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Mapmun I'aponep

Teopust rpadoB - 3TO OAMH W3 pPA3AENOB BHICIICH MaTeMaTHKHU. M3ydaoT ero B
BBICIIIMX MATEeMATHYECKUX M TEXHUYECCKHX y4eOHBIX 3aBeneHUsX. OIHAKO, TIEPBBIC TIOHSATHUS
Teopuu TpadoB JAOCTATOYHO MPOCTHI U HE TPeOYIOT cheuuaIbHOW MaTeMaTHUeCKOn
nmoarotoBku. Kpome 3toro Teopusi rpadoB oueHb HArJIsJHA W KpPAacWBa W, HCIIOJIB3YS €€
METO/IbI, MOXHO O0JIEryuTh ceOe MyTh K PEIICHHI0 HEKOTOPHIX 3a/1a4. MBI yKe TO3HAKOMHIIN
guTaTeNs ¢ oprpadgamMu MpU MOMOIIA KOTOPBIX YIOOHO OTBHICKMBATH PA3IMYHBIC YIAKOBKU
YHcell Ha 3aMKHYTBHIX KJIETOYHBIX MONAX (CM. paboTy «Marudeckue kojéca WM yHaKOBKU
KJICTOYHBIX TIOJICH).

B nmanHoif paboTe MBI MOKakKeM, Kak MpPU MOMOIIM TpadoB MOXKHO HCCIEIOBATH
pa3IuYHbIC MOTUAPHI (MHOTOTPAHHUKH) U UX Pa3BEPTKHU.

MoxHO paccMaTpuBaTh JaHHYIO TJaBy W Kak JJIEMEHTApHOE BBEICHHE B TEOPHIO
IIaHapHBIX TpadoB. OT yuTarens He TPeOyeTCs] HUKAKUX JOTOTHATEIHHBIX 3HAHUH.

Kak wu Bcsikas HOBas Teopus, Teopusi rpaoB HAUYMHAETCS C BBOAA OCHOBHBIX
ONPEACIICHUMN.

Onpenenenue 1.

I'padhom Ha3pIBaeTCsl HEIMyCTOE MHOXKECTBO G, cocTosIIee U3 B BEepIINH U 3a1aHHOTO
HEYIOPSIOYEHHOTO MHOXeCTBa P; map BepIInH {BiBj }, Ha3bIBaEMBIX pEOpaMHU.

ITpumep:
2 3

Puc. 1

Ha Puc.1 noka3zan rpad, uMmeromuii msath BepunH, 0003HadeHHbIX unciaamiu I, 2, 3, 4,
5 u mects pédep {1,3}, {1,5}, {2,3}, {2,4}, {3,4}, {3,5}. Kaxxnas mnapa BepIuu,
OTIPEACTISAIONUX PeOpO, HA3BIBAETCS HEYMOPSAOYCHHOMN, T.K. JUIS HAC B JaHHBIA MOMEHT HE
HMEET 3HAUCHUS KaK 3aIKcaTh {3,5} WU {5,3}. ScHo, 9TO 3TO pedpo, KOTOPOE COCTUHSET

BepmuHbl 3 U 5. B rmaBe 3 peusr nuta o6 oprpadax (opueHtupyemsbie rpadbl). B Takmx
rpadax Kaxaoe pedpo CHaOKEHO CTPENOYKOM, T.e. B 3TOM Cly4yae Mbl TOBOPHIIU OBl yKe 00
YIOPSOYEHHOM NTape BEPIUIMH.
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Ornpenenenue 2.
[MeTnéit Ha3pIBaeTCs peOpo, HAYAIO U KOHEIl KOTOPOTO MPUHAICKAT OJHOM BEPIIUHE,

re. P, ={B,B.}.
Bii :

Puc. 2

Omnpenenenue 3.
PE&Opa Ha3bIBarOTCS KPaTHBIMHU, €CIIM OHU COCAMHSIOT OJHH U T€ )K€ BEPILUHBI.

Puc.3

Bepumnbl B; u B; coepuHeHbl KpaTHbIMU pEOpamu. YUCIO KPATHOCTH PABHO 2, MO

guciy péoep.

Onpenenenue 4

Crenenpto EepummHbl Ha3plBaeTCss YHMCIO MHUUAEHTHBIX  (MPUCOEIUHEHHBIX,
BXOAAIINX) el pébep m obo3Hauaercss deg B, ./lns rpada, mokazanHoro Ha Puc.l, nmeem:

degl=2, deg2=2, deg3=4, degd4=2, deg2=2.

JleMMa «0 pyKOMOKATHSIX.
Cymma cremneHeil Bcex BepIIMH rpada - 4€THOE YHCIO, PABHOE YIBOCHHOMY YHCITY
péoep.

D degB, =2P. (1

JlokazaTenbCTBO JIGMMBI OYEBHAHO. JIeHWCTBHTENBbHO, Kaxkaoe pedpo COeIUHSET
CTpOTO 2 BEpILIMHBI, T.€. JaET BKJIAJ B CYMMY CTereHel BeplunH paBHbIM 2. Ecnu Ham rpag
nmeet P p€6ep, To cpazy morydaeM, 4TO CyMMa CTeneHel BepiuH paBHa 2P | T.e. dopmyny
(1).

Onpenenenue 5.

[Tnockum rpadom HazpiBaeTcss rpad, BEPUIMHBI KOTOPOTO SIBJISIOTCS TOYKAMHU
IUIOCKOCTH, a p€Opa - HeNPEPbIBHBIMU INIOCKMMH JIMHUSAMH 0€3 cCaMOIepeceueHH.

Bo Bcex mpensiaynmux npumepax Bce rpadsl, mokazanHsle Ha Puc. 1, 2, 3, aBusiorces
IUIOCKUMH.

Omnpenenenue 6.

JIroboit rpad, nzomopdHbIi TUIOCKOMY Tpady, Ha3bpIBaeTCs IUTAHAPHBIM. YUTO 3HAYHMT
nzomMopdueie rpadsl. OT0 Tpadsl, KOTOpblE HMEIOT OAMHAKOBOE YHCIO BEPIIMH H
OJIMHAKOBOE 4HUCIO p&Oep, Mpu4éM Uid BEpIIMH TIpadoB, MOXKHO BBECTH OJMHAKOBBIC
0003HaYCHHS TaKUM 00pa3oM, YTO HEYNOPSIOUYCHHbIE aphl BepIInH, o003Havatomue péopa,
y uzoMopdHbIXx rpadoB OymyT omuHakoBel. Ha Puc.4 mokaszan rpad, mzomopdusiii rpady
Puc.1.
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Puc. 4

Onpenenenue 7.
[Inanapuelii rpad), He HMMEIOIIMN TETeNb M KpaTHBIX pEOEp, CTENEeHHW BEpILUH
kotoporo deg B, >3, 1 0HO3HAYHO YKJIaJbIBacMbIil Ha cdepe, OyaeM Ha3bIBaTh MPOCTHIM

chepuueckum rpadom.

W3BecTHa Takas; TeopeMa:
Besikuil nimanapHbIil rpad) MOXHO yJIOXKHUTH Ha cdepe.

Jloka3arenbCTBO A3TOM TEOPEMBI BBIXOJMUT 3a PAMKM 3TOW KHHUIH, ITOATOMY MBI €TI0
3/1€Ch HE MPUBOAMM.

UTo 3HAYHAT «YJIOXUTh Ha cdepe». DTO 3HAYUT, YTO MBI JOJDKHBI HA TMOBEPXHOCTH
chepsl HapucoBath rpad, H30MOp(PHBINA TaHHOMY .

Besne B manmpHeiimem peub OyJeT MIATH TOJBKO O MPOCTHIX chepuueckux rpadax,
MO3TOMY CJIOBO «IIPOCTOI» MHOTJa HUXKE OyeM OIyCKaTh.

W3 ompenenenus 7 sCHO, 4TO TpocToil chepudeckuii rpad, yIoKeHHBIH Ha cdepe,
MOXXHO paccMaTpuBaTh, Kak cepHuecKUil MOJIUAAP, IPAaHU KOTOPOIrO SIBJISIOTCS YaCTAMU
JTaHHOU Cepsl.

He nns Bcskoro cdepuueckoro moiaudIpa CYLIECTBYET H3OMOPQHBIA eMy
MHOTOTPaHHUK, T.C. MOJHUIIP C TUIOCKUMHU TpaHsIMH. MBI CTOTKHEMCS C TakuM (HaKkTOM B
Hamiem uccienoBanuu. OOpaTHoOe ke yTBEPKICHHE BCETAa BEPHO.

[TpuBeném mpumep npocteiiniero chepudeckoro rpada.

Puc. 5

Besiknii mmockuii rpad pa3douBaeT IIOCKOCTh Ha 00J1aCTH, Ha3bIBAEMbIC TPAHIMHU.

Jns chepuueckoro rpada 3To OYSHb HATJSIIHO MOKHO TPEACTAaBUTH, YIIOKHUB €ro Ha
chepy. (B xauecTBe Moaenu cepbl 0ueHb Y00HO UCIOJIB30BATh TIACTMACCOBBINA MAPHUK TS
HACTONBHOTO TeHHHCA). [Tokaxkem, Kak 3To OyAeT BBITIIAAETh B CIydyae HAIIETO MPOCTEHUIIIETO
chepuueckoro rpada (Puc.6).



Puc. 6

Kak Bumum, u3 Puc.6, mpocrteitmuii chepuueckuii rpad pazdMBacT MOBEPXHOCTH
chepsr Ha 4 obmactH, T.e. OyAeM TOBOPUTH, YTO NaHHBIN rpad mmeer 4 rpanu (Oymem
o06o3Hauath 310 — ' =4).

I'pad, mokazanHblii Ha Puc.5 Ttakke pa3OuBaeT IMmIOCKOCTh Ha 4 dactH (TpU
TPEYTOJIbHUKA U BHEIIHAS YaCTh).

3aMeTuM, 4TO MpOoCTeHInii cepuueckuil rpad, ynoxxkeHHbIH Ha cdepe, n3omopdhen
IPOCTEHIIEMY MOIUIAPY - TETPASAPY.

Puc.7

B nanpHeiiimem Ham MoOHaI00UTCS TaKke Teopema Jitnepa. Jloka3aTebCTBO TEOPEMBI
Dilnepa Mbl 371€Ch HE IPUBOAMM.

Teopema JiiJiepa:
JI1 BCAKOTO MOJI3Pa BEPHO PABEHCTBO:

B+I'-P=2. 2)
Crnencrsue:

Jist Besikoro ceprudeckoro rpada crpaBeyInBO HEPABEHCTBO:

P<3B-6. 3)
JlokazarenbcTBoO:
Kaxnas rpans chepuueckoro rpada orpanmueHa, mo KpaitHeir Mepe, Tpems peéopamm.
C nmpyroii CTOpOHBI, Kaxkioe pedpo MpHHAMISKUAT nByM rpansMm. [lostomy: 3I'<2P.
[ToacTaBuM 3TO HEPABEHCTBO B (2), MOTYyYHM:
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P=B+F—2SB+§P—2

nimn

P<3B-6.

[TokaxxeM mpuMepsl MPOCTHIX chepudecknx rpados, it kotopeix P <12. Mbl
OTPaHUYMIMCh 37IeCb ATUM 3HaueHueM P, T.K. TOYHO M3BECTHO, YTO B 3TUX Ipeaenax
TUTaHApHBIE Tpadbl OJHO3HAYHO YKIAIBIBAIOTCS Ha cdepy, a mpu P>12 yxe TOSBISIOTCS
rpadpl, 715 KOTOPBIX 3Ta OAHO3HAYHOCTh HE COXPAHSAETCS.

13 onpenenenus chepudeckoro rpada 3akmogaeM, 4To

D degB, >3B.

Ho u3 (3) umeem 3B > P + 6. Kpome 3TOro u3BeCTHO, 4TO Zdeg B, =2P. [Tostomy

IIoJIydaceM TaKO€ XapaKTCPHUCTHUICCKOC HCPABCHCTBO!

2P>3B>P+6 (4)

P>6.

Kpome sToro BBeaém emié oMH KpUTEpHUil MONCKA B BUEC HEPABEHCTBA:
max(deg B, ) <B-1 %)

JeiicTBUTENBHO, B IPOTUBHOM K€ CIy4yae HE M30eXarTh MeTeab U KpaTHbIX pEéOep, uTo
MIPOTUBOPEUYUT OMPEICTICHHUIO POCTOTO CPepUIecKoro rpada.
[Tpuctynum x noucky rpagos. T.e. 3Has P Ham HeoOxoxumo Haiitu B, I' u deg B, .

3Has Bce 3TH XapaKTepUCTUKHU rpada yke MOKHO MOMBITAThCS MPEICTaBUTh €r0 HATJISIIHO.
[lycte P = 6, Torna u3 (4) noiaydaem:

12>23B2>12,1.¢. B=4.

ITo dopmyne Diinepa (2) nHaxomum, uro I' = 4. DTO Kak pa3 U €CTh TOT Irpad, KOTOPHIi
n3o0paxéH Ha Puc. 99. Jng storo rpada deg B; = 3, uTo He IPOTUBOPEUUT KpUTEPHIO (5).

CymectByet 11 chepudeckuii rpad ¢ uuciaom péoep P =7 ? U3 (4) 3akmovaeM, 4To
TOJDKHO OBITH CIIPABEIINBO HEPABEHCTBO:

14>3B2>13.

Ho storo He mMoxeTr ObITh HU NpH Kakux 1enblx B. CinenoBaTenbHO, chHepuIecKoro
rpaga ¢ umciaom pébep P = 7 He cymectByer. CrefoBaTeNbHO HE CYLIECTBYET H
MHOTOTpaHHHKa C unuciaoM pédep P =17.

[Tpu P = 8 nosny4yaem Takoe XapaKTEpUCTUUECKOE HEPABEHCTBO:

16>23B2>14,1.¢. B=5.

ITo dhopmyne (2) Haxonum yucio rpaneit: ' =8 +2 —-5=5.
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> degB, =2P=16=(3+3+3+3+4).

T. 0. momygaem takoii rpag:

Puc. 8

[Tpexne, 4eM MPOJOKUTH HAIM TIOMCKH, HEOOXOTUMO CAENaTh OAHO YTOYHEHHE.
Mpl BenéM CBOM MCCIIEIOBaHMS TOJIBKO CPEAM IUIAaHAPHBIX TpadoB H, MOTOMY, HEOOXOIUMO
UMETh KpUTepHil IutaHapHocTH rpada. OTHUM U3 TAaKUX KPUTEPUEB SIBISIETCS TEOpeMa
[MonTpsirnna — KypaToBckoro:

I'pad muamapen Torga W TOJNBKO TOTZA, KOTJAa OH HE COAEPKUT MHOATpadoB,
n3oMop(dHBIX rpadam:

Puc. 9

Tenepb NPOJOIKUM HAIIHU UCCIICAOBAHUS.

IIpu P = 9 umeem Takoe cooTHoueHue: 182>3B2>15. DTOMy HEpaBEeHCTBY
YZIOBJIETBOPSIIOT J1BA 3HaUeHUs B:

Ipn B =5 nonyuaem: I'=9+2-5=6u » degB, =18=(3+3+4+4+4). DOtum

XapaKTepUCTHKAM OTBEYAeT TaKou rpad:

Puc. 10

Kpowme 3toro, ZdegB,. =18 nomyckaer emEé 1Ba pPas3sIoKEHHUs MO CTENEHSIM

BepuimH: 3+3+3+4+5)u3+3+3+3+6), Ho 00a 3TU pa3IOKEHUS IPOTHBOPEUYAT
kputepuio (5).

[TIpu B = 6 nonmyuaem: I'=9 + 2 — 5 =5 1 eAMHCTBEHHOE PA3JI0KEHUE 10 CTENEHAM
sepmmm: » degB, =18 =(3+3+3+3+3+3).

CymiecTByIOT /1Ba rpada ¢ TAKUMH XapaKTePUCTHKAMH.



a) 0)
Puc. 11

Ho 3ameuaem, uto rpad 0) Puc. 11 He oTBedaeT KpUTEPUIO IUIAHAPHOCTH U MOITOMY MBI
JIOJKHBI UCKITIOUUTh €r0 U3 HALIETO PACCMOTPEHHUS.

B nanpHeiimem He muiaHapHbIe Tpadbl MBI MBI IPUBOJIUTH HE OyaeM, T. K. OHH HE
MIPEJCTABISAIOT JUIsl HAC MHTEpeca.

IIpu P = 10 umeeM Takoe xapakTepucTHyeckoe HepaBeHCTBO: 20> 3B >16. Dtomy
HEPAaBEHCTBY y/IOBJETBOPSET 3HauUeHue B = 6:

r=10+2-6=6,
> degB, =20=(3+3+3+3+4+4),

>degB, =20=(3+3+3+3+3+5).

[Tomyuyaem Takue rpadsr:

a) 0) B)
Puc.12

OO0paiaeM BHHMaHHE 4MTaTenss Ha rpad, uzobOpaxeénnslii Ha Puc.12 B). Jlns sToro
chepuueckoro rpada He cymiecTByeT uzomMopdHoro nmonudapa (MHOrorpannuka). [louemy?
Tax >xe 3ametum, 4to Ha Puc.12 6) u B) uzo0paxeHsl rpadpl, y KOTOPHIX YHCIO BEPILUH,
quciao pedep, YUCIO TpaHeH, pas3ioKEHHWE MO CTENEHSM BEpIIMH W COCTaB TpaHeu (4
TPEYTOJIbHUKA M 2 YeThIpEXYTOJbHUKA) OJMHAKOBBI. A MEXIY TEM, TOMOJIOTUYECKH ITH
rpadsl pasnuuHbl (He M30MOP(HBEI). DTO TOBOPUT O TOM, YTO Tpad IODKEH HMETh emIé
KaKyI0-TO XapaKTEePUCTHKY, CKPBITYIO Ha nepBbli B3rs. OAHOM U3 TaKuX XapaKTEPUCTUK U
ABIISIETCS U30MOPQH3M cheprueckoro rpada MHOTOTPAHHHUKY .

ITpu P =11 umeem: 22>23B2>17.

DTOMY HEPABEHCTBY COOTBETCTBYIOT [1Ba 3HaUCHU B: B=6,B=1.

[Ipu B =6,

Ir=11+2-6=17,
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> degB, =22=(3+3+4+4+4+4),
degB, =22=(3+3+3+4+4+5),

>ldegB, =22=(3+3+3+3+5+5).

<

B)
Puc. 13
[lpu B=17,
r=11+2-7=6,
>degB, =22=(3+3+3+3+3+3+4).
a) 0) B)

Puc. 14

Ha Puc.14 6) nokasan rpad, s KOTOPOro TaK K€ HE CYIIECTBYET H30MOP(HHOTO
MHOTrOrpaHHuka. Eciau untarens pa3oOpaics ¢ mepBbIM CIIy4aeM, TO U 3/1€Ch MOHATH MTOUYEMY
TaK MPOMUCXOIUT AJISl HETO HE COCTABUT TPY/Ja.

Hy u npuctynum K momcky nociaenHux chepudeckux rpadoB, KOTOpbIE Mbl HAMETHIIN
K HUCCIIEIOBAHHUIO.

[Tpu P = 12, nonyyaem HepaBeHCTBO: 24 > 3B > 18

Nmeem Tpu 3HaueHUs B, y0BIETBOPAIOIINE TOMY HEpaBeHCTBY: B=8, B="7, B = 6.
[IpuB=8,I'=12+2-8=6.

> degB, =24=(3+3+3+3+3+3+3+3).



Puc. 15
MpnB=6,I=12+2-6=8.
1) DldegB, =24=(4+4+4+4+4+4),
2)  DldegB, =24=(3+4+4+4+4+5),
3)  DldegB, =24=(3+3+4+4+5+5),
4)  DdegB, =24=(3+3+3+5+5+5).

Cpa3y ormeTmia, 9to cepudeckux rpadoB ¢ pa3ioKeHHEM MO CTENEHSIM BEPIIUH
tumna 2) u 4) He cymectByeT. [1o3ke MbI emé BepHEMCS K 3TOMY Borpocy. OcTaroTcsi Takue

rpagsl:

Puc. 16
puB=7,I'=12+2-T7=1.

) DldegB, =24=(3+3+3+3+4+4+4),
2)  DldegB, =24=(3+3+3+3+3+4+5),

3)  YldegB, =24=(3+3+3+3+3+3+6).



[Ipu B = 7 uucno cheprueckux rpadoB pe3KO BO3pPACTAET M MOITOMY, YTOOBI HE
YTOMIIATH 4YUTaATENs OOJIbLIIMM KOJIMYECTBOM PHUCYHKOB M TeM Oosee, YTO Uil HAalluX
HCCIIEeIOBaHUM Bce 3TU Tpadbl HaM HE NOHANOOATCSA, Mbl PELIMWIM I0Ka3aTh TOJBKO
HECKOJIBKO XapaKTEPHBIX INPUMEPOB. 3aHMHTEPECOBAHHBIA YHUTATENIb MOYKET CaMOCTOSTEIBHO
MIPOJOJKUTH MOUCK OCTalbHBIX rpadoB. KakoBo ux ob1iee KoJIn4ecTBO HaM HE U3BECTHO.

Jns cnyyas 1) mokaxkem Tpu rpada:

a) 0) B)
Puc. 17

st cyyas 2) mokaxkeM JBa rpada:

Puc. 18

st citydast 3) cyliecTByeT eAMHCTBEHHBIH rpad.

Puc. 19

Hpem:[e 4Y€eM MNOpOAOJDKUTH HaAIIKWM HCCICAOBAaHUA, IpEajiaracéM HallUM 4YHUTATCIIAM

BBISICHUTB, CYIIECTBYIOT JIM cpeau rpadoB, uzoOpaxkéHupix Ha Puc.13 — Puc. 19,
chepuueckue Tpadpl, T  KOTOPBIX HEBO3MOXKHO IIOCTPOUTH H30MOp(HBIE WM
MHOTOT'PaHHHKH.

Tenepb HaM TPEACTOUT MO3HAKOMHTH YHTATEIS C €UI€ HEKOTOPHIMHU TMOHITUSMH
o0mieit Teopuu rpados.
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Bce mnpuBenénnsie Bbimie rpadpl OyAaeM paccMaTpuBaTh TEMepb TOJBKO Kak
yJIO’)KE€HHBIE Ha cdepe.

W3BecTHO, 4YTO BCSAKMH TUIaHapHbIE rpad G UMeeT JABOWCTBEHHBIM (Win
reOMETPUYECKU ABONCTBEHHBIN) rpad G*.

[TokaxxeM, 4TO Takoe TBOMCTBEHHBIN Tpad

YroOsl moctpouts rpad G* HE0oOX0AUMO B KaxJ0# rpaHu rpada G B34Th 110 OJHOU

Touke. D10 OydyT Bepimnbl B, Oymaymero rpadga G*. Ecnu ase rpanu I', u I’ ; Tpada G

uMerT obmee pedbpo P,

> TO coeluHsieM BepumHbl B, u B; pebpom P, npuuém Tak,

y

4TOOBI OHO MEPECEKII0 O/MH pa3 pebpo P; u Gosblue HUKaKoe Apyroe pedpo. B pesysbrare

TaKUX MMOCTPOEHHUH 0IHO3HAUHO nonrydaeM rpad G*. I'pap G*, ecrecTBeHHO, TaKkXkKe SABISCTCS
chepuyeckum rpadom.

Bce paccmoTpenHbie Tpadbl 10MyCKalOT €IMHCTBEHHYIO YKIIAIKy Ha cepe U M03TOMY
MMEIOT ¥ €IMHCTBEHHBIN IBOWCTBEHHBIN Tpad.

[ToxaxkeM npuMep MOCTPOCHUS IBOHCTBEHHBIX IpadoB.

Hauném name paccmorpenue ¢ npocreimiero chepruueckoro rpada Puc. 20.

2

- -

Puc. 20

Ham rpad umeer 4 rpanu: (1, 2, 4), (2, 3, 4), (1, 4, 3), (1, 2, 3). [TomecTuM B Kaxxa0H
TpaHy MO0 OJHOW TOYKE. DTO OyIyT BKPIIMHBI HOBOTO ABOMCTBEHHOTO rpada G*: 1¥«>(2, 3,
4); 2*%(1, 4, 3); 3*(1, 2, 4); 4*(1, 2, 3).

YroObl HE 3arpoMoaaTh PUCYHOK, TOUKY 4% BblHeceM 3a rpad G, HO OyJieM CUUTaTh,
YTO OHA COOTBETCTBYET rpanu (1, 2, 3).

I'panu (1, 2, 4) u (2, 3, 4) umerot odiee pedpo {2, 4} MOITOMY COEIMHIEM BEPILUHBI
3* u 1* HoBEIM pebpom {1*, 3*}. I'pann (2, 3, 4) u (1, 3, 4) umeror odmee pedbpo {3, 4},
MO3TOMY MPOBOIUM HOBOE pebpo {I*, 2*}, u T.1..

[Tonmyuaem HOBBIH rpad G'*, nBoiicTBeHHBIN Tpady G.

Kak BuauMm, B Hamem ciaydae rpad G nzomMopdeH cBoeMy BoiicTBeHHOMY rpady G*.

B=B* P=P*T'=T* (6)

[Toxaxxem Bce ABOWMCTBEHHBIE M CaMOJBOMCTBEHHbIE Ipadbl CPEIU TEX, KOTOPHIE MbI
Ham paHee. CaMOABOMCTBEHHBIM Trpadom OyleM Ha3blBaTh Takod rpad, KOTOPBIH
n3oMop¢eH CBoeMy JBOMCTBEHHOMY Tpady.

Kak BuauM M3 mocTpoeHus, JUIsl JBOMCTBEHHBIX I'paOB JIOJKHBI BBIIOIHITHCS
COOTHOUICHHUS:
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B=rI* P=P* I =B* (7
U3 (6) u (7) 3aximrouaem, 9TO €CIHM JBOWCTBEHHBIE rpadbl U30MOPQHBI, TO

P=P*x B=I'=B*=T"




N-TY

Puc. 22
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Puc. 23
Omnpenenenue 8.
JlepeBoM Ha3bIBaeTCs CBSI3HBIN rpad, He coeprKaliuil [IUKIIOB.

ITpumep: °

[
Puc. 24
Ecnu rpad umeer xoTst Obl ofHY TpaHb, TO pEOpa, NMpUHAIEKAIIUE ATOH TpaHH,

00pa3yroT MUK ¥ TaKO# rpad HE MOKET OBITh JIEPEBOM.
Jlist nepeBa Bcera crpaBesIuBO TAKOE€ COOTHOIIICHUE:

P=B-1.
Teneps BBe1EM MOHATHE MPABUIIBHON pa3BEPTKU chepuueckoro rpada.
[IpencraBuM, uTo Hama cepa cenaHa U3 MaTepraia, KOTOPBIH MOXKHO MTPOM3BOIBHO
negopMHUpoBaTh MO HameMmy >enaHuto. Eciau w3 Takoil cdepsl BbIpe3aTh chepuyecKHii

TPEYroJbHUK, TO €ro BCerja MOXHO MyTéM nedopManuii MpeBpaTUTh B NPaBUILHBIN
TPEYTOJIbHUK U YJIOXKUThH Ha TUIOCKOCTh CTOJA.

Puc. 25
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[Tpennonoxum, uyTo Ha Hameil chepe HapucoBaH chepuueckuii rpad, nMeronmii B
BepiinH. Paspexem »ToT rpad Bmons pEédep TakuM oOpa3oM, uTOOBI Tpad paspesa
npencTaBisul coboit nepeBo umeroniee B-1 pebpo, mpuuéM Bce BEpIIUHBI CHEPHUECKOTO
rpada nomKkHbBI OBITH BEpIIMHAME rpada paszpesa.

[lpu Takmx ycrmoBHWsX pa3pesa, cepa He pacmaigércs Ha HECKOIBKO dYacTeH, a
OCTaHeTCsl OJTHUM LIeIbIM KyckoM. Temnepb, IpeBpaTuB Kaxaylo IpaHb cepuueckoro rpaga B
MPAaBUJIHHBII MHOTOYTOJIBHHUK M YJIOXKHM TIONYYeHHYIO (UTypy Ha IUIOCKOCTH cToyia. Takas
¢urypa u Oyner Ha3bIBaThcs MPaBUIbHON pa3BEPTKOI chepuueckoro rpada.

MoxHO ObUTO OBl BBECTH TOHSTHE TPABWIIBHOW Pa3BEPTKU cdepuieckoro rpada,
OTTAJIKUBAACh OT MOHATHUS pa3BEPTKM monaudapa. Ho Mbl 3HaeMm, yTOo He JUIsI BCAKOIO
ceprueckoro rpada CymecTByeT n30MOP(HBIN eMy TTOJIUIP.

[Tpumep:

Puc. 26

KupupiMu uHUSAMH Ha cepe o003HaUeH pas3pes Hamero chepuyeckoro rpada. Kak

BHJIMM, DTO JIEPEBO:
s Aep @ L @ L 4 L J
2 3 4 5 1

Puc. 27

[TpyuéM nepeBO COIEPKUT BCE BEPUIMHBI HMCXOMHOTO rpada u uyucio peédep
paBHo P=B-1=4.

PaccmoTrpum niepByto napy 1BOWCTBEHHBIX TpadoB.

[Tepepucyem ux B 60iee HATJISITHOM BH/IE:

1*
<>
4* 5 4
2% 2 1

Puc. 28

CoBmecTM [1Ba Tpada Ha OJHOM pHUCYHKE TIO BCEM TMpaBUIaM TOCTPOCHHS
JTBOMCTBEHHBIX TpadoB.

-15-



Jns maHHBIX chepuyeckux rpadoB CyIIECTBYIOT M30MOP(HBIC MOIUAAPHI, TTOATOMY,
KOIJla 3TO BO3MOXKHO, MbI OyJieM JUIsl HarjsiIHOCTU NpHUOeratb K MOMOIIM H30MOPQHBIX

¢buryp.

[Tonmmaap mpusMa uMeeT 6 BeplIMH, MOITOMY, YTOOBI MOIY4YUTh €ro pa3BEPTKY,
HeoO0xoauMo paspe3atb 5 péoep. [lokaxxkeM paspe3 u pa3BEPTKY, COOTBETCTBYIOIIYIO 3TOMY

paspesy (Puc. 31, a)).

Puc. 30

3 6
03+
> 1 4
e 5%
5
1 ’é o 4:> 4
2*
3
Puc.31

- 16 -
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B kaxmoil rpaHW pa3BepTKH MBI TOKAa3aJd COOTBETCTBYIOUIYIO BEPIIMHY
nBoicTBeHHOTO mommdapa (cm. Puc.29). Tlpuuém, kak BUAMM, U 3TO €CTECTBEHHO, YTO
BEPIIMHEI U pEOpa ABOWCTBEHHOTO rpada, n300pakEHHOTO Ha Pa3BEPTKE, 00pa3yIoT IEPeBo.
CrnenoBaTenbHO, BBIMOJIHUB pa3pe3, B COOTBETCTBHM C 3TUM JEPEBOM, MBI MOIYYUM
pa3BEPTKyY ABoiicTBeHHOro nonudapa (Puc. 31, 6)).

T.0. MBI OTYYHIIM COOTBETCTBHE MEXKIY MPABUIBHBIMU Pa3BEPTKAMU JABOWCTBEHHBIX
MOJMDJIPOB M, CJENOBATEIbHO, - MEXIy TMPaBIIBHBIMU pPa3BEPTKAMH JIBOMCTBEHHBIX
cepuueckux rpados.

3aMeTHM, YTO JaHHBIEC MOJIMAPHI MOKHO MOCTPOUTH, UCHOJB3YsI B KA4eCTBE TpaHen
MpaBWJIbHbIE MHOTOYTOJBHUKHU: TPEYTOJbHUK W KBajapaT. Torjga He mpuOeras HU K KaKuM
TpaHchopManusIM, MBI BCeTIa OyIeM MOTydaTh MPaBHIbHBIE Pa3BEPTKH ITHX TOIHIAPOB.

Ecnu duratenr HeMHOro 3amacéTcsi TEpPHEHHEM U TOMBITaeTCS OTHICKATh BCE
pPa3BEPTKU JAHHBIX IOJHIIPOB, TO OOHAPYKUT HEOOBIUHBIM (DAKT, KOTOPHIM KaKeTcs Ha
TIEPBBIN B3I MAPaJOKCOM, U KOTOPBIM pa3pylIaeT BCe HAIIM MPEIbIIyIIHe OCTPOSHUs. A
MMEHHO: YUCIIO Pa3BEPTOK MPHU3MBI PaBHO 9, a YHMCIIO pa3BEPTOK JBOHHON MUPaMHUIBI PAaBHO
8. Ho Benp MBI TONBKO, YTO TMeped ATHM YTBEpXkAadd 00 OJHO3HAUYHOM COOTBETCTBUH
JIBOWCTBEHHBIX Pa3pe30B, a CJIEOBATEIBHO W JIBOMCTBEHHBIX Pa3BEPTOK. OOBICHIETCS 3TO
MIPOTUBOPEUYUE TEM, YTO JIBOIHAS MHpaMUAa MOXKET ObITh pa3pe3aHa ABYMs TOIMOJIOTHYECKU
Pa3IUYHBIMU cIOc00aMu, HO, B pe3yJIbTaTe KOTOPHIX, MOTYUYaeTCs OJJHA U Ta K€ pa3BEPTKa.

[TokaxkxeM JTBOWCTBEHHBIEC PA3BEPTKH ITUX MOJIUIIPOB.

T NAYAVAVAN

- - A
A \VAVAV/

>“§§ i =

Puc. 32
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Puc. 33

Kak BUIuM B ABYX MOCIEIHUX CIIy4asX, Pa3JU4HbBIC Pa3BEPTKU MPU3MbI UMEIOT OJHY
U Ty K€ UM JIBOMCTBEHHYIO Pa3BEPTKY IBOMHOM MHUPAMU/BI, I0JIy4aeMyIO IIPU IIOMOIIU JBYX
Pa3IUYHBIX Pa3pe30B.

4* 4*
’ 2% ' 2%
5% 5*
1* 4%

1*

5« 4% 3% 2% % 1 2% 3% -
Puc. 34

N3 Puc. 34 BuuMm, 4TO AEPEBbS pa3pe30B ACHCTBUTEIBHO TOMOJOTHYECKH PA3IUYHBI.

MbI npeanosiaraeM, 4To pa3jd4Hoe YUCJI0 Pa3BEPTOK ABOICTBEHHBIX MOJUIIPOB
CBSI3aHO C Pa3JIMYHBIM COCTABOM IrpaHeil 3TUX moam3aAposB. [Ipu3ma umeeT rpaHu aABYyX
THIIOB - TPEYroJbHUK U KBaapaT. ['paHu ke 1BOWHO MUPAMHIBI - BCe TPEYTOJIbHUKH.

Boznukaer u takoii Bonpoc. Ecnu chepudeckuii rpad) sSBIsSETCS CaMOIBOMCTBEHHBIM,
TO Ka)kJasl JI €ro pa3BEpTKa TaKKe CaMOJIBOMCTBEHHA?

[Tpocreitmmm camMoIBOHCTBEHHBIM T'padoM sBIsiETCs Tpad, n30MOPHHBINA TETPAdIPY.
OH uMeeT BCero /IBe pa3BEPTKU U KAXKJasl U3 HUX SBJISIETCS] CAMOJIBOMCTBEHHOM.

Ho »sTo He Bcerma Tak. Yke CISAyIOIMMA CaMOJBOMCTBEHHBIM Tpad, m3oMOpQHBIHA
NATUTPAaHHOW MUpaMuUje, ONpOBEpraer 3To mpeanoioxenue. M3 ero 8-mu pa3BépTok 6
OKa3alliCh CaMOJABOMCTBEHHBIMH, a 2 — B3aMMO-IBOMCTBCHHBIMMU.

- 18 -
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Puc. 35

YuraTeab MOKET OCYIIECTBUTh MMOMCK OCTABLIMXCS 6-TH pa3BEPTOK U YOEIAUTHCS, UTO
BCE OHH CaMOJIBOMCTBEHHEI.

Mo3KHO cKa3aTbh, 4TO YHMCJIO IPABWIBHBIX Pa3BEPTOK - 3TO €UI€ OJHA XapaKTEPUCTUKA
chepuueckoro rpada (kpome dYHCIa BEpIIMH, 4yuciaa péOep u uyucia rpaneit). [lpaBma
OTMETHM, 4TO ITOMCK BCEX Pa3BEPTOK MONMAApa UK chepuyeckoro rpada J1eno TpyI0EMKOeE.

ANTOpUTM HaXOXKJEHUS pa3BEPTOK HaM HEU3BECTEH. MBI MOXKEM TOJIBKO JAaTh
YUTATEI0 TaKylo pekoMeHaanuto. Eciin BaM 3aXoueTcst OThICKAaTh pa3BEPTKU KaKOro-HUOY b
MOJU3Apa, TO IPOBEPHTE CHAYANIA CYIIECTBYET JIM JIJI HETO JBOMCTBEHHBIM moymdap. Umes
JBOMCTBEHHBIE TOJIMAIPHI, OTBICKaThb BCE MX Pa3BEPTKM IOpa3fo JIerde, 4e€M OTBICKATh
Pa3BEPTKU CaMOJBOMCTBEHHOrO MojudApa. Hanpumep mocTpouTs BCe Pa3sBEPTKHU IMPU3MBI
Jerdye, 4eM JBOMHOW MupaMujibl. 3Has pa3BEPTKU MPU3MbI MOXKHO HAWTH UX JBOHMCTBEHHBIE
Pa3BEPTKU ABOMHOM nupamMuabl. MOXKET CIIy4UThCS TaK, YTO BBl HAIIUIM YK€ 4acTh Pa3BEPTOK
OJIHOTO TOJIM3JIpa W YacTh Pa3BEPTOK MOJHUAJpa €My JABOMCTBEHHOro. Torma Haias
JIBOMCTBEHHbIE DPa3BEPTKU YK€ HAWICHHBIM pa3BEPTKAM Bbl MOJIy4dHTE Oo0Jiee MOJIHYIO
KapTHHY, @ MOXKET OBbITh U BCE Cpasy.

HNuTepecHo 0bL10 ObI BHISICHUTD, CYLIECTBYET JIM 3aBUCHMOCTb YHCJIA PA3BEPTOK
OT YHCJIAa TPaHel, BepIIMH U pédep JaHHOI0 moJudaApa?

Tax Kak MbI JOrOBOPWIINCH N300paXkaTh pa3BEPTKU ChepruUecKUx rpadoB TOJIBKO IpU
MIOMOIIY TPAaBHJIBHBIX MHOIOYT'OJBHUKOB, TO HAaBEPHOE YMECTHO BBECTH €IINE OAHY
XapaKTepUCTUKY: YHUCIO pa3BEPTOK, OONANAIOMIMX CHMMETpUEH. A TakkKe U YHCIO
CUMMETPHUH pa3BEPTOK AaHHOro cepuueckoro rpada. Cpenn pa3BEPTOK, MOKA3aHHBIX HA
Puc.31, ectp pa3BépTku 00nagaromue OCEBOH CUMMETPHUEH M LIEHTPAJIbHOW CHUMMETpHUEH, a
TaK)Ke Pa3BEPTKH, UMEIONIUE U Ty U JPYTYIO CHMMETPHIO OJHOBpEMEHHO. MBI JymaeM, 4To
yuTaTens 0e3 TpyAa UX OTHIIIET.

Hccnenyem Takyro 3aady: BCeraa I CHMMETpPUYHAs pa3BEPTKa chepuueckoro rpada
UMeeT CUMMETPHYHYIO TBOWCTBEHHYIO Pa3BEPTKY JBOWCTBEHHOTO cpeprueckoro rpaga.

PaccmoTpuM mpuMep mipu3Mbl M JIBOWHOW mnHpamuabsl. Kak BuauM, CUMMETpHs
JIBOMICTBEHHBIX Pa3BEPTOK COXPAHSAETCS.

PaccmoTtpum crienyronnyto mapy ABOMCTBEHHBIX I'padoB.

Puc. 36
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EcTecTBEHHO, MBI OrpPaHHYMMCS PAaCCMOTPEHHEM TOJIBKO CHUMMETPHUYHBIX
pa3Béprok. OKa3anoch, YTO KaKABIH W3 3TUX TpadoB MUMEET IO MATh CHUMMETPHUYHBIX
pa3BEPTOK, MPUUEM BCE OHU MOTIAPHO TBOMCTBEHHBI MEX Ty coOoii. [Tokaxkem ux 31€ch.

<+“——>
<+
<+
<+—>

Puc. 37

PaccmoTtpum crienyronnyo napy ABOMCTBEHHBIX chepruecKkux rpados.

NGy

a) 0)

Puc. 38

Cpa3y 3ametum, 4YTO JaHHBIe cgepuyeckue rpadbl HE HMEIOT H30MOP(HHBIX
MOJIUBIPOB.

Kak BbIACHWIIOCH, JaHHBIE Tpadbl UMEIOT pPA3IUYHOE YHCIO CHMMETPUYHBIX
pa3Béprok. ['pad 6) mmeeT 8 cUMMETpUUYHBIX Pa3BEPTOK, a rpad a) - 7. 3mech MBI OMATh
CTOJIKHYJIUCh CO CJIy4aeM, Kak ¥ B IepBOH mape BoicTBeHHBIX rpadoB. [lokaxem
JIBOWCTBEHHBIE APl CHMMETPUYHBIX Pa3BEPTOK.
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Puc. 39

HccnenoBanue CUMMETPUYHBIX — Pa3BEPTOK  CIHEAYIOIIEW Iapbl  JABOMCTBEHHBIX
chepuyeckux rpadoB MbI ocTaBisieM duTaTento. [lompoOyiiTe HAWTH BCe CHMMETPUYHBIC
pa3BéPTKU ATUX TpadoB W YCTAHOBUTH, KAKWE U3 HUX SBISIFOTCS JIBOWCTBEHHBIMHU.
Hapymraercst 11 B 3TOM ciiydae Hamie mnpearnofiokeHre? Hamr oTBeT Ha 3TOT BONPOC MBI
MpUBEAEM B KOHIIE 3TOH riaBbl. Peusb HIET 0 ABOMCTBEHHBIX Tpadax, moka3aHHbIX Ha Puc.40.

Puc. 40

WwmeroT nu nansble chepudeckre rpadbl 130MOPQHBIE MTOTUIPHI?
A MBI IEpEeX0AUM K PACCMOTPEHUIO CIENyIONEeH Mmaphl ABOMCTBEHHBIX cheprdeckux
rpados (Puc 41).

221 -
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Puc. 41

Cpa3y ckakeM, 4TO JaHHBIC rpadbl UMEIOT U30MOPQHBIC MOJIUIAPHI.

bonee Toro, 3T mOAMAAPHI SIBISIOTCS M3BECTHBIMU [1aTOHOBBIMU TenamMu - KyOOM U
OKTa’apoM. JIBOWCTBEHHOCTh 3THX IOJIMDIPOB HACTOJBKO YIMBHUTEIbHA, YTO MBI PEIIWIN
OCTaHOBUTHCS HAa HUX OoJiee OIPOOHO.

[TepBoe, 94TO MBI BBISICHHIIM - 3TO TO, YTO JAaHHBIC MOJUAIPHI UMEIOT OJWHAKOBOE
YUCIO pa3BEPTOK - 11.

Kaxnprii u3 3TUX MOAMAAPOB MMEET MO JIBE pa3BEPTKH, OOJIAMAIONIHME OCEBOMU
(3epkanbHOI) CUMMETPHEH.

> B I

Puc.42

ITo yeTkipe pa3BEPTKH, OOIATAIOIINE IEHTPATBHON CHUMMETPHUEH.

o T,

Puc. 43

N no maAte pa3BEépTOK HE OONamarIMe HUKaKoW cummeTrpueil. Ho nBolicTBeHHBIC
Pa3BEPTKU HACTOJIBKO «ITOXOXU» IPYT HA APYra, 4YTO Mbl PEIIMIIM UX TOXKE 3/1€Ch MOKA3aTh.
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Puc. 44

N3BectHO, uTo M apyras mapa [IMaTOHOBBIX Ted AOAEKAdIp M HUKOCA3JP TaK Ke
SBJISIOTCS JBOMCTBEHHBIMH MOJIM3IpamMu. Mbl BbIIBUTaeM THIIOTE3Y, YTO M JJIsl 3TOM Mapbl
MOJIMIAPOB OyJdeT COXPAHATHCH MNMOMAOOHAS JABOMCTBEHHOCTH (YUMCJIO PAa3BEPTOK M MX
cuMMeTpusi). A, MOXXET ObITh, MOSBATCA W Jpyrue Turbl cummerpuu. Wnu emé kakue-
HUOYb HOBBIE HHTEPECHBIE CBONCTBA.

Paccmotpum ouepenHyto napy ABONCTBEHHBIX cepuyecKux rpados.

Puc. 45

Jannble cepuueckue rpadsl UMEIOT pa3iIUYHOE YUCIO CUMMETPUYHBIX Pa3BEPTOK,
HO 3TO HE HapylIaeT UX JIBOMCTBEHHOCTH.

CHauaza rmokakeM JIBOMCTBEHHbIE pa3BEPTKH, 00Ia1aI0IINE OCEBOM CUMMETPHEH.
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Puc. 46

HMMEIOIINE LIEHTPATIbHYIO0 CUMMETPHIO:

S8 e

INONEN
\VAVAVA
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Puc. 48

Crnenyromias mapa JBOMCTBEHHBIX CepHUUECKUX IpadoB, KaK HAM KaKeTCs, BOOOIIE
HE UMEET CUMMETPUYHBIX pa3BEPTOK. MOXKET ObITh YUTATEINIO yAACTHCS HAC ONPOBEPTHYTH?

Puc. 49

3aMeTuM emé Takyro oco0eHHOCTh. ['pad a) He nMeeT U30MOP(HOTrO MOIUAIPa, a IS
rpada ©) TakoW monmdAp cymecTByeT. HecmoTps Ha 9T0, rpadbl STH  SBISIOTCS
JIBOMCTBEHHBIMHU.

Hy u paccMoTpuM nocieaHIor0 napy JBOMCTBEHHBIX chepruueckux rpados.

PP

Puc. 50
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[Jlannble rpadgpl MMEIOT CUMMETPUYHBIE Pa3BEPTKH, OOJIAJAIOUIME TOJBKO OCEBOM
CUMMETPHEMN.

14 RS

et} e

Puc. 51

MBI paccMOTpenu Bce UMEIOIIMECs Yy HAC Mapbl ABOHCTBEHHBIX CepruuecKux rpagos.
YuraTenb MOXET MPOAOKUTH CIMCOK 3TUX Map U IMOMBITATHCS €l HAWTU JBOWCTBEHHBIE
cepuueckue rpadpl, CAMMETPUYHbBIE PA3BEPTKU Y KOTOPHIX OBLIM ObI TaKk e JBOHCTBEHHBI.
HanoMHum, 4To MBI paccMaTpUBalIM TOJIBKO MPOCTBIE chepudeckue rpadsl, T.e. TE, KOTOpPbIE
JIOIYCKAIOT TOJBKO €AMHCTBEHHYIO YKIaAKy Ha chepe. Ecnu mnanapHslii rpad uMeeT 1Be U
OoJiee pa3TUYHBIX YKJIQJ0K Ha cdepe (a Takue rpadbl nosBistores yxe npu P = 13), To He
UCKJIIOUEHO, YTO TaKoH rpag OyaeT UMeTh HECKOJIBKO JBOWCTBEHHBIX TPadoB.

Ham  kaxercs, 4d4ro Obulo OBl HHTEPECHO  IPOBECTH  MCCIEIOBAHUE
HECAaMO/IBOMCTBEHHBIX  pa3BEPTOK  CaMOABOMCTBEHHBIX rpadoB. CylIecTBYIOT  JH
CaMOJBOMCTBEHHbIE TIpadu, KpOMe TeX KOTOpbleé Mbl YXKE PacCMOTPEIH, y KOTOPBIX
CUMMETPUYHBIE HECaMOJIBOMCTBEHHBIC PA3BEPTKH JIBOMCTBEHHBI TAaKKE€ CHMMETPUYHBIM
pa3zBéptkam. Kak 310 6b1T0 B ipuMepe ¢ maTurpaHHoi mupamuioit (Puc.35).

HanomHuM, Kakue caMoABOHCTBEHHBIE Tpadbl y HAC OCTAIUCH HEPACCMOTPEHBI.
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Puc. 52

B 3akmroueHue 1mokaxeMm CBsA3b  Xapakrepuctuk B, P, I' Mexny IByMs
JBOMCTBEHHBIMH Pa3BEPTKAMH.

Jls1s1 BCSIKOTO TOJMBJpa, KaK MBI YXKe TOBOPWIIM, CIpaBeaiuBa (opmyna Diiepa.
[Tepenumem e€ emé pas:

B+I'-P=2. (8)
BBeném 0003HaueHMs 1715 XapaKTEPUCTUK pa3BEPTKU: B - urcio BepmuH, I” - yucio
rpaHeit, P - uucmio péoep.
Besikass pa3BépTka mMpencTaBisieT COOOW TUIOCKYIO CeTh, JJiI KOTOPOM H3BECTHA
dhopmyna:

~

B+I-P=1. )

Mel OyieM UCKaTh TaKUe 3aBUCHMOCTH:
§=f1(B,F,P); f:fz(B’F’P); I3=f3(B,F,P).

Cpa3y oTMEeTHM, YTO I' =T, 510 0YeBUIHO.

Bcesikas passéprka, umeromias I' rpaHeil, TOBOPUT O TOM, 4YTO JEPEBO pa3pesa
JIBOUCTBEHHOTO Tpada MomkHO uMeTh I' BepmmH U ciepoBatensHo I' - 1 pébep. Ho T.k.
oO1miee 4KMCIO pa3pe3acMbIx pédep B IBOMCTBEHHBIX Ipadax, MpH MOTyUYEHUU TBONCTBEHHBIX
pa3BEPTOK paBHO P, To ymcio pa3pezaeMbix pédep qaHHoTo cheprueckoro rpaga paBHO:

P-(r-1)=pP-r+1.

T.e. B mosrygaemoii pa3BépTke Oyaem umeTh pédep Oosbiie YeM B JaHHOM Tpade Ha
P—T +1 pebpo, T.e.

P=P+P-T'+1=2P-T+1.
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IToncraBmnss noaydeHHOE BbIpakeHUE B (9), U ¢ yUETOM TOro, 4YTo r=r, [IOJIy4aeM:
B+Ir-2P+I'-1=1, B+2I-2P=2,

Ho 2T -2P = 4-2B (u3 Gopmyusi (8)), orkyma: B+4-2B=2,, r.e. B=2(B-1).
T.o. umeem Takue QOPMYIbI, CBS3BIBAIOIINE XAPAKTEPUCTUKU Pa3BEPTKH C
XapaKTepUCTHKAMU CBoero chepuaeckoro rpada:

r=r, P=2P-Tr+1, B=2(B-1). (10)

Panee MBI moka3zaiu, YTO CBSI3b XapaKTepUCTUK cdepuyeckoro rpada ( B, I, P) u
TBOWCTBEHHOTO eMy rpada ( B*, I'*, P*) Beipaxaercs popmynamu: B =I'*%, P=P* I'= B¥,

O6o3naunM uyepes B*, I'*, P* COOTBETCTBYIOLIHE XapPaKTEPUCTUKH Pa3BEPTKU
JBOMCTBEHHOTO Tpada, T.e.

Feors,  Proapr-r=s1, Be—2(B*-1).

Teneps MOKHO BBIBECTH CBSI3b MEXKIY XapaKTEpUCTUKAMHU PA3BEPTOK JABOMCTBEHHBIX
rpados:

I*=—B+1, Ps=P+T -

5 B-1,  Br=2F-1). (1)

N | -

CrnouM JIeBbI€ U MPaBbIe YaCTH MOJYYCHHBIX BHIPAKEHUI, IOy IHM:
B*+I'*+P*=3I'+P-2
Ho nomuum, uto 2=2B+ 21" —2P (u3 hopmynsl (9)), Toraa

B*+I'*+P*=T+3P-2B. (12)
Jlns  caMOJBOMCTBEHHBIX TpaoB HMEEM: B*=B s Ir«=T , Px=P. Torma
MOJTy4aeM:
2P =3B (13)

MBI HalluIM BaXKHYIO XapaKTEPUCTUKY Pa3BEPTOK CAMOIBOMCTBEHHBIX rpadoB.

T.o. ecnu pa3BEpTKa HEKOTOPOIo ChepruvecKoro rpada UMeeT YUCIIO BEPIIMH U YHUCIIO
p€bep otBeuaromee BhIpakeHHIO (13), TO MOXHO yTBEpXKIaTh, UYTO Takas pa3BEpPTKa
MPUHAMJIEKUT CAMO/IBOMCTBEHHOMY Tpady.

N3 ¢opmynsr (13) u dopmynsr (9) Jerko MOXKHO BBIBECTH JPYIYIO BaXKHYIO
XapaKTEPUCTUKY Pa3BEPTOK CaMOJBOWCTBEHHBIX ChepruUecKUX rpados:

2aF=B+2. (14)

N3 popmyn (13) u (14) MoXHO MOMY4YUTH €€ OAHY (PopMyIy Ui XapaKTEpPHCTUK
pa3BEPTOK CaMO/IBOMCTBEHHBIX IrpaoB:
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P=3(F-1) (15)

Kpome sToro BBe1EM KpuTepui, Onpeaessitouuii MaKCUMaJIbHYI0 CTENIEHb BEPIIMHbBI B
pa3BEPTKe.

MBI TOMHMM, 4TO max(deg B, ) < B-1. B camom kpaiiHeM cityyae CTENE€Hb BEPUINHBI

B pa3BEPTKE MOXKET OBITh yBETMUYEHA TOJBKO Ha EAMHHUILY, T.c. uMeeM: 2 < deg Ei < B, HO
~ 1~
B = Z(B - 1) wm B = EB +1.T. e. momyuaem:

~

2<degB, <—B+1. (16)

1
2
W xpome 3T0ro ais pa3BEPTKU MOKHO BBECTH €ILIE OJUH KPUTEPUNA. A UMEHHO: YUCIIO

pEbep, COCTaBIAIOIIMX BHELIHIOW IpaHully pa3BEépTku P, . BHemHss rpaHuna, o4eBUAHO,

paBHa yJIBOGHHOMY YHCIIY pa3pe3aeMbix pédep. A uucio paspesaeMbix pédep pasHo B - 1.
Otkyna nosnyvaem:

~

PZ = Z(B—l) WIn I~"r =B. (17)

A Tenepb BepHEMCS K 3az1ade, KOTOPYIO Mbl aapecoBanu yurarento. Ilokaxkem Bce
CUMMETpUYHBbIE DPa3BEPTKU TIpadoB, H300paxkEHHBIX Ha Puc.134. Mbl Hanumm 6 Takux

1, e
0 o

Puc. 53
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ToT uuTaTenp, KOTOPBIM YK€ MNOTPEHUPOBAICS B HAXOXKIACHUU JBOWCTBEHHBIX
pa3BEPTOK, HABEPHSKA JOTafalics, KaKk HaJl0 CTPOUTH BOMCTBEHHBIE pa3pe3bl He Mpuberas K
BBIYEPUYMBAHUIO PA3BEPTOK.

[Tokakem 3TO Ha MpUMepe MOCIEAHUX rPadoB.

2 3 2% 3%
*
<« | S
1 PR 4
a) 0)
Puc. 54

CoBmectrM 311 rpadsbl MO TpaBUIaM ABONCTBEHHOCTH.

- oy

Puc. 55

Mpbl XOTMM HaWTH pa3pe3, [ABOWCTBEHHBIM pa3pe3y, IOKa3aHHOMY JKUPHBIMH
MYHKTUPHBIMU JIMHUAMHU. J{JIs1 TOr0 HaJ0 KUPHO BBLIENIUTH Te péOpa rpada a), KOTopble He
MIEPECEKAOTCS KUPHBIMU ITyHKTUPHBIMU JIUHUSIMH, T.€.

1 2

Puc. 56
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D10 u OyJeT ABOMCTBEEHBIM paspe3. Temeps, COrIacCHO 3TUM pa3pe3amM, HaXOJIUM
JIBOVICTBEHHBIE Pa3BEPTKHU:

6*

*
6% 6 5 1 5
2% 3%
e VaV.
g% 7* <> 5 ‘ ' 5
5% T 3

6*
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