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1. OCHOBHBIE XAPAKTEPUCTUKH ITPOI'PAMMBI

1.1.11osicHuTeILHAS 3aNIUCKA

JHanHnas ob1eoOpaszoBareibHas o0Lepa3BUBaroLIas [porpamMmma
J0IOJIHUTE/IHOro 00pa3zoBanus jaetei (nanee — IIporpamma) npejHa3HayeHa s
O3HAKOMJICHHS y4allUXCsl ¢ IPUMEHEHUEM MaTEeMaTHKH B MHIKEHEPUH, MOJIyHeHHUs]
0a30BBIX HABBIKOB [Is1 JaJIbHEHIINX HccienoBanuii. Tawoke nporpaMma CIy KuT Aist
OnpeziesieHust Oy Iy IMX UCCIIE0BATEILCKUX HHTEPECOB yYaLUXCH.

IIporpamma opueHTHpOBaHA Ha JIONOJHUTEIBHOE 00pa30BAHME Y4alUXCH
CpeJHEero M CTaplIlero mkoJsHoro Bo3pacra (11 - 18 ser).

YyacTHUKM rpynn: yyauiuecs o6uieo0pa3oBaTelibHbIX YUpeKIeHUH.

Bospacr aas 6asoBoro kypea: ot 11 jer.

Bo3moxkHOCTb yuacTusi B rpynmne o0y4aomuxcsi pasHbIX KJIACCOB: €CTh

Cpeanuii yncnenublii cocras: 14 yenosex.

TpeGoBanusi K MUHMMAILHOMY YPOBHIO KOMIIETEHUMIi: OTCYTCTBYET.

@®opma  UTOroBOii  aTrecraumu:  NyOIMYHOE  BBICTYIUIGHME  C
JEMOHCTpPaLUEH.

[Iporpammoii npeaycMoTpeHO mpoBejeHHe KOMOMHMPOBAHHBIX 3aHSTHN:
3aHATHUS COCTOSIT U3 TEOPETHYECKOW W INPAaKTUYECKOH yacTeil, npuuyém GoJbllee
KOJIMYECTBO BPEMEHU 3aHUMAET MIPAKTHYECKAasl YaCTh.

[Tpu npoaeﬂenm 3QHSATHI TPAAMLUMOHHO UCIIONL3YIOTCS TPU (OPMBI pabOThI:

® JICMOHCTpAallMOHHAs, Korja oOydalomiuecs CIylIalT O0bSCHEHUS

rnejarora ¥ HalbJIIOAIOT 33 JA€MOHCTPALIMOHHBIM 9KPAHOM MIIH SKpaHAMH
KOMIIBIOTEPOB Ha YYEHUUYECKUX pabouymux MecTax;

* (poHTranpHas, Kkorga oOydarollMecs CHHXPOHHO paGoTaloT MO

yIpaBJeHHEM I1eJjarora;

® CaMOCTOsITe/IbHAs, KOI/la 00yuarouiuecsl BBINOJHSIOT MH/UBUIYalIbHbIE

3a[laHKs B TEYCHUE YACTH 3aHATUS UJIM HECKOJIbKUX 3aHSTHII.
1.2.lenp n 3212441 NPOrpaMMbl
Heabro Iporpammel siBasiercst GOPMUPOBAHUE Y YYalMXCsl HABBIKOB M

KOMIIETEHIIMH, HEOOXOAMMBIX /ISl JanbHeilleil paboThl ¢ NpuMeHeHHeM 3HAHHIA
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MaTeMaTuky, (OPMUPOBAHME JIOTMYECKOIO  MBILUIEHHS, CTPYKTYpPHUPOBAHHUE

3HaHUM, yMeHHe (hOpMaIn30BaTh MPOLIECCHI

3apaum [Iporpammbpi:

— @opmupoBanne rubkux (soft) komnerenumii (4K: kpuruueckoe
MBILLIJIEHHE, KPEaTUBHOE MBILIEHHE, KOMMYHUKALIUS, KOOTIEpaLusl);

— 3HaAKOMCTBO C IIPaKTUYECKOH MaTeMaTHKOM;

— H3yveHue 0CHOB KOMOMHATOPUKH, TEOPHU MHOMKECTB, MATEMATHYECKOM

JIOTHKH;

— MsyueHnue u pacuer TeOpUU BEPOSTHOCTH;

— Msydyenue 0OCHOBHBIX XapaKTEPUCTHK MaTEMATHYECKOH CTATUCTUKH,

— OcBoeHne 0CHOBHBIX BUJIOB pacIpe/ieleHus;

— H3ydyeHue CylecTBYIOLMX CHCTEM KOOPAMHAT M MOCTPOEHMS CIIOKHBIX
buryp;

— OcBoenue Teopuu rpad)oB U NOUCKA KpaTYaNILEro MyTH;
— 3HAKOMCTBO C TPAHCIIOPTHBIMY 3a[a4aMH U UX PEIEHUEM;

— MH3yyenue OCHOB NOCTpOEHMsI MaTeMaTHMYeCKMX MoOJeNiell ¢  wc-

10JIb30BaHUEM YHCIIEHHBIX METOJIOB;
— OcBoenue nporpamm Wolfram Alpha, Microsoft Office Excel;
— IlpuoGperenne HaBbIKOB pa3pabOTKH MaTEMATUUECKUX MOJENIeH;
— MH3yuenue metonoB 00paboTKU JaHHBIX;

— IlpuoGpereHue HaBBIKOB IIpe3eHTALMM PAGOTHI B pa3jielie MaTeMaTUKH.

2. CTPYKTVYPA [IPOI'PAMMBbI

2.1. O6bem nporpaMmmbl H BHABI Y4eGHOI padoThI

O6BeM yueOHOU nporpaMMbl Buasl koHTpOIIS




Bceero | Jlexuuu | Ilpaktuka | [Ipomexyrounsiii | Mtorosas Wroroas
KOHTPOJIb 3HaHUI | KOHTpOJIbHAs | pabora.
pabota
3amura
24 4 17 1 1 1

JlanHas oOpaszoBarenbHas Mporpamma paccudMraHa Ha 24 yaca. 3aHsATUS

nposozsTcs 1 pa3 B Henemo. [1o okoHYaHUIO Kypca NPOUCXOUT 3allUTa HTOrOBOM

paboTHI.

Buj yueGHOM paboTbl

Bcero yacos

AyIUTOpHBIE 3aHATUS BCEro, B TOM 24
qucIIe:
Jlexuuu 4
[IpakTuueckue 3aHsTUS 17
Buabl Tekyl1ero KOHTpoJis 17
yCIeBa€MOCTH

3
O6bem yueOHON nporpaMMsl 24




2.3. Copep:xkanue nporpamMmmbl

HaunmenoBanue rembl

Copaepixkanue o0yuenus

2 3

I TEOMETPUA Bupel cuctem xoopauHaT
OcHoBHBIE BUIbI QUTYD
Bexkropa

I1 TEOPUA MHOXECTB OcHoBHble CBOMiCTBA
Maremaruueckas Joruka
[IpukiaaHble 3a1a4u

III TEOPUA Onpepnenenue, cBoicTBa

BEPOSITHOCTEN KomOunaropuka
OO6nactu npuMeHeHus

IV TEOPUA TPAD®OB [Touck kparyaiiiiero myTu

TpancnoprHas 3ajaya

3ajaya MaccoBOro 00Cy)KUBaHHUs




3. KOMIUIEKC OPT AHM3ALIMOHHO-TIEJATOI MUECKUX VCJIOBUIA

3.1 KasienaapHo-remaTnyeckoe IJaHupoOBaHUe

Ne n/nn

HaumenoBanue TeMbl

O0Bem yacos

Bceero
4acos

Teopus

Ipakruka

Popma KOHTPOIsI

2

4

5

6

baoxk 1.

I TEOMETPUA

1

5

Ipakru4yeckasn
padora

Buipl cucteM KOOpAUHAT

OcHoBHble BUABL QUryp

Bekropa

1

1

H3ydaem
CYLIECTBYIOIINE
CHUCTEMBI
KOOp/IUHAT B
Wolfram Alfa,
peanu3yem
U3YUYEHHBIE
CII0CO0LI
BU3yallM3allM1 B
Microsoft Excel

u3yyaeM Gurypor u
UX OCHOBHBIE
COCTaBJISIFOLIME B
Woliram Alfa,
pealnzyem
[pasuia
nocTpoeHus Guryp
B Microsoft Excel

U3y4aeM 4TO TaKoe
BEKTOPHOE
HCYHUCIICHHUC B
Woltram Alfa,
peanusyem
[OJ1IyYEeHHbIE
snadus B Microsoft
Excel

Baoxk 2.

I TEOPUA MHOXECTB

IIpakruyeckasn
pabora

OcHOBHBIE CBOMCTBA

u3ydyaem
MHOMECTBA H BUEI
B Wolfram Alfa,
peanuzyeMm
M3y4YCHHBIE
METOMEI B
Microsoft Excel




MaTteMaTruyeckas JOruKa

HpH KJIaJJHBIC 3a1a4n

ITpoMeKyTOUHBIH KOHTPOJIbL 3HAHMH

U3Y4aeM OCHOBBI
MaTeMaTHYeCKOM
aoruku B Wolfram
Alfa, peanuszyem
U3yYCHHBIE
METO/B] B
Microsoft Excel.

[poBepsieM
BBICKa3bIBAHUsI HA
UCTHHHOCTb C
UCIIOJIb30BAHUEM
3aKOHOB JIOTMKH

TecT
caMOCTOsITe/IbHasl
pabora

Buook

[1I TEOPUSI BEPOSITHOCTEM

Ipakruyeckas
pabora

Onpenenenue, CBOMCTBA

Kombunaropuka

ObGnactu npuMeHeHHs

M3y4aeM OCHOBHYIO
bopmyiy
BEPOSITHOCTH B
Wolfram Alfa,
peanusyem
OJIyYEeHHBIE
3HaHus B Microsoft
Excel

U3y4aeM OCHOBHBIE
METO/IBI
KOMOMHATOPUKH B
Wolfram Alfa,
peanusyem
H3yYCHHBIE
METO/IbI B
Microsoft Excel

HILEM [IPOLIECCHL
KOTOpbIE
OTpaXKaroT
BEPOSITHOCTHbIH
MOJXOJ

Buok

IV TEOPUSA I'PADOB

Ipakruueckas
padoTa




ITouck kparyaiiiero myTH

TpancnoprHas 3aia4a

3ajlaya MacCcoOBOTO OOCITYKUBAHUSI

Wrtoroseiit KOHTPOJIb 3HAHUH

[IOJIYYUTh
NpeCTaB/IEHUE O
rpad)ax, OCHOBHbBIE
IOHATUS U obnacTu
NPUMEHEHHUS,
HU3YYUTb METO]1
KpaT4yanLero myTu
Ha rpade,
HCCJIE10BaTh
HalJeHHBIA NYTh

(dhopmainzoBarh,
paccuMTLIBaTL U
aQHAJIM3UPOBATH
TPAHCIOPTHYIO
MOJie1b (3a1auy)

dopmanuzopars,
PacCHYHUTLIBATE H
aHaJIM3UPOBATh
3aj1auy MaccoBOIO
o0cny)KUBaHUS

[paKTH4YeCcKasn
CaAMOCTOATEIbHAA




3.2 YenoBus peasimzauuu nporpaMmal.
Ilepeuens HE0OX0OAMMOI0 MaTEPUANILHO-TEXHUYECKOIO 00ECIIeYEeHUS:
Ne HaumenoBanue Hasnauenue/kparkoe
n/n onucaHve pyHKuHoOHAJIA
00opyaoBaHus
1 | [Iporpammuoe obecnevyenue
i Onepauuonnas cucrema Windows (He HuKe pabora B KJjiacce
- 8)
1.2 | LITY Intel Core i3 paboTa B kjiacce
1.3 | OneparuBHas namsts 8 Gb paboTta B KJ1acce
1.4 | CBobognoe mecto Ha aucke 10 Gb pabora B kyacce
1!/5 | Hanuuume wHTEpHET MOAKIIOUEHMUS paboTa B Kyacce
116 | Microsoft Office Excel paboTa B Kjacce
117 | Unrepuer nns ucnonszosanuss Wolfram Alpha | pabora B kiacce
2 | KomnblorepHoe o6opyaoBanue
2|1 | HoytOyxk pabora B Kylacce
2,2 | Mplub
Tenexxka s 3apsiiku U xpaHeHust HOyTrOykoB | Tym0a ans xpaHeHus u
213
3apsiiKU HOYyTOYKOB
Moy MHoro-¢pyHkuuoHanibHoe
2{4
YCTPOUCTBO
215 | CeTeBo#l yATMHUTEND CereBoil yJIMHUTEN
3 | pe3enTauuonHoe 060pyaoBaHue
LED nanens 1oj1a4a UH(MOPMAaLMOHHOIO
3}1
mMaTepuana
3.2 | HacreHHoe KperuieHue kperuienue LED nanenu
10




MHTepakTUBHBINM KOMILIEKT

MHTepakTMBHBINA KOMIIJIEKT
J0ocCKa nuaroHans 87" /221
cm, ¢opmar 16:10 ¢
YJIBTPAaKOPOTKO(OKYCHBIM

IIPOEKTOPOM

MoOuIbHBINA CTEH

HarmonbHas MmoOuibHas
CTOMKA /151 UHTEPAKTUBHBIX

JOCOK

Pacxoaume MaTepHa/ibl 1 3al1aCHblIE YacTH

Mebeanb

Komruiekt mebenu

CBeTUIBHUK HACTOJILHBIN raloreHoBbIi

Jlamna ranorenosast gul0

Kop3auHs! ais mycopa
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3.3. [lnanupyemble pe3y/ibTaThl OCBOEHHS! IIPOrPAMMbI

B pesynbrare npoxoxaenust ocBoenust [lporpammel yuamuiics nommkeH

00J1a1aTh CIEAYIOIUMHI KOMIIETEHIIMAMMU:
JInuHocTHBIE H MEK/IHYHOCTHbIe KomnereHuun (Soft skills):

— 4K: KpuTH4ecKoe MbllIEHHEe, KPEaTUBHOE MbILUIEHHE, KOMMYHUKALUS,

KooIieparus;
— YMEHHUE MCKATh U aHAJIM3UPOBATh UH(POPMALIUIO B OTKPBITOM JOCTYIIE;
— KOHCTPYKTHUBHAsl KDUTHKA pe3yJIbTaTOB padoThl APYyIrUX pa3paboTUUMKOB;
— HaBbIK KOMaHJHOU paboThl;
— HaBbIK aHAJIM3a [IPOMEIKYTOUHBIX PE3YJIbTATOB pa3pabOTKu;

— YMEHME CTPYKTYPUPOBAHO IIPEIOJHOCUTL pe3yJbTaTbl COOCTBEHHOI

pa3paboTky;
— YMEHHUE aHaJIM3UPOBATh Pe3yJIbTaThl APYrUX pa3paboTYUKOB.
3nanueBble n npodeccnoHalbHble Komnerenuuu (Hard skills)
— ©Oaza 3nanuit Wolfram Alpha;
— uHcTpymeHThl Microsoft Office Excel;
— 3HaHHE U yMeHHe IIPUMEHSTh MaTeMaTHUECKUe HHCTPYMEHTEI;
— OCBO€HHE KOMOMHATOPUKHU, TEOPUH MHOIKECTB, MATEMATUYECKOMN JIOTUKH,
— 3HAHUSI B pacuyeTe TeOPUH BEpOSTHOCTEIH;

— 3HAHHUA O CyLLleCTByEOLU;HX CHUCTEeMax KOOp,E[PIHaT H HOCTPOCHMH CIIOKHBIX
¢uryp;
— 3HaAHUs B TEOPUM rpadoB U MOUCKA KpaTUyanllero myTH;

— YMEHME pelLlaTh TPAHCIIOPTHBIE 3a/1a4u;

— YMEHHE CTPOUTH MAaTEMAaTHHYCCKHUE MOJCIIH.

12



3.4. Cnocolbl 1 popMBbI NPOBEPKHU PE3YIbTATOB 0CBOCHHS NporpamMmel
Buzael KoHTpos:
® BBO/IHbIM, KOTOPbIN [POBOJAMTCA Nepesi Hadauiom paboThl M MpeiHa3HAYeH
JUISL 3aKperlIeHUs 3HaHUH, YMEHUH U HAaBLIKOB [10 MPOHAEHHBIM TEMaM;

® TEKyLIUH, NPOBOAMMBIA B X0Je yueOHOro 3aHsATUS W 3aKpPEIUISIOLINi

3HAHMA 110 JaHHOH TeMe;

® HWTOrOBbIH, IPOBOAMMBIHN [10C/IE 3aBEPILICHHs BCeil y4eOHO#M IporpaMmei.

DopMBI IPOBEPKU Pe3y/IbTaTOB:
e HalOJyro/IeHNeE 3a JeThMHU B IpoLiecce paboThl;
® COpPEBHOBAHUS;
® IIPOMEXYTOUYHbIH U UTOTOBbIM KOHTPOJIb;

¢ HHIAWBHYAJIbHBIC U KOJJIEKTUBHbLIC TEXHUYCCKHE IPOCKThI.

(DOPMI::I IMOABEAEHHS UTOTI'OB:

® YHHUBepCajbHble HABBIKK OLEHUBAIOTCS C [IOMOLLBIO [PYIIOBOM pedieKCHH;
® [PEAMETHbIE HAaBBIKH IIperojiaBaTellb OLEHUBAET B IIPOLECCE BbITOIHEHHS
IIPOMEXYTOUHOI'O ¥ HTOrOBOIO KOHTPOJIs, a TAK)KE IO pe3yJIbTaTaM UTOrOBOM mpe-

3€HTAalliM C UCIIOJB30BaHueM MeToauKH kids to kids.

13



UrtoroBas padora
Wroroseii  KOHTpOJb OOydarolMXCsi IIPOBOJAUTCS [0  pe3yJibTaTam

BBITIOJIHEHHS ITPAKTHYECKHUX 38.,[13HHFI H UTOI'OBBIX HpCBGHTaU,I/Iﬁ C HCIIOJIL30BaHHEM

meToauku kids to kids.

1.5. YuebHo-meToau4eckoe U nHpOpMALHOHHOE 0fecneueHne NPorpaMmMbl

No 11/11

HaumenoBauue

OcHoBHas

AMN. Crubnes. MUccnemoBarenbckue 3aa4u AJ1s1 HAUMHAIOMIUX. 2-€ U3/,

ucnp. 1 gom. — M.: MITHMO, 2015. - 136 c.

A.H. Bacunwes. Uncnossie pacuets! B Excel: Yuebnoe nocobue. — CII0.:

HznarenscTBo «Jlanb», 2014. — 608 c.

PemieHue npukiagHbIX 3aja4 ¢ oMolIblo TabnnuHoro npoueccopa Excel.
AxmanueB O.I., 'uzzsaros P.@., ['abbacos D.I". Kazaus: K['A-CVY, 2014.
—-42 c.

Bnagumup Casenbes. Craructuka v koTuku. [Tpu nognepxke LIAuP

FOpus Kopxenesckoro, 2017. — 89 c.

Hennu JlurBak, Annpeit Paiiroponckuit. Komy HyxHa marematuka?

[ToHsiTHas KHUTra O TOM, KaK ycTpoeH LuppoBoi Mmup. Mocksa, «MaHnH,

WBanoB u @epbep», 2017. - 192 c.

N.}YO. E¢pumona. KomnbrotepHoe mozpenupoBanue: co. npakr. pabot/
N.YO. Edumona, T.H. Bapdonomeena. — 2-e uzz., crep. — M.: @nunra,
2014.—-67 c.

B.H. Ilxnsap. [InanupoBanue sxkcriepyumerTa 1 00paboTka pe3ynbTaToB.

M31aTenbCTBO TOMCKOIO NOJIMTEXHUUYECKOro yHuBepcuret, 2010. — 90 c.

H.H. Moucees. Maremaruka craBut 3kcriepumenT. Hayka. ['naBnas

penaxkuus GpU3MKO-MaTeMaTHYECKO# utepaTypsl, M., 1979. — 222 c.

S1.b. 3eapposuu, U.M. Sriom. Beiciias mareMaruka Ui HAQUUMHAKOLIUX

¢uzukoB u TexuukoB. M.: Hayka, 1982. 512 c.
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. Ioita. Kak pemars 3agauy. [lepesos ¢ anrnuiickoro B.I". 3BoHapesoi
u JI.H. benna. ITox penakuueit FO.M. Iaiinyka. ['ocynapcrBentoe

yqeGHO-He,ﬂammqecfcoe H30aTC/IbCTBO MUHUCTEPCTBA MPOCBELICHHS

PCOCP, Mocksa, 1961. — 204 c.

["'eomerpus. 7 kinacc: yued. ans obueobpa3osart. yupexaenuii/ B.D.
bytysos, C.b. Kagomues, B.B. I1paconos; nox pea. B.A. Cagosauuero. —
M.: IlpocBeienue, 2010. — 127 c.

I'eomeTpus. 8 kiacc: yued. aiis obeobpaszosar. yupexaeHuit/ B.®.
byrysos, C.b. Kagomues, B.B. Ilpaconos; noa pex. B.A. CagoBHuyero. —
M.: IlpocBewmenue, 2011. — 175 c.

["'eomerpust. 9 kiacc: yueb. ais o6uieobpaszosar. yupexkaenuii/ B.O.
byty3sos, C.b. Kanomues, B.B. [Ipaconos; nog pea. B.A. CagoBuuuero. —
M.: lIpocBelenue, 2012. — 143 c.

O.1. MenbHuKOB. 3aHMMaTelbHbIE 3aJa4U 110 Teopuu rpados: Yueb. -

metoll. [Tocobue. — U3a-e 2-e, crepeotun. — MH. «Tearpa-Cucremey,

2001.— 144 c.

Ucnonrzosanue Wolfram Alpha nipu perienun matemMaTUyecKux 3aj1ay:
MeToauueckue ykazanus/ A.C. Mapenuy, E.E. Mapennu. — Mocksa:

WzparensctBo MI'TY um. H.O. baymana, 2016. — 37 c.

JlonosinurenbHasn

JL.B. PynukoBa. Microsoft Excel anst crynenra. — CI16.: BXB -
[TeTepOypr, 2005. — 368 c.

C.B. [Topines. KomnbloTepHoe MoenupoBaHie GU3HUECKUX MPOLECCOB
B nakere Matlab: YueGnoe nocobue. 2-e u3z., ucnp. — CII6.:

UznarensctBo «Jlanby, 2011. — 736 c.

Maprus ["apaep. Matematuueckue HOBesUIbI [1iep. ¢ anri. [0.A.

Hanunosa). Ilox pexn. S1.A. Cmopoaunckoro — M.: M3narensctBo «Mup»,

1974. - 456 c.
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19. 10. T1. Ilesenes. JluckperHas maremaruka, Y. 1: Teopus mHoxkecTs.
bynea anredpa (ABTOMaTU3MPOBAHHAS TEXHOJIOTHs 00yYeHUsI

«CumBon»): YyebHoe nocobue. - TOMCK. roc. yH-T CHCTEM yIIpaBJICHUs U

paauosneKkTpoHuku, 2003. — 118 c.

20. N.B. Apnonsa. Teoperuueckas apudmeruka. ["ocynapcreentnoe yueGHo-

regaroru4eckoe uznareabcTso Mockna, 1938, — 480 c.

21. J. IToria. MaTtemartuka u npaBnonono0Hsle paccyxaeHus. [lepeBon ¢
anrnuiickoro M. A. Balinmreiina. [log penakuumeit C.A. SIHOBCKOJA.

NzparensctBo «Hayka», Mocksa, 1975, — 464 c.

HnTepuer pecypebl

https://www.mceme.ru/free-books/

e htips://sites.google.com/site/prasolovskacatmoiknigi/

e http://kvant.mcceme.ru/oblozhka divu.htm

e http://kvant.mccme.ru/key.htm

e http:// www.mathnet.ru/php/presentation.phtml?option lang=rus

AaropurmMuzauus

e hitps://www.coursera.org/learn/algoritmizacija-vychislenij xypc no

ANIropuTMHU3alivi BBIYMCIICHU I

Hayka o nannbix (Data Science)

e https://www.coursera.org/specializations/machine-learning-data-analysis

HabOp KypCOB I10 aHAJIU3Yy JaHHBIX
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INPUJIOKEHUE

[paxTryeckue pa3paboTky M0 TeMe «DIeMeHTbl Teopuu rpadoBy

Tema Nel. OcHoBHble NOHSITUS Teopuu rpagos

Teopernyeckuil Martepuan K JaHHOMY 3aHATHIO H3JI0)KEH BO 2 IJIaBe B
nyHkrax 2.1 m 2.2 Ha  crtpanunax 25-31. Ha 3anstum npeanonaraercs
GopMynupoBKa CHeoyIOIIUX OIpeJeleHuil: MoNHbIM rpad, peOpa U BepIIHHEI
rpada, cTeneHd BepluuHbl rpada, HukiI. bynem paccmorpena ¢opmyna s
ompejeneHuss 4ucia pebep B mnoinHoMm rpade. B cooTBETCTBUM C [aHHBIM
TEOPETUUECKUM MaTepraom, OyayT IIpe/isoKeHbl CIeIyIOLIre 3a/1auu.

3apaua 1. Hapucyiime nonnoiii epagh ¢ n eepuwiunamu, ecau: n=2, n=3, n=>3.

Pewmenue:
l.n=2 2.n=3 3.n=5
s ®
K:

K, K
OrMeTuM, YTO BepIUMHBI rpada MOryT ObITb COEJAMHEHBl KaK MpPSIMBIMU

JIUHUAMH, TdK U U30THYTBIMH.

3apaua 2. Ckonvkum pebpam npuHaonedcum eeputuna 6 NOIHoM zpage ¢ n
gepwuHamu,n=3, n=>5, n=k?
Pewmenue:

IIpu n=3:
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M300pasuM Tpu BepLIMHBI U COCAMHMM uX pebpamu. OTMETHM, 4TO U3

KaKIOHW BEPILIMHBI BBIXOAAT [JBa peOpa, a 3HAYUT, UTO Kaiykias BEpIIKMHA

MPUHAJIEKUT ABYM pedpam.

[Ipu n=5:
M300pa3um nsaTh BEPUIMH U COSAUHUM UX pebpamu. OTMETHM, UTO U3 KaXK10i

BepUIMHBI BBIXOAAT 4 pebpa, a 3HAYMUT, 4TO Kakias BeplLIMHA NPUHAMIEKUT 4

pebpam.

[Ipu n=k:

Hcxonst u3 npebliyiuX IpuMepOB, Mbl MOKEM 3aMETUTh, YTO KOJIUYECTBO
pebep OTJIMYaeTCsl OT KOMIMYECTBA BEPLIMH Ha efuHuLy. To ecTh Kax/ias BepiuuHa
npuHagiexut (k — 1) peGpam.

3apaua 3. Cywecmeyem nu noanwiil epagh ¢ cemoio pebpamu?

Pewenne:

Mp1 3naeM, 4to yucio pebep B nosHOM rpade onpejensiercs cieayomeit
bopMmy.J0ii:

n(n-1)

B (K, =22
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Ilo ycnoButo umeeM cemb peGep, NOACTABUM 9TO 3HaueHHe B (GOPMYyTy U
MIOCYMTAEM.
3 nn—1)

2

14=n(n-1)
n?—n—14=0

D=1+4x14=57
_1F+57

2

Orcroa BUHO, 4TO IMOJHOIO rpada ¢ ceMbio pedpamu HE CYIECTBYET.

74

n

3anaua 4. Crxonvko pebep 6 nonHom epaghe ¢ n eepuiunamu, ecnus n =3, n=4,
n=35?

Pewenue:

[1pu n=3:

M300pa3um Tpu BepLIMHBI U COEAMHUM MX pebpamMu. MokeM YBUIETb, 4TO

quciI0 pedep paBHO TpeM.

K

\
MoskeM IpOBEPUTE U IIOATBEPAUTS [10JIy4€HHOE YUCII0, UCII0J1b3Ys hopMyy,

KOTOPasi II03BOJIAET HaM OIIPEeNIUTh Yucio pebep B nosHOM rpade

nn-1)
2

IE(K3)| =

|E(Kn)| =

, A€ M — KOJIMYECTBO BEPILIMH.
3(3 —1
B=1_

2
[Ipu n=4:

M306pa3um ueTbipe BepIIUHbI U BCE COSAMHUM peOpaMu. Y BUINUM, YTO YUCIIO

pebep paBHO ILIECTH.
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K

4

Moxem npoBepuThb, UCIIOb3Ys (popMyIly JUIs OnpeelieHust yuciia pedep:

nn-1)
2

|E(K)| =

, TA€ M — KOJHUYECTBO BEPIIHH.

404 -1
Ekpl =D 6
ITpu n=5:

N300pa3um nsth BEpIUMH U COSIAMHUM MX MEXIy coOoil peOpamu. YBuaum,

4TO YUCJIO pedep paBHO J1eCATH.

K

5
MoskeM IpoBepUTh, UCII0JIL3Ysl (OpMYyJly JUls OrpeiesieHus yucia pedep:

n(n-1)

|E(K,)| = , [Jle M — KOJMYECTBO BEPLUIKH.

5(6—-1
Bk =222 = 10

3apaua 5. Haiioemes nu epagh ¢ namoio eepuiunamu, cmenen KOmopwix 6ce
paznuynul, m.e. pasnol 0, 1, 2, 3, 47

Pewienue:

BcrnoMHUM, YTO Takoe CTeNeHb BepLUMHbI U OT Yero OHa 3aBUCHUT.

[Ilar 1. Eciu crenenu BepuidHbl paBHa (, 3HAUMT, OHA JOJKHA OBITH
M30JIMPOBAHA U U3 Hee He JO0JDKHO BBIXOJUThL HU OJIHOro pebpa.

N300pa3um 3T0 Ha pUCYHKE.

[Ilar 2. Ocranoch u300pa3uTh YyeTbipe BepluuHbl. HapucyeM ux u coeguHuM
pebpamu Tak, yTOOBI U3 OJHON BEPIIMHBI BHIXOJIUAJIO TOJILKO OJHO pebpo — 3HAUUT
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CTEIIeHb 3TOM BepLIMHBI OyaeT paBHa 0; U3 ApYyroil BEepIUMHBI JOIDKHO BEIXOAUTE [Ba
pebpa. 3HAUUT, CTENEHb BEPIUMHBI OyAET paBHA ABYM; YTOOBI CTEIECHb BEPIIUHBI
CTajla paBHa TpeM, COEJUHMM elle ABe BepluMHbl. [lonyuuTsh creneHb, paBHYIO

YETBIPEM, MBI CMOKEM, HUCIIO/Ib3Ys IIET/II0, TaAK KaK B TAKOM CJIy4a€ CTCIICHb GYII,GT

CUHUTATLCA 3a JIBa.

1 3
3apaua 6. Hapucyume epagh ¢ 5 eepwunamu, 08e u3 KOmopwix umerom

00UHAKOBYIO CIMENEHD.

Pemnenue:
JUis pelieHust JaHHOM 3a71auy BCIIOMHMM, YTO 3HAYUT CTeNeHb BeplnHbl. CTeneHb
BEPIUMHbI OIpeIeNsieTcs BBIXOASIIUMU M3 Hee peOpamu. Jlis Havana 0003HAUYMM
BepLIMHBI Tpada, 3aTeM COCIMHHUM YeThIpe BepIIMHbI peOpoM, uToObl 0OpazoBaics
kBazapaT. L1 Toro 4ToOs! CTENeHu ABYX BEPLUMHBI OTIUYAIUCH OT JPYTrUX U ObLiIu

paBHBI MEXY CO00, COEIMHUM UX C LEHTpaJIbHOW BEpLIMHOM pedpamu.

3apaua 7. Hzobpazume mpu pasnvix zpagha, ¢ namoio 6ePUUHAMU KACObL,

Y KOmMopblX Hem HU 0OHO20 YUKIA.

Pewmienue:

J1s Havyajga noiMeM, 4To 3HAYMT, HeT LuKna. Mrak, HaMm Hy»XHO U300pasuTh

rpadbl, y KOTOPBIX HET HU OJHOM 3aMKHYTOH IIOCJIEN0BATEIbHOCTH CMEXHBIX

BEpLLUHH.

N306pa3um rpadml ¢ NAThIO BEPIIMHAMHU, Y KOTOPBIX HET HU OJHOT'O L[UKJIA.
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Tema No2. DiiiepoB UK/ M TAMHJIBTOHOB LK.

Teoperuyeckuii MaTepuall K JaHHOMY 3aHSTHUIO U3J105KEH BO 2 IJ1aBe B [IyHKTe
2.1Ha ctpanuuax 25-27. Ha 3anstuu npeanosnaraercst GopMyaupoBKa CleAYOLUX
OIIpeNe/ICHUI: MoJIHbIA 00x0J rpada, raMujIbTOHOB W 3WIEPOB LMKIbL. B
COOTBETCTBMM C JaHHBbIM TEOPETUYECKUM MaTepuayioM, OyAYT Mpelsi0KEHbI
cleayroLue 3a/1auu.

3apaua 1. Coeramo nonuviii 06x00 epagha, u300padiceHnH020 Ha pucyHke,
npotos Kadxicooe pebpo no 0OHOMY pazy 6 KadcooM HanpasieHuu

JUJ1s1 BBITTOJIHEHUSI IAHHOTO 3a7iaHus OyneT pa3odpaH aJrOpUTM BbIIIOJHEHUA.

A

Pewenne:

Haunem o6xopa, nHanpumep, ¢ BepuuHbl A. [lpoiias pebpo, mometum ero
cTpenkoit " — " ¢ ykazaHueM HamnpaBiieHUs ABWKeHUs. Eciiu B BepLIMHY NPUILIIH B
TMepBBIN pa3, TO CTPeNKy cHabaum Toukoit " — ". B nanpHeiiuiem Oynem IBUIraThCs
TaK K€ B IPOU3BOJIBJIHOM HAalpaBieHUH, HO MPOTUB CTPEIKUA C TOYKOH MOYKEM

MOUTH TOJIBKO TOTZA, Koraa OoJbllle UATH U3 9TOM BepLIMHY HEeKYaa.

=%

Wrak, mapuupyT OyzneT cieayrouii:

A B —=xA»(Cr—D —>A—xDxE F —D%xF o+ —xE —x D

—x  —* A
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Crtpenka €O 3BE3JIOYKOM O3HA4yaeT, 4YTO HAa COOTBETCTBYIOLUEM llare
BbIOpaHHOE IT0JIO’KEHUE MapLIPyTa SBJIACTCS €AMHCTBEHHO BO3MOKHBIM.
3apaua 2. Cywecmsyem nu eamunbmono8 nyms 0515 2pagha, uzoopaxceHHozo

Ha pucymke?

Pewenue:
OxpacuM BeplLIMHbI rpada B Oeblil U YepHbIi 1BeTA.

3ameTumM, 4To Jitoboe pedpo Bejer u3 0en0il BEpILIMHBI B YEPHYIO U U3 YepHOU
B Oenyro. 3HauuT, Ha J1I0OOM MapuipyTe uepHble U Oesible BEepLUMHbI JOJIXKHBI
yepenoBaThes. Ho Oenbix BepluH yeTbipe, a YepHbIX — ABe. 3HauuT. Ha 1ro6om
MaplpyTe 6e3 MOBTOPEHUM UX 000HTH Hellb3sl.

3anaua 3. Ilocmpoiime 2amunomonog nymo uz eepuiurvl A 8 B.

A

S~
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Pemenue:

,HJ'ISI pPEeIICHKA JIAaHHOM 3aja4d, BCIIOMHHUM, 4YTO 3HAYUT [IOCTPOHUTH
IaMUJIbTOHOB ITYTh. HCXO,[[SI U3 3TOr0, IMoOJIy4YHUM:

JJ1s TOCTpOEHuUs raMMIIbTOHOBA [IyTH U3 BEPLIMHBIABB IOy IHM:
A->1-2-53-54-55-56-B
3apaua 4.
[IpakTH4ecKuM NpUMEHEHHEM TaMUJIbTOHOBBIX rpadoB sBISETCS «3ajaya
KOMMMBOsDKepay», KoTopasi GopMyJIMpYeTcs! CIeAYIOLUM 00pa3oM.
Kommusosoicepy mpebyemes evibpame kpamuaiuuil mapupym, nocemus
MONLKO NO OOHOMY pasy Kadicoblil U3 3A0aHHbIX NYHKIMOS, PACCOAHUS MeNHCOY

KOMOPbIMU U3BECMHYL, U 8036PAMUMbCA 8 UCXOOHbIL NYHKN.

Pewmenue:

3azady KOMMHUBOSIKEPA MOKHO PELUTh METOAOM repebopa: COCTABUTH BCE
BO3MOJXHBI€ MAaplIpyTbl, HAWTH WX UIMHY M BbIOpaTh KpaTdallldii MapuipyT.
Hanpumep: Ha puc. 7 mpejcrapieHa cxema MapLipyTOB, U3BECTHbI PACCTOSHHUSI
MEXY rOpoaaMHu
AB=7, AC=5, All=4, BC=6, B/I=1, C/I=8

Beero Bosmoxueix nukios mects —ABCJA, ACBJIA, ABJICA, ACJIBA,

AJIBCA, AJICBA. MX [iuHbl, COOTBETCTBEHHO, paBHbI 25, 16, 21, 21,16, 25.
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Kparuaitiuumu ssisrores mapupytel ACBJIA u AJIBCA.

CyuiecTByeT elle OJMH METOJ| pEeLUeHHs 3a4a4d KOMMHBOSIKEPA - METOJ
BETBEM U I'paHMull, KOTOPBIH OBl pa3oOpaH B TEOPHUH.

3apaua S. Ilonpobyiime, ne ompuieas kapanoauia om Gymazu u He nPo6oos

08ad#cObl NO OOHOU U MOIL Jice TUHUU, 8bIYEPMUMb CLedVIouue Puzypbi.

—

OO

3apaua 6. Oboiimu zpag, uzobpasicennvlii Ha pucyHKe, NPoUsL Kaxicooe

pebpo no ooHomy pasy 6 Kaxcoom HanpasIeHu.

1 2
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Pewmennue:

Haunem o0xox, nanpumep, ¢ Bepumnsl 1. [poiias peGpo, momerum ero
CTpeNKo# “ — " ¢ ykazaHueM HallpaBJieHUsl ABMKeHUs. EC/iM B BepLUMHY NPHILIH B
IIEPBBIN Pa3, TO CTPENIKY CHaOAUM Toukoi " +— ". B nanbHeiiiem OyeM IBUraThCS
TaK )K€ B IIPOM3BOJILIHOM HAallpaBJICHUU, HO MPOTHUB CTPEJIKH C TOYKON MOXKEM

TIOMTH TOJIBKO TOTZa, KOrza 00JbIlle UATH U3 3TON BEPIIMHY HEKY/a.

b,
W

Hrak, nocne od6xoja rpada noay4uM Cleayrouyi MapLpyT:

1

13642557 5%x5 5455 —5%x2 —>1—52—
— %4 —*x] %4 —x6 —x3 —x 1
Tema Ne3. IlonsTHe aepeBa M KparTyaiiluero Mapupyra B TEOPHH
| rpacos.
Teopernyeckuii MaTepual K JaHHOMY 3aHITUIO U3JI0KEH BO 2 IVIaBE B IIYHKTE
2.4 mna crpanunax 33-37. Ha 3aHaTMM npeanonaraercs AaTh IIOHATHE
MUHUMAaJIbBHOIO OCTOBHOIO JepeBa U OIpele/siTh ero MHUHHMMAaJbHBIA Bec,
cOopMyIHpOBaTh XKaIHbl AIrOPUTM, PACCMOTPETh HAXOXIAEHUE KpaTdyaillero
MapiupyTa. B coOTBETCTBUM C JaHHBIM TEOPETUYECKUM MaTepuaioMm, OyayT

IIPEAJIOXKEHBI CICOAYIOLIUE 3aJavH.
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3apaua 1. Tlocmpoume munumansnoe ocmosnoe depeéo Ona zpaga,

U300pasicenHo2o Ha pucyHke

Pewenue:

JJ1st peleHus JaHHOM 3a1a41 BOCIIONb3YEMCs JKa/IHBIM aJIrOPUTMOM.

Ilar 1. Hakinem pebpo ¢ MMHMManbHBIM BecoM. DTo pebpo ¢ BecoMm 2.
BKiro4MM €ro B CTpOsLIEeCcs OCTOBHOE JEPEBO.

Illar 2. Haiinem u3 ocraBumiuxcs pedep pedpo ¢ MUHUMAIbHBIM BECOM. DJTO
pedpo ¢ BecoM 3. BKIIIOYHMM €ro B CTPOsIIIEECss OCTOBHOE JIEPEBO.

ar 3. Cnenyiowee pedpo ¢ MUHUMaNbHBIM BECOM - pebpo ¢ BecoMm 3.
Bxiouum ero B cTposileecs OCTOBHOE AEPEBO.

Ilar 4. Wckmounm pebpa ¢ BecoM 4,7, Tak Kak NpH J00aBIEHUH HX K YiKe
IIOCTPOEHHOMY JepeBy oOpasyercs uuki. Cleayrouiee ¢ MUHUMAIbHBIM BECOM —
pebpo ¢ Becom 3. Bkirouum ero B CTposIeecs 0CTOBHOE JepeBo.

Illar 5. Hckmounm pebpo ¢ BecoMm 5, Tak Kak npu J00aBJEHUH €ro K yKe
MOCTPOEHHOMY JiepeBy oOpasyercss uukn Crenyromee pebpo ¢ MHHUMAIbHBIM
BeCOM — pebpo ¢ BecoM 4. BK/II0UUM €ro B CTpOsILeecs OCTOBHOE JIEPEBO.

[ar 6. Mckiounum pebpo ¢ BecoMm 5, Tak Kak NpH A00aBJEHUU €ro K yikKe
IIOCTPOCHHOMY JepeBy oOpasyercs uukia. Crnenyrouiee peGpo ¢ MUHHMMAaJbHbIM
BeCcOM — pebpo ¢ Becom 4. BKiiounM €ro B cTposilieecs OCTOBHOE J1epeBo.

[llar 7. Cnenyromee pebpo ¢ MHHUMAaIbHBIM BeCOM — pebpo ¢ BecoM 5.
Bxiirounm ero B cTposiieecs 0CTOBHOE J1epeBo.

[ar 8. Mckmounm pebpo ¢ Becom 8, 7, 6 u 5, Tak Kak 1pu J0OABIEHUU UX K

YXe IIOCTPOeHHOMY JiepeBy oOpasyercst uuki1. OCTOBHOE JIepeBO MOCTPOEHO.
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3apaua 2. [Tlocmpoums munumansnoe ocmoenoe depeéo 0as zpaga,

U306pAdICeHH020 HA PUCYHKE

Pemenue:

Jst pelenys JaHHOM 331241 BOCII0JIb3YEeMCsl KA HbIM aJIrOPUTMOM.

[lar 1. Haiinem pebpo ¢ MHHMManbHBIM BecoM. DTO pedpo ¢ BecoMm |.
BxitounM ero B CTposiieecs OCTOBHOE AEPEBO.

Illar 2. Haiinem cienyrouiee pebpo ¢ MUHMMaIbHBIM BeCcOoM. DTO pebpo ¢

BeCOM 2. BKJIFOUHUM €ro B CTPOsIIIEECs OCTOBHOE JlepeBo.

| llar 3. Crenyromee pebpo ¢ MHUHHUMAaIBHBIM BecoMm - pebpo ¢ Becom 2.
| BxirounM ero B cTposiieecs 0cToBHOe aepeBo. OTOpocuM peGpo ¢ BecoM 4, Tak Kak
NpH J00ABJICHUH €ro K y)Ke IOCTPOSHHOMY JIEpeBY 00pasyeTcs UK.

| [ar 4. Cnenyromee ¢ MUHMMaJIbHBIM BECOM — pebpo ¢ BecoM 3. Brirouyum
| €ro B cTposilieecs: octoBHOe JepeBo. OtOpocuMm pebpo ¢ Becom 6, Tak Kak Npu
| HOGaBIeHHU ero K YK€ IIOCTPOCHHOMY JiepeBYy 00pa3yeTcsi LMK

[lar 5. Crnenyromee peGpo ¢ MUHUMAaNbHBIM BECOM — peGpo ¢ BecoM - 3.

Bxiirounm ero B cTposieecs ocToBHoe AepeBo. OTOpocum pebpo ¢ BecoMm 4, Tak Kak

pH J0OABIEHUH €r0 K yiKe IOCTPOECHHOMY JIepeBYy 00pa3yeTcs LUKIL.
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[Ilar 6. Cnenyromee pebpo ¢ MHUHHUMAJbHBIM BecoM — pebpo ¢ Becom 4.
Bxkirounm ero B cTposuieecs ocToBHoe JiepeBo. Orhpocum peGpo ¢ Becom 5.

Illar 7. Cnenyromee peOpo ¢ MHHUMalIbHBIM BeCOM — pebpo ¢ Becom 7.
BxitouuM ero B crposiieecst octoBHoe aepeBo. Ordpocum pebpa ¢ Becom 9 1 10.

Illar 8. Cnenyrouiee pebpo ¢ MUHUMaJbHLIM BecoM — pebGpo ¢ Becom 8.
Bxniouum ero B cTposieecs 0cToBHOE AepeBo. OtOpocum pedbpo ¢ Becom 9.

[Hlar 9. Cnenyrouee pebpo ¢ MUHUMaIbHBIM BecoM — peGpo ¢ BecoMm 8.
Bxurounm ero B crposimieecs: octoBHoe AepeBo. Orbpocum pebpa ¢ Becom 9,9,18,

TaK Kak IpH A00aBICHUH UX K yXKE TIOCTPOCHHOMY ZiepeBY 00pasyeTcs LIUKIL.

OcToBHOE I€PEeBO MOCTPOEHO.

3apaua 3. [locmpoumv munumanvhoe ocmogHoe Oepeeo 0as zpaga,

U300paAdNCEHH020 HA PUCYHKE

Pemienue:
Jlns peienys JaHHOM 3a/1a4d BOCIIOIB3YEMCsl JKa{HBIM alrOPUTMOM.

IMlar 1. Hakinem pebpo ¢ MMHUMallbHBIM BecoM. DTo pebpo ¢ Becom 2.
BKJto4uM ero B CTposillieecss OCTOBHOE JIepeBo.
[lar 2. Cnenyrouee pedbpo ¢ MUHMMaIbHBIM BecoM - pebpo ¢ Becom 2.

BxiroyuMm ero B CTpoOsALICECA OCTOBHOC ACPCBO.
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[ar 3. Cnenyroluee ¢ MUHUMaJIbHBIM BecOM — peOpo ¢ BecoM 3. Bximouum
€ro B CTPOSILLEECS OCTOBHOE JIEPEBO.

[lar 4. Cnenyromee pedpo ¢ MUHUMaJIbHBIM BecOoM — peOpo ¢ Becom 3.
BK1rounM ero B cTposiiieecs ocToBHOE JiepeBo. OTOpocuM pedpo ¢ BecoM 3, Tak Kak
1pU 100aBIEHUM UX K YXKe IIOCTPOEHHOMY JiepeBy 00pa3zyeTcsl UKL

Hlar 5. Cnenyromee peOpo ¢ MUHUMAJIbHBIM BecOM — peOpo ¢ BecoM 4.
Bxurouum ero B cTposiiieecs octoBHoe aepeBo. OrOpocum pedpa ¢ Becom 4,4, Tak
KaK IIpU 100aBJIEHUM UX K YK€ IIOCTPOEHHOMY JlepeBy 00pa3yeTcst LIUKJL.

OcTOBHOE JIepeBO MOCTPOCHO.

3agaua 4. Ilocmpoumv munumanvHoe ocmognoe Oepeeo 0as zpaga,

lt306paJ!C€HH020 HA PUCYHKe U onpedeﬁume 6ec NOCMPOEHHO20 MUHUMANTbHO20

ocmoeHo20 Oepesa.

1 3 14

10
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Pewenue:

Jlis pelieHus JaHHOM 3ajaui BOCIIOJIb3YEeMCs KaIHbIM aJIFOPUTMOM.

Iar 1. Haiigem pebpo ¢ MHUHMManbHbIM BecOM. DTo peOpo ¢ BecoMm 1.
BxrouuM ero B cTposiieecsi OCTOBHOE J€PEBO.

Ilar 2. Halinem u3 ocraBiuuxcs pedep peOpo ¢ MUHUMAJIbHLIM BECOM. DTO
pebpo ¢ BecoM 2. BKilouuM ero B CTposiiieecs: OCTOBHOE JIePEBO.

[ar 3. Cnenyrolee pedpo ¢ MUHUMAJIBLHBIM BeCOM - pebpo ¢ Becom 2.
BKitouuM ero B CTposiilieecss OCTOBHOE JAepeBo.

Iar 4. Cnenyroluee ¢ MUHUMAalIbHBIM BecOM — peOpo ¢ BecoM 4. Bxiouum
€ro B CTPOsIIEecs OCTOBHOE J1epeBo.

lar 5. Cuenyrouiee peOpo ¢ MHHHUMAabHLIM BecOM — pebpo ¢ Becom 4.
Bxurouum ero B crposiieecss ocToBHOe AepeBo. Mckitouum pedpa ¢ Becom 6 u 7,
TaK KaK IIpy J00aBIEHUH UX K YK€ IIOCTPOCHHOMY JIepeBy 00pa3yeTcst LUKIL.

ar 6. Cnenyroee pebpo ¢ MMUHUMAalbHBIM BecoM — peOpo ¢ Becom 7.
Bxmoyum ero B cTposiieecs 0cToBHoe JiepeBo. Mcknounm pebpo ¢ Becom 14, Tak
Kak Ipy 100aBJIEHUU UX K YK€ [IOCTPOSHHOMY JiepeBy 00pasyeTcst LUK,

[Mar 7. Cnenyrouee pebpo ¢ MUHUMaJIbHBIM BecOM — pebpo ¢ BecoM 8.
Bxirounm ero B cTposiueecs: 0CToBHOe JepeBo. Mckimouum pebpa ¢ Becom 8 u 11,
TaK KaK Ipy 100aBIeHUU UX K y)Ke [IOCTPOEHHOMY JiepeBy 00pa3yercsl UKL

[lar 8. Cnenyromee pebpo ¢ MHHUMAIbHBIM BecoM — pebpo ¢ Becom 9.
Bxirourm ero B cTposiiieecs ocToBHoe AepeBo. Mckimounm peGpo ¢ Becom 10, Tak
KaK Ipy 100aBIEHUU UX K YK€ IIOCTPOCHHOMY JIepeBY 00pa3yeTcst LIUKII.

OcToOBHOE JEPEBO MOCTPOECHO.
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Cremyromum marom GyseT HaX0XkAEHHS Beca IOCTPOSHHOI0 MUHUMAIBHOTO
ocToBHOI0 nepesa. [l storo OyaeT HEOOXOAMMO CIIOXKHUTHL BEC BCEX pebep,
BKJIFOUEHHBIX B MUHUMAJILHOE OCTOBHOE JIEPEBO.

HWrak, BeC M0CTPOEHHOI0 MUHUMAIBLHOTO OCTOBHOTO JIEpPEBa:

44+8+74+24+14+24+9+4 =37

3apaua S. [locmpoums munumansHoe ocmoenoe depeéo Ons epaga,

U300paAdICeNHO20 HA PUCYHKE U ONpedenums 6eC NOCMPOEHHO20 MUHUMANLHOZO

0CmMoeHo20 depesa.

Pewenue:

Jlyist pelueHus 1aHHOM 3a/1a41 BOCIIOJIb3YeMCsl JKaHbIM AJITOPUTMOM.

[llar 1. Hafinem peGpo ¢ MUHMManbHBIM BecoM. D10 pebpo ¢ Becom 2.
BxJ1rounMm ero B CTposilieecsi OCTOBHOE JIEPEBO.

[ar 2. Hakigem u3 ocraBuimxcsi pedep pe6po ¢ MUHMMAJILHBIM BECOM. DTO
pebpo ¢ BecoM 2. BKiIIOUMM €ro B CTpOsiLlieecs OCTOBHOE J1epEBO.

IHlar 3. Crenyrouee pedbpo ¢ MUHMMAaJIBHBIM BeCOM - pebpo ¢ Becom 3.
BxirounM ero B cTposiieecs ocToBHoeaepeso. Mckmounm pebpa ¢ Becom 10 u 5,
TaK KaK Ipu 100aBJIEeHUHU UX K YK€ TOCTPOCHHOMY AepeBy 00pazyeTcs LUK

Illar 4. Cnenyrolee ¢ MUHUMANbHBIM BeCOM — pebpo ¢ BecoM 3. Brmouum
ero B CTPOsILLEeCcs: OCTOBHOE JIEPEBO.

[lar 5. Crnenyromee pebpo ¢ MUHUMaNbHBIM BeCOM — pebpo ¢ BecoM 4.
Bxiro4um ero B ctposiieecs ocToBHoe jiepeBo. Mckiouum pebpo ¢ BecoMm 6, Tak

KaK Mpu 100aBJIeHUH UX K yXKe TOCTPOCHHOMY J€peBy 00pa3syeTcs LUKIL.
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Illar 6. Cnexyromee pebpo ¢ MUHUMAIBHBIM BECOM — peGpo ¢ Becom 5.
BxitrounM ero B CTposleecs ocToBHOe JepeBo. Vckmouum pebpo ¢ Becom 11, Tak

KaK IpH J00aBlIeHNH UX K y’e MOCTPOCHHOMY JepeBy obpasyeTcs LK. Tak e
UCKJIIOYUM pebdpa 7 u 8.

OcToBHOE AIEpeBO MOCTPOEHO.

Crenyromum 1marom OyieT HaX0XEHHUs Beca II0CTPOEHHOI0 MUHUMAJIBLHOTO
ocTOBHOro JiepeBa. [lius storo Oyjer HeoOXOAMMO CIIOXKHUTL BEC Bcex pebep,
| BK/TIOUEHHBIX B MHHUMAJIBHOE OCTOBHOE IEepeBo.

MraK, BeC NOCTPOEHHOr0 MUHMMAJILHOIO OCTOBHOI'O [I€peBa:

44+3+4+54+2424+3=19

3apaua 6. Haumu kpamuaiiwuii mapupym, eedywuit om A k B na epage,

2£306paJIC€HHOM Ha PUCYHKeE.

g
. 10 =
: 5 5 6
7 7 35 1 Y SR
3 ; A
A A, 5 ' s

Pewenne:

JU71st pelieHus JaHHOM 3a1a4u BOCII0JIb3YEeMCsl IPYTHUM alIlrFOPUTMOM.

Odopmum peleHue B TabIHILY.

[ar 0. HayaneHo¥ BepmnHe A nprucBanBaeM OKOHYaTe IbHYIO MeTKy 0, BceM
OCTaJIbHBIM BEPUIMHAM — BPEMEHHbIE METKH 00

lar 1. J{ns Bepinnbl A;, METKa KOTOPO#i [OIy4nia Ha MpebIAyLIEM LIare

OKOHYaTCJIbHOC 3Ha4YCHHUE d;, OIpPCACIIEM BCEC BO3MOXKHBIC NpOaOIIKCHUA
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MapuIpyTa. Kaxc1oil He uMerolel OKOHYATENbHOM METKHU BepluuHe A;, B KOTOPYIO
n3a; Benet pebpo ¢ BecoM b;;, mpucBauBaeM HOBYIO BPEMEHHYIO METKY a; + b; s
€CJIM 9TO YUCJIO MEHBLIE €€ CTApOi METKH.

To ects, rasas Ha rpaduk, Mbl BUIUM, YTO U3 BepLIHHBLI A HIET MaplIpyT K

A; u x Ay, 3HauuT B TaOmHLy 3anuiieMm 3HaveHus Beca A; U A,. OcTanbHBIM

BEPLUXHAM BPEMEHHbIE METKH +00

M3 Bcex BpeMEHHbIX METOK BbIOMpAeM HAUMEHBLIYI0 U OObABISIEM ee
OKOHYaTeIbHOM. Eciin MeTKH paBHbI, TO BbIOUpaeM JII00YIO U3 HUX.

B namewm ciyyae HauMeHblle sBseTcs 2.

Ilar 2. Bosspauaemcs K mary 1 10 Tex mop, noxa BepliiHa B He MoJIyduT
OKOHYATe/IbHYIO METKY.

Ot BepuiuHbl A, MapuIpyT BeJleT K BepiiuHam A, 4,4, As. Crenys wary 2,
3anuiueM B TadyuLly AaHHble 3HadeHus. [lns Bepiumnbl A, Oyjer 3HaueHue 3+2=5;
11 BepluuHbl Az: 8+2=10; mys Bepiunuel A4: 5+2=7.

Bribupaem HavMeHblliee 3HaUeHHE. DTO 3HAYEHHUE 5.

Ilar 3. Or BepMHbl A; MapupyT BeAeT K BeplunHam Az, Ay, u B. Jlus
BeplunHbl A3 Oyzer snadyenue 5+5=10; 1 Bepuntbl A,: 5+1=6; 115 Bepiuunbl B:
10+5=15.

Bribupaem HauMeHbllee 3Ha4eHHe. DTO 3HaYeHue 6.

[lar 4. Ot BepuiMHbl A, MapupyT BeJeT K BepiuvHam Az u k Ag. Jlus
BEpIIMHBI A3 Oyzer 3HaueHue 6+3=9; st Bepuinnbl As:6+7=13

Bribupaem HaumeHbllIee 3HaYeHKne. DTo 3HaueHue 9.

Ilar 5. Or Bepuuunbl A3 BeneT k BepiinHaM B u k. Ag. Jlis BepiiuHbl B :

Oyner 3HaueHue 9+5=14,
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[lar A A A, A, A, As B
0 0 + 00 +00 +o00 +00 +00 + 00
1 7 2 400 400 400 + 00
2 5 10 ¢ +00 +o0
3 10 6 +o |15

4 9 13 15

5 14

Wrak, xparyaiiiuum ssisiercs mapupyt: A - A, 2 Ay > A, > A3 > B u
€ro Bec paBeH 14,

3apaua 7. llocmpoiime xkpamuatiwuii mapupym, eedywuti om A k B na

epacghe, uz06padicenHom Ha pUcyHKe.

Pemenue:

Jlns pemienus AaHHOM 3a1a4d BOCIIOJIB3YEMCSaJIrOPUTMOM, AHAJIOTMUHO
3anaue 6.

Odopmum pereHue B tTabnuily.

Ilar 0. HayanpHoli BepuuirHe A npucBauBaeM OKOHYATeIbHYIO MeTKY 0, BeceM

OCTaJIbHbIM BEPIIMHAM — BPEMEHHbIE METKH +00

[llar 1. O6paTuM BHMMaHKe HA rpaQUK U YBUIMM, YTO U3 BEPUIMHBI A HJIET
MapuipyT K A; U K Ay, 3HauuT, B TabiMly 3anuileM 3HaueHHs Beca A, u A,.
OcTanbHBIM BepIIMHAM BPEMEHHbIE METKU +00

M3 BceX BpeMEHHBIX METOK BbIOHMpaeM HaHMEHBILYHO M OObBABIAEM ee

OKOHYATEJIBLHOM. EC/IM METKU paBHBI, TO BBIOUpPaEM JHOOYIO U3 HUX.
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B HawmeMm ciiyyae HauMeHblLE sBiIseTCs 3.

Ilar 2. Bosspaiuaemcs k mary 2 70 TeX 1op, oka BeplikHa B He moayuur
OKOHYATEJIbHYIO METKY.

Or BepuwinHpl A; MapupyT BeleT K BepimiuHam A,, Ag. Cruenys mary 2,
3amluileM B TaOJUIYy JaHHbIE 3HaUeHUs. [lns Bepuiunst A, Oyaer 3HaueHue 3+2=5;
JUIs BEPIIMHBI Ag: 3+4=7.

BriOupaem HauMeHbllee 3HaYeHHE. DTO 3HaYEHHE 5.

Ilar 3. Ot BepiinHbl A, MapuwpyT BejleT K BepiunHam Az, A, u As. Jlis
BepIIMHBI A3 Oyzier sHayenue 5+2=7; nist BepluHbl Ay: 5+4=9; st BeplunHbl As:
5+5=10.

Bribupaem HauMeHblIee 3HaueHUe. DTO 3HaYeHKe 7.

llar 4. Or BepiuuHbl A3 MapupyT BefeT K BepluuHam Ag U kK A-. Jlis
BepLIUHbl Ag Oyzer 3Hauenue 7+5=12; nis Bepuinuel A,:7+1=8

Bribupaem HavMeHblIee 3HaueHUe. DTO 3HauYeHKe 8.

Ilar 5. Or Bepuunel A; BesieT k BepuuHe Ag. [ Bepuunbl Ag: Gyner
3HayeHue 8+4=12.

[lar 6. Ot BepiuuHbl Ag BefieT K BeplunHe Ay u B. Jlis Bepiunbl A,y: 6yner
3HayeHue 12+3=15; nns Bepuwunsl B: 12+4=16.

Bribupaem HauMmeHblee 3HaueHue. DTo 3HayeHue 15.

Iar 7. Or BepwuHbl A;o BereT K BepuiMHe B. J{nst Bepuuuubl B: Gyner

3HayeHue 15+5=20.
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Hlar | A | Ay | A, | A3 | Ay | As | Ag | A; | Ag | Ay | Ay | B
0 0 +© | +c0 | 00 | 400 | +00 | 400 [ +00 | 400 | 400 | 400 | 400
1 3 i +o© | +0 | +0 | +0 |+ | 400 | 400 | 400 | +00
2 5 400 | 40 |7 400 | 400 | 400|400 | +00 | 400
3 i 9 10 +00 | +00 | 400 | 400 | 400 | 400
4 12 |8 +00 | +00 | 400 | 00
5 12 | 4o | 400
6 15 |16
7 20

Wrak, KpaTyailuuM sIBASETCS MapLIPYT:
A—- A - A; » A3 » A; > Ag > A,y — B uero Bec pases 20.
Tema Ned. IlonaTue cereBoro rpaduka.

Teopernueckuii Matepua K JaHHOMY 3aHSTHIO H3JI0XKEH BO 2 I1aBe B yHKTeE
2.4na crpanunax 37-39 BKP. Ha 3ansatuu npeanonaraercs 1ath NOHsITHE CETEBOIO
rpauka, pacCMOTPETh aIrOPHTM, C OMOLIBIO KOTOPOro Oy 1yT pelleHbl 3aat 1o
J@HHOU TeMe. B COOTBETCTBUM C JIaHHBIM TEOPETHYECKMM Marepuanom, OymyT
IIPEJIJIOXKEHBI CIIelyIOLIMe 3aauu.

3apaua 1. ITocmpoums cemesoii epaghux pabomel no dannim, npusedenHvim

Ha PUCyYyHKe
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Pemenue:

CereBoit rpaduk npejcrasisieT coGoil pa3sBepHYTbIN IIAH BBINOIHEHUS
HeKOTOpoii paboThl. C ero nomMouplo y100HO KOHTPOJIUPOBATh X0/ BBIIOIHEHHS
paboThl.

['padux nipescrasisieT co6oit OpUeHTUPOBAHHbII rpad, BEPIIMHAM KOTOPOTO
COOTBETCTBYET COCTOsIHME O0BeKT, a pebpam — BblIoIHSAEeMble paboTsl. PeGpa
OKA3bIBAIOT IOC/ICA0BATEIbHOCTb BbINOJHEHUs pabor. Ha xaxmom pebpe
MOKA3aHO BpEMsl BBINOJIHEHUs COOTBETCTBYIOWIEH paborbl. Ecnu crpenka
IITPMXOBasi, TO 3TO O3HAYAET, YTO HA HEH MpocTaBieHo BpeMs 0.

Wrak, BepuinHa pa3buTa Ha TpU cekTopa. B BepxHem cekTope cTaBuTCH
[IOPSIIKOBBINA HOMED.

[. Jlns TOro 9roObl BBIYMCIIMTL 3HAYEHUs JICBOrO CeKTopa (MUHUMAJBLHOE
BpeMs, HEOOXOAMMOE i JIOCTMXKEHMs COOTBETCTBYIOLIEIO  COCTOSIHUS),
[IpOJEJIaeM psll ONlepaLiMil.

Illar 1. B HyneBom Kpyxke mpoctabiisiem 0.

Vinem 1o HanpaBlIeHUIO CTPENOK M MO MOPSAKOBOMY HoMepy. B mepsbiit
KPY)KOK BEIET OJIHa CTpeJKa, Ha KOTOpOM yKa3aHO BpeMs BbIIIOJHEHUS
COOTBETCTBYOLIEH paboThl, paBHOE 3. 3HAUUT, B JIEBbIH CEKTOP [IEPBOTO KPYXKKA Mbl
nomkHel 3anucats 0 + 3 = 3.

[ar 2. ITosropum 3Ty onepauuio i BTOPOro KPy KKa U 3aluilieM B JIEBOM
cextope 0 + 2 = 2.

[llar 3. Jlanee BUAMM, YTO K TPETbeMY KPYKKY MOXHO MPUHTH ABYMS
criocobamu: U3 MEPBOroO KPy»KKa M U3 BToporo. B Takom ciyuae, B jieBblil cekTop
TPETBErO KPYI)KKa MbI IOJDKHBI OyIeM 3anucaTb MaKCUMaJIbHOE U3 MOJYYUBILIUXCS
urcest. Ecnu uary u3 nepsoro kpysxka, To noiydnm 3 + 1 = 4, eciu u3 BToporo -
2 + 0 = 2. MakcuMasnbHbIM Oy/leT SIBISATbCS YUCIO 4, UMEHHO €ro W 3aluileM B
TPETUH KPYIKOK.

Illar 4. K ueTBepTOMY KpY>KKYy MOJXKHO IPHUTH TaK e JAByMs CIOCOOaMHM.
Ilponenas omepauuu, IOMXyYdM, 4YTO MaKCUMallbHOEe 3Ha4yeHue, paBHoe 10,

I10JIy4aeTCsl OT TPEThEero KpyxKa. 3aruiiem ero.
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Ilar 5. K mstomy Kpy>Ky MOXKHO OPUITH OT BTOPOTO U OT TPETHEro KPYKKa.
IlponenaB BbIYMCIEHHUS, 3alulueM B JIeBbll cekTop 3HaueHue 13, KoTopoe
IOy YHMJIOCH IIyTEM IIEPEeX0/ia OT TPETHEro KPyxKKa.

Iar 6. AHajoru4HO, IOJYYMM 3HAYEHHS JIGBOrO CEKTOpa Ul LIECTOro
Kpyxka. OHo Tak xe pasHo 13.

[lar 7. K ceabMoMy Kpy»KKy MOXKHO MpuUiiTH Tpems criocoGamu. BriGupas
HauOosiblliee 3HaYeHue, KoToporo paBHo 20, mepexoj OyJAeT OCYLECTBIATLCS OT

MSITOrO KPY>KKa.

II. [lnst TOro 4ToOBI MOCYMTATH 3HAYEHHMs B IPABOM CEKTOpe, HY)KHO
npojeyaTb aHaJIOrM4YHbIE OMNepauuy [IJs JIEBOIO CEKTOpa, HO YK€ B 00paTHOM

INOpAAKE U C BBIGOpOM MHHHMAJIBHOI'O 3HAYCHHM .

[Ilar 1. Mrak, npaBoMy CEKTOpPY [OCJIEJHEr0 CeAbMOI0 KPYKKa IPUCBAMBAEM

3HayeHue 20.

[lar 2. Mel BUaUM, 4TO MOXKHO 3alMcaTh 3HAUYSHHUS [IJIsl YETBEPTOrO, MATOTO
U IIECTOro Kpy»KKoB. OHU OyAyT MOJydeHbl IyTeM BbIYUTAHUS.

Jlis yetBeproro kpyxka: 20 — 4 = 16

Jnst naroro kpyxkka: 20 —7 = 13

s wecrtoro kpyxka: 20 —3 = 17

[Ilar 3. B TpeTuil Kpy»KOK Mbl MOKEM NPUWUTH KaK M3 ISITOr0, TaKk U U3
ueTBepTOro. BeiOupas MuHMManbHOE 3HAYeHUe, IOTYyYUM, YTO B TPETUH KPYyKOK
MO>KHO MPUUTU U3 MSATOr0. 3aNKUChiBAEM MUHUMAILHOE YUCIIO 4.

Iar 4. I1posienbiBas aHaJIOrM4Hble ONEpaLMH, 3a0JIHsIeM BeCh rpaduK.
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3anaua 2. [locmpoums cemesoti epaghux pabomol no OaHHbIM, NPUBEOEHHbIM

Ha pUcyHkKe

Pewienne:

[. JInss Toro 4ToObl BBIYMCIMTH 3HAUEHHUS JIEBOTO CEKTOpa (MUHHUMAlbHOE
BpeMs, HEoOXOauMOe Ui JIOCTUIKEHUSI COOTBETCTBYIOLLErO  COCTOSIHMS),
npojiesiaeM psiJl oreparui.

[IIar 1. B nyneBom kpysxke npocrtasisiem 0.

MaeM mo HarpaBlICHHUIO CTPEJIOK M IO IOPsiAKOBOMY HOMepy. B nepsbiit
KPY>KOK BeJIeT OJIHa CTpesika, Ha KOTOpOW YyKa3aHO BpeMsl BBIINOJHEHMs
COOTBETCTBYIOLIEH paboThl, paBHOE 5. 3HAUUT, B JIEBbIH CEKTOP NEPBOI0 KPY>KKa Mbl
noJokHb! 3anucath 0 + 5 = 5.

[llar 2. [ToBTOpUM 3Ty OnepaLuio Ui BTOPOro Kpy»Ka U 3allMlleM B JIEBOM
cexktope 0 + 3 = 3.

Illar 3. Jlanee BHUAMM, YTO K TPETbEeMY KPYKKY MOXKHO I[PHUUTH ABYMS
criocobamMu: U3 MEPBOTO Kpy’KKa U U3 BTOporo. B Ttakom ciiyuae, B JIeBbIi CEKTOP

TPETLETO KPYIKKa Mbl JOJIZKHbI 6y;1eM 3alucaTb MakCHUMallbHOE M3 I10J1IYHHUBLIUXCA
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urcen. Ecin uatu U3 nepsoro kpysxka, To nosiydum 5 + 1 = 6, ecii U3 BToporo -
3 + 0 = 3. MakcumanbHbIM OyJeT SBIATHCS YUCIO 6, UMMEHHO €ro U 3alullieM B
TPETUM KPYKOK.

[ar 4. K yerBepTOMy KpY:KKY MOKHO NMPHHTH TaK e JABYMs CIOCO0aMMU.
IlponenaB omnepauuu, MOOJYyYHMM, 4YTO MaKCHUMalbHOE 3Havyenue, pasHoe 10,
MOJIy4aeTCs OT TPETHEro KpyKKa. 3aruiliem ero.

Iar 5. K naroMy Kpy>KKy MOKHO NPUHTH OT BTOPOI'O U OT TPETHET'0 KPYIKKA.
IlponenaB BbIYMCICHMsA, 3alUIIEM B JIEBbIA CeKTOp 3HaueHue 11, koTopoe
OJIyUHJIOCH IIyTEM II€PEX0/ia OT TPETHEro KpyKKa.

Illar 6. AHamOru4HO, MOJYYHUM 3HAYEHHUs JIEBOI'O CEKTOpa AJIs ILIECTOro
Kpyxka. OHO Tak e paBHo 11.

lar 7. K cenpbMoMy Kpy’KKY MOXKHO IPUMTH Tpemsi criocobamu. Buibupast
HauOoblllee 3HAYeHUE, KOTOpoe paBHO 21, mepexona OyaeT OCYIIECTBIATHCS OT
IATOrO KpysKKa.

[ar 8. K BocbMOMY KpPY’KKY MOKHO MPHHTHU JIULIL OT LIECTOrO, 3HAYEHHE
JIEBOT'O CEKTOpa JJ1s1 Hero Oyaer pasHo 12.

[lar 9. K neBsitoMy Kpy>KKy MOYKHO NPUHTH JBYMs CIIOCOOaMU: OT CEABMOTO
U OT BOCBMOIO Kpy>KKOB. BbiOupas HauGosbluee 3HaueHHe, KOTOpPOe paBHO 23,
nepexo/ 0yer OCyLECTBIATLCS OT CeAbMOro KpyKKa.

I/ITaK, MbI HallUIM BCE€ 3HAYCHUA OJIA JIEBBIX CEKTOPOB!

II. Halinem 3Ha4eHMs 115 IPaBbIX CEKTOPOB.

Illar 1. Mtak, npaBoMy CEKTOpY IOCIEIHEr0 AEBATOIO Kpy)KKa [pUCcBauBaeM

3Ha4YeHue 23.
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IIar 2. Ml BUAKUM, YTO MOXKHO 3aIMCaTh 3HAUEHHUS VISl CEABMOTO ¥ BOCEMOTO
KpyKKOB. OHU OyAyT 1OJIyUYeHbl TyTeM BbLIYUTAHMUSI.

s cegpMoro Kpyxka: 23 — 2 = 21

Jlna BocbMoro kpyxka: 23 —3 = 20

[lar 3. B mecToit Kpy»KOK Mbl MOKEM NPUNTH KaK U3 BOCHMOIO, TaK U U3
cebmoro. Beibupas MuHMMalbHOE 3HAYEeHHE, MOJLYYUM, YTO B LIECTOI KPYMKOK
MOYKHO IIPUMTH U3 C€AbMOro. 3anucbiBaeM MUHUMAaILHOE Yuciio 18.

[llar 4. ITpojenibiBast aHaIOrH4HbIE ONEPALMH, 3Al0JHAEM BeCh rpaduxk.

Taxum obpaszom, cereBoil rpaduk paboThl OCTPOEH.
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