Cnocobu 3amanng rpadis. CremneHi BepIiiuH.

TeoperuuHi BimomocTi.

Hexait V— noBijibHA MHOXKWHA, €JIEMEHTHU $IKOT Ha3BEMO BepIIUHA-
mu, F — cykyuHnictsb nap Burisiay (v,w), siki Ha3uBaeMo pebpamu, Jie
v,w € V. TepMia cyKynHICTh 03HAYAE MOKJINBICTH HASIBHOCTI KiJIHKOX
ofHaKoBUX Tap Burisay (v, w) i (v, v). Bunopaakosany napy G = (V, E)
Ha3uBaEMO rpadoM 3 MHOXKHUHOI BepIiuH V' Ta MHOXKHHOIO pebep F.
['pad HAsMBaETHLCI CKIHYEHHUM, AKINO CKIHUEHHUMHI € MHOXKHHHU HOTO
BepInuH i pedbep. Hamam mu po3riasgaruMeMo TLIBKH CKIHUYEHHHI Ipa-
du. dxmo v,w € Vie= (v,w) € E, 1o kaxemo, mo "pebpo e 3’¢auye
Bepmnau v Ta w'"abo "pebpo e inmugaenTne Bepmunam v ta w'". Cami
JK BEpINWHY, MiK SKUMH iICHY€ peOpO HA3UBAIOTH CyMIXKHUMU.

dxmo napu (v,w) € V BBaKaloOTh BHOPSIAKOBAHUME, TO Tpad €
opienroBanuM abo oprpadowm. lHakire rpad Ha3uBalOTh HEOPIEHTOBA-
HEM abo 3Bu4aiinuM. Pebpa opienToBanoro rpada IpuilHITO HA3HBATH
JLyTaMH.

Kinbkicts Bepuun n(G) rpada Ha3uBaoTh #oro mopsiiakom. Kiib-
Kicrb pebep nosuavawors m(G).

Kinbkicrs pebep rpada, iHIUIEHTHUX JIesdKiil BepIIMHI v, Ha3UBa-
I0Th JIOKAJIBHUM CTereHeMm, abo MPOCTO CTeneHeM, BEPITUHA U 1 TO3HaA-
qatorh deg(v). dns Bepmmu opienroBaHOrO rpada po3pi3HSIOTH Ha-
niBCcTerneHi BXO/Ly Ta BUXO/Y, Ki no3HadaroThes indeg(v) ta outdeg(v)
BinoBiaHo . HamiBcTenmeneMm BXO/y BEPIIMHH ¥ € YUCJIO BCiX pedep BH-
rasy (v, w) € E, a HamiBcTeneneM BXOJY — YHCJI0 BCIX pebep BUT/ISLY
(w,v) € E. IcTOPUYIHO MEPIIO TeOpeMo Teopil rpadis € HACTyIHA
TeopeMa, 3anponoHoBana Eitrepom:

TEOPEMA. Cyma cmenenis yciz sepuwiun 2paga dopieHioe nodeoe-
Hil KiavKocmi pebep.

Y rpadi moxkyTb Oyrn pebpa surisay e = (v,w) i e = (v,w),
sIK1 IHITMIEHTHI OJTHIM 1 Ti#t camiit mapi Bepiun. Taki pebpa Ha3uBAEMO
kpatuumu. ['pad, y skomy € kparhi pedpa, Ha3UBAEMO MYJILTUTPAGDOM.
ko pebpo 3’eaHye JesiKy BepiimHy camy 3 co0010,m700T0 ¢ = (v,v),
TO BOHO Ha3UBAETHCA Ieriero. ['pad 3 meryigavmu Ta KparHUMH pedpaMu
HazuBaeMo 1ncesporpadom. Harasi B miit KHI31 opi€eHTOBaHi, HEOPIEHTO-
BaHi, MyJIbTHIpadu Ta HceBaorpadu Ha3HBATUMEMO POCTO rpadaMH,
SIKIO He Oye MoTpedu MiIKPecJTuTH iX 0COOTUBICTD.
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€ nekinmbka crmocobiB 3amanusa rpadis. Haituacrime ix OyBae 3py-
YHO 300paKyBaTu rpadidHo, M0 i 3yMOBIIO MOSBY iX Ha3BH. [Ipu 1mbo-
My eJIeMEHTH MHOXKUHM V' 300pazKyeMO TOYKaMU Ha IJIOIMHI, a pedpa
(v, w)— Bigpiskamu (npsMoJtiHiiHEME a60 KPUBOJIHIHHUMME), sKi 37€/1-
HYIOTh TOYKH ¥ Ta w. B oprpadi ayry (v,w) mo3HauaoTh CTPLIKOIO,
0 BeJjie 3 BEPINUHYU Uy BEPHIUHY W.

[lle oxuumMm cmocobom 3aaanHg rpada € MaTpUid iIHIHIEHTHOCTI.
Hexaii vy, vg, ..., v,— Bepmmnu rpada G, eq, €g, ..., €,,— fioro pedpa. Bij-
HOIIEHHsI IHIMIEHTHOCTI MOYKHA O3HadIuTH Marpuneio [ = g ||, mo
Mae m i n croBniiB. CTOBIII BiAMOBIIA0TH BepIInHaM rpada, a psaaKu
— jioro pebpam. fkmnio pedpo e; € IHnuJAeHTHIM BepIuHi vj, TO &;; = 1;
AKIIO pedpo € metiiero, To €;; = 2. B inmomy Bunaaxy €;; = 0. Y ma-
rpuni innuaentaocri I = ||g; || opienroanoro rpada G, sikio Bepriu-
Ha v; — MOYATOK pebpa €;, To €;; = —1; 4KIIo v; — KiHenp €;, To €; ; = 1;
AKIIO €;,— NeTJIs, IHIUJIeHTHA BepIINHI v;, TO MOKJIaJeMo &; j = F1.

Marpuns cymizkuocti rpada — e kBajgparaa Marpuig S = ||0; |,
CTOBIIIAM 1 psgaKaM SKOI BiAmOBiAa0Th BepmuHu rpada. s neopien-
TOBaHOTO rpada 0;; JOPIBHIOE KITBKOCTI pebep, iHIMUIEHTHHX OJHOYA-
CHO BepIIIHAM v; Ta v;. 1 oprpada 1eil eleMeHT MaTPHILL CyMizKHO-
€Tl BKa3ye KIJIbKICTb JyT, II09aTKOM AKHX € Uj, & KiHIeM — Uj.

OueBuIHO, MO MATPHIlE CYMIZKHOCTI HEOPIEHTOBAHOTO T'pada 3aB-
JKJIM MAa€ CUMETPUYHUN BUTJIsA), & OPIEHTOBAHOIO — HE 0DOB’SI3KOBO.

[Ile omwn 3pyunmit crnocid 3aganns rpada — CIHUCOK CYMIKHOCTI,
Jie KOKeH PsiJIOK CIUCKY BiANMOBiZae BeprinHi rpada i B HhOMY 3aluca-
HO BCi BepIuHM, CyMizKHI JaHiil (1y1s1 oprpada — Bei BepinHu, dKi €
KIHIIEM JIyT'H, 0 BUXOIUTH 3 JAHOI BEPITHHE ).

TeopeTuuHni nuTaHHdg

1. o Take rpad, pebpo, jayra, nops ok rpada?

2. ajiTe 03HaYEHHS 130JIbOBAHOI BEPIINHH.

3. lllo Take kpaTHi pedbpa?

4. /laiiTe o3HAYEHHS IETIi.

5. Uu moxke cyma creneHiB ycix BepinuH rpada OyTu HelapHuM
YUCJIOM?

6. dxuit rpad nHazsuBaemo ncesporpadom, myabrurpagom?

7. 9k 3amaTn rpad 3a MATPHUIEIO THIUIAEHTHOCTI?

8. 9k 3amarTu rpad 3a MATPUIEIO CyMiXKHOCTI?

9. ¢k, BUKOPHCTOBYIOUHN MATPHUIIO IHIUIEHTHOCT, BU3HAYUTHU CTe-
IIeH] BCIX BepIIuH?

10. 4k 3a maTpunen CymiXKHOCTI 3HAWTU CTeNeHl yCiX BepIImH Ta
KLIBKiCTE pedep rpada?

3pa3Ku TUONOBHUX 33aa4 3 PO3B’d3KaMu

1. 3agaru rpad G MaTpHUIEME IHIIUIEHTHOCTI, CYMiXKHOCTI Ta CIIH-
CKOM CYMIKHOCTI.
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Posp’sizanns. /Lis moyaTky jjamMo Ha3BMU BCIM BepIInHAM Ta, pedpam
rpada:

CroBIIi MaTpuIl iHIUIEHTHOCTI BiIIOBIIATUMYThH BEPIITUHAM, a PA/I-
ki — peopam. CtaBumo 1, IKIMO peOpo iHIUIeHTHE BEPIINHI, 2 — SIKIIO
BOHO € meTJiefo 1 ) — B IHIIOMY BHUTAJIKY.

a b ¢ d

erf1 1 0 O

el 1 0 1 0
I=1e¢]l0 1 1 0
€4 0 0 1 1
es\0 2 0 O

Ockinbku panuii rpad mMae 4 BepminHHA, TO PO3MIPHICTH MaTPHUIL
cymizkuaocti Oyne 4 X 4. CraBumo 1, gkmo BepimuHU cyMmixkni i 0 B
IHIIIOMY BUIAJIKY:

a b ¢ d
af0 1 1 O
bl1 1 1 0
S=11 1 01
d\0 0 1 0

Cmmcok cymizkuaocti rpacda G 1t 3py9HOCTI 300pa3uMo y BUTJISIT
TOPU30HTAIBHOT TAOJINII, B IEPITOMY PSIJIKY SIKOT BUITHCYEMO YCi BEPITTH-
HU, & B JIpyroMy — BiamoBiaui cymixui sepmmnu ['(v) B andasirnomy
MTOPSIIIKY.

v a b c d
L(v) | byc|a,bc|a,bc|c
2. 3a MaTpUIIMHU IHIUAEHTHOCTI Ta CYMi?KHOCTI BH3HA4YTE CTEIEeHi
BepiuH rpada GG 3 nomepeaHbol 3a/1a4i.

Posp’sizanmsi.

Korken cToBrens MaTpuili iHIAAEHTHOCTI TTOKA3y€ CKIJILKH € pedep,
IHIUAeHTHUX JaHiil BepmuHi. IleTnda € aBidi iHIUIEHTHOIO O/Iiil BepIIu-
Hi. Tomy, 06 3HAHTH CTENiHb BEPIINHA, TOTPIOHO JI0AATH BCi eIeMeHTH
BIJIMTOBIIHOTO pdaKa. ¥y HAIMIOMY BHUIAJIKY Ma€EMO:
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deg(a) =14+14+0+0+0=2; deg(b)=1+0+1+0+2 =4
deg(c) =04+14+14+1+0=3; deg(d) =04+04+0+1+0=1.

3amaui
1. Bagaru rpadu 1)-3) MaTpUIe IHINIEHTHOCTI:
e ———— O 2) ® [ ] [
[ [ J [ ] [

L\
3)@\./. ./.J

2. Bagaru oprpadu 1)-3) MATPUIEIO IHIUIEHTHOCTI:

B AN X
SN

[,

3. Sazaru rpadu 3amadi 1 3a TO0MOMOTOI0 MATPHIN CYMI?KHOCTI.
4. 3agaru oprpadu 3ama4i 2 3a JOHOMOINOI0 MATPHUIL CYyMIizKHOCTI.
5. Bagaru HceB/lorpa(bH ManI/meIo CYMIZ?KHOCTI:

R /\/\
\%\

6. Sagaru opieHTOBaﬂl HceB;Lorpa(bH MaTPHUIEI0 CYyMizKHOCTI:

/

) e e 2) o3,
=)
o= U O

7. Samaru rpadu 3a7a4i 1 CIUCKOM CYMizKHOCTI.
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8. 3amaru rpadu 3a7adi 2 CIUCKOM CYMizKHOCTI.
9. B006pa3uTu HeOpieHTOBaHI rpadu, IKIIO BiIOMI IX MATPHIIL 1HITH-

JEHTHOCTI:
11000
01 001 00 20
01 100 1100
1)1 0001 2101 10
00011 0110
00110 0011
1 0100
10. 3ob6pa3uTu opienToBaHi rpadu, AKIIO BiJOMI IX MAaTPHUII iHIHU-
JIeHTHOCTI:
-1 0 0 0
o 1 0 0 -1 -1 0 1 0
0O -1 1 0 0 -1 1 0 0
-1 o 0 0 1 2)10 1 -1 0
o o0 0 1 -1 0 1 0 -1
0O 0 —-11 0 0 0 1 0

-1 0 1 0 0
11. Ba marpuigmu cymizkHOCTI 300pas3uTn HEOpieHTOBaHI rpadu:

0110 010 2
010
10 00 1010
1>é(1)(1) 21101 0 Do 11 3
0001 2030
12. 3a MaTpuIsgMu CyMizKHOCTI 300pa3uTu opi€HTOBaHI rpadu
010 1000 003 1
1) é ? (1) 2) 1010 3) 21 01
0111 4 0 0 1

13. 306pasuru HeopieHTOBaHI Irpadu, 3a1aHi CIIMCKOM CyMizKHOCTI:

1) (% U1 (%) V3 V4 Vs Vg
I'(v) | v | V1,03, V6 | V2, Vs | U3, Us, Vg | Vs | Vg, Uy

(% V1 | U2 U3 () Us Vg
I'(v) | vy |01 | Vs, 05 | Vs, Vs, Vg | Us, Vs, Vg | Vs, Us

14. 3o6pa3uTu opieHToBaHI rpadu, 3a1aHi CIUCKOM CYMIZKHOCTI:

1) (% U1 (%) Vs (] Us Vg
F(U) U3 | V1,V3 | U2, Us | — | U2,V | U2

(% V1 | U2 V3 V4 Vs | Vg
['(v) | vg | vg | V1,02 | V3,05 | V4 | Vs
15. Busznaure creneni BepiinH HeOpi€eHTOBaHUX I'padis:
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16. Buznaure cremeHi BXOy i BUXOIY Opi€HTOBaHHUX rpadis:

)

T
[

AN N
-

|

17. Ckinbku pebep Mae nmpoctuit rpad, BepIuinHu sIKOr0 MalOTh TakKi
cremneni: 4,3,3,2,2 7

18. Ywu icuye npoctuit rpad 3 BeprIimHAMEI JaHUX CTEIEeHIB:

1) 1,1,1,1,1; 2)1,1,1,1,2; 3) 0,1,2,2,3; 4) 3,3,3,3,2;

5) 1,2,3,4,47

Ko Tak, TO 300pas3iTh HOro.

19. 3a MaTpurero iHIUJIEHTHOCTI BU3HAUTE CTENeHI BEPIITUH Heopi-
€HTOBAHOI'O Ipada:

11000
01100
10100
1 0010
00110
00101
000171

20. 3a MaTpuIeo HIUACHTHOCTI BU3HAUYTE CTEIEHI BEPIINH OpieH-
TOBaHOTO Tpada:

1 -1 0 0
1 0 -1 O
0 1 -1 0
0 -1 0 1
0 0 -1 1
0 0 1 -1
0 0 0 =1

21. 3a JaHUMH MATPUIAME CYMiKHOCTI BU3HAUTE CTEIeH] BePIUH
HeOopieHTOBaHUX rpadis:
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01110 L9 0 9

10100 5 0 3 0
11100 210 3 0 1
10000 5 0 1 9
00000

22. 3a JaHUMHU MATPUNAMHI CyMizKHOCTI BH3HAYTE CTEIEHI BXOY 1
BHUXOJIy BEepIINH Opi€HTOBaHUX rpadis:

0120 1 110
2110 0113
0000 210 2
0 001 4 011

23. € 25 cryznentiB. Bigomo, 1o KoxKeH cTyAeHT 3HafioMuii 3 m's-
ThMa iHmuMu. Yu Moxke Take OyTu?

24. YYaCHUKY CTYJIEHTCHKOI OJIIMITia I, MO3HANOMUBIITUCH, OOMIiHSI-
JIUCh KOHBepTaMu 3 ajJipecamu. loBeIiTh, II0:

1) Bcboro GyJio mepeiaHo mapHy KilbKiCTh KOHBEPTIB;

2) KUIBKICTD YYaCHUKIB, AKi OOMIHSIINCH KOHBEPTAMHU HEMAPHY KiJlb-
KicTh pa3iB, mapHa.

25. Yu icuye rpad 3 1'sgrbmMa BeplIMHAME, Y SIKOI'O OJIHA BEPIIHHA
i30/1bOBaHA, a iHma - cremnens 47

26. [IeB’siTh maxMaTuCTiB IPOBOJATH TYPHIP 38 KPYTOBOIO CXeMOIO(
KOKeH 3 YYaCHUKIB Ma€ 3irpaT 3 KOKHUM 3 DEIITH 110 OJHOMY pa3y).
JoBeniTh, o y Oy/ib-IKUit MOMEHT 4acy 3HAMIyThCs JIBOE, SIKi 3irpajin
OJTHAKOBY KITbKICTH MapTiii.

27. JleB’aThb MaxXMaTUCTIB MIPOBOJATH TYPHIP 38 KPYTOBOIO CXEMOIO.
B jeskuit MOMEHT BUSBIAETHCS, MO piBHO (!) JBOE yUaCHUKIB 3irpasm
OJIHAKOBY KLIBbKiCTh mapriii. /loBemiTh, 110 ¥ IbOMY BHIIAQIKY ab0 piBHO
OJIMH YYaCHUK IIe He 3irpaB »KO/HOI naprii, abo piBHO ojiuH 3irpas yci
maprii.



Jii naxg rpadamu. Isomopdism.

Teoperuuni BimomocTi

Hexaii mu maemo rpad G = (V, E). Toai koxen rpad G' = (V' E'),
g axoro V! C Vi E' C E masusaemo nigrpadgom manoro rpada
G. lligrpad mMokemo OoTpuMaTH, BUKOHYIOUN OMEpAaIlil BUJIyIeHHS Bep-
muH 4u pedep. Ilix omeparniero BuydeHHs BepIIHHE Oy/1eMO PO3YMITH
omepario, Mo MOJIATa€ Y BUAAJEHH] JedKOl BEPITHHA Pa30M 3 iHIHIEH-
THUMH 1ii peOpamu. Onepaliis K BUJIYUeHHs peOpa He Beje 3a co0OI0
BIJIYUEHHS BEPIIWH, gIKi € KiHISIMH JAHOTO pebpa.

Jonosrenusm (jonosusibanm rpadom) G rpada G e rpad, skuit
Ma€ Ty camy MHOXKHHY Bepiind, mo it G, npore jpi epmunu y G e
CYMIKHUMU TO/I 1 TIIbKK TOJi, KOJIu BOHU He € TakuMmu y G.

O6’eauannsy rpadis G(V, E) ta G'(V', E') nasusaemo rpad G U
G'(V UV' E U E"). Anasnoriuno, nepepizom 6yze rpad G N G'(V N
VI.ENE).

Mu yxke posrngaanu pizHi crocobu 3aaanug rpadis. Maroun ma-
TPHUITIO CYMizKHOCTI 200 MaTPHINIO IHITUIEHTHOCT1, MU MOYKEMO BUKOHATH
pucynok (giarpamy) rpacda. OgeBuHo, 10 Burisiy rpada 3a/1eKurh
Bij dopmu JiiHi TA Bij PO3MillleHHs BePIIMH HA PUCYHKY. [HOJI He
TaK JIETKO 3pO3yMiTH 4uM OJiuH i TOW camuili rpad 300pakeHuit Ha Ha
pi3HuX puUCYHKaxX. Burjsja Marpuip Ta CIUCKY CYMiKHOCTI 3a/I€KUTh
BiJ HyMepallil BepiuH i pedep rpada.

Hexaii icuye Giexriis ¢, gka jie€ 3 MHOKUHK BepimuH rpada G Ha
MHOXKHHY BepminH rpada G’ Tak, mo ajst OyIb-9KuX BepIInH U, W €
V(G) ix obpasu ¢(v) ta ¢(w) € cymizkunmu y G’ Toxi i Tinbku Tojii,
Ko v Ta w € cymikaumu y G. Taky 6iekmio Ha3uBaIOThH i30MOpdi-
3mom rpacda G na rpad G’, a cami rpadu nazusaiors i3omopdaumu. e
O3HAYEHHS TOAUTHCS 1 JijIst OPiEHTOBaHUX rpadis, ajie MoTPibHO Bpaxo-
ByBaTH e it Hanpsawm ayru oprpada. TooTo, Bepmuna ¢(v) € IOIaTKOM,
a ¢(w) xinnem jgyru B G’ Toxi i TLIBKH TOJI, KOJU HOYATKOM 1 KiHIIEM
€ BiamoBigHO v i w y rpadi G.

Hanpukiaa, HuzKde Ha pUCYHKY 300pazkeHo izomopdHi rpadu:

.b3

4

a,e bl bre boe

IZaS AN

b40
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Otxke, rpacdu € i30MOpPGHUMHU, SIKIO BOHU BiIPI3HAIOTHCA TLTHKH
HyMepari€eo (iIMeHaMi) BepIIuH.

Matrpuni cymizknocti i3omopduux rpadin JIerko mnepexo/isdTb OjiHa
B OJIHY TIJISIXOM MEPECTAHOBKHU Ps/IKIB Ta CTOBIIIIB.

[I1o6 nepexoHaTHCs, MO JBa PUCYHKHA 300paKy0Th OJWH 1 TOi ca-
Muit rpad, moTpibHO TepeBipuTH:

1. Yu osHaKoBa KLJIBKICTH BEPIIUH y 000X rpadis.

2. Yu ogHakoBa y HUX KiJTbKICTH pebep.

3. Yu cmiBnasae y HUX YHUCJIO BEPINUH, IKI MAlOTh OJTHAKOBY CTe-
MHb.

CdopmyboBani Buie yMOBH IIe HE € JOCTATHIME JIJIsi TOrO, 1100
rpacdu 6ysu izomopduumu. 1106 goBectu i3oMopdHicTb, 1OTPIOHO BCTA-
HOBUTH B3a€EMHO OJITHO3HAYHY BiJITOBIIHICTH MiK MHOXKXWHAMH BEePITHH
0box rpadis, sika 30epirae pebpa.

dkmo rpad G izomopduuit cBoemy jonosrenuio G, TO #Oro Ha3n-
BAaIOTh CaMO/IOTIOBHSIBHIIM.

Teopernuni nuranusd

1. dxkumu matorb 6ytu rpacdpu G ta G, 1100 BUKOHYBaJach piB-
HICTD G1 U G2 == Gl N GQ?

2. 9k 3a marpwuieo cymikaocti rpada modypayBaTtu fOro J101M0B-
HsIIbHAI Tpad?

3. HUum MOXKyTh BijpizusTucs izomopdui rpacdu?

4. Ckinbku pebep € y gomnosrenHi G caMom0noBHSIbHOrO rpada G,
AKuii Mae m pebep?

5. Um moxke OyTu rpad i3 TphoMa BepIIHMHAMH i JBOMA pebpamu
CaMO/IOIOBHAIbHAM !

6. Yomy jopisuioe creninb sepumun vy rpadi G, axuo B rpadi G
3 N BePIIMHAMU:

1) deg(v) = 1;

2) deg(v) =n—1;

3) deg(v) = 0;

4) deg(v) = k?

7. ki BmacTUBOCTI Ma€ BiJHOIIEHHS 130MOpP(MHOCTI HAa MHOXKHUHI
rpadis?

3pa3ku TUNOBUX 337a4 3 PO3B’A3KaMu

1. 3uaiigiTe 00’eHAHHS Ta Tepepi3 rpadis:
Gi g b G2 q b

/

c d e

f

Posp’a3anns.
Buaiigemo MuoxkuHY BepiuH rpada G UGy :
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V(G1UGy) ={a,b,c,d} U{a,b,e, f} ={a,b,c,d, e, f}.

Anasoriuno V(Gy NGy) = {a,b,c,d} N{a,b,e, f} = {a,b}.

Koxue pebpo rpadis noznaunmo sk napy (v, w), ae Bepumnu v i w
¢ kinngmu pebpa. Toxi E(G1UGs) = {(a,b), (a, ), (a,d)}U{(a,b), (b,e), (e, f)} =
{(CL, b)7 (CL, 0)7 (a’ d)? (bv 6), (67 f)} Ta E<G1ﬂG2) = {<a7 b)’ <a7 C)’ (a7 d)}ﬂ
{(CL, b)> (b’ 6)7 (67 f)} = {(a’ b)}

Otpumaemo rpadu:

G1UG226 f GlﬂGgi
a b a b
c d
2. Hocnigith rpadu Ha i3oMOpdHICTD:
1) Gy a Go
SN e
/ \\_’/
d————e
2) Gl a GQ
, / \ ) a/ /‘”Z;I“\\ C/ d/ e/
d e
Go
c a’ b m e

Posp’a3anng.

1) Ilepesipsiemo BuKoHaHHST HEOOXinHUX yMOB. B 060x rpadax € 1o
5 Bepmma Ta 7 pedep, ane y (G € aBi BepmmHu @ Ta € creneds 2,a 'y G
TiIbKK OjiHa BepinuHa. Tomy mani rpacdu He € izomopduumu.

2) B ob6ox rpadax € 1o 5 pebep Ta 1Mo 5 BepINHH, cepej SAKHX 0
OJHIil BepIIuHI cTeneHd 1, TpU BEePIIUHHU CTelleHs 2 Ta OJHI BepIINHI
cremens 3. Ilpore mi rpadu He € i3omopduuMH, ockinbku y G Be-
IIWHA cTermeHs 1 cyMiKHa 3 BEpIIHHOIO cTeneHs 3, a y (G5 aHaIOriIHA
BepINHA CYMiKHA 3 BEPIIHHOIO CTeleHs 2.

e
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3) Sk BUJHO, YHCJTIO BEpIIUH, YUCI0 pebep Ta CTeleHi BepIINH B
000x rpadax cmiBnamaoTrb. Capobyemo modoyayBaT i3oMopdizm ¢ :
G1 — Go. OueBugno, mo ¢(a) = b/, oCKiIbKYM 1 €nHI BEpIIUHU CTe-
nenss 4 B 0060x rpadax. Anasoriuno ¢(d) = a’ Ta ¢(e) = d'. Bep-
nmmHaM b 1 ¢ crenensa 2 Bigmosigarors Bepnmmm ¢ i €. Tloknagemo
o() =, o(b) = €. BayBakumo, 1110 OCKLJILKY MHOYKUHA BEPIIUH, CyMi-
JKHEX 3 b CHIBIA/Ia€ 3 MHOXKHHOK BEPIINH, CYMIZKHUX 3 ¢, TO OJIHAKOBO
BipanM Oye nokaacru ¢(b) = ¢, ¢(c) =€ 1a ¢(c) =, ¢(b) = €.

BceranoBuTH BiAIOBIIHICTH JBOX PUCYHKIB OJHOMY rpady MOxKHA i
reoMeTPUIHO:

a d a
c = b\c =
d e e
TN
d a c d a & e =

3amaui

1. [TobyayBaTu rpad, skuif OTPUMAEMO BHACJIIOK BUJIYUYEHHS 3 Jla-
HOro rpada BepHuInHu C.

e,

\-......../

2. Buaiitu Bci mijgrpadu 3aganoro rpada, ki MaloTh TY caMy MHO-
JKHHY BepINNH, 0 1 JaHuii rpad:

N\
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3. BHaliIiTh JTONOBHEHHS 10 rpad)iB 1)-4):

De . 2)./. / \ / \
N

[ ] [ ] [ ] [ ]
4. Jlnsa rpada, 3aJaHOro MaTpPUIEIO CyMizKHOCTI, 3HANTH MaTPHUIIO
CYMI2KHOCTI JIONOBHSLJILHOTO rpada.

O = O = O
O = = O =
_— o O = O
—_ O O =
O = = OO

5. 3HalIITH 00'€THAHHSA Ta Tepepi3u map rpadis:

Dg— b a b 2) a
N
N
e d e e f f——d

c
6. [TosicuiTs womy jani napu rpadis He € i3omopdHUME:

b
c d

o
@

z

X AN
AR
S 2N

X
/\/\
VAN

e







.. // '
7NN

N,
/
\._/

0

I\,
N\

—
I~

e

o\o

.\./H \ I /]

||
P = IN /.\m.\ |
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. 0/
AN

/\

/#% N

8. ,HOBe;uTb 1[0 KOKHA Tapa 1)-3) MaTpuIlh CyMizKHOCTI 33/1a€ I'Pa-
dbu, izomopdHi MiK c0b0O.
01 1 00 1 0011 010
00 0O 0 0 1
{1 00 0 01 2)
10 0 110 01 00 100
01 00 0 0O
0010 00 0O
3) 1 101 1 011
1 101 0100
0000 1 011

9. JloseiTh, 1o ganuii rpad — caMoI0NMOBHSIbHUIA.

10. loBeaiTn, 110 KOKeH caMOI0OBHsLIbHUI rpad mae 4k abo 4k+1
BEpIIHUH.

11. Ckinpku icaye HeizoMopdHUX MpocTux rpadiB 3 N BepuInHAMI,
SIKTIIO:

1) n=2;

2)n=3;

3)n =47

O = OO
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12. CkimbKH icHYE Hei3oMOpGHUX MPOCTUX rpadiB 3 5 BepIImHAME
i 3 pedbpamu?
13. Buznauuru ski napu oprpadin € isomopduumu.

e o—e (o .
i

X TIX)

_

e, e
Wi KK

Mol B
L>< :)C.?il«.g
VANAN

14. B maxmarHoMy TypHIpi 32 KPYTOBOIO CXE€MOIO 0epyTh y4YacTh
cim cryzentiB. Bigomo, mo IBan 3irpas mricts napriit, Tapac — n’saThb,
Amngpiii i JImurpo — o tpu, Crenan i Oser — mo aBi, €Bren — oaay. 3
KHM 3irpaB Anapiit?



MaprmipyTu, mukJjan. 3B’ d3HICTh.

Teoperuuni BimomocTi

Hexait maemo neopienroBanuii rpad G.

Mapmpyrom y rpadi G HazHBAEMO IOC/IIIOBHICTH HOTO BEPITHH
V1, Va, ..., Up, B IKIil KOYKHI JABI cycigHl BepmuHA cyMmixkai. Bepmuna v;
€ MOYATKOM MapIIPYTYy, a BEPIIHHA V), — KIHIeM. ZIKII0 mepIira Ta OCTaH-
Hsl BEPIIUHU MAapPIIPYTY CHiBOAIAIOTH, TO BiH HA3UBAECTHCS 3aMKHEHUM.
MapupyT Ha3WBaE€ThCA JIAHIIIOTOM, AKIO BCi #oro pedpa pi3Hi, i mpo-
CTHM JIAHITIOTOM, SIKINO BCi foro BepmmHu (a 3HAYUTH i pedpa) pi3Hi.
BamxHeHuil (IpocTHit) JAHIIOL e HA3UBAIOTDH (IPOCTHM) IIUKJIOM.

O3navenHsi MapHIPyTy MOXKHA, [EPEHECTH Ha OpieHTOBaHuUit rpad.
MapmipyT B 0OCTaHHBOMY HA3WBATUMEMO TLIsIXOM. OTKe, MIISTXOM B Op-
rpadi € mocaiI0OBHICTH BEPIIUH V1, Vs, ..., Up, B SKill KOXKHI /Bl BEPITUHA
Vi, Vi+1 € CYMIZKHUMH, IPAIOMY V; € MTOYATKOM, a V;4+1 — KIHIIEM CHLIHHOI
ayru. BianoBigHO MOXKHA MTepeHecTH TaKOXK O3HAYeHHS JIAHIIIOTA, ITPO-
CTOTO JIAHIIIOTA, MUKJIY Ta mpocToro mukmay. IIpoctuit muka B oprpadi
e HA3WBAIOTh KOHTYPOM.

Opasiero 3 HafinpocTimux BaacTuBocTeil rpadis € 38’ g3nicTh. Hasu-
BaeMO rpad 3B’g3HUM, SKIIO KOXKHI JIBl 1010 BEPIIUHU 3’€/[HAH] JIAHIIIO-
rom. B inmomy Bunajiky rpad — ne3s’asuuit. Makcumasibuuii 38’ a3uuii
nigrpad 3aganoro rpada € Horo KOMIHOHEeHTOIO 3B’ a3H0CTi. Takum qu-
HOM, He3B's3HUil rpad Mae K MIHIMYM JIBI KOMIIOHEHTH 3B’ S3HOCTI.
3B’ ga3umil XK rpad Mae OfHY KOMIOHEHTY — cebe caMoro.

[lnga opienToBanoro rpada BBOAUMO MOHATTS CIA0KOI, CUIBHOI Ta
OIHOOIYHOI 3B’ I3HOCTI.

Oprpad HA3UBAETHCS CTAOKO3B I3HUM, SKIO MiK KOXKHUMHI JTBOMA
oro BepiMHAMM ICHYE ILIAX X04a O B 0JiuH OiK.

Oprpad HA3UBAETHCS CUILHO3B I3HUM, SKIIO MiK KOKHUMHU JTBOMA
oro BepiIMHAME ICHYE NLIAX B 00u/1Ba OOKH.

Oprpad Ha3UBaETHCSA OHODITHO3B T3HUM, STKIIO MizK KOYKHUMU JTBO-
Ma HOro BepIuHAME iCHY€ TUIsIX PiBHO B oaWH Oik. 3Bnvaiinuii (6e3
meresib Ta KpaTHUX pebep) OMHOOIYHO3B s3Hmil rpad Iie Ha3MBaIOTh
MeperKero.

¢IKI0 3 BepIINHE v; Y BEpIIMHY v, iCHye MapmpyT (IUIfX), TO Ka-
JKeMo, IO BepIINHA v; JOCAZKHA 3 BEPIIHHNU V.

JIoBXKUHOIO MapIIPYTy € KijIbKicTh pedep B Hbomy. Pebpo — e map-
mpyT gA0BAKUHOI 1.0T)Ke, MATPHUIS CyMiKHOCTI MOKA3Y€E MiK SIKHMU

17
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BepIIHHAME € MapUIPYT J0BXKUHOIO 1. /115 TOTO, 100 3HANTH KiTbKICTh
BCIX MapIIpyTiB J0BXKUHOW N ¥ rpadi G, oTpibHO HOTO MATPHIIO CY-
mizkHOCTI S nignecrn jo crenenst n. Orpumaemo marpuio S™ = [s; ],
JIe eJIeMeHT S; j IOKa3y€ KLIbKICTh MapHIPyTIB JOBXKUHOKO N 13 7 -1 Bep-
MMAHA Y J-Ty BEPITUHY.

Bepmuny rpada, BuaydeHHsT STKOT 3yMOBJIIOE 301LIbITEHHS KiJIHKOCTI
KOMIIOHEHT 3B’I3HOCTI, Ha3UBAIOTh PO3 € IHYBAJILHOIO.

Pebpo rpada, BuIyudeHHS SIKOTO 3yMOBJIIOE 30LIBINEHHS KiTbKOCTI
KOMIIOHEHT 3B’SI3HOCTi, Ha3MBAIOTHL MOCTOM. ZIKImO pebpo e He Haje-
JKHATDH YKOJHOMY IHUKJIY, TO BOHO € MOCTOM.

TeopeTuuni nuTauusd

1. MaitTe o3nayennsi KOHTypa B oprpadi.

2. 9IKi B1aCcTUBOCTI Ma€ BiTHOIIEHHS JOCSYKHOCTI Ha MHOXKHHI BCiX
BepiuH rpada’?

3. Uu mokHa 3 Oy/Ib-9KOr0 3aMKHEHOI'O MapIIPyTy BHJIYYUTH IPO-
CTUH JaHIor?

4. CKUTbKH pebep Ma€e TPOCTUil MUKJI 3 N BepIIHHAMHE?!

5. Uu moxKe OyTH Tak, 10 ¥ Tpadi iCHY€e MPOCTHIi TAHIIOT 3 BEPIITUHI
V1 y BEPIIHHY U Ta 3 Vs Y Uz, ajle He ICHYE HPOCTOrO JIAHIIOTA 3 U1 Y
V3 9epe3 BepIIuHy vUs?

6. Yu moxke mict OyTu pedbpom mukry?

7. {dke naitmentre uncyio pebep mae martu rpad, mobd Bin OyB 3B -
3HUM?

3pa3Kn TUNOBHUX 33aa4 3 PO3B’d3KaMu

1. Bagano rpad:

Yu koxkHa 3 MociIoBHOCTel BepuH 1)-6) 3amae mapmpyt? SKmio
TaK, TO YU € BIH JIAHIIOIOM, IUKJIOM, IIPOCTHM JIAHIIOIOM, IIPOCTHM
IMUKJIOM?

]-) V2, U3, Us, U4;

) V2, V3, Uy, Vs, V1, Vs, U3;
3) vs, V1, Uy, Vs, U1, Va;

) U2, V3, U1, Vg, U3, U1, V2;

) U2, Vs, U1, U4, Us, U1, V2;

6) Vg, V3, U4, Us, U1, V3.

Posp’si3anms.

1) He € MapIIPYTOM, OCKLIBKH BEPIIUHE U3 Ta Vs CTOATH HOPYY, aje
He € CYyMIXKHUMU;

2) MapIIpyT, ajie He JIAHIIOT, TOMY, 10 JBiul MiCTUTB PeGpo (U3, Vy);
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3) MapuIpyT, SKuil € JAHIIOrOM, OCKLIBKH YKOJIHE peOpo He MOBTO-

PIOETHCA.
(% U3 Uy
U7 Ug Vg V10 V11
V12
1. 3 BepmmHU Vg y BEPIINHY V11 JaHOTO I'pada 3HANTH:
1) mpocruii Janigor;

2) JaHIoT, SIKAIl He € MTPOCTHM;
3) MapuIpyT, SKHii HE € JIAHIFOIOM.
Po3p’azanud.

3amaui

1. Yu icaye jaumior Bix a 10 d, IKuii IPOXOIUTH Y€pe3 yCi BePIIHHT

A mpoctnii sanmor?

2. Bagano Fpa(b:

\/
/\

‘11/1 KOXKHA 3 HOCJIi,ZLOBHOCTeﬁ Bepinun 1)-6) 3amae mapupyt? Ko
TaK, TO UM € BIH JIAHIIOIOM, IUKJIOM, IPOCTUM JIAHIIOIOM, HPOCTAM
IUKJIOM?

1)vy, vy, v, v3;

2)v1, v3, V1, Uy;
3)v1, V3, Us, Va, U3, Us;
4)v1, vy, U3, Vo, Vs;

5)’1)1, Vs, Us, U2, U3, U4, U1,
6)v1, U3, Vg, V1.

3. 3HaITH yCi TPOCTi JAHIIOTH 3 Uy ¥ U7:
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BAJIAUC
Vo U1 Vo
(%] V4 (%
Vg (V4
4. V10

. o2 o o \
U3 V4 Us Vg —— Vg V12
1) 3uaiiTu BCi JAHIIOTH, O BEIYTD 3 U1 y V12;

2) BuaiiTu BCi IPOCTI JAHIOTH, 1O BEJAYTH 3 U1 Y U19;
3) BuaiiTu JAHIIOr 3 V1 Y Vg, AKUil MICTUTH YCi BEPLIMHY;

4) Yu icuye npocTuil JIAHIIOT 3 V1 Y V12, SKUH MICTUTH yCi BepinuHu?

5) 3HaiiTu MapUIpyT 3 U1 y V1o, AKHN HE € JIAHIIOTOM;
6) 3HaliTH MApIIPYT 3 U1 ¥ V12, AKUi MICTUTH yci BepIIuHU 1 He €

JIAHITIOTOM;
7) BHaiiTu yci npocTi MUKJIH.
5. B manomy rpadi 3uali1iTh NUKIN J0BXKUHOIO 3, 4, 5, 6, 10.

/
\

6. YUu mae rpad 3 nonepeanbol 3aa4i muk/1 JoBxkuHo0 97 Binmo-

\/

Bijlb OOrpyHTYIiTE.
7. st rpadis 1)-2) 3HaiAITH KIIBKICTH yCiX NUISXIB JOBKHHOIO 2,

3, 4.

[ ] [
8. st oprpadis 1)-2) 3HAHAITH KIIBKICTH yCIX MIIAXIB JTOBKHHOIO

2,3, 4.
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o —>0

9. JIna rpadis 3a1a49i 7 3a0UAMIITE MATPHUIL JTOCIKHOCTI.

10. [doBemiTh, 1Mo OYAb-KHii HANKOPOTHIN IILASIX 3 BEPIIUHA U Y
BEPIINHY W € HPOCTUM JIAHITIOTOM.

11. I'pad 3asannii marpuneto cymikuocti. JlosejiiTh, 1o y HbOMy
€ IAKJI JIOBKUHOIO 3.

e )
OO O =
OO O =
SO O =

12. Braxite, sxwuit 3 rpadis 38 sa3umit. CKiJIbKH KOMIOHEHT 3B’s-
3HOCTI Ma€ KoKHUit Tpad?

JA =W
VY
@ "N
|

KX XX,

13. 3HaiiaiTh po3’€IHYBaJIbHI BEPIIMHE, MOCTH i OJIOKH.
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SN SN
N A
NN
\\\/// NN
N N
/

14. Jloeairs, mo gxmo rpad G He3p s3uuit, To rpad G — 38’ a3uwmil.
13. dxwnit 3 oprpadiB € cuIbLHO3B SI3HUM, CIAOKO3B SI3HUM, OTHOOI-
YHO3B I3HUM?

2) oe<— @ 3) o —> 0

N N TN

o —> 0 o <—0
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4

.<'\\/.

e —0

14. JIna kozkHOrO 3 rpadip 3a1a4i 13 3a0UIIiTh MATPHITIO TOCAZKHO-
cri.

15. s koxkuoro 3 rpadis 3a/a4i 13 3anuiniTh MaTPUIO CHJIBHOL
3B’SI3HOCTI.

16. JaBemiTh, 1o sKmo BepinmuHa @ 3B’si3H0r0 rpada G € pos3’en-
HYBaJIbHOIO, TO MHOXKHHY BCIX BepIIuH rpada MoxKHa po36uTu Ha JBi
nigvuoxkuan V) Ta Vo Tak, mobd muigx 3 Oyab-gKol BepmuHH 3 Vi Y
Oy/Ib-gKy BepIuHY 3 V5 MPOXOJIUB Yepe3 BEPUIUHY a.

17. JloBeiTh, 110 SIKIIO U € PO3’€IHYBAJHHOIO BepIIHHOI Y Tpadi
G, 10 BOoHA He MOKe OyTH Po3’eaHyBaabHOL y G.



Turnu rpadis: moBHMII, ABOJOJIbHUIA, peryJaapHUIi,
[JIAHAPHUNA.

3amgaudi

1. 3ob6pazirs nosuuit Hpad K,, AKIio:

1) n=2;
2) n=3;
3) n=>5.

2. BanunriTh MaTpuUIto cymizkuOCTI 1151 Tpada K.

3. Busenitp dopmysy, 3a gKOIO MOKHA 3HalTH KLIbKICTH pebep
rpada K,.

4. Ckinbku pebep morpidbHo jgojaTu jio rpada, 1mod BiH CTaB MOB-
HUAM?

1) o ° 2) o

5. Yu icuye nosuuit rpad, y gKOro KiJbKicTh pedep J0piBHIOE
1) 15
2) 18;

3) 19...90...0 (n geB’aToK i n HymiB);

4) 8k* + 2k, k € N.

6. Ckinbku pebep € y rpadi G, akmo rpad G Mae n Bepums i k
pebep?

7. I'pad G mae 15 pebep, rpad G mae 13 pebep. SHaiiaiTs KiabKicTh
BepmuH rpada G.

8. Uu mozxua 3 noBHOro rpada K17 BUIyIuTH JesdKi pedpa Tak, 1o
CTeTiHb KOYKHOI BEPITUHN JOPIBHIOBAIA

1) 15;

2) 2;

3) 17

9. Hocnigith rpacdu Ha JBOJOIBLHICTD:

24
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1) o o« 2

Nz />
/

3)

N\
AN

/

10. SanumriTe MaTpumio cyMizKHOCTL rpada Ky 3.
11. dxwnit 3 rpadis € peryasapHuM?
1) [ [ ] [ ] 2) [ ] [ ] [ 3) [ ]

ave

[ [ ] [ ] [ ] [ ] [ [ ]
12. JTonoBuiTsh januit rpad Tak, mobd BiH cTaB pery/ispHUM CTeleHs
n, e n = 3;4;5.

[ J [ ] ® [ J
[ ] [ [ J [ ]
13. 306pa3iTh KOzKeH 3 IIaHapHux rpadis 6e3 neperuny pebep.
]-) [ ] 2) [ ] [ ] [ ]
[ ] [
o ———M7M7M7 @0

14. Yu € miockum ganuii rpad?
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15. Ym moxkna 10 3ajanoro rpada gojgati HOBI pebpa Tak, 100
oTpuMaHnii rpad 3auimascs mwiockuM? ZIKImo MoxKHA, TO gKi?

[ ] [ J
16. MocaimiTe BaacTuBOCTI rpadiB: 3B’I3HICTH, MOBHOTA, JBOIO0Th-
HICTb, IJIAHAPHICTD, PEryJIsdpHICTD, CAMOJAOIOBHJIBHICTD.

1) o o 2 o e 3 o 4 .
A T
5) e e 0) e e 7o e 8 e .
U N B VS B PN
9) o e 10) . e 1) .

. N\

16. Hoseith, 1110 cepe;i 6 Jjitojieil 3aBxK /11 3Hal1yThcd a00 3 1nomap-
HO 3Hafiomux, abo 3 1onapHo He3HAKOMHUX.

17. Koxken yuenn 9-A kjacy apyKuthb 3 TphoMa yausivu 9-B kiacy,
a KoxkeH y4enb 3 9-B apyxuth 3 Tproma yunsmu 3 9-A. JloBemiTh, 110
KLIBKICTDh Y4HIB B 000X KJjacax O/IHAKOBA.

18. B TenicHoMy TypHipi KOzKeH rpaBernb KoMaH 11 " cuHix'"3ycTpidaeTbes
3 KOXKHHM TI'paBieM KoMauau "depBoHux'. YHc/I0 rpaBIiiB y KOMaHIaX
onnakoBe i He Oinpire 8. "Cumni"Burpanm y 4 pas3m Oiblne 3ycTpideii,
Hizk "gepBoni". CKiIbKM M07ei#l v KOXKHI KOMaHITi?

19. Koxken 3 490rupbox cycijiB 3’€jHaB CBiil JiM 3 TphbOMa IHIIN-
MH CTeXKKaMU, SgKi He HepeTHHAIOThCd Mixk cobo1o. loBeniTh, 1o J1iM
I'TOT0 CyCi/la HEMOXKJIMBO 3 €IHATH 3 IHIITUMHA HEIIePETUHHUMH CTEeK-
KaMH.

20. € 3 Oyauuku i 3 KpuHuni. Bix KoxKHOro J0My 710 KOXKHOI KpH-
HUIIl BeJie cTekKa. Koy BracHuKH Oy IMHKIB IepecBapuInCh, BOHU BH-
PIIIAIM TPOKJIACTH ILISIXU J0 KPUHUIB TaK, MO0 He 3yCTPidyaTHCh IO
nopo3i. JdoBeaiTh, mo iX DaykaHHS He MOXKe 3IiHCHUTHUCS.



Eiineposi Ta ramiJibTOHOBI rpadm.

3amaui

1. Yu icuye eitneposuit nuksa y rpacdax? fAxmo tak, 70 3HARIITH

pogicy

°
\

\

1) e

/'—\
PO
\./

2. Ha mamonky cxema my3selo, Jie pebpa 03HA49aloTh BUCTABKOBI 3a-
JIM, a BEPIIUHU - BXiJ 3 OJHI€l 3a7am B iHTTY . UM MOXKe €KCKYpPCOBO/I

IIPOBECTH BiJIBi/lyBadiB TaK, 1Mo0 MOOYBATH B KOKHOMY 3aJii PIBHO OJIMH
paz?

Y aKUX BepHIMHAX CJIiJ 3pOOUTH MOYATOK Ta KiHEIb eKCKypcii?
3. Homaiite j0 rpada pebpa Tak, 11100 BiH cTaB e€ijepoBUM.

4. 300pa3iTh Bci HeizoMoOpdHi eiteposi rpadu 3 5 BepITHHAMH.
5. Maemo cxemy wmict (Bepmuun) i gopir (pebpa) mik Humu. Hu
MOYKHa 00'TXaTu yci MicTa piBHO 10 OJIHOMY pa3y i MOBEepHYTHCS Ha3a1”!

27
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6. Hocmiaith rpa(bn Ha HagBHICTH eiJIepOBOr0 Ta raMiJIbTOHOBOI'O
IUKJIIB.

| IX]

7. Yu € eitrepoBumu HacTymnHi oprpadu?
1) . 2) o

AN
N



