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1 Bsenenue

3ajia9a 0 YuCIIe y3JI0B ¢ JAHHBIM 9HCJIOM IIEPEKPECTKOB OTHOCUTCS K KJIaCcCHYe-
CKHMM BOIIPOCAM TE€OPHH Y3JI0B 1 KOMOMHATOPUKH. Borpoc 06 acuMIToTuKe 3T0ro
qHC/Ia UCCIeIOBAJICH, B 9acTHOCTH, B padorax [ES87, Wel92, STh98, Th98, St04,
Ch18]. Xopormio u3zBecTHa BbITEKAIOINIAs U3 pe3ysibraros paborsl [ES87] ounenka

2.13... < liminf /AP, < liminf /P, < liminf {/K,,
n—oo n—o0 n—o0

rie AP, P, u K, — KoJlm4ecTBa ajlbTePHUPOBAHHBIX IIPOCTBIX, IIPOCTHIX U BCEX
Y3JI0B C 1 TlepeKpecTKaMu cooTBeTcTBenHo. . B HacTosmieii paboTe MbI mosrygaeMm

CJIEJLYIOILYIO OIEHKY.
Teopema 1. 4 < liminf,_ . VAP,.

Ora orenka ucmnosab3yer pesyabrar A. Bepmuka, C. Heuaesa u P. Buk6o-
Ba [VINBOO] o ToMm, 4To siorapudmudeckuii 06beM JOKAJILHO CBOOOIHBIX HOJLy-
rpymi crpeMuTcst K 4 ¢ pocroM panra. HamomMHWM, 9TO JIOKAJIHHO CBOGOTHOM
MOJTyTPYTINO PaHTa 7 HA3BIBAETCS TOJYTPyIa ¢ obpasyomuma {ay, ..., a,} 1
COOTHOITIEHUSIMU
a;a; = aja; upu |i—j| > 2.

DJIeMEeHTBI JIOKAJIBHO CBOOOIHBIX MOJIYTPYII HA3BIBAIOTCS 2pydamu, obIimee Ko-
JITYECTBO OYKB B CJIOBE, IIPEICTABJISIONIEM IPYLY, HA3bIBAETCA PA3MEPOM TPYIHI,
a JIM3bIOHKTHOE 00'bEIMHEHNE BCEX JIOKAJBHO CBOOOJHBIX MOJIYTPYII Mbl HA3bI-
BaeM MHocecmeom 2pyd. Teopema 1 mpsiMo ciiejiyeT U3 yKa3aHHOIO Pe3yJIbTara
[VNBOO] o siorapudmudeckoM o0beMe B CUILY CJIEJLYIONIErO IIPe/IOYKEHHSI.

Ilpengoxkenne 1. Cywecmsyem 6.a0oicenue MHONCECTNEA 2DYD 8 MHOHCECTNEO
NPOCMBIL ANDTMEPHUPOSAHHBLT Y3408, NPU KOMOPOM 2PYOa PASMEDE S U3 AOKAND-
HO €B0000HOT NOAY2PYNNLL PAH2G T NEPETOOUM 8 Y3eA C YUCAOM NEPEKPECTNKOS
5+ 10r + 100.

KOHCTPYKIMY BIIOXKEHUsI U3 NPEJIOZKEHNsT | U HOCBSIIEH OCTATOK PabOTHI.
Baaronaps nokasanubiM B [Kau87, Mur87, Th87], [MT93|, [Grl7| runorezam
TeiiTa, 3a/1a4a CBOIUTCsL K TIOCTPOCHUIO BJIOXKEHUS MHOYKECTBA TPY/L, B OJIUH CIIe-
UATBHBIH KITacC ChepruIecKUX KPUBBIX.

2 JlokazaTeyqibCTBO Mpe/yioKeHns 1

MBI HE IPUBOJMM CTAHIAPTHBIX ONIPe/IeIeHNil TeOpHH 37108 (IIPOCThIE U AJbTEp-
HUPOBAHHBIE Y3JIbl, (GJIAMIILI U T. I1.), — UX HETPYHO HANTH B OOMIMPHOIl JIuTEepa-
Type 0 TEOPHUH Y3JI0B U B BBIINIEyKA3aHHBIX paboTax, B YacTHOCTH. aaum uirb
HEKOTODPBIE OIIpe/le/IeHNsA, OTHOCUTEIbHO KOTOPBIX B JIUTEpPAaType BCTpedaloTCsd
Pa3HOYTEHUS.

Omnenka 2.68 < liminfy, 0o /AP, npusenennas B [Wel92] kak uuTepnperanus pesyib-
Taros u3 [ES87|, Bo3HHKIIA, IO-BHIMMOMY, B PE3YJIbTATE ONEYATKH.



Ilox xpuswvimu B HacTosIIENl PabOTE IOHUMAIOTCS IVIQJIKUE 3aMKHYThIe KPH-
BbI€ ODIIEro MOJIOZKEHHsT Ha TIJIOCKOCTH nitn cdepe. Mysvmukpusas — oObemHe-
HI€ KOHEYHOIO YHCJIA KPUBBIX, TAKyKe HaXOJAIeecss B 00IIeM I0JI0KeHuu. Mbl
paccMaTpUBaeM KPUBBIE U MYJIBTUKPUBBIE C TOYHOCTHIO O aBTOrOMEOMOPQU3-
MOB (He 0653aTeJIbHO COXPAHSIONINX OPUEHTAINIO) cdepbl 1 miockocTr. Kpusyio
Oy/ZIeM Ha3bIBATH COCMA6HOT, €CIIM P y/IaJeHIN HEKOTOPOH Iaphbl PEryJIsPHBIX
TOYEK OHA PACIaIaeTcs HA JBe KOMIOHEHTBI, HU OJ[HA U3 KOTOPBIX HE SIBJISIETCS
Jyroit, 00 eciii OHA PaCUaJ@eTcsl IIPU YIAJCHUU OJHON M3 JBOWHBIX TOYEK
(cay4ait “BocoMmepku’”). Kpuyto, He sIBJIAIONLYIOCsS COCTABHOI, Oy1eM HA3BIBATH
npumaprot. Kpusast HazbiBaeTcst becaatinogot, ecji oTBevYatonas eif ajabrep-
HUPOBaHHAs JIMArPAMMa He JIOIYCKAeT HETPUBUAIBHBIX (T. €. IePEeBOMSIIIX KPH-
BYIO B JIpyTOil Kiacc) iraimos.

B cuay runores Teiita [Kau87, Mur87, Th87], [MT93], [Grl7] mepexox ot
KPUBOMA K COOTBETCTBYIOIIEH €l aJbTepHUPOBAHHONM AUarpamMme U y3Jy JaeT
BJIOYKEHIE MHOKECTBA IMPUMAPHBIX OecdhIafilioBbiXx KPpUBBIX ¢ 1 > 0 I1BOHBIMEU
TOYKAMH B MHOXKECTBO IIPOCTBHIX AJIBTEPHIPOBAHHBIX Y3JIOB C N IEPEKPECTKAMHU.
DTO CBOIUT JIOKA3ATEHCTBO IIPEJJIOYKEHNsT 1 K CJIEJYIONEMY YTBEPKICHHIO.

IIpennoxkenne 2. Cyuecmeyem 6A0MHCEHUE MHONHCECTMEA 2PYO 8 MHONHCECTNEO
bechaatinosvuT NPUMAPHVIT 3AMKEHYMDBLE KPUSBIT HA CPHEPEe, NPU KOmopom 2pyda
PABMEDPA S U3 AOKAALHO C80000HOT MOAYZDYNNBL PAH2A T NEPETOIUM, 6 KPUBYI C
s+ 10r + 100 dsotinvimu moukam.

11t MOKA3aTeIbCTBA IIPEJIOXKEeHNsT 2 MbI B SIBHOM BH/IE JQ/INM IIPAMED OTO0-
paXkeHusl, COIOCTABJISIIOINIETO KAXK /IOl Ipy/ie HEKOTOPBIN KJIacC KPUBBIX Ha cde-
Pe, a 3aTeM IOKaXKeM, 4TO IIOJIyYaloIecs B HAIIEM IIPUMePe KPUBbBIE SIBJISTIOTCS
GecIalimoBBIMU U IPUMapPHBIME, 8 0TOOpaskeHne HHbEeKTUBHO. KpuByto 1o 3a-
IAHHOM rpyze OyJeM CTPOUTH B HECKOJIBKO ITAIOB. B 9TOM IOCTPOEHWM HaM
OTpedyeTCs CIIeAYIOmast KOHCTPYKIHSA.

2.1 Conocrasjsienue rpye Habopa JIyr B MIPSIMOYTOJIbHUKE

Bymem cTaBuTh B COOTBETCTBHE 3JIEMEHTAM JIOKAJIBLHO CBOOOIHONW IOJIyIPyI-
usl LF 2‘ panra k nabopsl u3 k + 1 IpPOCTHIX IJIQJIKAX YT B IIPSMOYTOJIBHU-
kax. Ob6pasyromieil a; IOCTaBUM B COOTBETCTBHE HAOOP JyT B NPSIMOYTOJIbHUKE
[0,k + 2] x [0,1]: B HAGOp BXOZAT OTPE3KU <y; ¢ KoHmamu B Toukax (j,0) u (7, 1)
s kaxxaoro j € {1,..., k+1}\{¢,i+1} u aBe riagkue jayru ¢ KOHOAME B TOY-
kax (4,0), (i+1,1), (i+1,0) u (i +1, 1), mepecekarolyecs JIUIIb B OJJHON TOUKE
U TPAHCBEPCAJIBHO, MEPIEHIUKY/ISPHBIE K KPaK MPIMOYTOJbLHUKA M COJEPIKa-
muecst B KBagpare [i,7 + 1] x [0,1]. CioBy B 06pasyromux ay, . . ., G TOCTABAM
B COOTBeTCTBHE HAbOp u3 k + 1 Jyru, moJIydaromuics Mpu MOCIeI0BATEIHHOM
ckiienBanuy (0 JJIMHHBIM CTOPOHAM) IIPAMOYTOJBHUKOB ¢ HAOOpAMU JIyT, OT-
BEYAIOIAMEA O0PA3yIONUM. DJIEMEHTY IMOJIYyTPYIIILI MOCTABUM B COOTBETCTBHUE
Haoop u3 k + 1 ayru B NpsIMOYTOJBHUKE, OTBEYAIOMMI CJIOBY B 0OPa3yIONINX
ai, ..., 0K, IPEACTABIAIONNX 3aJaHHbI 3JIEMEHT B TOH MJ/IM MHONH HOPMAJILHOM
dopme. fIcHO, YTO IPM TAKOM COIIOCTABJICHUN HAGOPKI YT, OTBEYAIONINE PA3HBIM
CJI0BaM, MPEJICTABJISIONIMM OJIMH U TOT K€ 3JIEMEHT, IePEBOJIATC JIPYT B APYyTa



HEIIO/[BI2KHON Ha Kpae M30TOIHel IIPSIMOYTOJIbHUKA, U IOCKOJIBKY HaOODHBI JIyT
WHTEPECYIOT HAC JIUIIb C TOYHOCTHIO JI0 SKBUBAJIEHTHOCTH, OTBEYAIOIIEN TAKUM
OO'BEMJTIONTIM M30TOIMSIM, BEIOOp HOPMAJIbHON (DOPMBI HE UTPAET POJIH.

2.2 ComnocraBjieHne rpyjamM MYJIbTUKPUBBIX

B ciyuae sokanpHO ¢BOOOMHOM moyrpynbl LF ;r HeueTHoro paura k = 20 + 1
[MOCTABUM B COOTBETCTBHE €€ JIEMEHTAM eIle U KJIACCHl MyJBTUKPUBBIX, CAUTAS,
aro snementy E € LF; oTBewaeT My/IBTUKPHBas, MOIYHAIOMASACA U3 COOTBET-
CTBYIOIIEro 3jieMenTy F Habopa Jyr B IPSIMOYTOJIbHUKE IIPU JIOKJIEHKE K 9TOMY
MPSIMOYTOJIBHUKY — IO JBYM CTOPOHAM, COJIEPIKAIM KOHIIBI JyT — €Ile JIBYX
MIPSIMOYTOJIbHUKOB, Ha KaXKJIOM U3 KOTOPBIX nMeeTcst Habop £+ 1 monapHo Here-
PECEeKAaIONUXCs MPOCTBIX YT, KaXKIasi U3 KOTOPBIX MPHU IPUKJIEHKE COeTUHSIET
napy “coceHuX’ KOHIIOB JIyT' B IIPSMOYTOJIBHUKE. DTOT [1€PeXo] 0T HabOPOB JIyT
K MYJIBTUKDPUBBIM — TO K€ CaMO€, UYTO U XOPOIIO M3BECTHOE “IjIeTeHOYHOe” 3a-
MBIKAHHE JIJIsI TEOMETPUIECKUX KOC M UX JUArPAMM, U MBI CCBLIAEMCs Ha HETO
KakK Ha NAEMEHOUHOE 3AMBIKAHUE.

Tenepb MBI LIEPEXO/IUM HEIIOCPEJICTBEHHO K JIAIOIIEMY BJIOYKEHUE JIJIS JIOKa-
3bIBAEMOTO IIPEJIOZKEHHs 2 aJTOPUTMY IIOCTPOeHUsI chepruyuecKoil 3aMKHYTOM
KPHUBOH 1O I'PyJe.

2.3 IlocTpoeHue KpuBOii JJisi TPYAbI

[IycTp Ham 3ajana rpyga H pasmepa s u3 JIOKAJbHO CBOOOIHOI ITOJIyTPYIIIBI
LF, panra r.

2.3.1 Oramn 1. ITocTtpoeHne mMyJIbTUKPUBOIL

OT J1oKasIbHO CBOGOHOI TToMyTpyTTel £, pamra r mepeiisieM K JTOKATbHO CBO-
6oaHoOI Tostyrpyitine LF E 9yTb OOJILIIIEr0 HEYETHOT'O PAaHTa

R=r+(r mod2)+9

u Gynem paccMarpusaTh £F, Kak HOAPYIILY, BIOXKeHHYIO B LF E CO COBUTOM
WHJIEKCOB 00pa3yIonmx a; — a;+2. llycts Hp — snement B LF E, OTBEYAIOITHIA
3aganHoil rpyae H npu Takom Bioxkennu. [lostoxkum

LRrod = ajas...ar_20aR,

LR ey = aza4...ar—_3ap-1,
WR = LR,evLR,oda (1)
Mp = LR odLR,ecv,

IIycts Hp — MyIbTUKpPUBAS HA TIJIOCKOCTH, OTBEYAIOIIas 3j1eMeHTy Hp B cMbIC/Ie
pazniena 2.2.



2.3.2 Oram II. Ilepexon oT MyJIbTUKPUBO# K KPUBOM

N3 KOHCTPYKIUU $ICHO, UTO IMOJIyIEHHYIO MYJBTHKPHUBYIO Hp MoxHO cunrath
PACITOJIOYKEHHOM Ha MJIOCKOCTH TaK, YTO BCE €6 MAKCUMYMbI M MUHUMYMBI TIPH-
XOIATCS Ha “JIy?KKH, IPUKJIEMBAEMbIE B [IOCTPOEHUAX Pasjiena 2.2, Tak ITO MaK-
CHMyMOB, KaK 1 MEHEMYMOB, y Hp B Tounoctu (R + 1)/2. CieoBarenpHo, Ko-
JIMIECTBO 3aMKHYTHIX KOMIOHEHT MYJIBTHKPUBOMA Hp, ne upesbimaer (R +1)/2.
ITycrs X — mabop u3 (R + 1)/2 nepekpecTKOB MyJIbTHKPHUBOI H R, OTBEYa-
IONIUX TIPEJIOCIeHeMY MHOKHTeMO Ly ,q Tpu 3amicu rpyasl Hp B Bume
WrHrMRLR oaL R ey (cM. (1)). Bygem cuurars, uro npasoit wactu 3amucu (1)
oTBedYaeT “BepXHsisd’ YACTh MYJBTUKPHUBOM, MOAXOMSAIIAS K €6 MAKCHUMyMaM, a
JIEBOIl YACTU 3AlACU OTBEYAET ‘HIKHSAA HaCTbh MYyJbTUKpuBOi. U3 Toro, uro
dbopma BepxHero Kpast MyJIbTUKPUBOI OTBedaeT IpaBoil 9acti LR od LR ev B (1),
ACHO, 9TO B KazKJIOM MaKCHUMYyMe I\/IyﬂbTI/IKpI/IBOﬁ CXOJATCA ABe AYyru, BeJlyliue
K DasHbIM IepekpecTkaM Habopa X. OTciosia BBITEKaeT, YTO B CJydae, ecju
MysibTUKpuBasi Hp He siBJIseTCsi KPUBOi, B KAKOM-TO M3 IIE€PEKPECTKOB MHOXKE-
cTtBa X MEPECeKAIOTCsl PA3JNIHbIe KOMIIOHEHTHI. 3aMEHUB TAKOW MepeKPECTOK
IByMs — CHOCOOOM, OTBEYAlOINM 3aMeHe ONHOU U3 obpasymommx B Lp ,q Ha
ee KBaJIpaT — MbI IepeiijgemMm oT Hp x MYJIBTUKPUBOI H > C MEHBIIINM YHCJIOM
KOMIIOHEHT. JIJisi OmpeIeIEeHHOCTH MOYXKHO CUUTATh, UYTO CPEIN HECKOJIBKUX IIe-
PEKPECTKOB, B KOTOPBIX MEPECEKAIOTCS PA3IMIHbIE KOMIIOHEHTBI, MbI BEIOHPAEM
J71s1 TpaHcdOpMaIil TOT, KOTOPOMY OTBedaeT 0Opa3yiomias ¢ OOIbITNM WHIEK-
coMm. VI3 MHIYKIIMOHHOTO COOOPAXKEHUsT BBITEKAET, ITO, IPOBOJIS IIPU HEOOXO M-
MOCTHU aHAJIOTUYHYIO IPOIEIYPY ellle ¢ KAKUMU-TO U3 [IePEeKPecTKoB Habopa X
U KaXKJIblil pa3 yMeHbIIIas KOJMIECTBO KOMIIOHEHT, He GoJsiee ueM 3a R/2 takux
TpaHchOpMAIIl MBI TIepeiijieM OT H r K XKpuBoit.? O603HAIMM MOJIyYaONLyIO-
csl KPUBYIO 4depe3 ﬁé?). 3aMeTuM, 9TO O MOCTPOEHUIO KPUBas ffg) oTBEYAET
[JIETEHOTHOMY 3aMBIKAHUIO HEKOTOPOI'O 2JIEMEHTA, BHJIA

Y = WrHRMgLS) \Lp.c, (2)
¢ Lty = abiaf’ .. af S aby,

rae p; € {1,2} mna Beex j. 3ameTuM, KpOME TOTO, UTO, IOCKOJBKY HOATPYIE
Lg,)od B Ipyle HI(??) IpeaecTByeT MoArpyna L e, colepzkamiaa Bce obpasy-
IOIUEe C YEeTHBIMU WHJEKCAMU, & Lg’)od u LR oq BKIIOYAIOT JIMMIb U, CJIEI0Ba-
TeJIbHO, OTJIMYAIOTCS JIAIIH 06Pa3yONUIMI ¢ HedeTHBIMI MHIEKcaMu, rpyaa Hp

(2)

O/THO3HAYHO BOCCTaHABJIMBACTCs 110 I'PY/IE HR .

2.3.3 Oram III. Ilepexon K kpuBoii ¢ s+ 10r+ 100 ABOHBIMU TOUYKAMU

ITo mocrpoenmo, pasmep rpyasl H g Ha 3R npesbimaer pasmep rpy/abt H i takmm
obpaszoM cocTasiser s+ 3R, a pasmep S(HI(%Q)) TPy/IbI Hg) (4, COOTBETCTBEHHO,

20rMeruM, 9TO /1A TPaHCHOPMAIUE MyTbTHKPHBON B KPUBYIO MOYKHO AHAJIOTHIHBIM CIIO-
co6OM BMECTO IIEDEKPECTKOB, OTBEYAIONINX IIPEANOCIenHeMy MHoxkuTeao B (1), mcmombso-
BaTh IIEPEKPECTKH, OTBEYAIOIINE, CKaXKeM, I10CJIeHeMy MHOkuTem0. OQHAKO B 9TOM CJiydae
Pe3yJIbTaT MOXKET JaTh KPUBYIO, JMOIlycKaomtyo dbuaiinsl (cMm. paszgen 2.4.2).



KOJIMIECTBO IIEPEKPECTKOB B " g)) He npesbimaer s + 3R + R/2. Tonoxum

4]

s+ 10r 4+ 100 — s(HY),

B _ 7@ 5 _ PR—2 pPR+0
LR,od =Ly 0a0r = aftay® .. .aR S atTe, (3)

Hz(:f) = LR,evLR,odHRLR,odLR,evLg{,odLRve“'

OrBeqarortyio rpyse H’S) MYJIBTUKPUBYIO 0003HAYNM U€pe3 ﬁg).

ockonbKy rpyia Hp npuxonut u3 nostyrpymmst £F,” panra r co CABATOM 2,
OHa He Ba,JZLefICTByeT O6pa3yIOH_LI/IX ar, ap—1, GArR—2, GAR—3, OAR—4, OR—5, AR—¢-
Orciona 10 onpe/esenuio saeMenTos Hy, ﬁg) u Hg’) U B CHUJIYy KOHCTDYKITUI
MCIIOJIb3yEMOro HaMi OTOOpazKeHusl U3 IPy/l B MyJIbTHKPUBbIE BUJIHO, UTO Hepe-
KpecTOK B KpuBoil Hg, jexanuii B MEHOKecTBe X U OTBedarouii obpasyoreit
aR, ABJISETCS “Bopmnﬂoﬁ” y3KOIl meTin, Tak 9To pr = 1, a npu Tpanchopma-
i H a2 Hy, A wa sroif metie Bo3HHKAIOT JIOTIOJTHATEIbHBIE “TIePEeKPYTKHU,

HO H( ) IPOJI0JIZ2KaeT OCTaBaThC KPUBOM, KaK U ﬁ(?
R p p ’ R
TOYEK K i ﬁ(?)) 107 100. 3 y
pUuBOU COCTaBJIAET S+ + aMeTHUM, KpoOMe TOIro, 9TO B CHUJI

co00pazkeHnil, BHICKA3AHHBIX B 3aBEPIIEHUE HOCTpoeHI/II/I MIPEJBIIYIIEro dTalla,

) Kommaectso JBOMHBIX

rpyia HR O/THO3HAYHO BOCCTaHaBJ/IMBA€TCd 110 I'DY/e H

2.3.4 Dran IV. Ilepexon K cdepuydeckoit KpuBoii
(3)

_ 4 . . Lo
Ob6o3naunm yepes H 1(3) oTBevarommil mIocKoi kpusoit Hp ' ximacc chepuaecknx
KPUBBIX.

. . . (1)
2.4 IlIpoBepka CBOICTB IIOCTPOE€HHOII KpuBoii H
I H ay it (
onmy4ennag 1o rpyiae H xpusag Hp’ 10 IOCTpOeHHUIO ABAAETCA KPUBOH (a He
MHOTOKOMIIOHEHTHO# MyJIbTUKDHBOi) 1 umeer poBHO § + 10r + 100 mBoiinbix
Touek. [lokarkeM, ITO OHA SBJIAETCSA TPUMAPHON 1 GecIafoBOIA.

2.4.1 IIpumapHOCTBH

3 KOHCTPYKIUU IJIETEHOYHOrO 3aMblKauus (pasgensl 2.1 u 2.2) BUIHO, 9TO
HEOOXOIMMBIM YCJIOBHEM COCTABHOCTH OTBedaromeil rpymae LF 2? |1 MYJIBTUKDPHU-
BOIl sIBJII€TCS HAJIM49We B HAOODE aj, ..., ag2¢+1 O0PA3yIOIeil, 3a1eiiCTBOBAHHONI
B 3aIUCH I'PYJBl B CTAHJAPTHBIX o0pasyromux He Gosee ogHOro pasa. U3 (3)
BHJIHO, ITO KarKJasl N3 0OPA3yIONHX BXOIAT B 3aIIUCH TPYIbl H g’) 110 MEHbIIei
Mepe TPHUKJIBI.

2.4.2 BecdaaiinoBocTb

B 6ecdnaitmoBocTn KpUBBIX I;TI(?) u fll(;l) MOYXKHO yOeauThCs 1mepebopoM mepe-

KPECTKOB B €€ CTPYKType Jiub0, HAI[pUMED, — U B PACCMATPUBAEMOM CJIydae 3TO,
no-suuMoMy, 6osiee 3 heKTUBHBIN CIOCOO — 0OPATUBIINCH K TaK HA3BIBAEMBIM



mIaxXMaTHBIM TpadaM (ABJISIONMXCs, B JeHCTBUTEIBHOCTH, MyJbTUrpadamMu —
IJIOCKUMU KapTaMH), COIYTCTBYIONUM KpUBOH. Kak BbITEKaeT HEIOCPEICTBEH-
HO W3 ompejesieHnii dJiaiiiia 1 maxMaTHbIX I'padOB, y KPUBOIi, IOIyCKaOIEei
d1aiin, B OAHOM U3 IBYX COMYTCTBYIOIMIX KPUBOI MTAXMATHBIX rpadoB dJraiimy
OoTBeYaer Iapa CMEeXKHbBIX (T. €. CBA3aHHLIX peOPOM) BEpINUH, O0JIaIAI0IIAsl Cle-
JLyIOIIAM CBOHCTBOM (KOTOpPOE MBI OyJIeM Ha3bIBATH PA30EAA0ULUM UIH Pa3busa-
H0UUM): BCe OCTAJIbHBIE BePIIUHBI rpada pazbuBalTCs HA JIBa IIOJMHOXKECTBA
TakK, 9TO JIIOOOW IyTh M3 BEPIIUHBI [IEPBOIO IMOJMHOYXKECTBA B BEPINUHY BTO-
POro IPOXOJUT Yepe3 BEPIIUHBI 00CY 2K 1aeMoi napbl. HazoBeM Takme oTBeUa0-
e duaiiny napsl Bepinun @aatin-eepwunamu. (Bo Bropom maxmaraom rpade
draiimy Takke OTBEYAeT CIIeNUaIbHasa KOH(MDUTYPAIUs, HO B PACCMATPUBAEMOM
ceffuac ciaydae JUIs JJOKA3aTeIbCTBA MBI HCIIOIb3yeM TOJBKO (hJIallli-BepIINHbI. )

[TaxmarHable Tpadbl MyJbTUKPUBBIX, OTBEYAOIUX ILJIETEHOYHBIM 3aMbIKa-
HUSM HEBBIPOXKJEHHBIX (C JOCTATOYHBIM KOJMYECTBOM BXOXKIEHUI KaXKION U3
obpazyromux) rpyxs uz LF 27 41> UMEIOT YeTKO BBIPa’KEHHYIO CHEIUPHIECKYIO
CTPYKTYPY — OJWH U3 HUX MUMeeT B CBOeil ocHoBe HAOOP u3 £+ 1 mpocThIX monap-
HO HEIEePEeCEeKAIONNXCs JIYT, OTBEYAIONIUX 00PA3YIONNM C HEUETHBIMU HUHIEKCA-
MU, BTOPOiIl — OyKeT u3 £ OKPYXKHOCTEll, OTBEYaNuX 00pa3yoIuM C YeTHbI-
MU HHIEKCaMu. B HammeMm ciiydae, Korja rpyla “HaunHAeTCs CHermuIecKoit
noarpynoit Wg, a 3aBeprmaercs na M. RLg,)odL R,ev, ONUH U3 JIByX IMIAXMAaTHDIX
rpagoB — OymeM HA3BIBATH €r0 NPAMOY20AbHLM — TIPEICTABIIETCS B (opme
IPSIMOYTOJIBHUKA: 9acTh ero pebep MOxKHO opraHusosath B (R + 1)/2 Bepru-
KaJIbHBIX OTPE3Ka (BKJIOYAs JIBE€ CTOPOHBI MPAMOYTOJIBHUKA), BCE €I0 BEPIIUHBI
JIeXKaT Ha ITUX OTPE3KaxX (HA30BEM HUX 24G6HbLMU) U 3aHUMAIOT, B YaCTHOCTH,
KOHIIBI, & OCTAJIbHbIE Pebpa COeIMHAIOT BEPIINHBLI HA COCETHUX OTPE3KAX.

Bynyan cmexkHbIME, BepIIUHBI 13 (DJIafin-apbl B MPAMOYTOJIBHOM ITAXMAT-
HOM rpade JOJKHBI PACIOJIaraThbCs Ha OJHOM WJIM Ha JBYX COCEIHUX TJIABHBIX
OTpe3Kax.

Eciu nBe cMexkHBIE BEPITUHBI IPSIMOYTOJBHOTO IMIAXMATHOTO rpada paco-
JIArafoTCs Ha OIHOM W TOM K€ IJIABHOM OTpe3Ke, TO 00aJaTh pa3OMBAIOIIIM
CBOMCTBOM OHU MOTYT JIUIb B CIyYae, €CJAN ABIAIOTCS KOHIIAME TJIABHOTO OT-
pe3ka. Takoit BapumaHT B HAIEM CIyduae HEBO3MOXKEH, MOCKOJbKY CTapTOBBIi
u PUHAILHBIN d7eMeHTsl Wi u M RLS;’)O 4L R,ev y2Ke IAIOT BKIAJ B BUJE TpeX

;
BEPINNH HA KaXKJIOM TJIABHOM OTPE3KE.

Ecin nBe cMmexkHble BepIHMHBL (IPSIMOYIOJIBHOIO IIAXMATHOIO rpada) pac-
[TOJIATaIOTCS HA COCETHUX TVIABHBIX OTPE3KaX U 00JIAIAI0T PA3JIEISIONIIM CBOH-
CTBOM, TO JIIOO 3TU BEPIIUHBI SIBJISIFOTCsT KOHIIAMU IJIABHBIX OTPE3KOB, JIEXKAIIU-
MU H& PA3HBIX CTOPOHAX IIPAMOYTOJbHUKA (UTO TaKKe UCKJIIOIACTC HATMIUEM
CTapTOBOrO U (bUHAIBLHOrO deMeHToB Wi u M RLg,)odL R,ev, OMATOIAPA KOTO-
PBIM /IS KaXKJI0# Mapbl COCETHUX TJIABHBIX OTPE3KOB B MPSIMOYTOJHHOM IITax-
MaTHOM T'pade UMEIOTCs JIBe CMEKHbIE BEPIITNUHBI, JEXKAIINE B OTHOCUTEIHHBIX
BHyTpeHHOCT?{X ITUX OTpeSKOB), J'II/I6O OJIHa M3 9TUX BepIHI/IH JIEZKUT B OTHO-
CUTEJIbHON BHYTPEHHOCTH TIJIABHOI'O OTPE3Ka, SIBJISIOIIEr0Cs CTOPOHOI HAIero
MIPSIMOYTOJILHUKA, & BTOPAsl BEPINUHA SIBJISIETCS KOHIIOM COCEJIHEr0 TJIABHOT'O OT-
peska. B mociteiaeM cirydae HeTPUBUAJIBHBIN (hJraii ObL ObI BO3MOXKEH, €CJIN ObI



JIBE COCEJIHUX KOHIIEBBIX BEPIINHBI PACCMATPHUBAEMBIX IVIABHBIX OTPE3KOB ObLIN
COEJIMHEHBI HECKOJIBKUMU pebpamu, HO hopMa KPUBOIL, OIIpeiesisieMast 3JIeMeH-
Tamu Wgr u M RLg,)o LR v, ACKTIOYAET U 9TOT BAPUAHT.

Ilepeiiiem Temeps K BTOPOMY, [TOIOJIHSIONIEMY IPSIMOYTOJIbHBIN, ITAXMATHO-
My Tpadyy, COMyTCTBYIOMEMY KpuBoit H S). Hazoeewm sTor maxmarablii rpad 6y-
xemuvim. Kak HETPYIHO BUIIETh U3 KOHCTPYKIIAU, B OCHOBE 3TOrO Tpada JIEKUT
Oyker u3 (R —1)/2 oOKpyKHOCTEH — HA30BEM 3TH OKPYKHOCTHU 2AUGHUMU; KAZK-
asi U3 HUAX, KaK U [JIABHbIE OTPE3KU B CJIyYae IPAMOYTOJIbHOIO rpada, OTBedaeT
O/HOM M3 obpas3yromux. BepimuHa OykeTa oTBevIaeT BHEITHEH KOMIIOHEHTE CBSI3-
HOCTH JIOIIOJIHEHUsI KPUBOii, BCe BEPIIUHBI HYKETHOI'O MAaXMaTHOTO Ipada JIexKaT
Ha IJIABHBIX OKpY2KHOCTSX. OTCIO/a Cleyer, YTO mapa CMeXKHBIX BEpIIUH B Oy-
KETHOM IIMaXMaTHOM Tpade MOXKeT 00/IaJaTh Pa30MBAIOIINM CBONCTBOM JIHUIIh
€CJIN OJTHA M3 9TUX BEPIIUH sIBJIE€TCs BepITuHON OykeTa. [lockonbKy n3-3a yciio-
Busi 00 3ementax Wgr u M RLg,)o 4L Rev IS Ka2K0M Iapbl COCEIHUX IJIaBHBIX
OKPY2KHOCTEl B OYKETHOM IMaxMaTHOM rpade MMeeTcsl 10 MeHbIIeil Mepe JBa
pebpa ¢ HelepeceKaIUMUACT MHOXKECTBAMU KOHIIEBBIX BEPIINH, CBI3bIBAIOIIIE
9TH OKPY2KHOCTH, BTOPAs BEPIIUHA APl CMEXKHBIX BEPIIUH C Pa3OHUBAIOIIIM
CBOMCTBOM MOXKET JIEZKATh TOJILKO Ha OJHON M3 KpalHuxX oKpyzkHocTeir. Praiin
B TAKOM CJiy4ae ObLI ObI BO3MOXKEH Jinbo npu R = 3 u e uHCTBEHHO! IJIaBHOM
okpyzxuOCcTH (HO R > 7), ub0 B Cilydae, KOrJa BepIIUHA OyKeTa U BTOpasd Bep-
muHa GUIafn-mapbl OTAEISIOT OT KpailHell TJIaBHOW OKPYXKHOCTH, Ha KOTOPOI
OHU JIE2KAT, YTy C BEPIINHAME, HE CBA3AHHBIMH PeOpAMU C BEPIIUHAMEI COCEJI-
Hel TIaBHON OKPYXKHOCTH, OTHAKO (popMa KPUBOi, ompeesieMast 3JIeMEeHTaAMI
Wgn MRLg’)OdLR)eU, HUCKJIIOYAET TOT BApPUAHT.

Wrak, mpoBeieHHBIN 11€pebOP BAPUAHTOB IMOKA3BIBAET, UTO Yy IMAXMATHBIX
rpadoB KPUBBIX ffl(;?) u ffgl) OTCYTCTBYIOT IOIXOJISAIINE TTaphbl (DJIANTI-BEPIITNH,
TaK YITO 9TU KPUBDIE SBJIAIOTCS OechIalTIOBBIMU.

77(4
2.5 IlpoBepka MHBEKTUBHOCTU OTOOpakenusi H HI(%)
st MpoBepKN MHBEKTUBHOCTH TIOCTPOEHHOTO OTOOPAYKEHUsT JTOCTATOYHO yOe-
JUTHCS B TOM, 9ITO TIO TOJyYIaeMOMY “Ha BBIXOJiE€” BBINIEOINCAHHON TPOIIETYPhI
55 (4
KJIACCY KPHUBBIX H}(%) OJIHO3HAYHO BOCCTaHABJIMBAIOTCA Tpysa H u panr r uc-
XOHO# Moy rpyIbl. Mbl IpoBeieM JoKa3aTeIbCTBO Yepes3 MaxMaTHbIe rpadbl,

OPUEHTHUPYSICH Ha MEMOYKY “KpuBast H 1(;1) — ee maxmMaTHBIe rpadbl — rpyna H S) -

rpyaa H”. [llaxmarHble rpadbl 10 KPUBOIi CTPOSITCSI aBTOMATUYIECKH, [IEPEXO0JT, OT
TPY/IbI H}(z?’) K rpyae H takxke He mpencrapisier ciaokuocTr. OCHOBHOW MOMEHT
3/IeCh — Mepexo/ OT IMaXMaTHBIX TpadoB K coorBercrByomieit rpye. [laxmar-
Hble Tpadbl KPUBOIt ﬁg) B CHJIy OPraHU3AIMK HAIlell KOHCTPYKIIUU ITPEJICTAB-
JITIOT cO0Oit He UTO mHOe, Kak cruenududeckne ‘rpadudeckne’ (GpOpMbI 3amucu
rpyast H g) — OyKBaM IIPEJICTABJISIIONIErO TPY/LY CJIOBA B CTAHIAPTHBIX 00pa3y-
IOMUX OMEKTUBHO COOTBETCTBYIOT pebpa ImaxMarTHoro rpada — u, ooaa1ast H-
dopmarueii 0 ToM, Kakue u3 pedep rpada OTHOCSTCS K TVIABHBIM OTPE3KaM UJIU
IJIABHBIM OKPY2KHOCTSIM, KaKasi U3 BO3MOXKHBIX OPHUEHTAIINN OTBEYAET BEpXy U



HU3Y TPYABI X T.II., T. €. 3HAS YIaCTOK MaXMATHOTO rpada, OTBeIaIoNnii “Hada-
Jiy” TPY/ibl, 1 COOTBETCTBUE MEXKJ[y OPUEHTAIUSIME, Mbl MOTJIA ObI JIEFKO “CUUTHI-
BaTh’ IPEJCTABJISIIONINE IPYY CJIOBa, HAIPSIMYIO ¢ ImaxMaTHoro rpada. Opaako
HMCXOHO MBI He CHAaOXKEeHBbI MHMOpMAIIeit 0 TOM, ¢ KAKOro pparMeHTa IMaxMaT-
HOro Tpada M B KAKOM HAIIPABICHUN HAYMHATDL ‘‘CINTHIBAHNE’, TTOCKOIBKY TPH

(4)

nepexoze K cepudeckoit kpusoit H ' npoucxomut “3abbiBanne” mHGOPMAIIT

. 774
00 OpUEeHTaluAgX, O TOM, KaKasd U3 KOMIIOHCHT JOIIOJTHEHUA KPHUBOU H}(%) OoTBe-

YaeT BHEINIHEH KOMIIOHEHTE JOIIOJHEHUd IJIOCKONH KPUBOU I?I(?), u T.10. TakuMm
00pa3oM, B paMKax BbIODAHHOI'O II0/IXO/Ia OCHOBHASI CJIO?KHOCTb IIPH IIPOBEPKE
MHBEKTUBHOCTH COCTOHUT B 3a/a4e PACIO3HABAHUs CTPYKTYD B 33/IaHHBIX IIaX-
MaTHBIX rpadax. B xoje ganpHeiiinero n30KeHns Mbl CIIepBa IPUBEJEM JIETATN
TOro, KaK HOJIyIUTh HHMOPMAINIO 00 3TUX CTPYKTypaxX B IMIaXMaTHBIX I'padax
(cocpesoTOUnBIIUCH [IPH 9TOM HA CJydae OYKETHBIX, a HE HA HPIMOYIOJIbHBIX,
rpadoB), a 3aTeM IPUBEJEM PsiJl yTOUHSIONINX JleTajlell 0 BOCCTAaHOBJIEHUHU I'DY-
bl U paHra 10 OykeTHOMY I'pady, CHAOKEHHOMY HEOOX0MuMOl MHMOPMAIIe.

2.5.1 MWudopmarus o 6ykeTHOM HiaxmaTHOM rpade

" . 734
ITokaxkem, aTo nHMOPMAIUST 0 KOMONHATOPHON CTPYKType KpuBoit H 1(2) TT03BO-
JISIeT YCTaHOBUTD,

(P1) kakoii u3 ABYX COILyTCTBYIONIMX KPHUBOI INIAXMATHBIX IpadoB sBJILeTCS
OyKEeTHBIM,

(P2) kakas u3 Bepriun 6ykeTHOro rpada sABJsSeTCs KOPHEBOI,
(P3) kakwue u3 nukJ0B 6yKeTHOrO rpada sBJILIOTC [IABHBIMU OKPYYKHOCTSIMU,

(P4) kakas u3 rIaBHBIX OKpY2KHOCTel 6yKeTHOro rpada orBedaer obpasyromieit
¢ OGJIBIINM WHIEKCOM,

(P5) kakast n3 OpueHTAIH{T TJIABHBIX OKPYYKHOCTel ByKeTHOro rpada oTBeIaeT
€CTECTBEHHOMY TIOPSIJIKY 3aIlUCH ‘CJIeBa HAIIPABO B HCXOJIHON I'pylie.

BBezieM it 9TOro cepuio HOBBIX TepMUHOB. Pebpo (Mmysbru)rpada zazo-
BEM 00UHOKUM, €CJIU OHO He sIBJISIeTCs TeTJIell ¥ UMeeT eIMHUIHYI0 KPATHOCTD,
T. €. eCJI B MyJIbTUTPade HEe UMeeTCsl JPYyTuX pedep, COeIUHSIIONINX Ty YKe Iapy
BepiiuH. PebepHbIil UKJI B PACIIOJIOXKEHHOM Ha IJIOCKOCTH WU Cepe MYyIbTHU-
rpade HA30BEM CNEeyUAAbHLM, ECIIU OH SBJISETCS TPeXpeOepHBIM, BCe ero pedbpa
OJIMHOKY W HUKAKHUE JIBA M3 HUX HE BXOJSAT B I'PAHUILY OJHON M TOH Ke KOMITO-
HEHTBI JIOMTOJTHEHHST MYyJIbTUrpada.

YrBepxkaeune 1. B npamoyzorvHom WarmamHom epape He UMEEMCs Cnetu-
GALHBIT YUKAOS.

Zoxasamesvcmeo. fcHO, ITO KOHIEBBIE BEPIIMHBI ITPOU3BOIBLHOTO pedpa B Ipsi-
MOYTOJIbHOM T'padye IpuHaiekar Jub0 OJHOMY W TOMY Ke, JMOO COCeITHIM
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[JIABHBIM OTpe3kaM. Pebpa, oTHOCSIHECST K OJJHOMY U TOMY K€ TJIABHOMY OT-
pPe3Ky, He 00pa3yIOT MUKJIOB, IIO3TOMY €CJU B IPSIMOYTOJIBHOM Ipade NMeeTcs
TpexpebepHBIN ITUKJI, TO OJHO U3 ero pedep BMeCcTe CO CBOMMU KOHIIEBBIMU Bep-
MIAHAMY [IPUHAJJICXKUT OJHOMY U3 [VIABHBIX OTPE3KOB, & TPEThsl BEPIIUHA, IIPH-
HAJJIEZKUT COCEeTHEMY TJIaBHOMY OTpe3ky. Eciam pedpa Takoro tpexpebepHoro
[UKJIA SBJISIOTCS OJIMHOKUMU, TO OHU 00Pa3yIOT I'PAHUILY OJHON M3 KOMIIOHEHT
nomnosiHeHust rpada. CienoBare/bHO, HU OIUH TPeXpeOepHbIil IUKJI B IIPSIMO-
YTOJIBHOM I'pade He SIBJISIeTCS CIeINabHBIM. O

YrBepxkaenue 2. B oykemnom zpage xancdoili cneyuasoHull yuks odpasyem
00HY U3 2AA8HVIT OKPYIHCHOCTNET.

Lloxazamenvcmeo. Ipyrue ciiydam HCKIIOYAIOTCS MO AHAJOTHH C apTyMEHTOM
3 JTOKA3aTe/ILCTBA YTBEP:KACHUSI 1 — ¢ 3aMeHOil TVIABHBIX OTPE3KOB TVIABHBIMUI
OKPY?KHOCTSIMH. O

YrBepxkaeune 3. B 6yxemnom zpage umeemcs ve menee 08YT CneuuaibHLT
UUKAOB.

Zoxasameavcmeo. Kak HeTpyaHO yOEIUTHCSI M3 MPABUI TOCTPOEHUS KPUBOM
ﬁg), KazkJas U3 JBYX [VIABHBIX OKPY?KHOCTE ee OYKETHOI'O IaxXMaTHOI'O I'pa-
da, oTBevarONMX 00PA3YIOIMNUM GR_3 U GR—5, IPEJICTABIAET COOON CIIennab-
HbIit ukiL.® B KauecTBe MOSCHSIONEro KOMMEHTAPHS JOOABIM, ITO TPEM Pebpan
[UKJIa, OTBEYAIOT B TOYHOCTU TPU BXOXKJIEHWsI COOTBETCTBYIOIIEH 06pa3yroreit
B CJIOBO, IPECTABJISIONIEE TPYILY ﬁg’) (em. (3)). To ke orHOCHTCS U K IDy-

naM HI(%Z) u Hp. Dtu BXOXKIeHNs 06pa3yIOMNX BO3HIKAIOT U3 TPEX BXOZK ICHHIT
smemenTa L ¢, (cM. (3)). Ipyna H mHe maer BXoxkjeHuit oO6pasyloniux ap_3 1
aR—_5, TOCKOIBKY T < R —9, a ciBur B uHekcax mpu mepexojie or H k Hp B34t
PaBHBIM 2. O

HOJIy‘II/IM Tellepb Ha9aJIbHOE YTBEPXKJ/ICHNE HACTOLAIIEr'O pa3/jaesia.

(P1) Mmeercs BO3MOXKHOCTD Pa3IMYUTh OYKETHBIH U [IPAMOYIOJIbHBINA rpadbl
10 (baKTy HAIMIMsI CIEIUAIbHBIX [UKJIOB (yTBep:KaeHus 1 u 3).

(P2) Kopnesast BepimHa GyKeTHOTO rpada sBISETCs eIMHCTBEHHOM BEPIINHON
B 3TOM rpade, depe3 KOTOPYIO IPOXOIUT O0JIee OJIHOIrO CIIEIUATBHOTO ITHK-
ga (yrBepxkjenus 2 u 3).

(P3) Haiigg riaBHbIE OKPY?KHOCTH, OTBEYAIOIIUE CHEIUAJbHBIM [UHKJIAM
(yTBepKIeHus 2 U 3), MBI MOXKEM IOCJIEIOBATEILHO OOHAPYKUTH U BCE
OCTaJIbHbIE [VIABHBIE OKPY’KHOCTH, IBHTASCh OT COCENa K cocemdy.t

3TnaBHast OKPY2KHOCTb, OTBeYalolas 06pa3youeilt ap_1, He JaeT CIEeNUAJbHOrO LUKJIA,
IMOCKOJIbKY OHA — KpaiiHsisi M He BCe ee pedpa OJUHOKU.

4Boo61ue roBOpsi, JIJIst OOHAPY?KEHUsI BCEX IVIABHBIX OKPY2KHOCTEH JI0CTATOYHO U MHGOpMa-
IMA O KOPHEBOU BepIIIUHE.
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(P4) pe xpaiinue riaBHbIE OKPY?KHOCTH OYKETHOTO rpada pasimdaroTcs 1o

KOJIMYECTBY pebep, COeMHSIIONINX X BEPITUHBI ¢ KOPHEBOI, TOCKOJIbKY B
CJIOBE, TIPEJICTABJIAIONIEM TPYILY FII(%S), YUCJI0 BXOXKJIeHU obpasyroteil ag
npesbimaer 0 > 50 (cM. (3)), a KOIMYIeCTBO BXOXK/IEHHIT 00pasyiommeil aq

He TpeBbIaeT 4.

(P5) OpueHnTanus TIIaBHBIX OKPYZKHOCTEN pasinaaeTcs 6Jaaromaps Toi ke “m1o-
bcaBke” a‘ls%, CJIeJIAaHHOM Ha TPEeTheM dTalle IIOCTPOEHUsI KPUBOM: K OIHON U3
JBYX OTJIMYIHBIX OT KOPHEBOW BEPINUH Ha KpalHeil TJIaBHOW OKPYZKHOCTH,
OoTBeJaloIeit obpasyroliell ag_1, BEJIET OT KOPHEBO# BepiuHbl 6osee 50
pebep (oTBedaromux “mobaBke” ay), a 0bmast BATEHTHOCTL BTOPOii BepIIH-

HBI COCTaBJSIET JIUIID 6.

2.5.2 BoccraHoBiienue rpyasl U paHra 1o oykerHomy rpady

Obsanas yrkazanHOU nHMOpMaIueil 0 6ykeTHOM Irpade, Mbl HAIPSIMYIO [TOJLy9a-
€M TI0 ero CTPYKType CJIOBO B 00Pa3yIoNuX ai,...,AR, TPEJICTABJIAIONEE TDY-
ny EIS) (KOIM4IecTBO TJIABHBIX OKPY2KHOCTEH B GykeTHOM rpade cocrasisier
(R — 1)/2, ykaseiBasi Ha BeJmumHy R): 00pasymoIuM ¢ Y€THBIMU HHJIEKCAME
oTBedaroT pebpa OykeTHOro rpada, Jiexkalue Ha TJIABHBIX OKPYXKHOCTSIX, 00-
pa3yIomuM ¢ HEYEeTHBIMHU WHJEKCAMU, OTIMYHbIMU OoT 1 u R, oTBeyaorT pebpa
MeKJIy TVIABHBIMEU OKPY>KHOCTSIMU, ODPa3yIoUM a1 ¥ aR OTBEYAIOT pebpa, He
JieyKalye Ha IJIABHBIX OKPYKHOCTSIX U WHIUIEHTHBIE KOPHEBOIl BEPINUHE U BEP-
MIMHAM, JIEXKAIUM Ha KPafHUX [VIABHBIX OKPYKHOCTSIX.

Kak ormedasioch mpu OMMCAHUU ITANOB MOCTPOEHUST KPUBBIX PAII(;) u ﬁg’),
CJI0Ba, MpeJICTaBJIsIoNne Tpy/ry H, 0JTHOZHAYHO BOCCTAHABJIMBAIOTCS IO CJIOBAM,
1peicTaBIsonmM rpyLy H 1(23 .

I[TockobKy pasMmep rpyabl H cocTaBiIser B TOYHOCTH S, a pasMep rpyabt H 1(%3)
(duciio IBOWHBIX TOYEK KpuBOii) pased s + 10r 4+ 100, orcioga Mbl osgydaeM u
BEJINIUHY 7.

OT0 3aBepIIaeT I0Ka3aTeIbCTBO IpeIjioKennii 2 u 1.
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