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I'EOMETPOI'PAOUYECKHUE BAPUAIIUU 3AJAY
IIUPKYJIbHBIX CONMPAKEHUM

MpeacTaBneHbl akcMoMaTUYeCKME CBOMCTBA U MOHSTUS, CBS3bIBAOLLME FrEOMETPO-
rpacoumio. MpuBeaeHa ofHa U3 OCHOBHbIX TEOPEM COMPSKEHUS], B KOTOPOW onpeaeneHbl
no3nLMn 1 CBOMCTBA OPTO3MEMEHTOB COMPSKEHWS!, @ TaKKe MOCNeaoBaTeNlbHOCTU CO-
npsiraemblX Oyr ¢ UCMOMNb30BaHNEM CUMMETPUX. TeopemMa KOMMEHTMpYeTCs cnocobom
[okasaTenbctea oT obpaTtHoro B opmMe reomeTporpadmyeckux onepauuii, Kotopble
COrnacylTcsl C aHanMTUYeCcKUMK pesynstataMu. [aHbl LMPKYIbHbIE COMPSBKEHUS, 3a-
MblKatoLMecs B oUrypbl oBanioB ¢ HEGOMbLUMM pasnuynemM B anropuTmax nocTPOEHUst
komnoauuuin. NpoaHanuanpoBaHbl MPAMOMMHENHBIN KKOHUYECKUA» LIMPKYNSPHbIA pag v
BapvaLuum ero reoMmeTporpadmnyeckoro NoCTPOEHNs.

KnioyeBble crnoBa: LMpPKyNspHbIE COMPSKEHUs], KacaTeNbHble, OKPYXXHOCTb, Mpsi-
Masi, conpsiraemble Ayrn, CUMMETPUS, KKOHUYECKUA» LMPKYNSAPHBIA psg, NaHUMETpUS.

B MHXEHEPHO-CTPOUTEIBEHOM U aPXUTEKTYPHOM MPOCKTUPOBAHNUH COTIPSKEHHUS
LUPKYISIPHBIX KPUBBIX UMEIOT Oombinoe 3HadeHue. CyLIecTBYIOT pasjindHbIC I10-
TPEOHOCTH MX MIPAKTUUECKOTO MPUIIOKEHNUS, BKIIFOUYasl TAK)KE BO3MOKHOCTH aIlpoK-
CHUMALIMM UMH KPUBBIX BBICHIETO MOPSAKA.

WznoxxeHne Ha3BaHHON TEMbl HEOOXOAMMO HAa4aTh C OJHOM M3 OCHOBHBIX TEO-
PEeM COMNPSDKEHMS AYT OKPY>KHOCTEH, MOCKOJIbKY B HEH B3aMMOCBSI3aHbl KacarTellb-
HBIC U HOPMaJH, T.€. OPTOIEMEHTHI CONPSDKEHHM, a TAaKXkKe MOCIEI0BATEIbHOCTH
CONpSIraeMbIX OyT C IPUMEHEHUEM CUMMeTpuit [1—4].

Ho mpexzae He numHuM OyaeT HAOMHUTH HEKOTOPBIE aKCOHOMETPUUECKHE
MOHSATHSI, CBA3BIBAIOLINE T€OMETPOrpaduio HUPKYIISIPBI, MPSIMOM M TOUKH B TY MJIH
MHYIO KOMITO3HUIIHIO.

EnuHcTBeHHAs TOUKA MHIUICHINH MAapbl LUPKYJISIP SBISETCSA ABOMHOM TOUKOH,
Yyepe3 KOTOPYIO MMPOXOAAT JIBE BIOKEHHbIE KacaTelnbHble. Yepes 3Ty TOUKy IpOXOIST
TaKXe JIBC BJIOKCHHBIC HOPMaJM, KOTOPhIE COBMAAAIOT C HAIPABICHUEM COOTBET-
CTBEHHBIX JMAMETPOB LUPKYJP. [[Ba OPTOroHANBbHBIX HAIlPABICHUS, KacaTelbHbIX
1 HOpMaJIeH uepes3 TOUKY LUPKYIISPBI, SBISIOTCS AUddepeHIranbHbIMU SJIEMEHTAMH
KPUBH3HBI B OECKOHEUHO MaJIOH OKPECTHOCTH JaHHOW TOUKM UMPKYJsipsl. Hakoner,
npsiMasi, IPOXO/sIas Yepe3 TOUKH HEHTPOB JaHHbBIX HUPKYJISp, COBAAAONIast C Ha-
NpaBJIeHUEM HOpPMaJed M JAWAMETPOB, SIBISICTCS OChIO CHMMETPHH paccMarpuBac-
MO TaHHOU reoMeTporpaduiecKoil KOMITO3uIuu [5—7].

AHanu3upys BO3MOXKHOCTb ITOCTPOCHUS KacaTeNbHBIX Ul Hapbl 3aJaHHBIX
OKPYXHOCTEH, OTMETHM, YTO CYIIECTBYET HECKOJIBKO BAPHAHTOB IeoMeTporpaduu
Takux KoMnosunuid. OfgHa U3 HUX IpeAcTaBieHa Belme. CleayomuM BapuaHTOM
MOXET OBITh CIIydail «BHYTPEHHETO KacaHMs» LHUPKYISP, Ui KOTOPOr0 BO MHOTOM
COXPaHSIOTCS aHAJIOTHHM TpeabLayero. Ho asst mepBoro ciryyasi UMEETCsl BO3MOXK-
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HOCTbH MTOCTPOCHHS €IIe OJJHOTO OOIIEero KacaTelbHOTO HarmpaBieHus. Takas npsmas
TaK ke OymeT nBorHO#N. OHA COACPKUT NIBE BIOKCHHBIE KacaTelbHBIC, IO OTHON K
KaXI0H MUPKYISIpe M, pa3yMeeTcsl, B Pa3HbIX X TOYKaX.

Jia HaxoKaeHusl TaKuX TOYEK M, COOTBETCTBEHHO, KacaTeNbHBIX MOYKHO HIC-
0JI30BATh CJIECYIOIIUM aNTrOpuTM. B KaX10M HIUPKYISIpe MOCTPOUM HapajliebHbIe
paanychl, COEIMHUM MX KOHIIBI M HAliIeM UHIHJICHT S CEKYIIeH C OChI0 CUMMETPUH
nupKyIsp. Jlanee mpuBOIUTCS TEKCT BBHIICYTIOMSHYTOW TEOPEMBI.

Teopema. JIBa pOU3BOJILHO pacnonoxeHnbix (puc. 1) nquamerpa (M,; M) u
(1; 1) OKpY)XHOCTH, NPUHATHIX [alice B KAYECTBE KacCaTeIbHBIX, MOPOKIAIOT Ye-
ThIpE TIONIAPHO-CONPSHKEHHBIE OKPYKHOCTH, IICHTPBI KOTOPBIX OIMPEIEIIAIOTCS TIepe-
CEUEHHUSIMU COOTBETCTBEHHBIX PaJNyCOB-HOpPMaJieil M3 KOHIIOB STHX THAMETPOB.
Paccrostnus mexy uentpamu (0,; 0,; "0,; "0,) paBHBI 1 ABJIAIOTCSA CyMMaMu pajiuy-
COB TSI TTap COTPSHKCHUN.
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Puc. 1. KacarenbHble 1 HOpMAaJIH Tapbl CONPSDKEHHBIX AYT IUP-
KyJsIp, UX 0a30Basi OKPYKHOCTh

KoMmMenTupys coxmepskaHue TeOpeMbl, PACCMOTPUM CHadajla OJHY KOCOCHM-
METPUYHYIO 4aCTh OTHOCHTENBHO ocu (M,; M) B 00paTHOl MmoCIEn0BaTENbHOCTH.
[TycTs 3ananbl 1BE KacaTelbHbIE OKPYKHOCTH (puc. 2) ¢ uenrpamu (0; 0,) n paauy-

*,
camu (R;; R,). Yepes ToUKy nx kacanus / mpoxoaut o0mmas kacarenbHas ‘t.

Jns BHemHel kacarenbHOU t 3a7JaHHBIX OKPYKHOCTEH ONpPEAessOTCA TOUKU
xacanus M, u M,. U3 mocTpoenuii 04€BUIHO, YTO KacaTelbHas U3 TOUKH [ JIEIUT
orpesok (M; M,) mononam, a croponsi ("0; 1), ("0; M), ("0; M,) paBHbI u sBIsIOTCS
OPTO3JIEMEHTAMHU COTIPSDKEHHUS, [Tl KOTOPOTo Touka "0 [EHTP MeIUaIbHON OKPYIK-
Hoctu. M3 uepreska cnemyer, uto ase sennuunbl (M; “0) u ("0; M,), moposub paBHbie
tpetbeii (F0; 1), paBHBI MeKIy cob60ii. IToBTOpHM, ciaemoBarenbHo, mpsamas (F0; 1)
aemut oTpe3ok (Mg; M,) mononam. Hamomuum, 9T0 JU1st TOCTPOESHHS TaHT€HIMAH t
IPEIBAPUTENLHO ONPEAENAETCA MOMOC S Ha tuHuK 1eHTpos (0,; 0,) ¢ momomsio,
Hanpumep, cexyuen (d,; dy). Ilocne yero na muamerpe (0,; S), Hanpumep, cTpo-
UTCs JIyra MOJYOKPYXKHOCTH, KOTOpas B MHLUMIAECHUMH C OKpyxHOCThIO (0,5 R,)
¢uxcupyer Touky M, mu, cienoBarenbHO, KacarenbHyH f, IPOXOAANIYI0 4epe3
(S5 Mg; M) [8—1].

* .
Ecmu paccmorpers nenrp "0 guamerpa (M,; M,) u npomomkenue pamuyca
* *
(°0; 1) mo Benmmumusl nuametpa (1; “1), TO 0OHAPYKUTCS BO3MOKHOCTH TIOCTPOCHUS
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€Il IByX COOTBETCTBEHHO KOCOCHMMETPHUYHBIX OKPYKHOCTEH, KacaTeIbHBIX MEK-
Iy coboif. B mTore cymma momnapHo-KacaTeIbHBIX OKPY)KHOCTEH OyZeT paBHa YeThI-
PEM B COOTBETCTBHH C TeOpeMoil. LIeHTpsI mocienoBaTeIbHO KacaTelbHBIX OKPYXK-
HOCTeW OyayT NMpHHAJIeKATh BEpIIMHAM poMOa, CTOPOHA KOTOPOTO paBHA CyMMeE
Mapbl CONPSHKEHHBIX PaINyCOB.
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Puc. 2. YeTsIpe kacaTeIbHBIX OKPYKHOCTH, TJIOTHO
YJOKEHHBIE Ha IyTy 0a30BOH IIUPKYJISPBI

Ha puc. 3 mis mapbl KacarenbHbIX OKpY»KHOCTEH ¢ nentpamu 0, 0, 1 TOUKOM
MX MHIMJEHTa / II0OCTPOEHa YeTBepTas 4acTh Ayru (*8; 8.; 8) opana, cocrosias u3
COIIPSKEHHBIX JIyT LMPKYJIAp ¢ paauycamu R, v R,. Ha3BaHHbIE qyrv LUPKYJIAp
ompeesieHbI [0 U3BECTHOW METOAUKE, IPUMEP TreoMeTporpaduu KOTOPOil UCTIONb-
30BaH Ha TOM K€ YepTexe AJst oBana ¢ reHTpoM "0 u quamerpom (9; 9). B mocien-
HEM CJIydYae TOYKON UMPKYISPHOTO CONPSHKEHUS ABJseTCs no3uums 9, [12, 13].

YacTHbIM cliydaeM paccMaTpuBacMoOi KOH(GUrypamuuu sBISeTCs JIMHEHHAs MO-
JIeJIb KBaJIpaTyphl Kpyra, Korjia MeinaibHas OKPY>KHOCTh CONPSIKEHUS COBIIAAAET C
0a30Boii OKPYKHOCTBIO KBapaTyphl. 31ech Gurypa pomba npeacranieHa 0a30BbIM
KBaJ[paTOM, a YETHIPE MOCIIEOBATENBHO COMPSKEHHBIX OKPYKHOCTH UMEIOT LIEHTPbI
B BEpILIMHAX KBaJpaTypbl, UX IUIOMAAN ABISIOTCS 3KBUapeaitamu [1, 2, 14, 15].

J1g IpsSAMOSTMHENHOTO «KOHMUYECKOTO» LUPKYJIAPHOIO Psiia KaKIBINA MOCIEny-
IO panyC CONPSIKEHUS] CMEXHBIX JIyT, B CTOPOHY YMEHBIIIEHNUS, BBOE MEHbIIIE
npeapiaymero (puc. 4), 4To MOATBEPKIACTCS NOCTPOCHUSAMHU B OIHOW U3 YeTBEp-
Tel, Hanpumep (x; —v), KBaJgpaTa IUPKYIsipbl (puc. 4). B aTom npumepe npexacras-
JIEH T€OMETPOrpadM4eCKuii ONpeNeauTENb BEMMYUH paguycoB (R; R, ..o R 5 ...),
KOTOpBIE MOYKHO HCIIOJIb30BaTh B JOJDKHBIX MO3UIMSAX COOTBETCTBEHHBIX LEHTPOB
(0; 05 ...; 0 ; ...). Ectu HE0OXOAMMO BBICTPOMTH LEHTPBI CONPATaEMBIX LIUPKYJIAP
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TIOCIIEIOBATENBHO B PAJI, BCAKMI 72 pa3 cneyeT u3 nentpa 0, 100aBIsTh ¢ Onpese-
JUTENS OTPE30K (R |+ R ). DTa onepanus MOKET BBIIOIHATHCS CJI0KEHUEM «BPYY-
HYIO», JIN0O «reoMeTporpapuyecKu», 9YTo NOKa3aHO Ul ciydast IOCTPOCHHUS LIEH-
tpa 0,,. 3neck (0,;0,) paBHO BenmuuHe oTpeska (R, + R,) U3 ONpenenuTens.

Puc. 3. TTocTpoenus 1ByX NpUMEpOB 3aMKHYTBIX KPUBBIX, OBa-
JIOB, COTIPSKEHUSIMU YETBIPEX YT HUPKYILIP
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Puc. 4. IIpsmonuHeiHas nociae 0BaTeIbHOCTh COMPSKEHHBIX LIUPKYIIAP

JlocTtaro4Ho TPOCTBIM aNTOPUTMOM ITOCTPOCHUSI IIEHTPOB SIBIIAIOTCS J00aB-
JIeHWsl K TOYKe KacaHWs OT TPEIbIAyIIed IMUPKYISpbI, TIONOBUHEI ee paauyca. O0
3TOM CBOWCTBE CONPSDKEHMS OBUIO CKa3aHO BbImie. /laH mpumep MOCTPOEHUS IIEH-
tpa 0,. Pasymeercs, CylmecTByIOT Jpyrue BAPUAHTBI PEIICHUs W3JIAraeMou 3ajiauu
[16—18].
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CormpspKeHHe TBYX CMEXKHBIX OKPYKHOCTEH B yOBIBAIOIIEH MPSMOIMHEHHOM
MOCTIE/IOBATEIIBHOCTH ~ CBSI3aHO  C  ONpEACICHUEM  CEpeJMHBl  MHTEpBasa
(2R, +2R,,, =3R,). Touka M ONpenenseTcs UHIMAEHTOM CTOPOHBI FApMOHHYE-
cKoro TpeyronbHuKa B mupkymsape (0;R ) c¢ ockio x. Takum oOpa3om, MOXKHO (HUK-
CHpPOBATh PaIyc R MCKOMO¥ JIyru CONMPSUKEHHS HA3BAHHOM Mapsbl Ul paccMaTpu-
BaeMOTO psifia UCXOMHBIX OKPYKHOCTEH (CM. puc. 4). 3aMeTUM OYeBUAHBIN (aKT reo-
merporpadun: oTHomeHue paguycoB (R :R :R ., =3:2:1) sBusercs BecbMa
MpaKTUYHOW mponopuueil. Pasymeercsi, mnocienoBaTejIbHblE W aHAJOTHYHbIE
(0,,;R,,) oxpyx)HOCTH 00pa3yIOT HOBBII KOHMUYECKHH PSJI, @ TAK)KE UX «PACTYIIHE»
MoAM(UKAIMH, TOKPBIBAIOIINE CUMMETPUIHO OTHOCUTEIILHO X BCE TOJIE 3aJ[aHHOM
TUTAHUMETPUH.
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Puc. 5. Ilpumep reomeTporpaduaeckoil Momeu KPUBOIUHEH-
HOTO psifia CONMPSDKEHHBIX ITUPKYJIISAP

W36upaercs HexoTopas HcxomHas okpykHOCTb psiga (0;R,), n BenuunHa pac-
crosuus (0;S), paBHas 3R, NpUHUMAETCs 3a MOJOBUHY AyTH OKPYKHOCTH M3rHOa
(nR* NPSIMOJIMHEHHOTO OTpe3Ka KOHUYECKOTo psifia. [Tpy Hanmm4uu pa3BepTKH Io-
JYOKPYKHOCTH ONpEJICIICHHE ee pajuyca JOCTYITHO U CPEJCTBaMH T'eOMETporpa-
bun, u aHaHHTquCKH(RC =08/ n) [14, 19]. Urak, noctpoum okpyxkHOCTH (0 ;R.),
KOTOpasi MPEACTABISIET OCEBYIO JIMHUIO OKPYKHOCTEH COMPSDKCHUS. DTa OKpYXK-
HOCTbH KacaeTcs [eHTpa UCXOIHOHM okpykHOCTH, U LeHTpbI (0;0,) nexar Ha ocu Ko-
HU4YecKkoro psa. CiaenoBarenbHO, HCXOHASI OKPY)KHOCTD YK€ BCTPOEHA B IIUPKYJIb-
HbI psa. PaccMoTpuM orepanuu LMKJIA IOCTPOEHUS CIEAYIOIIEH KacaTesJbHON
oxkpyxHoctu (0;;R) B KpuBOIMHEHHBIH psia. BHadane HEOOXOOMMO y4ecTb, UTO
orpe3ok (0;0,) B mpsIMOTMHEHHOM sy COOTBETCTBYET YCIOBHIO CONPSIKEHUS CO-
CeHUX OKpykHOcTei. O4YeBHIHO, IepeceueHne JyTrd 3TOro pajuyca ¢ yroi oce-
BOI JIMHUK conpshkeHuit B Touke 0] OmpeessieT HCKOMbIN LEHTP CMEKHON OKpPYIK-
HOCTH B HOBOH mosuimu. B cnemyromem mukie xopaa (0530, =0,;0,) dukcupyer
ciemyrotuii uckoMblii tientp 0, comnpsiraeMoil OKpyKHOCTH. Jlajiee [UKIIBI TOBTO-
PSIOTCS JIO Pa3yMHBIX BH3YallbHBIX T€OMETpOrpaduuecKnux BEJIUYMH, & B UTOTE JIO
no3unuu S'. Ecnmu paccMarpuBath KBajJparypy Kpyra UCXOJHOH OKPY)KHOCTH, BCE
TNO3UIKK IEHTPOB 0, Ha KOHMYECKON OCH OTCTOAT APYT OT JIPyra B COOTBETCTBUH €
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KOMIIO3UIMEH YMEHBIICHUS JUaroHalIl YeTBEPTH KBajpara Basoe. OTcrona cienyer
MIPOCTEHIINI PUEM B3SITHSI PACCTOSHUN MEXAY CMEXHBIMHU LIEHTPAMH JJIs1 KOHHYe-
CKO OCH M3 MaTpHIIbI JEJIEHUS MOIyANaroHalld KBaipaTypel, HAIPUMEpP PACCTOSHUE
(0,50,).

OTH Ke paccTOSHUS UCIONB3YIOTCS B KauyecTBE XOpJ ISl OmNpenesneHus (cM.
pHcC. 5) IEeHTPOB Ha APYTroi HUPKyIbHOU KpuBoi. Eciiit TpeOyercs nornueckas yBsi3-
Ka JIJIsl TAKUX IOCTPOSHH, CIIeTyeT pacCMOTPETh CBOICTBO TpeyronbHuKa [Tudaropa
(¥g3Xg31), B KOTOPOM TAaHTEHC KareToB paBeH 1/2. DTa BenMuMHAa — KOHCTaHTA
JTAaHHOTO MPUMEPA, U OHA MOBTOPSIETCS BO BCEX IMKIaX. BTopoil paccmaTpuBaeMblid
30€Ch CIy4aid KpUBOJMHEHHBIX LUPKYIbHBIX CONPSIKEHUN Oa3upyeTcst Ha [UPKYJIsi-
pe (0; R) kBagparypsl kpyra. IIpu 3ToM nonoBuHa cTopoHs! kBaaparypsl (0,5¢,)
IpUpaBHEHA K BeJIMYMHE R, a paJlyc COOTBETCTBEHHOM nupKymwipsl (0y,; Ry, ) Ha-
XOIUTCS U3 TeOMETpOrpaduueckoro nocTpoeHus. Bapuant aTux conpsikeHui npen-
CTaBIIFET TaKXKe MPUMEp CONPSKEHUsS Map OKPYKHOCTEH C pa3jIMYHBIMU pajiyca-
MH, LEHTPbI KOTOPBIX MPHUHAJIEKAT IUPKYIApEe, coXpaHsromeid R B KadyecTBe KOH-
cranTsl (puc. 4—o6) [11, 20, 21].
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Puc. 6. «bycb» CONpsKEHHBIX MUPKYISAP HA KPUBOTUHEHHON
6a30BOI OKPYKHOCTH, paJlyCc KOTOPOH M3MEHEH B CPaBHEHUH C
MPEBLAYIIINM

KpaTtkuii wuTOr paccMOTPEHHOrO Marepuajia CBOJUTCS K  CIEAYIOLIEMY.
[IpuBeneHHbBIE OCHOBHBIC KaueCTBEHHO-KOJIMYCCTBCHHBIC M THUIIMYHBIC TPUMEPHI
LUPKYJIbHBIX CONPSIKEHUM [TO3BOJISIFOT FPAMOTHO U BAPUATUBHO pELIaTh ONPEEIICH-
HbIC TeOMETpOrpaduIecKUe 3a1a4M B MPOIIECCE MPOCKTUPOBAHUS HHKCHEPHO-CTPO-
HUTCJIBHBIX, apXHUTCKTYPHBIX, ITPUKIIATHBIX OBLITOBBIX O6’beKTOB, npeaMeETOB U BCH_IGI\/‘I
JUIHOTO ToJIb30BaHus [ 16, 22—24].
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Yu.O. Polezhaev, A.Yu. Borisova, V.A. Borisova
GEOMETRY GRAPHICAL VARIATIONS OF THE CIRCULAR CONJUGATE PROBLEMS

In civil engineering and architectural design the coupling of circular curves are
of great importance. There are different requirements for their practical application,
including the possibility of approximation of the curves of higher order. The present
article contains a brief excursion into the axiomatic description of the properties and
concepts uniting the geometric graphics of a circular, a direct and a point into various
compositions.

One of the main conjunction theorems is presented, which defines the position and
properties of orthoelements of pairing and the sequence of mating arcs using symmetry.
The content of the theorem is commented in the form of proof by contradiction, in the
form of geometric graphical operations that are naturally consistent with the analytical
results. The examples are given of the circular conjunctions closed into oval shapes with
a slight difference in the algorithms of composition construction.

A particular case of the present configuration is a linear model of squaring the circle,
the circle when the medial conjunction coincides with the base circle squaring. Here, the
rhomb figure is presented as a basic square and the four successively conjugated circles
have their centers at the vertices of squaring, their area are equiareals.

Then, the straight “tapered” circular number and variations of its geometry graphical
construction are analyzed.

The summary results of the considered material are as follows. The main qualita-
tive, quantitative, and typical examples of the circular conjunctions allow competently
and variably solving certain problems of geometry graphics in the design process of civil
engineering, architecture and applied domestic objects, items and personal things.

Key words: circular conjunctions, tangents, circle, straight, matched arcs, symme-
try, “cone” circular row, planimetry

144 ISSN 1997-0935. Vestnik MGSU. 2015. Ne 7



WHxeHepHas reoMeTpus 1 KOMMbIOTepHas rpaduka VESTNIK

MGSU

References

1. Volynskov V.E. Prostranstvennoe formoobrazovanie i ego arkhetipy [Space Form-
ing and its Archetypes]. Vestnik Volgogradskogo gosudarstvennogo arkhitekturno-stoitel’nogo
universiteta [Proceedings of Volgograd State University of Architecture and Civil Engineering.
2009, no. 13, pp. 124—129. (In Russian)

2. Krylova O.V,, Polezhaev Yu.O., Tel'noy V.I. Deduktivnyy aspekt postroeniya izo-
metricheskikh monoproektsiy [Deductive Aspect of Isometric Monoprojections Creation].
Fundamental'nye nauki v sovremennom stroitel'stve: Sbornik dokladov Shestoy nauchno-
prakticheskoy i uchebno-metodicheskoy konferentsii [Fundamental Sciences in the Modern
Construction]. Moscow, MGSU Publ., 2008, pp. 163—165. (In Russian)

3. Polya G. Mathematical Discovery: On Understanding, Learning and Teaching Prob-
lem Solving, 2 volumes, Wiley 1962.

4. Gilbert de B. Robinson. The Foundations of Geometry. U. of Toronto; Fourth edition,
1946.

5. Polezhaev Yu.O., Borisova A.Yu., Kondrat'eva T.M. Lineynye puchki v tsirkul'no-ellip-
ticheskikh sootvetstviyakh [Linear Bundles within the Framework of Coincidence of Circle and
Ellipse]. Vestnik MGSU [Proceedings of Moscow State University of Civil Engineering]. 2012,
no. 6, pp. 62—67. (In Russian)

6. Stepura E.A., Zontov R.A. Provedenie pryamoy cherez nedostupnuyu tochku [Draw-
ing a straight through a Remote Point]. Sbornik trudov 2-y Vserossiyskoy nauchno-metod-
icheskoy konferentsii po inzhenernoy geometrii i komp'yuternoy grafike [Collection of Works
of the 2nd All-Russian Scientific Conference on Engineering Geometry and Computer Graph-
ics]. Moscow, MITKhT Publ., 2009, pp. 103—110. (In Russian)

7. Polezhaev Yu.O., Borisova A.Yu. Lineynye variatsii modelirovaniya svoystv elliptich-
nosti [Modeling the Properties of Ellipticity: Linear Variations]. Vestnik MGSU [Proceedings of
Moscow State University of Civil Engineering]. 2012, no. 8, pp. 34—38. (In Russian)

8. Kon-Fossen S. Gilbert D. Naglyadnaya geometriya [Visual Geometry]. 5th edition,
Moscow, Editorial USSR, 2010, 344 p. (In Russian)

9. Klein F. Neevklidovaya geometriya [Non-Euclidean geometry]. Transl. from German.
Moscow, Leningrad, GGTI, 1936, 358 p. (In Russian)

10. Semple J.G., Kneebone G.T. Algebraic Projective Geometry. Oxford, Oxford Univer-
sity Press, 1952, 405 p.

11. Coxeter H.S.M. Projective Geometry. New York, Blaisdell Publishing Co, 1964, 162 p.

12. Fedorov E.S. Nachala ucheniya o figurakh [Bases of the Theory of Figures]. Mos-
cow, EE Media Publ., 2012, 418 p. (In Russian)

13. Lelon-Ferran Zh. Osnovaniya geometrii [Fundamentals of Geometry]. Transl. from
France. Moscow, Mir Publ., 1989, 312 p. (In Russian)

14. Polezhaev Yu.O., Mitina T.V. K voprosu o metodike resheniya zadach intsidentsii [On
the Methodology of Solving Incidence Problems]. Vestnik MGSU [Proceedings of Moscow
State University of Civil Engineering]. 2007, no. 1, p. 81. (In Russian)

15. Vol'berg O.A. Osnovnye idei proektivhoy geometrii [Basic Ideas of Projective Ge-
ometry]. 4th edition. Moscow, Editorial URSS Publ., 2009, 192 p. (Nauku vsem — Shedevry
nauchno-populyarnoy literatury [Science to Everyone — Masterpieces of Popular Scientific
Literature]) (In Russian)

16. Odesskiy P.D. O teoriyakh prochnosti i effekte vtoroy nagruzki primenitel'no k stal'nym
stroitel'nym konstruktsiyam [On Strength Theories of the Effect of the Second Load Applied to
the Steel Building Structures]. Promyshlennoe i grazhdanskoe stroitel'stvo [Industrial and Civil
Engineering]. 2013, no. 10, pp. 20—24. (In Russian)

17. Zhilkina T.A. Rol' prostranstvennogo myshleniya v praktike prepodavaniya gra-
ficheskikh distsiplin v tekhnicheskikh vuzakh [The Role of Spatial Thinking in the Practice
of Teaching Graphic Disciplines in Technical Universities]. Nauka i obrazovanie: problemy
i tendentsii : materialy Mezhdunarodnoy nauchno-prakticheskoy konferentsii [Science and
Education: Problems and Tendencies : Materials of the International Science and Practice
Conference]. Ufa, December 20—21 2013 : in three parts. Ufa, RITs BashGU Publ., 2013,
part 2, pp. 142—146. (In Russian)

Engineering geometry and computer graphics 145



BECTHMK 712015

18. Znamenskaya E.P., Ruzaev A.M. Geometricheskaya interpretatsiya rezul'tatov
poiska optimal'nykh resheniy stroitel'nykh konstruktsiy [Geometric Interpretation of Search
for Optimal Solutions for Building Structures]. Vestnik MGSU [Proceedings of Moscow State
University of Civil Engineering]. 2010, no. 4, vol. 1, pp. 113—116. (In Russian)

19. Polezhaev Yu.O., Fatkullina A.A., Borisova A.Yu. Geometricheskie modeli sopry-
azheniy kvadrik na fragmentakh arkhitekturnykh ob”ektov [Geometric Models of Junctions of
Quadrics in Fragments of Architectural Pieces]. Vestnik MGSU [Proceedings of Moscow State
University of Civil Engineering]. 2012, no. 9, pp. 18—23. (In Russian)

20. Martynyuk A.N., Matveev O.A., Ptitsyna |.V. Elementy proektivhoy geometrii [Projec-
tive Geometry Elements]. Moscow, MGOU Publ., 2010, 134 p. (In Russian)

21. Zacharias M. Vvedenie v proektivhuyu geometriyu [Introduction into Projective Ge-
ometry]. Transl. from German. Moscow, LIBROKOM Publ., 2010, 90 p. (Fiziko-matematiches-
koe nasledie: matematika (geometriya) [Physical and Mathematical Heritage: Mathematics
(Geometry)]. (In Russian)

22. Polezhaev Yu.O., Donskaya O.V. Osobennosti vzaimosvyazey inzhenerno-tekh-
nicheskogo i khudozhestvennogo risunka. K voprosu o vozrozhdenii akademicheskikh tra-
ditsiy [Interaction Features of Engineering Technical and Artistic Drawing. To the Question
of Academical Tradition Revival]. Dekorativnoe iskusstvo i predmetno-prostranstvennaya
sreda. Vestnik MGKhPA [Decorative Art and Environment. Gerald of the Moscow State Acad-
emy of Applied Art and Design named after Sergei Stroganov]. 2012, no. 2-2, pp. 247—252.
(In Russian)

23. Georgievskiy O.V. Khudozhestvenno-graficheskoe oformlenie arkhitekturno-
stroitel'nykh chertezhey [Art and Graphic Design of Architectural Drawings]. Moscow, Arkh-
itektura-S Publ., 2004, 79 p. (In Russian)

24. Gusakova I.M. Rol' tonal'nogo risunka na poiskovom etape raboty nad dekorativnoy
kompozitsiey po distsipline «Materialovedenie, tekhnologiya i proizvodstvennoe obuchenie»
[The Role of the Tonal Drawing on the Exploratory Phase of the Decorative Composition on
the Subject “Materials Science, Technology and Vocational Training”]. Prepodavatel' XXI vek
[A Teacher of the 21st Century]. 2014, no. 1, part 1, pp. 170—175. (In Russian)

About the authors: Polezhaev Yuriy Olegovich — Associate Professor, Depart-
ment of Descriptive Geometry and Graphics, member, International Union of Russian Artists,
Moscow State University of Civil Engineering (MGSU), 26 Yaroslavskoe shosse, Moscow,
129337, Russian Federation; +7 (499) 183-24-83; grafika@mgsu.ru;

Borisova Anzhelika Yur’evna — Candidate of Technical Sciences, Associate Profes-
sor, Department of Descriptive Geometry and Graphics, Moscow State University of Civil
Engineering (MGSU), 26 Yaroslavskoe shosse, Moscow, 129337, Russian Federation;
+7 (499) 183-24-83; grafika@mgsu.ru;

Borisova Viktoriya Aleksandrovna — student, Institute of Environmental Engineering
and Mechanization, Moscow State University of Civil Engineering (MGSU), 26 Yaroslavs-
koe shosse, Moscow, 129337, Russian Federation; +7 (499) 183-24-83; grafika@mgsu.ru.

For citation: Polezhaev Yu.O., Borisova A.Yu., Borisova V.A. Geometrograficheskie vari-
atsii zadach tsirkul'nykh sopryazheniy [Geometry Graphical Variations of the Circular Conju-
gate Problems]. Vestnik MGSU [Proceedings of Moscow State University of Civil Engineer-
ing]. 2015, no. 7, pp. 137—146. (In Russian)

146 ISSN 1997-0935. Vestnik MGSU. 2015. Ne 7



