKeH C BpeMeHHbIMM 3aTpaTaMu, KOoTopble 06ycnoBneHbl Heobxo-
AMMOCTbBIO MPOCMOTPA U CPaBHEHUS C K/THOYOM NMOUCKA 3HAYUTENLHOro
yncna anemeHToB. CoKpalleHne Moucka BO3MOXHO OCYLLECTBUTb My-
TeM sioKkasm3aymy obnactu npocMmoTpa. Hanpumep, 0TCOpPTMPOBaTb
AaHHbIE NO KoYy noucka, pasbuTb Ha Henepecekatowmecs 610ku no
HEKOTOpPOMY IpynnoBOMY MPU3HAKY WU MOCTaBUTb B COOTBETCTBME
peanbHbIM AaHHbIM HEKWI KOA, KOTOPbIM YNpOCTMT mpoueaypy mnowuc-
Ka.

B HacToswee BpeMsi UCMOMb3yeTCs WMPOKO PacrnpoCTpaHEHHbIN
MeToz obecneuyeHns BbICTPOro AOCTYNa K MHMOPMaUMK, XpaHsulencs
BO BHELWWHEW NaMSTU — XEeLMPOBAHME.

XewwmpoBaHue (MM XaWNpoBaHUe, aHrn. hashing) - 3T10
npeobpa3oBaHMe BXOAHOMO MAcCMBa [aHHbIX OMpeaenieHHOoro Tuna u
MPOM3BOSIbHOW AJIMHBI B BbIXOAHYIO GUTOBYIO CTPOKY (hUKCMPOBAHHOW
ANvHbl.  TakMe  npeobpa3oBaHMs  Takke  Ha3blBAKOTCS Xell-
QYyHKUMAMUUN - DYHKUMSIMKU CBEPTKYM, @ WX pe3ynbTaTbl Ha3biBa-
IOT XELEeM, XeLl-KOAOM, Xell-Tabnuuen unu JainapkecToM coobLleHus
(aHrn. message digest ).

Xew-tabnuua —  3TO CTPYKTYpa  AaHHbIX, peanusyio-
Was uHTEPEENC acCoOUMaTMBHOMO MaccuMBa, TO €CTb OHa MO3BOMSET
XpaHUTb Mapbl BUAA "K70Y- 3HGYEHME" W BBINONHATL TPU ONEPaLMML.
orepaumio AobaBneHns HOBOW Napbl, orepaumnio noucka 1 onepauuio
yAaneHus napbl No knwody. Xew-tabnuua sBAsSieTCs mMaccueoM, dop-
MUPYEMbIM B OMNpeaeNiEHHOM MOpsSaKe XeL/-@yHKLMEN.

MpUHSATO CUUTaTh, UTO XOPOLUEN, C TOUKM 3PEHNS NpaKTU4ecKo-
ro NpUMeEHeHusl, ABNSETCS TaKas XeL-@yHKLuMs, KoTopas yaoBeTBO-
psieT CneayoLmnM YCIOBUSIM:

e (dyHKUMS pomxHa ObITb NPOCTON C BbIMUCIUTENBHON TOUYKM
3peHus;

e (DYHKUMSI AOMKHA pacrnpeaensaTb Koun B xew-Tabnuue Hau-
6onee paBHOMEpHO;

e dyHKUMA He pomkHa  oTobpaxkaTb Kakylo-nmbo CBA3b
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MeXay 3HaUYEHMSIMU KNoYeln B CBSA3b MEXAY 3HAUEHMSIMW afpecos;

e (YHKUMS [OO/MKHA MWHUMMU3UPOBATb YWUCIO KO/IM3MK — TO
€CTb CUTyauui, Korda pasHbiM Kilo4aM COOTBETCTBYET OAHO 3Hauye-
HUe xeL-@yHKLmm (KNoun B 3TOM cnydae Ha3blBaloT-
CS CUHOHUMaMW ).

Mpwn 3TOM NEpPBOE CBOWCTBO XOPOLLUEN XeLi/-@yHKLMYM 3aBUCUT OT
XapaKTEPUCTUK KOMMbIOTEPA, @ BTOPOE — OT 3HAYEHWUIA AAHHbIX.

Ecnm  6bl  BCce pdaHHble  OblIM  CNydYalHbIMKM,  TO Xew-
@yHKL 6l 6bl O4eHb npocTble (HanpuMep, HECKONbKo 6uToB
ktoya). OfHaKoO Ha MpaKTUKe CiyyalHble AaHHblE BCTPEYaroTcs 4OC-
TATOYHO peaKo, M MPUXoAMTCS co3faBaTb (YHKLMIO, KOTOpas 3aBuce-
na 6bl OT Bcero knwua. Ecnu xew-@yHkyms pacnpeaensieT COBOKYM-
HOCTb BO3MOXHbIX K/IHOHYEH PABHOMEPHO MO MHOXECTBY WHAEKCOB,
TO xewmpoBarne 3GhEKTUBHO pa3buUBaAET MHOXECTBO Kiodei. Hau-
XYALWWI ClyYai — Koraa BCE KIOUM XELIMPYOTCA B OANH MHAEKC.

Mpy  BO3HUKHOBEHWW KO/I/IM3MH HEOBXOAMMO  HalTU  HO-
BOE MECTO ANSl XPAHEHWS! KJTIOYEN, MPETEHAYIOWMX Ha OAHY U Ty Xe
S4YeinKy xell-Tabnuupl. MNpuueM, ecnu Kos/m3suy 0ONYCKaoTCs, TO KX
KO/IMYeCTBO HeobxoaMMO MMHMMM3NPOBATb. B HEKOTOpbIX cheumanb-
HbIX CyYasix yaaeTcs usbexatb Koswmzumi Booblue. Hanpumep, eciu
BCE KJIOUMN 3IEMEHTOB M3BECTHbI 3apaHee (MNN OYeHb PeaKo MEHSIOT-
Cs), TO AN HUX MOXHO HaWTU HEKOTOPYHD WHBEKTMBHYIO XeLl-
(yHKUMIO, KOTOpas pacnpegenMT KX Mo s4YelkaMm Xeww-Tabauubl
6e3 Koz,  Xew-Tabnuubl,  UCNOMb3YlOWME  NOAOBHbIE XELU/-
QyHKUMM, HE HYXXAAIOTCA B MEXAHWU3ME pa3peLleHUst KO/I/IM3ni, U Ha-
3bIBAOTCA Xel-Tabnmuamm ¢ NpsiMoin agpecaumen.

Xew-Tabnuubl LOJKHbI COOTBETCTBOBATb cnepyto-
LLMM CBOMCTBAM.

¢ BbinonHeHne onepauun B Xew-Tabnuue HauMHAETCS C BblYMC-
neHus xeww-@yHkuyymm OT Ktova. lMNonyyatoweecs xel-3HayeHue sB-
NSIeTca UHAEKCOM B MCXOAHOM MaccuBe.

e KOnnMyecTtBo XpaHUMbIX 3M1eMEeHTOB MaccuBa, [AefeHHOe Ha
yucno BO3MOXHbIX 3HaYEHUN Xew-gyHKLmH, Ha3blBaeT-
¢ koadhduLUMEHTOM 3anonHeHus xew-tabnuupl ( load factor ) u ss-
NSIeTCA BaXXHbIM MapaMeTpoM, OT KOTOPOro 3aBUCUT cpeaHee BpeMms
BbINOMHEHMSI ONepaLni.

e Onepauun novcka, BCTaBKM U yaaneHUsl AOMKHbI BbIMOMHATb-
csl B cpeaHeM 3a BpeMst O(1). OaHaKo Npu Takon OLUEHKE He Yy4YMuTbl-
BAOTCA BO3MOXHbIE annapaTHble 3aTpaTbl Ha NEPeCTPOMKY MHAEKCA
Xew-Tabnuubl, CBA3aHHYK C YBEIMYEHMEM 3HAYEHUS pa3Mepa Mac-
cv1Ba u gobaBneHMeM B Xell-Tabnuuy HOBOW napsbl.

e MexaHu3M paspeLleHust Ko/I/u3umid SBNSIETCS BaXXHOM COCTaB-
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nsilowen noboit xelw-Tabamubl.

XewumpoBaHye NONe3HO, KOraa LUMPOKWUIN g1ara3oH BO3MOXHbIX
3HAYeHWI JO/MKEH BbITb COXPaHEH B MasioM 06beEME NaMsiTU, U HYXXeH
cnoco6 6bLICTPOro, MnpakTU4YeckM MpPOM3BOSIBHOIO AOCTYNa. X5uw-
7a6/11Lb/ 4aCTO  MPUMEHSOTCS B  6a3ax AaHHbIX, M, OCOBEHHO,
B A3bIKOBbLIX [POLECCOpax TUNa KOMMUASTOPOB W accemb/iepos, Tae
OHM MOBBILIAKT CKOpPOCTb 06paboTkn Tabnuubl MaeHTUduKaTopos. B
KauyecTBE WCMOJSIb30BAHWSI XELMPOBAHMS B MOBCEAHEBHON  XXM3HU
MOXHO MPMBECTU MPUMEPbl pacnpeaeneHne KHur B 6ubnmoteke no
TEMaTUYECKMM KaTasioraM, yrnopsaovmMBaHUE B CNOBapsX MO MepBbIM
6yKBaM CIOB, UMPPOBaHHE CELMANBHOCTEN B BY3aX U T.A.

ANropuTtMbl XewMpoBaHUNA

CyLlecTBYyeT HECKOJIbKO TUMOB (YHKUWNIA XeLmMpOBaHMs, Kaxaas
N3 KOTOPbIX MMEET CBOM MpenMyLLecTBa U HeaoCTaTKM M OCHOBaHa Ha
npeacTaBneHMn AaHHbIX. NpvBeaeM 0630p M gHa/m3 HEKOTOPbIX Hau-
60nee NPoCTbiX U3 NPUMEHSIEMbIX Ha MPaKTUKE Xell-(PyHKLIWIA.

Ta6bnuua npsaMoro gocryna

MpocTeiilein opraHu3aumneint Tabnuubl, obecneyvBaoLlel uae-
anbHO BbICTPLIV MOUCK, ABASIETCA Tabnuua NpsiMOro AocTyna. B Takoin
Tabnuue KoY ABNSETCA agpecoM 3anucy B Tabnuue unm MoxeT 6biTb
npeobpas3oBaH B agpec, NMpuUYeM TakMM 06pa3oM, YTO HUKaKue ABa
pa3HbIX KIl4Ya He npeobpa3yloTcs B OAWMH M TOT e aapec.
Mpwu cozgarmm TabsmLbl BHIRENSETCA NaMATb ANS XpaHeHUs BCel Tab-
JMUBI M 3aMoMHAETCS NyCTbiMM 3anucsaMun. 3aTeM 3anuMcyu BHOCATCS B
Tabnuuy — Kaxgzas Ha CBOe MeCTO, ornpegensieMoe ee kitodoM. [Mpu
MOMCKe KJIOY MCMONb3yeTCs Kak agpec W Mo 3TOMy aapecy BblbupaeT-
€S 3anucb. Ecnm BbibpaHHas 3anucb nycrasi, TO 3anucy € TakKnM KIto-
yoM BOoOOLLE HeT B Tabnuue. Tabnuubl NpSAMOro AOCTyna O4YeHb 3(d-
(bekTMBHbI B MCMONb30BaHWM, HO, K COXaneHuto, obnactb Mx npume-
HEeHWUsl BeCbMa OrpaHu4eHa.

Ha3oBeM NpOCTpaHCTBOM KJ/IHOHMEN MHOXECTBO BCEX TEOpPETUYE-
CKM BO3MOMXXHbIX 3HAYEHWUI KOYel 3anucu. HasoBeM NpoCTpaHCTBOM
3anuncelt MHOXECTBO TeX sYeeK MaMsiTW, KOTopble BbIAENATCA ANns
XpaHeHus Tabnuubl. Tabnuubl NPAMOro AOCTyNa NMPUMEHUMbl TOJSIbKO
NS TaKMX 3afad, B KOTOPbIX pa3Mep MPOCTPaHCTBa 3arnucei MoxeT
6biTb paBeH pa3Mepy NPOCTpaHCTBa kioyel. B 6onblIMHCTBE peasb-
HbIX 3aZla4 pa3Mep MPOCTPaHCTBa 3anncel MHOMO MeHbLUe, YeM Mpo-
CTpaHCTBa K/oYel. TaK, eciM B KayecTBe Kitoya MUCronb3yeTcs da-
MWUNKS, TO, AaXe OrPaHWUYUB L/TMHY K/IH04a [ECATbIO CMMBOSIAMU KU-
punanubl, nonydyaem 3310 BO3MOXHbIX 3HAYEHWUIA kitovei. [daxke ecniu
PECYPCbl BbIYMC/TUTE/ILHOM CHCTEMBI U NO3BOAST BbIAENNTL NPOCTPaH-
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CTBO 3anuceli Takoro pa3Mepa, TO 3HauWTenbHas YacTb 3TOro0 Mpo-
CTpaHcTBa 6yAeT 3anofiHeHa MyCTbIMM 3anMUCsIMK, TaK KakK B KaXaAoM
KOHKPETHOM 3arnosiHEHUM Tabnuubl hakTUYECKOe MHOXECTBO KITHOUEN
He 6yAeT NMOSIHOCTbIO MOKPbLIBaTh MPOCTPAHCTBO KITHOYEN.

B uensax 3KOHOMMM NaMaTM MOXHO HasHayaTb pas3Mep Mpo-
CTPaHCTBa 3anuceil paBHbIM pa3Mepy (akTMYecKoro MHOXeCTBa 3a-
MMCel UM NPEBOCXOASLUMM Ero HeE3HauMTENbHO. B 3TOM criyyae He-
06X0AMMO MMETb HEKOTOpYl (yHKUMIO, obecneumBatoLlyto OTobpa-
)KEHMEe TOYKM M3 MPOCTPaHCTBA KJIOYEW B TOUKY B MPOCTPaAHCTBE 3a-
nucei, To ecTb, NpeobpasoBaHue koya B azapec 3anucu: a=h(k),
rae a — agpec,k — knou.

NaeanbHON xeww-@yHKuymer SBNSIETC UHbEKTUBHAA (yHKLUMS,
KOTOopasi Ans nobbix ABYX HEOAMHAKOBLIX KIOYEl AaeT HeoaMHaKo-
Bble agpeca.

MeToa OCTaTKOB OT AesieHuUs

MpocTenwen xew-gyHkymess SBNSeTca  LeneHne Mo MOoAyno
UMCNOBOr0 3HadeHuMs KkMova Key Ha pasmep npoCTpaHCTBa
3anucuHashTableSize. Pe3ynbTaT MHTEpNpPETUPYETCS KaK aapec 3anu-
cn. CneayeT MMeTb B BUAY, YTO Takas (yHKLUMS XOPOLIO COOTBETCTBY-
€T MepBOMYy, HO MNJIOXO — MocnegHuM Tpem TpeboBaHMsIM K xeLu-
@yHKLm 1 cama no cebe MoXeT 6bITb NMPMMEHEHA NNLWb B OYEHb Or-
paHMYeHHOM Amana3oHe peanbHblX 3agad. OgHako onepauus aene-
HMS MO MOAY/O O6LIYHO MPUMEHSIETCS KakK mocnegHuin war B 6onee
CNOXHbIX QYHKUMNAX xewmposaHmns, obecneumBas npuBeaeHue pe-
3ynbTaTa K pa3Mepy NpoCTPaHCTBa 3anucei.

Ecnun kntoyein MeHblUe, YeM 3/1eMEHTOB MacCuBa, TO B KayecT-
BE XELU-@YHKLMM MOXHO UCMOJIb30BaTb AefleHne Nno Moaynio, TO eCTb
OCTaTOK OT [AefieHns LenouncieHHoro koda Key Ha pasmepHocTs
maccmsa HashTableSize, To ecTb:

Key % HashTableSize

[aHHas yHKUMS O4YeHb NPOCTa, XOTS U HE OTHOCMTCS K XOpO-
WM. Booblue, MOXHO MCMONb30BaTb NOBYI pasMEPHOCTL Maccusa,
HO OHa JomkHa OblTb Takol, YTobbl MWMHMMWM3UPOBATL YWC-
Nno Ko//m3nd. ns 3TOro B KayecTBe pa3MEpPHOCTM Jyylle WUCMosb30-
BaTb NPOCTOE 4MCno. B 60MbLIMHCTBE C/lydaeB MNOAOGHLIN BbIGOP
BMOJSIHE yAoBneTBopuTeneH. NS cuMBO/IbHOY CTPOKHM KIOUYOM MOXKET
ABNSATbCA OCTATOK OT [AeNeHns, HanpuMmep, CYMMbl KO4OB CHUMBO-
JI0B CTPOKM Ha HashTableSize.

Ha npakTuke, MeToa AefneHust — caMblil pacripoCTpaHEHHbIN.

//dyHKUMS co3gaHns xew-Tabnuubl MeTOA AeNeHNs No MOAYO

int Hash(int Key, int HashTableSize) {
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//HashTableSize
return Key % HashTableSize;
by

Metoa pyHKUMM cepeanHbl KBagpaTa

Cneayowen  xeww-@yHKymed ABNSeTca  hyHKUMS  CepeauHbl
KBaZpaTa. 3HayeHve Koya npeobpasyeTcss B YMC/IO, 3TO UYWC/IO 3a-
TEM BO3BOAWTCS B KBaZpaT, U3 HEro BbiGUPaKOTCS HECKONbKO CPeAHMX
LUMP M UHTEPNPETUPYIOTCA KaK aapec 3armcu.

MeToa cBepTKuU

Ewe oaHon xew-ghyHKLmesi MOXHO HasBaTb MYHKUMIO CBEDTKY.
Lndposoe npeacraBneHme Koya pasbuBaeTcs Ha YacTu, Kaxaas us
KOTOpbIX UMEEeT AJIMHY, paBHYlo AnnMHe Tpebyemoro agpeca. Haa vac-
TSAMW NPOU3BOASTCA OnpeaesnieHHble apudMeTnyeckne nnam nopaspsa-
Hble s1orudeckue onepauymy, pe3ynbTaT KOTOpbIX WMHTepnpeTupyeTcs
KaK agpec. Hanpumep, ans cpaBHUTENbHO HEBOMbLUMX Tabnuw € KIto-
YaMW — CUMBOJIbHLIMU CTPOKaMM HEMNOXME pesynbTaTbl AaeT (QyHK-
UVsi XELUMPOBAaHMS, B KOTOPO aapec 3anucu nonydyaeTcs B pesysbTa-
Te CNOXEHUS KOJOB CUMBOJIOB, COCTaBASIOLMX CTPOKY-KITHOY.

B kauecTBe xew-@yHKymm Takke NPUMEHSOT DYHKUMIO npeob-
pas30BaHUS ciCcTEMb! cuncsieHns. KoY, 3anncaHHbIM Kak Yncrio B He-
KOTOpOW cucTeMe CYUC/IEHHUS P,  VHTEPNpPETUPYETCS KaK  YnUCIO
B cucteme cuncienmns Q>P. O6bluHO BblbupatoT Q=P+1. 310 uncno
nepesoamTcs M3 cuctembl Q obpatHO B cuctemy P, nmpuBoaMTCa K
pa3Mepy NPOCTPaHCTBA 3anucei U MHTEPMNPETUPYETCA Kak afpec.

OTKprToe XewupoBaHue

OcHoBHas uaes 6a30BON CTPYKTYpbl MpU OTKPLITOM (BHELL-
HeM) XeLnpoBaH1y 3aKNi04aeTCs B TOM, YTO NOTEHUMaNbHOE MHOXe-
cTBO (BO3MOXHO, 6ecKOoHeuyHOoe) pa3buBaeTCs Ha KOHEeYHOoe YuC/Io
Kkn1accos. Ana B knaccos, MpoHyMepoBaHHbIX OT 0 o B-1, ctpout-
cs1 xew-@yHkyna h(x) Takas, 4to ans noboro aneMeHTa X NCXoA4HOro
MHOXecTBa QyHKUMs h(x) NpUHMMaET UENOUYNCNIEHHOE 3HayeHue u3
uHtepsana 0,1,...,B-1, cooTBeTcTBYIOLLEE KNACCy, KOTOPOMY NpuHaA-
NEeXWUT 3M1eMeHT X. YacTo Knacchbl Ha3blBalOT CErMeHTaMu, Mo3TOMY
6yaemM roBopuTb, YTO 3/IEMEHT X NPUHAANeXuT cermeHTy h(x). Mac-
CVB, HasblBaeMblil Tabnuuein CerMeHToB U MPOMHAEKCUPOBAHHBIN HO-
Mepamn cermeHToB 0,1,...,B-1, copepxut 3aronoBku ang B cnuckos.
DNEMEHT X, OTHOCALIMICA K i-My CNWUCKY — 3TO 3/1EMEHT WUCXOAHOMO
MHOXeCTBa, AN kotoporo h(x)=i.

Ecnn cermeHTbl MpUMEpPHO OAMHAKOBBI MO pa3Mepy, TO B
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3TOM C/lyyae CrUCKM BCEX CErMEHTOB [I0/MKHbI 6bITb Hanbonee KOpoT-
KUMW NPVU A@aHHOM 4YMCNEe CEerMeHTOB. ECnn mcxoHoe MHOXECTBO CO-
ctont 13 N anemMeHTOB, TOorga CpefHsis [OAvMHa CrnUCcKoB  By-
get N/BanemeHtoB. ECM  MOXHO oueHuTb BennumHy Nu  BbI-
6paThb B Kak MOXHO 65MXe K 3TOM BENUYMHE, TO B KaXXAOM CrUCKe
6yneT oavH MM ABa 3neMeHTa. Torga BpeMs BbiMOSIHEHWUS onepaTo-
poB crioBapeit 6yaeT Manoi MOCTOSIHHOM BENMUMHONM, HE 3aBUCALLEN
oT N.

3akpbiTOE XewpoBaHue

Mpy 3aKpbiTOM (BHYTPEHHEM) XEWwmpoBaHu1 B Xew-Tabnuue
XPaHATCA HENOCPeACTBEHHO CaMW 31EMEHTLI, @ HE 3arofloBKU CrMCKOB
3nemMeHToB. [03TOMY B KaXXaoi 3anucK (CErMEHTE) MOXKET XPaHWUTbCS
TOMbKO OAWMH 3neMeHT. [lpu 3aKpbiTOM XEeLwwpoBaH1M NPUMEHSeTCS
MeTOAMKa NOBTOPHOro XewwunpoBaHus. Ecnm ocyliecTBnseTcs nonbiTka
MOMECTUTb 3/IEMEHT X B CErMEHT C HOMepoM h(X), KOTOpbIN yXKe 3aHST
APYrVM 271EMEHTOM (KONM3Ks), TO B COOTBETCTBUM C METOAMUKON MO-
BTOPHOIO XewwmpoBaHus BblbnpaeTca  nocnefoBaTeNbHOCTb — APYruX
HoMepoB cermeHToB h1(x),h2(x),..., Kyda MOXHO MNOMECTUTb 3ne-
MeHT X. Kaxxaoe n3 3TMX MeCTOMONOXEHWUI NOCneaoBaTeslbHO NpoBse-
psieTcs, noka He 6yaeT HavaeHo cBobogHoe. Ecnn cBo60aHbIX cer-
MEHTOB HeT, TO, cnefoBaTenbHO, Tabnuua 3anonHeHa, WM 3ne-
MEHT X 406aBUTb Henb3sl.

Mpn noucke snemeHTa X Heo6x0AMMO MPOCMOTPETbL BCE MECTO-
nonoxenus h(x),h1(x),h2(x),..., Noka He ByAeT HaAEH X UK NOKa He
BCTPETUTCS MYCTOM CerMeHT. YTobbl 06bACHWUTL, MOYEMY MOXHO OCTa-
HOBUTb MOWUCK MpPU AOCTMDKEHWWM MYCTOrO CerMeHTa, MpeanosioXkuM,
yto B Xxew-Tabnuue He [AOMYCKAeTCs YyAaneHue 3f1EMEHTOB.
Myctb h3(X) — nepBbIi NyCTOM CerMeHT. B TakoM cuTyauuu HeEBO3-
MOXHO HaxoxgaeHue 3nemeHTa X B cermeHTax h4(x),h5(x) n panee,
TaK Kak Mpy BCTaBKE 3/IEMEHT X BCTAB/ISIETCA B NepPBLIA MyCcTON cer-
MEHT, CriegoBaTeflbHO, OH HaxoauTcs rae-to Ao cermeHTa h3(x). Ho
ecnu B xew-tabnuue oNyckaeTcs yaaneHne 31eMeHToB, TO Npu AoC-
TUXKEHUM MYCTOrO CErMEHTa, He Halas 3NeMeHTa X, Henb3si 6biThb YBe-
PEHHbIM B TOM, 4YTO ero Boobule HeT B Tabnuue, Tak Kak CEerMeHT MO-
XET CTaTb MYCTbIM y>Xe NOC/e BCTaBKU 3eMeHTa X. o3ToMy, yTobbl
yBennUnTbL 3hHeKTUBHOCTb AaHHOW peanusauum, HeobxoauMmo B cer-
MEHT, KOTOpbIA OCBOGOAWNCA NOCNE orrepaummn yAaneHus 3/1EMEHTA,
NMOMECTUTb CneuuasnbHyt0 KOHCTaHTY, KOTOpYI0 HA30BeM, Harpu-
Mep, DEL. B kayecTBe asfibTEPHATVBbI CNeLMasnbHON KOHCTaHTE MOXHO
MCMoNb30BaTb AOMOSHUTENbHOE Mnone Tabnuubl, KOTOPOe MoKasbiBaeT
COCTOSiHWE 3neMeHTa. BaxHo pas3nuuaTtb KOHCTaHTbl DEL n NULL —
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NoCNeaHsst HAXoAWUTCA B CErMeHTaX, KOTOpble HUKOr4a He coaepXkanu
anemMeHToB. pu TakoM MoAxode BbINO/HEHWME MOWCKA 3MIEMEHTa He
TpebyeT npocMoTpa BCel xew-Tabnuubl. Kpome Toro, npu BCTaBke
3/1IEMEHTOB CErMeHTbI, NMOMEYEHHbIE KOHCTAHTON DEL, MOXHO TpPaKTo-
BaTb Kak cBOOOAHbIE, TakUM 06pa3oM, NPOCTPaHCTBO, OCBODOXAEHHOE
nocne yaaneHusl 31eEMEHTOB, MOXXHO PaHO MM MO3AHO MCMOMNb30BaTh
NOBTOPHO. HO ecnn HEBO3MOXXHO HEMOCPeACTBEHHO Cpa3y nocne yAaa-
NIEHUS 3/IEMEHTOB NMOMETUTb OCBOBOAMBLILMECS CEMMEHTBI, TO CneayeT
npearnoYecTb 3aKPbITOMY XELUMPOBAHMIO CXEMY OTKpbITO-
rO XeLpPOBAHHS.

CyluecTByeT HECKONBbKO METOAOB MOBTOPHOMO XELUMPOBAHMS, TO
€CTb onpeaeneHuns mectononoxeHui h(x),hi(x),h2(x),...:

e JIMHEHOE OnpoboBaHuE;

e KBapaTU4Hoe onpoboBaHue;

e [IBOMHOE XELUMPOBAHME.

JInHeliHoe onpo6oBaHWE CBOAUTCA K I0C/IE4OBATE/ILHOMY [1e-
pebopy cerMeHToB Tabnumupbl C HEKOTOPbIM (OUKCMPOBAHHBIM LLIAMOM:

aapec=h(x)+ci,

raoe 7 — HoMep MOMbITKW Pa3peLLnTb KOIU3NIO;

C— KOHCTaHTa, onpegenstowas war nepebopa.

Mpv ware, paBHOM eAWMHWLE, NPOVCXOAUT /10C/IE40BATE/IbHBIN
repebop BCeX CErMeHTOB Mocre Tekyllero. KsagpatnyHoe onpobosa-
HMe OT/IMYAEeTCA OT JIMHEWHOro TeM, YTO wWwar nepebopa CerMeHToB
HENIMHENHO 3aBUCUT OT HOMEpa MNOMbITKM HalTW CBOBOAHBI CErMEHT:

aapec=h(x)+ci+di?,

rae /— HoMep MOMbITKU Pa3peLLnTb KOMN3NIO,

€ v d— KOHCTaHT®I.

bnarogapst HENWMHEMHOCTM TakoW aApecaumn YMEHbLUIAETCSs
ymcno Npob npu 6OMbLIOM YKCne KIYEN-CMHOHUMMOB. OAHAKO aaxe
OTHOCUTENBHO Hebonbluoe Yncno nNpod MoxeT ObiICTpo npuBecTU K
BbIXOZlY 32 G4PECHOE MPOCTPaHCTBO HEBONbILOW Tabnuubl BCleacTsue
KBaApaTMYHOM 3aBMCMMOCTM aapeca OT HOMepa MOMbITKK.

Elle oaHa pa3HOBMAHOCTL METOAA OTKPbLITON aapecaunm, KOTo-
pasi HasblBaeTCs ABOMHbLIM XELMPOBAHMEM, OCHOBaHa Ha HENMHENHON
agpecaumu, oCTUraeMon 3a CYeT CyMMMPOBAHUSI 3HAUEHWUIN OCHOBHOM
N AOMNOSTHUTENBHON Xell-hyHKLMNA:

agpec=h(x)+ih2(x).

Oy4eBMAHO, YTO MO Mepe 3anosIHEHUS Xelw-Tabnuubl 6yayT npo-
UCXOAUTb KO//IM3uM, W B PeE3ynbTaTe€ WX paspeLleHnss ouepes-
HOWM ggpec MOXET BbINTU 33 Npeaenbl g4pPecHoro rpoCTPaHCT-
Ba Tabnvupl. YTobbl 3TO ABNEHUE NPOUCXOAUIO PEXE, MOXKHO MOWTU
Ha yBENMYEHNE ANUHbI Tabnuubl MO CPAaBHEHWIO C AMana3oHOM aape-
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COB, BbljaBaeMbIM xeL/-@yHkymesi. C OLHON CTOPOHbI, 3TO NpuBeaeT K
COKPALLEHWIO UMCNa KO/UM3uMi N YCKOPeHUo paboTbl € xell-Tabnuuen,
a C Apyror — K HepauUMOHaJIbHOMY PacxoAoBaHWIo NamsaTu. [axke npw
yBenn4eHun AavHel Tabnvubl B ABa pasa no CpaBHEHUIO ¢ 06nacTbio
3HAYEHWUN XeLw-@yHKUMM HET TapaHTMM TOro, 4TO B  pe3ynbTa-
Te KO/UM3MI aApec He TNPEBLICUT ANVMHY Tabnuubl. Mpu 3TOM B Ha-
YaNibHOWM YacTy TabnMubl MOXKET OCTaBaTbCs AOCTAaTOYHO CBOGOAHBIX
cerMeHTOoB. 103TOMYy Ha NpaKTVKe UCMOMb3YIOT LIMKINYECKUIA Nepexos
K Hayany Tabnuupbl.

OpHako B criyyae MHOIMOKpaTHOMO MPEBbLILLEHNS 4pPEeCHOro rpo-
CTPaHCTBA N, COOTBETCTBEHHO, MHOrOKPaTHOIO UMKINYECKOro nepe-
X0fa K Hayany 6byaet nponcxoautb NPOCMOTP OAHUX U TeX Xe paHee
3aHATBIX CErMEeHTOB, TOr4a Kak Mexxay HMMK MoryT 6biTb elle cBoboa-
Hble cermeHTsl. bonee KOppekTHbIM ByaeT MCnonb3oBaHWe cABuUra aa-
peca Ha 1 B c/lydae Kaxzaoro LMKIMYECKOro nepexoda K Hadany Ttab-
Mubl. ITO MOBLIAET BEPOSTHOCTL HAXOXKAEHNS CBOBOAHBIX CermeH-
TOB.

B cnydae NpUMeHeHUs CXEeMb 3aKpbITO-
ro XeLMpPOBAHHSI CKOPOCTb BbIMOMHEHUS BCTABKM U APYrvMX onepaumii
3aBUCUT He TOMbKO OT PaBHOMEPHOCTW pacnpeaesieHnst 31eMeHTOB Mo
CErMeHTaM Xew/-@yHKLMeEH, HO U OT BbiIBpaHHON METOAMKM MOBTOPHO-
ro xXelmpoBaHus(onpoboBaHUs) ANs paspeLleHnst Ko/m3uy, CBa3aH-
HbIX C NOMbITKAMN BCTABKW 3/IEMEHTOB B Y>XE 3aMNONIHEHHbIE CErMEHTBI.
Hanpumep, MeToauMka nMHenMHoro onpoboBaHus AOns  paspelle-
HUSI KO/UIM3ui — HE CaMblii NydLWniA BbIGOP.

Kak TOMbKO HECKONbKO MocneaoBaTeflbHbIX CerMeHToB 6yayT
3anofHeHbl, 0bpasys rpynny, ntoboi HOBLIA 3MEMEHT MpU MOMbITKE
BCTaBKW B 3TW cermeHTb/ GyAeT BCTaBNEH B KOHEL 3TOW rpynmbl, yBe-
MYMBast TeM CaMblM ASIMHY TPYMnbl NOCAEeA0BaTENbHO 3anOfHEHHbIX
CermMeHToB. [JpyrMmMu CnoBamu, Ans MOMCKa NycTOro cermeHTa B Ciy-
Yae HenpepbIBHOrO PacrnofioXXeHWUs 3amnosIHEHHbIX CerMeHTOB HeobXo-
AMMO MpOCMOTPeTb 60osblue CErMeHTOB, YeM MpW ClyYaiiHOM pacnpe-
[eneHnn 3anofiHeHHbIX cerMeHToB. OTClOAa Takxke cnegyer O4eBuA-
Hbli Bb/BOZ, YTO NPU HEMPEPLIBHOM PACMONOXEHWUN 3amNONHEHHbIX
CErMEHTOB YBEIMUYNBAETCS BPEMS BbIf10/IHEHMS BCTAaBKM HOBOrO 3re-
MEHTa ¥ ApYyrux ornepaumi.

3apaHusa kK nabopatopHoi pa6orte

Mpwv BbINONHEHNM NabopaTopHOW paboTbl ANl KaXAOro 3afaHus
TpebyeTcs HanucaTb NporpamMy Ha s3bike C, kOTOpas nonayyaeTt AaH-
Hble C K/IaBuUaTypbl UK U3 BXOAHOMO chaiinia, BbIMOMHSET ux 06paboT-
Ky B COOTBETCTBMU C TpebOBaHUAMM 33aHNS U BbIBOAUT pe3ynbTaT B
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BbIXOAHON @aun. Ons 06paboTkM AaHHbIX HEOBXOAMMO peanun3oBaTb
(PyHKUMM  anropuTMOB XELmpoBaHHus fRaHHbIX. OrpaHMYeHnsMKM  Ha
BXOAHbIE [aHHbIE ABNSIOTCA MaKCMMasbHbIM pa3Mep CTPOKOBbIX AaH-
HbIX, AOMYCTUMbIN 4#ara30H 3HAUEHUIA UCNOJIb3YEMbIX YMCIOBLIX TW-
nos B sA3blke C.

O3HaKoMbTECH C TEOPETMYECKMM MaTepuasnoM JslabopaTopHON
paboThl.

BbINonHWTE NpuBeAEHHbIE HMXE 3adaHus.

1. CocrtaBbTe xell-Tabnuuy, coaepallyto 6ykBbl U KO-
NTMYECTBO UX BXOXKAEHWUIA BO BBEAEHHOWN CTpoke. BbiBectn Tab-
nuUy Ha 3kpaH. OcylwecTBUTb MOUCK BBeAEHHOW 6YKBbI B XelLl-
Tabnuue.

2. [MocTpoiTe xew-Tabnuuy W3 CMOB MPOM3BOJIbHOMO
TekcToBoro (aiina, 3aaaB ee pa3MepPHOCTb C 3KpaHa. BbiBeauTe
MOCTPOEHHYI0 Tabnmuy cnoB Ha 3kpaH. OcyllecTBuTE MNOMUCK
BBEAEHHOro C/1I0Ba. BbiNONHWTE nporpamMMy Aans pasfiMyHbIX
pasMepHOCTe Tabnvubl U CpaBHUTE KOJIMYECTBO CPABHEHMWIA.
Ypanute BCe C0Ba, HAYMHAOWMECS Ha YKaslaHHylo bykBy, Bbl-
BeauTe Tabnuuy.

3. [MocTpoiTe xelw-Tabnuuy AN 3ape3epBUMPOBAHHbIX
C/I0B, MCNOJSIb3yeEMOro A3blka MporpaMMmpoBaHus (He meHee 20
cnoB), coaepxaluyto HELP ana kaxaoro cnoea. Beigalite Ha k-
paH Noackasky Mo BBeAeHHOMYy cnosy. [lobaBbTe MOACKasKy Mo
BHOBb BBEAEHHOMY C/IOBY, MCMOMb3ys Npu HeobxoaMMocTu pe-
CTpykTYypu3aumio Tabnuupl. CpasHuTe 3cdekTMBHOCTL fobaBne-
HUS KIoYa B Tabnuuy wn ee pecTpyKTypu3aumio ons pasnuy-
HOWM CTeneHu 3anofIHEHHOCTH Tabnuuebl.

4. B TekcToBOM dhaine coaepxaTtca uenble yucna. lMo-
CTpoiTe xew-Tabnuuy u3 uucen daiina. OcywecTBuTe MNOUCK
BBEAEHHOro uenoro Yncna B xew-tabnuue. CpaBHUTe pesynbTa-
Tbl KOSIMYECTBA CPaBHEHWW MpPWU PasfMYHOM Habope AaHHbIX B
daine.

YKa3aHus K BbINOJIHEHUIO paGOTbI

Kaxxpoe 3agaHve HeobxoaMMO pelunTb B COOTBETCTBUM C U3Y-
YeHHbIM  aNrOpUTMaMu XeLunpoBaHMS NaHHbIX, peann3oBas Npo-
rpaMMHbIN koa Ha si3bike C. PekoMeHayeTcsi BOCMO/b30BaThCs Teope-
TUYECKMM MaTepuanoMm nabopaTopHoi paboTbl, rae noapobHo pac-
CMaTpMBaeTCs OnucaHWe ucnonb3yemblx B paboTte anroputMmoB.. Pe-
3ynbTaTbl 06paboTkM AaHHbLIX CledyeT BbIBOAUTL B BbIXOAHON @haii v
AybnvpoBaTb B4/B04 Ha SKpaHe.
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Teopus anroputTMoB

KoHTpoOnbHblE BONPOCHI

1. KakoB npvHUMN NOCTpoeHus xeww-Tabnuu?

2. CywwecTByIOT N1 YHMBEPCasbHble MeToAbl MOCTPOEHNS
xew-Tabnuu? OTBET 060CHYWTE.

3. ToyeMy BO3MOXHO BO3HWUKHOBEHWE KO/I/IU3MIA?

4, KakoBbl METOAbI YCTPAHEHUs1 Ko//m3nin? OxapakTepu-
3yiTe nx 3PhEKTUBHOCTb B Pa3/IMYHBIX CUTYaLIUSIX.

5. HasoBuTe npeumyllecTBa OTKPbITOrO W 3aKpbITO-
ro XeLmpoBaHuS.

6. B kakoM cnyyae nouck B xew-Tabnuuax CTaHOBUTCS
HeaddekTnBeH?

7. Kak BblbMpaeTcs MeTod M3MeHeHWs agpeca npu no-
BTOPHOM XeLUMpOBaHMN?
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