T Ap3amacues A. J1., TomoHos C. A. Dn1emeHTbl Teopumn
= rpaoB 1 UCTOPMA TEOPEMBI O YeTbIpex KpacKax Ha
) 3aHATUAX B LIKOJIbHOM MaTEMaTUYECKOM Kpy»KKe //
L/ KoHuenT. — 2014. — Ne 08 (aBrycT). — ART 14202. —

B - - 03 n. n. — URL: http://e-koncept.ru/2014/
HAYUHO-MEMOOUMECKULL SACKMPOHHBIL KYPHAL 10y, oo per. 31 Ne &C 77-49965. — ISSN

ART 14202 YAOK 372.851 2304-120x.
Ap3amacuyee Anekcel JleoHudoeuu,
cmyoOeHm pu3uKo-mamemamu4deckozao akyrnbmema @IE0Y B0 « CmoneHcKkul 2ocy-
OapcmeeHHbIl yHugepcumemy, 2. CMO/IeHCK

alexd8089@gmail.com

FNomoHoe Cepezeli AHamosnbesuH,

KaHOudam bu3uKo-MamemMamuyecKkux HayK, 0ouyeHm Kachedphbl rpuknadHou Mmamema-
muku ®I60Y B0 «CmoneHckuli 2ocydapcmeeHHbIl yHusepcumemy, 2. CMOIeHCK
rectorat@smolgu.ru

AnemMeHTbI Teopum rpacoB U UCTOPUSA TeOPEMbI O YeTbIpex Kpackax
Ha 3aHATUSIX B LUKONIbHOM MaTeMaTU4YeCKOM KpYXKe

AHHOmMauyus. Cmambs Hocum MemooOuYeCKUU U Hay4YHO-MomnynspHbIl xapakmep u ro-
cesiueHa rnpobrnemam ombopa u npedcmasneHus Mamepuarna 0151 3aHAMUs1 WKOIbHO20
MamemMamu4ecKo20 KpyxXKa, Ha KOmopoM u3ydaromcsi afeMeHmbl meopuu epagos u
meopema 0 YHembIpPeX Kpackax.

Knroyeenlie cnoesa: epaghbi, ucmopus npobrieMbl HembIpPEX Kpacok, rnriaHapHbil epadg,
XpoMamud4ecKul epagb, 4-packpacka gpagha.

Pa3den: (01) nedazoauka; ucmopusi neda2o2uku u obpasosaHusi; meopusi U Memoouka
obyyeHus u eocriumarus (o npedmemHbiM obriacmsm).

1. MaTtepwuan, npeanaraemblin yYuTenem Ha 3aHATUM LWKOSIbHOro MatemMmaTuyeckoro
KpY>Ka, camMO XPOHOSIOrMYecKoe BbiCTpanBaHWe 3TOro Matepmarna Ha 3aHaTum (unm 3a-
HATUAX), NPUHLMMBI OTOOPa M Nogayn matepuarna, Bolbop BCNoMOraTesnbHbIX TeXHU4Ye-
CKMX CpeacTB, onpeaeneHune ayamo- Unm Bu3yarnbHOro psga — Bce 9TO 3aBUCUT OT LieNnen,
nocTaBneHHbIX nepen cobor negarorom, OT «CocTaBa» yyawmxcs (Bo3pacT, NoaroTos-
NEHHOCTb, 3aUHTEPECOBAHHOCTb) U, KOHEYHO, OT MaTeEMaTMYECKOM U METOANYECKON Noa-
roTOBNIEHHOCTMN camoro yuntens. MNpasga, MHOroe 3aBUCUT €LLe M OT TOro, CKOSNbKO CU
OCTanocCb y BedyLLEro KpYXOK 4erioBeka rnocre npoBeaeHUsi «OCHOBHBIXY» LUKOJIbHbIX
YPOKOB 1 O(pOPMIEHNA MHOTOYUCNEHHBIX JOKYMEHTOB.

YHuMBepCanbHbIX PELENTOB YCMNELIHOro NPOBEAEHNSA 3aHATUN KPYXKKa, hakynbTaTmea
NN SNEKTMBHOIO Kypca, NoXarnyn, He CyLecTBYeT, OAHAKO eCTb psg akTopoB, Hanmyve
KOTOpPbIX MOMOraeT caenaTtb 3aHATUS KpyXKKa MHTepecHee u nosHaBaTtesnbHee. Obpatum
BHMMaHWE Ha HEKOTOpble U3 HUX, NPUYEM Cpady OTMETUM, YTO UMEHHO OHU U BbINKU NO
BO3MOXXHOCTM YYTEHbI NP HAaNMcaHm BTOPOWN U TpeTben YacTen JaHHOM CTaTbW.

A) 3aHsTMe Kpy>KKa MOXHO Ha4aTb C 3KCKypca B UICTOPUIO BO3HUKHOBEHMWS pasgena
MaTemMaTU4YECKOM HayKn, Hay4YHOro HanpaBneHusl, NOsIBNIEHNS UHTEPECHOWN, HO A0SO He
nogAaBaBLUENCs peLleHunto 3a4ayu; Nnpyu aToMm obsisaTteneH n pacckas o nogsax, MMeBLLIMX
HenocpeacTBEHHOE OTHOLLEHME K COOTBETCTBYHOLLUMM HAY4YHbIM U3bICKAHUSAM.

B) [na nsnoxeHna matematnyeckon npobnemsl, ckopee BCero, noHagoourtca ue-
NbIA PS4 COBEPLUEHHO HOBbLIX AN151 YYEHUKOB MOHATUI, @ 3HAYUT, eCN CTapaTbCs Npea-
naraTb MakCUMarsnbHO akKypaTHble B MaTeMaTU4YECKOM OTHOLLEHUN (DOPMYNPOBKK onpe-
AefieHU 1 TeOpEeM, TO 3aHATUSA KPYXKKa Nony4aTcs CKy4YHbIMU U ManouHTepecHsiMu. Ho-
Bble MOHATUS MMEET CMbIC/ BBOAUTb NOCTEMEHHO U NULWb C HEOBXOAUMOW CTEMNEHbLIO
0BLHOCTK, ONNPAsACh Ha paHee U3yYeHHbI YYeHnKamMmn maTepuan (ecnm TakoBown 6bin) n
Ha BO3MOXHOCTb NPUOErHyTb K MakcumMaribHOW Bu3yanusaumm (4epes UnmcTpupoBa-
HWe) COOTBETCTBYIOLLMX NMOHATUI (B Teopuu rpacpoB BO MHOMMX ClydYasdx 3TO HEMnsoxo
nonyyaetcd). HekoTopyro NOMOLLb y4EHUKAM B OCBOEHUN MaTepuana MoXeT okasaTb U
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KpaTKUN CNoBapyK TEPMUHOB, NOAOOHLIN TOMY, YTO 3aBepLUaeT TEKCT JaHHOW CTaTbu (ero
TOXe Npu He0BXO0AMMOCTM MOXHO CHabANTb BM3yaribHbIM PSAOM).

C) OpHoM U3 caMbiX 3aMaH4YMBbIX UIMOCTPaLUI K M3ydaeMoMy MaTepuany MoXeT
ABUTBLCH NOJSTydeHne (C MCMNOoNb30BaHNEM OCHOBHbIX MOHATUA U TeopeM, B AaHHOM CIy-
Yyae, HanpuMmep, 3HaMeHUTON TeopeMbl Jurnepa And nNIIockMx rpadoB) NPSMO Ha rnasax
YYEHUKOB, a eLLe ny4Lle ¢ UX NOCUNbHbIM y4acTUeM, HEKOTOPOro YacTHOro pesynbTaTa,
nyCTb He CTOMb (pyHOAMEHTANbHOro, Kak cama TeopemMa O YeThblpex Kpackax, HO BCe Xe
No3BOMSAOLWEro nokasaTb B «Jerfie» WU HeKoTopble MOHATUSA, U OTAerNbHble TeopeMbl
«BonbLIoN» MaTeEMATUKM (BO3MOXHO, AaXe U He BCe crydan 6yayT pacCMOTPEHbI, U He
BCe feTanu 6yayT ydTeHbl, bonee TOro, aTta HeJOCKAa3aHHOCTb, BEPOSITHO, MO3BONUT
NpeanoXnTb YreHaM KpyXka TBOpYECKOe JOMaLUHee 3aJaHne, NpuyemM aatb ero MOXHO
B «CTEHOOBOM» BapuaHTe, pagu OOLNPHbIX yKa3aHU 1 KOMMEHTapUeB).

D) OnpefgeneHHyto nosnb3y MOXET NPUHECTU N HE CINLLKOM OBLUMPHBINA, HO 0643a-
TeNbHO coAepXallnin Ha3BaHUA KHUM U CTaTen Hay4HO-NOMyNspPHOro Xxapakrtepa Cnucok
pekoMeHOO0BaHHOW nNuTepaTypbl, TeM B6oree YTo OBLUMPHLIN CNUCOK NO Teopuun rpados
BeCbMa «onaceH» elle 1 TemM, YTO OO0 CUX MOop He «yCTosnacb» TEPMUHOSOMSA 3TOro
pasgena matemaTuku.

2. [MpuHATO cumTaTb, YTO OCHOBOIMOSIOXHUKOM TEOPUN rpaddoB ABMSAETCA BENUKUN
POCCUNCKUA N HEMELKKUA Y4YeHbI LUBEeNLapCKOro npoucxoxaeHusa JleoHapa 3unep
(Le’onard Euler, 1707-1783). UIMeHHO pelueHHas dunepom 3agava o KéHunrcbeprckmx
MOCTax CHMTaeTCs HavyarioMm MatemaTunyeckon Teopum rpadoB (cMm. [1, 2], a Takke couun-
HeHune camoro J1. Qunepa: L. Euler. Solutio problematis ad geometriam situs pertinentis.
Commentarii Academiae Petropolitanae, v. 8 (1736), 128—-140). OgHako 3a gaHHOW cTa-
Tbe He NocreaoBarno MpPakTUYeCcKU HUKaKMX UCCrefoBaHUM TOW e TeMaTuKu, U 3TOoT
«3aroBOp» MOMYaHMA MaTeMaTMKOB NPOAOSIKaNCA OKOMO BeKa, Noka He Obin npepBaH
NnosiBIIEHNEM TeopeMbl O YeTblipeXx Kpackax [3, 4], CTONb XXe 3HaMeHUTON, YTO N Benukas
Teopema ®epma. BOT 310 3amMeyvaTenbHOE yTBEPXKOEHNE: BCAKYIO PaCMONOXEHHY Ha
cdepe nnm NNOCKOCTK KapTy rocygapcTB — «obnacten» MOXHO packpacuTb, UCMOMb3ys
He B6onee Yem YeTbipe Kpacku Tak, 4Tobbl Nobble ABe «obnacTuy, nmerowme odmn yya-
CTOK rpaHuubl (ogHa obliast Todka-rpaHnua obLMM y4acTKOM He CYMTaeTCsl U HUKaKoe
rocyaapCTBO He COCTOUT M3 paspo3HeHHbIX 4yacTten!), byayT packpalleHbl B pasHble
LBeTa, TO eCcTb KapTa ByaeT «npaBunbHO» packpalueHa. lNpeanonoxeHne o6 UCTUHHO-
CTW OaHHOro yTBepXaeHus 6bino BeickaszaHo B 1852 r. matematnkom dpeHcucom MNytpu.
Uepes cBoero 6pata ®pegepuka oH obpatuncs K uasectHomy matematuky Oractecy e
MopraHy ¢ npocb60i Bbicka3zaTbCA 06 MCTUHHOCTM CHOPMYNMPOBAHHOIO NPEaOXKEHUS.
e MopraH cam He cMor gaTb 3akryeHns no noeogy yreepxaexHus ®. N'ytpm, HO Nno3Ha-
KOoMuUn ¢ aTon nobonbiTHOM 3agaden capa Yunbsama MamunbToHa U HEKOTOPLIX APYrMx
cBoux konner, Tak Yto B 1878 r. aTa 3agadva bbina npeacrasneHa Ha Bceobuiee paccMoT-
peHue Aptypom Kanu B JloHOOHCKOM MaTeMaTnyeckom obLiecTse.

Yxe yepes rof NIoHAOHCKUM agsokaT Anbdpen Kemne onybnvkoBan gokasaTesib-
CTBO MUCTUHHOCTU yTBepXaeHusa ®. ['yTpu, HO B ero OCTPOYMHbIX paccyXaeHusax obina
obHapyxeHa (4epe3 11 net, B 1890 r., matemaTtukom lNepcn Xusyaom) owmbka. Cam
Mepcu XuBya, Kak U MHOrMe pyrne MmatemaTuku, cnpaBuTbCAa ¢ 3agadven ®. 'ytpu He
CMOT, XOTS1 Nepexod OT pacKpacku KapT K pacKkpacke BepLuMH rpadoB COCTOSANCS yxe
Toraa. OgHako kK cepeamHe XX B. 6bIno gokasaHo, 4to niobas kapta Ha cdepe, nsobpa-
Xatowiasi He 6onee 38 cTpaH, MOXeT ObITb «NPaBUIbHO» packpalleHa Tak, 4To NnoTpedy-
eTca He Bonee yeTbipex Kpacok. [lokasaTenbcTBO e obwero yrBepxaeHnsa . N'ytpu
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6b1N10 BCe-Taku nony4yeHo B peaynbTaTe pabdothbl ¢ 1970 no 1976 r. uenoro Hay4yHoro Kors-
nexkTuBa nop pykoBoAcTBOM MaTtemaTukoB KeHHeTa Annena n BonbdgraHa XakeHa u3
NnnunHowckoro yHmBepcuteTa B YpbaHa-LlamneniH [5; 6] ¢ nomowsto 3BM: npumepHo 3a
2000 yacoB pabotbl 3BM Hawna npasunbHble 4-packpackn Bcex 1482 HeycTpaHUMbIX
koHdurypaumm [7; 8]. MeToa nepebopa, HameueHHbIn ewe A. Kemne n moanduumposan-
HbI HEMELKUM MaTemMaTrkoM ["eHpmnxom Xeeluem, bbin peanuaoBaH 6narogaps nosisne-
HUO «BbiCTpocunTatoWwmx» MawnH. B 1997 r. PobeptcoH, CaHaepc, Cenmyp 1 Tomac
npvBenu obHOBNEHHOE OoKa3aTenbCTBO, B KOTOPOM COMEeTanuchb Kraccudeckue npea-
CTaBIIEHUS Y HOBbIE KOMMbIOTEPHbIE anropuTMbl. O4HAKO «Kraccu4eckoro» gokasarterb-
CTBa TEOPEMbI O YETbIPEX Kpackax 4O CUX MOP HEe HanAeHo.

3. lMepeuncnum Tenepb HEKOTOpble NpOCTeNwne nNpeobpasoBaHNa NNOCKUX rpa-
doB, NO3BONAOLLME YIPOCTUTL MPOLIECC HAXOXKAEHNSA NX 4-pacKpacokK, a Takke Nnony4mv
pes3ynbTaT, XoTa U 6onee CKPOMHbIV, YeM yTBEPXKAEHMNE O CyLLLECTBOBAHUN NPaBUiIbHON
4-packpackn nobon kapTtbl, n3obpaxatowmn He 6onee 38 cTpaH, HO U OTINYAIOLLNACS
BonbLION NPOCTAaTON NPUMEHEHHbIX AN ero Nosly4eHUss CoodpaKeHUn.

HanoMHum, 4TO MNpaBUSTIbHOM N-pacKpackon MIOCKOr0 HEOPUEHTUPOBAHHOIO, He
nceeno- u He mynbturpada G = (V, R) [9, 10] HasbiBaeTCca BCAKOE OTOOpaXKeHne ¢ MHO-

XecTBa BepwuH V BO MHOXecTBO {1, 2, ..., n}, ecnu ansa Bcsakoro pebpa (v,,v,) U3 R
o(vy) # (v,), roe, pasymeetcs, V,,V, €V NV, #V,.
Bnpoyem, Hanuume kpaTHbIX pebep 1 netens y rpada He ABNAeTCS CyLEeCTBEHHbIM

npenaTtcrBuemM ongd sBeaeHnda nNoHATUA N-pacKpacky 3Toro rpa(ba. HanomHum Takxke, 4To
XpomMaTU4eCKknM Ynucriom y (G) rpacba G HasbIBalOT MUHMMASIbHOE YUCHO LBETOB, B KO-

TOpbl€ MOXHO packpacuTb BeplumHbl rpada G Tak, 4YTobbl KOHUbI Nboro ero pebpa
nmenu pasHble LuBeTa, Tak 4to Teopema d. N'ytpmn moxeT ObITb chopMynnMpoBaHa COBCEM
npocTo: ansa noboro nnaHapHoro rpadga G cnpaBennMeBo HepaBeHCTBO Y (G)<4.

WNTak, ecnu He cTaBUTb CBOEWN LeNbio JoKasaTb yTeepxaeHue ®. 'yTpu B obuiem Buae,
TO MOXXHO AOCTaTO4YHO 3fiEMEHTAPHbLIMU CPEeACTBAMU MOMYYUTb, MYCTb U CKPOMHbIE, HO BCE
Xe pe3ynbTaTtbl 4-packpalinBaeMOCTN HEKOTOPbIX MITOCKMX rpachoB, B YAaCTHOCTU, NOSO6HbIe
pe3ynbTaTbl MOXHO MOSYYnTb, €CIK, CTapasCh HaNTW 4-packpacky NIockoro rpada:

1) ypacTtca HayunTbea (B pesyrnbTaTe HEKOTOpbIX NpeobpasoBaHun rpada) «usda-
BUTBLCA» OT TEX €ro BEPLUNH, Ybsa pebepHas MHUMOEHTHOCTb HE NPEBbLILLIAET HEKOTOPOTO
MKCMPOBAHHOIO Yncna, a 3Ha4YuT, NOSIBUTCS BO3MOXHOCTb NEepPenTn Unn K TpuBuarnb-
HOoMY rpadyy, uUnu K rpadyy, MHUMOEHTHOCTb KaXXOOW U3 BEPLUMH KOTOPOro orpaHu4veHa
CHU3Y OOHUM M TEM K€ HEe OYeHb MasiblM HaTypasnbHbIM YMCIIOM, YTO, B CBOK oYepeab,
MOXET NO3BOJSIUTb OLIEHUTb CHMU3Y U YMCNO BepLKnH rpada, a 3HauuT, rpad, no vmicny
BEPLUMH He yOOBMNETBOPAOLLNN 3TON OueHKe, byaeT 3aBeOMO 4-packpallumBaeMbli;

2) HanTh Bonee «KeCTKyH» 3aBUCMMOCTb MEXOy YMCNOM BEPLUNH, pebep u rpa-
Hewn MNMOCKOro rpadga No CpaBHEHUIO C TOW, YTO NpennaraeTcs 3HAaMEHUTOW Teopemon
onnepa, «gocTpamBasa» OaHHbIA rpad TeMm MNM MHbIM CNOCOOOM OO0 MMEIOLLErocs,
HanpuMep, TONbKO TPEYroSibHbIE rPaHMu.

BoT BO3MOXHble mnpeobpa3oBaHNA KOHEYHOro MIIOCKOr0 HEOPUEHTUPOBAHHOIO
rpadpa G (He cogepallero HM neTernb, HU KpaTHbIX pedep), no3sonstowme cuntatb y G
Hann4ne HEKOTOPbIX AOMOSHUTENbHbIX CBOMCTB, YNPOLLALLNX MOUCK €ro 4-packpacku:

a) G MOXHO cuMTaTb CBA3HbLIM, B YACTHOCTU, MOXEM CUYMTaTb, YTO Yy G HET n3onu-
POBaHHbIX BEPLUMH (B MPOTMBHOM Crlydae MOXHO NEPENTU K OKpaLLMBAHWNIO KaXOoN KOM-
MOHEHTbI CBA3HOCTU B OTAESTbHOCTN);
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6) MOXHO cuMTaTh, YTO YMCno pebep, MHUNAEHTHbIX NoboK BepLunHe vV rpada G,
T. €. cTeneHb rpada B ntobon ero BepLunHe p(v) He MeHbLLE YeTbIpeX (B MPOTUBHOM Crly-
Yyae Takue BepLUMHbl rpadpa MOXHO yaanuTb BMECTE C MHUMAEHTHbIMU UM pebpamu, 3a-
TEM pacKkpacuTb YeTbipbMS Kpackamm TO, YTO OCTanocb OT UCXOAHOro rpada, a 3atem
BEPHYTb paHee yaaneHHble BEPLUUHbI 1 pebpa n «4oKpacuTby TO, YTO eLle OKaxeTtcs
HeOoKpaLLUEHHbIM);

B) MOXHO cuMTaTh, YTO HET Y paccMaTpuBaemMoro rpada u BepLUUH cTeneHun 4, Tak
Kak ecnu v — TakoBasi, T. €. COOTBETCTBYylOLWAsa YacTb rpada, Hanpumep, MMeeT BUA
(puc. 1).

V2

V]
V3

V4

Puc. 1

TO, yaansas v, a 3atem otoxaecTenas V, u V,, nony4Mm crneaytoLlyto Lenoyky npeobpa-

30BaHui rpada (TouHee, TONbKO paccMmaTpuBaemMon 4YacTn) (puc. 2).

Vi v -
1 Vo=V,
%va = w ==>Y \'\2/4‘_"’3
Vq

V4
Puc. 2

npuyemM Hanuune 4-packpacku y npeobpasoBaHHOro rpada HemeasnieHHo obecrneynTt
Hanuuyne TakoBOW M Y NCXOOHOro rpadgpa (HesaBncMMO OT TOro, ABE UMW TPU Kpacku UC-
MOMb30BaHbl A1 OKPALUMBAHUS TPEX BEPLUNH Vi,V U V, =V,, NPU 3TOM ECMU V, U V,

6binn 6bl coeamHeHbl pebpom, a Torga v, U V5 — 3aBeOMO HeT, TO yKa3aHHOe Bbllle
OTOXAEeCTBMNeHne cnefosarno 6bl NPUMEHUTL K V, U V3);

r) He Hapywasi O6LLHOCTN pacCyXOeHUs!, MOXXEM CYMTaTh, YTO BCE rpaHn paccmaTpu-
BaeMoro rpada «TpeyrosibHble», Tak Kak Npu Hann4nm rpaHy ¢ 60MbLLIMM YACIIOM CTOPOH Mbl
BCerga Moxem «40baBuTb» COOTBETCTBYHOLLEE YMCHo pebep, Hanpumep, Tak (puc. 3).

Puc. 3
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Ecnu nocne Bcex BbllweykasaHHbIX NpeobpasoBaHnini Mbl NOYYNUM HEKOTOPbLIN He-
TpuBManbHbIv rpad G, To, uCcnonb3ya aanee cnegyrowme obo3HavyeHuns: V — 4ncno Bep-
WKH rpada G, R — uucno pebep rpacda G, D — uncno rpaHen rpacda G (Bce oHu Tpe-
yronbHble); Mbl Nosly4mMm, yto 2-R=3-D,To ectb D =%R, a 3Ha4uT, ncnonb3ya Teo-

pemy Oiinepa [11]: V -R+D =2, nonyyaem V =R-D+2=R-2R+2=2R +2.

WTak, ookasaHa crneaytowas nemma.

Jlemma. Bcesikuli nnockuli KOHEYHbIU HEOPUEHMUPOBAHHbIU 2pach 6e3 nemernb u
KpamHbix pebep rocne rpeobpasogaHul (a) — (2) npegpamumcs unu 8 mpusuarsbHbll
epadgh, unu e epagh, yucno eepwuH (V), epaHet (D) u pebep (R) komopozo cesi3aHo co-
OMHOWEHUSIMU:

V =1R+2,
D =2R.

Tenepb, Npegnonaras, YTo CTENEHb KaXXO0W U3 BEPLUNH HE MeHbLLE 5, nMeeM
R>3V,

R=3(V -2),
a 3Hauut, 3(V -2)> %V < %V >6 <V >12, 4TO NO3BONSAET NOMY4YMTb NPOCTOE cnen-

CTBUE, NpUYEeM CYyLLIECTBEHHO 4515 ero 060CHOBaHWS TO, YTO MHOTOKpaTHbIE NPUMEHEHNS
npeobpasoBaHuii (a), (6) u (B) (63 npuMeHeHNS (r)) XOTb N MOTYT Ha HEKOTOPbLIX NPOMe-
XYTOYHbIX 3Tanax, a UMeHHo nocrie npeobpasoBaHus (B), NPUBECTUN K POCTY CTEMNEHUN He-
KOTOpPbIX BEPLUMH rpada, HO Bcerga, kak okasarnocb, B 3TOM cuTyauumn ByaeTt 3atem BO3-
MOXHO NpuMeHeHne npeobpasoBaHuii (a) u (6), 4TO U NpPUBEAET K NOHMXKEHUIO CTENEHEN
BEPLUMH OO UCXOOHbIX 3HAYEHUIN (MNKN Jaxe caenaeT ux HUXxe).

CneactBue. Jllobon nnockun rpad ¢ YUCnom BepLunH, MeHblwnMm 12, gonyckaet
npaBuUnbHYHO 4-packpacky.

KpaTkui cnoBapb TepMUMHOB

pad (HEOpUEHTUPOBaHHbLIA) — MHOXECTBO TOYEK B MPOCTPaHCTBE (MX HasbiBalT BepLUMHAMMU
rpada), HekoTopble napbl U3 HUX COEAMHEHbI MeXay COOON NTMHUSIMU MPOUN3BOSIbBHOW POpMbI (3TV NINHWK
HasblBaloT pebpamu rpada).

Npad nnaHapHbIV (NNOCKMI) — rpadp, KOTOPbIV MOXHO M300pa3nTb Ha NIIOCKOCTM 6e3 nepeceveHus
pebep B HEKOHLEBbLIX CBOMX TOYKaX.

"pad TpuBManbHbIA — rpad), COCTOALLMIA U3 OOHOW BEPLUUHBI.

Mcesporpad — rpad, cogepxaLuii XoTa 6bl OQHY NETNIo.

MynbTurpad — rpad, y KOTOPOro MMetoTcs XoTs bl ABe HeCOBNagatoLLme BEPLUMHbI, COeANHEHHbIE
bonee yem ogHMM pebpom.

"padh Ha3bIBaKOT CBA3HLIM, €CNU AN ero NodbIX ABYX Pa3nMyHbIX BEPLUNH CYLLECTBYET COeaMHsIoLLast
UX Lenb — Takas nocriegoBaTenbHOCTb ero pebep, yto nmobble ABa «cocegHux» pebpa ns aTon nocriegosa-
TENbHOCTM UMEIOT ODLLYIO «CPEOHIO» ANS HUX KOHLIEBYIO TOYKY, TO €CTb UMEET BUL VvV

CrteneHb BepwuHbl rpada — (pebepHas) MHUMOEHTHOCTb BEPLUMHbI rpada — KonnyecTso pebep
rpada, MMeroLLmnX 3Ty BEPLUNHY KOHLIEBOW TOYKOW.

MpaBunbHas packpacka rpada — packpacka ero BepLUvH, Npu KOTOPOW HUKaKne ABe U3 HUX, Coeaun-
HeHHble pebpom, He ByayT okpalleHbl B OAVH LBET.

XpomaTunyeckoe yncno rpadpa — MMHUMarnbHOE YMCHO LIBETOB, B KOTOPblE MOXHO packpacutb Bep-
LWMHBI rpadha Tak, YTobbl KOHLbI Nto6oro pebpa nMenu pasHole LBEeTa, TO eCTb NPABWUIbLHO €ro PackpacuTb.

paHb — YacTb NNOCKOCTM, orpaHuyeHHasa pébpamu B NnockoM rpade n He coaepkaliast BHYTpU
cebs BepLUnH 1 péGep rpada. BHelwHsAa No OTHOLWEHMIO K rpaddy YacTb MIIOCKOCTY ToXe obpasyeT rpaHb.
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