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IIEPEIMOBA

MeTomu4Hi BKa3iBKH MICTATh OMHC BOCHBMH JIAOOPATOPHUX POOIT 3
TUACTIUTLIIHN «OCHOBH TEXHIYHOTO MPOTPaMyBaHHS» Y BIATOBIAHOCTI 10
HapuanpbHUX Io1aHiB OKP GakamaBpiB cmemiadpHOcTi G3  (141) -
EnexTpoeHepreruka, eleKTpOTEXHIKA Ta €ICKTPOMEXaHiKa 1 peKOMeHaaIlii
JI0 iX BUKOHAHHS.

JlaGopaTopHi poOOTH MICTATH KOPOTKI TEOPETHUIHI BIIOMOCTI 3TiTHO
TeMHU poOOTH, 3aBJaHHs, pEKOMEHIAIlIT MO0 X BHKOHAHHS i KOHTPOJIBHI
3aMUTaHHS NI Kpamoro 3aCBOEHHS MaTepialy 1 MEepeBIipKU OTPUMaHUX
CTYJEHTOM 3HaHb Ta HABUYOK.
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JlabopaTtopHa pobGora Nel

KOJYBAHHS. APOMMETHYHI ONEPALI 3 BIHAPHUM
KOJIOM

Meta poGoTm: po30ip Ta OMaHyBaHHA CIIOCOOIB KOJYBaHHS
iHpopMaLii B pi3HUX CHCTEMaxX YWCIICHHS, Ta BUKOHAHHSA apU(pMETHUHUX
oTIepalIii.

1.1 KopoTtki TeopeTn4Hi BizomMocTi.

1.1.1 JIBoiuHi uncna

Hudpori o0unuciIiOBaIbHI MAaIIMHU NPAlIOIOTh 3  JBOIYHUMHU
guciiamu. JIBoiuHa cucTema dMClIeHHs abo cucremMa 3 OCHOBOo '"2"
BUKOpPUCTOBYIOE TuTbku mmdpu "0" # "1". Lli gBoiuHI 4Yncina 3BYTHCS
oitamu. @iznyHo B 1M(POBUX €IEKTPOHUX cucTeMax OiT "0" sBisie cobor0
Hizpkuil (Low) piBens nHampyru, a OiT "1" — Bucokuii (High) piBeHb
HarpyrH [2, 3].

Jlronn B 3araJbHOMY BHUIAIKy BHUKOPUCTOBYIOTBCS JAUCATHYHY
cucTemy, abo cuctemy 3 ocHOBOrO "10", 0 CKITaa’Thes 3 JeCATH (GUIP Bix
0 10 9. BoHa TakoX XapakTepH3y€e€ThCS 3HAUCHHSAM (Baroro) TMO3HIIIl 3T1IHO
mo taou. 1.1.

IIpuknan 1. 3anwc uyncna 1327.

Tabmums 1.1 — 3HayeHHs MO3UIIHA JECATUYHUX YUCET

Crymiab ocHoBH 10 10° 10 10 10°
3HaYeHHS TO3UIIT 1000 100 10 1
Jectrnuni 1 3 2 7

3 Tabn. 1.1 BUAHO, MO JECATHYHE YHUCIO MOXHA PO3KIACTH Ha
CKJIaJIOB1 YaCTHUHU, 110 BiMTOBIAAIOTh KOXKHIN CTYIIEHI OCHOBH:

1327 = 1*1000+3*100+2*10+7*1. (1.1)

AHaNari¥Ho po3riisTHEMO MPUKJIIA 3aIUCY TBOMYHOTO YHCIA.
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IIpuknan 2. 3anuc noiuHoro uucia 1001, B mecsITwdHIi CHCTEMH

CUHCJICHHA

Tabmuns 1.2 — 3HayeHHs TO3UIIH IBOTYHUX YHUCEN

CtyniHb OCHOBH 2 2} 2° 2! 2°
3HaYeHHs NO3UIIT 8 4 2 1
JIBoiuHi Cb 1 0 0 Mb 1
Hectrnuni 8 0 0 1
1001,=8+0+ 0+ 1=9y,. (1.2)

To6To nBoiuHoMy unciy 1001, BimmoBinae yucio 9,y B qecaruuHiii hopmi.
Cb — crapmmii OiT aBoisHOro uymciaa. Mb — Momommmii OiT HBOIYHOTO

quciia.

Ta6mums 1.3 — Iepesin mecsatuaamnx wwcen Big 0 mo 15 B ix mBoiuHi

€KBiBaJICHTH
Hecstuune JBoiune Hecsartuune JBoiune
0 0 0/]0]01]0O0 8 110]071]0
0 1 0]0]0]1 9 1 1001
0 2 00|10 1 0 110|110
0 3 01011 1 1 1 0|11
0 4 011010 1 2 111[10]0
0 5 0O 1T]0]1 1 3 111101
0 6 O 1|10 1 4 1|1 ]1]0
0 7 0|1 |11 1 5 1| 1] 1]1

Yucno 1001, uwmraerbess Sk — OOWH HydIh HYNb omuH. OCHOBa
CUCTEMH YHCIICHHS BKa3y€ThCS 1HICKCAMU.

Ilpuknan 3. IlepeBim aBoiunoro umcma 10110110, B gecatuuny

thopmy.
Taoymus 1.4 — 3aayeHHs MO3UIINA ABOTYHUX YHCET
Cryninb ocHoBu 2 | 2’ 2° 2’ 2 2’ 2? 2! 20
3Hauenns no3umii | 128 | 64 32 16 8 4 2 1
JIBoiuHi 1 0 1 1 0 1 1 0
Hectruni 128 0 32 16 0 4 2 0
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10110110,=128+0+32+16+0+4+2+0=182. (1.3)

[puxnan 4. Ilepesin mecsaruunoro ywcna 155,y B aBoiuHy (opmy
METOJIOM J1JIEHHS.

15530/ 2 =77 3anuwok 1

77,/ 2 =38 3anuuwok 1

3840/ 2 =19 3anuwok 0

19,,/2=9 3anmuiok 1

96/2=4 3anmwor1

4,6/2=2  33nMwoK 0

20/2=1 3anMwok 0
10/2=0 3anuwox 1 —

10011011

Pucynox 1.1 — Cxema nepeTBOpeHHS JECATUYHOTO YUCHIA B IBOTYHUHN KOJ
Tobto mecstuanomy guciy 155, Biqnosizae 10011011, nBoiunmit koxm.

1.1.2 lllecTanauaTepuyHi yncia

[llecranmaTepiuaa cucTeMa YHCICHHS ab0 cHCTeMa 3 OCHOBHOIO
"16", BukopuctoBye 16 cumBoimis Bixg "0" mo "9" it A, B, C, D, E, F.

3 tabn. 1.5 BUAHO, 10 KOKHUH NIICTHAIISITSPIYHUNA CUMBOJ MOKUTh
OyTH TIPEICTaBICHO OJHHUM CIOJNYYCHHSIM 4YeTHphoX O0iT. Tomy mms Toro
o0 neperBopuTH nBoigHe gnciao 111010, B micTHaAUATEpHUIHE MTOTPIOHO
MMOYMHAIOY1 3 MoyioAmoro 6ity (MbB) po3minuTi IBOIYHE YMCIIO HAa TPYIH 3
4 6it: 111010, — 0011 1010, — e 0011, —11e 346, @ 1010, — e Ay (3igHO
tabn. 1.5) — 3aMiHeMO BIANOBimHI TeTpaigu (YOTHPUOITHI KOIH) B
MMOYaTKOBOMY BHJIi i OTpIMAEMO YHCIIO B IIiCTHAAIATEPITHOT hopmi: 3A 6.

Jns  Toro, moO0 TIEPETBOPUTH IMICTAHALATOPUYHE YUCIHO 7F 4
MIEPETBOPUTH B JIBOTYHE, MOTPIOHO KOXKHY IMICTHAANATOPUYHY ITUGPY abo
JTEpy 3aMIHUTH HA CBill MBOTYHUI €KBIBJICHT 3TiqHO Tadm. 1.5.
7F¢— 3rimno tabm. 1.5: 7,4=0111,; Fi4= 1111, — orpumaemo 01111111,
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Ta6mums 1.5 — Iepesin mecsatuaamnx wwcen Big 0 mo 15 B ix mBoiuHi

€KBIBAJICHTH
JBoiune JBoiune

10-e | 16-¢ 3 1 > I 10-e | 16-¢ 3 1 > I
0 0 0 0 0 0 8 8 1 0 0 0
1 1 0 0 0 1 9 9 1 0 0 1
2 2 0 0 1 0 10 A 1 0 1 0
3 3 0 0 1 1 11 B 1 0 1 1
4 4 0 1 0 0 12 C 1 1 0 0
5 5 0 1 0 1 13 D 1 1 0 1
6 6 0 1 1 0 14 E 1 1 1 0
7 7 0 1 1 1 15 F 1 1 1 1

[puknax 5. IeperBopenns mictHanusgTepuyHoro yncia 2C6Eq B

JIECATHUYHE.

Tabmuns 1.6 — 3HayeHHs MO3UIIH IBOTYHUX YHUCEN

Cryminb ocHOBH 16 16° 167 16' 16"
3HauyeHHS TO3UIIT 4096 256 16 1
HlicTHagugTepiyxi 2 C 6 E
Jectuuni 8192 3072 96 14
2C6E 4= 2*4096 + C*256+ 6*16 + E*1=2%4096 + 12*256 + 6*16 +
+14*1= 8192+ 3072+ 96 + 14 = 11374y, (1.4)
Ilpuknang 6. IleperBopeHHs apecsaTHUHOTO wmcia 15797, B

ITiICTHAAISITCpUIHE.

MP

15797,,/16=987,; 3a/MILOK 5;5=5;,

987,,/16 =611¢

6130/16=310

310;16 = OIO

zanuwok 11,,=B45

3anMWoK 13,5= D4
cP
—i

3 DB 5
Pucynox 1.2 — Cxema mepeTBOpEeHHS IECATUIHOTO YHCIa B
IIICTHAIATEPUIHAN KOJT

3a/MWOK 3,5 =344
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Tobto JIECATUIHOMY YUCITY 15797, BiamoBigac 3DB56
nricTHaAmATepuaHuH Koa, MP — momonmuit po3psin, CP — craprmmii po3psi.

1.1.3 BocemupiuHi uncna
Bocemupiuna cucrema wmictuth 8 mmdp Big "0" mo "7" # €

BIZITOBIHO CUCTEMOIO 3 OCHOBOIO "8".

Tabmums 1.7 — JlecaTudni, BOCBMHpPIYHI Ta IBOIYHI €KBIBAJICHTH

Jecarnuni | BoceMupiuni 2 HB‘;‘IHl 1

IIpu mneperBopenHi nBoiyHoro uwmcma 11111000100, B #oro
BOCBMHUPIYHIN €KBIBAJICHT, MOYMHAIOY1 3 Mojomoro 6ity (MbB) nBoiunoro
Yucia, UTAMO HOro Ha TpymnH 3 TphoX 0iT. [loTiM, 3acTrocoByrodi Tadu. 1.7,
NEPETBOPIOEMY KOXKHY Tpiagy (Tpymy 3 Tppox OIT) B €KBiBaJICHTHY
BOCHMUPIYHY ITUPPY.

JIBoiuHe umco: 011111 000 100,.
Bocbsmupiune umco: 3 7 0 4.

Tobro nmBoiuromy wuwmcimy 11111000100, Binmosimae 37044
BOCBMUPIYHHHN KOJI.

[Ipu mepeTBOpeHHI BOCBMHUPIYHOTO umncia 65213 B Horo ABOiYHMI
ekBiBasieHT. Ko)kHY BOCBEMHpPIUHY HHUQPPY 3aMIHIOEMO IBOIYHOIO TPiasior0
3rigHo Tabm. 1.7 it otpumMaemo:

65213=110 101 010 001, . (1.5)
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Ilpuknan 7. IleperBopeHHS BOChMHpiuHOTO dHcina 2357

JIECATHUYHE.

Tabmuns 1.8 — 3HaueHHs MO3MIIH IBOTYHUX YHUCEN

Crtyniab ocHOBH 16 8’ 8’ 8! 8’
3HaueHHs MO3HIIii 512 64 8 1
Bocmupiuni 2 3 5 7
Hecartuyni 1024 192 40 7

23573=2%512 + 3*64+ 5*8 + 7*1=1024 + 192+ 40+ 7= 1263,. (1.6)

Ilpuxnan 8. IlepetBopenHsa paecstuyHoro uwucia 3336;, B Horo
BOCHMHUPIYHUI CKBIBAJICHT.

MP
3336,,/8=417, 3anMWOK Oy5=04
417,5/8=524 3a/MWOK 1,5= 1,
5210/8=65p 3aNMIWOK 4, = 4,
Ccp
610/8 =010 3aNMwoK 610= 65 ——
6 4 1 0

Pucynox 1.3 — Cxema nepeTBOpEeHHS JECATUYHOTO YUCIa
B BOCEMHPIYHHUI KOJT

To6To aecstnunomy unciy 3336, Bignosinae 64105 BOCEMUPIYHUHN KO/I.

BinpmicTe MiKpOIIPOIIECOPIB ONMPaILOBYIOTH TpynH 3 4, 8 Ta 16 6iT. 3
IIBOTO  CIIOKYy€e, M0 3a 3BHYAald  YaCTIIE  BHUKOPHCTOBYETHCS
IIICTHANITUPUYHAN 3aluc 4Hcia, HDK BOCBMHUpIYHME. BockMupuunuii
3amuC OiIBIT 3pyYHUMN, KOJIU TPpyIa OIT AIEThCS HA TPH, HAPUKIIAT TPYITH
3 12 6iT.
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1.1.4 Apudmernyni onepariii 3 TBOIYHUMHU YHCIAMHA
PosrnseMo ocHOBHI apuMeTH4HI omepallii, paBujia Ta MPHUKIAIN

3aCTOCYBaHHS HaBeJeHi Ha puc. 1.4 — puc. 1.9.
1) JonaBanHs.

1-if jogaHok () 0 1 1
+ 4+ - +

2-it jomanok O 1 1 1

pesymsrar () 1 0 1

Pucynox 1.4 — [IpaBuio mo6iTOBOTO T01aBaHHS

0 0 1 1 :310
0 1 0 1 :51{}

1 0 0 0 = 810

Pucynok 1.5 — [Ipuknajg modiToBOTO J0aBaHHS

2) BigaimaHHsI.
¥
sMeHmyBage () 1 1 10
piremmnk 0 0 1 1
pizaumgs 0 1 0 1

Pucynox 1.6 — [IpaBuiio mo6iToBOTO BiTHIMaHHS

0 1 1 1 |= ?1{}
0 0 ] 0 |[= 21{}

0 1 0 1 :51{]

Pucynoxk 1.7 — Ilpukitag moGiTOBOTO BiTHIMAHS
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3) JobyTok.
MHOXeHE () 1 0 1
% %k E x
MHOXHHE 0 1 1
no6yTok  ( 0 0 1

Pucynox 1.8 — IIpaBmio mo6iToBoro mo0yTKa

5 1| 1]0]1 =13
110]1]=50
1/1/0]1
+ 0/]0]0]|0
i i @1
1/0/0]0]0]|0]|1|=65

Pucynok 1.9 — Ilpuknaa moGitoBoro 100yTKa

1.1.5 dHonatkoBuii Koa

Konu BuHUKae HEOOXiTHICTH BUKOPUCTaHHS 4YHCIA 31 3HAKOM,
BHKOPHCTOBYIOTh CIEITIaTbHIUN TOAATKOBHI KO,

Ha puc. 1.10, a maBexeno 3Buuaiine 300pakeHHs peructpy MII abo
KIIITUHKU TIaM'ATi 30BHI Mikpormpoiiecopa. Takuii perictp 300paxyroTh
MPOCTipoM 3 8 OIT TaHUX.

ITo3mmii OitiB mporymepoBano Bim "7" go "0", a Bara IBINKOBHX
MO3MLIH BKa3aHa B OCHOBI peructpa, 0iT 7 mae Bary 128, 6iT 6 — 64 i1 T.1.

Ha puc. 1.10, 6, B 300paxkyloThCS THIIOBI CTPYKTYpU 8-MH
PO3PSTHUX PETICTPIB IJIs PO3MIIICHHS YHCEI 31 3HaKoM. B 000X BHITamKax
0iT 7 € 3HakoBUM OiToM. BiH Bkasye, uu € uymcio jaomatHiM (+) abo
Big'emauM (—). [Ipu "0" B 3HakoBomy OiTi umcio gomatHe, mpu "1" —
BiJl'€MHE.

IIpukmanu mepeTBOpeHHS MAECSITHYHOTO 4YHClIa 13 3HAaKOM Y
JTIOJTATKOBUM KOJI Ta 3BOPOTHTOTO TIEPETBOPSHHS HABEJCHI BIAMOBIAHO Ha
puc. 1.11 ta puc. 1.12.
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765432
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76543210

ol [ [ [T 1]

LT LTI 1]

1286432168 4 2 1

(+)643216 8 4 2 1

(—)643216 8 4 2 1

Bara neiitgosol Bitr Bara aeiftxoeol bir  Bara neifixoeol
MOGHIIE SHAEA TI02HL IHAKA IO
a) 0) B)

a — po3TallyBaHHs IBIHKOBUX MO3HIIIH; O — imeHTH]IKAIlIS JOMATHIX THCEI
HyJIEM B 3HAaKOBOMY OiTi; B — iAeHTH]IKAIIS BiI'€EMHUX YHCE]T OJMHUIICIO B
3HAKOBOMY OiTi.

Pucynox 1.10 — 300pakeHHS pericTpy MiKporporecopa abo KIITHHKA
maMm'sTi

3aIHC JeCATHUHOI0 YHCIa 063 3HAKA 9

TIEPETBOPEHHS AECATHIHOrO urcia B paiikonmii kox |0 [0 [0 o [1 Jo o [1 |

OTPHMAHHS 2BOPOTHBOTO KOy ABLHKOBOTO UHCTA,

MOMaaMhmomumHym,HyﬂiB—ommm“ [t [1]1Jo[1]1fo]

1 (1|1 ]0 |0 |1 |10
JOZABAHHS OJJUHHII J0 2BOPOTHROTO KOOy — + 1
1 (1 |1 |1 |0 |1 ]1]1

OTpuMaHHH pe2yIbTaT € J0/JaTKOBHM KOJIOM Bijl'eMHOTO THCaa "-9",
3HAK YHCIA BiJ0GpaXyeThes THCIOM "1" B cTapmoMy 6iTi.

Pucynoxk 1.11 — Ilpuknan nepeTBOpeHHs ASCATHYHOTO Bil'€MHOTO YHCIIA
«-9» B 10IAaTKOBUH KOA

sarmc gogarkoporokoxy |1 [ 1 [1 [1 [0 Jo [o |1 |

imeepeiz [0 [0 Jo Jo J1 J1 11|

JIOJIABAHHS OJHHHITL J0 3BOPOTHLOTO KO,I{Y+ 0/0 [0 |0 |1 |11

Pucynox 1.12 — I[Ipukiam 3BOpOTHOTO IMIEPETBOPEHHS TOAATKOBOTO KOIY 11O
JICCITUYHOTO YHUCIIA 3 YPaxXyBaHHSM 3HAKY
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Tabmmis 1.9 — 3HaueHHs No3uIIiil JTOJATKOBOTO KOy
Hecs- | JomaTkoBuit Hecs- | JlomaTkoBui

. [Mpumitka . [Tpumitka
THUYH1 KO THUYH1 KO
+127 | 0111 1111 B 1111 1111
Aoratai 5T 1110
+8 | 0000 1000 ‘*Hgﬂa’ 3 [ oo
+7 | 00000111 | 30°P3 4 1111 1100 VLEMHI
+6 | 00000110 | O™ 5111 1011 | MM O
B Tif ke 300pakeHi B

+5 0000 0101 -6 1111 1010

T4 100000100 | POPML 111001 bopmi
1o " JIOJAaTKOBOT'O

3| 00000011 | oo [ -8 | 11111000 coy
2| 00000010 | i

+1_ | 00000001 | “yyoma

+0__| 0000 0000 -128 | 1000 0000

Otpumanuii pe3ynbraT Ha puc. 1.12 naBifikoBoro BimmoBizmae
JECATUYHOMY 4uciy 16, ogHak TOTPIOHO TOM'SITATH, IO Y BiXiZHOMY
3amucy JOJATKOBOTO KOXy B crapumioMy OiTi Oyila OIUHMLS, TOMY
OTPUMAaHOMY pe3yJIbTaTy BiIIOBITAE NCCATHIHUN €KBiBaJIeHT "-16".

[lpuknaan mepeTBOpeHHs MACCATHYHHMX 4YHCIE 31 3HAKOM B
IIOJAaTKOBMI KO HaBedeHl B Ta0i. 1.9.

1.1.6 Apudmernka B 10JaTKOBOMY KO/

[Ipuknanu 3acTyBaHHsS oOmepaiii J0JaBaHHSA B JIOAATKOBOMY KOJIi
HaBeneHi Ha puc. 1.13.

Crapmi 6ita (0it Ne 9) Ha puc. 1.13, 6,r € IepenOBHEHHAM 8-MU
PO3PSTHOTO PETiCTPY, TOMY BOHU BUKPECITIOETHCSI.

1.1.7 AndasitHo-1tdpoBHit Kog ASCII

Komn BukoHyeTbcs B3aeMOZisi 3  BiEOTEpMiHAJIOM BHHHUKAE
HEOOXiZHICTh Y BUKOPHCTaHHI KOAY, SKHH OJHOYACHO BKIIOYae B COOi
YUCIIOBI ¥ andaBiTHI 3HaKW. Taki KOau MaroTh Ha3BY — alihOBITHO-IIU(PPOBI.

Hait0inbem po3noBciomkeHnM aaBiTHO-IU(DPOBAM KOJIOM € KOII
ASCII — ue craHgapTHUH aMepiKaHCBKMI KOX OOMiHy iH(opmarii.
B Tabn. 1.10 HaBeieHO ACKUIBKO 3HAYCHB 7-U po3psaHoro komaa ASCIL
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" 00 ]0 |0 |0 |1 1 | =+5 3 00 [0 |0 |0 |1 |1 |1 |=+7
0 [0 [0 |0 0 |1 |1 |=+43 11 /11 /111 ]0]1 |=-3
000 |0 |10 0 +8 LR[00 |0 |0 |0 |1 |0 |0 |=+

a) 6)

n 010 |00 [0 |0 |1 |1 |=+3 n 11 |1 {1 |1 |1 |10 |=-2
1 (1111100 =-§ 1 (1 ]1]1]1 1 |1 |=-5
I1(1 |1 |11 ]0 |1 |1 |=-§ {11 1|1 ]1]0 1 |=-7

B) r)

a—Bupasz: 5+ 5;0—Bupas: 7—3; B—Bupa3: 3 —8§; r—Bupaz: —2 —5.
Pucynox 1.13 — IIpukinaam oneparrii 1ogaBaHHs B JOJATKOBOMY KO/
1.2 Ilopsinox BUKOHAHHS Ja0opaTopHOi podoTn Ne 1

1) BukonyemMo oOumciieHs BHpa3iB 3a CBOIM HOMEpPOM BapiaHTa 3
tabmn. 1.11. {7 oTpuMaHoro pe3ynbTylodoro 3Ha4eHHs y ABOTUHIlN cucTemi
YUCJICHHS TIOTPIOHO 3HAWTH BIAMOBIMHI 3HAYECHHS Yy BOCHMHPIUHIHN,
MIECTAaHAIATUPIYHIN Ta MECATUIHIN CUCTEMI YUCIICHHS.

2) Coe nosue I11b noTpioHo nepesectH (3agonomororo koxy ASCII,
tab6i. 1.10) y n1BoiYHMI, BOCEMUPIYHIN Ta IIECTaHAIATUPIYHIN BUI.

3) OdopmisieMo 3BIT.
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Tabmuns 1.10 — Jlesiki 3HaUueHHS CUMBOIIB 3 aidaBiTHO-IIH(POBOTO

xoxy ASCII
Chm- | 10-i A Cum- | 10-i S Cum- | 10-1 T Cvm- | 10-# F iR
BON | KOA BON | Kopg BOA | KOg BOA | KO

32 | 00100000 8 56 |00111000| P 80 |01010000| h | 104 |01101000
! 33 | 00100001 | 9 57 | 00111001 | Q 81 |01010001( i 105 | 01101001
“ 34 | 00100010 ) : 58 |00111010| R 82 [01010010| | 106 | 01101010
# 35 | 00100011 | : 59 J00111011| S 83 | 01010011 | k 107 | 01101011
$ 36 | 00100100 | < 60 |00111100| T 84 | 01010100( | 108 | 01101100
% 37 | 00100101 | = 61 |00111101| U 85 | 01010101 | m | 109 | 01101101
& 38 | 00100110 | > 62 |00111110| V 86 | 01010110 | n 110 | 01101110
‘ 39 | oo100111 | *? 63 |00111111| W 87 | 01010111| o | 111 |01101111
( 40 | 00101000 | @ | 64 |01000000| X 88 |01011000| p | 112 |01110000
) 41 | 00101001 | A 65 |01000001| Y 89 | 01011001 | g 113 | 01110001
* 42 | 00101010 | B 66 |01000010| Z 90 | 01011010| r 114 | 01110010
+ 43 100101011 C 67 |01000011| [ 91 | 01011011 s 115 | 01110011

44 {00101100) D 68 | 01000100 92 | 01011100 t 116 | 01110100
- 45 100101101 E 69 |01000101| 1 93 | 01011101 u 117 | 01110101
: 46 | 00101110 F 70 |01000110| ~ 94 | 01011110 | v 118 | 01110110
/ 47 00101111 G 71 |01000111| 95 | 01011111 | w | 119 | 01110111
0 48 [00110000| H 72 |01001000 96 | 01100000 x 120 | 01111000
1 49 100110001 1 73 |01001001| a 97 101100001 y 121 | 01111001
2 50 |00110010) ) 74 |01001010| b 98 |01100010| z 122 | 01111010
3 51 {00110011| K 75 | 01001011 | c 99 | 01100011 | { 123 | 01111011
4 52 |00110100| L 76 | 01001100} d 100 | 01100100| | 124 | 01111100
5 53 | 00110101} M 77 | 01001101 e 101 | 01100101 | } 125 | 01111101
6 54 {00110110| N 78 | 01001110 f 102 | 01100110 | ~ | 126 |01111110
7 55 | 00110111} O 89 | 01001111} g 103 | 01100111 | o 127 | 01111111
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No
. Bupaszu
BapiaHTa
1 01101, + (5FC61+245)*510= ( )>= ()s=()16= ()10
45+ 80-16
2 01110, + (AFC6+275)*1510= ( )2= ()= ()16= ()10
54 +36-50
3 101001, + (BBA6+1345)*35,6= ( )2= ()s= ()1s= (1o
100 -16 —42
4 01001, + (2FF6+353)*816= ( )2= ()s= ()16= ()10
120 -40 - 86
5 1101101, + (DFB16+545)*916= ( )2= ()s= ( )16= (1o
56 -28 -76
6 10011015 + (BC616t158)*2516= ( )2= ()= ()16= (1o
—64 —-32+52
7 011011, + BFA;6+11g)*111= ()2= ()= ()16= (10
—52-38-46
2 01111, + (5FC61+2410)*5s=( )2=()s=()16= ()10
-16-15-32
9 101101, + (8FC6t5610)*35= ( )2=()s= ()i6= (1o
15-16-45
10 1101101, + (9FB6+3810)*2s= ( )2=()s=()16= ()10
24+ 4680
11 0101101, + (6DCi6+4210)*75= ( )2= ()s= ()16= (10
—80+32 +16
12 011011015 + (3DD16+2510)*65= ( )2= ()s= ()16= ()10
24— 46+ 68
13 1101101, + (4AF6+1210)*55= ( )2= ()s= ()1s6= (1o
—45-12-18
14 1001001, + (A2F16t5410)*35= ( )2= ()s= ()16= (10
—63+35-85
15 1000101, + (BF216+7610)*45= ( )2= ()s= ()16= ()10
—124 + 80+ 24
16 1101101, + (DFB6+548)*910= ( )2= ()s= ()16= ()10
124 - 65 - 32
17 BC66+ (1001101,+155)*2516= ( )2= ()= ()16= (D10
-14-16-24




K.T.H.,J0o1eHT Bonkos B.O.

IIponoxenns tabmmmi 1.11

19

No
. Bupaszu
BapiaHTa
18 3FA 6+ (011011, +115)*1116= (2= ()s=()i6= ()10
—-56-12+36
19 SFCi6 + (01111,+2440)*15s= ( )2=()s=()16= ()10
—-82+56-38
20 8FC6+ (101101,45610)*32= ( )2=()s=()16= ()10
—55-25+35
21 9FB16 + (1 101 1012 +3810)*278: ( )2: ( )8: ( )16: ( )10
—54-27+38
22 6DC16+ (0101 1012+4210)*718: ( )2: ( )g: ( )16: ( )1()
78 +38 — 50
”3 3DD;s+ (01101101,425,0)%635= ( )2=()s=()1s= ()10
-92+28-32
24 245+ (5FCi6+ 011015)*5110= ( )2=()s=()16= ()10
—38-62+44
25 275+ (AFC6+01110,)*45,6= ( )2=()s= ()16= (1o
44 +15-76
26 1345+ (3BA6+101001,)*37,0= ( )2= ()s=()i6= (1o
45+ 92 -26
27 355+ (2FF16t01001,)*1810= ( )2=()s=()16= ()10
47 +25-16
8 543+ (DFB6+1101101,)*1316= ( )2= ()s= ()16= (1o
52 -68+76
29 155+ (BC61+1001101,)*28,6= ( )2=()s=()16= ()10
92 -104 +23
30 243+ (SFC6t011015)*1216= ( 2= ()s= ()i6= (10

117-125+92
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JlabopaTtopHa poGora Ne2

YMOBHUM OIIEPATOP «F ... ELSEIF ... ELSE ... END».
IUKJIN TUITY «FOR ... END»

Mera poGotru: po30ip Ta omaHyBaHHS NPAKTHYHUX HABUYOK B
3aCTOCYBaHHI y CBOEMY IPOrpaMHOMY KOJZIi YMOBHOTO omepaTtopa «if ...
elseif ... else ... end» Ta mukiB Tumy «for ... endy.

2.1 Kopotki TeopeTn4Hi BitoMocTi

2.1.1 YmoBHuii oneparop «if ... elseif ... else ... end»
YMoBHMIA oneparop if B 3araJlbHOMY BHUTIISAII  3alUCYEThCS
HACTYITHUM YriHOM [2, 3]:

if Ymosa 1
Iuempyryis_ 1
elseif Ymosa 2
Inempyryis 2
else
Iuempyxyis 3
end

B mpocrimomy Bumagky MOXKHAa CKOPHCTAaTHCS CKOPOYEHUM
3aIrIcoM:

if Ymosa
Incmpyxyis
end

Hoxn Ymoea moseprae norigde 3HadeHHS «1» (T0OTO «IcTHHAY),
BHKOHYIOTBCS [HCmpyKyil, O CKIAAI0Th TiJI0 CTPYKTYpH «if ... end». [Ipu
poMy orepatop end mokasye Ha KiHeUb mepemiky [nempyxyi. TacTpykuii
B MEPENiKy PO3AULIIOTECA ONepaTopoM «,» (koma) abo «» (kpamka 3
KOMOI0). SKmo Ymosa He BHKOHYEThCSA (mae joridde 3HadeHHST «0»,
«Danpi»), To [HcmpyKyii TAKOK HE BUKOHYIOTHCS.
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Konctpyxkrtis

if Ymosa
Inuempyryis_ 1
else
Inempyryis 2
end

NpaIIoe HACTYIIHUM YHHOM: SIKIIO BHUKOHYETBCS YMmo6a (TIOBEPTAETHCS
3HAUYEHHS JIOTIYHOI «1»), — BUKOHYEThCS [Hcmpykyis I, skmo Ymosa He
BUKOHYEThCS (ITOBEPTAETHCA 3HAYCHHS JIOTiYHOrO «0»), — BHKOHYETChS
Iuempyxyis_ 2.

YMmoea 3anucyeTbes y BUTIISLIL

Bupaz 1 Onepamop sionowenns Bupasz 2

npuvoMy B sikocTi Onepamopa_gionoutentsi BUKOPHCTOBYIOTHCS HACTYIIHI
omeparopu: == (mopiBHIOE), < (menme), > (Outpmie), <= (MCHIIE
JIOpiBHIOE), >= (OLIBIIE TOPIBHIOE), ~= (HE JOPIBHIOE).

2.1.2 Hukmm tuny «for ... end»

Hukmu tuny «for ... end» 3BMYAiHO BHKOPHUCTOBYIOTHCS IS
oprasizaifii OOYMCIICHb 3 33aJJaHUM YHUCJIOM IHKIIIB, IO TOBTOPIOIOTHCA.
KoHcTpyKItis TaKOTro UKy Ma€e HACTYITHUHN BUJ:

for var = Bupas
Inuempyxyia_1;

Incmpykyia_n;
end

Bupaz waiivacrime 3amucyetrbess y Burimsimi: s : d ok, me s —
MMOYaTKOBE 3HAYCHHS 3MIHHOI MUKy var, d — mpupicT 1iel 3miaHoi Ta k —
KiHLIEBE 3HAYEHHsI 3MIHHOI IMKIy Vvar, MpH JOCATHEHHI KOTPOrO LUK
3aKiHuyeTbca. MOXIMBUI cKOpodeHHH 3amuc: S : k (B LbOMYy BHUOAIKy
d = 1). Crucok incmpykyitl, MO TOBUHHI OyTH BUKOHAHI 3aBEPIIYETHCS
omneparopom end.
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Ilpukmang 1. 3pobuTe BHBIL Ha €KpaH BHYTPINIHI EJICMCHHUTH
MaTpUIli-psaKka A 3 BKa3yBaHHAM IOPSIKOBOTO HOMEpPY €IIEMEHTa Y

MAaTpHIII.

A = [1’ 2’ 5’ 6’ 8’ 7’ 4’ 9’ 8’ 3];

fori=1:length(A);

fprintf('element number %d', 1);
fprintf(' : %d \n', A(1));

end

Pesynbrar Oyzne matu BUIISA;

element number 1:
element number 2:
element number 3:
element number 4:
element number 5:
element number 6:
element number 7:
element number 8:
element number 9:

element number 10: 3

1
2
5
6
8
7
4
9
8

[lpuknax 2. 3poOuTH BUBIJ Ha €KpaH MO3WLII €IEMEHTIB Tiel X

MaTpUIli-psaKa A, Jie 3HAYCHHS SJIEMEHTIB MCHIII Hi>K 3HAYCHHS 5.

A = [1’ 2’ 5’ 6’ 8’ 7’ 4’ 9’ 8’ 3];

for i=1:length(A);
if AG) <5

fprintf('element number %d',1);
fprintf(": %d \n', A(1));

end
end

Pesynbrar Oyzne matu BUTIIAL;

element number 1: 1
element number 2: 2
element number 7: 4

element number 10: 3
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2.2 Ilopsaaok BUKOHAHHS J1a00opaTOpHOI poooTH Ne 2

1) Hamucatu nporpammy, sika Oyae oOpoOisiTH 3HAYCHHS €JIEMEHTIB

,Z[C)IKOI ManI/II_Ii Ta BUBOAWUTHU HA CKPAH CTATUCTUKY B HACTYITHOMY BI/IFJ'IH,I[iI

Martpura-psoK MiCTUTS: ... €JICMCHTIB;

MapHUX CJIEMEHTIB: ... ;

HENapHUX EJIEMEHTIB: ...;

JIOJIaTHIX €JIEMEHTIB: ...;

BiJ’€EMHMX €JIEMEHTIB: ...;

MaKCHMAaJIbHE 3HAYCHHS CIICMEHTA: ... , HOr0 MOPSAIKOBHIA HOMED ...;

MiHIMaJbHE 3HAYCHHS EJIEMCHTA: ... , HOT'0 MOPSAKOBUNA HOMED ....

3HaueHHs CIIEMEHTIB MAaTpUIll HaBEJCHO BIAMOBITHO JO HOMEpY

BapianTa B Ta0m. 2.1.

Ta6mmms 2.1 — [HauBITyaNbHI 3aBIaHHS

Ne

Bap.

3HaYCHHSI €JIEMEHTIB MaTPHIT

34,90, 37, 11, -78, 39, 24, 40, -10, 13, 94, 96, 58, 6, 23, 35, 82,2, 4, 17

65, 73, 65, -45, 55, 30, 74, 19, 69, 18, 37, 63, 78, 8, 93, 78, 49, 44, 45, 31

51,51, 82,79, 64, -38, 81, 53, 35, -94, 88, 55, 62, 59, 21, 30, 47, 23, 84, 19

23,17, 23,44, 31,92, 43, -18, 90, 98, 44, 11, 26, 41, 59, 26, 60, 71, 22, 12

30, 32,-42, 51, 9, 26, 80, 3, 93, -73, -49, 58, 24, 46, 96, 55, 52, 23, 49, 62

68, 40, 37, 99, -4, 89, 91, 80, -10, 26, 34, 68, 14, 72, 11, 65, 49, 78, 72, 90

89, 33,70, 20, 3, -74, 50, 48, 90, 61, 62, 86, -81, 58, 18, 24, 89, 3, 49, 17

98,71, 50,47,6,-68,4,7,52,-10, 82, -82, 72, 15, -66, 52, 97, 65, 80, 45

O |0 [QA[N| N[N —

43, 83, 8,13, -17, 39, -83, 80, -6, 40, 53, 42, 66, 63,29, 43,2,98, 17, 11

37, 20,49, 34, 95,-92, 5,74, 27, 42, 55, 94, 42, 98, 30, 70, 67, 54, 70, 67

18, 13, 100, 17, 3, 56, 88, 67, 19, 37, -46, 98, 16, 86, 64, 38, 19, 43, 48, 12

59, 23, 38, 58, 25, 29, 62, -27, 82, 98, 73, 34, 58, 11, 91, 88, 82, 26, 59, 2

43, 31, 16, 18, -42, 9, -60, 47, 70, -70, 64, 3, 7, -32, 53, -65, 41, 82, 72, 97

53,33,11,61,78,42,9, 27, 15, 28, -44, 53, 46, -88, 52, 94, 64, 96, 24, 68

29, 67,70, -7, 25, 22, -67, 84, 34, -78, 68, 1, -60, 39, 92, 0, -46, 42, 46, 77

32,78,47,4,18,-72,47, -15, 34, 61, 19, 74, 24, 92, 27, 77, 19, 29, 9, 58

68, 55,43, 64, 65, -68, 64, 95, 21, 71, 24, 12, 61, 45, 46, 66, 77, 35, 66, 42

84, 83,26, 61, 58, 54, 87, -26, 32, 12, 94, 65, 48, 64, 54, 65, 54, 72, 52,99

22,11, 11, 6, 40, 45,37, -76, 63, 77,93, -97, 19, 14, -70, 9, 53, 53, 86, 48
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IIponosxenHs Tabmmi 2.1

No . .

Bap. 3HaueHHS €JIEMEHTIB MaTPHUIT

20 | 39,67,74,-52,35,15,59, 26,4, -75, 24, 44, 69, 36, 74, 39, 68, 70, 44, 2

21 |33,42,27,20, 82,43, 89, 39, -77, 40, 81, 76, 38, 22,79, 95, 33, 67, 44, 83
22 (77,17, 86,99, 51, 88, 59, -15, 20, 41, 75, 83, 79, -32, 53,9, 11, 14, 68, 50
23 |19, 50,15, 5, -85, 56, 93, 70, 58, 82, -88, 99, 0, 87, -61, 99, 53, 48, 80, 23
24 | 50,90, 57, 85, 74, 59, -25, 67, 8, 63, 66, -73, 89, 98, 77, 58, 93, 58, 2, 12

25 | 86,48, 84, 21,55, 63, 3,-61, 36, 5,49, -19, 12, 21, -15, 19, 4, 64, 28, 54

26 |70,50,54,45,-12,49, 85,87, -27,21, 56, 64,42,21,95,8, 11, 14, 17, 62

27

57,5,93,-73, 74, 6, 86, -93, 98, 86, 79, -51, -18, 40, 13, 3, 94, 30, 30, 33

28

47, 65, 3, 84, -56, 85, 35, 45, 5, -18, 66, 33, 90, 12, 99, 54, 71, 100, 29, 41

29

46, 76, 82, 10, -18, 36, 6, 52, 34, 18, -21, 91, 68, 47, 91, 10, 75, 74, 56, 18

30

60, 30, 13, 21, 89, 7, -24, 5, 44, 1, 90, -20, 9, -31, 46, -10, -100, -33, 30, 6

3) OdopmisieMo 3BIT.
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JlabopaTtopHa poGora Ne3

OUKJIN TUITY «WHILE ... END».
IHEPEMHUKAY «SWITCH ... CASE ... END»

Mera poGotru: po30ip Ta omaHyBaHHS NPAKTHYHUX HABUYOK B
3aCTOCYBaHHI y CBOEMY IPOrpaMHOMY KOJIi LIUKIIIB TuMy «while ... end» Ta
nepemMukada «switch ... case ... end».

3.1 Kopotki TeopeTn4Hi BixomocTi.

3.1.1 Hpxmm Ty «while ... end»
Hukn tunmy «while ... end» BHKOHyeTbCSs A0 THX Tip, AOKH
BHKOHY€ETBCS YMmosa [2, 3]:

while YmoBa
[HCTpYKIi].

end

JlocTpokoBe 3aBepIIeHHS ITUKIIIB PEaNi3yeThesl  3a0IMOMOTOI0
omeparopiB «break» Ta «continuey.

3.1.2 Ilepemukau «switch ... case ... end»
Jns 3miificHeHHS 0araTOYMCENBHOTO BHOOPY BHKOPHUCTOBYIOETHCS
KOHCTPYKIS 3 IepeMuKadeM tumy switch:

switch 3miHHa
case  3HaveHHs 3MiHHOI |
IacTpykmis 1
case {3HaueHHS 3MiHHOI 2, 3Ha4YeHHS 3MiHHOI 3, ...}
IacTpykmis 2

case 3HaveHHs 3MiHHOI N
IncTpykmis N
otherwise
Iacrpykuis_Error
end
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3.1.3 Ilpuxnamu

IIpukman 1. Po3poOka Komy, 3aIOMOTOIO0 SKOTO Ha €KpaH OyIyTh
BUBOJIUTUCH YHCJIa 3HAYCHHS KOTPUX HE MOBUHHO OyTH BuIe 50, ne KoXHE
HACTYITHE YUCJIO IOPIBHIOE CYMi MOTIEPEIHBOTO 3 MIOTOYHOIO MO3UIIIEI0.

1=1;
tmp = i;

while (tmp < 50)

fprintf(*%d', tmp);
fprintf(’, ");

i=it+1;

tmp = tmp + i;

end
Pe3ynbrar Oyae MaTu BUTTIS:
1,3,6,10, 15,21, 28, 36, 45

[puknax 2. 3amuicaTd TEKCTOM 3HAYCHHS BBEJCHOTO YHMCIIA, SKE
MO3Ke OyTH 3aJ1aHo 3 TpoMikKy Bix 0 10 9.

number = 4;

switch number
case {0}
disp('Hyms")
case {1}
disp('Onun")
case {2}
disp('/lBa')
case {3}
disp('Tpu")
case {4}
disp("YoTtupu')
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case {5}
disp('TL_sTB")
case {6}
disp('LicTs")
case {7}
disp('Cim")
case {8}
disp('BiciM")
case {9}
disp('[leB_siTp'")
otherwise
disp('BBenene urcio 3a MeXaMu 3aBIaHHS)
end

Pesynbrar Oyne mat Burisin:  Yortupw.

3.2 Ilopsanok BUKOHAHHA JadopaTopHOi po6oTH Ne 3

1) Hamwmcatn mporpammy, sika Oyae TEepeTBOPIOBATH JESIKE CIOBO
(1o HaBeneHe BiANOBIAHO 10 HOMEpY Bapianta y Tabm. 3.1) 3amoMororo
tabmuii ASCII (Ta6:. 3.2) y n1BOTYHHIN KO/,

Tlpuxnan;

R2D2 =1010010 0110010 1000100 0110010

Ta6mmms 3.1 — [HauBiMyaNbHI 3aBIaHHS

Ne Ne Ne
3HaueHHA 3HavYCHHS 3HadeHHA
Bap. Bap. Bap.
1 electric 11 flux.linkage 21 valence
2 drive 12 | force.energy 22 balance
3 motor 13 capacity 23 compensation
4 enjine 14 | conductivity 24 efficiency
5 voltage 15 induction 25 battery
6 current 16 vector 26 windmill
7 resistanse 17 direction 27 transmission
8 frequency 18 pump 28 electron
9 distance 19 conveyor 29 thyristor
10 speed 20 reactor 30 transistor
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Tabnurs 3.2 — Jlesiki 3Ha4eHHs cUMBOUTIB 3 Koy ASCII
Cum- | 10-1 R Cum- | 10-1 ik Cum- | 10-# SRR Cvm- | 10-1 TR
Bon Kog BON Kog BON KoA BoAn Koa
32 |oo100000) 8 | 56 [o0111000| P | 80 |01010000| h | 104 |01101000
! 33 |ootoo001| 9 | 57 |oo111001| @ | 81 |01010001| i | 105 |01101001
“ | 34 |oow0010| : | 58 |00111010| R | 82 |01010010| j | 106 01101010
# | 35 | 00100011 | : 59 |00111011| S | 83 |01010011| k | 107 | 01101011
$ | 36 Joowoo100| < | 60 [oo111100| T | 84 |o01010100| | | 108 01101100
% | 37 |[oowo101| = | 61 |00111101| U | 85 |01010101| m | 109 | 01101101
& | 38 [oowo0110| > | 62 |oo111110| v | 86 [o01010110| n | 110 [01101110
: 39 |ooro0111 | ? | 63 |oo111111| w | 87 01010111 o | 111 01101111
( | 40 oo101000| @ | 64 |o1000000| X | 88 |01011000| p | 112 |01110000
) | 41 |oo101001 | A | 65 [01000001| Y | 89 |01011001| q | 113 01110001
* | 42 Joo1o01010 | B | 66 |01000010| Z | 90 |01011010| r | 114 |01110010
+ | 43 Jooro1w011| € | 67 |orooo011| [ | 91 |o1o11011| s | 115 |01110011
44 |00101100) D | 68 |01000100| \ | 92 |01011100| t | 116 |01110100
45 00101101 E | 69 |01000101f 1 | 93 |01011101| u | 117 |01110101
. | 46 Joo1o1110] F | 70 Joiooo110| ~ | 94 |o1o11110]| v | 118 |01110110
/| 47 |oolo1111] G | 71 |o1oo0111| _ | 95 |o01011111| w | 119 |01110111
0 | 48 Joo110000| H | 72 |01001000 96 |01100000| x | 120 [01111000
1 | 49 Joo11o001| 1 | 73 [01001001| a | 97 |01100001| y | 121 01111001
2 | 50 Joorioo10| J | 74 |o1001010| b | 98 [o01100010] z | 122 01111010
3 | 51 [oo110011| K | 75 [01001011| ¢ | 99 [o01100011| { [123 01111011
4 | 52 Joo110100] L | 76 |01001100| d | 100 |01100100| | | 124 |01111100
5 | 53 Joo110101| M | 77 |01001101| e | 101 |01100101| } | 125 |01111101
6 | 54 |ooi10110| N | 78 |o1001110| f | 102 |o01100110| ~ | 126 |01111110
7 | 55 [oo110111] O | 89 [o01001111| g [ 103 [o1100111| & [ 127 [o01111111
2) Hamumcarm BrIacHOpydY alOTpUTM-TIpOrpamy, ska Oyne

(BUKOpHCTOBYIOUH TSI LbOTO LMK «while ... end»):
- IEPETBOPIOBATH MATPHIIO-PSIOK (Tabm. 3.3) y MaTpHIllo CTOBOCII;

- BUBOJUTH 3HAUEHHA JAEAKO1 3MiHHOI Sum, KOTpa MOBUHHA MICTUTH
B c00i CyMy MapHUX YHCEN eIEMEHTIB BXiTHOI MaTPHII.

Tabnurs 3.3 — 3Ha4eHHsI eNeMEHTIB MaTPHIIL JJIsl PYTOro 3aBJaHHs

BJ:; 3HaYCHHS eTIEMEHTIB MaTPUIIi
1 29,67,70,7,25,22,67, 84,34, 78, 68, 1,60, 39,92, 0, 46, 42, 46, 77
2 32,78,47,4,18,72,47,15,34,61, 19,74,24,92,27,77, 19, 29, 9, 58
3 ]68,55,43, 64, 65,68, 64,95,21,71, 24, 12, 61, 45, 46, 66, 77, 35, 66, 42
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IIpomoxeHHs Tadymi 3.3

No . .

Bap. 3HaueHHS €JIEMEHTIB MaTPHUIT

4 | 84, 83,26, 61, 58, 54, 87,26, 32,12, 94, 65, 48, 64, 54, 65, 54, 72, 52, 99
5 22,11,11,6,40,45,37,76,63,77,93,97, 19, 14, 70, 9, 53, 53, 86, 48
6 39, 67,74, 52, 35, 15, 59, 26, 4, 75, 24, 44, 69, 36, 74, 39, 68, 70, 44, 2
7 133,42,27,20, 82,43, 89, 39, 77, 40, 81, 76, 38, 22, 79, 95, 33, 67, 44, 83
8 717,17, 86, 99, 51, 88, 59, 15, 20, 41, 75, 83,79, 32, 53,9, 11, 14, 68, 50
9 19, 50, 15, 5, 85, 56, 93, 70, 58, 82, 88, 99, 0, 87, 61, 99, 53, 48, 80, 23
10 50, 90, 57, 85, 74, 59, 25, 67, 8, 63, 66, 73, 89, 98, 77, 58,93, 58, 2, 12
11 86, 48, 84, 21, 55, 63, 3, 61, 36, 5,49, 19, 12, 21, 15, 19, 4, 64, 28, 54
12 70, 50, 54, 45, 12, 49, 85, 87, 27, 21, 56, 64, 42,21, 95,8, 11, 14, 17, 62
13 57,5,93,73, 74, 6, 86, 93, 98, 86, 79, 51, 18, 40, 13, 3, 94, 30, 30, 33
14 | 47,65, 3, 84, 56, 85, 35, 45, 5, 18, 66, 33, 90, 12, 99, 54, 71, 100, 29, 41
15 | 46,76, 82, 10, 18, 36, 6, 52, 34, 18, 21,91, 68, 47,91, 10, 75, 74, 56, 18
16 34,90, 37, 11, 78, 39, 24, 40, 10, 13, 94, 96, 58, 6, 23, 35,82, 2,4, 17
17 | 65,73, 65,45, 55,30, 74, 19, 69, 18, 37, 63, 78, 8, 93, 78, 49, 44, 45, 31
18 |51,51, 82,79, 64, 38, 81, 53, 35, 94, 88, 55, 62, 59, 21, 30, 47, 23, 84, 19
19 |23,17,23,44, 31,92, 43,18, 90, 98, 44, 11, 26, 41, 59, 26, 60, 71, 22, 12
20 30, 32,42, 51, 9, 26, 80, 3,93, 73, 49, 58, 24, 46, 96, 55, 52, 23, 49, 62
21 68, 40, 37,99, 4, 89, 91, 80, 10, 26, 34, 68, 14,72, 11, 65,49, 78, 72, 90
22 89, 33, 70, 20, 3, 74, 50, 48, 90, 61, 62, 86, 81, 58, 18, 24, 89, 3,49, 17
23 98, 71, 50,47, 6, 68,4, 7,52, 10, 82, 82, 72, 15, 66, 52, 97, 65, 80, 45
24 43,83,8,13,17, 39, 83, 80, 6, 40, 53, 42, 66, 63,29, 43,2,98,17, 11
25 | 37,20,49, 34,95,92,5,74,27,42, 55,94, 42, 98, 30, 70, 67, 54, 70, 67
26 |18,13,100, 17,3, 56, 88,67, 19, 37, 46, 98, 16, 86, 64, 38, 19, 43, 48, 12
27 | 59,23, 38, 58, 25,29, 62,27, 82,98, 73, 34, 58, 11, 91, 88, 82, 26, 59, 2
28 43,31, 16, 18,42,9, 60, 47,70, 70, 64, 3, 7, 32, 53, 65, 41, 82, 72,97
29 | 53,33,11,61,78,42,9,27,15, 28, 44, 53, 46, 88, 52, 94, 64, 96, 24, 68
30 34,90, 37, 11, 78, 39, 24, 40, 10, 13, 94, 96, 58, 6, 23, 35,82, 2,4, 17

3) OdopmisieMo 3BIT.
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JlaGopaTtopHa podora Ne4
PAAKOBI 3MIHHI

Meta poOoTH: po30ip Ta ONMAaHyBaHHA NPAKTUYHUX HABHYOK B
3aCTOCYBaHHI y CBOEMY MPOTPAMHOMY KOJi PSAKOBHX 3MIHHUX.

4.1 KopoTki TeopeTuuHi BitoMmocTi

Jlo omepamiii Haj psIKaMy 3a3BUYall BITHOCSITH MOIIYK BXOJKEHHS
OJIHHX PSIKIB B iHIII, 3aMiHY PETiCTPIB CHMBOJIIB, 00'€THAHHS PSIKIB TOIIO
[3,4].

Hactynni ¢yHKuii 301iCHIOIOTE oniepamnii Hal psaKaMH:

1) findstr(strl,str2) — 3abe3nedye TOMIYK ITOYATKOBUX 1HICKCIB
KOPOTIIIOTO PsIIKAa BCEPENMHI JTOBIIOTO 1 TOBEPTA€ BEKTOP ITMX 1HIICKCIB.
IHoexcn BKa3yloTh MOJOXKEHHS IMEPIIOTO0 CHUMBOJIY KOPOTIIOTO psAKa B
JIOBIIIOMY PSIIIKY;

strl = 'Example of the function Is the findstr function';

str2 = 'the";
k = findstr(strl,str2)
k=

12 28

2) lower('str') — moBepTae pAAOK CHUMBOIIB Str, ¥ SKOMY CHMBOJIHU
BEPXHBOTO PEricTpy NEpPEeTBOPIOIOTHCS Ha HWXKHIA pericTp, mpoTe iHmI
CHUMBOJIY 3QJIMIIAIOTHCS 0€3 3MiH;

str = 'Example Of The Function';
t = lower(str)
t =

example of the function

3) upper('str') — moBepTae pPsNOK CHUMBOJIIB Str, Ji¢ BCi CHUMBOIH
HIKHBOTO PETICTPY MEPEBOAATHCS y BEPXHIM PETICTp, a pemira CHUMBOIIB
3aJIUIIAIOTECS O€3 3MIH;
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str = 'danger!";

t = upper(str)

t =
DANGER!

4) strcat(sl,$2,s3,...) — BHUKOHYE€ TOPH3OHTAJIbHE 00'€MHAHHS
BIJIITOBITHUX PSIZIiB MAaCUBIB CHMBOJIIB S1, s2, 3 1 T.1I., IpUYOMY NIPOTaTHHU
B KiHIl KO>)KHOTO PSANY BiAKMIAIOTHCS, 1 IOBEpTaEe 00'eqHAHUHN PSAAOK (Psin)
Pe3YNBTYIOUOTO MAaCHUBY CHUMBOJIIB, TPOOITM JOJAIOTHCS 3aHOBO ITiCIIS
aHaJi3y pAOKIB OTpUMaHOMY MacuBi. Bci BXimHI MacWBW TOBHHHI MaTH
OJIHAKOBY KUIBKICTh PSAAKIB (Y OKpPEMOMY BHITAIKy MalOTh OyTH
OpeACTaBieH] y BUIVISAAI ONHOTO pPsAKAa CHMBOJIB), aje SIKIIO OAMH i3
BXITHUX apTyMEHTIB — HE MAacHB CHMBOJIIB, a PSIKOBHI MacHB OCEPEKiB,
TO OyOb-SIKW{ 3 IHIMUX BXIMTHAX apTyMEHTIB MOXe OyTH CKaiasipoM abo
Oynap-sikuM MacuBoM. Ti€i ’ po3MipHOCTI 1 TOro K po3mipy. KO BXiAHUIHA
MacuB CKIQJa€ThCS JIMIIE 3 CHUMBOJIIB, BUXIHUH MacuB TakoX Oyne
MAacHBOM CHMBOJIIB. SIKIIO Oynb-SKHH 3 BXIJHUX MacCHBIB € PIIKOBUM
MacuUBOM OCepelKiB, TO (yHKIlis strcat TOBepTaE pSAAKOBUA MacuB
ocepenikiB, chopMOBaHHUN 3 BIAMOBITHUX 00'€JHAHUX CJIICMCHTIB MAaCHUBIB
s, s2, s3, ipu IboMY OyIb-SIKHi 3 €IIEMEHTIB MOKE OYTH CKaJIIPOM 1 T.1;

sl = 'home':

s2 ='work';

t = strcat(sl,s2)

t =
'homework'

5) strveat(t1,t2,t3....) — BUKOHY€E BepTUKaJbHE 00'€THAHHS PAIKIB t1,
t2, t3,.. B MACUB CUMBOJIIB S;

tl = 'string';
t2 = 'concatenation';
S = strvcat(tl,t2)
S =
string
concatenation
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6) strcmp(strl,str2) — moBeprae JOTIYHY OIWHUITIO, SKIIO JIBa
MOPiBHIOBAHI psakw strl 1 str2 iMeHTHYHi, 1 TOTIYHAN HyJIb SKIIO 1HAKIII;

strl ='home';
str2 = 'home";
result = stremp(str1,str2)
result =
1

str] ='home';
str2 = 'Home";
result = stremp(strl,str2)
result =
0

7) strncmp(strl,str2,n) — moBepTae JOTIYHY OJVHHMINO, SKIIO JBA
MOPiBHIOBAHI pAIKH strl 1 str2 MICTATH n MEPIIUX IACHTHYHUX CHMBOJIB, 1
JIOT1YHUH HYJb 1HAKIIE;

strl = 'work';
str2 = 'world";
result = strncmp(strl,str2,3)

result =

1
result = strncmp(str1,str2,4)
result =

0

8) strmatch(str,text) — nmeperyisigae macuB CUMBOJIB a00 PSAAKOBUIA
MacuB OCEpeiKiB text MO psAKax, 3HaXOOUThb PSAKM CHMBOJIB, IO
MMOYMHAIOTKLCS 3 PAAKA Str, 1 MTOBEpTaE BIATOBIIHI 1HICKCH PSIKIB;

arrayString = strvcat('one', 'two', 'three', 'one', 'four’, 'five')
arrayString =

one

two

three



K.T.H.,qo1eHT Bonkos B.O. 33

one
four
five
str ='one';
result = strmatch(str,arrayString)

result =
1
4

9) strrep(text,before,after) — 3amintoe Bci cioBa before 3Haiineni B
TeKcTl text Ha HOB1 3HaueHH after;

text = 'This is a good example for me.";
before = 'good';

after = 'best';
newText = strrep(text,before,after)
newText =

This is a best example for me.

10) strtok(str, delimiter) — moBepTae yacTUHy TEKCTOBOTO psIKa str

IIo TosiBM cuMBOJTy delimiter, 3a 3amoBuyBaHHAM delimiter ="' ';

text = 'This is a good example for me.";
[firstWorld, otherText] = strtok(text)
firstWorld =

This
otherText =

is a good example for me.

result = strtok(text,'e")
result =
This is a good
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4.2 Ilopsiiok BUKOHAHHS Ja0opaTOpHOi podoTu Ne 4

1) Hammcatn nporpammy, sika Oyae oOpoOJIATH AESKWN BBEACHUI
TEKCT (3riAHO A0 HOMepy BapiaHTa 3 Tabn. 4.1) Ta BUBOAMTH Ha EKpaH
CTaTUCTHUKY B HACTYIIHOMY BUIJIA[I:

TekcT MICTHTB: ... CIIiB;

KUTBKICTh PEUYEHB: ... ;

KUTBKICTB TIPOTJIUH (TIPOIYCKiB): ... ;

KUTBKICTh 3HaKiB 0€3 MporaiuH (IPOImycCKiB): ... ;
KUTBKICTh TBEPIUX JITEP: ... ;

KUTBKICTB TOJIOCHUX JIITEP: ... ;

KUTBKICTh MQJICHBKHUX JITED: ... ;

KUTBKIiCTh BEMKHX JIITEP: ... .

2) HammcaTtu mporpamMmy, KoTpa Oyae oOpoOIATH MEeSKHid TEKCT, Ta
MOBEPTATH TEKCT JIE KOXKHE CJIOBO Y PEYCHHI OyJie 3 BEIUKOI Jlitepu. TekcT
JUTS 3aBJaHHs OepiTh TOM caMHid SIK | JIJIs TIEPIIOTO 3aB/JIaHHs.

Tabmuns 4.1 — [aauBimyaneHi 3aBOaHHS IS [IEPIIOTO 1 JPYroro
3aBIaHHs

No Bap.

TekcT 3aBmaHHsA

The electricity consumption in commercial places like
universities has tremendously increased recently. Modern and
advanced energy efficient appliances are highly needed to
substitute the conventional ones. Energy saving is of great
important instead of its wastage, as Utilizing the energy
Efficiently reduces the cost of energy. Energy consumption
varies for commercial building due to several factors such as
electrical appliance usage, electrical appliance type,
management, etc. Due to the advancement in Technology, there
are new emergence appliances that are of high efficiency and
have less energy consumption.
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IIponoBxenHs Tabmmii 4.1

No Bap.

TekcT 3aBmaHHsA

A case study is conducted on selected five tutorial rooms, level 4
buildings in the Faculty of Electrical Engineering 19 A,
Universiti Teknologi Malaysia. The paper proposes new
emergence equipments with high efficiency and less power
consumption to replace the existing ones. A survey is conducted
on the number of electrical appliances used for each of the
tutorial rooms, time table for each tutorial room and the Tenaga
Nasional Berhad pricing and tariff are taken into consideration in
the analysis of the energy consumption and the cost of energy.

This paper aims at reducing the amount of energy consumption
by replacing the existing electrical equipments with high
efficient electrical equipments; it also tends to reduce the cost of
energy paid to the utility. By observing the results, it shows that
the proposed efficient electrical equipments are more efficient,
less power consumption and less cost compared to the existing
electrical equipments.

However, an efficient Management of Electrical energy
Regulatory was introduced on 15 December, 2008 for

the purpose of promoting energy efficiency in Malaysia. Thus,
they make it compulsory for large commercial and industrial
electrical consumers to manage their equipments so as to
develop and implement EEMs to reduce energy losses, cost of
energy and enforce efficient utilization of electrical energy [3].

Due to the advancement of technology, researchers and
engineers are always working to see that they produce an
apparatus or equipments which are very efficient in terms of
energy. Energy efficiency can be defined as using less energy to
produce the same amount of services or useful output, for
example, residential sector, commercial sector and industrial
sector. Energy efficiency in terms of mathematical expression
can be defined as the ratio of the useful output of a process and
the energy input into a process, and it is expressed in percentage.
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IIponoBxenHs Tabmmii 4.1

No Bap.

TekcT 3aBmaHHsA

The factors that contribute to high energy usage can be grouped
into three. Firstly, electricity consumption of the equipments
itself. That is the purchase of fairly used equipment and non-
energy efficient equipments. Secondly, the number of
equipments used for a particular place. As it is known that the
number of equipments is directly proportion to the energy
consumption. The used of many numbers of equipments such as
fans, lights, air conditioner etc. than the design requirements.

Tutorial Room 1 to 5 located in block P19 at the Faculty of
Electrical Engineering (FKE), UTM was selected as the case
study area. The classrooms selected are used as a lecture theatre
for graduate studies. Electrical wattage and quantity of each of
the equipments were studied and recorded. We are able to count
and record all the equipments from tutorial Room 1 to 5. Since
the tutorial rooms have the same electrical equipments, therefore
Table 1 shows the quantity of electrical equipments of one of the
tutorial rooms, which is TR1.

Abstract. In order to study the electromechanical coupling
dynamics characteristics of the drive motor and gear
transmission system in the electric vehicle electric drive
system, firstly, an electromechanical coupling dynamics
model of the electric vehicle electric drive system is
established; the electromechanical coupling vibration
characteristics of the electric drive system under current
harmonic excitation is compared and analyzed.

The influence law of permanent magnet synchronous motor
current  harmonics on the meshing vibration of gear
transmission system is revealed. The simulation results show
that there is an obvious electromechanical coupling effect in
the electric drive system; the harmonics of the drive motor
can aggravate seriously the vibration state of the mechanical
drive system; the research results provide a theoretical
reference for further research on the vibration source positioning
and active vibration reduction control strategy for the electric
drive system of electric vehicles.
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IIponoBxenHs Tabmmii 4.1

No Bap.

TekcT 3aBmaHHsA

10

The electric drive system is one of the core components of
electric vehicles, and its performance directly affects the safety
and reliability of electric vehicles. The electric drive system is
mainly composed of a drive motor and a gear transmission
system, which is a typical electromechanical coupling system.
As the electric drive system develops towards high speed and
integration, the problem of coupled vibration has become
more prominent, and seriously deteriorating the reliability and
dynamic characteristics of the electric drive system of electric
vehicles.

11

In recent years, the electromechanical coupling characteristics of
electric drive systems have become a research hotspot for
scholars. Yi et al. [1] established a shearer cutting system
dynamic model including a cutting motor and a cutting drive
system, and the influence of electromagnetic stiffness on the
inherent characteristics of the gear system was studied. Chen
[2] established a permanent magnet synchronous motor model of
hybrid electric vehicles based on park transform and Fourier
transform, which considered magnetic tension, saturated
magnetic field, space harmonics and other factors, and the
influence of electromagnetic parameters and structural
parameters on the vibration of the electromechanical coupling
system was studied.

12

Wenyu Bai et al. [3-4] considered factors such as the material
of the motor with constant inductance, the spatial distribution
of the magnetic field and the time-varying stiffness of the
transmission system, and then, an electromechanical coupling
dynamic model including the flux network motor and planetary
gears was established. The study found that during process of
transient change of voltage and loads, the electromechanical
coupling system would vibrate violently, especially under the
excitation of voltage transients.
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IIponoBxenHs Tabmmii 4.1

No Bap.

TekcT 3aBmaHHsA

13

The problem of search new design schemes of a traction
mechanism for a locomotive with mass drive partial springing is
under consideration. New design schemes are offered: a drive
with a movable joint of a drive motor and an axial reducing gear
and a drive with a disk motor with the separation of a stator and
rotor. The authors offer to return to the development of
supportframe drives with an axial reducing gear as it is simpler
in manufacturing and assemblage on the basis of updated data of
their operating modes. The authors also offer their own design of
an integrated traction drive with a swivel of a motor and
reducing gear which is simpler in manufacturing and assemblage
as compared with the foreign analogues.

14

The introduction of nonsynchronous traction electric motors
having a smaller mass and higher reliability as compared with
commutator motors resulted in new designs of a supportaxial
drive by foreign manufacturers and their introduction in the
market of domestic rolling-stock. This work shows an attempt to
determine possibilities to eliminate dependence mentioned by
means of the analysis of basic problems in the development of
supportaxial drive design and new structural scheme searches.

15

HEVs are vehicles propelled by more than one power source
such as an engine and electric motor. They are classified by type
and level. Advantages of HEVs are improved fuel economy,
efficiency, and reduced emissions. The disadvantage of HEVs is
cost. The cost aspect may be offset in years to come due to
higher gas prices and improved HEV technologies. BEVs run
only on electric An electric vehicle is one that operates on an
electric motor, instead of an internal ¢ mbustion engine that
generates power by burning a mix of fuel and gases. A hybrid
electric vehicle (HEV) augments an electric vehicle (EV) with a
seco d source of power referred to as the alternative power unit.
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IIponoBxenHs Tabmmii 4.1

No Bap.

TekcT 3aBmaHHsA

16

A hybrid can achieve the power stored in the batteries and do
not have an engine. cruising range and perfor ance advantages of
conventional They emit zero emissions from the vehicle and are
more vehicles with the low-noise, low-exhaust emissions, and
energy efficient than HEVs. However, BEVs must be energy
independence benefits of electric vehicles. charged from a plug,
have a shorter driving range, and Accordingly, the hybrid
concept, where the Accordingly, expensive batteries.

17

Although some B Vs, such as the Tesla Model S, have a range as
high as 265 miles on a full charge, most are limited to around
100 miles per charge. the hybrid concept, where the Alternative
power unit is used as a second source of energy, is gaining
acceptance and is overcoming some of the problems of Hybrid
power Despite this low range, in a study by the U.S. Department
of Transportation Federal Highway Administration, "100 miles
is sufficient for more than 90% of all household vehicle trips in
the United States". Examples of BEVs on systems were
conceived as a way to compensate for shortfall in battery
technology. Because batteries could supply only enough energy
for short trips, an onboard generator, powered by an internal
combustion engine, could the market today are the Ford Focus
EV, Nissan Leaf, Mitsubishi MiEV, and the Tesla Model S.

18

Advances in battery and other technologies, new federal
standards for carbon-dioxide emissions and fuel economy, state
zero-emission-vehicle requirements, and the current administra-
tion's goal of putting millions of alternative-fuel vehicles on the
road have all highlighted PEVs as a transportation alternative.
Consumers are also beginning to recognize the advantages of
PEVs over conventional vehicles, such as lower operating costs,
smoother operation, and better acceleration; the ability to fuel up
at home; and zero tailpipe emissions when the vehicle operates
solely on its battery. There are, however, barriers to PEV
deployment, including the vehicle cost, the short all-electric
driving range, the long battery charging time, uncertainties about
battery life, the few choices of vehicle models.
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IIponoBxenHs Tabmmii 4.1

No Bap.

TekcT 3aBmaHHsA

19

What should industry do to improve the performance of PEVs
and make them more attractive to consumers? At the request of
Congress, Overcoming Barriers to Deployment of Plug-in
Electric Vehicles identifies barriers to the introduction of electric
vehicles and recommends ways to mitigate these barriers. This
report examines the characteristics and capabilities of electric
vehicle technologies, such as cost, performance, range, safety,
and durability, and assesses how these factors might create
barriers to widespread deployment.

20

Overcoming Barriers to Deployment of Plug-in Electric
Vehicles provides an overview of the current status of PEVs and
makes recommendations to spur the industry and increase the
attractiveness of this promising technology for consumers.
Through consideration of consumer behaviors, tax incentives,
business models, incentive programs, and infrastructure needs,
this book studies the state of the industry and makes
recommendations to further its development and acceptance. ©
2015 by the National Academy of Sciences. All rights reserved.

21

In modern days, electric vehicles are quickly industrialized as
well as their penetration is also increased highly, which brings
more challenges for the power system. The electric vehicle
charge scheduling process is vital to encourage the daily usage
of the electric vehicle. However, irregular charging methods for
electric vehicles may disturb voltage security areas because of
their stochastic characteristics. Moreover, an electric vehicle
requires recurrent charging owing to its constrained battery
capacity, but it is a time-consuming process. In this article, an
effective charge scheduling model is devised using the fractional
social sea lion optimization (Fr-SSLO) algorithm.
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IIponoBxenHs Tabmmii 4.1

No Bap.

TekcT 3aBmaHHsA

22

At first, IoEV network is simulated along with charge station
and electric  vehicle location.  Furthermore,  multi
aggregator-based charge scheduling is done for increasing the
profit and amount of scheduled electric vehicles. Then, routing is
performed based on developed Fr-SSLO algorithm. Moreover,
several fitness measures, including distance, energy and variable
energy purchase are included. Here, the devised Fr-SSLO model
is designed by integrating fractional calculus (FC) and sea lion
optimization (SLnO) technique along with SOA. After the
completion of routing process, charge scheduling is performed
based on developed Fr-SSLO approach. Moreover, various
fitness functions are also considered for computing better
performance.

23

The demand for public and private transportation has soared
astronomically during the last decades. Increasing the number of
vehicles benefitting from internal combustion engines means
fossil fuel consumption increase and though considerable
amount of toxic contaminants' spread to the atmosphere, causing
cancers and global warming. The automotive industry players
have tried their best to mitigate these drawbacks, and
electrification of transport industry is an important solution.

24

Then electric vehicle driving forces is reviewed; the items that
have encouraged automotive engineers to create, develop and
commercialize the use of vehicles running on electricity and the
discouragement about not driving vehicles burning fossil fuels.
Furthermore, the chapter discusses the changes in sales and
markets of electric vehicles during the previous decades, at
which the government's role in EV sales and utilization
institutionalization, EV global market share, the items hindering
global EV sales' growth, impact of Covid-19, and also statistics
about heavy duty trucks electrification and relevant charging
infrastructure development and deployment are clearly
mentioned.
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IIponoBxenHs Tabmmii 4.1

No Bap.

TekcT 3aBmaHHsA

25

Internal combustion engine vehicles are a major cause of global
warming and environmental air pollution. Electric Vehicles are
being launched as an innovative green product in the Indian
market as an alternative to conventional vehicles. This effort not
only planned to moderate the GHG emission but will also help in
reducing oil imports of the country. The average fueling time for
the internal combustion engine vehicle goes in minutes, whereas
for an EV it can go up to an hour. The major impediments in the
path of adoption of the EV are its high purchase cost and
charging time. This paper provides an overview of the studies of
Battery Electric vehicle, Hybrid electric vehicle, Plug-in Hybrid
electric vehicle, advances of EVs regarding battery technology
trends, charging methods and adoption in several countries.

26

Approach to solve the integrated electric vehicle and crew
scheduling problem. ¢ Influence of vehicle and crew scheduling
on the design of electric buses. * Comparing electric bus
concepts taking into account local conditions. ¢ Case study
investigation for a real-world bus route. * Most cost-effective
electric bus concept depends on the crew scheduling
assumptions. Public transportation Electric bus Depot and
opportunity charging Integrated vehicle and crew scheduling
Adaptive large neighborhood search Total cost of ownership.
Encouraged by international efforts to reduce greenhouse gases
and local emissions, many public transport operators are
converting their fleets to battery-powered electric buses.

27

Public transport operators can choose between different electric
bus concepts, with the total cost of ownership being the most
important decision criterion. The associated strategic decisions
regarding charging strategy, vehicle concept, and charging
infrastructure have a significant impact on the operational
planning of the electric buses. Motivated by this, this paper aims
to analyze the interactions between electrification and
operational planning , especially vehicle scheduling and crew
scheduling. This allows us to make a more comprehensive
comparison of different electrification concepts.
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IIponoBxenHs Tabmmii 4.1

No Bap.

TekcT 3aBmaHHsA

28

Prior work has addressed the impact of electrification on vehicle
scheduling but has neglected the interactions with crew
scheduling. Crew scheduling dominates operational costs and
planning for many public transport operators and must therefore
be considered in all strategic decisions. For this reason, in this
work we focused on integrated electric vehicle and crew
scheduling problem. This allows us to calculate the total cost of
ownership of different electric bus concepts under better
representation of local conditions.

29

We tested the developed methodology for a real-world bus route.
Our results indicate that the constraints for crew scheduling
significantly impact the total cost of ownership and the required
number of vehicles of the different electrification concepts. Our
case study suggests that the choice of the most cost-effective
concept depends significantly on crew scheduling constraints.
These findings imply that crew scheduling constraints should be
considered as part of the local framework for bus fleet
electrification.

30

This chapter analyzes the bidding strategy problem of an
aggregator managing a set of electric vehicles. The electric
vehicle aggregator determines the bidding decisions in the
market that minimize the charging costs of electric vehicles and,
at the same time, meets the driving requirements of electric
vehicle users. The models developed in this chapter take into
account the uncertainty in both market prices and driving needs
using a set of scenarios, which allows formulating the problem
using a stochastic programming approach. The impact of the
bidding decisions of the electric vehicle aggregator on market
prices is also addressed in the decision-making tool. A number
of illustrative examples explain how to formulate and solve this
type of problems.

3) OdopmitsieMo 3BIT.
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JlaGopaTtopHa pobdora Ne5
BA'ATOBUMIPHI MACHUBH

Meta poOoTH: po30ip Ta ONMAaHyBaHHA NPAKTUYHUX HABHYOK B
3aCTOCYBaHHI Y CBOEMY IIPOrPaAaMHOMY KOZi OaraTOBUMipHHX MaCHUBIB.

5.1 Kopotki TeopeTuuHi BitomocTi

VYci 3minHHI Beix tumiB ganux 'y MATLAB e OGararoBumipHEUMH
MacWBaMH. BeKTop — 1e¢ OTHOBUMIpPHHM MacuB, a MaTpHUIll — I
JIBOBUMIpHUN MacuB (OUBITHCS puC. 5.1). MacuBr ocepenkiB — I1e¢ MACHBH
IHICKCOBAaHUX OCEPEJKiB, JIe KOXEH OCepeloK MOXKe 30epiraTh MacuB
pI3HHX BUMIpIB Ta THUIIB JaHWX. B miii mabopoTopHiii poOOTI pO3TIITHEMO
Jesiki GYHKITII, SIKi CTBOPIOIOTH CIIeIiaibHI MacuBH [3, 4].

calumn

e

(1,13 61,21 (1,3) | (1.4)
(2,13 (2,2)(2,3)|(2.:4)

ow

(3,13 (3,2)(3,3)|(3.4)

(4,1)] (4,2) [ (4,3)](4,4)

Pucynok 5.1 — Bun 1BOBUMIpHOTO MacuBy

Crenianbhi QyHKIii:
1) zeros(n) — CTBOpPIOE MATPHIIO 3 N-PSAAKAMH Ta N-CTOBOISIMH,
3arMoBHEHY HYJhOBHMH 3HAYCHHSMU;

zeros(4)
ans =

OSSO OO
SO OO
SO OO
OSSO OO
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2) ones(n) — CTBOPIOE MATPHINIO 3 N-PSAAKAMHA Ta N-CTOBOIIMU,
3aMOBHEHY 3HAYCHHSIMH, 10 JOPIBHIOIOTH «1»;

ones(4) ones(4,3)

ans = ans =

—
—_— e —
—
—_ = = =
—_ = = =
—_
—_ = = =

3) eye(n) — CTBOPIOE OAUHUYHY MATPHUIIIO N X N;

eye(4)
ans =

OSSO O -
SO~ O
o= OO
—_o O O

4) rand(row, column) — cTBOPIOE MacHB PiBHOMIPHO PO3IMOIiICHIX
BHIIaaKOBHX urcena Big 0 1o 1;

rand(3, 5)

ans =
0.8147 09134 0.2785 0.9649 0.9572
0.9058 0.6324 0.5469 0.1576 0.4854
0.1270  0.0975 0.9575 0.9706 0.8003

5) size(matrix) — moBeprae po3Mip MaTpulli (KiJIbKICTb PSIKIB, Ta
KUTBKICTH CTOBOIIIB);

A =rand(3,5)
A=
0.1419 0.7922 0.0357 0.6787 0.3922
0.4218 0.9595 0.8491 0.7577 0.6555
0.9157 0.6557 0.9340 0.7431 0.1712
size(A)
ans =
3 5
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6) length(matrix) — nmoBeprae AOBXHHY BeKTOpa ab0 HaHOUTHIINN
pO3Mip MacHuBy;

length(A)
ans =
5

7) ndims(matrix) — moBeprae po3MipHICTh MaCHUBY;

ndims(A)
ans =
2

8) numel(array) — noBeprac KilbKiCTh €IICMEHTIB MaCHUBY;

numel(A)
ans =
15

9) isempty(array) — Bu3Ha4Jae, 9d € MacWUB IYCTHM. SIKIIO MacuB
nycTuid GpyHLis moBepTae «1», iHakme — «0»;

isempty(A)
ans =
0

10) sort(array) — copTHpy€ e€JIeMEHTH MacHBY y OiK 301IbITICHHS;

B=]1,5,6,8,3,2,4];
sort(B)
ans =

1 2 3 4 5 6 8

sort(A)

ans =
0.1419 0.6557 0.0357 0.6787 0.1712
0.4218 0.7922 0.8491 0.7431 0.3922
09157 0.9595 0.9340 0.7577 0.6555
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11) cell — BUKOPHCTOBYETHCS JIJIs1 CTBOPCHHS MaCHBa,

C = cell(dim)

C = cell(diml, ... , dimN)
% ne C — MacHuB ocepenok;
% dim — ckansgpHe 11iJie 9Yrciao a00 BEKTOP IUINX YUCET, KOTPHM
% Bu3Ha4€e po3Mipu MacuBa ocepeakis C;

% diml, ... , dimN — ckaJysipHi 1ini yncnia, KOTpi BU3Ha4a0Th po3mipu C;
c =cell(2, 5);
¢ = {'Red', 'Blue', 'Green', 'Yellow', 'White'; 1 2 3 4 5}
C =

'Red" 'Blue' 'Green' 'Yellow' 'White'
(1021 [ 3 [ 4 [ 5]
c{l}
ans =
Red
c{l,2}
ans =
Blue
c{2,2}
ans =
2
c(1:2,1:2)
ans =
'Red" 'Blue'
(11 (2]

CriocoOu 3BepTaHHs JI0 CIIEMCHTIB MAaCHBA:
% CTBOPIOEMO MATPHLIO 3 TOBUILHUMH €JIEMEHTaMH
a =rand(3,5)
a=

0.8147 009134 0.2785 0.9649 0.9572

0.9058 0.6324 0.5469 0.1576 0.4854

0.1270 0.0975 0.9575 0.9706 0.8003
1) 3BepTaHHsI 1O KOHKPETHOT SIMEHKH MacUBY
% a(HOMED psiiKa, HOMEp CTOBOIIS)
>>a(1,2)
ans =

0.9134
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2) 3BepTaHHS 10 CEKIIii MacHUBY

% a(Homep psjka, [Homep 1 cToBOLs, HOMep 2 CTOBOLIA])
>>a(1,[1,2])
ans =

0.8147 09134

% abo a(Homep psnxa, [Homep 1 cToBOIsI, HOMEp 3 CTOBOIIS])
>>a(1,[1,3])
ans =

0.8147 0.2785

3) BUKOpHCTaHHS OTepaTOpa «:» MPHU 3BEPHEHHI JI0 BCIX PAIKIB 200
BCIX CTOBOIIIB

>>a(l,:)
ans =
0.8147 09134 0.2785 0.9649 0.9572
B IIbOMY TPUKIAMI €JICMEHTH OepyThCs 3 TEpIIOro psaKa i BCIX
CTOBOLIIB;

>>a(1,2:end)
ans =
0.9134 0.2785 0.9649 0.9572
B IIbOMY TPHKJIAAl €JIEMEHTH OepyThCs 3 TEPIIOrO PsAAKa Ta IS BCIX
CTOBOIIIB TOYNHAIOYH 3 IPYTOTO;

>>a(1,2:end-1)
ans =
0.9134 0.2785 0.9649

eneMeHTU OepyTbes 3 MEPIIOro PAAKa Ta AJS BCiX CTOBOLIB MOYMHAIOYH 3
JIPYTOTO Ta 3aKiHYYIOYi MEPEJOCTAHHIM CTOBOIIEM;

4) pukopuctaHHa crerianbHoi (ymkmii find(ymoBa), B sKocTi
pe3ynbTaty (QYHKLisS TOBepTae JiHiIMHI i1HIEKCH (iHIEKCH B MOPSAKY
paxyHKy II0 CTOBOITSIM) €JIEMEHTIB KOTPi 3aI0BOJTHSIIOTH YMOBI

ind = find(A <0.5)
ind =
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— 3 O\ W

1
14

TaKO)K MO’KHA BHBECTH OKPEMO 1HICKCH PSIIKIB Ta CTOBOIIIB:

[rows, columns] = find(A < 0.5)

rows =
3
3
1
2
2

columns =
1
2
3
4
5
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BararoBumipai MacuBu (AuBiTBCS pHC. 5.2) € po3mmpeHHAM 2-D

MaTpHITh

1 BHUKOPHCTOBYIOTH JIOJATKOBI

IHOEKCH IS 1HJIEKCYBaHHS.

TpuBUMIpHMI MacuB, HaNpUKJIal, BUKOPHCTOBYE TPH HIKHI 1HIEKCH.
[epuri aBa cxoXi Ha MaTpHULIO, aje TPETid BUMIpP MPEICTABISE CTOPIHKH

abo apKyIIi eJIEMEHTIB.

(1,1,3) (1,2,3) (1,3,3) (1,4,58]
[2,1,3) (2,2,3) tz.ﬂﬂr'ti,-i,ﬂn
(4,1,3) :s,z_,a;-ts',a,a; {13,4,3)

~cahfin

(1.1,2) (1,2,2) (1,3,2) Id'la;l.uﬂl
(2,1,2) (2,2,2) E2=5,,11.I£=4=23 =
(3,1,2) (3,2,3+158,5,2) (34,2 ik

£,2,3) (4,3,3) (4,4,3)

£1,1,1) £1,2,1) (1,3,1) (1,4,1)
(2,1,1) (2,2,1) (2,3,1) (2,4,1)
(3,1,1) (3,2,1) (3,3,1) (3,4,1)
f4,1,1) (4,2,1) (4,3,1) (4,4,1)

raw

Fir2,2) (4,8,2) (4,4,2) .

Pucynok 5.2 — Bun 6aratoBUMipHOTO MacuBy
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MoskeMo CTBOPUTH OaraTOBHMIpHWN MacuB, CIOYAaTKy CTBOPHBIIHU
2-D maTtpuiio, a MOTiM po3MHMPHUBIIH ii. Hampukiram, crodaTtky CTBOPUBIITH
MaTpuIrio 3 Ha 3 K MepIry CTOPIHKY B TPUBUMIPHOMY MacCHBI.

>>A=[123;456;789]

A=
1 2 3
4 5 6
7 8 9

Temep momamo Ipyry cCTOpiHKy. [ns mporo mnpu3HauuMo iHIIY
MaTpuIlio 3 Ha 3 3HAYCHHIO IHACKCY 2 Y TpeTboMy BuMipi. CHHTaKCHUC
A(:,:,2) BUKOPUCTOBYE ABOKpANKY B MEPIIOMY Ta IPYroMmy BuUMipax, mio0
BKJIIOUHTH BCI PAJKH Ta BC1 CTOBIIII 3 IPaBO1 CTOPOHU MIPU3HAYCHHS.

AG,:2)=[101112;13 14 15; 16 17 18]

AG,,D) =
1 2 3
4 5 6
7 8 9
A(,2) =
10 11 12
13 14 15
16 17 18

Crnemianpaa  (QyHKINST cat CTBOpIOE 0araTOBHMIipHI MAacHBH.
Hampuknan, ctBopeMo HOBUHM TpUBHMIpHUN MacuB B, o0’emHaBmm A 3
TpeThOl0 cTOpiHKOW. [lepmmii aprymeHT Oyae BKasyBaTH, SKHHA BHMIp
MoTPiOHO 00’ €THATH.

B=cat(3,A,[321;098;537])

B(,:, 1) =
1 2 3
4 5 6
7 8 9
B(:,:,2) =
10 11 12
13 14 15

16 17 18
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B(:,:,3) =

wnm O W
W O N
~ CO0 —

Ille omuH cmOCIO MIBUAKO PO3IMIMPUTH OaraTOBHMIPHUNA MacUB —
NPU3HAYUTH OJIUH eleMeHT yciii cropinui. Hampukian, gomatb werBepty
CTOPIHKY 110 B, sika MicTUTE yci HyTI.

>>B(:,:,4)=0
B(,:, 1) =

1 2 3

4 5 6

7 8 9
B(:,:,2) =

10 11 12

13 14 15

16 17 18
B(:,:,3) =

3 2 1

0 9

5 3 7
B(:,:,4) =

0 0 O

0 0 O

0 0 O

{06 oTpumaTu AOCTYH IO EIEMEHTIB y 0araTOBUMIpHOMY MAacCHBi,
MOTPIOHO BHUKOPUCTOBYBATH ITUTOYMCENBHI 1HACKCH TaK camo, SK 1 IS
BEKTOPIB 1 MATPUIIb.

Hanpuknan, 3HaliieMo eneMeHT, SKUi 3HaXOIUThCA B MEPLIOMY Psil-
Ky, IpyrOMY CTOBIIIII Ta Ha APYTiA CTOPIHIN 0araTOBUMIPHOTO MacuBy A.

>> A
A(,:, )=

N B~ =
o0 W N
O N W
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A(,:,2)=
10 11 12
13 14 15
16 17 18
>> elementA = A(1,2,2)
elementA =
11

Ilpu BukopucTanHi BekTopy iHmekciB [1 3] y mpyromy BuUMIpi, —
OTPUMYETBCS JOCTYN JIMIIE O MEepIIOr0 Ta OCTAaHHBOTO (TPEThOTo)
CTOBIIIIB KOKHOT CTOPIiHKH 0araTOBUMipHOTO MacuBy A.

>>C=A([1 3],)

C(,., )=
1 3
4 6
7 9
C(,:,2)=
10 12
13 15
16 18

Hns toro moO 3HAWTH APYTUH 1 TPeTid PSAIKH KOXKHOI CTOpIHKH,
MOTPIOHO BUKOPUCTATH OIEPATOp IBOKPAIKH, 00 CTBOPHUTH BEKTOP
IHJICKCY.

>>D=A(2:3,:,)
D(,:,1) =

4 5 6

7 8 9
D(,:,2)=

13 14 15

16 17 18

EnemenTn 0GaraToBHMIpHMX MAacHBIB MOYKHA TaKOXX IEPEMIITyBaTH
pizHEMH crioco0amu (TTOAI0HO 10 BEKTOPIB 1 MaTPHIlh), 3MIHIOBATH (popMmy,
MIEPECTaBJISITH Ta CTUCHYBATH KOPUCHUMH (YHKIISIMU JUISI TICPEBIIOPSIKY-
BaHHS €JIEMEHTIB. PO3risHEMO TPUBUMIpHUNA MAacHB 13 ABOMA CTOPIHKAMH,
110 300pakeHo Ha puc. 5.3.
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- |la 7 8 &5_.3
5 5 B_."5 1
s & o .4 3 3
1 2 3 4 5§
s 0 /& 3 7
B 1 & 0 2

Pucynoxk 5.3 — TpuBuMipHU# MacuB i3 TBOMa CTOpiHKaMH

3miHa ¢opMu 6araTOBUMIPHOTO MacHBY MOXKE OYTH KOPHCHOIO UIS
BUKOHAaHHS TMEBHUX omepauid abo Bizyamizamii manux. Hanpukman,
3acTocoByroui (yHkmito mis 3miau Gopmu reshape, mo6 mepecraBUTH
enemenTd 3-D MacuBy B MaTpuito 6 Ha 5. Reshape mpaitioe mo cToBmInsIX,
CTBOPIOIOYM HOBY MAaTPHUIIIO HUISXOM PO3MIILIEHHS MOCIiZOBHUX €JIEMEHTIB
Y KOXXHOMY CTOBINII A, TOYMHAIOYM 3 TIEPIIOl CTOPIHKH, a TOTIM
HEepeXOATYn 10 APYroi CTOpiHKH. IlepecTaHOBKM BHKOPHCTOBYIOTHCS JUIS
3MiHHU MOPAJKY PO3MipiB MacHBy.

>>A=[12345,90637,81502];
A(,:,2)=[97852;35851;69433];
B = reshape(A,[6 5])

B=
1 3 5 7 5
9 6 7 5 5
&8 5 2 9 3
2 4 9 8 2
0 3 3 8 1
1 0 6 4 3

Posrnsinemo TpuBuMipHH# MacuB M. BukopucToByouu (QyHKIiIO
MIePECTAaHOBKH permute, 100 MOMIHATH HIDKHI 1HIEKCH PSIKIB 1 CTOBIIIIB
Ha KOXKHIM CTOpIHIN, BKa3aBIIN MOPSAOK PO3MIPIB Y APYroMy apryMeHTI.
BuxinHi psaku M Tenep ctany CTOBILSMH, a CTOBIILI TETIEP PSIIKAMHU.
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>>M(:,:,1)=1[123;456;789];
M(,:,2)=[054;,276,931]

M(,:,1) =
1 2 3
4 5 6
7 8 9
M(,:,2) =
0 5 4
2 7 6
9 3 1
>> P1 = permute(M,[2 1 3])
P1(;,;,1) =
1 4 7
5 8
3 6 9
P1(:,:,2) =
0 2 9
5 7
4 6 1

[MomiOHUM 4YMHOM 3MIHEMO MICIIMHU HWXKHI I1HACKCH PSIKIB 1
CTOpiHOK M.
>> P2 = permute(M,[3 2 1])

P2(:,;,1) =
1 2 3
5 4
P2(:,:,2) =
4 5 6
2 7 6
P2(:,:,3) =
7 8
9 3 1

5.2 Ilopsinok BUKOHAHHS J1a00paTOPHOL podoTu Ne 5

1) CrBopuTH NpsSMOKYTHY MaTpuiio A, mo Mae psaakiB N i M
croBmiliB (3HaueHHsA N, M, L ta K moTpiOHO B3STH BiIITOBITHO 10 HOMEPY
BapiaHTa 3 Tabn. 5.1) 3 BUIAQAKOBUMH LIIMMHU eleMEHTaMH. BUKOHATH
HACTYIHI 3aBAAHHS:
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- PO3OUTATH €JEMEHTH MaTpuii A Ha eJeMEHT MaTpwii 3
MaKCHMAaJbHUM 3HAYCHHSM;

- PO3IIIUTH €IIEMEHTH KOXXHOTO CTOBIIIS MaTpUIli A Ha €IeMEHT
IILOTO CTOBMIISI 3 HAWOUTBIIIMM 3HAYCHHSIM;

- PO3IUTNTH €JIEMEHTH MaTPHIll A KOKHOTO PsAKa Ha €JIEMEHT IbOTO
psiAKa 3 MaKCUMaIbHUM 3HAUEHHSIM;

- MJICYMyBaTH €JIEMEHTH KOXXKHOTO PSAAKA MAaTpHLi 3 BiAMOBIAHUMH
eneMeHTamu L psjka;

- BU3HAYHTH, CKUIBKH HYJIHOBHX CJIEMCHTIB MICTHTBCS B PIAKY L
Matputi A i B K croBmmi maTpwuiii;

- 3HAWTH HaWMEHIIE 3HAYCHHS Cepell CepeIHIX 3HAYCHb KOXKHOTO
pAIKa MaTPHII;

- 3HANTH HaWMEHIIMH eJIeMEHT CTOBII MaTpHLi A, KOTPOro cyma
a0COIOTHHUX 3HAYCHB CIIEMCHTIB MaKCHMAJIbHa,

- 3HAWTH HAWOINBINE 3HAYCHHS CEpPEeN CEPEeIHIX 3HAYCHb KOXKHOTO
pAIKa MaTPHII;

- BU3HAYNUTH BIJCOTOK HOJATHIX Ta BLA €MHHUX YHCEJ BiJ 3arajabHOL
KUTBKOCTI €JIEMEHTIB MaTPHIIi.

Tabmuig 5.1 — 3sauenus N, M, L ta K

olw ol m | L K| ™I~ | M| L K

Bap. Bap.
1 3 4 2 2 16 | 4 3 3 2
2 4 5 2 4 17 | 5 4 4 4
3 5 6 3 4 18 | 6 5 5 4
4 3 5 2 1 9 | 5 3 2 3
5 2 4 1 2 | 20 | 4 2 1 2
6 3 6 2 3 | 21 6 3 3 3
7 5 7 5 4 | 22 | 7 5 5 4
8 4 6 4 3 | 23 | 6 4 4 3
9 2 5 1 2 | 24 | 5 2 1 2
10 | 4 8 3 4 | 25 | 8 4 3 4
11 3 7 3 2 | 26 | 7 3 3 2
12 | 2 6 2 2 | 27 | 6 2 2 2
13 | 4 5 4 4 | 28 | 5 4 4 4
14 | 5 6 5 5 129 | 6 5 2 5
15 | 6 7 6 6 | 30 | 7 6 6 3
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2) CTBOpUTH Ta 3alOBHUTH PI3HUMH 3HAUCHHSIMH MAacHB, KOTPUU
MICTUTh JaHI CIOXKHBAaHHS eJleKTpudHoi eHeprii B F momepxoBux H
Oyaunnkax. bynunku matote P min'izaiB, Ha KokHOMY TOBepci OyIWHKY
posromoBani R kBaptup. IHopmamis mo KoXHIM KBapTUpi MOBHUHHA
MIiCTUTH: HOMep KBaptupH, IIIb MemkaHms, HOMIHAJI BCTaHOBJICHOTO
aBToMaTty ctpymy (obmpaiite 3 psamy: 10A, 16A, 25A, 32A, 40A, 50A,
63A), 3HaUCHHS CTIO)KUBAHOT aKTHBHOI MOTYKHOCTI.

Hammcatn kom BuBOxy iH(opmariii 3a meBHEM (3rigHO 10 6
CTOBITYMKA y Ta0JI. 5.2) Ha ekpaH. Ha expan pe3yasTaT MmoTpiOHO BUBOJIUTH
B HacTyIHOMY (hopMari:

Howmep xBaptupu — I1Ib memkanis — «Pe3yapTaT yMOBHU 3aITUTY»

Tabmuis 5.2 — 3nauenus F, H, P ta R

F/H|P|R YMmoBa 3anurty

BuBectr Ha ekpaH 10 MeIIKaHIIIB 3 HAKOLIBIITIM
C€HEPrOCIOKMBAHHSM.

1121342

Busectu Ha expaH 10 MemIKaHIIiB 3 HANMEHIITUM
€HEeProCroKUBAHHSIM.

3 13 ]2|2]| 1 | BuBecrd Ha €KpaH MENIKAHIIIB 3 aBTOMATOM CTpyMy 16A.

BuBecTr Ha ekpaH MEIIKAHIIIB 3 aBTOMAaTOM CTPYMY OiJIbIre
16A.

BuBectn Ha expaH MENIKaHIB 3 aBTOMAaTOM CTPYMY MEHIIIe
16A.

BusecTu Ha ekpaH 5 MEMIKaHIIB 3 HAHOUTHITIM
€HEeProCroKUBAHHSIM B MOPSIJIKY 3pOCTaHHSI.

BusecTu Ha ekpaH 5 MEIIKaHINIB 3 HAHMEHIITUM
€HEePrOCIOKMBAHHSIM B MOPSIKY 3POCTaHHS.

8 | 5|1 |2| 2 | BuBectu Ha €KpaH MEIIKAHIIB 3 aBTOMATOM CTpyMy 25A.

BuBecTr Ha ekpaH MEIIKAHIIIB 3 aBTOMAaTOM CTPYMY OiJIbIre
25A.

Busectu Ha CKpaH MeIHKaHIIiB 3 aBTOMAaTOM CTpYMY MCHIIC

10]2]2]3]1 I5A.

BuBectu Ha ekpaH 3 MEIIKAHI[B 3 HAWOUTBIIINM
CHEPrOCIOXHUBAHHSAM B MOPSIKY 3pOCTaHHS.

1my371)2|2

BuBectu Ha ekpaH 3 MCIIKAHINB 3 HAWMCHIITIM
€HEProCIOKUBAHHIM B MOPSAKY 3pOCTAHHS.

1213 (13]2]|2

BuBecTH Ha ekpaH MEIIKAHIIIB 3 aBTOMaTOM cTpymy 10A
B MOPSAJIKY CIaJIaHHSI.

131412 ]4/|2
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IIpomoBkeHnHs Tabmmii 5.2

Ne
F|{H|P|R YmoBa 3anuty
Bap.
BuBecTn Ha eKpaH MEITKAHIIIB 3 aBTOMaTOM CTPYMY
1412111212 .
oinpire 10A.
BuBecTr Ha eKpaH MEITKAHIIIB 3 aBTOMATOM CTPYMY
1515131211
meniie 10A.
6l1l213]a4 BuBectr Ha ekpaH 10 MeIIKaHIIIB 3 HAKOLIBIIIIM
CHEProCIOXKUBAHHIM B MOPSAKY CHaaHHS.
712111212 BuBectr Ha ekpaH 10 MemIKaHIlIB 3 HAWMEHIITUM
CHEProCIOXKMBAHHIM B MOPSAKY CHaTaHHS.
18 | 3 | 3 |2 ]| 2 | Bupectu Ha eKpaH MEUIKAHIIB 3 aBTOMAaTOM CTpyMy 16A.
BuBecTH Ha eKpaH MEUIKAHIIIB 3 aBTOMAaTOM CTPYMY
1942142 )
Oinbire 16A.
BuBecTH Ha eKpaH MEUIKAHIIIB 3 aBTOMATOM CTPYMY
2005 (122
Meniie 16A.
nl2l3l2la BuBectr Ha ekpan 10 MeIIKaHIIIB 3 HAKOLTBIIIIM
E€HEProCIIOKMUBAHHAM B TIOPSIKY CIIaJaHHSI.
»l1l3lala BuBectn Ha expaHn 10 MemIkaHIliB 3 HAWMEHIITUM
E€HEProCTIOKMUBAHHIM B TIOPSAKY CIIaJaHHSI.
23 | 4 | 2 |4 | 2 | BuBectu Ha eKpaH MEIIKAHINB 3 aBTOMAaTOM CTpymy 40A.
BuBecTr Ha eKpaH MEIIKAHIIIB 3 aBTOMATOM CTPYMY
24 | 5|1 (2|2 .
oinbire 40A.
BuBecTr Ha eKpaH MEIITKAHIIIB 3 aBTOMAaTOM CTPYMY
2512 (3121
menie 10A.
wl 112131 BuBecTn Ha expaH 6 MENIKAHINB 3 HAKOITBIITM
€HEPrOCTIOKUBAHHSIM.
mlalilala BusecTu Ha expaH 8 MEIIKaHIIIB 3 HAHMEHITUM
C€HEPrOCTIOKUBAHHSIM.
28 | 2 | 3 | 2 | 2 | BuBecty Ha eKpaH MEIIKAHINB 3 aBTOMAaTOM CTpymy 10A.
BuBecTr Ha eKpaH MEIIKAHIIIB 3 aBTOMATOM CTPYMY
291312 (4|2 .
OunbIne 25A B OPSJIKY 3pOCTaHHS.
3005011212 BuBecTH Ha eKpaH MEUIKAHIIIB 3 aBTOMAaTOM CTPYyMY

MeHIe 25A B NOpPSLIKY CHIaJaHHs.

3) OdopmitsieMo 3BIT.
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JlaGopaTtopHa pobdora Ne6
OIIEPATOPU BBOJIY/BUBOY. ®YHKIIII

Meta poOoTH: po30ip Ta ONMAaHyBaHHA NPAKTUYHUX HABHYOK B
3aCTOCYBaHHI y CBOEMY MPOTPAMHOMY KOJIi OIIEpaTOPiB BBOTY/BUBOTY.

6.1 KopoTki TeopeTuuHi BitomocTi

6.1.1 OnepaTop BBOIY input

@yHK1is BBeACHHS input 103BOJISE TONPOCUTH KOPUCTYBada BBECTH
MeBHY iH(OpMAIIiIO B IporpaMy Ta 30epertu 1o iHGOopMaIlio y 3MiHHIMH,
SIKY TIporpama Moske oopooutu [1 — 4]:

age = input('how old are you: ");
% At this point, the variable: age, will contain
% whatever value the user types

3a 3amoBYyBaHHAM (YHKUis input Oo4yiKye YWTAaHHS 4HCla, 1 SKIIO
KopucTyBad BBOAUTH: hello, mpumyckatumerbes, mo hello — 1ie 3miHHA,
sIKa MICTHTH YHCi0. SKIo BaM mificHo motpiOeH psmok «helloy, Tomi Bam
noBeneThest BBecTH «hello» (ramouxm). Ilo6 mHakazaTu mporpami Matlab
YUTATH PSJIOK CUMBOJIB 0Oe3mocepeqHbo 0Oe3 HEOOXiTHOCTI BBOAWTHU
TaJI0YKH, BU TIOBUHHI BUKOPUCTOBYBATH CHHTAKCHC 'S', SIK TTIOKA3aHO TYT:

>> name = input('write your name: ', 's');
name = Dan
% At this point, the variable: name, will contain whatever
% value the user types (as a string of characters), in this case 'Dan'

>>name = input('what is your name: ');
% user types jim without tick marks
??? Error using ==> input
Undefined function or variable 'Dan’.

>> name = input('what is your name: ');
% user types 'jim' with tick marks
name = Dan
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6.1.2 Oneparop BuBoy fprintf

Jlns BUBENEHHS JAaHWX Ha €KpaH IIMPOKE 3aCTOCYBaHHS OTpHMAala
¢ynkuis fprintf. Posrisinemo poboty 3 mielo QyHKIi€I0 HA HACTYITHOMY
TpUKIaI.

Ilpukman 1.
>>A1=[9.9, 9900];
A2=[8.8, 7.7; ..
8800, 7700];
formatSpec = 'X is %4.2f meters or %8.3f mm\n';
fprintf(formatSpec,A1,A2)
X 15 9.90 meters or 9900.000 mm
X is 8.80 meters or 8800.000 mm
X is 7.70 meters or 7700.000 mm

B upomy mpuxmani: %4.2f — y Bxigaux manmx formatSpec Bkasye,
110 TIepIle 3HaYeHHA B KOXKHOMY PSAKY BUBEICHHSI € UHCIIOM 3 TIIABAI0UOI0
KOMOIO 3 IIMPUHOIO TOJI YOTHPH IUGPH, BKIFOUYAOUX JBI mudpH Micis
komu; %8.3f — y BximHux ganmx formatSpec BKasye, M0 Ipyre 3HAYCHHS B
KO>KHOMY PSAIKY BHBOAY € YHCIIOM 3 IJIaBal0YOI0 KOMOIO 3 LIMPHHOIO MOJIS
y BiciM 1udp, BKIOYAIOYM TpU LUPPU MicAsT KOMH, \n — CHMBOJ
KEpYBaHHJ, 3 SIKOT'O TIOYUHAETHCS HOBHHU PSTIOK.

Ipuxnan 2.

>>a=[1.02 3.04 5.06];
fprintf("%d \n', round(a));
1

3

5

B upomy npuknani: Y%ed y BXiTHUX TaHUX PYKYE KOKHE 3HAYCHHS Y
BEKTOpI; round(a) — OKpYTJISI€ YHCIIO IO IUIMX 3HAYCHB 31 3HAKOM.

B Tabn. 6.1 HaBenmeni ciuyxOOBI CHMBOJM TIEPETBOPEHHS Ta
(opMaTyBaHHS YHCIIOBHX i CHMBOJIHHUX JAHUX SIK TEKCTY.
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Ta6mmms 6.1 — Ciry>k060B1 CHMBOJIM TIEPETBOPEHHS Ta opMaTyBaHHS
YHCIIOBUX 1 CUMBOJILHUX JIAHUX SIK TEKCTY

Tun 3HauenHs | CumBon [TpumiTka
umi;;;;m 3 %d Hucno AecITUYHOT CUCTEMU
Iime gmcio %u Yucno necITHYHOT CUCTEMU
0e3 3HaKa %0 Yucno BocbMupiuHOi cuctemu (octal)

%x Yucno uricTHaAUATHPIYHOT CHCTEMH
(hexadecimal)

%f Omnepartop TOYHOCTI, KOTPHUI BKa3ye
KUTBKICTh IUQP [0 Ta MicIsi KOMH

Ynero 3 %e ExcrioHeHLiaIbHUIA 3aIiC, HAITPUKIIA
IABAIOYO 3.141593e+00 (BI/II'(OpI/ICTO]EyeTI:CH
KOMOIO OTepaTop TOYHOCTI, KOTPHii BKasye
KUTBKICTh TP 10 Ta MiclIsl KOMH)

%g Binpm komnakTHu# 3anmc 3 %e abo %of,
0e3 KIHIeBUX HYIIB (BUKOPHCTOBYETHCS
orepaTop TOYHOCTI, AJIsl BKa3aHHS
KUTBKOCTI 3HaYYMUX nudp)

CumBoun abo %c OnvH cCUMBOJI
PAIKH %s CHUMBOJIEHAN BEKTOp a00 MacHB PS/IKiB

\a Tpusora

\b Backspace

\n Ilepexin Ha HOBUU PAAOK

\r [ToBepHEeHHS KapeTKH (Kypcopa)
\t I'opuzoHTaaRHA TAOYIISIIIS
\v BeprukanpHa TaOyIIsiist

6.1.3 CrnemniansHa ¢yHKITiA function

OyHKIiS 3aMUCYETHCS B OKpeMoMy (aiini 3 po3mmupeHHsaM *.m. Im's
(haitry MOBUHHO MaTH T€ caMe 3HAUYCHHSA 5K 1 iM's QyHKIII.

Posrsremo aexinpka crmoco0iB 3actocyBanHs function:

1) 3 OTHUM BXiTHUM apryMEHTOM

M-¢aiin 3 im'stm myfunc.m

function out=myfunc(in)

out=in"2;

end
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3amyck m-¢haiiay BUKOHYETHCS HACTYITHAM YHHOM:
>> myfunc(4)
ans =
16
2) mekisbKa BX1THUX apTyMEHTIB
M-daiin 3 iM'sm myfunc.m

function out=myfunc(inl,in2)
out=inl+in2;
end

3amyck m-¢haiTy BUKOHYETHCS HACTYITHAM YHHOM:

>> myfunc(4,5)
ans =
9

3) oauH BXiTHUW apryMEHT Ta IEKUIbKa BUX1THUX CIEMCHTIB

function [outl,out2]=myfunc(in)
outl=in"2;

out2=in"3;

end

3amyck m-¢haiiny BUKOHYETHCS HACTYITHAM YHHOM:

>> [a,b]=myfunc(5)
q=

25
b=

125

4) nekiNpbKa BXiAHUX Ta BUXIIHUX apTyMCHTIB

function [outl,out2]=myfunc(inl,in2,in3)
outl=inl+in2;

out2=in2+in3;

end

61
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3amyck m-¢haiiay BUKOHYETHCS HACTYITHAM YHHOM:
>> [a,b]=myfunc(2,4,5)
9=
6
b=
9

6.2 Ilopsiiok BUKOHAHHS J1a00paTOpPHOI podoTu Ne 6

1) Hamucatn ¢yHkuito sika Oyne 3aJ0BOJBHATH YMOBaM 3TiTHO

iHAMBUAyalbHUM BapiantamM 3 T1abn. 6.1. [lpu BuHKOHaHHI 3aBIaHb
000B’s13K0Be BUKOpUCTaHHS GYyHKITIN: input, fprintf Ta function.

Tabmuig 6.1 — [nauBiTyansHi 3aBJaHHS

Ne
3aBmanHs
Bap.

1 OyHKIISI TOBEpTAE NBOTYHUN €KBIBaJCHTHUH KOJ, IIIO BiJIOBi-
Jae OyIbSIKOMY BBEJIECHOMY CIIOBY

2 DyHKITIS BU3HAYAE YU € BBEACHUM PiK BUCOKOCHHM.

3 (I?YHI(I_I.i}I MTOBEPTAE IMTICTHAMIATUPITHUNA SKBIBAICHTHUH KOJI, 110
BiJINIOBi/1a€ OYIbIKOMY BBEJICHOMY CIIOBY
OyHKIiS TNOBepTae BiACOPTUPOBHUH MacHB pAIOK Yy OiK

4 30UTBIIEHHST.  3HAYCHHS  CJIEMEHTIB  MacHMBY  BBOJUTHCS
KOpHCTyBaydeM 3 KIIaBiaTypH JI0 THX Mip, — JOKH KOPUCTYBad HE
HaTMIIe KoJoBe ciioBo «endy i HaTucHe Enter.

5 ODyHKITISA TOBEPTAE KOPHI PIBHIHHS THITY: AxB+cxP 1K =0.
3HavYeHHS KOCPIIIEHTIB BBOAUTHCS KOPUCTYBAUEM 3 KIIaBIaTypH.
ODyHKITIS TOBEPTAE CIOBO HABMAKHU (I3epKajibHE 300payKCHHS), B

6 HACTYITHOMY BUTJISIJIL:

«BBegene cloBo - A3epKanbHe 300pasKeHHD
DyHKITISA TIOBEPTAE KOpHI PIBHSIHHS THITY:

7 AxBP-C 4 (Cx +K* A)C/ D-0. 3uavenns KoeilieHTiB
BBOJMTHCSA KOPHUCTYBadeM 3 KJIaBiaTypHu.

OyHKIiS MOBepTae€ TpaHCIITEpaUil0 Ha aHIJIICbKYy MOBY

8 BBEZCHOT0 KOPUCTYBayueM CJIOBa!

«BBeneHe CII0BO — CI0BO-TPAHCIITHPAITIS
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IIponoBxenHs Tabmmii 6.1

3aBmanHs

Po3pobutn  ¢yHKuito, koTpa moBepTae psax  DiGoHaudi
(TIOCITi TOBHICTH HATYPATBHUAX YUCEIN, JIe KOKHE HACTYITHE YHCIIO
€ cymor0 nBox momeperHix: 1 1 2 3 5 8 13 21 34 55 89...).
KopuctyBau BBOOMTH 3 KiaBiaTypu 4YHCIO, LIO BiANOBimae
KUTBKOCTI pe3yJIbTYIOUMX EIEMEHTIB.

10

ODyHKIIIs TeHepye NCEeBIOBUIIAJIKOBE YUCIIO, SKE 3alUCYETHCS B
BHYTPIITHIO 3MiHHY a. JIOKM 4HCJIO a HE CIBHAAC 3 YHUCIOM b
(koTpe BBOIUTH KOPUCTYyBad 3 KJaBiaTypH), KOPHCTYBadeBi
IPOIOHYBaTUMETbCA BBECTH ueprose uucio. Ilpu npomy sAkio
b > a, To Ha ekpaH Oyne BumaBatwcs ToBigomieHHs "bararo",
iHakme — "Mano". Konu kopucTyBau BKaJa€ MOBEHHE 3’ IBUTHCS
nosigomireHus "Bragas".

11

OyHKIsS TOBEpTaE IS KOXKHOIO HATypalbHOI'O 4YHCIa B
MPOMIXKKY Bit M mo N BUBECTH BCi IITEHUKH, KPIM OIWHUII Ta
camoro yucia. 3HadeHHs M ta N BBOJSTHCS 3 KJIaBiaTypH.

12

OyHKIiS MOBepTa€ YMCIO 3 HUPpaMH pPO3TAIIOBAHUMH B
3BOPOTHHOMY TOPSAAKY (HAIPHUKIIA, SKIIO BBEJACHO 9nciio 3486,
TpeOa BUBECTH Ha ekpaH: unciy 3486 Binnosigae uncio 6843).

13

OyHKIis MIOBEPTAE KOpHI PiBHSHHS TUITY:
AxBD 4 (Cx + K)I/D =0. 3HadeHHs KOe(illi€EHTIB BBOAMTHCA
KOPUCTYBaueM 3 KJaBiaTypu.

14

OyHKIIS BUIANSE BBEJACHOTO KOPHCTyBadeM IU(pPy 3 4YHCIA
(Takok BBEIECHOTO KOpPHCTYBaueM 3 KiapiaTypu) Hampuxman,
3amano yucio 5683. [loTpiOHO BHAamuTH 3 HBOTO IUPPY 8.
Buiine uncno 563.

15

Hammcatn ¢yHKItito, KOTpa 3HAXOAWTH BCi KOMOIHAII{ i3 TPHOX
YHUCeIl JI0 MEBHOI MeXi, SKi B CyMi JalOTh YHCIO, 1[0 BBEICHE
KOPHCTYBadeM 3 KJIaBiaTypH.

16

Hammcatn QyHKIito, B sKiif BBOASTHCS JBa YUCIIa-OTEpaH/a X Ta
y Ta 3HaK apudMerwdHoi omepamii (+, —, /, *). DyHKIisA
BU3HAYUTH PE3yIbTAT Z 3AJICKHO BiJl 3HAKa apu(M. orepartii.

17

OyHKIISI BUBOAUTH Y TIOPSAAKY 3POCTaHHS IU(PPH, IO BXOAATH
JO  JEeCSATUYHOTO  HATypaJbHOTO  4YHCIA,  BBEJCHOTO
KopucTyBaueM (npukian: 4663299 >2346699)
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IIponoBxenHs Tabmmii 6.1

Bap.

3aBmanHs

18

OyHKIIis TOBepTa€ KOPHI PIBHAHHS TUILY:
AxB + (Cx + K)D = 0. 3HaueHHs KOEe]IiIli€EHTIB BBOJAUTHCS
KOPUCTYBaueM 3 KJaBiaTypHu.

19

B ¢yHKIIITO B SIKOCTI apTyMEHTIB 3 KJIaBiaTypH MepeaaroThCS TPH
YHUCIIa, MO MO3HAYaI0Th YUCIIO, MICsIh, pik. DyHKIIIS MOBepTae
HOMep AHA (a00 KiJBbKICTh JHIB), MOYMHAIOYH 3 IOYATKY
BBEJICHOTO KOPUCTYBAYEM POKY.

20

DYHKITIS TEPEBIPSIE YN € BBEIICHE KOPUCTYBAYEMH CIIOBO
NaJIiIHAPOMOM.

21

OyHKIIis TOBepTa€ KOPHI PIBHAHHS TUILY:

AxP + D\/ Cx® + K = 0. 3nauenns KOe(iI[iEHTIB BBOIUTHCS
KOPHCTYBadeM 3 KJIaBiaTypH.

22

OyHKIIis TOBEpTa€ BiACOPTUPOBAHMI MacuB y OiK 301IbIICHHS
METOJIOM «COPTHPOBKa Oynpbamkoroy» (Bubble sort). 3nadueHHs
€JIEMEHTIB MacHUBY BBOAUTHCSI KOPUCTYBAUEM 3 KJIaBlaTypH 10
THUX Tip, — TOKH KOPUCTYyBad HE HaMMIIEC KOAOBE CIOBO «end» i
HaTHcHe Enter.

23

DyHKITIS TOBEPTAE BiACOPTHPOBAHUIN MacHB y OiK 301TbIICHHS
METOJIOM «COPTHpOBKa melikepHay (Shaker sort). 3naueHHS
€JICMEHTIB MaCHBY BBOJIUTHCS KOPUCTYBAaUYEM 3 KJIaBiaTypH JI0
THX Tip, — TOKH KOPUCTYBA4U HE HAIUIIIE KOJIOBE CIIOBO «end i
HaTucHe Enter.

24

OyHKIiS TNOBepTae BiACOPTUPOBHUH MacuB pAOOK Y OiK
3MEHIICHHS. 3HA4YeHHS  E€JEeMEHTIB  MacHUBY  BBOJUTHCS
KOPHCTYBaueM 3 KJIaBiaTypH J0 THX Mip, — IOKH KOPUCTyBad HE
HaluIIe KooBe cioBo «end» i HaTucHe Enter.

25

OyHKIiS TOBEPTAE BiACOPTHPOBAHMI MacUB y OiK 30UIbIICHHS
METO/IOM «COPTUpPOBKa BcTaBKamm» (Insertion sort). 3HaueHHS
€JIEMEHTIB MacUBY BBOAMTBHCS KOPHCTYBayeM 3 KiaBiaTypu 10
TUX Tip, — TOKH KOPUCTYyBau HE HamuIile KOJ0Be CJIOBO «end» i
HaTHcHe Enter.

26

DYHKITIS TOBEPTAE CUMBOJILHHAM PSII, IO BIAMOBITA€ OYIABIKOMY
BBEJICHOMY IIIICTAHIIITHPITHOMY KOITY
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IIponoBxenHs Tabmmii 6.1
Ne
3aBmanHs

Bap.
OyHKIis MIOBEPTAE KOpHI PiBHSHHSA TUITY:

27 | AxBP 4+ (Cx +K* A)UD =0. 3HaueHHs Koe]ilieHTiB
BBOJINTHECS KOPHUCTYBAaUYeM 3 KJIaBiaTypHu.
ODYHKITISA TOBEPTAE BIACOPTHPOBAHUN MAacHB y OiK 301LTBITICHHS
METOJIOM «COPTHpOBKa BHOOpom» (Selection sort). 3HauCHHS

28 | eNeMEHTIB MacHBY BBOAMTHCS KOPHCTYyBadeM 3 KIIaBiaTypH JIO
THX Tip, — TOKA KOPUCTYBAad HE HAIHIIE KOJOBE CIOBO «end» i
HaTucHe Enter.

29 OyHKIS TMOBepTae HAWOIIbIINN C}'IiJ'ILHI/Iﬁ IUIBHUK OBOX
BBEJICHUX KOPHUCTYBAaueM UYHUCEIl 3 KIIaBiaTypH.

30 DYHKITIS TOBEPTAE CUMBOJILHHAM PSII, IO BIAMOBITAE OYIABIKOMY

BBEJICHOMY JIBOIYHOMY KOy

2) OdopmisieMo 3BiT.
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JlaGopaTtopHa poGora Ne7
NN PPOBAHHA

Meta poOoTH: po30ip Ta ONMAaHyBaHHA NPAKTUYHUX HABHYOK B
KOJyBaHHI Pi3HUMH MIH(ppaMH.

7.1 KopoTki TeopeTuuHi BitoMmocTi

7.1.1 lndp Uezaps

[Iudp Ile3aps momsirae B TOMy, IO KOKHA OYKBa, KOTPY MOTPIOHO
3ammdpyBaT, 0OUPAETHCSA 3 TOTO K caMmoro andasiTy, ajie 3 3CyBOM Ha
nesike 3HaueHHs Key [2]. 3HaveHHs mnosumii mudpoBaHoi OyKBH
BH3HAYAETHCA 32 POPMYIIOIO:

Y =X + Key (7.1)

Hagrenemo npukian mudpysanss cioBa «PLAY» mmdpom Llezaps 3
kimouoM Key = 3.

3amumemo B Tabn. 7.1: B mepmmii psgOK — MOPSIKOBHA HOMEp
CHMBOJY; Y APYTHHA PSIIOK — CTAHAAPTHUN aHTTIACHKHUMA andasiT; y TpeTiid
PAIOK — CTaHAAPTHUN aHTIIIMCHKUHN andasiT 3cyHyTHI Ha 3 JIITEPH BITIBO.

Ta6mums 7.1 — Hludp Lezaps
89

01 |2 |3|4|5]6]|7 10 11 (12| 13|14 (15 [16[17 [18 | 19|20 | 21| 22|23 |24 |25
AIB|C|D|E|F|GH|I |[J|KIL  M|[N|O|P |Q|R[S|T|U|V|W|X|Y|Z
D|E|F|GH|I |J|K|L [M|N|O[P|QIR|S|T|U| V|W|X|Y|Z]|A|B |C

3 tabn. 7.1 BuaHO, 1m0 3amudpoBaHe 3HAUYCHHS OYKBH ITiI HOMEPOM
X (B cranmaptHOM andasiTi) € OykBa, 110 cTOITh Ha mo3uwii X + 3 (Takox B
CTaHJapTHOMY an(asiTi).

BuxopuctoByroun mmdpoBansHy Tabn. 7.1 MoOXHa  JIETKO
sammpyBath c¢ioBo: PLAY - SODB.

3BOPOTHE NEPETBOPEHHS BUKOHYETHCSI TaKUM CaMHM YHHOM, 3a
BHpazoM X — 3.
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7.1.2 HIndp Ansbepri (1460p.)
Jns  mmdpyBaHHs sSKoro HeOynb TOBiIOMJICHHS  AisOepTi
3alpoNOHyBaB YepryBaTH aBa mudpoaidasira (quUBiTECS TadMI. 7.2).

Ta6mmms 7.2 — Iludp Ansbepri
MH[A]B]|C D E| F| G|H 1 J | K |L M[N[O|P QR[S T|U VIW[IX]|Y |Z
2| D|E]| F G|H|I J |K |L M| N|JO|P QR[S T|U VIW|X]|Y |Z A |B C
BIM|[N|B|V|[C[X|[Z |L [K J H|{G|F D[S [A P|O IJ]U]J]Y|T|R E |W [Q

B Tabn. 7.2: mepmuii psgoK — CTaHAAPTHUH andasiT, APYTUN PAIOK —
nepmwid g poaindaBiT, TPETIH pAIOK — ApyTHil mmdpoandasir.

PosrnsiHemMo mpuHOMIT 3acTocyBaHHS HQpy AnbsOepTi m1pu
mudposandi cioBa «THYRISTOR», maBemenwii ma puc. 7.1, a. Ilpm
mudpyBaHHI CIIOBA HEMAPHI 3a YEPror0 CNNiTyBAHHS B OPUTIHAILHOMY CIIOBI
OykBu OepyTtbes 3 mepuioro mudpoandasity (pyruil psaok), a mapHi — 3
apyroro mmdpoandasity (TpeTiii psaaok). BukopuctoByroun mudpopaibHy
Tabm1. 7.2 OTpUMaEMo:

Iexomuecaoeo | T |[H|[Y |R[I [S[T]O|R
mmdpoBanuit andasit (2) | W B L W U
mudpopanuii andasit (3) L 0 I S

Pesymrar | W |L |B |O |L |I |W|S |U
a)
Icxomrecnoeo |[E |O |D |K | Q

mudposani ardarita | (2) | 3) | (2) | 3) | (2)

Pesymprar |[B |R |A |I |N
6)
a — mmudposanHs cioBa « THYRISTORY; 6 — nemmdpoBanus
cinoBa «kEODKQ»

Pucynox 7.1 — Ilpuknanu mmdpoBaHHs Ta Aemr(ppoBaHHS MHGPOM
Ans0epTi

7.1.3 llIndp «Ksagpat Bixxenepa»

Indp «KBampar Bixkenepa» BiamoBimae kiacy moiiandaBiTHHX
mudpiB. Jug mudpyBaHHS TEKCTy TpU TEpexomi Bim OmHIET OyKIm
MOBIJOMJICHHS [0 1HIIOI BHKOPHUCTOBYIOTBCSA pi3HI mmdpoandasiTy.
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Tabmmms kBaapaTy BikeHepa CKIIamaeThCs i3 CTaHIAPTHOTO andasita 3 7

OyKB, TiJ] KOTOPUM CTOATH 1 mu(poandasiTiB, 3cyHYTHX ITUKIIIHO HA OJHY

OykBY BIIBO BHOpPIBHAHHI 110 BuIIe3o0paxeHoro andasity. ToOTo, ns
MAaTpHIIS CKIAA€ThCs ¢ 26 pAIKiB i 26 CTOBIIIIIB, Ta 300pakeHa Ha puc. 7.2.
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Pucynok 7.2 — Tabmuus mmdpy «KBaapar Bixkenepay

Posrnsaemo mpuHDmN 3actocyBaHHsa mudpy «Ksagpar Bixenepa»

npu mudposanHi cioBa «STUDENT) Ta 3BOPOTHOrO MEpETBOPEHHS,

HaBeJleHI Ha puc. 7.3.
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ABCDEFGH-[JKLMNUPQRSTUVWXYZ
1 A abcd'éfghijklmnopqrst-uvwxyz
2 B bcdefghijkimnopgrs[Huvwxyza
3 € cdefghijkimnopagrstul[Mwxyzab
4 D defghijkimnopgrstuvwilyzabe
SR E e fe[i]li i kimnopagr stuvwxy zabed
B E fgh i[Jk Ilmhnopgqrs tuvwxyzabecde
0.8 ghijkimnopqgrs[fJuvwxyzabecidef
8 B hilklmnopgrstuvwxyz[@boecedefsg
a)

HindpoBanecmogo [ T |V (X |H |J |T |A

Homeppamky |2 |3 |4 [S [6 [7 |8

Pesymprar |S |T |U |D |E |[N|T

a — mudposanus cinoBa «STUDENT»; 6 — nemmdpoBaHHs
cinoBa «TVXHITA»

Pucynox 7.3 — Ilpukinanu mmdpoBaHHs Ta Aemr(ppoBaHHS UG POM
«KBanpar Bixenepa»

7.2 Ilopsiiok BUKOHAHHS J1a00paTOpPHOL podoTu Ne 7

1) Hanucatu ¢ynkuii mudpatopa Ta gemudpatopa A KOXKHOI 3
TPHOX PO3TIAHYTHX cucteM mudpoBanusa. Jns mmdpis Llesaps Ta
Anp6epri kmod Key notpibHo HagaBaTti B QyHKILIIO B SIKOCTI apryMeHTa.

2) 3BammdpoBaTH CBOE MPI3BHUILE KOXHAM 3 TPHOX CIOCOOIB
¢ pOBaHHS.

3) Orpumarn pemudpoBaHe 3HAYCHHS MMHQPPOBAHOTO CIIOBA
BIJIMOBIAHO 1O HOMeEpa BapiaHTy 3 Tabm. 7.3.



K.T.H.,J0o1eHT Bonkos B.O. 70
Ta6mms 7.3 — [HauBITyabHI 3aBIaHHS
Ne Bap. CJi0B0 Ne Bap. CaoBo Ne Bap. CaoBo
1 zspxeki 11 bzivanwzumz 21 kypel
2 rqygt 12 utbjw 22 burzgmk
3 mebboxd 13 jxobk 23 chjre
4 XVerwjsvqiv 14 cajwbrbcxa 24 uwbwz
5 lzqgdm 15 atqyflj 25 cvsahnl
6 cejeh 16 hszsdvcbs 26 octgp
7 iaxxktz 17 fdmzeuefad 27 ldaanwc
8 zkrkvnutk 18 Xxwemz 28 jigyl
9 yafad 19 zxgtyluxskx 29 thylu
10 ywisxnxytw 20 jbyylua 30 fyvdkqo

4) OdopmMIsieMO 3BIT.
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JlaGopaTtopHa podora Ne8
OB’€EKTHO-OPIEHTOBAHE INTPOI'PAMYBAHHS

Meta poOoTH: po30ip Ta ONMAaHyBaHHA NPAKTUYHUX HABHYOK B
00’ €KTHO-OPIEHTOBAHOMY IPOTPaMyBaHHi.

8.1 Kopotki TeopeTuuHi BitoMocTi.

B ocHoBi 00’ekTHO-OpieHTOBaHOrO MporpamysanHs (OOII) nexats
TPU OCHOBHHX HpHHIHIA [2 — 4]:

inkancyJsimiss — 00" eHAHHS JaHWUX 1 TporpaM 1 mepemady JTaHux
yepe3 BXiAHI 1 BUXigHI mapameTpu (QyHKUiH. B pesymbraTi 3 sBIsS€THCS
HOBHH €JIEMEHT IPOrpaMyBaHHI — 00’ €KT;

HACJITYBAHHSI — MOXJIMBICTh CTBOPEHHS OaTHKIBCHKMX 00’€KTIB Ta
HOBUX JIOUIpHIX OO0’€KTiB, HACTIIyIOUYMX BIACTUBOCTI OAaThKiBCHKUX
00’ekTiB. MOXIMBO TakOX MHOXXHMHHI HAcIiIyBaHHS, TPH SKUX KIac
HaCJiIy€e BJIACTHBOCTI ACKIIBLKOX OaThKIBCHKHUX 00’ e€kTiB. Ha HacmixyBaHHI
OCHOBaHI CHUCTEMH 3aJlaHHs THIB JaHUX, JECKpUNTOpHa rpadika i 6arato
IHIINX TPUHOMIB IPOrpaMyBaHHS;

noJiiMmopi3zM — TPHUCBOEHHS JACsAKiM Mii OXHOTO IMEHi, SIKE B
[OJANIbIIIOMY BUKOPHUCTOBYETBCS II0 BCbOMY JIAHLIIOI'Y CTBOPIOBaHMX
00’€KTiB 3BEpXy [0 HH3Y, NPUUOMY KOKHHH O0’€KT BHKOHYE IO IO
3BUIHUM HOMY CTIOCOOOM.

OOIl B MATLAB go3Bomsie arperyBaHHS 00’€KTiB, TOOTO
00 eqHaHHS YacTUH 00’ €KTiB 200 psay 00’ €KTIB B €IMHE LIiJIE.

O0'ekTH MOXHa BU3HAYaTH SIK ACAKY CTPYKTYpY, sSKa HaJIe)KUTb
nesskomy kinacy. B MATLAB Bu3HauaroThcs CiM KJIaciB 00’ €KTIB:

double — unciIoBI MacuBU 3 €JEMEHTAMM — YHCJIAMH IOABINHOL
TOYHOCTI;

sparse — IBOBUMIpHI YHCIIOBI 400 KOMITICKCHI PO3PIKEHI MaTPHIIi;

char — MmacuBHM CUMBOJIIB;

struct — MacuBU CTPYKTYp (3aIHCiB);

cell — macuBH KOMIpOK;

function_handle — meckpunropHi ¢yHkIIii.

Hns ctBOpeHHs Kinaca 00’ekTiB abo 00’€KTiB, a Takox s ix
igeHTudiKalii BUKOpUCTOBYEThCS PyHKIis class.

class(OBJ) — moBepTac kitac BkazaHoro o6’exra OBJ;
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OBJ=class(S,’class name’,PARENT1,PARENT2,...)— cTBOpIOE
00’ext Kmaca ‘class name’ Ha 6a3i CTpykTypH S 1 0aTBKIBCHKHX 00’ €KTiB
PARENT1, PARENT2... npu 1poMy CTBOpIOBaHMH 00’€KT Hacliaye
CTPYKTYpY 1 moss 6aTbkiBChbkuX 00°ekTiB. O0’exT OBJ B m1aHoMy BUManKy
Ma€ MHO>KMHHE HaCIIiTyBaHHS;

OBJ=class(struct| ],’class name’, PARENT1,PARENT2,...) — He
MOYKEe MaTH MOJIiB, KPIM YHACHiJyBaHHUX Bix OaThKiBCBKOTO 00’ €KTa.

Jns  KOHTpONIA  HAIEKHOCTI 00°€KTa 10  JCSIKOTO  Kiacy
BHKOPUCTOBYEThCS (DYHKIIIS isa:

isa(OBJ,’class name’) — moBeprae noriuHy onuHUINO, Ak OBJ
HAJICKUTH KJIACYy 3 BKa3aHUM IMEHEM.

Ilpuknan;
>>X=[12 3],
>>isa(X,’char”)
Ans =

0
>>isa(X,’double’)
Ans =
1

Jns  oTpuMaHHS COHCKY METOHIB JAHOTO Kiacy 00 €KTiB
BHUKOPHCTOBYIOTH methodsview name ta methods.

methodsview name class a6o methods name class — full- B
OKpPEMOMY BIKHI ITOBEPTAIOTh IMOBHUM OIKMC METOJIB KJaca, BKIFOYAIOTH
iH(pOpMaLilo PO HACIiTyBaHHS.

M=methods(‘class name’) — mOBepTa€ MacHUB KOMIpPOK 3
MepepaxyHKOM METOJIIB, IO BiTHOCSATRCS J0 33JaHOTO Kjaca 00’ €KTiB;

Methods class_name — nmoBepTae nepeiik METOIIB B OKpEMeE BiKHO.

TTpuxnan;
>> methods char

Methods for class char:

abs full mrdivide reshape
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Jlnst cToBepeHHS HOBOTO MakKeTy KiIacy IOTPiOHO HATHCHYTH Ha
BIIMTOBIHY BKJIAAKYy, HAa KOTPY BKa3ye KpacHa cTpiika Ha puc. 8.1. [Ipu
HAaTHCHEHHI Ha KHONKY y BiKHI m-(aiiry 3’SBUTBCS MakeT Kiacy, sK 1€
300pakeHo Ha puc. 8.2.
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Pucynox 8.1 — KHomka cTBOpeHHSI HOBOTO MaKeTy KJIacy

PUBLISH

513 = L) Find Fies
Compare >

MNew Open Save
z .

Untitledd™ < | + |

3|

il [Jclassdef Untitleds4

2 O $UNTITLED4 Summary of this class goes here
3 E % Detailed explanation goes here
i |

B =] properties

6 3 end

a

8 [H methods

9 r end

10

J -end

12

13

[Untitledd [l 1 Col 1

Pucynox 8.2 — MakeT HOBOTO ITOPOKHBOTO KJIacy
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PosrnsiHemMo cTBOpeHHS Kiacy Ha IMpuKiaTi kiaacy myDate, Tekcr
KOy HaBe/IEeHO Ha puc. 8.3.

EDITOR PUBLISH VEW

'{P - ﬁ it men @ & [l - Q % 2] Run Section @

=/ compare ~  Comment % ‘g % GoTo ~ 2
MewOpenSavei"Jm % % A Breaamwsmmamw@,m.,m Run and

- ~ M= L indent [=| o [ ({Find ~ - ~  Advance Time:
FILE EDIT | NAVIGATE | BREAKPOINTS | RUN |
| myDatem | + |
1 classdef myDate .
2 properties
3 $BUSHaUeHHA BJIACTUBOCTEN Kiacy
4 second = 0;
5 minute;
[3 hour;
7 day;
8 month;
9 year;
10 end
11! properties (GetAccess = public, SetAccess = private)
12 - end
13 properties (RAccess = private)
14 end
5, properties (Constant = true)
16 daysPerYear = 365;
ki monthsPerYear = 12;
18 weeksPerYear = 52;
19 g end
20 methods
28 tMeTomM, WO MOXKYTE MaTH B CBOEMY CKJIall KOHCTPYKTOPR
22 [ function obj = myDate (second,minute,hour,day, month,year)
23 $KOHCTPYKTOD KJacy
24 = if (nargin > 0) %nepeBipra Ha HEHYNLOBS SHAUEHHA AapPTYMEHTIB
251 obj.second = second:
286 = obj.minute = minute;
2 obj.hour = hour;
iTii= obj.day = day;
29 — obj.month = month;
0= obj.year = year;
=hLi end
= end
33 function obj = rollDay(obj, numdays)
34 — obj.day = obj.day + numdays;
== g end
36 - end
37 end o
[mvDate [ln 37 Col 4

Pucynok 8.3 — Kox kimacy myDate
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VYV 11 psaaxy BUKOHYEThCS HaJAIITYBaHHS TOCTYITY 3MiHHHX. BChoro
MOXJIUB1 Tpu BapianTu (public — mocTymHiCTs 3MiHM 13 30BHI, private —
JIOCTYITHICTh Ha 3MiHY i3 cepeuHy, protected — 3axuieHUi Ha 3MiHEHHS 13
30BHI) JocTymy ans nBox pexuMiB (GetAccess — unTtanHs, SetAccess —
3ammc). SIKIIo HajamTyBaHHS IOCTYITY Y TOJICH CHIBIATalOTh MiXK c00010
MOJKHA CKOPUCTATHCS KOPOTKOIO (hopmoro 3amucy: Access = private.

VY psnkax 15 — 19 3agarotecs BOyOBaHi y Kjac KOHCTaHTH, TOOTO Ti
BEITMIMHY 3HAYCHHS KOTPUX HE OyIyTh 3MIHIOBATHUCH TIPH POOOTI KiIacy.

YV 22 psinKy CTBOPIOETHCS (PYHKITIS-KOHCTPYKTOpP, KOTpa HEOOXimTHA
IUTSL CTOBPEHHSI HOBOTO €3eMILIIPY KJIACy 3 HeOOXiZHUMHU Horo noisiMu. Bin
MOBHHEH MaTH TEXK 1M s, IO 1 iM’S KJIacy Ta HEOOXiAHY KiJIbKiCTh MOJIEH.

YV 33 psanKy CTBOPIOETHCS 1 MomaeThes HOBHM Meto rollDate kmacy
JIOJTaBaHHS KiTBKOCTI JAHIB JI0 KJIacy.

CtBopuMO HOBUI 00’ €KT Kinacy myDate:

>> datel = myDate(0,0,3,27,4,2023)
datel =
myDate with properties:

second: 0

minute: 0

hour: 3
day: 27

month: 4

year: 2023
daysPerYear: 365

monthsPerYear: 12
weeksPerYear: 52

OTpI/IMa€M0 AOCTYII A0 IMOJIA 3HAYCHHA TTOJIA ,I[HiBI

>> day = datel.day
day =
27

3MiHEMO 3HAYCHHS POKY B 00 EKTI:
>> datel.year = 2002
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datel =
myDate with properties:

second: 0

minute: 0

hour: 3
day: 27

month: 4

year: 2002
daysPerYear: 365

monthsPerYear: 12
weeksPerYear: 52

HepernﬂHeMo BCl BJIACTHBOCTI KJ1acy:

>> properties(myDate)
Properties for class myDate:
second
minute
hour
day
month
year
daysPerYear
monthsPerYear
weeksPerYear

CkopucTaeMoch BOYJOBaHUM METOJOM JUIsl 301bIIEHHS KiIBKOCTI
JTHIB:
>> date2 = datel.rollDay(3)
date2 =
myDate with properties:

second: 0
minute: 0
hour: 3
day: 30
month: 4
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year: 2002
daysPerYear: 365
monthsPerYear: 12
weeksPerYear: 52

B kiaci MoXHa CTBOPIOBATH CTaTWYHI METOIM KIIacy, KOTPi MOYKHA
BU3MBATH JIUIIC B CEPENIUHI KJTacy, a HE Y 30BHIIIHBIO €K3eMIISIPY KJIACy:

methods (Static = true)
function printCurrentDate()
display(datestr(now));
end
end

CTBOpEHHS CKPUTHX METOJIIB:

methods (Hidden = true)
end

Krnacu minTpuMyroTh ycaKyBaHHS:

classdef className < superClass — className Oyne ycmaTkoBy-
BaTH BCi MEeTOAM Ta BIacTUBOCTI superClass;

classdef className < superClass & class2 & class3 — className
Oyne ycnaTkoByBaTH BCi MeTonau Ta BiacTuBocTi superClass, class2 Tta
class3.

CTBOpEHHS 3areuaTaHoro Kiacy (3adopoHa Ha yCHaaKyBaHH:):

classdef(Sealed = true) myclass

method(Sealed = true)

properties(Sealed = true)

CrBopeHHs1 abCTpakTHOTO KJlacy — Kjac METOAU KOTPOro OydyTb
BU3HAUYEHI B ITOTOBOM KJIaci, B KOTpoMY OyJe BUKOHYBaTHCh poOoTa:

methods (Abstract = true)
function vol = calculateVolume(obj, units);
function area = calculateSurface Area(obj, units);
function obj = doubleSize(obyj);

end
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B cymepxitaci CTBOPIOIOTBCS JIMINIE 3arojIOBKH METOIIB, a caMe iX
peanizallis BUKOHYETHCS B YCTIAAKOBAaHUX KJTacax.

CtBOpUMO MacuB 00’ €KTIB:
>> d1 = myDate(0,4,3,27,2,2000);
d2 = myDate(0,4,3,28,4,2023);
dates = [d1 d2] % 00’ enHaHHS 00’ €KTIB
dates =
1x2 myDate array with properties:
second
minute
hour
day
month
year
daysPerYear
monthsPerYear
weeksPerYear

Bu3oB nepioro eneMeHTy mMacuBy dates:
>>d1 = dates(1,1)
dl =
myDate with properties:
second: 0
minute: 4
hour: 3
day: 27
month: 2
year: 2000
daysPerYear: 365
monthsPerYear: 12
weeksPerYear: 52
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8.2 Ilopsinok BUKOHAHHS J1a00paTOPHOI podoTu Ne 8

BukoHaiiTi HaCTYyIHI 3aBJaHHS:

1) CTBOpiTh KJIac, KOTPOMY MOKHa MepelaTH 3HAuYeHHS: paiaiycy,
BHCOTH, IITUPHWHM, TOBKUHH, IUTHHICTE. 3a 3aIIMTOM KJIaC MOYKE TIOBEPTaTH
Ha3By (irypwu, 3HaUYEHHS ii 00°€My Ta Bary.

2) Peanizyiite kinac Worker (IlpaumiBHuK), sSKuii MaTtume Taki
BIIACTUBOCTI: name (iM's), surname (mpi3Buine), rate (CTaBka 3a JICHBb
pobotn), days (KiTBKICTh BiAmpamboBaHWX AHIB). Takok Kiac MOBHHEH
matn Merton getSalary(), sKkuii BHBOAMTHUME 3apIUlaTy IpalLliBHUKA.
3apmnarta — e JOOYTOK CTaBKH rate Ha KUIBKICTh BiANPalbOBaHUX [HIB
days.

3) CrtBopiTh KJac TPynu CTYACHTIB, IO MICTUTh: HOMEp TIpyIH,
KUTBKICTB cTyneHTiB, I1Ib, Kypcy, cemecTp, KinbKicTh Ta Ha3BU JUCLUILIIH,
OITIHKM, KUIBKICTh TIPOITYCKIB Ha TPOTA31 MICAI; Ta METOIH: BHUBOIY
3arajibHOI KUTBKOCTI TporryckiB, IIIB 4YOTHpHOX YCHIIIHUX CTYIEHTIB,
cepeaHii 0an rpymu, rpadik yCHilHOCTI CTYACHTIB 32 KOXXHUM CEMECTPOM
OKpEMO Ta Ha IIPOTs31 BCbOr0 HaBUYaHHS.

YMOBH: KITBKICTh CTYICHTIB HE MEHBIIIE 5; KUTBKICTh TIPEIMETIB — HE
MeHIe 4; KUTBKICTb KypciB — 2 (ceMecTpiB — 4).
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