Po3pnin 4
[epeBa Ta IX 3aCTOCyBaHHSA

¢ OcHOBHI 03Ha4eHHs Ta BNacTUBOCTI

*

Pekypcisi. Obxia nepes.
MNpedikcHa Ta nocTdikcHa hopmu 3anucy Bupasie

BiHapHe nepepo NoLLyky

[epeeo NpURHATTS pilLeHb
BekTpekiHr (NOLLYK i3 NOBEPHEHHAMM)
Kapkacu (’egHyBaruHi fepesa)

® ¢ ¢ 2

TloBATTs mepepa DHPOKO 3aCTOCOBYIOTHh Y OAararbox po3Aiiax MaTeMarTHK#H i iHbop-
Matuky. Hanpukial, nepesa BUKOPHCTOBYIOTh SIK iHCTPYMEHT OOUUC/IEHb, 3PYIHMH
criocib sbepexenns AaHNMX, IX COPTYBaHHA YH NOUIYKY.

4.1. OcHOBHI O3Ha4YeHHR Ta BNacTUBOCTI

Zlepeeon wmaswpaloTh 3B's3HMI rpadp 6e3 npoctux mmsis. Ipad, sikwii He MICTHTH
NIPOCTHX IMKIB i CKNAZAETHCS 3 £ KOMIOHENT, HA3UBaIOTh KicoM i3 k aepes.

Ipuxaan 4.4. Ha puc. 4.1 3o6paxero npuknazay nepes. Ipad, sobpaxkenntt Ha puc. 42 — He
JlepeBo, 60 BiF Hess a3HMH.

kA

Puc. 4.1 Punc. 42

3aypaxenns. 3 O3HAYEHHS BHILTHBAE, 1O JIEPEBa i Ticu sBisoTh ¢oborw npocti rpadu.
TEOPEMA 4.1. Hexaii rpad 7" mae 7 Bepiuns, Toji T2kl TBepAKeHHS €KBiBATCHTHI:

(D rpad T — nepeso;
(II) rpac T He MICTHTE NPOCTHX THKJIIB 1 Mae (n—1) pedpo;
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(III) rpad T sp’si3umii i mae (n— 1) pebpo;

(IV) rpad T 3p’s3nuii, ane BHIVIEHHS A0BLIBHOTO pefpa pobuTh HOro He3B'sI3HIM;

(V) nosimerl Bl BepumHM Tpaha 7' 3'€1Han1 TONHO OIHHM NPOCTHM HIAIXOM;

(V1) rpah T ve MicTHTH HNPOCTHX I{HKYIB, aJ€, IOAABIIH /0 HBOrO JIOBLJIbHE HOBE
pefpe, MH OTPHMAEMC TOYHO OH¥MH HPOCTHE LIHKI.

Hosezienns: (MaTeMaTHYHOIO IHAYKIIEWL). Y pasi n=1 TRep;uKeHHs] TPUBIAJLHI; IpH-
IVCTHMO, To 7 > 2.

(1) — (1I). 3a o3HagenHsaM T He MiCTHTE NPOCTHY MHEIIB. OTXe, BHIYYIBINN JIOBUIbHE
pebpo, Mi ofepAKEMO B2 rpadi, KOXHHN 3 SIKITX SBJASE cOO0I0 IEPEBO 3 MEHUION,
HIX y T, KLIBKIiCTIO BEpIIFH, 3a MPUILYIeHHAM IHAVRLil KiMpKicTh pebep y KOKHOMY
3 OTpPHMAHUX jlepeB Ha 1 Meynia 3a KiAbKICTh BepuIHMH. 3BIICH BHILANBAE, mo rpacp T
Mmae (n—1) pebpo.

(1) — (IH). Hpmmycrmaie, wio rpag 7' Hesp’si3umii. Tofi kxHA HOTO KOMIOHEHTA
spse coboo 3p'asnuil rpad 6e3 nmpocTHx MHEKMB, TOOTC AEpeBo. 3BiACH BUIUIMBAE,
110 KifbKICTh BCPIIMH Y KOKHIH KOMIIOHEHT! Ha opuHipno Oliblla BiE KiABKOCTI pe-
Gep. OTxe, saranbHa KimpKicTs BepimH rpaca 7 Gisbiia 3a kiabkicts pefep mpu-
HaiiMel Ha 2. AJle e cymepeduTh ToMy, 1o rpad T mae (n—1) pebpo.

(IIT) — (IV). Buayunno popizsHe pebpo, orpuMaemo rpag 3 » BepiiHaMu Ta (7~ 2)
pebpanu. TIpuiyliesHst npe 3FSI3HICTH TaKoro rpatha cylepeduTh TeopeMi 1po OIiH-
Ky (3Hu3y) Kinbkocti pebep 3Buyaitroro rpacda (Teopema 3.6).

(IV) = (V). Ockinbiu rpacy T 38's13HMIL, TO KOAHY rrapy Horo Bepriuy 3'€ZHAHO ITPH-
HafiMHi OZIHMM mpocTiM uuisaxoM (Tteopema 3.4). SKmo sikych napy BepLimi 3'ea-
HAHC 7{BOMa NPOCTHMH ILIAXaMH. BOHH 3aMHKAJOTRCS B NPOCTHI MK Ale e cy-
NepedyTh TOMY, IO BWJIYUEIHS AOBLIbHOTO pebpa pobuts rpad T He3s'sI3HIM.

(V) — (VI). Hpunycrumo, 1o rpad 7 MicTUTs npocTuit UKL Tonl nosineHi fBi Bep-
IITHA 1(hOTO GHKAV 3'€AHAHO upvmadMHI JBOMA NPOCTHMM ULISIXaMH, IO Ccynepe-
yuth TBepIKeHno (V). Jlonasum Tenep no rpada 7" pebpo e, oepXuMo eRMHHI rpo-
cruil 1k, 6o iHmEAeHTH! pelpy € Bepninay Bxe 3'€aHaHe B rpadgi 7 TOYHO OfHIM
MPOCTHM HLIAXOM.

(VD) - (D). Hpunycmnmo, me rpad T vesp’'sasuuiil. Toni popasanus Oyznb-sixoro pedpa,
0 3’€IHYE BEPIIMHY OfiHi€] KOMIOHEHTH 3 BEPUIMHCK 1HIIOL, HE 3YMOBIIOE YTBO-
PeHHSA MPOCTOTO IHKIY, Mo cyTiepeyiTh TBepzukerno (VI).

Hacninoxk is sepmxenns (II). Jlic i3 & gepes, sixmii MiCTHTD 7 BeplliH, Ma€ (n—k)
pebep.

V GaraTboxX 3aCTOCYBAaHHSIX IEBHY BEPINMHY JE€pPEBA 03HAYANTh AK KOPiHb. 10nl MOXHA
NPUPOAHO APUITHCATH HANPSMOK KoxHOMY peOpy. Ockisbrm icHye equumil mpocTwit
IUISIX BiZi KOPEHA N0 KOXKHOL BeplinHH Ipada, To MOKHA OPIEHTYBATH KO3KHE pedpo
B HalpsiMKy Bix Kopers OTike. IepeBo pasOM i3 BUILICHHMM KODEHEM YTBODKE Opi-
€HTOBaHuil rpad), SIKHIl HASKHBAIOTH KOPCHEGUM Oepesom.

Pizxi crocobu Bubopy KOpeHst A10Th 3MOTY YTBOPUTH Di3HI KOPEHeBi fiepesa.
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Hpuxcnax 4.2. Ha puc. 4.3, @ 306paxero jiepeso, a Ha puc. 4.3, 6, 6 — KopeHesi jiepesa 3 Ko-
peHAMH BUINOBIAHO y BEPIIHHAX € T4 C.
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Puc. 4.3

Hexaii T — xoperese nepeso. fAxmo v — HOro BepiuyHa, BIAMIEEA BiJ KOpeHs], TO 1
bameKOM HA3UBAIOTH EAMHY BEPLIHHY ¥ TaKy, U0 € opieHToBare pebpo (%, v). SIkio
# — 6aThKo, TO ¥ — cuH. AHAJIOITYHO 32 TEHEANOITYHOK TEPMIHONOTIE MOMKHA O3Ha-
YMTH IHIIMX DPEJKIB i HalMaaKis BeprmEy v. Bepumun aepera, siki He MaioTh CHHIB,
HA3KMBAIOTH aucmxamuy. Bepumuy, siki MAIOTh CMHIR, HasWBAIOTh eHympiwtivy. Hexail
a — BeprumBa nepesa. Tomi niddepesom 13 KOPEHeM @ Ha3MBaiOTh miarpad, mo Mic-
TUTh @ T4 BCI BEPIUMHN — HAM@RKM BeDUIMHM ¢, a TAKOX iHIgAeHTHl iM pebpa.

Koperese nepeBo Ha3suBAIOTh M-apHuM, AKIIO KOXHA HOr0 BHYTPIIGHS BEPHIHHA MAE
He Oinbuwe HDK 7 cuxib. JlepeBo HABUBAIOTD NOGHUM M-GPHUM, KOO KOXKHA HOro
BHYTPIITHS BEPLIMHA MAE TOYHO 77 CHHIB. ¥ pasi m=2 JIepeBo HAMBAIOTL CIHAPHUM.
Kopenese 2iepero, y SSKOMY CHHM KOXKHOI BHYTPIUIHBOI BEPLIMHM BIIOPSIIKOBAHO, HA3M-
BAlOTh ynopsadkoearum. Take jepeso 300paykarorh Tax, mob CHHM KOKHOI BepIIHHIA
Oy posminieri 3:iBa HaPARO.

$IKIo BHYTPILTHS BEPHIMHA BIOPSIKOBAHOTO OIHAPHOTO /IEPEBa Ma€ IBOX CHHIB, TO MEp-
IUOTO Ha3UBAIOTh Zi6UM, 2 Apyroro — npasum. Ilifepeso 3 KOpeHeM y BEpIiHHi, siKa
siBisie cOBOW JEROTC CHHA BEPUIMEN v, HasWBAIOTD 2isuM nidOepeor y yil eepui.
Sxmo KopiHb Tffiepesa — MPaBHIl CHH BEPIUMHE v, TO TaKe MIEPERO Ha3HBAKThH
npasuwy nidOepesor y yill eepuiumi.

Ipexaax 4.3. ¥V nepesi, 306paskeromy ma puc. 4.4, JI1 i I1 — Binmosiaro siBe Ta nmpase mime-
peBa y BepIltHI C.
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TEOPEMA 4.2. Tlosre m-apHe Jepeso 38 1 BHYTPILIHIMII BEPITMHAMH MiCTUTb n=7mi +
+ 1 BepmMH.

Hosenenus. Koxra pepuiMHa, OKpIM KOPeHs, — CHH BHyTpinmboi meprmen. Oc-
KLJIbKY KOKHA 3 1 BHYTPILHIX BEPIIMH M€ 7 CHHIB, TO BCHOIO €, SIKIO HE BPAXOBY-
BaTH KOPIHb, /i BEPIIKH, & 3 ypaxyBaHHAM KOpeHs 1X mi+ 1.

Pienem eepruunu v B KOPEHEROMY NE€PERI Ha3VBAIOTh NOBKUHY HPOCTOTO MUBAXY Bij
KOPeHs 70 i€l sepuniny (mel UK, O4eRUAHO, eImHER). PiBeHb KOpeHs BBaXKaioTh
HYJBORUM. Bucomor KOPEHEBOTC Jiepesa HasuBaloTh MaKCHMaNbHII i3 piBHIE Hor0 BEp-
e, [Bakme Kaxy4y, BUCOT2 KOPEHEBOTO JIepeBa — L€ HORKIIHA HallfloBIIOIO mpo-
CTOTO MUKy BiJ KOpers no Oyub-sikoi seprumsy. [loBHe m-apre Jepero, y AKoro Bei
JIMCTKH Ha OZHOMY PiBHI, HasuBaIOTh 3QBEPUECHIUM.

Kopenere m-apHe Zepeso 3 BHCOTOI A HasWpaloTh sbarancosanum [52], Axmo B
jioro jiucTky Ba piBHgx k a6o h— 1.

Hpurnan 4.4. Ha puc. 4.5 sofpaxeno sb6anarcosane Ginapie aepeso, sike Mae BHcoTy 4: yci
Horo nMCTKYH Ha piBHsX 3 T2 4.

/

J6anancosanicTs MOMKHA O3HaynTH ¥ inaxwuwe {7, 35].

Puc. 4.5

TEOPEMA 4.3. Hexali m-apre jgepero Mae Bucoty A, Toal B ExoMY He Oinbiue HiX

m" micTkis.

HoBepenns. 3acTOCYyEMO MaTeMaTwyHy iBAYKINO 3a k. Y pasi k=1 Teepmxenns
ouerrEe. [IpHIyCTHMO, IO BOHO CHIPAB/KYETBCH JUIA BCIX 7-apHUX JIEPER i3 MEH-
oK BrCcoTow, Hixk A. Hexalt T — m-apye nepeso 3 sucoroio k. Tom #oro aucrkn —
ue JIMCTKH UiANepes, OTPUMAHMX i3 1 BuilyueHHaM pebep, mo 3'€qHyI0Th KOpiHb Jie-
pesa T 3 KOXHO RepIIUHOIO pires 1 (puc. 4.6).

R
1-e mipzepeso 2-re miUIepeso m-T€ 11 UIePEBO
3 gucorolo h -1 3 Bucorom b — 1 3 prcotoe A — 1

Puc. 4.5
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Koxue 3 mnx miuepes Mae He 6imbnty BHCOTY, HUK A—1. 3a isIyKTHBHOIO TiNOTE3010
BCI BOHM MAOTh He Ginpme vk m" ' mmerxie. Tlosask Takux mjiepes He Ginbuie
HIK 77, TO 3aralbHA KITbKIiCTh THCTKIB ¥ Aepesi T we nepepunrye mnt' '=m".

Hacaizox. SIkmo m-apee zepeso 3 BHcoTo0 2 mae | mactkig, 1o h >[log /1 Sxmo
m-apHe pepero nopke Ta sbanancorare, 10 h=[log /| Haranaemo, mo [x] — ue naii-
MEHILE LiIe YMC0, siKe OLTbie Yl AOPIBHIOE .

Jlosenenus. 3a Teopemoro 4.3 [ < m’. Iposiorapudmyemo 1o HepiBHICTh 3a OCHO-
goio 7 log,/ < h. Ockimbku b —uine, 10 & =[log,/l Tenep npsmyciimo, mo aepeso
roBHE Ta 30anancoBase. Buyunmo Bel THCTKR Ha pis A (pasoM 3 IHIMAeHTHIMM IM
peGpani). OuepxuMo 3aBepiuere m-apee nepeso Bucororo b — 1. Boro mae m' ~* -
crxiB (e, 3amauy 12). Orxe, m' ' <1 < m". 3sigen smmeae, mo k-1 < log, I < b,
to6ro / =|log, /.

4.2. Pekypcin. O6xin nepes. lMNpedikcHa
Ta nocTtdikcHa hopMu 3anucy Bupasis

OO'exT HA3MBAIOTD PeKypCuUsHIm, SIKIO Bil MICTHTD caM cebe yy HOre 03Ba4YeHo 3a JI0-
MOMOTO camMoro cebe. Pexypceisi — MoTy ket 3aci6 Y MaTEMATHUHIINX O3HAYEHHSIX.

Ipaxnan 4.5. Y nigposgim 4.1 copmyipoBaio osHaderts noproro Giraproro gepesa. Terep
OSHAYMMO HOTO PEeKyPCHBHO!
a) o (izonpoBaHa BepIUMHA) — HOGHE Ginapie Oepeso,
6) sikmo A 1a B — nopHi 6isapHi fiepeBa, TO KOHCTPYKIiist, so6paxera Ha puc. 4.7, — nogne
Girapre Oepeso.

/\

Ipuknan 4.6. Pexypcupre osHaweHHd QYHKIG 7] A4 HeBUI'€MIHX LLIHMX YHCET Mae Takwii
BHTTAL

a) 01=1;

6) sixio 7> 0, 10 nl=n(n—1)!..
OueryHo, MO BAORAURICTS PEKYDPCil NOR'SI3aHA 3 TUM, 10 BOHA JA€ 3MOTY OIHAYUTH
HECKIHYeHHY MHOKHEY O0'€KTIR 32 ZOTIOMOrol0 CRIHYEHHOTo BUCJOBMIOBANHS. Tak caMo
HeckinueHnl OOMHCHEeHHs MOXHa ONNCATH 32 JONOMOFOH CKIHYEHHOI PEKYPCHBHOL
TpOrpaMy, HABITh SKIIO BOHA He Micrikrh siBHMX 1MKME. [lpore mHalinoiimpHiue sy-

Puc. 4.7
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KOPMCTOBYBATH pEKyPCHBHI AJTOPHTMM TOMI, KOIU PO3B'sI3yBaHy 3azady, oOumc-
mosany QyHKNio yi 00pobiosan xaHl 3a1aH0 3a IOTIOMOTOK PEKyPCii.

YuMaiio 32729 MOXKHA MOLEJIOBATH 3 BHKOPMCTAaHHSIM KOpeHeRMX Jepes. Ilomupene
TaKe 3aranbee (GopMYyNIORAHHA 3alayl: BUKOHATH 3a/laHy OIepaliio @ 3 KOXHOIO Bep-
LUMHOIO JiepeBa. TyT ¢ — mapaMeTp 3arajibHillol 3a7ayi BifIBIAYBAHHS RCIX BEDILKH,
abo TaK 3raroro 0OYOdy depesa. PORTISAAAIOMK PO3B A3YBAHHS i€l 33/[a4l SIK €IMHAKN
TIOCTITIOBHEMI TIPOIeC BiIRIYBAHESI BEPIIHH [IEpeBa B IEBHOMY IOPAIKY, MOXKHA BRa-
HKaTH IX poamilieHaMK o/iHa 3a ofHo. Onic bararboX anropHTMIB ICTOTHO CrIpoILy

€THCS, SIKILO MOYKHA FOBOPHTH NP0 HACTYIIHY BEPHIMHY JZepeBa, Malouy Ha yBasi sikech
VIIOPSIKYRAHHSA. € Tpy NPUMHLIMITH BHOPSIIKYBAHHSI BEPIINH, AKI IPUPOAHO BHIIIM-
BaIOThH 31 CTPYKTYPM Jepera. SIK 1 camy JeperonionibHY CTPYKTYpY, ix 3pyuHo ¢op-
MYJIIOBATH 38 JOIOMOTO PEKYDCIL

3eepTamuuch A0 OiHapHOro Aepesa, e R — Kopiup, A Ta B — jiBe T2 npase miame-
pera (puc. 4.7), MOXHA 03HaYNTH TaK] BHOPSIKYBAHHSA.

1. O6xin y npsayomy nopsdky (preorder), abo ssepxy enus. R, A, B (KOpiHb BIABIIY-
10Th 10 0OX0Jy TAnepeR).

2. O6xin y evympiwnvomy nopsioxy (inorder), abo zaiea wanpaso: A, R, B.
3. O6xixn y 3sopommuomy nopsdxy (postorder), abo 3nusy esepx: A, B, R (Kopinb Bij-
BLIYIOTH micss oOXoxy IiaaepeR).
Ilpuxnaz 4.7. Ha puc. 4.8 306paxeno Ginapre Aepeso. Pizri ofxoau naayTh Taki NOCTIIOBHO-
CTi BEpLINH:
¢ obxin y npsiMomy nopsaky: abdehocfmp g
¢ ofxin y sHyTpiEboMmy nopsiaky:dbheoa fecpmg;
¢ obxin y 3soporHomy nopsaky:dhoeb fpgmea

a

h o 2 q
Puc. 4.8

3asuayeni crocobu 0b6xomy OlHapHIX AEPEB MOXHA Y3arajbHWUTH W Ha AOBLIBHI
m-apHi fepesa. O6Xi1 TaKHX E€PeR Y NPSIMOMY HOPSIZAKY (3BEPXY BHM3) CXEMATHYHO
300paskeH0 Ha puc. 4.9, y BHyTpillIHbOMY HOPSIIKY (37iBa HanmpaBo) — Ha puc. 4.10,
Y 3BOPOTHOMY (3HU3Y BREepX) — Ha puc. 4.11.
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Kpok 1: Bingizatu R

Kpok 2: Kpoxk 3: Kpok (m+1):
obiiitu T obiitra I obiiity T,
3BEPXY BHU3 3BepXy BHH3 3BEPXY BHU3
Puc. 4.9
R

Kpok 2: sigsigara R

Kpok 1: Kpok 3: Kpok (m+1):
obiitru T obiiiTy 13 itiru Iy
37iBa HanpaBo  371Ba HANPaBoO 3711Ba Hapaso
Puc. 4.10
R

Kpok (m+1): sigsizati R

Kpok 1: Kg:ox 2 Kpox m:

obiiiTH Tj obititu 12 obiliti Tp

3HN3Y BBEPX 3HH3Y BEEPX 3HHU3Y BBEPX
Puc. 4.11

HazazsruaiiHo nomupere B iHGopMaTHili 3acTOCYBaHHs 0OXO/y AEpeB — 3icTaBieH-
HA BHpa3aM (aprdMeTHYHHM, NOTIYHHM TOLIO) ZepeB i Moby10Ba Ha Hill OCHOBI pia-
HuX (opm 3anucy eupasis. CyTs cupaBu 3PyYHO NOSICHUTH Ha npukiazni. PoarnsHe-
MO apHU(pMETHYHU Bupas3

(a+g)*(d—e*f).



4.2. Pexypcis. O6xin nepes. lNpedikcHa Ta noctdikcHa popmm 3anucy supaszie 157

Toxamo #oro y murisigi gepesa. HocnizoBHicts Al BixtBopeHo Ha puc. 4.12. Pam-
KOIO Ha HhOMY OORE/IEHO NEPERO, SIKE Bi/lTIOBIZAE 33/laHOMY apU(IMEeTHYHOMY BHPa3y.
BuyTpinmiM BepiurHaM I{bOTC JepeBa BiIOBIIAlTh CHMBOJIH Oliepallilf, a JIMcTKaM -
OII€PaH/L

/N
N

b c
*
/\ *
e f d
e ¥
O6ifizemo 1€ 71€peBO, 3ANMHUCYI0YH CHUMBOJIM Y BEpPIIHHAX y TOMY TOPSIAKY, V SIKOMY

BOHH 3yCTPIYAIOTHCSA B pasi 3aiaHoro crnocoby obxomy. OrpMMaeMo Taki TpH IOCTi-
JNIOBHOCTI:

¢ y pasi obxony B MpsSMoMy TIOPSIIKY — npeghikcrudl (nonvcvkuil) aanuc
*+a/be—-d*ef;

¢ vy pasi obxony y BHYTPIIIHBOMY TODSIAKY — ircpixcnuii 3anuc (ioku mo 6e3 ny-
JKOK, TOTPIOHUX /IS BH3HAYEHHS NOPSIAKY oneparii)

a+b/cxd-ex

¢ v pasi 0Oxony B 3ROPOTHOMY HOPSIAKY — nocmixcuuil (360pomuutt noabcoKui)
3anuc

Puc. 4.12

abc/+def*—x*

3repHiMOca crioyaTKy no iHdixcHol ¢opmu 3ammcy Bupasy. be3 nvskok BoH2 Heofl-
HO3HayHa: OJIiH 3allHC MOXe€ BiMOBiAATU pisHuM siepeam. Hanpukiaz, nepesy, 30-
Opaxeromy Ha puc. 4.13, y pasi obxony 3/iBa HanpaBo BiAIOBIZIa€ TOM camuii BUpas
a+b / ¢ * d—e* f, mo # pepeBy Ha puc. 4.12 (y pamii), Xoua Ha LIUX PUCYHKAX 300pa-
skeHo pisHi gepesa. o6 yHuUKHYTH HeonHO3EaYHOCT] iHGIKCHOI (POPMH, BUKOPHCTO-
BYIOTH KPYIJI JIyKKU I{0pasy, KOJIM 3yCTPIYaioTh onepariio. IIoBHICTIO ,0lyKKOBaHHi1”
BYIPa3, oepkanyii I yac o06xoz1y iepeBa y BHYTPILIHBOMY TOPSAKY, Ha3WBAIOTH iH-
grixcroro popmoio 3anmcy. Orxe, anst nepesa 3 puc. 4.12 ingikcena opma Taxa: ((a+
+ (b / ©)) * (d-(e * [))); nna nepena, 306paxenoro Ha puc. 4.13, iHdikcra dopma Mae
taxuit puras: (a+(((b / (¢ * d))—e) = [)).
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/N

€
Puc. 4.13

Hasezeri mipkysarss crifguaTh, Ifo 1HQpiKcHA ¢opMa 3amicy BHpasiB Hespyuha. Ha
[PAKTHII BHKOPHMCTORYIOTH mipedikcHy 1@ moctdikcHy ¢opmis, 60 BOHM OfHOSHAYHO
BIATIOBLAAIOTH BUpasy ¥ He norpebyiors Av:kok. 1i dopMu 3anucy HazwBawTh 7201b-
cvkum 3anucom (Ha 9€CTh NOJBLCHKOro Marematuka i jyorika fAua Jlykacemiua, yx-
pAIHIA 32 TTOXOKEHHSIM ).

Dpuxaan 4.8. PosrasHeno dorivsmii Bupas (—(p #. ¢)) ~ (—p v —g). [MocaigosHi eranyu noby-
FROBH BiANOBigHOr0 GiHapHOro aepepa 30bpaxero Ha puc. 4.14.

A - - Vv
/\ \ /N
¥4 q P G

P g

p q

Puc. 4.14

Otprmaemo Taxi (HOpMHA 3aITHCY BHAPAZY:

¢ mdikcHa ¢opma sanacy (BLTIOBLIAE OOXOY Ie€PeRa BHPa3y y BHYTPILIHBOMY NOPSIKY) —
(@ A g)-) ~((p-) v (gD
4 TOJBCHKHIT 3anuc (BifnoBizae 06x0AY FEpeBa BHPa3V B MPSIMOMY HODSIIKY) —
~APGY —p .
¢ 3BOPOTHHIL TIOTLCHKMIT 3armic (BiANOBITa€ 0OX0AY A€peBa BUPa3y B 3BOPOTHOMY TIOPSAKY) —
P PG



4.2. Pexypcis. Obxig aepes. MNpedikcHa Ta noctdikcHa opmy 3anucy Bupasis 159

Mg obuncnenns 3HaveHHs] BUPa3y B HOALCHKOMY 3armci HOro nporisiialoTh Crpasa
HaJIIBO Ta BHAXO/STh JBa ONEPAHTy Pas3oM 3i 3HaKOM onepallil repex HEMu Ii one-
paHm Ta 3HaK onepanii BHAYYAIOTH 13 3amlCy, BUKOHVIOTH ONepain, a 1l pe3yiapTar
3aniCyIOTh HA MiCIle BHIYYEHHX CHMBOMIB.

Ipuxiaazn 4.9, O6uncauMo 3HaYeHHEST BUPa3y B NOJBCHKOMY 3aliici (CTPLIKa O3Hayae Imijne-
CEHHSI IO CTeneHs)

+-%235/1234

3a chopMymboBaruM TpasrioM B T 2 3, i canBomn Brutyuwumo i ofacmmo 2 T 3=8;
PE3YJILTAT IAMUIIEMO HA MICIIe BHIYMEHHX CUMBOIIB:

+—-*%235/84.
[poposxumo obuncaenna. Jlunaviky nporecy Bizobpaxero B Tabm 4.1.
Tabnuys 4.1

Kpox Bupas Buaiseni caMBOIH Bukonanus onepanji
1 ++235/7234 (723 273=8

2 +-%235, 84 , 84 8/4=2

3 +-%2352 «23 2*3=6

4 +-652 -63 6-5=1

5 +12 +12 1+2=3

6 3

s obuncrensst 3HaYeH s BUPa3y B 3BOPOTHOMY TIOJIBCHKOMY 3am#ci HOTo nporsis-
IAI0Th 37Ba HAMPABO Ta BUALIAIOTh 7{Ba OrepaHIy pasoM 3i 3HAKOM OLIepalil mics
vux. Lli onmepanzi Ta 3Hak omepauil BW/IYYaiOTh 13 3aMMCy, BHKOHYIOTH ONEpauilo,
a 11 pe3yabTaT 3alMCy0Th Ha MICIE BIUIVYEHMX CHMBOJIIB.

TIpukaaz 4.10. O6urciauno 3HaYeHHS BHPa3y B 3B0POTHOMY TOJIBCEKOMY 3alIHCi

723+-4793 '+
HAnramixy obuscnend siobpaxero B 1267, 4.2,

Tabnuys 4.2

Kpox |Bmupas Bujiineni cuMBoiH BuxoHaHHs onepaji
| 723+-47T93,'+ 23% 2*3=6

2 76-41793/+ 76~ 7-6=1

3 14T93/+ 147 1 Td=1

4 1937+ 93/ 9/3=3

5 13+ 13+ 1+3=4

6 4

OcKiTbKY TIOABCHKI 3allMCH OJHO3HAYHI T4 iX 3HAYEHHS MOXHA JIETKO OOYMCIUTH
Oe3 cKaHVBaHHS Hasajl 1 BOEpPE], 1X MIPOKO BUKOPHCTOBYIOTh Y KOMITIOTEPHHX Hay-
Kax, 0COONUBO VI KOBCTPYIOBAHHS KOMITLIATOPIB.
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4.3. biHapHe pnepeBoO MOLIYKY

bBinapre nepero 3abesnieuye ay)xe 3pyUHild METOJ OpraHisamil /IanMx, ¥ pasi BHKo-
PMCTaHHs SIKOTO MOKHA Jerxo sHaltu Oyzb-siki KoHKperHl AaHi ¥y BUSIBHTH, IO iX
remae. OuernaHo, 1O HaliHeeeKTHBHIUKN croci0 NOWYKy — HOCIIIOBEMH I€pe-
rasy yeix paans, Capaszi, sKUo HOTPIOHHX AZHIX HEMAE, TO AU BHSIBIEHHS 1bOTO
HOTPIOHO TEperngHyTH BeCh CICOK. Binapse mepero MOMYKY JA€ 3MOTY YHUKHYTH
1BOr0. €/iHa BHMOra — yBEAeHHS st AaHiX SIKOTOCh JiHiiHOro nopsary. HusM mo-
xe OyTH, Hanpukaad, andasitaui abo urcnosui nopsiaok. JIixiHO BHOPSAKYBATH
MOXXHA Teru, NOKaRYMKY, (aiian vy iaun Kawodl, SKi BU3HAYAI0Th AaHl. Asle Eac Igi-
KaBHTHME JTHIUE HASBHICTD SKOTOCH JHIMHOTO IOPSAKY-

V binapromy Oepesi nowyxy KOXHIN BEPIIMEI IPHCBOEHO 3HAYEHES, SIKe HasyBaIOTh
xuouem. Koy — ne eneMent sikoich JiHIHHO BHOPSIKOBAHOI MHOMXHHM: Oy/ib-siki
ZABa 1l ereMeHTH MOXHA HOPIBHATH (Jus. miaposzit 5.3).

Ilig yac nmobynork OiHapHOTo pepesa NOIIYKY BMKOPMCTORYIOTH HOTro pEKYPCHBHY
BIACTHBICTH, SKy MOXKHa ommcari Tak. KoXkHa BepiniHa po30HBae Jiepeso Ha JBa M-
siepera. JIipe I iepero MiCTHTD JHATIe KITIOYi, MEHIT Bl K042 I[i€] BEPLIUHM, a Ipa-
Be — Kuroul, Olibii Bijg kaoya sepiumei. 114 BIACTHBICTD HOBTOPIOETHCA A KOXK-
Hol BepinuHy (puc. 4.15, 4.16).

Puc. 4.15

[\ = D

!A C !E G

Puc. 4.16
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Po3rmsineMo anropuTM JIojiaBatisi 06'ekTa 10 Jcpesa MOIIyKy, sikuit bynye binapue
nepeso nomyky. Ilourenmo 3 gepesa, o MICTHTD jme oaHy BepmuHy. O3HaunMo ii
sk Kopinb, Ilepmuii of’'€xT crycky TPHCBOIOEMO KOpeHo;, Le kmod kopens.. I1[o6
nofaty HoBHi OO'€KT, BUKOHYEMO TaKy TPOLEAYPY.-

Anroputm flogaBaHHA 006’€KTa A0 gepena

Hageaemo Kpoku aaropHIMy.

Kpoxk 1. IToyatu 3 Kopens,

Kpok 2. ko 06’ext MeHumii, XK KoY Y BepHHI, TO HepeifTH ;0 JIBOTo CHHA,

Kpok 3. Skuio 06’ext Oimbumil, HIK K09 Y BEDIIWHI, TO TEPEHTH 0 NPaBOro CHHA.

Kpoxk 4. Iogroprosaty: KpokH 2 1a 3, {OKH He AOCATHEMO BEPINUHY, SIKYy HE BH3HAYe-
HO (To0T0 1 HEMAE).

Kpok 5, SIKmIo AOCArHYTO HEBM3HAYEHY BEPUIMHY, TO BU3HAYHTH (TOOTO HOAATU) BEp-
HIUHY 3 HOBUM 00’€KTOM $IK KIOUEM.

INpusxiaazx 4.11. [obyayemo Gisapre mepeBo TOMVKY 4715 TAKOTO CIHCKY CJiB B YKPaiHCBKOMY
ancaBiti: MaTeMaTyKa, pi3nka, reorpadis, 300N0risL, MeTeoposoris, Hionoris, fCEXONOris, Xi-
mist. [Tponec noGynosu 306paxkero Ha puc. 4.17.

Ma’rega’mlca MarteMaruka MaremaTnka
Disnka Teorpadis Disnka
Disnxa > Mareaarixa [eorpadis < Maremariika
MaremaTika MaremaTuxa MaTtematnka
Teorpadia ; Teorpadis Dispxa  leorpadis Disuka
Misnka
\3 Meteoposiorisi Mereopoioris
3oonoris 3oonoris P Bionoria  3oosoris P
3oonoris<Maremarnka  Mereoposoria >Matemaryika Biosnoris < Maresaruka
3oo:noris> [eorpadis Merteoposoris < Miswka Biosnoris < Teorpacis
Maremarvika MareMaTka

Teorpadist Disnxa
Bionors® Merteoponoria
Iewxomoria
Ieuwxonoris > Maremarixa Ximiss >Maremarnka
TIcuxosoris < Qizuka Ximin >MDizuka

TIcaxosorist > Mereoponorist
Puc. 417
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Ocxkinpkn MeToZl TOOY/ZIOBR ZiepeBa MOIIYKY OIMHCAHO, JErKO 3P03yMiTH, SK BiaOyBa-
€THCS MOILYK €/JEMEHTa B Jiepepl. 3aCTOCOBYIOTH NEPEBAKHO ToM camimi miaxiy. OxpiM
NIePEBIPKH TOTO, YU franuii 00'ekT Oinbiii abo MeHilmil, HIXK K04 Y BEPLIHH], Iepe-
BIPSTIOTh TaKOXK, Yl 30iraeTecs gaxwil of’'ekT i3 KmodeM y BepimaHi. SIKIIO Tax, TO
IIPOIEC TIOIIYKY 3aBEPILIEHO, SIKIIO Hi — ONHCcaHi All HOBTOPIIOTH. SKINO 3K HOCATHY-
TO BEPIIUHY, SIKY He BH3HAYEHO, TO Il O3Ha4aec, [0 fanmii o6’eKT He 30epiracthes
B niepesi. Hipkue HapeneHo anroputy nonyky ofb'€kra B GiHapHOMy JiepeBi.

AnroputM nouwyky ob’ekTa B gepeBi

HaeenemMo Kpoku aJroputmy.

Kpoxk 1. ITouaty 3 KopeHs.

Kpok 2. Skuio 06’€xT MeHIumi, HIK K04 y BepIHHH], TO IepelTH /(0 JBOro cuHa.

Kpok 3. Slkuio o6'ext Ginpmnii, Hi>k KA0Y y BEPHIMHI, TO TIEPEHTH 20 NPABOrO CHHA.

Kpox 4. SIkuio of’exr HOpiBEIOE K04y y BEPIHHI, T0 00'€KT 3HAHAEHO; BUKOHATH
noTpiGHi i ¥ BuUiTH.

Kpox 5. INoeTopoeaty Kpoku 2. 3 Ta 4, IOKH HE AOCATHEMO BEpIIHHIN, SiKy HE BH-
3HAYEHO.

Kpok 6. Sfkuio HOCATHYTO HEBH3HAYEHY BEPIIHHY, TO JaH#il 00'€KT He 30epiracThCst
B ZIepeBi; BUKOHATH MoTpiOHi /i i1 BHiiTH.

OnirnmMo 06YHCIOBAPHY CKAQIHICTh AJITOPHTMIB BKIIOYEHHS Ta NOIYKy (JOKasi-

saifii) ob'exra B GiHapHOMY sepeBi nonryky. [Ipunycramo, o € Gisapue jepeso 1o-

myky T gnst crmcky 3 n o0’exrie. I aepesa T yreopMO mioBHe Gimapre zepeso U,

JUIS HOTO ZoflaMO HOBL BepiuHn (Ge3 knioyie) Tak, 106 KoKHA BepIUMHA 3 KII0YEeM

Mana npox cuHiB. lle nokazano Ha puc. 4.18, ne BepunEn 6e3 KAYiB TO3HAYEHO
TIOZIBIMHIMH Ky KEYKaMH.

AwA _@A

Puc. 4.18

Komu nie 3pofiireHo, MOXHA TeTkKo AoKazisveati o6’'ekT abo floaty HopHif 00'ekT AK
Kkmoy Oe3 pogasanHa BepnmuW. Halibinbiua kiibkicTh NOpiBHAHD, HOTPIOHKX s
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JOfABAHHS HOBOro 00’€KTa, JOPIBHIOE HOBKHHI HaijroBmoro nusxy B U Bizt Kopers
710 ECTK2, TOOTO BUCOT] Aepesa. BryTphmsl Bepmusn gepesa U — ne (sCl) BepliHen
nepesa T. Omxe, fepepo U/ Mae n BHYTPILIHIX BepUiMy. 3a TeopeMoio 4.2 KiMbKicTh
MUCTKIB Y HboMy xopieHIOE 2n+1—n=n+1. 3rigso 3 wacainkoM i3 TeopeMu 4.3 Bu-
cora gepera U Simsma an nopismoe [ log(n+1) |. Omxe, norpibuo moraiiverme [log(n+
+ 1) | nopiBrsHE, 106 HomaTi YM NOKATi3YRaTY HOBLibHHIT 06'exT. SIKmo nepeso 30a-
Narcopare, To Horo sucota nopissoe | log(n+ 1! Omxe, V [[bOMY pasl As TOKABaH-
Hist uM JoKamsanii of’exra noTpibro we Ginbie wix [log(n+ 1) | nopissisb.

Binapee siepeso nomyky Moke po3baiascyBaTHCh YHACTA0K AO/I@BAHHS HOBHX 00 ek-
TiB, TOMY TIOTPiIOeH anroput™ pebaiancyeants (ToOTo BiaHOBIEHHS 30ATAHCOBAHOCT]).
ITpote mponeRypa popapanHsg of'exTa, KA BiAHORTIOE 30aIaHCOBaHe IepeBO, HABDSIA
YU 3aBXKAY JI0UibHE, 60 BignoBIeHHS 30aMaHCOBaHOCTI ZEPeBa IHCIasS BHIAZKOBOTO
JIOLABAaHHS — JIOCUTH CKJIA/IHA OIepallis.

ToMy pO3IAEAITh TAKOK 30aJaHCOBAHICTD 13 ACH0 rrocaable M BHMOTaMIT; 30Kpe-
Ma, osHagaoTh ABJ-depeco — Ginapre H€PEBO, ¥ SKOMY BHCOTH ABOX MITEPCB KOMXHOI
3 1i0ro BEPIHH BIAPIaHA0OTHCS He Olibiie HiX Ha oguEHITo. Take o3HaYenHs 30auan-
COBAHOCTI IUMPOKO BUKOPHCTOBYIOTh Ha npaxkTuiy; ioro seesn 1962 p. I. M. Anenn-
cou-Bemnpcpkuii 1 €. M. Jlanaic. Ipuraan ABJ/I-gepera EaBesero Ha puc. 4.19.

Pwc. 4.19

Ut ABJI-ziepes € ayake edextiBra nporenypa pebanancvearss |7]. BogHouac u-
cota ABJI-niepesa pe3aneKHO Biji KLIBKOCTI BEPIIMH HIKOJY HE IEPEBHI{YE BHCOTY
abanaHcOBaHOTO gepeba Giibille, Hbx Ha 45 %. Skuo nossaunti sucoty ABJI-zepe-
Ba 3 n BeplmEamu sik i(n), 1o log(n+1) < A(n) < 1.44 log(n+2)—0.328.

4.4. [epeBO NPUUHATTH pilLEHb

Kopereri ziepepa MOMKHa 3aCTOCOBYBATH sl PO3BSISyBaHHS 3a/1a4 NPUHHSATTI Pi-
menb, JIJIs 1bOro BUKOPHCTOBYIOTh OJepesa npuiinsimmsa piweno, abo depesa piwens
[24, 29]. Koxknomy JMCTKy TAKOTO jepesa TOCTaBIeHO y BiANOBIAHICTD PIillenHsA 3i
CKIHYEHHOI MHOXHHN BLZOMIX PillIEHb, a KOKHIN BHYTPIIHIN BeplikHi ¢ — NepeBip-
xy ymoBr P(v). [lpuitasTrs piens 3a ZONOMOIOIO TAKOrO Jiepesa MOMsrae B Nody-
ZIOB1 TIPOCTOrO NAUISXY Bl KOpeHeBRol pepimHn fo Jmerka. Ilix vac nobynoBH wasxy
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BHKOHYIOTh TIEPEBIPKY YMOB Yy BHVTPIIIHIX BEpIIHHAX iepeBa. 3uaueHHs vMoBH P(T)
y Bepimdi v 3axae pebpo, sike Oyze pofano B uwisx micas sepiiyus v. Kinuesa sep-
nEa MO0y A0BAHOTO TIUISXY BIIOBIIE€ NPUHHITOMY PillleHHIO.

IIpuxnan 4.12. Cepen BOCEMH MOHET OfH2 (Da/blIMBa, BOHA MAE MEHWIY Bary. 3Haliiemo Mo
MOHETY IBAKYVBAHHAMH Ha OAMAHCOBUX TEPE3aX 32 ACHOMOIOK SKHAIMEHITOl KLTBKOCTI 3Baky-
Baib. PO3Bs130K nofaso Ha puc. 4.20. 3adymepyvemo moneT# yHcnami [, 2, ..., 8. TlopisHioemo
Bary rpyn moret 1, 2, 3 ta 4, 3, 6. Sxuo oaHa i3 1HX TPy BUSIBUTHCS JETIHION, TO L€ O3HAYAE,
nio danbliHBa MopeTa € B Iill rpywi, i 1l MoXHa BUSBUTE ADVIHMM 3B2KyBaHHAM. V pasi Oa-
naHcy Tepes ¢hanbiEea OfiHa 3 MoHeT 7, 200 8, 110 TakoK MOXHA BUSIBUTH ADYTHM 3BAKYBaH-
HaM. OUeBWIHO, 110 KiipKiCTh 3BaXYBaHp HOPIBHIOE BUCOTI pepesa, TobTo aeom (puc. 4.21).

, @@@ A @@I@J

[ Jlerme Bauanc Jlerme|

// \\

L® A @ 1L A ® || © A 6 |
1 I 1 T__ | 1

[ JTerme Bananc Jlerme| [ Jerme Bamanc Jlerme)] [ Jlerme Bananc Jlerme]
® ® @ @ Hexoncuieo (8) @ ® G
Pwc. 4.20

SN 4N
1 3 2 7 8 4 6 5
Puc. 4.21

YV Gararpox mpaxTHuHIX 33a¥ax HOTPIOHO TpMHMATH pIlEHHES CTOCOBHO JOCHI/EKY-
BaHuX O00’€XTIB, BiTHOCSYH IX 0 meBHUN KiaciB, TOOTO Hajaiouy i ob'eKxTaM KiacH-
(Ixkaniitiux o3tak. Ko 1 O3HAKY HAnepe BioMi, TaKi 3a1aul HasuBalOTh 300auaMu
kaacupirayii. JIs of’€KTiB, MOA0 fAKHX pilleRHs1 BKe NPHIHATO, Y3arall KaxKydH,
HEeBIZIOMI [paBliija OTPHMAHHS HUMH KracuQikarjiiiHux o3Hak. Tomy 3ajiaua npuii-
HATTS PIILICHD BiITHOCHO HOBMX OO’EKTIB IOMSTAE B MOLIYKY TPABI, 32 SKUMH HajNaHO

TaKi O3HAKH.

PozrsstneMo Tabiupio AaHis, psyIKH SKOI — XapakTepHCTHKH NeBHOro of’exra uu
sieania. Hexaill @ —im’a cropmus tabanl, sike HasuBalOTh YMOGHUM amMpubYmor, MHAO-
JIHY BCIX YMOBHMX aTpHOYTIB Mi€l TabInlil nosnayaiors sk A. Y CTOBIL MICTATHCS
3HA4YEHHS BIAOBLIHOIO YMOBHOTO aTPHOVTa; MHOKHHY IIIX 3HaY€Hb NO3HAUAIOTH sX E,.
Taky Tabmino HasusaOTs Hpopmayiinomo cucmenoro. Dopyamsro 1e Yapa D =(W, A),
e W — HenopoxHsl cKinyeHHa MHOXHHZ 00'ekTiB ab0 sIBMIL, A — MHOKHEA YMOGHUX
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arpubytie. Koprex anagens ymMoBHUX arpubyTiB KOKHOro of'exTa 3 MAOKHEA W Ha-
3UBRIOTb RPUKLAOOM.

Cucmema npuimsmms: piuenvy — e incopmaliiiisa cucrema D=(W, Au{d}), ned ¢ A —
ampubym npuimsimms piwenv. Bin Moxke nalysaryi IeKimbKOX 3HAYeHb, OQHAK Haii-
YacTillie BHKOPHCTOBYIOTH ABilikoei sHadenns {0, 1} abo {Yes, No}. Cucremy npuiissit-
Ts1 PILIEHb MOKHA TIOHATH Y BUVSA Tabuui, y 5Kili OCTaHHIH CTOBTIENb MO3HAYEHO
aTpubyToM TpHItHSTTSI pilllenb. {1 HasuBaroTh MAbAULEIO NPUIHAIMMA Pituens.
PosrmnsseMo 3aady kiiacugikallii Sx 337134y NPHIHSATTS piillenb. Y Takiii NOCTaHoB-
i 3aJa4ya noOymoBM iepeBa pillieHb Mae Takuil BWIZA) 3HAYEHHS aTpuOyTa NpH-
HHATTS pilliesb d 8aa€ TEBHUIT KJIAC, 0 SIKOro HalexkuTh of6’ext i3 muoxuuu W,
a MHOXKHHA 3HayeHb atpubyta d posbusae muoxrHy W Ha KiacH, KOXKHpil 3 SKHX
3ajia€ npHilHATe pileHss Tabmani NPuitHsTTs pilieHb NOCTABUMO Y BiIIOBIZHICTD
NEPEBO MPUEHATTS piilleHb, BHYTPIIIHIM BepIiMHaM SIKOTO BUANOBLIAIOTH IEpEBipKH
3Hayerb aTprlyTiB i3 MHOXKHEHEH YMOBEMX aTpulyTie A. Pefpay npunucaHo 3HaUeH-
Hst aTpuOyTiB, 10 MICTSITECS B ITMX BEPIIMHAX, a JUCTKYM TAKOIO jiepeBa BizmoBija-
0T KJiacam,

Hepero piniess cTaBHTh Y BIANOBIAHICTE NPHUKJIALY HOMEP Kmacy. s 1pOro BHKO-
PUCTOBYIOTh MHOHHY TEepeBIpOK 3Ha4YeHb aTpubyTiB JaHOro NpUKAaRy y BepillMHAX
JiEpeBa Ha NLISIXY Bif KOPEHS 10 JUCTKA. KMo arpubyT NpUMHATTs pillieEL Mae ge-
KinbKa 3HaYedb, TO TaKe HepPeBO Moxke HaOyTH BUIISIAY, H2BEIEHOrO Ha puc. 4.22,
Tyt 1, 2 1a 3 — wachikamiiisi o3Haky, abo 3uadenHs arpuOyTa NpHIHATTS pi-
miesb, Hanpyxas, neperipri arpufyTa @, BiANOBIARI0TH TPH HOTO 3HAYEHHS: JIBE
3HAUEHHS arpubyTa g, Hajae NPUKIaLy 03HAKy 3, cepefHe notpebye amaa NpUiHATTS
plitieHHs nepesipku arpuOyTa a,, a NpaBe Halac NPHUKIALy O3HaKy 1.

Puc. 4.22

PosnsiveMo npukiiaz kaacuikanii, BHKOHAHOI 32 JOMOMOIoI0 Jiepesa NpUHHATTS pi-
mienb. Ha puc. 4.23 Hasenewo knacuikaniio 3a atpubyTamu memnepamypa (3i 3Ha-
YEeHHSAMM HU3bKA, GUCOKA, Cepedis) Ta muck (31 3HaYeHHSME Cnaoae, He 3MIHIOEMbCS!
Ta 3pocmae). TIpollefypa NpuHEATTSI PILIEHHA CKJIAZaEThest 3 OOYZ0BH HUIAXY Bij
KODEH$ A0 JUCTKIE i TIepeBipok, BHKOHYBAHKX y KOXHIN BHYTpIiHiH Bepuvni. Pe6-
Pa, sIKi NOYHHAIOTHCA B ITHX BepIIMHAX, TO3HAYEHO MOXJIMBHMHK BIANOBIASAMU HA MH-
TaHHA NepeBipok. Pesynbraramy Kiacubikallii nosHayeso JHCTKH ZiepeBa.
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Cnanae He smimoetuesa  3pocrae

Temnepa”vpa . @

Huseka Bueoka CEpeJIHﬂ

BHIT J011]

Puc. 4.23

Kaacugbivamop samucywos v surasal npasua if K then d=b, pe K — xoH'10HKOif
HiACTAHOBOK BMINSAY ¢=e (¥ij nmidcmaHogkeio TYT pO3YMIKOTE Hajanks arpubyTy @
3HauenHs ¢), d=b — pesymbrar kaacadiranii (d — iv's arpubyra npufiestrost pi-
miewb, a b — ¥oro 3navennrs). Ipasuga OviyroTs Ha NUSXY Bil KOpeHs fiepesa 1o
Bi/MOBi1HOrO micTka. st gepesa Ha puC. 4.23 MHOKMEA NPaBHI Taka:

1T (TuCK=Cnafae) A (TEMNepaTysHa=—HUZsKE) Then (Horofa=noMWEM CHIT);

T LTreK=Cnagee) A (Tewneparype=encoHa) then (norofa=rposa)l:

1T (1nck=crnagae) ~ {1ennepatypa=Ccspentn) then (noroga=moxuvsul jow):

if {TrcK=He sminpeTscs) then (fioropa—=0es 3MiH):

1f (Tuck=3pocTae) then (norofa=CcoHsiHg)

Huwni aia nobyaoer sepes pitedb Ha OCHOBI Tabmvib NPHITHSTTS PilIeHs aKTHBHO
3acTOCOBYIOThH asropuT™ 1D3, saupononoBanmii 1983 p. Kyimzanos (J. Quinlan). Heit
anropuTV GVAVE HCPEBO PillieHb 1 Ha OCHOBL NPUKAANIB TeHepy€ TPABILIA.

Anvoputy ID3 6yaye aepeso piuiens Bl xopens. Kowxuiil sryTpimsil sepmi
(BKITIOUHO 3 KOPEHEM) CTABXATH V BUHOBLIHICTb NICBHY NEPEBIPKY 3 MHOXHEHN Hepe-
Bipok. J1as1 moby10BH Tieperipok BUKOPHCTORYIOTH TOM (DaKT, M0 3HAYEHHA KOKHOIO
VMOBHOTO a1pulyTa fae 3Mory posGHTi MHOKUHY NPHKIAAIB Ha MLIMHOKXUHH, Y SKHX
vei npHKiaa iy MAKOTh OIHAKOBE 3HaUeHH 11b0r0 atprlyTa. K10 peKYPCHBHO 3aCTO-
COBYBATH li¢ 11 Yac moOyAoBH Aepepa, CTABISIGH Y BIATIOBIHICTD KOKHIN BHYTPINI-
Hilf BePIIUHI gepeBa MITMHONKHHY, OTPHMAly BHACHIZIOK PO3OHTTS, TO A8 KOXHOI
3 OfEPXKAHHX [ILIMHECOXHH ﬁy_ﬂe nofyaoBaHO HOEe Tiirepeso. Ilporec n06yzzomi nia-
JiepeB 3YNUHAOTh, KOAH KOREA NLIMHOKITHA CKIAKAETHCS NHIIE 3 eJIEMEHTIE 3 Ofl-
HAKOBRMH 3HAYeHHsIMH atpiOvTa npuitHarts pimenn. JIHCTOK iepesa pillieHb 3aae
KZac, ¥ SKiH norpamnisie 00'ekT i3 Muokuna W.

Hapemeymo kpoku sactocysalns amoput™my ID3 nmin yac nobyaoeu gepesa pileHb
3BepXy BHU3 Bif Kopens 70 JHCTKIB. i KpoKi 3aCTOCOBVIOTE PEKYPCHBHO B KOPEHE-
BIif 1 B KOXHIN 13 BHYTPILIHIX BEPIIIH jepeBa NMpHHHATTS piilleds. [Ipotiec mponos-
JKYIOTh FOTH, A0KN He Oyie peamizoBaro KpoK 1 aus BCiX pepumi sepesd. MHOKMHY
BCiX YMOBHMX aTpHOYTIE nmosHavyeHo A.
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Anroputm ID3
HagpezgeMo Kpok# airopuTMy.

Kpok 1. Slxkuio peprmHi jepesa NPHHHATTS Pillledb TIOCTABJIEHO V BiATIORIAHICTD MHO-
®uHy Npukaadie R 1 Bci 1i TPHKAa M MaIOTh OHAKOBE 3HA4YeHHs arpubyTa
NPHITHATTS PiEHHS ¢, TO 10 BEPUIMHY BU3HAYAIOTh SIK JIMCTOK JIEpeBa Ta
MO3HAYAIOTE [[1M 3HaYeHHAM d.

Kpok 2. Axuio 715 eBHOI BEpITHEY YMOBH KPOKY 1 He BHKOHEHO, TO PO3IAAAAI0TH
MHOKHHY YMOBHEX arpubyTiB A. fkuio A= @, o Bubupaiots HOBiIbHI
aTpuOyT @ € A; nexail MHOXIHa ¥oro 3nauens E,={e,, e,, ... g;}. 1110 Bepumny
TIO3HAYAI0TH aTpUOyTOM ¢. CaM aTpuOVT @ BHJYYaloTh 13 MHOX#HHHU A 1 BH-
KOHYIOTh TaKi jit:
¢y BepluHHi ¢ YTBOPIOKTH pedpa e, ey, ...e, (ix Kimbkicts cranoeuts |E, |,

1 koxkHe pebpo TO3HAUATE €leMeHToM MHOKUHEH E,);
¢ MEOXHHY NpHEAagie R Bepiuvim @ po3OHBaioTh Ha MIAMHOXHAHK 3 OQHAKO-
BUM auaueHnsM atpHlyTa a (yChoro TaKX HifiMHOMNH k, 3HAYEHH aTpH-
OyTa ¢ B mepIiii TAMHOKWEL ZOPIBHIOE €;, Y APYTi — &y, .., ¥ k-t —&;);
¢ Kizo pebpa ¢, CTaBIATh y BiANOBIAHICTb TAMHOKUHY NPUKFANIB, Y SIKKX
3HauelHs arpubyTa a JOPIBHIOE €.

Kpox 3. ko Ha kpori 2 HsSBUTLCS, 150 A=, TO UI0A0 BEPIHHM, 5IKA MaE€ CTaTH
JUCTKOM, NPHITMAIOTH CrieliaibHe PillleHHs 3aJ€KHO0 Bia crierudiky 3anadi.

OTxe, KOXHA BHVTPIIIHS BePIIHA SB/EIE COO0I KOPIHD IHIepesd, SIKOMY BinoBifa-
KOTh yCI TPHKAAMH 3 OFHAKOBHM 3HAYEHHAM O/IHOTO 3 aTPHOYTIB 1 PI3HHME 3HAUEHHS-
MH aTpubyTa NPUIHATTS pinesb. KoxXHOMY MHCTKY mepesa BiANOBIAAIOTH TTPHKIAJ.
1[0 MAIOTh OHAKOBI 3HAYEHHS OAHOrO 3 aTpuOyTiB i OAHaKOBI 3HauenHs aTpubyTa
NPUEHHATTS PIIEHb.

Tipuknan 4.13. HoGyavemo fiepeso pillicHb juisi HaBeAeHol B Ta0:1. 4.3 iHdopmarii mozio npose-
HeHEA 3MaraKs i3 TeHiCy 3asesxo B norox. Jpa — ue arpubyT npmiieaTTs pimens. MuoxuHa
BCIX YMOBHMX aTpHOYTIB A ={nozoda, mexnepamypa. eoiozicms, eumep) BiATOBiAaE KOpPEHEBi
sepuHi. Bubepemo arputyT 702004 it TIO3HAYUMO HITM KOpPEHEBY BepuimHy. MHOKHHA 3HAYEHD
LHOFO ATPHOYTa CKIAIAETHCA 3 TPHOX EJEMEHTIR: conye, xmapu, 0oy, Koperesiii BepiimHi nocTa-
BHMO V BiINOBIIHICTD TpH peOpa, KOXKHOMY 3 sSIKMX (PHIMIICMO 3Ha4eHHs arpHOyTa noz00a.
Muoxuny HpuKaaais posié’eMo Ha TPY MAMHOKAHE, 5K BiANOBI@IOTE 3HAYEHASM aTprbyTa
nozoda. ATprOyT 102000 BHIVYHMO 3 MHOKMEM A i OTpHMaEMO MHOXKHHY A={memnepamypa,
e0z0Zcmy, 6imep}, sIKa BIIOBIIa€ KKHiM i3 Bepiuns 2, 3, 4 nepesa, 300paxenoro ua puc. 4.24.

{ Horona ‘ @

Conne Xmapu Hom

— | S

(D1, D2, D8, D9, D11} {D3, D7, Di2, D13} {D4, D5, D6, D10}

©) ® @

Puc. 4.24
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Tabnuuys 4.3

JEHb IIOTOJXA  TEMIIEPATYPA BOJIOTICTH  BITEP I'PA
D1 Conte Cuexa Bricoka Cnabxuit Hi
D2 Conne Crexa Bucoka CrnpHH#H Hi
D3 Xmapu Cnexa Bucoxka Crabxuit Tak
D4 Jony TMomipro Bucoka Crabkmit Tax
D5 Homm Xomnox Hopma Crabguit Tax
D6 JHom Xomnox Hopma Cummpunii Hi
D7 XmMapu Xonox Hopma Cunbuuit Tax
D8 Conne Hoamipeo Bucoxa Crabkuii Hi
DS Conue Xonop Hopma Crabxuit Tax
D10 Hong Tlomipyo HopMa Crabxmnii Tax
D11 Corne Tlomipro Hopaa Cyumnmni Tax
D12 Xmapu TTomipro Bucoka Cubruit Tak
D13 Xaapu Crexa Hopma Crabxuii Tak
Di4 Ao TTomipro Brcoka Cunpraii Hi

PosrasseMo sepliuMHy 3 Homepos 2. 1i Biznopixae miamuoxima nprxcatis {D9, D11}, sxi ma-
KOTh 3HaYEHHS aTpulyTa NPUIHATTs pilleHHs mak, 1 maMHoxkuHa npixsazis {D1, D2, D8}, sixi
MaloTh 3HaYeHHs arPUbyTa npHiHsTTs piments #i. Babepemo macTyrHui atpulyT i3 MuoKHHA A;
Hexaid e memnepamypa. T1o3HavnMO HIM BeplIMHY 2, n00yAyEMO TpH pebpa 31 3HaYEHHSIMI
1boro arpubyra i posif’eMo MHOKHHY NPHKIAIB ¥ BEPIIKHI 2 HA TPH HiIMHOXHHY, ¥ KOX-
Hil 3 SIKMX 3HQYEeHH% TEMIIEPaTY DY OHAKOBI.

Ha puc. 4.25 y sepumni 5 npuxaamm D1 i D2 Maiore onnaxosi sHavenns (#i) arpudyra 2pa.
ToMmy 1110 BepIIMHY NO3HAYMMO #i, 1| BOH& CTaHe JHUCTKOM. AHaI0riuHo, BepIimaay 7 TO3HAYMMO
max, i BOHa TaKOK CTaHe AUCTKOM. Bumyummo arputyr memnepamypa 3 muoxurn A. Onep-
JXHMO MHOXHRY A=/{eoaczicmy, eimep). Bepiumy 6 nossaywnmo arpHOyTOM 60107iCb.

Horona @
I

Comie Xwmapu Houg

el | S

()| Tevneparypa ] {D3, D7, D12, D13} {D4, D5, D6, D10}

| e ® @

Coexka Ilomipro Xousox

~ | N

{D1, D2} {D8, D11} {D9}
® ® @
Puc. 4.25

Ha puc. 4.26 nokazaso aBa JUCTKH, SK| BIANOBIIAIOTD 3HAYEHHIM mak 1 #1 BUITOBLIHO /I TIPH-
wanis D11 i D8. BunyurMo atpubyTt eozozicms i3 Muoxuny A it orpyumvaemo A= {eimep). Te-
flep POSIJIHEMO BepITHHY 3 Ha puc. 4.24. Vi npuxiagy, npHMImCaHi uiit BepUIMHI, MaiOTh



4.4. [epeso NpuiHaTTA pitieH 169

3HAYEHHA max atpubyTa 2pa, TOMY Ud BepumiHa 81 CODOM JIMCTOK; IO3MayuMo Il max.
V sepuiusi 4 pUKIAiM MaIOTh pisHi 3navenHs arpulyTa gpg, TOMY TIPHITHOIEMO iii aTpulyT
gimep, sSKMii Mae ABa 3HAveHHs: croCrul 1 cwraa. 11 spavenss nprmmmemo pedpaM, 1Huw-
nesTHEM Bepitnzi 4. MuoxuHy npukzagie posi®'eMo Ha mei nigvuoxmuu: (D4, D5, D10} si
suayensaM mak i {D6} 81 3uavenisy #i. OCTaroyHo gepeso piutensb Halyne surisiay, sobpa-
KEHOTO Ha puc. 4.27.

Torona ‘
| s,
Coune  Xaapu Hom

/ | e

Temreparypa {D3, D7, D12, D13} {D4, D3, D6, D1(}}

Crnexa THonipro Xomon

o g
Hi Tax
Bosnoricts

Bucoka Hopma

s N
{D8) {D11}
Puic. 4.26

Horopa

7N

Corue Xmapu How

sl | 9

Temueparypa Tax Birep
Crieka Homipao Xomon Crabkuit Cunpnmi
Hi Tax Tax Hi
Bomoricrs

Bucoka Hopma
Hi Tax
Puc. 4.27
Ipuknaa 4.44. Bubupaioun iHmy nocninossicts arpubyTiB 1 OOXOAY BEpLINH, MOXKHA Ofep-
KaTu inne gepepo piuieHs. Jlepeso pillieHb. HapezeHe ua puc. 4.28, Mae MeHIne Bepliie (xe-
Mae arpubyta mesnepamypa). Jlits 26010 MHOXKUHA IPABILT MA€ TAKHA BHIJAN

If (noropa=coHie) ~ (BonoricTe=8KcoKa) then (rpa=Hi);
If (noropa=coHye) ~ feonoricre=xHopual) then (rpa=rax).
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If (noropa=xwmapu) then (rpa=TaK):
If (noroga=gou) ~ (BiTep=cnabkwii) then (rpa=rtaK);
If (noroga=pow) A (BiTep=cunesuit) then (rpa=ri1).

{lorona

S

Conne Xmapu Ho

il | e

Bousoricts Tax Bitep
/ \ /\\
Bucoka Hopama C nabxuii Cworbamic
Hi Tax Tax Hi
Puc. 4.28

Omxe, 32 HassBHIMHA NPUKIATaMA OyavioTs gepeso pimerb. Ha iforo ocrosi BunmmcyIoTh
MHOKHHY ITDaBIJl, BUKOPHCTOBYBAHMX JIUIA TIPHHMIEITTS PUIIEHb Y HOBHX NPHIJTaax.
IMopiessiBry npukaamm 4.13 i 4.14, 3asraunno, ujo Ha NPaKTHII Peasi3yioTh BepCiio
anropurMy D3, y sikilt asanisylors pakiMBicTs NeBHYX arpubyTiB [Uls NpUITHITTS
pintensst. V takomy pasi mig yac BuOOpY KOPEHSA NOTOYHOIO FjiepeBa OLiHIOIThH
yactky indopmantii, opasanol koxkaeM atprbyTom. [otiv BubHpanTs TOH arpudyT,
SIKWI Ha/lae Haltbiabiie HoBol 1H(pOpMauii.

Anropwrm 1D3 OnWH 13 HaHBaKMIBIIMX METOMB THAYKTHMBHOIO BIAHOBAEHHS
npaBua 3a NpHKJAZAMH, sKuit 3abesneuye aBTomarnyHy nobyzoey 6Gas 3uans gia-
IHOCTHYHHX €KCTIEPTHHX CHUCTEM.

4.5. bBexrpekiHr (noiyK i3 NoBepHeHHMM)

OnuieMo 3arafbHMil METON, SIKMIl Jlae 3MOFy 3HAYHO 3MeHmuTH obcar obuncaennb
B aATOpUTMAX THIy TIOBHOTo Tepebopy Beix moxamsocteil. o6 sactocysatn neit
METOJ, PO3B’SI30K 3a/ia4i MOBMHEH MaTH BHIJSIA CKiIHYeHHO! NOCHiIOBHOCTI (&, ..., X,)-
TonoBHa iges METOLY TIONSITAE B TOMY, IO PO3E’sI30K OyIVIOTH MOCTYTIORO, TOYHHAIO-
4YH 3 NOpOXKHBOI NocaioerocTi A (goexupoo (). 3araiom, siiio € YacTkosuii (He-
MOBHUIT) PO3B'SA30K (X, ..., &,), A€ i <7, TO HaMaraeMocsi 3HalTH TaKe JOIYyCTHME
3HAYEHHA X, ¢, IO MOXHA NPOIOBXKYBATU (X, ..., X, X;41) [0 OFEPARAHHS HOBHOTO PO3-
B'SI3KY. SIKIIO Take AOMyCcTHME. ajle Iie He BHKOPHCTaHe 3HAYEHHS %44 ICHYE, TO 10~
JIVYAEMO 110 HOBY KOMITOHEHTY HO YACTKOBOIO PO3B'SI3Ky Té NHPOJIOBXYEMO IPOIEC
AJA TOCTHAOBHOCTL (X, .oy X,y X,y )- SIKIO TAKOTO 3HAYEHHS X, ; HEMAE, TO TIOBEPTAE-
MOCS!. IO TIONIEPEIHBO] TOCHIZOBHOCTY (X, ..., X;- 1) 1 TIPOAOBKYEMO MPOLEC, HIyKaiOUH
HOBE, illle He BUKOPHCTAHC 3HAYEHHsI X,. 1OMy NpOIEC HASHBAIOTH GeXxmpexinzom
(aurn. backtracking — nomyxk i3 nopepHerHsIMI).

PofoTy 1boro aaropiTMy MokHa iHTEpIpPeTYBaTH SIK TIpOLEC 0OXOLV SIKOTOCh fAepeBa.
KoxxHa fioro Bepniina Binosizae sixifics nocaigoBuocTti (Xy, ..., X;), IPUYOMY BeplliH-
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HM, SKi BITOBLIAIOTH MOCHIAOBHOCTSIM BUTTAIY (X, ..., X ¥/), — CHHM L€l BepIUMHH,
Kopins Aepesa BiANOBIAa€ NOPOXHII HOCHIFOBHOCTI.

Brkoryersest 06x17; 1boro gepesa nomykoM yriaub. Opinm Toro, 3a#a10Th Apeaukar P,
O3HaYeHMIl HAa BCIX BepuinmHax fepepa. Hxuio P(e)=F, To BepmuEn mijepesa 3 KO-
peEeM y BepIiHHI ¢ HE PO3TASAaTh, i obcar mepebopy smermyerses. IIpermmkar
P(v) nabypae 3HauerHs F Tozl, KOMU CTAE 3pO3VMITHM, BIO TIOCHAOBHICTL (X, ... 4,),
siKa BIJINOBiJA€ BepliMbi z, HiSKNM cnocoboyM He MoxkEa noOyavearn A0 HOBHOTO
PO3B'sI3KY.

[TpoiocTpyEMO 3ACTOCYBatHs ATTOPUTMY OEKTPEKIHI Ha KOHKPETHHX JPHKI/AX.

Ipuxnax 4.15. [obynosa ramumroHoBux nuxais vy rpadi [23]. Ilounnaemo 3 posiikrol
pepinisn. bynyemo Huax 663 noBTOpEHHs BeplllliH, IOKM L€ MORAMBO. SIKINO BA2JA0OCS TIpo-
WTH BCi BEpUIMHIL TO NEPEBIPSIEMO, U ICHYE PCOpo, nIe 3'€IHVEe OCTAHHIO ¥ MOYATKOBY BEPIIH-
HU TBOFO NLIAXY. SIKIIO ONHCcaHmii TpOTec ¥ IEBHHEl MOMEHT HEMOXTMEO IIPOACBAUTH, TO
NOBEpPTAEMOCH Ha OAHY BEPUIUHY Ha3al | HAMATaEMOCsi TPOJOBKITH 1obyzioBy uusixy (Ges
TOBTOPEHHsSI BEPLINH) IHINIM CrIOCOO0M.

TTouyk yCix TaMiJIBTOHOBHX mukiie y rpadi 3 m'sThMa sepummazm (puc. 4.29) moxsa npo-
iII0CTPYBATH 32 0MOMOTOI0 fiepesa, 300paxeroro Ha prc. 4.30. Poboty anropurmy noyaro 3
OJIHOETIEMEHTHOI TOCHIAOBHOCTI. 60 B LuKai BUGIP nepiiol BepiiuHd HeicToTHIN. Po3B'sizkm
3a1AYi OOBENEHO, i A0 HITX ¥ TPSIMOKYTHHX PaMKaX UPHIMCAHO BLANOBIIHI TAMIISTOHOBI LUK,

Orxe, samicTs nobyaoes i amazizy 5'=120 nowricerocTeli A0BXHHOK 5 Bepruik rpagda,
300paREHOro Ha prc. 4.28, My posrasHyau uiie 23 NOCTi IOBHOCTI ZOBRHECIO Bia 1 7o 5.

ab/a\ad

/\ P
b abe abe ade ade

/SN /SN S N\

abcd  abce abec abed adch adce adeb  adec

ao oOC |

abede @@ ab]zdc adcbe Cadceb> adebe Cadech
d | abeeda | | abecda | I adceba l

Puc. 429 Puc. 4.30

Ilpuxnaj 4.16. Poadap6osyranns rpada B n koapopis [32]. Hexaii Bepuniny rpada nosua-
yenu K 4, b, ¢, .. Cnogarky poadapdyeMo BeprimHy 2 B Koip 1, a moriv — sepumny b B Toit
camuii KO, AAKOIO b He CYMbRpa 3 BEPUIMHOIO ¢, a HI, TO posdapdyemo Bepumsy b B xump 2.
Ilepeitemo a0 TpeTHOL BepinHY ¢. BHKOPHUCTAEMO ;i BEPIIMEA ¢ KOTip 1, SKIIO me MOXKIu-
BO, @ Hi, TO KOJIp 2, SIKLIO [€ MOXMHBO. TiAbKH AKIIO Xozen 13 KoapopiB 11 2 He MOXHa BU-
KopUCTOBYBaTH, posdapbyeMo Bepummsy ¢ B konip 3. Ilpoxopximvo neil mponec, Z0KH 1€ MOX-
JMBO, BHKOPHCTOBYIOU# OJIMH 3 72 KOJbOPIB N8 KOKHOI HOBOI BEPUIVIHE, MPHYONY 3aBxl
OpaTHMeMO HEepUIHi MOXIMBMA KOMIP 31 CIMCKY KeabopiB. JlocarmyBinM BepULiLHM, sIKY He
MokHa posdapbyBaTi B XKOmeH 3 77 KONBOPIB, TIOBEPTAEMOCS 0 OCTAHHBOI poddapboBaroi
BEpUIEHE, BIAMIHAEMO 1i KONip 1 NPHCBOIEMO HACTYTIHMI MOXIHBIH KOTip 31 cnweky. SIkmo
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H 1e HEMOXJINBO, TO 1€ pa3 MOBEPTAEMOCS O TMONEpeAHbol BEpLUIMHY, BiMiHszeMO 1i Koip
1 HaMara€EMOoCs TPFCBOITH HOBHI KOJIp, HAcTYNHWI MoXmBHI 31 crmeky. Ie# mpomec npo-
JOBXKYEMO aHaioridHo. SIkujo posdapbysanisi B #7 KOMOPIB iCHYE, TO Taka MPOHEAYPa 7€
3Mory 3uaiitu #oro. Ha puc. 4.31 306paxeno rpad) i mpouec npucBoIOBaHES TPHOX KOIbOPIB
BEpPUIMHAM i3 BUKOPHCTAHHAM a/ITOpHTMY OeKTPEKiHT.

¢ YePBOHKH
¢ 4EPBOHUI
b cuniit
@ YEPBOHMH @ YepBOHUI
b cuniit b cuHii
€ YEPBOHU € 3esenmii
@1 YePBOHMI @ YEPBOHAM
b cunii b cuniit
¢ YEPBOHUH € 3eJIeHAHR
d 3enenai d yepBoRwMi
e d |
@ YEpBOHMIL
b camwiii
€ 3eneHnH
d yepBonwit
a b ¢ ¢ seJIeHii
Puc. 4.31

INpuxaan 4.17. 3anaua npo »n depsie [7, 52]. Sk » depsip mokua po3MICTHTH HA NIAXIBHN-
1l 72 X 71 Tax, mob xoxmi zBa e Oymw opws ognoro? s PO3B’sI3an sl 1€l 3aaayql TIOTpibHO
BUZHAYMTH 7 TO3UMUIH HA waxisHulli Tax, mod sKoawi Bl no3ulii He OyJv B OAHOMY PSAIKY,
B O[HOMY CTOHBIII]l Ta Ha OfHil miaroHami. JiiaroHams MICTHTD YC1 no3uilil 3 koopzauHataMu (i, 7)
TaKi, 0 1 -+j=m A1 SIKOrock m, abo i—j=m (TyT i — HOMEP psiaKa, j — HoMep crosnusi). Ilo-
YMHAEMO 3 nopokHsoi maxipauni. Ha (k+1)-ay Kpori HaMaraeMocst po3MiCTHTE: HOBOTO (ep-
35 B (£ +1)-My cropmnuti, npudomMy B nepumx £ crosnusax yxe € ¢epsi. Ilepesipsemo KIiTHHKY
B (B +1)-My cropmii, mouunaoyn 3 Bepxupoi. Hvikaemo taky nosvuito ms ¢epss, mob siH He
OyB y psaaKy Ta Ha piaroHati 3 THMH (epasivi, K BKe € Ha waxisuugl. SIKWo e HeMomxkam-
BO, TO TIOBEPTAEMOCS KO Micis (epssi Ha nonepeHboMy k-My Kpoui T4 po3MIIaeMo ibOro
¢hepsst Ha HaCTYIIHOMY MOXIHBOMY PSUIKY B IIbOMY k-My CTOBIII, SKIIO Takuil Ps/IOK €, a Hi,
TO noBepTaemocs o ¢epsa B (B—1)-my crosnni. AsroputyM GeKTpexinr Uit =4 TPOLIOCT-
poBaHO Ha puc. 4.32.

Koxmiil Beprwmni zepesa ua puc. 4.32 Bizmositae nocrizopuicrs gopxiton six 0 o 4. I k-ii
YjeH AOPIBHIOE HOMEPY KJITHHKH 3 (repaeM y k-My crosuii. Hampuksial, BeprnHaM LUISXY,
STKMI1 BeJle o PO3B’si3Ky, BUINOBLIAIOTE TaKi nmocaizosHocTi: A, (2), (2, 4). (2, 4, 1), (2. 4. 1, 3).

Hpuxian 4.18. Cymu enemenriB miiMHoxud [52]. 3azano MEHOXEHY HATYpaAbHMX vucen {X,,
Xy wmy X,). T1OTPIOHO 3HAITH 11 MAMEOKMHY, CYMa €EMEHTIB SIKOL IOPIBHIOE 33JaHOMY YHHC-
ny M.

TourHaeMo 3 TOPOKHLOI MEOXWHH. HarpoMaZukyeMo CyMYy, FIOCHIIOBHO AOBMPAIOYN AONAHKM,
Yncsio 3 nOCAIIOBHOCTL Xy, Xy, .., X, AOTYYaIOTh A0 CyMH, SKIIO CYMA MICAsA JOAaBaHHS LEhOIO
yHcaa He Tepesuiye M. Siuio CyMa HACTITBKM BEJIMKA, MO foAasanHs Oyib-sIKoro HOBOIO
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YHCJA NEPEBHIYE M, TO MOBEPTAEMOCH 1 3MIHIOEMO OcTanmiii fofanok y cymi. Ha prc. 4.33
NPOLTIOCTPOBAHO ATTOPUTM OEKTPEKIHT JiJisi 331a4l BURNYKaHHS MIMHOKIHH MHOXHHI {31,
27, 15, 11, 7. 5} 13 cymoi0 39.

X
X
: T
X
X
X X
X x
X X
X X
X
x
Puc. 4.32
142
Sum =0
{31} {27}
Sum = 31 Sum = 27
/ \
{31, 7} {27, 5} {27,411} {27, 7}
Sum = 38 Sum=36 Sum =38 Sum =34
{27, 7, 5}
Sum = 39
Puc. 4.33

Mpuxnan 4.19. IloOyaoRa BCIX MAaKCHMAJIBHUX HE3QJIEKHMX MHOXKHH BePHIUH y HPOCTOMY
rpadi G=(V, ) [20, 35}. Tyr rpad nogaso sk yapy, YTEOpeHy MHOXXMHOI BepiuMH V 1a
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BianoBiAHICTIO T, KOTpa NMOKa3ye, sx 38'n3ani Mk coboro Bepimnry (AuB. nizposaia 3.3). Tlou-
HEMO 3 MOPOXHBOI MHOKHHUY ¥ OyIeM0o HoAABaTH A0 Hel BeplUMHuU 3i 30epeenHsM Hesanex-
Hocti. Hexait §;, — ysxe orpinvana MuoxsEHa 3 £ Bepuns, (, — MHOKHHA BEpIIHH, KOTPI MOX-
Ha zopata 0 S, 10610 S, NI (Q,)=2. Cepen BepumH Q, Po3pi3HsIOTH Ti, KOTpI BXe OVIio
BUKOPMCTAHO Ans posumpenHs S, (Ix nosuayatore O ), 11, KOTPI LIe He BUKOPHCTAHO (iX no-
3Hayaioth (F ). 3araibHz cxeMa anropurMy OeKTpexir /17ig 3agaul nobyacsi MAKCHMAIHPHHX
He327eKHIX MHORHMH BEPINHH y 1IpocToMy rpadi Mae Takmii BIULIAA.

Tpsivanii xpok Bia £ 10 k+ 1 nossrae v sudopi Bepumny x € Q)

Se:= S ulxh Q= \N(x): Qi =\ (@) v {x)).

Kpox nosepresns vig &+ 1 no £

Ski=Sa ok Q=0I\lxh Q=0 uix}

SIKIo MHOXMEA BEpUIMH S, MaKcHMATbHE, 10 Q) = @. Slkmo QF # &, 10 MHO®uHy S, Gyn0
POSLIHPEHO padiilie, 1 BOHA He MaxcimaibHa. OTxe, HepeBipKy MakCHMATHHOCTI 3aai0Th Ta-
KOIO YMOBOJO: Q; =0 =0

JoliTbHO HaMaraTiCA NOYaTH KPOKH NOBEPHEHHS sIKOMOTa paHiue, 60 e 06mexnTs po3Mipu
»HETOTpibHOI” YacTiry aepesa MomyKy. Y 3BA3KY 3 UMM 3ayBakiumo Take. Hexait v e Qy
i T(@)NQ; =@ o Bepmuny HEMOXIHBO BILTYYUTbL 3 (), OCKLABKU MOXHa BILTyYary
JUHIIe BepIHHM, CYMDKHI 3 BepmmMHamu MuoxmuH Q). Omxe. icHyBaHHs TaKol BEPLIUHH T,
mo ze @ i Nw)nQ =@ — nocrares ymoea aas nosepuenss. Oxpiy Toro. k< n—1.

Anroputm noGynoBu BCiX MaKCUMManNbHUX HE3aneXHUX
MHOXUH BepLUMH y npocTomy rpachi G=(V, )

Hagsezemo Kpoku anropurmy.

Kpok 1. Ininiamizauis. Bukoratn So =@, Q) =3, Q5 =V, k=0.

Kpok 2. IIpsivuit kpok. Bubpatw sepruny x € Q; 1 nobyaysaTH, sIK ofliicaHo BHILE,
MHOKMHM Skri, Qie1, Qivy; Tpa ubomy sammmmrme (Q; 12 Q) 6es amip. Bu-
kOHaTH k= k + 1.

Kpox 3. Iepesipka. Skiuo suxonato ymosy dv e Q;:T(@) nQF =D, To mepeiiti 1o
KPOKY 3, iBaKie 7jo KPOKy 4.

Kpok 4. Skmo Qi = Or =@, 10 HAAPYKYBaTH MAKCHMATHHY HESANEKHY MBOXIHY S Ta ne-
peiiTH 0 Kpoky 5. SIxmo Qf =@, 2 Qf # &, 1o nepeiiru 70 Kpoky 5. Inakire me-
peiiTH 10 Kpoxy 2.

Kpok 5. Kpok niosepuentsi. BukoHatn k:=k— 1. Buayenru sepumny x i3 Sgq, mob
onepxatu Sy, Bumpasntu Q; Ta (;, AnA Yoro BHAYYHTH BEPUIMHY X i3
MHEOXKHEM Q) 1 poxyunt ii 7o Q. Hxmo k=0 1a Q) =@, T0 svmaBHTICA
(wa 1eit MoMeHT yrxe Oy1e HagpyKOBAHO BCI MAKCHMATBHI HE3TEKII MHO-
sxmun). Imakine nepeiiti fio Kpoky 3.

YHacaigok 3B's13Ky MK KiikaMu i He3a IeXKHUMH MHOXHHAMU (auB. Teopesy 3.21)
Lell 2TOpUTM MOXKH2 BUKOPUCTATH TAKORK 1 /17151 OOYA0BH MAKCUMAIBHAX KAIK.
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4.6. Kapkacu (3’egHyBanbHi aepesa)

Hexait G — npoctuii 38’ssunit rpad. Kapracom, abo 3'conyeansnum depeeon, rpada G
HA3HBAIOTH MOTO THijrpady, sk sIBisie co0oI0 EpeBO Ta MiCTHTH YCi Bepumum rpada G.
Hesxait rpa G mae # Bepumn i m pebep. Lo oTpuMary KapKac, MOXH2 BHKODH-
CTaTH IIPOLEAyPY BHIy4YeHHS pedep, skl HameXars npocTaM TmkiaM. OQUeBHIHO, 10
notpibuo BumyuutH Y(G)=m—(n—1)=m—n+1 pebep. Yucao y(G) Ha3MBAIOTL YuK-
nomamuunum wuciom rpada G. 13 Teopemit 3.6 pmmmamBae, mo y(G) > 0. Inkaoma-
THYHE YUCIO — (1€ MeBHOI MIPOI0 YMCIOBa XapaKTepUCTHKA 38 S3HOCTI rpada; IHK-
JOMATHYHE YHCI0 gepesa aopissioe (.

TMobyioBa KapKaca — MOMMpPeHa 3azaya. ANTopirms, SKHIT TOMATaE Y BIWIYYEHH] pe-
bep i3 mpoctTux nHKNB, HeeQeKTHBHUM s KOMITIOTEpHOI peanisaidi. Jina ¥Horo
BHKOH2HHS TIOTpiOHO 1AeHTH(hIKYBaTH NPOCTi UMKIH, a4 e CKianHa 3ajaya. Edex-
THBHHH i3 MOy KOMITIOTEPHOI peadi3alfl alropHT™ MoOYyZOBH KapKaca — e I0C-
sizosHui 106ip pebep y xapkac. Ile Mmoxua 3pobuty 3a gonomorono obxony rpada G
SIK TOHTYKOM yrymuh, Tax i nourykom yummp. ITi 4ac BHKOHAHHS 1THX airOpHTMIB IpH-
poaruy cnocobom Oyayrors kapkac (aus. nijpospia 3.9, pebpa kapkaca mosHaYeHO
HOTOBIIEHHMY JiiHIIMM ). SIKINO /10 NPOTOKOAY 06x07y rpada AuAaTH YeTBepPTHil CTOBI-
4HK, TO TYZM MOKH2Z 3aricyBary pedpa, siki mijg yac poboTy airOpUTMY HO3HAYRIOTD
MOTOBIEHOIO JiHIEW, i, OTIKe, BKIIOYAI0Th ¥ KapKac.

Hpuxnaz 4.20. Ha puc. 4.34, @ 300pakeno xapkac, sismii Gymno ofepxaHo NOmykoM yrnub, a Ha
puc. 4.34, 6 — nouryxom yump. Tloyarkosa Bepimmna B 000X BUIagkaY — a.

h ] h j
o 0

Puc. 4.34

TEOPEMA 4.4. Hexa#i T — xapxac rpada G, nobyziosaHMil MOMYKOM YHIMD, TTOYH-
Haro4# 3 BEPUIHHH «. TOAl mnax 3 ¢ A0 A0BIABLHOI BepIuMHN © B 1 — HalKOPOTTIII
X Bin @ no v B rpadi G.

JloBeneHns YPVHTYETHCS Ha aHazi3i anropuTmy moIlyKy snmp y rpacdi G. IHponony-
€MO BHKOHaTU HMOro siK BIIDaBy.

3ayBakenusi. Bukopuctasuy 1751 TiobyzOBY JiepeBa HAMKOPOTINNX TIUXIB Bij BEP-
mireu g anroput™ Jlefikerpu (YBakaemo, 10 A0BKUIA KOXKHOI0 pedpa nopisaioe 1),
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OTPHMAEMO Te CcaMe JEPeBo, 1o i 3a anroputMoM nouryky Bmup. Hpote cruanmicTs
1[BOrO aATOPUTMY cTaBoBuTh O(#%) yu O(m log 1) sanexno Bif cnocoby MOJanHsT rpa-
(a, a cKAaAHICTh anTOPHTMY NOHIyKy Bizup — O(m+#), fe 71 — KUIBKICTH BEpLIMH, 7
Kijbkicth pebep y rpadi G. Ilpore anropuwmy [leifikerpr 6inpin yuiBepcanbyiiii, siH
pHAaTHu J7s1 Oyiib-sIKMX jofparTiix aossxkus pebep (2 xe Tinbkn ).

Tenep posrssiHemMo OitHy BaXUIMBY 3aJiauy, NOB'SI3aHy 3 igecio ontaMizamii. Hexait G —
3B’si3HMiT 3Baxenuts rpady (auB. ninposzin 3.8). Tlorpi6so omucatTH aaTOpHTM HOOY-
JioBu Kapkaca T, y sikomy cyaa Bar pebep M(T)=2Zwu(e) sixuaiivenmma (cymy X Ge-
pyTh 3a Bcima peGpavu jiepesa 7). Kapkac T sasmsarors Minimanvhurm. PO3g'a3aty 100
safady pae 3mory auzopumm Kpackana (J. Kruskal).

Anropurtm Kpackana .
Hexait G — 38"si3unit 3Baskenuit rpah 3 7 BepiriHamu 1a m pedpamu, BukoHath Ta-
Ki il

1. Bubparu pebpo e,, sike mMae B rpadi G naliMerIny Bary.

2. Bu3HaupTH NOCIINOBHICTE pebep €, €, .., €,_y; Ha KOXKHOMY Kporni Bulupaty Bia-
MiHHe BiJ nonepeIHix pefpo 3 HAMEHIIOKW Barow i Take, WO He YTBOPIOE Mpo-
CTHX NUKAIB 3 yxe pubpanmm pebpamu. Opieprkane fepeBo T 3 MHOXHHOIO pe-
bep ET={e,, e, €3, ..., €,-,} — MiHiMaabHnil Kapkac rpada G.

Posrianemo onny 3 MOKIMBHX peasiisauiil asropuray Kpackana.

Kpok 1. Vropsmaxysati MEOxkHHY pebep sa 3p0CctaHHAaM BAL: €;, €, &, -, &,

Kpok 2. Vreoputu po30RTTs MHOKMHH BEpIUIMH Ha OfHOCIEMEHTHI ITAMHOMKHUHH:
{{23"}, {I”Z}' s {U,,}}

Kpok 3. Bubuparti Take weprose peOpo 3 YIOpsiIKOBaHOI HOCTAOBHOCTI pebep, 1m0
fioro Kisig MICTATHCS B PISHNX MEOKHHAX posbuTTs (1e 3abe3neqynts BiACyT-
HICTh mpocTHX ruKTiB). Sximo snbpano pebpo e,={v, @}, T0o MAOKXIHI pO3-
OuTTsl, SIKi MICTSITD BEPIIWHY © 12 @, 00’ €[HYIOTh B OfHY MHOXHHY.

Kpox 4. Axmo sxe subpano (7—1) pebpo (y Takomy pasi Bel HAMHOKHEN pO36HT-
T8 06'€AHAI0THCS B OfHY ), TO 3YIIHEHTHCh, 60 pubpani pedpa yTBOPIOIOTH Mi-
niManbpHi KapKac. [Hakme mepeliTa 0 KpOKy 3.

Tpnkaan 4.21. Ha puc. 4.35 sobpaxeno rpad, pefpa sKoro npoHyMEpOBaHO 32 3pPOCTAHHIM
par. MirinaapHiit Kapkac BIIIEHO noTosmeniivit aipisvm. Tpouee sizbopy pedep naseseno
B 101 4.4. Mizivameruil Kapkac YTBOPIOIOTE Pebpa €,, €,, €5, €5, €, €y

o €1 05

eg

Puc. 4.35
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Tabnwun 4.4

Pebpo Po30uTTsi MHOZKHHY BEPIIHH Bi6ip pebpa y midimansuuil Kapkac
ey={vy,ty) {oih, {vah, {oshs {ogd, {osh, {ogh, {2} | e
e={eatel | {zped, {h (o, {osh {veh, {e:h} €
€3={5,04} {{zies), (o), (g {osg), ()} €
es={vpog) | {evesoi {oah {os2), o) -
5= {26} {{eneavg, (2}, {sveh {o:h €
€g={t,0s} {{onestsvstah, (g}, (st -
er={eyvet | {erty 0,00, {a): {0} =
es={vts} | H{entsvavste () (o) €
e={vp0s) | {{t1 s tatals b {UsH -
exn={0vs} | {optatavststd {vhh —
ey, ={0pts | {00505 Ts 06 {es}} €1y

{ {vl 72"2,?)3,04,05,1’6,07 }}

Aaroputm Kpackana Haaexuth ;10 #a0ibnyx [23). Tak HasHBaoTs aITOPUTMH OITH-
Misaitil, SKi Ha KOXKHOMY KpOill BUOMPaIOTh HalIKpaIHii i3 MOXKIIBIY BapiaHTIB.

KoHTpOnbHI 3anuTaHHsA Ta 3aBOaHHA

1. SIki 3 HaBeaenux Hypkye rpadip ABIAIOTL cobOIO Hepera?

a) a b c 0)a b c B)a b
W W :>< o
d e f d e 7 d e

On

r) / N >< e) >§<
C 0 (@]
d e f d e F d e F
2. Jlat¥ BiANCBIAL Ha 3aAHTAHES OXO JepeBa, 300pakeHoro Ha pUCYHKY.

a) Slka pepumina sBJste cOB00 KOPIEL?
6) SIxi sepmuBM BHYTpILIHI?

B) SIKi BepIIuHY SBASIOTH COOOKO JTHCTKH?

r) Skl BepuIMBEY — CUNI BEpHIMHH j?
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m) $Ixa BepmmvHa — 6aThKO BepillmHH 77
€) flki BepHmMBEA — npeJKH BepHIHHU 717
k) SIki BepHIHHM — HAAAKKY BEPUIHEH D7

7 s Ut

3. BusnHayutn pisBeHb KOXKHOI BEDIIHHE Ta BHCOTY Jepesa, 300pakeHoro Ha pruCYHKY.

4. Ins siwux 3wavess m> 0 i > 0 nopsuil geozonsuuit rpad K,,, sexse coboro
JepeBo?

5. Ckinexn pebep mae zepeso 3 1000 sepursmanm?
¥ sanayax 6-10 Buxoprcratyé reopemy 4.2

6. Cxinpky BepliyH Mae noBHe 5-apue nepeso 3i 100 BpyTpilHiME BepiunHami?

7. Ckinsxu pefep Mae nopue HiHapue nepeeo 3 1000 ruyTpluHix Beputin?

8. Cxinmpkn mHcTKIB Mae moBHe 3-apue zepeso 3i 100 sepmmmanmm?

9. V maxosomy TypHipi GepyTe yaacte 1000 rpasuis. Ckizbki irop motpibso 3irpa-
TU /I BU3HaUEHHS MepeMOoXKis, SKI0 TYPHIp IPOBOAATD 32 OJIMIIICHKOI0 CHC-
TeMoro (TOit, XTO Hporpas, BUOyBae)?

10. Hu icuye nosue m-apHe AepeBo 1, sike mae 84 nucTku Ta Bucoty 37

11. Tlobyaysatn 3apepuiese HinapHe JepeBo BUCOTO 4 Ta 3asepuiese 3-apHe JepeBo
BHCOTOKO 3.

12. Jlosecty, mo 3aBepriene m-apHe AEPEBO BHUCOTOI A Mae (™ - 1)/(m -1) Bep-
umn i " amcTKiB.

13. Excyenmpucumem BepIIUHH B HEKOPEHEBOMY NEPEBi — 1€ [OBXKKHA HallZIOBHIOrO
[POCTOro HEEAXY. SIKHiT NOYMHAETHCS B Hiil pepimul. BepumHy HazuBaoTh yeH-
mpom, SKIO BOHa Mae HalMeNunii eKcueHTprcuTeT. 3HaliTi eHTpH nepes:

a) 6) a b ¢

h
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14. JloBeeTy, 1110 IICHTP ¥ HEKOPEHEBOMY AEPeBl MOXHA SHAUTH siKk KOPiHb KOPEHeBOo-
YO gepesa 3 MIHIMATbHOK BACOTOK).

15. JlosecTw, 1O siepeB0 Ma€ OFE abo ABa meHTpH, cyMmixHi MDK coboro. Hasectn
TIPUKJaJ AEpeBa, SIKE Ma€ JiBa LIEHTPH.

16. Bamicaty NMOCHLAOBHOCT] BEPIUMH YIOPSIKOB2HUX KOpPEHEBHX JIEPEB, HABEIEHHX
HIGKYC, B pasi IX 06X01y B IPSIMOMY, 3BOPOTHOMY Ta BHYTPIIIHLOMY HOPSIIKY.

m n ¢}

17. Tlo6yaveaTy KOpeHesi Aepesa, K BIATIOBLIai0Th Bupasam (2 + 2 * y)+(4/y) Ta
x+((x*y+x)/y). Samicatn 1i supasy B indixcHil, npedixchiit Ta noctdikc-
Hlii (popmax.

18. HoGyrysati Koperesi jiepesa, siki BIAHOBia0Th BupasaM (—(p A g)) ~((—p) v (— §))
T2 ((—p) ~ (g~ (—p))) v (= g). 3ammcary i BUpasu B iHQIKCHIHK, npedikcHiil
Ta mocTQIKCHii dopmax.

19. 306pasuri BIOPsiiKOBAHE KOPEHEBE AEPeBO, AKE BIiAIOBIAAE KOKHOMY 3 BUPasiB,
sanncarux y npedikcniil Gopmi. 3amicaty ix y noctikcrist Gopmi:
a)T+23-51;, 6)+*+-53214 B)*/93+*24-76.

20. ObymcauTy 3NaYeHHd BUPasiB. 3aliucakux v npedikcHii dopmi:

a) *2/843; 6) T -+33=425;
B)+-132123/6-42. r)*+3+373+333

21. ObuucanTy 3payesss BUPasis, 3alMCayuX y nocrdikeniil popmi:
2)93/5472-% 6)521--314++% B)32%2T53-84/%-.

22. TlobynyBatTy BHOPSIKOBaHE KOPEHEBE nepeBo, 00Xin sIKOro B NPSIMOMY TOPSIKY
nae nochifgosnicts a b fc g hid ej k I, upudoMy BepiuiiHa @ Mae YOTHPBOX CH-
HiB, ¢ — TPBOX, j — ABOX, b ¥1 € — 110 OZHOMY, 2 PelITa BepHIIH —~ NHCTKU.

23. Ilokazary, mo o0Xi HaBEAEHWX HYDKYE KOPEHEBUX JEpeB 3BePXy BHUS3 JI2€ OHA-
KOBi CITHCKH BEPHIHH.

a) a 6) a
g /<>\
/ e b, f
\o)f .
c d X ¢c d €8 h
b
8 h
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24 TTokazaTH, 1o 00X HaBECHMX HUKYC KOPEHEBHX AepeB 3HU3Y BBEDX Hac OfHA-
KOBI CIIMCKH BEPLUIH.

a) a 6) a

c df & &k c d ©bE& h

V 3ajauax 25, 26 goBeieHHA BUKOHATH METOIOM MATEMATHYIHOI 1H/YKILI

25. lopectn, 1O BHOPSLIKOBaHe KOPEHEBE IepeBO MOKHA OZHO3HAYHO 3a/1aTH CIH-
CKOM BepINHH. ofepxkatuM 00X0Z0M y HpsMOMY TOPSUIKY, SIKIHO 7SI KOMCHOL
BEpINUHM 3a3HAYMTH KilbKICTh 11 CHHIB.

26. lopecTy, 110 BRNOPSIKOBAHE KOPEHEBE AEPEBO MOMHA OIHO3HAYHO 337aTl Ciim-
CKOM BepLIMH, OTPUMAHUM OOXOZOM Y 3BOPOTHOMY MOPAZKY, SKINO JUIST KOXKHOI
BEPUINHHA 3a3HAYMTH KiMbKICTh 11 CHHIB.

27. lobyaysatu binapHe gepero NOLIYKY Aust ciis banana, peach, pear, apple, coco-
nut, mango, papaya.

28. Cxinbku NOTPIGHO TIOPiBHsIHE, MO0 3HAlTH yl KOAATH KOXHE 31 CJiB [0 AepeBa
nonryky 13 3ajayi 27:

a) pear; 6) banana;
B) plum; 1) orange.

29. Bukopucrati OeKTDEKIHT 2715 BiflyKaHHs raMiJIBTOHOBMX IWMKJIIB y rpadax i3
3azaul 50 posgimy 3.

30. BuxopucroByioun OexTpexinr, posgapOysatu B Tpu xoiabopu rpadu i3 3axau 73
i 70 posuiny 3.

31. BuxopuictoByioun GexTpexinr, posg’ssari 3agady npo # (epsis i1 3HaYEHD 7,
o AopisHIOOTE 3, 51 6.

32. Bukopucrati 6eKTPEeKiHT 214 BiIUYKaHHs BCIX MaKCHMAJIbHUX HE3AIEKHUX MHO-
3KMH BEpIINH rpagis i3 3aza4i 74 posauiy 3.

33. 3sectu sazayy 1npo # ¢epsiB Ao sazaui npo HAUOLABIIY He32/MeXHY MHOXHHY
pepimuH y rpadi. Ilpoimoctpysati A1 3HaueHb 7, o JOPiBHIOIOTE 3 Ta 4.

34. Buxopuctopytoyu Gextpexinr, 3HalTh HiAMHOXKUHY (SKIIO BOHA ICHYE) MBOXHU-
Hu {27, 24. 19, 14, 11, 8} i3 3a3Ha4€HOI0 CYyMOIO:

a) 20; ©)41; B)60.

35. 3p’s3nmii rpad G Mae n Bepums i m pebep. Ckinsku pebep morpibuO BrIyYNTH
3 rpada G, mob oxepkaTi kapkac?
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36. 3HaliTH KapKac /s KOXHOTO 3 HaBeIeHHX HIvK4e rpadiB crmocoboM BIIYYEHHS
pefep i3 MPOCTHX LMKJIIB.

a) a c e 6) a b c
b d h i J

37. IlobynyBaty Kapkach II7Tsi KOXKHOTO 3 HaBeIeHHX Hipkde rpadiB. 3Haliti IMKI0-
MaTU9HE 9HCI0 KOXHOro rpada:

a) Ks; 6) Kis B) Gs; 1) Koo 1) Qs €) Wi,
38. Jlns mpoctx rpadis noOyayBaTy BCI MOK/IMBI KapKacH.

a) a 6) a b /S 8
b c c d e h
B) ¢

39. JloBectni meopesy Keni: KiMbKicTh NMO3HAYEHWX JIEPEB 3 1 BEepHIMHAMH JIOPiB-
~2 s s .
HIOE #' . 3a3Ha4MMo, MO BCi MO3HAYEHI AEpEBa 3 77 BepIIMHAMHM — I BCi Kap-
kacu rpada K,.

40. 306pazuTy BCi TO3HAYEHi z€peBa 3 # BEpUIMHAMIL /Ul 3Ha4YeHb 77, IO JIOPIBHIO-
0Tk 2, 3 Ta 4.

41. CkiIbKH iCHYE Hel30MOpdhHUX JepeB 3 72 BEpRIMHAMM JIJis] 3HAYEHD #, 10 JIOpiB-
HI0I0Th 3, 4 Ta 57 306pasuTH BCi 111 IepeBa.
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42. BuxopucroByloun obxia rpaga nomykosm yriub, nobyzayBaru KapKacu JUIi rpa-
¢iB, HaseseHHX HIDKYE. Sk [0YaTKOBY BHOpaTH BEPINUHY 4.

a) S
k

0) a g h i q

b:\i I / JJ s

J P
0 2 |
Cﬁ 2
é ¥
d

7l m
43. Poss’sizatvt 3a1a4y 42, BUKOPHCTOBYIOYH ITOUIYK YII¥D.

44. 3a anroput™oM Kpackana nng Hasenenux wipkde rpadiB N06yayBaTy MiFiMasmb-
HUI KapKac.

5 b
a
10 11
4
7:16
" 2 7 i &

3 7

Komn’roTepHi npoekTu

Cxnacru nporpaMu i3 3a3HaYeHMMH BXUTHEMI JQHHMH Ta PEIVIILTATAMIL
1. 3agano MaTpHiyo cyMbkHOCTI TipocToro rpada. Busuaywri, 4w € el rpag repesoM.
2. Ipocruii rpad sanano crmckasm CyMiRHOCTL. BusHaurrs, uu € 1eif rpad repesom.

3. 3azano MATPHINO CYMIDKHOCTI KOPEHEBOIO [EPeBa Ta SIKYCh 0ro BEpIMHY. 3Hail-
TH 6aThbKa, CHHIB, TPE/IKIB, HAMAAKIB i PiBeHb 1i€] BepIIMHIL
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4. 3agano ciucok pebep KOPEHEBOro jepesa Ta sIKyCh HOTo BeplmkHy., 3HaiTu Oarp-
Ka, CHHIB, IpeAKiB, HAIAKIB i piBeHb 1[i€] BepILIMHH.

5. 3agano crucok ob’extiB. IHobyaysatn GiHapHe ziepeBO MOLIYKY, IO MICTHTH I
ob’exru.

6. 3azano GinapHe AepeBo TousyKy i 06'ekr. JlokamsyBaTu ek o0'€KT y sepesi rmo-
HIYKY 44 AOAATH HOro A0 Aepena.

7. 3a1aH0 cnHCOK pebep HEeKOpEHEBOro Aepepa. 3HalTH IIeHTPH 1IbOT0 JiepeBa (B,
3amady 13).

8. 3a/1aH0 BIIOPSIIKOBAHM CITMCOK pebep yIops/IXOBAHOTO KOPEHEBOTO jiepesa. 3a-
NHCATH YOro BePIIWHH B pasi 00X0/y B MPSIMOMY, 3BOPOTHOMY Ta BHYTPIIHBOMY
NOPSTIKY.

9. 3azano apuMETHYHNMI BUpa3 y noabcbkoMy 3arzicl. O6uyucaTy fioro 3HayeHHs.

10. 3agaro apudMeruiHuii BUpas y 3BOPOTHOMY MOJBCHKOMY 3amuci. Ofumcamtu
HOro 3Ha4YEeHHs.

11. 3agano Marpuio cymizkHOCTI IpocToro 38's13H0ro0 rpada. lobyaysari kapkac 1poro
rpada 3 BUKOPUCTAHHSIM ITOIEYKY Brimb.

12. Tlpocruii 38’8381 rpad 3azano crmckaam cymibkuocti. HloGymyBaru kapkac Lboro
rpada 3 BUKOPHCTAaHHAM NOUIYKY BIiml.

13. 3agano MaTpULID CyMXHOCTI TipocToro 3B'shoro rpada. Ilobyayeary Kapkac 1boro
rpada 3 BUKOPUCTaHHAM IOILYKY BIMMD.

14. IlpocTuit 3B'si3Hut rpad 3anaHo crmekaMy cyMikHoctl. TlobGynyBarn kapkac mporo
rpada 3 BUKOPHCTAHHSM [IOIYKY BLIVP.

15. 3amano CKiHYeHHY MHOKUHY HaTYPaJTbHHUX YHCENT i HaTypajbHe 4Hcao 7. Buko-
pHCTOBYI0YY GEKTPeKiHT, 3HaliTH TaKy MiAMHOKUHY HUX uHMcen, mob ix cyma jio-
piBHIOBAA 7.

16. 3agano MaTpuIio CyMbKHOCTI TIpocToro 3p’si3roro rpada. IlobyayBati ramMiibro-
HiB 1ukJ1 260 BusiBETH, MO nauwuit tpad He Mae Taxoro WKy, Bukoprcraru Gex-
TPEeKIHT.

17. Ilpocruit 38’si3mmit rpad saano cnuckamu cymikHocri. Iobyaysaru raminbro-
HiB MK abo BUSBUTH, 1O AaHHii rpad He Mae Taxoro umkny. Buxopucraryu Gex-
TPEKIHF.

18. 3agaHo MaTPHIO CYMIKHOCTI POCTOrO 38's13HOTO rpada. TIobymysaru raminbro-
HIB IUIsIX a0 BUSTBHTH, 10 AaHui rpad He Mae Horo. Bukopucratn 6eKkTpekinr.

19. Tlpocrwii 38’s3ruil rpad 3azaHo crckamu cymidkaocti. Ilo6ymyBati ramiimsto-
HiB IJITX ab0 BHSBUTH, 110 sanui rpad He Mae fioro, Bukopucrarn 6exTpekinr,

20. 3amano MaTpUio CYMIZKHOCTI IPOCTOTO 3B’SI3HOT0 Ypada Ta HaTypalbHe YHCJIO 7.
Buxopucrorywoun Gextpexinr, poadapbysary ueit rpad y 7 xoseopiB abo nepe-
KOHATHCH, IO 11e HeMOKJIHBO,

21. 3apaHo CIMCKM CYMIKHOCTI MPOCTOro 3B'sI3HOTO rpada Ta HatTypasbHe YHCIo M.
Bukopucrosylouu Gexrpexinr, posdapbysaiu neft rpad y # koanopis abo tepe-
KOHATHCB, IO 11€ HCMOKJIHRBO,
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22

23.

24.

25.

26.

27.

28.

2.

3anano HATypajdbHE YHUCIO 7. BUKOPHCTOBYIOYH OEKTPeKiHr, po3R'S3ard 3a/1ayy
npo 7 (epsiB.

3aano maxiBHuIo 72 % 7. Kins, sixuli XOANTD 32 MAXO0BHMY NIDaBIIaMH, riepedy-
Ba€ B KITHHII 3 NOYATKOBUMH KoopiuHataMu (ig, jo), e i; — HOMED PsIJIKa, Jo —
HOMep CTOBIIIAE BusHawirmy, yu MoXHA MOKPHTH BCIO MAXiBHIIO 3a n°— 1 XofiB
KOHSI TaK, 0O KOXHY KJIITHHKY OyJIO BiZBIIaHO TOYHO OAWH pa3. Bukopucraru
GeKTpeKiHr.

3azano MaTpUI0 CYMDKHOCTI ITPOCTOTO 3B'sI3HOTO rpacda. 3HaliTH BCl MaKCHMalb-
Hi HesasexHl MHOXKIHH BepITuH 11010 rpada. Bukopucratu GeKTpeKinr.

Ipoctuii 3p’s3aMI rpad 3agaHO cECKaMu CyMDRHOCTI. 3HaliTn BCl MaKCHMaJ/ib-
Hi He3aJleskHl MHOKHMHM BepIIuH 1poro rpada. Bukopucrarn GekTpeKiHr.

3ajaHo MaTPHINO CYMDKHOCTI Ipoctoro 38'sisHoro rpada. 3uaiiti Bl Makcumalib-
Hi gaikyn. Bukopucrary Gexrpexinr.

Ipoctwii 3p’si3nmi rpad 3a1aH0 CiMCKaMy CyMiIKHOCTI. 3HaliTH BCI MakcHMaJIb-
Hl KKy, Bukopucrtaty G6eKTpekinT.

3paxkeHu# mpoctuit 3p’sI3HKI rpad 33/1aH0 MATPUITEIO Bar. BHKOPUCTOBYIOUH aJl-
ropurm Kpackana, nobyaypat MiEiMaIsHE Kapkac 1p0ro rpada.

3amano crimcok pebep Ta iX Bar /IS 3BaXeHOTO TIPOCTOro 3B’si3HOrO rpacdha. 3a mo-
nomMororo aJropurMy Kpackana nobyyBaTi MiHiMambHUIT Kapkac 1p0ro rpada.



