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30oroHanbHbIe TpexXBaIeHTHRIE I'padhl Ha cdepe

P. M. TpaBkun

M1 paccMaTpUBaEM B 5TOU CTATHE U3020HAALHBIE MPELEAACHMHBLE 2P0~
@vi, T.e. rpadnl Ha chepe S?, pebpa KOTOPLIX HAYT IO TEOJE3WTCCKUM, a
B KaXJOU BEPIIUHE CXOAATCA M0 3 pebpa, 00pasyromme Mexay co0ou pas-
mele yrabl (mo 120°). Takme rpadbl BO3HUKAOT NPU W3YYEHAU CTPYKTYPHI
CUHTYJSAPHBIX MBUIBHBIX INEHOK (cM. [1]). Jpyras mpocras dusumdeckas uH-
TepIpeTanud — PE3WHOBAA «TPEXBAJCHTHAdA» CETKA, HATAHyTas Ha cdepy,
Yy KOTOPOU HATAXKEHUS BCEX PE3WHOK COBHAJAIOT, 4 TPEHUE MEXJTY CETKOU
7 cepor OTCYTCTBYeT. Takasd ceTka uMeeT pOpMy U30TOHATLHOTO TPEXBa-
JeHTHOTO Tpada. OKa3BIBAETCA, CYIIECTBYET BCEr0 AEBATH TUIOB TAKUX I'pa-
dos (cMm., Hanpumep, [1]); Touree rosops, 060K TakoM rpad MOXKHO HAJIO-
XUTDb MOBOPOTOM C(hepBI HA OAWH 13 TpadhOB HEKOTOPOro Habopa (U3 AeBATH
rpados). lleas HACTOALEN 3aMETKY — IPUBECTH HJIEMEHTAPHOE «IIePebGOPHOE)
MOKA3aTeIbCTBO DTOr0 (PaKTa; MPpH >TOM nepebope eCTEeCTBEHHO TOABATCA BCE
IEBATH M3OTOHATBHBIX TPEXBAJECHTHBIX TpadoB. ITu rpadsl n306paKEHBI HA
puc. 1. Uz pucynka BUAHO, 9TO KaXJOMY T'pady COOTBETCTBYET CheputieCKUN
MHOTOrPaHHUK. JIIOOONBITHO, 9TO YUCIA TPAHEN 3TUX MHOTOTDAHHUKOB, PAC-
[IOJIOXKEHHBIE B OPsAKE Bo3pacTanusi, obpasyior pax 3, 4, 5, 6, 7, 8, 9, 10, 12.

1. CBOUCTBA C®EPUYECKUX MHOTIOYTOJIbHUKOB

B sToM maparpade MBI TEpETIMCINM PAL CBOUCTB C(HEPAICCKUX MHOTO-
YTOILHUKOB, KOTOpPbIE HaM HOTpebyloTca B maibHemmeM. [lokazaTerbcTsa
2TUX CBOﬁCTBl), KOTOpPBIEC MBI IIDEAOCTABAAEM YUTATCIIO, MOT'YyT GBITB noJgay-
YeHBI M3 OCHOBHBIX IIPABII CEPUICCKOl TeoMeTpur®) (CM., HampuMmep, ye-
uuk [2]). B ycroBusax sanauum cdepa pasbuBaercsa HammM rpadom Ha chepu-
YECKHUE MHOTOYTOJBHUKY, OO TAONINE CICAYIOMUMA CBOUCTBAMU:

1. Bce yranl kaxaoro m3s MHOTOYTOABHUKOB paBHBL 120°.

UKak 1 10Ka3aTeIbCTBO IPHMEHACMON HIKE (hOPMY.IbL (1) m3 pasg. 4.2.

D (CroircTBO 9 BEITEKAET U3 MeMMBI 1 (cm. pasg. 6 macTosmen crarbm). IloryduTs He-
LOCPEACTBEHHOE T'e€OMETPUYECKOe JOKA3aTeIbCTBO CBOUCTBa 9 aBTOPY HE yaalock. Psan
CBOUCTB Jlerde JOKa3bIBAETCA IPU MEPEX0je K NBOMCTBEHHBIM (IOIAPHBIM) MHOTOYIOIbHU-
KaM.
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2. MHOrOyroJbHUKY IPABUWILHO MPUMBIKAIOT APYT K APYTY, T.€. IBa MHO-
rOyroIbHUKA MMeIOT aub0 o0IIyio CTOPOHY, Jru00 He MMEIT OOMUX TO-
Y€K (M3 TPEXBANEHTHOCTH BCEX BEPIIWH HAIIErO rpada CAeYyeT, ITO eCIn
B4 MHOT'OYT'OIBHUKY, UMEIOT OOIIYI0 BEPUIMHY, TO OHU MMEIOT U OOIIyIo
CTOPOHY).

3. Ymcao CTOPOH Kax a0r0 MHOTOYTOABHUKA < b (TOCKOMTBKY CyMMa BHEII-
HUX YIVIOB C(hePUHYECKOrO MHOMOYIOJIbHUKA MeHbLIe 27, CM. [2]).

NsBectHO (CM. [2]), 9TO cymMMa yriaoB JT0GOT0 BHIIYKIOTO CEPUIECKO-
r0 MHOTOYT'OMBHUKA OJHO3HAYHO ONpefeIieT ero IUOUAAb, HE3ABUCUMO OT
¢dOpMBI CAMOT0 MHOTOYTOJAbHUKA. Paccmorpum mis ygobcTBa cdepy, ILIo-
malb MOBEPXHOCTH KOTOpow pasHa 12. Torga mmomags MOBEPXHOCTH IS
MHOTOYT OIbHUKOB, COCTABIAIOMINX pa3bueHue cepsl pebpaMu U30TOHAILHO-
o TpexBajJeHTHOro rpada, 6yaeT paBHa:

4 — maA IBYYTOJBHWKOB,

3 — IIA TPEYTrONbLHUKOB,

2 — [uA 9eTHIPEXYTOALHUKOB,
1 — gna nATHYTONBHUKOB.

OTMeTHM TakXke CIeAyIOne CBOUCTBA, (BBITYKIBIX) ChepuIecKuX MHOTO-
YTOABHUKOB ¢ yraamu 120°:

4. Bce ABYYrOJAbHUKY PABHBI (KOHI'DYSHTHBI) MEXAY COOOM.
5. Bce TpeyroabHUKE PABHBI MEX Iy COGOMU.

6. YeThIpeXyroJbHUKY PABHBI IO OJHOU CTOPOHE.

7

IIaTUyroAbHUKYE PABHBI IO ABYM COOTBETCTBEHHBIM CTOPOHAM (T.€. IO
JABYM CMEXHBIM WJIH TIO IBYM HE CMEXHBIM ).

&

Huxkaxas CTOPOHA NATUYTOJBbHUKA HE PaBHA CTOPOHE TPECYI'OJbHUKA.

9. Ecam xaxmas U3 TpeX CMeXHBIX CTOPOH OTHOTO MATHYTOALHUKA He MeHb-
Il COOTBETCTBYIOIMIEHA CTOPOHBI U3 TPEX CMEXKHBIX CTOPOH APYTOro Iif-
TUYTOJBHUKA, TO DTU NATUYT OILHUKWA PDABHEL

B maabrenmmeMm, ecim B TEKCTE TIPAMO HE YKA3aHO MHOE, CIOBO MHO20Y20Ab-
HUK O3HATACT BHIMYKILIA CHEPUIeCKAN MHOTOYTOJLHUK, BCE YIVIBI KOTOPOTO
pasubl 120°. /lagee, MbI 6y/ieM TOBOPHUTH, ITO ABA CHEpUIeCKAX MHOTOTPAH-
HUKA VMEIOT OJWHAKOBBIN KOMOUHAMOPHLIG Mun, €CIM MOXHO YCTAHOBHUTD
B3aMMHO OHO3HAYHOE COOTBETCTBHUE MEXKY UX BepUIMmHAME, pebpaMu u rpa-
HAMU, COXPAHAIOIIEE IPUMBIKAHUE.

Kpowme mepedncieHHBIX CBOUCTB, HAM Oy €T MOME3HA, CASAYIOMAL

TEOPEMA EAMHCTBEHHOCTU. Ecau d8a cepuueckus MHo202pannuKke ¢
BOINYKALIMY 2D AHAMU UMEIOM 00UHAKOGHIT KOMOURAMOPHBIL MUN U 00UHAKO-
8blE COOMBEMCMBEHHBLE Y2Abl, O OHU PGEHDL.
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[loxa3zaTeabCTBO TEOPEMBI €IUHCTBEHHOCTH IPUBOAUTCSI B KOHIIE CTATHH.
Teopema mo3BOAAET TMPOBEPATL TOJBKO CYIIECTBOBAHWE C(HEPUIECKUX MHO-
TOTPAHHUKOB € 33MaHHBIM KOMOWHATODHBIM THUIIOM, HE 3a00TACH O J0Ka3a-
TETBCTBE eAMHCTBEHHOCTH. OTMETUM, YTO CHPABEIUBOCTH 3TOU TEOPEMBI
TIO3BOIET a Priori yTBepXOaTh KOHEYHOCThL M3YHUaeMOT 0 MHOXECTBA HMCKO-
MBIX MHOT'OT'DAHHWKOB.

[Jamee MBI ITOCTEOBATEILHO IepeOUpaeM BCe BO3MOXKHEIE MCKOMBIE MHO-
FOTPAHHUKK B 3aBUCUMOCTH OT HAJIWYUA y HUX TEX WIM WHBIX TpaHen (1o
CBOMCTBY 3 9IMCIO CTOPOH MX I'DAHEN MOXET IPUHUMATH 3HadeHus 2,3,4,5).

2. ECcTb ABYYIOJILHUK

[ycTe oHA U3 PpaHEd KCKOMOI'O MHOT'OIDAHHUKA — ABYYroabHuK. Torma
3 CBOMCTB 1 m 2 ciefyeT, ITO Y MHOTOTPAHHUKA, €le ABE TPAHU — TOXE
OBYYIOJBHUKHU, TAK ITO B 9TOM CIydae Ha cdepe HOLyIaeTCa NpasulbHbil
mpezepannuk, n300PAKEHHBIA Ha puc. la.

3. ECTb TPEYIOJIbHUK (X HET [BYYT'OJIbHUKOB)

PaccMmoTpuMm oTaersHO ABA TOACTYHad DTOTO CAYYadl.

3.1. K TPEYTOJILHUKY ITPUMBIKAET [IPYTOM TPEYTOJIbHUK

[ycte pagom ¢ Tpeyroasuukom ABC umeercs Tpeyroasuuk BC'D. Oqe-
BU/THO, 9TO PAJOM C HUMHU MOXHO PACIONOKUTE TpeyroasHuk AB D, KoTopsii
6yoeT IPUMBIKATH K HUM 10 cTopoHaM AB u BD (puc. 2). Ecau xe Mo mo-
MBITAEMCS BOUCATL B yroa ABD 4eTHIpeXyroibHUK WIA ISTHYTOJILHUK, TO
€ro CTOPOHBI (IPOBEJEHHBIE IO/ TEMU XK€ yTIaAME) MOUAYT O TE01e3UIeCKON
AD, Ha KOTOPOU OKAXYTCA BCE ero BepuHbl (kpome B). Tem caMbiM, clIy<uan
YeTHIpEX-(IATH-) yrOABHUKA HEBO3MOXKEH.

CaenoBaTenbHO, KOHPUTYPALIAA U3 ABYX CMEXHBIX TPEYTOJLHAKOB MOXKET
OBITH JOTIOMHEHA TOJBKO TpeyroabHukoM. [Ipogomkas pacumpaTs KOHPUTY-
panuio m3 TPEYTOJBHUKOB, IPUAEM K TOMY, 9TO BCA cdepa O6yneT MOKPHITA
TPEYTOALHAKAMU. ITO PA3OUEHMe TOMYIACTCA TPU MEHTPATLHON TPOEKINH
Ha cdepy pebep npasuavrozo mempasdpa. OHO m3obpaxeno Ha puc. 16.

3.2. K TPEYTOJBHUKY HE ITPUMBIKAET HUKAKOM APYT'OW TPEYT'OJbHUK

BBuay cBoucTBa 8, MOXHO CIATATh, ITO TPEYTOILHUK OKPYXEH TOJIBLKO
geThipexyroabaukamu (puc. 3). O603HAYMM AIMHY CTOPOHBI TPEYTOJIbHUKA,
Jepes a, ¥ MyCTh b — JIMHA CTOPOHBI MeTHLIPEXyTOILHIKA, CMEKHOM CO CTO-
ponon a (cBoucTBO 6). Brnmcrsaa geterpexyroasauk AA'B'B B yron A’AB,
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A/
C’ B’
C
Puc. 2. Puc. 3.
noayuuM paserctso aauua AA’ = b, amamoruano BB’ = b u CC' = b. Ilo-

CKOIBKY BCe yrubl cdepuieckoro Tpeyroabauka A'B'C’ pasabt 120°, mobas
napa CMEXHBIX CTOPOH 2TOTO TpeyI‘OJIbHI/IKa BXOOIWUT B OJJUH 1 TOT X€ MHO-
royroasark. O€UeBMIHO, TAKAM MHOTOYTOJBHAKOM MOXET OLIThL TOILKO CAM
rpeyronbauk A'B'C’. Taxum 06pa3oM B 3TOM cIydae Ha cdepe IoayIaeTcs
HeHTpalbHAs TIPOEKIUA mpey2oavhoti npusmbl. OHa m306paxeHa Ha puc. 1B.

4. ECTb YETBIPEXYTOJIbHUK (U HET 2-YT'OJIbHUKOB U
TPEYTOJILHUKOB)

3/1eCh MBI CHOBA PACCMOTPHUM PSAJ MOJACAY IAEB.

4.1. B PA3BBUEHNN ECTH YETBIPEXYTOJIbHUK, T’PAHUYAIIUNA TOJHKO C
IATUYTOJbHUKAMUI

OTOT YETHIPEXYTOJBHUK BMECTE ¢ MPUMBIKAIOIIAMYA K HEMY TATHYOIb-
HUKaMI IMeeT KOMOMHATOPHYIO CXeMy, m3o0paxemmyio Ha puc. 4. durypa
C1B2C3yB3C3B4C4 B uMeeT 4eThIpe BHEIIHWX yria, paBHbX 120° (Bp, B,
Bs, By). 31€Ch CHOBA BO3HUKAKOT IBE BO3MOXHOCTH, M MbI OT/IEILHO PACCMO-
TPUM B (IIOAIIO JCIY IasT)

4.1.1. B yrusl By, By, B3, By BUUCAHBI TOJIBKO TATUYT OJbHUKA

Tor ga monygaromasicsa ¢purypa 0yLeT uMeTh Ha IpaHuiie 4 CTOpOHEBL (KOTO-
PBIE MOXHO 3AKIENTH 9€THIPEXYTOILHUKOM). B PE3yabTaTe IOMydaeTca pas-
ouenue chepwr Ha purypy C1BeCoB3C3B4CyB1 n NONOIHUTENBHYIO K HEl
¢urypy Taxoro xe tuma. ONMCAHHAA CUTYAIUA PEAIU3YETCA IPU IMEHTPAIL-
Hou mpoeknyy Ha ¢depy 10-rpaHHrKa, COCTOAIIErO U3 ABYX MPAMOYITOJIbHLIX
n BOCbMU HHTI/IyI'OJH)HbIX FpaHeﬁ.

IlocTtpouts sToT 10-rpaHHUK MOXHO caeayiomuM obpaszoMm. Boumem B
cepy ky6 ABCDCyDsAs By, I'pann Dy As Bo(Cy moBepHeM B CBOEH ILIOCKOCTH
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Puc. 4. Puc. 5.

Ha 45°, KaK MOKa3aHO Ha PUCYHKe 5, momydas ksagpar A;B1C1D; (o Toxe
Gyaer BimcaHHbIM B cdepy). [lerTpanbabie npoeknun Ha cdepy KBAAPATOB
ABCD un A1 B1C1 Dy manyT nBa 9eTHIPEXYTOJIBHUKA HY KHOTO CHEPUIECKOTO
MHororpauuuka. [lycts O — mpoexnusa nienTpa kBagpata ABCD ua cdepy.
[Tpunexariue K BepiumHaM KBagpaToB pedpa NATUYTOIEHUKOB MOULYT MO JIU-
HuUsAM mepecederus co cdepor Gompimmx kpyros BDCo Ay, ACBoDy u aByx
Kpyros, npoxoganmx uepes Touku OA1C1 u OB D;. YTo6u 3aBepuuTs mo-
cTpoenme, HeoOxoaMMO HauTu Ha nyrax ODy m ODCy Ttakue Touku K un F,
110661 06a yraa D1 EF u DF E pasasamcs 120° (Toraa ocTaabHbIE IyTH MOX-
HO TOCTPOWUTH aHamorum<uo). CraneM CHMMETPUIHO BpamaTh ayry EF ot
HadaIBHOTO mouaoxenus DD Mo cpegHero moIOXeHUs, KOTAA €€ IIOCKOCTh
cTaHeT mapaJaenbHa mrockocTu ksaapara ABCD. Ilockonabky B KOHEYHOM
nonoxennu Tpebyembie yrubl OyayT paBabt 90°, 10CTATOYHO TOKA3ATH, ITO B
HAYAILHOM MOMOXeHuu oHu Oogbine 120°, uru, 9T0 TO XKe caMmoe, ITO cdepu-
geckuu yroa Dy DCy mennine 60°. Ecar mosepuyTs kBagpatr Ay BiCh Dy eme
Ha 45°, ou mepener B keaapat Ay ByCs Do, npuaem yron Dy DCo yBenwauTcs
u mepengeT B yroa Do DCy. Tlocregmun pasen 60°, kax moaoBuHa cdeputie-
CKOTO yTiIa MeXay cocequuMu pebpamu kKyba. Tpebyembinn 10-rpaHHUK TeM
caMbIiM TocTpoeH. Ero npoeknus Ha cdepy m3obpaxena Ha puc. 13.

4.1.2. B yrasel By, By, B3, B4 BIUCAHBI HE TOJBKO IIATUYTOJIbHUKI

IlycTs, maa onpegemeHHOCTH, B yroa By BUUCAH YEeTHIPEXYTOJbHUK
(puc. 6).

Byaem cuumTaTh, 9T0 HUKAKWE NBa, Y€THIPEXYTOJLHUKA HE MMEIOT 0OIIen
CTOPOHHI (BAPUAHTHI CO CMEXHBIMA Y€ THIPEXYTOALHUKAMU PACCMATPUBAIOTCS
panee). Touku Cs, B3,Co u D BXOAAT B OJUH MHOTOYTOJBHUK, KOTOPHIN II0
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By E

Cs

Puc. 6.

HAIIEMY AOMYIIEHWIO ABAIeTCA maATuyroasaukom Cs B3Cy D E. [lpu sToMm o6pa-
syerca matuyroabuuk CyB1C1DFE u eme omgun deTwipexyroabuauk CsB4CyrE.

Ionyvyernnas kOMOMHATOPHAA CXEMa BKIIOYMAET 3 YETHIPEXYTOTbLHUKA U 6
IATAYTOJbHUKOB WM PEAJU3YyeTCs Ha CPepe TaK, 9TO BCE UETHIPEXyTOJbHU-
KU SBAAIOTCA «KBAIPATAMEY. SAMETHUM, 9TO JJINHA TUATOHAIHA (KBAADPATA» HE
npesocxoauT 1/3 MAMHBI OKPYXHOCTH GOABIIOrO KpyTra. PasmecTus 3 «xBa-
apaTay Tak, YTOOBI UX NUATOHAIA PABHOMEPHO PACHOJATAIUCH HA DTOU OK-
PYXHOCTH, KaK HAa DKBATOPE, U MPOBEA U3 BePIINH «KBAAPATOBRY Te0Ae3UtIe-
CKUeE K TOJI0CaM, TOAydIuM TpebyeMoe pas3buenne, m3oOpakeHHoe Ha, puc. 1x.
OHoO uMeeT KOMOMHATOPHBIN TUI TAK HA3BIBAEMOT'0 MHOTOTpanHuka Crarie-

da (em. [3]).

4.2. ECTb ABA COCEIHUX YETBIPEXYT OJIBHUKA, OKPY>XKEHHBIX CO
BCEX CTOPOH IIATUYT'OJIBHUKAMUI

Wso6paxennas Ha puc. 7 KOHPUIypaIMsa MHOTOYI'OJbHUKOB MMEET ILIO-
manab 8 W ee I'DAHUIA COCTOUT W3 6 CTOPOH; CIeAOBATEILHO, HEJOCTAONINE
MHOTOYTOJIbHUKHN TO/KHBI MMeTh CyMMapHy0 mromanb 4. Ilockomneky z, ¥y
u z (AaHAMOTWYHO U, v W w) pasfeseHsl yraamu B 120°, oHM BXOAAT B OQUWH
7 TOT XK€ MHOrOyroabHuK. C yueToM cOOOpaKeHUM IVIOMAIN HeJOCTAIOIINE
MHOTOYT OILHUKY — B3, IE€THLIPEXYT OIbHUKA..

IlockorpKy m3006paxKeHHbIe HA PUCYHKE 7 YETBIPEXYTOIBHUKHA MMEIOT 00-
HIyI0 CTOPOHY, B CWJAY CBOWCTBA 6 OHM paBHBL Temepb paccMOTpUM BeEpX-
HUM TIATHYTOJABHUK HA PUC. 7. Y HEro eCThb Hapa PAaBHBIX CTOPOH. SHAYUT,
[0 CBOUCTBY 7, Y HEro €CTb OCh CHUMMETDHUH. AHAJIOTUYIHO AI1 HIKHEIO
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E

Puc. 7. Puc. 8.

OATUYTOABHUKA. B cmiy TOro xe CBOMCTBA 7, BEPXHUU MATUYTOJBHUK Pa-
BEH HIKHEMY, IO3TOMY BCe pefpa, OTMEYICHHEBIE HA PUCYHKE XWPHBIMHA JIH-
HUSAMU, PABHBI MeXay cobou. Hakowmer, B cuny cBOUCTBA 7 A1 HECMEXHBIX
CTOPOH BCE€ YeThIpE HHTI/IyI'OJH)HI/IKa. PaBHBIL, B 9aCTHOCTU & = U = 2 = W = Q
uy = v = b. Hamen paipHeninen safa<der ABIAETCA BLIUACICHNE a U b Ha
OCHOBAHMM 3THX PABEHCTB. II0CKOIBKY CTOPOHBI MHOTOYTOJILHUKOB Ha cdepe
SABJIAIOTCS TEOME3UICCKAME, WX MOXHO PACCMATPUBATE KakK yribl. CTOpOHBI
YeTHIPEXYTOJBHAKOB @ U b CBABAHBI COOTHOIICHIEM

a b 1

CormacHo mOKa3aHHOMY, CHEPUICCKUE MATUYTOJILHUKY, YIACTBYIOIIAE B
pa3bueHnn, UMEIOT BUA, YKA3AHHLIN Ha PUC. 8.
IIpu sTom mmeroT Mecto coorroenus AE = ED = a; BK = KC = b/2;
+EFAB=ABC =,BCD = ,CDFE = ,DFEA =120°, oTkyza
+KBF = /KEA =60°; /,BKF = 90°.

[Ipumenss gopmyast chepuieckonn Tpuronomerpun (cMm. [2]), 0o cosa us Tpe-
yroasuuka AEF uaungem cos ,BF K, a mo nemy nHaugem cos(b/2). B pesyan-
TaTe BOZHHKAET €IIe OJHO COOTHOLICHUE MEXIY a U b:

b_ 1 _ 1 (a1-tg%(a/2) _ 1 2-tg°(e/2)
cos 5 = 2\/5(3COSG+1) =3 <31+tg2(a/2) +1> =G e

Boseenem o6e gacTm pasencTsa (1) B KBaApaT W MOACTABEM Tya 3HATCHUE
tg2(b/2), BEpaxennoe uepes cos?(h/2). Tlomyaum Takoe COOTHONICHEE:

2 3(1 + tg(a/2))? _1
o) (i 1) =1

[locne mpeo6pasoBAHUU MOLYHAETCA CJAEAYIONEE YPABHEHUE OTHOCUTEIBLHO
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memspecTHou ¥ = 1/tg2(a/2):
y® — 9,75y — 2 =0.

IDTO ypaBHEHME MMEET POBHO OJWH MOJOXUTENHLHBIM KOPEHB W OAHO3HATHO
ompenenser sHaverns tg?(a/2),tg(a/2) u a, mockompky a < 7. CaesoBaTers-
HO, CyIIECTBYET MATUYTOILHUK CO CTOPOHAMHE ¢ U b, KOTOPHIE YIOBIETBOPIOT
ompegelsomeMy cooTHomenuo (1) u, caegoBaTeIbHO, ABIAIOTCA CTOPOHAMHU
HEKOTOPOT0 YETHIPEXYTOTbHUKA. [103TOMYy KOHMUTYpanma, m300paK eHHAA HA,
puc. 8, MOXeT OBITH NOCTPOEHA (€IUHCTBEHHBLIM 00Pa3oM) N0 cepuIecKoro
MHOTOT'DAHHUKA, U300PaXKEHHOTO Ha puc. le.

OueBuAHO, ITO TETHIPEXYTOJLHAKA MOTYT YKIAABIBATHCA Ha Chepy B pi-
Obl. A BO3MOXHBI JU ABOWHBIE paabl! Hampumep, BO3MOXHA au KOH(PUTYDPa-
uus, u3o0paxkKeHHas Ha, puc. 97

4.3. IIBE CMEXKHBIE CTOPOHBI YETBIPEXYTOJbHUKA ABJAKOTCA
CTOPOHAMU APYI'UX YETBIPEXYT'OJBHUKOB

B cuny Toro, 1TO BCe Yyl 4eTHLIPEXYTOILHUKOB PABHEL

a| b o 120°, oueBuaHO, 9TO Ha puc. 9 cropona AB coenagaer ¢
B C C B, Tak 9T0 n3006paXeHHble YeTHIPEXYTOMbHUKI ABISAIOTCA

A Ha CaMOM Jefle «KBaIDaTaMU».
[lokaxeM, YTO TPUBEACHHYIO KOH(MUTYDALIMIO HEIL3A
Puc. 9. pacCHIMpUTh MATUYTOABHUKOM. BCTaBMM HATHYTOIBHUK B

HEKOTOPBIA BHEITHUU yroi koudwurypamuu. B ToT xe yroa
MOXHO BCTaBUTh U «KBaJpaT», ABE CMEXHBIX CTOPOHBI KOTOPOTO OyayT
ABIATHCA CTOPOHAMH IATHYTOALHUKA. SIBIAACHL BLIMyKAOW (PUTYyPOH, IIATH-
YrOaAbHUK 3aﬁMeT opu 9TOM HE€ MCHBIUIE IIOJOBUHBI «KBaJgpaTa». HO n3 CoO-
00paXEeHUN TUIOMAAN OH HE MOXET 3aHATH W 00Jee TOJOBUHBI «(KBAAPATAY,
TaK ITO OH JOMKEH COBIAJATEL C TPEYTOILHUKOM, 00Pa30BAHHBIM CMEXHEIME
CTOPOHAMU «KBAJAPATA» U AUATOHAJIBIO, HA KOTOPYIO OHU OomupatoTcd. [IpoTu-
BOpeYHe.

CaepoBarensho, Hama KOHGUrypanysa (KaK W BCE TIOLY YAIONMECa U3 HEe)
MOXET PACHIMPATLCA TOILKO «(KBAPATAMIy. B pe3yabTaTe MbI TOLY UM Npo-
exyuto xyba, M300paKEHHYIO Ha puc. 1r.

OcTanoch pacCMOTPETD CIydad, KOTAa IeTHIPEXyTOILHUKEA O0pa3yloT He-
BAMKHYTBIU PSJI U KOT'JIa, OHU OOPA3YIOT «KOMBIO).

4.4. UMEETCSA BOJIEE IBYX COCEIHUX YETBIPEXYTOJIbHUKOB, HE
OBPA3YIOIINX «KOJBIIO»

HecnoxubsiMu paccyx geHuAMA (KOTOPBIE MBI OCTABIAEM TUTATEIN0), OIH-
paommMucsa Ha pasg. 1, MOXHO MOKA3aThb, UTO 3TOT CIYYaAW HEBO3MOXEH.
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4.5. UMEETCS BOJEE ABYX COCEIHUX YETHIPEXYTOJBHUKOB, U OHU
OBPA3YIOT «KOJIBIIO»

IIycte mMmeercs k Takux deThIpexyronabHuWKa. HeTpyaHO mOKa3aTh, 49TO
TOT/Ia «KOJBIIO» MOXKHO JOTIOMHUTE A0 C(HEePUIeCKOr0 MHOTOTPAHHUKA TOMBKO
sakjaewBanueM AByMs k-yroasuukamvu. Crydam k = 3 u k = 4 6putm paccMo-
Tpensl paree. Ocraercsa Toapko (o cBoucTBy 3) caydau k = 5. flcHo, ¥TO
B DTOM CJAydYae Ha chepe ToIyIaeTCAs MPOEKIns MATHYroibHON npusMbel. OHa,
n300paxeHa Ha puc. 1.

Ha sToM 3akaHIMBaeTCA PACCMOTpPEHME BO3MOXHBIX PAa30MEHMU C 9eThHI-
PEXYTOIBHOU TPAHBIO.

5. ECTb TOJILKO IMATAYTOJbHUKHA

HeTpyano nokasaThb, 9TO HCKOMBIA Ipad C MATAYT OIbHBIMA TPAHAMEA AME-
eT KOMOWHATOPHBIM THI JOACKADAPa. B CUIy TEOpPeMbl €AWHCTBEHHOCTH
5TO — IEHTPAILHAA MPOEKIMA NPasutbho20 dodexasdpa, KoTopas m3o0pa-
XeHa Ha puc. lu.

Mu1 mepe6panau BCe BO3MOXHBIE M30TOHAJABLHBIE Tpadbl Ha cdepe: Harmre
NOKA3ATEIBLCTBO 3aBEPIIEHO.

6. ,HOKASATEJIBCTBO TEOPEMBI EAVHCTBEHHOCTN
[list 1oKa3aTeIhCTBA DTOU TEOPEMBI OTPEOYIOTCA [BE JEMMBL.

JIEMMA 1. HIyems Ay ... A, v By... B, — dea cfepuneckus n-y2oibnu-
Ka maxuz, umo ,A; = /B; (i = 1,...,n). Ha cmoponazr mno2oyeoibnuka
A1... A, paccmasaenbl 3HAKU «+» U «—) 6 3ABUCUMOCTIU 0OM MO20, HOALULE
UAU MERDULE DAHHAA COPOHA COOMBEMCMEYIOULET CTNOPOHBL MHO20Y20AbHUKA
Bi...By, (8 cayuae pasencmea nuraxot 3nax ne cmasumes). Toeda, ecau
MHO20Y20AbHUKY HE PABHBL, MO KOAUYECTNBO NEPEMEH 3HAKA NPU 00T0de MHOo-
eoyeoavnukra Ay ... Ay 6ydem ne menee 4 (cmoponst, e cHabHCEHHBIE 3HAKOM,
npu Nodcueme wucaa NEPemer ULHOPUPYIOMCE).

[JOKABATEJNLCTBO. [lannas JeMMa IpPeACTaBIACT COGOM TepedOpMyIn-
poBky aemmbl Komu (cm. [4]).

JIEMMA 2. ITyemb na cdepe napucosan 2pagd ¢ HENEPECERAIOUUMUCA Pe-
bpamu, Yy KOMOPO20 HUKAKUE 06€ GEPULUHDL HE COeJUHEHbL 0o.aee uem 00HUM
pebPOM, U NYCTMb HA HEKOTNOPLIT €20 PEOPAT PACCMABACHBL 3HAKY () U «—»,
NPUNEM €CTb TomA Obl 00no pebpo, 2de cmoum 3nak. Toeda natidemca aep-
WUHA, K KOmMopoti nodzodum Tomsa 6bt 00HO PebPo CO 3HAKOM, HO KOAUUECTEO
nepemen 3naro6 pebep npu 06Tode 60Kpy2 3motl sepuurbl He boace 2.
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Cay4An 1. Bce rpanu rpadga — TpeyroabHble W HET «IYCTHIX BEPIIAH»
(T.e. TaK¥UX BepIInH, 9TO BCe pefpa, BHIXOIININE U3 DTOU BEPIIXHEL, HE IIOMe-
9YEHBI).

3aMeTuM, 9TO KOJIMIEeCTBO rpaHed B 1,5 pasa MeHbIIE, YeM KOJUIeCTBO
pebep. IlycTs kKoauvyecTBO TpaHen paBHO 2k, a KOaAm4ecTBO pedep pasHo k.
Toraa mo dpopmyae duaepa (cm. [5, ¢. 391]) KoautdecTBo BepmuH paBHO k + 2.
[locTaToOYHO PACCMOTPETE CAYHad, KOTAa Bce pebpa MOMEYeHBI, TaK KaK B
OPOTUBHOM CIy{Ya€ MOXHO PAaCCTAaBUTH HEOOCTAKINNEC 3HAKN ITPOU3BOJBHBIM
00pa3oM, 1 TOr (A KOIUYIECTBO NEPEMEH 3HAKOB B KX [OU BEPIIUHE HE yMEHb-
mmTCA. [Ia Kax oW TpaHM KOAUYIECTBO MEePEMEH 3HAKOB B 5TOU TDAHU He
6oaee MBYX, TIO3TOMY OOLIEE KOAMIECTBO TIEPEMEH 3HAKOB B IPAHAX (WIM, 9TO
TO X€, B BepumHax) He Goree 4k. KoawaecTso Bepuma pasro k + 2, 3HaMmT,
HAUAETCA BEPIIWHA, T KOJUIECTBO MepeMeH 3Haka OymeT MeHbine 4, T.e.
< 2, 9T0 U TpebOoBaATOCH MOKA3AThH.

Cay4ant 2. I'pad cBasubin, 6e3 KpaTHLIX pebep, U HET MyCTHIX pebep.

IDTOT CIy4au MOXHO cBecTu K ciaydarno 1. Kaxmas rpans npencrasiser
co00U MHOTOYTOMLHUK, KOTOPHIM MMEEeT He MeHee TpexX pefep, W ee MOXHO
pasbuTh HA TPEYTONLHUWKHN, He MOo0aBiia HOBhIX BepmmH. /lobasuas pebpa
pa3bmeHusd, O, IEM B YCIOBUA caydad 1.

OBIIAN CIIYIAN.

Y nanum u3 rpada mycThie pebpa ¥ mycThie BepuInHbl. 1orga rpad MoxeT
pacmacTbCs HA HECKOJIBKO KOMIIOHEHT CBA3HOCTH. BhiGepem OAHYy M3 HUX U
OPUMEHUM K HEU Caydan 2.

HokazaTeabCTBO JEMMBI 2 3aKOHIEHO.

[JOKA3ATEJBCTBO TEOPEMBL. O603Ha4uM rpadnl, 06pa3oBaHHBIE
pebpaMu 3aJaHHBIX MHOI'OTPaHHUKOB, Yepe3 A u B. Paccmorpum rpadgst A’ n
B’', npoiicTenntle K rpadam A u B COOTBETCTBEHHO. ) Mex ny pebpamu rpa-
da u pe6paMu ABOUCTBEHHOTO K HEMY rpada MMeeTCa B3aMMHO OJHO3HATHOE
cooTseTcTBUe. [I0CKOIbKY MHOIOT'PAHHUKM KOMOMHATOPHO DKBUBAJCHTHbI, A’
u B’ moxnO oroxmecTtsuTh. Ha kaxgom pebpe a rpadga A’ mocraBum 3Hak
«+» WIM «—» B 3aBHCUMOCTH OT TOTO, KaKOe M3 pebep MHOTOrpaHHUKOB A
u B, cooTBeTCTBYOIUX @, Gonbine. Kcau MHOrOrpaHHMKN HE PABHBI, K I'pa-
by A’ moxnO nmpumenuTs Jemmy 2. [To oron semme, B A’ mHanigeTca HemmycTas
BEPIIMHA P ¢ He 60oJee ¥eM IBYMA TMepeMEHAMHA 3HAKOB. JDTOU BEPIIUHE COOT-
BETCTBYET ABE I'paHU B MHOTOTpaHHmKax A w B. Ecam stu rpanu 6bumm OB
PABHBI, TO BEPIIWHA, P ObLIA OBI IIyCTOU. SHAYUT, OHKM HE PABHBI, U MOXHO IIPH-
MEHUTD JeMMY 1, COTIACHO KOTOPOU MO TTEPEMEH 3HAKOB B DTOU BEPIIUHE
TOJKHO OBITH HE MeHee 4, B TO BpeMs KaK OHO, II0 JOKA3AHHOMY, He Oojee 2.

%) IoficrBennsM k rpady A aprserca rpad A’, BepIIMHEI KOTOPOrO BEIGPAHBI IO OJHOM
B Kaxqou rparu A, m aBe BepmuaEl A’ cBA3aHBI PE6POM, eCTU COOTBETCTBYIOIME Tpanu A
umeroT obiiee pebpo.



Hzoronanpabie TpexBaJeHTHBIE Tpahbl Ha cepe 77

Bsugy moayuenmoro mpotusopetina, Muororpanuuku A u B papmni. Teopema
TOKa3aHa.

Agrop 6rarogapur A. B. CoCHHCKOT0 33 TOCTAHOBKY 33491 W BHUMAHUE
K paboTe.
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