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1. INIEPEYEHb IIVIAHUPYEMbBIX  PE3YJBTATOB OBYYEHHUA 11O
AACHUIIJIMHE, COOTHECEHHBIX C IIJIAHUPYEMBIMHU PE3YJbTATAMH
OCBOEHMHSA OBPA3OBATEJIbBHOMU ITPOI'PAMMBbI

Buj nesiTeJIbHOCTH BBINMYCKHUKA

JucuuriauHa 0XBaThIBA€T KPYT BOIIPOCOB, OTHOCSLIUXCS K HAYYHO-UCCIEOBATEIILCKOMY BUY
po)eCCHOHAIBHON JIEATETLHOCTH BBITYCKHUKA B COOTBETCTBUU C KOMIIETEHIUSAMH M BUIAMU
JESITEIbHOCTH, YKa3aHHBIMH B YI€OHOM ILJIaHE.

eab AMCHUIIHHBI

®dopmupoBaHue y 00ydaromuxcsi 3HaHUH 0a30BBIX KIACCOB CTPYKTYP JAHHBIX M aJlTOPUTMOB
UX TPOrpaMMHONM 00paboTKH; (popMUpOBaHUE HABBIKOB MPOCKTUPOBAHUS 3P(HEKTUBHBIX CTPYKTYP
U QJITOPUTMOB 00paOOTKH JaHHBIX MPU PEIICHUH MTPAKTUICCKHX 3a]1ad.

3agaun QM CHMILINHBI

[ToaroroBka oOydarOmMXCS K CAMOCTOSITEILHOMY PELICHUIO TEOPETUYECKUX U MPUKIIAIHBIX
3a]1a4 CBSA3aHHBIX C MPOEKTHPOBAHNEM d(DPEKTUBHBIX CTPYKTYP M aITOPUTMOB 00pabOTKU JAHHBIX.

Kon Copep:xxanue IlepeueHb MJIAHUPYEMBIX Pe3yJIbTATOB
KOMIIETeH KOMIIEeTeH M i 00y4yeHusi 10 TUCUMILINHE
U
1 2 3
OK-7 CIIOCOOHOCTh K CaMOOpPraHU3alluu U | 3HaTh: OCHOBHBIE METOAbl  Pa3pabOTKU
camM000pa30BaHUIO QITOPUTMOB U TPOrpaMM,  CTPYKTYPHI

JaHHBIX, HUCIIOJIB3YEMbBIC JIA HNPCACTABJICHUA
TUIOBBIX HH()OPMAIMOHHBIX OOBEKTOB.
YMETb: HCIIOJIB30BATh CTAHAAPTHBIC ITAKCThI
NPUKIAJHBIX ~ MPOTPaMM  JIIS  PEIICHUs
MPAKTHYECKHX 3a/1a4.

BJaJleTh: HaBBIKAMH CaMOOPTaHU3aAlUU H
caMmo00pa3oBaHMUsI.

OIIK-6 CIIOCOOHOCTH OCYIIECTBIIATH MOUCK, | 3HATh: COBPEMEHHBIC THUIIOBBIC AaJITOPUTMBI
XpaHeHue, o0paboTKy W aHaiau3 | 00pabOTKH TaHHBIX.

uH(pOopMaIuu u3 pa3jNYHBIX | yMeTh: TPEACTaBIATh HWHPOPMAIUIO B
UCTOYHMKOB U  0a3  JaHHBIX, | TpeOyeMoM ¢opMare C HCIOJIb30BAHHEM
NpelCTaBIsITh €€ B TpedyeMoM | HH(OPMALMOHHBIX, KOMIBIOTEPHBIX u
dbopmare c HCIIOJIb30BAHUEM | CETEBBIX TEXHOJIOTHIA.

WH(OPMAIIMOHHBIX, KOMITBIOTEPHBIX | BJA€Th: MeTOIaMU MOCTPOCHHUS
Y CETEBBIX TEXHOJIOTUI COBPEMEHHBIX MTPOOIEMHO-OPHUEHTUPOBAHHBIX
MIPUKJIAIHBIX TPOTPAMMHBIX CPEJICTB.

ITK-5 CITOCOOHOCThH OCYIIECTBIISTH COOp U | 3HATH: COBpPEMEHHBIC cpencTBa
aHAJIU3 HCXOJHBIX JIaHHBIX JJIsl | aBTOMATHU3aI[MH U YIIPABICHUS

pacue€Ta U MPOCKTUPOBAHUA CHUCTEM | YME€Tb: aHAJIUM3HUPOBATH HCXOIHBIC JTaHHBIC
U CpPEACTB  aBTOMATHM3AllMM U | JUIA pacueTa CHCTEM.

yIpaBiIeHUs BJIaJIeTh: MeTo/1laMu cOopa nHpOpMaIIHH.
2. MECTO [JUCHMILUIMHBI B CTPYKTYPE OBPA3OBATEJBHOM
MPOT'PAMMBI

Hucuummuuaa b1.B.15 Crpyktypsl u  anroputmbl oOpaOOTKHM JaHHBIX OTHOCHTCS K
BapHMaTUBHOMN YaCTH.

Jucuumnunaa CTpyKTypbl U aldrOpUTMbl OOpaOOTKM JaHHBIX Oa3upyeTcsl Ha 3HAHUSX,
MOJIYYEeHHBIX MPU U3y4eHnn ydeOHbIx nuctmiine b1.b.5 Maremaruka, b1.B.7 Mndopmatuka.

OCHOBBIBasICb HAa HW3YyYEHHUH IMIEPEUYUCIICHHBIX AWCIUIUIMH, CTPYKTYpbl M aJITOPUTMBbI
00pabOTKM aHHBIX MPEACTABISACT OCHOBY A u3ydeHus aucuuiuivH: b1.b5.13 BeruucnurensHeie
MalHbl, cucteMbl U ceTd, b1.B.16 Cuctemsl ynpasnenus 6a3zamu ganHbix, b1.B.18 Texnonoruu
IpOorpaMMUpoBaHusd. Takoe CHUCTEMHOE MEXIUCLUIUIMHAPHOE M3YyYEHUE HaIpaBI€HO Ha
noctmkerne Tpedyemoro ®I'OC ypoBHS MOATOTOBKH MO KBaIM(PUKAIMKA OaKaiaBp.
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3. PACITPEJEJEHUE OBBEMA JTUCIHHUIIVINHBI

3.1. Pacnipenesienune od0beMa TUCUUIJIMHBI IO (hopMam 00ydeHUs

Tpyooemkocmob Oucyuniunsl 6 uacax
Kypcosasn
) § 3 paooma Buo
-3 3 z (npoexm),
o 5 Q ) 2 npomesxncy
Dopma N = 3 2 S KOHmMPOJ1b o
© 2 = X 8 mounou
obyuenusn S 2 2 S S Has
S = S > E ammecmay
§ $ & < § 2 33 g s paboma, .
« | 8| 5| B S| EE| £ | reoem
S| 3| §| 2| 5 |Ss| &3 3| pre
< o R | T8 IRAIKS| O]

1 2 3 4 5 6 7 8 9 10 11
Ounas 2 3 | 180 | 68 | 34 34 - 58 K 9K3aMEeH
3aounas 2 - | 180 | 16 8 8 - 155 K JK3aMCEH
3aounas - - - - - - - - - -
(ycxkopeHHoe
o0OyueHue)

OuHo-3204Has - - - - - - - - - -

3.2. PacnipenesieHue 00beMa JMCUMILUIMHBI 10 BUIAM Y4eOHBIX 3aHATHI U TPYI0EMKOCTH
e m.u. ¢ Pacnpeodenenue
Tpyoo- UHMEPAKMUBHOT, no cemecmpanm,
Buo yueonuvix zanamuii eMKOCHb AKMUGHO, UHHO6A- uac
(uac.) UUUOHHOUL popmaXx, 3
(uac.)
1 2 3 4
|. KonTakTHasi padoTa 00y4yaromuxcs ¢
npenoaapareJieM (Bcero) 68 18 68
Jexrmu (JIk) 34 - 34
JlabopaTopusie paboTsI (JIP) 34 18 34
KonTposbHas padota (k) + - +
I'pynmoBsie (MHAMBHUYANTbHBIC) KOHCYIbTAIIHN + - +
I1.CamocTosiTe/ibHAsA padoTa 00y4aIOIIMXCS 58 ) 58
(CP)
IToaroroBka K 1abopaTopHBIM paboTaMm 14 - 14
[ToaroTroBka K 3a4eTy 18 - 18
BeinonHeH#e KypcoBoit paboTh 13 - 13
[ToAroToBKa K 5K3aMEHY B TEUCHHH CEMECTPA 13 - 13
+ - +
111. IIpomexyTouHasi aTTECTANMA dK3aMEH 54 54
OO6mr1ast TPyT0EMKOCTh AUCIIATLTAHBI 180 - 180
3a4. el 5 - 5




4. Conepskanue QM CHUTINHbBI

4.1. Pacnipenesienre pa3ie/ioB TUCUUIJIMHBI IO BUJAM YUeOHBIX 3aHATHI
- 1J1sl 04HO# (popMBI 00YUeHHS:

Buovl yueonuvix 3anamuil, exniouasn
CAMOCHOAMENbHYI0 PAOOmy
No pas- Haumenosanue Tpyooen- odyuarowuxca u mpyooemkocms; (uac.)
dena u pa30eﬂa u Kocmb, yueﬁubte 3aHaAmun camocmosn
membol mema OuCUUnIUHbL (uac.) menvran
aadopamopHble paboma
ewuhn padomul obyuaio-
wuxcsa
1 2 3 4 5 6
1. Knacenpuramus CTPYKTYP 10 5 5 i
JAAHHBIX.
1.1. | MaccuBbl, 3amKMCH, MHOJKECTBA, 5 25 25 i
JMHAMUYECKHE CTPYKTYPhI TaHHBIX. ' ’
1.2. Choucku. 5 2,5 25 -
2. Tunsl JAHHBIX JINHEHH O 13 5 5 3
CTPYKTYPHI.
2.1. | JlaHHBIE BJIEMEHTAPHBIX THIIOB. S) 1 1 3
2.2. | Jlanubie YHUCJIOBOTO,
BEIECTBEHHOTO, CHMBOJIBHOTO, 4 2 2 -
JIOTHYECKOTO THUIIOB.
2.3. | JlaHHble TUIA yKa3aTellb. 4 2 2 -
3. AJITOPUTMBI COPTHPOBKH 21 5 5 11
MACCHBOB.
3.1. | CoptupoBka MacCHBOB METOJOM 5,25 1,25 1,25 2
BEIOODA.
3.2. | CopTupoBKa METOJIOM OOMEHA. 5,25 1,25 1,25 3
3.3. CopTHpOBKA YETHOYHBIM METOJIOM. 5,25 1,25 1,25 3
3.4. | CopTupoBKa METOJIOM BCTABOK. 5,25 1,25 1,25 3
4. XemmupoBaHue. 21 S 5 11
4.1. | Xem-(yHKIHH. 12 3 3 6
4.2. | MeTozpl pazpenieHus KOJUTU3HH. 9 2 2 5
5. dDaiiibl. 21 5 5 11
5.1. | Buenawue aiimbl. 10,5 2,5 2,5 5,5
5.2. BayTpennue daitnbl. 10,5 2,5 2,5 55
6. Tunbl  JaHHBIX  HeJMHEHHOMH 21 5 5 11
CTPYKTYPHI.
6.1. | HdepeBss. 5 1 1 3
6.2. | bunapHbie nepeBss. 8 2 2 4
6.3. [Tupamupl. 8 2 2 4
7. I'padbl. 19 4 4 11
7.1 | OcHOBHBIE MIOHSTHS TEOpun
4 1 - 3
rpadoB.
7.2. | OcHOBHBIE TpoOLEnypbl PabOTHI C
8 2 2 4
rpadamu.
7.3. | Anroput™mbl Ha rpadax: IMOUCK B 7 1 2 4
TIyOMHY ¥ TIOUCK B IIMPUHY.
NTOI'O 126 34 34 58




1JIS 3204HOM () OpMBI 00yYeHUSA:

Buoul yueonvix 3anamuit, 6xntouan
camocmoameinbHyio padbonty
Mo pas- Haumenosanue Tpyooen- odyuarowuxca u mpyooemkocms; (uac.)
dena u pa30eﬂa u Kocmb, y'-l86Hble 3aHamusn camocmosn
memol mema OUCUUNIUHDL (uac.) menvrai
nadopamopHwle padboma
Sy padombul odyuaio-
wuxcs
1 2 3 4 5 6
1. Kuaacenpukanus CTPYKTYP 21 05 05 20
JAHHBIX.
1.1. | MaccuBpl, 3amHCH, MHOECTBA, 10.25 0,25 i 10
JTUHAMHUYECKHE CTPYKTYPHI JaHHBIX.
1.2. | Cruckn. 10,75 0,25 0,5 10
2. Tunbi JAHHBIX JINHEHHOoI 30 15 15 97
CTPYKTYPHI.
2.1. | JlaHHBIE 2JIGMEHTApPHBIX THUIIOB. 10 0,5 0,5 9
2.2. | JlaHHbIC YHCIIOBOTO,
BEILIECTBEHHOTIO, CHMBOJIBHOTO, 10 0,5 0,5 9
JIOTHYECKOT'0 THIIOB.
2.3. | JlaHHBIC THTIA yKa3aTellb. 10 0,5 0,5 9
3. AJITOPUTMBI COPTHPOBKH 30 1 1 28
MAaCCHBOB.
3.1. | CoptupoBKa MacCHBOB METOJOM 75 0,25 0.25 7
BBIOOpA.
3.2. CopTHpoBKa METOJIOM OOMEHa. 7,5 0,25 0,25 7
3.3. | CopTupoBKa YeTHOUYHBIM METOJIOM. 75 0,25 0,25 7
3.4. CopTHpOBKa METOJIOM BCTABOK. 7,5 0,25 0,25 7
4. XemmupoBaHue. 28 1 1 26
4.1. | Xemr-QyHKIHH. 14 0,5 0,5 13
4.2. MeTobl pa3penieHus KOJTU3Hil. 14 0,5 0,5 13
5. daiibl. 28 1 1 26
5.1. Buennue Qaiinesl. 14 0,5 0,5 13
5.2. | BHyrpennue daiiisl. 14 0,5 0,5 13
6. Tunbl  JaHHBIX  HeJIMHEHHOH 30 15 15 97
CTPYKTYPHI.
6.1. | JlepeBbs. 10 0,5 0,5 9
6.2. | buHapHbIe 1epeBbS. 10 0,5 0,5 9
6.3. | [TupamMupl. 10,5 0,5 0,5 9
7. I'padbl. 4 15 15 1
7.1 | OcHOBHBIE MTOHATHUSA TEOPUH 1 0.5 05 i
rpa¢oB.
7.2. | OcHOBHBIE TpOILEIYyphl PaOOTHI C 1 0.5 05 i
rpadamu.
7.3. | Anroput™mbl Ha rpacdax: IMOUCK B 9 0.5 05 1
IYOWHY ¥ IIOUCK B IIIMPUHY.
HUTOI'O 171 8 8 155




4.2. Cogepxanme TUCUMILIMHBI, CTPYKTYPHPOBAHHOE 110 pa3/iejiaM U TeMaM

Pa3nen 1. Knaccudukauus CTpyKTYp JaHHBIX.

[Iporpammupyst pemieHue 000 3a1a4n, HEOOXOAUMO BHIOpATh YpOBEHb a0cTparupoBaHus. VIHBIMH cloBamuy,
OIIPEJIETIUTh MHOXKECTBO JIAaHHBIX, MPEACTAaBIIONINX HPEeIMETHYI0 o0nacTh pemaemoid 3aiayn. [Ipu BeIOOpE ciemyer
PYKOBOJICTBOBAaThCSl MpoOIEMaTuKOl pemaeMod 3agaddl M cHocobamu mpejacTaBieHus uH(opmauuu. 3xech
HEOOXOIMMO OpPHEHTHPOBAThCS HAa TE€ CPEICTBA, KOTOpBIE NPENOCTABISIIOT CHUCTEMBl IPOrPaMMHUpPOBAaHHS U
BBIYMCIINTEIbHAS TEXHHKA, HA KOTOpOW OYyIyT BBINOJHATHCA NMPOrpaMMbl. Bo MHOTHX ciydasix 3TH KpPUTEPHH HE
SBJISTFOTCSI TOJTHOCTBIO HE3aBHCHMBIMHL.

Bomnpocs! nmpeacTaBaeHUs] AaHHBIX YacTO Pa3OMBAIOTCSA HAa PAa3IWYHBIC YPOBHHU JCTAlM3alUU. YPOBHIO SI3BIKOB
MPOTPaMMHUPOBAHUSI COOTBETCTBYIOT a0CTpaKTHBIE TUIBI U CTPYKTYPHI JaHHBIX. PacCMOTPHM HMX pealn3aluio B S3bIKE
nporpammupoBanus Turbo-Pascal. [IpocTedmuM THIOM AaHHBIX SBIsIeTCs mepeMeHHas. CyIIecTBYIOT HECKOIBKO
BCTPOSHHBIX THIIOB JaHHBIX. Hanpumep, onncanne

Var

i, ] :integer;

X : real;

s: string;

0OBSIBIISIET IEPEMEHHBIE 1, ] LETOYUCIICHHOTO THIIA, X - BEIIECTBEHHOTO U § - CTPOKOBOTO.

[lepeMeHHOIT MOKHO MIPUCBOUTH 3HAUCHHE, COOTBETCTBYIOIIIEE €€ TUILY

1:=46;

X:=3.14;

S:="cTpoka cuMBOJIOB";

Taxue nepeMeHHbIE MTPEACTABISIOT COOOH JINIIL OTACIBHBIC 3JIEMEHTHI. {7151 TOro 9T00BI MOXHO OBIIIO TOBOPUTH
0 CTPYKTypax HIaHHBIX, HEOOXOIMMO HMETh HEKOTOPYIO arperandio IepeMeHHbIX. IIpuMepom Takoil arperarun
ABJISIETCS MacCHB.

Tema 1.1 MaCCI/IBbI, 3allMCH, MHOKECTBA, JUHAMHUYECCKUEC CTPYKTYPbI JaHHbIX.

Maccusui.

MaccuB OOBEAMHSACT JJIEMCHTHI OJHOrO THIA JaHHBIX. bojee (GopMasbHO €ro MOXKHO OIPEACTHTh Kak
YHOPSAOYEHHYI0O COBOKYMHOCTh 3JIEMEHTOB HEKOTOPOTO THMA, aJ[peCyeMbIX MPH MOMOIIM OJHOTO MIU HECKOJBKUX
MHEKCOB. YaCTHBIM CITy4yaeM SIBISIETCS OJJHOMEPHBINH MacCUB

Var

| : array [1..100] of integer;

B mpuBeneHHOM TpuMepe ONMCaH MACCHUB |, COCTOSIINI U3 IIEMEHTOB IEIIOYUCICHHOTO THITA. JJIEMEHTH MOTYT
OBITH aJIpecoBaHbI IPU NOMOIIM MHICKCA B AWana3oHe 3HadeHui or 1 mo 100. B maTtemartudeckn X pacuyerax Takoi
MAaCCHB COOTBETCTBYET BEKTOPY. MaccwB He 0053aTeNbHO JODKEH OBITh OTHOMEpPHBIM. MOXKHO OMHCAaTh B BHIC
MaccuBa Matpuiy 100¥100

Var

M :array [1..100,1..100] of real;

B sTOM ciiyuae MOXKHO TOBOPHUTH YK€ O IBYMEPHOM MacCHBE. AHAIOTMYHBIM 00pa30M MOYHO OIUCATh MACCUBC
GOJBIINM YHCIOM H3MEPEHUH, HAIPUMED TPEXMEPHBIH

Var

M_3 d: array [0..10,0..10,0..10] of real;

Temnepb MOXHO TOBOPHUTH YK€ O MHOTOMEPHOM MaccuBe. JIocTyn K djieMeHTaM JIF000T0 MaCcCHBAOCYIIECTBISIETCS
MIPY TIOMOIIM WHAEKCOB KaK K OOBIYHOM MEPEMEHHOM.

M 3 d[0,0,10]:=0.25;

M[10,30]:=m_3_d[0,0,10]+0.5;

L[i]:=300;

Banucu.

Bonee cimoxxHBIM THUIIOM sBisAeTCsS 3amnch. OCHOBHOE OTIMYHE 3allMCH 3aKII0YaeTcs B TOM, YTO OHA MOJKET
00BEMHSTH DJIEMEHTHI TAHHBIX Pa3HBIX THIIOB.

PaccMoTpuM npumMep npocTeninei 3anucu

Type

Person = record

Name: string;

Address: string;

Index: longint;

end;

3anuch OMHMCAHHOTO THMA OOBEHUHSCT YEThIpE MOJsl. [lepBbie TPH M3 HUX CHMBOJBHOTO THIA, a YCTBEPTOC -
nenovuciieHHoro. IlpuBefcHHAs KOHCTPYKIMS OMUCHIBACT THIT 3amucd. JlJis TOrO YTOOBI KCIONB30BaTh JaHHEIC
OMKCAaHHOTO THUIIA, HEOOXOJIMMO ONHCATh caMH JaHHbie. OJMH U3 BAPHUAHTOB UCIOJIb30BAHMs OTICIBHBIX 3alUCEH -
0o0beIMHEHNE UX B MACCHB, TOT/Ia OTNIMCAHUE MAaCcCHBa OYIET BBITIISAACTH CISAYIONUM 00pa3oM

Var



Persons : array[1..30] of person;

Cnez{yeT 3aMCTUThb, YTO B Turbo-pascal 9TH JBa OIIMCaHUA MOXHO 06’beILI/IHI/ITL B BHJAC OIIMCaHUA TakK
Ha3bpIBAEMOI'0 MacCHUBa 3alnucel

Var

Persons : array[1..30] of record

Name: string;

Address: string;

Index: longint;

end;

Joctyn K noisiM OTAEIBHON 3allCH OCYLIECTBIIAETCS Yepe3 UM IEPEMEHHOM U UMS MOJISL.

Persons[1] . Name:="HgBanos";

Persons[1] . Adress:="ropox Cauxt-Iletep6ypr - ";

Persons[2] . Name:="Tlerpos";

Persons[2] . Adress:="ropox Mocksa 4 ";

Pa3}7MeeTCH, YTO 3aIllMChb MOXHO HCIIOJb30BaThb B Ka4yYCCTBEC OTIleHLHOﬁ HepeMeHHOﬁ, 1 OTOro
COOTBETCTBYIOLIAA NEPEMCHHAs 10JLDKHA UMETh THII, KOTOpLIfI MPUCBOCH ONMHMCAHUIO 3allTUCU

Type
Person = record
Name: string;

Address: string;

Index: Longint;

end;

Var

Personl: person;

Begin

Personl.index:=190000;

Mmuooiwcecmsa.

Hapsimy ¢ MaccuBaMu ¥ 3allUCSIMH CYIIECTBYET €IIC OJUH CTPYKTYPHUPOBAHHBIA THIT - MHOXKECTBO. DTOT THII
UCIIONb3YETCS HE TaK YaCTO, XOTS €r0 MPUMEHEHHE B HEKOTOPBIX CIIy4asiX SBISICTCSI BIIOJIHE OMPAaBAAHHBIM.

THrm MHOXKECTBO COOTBETCTBYET MATEMATHYECKOMY TIOHSTHIO MHOXECTBA B CMBICIE OIEpaIMii, KOTOPbIC
JIONYCKAIOTCS HAJM CTPYKTypaMH TaKOro THIa. MHOXECTBO [OMyCKaeT OIepalun OOBeIUHEHHS MHOMXECTB
(+),nepeceuenns MHOKeCTB (*), pa3HOCTH MHOXECTB (-) M MPOBEPKH IJIEMEHTA Ha MPHHAJIEHKHOCTh K MHOKecTBY (in).
MHOXeCTBa TaKkKe€ KaK M MAacCHBbI OOBEAMHSIOT OJHOTHIIHBIE 3JIEMEHTHL. [l03TOMy B ONHCAHUM MHOXECTBA
00s13aTeNbHO JIOJDKEH OBITh YKa3aH THUII €r0 JIEMEHTOB.

Var

RGB, Y1Q, CMY : Set of string;

3/1eCh MBI IPUBEJIU OMHCAHUE IBYX MHOYKECTB, SJIEMEHTAMHU KOTOPBIX SIBJISTIOTCS CTPOKU. B OT/IM4Ke OT MacCHBOB
1 3amKcei 31eCh OTCYTCTBYET BO3MOKHOCTh MHACKCUPOBAHUS OT/ICIbHBIX 3JIEMEHTOB.

CMY:=["M""C""Y "],

RGB:=["R","G","B"];

YIQ=["Y ""Q""I'"];

Writeln ("Tlepeceuenue nseroBbix cucteM RGB u CMY ", RGB*CMY);

Writeln ("[lepecedenue nBeToBbx cucteMm YIQ u CMY ", YIQ*CMY);

Ormepanuy BBIMIOJNHSIIOTCSA [0 OTHOIICHHIO KO BCEW COBOKYIMHOCTH 3JIEMEHTOB MHOECTBAa. MOXHO JHIIb
JI0OABHUTH, UCKITFOYUTh WUIIH BBIOPATH SJIEMEHTEHI, BBITIOHSAS JONYCTHMEIC OTIEPAIIHH.

Junamuueckue cmpykmypvl OaHHbIX.

Mp! BBesH 0a30BbIe CTPYKTYPBI TAHHBIX: MACCHBBI, 3alTUCH, MHOKECTBA. MBI Ha3BaJlu UX 0a30BBIMH, TOCKOJIBKY
W3 HUX MOXXHO 00pa30BbIBaTh 0OJIee CIOXKHBIC CTPYKTYpBI. Lle/b onucaHus THIA JaHHBIX U OMPEACICHHS HEKOTOPBIX
MEPEMEHHBIX KaK OTHOCSIIHUXCS K 3TOMY THIIy COCTOMT B TOM, 4YTOOBI 3a(UKCHpPOBATh [OHAIA30H 3HAYCHHIA,
MPHUCBAUBACMbIX JTHM IIEPEMEHHBIM, W COOTBETCTBCHHO pa3Mep BBIACIIEMOW Ui HUX MaMsATH. [103TOMy Takue
MEPEMEHHBIC HA3bIBAIOTCS CTaTHUECKUMH. OIHAKO CYIIECTBYET BO3MOXKHOCTH CO3/1aBaTh 0OJIee CIIOKHBIC CTPYKTYPHI
JAHHBIX. [ HUX XapaKTepHO, YTO B Ipoliecce 00padOTKU JaHHBIX U3MEHSIOTCS HE TOJIBKO 3HAYCHHUS NEPEMEHHBIX, HO
u camMa uX crpykrypa .COOTBETCTBCHHO IWHAMUYECKA HW3MCHIETCS M pa3Mep NaMsTH, 3aHUMAeMbBIH TaKUMHU
cTpykTypamu. [To3ToMy Takue HaHHBIC MOJNYYMIIN Ha3BaHUE JaHHBIX C THHAMHYECKOW CTPYKTYPOH.

Tema 1.2 Cnucku.

Jlunetinvle cnucku.

Hamubonee mpocToii cmocod cBs3aTh HEKOTOPOE MHOXKECTBO 3JIEMEHTOB - 3TO OPraHU30BaTh JHHEHHBIN CITUCOK.
IIpu Takoii opraHu3alMK 3JIEMEHTHl HEKOTOPOro THIA OOPa3yIOT IEMouYKy. J[ns CBS3bIBAHUS JJIEMEHTOB B CIIHCKE
WCTIONB3YIOT CUCTEMY YyKa3zaTelled. B paccmaTpuBaeMoMm ciydae JF000H 3JIEMEHT JMHEWHOTO CIHCKa WMEET OIWH
yKa3aTellb, KOTOPBIH YKa3bIBaeT Ha CIEAYIOIINI 3JIEMEHT B CIIMCKE FUIH SIBIIICTCS IYCTBIM yKaszaTelleM, YTO O3HadaeT
KOHEII CTINCKA.

B s3pike Turbo Pascal mpemycMoTpeHBI 1Ba THIA yKaszaTeledl - TUIM3UPOBAHHBIE M HE THUIMHM3UPOBAaHHBIC
yKa3aTenu. B cirydae mTuHEHHOTO CIFCKa ONMCaHUe JAHHBIX MOXKET BBITIISACTH CIEAYIOMHUM 00pa3oM.

type



element = record

data:string;

next: pointer;

end;

var

head: pointer;

current, last : “element;

B naHHOM mpuMepe 3IEeMEHT CIHCKa ONMCAH Kak 3aluch, coaepskamas asa nois. Ilome data ctpokoBoro tuma
CIy’KUT AJISI pa3MEIICHHUs JaHHBIX B JJIEMEHTE CIHcKa. [Ipyroe moie next mpencTaBiseT co00i HE TUIMH3HPOBAHHBIN
yKa3aTelb, KOTOPBIH CIY>KUT IJIsl OPTaHU3aLUH CIIUCKOBOH CTPYKTYPBI.

B ommcannn mepeMeHHBIX OMHUCAaHBI TpH ykaszaTens head, last u current. Head sBisieTcst He THNH3UPOBaHHBIM
yKazaTeneM. YKaszaTenb current IBISETCS TUMM3MPOBAHHBIM yKa3aTeleM, YTO IO3BOJISET uepe3 Hero OpraHu30BaTh
JIOCTYII K IIOJISIM BHYTPH 3JeMeHTa, uMmerouiero tun element. J{ns oObsBICHUS TUIIM3UPOBAHHOTO yKa3aTens OOBIYHO
UCTIONB3YeTCsI CHUMBOJI ", pa3MellaeMblii HEIOCPEJCTBEHHO Ilepell COOTBETCTBYIOIIMM THUIIOM JaHHbIX. OpHako
ONKCaHWE THUIM3MPOBAHHOIO yKa3aTels ellle He O3HaydaeT CO3JaHHE JJIeMEeHTa CHucka. PaccMoTpuM, Kak MOXKHO
OCYILIECTBHUTB CO3/JaHHE AJIEMEHTOB U UX O0OBETUHEHUE B CITUCOK.

B cucreme mporpammupoBanuss Turbo Pascal mis pasmenieHust TMHAMUYECKUX MEPEMEHHBIX HCIONB3YyETCS
cneruanbHas obmacte mamsatu "heap-oOmacte". Heap-oOmacTe pa3Mernaercs B MaMATH KOMIIBIOTEpa CIIEAOM 32
00J1aCTBIO MTAMATH, KOTOPYIO 3aHUMAeT MPOrpaMMa M CTaTHYECKUE JaHHBIE, 1 MOXKET pacCMaTpPUBAThCS KAK CIUTONIHOM
MAacCHUB, COCTOSIIUN 13 OalTOB.

[TorpoOyem co31aTh MEPBBIH HIEMEHT CIHUCKA. DTO MOXKHO OCYIIECTBHUTH IPH IOMOIIH NpoHeaypsl New

New(Current);

Ilocne BBIMOHEHUS )18.HHOI71 mnmpoueaypbel B L[HH&MI/I’-ICCKOFI objacTi HaMATH CO31aCTCd AMHaMH4YCCKas
MepeMeHHas, TUI KOTOpod omperensercs TUIOM Yykaszartens. CaMm yka3zaTelb MOXHO paccCMaTpUBaTh Kak aJpec
MEepeMEHHON B TUHAMHYECKOH mamsTh. JJoCTyI K mepeMeHHON MOXKET OBbITh OCYIIECTBIICH Yepe3 yKa3aTelb. 3aroIHIM
MOJISL 3JIEMEHTA CIIHCKA.

Current”.data:= "jaHHbIC B IEPBOM dJIEeMEHTE CITUCKA " ;

Current.next:=nil;

3HaveHne ykazaTens nil o3HavaeT mycToi ykaszarenb. OOpaTHM BHMMaHHME HA Pa3sHUILy MEXIy HPHCBOCHHEM
3HA4YeHMsA YyKa3aTello M JaHHBIM, Ha KOTOpbIe OH YyKaspiBaeT. Jlis yKasareneil IOIyCTHMBI TOJNBKO OIEPALUH
NPUCBAaNBaHUS U CPAaBHEHMA. YKa3aTeNI0 MOXKHO IPHCBANBATH 3HAUCHHUE YKa3aTeNs TOTO )K€ THIIA MM KOHCTAaHTY nil.
JlaHHBIM MOXKHO TIPHCBOWTH 3HAYEHHs, COOTBETCTBYIOUIME JCKJIAPUPYEMBIM THIIAM JaHHBIX. [l Toro 4roObl
NPUCBOMTH 3HA4YCHHE NAaHHBIM, IOCJIE YyKasarens ucronb3yercs cumBon . Ilome Current™.next camo sBiseTcs
yKazarelyieM, J0CTYII K €ro COJIepKUMOMY OCYIIECTBIIsIETCs depe3 ykazarens Current.

B pesynbrare BBITOJHEHHS OMMCAHHBIX NEHCTBUH MBI MOJYYHMIIM CIIMCOK M3 OJHOTO 3nemeHTa. Co3maauM erme
OJHWH 3JIEMEHT U CBAXKEM €T0 C IICPBBIM 3JIEMEHTOM.

Head:=Current;

New(last);

Last".data:= "naHHbIe BO BTOPOM dJIeMEHTE cIicKa " ;

Last".next:=nil;

Current™.next:=nil;

HemnocpencTBeHHO mepesn co3laHWEM IMEpBOro 3JIEMEHTa MbI MIPUCBOWIN yKaszaTenro Head 3HaueHme ykazarens
Current. 3To cBS3aHO C TeM, YTO JIMHEHHBIH CIMCOK JOJDKEH MMETh 3arojoBOK. JIpyrMMu cioBaMu, NMEpBBIA 3JIEMEHT
CIHCKa JIOJDKEH OBITh OTMEYEH yKaszaresneM. B mpoTuBHOM citydae, ecim 3HaueHHe ykaszartens Current B JanbHeWIeMm
OyzmeT mepeornpeneseHo, TO Mbl HaBcerja IHOTepsieM BO3MOXKHOCTH JIOCTYIA K JaHHBIM, XPaHSIIUMCS B IE€PBOM
AIIEMEHTE CTIHCKA.

JuHamuueckasi CTPyKTypa JaHHBIX NPeTycMaTpUBAeT HE TONBKO J00aBICHHE DJIEMEHTOB B CITMCOK, HO M HMX
ymajeHne 1o Mepe HagoOHocTH. CaMbIM TIPOCTBIM CIIOCOOOM  yIaleHWs »JJIEMEHTa U3 CIHCKa SBIISIETCS
MepeoTpeieNieHNe yKa3aTenel, CBI3aHHBIX C JAHHBIM JJIEMEHTOM (yKa3bIBaomuX Ha Hero). OJHAaKo caM 3JeMEHT
JIAHHBIX TP 3TOM TPOOJDKAET 3aHUMAaTh MaMsITh, XOTs AOCTYN K HeMy OyIeT HaBcerJa yTepsH. Jlis KOppeKTHOM
paboThI C AMHAMHYECKIMH CTPYKTYPaMH CJeTyeT OCBOOOXKIAaTh MaMATh PU yAAICHUH dJIEMEHTa CTPYKTYpHI. B sa3bIke
TurboPascal st 3T0r0 MO’XHO HcToNIB30BaTh GyHKIMIO Dispose. [TokaxkeM, Kak cieqyeT KOPPEKTHO yJaluTh MEPBBIH
3JIEMEHT HAIIeTO CITHCKA.

Head:=last;

Dispose(current);

Paccmorpum mpumep Ooliee CIOXKHOW OpraHu3aunuy crucka. JIMHEHHBIH CIUCOK HeymoOeH TeM, 4YTO IpH
MONBITKE BCTABUTH HEKOTOPBII 2JIEMEHT Iepel TEKYIIUM JIEMEHTOM TpeOyeTcst 000MTH IOUTH BECh CIIMCOK, HAUNHAs C
3arojioBKa, 4ToOBl M3MEHUTHh 3HAYCHHWE yKa3aTelsl B MPEAbIIylIeM 3JIeMeHTe cmucka. UToObl yCTpaHWTh HaHHBIN
HEJIOCTATOK BBEAEM BTOPOH YKa3aTelb B KaKIOM 3JIEMEHTE crucKa. [IepBeIil yka3zaTenb CBA3BIBACT JAHHBII 3JIEMEHT CO
CJICAYIOIINM, a BTOPOH - C IpepIAymuM. Takas opraHu3anys JUHAMHIECKOH CTPYKTYpBI JaHHBIX MOTydn/Ia Ha3BaHUE
JMHEHHOTO IBYHAIPaBJICHHOTO CIUCKA (ABYCBA3HOTO CIIHCKA).

HHTEpecHBIM CBOMCTBOM TaKOTO CHHCKA ABISIETCS TO, YTO JUIA JOCTYIHa K €r0 JIEMEHTaM BOBCE HEOOS3aTEIbHO
XPpaHHTh yKaszaTellb Ha MepBbIi aJeMeHT. JlocTaTOuHO UMETh yKa3aTesib Ha JII000i sieMeHT criucka. [IepBbIii aneMeHT
BCET/la MO’KHO HaWTH IO LENOYKE yKazaTelel Ha MpEeAbIyIIHe SJIEMEHTHI, a MOCIEIHUI - M0 1IeNOoYKe yKa3zaTeleld Ha
cienyronire. Ho Hanmmume ykasaTesst Ha 3aroJIOBOK CITUCKa B psiie ClTydaeB YCKOpsieT paboTy CO CITUCKOM.



Hanuune YKasaTeyisl Ha 3arojIOBOK CHHMCKa YCKOPACT IMPOLECC IMOUCKA, TaK KaK HE Tpe6yeTc;1 CHayJaja HaWTH
HepBLIﬁ 9JICMCHT, a 3aTCM - CACJIaTh 06X0[[ CIIMCKa.

l[umulteCKue CnucKu

JIvHelHBIe CIIMCKU XapaKTCpHbI TEM, YTO B HUX MOKHO BBIACINUTH HepBHﬁ n HOCHeﬂHI/Iﬁ OJIEMCHTHI, IpUIEeM IJIst
OJHOHAIIPAaBJICHHOI'O JIMHEWHOTO CIHMCKa 00513aTeILHO HYXXHO UMCTb YKa3aTcJib Ha HepBHﬁ JJICMCHT.

HI/IKHI/I‘ICCKI/IC CIIMCKHU TAKXKE KaK U JIMHCHHBIC OBIBAIOT OJHOHAIIPABJICHHBIMUA U JIBYHAIIPABJIICHHBIMHA. OCHOBHOE
OTIIMINE MUKIINYECKOr0 CIIMCKa COCTOUT B TOM, YTO B CITUCKE HET ITYCTBIX yKa3aTeJICI71.

reg

JaroJIoEOK

L ]

-

[ ]

Puc. OnHoHanpaBneHHbIN HUKIMYECKUI CTUCOK
IlocnenHuil 3MeMEHT CHHCKAa COAEPXKUT yKas3aTelb, CBSI3BIBAIOIIMN €ro ¢ MEepBbIM 3JIEMEHTOM. [l MOJIHOro
00X0/1a TAaKOTO CITMCKA JI0CTaTOYHO MMETh yKa3aTesb TOJIBKO HA TEKYIIIHH 3JIEMEHT.
B 1ByHanpaBIeHHOM LMKIMYECKOM CIIMCKE CHCTEMAa YyKasaTeledl aHaJoTM4YHa CUCTEME YyKaszaTenen
JIBYHAIPaBICHHOIO JUHEHHOIO CIIMCKA.
L, |

- ]

current
Puc. JIByHanpaBieHHbIN LIUKINYECKUH CIIUCOK

JIByHamnpaBiIeHHBI IUKINYECKUI CHUCOK MO3BOJAET JOCTATOYHO IIPOCTO OCYIIECTBIATH BCTABKH U YAAJCHUSA
JJIEMEHTOB CII€Ba U CIpaBa OT TEKYIUEro 3JIeMEeHTa. B ominume OT NHMHEHHOro CHHUCKA, 3JEMEHThl SBIIAIOTCS
PaBHOIIPAaBHBIMK WM JISl BBIJEJICHUS] MEPBOrO 3JEMEHTa HEOOXOAMMO HMMETh yKa3aTedb Ha 3arojioBok. OgHako BO
MHOTHUX CIIy4asx HeT HeOOXOIMMOCTH BBIACIATH IEPBBIIl JIEMEHT CIMCKA M JOCTATOYHO MMETh yKa3aTellb Ha TeKYIIUH
aneMeHT. B nmaHHOM mnpumepe yKka3zaTedb Ha TEpBBI AJMEMEHT CIHMCKAa OTCYTCTBYeT. [l mpenoTBpallieHus
3aIMKJIMBAHMS TIPH 00X0JIe CIIMCKA BO BPEeMs ITOMCKa yKa3aTelb Ha TEKYIIUH 3JIEMEHT MPEABAPUTEIHHO KOIUPYETCs U
CITy’KHUT OIPaHUYUTEIIEM.

Mynemucnucku.

WHora BO3HUKAIOT CHTYallMH, KOT/Ia NMEETCS HECKOJIBKO Pa3HbIX CIIMCKOB, KOTOPHIE BKIIIOYAIOT B CBOW COCTaB
OJIMHAKOBbIE 3JEMEHTHL. B TakoMm cilydae NpH HCIOIb30BAaHWU TPAJAWUIMOHHBIX CIIMCKOB IPOUCXOAMT MHOTOKPAaTHOE
IyOnMpoBaHWE TUHAMHMYECKHX IIEPEMEHHBIX W HEpPAIlMOHAIGHOE HCIIONb30BaHNE NaMsATH. Crnucky (akTHYecKn
UCTIONB3YIOTCS HE JUI XpaHEHUS 3JIEMEHTOB JTaHHBIX, a JJIsl OpraHU3alliy X B pa3IndHbIe CTPYKTYpHI. Mcnonap3oBaHne
MYJIBTHCITUCKOB MO3BOJISIET YIPOCTHUTH 3Ty 3a/a4y.

MynbTHCIUCOK COCTOMT M3 3JEMEHTOB, COJEPXKAIIUX TaKoe 4YHCIO YyKaszaTelleld, KOTOpOe IO3BOJISET
OpPraHU30BaTh UX OJTHOBPEMEHHO B BHJIE HECKOIBKHUX PA3IMYHBIX CITUCKOB. 3a CYET OTCYTCTBUS AyOJIHMPOBAHUS JaHHBIX
MaMsATh UCIIOJIb3yEeTCs O0Jiee PALlHOHAIIBHO.

CITHC O 1
[ ] - 1iil
La | h C d
CITCOK 2
[ ! [l |
Ca | c b 1]
; HAHAIO CTHCKOE 1 2
tul MYIETHCIIHC 0K
nil nil
a h C i
AT~

DIEMEHTEL MYIIETHCIITHCES

A - MHOEECTEO 3JIEMEHTOE CITMCEA 1
B - mHOEECTEO 3JMEMEHTOE CIHMCKA 2
C — MHOXKECTEOD 3JEMEHTOE MyJIETHCIICKA [(C = A B)

Puc. O6penuaeHne IBYX TMHEHHBIX CIIUCKOB B OJIWH MYJBTHCIIHCOK.

OKOHOMHS TIAMSTH - JAJeKO HE eIWHCTBEHHAs MPHUYHHA, [0 KOTOPO NPHUMEHSIOT MYJIBTHCHHCKH. MHOTHE
peanbHBIe CTPYKTYPHI TaHHBIX HE CBOIATCS K THIIOBBIM CTPYKTYpaM, a MPEACTABIAIOT COO0H HEKOTOPYIO KOMOMHAITHIO
n3 HuX. [IprgeM KOMOWHHPYIOTCS B MYJBTHCIIHCKAX Camble pa3IWYHbIC CIUCKU - JHHEHHBIE W IUKIHYCCKHE,
OJIHOCBSI3HBIE U JIBYHAINPABJICHHbIE.
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Pa3nen 2. Tunbl JaHHBIX JIUHEHHOH CTPYKTYPBI.

Tema 2.1 JlanHbIe 2JIeMEHTAPHBIX THIIOB.
JlaHHBIC 3JIEMEHTapHBIX TUIOB IIPEICTABIIIOT 000 eanHOE M HemenuMoe Ienoe. B kaXkaplii MOMEHT BpeMeHH!
OHM MOTYT NPHHUMATh TOJBKO OJHO 3HadeHHe. Habop >meMEeHTapHBIX THIIOB B Pa3HBIX S3BIKAX MPOTPAMMHPOBAHUS
HECKOJBKO pa3IM4aroTCs, OIHAKO €CTh THIIBI, KOTOpBIC IOANCPKUBAIOTCS MPAaKTHYECKH Be3ne. PaccMoTpmM mX Ha
npumepe s3bika [lackans:
var
i, j: integer;
x: real;
s: char;
b: boolean;
p: pointer;
3/1ech OOBSBICHBI TEPEMEHHBIC 1, j LEJOYMCICHHOTO THIA, X — BCIICCTBCHHOTO, S — CHMBOJBHOIO, b —
JIOTHYECKOTO THIIA M P — YKa3aTelb.
K maHHBIM 3IIeMEHTapHBIX THIIOB MOKHO 00pamiaThes MO MX HIMEHAM:

i :=46;
x:=3.14;
s:="A’;
b :=true;

Tema 2.2 I_[aHHbIe YHUCJI0BOro, BemeCTBEHHOro, CHMBOJIbBHOI'0, JIOTHUYE€CKOI'O THUIIOB.
Hannvie yucnogvix munos.
C MOMOIIBIO HENBIX YUCET MOXKET OBITh MPEJCTABICHO KOJIUYECTBO OOBEKTOB, SBISIOIIUXCS TUCKPETHBIMH TI0
cBoeil mpupoze (T. €. CYETHOE YUCIO OOBEKTOB).
Z[I/IaHa3OH BO3MO>KHBIX 3HAYCHU N HCJIBIX TUIIOB 3aBUCUT OT UX BHYTPEHHETO MPEACTABIICHUA, KOTOPOC MOXKET
3aHUMaTh 1, 2 win 4 Oaiita. B Tabsuiie npuBOAUTCS MEPEYCHB IEIIBIX TUIIOB, pa3Mep MaMsATH I UX BHYTPEHHETO
MPE/CTaBICHMUS B OMTAX, MANa30H BO3MOKHBIX 3HAUCHUH.

Tin Jmimas saneapi Muusiimoe npegcrannenne
shortint 128...127 4 (U C0 SHAKDM
inieger 32768,..32767 | Gt e KM
| negint 2147483648, 214748 3047 32 (HTa CO SHAROM
byt {1,255 B GuT Des Haka
wird {I...h3335 |5 Gt Ges Tsaxa
Conp 4], 28| i GHTa CO SHAKOM

Onepayuu Hao 0AHHBLIMU YUCTOBLIX TNMUNOS

Hajx 4ucioBbIME THIIAMU, KaK U HaJ BCEMHU JAPYTHMMHU BO3MOXHBI, IPEXK/IE BCETO, YETHIPE OCHOBHBIX OMEPAIIUU:
CO3/1aHHe, YHUUTOKEHHE, BBIOOP, OOHOBIICHHUE.

CrieruuyecKiMy OneparssMyi HaJl YHCIOBBIMHA THUIIAMH SIBJISIOTCS apu(PMETHUECKHE ONEpaiuu: CIO0XKEHHE,
BBIUYUTAHUE, YMHOXCHHUE, AeiacHue. Oneparus BO3BEICHHS B CTEIICHh B HEKOTOPBIX s3bIKAX TAKIKE SIBIISICTCS 0a30BOM H
0003HayaeTcsl CIEIUAIBHBIM CHMBOJIOM MM KOMOWHAIIMEH CHMBOJIOB, B JPYTUX — BBIMOJHAICTCS BCTPOCHHBIMHU
GbyHKIMSIME.

Crnemyer oOpaTWTh BHHMaHHE Ha TO, YTO OIEpalds JCICHUS I0-Pa3HOMY BBIMONHSACTCA JUISL IENBIX W
BEIICCTBCHHBIX 4rcel. [Ipu neneHun enslx yucen ApoOHas 4acTh pe3ysibTara 0TOpackiBaeTcs, Kak Obl Onm3ka K 1 oHa
HU ObLIa. B cBsi3u ¢ 3TUM B s13bIKke [lackanp UMEIOTCS ake pa3Hble 0003HAUCHHUS [T JeTICHHS BEIIECTBEHHBIX U IEIBIX
Yucel — onepanuu «/» u «div» COOTBETCTBEHHO.

B npyrux s3pikax o06a Buma naeieHWss 0003HAYAIOTCS OJWHAKOBO, a THI JACJEHUS ONPENeNsIeTCs THIIOM
omepaHaoB. J[yst 1eNbIX onepaH 0B BO3MOXHA €IIe OHAOoIepaIysi — OCTaTOK OT JesieHus (B s3bike [lackanb onepamnus
«mod»).

Eme oxna rpynma omneparuii HaJ YMCIOBBIMH THIIAMH — OTIEPAllMU CPaBHEHUS >, <, >, <, =, <>, CyIIeCTBEHHO,
YTO XOTS ONEPaHAaMU ITHX ONEPALUi SBJISIOTCSA NAHHBIC YHUCIIOBBIX THUIIOB, PE3YJbTAT MX MMEET JIOTHYCCKUN THII —
«HCTHHA» WIH «JI0Xb». ['0BOps 00 ornepanusx cpaBHEHUS, CJIeyeT 0OpaTUTh BHUMaHUE Ha OCOOEHHOCTh BBITTOJTHEHUS
CpPaBHCHHI HA PaBEHCTBO/HEPABEHCTBO BEIICCTBEHHBIX 4yuCEN. [IOCKOJBKY 3TH YHCIa MPEICTABISAIOTCS B MAMSTH C
HEKOTOpOI (He a0COIOTHON) TOYHOCTHIO, CPABHEHUS MX HE BCET/Ia MOTYT OBITh a0COIOTHO JTOCTOBCPHBI.

[lockonBKYy OJHH W TE JKE OIEpalMy JOMYCTUMBI JJI1 Pa3HBIX YHUCIOBBIX THIIOB, BO3HUKACT Ipoliema
apu(METHYCCKUX BBIPAKCHUN CO CMCIICHHUEM THIIOB. B peajbHBIX 3ajadyax BBIPAXKCHUS CO CMCIIAHHBIMH THIIAMHU
BCTPEYAIOTCS TOBOJILHO 4acTo. [103TOMY OOJBIIMHCTBO SI3BIKOB JIOMYCKAET BBIPAKCHUS, OMEPAHIBI KOTOPBIX UMCIOT
pa3HbIe YHCIOBBIC THITBI, HO 00pa0aThHIBAIOTCS TaKHE BHIPAXKCHHS B PAa3HBIX SI3BIKAX MO-pa3HOMY. B olHUX sI3bIKax BCe
oTepaHbl BEIPAKEHUS MPUBOIATCS K OJHOMY THITY, a HIMEHHO K THITy TOH HEPEeMEHHOW, B KOTOPYIO OyIeT 3ammcaH
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pe3ysbTaT, a 3areM YK€ BBIpaXEHHE BbMHCIAETCS. B apyrux (Hampumep, s3pik CH) mnpeoOpa3oBaHHE THIIOB
BBITIOJIHSCTCS. B TIPOLIECCE BBIYKMCIICHUS BBIPAXKCHUS, NPU BBINOJHEHUHM KaXJOH OTIENIBHOM omepanuu, 0e3 ydera
JpyTUX Olepanuii; Kakaasi oneparys BEIYUCIAETCS ¢ TOYHOCTBIO CAMOI'0 TOUHOTO YYaCTBYIOILETO B HEl onepaHa.

Hannvie éewgecmeennozo muna

JlaHHBIE BEILECTBEHHOIO THUIIA B OTJIMYME OT LEJOYUCIEHHBIX THIIOB, 3HAuU€HUs KOTOPHIX Bcerzaa
MPEACTABISIIOTCS B maMATH OBM abCoMOTHO TOYHO, 3HAYCHHE BEMIECTBCHHBIX THUIIOB OMPENEISET YHCIO JIUIIL C
HEKOTOPOW KOHEYHOH TOYHOCTHIO, 3aBHUCSIICH OT BHYTPEHHET0 (JOpMaTa BeIECTBEHHOTO YHCIIA.

CyMMapHOE KOIHYECTBO OalTOB, MHAINa3oHbl AOIYCTUMBIX 3HAUCHWH YHCEN BEUIECTBEHHBIX THUIIOB, a TaKKe
KOJIMYECTBO 3HAYAIUX NU(P MOCIE 3aMATOH B IPEACTABICHUH YNCET IPUBEACHBI B TaOIHUIIE.

lEn AHBMEION TEaweHni fHaunmue uaippe | Faasep ndoitax
reil 290077, 110 11-12 fi
single L L34 L -8 i
double AT R B 1 15146 §

exiended L 0 [ e [ [4-21) 10

Jannvle cumgonvHo2o muna

3HAaYCHUEM CHMBOJILHOTO THIa char SBJSIOTCS CHMBOJBI W3 HEKOTOPOTO MPEAOIPEACICHHOTO MHOXecTBa. B
KauecTBe MPUMEPOB 3TUX MHOXkecTB MoxkHO Ha3zBath ASCII (American Standard Code for Information Interchange).
DTO0 MHOXECTBO COCTOUT U3 256 pa3HbIX CUMBOJIOB, YIOPSIOUYCHHBIX OMPEACICHHBIM 00pa30M, U CONEPIKUT CHMBOJIBI
3arJIaBHBIX M CTPOYHBIX OYKB, IIU(PP HAPYTHX CUMBOJIOB, BKIIOYAs CIICIIAATBHBIC YIIPABISIONINE CHMBOJIBI.

3HayeHue cUMBOJIbHOTO THMa char 3aHumaer B mamsatu 1 Gaiit. Kox ot 0 mo 255 B aToM OaiiTe 3amaeT OJuH U3
256 Bo3MoxkHbIX CUMBOJIOB ASCII TaOuIibL.

ASCII Bxmouyaer B ceOs OyKBEHHBIC CHMBOJIBI TOJBKO JIATHHCKOTO alipaBuTa. CHMBOIBI HAIIMOHAIHHBIX
andaBUTOB 3aHIMAIOT «CBOOOTHBIC MECTa» B TaONHWIE KOJOB U, TAKAM 00pa30M, oHa TaOJIHIIa MOXKET MOIACPKABATh
TONBKO OIWH HAIMOHANBHBIN andaBuT. DTOT HenocTatok mpeoxonieH Bo MHOKecTtBe UNICODE. B sToM MHOXecTBe
Ka)XIIbIii CHMBOJI KOJHMPYyeTCs NByMs Oaiftamu, uTo obecrieunBaeT Ooee 216 BO3MOKHBIX KOJIOBHIX KOMOWHAIINN U JaeT
BO3MOXKHOCTh UMETh EAMHYIO TAaONUIy KOIOB, BKJIIOYAOMIYI0 B ceOs Bce HamumoHambHBIE angaButel. UNICODE,
0e3yCIIOBHO, SBISETCS MEPCHCKTHBHBIM, OIHAKO, TOBCEMECTHBIM MEpeXxoa K JBYXOaWTHBIM KOJaM CHMBOJIOB MOXKET
BBI3BaTh HEOOXOIUMOCTh MEPEICIIKA 3HAUUTESILHOW YaCTH CYIIECTBYIOIIETO IPOTPAMMHOTO 00ECIICUCHUSI.

Crennduyeckue onepary HaJl CHMBOJBHBIMU THIIAMH — TOJIKO OTIEpallui cpaBHeHUs. [Ipu cpaBHEHUU KOMBI
CHUMBOJIOB DPacCMaTPHBAIOTCSA Kak Iesible yucia 0e3 3Haka. KomoBbie TaONHIBI CTPOSITCS TaK, YTO PE3YJbTATHI
CPaBHEHUsI [MOIYMHSIOTCS JICKCUKOTPa(QUUSCKUM MPpaBIJIaM: CUMBOJIBI, 3aHHUMAIOIIHE B aj(aBuTe MeCTa C MEHBIIUMHU
HOMepaMH, UIMEIOT MEHBIITUE KOJIbI, Y€M CHMBOJIbI, 3aHUMAIOIINE MeCTa C OONBITUMU HOMEpaMHU.

Jannvie nocuueckozo muna

3HAYCHUSIMU JIOTHIECKOTO TUIIA MOXKET OBITh OJHA U3 MPEABAPUTEIHFHO OOBIBICHHBIX KOHCTAHT false (J10%kb) mim
true (uctuHa). JJaHHBIE JIOTHYECKOTO THIIA 3aHUMAIOT OIWH OaiiT mamsatu. IIpu 3ToM 3HadeHUro false cOOTBETCTBYEeT
HyJIeBOE 3HaueHue 0aiiTa, a 3HAUYCHUIO true —Iro0oe HeHyIeBOe 3HAUeHHUe Oaiira.

Hag normvyeckuMu TumamMu BO3MOXHEI omepanuu Oyineoit anredopsr — HE (not), WJIM (or), W (and),
NCKITIOYAIOIIEE WUJIN (xor). [TocnenHss onepaiiis peaqn3oBaHa sl JJOTHYECKOTO THITa HE BO BCeX si3bIkax. Kpome
TOTO, CIEAYET MIOMHUTH, YTO PE3YIbTATHI JIOTHUECKOTO THIA MMOJIY4at0TCs TIPU CPAaBHEHUH JAHHBIX JIFOOBIX THUIIOB.

HutepecHo, 4to B si3bike CH JaHHBIC JIOTHYECKOTO THIIA OTCYTCTBYIOT, WX (DYHKIIMH BBIMOJHSIOT JaHHBIC
YKCJIOBBIX THUIIOB, Yallle BCEro THma int. B JIOrHYECKUX BBIPAKEHHSX OIEPAHI JIFOOOTO YHCIOBOIO THIIA, UMEIOIIUI
HyJIEBOE 3HAUEHHUE, pPacCMaTpPHUBAECTCSI KaK <JIOKb», a HEHYJEBOE — KaK «UCTHUHA». Pe3ynbTaTamMH BBIPAKCHHIMA
JIOTUIECKOTO TUTIA SBJISIFOTCS Tienbie yucia 0 (Joxp) uinu 1 (uctuna).

Tema 2.3 /lanHble THIIA YKA3ATeJb.

Tun ykazaTenst nmpeacTaBisieT co0oi aznpec suekn mamsaTH. OU3HUECKOe MPECTaBICHUE apeca CYIIEeCTBEHHO
3aBUCHUT OT alNapaTHOW apXUTEKTYPHI BBIYUCIUTEILHONH CHCTEMBI.

B s13pIKax mporpaMMHpOBaHMS BBHICOKOT'O YPOBHS OIpejelieHa CHelualibHas KOHCTaHTa nil, KoTopas o3Ha4aeT
MYCTOH yKa3aTesb WIN yKa3aTesb, He COAepKallii KakoH-T00 KOHKPETHBIH aipec.

[Ipn pemeHMn NPUKIAAHBIX 3a]lad C HMCIOJIb30BAaHHWEM SI3BIKOB BBICOKOTO YPOBHS Hamboliee 4yacThle CIydad,
KOI'Jla MOT'YT IIOHaJOOUTHCS yKa3aTeNu, ClleIyolue:

1) mpu HEoOXOAMMOCTH NPEACTABUTH OAHY M Ty K€ 00JacTh MaMsATH, a CIeNOBaTeNbHO, OJHH M TE XKe
(u3muecKye TaHHBIE KaK JaHHBIC PA3HOM JIOTHUECKOI CTPYKTYphl. B 3TOM ciydae BBoAsATCs Ba MK Ooliee yKasarteneH,
KOTOpPBIE COJIepXKAaT aJpec OJHON M TOH ke 00JacTH MaMsATH, HO MMEIOT pasHeld Tum. OOpamasce K 3Toi o0iacTu
ImaMATH 110 TOMY WJIM HHOMY YKa3aTeCJIro, MOXKHO O6pa6aTBIBaTB €€ COACPIKNMOE KaK TaHHBIC TOT'O WUJIM HHOT'O THUIIA,

2) mpu paboTe ¢ AMHAMHUYECKUMH CTPYKTYpaMH NAaHHBIX. [laMsTh mox Takue CTPYKTYPHI BBIIEISACTCS B XOJIE
BBITIOJTHEHHS TPOTPAMMBI, CTaHIAPTHBIC MPOLEAYPHl/(YHKINH BBIACICHUS MAMATH BO3BPAILAIOT aJpec BbIICICHHON
obyacTn mamsTH — YyKaszaTeiab Ha Hee. K copepXUMOMy IMHAMHWYECKH BBIJCJICHHOW OOJACTH NaMSITH MOXHO
00palIaThCcs TONBKO Uepe3 TAKOH yKa3aTelb.

B s3pIkax BBICOKOTO YpOBHS yKa3aTeNd MOTYT OBITh THIM3UPOBAaHHBIMH M HETUNHM3MPOBaHHBIMH. [Ipm
0OBSBICHUM TUIM3MPOBAHHOIO yKa3aTelsl ONpeAessieTcs M THI JAaHHOTO B MaMATH, aJpeCyeMOro 3THUM YKa3aTejeM.
[IpuBenem npumep oObsiBICHNS B si3bIKe [1ackanb pa3InyHbBIX THITM3UPOBAHHBIX yKa3aTele:
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var
ipt: Ninteger;
cpt: “char;

3n1ech nmepeMeHHas ipt colepkHT ajpec o0NacTH NaMsITH, B KOTOPOH XpaHMTCS LEJIOe YUCIO, a cpt — ajpec
obnactu naMsTH, B KOTOpOﬁ XpaHUTCA CUMBOIJI. XoTsa (1)1/[31/[11601(351 CTPYKTYypa aJgpeca HC 3aBUCUT OT THUIIAa U 3HAUCHUIA
JAHHBIX, XPAHAMIAXCS [0 ATOMY a/Ipecy, CIMUTACTCA, UTO YKA3aTeIH ipt M cpt UMEIOT pa3HBIi THII.

HerunusupoBaHHbI yKa3aTelb CIYXKUT AJi1 HIPEINCTaBICHHs ajpeca, MO KOTOPOMY COAEpXKaTcs [TaHHbIE
Hem3BecTHoro Tuma. B Ilackame »To Tmm pointer. PaboTa ¢ HETHNM3MPOBAHHBIMH YKa3aTEISIMH CYIIECTBEHHO
OTpaHMYEHa, OHM MOTYT HCIIOJB30BATHCS TOJNBKO I COXpaHEHWs ajapeca, a oOpalleHHe MO ajpecy, 3aIaBaeMOMY
HETUITN3UPOBAHHBIM YKa3aTE€JIE€EM, HEBO3MOKHO.

OCHOBHBIMH OTIEpPAallMsIMH, B KOTOPBHIX YYACTBYIOT yKazaTelld, SBJSIIOTCS IPHUCBAaWBaHUE, IOJydeHHE anpeca,
BBIOOpKA.

HpI/ICBaI/IBaHI/Ie SABIIACTCA I[ByXMeCTHOﬁ onepauneﬁ, oba OorcpaHaa KOTOpOﬁ YKa3aTceiu. Kak u JUIA ApYTrux TUIIOB,
Oorcpanusa NpucBanBaHUsA KONIMPYCT 3HAYCHUEC OJHOT'O YKa3aTeJid B ,leyl"Oﬁ, B pE€3yJibTaTe oba YKa3aTeiid

GYILYT COACPIKATb OAMH U TOT K€ aApeC MaMsATH. Ecnu ob6a yKazateiid, y4aCTBYIONIUE B ONI€pallu NpruCBanBaHUA
TUIMMU3UPOBAHHLBIC, TO 00a ouu JOJDKHBI YKa3bIBaTh Ha JaHHBIC OJHOI'O U TOI'O K€ THUIIA.

Onepaunﬂ nojydyeHusa aapeca — OJHOMECTHasd, €€ OIcpaHd MOXKET UMETb mr000H THIIL. Pe3yﬂLTaTOM SABIIACTCA
TI/IHI/ISI/IPOBaHHHﬁ (B COOTBCTCTBHH CTHUIIOM onepaHna) YKa3artelib, coz[epxcaumﬁ aJipec orepanaa.

Onepaunﬂ BLI60pKI/I — OAHOMCCTHAs, €€ OICPAHAOM SABJIACTCA TI/IHI/ISI/IpOBaHHHﬁ YKa3aTeilb. PeSynLTaTOM 3TOH
ornepanuu SABJIAKOTCA HNaHHBIC, BLI6paHHBIe U3 maMsATh 10 aJaApecCy, 3aAaHHOMY OICPpaHAOM. Tum pe3yibTara
OIPCACIIACTCA TUIIOM YKa3aTeJIsd.

Hepe‘II/ICHeHHBIX onepauﬂﬁ AOCTATOYHO UIA pCHICHHUA 3a4a4 MPUKIAIHOI0 NPpOrpaMMHUpOBaHus, IIOSTOMY Ha60p
onepauﬂﬁ HaJl yKas3aTCeJsIMH, JOIMMYCTUMBIX B A3BIKE HaCKaﬂb, 9THUM U OrpaHUYMBACTCA. CucreMmHoe IporpaMMUpPOBAHNE
Tpebyet Oosiee TMOKOI paboOTHI C ajpecamu, OATOMY, HarpuMmep, B si3bike CH JIOCTYIHBI TaKKe OINEpaluy aJpecHON
apU(PMETHKH.

Pa3nen 3. AnropuT™Mbl COpPTHPOBKH MACCHBOB.

3agaya COPTHPOBKH SIBIISICTCS Takoil ske 0a30BO, Kak 3aj1ada IMOKMCKA. B MpakTHYECKNX YCIOBHUSX 3TH 33Ja4d
B3aMMOCBSI3aHbI. Perennto npobiiem, CBSI3aHHBIX ¢ COPTHPOBKOM, TMTOCBAIIEHO MHOXECTBO ()yHIAMEHTAIbHBIX HAyIHBIX
HCCIEI0BaHNH, pa3padOTaHO MHOXKECTBO AJITOPUTMOB.

B o0mem ciay4ae COpTHPOBKY ClEAyeT HMOHHMAaTh Kak MPOIEcC MEeperpyniupoBKH 3aJaHHOTO MHOXKECTBa
00BEKTOB B OIpEAETICHHOM TMopsAake. YacTo mpu COPTUPOBKE OOIBIINX OOBEMOB JaHHBIX HeIEeleco00pa3Ho
MEePecTaBIATh CaMM DJIEMEHTHI, MO3TOMY Ul pEIIEHHUs 3aJaddl BBINOJIHACTCS YIOPSAAOYMBAHUE JIIEMEHTOB IIO
uHAekcaM. To ecTh MHAEKCHI 3JIEMEHTOB BBICTPAMBAIOT B TAaKOH MOCIEIOBATENHHOCTH, YTO COOTBETCTBYIOILIHE HM
3HAYEHHUS DJIEMEHTOB OKa3bIBAIOTCS OTCOPTHPOBAHHBIMHU T10 YCIOBHIO 3aauH.

CopTHpoBKa NpPUMEHSETCS A OOJIerYeHHs] IOMCKa 3JIEMEHTOB B YIOPSAOYEHHOM MHOXecTBe. 3ajada
COPTUPOBKH OJIHA U3 ()YHAAMEHTHBIX B IPOrPAMMHUPOBAHHH.

CopTupoBKa — 3TO yropsiiouMBaHue HaOOpa OJJHOTHUIHBIX JaHHBIX M0 BO3PACTAHUIO WIH yOBIBAHUIO.

Tema 3.1 CopTupoBKa MacCMBOB MeTO/I0M BbIOOpa.

3Tto HamboJee eCTECTBCHHBIH AITOPUTM YHOpPsIOYHBaHHA. [Ipu MaHHOW COPTHPOBKE M3 MacCHBa BEIOHMpaeTCs
9JIEMEHT C HAaUMEHBIIUM 3HAYCHUEM M OOMEHHBAETCS C MEPBBIM DJICMCHTOM. 3aTeM u3 ocTaBmHXCS N - 1 3IIEMEHTOB
CHOBa BBI6I/Ipa€TC$I 3JIEMEHT ¢ HAUMEHBIIINM KJIYOM H OOMEHHBAETCS CO BTOPBIM 2JICMCHTOM, U T.J. (pI/IC.)

Illaru ajropurma:

- HaXOJAUM MUHHMAJIbHOC 3HAYCHHC B TeKyHleﬁ qaCcTHU MacCCHBa,

- IPOU3BOIUM OOMEH 3TOTO 3HAYCHHS CO 3HAYCHHEM Ha MEePBOIl HEOTCOPTHPOBAHHOHN ITO3HIINY;

- Jajec COPTUPYEM XBOCT MAaCCHBA, UCKIIFOYUB U3 PACCMOTPEHUA YKE OTCOPTUPOBAHHBIC DJICMCHTHI.

HcxonHas nociaenoBaresibHocTs N=6:

1 7 5 6 4 2
max =6 u3 a/0]...a[N-1]

1 2 5 6 4 7
max =5 u3 a/0] ...a[N-2]

1 2 5 4 6 7
max =4 u3 af0] ...a[N-3]

1 2 4 5 6 7
max =3 u3 a/0] ...a[N-4]

1 2 4 5 6 7
max =2 u3 a/0] ...a[N-5]

1 2 4 5 6 7
max =1 u3 af0]...a[l]

1 2 4 5 6 7
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//0nvicauve GYyHKLUMU COPTUPOBKU METONOM IPOCTOTO BHBOpPA
void SelectionSort (int k,int x[max]) {
int i,Jj,min, temp;
for (1=0;i<k-1;1i++) {
//ycTaHaBiauBaeM HauvaJIbHOE S3HAUEHMEe MMHMMAJIbHOT'O MHIEeKCa
min=i;
//HaxonouM MUHUMAJILHEM MHIEKC 3JIeMeHTa
for (J=i+1;j<k;j++){
if (x[7]<x[min])
min=j;
//MeHdgeM BHadYeHMA MEeCTaMM
}
temp=x[il];
x[1i]=x[min];
X [min]=temp;

}

Kak 1 B Ty3bIpEKOBOIf COPTHPOBKE, BHEITHMIT UK BhmosHseTcs N—1 pas, a BHyTpennuit — B cpemnem N/ 2
pa3. CienoBartesbHO, COPTUPOBKA METOJIOM IIPOCTOTO BBIOOpa TpeOyeT

(n* —n)
2

CpaBHEHHI.

Takum 00pa3om, 3TO aNrOpUTM HOpPAIKa n’ , U3-332 4ero OH CUUTAETCS CIUIIKOM MEIJIECHHBIM JUIl COPTHPOBKH
OOJIBIIOTO KOJMYECTBAa 3JEMEHTOB. HecMOTpst Ha TO, YTO KOJMYECTBO CPaBHEHWH B IY3BIPHKOBOWH COPTHPOBKE MU
COPTUPOBKE ITPOCTHIM BBIOOPOM OJIMHAKOBOE, B MOCIIEAHEH KOJMYECTBO OOMEHOB B CPEHEM ClIydae HAMHOTO MEHBIIIE,
4eM B ITY3bIPbKOBON COPTUPOBKE.

Tema 3.2 CopTupoBka MeT010M 00MeHa (“my3bIpbKa™).

CambIii M3BECTHBIA aJTOPUTM — ny3vIpbKogas copmuposka (bubble sort, copTHPOBKa METOAOM ITy3BIpbKa HIIH
MMpOCTO COPTUPOBKA Hy3BIpBKOM). Ero NOoIyJIAPHOCTH o0BACHSIETCS HUHTCPCCHBIM HA3BAHUEM U HpOCTOTOﬁ caMoro
ajropuTrMma.

AJ'Il"OpI/ITM MOIApHOTO CPpaBHCHUA DJIEMCHTOB MACCHBA B JIUTCPATYPC YACTO HA3BIBAOT «MCETOJAOM ITY3bIpbKa»,
MPOBOISI aHAJIOTHIO C MY3BIPHKOM, MOJHUMAIONIMMCS CO JTHA OOKaia ¢ ra3upoBaHHON Bono#l. [To Mepe BCIUIbIBaHUS
My3bIPEK CTAJIKUBACTCS C APYTHUMH ITy3BIPbKaMU U, CIIMBAsACH C HUMH, YBETHUHUBaeTca B 00beMe. UTOOB!I aHanorus craia
OYEBUJIHOM, HY’KHO CUUTATh, YTO JIEMEHTHI MacCUBa PACIIOJIOXKEHBI BEPTUKAIBHO IPYI HAJ IPYroM, U UX HYXKHO TaK
YHopsAaa04YuTh, qT00BI OHH YBEJIMYUBATINCh CBEPXY BHU3.

AJNTOPUTM COCTOHUT B MOBTOPSIONIIMXCS NMPOXOAAX MO COPTUPYEMOMY MAcCHBY. 3a KaXKABIN MPOXOJ 3JIEMEHTHI
IMOCJICAOBATCIIbHO CPABHUBAIOTCA IMOMAPHO U, €CJIH IMOPpAJOK B Iape HeBepHBIﬁ, BBITIOJIHSETCSI OOMEH DIEMEHTOB.
HpOXOZ[BI 0 MAaCCHUBY HNOBTOPAIOTCA A0 TE€X MOP, IOKA HA OYCPEIHOM ITPOXOJAC HC OKAXKETCA, YTO 00MeHBI OOJIbIIIE HE
HY’KHBI, YTO O3HA4Ya€T — MACCHUB OTCOPTHUPOBAH. HpI/I IpoxoaAc aJroputMa 3JCEMCHT, CTOSIH.II/Iﬁ HE Ha CBOEM MECTCEC,
«BCILTBIBACTY IO HY>KHOU TIO3UITUH (pHC.).

Wcxonnas 6 3 7 1 5
[TOCJIEI0BATEILHOCTE
N=5:
Ilar 1: 6 3 7 1 5
3 6 7 1 5
3 6 7 1 5
3 6 1 7 5
3 6 1 5 7
Iar 2: 3 6 1 5 7
3 6 1 5 7
3 1 6 5 7
3 1 5 6 7
IIIar 3: 3 1 5 6 7
1 3 5 6 7
1 3 5 6 7
IIar 4: 1 3 5 6 7
1 3 5 6 7
Hrtoroas 1 3 5 6 7
[IOCJIEOBATEILHOCTD:
//0nvicanme GOYHKLUMU COPTUPOBKU METONOM "Ny3HpbKa"
void BubbleSort (int k,int x[max]) {

int i,3j,buf;
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for (i=k-1;i>0;i--)
for (3=0;73<i;j++)
if (x[31>x[3+1]) |
buf=x[j];
x[J1=x[3+11;
x[j+1]=buf;
}
}
B ny3bIppKOBOM COPTHPOBKE KOJIMYECTBO CPABHEHUM BCErJa OJHO M TO JK€, IOCKOJIbKY JBa LuKiIa for
MOBTOPSIOTCS YKa3aHHOE KOJMYECTBO Pa3 HE3aBHCHMO OT TOTO, OBUI CIIUCOK M3HAYAJBHO YIOPSJIOYCH WIX HET. DTO
3HAYUT, YTO AITOPUTM ITY3bIPbKOBOM COPTUPOBKHU BCET/A BHIIIOJIHSET

2
(n°-n)
CpaBHEHHH, IZie N — KOJIMYECTBO COPTHPYEMBIX 3JIeMeHTOB. JlaHHas (opMmyna BBIBEAECHA HAa TOM OCHOBAaHHH, YTO

BHeIIHUI LUK BeimonHsercs N —1 pas, a BHyTpeHHUIA BhIMONHAETCS B cpefHeM N /2 pas.

[Ty3pIppKOBasi COPTHPOBKA MMEET TaKyl0 OCOOCHHOCTB: HEYNOPSIOYCHHBIE SJIEMEHTHI Ha «OOJBIIOM» KOHIIE
MacCHBa 3aHMMAIOT IIPaBUIIBHBIE MOJOKEHHUS 3a OJHMH NPOXOJ, HO HEYIOPSNAOYEHHBIE DJIEMEHTHI B HadaJe MAacCHUBa
MIOJHIMAIOTCSI HA CBOM MECTa OYeHb MeIUIeHHO. [109TOMy, BMECTO TOTO YTOOBI MOCTOSHHO IIPOCMATPHBATH MAcCHB B
OJTHOM HAIIPaBIICHUH, B TOCIECAOBATEIBHBIX MIPOX0JaX MOXKHO YepelIOoBaTh HANpaBICHUSI. TakuM 00pa3oM, 3JIEMEHTHI,
CUJIBHO yJIaJICHHBIE OT CBOUX IOJIOKEHHUH, OBICTPO CTAaHYT Ha CBOM MecTa. J[aHHas BepcHsl My3bIPbKOBOW COPTHPOBKU
HOCHT Ha3BaHUE welkep-copmuposku (Shaker sort copTupoBKa MepeMeNIMBaHHEM, COPTHPOBKA B30alThbIBAHUEM,
COPTUPOBKA BCTPSAXUBAHUEM ), TIOCKOJIBKY JACUCTBUSA, MPOU3BOJAUMBIEC €10 C MACCHBOM, HATIOMUHAIOT B30I ThIBAHUE WU
BcTpsxuBaHue. Hike noka3aHa peann3anus MLeUKep-COPTUPOBKU.

//Onmucanve QyHKUUM WENKEeP—COPTUPOBKM

void Shaker (int k,int x[max]) {

int i, t;
bool exchange;
do {
exchange = false;
for (i=k-1; i > 0; --i) {
if(x[1i-1]1 > x[1]) |
t = x[1i-1];
x[1-1] = x[1];
x[1i] = t;
exchange = true;

}
} while (exchange) ;
//copTupoBaThL IO TexX 0P, [OKa He OymeT OOMEHOB
}

XOTs EeHKep-COPTUPOBKA U SIBISAETCS YIYUIIEHHBIM BapUMAaHTOM 10 CPABHEHMIO C IIy3bIPbKOBOWH COPTHUPOBKOMH,

2 o
OHa MO-TIPEKHEMY HMMECT BPEM BBIINIOJHCHUA IOPAIKaA N". D10 o0BsACHIETCS TEM, YTO KOJUYECTBO CPABHCHHUHU HE
N3MCHUJIOCH, 4 KOJIUYCCTBO 00MEHOB YMEHBIIUJIOCH JIMIIIb Ha OTHOCUTEIIBLHO HC6OJ'II)I_HyI-O BCIIMYNHY.

Tema 3.3 CopTHpPOBKA YeTHOYHBIM METOI0M.

Ipu copruposke maccuBa af[0], a[l], .., a[N-1] dgenHOYHBIM MeTOJOM, HAYWHAS C MEPBOTO DJIEMEHTA
CpaBHMBAIOT JBa coceanux daementa (a[i] u a[i+1]), ecu nopsaok He Hapyuren (a[i]<=a[i+1]), To npoasurarorcst Ha
onuH 3ement Brepen (i=i+1), ecnm mopsimok Hapymien (a[i]>a[i+1]), To mpousBoaKTCS IEPECTAHOBKA U CIBHTAIOTCS
Ha oauH aneMeHT Haszaj (i=i-1). Takum o0pa3oM cpaBHMBas M MEPECTABISIA JNEMEHTBl JOXOIAT [0 KOHIA MAcCHBa
(i=N-1), mpu 5TOM MacCHB CTAHOBHUTCS YIOPSAAOYCHHBIM. PaboTa anropur™a WUTFOCTPUPYETCSE CACAYIOIMM TPUMEPOM:

Hcxonnas nocienosarensHocTs N=5
i=0 (mopsiaoK HApYIICH)
i=0 (mopsLIOK HEe HAPYILICH)
i=1 (mopsLIOK He HApYILICH)
i=2 (HOPSOOK HAPYILEH)
i=1 (mopsIOK He HapyIIEH)
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i=2 (mOpsLIOK HEe HAPYILICH)
i=3 (mOpsIIOK HApYIICH)
i=2 (MOpsIIOK HAPYIICH)
i=1 (mopsioOK HApYIICH)
i=0 (mopsLIOK He HAPYILCH)
i=1 (opsIIOK He HAPYIICH)
i=2 (opsIIOK HE HAPYIICH)
i=3 (mopsIIOK HE HAPYIICH)
i=4: IToroBast mocIieI0BaTeIbHOCTE
[IporpammHas peanuzaius 3TOro MeToaa Ha si3bike Cu, OyIeT BRITTIAACTD CIEAYIOMICH:
#include<conio.h>
#include<iostream.h>
#include<stdlib.h>
main()
{
const N=5;
int A[N];
int i
for (i=0; i<N; i++);
cin>>A[i]; //BBoA 3Ha4YeHUn maccmBa
int swap;
i=0;
while (i<N-1)
if (A[i]>A[i+1]) {swap=A[i+1];
Ali+1]=A]i];
Alil=swap;
I--
if (i<0) i=0;
}
else i++;
cout <<A[i]<<™
getch();
}
}
Ecnu B ycnosuu if (A[j]>A[j+1]), moMeHsITh 3HAK Omepaluy CpaBHEHHsS Ha MeHblIe (<), TO MOCIECIHHUMHU
JJeMEHTaMH B TMOAMaccHBaXx OyIyT OKa3pIBaThCS HAaWMEHBINIWE 3HAUYCHWS W COPTHPOBKA MacchBa Oyaer
OCYIIECTBIISATHCS TIO YOBIBAHUIO.

Tema 3.4 CopTUPOBKA METOA0M BCTABOK.

JIaHHBIH METOJ| COPTMPOBKU MAacCHBAa OCHOBAH HA BCTABKE JJIEMEHTOB M3 HEYIIOPSIOYEHHON YacTH MAaccuBa B
ymopsigouennyro. Cumraercsi, uto mnepBonadanpHo maccus a[0], a[l], ..., a[N-1] siBaseTcs He OTCOPTHPOBAHHBIM,
MO3TOMY YIOPSIOYEHHAST YacTh OymeT COCTOsATh M3 omHOro mepsoro smementa a[0], a HeymopsimoueHHas W3 Bcex
anmemenToB MaccuBa a[l], ..., a[N-1]. Ha xaxxmom miare meroja W3 HEyMOPSIOYEHHOW YaCTH M3BJEKAETCS MEPBBIN
DIIEMEHT W MMOMEMIAETCS B YIOPSAIOYCHHYIO, TaK YTOOBI HE HAPYyIIAJCSA MOPSAOK. [Ipr 3TOM KOJNMYECTBO DIEMEHTOB B
YIOPSIOUSHHOM YaCTH yBEJIMYMBACTCS HA 1, a B HEYHOPSIOYEHHOM yMenbinaercst Ha 1. [Ipoiecc BCTaBKU SIIEMEHTOB
HPOKCXO/UT JI0 TEX IOp, II0KA BECh MACCUB HE OKAXKETCS OTCOPTUPOBAHHBIM.

i=2 [8]s]os[7]|>[5]8[o]3]7]

i=3 [s]sfo]s[7]>[0]s[8[3]7]

i=4 [o]s]|s[8]7]~>[o]5]5][8]7]

i-5 [o]3]|s[8[7]~>[o[3][s5]7]8]

HpOFpaMMHaSI peajm3anus 3TOro MeTo/ia Ha A3bIKE CI/I‘H‘, 6y}1€T BBITJIAACTH CHC,HYIOMCP'IZ
#include<conio.h>

#include<iostream.h>

#include<stdlib.h>

main()

{

const N=6;

int A[N]J;

inti,j,element;
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for (i=0; i<N; i++)
for (i=1; i<N; i++)
cin>>A[i]; //sBOA 3Ha4YeHWn maccuBa
{ element=A[i[;
=
while (A[j-1]>element)
{AlI=AG-1];
I
if (j<1) break;

Alj]=element;
}
for (i:O; i<N; i++) cout << A[i]<< " ..;
Cout <<A[i]<<1m nm;
getch();

Pa3nen 4. XemupoBaHue.

Tema 4.1 Xem-pyHkuumu.

B xauectBe xem-dpynkimu h(K) BeiOupaetcs (QyHKIHS, KoTOpas Goiee pPaBHOMEPHO PacCEMBACT KIFOYH IO
MPOCTPAHCTBY TaONUIBI. DTO BAXKHO ISl YMEHBIICHHS YHCIIA KOJUTH3UK. [{Jisl paccestHHBIX TaOiuI] XapakTepHO 3apaHee
Ha3HA4YaTh O0BEM MaMSTH, KOTOpas OTBOAMUTCSA MOA Tabmuimy. [IpemonaokuM, 4To Xeu-QpyHKIus umeeT Gomee M
pasmmunbix 3HaueHuit 0 < h(k) < M. Xopomas xem-(yHKIHS [OODKHA YIOBJICTBOPATH ABYM TpeOOBaHHAM: e
BBIYHCIICHHE JIOJDKHO OBITh OBICTPHIM, @ YHCIO KOJUIM3WN — MHUHHMAJbHBIM. JKCIEPUMEHTAIBHO ObLTa BBISBICHA
xopoimas paboTa AByX THIOB xeur-¢pyHkuui. OIuH U3 HUX OCHOBAH HA JCJICHHUH, APYTON HA YMHOKCHHUH.

Merton nenenus ucmonb3yer octatok ot aenenust Ha M: h(K) = k mod M. OueBrnaHo, 94T0 HEKOTOPBIC 3HAYCHUS
M nyame apyrux. Hampumep, eciiu M yetHo, To 3nauerue h(K) Oymer deTHbIM mpu 4eTHOM K M HEYETHBIM MpH
HeueTHOM K. Eciii B HEKoTOpoM (hailie Bce KIFOYM YETHBI, TO paccesHue OyAeT IUIOXMM M IaMATb Oyner
MCIOJIb30BaThCS TOJIBKO Ha 50%.

MO’KHO MPETIOKUTE CISAYIONHiA criocob onpenenerus ¢pyukuuu xemuposanus: h(K) = (a-k + b) mod M, rre a,
b — HexoTOpBIE KOHCTAHTBI. DTO NCEBAOCITyYaliHOE Tpeodpa3oBaHUe KIK04a B apec.

[Ipumep:

a=17;b=23; M =100.

h(42) = 37.

MynbTHIUIMKATUBHYIO CXEMy  XEIIHPOBAHUS TAKKE JIETKO peann3oBarh. IIycTh YHCIO A TMpPEACTABICHO B
(dopmare ¢ HUKCHPOBAHHOM TOYKOW M 3TA TOYKA YCTAHOBIICHA CJIEBA OT MAIIMHHOTO CJIOBa, B KOTOPOM 3alHCaHO A.
Torna xeur-pyHKIMs Beraucisercs cieayomum oopazom: h(k) = M-((A-K) -mod 1).

IIpumep:

A=0,385; M =100.

h(42) = 17.

BbUT0 MpUIYMaHO MHOTO APYTHX METOJOB XCUIMPOBAHMS, HO HU OJMH M3 HHUX HE OKAa3aJcs MPEANOYTHTEIbHEH
OIMCAHHbIX BBIIIE MPOCTBIX CXEM JECJICHHS 1 YMHOKCHHS.

Tema 4.2 MeToasb! pa3penieHusi KOJIH3HIA.

Memoo yenouex nepenoaHeHus.

HawnbGonee npocToii crmoco6 pa3pemeHus KOJTU3UH COCTOUT B TOM, YTOOBI TOIePKUBaTh M JIMHEHHBIX CITUCKOB
— II0 OTHOMY Ha Ka)K]lBIﬁ BO3MOYKHBIN Xemr-aapec. Bce 3anucu JOJDKHBI UMETH MOJISA CBA3U, KPOME TOI'0, HY’>KHO UMETH
M ronoB cnuckoB XeHI-(i)yHK[H/IH BBIYUCTIAECT HOMEP CIIMCKa, B KOTOPOM CJICAYCT UCKATh 3aITUCh. ITouck 3ammcu B
CIHCKE MPOM3BOAMTCS MOCieaoBaTelbHbIM nepedopom. Ecmu nmeercs N 3anmceit 1 M cniuckoB, TO cpeJHHH pa3mep
crncka paseH N/M.

S I I o
"SR ]

S

Torma ocHOBHBIE omepamuy C TAOMUIEH BBITIONHSIIOTCS CICTYIONMM o0pa3oM. BcTaBka: BBIYHCIAETCS HOMEP
CIFCKa; 3aITUCh NMOMEIIAeTCsl B HaJalo 3Toro crucka. [Tonck: BEIMUCISETCS HOMEp CIHCKa, Jajee MOCIeA0BaTeIbHBIN
nepebop. Y naneHue: onepanns NoucKa + yaaJeHne 3aliCH U3 CIIHCKA.

MO>XHO KOMOMHHPOBATH CITUCKH C JCPEBBIMH. ITO IOMOXKET YIIYUIIUTh BPEMs TIOUCKA M BCTABKU.
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Memoo omxpeimoii adpecayuu.

MeToa COCTOUT B TOM, YTOOBI, OTIPABIISAACH OT BBIYUCICHHOTO XEII-afpeca, IPOCMaTPHBATh 3aIUCH A0 TeX 0P,
noka He Oy/eT HalIeH HCKOMBIN KITFOU Wi cBoOo IHast mo3uiums. [IpocTeiiiras cxema OTKPBITOM afpecaliy, H3BeCTHasI
KaK JIMHeWHOe OnpoOHpOBaHue, HCIOIb3YeT LHUKInYecKyo nociaenosarenbuocts npo6d h(K), h(k)+1, h(k)+2, ..., M-1, 0,
1, ... h(k)-1.

Paccmompum onepayuu 6cmasku, NOUCKA U YOAAEHUSL.

Bceraeka. Beraucisiercs xeur-agpec. Ecinu mo3uuust mo 3ToMy aapecy cBOOOAHA, TO 3alUCh TyAa MOMELIACTCS.
Ecnu 3aHsATa, OT OTHPaB/SSICH OT BBIYHCICHHOrO Xewr-agpeca mepeOupaeM MO3MIHK TaONUIBl OAHY 3a OPYTOi
[UKINYECKH B OMCKAaX CBOOOIHOI 3amucu. Ecim cBOGOHAS 3aMiCh MO3ULHS HAWACTCS, CIIEHOBATENBHO, IPOM3BEICM
BCTaBKy. Eciu He HaWmeTCs, CIef0BaTeNbHO, TaOJMIA epernonHmIacs. Torna Hy)KHO BBIIOJIHUTh PEXCHINPOBAHHE C
6ospIIM 3HaUEHHEM M.

IMouck. Beruncinsiercst Xel-aapec 1 HaunHas ¢ Hero, nepeOduparoTCsi BCe 3alMCH A0 TEX MOp, MOKa He 0OHAPYKUM
MCKOMBIH KITFOY WJIM HE BCTPETHM CBOOOAHYIO MO3uLKI0. Eciii HalijeHa cBOOOAHAS MO3UIIKS, CIIEIOBATEIBHO, KII0Ya B
Tabuie HeT, 10O MPH BCTABKE HCIONB30BANICS TOT KE METO]] MPOCMOTpa Tabauipbl. MoeT moTpeboBaThCsl MPOCMOTP
BCell TaONHUIIBI TS IOUCKA OTCYTCTBYIOLIETO KITFOYA, €CIH TabJIHIa BCs 3aMOIHEeHA.

VY nanenue. [IpocTo ynanuTh 3amuch, IOMETHUB e KaKk CBOOOJHYIO HENb3s, TaK Kak MPH 3TOM HapyIuTcs paboTa
ATOPUTMOB MOWCKa W BCTaBKU. [103TOMy Oyaem momeyarh 3amiCH Kak CBOOOMHbBIC, 3aHAThIC W yaaneHHbie. [Ipu
HOKCKE yIaJIeHHbIC 3allUCH TPAKTYIOTCS KaK 3aHsAThie. B cilydac BCTaBKH yIaJCHHBIC 3alMCH OYIyT TPAKTOBATHCS KAk
cBoGoxubre. CleI0BaTENIbHO, €CIIH BCTPETHTCS yOajeHHAasl 3aliCh, BCTaBKa OyneT mpom3BeneHa B Hee. OnHAaKo sra
U/esl IPUMEHUMA TOJIBKO IIPH OYCHb PEAKHX yIAICHUSX, HOO OAHAKIBI 3aHSTAs 3aMCh HUKOTJa HE CTAHET CBOGOIHOM.
IMosToMy MOCIe MHOXECTBA BCTABOK M YOAJ€HUI BCe CBOOOIHOE MPOCTPAHCTBO B TAGIIMIC HMCUE3HET M Ka)KABIM
HEyJauHbll MOMCK Oymer TpeboBarh MpOCMOTpa BCeX M 3ammcedl, T.e. CBENETCS K IOCICIOBATEIHLHOMY.
CrnenoBatenbHO, TpeOyeTCs pexemnupoBaHue.

Takoit MeTo7 paboTaeT XOpOIIO, TMOKa TaOJiWIla HE CIMIIKOM 3amojHeHa. [y nuHeHHOro ampoOHpOBaHUS
XapaKTepHO SBIICHHE CKyYMBaHMSA — CKOIUICHHMs 3amuceil rpymmamu. [llaHc mis HOBOrO KifOYa MOMACTh B Kydy TEM
Gombmre, yeM Oombire pasmep Kyuu. [eiicteurenbho, ecnu aapeca h(k), h(k)-1, ..., h(k)-i yxe samarer (t.e.
obpa3oBajiach Kyda), TO M00aBJIeHUEe HOBOM 3amucu ¢ xerr-aapecoM u3 auanasona [h(K)-i, h(k)] yBenuunsaer xyuy.
CrietoBaTeNbHO KydYa CKJIOHHA K 3KCHOHEHIMATbHOMY pocTy. UTOOBI M30€kaTh CKYYHBAHUS HCIONB3YIOT IBOHHOE
xemmpoBanue. Toraa mar anpoOupoBanus mo3unuu U aapeca oyzaer cneayromwm: h(k), h(k) + hy(k), h(k) + 2h,(k), ...
3HaueHHe BTOPHYHOM Xem-()YHKIMU JODKHO OBITH YHCIOM, B3aMMHO HPOCTHIM C M, T.e. HE JOJDKHO MMETh OOLIX
HPOCTHIX JCIHTEIEH.

Pa3zgen 5. Daiijbl.

MaccuBbl He NPUTOIHBI Ul JUINTEIBHOTO XPAaHEHUS IAaHHBIX, 110 OKOHYaHWMHM PabOTHI MPOTpaMMbl JaHHbBIC
TepsitoTcsi.  MHOrma pe3ynbTaThl BBIYMCIEHWH TpeOyeTcst COXpaHWTh I JanbHelmeid pabortsl. s 3Toro
UCTIONBb3YIOTCS (halJIbl.

®daiin 91O COBOKYIMHOCTb OJHOTHUITHBIX JaHHBIX, HMCIONIUX HUMA U HAXOAAIIUXCA B IMaMATU KOMIIBIOTEpa
(BHemHeH win B DopTpaHe ONEepaTUBHOMN).

@aii cocToNT U3 3amuceil. 3anuch — 3TO eAUHNALIA OOMEHA MEXAY MPOrpaMMOi M BHEIIHEH MaMATHIO.

BxozHble 1 BBIXOJIHBIE JAHHBIE TPOrPAMMBI MOTYT pa3MeliaThes B (haitnax.

KonmuectBo kommoHeHT B (ailie 3apaHee He oroBapuBaeTcs. OOBEM HWHpOpPManNMM XpaHHMMOW Ha BHELIHEM
HOCHTEJIE OTpaHNIUBaETCS EMKOCTBIO 3Y

PaznnyatoT nBa Buia (aiinoB: BHEITHUE ¥ BHYTPCHHUE.

Tema 5.1 Baemnue ¢aiijbl.

Bremnue daiinel paziangaior:

- 110 crioco0y A0CTyTa K JaHHBIM;

- 110 CTPYKTYpe (B 3aBUCUMOCTH OT IIPEACTABICHUS JAaHHBIX.

ITo ciocoby moctyna (MeToay AOCTYIa) K TaHHBIM:

- TIOCJIE JOBATCIbHBIN;

- IPSIMOM.

MeTox nocTymna onpeaessieT HopsIoK, B KOTOPOM MOKHO 0Opa0aThIBaTh 3ammcH (aiina.

IMocnenoBateNbHBI METOA JIOCTYIA MPEAINOoJaraeT IMOCeI0BaTeIbHOS CUMTHIBAHUE AAHHBIX, 0 HaXOXKIACHHS
uckomoro. B aiinax mnocienoBaTesbHOrO JIOCTYNa HOBBIE JlaHHBIE JOOABISIOTCS TOJBKO B KOHell (aiina.
[locnenoBarensHple  HedopmarHble  (aiapl HE  MOTYT  HEMOCPEICTBEHHO  PEJaKTHPOBAaThCS.  3aluch B
MOCJIe/IOBATENIbHOM  (haiiyie MOTYT HMMeETh pasHylo UIMHY. I WM3MEHEHMs 3alucH B II0ciie/loBaTesIbHOM (aiiie
BO3MOJKEH TOJIBKO TaKOH IyTh: MIPOYMUTATH BCE 3alMCU B MACCHB, CAEIaTh U3MEHEHMS M 3alMCaTh MacCcuB B (ailin uian
UCIIOJIb30BaTh JUIsl PEAAKTUPOBAHMS BPEMEHHBIM BCIIOMOTaTebHBIN (aiii, caenars B HeM HE0OX0ANMbIe H3MEHEHUsI, U
3aTeM [epenucaTh COJIEpKUMOE BpeMEHHOro Qaina B ucxonHbld. [lo oOkoH4YaHWMM pPabOTHI BpEeMEHHBIH (aiin
ABTOMATHYECKH yIaJSIETCSL.

[Ipsimoii MeTox JOCTyma MO3BOJISICT YWTATh 3allUCH B ITIPOW3BOJIBHOM TMOpsiaKe (moOparscsi 1O 00O
KOMITOHEHTBI, He Tmepebupas mnpenpyaymmue). [Ipu Takoit opraHW3alid KOMITOHEHTHI (aiiima (3almucH) HMEIOT
(ukcupoBaHHyto IIHHY (recl, KoTopas yka3bpIBaeTCsl B ONEPATOpe Open)d CBOM YHUKaIbHBIH HOMep (oT 1 g0 n). s
JIOCTYTIA K TaHHBIM HAJ0 yKa3aTh TOJIBKO UX HOMep. MIX MOKHO CUMTHIBATH M 3aIIMCHIBATH B IIOOOM TTOPSIIKE.
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B 3aBHCHMOCTH OT IpeACTaBiICHNUS JTaHHBIX BHEIIHHE (aiiiibl MOTYT OBITH (pa3yinyaroTcs 10 CTPYKTYype):

dopMaTHBIMY;

Hedopmarusimu;

bunapupiMu;

Bun 3anucu 3amaercst B omepatope Open. 3amucu ¢opmarHoro Qaiiina XpaHATCs B BHJE CHMBOJOB TaOJHUIIBI
ASCII u mpencTaBisAIOT COOOH IMOCIENOBATEIHHOCTE CHMBOJIOB. UHWCIIa XpaHATCS B CHMBOJBHOM IIPEICTaBICHHUM.
Kaxxmas 3amuce 3akanumBaeTcs ciMBoIoM Bo3Bparta kapeTku(CR) u mepeBon ctpoxu(LF). @opmatHeie ¢aitier MoryT
CO3/1aBaThCs, PEJAKTUPOBATHCS ¥ IPOCMATPHUBATHCS B JIFOOOM TEKCTOBOM pelakTope (MOANCPKUBAIOIINM KOAUPOBKY).
Ecmu HeoOxoauM BU3yaIbHBIN MPOCMOTP JaHHBIX, TO CIEAYET HCIIONB30BaTh (POPMATHBIN (aii.

B HedopmaTHBIX daiiax gaHHBIE XpaHATCS BO BHyTpeHHeM mpexacraBieHun. OHK oOpabaTriBaloTcsl OBICTpEe, T.
K. He TpeOyeTcst mpeoOpa3oBaHNe U3 BHYTPEHHETO NpeACTaBIeHUs Bo BHeIIHee (popmaTHoe). Ciry>kaT B OCHOBHOM JIJIS
3allOMUHAHHUs IPOMEXYTOUHBIX pe3ynbTaToB BbluMcieHuil. Hedopmarnble Qaiinel Moryt ObITH CO3JaHBl U
MPOCMOTPEHBI TOJIBKO MPOrPaMMHBIM ITYTEM.

Jlannbpie B OMHapHBIX (aiiax XpaHsITcs B ABOMYHOM NPEACTaBICHUHN. DTH (Qaiibl — HeTUNHYHEL 11t PopTpaHa
(moIepKMBaIOTCS HE BO BCEX BEPCUSX), U MBI X pacCMaTpuBaTh He OyaeM.

Takum obpazom, DopTpaH NOAJIEPKUBAET J1BA METO/A JIOCTYIa U TpU CTPYKTYpHI (popmarHble, HeopmaTHbIe,
Oounapueie). [loatomy B DoprpaHe cymiecTBYyIOT 6 pa3HOBHUIHOCTEH (aiiioB. Mbl OyaeM paccMaTpUBaTh TOJIBKO
TUINYHBIC (aiITbL:

dopmatHbI€ ITOCIEAOBATENbHBIE (TEKCTOBBIE);

HedopmatHsle mocinenoBaTebHbIE;

Hedopmathsie nmpsamsie

OOBIYHO B IpOrpaMMe NPH OpraHU3aIMy BBO/A/BBIBOJIA MIPEATIONATAETCS CIEAYIONINN TOPSIOK OIIEpaTOPOB:

CHayvana onepaTtopom Open ¢aiis oTkpbiBaeTcs (IPUCOSAMHSIETCS K YCTPOHCTBY, M ONPEEISIOTCS €r0 CBOWCTBA).
3areM OCYIIECTBISIIOTCS ACHCTBUS IO mepenade naHHbIX (read, write). Ilocne okoHuanusi paboTel ¢ (aiiom, ero
OTCOCIMHSIFOT OT YCTPOMCTBA (3aKpBIBAOT (haiti - close).

IMpu BbIOOpe THHa ¢aitia Hamo YYUTHIBATH Jajnee IepedyHcieHHble oOcTosiTenscTBa. Ecinm HeoOxomum
BU3YyalbHBII KOHTPOJIb JIAaHHBIX, TO CJEIYeT HWCIOJb30BaTh (opMaTHble (aiiinbl. Ho B TekcToBbIX (aiimax moryr
BO3HUKHYTh OIIMOKK OokpyrieHus. HedopmarHbie daiiipl MMEIOT MEHBIIMH pa3Mep, 10 CPaBHEHUIO C TEKCTOBBIMH
¢aiinamu. B HedopmaTHbIX daiinax mepegada JaHHBIX OCYLIECTBISIETCS ObICTpee, T.K. HE TpedyeTcs: mpeoOpa3oBaHMs
JTAHHBIX.

Tema 5.2 BuyTpenHue ¢aiiibl.

Buytpennnit aiin - 3T0 00IacTh OmepaTHBHON MaMsTH, 3aJaHHAs CHUMBOJIFHOW mepeMeHHOH. OH XpaHHTCS
(cymiecTByeT TOJBKO) B OINEPATUBHOM MAaMSATH M OTKPHIT MO YMOJYaHHUIO. 3alHCh NaHHBIX BO BHYTPEHHUH (aiin
MPOUCXOJUT Topaszo ObicTpee, YeM BO BHEHMHHMH Gaiin. BHyTpeHHHE (ailiabl MCIONB3YIOTCS IS NMpeoOpa3oBaHus
JAHHBIX W3 OJTHOTO THIA B CUMBOJIBHBIH (pyroit). OHM OTKPBITHI 10 yMOJMYaHHIO. BHyTpeHHME (aiiinbl HIMEIOT TOJIBKO
MOCJIEIOBATEIBHBIA METOJI JTOCTyNa. YCTPOWCTBOM BHYTpeHHero ¢aiina sBisieTcs MM CTPOKH. OTO CHMBOJIBHAS
nepeMeHHas (Takoil (aiiym comep>KUT OJHY 3aIllHCh, pa3Mep KOTOPOW COBMAAAET C pa3sMepoOM IMEPEMEHHOM), DJIEMEHT
CHMBOJILHOTO MAaCCHBa WJIM CUMBOJIbHBI MaccHB (Takoil (ailil 3TO MOCIIe0BATENILHOCTh JJIEMEHTOB, KaXKABIH M3
KOTOPBIX SIBJISETCS 3aIIMCHI0 M YUCIIO 3alIUCEeN PaBHO YHCIY AJIEMEHTOB MacCHBA)

IIpumep

Real:: c=23.5

Integer n

Character(15) st

Write(st,*)c | npeoOpa3oBaHHe «4HCIO-CTPOKA
Print*, st ! Ha skpane: 23.50000
Read(st,’(I5)’)n !mpeoOpa3oBaHue cTpoKa-41CciIo
Print*,n ! 23

End

BremHnit daiin - 3T0 Qaiin, KOTOPBIH XpaHUTCS Ha AWCKE (TIOCIETOBATEIHHOCTh 3alMCEH HAa HOCHUTENE) WIN
BHEIITHUE YCTPOHCTBA (KIIaBHAaTypa, YKpaH).

Uro0br paboTaTh ¢ BHEMIHUM (DaillloM, €ro HaJ0 OTKPHITH (IPUCOCIUMHNUTH K YCTPOWCTBY BBOna/BhIBOAA). [Ipm
OTKPBITHH W CO3JaHHWM (hailiila yKas3aTelb yCTAaHABJIMBAeTCS Ha Hawajo ¢aiura. UreHue W 3amuch JaHHBIX U3 (aiiia
ABTOMATHYECKH BBI3bIBACT IIEPEMEICHNE YKa3aTels, T.€. yKa3aTelb NepeMelaeTcsl K Haualry cieayromei 3anucu. [Ipu
3aIKCH JAaHHBIX MOCIIE TTOCIIeJHEH KOMIIOHEHThI CTaBUTCS PU3HAK KOHIA (aiina.

Hnst ompenenenust koHna ¢aiina ucnonbdyercst jormdeckas ¢ynkius Eof, xoropas BosBpamiaer 3HaueHHe
.TRUE., ecnit nocturnyt koHen ¢aiina u .FALSE.B npoTnBHOM ciydae.

[Mocne oxoH4aHUs pabOTHI ¢ GailiIoM ero HaJ0 3aKpPHITh.

B ®oprpane obpamenne x ¢aiiaM AaHHBIX NPOMCXOAMUT Yepe3 KaHaj (MM yCTPOWCTBO). DTO JIOTHYECKOE
MOHSTHUE, T.€. KAHAJ HE YCTPOHCTBO B OOBIYHOM NMOHMMAaHHH, a BOOOpaxaeMbIid. [Ipexe 4eM BBIOTHSITE BBOA/BBIBOJ
HEO0OXOIUMO YCTAaHOBUTH CBS3b MEXIy (pu3udeckuM (HaijioM U YCTPOHCTBOM, T.€. IPUCOEAUHUTE (Qailll K yCTPOUCTBY
(kaHay). YcTpoicTBO 0003HaUaeTCsl HACHTH(PHUKATOPOM M 3TO - 3BE3J0YKa * WM IENOYHMCICHHOE CKaJISIpHOE
BbIpakeHue. [ BHemrHero ¢aiima - 3T0 uucimoBoe 3HadeHwe oT 1 mo 32767 (2 147 483 640). MakcumanbHOE
3Ha4YeHNE HOMEpa yCTPONCTBA 3aBUCUT OT KOHKPETHOH peasn3aryu.
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Kaxnomy (¢aiimy cooTBETCTBYeT cBOe JOrmueckoe ycrpoicTBo. OnHO (Qusnueckoe YCTPOHCTBO MOXET
COOTBETCTBOBATH PA3HBIM JIOTHYECKUM YCTPOMCTBAM.

K yctpoiicTBam BBOJ1a/BBIBOAA MOTYT OBITH NPUCOEIMHEHBI CTaHAAPTHBIE (PU3NUECKHE yCTpoiicTBa (KJIaBHaTypa
u 9KpaH). [lns 9kpaHa U kiaBuatypsl B GopTpane npeaycMOTPEHBI KaHallbl C ONpeiesieHHBIMU HoMepamu. B dopTtpan-
nporpamMMax CyHIeCTBYIOT ycTpoiicTBa ¢ uaeHTuukaropamu *, 0, 5, 6. [IpuyeM o ymondaHuio kK ycrpoictsam *, 0, 5
MIPHUCOEMHEHA KIIaBUATypa, a K ycrpoicTBaM *, 0, 6 — sKkpaH.

Write(n, m)<cmucox BhIBOIA™>

Real :: x=5.2

Write(*,”(£6.2)°) x

Write(0,’(f6.2)’) x

Write(6,’(f6.2)’) x

Bce oneparopbl 3T0 — BEIBOJ Ha 9KpaH.

OTcoeanHSIOTCS 3TH YCTPOMCTBA aBTOMATHYECKH 1TOCIIe OKOHYaHUs paboThl IPOrpaMMBbL. DTH YCTPOHCTBA MOTYT
MPUCOETUHATHCA K JII00oMYy daiiy.

Kaxnpiit BHemHuid Qaiin umeer ums. OHO JOIDKHO YNOBJIETBOPSATH IPaBHIaM HMMEHOBAHHUS OIEPaLlMOHHOM
cuctembr: ‘c\users\A123\fl.txt> —o3to crHenuduKanus BHemIHero  (Qailia WwiM, ecau 3T0  yCTpoicTBa -
3ape3epBUPOBaHHBIE IMEHA, HAaprMep COoN, prn.

BaemHnit Qaitn npucoennHsAeTCS K YCTPOWCTBY BBOJA/BEIBOJA B pe3yibTare BhIMONHEHHs omeparopa OPEN .
Tenepp mocTym K BHeNTHEMY (hailiry BBIONHSIETCS 110 HOMEPY YCTPOMCTBa, K KOTOPOMY OH IPHCOSIUHEH.

OPEN (unit=2, file = ‘c\users\A133\f1.txt")

VYCeTpoHCTBO HE MOXKET OBITh IPUCOCANHEHO Ooltee, 4eM K 0JHOMY (haiiiry 1 HaoOopoT.

daitn cocrouT W3 3amuceil. [1oJ CIIOBOM «3amuch)» MOHUMACTCS <«JIOTMYECKas 3alHChy. 3alMChI0 HA3bIBAIOT
€/IMHMILy OOMEeHa JaHHBIMH MEXly IPOTPaMMOii ¥ BHEITHEH MaMsIThIO.

3amumeM B (aiiiibl IO 1B LENbIX YUCIa PAa3IMYHBIMU CLIOCOOAMU:

program main

Integer::x=25, y=10

open(1, file="numbers1.txt")

write(1,*) x

write(1,*) y

close(1)

open(2, file="numbers2.txt")

write(2,*) x, y

close(2)

end

I B ¢aiine numberl.txt Oyzer:

25

10

!B haitne number2.txt Gyner: 25 10

3anumeM B Qaiii 5 unces, UCTIONb3Ys pa3inuHble GopMaThl P 3aIUCH:

program main

integer i

open(10, file="numberl.txt"

doi=1,5

write (10, '(13V)) i

enddo

close(1)

end

B daiime momyanm: = 1 2 3 4 5

program main

integer i

open(10, file="numberl.txt")

doi=1,5

write (10, '(13)") i

enddo

close(1)

end

B ¢aiine nomyumnm:

Bce 3amucu B Qaiisic IMEIOT OJMHAKOBBIN BHUI.
B ®opTpane pa3nmuyaroT cIeIyronue BUIbI 3aUCEH (B 3aBHCUMOCTH OT MPECTABICHUS JaHHBIX):
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(opMaTHBIC — OHH COCTOST M3 CUMBOJIOB KOJOBOM TaOuuIibl. [Ipy BBOAE AaHHBIC MPEOOPA3yIOTCS U3 BHEIIHETO
(CMMBOJIEHOTO) TIPEICTABIICHUS - BO BHYTPCHHEE MPEICTABICHHE, a IIPH BHIBOJE — U3 BHYTPCHHETO BO BHEIIIHEE;

HepopmarHbie (OecopMaTHbIC), KOTOPHIC COJCPKAT NAHHBIC BO BHYTPCHHEM MAIIMHHOM IPEICTABICHHY,
CJIy’)KaT B OCHOBHOM JIJIS 3aIIOMHHAHUS PE3yJIbTATOB B IPOMEIKYTOUYHBIX BBIYUCICHHUSX.

KoHell (aiina.

Bun 3aIIUCH 3a7a€TCs B orepaTtope (Tenepnb TOBOPSIT
B yTBepKACHNH) Open cneundukatopamu form="formated’ miau form="unformated’

3anmce "KoHer (aiina” He CONEPKUT JaHHBIX U CTABHUTCS aBTOMATHYECKH 3a ITOCIICHEH 3alHChIo (aiina.

Pa3jnen 6. Tunbl JaHHBIX HEJIMHEHHOM CTPYKTYPHI.

Tema 6.1 JIepeBbsi.

KopueBoe nepeso (rooted tree) — 3To CTpyKTypa MaHHBIX, KOTOpas MpEACTaBIsseT c000# COBOKYITHOCTH
CBSI3aHHBIX y370B (NOJES), OZMH U3 KOTOPBIX SBJISETCS KOPHEM nepesa (root).

PeGpa (edges) CBsI3BIBAIOT y3JBI AepeBa M YCTAHABIMBAIOT MEXAY HHMH OTHOIICHHE .POIHUTEINb-IAOYCPHHUI.
(parent-child). Ha puc. 1 npuBenen mpumep KOPHEBOTO JepeBa.

V3en1, KOTOpBI HEe UMEeT JOYCpPHUX BEpIHH, HasbiBaeTCs BHemHUM y3ioM (external node), wim nucrom (leaf
node). Ha puc. ato y3mer: 4, 8, 9, 6 u 7. AHanmoruyHo, y3ea JepeBa, UMCIONIMA MOYCPHHE BEPIIMHBI HA3BIBACTCS
BHyTpeHHuM y3ioMm (internal node).

Kopess
(root)
1) —————— Ypomemz O
EEyTpeREssol VIeT -
(imternal mode) .’3_ ™ Yiposems 1
CeCTpHECERS VIIR {/\- -

(sibling nodes) |

{leaf)
Puc. Kopuesoe nepeso u3 9 anemenTtoB (BbIcoTa jaepesa 3).

JIro6o#t BHYTpEHHHMH y3ell MO OTHOUICHHIO K cBouM modepHuM BepmmHam (child nodes) nassiBaeTcs
poautensckum (parent node). Y3ibl, uMeromnpe OOMIET0 POAMTENS HA3BIBAIOTCS POACTBEHHBIMH, MM CECTPHHCKAMHU
y3namu (Sibling nodes). JIroGoii y3en B mojjepeBe HEKOTOPOM BepIIMHBI HasbiBaeTcs ee motomkom (descendant), a
BEpIIIHA TSl 3THX Y3JIOB SIBISIETCS TIpeaKoM (ancestor).

Crenenb y3na (node degree) — 370 KOJHMYECTBO €0 JOUEPHHUX Y3JIOB.

Beicora y3mia (node height) — konuuectBo pebep B JTHHHEHIIIEM TyTH OT y3Jia JI0 JIUCTA.

Bricora siepeBa (tree height) — komuuectBo pedep B ATMHHEUIIIEM TyTH OT KOPHSI [0 JIKCTA.

I'ny6una y3na (node depth) wim yposens y3ima (node level) — konudecTBo pebep B MyTH OT y371a 10 KOPHSI.

PaccmoTpuM moipoGHee BBeieHHbIe onpeaeneHus. Ha puc. npuseneHo nepeso u3 9 y3moB. Bepumna 2 sBisercs
pomuteneM Uit BepiiuH 4 1 5, a Taxke mpeakom ais y3mos 4, 5, 8 m 9. V31 4 u 5 sBisieTcst cecTpuHCKAME. BricoTa
JiepeBa paBHa 3, a KOJuuecTBO ypoBHei — 4. Ctenens y3na 5 paBHa 2, a ero BbicoTa 1.

Tema 6.2 BuHapHble 1epeBbsi.

Bunaproe nepeBo (mBomuHOe mepeBo, binary tree) — 3To KopHEBOe AepeBO, B KOTOPOM KaXKIbIil y3€J1 MMEET He
6onee nByx mouyepnux Bepiunt (0, 1 wam 2 BepLInHEL).

IMonHoe Gunapuoe nepeso (full binary tree) — sTo GuHapHOE HEepeBoO, B KOTOPOM KaxkKabld y3en umeeT 0 nim 2
JodepHuX y3ia. [Ipumep Takoro JaepeBa NpHBEACH Ha PHC.

3aBepuienHoe GuHapHoe aepeso (complete binary tree) — sto GuHapHOE JEpPEBO, B KOTOPOM KaKIblii YPOBEHb,
BO3MOXKHO 33 HCKIIOYCHHEM IIOCJICAHEr0, IIOJHOCTBIO 3aMONHEH y3JaMH, a 3alOJHEHHE [OCIEIHEr0 YpPOBHS
OCYIIIECTBIISICTCSI CIICBa HATIPaBo (pHC.).

2 o @

Cosepwennoe bunapnoe depeso (perfect binary tree).

D710 OGWHApHOE JEPEeBO, B KOTOPOM BCE JIMCThI WMEIOT OAWHaKOBYI0 riyboumy (puc.). Ilpu umcne y3moB N
MHHHMaJIbHOM BeIcOTON N = log2(n + 1) — 1 o6iamaeT coBepuIeHHOE OGMHAPHOE JIEPEBO, a MAKCUMAJIBHOU BBICOTOM —
OWHapHOE JEPeBO, B KOTOPOM KaXIBI BHYTPECHHHM y3€l WMEET CIMHCTBCHHYIO IOUYCPHIO BepINHHY (IepeBo
BBIPOXKIIAETCA B LIEMOYKY BBICOTEI N — 1). ClietoBareisHo, BEICOTA N TF000T0 OUHAPHOTO JepeBa u3 N y3JI0B OrpaHrYeHa
cam3y u ceepxy hlog2(n + 1)n—1<n<n-1.
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06x00 6unapubix depesbes.

Bo MHOrmx anropurmax, HCIOJB3YIOIIMX ICPEBbs, BO3HHKACT HEOOXOMMMOCTH IepeOpaTh BCe y3Jbl AepeBa
HavMHAs ¢ KOpHs. Takas mpolexaypa HasbiBaeTcsi o0xomom aepesa (tree traversal). Kaxnas Bepmmna momkHa GBITH
nocemieHa oauH pa3. [locelenne BepUIMHbl MOXKET OBITh CBS3aHO C BBIIOJHEHHEM HEKOTOPHIX BBHIYMCICHUN U WM
00pabOoTKOM JaHHBIX, XPAHSAIIUXCS B HEH.

O06xox OuHAPHOTO NIepeBa MOYKHO BHITIOJNHATH B MIMPHHY U B TIyOHHY. Bee crmocoOs1 00X0/10B AepeBa HAYMHAIOT
CBOIO paboTy ¢ KOpHS.

Ilpu ob6xone B mmpuny (breadth first search, BFS) y3nbl mepeBa mocernarorcsi cieBa HampaBo, YPOBEHb 3a
ypoBHeM. Hanpumep, nipu 00X0/i¢ B IIUPHHY JePEBa HA PHC. BEPIIHHBI OYAyT MOCCIICHBI B CICAYIOIIEM TOPSIIKE:

1,2,3,4,5,6,7,8,9, 10.

Ilpu ob6xone B riny6uny (depth first search, DFS) cmepBa mocemiaroTcsi BCe MOYEPHHE BEPIUHMHBI JIEBOTO
HO/IICPEBa U Y)KE TIOTOM MPOHUCXOUT MEPEX0/1 K MPABOMY MOJICPEBY TEKYLIETO y3ia.

CymiectByer Tpu crmocoba 00xona aepeBa B TIyOHHY, PasiIMYArOINXCS MOPSAKOM MOCEIICHHS BEpIIMH U HX
JOYCPHHX Y3JIOB.

1. O6xox B mpsimom mopsiake (mpedukcHsiit 06xox, preorder traversal) — kaxapiii y3ei mocemaercs 1o Toro, Kak
PEKYPCHBHO MOCEIIEHBI er0 IMOTOMKH. JIJsl KayKIOTro y3lia X PEeKypPCHBHO BBIMONHSCTCS IOCIEIOBATEIBHOCT ACHCTBHUIA
HOCETHUTH y3el X; 000MTH JIeBOE MOAAEPEBO; 0OONTH MPaBOe MOAAEPEBO.

ITpu TakoM 06X0z€ y3JIbI AepeBa Ha PUC. OyAYT IIOCCLICHBI B CICAYIOIIEM MOPSIKE:

1,2,4,8,9,5,10,3,6,7.

2. CummerpuuHblii 00xon (MHpUKCHBINA 006x01, in-order traversal) — crmepBa MOCEIIAIOTCS TTOTOMKH JIEBOTO
HOJyIepeBa y3a, 3aTeM caM

PesynbTaT CHMMETPHYHOTO 00X0/1a IepeBa:

8,4,9,25/10,1,6,3,7.

3. O6xox B obpatHOM mopsiake (mocTdhukcHbIit 06x0, post-order traversal) — kax bl y3enm mocenaeTes mocie
TOT0, KaK PEKypCHBHO IIOCEILICHBI €ro MOTOMKH. JIJIs Ka)KI0TO y3/a X PEeKypCHBHO BBIMONHSIETCSI TIOCIIEIOBATEIFHOCTD
IeicTBuit: 000WTH JIeBOe MOAEPeBO, 00OMTH MpaBoe MOANEPEBO, MOCETUTH y3ed X. Pe3ynprar 00xoma B oGpaTHOM
HOPSIIKE epeBa Ha PHUC.:

8,9,4,10,5,2,6,7,3, 1.

Tema 6.3 Ilupamuabl.

IpeacraBiasieMble MacCHBaMH JICPEBbS HAXOAAT MIPUMEHCHHE B MMEIONIMX OOJIBIIOE 3HAUYCHUE MPUIOKEHHUIX C
mupamunamu (heaps), SBISIOMIUMUCS 3aKOHUYCHHBIME OWHAPHBIMH JIEPEBBSIMH, UMEIOMIMMHU YIOPSIOYCHHUE Y3JI0B 10
ypoBHsM. B MakcumansHOW mupamue (maximum heap) poIuTeNbCKHA y3ei OOJbINe WM PaBeH KaXKIOMY W3 CBOHX
ceiHOBeW. B MuHMMansHOW mupamuzae (minimum heap) poauTenbCKUN y3eI MEHBIIE WM PaBeH KaXIOMY M3 CBOUX
CBIHOBEW. DTH CHUTYAITH U300pakeHbl Ha pUc. B MakcuMansHON TIpaMuie KOPEHb COMIEPKUT HAaUOOIBIIHN IIEMEHT, a
B MHUHHUMAaJbHOM — HauMEHBIITHH.

IMupamuga SBJISIETCS CIKMCKOM, KOTOPBIA XPaHUT HEKOTOPHI HAa0Op MaHHBIX B BHAE OHHAPHOTO JEpeBa.
[MupamMuianbHOE YHOPSIOUEHHE MPEANOJaraeT, YT0 KaKIbld y3esl MUPAMUJIbI COACPIKUT 3HAUYCHHE, KOTOPOE MEHBIIIC
WA PaBHO 3HAYCHUIO JIIOOOr0o U3 ero ChiHOBel. [Ipy TakoM yHopsA0YeHHH KOPEHb COACPIKUT HAUMEHBIICE 3HAUCHUE
naHHbIX. Kak abcTpakTHas CIIUCKOBAs CTPYKTypa MUpaMuja JOMycKaeT no0aBleHue U yaaleHne saeMeHToB. [Ipomecc
BCTAaBKM HE IOAPA3yMEBacT, YTO HOBBIA DJIEMEHT 3aHMMAEeT KOHKPETHOE MECTO, a JIMIIb TpeOyeT, dYToOBI
MOJICP)KUBAIOCH MUPaMUAaIbHOE ynopsimoueHne. OMHAKO MPH yOAJICHHH K3 CIHCKA BBHIOPACHIBACTCS HAMMEHBIIUI
aneMeHT (kKopeHb). IluMpamuma WCIONB3yeTCs B TeX NPWIOKEHUSIX, TAC KIUCHTY TpeOyercs NpsAMOW AOCTyH K
MUHHMAaJTbHOMY 3JeMeHTy. Kak crucok mupamua He MMEeT ONepalliy MOUCKa M OCYMIECTBISACT MPSIMOW AOCTYH K
MUHHMAaJIBHOMY 3JIEMEHTY B pekuMe "ToNbKo uTeHue". Bee anroputMer 00paboTKH MUpaMUL CaMH JODKHBI OOHOBIISTH
JIEPEBO U MOJICPIKUBATH THPAMUIATIBHOE YIOPSIOYCHHE.

[MupamunadpHas COPTUPOBKA.

MupamunanpHas coptupoBka (heap sort) OCHOBBIBacTCS Ha OpPTaHHM3AlUU IJIEMEHTOB B MAaCCHBE IO THILY
JIBOWYHOrOo (OMHApHOTO) aepeBa. J[BOMYHBIM JCPEBOM HA3BIBAIOT HEPAPXHUYCCKYIO CTPYKTYPY HAHHBIX, B KOTOPOM
KaXKIbIi DJIEMCHT UMEET He 00Jiee IBYX OTOMKOB:
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Puc Ilpumep OuHapHOTO AEpeBa.

IMupamuna mpexacTaBisier co0Oil 0COOBI BUI OMHAPHOTO JepeBa, B KOTOPOM 3HAYCHHE KaXIOTro 3JIEMEHTa
Oomnblle, 4YeM 3HaYCHHE KaXIOro U3 ero IOTOMKOB. HemocpencTBeHHBIE IMOTOMKH KaXKIOTO y3la HE YHNOPSIOYCHBI,
HO3TOMY MHOTJIa JIEBBIH MOTOMOK MOJKET OKa3aThCs OOJIBbIIE MPaBoro, a HHOraa — Haobopot. [Iupamuna npeacrasmiser
co00ii MOJHOE JepeBO, B KOTOPOM 3allONHEHHE HOBOIO YPOBHS HAYMHACTCS TONBKO IIOCIE TOTO, KaK HMpeNbLayLInil
YPOBEHb MOJTHOCTBIO 3aII0JIHEH, & BCE y37IbI HA OJJHOM YPOBHE 3allOIHAIOTCS MOCIEJ0BATEIILHO:

Puc. [Tpumep nupamuasl.

CopTupoBKa HauyMHAeTCs C  MOCTPOEHHWS  IHPAMHUIBI,  COJEpXalled Bce  3JIEMEHTHl  MCXOJHOU
MOCJI/IOBATENILHOCTH. SICHO, YTO MAaKCHMAJIBHBIN 3JIEMEHT OKa)XXETCS B BEpIIMHE JEPEBa, MOCKOJIBKY BCE €€ MOTOMKH
00s13aTeIbHO JOJDKHBI OBITH MEHbIIE. 3aTeM, BEpIIMHA NMUPaMUAbI 3alHCBHIBAETCS B KOHEI ITOCIEIOBATEIbHOCTH, a
NUpaMuia C YAaJICHHBIM MAaKCHMAaJbHBIM 3JIEMEHTOM IepedopMupoBbiBaeTcs. B pesynbrate, Ha e€ BepHIMHE
OKa3bIBAETCSI MAKCUMANBHBIA U3 OCTABIIUXCS JIEMEHTOB, OH 3alIUCHIBAETCA HA COOTBETCTBYIOIIEE MECTO, U MPOIEeaypa
MPOJOIKAETCS 0 TeX MOp, IOKa MHMpaMuia HE OMyCTeeT.

Takum 00pa3oM, OCHOBHYIO HArpy3Ky ajTOpPHTMa HECYT JIBE€ MPOIEAypHl: HaYalbHOE MOCTPOCHUE MUPAMHJIBI U
nepehopMUpPOBAHNE TUPAMUBI HA KOK0M I1are. /i1 mOCTpOeHNsT MUPaMHUIbI MO>KHO BOCIIOJIB30BaThCS €€ CBOMCTBOM
— y KaXJI0TO BHYTPEHHETO y3Ja POBHO JBa HEIIOCPEACTBEHHBIX TOTOMKA, 32 UCKIIOUCHHEM, OBITh MOXKET, OJJHOTO y3J/1a
Ha TpeanocieaHeM ypoBHe. CienoBaTeiabHO, MOKHO IMPOHYMEPOBAThH y31bl, HAUMHAS C BEPIUIMHBI [0 MPaBHITY: €CIIU
y3eJ MMeeT HOMEp i, TO ero MOTOMKaM Ha3HauuM Homepa 2*i u 2*i+1. B pesynbraTe Bce y37bl MUPaMUIBI ITOJTydaT
YHHKaJIbHbIE HOMepa B AnanazoHe 1 ~ N, 4To JaeT BO3MOXKHOCTD XPaHUTh MUPAMHUJLY B BHJIE MTOCIIEA0BATEILHOCTH:

1210|1159 |8 |6 |1 |2|7]|3]4

1 2 3 4 5 6 7 8 9 10 11 12

[Ipu ynaneHun HauOONBIIETO AJIEMEHTa MHPAMUJIBI U3 BEPIIUHBI, KOPHEBOH y3es octaeTcs cBoOomHbIM. [Tocie
MEPECTPOCHUA TUPpaMUIbl B HETO JOJDKEH IMOMACTh 6OJ'II)I_HI/II\/’I "3 JIBYX HEIMOCPEACTBEHHBIX ITOTOMKOB, B CBOIO OUCPE/Ib
AHAJIOTUYHO HYXHO ONPECACINTD, KTO BCTAHET HA €0 MECTO U T.H. le/l OTOM IMpaMuga JOJIKHA OCTaBaThCA HACTOJIBKO
OIM3KOI K MOTHOMY JIEPEBY, HACKOIBKO BO3MOXKHO. C 3TO 1eNbi0 epeOpMUPOBAHUE THPAMUIBI OyIeM HAYWHATH C
KpaifHero mpaBoro 3JIEMEHTa Ha HIDKHEM YPOBHE, IEPEHOCS €ro Ha BEpIIMHY. 3aTeM K BepIIMHE MPUMEHUM MPOIEIyPY,
Ha3bIBACMYIO (IIPOCCUBAHHUEM BHH3Y:

- €CJIH 3JIEMEHT HEe UMEET TIOTOMKOB, TO KOHEII,

- MHAYEe MCHSEM MECTaMH 3HAYCHUS 3JICMEHTA U MAaKCHMaJIbHOTO M3 IBYX €r0 HEMOCPEICTBEHHBIX IOTOMKOB;

- IEPEeXONM K U3MEHHBIIIEMYCS IOTOMKY U BBITIOJHIEM ISl HETO TY JK€ TPOLEAypY ¢ Iara 1.

Takoif Moaxox K MEepecTPOCHHIO MUPaMUABI MOKHO HCITONB30BATh TAkKe W JJIS TOCTPOCHHUS €€ HAYaJbHOTO
COCTOSIHUS: JIIOOBIE JIBa DJIEMEHTa MOXHO CYHTAaTh TOTOMKAaMH HEKOTOpOro cBoOomHOTO y3ma. [lockombKy Bce
AIIEMEHTHI SBISIIOTCS <JIACTBSIMI», CO BTOPOH TTOJIOBHHOM MOCIEI0BATEIHLHOCTH MOKHO HHYETO HE NenaTh. HaunHas c
Habopa JINCTOBBIX JJIEMEHTOB, MOXXHO COCAHMHSATH MX IOTAPHO O TeX IOp, MoKa He OymeT chopMupoBaHa oOmas
Oonpiras mupamuaa. IlepBoiii 100aBIsAEMBbIid KOPEHb B MOCIEAOBATEIHHOCTH U3 N 2JIeMEHTOB OyneT uMeTh uHaeke N /
2 - 1. B uTore airoput™ Ha4yaJbHOTO IIOCTPOCHUS MUPAMHUIbI OYAET 3aKI0YaThCs B IOCICI0BATEIBHOM IPUMEHEHUN
MPOLEYP «IPOCCHBAHMS BHHU3» KO BceM areMenTam ¢ unjaexcamu ot N/ 2 - 1 o 0.
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// @yHkuus "npocenBaet" 3IEMEHT HOMEP 1 BHU3 B upamuje heap pasmepa size
void fixHeap( double * heap, int i, const int size )
{

// IHaeKe MakcUMallbHOTO AJIEMEHTa B TEKYIIEH TPOiKe JIeMEHTOB:

int maxldx =i ;

// 3HaYeHNe TEeKYIETro 3JIEMEHTA:

double value = heapli];

while ( true)

{

int childldx =1 * 2 + 1; //Ilugekc 1eBOro moTomMKa

// Ecru ecTh JICBBIN MIOTOMOK U OH OOJIBIIIE TEKYIIIETO DJICMCHTA,
if ( (childldx < size ) && (‘heap[ childldx ] > value))
maxIdx = childldx; // To oH cuuTaeTcss MaKCUMAIbHBIM

childldx =1 * 2 + 2; //luaexc npaBoro nmoToMmka
// Ecu ecTh MpaBblil MIOTOMOK U OH 0O0JIbIIIe MAKCUMAJIBHOTO,
if ((childldx <size ) && ( heap[ childldx ] > heap[ maxldx]) )
maxIdx = childldx; / To oH cunMTaeTCss MaKCHUMaJIbHBIM

// Ecii TeKyIIni IIEMEHT SBJIACTCS MAKCHMAIBHBIM U3 TPEX
// (T.e. ecu OH OOJIBIIIE CBOMX JICTEH), TO KOHEII:
if (maxldx==1)

break;

// MeHsieM MecTaMH TeKYIINI 3IEMEHT ¢ MAaKCUMAaJIbHBIM!
heap[i] = heap[ maxldx ];
heap[ maxldx ] = value;

// TlepexoauM K U3MEHHUBIIIEMYCS IOTOMKY
i = maxldx;
}
}

// TlupaMuianbHasi COpTUPOBKA MaccuBa heap pasmepa size
void heapSort( double * heap, int size )

{

// TlocTpoeHHe MTUpaMHIbI U3 MACCUBA:
for(inti=size/2-1;i>=0;--i)

fixHeap( heap, i, size );

// CopTUpPOBKA C MTOMOIIBIO TUPAMHUJIBI
while( size > 1 ) // mokxa B mupamuze OOJBIIE OHOTO IIEMEHTA

{

--size; // OrnensieM MOCIeIHUI DJIEMEHT
// OOMeHUBaeM MECTaMU KOPHEBOH JIEMEHT U OTICIEHHBIN:
double firstElem = heap[0];
heap[0] = heap[ size ];
heap[ size ] = firstElem;
// "TIpocenBaeM" HOBBINf KOPHEBOH 3JI€MEHT BHU3:
fixHeap( heap, 0, size );
}
}

Paznen 7. I'padml.

Tema 7.1 OcHOBHBIE IOHATHS TEOPHH IPagoB.

I'pad (graph) — 00BEKT, cOCTOAMMUI U3 MHOXECTBA KPY>KKOB (TOYEK) M MHOMXECTBO COSAWHSIIONINX WX JIMHUH.
Kpyxku (Touku) Ha3pIBaloTCs BepimHamu rpada (nodes), TUHUU cO CTpelkaMu — Ayramu (arcs), 0e3 CTpeloK —
pebpamu (edges). T.e. rpad — aro mapa G=(V,E), rue V - MHOKeCTBO BepinH, a E - cemeiicTBo map pedep ei=(Viy, Vio),
Vjj IpuHaAIeUT V. Bepinsl rpada MOXHO MCIIOJIB30BaTh JUIs IIPEICTaBICHUS 0OBEKTOB, a Ayr'H — /I OTHOLICHUH
MEXIy 0O0OBEKTaMHU.
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I'padsr 00bIyHO U300paxkarOTCs B BUAC reoMeTpuueckux ¢uryp. B
KJIACCUYECKOM Tpade OTCYTCTBYIOT nemu, TO eCTh pedpa, COCTUHSIOIINE
BEpLIMHY caMy C COOOIA.
< I'pad, B KOTOPOM HampaBiCHUE JHUHHA MPUHIUIMHAILHO (JIMHUU
SIBJISIFOTCSL TyraMH) Ha3bIBACTCSI OPUEHMUPOBAHHbIM (Opepad). B oTnmune
ot pebep, AyTH COSTUHSIOT IBE HEPABHOIIPABHBIC BEPIIMHBI: OJTHA U3 HUX
Ha3bIBACTCS HAYAJIOM AYTH (Ayra U3 Hee UCXOJHT), BTOPas - KOHIIOM IyTd
Pebpo (nyra B mHee Bxomut). Ilpumep: G=(V,E): V={1, 2, 3, 4, 5}; E={(1,2),
(15), 3.1), (5.2), (5.3), (5.4)}.

Bepmuna

Jlyra

I'pad, B KOTOpOM HampaBiieHHE JIMHUI HE BBIIENSETCS (BCE JIMHUU
SBJISIFOTCS. peOpaMu), Ha3bIBACTCS HEOPUEHMUPOSAHHbIM (1BE BEPILIHBI
PaBHOIIPaBHBI, HET HUKAKOM pa3HUIIBI Mexay "HadanoMm" U "KoHIoM" pedpa).

Yalle Bcero paccmatpuBaloT rpadbl, B KOTOPbIX Bce pebpa umetoT

OOMH TN — NNB0 OPUEHTUPOBAHHbIE, MO0 HEOPUEHTUPOBAHHbIE.

— JlBe BepIMHBI V M U Ha3bIBAIOTCS CMENCHHIMU, €CIM OHU COCIUHEHBI
pebpom (myroit) e: e=(v,u). CMexHBIC BEPUIMHBI HA3BIBAIOTCS TPAHUYHBIMHU
BEepIIMHAMU COOTBETCTByIOIIEro pebpa (myru), a 2310 pebpo (myra) -
UHYUOEHMHBIM COOTBETCTBYIOIIMM BepiinHaM. JIroObomy peOpy WHIHUAEHTHO
POBHO /IB€ BEPIIMHBI, a BEPIINHE MOXKET OBITh HHIMACHTHO MPOHU3BOJILHOE KOJIMUECTBO pedep.

J1Ba peOpa Ha3bIBAIOTCSI CMEMHCHBIMU, €CITH OHU MHIIMICHTHBI OJTHOI BEpIINHE.

CreneHpl0 BEpIIMHBI B HEOPHEHTHPOBAHHOM Tpad)e Ha3bIBAaCTCS YHCIO WHOWACHTHBIX e pebep. /[lis
OPHEHTHPOBAHHOTO Tpada pasIuIaloT UCXOISAIIYIO CTEIICHb, ONPENSNIAEMYIO KaK YHCIIO BBIXOSIINX U3 HEro pedep, n
BXOJUAIIYIO CTEIEHb, OMPENSIIAEMYI0O KaK YHCJIO BXOIAIMX B Hee pebep. CymMMa MCXOZSIIEH W BXOAAIICH CTENEeHEH
Ha3bIBACTCS CTEIICHBIO BEPIITHHEI. V30IMpOBaHHAS BEPIIMHA — 3TO BEPIIHHA CO cTeneHbio 0 (Hyab-rpad).

MynbTtrrad — n3 ogHOW BEPIIMHBI B IPYTYI0 MOXKHO NEPEHTH pa3sHBIMU crioco0aMu (rpad ¢ KpaTHBIMU pedpamn).

IIyreM Ha3pIBaeTCs MOCIEIOBATENBHOCTD BEPIIUH V1, V2, ..., vn, Ul KOTOPOH CYIIECTBYIOT pebpa (Win Iyru B
oprpade) vl - v2,v2 — v3, ..., vn-1 — vn. ITOT MyTh HAYUHACTCS B BEpIIHHE V] ¥, IPOXOIs Yepe3 BEPIINHEL V2, V3,
.., VN-1, 3akaH4uMBaeTcs B BepiiuHEe vn. J[IMHA MyTH— KOJMYECTBO AYr (pedep), COCTABISIIOMIMX MYyTh, B JTAHHOM
ciy4ae JuMHA IyTd paBHa n — 1. [1yTh Ha3bIBaeTCs MPOCTHIM, €CJIM BCE BEPIIMHBI Ha HEM, 32 MCKIIIOYCHUEM, MOXKET
ObITh, ICPBOW U MOCIIEAHEH, pa3nudHbl. 111 HEOpUESHTUPOBAaHHOTO rpada Ha puc. myTsimu OymyT adbe u abc.

3aMKHYTBIH ITyTh O€3 MOBTOPSIIOIIMXCS pedep Ha3bIBACTCS IUKIOM (MM
KOHTYpPOM B oprpade); 6e3 MOBTOPSIOMINXCS BEPIINH (KpOMe TIepBOU 1
MOCJIE/THEH) - IIPOCTHIM IIHKIIOM.

INonHeIM Ha3bIBaeTcs rpad, B KOTOPOM IPOBEICHBI BCE BOZMOXKHBIE pedpa.

Juist rpada, MMeroIero n BepuinH, Takux pedep oyaet n(n-1)/2.

BepmmHa Vv JOCTHKMMa W3 BEPLIMHBI U, €CJIH CYLIECTBYET IYTh,
HA4YMHAIOLIMICS B U U 3aKAHUMBAIOLIUICS B V.

I'pad Ha3bIBaeTCSI CBA3HBIM, €CIIU BCE €0 BEPUIMHBI B3aUMHO JOCTHIKUMBI.
Ha pucynke n3o0paxeH CBs3HBIN rpad.

Ecnu rpad He siBisSeTCS CBSA3HBIM, TO €0 MOXHO pa30UTh Ha CBS3HBIC
nozarpadbl, Ha3pIBaEMble KOMIIOHEHTAMHU.

KoMmrioHeHTa CBSI3HOCTH — 3TO MaKCHMallbHBIA CBsI3HBIN moarpad. B obmem ciydae rpad MoKeT cOCTOSTH M3
MPOM3BOJILHOTO KOJIMYECTBA KOMIIOHEHT CBs3HOCTH. Jli00as W30JMpOBaHHAs BEpUIMHA SBISAETCA OTIEIbHOM
KOMITOHEHTOH cBs3HOCTH. Harpumep, B mpuBei€HHOM HiKe rpade comepKUTcst 4 KOMIIOHEHTHI cBs3HOCTH: abhk, gd, c,

f.

o
a h c
d
9
&
f
b k
B3eewennwtii zpagh — 510 Tpad, HEKOTOPHIM BJIEMEHTaM KOTOPOro (BepmIMHAM, pedpamM WIH Iyram)

COMNOCTAaBJICHBI uncia. Yucaa-oMeTKH HOCSAT Ha3BaHUs BEC, [UIMHA, CTOUMOCTb.
Jlnuna nymu BO B3BEIICHHOM rpade — 3TO CyMMa BecoB pebep (ayr), M3 KOTOPBIX COCTOHT IMyTh.

Tema 7.2 OcHOBHBIE IPOLEAYPHI Pa00THI ¢ rpadamMu.

Jlobasnenue sepuiunbvl

Ipouenypa AddNode nobasiser B rpad BepliMHY ¢ 3aJaHHBIM HOMEPOM N M BecoM X. [Ipenmomnaraercs, 4to
YHUKAJIBHOCTh HOMEpa obecreurBaeTcs BbI3LIBaIOH1€I71 nporpaMMoﬁ.
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Procedure AddNode(Var graph: refnode; n,x:integer);

Var p:refnode;

Begin new(p);

With p” do
Begin id:=n;
Infnode:=x;
Arclist:=nil;
Next:graph
End,;
graph:=p;

end;

Jlobasnenue oyeu

[Mpouenypa no6asnenust nyru AddArc B rpad) HcCIoip3yeT B KauecTBE BXOJHON HMH(OPMAIMU CCBUIKH Ha
COCAMHACMBIC BEPIHIMHBI W 3HAYCHUS BCC CO3L[aBa€MOI71 AyTu. O06e BEPLIMHBI AJOJUKHBI CYHICCTBOBATH K MOMCHTY
BBITIOJTHCHUA TPOLCAYPHI.

Procedure AddArc(u,v:refnode; y:integer);

Var a:refarc;

Begin if u=nil or v=nil then writeln(‘OtcyrcTByeT BepmHa’)

Else begin
New(a);
With a” do begin
Infarc:=y;
Adj:=v;
Next:=u”.arclist
End;
utarclist:=a
end

end;

Yoanenue oyeu sepuiun

I[J'ISI YAQJICHUS AYTU YKa3bIBAKOTCA ABC CCbUIKM Ha BCPUHIMHBI, KOTOPBIC 3Ta Ayra COCANHACT. HpI/IBeJI[eHHaﬂ HMKC
npoueaypa yaajadeT 3JIEMCHT U3 CIIMCKa AYT, BBIXOAANIUX U3 BCPIIMHBI U, €CJIM B HEM 3allMCaHa CCbUIIKA Ha BCPUIUHY V.
Ecnu Takux 35eMeHTOB HECKOJIbKO, TO YAAIACTCA HepBLII7I BCTpCTHBHIHﬁCfI.

Procedure DeleteArc(u,v:refnode);

Var a,before:refarc;

Run:boolean;
Begin
If u<>nil then Begin
a:=uMarclist;
run:=truel
while a<>nil and run do
if a*.adj=v then run:=false
else begin
before:=3;
a:=a’.next
end;
if a<>nil then begin
if a=u”.arclist then u™.arclist:=a”.next
else before™.next:=a".next;
dispose(a)
end
end

end;

Hpoueuypa yAaajdeHus BCEPIIHMHBL Oouee CJIOKHasA, TaK KaK KpoOME€ YyJaJ€HUA JACCKPUIITOpa BEPUIMHBI U
nOALCIICHHOI'O K Hel cIucKa BbIXOJAIIUX AYT, H606XOIII/IMO OPOCMOTPETh BCIO OCTABLIYIOCA YaCTh r“pa(ba B IIOHUCKax
BUCSYUX CCBUIOK. ITH CCBUIKHA YAQATAOTCA € HOMOIIBIO TPOLEAYPbI DeleteArc.

Procedure DeleteNode(Var graph:refnode; v:refnode);

Var before,p,q:refnode;

a,after:refarc;
begin
p:=graph;
while p<>nil do {iuki o Bcem BepirHam rpada’
begin
g:=p~.next;
if p<>v then begin
DeleteArc(p,v) {ynanenue nyr, HapaBJICHHBIX yIaJIIeMOl BEpLIMHE }
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before:=p;
end

else Begin {ynanenue BepIIMHbI V U BCeX YT, NCXOSIINX U3 Hee}
if p=graph then graph:=q; {ecnu 3T0 mepsas BepimHa }
a:=p/.arclist;
{ymaieHue cnmcka qyT BepIINHEI V}
while a<>nil do
begin
after:=a”.next;
dispose(a);
a:=after
end;
if p=graph then graph:=q
else before™.next:=q;
dispose(p);
end;
p:=q;
end
end,;
Ilpocmomp epagha

IMpocMotp rpada 3akmovaeTcs B MOCEICHUN BCEX BEPIIMH M AYT rpada U BEIBOAE B CTAHAAPTHBIN (ailn Bcer

uHpopmanuu o rpade. s HemycToro rpada HHPOpMAaLKsA TPYIIHPYETCS 10 BepIInHAM (CIIHCKH CMEKHOCTH)
Procedure BrowseGraph(graph:refnode);

Var a:refarc;
Nn,na: integer; {CueTYHKM KOJIMYECTBA BEPIINH U YT}
Begin
Nn:=0; na:=0;
while graph<>nil do
begin
writeln(‘Bepumna °, graph”™.id,” ¢ Becom * ,graph”.infnode);
writeln(‘Crmcok ayr:’);
a:=graph”.arclist;
if a=nil then writeln(‘myct”’);
while a<>nil do begin
writeln(‘dyra k Bepmuae °, (a”.adj)".id,’, Bec ayru ’,a’.infarc);
na:=na+1,
a:=a™.next;
end,;
nn:=nn+1;
graph:=graph”.next;
end;

writeln(‘B rpade ’, nn, ‘BepmuH 1 , na,” ayr’)
end;

Tema 7.3 Anropurmbl Ha rpagax: NoMCK B I'IyOHHY M IIOMCK B IIMPHHY.

06x00 (nouck) 6 enyoumny

Merton noucka B riryouny (depth first search, DFS) — o06o06menue Metoma 00xona epeBa B MPsIMOM TTOPSIIKE
O6xo07 B riryOnHy (Ha3bpIBaeMBbIil HHOT/Ia CTAHAAPTHBIM 00X0I0M), eCTh 00X0A rpada 1Mo CIeIYIONIM IIPABUIAM:

1. JloGaBnseT HaYaIbHYIO BEPIINHY B CTEK M TOMEYAET €€ KaK NCIOIB30BAHHYIO.

2. PaccmarpuBaeT BEpXHIOIO BEpIIMHY cTeka M JO0aBJsieT B CTEK IEPBYIO MOMABIIYIOCS CMEXHYIO eif

HEUCIOJIb30BaHHYIO BEPIUUHY, ITOMedYas €€ KaK HCIOJb30BaHHYI. EcCiaM TakoW BEpIIMHBI HET, U3BJIEKAET BEPLIUHY
CTeKa.

3. Ecnm cTex He MyCT, MEPEeXOANT K ITyHKTY 2.

Takum 00pa3oMm, 3TOT aNrOPUTM OOXOIUT BCE BEPIIUHBI, JOCTIXKUMBIC U3 HAYATBHOW, W KAXKAYIO BEPIIUHY
oOpabatbIBaeT He OoJIee OJTHOTO pasa.

Texcr nponenypsl 006xo0/1a B TiIyOHHY (PEKypCHBHBINA BapHaHT):
var a:array[ 1..nmax,1..nmax]of integer;// MaTpHIa CMEXHOCTH
used:array[ 1..nmax]of boolean; // ciucok MeTok
n:integer; // KOJIMYECTBO BepIInH rpada
procedure dfs(v:integer);
var
i;integer;
begin
used[v]:=true; // moMeIeHHas B CTEK BEpIITNHA IOMEYAETCs UCIIOJIb30BaHHOM
for i:=1 to n do // paccmarpuBaroTcst Bce pedpa, HCXOSIIUE U3 STOM BEPLIMHBI
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/! IMMpOBEPpKa, UCII0JIb30BaHa JIM BEPLINHA, B KOTOPYIO BEACT BbIGpaHHOC pe6p0, €CJIM J1a, TO MOUCK NPOA0JIKACTCA
U3 3TOH BEPILIUHBIL.
if (a[v,i]=1)and(not used[i]) then
dfs(i);
end,;

dfs(X); // 3mecp X - HOMep Ha4aIbHOW BEPIIMHEI

[pu BemmoNHEHNH 00X0/Aa Tpada Mo STUM IpaBUIIaM CTPEMHMCS IPOHUKHYTH "BriayOp" rpada Tak manexo, Kak
9TO BO3MOXHO, 3aT€M OTCTYIIaeM Ha LIar Ha3aJ M CHOBA CTPEMUMCS IPOMTH BIIEpe]] U TaK Jajee.

06x00 (nouck) 6 wupuny

O6xox rpada B mupuny (breadth first search, BFS) ocHOBEIBaeTcst Ha 3aMeHe cTeka o4epebIo:

1. Jlo6aBnsieT HavaJIbHYIO BEPIIMHY B OUY€PEab U MIOMEYaeT e€ KakK MCII0JIb30BaHHYIO.

2. V3Brnekaer cilenymollyl0 BEpIIMHY M3 OYEPEeAM W A00aBIsSET B O4Yepedb CMEXKHBIC € HEHCIIOJIb30BaHHBIC
BEPIIMHBI, TOMeYas UX KaK HCHOJIb30BaHHbIE.

3. Ecin ouepenp He mycTa, NEPEXOJUT K ITyHKTY 2.

[Tocne Takoit MoaMpUKanMU 4YeM paHbIIE MOCENaeTcsl BepIIHA (IIOMEIAEeTCsl B o4Yepenb), TEM paHblle OHa
ucronb3yercs (ynaisiercst U3 odepenu). Vcrnonp3oBaHue BEpUIMHBI MPOUCXOIUT C IMOMOIIBIO IPOCMOTpa Cpasy Bcex
ele He MPOCMOTPEHHBIX BEPIIMH, CMEKHBIX 3TOW BEpIIMHBL TakuMm o0pa3oM, "NOUCK Belercs Kak Obl BO BCEX
BO3MOXKHBIX HAIPABJICHHUAX OJHOBPEMEHHO" .

OuepeHOCTh IPOCMOTPa BEPILIHH IIPU ITOUCKE B IIUPUHY:

procedure bfs(v:integer);

var Og:array[1..nn]of integer;

yk1,yk2:integer;
i;integer;

begin

/I B anemeHTe 0g[i] XpaHUTCS HOMEp TPYIIbI BEpPIIMHBI i. V3HayambHO HOMEp IPYNIBI BCEX BEPUIMH KpOMeE
CTapTOBO¥ paBeH 0, 3TO 3HAYKT, YTO OHHU CIE HE OBUIN HCIIOJIH30BAHBI.

for i:=1tondo
og[i]:=0;
// IHMOManu3anus o4epeny, T.e. JoOaBlIeHIe B He€ Ha4yallbHOW BEPIIHHBI C HOMEPOM V
yk2:=0;
yk1:=1;
Og[yk1]:=v;
used[v]:=true; / moMeTKa BEPIIMHBI HCIIOIh30BAHHON
while yk2 < yk1 do // uukn paboraer, rnoka odepe/p He MycTa
begin
inc(yk2);v:=0g[yk2];
write(v:2);

// mpocMaTpuBaroTCs Bce péOpa, UCXOISIINE U3 IEPBOI BEPIIUHBI OYePEr

fori:=1tondo

// Mcnoyib30BaHa JIM BEpIIMHA, B KOTOPYIO BenET BBHIOpaHHOE peOpo, eClM HeT , TO BeplUMHA H00aBiseTcs B
ouepenpb

if (a[v,i] <> 0) and not used[i] then
begin

// cnBUTAeTCs yKasaTenb KOHIa ouepein

inc(ykl);
Oglyk1]:=i;
used[i]:=true;
end;
end;

end,;

Yare Bcero MOMCK B HIMPUHY HMCHOJIB3YETCS JJISl HAXOXJICHUS KpaT4alIlero IyTH OT OJHOW BEepIIMHBI X 10
JIpyroit — Y: Hy)KHO 3allyCTHTh IIOMCK B IIMPUHY W3 BEpIIMHBI X M NpU J00aBJICHUH HOBOW BEPIIMHBI B Ouepesb
CMOTpETH, HE SBISIETCS JIM OHa BEPLIMHON Y.

Ecnu nporpamma He 3aBepIuuT paboTy B YCIIOBHOM IMKJIE, 3TO 3HAYMT, YTO ITyTH U3 X B Y HE CYIIECTBYET.
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4.3. JlabopaTopHbie padoThI

Buo
3anamus 6
Ao Homep ) Obven uHmepaKmuevnoﬁ,
i paszdena Haumenoeanue nadopamopnoii padomoi (wac.) akmusnoi,
OUCUUNIUNBL UHHOGAUUOHHOU
¢opmax,
(uac.)
1 2 3 4 5
1 1. Crucku. 2 paz6op KOHKPETHBIX
curyanuii (2 yaca)
2 2. Tursl IMHEHHON CTPYKTYPBI JAHHBIX. 4 pazb0p KOHKPETHBIX
curyauuii (2 yaca)
3 3. AJNTOPUTMBI COPTUPOBKHM MACCHUBOB METOJIAMU 4 pa3bop KOHKPETHBIX
BHIOOpa, OOMEHa, BCTABOK M YENTHOYHBIM cutyanuit (2 yaca)
METOA0OM.
4 4, XemupoBaHue. 2 paz6op KOHKPETHBIX
curyanuii (2 yaca)
5 5. daiinel. 4 Pa300p KOHKPETHBIX
curyanuii (2 yaca)
6 6. JepeBbs. 4 Pa3top KOHKPETHBIX
curyaimii (2 gaca)
7 6. bunapHsle nepeBssl. 5 paz00p KOHKPETHBIX
curyaimii (2 gaca)
8 6. ITupamuger. 5 pa3bop KOHKPETHBIX
curyaimii (2 gaca)
9 7. I'padsr. 4 paz00p KOHKPETHBIX
curyaimii (2 gaca)
HUTOro 34 18

4.4. llpakTU4ecKHue 3aHATUSA
Y4eOHBIM MIIaHOM HE TPEIyCMOTPEHO

4.5. KoHTpo/1bHbIe MEPONPUSITHS . KOHTPOJIbLHAsA padoTa.
Llenb: 3aKpenyTh TEOPETUYECKHE 3HAHUS B OOJACTH COPTUPOBKH MACCHBOB, TIO3HAKOMHTHCS C
BUJAMHU COPTUPOBKH U MPOBECTH UX CPaBHEHHUE.
CtpyKTypa: KaxI0€ WHIMBHAYaJbHOE 33JaHUE IPEAINOJaraeT BbINOJHEHHE OO0ydJaromumcs

CIEYIOIINX Pa3/ieoB:
. BBenenue.
. 3ajanue.

. CopTupOoBKa MacCMBOB METOJIOM BbIOOpA.

. CopTHpoBKa MaCCHBOB METOJIOM OOMEHa.

. CopTHpOBKa MAaCCHBOB YEITHOYHBIM METOIOM.
. CopTUpOBKa MacCHBOB METOJIOM BCTABOK.

. BeiBo.

N O Ol B~ Wi —

OcHOBHas TeMaTHKa: COPTUPOBKA MACCUBOB.
PexomenayeMbiii 00beM: TMOSCHHUTENbHAs 3amucka oO0bemMoMm 15 - 20 cTpaHmi AoOKHA
COJIepXaTh TUTYJIbHBIN JIUCT, 33JJaHKE, ONMCAHNUE BBIMOIHAEMbIX JEHCTBUN MO KAXKIOMY pa3jieny u
MOJTYYCHHBIC PE3YIIbTATHI.

Beimava 3aganus, mpueM 1 3aliuTa IMPOBOJAUTCS B COOTBETCTBHHU C KaJICHIAPHBIM YUeOHBIM
rpadpukom
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Ouenka

Kpurepun onenkn

OTJIMYHO KonrtponbHas paboTta ciaHa B MEpBYIO HEIENIO 3aIlIUT. B KOHTPOIBHOM
paboTe NOJHOCTBIO pacKpbiTa Tema paboTbl. IIpaBWIIBHO pelieHbl Bce
3aJaHust pabOTHI.

XOpOIIOo KonrponbHass pabora cpaHa B CpPOK, HO COJEPKUT HE3HAYUTEIbHbIE
OIITMOKH.

yJIOBJIETBOPUTEIBHO KonrponsHass pabGora craHa B CpPOK, HO COIEPKHUT 3HAYUTEIbHOE
KOJINYECTBO OIIMOOK, WM OHIMOKa MOApa3yMeBaeT MOJHYIO MepepaboTKy
BCEU KOHTPOJIbHOM PabOTHI.

HeyznoBieTBoputenbHo | KonTposbHas paboTa He cjaHa B yCTaHOBJICHHBIH CPOK.
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5. MATPAIIA COOTHECEHUSA PA3JEJIOB YYEFHOM JUCIUAIIIMHBI K ®OPMHUPYEMbBIM B HUX

KOMIIETEHHUAM U OEHKE PE3YJbBTATOB OCBOEHUSA JUCIIUIIJINHBI

Komnemenuyuu Komnemenuuu

Kon-60 OK OIIK IIK 2 t wac Buo Ouenka
Ne, naumenoeanue uacoe 7 6 5 komn. | P Yueonwix 3auamuil pe3ynbmamos
pazoenoe OUCHUNIUHbB

1 2 3 4 5 6 7 8 9
1. Kimaccudukanust CTpyKTyp JaHHBIX. 10 + + + 3 3,3 JIx, JIP, CPC JK3aMeH
2. Tumbl NaHHBIX TUHEHHON CTPYKTYPHI. 13 + + + 3 4.3 JIk, JIP, CPC JK3aM€EH
3. AJIrOpuTMBI COPTUPOBKH MaCCHBOB. 21 + + + 3 7 JIk, JIP, CPC 9K3aMeEH, K
4. XemumpoBaHue. 21 + + + 3 7 JIk, JIP, CPC 9K3aMeH
5. daiinel. 21 + + + 3 7 JIk, JIP, CPC dK3aMEH
6. TUIbI JTaHHBIX HEJTMHEWHON CTPYKTYPBI. 21 + + + 3 7 JIk, JIP, CPC AK3aMEH
7. I'padsr. 19 + + + 3 6,3 JIk, JIP, CPC AK3aMeH
6cezo uacos 126 42 42 42 3 42
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6. HNEPEYEHb VYYEBHO-METOAUYECKOI'O OBECHEYEHUSA JAJIA
CAMOCTOSATEJBHOM PABOTHI OBYUAIOIIUXCS IO JUCHUITJINHE
Meiiep, b. HCTpyMeHTHI, anrOpUTMBI U CTPYKTYpHI AaHHBIX / b. Meiiep. - 2-e uza., ucnp. - M.:
Hanmonaneneiii Otkpeiteiii Yauepcuter «MHTYUWUT», 2016. - 543 c. : cxem., ui. - bubnuorp. B
KH.; TO ke [Daekrponnsiii pecype]. - URL: http://biblioclub.ru/index.php?page=book&id=429033
(ctp. 257-338).

/. IIEPEYEHb OCHOBHOM W JONOJHUTEJIBHOW JIMUTEPATYPBHI,
HEOBXOJIMMOMU JJIsA OCBOEHUA JUCHUITJINHBI

Konuuecmeo
Buo | oK3eMnAAPOS | o
No Haumenosanue uzoanus 3aHs- [
mus oubuomexe Hocmtb,
(9x3./ uen.)
uwm.
1 2 3 4 5
OcHoBHas1 JIMTepaTypa

1. Meiiep, b. MHCTpyMEHTBI, anropuT™Msl U CTPYKTYypHl | JIK, JIP, 2P 1
nanaeix /B, Meitep. - 2-e w3ap., wucnp. - M. KP
Haumonaneuslii OTKpBITHIN YHuBepcurer
«MHTYUT», 2016. - 543 c. : cxem., wi. - bubmauorp.
B KH.; TO e [DnekTpoHHBId pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=
429033.

2. KypnocoB M.I'. Bsenenune B crpykrypsl ¥ | JIk, JIP, OP 1
JITOPUTMBI  00pabOTKM AaHHBIX: yuyeOHuk / M.I. KP
KypnocoB — HoBocubupck: Asrorpad, 2015. — 179
C., TO e [ DIEeKTPOHHBIN pecypc]
http://ecat.brstu.ru/catalog/Pecypcri%20cB0601HOTO
%20n0ctyna/Kypaoco%20M.I".%20BBenenne%208
%20cTpykTypb1%20u%20anroputmMei%2006padoTku
%20manubix.%20Yueonuk.%202015. pdf

JlonoJIHUTeIbHAS JIUTEpPaTypa

3. XycaunoB, b.C. Crpyktypel u  anroputwmsl | JIk, JIP, 9 0,5
oOpaGoTkn ngaHHbIX. Ilpumepsl Ha s3bike Cu: KP
yuebHoe mocobue mist By30B / b. C. XycaumHoB. -
Mocksa: ®uHaHCH U cTatucTHKa, 2004. — 464 C.

4. Cepebpsinas, JI. B. Crpykrypel u anroputwmsl | JIk, JIP, OP 1
00paboTKH MaHHBIX: y4e0.-meroj. mocodue / JI. B. KP
CepebOpsinasi, I. M. Mapuna. — Munck : BI'YUP,
2013. — 51 c., To ke [DnekTpoHHBIN pecypc]
http://ecat.brstu.ru/catalog/Pecypcri%20cB0601HOTO
%20moctyna/Cepedpsnan%20J1.B.%20CtpykTypsi%
20u%20anroputmb1%2006padboTkn%201auHbIX. %20
VYueb.-meroa.%20nocodue.%202013.pdf

8. NEPEYEHbDb PECYPCOB HH®OPMALIMOHHO -

TEJIEKOMMYHI/IKAI.IHOHHOT?I CETA «<MHTEPHET» HEOBXO/JINMbIX

JJISA OCBOEHUA JUCHUITJIUHBI

1. DnexTpoHHbIi Katajor ounbauorexku bpl'yY

http://irbis.brstu.ru/CGl/irbis64r 15/cqiirbis 64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21
DBN=BOOK&S21CNR=&7211D=.

2. DnexrponHas oubnuorexa bpl'yY

http://ecat.brstu.ru/catalog .
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http://biblioclub.ru/index.php?page=book&id=429033
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http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21DBN=BOOK&S21CNR=&Z21ID
http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21DBN=BOOK&S21CNR=&Z21ID
http://ecat.brstu.ru/catalog

3. DIeKTpOHHO-OMOIMOTEeUHAs CUCTEMa «Y HUBEpCUTETCKasi Onbamoreka online»
http://biblioclub.ru .

4. DnexTpoHHO-0MOmMoTeyHas cuctema «M3aarenscTBo «JlaHb»
http://e.lanbook.com .

5. Mudopmannonnas cucrema "EnnHoe OKHO A0CTyma K 00pa3oBaTelbHBIM pecypcam’
http://window.edu.ru .

6. Hayunas snexrponnas 6ubmmroreka eLIBRARY.RU http://elibrary.ru .

7. Yausepcurerckas napopmarmonnas cucrema POCCUSA (YUC POCCHA)
https://uisrussia.msu.ru/ .

8. HantmonanbHas anexktponHas ounbmmoreka HOb
http://xn--90ax2c.xn--plai/how-to-search /.

9. METOJAUYECKUE YKA3AHUSI IS OBYYAIOIIHMXCSI MO OCBOEHHIO
JTUCHUIINHBI

9.1. MeToanyeckue yKa3aHus JJisl 00y4aIOIMXCsl 10 BHINOJHEHHIO J1a00PaTOPHBIX PadoT

JlaGopaTopHas padora Nel
Cnucku.

Lenb 3aHATHS: HAYYUTHCS CTPOUTH OJTHOHAIIPABJIEHHbIE, IBYHAIPABICHHBIE U KOJIBLIEBBIE CIIUCKH.
3agaHue:
1. Ilo 3agaHHOMY BapHaHTy C IOMOIIBIO CIICKOB pean30BaTh NporpaMmy «Cunrtanodka». N pedsr
pacnoiiokeHsl 10 Kpyry. HauaB oTcyeT oT mepBOro, yaajasioT KaXJIOro K-Oro, CMbIKasi PU 3TOM
Kpyr. OnpenenuTs NOpsIoK yAaJleHus: pedsaT U3 Kpyra. DTy 3ajady HeoOX0JIMMO UCCIIEN0BaTh JJIs
pasnuunbix 3HaueHuid N ot 1 10 64, cocTaBuB TabIUILy OCTaBIIMXCS PeOsT (1 — HOMEp ocTaBIIerocs
pebeHka).
2. Ilo 3amaHHOMY BapuaHTy NOCTPOUTH OJHOHANPABIEHHBIM JHUHEHHBIA CHHUCOK a0OHEHTOB
TeneQOHHOIN CTaHIIUM, YIOPSA0YEHHbIN JIeKkcukorpaduuecku, coaepxamuii @O u ceMu3HauHbIHN
HoMep TestepoHa. CocTaBUTh MPOLEAYPhI ONPeAETICHUS
— 1o HoMepy Tenedona pamummmmy,
— 10 (haMUTTHH CTIHCKA HOMEPOB Telle(hOHOB.
3. o 3amaHHOMY BapHaHTy MOCTPOUTH JBYHAIPABJICHHBIH HEYNOPSJIOYCHHBIA CIHCOK HOMEPOB
Tese()OHOB: CEMM3HAUHBIX — AOOHEHTOB; TPEX3HAYHBIX — crelcityx0. [IpocMoTpeTs crincok crpaBa
HAJIEBO U MOCTPOUTH YIOPSIOUEHHBIN OHOHAIIPABIEHHBIN CIIUCOK, HE
BKJII0Yasl B HET0 HOMepa Tene(OHOB CHELCIyXO0.
[Topsimok BBIMOJIHEHUS:
COOTBETCTBYET MyHKTaM 1 — 3 3a1aHus.
dopma OTYETHOCTH:
OTYET CAAETCA B EYATHOM BHJIE. B 0TUETE NOJKHBI IPUCYTCTBOBATH:

1. Howmep BapnaHTa HHAUBUAYAIBHOTO 3aJaHMUS;

2. llenb paboTsr;

3. 3apauwue;

4. TlosTamHoe BHIMIOJHEHHUE BCEX 3aaHU BapuaHTa WHIUBUAYAIBHOTO 3aaHHS;

5. 3akiroueHwue.
3amanus A CaMOCTOSITENIbHOM paOoTHhI:
[IpenycMOTpeHbI MHANBHUYATbHBIM 3a/laHUEM 00y4aroerocs.
PexoMeHaIim 1o BBIMOJHEHUIO 33/1aHUi U MOATOTOBKE K JJA00PaTOPHOMY 3aHSATHIO!
O3HAaKOMHUTBCA € TEOPETUUYECKHMM MAaTepUaioM, NPEJCTABICHHBIM B MEPBOM pas3felie JaHHOU
JTUCLUTITUHBI.

OcHOBHas uTeparypa

1. Meiiep, b. UHCTpyMeHTBI, aNrOPUTMBI U CTPYKTYpbI AaHHBIX / b. Meliep. - 2-e u3a., ucnp. - M.:
Hanmonaneubiii OtkpeiThiii YaUBepcuTeT «MHTYUT», 2016. - 543 c. : cxem., ui. - bubnuorp. B
KH.; To ke [DnekTponnslii pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=429033.
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2. Kypaocor M.I'. BBenenrne B CTPYKTYpbl U aJTOPUTMBI 0OpaOOTKM NaHHBIX: yueOHukK / M.I.
KypnocoB — HoBocubupck: Asrorpad, 2015. — 179 c., To e [DneKTpoHHbIH pecypc]
http://ecat.brstu.ru/catalog/Pecypcri%20cBo60aH0r0%2010cTyna/Kyprocos%20M.1".%20BBe nenu
€%208%20cTpykTypb1%201%20anroputmbei%2000padoTkn%20nannbpix. %20V uebnnk.%202015.p
df.

JlononHuTenpHas Mreparypa
1. Xycaunos, b.C. CTpyKTypsl ¥ aJiropuT™Mbl 00padoTKu naHHbIX. [IpuMepsl Ha si3b1ke Cu: yueOHOe
nocobue st By30B / b. C. XycannoB. - MockBa: @uHaHCH U cTaTUCTUKA, 2004. — 464 c.
2. Cepebpsinas, JI. B. CTpyKTyphl ¥ alIropuT™Mbl 00pabOTKH JaHHBIX: yueb.-MeTo. mocodue / JI. B.
Cepebpsnas, 1. M. Mapuna. — Munck : BI'VUP, 2013. — 51 c., To e [DnekTpoHHbIi pecypc]
http://ecat.brstu.ru/catalog/Pecypcri%20cBo6oanoro%20nocryna/Cepedpsnan%20J1.B.%20Ctpykt
ypb1%20u%20aroputmb1%2000paboTkn%201aHHbIX. %20V uel.-
MeToa.%20mocobue.%202013.pdf.
KoHTposbHBIE BOIIPOCHI 17151 CAMOTIPOBEPKHU
1. laTb KpaTKoe ONMCaHUE OJHOHAIPABICHHBIX, ABYHANPABICHHBIX U KOJIBLIEBBIX CIIMCKOB.

JlaGoparopHasi padora Ne2
Tunbl JIMHEHHON CTPYKTYPbI JaHHBIX.

Llenb 3aHATHS: OBIAJETh HABBIKAMU B IIPOTPAMMUPOBAHUU JIMHEHHBIX CTPYKTYpP JaHHBIX U OTJIAJIKE
POTPaMM.
3agaHue:
1. ITo BapuaHTy 331aHO JBY3HAYHOE YMCIIO, HAUTH:
- YHCIIO JIECSTKOB B HEM;
- YHUCJIO €IMHUI] B HEM;
- cymmy ero udp;
- IPOU3BEICHUE €TO ITUPP.
[Topsi10K BBIOTHEHMS:
CoOTBETCTBYET ITyHKTY 3a/IaHUSI.
®dopma OTYETHOCTH:
Otuér cnaéres B me4aTHOM Buje. B 0Tuére NOKHBI IPUCYTCTBOBATD:

1. Homep BapuaHTa MHIMBHYaTbHOTO 3a/1aHUS;

2. llens paGoThI:

3. 3apanue;

4. TlosTamHOe BBHITOJHEHNE BCEX 33JaHNH BapuaHTa MHIUBUIYAJILHOTO 3aaHNUS;

5. 3axioueHue.
3amanus 1711 CaMOCTOSITEIbHOU PaObOTHI:
[TpenycMoTpeHbl HHAMBUYATbHBIM 3a/laHMEM 00y4aroIIerocs.
PexomeHganmu 1o BEITOIHEHHIO 3aJaHHUI U TIOATOTOBKE K JIAOOPATOPHOMY 3aHSATHIO:
O3HaKOMHTBCS C TEOPETUYECKHM MaTepuaioM, NpPEeACTaBICHHBIM BO BTOPOM pasjese JaHHOU
JVICTIATUTAHBL.

OcHoBHas nuTepaTypa
1. Meiiep, b. UnCTpyMeHTBI, alNrOpUTMBI ¥ CTPYKTYpPHI JaHHBIX / b. Metiep. - 2-e u3a., ucnp. - M.:
Hanmonaneneiii Otkpeiteiii YauBepcuter «MHTYUWUT», 2016. - 543 c. : cxewm., ui. - bubnuorp. B
KH.; TO ke [Dmextponnsiit pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=429033.
2. KypnocoB M.I'. BBenenue B CTPYKTYypbl M anropuTMbl 00paOOTKM JaHHBIX: yueOHuUK / M.I.
KypnocoB — HoBocubupck: Asrorpad, 2015. — 179 c., To e [DneKTpoHHBIH pecypc]
http://ecat.brstu.ru/catalog/Pecypcri%20cBo6onnoro%20noctyna/Kypaocor%20M.I".%20Beenenun
€%208%20cTpykTypb1%201%20anroputmMbei%2000padoTkn%20nanapix. %20V uedbnnk.%202015.p
df.
JlononHUTENbHAS TUTEpATypa

1. Xycaunos, b.C. CtpykTypsl 1 anroput™mbl 00paboTku nanHbIX. [Ipumeps! Ha s3b1ke Cu: yueOHoe
nocobue st By30B / b. C. XycanHoB. - MockBa: ®uHaHCH U cTaTucTHKA, 2004, — 464 c.
2. CepeOpsinas, JI. B. CTpykTypsl U anropuT™Mbl 00pabOTKH AaHHBIX: yueO.-meToa. mocodue / JI. B.
Cepebpsinas, 1. M. Mapuna. — Munck : BI'YUP, 2013. — 51 c., To xe [DneKkTpoHHBIN pecypc]
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http://ecat.brstu.ru/catalog/Pecypcri%20cBobomHoro%20moctyna/Cepedpsinan%20J1.B.%20CTpykr
ypBr1%201%20anroputmb1%2000padboTkn%201anHbIx.%20Y 4el.-
MeToa.%20mocobue.%202013.pdf.

KoHTpobpHBIE BOPOCH! 17151 CAMOIIPOBEPKH:

1. Kakas mporpamma Ha3bIBaeTCs TUHEHHOMN ?

2. JlaiiTe onpenenenne TepMUHY «(QyHKIHD.

3. U3 xakux yacreit cocTouT QyHKIus?

4. IloueMy HEOOXOAMMO YKa3bIBaTh TUII UCIIOJIb3YEMON IEPEMEHHOM IpU €€ OUCaHUU?

5. Kak cnenyet BbIOMpaTh TUI EPEMEHHBIX ?

JlabGoparopHasi padora Ne3
AJITOPUTMBI COPTUPOBKH MAaCCHBOB MeTOaMHU BbI00pPa, 00MeHa, BCTABOK U YeJTHOYHBIM
MeTO/I0M.

Llenb 3aHATHA: OBJaETh HAaBBIKAMU COPTUPOBKM MAaCCHBOB METOJIaMH BbIOOpa, 0OMEHA, BCTAaBOK U
YEJTHOYHBIM METOJIOM.
3ajanue:
1. ITo BapuaHTy 3a/1aH MaccuB, OTCOPTUPOBATH €T0 10 BO3PACTAHUIO U YOBIBAHUIO METOAAMMU:
- BbIOODA,;
- oOMeHa;
- BCTaBOK;
- YEJTHOYHBIM.
[TopsimoK BBIMOJIHEHUS:
CoOTBeTCTBYET IIYHKTY 3a/1aHUsl.
dopma OTYETHOCTH:
OTtuét cnaércs B ne4aTHOM BHJiEe. B 0TU€Te NOMKHBI IPUCYTCTBOBATD:

1. Howmep BapnaHTa HHAMBUAYAIBHOTO 3aaHUS;

2. llenb paGoTsI:

3. 3apauwue;

4. TlosTamHoe BBINOJHEHHE BCEX 33JaHUI BapuaHTa MHIMBUAYAJILHOTO 3aJ1aHMS;

5. 3akiroueHwue.
3agaHus Ui CaMOCTOSITENIbHONW PabOThI:
[IpenycMOTpeHbl MHAMBUyaIbHBIM 3a/laHUEM 00y4aroerocs.
PexomeHjanmu 1o BEIMOJHEHUIO 3aJaHUH U MIOATOTOBKE K JIAOOPATOPHOMY 3aHATHIO:
O3HAaKOMUTBCA C TEOPETUYECKUM MaTepHalioM, MpPEICTaBICHHBIM B TPEThEM pasjeie JaHHOU
JUCLUTUIMHBL.

OcHoBHast TuTepatypa
1. Meiiep, b. UHCTpyMeHTBI, anrOpuUTMbI U CTPYKTYpbI AaHHBIX / b. Meliep. - 2-e usa., ucnp. - M.:
Harmmonansueiii OTkpeiTeiii YHuBepeuter « MHTYUT», 2016. - 543 c. : cxeM., ui. - bubauorp. B
KH.; TO e [DnextponHslit pecypce]. - URL: http://biblioclub.ru/index.php?page=book&id=429033.
2. KyprnocoB M.I'. BBenenue B CTPYKTYphl M anTrOpuUTMBI 00paOOTKHM NMaHHBIX: yueOHHWK / M.I.
KypnocoB — HoBocubupck: ABtorpad, 2015. — 179 c., To sxe [DnexTpoHHbIi pecypc]
http://ecat.brstu.ru/catalog/Pecypcri%20cBo60aH0r0%2010cTyna/Kyprocos%20M.1".%20BBe nenun
€%208%20cTpykTypb1%201%20anroputmbei%2000padoTkn%20nanubix. %20Yuebnnk.%202015.p
df.
JlononHuTENBHAS IUTEPATYpa

1. Xycaunos, b.C. CTpyKTypbl U alnropuT™Mbl 00padoTku naHHbIX. [IpuMeps! Ha s3b1ke Cu: yueOHOe
noco6ue it By30B / b. C. XycaunHoB. - MockBa: @uHaHCHI U cTaTUCTHKA, 2004. — 464 c.
2. Cepebpsinas, JI. B. CTpyKTyphl ¥ anropuT™Mbl 00pabOTKH JaHHBIX: yue0.-MeTo. mocodue / JI. B.
Cepebpsnas, 1. M. Mapuna. — Munck : BI'VUP, 2013. — 51 c., To e [DneKkTpoHHbIi pecypc]
http://ecat.brstu.ru/catalog/Pecypcri%20cBo6oanoro%20nocryna/Cepedpsnan%20J1.B.%20Ctpykr
ypBr1%201%20anroputmb1%2000padboTkn%201anHbIX.%20Y 4eb. -
MeToa.%20mocobue.%202013.pdf.
KoHTponbHbIE BOIPOCH! 17151 CAMOIIPOBEPKH..
1. JlaTh KpaTKo€ ONMKMCaHUE METOJIOB COPTUPOBKH.
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JlabopaTopnasi paGora Ne4
XemmpoBaHue.

Llenb 3aHATHS: HAYYUTHCS CTPOUTH OJJHOHAIIPABJICHHBIE, IBYHAIPABICHHBIE M KOJIBIIEBBIC CITUCKH.
3ananue:
1. B cOOTBETCTBHH C 33JaHHBIM BapUAHTOM COCTABHUTb XeUI-(PYHKIUIO 1 IPOAHATHU3UPOBATH €.
2. IIpu HeoOXxoauMoCTH 10padOTaTh Xell-()yHKIIHIO.
3. Mcnonb3ys MOMy4YeHHYIO XeUI-(pyHKIUI0 pa3paboTarh Ha S3bIKE MPOTPAMMHPOBAHUS BBHICOKOTO
YPOBHSI ITPOrpamMMy, KOTOpasi 10JKHA BBIIOJIHATH CeyroIue pyHKIUU:
- CO3/1aBaTh XEII-Ta0JIUILY;
- 100aBJIATh 3JIEMEHTHI B XEeUI-TAa0UILY;
- IpOCMaTpUBaTh XeEII-TadJIUILY;
- ICKaTh 3JIEMEHTHI B X€II-Ta0IHILIE;
- YIAJIATh DJIEMEHTHI U3 XeII-Ta0JIUIIbL;
- CTPOMTD AMArpaMMy, aHaJIU3 KOTOPOH MOKa3bIBACT, KaK pacIlpe1esIeHbl KOJITHU3HH.
[Topsimok BBIMOJIHEHUS:
COOTBETCTBYET MyHKTaM 1 — 3 3agaHusl.
dopma OTYETHOCTH:
OTYET cAAETCA B IEYaTHOM BHJIe. B 0TUETE NOJKHBI IPUCYTCTBOBATH:

1. Howmep BapuaHTa HHIMBHIYaTbHOTO 3a/1aHUS;

2. llens paboTHI;

3. 3apauue;

4. TlostanmHoe BBIOJHEHHE BCEX 331aHUI BapuaHTa MHIUBUAYAJIbHOIO 3aaHNUS;

5. 3akiouyeHwue.
3agaHus Ui CaMOCTOSITENIbHONW PabOThI:
[TpenycMOTpeHbl HHAMBHIYaTBHBIM 3aJaHHEM 00ydJaromIerocs.
PexomeHjanmu 1o BIMOJHEHUIO 3aJaHUH U MIOATOTOBKE K JIAOOPATOPHOMY 3aHATHIO:
O3HaKOMHTBECSI C TEOPETUYECKHM MaTepHAIIOM, IMPEICTABICHHBIM B UYETBEPTOM pas3felie JTaHHOU
JUCLUTUIMHBL.

OcHoBHast TuTepatypa
1. Meiiep, b. UHCTpyMeHTBI, arOpuTMbI U CTPYKTYpHI JaHHbIX / b. Meliep. - 2-e usa., ucnp. - M.:
Hanumonanenbiit Otkpeiteiii Yausepcuter « MHTYUT», 2016. - 543 c. : cxem., ui. - bubnuorp. B
KH.; TO *e [DnexTponnsiit pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=429033.
2. KypunocoB M.I'. BBenenue B CTPYKTYphl M anrOpuTMbl 00paOOTKHM MaHHBIX: yueOHHK / M.I.
KypnocoB — HoBocubupck: Asrorpad, 2015. — 179 c., To e [DneKTpoHHbIH pecypc]
http://ecat.brstu.ru/catalog/Pecypcri%20cBo601H0r0%2010cTyna/Kyprocos%20M.1".%20BBe nenu
€%208%20cTpyxTypb1%201%20anroputmbi%2000padoTkn%20nanubix. %20Yuebnnk.%202015.p
df.
JlonosHUTENbHAS JIUTEpATypa

1. Xycaunos, b.C. CTpyKTypbl U alnropuT™Mbl 00padoTku naHHbIX. [IpumMeps! Ha s3b1ke Cu: yueOHOE
noco6ue 1t By30B / b. C. XycauHoB. - MockBa: @uHaHCH U cTaTUCTHKA, 2004. — 464 c.
2. Cepebpsnas, JI. B. CTpyKTyphl ¥ anropuT™Mbl 00pabOTKH JaHHBIX: yue0.-MeTo. mocooue / JI. B.
Cepebpsnas, 1. M. Mapuna. — Munck : BI'VUP, 2013. — 51 c., To ke [DnekTpoHHbIi pecypc]
http://ecat.brstu.ru/catalog/Pecypcpi%20cBo60aH0r0%2010cTyna/Cepedbpsnan®%20J1.B.%620CTpykr
ypBr1%201%20anroputmb1%2006padoTkn%201anHbIX.%20Y 4eb.-
MeToa.%20mocobue.%202013.pdf.
KoHTposbHBIE BOIPOCH! 17151 CAaMOTIPOBEPKHU
1. B uem 3akiro9gaeTcsi METOJI TIOMCKA - XEIIHpOBaHue?
2. Ilepeuncnrre OCHOBHBIC XeIIl - PYHKIIHH?
3. B uem cyTh kaxmoit xem - GpyHKIunu?
4. Yro Takoe Komuzus?
5. Kakue mMetoap! 1utst pa3penieHns KOJUTM3UiA Bbl 3HaeTe?
6. B uem 3akimouaeTcs CyTh KaXI0TO METOAA ISl Pa3peIIeHus] KOJUIU3UN?
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JlabGoparopHasi padora NeS
Dailibl.

Llenb 3aHATHS: OBIAJETh HaBbIKAMU PaOOThI C BHYTPEHHUMHU U BHEIIHUMHU (ailiamu.
3anaHue:
1. B cooTBeTCTBMM C BApHAHTOM 3aJlaHKsl Hanucath nporpaMMmy Ha OBM orobpaxaromyo padoTy ¢
daitmamu.
2. [IpounTarh 1 HareyaTaTh CO3JJAaHHBIN (aii.
ITopsiioK BBIMOJIHEHUS:
CooTBeTcTBYET NYHKTY 1 — 2 3a1anusl.
dopma OTYETHOCTH:
OT1uéT cnaéres B meyaTHOM BHJIE. B 0TuéTe NOIKHBI IPUCYTCTBOBATH!

1. Howmep BapnaHTa HHAMBUAYAIBHOTO 3aaHUS;

2. llenb paboTHI:

3. 3apauue;

4. TlosTranmHoe BBINOJHEHHE BCEX 33aHUM BapuaHTa MHIUBUAYAJIbHOIO 3aaHNUS;

5. 3akiouyeHwue.
3agaHus Ui CaMOCTOSITENIbHONW pabOThI:
[TpenycMOTpeHbI MHIMBUYyaIbHBIM 3a/laHUEM 00y4aroLerocs.
PexomeHjanuuy 1o BIOJHEHUIO 3aJaHUH U MIOATOTOBKE K JIAOOPATOPHOMY 3aHATUIO:
O3HAaKOMHUTBCA C TEOPETUYECKUM MaTepuasioM, IPEACTAaBIECHHBIM B MATOM pasjeie JaHHOU
JUCLUTUIMHBL.

OcHoBHast TuTepatypa
1. Meiiep, b. UHCTpyMEHTBI, alTOPUTMBI U CTPYKTYpHI AaHHbIX / b. Meliep. - 2-e uza., ucnp. - M.:
Hanumonanenbiit Otkpeiteiii Yausepcuter « MHTYUT», 2016. - 543 c. : cxem., ui. - bubnuorp. B
KH.; T0 xe [DnekTponnsiit pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=429033.
2. KyprnocoB M.I'. BBenenue B CTPYKTYphl M anrOpuTMbl 00paOOTKHM MaHHBIX: yueOHuUK / M.I.
KypnocoB — HoBocubupck: Asrorpad, 2015. — 179 c., To e [DneKTpoHHbIH pecypc]
http://ecat.brstu.ru/catalog/Pecypcri%20cBo601H0r0%2010cTyna/Kyprocos%20M.1".%20BBe nenu
€%208%20cTpyxTypb1%201%20anroputmbi%2000padoTkn%201anubix. %20Yuebnnk.%202015.p
df.
JlonosHUTENbHAS TUTEpATypa

1. Xycaunos, b.C. CTpyKTypbl U anropuT™Mel 00padoTku naHHbIX. [IpuMeps! Ha s3b1ke Cu: yueOHOe
nocobue 1t By30B / b. C. XycauHoB. - MockBa: @uHaHCHI U cTaTUCcTUKA, 2004. — 464 c.
2. Cepebpsnas, JI. B. CTpyKTyphl 1 anropuT™Mbl 00pabOTKH JTaHHBIX: yue0.-MeTo. mocodue / JI. B.
Cepebpsnas, 1. M. Mapuna. — Munck : BI'VUP, 2013. — 51 c., To ke [DnekTpoHHbIi pecypc]
http://ecat.brstu.ru/catalog/Pecypcri%20cBoboanoro%20nocryna/Cepedpsnan%20J1.B.%20Ctpykr
ypB1%201%20anroput™b1%2006padoTkn%201aHHbIX.%20Y 4eb.-
MeTo.%20mocobue.%202013.pdf.
KoHTponbHbIE BONPOCHI /17151 CAMOIIPOBEPKH .
1. OOBSACHUTH,UYTO O3HAYAIOT CJICAYIOIIME TEPMHUHBI: (Dails, 3amuch, METON JOCTyMa, CTPYKTypa
3anucu?
2. KakoBo Ha3HaueHHUE ONEPaTOPOB OTKPBITUS M 3aKPbITHs (HalIoB B SI3bIKE MPOrpPaMMHUPOBAHUS
Object Pascal?
3. JIomyCTHUMBI JIM pa3JInYHbIE TUIBI JAHHBIX JUIS 2JIEMEHTOB OJTHOW 3alUCH?
4. VYka3aTb, C TIOMOLIbI0 KaKHX OIEPaTOpOB OCYILECTBJIAETCS 3alucCh JaHHBIX B (aiin
MOCJIEIOBATEILHOTO JOCTYIA, YTeHHue u3 daina?
5. IlpuBecTy mpUMepbl UCIIOIB30BaHUSA (aAilJIOB MMOCIEI0BATEIBHOIO IOCTYIIA.
6. Kak pacnio3narsb koHnen ¢aitna qanasix? Kak pacrnosnats ¢aitn Ha nucke?

JlabGoparopHasi padora Ne6 /lepeBbsi.
Llenb 3aHATHS: UCCIIEAOBATh U U3YUUTH MPOLEAYPHI, UCTIONb3yeMbIE IPU paboTe C 1EPEBbSIMHU.
3aganue:
1. ITocTpouTs AEPEBO B COOTBETCTBUH C 33JJaHHBIM BapUAHTOM 3aJaHHUS.
2. BeiBecTH €ro Ha 3KpaH B BUJE JECpEBa.
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3. Peann3oBaTh OCHOBHBIE ONepaliii paboThI ¢ IEPEBOM: 00X0/1 AepEBa, BKIIOYEHUE, HCKIIIOUEHHE
U TIOMCK Y3JIOB.
4. CpaBHUTb Y3(PPEKTUBHOCTH AITOPUTMOB COPTUPOBKHU U ITOMCKA B 3aBUCUMOCTH OT BBICOTHI JIepeBa
U CTENICHH €TI0 BETBIICHHUS.
[Topsii0K BBITOJIHEHMS:
CootBercTByeT myHkTaM 1 — 4 3aanus.
dopma OTYETHOCTH:
Otuér cpaéres B me4aTHoOM Buje. B oTuére AOIKHBI IPUCYTCTBOBATH:!

1. Homep BapuaHTa MHIMBHYaTbHOT'O 3a/1aHUS;

2. llenw paGoThI:

3. 3apanue;

4. TlosTramHOe BBHIOJHEHNE BCEX 33JaHUH BapuaHTa MHIUBUAYAJIBLHOTO 3aaHNUS;

5. 3akiroueHwue.
3amaHus Ui CaMOCTOSITENIbHONU PabOTHI:
[TpenycMoTpeHbl HHAMBUYATbHBIM 3aJaHMEM 00y4aroIierocs.
Pexomenaryu 1o BEIMOJIHEHHUIO 33/IaHUH U TIOJTOTOBKE K J1a00PaTOPHOMY 3aHSITHIO!
O3HaKOMHUTBCS C TEOPETUYECKMM MAaTe€pHajoM, IPEACTaBIEHHbIM B IIECTOM pa3jiese JaHHOU
JVCIIATUTAHBL.

OcHoBHas nuTeparypa
1. Meiiep, b. UncTpyMeHTBI, alnroOpuTMBI M CTPYKTYpBI AaHHBIX / b. Meliep. - 2-e u3a., ucnp. - M.:
Harmmonaneueiii OTkpeiThiii YHuBepcuter « MHTYUT», 2016. - 543 c. : cxeMm., ui. - bubauorp. B
KH.; TO e [Dnexrponnsiit pecypce]. - URL: http://biblioclub.ru/index.php?page=book&id=429033.
2. KypaocoB M.I'. BBenenue B CTPYKTYpbl U alNrOpUTMbl 00pabOTKH MaHHBIX: yueOuuk / M.I.
KypnocoB — HoBocubupck: Asrorpad, 2015. — 179 c., To e [DneKTpoHHbIH pecypc]
http://ecat.brstu.ru/catalog/Pecypcri%20cBo60oatoro%20noctyna/Kypaocos%20M.I".%20BBeaeHu
€%208%20cTpykTypsi%201%20anropurmei%2006padboTkn%201annbex.%20Yyedbnnk.%202015.p
df.
JlononHuTENbHAS IUTEPATYypa

1. Xycaunnos, b.C. CTpyKTypsl U anroput™bl 00paboTku AaHHbIX. [IpumMeps! Ha s3b1ke Cu: yueOHOe
noco6ue 11st By30B / b. C. XycanHoB. - MockBa: @uHaHCHI U cTaTucThka, 2004. — 464 c.
2. Cepebpsinas, JI. B. CTpyKTyphI U alrOpUTMBI 00pabOTKH JaHHBIX: yued.-mMeTo. mocobue / JI. B.
Cepebpsnast, 1. M. Mapuna. — Munck : BI'VUP, 2013. — 51 c., To e [DneKkTpoHHBIH pecypc]
http://ecat.brstu.ru/catalog/Pecypcri%20cBo60oaH0r0%2010cTyna/Cepedpsnan®%20J1.B.%20CtpykT
ypb1%201%20anroputmb1%2000padoTkn%201aHHbIX.%20Y 4eb.-
metoa.%20nocobune.%202013.pdf.
KoHTponbpHBIE BOPOCH! 17151 CAMOTIPOBEPKH:
1. Yro Takoe aepeBo?
2. Kak BbIiensieTcs naMsTh MO/ MPEJICTaBIEHUE JE€PEBHEBR?
3.Kakue ObIBAIOT THIIBI I€PEBHEB?
4. Kakue crangapTHbIE ONEpAIIMy BO3MOKHBI HaJ IEPEBbIMU?

JladopaTopuasi padora Ne7. bunapHble 1epeBbsi.
Llenp 3aHATHSA: UCCIENOBaTh M M3YYHUTH MPOLEAYPHI, UCHOIb3yeMble MpH paboTe ¢ OMHAPHBIMHU
(IBOMYHBIMH) IEPEBHSIMHU.
3agaHue:
1. Ilo BapuanTy 3agaHo apudmernyeckoe Boipaskenne. Heodxoaumo:
- IOCTPOUTH ISl HEro OMHApHOE JIEPEBO;
- IOJIYYUTh 3aMUCh apUPMETUUECKOTO BBIPAXKEHUS B MPEPUKCHON U mocTPukcHou dopme.
2. Jlng 3agaHHOM MOCIENOBATEIbHOCTH LENBIX YHCENT IOCTPOUTH OMHApHOE [EpeBO IOMCKA.
PeanuzoBaTh anroput™el A paboThl ¢ JI€PEBOM IOMCKA, CUUTAas, 4TO AEPEBO MMEET CBA3HOE
IIPEJICTaBICHHE:
- IOCTPOEHHE JIepeBa;
- BKJIFOUYEHHUE Y3I1a;
- [IeYaTh JIepeBa B HAIIAIHON (opMe;
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- COPTUPOBKA MOCJIEI0BATEIILHOCTH 110 BO3PACTAHUIO U YOBIBAHUIO;
- IIOMCK DJIEMEHTA B JIEPEBE;
- yIaJeHue aepeBa.
ITopsiioK BBIMOJIHEHUS:
CooTBeTcTBYEeT MyHKTaM 1 — 2 3aaHusl.
dopma OTYETHOCTH:
Otuér cpaéres B me4aTHOM Buje. B 0Tuére NOKHBI IPUCYTCTBOBATD:

1. Howmep BapnaHTa HHAMBUAYAIBHOTO 3aaHUS;

2. llenb paboThI:

3. 3apauue;

4. TlosTamHoe BBINOJIHEHHUE BCEX 3aJaHUI BapUaHTa WHIUBUAYAIBHOTO 3aJaHHS;

5. 3akiro4yeHue.
3ananus A CaMOCTOSITENIbHOM paboThI:
[TpenycMOTpEeHbI MHAMBUYyaJIbHBIM 3a/laHUEM 00 yUaroLIerocs.
PexoMenaanuu mo BBIOIHEHUIO 3aJaHUI U MTOATOTOBKE K IA0OPAaTOPHOMY 3aHSTHIO!
O3HAaKOMHUTBCSA C TEOPETUYECKUM MAaTEepUaloM, MPEJCTABIECHHBIM B ILIECTOM pasjene JaHHOU
JTUCIUTUIAHBI.

OcHoBHast TuTeparypa
1. Meiiep, b. UHCTpyMEHTBI, aNrOPUTMBI U CTPYKTYpHI AaHHbIX / b. Meliep. - 2-e uza., ucnp. - M.:
Hanumonanenbiit Otkpeiteiii Yausepcuter « MHTYUT», 2016. - 543 c. : cxem., ui. - bubnuorp. B
KH.; T0 xe [DnekTponnsiit pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=429033.
2. KyprnocoB M.I'. BBenenue B CTPYKTYphl M anrOpuTMbl 00paOOTKHM MaHHBIX: yueOHuUK / M.I.
Kypnocos — HoBocubupck: Atorpad, 2015. — 179 c., To ke [ DneKTpOHHBIH pecypc]
http://ecat.brstu.ru/catalog/Pecypcri%20cBo601H0r0%2010cTyna/Kyprocos%20M.1".%20BBe nenu
€%208%20cTpykTypr1%201%20anroputmb%2006padboTkn%201annbix.%20Y yebnnk.%202015.p
df.
JlonosHUTENbHAS IUTEpATypa

1. Xycaunos, b.C. CTpyKTypbl U alnropuT™Mbl 00padoTku fnaHHbIX. [IpuMeps! Ha s3b1ke Cu: yueOHOe
nocobue 1t By30B / b. C. XycaunnoB. - MockBa: @uHaHCHI U cTaTUCTHKA, 2004. — 464 c.
2. Cepebpsinas, JI. B. CTpyKTyphl ¥ anropuT™Mbl 00pabOTKH JTaHHBIX: yue0.-MeTo1. mocodue / JI. B.
Cepebpsnas, 1. M. Mapuna. — Munck : BI'VUP, 2013. — 51 c., To ke [DnekTpoHHbIi pecypc]
http://ecat.brstu.ru/catalog/Pecypcri%20cBoboanoro%20nocryna/Cepedpsnan%20J1.B.%20Ctpykr
ypbr1%201%20anroputmb1%2006padoTkn%201aHHbIX.%20Y 4eb.-
MeTo.%20mocobue.%202013.pdf.
KoHTponbHbIE BONPOCHI 17151 CAMOIIPOBEPKH
1. Yto Takoe JBOMYHOE JEPEBO?
2. Kak BbIsienseTcsi maMsTh MO/ IPEICTaBICHUH JBOUYHBIX JI€PEBHEB?
3.Kakue ObIBAIOT THITBI JBOMYHBIX JIEPEBHEB?
4. Kakue cTaHgapTHBIE ONEpallii BO3MOXKHBI Ha/l IBOUYHBIMH JICPEBbIMU?

JlabopaTopHasi paGora Ne8
IMupamuabl.
Llenb 3aHATHS: UCCIIEAOBATh U U3YUUTH NPOLIEAYPHI, UCIIOIb3yeMble IIPU paboTe MUPaAMUIAMHU.
3amanue:
1. TTo Bapmuanty 3anan maccuB. HeoOxoaumo:
- IpeoOpa3oBaTh MaCCUB B MTUPAMU/LY;
- BCTaBUTH JIEMEHT B IUPAMULY;
- YIATUTh 3JIEMEHT U3 MUPaAMUJIbI;
- BBIIIOJIHUTH MUPAaMUJAIBHYIO COPTUPOBKY.
[TopsimoK BBIMOJIHEHUS:
CoOOTBETCTBYET MMYHKTY 3aJaHHUS.
dopma OTYETHOCTH:
Otuér cpaéres B e4aTHOM BUjeE. B 0TuéTe N0OJKHBI IPUCYTCTBOBATD:
1. Homep BapuaHTa HHIMBHYalIbHOTO 3a/1aHUS;
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[lens paGoTsr:
3amanue;
[ToaTamHOE BBITTOTHEHUE BCEX 3aJ]aHUN BapuaHTa MHIANBUYyaTbHOTO 3a/I1aHHUS;
5. 3axiroucHHE.
3amanus 111 CaMOCTOSITEIIBHOM PaOOTHI:
[TpemycMOTpEeHBI HHIUBHYaTbHBIM 33/IaHUEM 00 yUaroIIerocs.
Pexomenpanuu mo BBITTOJIHEHHIO 33JIaHUN 1 TTOATOTOBKE K JIAOOPATOPHOMY 3aHATHIO:
O3HAKOMHUTHCS C TEOPETHUUYECKUM MATEPHAJIOM, MPEACTABICHHBIM B CEIbMOM pa3ieiie JaHHOU
JIMCIHTIIIHHEL

H~own

OcHoBHast TuTeparypa

1. Meiiep, b. HCTpyMEHTHI, alTOPUTMBI U CTPYKTYpHI JaHHbIX / b. Meiiep. - 2-e u3z., ucnp. - M.:
Hanmonaneneiii Otkpeiteiii Yauepcuter «MHTYUWUT», 2016. - 543 c. : cxewm., ui. - bubnuorp. B
KH.; TO ke [Dnextponnsiii pecypce]. - URL: http://biblioclub.ru/index.php?page=book&id=429033.
2. KypnocoB M.I'. BBenenue B CTPYKTYyphl M anropuTMbl 00paOOTKHM MaHHBIX: yueOHuk / M.I.
Kypnocos — HoBocubupck: Atorpad, 2015. — 179 c., To ke [ DneKTpOHHBIH pecypc]
http://ecat.brstu.ru/catalog/Pecypcri%20cBo601H0r0%2010cTyna/Kyprocos%20M.I".%20BBe nenu
€%208%20cTpykTyps1%201%20anroputmei%2006padboTkn%20nannbix.%20Y yebnnk.%202015.p
df.

JlononHuTeNbHAS TUTEPATYpa
1. Xycaunnos, b.C. Ctpyktypsl u anroput™bl 00padboTku nanHbIX. [IpuMeps! Ha s3p1ke Cu: yueOHoe
noco6ue 1t By30B / b. C. XycaunoB. - MockBa: @uHaHChl U cTaTucTUKa, 2004. — 464 c.
2. Cepebpsiras, JI. B. CTpyKTyphl v anropuT™Mbl 00pabOTKH JaHHBIX: yue0.-MeTo. mocodue / JI. B.
Cepebpsinas, 1. M. Mapuna. — Munck : BI'YUP, 2013. — 51 c., To ke [DnekTpoHHbIH pecypc]
http://ecat.brstu.ru/catalog/Pecypcri%20cBob0oaa0r0%20m0cTynia/Cepedpsuan%20J1.B.%20CtpykT
ypb1%20u%20anroputmb1%20006padboTkn%201aHHbIX. %20V ueb.-
mMeTo.%20mocooue.%202013.pdf.
KoHTposbHbIE BOIPOCHI /17151 CAMOIIPOBEPKHU
1. Yro Takoe mupammua’?
2. JlaliTe kpaTKOoe olucaHue MUPaMHIATbHON COPTUPOBKE.

JlabopaTopnasi paGora Ne9
I'padmi.

Lenb 3aHATHS: HAYYUTHCS MPEACTABIATH M AHATTU3UPOBATH OPUEHTUPOBAHHBIE Tpadbl, ONPEIETITh
B HUX LIEHTP ¥ HAXOJIUTh 33/IaHHBIE MaPIIPYTHI.
3ananue:
1. Co3natb moMeyeHHbIN oprpad ¢ MOMOIIBIO MATPHUITBI CMEKHOCTH UJIH CITUCKOB CMEXHOCTH.
2. YKa3aTh BEpIIMHY-UCTOYHUK M PE3YIbTUPYIOIIYIO BEPIIUHY Ha Tpade.
3. Haiitn xpaT4ailimii myTs MEXIY 33JaHHBIMU BEPIITHHAMHU.
4. HaiiTu camblil IJTMHHBIN TyTh MKy 3aJaHHBIMU BEPIIMHAMM.
5. Haiitn Bce myTu MexAy 3aJaHHBIMHA BEPIIMHAMH, YIIOPSAIOYHB UX 110 BO3PACTAHUIO.
6. Haiitu nentp oprpada.
ITopsimoK BBIMOJIHEHUS:
CootBetcTBYeT MyHKTaM | — 6 3a1aHus.
dopma OTYETHOCTH:
OTuéT cnaércs B meyaTHOM BHJie. B 0TU€Te OMKHBI TPUCYTCTBOBATD:

1. Howmep BapmaHTa HHIUBUIYAIBHOTO 3aaHUS;

2. llenw paGoThI:

3. 3apauwue;

4. TlosTamHoe BBIOTHEHUE BCEX 3aJaHUM BapuaHTa UHANBUIYATbHOTO 3a/1aHHUS;

5. 3akiroueHwue.
3amanus A CaMOCTOSITENILHOM paOoTHhI:
[IpenycMOTpeHbI HHAWBUYATbHBIM 3a/laHUEM 00y4aroIIerocs.
PexoMeHaIim 1mo BBIMOJHEHUIO 33/1aHUi U MIOATOTOBKE K JIA00PaTOPHOMY 3aHSATHIO!
O3HaKOMUTBCA C TEOPETHYECKUM MATEpUajoM, IPEACTABICHHBIM B CEAbBMOM pa3lele JAaHHOU
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JVICIIATUTAHBI.
OcHoBHast TuTepartypa

1. Meiiep, b. HCTpyMEHTHI, aITOPUTMBI U CTPYKTYpHI JaHHbIX / b. Meiiep. - 2-e u3z., ucnp. - M.:
Hanmonaneneiii Otkpeiteiii Yausepcuter «MHTYUWUT», 2016. - 543 c. : cxem., ui. - bubnuorp. B
KH.; TO ke [Dnexrponnsiii pecypce]. - URL: http://biblioclub.ru/index.php?page=book&id=429033.
2. KypnocoB M.I'. BBenenue B CTPYKTYyphl M anropuTMbl 00paOOTKHM MaHHBIX: yueOHuk / M.I.
KypnocoB — HoBocubupck: ABrorpad, 2015. — 179 c., To xe [DnexTpoHHbIN pecypc]
http://ecat.brstu.ru/catalog/Pecypcpi%20cBo601H0r0%2010cTyna/Kypaocos%20M.1".%20BBe nenu
€%208%20cTpykTypr1%20u%20anroputmei%2006padoTkn%201annbix.%20Y yebnnk.%202015.p
df.

JlonoTHUTEIbHAS JIUTEPATYPa
1. Xycaunos, b.C. Ctpyktypsl u anroput™mbl 00padboTku ganHbiX. [Ipumeps! Ha s3b1ke Cu: yueOHoe
nocobue st By30B / b. C. XycanHoB. - MockBa: ®uHaHCH U cTaTUcTHKA, 2004. — 464 c.
2. Cepebpsinas, JI. B. CTpyKTyphl 1 anropuTMbl 00pabOTKH JaHHBIX: yueO.-MeTo. mocodue / JI. B.
Cepebpsinas, 1. M. Mapuna. — Munck : BI'YUP, 2013. — 51 c., To ke [DnekTpoHHbIH pecypc]
http://ecat.brstu.ru/catalog/Pecypcri%20cBob0oaa0r0%20m0cTyna/Cepedpsnan%20J1.B.%20CtpykT
ypb1%20u%20anroputmb1%20006padboTkn%201aHHbIX. %20V ueb.-
mMeTo1.%20mocooue.%202013.pdf.
KoHTpobHBIE BOIIPOCHI JIJIsl CAMOIIPOBEPKH:
1. ate onpenenenue rpada.
2. JlaTh omnpenenieHue OCHOBHOTO jiepeBa rpada.
3. IlepeunciuTh criocOOBI MpeAcTaBIeHUs rpada A penIeHns 3a1a4 ¢ TOMOIIBI0 KOMITBIOTEPA.

9.2. MeToauueckue YKa3aHHUA 110 BBITNIOJTHCHUIO KOHTpOJ’ILHOﬁ paﬁoTbl

KonTposibHas paboTa mocssileHa COPTUPOBKM MAacCHBOB Pa3jMYHBIMM METOJaMU. 3aJlaHue
BKJIIOYAET B ce0sl CIIeyIOIINe pa3/Ielibl:
1. CoptupoBka MaccuBOB METOJIOM BbIOOpA.
2. CopTHpOBKa MacCUBOB METOJIOM OOMEHa.
3. CopTHpoBKa MaCCHBOB YEITHOYHBIM METOJIOM.
4. CopTupOBKa MacCUBOB METOJIOM BCTAaBOK.
Pacuer npou3BoANUTECS KaXAbIM CTYIAEHTOM MHAMBHUIYaJIbHO, [10 BApUAaHTaM.

10. MIEPEYEHb MH®OPMAIIMOHHBIX TEXHOJIOI' U, HCIIOJIb3YEMBIX ITPU
OCYHECTBJIEHUU OBPA30OBATEJIBHOI'O ITPOIECCA IO JUCHUIIJIMHE

NupopmannonHo-kommyHukanuonnsle TexHonorun (MKT) — mpenopaBarens wucnosb3yer
JUISL:

- TOJTy4eHHsT MH(POPMAIIUH TIPHU TIOATOTOBKE K 3aHITHSM,

- CO3J]aHMs MPE3EHTAMOHHOIO CONIPOBOXKACHUS JIEKLINH;

- MHTEPAKTUBHOTO OOIICHUS;

- OC Windows 7 Professional,

- Microsoft Office 2007 Russian Academic OPEN NO Level;

- AuTHBUpYyCHOE nporpaMMHoe obecrnieuenue Kaspersky Security;

- T1O “AnTunnaruar”.

11. OMMCAHUE MATEPHAJIBHO-TEXHUYECKOM BA3bl, HEOBXOJINMOM
JJIAA OCYIIECTBJIEHUSA OBPA3OBATEJIBHOI'O ITPOLHECCA 1TO JUCIUIIVIMHE

Buo Haumenosanue Ilepeuens ocnosnozo No JIx. JIP
sanamusn (JIk, JIP) ayoumopuu 06opyodosanus ’
1 3 4 5
JIx JleknmonHas ayiutopus - JIk 1-7
JIP Jucnnennele Kinaccsl [IepcoHaJIbHBIE KOMIIBIOTEPBI JIP 1-9
KP JlucrieitHpie KIacchl ITepcoHasibHBIE KOMITBIOTEPHI -
CPC 433 - -
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OOHJA ONEHOYHBIX CPEACTB AJId ITPOBEJAEHU A

Ipunoxenne 1

MPOMEXYTOUYHOM ATTECTAIIUA OBYYAIOIMUXCA IO JUCIUILJINHE

1. Onucanue ¢poHAa OLIEHOYHBIX CPEACTB (IACHOPT)

Ne
KoMIIe DJIeMeHT POC
Paznen Tema
TeHIH KOMIIeTeHIHH
U
OK-7 | crtocoOHOCTH K| 1. 1.1 MaccuBsl, 3amucH, Dk3aMmeHarll.
camoopranmzanuu ¥ | Kmaccudukauus | MHOXeCTBa, ouner
caMo00pa30BaHHIO CTPYKTYD JTMHAMUYECKHUE CTPYKTYPHI
JTAaHHBIX. JTAHHBIX.
1.2 Crmckw.
2. Tunel nagaeix | 2.1 Jlannabple | Dx3aMeHarl.
JTUHEHHOU 3JIEMEHTAPHBIX THIIOB. ouner
CTPYKTYpBHI. 2.2 JlaHHBIE YHCIOBOTO,
BEIIECTBEHHOTO,
CHUMBOJIBHOTO,
JIOTHYECKOTO THIIOB.
2.3 JlaHHbIe THIIA
yKa3aTelb.
3. Amropurmsl | 3.1 CopTupoBKa MacCHBOB | DK3aMeHaIl.
COPTUPOBKH METO/I0M BBIOODA. ouner
MacCCHBOB. 3.2 CopTtupoBKa METOJOM
oOMeHa.
3.3 CoprupoBka
YEJTHOYHBIM METO/IOM.
3.4 CopTtupoBKa METOIOM
BCTaBOK.
4. Xemuposanue. | 4.1 Xem-pyHKiuu. OK3aMeHall.
4.2 Metoapl paspeuieHus | OuieT
KOJUIU3HUH.
5. daineL. 5.1 Buemrnue aitnbr. DK3aMeHarl.
5.2 BayTpeHnue ¢aitibl. ouser
6. Tuner manHbIX | 6.1 JlepeBbs. DK3aMeHarl.
HEJIMHEWHOMN 6.2 bunapHsble 1epeBbsl. ouner
CTPYKTYpBHI. 6.3 [Mupamuabr.
7. I'padpr. 7.1 OcHOBHbIE TOHATHUS | DK3aMeHaIl.
Teopuu rpados. ouer
7.2 OCHOBHBIE MIPOLIEAYPHI
paboTsI ¢ rpadamu.
7.3 AnropuT™MbI Ha
rpadax: Mouck B TIyOuMHY
Y TIOUCK B IIUPUHY.

OIIK-6 | crtocoOHOCTH 1. 1.1 MaccuBEl, 3amucH, Dk3aMmeHarl.
OCYyIIECTBIAATh ToOUCK, | Kmaccudukanus | MHOXKeCTBa, ouner
XpaHeHue, 00pabOTKy | CTPYKTYD JTUHAMHUYECKUE CTPYKTYPHI
u aHalu3 | JaHHBIX. JTAHHBIX.
nHpopmarun u3 1.2 Criuckn.

Pa3IMYHBIX 2. Tunsl ganseix | 2.1 Jlannble | Dx3aMeHal.
UCTOYHUKOB M 0a3 | muHEHHOM 3JIEMEHTAPHBIX THUIIOB. oumer
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JIaHHBIX,
MPEICTABIATh €€

B

TpedyemoM dopmare
C  UCIOJb30BaHUEM

MH(OPMAaLIMOHHBIX,
KOMITbIOTEPHBIX

CETEBBIX TEXHOJIOT UM

n

CTPYKTYpBHI.

2.2 JlaHHBIC YHCIIOBOTO,
BEIIIECTBEHHOTO,
CHUMBOJIBHOTO,
JIOTHYECKOT'O THIIOB.
2.3 JlaHHbIC
yKa3arelb.

THUIIA

3. Anroputmsl
COPTHPOBKHU
MAaCCHBOB.

3.1 CopTupoBKa MacCUBOB
METOJ/IOM BBIOODA.

3.2 CopTupoBKa METOAOM
oOMeHa.

3.3 CoprupoBka
YEITHOYHBIM METO/IOM.

3.4 CopTtupoBKa METOAOM
BCTaBOK.

DK3aMeHarl.
ower

4. XemupoBaHue.

4.1 Xemr-hyHKIHH.
4.2 Metoapl pa3pelieHHs
KOJUTU3HM.

DK3aMeHarl.
ouier

5. dainel.

5.1 Buemnue aitibl.
5.2 Bayrpennue ¢aitbl.

OK3aMeHarl.
owmer

6. Tumel maHHBIX
HeJIMHEHHON

CTPYKTYPBI.

6.1 JlepeBbs.
6.2 bunapHbie AepeBbsl.
6.3 ITupamuapl.

DK3aMeHall.
ouer

7. I'padml.

7.1 OcHOBHBIE TOHSTHUSA
Teopuu rpados.

7.2 OCHOBHBIE MPOLEAYPHI
paboThI ¢ rpadamu.

7.3 AATOopuUTMBI Ha
rpadax: MOUCK B IITyOUHY
Y TIOWCK B IIUPHHY.

DK3aMeHarl.
ouier

[1K-5

CIIOCOOHOCTD

OCYIIECTBJISATh cOOp U

aHaJIn3

HNCXOOHBIX

JAaHHBIX [JIA pacdcTa
n MMPOCKTUPOBAHU A

CUCTEM H
aBTOMAaTHU3alUU
YIIPaBJICHUS

Cpe/cTB

)51

1.
Knaccudukanms
CTPYKTYP
JAHHBIX.

1.1 MaccuBbsl, 3aIHCH,
MHO’KECTBA,
TUHAMHYECKHE CTPYKTYPhI
JIAHHBIX.

1.2 Crucku.

OK3aMeHarl.
ouer

2. Tunbl JaHHBIX
JINHEHHOU

CTPYKTYpBHI.

2.1 Jlanubie
AIIEMEHTAPHBIX TUTIOB.

2.2 JlaHHBIE YHCIIOBOTO,
BEIIECTBEHHOTO,
CHUMBOJILHOTO,
JIOTHYECKOTO TUTIOB.
2.3 JlanHbie
yKa3arenb.

TUIIa

DK3aMeHarll.
ouer

3. Anroputmsbl
COPTUPOBKH
MacCHBOB.

3.1 CopTupoBKa MacCHBOB
METOJIOM BBIOOpA.

3.2 CopTupoBKa METOIOM
oOMeHa.

3.3 CoprHpoBka
YEeJTHOYHBIM METO/IOM.

3.4 CopTupoBKa METOIOM
BCTaBOK.

DK3aMeHarl.
omer

4. XemupoBaHUeE.

4.1 Xemnr-(hyHKIHH.
4.2 Metoapl pa3pemieHus
KOJUIU3HUH.

DK3aMeHarl.
onner

5. dainel.

5.1 Buemnue aitbl.

DK3aMeHall.
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5.2 Buytpennue ¢aitsbl.

ouner

6. Tumbl nmanHbIX | 6.1 JlepeBbs. DK3aMeHarl.

HEJIMHEWHOMN 6.2 bunapHbie 1epeBbsl. ouner

CTPYKTYPBHI. 6.3 ITupamuapl.

7. I'padpr. 7.1 OcHOBHBIE MOHATHUSA | DK3aMEHall.
Teopuu rpadoB. ower

paboTsl ¢ rpadamu.
7.3 Anroput™Mbl

1 IIOMCK B IMPUHY.

7.2 OCHOBHBIE MPOLEAYPHI

rpadax: MOUCK B IIyOHMHY

Ha

JK3aMeHAMOHHbIE BONIPOCHI

KoMmnerenuun
Ne IK3AMEHALUMOHHBIE Ne 1 HauMeHoOBaHMe
n/n Kon Onpenenenne BOITPOCHI pas3aena
1 2 3 4 5
1. OK-7 | cnocoOHOCTH k | 1.1 MaccuBpl, 3amucu, MHOXecTBa, | 1. Kimaccudukanus
CaMOOpraHU3aly | JUHAMUYECKHE CTPYKTYpbI JaHHBIX. CTPYKTYP AAHHBIX.
" 1.2 Crimckw.
camoobpazoBanuio | 2.1 JlaHHble DJICMECHTAPHBIX THUIIOB.
2.2 JlaHHBIEC YHCIIOBOTO,
BEIIECTBEHHOI0, CHMBOJILHOTO, 2 THP b {laHHHX
JIOTHYECKOr'0 TUIIOB. TTHHCHIOM CTPYKTYPEL-
2.3 JlaHHBIEC THTIA YKa3aTelb.
3.1 OnpeneneHue OMOPHOTO PELICHUS
3aJ]a4i METOJIOM CEBEPO-3aIaHOTO
yria.
3.2 OmnpeneneHre OMIOPHOTO PEIICHHS
3aJja4uu METO/IOM HauMEHBIIETO 3. AnropuTMBI
JIIEMEHTA. COPTUPOBKH
3.3  OnmnpeneneHue  ONTHUMAJIbHOIO | MACCHUBOB.
peteHwst 3a7a9u METOZOM
MIOTEHINAJIOB.
3.4 CopTupoBKa METOJIOM BCTABOK.
4.1 Xem-pyHKIMH 4. XemupoBaHHue.
4.2 Metobl pa3penieHus KOJUIM3HH.
5.1 Buemnue aiibl. 5. @ailinbl.
5.2 Bayrpennwue ¢aitibl.
6.1 JlepeBbs. 6. Tumnel Ja”HHBIX
6.2 bunapHble 1epeBbs. HEJTMHEHHON
6.3 TTupamMupl. CTPYKTYPBbI.
7.1 OcHoBHBIE IOHATHUS TeopuH rpados. | 7. I'padsbr.
7.2 OcHOBHBIE TPOIETYpPHI PaOOTHI C
rpadamu.
7.3 Anroputmbl Ha rpadax: MOUCK B
rJTyOUHY M TTOMCK B ITUPUHY.
2. | OIIK-6 | cnocoOHOCTH 1.1 MaccuBsl, 3amucu, MHOXecTBa, | 1. Knaccudukanus
OCYIIECTBIATh JMHAMUYECKHE CTPYKTYPbI TaHHBIX. CTPYKTYp AaHHBIX.
IIOUCK, XpaHEHHue, | 1.2 CoucCKH.
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00paboTKy u
aHaJIn3
nHpopmarun u3
pa3In4HBIX
UCTOYHHUKOB W 0a3
JTAHHBIX,
NPEICTaBIATh €€ B
TpeOyemMoM
dhopmate c
UCII0JIb30BaHUEM
WH(POPMAIIMOHHBIX,
KOMIIBIOTEPHBIX U

2.1 JlaHHBIE HJIEMEHTAPHBIX THIIOB.

2.2 JlaHHBIC YUCIIOBOTO,
BEIIECCTBEHHOT'0, CAMBOJIHOTO,
JIOTHYECKOT'O THUIIOB.

2.3 JlanHble TUIA yKa3aTellb.

2. Tune! maHHBIX
JIMHEWHOH CTPYKTYPBL.

3.1 Omnpenenenre OOPHOTO PEIICHUS
3aJja4ui METOJIOM CEBEpO-3aaHOTO

yria.

3.2 OmpesienieHne ONOPHOTO PEIICHUS
3aJ1a4¥l METO/IOM HAMMEHBIIIETO
DJIEMEHTA.

3. ATOpUTMBI
COPTUPOBKH
MaCCHBOB.

CEeTEeBBIX 3.3  OmpezneneHue  ONTUMAJIBHOTO

TeXHOJIOTHIA pelieHus 3a/1auu METOJIOM
MTOTEHINAJIOB.
3.4 CopTupoBKa METOJIOM BCTABOK.
4.1 Xem-pyHKIuH 4. XemupoBaHue.
4.2 MeTopl pa3penieHus KOJUIM3HH.
5.1 BHemnue daitib. 5. Daibl.
5.2 Buytpennue Qaiinsl.
6.1 JlepeBbs. 6. Tunbl JaHHBIX
6.2 bunapHsble nepeBbsl. HEJIMHEUHON
6.3 [Tupamupl. CTPYKTYPBI.
7.1 OcHOBHBIE MOHSTHUS TEOpUU TPadOB.
7.2 OcHOBHBIE Mpoueaypsl pabOThl ¢
rpadamu. 7. I'padwl.
7.3 Anroput™bel Ha rpadax: MOHMCK B
rITyOUHY ¥ TTOKWCK B IIHMPUHY.

IIK-5 | cmocoOGHOCTH 1.1 MaccuBsbl, 3amucu, MHOXecTBa, | 1. Knaccudukanus

OCYIIECTBJISATH cOOp
Y aHAJIU3 UCXOIHBIX

JaHHBIX JJIA
pacucTta n
IMPOCKTUPOBAHUA

CUCTEM WU CpEICTB
aBTOMATH3allUl U
yIIpaBJICHUS

JUHAMHAYECKHE CTPYKTYPHI TAHHBIX.

1.2 Crucku.

CTPYKTYp aHHBIX.

2.1 JlaHHBIE DIIEMEHTAPHBIX THIIOB.

2.2 ]JlaHHBIC YUCIIOBOTO,
BEIIECTBEHHOTO, CHMBOJILHOTO,
JIOTUIECKOTO THIIOB.

2.3 JlaHHble TUNA yKa3aTellb.

2. Tunel DaHHBIX
JIMHEWHOM CTPYKTYPBL.

3.1 OnpeneneHre OMIOPHOTO PEIICHHS
3a7]a4l METOJIOM CEBEPO-3aIaHOTO

yria.

3.2 OnpeneneHue OMOPHOTO PEeLICHHS
3aJ]aui METOJIOM HauMEHBIIIETO
JJIEMEHTA.

3.3 Onpenenenne OITHUMAJIBbHOIO
pereHusI 3a71a4U METOI0M
MOTEHAAIIOB.

3.4 CopTupoBKa METOJJIOM BCTABOK.

3. ATOpUTMBI
COPTHUPOBKH
MacCHBOB.

4.1 Xem-¢pyHKuu

4.2 Metoap! pa3penieHus] KOJUTU3UH.

4. XemupoBaHue.

5.1 Buemnue ¢aitisl.

5.2 BayTpeHnue hausl.

5. ®aiinel.

6.1 JlepeBbs.

6.2 bunapHbie 1epeBbsl.

6.3 [lupamupl.

6. Tunbl JaHHBIX
HEJIMHEHHOH

CTPYKTYpBHI.
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7.1 OCHOBHBIE MOHSTHUS TEOpHUH TPadoB.

rpadamu.

7.2 OcHOBHBIE TIpOLETYypHl PAOOTHI C

7. I'padpr.

7.3 Anroputmbl Ha rpadax: MOUCK B
TIIyOWHY | TTOUCK B IIIHPUHY.

3. Onucanue nokaszaresieil 1 KPpUTEpHeB OLleHMBAHUS KOMIIeTEeHIUIT

Iloka3zaresnu Ouenka Kpurepun

3HaTh Bo BpeMs OTBETa o0yJaromuics
(OK-7): JIEMOHCTPHPYET TAyOOKOE H  IMPOYHOE
- OCHOBHBIE METO/IbI YCBOEHHE NPOrpaMMHOI0 MaTepuana: 3HaeT
pa3paboTKu aNropuTMOB H OCHOBHbBIE METO/bl Pa3paboTKU aJrOpUTMOB
IpOTpamM, CTPYKTYPBI W TOporpamMM,  CTPYKTYpbl  JIaHHBIX,
JTAHHBIX, UCTIOJb3YyEeMbIE IS UCIIONIb3yEMbIe TUIS peICTaBICHUS
NpPEJCTAaBICHUS  TUIOBBIX TUTNOBBIX ~ WH(OPMAIIMOHHBIX  OOBEKTOB,
UH(GOPMaLMOHHBIX COBpEMEHHBIE TUTIOBBIE AITOPUTMBI
00BEKTOB. 00paOOTKH JaHHBIX; YMEET HCIOJIb30BaTh
(OIIK-6): OTJINYHO CTaHJapTHbBIE HaKeThl MPUKIIATHBIX
- COBpEMCHHBIC THUIIOBHIC OporpaMM ISl pEIIeHUS TMPaKTHYECKUX
AITOPUTMBI o0paboTku 3a/a4, MPEACTaBIATh HHPOpMaNMIO B
JTAHHBIX. TpeOyemoM (QopmaTe C UCIOIB30BaHUEM
(TIK-5): WH()OPMAIMOHHBIX,  KOMITBIOTEPHBIX  H
- COBpPEMEHHBIE CpEJICTBa CETEBBIX TEXHOJIOTWH, BIIAJCET HABBIKAMU
aBTOMAaTU3AINH u caMOOpraHu3allid ¥  camMooOpa3oBaHUS,
yIIpaBJICHUS METOJaMH  TOCTPOEHHS ~ COBPEMEHHBIX
YMmerb poOJIEeMHO-OpPUEHTUPOBAHHBIX
(OK-7): NIPUKJIAIHBIX TPOTPAMMHBIX CPEZCTB.
- UCIOJIb30BaTh

OtBer COJEPKUT HETOYHOCTH.
CTaH/IapTHbIE MaKeTHI

JloronHuTENbHBIE BOMPOCH! Tpedyercs, HO
NPUKIIAJHBIX TPOTpaMM st X0po1Io .

oOyyaroImuiicss ¢ HUMH  CHpaBJseTcs
perteHus NPaKTUIECKUX

OTJINYHO.
3ajad.
(OIIK-6): 0 6

TBETWJI TOJIBKO Ha OJIMH BONPOC, JHOO
- NpeACTABIATD 6 H6 poc, H

cimabo oTBeTMN Ha o0a Bompoca. Ha
MHGOPMALHIO B TPEOYEMOM |  yA0BJIETBOPHTEIBLHO P

JOTIONIHUTEIbHBIE ~ BONPOCHI  OTBEYAET

dbopMmaTe ¢ UCIOIB30BaHNEM
MH(}OPMaLIOHHBIX,
KOMIBIOTEPHBIX U CETEBBIX
TEXHOJIOTHIA.

(TIK-5):

- aHAJIM3UPOBATH UCXOHBIE
TaHHBIC JJIs pacueTa
CHUCTEM.

Baagern

(OK-7):

- HaBBIKaMU
caMOOpTaHU3aIuH U
camMo00pazoBaHUsl.
(OIIK-6):

- METOJIaMH TIOCTPOCHUS
COBPEMEHHBIX MPOOIEMHO-
OpPUEHTUPOBAHHBIX
MPUKIIATHBIX TPOTPAMMHBIX

HEYBEPEHHO.

HEY/10BJICTBOPHUTEJILHO

Ha o6a Bompoca oOydaromuiics oTBe4YaeT
HeyOequtensHo. Ha  nmomomHuTenIbHBIC
BOIMIPOCHI MIPCHIOAABATCIIA TAKKEC HE MOXKCET
OTBETHTb.
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CPEICTB.
(TIK-5):

- MeTozamMu cobopa
uHpOpMaLnu.

4, MeToauuecKkue MaTepualibl, ONpeIcJasomue IMpoucaypbl OUHCHHUBAHUS 3HaHI/Ii/JI,
YMeHHﬁ, HABBIKOB H OIIBITA J€ATECJIBbHOCTH

Juctummaa «CTPYKTYphI B allTOPUTMBI 00pabOTKH JaHHBIX» HAIMIPABJICHA HA U3YYCHHE OCHOB
MaTe€MaTU4ecKoro  MOJEIMPOBAaHMUS, IOCTPOEHHUsS  MATEMaTUYECKUX  MOJENEHW,  aHaiu3a
TEOPETUYECKHUX M SKCIICPUMEHTAIBHBIX UCCIIEIOBAHHH B cepe MpoPecCHOHANbHON e TeTbHOCTH.

Nzyuenne quctumminibl «CTPYKTYpPBI H aITOPUTMBI 00pa0OTKH aHHBIX» PEAYCMaTPUBAECT:

- JIEKIUU;

- nabopaTropHbie pabOTHI;

- KOHTPOJIbHYIO padoTy;

- CaMOCTOSITENIbHYIO pa0O0Ty 00y4aroluXcs;

- SK3aMEH.

B xome ocBoenus pazgena 1 «Knaccubukanus cTpykTyp AaHHBIX» OOyYaroIIMecs OJKHBI
U3YYUTb OCHOBHBIC ITOJIOKEHUS M ONPEIEICHUS MACCUBOB, 3aIIMCEH, MHOYKECTB, JTHUHAMHYECKUX
CTPYKTYp JAaHHBIX, 3HAThb OCHOBHBIE BUbI CIIUCKOB.

B xone ocBoenus pazgena 2 «Turbl TaHHBIX JTUHEWHOW CTPYKTYPBI» OOYYArOIIUECS JTOJKHBI
M3YYUTh OCHOBHBIE TUIIbI IAHHBIX.

B xozne ocBoenus paznena 3 « AITOPUTMBI COPTUPOBKH MACCHUBOBY 00YYarOITUECs JOJIKHBI
YMETh COPTUPOBATh MACCUBHI METOAAMH BHIOOPA, 0OMEHA, BCTABOK M YEITHOYHBIM METOJIOM.

B xone ocBoenus 4 pazaena «XemupoBaHuey oOydaronIuecs AOKHBI 3HATh OCHOBHBIC XeIII-
(GYHKINH, a TAKXKE METOABI Pa3pelIeHHs KOJUTH3UH.

B xone ocBoenus 5 paznena «Daitnbny o0ydaromuecs JOMKHBI OBIaJ€Th HABBIKAMHU PaOOThI C
BHYTPEHHUMHU U BHEIIHUMU (ailnaMu.

B xone ocBoenus 6 paznena « TUIIBI JaHHBIX HEIWHEHHON CTPYKTYpBI» 00y4YaromInuecs JOJDKHBI
UCCIIEIOBaTh U W3YYUTh MPOIEAYpPHI, HCIONb3yeMble MpuU paboTe ¢ JepeBbsIMH, OMHAPHBIMU
JEPEBBSAMH U MTHUPAMUIAMH.

B xome ocBoenus 7 pazgena «I'padb» oOydarommuecs AOMKHBI 3HATH OCHOBHBIC TMOHSITHS
Teopuu TpadoB, OCHOBHBIC MPOIEAYpPHI paboThl ¢ rpadamMu, U3YYUTh OCHOBHBIC AJITOPUTMBI Ha
rpagax.

B mpouecce BbImonHEHUs JAa0OPATOpPHBIX pPadOT MPOUCXOIUT 3aKpelieHue 3HaHU,
dbopMUpOBaHNE YMEHU U HABBIKOB PA0OTHI CO CTPYKTYPAMH U aIrOPUTMaMU 00paOOTKHU TaHHBIX.

PaGora c¢ snuTepaTypoil SBIAETCS BaXXHEHUITUM SJEMEHTOM B TIOJYyYEHUHM 3HAHUM TIO
mucuuruinbe. [Tpexne Bcero, He0OXOAUMO BOCIIONIB30BAaThCS CIIMCKOM PEKOMEHIYEMOi 1o TaHHOU
JTUCIUIUIMHE JIUTEPaTypoil. [[OMONHUTENbHBIE CBEAEHUS MO U3Y4aeMbIM TeéMaM MOKHO HAWTH B
[epuoanYecKou reuatu u MarepHere.

K sK3aMeHy J0OMycKarTCs CTYACHTbHI, KOTOpPBIE BBIMOJIHUIN U 0)OpMHUIN Bce JTabOpaTOpHbIE
paboThI, CIATH U 3aIIUTUIA KOHTPOJIBHYIO paboTy.

OneHka 3HaHUM, YMEHUH, HABBIKOB OCYILIECTBIIAETCS B IIPOLIECCE MPOMEXKYTOYHOM aTTECTALNU
oOyJarmuxcsi Mo IUCHUIUIMHE, KOTOopas OCYIIECTBISETCS B BHUAE 3ayeTa M JK3aMmeHa. Jlns
OLICHMBAHUS 3HAHWH, YMEHUW, HABBIKOB HCHOJIB3YyIOTCSI POC mo AUCHUILIMHE, COJAEPIKAIIHM,
BOIIPOCHI K 3a4€Ty U DK3aMEHY.

[IpenycMoTpeHO MpoBe/leHNEe ayIUTOPHBIX 3aHATHI B MHTEPAKTUBHOM (opMe B COUYETAHHH C
BHEAYJAUTOPHOU pabOTOH.
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IMpunoxenne 2

AHHOTAIUA
paboueii nporpaMMbl TUCIANIMHBI
CTpyKTYpbI M JITOPUTMBbI 00Pa00OTKH JAaHHBIX

1. Ileanb u 3a7a9U TUCIHNJIMHBI

Llenpio M3y4eHUs] TUCIMIUIMHBI ABISETCA: (OPMHPOBAHUE Yy OOYYArOMIMXCS 3HAHMHA 0a30BBIX
KJIACCOB CTPYKTYp JAHHBIX U ITOPUTMOB MX MPOrpaMMHON 00pabOTKH; (GOPMHUPOBAHNE HABBIKOB
NPOCKTHPOBaHUS S(P(EKTUBHBIX CTPYKTYp W QITOPUTMOB OOpaOOTKM [aHHBIX MPH PEHICHUH
IPAaKTUYECKUX 3a/1a4.

3anaueil n3ydeHus: JUCHUTUIMHBL SBJISIETCS: MOATOTOBKA 00YUYAIOMIUXCS K CAMOCTOSITETIbHOMY
PELICHUIO TEOPETHUECKUX M IMPUKIAAHBIX 33[a4 CBA3AHHBIX C IPOEKTHPOBAHUEM 3(PPEKTHUBHBIX
CTPYKTYpP ¥ &JITOPUTMOB 00paOOTKU JTAaHHBIX.

2. CTpyKTypa IHCHHUIIHHBI

2.1 PacmpeneneHue TpPyIOEMKOCTH IO OTACIBHBIM BHIAM YYEOHBIX 3aHITHHA, BKIIOYAS
camocTosTeNnbHyl0 paboty: nekuumii — 34 wyacoB, nabopaTtopHble paboTel — 34 wyaca,
caMmocTosiTeNbHas paboTa cTyZeHTa — 58 Jacos,

OO61mas TpyA0eMKOCTh AUCHUIUINHBL cocTaBisieT 180 yacoB, 3 3a4eTHbIE €IMHULIBI.
2.2 OCHOBHBIE pa3/elibl IUCHUTUIHHBIL:

1. Knaccudukamus CTpyKTyp TaHHBIX.
Tunbl 1aHHBIX JIMHEWHON CTPYKTYPBL.
ANTOpPUTMBI COPTUPOBKH MacCHBOB.
XelmupoBaHue.
Dainbl.
TuIbl TaHHBIX HEJIMHEWHOU CTPYKTYPBHI.
7. T'padsrl.
3. Illlanupyemble pe3ybTaThbl 00y4eHUs! (epeyeHb KOMIeTeHIMii)

ook wm

[Tponecc n3yueHHs JUCUUIUIMHBI HAallpaBiIeH Ha (JOpMUpPOBAHHE CIEAYIOUINX KOMITETCHIINI:

OK-7 - cnocoOHOCTh K cCaMOOpraHU3aluu U caMOOOPa30BaHHUIO.

OIIK-6 - criocoOHOCTh OCYILECTBIIATh MMOUCK, XpaHEHHe, 00pabOTKy U aHANNU3 UH(DOPMAIIH
U3 Ppa3IUYHBIX WCTOYHUKOB MW 0a3 JaHHBIX, NPEACTaBIATH ee B TpeOyemMom ¢dopmaTe C
UCIOJIb30BaHUEM HH(OPMAIIMOHHBIX, KOMITBIOTEPHBIX M CETEBBIX TEXHOJIOTHH.

[IK-5 - crnocoOHOCTh OCYIIECTBIIATH COOp M aHANU3 UCXOAHBIX JaHHBIX I pacyeTa u
POEKTHUPOBAHUS CHCTEM M CPEJCTB aBTOMATH3AIMH U YIIPABICHUS

4. BuJ NpOMe:KYTOYHOM aTTeCTAlMH: SK3aMEH.
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Ipunoxenne 3

IlIpomokon 0 0ononneHuAX U U3MEHEHUAX 8 padoueil npozpamme
na 20__ -20 YueoHblil 200

1. B paGouyto nporpammy o AUCHUIUIMHE BHOCSATCS CIEAYIOUINE TOTOTHEHHUS:

2. B pabGouyto nmporpaMmy o AUCUUIIIMHE BHOCSATCS CIEAYIOIUE U3MEHEHUS:

[TpoTokoun 3acemanus xkadenpor No OT «__ » 20 r.,
(paspabomuyux)

3aBenyronuii kKageapoit

(noonucs) (®.1.0.)
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[IporpamMa cocTaBieHa B  COOTBETCTBUM C  (peAepajibHBIM  TOCYIapCTBEHHBIM
00pa3oBaTeNbHBIM CTAHIAPTOM BBICHIET0 OOpa30BaHUS MO HampaBlIeHUIO MOAroToBKU 27.03.04
VYrpaneHnue B TeXHUUYECKUX cucTeMax oT «20» okTaops 2015 r. Ne1171 yyeOnpim mmanom ®I'BOY
BO «bpl'Y» nnis ounoi, 3a04HO# opmbl 00ydenus ot «12» mapra 2018 r. Nel30.

IIporpammy cocraBui:

Konteirun J1.C., x.T.H, JOIIEHT

Pabouas nporpamma paccMoTpeHa U yTBepxkaeHa Ha 3aceganuu kadeapsl YTC

oT «28»  nekabps 2018 r., mpoTokon Ne 6

3aBenyromnuii kageapoit N.B. UrnarneB
COI''TACOBAHO:

3aBenyromnuii BeITycKaromiei kageapoit N.B. Urnatrnes
Hupexrop OUOIMOTEKH T.®. CotHuK

Pabouas nporpamma ogo0peHa MeToAM4eCcKo KoMuccuen dakynprera JuA
oT «28»  nekalps 2018 r., mporokon Ne 5

[Ipencenarens METOANUECKONH KOMUCCUH (aKyJIbTeTa

COT'JTACOBAHO:

HavanpHuk
y4e0HO-METOINYECKOTO YIIPABIICHUS I'.I1. HexxeBeny

Peructpanmonssiit Ne



