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1. HNEPEYEHb IIVIAHUPYEMBIX PE3YJBTATOB OBYYEHUA 11O
JUCHUIVIMHE, COOTHECEHHBIX C IINIAHUPYEMBIMHU PE3YJbTATAMU
OCBOEHHA OBPA30OBATEJIBHOM ITPOT'PAMMBI

Buj nesiTeJIbHOCTH BHIIYCKHUKA
JluciumiimHa OXBaThIBA€T KPYT BOMPOCOB, OTHOCAIINXCS K HAYYHO-HCCIEAOBATEIHCKOMY U
MPOEKTHO-KOHCTPYKTOPCKOMY ~ BHJIaM MpO(ecCHOHANbHON N1eATeIbHOCTH BBITYCKHHKA B
COOTBETCTBUU C KOMIIETEHITUSMH ¥ BUJIAMH JIEATSILHOCTH, YKa3aHHBIMH B YI€OHOM IIJIaHE.
eab AMCHUIIHHBI
[{enbro M3y4YeHHs AUCIUILIUHBI SIBISICTCS (JOPMUPOBAHUE Y CTYICHTOB 3HAHUN W HABBIKOB
[0 HMCIIOJIb30BAaHUIO COBPEMEHHBIX TEXHOJIOTUNA U METOJIOB pPa3pabOTKH MPOTPaMMHBIX CHCTEM
JUISL PEUICHHsS] TPAKTHYECKUX 33a]a4 C HCIOJIh30BAHUEM COBPEMEHHBIX WHCTPYMEHTAIBHBIX
CPEICTB, HEOOXOJUMBIX B JaJbHEWIEM, MpPU MPOSKTHUPOBAHHM M HSKCIUIyaTallUd CHUCTEM
yIpaBICHUS ¥ aBTOMATH3aIUH.
3agauu AUCHMUILINHBI
3amaun JaHHOW JTUCHUIUIMHBI COCTOST B OOYYCHHHM CBOOOJHOMY BIIAJICHHUIO SI3LIKOM
IPOrpaMMHUPOBAHUA  KaK  “‘CPEACTBOM  BBIPAKEHHS ~ aJrOPUTMOB MPUMEHUTENBHO K
TPAIUIIMOHHOMY Kpyry 3amad - apu(METHUKO-JIOTHYECKUM, COPTUPOBKH H  ITIOHCKAa,
MPUOJIMYKEHHBIM BBIYMCIICHUH, 00pa0OTKH TEKCTA.

Kon Conep:xanue IIepeyenb nIaHNUpyeMbIX Pe3yJbTATOB
KOMIIeTEeHIIHH KOMIIeTeHIUii 00yueHusl MO TUCHHUILINHE
OK-7 CIOCOOHOCTH K 3HATh:
CaMOOpraHu3alNH | - COZIEp>KaHUE MPOIIECCOB
camMo00pa30BaHUIO caMOOpraHu3allvy ¥ caMmoo0pa3oBaHus, UX

0COOEHHOCTEH U TEXHOJIOTHI pean3alyi,
MCXOJIS U3 1IeNIel COBEPIICHCTBOBAHUS
MpoeCCUOHAIBHON e TENHHOCTH;
yMeTh:

- INTAaHUPOBATh LECJIN U YCTaHABJIUBATh
MPUOPHUTETHI MPU BBIOOpE CIOCO00B
IIPUHATHUS PELICHUH C Y4ETOM YCIOBHH,
CPEICTB, TNYHOCTHBIX BO3MOXKHOCTEH U
BpeMCHHOﬁ MEPCHCKTUBLI OCYHICCTBICHUSA
JeSITENIbHOCTH;

BJIa/I€Th:

- IPUEMaMH CaMOPETYISIIUU
OMOLOUOHAJBHBIX U q)YHKHI/IOHaJ'IBHI)IX
COCTOSTHUY TPY BBHITIOJTHEHUH

PO ECCHOHAIBHON JESTEIHHOCTH.

OIIK-9 CIOCOOHOCTH MCIIOIh30BATh 3HATH:
HaBBIKH pabOTHI C - 0a30BO€ YCTPONCTBO MEPCOHATLHOTO
KOMITBIOTEPOM, BIIAJIETh KOMITBIOTEPA; OCHOBHBIC HH(OPMAIIMOHHBIE
METOJaMN I/IHCbOpMaI_[I/IOHHBIX MMpoNHeCChl, MPOUCXOOAINEC B IIEPCOHAIIBHOM
TEXHOJIOTHH, COOTI0AaTh KOMIIBIOTEPE;
OCHOBHBIE TpeOOBaHUS YMeTh:
nH(OPMAIMOHHON - UCTOJIB30BaTh MEPCOHATBHBIN KOMIIBIOTEP
0€30macHOCTH JUISL CAMOCTOSATEITLHOM pabOTHI;

BJIA/I€Th:

- IOCTATOYHBIM YPOBHEM HCIIOTH30BaAHUS
VHHUBEPCATHHBIX MAKETOB MPHUKIATHBIX
KOMIIBIOTEPHBIX MPOTPAMM.




2. MECTO JUCHUIIJIMHBI
ITPOI'PAMMbI

B CTPYKTYPE OBPA3OBATEJbHOM

Hucuunnmua b1.6.14 TlporpamMmMupoBaHue W OCHOBBI QJITOPUTMHU3ALMKM OTHOCHUTCS K

0a30BOIii.

JlucuuIuinHa IporpaMMHUpPOBAaHUE U OCHOBBI arOpUTMM3ALMU Oa3upyercs Ha 3HAHUSAX,
MOJIyYEHHBIX IIPYU U3YYEHUU JUCLUILIMH OCHOBHBIX 00I1€00pa30BaTEIbHbBIX IPOTPAMM.

OCHOBBIBasACH Ha U3YyYEHUU MEPEUUCICHHBIX AUCHUILUIMH, IPOrPAMMUPOBAHHE U OCHOBBI
QITOPUTMHU3ALMN TPEACTABIAET OCHOBY ais u3ydeHus aucuuiuimd: b1.B.15 Crpykrypsl u
anropuTMbl 00paboTKu naHHbIX, b1.5.13 Beruucnurenbabie MaluHbl, CUCTEMBI U cetH, b1.B.18
Texnonoruu nporpamMmmuposanust, b1.B.J[B.4.1 [IpukinaaHoe nporpaMMupoBaHUeE.

Takoe cucTeMHOEe MEXIUCUMIUIMHAPHOE H3Y4YE€HUE HAIPABICHO Ha JIOCTHIKEHUE
tpedyemoro @I'OC ypoBHS MOATOTOBKH O KBATU(HUKAIMH OaKaiasp.

3. PACIHHPEJAEJEHUE OFBEMA JJUCHHUIIVINHBI

3.1. Pacnipenesienne 00bemMa JMCUMILVIMHBI 10 GopMaM 00yUeHHUs

Tpyooemkocmob OucyunaIuHbl 6 Hacax
T | 3 S Buo
S S )
Dopma < : 3 s S Kypcosasn npomedy
© 3 S X g MouHOU
00yueHnus 2 2 = N S paboma
a S g S T« 3 ammecma
s > S : SR = S = uuu
Q S N § S |§5 s g S
S5 8 2] E|s§l &% | §¢
| O | R | | 8§ |8 K3 O ]
1 2 3 4 5 6 7 8 9 10 11
Ounas 1 2 | 144 | 54 | 18 | 36 - 54 KP DK3aMeH
3aounasn 1 - 144 | 18 6 12 - 117 KP DK3aMeH
3aounas 1 - 144 | 10 4 6 - 53 KP DK3aMeH
(yckopeHHOE
o0yJeHue)
O4Ho-3204Has - - - - - - - - - -

3.2. Pacnpenesenne o0beMa JUCHUIVIMHBI 10 BHAAM Y4YeOHBIX 3aHATHH U
TPYAOEMKOCTH
6 m.u. g Pacnpeodenenue no
UHmMepaKmue | cemecmpam, yac
Tpyoo- | noii, akmue-
Buo yueonuvix 3anamuii emMKocmb | HOll, UHHO8a-
(uac.) UUUOHHOU
dopmax, 2
(uac.)
|. KontakTHas padoTa o0y4arouuxcs ¢
npenoaaBatejeM (Bcero) 54 12 54
Jlexumu (JIk) 18 18
JlabopaTopusie paboTsI (JIP) 36 36




KypcoBas pa6ora (KP)

+ - -

WuauBunyansHbie (TPyNIOBBIE) KOHCYIbTAIIMN + - +
Il.CamocTosiTesqIbHAsE paboTa 00y4aIOLIUXCS 54 ) 54

(CP)
[ToaroToBka k 1abopaTOPHBIM paboTaM 12 - 12
IToAroToBKa K SK3aMeHY B TCUCHHE CEMECTpa 12 - 12
Brmonnenne kypcoBoii paboThI 30 - 30
I11. IIpomexyTouHasi aTTECTANMSA dK3aMEH -

POMERY " 36 36
OO6mast TpyT0eMKOCTh AUCITUTUINHEI .. ..... dYac. 144 - 144

3a4. efl. 4 - 4

4. COAEP) KAHUE JUCIUIIVIMHBI

4.1. PacnipeesieHue pa3iesioB IMCUMILUIMHBI 10 BUIaM Y4eOHbIX 3aHATHI

- 1JIs1 04HOH (popMBbI 00yUeHH:

Buowi yueonwvix 3anamuit, 6Kknrouan
No camocmoamenvHyo paoomy
pas- Haumenosanue Tpyooem- o0yuarwuxca u mpyooemkocmsp; (uac.)
oenau pazoena u Kocmb, YyueoHble 3aHAmUA camocmoam
memol mema OucCyuUnIUHbL (uac.) envran
o nabopamopusie paboma
" pabomol obyuaio-
wuxcs
1 2 3 4 5 6
1 NHcTpyMeHTApUii  TEXHOJIOTHU 9 3 ) 6
' NpOrpaMMHUPOBaHUS
IIporpamma Kak
1.1 (dhopmanmu3oBaHHOE omHcaHue 1,5 0,5 - 1
rpoiiecca 00pabOTKH TaHHBIX
TexHONOTHS TPOTPAMMHUPOBAHUS
19 KaKk MHCTPYMEHT  pa3paboTKu 1 1
o HaJCKHBIX MPOrPaMMHBIX
CPEJICTB....
13 Crenuguka pa3paboTKu 1 i ) 1
o MIPOTrPaMMHBIX CPEJICTB
JKu3HeHHBIH UK TPOrpaMMHOIO
1.4, HIIIL TpOrp 15 05 - 1
cpejcTBa
[MonsaTHE KayecTBa MPOrPaAaMMHOTO
15, porp 2 1 - 1
cpeacTBa
Bugsl  coBpeMEHHBIX  SI3BIKOB
1.6. A P 2 1 - 1
POTPaMMHUPOBAHHUS
OcHoBHbIE NPUHIUTBI |
2. TOAXObI K pa3padoTke 18 2 8 8
NPOrPaMMHBIX AJITOPUTMOB
IlonsaTne amroputmMa H  €ro
2.1, : P 5,5 05 2 3
CBOWCTBa
Krnaccel anroputmMoB U cnocoObl
2.2. P 5,5 05 3 2
MX ONUCAHUS
OcHoOBHBIE ITOPUTMHYECKHE
2.3, P 7 1 3 3
KOHCTPYKIIHH




OcHOBBI  NPOrpaMMHUPOBaHHS

3. Ha s3bIKe BBICOKOIO YPOBHSA 17 3 6
Cu++

31 ApxuTeKTypa IpOrpaMMHOTO 4 1 1
cpejcTBa
[IpoekTHpoBaHUEe MPOrPaAMMHOTO

3.2 o0ecriedeHUsT TpU  CTPYKTYPHOM 3 1 1
oJX0J1e
Orambl paboTH ¢ MPOrpaMMON Ha

3.3. | s3pIke cw/cutt B cucTteMe 4 - 2
IPOTrPaMMHUPOBAHHUS
Pazpabotka CTPYKTYpPBI

3.4. IIPOrpaMMBbI u MOJTYJTBHOE 4 1 1
POrpaMMHUPOBAHUE

3.5. CHHTaKCUC ¥ CEMaHTHKA SI3bIKa 2 - 1
Tunbl JaHHBIX, BbIPAKEHUS W

4. onepamnuu B sI3BIKE 11 2 7
NporpaMMHUpoOBaHus c++

41 KoHuenmus THUMOB JaHHBIX B 25 05 5
SI3BIKE C++

4.2. | ApudmMerndeckne THUIIBI TaHHBIX 2,5 0,5 2

4.3. KoHCTaHTHI 1 IepeMeHHbIe 2,5 0,5 1

4.4, OCHOBHBIE OTIEPAIIUH S3bIKA CH 35 0,5 2
Onepartopsbl sI3bIKA

5. nporpammupoBanua  Cu++ u 16 2 6
ynpaBJjieHHe HX HCIOJTHEHHEM

51 Omneparopsl yClIOBHSA M Nepeaadu 45 05 2
yIpaBJICHUsI

5.2. Oneparopbl IUKIIOB 6 1 2

53 ONHOMEpHBIE HM  MHOTOMEpHbBIE 5.5 05 5
MaCCHBBI

6 Ykazarequ M JMHAMHYeECKoe 16 5 7
pacrnpejejieHle NaMITH

6.1 VYkazatenu, CChUIKM W aJpecHas 45 05 9
apupMeTHKa

6.2, Omneparopsl JMHAMHAYECKOI O 35 05 1
pacrpeeeH sl MamsITh

6.3 JluHamuueckoe pasmenicHue 35 05 9
MacCHBOB

6.4. Tunsl CTPOK B SI3bIKE C++ 45 0,5 2

7 DOyHKIUH fA3bIKA 11 5 6
nporpaMmMmupoBanusa Cu++

71 O6’b$[BH?HI/Ie u OIUCaHue 25 05 1
GbyHKIMIA

79 OyHKIUH c NepeMEHHBIM 15 05 1
KOJINUECTBOM I1apaMETPOB

7.3. | PexypcuBHBIE QYHKIIUH 3,5 0,5 2

74 Ilepenaua MapaMeTpoB B 35 05 2
(YHKLHIO 11O CCBHIJIKE

8 Crarnyeckue M JAMHAMHYECKHUE 10 2 8
CTPYKTYPHI TaHHBIX

8.1. | CraTmueckue CTPYKTYPHI JJaHHBIX 3,5 0,5 3

82, [lonycrarnyeckue CTPYKTYpBI 25 05 5
JTAHHBIX

83, JluHamMuueckue CTPYKTYpPBI 4 1 3

JTAHHBIX




| UTOrO 108 18 36 54
- I 3204HOH (pOpMBI 00yUeHHs :
Buowt yueonwvix 3anamuil, eéxnrouan
No camocmoamenvuyo paoomy
paz- Haumenosanue Tpyooem- | 00yUarowuxca u mpyooemxocme; (vac.)
dena u pazoena u Kocmy, YueoHbvle 3aHAmuUA camocmosn
membl mema OUCYUNIUHDL (uac.) mensnan
Jo— nabopamopuvie | paboma
pabombol ooyuaio-
wuxcs
1 2 3 4 5 6
1 HNHcTpyMeHTApHMIi TEXHOJIOT MU 14 i _ 14
NPOrpaMMHPOBaHUS
IIporpamma kak
1.1. (dhopmMan3oBaHHOE ONIHCAHKE 2 - - 2
mporecca 00pabOTKH TaHHBIX
TexHon0rHA NPOrPaMMHUPOBAHUS
12 KaK HHCTPYMEHT pa3padOTKu 5 i ) 2
Ha/IeKHBIX IPOrPaMMHBIX
CPEACTB....
13 Cnenuduka pazpabotku 9 i i 5
MPOTPaMMHBIX CPEJICTB
14, JKu3HEeHHBIH LUK IPOrPAaMMHOTO 5 i ) 2
cpeacTa
15 [TonsTHE KayecTBa MPOrPAaMMHOTO 5 i ) 2
CpencTBa
16. Buasl cOBpeMEHHBIX SI3BIKOB 4 i ) 4
POrpaMMHUPOBAHUS
OcHoBHbIE IPUHIIUTIBI H
2. NMOAX0AbI K pa3padoTke 18 2 2 14
NPOrpPaMMHBIX AJITOPUTMOB
21, [onsiTne ITOPUTMA H €TO 5 1 ) 4
CBOWCTBa
29 Kiacchsl aJiropuT™MOB M CIIOCOOBI 6 1 1 4
UX ONHUCAHMS
23 OCHOBHBIE aJITOPUTMUYECKUE 7 i 1 6
KOHCTPYKIMH
OcHOBBI POrPaAMMHPOBAHUSA
3. HA A3bIKE BBICOKOT0 YPOBHS 18 - 4 14
Cutt+
31 ApXUTEKTypa MPOrpaMMHOTO 3 ) ) 3
cpeacTBa
[IpoexTrpoBaHue MPOrpaMMHOTO
3.2 oOecrniedeHus Ipu CTPYKTYPHOM 4 - 1 3
0JIX0J1e
Otanbl paboThI C MPOrpaMMOi Ha
3.3. A3bIKE cu/cU++ B cucteMe 4 - 1 3
MPOTPaMMHUPOBAHUS
Pa3paboTka cTpyKTypHI
3.4. MIpOrpaMMBbl U MOJYJIbHOE 4 - 1 3
POrpaMMHUPOBAHUE
3.5. CHHTaKCHC ¥ CEMaHTHKA SI3bIKA 3 - 1 2
Tunsl JaHHBIX, BLIPAKEHUS U
4. onepanuu B sI3bIKe 18 2 2 14
NnporpaMMHpOBaHus ct++




KOHL[CH]_[I/ISI THUIIOB JAHHBIX B

4.1. A3BIKE 4 1 - 3
4.2, ApubMeTHICCKUE THITbI JaHHBIX 4 1 - 3
4.3. KoHcTaHThl ¥ nepeMeHHbIe 4 - 1 3
4.4. OcCHOBHBIE OTIepalry SI3bIKA CH 6 - 1 5
OmnepaTopbl A3bIKA
5. nporpaMmmupoBanus Cu++ u 18 2 2 14
yIpaBJjieHHe UX HCIIOJTHEHHEM
51 Omnepatopsl ycia0BUS U Tiepeiaun 5 1 i 4
YIIpaBJICHUS
5.2. OnepaTopsl MUKIOB 6 1 1 4
53 OnHOMEpHBIE U MHOTOMEpPHBIE 7 i 1 6
MaCCHBEI
6. Yka3areJid H JMHAMHYECKOe 16 i 2 14
pacnpeneieHne NaMsTH
6.1 ‘Vkazarenu, CCbUIKU U aipecHas 4 i 1 3
apudMeTHKa
6.2 OmnepaTopbl AMHAMUYECKOTO 4 i 1 3
pacnpenesieHus TaMsITH
6.3 JvnHamuyeckoe pa3MelieHue 3 ) ) 3
- MacCHBOB
6.4. Tunsl CTPOK B sI3bIKE CH++ 5 - - 5
7 DYHKIUM A3bIKA 19 i ) 19
nporpammuposanus Cu++
71, OOnbsiBCHUE U ormHcaHue 5 i ) 5
GhyHKIIIT
79 OyHKIUH ¢ TepeMEHHBIM 3 i ) 3
o KOJINYECTBOM NapamMeTPOB
7.3. PexypcuBHbIe QyHKIIMN 6 - - 6
74 [Tepenaua mapameTpoB B 5 i ) 5
(YHKIHMIO 1O CCBUTKE
8 CraTnyeckue U JUHAMHUYECKHE 14 i ) 14
CTPYKTYPHI JAHHBIX
8.1. CraTnyeckne CTPyKTYpbl JaHHBIX 4 - - 4
82 [Momycratndeckue CTpyKTyph 4 i ) 4
JTAaHHBIX
83, JunamMudeckue CTpyKTypbl 6 ) ) 6
JTAHHBIX
HUTOI'O 135 6 12 117

- 17151 3204HOi (popMBbI 00yUeHHs (YCKOpPEHHOE 00yUYeHHE):

Buowt yueonuvix 3anamuil, exnrouan

No camocmoamenvuyo paoomy
pasz- Haumenosanue Tpyooem- | 00yuarowuxca u mpyooemxocms; (vac.)
dena u paszodena u Kocmb, YueoOHbvle 3aHAMUS camocmos
memul mema OUCUUNIUHDL (uac.) meitbhan
nexyuu nabopamopuvie | paboma
pabomui ooyuairo-
wuxcs
1 2 4 5 6
1 HNHcTpyMeHTApHI TeXHOJIOTHH 4 ) ) 4
MpPOrpaMMHpPOBaHMSI




IIporpamma kax

1.1. (hopMaIM30BaHHOE OMHMCAHUE 0,5 0,5
mporiecca 00pabOTKH TaHHBIX
TexHon0THA TPOTrPaMMHUPOBAHUS
19 KaK HHCTPYMEHT pa3padoTKh 05 05
Ha/IeKHBIX IPOrPaMMHBIX
CPEJCTB....
13 Crieruuka pa3paboTKu 05 05
IIPOTPAMMHBIX CPEICTB
14, JKu3HeHHBIN HUKI TPOTPaMMHOTO 05 05
cpeacTBa
15 [TonsTHE KayecTBa MPOrPaMMHOTO 1 1
cpeacTa
16. Bunpsl cOBpeMEHHBIX SI3BIKOB 1 1
MPOTpaMMHUPOBAHUS
OcHoOBHbIE IPUHIUTIBI H
2. NMoaX0AbI K pa3padoTke 10 7
NPOrpaMMHBIX AJITOPUTMOB
21 ITonsTue ITOPHTMA H €ro 5 5
CBOWCTBa
29 Kiaccsl anroput™oB 1 crioco0s! 5 9
UX ONHUCAHUSA
23 OCHOBHbIE aTOPUTMHUYECKHE 6 3
KOHCTPYKIMH
OcHOBBI IPOrPAMMHPOBAHMA
3. HA A3bIKEe BHICOKOI0 YPOBHS 10 7
Cutt+
31 ApXUTEKTypa MporpaMMHOTO 1 1
cpeacTBa
[MpoekTrpoBaHe MPOrPaMMHOTO
3.2 o0ecriedeHust P CTPYKTYPHOM 1 1
0JX0J1e
Otanbl paboTHI C IPOrpaMMON Ha
3.3. s3bIKE cu/cu++ B cucteMe 1 1
MPOTPaMMHUPOBaHHS
Pazpabotka cTpyKTypHbI
3.4. MPOTPaMMBbI U MOYJTbHOE 3 2
POrpaMMHUPOBAHUE
3.5. CHHTaKCHC M CEeMaHTHKA sI3bIKa 4 2
Tunsl 1aHHBIX, BbIPAKEHUS H
4. onepanuu B s3bIKe 7 7
nporpaMMupoBaHus c++
41 Konmenmus THITOB TaHHBIX B 1 1
SI3BIKE Ct+
4.2. ApudmeTnyeckre THITbI JaHHBIX 2 2
4.3. KoHcTaHTh 1 mepeMeHHbIe 2 2
4.4. OcHOBHBIE ONepaIiy sI3bIKA CH 2 2
Omneparopsl A3bIKa
5. nporpammupoBanusa Cu++ u 11 7
ynpasBJieHHe UX HCTIOJTHEHHEM
51 OrnepaTopsl YCIIOBHS U TIEpeIadn 5 9
yIpaBJICHUS
5.2. Onepartopsl IUKIIOB 5 2
53 OnHOMepHbIE U MHOTOMEpHbBIE 4 3

MaCCHBBI




Yka3zarean 1 JMHAMHYECKOE

6. 7 7
pacnpenesieHne NaMsTH

6.1 Ykazarenu, CChUIKH U aapecHast 1 1
o apudMeTHKa

6.2, Oneparopbl JMHAMHUYECKOTO 5 5

pacnpesesieHus IaMsITH
6.3, JrHamuyeckoe pa3MmerieHue 5 2
MacCHBOB

6.4. Tunsl CTPOK B sI3bIKE CH++ 2 2

7 DYHKIUM A3bIKA 7 7
) nporpaMMmupoBanus Cu++

71 OObsiBICHHUE U OMTUCAHUE 1 1
o (hyHKIHI

70, DyHKIMH C IEPEMEHHbBIM 5 9

KOJINYECTBOM I1apaMETPOB

7.3. PexypcuBHble QyHKINN 2 2

74 ITepenaua mapameTpoB B 5 9
o (YHKIIHFO 110 CCBUIKE
8 CraTnyeckue ¥ JUHAMUYECKHUE 7 7

' CTPYKTYPHbI JAHHBIX
8.1. CraTnueckue CTPYKTYpbl JaHHBIX 2 2
82, [lonmycTatndeckue CTpyKTypbl 5 9
JAHHBIX
8.3, JuHamMuyeckue CTpyKTypbl 3 3
JIAHHBIX
HUTOI'O 72 53
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4.2. ConepxaHue TUCUUILIHHBL, CTPYKTYPHPOBAHHOE 110 Pa3jge/iaM U TeMaM
1. ”HCTPYMEHTAPHUU TEXHOJIOI'MU ITPOT'PAMMUPOBAHMA
Jlekuus mpoOBOIUTCS B MHTEPAKTHUBHOIN (popmMe ¢ pa300poM KOHKPETHBIX IPUMEPOB.

[MTPOI'PAMMA KAK ®OPMAJIM30BAHHOE OIIMCAHUE ITPOIHECCA
OBPABOTKU JAHHBIX.

[lenpro TpOrpaMMHUpPOBaHUs SIBISICTCS OIKCAHUE TPOIECCOB 00pabOTKM IaHHBIX (B
nanpHelmemM — mnpocto npoueccoB). CormacHo UDUIIa [1]: maHHBIE — 3TO NpeACTaBICHUE
¢dakToB U uaeH B HopMaTu30BaHHOM BUJE, PUTOAHOM JUIS TIEpEAadd U MepepadoTKe B HEKOEM
nporecce, a HHPOpMaIUs — 3TO CMbICI, KOTOPbIN MPHUIAETCS JAaHHBIM MIPH UX MPEACTABICHUHU.
O6paboTka JaHHBIX — 3TO BBINOJHEHUE CHCTEMATHYECKOHM ITOCIICIOBATCIBHOCTH JACHCTBUI C
JaHHbIMU. J[aHHBIE MPEACTABISIIOTCA W XPAHATCS HA T.H. HOCUTENSAX JNaHHbIX. COBOKYIHOCTH
HOCHTEJICH JAaHHBIX, HUCIOJIb3YEMBIX MPHU KaKoW- JUO0 00paboTKe NaHHBIX, OyJAeM Ha3bIBATh
uHpopMallMOHHON cpenol. Habop naHHBIX, colep)KamMxcs B KakoW-TuOO MOMEHT B
WH(OPMAIIMOHHON cpene, OyleM Ha3blBaTh COCTOSHHEM 3TOH WH(GOPMAIMOHHON CpPEIbI.
[Ipouiecc MOKHO OIpEAENIUTh KaK IMOCIEI0BATEIbHOCTh CMEHSIONIMX JAPYT JApyra COCTOSHUUN
HEKOTOPOU MH(OPMALITMOHHOM CpPEIbI.

Onucarp Npouecc — 03HAYaeT ONPEAENIUTh MOCIEA0BATEIbHOCTh COCTOSIHUM 3aJaHHON
uH(GOPMAIMOHHON cpenbl. Eciii MBI XOTHM, YTOOBI 1O 3aJIaHHOMY OIMCAHHUIO TPeOyemblil
MIPOLIECC MOPOXK/IAICs aBTOMATHUECKH Ha KaKOM-THOO KOMITbIOTepe, He0OX0IMMO, 4TOOBI 3TO
omnrcanue ObUIO (hOpMaM30BaHHBIM. Takoe OMMCAaHHWE Has3bIBaeTCs mporpammoi. C apyroi
CTOPOHBI, MporpamMma JO0JDKHA ObITh TOHATHOM M 4YENOBEKY, TaK Kak WU MpH pa3paboTke
porpamm, M P UX KUCIIOJIH30BAHUU YACTO MPUXOIUTCS BBISICHAThH, KAKOM UMEHHO MPOIIECC OHA
noposaaeT. [losTtomy nporpamMmma coctaBisieTcsl Ha YA0OHOM 1Sl yesioBeKka GopMain30BaHHOM
SA3bIKE TPOrPAMMHUPOBAHMS, C KOTOPOrO OHA AaBTOMATHYECKH TEPEBOJIUTCA HaA  SI3BIK
COOTBETCTBYIOIIETO KOMIIBIOTEPA C MOMOIIBIO APYTOW MPOTrpaMMBbl, HA3bIBAEMOM TPAHCIATOPOM.
UenoBeky (MporpaMMHCTY), MPEXKAEC Y€M COCTAaBUTH MPOTPaMMy Ha YJOOHOM JJisi HETO SI3BIKE
MPOrPaMMHUPOBAHUS, TPUXOJUTCS MPOJENIbIBATh OOJNBIIYI0 MOATOTOBUTEIBHYIO paboTy IO
YTOUYHEHUIO TIOCTAHOBKH 3aJlayd, BBIOOPY METOJAa €€ PEIICHHS, BBIICHEHUIO CIEeIUPUKU
NpUMEHEeHUs TpebyeMol MporpaMMbl, MPOSICHEHHIO OOIIeil opraHu3zanuu paszpadarbiBaeMOn
mporpaMmMbl U MHOroe japyroe. Mcmonb3oBanue 5Toi HMH(POPMAIUM MOMKET CYIIECTBEHHO
YOPOCTUTH 3a7ady MOHMMaHUsl MPOrpaMMbl YEJTOBEKOM, MO3TOMY BEChbMa IMOJE3HO €€ KaK-TO
(GUKCUPOBaTh B BHUJIE OTACIBHBIX JOKYMEHTOB (4acTo HEe (HhOpPMaIM30BAHHBIX, PACCUMTAHHBIX
TOJIBKO JJIS1 BOCIIPUSATHUS YETIOBEKOM).

OOBIYHO TIpOTpaMMBI  pa3padaThIBAIOTCA B pacdyeTe Ha TO, YTOOBI HMMHU MOTJIH
MOJIb30BATHCS JIFOJIM, HE YUAaCTBYIOIUE B UX pPa3paboTKe (MX HA3bIBAIOT MOJIb3oBaTensiMu). Jlis
OCBOCHHSI TPOTpaMMbl TOJIb30BAaTElIeM TIOMHMO €€ TeKcTa TpeOyeTcss ompeaerneHHas
JOTIOJIHUTENbHAsL JTIOKyMeHTauus. I[Iporpamma wiM JOrMYecKHM CBsI3aHHAsT COBOKYIHOCTH
porpaMM Ha HOCHTEJSX JIaHHBIX, CHAaOXEHHas MPOTPaMMHOM JOKYMEHTAIlMel, Ha3bIBACTCS
nporpaMmmubiM  cpeactBoMm  (IIC). IlIporpamMma mMO3BOMSIET OCYIIECTBISTH HEKOTOPYIO
aBTOMAaTHYECKYyl0O 00pabOTKy [aHHBIX Ha KommbioTepe. [IporpammHasl MOKyMEHTAIUs
MO3BOJISIET MOHSATh, KaKie (QYHKIIMH BBIMOTHIET Ta WIK uHas nporpamma [1C, kak moaroToBUThH
WCXOJIHBIE JaHHBIC W 3aMyCTUTh TPEOyeMyrO MporpaMMy B IMPOIIECC €€ BHITIOJHEHHS, a TaK¥Ke:
YTO O3HAYAIOT MOJy4yaeMbIe Pe3ylbTaThl (MK KakoB A((EKT BBIMOIHEHUS 3TOH MPOrPaMMBI).
Kpome Toro, mporpamMmHasi JOKyMEHTAIUsI TTOMOTAeT pa3o0paThcsi B CAMOW MporpaMMme, YTO
HE00X0IUMO, HATIPUMED, MIPH €€ MOAU(HUKAITIH.

TEXHOJIOI'MA ITPOTPAMMUNPOBAHMA KAK MHCTPYMEHT PA3PABOTKU
HAJJEXHBIXITTIPOITPAMMHBIX CPEJACTB

B cooTBercTBHMM ¢ OOBIYHBIM 3HAYCHHEM CIIOBA «TEXHOJIOTHS» [6] MOA TEeXHOIOTHEH
nporpaMMUpoOBaHus OyneM TMOHUMAaTh COBOKYIHOCTh IPOU3BOJCTBEHHBIX MPOIIECCOB,
MPUBOAAIIYIO K co3nanuto Tpedyemoro [1C, a Takke onrcaHue 3TOH COBOKYITHOCTH MPOIIECCOB.
JpyrumMu cioBamu, TEXHOJOTHIO MPOTPAMMUPOBAHMS MBI OyJeM MOHMMAThH 3/€Ch B IIHPOKOM
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CMBICTIE KaK TEXHOJIOTHIO Pa3pabOTKH MPOrPaMMHBIX CPEJICTB, BKJIIOYAsi B HEE BCE MPOIIECCHI,
HAauMHAasg C MOMEHTa 3apOXACHUS HUAEU JTOr0 CPEACTBA, M, B YACTHOCTH, CBS3aHHbBIE C
CO3JIJaHUEeM HEOOXOUMOM MPOrpaMMHON JTOKyMeHTaluu. Kaxiplii mpoliecc 3Toi COBOKYITHOCTH
OasupyeTcsi Ha MCIOJNb30BAHUM KAKUX-THMOO METOIOB M CPEICTB, HAapHUMEp, KOMIIbIOTEp (B
ATOM City4ae 0y/1eM TOBOPUTH 00 KOMIIBIOTEPHON TEXHOJIOTUH TPOTPAMMHUPOBAHUS).

B nureparype wumerorcs W Opyrue, HECKOJIBKO OTJIMYAOIIUECs, OMNpeesieHus
TEXHOJIOTMH IIPOrPaMMHPOBaHKS. DTH OIpeaeiieHUus 00cykaatoTcs B padore [7]. Mcnonb3yeres
B JMTeparype U OIu3Koe K TEXHOJOTMH MPOrpaMMHUPOBAHUSA MOHSTHE MPOrpPaMMHOM
WH)XKCHEPUH, OIpPEACTsIeMO KaK CHUCTEMAaTHYECKHd IMOAXOJ K pPa3pabOTKe, 3KCIUTyaTalluu,
COTIPOBOXACHHUIO U U3BATHIO U3 00paIeHus IPOorpaMMHBIX cpeAcTB [7]. IMeHHO mporpaMMHON
umkenepun (SoftwareEngineering) mocesiena ymomsinyTas pabora [3]. 'maBHoe pasmuume
MEXJy TEXHOJIOTHEeH MpOorpaMMHUpPOBaHUS U MPOrpaMMHON HH)KEHEpPHEW KakK JAWCHUIUITMHAMU
JUTST W3y4YEHUsS 3aKIII0YaeTcsl B CHOCOOE pAacCMOTPEHUS W CHCTEMAaTH3allud Marepuana. B
TEXHOJIOTUM TMPOTpaMMHUPOBAHUSI aKIIEHT JIeaeTcsl Ha M3y4eHUu mpoueccoB pazpabotku [1C
(TEXHOJIOTUYECKUX IPOIECCOB) U TMOPSAIKE WX MPOXOKIACHHUS - METOABl U MHCTPYMEHTAIbHBIC
cpenctBa paspabotku [IC ucnonb3yroTcs B 3THUX Mpoleccax (MX HpUMEHEHHE M 00paszyroT
TEXHOJIOTHYECKHUE TMporecchl). Torga kak B MPOrpaMMHON WHXKEHEPUU H3Y4aAIOTCS TPEXIIe
BCEro METOAbl U MHCTPYMEHTaJbHBIE cpefcTBa pa3paboTku IIC ¢ TOUKM 3peHus HOCTHKEHUs
OTIPEICTICHHBIX 1I€JIeH — OHU MOTYT MCIOJIB30BaThCs B Pa3HBIX TEXHOJIOTHYECKUX Mpoleccax (1
B Ppa3HBIX TEXHOJOTHSIX MPOTPaMMHUPOBaHUs); Kak 3TH METOAbl M CpPEICTBa 00pa3yroT
TEXHOJIOTHYECKHUE TIPOLIECCH — 3/1eCh BOIIPOC BTOPOCTETICHHBIM.

He cnemyer taikke myrarb TEXHOJOTHIO TPOTPAMMHPOBAHUS C METOJIOJIOTHEN
nporpammupoBanus [8]. XoTrs B 000MX clydasX HM3ydalOTCs METOJAbI, HO B TEXHOJIOTHHU
MPOrPaMMHUPOBAHUS METOJbl PACCMATPUBAIOTCS «CBEPXy» (C TOYKH 3pEHUS OpraHu3aluu
TEXHOJIOTHYECKUX  TPOIIECCOB), a B  METOAOJOTHM  MPOTrPAMMHUPOBAHHUS  METOBI
paccMaTpUBAIOTC «CHHM3Y» (C TOYKHM 3pEHHsI OCHOB MX MocTpoeHus). B pabote [9, cTp. 25]
METO/IOJIOTHUS  TPOTPAMMHUPOBAHUSI  OMPEIENSETCS  KaK  COBOKYITHOCTh  MEXaHU3MOB,
MPUMEHSIEMBIX B Tpoliecce pa3paboTKU MPOrpaMMHOTO OOecrieueHus U OOBEAMHEHHBIX OJHUM
001muM (prI0COPCKUM MOIXOIOM.

Hmes BBUAY, UTO HAAECKHOCTH SIBIsieTCsl HeoThemieMbiM aTpudyrtom IIC, mbl Oynem
00CyX/1aTh TEXHOJOTHIO MPOTPAMMHUPOBAHMS KaK TEXHOJOTHIO pa3zpadboTku Hanéxubix [1C. DT0
03HAYaeT, 4TO, BO- MEPBBIX, MBI OyaeM oOCykaaTh Bce mporecchl pazpadotku [1C, HaunHas ¢
MoMeHTa BO3HUKHOBeHHUs1 3ambicia [IC. Bo-BTopblx, Hac OynyT HHTEpEeCcOBaTb HE TOJBKO
BOMNPOCHI MOCTPOEHUS MPOTPAMMHBIX KOHCTPYKIMH, HO M BOMPOCHl OMUCaHUs (QYHKIUN U
MPUHUMAEMBIX PEIICHUI ¢ TOUKHU 3PEHHS MX YeJIOBEYeCKOro (HeopMallbHOTO) BOCIIPHUATHS, H,
HAKOHEI, B KauecTBE MPOJYKTa TEXHOJIOTMHM MbI OyJeM NpUHHUMATh HAJSKHYIO (a He
npaBwibHyto) IIC. Bce 310 Oyzmer cylmiecTBEHHO BIUSATH Ha BBIOOP METOJIOB U
WHCTPYMEHTAIBHBIX CPEICTB B mporeccax pazpadbotku [1C.

CITEUU®UKA PA3PABOTKU ITPOI'PAMMHBIX CPEJICTB

Pa3zpaboTke nmporpaMMHBIX CPEACTB MPHUCYII psif crienuduueckux ocodbennocrei [1]:

- Ilpexne Bcero, cineayer OTMETUTh HEKOTOPOE MPOTHUBOCTOSIHUE: HeHOPMaTbHBINA
xapaktep TpeboBanuii k [IC (mocTaHOBKM 3a/Jayu) M TOHSTHS OLIMOKHM B HEM, HO
dbopManu3oBaHHBI OCHOBHON 00BEKT pa3paborku — mporpammel [IC. Tem cambim
pa3pabotka IIC comepuT ompeneneHHble STanbl (QopMmanu3aluu, a Mepexoa OT
He(hOopMaIbHOTO K (POPMaIbHOMY CYIIECTBEHHO He(OopMaJeH.

- Pazpaborka IIC HOCHT CyIIECTBEHHO TBOpYECKHMU XapakTep (HAa KaXIOM IIare
MPUXOIUTCS JIeNlaTh KaKoW-TnOo BHIOOp, MPUHHUMATH Kakoe-muOo pelieHue), a He
CBOJUTCS K BBIOJHEHUIO KaKOW- JIMOO MOCIEAOBATEIHHOCTH PEriaMeHTUPOBAHHBIX
nerctBuil. Tem campIM 9Ta pa3paboTKa OJIFKE K TIPOIIeCCY TPOSKTUPOBAHKS KaKUX-THOO0
CJIOKHBIX YCTPOMCTB, HO HUKAaK HE K MX MacCOBOMY IPOU3BOACTBY. DTOT TBOPUYECKHI
xapakrep pazpadbotku [1C coxpaHsieTcs 10 camoro ee KOHIIa.

- Cnemyer OTMETUTH TaKke 0COOEHHOCTh MPOAYKTa pa3zpadoTku. OH npencTaBiseT coooi
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HEKOTOPYIO COBOKYIHOCTh TEKCTOB (T.e. CTaTHYECKUX OOBEKTOB), CMBICI XKe

(cemaHTHKA) 3THX TEKCTOB BBIPAXKAETCS TpolieccaMu 00paOOTKH TaHHBIX U JICUCTBUSIMU

MOJIb30BaTENCH, 3allyCKAIOIMIMX 3TU Mpolecchl (T.e. SBISETCS IUHAMUYECKUM). ITO

npenonpesenser BbIOOp pa3paboTYMKOM psiaa crnenuUYHBIX MPUEMOB, METOJIOB U

CPEJICTB.

- IIpoaykr pa3zpaboTku umeeT u Ipyryio crneuuduueckyto ocodennocts: [IC npu cBoem
UCIIOJIb30BaHUHU (DKCIUTyaTallid) HE pPAacXOAyeTCsl U HE PAaCXOIyeT HCIOJIb3YEMbIX
peCypcoB.

YKM3HEHHbIN ITUKJI [IPOTPAMMHOI'O CPEJICTBA

[Ton >xu3nenubIM 1uKiIoM [1C noHnMaroT Bech mepuoi ero pa3paboTKU U IKCILTyaTaluu
(ucnonp30BaHMs ), HAUMHASI OT MOMEHTa BO3HUKHOBeHUs 3ambiciia [1C u koHuas npekpaiieHueM
BCEX BHUJIOB €ro ucnosib3oBaHus [1, 2, 3, 4]. )Ku3HeHHbIH LMK BKJIIOYAET BCE MPOLIECCHI
cosnanus u ucnonb3oBanus [1C (softwareprocess).

PaznmuuaroT cienyromnue ctaauu sxuznenHoro nukia [1C: paspaborky I1C, nmpou3BoacTBo
nporpammubix uznaenui (I11) u sxernyararuto 11C.

Cramus paspaborku (development) TIC cocTouT u3 3Tama €ro BHEIIHETO OMHCAHHS,
stana koHcrpyupoBanus [1C, atana kogupoBanus (rmporpammupoBanue B y3koM cmbicie) [1C u
srana arrecraiuu [IC. Bcem 3TuM sTamam COMYTCTBYIOT MPOIECCHl JOKYMEHTHPOBAHHUS U
ynpasiaeane (management) paspa6orkoii I1C. Dransl KOHCTPYHPOBAHUSA U KOAUPOBAHMS YaCTO
MEPEeKPHIBAIOTCS, MHOT/A JOBOJIBHO CHIBHO. DTO O3HAYaeT, YTO KOAMPOBAHHE HEKOTOPBIX
YacTel MPOrpaMMHOTO CPEJICTBA MOXKET OBITh HAYATO /10 3aBEPIICHUS ITara KOHCTPYUPOBAHUSI.

Buemnee onucanue (Requirementsdocument) TIC siBisieTcst onMcaHHEM €ro MOBEICHHS
C TOYKM 3PEHHMsI BHEIIHETO MO OTHOLIECHUIO K HeMy Halmronarenio ¢ ¢ukcauein TpedoBaHu
OTHOCHUTEINIbHO ero kauecTBa. Buemnee onucanue [IC HaunHaeTcs ¢ onpeaeneHus: TpebOBaHUN
K I1C co cTropoHsI moJib30BaTesne (3aka3unka).

Konctpyuposanue (design) I1C oxBarbiBaeT mpoiecchl: pa3padboTky apxutektypsl I1C,
pa3pabotky ctpyktyp nporpamm [IC u ux neranbHyro cnenupuKanuio.

Komupoanue (coding) — co3aanue TEKCTOB MPOTPaMM Ha sSI3bIKaxX MPOTPaMMHUPOBAHHS,
uX OTJIaJKy ¢ TectupoBanuem [1C.

Ha »srtane arrecranuu IIC mpousBoautcs oneHka kadectBa IIC, mocne ycmenrHoro
3aBepIIeHHs, KOTOporo pa3padotka [IC cunraercst 3akOHUEHHO.

[Tporpammuoe uzaenue (ITN) — sx3eMiuisip uiau komus, cHsATas ¢ pazpadorannoro I1C.

Uzrorosnenue I111 — 310 mporecc renepanviv U/uim BOCIPOU3BENEHUS (CHATUS KOIIUH)
nporpaMM M MPOrpaMMHBIX JOKyMeHTOB [IC ¢ menpl0 WX TOCTaBKH TMOJB30BATENIO IS
pUMeHeHus 1o HazHaueHuto. [IponsBoacTBo [IM — 3T0 COBOKYMHOCTH paboT 10 0GECIeUeHHUI0
U3rotoBieHus Tpedyemoro konudectna [1M B ycranoBnennsle cpoku [1]. Ctamus mpon3BoAcTBa
[1C B xxu3nennoM nukie [1C siBisercs, Mo CymecTBy, BBIPOKIEHHON (HECYIIECTBEHHOM), TaK
KaK MpEeACTaBIseT PYyTHHHYIO pabOTy, KOTOpas MOXET OBITh BHITIOJHEHA aBTOMATHYECKH U Oe3
omuOOK. DTUM OHA MPUHIMITHAIBHO OTJIMYAETCS OT CTAJNH MTPOU3BOICTBA PAZTUIHON TEXHUKH.
B cBsi3u ¢ 9TUM B TUTEpaType ATy CTAAMIO, KaK IPABUIIO, HE BKIFOYAIOT B )ku3HeHHBIH ik [1C.

Cramust oaxcrmyaranmu  [IC  oxBaTbIBaeT TMPOIECCHI  XpaHEHUs, BHEAPEHUS U
compoBokaeHus [1C, a Takxke TpaHCOPTHPOBKH M mpumeneHus (operation) I mo cBoemy
HazHayeHuto. OHa COCTOUT U3 JBYX NapajuiedabHO npoxoasumx (as: ¢asel npumenenus I1C u
da3zsl conpoBoxenus [1C [4, 5].

[Mpumenenue (operation) TIC — sto ucnonb3oBanue [1C ajst perieHus MPaKTUISCKUX
3a/1a4 Ha KOMITBIOTEPE IMyTEM BBITTOJIHEHUS €€ MPOTPaMM.

Conposoxaenue (maintenance) INIC —e sto mporecc cbopa wuHbOpPMAMK O €ro
KauecTBe B OKCIUTyaTallid, YCTPaHEHUs OOHApPYKEHHBIX B HEM OMIMOOK, €ro JAopaboTKu u
MoaudUKaIIK, a TAKKE U3BEIIEHHUS MT0JIH30BaTEJIe 0 BHECEHHBIX B HEro n3mMeHeHusx [ 1,4, 5].

Monenbs KU3HEHHOTO IMKJIA OTPaKaeT Pa3IMYHbIE COCTOSIHHUSI CHUCTEMbI, HAYMHAs C
MOMEHTa BO3HUKHOBEHHUsI HeoOxoaumocTu B AaHHON MC u 3akaH4YMBasi MOMEHTOM €€ MOJIHOIrO
BBIXOJIa U3 yHnoTpebieHus. Moodenv dcusHeHH020 Yukaia - CTPYKTYpa, COJIEeprKalasi Mmporecchl,
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JIEHCTBHSI M 3a/1aud, KOTOPBIC OCYIIECTBIISIIOTCS B XO0J€ pa3paOdOTKH, (PYHKIIMOHHUPOBAHUS U
COTIPOBOXACHUS MPOTPaMMHOTO MPOJIYKTAa B TEUEHUE BCEH JKM3HU CHUCTEMBI, OT OMpPEICICHUS
TpeOOBaHUI 10 3aBEPILICHUS €€ HCIIOTh30BAHMS.

B Hacrosiiee Bpemsi M3BECTHBI M HCIIOJIB3YIOTCS CIIEAYIOIIME MOJACIU KU3HEHHOTO
[MKJIA:

- Kackaonas mooenv(puc. 5.1) mpemycMaTpuBaeT IMOCICAOBATEIILHOE BBIMOJHEHUE BCEX
9TAaoOB TPOEKTa B CTPOro (puKcUpoBaHHOM mopsake. llepexon Ha clemyromuii dTamn
O3Ha4aeT MOJIHOE 3aBeplieHre paboT Ha MPEIbIAYIIEM dTalle.

- Iloomannas mooenv ¢ MPOMEKYTOUHBIM KOHTpoJieM (puc. 5.21. Pa3zpaborka MC Benercs
UTEpaIUsIMHU C IUKJIAMH OOpaTHOM CBSI3M MEXTY dTanamMu. MexdTamHbie KOPPEKTUPOBKH
MO3BOJIIIOT ~ YYUTBHIBATH pPEaJIbHO  CYIIECTBYIOIIEE B3aWMOBIHMSHHUE pE3yJbTaTOB
pa3pabOTKH Ha Pa3IUYHBIX 3TAIax; BPEeMs JKM3HU KaXJIOTO M3 ATAIllOB PAaCTATUBACTCS Ha
BECh IEpUO/1 pa3pabOTKHU.

- Cnupanvnas mooenv (puc. 5.31. Ha Kaxa0M BHUTKE CIMPAIU BBIMOJIHACTCS CO3/IaHHE
OYepeAHOM BEPCHUHU IPOAYKTA, YTOUHSIOTCS TpeOOBaHUS IPOCKTA, OIPEACIICTCS €ro
KayecTBO U IJIAHUPYIOTCS paloThl cienymomero Butka. Ocoboe BHUMaHUE yensieTcs
HAYaJIbHBIM dTariaM pa3paboTKH - aHATIU3Y H

MPOCKTHPOBAHMIO, TJI€ PEATU3YEeMOCTh TEX WJIH HWHBIX TEXHUYCCKHX PCIICHHUM
npoBepseTcs \ 000CHOBBIBAETCS MTOCPEACTBOM CO3AaHHUsS POTOTHITOB (MAKETHPOBAHHS).

[ Paspaborka Tpebosannii

r TpoexTipoBasne h
l Peanssaims '—{

Puc. 5.1. Kackamnas mozens XKL UC

LPu:pt\Gm'm 1pebonannii |——;

T R TS e ST S LAk (N Ao

Puc, 5.2. TlosranHas MOZIEb C MPOMENYTOYHBIM KOHTPOJIEM

Paspaborkn
Tpebonannii

11

Beoa s qeifcTene
NPOTOTHMOR CHCTEMI

Bepes 2 /

Bepens 3

Peanimauns

Pc. 5.3. CnupanHaamonem, XKL UC

Ha mnpaktuke HauOomblliee pacnpoCTpaHEHHWE TMONYYUIH JBE OCHOBHBIE MOJIEIH
JKU3HEHHOTO ITHKJIA:
- KackagHas Mojelb (xapakTepHa ais nepuoaa 1970-1985 rr.);
- crnupaibHas MOACIb (XapakTepHa s nepuoja mocie 1986.1°.).
B panHux mpoekrax moctatodHo mnpocThix MC Kaxkaoe NPUIOKEHHE MPEACTaBIIsIIO0
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co0oil enuHbIi, (YHKIMOHATHHO W WH(MOPMAIMOHHO HE3aBHUCHMBIN Onok. s pa3paboTku
TaKOro THIA TPWIOKEHUH SPGEKTHBHBIM OKa3alcs KacKaaHbli crmoco0. Kaxaplii aTan
3aBepHIaJiCs TOCJE€ TOJHOTO BBINIOJHEHUS W JIOKYMEHTAIbHOTO O(QOPMIICHHS  BCEX
PeyCMOTPEHHBIX PadoT.

MO’KHO BBIJICIUTH CIEIYIONINE MTOJIOKHUTEIbHBIC CTOPOHBI MPUMEHEHHS KACKaJHOTO
MOJIX0/a:

- Ha KaXJIOM 3Tarne GopMUpyeTCs 3aKOHUYCHHBIN HA00p MPOEKTHOW TOKYMEHTAIWH,

OTBEUAIOLIUI KPUTEPUSIM MOJTHOTHI U COTJIACOBaHHOCTH;

.+ BBINOJHSIEMBIC B JIOTHYECKOHN MOCIIEIOBATEIILHOCTH 3TAIbl pabOT MO3BOJISIOT

IUTAHUPOBATh CPOKH 3aBEPILICHUS BCEX pabOT M COOTBETCTBYIOIIME 3aTPATHI.

KackanHblii moaxoa XOpomio 3apeKOMEHI0Bal ce0si MpHU MOCTPOCHUU OTHOCHUTEIILHO
npocteix UC, korga B camMoM Hauane pa3pabOTKM MOXHO JIOCTATOYHO TOYHO M TIOJHO
chopmyaupoBaTh Bce TpeOoBaHHMS K cucTeMe. OCHOBHBIM HEOOCMAMKOM 3M020 N00X00d
saensiemcsi TO, YTO pEalbHBIA MPOLECC CO3/JaHUA CHUCTEMbl HHKOTAA TOJHOCTBIO HE
VKJIQJIBIBAETCS B TaKYIO JKECTKYIO CXEMY, MOCTOSHHO BO3HHKAET MOTPEOHOCTh B BO3BpATe K
MPEIbIAYIIUM dTanaM U YTOYHEHHH WM [IePEeCMOTpPE paHee MPUHSTHIX pelieHuii. B pesynbrare
peanbHbI mporecc co3nanus MC okas3bpIBaeTCsi COOTBETCTBYIOIIMM TOJTAIMHOW MOJEIH C
MIPOMEXYTOUYHBIM KOHTPOJIEM.

OpHako # 9Ta CXeMa He MO3BOJISIET ONEPATUBHO YYUTHIBATH BOSHUKAIOIINE H3MCHCHHSI U
yTOYHEeHUs TpeOoBaHUi K cucteMe. CoriacoBaHue pe3ylbTaToB Pa3pabOTKH C MOIb30BATENIAMU
MIPOU3BOJIUTCS TOJIBKO B TOYKAX, INIAHUPYEMBIX ITOCIIC 3aBEPIICHHS KaKIOro dTama padoT, a
obme tpeboBanusa k MC 3aduxcupoBaHbl B BHI€ TEXHHUYECKOTO 3aJaHUS Ha BCE BpeMs ee
co3manus. Takum  o0Opa3oMm, TIONB30BAaTeIM  3a4acTyl0  IOIYYalOT  CHUCTEMY, HE
YIIOBJIETBOPSIONIYIO UX PEalbHBIM MOTPEOHOCTSIM.

Cnupanvnas mooenv JKI] Obuta mpemyiokeHa Ui TPEOJOJCHHUS TIECPEUHCICHHBIX
npobiem. Ha sranmax aHanmusa v MpPOEKTUPOBAHHUS PEATU3YyEMOCTh TEXHHYECKHX pEHICHHH U
CTCIICHb YIOBJICTBOPEHUS OTPEOHOCTEH 3aKa3unKa MPOBEPSAETCS MyTEM CO3AaHHSI IPOTOTHUIIOB.
Kaxxapiii BUTOK CiMpaiy COOTBETCTBYET CO3JaHUIO pabOTOCTIOCOOHOTO (hparMeHTa WM BEPCUU
CUCTeMBI. DTO TIO3BOJISICT YTOYHHWTH TPEOOBaHUS, IICIM W XaPaKTEPUCTHKH TIPOCKTa,
OTIpEeACNTUTh Ka4yecTBO pa3pabOTKH, CINIAHUPOBATH PA0OTHI CIIEAYIOIIET0 BUTKA CIUPAIH. TakuM
o0pa3oM yriIyOJSFOTCSI W TIOCJIEIOBATEIbHO KOHKPETHU3UPYIOTCS JIeTald TPOeKTa W B
pe3ynbTate BhIOMpaeTcss 0OOCHOBAaHHBIM BapHaHT, KOTOPBIA YIOBIETBOPSIET AEHCTBUTEIBHBIM
TpeOOBaHUAM 3aKa39HKa U JJOBOJUTCS JIO PEaTH3aIIHH.

Hmepamusnas paspabomra otpaxaer 00bEKTUBHO CYIIECTBYIOUINI CIIUPAIBbHBIN UK
CO3/TaHUS CIOXKHBIX cucTeM. OHa MO3BOJISET MEePEXOANTh HA CIICAYIOIIUN dTall, HE JOKHUIAACh
MOJIHOTO 3aBepIleHUs paboThl HAa TEKYIEM U PEIIUTh IIaBHYIO 3a/1ady - KaKk MOXKHO ObICTpee
MOKa3aTh TOJbL30BATEIISIM CHUCTEMBI PAa0OTOCIIOCOOHBIN IMPOIYKT, TEM CaMbIM aKTHBH3UPYS
MPOLIECC YTOUHEHUS U IOTIOTHEHHS TPeOOBaHUH.

OcHosHas npobiema CcnupaibHO20 Yukia - ONpPENeNieHne MOMEHTa Iepexo/aa Ha
ClenyroImui dTam. J[s ee perenusi BBOJAITCS BpEMEHHbIC OTPaHUYCHHS Ha KaX]IbIi U3 ATAroB
KU3HEHHOTO ITUKJIA, U TePEX0/ OCYIIECTBISETCS B COOTBETCTBUU C TUIAHOM, JaKe €CITH HE BCS
3allaHUpoBaHHAas  paboTa  3akoHYeHa. [lnaHWpoBaHWE  TPOM3BOAMTCS HAa  OCHOBE
CTAaTHCTUYCCKUX JIAHHBIX, IMOJYYCHHBIX B TMPEABUIYIIMX TPOCKTaX, M JIAYHOTO OIbITa
pa3pabOTYHUKOB.

HecMoTpst Ha HacTOMYMBBIE PEKOMEHJAIMHA KOMIIAHWW - BEHIOPOB M JKCIEPTOB B
obnactu mpoekTupoBaHus u pa3padborku MC, MHOTHE KOMITAHWUU MPOJOJIKAIOT HCIOJIb30BATh
KacKaJIHyI0 MOJIe]Ib BMECTO KaKoro-iu0o BapuaHTa HWTepanuoHHOW Mojenmn. OCHOBHBIE
MIPUYKHBI, TI0 KOTOPBIM KacKaJHasi MOAENb COXPAHSIET CBOIO MOMYISPHOCTD, cienyromue [3]:

L IIpuBbiuka - MHorue UT-cnenuanuctel nmosyyaian obdpa3oBaHuE B TO BpeMs, Koraa
M3y4asach TOJIbKO KaCKaJgHas MOJEIIb, I03TOMY OHA UCIIOJIb3YETCs UMU U B HAILIK JHU.
2. Nnnio3us CHUKEHHMs] PHUCKOB YYaCTHUKOB IPOEKTa (3aKa3uMKa W HCIOJIHMUTEINA).

Kackagnas mojens mpeanosiaraeT pa3padOTKy 3aKOHYEHHBIX MPOAYKTOB Ha KaXIOM
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JTamne: TEXHUYECKOro 3aJaHus, TEXHHUYECKOro MPOeKTa, MPOrpaMMHOTO MPOAYKTa M
M0JIb30BATEIbCKOM NTOKyMeHTanuu. PazpaboTanHas JOKyMeHTalUs MO3BOJISIET HE TOJIBKO
OTpeAeTUuTh TPeOOBAHUS K MPOAYKTY CICIYIOIIEro 3Tarna, HO ¥ ONPeAeIIUTh 00S3aHHOCTH
CTOpPOH, 00beM paboOT U CPOKH, IPU 3TOM OKOHUATENIbHAsl OIEHKAa CPOKOB M CTOUMOCTH
MPOEKTa MPOU3BOJIUTCS HAa HAYAIBHBIX JTamax, MOCIe 3aBepIICHUs O0OCIeIOBaHUS.
OueBunHO, uTO ecnu TpeOoBaHHs K WHMOPMALMOHHOW CHUCTEME MEHSIOTCS B XOJe
peaiM3any MPOEKTa, a KauyecTBO JOKYMEHTOB OKAa3bIBAC€TCS HEBBICOKUM (TpeOOBaHUS
HEMOJIHBI W/WIIKM MPOTUBOPEUYUBHI), TO B JACHCTBUTEIBLHOCTH HCIIOJIb30BAHME KACKaIHOU
MOJICJIM CO3/1a€T JIUIIb HWILIIO3UI0 OMPEACIICHHOCTH W Ha Jelie YBEJIUYUBACT PUCKH,
yMEHbIlIasg JUIIb OTBETCTBEHHOCTh YYaCTHHKOB mpoekTa. [Ipu dopmanbHOM moaxone
MEHEKEp TMPOEKTa pealn3yeT TOJIbKO Te TpeOOoBaHUs, KOTOPHIE COJIEpKaTcs B
crenugpuKanuy, onupaeTcsl Ha JOKYMEHT, a He Ha peaibHble noTpedHocTH OusHeca. Ecth
JIBA OCHOBHBIX THIA KOHTPAakTOB Ha pa3paborky I[1O. IlepBelii Tum mpemmonaraer
BBITIOJTHEHUE OIpeAeNIEHHOro 00beMa paboT 3a ONpeesieHHYI0 CyMMY B OINpe/elicHHbIE
cpoxku {fixedprice).Bropoii Tum mpeamosaracT IOBPEMEHHYIO OIUIATy PabOTHI
(timework).Bb16op TOro WM MHOTO THIIA KOHTPAKTA 3aBUCUT OT CTEIIECHH OMPEICIACHHOCTH
3amaun. KackamHas Mojenb C ONpeNeieHHBIMH dTalnaMd M WX Pe3yJbTaTaMH JIydlle
npucrnocoOeHa A 3aKII0YeHHs KOHTPAaKTa C OIUIaTOM Mo pe3yibTaraMm paloThl, a
MMEHHO 3TOT TUIl KOHTPAKTOB MO3BOJIAET MOJYUYUTh MOJIHYIO OLIEHKY CTOMMOCTH IPOEKTa
710 €ero 3aBepuieHus1. bojee BeposITHO 3aKiI0UE€HUE KOHTPAKTA C IOBPEMEHHOM OIUIaTON Ha
HEOOJBIIYI0 CHUCTEMY, C OTHOCHTEIHHO HEOONBIINM BECOM B CTPYKType 3aTpar
npennpusaTus. Pa3paboTka u BHeOpEeHHE MHTETPUPOBAHHOW MH(POPMAIIMOHHON CHUCTEMBI
TpeOyeT CYIIeCTBEHHBIX (MHAHCOBBIX 3aTpaT, MO3TOMY HCIOJB3YIOTCS KOHTPAKTHI C
(buKCUpOBaHHOM LIEHOM, U, CIeAOBATEIbHO, KACKaJHAsI MOJIENb pa3padOTKHU U BHEIPEHUS.
CrmpasibHass MOJICNTb YaIlle MPUMEHSETCS MPH pa3pad0TKe MHPOPMAITMOHHON CHCTEMBI
cmiiamu codctBeHHoro otaena UT mpeanpustus.

3 IIpo6aemMbl BHeApPEHUs1 TIPH UCIIOJIB30BAHUN UTEPAIMOHHON Mojaenu. B HekoTophIx
o0jacTaxX coupagbHas MOJENb HE MOXKET MPUMEHSITHCS, IOCKOJIBKY HEBO3MOXKHO
WCII0JIb30BaHNUE/ TECTUPOBAHUE TIPOYKTA, 00JIaJA0NIEr0 HEMOJIHON (PYHKIIMOHAIBHOCTHIO
(Hampumep, BOEHHBIE pa3pabOTKH, aToMHas »JHepreTuka © T.1.). llosTamHoe
WUTEpaAIMOHHOE BHEIPEHHE WH(POPMAIMOHHON CHUCTEMBbI Il OW3HECa BO3MOXKHO, HO
COTPSI’KEHO ¢ OPTaHU3AIIMOHHBIMU CIIOKHOCTSIMH (TIEPEHOC JIaHHBIX, MHTETPallis CUCTEM,
U3MEHEHHE OW3HEeC-TPOIECCOB, YYETHOM NOJUTUKH, OOydYeHHE TIOoJb30BaTesneil).
Tpyno3aTparsl mpu MO3TAIHOM HMTEPALMOHHOM BHEJIPEHUU OKA3bIBAIOTCS 3HAUUTEIBHO
BBIIIIE, a YIPABJICHUE MPOEKTOM TpeOyeT HacTosmero uckyccrra. [IpeaBuas yka3zaHHbIE
CII0)KHOCTH, 3aKa3YUKU BBIOMPAIOT KACKaIHYI0 MOJEIb, YTOOKI "BHEAPATH CUCTEMY OJUH
paz".

I[NOHATUE KAYECTBA I[TPOI'PAMMHOI'O CPE/ICTBA
Kaxmoe IIC momkHO BBIMOJMHATH OMpeAeieHHble (YHKIWH, T.€. JeJaTh TO, YTO
3anymano. Xopomee [IC gomkHO 007anaTh emie LEIbIM PSIOM CBOWCTB, IMO3BOJISIFOIIMM

YCHENIHO €r0 MCIOJIb30BaTh B TEUEHUHU JIUTEIHHOTO TMEPHUoja, T.. 00JIalaTh OmpeaeIeHHBIM

kauecTBOM. KauectBo [IC — 3TO COBOKYIHOCTB €ro 4epT U XapaKTEPUCTHK, KOTOPbIE BIUSIOT

Ha €ro CHOCOOHOCTh YJIOBJETBOPSTH 3aJaHHBIE MOTPEOHOCTH TOJIb3oBaTene [6]. DTo He

o3HayvaeT, uTo pasHbie [IC 1omKHbBI 0051a7aTh OJHON U TOM K€ COBOKYITHOCTBIO TAKUX CBOWCTB B

WX BBICIIEH BO3MOXXHOU CTEMIEHU. DTOMY MPEMSITCTBYET TOT (DaKT, YTO MOBBIINICHUE KauyecTBa

[1C mo ogHOMY M3 TaKWX CBOWCTB YacTO MOKET OBITh JOCTHTHYTO JIUIIL IIEHOW W3MEHEHUs

CTOMMOCTH, CPOKOB 3aBEPIICHHs pa3pabOTKU U CHIDKEeHHs kKadecTBa »Toro I1C mo apyrum ero

cBoiictBam. KauectBo I[1C siBisieTcss yOBIEeTBOPUTEIBHBIM, KOT/IA OHO OOJaaeT yKa3aHHBIMU

CBOMCTBAMH B TaKOU CTETICHHU, YTOOBI TAPAaHTUPOBATH YCIICIITHOE €r0 UCITOIH30BaHUE.

CoBokymHOCTh cBOCcTB I1C, KOTOpast 06pazyeT yI0oBIETBOPUTEIHLHOE JIJIsl TIOJIB30BATENS
kadecTBO I[IC, 3aBUCHT OT yclioBHI M XapakTepa 3kcmuryatauuu storo IIC, T.e. oT mo3unmu, ¢

KOTOPOM JTOMKHO paccMarpuBarbes kauecTBo 3toro [IC. [ostomy npu onucanun kauectsa [1C
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JOJKHBI OBITH, TIPEXkKAE BCEro, (PUKCUPOBaHBI KpUTEpUH oTOOpa TpedyeMbix cBoiicTB IIC. B
Hacrosilee BpeMsa kputepusamu kadecta [1C npunsro cuurars [6,7, 8, 9, 10]:

. (YHKIIMOHATTLHOCTb,

. HaJIEKHOCTD,

- JIETKOCTb ITPUMEHEHUS,

. 3¢ PEeKTUBHOCTB,

. COIPOBOXKAAEMOCTb,

. MOOUITBHOCTb.

OYHKIMOHATBHOCTE — 23T0 cnocoOHOCTh [IC  BBIMONHITH HAO0OpP  (YHKIIHA,
YIOBJIETBOPSIOUINX 3aJaHHBIM HIIM MOAPa3yMEBAaeMbIM NOTPEOHOCTSM Mosb3oBareneil. Habop
yKa3aHHBIX (QYHKIUN ompeaenseTcs Bo BHemHeM onucanuu [1C.

Hanexxnocts noapoOHO 00Cykaanach B IEpBOH JICKIIHH.

Jlérkocts mpumeHeHuss — 93T0 xapakrepuctuku IIC, KoTopble MO3BOJSIOT
MUHHUMH3UPOBATh YCUIIUS MOJIB30BATENS 1O MOATOTOBKE MCXOAHBIX JaHHBIX, MpuMeHeHuto 11C
M OIEHKE TMOJYyYEeHHBIX pE3yJbTAaTOB, a TaKXe BBI3bIBATH IOJOXKUTEIBHBIE SMOILUU
ONpPEeEeAEHHOTO WIH MOJPAa3yMEBAEMOT0O MOJIb30BATENS.

O(deKkTHBHOCTH — 3TO OTHONICHWE YyPOBHS yChyr, mpenocrapisiemMbix [IC
MOJIb30BATENIO MPU 3aJaHHBIX YCIOBUAX, K 00bEMY HCIOIb3YEMBIX PECYPCOB.
CompoBokiaeMocth —  3T0  xapakrepuctuku  [IC, KkoTOpple  MO3BOJSIOT

MUHUMU3HUPOBATh YCHIIUS M0 BHECEHUIO M3MEHEHHU ISl YCTPaHEHHUs B HEM OIIMOOK W MO €ro
Mo (UK B COOTBETCTBUU C U3MEHSIOLUIMMHUCS TOTPEOHOCTIMHU M0JIb30BATENIEH.

MoOunbHOCTE — 3T0 cnocoOHocTh [IC ObITh TEpeHEeCeHHBIM M3 OJHON Cpellbl
(OKpykeHUs1) B APYTYIO, B YaCTHOCTH, C 0gHOM OBM Ha npyryio.

OYHKIMOHATBHOCTh U HAAEKHOCTH SIBISIOTCS 00S3aTENbHBIMU KPUTEPUSMU KadyecTBa
[1C, npuuém obecnieueHre HaAEKHOCTH OyIeT KpacHOW HUTHIO MPOXOJIUTH IO BCEM dTalaM U
nporeccam pazpaboTKu

[IC. OcranbHble KpUTEPUM HCIONB3YIOTCS B 3aBUCUMOCTH OT NOTpeOHOCTEH
NoJIb30BaTesel B cooTBETCTBUU ¢ TpeboBaHUsAMHU K IIC — ux obecneueHune OyneT 00CyXIaTbCs
B MIOJIXOJIALINX pa3zienax Kypca.

BUJIbI COBPEMEHHBLIX A3bIKOB [TPOI'PAMMWPOBAHM A

B GonpmMHCTBE c1yyaeB B Ka4eCcTBE MIATPOPMBI UCIIOJIb3YETCS IEPCOHATIBHBIN
kommbiotep IBMPCkaxoii-nmu6o cucremoit UNIX, mu6o SPARCstation20 ¢ cucremoii Solaris2
(Toxxe UNIXsvr4), Ho MHOTHE TpUMEpbI 0€3 KaKUX-THO00 N3MEHEHHH (JTM00 ¢ MUHUMYMOM
TaKOBBIX ) MOT'YT OBITh MepeHeceHbl B cpexy MSDOS[**], nmubo Ha apyroii THIT MAIIMHBI C
cucremont UNIX.

Ho nosBuics a3k C++, KOTOpBIH pa3BUBaeTCs JOBOJILHO JUHAMUYHO. Eie ecth
Objective-C. Bo-BTOpBIX MOTOMY, YTO €CTh OMOIMOTEKH U CHCTEMHBIE BHI30BBI, KOTOPBIE
pasBuBatoTcs Beiaen 3a pazsutueM UNIXu npyrux onepanuoHHbIx cucteM. ClieayomuMu
BalllMUMH (HACTOJBHBIMU) KHUTAMH JIOJKHBI cTaTh "CripaBouHOE pyKOBOJACTBO'": Tan2 (1o
CUCTEMHBIM BBI30BaM), Tan3 (110 OMOTMOTEYHBIM (QYHKITUSIM).

Momp si3b1ka CH - B CYIIECTBYIOIIIEM MHOTO0Opa3nu OUOIHOTEK.

[Tpomry Bac ¢ mepBBIX ke LIaroB CIETUTH 3a CTHIIEM 0(OPMIIEHHUS! CBOMX MTPOTPAMM.
JlenaiiTe OTCTYIIBI, MUITUTE KOMMEHTAPHH, UCIIOJIb3YHTE OCMBICTICHHBIC UMEHA TIEPEMEHHBIX U
(byHKUMT,0TAETANTE TOTHYeCKHe YacTH MPOrpaMMBbl IPYT OT Apyra MyCTBIMU CTPOKAMHU.
[Tomuute, uro "numHue" MpoOesbl U MycThle CTPOKU B CH JOMYCTUMBI Be3Je, KpoMe
n300pakeHuit KOHCTaHT U UMeH. [IporpamMmel Ha Cu, HaOUTHIE B OJTHY KOJIOHKY (Kak Ha
FORTRAN-€) oueHb TsDKEIIO YUTATh U MOHUMATh. M3-3a 3TOro ObIBaeT TPYIHO HAXOAHUTH
MOTEPSHHBIE CKOOKU { U }, MOTEPSHHBIE CUMBOJIBI 'H IPYTHE OIMIHOKH.

CymiecTByeT HECKOJIBbKO "MIKOI" 0hOpMIIEHHS TPOrpaMM - IPUTITISIAUTECH K TPUMepaM
B TOW KHUT€ M B JAPYrMX UCTOYHMKAX - U BbIOepuTe No0yro! Huuero crpamHoro, eciau Bbl
oynere cmemmuBath 3ty ¢, Ho - ITIOJAJIBIIE OT FORTRAN-al!!!

[Tporpammy MOXHO aBTOMAaTH4eCKH c(hOPMATUPOBATH K "KaHOHUYECKOMY'" BUY MPH
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IIOMOLIH,
HaIpuMep, MporpaMmmsi Ch.
cb< Ham®aiin.c >/tmp/$$ mv
[tmp/$$ HamDaiin.c

HO JIy41ie cpa3y ohopMIISITh IPOrpamMMy MPaBHIBHO.

BriaernstiiTe torudecku caMmoctosTeNbHbIe ('3aMKHYThIE") YacTH MPOTPaMMBI B
byHKIM(naxe eciy OHU OyIYT BBI3BIBATHCS €AUHCTBEHHBIN pa3). DyHKIMHU - HE TPOCTO
CpeACTBO M30€XkKaTh NOBTOPEHHS OJHUX U TEX )K€ OIIEPAaTOPOB B TEKCTE MIPOrpaMMBbI, HO U
CPEACTBO CTPYKTYPUPOBAHHS ITpOIecca MPOrpaMMHUpPOBAHHS, AeJarollee mporpammy doee
MOHATHOM.

Bo-niepBbIX, BBl MOXKETE B IpYroil IpOrpaMMe UCIOIb30BaTh TEKCT YK€ HallMCAHHOU
BaMH paHee QyHKIIMU BMECTO TOT0, YTOOBI KCaTh €€ 3aHOBO. Bo-BTOPBIX, oneparuto,
oopmieHHYIO B BUJIE (PYHKIIMH, MOKHO PAaCCMaTpUBaTh KaK HEACTUMBIN IPUMHUTHUB (OT
JIOBOJIHO TPOCTOTO IO CMBICITY,Bpoie Strcmp, Strcpy, 1o 10BoJbHO clioxHOTO - gsort, malloc,
gets) 1 3a0bITh O €ro BHYTPEHHEM YCTPOMCTBE (3TO XOPOIIIO - HAJI0 MEHbIIIE [TOMHHTB ).

He ronurech 3a KpaTKocThiO B yiiepO sicHocTd. Cu MO3BOJISET OPOil nucaTh Takue
BBIPAXEHMSI, HaJl KOTOPBIMU MO’KHO I10J14aca JioMaTh rojioBy. Eciu »ke ux 3anucarb MeHee
MYJPEHO,HO YYyTh JUIMHHEE - OHU CAMOOYEBH/IHBI (M 3TUM 00Jjiee 3alHILIEeHbI OT OIINOO0K).

2.0CHOBHBIE ITPUHIIUIIBI 1 ITOAXOAbI K PASPABOTKE ITPOT'PAMMHBIX
AJI'OPUTMOB.
TIOHATUE AJITOPTMA 1 ET'O CBOMCTBA

Aneopumm - ynopsii04€HHasi COBOKYITHOCTh CUCTEMBI PaBUII, OIIPEeIIAoLIast
coJiep’KaHue U MOPSI0K JEHCTBUM HaJl HEKOTOPBIMU 00bEKTaMM, CTPOrO€ BBIMOJIHEHUE KOTOPBIX
IPUBOJUT K PELICHUIO JIF0OOH 3a7aul U3 paccMaTpHUBAaEMOro Kjacca 3a1a4 3a KOHEYHOE YHCII0
11aroB.

CrnoBo «aneopummy nosiBuiIoch B IX Beke, korjga eBporneiipl I03HaKOMHIIUCH C
paboTamu BeIIaOIIErOCs y30eKCKoro Maremarnka Myxxamena OeH anb-Xopesmu («algorithmi
- JaTUHCKas (opMa 3allucH UMEHH anb-Xope3Mu). B cBoelt knure «O06 HHAMICKOM cyeTe» OH
chopMyIIMpoBall IPaBUJIa BBIMOJIHEHUS apUPMETUUECKUX JIEUCTBUN Hall JECITUUHBIMU
yuciaaMu. B nanpHeieM NoHATHE «aIrOpuTM» CTaJIH UCHOIb30BATh AJIs 0003HAYEHUS JII000H
MOCJIEA0BATEIbHOCTH IEUCTBUIM, MPUBOASIIEH K PEIICHHUIO TOCTABICHHOMN 3a1a4H.

Ilpu 6cem paznoobpasuu aneopummos MONCHO 8blOenums oouue OJisl Hux CBOUCTBA!
JTUCKPETHOCTh, MACCOBOCTb, ONPEAECIEHHOCTb U PE3YIbTATUBHOCTD.

Hucxkpemnocms (pa3pbIBHOCTB) - 3TO CBOMCTBO aJlTOPUTMA, XapaKTEepU3YIOIlee ero
CTPYKTYpPY: KaX/IbIil aITOPUTM COCTOUT U3 OTJEJIbHBIX 3aKOHUEHHBIX JeHcTBUl [4, c. 292].

Maccoeocmyp - IPUMEHUMOCTD AITOPUTMa KO BCEM 3a/ladyaM paccCMaTpUBAaEMOT0 THIIA,
TIPH JIFOOBIX UCXOHBIX JaHHBIX [4, ¢. 292].

Onpedenennocms - CBOMCTBO aIrOPUTMA, YKa3bIBAIOIIEE Ha TO, YTO KaXKIbIHM IIar
aJIrOpUTMa JI0JKEH OBITh CTPOTO ONPEJIENICH U HE I0MYCKAaTh Pa3IMYHbIX TOJKOBAaHUMN; TaKxKe
CTPOTO JIOJKEH OBITH OTpeJieNieH MOPSIOK BHIOJHEHUS OTJENbHBIX maros [4, c. 292].

Pezynomamuenocms KOHEUHOCTH IEUCTBUI AJITOPUTMA PELIEHUS 3a]1a4, I03BOJIAIOIIA
MOJIYYUTB JKEJIAEMBIN PE3YJIbTAT NP JOIMYCTUMBIX UCXOAHBIX JaHHBIX 32 KOHEYHOE YUCIIO
1aroB.

KJIACCBI AJITOPUTMOB U CITOCOBBI X OITMCAHN Cnocobbi
onucaHus asjieopummose

Pa3paboTaHHBIi aITOPUTM MOXKHO 3aIMCATh HECKOJIBKHUMHU CIIOCOOAMM:

- Ha eCTECTBEHHOM S3bIKe (CIIOBECHOE OMHCAHNUE);

- € IIOMOUIBIO IICEBAOKO/A;

- B BHE OJIOK-CXEMEL,

- B BHJIE IPOI'PAMMBI.
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Cnogecroe onucanue IPEICTABISET CTPYKTYPY aJITOPUTMA HA ECTECTBEHHOM SI3bIKE.
[Tpumepamu Takoii 3aMKcy aIroOpuTMa SBJSIFOTCS MHCTPYKIIMH 10 SKCIUTyaTaluu nprudopoB
OBITOBOM TEXHMKH, KYJIMHAPHBIE PELIENITHI, IPAaBUIJIA JOPOKHOTO IBUIKEHUS U T.[.

CrnoBecHast popma UMeeT psJl HEAOCTATKOB:

- cTporo He ¢popManIu3yeMa;

- CTpaJaeT MHOTOCJIOBHOCTBIO 3aIUCEH;

- JIOIYCKaeT HEOJHO3HAYHOCTh TOJIKOBAHUSI OT/IEIbHBIX NPEANMCAHNN.

Ota hopMa 00BIUHO UCTIONB3YETCSl HAa HAYAIbHBIX CTAAUIX pa3paboTKU allrOpUTMA.

Ilces00Kk00 - MOIIAroBO-CIOBECHAS 3aIMCh AITOPUTMA IO OTIPEIeIICHHBIM IPAaBUIIaM HITN
corniameHusiM. B niceBiokoie ucnonb3yercs: oOnIenpruHsATas MaTeMaTuyeckas CMMBOJIMKA U
KOHCTpYKUUHU. OH 3aHUMAET MPOMEKYTOYHOE MECTO MEX]Ty €CTECTBEHHBIM B (DOpMabHBIM

SA3bIKaMM.

Enok-cxema - 310 HarmsIgHOE Fpa(bI/I‘IeCKOC MMpEaACTaBJICHUEC AJITOPUTMA C TIOMOIIBIO
TCOMETPHUICCKUX (bI/Il"yp, COCAUMHCHHBIX IMHUAMHN-CBA3AMHU, ITIOKA3BIBAIOIIHUMH ITOPAIOK

BBIIIOJIHCHU A I/IHCprKIlI/If/'I.

PaCCMOTpI/IM OCHOBHBIC (I)I/Il"ypbl, KOTOPBIC UCTIOJIB3YIOTCA IJIA ITIOCTPOCHU A 0JI0K-CXEM

(Tabm. 2).

I'paduueckue 0OBEKTHI OIOK-CXEM

Tabnuua 2

\ Bz rpaduieckoro obnexta

Havalo

Haspaure Hnoga. Koymentapun

Hawmaao asToputan

Koneu

e

KOIICI_[ AITOPHTMA

< Heitcrmire

Hpouece. BHyTpH 8MoKs 320HCEIBASTON
defierBue, BEMUCTHICTRHAN OOSPAHMA HAN

rpyvIna

Brax/
Biisoa

Bpoa/BulBOA JAHHEIK © HEONPEILTCHHOIO
noertens. Hagnner saytpu 6a10ka: pROA,
(BRBIROJ) ¥ CHMCOK BBOIHMEIX (BBIDOAMMEIX)

NCPEeNEHHBIR

Pyunoit BBOA (BBOZ ¢ KIABHATY]RL)

Auenneil (BB Ha AMOHHTOP)

JOIL ¢

JokvmenT (BBIBOY HA TIEHATAIOIIEE

VeTpoECTBO)

Vemoene

Pemenne (verorrent 030k}, Yenosue
3aMHCEBacTeA BHYTPH Goka. B peryasTate
OPUBLPER YOTIOBRE OCYMIECTRIRETCS REIGOD
QIHOTO W3 BO3MOAKHEIX NIV TeH

BEINHCIHTEABHOTO MPOMECCa
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Moauduxatap. Henoassve1es 514 onHeaHns

HEIA C
Teao mikan LHEID © HapaMeTPOM

Cj Upanuns npkaa. ONKHCEBAST HHRITIECKHE

Teto mxoa MPONECCH: «ITHKA C IPelyCIOBHEM» K (IHET
Cj € TIOCTYCIOBHEM”
O BHYTPHCTPaHITMHEH COCTHHHTETE
D MexerpartiHRE cosIITENE
|
i ilpeaonpeaenerkrill nponece
{noanporpamMma)

ITpozpamma - OTIACAHUE CTPYKTYPBI AIITOPUTMA HA SA3BIKE
IIPOrpaMMHUPOBAHUS.

OCHOBHBIE AJITOPUTMUYECKHNUE KOHCTPYKIIMN
Cy1iecTByeT TpH THUIIA AITOPUTMUYECKUX KOHCTPYKLIMMI: JIUHelHas
(mocnenoBaTenbHast), pa3BETBIAIO ! AsACA ¥ LIUKIMYECKasl.
Jluneiinasa anzopummuyeckans KOHCmMpPyKyus
Jlunetinwviil aneopumm - 3T0 TAKOH aJITOPUTM, B KOTOPOM JI€HCTBHS BBITOJIHSAIOTCS
OJIHOKPATHO B 3aJIaHHOM Topsiike (puc. 1).

Havao

AEbphbna b

KoHeu

Puc. 1. Pa3memnienue 010K0OB B
JINHEIHOM alropuTMe

Pazeemenaowanca anzopummuyecKas KOHCMPYKYUus

Pazeemensrowuiica arcopumm - TaKOW aaropuT™M, B KOTOPOM BBITIOTHSETCS THOO OJTHA,
00 apyrast MOCIeI0BAaTEILHOCTh ICUCTBHU, B 3aBUCUMOCTH OT YCJIOBHSI.

Paznuyarot nBe popmbl pa3BETBISIFOICHCS aTOPUTMUYECKON CTPYKTYPBI: HOIHOE
semenenue (ECJIN - TO - UHAYE) u nenoanoe eemenenue (ECJIN - TO).

[TonHoe BeTBIIeHUE (pUC. 3) MO3BOJSET OPraHn30BaTh B aroputme 1Be BeTBu (TO umu
NHAUYE). HenonHoe BeTBieHue (puc. 4) mpeanoaraet HaIuuue ASMCTBUN TOJBKO Ha OJHOM
BeTBH (TO), BTOpast BETBb OTCYTCTBYET.
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Jeitctansg 2 Heiicteng 1

JHeiictng

l

Puc. 4 HenmonHoe BeTBIIEHHE

AJroputMHYecKasi CTpyKTypa «BbIOOP»

Jist BBIOOpa M3 HECKOJIBKUX aTbTEPHATUBHBIX JICHCTBUIN HCIIONIB3YETCS
AITOPUTMHUYECKAs CTPYKTYpa «BBIOOPY. [lepen BBIMOTHEHUEM KOMAaH/IbI «BBIOOPY BBIYUCIIACTCS
3Ha4YEHHE HEKOTOPOT'o BhIpakeHUs X, a 3aTeM HaunHaeTcs nposepka yciaoBuil Yi(X), Y2(X).--
Yn(X). TIpoBepka mpo1omKaeTes 10 TeX Mop, TOKa He BCTPETHUTCS YCIOBHE, PUHUMAIOIIES
3Hauenue MCTUHA npu nannom X (puc. 7).

Ia Her
<

Hetictaie 2

Jeitcteue 3 Heitctaie 4

| |
I

Puc. 7. AnropurMudeckas CTpyKTypa «BBIOOD»

CTpyKTYypy «BBIOOP» MOKHO TaKke U300pa3uTh B popMme, peAcTaBIeHHON Ha puc. 8.
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X1

x2_|

Xn

Jeiictaiel

Heiictaue2

JeiictBie n

l

Puc. 8. Bapuant oopmienus
ITOPUTMHUYECKOH CTPYKTYPHI «BBIOOP»

llumultecmm anzopummuiuecKkail KOHCmpyKuus

Luxnuyeckoti Ha3bIBAIOT ATOPUTMHUECKYIO KOHCTPYKIUIO, B KOTOPOI JeiicTBHE
BBITIOJIHSIETCS] YKa3aHHOE YKCIIO pa3, HIIK - TTIOKa HE BBIMOJIHUTCA ycioBue. ['pynmna
MOBTOPSIOUINXCSA JCHCTBUI LIMKIIA Ha3bIBaeTcs menom yuxia. CylecTByeT TpH TUIIA ITUKIIOB:
YUK ¢ napamempom (apugmemudeckutl), Yuki ¢ npedyciosuem u YUkl ¢ NOCHYCI08UEM.

ukia c mapamerpom

B nukie ¢ napamMeTpoM 4uncCJIo HOBTOpeHI/Iﬁ IUKJIa OJHO3HAYHO OIPECACICHO U 3a1aCTCA C

IIOMOIIBIO HAYAJIBHOI'O, KOHCYHOI'O 3Ha4YCHMI mapamMeTpa U maromMm €ro u3BMCHCHHA.

Temo muria

]

Huka ¢ mpexycjioBueM

I[eﬁCTBHH BHYTPH 3TOT'O IIUKJIA ITIOBTOPAIOTCS, ITIOKA BBITTIOJIHACTCA YCIIOBUC OJI0Ke
BCTBJICHH, IPUYCM CHadalla MPOBEPACTCA YCIIOBUE, a 3aTEM BBITIOJIHACTC JeficTBHE.

Yenonne

Tesio urxia

1

Puc. 13. bnok-cxema nukia ¢ mpeaycioBUeM,
Mpe/ICTaBJICHHAS CIIOMOIIBIO YCIOBHOIO OJ10Ka

L

22



Venosne

Teno utmna

—

Puc. 14. I'panuiist

HHKJIa

uka ¢ mocrycjioBueM

Terno nuKIa ¢ MOCTYCIOBUEM BCera OyIeT BBIMIOIHEHO XOTs Obl ouH pa3. OHo OyneT
BBITIOJTHATHCS /10 T€X MOp, MoKa 3HayeHue ycnoBHOro BeipaskeHus JIOXKHO. Kak Tonbko
ycioBHOE BeipakeHue npuHumaeT 3HaueHue MCTUHA, mukn 3aBepiiaercs.

Teao unkia
’ Yemorie
Ha

Prc. 16, Bnox-cxeMsa I1ans ¢ NocTYCROBHEM, EPEACTABICHHAS ¢ NOMOLILI0 YCIOBHOTD $I0Ka

S—

Teno mmma

i

Veosie

Prie. 17. Bropuft crocoft IpeJcTaBlenls MHCTA ¢ Io¢TYCI0RIIEN

3.0CHOBGI ITPOTPAMMUMPOBAHNA HA A3BIKE BBICOKOI'O YPOBHA CU++
APXUTEKTYPA ITPOTPAMMHOI'O CPE/ICTBA
Jlexuust IpOBOAUTCS B MHTEPAKTUBHOM (hopMe ¢ pa300pOM KOHKPETHBIX IPUMEPOB.

[TonsiTvie apXUTEKTYpbl MPOTPAMMHOIO CPECTBA

Apxutektypa [IC — 310 ero cTpoeHne kKak OHO BUAHO (MM JOJDKHO OBITh BUIHO) U3BHE
ero, T.e. mpencrasieHne [IC kak cucTeMbl, COCTOSALIENM M3 HEKOTOPOM COBOKYITHOCTH
B3aMMOJICHCTBYIOIIMX TMOJCUCTEM. B KadyecTBe TakWX MOJCHUCTEM BBICTYMAIOT OOBIYHO
OTJIeNbHBIE TporpaMMbl. Pa3paOoTka apXUTEKTyphl SBISETCS MEPBBIM 3TarloM OOpbOBI CO
cnoxHocThio I1C, Ha KOTOpOM peanu3yeTcsl IPUHIUN BbIIACIECHUS OTHOCUTEIBHO HE3aBUCUMBIX
KOMITOHEHT.

OcHoBHbIE 3371291 Pa3pabOTKu apXUTEeKTypsl I1C:

. BbIIEJICHHE TMPOTPAMMHBIX TMOJICUCTEM M OTOOpa)KeHHME Ha HHUX BHEIIHHX
byHKIMH (3a1aHHBIX BO BHeNTHeM onucanun) [1C;
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. OTIpeieNIeHue CII0COO0B B3aUMOJCHCTBUS MEKIY BBIJCICHHBIMH MTPOrPAMMHBIMH
MO/ICUCTEMAaMH.

OcHOBHBIE KJIacChl apXUTEKTYpP NPOrPaMMHBIX CPEACTB

PaznuuaroT ciienyromnyie OCHOBHBIE KJIACChl ApXUTEKTYP MPOTPaMMHBIX cpelcTB [1]:

. LieJIbHAsL IPOTrPAMMA;

. KOMILJIEKC aBTOHOMHO BBITNIOJIHAEMBIX POIPaMM;

. CJIOMCTas MpOrpaMMHasi CHCTEMA;

. KOJUIEKTHUB MapajIeJIbHO BBINOJIHAEMBIX IPOIPAMM.

LlenpHas mporpamMma MpeACTaBISIET BRIPOXKACHHBIA ciaydail apxutekTypsl [1C: B coctaB
[1C BXxoauT TONBKO OAHA Mporpamma. Takylo apXUTEKTYpy BBHIOMPAIOT OOBIYHO B TOM CiIydae,
korga IIC 1OMKHO BBIONHATH OJHY KakKyl-JIMOO SPKO BBIPAKECHHYIO (YHKIUIO U e
peanu3anus He IPEICTaBIACTCA CIMIIKOM CI0KHOW. ECTeCTBEHHO, YTO Takas apXUTEKTypa He
TpeOyeT Kakoro-nubo omnucanus (Kpome GHUKCAMKM Kiacca apXUTEKTYpbl), Tak Kak
OoTOOpakeHHe BHEIIHUX (YHKIUN Ha 3Ty HporpamMmy TpPHUBHAIBHO, a OIPEAENSATh Crocod
B3aUMOJICHCTBHS He TpedyeTcs (B CHIIy OTCYTCTBHUSI Kakoro-au00 BHEIIHETO B3aMMOJCHCTBHS
IIpOrpamMMbl, KPOME Kak B3aMMOJIEUCTBHS €€ C IOJIb30BATEIEM, a IOCIEAHEE OMHCHIBAECTCS B
nokymeHTaiuu o npumenenuto [1C).

Komruiekc aBTOHOMHO BBITIONTHSAEMBIX MPOTpaMM COCTOUT U3 Habopa Mmporpamm, Takoro,
YTO:

- mo0as U3 3TUX MPOrpaMM MOKET ObITh aKTUBM3UPOBAHA (3aIlyllleHa) M0JIb30BaTeNeM;

. IPU BBINOJHEHUM AKTUBU3UPOBAHHOW MPOrpaMMbl JApPYrue Mporpammbl 3TOrO
Habopa HE MOTYT OBITh AKTUBU3HUPOBAHBI IO TEX IMOP, MOKA HE 3aKOHYUT BHITIOJHEHHE
aKTHBM3UPOBAHHAs IpOrpamMma;

- BCE IPOrpaMMbI 3TOr0 Habopa MPUMEHATCS K OJHOM U TOM ke MH(POPMAIIMOHHOI cpeie.
Takum  o0pazom, mporpaMmMbl 3TOrO0 Habopa 1O YIOPaBJICHUIO HUKAaK HE

B3aMMOJICHCTBYIOT — B3aUMOJICHCTBUE MEXKIYy HHUMH OCYIIECTBIISIETCS TOJIBKO 4Yepe3 OOIIyIo
WH()OPMAIIMOHHYIO CPEy.

Crnoucras nmporpaMMHasl CUCTEMa COCTOUT U3 HEKOTOPOM yHOPSAJOYEHHONW COBOKYITHOCTH
IIPOrPaMMHBIX MOJICUCTEM, HAa3bIBAEMBIX CIIOSIMH, TAKOM, YTO:

. Ha KaXJIOM CJIO€ HUYEro He U3BECTHO O CBOMCTBAaxX (M Ja)e CYyIIECTBOBAHUM)
nocyenyronmx (0oyee BHICOKHUX) CIOEB;

. KOKIBIA CIIOM MOXET B3aUMOJIEHCTBOBATh IO YIpaBlieHHIO (oOpamaTrbes K
KOMITOHEHTaM) C HEMOCPEACTBEHHO MPEAMIECTBYIOMMM (0ojiee HU3KUM) CIIOEM Yepe3
3apaHee OIpeJesieHHbI MHTepdelic, HUYero He 3Has O BHYTPEHHEM CTPOEHUH BCEX
MPEANIECTBYIOIINX CIOEB;

. KOKIBIA CJIOW pacrmojiaraeT OMNpEeIeIeHHBIMH pecypcaMu, KOTOpble OH IJHOO
CKpBIBa€T OT APYTUX CJOEB, JUOO MPEAOCTaBISIET HEMOCPEACTBEHHO IOCIENYIOIEMY
cJI010 (Yepe3 yKa3aHHbIM nHTepdeiic) HeKoTopble NX a0CTPaKLUK.

Takum 00pa3om, B CIIOMCTOMN MPOTPAMMHON CUCTEME KAl CIOW MOXKET peain30BaTh
HEKOTOpYI0 a0CTpakuMio JaHHBIX. CBS3M MEXAY CIOSMH OTpaHWYEHBl Mepenavyeld 3HaueHHM
apaMeTpoB OOpaIIeHHsI KaXKIOTO CJIOSI K CMEKHOMY CHU3Y CJIOIO U BblIayeil pe3ynbTaToB 3TOrO
oOpalleHus OT HIKHEro cliosi BepxHeMmy. HemomycTumMo HcCmosib30BaHHE II100ATBHBIX JTaHHBIX
HECKOJIbKUMH CIIOSIMH.

B xauecTBe npumepa pacCMOTPUM KCIIOIb30BAHUE TAKON apXUTEKTYPhI AJI TOCTPOSHUS
ONEPALMOHHOM CHUCTEMBL. Takyr apXWTEKTypy MNpuMeHWsI JlelikcTpa NpH NOCTPOEHUU
ornepannoHHoi cucremsl THE[2]. DTa oneparnuonHas cucreMa COCTOUT U3 YETBhIPEX CII0EB (CM.
Puc. 1). Ha nyneBom cnoe mnpous3BoauTcsi 00paboTka BCEX MpEephIBAHUM U BbIIEICHHE
HEHTPaAJILHOTO Tpolleccopa IMporpammam (mpoleccaMm) B IMAaKETHOM peXume. TOJNbKO 3TOT
YpPOBEHb OCBEIOMIIEH O MYJIbTUIPOrpaMMHBIX acmekTax cucremMbl. Ha mepBoM croe
OCYLIECTBIISIETCS YIPABIEHUE CTPAHUYHON OpraHu3aluuen naMatd. BceM BhILIECTOSIIUM CIIOSIM
MPEIOCTaBIIAETCS BUPTyajbHas HENpepblBHAs (HE cTpaHWyHasi) mamsaTb. Ha BTOpoM cioe
OCYILIECTBJISIETCS CBSI3b C KOHCOJBIO (IIYJIbTOM YIpaBlIeHUs1) omneparopa. Toiabko 3TOT cioi
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3HAET TEXHUYECKHE XapaKTepUCTHKH KOoHCoIH. Ha TpeTbeM cioe ocymiecTBisiercst Oydepuszarms
BXOJIHBIX U BBIXOJIHBIX TOTOKOB JJAHHBIX U PEAIN3YIOTCS TaK Ha3bIBa€Mble a0CTPAKTHbBIC KaHAJIbI
BBOJIa U BBIBOJIa, TaK YTO MPHUKIAJHBIE MPOTrpaMMbl HE 3HAIOT TEXHUYECKUX XaPaKTEPUCTHK
YCTPOMCTB BBOJIa-BHIBOJIA.

KoyiekTuB mapamiesnbHo JACUCTBYIOIIMX TPOTpaMM  IpeJcTaBisieT coboil  Habop
porpaMM, CrocOOHBIX B3aMMOJICHCTBOBATh MEXAY COOOU, HAXOASCh OJHOBPEMEHHO B CTa/IUU
BBITIOJIHEHHS. DTO O3HAYAET, YTO TaKWE MPOrpaMMbl, BO-TIEPBBIX, BBI3BAHBI B OINEPATUBHYIO
naMsTh, aKTUBU3UPOBAHBI U MOTYT MOMEPEMEHHO Pa3JeNiaTh 0 BPEMEHH OJIUH WK HECKOJIBKO
[EHTPAJIBHBIX MPOIECCOPOB, a BO- BTOPBIX, OCYIIECTBIATh MEXKIY COO0OH MUHaMu4eckue (B
IpOLECCe  BBIMOJHEHUSI) B3aUMOJICHCTBUS, Ha 0a3e KOTOPBIX IPOU3BOAUTHCA  HX
cuHXpoHH3auga. OOBIYHO B3aUMOICHCTBUE MEXKAY TaKHMH MPOILECCAMU IMPOU3BOIUTCS MYyTEM
nepegavyu Ipyr Jpyry HEKOTOPBIX COOOIIEHHIA.

[Ipocreiinieln pa3sHOBUIHOCTBIO TaKOW apXUTEKTYPhI ABJISETCA KOHBEMED, CPEICTBA, I
opraHu3aiu Koroporo umerorcs B onepanronnoi cucreme UNIX[3]. Konseliep mpeacraBisieT
co00M MoCIeA0BaTeIbHOCTh MPOrPaMM, B KOTOPOM CTAHAAPTHBIM BBIBOJ KaXKIOW IPOrPAMMBIL,
KpOME CaMOil TOCIEeIHEH, CBs3aH CO CTAaHJAPTHBIM BBOJAOM CJEAYIOUIEH MHpOrpaMMbl 3TOM
nociaegoBareabHOCTH (cM. Puc. 2). KonBeiiep oOpabaTbiBaeT HEKOTOPHIH IMOTOK COOOIICHHIA.
Kaxxgoe coobiienre 3Toro noToka mocTynaeT Ha BBOJ MEPBOIl Mporpamme, KOTopasi, 00paboTas
ero, nepenaér nepepaboTaHHOE COOOIIEHHE CIEAYIOLed IporpaMMe, a caMa HayuHaeT
00paboTKy oYepeTHOro cOOOIIEeHUS TOTOKA. TakuM xe 00pa3oM IEeHCTBYET Kaxk/1as MporpaMma
KOHBeWepa: MOJy4YHB COOOIIEHHE OT MPEAIIECTBYIOMIEH MpOrpaMMbel U 00paboTaB ero, oHa
nepenaét mnepepaboTaHHOE COOOIIEHHE CIeAyIoleld mporpamMmme, a TMOCIEAHSsS MporpamMma
KOHBEWepa BBIBOJHMT pPE3ylbTaT PadOTHI BCEro KOHBeHepa (pe3ysbTHUPYIOIIEE COOOIICHHE).
TakuMm 00pazoM, B KOHBeHepe, COCTOSIIMM U3 I IPOrpaMM, MOKET OJHOBPEMEHHO HAXOAUTHCS
B 00paboTke a0 m coobmenunii. KoneuyHo, B cuily TOro, 4TO pa3HbIE NMPOrpaMMbl KOHBeEHepa
MOTYT 3aTpaTUTh Ha 00pabOTKYy OuepelHbIX COOOUICHUI pa3Hble OTPE3KH BPEMEHH,
HE00X0IUMO 00ecreYnTh KaKUM-T1M00 00pa3oM CHHXPOHHM3ALUIO ATUX MPOLECCOB (HEKOTOPHIE
MPOILECChl MOTYT HaXOAWThCS B CTaJWU OXHUAAHUA JHOO BO3MOXXHOCTH TepenaTrh
nepepaboTaHHOE COOOIIEHHE, THOO BO3MOKHOCTH TOJIYYUTh OYEPETHOE COOOIIICHUE).

[TopT coolmienuil npeacraBisgeT coOOl MPOrpaMMHYIO MOJCHCTEMY, OOCITYKHUBAIOIIYIO
HEKOTOPYIO odepeb COOOIIECHUI: OHa MOXKET MPUHUMATh Ha XpaHEHHE OT MPOrpamMMbl Kakoe-
1100 coolIleHne, CTaBsi €ro B Ouepelb, U MOXKET BBIAABATH OUEPEIHOE COOOIIEHHE APYroi
nporpaMmme 1o e€ TpeboBaHuioo. CooOleHue, MepelaHHOEe KakoW-TuO0 MporpaMmoit
HEKOTOPOMY TMOpTY, YK€ He OyAeT NpuHaaiIekaTb 3TOM mporpamme (M HCHOIb30BaTh €€
pecypchsl), HO OHO He OyzeT NpuHaJUIekaThb U HUKAKOW JpYyrod mporpamme, Moka B MOpPSIKE
ouepean He OyneT mnepeaaHo Kakoil-mubo mnporpamMMe mo e€ 3ampocy. Takum oOpazom,
nporpaMma, Iepejaaroomas cooOleHne He OyIeT HaxOoOUThCsl B CTaAMM OXKUJAHHUS IO0Ka
nporpaMma, IpUHUMARoINask 3TO coo0IeHne, He OyIeT TOToBa ero oopadaThiBaTh (€I TOIBKO
He Oy/IeT NepenoHeH MPUHUMAIOIINN TOPT).

[Tpumep mporpaMMHOIN CHUCTEMBI C MOpTaMu cooOrieHuii npuBeneH Ha Puc. 3. Ilopr
UMOXeT paccMaTpuBaThCs KakK MOPT BBOJHBIX COOOIIEHUH AJI MPEJCTaBICHHOTO Ha 3TOM
PUCYHKE KOJUIEKTHBA MapaJuIeTbHO IEHCTBYIOIMUX MporpaMM, a mopT W— Kak MOpT BBIBOTHBIX
COOOILIEHUH AJIs1 ATOTO KOJJIEKTUBA MTPOrPaMM.

[IporpaMMHBIE CHCTEMBI C TOPTaMHU COOOIIEHUNH MOTYT OBITh Kak JKECTKOU
KOH(Urypauuu, Tak 1 ruoKoil kKoHpurypanuu. B cucremax ¢ mopramu KeCTKOM KOHPUTypauu
C KaXIOW MPOrpaMMOi MOTYT OBITh JKECTKO CBSI3aHBI OJMH HJIM HECKOJBKO BXOIHBIX MOPTOB.
Jns mepenaun cooOuieHHs] Takas MporpaMMa JOJDKHA SBHO YyKas3aTh ajpec Nepeladyu: UMs
nporpaMMbl U MMsI €€ BXOAHOTO MopTa. B 3ToM ciy4yae mpH W3MEHEHHU KOHQPUTYpaIluu
CUCTEMBI NMPUAETCS KOPPEKTUPOBATh HCIIOJIb3yeMble MPOrpaMMBbl: U3MEHATH ajipeca mnepenad
coobmeHuii. B cucremax ¢ mopramu ruOKoi KOH(MUTYpaIMK ¢ KaXIOW MPOrpaMMON CBS3aHbBI
KaKk BXOJHBIE, TaK M BBIXOJHblE BUpPTyalbHble TOpTHL. Ilepex 3amyckoM Takoi
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CHUCTEMBI JTOJDKHA MPOU3BOJAMUTHCS €€ IpelIBapUTeNibHas HACTPOMKA C MOMOIIBIO CIEIHATIbHON
IIPOrpaMMHOM  KOMIIOHEHTBI,  OCYHIECTBJISIOIIAs  COBMEUIEHUE  KaXJIOro  BBIXOAHOTO
BUPTYaIbHOTO TMOPTAa C KaKUM-THOO BXOAHBIM BHUPTYQJIbHBIM IMOPTOM Ha OCHOBAHHH
uHpopMalMy, 3aJaBaeMON IoJib30BaTeNeM. TeM caMbIM NpU U3MEHEHUU KOHGUTypauuu
CUCTEMBI B 3TOM Clly4ae He TpeOyeTcsl Kakoh-Tru00 KOPPEKTUPOBKH HCIIOB3yEeMbIX MPOTrpamMMm
— Heo0X0IMMbIe U3MEHEHHUSI TOJIKHBI OBITH OTPAXKEHBI B MHPOPMAIIMH ISl HACTpOUKH. OJHAKO
B 9TOM CJIy4ae TpeOyeTcsl IMETh CIIeIUATBHYIO TPOrPAMMHYIO KOMIIOHEHTY, OCYIIECTBIISIONIYIO
HaCTPOUKY CHUCTEMBI.
[MPOEKTUPOBAHUE ITPOTPAMMHOI'O OBECIIEHEHU A T1TPU
CTPYKTYPHOM IIOAXOAE

[Iponecc mpoexktupoBanus ciaoxkuoro [0 HauyMHAIOT C YTOYHEHUS! €r0 CTPYKTYpHI, T.€.
ONpENETCHUsl CTPYKTYPHBIX KOMIIOHEHTOB M CBf3€H MeXIQy HUMHU. Pe3ynprar yTO4YHEHHS
CTPYKTYPBI MOKET OBITh TIPEJICTABIICH B BUJIE CTPYKTYPHOU W/UIU (PYHKIIMOHATBHON CXEM.

CrpykrypHas cxema paspadarbiBaemoro I1O. Cmpyxkmypuou Ha3bIBalOT CXEMY,
OTPAXKAIONIYIO cOCMas u g3aumooelicmaue no ynpasienuio 4acteit pazpadarsisaemoro [10.

CTpyKTypHBIE CXeMbl MAaKE€TOB MNpOrpamMM He UHOOPMATUBHBI, MOCKOIBKY
OopraHu3aiys MporpaMM B TAaKeThl HE NPEeIyCMaTpUBaeT TMepelayd YIpaBICHUS MEXIY
nporpamMmmamu. [losToMy CTpyKTypHBIE CXeMbI pa3pabaThIBAIOT IS KaXIOW MpOrpamMmmbl
Makera, a CIUCOK TPOTpaMM IMaKeTa ONPEICISIIOT, aHAMu3upys (YHKIWH, YKa3aHHBIE B
TEXHUYECKOM 3aJIaHUH.

Cawmprii poctoit Buj [10 - mporpaMMa B KauecTBE CTPYKTYPHBIX KOMIIOHEHTOB MOXET
BKJIIOUATh TOJILKO MOJNPOrpaMMbl U OMOIMOTEKH pecypcoB. Pa3zpaboTka CTPYKTYypHOI CXeMbl
MPOrPaMMBbI OOBIYHO BBITOJTHAETCSI METOIOM TIOMIAroBOM JMeTanm3anuu (cm. § 4.2).

CTpyKTypHBIMU KOMIIOHEHTAMHU MPOrPaMMHON CUCTEMBI WJIM IPOrPAMMHOT0 KOMILIEKCa
MOTYT CJIYKUTb ITPOTPaMMBI, ITOACUCTEMBI, 0a3bl JAHHBIX, OMOJINOTEKU PECYPCOB U T. II.

CrpyKkTypHast cXeMa IpOTPaMMHOTO KOMIIJEKCa JEMOHCTPUPYET Mepeaavy
YIpaBJICHUS OT MPOTPaMMBI-IHUCIIETYEPa COOTBETCTBYIONIEH nmporpamme (puc. 4. 1).

Hucnergep

NPOrpaMMHOTO
KOMILTEKCa

Tporpamma
PLICHHA CHCTEM
ypanHenui

Tporpamma
onpenenesus
KOpHe#
YpaBHeHus

Iporpamma
BBIYHCNEHHA
onpeaceHHoro
HHTErpana

Puc. 4.1. [Ipumep CTpyKTypHOU CXEMBbI
IIPOrPaMMHOT0 KOMILJIEKCA

CrpykTypHas cxeMa NpOTpaMMHOMN CHCTEMBI, KAaK IPABWIO, NOKA3bIBACT
HaJIU4Me MOJCUCTEM WIM JIPYTUX CTPYKTYPHBIX KOMIIOHEHTOB. B oTim4ue OT mporpamMMHOIO
KOMILJIEKCA  OTJEJIbHbIE YacTH  (TOJCUCTEMbI) MPOrPaMMHON  CHUCTEMbl HHTEHCHUBHO
00MEHHUBaIOTCS JAHHBIMU MEXIYy cO0O0M U, BO3MOXHO, C OCHOBHOM mporpammoit. CTpyKTypHas
e CXeMa IMPOrpaMMHON CUCTEMBI 3TOr0 OOBIYHO HE NOKa3bIBaeT (puc. 4.2).

Cucrema yuera
YCNeBsaeMocTH
CTYACHTOB
TMoncucrema Toacucrema
HanoONHEHHA topMHpoBaHHA
Gassl OT4EToB

Puc. 4.2. [Ipumep
CTPYKTYPHOM CXEMBI IIPOrPAMMHON
CUCTEMBI
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DyHKIMOHAIbHAS cXeMa. Qyukyuonanvras cxema i cxema oannvix (I'OCT 19.701-90) -
cxema B3aumoJeiicTBus komnoHeHToB [1O ¢ onncannemM HHPOPMAITMOHHBIX TOTOKOB, COCTaBa
JAHHBIX B MIOTOKAX M yKa3aHUEM HCIIOIb3yeMbIX (DaiiyioB v yCTpoicTB. 1 M300paxeHus
(GYHKIIMOHAJIBHBIX CXEM HCIOJIB3YIOT ClielnalbHble 0003HAUECHHUS, YCTAHOBICHHbIE CTaHIaPTOM.

OyHKIMOHATBHBIE CXeMbl Ooyiee  WHPOPMATHBHBI, YeM CTPYKTypHble. Tak
(GyHKIIMOHAJIbHBIE CXEMbl MPOTPAMMHBIX KOMIUIEKCOB U CHUCTEM HArJsJHO JIEMOHCTPUPYIOT
pasnuune Mexnay Humu (puc. 4.3). Bce KOMIIOHEHTBI CTPYKTYPHBIX M (DYHKIIMOHATIBHBIX CXEM
JOJKHBI OBITh OMHCaHbl. [Ipu CTPYKTYpHOM NOJIXOJE OCOOEHHO TIIATEIBHO HEOOXOIUMO
npopabaTeiBaTh CHCHH(PHUKAIUN MEXKIIPOTPAMMHBIX HHTEp(ENcOoB, TaKk KaK OT KayecTBa WX
ONMCAHUSA 3aBUCUT KOJMYECTBO CaMbIX Joporocrosmux oummbok. K campiM goporum mpu
CTPYKTYpPHOM TMOAXOAE OTHOCATCS OHIMOKH, OOHApy)KMBaeMble TMPH KOMILUIEKCHOM
TECTUPOBAHUU, TaK KaK JUIsl UX YCTPaHEHHs] MOTYT OTPeOOBaThCS CEpbe3HbIe U3MEHEHUS YKe
OTJI&KEHHBIX TEKCTOB.

Komnese
MATCMATHMCCKMX
mporpaMm

TMporpamma Ilporpanmma IIporpansa
PEIICIMA CHETCME] onpeaeneHns BIMHCACHIK
ypanneint pHeit yp MHTCIpana

Busog Buwon
Pe3yALTATOR peayanTaTon

Broa nngsix Broa naiex

Bunoa
PeIYyNLTATON

Bsona aamerx

a

Cucrema yuera
ycnenaeMocTs
cTyacHTOR

Tloncucrema TNoacucrema
o b o Bnona sanpoca
Baon anmusix Sasss otueToD A 3anp!
Buino,
Brson dopm Basa anieix Dﬂc‘l’:l!
BBOIA

6
Puc. 4.3. [Ipumeps! GyHKIMOHATBHBIX CXEM: d -
KOMILJIEKC MIPOTpaMM; 6 - IpOrpaMMHast CUCTEMA

Hcnonb3oBaHne MeTOa MOIArOBOM J€TaNU3alny JUIsl IPOEKTUPOBAHUS CTPYKTYPhI
MPOTrpaMMHOTO 00ecTieueHuUs

CTpyKTypHBIA MOJIXOJ MPEIIaraeT OCYHUECTBIATh JACKOMIIO3ULUIO MPOrpaMM METOJ0M
MOIIArOBOM JAeTanu3anuu. Pe3ynpTaT AEKOMIIO3UIIMM - CTPYKTYpHAsi CXeMa IpOTpaM MBI -
MPEJICTaBIsIeT CO00M MHOTOYPOBHEBYIO HEPAPXUUYECKYIO CXEMY B3aUMOJICHUCTBUS TOIIPOrpaMM
Mo ympaBieHWI0. MUHHMaJIbHO Takas cXemMa OTOOpakaeT JBa YPOBHS HEpapXuH, T.€.
MOKA3bIBAET OOIIYI0 CTPYKTYpy mporpaMMmbl. OAHAKO TOT K€ METOJ TO3BOJSET IMOJYYUTh
CTPYKTYPHBIE CXEMBI C OOJIBIIINM KOJIMYECTBOM YPOBHEH.

MeTo mMOMmIaroBOM AETamu3allid peau3yeT HUCXOMSIIMN MOAXOoN U Oasupyercs Ha
OCHOBHBIX KOHCTPYKIIUSIX CTPYKTYPHOTO MporpammupoBanus. OH TpeArnojaraeT MomaroByro
pa3paboTky anroputMa. Kaknmplii mar mnpu 3TOM BKIIOYAeT pa3iokeHne (YHKIUKU Ha
noadyHkiuu. Tak Ha MEpBOM H3Tare OMMCHIBAIOT PEIICHHWE TOCTABICHHOW 3a/layu, BBIACISS
obmne moazamauu. Ha crnemyroieM aHaTOTHYHO OMUCKHIBAIOT PElIeHre Moa3anad, GopMyaupys
y)Ke TMoA3ajauu cienyrouiero ypoHs. Takum o0pa3om, Ha KaXJOM IIare MPOUCXOTUT
yrounenne ¢GyHkiuid mnpoektupyemoro I1O. Ilpomecc mpogomkaroT, MOKa HE JOXOAAT M0
Mo/A3a/1a4, aJITOPUTMBI PEIIEHUSI KOTOPHIX OUYEBUTHEI.

JexoMro3upysi ~ mporpaMMy — METOJOM  I[OIIArOBOM  J€Talu3aluu  CIEAYeT
MPUIEPKUBATECA OCHOBHOTO I1 P a B U JI a CTPYKTYpPHOM JEKOMMO3UIMH, CIEAYIONIEro U3
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MPUHIIMIIA BEPTUKAIBLHOTO YIIPABICHUS: B TMEPBYIO OUYEPEIb NETAM3UPOBATH YNpasisioujue
npoyeccobl JIEKOMIIO3UPYEMOTO0 KOMIIOHEHTa, OCTaBJiAs YTOYHEHHE OIepaluil ¢ JaHHBIMU
HaIoCJIEOK.

Kpowme sToro nenecoobpazHo npuaepKUBaThCS CIEAYIOMNUX PEKOMEHIAIIHA:

*  HE OTHENATH ONEpallid WHUIUAIM3AIUA W 3aBEPUICHUS OT COOTBETCTBYIOIICH
00paboTKH, TaK KaK MOIYJIM WHULMAIU3AIUHN U 3aBEPIICHUS UMEIOT IUIOXYIO CBSI3HOCTD
(BpeMEHHYI0) U CHJIBHOE CLEIJIEHUE (110 YIIPABJICHUIO);

*  HE MPOEKTUPOBATH CIUIIKOM CHEHUAIU3UPOBAHHBIX WM CIUIIKOM YHHBEPCaIbHBIX
MOJIyJIeH, TaK Kak MPOEKTUPOBAHUE HM3JIMINHE CHEIUATBHBIX MOIYJICH YBEIMYUBACT WX
KOJIMYECTBO, a MPOCKTUPOBAHUE U3IUIIHE YHUBEPCAIbHBIX MOAYNEH - YBEIUUHMBACT HX
CJIO’KHOCTB;

= p30erarb QyOnupoBaHMs NEHCTBUI B pa3iMUHBIX MOIYJSAX, TaK KaK MPU UX U3MEHEHUU
WCIIPABIICHUS TIPUJIETCSI BHOCUTH BO BCE MECTA, TJI€ OHU BBIMIOJHSIOTCS - B 3TOM CIllydae
1eJIeCO000Pa3HO MPOCTO PEAIU30BATh ATH JIEHCTBUS B OTACIILHOM MOJYJIE;

*  TPyNIHPOBATH COOOMICHHUS 00 OMMOKaX B OJIMH MOJIYJIb IO THITY OMOJTHMOTEKH PECypCOB,
Torjga Oyner Jierde corjiacoBath (GOpPMYIHPOBKU, N30€KaTh AyOIUPOBAHUS COOOIICHUIH,
a TaKKe MePEBECTH COOOICHHSI HA APYTOM SI3BIK.

[Tpu sTOM, OomHCHIBas pelICHUE KaXJOH 3aJauyu, >KelaTeJbHO HCIONIb30BaTh HE Oosee
OJIHOM-JIBYX CTPYKTYPHBIX YIPABISIONUX KOHCTPYKIUH, TAKUX KaK [UKJI-TIOKA WM BETBIICHHE,
YTO TMO3BOJISIET 4YeTYe IMPEACTAaBUTh cebe CTPYKTYpy OpPraHM3yeMoro BBIYHCIUTEIHHOTO
nporiecca.

Cmpyxkmypnute kapmovt Koncmanmaiina

Ha crpykrypHOH KapTe OTHOIICHHS MEXIy MOIYJSIMHU IPEACTaBISIOT B BUAC Tpada,
BEpIIMHAM KOTOPOTO COOTBETCTBYIOT MOAYIM U oOmme oO0JacTH [aHHBIX, a Jyram -
MEXMOTyJIbHBIC BEI30BBI U 00paIleHus K 0OIUM 00JIacTsIM JaHHBIX.

PasznuyaroT yeThipe THIa BEPLIUH:

*  MOJIYJIb - IOATIPOTPaMMa;

*  TIOJICKCTEMA - TPOrpaMMa;

*  OMOJIMOTEKA - COBOKYITHOCTb MOJITPOTPAMM, Pa3MEIICHHBIX B OT/ACIHHOM MOJYIIE;

*  00macTh NaHHBIX - CIENHUaIbHBIM 00pa3oM odopmieHHas COBOKYMHOCTb TaHHBIX, K
KOTOPOI BO3MO>KHO OOpatieHre n3BHe.

O0603HaueHus: COOTBETCTBYIOIINX BEPIIUH MPUBEACHHI Ha puc. 4.8. (O003HAUEHUS TaHBI
B cooTBeTCTBHHU cO ctanmaptamu IBM, 1ISOu ANSI.)

: Enfnnotera

a ] & &
Puc. 4.8. O603HaueHNs BEPUIMH: d - MOYJb; 0 -
IOJICUCTEMA; 68 - OMOJIMOTEKA; T - 00JIaCTh TaHHBIX

1
Mozvae !F{oncumma
1

Pa3znuyaroT Taxke TUIIBI BEI30BA: TOCIEI0BaTENbHEIHN (puc. 4.9, a), mapannenpHbli (puc,
4.9, 6) u BBI30B conporpammsl (puc. 4.9, 6)

A A

o

a & a

Puc. 4.9. OGo3HaueHHs THMA BBI30BA: a-TIOCJIEA0BATEbHBINA BBI30B; 6 - MapalieIbHbII
BBI30B; B - BBI30B CONPOrpaMMBbl

L] =]

[loxg BBI30OBOM coONpoOrpaMMbl MOHMMAKOT BO3MOXKHOCTh IMOOYEPEAHOrO BBIMOTHEHUS
(¢bparMeHTOB JBYX OJHOBPEMEHHO 3aIlyIIEHHBIX MMPOTrpPaMM, HallpUMeEp, €CIM OJHAa Iporpamma
NOoAroTOBHUJIa MOPHUIO AAHHBIX JIA BbIBOJA, TO BTOpasaA MOXKCT €€ BbIBCCTH, a 3aTCM nepeﬁTH B
COCTOSIHME OXXHJaHus cienyronieii mopuuu (puc. 4.10). Ilpuyem B MyIbTHNPOTPaMMHBIX
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CHUCTEMaxX OCHOBHAs MpOrpaMma, MmepeiaB JaHHBbIC, MPOJOIDKAET paboTaTh, a HE MEPEXOIUT B
COCTOSTHUE OXHUJIaHUS, KaK U300pa’keHO Ha PUCYHKE.

Tlepeaua AaHBbX
conpolpame
l'lpf)rpa.wma_ '

/ ]
coniomg_%_r_y__hl_--i_-_l_ ..... 1

Conporpareda :

—— = =  EHIEHBS
Puc. 4.10. JIlnuarpamma BbI30Ba

COITPOrpaMMBbI

Ecnu ctpenka, uzo0Opaxaromasi BbI30B KacaeTrcs 0J0oka, TO oOpalleHre MPOUCXOAUT K
MOJTYJIIO IIETTMKOM, & €CJIM BXOJHT B OJIOK, TO - K 3JIEMEHTY BHYTPH MOJTYJISI.

[Tpu HEOOXOAUMOCTH Ha CTPYKTYpPHOU KapTe MOKHO YTOUYHUTH OCOOBIE YCIOBHS BbI30BA!
IUKJINYeCKuil BbI30B (puc. 4.11, a), ycnoBHbI Bb3oB (puc. 4.11, 6) u OTHOKpPATHBIN BBHI3OB -
Opy TOBTOPHOM BBI30BE OCHOBHOTO MOJYJS OJHOKPAaTHO BBI3BIBAEMBI MOJIYyJdbh HE
aktuBusupyercs (puc. 4.11, B).

&
=1 [ [

a o B
Puc. 4.11. O603HaueHHS 0OCOOBIX YCIOBUI BBI30BA: d - ITUKINYECKUIA BBI3OB; O -
YCJIOBHBIN BBI30B; 6 - OJJTHOKPATHBIN BBI30B
CBsi3u MO JJAaHHBIM U YIIPABIECHUIO 0003HAYAIOT CTPEIIKAMHU, MapaJUIeIbHBIMU TyTe
BbI30Ba, NpuueM HampapiieHue cTpesiku yKka3bplBaeT HalpaBiieHue cBsizu (puc. 4.12).

N\

.,

xy by N
2] B
a 0

Puc. 4.12. O603Ha4yeHmE THUIIA CBSI3H: @ - CBSA3H 110 JAHHBIM; O - CBS3b T10 YIIPABIECHUIO

CrpykrypHble kapThl KoHcTaHTaliHa NO3BOJISIOT HArJIAJHO MPEACTABUTH PE3yNbTaT
JEKOMIIO3UIIMM IPOTrpaMMbl Ha MOJYJM M OLEHUTh €€ KayecTBO, T.€. COOTBETCTBHE
pPEKOMEHAALNAM CTPYKTYPHOTO IPOrpaMMHUPOBAHUS.

STAIIbI PABOTBI C ITPOTPAMMOM HA SI3BIKE
CH/CU++ B CUCTEME ITPOI'PAMMUNPOBAHU A

Bce mporpammsl Ha sa3pike Cu n Cu++ cTposATcs 1O MOIYJBHOMY INPUHIMIY, T.€.
COCTOAT U3 MHOXXecTBa MoayJied. [log Momynem 3mech uMeeTcst B BUIY OMOTHOTEKH WM paHee
HAIMCaHHBIE YacTU KoAa mporpamMmbl. COTJIacHO MPHHIMIIAM CKPBITHS HH(DOpPMAIMH TEKCT
MOyJisi OOBIYHO pa3JIeNSIOT Ha 3aroyIoBOYHbIA (aitn ¢ pacmuperueMm .hwim .hppu daiin
peanu3alyy ¢ OJJHUM U3 pacllupeHuii .c, .cpp, mobj, .lib, .asm.

[Tocne Toro, Kak MCXOIHBIA TEKCT MPOrpaMMbl cHhOPMHUPOBAH, HA OCHOBE €ro JOJIKEH
ObITh BBINIOJIHEH MJIM CO3/1aH HUCHOJHAEMBIH (ailn c pacmupeHueMm .exe. DTOT IPOLECC
OCYIIIECTBIISIETCS] B HECKOJIBKO ATAIOB, CTPYKTYpa TaKoro Mpoliiecca NpecTaBieHa Ha puc.l.

BHavane ¢ moMoIpi0 TEKCTOBOTO peakTopa GOpMHUpYETCsl U coXpaHseTcs B (aiinax c
pacliupeHHeM .CPp HMCXOAHBI TEKCT MporpamMMbl. 3aTeM  OCYLIECTBISIETCS  ATall
IpEenpoIeccopHoil  00paboTKH,  COoAep)KaHUE  KOTOPOTO  OINpenensercss  JAUPEKTUBAMH
Iperpoleccopa, paclolokKEeHHbIMA B Hayajle MCXOIHOTo Kojaa. B udacTHocTH, MO AMpPEKTUBE
Aincludenpenpornieccop MoAKIIIOYAaET K TEKCTY MPOrpaMMBbl 3aroJIOBOYHBIC (Dailibl CTaHIaPTHBIX

29



Ooubmuorek. Pe3ynmpTaToM pabOTHI MPEMPOILECCOPHON 00pabOTKU sBIsiETCS (HOPMUPOBAHHE
MIOJTHOTO TEKCTOBOTO KOZA MPOTPaMMBbI, KOTOPBIN B SSBHOM BHUJE HE AOCTYIICH POTPAMMUCTY U
JOCTAaTOYHO OOBEMEH H3-3a MOJKII0YAEMbIX 3arojIOBOYHBIX aiinoB. Jlamee mpoucxomuT
KOMITHJISIIIHSI IIPOTPAaMMBI, B X0J1e KOTOPOH MOTYT ObITh OOHApY>KEHBI CHHTAaKCUYCCKHE OITUOKH,
KOTOPBIC JIOJKHBI OBITh YCTPaHEHBI. B ciydae ycrenrHoi KOMITUJISIIAY MOTy9daeTcss 0ObeKTHBIN
KOJ mporpamMMbl B (aiiiie ¢ pacmupenueM .0bj. Tlocie KOMMMIAIUMK BBIMOJHIETCS STaIl
KOMIIOHOBKH ¥ PEJaKTUPOBAHUS CBsI3€d, OCYIIECTBISEMBIA C IOMOIIBI0 BCTPOCHHBIX
CHCTEMHBIX IPOTPaMM sI3bIKa. B pe3yibpTare KOMIIOHOBKU CO3JIA€TCSI UCIIOJHSEMBIN JIBOUYHBIN
KOJ TporpamMmbl B (aiiyie ¢ pacHImpeHueM .exe, KOTOPBIA 3aIyCKaeTCs Ha BBHITIOJHEHHE H
KOTOPBIH SIBIISICTCS PE3Y/IbTaTOM HAITMCAHUS POTPAMMBI.

Hexopmsni Texcr <name>.cpp
o

Gpabammaerca

- » obi
‘ npenpoLeccop J:——(nomoqaemxe me] .; i}

B pesymnrare GOpMMPYeTCE

<name>.obj

| KOMIOBOBLMK |e—[ Gn&moremﬁ’(momﬂ :E:J

Puc.1 CtpykTrypa nporecca KOMIMISAIUN

OCOOCHHOCTH BBITIOJHEHUSI TEPEYHCICHHBIX JCWCTBUI 3aBUCAT OT KOHKPETHOTO
komnwisitopa s3pika Cu/Cut++ U TOW ONepalroHHOM CHUCTEMBbI, B KOTOpPOH OH paloTaer.
TexHudeckue TMOAPOOHOCTH MOXXKHO HM3YYHTh MO JOKYMEHTAllMM JUIS  KOHKPETHOTO
nporpaMMHOro mpoaykra. Hampumep, mpu paboTe ¢ MHTETPUPOBAHHBIMU CpeaaMu (UPMBI
Borlandueobxoaumast nHGOpMAITHsS MOXKET OBITh MOJyYeHA U3 PYKOBOJICTB MOJB30BATEIIS.

B npocreiimem ciyuae mporpamma Ha si3bike Cu m Cut++ mpezacrasisier co6oit Habop
OTNUCAaHUN W OMNpeJeNeHn, U cocTouT W3 Habopa (ynkmui. Cpeau >Tux GyHKIMA Bceraa
JOJDKHA OBbITh (YHKIMS C WMEHeM MaiN(auis KOHCOMBHBIX mporpamm) wix WinMain(ms
nporpamMm B 32 - pa3psiIHBIX ONEPAIMOHHBIX CUCTeM). J[aHHBIe (YHKIIUU SBISIOTCS TOUYKAMU
BXOJla U BBIXO/Aa, W 0e3 HHUX MporpaMMa HE MOKeT ObITh BbiMoiHeHa. Ecnu (yHkuus He
BO3BpAIIaeT HUKAKOTO 3HAYECHUS B PE3yJIbTaTe CBOETO
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BBINIOJIHEHUS, TO TMepel WMEHeM (YHKIMUA TOMeNaercss ciay)eOHoe ciIoBo VOoid,
o0o03Hauaroliee TUI OTCYTCTBHUs 3HaueHMs. Taioke Kaxaas (QyHKIUS JOJDKHA MMETh Habop
napaMeTpoB, €CIH TapaMeTpbl OTCYTCTBYIOT, TO CKOOKH OCTaBJISIFOT MYCTBIMH WJIM B HHUX
ykasbIBaetcs Void.

3a 3aroJIoBKOM pasMermiaeTcst Teno GyHKuuu. Teno QyHKIU - 3TO MoCIe0BaTeIbHOCTh
OTIpeieIeHNH, ONMUCAaHUN M HUCIIOJIHSAEMBIX ONEpaToOpOB, 3aKIIOYEHHBIX B (UIypHbIE CKOOKH.
Huxe npuBeseH AUCTUHT mpocTeliieil nporpaMMbl Ha si3bike Cu/Cu++, Bbuucisonas oobeM
WIMH]IPA [0 PaNyCy U BBICOTE, 3HAYEHUS KOTOPHIX BBOISTCS C KIABUATYPHI.

// MOJKITFOYEHNE CPEACTB KOHCOJIBHOTO MIOTOKOBOTO
BBoxa/BeIBONA //include<iostream.h>

//MoAKIIOYeHHEe MaTEMaTHYECKUX (PYHKIIHMA
/linclude<math.h>

/* TnaBHas QYHKIUS IporpaMmmsl *1
voidmain()

{

// 0OBsIBIICHUE TIEpeMEHHBIX INtr,v,h;
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//BBIBOJI HA DKpaH
cout«’JImBeenute paanyc v BBICOTY HHJIMHAPA:";
//BBIBOJT HA KpaH CIN» T » h;
//BBOJ 3HaYEHUH C KJIABUATYPbI
v=M_PI*r*r*h;
cout<<"\moowvem muIHHApPa = "« V;
}

PA3PABOTKA CTPYKTVYPhI [MTPOI'PAMMBI nu MO/ YJIbHOE
[MTPOI'PAMMHWPOBAHUE

Lleap MOAYIBHOTO IPOrPAMMHUPOBAHMS

[Tpuctynas k pa3zpadoTke kaxaoit mporpammer [1C, cieayer uMers BBUIY, YTO OHA, KaK
MPaBUIIO, SIBJISETCA OOJBIION CHCTEMOM, MOITOMY Mbl AOJDKHBI HPHUHATH MEphbl JUid €€
yrpoteHus. JIJis 3Toro Takyro mporpaMMy pa3padaThIBalOT MO YacTsIM, KOTOPbIE HA3BIBAIOTCS
nporpaMMHbIMH Moayissmu [1, 2]. A cam Takoil Meroa pa3paboOTKH IMporpamMM Ha3bIBAIOT
MOJAYJIbHBIM IporpamMmmupoBanueM [3]. IIporpaMMmHbBIH MOAYIh — 3TO JIFOOOH (parMeHT
OMHCAaHUA Tporecca, OQOPMISIEMbI KaK CaMOCTOSITENbHBIM MPOrpaMMHBIA  TPOAYKT,
MPUTOIHBIN [T MCIOJB30BaHUS B OMHCAHUSAX IMpoIecca. DTO O03HAYAeT, UYTO KaxkIbIH
MIPOrpaMMHBII MOAYJIb MPOrPaMMHUPYETCS, KOMIIMIUPYETCS M OTJIAXKUBACTCA OTIEIBHO OT
JPYrUX MOIYJIEH MNpOrpaMMbl, U TE€M CaMbIM, (PU3MUECKH PA3ACIEH OT IPYTHUX MOJYJIEH
nporpaMMmel. bosee Toro, kaxplii pa3paboTaHHBIA TPOrPaMMHBI MOIYJIb MOKET BKJIFOUATHCS B
COCTaB Pa3HbIX MIPOTPaMM, €CJIM BBITIOJHEHBI YCIOBUS €r0 UCIOIb30BAHMS, ICKIapUPOBAHHEIC B
JOKYMEHTalluu IO JTOMy Moaymo. Takum 00pa3oMm, OPOrpaMMHBI MOAYIb MOXKET
paccMaTpUBaThHCS U KaK CPEICTBO OOPHOBI CO CIOKHOCTBIO IMTPOTPAMM, M KaK CPEICTBO OOPHOBI
¢ nyOnupoBaHHEM B MPOTPaAMMHUPOBAHUM (T.€. KaK CPEACTBO HAKOILJICHHS W MHOTOKPaTHOTO
MCIIOJIb30BaHUS MPOTPAMMHUCTCKUX 3HAHUH).

MonyneHOoe NporpaMMHUpPOBaHUE SBJSETCS BOIUIOIIEHHWEM B IIPOIECCe pa3padOTKH
mporpamMm 000X OOIIUX METOAOB OOpPHOBI CO CIOKHOCTBIO (CM. JIEKIHIO «3aMOK JpaKoHa.
Jlexuus 3 — Metoabl OOpbOBI CO CIIOKHOCTBIO»), U OOECTIeUeHUs] HE3aBUCUMOCTH KOMITOHEHT
CHUCTEMBI, U HCIIOJIB30BAHMS HEPAPXUUYECKUX CTPYKTYp. s BOIUIOMIEHHS TEPBOTrO METOAa
dbopMynupyroTCs OrnpeneaeHHbIe TPeOOBaHUS, KOTOPBIM JOJDKEH YAOBIETBOPATH MPOTPAMMHBIN
MOJYJIb, T.€. BBISBIISIFOTCSI OCHOBHBIC XapaKTEPHUCTHKU «XOPOIIETO» MPOrPAMMHOTO MOJYJIA.
s BOIJIOIIEHHST BTOPOrO METOAA MCHOJIB3YIOT JPEBOBUAHBIE MOMAYJIbHBIE CTPYKTYPBI
nporpamm (BKJItOUast IEPEBbS CO CPOCIITUMUCS BETBSIMU ).

OCHOBHBIE XapaKTEPUCTUKU TPOrPAMMHOTO MOJTYJISt

He Bcskuit mnporpaMMHBIH MOJYJb CHOCOOCTBYET YIPOIIEHUIO TIporpammsel [2].
Boiienuts XOpomui ¢ 3TOM TOYKH 3PEHHSI MOIYJIb SIBJISIETCS CEPHE3HOM TBOPYECKOW 3aJauyei.
Jl1s1 OTIEHKH MPUEMIIEMOCTH BBIJICJICHHOTO MOJIYJISI UCIIOJIB3YIOTCSI HEKOTOpBIE KpuTepun. Taxk,
XonbT [4] IpeqIoKuI CIeTYIOIINe ABa OOIINX TAKUX KPUTEPHUS:

. XOPOIINH MOJTYJIb CHAPYKH MPOIIIE, YEM BHYTPH;
. XOPOIIMI MOJYJIb MPOIIE UCTIOIB30BATh, YEM TOCTPOUTD.

Maitepc [5] mnpeanaraer HCIOJIb30BaTh 0o0Jieeé KOHCTPYKTUBHBIE XapaKTEPUCTHKHU
MIPOrpaMMHOTO MOAYJISl JIJIsl OLIEHKU €r0 MPUEMIIEMOCTHU: pa3Mep MOAYJIS; MPOYHOCTh MOJYJIS;
CIEIUICHHE C JAPYTMMH MOIYJSMH, PYTHMHHOCTb MOIYJsl (HE3aBUCUMOCTH OT TMPEIbICTOPUHU
oOpareHuit K HEMY).

Pa3zmep Momyns u3MepsieTCsl YMCIOM COZACPIKAlIUXCS B HEM OIMEpaTopoB (CTPOK).
Monynb He JOMKEH OBITh CIUIIKOM MAaJICHbKUM WJIH CIHMIIKOM OONbIIUM. MalieHbKie MOTyNn
MPUBOAT K TPOMO3AKON MOIYJIHHOW CTPYKTYPE MPOrpaMMbl U MOTYT HE OKYMaTh HAKJIATHBIX
pacxo/ioB, CBS3aHHBIX C HX odopMieHHEeM. bombiine MOAyaH HEYIOOHBI IS W3YYCHUS U
W3MEHEHUH, OHU MOTYT CYIIECTBEHHO YBEIUYHUTH CYMMapHOE BpeMs MOBTOPHBIX TPAHCISIIUN
MpPOrpaMMbl TPU OTIaAKe MporpaMMmbl. OOBIYHO PEKOMEHAYIOTCS MPOTPaMMHBIC MOIYIIU
pa3MepoM OT HECKOJIBKUX JIECATKOB J0 HECKOJIBKHX COTEH OIEpPaTOPOB.

IIpoyHOCTE MOAYJIE — O3TO Mepa €ro BHYTPEHHHUX CBs3ed. UeM BBIIIE MPOYHOCTH
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MOJIYJISL, TeM OOJIbIIIE CBSI3€H OH MOXKET CHPSTATh OT BHEIIHEH MO OTHOIICHHIO K HEMY YacTh
MPOrpaMMbl U, CJIEIOBATEebHO, T€M OOJNbIIMN BKJIAJ B YIPOIIEHHWE MPOrpaMMbl OH MOXKET
BHeCTH. J1Jis1 OIIEHKM CTENEHU MPOYHOCTH MOAYJst Maiiepe [S] mpennaraetr ynopsiioueHHBIN 1Mo
CTENEeHU MPOYHOCTH HAOOp M3 ceMH KiaccoB Moayiei. Camoil crnaboi CTENEeHbI0 MPOYHOCTU
o0iagaeTr MOAYNb, MPOYHBIA IO COBMAJCHHIO. JTO TAaKOW MOAYNb, MEXAY 3JIeMEHTaMU
KOTOPOTO HET OCMBICICHHBIX CBsi3edl. Takol MoOnyllb MOXKET OBITh BbIAEICH, HAlpUMeEp, IpU
OOHapyKeHHH B pa3HbIX MECTax NporpaMMbl TOBTOPCHHS OHHOW M TOH ke
MOCJICZIOBATEILHOCTH  ONEPATOpOB, KoTOpas U oGOopMIsieTcss B  OTHCIbHBIA  MOAYIb.
Heo0xoauMocTh HM3MEHEHHUS 3TOH IOCIEA0BATEIBHOCTH B OIHOM H3 KOHTEKCTOB MOXET
MPUBECTH K M3MEHEHUIO ITOrO MOJYJIA, YTO MOXET CAelaTh €ro HMCIOJb30BaHUE B JIPYTUX
KOHTEKCTaX OMIMOOYHBIM. Takod Kiacc NIPOrpaMMHBIX MOJIYJICH HE PEKOMEHIYETCS s
ucrnosib3oBaHusa. Boobiie rosops, mpeanokeHHas MaiiepcoM YNOpsIOYEHHOCTh MO CTEHEHH
MIPOYHOCTH KJIACCOB MOAyiel He OeccmopHa. OmHAKo, 3TO HE OYEHb CYHIECTBEHHO, TaK Kak
TOJIBKO JIBA BBICIIUX I10 IPOYHOCTH KJIacca MOAYJIEH PEKOMEHIYIOTCS JJI UCIOJb30BaHUs. DTH
KJIACCBhI MBI U PACCMOTPHUM TIOApOOHEE.

OYHKIMOHATBHO MPOYHBI MOAYJIb — 3TO MOJYJb, BBIMOIHSIOMUN (peaTu3yIOIIHii)
OJIHY KaKyio- JIN0O omnpeacneHnyo QyHkiuoo. [Ipu peanuszanuu 3Toi GyHKIMH TaKOW MOIYJIb
MOXET KCIOIb30BATh U JIpyrue Moayiu. Takol Kiacc MporpaMMHBIX MOAYJIEH PEKOMEHIYeTCs
JUISL KCIIOJIb30BAHMUS.

HNudbopMallnoHHO MPOYHBIA MOAYIb — 3TO MOJYJb, BBIMOJIHSIOMINA (pean3yonuii)
HECKOJIBKO onepanuii ((yHKIHA) HaJ OJHOU U TOU ke CTPYKTYPOU JaHHBIX (MHPOPMAIIMOHHBIM
O0BEKTOM), KOTOpas CUMTAETCS HEU3BECTHOM BHE 3TOro Momyis. g Kaxaod u3 ITHX
orieparii B TaKOM MOJYJIE UMEETCsl CBOW BXOJ cO cBoel (hopmoii oOpamieHus k Hemy. Takoi
KJIacC CIIElyeT paccMaTpuBaTh KaK KIJACC NPOrPAMMHBIX MOJYJIEH C BBICIIEH CTENEHbIO
npoyHoctd.  MHDOpPMANMOHHO-IPOYHBIA ~ MOJYJdh MOXKET PEaU30BLIBaTh, HAIpUMED,
abCTpaKTHBIN TUM IaHHBIX.

B MonymnpHBIX S3BIKAX MPOrPAMMHPOBAHMS KaK MHUHHUMYM HUMEIOTCS CpPEICTBA st
3amaHusl (QYHKIIMOHANBFHO MPOYHBIX Moayned (Hampumep, moayib Tuma FUNCTIONB s3bike
OOPTPAH). CpenctBa e 11 3a1aHUsS] THPOPMALIMOHHO TPOYHBIX MOJYJIEH B paHHUX S3bIKax
MIPOrpPaMMHUPOBAHUS OTCYTCTBOBAIM — OHU MOSIBUJIMCH TOJBKO B O0JI€€ MO3THUX sSI3bIKaX. Tak B
SI3bIKE TPOrpaMMUpPOBaHUS Aja CpeACTBOM 3afaHus WH(GOPMAIIMOHHO MPOYHOTO MOJIYJIS
SIBJISIETCS TIAKET [6].

Cuennenre MOAyJIsi — 3TO Mepa €ro 3aBUCHMOCTH I10 JAHHBIM OT JAPYTUX MOIYJEH.
XapakTepusyeTcsi crocoboM mepenaun JaHHBIX. Yem ciiabee clemieHue MOAys ¢ APYTUMU
MOJYJISIMH, TEM CHUJIbHEE €ro HE3aBUCUMOCTb OT APYTrux Mopayieu. s OLEeHKH CcTeneHu
cueruienuss Maitepc mpemmaraer [5] ymopsaoueHHBIH HAOOp M3 IIECTH BUAOB CIEIUICHUS
MOJyJie. XyAIIUM BUJOM CLETUIEHUS MOAYJIEH SIBIIAETCS CLEIUIEHUE MO coaepkumMomy. Takum
SBJISIETCSl CLEIJIEHWE JIBYX MOAYJEH, Korja OAMH W3 HUX HMEET IMpsAMbIE CCBUIKM Ha
COJIEP’)KUMOE JIPYyroro MoAyjs (HampuMmep, Ha KOHCTaHTY, COJEpPKaIIylocs B APYrOM MOJIYJE).
Takoe cuennenue Moaysied HeponycTumMo. He pekoMeHIyeTcst uCIoIb30BaTh TaAKKE CLEIJICHUE
1o oOuieit o01acTu — 3TO TaKoe CLEIMJICHHE MOy Iel, KOr/ia HECKOJIbKO MOJIyJIEH UCIIONIb3YIOT
OJIHY U Ty ke 00JIacTh maMsATH. Takoi BUJ CUEIUICHUS MOAYJIEH peanu3yeTcs, HampuMmep, mpu
nporpammupoBanun  Ha s3pike  @OPTPAH ¢ wucnonp3oBanmem O6mokoB  COMMON.
EnuHCTBEHHBIM BHJIOM CHEIUJIEHUSI MOAYJIEH, KOTOPBbIA PEKOMEHAYETCsS ISl MCIOJIb30BaHUSA
COBPEMEHHOM TEXHOJIOTMEH NPOrpaMMHUPOBAHHUA, SBISETCS MapaMeTPUUEcKOe CLEIUICHHE
(cuennenue mo naHHeIM 1o Maiiepcy [5]) — 3To ciyuail, Korja JaHHbIE TepeJaroTCsl MOIYIIO
nub0 mpu OOpalleHMH K HEMYy KaK 3HAueHHUs €ro MapaMerpoB, JIMOO KaK pe3ylbTaT €ero
oOpariieHust K IpYyroMy MOJAYIIO Ui BEIUMCICHUS HEKOTOpOor (yHKIuH. Takol BUA CIETICHUS
MOJyJIel peanau3yeTrcs Ha s3bIKaX IPOrpaMMHPOBAHMS MPH HCIOJIB30BaHUU OOpalIeHHH K
npoueaypam (QyHKIUIM).

PyTUHHOCTH MOIyNIi — 3TO €ro HEe3aBHUCUMOCTH OT MPEABICTOPHH OOpAaIEHUI K HEMY.
Monyns Oynem Ha3blBaTh PYTHHHBIM, €ClU pe3yibTaT (3¢ ¢dekT) oOpalieHus K HEMY 3aBUCHT
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TOJILKO OT 3HAUEHUH ero mapameTpoB (M HE 3aBUCHT OT MPEABICTOPUU OOpAlICHHA K HEMY).
Moayns OyaeM Ha3bIBaTh 3aBHUCSIINM OT MPEABICTOPHH, eclu pe3yabTat (3¢ dexT) odpameHus K
HEMY 3aBHCHUT OT BHYTPEHHETO COCTOSIHHMSI 3TOrO MOMYJSl, XPAHSAIIEro CIEAbl MPEAbIIYIINX
oOparmeHuii kK HeMy. Maiiepe [5] HE peKOMEHIyeT MCIOJIb30BaTh 3aBUCAIINE OT MPEABICTOPUH
(HempenckazyemMble) MOJYJIM, TaK KaK OHU IPOBOLUPYIOT MOSIBIEHHWE B MPOrpaMmax XUTPBIX
(HeynoBUMBIX) omnbOoKk. OHAKO Takas peKOMEH 1alus SBISETCS] HEKOHCTPYKTUBHOM, TaK KaK BO
MHOTHX CIy4YasiX MMEHHO 3aBUCSIIUN OT MPEAbICTOPUU MOAYNb SBIIAETCS JIYUIIECH peann3aluii
uH(pOpMallMOHHO TpoyHoro wmoayna. Ilostomy Oonee mnpuemnema cueaytomas (Ooiee
OCTOPO’KHAsI) PEKOMEHIALIUS:

. BCEr/a CleAyeT HCIOJIb30BaTh PYTUHHBIM MOJYyINb, €CIH 3TO HE MPUBOJIUT K
MJIOXUM (HE PEKOMEHAYEMbIM) CLICTUICHUSIM MOIYJICH;

. 3aBHUCSILIKE OT MPEIbICTOPHUH MOIYJIH CIEAYET HCIOIb30BaTh TOJBKO B Ciydyae,
KOTJ]a 3TO HEOOXO0IMMO ISl 00eCTIeYeHUs TapaMeTPHUECKOTO CICTICHHS;

. B crenuuKaluyd 3aBUCSILEr0 OT MPEABICTOPUU MOIYJS IODKHA OBITh YETKO
chopmynupoBaHa 3Ta 3aBHUCHMOCTh TakKUM 00pa3oM, dYTOOBI OBLIO BO3MOXKHO
MPOTHO3UPOBaTh MoBeAeHUE (P((EKT BHINOTHEHMS) AAHHOTO MOAYNS MpPH Pa3HBIX
MOCTICAYIONINX OOPAIICHUAX K HEMY.

B cBs3u ¢ nmocnenHel peKOMEHIAIMEl MOKET OBITh MOJIE3HBIM OMpE/IE/ICHNE BHEIIHETO
MPEACTaBICHHUS (OPUECHTUPOBAHHOTO Ha MH(DOPMHUPOBAHHE UYEIOBEKA) COCTOSHUI 3aBUCAIIETO
OT MPEALICTOPUH MOyJIA. B aToM citydae 3h¢eKT BBIMOIHEHHS KaXI0H QYHKIUH (OTICPAIIHH),
peann3yeMoil 3TUM  MOJYJIeM, CJIeIyeT ONHUChIBaTh B TEPMHUHAX ATOTO BHEIIHETO
MPEJICTABICHHUS, YTO CYIIECTBEHHO YIIPOCTUT IPOrHO3UPOBAHHE MMOBEACHUS JAHHOTO MOIYJIS.

Mertomsl pa3pabOTKu CTPYKTYPBI IPOTPAMMBI

Kak yxxe oTMedanoch BblllIe, B KAYECTBE MOAYJIBHOW CTPYKTYPHI MPOTrPaMMbl MPUHSTO
MCIIOJIB30BaTh JPEBOBUAHYIO CTPYKTYPY, BKIIIOYAs JEPEBbs CO CPOCIIUMHUCS BETBAMH. B y3max
TAaKOro JepeBa pa3MEelIaloTCs MPOrpaMMHBIE MOJIYJIH, a HampaBiIeHHbIE IYrd (CTPENIKH)
MOKa3bIBAIOT CTATUYECKYIO TMOAYUHEHHOCTh MOJYJEH, T.e. Kakaas Jyra MOKa3bIBaeT, 4TO B
TEKCTE MOJYJIsl, U3 KOTOPOTO OHA UCXOJUT, UMEETCS CChLIIKA HA MOJYJIb, B KOTOPBIM OHA BXO/MT.
Hpyrumu crmoBaMu, KaxJabld MOJYJIb MOKET 00Opamarbcsi K MOJAYHHEHHBIM €My MOIYJISIM, T.€.
BBIpaXkaeTcsl uepe3 ATH MOAyiu. [Ipu 3TOM MoaynbHas CTPYKTypa MpOrpamMmbl, B KOHEYHOM
cyeTe, JOHKHA BKIIOYaTh U COBOKYIHOCTH cCHEHUUKAIUN MOIyJeH, 00pa3yllux 3Ty
nporpammy. Crenudukanus TporpaMMHOTO MOJYJIS COJAEPIKUT, BO-TIEPBBIX, CHHTAKCHUECKYIO
crienuuUKalui0 €ro BXOJOB, TMO3BOJISIIONIYI0 TMOCTPOUTh Ha HCIOJIB3YEMOM  SI3BIKE
MPOrPaMMHUPOBAHUS CUHTAKCUYECKHU MPaBUIIbHOE o0OpalleHue K HeMmy (K JI000My €ro BXoay), U,
BO-BTOPBIX, (YHKIMOHAIbHYIO creuuduKanuo Moayias (ONMHCAHHE CEMaHTUKU (QYHKIHMH,
BBITIOJTHSAEMBIX 3TUM MOJYJIEM MO KaXJIOMY U3 ero BX0ja0B). DyHKIIMOHANBHAS cHIenU(UKAIIHS
MOJ1yJIs CTPOUTCS TaK ke, Kak U QpyHKInoHanpHas cneuuduxanus [1C.

B mporecce pa3paboTku mporpamMmbl €€ MOJIyNbHas CTPYKTypa MOXKET IMO-PasHOMY
(GOpMHUPOBATHCSI M UCTIONB30BATHCS TSI ONPECIICHHSI TIOPSIKA MPOTPAMMHUPOBAHUS W OTIAJKH
MOAYJEH, yKa3aHHBIX B 3TOM CTpykrype. [l03TOMy MOXHO TOBOPUTH O Pa3HBIX METOJaX
pa3paboTKu CTPYKTYphI porpamMmbl. OOBIYHO B JIUTEpaType 0OCyX)aatoTcs aa metona [1, 7]:
METO/]T BOCXOSIIEH pa3padOTKH U METO]T HUCXOASIIEH pa3paOOTKH.

Meron Bocxomsmie pa3pabOTKM 3akiaroyaeTcss B cieayromeM. CHadaia CTPOHWTCS
MOJIyJIbHas CTPYKTypa MPOrpaMMbl B BHJIE JepeBa. 3aTeM IOOYEPETHO MPOrpaMMUPYIOTCS
MOJIYJIH TIPOTPaMMBbI, HAUMHAS ¢ MOJyJIe CaMOr0 HUIYKHETO YPOBHS (JTUCThS JIepeBa MOIYJIbHON
CTPYKTYpBI IPOTPaMMBbI), B TAKOM TMOPSIAKE, YTOOBI A KaXKIOTO MPOrpaMMHUPYEMOTO MO
OBLTH YK€ 3alpOorpaMMHPOBAHBI BCE MOJYJIH, K KOTOPBIM OH MOKeT oOpamatbkes. [locne toro,
KaKk BCE MOJIYIH TMPOTPaMMBbl 3alpOTrPaMMHUPOBAHBI, MPOU3ZBOJUTCS HX MOOYEpPEaHOE
TECTUPOBAHUE M OTJIAJIKa B IMIPUHITUIIC B TAKOM K€ (BOCXOJSIIEM) TOPSJIKE, B KAKOM BEJIOCh MX
nporpaMMupoBanue. Ha mepBblif B3I TakoW MOPSIIOK pa3pabOTKU MPOTpaMMbl KasKeTCs
BIIOJIHE €CTECTBEHHBIM: KaXKJblii MOIyJb NpPU MPOrPaMMUPOBAHUM BBIPAXKAETCS Yepe3 yxkKe
3aMmporpaMMHUPOBAHHBIC HEMOCPEJACTBEHHO IOAYMHEHHBIE MOMAYIH, a TMpPH TECTUPOBAHHUU

33



UCTIONB3YET yXKe OTIaxeHHble Moaynu. OJHAKO, COBpEMEHHAas TEXHOJOTHUS HE PEKOMEHIIYET
TakoM TOPSAOK pa3paboTKu Mporpammbl. Bo-mepBbIX, A IPOrpaMMUPOBAHUS KaKoro- Ju00
MOJIYJISI COBCEM HE TpeOyeTcss TEKCTOB MCIONIb3yEMbBIX UM MOJYJIeH — JUIS TOTO JOCTATOYHO,
YTOOBI KaXK/IbIF UCIIOJIb3YeMbId MOYJIb ObUI UL crienupHUIpoBaH (B 00bEME, MTO3BOJISIOIIEM
MOCTPOUTH MPABUIBLHOE OOpallleHue K HEMY), a JiJIsi TECTUPOBAHUS €r0 BO3MOXKHO (M Jlaxe, Kak
MBI TOKaXE€M HI)KE, II0JIE3HO) HCIONb3yeMble MOJYJIU 3aMEHATh HUX HMHTATOpaMu
(3armymkamu). Bo- BTOpEIX, KaXk/1asi mporpaMma B KaKOM-TO CTENCHHU MOTIHHSIETCS HEKOTOPHIM
BHYTPEHHUM JJisi Hee, HO [JIOOANbHBIM [UIsi €€ MOJyJied cooOpakeHusM (IpUHLIKIIAM
peaM3anuu, TPEANONOKEHUSIM, CTPYKTypaM JaHHBIX W T.L.), 9YTO OMNpeaensieT e¢
KOHIENTYalIbHYIO LIEJIOCTHOCTh U (popMHpyeTcs B Mpoliecce ee pazpadoTku. [lpu Bocxozsen
pa3paboTke 3Ta Tio0anbHas HMHGOpPMAIUs IS MOAYJICH HUXXHUX YpOBHEH emé He sCHa B
MOJIHOM 00BeMe, MO3TOMY OYEHb YacTO MPUXOIUTCS UX IMEepenporpaMMHpoOBaTh, KOrjaa MHpu
IPOrPaMMUPOBAHUU  JPYTHX MOJYJIEH MPOU3BOIUTCS CYIIECTBEHHOE YTOYHEHHE JTOU
rnobanbHOM wWH(OpManuu (HampuMmep, HM3MEHsETCS TJIoOaJbHAs CTPYKTypa JaHHBIX). B-
TPEThHUX, IPU BOCXOIAIIEM TECTUPOBAHUU IS KAXKIOTO MOIYyJAs (KpOMEe TOJIOBHOTO)
MPUXOJUTCS CO3/1aBaTh BEIYILYI MporpamMmy (MOAYJb), KOTOpas AOKHA MOATOTOBHUTH IS
TECTUPYEMOT'O MOJYJsi HEOOXOAMMOE COCTOSHHE HH(POPMAIIMOHHOW Cpeabl M IPOU3BECTH
TpeOyemoe oOpaieHue K HeMy. OTO MPUBOAUT K OOJNBIIOMY OOBEMY «OTJIAJJOUYHOTOY
MPOrPaMMHUPOBAHUS U B TO )K€ BpeMs HE JIaeT HUKAKOHW rapaHTHH, YTO TECTHPOBAHHME MOJIYJICH
MPOU3BOJMIOCE UMEHHO B TE€X YCIOBHUSX, B KOTOPHIX OHH OyIyT BBIMOJIHATHCA B paboueit
nmporpamme.

Meton HucXoAdAIIEH pa3pabOTKH 3aKiovaeTcs B cienaymoomeM. Kak u B mpeapayiieM
METOJIe¢ CHaudajga CTPOHUTCS MOJXYJIbHAs CTPYKTypa NOpOrpaMMbl B BHJAE JepeBa. 3areM
MOOYEPETHO MPOrPaMMUPYIOTCS MOJYJIU MPOTpamMMbl, HAYHMHAS C MOJYJS CaMOro BEPXHEro
YpOBHS (TOJIOBHOTO), MEPEX0/Is K MPOrPaMMHUPOBAHHUIO KAKOTO-THOO APYTroro MOAYsl TOIBKO B
TOM Clly4ae, eCiiM YXKe 3allporpaMMUPOBaH MOJYyJIb, KOTOPBINA K HemMy obOparaercs. [Tocne Toro,
KaKk BCE MOJIYJIH MPOTPaMMBbl 3allPOrPAMMHPOBAHBI, TPOU3BOAMTCS WX IOOYEPEIHOEC
TECTUPOBAHHUE U OTJaJIKa B TAKOM ke (HUCXoAasMeM) nopsake. [Ipu TakoM nopsiake pa3paboTKu
MporpaMMbl BCsi HeoOXoauMmas rioOanbHas uHpopManus (GOpMHUPYETCS CBOEBPEMEHHO, T.€.
JTUKBHUJIMPYETCS BEChbMa HETIPUSATHBIA UCTOYHHUK MPOCUETOB MPH MPOTPAMMHUPOBAHUN MOIYJICH.
Cy1recTBeHHO 00JIerdaeTcss W TECTHPOBAHUE MOMAYJICH, TPOU3BOJUMOE TIPHU HHUCXOISIICM
TECTUPOBAHUU MpOrpamMmbl. [IepBbIM TeCTUPYETCS TONOBHOM MOMAYNb MPOrPaMMBbI, KOTOPHBIHA
MPEJICTABIISET BCIO TECTUPYEMYIO TMPOTPaAMMy H TOITOMY TECTHPYETCS MPH «ECTECTBEHHOM)
COCTOSTHUM MH(OPMAIIMOHHOW CpeJlbl, TPH KOTOPOM HAYMHAET BBIMIOIHATHCS 3Ta MpOrpaMMa.
[Ipu 3TOM BCe MOIYNH, K KOTOPBIM MOXET 00OpamiathCs TOJOBHOW MOJYJb, 3aMCHSIFOTCS HX
uMUTaTOpamMu (Tak Ha3biBaeMble 3araymku [5]). Kaxapiii uMutatop Moayms mpeacTaBlseTCs
BEeChbMa IPOCTHIM TPOTPAMMHBIM (PParMEHTOM, CUTHAIU3HUPYIOMUM, B OCHOBHOM, O CaMOM
¢dakte oOpamieHUs K HUMHTHPYEMOMY MOJYIIO C HEOOXOIMMOM NS TpaBUIBHOM pabOThI
MporpaMMbl 00pabOTKON 3HaYEHHI ero BXOJHBIX MapaMeTpoB (MHOTAA C UX pacledyaTkoi) U ¢
BBIIaueHi, eclIM 3TO HeoOXOJUMO, 3apaHee 3alaceHHOro MOAXONAIIEro pesynbrara. [locne
3aBEpIICHHUS] TCCTHPOBAHHMS M OTJQJKH TOJOBHOTO W JIIOOOTO TOCIEAYIONIETO MOJIYJIS
MIPOU3BOJIUTCS TEPEXO] K TECTUPOBAHUIO OJHOTO M3 MOMAYJEH, KOTOPhIE B JaHHBI MOMEHT
MPEJICTaBICHBl UMUTATOPAMH, €CJIH TaKOBbIE HMEIOTCS. JIJIsT 5TOr0 MMHUTATOpP BHIOPAHHOTO JIS
TECTHUPOBAHUS MOMYJSI 3aMEHSAETCS Ha caM JTOT MOAYJIh U J00aBISIOTCS HMHTATOPHI TEX
MOJIyJIel, K KOTOPBIM MOXET OOpamaThCsi BRIOPAHHBIA JIJIT TECTUPOBAHUS MOaYJb. [Ipu sTOM
KOKIBIA TakoW MOAYNb OyAeT TeCTUPOBAaThbCA TMPU  «ECTECTBEHHBIX»  COCTOSHUSIX
WH()OPMAIMOHHOW Cpe/ibl, BO3HHUKAIONIMX K MOMEHTY OOpamIeHHS K JTOMY MOJYIIO TpH
BBITIOTHEHUH TECTUPYEMOl TporpaMMmbl. Takum 00pa3oM, OONBIIONH 00BEM «OTIAJOYHOTO
MPOrPaMMHUPOBAHHS 3aMEHSETCS IMPOTPAMMHPOBAHUEM JOCTATOYHO TIPOCTBIX HMHUTATOPOB
HCIONIb3YEMBIX B Tporpamme monyneid. Kpome Toro, MUTATOphl YAOOHO HCIOJB30BATH IS
MOJIBITPBIBAHUS TIPOLIECCY MOAOOpa TECTOB IMYTEM 3a/laHUs HYKHBIX PE3yJIbTaTOB, BbIIaBAEMBbIX
UMUTATOpPaMHU.
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HekoTopbIM HEZOCTaTKOM HHUCXOAALICH pa3paOOTKH, MPUBOISIIMM K ONpEIeIeHHBIM
3aTpyJHEHUSIM MpU €€ IPUMEHEHUH, SBJISETCSI HE0OXO0AUMOCTh abCTparupoBaThesi OT 0a30BBIX
BO3MOYKHOCTEH HMCMOJBb3YyeMOTrO sI3bIKa MPOTPAMMUPOBAHUS, BBIIyMbIBasi aOCTpakKTHBIC
orepalu, KOTOpble MO3Ke HYKHO Oy/eT peaan3oBaTh C MOMOIIBIO BbIIEICHHBIX B IpOrpaMmme
Moayneid. OJHAKO CHOCOOHOCTh K TakKkM aOCTPaKIUSIM MPEICTaBISIETCS HEOOXOIUMBIM
yCIIOBUEM pa3pabOTKH OOJILIINX MIPOrPAMMHBIX CPEJCTB, IOATOMY €€ HYKHO pa3BUBATh.

B paccMoTpeHHBIX METOJaxX BOCXOJSIICH M HUCXOSAIICH pa3paboTOK (KOTOPBIE MBI
OyZeM Ha3bIBaTh KJIACCHYECKHUMH) MOJYJIbHAs IPEBOBUIHAS CTPYKTypa MpPOrpaMMbl JIOJDKHA
pa3pabarbIBaThCs 10 Hayasla MpOrpaMMHUpOBaHus Moayied. OnHaKO TakoW IMOAXO] BBI3BIBAET
PSI BO3pAXKEHUN: NPEICTABISIETCS COMHUTENBHBIM, YTOOBI JI0 MPOTPaAaMMHUPOBAHUS MOAYJEH
MOXKHO OBUIO pa3paboTaTh CTPYKTYPY HPOTrpaMMBbl JOCTATOYHO TOYHO M cojaepkaTenbHo. Ha
caMoOM Jene 93TOro Jejarb He o0s3arenbHo. Hampumep, MonynbHas CTpyKTypa Mpu
KOHCTPYKTUBHOM M apXUTEKTYPHOM TMOAX0JAax K pa3paboTke mporpamm [7] ¢opmupyercs B
Ipolecce NporpaMMHUPOBAHUS MOTYJIEH.

KoHCTpyKTUBHBIM  1OAX0X K  pa3pabOTKe MpOrpaMMbl  IPEACTaBIseT  coOoi
MoU(UKAIIMIO HUCXOASIIEH pa3pabOTKu, MpU KOTOPOM MOIyiabHAs APEBOBUIHAS CTPYKTypa
nporpaMmbel  (opmupyercas B Ipolecce  mporpaMMmupoBaHus — Moayis.  CHauana
IPOrPaMMHUPYETCS TOJTOBHONW MOAYIb, HCXOMAS U3 CHEU(UKALUU TPOTPAMMBI B LIEJIOM, IPUYEM
cnennuKanus IpOrpaMMBl SIBIISIETCSI OJHOBPEMEHHO M Criel(UKanueil ee ToJIOBHOTO MOYIIS,
TaK Kak MOCIEAHHUN MOIHOCThIO OepeT Ha ceOsi OTBETCTBEHHOCTHh 3a BBINOJHEHUE (PYHKIIMMA
nporpaMmel. B mponecce mnporpamMmMupoBaHusl TOJOBHOIO MOAYJS, B cCllydae, €CIM 3Ta
mporpaMMa JOCTaTOYHO OOJjbllas, BBIACIAIOTCS TOA33aMaud (BHYTpeHHHE (YHKIHMH), B
TEPMHHAX KOTOPBIX MPOrPaMMHPYETCS TOJOBHOW MOAYJb. DTO O3HAYAET, YTO JUISl KaXKJIOM
BbIIeTsieMOl moa3anaun (QyHKIMK) co3naéres crneundukamnus peanusyromero ee gparmenra
IPOTPaMMBbI, KOTOPBIH B JaJIbHEHIIEM MOXET OBITh MPEICTaBIeH HEKOTOPBIM MOJAECPEBOM
Moayieil. BaxXHO 3aMeTUTh, YTO 3/1€Chb TAK)K€ OTBETCTBEHHOCTb 32 BBINIOJHEHUE BbIJACICHHON
GyHKIIMM GEpET roI0BHOM (MOXKET OBITh, M €IUHCTBEHHBIN) MOIYJIb 3TOTO MOJIEPEBA, TaK YTO
cneunduKanus BoIICICHHON (YHKIMM SBISETCS OJHOBPEMEHHO U crieluUKaeid roJIoBHOIO
MOJlyJil 3TOro mojjepena. B rosoBHoM Moayne mporpamMmbl A oOpalleHusi K BbLIEJICHHON
GbyHKIMU cTpOUTCS OOpalleHue K TOJIOBHOMY MOJYJII0 YKa3aHHOIO IMOJIepeBa B COOTBETCTBUU
C co3/aHHOM ero crneundpukamnuei. TakuMm o0pa3om, Ha EpPBOM LIare pazpabOTKU MPOrpaMMbI
(mpu MpOrpaMMHUPOBaHUU €€ TOJIOBHOTO MOJIyJs) (opMupyercs BepXHss HadajbHas 4acTb
JepeBa, HalpUMep, Takasi, KoTopas oka3zaHa Ha puc. Puc. 1.

AHaJIOTUYHbIE ACWCTBUS MPOU3BOAATCSA MNPH HPOrpaMMUPOBAHUM JHOOOT0 Apyroro
MOJyJis, KOTOpbIN BbIOMpaeTcs M3 TEKYIIEro COCTOSHMS JiepeBa IpOrpaMMbl M3 4YHCIIA
cneunUIMpPOBaHHbIX, HO MOKa €Ille He 3alporpaMMUpPOBAaHHBIX Moaysel. B pesynbrare aToro
MIPOU3BOJUTCS O4YepeaHOoe N0(POopMHUpOBAaHUE JIepeBa IMPOrpaMMbl, HAallpUMEp, TaKOE, KOTOpPOe
IIOKa3aHo Ha puc. Puc. 2.

ApXWUTEKTYpHBIII  MOAXOA K  pa3padoTKe MporpaMMbl  MpeacTaBisieT  co0oit
MOJIUGUKAIIMIO BOCXOASIIEH pa3paboTKHU, MpU KOTOPOM MOJyJbHas CTPYKTypa NpOrpaMMbl
dbopMupyeTcst B mpoliecce MporpaMMupoBanusi Moayiss. Ho mpu 3ToM cTaBUTCS CyHIECTBEHHO
Jpyras 1efb pa3paboTKH: MOBBIIIEHHE YPOBHS MCIIOIB3YEMOTO SI3bIKa MPOrPaMMHUPOBAHUS, a HE
pa3paboTKa KOHKPETHOW MPOTpaMMBbI. ITO O3HAYAET, 4TO ISl 3aJJaHHOM MPEAMETHOU o0nacTu
BBIJICJIAIOTCS TUMMMYHBIE (QYHKIIUH, KaXKIass U3 KOTOPBIX MOXKET MCIIOJIb30BaThCS MPHU PEIICHUN
pasHbBIX 3a7a4 B 3ToM obOnactu. Jlamee cnenuuuupyroTcs, a 3aTeéM U MPOrpPaMMHUPYIOTCS
OTJeNIbHBIE TPOTPAMMHBIE MOJYJIH, BBIOJHSIOMIKE 3TH (PyHKIMH. Tak Kak Mpolecc BbIACTICHUs
TakuX (YHKIUH CBsI3aH C HAKOTUICHHEM M OOOOIIEHHMEM OIbITa PEIICHHS 3a/ad B 3aJaHHOMN
OpeMETHOW 001acTH, TO OOBIYHO CHAyaja BBIACNSAIOTCS M PEATU3YIOTCS OTIENbHBIMU
MonynsMu Oojee TMpocThle (YHKIMH, a 3aTeéM [OCTENeHHO TOSABISAIOTCS MOIYIIH,
UCTIONB3YIOIINE paHee BbleTeHHble GyHKIMU. Takoil Habop Moaysei co3maércs B pacuére Ha
TO, YTO TPH pa3pabOTKe TOW WJIM WHOW MPOrpaMMbl 3aJaHHOU MPEAMETHOM 00JIaCTH B paMKax
KOHCTPYKTHMBHOT'O IIOJIXO/[a MOT'YT 0Ka3aThbCsl IPUEMIIEMBIMU HEKOTOPBIE U3 ATUX MOAYJIEH. DTO
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MO3BOJISIET CYIIECTBEHHO COKPATUTh TPYAO3aTpaThl Ha pa3pabOTKy KOHKPETHOW MpOTpamMMbl
NyTEM MOAKIIOUEHHNs K HEH 3apaHee 3arOTOBJIEHHBIX M MPOBEPEHHBIX HA MPAKTUKE MOIYIbHBIX
CTPYKTYp HIKHETO ypoBHs. Tak Kak Takhe CTPYKTYPhl MOT'YT MHOTOKPATHO UCIOJIb30BATHCS B
pPa3HBIX KOHKPETHBIX MPOTrpaMMax, TO APXUTEKTYPHBIA MOAXOJ MOXET pacCMaTpUBATHCS Kak
yTh OOPHOBI ¢ TyOTHMPOBAHUEM B IPOrPAMMHUPOBAHUU. B CBSI3M ¢ 3TUM IIPOrpaMMHBIC MOIYIIH,
CO3/1aBacMbl€ B paMKax apXUTEKTYpHOrO MOJIX0/a, OOBIYHO MMapaMeTPU3YIOTCS ISl TOTO, YTOOBI
YCWIHTh MPUMEHUMOCTb TAKUX MOJYJIEH ITyTeM HACTPOUKHU UX Ha MapaMeTpBhl.

B xitaccuyeckoM MeTo/1e HUCXOAIeH pa3paboTK PEKOMEHIyeTCs CHayalla BCe MOIYJIN
pa3zpabaThiBaeMOI MpOrpaMMbl 3alpOrpaMMHUpPOBaTh, @ YK 3aT€M HauMHATh HHUCXOMSIICE UX
tectupoBanue [5]. OmHAaKO TakoW MOPSIAOK pa3pabOTKHM HE TMPEICTABISAETCS JOCTaTOYHO
00OCHOBAaHHBIM: TECTUPOBAaHUE U OTJIAJIKa MOJYJIEH MOXKET TMPUBECTH K HU3MEHEHHIO
cnenuuKaluy MOAYNHEHHBIX MOAYJIEH M JaKe K M3MEHEHHI0 CaMOW MOAYJIbHOW CTPYKTYpPBI
porpaMMbl, TaKk YTO B O3TOM CJlydae MPOrPaMMUPOBAHHME HEKOTOPBIX MOJYJEH MOXKET
OKa3aTbCsl Oecroyie3sHo MpojesiaHHoi paboroil. Ham mpexacrasnsercss 6osee panyoHaIbHBIM
JIIPyroi MOPSI0K pa3pabOTKH MPOrpaMMBbl, H3BECTHBIM B JIUTEpAType Kak METOJ HUCXOAAIICH
peanu3auuu. B 3TOM MeTone KaKIblil 3alpOrpaMMHPOBAHHBIA MOJYJIb HAUMHAIOT Cpa3y ke
TECTUPOBATH JO MEepexo/ia K MPOorpaMMUPOBAHUIO IPYTrOTr0 MOTYIIS.

Bce 3t MeTonbl MMEIOT enié pa3jaudHble Pa3HOBUAHOCTH B 3aBUCUMOCTH OT TOTO, B
KaKo# MOCJIeIOBATEILHOCTH 00XO0AATCS y3J1bl (MOAYJIN) APEBOBUIHON CTPYKTYPBI IPOTpaMMBbI B
npouecce e€ paspadotku [1]. DTo MOXKHO nenarh, HampuMmep, Mo ciosiM (pa3pabarbiBasi Bce
MOJYJIM OJHOTO YPOBHS, MPEXKAE YEM MEPEXOJUTh K CieayromeMy ypoBHIo). [Ipu Hucxonsmen
pa3palboTKe AepeBO MOXXHO OOXOIUTH TAaKKE B JEKCHMKOTpaduuecKkoM MOpsaKe (CBEpXy-BHH3,
cieBa-HampaBo). Bo3MokHBI U Jpyrue BapuaHThl 00xojza AepeBa. Tak, Mpu KOHCTPYKTUBHOM
peanuzanuu Uil 00XoJa JiepeBa MporpamMMbl 1enecoodpazHo cienoBaTh uaesMm DykcmaHa,
KOTOpPBIE OH HCIIOJB30BaJ B MPEIIOKEHHOM UM METOJIe BEpTUKAIBHOTO clioeHus [8]. CymHOCTh
Takoro o0xoja 3akioyaercs B cieayionieM. B paMkax KOHCTPYKTHBHOIO IMOJAXO/a CHayala
peaTu3yloTcs TOJIBKO T€ MOJYJIH, KOTOpbIe HEOOXOAUMBI JIJIi CaMOTro MPOCTEHIIEro BapuaHTa
MIpOrpamMMbl, KOTOpasi MOKET HOPMAJIbHO BBINOJIHATHCS TOJBKO JJISI BECbMa OIPAHMYEHHOTO
MHOECTBa HAOOPOB BXOJHBIX JIAHHBIX, HO JUISI TAKKUX JIAHHBIX 1Ta 3a/Ja4a OyIeT pemarbcs 10
KOHIIa. BmecTo npyrux monyneil, Ha KOTOpbl€ B TaKOM MpOrpamMMme UMEIOTCS CChUIKH, B 3TY
MIpOrpamMMy BCTABJISIFOTCS JIMIIIb UX UMUTATOPHI, 00ECIIEYNBAIOIINE, B OCHOBHOM, KOHTPOJb HAJl
BBIXOZIOM 3a TpEIeNbl 3TOT0 YacTHOTO Cllydas. 3aTeM K 3TOM mporpamme no0aBIsSOTCS
peanu3aiuy HEKOTOPBIX IPYTHUX MOJyJed (B YaCTHOCTH, BMECTO HEKOTOPHIX M3 HMMEIOIIMXCS
UMUTATOPOB), 00eCMEeUnBAIOIIMX HOPMAaIbHOE BHITIONHEHHUE AJS HEKOTOPBIX APYTUX HAOOPOB
BXOJHBIX JIaHHBIX. W 3TOT Tmpolecc MNPOAOIKAECTCS TMOATAHO JI0 TOJHOW peanu3aiuu
TpeOyemoii mporpammsel. Takum oOpazom, 00Xoxa JAepeBa MPOrpamMMbl MPOU3BOAUTCS C ILIETBIO
KpaT4allIuM MyTEM peanu3oBaTb TOT WM HMHOM BapuUaHT (CHayajla caMblid IpOCTEHIINiA)
HOPMAaJIbHO JIEHCTBYIOILIEH MPOrpaMMBbl. B CBsI3U ¢ 3TUM Takas pa3HOBHJIHOCTbh KOHCTPYKTUBHOU
peanu3anuy MoJydusa Ha3BaHWE METOJa IIEJICHANpPABICHHOW KOHCTPYKTUBHOW peau3allii.
JIOCTOMHCTBOM 3TOTO METOAA SIBISIETCS TO, YTO YXKE Ha JIOCTATOUYHO PAHHEH CTaJuu cOo31aércs
paboTarommii BapuaHT pa3padaThiBaeMoil TporpaMmbl. [ICHXOJOTHYECKH 5TO UTpaeT poJib
JOTIMHTA, PE3KO MOBBIIAONIET0 YPGEKTUBHOCTH pa3padoTunka. [1oaTOMy 3TOT METOA SABIsIETCS
BEChbMa IMPUBJICKATEITHHBIM.

[TonBoas urtor ckazaHHomy, Ha Puc. 3 mpeacraBneHa oOmiasi cxema KiaccH(DUKAINH
PACCMOTPEHHBIX METOJIOB Pa3pabOTKU CTPYKTYPHI IPOTPAMMBI.

KOHTpoIIb CTPYKTYpBI IPOrpaMMBbl

J71s1 KOHTPOJISL CTPYKTYPHI IPOTPaMMBbl MOYKHO MCIIOJIB30BaTh TP MeToa [5]:

. CTaTUYECKUU KOHTPOJIb,
. CMEXHBIN KOHTPOJIb,
. CKBO3HOU KOHTPOJb.

Cratndeckuil KOHTPOJIb COCTOMT B OLIEHKE CTPYKTYPBI IPOrpamMMbl C TOYKH 3PEHUS,

XOpOIIO I TporpamMma pa3bura Ha MOAYIM C YY4E€TOM 3HAYCHHUNM PACCMOTPEHHBIX BHIIIIE
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OCHOBHBIX XapaKTEPUCTUK MOIYJIS.
CMeXHBII KOHTPOJIb CBEPXY — 3TO KOHTPOJIb CO CTOPOHBI pa3padOTUYNKOB apXUTEKTYPHI

u BHemHero ommcanus [IC. CMexHBI KOHTPOJIb CHU3Y — 3TO KOHTPOJIb cCrenu(uKanum
MOJ1yJIell CO CTOPOHBI Pa3pabOTUYUKOB ATHX MOJYJICH.
CKBO3HOW KOHTPOJb — 3TO MBICJIEHHOE IMPOKpPyYMBaHHE (TIPOBEpPKA) CTPYKTYPHI

OporpaMMbl MPU  BBIIOJIHEHWU 3apaHee pa3paOOTaHHBIX TECTOB. SIBiseTCSs BUAOM
JUHAMUYECKOTO KOHTPOJIA TaK e, KaK U py4Has UMHUTAUUs (GyHKIHOHAIBHOW crenuduKanuu
unu apxutektypsl 11C.

CrnenyeT 3aMeTUTh, YTO XapaKTep OCYILIECTBIEHUS 3TUX METOJO0B KOHTPOJS 3aBUCUT OT
BBIOpaHHOTO MeTOoJa pa3paboTKU CTPYKTYPHI MPOTpamMMbl: MpPU KIACCUYECKOM IOAXO0JIe OHU
OPUMEHSIOTCS 10 Hayaja M[pOrpaMMHpPOBAaHUS MOJYJE€H, a INpuU KOHCTPYKTUBHOM H
ApXUTEKTYpPHOM TIOJXOJaX — B Ipollecce MPOrpaMMHUPOBAHUS MOAYJIEH (B MOIXOJSAIINE
MOMEHTHI BpEeMEHH!

CUHTAKCUC U CEMAHTHUKA A3bIKA.

OcHOBHBIE 2JIEMEHTBI CUHTaKcuca s3bika Cu/Cu++

OcHOBHbBIE CUHTaKCHYECKHE MpaBUiia U 3aIUCH MporpaMM Ha s3bike Cu/Cu++ cBousrcs
K CJIEeyIOIIEMY:

m [IponucHbie U cTpouyHble OYKBBI CUMTAIOTCA pPa3sHbIMU cuMBoiamu. [Ipu 3amucu
UICHTU(PHUKATOPA MOTYT UCIOJIB30BATHCS JJATUHCKUE OYKBBI, HU(PHI U CUMBOJI TIOAYEPKUBAHUS
(). UnenTudukatop HE MOKET HAUMHATHCS ¢ IUQPHI U COEPkKaTh B ceOe MTPOOETbHBIN CHMBOJL.
JnmHa nnentudukaTropa He OrpaHUYeHA.

* [IpoGenbHbIE CUMBOJIBI MOTYT pa3MeIaThCs B JIIOOOM MECTe TeKCTa MPOrpaMMBbl, HO HE
BHYTpH HAeHTU(DUKATOpA.

» Kommentapuu 3akirouaroTcsi B CKOOKHM Buaa: / TEKCT KOMMeHTapua *1 u moryr
BBOJHUTHCS B JIOOOM MeCT€ MPOrpaMMbl M 3aHMMATh JF000€ KOIMYecTBO CTpok. Eie
OJIMH CIOCOO BBEJIEHUS KOMMEHTapus - pa3MELICHHE €ro I0Cj€ CHUMBOJIOB JABOWHOIO
cmma {I1). Takoil KOMMEHTapuii JOKEH 3aHMMATh KOHEI CTPOKM U HE OJDKEH
NEPEXO0/IUTh Ha CIAEAYIOLIYIO CTPOKY.

» Kaxnoe (moutu xaxjaoe) mpeuioskeHUe S3blKka KOHYAeTCS CHUMBOJIOM TOYKA C 3amsTON
()

» B cTpoke Moryr pasmemarbcs HECKOJIBKO OIIEPaTOPOB.

« @urypHble CKOOKHM BBIIEISIOT cocTaBHOW omeparop ({}). Bce oneparopsl,
3aKJIFOYEHHbIE MEXy TAKUMH CKOOKaMH BOCIIPHHUMAIOTCS KaK OJMH OTIepaTop.

» Bce ucnonb3yemble TUIBL, IEpEMEHHBIE, KOHCTAHTHI, (DYHKIIUU JTOJI>KHBI OBITH ONMCAaHbI
WIA OOBSIBIIEHBI 10 WX HEPBOTO HCHOJb30BaHUA. OObBSBIEHUS MOTYT BCTPEYaThCS B
JH000M MECTE MPOrpamMMBbl.

Take psag cnoB B s3bike Cu/Cu-H- HMMeeT o0co0oe 3HAYeHWe U HE MOXKET
HCIIOJIb30BAThCS B KAUeCTBE UJAECHTU(PHUKATOPOB. Takue 3ape3epBUPOBAHHbBIE CIOBA HA3bIBAIOTCA
ciy:keOHbIMH. [IONHBIM CIHUCOK CIIy)KEOHBIX CIIOB 3aBUCHUT OT pealu3alliM S3bIKa, OJHAKO
CYIIECTBYET CIIUCOK OCHOBHBIX CITY>K€OHBIX CJIOB, OIIPEIEIICHHbIN cTaHaapToM si3bika Cu/Cut+:

B tabnunie 1 mpuBeaeHbI cyKeOHBIE CIIOBAa OCHOBHBIX apU(PMETHISCKUX THUIIOB JaHHBIX,
UX pa3Mepbl B TaMSITH U JUATA30HbBI JOMYCTUMBIX 3HAYCHH.

[Tomb30BaTenh TaKKEe MOXET BBOJUTH B MPOTPAMMY CBOH COOCTBEHHBIC THIIBI.
OOBsABIEHUS MOJIB30BATEIILCKUX THIIOB MOTYT JICJIaThCS B PA3IUYHBIX MECTax KOJa IMPOrpaMMBbI.
HNx wMecTto 0OBSBIECHHS BIHMSIET Ha O00JaCTh BHIAMMOCTH BBOAMMOro Tuma. CHHTaKCUC
00BSBIICHUS TOJIH30BATENHCKOTO THIIA SBIISCTCS CIETYFOIINN:

typedeforipenenenue THma uaeHTHGHUKATOD;

I'e npenTHdHUKATOP - TO BBOJUMOE TOJI30BATEIEM MMl HOBOT'O THIIA, a
ompeieNieHre THUIa - onmucanue 3toro tuna. Hampumep, 3ammce typedefdoubleAr[ro];

OOBSBIIIECT THUII ITOJIL30BATENIS C UMEHEM AT Kak MaccuB u3 10 1efCTBUTENIbHBIX Yncell. B
JaTbHEHIIIEM Ha 3TOT THI MOKHO CChUIATHCS MPU OOBSBICHUH TIEPEMEHHBIX.
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Ornucanue MepeMeHHBIX U KOHCTAHT

Koucmaunma - 310 nekcema, mpeacTapisiomas u3zo0paxeHne (GUKCHPOBAHHOTO
YHCIIOBOTO, CTPOKOBOTO WJIM CHMBOJIBHOTO 3HadeHHUs. KOHCTaHTBI MOTYT HUCHOJB30BaThCS
HEMOCPEJCTBEHHO B TEKCTE MPOrpamMmbl B JIOOBIX OIeparopax M BBIPAXKEHUAX. B s3bIke
Cu/Cu++ uMeeTcst HECKOJIBKO Pa3JInYHBIX BUIOB 3alMCH KOHCTAHT.

3anuco yenvix koncmanum. llenple KOHCTAHTBI MOTYT OBITh IE€CATUYHBIC, BOCBMEPUYHbIE
U mecTHaauaTepuyHbie. Llenpie necaTHYHBIC YUCIIa HAYMHAIOTCS He ¢ Hyns. Hampumep: 4,-128.
BoceMmepruuHble HAUMHAIOTCS C CUMBOJIA HYJIA, [TOC]IE KOTOPOTO CIEAYIOT BOChbMEpUYHbIE IU(PHI
(or 0 mo 7). Hampumep: 032. BocbMepuUHEIE KOHCTAaHTHI HE MOTYT IIPEBEHIIATH 3HAYCHHS
037777777777. lllecTHaguarepuyHble KOHCTAHThl HAYMHAIOTCS C CUMBOJIOB HYJS U X WIH X,
nocJie KOTOPBIX CIEAYIOT IecTHaanaTepudabie mudpsl (ot 0 10 F, KOTOphIe MOKHO 3aITUCHIBATH
Y B BEpXHEM, U B HIbkHeM peructpax). Hanmpumep: 0XFOL. [llectHaamarepuyHbie KOHCTAHTHI HE
Moryt npeBbimaTh 3HaueHnss OXFFFFFFFF. Tun menoii KOHCTaHTBI KOMIMIIATOP OMPEeIiseT 1o
Uana3oHy, B KOTOPOM JIKUT 3HAUEHHUE KOHCTAHTHI.

3anuce sewecmeennvix koncmanm. Ecnu B 3alMcy 4MCIIOBOM KOHCTaHThI IPUCYTCTBYET
JecsTHYHAs Touka (Hampumep: 2.5) Wiu SKCIIOHEHIMaNbHOe pacimpenue (Hanpumep: 1E-8), To
KOMITWJISITOP PacCMaTpPUBaeT €€ KaK BEIIESCTBEHHOE YUCIIO U CTaBUT € B COOTBETCTBHH THII
double.

3anuce cumgonvHbix U cmpoxogvix KoHcmaum. CHUMBOJIBHBIE KOHCTAHTBI JOJIKHBI
3aKJIF0YaThCsl B OJMHApPHBIC KaBBIYKM. ODTH KOHCTaHTHI XpaHsATcs kak char, signedcharumm
unsignedchar. Hammpumep: ‘A’, ‘d’. CTpOKOBBIC KOHCTAHTHI 3aKII0YAIOTCS B JBOMHBIC KABBIUKH.
Hanpumep: “BBenurte ucxoiHbie JaHHbIE .

Oco0yt0 pa3HOBUIHOCTh CUMBOJIBHBIX KOHCTAHT MPEACTABISIOT YNpasiaowue CUmMBo. bl
Wi acketn - nocaedosamensnocmu(ESC- SequUENce), ¢ MOMOIIBI0 KOTOPBIX MOKHO 3a1aTh
CUMBOJIEHYIO KOHCTAHTY yKa3aHHEM €€ KOJa W YIPaBIATh KOHCOJIHHBIM BBEIBOJIOM Ha 3KpaH.
[TocnenoBaTenbHOCTH CHMBOJIOB, HAUMHAIOIIUXCS CO 3Haka OOpaTHOM Kocol uepThl 'V
Ha3bIBAIOT OCKEHN - TMOCJEeA0BaTeNbHOCTRIO. B Tabnmuiie 2 mpeacTaBieHbl OCHOBHBIC
UCIIONIb3YEMbIe 3HAYEHHS TAKUX MOCIEA0BATEIHLHOCTEH.

Hanpumep, koHCTaHTa

TUMaYYAppeclllliBanoBMMocksa”

OyJeT MPU KOHCOTHbHOM OTOOpPaKCHHUH Ha YKPAHE BHITIISACTH KaK

"Ums" Anpec BanoB MockBa

Jns  ucnonb3oBaHUS BHYTPEHHUX KOJMOB CcHUMBOJOB Ha |IBM-  coBmecTumbIx
KoMmbloTepax mpumensiercs Tabmuna konoB ASClI(ITIpunoxenue 1). Boibupas u3 komoBoi
TaOJIMIBI TIOJXOMSINee 3HAUCHUE, MOXKHO HCIIOJIb30BaTh HMX B IPOTPAMME BMECTO SBHBIX
n300paxeHnii cMMBOJIOB. Hampumep, KOHCTaHTa, COOTBETCTBYIOIIAs 3arjaBHOW JTaTHMHCKOW
OykBe A, MOKET OBITh TipejicTaBiieHa Tpemst criocobamu: 'A', \101 “\x41°.

Ilepeuucnsiemvie  KOHCMAHMUL. Azpik  Cu/Cu-H- MO3BOJIIET  OMNpPEAETATh
MOCJICIOBATEIPHOCTh  IICJIOYMCIICHHBIX ~MMCHOBAHHBIX KOHCTaHT. OmmncaHue KOHCTaHT
MEPEYUCIIIEMOTO TUIA HAYMHAETCS CO CIYXKeOHOro cjaoBa €nUM, a MOCHEIYIOIIHA CIHCOK
3HAYCHUI KOHCTAHT 3aKJIt0YaeTcs B PUTrypHBIE CKOOKH.

enuUMuMms {3HaueHus },

Hampumep, 3anuce

enumcolor{red,yellow,green };

OOBSBIIIET TEPEMEHHYI0O ¢ MMeHeM COlor, koTtopas MOKET MPUHHUMATh KOHCTAHTHBIC
sHayenus red, yellowwnu green. DTu 3HaueHHWs] B JajbHEWIIEM MOXKHO HCIOJIb30BaTh Kak
KOHCTaHTBI ISl MPHCBAWBaHUS IEepeMeHHOW COlOrmmu uis TpoBEpKHM €€ 3HAYCHHS. DTHM
KOHCTaHTaM COOTBETCTBYIOT IIeJibleé 3HAUeHHUs, ONpeNeNseMble WX MECTOM B CIIHCKE
oobsiBenusi:  red- 0, yellow- 1, green- 2. DTu 3HAYEHHUS MOKHO HW3MEHHTH, €CJIH
WHUIMAIM3UPOBATh KOHCTAHTHI IBHBIM 00pa3oM. Hampumep, oObsiBIeHNE

enum color {red,yellow = 3,green=red + I};

NpUBENET K TOMY, YTO 3Ha4eHHsl KOHCTaHT Oynyt pasubl: red- O, yellow- 3, green- 1.
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[Ipu >TOM He 00s3aTeNbHO JOJDKHA COONIIOJATbCS YHUKAJIBHOCTh 3HaYeHHH. Heckonbko
KOHCTAHT B CIIMCKE MOTYT UMETh OJIMHAKOBBIC 3HAYCHUSI.

Hmenosanuvie koncmauwmoel. VIMEHOBaHHAss KOHCTAaHTa - 3TO KOHCTAaHTa, KOTOPOU
IPUCBOEH HEKOTOPbI uaeHTH(UKaTop. OOBsABICHHE HMEHOBAaHHOM KOHCTAHTBI SBISETCA
yKazaTelneM Ui KOMIWIATOpa 3aMEHUTh BO BCEM TEKCTE€ ITOT HACHTH(UKATOp 3HAUYEHUEM
KOHCTaHThI. Takas 3aMeHa IPOU3BOAUTCS TOJIBKO B IIPOLECCE KOMIIWIALUU U HE OTPAYKAETCS Ha
ucxonHoM TekcTe. llenb oOBsBICHHMS HMMEHOBAaHHON KOHCTAHTBI - CHeNaTh TEKCT Oolee
OCMBICIICHHBIM U OOJIETYUTh MPU HEOOXOJUMOCTH M3MEHEHHE 3HAYEHMs KOHCTAHThl BO BCEM
TEKCTE.

OOBbsBIEHHE HMMEHOBAHHBIX KOHCTAHT IPOMCXOIUT C IOMOUIBIO CIIy’KEOHOIo CJ0Ba
constcieayrommm o0pa3om:

CONStTHI MMSA_KOHCTAHTHI = 3HAYCHHUE;

Hamnpuwmep;

constfloatPi= 3.14159;

B kadectBe 3HaueHMsI KOHCTAHTbI MOKHO YKa3blBaTb M KOHCTAHTHOE BBIPAXKEHHE,
coziepkaliee paHee oObsIBICHHbIC KOHCTaHThL. Hampumep, eciu o0ObsiBieHa KoHcTanTta Pi, To
Janee MOKHO OOBSIBUTH KOHCTAHTHI

constfloatPi2 = 2 * Pi; //ynBoennoe yucao In

Ecnu T KOHCTAaHTHI HE YKa3aH, TO 0 YMOJYaHHIO OH OINpeesseTcs Kak int.
Hampumep: constmaxint= 12345;

ITonbITKa re-TO B TEKCT€ W3MEHUTH 3HAYEHUE MMEHOBAaHHOW KOHCTaHTBI IIPUBENET K
omOKe KOMIWISIIMH C BBIAAYEH COOTBETCTBYIOIIETO COOOIICHUSI.

Ilepemennas sBnsercs WACHTUGUKATOPOM, 0003HAUYAIOUIMM HEKOTOPYIO 00JacTe B
aMsATH, B KOTOPOM XpaHWUTCS 3HAUYE€HUE NMEPEMEHHOH. DTO 3HAUYE€HUE MOYKET M3MEHUTHCS BO
BpeMsl BBINOJHEHUS NporpaMmbl. OOBsBICHUE NEPEMEHHOM MOXXET MPOUCXOIUTH B JHOOOM
MECT€e NPOrpaMMbl U UMEET BU/I:

THII CIMCOK_HMICHTH(UKATOPOB_IEePEeMEHHBbIX;
Hanpumep: intA;

doubleB1;

Crucok MAEHTU(UKATOPOB MOXKET COCTOSTh M3 HECKOJbKUX HACHTU(PHKATOPOB
NEePEMEHHBIX, pa3/ieeHHbIX 3anaTeiMu. Hanpumep:

intx1, x2;

Tak kak, npu OoOBSBICHUM NEPEMEHHOW €€ 3HaueHHE HEOIpPEeNeeHHO (OHO SIBISETCS
CIIy4aiiHbIM), TO OJTHOBPEMEHHO C OOBSBICHUEM IEPEMEHHBIE MOT'YT OBITh MHULIMATU3UPOBAHBI,
T.€. UM IIPHUCBOEHBI HayaJIbHbIE 3HaueHus. Hanpumep:

intx1=1,x2 =2;

JIig MHUIMaNIN3alul MOYKHO MCIIOJIBb30BaTh HE TOJBKO KOHCTAHTBI, HO M IIPOU3BOJIbHBIE
BBIpaXXEHMUSI, Co/iepKalue oObsIBICHHbIE paHee KOHCTAHThI U epeMeHHble. Hampumep:

intx1 =1,x2=2 *xl;

Tax e cieyeT OTMETUTb, YTO KOHCTAHThI U NIEPEMEHHBIE JOKHBI ObITh O0BSIBICHBI 10
UX IIEPBOT'0 UCIIOJIb30BAHHUS.

4. TUIIBI JAHHBIX, BBIPAKEHUA U OITEPALIMU B A3BIKE
[TPOTPAMMUWPOBAHUMA C++
KOHLEIIIMA TUIIOB JAHHBIX B A3BIKE C++

Tursl JaHHBIX

KoHmernmuss THMOB MaHHBIX SIBJISETCS BaKHEWIEH CTOPOHOW JIOOOTO  sI3BIKA
nporpaMMupoBanus. C THUIOM BeIMYMHBI CBS3aHBl TPH €€ CBOMCTBa: (opMa BHYTPEHHETO
MPEJICTaBICHUSI, MHOKECTBO NMPUHUMAEMbIX 3HAUEHUH U MHOXKECTBO JOMYCTHMBIX ONEPALIUM.
OcobenHocth s3plka  CH cOCTOMT B OOJBIIOM Pa3HOOOpPA3WM THUIOB, CXEMAaTUYECKU
IIPEICTABICHHOM Ha puC. 2.
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Tunmst
JAHHBIX

—|  Ocnosnbie » ApudmeTndCCKHE
Vkaszatenu
> Tun void
|—> Crpykrypsl
L Tlpoussomusie » OObenuneHMA
Knaccer

Puc. 2 Crpyktypa THna JaHHBIX s3b1ka Cu++

B Ta6nnue 1 IIPUBCACHBL CJ'Iy>K€6HBIe CJIOBA OCHOBHBIX apI/I(bMeTI/I‘ICCKI/IX THUIIOB JAaHHBIX,
HX Pa3MCPLI B IIaMATH U JUAIIA30HBI JOITYCTHUMBIX 3HAYCHU.
Ilonp30BaTens TakKKE MOXKET BBOAUTbL B IIpOorpaMmmy CBOH COOCTBEHHBIE THIIBL
OOBABIICHUS IT0JIB30BATCILCKUX THIIOB MOTI'YT ACJAaThCA B pa3/IMYHBIX MCCTAax KOoJa IIporpaMMBbl.

HUx wMecro o00bsBIE€HUS BiWsSeT HAa 00JacTh BUIAWMMOCTH BBOIMMOILO THIIA.
OOBSIBIICHHS TI0JI30BATEIILCKOTO THIIA SIBISETCS CICTYIOIIHIA:

typedef onpenencaue tumna uaeHTH(UKATOD;
['1e uaeHTHHUKATOP - TO BBOJMMOE TI0JIL30BATEIEM UMsI HOBOT'O THIIA, &
ofpenielieHre THUIa - onucanue 3toro tuna. Hanpumep, 3amuce typedef double Ar[ro];
OOBABIIACT THII ITOJB30BATENS C MMEHEM AT Kak MaccuB u3 10 jeficTBUTENBHBIX yKcell. B
I[aJII)HeI\/JIHIeM Ha 3TOT THII MOYXHO CCbUIATBHCA IMPU 06'B$[BJ'I€HI/II/I INEPEMCHHBIX. HaHpI/IMepZ
Ar A= {1,2,3,4,5,6,7,8,9,10}.
APUOMETHUYECKUWE TUIIbI JAHHBIX

IIp

CuHTakcuc

Tabmumna 1
Mmun OAHHbIX |HA36aHUE pasmep,oum  |/[uanazon
sHavenu
unsigned 0€33HaKOBBIN MaJIbI IETIBIN HITH 8 0..255
char KOJIbI CHMBOJIA
char ManbIi [EJIBIH WA KOJ CUMBOJIA 8 -128 .. 127
unsigned |0e33HaKOBBII 16 0..65535
int LEJIBII
short int KOPOTKHI 11Tl 16 -32768 ..
(short) 32767
unsigned 0€33HaKOBBIN KOPOTKUH IEIIBII 16 0..65535
short
int [IEJTBII 16 -32768 ..
32767
unsigned 0€33HAKOBBIN JUIMHHBIN [EBIA 32 0..4294967295
long
long JUTMHHBINA [ETBIN 32 -214748348 . .
2147483647
float BeriiecTBEHHBIN OAMHAPHOMN 32 3.4E-38 ..
TOYHOCTHU 3.4E+38
double BemecTBeHHBIN TBOWHOU 64 1.7E-308 ..
TOYHOCTHU 1.7E+308
long BerniecTBeHHBIN MaKCUMAJIBHOM 80 3.4E-4932 ..
double TOYHOCTH 1.1E+4932

HUBCICHUC TUIIOB TP BBIYHUCIICHUN BLIpa)KCHI/Iﬁ
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B apudmeTndeckux BhIpaKEeHHIX, COIEPKAIINX AIEMEHTHI Pa3IMYHbIX apH(PMETHUECKUX
TUIIOB, B IMPOLIECCE BBHIYMCIECHUN aBTOMAaTHYECKH OCYLIECTBIIAECT MpeoOpa3oBaHUE TUIIOB. IDTO
CTaH/JapTHOE NPeoOpazoBaHME BCETJa OCYIIECTBISETCS MO NMPHUHIUIY: €CIU OINepamus UMeeT
ONEpPaH/Ibl Pa3HbIX TUIIOB, TO THUIl ONEpPAaHJA «MIIAJLIEr0» TUIA MPUBOJUTCA K TUILY ONEpaH/a
«crapuiero» Tuna. MHade TOBOps, MEHEE TOYHBIA THUIl MPUBOAUTCS K O0Jiee TOYHOMY.
Hampumep, eciin B onepanuy y4acTBYeT KOPOTKOE LEJIO€ M JJIMHHOE II€JI0€, TO KOPOTKOE
MPUBOJIUTCS K JUIMHHOMY; €CIIM YYaCTBYET LICJIbIA M JEUCTBUTEIbHBIA ONEPAHABI, TO LIEJIBIA
MPUBOJUTCS K JEHCTBUTENbHOMY U T.A. TakuM o0pa3om, mocie mojgo0HOro NpuBeIeHUsI TUIIOB
00a omepanja OKa3bIBAIOTCS OJHOTO TUNa. M pe3ynbrar mpuMeHeHus onepaiuyd UMEeT TOT ke
THIL.

Bce 310 oTHOCHTBCS K apu(METHUECKUM OTEpaIvsM, HO HE OTHOCHTHCS K OIEparfu
npucBavnBanus. [IpucBanBaHue CBOIAUTHCS K MPUBEIECHUIO TUIIA PE3YJIBTATA BBIPAKEHUS K TUILY
neBoro omnepanjaa. Ecnu tun jieBoro omepanaa «Miafllie», 4eM THUIl pe3yjbTaTa BbIPAXKEHUS,
BO3MO)KHA MOTEPSl TOYHOCTHU WJIK BOOOIIE HEMTPABUIIbHBIN pe3yNbTar.

PaccmorpuM  mpumepsl HESIBHOTO aBTOMATHYECKOTO TMpeoOpa3oBaHus THUIIOB. B
pe3ynbTaTe IEUCTBUS CIEAYIOLIUX ONEePaTOpOB

doublea=54,b=2;

int ¢ = a*b;

nepeMeHHasl ¢ MONy4YuT 3HaueHue 10, XOTS MCTUHHOE 3HAYEHUE JOJDKHO OBITH PaBHO
10.8. D10 3HauYeHHe AEWCTBUTENBHO OyIET BBIUMCICHO B pe3ylbTaTe yMHOXeHus a * b, HO
3areM JpoOHast 4acTh OyaeT OTOPOIICHA, TOCKOJBKY C - IeJIast IePEeMCHHAS.

Pe3ynpTaToM BBINOJHEHUS ONIEPaTOPOB

intm=1,n=2; double A=m
/n;

oyner 3nauenne A = 0. IlockoibKy T W I - I[eJbIe MEPEMEHHBIE, TO JIEJICHHE T / I
CBeZIeTCA K LIETIOUYMCICHHOMY JICTICHUIO C 0TOpachIBaHUEM JAPOOHON YacTH, pe3yibTaT KOTOPOTO
paBeH HYJIIO.

Kak BUIHO M3 NMpPUBEIEHHBIX MPUMEPOB, HESBHOE aBTOMATHYECKOE MPUBE/ICHUE TUIIOB
HE BCEr/ia JIaeT >KellaeMblid Pe3ysIbTaT. DTO MOXKHO HCIPaBUTh, TPUMEHUB OTEPAINIO SIBHOTO
MIPUBEJICHUE TUIIOB, KOTOPAasi UMEET CIAEAYIOIINE KOHCTPYKIIMH:

(Tum) onepaH; TUI
(omepann);

Ecnu B mpenpiaymieM npumepe, KOTOPBIM JaBall HEBEPHOE 3HAYECHHE MEPEMEHHON A,
MIPUMEHUTH BO BTOPOM ONEPATOPE SIBHOE MPUBEACHUE THUIA!

double A = (double) m/n;

W

double A =double (m) / n;

TO MOJYYUM MpaBUIIbHBIN pe3ynbTaT A = 0.5. B 3TOM cinyyae nmepeMeHHasl T, KOTOpPOH
MIPUMEHSETCS Olepalvs MPUBEICHUs THIA, PACCMATPUBAETCS KaK JCHCTBUTEIbHAS BEIMYMHA
tuna double, Torna u mepeMeHHasi I HESIBHO MPUBOIUTHCS K Ty double, Tak uto nenenue
OCYIIECTBIISIETCS YK€ HE C IEJbIMH, a C IEHCTBUTEIILHBIMUA YHCIIaAMHU.

KOHCTAHTbBI U ITEPEMEHHBIE

Koncmanma - 510 nekcema, TmpeAcCTaBisomas wu300paxeHne (HUKCUPOBAHHOTO
YHUCJIOBOIO, CTPOKOBOI'O WJIM CHUMBOJBHOTO 3HaueHHs. KOHCTaHTBI MOTYT HCHOJIb30BaThCS
HETMOCPEICTBEHHO B TEKCTE MpOrpaMMbl B JIIOOBIX Omeparopax M BBIpaXeHUsX. B s3bike
Cu/Cu++ nuMeeTcst HECKOIBKO Pa3IMYHBIX BUIOB 3allMCH KOHCTAHT.

3anuce yenvix koncmaum. 1lenple KOHCTAHTBI MOTYT OBITh JECSITHYHBIC, BOCBMEPUIHBIC
U mecTHaauaTepuynbie. Llenpie necaTHYHBIE YNCIIa HAYMHAIOTCS He ¢ Hyns. Hampumep: 4,-128.
BocbMepruHble HAUMHAIOTCS C CHMBOJIA HYJISA, TTOCJIE KOTOPOTO CIEAYIOT BOCBMEPUYHBIE ITUDPHI
(or 0 mo 7). Hampumep: 032. BocbMepuuHbIe KOHCTAaHTBI HE MOTYT IIPEBBINIATH 3HAYCHHS
037777777777. lllectTHaguarepuyHble KOHCTAHThl HAYMHAIOTCS C CUMBOJIOB HYJS U X WIIH X,
nociie KOTOPBIX CIEAYIOT IecTHaauaTepudabie mudpsl (ot 0 1o F, KoTOpbie MOKHO 3aUCHIBATH
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U B BEpXHEM, U B HIDKHeM peructpax). Hampumep: 0XFOL. [IlecTHaamarepudHbie KOHCTAHTHI HE
MoryT nipeBbimarh 3HaueHUs: OXFFFFFFFF. Tun 1emnoit KoHCTaHTBI KOMITUAJISTOP OMPEIeseT Mo
JUaTa30Hy, B KOTOPOM JIGKUT 3HAYCHUE KOHCTAHTHI.

3anuceo sewecmsennvix koncmanum. Eciy B 3allMCH YUCIOBOM KOHCTaHTHI IPUCYTCTBYET
JleCATUYHAs TOYKa (HarmpuMmep: 2.5) Wid 3KCIOHEHIMalbHOe paciupenue (Hanpumep: 1E-8), To
KOMIIWISITOP pacCMaTpuBaeT €€ KakK BEIECTBEHHOE YHUCIIO U CTaBUT €l B COOTBETCTBUM THII
double.

3anuco cumgonbHvLix U cmpokogvlx koucmaum. CUMBOJIBHBIE KOHCTaHTBI JOJKHBI
3aKJII0YaThCs B OJMHAPHBIC KaBBIUKA. DTH KOHCTAHTBI XpaHsATcs Kak char, signed char wiu
unsigned char. Harmpumep: A’, 'd\ CTpoKOBble KOHCTAHTBI 3aKJIIOYAOTCS B JBOWHBIE KaBBIUKH.
Hampumep: “BBenute ucxonHble T1aHHBIE .

Oco0yro pa3HOBUIHOCTh CUMBOJIBHBIX KOHCTAHT MPEACTABISAIOT YNpasiaoujue CumMeo.vl
uiM 3ckeun - nociedosamenvhocmu(ESC - sequence), ¢ moMoIp0 KOTOPBIX MOXHO 3a1aTh
CUMBOJIBHYIO KOHCTAHTY yKa3aHHUEM €€ KOJa W YNpaBisATh KOHCOJbHBIM BBIBOJIOM Ha JKpaH.
[TocrenoBaTebHOCTH CHMBOJIOB, HAUMHAIONIMXCS CO 3HaKa OOpaTHOM Kocoil dYepTel 'V
HA3bIBAIOT JCKEWIl - TMOclefoBaTeabHOCThI0. B Tabmume 2 mnpeacTaBieHbl OCHOBHBIC
UCIIOJIb3YEMbIC 3HAUCHHS TAaKUX MTOCIICIOBATEIILHOCTEH.

Hanpumep, koHcTanTa

TUmaVITAnpelllnBanoBlllocksa"

OyZIeT Mpu KOHCOJIBHOM OTOOpPaXEHUH HA SKpPaHEe BBITIISAICTh KaK

“Uma" Anpec

NBanos Mocksa

Jns  wmcronp3oBaHUsS BHYTPEHHHX KOJOB cuMBOJOoB Ha [IBM - coBMecTmmbIX
KoMmmbloTepax npumMmensiercs tadiuma komoB ASCII (ITpunoxenue 1). BeiOupas u3 koaoBoi
Ta0JIMIBI TOAXOMASINee 3HAYCHHWE, MOXKHO HCIIONh30BaTh HMX B IPOTrPaMME BMECTO SIBHBIX
n300pakeHU! cuMBOJIOB. Hampumep, KOHCTaHTa, COOTBETCTBYIOIIAs 3arjiaBHOM JATHMHCKOU
OykBe A, MOXKeT OBITh MpecTaBiieHa Tpems cocodamu: 'A', JIFOT, 4x41°.

Ilepeuucnsemvle KOHCMAaHMbl. S3bIK Cu/Cu++ MT03BOJISIET ONPEACIIATH
MOCJICZIOBATEILHOCTh  IIEJIOUMCIICHHBIX ~MMEHOBAHHBIX KOHCTAaHT. OmnmucaHue KOHCTaHT
MEPEYUCIISIEMOr0 TUIIA HAYMHAETCS CO CIY)KEOHOro cjoBa enum, a TMOCIeAYIOIIUH CIUCOK
3HAYEHHUM KOHCTAHT 3aKJIF0YaeTCsl B PUTypHBIE CKOOKH.

enum ums {3rHauenus },

Hanpumep, 3anuce

enum color {red,yellow,green };

OOBSIBJIIET MEPEMEHHYI0 C MMEHeM COlor, koTtopas MOXET MPUHUMATh KOHCTAHTHBIC
3nauenus red, yellow wam green. DTu 3HaueHWs B JalbHEHIIEM MOXKHO HCIIOJB30BAaTh Kak
KOHCTAHTBI Il TPUCBaMBAaHUS TEPEMEHHON COlOr win i MPOBEPKH €€ 3HAYCHHS. JTUM
KOHCTaHTaM COOTBETCTBYIOT IIeNble 3HA4YeHUs, OIpeaensieMble WX MECTOM B CIIHCKE
oobsBiienus: red - 0, yellow - 1, green - 2. DTu 3HAaYCHHS MOKHO H3MEHHUTH, €CIIH
MHUIMATA3UPOBATh KOHCTAHTHI SBHBIM 00pa3oM. Hanmpumep, oObsiBieHNE

enum color {red,yellow = 3,green=red +1};

NpUBEJIET K TOMY, YTO 3HaYCHHs KOHCTAaHT OyayT paBHbl: red - 0, yellow - 3, green - 1.
[Ipu »TOoM He 00s3aTeNbHO JOJKHA COOJIONAThCA YHUKAJIBHOCTh 3HaueHuid. Heckoibko
KOHCTAHT B CIIMCKE MOTYT UMETh OJIMHAKOBHIC 3HAUCHUSI.

Hmenosanuvie xoncmanmol. VIMEHOBaHHAsi KOHCTAHTa - 3TO KOHCTaHTa, KOTOPOM
MPUCBOEH HEKOTOphIM wuaeHTuukarop. OObSIBICHHE HWMEHOBAHHOW KOHCTAHTHI SIBJISETCS
yKazarejaeM JUIS KOMITHISATOpA 3aMEHUTh BO BCEM TEKCTE 3TOT HJCHTH(PHUKATOP 3HAYCHHEM
KOHCTaHTHI. Takasi 3aMeHa MPOU3BOIUTCS TOJIBKO B MPOIECCe KOMITUIISIIUU U HE OTPakaeTcs Ha
UCXOMHOM TekcTe. llenh OOBSBICHHS WMEHOBAaHHOW KOHCTAHTHI - CJelaTh TEKCT OoJee
OCMBICJICHHBIM M OOJIETYUTh MPH HEOOXOJMMOCTH M3MEHEHHE 3HAYeHHUS KOHCTAHTHI BO BCEM
TEKCTe.

OObsiBIICHHE WMEHOBAaHHBIX KOHCTAHT IMPOUCXOJUT C TIOMOIIBIO CIY)XEOHOTO CIoBa
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const crneayromum 0opazom:
const TUI UMSI_KOHCTaHThI = 3HAYEHHUE;
Hanpumep:

const float Pi = 3.14159;

B xadecTBe 3HAYCHHS KOHCTAHTHI MOXHO YKa3blBaTh W KOHCTAHTHOE BBIPAKEHUE,
cojiepikaiiee paHee OObsBICHHbIC KOHCTaHThI. Hampumep, eciin o0bsiBiieHa koHCTaHTa Pi, To
JaJiee MOKHO OOBSIBUTH KOHCTAHTBI

const float Pi2 = 2 * Pi; //ynBoennoe uwncio I1u

Ecnu T KOHCTaHTHI HE YKa3aH, TO 10 YMOJIYaHHUIO OH OIpe/esisseTcs Kak int.
Hampumep: const maxint = 12345;

[TompITKa THE-TO B TEKCTE M3MEHUTH 3HAYCHWE MMEHOBAHHON KOHCTAHTHI MPHUBEACT K
omMOKe KOMIWIALIUY C BbIJa4ell COOTBETCTBYIOIIETO COOOIICHHUS.

Ilepemennas sBnsercs uACHTH(GHUKATOPOM, O00O3HAUYAIONUM HEKOTOPYIO O0IacTh B
NaMsTH, B KOTOPOW XPaHUTCS 3HAYCHHE MEepEeMEHHOW. DTO 3HAYEHHE MOXKET W3MEHHUTHCS BO
BpEMs BBINIOJIHCHUS MporpaMMbl. OOBSBICHHE MEPEMEHHOH MOXKET MPOUCXOAHWTH B JIHOOOM
MeCTe MPOrpaMMbl U KIMEET BU/I:

THUII CIIUCOK_HICHTH()DHUKATOPOB TMEPEMEHHBIX;
Hampumep: int A;

double BI;

Cnucoxk UICHTUPHUKATOPOB MOXKET COCTOATh W3 HECKOJIbKUX WACHTU(UKATOPOB
MIEPEMEHHBIX, Pa3IeIeHHBIX 3ansaThiMu. Hampumep:

int x1, x2;

Tak kak, pu OOBSBICHHH IEPEMCHHOW €¢ 3HAaUYCHUE HEONpEACIICHHO (OHO SBISETCS
CIIy4aifHbIM), TO OJJHOBPEMEHHO C OOBSBICHUEM MEPEMEHHBIE MOT'YT OBITh HHUIIUAIU3HUPOBAHBI,
T.€. UM IIPUCBOCHBI HAYaJIbHbIC 3HaUeHus. Hampumep:

intxl =1,x2=2;

JIJist MHUIMAIA3AIMA MOYKHO UCTIONB30BaTh HE TOIHKO KOHCTAHTHI, HO U MPOU3BOJILHEIC
BBIpXXEHHUSI, CO/IepKale OOBsIBICHHbBIE paHee KOHCTAHTHI U iepeMeHHble. Hampumep:

intxl =1,x2=2 *xI;

Tax e crneayeT OTMETUTh, YTO KOHCTAHTHI M IIEpEMEHHBIE JOJDKHBI OBITH O0BSIBICHBI J0
WX ITEPBOTO HCIIOJIB30BAHMUS.

OCHOBHBIE OITEPAIINU A3BIKA CU

ApudmeTrnueckue onepaluy 1 onepannu npucsanBanus Onepanuu noJo0HbI
BCTPOEHHBIM (DYHKIUAM s13bIKa. OHU MPUMEHSIOTCS K BRIPAKEHUSIM - ONepaHOaM.

BonbImMHCTBO onepanuii UMEIOT JIBa OTIepaH/a, OJIMH U3 KOTOPHIX TTOMEIAeTCs Iepet

3HaKOM OTepanuu, a JApyrod - mocie. Takuwe omepanuu Ha3bIBAlOTCSA OMHAPHBIMU.
CylIecTBYIOT W yHapHBIC OIEpally, HMCIONINE TOJIBKO OJHMH OIEepaH], KakK IIPaBHIIO,
MOMEIIIAEMBIii TTOCIIe 3HaKa ONEepalnu.

B CTOXHBIX BRIpQXKECHUSX TIOCIICIOBATEIIBHOCTE BBITOJIHEHUS OTIEPAIUil OIIPeIeIsIeTCs
CKOOKaMH, CTapIIMHCTBOM ONEpaIlnid, a MPU OJUHAKOBOM CTapITUHCTBE - ACCOIIMATUBHOCTHIO
onepanuu.

Apugpmemuuecxkue onepayuu. ApudpMeTHIECKe Onepaluy IPUMEHSIIOTCS K
JNCHCTBUTEIBLHBIM U IEJIBIM YHCIIaM, CYIIECTBYIOT CIEAYIONUE apu(hMETHICCKUE OTICPAIIHH:

Tabnuna 3
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bunapnsie apudmernueckue onepamnmuu

Ob6o3nauenue Onepayus Ilpumep
+ CJIO’KCHHE X+Y
- BBIUMTAHUE X-Y
* YMHOKECHHUE X*Y
/ JICIICHHUE XIY
% Ocratoxk X%Y
[[EITOYMCIICHHOTO JICTICHUS

Tabnuua 4
YHapHbIe apupMeTHIECKIE OTepauu
Obo3nayenue Onepayus Ilpumep
+ YHapHbI IUIIOC +
(moaTBEpKACHNE 3HAKA)
} YHapHbII MUHYC -X
(M3MEHEeHHe 3HaKa)
++ UHKPEMEHT i++
-- JEKPEMECHT i--

st apupmeTHdecKux ornepanuii JeHCTBYIOT CIIeAYIOIIKE MTpaBua;

=  bunapuple omepanuu cioxeHus (+) U BbUMTAHUS (-) NPUMEHUMBI K LEIBIM U
JeHCTBUTEILHBIM YHCIIAM.

» B omnepanusax ymaoxenus (*) u genenus (/) onepanabl MOTYT OBITH JTHOOBIX
apudMeTHIecKuX TUMOB. [Ipy pa3HbIX THIIAX ONEPaHO0B IPUMEHSIOTCS CTaHIapTHHIC
IpaBUjIa aBTOMAaTHYECKOTO MIPUBECHHS THIIOB.

» B onepauuu Berurcnenus ocratka ot aenenus (%) oba onepanja 10JKHbI ObITh
LEJIBIMU YHCITaMHU.

* B onepanusix JeleHHs U BBIYHCICHUS OCTaTKa BTOPOIl OmepaH/ HE MOXKET OBITh paBeH
Hym0. Ecian o6a onepanja B 3THUX ONepanysax Lejible, a pe3ysbTaT AeJIeHUs SIBISETCS He
[ENIBIM YUCIIOM, TO 3HaK Pe3yJIbTaTa BBIYMCICHHUS OCTaTKa COBIAJIET CO 3HAKOM IEpBOTO
onepanja. OKpyrieHue BCcerjia OCyIecTBIsAEeTCs 0 HAaPaBICHUIO K HYIIO.

" YHapHble onepaly MHKpeMeHTa (++) U JAeKpeMeHTa (—) CBOJATCS K YBEIHUYEHUIO
(++) unu ymeHsbleHHI0 (—) omepaHjia Ha enuHuly. Omepanuu MPUMEHUMBI K ONEpaHaM,
MPEJCTABISIONIAM COOOH BBIpaKEHHsS JIOOBIX apu(MeTHuecKkux TUMOB. [IpudeM BbIpakeHHE
JIOJDKHO OBITh MOJU(PHUIMPYEMBIM 3HAYCHHUEM, T.€. JIOJDKHO JI0NycKaTh u3MeHeHune. Hanpuwmep,
ONIMOOYHBIM SIBIIsICTCSl BbIpakeHue (atb)++, mockonbky (a+b) He sBusercs mepeMeHHOI,
KOTOPYIO MOKHO MOAU(DULINPOBATD.

= Omepanuy WHKPEMEHTA M IEKPEMEHTA BBITTOIHSIOTCS ObIcTpee, YeM OOBIYHOE CII0KECHUE
u BeluuTaHue. IlosaTomy, eciu mepeMeHHas a JOJKHA OBITh yBeJIMYeHa Ha 1, jydie
NPUMEHUTH onepanuio (++), 4em BbIpakeHus a=a+1.

Onepayuu npucsausanus. B Cut++ onpeneneH psja onepannii IpUCBauBaHUs.

[ToMuMoO TIPOCTOH Omepanuyl NMPHCBaWBaHUS (=) BCE MPOYHE SBISIFOTCS COCTAaBHBIMHU
onepauusMu. OHM  TpPUCBAMBAIOT  TEPBOMY  ONEpaHIy  pe3yabTaT  MPUMEHEHHS
COOTBETCTBYIOILIEH MPOCTOH orepaiy, ykasaHHO! Mepesi CUMBOJIOM (=), K IEpPBOMY U BTOPOMY
omepanaaMm. Hampumep, BbIpakeHue X+=Y OKBUBAJIEHTHO BbIpaxkeHU0 X=X+Y, HO
3aITUCHIBAETCS KOMITAKTHEE M MOXKET BBIMIOJNHATCS OBICTpee. AHAIOTUYHO OIPENENSIOTCS U
npyrue oneparnuu npucBanBanus: X%=Y sxBuBaneHTHO X=X%Y u T.xI.

[Tpu 3anucu coCTaBHBIX ONEpaLUii MPUCBAUBAHUS MEKIY CHUMBOJIOM OIEpalii U 3HAKOM
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paBeHCTBa MpoOes He JOITYCKaeTCsl.

B onepanusix nmpucBauBaHus NEpBbIA ONEpPaH]l HE MOXKET ObITh HYJIEBBIM yKa3aTEIIsAM.

Ornepauy OTHOILIEHUS U SKBUBAJICHTHOCTH

Onepanuyd OTHOIIEHUS W SKBUBAJICHTHOCTH HCHOJB3YIOTCS MpPH CPAaBHEHUU JIBYX
onepanaoB. OHM BO3BpamialOT true€ - KCTHUHA, €ClIM YKa3aHHOE COOTHOIICHHE OIEepaHIoB
BBINIOJIHSETCS, U falSe - 10Xb, eciii COOTHOIICHHE HE BBIOMHsAETCS. OnpeieeHbl CIeayoIne
orepanuy OTHOIICHUS:

Tab6imma 8
OcCHOBHBIE Oll€paliii OTHOLIEHUS
Obosnauen |Onepayus [ pumep
== PaBHo - 7
1= He Xl=Y
< MeHbl1e X<Y
> Boabie 00
<= Menble A<=
>= Boabie xX>=Y

OnepaHabl JODKHBI HMMETh COBMECTUMBIC THIIBI, 32 HWCKJIKOYECHUEM IICIBIX U
JEUCTIISIENBHIIC TUIIOB, KOTOPbIE MOTYT CPAaBHUBATHCS APYT C IPYTOM.

Jlornveckue onepanuu

Jlornueckue orcpanu IIPHUHUMAIOT B Kad€CTBC OIICpaHJO0B BBIPAXKCHHUA CKAJIAPHBIX
TUIOB M BO3BpAIIAlOT pe3yiabTar OyineBa tuma: true wmu false. B C++ moboe BbIpaxkeHue,
UMeEIOIIee HEKOTOPOe

3HAUCHHE, MOJXKET KCIIOJIb30BaThCSI B JIOTMYECKUX oOleparmsax. Tak eciu 3HayeHue
BeIpakeHus 0, To oHO TpakTyercs Kak false, moboe apyroe 3HaueHHE TpaKTyeTCs Kak true.

Tabnuua 9
OCHOBHBIE JIOTHUECKHE OTIepaliuu
Obo3nauenue Onepayus Ilpumep
! Orpunanue A
&& Jlornyeckoe A&&B
1 Jloruueckoe AlB

VYHuapHas omepanus Jorudeckoro otpunanus (!) BosBpamraer true, ecnu omepasp
BO3BpAIllaeT HEHYJIEBOE 3HaUeHUE. Takum 00pa3om, BeIpaxkeHue ! A SKBUBaJICHTHO BBIPAKEHUIO
A==0.

Oneparnus norudeckoro M (&&) Bosepamaer true, ecinu oba ee ornepanjia BO3BPaIaloT
HeHyJeBble 3HadeHus. Eciau xotst Ob1 oauu omepan BosBpaiiaer 0 (false), To omepaunus U
TaKke Bo3Bpaiiaer false.

Omnepanus norudyeckoro MJIN (||) Bo3Bparmmaer true, ecnu XoTs Obl OJUH €€ OMEpaH]
BO3BpaIlaeT HeHyleBoe 3HaucHue. Ecim ob6a onepanma Bo3spamiaror 0 (false), To omepanus
WJIN Taxxe Bo3Bpamiaer false.

5.0ITEPATOPHI SI3bIKA TPOTPAMMUPOBAHUA CU++ U YITPABJIEHUE UX
NCTIOJIHEHUEM
OITEPATOPHI YCJIIOBUSA U ITEPEJJAYN YITPABJIEHU A

VY cnoBHBIA oniepaTop BeIOOpa

Omneparop if npepHa3HaueH I BBITOJHEHUS TEX WM WHBIX JICHCTBHIA B 3aBHCHMOCTH
OT HMCTHMHHOCTH WM JIO)KHOCTH HEKOTOPOTO YCJIOBHSA. YCIOBHE 3a7aeTCS BBIPAKCHHEM,
UMEIOIIUM Pe3yJIbTaT OyJieBa THIIA.

Omnepatop umeer ase HOpMBI:

y if(ycnoBMe)onepaTop;

Cko0ku, 0OpamIISIOIIne YCIOBHE, 00s3aTeNbHBI.

VYcnoBueM MOXKeT OBITh BBIpaXeHHE, TpeoOpasyemoe B OyneB Tum. Eciam ycioBue
HUCTUHHO, TO YyKa3aHHBIM B KOHCTPYKIMU ONEpPATOp BBIMONHSAETCA. B TpoTMBHOM ciiydae
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yIpaBJIeHUE cpa3y MepeaaeTcs caeaylnemMy 3a KoHcTpykuueii if oneparopy.
2) If (ycaoBue) oneparopl; else

oneparop2;

Ecnu ycnoBue Bo3Bpariaet true, To BBIMOIHIETCS MEPBBIH U3 YKa3aHHBIX OIMEPaToOpoB, B
NPOTHBHOM CJy4ae BBITIOJHACTCS BTOPO# onepaTop. OO0paTuTe BHUMaHKE, YTO B KOHIIE IIEPBOTO
oreparopa rnepeji KJIr4eBbIM CIIOBOM €lSe CTaBUTCs TOUKa ¢ 3amsTOM.

[Ipu BIOXKEHHBIX KOHCTPYKIMAX if MOI'yT BO3HMKHYTh HEOJHO3HAYHOCTH B MOHUMAaHHH
TOTO, K KaKOW M3 BIOKEHHBIX KOHCTpykuui If otHOCHTCs 3nement else. Kommuisrop Bcernma
CUHUTAET, 4TO elSe oTHOCcHUTCs K mocnenHel u3 KoHcTpykuui if, B koropoii He ObLTO pasnena else.
Hanpuwmep,

if(ycnoBHel) if(ycnoBwe2)
oreparop"!; else onepartop?2;

else Oyzer OTHECEHO KOMITHIISITOPOM KO BTOPO#l KOHCTpyKiuu If, T.e. omeparop2 Oymer
BBIMOJIHATRLCS B CIIy4ae, €CJIH MEPBOE YCIOBUE HCTHHHO, & BTOPOE JIOKHO.

Ecnu sxe Bbl xoTHTe oTHecTH €else k mepBomy if, 3TO Hamo 3amucaTh B SIBHOM BHJE C
MOMOIIBIO (PUTYPHBIX CKOOOK:

if(ycnoBnel)

{

if(ycnoBwe2) oneparop''!;

else oneparop2;

B koHcTpykiusax B KauecTBe oreparop, omepatop"! u omepatop2 TOHUMAaETCs
UCIIONIb30BaHUE OJIHOTO oOlleparopa WU BblpakeHus. Ecium HEOOXOIMMO BBINOJTHEHHE
HECKOJIbKUX OIEpaTOpOB, TO CIEAYET UCIOJIb30BaTh COCTABHOW OIepaTop.

[Tockonpky B Cut+ moboe apudmernyeckoe 3HAYCHHE MOXKET MPEoOPa3OBBIBATHCSA K
OyyeBy THIy, T.C. €CJIM 3Ha4YeHUE BhipakeHus 0, To OHO TpakTyercs kak false, a moboe apyroe
3HaueHUe TpakTyeTcss Kak true. To B yclmoBHM MOXHO HCIIOJIb30BAaTh MPAKTUYECKH IFOObIE
apudmMeTnueckre Beipaxenus. Hampumep:

int a,b,c; if(a—b/c) ...;

B nmannom cnyuae ycnosue if(a—Db/c) Oyner false, eciau pesynabrar BhIpakeHust a-b/c
Oyze Hynb, U ycToBHe OyeT true mpu BceX OCTANbHBIX PE3YIbTaTaX BBIPAKEHUS.

Taxk ke, cienyeT mperocTepedb OT JOBOJIBHO PACIPOCTPAHEHHON OIMIMOKH: CIIy4ailHOTO
MPUMEHEHHUS BMECTO OIepaly 5SKBUBAJICHTHOCTH (==) ONepalud MpHUCBauBaHUSA (=).
Hampumep, ecnu no ommbke BMecTo oneparopa

if (A==2)

UCIIOJIb3YETCS ONIEPATOP

if (A=2)

TO 3TO HE OyAeT paclieHeHO Kak CHHTakcudeckas omuOka. Pesynbrar omepamum A=2
OyZIeT TpaKTOBaThCS Kak IrUe He3aBHCHMO OT TOTO, YeMY OBLIIO paBHO 3HaU€HHE MEPEMEHHON A
JI0 BBITIOJTHEHHUSI 3TOTO OMMOOYHOTrO omeparopa. K Tomy ke BBIMOTHEHHE 3TOTO OIMeparopa
MPUBEJET K U3MEHEHUIO NTEPEMEHHOM.

YV CII0BHBIN OIepaTop MHOMKECTBEHHOTO BRIOOpa

Omneparop SWitCh mo3BossieT MpoBECTH aHAIM3 3HAYEHHS HEKOTOPOTO BBIPAKEHHUS U B
3aBHCUMOCTH OT €r0 3HAYCHHS BBITIOJIHUTH T€ WJIM MHBIC NeUcTBUSA. B oOmiem ciaydae gopmar
3aIUCH OTIePaTOPA ABIISIETCS CIECTYIOLIUM:

switch (BblpaxkeHne_Bbibopa){ case
3HadeHne 1 : onepatop 1;
break; // ne o6s13aTenbHO
case 3HauyeHue N : onepartop_n;
break; // ne oos3atensHo default: onepartop;
// HE 00s13aTeNBHO }
B 3TO#f KOHCTPYKIIMM BbIpa)KEHUE BHIOOpPA JOJKHO UMETh MOPSIKOBBIA THII - IIEIBIH,
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nepeYuciIuMbIii 1 T.4. [lo3ToMy, HarpuMep, HeNb3s UCIIONIb30BaTh BRIPAYKEHHsI, BO3BpAILAIOIINE
JEMCTBUTENIBHBIE YHCIIA WA CTPOKH.

3HavyeHus1, yKa3blBaeMble B METKax CaS€, O0JKHbI ObITh KOHCTAHTHBIMU BBIPQ)KEHUSIMH,
COOTBETCTBYIOIIUMH BO3MOXKHBIM 3HAYECHUSIM BBIpakKeHUs BbIOOpa. [locne 3HaueHus: craBUTCA
JBOe€TOUYMe <:>, a 3aTe€M IMILIETCS ONepaTop (MOKET MUCAThCS COCTAaBHOM OIEpaTop), KOTOPHIH
JIOJKEH BBITIOJHATHCS, €CIIM BRIPAXKECHUE TIPUHSIIO YKa3aHHOE B METKE 3HAUCHUE.

Ecnu 3HaueHue BbIpakeHUs BbIOOpa COBMHAJIO CO 3HAYEHHMEM, YKA3aHHBIM B OJHOM M3
METOK Case, TO BBINOJHIETCS ONEpaTop, 3alMCAHHBIN MOCIE 3TOM METKH, IOCIIe Yero, eciau He
IPUHATH COOTBETCTBYIOIIMX Mep, OyIyT BBINOJIHATECS BCE IOCIEIYIOLIUE ONEepaTopsbl
OCTaJIbHBIX METOK. [IOCKOJIBKY 3TO OOBIYHO HEXKENaTeNbHO, TO, KaK MPAaBUJIO, OCIE ONepaTopa,
KOTOPBIA JTOJDKEH BBIIOJHSATHCS, 3alKCBIBAIOT orepaTop break, KOTOpwIii mpephiBaeT
BBITIIOJIHCHHE CTPYKTYPHI SWItCh 1 yrpaBieHue mepeaaercs CIeayoIIeMy 3a Hei onepaTopy.

Ecnu 3HaueHue BelpakeHUs! BbIOOpa HE COOTBETCTBYET HU OJJHOMY U3 MEPEUUCIIEHHBIX B
METKaX, TO BBINOJHSETCS omeparop, cienyroumid 3a merkoir default. Bnpouem, merka default
ABJISIETCA HE 00s13aTEIbHOM.

3Ha4YeHUsI B METKaX MOTYT COAEP)KaTh KOHCTAaHTHl U KOHCTAHTHBIE BBIPAKEHUS, KOTOPHIC
COBMECTHMBI 110 TUITY C OOBSIBIEHHBIM BBIPAKEHHEM U KOTOPbIE KOMIIMIIATOP MOXKET BBIYMCIUTD
3apaHee, 10 BBIIOJIHEHHsSI MPorpaMMbl. HelomycTuMo MCroib30BaHle TIEPEeMEHHBIX B (QYHKITHIA.
B MeTkax He nomyckaercs NOBTOPEHHE OJHUX M TeX K€ 3HaYCHUH, MOCKOJBKY B 3TOM Clly4ae
BHIOOp OBbLIT ObI HEOTHO3HAYHBIM.

[IprBeeHHBINH HIKE IPUMEP aHATU3UPYeT NepeMenHyto Key tuma char, coxepixaniyro
CHMBOJI, BBEICHHBIN IIOJIb30BATEIICM.

switch (Key) {

case ‘y’: case ‘Y’: cout« “Bbl Haxkanu knaBuiy Y
win y’’; break;

case ‘n’: case 'N': cout« “Bpr Haxkanu kinaBuiry N
unu N break;

default;

cout«“Bbi e Haxanu knasumry Y/y u N/n”;
¥

[Tpr HEoOGXOAMMOCTH BBHIMOJIHATH OJUHAKOBBIE NEHCTBUS MPU HECKOJBKUX 3HAUCHHSIX
BbIpaXEHUsI BBIOOpA, HAJI0 pa3MellaTh MOoAPs] HECKOJIBKO METOK Case.

Omnepatop nepegauu ynpapjieHus

Omnepatop QOtO mo3BoNseT MpepBaTh OOBIYHBIM IMOTOK YHOpaBICHUS W MepenaThb
ylpaBJIeHUE B TNPOU3BOJBHYIO TOYKY KOJa, MOMEUYEHHYIO CIEHUAJIbHOM METKOM M HMeer
cienyromyio hopmy:

goto meTka;

MeTka B TEKCTe NpPOTpaMMbl O00O3HAYaeTCs HIACHTH(OUKATOPOM C TOCIEAYIOIINM
nBoerouneM. Hanpumep

Lbegin:

Metka oTMeuaeT TOUYKYy, B KOTOPYIO MepeaaeTcsl yrnpasieHue orneparopom goto. Mertka
MOYKET pacrojaratbcs B JIFOOOM MecTe 0JIoKa, Kak Imociie orneparopa goto mepenaromero Ha Hee
ylpaBlieHHe, TaKk M JI0 3Toro omeparopa. [Ipy 3TOM HYXHO MMETh B BHJY, YTO Iepeaada
yIIpaBJICHUS] H3BHE WJIM BHYTPH IIUKJIA MOXKET IIPUBOJIUTH K HEMPEICKa3yeMbIM MOCIECICTBHSIM.

MeTKH MOKHO HCIIONIb30BaTh BHYTPU BCeW (PYHKLMHU, B KOTOPOW OHM yKa3aHbI, HO Ha
HUX HEIb3s CChUTATHCS BHE TeNa PYHKIINH.

Crnenyer MOMHHUTB, YTO YpE3MEPHO LIMPOKOE NPUMEHEHHE oreparopa Qoto nenmaer
CTPYKTYpy IIpOrpaMMbl KpailHe 3allyTaHHOM M IJIOXO YWTAaeMOM, 4YTO 3aTpylIHSET ee
JanpHelIee ee CONpoBOXKIACHHUE.

OIIEPATOPBI [ITUKJIOB
Omnepatop 1uKia ¢ ITOCTYCIOBUEM
Crpykrypa do..while wucmons3yercs majis opraHu3aiui MUKJIAYECKOTO BBHIOJHCHUS
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oriepaTropa WJId COBOKYITHOCTH OIIEpaTOPOB, Ha3bIBAGMBIX TEJIOM IHKIA, O TEX IOp, MOKa HE
OKaXeTCS HapYIICHHBIM HEKoTopoe yciioBue. CHHTAKCHUC JaHHOTO oOIepaTopa sBIISIETCS
CIICTYFOIIIAM:
do omeparop while (yciioBue);
Crpykrypa paboTaeT cieayromumM odpa3oM: BeinoHseTcs omnepaTop Tela MUKiIa. 3aTeM
BBIUHCIISICTCS YCJIOBHE - BBIp@KEHHUE, KOTOPOE JODKHO BO3BpalllaTh pe3yibTaT OyjieBa THIIA.
Ecnu BeIpaxkeHue Bo3BpamiacT true (He HyJeBOe 3HaUCHHE), TO IMOBTOPSCTCS BBIIOJIHCHUE Tela
[UKJIA W TOCJEe 3TOr0 CHOBAa BBIYUCIIACTCS YCJIOBHE - BBIpaKeHHE. Takoe IUKINYECKOe
MIOBTOPCHME IIHUKJIA IIPOJIOJDKACTCS 0 TEX IOpP, MOKa IIPOBEPSEMOE YCIOBUE - BBIPAXKCHHUE HE
Bo3Bparut false (nyis). ITocie 3TOro UK/ 3aBepHIAETCSA U yIpaBJIEHUE IIEPEIaeTCs Oeparopy,
cieayromieMy 3a crpykrypoit do...while.
[TockosbKy TPOBEPKa BBIPAKECHHS OCYIIECTBISICTCS MOCIIC BBITIOJHCHHS Tejla IHMKIIA, TO
[UKJI Oy/IeT 3aBEIOMO BBITIOJTHEH XOTsI ObI OJIMH Pa3, IaXke eCIM BBIPAKECHHUE CPa3y JOKHO.
B KOHCTpYKIIMM B Ka4yeCTBE OMEpPATOp IMOHUMACTCS HCIOJIb30BaHUE OJHOIO OIepaTropa
WIH BBIpaKEHUs. Eciu HEOOXOAMMO BBHIMOJHCHHE HECKOJBKUX OIEpaTOpOB, TO CIEAYET
MCII0JIb30BaTh COCTABHOM oreparop.
Hwxe npuBeneH mpumMep, B KOTOPOM OCYLIECTBIISIETCS MPOBEPKA BBOAUMBIX 3HAYCHHIM
MOJIb30BaTEIeM C KJIaBHATypbl. BBoI 3HaveHWil OyneT NpOIODKAThCS JIO TEX IOp, IOKa
IMOJIB30BaTCJIb HC BBCACT HY>XKHBIC 3HAYCHUA:
#include<iostream.h>
main()
{
double A,B;
do {
cout «"BeenuTe 3HaueHus O6onpie Hys:"«enO1;
cout «"A=";
cin »A;
cout <<"B=";
cin »B;
if (A<=0)(|(B<=0))

cout «"HenpaBunbHbie 3HaUeHHS " «en01;

} whiie((A<=0)||(B<=0));

}

OrniepaTop IIUKIIA C IPETYCIOBHEM

Omneparop While ucnone3yercst i opraHM3alid IUKIAYECKOTO BBITOJHEHHS Tela
[UKIJIA, ITOKA BBIMIOJIHACTCA HEKOTOPOEC YCIIOBUC. CI/IHTaKCI/IC CTPYKTYPHI:

while (ycnosue) onepaTtop;

Crpykrypa pabortaer cienyrouuM obOpazoM: CHaudaja BBIUUCISETCS YCIOBHE, KOTOPOE
JIOJDKHO BO3BpalllaTh pe3yiabTar OyrneBa THma. Eciin BbIpakeHHE BO3BpamaeT true (HeHysneBoe
3Ha‘IeHI/Ie), TO BBIIIOJIHACTCA OICpaTtop TEJIa NOHUKIIA, II0CIAE 4YE€ro OIAATbh BBIYUCIIACTCA
BBIPDOKCHHE, OIpPEACIAIoee YCIOoBHE. Takoe IUKIMYECKOE ITOBTOPCHHME BBIMOJTHEHUS
oreparopa ¥ MPOBEPKH YCIOBHUS MPOJIOIKAETCS 0 TeX IMOop, MoKa ycioBue He Bepuer false
(aynp). [Tocne 3TOro UK 3aBepIIaeTCs U yIpaBICHHE MepeIaeTCs onepaTopy, CIeIYIOIeMy 3a
cTpykTypoit while.

Eciu HeoO0XOoauMO BBIMONHEHHE HECKOIBKHX OIMEPaTOpOB, TO CIEAYET HCIOJIb30BaTh
COCTaBHOM OoIeparop.

[TockonbKy TIpOBEpKa BBIPAKEHUS OCYIIECTBIISACTCS IEPe]l BBIIOJHEHUEM OllepaTropa
TeJa IUKJIA, TO, €CJIM YCIOBHUE Cpa3y JOKHO, OIepaTop He Oy/IeT BBIITOJIHEH HU OJTHOTO pas3a.

Huxe MNPUBCACH IPUMEP, B KOTOPOM OCYIICCTBJIACTCA BBIBOJ HATypaJlbHBIX YWCCII, HC
MPEBBIIAOIINX 33JAHHOTO 3HAYEHUSI.

#include<iostream.h>
mainQ
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{
int N,k=0; cout«"N="; cin »N;
while (k<=N){ cout«k«", k++;
}
}

YHuBEpCaIbHBIN ONIepaTop LIHKIIa

Omneparop for obecmeunBaeT HUKIMYECKOE ITOBTOPEHHE HEKOTOPOro ormeparopa (B
YaCTHOCTH, COCTABHOTO OrepaTopa) 3aaHHoe yucio pa3. [loBropsiemsblil onepaTop Ha3bIBaeTCs
TenqoM 1wukia. [loBTopeHue 1MKIa OOBIYHO OMpENesIeTCs HEKOTOPOW  YIPaBIISIONICH
MEPEMEHHOM, KOTOpasi M3MEHSETCS NpH KaXJIOM BBINIOJIHEHMHM Tena Iukia. lloBTopenue
3aBepIIAeTCs, KOT/Aa YIPaBJIsAIolas IepeMEHHAst IOCTUTACT 3aJaHHOTO 3HAYCHUSI.

Cunrakcuc cTpykrypsl for:

for (BblpaxkeHne!; BbipakeHne2; BbipaxkeHne3) onepartop;

r7ie BBIPKEHUE) 33/7a€T HAYaJbHOE 3HAUYCHHE MEPEMEHHOM, YIPaBISIOMIEH LHUKIOM,
BBIDOKCHHE2  SBISAETCS YCIOBUEM IIPOJIOJDKCHMsS] IHMKJIA, a BbIpaXeHHWE3 H3MEHseT
YIPABJISIIOLIYIO IEPEMEHHYIO.

Crpykrypa for paboraer ciaemyromum obpaszom: CHadajga BBIIOJIHSAETCS BBIPAKEHUE)
(OHO MOXET COCTOSTh U W3 pslla BBIPAKEHUN, pa3JCNEHHBIX 3alsITOd T.€. MOXKET
HCIIOJIB30BaThCS OIepalusl IOCJICIOBaHMs). DTO BBIPAXKEHUE 3a/laeT HadaJdbHbIC 3HAYCHUS
MePEMEHHOM (MM IEPEMEHHBIX ) ITUKJIA.

3arem mpoBepsieTcs BblpaXKeHUe2 - yCNoBMe IpoIoJLKeHHs IuKiIa. Eciau ycioBue
HMCTHUHHO (BO3BpamaeT true - HeHyJIeBOe 3HaUCHHUE), TO BBIMOJIHSACTCS TEJIO IUKJIa - Ofnepartop,
3anucaHHbli B cTpykrype for. Ilocie 3aBepiineHust Tena IHKIA BHINOIHIETCS BblpaXeHue3,
onpeesatonee 0ObIYHO U3MEHEHHE MEePEMEHHOM IHKIAa. 3aTeM OISTh MPOBEPSETCS YCIOBUE,
3alMCaHHOC Kak BblpaXeHWe2, ¥ Mpu HCTHHHOCTH 3TOT0 YCJIOBHS BBIIOJHEHHE IHKJIA
npojoipkaercsi. Kak Tonpko B KakoM-HHOYAb IMKICe BblpaxeHue2 sepher false (mynesoe
3HAUEHWE), IUKI TPEephIBaeTCs U YIPaBJICHUE TMEpeNaeTcsl OINepaTropy, Pacroi0oKEHHOMY
ClIeJIOM 3a cTpyKTypoii for.

[TpuBeaeM mpUMeEphI KCIIOIB30BaHUs ITMKIIa fOr.

V-1 |

Haittu cymmy psina

=or+I

#include<iostream.h> main()

{

int N; cout <<"'N="'; cin »N; double S=0;
for(int i=0;i<N; i++) S+=1/doub'e(i+1); cout
«"S="«S;

}

31ech MepBoe BhIPAKEHHUE B CTPYKTYpe fOr BBOAMT LENTYIO MIEPEMEHHYIO |, SBISTFOILYIOCS
CUYCTYMKOM ITUKIIOB, U WHUIUaIM3Upyer ee¢ 3HadeHWeM 0. BTopoe BBIpakeHHE MpOBEpSET
yCIIOBHE 3aBEpUICHUs LIMKIa. B JaHHOM ciyyae HUKI J0HKEH 3aBepLIUThCS, KOrJa epeMeHHast
I, WCromb3yeMas B Teje, MPUMET 3HAUY€HHE, paBHOE 3HAYEHHWIO mepeMeHHoi N, BBeIeHHOE
MOJIb30BATEIEM C KIIaBUATyphl. TpeThe BBIPAKEHHE CTPYKTYpbl fOr yBemmumBaeT mocie
KaXXJIOTO BBITIOJTHCHUS IMKJIA 3HaUeHHE | Ha 1 ¢ MOMOIIIbIO Onepaliii HHKPEMEHTA.

Tenepb pacCMOTPUM STOT K€ TMPUME MPUMEP, HO C UCIOJIb30BaHUEM B CTpykType for
orepanuu 3ansras. Eciu oObSBUTH TIEpEMEHHBIE | U S 10 Havajga IUK/Ia, COOCTBEHHO ITUKIT
MOJKHO BECh Pa3MECTHUTh B 3ar0JIOBKE CTPYKTYpsI fOr:

#include<iostream.h>

main()

{
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int N,i; cout«"N=""; cin »N; double S;
for(i=0,S=0; i<N; S+=1/double(i+1),i++); cout
<<"S="«S;

}

B atoM mpumepe mepBoe BbIpakeHHE CTPYKTYphbI fOr BKiIrOUaeT B ceds aBa orneparopa,
pa3JesieHHbIX OIepalnueil 3amsartas M 3aJalolMX HavajbHble 3HAYCHHUS MEepeMeHHOW S,
HaAKaIUIMBAIOIICH CyMMY, U TIEpEMEHHOH 1ukia I. TpeTbe BeIpaKeHHe CTPYKTYphI fOr BKiIrOUaeT
TaKke JBa oreparopa - (GOpMUPOBAHHE CYMMbI U TOCT(HUKCHBIA UHKPEMEHT [IePEeMEHHON [IUKJIIa
i. ITocne cTpykTypsl fOr CTOUT TOYKa C 3aMATOM, YTO O3HAYAET ITYCTOE TEJIO IUKJIA.

B npuBeneHHbIX mOpuMepax IMepeMeHHas [MKJIa yBEeIWYMBAJaCh Ha EIUHUIYYy MpU
KOKIOM [HKJIe. MOXXHO OpPraHHM30BBIBaTH LUKIBI C H3MEHEHHEM IIEPEMEHHOW Ha I00oe
3HauYCHUE.

Beipaxkenuss B cTpykType fOr sBisiroTcsi HeoOs3arenbHbIMH. MHOTIAa MOMKET
OTCYTCTBOBATh MEPBOE BBIPAKEHUE, €CJIM HAYaJbHOE 3HAUYECHHME YIPaBJISIONICH MEepEeMEHHON
3alaH0 TJe-TO0 B JAPYroM MecTe MporpamMmbl. Eciu OTCyTCTBYeT BTOpOE€ BBIpaKECHHE,
MPEANoJiaraeTcsi, YTO YCJIOBHE IMPOJODKCHHS IMKJIA BCErJa HCTUHHO M TakKUM 00pa3om
co3/aercss 0ECKOHEYHO MOBTOPSIONIMICS HUKI. BBIWTH M3 TAaKOro LHKIA MOXHO, IPOBEPUB B
Tele IUKJIA KAaKHe-TO YCJIOBHS U IPEPBaB BBIOJIHEHUE TEpeaaueid ympaBieHHUS 3a IPEIeIbl
LUKJIa onepaTopoM OO Wiv MPUMEHUTH APYTHe CIIOCOOBI IPEPHIBAHMUS.

MoKeT OTCYTCTBOBATh B CTPYKType fOr u TpeThe BhIpaKeHHE, €CIIH MPUpAICHUE
MIEPEMEHHOI OCYIIECTBIISIETCS ONIepaTOpaMu B Telle CTPYKTYPBI UJIH €CIIU MpUpalleHue He
TpeOyercs.

[Ipu mpomycke Kakoro-tTo M3 BBIPOKEHUH, TOUKA C 3alsITON IOCIe MPOMYyIIEHHOTO
BBIpKEHUS (KPOME TPETHEro) AOJKHA ITucaThes. Hampumep, B 3arojioBke

for (; i<10;) ...;

IPOIYILIEHO [IEPBOE YCIOBUE U TPEThHE.

Ecnu ycrnoBue mnponomkeHHs IUKIA HE YIOBJIETBOPSETCS C CaMoro Hadajga, TO
orepaTopsl Tejia CTPYKTYphI fOr He BBIMOHSAIOTCS HU pasy.

Onepatops! nukia for MoryT ObITh BIOKCHHBIMH.

Omniepatopbl IpephIBaHUS ITUKIIA

B HekoTOphIX ciyudasix >KenaTeIbHO MpepBaTh MOBTOPEHHE IUKIA, MPOAHATH3UPOBAB
KaKHe-TO YCIIOBUS BHYTPH HETo. DTO MOXET MOTPeOOBATHCS B TeX CIIyYasX, KOTJa MPOBEPKHU
YCIIOBUSI OKOHYAHUS [TUKIIA TPOMO3JIKHE, TPEOYIOT MHOTO3TAITHOTO CPAaBHEHUS U COMOCTABICHUS
KaKUX-TO JIAaHHBIX U BCE ATH MIPOBEPKHU MPOCTO HEBO3MOXKHO Pa3MECTUTh B BBIPAKECHUHU YCIOBUS
omnepatopos for, do...while wiu while.

OnvH W3 BO3MOXKHBIX BAPUAHTOB PEIICHUS JTOW 3a/Ja4d - WCIOJIL30BAaHUE OlepaTropa
break. Omeparop break mpepbiBaer BbimonHenue Tena Jroboro rwkiaa for, do mmm while u
nepesaeT yIpaBlieHUE CIEAYIONEMY 3a LIMKJIOM BBIIOIHIEMOMY OIEPaTopy.

Hampumep, mycTe B IUKIE OCYIIECTBISIETCS BBOJ C KJIaBHATYpPHI, KOTOPHIA Oyaer
MPOJIOIKATHCS JIO TEX IOP, TIOKa IMOJTh30BaTelh HE BBEICT HY)KHBIC 3HAUCHUS:

#include<iostream.h> main()

{

double A,B; while(1){

cout «"'BBeauTe 3Hauenus ooabme Hyna:"«endl;

cout «"A="; cin »A; cout «"B="; cin »B;

if ((A<=0)||(B<=0)) cout «"HenpasuisHbic 3HaueHus"«endl; else break; // [IpepriBanue
[UKJIA }

¥

Eme oqun cnoco6 mpephiBaHMsI ITUKIIA - UCIIOJIB30BaHKE Oreparopa goto, mepeaaroniero
yIpaBieHHE KaKOMY-TO ONIEPATOPY, PACHOI0KEHHOMY BHE TeJla IUKJIA.

OnucaHHble CIMOCOOBI TMPEPHIBATHM BBIMOJTHEHHE [HKIA. VMeeTrcs emie mporeaypa
continue, KoTopast MPephIBAET TOJIBKO BBIMOJIHEHHE TEKYIIEH UTEPAIIUH, TCKYIIErO BHITOTHECHHSI
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TeNa NUKIIA U IIepeaeT yIpaBIeHUE Ha CICIYIONIYI0 UTEPaIUIO.
Yro0bI MPOAEMOHCTPHPOBATEH MIPUMEHEHKE CONtINUE, paCCMOTPUM MPUMEP HAXOXKICHUS
Nj
npousBenenus [T, KOTopoe MOKHO OpraHU30BaTh CIEAYIOIINM 00pa3oM:
[=1'-5
i*5

#include<iostream.h>

main()

{

int N;

cout «"N="; cin » N;

double P=1;

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

if (i==5) continue; // TIpepbiBanue TEKyIEeH UTEPALIMH [[UKIA
else P*=1/double(i-5); cout «"P="«P;

}

B sTom BapuanTe 1pu | paBHOM 5 TEKyIllas UTEpalus MPEPhIBACTCSA U MPOU3BEICHHE HE
BBIYMCIISICTCS, HO IIUKJI HE TTPEKpaniacTcs.

OJIHOMEPHBIE U MHOI"'OMEPHBIE MACCHBBI

OxHOMEPHBIC MACCHBBI

MaccuB npeacTaBisier co00i CTPYKTYpY JaHHBIX, TO3BOJISIFOIIYIO XPaHUTh TI0]] OJTHUM
MMEHEM COBOKYITHOCTh JaHHBIX JIFOOOT0, HO TOJIBKO OJHOTO KaKoro-To Tumna. Maccus
XapaKTepU3yeTcss CBOUM UMEHEM, TUIIOM XPaHUMBIX JIEMEHTOB M Pa3MEPHOCTHIO (KOJIHYECTBOM
XPaHUMBIX JIEMEHTOB). OO0BsIBICHNE IEPEMEHHON KaK OJJHOMEPHOI'O MacCHBa UMEET BU/I:

TN MSA_MaccmBa [pa3smMepHOCTb]

B kadecTBe pa3MEpHOCTH B OOBSABICHHUU MAacCHBa pa3pelieHO HCIIOJIb30BaTh TOJIBKO
KOHCTaHTHBIC BBIPAKEHUS, BBHJY YEero TaKOH MacCUB OyAeT SBIATHCS CTATHYCCKHM. THIT
MaccHBa MOXET OBITh JTFOOBIM.

Hanpuwmep,

int A[10];

OOBSBIISIET MacCHB C UMeHEM A, conepskariuii 10 menbrx yncer.

JlocTym Kk 3IeMeHTaM MacCHBa OCYIIECTBIISIETCS BIPAKEHHEM

UMSA_MaccuBa [HOMep_ 3anemMeHTa]

I/ie HOMep SJIeMEHTa - UHAEKC, SIBISIOUIUIICS 1eI0YNCIEHHBIM 3HaYeHHEM B JIMaa3oHe
ot 0 10 pa3smepHocTh - 1. To ecTh HOMep TepBOro yieMeHTa paBeH (0, a HOMEp IMOCIIETHETO
sreMeHTa Ha | MeHbllle pasMepHOCTH MaccuBa. [l mpensiayiiero npumepa, A/0] - 3Hadenue
nepBoro siemenTa, JI[ 1] - Broporo, A/9] - nmocnenuero.

Pabora ¢ maccuBamu, Kak MpaBHUIIO, HETMOCPEICTBEHHO CBSi3aHA O HCIOJIb30BAHHUEM
OIIepaTOPOB IHKIIA.

Hwxe npuBeneH mpumep 3amoiHeHHsS MaccuBa uyuciamu DuOoHayuu, mepBbie 2 U3
KOTOPBIX PaBHBI 1, a KaXI0€ IMOCIIeYIOIIee PABHO CYMME JBYX TPEIBIIYIINX.

#include<iostream.h>

main()

{

int B[20];

B[0]=1;

B[1]=1;

for (inti=2; 1<20; i++)

B[i]=B[i-1]+B[i-2]; for (i=0; i<20; i++)

cout «"B["«i«"]="«B[1]«end]l;

}

[Tpu 0OBSIBICHUH MacCHBa 3HAYCHHS SJIEMEHTOB HOCAT CIYYalHBIH XapakTep, MO3TOMY
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Takum 00pa3om, mocje NaHHbIX 00bsIBICHUN A[2] OyIeT coaepkarh 3Ha4eHHE 3, a
S[3] 3nauenue
MHOT/Ia JKEJaTeIbHO COBMECTUTH OOBSIBICHHE MAacCHBa C 3aJaHMEM JJIEMEHTaM HayallbHBIX
3HAYEHUH, T.e. MHUIMATU3alKUed. DTH 3HAYEHUS TMEPEUUCISIOTCS B CIHCKE WHUIMAIW3ALNUN
MocJyie 3HaKa PaBEHCTBA, Pa3ACIsIIOTCS 3aMAThIMU M 3aKIIFOYAIOTCA B (PUTYPHBIE CKOOKH.

Ecnu HayanbHBIX 3HAYEHUN MEHBIIE, YeM 3JIEMEHTOB B MacCHBE, OCTaBIIMECS AJIEMEHTHI
ABTOMATHYECKH TOJIy4aloT HyJIeBbIe HauajabHbIe 3HaueHus1. Hanpumep, onepaTtop

int A[10] ={1,2,3};

3aJjaeT 3HAYECHUS TIEPBBIM TPEM 3JIEMEHTaM, a OCTalibHbIe OyayT paBHbI 0.
Omneparop int A[10] ={0};

NPUCBAaUBAET HYJICBbIC 3HAUCHHS BCEM 3JIEMEHTAaM MacCHBa.

B 00bsBIEeHNN MaccuBa CO CIMCKOM MHUILIMAIH3AIMU Pa3MEPHOCTh MAacCUBAa MOXKHO HE
yKa3bplBaTh. TOraa KOJMYECTBO JIEMEHTOB MaccuBa OyleT paBHO KOJUYECTBY DJIEMEHTOB B
CIUCKE HavaJbHBIX 3HauUeHui. Hanpumep, oObsaBneHne

double S[] ={0.1,2.0,-3.2,0,6.5};

CO3/1a€T MacCHUB U3 ISTH 3JIEMEHTOB.

B oObsiBIeHMM MaccMBa B KadecTBE pa3MEPHOCTH JIydllle BCEra HCIOIb30BaTh
MMEHOBAaHHbIE KOHCTaHThl. Hibke mpuBeneH npumep oOBSBICHHE MAcCHBa, 3allOJHEHHE €ro
ciy4aiiHbIMU 3HaueHUsIMU OT -10 10 10 u mojcuer CyMMBbI €ro 371€MEHTOB:

#include<iostream.h>

#include<stdlib.h>

main()

randomize(); double c[15];
for (int i=0; i<15; i++)

c[i]=10-double(random(201 ))/10; for (int
i=0; i<15; i++)

cout «"c["«i«"]="«c[1]«endl; double S=0;

for (int i=0; i<15; i++) S+=c[i];
cout«"S="«S;

¥

Ecnu B manpHelimem motpelyercs MaccuB He U3 15 snmeMeHTOB, a, Hampumep, u3 100,
HY)KHO OyJeT W3MEHUTh pa3MEpHOCTh MAacCHBa M B OOBSIBICHHWH, U BO BCEX OIlepaTropax,
paboTaronux ¢ 3TUM MacCMBOM (B JaHHOM ciiydae B omepartopax for. Takux omepaTtopoB B
pPa3HbIX MporpaMmax MOXKET ObITb OY€Hb MHOTO M IO3TOMY OHa IUIOXO MacHITaOupyeTcs.
['pamoTHee OyAeT pearn30BaTh STOT IPUMEP CIAEAYIOLIUM 00pPa3oM:

#include<iostream.h>

#include<stdlib.h>

main()

{

const int N=15; // 00bsiBIIEHHE KOHCTAHTBI

randomize();

double c[N];

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

c[i]=10-double(random(201 ))/10; for (int
iI=0; I<N; i++)

cout <<"c¢["«i«"]="«c[1]«endl; double S=0;

for (int i=0; I<N; i++) S+=c[i];
cout«"S="«S;

¥
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B sTtom ciydyae mMbl BBOJMM HMMEHOBaHHYIO KOHCTaHTy N M HCHOJb3yeM €€ BO BCEX
orepaTopax, B KOTOPBIX TpeOyeTcsl yka3aTh pa3MepHOCTh MaccuBa. Toraa mpu HeoOX0IMMOCTH
M3MEHEHHUS Pa3MEpPHOCTU MAacCUBa, JOCTATOYHO OyAeT M3MEHHUTh €ro TOJbKO B OOBSBICHUU
KoHCTaHTHI N.

const int N=100;

[Iporpamma cpa3y cTaHOBHTCS MaciuTabupyemoi. A oO0bsBiacHHEe N KaKk KOHCTaHTBI
rapaHTUPYET, YTO 0OBSABICHHOE 3HaYCHHE HE OYeT cay4yailHO M3MEHEHO Ie-TO B IporpamMmme.

AHAJOTHUYHBIN pe3yabTaT MOXKHO IONYYHUTh, €CIU 3aMCHHUTH OOBSBICHHE KOHCTAHTHI
IUpeKTHBON Kommuisitopa #define

#define N 10

B psine ciydaeB TpeOyroTCsl KOHCTaHTHBIE MAacCHBBI, JaHHBIE U3 KOTOPBIX MPOrpaMma
MOJKET TOJIBKO YUTaTh. Takre MacCHBBI 00S3aTEIbHO JOKHBI HHUITUAIU3UPOBATHCS B MOMEHT
oObsiBneHus. Hampumep, TpeOyercs HEUM3MEHSEMbII MacCHUB TMPOCTBIX 4YHUCEN, 3HAYCHUs
KOTOpPBIX He Oombire 30:

const primeQ ={2,3,5,7,11,13,17,19,23,29};

JIByMepHbIE MacCUBBI

[Io ananmoruum Cc OJHOMEPHBIMH MAacCHUBAMH, MOXHO OOBSBISATH W MHOTOMEpHBIE
CTaTUYECKHUE MACCHUBBI, T.€. MAaCCHUBBI, PJIEMEHTAMU KOTOPBIX SIBJISIIOTCA MaccuBbl. Hampumep,
JIBYMEPHBII MacCUB MOKHO OOBSIBUTH CIEAYIOUIUM 00pa3oM:

int A2 [10] [3];

Takoe 00bsIBICHHE OMUCHIBAECT JBYMEPHBII MacCUB, KOTOPBIA MOXHO MPEICTAaBUTh cede
KaK Matpuiy, cocrosiyto u3 10 ctpok u 3 cTonoduos.

6.YKA3ATEJIN U AIUHAMUWYECKOE PACITPEJIEJIEHUE
[MAMATHU
YKA3ATEJIN, CCBUUIKU U AIPECHAA APUOMETUKA

VYkazarenu

Vkazarenp - 3TO NepeMeHHas, 3Hau€HWe KOTOPOW paBHO 3HAYEHUIO aJipeca NMaMsTHu, IO
KOTOPOMY JIEXKHUT 3HAYEHHE HEKOTOPOU JIPyroi MepeMeHHoM. B 3TOM cMBbICie UM 3TON Apyron
MEPEMEHHOM OTCHUIAET K €€ 3HAUYCHUIO MPSAMO, a yKazaTellb — KOCBEHHO. CChUIKa Ha 3HAUYECHHE
IIOCPEJICTBOM yKa3aTellsl Ha3bIBAETCSI KOCBEHHOW aJpecanuei.

VYkazatenu B si3bike CH JeNsATCS Ha JIBa BUJAA: yKa3aTeld Ha OOBEKTHI M yKa3aTeld Ha
¢dbyakuun. CBOMCTBA U TIPaBUIJIA UX UCTIOJIH30BAHUS PA3IUYHBI.

VYkazatenu, mofoOHO JIOOBIM IPYTMM TMEPEMEHHBIM, MEpPEe] CBOUM HCIIOJNb30BAHHEM
JIOJKHBI OBITH 00bsiBIeHBI. OOBsIBICHUE yKa3aTels Ha 00bEKT UMEET BU/I;

TMN *MMsA_yKasaTtens;

rae TUN - OAWH U3 MPEAOIPEACIICHHBIX WA ONPEIEICHHBIX MOJIb30BAaTENEM THUIIOB, a
MMSA_yKa3aTens - yka3aTeb.

Hamnpumep,

int *APtr;

o0bsBiIeT iepeMennyo APtr tuma int * (T.e ykasarenb Ha I€JI0€ YUCIIO) U YMTACTCS
cienyromeMm obpazom: “ APUr sBusercs ykazateneM Ha OOBEKT IEJIOYUCICHHOTO THMA”.

Kaxnas mepemenHas, oObsBIsSeMasl Kak yKas3aTellb, JOJKHA UMETh mepen co0oit cumBoir (*),
KOTOpBI 0003HAYaeT OTMepaIuio KOCBEHHOU aapecaluu.
[Ipu oOBsBIEHWH yKa3zaTels BO3MOXKHAa ero uHunuanusamnus. Mmeercs nBe (opmbl
WHUIHAIN3AIUN YKa3aTesl:
1)  THI *HMSA_YyKa3aTeJA=MHUIHAJTU3MPYIOLIee 3HAYEHUE
2)  THI *UMS_ykKa3ares (MHUIHMAJTU3MPYIOIee 3HAYEHUE)
B kauecTtBe MHULMaANU3NpYOLWEro_3Ha4YeHUs MOXKET UCIIOIb30BaAThCS:
- SIBHO 3aJIaHHBIA YYaCTOK MaMSITH
double *cc=0x1047;
- yKazarenb, YK€ HMCIOIINUN 3HAUCHUE
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float *ca;

float *cb=ca;

- BBIpaXKEHUE, MO3BOJISIONIEE MOTYIHTh apec 00BEKTa C IOMOIIBIO ONIEpaIlin
cebutky (&) int a;

int *ce=&a;

VYkazaTenu MOJDKHBI WHUIMAIM3HPOBATHCS JTHOO MPU CBOEM OOBSIBICHHH, MO0 C
MOMOIIBIO OIepaTopa MpucBanBaHus. Mcmnonb3oBarh yka3aTenb 0€3 MPUCBOCHHUS €My KaKoro-
HUOY/Ib yJacTKa MaMsITH HEIb3sl. YKa3aTellb MOKET MOJyYUTh B KAUECTBE HA4aIbHOTO 3HAUYCHUS
O mmu NULL. Vkaszarens ¢ HadanbHbiM 3HauyeHueM O wim NULL HuM Ha 9TO He yKa3bIBaerT.
NULL - 3To cumMBosinyecKasi KOHCTaHTa, ONpeAeTeHHasl CHeHalbHO I 1IeJIU 10Ka3aTh, YTO
JaHHBIA yKa3aTenb HU HA 4YTO HE YyKasbiBaeT. [Ipumep oOBsBIIGHUS YyKazaTelns O ero
MHUIMAIN3alAeH:

int *countPtr = NULL,;

Jlns mpucBanBaHus yKazaTesto apeca HEKOTOPOil IepeMEHHOM HCIOIb3yeTcs Onepanus
anpecannu & (omepamusi CChbUIKH), KOTOpasi BO3BpaIllaeT ajpec cBoero omnepanaa. Hampumep,
€CJI UMEIOTCS O0BSABICHUS

inty=5; int *yPtr, x;
TO omneparop YPtr = &y;

MIPUCBAMBACT aJpec IEPEeMEHHOH y yka3aTemo YPtr.

[IpucBoMB yKa3zaTenro aJpec KOHKPETHOTO YydYacTKa MaMSTH, MOXXHO C IOMOIIBIO
orepanuu pa3bIMCHOBAHUSI HE TOJBKO IMOJY4aTh, HO U U3MEHATH COACPKMMOE 3TOTO ydacTKa
namsatd. Jlig 3TOro HCmonb3yercss omepanusi pa3bIMEHOBaHUs *  (omepauus KOCBEHHOU
anpecaruu). OHa BO3BpallaeT 3HauYeHUE OOBEKTa, Ha KOTOPHIH yKa3bIBaeT ee omepany (T.e.
yKazaresb).

Eciin mpucBOMTH yKazarenr ajapec KOHKPETHOro OOBEKTa WM 3HAYCHUE YKe
WHHUIMAIM3UPOBAHHOTO yKa3aTess,, TO 3TO MPEBPATUT 3aluch *MMS_YKa3aTeNnsl B CHHOHUM
YK€ UMEIOLIETrocsi MUMEHH 00beKTa. 3aruch,

double z; double *A=&z;
double *C,*D;

C=&z;

D=A;

npespatut *A, *C, *D B cuHOHMMBI TIepeMeHHOH Z. V3MeHsisl 3HaueHue, Jexaiee Mo
aJipecy Ha KOTOPOE YKa3bIBAIOT YKA3aTe/IH, aBTOMATHYCCKH U3MEHSETCS 3HAYCHHE TICPEMEHHOM,
Tak Kak ykazarenu A, C, D u mepeMeHHas Z cBsi3aHbl MEXAYy COOON OJHUM YYacTKOM MaMSTH.
IIponomxkas HavaThIl NpUMep

Z=6;

double A1, C1, D1,

Al =*A;

C1=*C;

D1=*D;

npucBout nepemeHabiM Al, Cl, D1 3nadenme 6, T.e. 3HaueHHWE TEepeMeHHOW Z, Ha
KOTOPYIO YKa3bIBaloT ykazarenu A, C, D.

OINIEPATOPBI IMHAMUWYECKOI'O PACIIPEJEJIEHUA ITAMATH.

Omnepanuu New u delete

YToOB!I CBsI3aTh HEHHUITUATM3UPOBAHHBIA yJaCTOK MaMSTH, €Ile HEe 3aHATHIM HUKAKHM
00BEKTOM MPOTPAMMBI, UCTIOIB3YETCs OTIepaTop NEW:

yKasaTenb=ne«r TUn (MHUUManuanpyloLLiee 3HavyeHue);
Omnepanus BO3BpallaeT ykazareilb Ha TUHAMHUYECKH pa3MEUICHHBIH B MaMSITH OOBEKT,
T.€. MPEJIOCTARIISIET YKA3aTENI0 MaMsITh IO 00BEKT 3alaHHOTro THITa. [Ipumep
double *A=new double; int *B;
B=new int;
OOBSBIISICT YKA3aTeIU U BBIJCIISET UM CBOOOIHOE MECTO, HE 3aHATOE HUKAKUM OOBEKTOM.
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UHunumnanuanpyrowee_3HayeHUe 3ajaeT HavyalbHBIE 3HAYCHUS CO3[aBAcMOTO
oOwekTa. 3anuch

double *C=new double (-1.8);

npenocraBiseT Mecto ykazaremo C  mog  OOBEKT BEIIECTBEHHOTO THMA U
WHUIMAIN3UPYET €ro, T.€. 3allMChIBaeT HayallbHOE 3HaueHue -1.8.

Ecnu onepanmst Nnew Bo3Bpartwiia HyseBoe 3HadeHue ajapeca - NULL, To 3To 3HauuT, 4To
OlepalMOHHAas CHCTEMa HE MOXKET BBbIICIUTh MaMATh MOJ JAHHBIH OOBEKT, MOATOMY MOCIE
WCIIOJIB30BaHUS omnepaTopa NEW >ejaTesIbHO BCErja MPOBEPSATh aJpecC BBIICICHHOTO Y4acTKa
namsTH

double *A;

A=new double; if
(A==NULL) ...

JuHamuuecku pachpelesieHHYI0 MaMsATh CleayeT OCBOOOXKIaTh, KOTJa OTIAIacT
HEO0OXOIMMOCTh B pa3MEIIEHHBIX B Hel 00bekTax. OCBOOOKACHHUE MaMATH OCYIICCTBISETCS C
nomoripio onepaiuu delete, koropast UMeeT CaeayONMIA CHHTAKCHUC

delete umsa_ykasaTtens;

[Tpumep

int *B=new int;

delete B;

OOBSBISICT yKa3aTelb, BBIIEISAS W OCBOOOXKIAs MECTO IOJ OOBEKT B aJPECHOM
MIPOCTPAHCTBE.

OcBoOOXIeHHE TMaMITH YHMUYTOXAeT caM OOBEKT, a He yKaszarelb. B manmbHeiimiem,
yKa3aTelqo MOXKHO 3aHOBO BBIJCNIUTh YYaCTOK MAMSTHU O]l HOBBIM OOBEKT U OCBOOOIUTH ATY
MaMsATh, 9TO TMO3BOJIIET OoJiee THOKO HCIOJIb30BaTh ONEPATUBHOE aJPECHOE IMPOCTPAHCTBO
koMmmbroTepa. [losTomMy, OOBEKTHI CO3aHHBIE C TOMOUIBIO ONEpaluud NEW Ha3bIBAIOTCS
JUHAMHUYCCKUMU.

long *P;

P=new long; delete P;
P=new long; delete P;

Oneparust delete ocBoOokaaeT mamsTh, HO cama He 3aaaeT ykaszarenmto 3HaueHrne NULL,
MO3TOMY BO H30€XaHHE HCIOJB30BaHUS B JANbHEUIIEM HEMHHUIIMAJIHN3UPOBAHHOTO YyKa3aTels
JKEJIaTeNIbHO ATO JIeJaTh MPOrPaMMHO.

delete P;

P=NULL;

Onepanuu HaJ yKazaTeasiMu

VYkazarenu MOTYT MNPHUMCHATHBCA KaK OICpaHAbl B apI/I(i)MeTI/ILIGCKI/IX BBIPAXKCHUAX,
BBIPOKEHUSIX MPUCBAUBAHUS M BBIPAKEHUAX cpaBHeHUs. OIHaKo, HE BCE OMepanuu, 0OBIYHO
HCIIOJIB3YEMBIC B OTUX BBIPAKCHUAX, PASPCIICHBI MPUMEHUTCIIBHO K IICPEMCHHBIM YKA3aTCIISAM.

C ykazarensiMd MOXKET BBINIOJHATHCS OTPAaHUYCHHOE KOJIMYECTBO apu(METHIECKUX
orepaiuii. Ykazareab MOXKHO YBEIMUMBaTh (++), yMeHbIIATh (--), CKJIAAbIBaTh C yKa3aTeleM
1enple yncna (+ WM +=), BBIUMTATh W3 HEro IeNble Yucia (- WM -=) WM BBIYUTATh OJUH
yKazaTenb U3 JPYroro.

CrnoxxeHue ykaszareneil ¢ MeNbIMH YHCIAMH OTJIMYAeTCsl OT OOBIYHOM apH(METHKH.
[IpubaBuTh kK yKazaTemo | o3HA4aeT CABHHYTH €ro Ha 4YHUCIO OalTOB, COJEPXKAIIUXCS B
MEPEeMEHHON, Ha KOTOpYI0 OH YKa3biBal. OOBIYHO TOMOOHBIE OMNEpaluu MPUMEHSIOTCS K
yKazaTresnsiM Ha MaccuBbl. Hampumep, 3anuch

int *Pt;

Pt+=2;

yBeJIMYHT 3HaueHue Pt (T.e. azpec B maMsATH, Ha KOTOPBIH yKka3biBaeT Pt), He Ha /iBa, a Ha
4eThipe OaiiTa, Tak KaK OJMH OOBEKT LETOYHCICHHOTO TUMA INt B MaMsATH 3aHUMAET JBa Oaiita.

AHaJOrM4HbIE NpaBuia JEHCTBYIOT U MPU BBIYUTAHUU U3 YKA3aTesl LI€JI0r0 3HAYCHUS.

OpHako mpU KCHOJB30BAHUU apU(PMETHUECKUX ONepalfii Haj yKa3aTelasiMH HEJb3s
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moJiarath, 4To0 JBE MEPEMEHHBIC - YKa3aTeIu OJMHAKOBOTO THMA OyAyT HAXOAWTCS B MAMSITH
BIJIOTHYIO IPYT K APYTY, €CIH TOJIHKO OHU HE COCEJICTBYIOT B MacCHBE.

CpaBHeHHE yKazaTejed onepamusiMu >, <, >=, <= TaKXe€ UMEIOT CMBIC] TOJbKO JJIs
yKazareseil Ha oJluH U TOT ke MaccuB. O/IHaKO, ONepaluy OTHOIICHUS == U != UMEIOT CMBICI
I TF0OBIX yKazateneid. [Ipu 3ToM ykasatenu paBHBI, €CIIM OHU YKa3bIBAIOT HA OJUH U TOT JKE
azapec B MaMSITH.

VYkazaTenb MOXXHO TNPUCBAaWBaTh APYroMy YyKaszareiro, eclii o0a yKa3aTels HMEIOT
OJIMHAKOBBII TUIl. B IPOTUBHOM ciy4yae HYXHO HCIOJb30BaTh OINEPALMIO MPUBEICHUS THUIIA,
9TOOBI MPeoOpa30BaTh 3HAYCHHUE yKA3aTels B MPABOW YaCcTH MPUCBAUBAHUS K TUITY yKa3aTells B
JIeBOM YacTH MPHCBaMBaHUs. VICKIIFOUCHUEM M3 STOTO MpaBUIIa ABJISIETCS yKas3arenb Ha VOid (T.e.
void*), KOTOpbIN SBISCTCS OOLIMM yKa3aresieM, CIIOCOOHBIM MPEACTABIISTh YKa3aTelln JTIF000T0
TUMa. YKasareno Ha VOid MOXHO NpUCBaMBaTh BCE TUIIbI yKaszareyned 0e3 NMpUBEICHHS THUIIA.
OpanHako ykasarenb Ha VOId He MOKET OBITh IPHCBOEH HEIOCPEICTBEHHO YKA3aTEII0 APYIroro
TUMA - yKaszaTeab Ha VOId cHavana JO/DKEH ObITh NPUBENCH K THITY COOTBETCTBYIOIIETO
yKa3aresl.

CebLiku

CCBUIKH - ATO CIICIUATBHBIN THIT YKa3aTess, KOTOPBIH M03BOJIICT paboTaTh ¢ yKa3zaTeieM
Kak ¢ 00bekToM. OOBsBIIEHNE CCHUTKU JIEJaeTCs C TOMOIMIbIO OMEepPalliu CChUTKH, 0003HaYaeMOn
amriepcaHToM (&) - TeM e CHMBOJIOM, KOTOPBIM HCHOJb3yeTcs Ui anapecanuu. Hampumep,
€CJIM UMeeTCsl OObSIBIICHUE

double*P = new double;

TO MOYHO CO3/1aTh CCBUIKY Ha 3TOT 0OBEKT OMEepaTOPOM:

double& Ref = *P;

OObsiBeHHasT TakuM oOpa3oMm rmepemenHass Ref sBisercs ccpuikoii Ha 00BEKT
BeIIeCTBCHHOTO ThMa. OHAa MOXKET pacCMaTPUBATHCS KaK MCEBIOHMM O0BEKTa. JTa MEpeMEHHas
ABIIIETCS UMEHHO yKaszaTelleM, a He caMuM 00bekToM. Ho pabota ¢ Heil mpou3BOAUTCS Kak ¢
00BEKTOM, B OTJIMYUE OT YKa3aTells.

*P=*P+0.5;

Ref=Ref+0.5;

Yaire BCero cChUIKU HCTONB3YIOTCS MPH Mepeaayue B QyHKIIUU MapaMeTPOB MO CCHLIKE.

JUHAMUYECKOE PASMEIIEHUE MACCHBOB

CBs13b MACCHBOB U yKazaTese

MaccuBbsl u ykazatenu Cu++ TECHO CBs3aHBI U MOTYT OBITh HCIOJB30BaHbI MOYTH
sKBHUBaJIeHTHO. [lpu ompeneneHMM mMaccuBa, UMl MacCHBa SIBJISETCS yKazaTeleM KOHCTaHTOM,
3HauUE€HUEM KOTOPOH CIIY>KMT apec IMEepBOro 3jieMeHTa MaccuBa (¢ uHaekcoM 0), a 3anuch

UMs_maccuBa[nHaekc]

SIBIIIETCS BBIPQKCHHEM C JIBYMs olepaHjaMu. [lepBbIii W3 HHX, T.e. MMs_MaccuBa -
KOHCTAaHTHBIM YyKa3aTenb - aJpec Hayala MacCHBa B OCHOBHOW MaMSTH, a WHACKC - 9TO
BBIPXCHHE I€JIOT0 TUTIA, ONIPEISIISIONIee CMEIICHIE OT Hayala MacCHBa.

Hcnone3ys omeparuio oOpaiieHus mo aapecy * (omeparusi pa3bIMEHOBAHMS), JCHCTBHE
OMHAPHOW OTNepaIliy MOYKHO MPEACTABUTH CIICIYIONIMM 00pa3oM:

*(uma_maccmBa + MHOEKC)

T.€. ONEPAHJIAMU JIJISl OTIEpaIliH [ ] CITy’)KaT UMsI_MacCHBa M WHJEKC. 13 3TOro cTaHOBUTCS
OUYEBUHBIM, ITOYEMY WHIIEKC MEPBOTO dIIEMEHTa MacCHBa PaBeH HYJI0. TakuM 00pa3oM, 3amuch
*UMsI_MaccuBa - oOpalieHrne K MepBOMY DJIEMEHTY MaccuBa, *(uMsi_maccuBatl) - oOpareHue
KO BTOPOMY, H T.1.

[Tockonpky crnoxxenue *(MMsi_MacCHBa+WHICKC) KOMMYTAaTHBHO, TO BO3MOXXHA TaKas
DKBHUBAJIEHTHAs 3aMUCh *(MHICKCTUMs MaccuBa) W, CJIEIOBaTEeNIbHO, MHJIEKC [MMs_MaccuBa]
UMEHYeT TOT K€ PJICMEHT MacCHBa, UTO UMsI_MacCHBa [MHJICKC].

B HEKOTOpBIX KOHCTPYKITMSAX MOKHO HCIIOJIb30BaTh BHIPAKEHHE UMsI MacCHUBa [MHACKC]
C OTpULATENIbHBIM 3HaYeHHEM HHeKca. B 3ToM ciyyae uMsi_MaccuBa JIOJDKEH yKas3bIBaTh HE Ha
HAYaJI0 MAacCUBA, T.€. HE HA €ro HYJEBOU 2JIEMEHT.
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OIIHOMGpHBIC JIUHAMHNWYCCKUEC MAaCCHUBBI

Takass omepamus TO3BOJIICT BBIACIUTh B JUHAMHUYECCKOW IMaMSITH Y4YacTOK IS
pa3MeIlCHUs] MacCHBa COOTBETCTBYIOIIEIO THIIA, HO HE IO3BOJISCT €r0 MHHMIIMAIM3UPOBaTh. B
pe3yJIbTaTe BBITOJIHEHHUS 3TOM OIepaliiy BO3BPAIIACTCs apec EPBOro JIEMEHTa MaCcCHBa.

[Ipy BBIACIICHHHM JHHAMHYECKON INaMATH pa3MEep MacCHBa JOJDKEH OBITh ONpeIecH
SIBHO, T.K. OIlepalys NEW IoyiydaeT MH()OPMAIMIO O BBIICISCMOM YYacTKE U3 Pa3MEPHOCTH H
tune Maccupa. Oneparop

double *A=new double [30];

co37aeT JMHAMUYCSCKUM MaccuB U3 30 3JIEMEHTOB BEIICCTBECHHOI'O THUIIA.

B ornnume oT OOBSBICHHS CTATUYECKMX MACCHBOB, IPH BBIJACICHUH JHUHAMHUYCCKOM
nmaMAaTH I110J YKa3arCjib B Ka4CCTBC pPasMCPpHOCTH MOI'YT HMCIOJb30BaTbhCA IICPECMCHHBIC
[EJIOYMCICHHOTO THIIA, YTO ITO3BOJISCT 33/1aBaTh KOJMYECTBO JICMEHTOB MacCHBA IMPOTrPaAMMHO.

float *¢; int N;
cout«“N="; cin »N; e=new
float [N];

JocTyn K 3HaYEHUSIM 3JIEMEHTOB JUHAMUYECKOTO MAacCHUBa MOXET OBITh OCYILECTBJICH
TaKUM k€ 00pa3oM, Kak M TMpH paboTe CO CTaTUYECKHUMH MaccuBaMu. lIpomoimkas mpumep
BBIIIIE, MOXKHO 3alKcaTh

for(int i=0; I<N; i++)
e[i]=double(random(41 )-20)/10;

N3MmensaTs 3HaueHUE yKazaTens Ha JUHAMHYECKUNA MacCHMB HYKHO C OCTOPOXKHOCTBIO,
TaKk KaK yKa3aTelsb, 3HAaU€HHUE KOTOPOTO OMPEIENseTCs MPH BBIACICHUN MaMSTH, UCIONb3YeTCs
3aTeM I OCBOOOKICHUS ITON TTaAMSITH.

OcBoOoANTh MaMSATh, BBIACTICHHYIO MOJ JWHAMUYECKHI MacCUB MOXHO HCIONb3Ys
ornepanuto delete, koropas B 3TOM cilyuae HMeET CACIYIOIINN CHHTAKCHUC

delete o nma_ykasartens;
Taxum obpasom, onepatop delete
[le;

OCBO6OI[I/IT HECJIMKOM BCHO IMAMATH, BBIACICHHYIO JJISI ONPCACICHHOTO BBIIIC MACCHBA,
€CJIM yKa3aTeib € aIpecyeT ero Havaso.

Maccusrnl yK&S&TCJ'ICfI NI MHOT'OMCPHEBIC TUMHAMUYCCKUE MaCCHUBbBI

AHAJIOTMYHO OJTHOMEPHBIM MAacCHUBaM, MOXHO C MOMOUIBIO YKa3aTessl U onepauud New
BBIJACJIUTH MECTO I10/ HBYMepHBIﬁ HHHaMI/I‘ICCKI/IfI MacCCHB. I[J'ISI OTOr0 UCHOJB3YHOTCA MAaCCHUBBL
yKazaresnei, 00bsSBIEHIE KOTOPHIX UMEET CIEAYIOIUN BUI,

TUN_Maccuea ** umsa_ykasaTens;

JlanHast 3amMCch MOXKET OBITh MHTEPIIPETHPOBAHA KaK OOBSBICHHE yKazaTess Ha OOBEKT
TUIIA TUI_MaccHuBa *.

Briienenue ydacTka mamsTH yKazaTenr0 Ha OOBEKT THIA THI MaccHBa * C MOMOIIBIO
omepani NEW TIO3BOJSIET TMOJMYYUTh MAaCCUB HYKHOTO pa3Mmepa, JJIEMEHTaMH KOTOPOTO
SBIISIOTCS TAaK)Ke yKa3aTelld, TOJbKO Ha 0OBEKTHI TUIIA THUI_MacCHBA.

Hammpumep

double **B;

B=new double* [20];

BBIJICJISIET MECTO O/ MacCHUB ykazaresnel u3 20 371eMeHTOB.

Tak Kak, KaXIbplii 2JIEMEHT MacCHBa yKa3aTeJel TOXKe SBISETCS yKa3aTeleM, TO eMy
COOTBETCTBEHHO TaK)K€ MOKHO BBIJICIIMTH HEKOTOPHIM YYaCTOK MaMATH B BUJIE MAacCCUBA, TOJIbKO
YK€ BEIIECTBEHHOTO THIIA

B[3]=new double [10];

JocTym K s7IeMeHTaM CO3JaHHOTO MAacCHMBa OCYIIECTBIISIETCS Yepe3 MHACKC dJIEMEHTa
MaccuBa yKaszaTelled M HHJEKC MacCuBa, Ha KOTOPBIA YKa3bIBAa€T 3JEMEHT - yKa3zaTelb, a
UMEHHO

B[3][5]=10;
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JlannHast 3amuch oOpalleHHss K DJIIEMEHTaM aHaJlOTWU4YHa JOCTYNMy K DJJEMEHTaM B
JBYMEPHOM CTaTUYE€CKOM MacCHBE.

[IpuBeAEHHBIN HUKE IPUMEDP CO3JAET IBYMEPHBIN JMHAMUYECKU MAaCCUB U3 1 - CTPOK U
m - CTOJIOIIOB, BBEJICHHBIX OJIb30BaTEIIEM

int n,m; double **matr;
cout« ‘n="; cin»n; cout«“m="";
cinym;

//BBIIETIEHUE MECTA TI0JT MaCCUB yKa3aTeseH u3 //m
AJIEMEHTOB, T.€. BbIIEJICHUE MECTa MO/ 11 CTPOK Matr=new
double*[n];

//BBIZICIIEHNE MECTa KaKIOMY YKa3aTelo U3 MacCuBa //yka3aTelielt o M BeIleCTBEHHBIX
3JIEMEHTOB,

//T.e. BbIIENIeHUE MecTa o M crosomos for (int
i=0; i<n; i++)

matr[i]=new double[m];

KonnuecTBO 37€MEHTOB, BBIAENSEMBIX BCEM YyKaszaTelsM M3 MacCHMBa yKa3aTelled, He
00s13aTeIbHO JI0JKHO OBITh OAMHAKOBEIM. [Ipumep

int m;

double **matr; cout«“n=""; cin»n;
matr=new double*[n]; for (int i=0; i<n; i++)
matr[i]=new double[i+1];

peanu3yeT IBYMEpPHBIN NWHAMUYECKUII MacCUB B BUJE “NIECEHKU CO CTYMEHbKaMH , T.C.
nepBbIii ykazarenbs matr[0] Oymer comepikaTh MacCHB TOJIBKO M3 OJHOTO 3JEMEHTa, yKa3aTellb
matr[1] Oyzer comepkaTh MacCHB M3 JABYX JJIEMEHTOB, a MOCJIEAHUI yKa3aTeiab matr[n-1] oymer
COJIEPKaTh /1 FIIEMEHTOB.

OcBoOok/ieHne TMaMsATH, BBIICJICHHOE MO0 JBYMEPHBIH JIUHAMHUYECKUNA MAacCHUB,
OCYIIECTBIISIETCS B OOpPAaTHOM TOPSJKE MO OTHOUICHUIO K BBIICIECHUIO TAMSTH, T.€. BHaAJale
OCBOOOKJaeTcs TaMsTh, BBIICTEHHAs TMOJA KaXAbIH DOJEeMEHT - yKa3aTelb, a 3aTeM
OCBOOOXIAeTCsl TaMsTh, BBIICICHHAass TOA MaccuB ykaszareneil. Cremyromas 3amuch
JEMOHCTPHUPYET OCBOOOKICHUE MMAMSITH, BbIIEJICHHOE B TIPEIBIYIIEM IPUMEpe

for (int i=0; i<n; i++) delete [] matr[i]; delete Qmatr;

TUIIBI CTPOK B A3BIKE C++

B oTnmune ot apyrux S3bIKOB MPOrpPaMMHPOBAaHUsI, CTaHAAPT si3bika CU HE COACPIKUT
CIEUUATIBHOTO TUIa CTPOK. CTPOKH MPEICTABISAIOTCS OJTHOMEPHBIMH MAaCCUBAMH CUMBOJIOB, T.€.
MaccHBaMHu 3jeMeHTOB Tuma char. Ho ecnu jinHa MacCHBOB YHCEI MMEET OINpeIeCHHBIH
3HAUMMBIA XapakTep, TO JUIMHA CTPOK MOCTOSHHO MEHSIETCSl U HE BCErja, MOJIy4aeTcsl, UMETh
uHpopmanuo o0 ee juHe. [losToMy, Ans ompeneneHus] JJIMHBI CTPOKM OBbLT BBEJAEH
CreluanbHbIi HysneBoi cumBos '\0’, KOTOpBI 0003HA4YaeT KOHEI CTPOKH B MAacCHBE B HE
3aBUCUMOCTH OT HAYaJIbHOW BBIJICJICHHOM IJII HEro maMsTH. B 3TOM ciydae, 9uciio XpaHUMBIX
CHUMBOJIOB B CTPOKE BcerAa Ha 1 Oousbliie 4ucia 3HaYalluX CMMBOJOB. Ecnu HyneBoil cCUMBOI
OTCYTCTBYET, TO 00paboTka CTpokH OyAeT MpOAOKAThCSA 1O TEX MOp, MOKAa B TMaMSITH HE
BCTPETUTCS CIYyYANHBIN HYJIEBOM CUMBOIL.

Takum oOpazoM, cTpoka B s3pike CH paccMaTpuBaeTcs, Kak MacCHB CHMBOJIOB,
OKaHYHUBArOIIUICs HyleBbIM cuMBOJIOM ('\0'), B HE 3aBUCHUMOCTH OT JIJIMHBI.

Ctpoka MOXeT ObITh 00BsIBIIEHA TMOO KaK MPOCTO MACCHB
cumBosioB char St[] = “ctpoka”;

100 Kak rMmepeMeHHast yKaszaTelb Turma char*
char *Sp = “ctpoka";

Kaxxmoe n3 3TuX nMprBEIEHHBIX SKBUBAIICHTHBIX OOBSIBICHUN TPUCBAUBAET CTPOKOBOM
MepEMEHHOI HaYallbHOE 3HAUEHUE “CTpOKa”, a TTMHA IIPU 3TOM OMNPEJIEAETC aBTOMAaTUYECKU
KOMITHJIATOPOM U paBHA 7 3JIEMEHTaM, COJICPKAIINX COOTBETCTBEHHO CUMBOJIBL: '0°, ‘T’, ‘p’, ‘0’,
'x’, ‘a’ 1 °\0'. MOKHO OOBSIBIISITH CTPOKOBBIC TIEPEMEHHBIC 3aIaHHOM JTMHBL. Hampumep,

58



omneparopsl char Str[100]; char *Stp=new char [100];

OOBSIBIISIIOT IEPEMEHHBIE, KOTOPBIE MOTYT COJEPKATh CTPOKH 10 99 3HAYAIIMX CHMBOJIOB
TUTIOC 3aKIIOUYUTEIbHBIN HYJIEBOM CUMBOJI.

JlocTyn K  OTAETBHBIM CHMBOJAM CTPOKH  OCYIICCTBIISIETCS IO  HHJIEKCaM,
HaunHaromumcs ¢ Hynss. Hanpuwmep, St[0] u Sp[0] - nepBbie cuMBOJIBI OOBSBICHHBIX BBIIIC
ctpok, St[5] u Sp[5] - mocneanue, a St[6] u Sp[6] comepkaT HyIEBBIE CHMBOJIBI.

Tak kak, CTpOKa MPEACTaBISETCS MAacCUBOM, TO JIOCTYI K HEW OCYIIECTBISETCS 4epes
yKa3aTellb WU YKa3arelb - KOHCTaHTY, KOTOPBIA SIBJISETCS alpecoM ee IEepBOro CHUMBOJIA,
MO3TOMY MpU paboTe €O CTPOKAMH HEOOXOAMMO YYHTHIBATH OOIIME MpaBuia pPadOTHI ¢
yKa3aTeJsIMU U C MAaCCUBAMH, TaK 3aIiCh

Str="nepeMeHHan";

17001

Str=St;

BBI30BET OIIMOKY KOMITWJISTOPA, IMOTOMY 4YTO, BO MEPBBIX - HENb3s IPHUCBAaUBAThH
3HAYCHHME yKa3aTello - KOHCTAaHTEe, a BO BTOphIX - St, Str, Sp u Stp copepikar aumib agpec Ha
Y4aCTOK MaMSITH [0 KOTOPOMY pacrojiaracTcs Ha0Op CHMBOJIOB, a HE caM 3TOT Habop.
[TpucBanBaHue TUTEPAITBI - KOHCTAHTBI BO3MOYKHO JIUIIH TOJIBKO IPH OOBSIBICHUN CTPOKH.

Tak ke, cieayeT MOMHHUTb, 4YTO PE3CPBUPOBAHHE MAMSITH IMOJHOCTHIO JIS)KUT HA
IPOTPaMMUCTE, a IIPU paboTe C yKazareleM Ha CTPOKY 3TOT yKa3aTellb JOJDKEH YKa3bIBaTh Ha
BBIJICJICHHBIN paHEe yY4aCTOK MaMSITH.

BBoj - BLIBOJI MacCHBOB CUMBOJIOB

Hmeercsi HECKOJIBKO BO3MOXHOCTEH JIsi BBOJA M BBIBOJA CTPOK, PACCMOTPUM TOJIBKO
OCHOBHBIC U3

HUX.

C nomowwto ghopmamupyemozo 6600a-6vi600a. GopmaTupyemblii BBOJ U BBIBOJI MOKHO
OCYILECTBUTH C MoMoInbo (GyHkmmii scant u printf u3 crammapraoii 6ubamorexu stdio.h,
KOTOpble OBUTM pacCMOTpeHbl B JlabopaTtopHoir pabore Nel. DOTu  (QyHKIIUUM HMEIOT
CYIIIECTBEHHBIH HEIOCTATOK, TaK KaK OCTAHABIMBAIOT BBOJ M BBIBOJ CTPOKH, HE TOJBKO €CIU
BCTPETUTCS HYJIEBOH CUMBOJI, HO M €CJTH BCTPETUTCS TpoOeit. [103ToMy SBISIOTCS HE YAOOHBIMU
MIPU UCTIOJIb30BAHUU.

C nomowwio Heghopmamupyemozo 6600a-8vi600a. Takoi BBOJ U BBIBOJ] OCYIIECTBIISCTCS
byHkmsaMu gets u puts 6e3 ykasanus Gopmara u3 6ubmuoteku Stdio.h u umeror ciemyrorue
MIPOTOTHITHI:

char *gets(char ’string); int
*puts(char ‘string);

OyukHs gets ocyIecTriIseT BBO Habopa CHMBOJIOB C KJIaBHATYPhl B CTPOKY String, mo
TeX Mop, MoKa He OyneT HaxkaTa kiaBuiia Enter. Bo3spaiaer agpec Hayana BBEACHHON CTPOKH
win 3HadeHne NULL, ecnu mpousonina ommbka npu BBoge. CrieyeT MOMHHUTh, YTO (DYHKIUS
gets He OCYIIECTBIISICT BBIJCIICHUE ITAMSTH 10/l BBEJCHHBI HA0Op CHMBOJIOB M HE OTCJIC)KUBACT
pa3Mep 3ape3epBUPOBAHHON O] HETO MaAMSTH.

OyukImsa PutS BBIBOAUT CTPOKY StrinNg Ha MOHUTOP W MEPEBOJUT KypCcOp Ha HOBYIO
CTpoKy. BoszBpariaer mocneiHuil BBIBOJUMBIA CHMBOJ, KOTOPHIM OOBIYHO SIBJISIETCS CHUMBOII
HOBOM cTpoku "\r'.

Crnenyroluii mpuMep WILTFOCTPUPYET padOTy TaHHBIX (YHKIUI
#include <stdio.h>

#include <conio.h> main()

{

char A[100];

char *B=new char [100];
char C[]="BBox ctpoku:";
char O[]="BsiBox cTpoku:";
puts(C);
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gets(A);

puts(C);

gets(B);

puts(D);

puts (A);

puts(D);

puts(B);

getch();

h

C nomowpwro nomokosoco 68o0a-6vigooa. Hambosee pacnpoCTpaHEHHBIM CIIOCOOOM
BBOJIa U BBIBOJIa MAaCCHBOB CHMBOJIOB SIBJIIETCS IMOTOKOBBIN BBOJA-BBIBOJI, OCYIIECTBISIEMBbII
CTaHJIapTHON OMOJIMOTEKOMN KIIACCOB, MOAKIIOYaEMOM K MPOrpaMMe C MOMOIIBIO 3aT0JI0BOYHOTO
daiina iostream.h. HekoTopbie 31€MEHTBI IIOTOKOBOTO BBOJA - BBIBOJA OBUTM PACCMOTPEHBI B
nabopaTopHoii pabote Nel.

Ecnu Heo0x01MMO TpoYUTaTh U3 BXOJAHOTO IMOTOKA (C KJIaBUATYPbhl) CTPOKY CUMBOJIOB,
COJIEp>KaIIyI0 MPOOEIbI, TO MOYKHO BOCHOJIb30BATHCS MEPETPYKEHHBIMU KOMIIOHEHTHBIMU
¢byukuusmu get u getline oobexTa Cin, KOTOPbIE UMEIOT CIICAYIOIIHE TPOTOTUIIBI IStream&
get(char *string, int maxjen, char=\n’); istream& getline(char‘string, int maxjen, char="\n’);

Kaxnas w3 3Tux (QyHKIUN BBIMOJHSET YTEHHUE IOCIIECIOBATEIHLHOCTH CHMBOJIOB C
KJIaBHATYphl M TEPEHOC WX B CHMMBOJIbHBIN MaccuB String, 3agaBaeMblii IEPBBIM MapaMETPOM.
Bropoii mapamerp maxjen ompenensieT MaKCHMaJIbHO OMYCTHMOE KOJUYECTBO BBOJIUMBIX
cuMBOJIOB. Tperuil mapaMmerp ompeAenseT OrpaHUYMBAIONIMKA CHMBOJI TPU MOSBICHUH,
KOTOPOTO CIIEAYEeT 3aBEPIIUTH BBOJ. BTOpOil W TpeTuil mapameTpbl MOTYT OBITH ONYIICHEI, B
9TOM cllydyae pa3Mep BBOJMMBIX CHMBOJIOB HE OrpaHHYeH, a KOHell BBoAa Oyxaer
OCYHIIECTBIISATHCA MpHU HakaTuu kiaBuiiud Enter. Ecam U3 BXOAHOro MOTOKA M3BJICYEHBI POBHO
maxjen - 1 CHMBOJIOB, a OTPaHHUYMBAIOIINN CHMBOJ HE BCTPETHJICS, TO HYJICBOH CHMBOJ
MOMEIAeTCsl TO0Ce BBEJCHHOW MMOCIEA0BATEILHOCTH aBTOMATUYECKH, MPU 3TOM MAacCUB, B
KOTOPBIN BBITIOJHSIETCS YTEHHE, JTOJDKEH MMETh UTHHY HE MEHee Maxjen cuMmBoJioB. Pasiuune
mexxay get m getline 3akmrouaercss B TOM, 4TO B MOCieAHEH (YHKIMU B KOHEI[ CTPOKH
MMOMENIAeTCs] OTPAaHUYMBAIOIINNA CUMBOJI, KOTOPBII MpepBajl BBO/.

[ToTOKOBBIN BBIBOJI MACCHBA CUMBOJIOB MOKHO OCYIIIECTBUThH CTAaHAAPTHBHIM METOJIOM, a
HMMEHHO C ITOMOIIBIO CTAHAPTHOTO MOTOKA BBIBOJIA Ha SKpaH COUt« String;

Hwxe nipeacrasieH mpuMep MOTOKOBOTO BBOJA - BBIBOJIA CTPOK, MOJOOHBIN TPUMEDY,
KOTOPBIN OBLI MPECTABIICH BhIIIE ¢ MOMOIILI0 GyHKIMiA gets u puts #include <iostream.h>

#include <conio.h> main()

char A[100]; char *B=new char
[100]; char C[]="BBox ctpoku:"; char
D[]="BbiBOfl ctpoku:"; cout« C;
cin.getline(A, 100); cout« C;
cin.getline(B,100); cout « D « endl;
cout « A « endl; cout« D « endl;
cout« B « endl; getch();}
Taxoke OubnmoTeka kiaccoB 10stream.h comep T MHOKECTBO IPYTHX YAOOHBIX U
HHTEPCCHBIX cr1oco00B BBO/JIa U BbIBOJIa, paCCMOTPCHUU KOTOPBIX JICKUT BHE JAaHHOI'O
yueOHOT0 Mocoousl.
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7.OYHKIINU S3bIKA TPOTPAMMUPOBAHUS Cut+
OBBSBJIEHUE 1 OITMCAHUE ®YHKI[WM

Bri3oB dyHKIINI

OyHKIMST BHI3BIBACTCS NPU BBIYMCICHUM BbIpakeHUH. [Ipu BbI30BE el mepemaroTcs
OTIpEICIICHHBIC apryMEHThI, (YHKIIUS BBITOJHSACT HEOOXOJMMBbIC NEHCTBHS M BO3BpAalllacT
pe3yibTar.

[Tporpamma Ha si3pike Cu++ COCTOHT, MO KpailHEH Mepe, U3 OTHOW QYHKIMH - (YHKIIUU
main. C Hee BcerJa HAYMHACTCS BBIIOJIHEHHE MPOTPaMMbl. BCTpeTuB uMms GYHKIUH B
BBIPQKCHUH, MIPOrpaMMa BBI3OBET 3Ty (YHKIIMIO, T.€. MEPeaacT YIpaBiCHHE Ha €€ Havajio |
HAYHET BBIMOJHATH OnepaTopbl. JJOCTUTHYB KOHIIAa (DYHKIIMH WM oTiepaTopa return - Bexona u3
(GyHKIMH, YIpaBICHHWE BEPHETCS B Ty TOUKY, OTKyJda (DYHKIMS Oblia BbI3BaHA, MOJCTABUB
BMECTO HEE BBIUYUCIICHHBIN pe3ybTar.

[Tpexxne Bcero, GyHKIMIO HEOOX0TUMO 00BSIBUTh. OOBsIBICHHE (PYHKIIMU, aHATIOTHIHO
OOBSIBIICHUIO TEPEMEHHOW, OmpenenseT uMs (YHKIUU H €€ THUI - THIBI M KOJUYECTBO €€
apryMEHTOB M THII BO3BPAIIAEMOI0 3HAYCHUSI.

// byHkms SQrt ¢ ogHUM aprymeHToMm - //
BEILIECTBEHHBIM YHCJIOM JIBOMHON TOYHOCTH,

// Bo3Bpaiaer pe3ynbraT Trna double

double sgrt(double x);

/I dyHKIMS SUM OT TpeX LEJIbIX apryMEHTOB //
BO3BpaIaer 1eoe unciio int sum(int a, int b, int c);

OOmbsBiIcHNUE GYHKIIMU HA3BIBAIOT HHOTIA MPOTOTUIIOM (pyHKIMU. [Tocie Toro, kak
byHKIHs 00BsIBIICHA, €6 MOXKHO UCIIOJNIb30BaTh B BhIpakeHusx: double x = sqrt(3) + 1; sum(k, 1,
m) /15;

Ecnu ¢yHKIMsS He BO3BpalaeT HUKAKOro pe3yibTara, T.c. OHa 00ObsBIICHa Kak VOid, ee
BBI30B HE MOXKET OBITh UCIIOJIb30BaH KaK OMepaH]| 00Jiee CI0XKHOTO BBIPAKEHHUS, a JIOJKCH ObITh
3aIMcaH caMm 110

ceoe:

func(a,b,c);

OnpenencHue GyHKIUU OMUCHIBAET, KaK OHA PabOTaeT, T.€. KaKue JICUCTBUS HAJI0
BBIMOJIHUTH, YTOOBI MMOJIYUYUTh HCKOMBIN pe3ynbTat. J{as GpyHKIuH SUM, 0ObsABICHHOM BHIIIE,
oIpezieJIeHHe MOXKET BBITJISIETh CIEAYIOIUM 00pazom: int

sum(int a, int b, int c)

{
int result; result=a + b + c;
return result;

j

[TepBast cTpoka - 3TO 3arojoBOK ()YHKIIMM, OH COBIIAJAET C OOBSBICHUEM (QYHKIUH, 32
UCKIIIOYEHHEM TOTO0, YTO OOBSIBICHHE 3aKaHUYMBAETCS TOUKOW C 3amsToi. [lanee B QUrypHbIX
CKOOKax 3aKJII0UEHO TeJ0 GYHKIUU - NeHCTBUS, KOTOPBIE JaHHas (PYHKIUS BBITOTHSIET.

AprymeHTsl a, b u ¢ HaspiBatoTcs QopmanmbHBIMEH TIapaMeTpamu. DTO MEPEMEHHBIE,
KOTOpBIE oOlpeneneHbl B Tene (GyHKIuM (T.e. K HUM MOXXHO OOpamiatbes TOJIBKO BHYTPH
¢urypabix cko0Ook). Ilpu Hamucanum omnpeaeneHuss GYHKIUM TporpamMma He 3HAeT HX
3HadyeHus. llpu BbI30Be (YHKIMHM BMECTO HMX IMOACTABISIOTCA (DaKTHUYEeCKHE HapaMeTphl -
3HaYeHHUs, C KOTOpPhIMU (DYHKIHMS BbI3bIBaeTCs. Bpille, B mpumepe BbI3oBa (YyHKIUU SUM,
¢bakTuueckumMu mnapamerpamu ( WiM  (GaKTHUECKUMHM apryMEHTaMH) SIBJSUIMCh 3HAYCHHS
nepeMeHHbIX K, 1 1 T.

dopmasbHbIe TapaMeTpbl MPUHUMAIOT 3HAUYEHUs! (PaKTUUYECKUX apTyMEHTOB, 3a/laHHBIX
MIPH BBI30BE, M (PYHKIIMSI BBIITOJIHAETCS.

[TepBoe, uTo MBI JenaeM B Tese (GYHKIUH — OOBSABISEM BHYTPEHHIOIO NEPEMEHHYIO
result Tuma wnemoe. IlepemeHHBIC, OOBSIBICHHBIC B Teie (GYHKIHMH, TaKKe Ha3bIBAIOT
JOKaJIbHBIMU. DTO CBS3aHO C TEM, YTO IMEpeMeHHas [result cymecTByeT TOIBKO BO BpeMs
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BEIIONMHEHUS Tena ¢yHKuuu Sum. Ilocie 3aBepiieHWs] BBIMONHEHUS (DYHKIMHA OHA
YHHYTOXKAETCS - €€ UMsI CTAHOBHUTCS HEM3BECTHBIM, M MaMsTh, 3aHUMaeMasi ATOH IepeMEeHHOMN,
0CBOOOXKIAETCS.

Bropas crpoka ompeneneHusi Tena (YHKIUU - BBIYMCICHUE pe3yiabTara. CymMMa Bcex
apryMeHTOB IPHCBAaMBAeTCs MepeMeHHO# result. OTmernM, 4To 10 MPUCBAaWBaHMs 3HAYCHUC
result 6puT0 HeompeaeaeHHBIM (TO €CTh 3HAYCHHE TMEPEMEHHOH OBLIO HEKUM MPOU3BOJILHBIM
YHCIIOM, KOTOPOE HEJb3s OTPEICIIUTh 3apaHee).

[Mocnemusist crpoyka (pyHKIIUM BO3BpAIACT B KAYECTBE PE3yJIbTaTa BEIYMCICHHOE
3Hauenue. Omepatop return 3aBepiiaer BHIMOTHEHHE (QYHKIIMU U BO3BPAIIAET BHIPAKEHUE,
3allMCaHHOE MOCIIEe KIIFOYEBOTO CIIOBA return, B Ka4ecTBe BBIXOJAHOTO 3HaYCHHS. B criemyromneM
(bparmMeHTe nmporpaMmbl IIEPEMEHHOM S nprcBanBaeTcs 3Hadenue 10: intk=2;int1=3;intm =
5;

ints =sum(k, 1, m);

Nmena dynkimit

B s3pike Cu++ 10ImycTHMO UMETh HECKOIBKO (DYHKITHH ¢ OJTHUM U TEM K€ UMCHEM,
NOTOMY YTO (DYHKIIMH PA3JIUYAIOTCS HE TOJIBKO 10 UMEHAM, HO U 10 TUTIaM apryMeHTOB. Eciu B
JIOTIOTHEHHE K OTIPEJICIICHHOM BBIIIEC PYHKIIMHA SUM MBI ONPEACTUM €Ille OJIHY (DYHKIIHIO C TeM
e umerem double

sum(double a, double b, double c)

{
double result; result =a + b + c;
return result;

}

9T0 OyAeT CUMTaThCsA HOBOHM (yHKIMen. MIHOTIa TOBOPAT, 4TO Y 3THX (DYHKIMI pa3HbIC
noanucu. B crnenyromem QparmeHte mporpaMMbl B TIEpBBIA pa3 OyAeT BbI3BaHA IIepBas
byHKIMS, a BO BTOPOIi pa3 - BTOpasi:

int x, y, z, ires; double p,q,s,
dres;

// BBI3BATh MepBOE onpesesieHne GyHKIMU SUm
ires = sum(Xx,y,2);

// BBI3BaTh BTOpPOE OIpeieieHne GyHKuuu Sum
dres = sum(p,q,s);

[lpu mepBoM BBI3OBE (yHKIMH SUM Bce (PaKTUUECKHE apryMEHThl MMEHOT TUI int.
HOBTOMy BBI3BIBACTCA IICpPBasi (1)yHI(I_II/I$I. Bo BTOPOM BbBI30OB€ BCC apIr'yMCHTHI UMCIOT THUIIL double,
COOTBETCTBEHHO, BbI3bIBAECTCA BTOpast (PyHKIHUS.

BaxkeH He TOJIBKO THUII APryMmeHTOB, HO U UX KOJIUYCCTBO. Mosxno ONPCACIINTDb (I)YHKI_II/IIO
SUM, CyMMHPYIOIIYIO YeThIpe aprymMenTa: int

sum(int xI, int x2, int x3, int x4)

{
¥

OTMCTI/IM, 4TO IIpH ONpCACICHHUHA (I)YHKI_II/Iﬁ HUMCHOT 3HAYCHHUC TUII U KOJIHUYECCTBO
apryMeHTOB, HO HE THIN BO3BpalliaemMoro 3HadeHus. I[lombiTka ompeneneHust 1ByX (QYHKIHI ¢
OIHHUM U TCM XKC UMCHCM, OJJHUMH U TCEMH XKC APTYMCHTAMU, HO PA3HBIMH BO3BpalllaCMbIMU
3HAYCHUSIMH, TIPUBENIET K OIMTHOKE KOMITHIISIINHN:

int foo(int x); double foo(int
X);

// ommOKa - IByKpaTHOE OTpeaeNeHue UMEHU

HeoOs3arenpHble apryMeHThl QyHKIIHI

[Tpu oObsBneHun QyHkuuii B sizbike Cu++ MMeeTCs BO3MOXKHOCTH 3aJaTh 3HAYCHHS
apryMeHTOB MO yMoj4yaHuio. llepBblii ciydail NpUMEHEHUS 3TOW BO3MOXKHOCTH SI3bIKA -
COKpalleHue 3anucu. Eciau GpyHKIus BBI3BIBACTCS C OJHUM U TEM K€ 3HaYCHHEM apryMeHTa B

return xI + x2 + x3 + x4;
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99% cnydaeB, ¥ 3TO 3HAYEHWE JOCTATOYHO OYEBHIHO, MOXKHO 3a/aTh €ro IO YMOJYAHHIO.
[Tpenmosiokum, GyHKIUS €XPNt BO3BOAWT YHCIO B MPOU3BOJIBHYIO IENYIO TOJOKUTEIBHYIO
cTereHb. Yare BCEro OHa MCIOJB3YETCs IS BO3BEACHHUS B KBaapar. Ee 0ObsBICHHE MOXKHO
sanucarh Tak: double expnt (double x, unsigned int e = 2);
Onpenenenne pyukuuu: double
expnt (double x, unsigned int e)

double result = 1; for (inti=0; i
< e; I++) result *= x; return result;

}

int main()

double y = expnt(3.14); double x =
expnt(2.9, 5); return 1;

}

Hcrnonb30BaTh apryMeHThI IO YMOJIYAHHIO YAOOHO IpU M3MeHeHnn GyHKiuu. Ecou npu
W3MEHEHUU MPOTPaMMbl HYKHO J00aBUTHh HOBBIM apryMeHT, TO JJII TOTO YTOOBI HE U3MEHSTH
BCE€ BBI30BBI 3TOH (PYHKIIMH, MOKHO HOBBIH apryMeHT OOBSIBUTH CO 3HAUCHHUEM 110 YMOJIYAHUIO.
B takom ciydae crapbie BbI30BBI OyAyT HCIIONB30BAaTh 3HAYEHHE MO YMOJYAHUIO, & HOBBIC -
3HAYECHUS, YKa3aHHbBIC ITPHU BHI30BE.

HeoOs3aTenbHBIX  apryMEHTOB MOXKET OBbITh HECKOJbKO. Eciu  ykazaH oauH
HeoOs13aTeIbHBI apryMeHT, TO JMOO OH JODKEH OBITh IMOCIEIHMM B IPOTOTHIIE, JTUOO BCE
apTryMEHTHI MOCTIe HETO JOJKHBI TAKKE UMETh 3HaUYEHHUE 110 YMOITYAHHUIO.

Ecnu nns byHkumm 3a1aH HeoOs3aTENbHBIA apIyMEHT, TO (PaKTHYECKH 3a7aHO
HECKOJIbKO Mojmuceit 3Toit Gynkuuu. Hanpumep, nonbiTka onpeaesieHus 1yx ¢pynkuuii double
expnt (double x, unsigned int e = 2); double expnt (double x);

MPUBEJET K OMMOKE KOMIWISIIMU - HEOJHO3HAUYHOCTH ompeneneHus (PyHKIuU. ITO
MPOUCXOAUT MOTOMY, YTO BBI30B

double x = expnt(4.1);

MOAXOAUT KakK ISl IEPBOM, TaK | JIJIT BTOPOH (DYHKITHH.

OVYHKIMU C ITEPEMEHHBIM KOJIMYECTBOM ITAPAMETPOB

PaccMoTpum moakJace ajaropuTMoB, KOTOpPblIe, XOTsI M He Bceraa JIamoT
ONTUMAJIbHOE pellleHne, TeM He MeHee IIMPOKO UCIOJIb3YIOTCA HA MPAKTHKe.

Onpeoenenue 2.7

IBPHUCTUYECKHI AJITOPUTM —- OCHOBAHHBII HA ONbITE WM HEKHMX MHTYHUTHBHBIX
NMPeANnoJI0KEHUAX MeTO/l PellleHUs 32241, JAI0IINH, KAK NPAaBWJIO, XOPOLIMiA pe3y/bTar.

/laHHoe  ompeaejieHHe  IBPUCTUYECKOr0  AJITOPUTMA  COAEPKUT  MHOTIO
HEKOHKPETHBIX TMOHATHH M B JITOM 3aKJI04YaeTcsi 0CO0EHHOCTh JIBPUCTHKH.
IBPUCTHYECKMMHU MOTYT Ha3bIBAThCS U AJITOPUTMbI, KOTOPbIe HE MOTYT ObITh MOJHOCTHIO
NMPOAHAIU3UPOBAHbI, HE J0KA3aHA UX CJ0KHOCTh WJIH ONTHMAJBLHOCTH, HO M3 ONbITA WJIH
U3 O0IIUX pacCy:KIAeHUil M NMPeaNnoJioKeHuil U3BeCTHO, UTO OHHU Jal0T Xopollee NMpuodIu-
’JKeHHe K TpeOyemoMy pe3yJbTary. UTO CUMTATH XOPOIIMM pPe3yJbTATOM, 3aBHCHT OT
KOHKPETHOM 32/1a4M, YCJIOBUI U OrPpAHNYEHM .

Ilogpa3symeBaeTcs, 4YTO JBPHCTHYECKHI aJropurM o0jagaer HeO00JbILOM,
peajin3yeMoii CJ10KHOCTHIO, H ITO KOMIIEHCHPYET BO3MOKHYI0 HETOYHOCTH pe3yJibTara. K
NnpuMepy, s 3aJaydl KOMMHBOSIKEPa, KOTOPYI paccMaTpuBajJuW B moapasa. 2.1,
NpeaIosKeH Crocod pelleHusl «IMOJHbIM MepedopoM», MMEIONIUH CJI0KHOCTH NOPSAKA
O(m!). C moMombI0 3TOr0 MeTOAa BCEraa HAXOAHUM ONTHMAJIBLHBIH MyTh, ILUIATH 3a 3TO
00JILIION TPYI0€MKOCTBIO, KOTOPasi SIBHO Hepeaju3yeMa y:Ke Ha BeJIMUYMHAX A MOPSAKA
HECKOJbKHX J1eCATKOB.

B 10 ke BpeMsi JIerK0 yKa3aTh 3BPHUCTHYECKHUI CMOCO0 HAXO0XKAEHUSI MAPIIPYTa, He
00513aTeJIbHO ONTUMAJIBHOIO (MOKHO MOCTPOUTH MPHUMeEPHI, KOIAA ITOT €Nocod He Oyaer
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HAXOJAUTHh KpaTyammi o0be3x), HO, KaK NMPaBWJI0, J0CTATOYHO KOPOTKOro. ITOT CNocod
Ha3bIBAETCS «IIPABHJIOM OJIMKAliIIero cocena» M, KaKk cjeayeT U3 Ha3BaHMs, 3aKJIH0YAETCs
B TOM, YTOObI M3 KaXKJA0I0 ropoJa Bce BpeMsi Bbie3:KaTh B OJIMKAHIIMI HemocelmeHHbIH
ropoa. Takue MeTobl HA3LIBAIOTCS MHOIIA KATHBIMH», TAK KAK OHH BCerja BbIOMPAIOT
JIOKAJbHBIH ONTHMYM, CTapasich J0CTHYb IJ100a1bHOr0. O4eBH/IHO, CJIOKHOCTH MpPaBHJIA
OJmKaiilero coceaa cocTaBJIsieT 0([[2) (1711 KaXKA0r0 M3 1 TOPO/I0B HYKHO BbIOPATh BbIe3/
MHHHMAJIbHOH CTOMMOCTM W3 N — 1 HampaBjleHHMid), YTO 3HAYHUTEJbLHO MeHbINle, YeM
CJIO’KHOCTh MOJIHOr0 mepedopa. /lust 3Toro mpuMepa Meron OJM:Kaiilliero coceaa Jaaer
00be31 ABCDACco ctouMocThIO 15. T.e. B JaHHOM cJIy4yae MoJy4eHHbIH 00be3/1 COBIAaaeT ¢
onTUMaIbHbIM. OTHAKO MO’KHO NMPHUBECTH NMPHMePbl, B KOTOPBIX NMPHMeHEHHE TAHHOI0
MeTo/a Oy/aeT HeonTUMAIbHO. JlJIfl cienyonneil 3a1a4n TaK:Ke MOKeT ObITh NMOJIy4eH Mpo-
CTOM IBPUCTHYECKHMHA AJITOPUTM.

3aoaua 2.15(3a0aua o pacnucanuu npoyeccopog). Ilyctb HaM JaHBl n
napauleJibHBIX (OIMHAKOBBIX MO NMPOU3BOAUTEIbHOCTH) npoueccopoB P\, P2,....P,, u m
sapanmit 1\ J1,...,1,, rae BpeMsi BBHINOJHEHHS KaKIAOr0 3aJaHHs HAa JIOO0OM U3
NMpoeccopoB u3BecTHo U cocrapasier Ti, To,...,T,. Tpedyercsi cocTaBUTh pacHUCaHHE,
pacnpenesiioliee 3aJaHusi MO TMpoUeccopaM TaK, YTOObI BpeMsi BBINOJHEHHS BCeX
3aJaHUii ObIJI0 MUHMMAJIBHBIM.

Pewenue. MOKHO JIeTrKO BHJIeTh, 4YTO PpPa3jHMYHbIe PACIHHCAHUA TNPHBOAAT K
pa3jiMuyHOMY BpeMeHH BBINOJHEHUs1 Bcex 3aaad. PaccmMorpuMm npumep st Tpex
npoueccopos I'\, Pb, P;\ u yernipex 3aganuii 1\, 1% /3,14 co Bpemenem BoinoaHenus 7\ =
10, T% = 8, T% = 2, T4 = 3. Ilpeanoio:kuM, 4T0 3aJaHUS CTOSAT B OYepeIH, IPH ITOM
0CBOOOAMBIIMIACS Mpolieccop OepeT mepBoe 3ajaHHe B o4depeau aJsi oopadorku. Eciu
OTHOBPEMEHHO CBOOOHBI HECKOJIbLKO MPOIECCOPOB, OHM OepyT 3a1aHHs B MOPSIIKE CBOUX
HOMEpPOB.

Takum o0pa3oM, pacnucaHue MOKeT ObITh 32/IaHO MPOCTO MOCJIEeI0BATEIbHOCTHIO
saganmii 1j;,, |jm, W, ciaegoBaTeabHO, MOXKHO 3a7aTh M|pa3auYHBIX pacHUcaHUIL.
Hanpumep, nonaBasi 3aganusi B mopsiake /4, /3, 12, h,T.e. mepBblii mpoueccop Geper
yeTBEPTOE 3ajlaHHe, BTOPOl — TpeTbhbe M T.A., MOJYYMM BpeMsi BbINOJHEHHsI, paBHOe 12
(puc. 2.17, a). OuyeBUAHO, TAKOE PACIIMCAHNE HEONTUMAJIBbHO: MOKA OHUM MPOLECCOPOM
oOpadaTbiBaeTcsi 3ajaHHe cO BpeMeHeM BbimogHeHusi 10, ocrajbHbIE JBa YCHEHOT
oOpaboTaTh ocraBmmecs 3aaanus (puc. 2.17, 6). Pacnucanne, n3odpaskeHHoe Ha puc. 2.17.
0, SIBJASIETC ONTHMAJLHBIM, TAK KaK BpeMsi 00padOTKH BcCeX 3aJaHUH He MOKET ObITh
MEeHbIIe, YeM BpeMs 00pa0oTKH caMoro TpyaoeMkoro 3agxanus. Pacnucanue Ha puc. 2.17,
0 naeT UMEHHO TaKoe Bpemsl, T.e. - 10.

Onnako aJs1 mepedopa BceX BO3MOKHBIX pacnucaHuii, Kak W B 3ajade
KOMMMBOsSIKEPa, TpelOyeTcsi  peliaTh  3a4a4y  JIKCIHOHEHIHAJBHON  CJI0KHOCTH.
IBPUCTUYECKHUI TOAX0[, KOTOPLIH c(opmyjupyeM, BecbMa MNpPOCT: OyleM CYUTATH
pacnucaHuMeM MocCjae0BaTedbHOCTh 171, /-5, ..., ljmTakyto, uro Tj;<Tj,< ... <Tjpm,
OTCOPTHPOBAHHYIO 1O
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/ BpeMeHH 00padoTku. Takoe
£ G 7 pacnucanue U300paskeHo HA PUC.
2.18. B nanHoOM ciiyuae Bpemsi
00padoTKM pacnucaHmusl,

L, 4, 1 1y Py z l T
—_—— MOJIYYECHHOI'0 9 BPUCTHYCCKUM
IyTeM, CHOBA COBIIAJ1A€T C
OIITUMAJIBHBIM U 1Aa€T Oﬁlllee
Py 3 2 T

Bpemsi oopadoTku — 10.
OaHako JIerko  ykKa3aTh
— npumep, JIst KOTOpPOro
' IBPUCTHYECKOE PpAacCNUCAaHUE He
JacT ONTHMAJIBLHOIO  pelleHus.
Takod mnpumMmep

s ) | NpHUBeJIeH Ha
D P 5[ 3 [ ) oA 5 1 5 11 7 puc.2.19.
: : MoskHo
2, . — T Pz N e - I0Ka3aTh,  4TO
| [ eCJIn
i | 0003HAYHUTDH
Py S 1 3| [ T e 5 1 3 ] | 7 uepe3 To
: % ONTHMAJILHOE
1z 11
« . . » BpeMs
: : 00padoTKH, a
Puc. 2.19. IIpouepvius 26pucmuuecko2o aieopumma: d - 38pUcnil- yepes T, —
UecKkoe pacnucanue, 6 - onmumaiivHoe pacnucarnue l'IO.]'Iy‘-IeHHOC C

NIOMOIIBI0O OITUCAHHOTO

TakuMm 00pa3oM, He TOJbKO C()OPMYJUPOBAH IBPUCTHYECKHH AJTOPUTM, HO U B
HEKOTOPOM CMBbICJIE€ OlleHeHa ero 3(P(PeKTUBHOCTh OTHOCUTEJIBHO ONTHMAJBHOIO, T.€.
MOJIy4eHa OLEHKA MAKCMMAJIbHOI0 MPOMTPHILIA.

PEKYPCHBHBIE ®YHKINN

IIpu co3aaHUM MM ONTMCAHUU PA3HOTO POJAA AJTOPUTMOB YACTO MOKHO 3aMeTHUTh,
YTO pelieHHe TOW WJIM HHOH 3aJayM MOKeT ObITh BbIPAa’K€HO KAK KOMOMHAIUS WJIH
MoanpUKANUA pelleHu Toil ke 3aMa4yu (WM JAPYro, HO ¢ M3BECTHHIM pelleHUueM), ¢
JAPYTMMH BXOJAHBIMH JAHHBIMH, JPYTrOi Ppa3MepHOCTbIO, T0MOJHUTEIbHBIMH YCJIOBUSIMH U
T.Nl. BbisiBJIeHNE MOJ00HBIX 3aKOHOMEPHOCTEH MO3BOJIsIeT JTU00 HAWTH pelIeHHe JAHHOM
3a/lauM  4Yepe3 pelleHusl Y:Ke HM3BECTHBIX 3a7a4, JU00 MNOJYYHTh JAONOJHUTEILHYIO
HHPOPMALIUI0 0 «CTPYKTYpe» peliaeMoii mpodjeMbl, ee CBOMCTBAX, H 3Ta HHPOPMALUA
MOKeT OBITh MCIO0JIb30BaHA NPH Pa3padoTKe AJropuTMoB pemieHus. OJHUM U3 caydyaeB
TAKOW 3aKOHOMEPHOCTHM fIBJISIETCH BO3MOKHOCTh ONHMCATH 33Ja4y € MOMOHIbIO
PEKYPCHBHOM M0CJIe10BATEJIbHOCTH /1€l CTBUI, HJIH, IIPOLIE TOBOPS, PEKYPCHH.

Onpeoenenue 2.4

PexypcuBHBIN aJrOpUTM — pelieHre 3a1a4M B X0/1€ BbINOJHEHHUs 00palnaeecs
camo K cebe.

OaHa u Ta ke 3a7aUya MOKeT ObITh pellleHa KaK ¢ IPMMEHEeHUEM PEeKYPCUHU, TAK U
0e3 Hee. BooOe, 11000 peKypCHBHBINH aJITOPUTM MOKET ObITH ONMCAH HEPEKYPCUBHO, HO
He HAa000poT. Pekypcusi yacTo siBjsieTcss yI00HbIM aJITOPUTMUYECKUM pellleHueM 3a1a4M,
OTHAKO He Bceraa yjJAayHa ¢ TOYKH 3PeHHsl peajM3allMd BCTPOEHHBIMM MeTOJAaMM
PEeKYpCHH Ha fI3bIKe MPOrPaMMHUPOBAHMSA: NIPH PEKYPCHBHOM BbI30Be PyHKIMH TpedyeTcs
CcOXpaHeHHMe 3HAYEHUIl BcCeX JIOKAJIbHBIX NEpPeMEHHbIX, TOYKH BO3BPaTa, YTO MOXKET
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NPUBECTH K TMEPeNnoJHEHUI0 BbIIeJIEHHOH MporpaMMe NaMsTH [axke NpU (opMabLHO
KOPPEKTHOM 3aNnMcu aJIrOpUuTMAa U peaju3alum.

PekypcuBHBIIi aJrOpuTM 00513aTEIbHO JT0JI3KEH COEPKATH JIBE YACTH:

1. I[ar pexkypcuu. Yka3zaHue, KAaKuM 00pa3oM NPoOU3BOAUTCH PEKYPCUBHBINH BbI30B.
2. ba3sa pekypcuu. YCJI0BHe BBIX0/1a U3 PEKYPCUH.

PacnpocrpanenHoii omMOKOH sIBJsIETCS OTCYTCTBHe 0a3bl peKypcMH — 3TO
NPUBOAUT K 3alMKJIMBAHUIO AJITOPUTMA HJIH €ro HEKOPPEKTHOMY 3aBepiuieHuio. /laee
PaccMOTPHM HECKOJIBKO 32124, KOTOPbIe MOTYT ObITh pPellleHbl C IOMOIIbIO PEKYPCUH.

INEPEJJAYA TTAPAMETPOB B ®YHKIIHIO I10O CChUIKE

Kaxnas nmporpamma Ha C u C++ 1o/pKkHA ©MeTh QYHKITMIO MaiNn; mpyuyeM Baiie J1eio,
rIe Bbl €e moMecTuTe. HekoTopele TporpaMMUCTBI TIOMEHIAIOT €e¢ B Haudane (aiina,
HEKOTOphle B KOHIE. OJHAKO HE3aBHUCHUMO OT €€ IMOJIOKEHHs HEeOOXOIUMO IOMHHTD
CIIEyIOLIEE.

3anyckaroinas nporeaypa Borland C++ nmoceiiaer GpyHkiuu main Tpu napamerpa
(aprymenTa): argc, argv u env.

argc, memnoe, - 3TO YMCJIO ApTyMEHTOB KOMaHIHOMI
CTPOKH, MochutaeMoe GpyHKIMy main,
argv To MaccuB ykasarenei Ha crpoku (char * []).
Mox Bepeueii DOS 3.x u Gonee nosaunmu argv[0]
OTIpeieNiIeTCs KaK MOJHBIN MapIIPyT 3aIlyCKaeMOi MpOoTrpaMMBbl.
Ipu paGote nox Gosee panHuMu Bepeusimu DOS argy
yKa3biBaeT Ha HyseByto cTpoky (""). argv[l] ykassiBaet Ha nepByio
MOCJIC IMEHH ITPOTPAMMEBI CTPOKY KOMaHIHOW CTPOKH.
?argv[2] ykasbiBaeT Ha BTOPYIO MOCTIE HMEHH IPOTPAMMBbI
CTPOKY KOMaHJIHON CTPOKH.
?argv[argc-1] ykasbiBaer Ha moCIe/IHMUIT apryMeHT,
NOChUTaeMBbIi (yHKIIME Main.
T argv[argc] comeprxut NULL.
env TaKXke SBJIICTCS MAaCCUBOM yKa3aTeJei Ha CTPOKH.
Kax b1t ameMeHT env[] coaepkut CTpoky Bua
ENVVARrHaneHHe.

?ENVVAR - 510 nmst iepeMerHoit cpeasl, Tana PATH nu 87.

3aMeTuM, OJHAKO, YTO €CIIM BBl ONKCHIBAETE HEKOTOPHIC W3
ATUX apryMEHTOB, TO BBl JOJDKHBI OMHUCHIBATH MX B TaKOM MOPSJIKE:
argc, argv, env. Hampumep, AOMyCTHMBI CIEAYIONUE OOBSIBICHUS
apryMeHTOB:

main()

main(int argc) /* 1omycTHMO HO HE OYSHB XOPOIIO */

main(int argc, char *argvQ)

main(int argc, char *argv[], char *env[])

OOmwsBiaenne main(int argc) He oueHb YAOOHO TEM, YTO 3HAs KOJIUYECTBO
MapaMeTpoB, BBl HE UMEETE JOCTYIA K HUM caMUM. APTyMEHT €NV BCera JOCTYIEH Yepes
rI100aIbHYIO IEPEMEHHYO €NViron. CMOTpUTE ONMUCAHUE TIEPEMEHHOM ENVIroN U GyHKIMH
putenv u getenv.

[MTapameTpsl argc u argv Takxke 1ocTymHsl yepe3 nepeMeHHbie_argc u _argv.

[Tpumep mporpaMMBbl, HCIIONB3YIOMIEH argc, argv u env.

Oto mpumep mporpammbel ARGS.EXE, koTopast 1eMOHCTpHpYyeT MpOCTeHIINi
MyTh MCIIOJIb30BAaHUS apTyMEHTOB, TOChIIAEMbIX (PYHKIIMK Main.

[* mporpamma ARGS.C */

ffinclude <stdio.h>

#include <stdlib.h>

void main(int argc, char *argv[|, char *env[))
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{

inti;

prutlO3nauenue arge pasuo %d \n\n",argc);

printf("B xomangHo# cTpoke coaepxurcs %d mapamerpos \n\n",argc);

INEPEJJAYA TTAPAMETPOB B ®YHKIIHIO I10O CChUIKE
for (i=0; i<=argc; i++) printf(" argv[%d]:
%s\n",i,argv[i]);
printf("Cpena comepsxut ciaemyromnme cTpoku:\ir”);
for (i=0; env[i] '= NULL,; i++) printf(" env[%d]:
%s\n",i,env[i]);
return O;
¥
[Tpenmonoxum, uto BeI 3amyckaere nporpaMmmy ARGS.EXE co crenyromieit koMaHaHOM
CTPOKOM:
C:>args first_arg "arg with blanks" 3 4 "last but one™ stop!

3aMeTuM, 4TO Bbl MOKETE MOCTIaTh apryMEHT ¢ MpoOeIaMu, 3aKJII0UMB €ro B JBOMHbBIE
KaBBIYKH, KaK TIOKa3aHo Ha nmpumepe ""argument with blanks™ u "last but one" B mpumepe
BBI30Ba MPOTPaMMBI.

B pesynbrare paboTsl MPOrpaMMBI BI MTOJTYYUTE TPUMEPHO CIIEIYOIIEE:

3HaueHue argc paBHO 7

B xomanHOM cTpoke comepxkutcs 7 nmapamerpo argv[0]: c:\turboc\testargs.exe
argv[l]: first_arg argv[2]: arg with blank argv[3]: 3 argv [4]: 4
argv[5]: last but one argv[6]: stop!
Cpena coep XUt CleyIoe CTPOKH:
env[0]: COMSPEC=C:\COMMAND.COM
env[l]: PROMPT=$p $g
env[2]: PATH=C:\SPRINT;C:\DOS;C:\BC .

MakcumanbHas 001ast JTHHa KOMaHIHOW CTPOKH, MochltaeMast GyHKIIHH Main
(BKiTOYast mpoOenbl U UMsI cCaMOil MporpamMmBbl), HE MOXKE ITpeBbIIIATh 128 CUMBOJIOB; 3TO
orpanuuenust DOS.

ApryMeHTBI KOMaHIHOH CTPOKH MOTYT COZIEPKaTh CHMBOJIBI MacKkupoBaHus. [Ipu aTom
OHM MOTYT PacIIUPSATHCS AJIsl BCeX UMEH (haiIoB, KOTOPBIE COBMA/IAIOT C ApTYMEHTOM TaK, KaK
3TO JenaeTcs, Harpumep, ¢ komanao DOS copy. [ ucmonp30BaHusI CHMBOJIOB
MacKHUPOBaHMsI HEOOXOAUMO TPH CBSA3BIBAHUU Balllel MTPOrPaMMBbl pEIaKTOPOM CBSI3eit
MOJICOCAMHUTE K Hel 00bekTHbIH (aiin WILDARGS.OBJ, kotopsiii moctasisiercs ¢ Borland
C++.

Ecmu daiin WILDARGS.OBJnoncoenunen K Bamieii mporpamme, TO BBl MOKETE B
KOMaHIHOW CTPOKE UCTOIb30BaTh apryMeHThl TuNa [Ipu aToM nmMeHa Bcex ¢aitnos,
MOJIXOMSIINX K JAHHON MacKe, 3aHOCSTCSA B MacCHUB argv. MakcumanibHbBIN pa3Mep MaccrBa
argv 3aBUCHT TOJIBKO OT 00beMa JMHAMUYECKON 00JIaCTH MaMSITH.

Ecnu mon nanHyro MacKy He HAIUIOCh OAXOSINX (DAIOB, TO aprYMEHT MepeIaeTCst
B TOM BH/JIE, B KAKOM OH OBLJI HAOpaH B KOMaHHOW OTPOKE.

ApPrymMeHTbl, 3aKIII0OYEHHbIE B IBOMHBIE KaBbIUKH ("..."), HpacIupsoTCs.

[Tpumep. Crnenyromue koMauapl KommmupyroT daiin ARGS.C u cBsI3bIBatOT €ro ¢
moxynem WILDARGS.OBJ, a 3arem 3amyckatoT nmoryuusirytocst mporpammy ARGS.EXE:

bcc args wildarg.obj

args C:\BORLANDC\INCLUDE\*.H "*.C"

[Tpu 3anmycke ARGS.EXE niepBblii apryMeHT pacuupsieTcs 10 UMeH BceX (aitiioB ¢
pacmmpenuem H B nupexkropun Borland C++INCLUDE.OTMeraM, urto Bce CTpOKH
BKITI04ar0T noHbIN MapmpyT (k npuMepy C:\TCAINCLUDE\ALLOC.H). Apryment *.C He
paciupsieTcs, T.K. OH 3aKJII0UY€H B KaBbIUKH.

Ecnu BbI paboTaere B MuTerpupoBannom Okpyxenun (BC.EXE), To Bam mpocto
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HYXXHO yKa3aTh B MEHIO ITpOeKTa UMs (aiiyia mpoeKTa, KOTOPBIA JOIDKEH CONEpKaTh
CIICIYIOIIHE CTPOKH:
ARGS
W1LDARGS.OBJ
3atem ¢ momMoibio komany "Run/Arguments” cienyer ycTaHOBHUTB ITapaMeTphl
KOMaH/IHOW CTPOKH.
8.CTATMYECKUE U TMHAMUNYECKHUE CTPYKTYPhI JJAHHBIX

CTATUYECKUE CTPYKTYPbBI JAHHBIX

Cratuyeckue CTPYKTYpPhl OTHOCATCA K Paspsily HENPUMHUTUBHBIX CTPYKTYp, KOTOpPBIE,
(bakTHUECKH, MPEACTABISIOT CO00 CTPYKTYpUPOBAaHHOE MHOXECTBO NMPUMUTHBHBIX, 0a30BBIX,
CTpyKTyp. Hampumep, BeKTOp MOXKET ObITh NMPEACTABICH YIOPSI0YEHHBIM MHOXECTBOM YHCEIL.
[TockonbKy 1O  ONpPENENEHHIO CTAaTHMYECKHE CTPYKTYPbl  OTJIMYAIOTCA  OTCYTCTBHEM
W3MEHYUBOCTH, MaMATh JJIS HUX BBIIENSETCS aBTOMAaTHYECKH - KaK MpaBH- JIO, Ha JTare
KOMITWISIIIAA WJIM TIPH BBITIOJTHEHUHM - B MOMEHT aKTHUBH3AIMH TOTO MPOrPaMMHOTO OJIOKa, B
KOTOPOM OHH oOmHcaHbl. Psg si3pikoB mporpammupoBanus (PL/1, ALGOL-60) momyckaroT
pa3MeIIeHHEe CTATUYECKUX CTPYKTYP B MAMSTH HA dTare BHIMOJHEHHS M0 SBHOMY TPeOOBaHHUIO
MPOrpaMMHUCTa, HO U B 3TOM cliydae 00bEM BBIICICHHONW MaMSTH OCTAeTCsl HEM3MEHHBIM 0
YHUYTOXKCHUSI CTPYKTYpHl. BbIneneHne mnamsaTh Ha dTarne KOMIWIALUHU SBISIETCS CTOJb
yIOOHBIM CBOMCTBOM CTaTUYECKUX CTPYKTYP, YTO B pAIE 33724 MPOTrPAMMHUCTHI UCTIOIB3YIOT X
JaKe Ul IPEJCTaBICHUS 00BEKTOB, 00JIIal0NINX H3MEHUYMBOCTRI0. HanpruMmep, koraa pasMep
MaccHBa HEM3BECTEH 3apaHee, JJIsl Hero pe3epBUPYETCS MAaKCUMAIbHO BO3MOXKHBIN pazMep.

Kaxnyro CTpyKTypy JaHHBIX XapakTepusyroT el JoruueckuM U (HU3HIECKUM
npenacraBieHussMi. OYeHb 4acTO TOBOPS O TOW MJIM MHOM CTPYKTYpE AaHHBIX, UMEIOT B BUAY €]
Joruyeckoe mpezcraBieHne. @dusnueckoe TNpeACTaBICHHWE OOBIYHO HE COOTBETCTBYET
JIOTUYECKOMY, M KpPOME TOr0, MOXET CYIIECTBEHHO pa3lnyaTrhCsi B Pa3HbIX MPOTPaAMMHBIX
cucremMax. Hepenxo ¢u3M4eckoil CTPyKType CTaBUTCS B COOTBETCTBHE JCCKPUITOP, HWIIH
3arojIOBOK, KOTOPBIA COIEpPKUT oO0Iue cBeaeHus o (usnyeckoi cTpykrype. Jleckpunrop
HEOOXO/IWM, HampuMmep, B TOM Cllydae, KOT/Ia TPaHWYHbIE 3HAYEHUS WHACKCOB JJIEMEHTOB
MaccHBa HEHM3BECTHBI Ha JTale KOMIWJISIMH, U, CIEIOBATENbHO, BBIJCIECHUE MaMATH MAJIs
MaccHBa MOKET OBITH BBIMIOJHEHO TOJIBKO Ha JTare BBITOJIHEHUS MPOTPaMMBI (KaK B SI3BIKE
PL/1, ALGOL-60). /Ieckpunrop XpaHUTCS Kak ¥ cama (hU3nMYecKas CTPYKTypa, B MaMsITH H
COCTOUT W3 TIOJIEH, XapaKTep, YACIIO U pa3Mephbl KOTOPBIX 3aBUCAT OT TOW CTPYKTYPHI, KOTOPYIO
OH OIMCBIBAET U OT NMPHHA- THIX CIOCOO0B ee 00paboTKU. B psne ciaydaeB qecKpunTop sBIseTCs
COBEPILIEHHO HEOOXOJMMBIM, TaK KaK BBIIIOJHEHHE OINEpaluy JOCTyNa K CTPYKType Tpedyer
0053aTeNFHOTO 3HAHUS KaKUX-TO €€ MapaMeTpoB, U TU MapaMeTpbl XPaHATCS B JECKPUITOPE.
Jlpyrue xpaHumble B IECKPHUIITOPE IMApaMeTPhl HE SBISIOTCS COBEPIIEHHO HEOOXOAMMBIMHU, HO
UX UCIOJIb30BaHUE TMIO3BOJISIET COKPATUTh BpeMs JOCTyNa WIU O0ECleYUTh KOHTPOJb
NPaBWIBHOCTH JIOCTYNIa K CTPYKType. JIeCKpHNTOp CTPYKTYpHl NaHHBIX, IOICPKHBAEMBIN
S3BIKAMH TIPOTPAMMHPOBAHUS, SBISIETCS "HEBUAMMBIM" IS TPOTPAMMUCTA; OH CO3JaeTCs
KOMITHJIITOPOM M KOMITHJISITOP K€, (OPMHPYsST OOBEKTHBIC KOABI IS JOCTyNa K CTPYKTYpE,
BKJIIOYAET B 3TH KOJIbI KOMaH/Ibl, O0paIlaloifecs K AECKpUITOPY.

CraTuueckue  CTPYKTyphl B SI3BIKAX  NPOTPaMMHUPOBAHHS  CBS3aHBI  CO
CTPYKTYpUPOBAaHHBIMU THUNaMH. CTPYKTypUPOBAaHHBIE THIBI B SI3BIKAX MPOrPaMMHPOBAHUS
SIBIISTIOTCSI TEMU CPEJICTBAMHU HHTETPAIMH, KOTOPBIE TO3BOJISIIOT CTPOUTH CTPYKTYPHI JaHHBIX
CKOJIb YrOAHO OONBHION cHOXKHOCTU. K TakuM THUIaM OTHOCSTCS: MAacCHBBI, 3amucu (B
HEKOTOPHIX SI3BIKAX - CTPYKTYPhI) U MHOXKECTBA (ITOT THIT peaIn30BaH HE BO BCEX S3BIKAX).

Bekropsl

BekTtop (onHOMEpHBI MaccuB) - CTPYKTypa JaHHBIX C (UKCUPOBAHHBIM YHCIOM
AIIEMEHTOB OJHOTO M TOTO XK€ Tura Tumna. Kakaplii 5JeMEeHT BeKTOpa MMeeT YHHKAIbHBIA B
paMKax 3aJaHHOTO BeKTopa Homep. OOpalieHne K 3JIEMEHTY BEKTOpa BBINOJIHSETCS 110 UMEHH
BEKTOpa U HOMEPY TpeOyeMOoro 3JeMeHTa.
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DJIeMEHTBhl BEKTOpa pa3MEIIAIOTCS B MaMSITH B MOIPSJ PACIONOKEHHBIX sueiikax
namstd. [Ton aeMeHT BEKTOpa BBIACTSCTCS KOJIMYECTBO OAUT MaMSITH, OmpeaensieMoe 0a30BbIM
THUIIOM 3JIEMEHTa 3TOro Bekropa. HeoOxoaumoe yucio GalTOB MamsTH JJIsl XPaHEHHS OJHOTO
2JIEMEHTa BEKTOpa Ha3bIBAaCTCs CIOTOM. Pa3mep mamsTH Ui XpaHEHHsI BEKTOpa OINPEIeNsIeTCs
NPOM3BEACHUEM JUIMHBI CII0Ta HA YUCIIO SJIEMEHTOB.

rae @ Mms -anpec BeKTOpa HITH, YTO TOXKE CaMoe, aJpec MEPBOTO JIEMEHTa BEKTOPA,
Sizeof(Tnn)-pa3Mep ciora (koaruecTBO OAWTOB MAMSITH JJIs 3AIIKCH OJTHOTO 3JICMEHTA
BekTopa), (k- N)*Sizeof(THN) - oTHOCKHTENBHBIN azpec SIEMEHTA C HOMEPOM K, HITH, YTO TOXKE
camoe, CMEIIEHUE FIEeMEHTa C HOMEPOM K.

Hanpuwmep:

var ml:array[-2..2] of real; npencraBieHue qaHHOTO BEKTOpa B
naMsITH

B s3pIkax, TAe mamsiTh paclpesieNseTcs 0 BBIMOJHEHUS IMPOrpaMMbl Ha JTare
kommusiiun (C, PASCAL, FORTRAN), mpu onucaHuy THIa BEKTOpA MPAaHUYHBIC 3HAUCHHS
WHJICKCOB JIOJDKHBI ONPE/ICiCHbl. B s3bIKax, TJie NaMATh MOXKET PaCcIpeaeAThCs JUHAMUYCCKU
(ALGOL, PL/1), 3naueHust HHACKCOB MOTYT OBITh 3aJaHbl BO BPEMs BBIITOJIHEHHS [IPOIPAMMEI.

KonmdecTBo 6aiiTOB HEMIPEPBHIBHOM 007aCTH MAMSATH, 3aHATHIX OJHOBPEMEHHO BEKTOPOM,
orpenensiercs mo popmye:

ByteSise = (x - n + 1) * Sizeof (Tumn)

Oo0paiieHue K i-TOMy JIEMEHTY BEKTOPA BBITIOIHSETCS 10 aIpecy BEKTOpa ILIHOC
CMEIICHHUE K JaHHOMY 3eMeHTy. CMeleHue i-0r0 2JIeMeHTa BEKTopa ONpPeIeIseTcs Mo
dbopmye:

ByteNumer = (i- n) * Sizeof (tum), a agpec ero: @,
ByteNumber = @ ums + ByteNumber. riae @ umst - agpec
MIEPBOTO 3JIEMEHTa BEKTOPA.

[Tpu gocTyne K BEKTOPY 3a/1aeTcs UMsI BEKTOPA U HOMED JIEMEHTa BeKTopa. Takum
obpasom, aapec i-ro aeMeHTa MOKET OBbITh BBIYMCIICH KaK:

@Ums|1l] = @Ums + i*Sizeof(Tnn) - n*Sizeof(mn) (3.1)

DTO BBIYUCIICHNE HE MOXKET OBITh BBIOJHEHO HA ATalle KOMITHIIAIMH, TaK KaK 3HAYCHHE
HIEPEeMEHHOM | B 9TO BpeMms ele HensBecTHO. ClieoBaTeNnbHO, BBIYMCICHUE ajpeca dIeMEeHTa
JIOJDKHO TIPOM3BOJIUTBCS HA OSTale BBIMNOJHEHUS TMPOrPaMMbl MPU KaXKIOM OOpallleHHH K
aJIEMEHTY BekTopa. Ho it 3TOro Ha 3Tare BBIIOJIHEHUS, BO-TICPBBIX, JOJDKHBI ObITh U3BECTHBI
napameTpsl popmynbl (3.1): @Wwms Sizeof(™n), m, a BO-BTOPBIX, MPH KAKIOM OOpaIICHUN
JIOJDKHBI BBITIOJTHATHCSI JIBE ONEPAlMU YMHOXKCHUS U JBE - cloxeHus. [IpeoOpazoBar popmyy
(3.1) B popmymny (3.2),

@Wms[1] = AO + i*Sizeof(nm) — (3.2)

AO = @Wms - n*Sizeof(THN) - cokpaTuM YUCIO XpPaHUMBIX MAapaMETPOB J0 IBYX, a
YHCIJIO OTIEPALU - 10 OJJHOTO YMHOXKECHHUSI M OJTHOTO CJIIOXKEHHs, TaKk Kak 3HaueHne AO MOXeT
OBITh BBIYHMCIICHO HA dTale KOMIWIAIHK M COoXpaHeHo BMecte ¢ Sizeoffnm) B meckpumrope
BekTOpa. OOBIYHO B JECKPHUIITOPE BEKTOPA COXPAHSIOTCS M T'PAaHUYHBIC 3HAYCHUS HHICKCOB.
[lpn xkaxxgoM oOpamieHMH K DJIEMEHTY BEKTOpa 3alaHHOe 3HAa4YeHHWE CpPaBHUBAETCS C
IPaHUYHBIMHU U TIPOTpaMMa aBapUIHO 3aBEPIIIACTCS, €CIIHM 33JJaHHBIN MHJICKC BBIXOJHUT 3a JIOIYC-
THUMBIE TIPE/ICIIbI.

Takum oOpazom, nHMOpMaLUs, coaepKamascs B IECKPUIITOPE BEKTOPA, MO3BOJISET, BO-
NEPBBIX, COKPATUTh BPEMs JOCTYyIa, a BO-BTOPHIX, 00ECIEUMBAET MPOBEPKY MPABUIBHOCTH
oOpamienus. Ho 3a 3T mpeumyIiecTBa MPUXOAUTCS TUIATHTh, BO-TIEPBBIX, OBICTPOJICHCTBUEM,
TaK KaK OOpalleHHs K JECKPHUIITOPY - 3TO KOMaH/Ibl, BO-BTOPBIX, MAMATHIO KaK I pa3MeIleHHs
CaMoro JIECKPHUIITOPA, TAK U KOMaHJI, C HUM Pa0OTarOIINX.

MosxHO 711 000MTHCH 6€3 TecKpunTOpa BeKTopa?

B si3pike C, Hampumep, AECKPHIITOP BEKTOpa OTCYTCTBYET, TOYHEE, HE COXpaHsETCS Ha
sTarne BeIMOIHEeHUs. MHnekcanmst maccuBoB B C 00s3aTeIbHO HaUMHAETCs ¢ Hy s, Kommumsitop
KaXJ0e OoOpalleHHe K OJIIEMEHTY MacCHBa 3aMEHSET Ha IOCJIEJOBAaTEIbHOCTh KOMaH],
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peanu3yromyto YacTHbIN ciryyait popmyist (3.1) npu i = 0:
Cueuieniue 3/1eMeHTa OTHOCHT,
appeca m1 (6aii)

3HaueHna anem. MaccuBa m1[2]| m1[1] | m1[0] | m1[1] | m1]2]

+0 +6 +12 +18 | +24

@Uwms[1l] = @Ums + i*Sizeof(THN)

[TporpammucTsl, npuBkIKie padorate Ha C, yacTo BMeCTO BbIpakeHus Buaa: Mmsll]
ynoTpeOsioT Beipakenune Buaa: *(Mms+1).

Ho Bo-mepBbIX, orpaHuueHue B BhIOOpE HAYalIbHOTO HHJEKCA caMO MO cebe MOXKET
SBIIATHCS HEYAOOCTBOM MJII TPOTPAMMHCTA, BO-BTOPBIX, OTCYTCTBHE TPAaHUYHBIX 3HAYCHHMA
MHJCKCOB JieJlaeT HEBO3MOXHBIM KOHTPOJb BBIXOJa 3a Mpeaensl maccuBa. [IporpaMMuCTBI,
pabotaromre ¢ C, XOpOIIO 3HAIOT, YTO UMEHHO TAaKHE OIIMOKU YacTO SIBISIOTCS TMPUYUHOU
"3aBucanusa" C-nporpaMMbl IpU €€ OTIAIKE.

[TpencraBieHne pa3pesKeHHBIX MATPUIl METOJIOM CBSI3aHHBIX CTPYKTYP.

MeTopl MOCIIEIOBATEILHOTO Pa3MEIIEHUS Al MPEICTaBICHHs Pa3pEKEHHBIX MaTpPHIL
OOBIYHO TIO3BOJISIIOT OBICTPEE BBHITIONHATH OINEpaIlMM HaJ MaTpullaMud U Oonee 3¢hdHEKTHBHO
UCIOJIb30BaTh MaMsITh, YeM METObl CO CBSA3aHHBIMHU CTPYKTypamu. OHAKO MOCIE0BaTEIbHOE
MIPEJICTABIICHUE MaTPHUIl MMEET OIpeAeiicHHbIe HEIOCTaTKU. Tak BKIIOYCHHE W HMCKIIFOYCHUE
HOBBIX RJIEMEHTOB MaTPUIIbI BHI3bIBAET HEOOXOIMMOCTD MEePEMEIIECHHUs OOBIIOrO YUCIa IPYTHX
areMeHTOB. Eciii BKIIFOUEHUE HOBBIX AJIEMEHTOB M MX UCKIIIOUEHHE OCYIIECTBIISICTCS YacTO, TO
JOJI’KEH OBITh BHIOPAH OMKCHIBAEMBIN HUKE Me- TOJ] CBSI3aHHBIX CTPYKTYP.

MeTo/ CBSI3aHHBIX CTPYKTYp, OJTHAKO, MEPEBOAUT MPEJICTABISIEMYIO0 CTPYKTYPY JAaHHBIX
B Jpyroi pazgen kiaccudukanuu. [Ipw ToMm, 4TO JOrMYecKas CTPYKTypa ITaHHBIX OCTAETCs
CTaTHUYECKOH, pu3nudeckasi CTpyKTypa CTaHOBUTCS TUHAMUYECKOM.

Jlist mipencTaBiIeHHsT pa3peKCHHBIX MaTpHIl TpeOyercs 0a3oBasi CTPYKTypa BEPIIUHBI
(puc.3.6), nazpiBaemast MATRIX_ELEMENT ("snement matpuust"). [Tons V, R u C xaxaoi u3
ITHX BEPIIMH COAEP)KAaT COOTBETCTBEHHO 3HAYCHHE, WHJIEKCHI CTPOKH M CTOJIOIA dJIeMEHTa
matpuiiel. [Tomst LEFT u UP sBnsroTcs ykazaTensMu Ha CICAYIOIIMEN 3JEMEHT IS CTPOKH H
CTOJIOIAa B HUKINYECKOM CIIMCKE, cojieprkaiieM aieMeHTsl Matpulisl. [lone LEFT ykasepiBaer na
BEPILKHY CO CIEAYIONIUM HAUMEHBIIIUM HOMEPOM CTPOKH.

Ha puc. 3.7 nmpuBeeHa MHOTOCBSI3HASI CTPYKTYPa, B KOTOPOW HCIOJB3YIOTCS BEPIIUHBI
TAaKOro THUMA [UIsi TPEACTAaBICHUS MATpPUIBl A, ONHUCAHHOW paHee B JaHHOM ITyHKTE.
[{uknryeckuii CIUCOK TPENCTaBIISIET BCE CTPOKM U CTONONBI. CHUCOK CcTOOIAa MOXKET
collepkaTh OO0IIMe BEPIIMHBI C OJHUM CIIMCKOM CTPOKH WM Oonee. J[ns Toro, 4ToObI
obecreunTh HMCIOJNb30BaHUE Oosiee A(PPEKTUBHBIX AITOPUTMOB BKIIOYCHUS W HMCKITFOUCHUS
AIIEMEHTOB, BCE CIMCKH CTPOK U CTOJIOIIOB MMEIOT T'OJIOBHBIE BEpIIMHBL. ['OJOBHAsI BepIIMHA
KQXKJOT0 CITUCKA CTPOKU COJIEPKUT HYJb B Tojie C; aHAIOTMYHO KaKJas TOJIOBHAS BEPIIMHA B
cnucke cronbia uMeeT Hynb B none R. CTpoka miu cronber, coaepikalue TOJIbKO HyJEeBbIe
AJIEMEHTHI, MPECTABIIEHBI TOJIOBHBIMHU BEpIIMHAMH, Y KOoTOopbiX noje LEFT nmn UP yka3siBaer
camo Ha ce0sl.
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Puc. 3.7. MHOroCBSsI3HAas CTPYKTYypa AJIsi HPEJICTABICHHS MATPHUIIBI A

MoseT nokas3aTbcs CTpPaHHBIM, YTO YyKa3aTeId B 3TOH MHOTOCBS3HOH CTPYKTYpe
HalpaBJIEHbl BBEPX M BJIEBO, BCJIEJICTBUE YEro IMPU CKAHUPOBAHUM IMKIMYECKOIO CIIHCKA
3JIEMEHTBI MATPUIbl BCTPEYAIOTCS B MOPSAJKE YObIBAaHHMS HOMEPOB CTPOK U cTosOIOB. Takoit
METO/T IPEJICTABICHUSI UCIIONIb3YETCS AJIs YIPOIIEHHs BKIOUEHHSI HOBBIX BEPIIUH B CTPYKTYDY.
[Ipennonaraercsi, 4yTO HOBbIE BEPIIMHBI, KOTOpbIE JOJKHBI OBITH /J100aBIEHBI K MaTpUIIE,
OOBIUHO pacrojararTcs B MOpsAKE YObIBaHUS MHAEKCOB CTPOK M MHJIEKCOB cToyOIo0B. Ecnu
3TO TaK, TO HOBas BEpIIMHA Bcerja J00aBiisieTcsl MOCie TOJIOBHOM M He TpeOyeTcss HUKAKOro
IIPOCMOTPA CIHCKA.

MHuoxecTBa
Jlornueckast CTpyKTypa.
MHoxkecTBO - Takas  CTPYKTypa, KOTopas  TpelacTaBiser coboil  Habop

HEMOBTOPSIONINXCS JAHHBIX OJHOTO W TOTO K€ TUMA. MHOXECTBO MOXKET NMPHHUMATH BCE

3Ha4YeHUs1 0a30BOr0 TUMA. ba3oBBIA THUIT HE JOJDKEH MPEBBINATH 256 BO3MOXKHBIX 3HAUCHHI.

[TosToMy 6Ga30BBIM THITOM MHOXECTBAa MOTYT ObIThH byte, char u mpou3BoIHBIEC OT HUX THIIBL.
dusunueckas CTpyKTypa.

MHOX€ECTBO B MAaMSATH XPAHUTCS KaK MaCCHB OMTOB, B KOTOPOM Ka)KIbIii OUT yKa3bIBacT
SBIISICTCS  JIM  DJIEMEHT MPUHAICKAIIMM OOBSIBICHHOMY MHOXECTBY WM HeT. T.o.
MAaKCHMaJIbHOE YUCJIO AJIEMEHTOB MHOKECTBA 256, a TaHHbIE TUIIAa MHO>KECTBO MOTYT 3aHUMATh
He Oonee 32-yx OailT.

Yucno 6aliTOB, BEICISEMBIX JUISl JAHHBIX THITA MHOXECTBO, BBIYHCIIAETCS 1O (opmyrie:
ByteSize = (max div 8)-(min div 8) + 1, rae max u min - BepxHsisl ¥ HUWKHSS TPaHUIIBI 0a30BOTO
THIIA JAHHOTO MHOXECTBA.

Howmep Gaiita s KOHKpeTHOTO 31eMeHTa E Beruncnsercs mo Gopmyie:

ByteNumber = (E div 8)-(min div 8),

CraHJapTHBIA YUCIIOBOW THI, KOTOPBIH MOXET OBbITh 0a30BBIM Uil (hOPMHPOBAHUS
MHOYeCTBa - TUII byte.

rae @S - ajpec JaHHOTO THIIA MHOYKECTRBO.

MOJIYCTATUYECKUE CTPYKTYPbI JAHHBIX

XapakTepHble 0COOEHHOCTH MOJIYCTATUIECKUX CTPYKTYP

[TonmycTaTudeckue CTPYKTYPHI TaHHBIX XapaKTEPU3YIOTCS CICAYIONMMH MTPU3HAKAMU:
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- OHM MMEIOT IEPEMEHHYIO JUIMHY U NTPOCThIE IPOLIETYPhl €€ U3MEHEHUS;
- W3MEHEHME JUTMHBI CTPYKTYPbI IPOMCXOJINUT B OIIPENEICHHBIX Mpeaenax, He
IIpeBbILIasi KAKOI0-TO MaKCUMAJIbHOIO (IIPEJEIIbHOT0) 3HAUYEHUSI.

Ecnu monycratnyeckyro CTpyKTypy paccMaTpuBaTh Ha JIOTHYECKOM YpPOBHE, TO O HEH
MOKHO CKa3aTh, YTO 3TO IIOCJIEJ0BATEIbHOCTh JIaHHBIX, CBSI3aHHAS OTHOILEHUSMHU JIMHEHHOTO
cnucka. J[ocTym K 351eMEHTY MOKET OCYILECTBIIATHCS 110 €ro MOPSAKOBOMY HOMEPY.

@u3nyeckoe MPEeACTAaBIECHUE IOJYyCTaTUYECKUX CTPYKTYp JAHHBIX B IMaMATH - 3TO
OOBIYHO TMOCHEAOBATEIbHOCTh CJIOTOB B TMAaMATH, TI/I€ KaXKIbI CIEAYIOIUN 3JIEMEHT
pacIrojIokeH B aMATU B CIEAYIOLIEM cIOTe (T.e. BeKTop). dusnueckoe npeacTaBIeHUE MOXKET
UMETh TaKKe BHJI OJIHOHAMPABICHHOTO CBSI3HOTO CMHCKA (LIETIOYKH), T/Ie KaXKAbIH CIeTyIOInn
AJIEMEHT aJpecyeTcs yKas3aTeJleM HaxXOJIIEeMCs B TEKyLIEM 3JieMeHTe. B moc- yneqHem ciydae
OTpaHUYEHUS Ha JUIMHY CTPYKTYPBI TOpa30 MEHEE CTPOTrue.

Creku

Jlornueckas cTpykTypa cTeka

Crek - Takoil TMOCJENOBATEIbHBIN CIHCOK C TEPEMEHHON JJIMHOM, BKJIIOYEHUE U
WCKIIFOUEHHE BJIEMEHTOB M3 KOTOPOIO BBIINOJHAKTCA TOJBKO C OJIHOM CTOPOHBI CIIMCKAa,
Ha3bIBAEMOI0 BEpIIMHON cTeka. [IpuMeHsatoTcs U aqpyrue Ha3BaHUs CTE€Ka - MarasuH U o4epe/ib,
byukuponupyronias mo npuuiuny L1FO (Last - In - First- Out - "mociaemHum mpuimen -
nepBbIM Hckitouaetcs"). [Ipumepsl creka: BUHTOBOYHBIM IMAaTPOHHBIM MarasuH, TYNHKOBBIN
JKEJIE3HOJOPOXKHBINA pa3be3 /1 Jisl COPTUPOBKU BarOHOB.

OcHoBHBbIE OIlepaly HaJl CTEKOM - BKJIFOUEHHE HOBOI'O JIEMEHTA (aHIVIMICKOE Ha3BaHUE
push - 3aTajKKBaTh) U UCKIFOUCHUE 3JIEMEHTA U3 CTeKa (aHTJI. POP - BHICKAKHUBATH).

[Tosie3HBIMU MOTYT OBITh TAK)KE BCIIOMOTaTEJIbHbIE ONIEPALIUHU:

- OIpeAesIeHHE TEKYIIEro Yucia 3JIEMEHTOB B CTEKE;

- OYHCTKA CTEKa;

- HepaszpylIawllee YTEHHE JIEMEHTA U3 BEPLIMHBI CTEKa, KOTOPOE MOKET ObITh
pean30BaHoO, KAk KOMOMHAIIMSI OCHOBHBIX OMNEpallnii:

pop(stack); push(stack,x).

Hekoropeie aBTOpBl paccMaTpuBaIOT TakKe ONEpaldy  BKIIOYEHHS/UCKIIOUECHUS
AJIEMEHTOB Ul CEPEUHBI CTEKA, OJHAKO CTPYKTYypa, A1 KOTOPOH BO3MOXHBI TAKHE ONEpalH,
HE COOTBETCTBYET CTEKY IO OIPE/IEICHHUIO.

Jlns HArdasAHOCTH PAacCMOTPUM HEOOJBIION MpHUMEp, AEMOHCTPUPYIOIIUN MPUHIIMIT
BKJIFOYCHHUSI DJIEMEHTOB B CT€K M MCKJIIOUYEHHUs 2JIeMeHTOoB M3 cTeka. Ha puc. 4.1 (a,0,c)
n300pa’keHbl COCTOSHUS CTeKa:

- a), mycToro;
- 0-T). mocie Moce0BaTEeIbHOTO BKIIIOYEHHS B HETO JIEMEHTOB C UMEHaMH 'A,
B, vCl;
- I, €). OocJIe MOCNIeI0BaTeNbHOTO yaAaneHus u3 cteka snemeHToB 'C' u 'B';
- ), ITOCJie BKIIIOUEHHS B cTeK anemenTa 'D'.
Bepummna creka

L

N W o

-

a K

Puc 4.1. BxiroueHue 1 UCKITFOUEHHUE DJIIEMEHTOB
U3 CTEKa.

Kak BugHO u3 puc. 4.1, CTeK MOXKHO NPEICTAaBUTh, HAIPUMEP, B BHJIE CTONKU KHUT
(a;meMeHTOB), Jexanieil Ha croje. [IpucBouM KakJoW KHHUIEe CBOE Ha3BaHHE, HANpUMeEp
A,B,C,D... Torga B MOMEHT BpeMEHH, KOTJa Ha CTOJIC KHUT HET, PO CTEK aHAJOTHYHO MOXKHO
CKa3aTh, YTO OH MYCT, T.€. HE COJEPKUT HU OJHOIO 3JIeMEHTa. Ecinm e Mbl HadyHEeM
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MOCJIEIOBATEIbHO KJIACTh KHUTU OAHY Ha JPYTyIO, TO MOJYYUM CTOIKY KHUT (IONMYCTUM, U3 T
KHUT), WK TIOJIYYUM CTEK, B KOTOPOM COJAEPIKHUTCA I JIIEMEHTOB, IPUYEM BEPIIUHOM ero Oyner
ABIIATBCA JIEMEHT N+1. VYjaneHue 51€MEHTOB M3 CTEKa OCYIIECTBIAETCS aHAJIOTMYHBIM
00pa3oMm T. €. yIalsercs MocieI0BaTeNIbHO IO OJJHOMY 3JIEMEHTY, HAUYWHAas C BEpIIMHbI, WIH 110
OJHOM KHHUT€ U3 CTOIKH.

MammHHO€e npeaCcTaBIeHUE CTEKA U pealin3alus Onepanuil

[Tpu npencraBieHUN CTEKA B CTATMUECKON MAMATH AJI CTEKa BBLACIAETCS NaMsTh, Kak
JUIsL BeKTOpa. B eckpunrope 3Toro BeKTopa KpoMe OOBIYHBIX JJIsi BEKTOPA IMapaMeTPOB JOKEH
HaXOJUTbCSl TaKXKe YyKa3aTelb CTE€Ka - aJIpec BEpIIMHBI CTEKa. YKas3aTellb CTEKa MOXKET
yKa3bIBaTh JIMOO Ha MEpBbI CBOOOJHBIN AJIEMEHT CTeKa, JUOO Ha IMOCIEIHUI 3aliCaHHbIN B
cTek anneMeHT. (Bce paBHO, Kakoil U3 3TUX JBYX BapuUaHTOB BBHIOpATh, BAXKHO B TOCIEIACTBUU
CTPOTO MPUIIEPKUBATHCA €ro MpH 00paboTke cTeka.) B nanbHeiimeM Mbl OyieM Bceraa CuuTarh,
YTO yKa3aTelb CTeKa aJpecyeT IEpBbId CBOOOIHBIA 3JIEMEHT M CTEK pacTeT B CTOPOHY
YBEJIMYECHUS aJPECOB.

[Tpu 3aHeceHHM 3J€MEHTa B CTEK AJIEMEHT 3allMChIBACTCA HAa MECTO, OIpPENEIsIeMOe
yKazaresjeM CTeKa, 3aTeM yKa3aTeslb MOAU(UIMpYyeTcs TaKuM 00pa3oM, 4YTOOBI OH YKa3bIBall Ha
CIICAYIONMIA CBOOOJHBIA 3JEMEHT (eCiHM yKa3aTenb YKa3blBaeT Ha IOCICAHWN 3arvCaHHbBIA
3JIEeMEHT, TO CHaudaja MoauduuIupyercss yKaszareib, a 3aTeM MPOU3BOAMUTCS 3alHCh AJIEMEHTA).
Monuduxanus ykazaTess COCTOUT B IPUOABICHUH K HEMY WM B BBIYUTAHUM U3 HETO €IUHUIIbI
(TTOMHUTE, YTO HAIl CTEK PACTET B CTOPOHY YBEIHUYEHUS aJPECOB.

Omnepanusi HMCKIIOYEHUSI DJIEMEHTa COCTOUT B MOAM(HKANMK yKa3aredas creka (B
HaIpaBlIEHUU, OOpaTHOM MOAM(HUKAIMU MPU BKIFOYEHUH) U BHIOOPKE 3HAYEHHUS, HA KOTOpOe
yKa3bIBaeT ykKaszaTelb crTeka. llocine BBIOOpKM €JOT, B KOTOPOM pa3Meliaics BbIOpaHHBIN
3JIEMEHT, CUUTAETCSI CBOOOIHBIM.

Onepanys 04MCTKH CTeKa CBOJUTCS K 3allMCH B YKa3aTellb CTEKa Ha4aJbHOIO 3HAYECHHUS -
ajZipeca Hayaia BbIACIEHHOW 00JIaCTH MaMATH.

Omnpenenenue pa3Mepa cTeka CBOJUTCS K BHIYMCIEHUIO PA3HOCTH yKazaresel: ykasaTens
CTeKa M aJipeca Hayala 00IacTu.

Cteku B BBIYMCIUTENBHBIX CUCTEMAX

Crek sBIseTCS Ype3BbIUAHHO YAOOHOW CTPYKTYpOW JMaHHBIX MJii MHOTHX 3a1ad
BBIUNCIIUTEILHON TeXHUKH. HanOojiee THUIHMYHON W3 TaKUX 3amad sBIIIETCS oOeclieueHue
BJIO’KEHHBIX BBI30BOB ITPOLIEYP.

[Tpenmonoxum, nMeeTcst mpoueaypa A, Kotopas BbI3bIBaeT Hpoueaypy B, a Ta B cBoro
ouepenb - poreaypy C. Korna BeinmosiHeHHE poneypbl A oMAeT 10 BbizoBa B, mponeaypa A
IIPUOCTAHABIIMBACTCS U YIIPABIEHUE MEPENacTcs Ha BXOAHYI TOYKy npoueaypsl B. Korma B
noxonut 1o Bei3oBa C, mpuocTaHaBiuBaeTcad B m ynpasnenue nepenaercss Ha npouenypy C.
Korna 3akanunBaercs BbloJIHEHUE Ipoueaypsl C, ynpaBiieHue JOHKHO ObITh BO3BPAILEHO B B,
IIPUYEM B TOUKY, CIEAYIOLIYIO 3a BI30BOM

C. Ilpu 3aBepmieHnn B ynpaBieHue ITOKHO BO3BpAIIAThCsS B A, B TOUKY, CIEAYIOLIYIO
3a BbI30BOM B. IIpaBmiibHYI0 MOCIIEIOBAaTENLHOCTH BO3BPATOB JIETKO OOECHEUYUTh, €CIHM MPH
Ka)KJOM BBI30BE IPOLIETYphl 3aIUCHIBATh aJ[pec BO3BpaTa B CTeK. Tak, Korjaa mpoueaypa A
BBI3bIBACT Npouenypy B, B cTek 3aHocuTCs agpec Bo3Bparta B A; korga B Be3biBaer C, B cTEK
3aHocuTcst ajgpec Bo3Bpara B B. Korma C 3akanumBaercs, ajgpec Bo3BpaTa BbIOMpaeTcs W3
BEpIIMHBI CTE€Ka - a 3To aapec Bo3Bpara B B. Korma 3akanumBaercsa B, B BepiumHe crteka
HaxoJUTCA agpec Bo3BpaTa B A, M Bo3Bpar u3 B npousoiiger B A.

B wmmkpomnpomeccopax cemeiictBa Intel, kak u B OOJBIIMHCTBE COBPEMEHHBIX
MIPOLIECCOPHBIX ~ apXUTEKTYyp, MOJAJIEPKUBAETCA alMapaTHbIi cTeK. AmNmapaTHbIl cTek
pacnionoxked B O3V, ykazarenb cTeka COJEPKUTCS B Mape CHEeIHabHBIX peructpoB - SS:SP,
JOCTYMHBIX U HpOrpaMMHCTa. AMNMapaTHBIA CTEK PACHIUPSETCS B CTOPOHY YMEHBIICHHUS
aJIpecoB, yKa3aTellb €ro aJipecyeT MepBblii CBOOOIHBIN dNeMeHT. Brimonnenne komann CALL u
INT, a Taxke anmapaTHBIX MpephIBAHUN BKJIIOYACT B ce0s 3alUCh B ammapaTHBIA CTEK ajapeca
Bo3Bpara. Beimonnenue koman RET u IRET Bxmouaer B ce0st BBIOOPKY M3 anmapaTHOTO CTeKa
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aZpeca BO3BpaTa U mepefady ympaBleHHs Mo dToMmy aapecy. Ilapa xomang - PUSH u POP -
o0ecrnieunBaeT NCMOJIb30BaHKE alllapaTHOTO CTEKa YISl MPOTPAMMHOTI0 PEIICHHS IPYruX 3a/1ad.

CucTembl IpOrpaMMHUPOBaHUs i OsiouHO-opueHTHpoBaHHBIX s3bIKOB (PASCAL, C u
IIp.) UCHOJB3YIOT CTEK Ui pa3MEUIeHHs] B HEM JIOKAJbHBIX NEPEMEHHBIX MPOLEAYP M HMHBIX
MPOrpaMMHBIX OJIOKOB. [Ipy KaKaoW aKTUBHM3AIMK MPOIEAYPhl MaMATh IS €€ JOKATbHBIX
MEPEMEHHBIX BBIJENIAETCSA B CTEKE; MPH 3aBEPIICHUU MPOLETYpPHl 3T MaMITh OCBOOOXKIAAETCS.
[TockonbKy MpHU BBI30BAX MPOIEAYP BCErla CTPOTO COOIIIOIAETCS BIOKEHHOCTh, TO B BEPIIIUHE
CTeKa BCerja HaXOJUTCs MaMsTh, COAEpKallas JIOKaJdbHbIe MepEeMEHHbIC aKTUBHOM B JIaHHBIM
MOMEHT IIPOLICYPHI.

OTOT mpUeM JIelaeT BO3MOXHOW JIETKYIO peajn3aluio peKypcuBHbIX nporeayp. Korma
mporeaypa BeI3bIBACT cama cels, TO JJIs BCEX €€ JIOKAIBHBIX IMEPEMEHHBIX BBIJIEISICTCS HOBas
namsTh B CTEKE, U BJIOXKEHHBIH BBHI30B pab0OTaeT ¢ COOCTBEHHBIM MPECTABICHUEM JIOKAIbHBIX
nepeMeHHbIX. Koria BI0KCHHBIN BBI30B 3aBepIIacTCs, 3aHMMAaeMast €ro IEPeMEHHBIME 00J1acTh
naMsiTH B CTEKE OCBOOOXMAETCS M aKTYaJIbHBIM CTAHOBHUTCS IMPEACTaBICHHE JOKAJIbHBIX
MEPEeMEHHBIX Mpeapaynero ypoBHs. 3a cuetr 3toro B s3pikax PASCAL u C mroOble
nporeaypsl/pyHKIIMU MOTYT BbI3bIBaTh caMu ceOs. B si3pike PL/L, re mo yMOI9aHuio IPHHSTHI
JIpYTHE CTIOCOOBI pa3MENICHHs JIOKABHBIX IMEPEeMEHHBIX, PEKYPCHBHAsI MPOLEAypa HO0DKHA
obITh omnpenenena ¢ onucareareM RECURSIVE - Tonbko Torna ee nokanbHbIE IEpEMEHHbBIE OY-
YT Pa3MENIaThCs B CTEKE.

Pekypcust ucnonp3yeT cTeK B CKPBHITOM OT IPOrpaMMUCTa BUJE, HO BCE PEKYPCHBHBIC
MPOLEAYPHI MOTYT OBITH PEaT30BaHbI i O€3 PEKYPCHH, HO C SBHBIM HCIIOJIb30BAHHEM CTEeKa. B
nporpaMMHOM TmpuMmepe 3.17 mnpuBefeHa peanuzanus OBICTPOMl COPTUPOBKH Xoapa B
PEKYpCUBHOM MPOLEYPE.

Opnun mpoxo copTupoBKU Xoapa pa3dUBaeT UCXOJHOE MHOXECTBO Ha JIBA MHOXKECTBA.
['paHUIBl MOJIYYEHHBIX MHOKECTB 3alIOMHUHAIOTCS B CTEKE. 3aTeM W3 CTeKa BBIOMPAIOTCS
TPaHULIbI, HAXOJSAIIMECS B BEpIIMHE, U 00pabaThIBa€TCs MHOXKECTBO, OIpENeIsieMOe ATHUMHU
rpaHunamMu. B mporecce ero 00paboTKH B CTEK MOKET OBIThH 3aITMCaHa HOBas Tapa TPaHUI] U T.]I.
[Tpu HayaNbHBIX YCTAHOBKAX B CTEK 3aHOCSTCS TPAHHIIBI UCXOAHOTO MHOXecTBa. COpTHpOBKa
3aKaHYMBACTCS C OITYCTOIICHHEM CTEKA.

Ouepenu FIFO

Jlornueckast cTpykTypa odepenu

Ouepenpto FIFO (First - In - First- Out - "mepBbIM mpHIeT - TEPBBIM HCKIHOYaeTcs'"),
HAa3bIBACTCS TAKOW MOCIIEIOBATENIBHBIN CIIUCOK C MEPEMEHHOMN UIMHOM, B KOTOPOM BKJIFOUCHHE
AIIEMEHTOB BBITIONHSAETCS TOJIBKO C OJHOM CTOPOHBI CMHCKAa (3TY CTOPOHY YacTO Ha3bIBAIOT
KOHI[OM HJTF XBOCTOM OYEPE]IN ),  UCKITIOUCHHE - C IPYTrOoi CTOPOHBI (Ha3bIBAEMON HAYaJIOM WITH
rojoBoi ouepenu). Te caMmple ouepean K MpHIIaBKaM U K KaccaM, KOTOPhIE MBI TaK HE JIIOOUM,
SIBIISTIOTCSI THITMYHBIM OBITOBBIM ITpuMepoM ouepenu FIFO.

OcHoBHBIE OmMepanuy HaJa OdYepelbl0 - Te€ K€, YTO U HaJ CTeKOM - BKIIIOUEHHE,
WCKITIOUEHHE, ONpeielieHne pa3Mepa, OUYMCTKA, Hepa3pyIIalIiee YTeHue.

MamunHoe npeacraBienue ouepeau FIFO u peanu3zanus onepariuit

[Tpu mpencTaBieHUH OdYEepEN BEKTOPOM B CTATHYSCKOW IMAMATH B JIOTOJIHCHHE K
OOBIYHBIM JIJISl IECKPUIITOPA BEKTOPA MapaMeTpaM B HEM JOJDKHBI HaXOJUTHCS JBa yKa3aTels:
Ha Hayajo ouepenu (Ha MEpBBIA dJEMEHT B OdepeAM) U Ha ee KoHel (TepBblii CBOOOIHBIN
AJIeMEHT B ouepenu). [Ipu BKItOUEHUU dJIEMEHTa B OUepe/lb dJIEMEHT 3alUChIBACTCS IO aJIpeEcy,
oTpeNeNIIeMOMYy yKa3aTeleM Ha KOHEIl, IOCJE€ Yero 53TOT YyKas3aTellb YBEIWYMBACTCS Ha
enuauly. Ilpu HCKIIOYEHHWH »SJIEMEHTa M3 Ouepeld BBIOMPAETCS JJIEMEHT, aJapecyeMblit
yKa3zaTeJeM Ha Hadajo, MOCJe Yero 3TOT yKa3aTelb YMECHBIIACTCS Ha CIUHHUILY.

Od4eBHIHO, YTO CO BPEMEHEM YyKa3aTelb Ha KOHEI[ NpPU OYEPEIHOM BKIIOUECHUU
9JIEMEHTA JOCTUTHET BEpXHEH I'PaHUIBI TOH 00JIACTH TTaMSATH, KOTOpas BhIICICHA JIJI OUCPE/IH.
OpnHako, ecnu omepauy BKIIOUEHUS YepeJOBAITUCH C ONEPallisIMU UCKITIOUEHUS AJIEMEHTOB, TO
B HAaYaJIbHOW YacTH OTBEJACHHOW MOJ OuYepeab MaMsITH UMeEeTCs CBOOOIHOe Mecto. J[ms Toro,
9TOOBl MECTa, 3aHMMAaeMble HWCKIIOUYEHHBIMA DJIEMEHTAMH, MOTJIH OBITh  MOBTOPHO
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HCIIOJIb30BaHbI, OYepelh 3aMBIKAeTCsl B KOJIBIIO: YKa3aTenu (Ha Ha4ajao ¥ Ha KOHEII), IOCTUTHYB
KOHIIA BBIIEJICHHOW 00JacTH MaMsTH, MEPEeKIIYaloTcs Ha ee Havano. Takas opraHuzanus
ouepeau B TaMSATH HA3bIBACTCS KOJIBIIEBOM ouepenbto. Bo3MOXKHBI, KOHEUHO, W JIpyrue
BapHaHThl OpraHU3alluu: HallpUMep, BCAKUI pa3, KOrjaa ykas3aTeidb KOHLA JIOCTUTHET BEepXHel
CPaHUIIBl MAMSITH, CABUTaTh BCE HEMYCTHIE 3JEMEHTHI OUepeId K Haudaiay oOJacTH MaMATH, HO
KaK 3TOT, TaK U JPyrue BapuUaHThl TPEOYIOT MEpeMEIleHUs] B MaMATH AJIEMEHTOB OYepeau U
MeHee () PEKTUBHBI, YeM KOJIbIIEBAsT OUEPE/Ib.

B ucxomHOM coOCTOSIHMM yKa3aTeau Ha Hayalo M Ha KOHEI[ yKa3blBalOT Ha Haydajo
obnmactu mamsTH. PaBeHCTBO ATHX JBYX yKaszareneil (mpu JTr000M WX 3HAYCHHH) SIBIISICTCS
npu3HakoM Imyctoil ouepenu. Eciam B mporecce paboThl € KOJBIEBOM OYEPEIbI0 YUCIO
OMepaluii BKIIOUEHHUS TMPEBBIIIACT YKCIO OINepaluil HCKIIOYEHHUS, TO MOXXET BO3HUKHYTH
CUTyalMsi, B KOTOpOW YyKa3arellb KOHIIa "IOTOHUT' yKaszaTeldb Hadaja. OJTO CHUTyalus
3al0JIHEHHOM OYepe]id, HO €CIId B 3TOW CUTYallUH yKa3aTelu CPaBHSIOTCA, 3Ta CUTYyalusi OyaeT
HEOTJIUYHMMA OT CUTYalllH IyCTON ouepenu. J{s pa3nuueHus 3TUX JABYX CUTYyallHil K KOJIbIIEBOM
ouepenu MpeabsBiseTcss TpeboBaHUe, YTOObl MEXK/Y yKa3aTejleM KOHIa U yKa3aTelleM Hayala
octaBasics "3azop" u3 cBOOOAHBIX 37eMeHTOB. Korma aTor "3a30p" cokpamiaercss 10 OJHOTO
AJIEMEHTa, OuYepelb CUMTACTCS 3allOJIHEHHOM U JajdbHEHIINE TONMBITKH 3alucu B HEe
onokupyrorca. OuncTka odepean CBOAMTCA K 3alMCH OJAHOTO M TOro e (He 00s3aTenbHO
HAYaIbHOTO) 3HAa4YeHUsi B 00a ykazarens. OmnpenerneHue pa3Mepa COCTOMT B BBIYUCICHUH
Pa3HOCTH yKa3aTelel ¢ y4eTOM KOJIbIEBOW MPUPOJIbI OUEPEIH.

Ouepenu ¢ IpUOPUTETAMHU

B peanpHBIX 3a71ayax MHOT/Ia BO3HUKAET HEOOXOIMMOCTH B ()OPMUPOBAHUU OYepereH,
otnmuaHbIX OT FIFO mmu LIFO. [Topsimok BEIOOPKH 3JIEMEHTOB U3 TaKUX OYCPEACH OMpeIeisieTCs
npuopuTreTaMu 31eMeHToB. [Ipropurer B o0mieM ciaydae MOXKET ObITh IMPEICTABICH YHCIOBBIM
3HAYEHHEM, KOTOPOE BBIUUCIIACTCS JIMOO HA OCHOBAHMH 3HAYEHUHN KaKUX-IMOO0 TOJIeH 3JIEMEHTA,
au00 Ha ocHOBaHMM BHemIHUX ¢aktopoB. Tak, u FIFO, u LIFO-oyepenu MoryT TpakToBaThCs
KaK TPUOPUTETHBIE OYEPEIU, B KOTOPBIX MPHOPUTET 3JIEMEHTa 3aBHCHUT OT BPEMEHU €ro
BKIIIOUEHUsT B oduepenb. [lpu BbIOOpKEe »dieMeHTa BCSKHI pa3 BBIOMpPAETCS DJIEMEHT C
HanOOJIBIIIUM MTPUOPUTETOM.

Odepenn ¢ mpUOpUTETAMH MOTYT OBITH pEANTM30BaHbl HA JIMHEWHBIX CIHCKOBBIX
CTPYKTYpax - B CMEXKHOM WJIU CBSI3HOM TPEJICTaBIeHUHU. BO3MOXHBI ouepean ¢ MPUOPUTETHBIM
BKJIIIOYEHUEM - B KOTOPBIX MOCIEAOBATEIbHOCTh JJIEMEHTOB O4Ye€peau BCE BpeMs
MO/JICPKUBACTCS YIOPSATOYCHHOM, T.€. KaXKJbI HOBBIM SJIEMEHT BKJIIOYAETCS HAa TO MECTO B
MOCJIEIOBATEIbHOCTH, KOTOPOE OMpPENENseTC €ro MPUOPUTETOM, a MPU HCKIIOUYEHHH BCEraa
BBIOMpAETCS AJIEMEHT M3 Haudaja. Bo3MOXHBI M ouepear C MPUOPUTETHBIM HCKIIOYEHUEM -
HOBBII 3JIEMEHT BKJIFOYAETCs] BCEr/la B KOHEIl OYEepe/id, a MPHU UCKIIOYEHUH B OYEPENU HILETCS
(3TOT TTOMCK MOXET OBITh TOJIBKO JTMHEHHBIM) 3JIEMEHT C MAKCUMAJIbHBIM TPHOPUTETOM H TIOCIIE
BBIOOPKU yJansieTcs U3 MociaeioBaTebHOCTH. I B TOM, U B APYyroM BapuaHTe TpeOyeTcs MOUCK,
a eclii oYepe/b Pa3MeIlaeTcsl B CTATUYECKOM MaMATH - ellle U MepeMEIIeHNUEe AIEMEHTOB.

HaubGonee ymo6Hoit (opmoit st opraHu3anuil OONBIIMX OYepeAei C MPUOPUTETAMU
SBJISICTCSI COPTUPOBKA DJIEMEHTOB MO YOBIBAaHUIO TMPUOPHUTETOB YACTUYHO YHOPSTOYCHHBIM
JIEPEBOM, pacCMOTpEHHasi HaMu B 11.3.9.2.

Ouepenu B BBIYUCITUTEIBHBIX CUCTEMAX

WneansHbIM TPUMEPOM KOJBIIEBOM OuYepequ B BBIYUCIUTEIHHONW CHUCTEMBI SIBIISETCS
Oydep knaBuarypsl B basopoii Cucreme Broma-Brisona [I19BM IBM PC. Bydep knaBuarypsr
3aHMMAET TMOCIIe0BaTeNbHOCTh OaiiToB mamstu 1o aapecam ot 40:1E no 40:2D BxirouuTenbHO.
ITo ampecam 40:1A u 40:1C pacnosararoTcsi yka3aTelid Ha Hadajo W KOHEIl OYepeau
cooTBeTcTBeHHO. [Ipm Haxkatuum Ha OOy KIABUIIY TeHEpUPYETCs TMpepbiBaHue 9.
OOpaboTynK 3TOTrO MpEphIBAaHUS YUTAET KOJ HaXaTol KIABUIIM U TOMeniaeT ero B Oydep
KJIaBUATyphl - B KOHell odepean. Koabl HaxaThIX KIABUII MOTYT HaKaruMBaThcs B Oydepe
KJIaBUATYPBI, IPEK/E YeM OHU OyayT MpouuTaHbl nporpammont. [IporpaMma rpu BBoj€ 1aHHBIE
C KJIaBHATyphl oOparmraercss K mpepbiBanuio 16H. OOpaboTymMk 3TOro mpepbiBaHUS BHIOMpaeT
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KOJ KJIaBHIIHU U3 Oydepa - U3 Havyalia O4epe/ - U epeacT B IPOrpaMMmy.

Ouepenp sBISETCS OAHMM M3 KJIFOYEBBIX MOHATUH B MHOT033JIa9HBIX OTCPAIIHOHHBIX
cucremax (Windows NT, Unix, OS/2, EC u nap.). Pecypchl BBIYMCIUTEIBHONH CHUCTEMBI
(mporeccop, omnepaTHBHAas IaMsiTh, BHEIIHHE YCTpOWCTBA W T.I.( HCHOJB3YIOTCS BCEMHU
3a/la4yaMu, OJJHOBPEMEHHO BBITIOJIHIEMBIMH B CPEJIE TAKOH OMepariioHHON crucTeMbl. [10CKOIbKY
MHOTHE BHIIBI PECYPCOB HE JIONMYCKAIOT PEajbHO OJHOBPEMEHHOTO HCIIOJIB30BaHUSI PAa3HBIMH
3aJauaMy, TaKUe Pecypchl MPEJOCTAaBIISAIOTCS 3aJadaM moodepenHo. Takum oOpas3om, 3agauu,
NPETEHIYIONME Ha HWCIOJIb30BAHUE TOTO WM WHOTO pecypca, BBICTPAMBAIOTCS B OYepellb K
3TOMY pecypcy. DTH odepeau OOBIYHO MPUOPUTETHHIE, OJHAKO, IOBOJHHO YacTO MPUMEHSIOTCS
u FIFO-ouepenu, Tak Kak 3TO €IUHCTBEHHAs JIOTMYECKas OpraHW3alus OdYepelnd, KOTopas
rapaHTUPOBAHHO HE JIONMYCKAeT TOCTOSHHOTO BBITECHEHHUS 3aadyud 00Jee NPHOPHUTETHHIMH.
LIFO- ouepenu OOBIYHO HMCTOJB3YIOTCS ONEPAIMOHHBIMH CHUCTEMaMHU JJIsi ydeTa CBOOOJHBIX
pecypcoB.

Taxke B COBPEMEHHBIX ONEPAIMOHHBIX CHCTEMaX OIHHUM M3 CPEICTB B3aUMOJCHCTBUS
MEXIy TIapaJuUIeIIbHO BBIMOJHICMBIMHU 33J[a4aMHU SIBJISIFOTCSI OYEPEId COOOIICHUM, HAa3hIBAEMbIC
TaKXe IMOYTOBBIMU silMKaMu. Kaxkias 3amaua ©MeeT CBOIO Ouepe/lb - MOYTOBBIM SIIUK, U BCE
COOOIICHNUS, OTIIPABIISIEMbIE € OT APYruX 3ajad, MOMaJaloT B ATY Oouepelb. 3ajada-Biiajieiell
ouepes BHIOMpPAET U3 Hee COOOIICHHUS], TPUYEM MOXKET YIPaBIATh NOPSAKOM BbiOOpku - FIFO,
LIFO wm o nmpuopurery.

Jlexu

Jlornueckast CTpyKTypa JieKa

ek - ocoObrii Bug ouepenu. Jex (ot anrn. deq - double ended queue,r.e ouepens ¢
JIBYMsI KOHIIAMH) - 9TO TaKOW TOCJIEIOBATEIBHBIN CIIMCOK, B KOTOPOM KaK BKJIIOYCHHE, TaK U
UCKJTFOUCHHE JIEMEHTOB MOXKET OCYIIECTBISTHCS C JIFOOOTO U3 JIBYX KOHIIOB CIMCKA. YacTHBIN
CIIy4ail JieKa - JCK C OrPaHUYCHHBIM BXOJOM M JIEK C OrpaHUYCHHBIM BBIX0JOM. Jloruueckas u
¢du3uveckass CTpYKTYphl JeKa aHAJIOTUYHBI JIOTHUECKOW U (PU3MUYECKOW CTPYKTYpE KOJBIICBOMN
FIFO-ouepemn. OngHako, MPUMEHHUTEIHLHO K JIEKY II€JIECOOOpa3HO TOBOPHTH HE O Havalle U
KOHIIE, a O JIEBOM U IIPaBOM KOHIIE.

Orneparuu HaJ IEKOM:

- BKJIIOUEHHE DJIEMEHTA CIIPaBa;

- BKIIIOYEHHE DJIEMEHTA CJICBa;

- HCKIIIOYEHHE dJIEMEHTa CIIPaBa;
- HUCKJIIOUEHHE DJIEMEHTA CIICBA;

- OIlpeJiesIeHue pa3mepa;

- OYHCTKA.

o
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Puc. 4.2. CocrosiHus neka B MpoIecce N3MEHEHHUS.

Ha puc. 4.2 B kauecTBe nmpuMmepa nmokaszaHa MOCJI€IOBATEIbHOCTh COCTOSIHUHM JieKa Mpu
BKJIIOUEHUU U YAAJIeHUW MATH 3JeMeHTOB. Ha kaxIom sTame cTpenka yKas3blBaeT C KaKoro
KOHIIa JieKka (JIEBOTO WJIM MPABOT0) OCYLIECTBISETCS BKIIOYEHHE WM MCKIIOYEHUE JJIEMEHTA.
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DJIeMEHTHI COOTBETCTBEHHO 0003HadYeHbI OykBamu A, B, C, D, E.

Oduznyeckas CTPyKTypa JieKa B CTaTUYECKOW MaMATH WICHTHYHA CTPYKType KOJbIIEBOU
OYepeu.

Jlexu B BBIUMCIIUTEIbHBIX CHCTEMAaX

3amaun, TpeOyrOIHMe CTPYKTYPHI JeKa, BCTPEUYAIOTCS B BBIYHCIUTEILHON TEXHUKE U
MPOrpaMMUPOBAHUU TOPA3[0 pexe, YeM 3aJayd, pealn3yeMble Ha CTPYKType CTeKa WU
ouepenu. Kak mpaBuio, Bcsi opraHu3aiiys Jeka BBITOTHAETCS TPOrPAMMUCTOM 0€3 KaKuX-JIH00
CHEIHANIbHBIX CPEJICTB CUCTEMHOM MOIEPKKH.

OpnHako, B Ka4eCTBE IPUMEpa TaKOH CUCTEMHOU MOIEPKKH PACCMOTPUM OPTraHU3AIUIO
O0ydepa BBoma B s3bike REXX. B o0bpryHOM pexxume Oydep BBoAA CBSI3aH C KJIaBUATYpOH M
paboraer kak FIFO- ouepens. Ognako, B REXX umeercs BO3MOXHOCTh Ha3HAYUTh B KaUeCTBE
Oydepa BBoma mporpamMmHblii Oydep W HampaBUTh B HETrO BBIBOJ IMPOrPAMM U CHCTEMHBIX
yruuT. B pacnopspkenun mporpammucra uMmerotTcs onepanun QUEUE - 3amucek cTpoku B
koHenr Oydepa m PULL - BeiOOpka cTpoku n3 Hadayna Oydepa. JlomosHHUTENbHAS Omeparus
PUSH - 3ammcek ctpoku B Hauajgo Oydepa - mpeBpamaer Oydep B €K ¢ OrpaHHYCHHBIM
BBIXOJIOM. Takasi cTpykTypa Oydepa BBoja mo3BossieT mporpammupoBath Ha REXX Becbma
TrHOKYI0 KOHBEHEPHYIO 00pabOTKY ¢ HAIIPABICHUEM BBIXO0/1a OJTHOHM MPOTrpaMMBbl Ha BXO[ APYTOM
U Moau(UKaluend IepeHanpaBisieMoro noTokKa.

JMHAMUWYECKUE CTPYKTYPbI JAHHBIX

CBsi3HOE MpeACTaBIECHUE TaHHBIX B TAMSITH

JluHamMuYeckue CTPYKTYpbl TIO  OMPEICIICHHI0  XapaKTePU3YIOTCS  OTCYTCTBHEM
bu3nyecKoil  CMEXHOCTH  DJIEMEHTOB  CTPYKTYpbl B  MaMATH  HEMNOCTOSHCTBOM U
HEIPEACKa3yeMOCThIO pa3Mepa (4Yucia 3JIEMEHTOB) CTPYKTYpHI B Iporiecce e¢ o0paboTku. B
3TOM pasfielie pacCMOTPEHbI 0COOEHHOCTH JTUHAMHYECKHUX CTPYKTYp, ONpeAesieMble UX MEePBbIM
XapaKTepHBIM CBOMCTBOM. OCOOCHHOCTH, CBS3aHHBIC CO BTOPBIM CBOMCTBOM PacCMaTpPUBAIOTCS
B MOCIICIHEM pa3ielie JaHHOU TJIaBbl.

[TockoNBKY 3JIEMEHTBI TUHAMHYECKON CTPYKTYPhI pacIOiaratoTcs 1Mo HeTpeCKa3yeMbIM
aZpecaM MaMATH, aapec dJIeMEHTa TaKOH CTPYKTYpbl HE MOXET OBITh BBIYHCIICH M3 aJpeca
HAYAJLHOTO WJIM TPEABIAYNIero 3jeMeHTa. JIJIs YCTaHOBJICHHS CBSI3U MEXIY DJICMEHTAMU
TUHAMHYECKON CTPYKTYpPBI UCMONB3YIOTCSA yKa3aTelld, Yepe3 KOTOpble YCTaHABIUBAIOTCS SIBHBIC
CBSI3M MEXJIy JJIEMEHTaMH. Takoe TMpelCcTaBICHUE TAHHBIX B IAMSITH HA3bIBACTCS CBSI3HBIM.
DNEeMEeHT TUHAMUYECKON CTPYKTYPhI COCTOUT U3 JBYX MOJIEH:

- MH()OPMAIMOHHOTO TIOJIS WJIH TOJISl TJAHHBIX, B KOTOPOM COJICPIKATCS TE TaHHBIC,
paau KOTOPBIX U CO3/aeTCsl CTPYKTYypa; B 00IIeM ciiydae HHGOpMaIlMOHHOE TI0JIe
caMo SIBJISICTCS UHTETPUPOBAHHOUW CTPYKTYPOH - BEKTOPOM, MaCCHBOM, 3aITHCHIO
U T.IL;

. TIOJIE CBSI30K, B KOTOPOM COJIEpKAaTCs OJMH WJIH HECKOJIbKO YKa3aTelew,
CBSI3BIBAIOIIMI JAHHBIN DJIEMEHT C APYTUMU DJIEMEHTAMU CTPYKTYPBI;

Korma cBsizHOE TpelCTaBICHHE JAaHHBIX WCIONB3YeTCS IS PEIICHHUS TPHKIATHON
3ama4, Ui KOHEYHOTO TIONB30BaTeNsl "BUAUMBIM' —JI€TAETCSl TOJBKO  COJEPIKUMOE
WH(OPMAIIMOHHOTO TIOJS, a TOJe CBA30K HCIONB3YyeTCs TOJIBKO IMPOTrPaMMHCTOM-
pa3paboTUYUKOM.

JIOCTOMHCTBA CBS3HOTO TIPEJCTABJICHUS JAHHBIX - B BO3MOXHOCTH OOCCIICUCHHS
3HAUUTENHHON H3MEHYUBOCTHU CTPYKTYD;

- pa3Mep CTPYKTYpbl OTPaHHYMBAETCS TOJBKO JOCTYITHBIM OOBEMOM MAaIIMHHOMN
aMsITH;

- TPU U3MCHEHWHW JIOTHYECKOH ITOCIIC0OBATEILHOCTH JJIEMEHTOB CTPYKTYPHI
TpeOyeTcs He TepeMelieHHe MaHHBIX B TaMSITH, a TOJIbKO KOPPEKIIHs
yKa3aTeseu.

Bmecte ¢ Tem cBs3HOE TMpeAcCTaBlIeHHE HE JHIIEHO U HEAOCTAaTKOB, OCHOBHBIC U3
KOTOPBIX:

- pabora c ykazaTensiMu TpedyeT, Kak MpaBuiio, 60ee BEICOKOW KBATU(pHUKAIIMH OT
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POrPaMMHUCTA;
- Ha IOJIS CBSA30K PacXoAyeTcsl TOMOJHUTENIbHAS aMSITh;
- JIOCTYH K DJIEMEHTaM CBSI3HOW CTPYKTYpBI MOXKET ObITh MeHee 3()(pEeKTUBHBIM 110
BpPEMEHH.

[Tocnenuuii HEAOCTATOK SIBIISAETCS HanboJee Cephe3HBIM U MMEHHO UM OIPaHUYMBACTCS
MPUMEHUMOCTh CBSI3HOTO MPEJCTaBICHUS JaHHBIX. ECM B CMEXHOM MPEICTABICHUHU JTaHHBIX
JUIS BBIYMCIICHHS ajpeca JIIo00ro 3JIeMEHTa HaM BO BCEX CIydasX JOCTaTOYHO OBUIO HOMEpa
JJeMeHTa U HMHGPOpMaIUK, COJEpKalleiicss B JIECKPUNTOPE CTPYKTYpPbI, TO HJS CBSI3HOTO
NPEJCTABICHUS aJPeC AJIEMEHTA HE MOXKET ObITh BHIYMCIICH U3 UCXOJHBIX JaHHBIX. JleCKpUITop
CBS3HOU CTPYKTYPBI COJEPKUT OJMH WJIM HECKOJbKO YKaszaresei, MO3BOJIAIOIIUX BONTH B
CTPYKTYpY, Jajee IOHCK TpeOyeMOro 3JIeMEHTa BBINOJIHICTCS CJIEJIO0BAHHEM II0 IICTIOYKE
yKazaresei oT 3JieMeHTa K ayeMeHTy. [loaToMy cBsi3HOE mpelcTaBiIeHue MPAKTUUYECKU HUKOTIa
HE NpPHUMEHsIETCA B 3ajauyax, [Je JIOTMYecKas CTPYKTypa JaHHBIX HMMEET BHJ BEKTOpa WU
MaccHBa - C IOCTYIIOM 10 HOMEpY 3JIEMEHTa, HO YacTO MPUMEHSETCs B 3aJja4ax, TJe JOrnyecKas
CTPYKTypa TpeOyeT Apyrod MCXoaHOW WH(OpMAIHMH JOCTyNa (TaONMUIbI, CIIUCKH, IEPEBbS U
T.J.).

CBs13HbIE TUHEIHBIE CIIUCKU

CnuckoM Ha3bIBAETCS YHOPSAIOYEHHOE MHOXKECTBO, COCTOSIIEE M3 MEPEMEHHOI0 4YHclia
AJIEMEHTOB, K KOTOPbIM IPUMEHHMBI ONEpallUy BKJIIOYEHHUs, HCKItoueHus. CHIHCOK,
OTpaKAIOIIUKA OTHOIICHUS COCENCTBA MEXIy OJJIEeMEHTaMH, Ha3blBaeTcs JHUHEWHbIM. Ecnu
OrpaHMYEHUs Ha JUIMHY CIIUCKA HE JOIYCKAalOTCsl, TO CIIMCOK IPEICTABISAETCs B IaMATH B BUJIE
CBS3HOU CTPYKTYpbI. JIMHEIHbIE CBA3HBIC CIHUCKH SIBISIOTCA MPOCTEUIIUMU TUHAMHUYECKUMHU
CTPYKTypaMH JaHHBIX.

['padmyecku cBsi3M B cOHMcKax yaoOHO H300pakaTb € MOMOIIBIO cTpeiok. Ecnm
KOMIIOHEHTa HE CBs3aHa HM C KaKOH ApYyroi, ToO B IOJI€ yKa3aTels 3allMChIBAIOT 3HAYEHUE, HE
yKa3bIBaKOIIee HU HA KaKO# 3eMeHT. Takast CChUTKa 0003HAYACTCS CIICIMAIbHBIM HMEHEM - Nil.

MamnHHOe IpeCTaBIEeHNE CBA3HBIX JIMHEHHBIX CIIUCKOB

Ha puc. 5.1 mpuBeneHa cTpykrypa omHocBsizHoro cmucka. Ha nem mome INF -
uHpopmarnmonHoe noiue, gaaasie, NEXT - ykazatens Ha cnenyromuii semMeHT crincka. Kaxapiii
CIHCOK JIOJ’KEH MMETh OCOOBIN 3JIEMEHT, Ha3bIBaeMbIil yKa3aTejeM Havaja CIHMCKa WM TOJOBOH
CIIUCKa, KOTOPBIA 0OBIYHO MO (hOpMaTy OTJIMUEH OT OCTAJBHBIX JIEMEHTOB. B mose ykaszarens
HOCIICTHErO DJIEMEHTAa CIHMCKA HAXOMUTCS CIELHATbHBIN Npu3HaK Nil, CBUACTEIbCTBYIOMMN O
KOHIIE CIIHCKA.

lonosa cnucka INF FIEXT IN‘F]NEXT INF | nil

Puc.5.1. CtpykTypa OJHOCBSI3HOTO CITHCKA

OpnHako, 00pa0oTKa OIHOCBS3HOTO CIHMCKAa HE BcCerja yaoOHa, TaK KaK OTCYTCTBYET
BO3MOXXHOCTh ~ HPOJBI)KEHHUS B  IPOTHBOIMOJIOXKHYIO CTOpPOHY. Takyl0 BO3MOXHOCTb
o0ecreynBaeT JABYXCBA3HBIN CIMCOK, KaX/IbIi 2JIEMEHT KOTOPOTO COJIEPXKHUT J[Ba yKa3aTels: Ha
CHENYIOINNA U MPEABIAYIINNA 3JIEMEHTHI cricka. CTpyKTypa JIMHEMHOTO JABYXCBSI3HOTO CIMCKA
npuBeneHa Ha puc. 5.2, rae none NEXT - ykazatens Ha crnemyrouiuii snemeHT, noine PREV -
yKazarejib Ha MPEAbIAYIIAA 3JIeMeHT. B KpallHMX 3JIeMEHTax COOTBETCTBYIOIIME YyKa3aTeln
JIOJDKHBI coziepkath Nil, kak u mokasaHo Ha puc. 5.2.

Hnst yno6cTBa 00pabOTKH crircka J00aBIISIOT €Ie OJMH OCOOBIN AJIEMEHT - yKa3aTellb
KOHIa criucka. Hannune nByX ykaszaTenell B KaXKJAO0M 2JIEMEHTE YCIOXKHAET CIIUCOK U MPUBOAUT
K JIONOJIHUTENIbHBIM 3aTpaTaM MaMsITH, HO B TO K€ BpeMsi oOecreunBaeT Ooiiee 3ddexTuBHOE
BBITNIOJIHEHNE HEKOTOPBIX OIepalvil HaJl CIUCKOM.
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= lonosa cnaucka

Ykasarens
KOHU2

INF |NEXT PREV| INF |NEXT PREV| INF

nil

Puc.5.2. CtpykTypa IBYXCBSI3HOTO CIIHCKA

Pa3HOBHIHOCTBIO PACCMOTPEHHBIX BHJIOB JMHEWHBIX CIIHCKOB SBISICTCS KOJBIIEBOU
CIIUCOK, KOTOPBIN MOKET ObITh OPraHU30BaH Ha OCHOBE KaK OJIHOCBSI3HOTO, TaK U JABYXCBSI3HOTO
cnuckoB. [lpu STOM B OJHOCBSI3HOM CHHCKE YyKa3aTellb IOCICTHETO JJIEMEHTAa JIOJDKEH
YKa3bIBaTh Ha MEpBbII 2JIEMEHT; B JBYXCBSI3HOM CIHCKE B IEPBOM U IOCJIEIHEM 3JIEMEHTaX
COOTBETCTBYIOIIIME yKa3aTEJH MePEOIPEICIAIOTCS, KaK MMOKa3aHo Ha puc.5.3.

[Ipu paboTe ¢ TakMMH CHHCKAaMU HECKOJIBKO YIPOLIAIOTCS HEKOTOpBIE MPOLETYpHI,
BEITIONHSIEMBIE HaJ crmuckoM. OHAKO, MPU TPOCMOTPE TAKOTO CHHCKA CIEAYeT HPHHSITH
HEKOTOPBIX Mep MPETOCTOPOKHOCTH, UTOOBI HE MOMACTh B OECKOHEYHBIN IIUKIL.

i~ [Fonosa cnucka

PREV| INF [NEXT *+* |PREV| INF [NEXT PREV| INF |NEXT

[ - ]

Puc.5.3. CtpykTypa KoJIbLIEBOTO ABYXCBSA3HOIO
CIIHCKa

B mamsatu crimcox npeaCTaBJIACT CO6OI71 COBOKYITHOCTb ACCKPUIITOpAa U OJMHAKOBBIX II0
pasMmepy U ¢opmary 3amnmceid, pa3MeIIeHHbIX MPOU3BOJILHO B HEKOTOPOH OO0JIACTH NMaMSTH U
CBSI3aHHBIX JIPYr C JAPYrOM B JIMHEHHO YIOPSJOYCHHYIO LENOYKY C IOMOIIBIO yKa3aTelei.
3anuce coaepKUT MH(OPMAIIMOHHBIE MOJIS U TOJIs yKa3aTelNeil Ha COCeIHNUE IeMEHTHI CIHCKa,
IPUYEM HEKOTOPHIMHM TMOJSMU HH(OPMALMOHHOW YacTH MOTYT OBITh yKa3zaTelaud Ha OJIOKH
naMsITH C JONOJHUTENbHOM MH(pOpMalueil, oTHOCAIIEHCS K JIEMEHTY chucka. JlecKpumnrop
CIHCKa pealln3yeTcs B BUJIE OCOOOH 3allMCH M COAEPKUT TaKyto MH(OpMAIHUIO O CHHCKE, KaKk
ajJipec Hayaja CIIUCKA, KOJA CTPYKTYpBl, UMsl CIIUCKA, TEKYIEe YUCIIO 3JIEMEHTOB B CIIHMCKE,
ONMCAaHME DJIEMEHTA U T.J., ¥ T.I. JIeCKpUIITOP MOXKET HaXOIUTHCS B TOM K€ 00JIaCTH MMaMsTH, B
KOTOPOH pacrnojararoTcsi JIEMEHTBI CITUCKA, WU ISl HETO BBIACISAETCS KaKoe-HUOYIb Ipyroe
MECTO.

Peanmaum{ onepaunﬁ HaJa CBA3HBIMU JIMHENHBIMH CIIUCKAMH

Hwmxe paccmaTpuBaroTCsi HEKOTOpBIE MPOCTHIE ONEpPAlMK HaJ| JIMHEHHBIMU CIUCKAMH.
BrimonHeHue onepanuii WUTFOCTPUPYETCs B 00IIEM CITydae PUCYHKaMU CO CXeMaMU W3MEHEHHS
CBsi3€i M MPOrPaMMHBIMH ITPUMEPAMHU.

Ha Bcex PUCYHKAX CIIOIIHBIMHA JIMHHUAMH IMOKA3aHbI CBA3HW, UMCBIIHUECA JO BBIITOJTHCHHA
U COXpPaHMBILHMECS TIIOCJ€ BBINOJHEHHS onepanuu. [IyHKTUpPOM TIOKa3aHbl  CBSI3H,
YCTAHOBJICHHBIC ITPH BBIITOJIHCHUHW OIICPAIUU. 3HayKOM 'X' OTMEUEHBI CBsA3H, pa30PBAHHEBIC IIPU
BBINOJIHEHUH onepanud. Bo Bcex omepanusx 4Ype3BbIYaiHO BaXKHA IOCIEI0BATEIbHOCTD
KOPPEKIIMH yKa3aTeJel, KOoTopas o0eclednBaeT KOPPEKTHOE W3MEHEHHE CIHCKa, He
3aTparuBarolee JApyrue 3eMeHThl. [Ipyn HempaBWIBHOM MOPSJIKE KOPPEKIUHU JIETKO MOTEPATh
YaCThb CIIMCKa. HOSTOMy Ha pHUCYHKax pgaaoM C YyCTaHaBJIMBACMBIMH CBA3IMU B CKOOKax
MOKa3aHbl IIaTy, Ha KOTOPBIX 3TH CBSI3U YCTaHABIUBAIOTCS.

[TepeGop 311eMEHTOB CcIIMCKa.

Orta omnepanusi, BO3MOXKHO, Yallle JPYTrUX BBHIIOJIHIETCS Ha/l JMHEWHBIMU cruckamu. [1pu
€€ BBITIOJTHEHNH OCYIIECTBIISIETCS TIOCIEIOBATENBHBIN JJOCTYI K JIEMEHTaM CITHCKA - KO BCEM JI0
KOHIIa CIIMCKA WJIM JI0 HAXOKICHUSI ICKOMOTO 3JIEMEHTA.

O6paboTka MOXKET COCTOATH B:
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- TeYaTH COACPKUMOTO UH(.9aCTH;

- Moaudwukanuu mose nad.uacTu;

- CpaBHEHWHs Mmoyiei nHd.9acTu ¢ 00pa3IOM MPH MOUCKE TI0 KITI0UY;
- MOJCYETe UTepalnii UKJIIA MPU OUCKE 110 HOMEPY;

- HMTJ.,HTIL}

B AByXCBSI3HOM cHHCKe BO3MOXEH IMepe0op Kak B MPSIMOM HampaBieHUH (OH BBITJISAUT
TOYHO TaK K€, KaK ¥ mepedop B OJTHOCBSI3HOM CIHCKE), TaK U B 00paTHOM. B mocnennem ciydae
napaMeTpoM MpoIeaypbl JokeH ObiTh tail - ykasarens Ha KOHEI[ CHHMCKa, W TEPEXO] K
CJICAYIOIIEMY 3JIEMEHTY JOJDKEH OCYIIECTBIATHCS 0 yKa3aTelro Ha3a:

B komibieBOoM crhircke OKOHYaHHE Iepebopa JOJKHO MPOUCXOJUTh HE MO MPU3HAKY
MIOCJIETHETO AJIEMEHTA - TAKOH MPU3HAK OTCYTCTBYET, a MO JOCTHKEHHIO AJIEMEHTA, C KOTOPOTO
Hayascs nepedop. AJropUTMbI iepedopa ISl IBYCBA3HOIO U KOJIBLIEBOTO CIIMCKA Mbl OCTaBIIsiEM
YUTATEII0 Ha CAMOCTOSATENBHYIO pa3padoTKy.

BcraBka s1emMeHTa B CIIUCOK.

BcraBka snemMeHTa B cepeliHy OJJHOCBSI3HOTO CITMCKA ITOKa3aHa Ha
puc.5.4 u B mpumepe 5.2. prev

Puc.5.4. BcraBka snemenTa B cepeuny 1-
CBSI3HOTO CITMCKa

Pucynoxk 5.5 npezacraBisieT BCTaBKY B ABYXCBSI3HBIN CIIHCOK.
prev

NexT ¢ NEXT NEXT F-» 2
= >
INF INF INF
.+ «—|pREV Y PRev PREV <
©y e |
- INF
L@ pgey &

Puc.5.5. BecraBka anemeHTa B cepeinHy 2-CBA3HOIO CITUCKA
[TpuBeneHHbIE TPUMEPBI 00ECTIEUNBAIOT BCTABKY B CEPEIMHY CIIUCKA, HO HE MOTYT OBITh

[IPUMEHEHBI JUIs BCTaBKM B Hayano crnucka. [lpm
v head - ykaszarens Ha Hayano

MOCJIETHEN JIOJKEH MOIUGUIMPOBATECS  yKa3aTelb Ha

Ha4ajo CIUCKa, Kak X e [NexT N[ NEXT {11 casapo Ha puc.5.6.

cur

ol

Pnc.5.6. BecraBka simeMeHTa B Hadajo 1-CBSI3HOTO CIIMCKA Y JaJIeHHe dJIEMEHTA M3
CIIHCKA.

VY nanenue 3jieMeHTa U3 OJTHOCBA3HOIO CIKMCKA MOKa3aHo Ha puc.S.7.
prev del

- -I:-ﬁiF{Nexﬂak;I INF | NEXT INF| NEXT - - -
1

a). U3 cepeanHbl

head del

INF| NEXT INF| NEXT cee

6). u3 navana
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OueBUHO, UYTO NPOLEAYPY YIaJCHUs JIETKO BBIMOJHUTh, €CIM H3BECTEH aJlpec
9JIEMEHTA, TPEANICCTBYIONIEro yaansemomy (Prev ua puc.5.7.a).

VYnaanenue sneMeHTa U3 ABYXCBSI3HOTO CIHCKAa TpeOyeT KOPPEKIMH OOJBIIEro 4uciia
yKa3zareliei, Kak oKa3aHo Ha puc.5.8.

del @
- — NEXT +L’ NEXT -3¢ NEXT|— ...
INF INF INF
.+ «|PREV 3 PREV X-{Prev PRESRE

() |
Puc.5.8. Yiamenue nineMeHTa U3 2-CBI3HOTO CIIMCKaA

Puc.5.8. Y nanenune sinemMeHTa U3 2-CBSI3HOTO CIIMCKa

[Tpoueaypy yaajieHus: 3JIEMEHTa U3 JBYXCBSI3HOIO CITMCKA OKAKETCS JaKe IMPOIIE, YeM
JJIA OAHOCBA3HOI'O, TaK KakK B Heﬁ HEC Hy)KeH IIOHUCK HpeI[BII[YILICI‘O 3JIEMCHTA, OH BLIGI/IpaeTCSI 110
yKa3aTesro Ha3al.

ITepecTanoBKa 3JIEMEHTOB CITHCKa.

V3MEHYHBOCTh TMHAMHUYCCKUX CTPYKTYP JAHHBIX MPEAIOaraeT He TOJbKO M3MEHECHHS
pa3Mepa CTPYKTYpbl, HO W HW3MEHEHMS CBsI3ed MEXAYy dJIeMeHTaMH. J[JIsl CBS3HBIX CTPYKTYpP
HU3MEHEHHUE CBsI3el He TpeOyeT NMePEeChUIKU JaHHBIX B IAMSTH, a TOJbKO U3MEHEHHS yKa3aTelel
B JJIEMEHTAaX CBS3HOW CTPYKTypbhl. B KauecTBe mnpumepa NpHUBEICHA IEPECTAHOBKA JBYX
COCEHUX 3JICMCHTOB CIIMCKA. B aaropurMe nepecTaHOBKH B OJHOCBS3HOM cHHCKe (puc.5.9)
HUCXOJWIM M3 TOrO, YTO H3BECTEH aipec 3JCMEHTAa, IPCAIICCTBYIOIIEro Imape, B KOTOPOM
NPOU3BOJIUTCS TIEPECTaHOBKA. B NMPHBEICHHOM QJITOPUTME TaKXKE HE YYUTHIBACTCS CIIy4an

IIEPECTAaHOBKH IIEPBOTO X BTOPOI'O DJICMCHTOB.
prev

@ ]
—Lq INF[ NEXT I_xE{MF]NExT INFINEXH—)(—IJ NF[NExT > -
. =1 %)) 1

Puc.5.9. IlepectanoBka coceJHUX 3JIEMEHTOB |-CBS3HOTO
CIIHCKa

B npouenype nepectaHOBKHU Ul IBYXCBSI3HOTO crucka (puc.5.10.) HETpyIHO ydecTb U
NepPEeCTaHOBKY B Hauaje/KOHIIE CITUCKA.

KonupoBaHue yacTu cmcka.

[Ipr xONMpPOBaHMM HCXOJHBIM CIIMCOK COXPAHSAETCA B MaMATH, M CO3HAECTCS HOBBIN
cnucok. MH(popMaloHHbIe OIS 3JIEMEHTOB HOBOTO CIHCKa COJEpXkKaT Te XKe JaHHbIe, YTO U B
AJIEMEHTAaX CTApOro CIMCKA, HO IOJISI CBSI30K B HOBOM CIIMCKE COBEPIIEHHO APYIHE, MTOCKOJIBKY
AJIEMEHTBHl HOBOT'O CIIMCKAa PACIOJIOKEHBI MO APYTUM aapecaM B namsaTu. CylecTBEHHO, YTO
orepanusi KONUPOBaHUs Npeanoaraet 1yoIMpoBaHue JaHHbIX B aMaTu. Eciu nocne co3nanus
KONMU OYyAyT M3MEHEHbI JaHHbIE B MCXOJHOM CIIMCKE, TO U3MEHEHHE He OYyJeT OTpakeHO B
KOITHH " Ha000pOT.
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« - <—IPREV X B PREV e— -
INF

(1) — NEXT
@ |

INF

X

NEXTS
o

@)

(6]}
Puc.5.10. IlepecTaHoBKa COCETHUX JIEMEHTOB 2-
CBSI3HOT'O CITMCKa

CnusiHue IByX CIIUCKOB.

Omnepanust CclAMsiHUS 3aKII0O4aeTcss B (DOPMUPOBAHMHM W3 JBYX CIMCKOB OJHOTO - OHA
aHaJOTMYHA ONEepalUU CUEIJICHUS CTPOK.

IIprumeHeHne JIMHERHBIX CIIMCKOB

JIuHeliHble CIMCKM HAaXOJAT HIMPOKOE NIPUMEHEHUE B IPWIOKEHUSX, 1€ HENPEICKA3yeMbl
TpeOOBaHUS HA pa3Mep MaMsITH, HEOOXOIUMOMN /ISl XPaHEHHsI JaHHBIX; OOJIBIIOE YUCIIO CIOXKHBIX
orepanuil HajJ JaHHBIMU, OCOOCHHO BKJIIOUEHUH M UCKItodeHuil. Ha 0a3e NMUHEWHBIX CIHCKOB
MOTYT CTPOMUTCS CTE€KH, ouepeau U Aeku. Ilpencrasienue ouepean ¢ NOMOIIbIO JMHEHHOIO CIIUCKA
MO3BOJIAET JIOCTATOYHO MPOCTO OOECHEYUTh JIFOOBIE JKeJIaeMble TUCIUILUIMHBI OOCTYKHBaHUS
ouepean. OCOOEHHO 3TO yJ00HO, KOT/Ia YHCIIO 3JIEMEHTOB B OU4€PEIU TPYIHO IMPEACKa3yeMo.

Crek mpencTaBiiseTcsl Kak JUHEHHBIM CIHMCOK, B KOTOPOM BKJIIOYEHHUE 3JIEMEHTOB BCEra
IIPOM3BOJATCS B Hayala CIUCKA, a UCKJIIOUEHHUE - TaKkKe M3 Hadana. /|1 mpesncraBieHusl ero HaM
JIOCTaTOYHO MMETh OJIMH yKa3arelb - 0P, KOTOpbIH BCEr/la YKa3blBAE€T HA MOCIEIHUN 3alIMCAHHBIN
B CTEK 3JIEMEHT. B Hcxo/1HOM cocTosiHMM (ITPpH ITYCTOM CTeKe) ykazaTenb top - myctoil. [Ipouenypsl
StackPush u StackPop cBomsTcsi K BKJIIOYEHHIO M HCKIIIOYEHHIO JJIEMEHTA B HAYalo CITHCKA.
OOpatuTe BHMMAaHHE, YTO MNpPHU BKJIIOUYEHUH DJEMEHTA JJIs HEro BbIAENAETCS MNaMsTh, a IpHU
UCKIIIOUEHHH - ocBoOokaaercs. Ilepen BKIIOUEHHEM 3J€MEHTa NMpoBepsieTcs AOCTYIHBIH 00beM
namsATH, U €CIM OH HE IO03BOJISIET BBIJACIUTH MaMATh JUIsl HOBOTO AJIEMEHTA, CTEK CUMTAETCs
3amojiHeHHbIM. [Ipu oYMCTKE CTeka MOCIeN0BaTEeIbHO NPOCMATPUBAETCS BECh CIUCOK U
YHUUTOXKAIOTCS €ro 3JIeMeHThl. lIpu CHMCKOBOM MpeNCTaBIEHMM CTEKa OKa3bIBAETCSl HEMPOCTO
OTNpeNIeNIUTh pa3Mep CTeKa. DJTa olepauus Morja Obl moTpedoBaTh nepedopa BCEro CIHCKa C
MOJICYETa YKCIIa JIEMEHTOB.

JluHeiHbIe CBSI3HBIE CMIUCKHU WHOTJA MCIONB3YIOTCS TaKKe IS MPEICTaBICHUs TaOIuIl - B
TE€X CclayyasX, Korja pasmep TaOMuIbl MOXKET CYHIECTBEHHO HU3MEHAThCA B IIpOLEcce €€
cymectBoBaHusa. OJHaKO, TO OOCTOSTENbCTBO, YTO JOCTYH K 3JIEMEHTaM CBSI3HOTO JIMHEHHOro
CIIUCKAa MOXET OBITh TOJBKO IOCJIEIOBATENIbHBIM, HE IO3BOJSET MPUMEHUTh K TaKkol Tabnuie
3¢ (heKTUBHBIN TBOMYHBIA MOUCK, YTO CYIIECTBEHHO OTPaHUYMBACT UX MPUMEHUMOCTD. [T0CKONBKY
YIOPSA0YEHHOCTh TaKOM TaOJIMIIBI HE MOXKET MIOMOYb B OpPraHU3allUU MOUCKA, 3a/1a4l COPTUPOBKH
TaOJUII, MPEJCTABICHHBIX JTMHEWHBIMH CBSI3HBIMU CITUCKAaMH, BO3HUKAIOT 3HAYUTEIHLHO PEXE, YeM
JUTSE TAOJIHII B BEKTOPHOM TipeicTaBieHnu. OTHAKO, B HEKOTOPBIX CIydasx JAJs TaOIUIlbl, XOTS U HE
TpeOyeTcs yacToe BBINOJIHEHHE IMOKMCKa, HO 3ajjaya TeHepaluu OTYETOB TpeOyeT pacroiOKeHUs
3amucel TaONUIBI B HEKOTOpOM mopsiake. [lns ymopsgoueHus 3amuced Takoi TaOmuIlbl
MPUMEHHUMBI JIOObIE aJTOPUTMBI M3 OMHMCAHHBIX HamHu B pazzaene 3.9. Hekoropeie airoputmsl,
BO3MOXKHO, TOTPEOYIOT KaKUX-IUOO YCIO)KHEHUU CTPYKTYpBI, HallpuMep, OBICTPYIO COPTHUPOBKY
Xoapa nenecooOpa3HO MPOBOIUTH TOJIBKO HAa JBYXCBS3HOM CIIHMCKE, B HU(POBONH COPTUPOBKE
yIOOHO CO3/1aBaTh MPOMEKYTOUHBIE CIIUCKE JIJIS U(PPOBBIX TPYIII U T.1I.

MynbTUCIUCKT

B mnporpamMmHBIX cucTeMax, 00padaThIBarOIIUX OOBEKTHI CIOKHOH CTPYKTYPBI, MOTYT
pemarhbCcsl pa3HbIe IMOJ33Ma4yH, Kaxaas W3 KOTOPBIX TpeOyeT, BO3MOXKHO, 0OpabOTKH HE BCETO
MHOXKECTBa OOBEKTOB, a JIMIIb KAaKOTO-TO €ro TOJAMHOXEeCTBa. Tak, Hampumep, B
ABTOMATU3UPOBAHHON CHUCTEME YyYeTa JIMI, MOCTPAAaBIINX BeiaeAcTBHE aBapuu Ha HADC, kaxnas
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3amuch 00 OJHOM ITOCTpajaBIIeM colepkHuT Oosiee S50 mosell B cBoe MH(OPMAIMOHHON YacTH.
Pemaemple ke aBTOMAaTH3UPOBAHHOW CHCTEMOM 3a/1la4ll MOT'YT OTPeOOBaTh BEIOOPKH, HAITPHMED:

- YYaCTHUKOB JIMKBUAAIUI aBapyH;

- TepeceseHIEB U3 3apaKCHHOU 30HbI;

. JIML, COCTOSAIINX HAa KBAPTUPHOM YYETE;

- 71l ¢ 3a00JIeBaHUSIMU IIUTOBUTHON KEIIC3bI;

. UT.AO., 1T.I.

tl;:;;;::mop l | ’].naunue aHHbI®

cnucKa - ¢ |

Heckpunrop

e T

NUKBKAATOPOB

Jeckpuntop J

cnucKa :l— AHHbIE AHHbIE

KBapT. y4yéra | o
'IAauuue aHHbLIE

Puc.5.11. lIlpumep mynbTHUCTIUCKA

st Toro, 4ToOBI TIPU BEIOOPKE KAXKJIOTO MOAMHOKECTBA HE BBITIOJIHSITH MOJHBIM TPOCMOTP
C OTCEMBAaHUEM 3amuceil, kK TpeOyeMOMy MOAMHOXKECTBY HE OTHOCSIIUXCS, B KXY 3alUCh
BKJIFOUAKOTCS JOMOJHUTENIBHBIE TIOJISI CCHUIOK, KaXI0€ U3 KOTOPBIX CBS3BIBAET B JIMHEHHBIA CIIMCOK
3JIEMEHTBI COOTBETCTBYIOIIETO MMOJAMHOXKECTBA. B pe3ynbrare momaydaercss MHOTOCBSI3HBIN CIIMCOK
WA MYJIbTUETIMEOK, KAKIBIA AJIEMEHT KOTOPOTO MOXKET BXOAUTH OJHOBPEMEHHO B HECKOJIBKO
ONHOCBSA3HBIX  CIHMCKOB. Ilpumep  Takoro  MyJbTUCIIHCKAa  JUIA  HAa3BaHHOM  HaMmu
ABTOMATU3MPOBAHHOMW CHCTeMBI ToOKa3aH Ha puK&MTouHCTBaM MYJIBTHUCIUCKOB TMOMHMO
SKOHOMHMU TIaMATH (TMPU MHOKECTBE CHHCKOB HMH(OpPMAIIMOHHAS YacTh CYIIECTBYET B
€IMHCTBEHHOM SK3EMIUISIPE) CIIEIYET OTHECTH TAKXe IEJIOCTHOCTh JAHHBIX - B TOM CMBICIIE, YTO
BCE MOJ3a7aud paboTaloT C OJHON U TOU ke Bepcuel MHPOPMAIMOHHON YacTH M W3MEHEHHS B
JIAHHBIX, CJICJIAaHHBIE OJHOW IOJ3a/Jaueil HEMEJICHHO CTAaHOBATCA JOCTYNHBIMHU I JAPYrou
roJ3aAauu.

Kaxnas momzamaga paboTaer cO CBOMM IOIMHOKECTBOM KaK C JIMHEHMHBIM CITUCKOM,
UCIIONB3YSl AJI ATOTO ONpeNeNeHHoe moje cBs30K. Crenupuka MyJIbTHCIHCKA MPOSBIAETCS
TOJBKO B OMEpaIluy MCKIIOUEHHUS AJIEMEHTa U3 chucka. VckimoueHue ajeMeHTa U3 Kakoro-imnoo
OJTHOTO CITMCKA €Illeé HE O3HAauaeT HEeOOXOIWMOCTHU YHAJIeHHs JJIeMEHTa W3 TaMsITH, TaK Kak
AJIEMEHT MOXKET OCTaBaThCs B COCTaBE JAPYTUX CHHUCKOB. [laMATh TOKHA OCBOOOXKIATHCS TOJIBKO B
TOM Clly4yae, KOrja 3JIEMEHT Y€ HE BXOJHUT HU B OJWH M3 YaCTHBIX CIHCKOB MYJIBTHUCIIMCKA.
OOBIuHO 3a/1a4a yaaeHus YIPOIIAeTCsl TEM, YTO OJUH U3 YACTHBIX CITUCKOB SIBJISIETCS TJIABHBIM - B
Hero o0s3aTeNbHO BXOJSIT BCE MMEIOIIMECS dJIeMEHTHI. Torna MCKIIIoUeHHe dJIeMeHTa U3 JH00ro
HETJIAaBHOTO CITMCKA COCTOWT TOJBKO B TEPEOTPEETICHIN YKa3aTelei, HO He B OCBOOOXKICHUHN
namstu. VckirodeHne ke U3 TI1aBHOTO CIHCKa TpeOyeT He TOIBKO OCBOOOXKIEHUS MaMsTH, HO U
MEepPEOIpPENICTICHNs] YKa3aTelel Kak B TJIaBHOM CIIMCKE, TAK U BO BCEX HETJIABHBIX CIHCKax, B
KOTOpPBIE YIAIAEMBIN JJIEMEHT BXOIUIL.
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4.3. JlabopaTopHbie padoThI

Buo
3aHAmMuUA 6
N Homep ) Obven unmepakmm;vnoﬁ,
i paszoena Haumenosanue nabopamopnoii padomot (wac.) aKmueHoil,
oucyuniunol UHHOBAYUOHHOTL
dopmax,
(uac.)
1 2,3,4. [IporpaMMupoBaHue aaropuTMOB JTUHEMHON 3 -
CTPYKTYPHI
2 2,3,5. [IporpamMmmupoBanue JITOPUTMOB 3 -
pa3BeTBIIAIOLICHCSA CTPYKTYPbI
3 2,3,5. [IporpammupoBanue ITOPUTMOB 6 -
LUKIMYECKON CTPYKTYPBI
4 2,5,6. [IporpaMMupoBaHue  alropuTMOB  HaJ 6 -
OJTHOMEPHBIMHU MacCUBaMHU
5) 2,5,6. [IporpammupoBanue  alrOpuTMOB  Haj 6 Pabota B manbix
MHOI'OMEPHBIMH MacCHBAMHU rpynmnax (3 yaca)
6 3,6. [IporpamMMupoBaHue  alropuTMOB  HaJ 6 -
MacCHBAaMU CUMBOJIOB
7 3,7. [IporpamMMupoBaHue  anropuTMoOB  IpU 6 Pabota B ManbIx
MTOMOITN (PYHKIIMIA rpynnax (3 gaca)
HUTOr'O 36 6

4.4. CeMmuHapbl/ NpaKTHYECKHE 3aHATHS
Y4eOHBIM ITaHOM HE MPEAYCMOTPEHO

4.5. KoHTpo/1bHbIe MEpONPUSITHSA. KypcoBasi padoTa
Memoowt opzanusayuu, Xxpanenus u 06padOMKU TUHEHUHBIX 0GYXCEAZHBIX CHUCKOE

Lenb: pa3paboTka MporpaMmbl, BKJIIOUYAKOIIas B ce0sl aIrOPUTMBI 110 00pabOTKH TMHEHHBIX
JABYXCBA3HBIX CITMCKOB.

Crpyxrypa: Kaxknoe MHAMBHIyadIbHOE 33/1aHUE MpeIoaraeT pa3padoTKy ajJropuTMOB U
porpamMmslI 110 CO3JaHUIO. HOBOI'O CITMCKA, I[O6aBJ'I€HI/I€ 3JIEMEHTOB B CIITMCOK, BBIBO/I CIIMCKa Ha
JMCIIIeH, COXpaHeHHE JIaHHBIX CITUCKA B (paiiy, YTeHUe JaHHbBIX CIHCKa U3 ¢ailna, yiaieHue crucka
U3 IaMSITH KOMITBIOTEPA, TIOUCK DJIEMEHTA B CIIMCKE, COPTUPOBKA CIHCKA U YAAJICHHE HJIEMEHTa
cnucka. PazpabaTsiBaemast mporpamma J0JKHA 00€ecTIednBaTh ““IMaNoOTOBBIA PeXUM” PabOThI
HI0JTH30BATENS C MPOrpaMMOH M CoJep KaTh HH(POPMAIIHIO O e Ha3HAYCHNH (Ha3BaHHUE WIIH KPaTKoe
OTKCaHME 33/]auy, Ha PelIeHNne KOTOPOi OHa HalpaBJieHa).

OcHoBHas TeMaTuka: Pa3paboTka anropurMa v mporpaMMHOTO 0OecTieueHus 3a1a9u
MpeAMETHOM 00JIacTH.

Pexomenayemserii o0bem: Iloscautenbhas 3amucka oobemom 30 — 40 ¢ gomKHA COAEpKaTh
TUTYJIBHBINA JIMCT, 33JJaHUE, OMKCAHUE Pa3pabOTAHHBIX ANTOPUTMOB M MPOTPAMMEI, OJIOK CXeMy H
JIUCTUHT IIPOTPaMMEL.

I'padvik KOHTPOTBLHBIX MEPOTIPUATHUI
Brinaua 3aganuii 3amuta KP mpoBoauTCst B COOTBETCTBHUM C KAJICHIAPHBIM Y4€OHBIM rpadiKoM

Ouenka Kpurepun ouenku

OTJINYHO COOTBETCTBUE TPEOOBAHUSAM IO CTPYKTYPHOMY COAEPKAHUIO U 00bEMY
paboThI; TPaBIIIBHOCTH BBIITOJIHEHUS 33/JaHUS, COITPOBOXKIAOIIETOCS
cxemamu, Tabaunamu, popmynamu; cCaMOCTOATEIbHOCTh BBINOJIHEHHUS,
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odopmiieHHe pabOTHI M CIIHCKA UCIIOIb30BAHHBIX HCTOYHUKOB
COOTBETCTBYET TPEOOBAHUSAM; TPAMOTHOCTH, OTCYTCTBUE CTUITUCTHUECKUX
omnO0K; YBEpEHHOE BJaJIeHHE MaTepuaoM pU YCTHOM 3aluTe.

XOpOIIO

COOTBETCTBUE TPEOOBAHUSAM IO CTPYKTYPHOMY COACPKAHHUIO U 00bEMY
paboThI; IPaBUIIBHOCTH BBIIIOJIHEHUS 33JaHUs, COIIPOBOKIAIOLIETOCs
cxeMmaMu, Tabauamu, Mepexo HbIMU XapaKTePUCTUKAMU;
CaMOCTOSITENIbHOCTh BBIITOJHEHUS; 0POPMIICHHE PabOTHI U CIIUCKA
HCIIO0JIb30BAaHHBIX HICTOYHUKOB HE MOJIHOCTHEO COOTBETCTBYET
TpeOOBaHUAM; TPAMOTHOCTb, OTCYTCTBUE CTUIIMCTUYECKHUX OLINOOK;
XOpouIee BJIAICHHE MATEPUaIOM MPU YCTHOM 3alIMTeE.

YIIOBJIETBOPUTEIILHO

HE MOJIHOE COOTBETCTBUE TPEOOBAHUSM 10 CTPYKTYPHOMY COJICPIKaHUIO
00BbeMy paboTbhl; HETOUHOCTh BBIITOJHEHUS 3aJaHUs,
COITPOBOKAIOIIETOCS CXeMaMu, TabauamMu, GopMyIaMu; YacTHIHAsS
CaMOCTOSITENIbHOCTh BBIIIOJHEHUS; 0pOpMIICHHE PabOThI U CIIUCKA
MCII0JIb30BaHHBIX UCTOYHUKOB HE ITOJIHOCTbO COOTBETCTBYET
TpeOOBaHUAM; HAJIMUME HEKOTOPBIX CTUIMCTUYECKUX OIIUOOK; HE
YBEPEHHOE BJIaJICHUE MAaTEPHAJIOM IIPU YCTHOM 3alluTe.

HEYHAOBJICTBOPUTCIIBHO

HECOOTBETCTBHE TPEOOBAHUAM 10 CTPYKTYPHOMY COJIEPKAHUIO U 00bEMY
paboThl; HEMPABUIBHOCTD BBIIIOJIHEHUS 3aJJaHUs, COIIPOBOKIAI0OLIETOCS
cxeMamH, TabaunaMu, GopMysiaMu; OTCYTCTBUE CaMOCTOSATEIbHOCTH
BBITNIOJIHEHUS; 0hopmIIeHHE paObOThl U CIIMCKA UCTIOIb30BaHHBIX
HCTOYHHKOB HE COOTBETCTBYET TPEOOBAHUSIM; PAMOTHOCTh, HAJTMYHE
CTHJINCTUYECKUX OIINOOK; OTCYTCTBUE BJa/ICHUs MaTepUaIoM IIPU YCTHOM
3allHUTe.
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5. MATPAIIA COOTHECEHUS PA3JIEJIOB YYEFHOU JUCIHUAIIJIMHBI K ®OPMHUPYEMBIM B HUX
KOMIIETEHHUAM U OEHKE PE3YJbBTATOB OCBOEHUSA JUCIIUIIJINHBI

Komnemenyuu

Komnemenyuu

Buo
Ne, naumenoeanue Kon-6o OK OIIK > t., wac yueonvix Ouyenka
Pazoenoe OuUCyuUnIuUHbl uacoe 7 9 Komn. s sansmuii pe3yibmamos
1 2 3 4 5 6 7 8
1. UHcTpyMeHTapuii TEXHONOTHH IIPOrPAMMUPOBAHUS 9 + + 2 4,5 JIk, CPC OK3AMEH
2. OcHOBHbIE NIPHHIHILI ¥ MOAXOABI K pa3paboTke 18 + + 2 9 JIk, JIP, CPC OK3AMEH
IPOrpaMMHBIX aIFOPUTMOB
3. OCHOBBI IIPOrPAMMUPOBAHUS Ha A3BIKE BHICOKOTO 17 + + 2 8.5 JIk, JIP, CPC OK3AMEH
ypoBHst Cut++. '
4. Tunbl JaHHBIX, BLIPAKEHUS U ONEPALMH B A3bIKE 11 + + 55 JIk, JIP, CPC OK3AMEH
IPOTpaMMHPOBaHUs C++ '
5. Oneparops! s13b1ka nporpaMmupoBanus Cut++ u 16 + + 2 8 JIx, JIP, CPC OK3AMEH
yIIpaBIeHHE X UCHIOJTHEHHEM
6. Yka3aTenu u JMHAMMYECKOE paclpee]e e NaMAaTH 16 + + 2 8 JIk, JIP, CPC OK3AMEH
7. ®yHKIMY A3bIKA OporpamMmupoBanus Cut++ 11 + + 2 5,5 JIk, JIP, CPC OK3AMEH
8. CraTnyeckue 1 IMHAMHYECKUE CTPYKTYPhI IAHHBIX 10 + + 2 5 JIk, CPC OK3AMEH, KP
6cezo uacos 108 54 54 2 54
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6. HNEPEYEHb VYYEBHO-METOIMYECKOI'O OBECHEYEHHUS  JJIA
CAMOCTOATEJBHOU PABOTbHI OBYYAIOIIIUXCA 11O AUCHUITJIMHE

1. C++. OOBEKTHO-OpPUEHTUPOBAHHOE ITpOrpaMMupoBanue. [IpakTukyMm : yaeOHOe TocoOue st
By30B / T. A. IlaBnogckas, 0. A. Illymak. - Cankr-IlerepOypr : [Tutep, 2004. - 265 c. - (Yuebnoe
nocoodue).

2. Xycaunos, b. C. CTpyKTypbl 1 aropuTMbl 00padoTku naHHbIX. [Ipumeps! Ha s3bike Cu @ yueO.
nocobue st By30B / b. C. Xycaunnos. - M. : ®unaHchl U ctatucTuka, 2004. - 464 c.

/. IIEPEYEHb OCHOBHOM ¥ JONOJHHUTEJIBHOW JHUTEPATYPBHI,
HEOBXOJIMMOMU J1JIsA OCBOEHUA JUCHUITJINHBI

Koauuecmeo
No Haumenosanue uzoanus 35:;3- oKzemnanpos | Obecneuen-
- é HOCMb,
MUA | Guonuomexe, | (3k3./ uein.)
IIT.
1 2 3 4 5
OcHoBHas JIMTEparypa
1 [TonGenbckuit B.B. f3pik CU++ : yueb. mocobue st
JIk, KP,

BY30B. — 5-¢ u3ll. — M. : ®UHAHCHI U CTAaTUCTHKA, TP 21 1
2007. — 559 c. - (bakanaBp. ba3oBslii Kypc).

2 Hesnanos, A. A. [IporpammupoBaHue u
anroputMu3zanus : yaeonuk / A. A. Hesnanos. - M. : JIx, KP, 10 07
Axanemus, 2010. - 304 c.. - (bakanasp. JIp ’
AKaJleMU4ecKuil Kypc)

JlonoJiHUTe/ILHASA JIUTEpaTypa

3 C.A. JIpsikonnna, JI.C. CemenoB. OCHOBBI
IporpaMMupoBaHus Ha si3bike Cu/Cu++: P 46 1
JIaGopartophslii mpakTukym. — bpatck: M3a-Bo bpl'Y,
2015. - 153 c.

8. NEPEUYUEHb PECYPCOB HHO®OOPMAIIMOHHO -

TEJEKOMMYHUKAIITMOHHOM CETU «MHTEPHET» HEOBXOJUMBIX
JJIs1 OCBOEHUSA JUCHUITJIMHBI

1.2nekTpoHHbII KaTaJjior O6ubnnoTexu bpl'Y
http://irbis.brstu.ru/CGl/irbis64r_15/cqiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21
DBN=BOOK&S21CNR=&721ID=.

2. DnextpoHHas oubnuoreka bpl'Y

http://ecat.brstu.ru/catalog .

3. DeKTPOHHO-0MOIMOTEYHAs cucTeMa «YHUBEpCUTETCKAA oubnmoreka  online»
http://biblioclub.ru .

4. DnekTpoHHO-OUOMHOTeUHas cuctema «M3natenberBo «Jlanby

http://e.lanbook.com .

5. HWndopmammonnas cucrema "EgmHoe oKkHO pgocTyma kK oOpa3oBaTenbHBIM pecypcam”
http://window.edu.ru .

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

7. YHuBepcuteTcKas nH(pOopMaImoHHas cucrema POCCHUA (YHUC POCCHUSA)
https://uisrussia.msu.ru/ .

8. HanmonanpHas snextponHast oudiamorexka HOb

http://xn--90ax2c.xn--plai/how-to-search /.

9. METOIMYECKHUE YKA3AHHUS JUIS OBYYAIOIIUXCSA MO OCBOEHUIO
JTACIATIIAHBI
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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
http://biblioclub.ru/
http://e.lanbook.com/
http://window.edu.ru/
http://elibrary.ru/
https://uisrussia.msu.ru/
http://нэб.рф/how-to-search%20/

9.1. MeTonnueckne yKa3zaHus J1JIs1 00y4aIOIIMXCS 110 BBINOJTHEHHUIO JIA00PATOPHBIX padoT

JlabopaTopHasi pagora Nel
IIporpaMmmupoBaHue aJITOPUTMOB JIUHEHHON CTPYKTYPbI
[{enb paboTHI:
BripaGoTaTh mpakTH4eCKHe HaBBIKK Pa0OTHI C CUCTEMOM mporpaMMmupoBanus si3pika Cu/Cut+,
HAYYUTHCS CO3/1a-BaTh, BBOAUTH B KOMITBIOTED, BBITIOJIHITH U UCTIPABIIATH MPOCTEHUIIINE MPOTPAMMBI
Ha s3bike Cu/Cu++ B pexxuMe 1uasnora, I03HaKOMUTBCS C TMarHOCTUYECKUMH COOOIICHUSIMU
KOMIWISITOPa 00 OMIMOKAX NP BHIMOTHCHUH JTMHEHHBIX TPOTPAMM.

3amanue:
1. Hamwmcarb mporpaMMBbl B IIOCTPOUTH OJIOK-CXEMY COTJIACHO BapHAHTY.

[1OpsII0K BBIMIOTHEHHUSL:

3amyctuth nporpammy C++ Builder. Beibpars 13 npemaoxennbix mabdaonos «Console wizard». B
OTKPBIBIIEMCSI OKHE HAIMCaTh MporpaMMHbIA Koa. Co31aTh BCE MPEIOKEHHBIE OTYETHI MO ITOM
nporpamme. [1ocTpouTh OJ0K-CXEMY COTJIACHO aJrOPUTMY.

Popma OTYETHOCTH:
Otuer HaOupaeTcs Ha KOMIBIOTEpE M CHAE€TCA B MEeYaTHOM BuAe. B oTyere qOMKHBI
MIPUCYTCTBOBATH:

1. Howmep BapuanTa

2. llenb paboTsI

3. 3apanue

4. TlosTamHoe BBIMOJHEHNE BCEX 3a/laHU BaprUaHTa

5. BriBom.

3ajaHus JUIS CaMOCTOSITENIbHOW PabOThI:
IIpenycMOTpeHBI BAPUAHTOM CTYJICHTA.

PexoMeHnmanmm mo BBIITOJIHEHUIO 3aJaHUI M NONTOTOBKE K J1a00paTopHOi padore
O3HAaKOMHUTHCS C TEOPETUYECKUM MaTepHUajoM, MPEACTABIECHHBIM B YETBEPTOM pasjieie JaHHON
JUCHUITIINHBI.

OcHoBHast TuTepaTypa

1. Tlon6enwsckuii B.B. f3pik CU++ : yueb. mocobue st By30B. — 5-¢ u3a. — M. : @uHaHCH U
cratuctuka, 2007. — 559 c. - (bakanasp. ba3oBslii kypc)

2. Hesnanos, A. A. I[IporpammupoBanue u aroputMuzanus : yaueoHuk / A. A. He3nanos. - M.
: Akagemus, 2010. - 304 c.. - (bakanaBp. AkajgeMuuecKuii Kypc)

JlononHuTenbpHAs IUTEpATypa
1. C.A. dpsaxonwna, [[.C. CemenoB. OCHOBBI MporpaMMupoBanus Ha s3bike Cu/Cut+:
JlaGopatopHslii mpakTukyMm. — bpatck: M3a-Bo bpl'Y, 2015. — 153 c.
KoHTposbHbIE BONIPOCHI /i1l CAMOIPOBEPKHU

1. Kakwue 311eMeHTHI TPOTPaMMEI SIBIISTFOTCST 00s13aTEITLHBIMU?
2. Kak popmupyrotrcs oTueTs?
3. IlpomcxoanT mpomecc oTaaaku?

JlaGopaTopuas pa6ora Ne2
IMporpaMmMupoBaHue aJrOPUTMOB Pa3BETBJISIOLIENCH CTPYKTYPHI
[lenb paOoTshI:
BripaboTarh mpakTUyecKre HaBbIKU PadOThI ¢ CUCTEMOM MporpaMMupoBanus si3bika Cu/Cu++,
MIO3HAKOMUTBCS C JMATHOCTUYECKIMHU COOOICHUAMH KOMITWIATOPa 00 OMMOKAX MPH BHIOTHEHHH
IpOrpaMMm, peau3yloNuX aITOPUTMHYECKYIO CTPYKTYpY “BeTBieHue” (onepartopsl if, switch).
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3ajanue:
1. Jlns maHHBIX 00acTe COCTAaBUTH MPOTPAMMY, KOTOpast ONpeaessieT MPUHAIICKHOCTh

TOYKH ¢ KOOpJUHATaMH (X,Y) 3aKpanieHHOW 00IacTH.
2. BvruuciauTh 3HaueHUE QYHKIUH.

[1OpsII0K BBIMIOTHEHHUSL:

3anmyctuth nporpammy C++ Builder. BeiGpars 13 npemioxkeHnbix mabdionoB «Console wizard». B
OTKPBIBIIEMCSI OKHE HAaIMcaTh MporpaMMHbIA Koa. Co3/1aTh BCE MPEIOKESHHBIC OTYETHI MO ITOM
nporpamme. [1ocTpouTh OJI0K-CXEMY COTIIACHO ajrOPUTMY.

Popma OTYETHOCTH:
Otuer HaOupaeTcs Ha KOMIIBIOTEpE M CHAETCSd B IEeYaTHOM BuAE. B oT4yere JOKHBI
MPUCYTCTBOBATH:

1. Howmep BapuanTa

2. llenb paboTsI

3. 3Bapanue

4. TlosTamHoe BBIMOJHEHNE BCEX 3a/laHUN BaprUaHTa

5. BriBom.

3aaHus JUIs CaMOCTOSITeJIbHONW PabOThI:
IIpenycMOTpeHBI BAPUAHTOM CTYICHTA.

PexomeHnmanum o BBIITOJIHEHUIO 3a0aHUI M HONTOTOBKE K J1a00paTopHOi padbore
O3HaKOMUTBCS C TEOPETHYECCKHUM MAaTepHajoM, IPEICTABICHHBIM B YETBEPTOM pas3ieie JaHHOU
JOUCIUIIIINHEL.

OcHoBHast TuTepaTypa
1. TloxGennckuit B.B. S3pik CU++ : yueb. mocobOue s By30B. — 5-¢ uzll. — M. : duHaHCH U
cratuctuka, 2007. — 559 c. - (bakanaBp. ba3oBsiii kypc)
JlononHuUTeNBHAS IUTEPATYPA
1. C.A. Opsaxonwuria, [I.C. CemenoB. OCHOBBI TporpaMMupoBanus Ha s3bike Cu/Cut+:
JlaGopatopHslii mpakTukym. — bpatck: MU3a-Bo bpl'Y, 2015. — 153 c.
KoOHTpOIbHBIE BOIIPOCHI JIJISl CAMOIIPOBEPKHU

1. Kak paboraet oneparop switch?
2. Kak paboraer oneparop if?
3. Jlormueckue oneparuu?

JlabopaTopnasi paGora Ne3
IMporpaMMupoBaHue aJrOPUTMOB HUKJIMYECKOI CTPYKTYPBI
[{eab paboOTHIL:
3akpenuTh NPaKTUYECKHE HABBIKK PA0OTHI C CHCTEMOM MporpaMMupoBaHus si3bika Cu/Cu-++,
MO3HAKOMHUTBCS C TUATHOCTUYCCKUMHU COOOIIEHUSAMH KOMITHIISITOpa 00 OMIMOKAX MPH BITOJHECHUN
nporpamm, cojepxkamux oneparopsi ukiaa While, do ... while u for.
3ajanue:
1. BbHHCIUTH QYHKIIHIO C TOMOIIBIO COOTBETCTBYIOILETO PsiJia U TOYHOCTH BEIYUCICHUN
Berancnuth 3HaYeHne QyHKINH.
2. Omnpenenuth 3Ha4eHUS (PYyHKIMU B JHana3oHe N3MEHEHUS apryMeHTa MPH 331aHHOM
KOJIMYECTBE 3HAYECHUM.

ITopsIAOK BBIMOJHEHUS:

3amyctuth nporpammy C++ Builder. BeiOpars u3 npemnoxkeHnbix mabiaonos «Console wizardy». B
OTKPBIBIIEMCSI OKHE HamMcaTh MporpaMMHbIA Koa. Co3/1aTh BCE MPEIOKESHHBIC OTYETHI MO ITOMN
nporpamme. [TocTpouts OJ0K-CXEMy COTIIACHO aITOPUTMY.
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Popma OTYETHOCTH:
Otuer HaOupaeTcs Ha KOMIIBIOTEpE M CHAE€TCd B IEeYaTHOM BuAE. B oT4yere JOKHBI
MIPUCYTCTBOBATH:

1. Howmep BapuanTa

2. llenb paboTsl

3. 3amanue

4. TlosTamHoe BBINOJHEHUE BCEX 3a/laHU BaprUaHTa
5. BriBom.

3ajaHus JUIs CaMOCTOSITeJIbHOW pabOThI:
IIpenycMOTpeHBI BAPUAHTOM CTYICHTA.

PexoMeHmanmu 1o BeINOIHEHUIO 3aIaHUI U IIOATOTOBKE K 1a00paTopHoil pabore
O3HaKOMUTBCSI ¢ TEOPETUYECKUM MaTepHUaioM, IMPEACTAaBICHHBIM B YETBEPTOM pasjiielie JaHHOH
JUCILMILIIMHEIL.

OcHoBHast TuTepatypa

1. Tlon6enwsckuii B.B. fI3pik CU++ : yueb. mocobue st By30B. — 5-¢ u3a. — M. : @uHaHCH U
cratuctuka, 2007. — 559 c. - (bakanasp. ba3oBsiii kypc)

2. Hesnanos, A. A. [IporpamMmupoBanue u anropurMmusanus : yaeOnuk / A. A. Hesnanos. - M.
: Akagemus, 2010. - 304 c.. - (bakanaBp. AkajgeMHuecKuit Kypc)

JlononnurenpHas IuTeparypa
1. C.A. Opskonuna, [1.C. CemeHoB. OCHOBBI TporpaMMupoBanus Ha si3bike Cu/Cu++:
Jlaboparopusrii npaktukyM. — bpatck: M3a-so bpl'Y, 2015. — 153 c.
KoHTpoJibHBIE BOIPOCHI /JIsi CAaMOIIPOBEPKHU

1. OTiuuus UUKIOB C MTOCTYCIOBUEM U C TIPEAYCIOBUEM?
2. Kak paGotaeT uuki ¢ napamerpom?
3. Kakwue cymecTByroT onepaTopsl pepbIBaHus?

JladopaTopHas padora Ned
[IporpaMmmupoBanue aJropuTMOB HA/l OTHOMEPHBIMU MACCUBAMH
[{enb paGoTHI:
3aKkpenuTh NpaKTHYECKHe HABBIKK pabOThl ¢ CHCTEMOM porpaMMupoBanus si3bika Cu/Cu++ Ha npumMepe
peanmaul/m aJ'Il"OpI/ITMOB HaJd CTAaTUYCCKNUMHU MAaCCUBAMMU.

3amanue:
1. Hamwmcatb mporpaMMbl U TOCTPOUTH OJIOK-CXEMY COTJIACHO BapHUAaHTY.

[TOpsI0K BBIMOJTHEHHUS:

3anyctuth nporpammy C++ Builder. Beiopats u3 npemioxeHnbIx 1madmonos «Console wizard». B
OTKpBIBIIEMCS OKHE HaIlicaTh MporpaMMHbIii koa. Co3aath BCe MPEATIOKEHHBIE OTYETHI MO JTOM
nporpamme. [10cTpouTh 6I0K-CXEMy COTJIACHO aITOPHTMY.

PopMa OTYETHOCTH:
Otuer HaOupaeTcs Ha KOMIBIOTEpE U CIaeTcs B IIeYaTHOM BuAe. B oTyere OMKHBI
IPUCYTCTBOBATH:

1. Howmep Bapuanra

2. llens paboTbl
3. 3ananue
4
S)

[TosTanHOE BBHIMOJIHEHUE BCEX 3aJaHUI BapUAHTA
BriBog.

3aaHus A8 CaMOCTOSITEIbHON paOoThI:
[IpenycMOTpeHbI BapUaHTOM CTYIEHTA.
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PexoMeHmanmu 1mo BeINOIHEHUIO 3aJaHUil U IIOATOTOBKE K 1a00paTopHoil pabore
O3HaKOMUTBCS ¢ TEOPETUYECKUM MAaTepHaioM, MPEICTABICHHBIM B YETBEPTOM paslielie JaHHOH
JMUACILUILIIUHEL.

OcHoBHast TuTeparypa
1. [Tog6enbckuit B.B. SI3pik CU++ : yueb. mocobue s By30B. — 5-¢ u3a. — M. : @uHaAHCH U
cratuctuka, 2007. — 559 c. - (bakanasp. ba3oBsiii kypc)
JlononuurenpHas IuTeparypa
1. C.A. [Ipsxonuna, JI.C. CemenoB. OcHOBBI mporpaMmupoBaHus Ha s3bike Cu/Cut++:
JlaGopaTtopHsiii mpakTukyM. — bparck: U3a-so bpl'Y, 2015. — 153 c.
KoHTpOIbHBIE BOMIPOCHI JIJIsl CAMOIIPOBEPKHU

1. Kak ocymecTBiisieTcst oOpaiieHue K IeMeHTaM MaccuBa’?
2. Kak mpoucxonut pabota ¢ ykazarenem?
3. Kak mpoucxoauT T0CTyN MO CChIIKe?

JladopaTopHas padora Ne5
IIporpaMmMupoBaHue aJJrOPpUTMOB HAI MHOTOMEPHBIMH MAaCCHBAMH
[{enb paboOTHL:
3aKkpenuTh NpaKTHYECKHe HABBIKK pabOThI ¢ CHCTEMOM MporpaMMupoBanus si3bika Cu/Cu++ Ha nmpumMepe
peanmauﬂn aJ'IFOpI/ITMOB Haa TMHAMHUYCCKUMHU MHOFOMCpHLIMI/I MaCCHUBaMMU.

3amanue:
1. Hamucark nporpaMMbl U IOCTPOUTB OJIOK-CXEMY COTJIACHO BapUAHTY.

[1OpsIIOK BBIMIOTHEHHSL:

3amyctuth nporpammy C++ Builder. Beibpars 13 npemaoxkeHnbix mabdiaonos «Console wizard». B
OTKPBIBIIEMCST OKHE HamucaTh MporpaMMHbIN koa. Co3maTh BCe MPEITIOKCHHBIE OTYETHI IO ATOM
nporpamme. [1ocTpouTh OJI0K-CXEMY COTIIACHO arOPUTMY.

PopmMa OTYETHOCTH:
Otuer HaOupaeTcs Ha KOMIBIOTEpE U CIaeTcs B IeyaTHOM Buje. B oTyere OMKHBI
IPUCYTCTBOBATH:

1. Howmep Bapuanra

2. llenb paboTsI

3. 3aganue

4. TloaTamHoe BBIITOJIHEHUE BCEX 3aJJaHUI BapUaHTa

5. BeiBoga.

3aaHus JUIs CaMOCTOSITENIbHOU PabOThI:
IIpenycMOTpeHbI BAPUAHTOM CTYJICHTA.

PexoMeHIaImu no BEITOJHEHWIO 3aJIaHWI U IOJATOTOBKE K 1a00OPaTOPHOI padboTe
O3HAaKOMHUTBHCS C TEOPETUYECKUM MaTepHUajoM, MPEACTABIECHHBIM B YETBEPTOM pasjieie JaHHOI
JOUCHUIIIINHBI.

OcHOBHas uTeparypa
1. ITogGenbckuii B.B. S3pik CU++ : yue6. mocodue st By30B. — 5-€¢ u3a. — M. : GUHAHCH U
cratuctuka, 2007. — 559 c. - (bakanaBp. ba3oBsrii Kypc)
JlononHuTenbpHas IUTEpaTypa
1. C.A. dpsaxonwna, [[.C. CemenoB. OCHOBBI MporpaMMupoBanus Ha s3bike Cu/Cut+:
JlaGopatopHslii mpakTukym. — bpatck: M3a-Bo bpl'Y, 2015. — 153 c.
KoHTpobHBIE BOIPOCHI /1151 CaMONIPOBEPKU

1. MaccuBsl ykazatenei?
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2. Kak npoucxoaut oObsIBICHHE MHOTOMEPHOTO MacCcHBa?
3. Kaxk ocymecrtsisiercst 10CTyH K 31eMeHTam?

JlabopaTopHas paGora Ne6
IIporpamMupoBaHue aJITOPUTMOB HAJl MACCHBAMHU CHMBOJIOB
[{eab paboOTHIL:
3aKkpenuTh NPaKTUYECKHE HAaBBIKU PA0OTHI C CUCTEMOM MporpaMMupoBanus si3bika Cu/Cu++ Ha
IpUMeEpe pealn3alny alrOpUuTMOB HaJl MACCUBaMHU CUMBOJIOB.

3amanue:
1. Hamwmcarh mporpaMMbl B IIOCTPOUTH OJIOK-CXEMY COTJIACHO BapHAaHTY.

[1OpsII0K BBIMIOTHEHHUSL:

3anmyctuth nporpammy C++ Builder. BeiGpars 13 npemiokeHHbix mabdionoB «Console wizard». B
OTKPBIBIIEMCSI OKHE HAIMCcaTh MporpaMMHbIA Koa. Co31aTh BCE MPEIOKEHHBIC OTYETHI MO ITOM
nporpamme. [TocTpouts OJ0K-CXeMy COTIIACHO aJIrOPUTMY.

Popma OTYETHOCTH:
Otuer HaOupaeTcs Ha KOMIBIOTEpE M CHAE€TCA B MeYaTHOM BuAe. B oTyere JOMKHBI
MIPUCYTCTBOBATH:

1. Howmep BapuanTa

2. llenb paboTsI

3. 3apanue

4. TlosTamHoe BBIMOJHEHNE BCEX 3a/laHU BaprUaHTa

5. BriBom.

3ajaHus JUIs CaMOCTOSITeJIbHONU PabOThI:
IIpenycMOTpeHBI BAPUAHTOM CTYICHTA.

PexoMeHnmanmm mo BBIITOJIHEHUIO 3aJaHUI M NONTOTOBKE K J1a00paTopHOH padbore
O3HAaKOMHUTBHCS C TEOPETUYECKUM MaTepHUajoM, MPEACTABIECHHBIM B YETBEPTOM pasjielie JaHHOMI
JAUCHUITIINHBI.

OcHoBHas auTeEparypa
1. [onGenbckuit B.B. S3pik CU++ : yueb. mocoOue ans By30B. — 5-¢ uza. — M. : OuHaHCH U
cratuctuka, 2007. — 559 c. - (bakanasp. ba3oBslii Kypc)
JlononHuTenpHAs TUTEpaTypa
1. C.A. Opsaxonwuria, [I.C. CemenoB. OCHOBBI TporpaMMupoBanus Ha s3bike Cu/Cut+:
JlaGopatopHslii mpakTukym. — bpatck: M3a-Bo bpl'Y, 2015. — 153 c.
KOHTpOIbHBIE BOIIPOCHI JIJISl CAMOIIPOBEPKHU

1. Kaxue ocobeHHOCTH pabOThI C TEKCTOM B si3blke C++7?
2. BapuanTsl BBO1a-BbIBOAA?
3. Kakwue pyHKIMM UCTIONB3YIOTCS TSI TOMCKA CUMBOJIOB B CTPOKe?

JlabopaTopnasi paGora Ne7
IIporpaMmmupoBanue aJropuTMOB NPHU NOMOIIM (PYHKIHUH
[{eab paboOTHIL:
3aKkpenuTh NPaKTUYECKHEe HaBBIKA PAOOTHI C CUCTEMOH MporpaMmMupoBanus si3bika Cu/Cu++ Ha
pUMepe pealu3alui alrOPUTMOB MTPU MOMOIIU PYHKIIHH .

3ajaHue:
1. Hanwmcatb nporpaMMbl U MOCTPOUTH OJIOK-CXEMY COTJIaCHO BapHUaHTY.

ITopsIAOK BBIMOJHEHUS:

3amyctuth nporpammy C++ Builder. BeiGpars u3 npemnoxkeHnbix mabdiaonos «Console wizardy». B

OTKPBIBIIEMCS OKHE HAIUCaTh MporpaMMHbIA Koa. Co3[aTh BCE MPEIOKEHHBIC OTYEThI MO 3TOU
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nporpamme. [locTpouTs 6J0K-CXEMY COTTIACHO alITOPUTMY.

dopmMa OTYETHOCTH:
Otuer HaOupaeTcs Ha KOMIBIOTEpE H CHACTCS B TIEYaTHOM BHUAC. B oOT4eTe JOIKHBI
MIPUCYTCTBOBATH:

1. Howmep BapuanTa

2. Lens paboTsr

3. 3amanue

4. TloatarHoe BBIIIOJIHEHUE BCEX 3aJIaHUIN BapHaHTa
5. BriBos.

3aadus UL CAMOCTOSATEILHOM pa0OThL:
[TpemycMOTpEHBI BApUAHTOM CTYJICHTA.

PexoMeHn1alinu o BEIMOJHEHHUIO 3aJJaHUH U MOATOTOBKE K J1a00paTOpHOU paboTe
O3HaKOMUTBCA C TEOPETHMUECKUM MaTepuajoM, MPEICTABICHHBIM B YETBEPTOM pasieliie JaHHOU
JIUCILIUILINHEL.

OcHoBHast TuTEpaTypa
1. Tlon6enwsckuii B.B. f3pik CU++ : yueb. mocobue it By30B. — 5-¢ uzn. — M. : DuHAHCH U

craructuka, 2007. — 559 c. - (bakanaBp. ba3zoBslii kypc)
2. Hesnanos, A. A. IIporpammupoBanue U anroputmusanus : yaeounuk / A. A. Hesnanos. - M.

: Akanemus, 2010. - 304 c.. - (bakanaBp. AkajeMHYECKUN Kypc)
JlononHuTenpHas tuTeparypa
1. C.A. psaxonuna, J[.C. CemenoB. OcHOBBI IporpaMmupoBanus Ha s3bike Cu/Cut+:
Jlaboparopuslii npaktukym. — bparck: U3n-so bpl'Y, 2015. — 153 c.
KoHTpoibHbIE BONIPOCHI /i1l CAMOIPOBEPKHU

1. Kak ocymiecTBisieTcs neperpyska GyHKInuu?
2. Kax ocymectBusieTcs nepeaada napaMmeTpoB HyHKIIAN?
3. TpunHuun paboTsl peKypcuBHON HyHKIMU?

9.2. MeToan4yeckne yKa3aHus M0 BBINIOJHEHUIO KYPCOBOH padoThI

PaGota nmocasimieHa pa3paboTke MporpamMmbl, BKIIOYAIOIIAst B ce0s1 allTOPUTMBI IO
00pabOTKH JTMHEHHBIX CITUCKOB.

Kaxxnoe nnauBuayanbHOE 3aaHKE MIpenoaraeT pa3paboTKy aJropuTMOB U POTPaMMBbI
10 CO3JIaHUIO HOBOT'O CIHCKa, J0OABICHHUE JIEMEHTOB B CIIMCOK, BBIBO/] CITMCKA HA JHUCIIICH,
COXpaHEeHHE JaHHbBIX CIUCKa B (haiiy, yTeHHe JaHHBIX CIIHCKa U3 (aiina, yaaneHue CucKa u3
MaMsATH KOMITBIOTEPA, TIOUCK AJIEMEHTA B CITHCKE, COPTHPOBKA CIHCKA M YIAJICHUE dJICMEHTA
cniucka. PazpabareiBaemast mporpamMma JoJKHA 00€CTIeunBaTh “IMaIOTOBBIA PEKUM” pabOThI
MIOJTB30BATENsI C IPOTPAMMOM U COZIepKaTh MHPOPMAITUIO O ¢ Ha3HAYeHUH (Ha3BaHUE MITU KPaTKOe
OTIMCAaHUE 3a]]a4i, Ha PEIIeHHe KOTOPOI OHa HAIPaBJICHA).

[TpoekTHpoBaH¥Ee MPOU3BOIUTHCS KAXKIBIM CTYJACHTOM WHIMBHUIYAIBLHO, IT0 BApUAHTAM.

10. IEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOT U, UCIIOJIb3YEMBIX ITPH
OCYHECTBJIEHUU OBPA30OBATEJIBHOI'O ITPOIECCA 1O JUCHUIIJIMHE

OC Windows 7 Professional

Microsoft Office 2007 Russian Academic OPEN No Level
AHTHBHpYCHOE TIporpaMMHOe obecrniedenue Kaspersky Security.
Visual Studio Community

el el
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11. OMUCAHHUE MATEPHUAJIBHO-TEXHUYECKOWM BA3bI, HEOBXOJIUMOM

JJIs1 OCYIIECTBJIEHUSA OBPA3OBATEJIBHOI'O ITPOLECCA ITO JUCIIUIIJIMHE

Buo Haumenosanue Ilepeuensv ochoenozo
3auamus ayoumopuu iﬁopydoeauuﬂ N JIP wau 113
1 3 4 5

JIP Jlucrnennele Kinaccsl IIepconanbHble JIP 1-7
KOMIIBIOTEPHI

JIK Jucnnennele Knaccsl Ilepconanbuble JIP 1-7
KOMIIBIOTEPHI

KP JucmieiiHplie KIacchl ITepcoHanbHbIe
KOMIIBIOTEPHI

CP 433 - -

95



Ipunoxenne 1

®OHJ OHEHOYHBIX CPEACTB AJIs1 MPOBEJEHUS
IMPOME/XKYTOYHOU ATTECTAIIUHU OBYUYAIOIIUXCHA IO JUCIUIIJIMHE

1. Onucanue ¢poHAa OLIEHOYHBIX CPEACTB (IACHOPT)

Ne
KOMIIEe DJIeMeHT
Paznen Tema DdPOC
TEHIIN KOMIICTCHIINHN
)41
1.1 Ilporpamma kak GopMaIr30BaHHOE
1. OTICaHWe mporiecca 00paboTkn
HNHCcTpyMeHTapH | nanumix =
o :‘)KBaMeHaHI/IOHHBII/I
U TEXHOJIOTUU 13 Crnenuduka pa3paboTku 6
HporpaMMI/Ip()Ba TIPpOrpaMMHBIX CPEIACTB HJICT
o 1.5 TlonsaTHe KayecTBa MPOrPAMMHOTO
CpescTBa
2. OcHoBHEIE 2.1 TloHsiTHE aNTOpPTMa U €TO CBOMCTBA
MIPHUHIUIIBL 1
HOIXOBI K DK3aMeHAaIlMOHHBIN
6 2.3  OCHOBHbIE  AITOPUTMHYECKHUE 6
pa3paboTke KOHCTpY KL uier
MPOTPaMMHBIX
QITOPUTMOB
3. OCHOBBI 3.1  ApxuTekTypa  HIPOTPaMMHOTO
nporpaMMupoBa |- <PeACTBEa _ .
3.3 Drambl paGoTel ¢ mporpamMmoil Ha | JK3aMEHALIMOHHBIN
HHS Ha A3BIKC
SI3BIKE cu/cut+ B cucTemMe ouJier
BBICOKOT'O POrPaMMHUPOBAHUS
ypoBHs Cut+ 3.5 CuHTaKCHC U CEMaHTHKA SI3bIKa
4. Tunsl 4.1 KoHuenmus TUIOB JaHHBIX B SI3bIKE
JIAHHBIX, Ct+t
CnocoOHOCTh K | BBIPQXKEHHS U .
9K3aMCHaHI/IOHHBII/I
CcaMOOpranu3san Oorcpanuru B
ower
OK-7 U U SA3BIKE 4.3 KOHCTaHTHI U IEPEMEHHBIE
camM000pa3oBaH | IPOrpaMMHpPOBa
HIO. HUS C++
5. Oneparopsl 5.1 OmepaTopsl YCIOBHS W TIepenavu
SI3BIKA yIpaBICHUS
MPOrpaMMHUpOBa DK3aMeHaIMOHHBIH
Hug Cu+u 5.3 OpHOMEpHBIE U MHOTOMEpHBIC ouJier
yrpaBieHue ux | MACCHBEI
HCITOJTHECHUEM
6.Ykazatenu u 6.1 VYkaszaTenw, CCBUIKM W aapecHas
IMHAaMHdecKoe | Apudmernia DK3aMeHaIMOHHBII
pacnpenernenue | 6.3 Jlunamudueckoe — pasMelieHue ousieT
HAMSITH MacCHBOB
7.DyHKITIN 7.1 OOBsiBIICHHE U ONHCAHUE (DYHKITHIA
A3bIKA 3K3aMCHaHHOHHLII>'I
nmporpaMMmupoBa | /.3 PekypcuBHbie GyHKIMH ouer
Hus Cut++
8.CTatTnueckue 8.1 Craruueckue CTpYKTYpbl JaHHBIX
)51 o
9K3aMCHaHI/IOHHLII/I
IUHAMHUYECKUE
8.3 JluHaMuuecKue CTPYKTYPhI JaHHBIX owmieT
CTPYKTYpBI
TAHHBIX
OITK-9 Croco6HOCTE 1. 1.2 TexHomorus nporpaMMupoBanus | DK3aMeHaIMOHHBII
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UCIIONb30BaTh | IHCTpyMeHTapu | Kak HHCTPYMEHT paspaboTKu owter
HaBBIKK Pa0OTHI | i TEXHOJIOTHU HaICKHBIX IPOTPAMMHBIX CPCACTB.
1.4 )XKu3HEHHBIH LUK MPOrpaMMHOTO
c MIPOrpaMMHPOBA
cpencraa
KOMIIBIOTEPOM, | HHUA 1.6 Bumel COBpeMEHHBIX SI3BIKOB
BJIaACTH porpaMMHUPOBaHUs
MeToAaMHu 2.0OCHOBHBIE
HHOPMALHOHH | MpUHUMIIEL K DK3aMeHalMOHHBIN
bIX TCXHOJIOTHH, | TOOAXOIBI K 2.2 Knacchl alirOpUTMOB U CIIOCOOBI UX GuteT
co0JIr01aTh paspaboTke ONHCAHUSA
OCHOBHBIC POrpaMMHBIX
TpeOoBaHUs aJIrOPUTMOB
uHGOPMAMOHH | 3. OCHOBBI 3.2 IlpoekTHpoBaHWE MPOrPaMMHOTO
ou nporpaMmuposa | OOSCTICUCHIA  MPH  CTPYKTYPHOM | 3yqq\reHanMOHHDII
0€30IaCHOCTH. | yyig HA A3BIKE TORXORe ouer
3.4 PazpaboTka CTPYKTYpBI
BRICOKOTO [POrpaMMBI u MOJIYJIbHOE
ypoBHs Cut++ POrpaMMHUpPOBaHHE
4. THUbI 4.2 ApudmeTndecKkre THITH JaHHBIX
JaHHBbIX,
BBIPAXKEHUSA U DK3aMeHAIMOHHBIN
OmCpalliy B 4.4 OcHOBHEBIE ONEpalUH SI3bIKa CH Ouer
SI3BIKE
IIporpaMMHpOBa
HUSL C++
5.0mnepatopsl
SI3BIKA o
HpOrpaMMHpoBa DK3aMeHaIMOHHBIH
5.2 Oneparopbl LUKIOB ouier
Husg Cu++ u patop
yIpaBIeHUE UX
HUCIIOJTHEHUEM
6.Vkazatenu u 6.2  Ormeparopsl  AMHAMHYECKOTO .
MHAMEYecKoe | PACTIpElenens namstu OK3aMeHAIMOHHBII
ouer
PACTPEACICHAC | g 4 Typy, CTPOK B sI3BIKE C++
IIaMATHU
7. OyHKIUH 7.2 @OyHKIMM C  TIEPEMECHHBIM .
SI3BIKA KOJINYECTBOM I1aPAMETPOB OK3aMCHALMOHHBIH
ouer
nporpamMmupoBa | 7.4 llepenada napamerpos B GyHKIHIO
aust Cu++ 0 CCBUIKE
8.Crarnueckue
" 9K3aMeHaHI/IOHHBII>’I
8.2 TlomycraTuueckue  CTPYKTYpBI
IUHAMHAYECKHE ouner
JTAHHBIX
CTPYKTYPHBI
JIAHHBIX
2. DJK3aMeHAUlMOHHBbIE BOMPOCHI
e Komnerennun 9K3AMEHAIIMOHHBIE No 1 HAMMEHOBAHUE
H/;I BOITPOCHI pasaenaa
Kon Omnpenesnenune
1 2 3 4 5
Cnoco6uocts k| 1. Ilenn mporpaMMupoBaHus. .
! POTP P 1. UuctpymenTapuii
caMoopranuzamuu | 2. TeXHOJI0rusi IporpaMMHUPOBAHUS.
1 OK-7 TEXHOJIOTHUHU
" 3.Creruduka pa3pabOTKH MPOrpaMMHBIX
MIPOTpaMMHUPOBAHUS
caMo00pa30BaHU | CPENICTB.
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10. 4. Anroputm. 2. OcHOBHBIE
5.Knacchl anropuTMmos. MPUHLUIIBI U TOAXO/bI
6.Pa3BeTBisitonecss  aaropuUTMUYECKUE K pazpaboTke
KOHCTPYKIUH. IIPOrPaMMHBIX

JITOPUTMOB
7.Knaccel apXUTEKT MIPOrPaMMHOI0
——— P P Hporp 3. OcHOBBI
MIPOrPaMMHUPOBAHHUS
8.CTpyKTypHasi Ccxe€Ma MpPOrpaMMHOIO
CpejicTBa. Ha SI3bIKE BBICOKOT'O
ypoBHs Cu++
9.Cunrakcuc a3pika C++.
10.ApudmeTnueckre THUITBI TaHHBIX. 4. Tumnbl JaHHBIX,
11.Apudmerraeckue ornepanuu. BBIPAXXEHHUS U
12.0nepanuu nprucBauBaHUs. OTIEpaLIUU B SI3bIKE
MIPOrPaMMHUPOBAHHUS
c++
13.0nepaTtopsbl nepeiayu yrnpapiIeHHUs. 5. Oneparopsl sI3bIKa
14.1{uxiibl ¢ IpeJi- ¥ OCTYCIOBHEM. MIPOrPAMMUPOBAHUS
15.MHoromMepHbi€ MaCCHUBBI. Cut++ u ynpasnenue
UX UCIIOJIHEHUEM
16.Yka3zarenu. 6. Ykazarenu u
17. Jlunamuyeckoe pacrpeneneHue | JMHAMUYECKOe
MHOTOMEPHBIX MaCCHBOB. pacnpezeneHue
18.BBOI-BBIBOJT CTPOK. IaMATH
19. ®@ynkimy s3pika C++ . 7. @YHKIMHU s3bIKa
20. PexypcuBHble QyHKIINU. MIpOrpaMMHUPOBAHUS
21. DBpUCTHYECKHIi AJITOPUTM. Cut++
22 .JluHaMu4ecKue CTPYKTYPhl JaHHBIX.
23.§0HyCTaTI/I‘-ICCKI/I€py = CTPYKTYPBI 8. Cratuueciae u
AHHBIX. JMHAMHYECKHE
24.Cnioco0bl ajipecalu. CTPYKTYPE! AAHHbIX
Crnioco6HOCTB 1.OnucaTenbHbIN nporecc. .
1. UnctpymenTtapuit
HCII0JIB30BATh 2.Meto0510rusl IPOrPAMMHUPOBAHMSL.
HaBBIKU PA0OTHI € | 30Ku3HEHHBI  [MKI  TPOrPaMMHOTO TEXHONOTIH
KOMITHIOTEPON, - MIpOrpaMMHUpPOBaHUS
BJIAJICTh 4.CBolicTBa aNropuTMa. 2. OcHOBHBIC
METOAaMU 5. Meroas!l onucaHus alropuTMOB. OPUHIMIIBI U TIOAXOAbI
MH(OPMALHOHHBI 6.1lukmaeckue aIrOpUTMHYECKHUE | K pa3paboTke
X TEXHONIOTUH, | KOHCTPYKIIMH. MPOTPaMMHBIX
cobmoaTh aJIrOPUTMOB
OCHOBHBIC 7.ApXHUTEKTypa IPOrPaMMHOTI'0 CPEJCTBA. 30
TpeOOBaHMS 8.DyHKIMOHAJIbHAS cxema | O HOBH
OINIK- | HH(bOPMALHOHHOI IIPOrPaMMHOI0 CPEJCTBA. HPOTPaAMMHPOBATIHA
9 Oe3omacHOCTH 9.0Tamel  pa3pabOTKH  MPOrPaMMHOTO 1 ASBIKE BRICOKOTO
ypoBHs Cut++
CpeJICTBa.

10.IIpuBeieHue TUIIOB.

11.YHapHbie 1 OMHApHBIC ONIEPAITIH.

12.Jlornuyeckue oneparu.

4, Tunsl JaHHBIX,
BBIPOKEHUS U
oTiepaIiy B sI3bIKE

MIPOTPaMMHUPOBAHUS
C++

13.0OnepaTopbl yCIOBUSI. 5. OmepaTopsl s3bIKa

14 11y ¢ mapamMeTpoM. MIPOrPAMMHUPOBAHUS

15.01HOMEPHBIE MACCHUBBI.

Cu++ u ynpaBieHue
UX UCIIOJITHEHUEM

16.0OnepaTopbl JIMHAMUYECKOTO

6. Ykazarenu n
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pacnpeaciiCHus MaMATH.

17.Jlunamudeckoe
OJHOMCPHBIX MAaCCHUBOB.

pacripenesieHue

18.PaboTta co ctpokamu C++.

TMHAMHYECKOE
pacnpezeneHue
aMATH

19.Bb130B pyHKINH.

20.DOyHKUMT C
KOJIMYECTBOM MapaMeTPOB.

MEPEMEHHBIM

21.ITepenava mapamMeTpoB B (PYHKIHIO TIO
CCBLJIKE.

7. OyHKINH SI3bIKA
MPOrPaMMHUPOBAHUS
Cut++

22.CtatrdecKue CTPYKTYPhI JaHHBIX.

23.CBS3HBIE CIIMCKH.

24 MynbTUCTIUCKH.

8. Craruueckue u
JIMHAMHUYECKUE
CTPYKTYPBI JAHHBIX

3. Onucanue nmoka3aresiei u KPHUTEPUEB ONCHUBAHUSA KOMIIeTeHII il

Iloka3zarenu Ouenka Kpurepun
3HaTh CryneHT nOKEeH BO BpeMsl OTBETa
(OK-7): 1I0Ka3aTh 3HAHUS: OCHOBHBIX
- COZlep KaHME MTPOLIECCOB ITOPUTMUYECKUX KOHCTPYKLIUH,
caMOOpraHU3aluu U CUHTaKcuC U ceMaHTuka s3pika CU,
camM0o00pazoBaHMsl, UX OCHOBHBIX TE€PMHMHOB HCIIOJIb3yEMBbIE B
ocoOeHHOCTEeH 1 HAay4YHO-TEXHUYECKOW JIMTEPATYpe IO
TEXHOJIOTHI pean3alyi, 6a3aM naHHbIX. CTYJEHT J0JKEH UMETh
MCXOJS U3 Lienei P HaBbIKM  BIQJCHUS:  MCIOJIb30BAHUS
COBEPILICHCTBOBAHUS YHHUBEPCAIbHBIX IIPOrPaMMHBIX
rmpodeccnoHaTEHOM npoayktoB  Ha IIK, nmoHumanus
NESATENBHOCTH; MaTepuana u CIIOCOOHOCTH
OIIK-9): BBICKA3bIBAaHUS MBICIIEH Ha HAay4YHO-
- 6a30BO€ YCTPOMCTBO TEXHUUYECKOM si3bIKe. CTYIEHT BO BpeMs
[EepCOHAILHOTO OTBETa JOJDKEH MPOJEMOHCTPUPOBAThH
KoMmnbroTepa. OCHOBHBIE YMEHHS:  HCIOJb30BAaHUS  HABBIKOB
MH(GOpPMaIIMOHHbIE aHaJIM3a OCHOBHBIX IMOHSATUH B TEOPUU
[IPOLIECCHI IPOUCXOAIINE CHCTEM yIpaBJeHUs 0a3aMM JaHHBIX.
B IEPCOHAILHOM
KOMIIBIOTEPE.
Ymernb
(OK-7):
— IJIAaHUPOBATh LIETHU U
CTAHARITBATS OTBeT conepKUT HETOUHOCTH.
X0pO10 JlononHuTtenbHbIe BONPOCH! TpedyeTcs,

[PUOPHUTETHI ITPH BbIOOpE
CTTOCOBOB MPUHATHS HO CTYZIEHT C HUMH CIIpaBIIsSIETCA
PELIECHUI C y4eTOM OTIIHO.
YCIIOBUM, CPENICTB,
ITMYHOCTHBIX
BO3MOYKHOCTEN 1
BPEMEHHOM NEPCIEKTHUBbI
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OCYLIECTBICHUS

NEeATEbHOCTH;
OIIK-9):

— MCIIOJIb30BaTh

MePCOHAIBHBIA KOMITBIOTEP OTBeTHJI TOJBKO Ha OJUH BOIPOC, TNO0

JUIsl CAMOCTOATENLHOMU YI0BJIETBOPHUTEIbHO ciabo oTBeTHI Ha 00a Bompoca. Ha

paboTEI. JIOITOJTHUTEIIbHBIE BOIIPOCH! OTBEYAET
Baaners HEYBEPEHHO.

(OK-7):

— I[pueMamu

CaMOpPETyJIALUN

BMOLMOHAJIBHBIX U

(byHKIIMOHATIBHBIX
COCTOSTHUI MpH
BBINIOJIHEHUH
npodeccuoHaIbHOU

HCATCIIBHOCTH, Ha 06a Bompoca cTyneHT oTBe4aeT
OIIK-9): HEYAOBJIETBOPUTEIHHO HeyOeautensHO. Ha mononHuTenbHbIe
— HAOCTAaTOYHBIM YPOBHCM BOIIPOCHI IIPENOABaTEIISI TAKOKE HE

MCIIOJIb30BAHNA MOYET OTBETUTb.
YHUBEPCAIBHBIX TAKETOB

MPUKIAIHBIX
KOMIIBIOTCPHLIX ITPOI'paMM

4, MeToauueckue MaTepualbl, ONpeacJasIOIue Mpoucaypbl OCHUBAHUA 3HaHHﬁ,
yMeHHﬁ, HABBIKOB H OIIBITA J€ATECJIBbHOCTHU

JluciIuiiHa ~ MPOrpaMMHUPOBAHUE W OCHOBBI  QlITOPUTMU3AIMKM  HAlpaBjieHA Ha
O3HAKOMJICHHE C OCHOBHBIMH QITOPUTMHYCCKHMMH CTPYKTYpaMH, W WX [PAKTHYCCKUM
NPUMEHEHHEM B COBPEMEHHBIX SI3bIKaX MPOTPaMMHUPOBAHHUS; HA TIOJy4YSHUE TEOPETUIECKUX 3HAHUN
U TPAKTHYECKUX HABBIKOB HWCIONB30BAaHHUS pA3UYHBIX aJTOPUTMOB, M UX JaJbHEUIIETO
UCIIOJIb30BAHUS B IPAKTHUECKOM ESITEbHOCTH.

W3yuenne TUCIUTUITMHBI CUCTEMBI YIIpaBJICHUS 0a3aMu TaHHBIX MPETyCMaTPHUBALT:

— JICKIUH,

— nabopaTopHble paboTHl,

— KYypCOBYIO paboTy,

— CaMOCTOATENIbHYIO paboTy CTy/IEHTAa,

— DK3aMeH.

B xome ocBoenms paznmena 1 «MHcTpyMeHTapuii TEXHOJIOTHH MpPOTrPaMMUPOBAHHUS
CTYIEHTBI JOJDKHBI U3y4YHTh. OCHOBHBIC TOHSATHS M ONPEACICHUS IMCIMIUIMHBI M CIIOCOOBI MX
PUMCHEHHS.

B xome ocBoenust pasmena 2 «OCHOBHBIE MPUHIMIBI W TOAXOABI K pa3paboTke
NPOTPAMMHBIX aJITOPUTMOBY» CTYAEHTHI JOJDKHBI HM3y4YHTh: TOHSATHS alrOpUTMa W OCHOBHBIE
ITOPUTMUYECKHE KOHCTPYKIIUH, U CTIOCOOBI X IPUMEHEHUSI.

B xome ocBoenus pasmena 3 «OCHOBBI MPOrpaMMHUPOBAHUSI HA S3BIKE BBHICOKOTO YPOBHSI
Cu++» CTYICHTHI JTOJDKHBI W3YUUTh. apXUTEKTYpy MPOTPAMMHOTO CPEICTBA, OCHOBHBIE ()YHKIIMU
SI3bIKa, CHHTAKCHC U CEMaHTHKY SI3bIKA.

B xome ocBoenus pazmena 4 «Tumbl MaHHBIX, BBIPAKEHUS W ONEpAllMd B S3BIKE
POTPAaMMHUPOBAHUS C++)» CTYACHTHI JOJDKHBI U3YUUTh: TUIIBI JAHHBIX, UCIIOJIb3yEMbIC B S3BIKE .

B xoxme ocBoenns pasznmena 5 «Omnepatopsl si3bIKa MporpaMMmupoBanust CU-++ u yrpaBiieHUe
UX HCIOJHEHHEM)» CTYACHTBI JOJDKHBI U3YYHTh: ONEPAaTOPhl YCIOBHS W TEpeladyd YIpaBJICHHS,
OJTHOMEPHBIC U MHOT'OMEpPHBIE MACCHUBHI.

B xone ocBoenusi pazmena 6 «YkazaTenu M JUHAMHYECKOE pacHpeeNieHHE MaMsITH
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CTYJICHTHI JOJDKHBI U3yUYUTh: YKA3aTEIHN U CCBUIKU, JUHAMUYECKOE pa3MEIEHUE MAaCCUBOB.

B xone ocBoenust paznena 7 «@DyHKUMU s3bIKa TporpammupoBaHusi Cu++» CTyAeHTHI
JOJIKHBI U3YUUTh: MTOHATHE, OOBSBICHHUE U ONKMCcaHne (YHKIUHU, PEKYPCUBHbBIE (DYHKIIHH.

B xome ocBoenust pazgena 8 «CTaTUYecKMe U JUHAMHUYECKHE CTPYKTYpPbl JaHHBIX)
CTYJIEHTHI JOJDKHBI U3yUUTh: CTATUYECKHE, ITOTYCTaATUYECKUE U TUHAMUYECKHE CTPYKTYPbI JaHHBIX.

B mpouecce mnpoBeneHus J1a0OpaTOpHBIX pPabOT MPOUCXOAMUT 3aAKPEIUICHUE 3HAHUM,
dbopMupoBaHHE YMEHUN U HABBIKOB peall3alluy MPEJCTaBICHUS O paboTe C aIrOpUTMUYECKUMU
CTPYKTYpaMH U UCIOJIb30BaHue s3bika Cu++.

[Ipy moAaroroBke K HK3aMEHY PEKOMEHIyeTcs 0co0oe BHUMAaHUE YIEIUTh CIETYIOIIUM
BOIIPOCAM: OCHOBHBIE AJITOPUTMHUYECKUE CTPYKTYPbI, TUIbI JAaHHBIX IPUMEHsIeMbIe B si3bike Cu++,
GbyHKIIMY U Tlepeiadya mapamMeTpoB B (PyHKIIUH.

PabGora c nuTeparypoil SBISETCS BAXKHEUIIUM 3JIEMEHTOM B TIOJYYCHUH 3HAHHWNA TI0
muciumuinae. [Ipexae Bcero, HEOOXOAMMO BOCIIONIB30BAThCA CIIMCKOM PEKOMEHIYyeMOil 1Mo JaHHOH
JUCLUIUIMHE JIATEPATYPOH. [[ONMOJHUTENBHBIE CBEACHUS IO M3YYa€MbIM TEMaM MOXXHO HAWTH B
nepuoauyeckoit neyatu u UurepHere.
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IIpuioxkenue 2

AHHOTAIIUA

padoueil mporpaMMbl JUCHMILIMHBI
IIporpaMmMupoBaHue U OCHOBbBI AJITOPUTMU3ALMHU

1. Heab u 3aaa4u TUCHUTLTHHBI

[enpro M3y4eHUs: TUCHUTUIMHBI SIBISICTCS ()OPMHUPOBAHUE Y CTYJCHTOB 3HAHUA M HABBIKOB IO
UCIIOJIb30BAHUIO COBPEMEHHBIX TEXHOJIOTHA U METOJOB pa3pabOTKHU MPOTPAMMHBIX CUCTEM IS
pelIeHusT MPAKTUYECKUX 3a/la4 C KCIIOJIb30BAHHEM COBPEMEHHBIX HHCTPYMEHTAIBHBIX CPEJICTB,
HEOOXOUMBIX B JaJbHEHIEM, NMPH MPOCKTUPOBAHWUU U OIKCIUTyaTalldd CUCTEM YIPABICHHUS W
ABTOMATH3AIIHH.

3amadeil M3y4YeHWS JUCHUIUIMHBI SIBISETCS: OOyYE€HUU CBOOOJHOMY BIQJCHHUIO SI3BIKOM
IPOTPAMMHUPOBAHUS KaK “CPEJICTBOM BBIPAKECHHS~ ITOPUTMOB IPUMEHHUTEIBHO K TPAIUIIMOHHOMY
Kpyry 3a7ad - apupMETHKO-JIOTUYCCKUM, COPTHPOBKH M TOWCKA, MPHUOIMKCHHBIM BBIYUCIICHHM,
00paboOTKH TEKCTA.

2. CTpyKTypa IMCHUILIUHBI

2.1 PacmpenencHre TPYAOEMKOCTH IO OTICIBHBIM BHJAM YYeOHBIX 3aHSATHH, BKIIOYas
camocTosTenbHyt0 padory: JIk — 18 gacos, JIP — 36 yacos, CPC — 54 yacos.

OO0m1as TpyA0€MKOCTh JUCHUIUIMHBI cocTaBiisier 144 yacoB, 4 3a4eTHBIX €AMHUI

2.2 OCHOBHBIC pa3/ieiibl TUCIUILIAHBL:

1. WHcTpymeHTapuii TEXHOJIOTUH IPOrPaMMHUPOBAHUS

OCHOBHBIE IPUHIMIIBI U IOJXO/IbI K pa3padoTKe NPOrpaMMHBIX aIrOPUTMOB
OcCHOBBI IPOrpaMMUPOBAHHUS Ha SI3bIKE BBICOKOTO YpOBHs Cu++

Tumbl 1aHHBIX, BBIPAXKCHUSA U ONIEPALIUU B S3bIKE IPOrpaMMUPOBaHus C++
Omneparopsl s13b1ka nporpammupoBanust Cu++ 1 ynpaBiieHUuE UX UCIIOJTHEHHEM
VYkazarenu U JMHAMUYECKOE PaCIpeieIIeHUE TaMATH

@DyHKIMHU s13bIKa TporpaMmupoBanust Cu++

Crarndeckue U JUHAMUYECKHUE CTPYKTYPbI TaHHBIX

Nk~ WN

3. Ilnanupyemble pe3yJibTaThl 00y4eHHs (MepedyeHb KOMIETeHIHI)
[Tpouecc u3yueHus: AMCUUILIMHBI HapaBiieH Ha (POpMHUPOBaHHE CIAEAYIOIIUX KOMITETEHIIUI:
OK-7 - CnocoGHOCTb K CaMOOPIaHU3aLUU U caMO0OPa30BaHUIo;
OIIK-9 - CrocoOHOCTh WCTONB30BAaTh HABBIKM PabOTHI ¢ KOMITBIOTEPOM, BIIAJIETh
METOAaMU HMH(POPMALMOHHBIX TEXHOJOTMH, COOMI0JaTh OCHOBHBIE TpeOOBaHUS
MH(pOpPMaILlMOHHON 06€30MacHOCTH

4. Bua npoMesKyTOYHOM aTTecTallMM. YK3aMeH, KypcoBasi pabota
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IMpunoxenne 3

IIpomoxon 0 0ononnenusX u usMeHeHuAX 6 padoueil npozpamme
na 20 __ -20 YueoHwlit 200

1. B paGouyto nporpammy Mo IUCHUIUTMHE BHOCSTCS CIAEAYIOLIUE TOTOTHEHHUS:

2. B pabGouyto nmporpaMmMy 1o AUCLUUIIIIMHE BHOCATCS CIEAYIOIINE U3MEHEHUS:

IIporokon 3acenanus kadeapbr Ne OT «__ » 20 r.,
(paspabomyux)

3aBenyromnuii kageapoit

(noonucs) (®.1.0.)

103



IIpunoxenune 4

®OHJA ONEHOYHbBIX CPEACTB AJId TEKYIIEI'O
KOHTPOJIAA YCIEBAEMOCTHU MO JUCHUITJIMHE

. Onucanue poH/1a OLIEHOYHBIX CPEACTB (ACIOPT)

Ne
Komime JaremeHT Paznea Tema ®OC
TeHI U KOMIIeTeHIIUH
U
Cnoco6HOCTD K | 2. OCHOBHBIC [lonsitue anroput™Ma u ero | Omuemul no
CaMOOpPraHU3alK | MPUHLMIIBI U CBOMCTBA. n1abopamopubim
u MIOJIXOJIBI K OCHOBHBIC aITOPUTMUYECKHE | pabomam.
camMo00pa3oBaHMIO. | pa3paboTke KOHCTPYKLIUH.
MIPOrPaMMHBIX
JITOPUTMOB
3. OcHOBBI Apxurektypa nporpammHoro | Omuemot no
IIPOrpaMMHUPOB | CPEJICTBA. nabopamopubvim
aHMs Ha A3BIKE | DTambl paboTsI c | pabomanm.
BBICOKOTO nporpaMMoii  Ha  f3BIKE
ypoBus Cu++ | cu/cu++ B cHUCTEME
IPOrpaMMHUPOBAHMUSL.
CuHTakcuc M CEMaHTHUKa
A3BIKA.
4. Tumnbl KoHcTaHTHI ¥ IEpEMEHHBIE. Omuyemsi no
JTaHHBIX, 1abopamopHbvim
BBIPAKEHUS U pabomam.
OIepaluy B
SI3BIKE
IPOrpaMMHpPOB
OK-7 aHus c++.

5. Omeparopsl | Onepatopsl  ycinoBust U | Omuemsl no
sI3bIKa nepeauyy ynpapJIeHUsl. 1abopamopHbim
IIpOrpaMMupoB | OgHOMEpHBIE u | pabomanm.

aunsg CHt+ M | MHOTOMEPHBIC MACCHBBI.

yIpaBlieHUE

1704

HCIIOJIHEHUEM

6. Ykazarenu u | Ykazarenu, CCBIJIKHA u | Omuemst no
JMHAMUYeCKoe | agpecHas apudmeTuka. nabopamopubim
pacupezneneHd | JluHamMuueckoe pas3MelieHue | pabomam.

€ MaMsATH MacCHBOB.

7. OyHKIAH OObsBrenne wu  omnwucanue | Omuemsl no
A3BIKA GyHKIMI. 1abopamopHbvim
IpOrpaMMHpoB | PekypcrBHbIE (QyHKIIMH. pabomam.

anns Cu++

8.Craruueckue | Aunamudeckue CTpYKTYpHl | Kypcoegas

u JTAHHBIX. pa60ma.

JUHaAMHUYCCKUC

CTPYKTYPBI
JTaHHBIX
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CrniocoGHOCTB 2. OcHOBHBIC Knaccer  anroputMoB  u | Omuemul no
UCIOJIb30BaTh TIPUHIIUITBI U CIOCOOBI UX OMMCAHMS. nabopamopubvim
HaBBIKM PaOOTHI C | MOIXOJBI K pabomam.
KOMITBIOTEPOM, pa3paboTke
BJIQJIETh METOAAMH | MPOTPaAMMHBIX
MH()OPMALIMOHHBIX | AJITOPUTMOB
TEXHOJIOTHH, 3. OcHOBBI IIpoexTupoBanue
co0Io1aTh MPOrpPaMMHPOB | POTPAMMHOTO 00eCTICUSHHSI
Omuyembi no
OCHOBHBIE aHWS Ha SA3BIKE | IPU CTPYKTYPHOM IOAXOJIC.
1ab6opamopHuIM
TpeOOBaHUS BBICOKOT'O Paspaborka CTPYKTYPBI | o s
MHOPMALMOHHOK | ypoBHs Cut+ | mporpaMMbl U MOJIYJILHOE P )
0€30MaCHOCTH. IPOrpaMMHUPOBAHUE.
4. Tunbl OcHOBHBIE oOmepaluu S3bIKa
JTAaHHBIX, CH.
BBIPXKECHUS U Omuemul no
OTICpalliH B 1abopamopHuIM
SI3BIKE pabomam.
MIPOrPaMMHUPOB
aHus Ct++.
OIIK-9 5. Omneparops! | OniepaTopsl LHUKIIOB.
SI3BIKA
IIPOrPaMMHUPOB Omuemuwl no
anus Cut+ u 1ab6opamopHuIM
yIpaBJeHHE pabomam.
ux
HCIIOJIHEHUEM
6.Ykazarenmu u | OnepaTtopbl JUHAMHYECKOTO
Omuyembi no
JUHAMHYECKOE | pacrpeaeneHus MaMsITH.
1abopamopHbvim
pacnpenenieHd | TUmbl CTPOK B SI3bIKE CH+.
pabomanm.
€ MaMsITH
7. O®yukmuu | [lepegaua mapameTpoB B
yH p P P Omuyembi no
SI3BIKA (GYHKIIHIO TIO CCBITKE.
1abopamopHbvim
MIPOrPaMMHUPOB JBoman
anus Cu++ p ]
8.Crarnueckue | [AnHamuueckue CTPYKTYpBI
u JaHHBIX.
Kypcosas
JTUHAMHYECKHC
paboma.
CTPYKTYPHI
TAaHHBIX
2. Onucanue noka3arejeil U KPpUTEpPHEB OLlEHUBAHUS KOMIIETEHIIH i
\ Ilokazarenu \ Ouenka Kpurepun
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3Hath
(OK-7):
- ConepxaHue mpoueccoB
caMOOpraHU3aluu U
caM000pa30BaHUsl, UX OCOOEHHOCTEH 1
TEXHOJIOTMI pean3aluy, UCXOAs U3
LI€JIEH COBEPILIEHCTBOBAHUS
rmpodeccnoHaBEHOM 1A TEIILHOCTH,
OIIK-9):
- bazoBoe ycTpONCTBO EPCOHAIBHOTO
KoMITbroTEpa. OCHOBHBIE
MH(POPMALMOHHBIE TIPOLIECCHI
[IPOUCXOSIINE B IEPCOHAIBHOM
KOMIIBIOTEPE.

Ymerb
(OK-7):
— IlmaHnupoBath LEIU U yCTaHABIUBATh
[IPUOPUTETHI IIPH BBIOOPE CIIOCO00B
MPUHATHUS PELLIEHHUI C y4ETOM YCIIOBHIA,
CPENICTB, TUYHOCTHBIX BO3MOXKHOCTEN U
BPEMEHHOM NIEPCIEKTHUBbI
OCYLIECTBJICHUS AEATEIbHOCTH;
OIIK-9):
— Mcnonb30BaTh NEPCOHAIBHBIN
KOMIIBIOTED ISl CAMOCTOSTEIbHON
paboTHI.
Baagern
(OK-7):
— ba3zoBoe ycTpoiCTBO MEPCOHATBHOTO
KoMmIbroTepa. OCHOBHBIE
MH(POPMALIMOHHBIE IPOLIECCHI
[POUCXOSIINE B IEPCOHATIBHOM
KOMIIBIOTEPE;
OIIK-9):
JlocTaTOuHBIM YpOBHEM
MCIIOJIb30BaHUsI YHUBEPCAIbHBIX
MAaKEeTOB MPHUKIIATHBIX KOMIIBIOTEPHBIX
porpamMm

3a4YTCHO

Bo Bpewmst 3amuThl 1a60paTopHBIX padboT
U IPAKTUYECKUX paboT CTYACHT
OTBETHUJI HA MOCTABJICHHBIE
IIpernoaaBaTeIeM BOIIPOCHI.

HE 3aYTCHO

Bo Bpems 3amuThI 1a00paTOpHBIX paboT
U NIPaKTHYECKUX paboT CTYAECHT HE CMOT
JlaTh OTBETHI HA ITOCTABJICHHBIE
npenojaBarenaeM Bonpockl. JInbo otuer
HMMeEeT psiJ] 3aMEYaHU.
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[IporpaMmma cocTaBieHa B  COOTBETCTBHM C  (peiepaIbHBIM  TOCYAapCTBEHHBIM
0o0pa3oBaTeNbHBIM CTaHIAPTOM BBICIIET0 OOpa30BaHUsS IO HampaBieHHIo noarotoBku 27.03.04
YrpasneHre B TEXHUYECKUX cucTeMax OT «20» oktssopst 2015 . Ne 1171

aas Haoopa 2017 roga u yue6HsiM ianoMm OI'BOY BO «bpl'V» mia ounoit dopmbl
o0ydenus ot «06» mapra 2017 1. Ne 125 , 3a04Hoii hopmbl 00yuenus ot «06» mapra 2017 1. Ne
125 nnst 3a04HOi Popmsl (yckopenHoro oOyuenus) ot «04» anpenst 2017 r. Ne 203

njasi_naoopa 2018 roaa u yueO6usiM mwiaHom ®PI'BOY BO «bpl'¥Y» nmns ounoit dhopmbl
oOyuenus ot «12» mapra 2018 r. Ne 130 , 3a04noii opmbl 0OyueHus ot «12» mapra 2018 r. Ne
130

IIporpammy cocraBui (u):

CenenpaukoB M.A. noneHt kadeapst YTC
@.N.0., donzxwcHocms, yueHoe 38aHue, (CmeneHs) (noonucwv)

Pabouas nporpamma paccMoTpeHa U yTBepxkaeHa Ha 3aceganuu kadenpsl YTC

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

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

3aBenyromnuii BeITycKaromiei kageapoit N.B. Urnatrnes
JupexTop OMOIHOTEeKH T.®. CotHuK

Pabouas nporpamMmmMa o100peHa METOIMYECKOM KoMuccueit pakyabTera JUA
oT «28» _ nexabps 2018 r., mpoTokoa Ne 5

HpeHCGHaTeJ'IL METOINYECKON KOMUCCHH (baKym,TeTa

COI''TACOBAHO:

HavanpHuk
y4eOHO-METOIUUECKOT0 YIPaBICHUs I'.II. Hexxeseny

Perucrpanmonnsrii Ne



