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O HEKOTOPBIX 3AJTAYAX ITOKPHITUS IIJTOCKOCTHU
KPYTAMU *)
U. 1. TaxonoB

Anunorarnus. Vccnemnyrores peryispHble TOKPBITHS IIJIOCKOCTH KpyTa-
Mu. B TaKuX MOKPBITHSIX MIOCKOCTD Pa30MBAETCA HA TPABUJIBHBIE MHOTO-
YTOJIbHBIE ININTKHU U BCE IIJIUTKU TOKPBIBAIOTCA OnuHaK0oBO. Ilom mrorHo-
CTBIO PeryJsspHOIO MOKPBITUA IIOHUMAETCA OTHOIIEHHE IJIOMIA U JacTeil
KPYTOB, OKPBIBAIONINX IJIUTKY, K TJIOMIAIN 3ToH ntku. Uiy Tea nan-
MeHee IJIOTHbIE MOKPBITUS KPYT'aMHU YeTBhIPEX, IIATH U IIECTH PajdyCoB.
YcTaHOB/IEHB! HIKHIE TPAHUIBI HA IDIOTHOCTD, 3aBUCAIINE OT PAINyCOB
BXOJIAIIUX B IMOKPBHITHE KPYTOB. JI71 HEKOTOPHIX M3BECTHBIX IMOKPBITUI
[IOKa33aHAa UX ONTHMAJIbHOCTb B COOTBETCTBYIOIUX KiaccaX. IlocTpoenst
HOBBIE IIOKPBITHUS, OIITUMAJIbHBIE B CBOUX KJIACCAX IIPH JIOIIOJTHUTETbHBIX
OrpaHUYEHUAX Ha PanyChl KPYTOB.

KiroueBbie cioBa: OKPBITHE IIJIOCKOCTH KPylaMU, IIJIOTHOCTD IIOKPBI-
THSI, PETYJIIpHOe IOKPBbITHE, OECIIPOBOHASI CEHCOPHAS CETh.

Bseneune

[TpenMeToM HMCCIEI0BAHNA HACTOSAINEH pabOThI ABIAIOTCA PEryJIsPHBIC
HOKPBITUS IJIOCKOCTH Kpyramu. Llesb ucciaenopanus — IIOCTPOCHUE HauMe-
Hee IJIOTHBIX Pery/sipHbIX MOKPBITHI KpyraMy 9eThIPEX, MATH U IIeCTH Pas-
JIMYHBIX paJuycoB. PaccMaTpubaeMas 3ajada aKTyajbHa, B YACTHOCTH, DU
[POEKTUPOBAHUK OECIPOBOJIHBIX CEHCOPHBIX cereil (cm. [1-3,7,8,11,13-15]
U [UTUPYEMYIO B HUX JINTEPATYDY ).

IIycrs C = {D1, Da, ...} — cuérnoe cemeiicrso kpyros D; = D(O;,r;),
rae O; € R? — nentp xpyra D;, a r; — ero pamuyc. Cemeiicro C sIBiIsieTCst
NOKPBIMUEM TITIOCKOCTH, €CJIH KazK/Jas ToYKa & € R? NPUHAJIEKUT XOTs ObI

o0
omnomy kpyry usz C, T.e. R? C |J D;. Cpe/n Beex TOKPBITHI BBIIESAIOTCS
i=1
peryJisipHble IOKPbITHsI, olpejesisieMble B [2| ciepytonmm obpasom. TTokpbi-
tue C siBysiercst pezyasaphoim 13 Kiaacca COVy,(m, 1), ecan

“)lccteioBaHIe BBIIOIHEHO NPH (PHHAHCOBOH Iomaep:kke Poccuitckoro homH-
na  dbyHIAMEHTAIbHBIX wucciegoBanuit  (mpoekts  12-01-33028—mon—a—Bes
u 13-07-00139), a raxxke Munucrepcrsa oOpa3oBaHus U HaykKu Poccuiickoii
Denepanun (cornamenue 8227).

(© 2014 Taxonos U. U.
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(a) mIocKocTh pa3buTa Ha NPaBHJILHBIC N-yroJIbHUKH (mmTkn): R? =
[e.e]
U
i=1

(b) Bce TINTKM TMOKPBIBAIOTCS €MHOOOPA3HO M KPyraMmu | pa3IndIHbIX
paauycos (I < m);

(€) KaxKJIBIil y3€eJ1 PEIIETKY SBJISIeTCs IIEHTPOM OJIHOIO U3 KPYTOB.

[TpumepoM peryJisipHOro MOKpPbITHsI Ciry2KuT nokpeitue 11 [2,10], B Koro-
POM ILJIOCKOCTH pa3buTa Ha IVIUTKH B (pOpME PaBHOCTOPOHHUX TPEYTOJIbHU-

KOB, B BEPIIIUHAX IJINTOK PACIIOJIOKEHDI IEHTPBI KPYTOB pajnyca R, u Jio0bie
TPH COCEJIHUX KPyTa MEePeceKalTCs B €IMHCTBEHHON Touke (puc. 1).

X A

<

Puc. 1. Ilokpertue T'1

Tak KaK B PeryJisipHOM IIOKPBITUU BCE IJINTKY MOKPBIBAIOTCS OJIMHAKOBO,
B JIaJIbHEHIIEM OrPAHIINMCST PACCMOTPEHNEM TTOKPBITUs OHOMN tinTKE. [To
NAOMHOCTNBIO PETYJISIPHOTO TOKPbITUs C OyJieM MOHUMAaTh OTHOIIEHHUE CyM-
MapHOiT IUIOIIAM 9acTeil KPyroB, IOMABIINX BHYTPb INIHTKH §);, K IIJIOMIaIH
9TON IJIUTKU:

o0
Z S (D, N Qj)
p(C) = Zzls— TS BCEX J.
(€2)
Baecy S(2) — mwromans obracru €.

B uacrrocTn, jyist mokpeitus T'1 cymma mrora ieit Kpyros BHYTPH TLIAT-
ku pasra 3R2v/3/4, mromaes mumrkn S(€);) pasna TR?/2 u moTHOCTS TIO-
kpertus p(T'1) pasua 27/ (3v/3).

BaJiaua nmoucka HauMeHee IJIOTHBIX PEryJISIPHBIX MOKPBITHI HCCIIe[0BaHa
He TOJIHOCTBI0. OUTUMAJIbHBIE MOKPBITUS W3BECTHBI JIUIIh I HEKOTOPBIX
kitaccoB. B [10] mokazano, uro nokpbiTre 1’1 HarMeHee IIIOTHO CPEeJIH TIOKPhI-
THUil TIOCKOCTH KpyraMu ofHOro pasauyca. OueBuaHo, 9ro T'1 npuHaIesKuT
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kiaccy COV3(3,1) u nanmenee mwiotHo B HEM. B [2] mokasano, 4To oHo onrn-
MasibHO B GostbiieM kitacce COV3(3,3). Kpome Toro, B 910ii pabore mocrpoe-
bl okpbitus T3 € COV3(4,4) n Q3 € COV4(5,2), p(T3) = 117/(18V/3) ~
1.1084, p(Q3) = 37/8 ~ 1.1781, HanumeHee IJIOTHbIE B CBOUX KJaccax. Psi
JIPYTHX MOJIE/IEN TIOKPBITUS ¢ TPEYTONBHON N KBaIPATHON IITUTKAMY PEIIO-
kel B |7,11,13-15]. B wacrrocru, B [11] npuBojsiTcst peryJisipHbie TOKPBITHsI
u3 kiaccoB COV3(7,3) n COV4(9, 3) ¢ mnoraOCTBIO, 6/1m3K0#1 K 1.071 1 1.098
cooTBeTcTBeHHO. B [12] yecTaHoB/I€HO, UTO IJIOTHOCTD MOKPBITUS, COAEPIKAIIE-
ro KPYTH JABYX PAJIYCOB, He MOXKeT ObITh MeHbIre 1.0189, u mocTpoena cepus
HOKPBITHI C INIOTHOCTAMHE, OJIU3KUMA K YKa3aHHOI IpaHuIe. DTH MOKPBITUS
npunajiexar kiaaccy COVs(p,2) nupu moctaTrodHo GOJIbIIOM p.

B [3, 8] ucciienyorest MOKPBITHsI TIPOTSKEHHBIX O0BHEKTOB U MIPE/JIAraioT-
sl HECKOJIBKO MOJIEJIEl Pery/IiPHBIX MOKPBITHI TI0JI0C, CBSI3AHHBIX C PErYJIsIpP-
HBIMU TTIOKPBITHSIMHA IJIOCKOCTH. B juTepaType Takyke pacCMOTPEHbBI Pa3/Id-
HbIE 33/1a91 BBIOOPA COBOKYITHOCTU HAUMEHEE ILIOTHBIX MMOKPBITUI, UMeroIue
NPUIOXKEHUS B 00JIACTH ONITHMU3AIIE PabOTHI 6ECIIPOBOIHBIX CEHCOPHDBIX Ce-
reit [1,4,5,9].

O, 04 O2 O3 Oy O3
T2
x A
Yy
O1 O4 O, Oy O, O,

Puc. 2. Ilokpertne imutkn ~ Puc. 3. UmmocTpamnus K Teopeme 1

B nacrosieit pabore ncciemyercs mpobieMa Moncka HauMeHee IJIOTHBIX
nokpbituii B Kiaaccax COVy(4,4), COV4(5,5) u COVy(6,6). Onumem uc-
nosib3yemble obosuadenus. [lycts C € COV4(6,6) — moKpbITHE IITIOCKOCTHL.
Pacemorpum mutky O102030,. Tonaraem, 9To JUIMHBL €€ CTOPOH PaBHBI 1.
Bynem HA3BIBATE 0CHOBHBIMU KPY2aMU TE€ KPYTH MOKPBITHS, EHTPBI KOTOPBIX
HAXOJATCS B BepinHax minTku. Kpyr ¢ iearpom B O; oboznaunm depes D,
a ero pajuyc —vepe3 1; (i = 1,2,3,4). OcraBuiiecst aBa Kpyra HOKPBITHs Ha~
30BEM 6CnomozamesvHumu 1 0bo3HaunM depe3 Dy u Dg. LlenTpb u paguycht
stux Kpyros — O; u r; (i = 5,6) (puc. 2). Ljist KpaTKOCTH Yepe3 Tyayx Oyem
0603HAYATE HAMOOIBIMHI 13 paauycoB 7; (i = 1,6). [LnorHOCTH IOKPBITHS C
BBITUC/IACTCS CACLYIONIM 00Pa30M:

2 2 2 2

ri+ry+r3+r
O =m. (A2 7377
l0) = x- (12

+r§+r§).
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Ananornumnsle 0603HaMEHHs NCIOIB3YIOTCS U st mokpoiTuit n3 COVy(4,4)

u COVy(5,5).

1. Hanmenee nutotubie mokpbiTusi B Kiaacce COVy(4,4)

B [2| mokazano, 9TO KOrjja BCe OCHOBHBIE KPYTH MEPECEKAIOTCS B €JIMH-
crBeHHOil Touke HamMmenee mI0THO B COV4(4,4) nokpeitue Q1, B KOTOpOM
IJTITKA HOKPLIBAETCA OJIMHAKOBBIME Kpyramm pajmyca v/2/2 (puc. 14(a)).
[T10THOCTD 9TOrO MOKPBITUSI, OUeBHUIHO, paBHa /2. OJIHAKO, €CJIU CHSITH ITO
OTpaHWYeHne U PACCMATPUBATh HOKPBITHs Takue, uto D1NDoND3sNDy = O,
[JIOTHOCTb MOKET OBITH IMOHUKEeHa 110 37 /8.

Teopema 1. Hanmenee mirorasivu B COVy(4,4) sapistorcs
(i) moxperrie Q1 mpH Tmayx < V2/2:

™
r=ry=ry=ra=v2/2, p(Q1) = ;

(ii) moxpsrTHE Q},, MW30MOpPHOE Q3 2], MpH @ < Trmax < 1

r—r——lo r—r—ﬁ (Ql)—?ﬂ'
1—3—47 2_4_4"044_8’

(iii) moxperrre Q3,, m3omMopHOe Q3, MPH Tpax > 1:
V5 1 3
T = o5 r3 = 9 rg =14 =0, P(Q?m) = ]

JIOKABATEJIbCTBO. YTBepzKjieHue (1) 09eBUIHO: TIPU yKA3ZAHHBIX OrDa-
HrdeHnax Q1 — eauHCTBeHHOE JOMycTUMOE TIOKphITHe. Jlokaxkem (ii).

Iycrs C — nokpeitue. Ecmu B C 1 4173 = 19474 = /2, T0, KAK OTMEYEHO
poime, p(C) > m/2. Tlostomy cuanraewm, ato r1+7r3 > /2. Uepes A oGosnaumm
bsmzkaitnyio Kk Q4 Touky nepecedenus Dy u D3, yepe3 x — paccrostaue ot O
1o npoeknuu A Ha 0104, a depes y — paccrosiaue or (1 10 mpoeknuu A
Ha 010 (puc. 3). OueBujHo, 4TO

ri=a’+y? ri=01-2)+1-y? r=ri=01-2)?+y"

Torna

3

p(€) =7 (@ +9) + (-2 +9") +2(1 -2 +47) > T,

4

Opu9IéM PaBEHCTBO B OIeHKe jocturaercs npu ¢ = 3/4 u y = 1/4. Coorser-
CTBYIOIINE 3HAMCHUS PAJMYCOB PAaBHEI 71 = 13 = V/10/4, 19 = 14 = V/2/4.
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O603HAYMM TIOKPBITHE ¢ TAKHMH MapameTpamu depes QL,. ®parMent sToro
HOKPBITHs n300pazkén ua puc. 14(b).

Hoxkazkem yTBepxkenne (iii). 3ameTnm, 9TO e€cjid IEHTP KPyra pajmy-
ca r; > 1 Haxogurcs He B BepinuHe muTku U B C OoJIbIe OTHOIO Kpyra
paguyca r; > 1 wm B C ectb Kpyrum pagmyca r; = /2, 0 p(C) > m/2.
Cuuraem, uaro 1 > 1 u D — ocHoBHO# KpyTr. OueBuHO, 9T0 79 = 14 = 0,

argzl—m,
pC) =T (F+(—y/ri-1) >

[IPUYEM PaBEHCTBO JIOCTUTAETCS IIPU 1] = \/5/ 2, r3 = 1/2. O6o3HaunM 1O-
KpbITHE C TAKMMU ITapaMeTpaMu depe3 Q4214~ PparMeHT 3TOro MOKPLITHS 1300~
paxkén Ha puc. 14(c).

BaMeTuM, 9TO IOCTPOEHHbBIE TIOKPBITHsI IpuHaiexkar kiaaccy COVy (4, 4),
HO n3oMopdHbI onucanHoMy B [2] nokpeituio Q3 € COVy(5,2). Teopema 1
JIOKA3aHa.

2. BcriomorareabHbIe YTBEPXKAEHUSA
B caeayromux pasesax uccieayores nokpbitus u3 kiaacco COVy(5,5)
u COVy4(6,6). JokaxkeM HECKOJIBKO BCIIOMOTATEIbHBIX YTBEPKJICHUI, KOTO-

pbI€ IIOMOT'YT COKPATUTDh YUCJIO paCcCMaTPUBaEMbIX CJIydaeB B3aUMHOI'O pac-
IIOJIOZKEHUA KPYT'OB B ITIOKPBITHUH.

Teopema 2 [6]. IIycrb M,, — n-yrosbuuk, Buucanusiii B kpyr D. Tormga

S(D) 21t /n
S(M,y,) z sin 2% S

Bamerum, uro coorHorierre (1) BEpHO U B cilydae, KOIJla HEKOTOPbIE U3
BEPIINH MHOTOYTOJIBHUKA JIE?KaT BHYTPHU KPyTa, a HE Ha €ro IDaHUIE.

JIemma 1. Ilycrs C € COV4(6,6) urs > 1/2. Torma p(C) > 3w/8.

JJOKABATEJILCTBO. 3ameTnM™, uto ecau r¢ = 1/2, 1o p(C) > 7/2 u nepa-
BEHCTBO BBINOJIHEHO. [loaroMy Jasee nosaraem, 9to ¢ < 1/2. Bo3aMOXKHBI
HECKOJIBKO CJIYYIaeB PACIIOJIOXKEHHSI BCIIOMOTATEIbHBIX KPYTOB.

CivyAil 1: Ds u Dg He nepecekaroT OfjHy U3 CTOPOH IIUTKE (puc. 4(a)).
I[Tycrsb cropona O1 O3 OKPBITA TOJIBKO BCIIOMOTaTeIbHBIME Kpyramu. Tor-
na ri1 + ro > 1, caenoBaTesbHO,

2 .2
r{ +rj 9 11 1 3m
> | ——= + >a(l=--—-4+-]= .
p(C) < 4 r5>/ (2 4 4 8
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02 03 02 03 02 03
N oo e [T
x
g S /
01 04 01 04 01 04

(a) (b) ()

Puc. 4. Nnntoctparnus K J10Ka3aTEIbCTBY JIEMMBI 1

CHIYVYATL 2: KaxKjasi CTOPOHA IJIUTKU IIEPEeCeKaeTcsl 0 KpaifHeit mepe
C OJIHUM BCIIOMOTATeJIbHBIM KPyroM u Dg 1epecekaeT TOJbKO OHY CTOPOHY

(puc. 4(b)).

HaiinyTcsa n1Be mpoTuBoJIezKaIue CTOPOHDI, IIOKPBIBAEMbIE TOJIHKO OCHOB-

ubiMu Kpyramu u Ds (wanpumep, croporbl 0102 u O30y). Ilyers 0104 ne-

pecekaercs ¢ Dy B Toukax A u B, a O304 — B C u D. Obo3nayuMm 4epes &

paccrogame ot Oy 10 O109. Torma
r1 2 [O1A], 12 2 |02B|, 13> 1[03C], 142> |04D].

Kpowme Toro,

1— A B2
72— g2 = L= (014l + 0B,

[1 - (|OsC| + [04D|)]?
I .

r2— (1 —x)? =

CirenoBare/ibHO,

pC) i +rdtritrd | o [01AP+|0:BP +|05CP + |0sDP

T = 4 57 4
2?2+ (1—2)2  [1—(|O14] +|02B|)]2 + [1 — (|O3C| + |04D))]?
+ +
2 8
1 1 1
>+ g([|01A| +[02B[]* + [1 = (|01 4| + |02 B|)]*) + g([|030|

1 1/1 1 3
110D+ 11— (105C] + [0aD)P) > L 4 1 ( n ) _3

4 8\2 2

Omenka Touna. HepaBeHcTBa B 1em0UKe 0OpaIaiOTCst B paBEHCTBa, KOIJIa
1o =1y =13 =14 = 1/4, 15 = \/5/4, 16 = 0 u nenrp D5 pacmosoen

B IleHTpe IINTKK (puc. 5). DT0 HOKpbITHE n30MOphHO (3.

CJIVUAT 3: Kazkjias CTOPOHA ILJIMTKH IIEPECEKAETCsl XOTs Obl C OJHUM
BCIIOMOTATEIbHBIM KpyroM u [g IepecekaeT JIBe CMEXKHBbIE CTOPOHBI

(puc. 4(c)). JokazarenbcrBo anasorndso ciaydawo 2. Jlemma 1 gokasana.
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Taxum 0O6pazoMm, fajiee MOXKHO OFPAHUIUTHCS PACCMOTPEHUEM TTOKPBITHIA,
B KOTODBIX PaJIyChl BCIIOMOTATEJIbHBIX KPYroB He mpeBocxoasdaT 1/2. 3ame-
THM, 9TO YTBEPZKIEHHUE JIEMMbI BepHO 1 J1ij1st TOKphIThii n3 Kiaacca COVy(5, 5).

Jlemma 2. Ilycrs C € COVy(6,6) — nokpeitre takoe, aro D1 N Dy # &
u D3N Dy # &. Obosnauum depez A (B) JiexKallyto BHYTPH IJIMTKH TOYKY
nepeceuennst Dy u Dy (D3 u Dy). Ecom A, B € D5 (puc. 6), To p(C) > 37/8.

02 03 02 OS
C D
0, Oy 0, Oy
Puc. 5. ITokpoiTne Q3 Puc. 6. Nnmoctpanus K jeMme 2

JOKABATE/IBCTBO. Be3 orpanmdenusi oOIMHOCTH ITOJaraeM, 9TO TOY-
ku A u B yiexxar na rpanune Ds u rs < 1/2. Hepes C oboznaunm npoexnuio A
na 0102, a gepes D — mpoextmio B ma O304. Torma 72 = |01C)? + |AC|?,
r3 = (1=[01C|)*+|ACP, r3 = |O3D|*+|BD|* u i = (1—|03D|)*+|BDI*.
K 1—(JAC|+|BD)) .

pome Toro, 75 > — —5———>. OIeHNM IJIOTHOCTD TOKPBITHSL:

PO ritrstrstri o
T 4 >
_|01C]2 4 (1 = |01C))? 4 |03D|? + (1 — |03 D|)? 4 2[|AC|* + | BD|?] L2
= 0 2
_ 1/2+1/2+[(JAC| +|BD|)* + (1 — (JAC| + [BD|))’]
- 4

N 1/2+1/2+1/2 3
- 4 8

Onenka TouHa. HepaBeHcrBa B IlelIOYKe OOpAIalOTCd B PaBEHCTBA, KOIJA
L =T9 = T3 = T4 = \/5/4, rs = 1/4, r¢ = 0 u nentp D5 coBmamaer
C HEHTPOM IUIMTKH. DTO MOKphiTHe (3. JleMMa 2 j1oKa3aHa.

Bamernm, uro semma 2 BepHa 1 st OKpbiTHil Kinacca COV(5,5).

JlemMbI 1 1 2 TIO3BOJISAIOT OIEHUTH IJIOTHOCTD MOKPBITHA B CIydae, KOTIaa
OCHOBHBIC KPYI'Hl, PACIOJIOKCHHDBIE B IPOTUBOIIOJIOXKHBIX BEPIIMHAX ILJIUTKH,
He TIepeceKaloTcst. PaccMOTpHM Tereph ciaydait, Korma r1 + 13 = /2. Ilyers
C € COVy(5,5) u D1ND3 # @ (puc. 7). Jnaronans O103 pa3duBaeT mInTKy
Ha, JIBa IPAMOYTOJbHBIX Tpeyroiabauka AO10203 u AO10403. Pacemorpum
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OTJEJIbHO ITOKPbLITUE KazKJI0T'O U3 HUX U 0003HaYUM UX qepe3

5
pa,(C) =Y S(DNAOI0,03) =Y S(D; N AO;10203),
DeC =1
5
pa,(C) = S(DiNAO1040s).

=1

Os O3

Og 04
4 Ol 03 01 03

Puc. 7. IlokpbITHe JIATKYH TPU 77 + 13 = V2

Oq 0

Ouesnzno, uro p(C) = pa,(C) + pa,(C).
02 02

/q?;,

01 03 01 03 01 03

(a) (b) (c)

Puc. 8. [lokpbeiTus yacreit nauTKu

Jlemma 3. Ilycrb C; u Co — nokpeitus rakue, aro ANO10203 moKpbIBa-
ercst TpeMsI I 4eThIpbMs KpyraMu, IpaaéM r1 + 13 = /2 (puc. 8(a) u 8(b)).
Torzna

(i) cymecrByer mokpsirue Ci rakoe, uro AO10203 MOKPHIT TpeMst Kpy-
ramu pajguycoB 1 (i =1,2,3) u

r? + 12
2 )

/ / /
Ty =Ty = 9 < T9;

(i) cymecrByer nokpoirue Ch rakoe, uro ANO10203 HOKPBIT YeTHIPbMsI
Kpyramu pagmuycos 1, (i =1,2,3,5)

2 2 /1\2 /1\2 2
ri:ré:q/rl_gn%’ (Ti) +(TZ) <%+Tg2)
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JIOKABATEJIbCTBO yTBep:K/IeHust (1) He3HAUUTEbHO OTJIMIAETCs OT JI0-
kazaresbcrBa 1. (ii) Teopemsr 1. Jokazkem (ii).

Ilns cokpamenns o0béMa BBIKJIAA0K OIPAHTYIMMCH PACCMOTPEHIEM CJIy-
vast, korga Dy N Dy # @ u Dy N D3 # @ (puc. 9(a)). Iycte A — Touka
mepecevenusa D1 u Dy, B — Touka nepecedenns: Do u D3, C' — Touka mepe-
ceuenust D1 u D3, D — npoeknust C na 0103, ¢ = Z0102A, o = LAO50:s,
d = |0205|, K = r? + r2. Bes orpanmuenus obmmoctn cantaem, uato A, B
u C upunajexkar rpanuiie Dy (MHAYE PaJUyChl HEKOTOPBIX KPYIOB MOYKHO
YMEHBIIUTE) U Jyisi oupejesnéanocru ¢ € [0, 7/4]. Torma

K =7ri 473 =014 + |03 BJ?

= [1+73 —2rycos(p — )] + [L+ 73 — 2racos (1/2 — ¢ — a)]
=24 2r2 — drycos (m/4 — a)cos (/4 — ). (2)

O2

Ol D 03 Ol D 03 Ol D’ 03

(a) (b) (c)

Puc. 9. MnttocTpanus K JI0Ka3aTeIbCTBY JIEMMbI

Kpowme Toro, tak kak C' € Dy N D3, numeem

K= T% —l—T% = |O1C’2 + ’030‘2
=2|CD|* + |AD|* + (V2 — |AD|)? > 2|CD> +1. (3)

[Tpouseeném ciesyromiee mpeobpasoBanue MOKpbITHs: (&) neHTp Dj mepe-
MEeCTUM Ha cpeauHublit nepreHukynsap Kk 0103 Ha paccrosane d ot Oo
(nycts Dj nepecekaer Dy B rmoukax A u B'); (b) nomoxum 1 = ro =

1
|01 A’|. TlocTpoeHHy0 COBOKYITHOCTH KPYTOB OGO3HAMHM Yepes3 Cé ). Bame-

TUM, 9TO Cél), BOOOIIE TOBOPsI, He 0Opa3yeT MOKPBLITHs: HEKOTOPBIE TOYKH
TPEyTroJIbHUKA MOTYT OcTaThesi HenokpbiTbiMu (puc. 9(b)). Oboznaunm de-
pes C’ 6immkaiiiyio k 0103 Touky Ds, a yepes D' — npoeximio C’ na 0103.
Bamernm, aro |C'D’| < |CD|. Tlpu npeobpazoBanuu pajuychl ro U I's HE W3-
mermsnck, ZA'O205 = . CreioBarenbro, B cuity (2) nmeem

O1A"]2 +|03B'|? =24 2r2 — 4rycos (n/4 — a
2
<2+ 2r2 —4rycos (m/4 — ) cos (1/4 — @) = |01 A]* + |03B* = K.
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(2)

!
YBenuunm reneps 1 u 2 1o |O1C’|. Homyuum coBokyHOCTs Kpyros C
KOTOpasi y2Ke SIBJISICTCS TIOKPBITHEM, TIPUIEM B cuity (3)

)

|01C"* + |03C')? = 2|C'D'|> + 2|0, D'|?
=2/C'D'*+1<2ICD?*+1<K.

YBeauaus 1 u r2 10 /K /2, moayunm nOKpeITHE Cég): pa, (C2) = pAl(Cég)).
VMeHbIIUB Tenepb pajauychl o U 5 Tak, yrobbl A’ B', C' nexxanu Ha rpa-
uutie Do U Dy, npeobpazyem (323 B uckomoe Ch. Jlemma 3 nokasaHa.

Jlemma 4. Ilycre Cy, Co u C3 — mokpeitus, B koTopbix ANO10203 1o-
KPBIBACTCsl TPEMsl, 4eThbIPbMsl U MAThIO KPYyTaMH COOTBETCTBEHHO, IIPHYEM
r1+ 73 = /2 (puc. 10). Torga

(i) pa,(C1) = 37w/16 = 0.18757;

(ii) pa,(C2) = gym > 0.174097, rye g5 — MuHEMYM QYHKIHI

1 32 yV/2 o x  xyv2(1 —2z)2

1 3y _z 4
ey = 1t 5 - T S T s o 2 )

Bobmactn {0 < x <05, 0<y <z, y+av2<1/vV2);

X
o RN |
mOpAA%)/lh6:5:>ommmw

Os

<>
)

01 OS
(b)

Puc. 10. UnmocTparnus K 10Ka3aTeIbCTBY JeMMbI 4

JIOKABATEJIbCTBO. YTBepxaenue (i) caemyer u3 1. (i) Teopemsr 1.

Hokazkewm 1. (ii). ITo slemme 3 0cTaToOuHO PACCMOTPETH HOKPBITHUS, B KO-
TOPBLIX 71 = r'3 U eHTp Ds JIEXKUT Ha CpeJMHHOM Tnepren Ky sipe K O10s.
Bosmoknbr nBa cayuas: 11+ 1o < 1lurp +ro > 1.

Cnvyal 1: r; + 73 < 1 (puc. 10(a)). Obo3uatuM depe3 A TOUKy Hepece-
venns Dy u D3, yepes B u C' — touku nepecevenns D u D3 co cropoHaMu
IIATKH, a depe3 « — yroua ZAO0103. OueBugHo, 910

1 |BC| 1—r
>

"= T = :
' Vacosa' 07 2sin/BAC V2sin (7/4 + )
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CremoBaTebHO,
1 2
PA; (CZ) T% 2 1 (1 B \/icosa) _
e e — = g(a).
T 4 8cos?a  2sin® (/4 + «)

Ilpn o € [0, 7/4] g(a) > 0.17864 n HEpaBEHCTBO BEPHO.

CivyAl 2: r + 173 > 1 (puc. 10(b)). O6oznatmm d = |O205]|. Beipaxast
PaJLyCBl 71 U T3 4epe3 r5 u d, yOexKJaeMcs B HCTHHHOCTH OL[CHKU:
pa, (C2) 1 3r2  r5V/2 d drsv2(1 —2d)?

LA N VAR kit B 2 @ _
T i e 2 21— 2d 1 22) ga(dyrs). ()

Hoxkaxkem (iii). Bocmosbsyemcest Teopemoii 2. ITycrs 01020304 — kBaj-
pat, mostyuennblii orpakernem AQO10s03 orrocureabao O103. Pacemorpum
peryssipaoe nokpbitue mrockoctu C' mwmrkoit O102030y. Ilyers Dy, Dy € C'
u Dy nepecekaer D; B Toukax Ay, Bg. Xopupt { A By} pasbusaor mioc-
KOCTBb Ha MHOKECTBO BITMCAHHBIX MHOTOYTOJIBLHUKOB, TPU 9TOM, KAK HECIOXK-
HO 3aMEeTHUTBb, KOJMIECTBO CTOPOH y 3TUX MHOTOYTOJbHUKOB HE IIPEBBIIIA-

er 24. B cuy (1) nmeem p(C') > m CuresroBaresbHO,

P, (C) = p(C)/2 2 24sin(n/12)  12\/2 3

Jlemma 4 mokaszaHa.

3. Haumenee nuorasie nmokpeitusi B COV,y(5,5) m COV4(6,6)

,HOKaBaHHbIe BbIIIE€ YTBEPXKJACHU S ITO3BOJIAIOT IIOJIYIYUTh OE€HKHU Ha I1JIOT-
HocTr mokpeITHil B Kiaccax COV4(5,5) m COVy(6,6).

Teopema 3. Hammenee mrorasr B COVy(5,5)
(1) mokpeiTHe Q2 |2|, n3oMoppHOE Q1, P Tyax < 1/2:

rm=ro=r3=ryg=1r5=1/2, p(Q2)=7n/2~1.5708;
(ii) moxpbiTHe Q3 (pHC. 14(€)) MpH Tmax € (1/2,V/2):
ri=rg=r3=rs=+5/4, r5=1/4, p(Q3)=237/8~1.1781;
(iii) moxprrrie Q3 (pre. 14(F)) mpi rmax € (1/v/2,1]:

Ty =713 = \/1 —+ (LL’* -+ y*)2 — \/i(.fﬂ* + y*) ~ 07737

2:17*y*
ro = Ty +Ys)? — ———F—— ~0.282,
2 \/< ye) 2 — 2z, +1

T4 = Ty + Ys = 0.395, 15 =2, x= 0.079,
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e (T, Ysx) — TOYKA MHHHEMYMa (QYHKITHI

r+y Ty 1

V2 2(x2—\/§$—|—1)+2

Bobmactu {xr >0, y >0, z+y < \/Q} IIrorHOCTE MOKPBITHS p(Q})5) paBHa
f(@s, yo)m =~ 0.36387 = 1.14304;
(iv) mokpbITHE Q?M, oripesiesIéHHOe B TeopeMe 1, Mph Tyax > 1.

f@y)=(@+y)P’+y° -

JOKA3ATEJIBCTBO. Ilpu rpax < 1/2 gomycrumoe mokpsitue Q2 enu-
CTBEHHO U yTBepKjeHue (i) oueBuIHO.

[Tycts C — mokpsiTHE, yaoBiaeTBopsifomiee ycaosmio 1. (ii). Ecau B C ase
[POTUBOIIOJIOYKHBIE CTOPOHBI IJIUTKU HE ITIOJIHOCTHIO MOKPBITHI OCHOBHBIMU
kpyramu (puc. 11(a)), To 75 > 1/2, caeposaresnsno, p(C) > 3w/8. Ecun,
HA0BOPOT, HANIYTCsI JIBE IPOTUBOIIOJIOKHBIE CTOPOHbI, IIOJIHOCTHIO TIOKPBITHIE
ocHoBHbIME Kpyramu (puc. 11(b)), To p(C) > 37/8 no semme 2. B cuywae,
KOTJIa JIBE CMEKHbIE CTOPOHBI MOKPBITHI OCHOBHBIMU KPYTaMH, a JAPyTHe JBe
Her (puc. 11(c)), ucnomnb3yst TeopeMy 2, MOXKHO Jjiokazarh, 4to p(C) > 37/8.

Oy (@)

(@)

)

3 (0 O3

Os

Ol 4
(a)
02 03 02 O? ()2 03
7 ] \
Ol ‘ 0/1 01 04 Ol O/l

(d) (e) (f)

Puc. 11. Bzanmusie pacnomoxennst Kpyro B C € COVy(5,5)

Hokazkem (iii). Iycts C — moxpbiTHe Taxoe, uTo r1 4+ r3 > /2. s
OIIPEJIEJIEHHOCTU CYUTAEM, 9TO IEHTD BCIIOMOTATEILHOrO Kpyra Ds JIexKuT
B AO10203. CornacHo jieMMe 3 MOYKHO OIPAHMYUTHCS PACCMOTPEHUEM CJIy-
gasg r1 = r3. Ecim rp + ro < 1 (puc. 11(d)), To mo semme 4 B cuiy (5)
nMeeM

p(C) = pa, (C) + pa,(C) > (0.1786 + 0.1875)7 = 0.36617,
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U JoKa3biBaeMasi oleHka BepHa. [lycts 71 + 12 > 1 (puc. 11(e)). O6o3Hax MM
gepes d gyuay orpeska O2Os. Beipazkast pajinycbl OCHOBHBIX KPYT'OB U€pes 7'
1 d, IPUXOJUM K BBIPAZKCHHSIM

ri=r3=1+(d+r5)°—vV2(d+rs),

2d7’5
rg=(d+rs)? — ——2——|
2= 5) d? —/2d+1
22 2 2
ry =d+ s, 'O(C): T1+T2+T4+r§:f(d,r5).

4

HokazaresnbcrBo 1. (iv) mosropsier jokasaresbeTso 1. (iii) Teopemsr 1.
Teopema 3 moxasama.

Teopema 4. Haumenee mirorasr 8 COVy(6,6)
(i) moxportie Qg (pue. 14(g)) npn rpax < 1/2:

7’1:T3:0, 7"2:7'427”5:7“6:\@—1,

5(3 —2v2)7
p(QL) = (2) ~ 1.3475;

(ii) moxprrre Q2 (pue. 14(h)) mpa rmax € (1/2,1/3/2]:

r1 =13 = &, ~ 0.627,

ry =14 = /22 + 1 — 2z, cos (/4 — 2a,) ~ 0.471,

1
rs =16 =1/22 — V22 + ——— ~ 0.171,
2 cos? o,

e (T4, ) — TOYKA MUHUMYMA (DYyHKIUH

1
cos?2a 2

g1(z, @) = 32° — £(2v2 + cos (/4 — 2a)) +

B obsmactn {0 < a < /8, 0.5 < x < 1/\/5}, IJIOTHOCTD IIOKPBITHS P(Q%ﬁ)
paBHa g1 (T, o )T =~ 0.3658T = 1.1491;
(iii) moxprrrne Q3g, msomopgnoe moxporruio 11.2 [11] (puc. 14(i)), npu

Tmax € (1/v/2,1]:

1 1 2
=r3=(/=-+ | —= — (z:V2 + ys ~ 0.748,
T =173 \/2 <\/§ (m\[ y)) 0.748
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4a2y./2(1 — x)
1 — 2z, + 222

ro =1T4 = (| Y2 + 222 — ~ 0.316,

rs =16 = Yx ~ 0.095,

e (Tx, Yx) — TOUYKA MHHUMYMa (DyHKIHU go(T,Y), OHpeaessieMoli BbIpaKe-
mnem (4) B obmactn {0 < 2 < 0.5, 0 <y <2, y+2v2 < 1/\/5}, IIJIOTHOCTD
ITOKPBITHST p(Q%G) paBHa 2g2 (T, )T & 0.3482m = 1.0938;

(iv) moxperrie Qgg, msomopcproe 11.2 [11], (puc. 14(j)) mpu rmax > 1:

Ty = \/1 + (1= (22 + V2.))2 ~ 1.058, 1o =74 =0,

822yv2(1 — )

=4[22 + 422 — =~ 0.447
" e T o T 2 ’
rs =16 = V2y, ~ 0.134,
e (Tx,Yys) — Touka MuHUMyMa GyHKIuu go(x,y) B obmacrn {0 < x <

05 0<y<uz y+av2 < 1/\/5}, IJIOTHOCTH TOKDBITHS p(Q%G) paBHA
2g2(xx, i )m =~ 0.34827 = 1.0938.

JIOKA3ATEJILCTBO. lokaxkem yrBepxiaenue (i). B cayuae, korga paau-
YCBbI OCHOBHBIX KPYI'OB PaBHbI 1/2, HauMeHee IJIOTHBIM OyJIeT TOKpbITHE ()2
(puc. 12(a)). IHosTomy masee mosaraem, 9T0 XOTs ObI OJHA M3 CTOPOH ILJIAT-
KU He HOKPbITa [MOJTHOCTBIO OCHOBHBIMHU Kpyramu. Tak Kak 75, rg < 1/2, Hu
O/IMH U3 BCIOMOTATEJ/JIbHBIX KPYT'OB HE II€peceKaeTCd C IMPOTUBOIIOJJIOKHBIMN
CTOPOHAMU ILTUTKH, CaejoBaTeibHo, Dy 1 Dg MOKPBIBAIOT Hapbl CMEXKHBIX
cropoH (puc. 12(b)).

[Tycts C — nokpbITHE. 3aMETUM, YTO, HE YBEJIMYUB IJIOTHOCTH, €10 MOYKHO
npeobpazoBaTh TakK, YTO ] = '3, Ty = T4, I's = Tg U NeHTPbl D5 u Dg exkar
Ha jquaroaan OOy, Onuinem coBepiiaeMbie IPeodpa30BaHMs, OIyCKast JJIsi
KPATKOCTH BBIKJIAJIKU.

(a) ITo amasmoruu ¢ 1. (ii) sremmer 3 10 C CTPOUTCS HOKPBITHE MEHBIIEH
IJIOTHOCTHU, B KOTOPOM T'] = T'3, & IEHTPbI BCIOMOIaTeIbHBIX KPYIOB JIEKAT
Ha auaroHaan Os0y.

(b) Eciiu D1 UD3U D5 uinu D1 U D3 U Dg He nokpbiBator guaronans 0103
HOJTHOCTBIO, TO IMOJIOYKEHHUS IIEHTPOB U PaJIMyChl BCIOMOIATE/IbLHBIX KPYTOB
MOKHO U3MEHUTH, HE YBEJUYUB IIOTHOCTU IIOKPBITHSL.
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02 O3 O, O3 02 O3 02 O3

O
B X

O Oy 0O, Oy O Oy O, Oy
(a) (b) (c) (d)
o)) O3 0o O3 05 Os
O-
01 04 Ol 04 01 04

() (f) ()

Puc. 12. Bzaumusie pacnosoxkenusi Kpyros B C € COVy(6,6)

(c) Eciin 0103 nenukom nokpbita kak D1 U D3 U Dy, Tak u D1 U D3 U D,
TO MCKOMOE <«CHMMETPHYHOE» IIOKPBLITHE MOXKHO IOJIyYUTb, OTPA3HB OTHO-
curesibHo 0103 nokpeiTHe TpeyroyibauKa 010203 Ha Tpeyroabauk 010403
(cumraem, uro r?/4 + 12 < i /4 + ).

Pacemorpum AO10203 nocrpoernoro nokpeitust. Kpyru Dy, Ds, D3 1e-
pecekatoT ero croponbl B Toukax A, B,C,D,E,F (puc. 13(a)). Hecioxuo
[I0Ka3aTh, YTO €CJIU HEKOTOPbIE U3 ITUX TOYEK He JieXKaT Ha rpanuile Ds, To,
cMecTuB 1eHTp D U U3MEHUB PaJInyChl OCHOBHBIX KPYT'OB, MOYXKHO yMEHb-
[MUTH IJIOTHOCTH HOKpbITHs. [losToMy mosaraem, aro D MpoxoauT depes
A,B,C,D,E u F. Boipasum 19 u r5 uepes 71:

ro =11 — (V2 —1), r5:\/<1—\}§>2+<\}§—r1>2,

2 2 11
p(C) = i +2r2 =3rf —r(3V2 - 1) + 5 3V2.

Oyukuus p(C) B gomycrumoit obmactu [v/2 — 1,1/4/2] gocruraer MuHmMyMa,
mpu r1 = /2—1. Ilpu sTom 1y = 0, 15 = 71 = /2 — 1 ¥ IIOTHOCTH HOKPBITHS
pasna (15 — 10v/2)7/2.

Hokazxkem 1. (ii). [Tpumensisi paccy»K/ieHusi, aHAJOMMYIHbIE [IPEJIBLILY M,
IPUXOJUM K BBIBOJLY, UTO JOCTATOYHO PACCMATPUBATEH HOKPBITH, B KOTOPBIX

rE=7T3, To=7r4, T1+T22=21, T5=1%
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u neHTpbl KpyroB Ds u Dg Haxongarca Ha juaronagu 0204 (puc. 12(c)).
IIycts A — Gmmxkaiimmast k Q1 Touka mepecedenusi Dy u Dg. O6o3HaUNM
gepe3 a yron LAO105, a € [0,7/8]. Boipaxkas paguycsl 11 U T9 49epe3 «
U 75, IPUXOJUM K COOTHOIIEHUSIM, YKA3aHHBIM B (DOPMYJIMPOBKE TEOPEMBbI.

JHokazken 11. (iii). IIycts C — HOKPBITHE, B KOTOPOM Tmax > 1/4/2. 3ane-
TuM, uTo ecm B C 6OJIbIIE JIBYX KPYTOB paJiyca, mpesbimaomero 1/v/2, To
p(C) > 37/8. Ta e onenka BepHa, ecan r5 wim rg > 1/1/2 (memma 1). Kpo-
Me TOTO, €CJIM J[Ba, OCHOBHBIX KpyTa pajuyca Gobie 1/+/2 pacmosaraiorcs
B CMEXHBIX BepinnHax mwmtku (Hanpumep, O; u Oy Ha puc. 12(d)), To

p(C) =1+ S(D1 N Dy) > 1+%—%> 1.14.
Ecmu B8 C wu ofHa u3 jauaroHasieil He TMOKPBIBAETCH MOJHOCTHIO BHEITHUMUI
JIICKaMHU, TO ocTatoTcsi BepHbl oneHku 1. (i) u p(C) > 1.14. Ilosromy nasee
nosaraem, ato 71 > 1/v/2, r1 + 13 > V2 ur; <1/vV/2 upu i = 2,4,5,6.
IIpenanonoxkum, uro B C B Tpeyrojabaukax AO10203 u A0O10403 ecrb
TOYKH, He HOKPBIThIe OCHOBHBIME Kpyramu (puc. 12(e)). Cormacno semme 4

p(C) = pPA, (C) + pA, (C) > 29;77-7

IPUYEM PABEHCTBO B ONEHKE JIOCTUTACTCS [T OKPHITHA (g
Paccmorpum ciryuait, korna Bce Toukn AO10403 NOKPBHITH BHEITHUMU
muckamu (puc. 12(f)). Torma Dy u Dg nexxar B AO10203 u 1o emme 4

p(C) = pa, (C) + pa,(C) > (0.16098 + 0.1875)m = 0.34848m > p(Qls).

0y Os

/ 0, O,

(b)

Puc. 13. NnmocTparuu K 10Ka3aTeIbCTBY TeOpeMbl 4

Hoxkazxkem 1. (iv). ITycts C — mOKpBITHE, B KOTOPOM Tmax > 1. Kak u pa-
Hee, MOYKHO IoJ1ararh, 910 B C eCTh € IMHCTBEHHBIN OCHOBHOI KpyT )] TaKOro
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paaumyca. Ilpu atom r9 = r4 = 0, D5 1 Dg TOKPBIBAIOT TOYKH, HE TOKPBI-
Thie D1 u D3. PaccyXaeHusl, aHAJIOTTIHbIE U3T02KEHHBIM BBIIIIE, TO3BOJISIIOT
OrPAHMYNTLCA PACCMOTPEHHEM ciydas 71 + 73 = /2 (puc. 12(g)). Ouenm-
HO, 4TO 75 = 7. [loBOpOTOM permérkn Ha 45° u czkaTueM B /2 pa3 C MOKeT
ObiThb 1epeBeieno B nokpeitine C' € COV4(6,6), yaoBieTBopsIolee yCIoBusiM
. (iii) (puc. 13(b)). Takum obpaszom, p(C) = 2¢45T 1 PABEHCTBO JJOCTUTACTCSI
[P YKa3aHHLIX B (POPMYJINPOBKE IapamMeTpax. leopema 4 mokasamHa.

AR LA LAY 7Y
%*%%*%%§$Xﬁﬁwjg3\ﬂ
KR N L LN LA T T T
N S Ak ak
R e TN T TR LA L A
() Q1. p(Q1) = 1.5708  (b) Qis- p(Q1s) = 11781 (c) Q%4 p(Q3) ~ 1.1781

NN
AR
RIS

pEaiatiy
Sttt
AR
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PPPPTOTOTOTE
FOTOTOTOTOTO &
FOTOTOTOTOTN &
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¢ T Ty T

(8) Qbs- p(Qbs) ~ 13475 (h) p(Q2) ~ 1.1491 (i) Q3. p(Q3s) ~ 1.0938
T h
NA LA LA
;
NS A

() Qés- P(Qss) =~ 1.0938

Puc. 14. ITokpeiTus, moctpoennsie B Teopemax 1, 3 u 4
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3akJiroueHue

B macrosmieit ctaTbe npegnpuHaATa MONBITKA MPOJIOJIKUTH HCCIEI0BAHNE
peryJIsipHbIX TOKpBITHil, HadaToe B [2|. Pacemorpenst kmaccer COVy(4,4),
COVy(5,5) u COV4(6,6) 1 10o/IyueHbl ONEHKU IJIOTHOCTEH MOKPBITHI TpH
PA3JIMYHBIX 3HAYEHUSIX Tmax, B KAXKJIOM KJacce yKa3aHbl HAUMeHee ILIOT-
HBbIE NpejcTaBuTe . Vcmonb3yeMblii B TaHHON paboTe MOAXOJ, CBA3AHHBIN
¢ 11epebOpoOM BCeX BO3MOXKHBIX KOH(MUIYpaIuil MOKPBITUsI, BPsiJ| Jii Oy1eT
s dexTrBen Npu aHaju3e MOKPLITUII ¢ GOJBIIMM YHCIOM THIOB KPYIOB.
Bwmecte ¢ TeM, o1y YeHHbIE PE3YJIBTATHI TIO3BOJISIOT BBIIBUTATH TIPEIIOIOKE-
HUSI OTHOCUTEJIBHO TOTO, KAK YCTPOEHBI ONTUMAJIbHbIE TIOKPBITUS B KJIaccax
COVu(p,q) mpu p > 1.

Cirejtyer 3aMeTUTD, YTO TPEJJIOXKEHHAs KJIACCU(MDUKAIUS PETYJISIPHBIX 10~
KPBITHIl He JIMIIeHA HEeJIO0CTATKOB. B eé paMKax MOKPBLITHS, OTJIUYAIOIINe-
csl JIpYr OT Jpyra TOJIbKO ITOBOPOTOM U PACTSXKEHUEM, OTHOCATCS K pas-
JIMYHBIM KJjtaccaM. Hanpumep, mokpbiTre Q3 B 3aBUCUMOCTH OT BLIOOpa, y3-
JIOB peméTKu okasbiBaeTcs nmpunapieskamum 1o COVy(4,2), o COVy(5,2).
Kpowme Toro, nHajaraemoe Ha pery/sipHOe HOKpPbITHE TpeboBaHue, YTOObI BCe
BEPIINUHbBI [JTUTOK SBJISLINCH [EHTPAME KPYTOB, JlejaeT KIacCH(DUKAIIIO HE
BIIOJIHE ecTecTBenHON. Tax B moKpeTin Qls (puc. 14(g)), npunajesxkamenm
dopmambro kiraccy COVy(6,6), KaxTas MIATKA MOJHOCTHIO IOKPBITA te-
TBHIPbMSI KPYTaMU OJIHOTO Pajuyca. JTO Ke 3aMevaHne KacaeTcsl MOKPBITHI
Q3 ~ Q3 u Q¥ (puc. 14(c) u 14(i)), koropsie MoxHO otHecTH K COV4(2, 2)
u COV4(4,3), eciin ocabuTh ompe/iesieHne peryisipHOCTH.

Taxkum obpaszoM, HAJIUIO HEOOXOIUMOCTH B YTOYHEHUU HOMEHKJIATYPbI
HOKPBITUI U B pa3paboTKe HOBBIX METOJOB UX AHAJIN3A.
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