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TABYJIMPOBAHWE VY3/10B
B VTOJILLEHHOW BYTBLIIKE KJIEMHA
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AnHoTanusa. TaOyiupoBaHbl BCe y3JIbl B ODUEHTUPYEMOIl yToJeHHol 6y Thuike Kireii-
Ha, WMEIOIINe JUarpaMMbl C TPEMsI M MeHee IIepeKpecTKaMu. PasjindHOCTH y3JI0B J10-
Ka3bIBAETCs C IOMOIIBIO 060061eHHOr0 ckobounoro nosmmHoma Kayddmana ot gerbipex
[I€PEMEHHBIX.
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KurogeBbie cioBa: yrommenHas 6yrouika Koeitra, yses, o6o00mennsrii noauaom Ka-

ybdmana.

1. Beegenue. CrarTbst MOCBAIIEHA COCTABICHUIO TAOJUITLI Y3JI0B B yTOJIIEH-
Holt 6yThITKe Kireitna K x I, MUHEMAJIbHBIE JHAIPAMMEl KOTOPBIX HMEIOT He 6GoJee
Tpex nepekpecTkoB. CHadajia CTPOSITCsI peryJsipHble Tpadbl CTeleHn 4, UMEIOIHe
He 60jiee Tpex BepmuH. [t KaxKi0ro rpada Mepedrc/IssioTcs TOMeOMOPMHBIE eMy
MIPOEKIINH, 3aTEM — OTBEYAIOIIHE UM AUArPAMMBI y3JI0B. PasImIHOCTD OOJIBITHHCTBA
MMOJIYIEHHBIX Y3JI0B YAAJIOCH JOKA3aTh IMPHU MOMOIIM CIEIUAILHO TOCTPOEHHOTO 0~
JIE3HOTO MHBAPHUAHTA Y3JIOB B yTOJIIEHHON OyThuike KileiiHa — aHajora rmojuHOMa
Kayddmana [1]. Tlomyuennast tabmauna comepxkur 33 ysaa. o cux nop tabmin-
bl TJIOOAJIBHBIX Y3JI0B, T. €. y3JI0B B TPEXMEPHBIX MHOI0OOPa3UsIX, OTJIMIHBIX OT
cepbl, CTPOUIIUCH TOJIBKO JJIsl IPOEKTUBHOTO IIPOCTPAHCTBA [2], yTOJIIEHHOIO TOpa
[3] u nonnoropus [4]. M3yuenue u tabyaupoBaHue y3j0B B yTOJIINEHHONW OyTHLIKE
Kteitna BuepBble IpeIIIPUHITO B HACTOSIIEN CTAThE.

2. IIpoeknuu u guarpamMMbl y3j0B B K xI. Yrommennas 6yToiaka Kieit-
Ha — 9TO OpHEHTHpyeMoe Kocoe npousseinenne K xI Oyrsuiku Kueitna K Ha oT-
pesok I. Ysaom B K X1 HaspIBaeTcs IPOM3BOIbHAS IIPOCTAs 3aMKHyTas KPUBAasS B
Int(KxI). [lpa yana ki, ke C KXI Ha3blBalOTCA 9KGUGAACHMNOLMU, €CITH CYIIe-
cTByeT roMeoMopdu3M MHoroobpasust K X I Ha cebs1, mepesosanmil ky B ko. Y3JIBI B
K xI, Kak 1 KJIacCHiIecKue y3JIbl, YA0OHO 3aJaBaTh IPOSKIHAMA U Pa3MedeHHBIMI
MIPOEKITUSMHE, T. €. JTHATPAMMAMHI.

OnPEAEJNEHUE 1. Casmbiit rpad G C K HasbiBaeTcd npoexyueti, eCiin Kaxk-
Jlasi €ro BEPINHA UMEET BAJEHTHOCTDb 4 U IMPABWIO «IIPSIMO — BIIEPE» OMPEIesITeT
€ro TOJIHBIN 00XOI.

ITocranoBka 3a/a4u 1 pa3pabOTKa METOIOB €€ PEIeHUs] ObLIN BBIIOJHEHBI IEPBBIM aBTOPOM
B paMKax paboThl B 1abopaTopun KBaHTOBOM Tonosiornn YessibuHCKOro roc. yHuBepcureTa (CpaHT
npasuresascrBa PO Ne14.750.31.0020). Bropoii aBTOp BBIIOJHMI PAGOTy O COCTABICHHUIO TabJIUIL
¥ BBIYUCJIEHUIO WHBAPUAHTOB Npu (DUHAHCOBOM mojyiep:kKe Poccuiickoro donma dyHIaMeHTaAIb-
HBIX HccsenoBanuii (kox npoekta 14-01-00441) u B paMKax IPOEKTHOH YaCTH IOCYZAPCTBEHHOIO
3ajaHus B cpepe Hay4aHOl fesrenbnoct (Ne1.1260.2014/K).
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Pazymeercs, mpoekIn KIacCHYeCcKuX y3JI0B 0071a/1a10T 3TUMu cBoficTBamu. [lo-
STOMY TaKoe OIpe ieleHne IPOeKIHH y3aa B K x I Bmomme onpasaano. OTMeTHM, UTO
B HAIlleM CJIydae OOIIENPUHSATHIN CIoco0 3aJaHns KJIACCUIECKUX Y3JI0B C ITOMOIIBIO
MIPOEKIIN ¢ pa3pbIBaMU BOJIM3U BEPINWH, T. €. Jguarpamm, He paodoraer. I[Ipuuam-
Ha B ToM, uTO OyThlIKa Kiteitna K meopuentupyema. [losTomy moHaTust «BbIlie —
HIKE», Hy2KHbIE JIJISI PA3METKU ITEPEKPECTKOB, HE OIPEJIEIIEHbI.

Yr00BI yCTPAHUTH ITO MPENSITCTBYE, OyIeM IpecTaBasTh K B BUe KBajpara,
OOKOBBIE CTOPOHBI KOTOPOT'O OTOK/IECTBJICHBI TI0 MAPAJIIETBHOMY IIEPEHOCY, & OCHO-
BaHUA — IO CYNEPIO3UINHU IapaJsijIeJIbHOTO IEPEeHOCa U CHUMMETPUU OTHOCUTEIHHO
cepeHbI OCHOBaHUsi. 1Ipu 5TOM BCe BEPIIMHBI paccMaTpuBaeMoil poeknun G 1aH-
HOTO y3Jia k JOJKHBI IIOIIACTh BHYTpb KBajpara. Torjga G OyIeT NpeicTaBiisiTh
c0o00it HAbOp TAKMX COOCTBEHHBIX IyT B KBaJpaTe, YTO IIPU YKABAHHBIX OTOXKIECTB-
JIEHUSIX KOHITHI JyT CKJIEMBAIOTCS MOmapHo. JlmarpamMma y3ja OTJINYAeTCH OT ero
MIPOEKITUH TEM, ITO BEPIIUHBI ITPOEKIIUN PA3MEYEHDBI YIIOMSHYTHIM OOIIEIPUHATHIM
criocobom. Tak Kak KBaJIpaT OPUEHTUPYEM, MOHSATUS <«BBIIIE — HUXKE» OIpeese-
HBI KOPPEKTHO. IIpHMephl HPOEKINN U THArpaMMBbI y371a B K x I IIpeicTaBjIeHbl Ha
puc. 1.

W3BecTHO, 9TO TP COCTaBIIEHNN TAOJIUIT KJIAC-
1 1 J 1 cHYecKuX y37I0B CTapaloTCa OrPAaHHYHTLCA IPHAMAP-
HBIMU y3JIaMd, TOCKOJIbKY 1o TeopeMe IIlybepra

(— (_ BCe JIPYTUe Y3JIbl OJTHOZHAYTHO IIPE/ICTABUMBI B BUJIE
CBA3HBIX CYMM IIPUMAapHBIX y3Ji0B. [l HeO6OIb-
X TabJIUI, TPUMAPHOCTH TAOJIUIHBIX Y3JI0B TPO-
BepeHa, HO My y370B ¢ 16 m Oosiee mepekpecTkamu moka Her. Mbl Toxe Oymem
CTapaThCs COKPATUTD YUCIO PACCMATPUBAEMBIX ITPOEKITHH U OTBEYAIONINX UM y3JI0B

B K xI 3a cuer orcemBaHusl TeX HpOQKHI/Iﬁ 1 y3JI0B, KOTOPbI€ MOXKHO IIOJIYIUTDH U3
Y2Ke ITIOCTPOCHHBIX C ITIOMOIIIbIO HECJIO?KHBIX OHepaHHﬂ.

>
>
P>

Puc. 1.

ONPEOEIEHUE 2. duarpamma y3ia k C K X1 Ha3BIBaeTCa MUNUMAALHOT, €C-
JII ee CJIOXKHOCTH (YHMCJIO IIEPEKPECTKOB) HE IIPEBOCXOJIUT CJIOKHOCTHU JIIOOOH sma-
rpaMMBbl JTI000T0 y3i1a, sKBUBaJeHTHOTO y3iay k. Ilpoeknms G C K Ha3bpIBaeTcs
MUHUMAALHOT, €CJIM MUHUMAaJIbHA, XOTs Obl OJ[HA U3 OTBEYAIONNX el JuarpaMM.

OnPEAEJNEHUE 3. Ilpoeknus G C K HazbiBaeTcs npusodumoti, €CIu ee OO
HEHUE COIEPKAT HETPUBUAJIBHYIO IPOCTYIO 3aAMKHYTYIO KPUBYIO.

ONPEAEJNEHUE 4. Ilpoeknusi G C K Ha3bIBaeTcsi cocmashotli, ecjii Haiijaercs
rakoit quck D C K, aro nepecedernne G NJD cocrout u3 AByX TO4YeK u D cOAEpKUT
Bepmiuny rpada G.

OIMPEJEJIEHUE 5. MunumasbHas nupoekius G C K Ha3bIBAETCSl CYULECTEEH-
0T, ecJIi OHa, He ABJITeTCS COCTABHOU WJIM ITPUBOIUMOI.

[Tpu TabyaupoBaHun TPOEKITHIT MOKHO OIPAHUYUATHCS CYIIECTBEHHBIMU TPOEK-
nusiMu.  JlelicTBUTEIBHO, COTJIACHO OIIPEJIEJIEHUIO 2 BCE OTBEYAIONNe HEMUHUMAJIb-
HO¥ MPOEKINK JHarpaMMbl 3aJ1aI0T y3Jibl, KOTOPbIE UMEIOT MPOEKIMH C MEHBIITUM
9HCJIOM BEPINUH W MOITOMY y2Ke BCTPETWINCH paHbime. [IpuwBommMble MpoOeKImn
Jrydiie TabyJupOBATH OTIEIBHO, IMOCKOJIbKY KaXKIas M3 HUX COIEPXKUTCH JHOO B
KOJIBITE, Jinbo B jimcte Mébuyca, mexkarmux B K. Tem camMbiM MOXKHO 3apaHee COCTa-
BUTb TabJIMIIBI IPOEKINIi B KOJIbIle U jucte MéEOuyca u yuecTh Bce HEIKBUBAJIEHTHBIE
BJIOXKeHUsT 3TuX nopepxHocreil B K. CocraBHbIE NTPOEKIME MOXKHO HE PacCMaTpH-
BaTh, TAK KaK OTBEYAIONINE UM y3JIbl IOJIYUYAOTCA U3 y3JI0B MEHbINEH CJI0KHOCTH
B3ATHEM CBA3HBIX CyMM C KJIACCHIECKUMU Y3JIaMHU.



690 C. B. MarBees, JI. P. HabeeBa

3. I'pacdpuyeckue Tumbl mpoekimii B K.

Jlemma 1 [3]. CymecrBytor poro 6 CBSI3HBIX perysspHbIX rpagos cremnenn 4,
uMmeronux He 6oJjee TpeX BePINHH U JBYX merejs (puc. 2).

00 0QO @
COOQ O D
d e f

4. OcHOBHbBIE PEe3yJIbTATHI.

Teopema 1. Hmeercst poBHO 17 pas3HYIHBIX CYIHIECTBEHHBIX Hpoekimit B K|
YHCJI0 BEPIIHH KOTOPBIX HE IMPEeBOCXOJUT Tpex. Bce onn m3obparkeHbI Ha pHC. 3.

Teopema 2. CymecrByror He 6oJiee 33 pas3/IMYHBIX CYHIECTBEHHBIX V3JIOB B
K X1, umeromux quarpaMMbl ¢ TPeMsi U MeHee repexkpectkamu (puc. 4).

11 21 22 23 24
A)< A A ( ' A A A A A 4 1
a4 b; 2,6 b; 4,4 c 2,6 c; 4,4
3 32 33 34 35
A& f A A A A A A A A A
d; 2,2,8 d; 2,4,6 d; 4,4,4 e; 2,3,7 e; 2,55
36 37 3s 39 310
A A A f A A A y Y A A
£ 2,2,8 f; 2,3,7 f; 2,37 f; 2,4,6 f; 2,55
311 312
A A 4 \

£ 345 £ 44,4

Puc. 3. Ilpoekmuu B K ¢ 3 u menee BepmmHamu. Haj Kark/10if mpoeknueil yka3aH ee HOMeD,
a 1oJ Heil npuBeseHb! ee rpadudeckuii Tun (cM. puc. 2)

u face-BEKTOpP, COCTABJICHHBINH U3 YUCEJ YIJIOB €€ IPAHEH.
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Puc. 4. Cymiecrsennbie y3ab B K X1 ¢ Tpemsi 1 MeHee MepeKpecTKaMM.
Hawm mona 1o6urcst onepaliyst yCTpaHeHUsI BEPIIUHBI, n300paskeHHasi Ha puc. 5. Opu-
eHTHpyeM pebpa IMPOEKITNH, UCIOIb3ys JIO00H U3 IBYX ee MOJHBIX 00XOOB II0 Ipa-
BUJIy <«IIPSIMO — BHepemy. Torga omeparys yCTpaHeHUs JTaHHONW BEPIUHBI COCTOUT
B 3aM€HE 3TOU BEPIIUHBI IIYHKTHUPHOI Ayroil Tak, KakK 3TO IIOKA3aHO HA PHUCYHKE.
B pesynbraTe mosyunTcs HOBBIH Tpad, ¥ KOTOPOTO Ha OJHY BEPIIUHY MEHBINE U
KOTOpBIl CHabKeH MyHKTUPHO JTyTrOi.

Puc. 5. Ycrpanenue BepinHbl. Puc. 6. Ycrpanenne HeTpaHCBEpCaAIBLHON

TOYKH IIepeCedeHnsI JABYyX OKPYZKHOCTEH.

Ham Tak:ke moHamoOWTCsI elre OmHa Omepannsd ycTpaHeHus BepmuHbl. IlycThb
nmaHHas mpoekius (G COIMEP:KUT JIBe BJIOYKEHHBIE OKPYXKHOCTH, KOTOPBIE IIepeceKa-
IOTCsl POBHO B OJ[HOI BepINKHE, IPUYEM He TPaHCBepcabHO. Torma omeparust ycrpa-
HEHUsI COCTOUT B HEDOJIBIIIOM CJBUI'e OKPYKHOCTEH TakK, YTOOBI 9Ta BEPIIUHA PaCTsi-
HyJIaCh B IIyHKTUPHYIO JyTy, COGIUHSIONLYIO0 JAHHBIE OKPYYKHOCTH (Ha puc. 6 ojHa
OKPY2KHOCTH J€KOPUPOBaHa, & BTOpasd — HET).
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JIOKABATEJIBCTBO TEOPEMBI 1. PazobheM g0Ka3aTe/bCTBO HA MIECTDH CJIyta-
eB, 0 4ucjly rpaduuecKux THUIIOB MPOEKIMI ¢ TpeMsl U MeHee BepIiuHaMU (CM.
puc. 2).

1. Paccmorpum cymectserHyto npoeknnioo G tuna (a). Tak Kak ee Bepin-
Ha SBJISIETCS Pa30UBaIOIeli, yCTpaHeHHe 9TOI BEPIIMHBI JaeT Iapy OKPYXKHOCTe
B K, coemunenubix myHKTUpHO# myroii. Ilockosbky myra mmeer Bcero aBa KOH-
1ma, o0e OKpPYKHOCTHU OJHOCTODOHHHE. B IpPOTMBHOM Cjydae OJHA M3 HUX WUMEJIa
OBl CBOOOIHYIO CTOPOHY, BIOJIb KOTOPOIl MOYKHO OBIJIO OBl IIPOBECTH HETPUBUAH-
HYIO IIPOCTYIO 3aMKHYTYI0 KpuByio0 B K \ G. DTO NPOTUBOPEYHT CyIECTBEHHOCTH
npoeknuu. OKpY>KHOCTH MOXKHO COEJIUHUTH TOJIBKO OJIHOM ITYHKTUPHOMN JyToil ¢ TOY-
HocTbio 110 romeomopduzmos (K,G) — (K,G) (cM. cxemy coenuHeHusi Ha puc. 7
cieBa). CTgHYB IYHKTHDHYIO JIyT'y B TOUYKY, HOJIy4IuM mpoekimio 17 (cMm. puc. 3).
[To aHa/IOrUIHON TPUYMHE CYIIECTBEHHBIX TPOEKIINN C TPEMs METJ/ISIMA HET.

2. PaccmorpuM cymectBernyto npoekrmio G Tuna (b). Yerpanus obe ee Bepiiy-
HBI, [IOJIyYUM IIEIIOYKY U3 TPEX OKPYKHOCTEH, COeJIMHEHHBIX JIBYMsl IIyHKTUPHBIMU
myramu. Kax u BbIle, ABe KpaliHue OKPYKHOCTU OJHOCTOPOHHHE, & OCTABIMASICH
MOXKET OBITh KaK TPUBUAJBHON, TAK U HETPUBHUAJBHON. IJTO MOKA3AHO HA CPEITHENH
u 1paBoii cxeme Ha puc. 7. CTSHYB Jyru B TOYKHU, TOJYIUM IIPOEKIUH 21 U 22 (CM.

puc. 3). J
aramlil

Puc. 7. Cxemsr npoeknuii Tunos (a) u (b).
3. Paccemorpum cyriecTBeHHYI0 npoekiuio G tuna (¢). YCTpaHWB OJHY U3 ee
BEpIIUH, IIOJyYUM IIapy OKPYKHOCTEH, KOTOPble TPAHCBEPCAJIbHO ITEPECEKAIOTCSI B

OJTHOIT TOYKE W COeJMHEHBI MyHKTUPHOI1 ayroii. C TOYHOCTBHIO 10 roMeoMopdu3Ma B
K ecrb TONIbKO siBe Takme napbl: (m, p) u (mq,ms), rae g — Mepuauan 6yTeuiku K,
a m,mi, Mo — OJTHOCTOPOHHHUE OKPY?KHOCTH. B 060mMX CIyvasx MyHKTUPHBIE JTyTH
POBOATCs OfHO3HAYHO (puc. 8). CTaruBasi X B TOUKH, [OJIyIaeM [POEKIUU 23 U

24 (CM- puc. 3)
A ‘iJ'OO- A ‘J-O-- A A‘J" lllll A

| LHL [

Puc. 8. Cxembl npoeknuit Tuna (c). Puc. 9. Cxembr npoeknuii tuna (d).

4. TlocTpoeHne CyIecTBEHHBIX Ipoeknnii Tuma (d) aHAJOIHIHO MOCTPOEHUIO
npoekrmit Tunos (a) u (b). VYcrpanenue Bcex TpexX ee BEPINUH JaeT NEHOYKYy U3
9eThIpEX OKPYKHOCTEH, COeIMHEHHBIX TPeMs IyHKTUPHBIMU JyraMu. Kak u panb-
e, KpaifHue OKPYKHOCTHU JIOJIZKHBI OBITH OJHOCTOPpOHHUMU. CpejiHue OKPYKHOCTH
MOT'YT OBITH KaK TPUBUAJBHBIMU, TaK Y HETPUBUAJBHBIMU. TakuMm 06pasoM, mme-
€M TPU BO3MOXKHOCTH PACIIOJIOKEHUS OKPYKHOCTEH, KOTOPBIE YI00HO 3aKOINPOBATD
rak: (m,t,t,m), (m,t,\,m), (m,\, A\, m), rae 6yKBbl m 0603HAYAIOT OJHOCTOPOHHUE
OKPY2KHOCTHU,  — TPUBHUAJbHBIE OKPYKHOCTH, a A — mapaJsuean Oyrteuiku K. Co-
OTBETCTBYIOIIIE CXEMbI MOKa3aHbl HA puc. 9. CTaruBanue MyHKTUPHBIX YT B TOUKA
JlaeT TPHU HOBBIe NPOeKIWN 31, 32 1 33 (cM. puc. 3).

5. ITycrb G — upoeknust tuna (e). YCTPaHWB BEPIIMHY €€ TETJIA U OJHY W3
JIBYX OCTABINNXCS BEPIIUH, IOJYYNM TPHU OKPYKHOCTHU C1,C2,C3. JIBe U3 HUX, CKa-
JKEM (1, C2, TPAHCBEPCATLHO TIEPECEKAIOTCST B OHON TOYKE U COEINHEHBI Ty HKTHPHO
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jyroii. OKpy>KHOCTB €3 PaCIOJIOXKEHA OTIEJIBHO U COEJIMHEHA IMYHKTUPHOI JyToil ¢
OJTHOW M3 MEPBBIX JABYX. Kak OTMEYEHO BBIIIE, JIBe OKPYKHOCTH B K MOLYT TpaHC-
BepCaJbHO MEPECEKAThCS B OHON TOYKE TOJIBKO B CJEIYIOMNX ABYX CJIydasiX.

1. OiHa U3 OKPYKHOCTEH sIBJISIETCSI MEPUIMAHOM, T. €. UMEET THII [, 8 BTOPas
OJIHOCTOPOHHSISI.

2. O6e OKPY>KHOCTU OJHOCTOPOHHHUE.

B mepBom citydae oKpyKHOCTB 3 00si3aHa OBITH TPUBUAJBHOMN, HO Toraa G Oy-
JIeT UMETh TPUBUAJIBHYIO IETJII0, ITO MPOTUBOPEYUT yCJIOBUIO €€ CYIEeCTBEHHOCTH.
Bo BTOpOM citydae OKpyKHOCTB €3 TOXKE JOJIKHA OOPAINATh OPUEHTAIHIO, TAK KaK
OBITH TPUBUAJIBHOW WU UMETHh TUIl A OHA HE MOYKeT M3-3a CyIIeCTBEHHOCTH IIPO-
exkiuu G. 3ameruM, 4TO JONOJHeHNe B K K O0beIMHEHUI0 OKPYXKHOCTEM C1, Ca, C3
COCTOUT W3 OTKPBITOTO JUCKA M OTKPBITOTO KOJIbIa. 1l03TOMY HETpYyIHO MOKA3aTh,
9TO COEIUHSIONINE OKPYKHOCTHU ITyHKTUPHBIE JYTU MOYKHO IIPOBECTU TOJIBKO JIBYMSI
HeskBuBasieHTHbIMU ciiocobamu (puc. 10). CraruBanue IyHKTUPHBIX JIyT B TOYKH

JaeT TPOEKINH 34 U 35.
( PBIX UMEIOT OAHy OOIIyIo BepmuHy. JlomycTnMm,
9TO B KAKON-HUOY/IH BEPIINUHE TPOXOJIATINE He-
Puc. 10. Cxempr npoexnuii Tuna (e). pes3 Hee OKPYZKHOCTH (ILyCTh €1, C2) TIEPECEKAIOT-
cs1 TpaHcBepcaabHo. Tora Hu B OJTHOM U3 JABYX APYTUX BEPIIUH IEePECeIeHNe OKPY K-
HOCTEll He MOYXKeT OBITh TPAHCBEPCAJBHBIM, IIOCKOJbKY HHAYE UMEIU OBl MIPOEKITIIO
He y37a, a 3allellJIeHns.

Kak u BbImte, BO3MOXKHBI J[Ba CJIyUasd.

1. OgHa U3 OKpPYKHOCTEN C1,Co SIBJIIETCSI MEPUJIMAHOM, T. €. HUMEET THUIl LU, &
BTOpast 0OpaIaeT OPUEeHTAIHNIO, T. €. UMeeT THUIl M.

2. Ob6e OKPYKHOCTH €1, Co UMEIOT THUIL M.

Yerpanus 0b6e HeTpaHCBePCaIbHBIE TOYKH IIePecedeHnsi OKPY2KHOCTH C3 C C1, C2,
IOJIY 9MM HOBYIO OKDPYKHOCTD C3 (4yTh CMEIIEHHYIO KOIIUIO OKPYKHOCTH C3 ), KOTOPast
coeIMHEHA HelePECEKAIOMUMUCS Ty HKTUPHBIMA JIyTaMU ¢ OKPYKHOCTSIME €1 U Ca. B
IIEPBOM CJIyYae OKPYKHOCTH €3 MOXKET OBITH TOJBKO TPUBUAJILHOM, BO BTOPOM KakK
TPUBUAJIBHOM, TaK M OJHOCTOPOHHEH. (CXeMbl COOTBETCTBYIOIIUX TPEX IPOEKIINi
mokazanbl Ha puc. 11 BBepxy. CrsarmBas IyHKTHUPHBIE IYTW B TOYKH, ITOJIyIaeM
MIPOEKINHIO 33 B TIEPBOM CJIydae W MPOEKIAN 39, 311 — BO BTOPOM.

Puc. 11. Cxemsl npoexiwmii tuna (f).

6. Ilycrb G — upoeknust tuna (f). Ona
[peJIcTaBiisIeT cOoDOM MENOYKy U3 TPEX OKPYZK-
HocTelt ¢1,c2,c3 C G, Kaxkaple JBe U3 KOTO-

o¥e}

HomycTtrM, 9TO BCE TPHU TOYKU IEPECEYeHMs OKPYKHOCTEH c¢1,co,c3 C G He
SABJISIOTCS TPAHCBEPCAJIbHBIMUA. YCTPAHUB WX, TIPUXOAUM K 3aMKHYTON IETOYKe U3
Tpex HellepeceKalonXcsl OKPYKHOCTEl, COeTUHEHHBIX TPeMd IIyHKTUPHBIMU JIyTra-
mu. [loTeHNMaIbHO BOZMOXKHBIE CJIyIan YI0OHO KOIUPOBATH TPOMKAME TUIIOB yIaCT-
BYIOIIUX OKPY?KHOCTEWR.

1. (i, t,t). OHA OKPYKHOCTD SIBJISIETCSI MEPUINAHOM, a JIBE JPYTHe TPUBUAJIb-
HBIL.
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2. (m,m,t). IBe OKpY?KHOCTH OIHOCTOPOHHUE, & TPEThsl TPUBUAJBHA.

3. (i, py 1o ). Bee Tpu OKpy2KHOCTH SIBIIAIOTCST MEPHIUAHAMU.

CxeMbl COOTBETCTBYIOINIUX Y€ThIPEX MTPOEKIHii ToKa3aHnbl Ha puc. 11 Bauzy. Ilpu
CTSTUBAHUY IYHKTUPHBIX JIyT B [MEPBOM CJIydae TOJydaeTcsl TPOEKIHs 3g, BO BTO-
poM — mpoekIuu 37 U 311 (CXeMBI KOTOPBIX OTJIMYAKTCS PACIIOIOKEHAEM Iy HKTHD-
HBIX JIyT), B TPETHEM — IPOEKIHS 313.

ITockonbky mapasutens A pazdouBaer K Ha jaBa aucta Mébuyca, Tpoitku, cojiep-
JKalye A\, He MOTYT MPUBECTU K CYIIECTBEHHBIM TpoeKnusiM. OcraBrinmecss TpOKu
(1, t,t), (m,t,t) u (t,¢,t) maor upoekuuu 3anemienuii. [Tosromy apyrux npoexnuii
tuna (f) Her.

lJ1st MOKa3aTe/IbCTBa TEOPEMBI 2 IOHAI0OUTCsT HOBBII MHBAPUAHT Y3JI0B B YTOJI-
mennoit 6yTeinke Kieitna, KOTOPBI MOYXKHO HAa3BATDL 0000ueHHbiM Nosuromom Ka-
yddmana. B oramame ot oObIIHON HOpMaIH30BanHO# ckoOKku Kayddmana ot omuoit
nepemernoit (cm. [1]), Mbl ucnonb3yem deTbipe nepeMennbie A, x, y U z, KOTOpbIE

HY2KHBI JIJIF y9IeTa 9ucja U TUMIOB OKPYKHOCTEH B K, TMOIyIaomuXcsl OCae pa3pe-
IIIEHNST BCEX IIEPEKPECTKOB JINarpaMMbl COIJIACHO BEHIOPAHHOMY COCTOSTHUIO S. TouHast
dopmyia TakoBa:

X(K) _ (_A)—3w(K) ZAa(s)—B(s)(_AQ _ 14—2)7(5)1‘(51(s)yég(s)zég(s)7

e a(s) u [(s) — unciao mapkepoB A n B B cocrosianm §, y(s) — €HCIO TPUBH-
AJIbHBIX OKPY2KHOCTElH Ha OyThuiKe KileitHa, oIy 9eHHBIX B PE3yIbTaTe Pa3peIeHst
BCEX IIEPEKPECTKOB, & 01(S), 02(s) u 03(s) — 4Yucia OKPYKHOCTEH TUIOB (i, A\ U M
coorBercTBeHHO. CyMMa Gepercss o BCeM BO3MOXKHBIM cocTOsiHESM, a w(K) 060-
3HAYAET YHUCJIO0 CKPYUNBAHUS IUATPAMMBIL. J[0Ka3aTesbeTBO TOTO, YTO STOT MOJIMHOM
SIBJISIETCS MHBAPHAHTOM y3J1a, IIPAKTUIECKH COBNAJACT C MPHUBEIEHHBIM B [1] JoKa-
3aTeJLCTBOM HMHBapnaHTHOCTH mojuHoMa Kayddmana s KIacCHYecKux y3J7IoB,
MIOITOMY €T0 OITyCKAEM.

JIOKA3ATEJIbLCTBO TEOPEMBI 2. YT0OBI jJjisi JIaHHOW HPOEKIINH ITOCTPOUTH
JUarpaMMbl OTBEYAIONINX €l y3JI0B, HY?KHO IIyTEM Pa3pbIBOB Pa3METHUTh BCE €€ Tie-
pekpectku. C y4eToMm TOro, 9To IpHU 3aMeHe BCeX IEPEKPECTKOB IIPOTUBOIIO/IOKHbI-
MU KJIACC SKBUBAJEHTHOCTH Y3J& OCTAETCS IPEXKHUM, KaXKJas MPOEKIUs C TpeMsi
BEPITUHAMI MOXKET JaTh He 0oJjiee TeThIpeX pas3nvHbIX y3J0B. boJjiee TOro, ecian
ITPOEKIINS UMEET JIBYYTOJIbHYIO I'PaHb, TO YMUCJIO OTBEYAIOIINX €if PA3/IMYHbIX y3JI0B
CHU2KAETC JI0 JIBYX, a €CJIU 9T JBYYTOJbHAs I'PAHb TPAHUIUT 110 PEOPY € TPEYTo/ib-
HOIt, TO OCTaeTCs TOJIBKO OJUH y3es. B pe3ynbrare mosydaiorcsa 33 auarpaMmbl.

Hmxke npusenena tadiuna nomnaomos Kayddmana 1j1a Bcex y3J/10B, 3aJaHHBIX
JuarpaMMaMy Ha puc. 4. 37ech YMECTHO OTMETUTh, UTO €CJIH JUAarpaMMbl JIBYX
V3JI0B OTJIMYAOTCS JIPYD OT JAPyra Ha CMEHY THUIIOB BCEX NEPEKPECTKOB, TO MX IIO-
simaombl Kayddmana oTimaaroTcst Ha CMEHy 3HAKOB BCEX CTeIeHel mepeMeHHo A.
Taxue TOJIMHOMBI CINTAEM OIMHAKOBBIMHU.

1 —Atz — 47222,

21: A8z + (A6 — A72)22,

29 A8 + 247622 1 A=4y2? |
230 ¢+ (A2 + A2%)2? + y2?,

24 (A* + AS — A10) 2
25: (—2A% —2A8) + Aty + AB22,
26: (—A™H =2 — AY) Ly 4+ a2,
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310 —A g 4 (—AT0 4 A6 — A72)2

3o —A7 w4+ (A0 — A72 + A2)22 + (—A71 + 1)y22,

330 —A2x 4+ (=24710 4 A76)22 1 (478 — A7 )y22,

340 —AT4 4+ (—AT0 — A72 + A?)22 — 2A4y2? — A72y222
35 —AT2p 4+ (24710 + A70)22 — 247 8y22 — A6y
36: —Atz — AZ2% 4 (=1 — At)y2? — A%y222

370 —ATh — A2 4 (—AT — 1)y2? — A72y222

3g: (=1 + A% — A10)z — A2%yz,

39: (A8 — A8 — A0)z — ASyz,

3100 (A% — A0 + AM)z 4 (A8 + Al)yz,

3110 (A% + A + AS)z + (=A% + A®)yz,

3192: ( A—16 + A2 A8 ).Z' — A_GZQ,

3130 (A% — A8 1 AV2)p + (— A0 1 A2,

314: (A 2+1—A2 A4+A8)Z,

3150 (—AT2 4+ A2 +2A%) + (A72 — A?)y — AS2?,
316 ( A + 2A10 + A14) (AG _ AlO)y _ 14101/.27
3170 (=248 + A¥2)p + (— A5 — A0 4 Al4),2

318: ( 1 A4 + Ag) (72142 + A6)22,

319t (A8 =244 — A72 + A?)2 — A %yz,

300: Atz — A%yz,

321: ( A 10 _ -8 + AiG)Z — AiGyZ,

3290: 3AT12p — A=62 — A 12 3

393: A8+A4+ Dz A22 A48,

(
3o4: (1 + A%+ A8z — A%2% — A%a3,
3050 A%z — A 2yz,
3a6: (A8 + A7+ 1)z — A722% — A28,

[IPUMEYAHUE. HerpymaHo j10Ka3aTh, 9TO y3JIbl 320, 325 SKBUBaAJIEHTHBI. JIJIst
9TOr0 JIOCTATOYHO ITEPEHECTU OJINH W3 IEPEKPECTKOB JIUarpaMMbl y3ja 395 4epes
BepxXHee OCHOBaHME KBaJIpaTa W MOBEPHYTH mauarpammy Ha 180 rpajycoB. DTo xKe
OTHOCHUTCH K y3JIaM 323, 324.

JokazaTh pa3/IMIHOCTD Y3JI0B 3¢, 37, KOTOPbIE UMEIOT OJIMHAKOBLIE O0ODITICHHbIE
nostmHOMBI Kayddmana, apTopaM He yIa0Ch. JTO K€ OTHOCUTCS K y3J1aM 3923, 326.

W3 rabsunsr nosmaomos Kayddmana BUIHO, ITO BCe OCTAJIBHBIE Y3JIbI UMEIOT
pazauunble oJuHOMBI. [losTOMy cpesim HUX HET JTyO/JTMKATOB.

Tunoresa. Y3zer 3¢ orimden ot y3/a 37, a y3esa 394 OTJIHIEH OT Y3718 326.

Apropsr 6itarogapubl B. B. TapkaeBy 3a BbIYNC/IEHTE HHBAPUAHTOB M KOMITHIO-
TEPHYIO TPOBEPKY TPABUIHLHOCTUA TAOJIHITHI.
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