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BCTVII

MeTa UbOro NoCibHMKA — HAAATM CTYAEHTY 3aBAAHHA A5 TOro, Wob NpakTUYHO
onaHyBaTu NOTPiOHI HaBMYKM NporpamyBaHHs Ha mMoeax C Ta C++ B pamkax
aucuunninn «Moea nporpamysatHsi C++». Temu obupanucs aBTopom Takum
4MHOM, WOD sikoMOra DiNbL WBMAKUM TEMNOM 3400yTY HABMYKM /151 NPaKTu-
4YHOrO MpOrpaMyBaHHS 3a BiiBefleHy KiNbKiCTb 3aHATb, TOMY AesiKi TeMu Ta po3-
ginn nporpamysaHHsa Ha C ta C++, aKi aBTOp BBaXkae 3aHafTO cknagHumm abo
He 0DOB'A3KOBMMY 3 TOYKMN 30PY NPAKTMKKA NPOrpamyBaHHs, He BXOAATb O LibO-
ro 3afa4HNKa, a BUHECEHI Ha CaMOCTiliHy poboTy abo sik 3aBJAHHS HA KypCOBI
MPOEKTN.

AsTop opieHTyBaBcs Ha ctaHgaptu C99 ta C++ 98, xo4a cTymeHTM MalOTb
MOX/INBICTb PO3B'A3yBATM 3a4a4yi BUKOPUCTOBYIOYM [HLWI BEPCiT KOMMINATOPIB
MOBU.

3aepanHa nocibHmka posnogineni Ha 21 nabopaTopHy pobOTYy, KOXHA 3 SIKMX
NPUCBSAYEHA NEBHIN TeMI, L0 BUBYAETLCSA B AUCLMINIIHI. 3aBAaHHsA Ta TeMn nig-
Ovpanncs TakMM YMHOM, LWOO BUBYEHHS CUHTAKCUCY MOBW BUXOZMIIO MOCTYMO-
BUM, TOMY PO3PAaxOBYETLCSA Ha MOC/ILOBHE BUKOHAHHA 1abopaTopHMX pobiT.

MaTepian kKOXHOI nlabopaTopHOT pobOTM MOCIOHMKA CKAAAAETHCA 3 HOTUPLOX
GNOKIB: KOHTPONILHUX 3aMuTaHb, 3aBfaHb 415 ayouTOpHOI poboTW Ta 3aBiaHb
AN CaMOCTINHOT poboTu Ta aopaTkoBux 3agad. JomaTkosi 3agadi € 3agavamm
nigBuLeHoT ckaagHocTi. Iig Yac NiaroToBKM J0 NPaKTUYHOrO 3aHATTS, CTYAEHT
MOBMHEH OMPauoBaTK OIOK KOHTPOJIBHMX 3aMMTaHb Ta 3HATW BILMNOBIAI HA HUX.
Bnok 3aBgaHb gns ayauTOpHOI pobOTM MICTATE MEpesiik TUMOBMX 3a4ad Bigno-
BigHOT Temn. Lli 3aBpaHHs CTYAeHT Ma€e BUKOHATW MPOTSIFOM MPAKTUHHOIO 3aHs-
TTA CaMOCTIHO abo nig, KepiBHULTBOM BUK/JaAa4va. 3aBAaHHA 418 CaMOCTIRHOT
poboTN CTYAEHT BUKOHYE CaMOCTIIHO Ta 3BITYE MPO TXHE BMKOHAHHSA BUKJIAAA-
gy, JogaTkosi 3agadi MOXyTb OyTu maHi CTygeHTaMm, SIKi XO4yTb pO3B si3yBaTH
Ginbw CKNagHI 3a4adi, WO MOXYTb BMMAaraT 4OAATKOBMX 3HaHb MOBK abo an-
ropuTMiB SIKi HE BUBYAJNCS B KYPCi.



Po3pin 1

Nininni nporpamun Ha C. BeegeHHs /BuBeaeHHs.
OiicHnin Tun gaHunx.

KOHTpONbHI 3anuTaHHA:

Sk sanyctutu nporpamy Ha C uepes koncons? Ha C++7 Ak ctBOpuTn
NPOEKT y BalWoMy ynobaeHOMy cepeaoBuLLi?

Ak iHiuianisyBaTu giiiche Ta noggiiiHe giicHi yncna B C 6e3 nonepemkeHb
komninsaTopy?

Sk Bueectn giicHe yncno B mosi C? SIk BuBecTw oro B AecCATKOBOMY
Burnsagi? 3 3agaHot0 TOYHICTIO?

Ak BeBecTu giicHe uncno na C? Sk BBECTW AOrO B €KCNOHEHLiAHOMY BU-
rasgi? Ski posmipn gidicHux yncen B Gantax Ha C/C++ bysatoTs?

Sk BBECTU ABa AIACHUX 4Ymcna Yepes npobinu B ogHoMy pagky? A akuwio
po3ainbHUK — 2 npobinn? A akwo koma?

Sk BBECTM ABa LINCHMX 4MUCNa B Pi3HMX psgkax?

3aBaaHHa gns ayamTtopHoi poboTu:

1.

O6uucniTe HaCTYMHI MaTeMaTUYHI BUPa3W Ta BUBEAITb PE3Y/bTATK:

2+431; 45*54-11; 15/4; 15.0/4; 67%5; (2*45.1 +3.2)/2;

. IHiuianisyiiTe HacTynHi Yncna sk AJilicHi, NOABIWHI AilicHI Ta JOBri AilcHI:

1074, 24.33E5, 7, e, v/5, In(100) Ta BuBegiTh ix 3 2 3HaKAMM NICAA KOMM.

. BrnBecTn Ha ekpaH TekcT:

a)
-a-a-a
alala
-a-a-a,

fe a — BBefieHa 3 kiasiaTypu undpa.

. O6uncantu cuny nputaranus F' B HaykoBoMy (eKCnoHeHUiiiHOMY) chop-

MaTi MiXK ABOMA TiflaMy, WO MalTb Macu mi, Mo Ha BiacTaHi r. Bka-
sieka. Lllykana cuna BusHauaeTbes 3a dopmynoro Fo= y™LyE2 pe
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Posgin 1. Jlinisini nporpamu Ha C. Beegenns/susegenns. Jisichnii Tun gaHux.

v = 6.673 x 10711 H*m? /kr?. BCi NOTPIBHI 3MiHHI NPUCBOIOIOTLCS BCEpe-
AuHi nporpamu. Pe3ynbtaTt BMBECTM B OKpeMOMY psiaky Burnsagy «F=***
», O€ 3aMiCTb 3ipOK NPeACTaBfEHHS B HAYyKOBOMY (EKCMOHEHLiHOMY) BU-
rnsgi.

5. [aHo gilicHe 4ncno z. KoprcTyrounch e onepasield MHOXKEHHS, OTpU-

MaTh:
4 . 15 , oy

a) x* 3a gBi onepauj; r) = 3a n'aTb onepauiii;
6) 2% 3a Tpu onepauii; a) 228 3a wicts onepauiii;
9 64 . .o

B) z” 3a YoTmpm onepauj; e) z®* 3a wictb onepauin.

6. Beectu gilicHe uncno rpagycis Lenscis C (ha expani nosunHa bytun nig-
Kaska, Lo BBecTu) Ta obumcnnTy i BuBectn yncio F B gilicHomy cop-
MaTi — Ta cama Temnepatypa B rpagycax Papedreiita 3a dopmynoto
F= % + 32. Pe3ynbTaT BUBECTU B OKPEMOMY pAaaKy surasgy « F=***y
[€ 3aMiCTb 3IPOYOK MPEACTaBJIEHHS YKUCAA B HANKOPOTLIOMY BUrAsgi 3
MOXJIMBUX.

7. Beectu piicHe uncno x Ta nigpaxyiite 6e3 Ta 3a JONOMOroK MaTemMaTu-
YyHux yHkuii moeu C Aoro uiny Ta ApoboBY 4acTuHy, HaliMeHwe uine
4ncno, wo binble T Ta HalbiNbLE Life, WO MEHLE T, 3 TAKOX HOro OKpy-
rneHe 3HadeHHs. [lepegipTe pesynbraT poboTn AN Big €MHOro yucna.

8. Beectun B BOX pi3HMX psigKax NOCNIAOBHO ABa AiCHKMX Yucna Ta obuncnu-
TV 3HA4YeHHs X pi3Huyi Ta fobyTky. Pe3ynbTaT BMBECTUM B HECATKOBOMY
npeacTasneHHi (3 ikCOBaHOO KPanKoto).

9. Beectn gBa pificHux 4mcna 3anmcaHux Yepes npobinm B OAHOMY psAnKY
Ta ObYMCANTU 3HAYEHHS X CEepeAHbOro apuPMeTNYHOrO Ta CepeAHbOro
rapMoHiyHoro. Pe3synbTaT BMBECTU B HAayKOBOMY Ta AECSTKOBOMY Mpep-
CTaBJIEHHI.

3aBpaHHA a1 CaMOCTiiHOT poboTu:

10. 3apaiite B nporpami gosinbHi 5 uinux Ta 5 gilicHux yncen. Bueectn Ha
eKpaH Tabinuto 3 UMx 3HaYeHb y BUIA4L, Caigkytodi 3a "kpacoto"susoay:

x[1 2 3 [4 |5 |

R R G R R
y|3.0]1.0]50]40]2.1|



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

11.

12.

13.

14.

15.

16.

17.

18.

IniyianizyaTn gBa AOBiSbHI PAgKN Ta BMBECTU X B OGHOMY PsiAKy Ta
MOCTaBMBLLN MiXK HUMU KOMY Ta npobin, a nepef Ta Nicas Tpu OKANYHUX
3Haku. [puknag:

1! Hello , World! !!!

HabnuxeHno Bu3HaunTu nepiog obepTtanHs 3emni Haskono CoHus, BMKO-
PUCTOBYHOYN NaHUOroBuiA Apid

T = 365
o—|—4+ i

T+
1+5
PesynbTtat BUBECTV B (bopMaTi NAaBatoyol Kpanku.

O6uncnuTy 3HadYeHHs PYHKUIT ECATKOBOrO lorapudmMy As1s AaHOrO 4Ym-
CNa Ta BMBECTM Pe3yNbTaT 3 TOYHICTIO A0 3 3HAKIB NiCNs AeCATKOBOI Kpa-
nKu.

Tino noumHae pyxatucsa 6e3 NMoYaTKOBOI LUBUAKOCTI 3 MPUCKOPEHHAM .
Ob6uucnutn: BigCTaHb, iKYy BOHO npoiige 3a 4ac t Bif noyvaTKy pyxy Ta
4ac, 3a KU TiNO JOCSTHE LWBUAKOCTI V.

O64nCAUTY KIHETMYHY eHeprito Tifia Macol 1M, WO PYXAETbCA 3i LWIBMAKI-
CTIO U BiAHOCHO NOBepxHi 3emi.

Busectu Ha ekpaH Tabnuuto:

X----|-1-|-2-|-3-|-4-]-5-]
------ et
F (%) [-y-|-y-[-y-[-y-[-y-|
[le 3aMiCTb CUMBOJIY Y - 3Ha4YeHHs y popmaTi 3 NJaBatoHOl KPamnkow 3
TOYHICTIO JO ABOX 3HAKIB MiC/AA Kpanku abo uine, BUPIBHSHE MO LEHTPY,
dyHKUi:

2

a) F(z) =e™*;6) F(z) = .

Beectu pgiticHe 4ucno Big 0 o 10000 ta BusecTn foro 8 CTyniHb 3 TOYHI-
cTio 0o 20 3HaKIB A0 AECSATKOBOI KOMW Ta 4 3Ha4YKamu nicns AecsaTKoBOl
KOMU.

Mosnuisa y rpi «XpecTUKU-HyANKUy NpefcTaBiAeHa B Nporpami 3a Ao-
nomoroto 9 cumsonie Bugy ' ','O’,’X’. lokazaTu Ha ekpaHi no3uuio y

rpi «Xpectukun-vynukny. Hanpuknag, gna nosuui { '0','X",)" ", 7', "X,
'0','X, 0", " '} BoHa byge:
0|X]|

| X]0



Posgin 1. Jlinisini nporpamu Ha C. Beegenns/susegenns. Jisichnii Tun gaHux.

X|0]

Hopatkosi 3agadyi:

20.

21.

22.

23.

24.
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Tpw pificHi Yncna BBOZATLCA AK pPAJOK BUTASAZY:

A=xxx.xxx, B=xxExxx C=xxx.xxxx (ty1 "A=""B=", "C=" cumsonu, wo
NOBWHHI OYTU NPUCYTHIMK Ha KOHCOJI ane irHopytoThest npu BeegeHHi. O6-
YUCAITL TX CepeiHE apuMETNYHE Ta CEPEAHE FAapMOHIYHE Ta BUBEAITh Y
HayKoBOMY Ta popMaTi 3 (PiKCOBAHOIO KParKoO.

BuBecTn Ha ekpaH TeKcT:

—I=lal-|-

—lalalal-

alalalala

Oe a — BBEAEHe 3 KNaBiaTypu JilicHe 4mcno mMeHwe Hixx 100.

Beectu kopucTytoumnces auie ogHieto yHKLIEI BBOAY Ljiie YnCio 3anuca-
He B WICTHAALUATKOBOMY BUTSAI Ta BUBECTN OMO 3MEHLUEHE HA OAUHULLIO
B LWICTHAUATKOBOMY Ta JECATKOBOMY BUTASL,.

[Liiche yncno 3anucaHo B psAgKy, Npy LbOMY Nepes HUM MOXXE CTOSTU
Byab-sika NOCNIAOBHICTL 3 Npobinis Ta cumeonis «*». Beectn ioro kopu-
CTYIOHMMCh JINLLIE OfHUM BUKANKOM (pyHKUIT BBOAY Ta BUBEAiTb 3HAYEHHS
oro kydy.

BBeaiTh ABa HAaTYpanbHUX YUCNA 1, M Ta BUBEAITb YCAa M, M2 B Pi3HUX
pABKax Ha BiACTaHsAX Big NiBOro Kpato KOHCONI piBHUX 1 Ta 21 BigNOBigHO
HE KOPUCTYIOHYNCh LMKIIaMU.



Po3pin 2

BukopuctaHHa matemaTtu4yHoi 6ibniotekn C.
CrBopeHHs1 BhacHux pyHKLUIN

KOHTpONbHI 3anuTaHHA:

e 5K MigKMOYNTN MATEMATMYHI (PYHKLUIT Ta CKOMMINOBATM MPOrpamy, Lo
BUKOPUCTOBYE Sin Ta arctan?

e 5K y3HATW CKIIbKM MaKCHMasbHA KibKICTb 3HAYyWumx undp B gaHOMy
niicHomy Tuni? MakcuManbHy eKCNOHEHTY Ta MaHTucy?

e Sk 3anmcatu enacHy dyskuito Ha C? Ak 3anyctutu 11 3i ctanumn apry-
MEHTaMM Ta $IK 3 apryMEeHTaMun, WO € 3MiHHUMW, B NpOrpami?

e Lllo Take ronosHa dyHkuis (apaiisep dyrkuis)?

e Sk nepesiputu poboTy DyHKUIT B roNOBHIM PYHKLIT SKWO My 3HaEMO 1T
3HAYeHHs B JesSIKUX TOYKax?

3aBaaHHa gns ayamTtopHoi poboTu:

1) Beectu gilicHe 4ncno x Ta 06YACANTIA 3HAYEHHS (DYHKLIT TPUTOHOMETpY-
YHOrO KOCUHYCA A5 HbOTO.

2) O6umcnnTy rinoOTeHy3y ¢ NPSMOKYTHOTO TPUKYTHUKA 3a KaTeTamu a Ta b.
3) ObumcnnTy naowWwy TPUKYTHMKA S 3a TpbOMa CTOpoHamu a, b, c.

4) Hanuwite dyHKLiO, KA 33 HaliMEHLY KiSbKICTb apupMeTUHHMX onepa-
Uili, 0DYMCNIOE 3HAYEHHS MHOTOYJIEHA [J/11 BBEAEHOrO 3 KJfaBiaTypu 3Ha-
YeHHs X

a) y=a* + 222+ 1;
6) y=at +a23 422 +a+1;
B) y = x° + 5xt + 1023 + 1022 + 5z + 1;

r)y=a2+2%+1;

)
)
)
a) y = 162" + 82 + 422 + 22 + 1;
e) y=a°+ 23+ .

5) Hanuwits dyHkuito Rosenbrock2d(z,y) = 100(z? — y)? + (x — 1)% 7a
nepesipTe i1 pe3ynbTaT Ha JOBIIbHUX TPLOX Napax AiACHUX YuUCcen.

11



Po3zgin 2. Bukopuctanusa matematudroi 6ioniotekn C. CTBOpeHHs BAACHUX (PYyHKL

6) TprkyTHVNK BBOANTHCSA KOOPAMHATAMU CBOIX BEPLUWH, sIKi BBOAATLCS Tak:
B MEPLUIOMY PAfIKY 4Yepe3 npobin ABa AiCHNX YUCIA — KOOPAUHATY TOYKN
A, pani NponyckaeTbCs PALOK, B TPETbOMY PsiAKy 4Yepe3 npobin aBa Aiii-
CHMX 4Mcna — KoopauHaTh Toukn B, 3HOB nponyckaeTbcs psapok, depes
npobin koopauHatn Toukn C. Migpaxysatu naowy TpukyTHuka. (Bkasieka:
HanMWiTe PYHKUIT NigpaxyHKy AOBXWHW BiApPi3Ka Ta PyHKUIT 064MCieHHs
NAOWi TPUKYTHNKA 33 JOBXKNHAMU CTOPIH)

3aBpaHHA a1 caMoCTiiHOT poboTu:

7) ObumcanTty niowy eninca 3a KOOpAMHaTamy AOro pagiycis.

8) B TpukyTHMKY BifOMO [OBXMHU BCiX CTOpPiH. OBUMcanTn BOBXMHM iHOro:
a) megiaH,
6) GicekTpuc,
B) BUMCOT.

9) TpurkyTHVK 3agaHunii BEIMYMHAMUN CBOIX KYTIB Ta PajiycoM BNUCAHOTO KO-
na. Obuncnite Aoro niouly.

10) TpukyTHUK 3agaHnii JOBXKMHOKO CBOIX CTOPIH. 3HATU Ta BUBECTW Beu-
YMHY KYTiB TPUKYTHWKA Yy pafiaHax Ta rpagycax.

3HaiiTn 06'eM LMNIHAPA, AKLWO BIGOMO AOTro pagiyc OCHOBW Ta BUCOTY.

3HaliTn 06'eM KOHyca, AKLLO BiZOMO AOrO pajiyc OCHOBW Ta BMCOTY.

= =
w N
N N N N

3HaiiTn 06'eM TOpa 3 BHYTPIWHIM pagiycom 7 i 30BHiWHIM pagiycom RR.

3HaliTy KOpeHi KBafpaTHOro piBHAHHS 3 KoediuieHTamm a, b, ¢, sKWo Bi-
IOMO, Lo 0buaBa KopeHi B HbOMY icHytoTh. [lepesipTe Ball po3B'a30k Ha
koedpiuienTax pisHsiHna a = 3,b = 100, ¢ = 2.

15) Cknactu pyHKUitO Ansi ODHNCNEHHS 3HAYEHHS MHOTOY/IEHA BiJ 4BOX 3MiH-
HUX ANl BBEAEHOI 3 KNaeiaTypu napn uncen (x,y):

a) f(x,y) = 23 + 322y + 3zy% + y3;

6) f(z,y) = 2%y +2%y® + 2ty

B) f(z,y) =x+y+a®+y* +a° +y° + a2t +yh
16) O6uucnutu BigcTaHb Big ToUkK (Zo,Yo) 4O

a) 3agaHoi ToukM (x,Y);

6) 3apanoi npawmoi ax + by + ¢ = 0;
12



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:
B) Touku nepeTuHy npamux £ +by+c=0iax+y+c=0, geab# 1.

17) Hanuwite BnacHi dyHkyil, wo ob4MCIIOITL HACTynHi Bupasn Ta
BifMOBiAHI BnacHi yHKLil, wWwo OyayTb paxyBaTu nOXigHi HaHUX
dyHkuii(Mpuknag, dyukuis f(x) = identity(x) = =z, T noxigHa
g(x) = identity _derivative(z) = 1) :

a) flw) = th(z) = S,

(eTte—2)!

6) f(x) = bent(z) = LA 4o

B) f(x) = softSign(z) = 2

r) f(z) = arctg(x) = tg~ (),

p) f(x) = gauss(z) = e,

e) f(x) = softPlus(x) =In(1+ e®);

e) f(x) = sigmoid(z) = (1+¢7*)";

x) f(@) = invsqrt(e,a) = =

3) f(x) = sigmweight(x) =z % (1 +e )"

13



Po3pin 3

Lini Tunu C. YMOBHI KOHCTpPYKLUT.

KOoHTpONbHI 3anuTaHHA:

Aki Tvnm winux yncen sukopuctoByroTbcs B C/C++7
Ski BapiaHTn BMKOpUCTaHHs Byneeoro Tuny € 8 C7?
Sk nepesecTn 4ucno i3 3HakoBoro fo GeszHakosoro Tuny? FAk Hagnakm?

Sk BBECTW Halifoslue MOXAMBe Ljine Yncno? Sk y3HaTu lioro posmip B
baiitax?

Sk 3'acoBye ckinbku GATIB Ha LWA Ta JOBrWi WiNWi TUN BUAINSE KOM-
NinAaTOpP, a TAaKOX YW NIATPUMYE BiH LOBrMiA TUM Ta CKIJIbKM Ha HbLOFO
BUAINAETLCA BaiTiB?

Ak BukoHaTn uinodncenshe pinedns 8 C7 Sk noginntun He UiNOYNMCENBHO
ABa uinnx yucna?

Sk kopekTHO Ta De3 monepmKeHb KOMMINATOpPA iHiLianizyBaTn AoBre Ha-
TypanbHe 4ncno? HatypansHe kopotke? Line poere?

Sk KOpekTHO Ta 6e3 nonepea>keHb BBECTU Ta BUBECTW HaTypasbHe YnCno?
HaTtypanbHe kopotke? Line posre?

Ak 3anmucatn ymoeHe posranygkerus 8 C/C++7

Ski Tunn ymosHux upasie Ha C/C++7 Hanuwite aBa BapiaHTn 3 HUMN
AN NOWyKy MiHuMyma agox umcen. Hanuwite 3a gonomoroto Bupasy
anbTepHaTMBM PYHKLIIO, WO NOBEPTaE NApHICTb LiIOro 4ncna.

3aBaaHHAa gna ayauMTopHOT poboTu:

1)

2)

14

[daHo HaTypanbHe TpusHavHe 4ncno. 3Haiitu:
a) KiNbKICTb OAVHMLD, JECATKIB i COTEHb LbOTO HUCIA;
6) cymy uudp LbOro Yncna;
B) 4MCNO, yTBOPEHE Mpy YNTaHHI 3aJaHOTO YNCNa CNpaBa Hasiso.

Beectn HaTypanbHe TpusHadHe 4mcno. Skwo B HboMy BCi 3 uudpm pi-
3HI, TO BMBECTW BCi 4MCNa, SIKI YTBOPIOKOTBLCS MpU NEpecTaHoBUi uudp
3a,@aHOro 4uncna.



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

3) BeegiTh Tpn winux YMCna, 3anuCaHUX Yepe3 KOMY B OfHOMY PSIAKY Ta
nigpaxyite ix 4OOYTOK SIKLLO BCi Ui 4NCIa rapaHTOBaHO MO MOAY/IIO MEHLLI
a) 210, 6) 221,

4) Hanuwits dyHKLi0, WO rapaHToBaHO NPUIMAE y SIKOCTI aprymeHTis 8-
GiTHI HaTypanbHi Yncna Ta ob4YMCIOE TX AODYTOK K rapaHToBaHO 16-GiTHe
HaTypaJibHe YucIo.

5) Busnauntn Ginblue Ta MeHIWE 3 ABOX YNCEN, BBEAEHUX 3 KNasiaTypu.

6) Hano Tpu giichux yncna. Cknactn nporpamy Anst 3HaXOQXKEHHSI 4mMCna:
HaMbINBLLIOrO 33 MOAY/IEM Ta HAWMEHLLOrO 33 MOAYJIEM.

7) Busnauntn, ckinbkn po3s's3KiB Mae PiBHsAHHS Ta PO3B’A3aTn NOro:

a) az? +br+c=0; 6) ax* +brx? +c=0.

3aBgaHHA 4N CaMOCTiiHOT poboTu:

8) Beegitb aBa HaTypanbHux 32-0iTHUX 4MCna Ta BMBEAITH ix Cymy sik 32-
GiTHe 4YMCNO, AKLIO HEMAE NepenoBHeHHs Tuny. B npotusHomy Bunagky
BMBEAITL NPO Ue NOBigOMJEHHS. AHaNOriyHO nigpaxyiite gobyToK O4BOX
uinmx 32-6iTHux yncen.

9) [HaHo Tpwm gilicHux wucna z, y i z. CknacTn nporpamy ans obumcieHHs:
a) maz(x +y+ z, 2y — 2z + yz,xYz2);
6) max(zy,zz,yz).

10) [dano Tpu gilichux Yucna z, y i z. Busnauntn kinbkicre:
a

Pi3HUX cepep HUX;

yncen, Wwo € GinbwmMMK 33 TXHE cepefHe apudMeTMUHE 3HAYEHHS,

)
6) opHaKoBMX cepep HUX;
B)

)

r) ymcen, wo € OiNbWMMKN 33 BBEAEHE 3 KNABIaTypyu YUCIO .

11) O6umcnnTy 3HaueHHs hyHKUIN:

a) f(x) = |xf; 8) f(z) = sign(z)

6) f(x) = 2] — 1| - L; 1) f(x) = sin(|z));
15



Pozgin 3. Uini tunu C. YMoBHI KOHCTpyKUiT.

12)

13)

14)

15)

16)
17)

18)

19)

16

MNepeBipuTy, 4n iCHye TPUKYTHUK i3 3agaHMmmn CTOpoHamu a, b, c. Skuwio
Tak, TO BU3HAYNTU, SIKWA BiH: TOCTPOKYTHUN, MPSIMOKYTHUIA Y1 TYnoOKy-
THURA.

BusHauntu, ckinbkn po3s’'si3kiB Mae cucTema piBHsHL | po3B'sA3aTu Ti:

2) a1z +biy+c1=0 6) |z +yl=1
asx + by + co = 0; ar+by+c=0

3HaiiT 4ncno Touok nepeTuHy kona x2+y? = r? 3 Bigpiskom r = a, b <
y<b+c?.

2 2 .
CknacTu nporpamy, sika no kony (z —v)” + (y —u)” = r? Ta npawmiii
ax + by + ¢ = 0 BCTAHOBNIOE, sSiKN BUMAAOK MAE MICLE!

® [Bi TOYKW NEPETUHY;
® O/lHA TOYKA [IOTUKY;
® >KOAHOI CMiIbHOT TOYKN.
3'acyBati, 4n NEPeTUHAIOTHLCS ABA KOJIA Ha MUIOLLMHI.

3apaHo ABa KBafpaTu, CTOPOHU SIKMX MapanefibHi KOOPAMHATHUM OCSIM.
3'acyBaTu, 41 NEPETUHAIOTHLCA BOHU. SKLIO Tak, TO 3HAWTU KOOPAMHATY
JIIBOrO HMDKHBOTO Ta MPaBOro BEPXHLOIO KYTiB MPAMOKYTHIUKA, LWLO € TXHIM
NepeTUHOM.

[JaHo ABa NpsIMOKYTHMKM, CTOPOHU KX NapasiesibHi KOOPAMHATHUM OCAM.
Bigomo koopgmHaTy NiBOro HUXHLOIO Ta NPABOrO BEPXHBOIO KYTIB KOXKHO-
ro 3 NPsSIMOKYTHUMKIB. 3HAATN KOOPAUHATK JIIBOFO HUXKHBLOTO Ta MPaBoOro
BEPXHBLOrO KYTiB MiHIMANbHOrO NMPSIMOKYTHUKA, L0 MICTUTb 3aAaHi Npsamo-
KYTHUKM.

3anucatu dyHKUIT, LLO NOBEPTAKOTL 3HaYeHHsA 1 TOAI i TinbKn Togi, KOMN:
a) HaTypaJsibHe HKC/IO N — HEMapHe;

6

oCTaHHA uucpa yncna n — 5;

w

Uijle Yncao n KpaTHe HaTypaJibHOMY YMCAy m;

r) HaTypanbHi yncnaa n i k 04HOYACHO KpaTHI HATYpPanbHOMY YUCAY M

) cyma nepoi i apyroi undpy LBO3HAYHOrO HATYpasbHOrO dncna -
[BO3Ha4YHe 4MCNo;

A

€) 4ncno X Binblue 33 YMCIO Yy HE MEHLUE, HiX Ha 7;



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:
€) npuHaiimHi ogHe 3 Yncen x, y abo z Binbwe 3a 99;
X) TibKM ofHe 3 wucen x, y abo z mexwe 3a 1001.

20) PeanizyBaTn (byHKUiIO, SiKa NEpeBipsie, YN HANEXUTbL [AHA CBOIMM KOOp-
LMHATAMU TOYKA TPUKYTHUKY, WO 3aJaHNii KOOPAMHATAMU CBOIX BEPLUMH.

21) Touka npocTopy 3agaHa AekapToBuMun koopamHatamu (x,y, z). Mepesipu-
TN, YU HANIEXNTb BOHA KyJli 3 pagiycom R i LeHTPOM y NOHaTKy KOOpAMHAT.

22) Touka NpoCTOpYy 3afilaHa [eKapToBMMUM KoopauHaTamu (z,y, z). Nepesi-
pUTWN, YU HaANEXWUTb BOHA LWUAIHAPY, BiCb sikoro 36iraeTbes 3 Bicco Oz.
Bucota popisHioe h, a HMKHSA OCHOBa nexuTb y niowmHi Oxy Ta Mae
pagiyc .

23) Peanizyiite dyHKUIT Ta HaNUWITL BIZNOBIAHY 4O KOXHOI 3 HMX (DYHKLIIO,
wo Oyae paxyBaTu ix noxigHi (3a HECKIHYEHICTb NPUiEMITL Halibinbwe Mo-
xmnee qucno Tuny double):

>
a) onestep(x) = {1’96 =0

0,z <0
6) ReLu(x) =maz(0,x)

ax, x <0

B) leakyReLu(x,a)= { 0. 2>0

r) eRelLu(ax) :{a(eo—xl);xo< 0

tl+al (x—tl),x <tl
a) sRelu(tltr,al,ar,x)= 0,tl <z <tr
tr+ar(x—tr),x >tr

#7 xr<0
e) isReLu(a,x)= {v 1+az?

z, x>0

_In(l—a(z+a)
a )
€) softExponential(a,x) = x,a=

x) sinc(x)= { i

x 7

17



Po3pin 4

Uuknn

KOHTpONbHI 3anuTaHHA:

Axi Tunn unknis Ha C/C++7 Hannwite umkn Ans BBEZEHHS n uinnx
Yucen 3a JOMOMOrOK TPbOX PI3HMX TUMIB LUKIIB.

Hanuwite unkn ansa BBeaeHHs aiicHux yncen aoku He eeegemo 0. O6un-
CNiTb MAKCUMYM 3 LUX 4KCer.

Aki IHCTPYKLIT Ta KOMaHAN KO3BONAIOTL 3aBepwnt (nepepsatn uukn)?
SlK MO>XKHa YHUKHYTU BUKOHAHHS OFHIET (41 Aekinbkox) iTepauiii uukny?

Ak obuncnnTy dakTopian 3a gonomoroto apudpmerndnoro uukay Ha C7?

3aBaaHHa ans ayamMTtopHol poboTtu:

18

1) Cknactu pyHKUitO OOUNCNEHHS 32 JaHUM AICHUM X Ta HAaTypasibHUM n

yncno y = sin(sin(. ..sin(z) . ..)) (n pasis).

2) BuBecTun Ha ekpaH Takuii psgoK:

nl = 1¥2*3%4¥5* *p
Ae n — BBeAEHE 3 KnaBiaTypm HATypaidbHE HNCNO, BUKOPUCTOBYHOHN
® LINKJI MO Aiana3oHy i3 3pOCTaHHAM;

® LIMKJI NO Aiana3oHy 3i CNagaHHsM.

3) Cknactn yHKUiT gnst OBYNCNEHHST 3HAY€Hb MHOTOUYIEHIB | BUKOHATU iX

Npu 33JaHNX 3HAYEHHSIX apryMeHTIB:

) y=a2"+a2" 1+, +22+2+1, n=3,2=2;

—1

0) y=a2"y"+22" y" 4. 422y +1, n=4,x=1y=2;.

4) [ano naTtypanbhe 4ucno n. Hanucatu nporpamu ob4mncneHHs 3HadeHHs

BMPa3y Npy 3aaHOMy 3HAYEHH| X

r+222 + ...+ (n—1)a" "t + na".

5) Cknactu pyHKUitO 064MCneHHs NoaBiiiHOTO hakTopiana HaTypanLHOro Yn-

cna n: y = n!l. 3a 03HaYeHHAM:



3aBaaHHsa Ans ayauTopHoi pobotu:

nll — 1-3-5....-n,npn n HenapHoOMY,
h 2-4-6-...-n,0pn n NapHoMmy.

6) Cknactu nporpamy obuncCneHHs

\/2+\/2+...+\/§(n KOpEHiB),

\/3+\/6+ 3(n—1)+\/%

7) Cknactu nporpamu obYNCAEHHs 3HaYeHb MHOroUneHy ans = € R, wo no
MOZYIO MeHLUe 33 opguHuuo Ta n > O:

’IL

y=1+&4+Z 42 4 42

nl

8) [Ons posinbHoro uinoro unucna m > 1 3Halitn Haiibinbwe uine k, npu
skomy 4F < m.

[ns 3aaaHOro HaTypanbHOrO YKCAa T OAEPXKATU HaliMEeHLIe YUCNO BUTAS-
ay 27, ke nepeBuLLyE N.

10) 3nangite mawmHHWi Hynb ans giicHoro Tuny float Baworo komninsTopa,
TOOTO Take 4mcno tuny float @ > 0, wo 1+ a = 1 Oyge ictunoto. Ak
NEpPeBipUTY Lie 3HAYEHHS, KOPUCTYHOUNCH CTaHAapTHOW bibnioTekoto?

BkasiBka: B LUK BUKOHYIiTE AiNEHHS 3HAYeHHs1 @ Ha 2 aokn 1 +a # 1.

11) BeecTn nocnifoBHICTL HACTYMHUM HYUHOM: KOPWCTYBAady BUBOAWUTLCS Ha-
nuc “a[**]=", pe 3amicte ** cTOiTL HOMEp HMCna, WO BBOANTLCA. TOOTO
Tam BuBogATLCA Hanucy “a[0]= ", i nicns 3HaKy piBHOCTI KOPUCTYBaY BBO-
AnTb giicHe wncno, “a[l]=", i nicns 3Haky piBHOCTI KOPMCTYBaY BBOAUTL
4KCO0 i Tak gani poku kopuctyead He Beege 4ncno 0. Micns ysoro notpi-
OHO BMBECTWM Cymy BBegeHMx umcen (Macms 4ucen 3aBoauTn HeoDOB'sA3-
k0B0). BBeaiTh NoCnigoBHICTL UiMX HeHybOBUX Hucen (TOBTO BBEAEHHS
3aKIHYYETLCA KOJIM MU BBOAUMO YWUCAO, LLO KOMMIASITOP He BiApi3HUTL
Bia 0) Ta BuBeniTL cepeaHe apudMeTUHHE BBEAEHNX YMCEN Ta CepefHe
reOMeTpPUYHE.

12) Ons panoro HaTypanbHOro Yucna n < 25 obumncnits 3HaueHHs cybdakro-

piany !n no cpopmyai:

Bkasieka Hisikum 4nHom cpaktopian paxyeatu He noTpibHo!

19



Poszgin 4. Uunknn

3aBpaHHA A4NA CaMOCTiiHOT poboTu:

12) Cknactu dyHKUiT Ans 0OBHMCIEHHS 3HAYEHb MHOTOYJIEHIB | BMKOHATM TX
Npy 3a4aHNX 3HAYEHHSX apryMeHTIB:

a) y:LL'szrxzn_l+...+LL’4+LL'2+].;

3n—1

6)y:3:3”+x +.o o+ a3 41

B) y:$12+z22+...+x”2

13) Hdano natypanbHe uyucno n. Hanucatm nporpammn obumcnenHs 3naveHb
BUPA3iB NpU 33JaHOMY 3HAYeHHI x:

a) 1+(a?—1)+(m—1)2+...+(x_1)n;
6

1 1.
) 2+1 m+.+m,

B) 1+sinz +sin?z + ...+ sin” z;
)

) y=na"" 4 (n— 12" 2 4. 420+ 1;

a) y=> ka*(1—2)"% zaymoen 0 <z <1,n>0.
k=0

14) BeegiTb NOCAIZOBHICTL UiNMX HEHYNBLOBMX Ynces (TOBTO BBeAEHHS 3aKiH-
yyeTbCs Konu My Beogumo 0). BusHaunTtu KinbkicTb 3MiH 3Haky B Uil
nocnigosrocti. Hanpuknag, y nocnigosHocTi 1,-34, 8, 14, -5, 0 3Hak 3mi-
HIOETLCS TPU pasu.

15) Beegitb nocnifoBHICTL HaTypanbHUX HEHYNLOBMX 4Yucen (ToOTO BBEAEH-
Hs 3aKiH4yeTbCs konu My Beoaumo 0). BusHauutu nopsigkosuii HoMep
HAalMEHLLIOrO 3 HUX.

16) BeegiTbh NOCNIQOBHICTL AiiCHAX HEHYNbOBUX 4Yucen (ToBTO BBeAeHHs 3a-
BepwyeTbcs Konm Mu Beogumo 0). Busnauntn senmqmny Haiibinbioro
cepeq Big'€MHUX YneHiB Ui€l nocnigoBHOCTI. AKWwo Big eMHMX yncen He-
Ma€, TO BUBECTN HaMEHLW NI cepel, AOJATHUX YNEHIB.

17) BaHk nponowye pidHy ctaeky no genosuty A Ta B rpusenb no Bknagy no-
[al0ThCs 40 OCHOBHOT CyMU [€n03uTy KoXeH pik. Bu knapete B uein baHk
D rpueens. Ckinbkn pokis noTpibHo YekaTu, wob cyma Bkiagy 3pocna ao
ouikyBaHoi cymun P?

18) Cknactu nporpamun asi obHMCIEHHS €IEMEHTIB NOCAiZOBHOCTEA. Bibnio-
Teky <math.h> He BukopuncTosysaTu.

20



19)

20)
21)
22)

23)

24)

25)
26)

27)

3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

2) o =2 (k> 1) 8) zo =2 (k>0);

6) i = iy (k> 0) o) ox = S (+20)
8) o = CU (> ), &) o = C (k> 0);
r) ok = Gy (k2 0); m)xk:% > 0).

3agaHe HaTypanbHe 4ucno n. Cknactu nporpamu obuucneHHs foOYTKiB:
a)p=(1+3%)(1+5%)...(1+%), n>2
6) p=(1-5)(1-%)...(1+%), n>2

Cknactn nporpamy gpyky Tabauui 3HaveHb pyHKUT Yy = e~
Biapisky [-3,3] 3 3agaHnm kpokom h > 0.

2
4z% nna d Ha

BusHaunTu KinbKiCTb TPU3HAYHUX HATYPaNIbHUX YUCEN, CymMa Undp AKMxX
LOPiBHIOE N > 1 He BUKOPWUCTOBYIOYiI AiSIEHHS.

Oano n uinux yucen. Cknactn nporpamy, WO BM3HAYAE, CKiNbKA 3 HUX
Ginbwi 3a cBoix "cycigis TOOTO nonepeaHLOro Ta HACTYMHOrO YMCEN.

3apani HaTypanbHe 4MCNO N, AiACHI Yrcna yi, . . . Y,.Cknactu nporpamy
BU3HAYEHHS:
R Yi, Npn |yz| S 27
a) max(|zf,.., |enl), e zi = {0.5,y HWWX BUNagKax '
. ) vismpm |y > 1,
6) min(lz1f, ... [zn]), Ae 2 = {Q,y iHWKX BUnagkax '

yi, npn y; < 10,

B) Z1 22t 2, B i = {1 y iHWKUX BUNagkax
)

Hano HaTypanbHe 4ncno n. BuknHytu i3 gecsaTkoBoro 3anucy €mncna n
uucppu 0 i 5, 3anmwmewn nopsigok iHwux uudp. Hanpuknag, 3 yucna
59025509 nosuHHO BUNATK 929.

3HaliTn nepiog AeCATKOBOro Apoby ANs BifHOWEHHA n/m ANs 3apaHnx
HaTypaJibHUX YWUCen N Ta M.

Ckopotutn gpib n/m gna 3apaHnx U4inoro 4UCna m Ta HATYpajbHOrO
yucna m.

3afgaHa To4HicTb € > 0. OBuncAnTM YnMcno T 3 L€ TOYHICTIO 3a Jono-
MOrOl0 HaCcTynHUx popmyn:
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Poszgin 4. Uunknn

2 S 1 4 S 1
s _ . ™ — .
a) & =2 5= B) 55 = 2 w1
k=0 =0
o0 k
(=1
T_2.2.4.4.6.6 e) T=2V3) & ,
6) 5=12"3°5°5 7 = 37 (2k+1)
e k
_ (=1) 8 4 4 1
B) 2 — Vi Ve €) 2= kzo Toh \8ki2 T 8hi3 T 8kid — BRi7
T _ 2 2 =
244/24+2 oo 00
- - 1
2 T x) ™=38 =
) TSy Gy
00 k 00
=y &b 2 2 11). 2v2 § (4K)!(1103+26390k)
r) ™= go 7w\ Y T 3w sk kZ—:O (k)A306F :

HonaTtkosi 3agadi:

27)

28)

20)

30)

31)

22

Beectu HaTypanbHi Yncna a i b Ta HaTypasbHe Yucao n. Y MoxHa npeg-
cTaBuTn Yncno n y surnsagi n =k« a + m* b, ge k ta m — HatypanbHi
yncna? Akuwo MoxkHa — TO 3HaWAITL Taki Yncna k Ta m, WO MaloTb Hai-
MeHLLY CyMy MOZAyiB.

MpeacTaBUTK AaHe HaTypasbHE YUCAO K CYMY 4BOX KBagpaTiB HaTypasib-
HUX Yucen. JKWwo ue HEMOX/IMBO NPEeSCTABUTY SIK CYyMy TPbOX KBALpaTiB.
AKwo i ue HEMOXIINBO, NPEACTABUTYA Yy BUMISIAT CYMIW HOTUPBLOX KBAApaTiB
HaTypasbHUX YUCEN.

3HaiiTu BCi Lini kopeHi KybiuHoro pieHsHHS ax3+br’+cr+d = 0 (a, b, ¢, d
— 3afaHi uini 4ucna). Bkasieka: uini kopeHi noBMHHI OyTy Big eMHUMYN abo
OOJATHVMI AiNILHUKAMM BIILHOrO Ynexy d.

HanuwiTte dyHKUi0O, sika po3paxoBye A/l JAHOMO HAaTYPaNbHOrO YMCNa N
3HadeHHs QyHkuii Olinepa — TO6TO KinbKiCTh Yncen Big 1 Ao 1, B3aEMHO
NpoCTUX 3 N.

Beectn HaTypanbHe uncno d > 1 Ta HaTypanbHe 4nucno m. 3HaRAITh
MiHIMabHY KiNbKiCTb HaTypasbHux uncen surasay x¢ (d-ctynenis HaTy-
pasibHUX YuCen) Cyma sIKux JOPIBHIOE M.

)



Po3pin 5

Liuknu. PekypeHTHi cniBBigHoweHHA. Pekypcia

KOHTpONbHI 3anuTaHHA:

o Skum ynHom obumncnntu yncna Pibonaqui Ha C 3a gonomoroo Unknis?

e SKuniA 3aranbHUii METOA OBYMCNEHHSI peKyPeHTHUX MOC/ILOBHOCTER AN

o

e Lllo Take pekypcis Ta sik 1T 3actocyBaTm anst obYMCneHHs, Hanpuknag,
akropiany? HYncen ®PiGonaudi?

e Lllo Take BiHapHWii nowyk Ta sK oro 3actocysaTun?

3aBaaHHa gns ayamTtopHoi poboTu:
1) Maemo giiicte yncno a. Cknactu nporpamu oG4MCIEHHS:

a) cepeq uncen 1,1+ 1,1+ %+ 1,... nepworo, binbloro 3a 3apaHe
4ncno a;

6) Takoro Haiimerworon >0, wo 1+ 1 +...+ 1 >a.

2) Yucnamn DiboHauui HasmBaeTbCs uncnosa nochigosHicts {F,}, 3apana
PEKYPEHTHUM CriBBigHOWeHHAM gpyroro nopsgky Fop = 0, F) = 1, F), =
Fo. 1+ F, k=2,3,....

Cknactu dyHkuii:

a) ans obumcnenns F, 3a HOMepoM uneny;

6) Homepa Haibinbworo 4yucna PiboHayui, sike He nepeBuLLyE 3agaHe
4ncno a;

B) HOMepa HalimMeHworo yncna Piborauui, sike Oinblie 3a[aHOroO a;
r) cymn ecix 4ucen ®iGoHauui, siki He nepesuwyytots 1000.

3) Beegitb HaTypanbHe Ynucno n. Jani yTBOpUTL peKypeHTHY MOCAIAOBHICTb
{a;} 3a HacTynHuM npaBunom: ag = n. JKWO aj NapHe, TO ai+1 = ai/2,
AKLWO Gj — HenapHe, To ai+1 = 3ai + 1. Josegite wo gns n < 1000 us
nocnigoBHiCTL Dyae 36iraTuck A0 oguHuui. 3HalAITE cepel LUX 1 4NCHO,
AKOMY NOTPIOHA MAaKCMMaIbHA KiIbKICTb KPOKIB 15t AOCSATHEHHS OAMHMLL.

4) Cknactn nporpamu gas obuucnerHs gobyTkis:
23



Posgin 5. Luknu. PekypeuThi cniBeigHoweHHA. Pekypcis
n

a) Pn:H(l'i_%)?

=1

L0 i+1.2
& P T (14 O,

=1

Bkasieka. [obytok P,, 0b4ncantu 3a 4ONOMOroK peKypeHTHOro CriBBig-
HoweHHusa Py = 1, P, = Py_1xag, k=1,2,....n(k=1,2,...,n) ge
k- k-TVNA MHOXHUK.

5) Cknactu nporpamun ansi 06UNCNEHHS HAlMEHLIOrO AOAATHOTO YJIEHa YU~
CNOBOI NOCAIAOBHOCTI, 5IKa 3aJAETbCS PEKYPEHTHUMM CNiBBIAHOLUEHHSIMM
Ta BUBEAiITb WOro Homep: T, = Tp—1 + Tpn_3 + 100,27 = 29 = x3 =
—-99.,n=3,4,...;

6) Cknactu nporpamu ns oB4MCNEHHsT NaHLIOroBux Apobis

a) by =b+ o —r—;

bt
_ 1
6) An =2+ T :
i 1
S V)
B) Top =1+ L
21 .
1+ T
2+
1+ +3

Bkaziska. Bukopucratn pekypeHTHi CniBBigHOWEHHS
6) bo=dn+2,bp =4(n—k) +2+ 32— k=1,2,...,n.

7) Cknactu nporpamu gnst ob4ACNeHHs Cymu:
n
k
_ 2
Sﬂ, - kzl (Lk+b1€7 1

p'e{ 111:0,02:1; { blzl,bQZOa k:3747~-~;

ak—1
k= "5 tak—2bk, bk =br—1+ ar-1,

8) BeecTu popaTHIO TOYHICTL € Ta HanucaTu yHKUiT s obuMcneHHs cym
pagie Telinopa 3 gaHOO TOYHICTIO Ta MOPIBHATM iX pe3inbTaT 3 pesynbTa-
TOM BiANOBIAHUX MaTEMATUYHUX PYHKLRA:

3 5 7

< "2 T T T
6) ®(x)=[e " dr=a— 5+ 5 — 5 +---
0

o2
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3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

3aBaaHHA 4N CaMOCTIiHOT poboTu:

9) Cknactu nporpamu OBYMUC/IEHHSI AOBUILHOrO €eMeHTa NOCILOBHOCTEN,
3aJaHNX PEKYPEHTHUMM CMiBBIGHOLWEHHAMU

a) vo=1,v1 =0.3,v; = (i 4+ 2)v;_2,i = 2,3,...

6) vo=vi=v2 =1 v; = (i+4)(vie1 — 1)+ (i +5)vi—3, i =3,4,...

3 i—2
2

B) Vg = V1 = 07 V2 = UV = (i—3)2+1

Vi—1—Ui—2Vi—3+1, 1=2,3,...

10) Cknactu nporpamy obYMCAEHHS JOBISIBHOTO €N1EMEHTa MOCAIZOBHOCTI Uy,
BM3Ha4Y€HO! CUCTEMOLO CNiBBiJHOLLIEHb

Uj—1 — Vi—1 i =
|wi—o +vi—q| +2°

v =v1 =1,v;, = 2,3,...;

Uj—1—U;—2V;—1—Vj—2
1=2,3,..
w2 2 9 »
1 1—1 Ui—l

ae ug = uy = 0,u; =
11) Cknactu nporpamu gnsi 064MCIEHHS CyM:

n
a) Sp = Y 2%ap,pe a1 = 0,a2 = lyap, = ap—1 + k*ap_o, k =

k=1
3,4,...;
N 3k ap—1
6) Snzzanﬂe (11:(12:17 ap = k +ak—27k:3747"';

b
Il
—

=
W
Il

M=

k! ap—1 .
2,0 he ay=as =1, ax = ap_1 + oF , k=3,4,...;

b
Il
—

n
r) S, = kzlk!ak,p,e a1 = 0,a2 = 1, ap = ap_1 + %, k =
3,4,...;
n a
A) Sno= > oF.pe a1 = a2 =a3 =1, ay = ap—1 + a3, k =

4,5,...;
e) S, = Z %ak,p,e a0:17ak:kak,1+%7 k=12 ....
k=1

12) Cknactu nporpamun pnsi 0G4MCHEHHS CyM:

n
32k+1

a) Sn - kZ::I Aak*bk""l’ 1
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Posgin 5. Luknu. PekypeuThi cniBeigHoweHHA. Pekypcis

&122,CL2:1, blzl,bQZO, o .
Ae {ak]m+ak—2+bk, {bkz%k_1+ak_1, k=3,4,..;

D apb
6) Sn = kgl VI

a; = u, by =,
e k=2,3,...;
A {ak =2bg—1 + ag-1, {bk =2a7_; + br_1,

u, v — 3afaHi AilicHi Ymcna;

v 2k
5) Sn= 2 TR
k=1
a] = 1, bl = 1,
k =
Ae {ak = 3br—1 + 2ap_1, { by, = 2ap—1 + bg—_1,

a/():laa1:27 aO:57b1:57

e k=2,3,...;
A {ak =br_o+ l%k, {bk = b%,Q — ak—1,

ap = 17 bO = 17
e k=1,2,.....
A {ak = bp_10k—1, {bk =bp—1 +ar_1,

13) Cknactu nporpamu ans obumncnenHs nobyTkis

i ag =a1 =1, ag =3,
a) Pn:H%aAe ap_2 ,k:3,47...;
f—0 > ak = k-3 + 3%=1,

n

6) Pn = H akbk7
k=1
e ayp = 1, b1 = 1,
A ap = (w/bkfl + akfl) /5, b = 2bp_1 + 5a%_1,
k=2,3,....

14) PeanizysaTtu (byHKLjIO sika 3'1COBYE, 4mM BXOAUTHL 3agaHa uudpa fo 3anucy
33/1aHOTO HATYPasbHOrO YNCna.

15) Peanizyeatu yHkuito "iHBepcii'(3anucy yncna B 3BOPTHLOMY MOPSAAKY
undp) 3aJaHOr0 HATYPaNbLHOIO YMCAA.
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3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

Bkasiska. [ns nobyaosm 4ncna BUKOPUCTATU PEKYPEHTHE CMIiBBIAHOLLEH-
Ha yo = 0,y; = y;—1 * 10 + a;, e a; — HacTynHa uncpa Yncna n npn
po3rasgi uudp cnpaea Hanigo.

16) Cknactu nporpamm HabAMXXeHOro 0bHMCIEHHS CyMU BCIX JOAaHKIB, abco-
JIIOTHA BEINYMHA AKX He MeHwwe € > 0:

. 3
a) y:smz::rf?+ T —

(<

<
Il
<&
=}
=
N~—
|
&
4
=
_|_
|
4

ot

)

)

)

A y=e" =1+§F+ 5+

e) y=In(l+2)= T (Jzf <1

) y=th=l-z+a?—ad+...,(al <1)
>K)yzln%z?*%+§+%+.”,(\x|<1);
3)y:ﬁ:l—?*x—i—i’)*ﬁ—...,(m<1);
i)y:ﬁzl_ﬁ v Bhp? A3y (2] < 1)
ﬁ)y:HzQ—l—m +at =2+ .. (2] < 1);

K) y=vIta=1+350— 552" +555%2% — ..., (Ja] <1);
W y= o = Lo+ Bt - BRSO L (Je] < 1)
M)y:arcsin()—x—&—QB,—l—é:Z% (2] < 1).

Bkasiska. Cymy y obuncnioBaTu 3a JONOMOIOK PEKYPEHTHOrO CMiBBifHO-
weHHs So =0, Sy = Sk_1 +ar, k=1,2,..., ne ar — k-Tnii gOAaHOK,
O151 ODYUCIEHHS IKOFO TAKOXK CKJIAJAETHCS PEKYPEHTHE CMiBBiAHOLIEHHS.
B AKOCTi yMOBM NOBTOPEHHSI LMKIY PO3rNSAAETLC YMOBA |ay| > €.

17) Beectn giiicHi uncna z,e(x # 0, > 0). OBUNCANTN 3 TOUHICTIO € HECKiH-
YeHHY CYMYy | BKa3aTl KiJIbKiCTb BPaXOBaHUX JOAAHKIB.

ka

a) > ok 6)

18

k=0 k=0 "R

> kk o0 k., 2k+1
6 (=)%=x ; r (—‘1) z )
) ];::0 (k+1)2 ) ];::0 E'(2k+1)!
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Posgin 5. Luknu. PekypeuThi cniBeigHoweHHA. Pekypcis

HonaTtkoBi 3agadi:

18) Hano HaTypanbHe uncno k . CknacTn nporpamy oaepxanHs k-Toi uudpn

19)

20)

21)

22)

28

NnocnifOBHOCTI
a) 110100100010000 ..., B sk BunNucaHi nigpsag cryneni yncna 10;
6) 123456789101112 ..., B sKiii BANMCAHI Nigpsg BCI HAaTypanbHi Yu-

cna;

B) 149162536 ..., B skili BUNMCAHI NigPsS, KBaApaTH BCIX HATYPaNbHNX
qncen;

r) 01123581321 ..., B skiii Bunucati nigpsag Bci yncna Pibonayui.

Cknactn nporpamy 3HaxOOXKEHHSI KOPEHS PIBHSAHHA tgr = X Ha Bigpis-
ky [0,001;1,5] i3 3amaHOIO TOYHICTIO €, BUKOPUCTOBYIOHM METOZ, LiNIEHHS
Bifpi3Ky HaBMiN.

3HaiiTv kopiHb piBHAHHS T3 +422 +2—6 = 0, aKuit MICTUTLCA Ha BigpisKy
[0,2], 3 3agaHOO TOYHICTIO €.

Bkasieka. OgHUM 3 MeTOAIB PO3B‘A3yBaHHS PIBHSHHS € METOA XOpd, AKWi
NONAra€ B 0bUNCAEHHI eNeMEHTIE NOCAILOBHOCTI

__ a+b _ _ y(unfl)(unfl_uO)
Ho = "o Un = Un—1 7 Ty, 1) —y(ug)
[0 BUKOHAHHS YMOBM |t — U,—1| < €. B ymoBax Hawoi 3agavia = 0,0 =
2, y(z) = 23+ 42® + 2 — 6.

a)Cknactu nporpamy, sika BU3HA4aE NOTPIOHMIA cnocib poaminy Oyab-skol
cymu rpouueii go 99 kon. 3a gonomoroto MoHeT BapTicTio 1, 2, 5, 10, 25, 50
kon. Hexaii B HawWoMy ramaHL,i BifJOMa KiJIbKiCTb MOHET KOXXHOI BapTOCTi.
Yu moxemo Mu po3miHaTh gaHy cymy? Sk came Togi?

6) Po3s'sxuTb nonepegHiin nyHKT 3agadi ans Oyab-sKOro HaTypanbHOro
yucna m (1 < m < 108) koniliok Tak Wwob 3arasbHa KiNbKiCTb MOHET npu
uboMy Oyna HalimeHwa.

(akz+bk;)2
4ty

Bupaxyiite uncno m 3a ONOMOroto HabsimxeHHs , IO 334at0ThCs

nocnigosHoCcTAMU ay, by, tr, Pr, Ae ag = 1, by = % to = %, po=1Ta

ap+by
Ak+1 = kg B obpr1 = Vag - bg, thrr = te — pr(ak — art1), Prv1 = 2Pk



Po3pin 6

Bitosi onepauii

KoHTpOsbHI 3annTaHHA:

LLlo Take Ta ski 6iTosi onepauii icHytoTb? JKkuii npiopnTeT LMx onepawiii?

YHomy popisHioloTb HacTynHi Bupasm: 3 << 2,5>>2,5& 3, n& 1, n |
1, n"n, 70.

Ak 3HalTu 3HaveHHs camoro nigoro (Haictapworo) 6ity? Camoro npaso-
ro (naiimonogLoro)? Tpetboro 3niga? Sk BctaHoBuTM 5-iF 6iT 371iBa B 17
B Hyns?

Ona akux tunie C kpawe He 3acTtocosysatu biToBi onepaujii?

Aknii HIoaHC aas HalicTapworo GiTy Yucna € Npum BUKOPUCTaHHI BITOBUX
onepauiii gns uinoro tuny C/C++7

3aBaaHHs gns ayamTtopHoi poboTu:

1)

2)

Beectn HaTypanbhe 8-biTose uncno n < 64 i BuBectn 2", BUKOPUCTOBYIO-
un BiToBI onepadyi.

BeecTn uine 4yncno n Ta HaTypanbHe k i BUBECTU Lifie YNCO, SIKE Y KOO
k-Ttwnii 6iT BcTanosaeHuii B 1, a BCi iHWi 6iTn 36iratoTeca 3 BiTamm yncna
N Ha Tux xe nosuuisix. Hanpuknag, sikwo eeegeni 9 i 1, Bignosiggto dyae
11.

Bectun Hatypanbhe 64-6itHe Yncno m. Bctanogith iWoro 6iT 3 HOMepom j
PIBHUM 3HAYEHHIO HYNb Ta BMBEAITb OTPUMAHE YUCJIO B AECATKOBOMY Ta
WICTHaAUSTKOBOMY BUINAL,.

Mominsiite micuamu nepui BiciMm BiTiB Ta ocTaHHi Bicim bBiTie 32-6iTHoro
HaTYpaibHOrO YMCNA, BUBEAiITh OTPUMAHE YMCAO B AECATKOBOMY Ta LWi-
CTHafUATKOBOMY BUTASA).

MigpaxyiiTe HaWbINbWY KiNBKICTL OAMHUYOK ceped DiTiE gaHoro 4ucna,
o AJyTb Migpag,.

[ns BUKOHAHHS YHApPHOrO OnepaTopa — 3a3BM4Yaii 3MIHIOKOTL BIT 3Haky
Ta IHBEPTYIOTb Te, WO 3annwiock. Bpaxosytodi ue, onucatm cnosamm
pe3yfAbTaT HACTYNHUX BMPA3iB:
o y = ((x & (x-1))>0),
29



Pospgin 6. bitosi onepayii

7)

ey =x& (x).
Slk MOXKHa NpOrpaMHO NEpPeBIpUTYU Ui TBEPAXKEHHA?

Hanuwits dynkuito wo smsnavae po skoi apxitektypn (big(high), little,
middle endian) HanexunTtb ganuin komn'toTep.

3aBpaHHA 41 CaMOCTiHOT poboTu:

8)

10)

11)

12)

13)

14)

15)

16)

17)

30

Beectu HaTypanbhe(32-6iTHe) uncno m. BeraHosiTs ioro j-tuli 6iT pis-
HAM HYNEBi Ta BUBEAITb OTPMMAHE YUCJIO BUBELITb OTPUMAHE YMCIO B
JeCATKOBOMY Ta LUICTHAAUSTKOBOMY BUTIALI.

BusHauuts Homep HaiicTapioro (Hainisiworo) 6ita He HynboBOro 6iTa Ta
HaliCTapLIOro HysbOBOrO OiTy, WO e NiCAs HLOTO 451 HATYPASILHOMO M.

Mominaiite micuamu nepwi 8 BiT Ta ocTaHHi 8 BIT HaTypasbHOro ducna
(po3mip B biTax sIKOro BBA>XKAEMO HEBIZOMIM [LO BBOLY) Ta BUBEAITb OTPU-
MaHe 4YMC/I0 B AECSATKOBOMY Ta LUICTHAALUATKOBOMY BUTASALI.

Beectu HaTypanbHe yncno m. BetanosiTe ioro niei k GiT piBHUM Hynesi Ta
BUBEAITL OTpUMaHe 4ncnao. BeTaHosiTh Woro npasi k& OiT piBHUM HyneBi
Ta BUBEAITb OTPMMAHE YUCIO B AECATKOBOMY Ta BiCIMKOBOMY BUrAsfi.
Pozs'sokuts 3apaqy gas tuny m unsigned ta long long unsigned.

Beectu HaTypanbHe uncno m. lMomiHsaiTe micusimu 6iTh HOro ABIVKOBOro
3anucy 3 Homepamu § Ta j (WO TeX BBOAATLCSA) Ta BMBEAITH OTPUMAHE
YUCIO B AECATKOBOMY Ta LWIICTHAAUATKOBOMY (hOpMaTi.

3HaligiTe KiNbKICTb 3Hauywmx (He piBHMX Hyto) BiTiB HaTypanbHoro 32-
6iTHOro uncna.

3a ponomoroto nuiie BiToBMx onepaLiii Ta onepauii eKpeMeHTy 3'acyiiTe
YW € JAHE HaTypasibHe YMCAo cTyneHem Agiiku. CnpobyiiTe 3 LMkAOM Ta
6e3 umkny. (Migkaska: nogymaiite, sk Burnsgae b6itoBe NpeacTaBIeHHS
JEKPEMEHTY CTYMNEHIO ABIfKM, Ta BUKOPUCTARTE Aani KOHIOHKLIIO).

Beectn HaTypanbHi 32-6iTHi Yncna m Ta n Ta BU3HAYMTL CKiJIbKU B HUX
CNINbHNX OAVMHNYOK DITOBOro MpeacTaBieHHs. BusnaunTb ckisibku B uux
yncnax B3arani cnisnagae OiTiB.

Bueegite biToe (ABilikoBE) NpeACTaBAEHHS HATYPaNbHOrO HUCAA, BUBO-
asun 3amicTe uudpn 1 cumson X, a 3amictb uucppn 0 — cumeon Y.

InBepTyiiTe (TO6TO NpounTaiiTe 3nisa HanpaBo) biToBe NPeACTaBAEHHS Aa-
HOrO YMCia Ta BUBERiTb ABilikOBE NpefCTaBJeHHA Ta AECATKOBE As L€l
iHBepCil.



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

Beectn HaTypanbHe opHODaiiTOBE YMCNO 1 | BUBECTU YUCIO, OTPUMAHE
B pe3ysbTaTi LMKIIYHOrO 3CYBY 4MCAa 1 HAa OAWH po3psg BJiBO, TOOTO
cTapwnii 6iT 3CYHUTMIA B NO3MLIKO MOJIOALIOrO, a BCi iHWi BiTn 3cyBatoThCA
Ha oawnH po3psig Bnieo. Hanpuknag, sikwo esegero 130, signosiagato byae
5.

BusnauuTu, ckinbkm pasie 3ycTpivaeTscs 11 B 4BIKOBOMY NOZAHHI Li10ro
aopaTHoro 4ncna (B gginkosomy noganHi 11110111 BoHO 3ycTpivaeTbes
5 pasis).

BukpecanTn i-Tnii 6iT 3 gBIliKOBOro NpeACTaBlIEHHS HATYPaJIBHOMO YKCna
(monogwi ¢ BiTiB 3anMWAKOTLCA HA MiCLi, CTapLui 3CyBalOTbCA HA OAWH
po3psg enpaso). Hanpuknag, sikwo eeegeni 11 1 2, signosiago byae 7.

Hanucatu cpyHkUitO, pe3ynbTaTOM SIKOrO € AaHe 3HAYEHHS 71, ¥ SIKOro MOo-
NoALWniA HYNBOBMIA BIT Ta HaliCTapLINA HyNLOBUI BIT BCTaHOBMEH B 1.

Hanucatu pyHKUil0, pe3ynbTaTOM SKOrO € OaHE 3HAYEHHS 1, Y SIKOTO BCe
6iTu BCTaHOBnNEHI B 1, kpim monogwmnx k BITiB, AKi 3anMWAOTLCA Taki
cami.

Migpaxyiite kinbkicTb HyNiB ceped BITIB gaHOro Ymcna.

3HaligiTe HOMEPK HANCTAPLIOro Ta HAaMMONOALWOro 3HavyLWoro biTa B ga-
Homy 32-BiTHOMY vuchi.

Hanuwite pyHKUiIO, 10 BM3HAYAE 41 ABA HATYpPasibHUX YUCAA HE MAKOTh
OANHNYHUX BITiIB HA OQHAKOBMX MO3ULIAX.

Hanuwite ¢yHKLiI0, WO BU3HAYae Ui ABA HATYPaJIbHIX YNCIA HE MAOThb
HYNBOBMX DITIB Ha OLHAKOBUX MO3ULISX.

Hanuwite pyHKUiIO, 1O BM3HAYAE 41N ABA HATYpPasibHUX YUCAA HE MAKOTh
OflHaKOBKX DITiIB Ha OAHAKOBUX MO3WLIAX, Ta BUBEAITH HOMEPU TAKMX MO-
3NLIA.
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Po3pin 7

CraTtuydHi macusn. JliHiiHI macuBn

KOHTpONbHI 3anuTaHHA:

Ski BapianTu geknapauii macueis Ha C. Ha C++7

SAki BapianTu iHiuianizaui’ macusis na C. Ha C++7

Sk nalikpawie nepefaBatTi MacuB y aprymeHTun dyHKuii?

Y MoxKHa noBepHyTM MacuB (hikCOBAHOTrO PO3MIpY SIK pe3ynbTaT (pyHKUii?

YoMy MaCuB ik apryMeHT Kpalle NepefaBaTit 4epes BKA3IBHUK YU MOCKu-
NnaHHA?

3aBaaHHa gns ayamMTopHol poboTtu:

32

1)

Inigjianisyite macue 5 yinux 4ncen B nporpami AoBiAbHUM YnHoM. Bee-
JiTb AifiCHe YnCno Ta 3HAWAITL KiNbKICTb YWCen y BAWIOMY MacuBi, LLO
MEHLUUMW 32 L YUCno.

Macus 3anoBHeHnid Takum dnHom: 5, 112, 4, 3. Busectu iioro enemeHTn
Haenaku: 3,4,112,5. MNpy ubOMYy BUKOPUCTAHHS LUKY € 0DOB A3KOBUM.

3anosHuTu macue Tuny double 3 N = 10 enemenTis 3 knasiatypn (no yep-
30 B LMKJI BBOAATLCS BCI eneMenTr) i Hanucatu byHKLiI0, WO 3HaX0AnTb
cymy BCix enemeHTiB binblumx 3a yncno Efinepa e.

Hanuwwnts dyHkuilo, wo BeoauTs Macus Tuny int 3 5 enemenTis 3 kna-
BiaTypy Ta YHKUIIO, WO BUBOAUTL MAKCMMAJIbHE 3HAUEHHS Y BalIOMY
MacuBi Ta BUBECTU 1ioro.

HanucaTtu dpyHKULIIO, SiKa 3HAXO4UTb KiJIbKICTb BCIX NAPHUX | HEMAPHUX eJle-
MEHTIB MaCuBY HaTypasbHux dmncen. Macre 3anoBHIOETLCS 3 KiaBiaTypu
go nepuworo eaogy 0, MakcumasnbHa NOTYXHicTb macuBy 50 enemeHTiB.

HanucaTtu dyHkuii, B ikux AKWoO noTpidbHO NOBEPHYTU pe3ynbTaT — MacuB,
TO e pobuTbCa 3a SONOMOrOK 3MIHHOrO apryMeHTy (yHKLi:

e (DYHKUIS BBOAY N-BUMIPHOTO BEKTOPY AiicHux ymucen (n < 20);
e (DYHKLiS BUBOAY N-BUMIPHOTO BEKTOPY AIICHUX YMCen;

e (DYHKLis paxye CyMy 4BOX BEKTOPIB OAHAKOBOrO PO3MIpYy;



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

e byHKLiN paxye ckanspHuii JODYTOK ABOX BEKTOPIB O4HAKOBOrO PO3-
Mipy.
MpotecTyBaTn poboTH LMxX byHKLiA: BBECTU B FONOBHI nNporpami po3Mip-
HICTb BEKTOpIB, ABA BEKTOPU L€l pO3MIPHOCTI Ta migpaxyBaTul iX cymy Ta
CKansipHUiA JODYTOK | BUBECTW pe3ynbTaTu.

3aBgaHHA 41 CaMOCTIHOT poboTu:

7) Hanucatu dyHkuito, WO BBOAUTL MOCAILOBHICTE HEHYABOBUX LIAUX 4M-
Cen, BBEAEHHA 3aBepLUYETLCS Npu BBOAI HyAsA. KiNbKicTb eneMeHTiB Macu-
By obmexeHa yncnom 20. BuzHaunTtn cepegHe reomeTpudHe Ta CepeaHe
rapMOHi4He L€l NOCNILOBHOCTI.

8) BBOgmMTLCA MacMB HaTypanbHUX Y4MCEN 3afaHoro posmipy N:

a) BU3HAYMTUN CKiSIbKU CEpEef LMX YUCEs MOBHUX KBAAPATIB MPOCTUX Yi-
cen;

0) BM3HAUNTW CKINbKN Cepeq, LMX YKCEN NapHMUX NOBHMX KybiBs;

B) BU3HAYMTU CKIIbKA CEPeS LMX YUCEN N-TUX CTYNEHIB LiAUX HYucen
(zns Bygb-skoro n > 1);

) BU3HAYUTN CKIJILKN CEPEA HUX UIIMX CTYNeHiB ABiliku;

4) BU3HAYMTM CKINbKIN Cepef, HNX Yncie, Wwo KpaTHi 3 Ta € kybamu uinux
yncen;

€) BU3HAYMTU CKIIbKA CEPef HUX NMPOCTMX YMCEN;
€) BM3HAYNTK CKiNbKI cepeq HuX yncen PiboHauui;

X) BM3HAYMTU CKINIbKN Cepes HUX 4ucen, y skux 5-i, 6-ii Ta 8-i 6iT
JBIiKOBOrO 3anncy AOPiBHIOOTL 1;

3) BU3HAYMTUA CKIIbKA CEpef HUX HYucen, siki mMictsaTb piBHo 5 GiTie B
OBIIKOBOMY 3anuci, Wo JOpiBHIOLTL 1;

i) BM3HAUMTW CKISIbKN CEPES HNX YUCEN, Y SIKUX CyMa uudp B JECATKO-
BOMY 3anucy OinnTbCs Ha 7.

9) 3agani HaTypasibHEe YUCIO 1 Ta AICHI Yucna aq, as, . . ., a,. Cknactu npo-
rpamy ANis 3HAXOOXKEHHSA:

a) max (ay,as,...,an); B) max (az,dq,...);

6) min (a1,as,...,a,); r) min (a1,as,...);
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Poszain 7. Cratunygni macusu. JliniliHi macusu

)

e)

10) JaHo HaTypasbHe 4ncno n, uini 4ucna a,as, . .

min (ag, a4, . . .)+max (aq, as, . .

);

max (|ai],...,|an

3HAXOAPKEHHS
a) min(ay,2aq,...,nay);
6) min(a; + ag,...,an_1+ ay);
B) max(ai,a1ag,...,a10s...ay);
) KiNbKOCTI  MapHUX  Cepeg

ay2, G92,...,a52, k=[/n];

11) Cknactu dyHkuil gns ob4mncneHHs

.)i€) max(—ay, a2, —ag...

) (min (ag,..., an))Q
min (a%, cey ai .

,(=1)"an);

., Gn. CknacTu nporpamy

A) KiNbKOCTI MOBHMX KBagpaTis

cepen a1y, a1Gp—1, - -

[n/2];

<y AkQp—k, k=

€) KiNbKOCTI KBafApaTiB HemapHmx

4ncen cepeg ai,as,. ..

) a/TL .

a) 3Hadenns noniHomy Yebuwosa 3apgaHoOro creneHs m B TOuUi X
To(x) =1,Ti(z) =z, Tn(x) = 22T, 1 () = Th—o(x),n =2,3,...;
Ta QyHKUiO, WO BMBOAUTE KoediuieHTM noaiHomy Yebuwosa

cTyneHs n < 256.

3HadenHs noninomy Epwmita 3agavoro crenens n g Touui  Ho(x) =
1,Hi(z) = 2z, Hy(z) = 22H,—1(z) — 2(n — 1)H,_2(x),n =
2,3,... Ta dyHKUi, WO BUBOAUTL KoedilieHTn noniHomy Epmita

Ona ctyneda n < 256.

12) B uinouncensHomy macusi A[N] 3HaiigiTe mogy, TOBTO enemeHT, WO 3y-
CTPIYAETHLCS HAMDINbLY KiIbKICTL pa3iB. SKLLO TaKNX eIEMEHTIB AEKisbKa,
TO BUBEAITb BCi TaKi €JIEMEHTH.

13) B uinouncenshomy macusi A[N] 3HaigiTe enemeHT, Wwo € HaibaKYUM
[0 CEPEAHBLOro apUMMETUYHOIO HARDINBLLLIOIO Ta HAMEHLLIOMO eNEMEHTY
MacuBy.

14) Hanuwite dyHkuito, sika B aiichomy macuei A[N] 3HaxoanTb cepegne
BigxusieHHs (Bapiayito) macusy

15) 3HailgitTe B faHOMY LiNOMY YnChi LU py AECATKOBOrO 3anucy, sika 3ycTpi-
YaETLCA HaRbINbLWY KiNbKICTL pasie. AKWO X AeKiAbKa, BUBELITL HAbINb-

wy undpy.
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Jonatkosi 3agaui:

16)

17)

Hanuwite dyHkuito, sika 33 3afaHNM MaCMBOM 3HaYeHb {zq}le 0bun-
d
cmoe: f(z) = > (100x;11 — 24)% + (z; — 1)%
i=1
B peskux Bnpax cnopTUBHWX 3MaraHb BUCTYM KOXHOFO CMOPTCMEHA He-
3aN1€XHO OLIHIOETLCA ACAKNMI CYAASMU, NOTIM 3 YCi€i CYKYMHOCTI OLiHOK
BUAANAIOTLCA HalbiNblua Ta HalHMX4YA, a A1 PELlTN OLIHOK 0B4MCnioe-
ThCs CcepefHe apudpMeTnyHe, sike | ae B 3anik CnopTcMeHy. Skuwo Haii-
GiNbLY OLIHKY BUCTABWIO AEKiNbKA CYAAiB, TO 3 CYKYMHOCTI OUIHOK BMAa-
JIAETLCA NMLLE OfHA TaKa OLUIHKA; aHaNOr4YHO 3 HAWHMKYMUMN OLHKAMMU.
[aHo HaTypanbHe yncno n, JilicHi Yncna ai,as, - - - , a,. BBaxatroun, wo
a1,02, " , Gy — OLIHKW, BUCTABNAEHI CyAAAMN OAHOMY 3 YYaCHUKIB 3Ma-
raHb, BU3HAYNTUN OLiHKY, s1ka Nife B 3a0iK LUbOro CMOPTCMEHY.

JdopnaTtkosi 3apauyi:

18)

19)

20)

21)

Mo 3agaHnx 3HaueHHAX koediuieHTiB noniHomis P(z) Ta Q(x) 3HaiigiTh
3HaueHHs koediuienTie noninomy P(Q(x)).

O6uncantn koediuieHTn GaratouseHa 3 3agaHUMN OIRCHUMUN KOPEHSAMU
z[0], z[1],. .., z[n]. Kinekictb koediyieHTis obmexena yncnom 100.

Mobyagysatn N-pospsigHuii kog [pes. Kogom [pes 3BeTbca Taka nochi-
[oBHICTE N-po3psiiHMX ABIKOBUX YUCEN, B SKUX KOXKHI [Ba CYCigHUX,
a TaKOX neplue i OCTAHHE 4YWNCNA BIAPI3HAIOTLCA NWLIE OAHUM PO3-
pspom. Tak, gns N=2 kog [pes wacrynuuini: 00,01,11,10. Ons N=3:
000,001,011,010,110,111,101. MepeBeaitb BCi 4ncna 3 UbLOro ABINKOBOro
KOZY [0 LECATKOBOI CUCTEMU YHUCJIEHHS.

B uinouncensnomy macusi A[N] (He 0608 s13kOBO BMOPSAKOBAHOMY) 3Ha-
AAiTe MeaiaHy, TOOTO BENMYMHY, WO AiNNTL paf HaBNin: no obuagi cTopo-
HW Bif, HET 3HAXOAUTLCS OAHAKOBA KiMbKICTh OfMHULL CYKYMHOCTI. TobTO,
AKLLO KiIbKICTb YMCesl HenapHa, obNpaETLCA eNEMEHT, WO € CepefHiM 3a
3pocTaHHaM. Hanpuknag, ana enopsgkosaHoro Habopy ducen 1, 3, 3, 6,
7, 8, 9 MegiaHoO € YeTBepTe i3 HUX, YNCNO 6. JKLWO KiNbKICTL eleMeHTIB
napHa, Toai MegiaHy 3a3BMYali BU3HAYAIOTb SIK CEPEAHE 3HAYEHHS MiXK
JABOMa 4MC/IamMu MO CepeauHi BNopsigkosaHoro macuey. Hanpuknag, ans
HacTynHoro Habopy 1, 2, 3, 4, 5, 6, 8, 9 - megiaHa € cepeaHiM 3HaYeHHAM
AJ151 ABOX HWCEN MO CcepefuHi: BOHA popisHioBatume (4 + 5)/2=4.5.
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Po3pin 8

CraTtu4dHi macmeun. BaratoBumipHi macmsn

KOHTpONbHI 3annuTaHHA:

Sk kopekTHO 3ageknapysatu baratosumipHuii macue? Lllo Hacnpaegi
o3Ha4dace ueli 3anmnc?

SIk KopeKTHO iHiuianisysaTtu baraTosuMipHuii macus?
Sk BBECTW PO3MipW Ta BMICT ABOBUMIPHOT AilicHOT MaTpuui?
Sk KpacnBo pAfOK 3a PSAAKOM BUBECTU MATPULIO?

Sk noBepHYTU KOpPeKTHO faHi 3 macusy (B TOMy 4mMc/i GaraToBUMipHOro)
3 pyHKwi?

SKi € WNAXM NOMIHATN MICUAMMN ABa €NeMeHTN MacuBy?

3aBgaHHa ans ayamMTtopHol poboTtu:

36

1)

N
~

w
~

~
S

(8]
~

OeosumipHa maTtpuus 3x3 inigianisoBaHa uinumu uncnamn {{1,2,3},
{4,5,6}, {7,8,9}}. Beeaitb Hatypanbhi uncna N i M Ta 3amiHiTe enemeHr,
wo pieHniA umcny M (skwo BiH € B matpuui Ha uwucno N. Busepito
OTPUMaHy MaTPULIO PSIAOK 33 PSASKOM.

OeosumipHa gificna matpuus 3x3 inigianisosana {{1.0, 2,3,}, {4,5,6},
{7,8,9} }. BeegiTb HaTypanbHi uncna i Ta j Ta AilicHe YUCNO a 3ami-
HITb €NEMEHT 3 IHAEKCaMM %, j Ha YnCno a (NPOCTEXMTI NPN LLOMY KOpe-
KTHICTb iHAekciB). Busenits oTpumany matpuuio psgok 3a psigkom.

HanuwiTte dyHkuilo ans BBOAY ABOBUMIPHOI AificHOI MaTpULL JOBINBHOMO
po3Mipy m X m, sika BBOOMTb 3 MiAKA3KOK AJis KOpUCTyBaqa (BKasyio-
YN IHAEKCA €JIEMEHTIB) KOXKEH ENIEMEHT B OAHOMY psiaKy. Benunuunu m,n
BBOAATLCS 3 KOHCOJIi Ta IX 3Ha4YeHHA MeHwi 3a 20.

Hanuwits dyHkuiio gns sogy asosuMipHOT winoi (giicHor) matpuui go-
BIJILHOTO PO3MIpyY 1 X 7, sIKa BBOAWTH 3 MiJKa3KOK ANst KOpUCTyBada (Ho-
Mep PAAKY) MATPULO PAAOK 33 psAfkoMm (4ncna B psAAKY pO3ZiIATbCA
opHUM npobinom). Benuumnu m, n BBOAATLCS 3 KOHCOAI Ta X 3HAYEHHS
MeHwi 3a 25.

Hanuwite yHKUiO siKa TpaHCNOHYE JaHy KBaApaTHY MaTpuUUIO Ta nepe-
BipTe Ti pobory.



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

6) B geosumipromy macusi gifichux A[N,M] 3naiigite cymy enementis A[i,j],
wo i—j = k. Uine uncno k moxe ByTn Big'eMHUM, SIKLLO TaKNX €1EMEHTIB
HeMae, TO BuBeCTn Hynb. Bennmuunn M, N BBOAATLCS 3 KOHCOAI Ta X
3HayeHHs meHwi 3a 100.

7) BeegiTb AificHY KBaAapTHY MaTpULIO Ta 3HARAITL 11 A€TEpMiHAHT.

3aBgaHHA 4N cCaMOCTiiHOT poboTu:

8) Beectn nHaTypanbHi yncna n,m < 100 Ta giicHy matpuuto po3mipy 1 X
m. MNMomiHaTn micuamn 1T CTOBAUI Tak, WOb X MaKCUMaSbHI €1eMEHTMN B
KOXKHOMY psaKy bynu Ha giaroHani.

9) 3HalgiTe KBagpaTHY MaTpuLto, obepHEHY 4O AaHOT AiACHOT, BBEAEHOT 3
posmipom n X n (n < 200).

10) BeegiTb KBagpaTHY MaTprLK 3aaaHoro nopsaaky 2n. Moeeprytn it Ha 180
rpagycie B 3a FOAVHHUKOBOLO CTPIJIKOO.

11) 3anoBHWTY BBOBUMIPHWUIA KBafpPaTHUE MacuB 1. X 1 LM YNCIaMN Big,
1 ao n? no cnipani, Ik NOKa3aHO Ha HACTYNHOMY MaJliOHKY:

3]?—36—35—34— 33—-32-31

38 17-16-15-14-13 30

|
39 18 5—4—3 12 29

! |
4|0 19 6 1—2 1|1 2|8
4|1 20 7—8—9-10 27
4|2 21-22-23—-24—-25-26
43—44—45-46—47—-48—49...
12) [ana matpuus posmipy 1 X m. [oMiHATA MicLusiMA CTOBMUI, WO MICTATb
MiHIMANbHWIA | MAaKCUManbHUA eNeMeHT MaTpuLi.

13) Beegitb gBi matpuui n X m i m X k ta orpumanTe ix gobyTok.

14) Nana matpuus poamipy 1 x m. MomiHaTu micusamu iT pagku Tak, wob ix
MaKCUMaJsbHi eNeMeHT CTOBNLIB Oy Ha OCTaHHBOMY PAZKY.

15) V panin gincHoi kBagpaTHOT MaTpuUi NOPSAAKY 7 3HARTU HARbINbWMA NO
moayto enieMeHT. OTpuMaT KBaApaTHY MaTPULIO NOpAAKY 1 — 1 wasxom
BUKNAAHHA 3 BUXIZHOT MaTpuui Oyab-aKoro psigKka i CTOBMNUS, HA NepeTuHi
SAKNX PO3TalLOBAHUI eNeMeHT 3i 3HalifeHUM 3Ha4veHHsAM. Bukowyiite po
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Pozgin 8. CratudHi macusu. baratosumipHi macusn

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

20)

30)
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TUX Nip, NOKN HE 3aJIMLINTLCA OCTAHHIW €NeMEHT Ta Ha KOXHOMY eTani
NoKasyiTe pe3yNbTaTHy MaTpuULo.

Hana kBappaTtHa matpuus nopsaaky 2n + 1. [3epkanbHo Bigobpasutu it
€/IeMEHTI BIAHOCHO NOBIYHOT AiaroHani mMaTpuuj.

Hana piicHa kBagpatHa maTprus nopsagky 2n + 1. OTpumatun HOBY Ma-
TpuLto, noBepHyBLK 1T Baoku, obmexeHi giaroHansmu, Ha 90 rpagycis.

[aHa maTtpuus posmipy n X m. [NoMiHATA Micugamm iT nepwnii i ocTaHHil
PALKW, WO MICTATb TiIbKN HEraTUBHI €NEMEHTH.

Hana uinouncentHa matpuus posmipy n X m. 3HAWTN €NeMEHT, KN €
MaKCUMAaNlbHVIM Y CBOEMY PAAKY | MiHIMaNbHUM B CBOEMY CTOBMLI. SKLWO
TaKWii enemMeHT BifCyTHili, TO BuBecTn 0.

CknagiTe nporpamy UUKAiYHOT NEPECTAHOBKMN CTOBMNLiB ABOBUMIPHOrO Ma-
CUBY M X M, NpK siKiii 3CyB BiAOYBaETLCA BNpaBo Ha k cToBMUIB.

Hana matpuus posmipy n X m. MNomiHatu micusmu i1 cToBNUi Tak, w00
TX MiHIMaJIbHI €/1EMEHTI KOXXHOIO CTOBNYMKa Oynu © y nepiomy psigky.

Hana kBagpaTtHa matpuus nopsagky 2n + 1. [13epkanbHo Bigobpasutu it
eNleMeHTI BiAHOCHO BEPTUKAJILHOI BiCi CUMeTpIT MaTpuui.

Jana kBagpaTtHa MaTpuus nopsagky 2n. [NosepHyTu i1 Ha 270 rpagycis B
AOJATHBOMY HaMpsMKY LWOAO i1 LLEeHTPY.

LaHa maTpuus po3Mipy n X m. [MOMIHAT MicUAMUN pAJKK, WO MICTATb
MiHIMaNbHWA | MaKCUMANIbHWT eNeMeHTU MaTpuL,i.

V kBagpaTHii Tabauui OOMIHANTE MiCUAMMN eNeMEHTU psiAKa | CTOBMUS,
Ha NepeTuHi SKUX 3HAXOAUTHLCS MIHIMaJIbHUA 3 JOAATHUX E€JIEMEHTIB.

Jana keagpatHa matpuus nopsgky 2n. [osepryTtu i Ha 90 rpagycie 3a
rOAVHHUKOBOIO CTPIJIKOIO BIAHOCHO 1T LLEHTPY.

Hana kBappaTtHa matpuus nopsaaky 2n + 1. [I3epkanbHo Bigobpasutu T
€JIEMEHTI BiJHOCHO rOJIOBHOI fiaroHani maTpuuj.

Cknagite nporpamy UMKAI4HOT NEPECTAHOBKY PAAKIB JBOBUMIPHOrO Macu-
BY 7 X 1M, MPW SAKili 3CyB BiAOYyBAETLCA BHU3 HA k PsIAKIB.

[aHa maTtpuus posmipy n X m. [NoMiHATA Micuamm iT Nnepwnii i ocTaHHil
CTOBMUi, WO MICTATb JIKLIE AO4ATHI €NEeMEHTH.

3anoBHITL KBAAPaTHY MaTPULLIO 1 X 1 32 NPUHUMNOM NaTUHCLKOTO KBa-
[paTa: B KOXKHOMY PAAKY i KOXKHOMY CTOBMLi BUKOPUCTOBYIOTbCS JIMLLE



Jonatkosi 3agaui:

yncna Big 1 40 M WO HE NOBTOPIOIOTLCA MiX CODOO.
31) Oana matpuus gilicHnx koediuienTis. Bnopsgkysatn i pagku:
® MO HecrnajaHHO NepLUnX eNeMeHTIB PsLKIB,

® MO HeCnagaHHKO CyMIN 3HAYEHb pﬂ,D,KiB,

® M0 HecrnajaHH MOAYNIB HAMMEHLUNX eNeMEHTIB PsILKIB.

Hopatkosi 3agaui:

31) Mana maTpuus n X1 3 HyiB Ta OANHNUL. 3HAWTA HANBINbLING 32 NaOLWM-
HOIO MPSIMOKYTHNK 3 OGHUX OgUHMLbL. 3pobiTh Lo 3agaqy 6e3 BknageHnx
4-x yuknie ansa 0 < n,m < 255.

32) Hexain 3nauenns dyHkuii f(n) — KinbKiCTb NiTEP y NMCEMOBOMY NpeacTas-
nenni wucna n (f(1) =4 ("oann"), f(3) = 3("tpu"), f(42) = 8 ("copok
aea"), f(2001) = 13 ("gBi Tucavi ogun")). 3naiigiTe BCi Yncna go 10000,
ans sikux f(n) = n. (Bkasiska: BukopucTosyiite macue ans 36epiranns

KINIbKOCTI iTep y npeacTasneHHi undpn)

39



Po3pin 9

OuHamivHi macneu. PoboTa 3 BKasiBHUKaMu

KoHTpONbHI 3annMTaHHS:

Ak MOXKHA CTBOPUTY NIHIAHWMA ANHAMIYHNA MAaCUB Ta KOPEKTHO 3aBepLun-
TV Npy ubOMY nporpamy?

LLlo Take BKkasiBHMKKN? Slki onepauii BU3Ha4YeHi Ha BKasiBHMKax? 51K npoi-
TepyBaTWUCh MO SAHOMY MacuBYy 3a AOMOMOrOK BKa3iBHMKA?

Ak BU3HAYMTY AMHAMINHY MATpULO 33 AONOMOrOK MacuBY BKa3iBHUKIB
Ta KOPEKTHO iT 0bpobutn?

Ski dyHKUIT Ta 3 sKOT 6ibnioTekn BUKOPUCTOBYIOTHCA Ha C ANs BUAINEHHS:
nam'saTi? B yomy ix piznuya? Lo eigbyaetbcs skwo noTpibHOT nam'siTi
He Oyno Humu BugineHo?

Ski dyHKUIT icHYOTb ana ounwieHHs nam'aTi? LLlo BiabyaeTbes, akwo ix
He BuKopucToByBaTn? SKi e NpobaemMn BUHWKAIOTL NPU HEKOPEKTHOMY
OYNLLEHHI Y1 AOro BiACYTHOCTI?

3aBpaHHAa AN ayauTopHOI poboTu:

40

1)

2)

Beectu HaTypanbHe uncno n. Creoputn Ta BBECTW MacuB 3 1 AIACHUX
Yyucen Ta NigpaxyBaTul CyMy KBafpaTiB eNeMEHTIB LLbOro MacuBy.

HanucaTtu dyHKUiO, WO BBOAUTL MaCKB LiJINX YNCEN JOKK He Dyae Beege-
HWUW HYNb Yepe3 3MIHHUNIA apryMeHT Ta KiJIbKiCTb €IEMEHTIB MaCuBY MOBEp-
TaEThCs 5K pe3ynbTaT poboTtu yHkuil. KinbkicTs enemeHTtis obmexeHa
yucnom 100. lMigpaxyBaTu KiNbKiCTb NOBHMX KBAApaTiB Ta KyOIiB B LIbOMY
MacuBi.

Creoputn hyHKUIO, WO BBOAUTL N-BUMIPHNA BEKTOpP (N 3aja€Tbesa sK
aprymeHT (PyHKUIT, pe3ynbTaT — BKa3iBHMK Ha Pe3ysbTaTHWEA Macue), Bui-
NS04M BigNoBigHY nam ' sTb Ta OYHKLIIO, WO BigNOBIgHO OYMLLYE NaM'aTh.
Hanuwite nporpamy, Wo BBOAUTL ABa BEKTOPW, NiAPaxXOBYE Ta CTBOPIOE
K OKPEMUIA MacMB TX Pi3HULIO SKLLO Le MOXJIMBO, Ta B DyAb-sIKOMY Ba-
piaHTi KOPEKTHO 3aBepluye nporpamy be3 BMTOKIB nam siTi.

CreoprTu dhyHKLII, L0 KOPEKTHO iHILiaNi3YIOTb HYASIMI TA BBOASAThL 3 KOH-
coni pilicHy KBagpaTHy n-BUMIpHY MaTpuuto (n 3aJa€TbCs K aprymeHTt
pyHKuiT), T yHKUIO, WO BIANOBIAHO OuKLLye nam’AaTb. Hannwite npo-
rpamMy, WO BBOAWTbL ABI MATpuui, NiAPaxoByE Ta ODUNCIIOE SIK OKpemuli



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

Macue ix JODyTOK, SKLLO Le MOXIINBO, Ta B OyAb-SIKOMY BapiaHTi KOPEKTHO
3aBepLuye nporpamy be3 BuTokie nam’si. 3pobiTh AaHy 3agady:

® MpeACTaBASOYI MAaTPULLO Y BUMASiAI ABOBUMIPHOrO MacuBy;

o MpeACTaBAAOYi MaTPULLIO Y BUMSAI NiHiiHOrO Macusy po3mipy n2.

3aBgaHHsA 41 CaMOCTiHOT poboTu:

5)

CrBOpnTU (bYyHKLIIO, WO BBOAUTL MaTPULIKO LINX Y4MCEN AOBIILHAX PO3-
MipHOCTell, BUAINAOYN BignoBigHY nam'sTb (po3mipyn Macueis) Ta yH-
KLit0, WO BignoBigHO ounye nam satb. Hanuwite gyHKuito, Wwo nigpaxo-
BYE OETEPMIHAHT Ta paHr maTpuui. KopekTHO npoTecTyiite poboTy wumx
yHKUil.

CreOprTi hyHKLIO, L0 BBOANTL MATPULi JOBIILHUX PO3MIPHOCTENA, BUASI-
NAYM BIANOBIAHY NaM’'sTb Ta PYHKLIIO, LLO BiANOBIAHO OHYULLYE NaM ATh.
Hanuwite nporpamy, wo BBOANTHE MAaCMB TakMx MaTpulb, MiJPaxoByE Ta
CTBOPIOE SIK OKPEMY MaTPULO CYMY BCbOrO MacrBy MaTpulb, SIKLWO BCi
MaTpULLi OAHAKOBOrO PO3Mipy, Ta B Dyab-sKOMY BapiaHTi KOPEKTHO 3aBep-
wye nporpamy 6e3 BATOKIB nam'sTi.

Beectn HaTypanbHe Yncno n. CTBOPUTM Ta BBECTW MACKB 3 1. HATypasb-
HUX AOBIMX YUCEN Ta NigpaxyBaTW KiJbKIiCTb CTYMNeHIB ABIiKM Ta Tpiliku B
LbOMY MacCuBi.

KopurcTyeady Hafa€TbCA MOXKJIMBICTb LEKifibKa pa3is BBOAUTU PO3MIip-
HICTb BEKTOPY HICHMX YnCen Ta cami Ui 3HayeHHs. [licns KoxHoro BBogy
noTpibHo nigpaxyBaTu cepegHe apudpmeTnyHe Ta AUCMEPCilO BCix BBeAe-
HNX 3HA4Y€Hb.

Bupiwite 3aBgaHHsS BNKOHYIOHM HACTYMHI BUMOTU:

CdopmyBaTtu griHaMidHWit gBOBUMIpHWI gilicHnidi macue N x M, 3anos-
HUTW WOro BUNAaLKOBMMI HYnciaamu abo 3 KOHCOJIi Ta BMBECTW Ha eKpaH.
BukoHatun HacTynHi fii, KOpekTHO 00pObIIOKYM BCI MOXINBI CLUEHApIT:

a) JopaTw psAoK nicns 3agaHoro Homepa k;
JoJaTy CTOBMeub Nic/is 3a4aHoro Homepa k;
[OAATN PAAOK B KiHELb MaTpuu;

)
)

r) AoJatn CTOBMeub B KiHELb MaTpuLy;
) [ojaTn psgoK B NOYaToOK MaTpuLy;
)

[OAATW CTOBMELb B MOYATOK MAaTpuL;
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Pozgin 9. [luHamiqni macusy. Pobota 3 BkasiBHUKAMU
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nonatu k psfkie B KiHeLb MaTpuLj;

nonatu k CTOBNUIB B KiHELb MaTpuLj;

ponatn k psinkiB B NOYaTOK MaTpuu;

nopaTtu k CTOBNUIB B MOYAaTOK MaTpuui;

BUAANUTY PSOOK 3 HOMEpOM k;

BUAANNTY CTOBMEUb 3 HOMepoMm k;

BUAAANTIN PAAKYW, NOYMHatoYn 3 psaka k1 i go psaka k2;
BUAANNTN CTOBML, MOYMHAIOYM 3i CTOBNUA K | Ao cToBn4Yuka k;
BUAAJNTIN BCi HEMApPHI pAAKW;

BUAAJNTIN BCi NapHi CTOBML;

BUAANUTY BCi PAAKKM, B AKX € X04a O OANH HY/IbOBUIA E/1eMEHT;
BUOANINTY BCi CTOBMLI, B SIKMX BCi €JIEeMEHTU MeHLwi 3a 1;

BUAAINTIN PAAOK, B sIKili 3HAXOANTHCS HAMEHLWIWT 32 MOZYNEM efe-
MeHT MaTpuui ( AKLWO X AeKiNbKa — BUgannTn yci);

LOAATN PAAOK MIC/Asi KOXKHOMO MAapHOro psika MaTpuui;
[OAATN CTOBMELb MICAS KOXKHOIO MAapHOro CTOBMNUS MaTpuLli;
nonatu k psakie, NOYMHAKOYM 3 PsiIKa 3@ HOMEPOM M,
gonatn k CTOBMNUIB, NOYMHAIOYM 3i CTOBMYMKA 32 HOMEPOM M
[004ATN PALOK MICAA PALKA, WO MICTUTb HaWbINbWNi enemenT,

LOLATW CTOBMEUb MICAS CTOBMUS, WO MAa€ Haibinbwy cymy enemeH-
TiB;
JO4aTN PSAOK NICAS psifKa, WO MAa€ HAaMMEHLLE 3HAYEHHS HOPMMN

(cymn kBagpatis)( sKwWo iX feKkinbka — 0BUPaEMO OCTaHHIN);

JOJaTn CTOBNELb MiCAA CTOBMUSA, WO MICTUTb HAaiMEHLUNA 33 Moay-
neM enemeHT ( AKLWO iX AeKinbka — 0bnpaeMo nepunii);

BUSAAUTW PAJOK i CTOBMELb, HA MEPETUHI SKNX 3HAXOAWTLCA Hali-
GiNbLWN eNeMEHT MaTpuL,.



Jonatkosi 3agaui:

JdopnaTtkosi 3apauyi:

10)

11)

12)

13)

14)

CreOprTi hyHKLIO, WO BBOANTL MATPULi JOBIILHUX PO3MIPHOCTENA, BUASI-
JIAI0YN BIgNOBIAHY NaM'aTb Ta PYHKUILO, WO BIANOBILHO OYNMLLYE NaM'ATb.
Hanuwite nporpamy, o BBOAWTL MACUB Takux MaTpulb, NifpPaxoByeE Ta
CTBOPIOE SIK OKPEMY MATPULIO J00YTOK BCbOrO MacUBY MaTpuLb, SKLWO Lie
MOXJINBO, Ta B OyAb-sIKOMY BapiaHTi KOPEKTHO 3aBepLuye nporpamy 6e3
BUTOKIB Mam ATi.

Mets Ta Bacs koxeH aeHb Ha npoTssi N gHiB BUMIpIOOTb AekinbKa (Big 0
4o 1000) pasis TemnepaTypy noBiTpst (xo4a iHKOAM XTOCH MOXe 3abyTu Le
3pobutn). CTBOPITL NpOrpamy, WO AO3BONANTL M BBECTN L pe3yibTaTi 3a
KOXKEH AeHb CMOCTEPEXKEHb Ta NiAPaxye CEepenHIo TEMNEPATYPY KOXHOro 3
UMX OHIB, A€ CYMapHa KiJbKICTb BUMipIOBaHb Dyna Ginbwe ogHoro. [po-
rpama MoBMHHA nepegdavnTn, Wwo nicas ssoay umx N LHIB BOHU MOXYTb
3ax0TiTn BBeCTN HacTynHi M panie Takmx cnoctepexerb. [Nepeabaute mo-
XKIMBICTb KOPEKTHOTO 3aBEPLUEHHS NPW HECTadi pecypciB Komn'toTepa ans
30epiraHHs Ta 0OpODKKN gaHmXx.

B macumei HatypanbHux uncen A[N] Bci yucna € meHwnmn Hix 16. Ha-
nUwiTh yHKuito, Wwo 3bepirae Aani usoro mMacuey y macusi N/2 ducen
Tuny uint8 _t (TobTO B KOXKHOMY Ynchi uint8 t 30epiraeTbcs gga ymcna
macuey A[i]).

B macusi HaTypanbHux dncen A[N] Bci uncna € meHwumn Hix 64. Hanu-
WiTh yHKLit0, Wo 36epirae aani uboro macusy y macusi [N x4/3] uncen
TNy uint8_t (TobTO B KOXHIX TPbOX YMcaax uintd t 36epiraeTbes YoTu-
pu uncna macusy Ali]).

B macusi HaTypanshux umucen A[N] eci uncna € menwmmvn 2F. 3naiigits
ue yncno k Ta HanuwiTb pyHKUiO, wo 36epirae ueli macne B N * k biT
Haibinbw ekoHomivHuMm dnHom( int A[3], k=5 — uint8 B[2] ,TobTo BUMKO-
puctoeye 16 6iT, abo int A[8], k=14 — uint16 B[7] , TobTO BUKOpPUCTOBYE
112 6iT) Ta byHKUiIO WO NepeBoOANTL HaBNakm 4ncna 3 macusy B y macus
A.
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Po3pin 10

Crpyktypu. CTBOpEHHSs1 BJIaCHOro TuUny

KOHTpOsibHI 3annTaHHS:
o Lllo take cTpykTypa Ta sk Ti cteoputn Ha C?
e Sk cTBOpUTN BnacHuii Tun ganux Ha C?
e SlK BU3HAYNTU CTPYKTYPY, O MAE NOCWIaHHs Ha camy cebe?

o Slki BapianTu iHiuianizauii cTpykTyp? Sk BBECTM CTPYKTYPY? SK OTpMaTK
CTPYKTYpY sIK pe3ynbtat pobotu dyHkuii? Yepes amiHHui aprymeHT?

¢ Hawo sukopucrosysaTtu typedef npu cTBOpeHHi BRacHOi CTpyKTypu?

3aBaaHHAa gna ayauMTopHOT poboTu:
1) Bu3Hauutn TUNM CTPYKTYpU AAst 300pa>keHHsT HACTYMHMX MOHSTH Ta hyH-
KUiT iX BBOAY-BUBOZY:
a) pata (4ucno, micsup, pik);
6) none waxoBoi gowkn (Hanp., ab, b8);

B) NPSIMOKYTHWK 3i CTOPOHAaMM, MAPaNENLHUMI OCSIM KOOPANHAT, 3a4a-
HWUI Yepe3 ABi BepwmnHu. BeplimHa B CBOK 4epry — Tex CTPyKTypa
sIKa MICTUTb ABI AiliCHI KOOpANHATY;

r) NOAIHOM AOBINLHOrO CTyneHst (CTyniHb NOMIHOMY Ta AilicHi koediyy-
€HTN — BEe3pO3MipHUAT MacKB).

2) Bukopuctosytoun tun Mone waxosoi gowkn onucatu Bynesy yHkuUito,
AKa NEPEBIPSAE, UM MOXE 33 ofuH Xig dpep3b neperTi 3 OAHOrO 3a4aHOro
NnojisA LWaxoBOl AOLIKM Ha iHLIE 3ajaHe nose.

3) Bukopuctosytoun onuc tuny Jata, Busnaumntn yHkuil obumncnenHs: gatu
3aBTPALUHBOrO OHA Ta AHSA TUXKHA 3a [Oro JaTOK B MOTOYHOMY pOLi.

4) BwusHaummo tun Rational (Pauionansve uncno) sk:

typedef struct {

int numerator; // uucenbHUK

unsigned int denominator; // 3HamenHuK
} Rational;

Busnauntu dyHkuii gns:
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3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

0obYMCNeHHs CyMn LBOX pauioHaNbHMX YNCe,
ob4mncnenHs gobyTKy ABOX PaLiOHAIbHUX YMCEN;
NOPIBHSIHHS 4,BOX paUiOHaNbHUX Yucen;

3BEJEHHS PaLiOHAJIbHONO YMCAA JO HECKOPOTHOrO BUAY.

5) 3agaHo macus poamipHocTi N, KOMNOHEHTaMM SIKOro € CTPYKTYpM, L0
MICTATb BiZOMOCTI Npo BepwumHu rip. Y BiJOMOCTSIX NPO KOXHY BEPLUM-
HY BKa3ylOTbCS HasBa ropu Ta i1 Bucota. Busnauntu dyHkuil BBEAEH-
Hs1/BMBEAEHHS Tip Ta (PYHKUIT MOLWYKY HA3BM HAWBULLOT BEPLUMHU Ta Bu-
BEAEHHS BUCOTN BEPLUMHK 3 33[aHOI0 Ha3BOK (SIKLLO BEPLUMHU 3 TaKOK
HA3BOK HEMAE B MaCUBi — BUBECTW BiANOBIAHE NOBIAOMEHHS).

3aBaaHHsA 45181 caMOCTinHOT poboTu:

6) Buznauntn Tunu 3anucy ans 300pakeHHs HACTYMHUX MOHATL Ta peani-
3yiiTe iX (PYHKUIT BBEAEHHS BUBEAEHHS:

a)
6

o]

r

)
)
)
n)

e)

BapTicTb (rpuBHi, Konilikn);

yac (rogmHa, XBUANHA, CEKYHAA);

noBHa fata (4ncino, micsub, pik, rOANHA, XBUINHA);
agpeca (micto, Bynius, ByAMHOK, KBapTUPA);

ceminap (npegmert, suknagad, Ne rpynun, aeHb TUXKHS, FrOANHM 3aHATb,
aypmntopis);

6naHk BMMOrM Ha KHArY (BIZOMOCTI Mpo KHUTY: wupp, aBTOp, Ha-
3Ba; BIZOMOCTI Npo ynTayva: Ne ynTaubkoro KeMTKa, Npi3BuLLE; AaTa
3aMOBJIEHHSR);

KoNo (pagiyc, KOOpAUHATM LEHTPY);
ccepa B npocTopi;

NpAMOKYTHWY napaneninunes (CTOPOHM IKOrO NapasesbHi BiCAM KO-
opAaunHar);

BekTOP (PO3Mip BEKTOPY — HATypasibHe YNCIO Ta MAacuB 4iRCHUX 3Ha-
YEHb);

MaTpuus (po3Mipy MaTpuui — ABAa HATypasbHWX 4WUCHA Ta MacuB
BIfICHAX 3HAYeHb);

GaratokyTHuK (po3mip baraTokyTHUKY Ta Habip KOOPAMHAT BEPLUNH).
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Po3zgin 10. Crpyktypu. CTBOpeHHs BAACHOro TUMy

7)

10)

11)

12)

13)

46

B macuei cTpykTyp 3anmcaHo BapTicTe Ta Bik koxHoi 3 N mogenei ner-
KoBux aBToMODIniB. BuzHauutn cepeanio BapTicT aBTOMOGINIB, BIK SAKUX
Ginblinii 3a 5 pokis.

B macuBi cTpykTyp 3anncano iHbopMaLito Npo LiHy Ta HAKIa4 KOXKHOIO 3
N >xypHanis. 3HaliTn cepefHIO BapTiCTb XKYpPHaNiB, HAKNAL SKUX MEHLLNI
3a 10000 npuMipHuKiB.

B macuBi cTpykTyp 3anucaHo gaHi npo macy i o6'em N npegmetie, Bu-
FOTOBMIEHNX i3 Pi3HUX MaTepiafie. 3HAliTU NpeAMeT, rycTuHa MmaTepiany
SIKOrO HaiibinbLua.

B macumsi cTpyKTyp 3anncaHo aaHi npo YNCenbHICTb HaceneHHs (y Minbiio-
Hax xwuTenis) Ta maowi N gepxas. 3HaliTu KpaiHy 3 MiHIMaJbHOW LWijb-
HICTIO HaCe/eHHS.

3apano macue P posmiprocti N, KOMNOHEHTaMM SKOTO € BiAOMOCTI Npo
MeLLKaHLiB Aesknx MICT. IHpopmaLis npo KOXKHOrO MelKaHusi MIiCTUTb
ioro npisBulle, Ha3By MICTa, MICLEBY aapecy y BUMALl ByauLi, OyauHky,
kBapTupu. BuzHauntu dyHKLiO nowyky ABOX OyAb-sKUX >XUTenis, WO
MELLUKAlOTb Y Pi3HMX MICTaxX 3a OJHAKOBOK afpecoto.

Bigomo pani npo BapTicTb koxHOro 3 N HalimeHyBaHb TOBapIB: KiNbKICTb
rpuMBEHb, KiNbKiCTh Komiiok. CknacTu mignporpamu nouyky:

a) Hallfelwesworo ToBapy B MarasuHi;
6) HaAOPOXKHOro TOBapy B Marasmi;

B) TOBapy, BapTiCTb SKOrO BiAPI3HAETLCA Bif, CEpeaHLOi BAPTOCTI TOBApy
B MarasuiHi He binblw HixX Ha 10 rpueeHb:

3apano macue P poamipHocTti N, KOMNOHEHTaMK SIKOTO € CTPYKTYpH, L0
MICTATb aHKeTn CnyxOoBUIB AesKkoro 3aknagy. Y KOXHili aHKeTi BKasy-
€TbCS Npi3BULWE Ta iM'A CyXDboBUS, OrO CTaTh, 4aTa HAPOLKEHHS Yy

BUTAALI Yncna, Micaus, poky. BusHauntu nignporpamu nowyky:
a) nocaau, siky obilimMae HabiNbLIa KiNbKICTL CNiBPOBITHUKIB;

6

CniBpODITHUKIE 3 OAHAKOBUMU IMEHAMU;

W

HaiCTapLUIOro 3 YOJOBIKIB LbOrO 3aKagy;

) cniBpoBGITHUKIB, NPI3BMLLA SKMX NOYNHAKOTLCS i3 334aHOT NiTepu;
r)

4) CniBpoDITHUKIE, BIK AKX MEHLWWI 33 CEPEAHIli MO OpraHizauii;



Jonatkosi 3agaui:

14)

15)

16)

e) neHciiiHoro Biky (ypaxyBaTu, WO NEHCIiHWA BiK Y4O00BIKIB i XIHOK —
pi3HuiA).

3apgano macus imeH L Ta macus P, KomnoHeHTammn P; akoro € 3anucum, wo
MICTATb AaHi NPO NOANHY Ha iM's 3 HOMepom i 3 macusy L. KoxHuii 3anuc
CK/IABa€ETLCA 3 HOMEPOM iMeHi, cTaTi JitoguHn Ta Ti 3pocTy. BusHaumTm
nignporpamun ans:

a) ODYNCNEHHSsI CEepesHbOrO 3POCTY XKIHOK;
6) nowyky iMeHi HallBULLOTO HOIOBIKa;

B) MepeBipKu, Yn € ABi JIOAMHN, OLHAKOBI HA 3pICT Ta BMBOAY iMeHi Ui€el
NIOANHN.

3apaHo macms po3mipHocTi N, KOMMOHEHTN SIKOro MICTSAThL iH(OPMAaLito
npo CTYAEHTIB Aesikoro Buuly. BigomMocTi npo KOXHOro cTyfeHTa MicTaTb
OaHi npo ioro npissuwe, im'sa, no 6baTbKoBI, CTaTk, BIK, Kypc. BuzHaunTtn
NpOLEAypY MOLWYKY:

a) HalNOLWMPEHILINX YONOBIYUX | XKIHOYUX IMEH;

6) npi3Burwy, Ta iHiLianiB yCix CTYAEHTIB, BIK KX € HARMNOWNPEHILLMM.

3agaHo macuB po3amipHocTi N, KOMMOHeHTaMM AKOro € BiJOMOCTI Npo
CKJIAJaHHSA ICNUTIB CTyAeHTaMM gesikoro suwwy. IHpopmaLisi npo KOXXHOro
CTyAeHTa 3ajaHa B TakOMy BUINsZi: Mpi3BuULLe, HOMEp rpynu, ouiHka 1,
ouinka 2, ouitka 3. Busnauntn npoueaypy nowuyky:

a) CTYHeHTiB, WO MaKTb 3abOProBaHOCTI NpUHAMHI 3 OZHOrO 3 mpe-
OMETIB;

6) npeagmeTa, CKNafeHOro Haliripwe;

B) CTYAEHTIB, IO CKAANM BCI ICNMTY BULLE 3a 3afaHy OLHKY.

JopnaTtkosi 3apauyi:

18) Bur3Hauutu yHiBepcanbHWii TuM, SKWA JOMYCKAE 300pakeHHS TOYKM HA

NAOLWMHI Yy NPSIMOKYTHIA abo nonsipHin cuctemi koopguHat (TpeTe none —
Tun koopauHat). Mobygysatn dyHKUiO 064NCAEHHS NIOWi TPUKYTHUKA 3
sepwunamu A, B, C.
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Po3pin 11

Pob6oTa 3 GiHapHumMun caiinamm Ha C

KOHTpONbHI 3anuTaHHA:

Llukn pobotu 3 chaiinamm va C/C++.

Ak cTBopuTK Ta npautoBaTu 3 TekcToBuM paiinom Ha C? Sk MoxHa BBO-
anTtn Tta susoanTtn daiin nocumesonsHo? Mopsigkoso?

Yum BigpisHsaeTbcs GiHapHuii cbaiin Big TekcToBoro?
Sk cTeopuTK BiHapHuii daiin? Sk untatn 3 BinapHoro daiiny?
Sk 3anucaTn Ta NpPoOYMTaTU MAcMB AiACHUX Yncen B/3 GinapHoro aiiny?

Sk npounTaTy BCI Uil Ynucna 3 daiisy, AKLWO Ha NoYaTKy poboTn Hesigo-
MO, CKiJIbKM 1X TaM Hacnpasgi?

Ski popaTkoBi pedi MOXKHa pobuTu 3 GiHapHUM PaRAOM, WO HEMOXHA
pobutn 3 TekcToBUM?

Sk 3anucatn macue CTpykTyp y daiin Ta npountartun k-tuii 3anuc y cpaini?

3aBaaHHAa onsa ayauMTopHOT poboTu:

48

1)

Beegits foBXunHY MacuBy AificHuX dncen Ta cam macus. Peanisyiite dyH-
KUilo, sika 3anuwe ueli macus B daiin 3 3aganum im'sm. Peanisyiite dyH-
KUilo, WO BMBeAe BMICT paiily 3 LIICHUX YMCES HA KOHCOJIb B OQHOMY
PALKY 4Yepe3 KOMMU.

Bukopuctosytoun haiin F, KOMNOHEHTN SIKOTO € AilicHUMIN Yncnamu, noby-
ayeatu ¢aiin G, wo mictuTb yci uncna 3 caiiny F, aki meHwi no mogynto
3a 3agane yucno a > 0. MNocnigoexicTe uncen 3bepiraetscs. lMicns usoro
BUAaNUTK BCi enemenTn 3 dhaiiny F, siki MeHWwi no Moaynto 3a 4ncno a.

Creopite paiin F, komnoHeHTn sikoro € uinumu ducnamu. lpu usomy
BBEZAEHHS LLiINX Yncen pobuTbCs B HECKIHYEHOMY LMK, JOKM KOPUCTYBaY
ve Beege 0. MNobyaysatn daiin G, sasknit micTue 6u BCi KOMNOHEHTN haiiny
F:

a) WO € NapHUMYN YNCNaMK;
6) wo € cryneHem 3;

B) WO € TOYHUMW KBagpaTaMmu;



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

r) Wo MaoTb auwe 3 AiNbHUKY;
4) WO € naniHgpoMamu;
e) wo € yncnamu DPiboHauui.

4) Creoputb paiin, AKWA MICTUTL BIZOMOCTI NMPO MPSIMOKYTHMKW: BKA3aHO
HOMep MPSMOKYTHMKA Yy paiini, koopamHatu (AIACHI 4ncna) BEpPXHBLOrO
NiBOro KyTa Ta HUXKHBOMO NPABOro KyTa npsaMokyTHuka. Cknactu dyHkuito
MOLUYKY HOMEPA MPSIMOKYTHMKA 3 HARBINBLLLOK NAOLLEKO i BU3HAYEHHS L€
nnowi. Cknactu pyHKUiT BUAANEHHS NPSIMOKYTHUKA 33 JAaHUM HOMEPOM
Ta 3aMiHK 3anncy Npo NPSIMOKYTHUK 32 MOPSIAKOBAM HOMEPOM Y chaiini.

5) V daiini 3anncaHo gekinbka NoniHOMIB Y HAaCTYyNHOMY BUTNIsIAi: 4151 KO-
>KHOTO MONIHOMY 3aMnWCAHO HATypaJibHe YWUCNIO — KifIbKICTb MOHOMIB M
(HeHyNbOBUX JOAAHKIB NONIHOMY) Ta gani m MOHOMIB, sIKi NPeACTaBeHi
cTpyktypamun surnsgy (coef,deg) , pe coef — pilicHuii koediuienT, deg
cTyninb moHomy (deg > 0). Takum unHoM B haiini 3aNnCaHo JeKibKa no-
NiHOMIB (HOMEp NONIHOMY BCTaHOBJIIOETLCS MOPSLKOM 3anucy noniHOMY).
BusnauuTu nignporpamm ansi BAKOHAHHS! HACTYMHUX LI HAZ NOJAIHOMOM:

a) BBefeHHs noniHoma Ta 3anuc (mopasaHHs) fioro B balin 3apaHuii
CBOIM IMEHEM;

6) apyk noniHomy 3 daliny 32 HOMEPOM Ha KOHCOJIb Y 3BMYHOMY BUTJIsi-
i noniHoMmy Big x;

o

obuncneHHs noxigHo! Big noaiHoMa 3a haiinoM Ta HOMEpPOM;

-

OOJAaBaHHA nosiHomy y aiin 3agaHnii imeHewm;

BUAAJIEHHS NOJIHOMY 33 JaHUM HOMEPOM;

=

— e e

[¢]

3aMiHa KoedbiLiEHTY 3a4aHOr0 CTYNeHEM Ta HOMEPOM MOJIIHOMY;

3aBgaHHA 41 CaMOCTIHOT poboTu:

6) HaHo paiin, KOMNOHEHTN SIKOTO € HaTypaibHuMK Yucnamu. Cknactu nig-
nporpamu gasi obUNCAEHHS:

a) KibKOCTI NapHMX Y4MCEN Cepes KOMMOHEHT;
6) KiNbKOCTI KBaApaTIB HEMAPHUX HUCEN CEPES KOMMOHEHT;

B) Pi3HMUI Mi>K HABINLIIMM NAaPHNM | HAWMEHLLNM HENAPHUM YNCIaMu
KOMMOHEHT;

) KiIbKOCTI MPOCTMX YMCEN CEPes KOMMOHEHT;
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Po3zgin 11. Pobota 3 6inapHumu ¢paiinamu Ha C

50

)

KiJIbKOCTI KOMMOHEHT Yy HalAOoBLLili 3pOCTaloUiii NOCNiAOBHOCTI KOM-
MOHEHT haiiy.

7) Oano paiin, KOMMOHEHTU AKOrO € AiicHuMK vncnamun. Cknactu nignpo-
rpamu ans obumncneHHs:

CYyMI KOMIMOHEHT paiiny;

KIILKOCTI B €EMHIMX KOMMNOHEHT chaiiny;

OCTaHHBOT KOMMOHeHTN dpaiiny;

nepefoCTaHHBOI KOMMOHEHTH;

HabINBLIOT NO MOZYNIO KOMMOHEHTH chaiiny;
HaliMEHLIOT 3 KOMMOHEHT palisly 3 NnapHUMK HOMEepamu;
CYyMI HaWbINbLIOT Ta HAMMEHLIOT 3 KOMMOHEHT;

Pi3HMLI NEpLIOT i OCTaHHBLOI KOMMOHeHTU haiiny;

KIILKOCTI KOMNOHEHT chaiiny, siki meHwi 3a cepeaHe apudpmeTnyHe
BCIX AOr0 KOMMOHEHT.

8) 3apano HaTypanbHe 4ncno 1 Ta aiin F, KOMNOHEHTH SiKOTO € Linnmn Yn-
cnamu. MNobygysaTtu daiin G, 3anucaBwmn Jo HLOro HabiNbLIE 3HAYEHHS
nepLwmnx n KOMMOHeHT paiiny F, noTiM — HaCTYMHUX 7 KOMMOHEHT TOLLO.
PozrnsHytn gga Bunagku:

KIIbKICTb KOMMOHEHT haiiNy AinnTecs Ha n;

KIJIbKICTb KOMMOHEHT haiily He AINTLCSA Ha n.

Ocrannsa komnoxeHTa daviny G mae gopiBHIOBaTU HARDINbLWIG i3 KOMMO-
HeHT pariny F, siki yTBOpIOOTE OCTaHHio (HenosHy) rpyny.

9) [ano daiin F, komnoHeHTn sikoro € winumm yncnamu. Paiin Mictuts pis-
HY KiIbKICTb BOAATHUX | Big €MHUX YCEN — NEPEBIPTE Le i B MPOTUBHOMY
BUNAJKY BUjaliTe BigNOBigHE NOBIOMAEHHS Ta He pobuTh Hivoro. Buko-
pucToBytodn gonomixxuuii dpaiin H, nepenncatu komnonentu chaiiny F no
daiiny G Tak, wob y daiini G:

a)
6)

@
~—

He Oyno ABOX CYCIAHIX YnCen OLHOro 3HaKYy;
CMoYaTKy AWM JOAATHI, MOTIM — Big' €MHI Ynucna;

yucna WWAM TakuM YMHOM: ABa JOJATHUX, ABa Bif €MHMX TOLWO.
ﬂKLLI.O L€ HEMOXJINBO — TO Nepenncatm nokKm MOXXJINBO B TaKOMy
BUINALI, @ OCTaHHI ABa YKCa BUBECTN HA KOHCOJb.



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

10)

11)

12)

Hawno daiin F, komnoHenTamn sikoro € 3anucm (CTpykTypu) Burnsgy

struct TPair {
unsigned key; // xaroa
char data[10]; // mani

|8

Takwii baiin Ha3MBaTUMEMO BMOPSIAKOBAHUM 33 KJOYAMU, SIKLLO 3anu-
CU B HbOMY PO3TalLOBYIOTHCS B MOPSAKY 3POCTaHHs (CNajaHHs) KIoYiB.
Cknactu npoueaypy nowyKy 3anucy 3a KJo4eM y BropsifiKoBaHOMY chaii-
ni. Cknactv npouegypy BUIYHEHHS 3anuUcy i3 3a8aHNM KIOHEM:

® 3 BNOPsiKOBaHOro dhaiiny;
® 3 HeBnopsigKoBaHoro caiiny.

Barax nacaxupa xapakTepusyeTbCsi HOMEPOM MacaXkmpa, KisbKiCTiO pe-
yeill i IXHLOIO 3aranbHOIO Baroto. [aHo dhaiin nacaxkupis, sSiKUA MICTUThL
npi3emwa nacaxupis, i daiin, Wwo mMicTuTs iHopmauito npo barax aekinb-
Ka nacaxkupis (HOMep nacakupa — e HOMep 3anucy y aiini nacaxkupis).
Cknactun npouegypun gns:

a) 3HAXOMKEHHS macakupa, y baraxi siKoro cepefiHs Bara OHiei peui
BiAPI3HAETbCA He BiNbll HIXK HA @ Kr Bif 3arajbHOI CepefHbOl Baru
peueii;

6) BM3HAYEHHS MAcaXMpiB, sIKi MAKOTL MOHAA LBOE peqedd, | nacakmpis
KiIbKICTb pedeil y skux bifiblua 33 CEpemHIo KiNbKiCTh pedeii;

B) BUAAYi BIZOMOCTEN Npo MacaXkupa, KiNbKiCTb pedeid y baraxi sikoro
He MEHLWa, HXK y Oyab-akoMy iHWOMY Daraxki, a Bara peueii — He
Ginbwia, HiX y Dyab-sKOMY iHWOMY Baraxi i3 i€t CaMOI0 KinbKICTHO
peden;

) BU3HAYEHHS, YN MAKOTb NPUHAMHI ABa nacaxupu baraxi, siki He
BI|Pi3HAIOTHCA 3a KiNbKICTIO peyeli i BiApi3HAIOTLCA Baroto He GinbLu
HIXK Ha @ Kr (SIKLLO Taki macakmpu €, TO NoKa3aTu IxHi Npi3BuLLa);

4) BU3HAYEHHs nacaxkupa, barax sIKOro CKAAJAETLCA 3 OAHIET pedi Ba-
rol0 He MEHLLUE M KI.

Hano cpaiin, aKnii MiCTUTH BIOMOCTI MPO irpawKu: yKasaHO Ha3By irpa-
wkn (Hanp., M'si4, NsNbKa, KOHCTPYKTOP TOWO), Ti BapTiCTb Y rPUBHAX
i BIKOBI MeXi Ans AiTeid, sKMM irpaluka npusHadaeTbcs (Hanp., ans pgi-
Tell Big ABOX 8O n'siTu pokie). Cknactu pyHKUIT, WO BUBOAATL HACTYMHI
pe3yabTaTtn y biHapHmWii ¢aiin Ta Ha KOHCOAL:
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Po3zgin 11. Pobota 3 6inapHumu ¢paiinamu Ha C

a) noLyKy Ha3B iIrPaLloK, BapTiCTb SIKUX HE NEPEBMLLYE 3a[aHOI KiSIbKO-
CTi rPUBEHb, NPU3HAYEHUX AITAM N'STU POKIB;

6) nowyky Ha3B irpalwlokK, Npyu3HaYeHi 4itam i 1, i M PoKis;

B) MOLUYKY Ha3B HAQOPOXHMX irpawok (LiHa sKMX BiAPI3HAETLCA Bif
UiHM HARZOPOXHOT irpalky He BiNbL HIXK HA @ TPH);

) BU3HAYEHHS UIHM HARJOPOXKYOro TOBApy 3 HA3BOK NaAmMe;
4) BU3HAYEHHS UIHW BCIX TOBapiB 3 HAa3BOK NAME;

€) MOLYKy ABOX irpaliokK, WO NPU3HAYEHI 4iTAM T POKIiB, CymapHa Bap-
TICTb SAKUX He nepeBULLyE Y TpH;

€) NOLIYKY KOHCTPYKTOpA LiHOK Y IpH, MPU3HAYEHOro JiTsM Bif T A0
12 pokiB. SIKL10 TakoT irpallku HEMAE, TO 3aHECTU BiZOMOCTI nNpo 1T
BIACYTHICTb O cbaiiy.

JonaTtkosi 3agadi:

13) V gBox cpaiinax mictutbcs Tabnnus GyTOONLHOrO TYpHIpY, y nepwomy —
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3aMmMcaHo Ha3BM KOMaHA; ¥ APYroMy — pesyasTaTu MaTyie, Wwo 36epirato-
Tbea y 3anucax Tuny T _Match:

typedef struct {
unsigned int nl, n2;
unsigned int b1, b2;
} T Match;

Tyt y ctpyktypi Tuny T _Match nons nl, n2 — Homepu nepuwoi i apyroi
KomaHg, (TobTo HOMepw Ha3B kOMaHg y aiini komana); bl, b2 — kinbkictb
M’ 4iB, 3a0MTNX NEPLIOIO Ta APYrol0 KOMaHaamu, BianosigHo. KoxHili ko-
MaHZi 33 NepeMory HapaxoBYETbCsl 3 O4KMW, 33 Hi4Ymo — 1, 32 nopasky —
0. I3 nBOX KOMaHf, sIKi MatOTb OAHAKOBY KiJIbKICTb OYOK, NepLLOIO BBaXKa-
ETbCA:

® Ta, WO MAaE KpaLy Pi3HMLIO 3a0MTUX | MPONyLEHNX M'S4iB;
® 33 O[HAKOBOI pi3HULi MaE binblie 3abuTnx m'a4is;

& 323 BCIMA OfHAKOBMMM MOMEPEAHIMUN MOKA3HNKAMMN BU3HAYAETHCS XKe-
pebKyBaHHAM (A5 epebKyBaHHS BUKOPUCTATU reHEPATOp BUNAAKO-
BUX Yncen).

3HaliTy KOMaHAy, siKa € Nigepom.



Jonatkosi 3agaui:

14)

Bkaszieka. Onucatu nignporpamu cTBopeHHs alinis kKOMaHa i MaTyiB, oo-
JaBaHHS pe3ynbTaTy MaT4yy, BU3HAYEHHA Nigepa.

Daiin 6a3m faHUX 3 MaNOHKaMK MICTUTbL Ha NOYaTKy uine 32-6iTHe yncno
2051, notim uine 32-6iTHe uncno K — KifbKICTb MAJtOHKIB, a HACTYMHI
4Ba 32-6iTHUX Ywucna m,m — BUCOTA Ta LUMPUHA KOXKHOIO MaJtOHKY Y
nikcensix. Mpu ubomy ui yncna 3agani 8 popmari big-endian. Hactynhunii
BMICT chaiiny — Be3zzHakosi HaTypanbhi Ganitn (K *n * m GaiTis), koxeH
3 AKX — 3HAYEHHS ACKpaBoOCTed nikcenig (4ucno Big 0 go 255) koxHOro
3 LMX MaJIIOHKIB, IO MPOXOASATLCA Y NOPSAKY 37iBa-HampaBo Ta 3ropu-
LOHWN3Y.

Hanuwits dyrkuito, wo nepesipsie gavunii dainn (3agavuii im'sm) Ha Big-
noBiaHICTL AaHoMy hopMaTy Ta BUBOAUTL MACUB SICKPABOCTEN MasnkoHKa
3 3aJ,aHUM HOMEPOM, SIKLLO Takuii HOMep Ta cam haiil KOPEKTHO 3aAaHi.
B npoTnBHOMY BUNagKy BUBECTW 3MICTOBHE MOBIAOMJIEHHS MPO MOMUSIKY.
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Po3pin 12

PoboTa 3 notokamu BBeaeHHs1/BUBEAEHHS!

C++.

KOoHTpONbHI 3anuTaHHA:

Sk sukopucrosysatn 6ibniotekn C Ha C++7 LLlo noTpibHo gns Toro, wob
kop Ha C npautosas Tak camo Ha C++7?

Ska pisHuus byneeoro Tuny Ta ioro sukopnctanus Ha C ta C++7

Ak Busectn B C++ BUKOPMCTOBYIOHM NOTOKN BUBEAEHHS AiliCHE 4UCIIO 3
3aflaHoI0 ToYHICTIO? B HaykoBOMY npeacTaBneHHi? 3 3aaHOK0 WNPUHOKO?

LLlo Take nepeBaHTaXKeHHA pyHKLIli Ta HABILLIO BOHO MOXe ByTu NoTpibHO?
LLlo Take new Ta new[]? Koau noTpibHo nepie T1a konu ppyre?
B yomy pisHuus mix new Ta malloc?

Sk ouuwysaTn nam’sTe nicas new ta new(]?

3aBaaHHa ans ayamMTtopHol poboTtu:
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1)

BeecTn B ABOX pi3HUX psfKax NOCNiIAOBHO ABa AIACHWX Yuchaa = Ta ¥ Ta
obuncnuTi 3HaveHHs x B CTyneHi y. Pe3ynbTaT BUBECTM B HECATKOBOMY
Ta HayKOBOMY MpefCTaB/IeHHI.

Ha tepminani seogatecs 10 * n undpp. Mepwi 10 undp — ue nepe Ha-
TypasibHe yncno, HacTynHi 10 — gpyre i Tak gani. Beegite BCi Ui Yncna B
MacuB po3Mipy n Ta obumcnits i BuBegiTh ix cymy (BBaXkaiiTe WO Cyma
BJIa3UTb B TOYHICTL unsigned long long).

BeecTu HaTypanbHe n Ta BMBECTW Ha eKpaH Tabauuto ONs KOPEHiB BCiX
yncen Big 1 o n (BBaXKaro4i WO N AOCTATHLO Mane, Wob BMICTUTUCH B
KOHCONb BUBOAY) Chigkyroun, wob susefeHHst Gyno pisHum (KopiHb nig
BIANOBIAHMM YNCIIOM) Ta KiNbKICTb Ludp nicns komu byna abo 0 abo 2:

A T e L L L Ao =
1 2 3 4 5

s i o L L a2
1 141 173 2 224

A T e L L Ao =



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

4)

BeecTu 3 KOHCONI HaTypasibHE YUCAO N Ta AUHAMIYHUIA MACUB 3 1L LinNX
ancen {m;};_, Ta BBeAiTL 3 TekcToBOrO (haiiny n pivicHnx 4ncen {;}._,.
MepeBipTe Sk HAsIBHICTb, Tak i KOPEKTHICTbL UbOro daiiny. Obuncants Ta

H ~ ~ my n
BUBEAiTb Yy TeKCTOBMA paiin uncna {z; '}, .

BxigHuit noTik 3agaHnii TekctoBum haidIoMm MICTUTL HAbIp LiMX Yncen
A;(0 < A; < 10'8), sigainennii oguH Big iHWOTO AOBINLHOK KiNbKICTIO
npobinie i nepesogis paakis. Po3mip BxigHoro notoky He nepeBuiiye 128
KB. ns koXHOro umcna A;, noYrnHaoum 3 OCTaHHLOrO Ta 3aBEpLUYOYN
NepwmnM, B OKPEeMOMY PAAKY BUBECTW Oro KBagpaTHU KOPiHb 3 TpbOMa
3HaKaMW Micnsi feCATKOBOI Kpanku.

Mpuknap:
Bxip:
1427 0

876652098643267843

5276538
Buxia:
2297.072
936297014.116
0.000

37.776

3aBgaHHA 4NA CaMOCTiiHOT poboTu:

6)

Beectun pekinbka (Hesigomo 3aspanerifb ckinbku, ane merwe 1000) pini-
CHUX YMCEN 3aMNCaHNX Yepe3 KOMM Ta obuncianTu 3HaqenHs dynkuii log()
AN KOXKHOTO 3 HuX. SIKLLIO 3HAYEHHS BUXOANTbL 32 Mexi obnacTi Busectn
cnoso “None”, anst iHWKX 3HAYeHb pe3ynbTaT BUBECTW B HAYKOBOMY Ta
LeCATKOBOMY NPeACTaBJEHHI WNPUHOW 5 cMMBONiB.

B tekcrosomy dhaiini 3anucani AiicHi Yncna posgineHi kpankamu 3 Koma-
mu. [pounTaiite ui gaHi B gUHAMIYHWGA MACMB Ta AJISt KOXKHOIO €JIEMEHTY
Macuey 0BUMCniTh 3HauYeHHs YHKLIT arcsin() Ans KOXKHOTo 3 HUX. Ko
3HAYEHHSA BUXOANTL 32 MEXi 061aCTi BU3HAYEHHS, TO irHopyiiTe ioro. Bu-
BEAITb pe3y/ibTaT B HAYKOBOMY MPELCTAaBJIEHH! B iHWINA TEKCTOBWMIA haii.
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Posgin 12. Pobora 3 notokamu BBeaeHHs/susegenHs C++.

8)

10)

11)

12)

13)

14)

15)

16)
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B TekcTosomy chbaiini 3anucani Uini yucna posaineni Hosum psigkom. Mpo-
YuTaliTe Ui AaHi B AUHAMIYHWEA MacUB Ta 015 KOXXHOTO €IEMEHTY MacuBy
004NCANITL 3HAYEHHS EKCMIOHEHTUN 151 KOXKHOTO 3 Hux. Busegite pesynbrat
B JECATKOBOMY MpPELCTAB/IEHHI B TOW CamMuii TEeKCTOBWMIA baiin, gopasLun
OO KOXKHOIO psifKa LbOro (paiinly 3Ha4eHHs BigMOBIAHOI €KCMOHEHTU LWi-
pviHO 6 cuMBOJIB.

B tekcrosomy dbaiini 3anucaHi HaTypanbHi yncna posginedi npobinamu.
Mepenuwite chalin 3aMiHMBLIN BCI HOrO0 KOMMNOHEHTWN SAKI € DiNblUMMYK 3a
HaCTynHe YUCAO Ha X KBaApaTW, a BCi iHWI 4MCNa 3aAMWMBLLM Ha X
no3unuiax.

B TekctoBomy dhaiini 3anmcaHi uini Yncna posgisieHi KOMamMu Ta LOBiSb-
HOO KinbkKicTio npobinis. Mepenuwite daiin, BUganuewu BCi HOro Heao-
[aTHI KOMMOHEHTN Ta MOMIHSABLIW PO3AINLHUK HA EAMHME NpoBin.

B tekctoBOMYy paiini 3anmcaHi gilicHi Yncna posgiseHi Kpankamu 3 Ko-
mMamu. lMepenuwite aiin 3amiHMBLLM BCi HOrO Bif'€MHI KOMMOHEHTN Ha
BIANOBIGHI MOAYAI 3 PO3AINIBHUKOM KiHUA PAAKY Ta LWMPUHOIO KOXKHOMO
Yucna piBHili MakCUMaNbHOT TOYHOCTI Cepef, JaHWMX AiACHMX 4ucen B no-
YyaTkoBoMmy dpaiini.

Tpwn popatHux JIACHUX YKMCna BBOAATLCS SIK PSAAOK BUTSLY

A=xxx.xxx, B=xxExxx C=xxx.xxxx

Mpy ubomy psgok 3000B'sA3aHMIA MICTUTU CUMBOAM SIK MPEACTABAEHO B
psaky (3amictb x - uudpa abo 3Hak + um -). ObumcniTh cepegHe rapmo-
HIYHE AaHUX YWCE, SIKILO LE MOXJIMBO Ta BMBELITH X Y HAYKOBOMY Ta
3BUYaliHOMy bopmaTi. JKIWO Le HEMOXMBO BUBEAITH NPO LE NOBigOMAE-
HHS1.

Beectu giliche yncno Big -10000 go 10000 Ta BuBecTu iioro k-Ty CTyniHb
(Jk] < 10) 3 TouHicTio fo 20 3HaKiB A0 AECATKOBOI KOMU Ta 4 3HaKamu
Nicns JecsaTKOBOI KoM (Hy/lb 3aNMLIAETHCS HYNEM 3aBXAM).

Poss’axiTe 3agauy 5.3, Tak wob BOHa mpautoBana Ans AOBIJILHOMO 7,
TOOTO 3abe3neuTe nepeHeceHHs Tabauui HA HOBI PALKM MPU NEPEBULLIEHH]
Y BUBOLI ZOBXMHU PAAKY (B pAAOK Hexall BMiLyeTbCs 8 cToBnuiB Tabnuui)
i BUpPIBHIOBaHHS Oyio Tenep no JIiBOMY Kpato.

V TekcToBoMy haiifi 3aNnCaHO HEMOPOXXHIO NOCHIAOBHICTEL AIACHMX YuMcen,
K po3ainaoThCa npobinamm, Tabynsuismu abo kiHusmu pagkis. Busna-
YT hYHKLiO ODYMCNEHHS CEpefHbOrO FeOMETPUYHOrO 3 LMX Yucen.

V tekcToBOMYy haiini F 3anncano nocnifgoBHICTb LiAnX Ynces, ski po3gains-
I0TbCs nponyckamu. Brnsnauntn npoueaypy 3anucy fo TekctoBoro daiiny



Jonatkosi 3agaui:

G ycix fogaTHUX 4MCen pa3oMm TX KOPEHSIMU 3 TOYHICTIO A0 5 3Haky nicns
kpankn i3 F. Yncna B8 cpaiini F posaineni Tabynsuieto, a yncna Ta ix KopeHi
pO3iNEHI KOMOIO.

17) VY tekctoBoMy haiii KOXKHWIA PAKOK MICTATL KilbKa HATYpasbHUX HUCen,
AKi po3/iNATLCA Nponyckamu. Yucna BU3Ha4aoTL BUFNSAL reOMETPUYHOI
irypn (Homep) Ta iT posmipu. MNpuiinaTo Taki AOMOBAEHOCTI:

® BiJIpi30K NPSAMOI 33Ja€THCS KOOPAMHATAMK CBOIX KiHLB | Ma€e HOMep
1;

® MPSAMOKYTHUK 334a€THCS KOOPAWHATAMMN BEPXHLOMO JIIBOTO il HUXKHBO-
ro NpaBoro KyTiB i Ma€ HoOMep 2;

® KOJIO 33[AETbCA KOOpAMHATAMU UEHTpa ii pagiycom i Ma€e Homep 3.
BusHaunTtu npoueaypun obuncieHHs:

® Bigpi3ka 3 HANDINBLLIOK AOBXUHOID;

® NPSMOKYTHWKA 3 HAWbINbWIMM NEpUMETPOM;

® KOJa 3 HallMEHLO NAOLLEHD.

18) V chaiini 3anucaHi KOOPAMHATM TOHOK HA MJIOLLMHI 3aAaHI NApoK UinnxX
uncen. Toukn 3anucyrotses B popmati = ( x1, x2 ), (x1, x2) , ... — came
Tak 4epe3 komu Ta gyxku. CteopuTtu paiin, B sikomy OygyTb 3anucai
KOOPAMHATN BCiX BiAPI3KiB 3 TOYOK Lboro dhaiiny, npn ubOMy Ui Bigpi3kn
BIACOPTOBAHI 33 3pOCTAaHHAM AOBXKUHW.

19) V daiini 3anucani koopanHaT TOHOK B MPOCTOPI 3aAaHi TPIAKOK Uinnx
yncen. Toukn 3anncytotbes B chopmati @ x1 , x2 , x3 ; x1 , x2, x3; ...
3HaiiTn BigpPi30K 3 TOHOK LbOro haiiny, Lo Mae HalbINbLLy AOBXKIHY.

20) V daiini 3anucani KoopgmHaT MaTepiasbHUX TOYOK Ha MIOLMHI 3aja-
Hi Napoto uinx vucen ta macoto(aiiche 4ncno). Touku 3anucyoThes B
dopmati : [x1,yl, ml], [x2, y2, m2], ... — came Tak 4epe3 komu Ta
YK, 3HAAAITE ABI TOYKN 3 HabinbWwuM Baxkenem cuam (m*(x +y)).

21) V cpaiini 3anucani gatm , wo 3agaHi TPikoo Uinnx dncen y dopmari
(44l./mm1/ppl),(4u2./mMm2/pp2), ... — came B Takomy copmarti. CTBO-
putn aiin, B sikomy OygyTb 3anmcaHo HalicTapwa Ta HaiiceixXiwa gaTtu
(BBaxkaiiTe, WwWo pokm AaT 3 1951 no 2049).

HopnaTtkosi 3apauyi:

22) PosrisiHeMo nocaifoBHicTs uncen a; , 1 = 0,1,2,. .., Wo 3a40BONLHAOTD
YMOBaM:
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Posgin 12. Pobora 3 notokamu BBeaeHHs/susegenHs C++.

23)

58

ap=0,a1 =1;Taay =a;iag+1 =2a;+1 pnakoxHoros =1,23,....

Hanuwite nporpamy, sika ais 3a4aHOro 3HaYEHHs 1 3HAXOAWTb MaKCW-
ManbHe cepel 4ucen ag, ai,- - - ,0n,. BXiAHI AaHI CKNajatoTbCsa 3 AeKinb-
Kox TecTiB (He Ginbwe 10). KoxeH TecT - psfoK, B IKOMY 3aMmncaHo Liie
yncno n (1 < n < 99999). B ocTaHHBOMY psSiAKY BXIAHUX LAHUX 3aMUCaHO
uncno 0. [Insi KOXKHOro n y BMBOAI 3aMuLiTh MAaKCMMAaJlbHE 3HAYEHHS.

Creoputn Tekcrosui (.txt) dpaiin 3 100,000,000 pagkis 3 4nucnamu B gia-
nasoHi Big 0 go 999,999,999. ®opmar uncen - 9 3Hakis (1 = 000000001,
65535 = 000065535), BCi 4ncna po3TALIOBaHi B BMMALKOBOMY MOPSAAKY
6e3 NOBTOPIB (KOXEH PAAOK — YHIKaJIbHe 4MCII0).

lNpuknag.
000603453
914645283
700500041
035827127.



Po3pin 13

Pob6oTta 3 knacom psigok Ha C++

KOHTpONbHI 3anuTaHHA:

SKi KOHCTpYKTOpU ANist Knacy pagok? dAki gns koni-koHcTpykTopis? Ckisb-
KW Ta sIKi ONepaTopun € NepeBaHTAXKEHUMIN 415 KNacy pspok?

Sk BU@anUTH NigpsaoK BUKOPUCTOBYIOYM METOAM Knacy string?

Sk moxHa npoitepyBaTuck no cumsonax psaaky C++7

Sk y3HaTN OOBXMHY psaka’

Sk 3HAlTU neplue BXOOXKEHHS AaHOro nigpsaky B psgky? OcraHHe?

Slk BMBECTUN BCi CIOBa B pedeHHi, Wo po3aineHo npobinamun? Komamn?

3aBgaHHs g4ns ayauTtopHoi poboTu:

B gmaHiin rpyni 3agay4 noTpibHo peanisysaty dyHKUIT Ta B Tux dyHKUIAX A& no-
TpiObHO BMBOAMTN pPspOK 3pobiTh 2 BapiaHTu:

1)

pe3ynbTaT 3anncaTu B HOBUI PSJOK;
pe3y/bTaT 3aMiHIOE PAAOK, WO € apryMEHTOM DyHKLT.

B pavomy psaky 3HaliTh nigpsapok KM 3HAXOQUTHCS MidK MEPLIOK ABO-
KPamnKoK Ta HACTYMHOK 33 HEKO KOMOK. JKWO HEMAE ABOKpaNKN psmoK
3aanwaty 6e3 3MiH, AKLWO NiCNA ABOKPANKN HEMAE KOMM - 3aJUWNTA Big
LBOKpPankun JO KiHUS PAAKY.

B pavomy psgky Buganutu nigpsgok siKMid 3HAXOAWUTHLCS MiXK NEPLLOD
Ta OCTAHHLOIO KPankow. KLU0 Kpanok HemMae, TO BMAANNTA B PSfKY BCi
npobinu Ha No4aTKy TEKCTY, SKLIO JINLIE OfHA Kpanka, TO BUZAJAWTU BCe
1O Hel.

BeecTu psagok, WO CKAaAAETHCA 3 CUMBOJIIB IATUHCHKOrO andasiTy, C/loBa
B SIKOMY BiokpemuneHi npobinamu (ogHum abo gekinbkoma). Mepetsoputn
KOXXHE CJI0BO B PsIAKY, BUAAAMBLUM 3 HBOrO OCTAHHIO JIITEPY LibOro C/10Ba
(kinbkicTb MpobINIB MiXK CNOBaMM He 3MIHIOBATN).

Hanuwite dyHKLUiO, WO NpuiiMae psaoK Ta NOBEPTAE sIK MACWB 3a4aHOI
LOBXKNHM 7 (K 3MIHHME apryMeHT) nepuui n AICHUX Y1Cen, Lo MiCTATLCA
B psAaKy. Po3ginbHuK 3agaeTbcs sk apryMeHT yHKUiT.
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Poszgin 13. Pobora 3 knacom pagok Ha C++

5)

6)

Hanuwite ¢byHKLilO 4aCTKOBOro CRNiTTiHIY psaaky, TODTO dyHKUiO, WO
NpUiiMae psAAOK Ta NOBEPTAE NepLui 1 CiB 3 pagka (po3aiNbHUK 3343€TbCs

AK aprymeHT dyHkuii).
HaHnii pagok — peyeHHs 3 CUMBONIB JaTUHCLKOTO andasiTy. Busectn

HAKOPOTLLE C/I0BO B pPedeHHi. SIKLLIO TaKuxX CNiB AeKiNbKa, TO: a) BUBECTH
nepiue 3 HUX; 6) OCTaHHE 3 HUX; B) BCi Taki C/IOBa.

3aBpaHHAa 41 caMoCTiiHOT poboTu:

7)

10)

11)

12)

13)

14)

15)
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LaHnii pagok, Wwo CKNagaeTbCs 3 CUMBOJIB JAaTUHCLKOMO andaBsiTy, po3gi-
NeHnx npobinamn (ogHum abo pekinbkoma). Busectu pagok, wo mictute
Li X CJI0Ba, ane po3sgineti ogHumM cumeosiom ',” (koma). B kiHui nocTaButn
Kpanky.

[anuii pagok, Wo CKNafa€eTbcst 3 CUMBOJIIB TATUHCLKOrO andasiTy, po3ai-
NeHnx npobinamu (opgHum abo gekinbkoma). MepeTBoOpUTU KOXKHE CNOBO B
PALKY, BUSANMUBLUN 3 HBOTO BCI BXOAXKEHHS OCTaHHLOI JIITEPU LbOMO CJ10BaA
(kinbKicTb NpobiNiB MK CNOBaMM He 3MiHIOBaTH).

Peuenns cknapaetbca 3 cniB, po3gineHux ogHum abo gekinbkoma npo-
nyckamu abo komamu. HanucaTtu nporpamy, Wwo ApPYKye BCe CNOBA, WO
3aKiHYYIOTbCA Ha 3agaHuii CUMBOJ.

Beectu pagok, wo cknagaeTscs 3 CUMBOJIB NATUHCLKOro andasiTy, CloBa
B sIKOMY Bigokpemseri npobinamn (ogHum abo pekinbkoma). Buznauntn
KIJIbKICTb C/1iB, SIKi MOYMHAKOTBLCS | 3aKIHYYIOTLCA OFHIEIO | TIEKD XK AITEPOIO.

LaHnii pagok, Wwo CKNagaeTbCs 3 CUMBOJIEB JAaTUHCLKOMO andasiTy, po3gai-
neHnx npobinamu (ogHum abo gekinbkoma). MepeTBopUTY KOXHE CNOBO B
PAAKY BUAAIUBLLM 3 HBOTO BCI BXOIPKEHHS 3a4aHOr0 cumBony (KinbKicTb
NPOMYCKIiB MiXK CNOBaMM He 3MiHIOBaTH).

JaHnii psagok-pederHs 3 CUMBONIB NaTUHCLKOro andaeity. lNepetsopnTu
pA~OK TakK, LWOb KOXHE CAOBO MOYMHANOCS 3 BEAUKOT JIiTepuU.

Haunii pspok-pedeHHs 3 cumBoniB natmHcekoro andasity. OTpumaiite
HaMJOBLIE CNIOBO B pedeHHi (SKLWO Takux CiB AeKinbka, TO oTpumaiTe
MacuB BIAMNOBIGHMX CJIiB).

BusHaumnTu, ckinbku pasie B psfiKy 3yCTPIHaETLCA 3afiaHe CIOBO Ta CKiflb-
K1 pa3iB 3yCTPIYaETLCSA 3ajaHnii NigpsiLoK.

LaHnii pagok, Wwo CKNagaeTbCsi 3 CUMBOJIB NATUHCBLKOrO andasiTy, pos-
aineHnx npobinamu (ogHnum abo gekinbkoma). BrusHauuTtu kinbkicts chis,
SAKI MICTSATb BBEAEHWA CMMBOJI.



Jonatkosi 3agaui:

16) Peuenns cknagaetbes 3 cnis, posgineHnx ogHuM abo gekinbkoma npobina-
mun. HanucaTtu nporpamy, wo oTpuMae macue BCix CAIB, WO 3aKiHYYHOTHCS
Ha BBEAEHWNA CMMBOJ.

17) VY aHrniiicbkoMy pedeHHi CoBa po3aisieHi ogHum npobinom. Y BCix cnosax,
WO CiAyIOTh 3a caoBamu-apTukasmu 'a’, 'an’ Tta 'the’ B gaHomy psgky
nepLuy JiTepy 3aMiHATU HA ManeHbKY.

18) Hanmucatu nporpamy, o BM3HAYaE, sIKUA BIACOTOK CJIB B aHMIIACHLKOMY
TEKCTi MiCTUTb MOJBOEHY MPUrOOCHY.

19) YV MOBi BUKOPUCTOBYETLCA NATUHCLKWIA andbagiT, MpuYacTa 3aexan 3a-
KiHuyeTbea cydikcom "ings". 3agannii psgok chnis, B sIkOMy CNOBa Bif-
OKPEMJIIOIOTLCS ogHUM abo aekinbkoma nponyckamu. Happykysatn Bci
nNpu4acTsa 3 AAHOrO PAAKY.

20) [Oanuii psagok 3 Mannx CUMBOJIB NATUHCLKOTO andasiTy. 3aMiHITE KOXKHY
JiTepy Ha HACTynmHy 3a HUM 3a andaBiTOM, CMMBOJI 'Z' 3aMiHITb Ha 'a’.
[ns Benukoro pericTpy Tak camo.

21) Oanvi psagok i3 cuMBOAiB NaTUHCLKOrO andasiTy. 3aMiHiTh BCI BXOKEH-
Ha paakis 'one”, "two’,"three”,. .., "nine" na cumsonn ‘'1’, '2',’3',...,'9".

22) BeecTw psafok, WO CKAAAAETHCA 3 CUMBOJIIB TAaTUHCLKOTO andasity, cnosa
B SIKOMY BifokpemJeHi npobinamn (ogHum abo aekinbkoma). Mepersoputn
KOXXHE CNOBO B pPAAKY, BNOANUBLUN 3 HBOIoO BCi BXOOXXEHHA NEPenOCTaH-
HBOT JIITEPU LbOrO CNOBA AKLWO AOBXMHA CoBa binblue Hix 2 (KinbKiCTb
npobinis Mix CroBamMu He 3MiHIOBATK).

23) [Oanuii psgok i3 CMMBOAIB NAaTUHCBLKOrO andasiTy. 3amiHUTL BCi CIOBO-
cnonydenns eurasgy - X'sY " Ha " Y of X, ge X, Y — cnoBa B psiaky.

24) BusHadte, SKNii BIACOTOK CUMBOM KOXHOIO CJI0BA CKJIAaAaloTh 3 CUMBO-
JIiB aHoro peyeHHs. Psaok — aHrnilicbKuii TEKCT.

25) [aHuii TeKCT, WO CKIAAAETHCS 3 CUMBOJIB NATUHCLKOTO andasity, npobi-
NiB i 3HaKiB NyHKTyauii. 3HaAAiTL HalinowwmpeHiwy ronocHy Oykey (iHLwni
pericTp He yTBOPIOE HOBY NiTepy).

Hopatkosi 3agayi:

25) [Hanuii psagok B SIKOMY 3yCTpiHatoTbCs CJI0BA, sIKi CKIAAAIThCS 3 BOCLMU
undposux cumeosis. lNepesegite BCi X y popmat gatn "dd-mm-yyyy"i
nepeBipTe KOPEKTHICTb Takoi AaTu.
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Po3pin 14

Pob6oTa 3 tekctoBumun daiinamm

KoHTpOnbHI 3annMTaHHA:

Ski Tnnu daiinosux 3miHHux € 8 C++7?
Aki pexumn BigkpuTTa daiinie € 8 C++47 Ak aminoBaTh Li pexumn?

Sk nepeBipuTM Ta NPOKOHTPONMIOBATN KOPEKTHICTb BiAKPUTTS haiinis
C++7

Sk 3anucaty y TekcToBuii haiin MacUB LiNMX YNCE] Yepes KOMY Y SIKOCTI
pO34iNbHNKA Ta NPOYMTATA NOTIM Leli Macus?

Sk 3'sacyBaTu KinbKICTb pagkis B TekcToBoMy dhaiini? Sk npoitepysatucs
no BCiX CJIOBax TEKCTOBOrO chaiiny?

3aBaaHHa gns ayamMTopHol poboTtu:
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1)

2)

3)

B TekcTtoBOMYy chalini 3anncaHa nocaigoBHICTE CUMBOJIB, SIKA MA€ BUTSA:
ditds£...£d, (di- uini (gidichi) yucna, n > 1), 32 AKOIO 3HAXOANUTHCS
3HaK piHocTi. OB6YNCANTU 3HAYEHHS LbOro anredpaidHoro Bupasy.

V TtekctoBomy dhaiini, WO CKNAAAETLCA 3i CNIB, BiJOKPEMAEHUX OAHUM
NPONyCcKOM, 3aMiHUTK NepLUly NiTepy y CNOBax, WO AayTh 3a ciosamu die,
der, das, Ha BiANOBIgHY NiTepy BEPXHLOrO pericTpy.

V tekcToBOMY (haiifi CNOBa 33N POBAHI — KOXKHE 3 HMX 3aMMCAHO HaBMa-
ku. Pozwmndpysatn nosigomieHHs Ta BuBecTun ioro B iHwuii aiin. Cno-
Ba po3aiNnsaoTbes npobinamn (AOBINLHOK KINBKICTIO) Ta 3HaKaMKU KOMU,
Kparnku, 3HaKaMy OKJINKY Ta MUTaHHS.

MepesipTe y TekcToBOMY (haiifi MPaBWILHICTL PO3CTAHOBKKM Terie <td>:
KOXXHOMY BIZKPUTOrO TEry NOBMHEH BianoBigatu 3akputuii </ td>. Tern
MOXYTb BYTN OKpemMumMu CroBaMmn, a MOXYTh DyTu He po3gineHumu Big
iHLLIOrO TEKCTY.

Hanucatu dyHkuito, wo creoptoe daiin, wo cknagaersca 3 N pagkis. B
KOXKHOMY PSIIKY 3anucaHo iHpopMaUilo Npo CTyAeHTa - NpisBuwe, Kypc,
rpyna, Ta AesKa KiNbKIiCTb LiINX YMCEN Yepe3 KOMU - OLIHKK 3a icnuTu.
3HaliTu Npi3BULLE CTYAEHTA 3 HAriPLIOID CEPEAHBOIO OLHKOH.



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

3aBaaHHA 4N CaMOCTIiHOT poboTu:

5)

6)

BusHaunTtun dyHKUiO, WO BM3HAYAE KiIbKICTb PSALKIB TEKCTOBOrO dhaiiny,
AKi:

® MOYMHAKOTLCA i3 3a4aHOro CMMBONY;

L] 3aKiH‘-|nyTbC9| 3a4aHNM CMMBOJIOM;

® MOYMHAKTLCA I 3aKIHYYIOTBCS OQHUM | TUM CaMUM CUMBOJIOM;
® IO CKNafJatoThCs 3 OAHAKOBMX CUMBONIB.

HanucaTtu dyHkuito, wo creoptoe daiin, wo cknagaerscs 3 N pagkis. B
KOXKHOMY PsIAKY 3anncaHo iHOpMaLiio Npo CTyAeHTa - Mpissue, im's,
rpyna, Ta Aesika KiIbKICTb AiliCHNX Yncen Yepes npobinn - ouiHKK 3a icnu-
Tn. 3HalTN CepefiHIO OLHKY AN BCIX CTYAEHTIB AaHOI rpynu.

Ter — ue CnoBo, sAKe MOYNMHAETLCA 3 CUMBOJTY '<', A 3aBEPLUYETHCA CUM-
Boniom '>'. ObepHeHuit Ter mictuth apyruii cumeon '/'. 3HaiigiTe BCi
Term B paHomy cpaiini Ta nepesipTe 4m BCi Ui Term MatOThb BiANOBIAHWIA
obepHeHnii.

Peanisyiite HacTynHy rpy: KOpucTyBad BBOAMTH CBOE iM'sl Ta Bignosigae
Ha [OEesKY KibKICTb 3anuTaHb Burasgy i X j =7, Ae ¢ Ta j — BUNAJKOBI
uncna Big 1 go 20. 3anuTaHHa Ta pe3ynbTaT ANs KOXKHOMO 3 rpasLiB
3anamM’aToBYOTLCA B haiini y BUTASLI pAAKIB:

Vasya 2x2=5 3x4=12 ...

Petya 3x5=15 4x1=4 ...

| micns Toro, sk m rpasuig 3irpanu, 3a gonomorow dyHKuil itogi(im's
aiiny) nippaxoByeTbCs i BUBOAMTLCA BIfCOTOK MPaBW/IbHWX BifNOBiAEi
INS1 KOXKHOTO TPaBLs.

Hdanwnii 6nok 3agay Bumarae opratizysartu poboty 3 Tekctosum daiinom.
BxigHuii ¢aiin noTpidHO 3MiHUTKU 3rigHO 3 BKa3aHUMU ymMoOBamu, TO0TO
BXigHuWii Ta BuxigHi caiinm 30iraloTbes.

10)

11)

Hano uncno N i Tekcrosuii cpaiin. Buganutu 3 daiiny psagkn 3 Homepamu,
kpaTHumu N. MopoxHi psigkn He BpaxoByBaTu i He Bugansitu. ko psagku
3 HeOOXigHUMIM HOMEpaMU BiACYTHS, TO 3anuwmnTu aiin 6e3 3miH.

Han TekcroBuii haiin, WO MICTUTL TEKCT, BUPIBHSAHWE MO JIIBOMY Kpato
(noBxunHa KOXHOTO psigka He nepesuwye 50 cumeonis). Bupisusatu noro
Mo LEHTPY, AOAABLUM B MOYATOK KOXHOFO HEMOPOXKHLOIO PsfKY Heobxi-
OHY KibKICTb Npobisiie. PAaKN HemapHOT SOBXNHK Nepes LUeHTPYBaHHAM
LOMOBHIOBAaTK 3/iBa NpobisoM.
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Pozgin 14. Poborta 3 TekcToBumu haiinamm

12)

13)

14)

15)

16)

17)

HanuwiTte dyHKLilO, WO CTBOPIOE TEKCTOBMIA halii, Akuii CKNafaeTbes 3
N psgkis. MNepeteoputn haiin, BUAANMBLLN B KOXKXHOMY HOro pafKy 3aiiBi
npobinn (Hemae npobinis Ha Kpasix psgkie Ta He Binblwe ogHOro nigpsa).

[aH pailin 3 TeKCTOM i3 CUMBOAIB NATUHCLKOrO andasiTy. 3awmncpysaTtu
daiin, BUKOHABLIN LUKIYHWI 3CYB KOXKHOI JliTEPW BRepeg Ha m NO3wnuii
B andasiti. Po3ainosi 3Hakm i nponycku He 3MiHIOBaTU.

Hano aga tekcrosi daiinn 3 imenamun Namel i Name2. dogaTtu B KkiHeub
KOXHOrO psigka dpaiiny Namel signosighuii pagok daviny Name2. Akwo
daiin Name2 mae meHwe psagkis Hix daiiny Namel, To BukoHaiite nepe-
xig go no4vatky cpaiiny Name2.

3Halgite B TekcToBOMY charini BCi uini yncna (nocnigosHicTb Ludp 3 Mo-
XAnBMMK 3Hakamn '+'.'-") Ta 3amiHnTb iX Ha BIANOBIAHI 3anucu y ABIA-
KOBii cuctemi uncnenns. Bci inwi cnoea B daiini 3anuwmntn 6e3 3miHn.

3HaiigiTe B TEeKCTOBOMY (paiini BCI AIACHI Yncna Ta 3aMiHUTL BCI OAATHI
4YNCNA HA BIAMOBIAHI TM HATypanbHi norapudmm 3 KiNbKICTIO CUMBOJIIB
10, a BiA'€MHi Ha 3HAYEHHS EKCMOHEHTU AOBXMHOK 7 cuMBonis. Bci iHwi
cnoBa B (paiini 3anmwntn 6e3 3miH.

3aminut B dpaiini  BCi  OAHAKOBI CMMBOMW, WO iAgyTb nigpsg
Ha BIgNOBIAHWMIA CUMBOA Ta KiNbKiCTb noBTopeHb. [lpuknag. Tak,
"aaabcc'"nepetBoputhes Ha "a3bc2".

Danuii bnok 3agay Bumarae opratizysatu pobdoTy 3 Tekctosum dpainnom.
BuxigHi ¢ainnn He nepegbdavarots 3miHn. 3miHedi gaHi 30epiraroTbcs B
iHwomy cpaiini.

18)

19)

20)
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OpranisyBatun TekctoBuii paiin, wo cknagaetscs 3 N pagkis. BusHaumtn
MaKCUMAaJIbHUIA | MiHIManbHUA po3Mip pAAKiE y daiini Ta BUBECTU BCi
MiHIMaNIbHI Ta MakCUManbHi paaKM B iHwKi chaiin.

BeoauThca nponucHa natuHcbKa niTepa ¢ i TekctoBuii daiin. Creoputn
TeKCTOBUIA haiin, AKNA MICTUTL BCi CNOBA 3 BXigHOro haiiny, Wwo no4rHa-
IOTbCSA Ui€0 NiTepotd (AK BENUKOWO, Tak i Manow). Po3ginosi sHakun, pos-
TalOBaHI HA MOYaTKax i B KiHUAX CAiB, He BpaxoByBaTu. KO BXigHWIA
dhaiin He MICTUTB BIANOBIAHMX CNIB, 3aNNWNTY BUXiAHWUE Pailin NOPOXKHIM.

Hano uncna N1, N2 i tekcrosuii chaiin. Buganutu 3 daiiny psagkn 3 Home-
pamu mixx N1, N2, He Bktovatoum mMex. 3MiHW BUBECTW B Apyruii chaiis.
SKWO BUKOHATM BUAANEHHS HEMOXIIMBO, BUAANTE NPO LiE MOBIAOMIIEHHS
Ha eKpaH i B BUxigHuii caiin.



Jonatkosi 3agaui:

21) Oanwii draiin 3 TEKCTOM i3 CUMBOAIB NaTUHCLKOrO andasity, undp Ta
3HakiB. 3aMmiHiTh BCi undpy X Ha3BaMN aHTNIACHKOIO MOBOIO.

22) CreopuTu TekcToBuin haiin F, wo cknagaetocs 3 N pagkis. Micas usoro
cteoputn aiiim H i G. V daiin H 3anucatn psagku daiiny F HenapHoi
LOBXWHY, a B haiin G napHOi JOBXNWHW.

23) BusHauntn dyHkuito, sKa:

® NiJpaxOBYE KiJIbKICTb MOPOXHIX PSILKIB;

e OBYNCNIOE MAKCMMASIBHY JOBXWHY PAAKIE TEKCTOBOro haiiny.
24) BunsHaunTun npoueaypy BUBELEHHS:

® YCixX psfKiB TEKCTOBOro chaiiny;

® psIAKiB, AKi MICTSITb noHan 60 cumeonis.

25) B paHomy TekcTOBOMY (paiini 3HAXOQUTLCSA AHINOMOBHMIA TeKCT. BupisHsii-
Te ioro no niBwii Ta MpaBWii rpaHuLi Tak, Wob po3nogin cnis y psakax
OyB Ha@biNbLL PIBHOMIPHMM Ta 3anMUWITL pe3ynbTaTt B iHWMEA daiin.

26) BusHaunTn npouenypy, sika nepenuncye fo Tekctosoro daiiny G yci pagku
TekcToBoro daiiny F:

® i3 3amiHOIO B Hux cumsosy ‘0’ Ha 'l’, i HaBnaku;
® KOXHe CJIOBO B iHBEPTOBAHOMY BWTASAfI.

27) BusHaunTn npouenypy, sika Mepenuncye KOMMOHEHTN TEKCTOBOro haliy
F po daiiny G, BCcTaBnawo4unm JO MOYATKY KOXHOFO psiika OfUH CUMBOJ
nponycky. [opaaok KOMMNOHEHT He Ma€ 3MiHIOBAaTUCS.

Hopatkosi 3agayi:

28) B TekctoBomy dhaiini 3anucaHi B KOXKHOMY PSIAKY 3HA4YEHHsSI MOJIHOMIB
3a JONOMOroLo 3HakiB +, -, ¥, **(cTyninb) Ta undp i nitepn . Beegitb
3HAYEHHA T 3 KOHCOJII Ta A4J151 BCIX KOPEKTHUX 3aMMCIiB NOJAIHOMIB 0BUMCAITD
TX 3HAYEHHA 4N GAHOrO T Ta BUBELTb B HOBWI TEKCTOBWUIA chaii.
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Po3pin 15

CTBopeHHs BnacHux knacis. lHkancynsuis.

KOoHTpONbHI 3anuTaHHA:

e Lo Take knacm i Aki wnsxu BusnayeHHs knacis 8 C++7

SAKNM YMHOM MOXXHA BU3HAUUTK mMeToan Knacy?

MpusatHuii Ta nybniunmii goctyn no dnexis Ta metodis. Jka pisHuus?

Slki meToam B Knaci BU3HAYeHi 3a 3aMOBYeHHAM? K i ko NoTpibHO Ui
METOAMN BW3HAYATN CaMOCTIliHO?

LLnsaxu BU3HaYeHHS KOHCTPYKTOPY KAacy. SIK BUKAMKATU KOHCTPYKTOP B
roNoBHili dpyHKLT?

CraTuyHi 4ieHn Ta MeTOAM Knacy. 1K BU3HAYMTW i KOAU BOHW NOTPIOHI?

o [lpy>Hi Knacu Ta MeToau. SIK BOHW BUKOPUCTOBYIOTLCS?

3aBaaHHAa gna ayauMTopHOT poboTu:

1) Bu3HaunTti knac pauioHasbHe YMCAO 3 YNeHaMu: nominator — uine ymeno,
denominator — HaTypasbHe 4ncno. Bushauute HactynHe:
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METOAM BBEJEHHS Ta BUBEAEHHS 3 TepMiHany;
METOAN [OLABAHHS Ta MHOXEHHS PaLiOHAJIbHOIMO 4KNCNa;

3po0iTh 4fieHn Knacy NpUBaTHUMMK Ta BU3HAYUTb METOAN iHiliani3a-
Uil OKPeMO 4KCenbHMKA | 3HaMeHHMKa (Npy LbOMY He aaiiTe KOpu-
CTYBayy MOXJIMBICTb iHILiaNi3yBaTM 3HAMEHHUK HyNeMm);

CTBOPITb NPUBATHUI METOZ, KNacy ANsi CKOPOYEHHS paLioOHabHOro
uncna yepes HC;

BU3HAYUTb KOHCTPYKTOP KJIACy SIKMWiA iHiLiani3ye 32 3aMOBYEHHSAM pa-
LioOHaNIbHE YUCNIO OANHULSAMM Ta KOHCTPYKTOP, WO iHiuianisye ioro
[BOMA AOBINBHUMW YNCAAMU;

TaKOX Y KNaCi NepeBaHTaXKTe OCHOBHI apndMeTUYHi onepaTopu, one-
paTopu MOPIBHAHHS Ta iHWI onNepaTopu, Wo HeobxigHi ans poboTtn 3
pauioHaNLHUMK Yncaamu.

BukopuctoByroun Leid knac, po3s'sxkiTb Taki 3agadi:



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

2)

® 3HAAITL HaliMeHLIe paLioHafibHe YMC/IO B MAaCKBi PaLliOHabHUX YU~
cen,

e nigpaxyiite cymy psgy 3a cdpopmynoro 3 3agaHoto TounicTio 0.01 Ta
nepeeipTe, 4M AIACHO UER psif CXOAMTLCSA O BiANOBIAHOrO 4Yncna:
w2 R
- Tyt
Creopite knac Touka, SAKMiA MICTUTb CTAaTUYHUIN YJEH - NIYWIBHUK €K-
3eMMASAPIB KAACY Ta HAMULLIITH NPOrpamMy, WO JO3BOJISIE BBOAUTY Darato-
KYTHUK 3 Oyfib-SIKOI KiIbKOCTi BEPLUUH BBOASHYN TOYKMN JOKW KOPUCTYBad
He BIGMOBICTb Ha 3anuTaHHs «Beectw BepwunHy?» - «Hiy. Micna yboro
BUKOPMCTOBYIOUN CTaTUYHU MeTog counter() BuBegiTs iHbopmauito npo
KiJIbKICTb BEpLWUH ¥ BAaraToKyTHMKY Ta BUBELITb WOro neprMerp.

BusHaunte knac lNoniHoMm, WO iHILIaNi3yeETBCSA KiNBKICTIO €leMeHTIB Ma-
cuey N Ta Buginsie npu ysomy nam'ste nig N gificHux vucen. CteopiTh
METOAN ANsi 3aMNOBHEHHS YNEHIB LbOro Macmey (4epes KOHCTPYKTOp Ta
OKPEMUM METOAOM) Ta KOHKPETHOro KoedpiLjieHTa 3a HOMEPOM, a TaKoX
METOZ, BUBELAEHHS NOJIIHOMY. BnaHaunTe 8eCTpykTOp Ta KOMi-KOHCTPYKTOP.
Slknin onepatop TakoX baXxaHO nepeBaHTaXKUTn?

BusHaunTs apy>xHi pyHKUIT 15 LbOrO KNacy Anst BBEAEHHS Ta BUBEAEHHS
iioro 3 koHconi y BinapHuii caiin.

3aBgaHHsA AN CaMOCTiiHOT poboTu:

Onucatu knacu posginusiin iHtepdpeiic Ta peanisauito Ta 3ab60poHUBLIN BBEAE-
HHS1 HEKOPEKTHUX AaHUX, 3 METOAAMU BBEAEHHS/BUBEAEHHS Ta IHLIMU:

4)

Onucatu knac Todka Ha nnowwmHi. Peanisylite meToam BBEAEHHS, BUBEaE-
Hua. Onucatm knac Bigpi3ok Ha niowmHi, WO CKNapaeTbes 3 2-X TOHOK
Ta MICTUTb KPiM BBEAEHHS/BUBEAEHHS METOAN MifPaXyHKY CEPeauHN Big-
pi3Ky, DOBXWUHM Bifgpi3Ky. 3a 4OMNOMOrOK BM3HAYEHHS MOPOXHBLOI TOYKN
peanisyiiTe METOA NepeTVHY LBOX Bigpi3KiB, Wwo noseprae Touky (y Bunag-
KY, SIKLIO LMX TOYOK AeKifbKa BUBEdiTb Oyab-siKy 3 HMX, @ SKLLO YKOAHOI
— nopoxHin Bigpizok). Onucatu knac TPUKYTHUK 3 METOAaMU BBELEH-
Hs1/BUBEAEHHS, NEPUMETPY Ta MJIOLL.

Onuncatu knac Kono Ha naowwHi, wo 3afaeTbCs KOOPANHATAMN LIEHTPY
Ta pagiycom. Onucatn MeToAM OTPMMAHHA AOBXMHN [iamMeTpy, niow Ta
nepuMeTpy KoJa, nepetuHy ABox Kin (noseptae signosigo 0,1 abo 2 To-
4KM SIK MAcMB Yepe3 3MiHHMI aprymeHT). BeegiTe B nporpami gekinbka
€K3EMIJISIPIB Knacy Ta 3pobiTb MOXAMBICTE B Oyab-sikMii MOMEHT BBOAY
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10)

11)

12)
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HOBOIO KOJIa YN 3HULLEHHS MONEPESHBOrO BUPAXOBYBATW LIEHTP Mac LmUX
KiJ.

Onucatu knac MpsamokyTHuk. CTOPOHM NPSMOKYTHIKA NapaneibHi 0CsiM
koopauHat. [lna npsiMOKyTHUKa 3afaHi KOOpAMHATY NIBOrO BEPXHLOrO KYy-
Ta Ta JOBXWHU CTOpiH. OnucaTu MEeToanm OTPUMAHHA JOBXUHWA KOXHOT
3i CTOpiH, MJOWi Ta NEpUMETpPY, NEpeTUHy ABOX MPSMOKYTHUKIB (AKLLO
nepeTmH NOpOXHii — nosepHiTh MpsamokyTHuk surasgy (-1,-1,-1,-1)).

Onucatu knac TpukyTHuk. OCHOBA TPUKYTHUKA NapanesbHa BiCi L KOOP-
aunat. [nsa TpukyTHMKA 3afaHi BEPXHIA KyT Ta AOBXUHM BiYHMX CTOPIH.
Onuncaty MeTOAM OTPUMAHHS JOBXUHU KOXKHOT 3i CTOPIH, KYTiB, NAOLi Ta
nepuMeTpy.

OnuncaTy HaCTYNHI Knacy 3 METOAAMU BU3HAYEHHS Pi3HUL MiXK CYyTHOCTSI-
MM OHOrO KJjacy:

a) Yac (roguHu, xBuauHn, cekyHan);

6) MOara(pik, micaus, geHs). Knac Oata cteopiTh Tak, wob B nporpami
BiH Mir OyTu BU3HAa4YeHVWM NMLIE OMH Pas.

Onwncatn knac irposa Jowka(Bn3Ha4aeTbCst PO3MIPOM Ta Ha3BOKO rpu:
wawky (Mi>KHapOAHI, POCiiicbki Ta Typeubki, waxu, Hapan) Ta Dirypa
(na3Ba, rpa, MacrB MOXJIMBMX XOAIB — XOAW OMUCYIOTLCS B TEPMiHAX 3pO-
3yminux knacy Hdowka).

OnuncaTn knacn 3 MeTofamMun BBEAEHHS /BMBEEHHS Ta AOAABaHHS i Pi3HNL
npy OLHAKOBIA HA3BI:

a) Baniora (Has3Ba BantoTn, 3Ha4eHHs, LeHTu (Konidkn));

6) Toeap (Ha3Ba TOBapy, BapTiCTb, BaaloTa B SIKWiA BUMIPIOETLCS Bap-
TICTb, OAVHWLSA B iKMW BUMIPIOOTLCS TOBAp).

Peanisyiite gns 0box knacie apyxHi dpyHKUil 0OMIHY BantoTn 3a JaHUM
Kypcom.

Creoputn knac Book (KHrxka — Ha3Ba, aBTOp, KiJIbKICTb CTOPIHOK, piK
BUAAHHS) Ta peanisyBaTu Nporpamy MoLIyKy KHUDKKKA 3a aBTopaMm Ta
Ha3BOIO B KaTaso3i (KaTasor — MacuB KHUXKOK, Wo 30epiraetses y daiini).

Busnauuts knac BekTop, W0 iHILiaNi3yeETbCS KiNbKICTIO €/1eMEHTIB Ma-
cuey N Ta Buginse npn usomy nam'site nig N gificHux uncen. Crteo-
piTb METOAN ANS 3aMOBHEHHS Y/IEHIB LIbOrO MacmBy (4epes KOHCTPYKTOP
Ta OKPEMUM METOAOM) Ta KOHKPETHOrO e/IeMEHTY BEKTOPY 3a HOMEPOM.



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

Bushauute fecTpykTop Ta Koni-kOHCTPYKTOP. |3 BUKOpUCTaHHSAM guHaMmi-
YHUX MaCMBIB PO3B'A3aTN 3a4a4y: y ABOX MACUBaX MICTATLCSA KoedilieH-
T BEKTOPIB CTeneHto m i n BignosigHo. Hanucatn mertoan ons BBeneH-
Hs1/BMBEAEHHS TAKMX BEKTOPIB 3 paiiny, CKaNsAPHOro Ta BEKTOPHOTO f0bY-
TKy (33 MOXNMBOCTI) ANs LMX BEKTOPIB, a0 3MICTOBHOTO MOBIAOMIEHHS,
4YOMY Taka onepaLisi HEMOXX/MBA.

13) Onunwits knacu Matrix3 ta Vector3, wo € BifnoBigHO maTpuuero pos-
MipHOCTI 3x3 Ta TpuBumipHUM BekTOpoMm. [lepeBaHTaxkTe MaTemaTuuHi
onepaTopm 18 UMX KNaciB Ta cneuianbhi Metogu (MHOXKEHHS MaTpPUL Ha
BeKTOp y ToMy unchi). Pynkuito abs() Busnaute gna matpuui Ta BekTOpy
AK BU3HAYeHHs Hopmu. [ns maTpuyi onuwite metog det(), wo noseprae
BU3HAYHWK L€l MaTpuL,.

14) CrBopiTb knac ans peanizauii rpn « XpeCcTuKn-HOMNKA >, AKNiA MA€ HACTY-
nHi meToau:
® MaJItOBaHHS MOYaTKOBOrO CTaHy 3a AOMOMOrow cumsosis ‘| 1a '’
® MaJIlOBaHHS CMMBOJY B A@aHOMY MOJli 3a AOMOMOrol0 CUMBOJIB Mpo-
6iny, 'O’ Ta 'X’;

e npuiiMaHHs x0dy rpasus 3 knasiaTypm (3 NEepeBipKOI KOPEKTHOCTI
BBOZY, YHEMOXJINBJIEHHSIM BBEJEHHS PABLIEM HEKOPEKTHOIO XO4Yy Ta
MOXJIMBICTIO BUXOZY 3 rpu);

® nepeBipKa Ha Te LU0 rpa 3akiH4miacs Ta BUSHAYEHHS pe3ynbTaTy rpu.
B ronosniii nporpami posirpaiite napTito gsisi NEPEBIpKN JaHNX METOIB.
15) Onuwits gBa knacw:

o [Jarta, wo mictuts Uine 4ncio, sike npeacrasnsie byab-sky gaty (Ha-
npuknag, siKk pisHuus Big gatu fo 1 ciuHs uboro poky).

e TicTb, Wo MicTNTL BCIO HEODXiAHY iHOPMALiIO NPO XUbUS AEAKOTO
rotento: [pi3Buwe, faTy 3aceneHHs Ta BUMUCKW, HOMep B roTeni
TOLLO.

e [oTenb, WO MICTUTL MacKB HOMEPIB FOTENIO, BAPTICTb KOXKHOMO 3
HUX | T.M.

BukopuctoBytoun BrLieHaBeaeHi Knacu po3B’sa3aTi 3a4adi:
® BiJOMICTb MPO KiNbKICTb BiIbHWX KiMHAT y roTeni B JaHy paTy;

® TMOLIYKY BiNIbHOI KIMHATW Y 3a3HadeHuWii nepiog,;
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Po3zgin 15. CteopeHHs BnacHux kaacis. lukancynsauis.

16)

17)

18)

® BapPTOCTI NPOXMNBAHHSA JAHOTO XXWbLSA Y 3a3HA4YEHUIA nepiog;
e BUBEJEHHS HOMEpa KiMHaTM rocTs y roteni (y 3apaHunii nepiog).

BusHauntn knac KesagpartHe pisHsiHHA. Peanisysatun metogm ana no-
LUYKY KOPEHIB, EKCTPEMYMIB, a TAaKOX iHTepBaniB ybyBaHHs / 3pOCTaHHs.
CrBopnTu Macre 00'eKTiB i BU3HAYMTY HAMOINbLLI | HAIMEHLUI 3HAYEHHS
KOPEHIB.

BusHauntu knac lHTepsan ¢ ypaxyBaHHSAM BKJIIOHEHHS /HEBKIIOHEHHS
kpais. CTBOPUTI METOAN MO 3HAXOMXKEHHIO NEPETUHY | 0O’ €AHAHHIO iHTEp-
BaJliB, MPNYOMY iHTEPBAJM, O HE MAKOTb CRIMIBHUX TOYOK, NEPETUHATUCS
/0ob’'eaHyBaTncs He MoxyTb. CTBOPUTL MacuB 3 1 IHTEPBaANIB | BU3HAYNTb
BiICTaHb MK HalbINbLLI BigAaneHuMN KiHUsMN.

BuzHauntu knac Todka Ha naowmni B 4aci (KOOpAMHATY TOYKM, WBNG-
KICTb Ta MPUCKOPEHHSI MO KOXHIM 3 koopauHat). CTBOPUTM METOAW nO
BCTAHOBJIEHHIO Ta BUBELEHHI LUBUAKOCTE Ta MPUCKOPEHHS TOYKU B MO-
MeHT dacy t. [lepeBipnTu s 4BOX TOHOK MOXJIMBICTb NEPETUHY TPAEKTO-
piii B Mpomixky Hacy [t1,t2]. BusnaunTn BifcTaHb mMix ABOMa ToHKamm
B 3aZaHnii MOMeHT 4Yacy. BeecTn macme TOHOK Ta nigpaxyBaTu KiJIbKICTb
BCiX MEpPeTUHIB TPAEKTOPIl 3a AaHWIT MPOMIDKOK Hacy.

HonaTtkosi 3agadi:

19)
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JonosHiTe 3apady 3) meTogamu iHiuianizauii 4epes psgOK Ta TEKCTOBI
i OinapHi cbaiinn. Peanisysatn metonn: BBEAEHHS NMONIHOMY, BUBEAEHHS
NoNiHOMY, ODYNCNEHHA 3HAYEHHSI MOJIHOMY Y TOYLi %, B3SATTS MOXigHOT
NOIHOMY, CyMW, pi3HMLi Ta foOyTKy noniHomis. Bukopuctatu ueii knac
4015 pO3B'A3aHHs 3ajadi: BeecTu ABa nosiHomm P1, P2 Ta pagok, sikuii
MICTUTb BMPa3, LLO 3a/eXUTb Big ABOX noniHomis (Hanpuknag, P1— P2x
(P1+ P2)). O64ncantyn noniHom, sikuii Byfe 3HaYeHHSM LbOro BUpasy.



Po3pin 16

PoboTta 3 knacamu. HacnigyBaHHa Ta
nonimopdgism.

KOHTpONbHI 3anuTaHHA:

LLlo Take nepeBanTaxeHHs metoais? HYomy BOHO 3py4HO B MOBax 3i CTpoO-
rowo Tunizauiero?

Yum nepeBaHTa)keHHsI ONEPATOPIB BIAPI3HAETHCS Bifj NEPEBAHTAXKEHHS iH-
wnx metogis?

Ski onepaTopn He MOXHa nepeBaHTaxkyBaTn? Konn nepeBaHTaXkeHHs one-
paTopie Moxe 6yTun HebesnedHum?

YoMy npun nepesaHTa)keHHi ONepaTopiB BBOAY-BUBOAY HaM MOTPIOHO KO-
yose cnoeo friend?

Aki Tunn HacnigysaHHs € Ha C++ Ta sika MK HAMA pisHWUsAT
MosicHiTE Ha NpUKNagi, WO Take paHHE Ta Mi3HE 3B'sI3yBaHHS

LLlo Take 4ucTo BipTyanbHuii Knac Ta 4ncTo BipTyanbHuii metoa? Konu
BOHU NOTPIOHI?

LLlo Take BipTyanbHuii 4eCTpyKTOp, Ta YOMY BiH NOTPIGHWIA?
Sk peanizyBaty MHOXMHHe HacnigyBaHHst Ha C++47

LLlo pobuTu Ta siki WASXM NPaBUILHOIO MHOXWUHHOIO HACiAyBaHHS SIKLLO

i knacw GaTbKM A KIaC-HALWAAOK MaloTb METOA 3 OAHAKOBOIO HA3BOKO?!
LLlo 3MiHNTbCA, AKLWO LUe HE METOA, a nepeBaHTaXkeHuli onepatop?

3aBaaHHa gns ayAuToOpHOI poboTu:

1)

Knac Person onncaHo Takmm 4nHOM:

class Person{ //Kmxac Ocoba

string name; //upissuiie

unsigned byear; //pik Hapo/KeHHS
public:

int input(); //BBecTn ocoby

void show(); //BuBectu ocoby
};
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Posgin 16. Poborta 3 knacamu. Hacnigysanusa ta noaimopehiam.

Peanizylite 3anponoHosani metogm (MOXeTe [OAaTW LWie BAACHWX)
Ta 3pobiTh AN KJACy MEPEBAHTAXKEHHS CTaHAAPTHUX OMNEpaTopis
BBOZly-BUBEAEHHSI.

Onucatu knac 3Haiiomuii Ha 6a3i knacy Person. YV uboMy knaci noBrHHO
OyTu SIK MiHIMYM OfHe AOAATKOBE NOJIE K HOMEP TeNeOHY», a TAKOXK Me-
TOOW BBELEHHS Ta BUBEAEHHS iHpopmauil npo 3Haikomoro. BukopucrtaTtu
uen knac gns nobygosu knacy TenedbOHHOro AoBigHMKa (KiNbKICTb 3Ha-
ioMux obmexena umcnom 100). Mepenbauntn aii: CTBOPEHHs HOBiAHMKA,
OOAABaHHA 3anucy Npo 3HAOMOro, NOWyKy HOMepa TenedoHy 3a npissu-
LWeM Ta 3amiHn Homepa TenecboHy. TenedoHHuii pOBIgHUK 30epirae AaHi
npo 3Haiomux y daiini. Bkasiska: TenedoHHU AOBIAHMK NpenCcTaBUTH Y
BUMASIA] KNAcCy, WO 34MTYE AaHi 3 TEKCTOBOrO chaiiy.

Ha 6a3i knacy Touka Ha nuiowwmHi cTeopiTe knac Touka3[l (Touka B npo-
ctopi. Peanisyiite meToan BBEfeHHs, BUBeaeHHs. PeanisyiiTe meToan 3a
JIONOMOrol0 aaHux knacis knac Bigpizok, wjo go3sosisie npauoBaTt 3 10-
Yykamu po3mipHoCcTel 2 Ta 3. BBEAEHHS Ta BUBEMAEHHS, BU3HAYEHHS [IOB-
XuHu Bigpiska. Bkasieka: Bn3HauiTh gopatkoBuli dneH po3mipHicTh B
knacax Touka, Touka3[. JonaTtkosa 3afaya — BU3HAYEHHSA YU NepeTMHa-
IOTbCA ABa Bigpi3Ku.

3aBpaHHA 4NA CaMOCTiiHOT poboTu:
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3)

Onucatu knac MNacaxup Ha 6a3i knacy Person. Knac mictuts gai npo mi-
Cue BiANpaBfeHHA Ta MicLE CNidyBaHHs, a TakoX Micue nacaxupa. CTeo-
piTb kKnac Kaca, sikuii go3BOSIIE AOAABATY Ta BUBOAMTU iH(OpMALitO Npo
Macaxknpis, MICTUTE METOAM NOLIYKY MO MPIi3BULLY, MICUSM BifnpaBieH-
Hs, NpubyTTs Ta Micuo. TakoX cepefl 3a4aHOr0 MacMBY MICLb Yy NOTArY
3HaRGITL MicUe sike He 3aiiHsTe (y BUNagKy SIKLO Takux MICLb AEKijbKa
— BUBEAITb HaliMEHLUE 33 3HAYEHHAM, AKLLO TX HEMAE BiANOBigHE MOBIAOM-
JIeHHR).

Bkasigka: indhopmaliito npo nacaxupis npeactasuTu y Burasgi OinapHoro
caiiny.

Onucatn knac CrygeHt Ha 6asi knacy Person. V knaci CTygeHT noBuH-
Ha bByTu iHbopmauis NPO OUIHK OTPMMAaHi HUM NPOTSIrOM cecii (3a 5-Tw
6anbHoo Ta 100 GanbHoto wkanamu). Cknactn nporpamy gns ob4ncneH-
HSl HAapaxOBaHOI CTYAEHTAM CTUMEHAIT B 3aN€XHOCTI Bif pe3ynbTaTiB CeCii:

e 3a cTapum nigxo4oM HapaxyBaHHs ctunengii (cepegiid 6an 3a Bci
icnuti Mae ByTy He MeHWMM HiX 4 33 5-Tn DasbHOIO LWKaNoIo).



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

e 3 HOBMM NiAX0QOM HapaxyBaHHsi CTUneHAll (CTUNEHAII0 OTPUMYIOTH
40% Big 3arasbHOro 4MCNa CTYAEHTIB, SIKi € HAWKPALWMMMN NO peii-
TUHrY)

Bkaszieka: iHpopMaLito Npo CTYAEHTIB NpeaCTaBnUTN y BUrIagi macusy. Ja-
Hi 3UNTyBaTK 3 KNaBiaTypw.

PeanizysaTtu knac Cnoso, sikuii mae unenn tuny Pagok: Mpucraska, Mpu-
craska2, Kopinb, Cydike, 3akiHdeHHs (knac nosBuHeH matum retepu Ta
ceTepn).

CreopiTb HacnigHukm ueoro knacy: Aiecnoso, ImenHuk, MpukmeTHUK,

Peanisyiite ana Hux metogu: Pog, Hucno, Jluue, Bigminok — ski bygyTb
BIAMOBIAHUM Y4MHOM 3MIHIOBaTU (SIKLLO Lie MOXJIMBO) AaHe CIOBO.

Nominativ n("house"); n.plural();// "houses";
Verb v("go"); v.third();// "goes"
v.plural(); v.third();//"go"

CrBopiTb fekinbka chig, wo € eksemnaspamu [iecnoso, Imentuk, Mpu-
KMETHUK Ta BUKOHaliTe BiAnoBigHi meToam Anst Hux, wob MoxHa byno
nobaunTn pesynbTaT.

PeanisyBaTu HacTynHi knacu:
Creoputn knac @irypa, skuii € 6azosnm.

e Onucatun knac MpsimokyTHuk. CTOpPOHM NPSAMOKYTHMKA napanesnb-
Hi ocam koopawHat. [ns npsaMOKyTHMKA 3agaHi NiBUIA BEPXHIA KyT
Ta goBxuHu ctopin. Onucatn MeTOAM OTPUMAaHHS JOBXMNHN KOXHOT
3 CTOpiH, NAOLWi NPAMOKYTHUKA, NEPUMETPY, YU MEPETUHAKTLCA 2
NPSAMOKYTHUKM, KOOPAVMHATYU LEHTPY Mac.

e Onucatn knac TpukyTHuk. OCHOBA TPUKYTHMKA MapafenbHa oci X
KoopguHat. Jns TpukyTHMKA 3afaHi fliBa HUXKHS KOOPAMHATA, AOB-
MUHA OCHOBM Ta 2 KyTM CninbHi 3 ocHoBot. OnucaTy metogn oTpu-
MaHHS JOBXUHU KOXKHOT 3i cTopiH. OnnucaTt MeTOAN OTPUMaHHS No-
L, NepUMETPY, KOOPANHATH LEHTPY Mac.

e Onucatn knac Eninc. na Hboro € 3apgaHummn koopaunHaTu hoky-
cie Ta pagiycu. OnncaTu METOAM OTPUMAHHS FEOMETPUYHUX Xapa-
kTepuctuk. Onucatn METOAM OTPUMAHHS AOBXUHUA pafiycie, naouli,
nepuMeTpy, KOOPANHATUN LEHTPY Mac.

Cknactn nporpamy CTBOpPEHHSI 3aAaHOI KiIbKOCTI (hiryp Ta 3HAXOAXKEHHS
X CNifIBHOTrO UeHTPY Mac.
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Posgin 16. Poborta 3 knacamu. Hacnigysanusa ta noaimopehiam.

7) Creoputu knac ®Pirypa, siknii € 6asosum. OnuwitTe Knacu AN Takmx
reomeTpryHnx iryp Ta peanisyiite 3a3HadeHi metoaum:

e Knac Tpaneuisn. OcHosu Tpaneuii napanensHi oci Ox. Y ubomy kna-
ci peanisyiiTe onepawii 3HaXO4XKEHHA NepruMeTpa i NAoLLi, MeToan
nepeMillleHHs Ta MOBOPOTY.

e Knac MNMapanenorpam. OcHosu napanenorpamy napanensHi oci Ox.
V ubomy knaci peanisyiite onepauil 3HAXOLXKEHHS NEPUMETPA | MJIO-
Wi, METOAN NEPEMILLEHHSI Ta NMOBOPOTY.

¢ Knac Kpyr. PeanisyiiTe MmeToan BigLuyKaHHs NAOLLi Kpyra, LOBXUHN
KOJIa, MeTOAM MEPEMILLIEHHS Ta NOBOPOTY.

Cknactu nporpamy CTBOpPeHHs 3afaHOl KifbKOCTi hiryp, iX nepemMilleHHs
Tak Wwob B HMX He DY/IO NepeTuHIB Ta 3HAXOLXKEHHS TX CyMapHOT nowi Ta
nepumeTpy. 3HaiaiTe dirypy 3 HaibINbLIWIOW NAOLWELD.

8) Creoputu knac @irypa, skunii € 6asoBumM. OnuwiTe Knacu AN Takmx
reoMeTpuyHnX piryp Ta peasnisyiite 3a3HaYeHi METOAN:

¢ Knac MNpamokyTHuk. a5 npssMOKyTHUKa 3afaHi NiBuii BepXHili KyT
Ta npasuii HWXKHIA KyT. Onucatm METOANM OTPUMAHHS JOBXUHU KO-
YKHOT 3 CTOpiH, NJIOLWi NPSAIMOKYTHUKA, NEPUMETPY.

e Knac TpukyTHUK, WO MICTUTL MacuB 3 Tpbox sepwwmH. OnucaTtn
MeTOAM OTPUMAHHS JOBXMHN KOXKHOI 3 CTOPIH, NAOLWi NPSAMOKYTHU-
Ka, NepumMeTpy.

e Knac MM'aTukyTHUK, WO MICTUTb MacKB BeplunH. Peanizyiite metog
MEPEBIPKY 4N € Uell N'ATUKYTHUK ONYKIUM.

e Knac BarartokytHuk. Peanisyiite meton nepesipku 4m € ueii bara-
TOKYTHUK OMYKJINM.

Hano macus diryp BulieHaBeieHnx Knacis. 3HaiiaiTe BCi onykni baratoky-
THUKU. 3HaRAITE B LbOMY MacuBi (irypy, L0 Ma€E HaliMeHWnii nepumeTp.

9) Creoputu knac @irypa3D, sknii € 6azosum. OnuwiTe Knacy Ans Takmx
reomeTpryHnx iryp Ta peanisyiite 3a3HadeHi metoau:

e Knac Mapanenenineq. Peanisylite metoan nowyky naouti BivHor
nosepxHi i 00’emy.

e Knac Mipamiga3(tpukyTHa). Peanisyiite metogu nowyky naow 6i-
YHOI MOBEPXHi | 06'emy.
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10)

11)

12)

3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

e Knac NMipamigad(npsamokyTtha). Peanisyiite meTogn nowyky nioui
6i4HOT noBepxHi i 06'emy.

Beegite macue diryp Ta nigpaxyiite ix cymapHuii 06'em Ta cymapHy nso-
LLly BCiX rpaHeli Ta 3arajibHy KiJbKiCTb BEPLUWH.

CreopnTtu knac JliHiiiHe PIBHAHHA AN NIHIKHOrO PIBHSHHA 3 METOAOM
nowyky aiicHoro po3s’szky. Cteoputn knac KBagpartHe piBHAHHA a5
KBaJpaTHOrO PIBHSIHHSA — HAWAAOK MEPLLOrO Kjacy, 3 METOLOM MOLUYKY
pivicHux pose’askie. CteopuTu knac BikeagpartHe piBHsiHHA gns GikBa-
LPaTHOrO PiBHSAHHA — HALLAAOK APYroro Knacy, 3 MeTogoM MOLUYKY Aiii-
cHux po3B’s3kie. B ycix knacax nepegbaveti metoan BBeaeHHs /BuBefeHHS
Ta 3aflaHHA BIANOBIAHO OBOX Ta TPbOX AilicHux koediuienTie. Beeaite ma-
CVMB PIBHSIHb 3 TEKCTOBOrO (haiiny Ta 3HaAWAITh:

® BCi PIBHSIHHSA, L0 MatOTb HECKIHYEHY KiNbKIiCTh pO3B'A3KiB;
® Ki/IbKICTb PIBHSIHb, L0 HE MatOTh AICHUX PO3E A3KIB;

® HaliMeHWWl 33 MOAY/IEM PO3B A30K;

® CyMy KBagpaTiB BCIX AIACHMX pO3B'A3KIE.

Onuwite knac MawwuHa, wo mae metop go(distance), siknii 3MiHIOE Npoii-
JeHU KiIOMETpaXk aBToMobineM Ta 3anuwok nansHoro. Metog go(. . .)
3anexutb Big BipTyansHoro metoay fuelPerKm(), sikuii Busnadae ckinb-
K1 NOTPIOHO NanbHOro aBTOMOLINO AN Npoi3ay oaHoro kinometpy. Hexati
Personal (nerkosuii aBTomobinb) i Truck (BaHTaxciBka) — knacu, Lo Hachi-
aytoTb knac Mawmwuna i nepesusHavatots metog fuelPerKm(). Mpu usomy
NOTPIOHO BpaxyBaTw, WO Uel MEeTOA 3aNeXNTb Bif KiJbKOCTI Nacakupis
(+10% Ha koxHOro macaxupa) st aBTo knacy Personal abo sarw BaHTa-
xy ans Truck (+25% Ha koxHy TOHHY BaHTaxky). Buznauutun um 3moxe
3ajlaHe aBTO NpOIXaTu 3a/aHy BiACTaHb.

BusHauute knac PiBHsiHHA ans ogHiel 3minHOI. Knac no3sonse 3apasatn
IHTEPBAJI, f1e WYKAETLCS KOPiHb Ta MAE METOA /1S 3HAXOAXKEHHSI KOPEHS.
CTBOpNTL HAWAAKY LUBOrO KNacy: NiHiHE PIBHAHHS, KyOi4He PiBHSHHS, CU-
HYC, €eKCMOHeHUia/IbHE PIBHSAHHA, SIKi AO3BOSAIOTH BBECTU MapameTpu Ta
KoeiUiEHTN TakMX TUMIB PiBHSAHbL. PeanizyBatn mMeTod BN3HAYEHHS KOpe-
HiB MeTofoM Diekuisn abo iHWMMNK B pizHux Knacax. PeanisyiiTe BignosigHi
MeToAmn BifoDpaxeHHs Takux piBHsAHbL. BBeniTe MacuB piBHsIHL Ta:

® BUBEAITb BCi PIBHAHHSA, WO HE MAIOTh AIICHUX PO3B' A3KIB;

® HabiNbWKI PO3E A30K;
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Po3zgin 16. Pobota 3 knacamu. HacnigysavHs Ta nonimopism.

13)

14)

15)

16)
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® YU € iHTEpBas, Ha SIKOMYy Yy BCiX PiBHSIHb € x0o4a © opuH gilicHuii
pO3B A30K;

& CyMy BCiX BiliCHUX pO3B’sI3KiB.

BusHaunTe 6asoBnii knac Tosap (Ha3sa, apTuKyN, OANHALSA BUMIpY, Bap-
TiCTb, AaTa NOCTaYaHHs TOBapy) Ta BignosigHi Hawaaku: Irpawku(Bikosi
obmexenns), Ixa(uac npuaatrocti), TexHika(HasiBHICTb rapaHTii, yac ra-
pauTii). CteopiTh GiHapHuii chaiin 3 ToBapaMmn Ta meToan:

e MOLWYKy AaHoro Tosapy(no Ha3si Ta No TWNy): BUBOANTN YN € AaHWI
TOBap, Ta SKLWO € — CMMCOK BCIX TOBapiB, Wo Oyno 3HaiaeHo;

e oopmneHHs 3amoBneHHs (BUbIp AeKiNbKOX TOBapiB, NiAPaxXyHOK iX
CyMapHOT BapTOCTi Ta BMJANEHHS 3aKa3aHux ToBapis 3 daliny);

¢ 3HUKEHHS BApTOCTI TOBapiB, TEPMIH MPUAATHOCTI 41 Yacy rapaHTii
Ha HUX MeHLWe HiXK 5 gHie Ha 20%.

Creopite knac Agpeca, wo mictuts pagkosi nons Micto, Bynuus, Ta
yucnosi Homep noma Ta keaptupu. CTBOpATH Big HbOro Hawaaky Mix-
HapoaHa agpeca, 0O A0JAE TAaKOXK [0 KNacy psiAKOBi Mons KpaiHa Ta
no4ToBunii kogd. BeemiTe Macue agpec Ta 3HaAAITE HalinonynsipHile MicTo
B AaHUX afpecax ANna SKoro Takox byno seeaeHo sk MixHapoaHna agpe-
ca. 3annwiTtb y TEKCTOBWIA palin BCi agpecu 3 LM MICTOM LOMOBHUBLUN
BCi agpecn wo Oynu BeefeHi 6€3 MiXKHAPOAHUX AAHMX 33 JOMNOMOrOK Bi-
JOMOCTEA, WO 43N0 BBEAEHHS MIDXKHAPOAHOI afgpecn Ass uboro MicTa.

3a ponomoroto knacy Appeca, wo mictutb psagkosi nons Micto, Bynu-
Us, Ta YNCOBI HOMEp LOMa Ta KBapTUPM CTBOPITb Knac-HaLAAoK Kiacy
Person, wo mictute ui gani. Okpema ctBopiTh knac EAgpec, wo wmi-
CTUTb €NEeKTPOHHY NOLWTY, aapecy CTOPiHKN (MOxe ByTu NOpoXHLO) Ta
TenedoH. 3pobiTh MOXINBAM BUKOPUCTAHHSI HOBOMO KJ1acy siK 3 NepLuunm
BapiaHTom, Tak i 3 gpyrum. CtBopiTh OiHapHuii cpaiin 3 eksemnaspamu
LbOro KNacy. 3HalLiTe BCIX JIOAENA, WO XUBYTb B OGHOMY MICTi Ta MatOTb
OAHAKOBUI JOMEH €IeKTPOHHOI MoLITH.

CreopiTb abcTpakthuil knac Yucno 3 mMetogamu BBefieHHS /BUBEAEHHS,
[0faBaHHA, MHOXeHHs, pineHHs. Cteopite knacm PauioHanbHe 4ncno
Ta KomMnsiekcHe 4ucio sk HaWagky Lboro kiaacy. 3a JOnOMOrow aa-
HUX KNaciB CTBOPUTL (PYHKUILO BBEAEHHS MOJIHOMY Bif TaKuWX 4nces Ta
064MCNiTh X 3HAYEHHS B JaHili 4YMCAOBIT TOuL,.



Po3pin 17

NeperBopeHHsa Tunis Ta pobora 3
BUKJIHOYEHHAMM

KOHTpONbHiI 3anuTaHHA:

Ski BapiaHTN NepeTBOpeHb CTaHAAPTHMX TUMIB OAMH MiXK IHLUMM MOXJIMBI
B C++7

SKUM NepeTBOPEHHSAM Kpalle CKOPUCTATUCh AJSi NEPETBOPEHb MiXK Liiau-
MU TunamMun? SkumM npu NepeTBOPeHHI Linux Ao AilicHOro Ta Hasnaku?

Yum Bigpi3HAIOTECA nepeTBOpeHHst Bropy Ta BHu3? Slke nepeTBOpeHHs
TUNY Kpalle AAsi NEePETBOPEHHS Bropy, a sike BHM3?

YoMy He MOXHa BiNIOBMTN BUKJIOHEHHS NpU gineHHi Ha Hynb B C4++ 3i
CTaHZApTHUMU Tunammn’

Ak cTopuTr BnacHe BukmtodeHHs B C++7 Ak ioro kopekTHo 0bpobuTn?
Slke CTaHAapTHE BUKJIIOYEHHS LO3BOJISIE KOPEKTHO 0OpobUTK static_cast?

Sk cknagHOLW BUHMKAKOTH SIKLLO BUKJIKOYEHHS BUHUKAE B JECTPYKTOPI Kia-
cy?

SIK KOPEKTHO MpaLoBaTh 3 BUKJIOYEHHSIM, LIO BMHUKAE B KOHCTPYKTOPI
knacy?

3aBgaHHs g4ns ayauTtopHoi poboTu:

1)

B knaci PauionanbHili gpib 3 nonepegHix nekuiii nepe3aBaHTa)KTe METOAN
BBEAEHHs, BUBeAeHHs (cin>>, cout<<) Ta onepatopw BifHIMaHHA, Ai-
NEHHs1 SIK nepeBaHTa>keHi onepatopu. Tobto 3 Tunom PauioHanbHili apid
MOXKHA Tenep NpautoBaTh sik 3i CTaHgaptTHum Tunom. HYomy kpawe nepe-
BaHTaXuTu ABa onepatopu BigHimanHs? lMepenuwite meToam BBEAEHHS
(cin>>) Ta KOHCTPYKTOp i ceTTepu, Wob BOHU BUKJIMKAN BUKIOHEHHS
npu iHiuianizauii 3HaMmeHHNKY Hynem. KopekTHo 0bpobute B KOgi Le BU-
kntoyeHHs. Hanuwite apyxHio dyHkuito 3anucy PauionanbHoro gpody
B haiin, sika Oyae BMKMAATN BUKIIOYEHHSI NMPU HEKOPEKTHOMY BifIKPUTTI
chaiiny Ta 0bpodMTL Fioro B TiNi nporpamu.

Creopitb knac Jlioguna (unenu: MIB, craTe, Bik) Ta iioro Hawagkn Cry-
neHT (mopavo: kypc, rpyna, BY3), Buknagau (mogano: BY3, nocaga,
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Pozgin 17. [leperBopenHs Tunis 1a poboTa 3 BUKIOYEHHAMY

3.n.). MeToan BBeAeHHs, BUBEAEHHS, KOHCTPYKTOPW LSl PI3HOI KiNbKO-
cTi BxigHux ganux. CTBOPITL kKnac ACnipaHT, WO € HAWAAKOM i CTyAeHTa
i Buknagada. KopektHo BusHaute wien BY3 gns neoro.

CrBopuTb nporpamy Lo byge seoautn macus Jliogeid, cepeq sikux € Cry-
pentn, Buknagaui, AcnipaHTu. Be3 cTBOpeHHA HOBUX YNEHIB KNacy BHBe-
aiTe kopekTHO BY 3 gns koxHOro eksemnnsipy macuey. 3abesnedte obpob-
Ky MOMWJIOK AJISi KOPEKTHOrO BBOAY JIIOAENA.

3aBpaHHA A4NA CaMOCTiiHOT poboTu:

78

3)

Cknactn dyHKUiIO 4As 00UMCNEHHS 3HAYEHHA HATYpafibHOrO 4Mcna 3a
3aZlaHUM PALKOM CUMBOJIB, SIKAW € 3anWCOM LbOro YUCAa y CUCTEMI HU-
cnennst 33 ocHosoto b (2 < b < 16). Bukopucratu dyHkuito, sika 3a
3aflaHM CUMBOJIOM MOBEPTAE BiAMNOBIAHY LUNDPY Yy CUCTEMI YNCNEHHS 3a
OCHOBOO b. Bukopuctatu y wiii chyHKLiT TBEpAXKEHHSA NMPO CTaH nporpamu
assert o5 NEpEeBipKM TOrO, WO BigMOBIAHNA CUMBOJ € LNGPOLO Y CUCTEMI
YUCAEHHA 33 ocHoBow b. OBpobuTM NOMUIIKY HEMpaBUABHOTO CUMBOJY
psfKa Ta MOKas3aTyu 3MICTOBHE MOBIAOMJIEHHS MPO MOMUKY CTBOPUBLUN
BNMACHE BUKJIHOYEHHA.

Cknactn BRacHWn KNac Asi KOMIMIEKCHOrO TUMy 3 METOoAaMu BBELEH-
Hs1/BUBeAeHHs Ta apudMeTndHnMK onepauismu. Hanuwite dyrkuito ans
obuncneHHs cymMu BCIX JOJAHKIB, MOAYNb SAKUX He MeHwe € > 0, y KOM-
NAEKCHIR ToYui Z:

n z2n+1

3 5
arctg (2) =2 -5 + % — -+ (1) T T (lz] < 1).

Bukopuctatu y uiii (pyHKUiT TBEPAXKEHHS NPO CTaH Nporpamm Ans nepesip-
K1 TOro, L0 napameTp 2 BiANOBILAE 3afaHili yMOBI Ta 3pobuTs oOpobKy
BCIX MOXJIMBUX BUKJIKOUYEHb — BKHOYAKOUM HEKOPEKTHE BBEAEHHS Ta BUAj-
NeHHs nam'sTi nig macueu. ObpobuTn y nporpaMmi MOMUAKY Henpasuib-
HOrO 3HAYEHHS Z Ta NOKa3aTu 3MICTOBHE MOBIAOMJIEHHS MPO MOMMUJIKY.

Onucatn knac TpboxbaiTHe uine 4ncno ans poboTw 3 UiAUMKA YK-
cnamu, npeacTtaBneHnmMmn Tpboma baitamu. lHTepsan npeactasnenus npu
uboMy Big —223 fo 223 — 1. 3pobiTb MeToaN Ta KOHCTPYKTOP BBOZY, LLO
0b6pobntoloTe BBEAEHE LiNe HMCNO Ta KUZAKOThb BUKIIKOHYEHHS MPU HEKO-
PEKTHOMY BBOZI Ta nepe3aBaHTa)kTe apudmeTudHi aii. Apndpmernyni giv
HE MOBUHHI [JO3BONATN NMEPENOBHEHHS IHTEPBaNy NpPeACTaBNeHHs, TODTO
223 141 — ue nomwika, i KO pe3ynbTaT onepawii BUBOANTL 33 MEXi
iHTepBasy MPeACTaBAeHHsl, MOBUHHO IHILOBAaTUCS BiAMOBIAHE BUKIIOYe-
HHs. [epeBusHaunTn y ubomy knaci onepauii +, -, *, /(uinouncenshe).
Onuncaty TakoX Tpy Kjacum obpobKU MOMUAOK AAsi TpboxGaWTHMX Uinux



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

yucen: 3arafibHuin Knac obpobkM NOMUAOK Ta ABa WOro nigknacu ans
0DpOBKN NOMUAKIN NEPENOBHEHHA Ta NOMUKN AineHHs Ha 0.

Bukopuctatu ueid knac ans po3s'sizaHHa 3aaad:
m

e obumcneHHs Y. xy, Ae T — Macue TpboxGanTHMX LiNUX Yucen,

k=1
N — HaTypaJibHe;
e obuncnenns x™, ge x — TpboxbaiiTHE Line 4NCNo, n — HaTypasbHe,
3abesneunTun 06POOKY NOMUNOK NPY BUKOHAHHI OBYNCEHD.

CrBopiTh knac gns pobotu 3 GiHapHuMn daiinamm, B AKX 3anncaHi uini
uncna. B knacu BusHaueni unenn: im's daiiny, KinbkicTe yucen y daiini.
Peanisyiite meToan, BBeAEHHSA YNCeN 3 KOHCONI B (paiin, CTBOPEHHA daiiny
3 MacuBYy YUCESN, BUBELEHHS 3MICTY PaiifNly Ha KOHCOMb, MOBEPHYTU HMCIO
3a aHUM HOMEpOM, AOMAaBaHHs A0 haiily MacMBY 4nCEN B KiHELb, BU-
JANeHHs Yucna 3a gaHum Homepom. 3abesneuntr obpobKy NOMUIOK npu
poboTi 3 caiinamu. CTBOPITL BIANOBIAHI BUKIOHYEHHS Asis npobnem npu
CTBOpEHHi aiiny, npobsiem npy YnTaHHI 3 aiiNy, HEKOPEKTHUX HOMEpPaX
4K KiNIbKOCTI Ymcen.

CrBOpiTL KNac gsis pobotn 3 TekcToBMMU paiifiaMu, B AKX 3anncani giii-
CHi Yncna siki po3giNAtOTLCA MPONYCKaMU B OZHOMY PSAKY Ta MOXYTb Oy-
TN PO3TaLIOBaHi y pi3Hux psigkax. B knacw BusHaueHi unenu: im’a caiiny,
KifbKicTb yncen y daiini, KinbKiCTb paakis daiiny. Peanisyiite metoau:

® BBEJEHHSI YNCeN 3 KOHCOMi B paiin pAafoK 3a PALKOM;
® CTBOpeHHs chaiiny 3 ABOBMMIPHOIO MaCUBY YWCEN;

® BUBEJEHHS 3MICTY haiifly Ha KOHCOMb, MOBEPHYTU YUCIO 33 JaHUM
HOMEPOM;

e popaBaHHA 80 haiiny MacrBy YMCEN B KiHELb HOBUM PSIAKOM;
® BIJANIEHHS YUCNa 32 AAaHUM HOMEPOM PAAKY Ta MICLEEM B HLOMY.

CrBOpiTb BigNOBIgHI BUKAOYEHHS AN 0Opobkn npobnem npu CTBOPEHHI
daiiny, npobnem npw 4nTaHHi 3 paliny, HEKOPEKTHNX HOMEPAX Y1 Kijlb-
KocTi yuncen. 3abesneunTtu 0OpobKY NOMUIIOK, AKWO Y chaiini, Wo YnTato-
TbCs1, 3yCTPIYAlOTLCA He AilCHI Yncna.

Onucatu knac MoniHom, Wo 3agaHnii CTyneHem Ta MacUBOM AIACHUX KOe-
diuieHTiB Ta peanizyBaT METOAN: BBEAEHHS MOJIIHOMY 3 KOHCOJi Ta PAAKY,
BUBEJEHHS MONIHOMY, ODYNCIEHHS 3HAYEHHS MOAIHOMY Y TOULi X, B3ATTS
MOXigHOT NOMIHOMY, CyMu, pi3HWLi Ta JODOYTKY MOJiHOMIB.
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Pozgin 17. [leperBopenHs Tunis 1a poboTa 3 BUKIOYEHHAMY

10)

80

Onuncaty Takox knac obpobKM MOMWAOK MPU HENPaBUALHOMY BBEAEHHI
noniHoMy (CTyniHb — He HeBig eMHe Line 4ncno, koedilieHT — He ailicHe
4nCno) Ta 3abe3neumnTn iHILIKOBaHHA NOMWIKM NPY BUKJIMKAX BCIX METOAIB
3 HEKOPEKTHUMYN JaHumu. 3abe3neumTit 0BPOBKY MOMUSIOK HENpaBUaLHO-
ro BBEJEHHS MOJIHOMY B OCHOBHI/ nporpami.

CTBOpiTh KNAC poboOTY 3 PSAAKOM, SIKNA MAE HACTYMHY BNACTUBICTL: KOPU-
CTYBa4 3aJ3€ BJACHOPYY AONYCTUMY MHOXWUHY CMMBOJIIB, 3 SIKUX MOXE
CKNAJATNCh LR PAAOK y BUrASA MacBy cumBoniB. Ynenn knacy: macus
[ONYCTUMUX CUMBOJIB Ta AOrO JOBXMWHA, MAacuUB BBEAEHUX CUMBOJIB Ta
ioro poexunHa. Metoau knacy:

® Nepe3aBaHTaXkTe METOAMN BBEfeHHs /BUBEAEHHS B/3 KOHCONI Ta B/3
TEKCTOBOro paiiny;

e MeTOAM 3MiHM(AOAABAHHA /BUAANEHHS) JONYCTUMUX CUMBOJIIB;
® JOBXWHA PAIKY;

e KOHKaTeHaUist psaKie (Npu LLOMY JONYCTUMI CMBOIN — L€ NEPETMH
MHOXUWH JOMNYCTUMMX CUMBOJIIB, TODTO MiC/si KOHKaTeHALT B HAC MO-
XKE 3MEHLINTUCS PE3YbTaTHNRA PAROK);

e xew psgky (Baw Oyab-skuii po3ymHuil BapiaHT xewy).

3abe3neynTy iHILIFOBAHHS MOMUWJIKN NMPU HEMPaBUIbHOMY BBEEHHI Ta po-
60Ti 3 pagkamu Ta poboTi 3 chainamu.

Peanisyiite knac BekTop, Wwo iHi4ianizyeTbCa KiNbKiCTIO €1€MEHTIB MacKBY
1 Ta BUAINAE NPY LbOMY Nam stk nig n giicHnx dncen. CTBopiTe meToan
[/151 3aMOBHEHHS YJIEHIB LbOro MacuBy (4€pe3 KOHCTPYKTOP Ta OKpEMUM
METO[OM) Ta KOHKPETHOrO €/1IEMEHTY BEKTOPY 3a HoMepom. HanucaTtn me-
TOAV [ BBEAEHHS/BUBEAEHHS TakKnX BEKTOPIB 3 (haiifly, CKanspHOro Ta
BEKTOPHOrO f0DYTKY (332 MOX/IMBOCTI) Ans umx BekTOpiB Ta 0bpobiThL 3a
[OMOMOrOK BUK/IIOHEHb NPOLIEMI 3 BBEAEHHAM Ta apudPMETUHHIMN One-
pauisiMn Ta METOAAMU JOCTYNY HAjJ BeKTOpamu. Takox cnpobyiiTe Bpaxy-
BaTU MOXAUBI NpobneMun 3 nam'aTTIO.



Po3pin 18

CrBopeHHs1 wabnoHie pyHKUi Ta wabnoHiB
KnaciB

KoHTpOsibHI 3annTaHHA:

Sk cTBopnTn byHKUito-wabaoH? B akux cuTyauisx BoHa KopucHa?

Ak ctBopuTtu knac-wabnon? Lo notpibHo 3pobutn skwo wabnonom €
nuwe eanHuii metop knacy?

Hagiwo noTpibHi npocTopy iMeH Ta WO Take CTaHAApPTHWIA NpocTip iMeH?
AK oro nigkNUNTY Ta WO poBUTN KOAM HE MOXKHA AOro MigKAtoYaTh Ha
Becb cpaiin nporpamun?

Sk CTBOPUTM BRACHWIA NPOCTIP IMEH O MICTUTL BNACHi MaTeMaTuyHi dyH-
KuiT sin, cos, pow. SK X KOPEKTHO BUKOPMCTATU Pa3OM 3i CTaHAAPTHUMMU
dyHkUiamn?

CrBopiTb BKNageHi npocTopu iMeH Ta yHKUIT 3 ofgHaKoBUMM igeHTurdika-
TOpaMM B HUX Ta PYHKLIIO 3 TaKNM CaMuM ieHTdIKaTopoM rnobanbHo.
Sk npaBunbHO BUkopuCTaTy Ui hyHKLT BUKOPUCTOBYHOUN KIHOHOBE CJIOBO
using? fk 6e3 Heoro?

3aBaaHHs gns ayamTtopHoi poboTu:

B 3aBgaHHsaX UbOro UMKy CTBOPITL BAACHUA NPOCTIP iIMEH Ta B LIbOMY NPOCTOPI
noTpibHi dyHKUIT Ta Knacu.

1)

Mepenuwite dpyHKUiO WAbAOH ANA NOWYKY MAaKCUMyMYy LBOX YMCEN, TaK
106 BOHA MpauoBana AAs BCiX CTaHAAPTHUX 4ncnosux Tunis. Ym 3anpa-
utoe BoHa ans paakis? LLlo notpibHo 3pobuTtun, wob BoHa 3anpautoBana
i gns Tuny PauionansHoro ppoby 3 nonepegix nekuin? (Bkasiska: wock
noTpibHO BM3HauUMTK ans knacy PauionanbHnii gpib)

Hanucatn dyHKUilO, WO BBOAWTL MACKB UiJIMX 4nCen OOKn He byne BBe-
JEHWNIA HYyNb Ta MOBEPTAE Pe3YNbTAT Yepe3 3MiHHUI apryMeHT Ta KiJIbKiCTb
€M1eMEHTIB MACKUBY MOBEPTAETHLCA siK pe3ynbTat pobotn dyHkuil. Ons ne-
BIZIOMOI 3a3gasierifb KiJIbKOCTI €neMeHTiB noTpibHo pobuTtn peanizauio
cteky. CTBOpITL BIacHy peanizauito knacy wabnony Crek gns 6yab-skoro
Tuny. lNepesipte Ti poboTty 3a gonomorow craHgapTHoro knacy Stack 3
STL ans paHoi 3agadi Ta iHWOro TNy YNCEN WO BBOAATHCA.
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Posgin 18. CrBopenHs wabnonis ¢hyHkyisi Ta wabsonis knacie

3aBpaHHA A4NA CaMOCTiiHOT poboTu:

82

3)

Creoputn knac-wabnon BlackBox, sikuii MicTuTe KOHCTPYKTOp (MOPOXKHIii
Ta Bif mMacuey (BkasiBHMKa) byab-sikoro Tuny), metog push(), wo go3zso-
A€ 4OAATYN €NleMeHT nesHoro Tuny, Ta metog pop(), Wo sngae Ta suganse
BVII'Iap'KOBVIVI €JIEMEHT, O BXe MiCTI/ITbC;I B KJ'IaCi Ta BUKJOYEHHA, AKLWO
BlackBox nopoxhiii, metog xpop(), Wo NpocTo noBepTae BUNAAKOBUI
enemeHT uporo knacy. Kinekicte enemenTis obmexera 100.

Creoputn knac-wabnon Mediana, sikuii MiCTUTb KOHCTPYKTOP (NOPOXHiii
Ta Big MmacuBy (BKasiBHuKa) Oyab-SKOro Tuny), Wo MiCTUTL onepawyii nopis-
HsaHHs, metog push() sikull po3sonsie gogatn enemeHT Byab-AKOro Tuny,
Wo MicTUTL onepauii nopieHsHHA, MeTog pop(int n), wWo Bupae Ta Bu-
Jansie eNeMeHT 32 HOMEPOM 7. 33 MOPSAAKOM, abo BUKIIOYEHHSA SKLLO 1
Ginblue po3mipy BCix enemenTie Ta metog mediana(), wo noeeprae meai-
aHy enemeHTIiB Lboro knacy. Kinbkicts enemenTie obmexena 100.

BusHauntn knac Macue, skuii MiCTUTbL po3Mip MacuBy Ta BiAMOBIAHWI
MacuB JaHWX LOBINBHOMO TWMY.

PeanizyBaTi B HbOMY METOAM COPTYBAHHSA SIK [J1sl CAMOTO MacuBy Ta $iK
ctatudni metogm (inplace):

a) obmiHHe copTyBaHHsa (MeTtog bynbbawkn);

6

obminne coptyBaHHsa «Lllelikep-copTyBaHHs» ;

w

COpPTYBaHHs 3a Aonomoroto subopy (metog npoctoro snbopy);

r) COPTYBaHHA BCTaBKaMU;

) COpTYBaHHS METOAOM XelyBaHHs (COPTYBaHHS 3 0BUNCNEHHsM agpe-
cn);

i

(0]

) copTyBaHHs BCTaBkamu (MeTOZ NPOCTUX BCTABOK);
€) COpTYyBaHHs BIHAPHUM 3NUTTSAM;
) coptysanHs LLlenna (copTysaHHs 3i cnagatoumm Kpokom);
3) LWBMAKE COPTYBAHHS;

i) copTyBaHHs Kymnoto.

6) CreopiTb knac pauioHanbHe 4ncno Ha Gasi wabnoHy napy ans QOBIIbHIX

TUMiB 3HAMEHHUKA Ta 4YucenbHuKa. lNepeBaHTa)kTe MeTOAM AAS BCiX apu-
(pmeTuHHMX Onepauiii Ta nopisHAHL (30KpemMa, OCTaua Bif AiNeHHA — Ue bi-
JIEHHSA MiCNS SAKOrO BUAAISAETLCA Uil YacTHa). 3pobiTh HAacTynHy creui-



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

8)

anisauito, sIKLLO 3HAMEHHUK ab0 YNCENLHUK — PSALOK: CTBOPIOETHLCA PAIOK
BUNSAAY "YNCENbHUK /3HAMEHHUK 3 BUKMIOHYEHHSIMU HA BCi apudpMeTnyHi
onepauii, KpiM foAaBaHHs (415 HBOrO — Lie KOHKATEHALLis1), ajle KOPEKTHOIO
poDOTOK 3 NOPIBHSAHHAM/BBEAEHHAM/ BUBELEHHSM / BOCTYMOM.

CTBOpITH KNac psAgoK, WO NpUiiMae y AKOCTI CUMBOJY Oyab-sikuid Tun
(30kpema iHWKI psoK) Ta po3aiNbHIUK(TOro camoro Tuny) - Lo BifoKpeM-
N0€ B 3anucy ui cumeonu. Metogu knacy:

® Nepe3aBaHTaXKTe METOAN BBEAEHHS /BUBEAEHHS B/3 KOHCONI Ta B/3
TekCToBOro dhaiiny;

® BBEJEHHS Ta 3aMiHa PO3AiNbHUKA;
® MeTOA KOHKaTeHauii (3 JofaBaHHAM MiXK PSAKaMM PO3AiIbHIKA);
® [0BXWHA PSOKY;

® 3/UTTA CUMBOJIB — TOOTO MEPETBOPEHHSI MacMBY CUMBONIB Ha €A4u-
HWUli CUMBON TWUNY PSLOK;

® [OCTYN AO JAHOTO CUMBOJIY 33 KBAaApPaTHUMU Ly>XKKaMUu;
® BUJANIEHHS JAHHOIO CUMBOJY.

3abe3nednTu iHILIKOBaHHS NOMUIIKA NPU HEMPAaBWILHOMY BBEAEHHI Ta poO-
6oTi 3 psgkamu Ta poboTi 3 chalinaMn Ta cneuianisauito K 3BUYARHMIA
psS4OK Npu cumBoni Tuny char.

BusHauntu knac IHTepsan ¢ ypaxyBaHHSIM BK/IIOHEHHS /HEBKITIOHEHHS Kpa-
TB Ta HECKIHY4eHOCTi Ha iHTepBanax, Ha 0asi wabnony napa. Akwo TN Ha
OHOMY 3 KpaiB — pSAOK, TO BBAXKAETHCA LLUO L€ BiANOBifHA HECKIHYEHICTb.
CTBOPNTN MeTOAN MO 3HAXOMXKEHHIO MEpeTUHY i 0D €fHaHHIO iHTepBanis,
NPUYOMY iHTEpPBaW, WO He MAKOTh CMiNILHUX TOYOK, nepeTuHaTucs [ob'-
€AHYBATUCS He MOXYTb. CTBOPUTb Macue 3 m iHTepBaniB Ta 3HalgiTh ix
CNiNbHWI NepeTrH.

Peanizyiite dynkuito sum(T* x, size_t n), sika paxye cymy byab-sikoro ma-
CUBY, WO NepeAacThbea i sk aprymenT. Mpu ubomy Tun char cymyetbea ak
CUMBOJ, @ TUN BKa3iBHIK BBaXKAaETbLCA MAcMBoM po3mipy 1 Ta cymyeTbes
YTBOPIOKYN MaCUB po3Mmipy 7. (Hy/AbOBI BKa3iBHUKM MPOCTO irHOPYKTHCA
B AOAaBaHHi):
intvl]] ={1,2,3}; //sum(vl,3) =6
double v2[] = { 1, 2, 3 };//sum(v2,3) =6.0
string v3[] = { "a", "bc", "def" };// sum(v3,3) ="abcdef"
char v4[]] ={ 'a','b', 'c¢' }; // sum(v4,3) ="abc"
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Po3zgin 18. CreopeHHs wabnonis (pyHKUi Ta wabaoHiB KAACIB

10)

84

int* v[| = { {1,4}, {2}, {3} }; // sum(v5,3) ={1,2,3}

Busnauuts knac ®Pynkuisn. Knac gossonsie 3apgagatun iHTepean ge wykae-
TbCSl KOPiHb Ta CTBOPIOBATU (PYHKUIIO Bif CTYMHIB AiiCHUX Yucen Ta Bif
yHKUil kocuHYC, KopiHb Ta norapudm. CTeoputn MeTogn Ans obuucne-
HHs1 3Ha4YeHHs 33 POPMYNOLO JIBMX NPSIMOKYTHUKIB, 33 (pOPMYAOLO Npasmx
NPsSIMOKYTHUKIB, (hOPMYNIOIO CEPEAHiX NPSIMOKYTHUKIB, No ¢hopMyni Tpane-
uiid, no dpopmyni Cimncona (napaboniuHux Tpaneuiii).

CTBOpITL METOA A1 CEMMIOBAHHA (DYHKLIT — 3a8at0ThCA MeXi iHTepBay
Ta KiJIbKICTb CEMMIB HA iHTepBasi, OOUMCIOTLCA ANCKPETHI 3HAYEHHS
B AaHMX TOYKax | OyayeTbecs it BUBOAMTLCA Tabanus, WO MICTUTL napw
TOYKWN - 3HAYEHHA.



Po3pin 19

CranpaprtHa 6i6nioteka C++. lNocnigosHi
KOHTENMHEPN Ta KOHTEeMHepu-aganTopu.

KOHTpONbHI 3anuTaHHA:

e CrBOpiTh BnacHnii knac-wabnon vector<T> 3 metogom Hopma(). Mopis-
HATE Oro Aito 3 cTaHAapTHUM WabJoHOM vector B rofoBHIA nporpami.

e 3 AKUX 4aCTuH cknagaeTbes bibnioteka wabnonis C++7

e [Ins yoro noTpibHi koHTelHepr-aganTopu? ki KoHTeliHepu-aganTopu Bu-
3Haveni B C++7

e Ski kKoHTelHepN npsimoro goctyny BusHadedi B C++7
e Slka pisHuusa mix koHTeliHepamu list, forward _list, vector, array?

e OCHOBHI mMeTOAM KOHTeliHepy BekTOp ([OCTYN JO eNeMeHTIB, 3aMiHa ene-
MEHTIB, po3mipn)?

e Ski mepeBaru array abo vector nepes CTaHLAPTHUM MacWBOM Y1 BKasib-
HUKOM?

e Sk gopaBaTu enemeHT B BEKTOP, CTEK, CMUCOK?

e Sk Bugansatu enementn B list, forward _list, vector, array?

e Slki BapiaHTn nNpoiTepyBaTMCh NO eneMeHTax NOCAIAOBHUX KOHTEHepis?
e Sk BU3HAYNTM KiNbKICTb enemMeHTIB Byfb-KOro KoHTeliHepy?

o SKi kopekTHI wnsxun iTepauii no sektopy? MynbTueigobpaxkertio? Byab-
AKOMY KOHTelHepy?

e SlK KOPEKTHO MPOATK MO BCIM efeMeHTaM BifobpakeHHA?

3aBaaHHs gns ayamTtopHoi poboTu:

1) Bins npunaska B MarasmHi BULINKYBanacs 4epra 3 1 MOKYMUIB, KOXEH 3
SIKMX CTaBaB 3a NONEPEAHUKOM 4Yepe3 1 XBUSIMHY NiCAsi sik TOl CTaBaB B

yepry. Hac obcnyrosyBaHHsi npogaBuem i-ro nokynus —t;, i =1,--+ ' n
xeunvH. Hexali gaHo HaTypanbHe m i gilicHi yncna tq,ts, - ,t,. OTpu-
MaTu c1,C2, -+ ,Cp A€ 3 C; — 4Yac nepebyBaHHs -ro MOKynus B 4depsi
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Po3zgin 19. CranpaptHa 6ibnioteka C++. [locnigoBHi KOHTERHEPY Ta KOHTENHEPU-a4aNTOPU.

i =1,---,n. Bkazatn Homep nokynus, ans oDCAYrOBYyBaHHSA SIKOroO Mpo-
[aBUeBi NOTPIOHO HaliMeHLle Yacy, Ta NOKYMUs, WO NPOBiB B 4Yep3i Hali-
GinbLie vacy.

Peanizysatu dyHkuii gns BBepeHHs d-BumipHux sekTopie (d BBOANTBLCA
3 knasiatypu). Beectn n d-BumipHux BekTOpiB Ta 004MCANTI 3HAYEHHS
CYyM© HOPM BEKTOPIB.

Creopith knac-wabnox [lloniHom, skuwii npuiimae cnucok umcen Oyab-
sakoro Tuny Ha 6asi crangaptHoro knacy list koediuieHTiB noniHomy.
MeToan: BBEOEHHA-BUBEAEHHS, [1OAABAHHSA, MHOMEHHS Ta OBYMCNEHHS
3HayeHHA. [lepepipTe, WO Knac Mpautoe KOPEKTHO ANA AIACHUX, Uinmx
yncen Ta gnsa Tuny PauioHanbHuia gpib 3 nonepegHix 3aBhaHb.

Beectn HaTypanbHi yucna n,m < 100 Ta mMaTpuuio posmipy n X m siK
BekTOp cnuckie. MMomMiHATK MicusMu TT pagkn Tak, wob iX MaKCUMasbHi
€NEMEHTIN YTBOPIOBANIN CNAAHY NOCJiJOBHICTb.

3aBpaHHA a1 caMoCTiiHOT poboTu:

86

5)

Hana matpuus n X m 3 yinux 4ucen. 3HaliTu B Hild HAROINbLY 32 NAOLWED
4-38"53HY 06/1aCTh, LIO CKMAJAETLCS 3 OQHAKOBMX EJIEMEHTIB, BUKOPUCTAB-
ww knac stack gns 306epiraHHs koopauHaT LiEl obnacTi.

PeanisyBaTun cTpyKTypy «4OpHUiA AWKy Ha 6asi queue, wo 3bepirae MHo-
XKNUHY HMCEeN | Ma€ BHYTPIWHIA NiYnnbHUK k cnodaTky pisHuil Hynto. CTpy-
KTypa MOBWHHA MiATPUMYBaTU OMepauii JOAaBaHHA YMCNa B MHOXWHY i
noBepHeHHs k-ro no MiHIMaNbHOCTI YMCAa 3 MHOXKUHW.

Ha kniTkoBOMY apKywi HamaneoBaHuii Kpyr. Busectu B daiin onucy BCix
KJITUH, LiNKOM NeXXaTb BCEPEAUHI KOJIa B MOPSAKY 3POCTaHHS BiAcTaHi
BiJ KNITUHM A0 LeHTpy kona. BukopuctoBysaTu knac priority _queue.

Ha 6asi wabnoHy list peanisysaTtun cTpyKTypy 30€epiraHHs Yncen 3 NigTpuM-
KOK HACTYMHUX onepauiii:

® [00ABaHHA / BUJANEHHS 4MCna;

e MOWYK 4ucna, Hambnvx4oro go 3aganoro (Tobto mogysnb pisHuui
MiHIManbHWA) .

V BxigHomy dhaiini po3TawoBani agBa Habopy AOAATHUX LiAUX Yncen; Mix
Habopamu — po3ginbHuk (bynb-sike Big'emHe uncno). Mobyaysatn gea cnu-
ckm C1i C2, enemeHTU AKMX MICTATH BIgNOBIgHO Yncna 1-ro i 2-ro Habopy
TaKUM YMHOM, OO ycepeauHi ofHOro ChucKy ducna bynu BROpsAKOBaHi



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

10)

11)

12)

3a 3poctanHam. [MoTim 06’eanatu cnuckn C1 i C2 B oauH BigCOpTOBaHMNA
CMUCOK.

Peanisyiite knac Auto, wWo MIiCTWTb 4feHW: Ha3Ba, MOLE/Sb, HOMEP,
ineHTncpikaTop BnacHuka. BusHaute ans uporo knacy meroam BBeAe-
HHs1/BUBeAeHHs. Peanisyiite 3a ponomoroto cTaHgapTHux wabnoHis
HaCTynHi 3agaui:

a) B wabnoHi vector gaHuin Macme JaHux NPoO aBTo, NOTPIOHO BMBECTM
BCiX BJIACHUKIB AaHOI MapKu;

6) B wabnoni list € gani npo aBTo, BigcopTyiTe iX NO Ha3Bi Ta BUBEAITL
BCi X HOMEpU B LIbOMY MOPSALKY;

B) B wabnoni deque 30epiratoTbCs AaHi NO Yep3i 3 aBTO Ha 3anpasui.
[MpomMonentonTe 3aNOBHEHHS HEPrY HA 3aMpaBLi BUBOAAYN CTaH Hep-
F1 NpyU KOXKHOMY BUOYBaHHI 4m npubyBaHHI aBTO HA 3anNpaBKy;

r) B wabnoni stack 36epiratorbcs aBTo Ha cknagi punky. [pomogentoii-
Te poboTy CKNagy: BMBEAITL CTaH CKJIagy Npu MOMOBHEHHI Ta BMAa-
JIEHHI 3MICTY cKnagy;

4) BUKOpUCTaiiTe WabnoH queue AN MOAENIOBAHHS 4Y4epru 3 aBTO Ha
MOWKY;

e) BuKopucTaiiTe WabnoH priority queue AN MOAENIOBAHHS Yeprin 3a-
MOBJIEHb MO PEMOHTY B 3aJIeXKHOCTI Bif BapTOCTi peMoHTY (Ue goga-
TKOBWIA YJIeH KJIacy, WO BBOAMTLCS OKPEMIM METOAOM).

Cknagite knac Employee i3 geoma uneHamun gavux: hours ta hourlyPay.
MpauisHuk Takox nosuHeH matu dyHkuito calcSalary(), ska noseprae
3apobiTHY nnaTy 3a ubOro npauisHuka. [eHepyliTe QOBiNbHY NOroAUHHY
onnaTty npauji Ta roAnHu ANs AOBINLHOT KiIbKOCTI npauisHukis. 30epiraiite
BekTop CniBpobiTHuk. [lizHaliTecs, CKinbkn rpoweli KOMNaHis BUTPaTUTL
3a jaHuii nepiog onnaTu npadi.

Creopite wabnon knacy Matrix, siknii cTBOpeHmii sik vector <vector
<T>>. Hapaiite iforo gpyxHbomy MeTogy ostream & operator <<
(ostream &, const Matrix &) pns Bigobpakenus matpuui. CTBOpITH
HacTynHi GiHapHi onepaduil, BukopucTosytoun ob' ekt yHkuii STL, ae ue
mMoxnBo: onepartop + (const Matrix &, const Matrix &) pns pogasaHHs
matpuui, onepatop * (const Matrix &, const vector <int> &) pns
MHOXeHHs1 MaTpuui Ha BekTop Ta onepatop * ( const Matrix &, const
Matrix &) gns mHoxeHHs maTpuub. lMepesipte wabnon knacy Matrix,
Bukopucrosytoun int i float.
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Po3zgin 19. CranpaptHa 6ibnioteka C++. [locnigoBHi KOHTERHEPY Ta KOHTENHEPU-a4aNTOPU.

13) PeanizysaTu hyHKLIiIO, WO BUKOHYE AOAABAHHS YNCEN, 3a[aHNX BEKTOPOM
unsigned char B pi3Hux cuctemax YMCneHHs:

vector <int> addition (const vector <UCHAR> & A, int baseA, const
vector <UCHAR> & B, int baseB, int baseResult);

DyHKLUiA NOBMHHA NEPEBIpsATA BXigHI JaHi NPO KOPEKTHICTL | NoBepTaTn
NOPOXHIA BEKTOP y pasi BMsiBNeHHs nomunkn. B TekcToBux chaiinax 3a-
NMCaHi neplue Ta Apyre YMUCAO Ta OCTAHHIA apryMeHT — OCHOBA YMC/IEHHS.
OCHOBa CUCTEMUN HYUCNEHHS pe3yNbTaTy BBOAUTLCS 3 KOHCOJI Ta pe3ysib-
TaT 3anucyeTbes B TpeTii daiin. Ans gaHol dpyHKuiT nosuHeH ByTn cTBO-
peHunii Habip TecTiB, WO nepesipsAtoTb yHKLIT Ha HAbOPI NMpuknagie, Ta
KOPEKTHICTb BBEJEHHS B Pa3i HEKOPEKTHUX AAHUX.

[opaTkoBo peanisyiiTe TakoX NiATPUMKY 3anMnCiB BXIAHNX AAaHUX Y HOBKX
psapkax. Hanpuknag

16: "FD" abo
10: "253"
2

Pesynbtat byne B HoBOMY psgky: "111111101"

14) Jauwii TekcToBMiA (halis, WO MICTUTL PALKOBI MPEACTABAEHHS LIMX Y-
cen. 3anoHnTu BekTop V Yncnamu 3 uporo daiiny Ta BUBECTM 1X Y BlUXi-
AHOMY nopsiaky. VY BUNagKy HEKOPEKTHUX AaHWX BUAAWTE 3MICTOBHE NOBI-
JOMJIEHHSI.

15) B koHconi BBOAMTHCSA MAcMB LiAnMX 4ucen. 3anoBHUTL cnmcok L ummn
Yucaamu i BUBECTU eneMeHTu cnuckm L B novaTkoBOMy nopsiaky y Buxi-
AHOMY, a noTiM B obepHeHOMy nopsiaky. BigcopTyiite pani 3a 3poctaHHsm
Yy CNUCKY, afie BUBEAITb HABMAKMN 32 CMafaHHAM.

16) [aHunii BeKTOp WiNX YNCEN 3 MAPHOK KIJBKICTIO €/1EMEHTIB. 3anOBHUTL
gek D ganumm yucnamm Tak, wob nepwa nosoBuHa ducen 3biranaca 3
NOPAAKOM 3aMOBHEHHSI BEKTOPY, a Apyra byna B 3BOPOTHOMY MOPSAAKY.

17) Beectu cnucok uinux 4mcen 3 koHcosi. Bctasutu nepes KOXXHUM HEHYBO-
BVM €/1eMEHTOM BUXiGHOrO CIMCKY Yncao —1, a micasi KOXKHOrO piBHOMO 2
— Hyfb.

18) Beectu 3 koHconi cnucok L HaTypanbHux ducen. BetaButu nicns koxxHOro
HEMapHOro eIEMEHTY 3 MepLlOi NOJIOBUHA BUXIAHOrO CNUCKY 4ncno -1, a
nepen, KOXKHUM NapHUM €IEMEHTOM ApPYrol NOSOBUHU -2.

19) Beectu 3 TekcToBOrO (haiiny aek gosinsHoro tuny D. Bugannte cepepiii
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20)

21)

22)

23)

3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

€NEMEHT [1eKa, SKLLO KifbKICTh eNeMeHTIB HenapHa abo 2 cepefiHi enemeH-
TV — SIKLWO NapHa.

Beectn 3 TekcTOBOrO haiiny AificHuii BekTOp V 3 HEnapHOK KibKICTIO
enemenTiB N (N > 5). SKwo TaM napHa KinbKiCTb eNeMeHTiB — JOAATU
0o BekTopy 3 milicHi yncna 3 koHconi. BuganuTtu Tpn cepepHi enemeHTm
(TobTO cepepHili enemeHT Ta ABa MOro Cycinn) BEKTOpA 3a O4UH BUKIIMK
erase.

Beectu cnucok L 3 koHconi Ta Bektop V 3 6iHapHoro daiiny (Tun — psagok).
MNepemicTuTn enemeHT cnucky L 3 gaHMM HoMepom B KiHeub cnincky V.

Beectn cnucok L 3 enementamn Ay, Ao, ..., An_1,An (N — napne,
AKWO Hi, TO JOAAATE HYAb A0 CNUCKY). 3MIHUTU NOPSJOK €NEMEHTIB Yy
cnucky Ha HactynHuii: Ay, An, A2, AN -1, A3, An—2, ..., Anj2, Anja—1-

Beectun gBa cnnckn L1 i L2 3 ogHakoBoO KinbKicTio enemenTis — V. Akwo
Le He TaK, TO BUAAANTL 3 KiHUA DiNbLIOro CNMCKY NOTPIOGHY KiNbKICTL ese-
menTie. OTpumaTy B cnucky L2 kombiHoBaHwii Habip enemeHTiB — cnmcok
surnany Bi, Ay, Bo, As, ..., By, AN, Be Aj — enemeHTn BUXifHOroO Cnu-
cky L1, a By — enementn cnucky L2. Bkasiska. BukopucTaiite metop
splice pnsa L2 3 iHkpemeHTamMn y Lpyromy Ta TpeTbOMY apryMeHTax.
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Po3spin 20

CraHpgapTtHa 6i6nioteka C++. AcouiaTuBHi
KOHTelnHepn.

KoHTpONbHI 3anuTaHHA:

Ski Tunu itepatopie ichytots B STL? ki 3 HUX BuU3HaueHi Ans BeKTOPY?
Aki go cnucky? Aki ans MHOXUHK?

Ski acouiaTusHi koHTelinepu icHytoth B C++7 LLlo gopae npucraska multi
[IO Ha3BMN KOHTeliHepa?

[Ona akux CTaHgapTHMX KAacCiB-LIAOAOHIB He BU3HAYEHWUA MeTOop
push back()? Yomy? Ak B ui knacu gopatotbcs enemenTn?

Ona akux CTaHgapTHUX KAaciB-LIAOAOHIB HEe BU3HAYEHWUA MeETOop
push back()? Yomy? Ak B ui knacu gopatotbcs enemenTn?

Sk BU3HAYNTW KiNbKICTb eNeMeHTiB Dyfb-51KOro KoHTeliHepy?

SAki kopekTHi Wwnsxu iTepauii no Bektopy? MynbTusigobpaxenuio? Byab-
SIKOMY KOHTeliHepy?

Slk KOpEKTHO NpOoWTN NO BCIM enemeHTaMm BigobpaxkeHHs?

3aBaaHHAa ans ayamMTopHol poboTtu:

90

1)

3apannii calin 3 TEKCTOM aHMIliCbkoo MOBOW. Buainutu sce pisHi cno-
Ba. Jns koxHOro cnosa nigpaxyeatu 4actoty ioro BxomxeHus. Cnoga,
O BiAPI3HAKOTLCA PEriCTPOM JiTep, BBaXKaTu pisHUMU. Bukoprcrosysa-
T Map.

3 BUKOPUCTaHHAM Set BMKOHATW MomapHe NigCyMOBYBaHHSA AOBILHOIO
KiHLUEBOro pAay YMCen 3a TakKUMK MpPaBUAaMK: HA MepLUOMY eTani miacy-
MOBYIOTbCSl MOMApPHO CYCiZHI YMcna, Ha Apyromy etani niJCyMOBYHOTbLCS
pPe3ynbTaTN NEPLUOro e€Tany iT 4. OO0 TnuxX I'Iip, NOKWN HE 3aNNLLNTLECA OAHE
4MnCno.

V daiini 3anucaHi KOopaMHATM TOYOK Ha MJIOLWIMHI 3aJaHi Napol Linmx
uncen. Toukm 3anucati B8 cpopmati : ( x1 , x2 ) (x1 , x2) , ... - came
Tak Yepe3 komu Ta gyxku. Cteoputu baiin, B akomy byayTb 3anucaHi
KOOPAWHATI BCIX BiApi3KiB 3 TOYOK LBOro haiiy, npy LbOMY Li Bigpi3Ku
BiACOPTOBAHI 332 3pOCTAHHAM JOBXWHU.



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

3aBaaHHA 4N CaMOCTIiHOT poboTu:

4)

10)

11)

12)

Ha nnowwni 3agano N Touok. Busectu B haiin onucm BCix npsamux, siki
NPOXOAsATh DiNbLL HIX Yepe3 ofHy TOYKY i3 3aaaHux. [nsa KoXHOT npsimuii
BKa3aTu, Yepe3 CKiNibkM TOHOK BOHA npoxopuTb. Bukopucrosyesatn knac
multimap.

Ha nnowwni 3apano N Bigpiskis. 3HaiiTn ToOYKy nepeTuHy ABOX Bifpi3KiB,
Wwo Mae MinimansHy abcumcy. Bukopncrosysatm knac map.

Bigpeparyeatu 3agaHe pedeHHs, BUAANSOHMN 3 HBOMO Ti CJI0BA, SIKi 3yCTPi-
YalOTbCA B PEYEHHI 3aJaHY KiJlbKiCTb pa3iB.

Ha kniTkoBomy apkywi nanepy 3adpapboBaHa 4acTuHa KAiTuH. Buginutn
BCe pi3Hi pirypu, siki yteopunucs npu usomy. Dirypoto BBaXKaeTbcst Habip
3achapboBaHMX KNITUH, AAKI CYCiiHI OAMH 3 OIHOTO NP PyXy B YOTUPLOX Ha-
npamax. [1Bi dirypu € pisHumm, SKLLO TX HE MOXKHA CYMICTUTN NMOBOPOTOM
Ha KyT, kpaTHuli 90 rpagycam, i napanensHum 3cyBoM. BukopucTosyiite
knac multiset.

Hannwite nporpamy, sika 3HaxoguTb YCi ChijbHI C/NOBa MiX [BOMA
BXiAHUMU  cpaiinamu, BuUKopucTOBYtouM set intersection (). 3MmiHiTh
fioro, OO nokasaTW Cc/oBa, SAKI He € CnibHUMK, 3a JOMNOMOroH
set_symmetric_difference ().

3 6inapHoro aiiny 3umtatn Bektop VO, uine uncno N > 0 i Habip se-
ktopie V1, ..., V. 3Haiitu kinbkicts BekTopie V;, i = 1,..., N, B AKux
MiCTATbCS BCi enemeHTu BekTopy Vj (3 ypaxyBaHHsiM noBTOpeHb). Buko-
puctatu anroputm include.

3 koHCOni BBeAEHWU pAfOK Ta BeKTOp cumeonie V. 3HaiigiTe yci pisHi
4yucna, SKi OBHOYACHO BXOASThb i B NepLUY, i B ApYry NOJNIOBMHI BEKTOPY, i
3anucaTu ix y TekcToBomy chaiini 3 3ajaHumM iM'siM y NOPAAKY 3aJaHOMYy
BEKTOPOM, JOLAIOHU MIC/S KOKHOMO 4ncna cumeoa npobiny (Bukopucratn
set_intersection).

Lannii pagok name i Bektop V 3 MapHOIO KiNbKICTIO LIANX €NEMEHTIB.
3HaipiTe yCi pi3Hi Yyncna, siki BXOAATh ¥ APYry NOAOBUHY BEKTOPY Ta npu
LLOMY BiACYTHI B MepLuiii nonoBuHi. 3anmMcaTti Ui Yucna B TEKCTOBOMY
daiini 3 iM'AM name 3a 3pOCTAHHSM, BUBOANTLCS KOXKHE YNCIIO0 HA HOBOMY
psiaky. Bukopucrosysatn anroputm set  difference.

Beectu 3 koHconi Bektopu psagkis V1 i V2. 3naiitu BCi uncna (3 ypaxy-
BaHHSIM MOBTOPEHb), sIKi BXOAATL X04a O B OAMH i3 BUXiZHNX BEKTOPIB, i
BUBECTY X B MOPSAKY HE3POCTAHHS; MPU LUbOMY, SIKLIO, HANpuKaag, Ae-
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Pozgin 20. CrangaptHa 6ibnioteka C++. AcouiaTusHi KOHTeNHepY.

13)

14)

15)

16)

17)

92

AKUIA PSAAOK BXOAUTL B OAMH i3 BekTOpiB 3 pa3u, a B iHWIA 5 pasie, To
ioro notpibHo Bueectn 5 pasis. Bukopuctosyatu anropntm set _union.

Beectn 3 TekcToBOro chaiiny sektop V, WO MICTUTh HEe MeHLUe TPLOX Pi-
3HUX 4ncen. BueegiTe yci ioro pisHi eneMeHTun, KpiM MaKCUMAaJbHOMO Ta
MiHIMaNbHOrO, B MOPAAKY CNajaHHs 338 JOMOMOIOK AONOMIDKHOT MHOXUHN
Ta be3 Hei.

Han Tekcrosunii caiin 3 im'am NameT. MigpaxyBaT 4ncno noBTopeHb
B HbOMY Masnx naTuHcbkux nitep ('a’ - 'z') i ctBoputyu paiin 3 im'sm
NameS, pagku sikoro matoTs surasg: "<nitepa> - < 4UCAO NOBTOPEHb
naHoi nitepu>". Jlitepu, BigcyTHi B TekcTi, B haiin He BktodaTu. Psgkn
BMOPSIAKYBATUN 33 CMAJAHHAM KiJIbKOCTI MOBTOPEHb JliTEP, @ MPU OJHAKOBINA
KiZIbKOCTI NOBTOPEHb — MO 3POCTAHHIO KOAIB JIiTEp.

Beectn BekTop V, enemMeHTU AKOro € aHrailicbkumiu cnosamu. BusHaun-
T CYMMapHY [OBXWHY CNOB, WO MOYMHAETLCA 3 OFHIET i TiET ke niTepm
(6e3 ypaxyBaHHs pericTpy), i BUBECTW BCi Pi3Hi NiTepu, 3 AKUX NOYNHAO-
TbCs eN1emMeHTr BEKTOPY V, pa3oMm i3 CyMapHO KiJIbKOCTI LIMX €JIEMEHTIB
(y andbaBiTHoMy nopsinky OyKB); JOBXMHY BUBOAWTW Bigpasy nicns Big-
nosigHoi nitepn. Bukopuctoyeatn gonomixxHe BigobparkeHHus M, kntoui
SIKOrO € MOYATKOBUMM NiTEPaMU efeMEHTIB BEKTOPY V, a 3HAYEHHS - Cy-
MapHa KifbkiCTb Uux enemenTis. [pu 3anoBHeHHi BigobpaxenHs M He
BMKOPUCTOBYBATH YMOBHI KOHCTPYKLIT.

BeecTtun BekTOp Uinux yucen V. BukoHaTn rpynyBaHHsl eNleMeHTIB BEKTOPY
V, BUKOPUCTOBYIOUN Y SKOCTI KJIIOYY rpyn ocTaHHto (TobTo npasy) uudpy
€NeMeHTY: B OAHI rpyni NOBMHHI BXOANTU BCI enemeHTn V, Wwo 3akiH4yto-
ThCA OAHIEID Lnpoto (3rpynoBaHi eneMeHT NOBUHHI PO3TALIOBYBATUCS
B TOMY >KE€ MNOPsiiKy, B SIKOMYy BOHW AOCTynHi y Bektopi). MpeactaButn
pe3ynbTaT rpynyBaHHA y BUrAA4i BigobpaxkeHHsa M, kntoui sikux € Ko4a-
MU TPYNyBaHHSA, a 3HAYEHHSA - BEKTOPU, LLO MICTATb 3rpynoBaHi eNemMeHTr
(takum unnom, BigobpaxkeHHss M nosuHHO mMaTw Tun map <int, vector
<int> >). Busectn orpumane BigobparkeHHsi (N5 KOXHOrO €1eMEHTY
BigobpaxkenHsi M crnoyaTky BMBECTW KO, [BOKPANKY, a MOTIM €/1EMEHTM
NOB'A33HOMO 3 HUIM BEKTOPY YEPe3 KoMy).

Beectn BekTOp V, eNeMeHTN AKOro € aHrfilicbkkummn cnosamun. BukoHaTtun
rPynyBaHHs €/1eMeHTiB BETOPY V, BUKOPUCTOBYIOHM SIK KJIKOY TPynyBaHb
apyry nitepy enementis (abo neply - SKWO CNOBa MICTATbL JNLLE OZHY
nitepy): B rpyni nosunHi Bxogutu BCi enementn V. MpeactaButn pesynb-
TaT rpynyBaHHA Yy BUMAAI MynbTUBIgoOparkeHHs M, Kitodi Sikoro € kntodi
rpynyeaHHsi (Takum 4uHoM, BigobOpaxkenHs M nosuHHO matm Twn multi-



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

18)

19)

20)

21)

map <char, string>). Busectn otrpumane BigobpaxenHs (ans koxHoro
enemenTy BigobpaxenHs M BuBecTu kIO4, a NOTIM NOB'A3aHWA 3 HUM
eneMeHT BekTopy V, KJIIOYM MOXYTb NOBTOPIOBATUCS ).

Beectn BekTOp gilicHux yucen V. YV KOXHiii rpyni lioro enemeHTiB, Lo
MatoTb OAHAKOBY MOYATKOBY Lpy, 3HANAITE CyMy 3HAYeHb LMX efleMeH-
TiB, 32 BUKJIIOYEHHSIM NOYATKOBOrO enemenTa rpynu (nepeabadaerscs, wo
€NeMEHTIN TPynu PO3MILLYIOTbCS B TOMY K€ MOPSIAKY, WO iy BUXiAHOMY
BEKTOpI). AKWO rpyna CKIagaeTsCs 3 €AMHOMO €NEMEHTa, TO CYMa MOBUH-
Ha gopisHtosaTu 0. [1na KOXHOI rpynn BMBOALTE BiANOBIgHY T Lndpy i
3HalifeHy CyMy, BMOPSIAKYIATE Mapyu No 3poCTaHHIO unudp, a NOTiM CyMu.

MocnigoBHiCTL AaHMX B TEKCTOBOMY paiiii MICTUTHL BIZOMOCTI Mpo Kili-
eHTiB KNyOy. KOXHUI enemMeHT nocnigoBHOCTI BKAOYAE HACTYMHI Uini no-
na:<Kog knieHty> <Pik> <Homep micausa> <KinbkicTs 3ansate (y ro-
AVHAxX)> 3HaATU eNeMeHT NOCAIGOBHOCTI 3 MIHIMAJIbHOK TPUBAJIICTIO 3a-
HATb. Bueeaits uto iHdopmaLito, a TakoX BIANOBIAHWMIA Pik | HOMep Micaus
(y BKa3aHOMy NOpsifKy B TOMY X PsifKy). AKLIO TaKux eNEeMEHTIB AeKibKa
— BUBEAITb YCi B [AOBIJIbHOMY MOPSIAKY.

MocnigoeHicTe AaHux y BiHapHoMy aiifi MICTUTL BIAOMOCTI MPO OLHKM
YYHIB 3 TPbOX MpeaMmeTiB: anrebpa, reomertpis Ta iHgopmaTuka. KoxeH
enemMeHT MOCNiAOBHOCTI MICTUTb AaHi NPO OfHY OLiHKY Ta MAa€ HACTYMHi
nons: <[pizsnwe> <lwigiann> <Knac> <Hasea npeamera> <Ouin-
ka>. MoBHMX Te30K (3 OAHAKOBUM MPI3BMLLEM Ta iHiLiafaMu) Cepes yuHiB
Hemae. Knac 3aga€eTbes LiMM YMCIOM, OLIHKA - LiJIAM YACAOM B Jianaso-
Hi 1-12. Ha3Ba npeameTy BKa3yeTbCsA 3 3arosoBHOI AiTepu. ns KOXKHOro
YYHSl BU3HAYUTU CEPELHIO OLIHKY MO KOXHOMY 3 MpejAMeTiB i BUBECTU Ti
3 [LBOMa 3HaKamuy MiCast Kpanku (SIKLWO HE MAE >KOAHOT OLHKMN, TO BUBE-
ctn ans uysoro npegmety 0.0). BigomocTi npo KOXHOro y4Hsi BMBOguTU
Ha OKPEMOMY PsIAKY, BKa3aBLUW MNPi3BULLE, iHILia M Ta cepefHi OUiHKKA no
anrebpi, reomeTpii Ta iHpopmaTuui. Jani poamictutn B andasiTHOMY no-
pAAKY Npi3BWLY, Ta iHiLianiB.

PeanizyBaTu Kpacuee BUBEEHHS ANS BCiX acOLiaTuBHUX KOHTeAHepis STL
(map, set, multimap, multiset) 33 AOMOMOrold CTaHAAapPTHOrO BUBEAEHHSA,
TOOTO NOTPIOHO NepeBaHTaXXUTK PyHKLIKO std::operator << ans Bignosig-
HUX Tunie. [puknag BUKANKY:

std::set<<int> testSet{1,3};
std::map<int, std::string> testMap;
testMap[1] = "123";
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Pozgin 20. CrangaptHa 6ibnioteka C++. AcouiaTusHi KOHTeNHepY.

testMap[2] = "456";
std::cout << testMap;
std::cout << testSet;

BuxigHi gani (tekctoBuii haiin/BrBefeHHs B KOHCONb):

1=123; 2=456
13

HonaTtkosi 3agadi:

22) HeobxigHo peanizysatn Proxy (3acTynHuk) Ans KOHTeHepa map, Wo Ke-
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pye moctynom. PeanisyBatn HagOynoBy Haj CTaHAAPTHUM KOHTEWHEpPOM
map, sika J03BoNiANa O ynpaBnsTy JOCTYNOM A0 NEBHUX KIOHIB (3 po3-
MEXYBAHHAM YUTAHHA, 3anuCy Ta BI/I,EI'aJ'IeHHH), a TaKOX I'Iip'MiHﬂTI/I npn
HeoOXifHOCTI pe3y/abTaTy.

V uili cuctemi € Tpn knacu:
e std :: map - 6a3oBuii KOHTERHEP;

e Auditor - ba3oBuii Knac «ayautopax, skuii peanisye nepesipky npas
i 3aMiHy 3Ha4eHb;

e ProxiedMap - HagbynoBa Hag KOHTelHEpPOM, sika BCe onepauil 3 HUM
nepeaye Buknukom ob’ekta Auditor.

Peanizysatu gekinbka nigknacis gns Auditor (Toii wo Bce fo3sonsie, wo
[O3BOJISIE YNTAHHS Ta NIAMIHSAE 3HAYEHHS MO 33JaHNX KJIKOHYaMU KOHCTaH-
THUX 3HAYEHHSX | T.4.)

Po3pobuTu Habip TecTiB, Wo nepesipsie um aiiicHo 6n0KyOTLCS cnpobu He-
caHkuionosaHoro goctyny (ans pisHux 06'exrie knacy Auditor). Moxnnee
ycknagHenns: Peanizysatn pekinobka Bugis itepatopie (Hanpuknag: itepa-
TOp, WO 0bX0AMTL BCi AOCTYMHI KU, iTepaTop, Wo 0bXoanTh BCi KO,
ajsie CUrHanisye npo NMOMUAKY AOCTYMy npu Cnpobi 3BepHEHHs i T.4.)



Po3pin 21

CranpapTtHa 6i6nioreka C++4. Anropntmum Ta
cdyHkTOpMN.

KOHTpObHI 3anuTaHHA:

Ak icHytoTb GibnioTekn anroputmie 8 STL?

Sk ckopucTaTnch anropntmamu copTtyBanHs! AkymynsosaHoi cymu? llo-
Lyky?

Ak 3HailiTK NOTPiIOHKI eneMeHT B Oynb-KOMY KOHTERHEpI 3a AOMNOMOroto
CTaHAAPTHUX anropuTMmis?

LLlo Take npugmkat ta dyHkTOp? SIK HUMU CKOpUCTATHCH?
Sk BigcopTyBaTh BeKTOp Mo HespocTaHHo? HecnagaHHio?
Konu i ik MOXKHa CKOpUCTaTUCh BIHAPHUM MOLUYKOM B KOAEKLiT?

Sk 3a AONOMOrol anropuTMiB 3HAATU CYMy MAcWBY OOHMUM BUKJIMKOM
yHKUii? A SIK HOpMY BEKTOPY LBOMA BUKJINKAMK 33 JOMOMOrot0 PyHKTO-
py?

3aBaaHHA gns ayauTopHOI poboTu:

1)

Mobyayiite knac BynesniiBektop (BoolVector) Ha 6a3i vector<bool>. Pe-
afNisyBaT METOAN AJisi BUKOHAHHA MOPO3PAAHNX KOH'IOHKLT, 413 FOHKUIT
i 3anepeYeHHs1 BEKTOPIiB, a TAaKOX NiAPaxyHKY KibKOCTI OAUHWUBL i HYNIB
y BEKTOpI.

Beegitb 3 koHconi cnucok uinux dncen List i uncno X. He sukopuctosy-
04N [ONOMIKHUX OO EKTIB | HE 3MIHIOIYU PO3MIPY CMUCKY, NEPECTaBUTy
€/IEMEHTI CMUCKY Tak, Wob cnoyaTky WM YUCna, WO He NEPEBULLYIOTh
X, a NoTiM 4ncna, aki € biabwmnmn 3a X.

Hanuwite dyHkuito, sika nosepTae a) cymy Haibinbwux k uncen ganoro
BeKTOpY, 0) mMacuB 3 k HaliMEHLMNX YNCEN [AHOrO BEKTOPY, SKWO k He
NepeBuLLYE pO3MIp MacuBy Ta: a) Hynb, 6) NOpOXHIl Macue B npoTune-
>KHOMY BMNAJKY.

CrBopiTb reHepatop, sikuli noseptae notouHe 3Hadenns clock () (y <cti-
me>). CtBopiTb cnucok <clock t> i 3an0BHITL HOro CBOIM reHepaToOpoMm
3a gonomorow ¢yHkuii create n (). Buganite yci gybnikatn 3i cnucky Ta
poO3ApYyKyiiTe ioro Ha cout 3a gonomoroto copy().
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Po3zgin 21. CraHgaptHa bibnioteka C++. Anroputmu 1a (hyHKTOpU.

5)

6)

7)

8)

3a pgonomoroto dyHkuii transform() i toupper() (3 <cctype>) HanuwiTs
OfMH BUKINK (DYHKUIT, SIKUA NEPETBOPUTL PSAOK HA BCi BENWKi nitepu.

CreopiTb WwabsoH yHKLiOHaNbHOrO 00'ekTy Sum, sikuii byae Hakonuyy-
BaTW BCi CyMN 3HA4YeHb B Aiana3oHi npu Bukopuctanui 3 for _each ().

HanuwiTte revepatop aHarpam, siknii NnpuiiMae COBO SIK apryMEHT KOMaH-
LHOTO psiAKa i CTBOPIOE BCi MOXXVBI NEPECTAHOBKN NiTep.

Hanuwite reHepatop aHarpam pedeHb, siKuii NPUAMAE PEYEHHS SK apry-
MEHT KOMaHJHOrO psifika i CTBOPIOE BCi MOXJMBI NepeCTaHOBKU CAiB Y
PEYEHH.

3aBpaHHA a1 CaMOoCTiiHOT poboTu:

9)

10)

11)

12)

13)

14)
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V paiini 3anucani koopamHaT TOHOK B NPOCTOPI 3afaHi TPIAKOIO Uinmx
yncen. Toukn 3anucytotbes B cpopmarti - x1, x2, x3 ; x1,x2, x3; ...
CreopuTu dhaiin, B skomy OyayTh 3anucaHi Bigpi3kn 3 TOHOK Loro daiiny,
npy LbOMY Ui Bigpi3KKN BiJCOPTOBAHI 32 3pOCTaHHSM JOBXWHMU.

Apmis xoue HabpaTu ntogeid 3i cBOro BubopHoro cnucky cnyx6. Bowu su-
pilwmnn HabpaTn Tux, KOMy MeHwe 35 pokiB, NOYMHalO4YNM Bif HAlCTapLIO-
ro i 3aKkiH4ytouM HaliMONOAWMM. 3reHepyliTe AOBINLHY KiNIbKICTL OAEi.
HapaiiTe iM Taki gaHi, sk Bik Ta npi3euLlia 3anncaHi sk sekTop. Po3ainiTs
BEKTOp Tak, Wob Ti, komy MeHwe 35 pokis, Oynu ynopsakosaHi Ha no4a-
TKY CMWNCKY, MOYMHAIOYM Bifi HAMONOALIOrO O HAACTapLUOro, a peluTy
YaCTWHY CMUCKY 3aauianm BiACOPTYBATU 33 NPIi3BULLEM.

Hanuwite nporpamy, sika 3HaxoawWTb ycCi ChifbHI C/OBA MiXK [BOMA
BxigHMMu cbaiinamu, BukopucToBytoun set intersection (). 3miHiTb
fioro, wWob nokasaTm cnoBa, SKi HE € CNiAbLHUMKW, 3a JONOMOroKo
set _symmetric _difference ().

V daiini 3anucani koopguHaTy TOYOK Ha MAOWMHI 3a4aHi Napol LianMX
yncen Ta macow(ginicHe 4ncno). Toukn 3anucytotbest B popmati = (x1
x2): ml, (x1,x2): m2, ... Creoputu cpaiin, B skomy OygyTb 3anucai
BiAPI3KN 3 TOYOK LbOro dhaiiay, NMpnm LbOMY L TOYKW BigCOPTOBaHI 3a
Baxkenem canu (m1*(x1 +x2)).

V daiini 3anucani 4atu , Wo TPIikow uinux Yucen y popmari: 44 /mm/pp,
... Creoputn cpaiin, B sikomy OyayTh 3anucani gatun 3 usoro daviny 6e3
NOBTOPEHb, NPY LLOMY Lii AaTK BIACOPTOBaHI 3a cnaganHs gatu (Bpaxyiire,
wo pokn gat 3 1951 no 2049).

V paiini 3anucani gati , WO ABOMA LINAMU HUCNamu Ta psgakoM (aH-
rnificeki abo 4McnoBi Ha3BuM Micsius) y popmaTi: 44l micaupl pikl, 442



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

15)

16)

17)

18)

Micsaub2 pik2.... Busectn gatn 6e3 noeTopeHs 3 usoro cpaiiny y dop-
maTi: pikl/micaubl/uucnol, pik2/micsaubl/4ncno2,... (Micaup 3apauuii
HA3BOIO) NpW LbOMY Ui AT BigCOPTOBaHI 32 3pOCTaHHAM AaTu

CreopiTb iepapxito knacie 3 6azosum knacom B ta noxigHum knacom D.
MomicTiTe pyHkuUito BipTyansHoro unena void f () y B Takum quHom, wob
BOHA HafpyKyBana MoOBIJOMJIEHHS, WO BKa3ye, Wo Oyno sBukinkano B sf
(), i nepesmsHaunTy uio yrkuito gns D wob HagpykysaTu iHwe nosi-
gomnennsi. Cteopite BekTop <B *> i 3anosHiTh Noro ob'ektamu B i D.
BukopucTosyiite for _each () ans sukaunky f () ons koxHoro 3 06’ekris y
BALLOMY BEKTOPI.

CTBOpITL Nporpamy, sika, OTPUMYIOUN Ljijie YUCAO B KOMAHGHOMY PAAKY,
CcTBOpPIOE Tabnuuto chakTopianie 3 ycix drakTopianis, BKIOYAKOYN HUCIO
B KOMaHAHOMY psiaky. [lnsi 4boro Hanuwith reHepaTop Ansl 3anOBHEHHS
BekTOpa <int>, a noTiM BukopucToByiite partial _sum() 3i cTangapTHUM
00’eKTOM (hyHKTOPOM.

Creopite anroputm ctuno STL transform _if (), sknii cxoxuii Ha nep-
wy copmy transform (), ane BukOHye nepeTBOpPeHHsI nulwe Ha Ob'ekTax,
AKi 320BONLHAIOTE oauHapHoMy npeankaTy. O6'ekTu, siki He 3a0BOLHS-
OTb MPeanKaTy, ONyCKatoTLCs 3 pesynbTaTy. MoTpibHO NoBEPHYTU HOBWI
KiHLIeBUIA iTepaTop.

CreopitTe anroputm ctuao STL, skuii € nepeBaHTa)keHOK BepCiEtD
for _each (), ane Bukopncrosye apyry cpopmy trasform() i zaiimae gga
AianazoHu BBeAeHHs, wob BiH Mir nepegasatn 00’eKTM ApYroro AianasoHy
BBEAEHHS a ABINKOBIV byHKUIT, iKYy BiH 3aCTOCOBYE [O KOXHOro ob’ekTa
MepLIoro AianasoHy.

Creopite knac «MicToy 3 gaHMMN MpPO HaCeneHHs, BMCOTY Ta MOrogy.
3pobite norogy 3a gonomoroto nepepaxyeanus {JOLLNTL, CHIXKHO,
XMAPHO, ACHO}. Creopitb knac, sikuii renepye ob’ektn Town. Cteo-
PiTb Ha3BM MICT (HE3aNeXHO Bifi TOroO, MAKOTb BOHW CEHC YU Hi, Lie He
Ma€ 3HaueHHs) abo BUTATHITL X 3 IHTepHeTy. Mepekonalitecs, Wwo Ha3ga
BCbOrO MICTa Ma€ MaJieHbKi pericTpu, a gybnikaTie Ha3B Hemae. [ns Hace-
JIEHHS, BUCOT Ta NMOrOAHWX MOJIB CTBOPITb FE€HEPATOP, SAKNI BUNALKOBUM
YMHOM reHepyBaTUMe MOTrOfHI yMOBM, nonyasuii B mexax [100-1000000)
Ta Bucotu mix [0, 8000) dyTamu.

a) 3anoBHiTb BekTOp 06'ekTamu micTa. lNepennwite BekTOp y HOBUIA
daiin nig Hazsoto Towns.txt.

6) Binbyscs 6ebi-6ym, wo npu3seno fo 30inbweHHs HacenerHs Ha 10%
97



Po3zgin 21. CraHgaptHa bibnioteka C++. Anroputmu 1a (hyHKTOpU.

19)

20)
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y koxxHoMy MicTi. OHOBITb faHi npo micTo 3a gonomoroto transform
(), nepenuwiTe fani Hazag y daiin.

B) 3Hangite micta 3 HalbinbwmMM | HaliMeHwM HacenenHam. Jns ui-
€1 BNpaBy 3acTocyiiTe onepatop <Ans Baworo knacy Town. Takox
cnpobyiiTe peanisyBaTu (pyHKUiIO, KA NMOBepTae true, sSKWO 11 nep-
Wuii napamMeTp MeHLUe, HiXK Apyruii. Bukopucrtosyiite iioro sik npe-
ANKAT ONng BUKINKY BUKOPNCTOBYBAHOIO BaMun aJirOPUTMY.

r) 3nangite yci micta na Bucoti 2500-3500 dyTis Bkato4HO. 3a Heob-
XiZHOCTI peanisyliTe onepaTopu piBHOCTI Ansa knacy Town.

4) Ham noTpibHo po3micTuTi aeponopT Ha NeBHili BUCOTI, ane po3TaLly-
BaHHA He € npobnemoto. BnopsgkyliTe CBili cnncok MICT Tak, wob
He byno aybnikatie (gybnikaT o3Havae, WO >ogHi ABI BUCOTM He
3HaxoAATLCs B ogHoMmy aianasoni 100 ¢yTis. [o Takux knacis Hane-
xatb [100, 199), [200, 199) i T.4. Bigcoptyiite ueii cnucok 3a 3po-
CTaHHSAM NpUHaiMHI ABOMA Pi3HUMIK CrOCODaMun, BUKOPUCTOBYHOYM
ob'ektu yHkuii B <functional>. 3pobite Te X came gns nNopsaaky
3MeHLeHHs. 3a HeobxigHOCTI BnpoBagXyiiTe pensiuiiHi onepaTopw
ANs MicTa.

CTBOpIiTb JOBIIBHY KiNIbKICTb BUNALKOBMX HMCEN Yy MACKBi HA OCHOBI CTe-
Ky. Bukopucrosyiite max _element (), wob 3HaiiTy Halibinbwe yncno B
macugi. [lomiHaliTe fioro HoMepom y KiHUi MacuBy. 3HailfiTe HaCTynHe
Halibinblle YnCno Ta po3TaulyiiTe Oro B MacuBi B no3uuil nepeg none-
peaHim yncnom. MNponoexyiite e pobutn, AoKK BCi enemeHTy He DyayThb
nepemiweri. Konu anroputm Oyge 3aBepLueHo, B OTPUMAETE BiACOPTOBA-
Huii macus. (Lle copTyBaHHs BugineHHsm)

Hanuwite nporpamy, sika 3Himae teneconHi Homepn 3 paiiny (wo Ta-
KOX MICTUTb iMeHa Ta iHwWy BiANOBIAHY iHOPMaLiO) Ta 3MiHIOE HOMEpH,
o no4YnmHaoThes 3 222 Ha 863. O6oB's13K0BO 30epexiTh CTapi HoMepu.
®opmar daiiny Takuii:

222 8945
756 3920
222 8432

Hanuwite nporpamy, sika 3a npi3Buwiem 3HANAE KOXHOMO 3 LUM
npi3suwiem i3 BignNOBiAHMM HOMepom TenedoHy. BukopucTosyiite anro-
puTMK, sIKi MatoTb cnpasy 3 gianasoHamu (upper bound, lower bound,
equal _range towpo). CoptyiiTe 33 npisBuwem, WO Ai€ SK NEPBUHHWIRA
KJlOY, a 33 iMeHeM, WO Aie siKk BTOpUHHWIA kntod. [lpunyctumo, wo



3aBgaHHs 47151 CAMOCTIfiHOT poboTu:

21)

22)

BU Npo4mTaETe iMeHa Ta Homepwu 3 dpaiiny, cdopmat sikoro byge Takum.
O60B's3k0BO BROpAAKYiiTe TX Tak, WOD npi3suwa Oynu BNOpsAKOBaHi, a
iMeHa BNOPsIAKOBaHI B MeXax MNpi3BuL;

lvanov lvan 365 9583
lvanov Petro 379 2530
Petrov Petro 253 2619

OTpumaslin daiin i3 gaHuMu, NOAIOHUMKN OO HABEAEHUX HUXKYE, BUTS-
HITb i3 HBOIO BCi AepP>KABHI abpeBiaTypy Ta NOMICTITL X B OKpemuii daii.
(3BepHiTb yBary, IO B HE MOXETE 3a/1eXKaTy Bif HOMEPA pPsAKa AJs TUNy
panux. [ani MiCTATbCSA HAa BUNAKOBUX psigKax.)

MopisHsiite poboTty yHkuii sort(), partial _sort() Ta nth_element() ogny
3 [HWO | 3'sCyiiTe, UM AIAICHO BApTO BUKOPUCTOBYBATU OfHE i3 cnabkux
COPTYBaHb, KOV BOHU MOXYTb CMpaLioBaTl KOPEKTHO.

Beenith BigoDpaxeHHs B SIKOMY KHOY — L€ C/IOBO, @ 3HAYEHHS [eKifb-
Ka CniB, siki BN3Ha4aloTb ue cyioo. [1pu LbOMYy NMOPOYHOro KoNa HEMAE.
MponymepyiiTe cnoBa TakMm YnHOM, WOH CNOBa 3 DiNbLIUM HOMEPOM BU-
3HaYaNNCh JIMLLE CJOBAMU 3 MEHLWUMU HOMEpaMU Ta BMBELiThb Le npea-
CTaBNEHHA Yy haiin.
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