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Annorarus

OCHOBHBIM pe3YJBLTATOM JAHHON PabOTHI SIBASETCS OMUCAHUE TOCTPOEHUS Iap-
HUPHOTO MeXaHW3Ma, CTPOAIIET0 KPATIalIIyo CeTh g MHOXKECTBA W3 N TOUEK Ha

IIJIOCKOCTH.

BBenenne

Hacrosiaa pabora nocgineHa MOACTUPOBAHUIO ONTUMAILHLIX Te€OMETPHYECKUX rpadoB

C IIOMOIIIBIO IMIAaPpHUPHBIX MEXaHHU3MOB.

[Ton mrapHUpPHBIMEH MeXaHU3MAaMHU OyjeM TOHUMATh KOHCTPYKIIUH, COCTOSIITHE W3
TBEPJABIX TeJ, CBA3AHHBIX MeXKJIy co00#f Tak, YTO HEKOTOphle W3 HHUX MOIYT CBOOOIHO
BpAaIllaThCsl BOKPYT HEKOTOPHIX o0muxX To4ek. IllapHHpHBIE MeXaHH3MBI 9aCTO BCTpeda-
I0TCsI B [TOBCEIHEBHON Ku3Hu. K HUM OTHOCATCA MHOTHE IIPeAMeThl 00MX0/1a, HAYUHAs C
MPOCTHIX, TAKMX KAK HOYKHUIIGI, JIBEPHBIE MET/IN, HACTOJIbHAS JIAMIIA, U 3aKAHIMBAS CJI0XK-
HBIMU KOHCTPYKITUSIMH, COCTABJIMIONIIMA 9aCcTU HO€30B, aBTOMOOMIeH WM IOIBUKHBIX
poboToB. CaMblii OJIM3KHI HAM IpUMEpP MAPHAPHOIO MeXaHU3Ma — 3TO, MOXKAIYH, CKeJIeT
9EeJI0BEKA: TBEPJbIe KOCTU COEJMHEHBI MKy COOOi cycTaBaMu, TO3BOJISIS Y€JI0BEKY JBU-
rarecs [9], [11], [12], [13], [14]. B nacrosimueii paGoTte Mbl GynemM pacCMaTPHBATL YACTHBLI

caydail MapHAPHBIX MEXaHU3MOB, BRIOMpPas B KaU4eCTBE TBEPJIbIX TeJ MPAMbIE CTEPXKHHU.

OcHOBHOE BHUMAaHHUE Y/IE/ISI€TCSI TIOCTPOSHUIO MTPH HOMOIIHM MMAPHUPHBIX MEXAHI3MOB
KpaTdJaifineit ceTn A TPAHUIHOTO MHOYKECTBA U3 N TOUYEK eBKJIUIOBON IJIOCKOCTH. 13-
BECTHO, 9TO 3Ta CeTh OyIeT AepeBOM, KOTOPOE IMOMHMO I'DAHHUIBI MOXKET COAEPXKATh eIlle
U JIONOJIHATE/IbHbIE BEPINUHBI, U CTEleHb JI000H U3 BepHiuH He npeBocxoaur 3. B xoje
paboTHl OBLIM OMUCAHBI KOHCTPYKITUU 3JIEMEHTAPHBIX MEXaHU3MOB, MCIO/Ib30BAHHBIE IS
cOOPKU OCHOBHOI'O MPOCTPAHCTBEHHOI'O MEXaHU3Ma, KOTOPBIH MTO3BOJISET JBUIATh BEPIIHU-
HBI pacCMaTPUBaEMBIX CeTeil 110 IJIOCKOMY JIMCKY TaK, 9T0 KpaTdalline ceTu OKa3bIBAIOTCS
B 3apaHee 3aJIaHHOf 1I0CKOCTH. ['paHrYHbIe BePIIMHBI UCXOJHOIO MHOXKECTBA MOI'YT JIBU-
raTbCs HE3aBUCUMO JIPYT OT JAPYTa, U /I KaZKI0TO UX PACIIOTOKEHNT MEXaAHU3M DPean3y-
eT MuHUMaJIbHOE JiepeBo [lTeiinepa. Takum 06pa3oM, OCTPOCHHBIN MEXaHI3M PEAJTH3YyeT
MUHHMAaJIbHBIE JiepeBbs LllTelHepa j1d BeexX KJIACCOB MOJ00MS I'PAHHYHBIX BEPINHH, T.e.
dakrTuveckn Jjiaer 1moJiHoe perienue npodsembl [IlTeiinepa B TepMuHax MapHUPHBIX MeXa-

HHU3MOB.

Ormernm, aro npu paccmorpenun upobsembr IllTeiinepa na Apyrux HOPMHPOBaH-



HBIM ILJIOCKOCTEH CTPYKTYpa Kpardailiell ceTu MOXKeT 0Ka3aThCd I'OPa3/lo CJIOXKHee, YeM
B CJIydae eBKJIMIOBOI maockocTn, cM., Hanpumep, [16], [17], [18], [18], [19]. Kpome To-
o, /IJIsT HOPMUPOBAHHBIX IJIOCKOCTeH, OTJIMYHBIX OT €BKJIAIOBOM MJIOCKOCTH, aBTOPY MOKa
HE W3BECTHO, CYIECTBYIOT JI &JITOPUTMBI TTOCTPOEHUST KPATUIAMNIIUX ceTell, aHATOTUIHbIe
asropurmy Memsaka. H0.B.Akamesa B cBoeil qunaoMuoil paboTe MOCTPOUIa MPIMOT X0
aaropur™a Mejzaka st 3-HOpMUPOBaHHO#T T10cKOCTH. OHAKO TPH 0OPATHOM XO0J1€ BO3-
HUKAIOT TPYJIHOCTH, CBI3aHHBIE C TeM, YTO Mapy TOYeK Ha 3-HOPMUPOBAHHON IMJIOCKOCTH

CoeUHsIeT, BOODIIEe TOBOPs, OECKOHEYHO MHOI'O KpaTdYallinx.

ABTop 6aromapuT cBOEro HayIHoOro pykopogutess npodeccopa A. A. Tykununa 3a
IOCTAHOBKY 3aJIa4l, IOCTOSHHOEe BHUMAHUE K paboTe, KpUTUUCCKHUE 3aMEUAHN U IeHHBIC

copeThl, a Tak:xke mpodeccopa A. O. IBaHoBa 33 HACTABHUYECTBO U MOMOIIb.

Pa6ora momaepxkana Ilporpammoii [lpesunenta PO nogmep:kku Beayiux HayIHBIX

mkosi Poccuiickoit @enepanuu, npoekt HII1-6399.2018.1, cortamenune 075—02—2018—867.

1 OcHoBHBIE OolIpeieeHnd 1 IIpeIBapuTeJbHbIE€ Pe3YyJib-

TAThI

B nacrosieii pabote Mbl OyJeM paccMaTpuBarTh npocthie Koreunsie rpabol G = (V) E),

rae V' — MHOXKeCTBO BepliuH, a /' — MHOXkecTBO pebep [15].

[IpuBeeM ocHOBHBIE TOHATHUSI, HEOOXOAUMBIE /I (bopmyaupoBkH mmpobsembl I Teii-
Hepa, cM. Hanpumep (1], [2], [8]- I'panuuetd OG epaga G = (V, E) Gynem Ha3bIBATH HEKOTO-
poe HOJMHOZKECTBO B V', cojiepakaliiee Bce BeplinHbl crenenu 1 u 2. Bepinutbl, BXOjsIme
B 0, HA3BIBAIOTCS 2PAHUYHLLMU WA HENOOBUHCHLMU, & BCE OCTAJIbHBIE BEePIIHHBI rpada
G — snympennumu BIn nodeusxcuumu. epesom IlImetinepa Ha3bIBaeTCa KaxKI0€ 1€PEeBO

(¢ TpaHuIEeil), CTelleHH BEPIIHH KOTOPOTO HE MPEBOCXOJAT 3.

IIycts ¢: OG +— RY — mpomsponbnoe orobpazkenne. Obobusennoti cemuvio muna
(G, ) HazoBeMm Kazkaoe oTobpazkenue I': V +— RY, orpanmyenue xoroporo Ha OG cob-
najiaer ¢ . Orpanndenue orobparkenus: I’ na Beprmasl u pedpa rpada G HA3BIBAIOTCS
COOTBETCTBEHHO 8EPUUHAMU U pebpamu 06obwennot cemu . Jaunot pebpa I : vw — RY,
coenuastomero epuuns I': v — R n s w — RY, nasosem paccrosue |I'(v)I(w)| mex-
ay toukamu ['(v) u I'(w) npocrpancrea R?, a daunoti £(T') obobwennoti cemu I' — cym-

My JuH ee pebep. Pebpa HysieBoil JI/IMHBI HA3BIBAIOTCS BbLPOAHCICHHBILMU, BCE OCTATBHDBIE



pebpa — HesuPoNHCOEHHBIMU, & CETh, HE COIEPZKAINAsT BBIPOXKIEHHBIX Pebep, — HeBuPONHC-
dennoti. PaccmarpuBasi cMeskHbIe pebpa Kak oTpe3kn B RY, MbI MOYKEM OIPEeLeNTh Y2401
MeKJIy TAKMMH peOpaMu, MOJOKHUB MX PABHBIMH YIJIAM MEXKIY COOTBETCTBYIOIIMMHU OT-

peskamu. Ecan rpad G — cBa3HBIH, TO 00001IeHEYIO ceTh [' Ha30BEM IPOCTO CEMbIO.

PacemoTpuM BceBo3MOKHBIE JlepeBbd llITeliHepa, MHOXKeCTBa BEPIIMH KOTOPBIX SIB-
JSI0TCS HAYATBHBIMEA OTPE3KAMU HATYPAILHOTO PAIa, & Yucaa oT 1 10 n — IpaHuIHBIMEA
BepImHaMu. J[Ba TakuX jgepeBa Ha30BEM 3IK6USAAEHMHbLMU, €CTH MEXKIY HUMHU CyIIle-
cTByeT u30MOpGU3M, HEMOJABUKHBI Ha Tpanuie {1,... ,n}. Beibepem B KaxKI0M Kiaacce
SKBUBAJIEHTHOCTH TI0 OJHOMY (JIE00OMY) 9JIEMEHTY, U MHOYKECTBO BBIODAHHBIX JI€PEBbEB

[Ireiinepa obo3naunm depes 7,. OTMeTHM, 9TO MHOXKECTBO 7, KOHEYHO.

J119 JaHHOTO HEeIycToro Konednoro MuozkecTsa M C RY u 4mesa n > #M obo3na-
auM gepes B, (M) ceMeiicTBO BCeBO3ZMOYKHBIX CIOPBEKTUBHBIX OTOOpaskenuii ¢: {1,...,n} —
M. Hag xkaxgoro G € T, u ¢ € B, (M) paccmorpum MHOKecTBO (G, ] cereit Tuna (G, @)

B mpoctpancTe RY. Tax kax kaxkmast ceTh u3 [, @] 0HO3HATHO 3a,1aeTCs TTOTOMKEHN MM
CBOUX BHYTPEHHUX BEPIIHH, MHOXKECTBO [(F, ] eCTeCTBEHHBIM 00PAa30M OTOXKIECTBIISETCS ¢
npoctpancTBoM R rie k — KoMmdecTBO BHYTpeHHNX BepmnH Aepesa G. DTO OTOXKIECTB-
JIeHEE 33/1aeT CTPYKTYPY JUHEHHOro mpoctpancTsa Ha |G, | U, TeM caMbiM, HO3BOJISET

FOBOPHUTH O HENMPEPBIBHOCTH, BHIMYKJIOCTH W T.J. (DYHKIHIA, onpeeaeHHbX Ha (G ).

Ha muoxectse [G, ] onpeenen dbyukmuonan qmubl [: |G, ] — R, conocrapisio-
muii kaxaoit cetn I' € [G, ] ee pmmuy [(I'). Tak Kak OH HEMpepBIBHBIN, BBHITYKJIbIH 1
DU CTPEMJIEHUM BEPIIMH K GECKOHEYHOCTH €ro 3HadeHhe CTPEMHTCS K GECKOHEeIHOCTH,
a mpocTpancTBo RY¥ gp1derca orpaHndenHo KOMIAKTHEIM, TO (DYHKIUOHAT | IPHHAMAET
HaNMeHbIIlee 3Ha4eHNe [ ,, IPIYeM MHOKECTBO €10 MEHIMYMOB — BBIIIYKJIO€ KOMIAKTHOE

nomvroxecTBo R%, koTopoe Mbr oboznatamv depes (G, @] min-

Hanee, nonoxnm smt(M) = min{[G, ¢lwn : G € Tp, ¢ € B,(M)}. Beanuuna
smt (M) papna aaune MuEIMaIBHOTO Jepera [lTeitnepa, coeaunsitomero M C RY, cu. [8].
Kazxnast cers I' ¢ rpanuneii uz B, (M), anst koropoit £(I') = smt(M ), naspiBaeTcest Muu-
Manrvhot cemovro IlImetinepa nnn xpamuatiwet cemvio. 113 cKa3aHHOTO BBINIE MIHOBEHHO
BhITeKaeT, uTo B RY mummManbabie cetn IllTeitHepa cymecTBYIOT A1 JIOOBIX KOHETHBIX
noamuoxkects M. Kpome Toro, cpean Bcex munnmasibubix cereit [ltefinepa ¢ nanmoii c
JIAHHO# TDaHUIell Bcerjia UMeIOTCsI HeBBIDOXKJIeHHBbIe CeTH, TPUYeM B HUX YIJIBI MKy
TIOOBIME CMeXKHBIMEI pebpamu He MenbIne 120° (Haz3oBeM 910 ceoticmeom 120°). Ormernm
TaKzKe, 9T0 ¢eTh U3 [, Y] min MOXKET YIAOBJIETBOPSITH CBOHCTBY 120°, HO He OBITH IPH FITOM

mMuHUMATHHBIM JepeBoM [1ITeiinepa. HeBbiposkaeHHbIe ceTH U3 BCEBO3MOXKHBIX |G, ¥ min,



yaoBaeTBopsitotie ¢BoicTBy 120° Oy/ieM Ha3bIBATbAOKGABHO MUHUMGAOHOIMU T 0D03HA-

gaTh 9epes3 L' .

1.1 Aaropurm Mei3aka

Bysiem nazbiBath jiepeso [lTeitnepa noatvim, €ciin OHO HE COJMEPKUT IPAHUIHBIX BEPITITH
crenenn Oosbiie 1. Kaxkapiit MakcuMa ibHbIN 110 BKJITOYeHHI0 moArpad jgepesa [llTeitnepa,
KOTODBIH sIBJIsieTcd MOJHBIM jiepeBoM LlTeitnepa, HasbiBaeTcd noanotl Komnonenmot de-
pesa Imetinepa. Aazopumm Meazaka |2] npoBepsieT iist TaHHOTO TTOJHOTO jiepesa [1ITeii-
Hepa G U MHBbEKTUBHOW IPAHUILI , Oyger Jiu Jijisg Hero CymecTBOBATH JIOKAJIbHO MUHU-
MaJsibHoOe aepeso ['g , u, ecm ga, To CTPOUT HOJI0XKeHNe BHYTPeHHUX BepuiuH aepesa ['g .
Ecau rpad G He gBasgercsd MOJHBIM, TO pe3yavmamom deticmeus aszopumma Measara

6y,ZLeM Ha3bIBaTb PeE3yJjbTaT €ro IpuMeHeHud KO BCEM IIOJITHBIM KOMIIOHEHTaM.

[Tapa {e1, 2} cMeKHBIX pebep, UMEoTIX 00y BHY TPEHHIO BEPIIHHY S 1 BHIXOJIsI-
IUX U3 TPAHUIHBIX Bepiul Py u P, noanoro gaepesa L Teitnepa G mim cooTBeTCTBYIONIEH
ceru I', naspiBaercs ycamu, a napa { Py, Py} — sepwunamu ycos {ey, es}. Ecom B noanom
nepese Illreitnepa (coorBercTBytomeii ceTr) GOIbIIe ABYX BEPIITHH, TO MMEETCsI O KPaii-
Heill Mepe JiBoe ycoB. Kiaccuueckuit anroputm Mejzaka COCTOUT U3 ABYX JacTell: MpaMOTo
u obpaTHoro xo010B. IIpsiMoit X011 moc/ie1oBaTeIbHO ITepecTpanBaeT UCXOIHOE J€PEBO, BbI-
Oupasi IPOU3BOJIbHBIE YCbl, OTPE3asi UX, 1 OTHOCs OOILYIO BepIiuHy pedep ycoB K rpaHuy-
HOIl BepIlMHE Pe3yJIbTUPYIONIEro jepeBa. Takzke MPAMOil X0/ TepecTpanBaeT rpaHudIHOe
MHOKECTBO, 3aMeHsisd [Tapy BEpPIINH, B KOTOPYIO JIOJIZKHBI ITPUXOIUTH YCbI, HA TPETHIO BEp-
IMHHY OJIHOT'O M3 JIBYX IPABUIBHBIX TPEYTOJbHUKOB, MOCTPOEHHLIX HA ITUX BEPIINHAX.
[Ipu 3TOM O0IIasi BeplirHa yCOB CTABUTCH B COOTBETCTBUU 3TOH Tperbeil Bepiune. ps-
MOl XOJI OCTAHABJIUBAETCH, KOT/Ia MEPECTPOEHHOE JIEPEBO MPEBPAIAETCd B OAHOpPeOpHOE,
U, 3HAYUT, I'PAHUYIHOE OTOOpazKeHUe MPOJOJIZKEHO Ha BCE BEPIIUHBI UCXOTHOTO JIepeBa, T.e.
mocTpoeHa Hekoropas cerb [';. OOpaTHBIH X0 MOCAeI0BATE/IHFHO BO3BPALIACT HA MECTO
OTpe3aHHbIE yCbl, U3MEHss ClielnaJbHbIM 00pa3om orodbpazkenue 'y na oOeit Bepinne
paccmarpuaeMbix ycoB [2]. TIpu arom, BO Bpemst 06paTHOTO X0/1a MOI'YT BO3HUKATH CHTY-

aliy, KOTOpble ajJropurM Me3aka paccMaTpuBaeT Kak OHIMOOYHBIE U OCTAHABIMBACTCH.

Mubr Mmoguduimpyem aaroput™m Mea3aka Tak, 9ToObl B Cy4ae ONUOKU OH IIPOIOJI-
JKaJl paboTy W B pe3yabTaTe CTPOWI HEKOTOPOe JepeBO ¢ Tofl ke rpanurneil. Tak kak
MBI HHTepecyeMcsT KpaTYallluMy JepeBbsMU, TaKas MoIudUKanusd JomyctuMa. Onucanue

Mojudukanuu ajgropurma Mejszaka ya100HO 1pojearb Ha S3bIKe CKOOOYHBIX CTPYKTYD,
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KOTODBIi, KpOMe BCero mpodero, OyjaeT MOoJIe3eH HaM U B peau3allii KpaTdailnmx cerei

C TOMOIIIBIO MMAaPHUPHBIX MEXaHHU3MOB.

Nrak, Ham gano KoHednoe MHOkecTBo M C R2, cocTosmmee n3 m TOYeK, MHOKECTBO
T, nepesben IIreiinepa, n > m, u HeKoTOpoe orobpazkenne ¢ € B,(M). Bribepem mpo-
u3BoabHOe G € T, W ONpeJeuM I Hero cKobodHyio crpykrypy. Llyers Fi, ..., Fj —
MOJTHBIE KOMIIOHEeHTHI JepeBa (. Huzke MBI onpene M cKOOOUHBIE CTPYKTYPBI I TIOJI-
HBIX KOMIIOHEHT, & CKOOOUHYIO CTPYKTYpPy mpou3Boaoro aepesa [llreitaepa G moiokum

paBHOil 00bEIMHEHUIO CKODOYHBIX CTPYKTYP €ro MOJHBIX KOMIIOHEHT.

[lycts G € T, — noanoe aepeso [lreitnepa. [Toctpoum mo G mocsenoBaTeIbHOCTD
Go, G ...,G,_o nonnbix geperbes IITeitnepa Taknx, 9o rpanuna aepesa (; COCTOUT N3
n — ¢ BepmuH. g sroro nooxkum Gy = G, u eciim 11 ¢ < n — 2 ONpeIeseHo JIepeBo
G, 1o nepeBo (;11 MOCTPOUM caeAyomuM obpazoMm. Beibepem B jnepese G; TPOU3BOIL-
HbIE YCBI, U TyCTh Mapa {u,v} — BepImHbI ycoB, a w — obInas BepuiunHa ycoB. Jlepeso
Giy1 noxyunm u3 gepepa (G oTpe3anueM BLIODAHHBIX yCOB, 3aMEHOIl 3JIEMEHTa w Ha Tia-
py {u,v}, u oTHeceHueMm BeprmHb {u, v} K IpaHUYHBIM BepummHam jepesa G 1. IlycTh
{a,b} — muOxkecTBO Beprun Jgepea Gy, _o. Heopuenmuposarnoti ckobounoti cmpykmypoti
noanoeo depesa G masosem muoxectso w(G) = (UZ70G;) U {[a,b]}, a ero mogmuoxe-
crBo Gy = 0G — epanuuetd w(G), koTopyto Gyaem obozHadaTh depe3 Jw(G). DiaemeHT
la,b] € w(G) nazoBeM pebephvim, a Bee OCTANbHBIE daeMeHThl 13 wW(G) — 6epuuntbLMU.
Kak MbI yzke orMmedann, ecan G — aepeso IlITeiinepa ob1ero Buaa ¢ NOJTHBIMEA KOMIIOHEH-
ramu Fy, ..., F), 10 neopuenmuposannoti ckobounot cmpyxmypot depesa G Ha30BEM MHO-
xectBo w(G) = UN_ w(F}). Onpenernm epanuy w(G), monoxns dw(G) = Ur_ 0w (F}).
MHOXKECTBO BCEX BEPITHHHBIX 9J1eMeHTOB 13 w(G) oboznadnm depes w,(G), a MHOKECTBO

BCeX pebepHBbIX 1eMeHTOB 13 w(G) — depe3 w.(G).

[lo mocTpoennto, CyImecTByeT eCTeCTBEHHOE B3aNMHOOTHO3HAYHOE COOTBETCTBHE MEK-
JTy MHOYKECTBOM BepIITHH fiepeBa G 1 MHOKECTBOM W, (G): HATIOMHIM, ITO HA KAZKIOM IIare
HOCTPOCHUS HEOPUEHTUPOBAHHOI CKOOOYHOI CTPYKTYPBI Mbl (DAKTHYECKH TTePEeHMEHOBbI-
BaJTM OY€PEIHYI0 BHYTPEHHIOIO BePIUHY JepeBa (G HA CJIOBO, COCTABIEHHOE U3 (DUTYPHBIX
CKOOOK, 3alThIX U HEKOTOPBIX IPAHMIHBIX BepIiuH. [loyueHHas KOIUpOBKa TaKzKe MO-
JKeT OBITH HCIOJIB30BAaHA ISl BOCCTAHOBICHUS CTPYKTYPHI AepeBa (G, a UMEHHO, IBa Bep-
IIMHHBIX 3JIEMEHTa & U Y CKOOOUHO cTpyKTyphl w((G) coenuuuM pebpOM, eCIl 1 TOJTHKO
ecim win [x,y] € w(G), win © € y, wan y € x. Jlerko BugeTh, 9To MexRay gepeBoMm G n
HOJIYIeHHBIM I'padoM uMeeTcss H30Mop(hu3M, HemoABMKHbIH Ha 0G. OTMeTnM, 9T0 3Has

CKOOOUHYIO CTPYKTYPY, MOYKHO OJHO3ZHAYHO BOCCTAHOBUTH JepeBO (G, HO OTHOMY U TOMY



ke (G MOKeT COOTBETCTBOBATH HECKOJBKO HEYIIOPSAI0THBIX CKOOOUHBIX CTPYKTYDP W, TaK
KaK MOYKHO Pa3HBIMH CIIOCOOAMU BBIOMPATH YCHI MPU MOCTPOEHUU MOCIET0BATETHHOCTH

G;.

Takum obpasom, BMecTo aepeBbeB G € T, MOXKHO paccMaTpuBaTh HEOPUEHTHPOBAH-
Hble CKOOOUYHBIe CTPYKTYPHI w((G), BEIOpaB [jist Kazkaoro G o6y OJHY TaKyl CTPYKTY-

py. MHOXKeCTBO TaKUX HEOPHEHTHPOBAHHBIX CKOOOUHBIX CTPYKTYP 0003HAUUM 4depe3 WV,,.

ITpumep 1.1. Ha puc. 1 nokazan npumep jepesa [lreiinepa u coorBercTByIomeit emy
HEOPUEHTUPOBAHHON CKOOOYHOI CTPYKTYPHI, & TAK?Ke COOTBETCTBUE BCeX PEOEPHBIX U BEP-

IIHHHBIX 9JIEMEHTOB CKOOOUYHOM CTPYKTYPHI pedpaM U BepIIHHAM JIePEBa.

3,w {4,5},().) 6,(1)

5, (6.7)] é e

{3,{4,5}},w ’
[{1.2}, {3, {4.5}}] \7,w

{1,2},w

2,w 1,w

Puc. 1:w = {1, 2,3,4,5,6,7,{1,2},{4,5},{3,{4,5}}, [{1,2}.{3,{4,5}}],{6, 7}, [5, {6, 7}]}

Ompefes M Tenepb 0PUEHMUPOSAHHYI0 ckobownyto cmpykmypy depesa IlImetinepa
G € T,, COOTBETCTBYIONLYI0 HEOPUEHTHPOBAHHON cKOO04YHON cTpyKType w(G). His sTo-
r0 3aMEeHHM KazKJIblil Bepmuuubiii saement {u,v} € w(G) uwin Ha (u,v), wim #Ha (v, u), u
HOJIy9eHHYIO yIIOPSI0UEHHYIO [apy MO-IPezKHeMY Oy/JeM OTHOCHTD K BEPIIHHHBIM /1€ MeH-
taM. Takum 0Opa3oMm, JTaHHOH HEOPUEHTHPOBAHHON CKODOUHO CTPYKTYpe COOTBETCTBYET,
BOOOGIIE TOBOPsI, MHOT'O OPHEHTUPOBAHHBIX CKOOOUHBIX cTPYKTYD. Ilycth wt(G) — onma u3
uuX, w, (G) — MHOZKECTBO €€ BePIIMHHBIX 971eMeHTOB, w, (G) — MHOKECTBO ee peGepHBIX
ssieMenToB, n Ow™ (G) — ee rpanuna. ITocrpouM 1o 310l CKOGOUHONH CTPYKTYpE NPSIMOit

xos1 anropurma Mejzaka cieayonmm odpa3oMm.

st Bcex BepuiuHHBIX 3jieMeHToB w € w; (G) BBegem xapaxkrepuctuky h(w), Ko-
TOPYIO Ha30BeM 6bicomoti ssemenma w. OUpesesnM ee HHIYKTHBHO. Y BCEX JI€MEHTOB
1,...,n Boicota 0. Kaxmoe w, oraudanoe or 1,...,n, uMeeT BUJ (Wi, W), © MBI TOJOKHM
h(w) = max{h(w;), h(ws) } + 1. s Bcex Bo3MOKHBIX k onpeeny MEOKecTBa Hy, Kazxk-

JIO€ U3 KOTOPBIX OY/JIET COCTOATH U3 BCEX JIEMEHTOB BbICOTHI k. Takum obpa3om, 1osrydum,



aro wh (G) = UHy, Uw! (G). Bamaaum mymepanuio Ha MuOKecTBe W (G). OT™MeTnM, uT0
Hy = {1,...,n} = 0w™(G) 3anymepoBaHo, © MBI COXpaHUM 3TOT MOpPsiIoK. lanee Gy-
JIeM TIPOM3BOJIBHBIM 00PA30M HYMEPOBATH 3JEMEHTBH U3 MOCAeoBaTeNbHbix H;, ¢ > 1.
BakOHUNB HyMepoBaTh H;, TPOJOIKUM HYMEPAIUIO Ha BCe peGepHbe dmeMeHTh. [IycTh
Wy, ..., W, — TMOCTEJOBATEIbHBIE BEPIIMHHBIE SJIEMEHTBI B TOJBKO 9TO 3aJAHHOI HyMepa-

AN, & Wpy1, .. ., Wprq — OCTABIIMECH peOEPHBIC 3T€MEHTHI.

[TocTponm orobpazkenne F' BCex BEPIMMHHBIX 3JI€MEHTOB MHOKecTBa w™ (G) HaA m0c-
koctb. Orpaunuenne F na Hy = Ow™(G) = OG nonoxxum paBabIM . [IycTh 1151 IepBHIX
s < k snemenTos, BrJouast Hy, orobpazxkenue F moctpoero u F(wg) = Ps. Onpenenum
F nas wyyq. DIEMEHT Wyy1 — 3T0 HekoTopad napa (w;,w;), 1 < i,j < k, i # j. Ecian
P, = P;, 1o monoxkum F(wy41) = P;. B mpotusmoM ciiydae, mocrpoum Ha orpeske [P, P
NpaBWIbHLI Tpeyroabunk AP, ;P P; Tak, utobw 6asnc P ;FP;, P; ;P; 01 opnenTnpoBan
IOJIOKATENLHO (OTHOCHTENLHO KAHOHHYECKOH OpHEHTAIMH IIOCKOCTH R?), M MOJOKHM
F(wy41) = P, ;. llonyuennoe B pesyabrare oTobpakenne F' MOTHOCTBIO ONpeesseT Ips-

Moit xoi anropurma Mer3aka.

Omumiem Teneph oOpaTHBIA X0z, aaropurMa Mer3aka, COOTBETCTBYIOIIHA MPIMOMY
xoay F'; nesib obpaTHOro X0/1a — IepeonpeaeanTb orobpazkenune F. s kaxkjporo w; €
w (G) monoxnm P; = F(w;). CornacHo Hymepannu, BBeJeHHONH Ha MHOXKecTBe w™ (G),
HAYUHASA C HOCIETHETO dJIeMeHTa OyIeM IBUTaTbCd B 0OPATHOM MOPSIKe M IIPOIEJbIBATH

caenyiomee. OBO3HATUM UYepes3 wy, pacCMaTpUBaeMblii 3meMenT u3 w' (G).
[Iycte h(wg) = 0 1 k > 1, Torna mepexoanM K pacCMOTPEHHIO Wy_1.
y k ; s pexon p p k

[Tycte wy, — peGepHblil saeMeHT Buga |w;, wj], w;,w; € w(G), rorma k > 1, u
MBI TOCTYIHM Tak. Ecin max{h(wi), h(wj)} = 0, TO mepexoauM K PACCMOTPEHHIO Wy _1.
nadge BO3BMEM TOT M3 wW;, Wj, ¥ KOTOPOro BbICOTa Gompime Hyns. Ilyers sto w; (econ

00a 3IeMEHTA MMEIOT BBICOTY 00JIbIIIe HyJId, TO PpaCCMOTPpUM CHa4daJia OAWH, a IIOTOM —

JIPYTOi).

Daement w; umeer B (w,, ws). [lepeonpeneaum Touky F(w;).

(1) Eciim P, = P, 10, B cuity onpejesienns oroopaxkenus F| umeem P, = P, = P, =

F(w;), u mbI 3Ha9enue orobpazkenuss F' Ha w; MEHATDH He OyIeM.

(2) Eciu P, # Py, to P,, P, P; — BepIinHbl HEBBIPOXKJIEHHOIO IPABUIBHOIO TPEYTOJIb-
HUKa, ¥ nycTh C' — ONUCcaHHAsd BOKPYT 9TOTO TPEYTOJbHUKA OKPYKHOCTh. Meercsa

JBa BapuaHTA.



(a) Ecim P, = P;, To B kagectse F(w;) Gepem mpon3sosbuyio Touky u3 C.

(b) Ecan P; # P;, T0 0qHO3HAYHO ONpeJeser JIyd ¢, BIXOAAmuit u3 P, 1 mpoxos-
muit gepes P;. Ecau jay4 ¢ nepecekaer okpyzKnocTb C TOJIbKO 110 Touke P, TO
no-mpexkuemy nosnaraem F(w;) = P;. Unade {NC' cocTouT U3 AByX TOYEK, OJHA

U3 KOTOPBIX — TOYKa P;, a APyryio TOYKY Mbl H BO3bMeM B KadecTBe F'(w;).

IlycTts wy, — BepuIMHHBLE d1eMeHT BHAA (w;, w;), w;, w; € w, (G). lloctymum ¢ HEM
TaK e, KaK U ¢ PeOEPHBIM 3JIeMEHTOM [w;, W;], 3aAMEHHB B ONMCAHHBIX BBIIIE TOCTPOCHUSIX

Touky P; na Touky Pj.

Ha puc. 2 mpor/LII0CTPHPOBAHBI PA3IUTHBIE CTOCOODI TIePEOTIpeTeTeHIs TOUKN F'(w;).

=0

O
O
e
-0

S ________ F(w;)

Puc. 2: Paznuanbie criocobbl nepeornpeenenus: Touku F(w;).

[lepecTpoennoe B pesyiabraTe 0OpaTHOrO Xoaa aaropurMma Memsaka orobpazkeHue
F = F(w™(G),¢) samaer mexoropyio cers F: w/(G) — R? runa (G, ¢). Kak Gbiio
ONHUCAHO BHIIIE, MPU MOCTPOCHUM 3TOH CETH MMEeTCs HEOIepACJEHHOCTD, TO3TOMY, YTO-
OBl MOJYEPKHYTH CJIeJJaHHbI BBIOOP, MBI BMecTo F' Oyiaem nucarb F, = F, (uﬁ“(G), cp)7
e o IpoberaeT HEKOTOPOe MHOXKECTBO MHIEKCOB, 3apucsiee ot w (G) u ¢. MHOKecTBO
Beex Fy, npu dukenposannbix wh(G) u ¢ obosuaunm uepes [F,] = [Fo(w™(G), ¢)]. O1-
METHM, 4TO 3Ta HEONPEJEJeHHOCTh HE BIHSET Ha PEe3yJbTaT, Tak KaK eCJH MHOXKECTBO
|G, ] comepKUT HEKOTOPYIO JIOKATHHO MUHUMAJIBHY IO CETh, TO JJIsl OTHON U3 OPUEHTAIHI
wt(G) TpoU3BOJIBHOI HEOPUEHTHPOBAHHON CKOGOYHOU cTPYKTYphl wW(G) cerb F, ompe-
JleJIeH, OJHO3HAYHO M COBIAJAET € JIOKATbHO MEHIMAIbHOH cerbio I'g i [Fo] = {La .}
B wactrOoCcTH, ipu mojaxosiem BeiOope naepeBa G € T, W OpUEHTHUPOBAHHONW CKOOOTHOM

crpykTypsl w (G) coorBercrByomasn cets F, = g, Gyner kpardaiimeii.

Nrak, 1j1d OCTpoeHud KpaTdaiiiieil ceTn, coequusiomeii maoxkectso M C R2, moxk-
HO TIOCTYIIUTh CJeMyomuM oopasom. PukcupyeM npoussosbaoe ¢ € B, (M). Tlo kaxmoi
HEOPHEeHTHPOBAHHOM CKOOOYHOI CTPYKTYpe w € WV, MOCTPOUM BCEBO3MOXKHBIE OPHEHTH-

POBaHHbLIC CKODOYHBIE CTPYKTYDPbI w+, 1 MHO2KECTBO BCeX TaK I10JIYyYE€HHbIX w+ 0003HaYNM



aepes Wi, Tl kaxioit wt € Wi u ¢ nocrpoum mexoropyto cers F,(wt, ) u Bbrauc-
JIMM ee JIJINHY, KOTOPY10 00603Ha4dnM uepes £, (w™, ). Ocraercs Beibparh w™, 17151 KOTOPOTO

lo(wt, ) — HanMenbiIee BO3MOKHOE. OTMETHM, YTO TAKUX W MOXKET GBITH MHOTO.

B nmaspHeiitieM MbI UCIOJIB3YyEeM OPHEHTHPOBAHHBIE CKOOOYHBIE CTPYKTYPHI JJIST MO~

CTPOeHHs MAaPHUPHOTO MEeXaHU3Ma, CTPOMIero KpaTdaiinreit cetn Ha MHOKecTBe M.

1.2 ®dopmaausaliyud MIAPHAPHBIX MEXaHU3MOB

[Tycrs G = (V, E') — upocroit koneunbiit rpad, £: F — R — nosoxkurenbHas QyHKIMs,
W CcVuip: W RL Habop L = (G, 4,9)) = ((V, E), ¢, w) OyIeM Ha3BIBATD ULADHUPHBLM
mezarnusmom ¢ RE TIpa 5TOM 37eMEeHTHl MHOZKeCTBa V HA30BEM WAPHUPAMU, JTEMEHTEI
MHOXKecTBa ' — cmepotcnamu, mapaupsl u3 W — 2parudmnvimu WIA HENnodSUHCHLMU,
mapuupbt u3 V \ W — gnympennumu uin nodeuscrolmu; MHOKeCTBO W Oyaem Takxke
obo3HavaTh uepe3 0L u Ha3BIBATH 2PAHUUE WAPHUPHO20 Mezaruama L, a orobparKeHue 1)
— epanurvm omobpascenuem Mexaausma L. [1po KazKiplil rpaHUaHbIH ITAPHUAD W TaKzKe
OyZeM TOBOPUTD, UTO OH 3akpenaen ¢ mouke Y(w). 3nadenune pynkmun ¢ Ha CTEpKHE €

HA30BEM OAUHOT CMEPIAHCHA €.

[Iycts V = {vy,...,v,}. Orobpaxenne C : V — R C(v;) = p;, HA30BeM €0240C0-
sanHvim ¢ P, eco Boinoaneno Cly = s cozaacosanmvim ¢ £, ecim jjist 1i06oro pebpa
vv; € E Bomomueno ((vvj) = |pipj|. Orobpaxenne C, 0aHOBPEMEHHO COIJIACOBAHHOE
¢ { u 1), OyneM Ha3bIBaTL KoHPuzypayuel WIH pPeasudayuel: WaAPHUPHORO METAHUSMA
L = (G,¢,v), a o6pa3bl MApHUPOB TPH ITOM OTOOPAKEHHH — UX 10402CeHUuAMY. MHO-
XKecTBO Beex koudurypanuii mexanuszma L = (G, (1)) obosnauum vepe3 Cp u HA30BEM

KOHPULYPAUUOHHBLM NPOCMPAGHCMEOM ITOTO TMIAPHUPHOTO MEXaHW3MA.

BaxkHoe 3amMedaHue: dasa onucarus WapHupho20 METGHUIMA ¢ HENYCMBIM KOHPU-
2YPAYUOHHBLM NPOCTPAHCTNEOM O0CTNAMOYHO ONUCEING NPOUIBONOHYIO €20 KOHPULYPATUL

UAU QA0PUMM DEAAUIAUUY IMOT KOHPU2YPAUUL.

[Tycrs A C V' — HEKOTOpOEe MHOYKECTBO IapHUPOB. Toraa cemeicTBO 0TOOpaskeHui
CL(A) = {C|a : C C CL} HasoBeM Kon@U2YPAUUOHHBIM NPOCTPAHCINBOM MHONCECTNEA
waprupos A. Orobpazxenne ¢: A — R? nazosem donyemumvim, eciu o € Cp(A). Ina

KazKJI0r0 J01ycrumoro ¢, nojoxum Cr(p) = {C’ €Cr:Cla= gp}.

,HJIH KPAaTKOCTH Ha PHCYHKaX JaJiee 6y,ZLeM NNOJINUCBHIBATD IIOJIO2KEeHHE KazKJI0I'o Hiap-

HHUPa Ha3BaHUEM CaMOI'O IIapHUPA, KOTOPOMY OHO COOTBETCTBYECT.



HamomuuM, 910 B maHHON paboTe MBI paccMaTPHBaEM TOJIHKO IIAPHUPHBIE MeXa-
HU3MBI, UMerolue peaan3annio B RY. Onuimem onepanmio CKPeJIeHHs JBYX MeXaHI3-
MoB. Paccmorpmm MexaHuzMm Lq U Lo, MHOXKeCTBa IIAPHUPOB KOTOPBIX COOTBETCTBEHHO
Vi m V5. Ipenmonoxkum, uro cymecrsyior Ay C Vi, Ay C Vo u HekoTopast OHEeKIus
v: Ay — A, Takue, uro mis Hekoropbix Koudurypanuit C) € Cr,, Cy € Cr, BHITIOIHSI-
ercst Ch| 4, = Cs|a, o v. Bueknus v nospossier oToxaecTButh A; 1 Ay, M03TOMY MOXKHO
CIMTATh, YTO MHOXKeCTBa V;, BMecTO A;, comep:KaT OJHO M TO K€ MHOXKECTBO IIapHH-
poB, KoTopoe Mbl obozHaunMm depe3 A. Torma cxpenaenuem mexanusmos Ly u Ly no 6u-
eKyUY ¥V HA30BEM IMapHUPHBIH MeXaHu3M, rpad KOTOPOTO paBeH O0beJMHEHUIO I'padoB
MeXaHU3MOB L;, a Bce oCTaJbHbIe OTOOPAYKEHUsT ABIAIOTCS OTPAHUIEHUSIMHA COOTBETCTBY-
IOIIUX 0TOOparKeHU{t 3TUX MeXaHU3MOB. OTMETHUM, 4TO KOH(PUTYPAIHOHHOE IPOCTPAHCTBO
CKpeILTeHnsa MeXanu3mMoB Ly u Ly me mycto. Kpome Toro, a1 yao0cTBa U3JI0KEHHUST BMe-
CTO onmcaHusg OMeKnuu v OyAeM FOBOPHUTDL, KaKOi mapHup v € A; ¢ KakKuM IIapHAPOM

v(v) € Ay MBI CKperLIsieM.

B ﬂaﬂbHeIU/IHleM MbI 6y,ZLeM CTpOUTH CJIOXKHbIC MEXaHHU3MBbl, IIOCJIeA0BaTE/JIbHO IIPpH-
KPeILIdAsd K yyKe MOCTPOEHHOMY MeXaHU3My HeKOTopbie Jpyrue. [Ipu sTom Ham OyaeT Tpe-
60BaTHCsA, YTOOBI MPUKPEILIAEeMbIi MeXaHu3M L He OrpaHIYrBaI BO3MOKHBIE II0JIOKEHHS
B R? mexoroporo HaGopa A MIAPHUPOB MMEIOMIErocs MeXaHu3Ma L, K KOTOpoMy L mpu-
Kpemigerca. B ciaydae, koraa cymecrByer > 0, 119 KOTOPOTO B KayKA0i KOH(MUTY PAIIHH
MEeXaHU3Ma E PaCCTOAHUA MEKAY MMOJOZKECHUAMU JHO6BIX JABYX HMIapHUPOB U3 ceMelcTBa
A He IpPeBOCXOIUT 7, STOI0 MOKHO JOOUTHCA cjaemyoomuM obpazom. Mbl Oyaem Tpebo-
BATh BBIMOTHEHUS CICIYIONIETO YCIOBHA: ITd KaxKAoro oTobpaxkenund f : A — RY mpm
KOTOPOM PACCTOSHHSA MeXKIAy f-obpaszamu JIFOOBIX ABYX IIAPHUPOB HE MPEBOCXOIAT T, CYy-
mectByer C' € Cp takoe, uro orpanndenue C nwa A cosnamaer ¢ f. Ecou temeps L —
IpPOM3BOJIBHBIA MeXaHu3M, u A — HEKOTOpOoe MOJIMHOKECTBO €ro MAapHUPOB, /IS KOTOPO-
ro Ipu HEKOTOPOM 7 > () BBIIOIHSIETCS OIMUCAHHOE BBHIIIE YCIOBHE Ha oTOOpaxKenme f, TO
OyeM TOBOPHUTDH, 9TO MEXAHUSM L HE 02PAHUNUBAEM NOAOHCEHUA WAPHUPOS CeMeTCMmeEa
A. Tlpu sTOM, BO BCEX pacCMaTPUBAEMBIX HAMH CJIYYasX, eCJIM TPeOYeTcs yBeJTUIUTh T,
TO MBI OyIeM MOIU(MUIHPOBATH MeXaHU3M L, YBeIMIUBas JJIUHBI BCEX CTEpPKHEH B OITHO

1 TO 2Ke 49UCJI0 pa3, TO €CTb YMHOXKad BECOBYIO (bYHKI_lI/IIO L na OIHO U TO ZK€ YUCJIO.

Ham Taxxke morpebyercs oboOIIeHHe MOHATHUS “He OIPAHUYMUBACT ITOJIOXKEHHS IIap-
HupoB”. Bo BBeJeHHBIX BBIIIE 0003HAYEHHSX, MIYCTh PP — HEKOTOPOe CBOMCTBO, 3a1al01Iee
psiji OrpaHUYeHuil Ha BO3MOXKHBIE TO0KeHus mapaupoB A € A mexanusma L (cBoiicTBO
P MoxkeT OBITh TOK/IECTBEHHBIM M He BHOCHTh HUKAKNX orpanudenuii). Byaem ropoputs,

9TO MeXaHu3M L mouro peasudyem ceoticmeo P, ecin Ipu HEKOTOPOM 1 > (), /1T KazK10-
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ro orobpazxenng f: A — R? yiosiersopsiomiero cBoiicrBy P U TaKOro, 4TO PACCTOSHUS
MeXK Iy f-obpaszaMu JIFOOBIX JBYX MIAPHUPOB He peBocxoaT r, cymectByer C' € Cp, Takoe,
gro orpanndenne C' Ha A coBmagaer ¢ f. OTMeTHM, YTO eCJIi CBOWCTBO P TOXKIECTBEHHO,
TO TOYHAS PEATH3AIA MeXaHU3Ma L — 9TO pean3alys, He OrPaHHIHBAIONIA TOTOKEHU I

napHupoB ceMeiictaa A.

2 Kuaccuyeckue niapHUPHbIE MEXaHU3MBbI

B srom pazzesie OyayT onucanbl mpocTeiiiie n3BeCTHBIE aPHUPHbIE MEXaAHU3MBbI.

Mexauu3m 1 (2KecTkne KOHCTPYKIHH).

ByneM Ha3zbIBaTh otcecmruMU KOHCMPYKUUAMU MEXAaHU3MBI, ¥ KOTOPBIX JIOObIE IBE
KOH(UTYpAIIMH TEPeBOIATCSI APyTr B JApyra JABU:KEHHEM OOBEMJIIONIETO HPOCTPAHCTBA.
[Ipumepom MOTYT CAYyKHUTh MEXaHH3MbI, Y KOTOPBIX BCE IAPHUPHI IONAPHO COEJIMHEHDI

CTEPYKHSIMMU.

Kecmrud npamoy2oivbruk — 3TO MEXaHU3M, Yy KOTOPOI'O UMEETCsl YeThipe MapHupa,

KOTODBIE TTOIIApHO COeJUHEHHBIC CTEPKHAMU N ABJIAIOIINECA BEPIIINHAMU MIPAMOYTOJIbHUKA

(puc. 3).

Puc. 3: 2ZKecrkuii npsMoyroJibHuK.

2Kecmrutil mpeyzorvrurx — 3TO MEXaHU3M, PEAJU30BAHHBIM KaK TPH IMapHUPA, MO-

ITAPHO COCJUHEHHBIX CTEPZKHAMU.
Mexanu3m 2 (I[lTapaiiesorpamm u anTunapasuiesorpamMm, ux ykpermienue [10]).
Jlan MexaHu3M L, KOTOPBIN ABIgeTCS 3aMKHYTOU 9eThIPEX3BeHHOM JJOMAHOM, BepIITH-

HBI KoTOpoit — mapuupsl A, B, C, D, a pebpa — CTepKHHU, Y KOTOPBIX I THHBI HEUETHBIX

pedep u JUIMHBI YeTHBIX pedep paBHbl MexKy coboil. Y Takoro MexaHu3ma B J1000# ero
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KOH(UTYPAIMH BEPITUHBI 00PA3yI0T JIMOO0 MapasLIeIorpamMM, JTU00 GHIMUNAPAALEAOZDAMM,
KOTOPBIl TOJIydaeTcs w3 mapajuiesjorpaMMa OTPAayKeHHeM OJTHOTO W3 TPEYTOJbHUKOB, HA
KOTOPBIE JEJTUT MapaJlIeIorpaMM JHArOHA b, OTHOCUTEIbHO 9TOH nuaroHaan. Tpebyercs
clenarh Tak, 9TOOBI J/s J1I000# KoH(MUTypalun MexXaHu3Ma mojaoxkennsa touek A, B, C,
D obpazosbiBain MO0 TOABKO HapaIeorpaMM (BBIPOKIEHHBIH MM HEBBIPOXK I€HHBIH ),
160 TOJTHKO aHTHIAPAJLIETOTPAMM (BBIPOZKIEHHBIH MM HEBBIPOK IeHHBI ). HTOGK 9TOT0

JOOUTHCS, MAPHAPHBIR YeThIpexyroabHuk ABC' D HeoOXOIUMO YKPEIHNTh.

Ecan x mapamienorpammy ABCD mobaBuTh ele OAWH CTEPKEeHb, COBMAIAIOININI C
ero CpeIHell TuHIel, TO KOHpUrypannonsoe npocTpanctso touek A, B, C', D Takoro map-
HHPHOIO MEXaHW3Ma, COBIAJET B TOYHOCTH ¢ MHOXKECTBOM KOHMUIYpPAILHii, OTBEIAIONTNX

HACTOATINM (BO3MOZKHO, BHIPOK/IEHHBIM) TapasesorpaMmam (puc. 4).

Puc. 4: Vkperuienune napaJjiejorpaMMa U aHTHIIapasieJorpaMma

YKpenuTh aHTUIIAPAJIEI0IPAMM HECKOJILKO CjIoKHee. UToObl 3TO ciuenarb, K cepe-
JIMHAM er0 CTOPOH HY?KHO MPUKPENUTh JOCTATOYHO JTMHHBIE CTepKHM [7], Kak Ha puc. 4,
1 Torma OyIyT peaan30BaHBI TOJIBKO BCe Te ero KOHMUIYpAIH, KOTOPbIe ABIIIOTCS aH-

TUIIapaJlJIeJIorpaMMaM.
Bo Bcex IIocJIe AYIOIMUX MEeXaHU3MaX HCIIOJIb30BaHHbIC ITapaJlJieJIOIPDaMMbl U aHTHIIA-
paJIeaorpaMmMbl 6y,ZLy’l’ 110 YMOJT9aHHUIO YKPeEILJIeHbI, €CJIH He CKa3aHO HHOT'O.

Mexauusm 3 (Pesepcop Kewmme [6]). Tpebyemca nocmpoume mexanusm L, codeporcausud
mpu cmepocns OA, OC u OZ ¢ obuwum konyom O, y xKomopozo, 0is 410601 KoHduypa-

yuu, OC — buccexkmpuca yena LAOZ.

Paccmorpum aBa mogobueix anTunapasiesorpamma OABC u OCW Z. Ilpukpenum

UX JIpyT K JIPYTY, KaK [oKa3aHo Ha puc. H. V3 coobparkenuit no001s BbITEKAET, YTO YIJIbI
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ZLCOAwn £Z0OC pasubl mexay coboit. Ecan mensats ZCOA, To orpeskun OA u OZ 6ynyr
00PaA3OBBIBATE YTOJI B JBa Pasa 0o/bimmii. OUUCAaHHBIT MEXaHU3M HA3BIBAETCS PEGEPCOPOM
Kemne. OH m03BOJIAeT yABaWBATh HYXKHBIH YTOJ WU JeJIUTh ero monosaMm, Tak kKak OC
— Beeryia 6Guccekrpuca yriaa ZAOZ (puc. 5). [lpu ABUKEHHH PeBEPCOPA BO3ZMOYKHO €ro
“BpIBOpadMBaHme”, TO €CTh [EPEX0J] Yepe3 BhIPOKIeHHBIe KoHMuUrypaun (puc. 6), Korma
yron ZAOC npunnmaet 3Haderust Kpatabie . Tak kKak ZAOC — yroJ yKpereHHoro an-
THIIAPAJLIEJIOTPAaMMa, TO OH MOXKET TPUHUMATD JI00ble 3HAYEHNS U COOTHOIIEHNe MeXK Ty

yriiaMu 6y,ILeT OCTaBaThCAd KOPPEKTHLIM.

)

Pwuc. 5: Pesepcop Kewmre.

Z B Z ¢ W
Z
B Z C w
Voo O __—"—— AV Qe A

B

Puc. 6: Ilepexos uepe3 BBIPOXKIECHHBIE cOCTOsHUs peBepcopa Kemmne (LAOZ = 2/A0C).

Mexauusm 4 (Cymmarop Kemne [6]). Janoe wemwpe cmeporcns OA, OB, OC u OZ,
cxpenaennnx 6 mouke O. Tpebyemcesa nocmpoums mexanusm L, y komopozo das aobot
kongueypayuu P € Crp, evinoaneno: ZAOB = o, ZAOC = 3, LAOZ = a + f.

Cuauasa mpu nmomornu peepcopa Kewmme nocrponm ouccekrpucy OY yriaa ZBOC.
Tornma Z/BOC = |B — «|, ZBOY = |f — «|/2, nosromy LZAOY = (S + «)/2 u, 3uasmwr,
yapous ZAQY, moaydum yros, paBubelii o + [ (puc. 7). Tak Kax peBepcop MPUMEHUM

JIJIsT JTI0OBIX YIJIOB, TO U CyMMaTOP MOYKET CKJIaJIbIBATH JIIO0bIE YIJIHI.

Mexanusm 5 (Kiaccnueckuit u momudunuposannsiii uasepcop Ilocenbe). Tpebyemca
NOCMPOUMD METAHUIM, NEPEBOOAUUTT JBUNCEHUE NO OKPYHCHOCTNU 6 JBUNCEHUE NO NPA-

MOTU.
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Puc. 7: Cymmarop Kewmre.

Puc. 8: Kiaccuueckuit u mogucdunuposanubiii unsepcopsi [locesibe.

Mexanusm L, peajsu3sanusi KOToporo m3obpazkeHa Ha puc. 8 cupaBa — Mmoduduyu-
posarnvli uneepcop Iloceave, OP = PT, AP = PA = AT = TA", OM = MA,
OU =0V =0P+ PA, MU = MV . lapuaupsr O, M, U,V monapHO cOeIuHEHBI CTepK-
HSIMH, TIO9TOMY YaCTh MEXaHM3Ma, COAePrKAllas TOJbKO ITU IMapHUPHl U CTEP:KHU OyIeT
kecrkoit. B mexanusme L touka A’ Bcerja HaxoiuTcsi HA OKPYKHOCTH C IEHTPpOM B M,
a Touka A — obpa3 Touku A’ npu MHBEPCUH OTHOCHTEIHHO HEKOTOPON OKPY’KHOCTH, &
3HAYKT, IpU JABHzKeHHH TOoukd A’ 1o okpy:kHoctu, A Gyner aBurarbes o mpsamoi UV,
a MMEHHO, TaK Kak BhINOIHeHO paBeHcTBo OU = OV = OP + PA, KoH(bUrypannoHHoe

npocrpancTBo Touku A npu dpukcupoBanuom noJioxkenun Touek U u V| Oyaer oTpe3skom

Uuv.

Kaaccuueckuti unsepcop Iloceave (puc. 8 ciiea) oTiimaaeTcs 0T MOANDHUITPOBAHHOTO
TeM, 9To B HeM Het mapuupoB U, V., M u Bcex BuIXoadminx n3 nux crepxkueil. [Tlapaupot
U,V u M HYKHBI JJIsI TOIO, 9TOOBI JJIsI KayK10T0 HoJtoxkeHus 1mmapaupos U, O, V KoH-
durypanmonsoe npocrpancTBo TouKn A’ COBIAIANIO ¢ IyTrOil OKPYZKHOCTH, SBJISIOIIENRCs

unpepcuei npsamoit UV,
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2.1 BcnoomorareabHBIE TTAPHUPHBIE MEXaHU3MbI

Kpowme xoporiio u3BeCTHBIX MEXaHU3MOB U3 MPEJIbIIYINEero pa3jesia HaM TOHaI00UTC eIe

Pl MEXaHU3MOB, KOTOPbIe OY/IyT OIIMCAHbI HUZKE.

Mexanusm 6 (3akperieHue mapHupa Ha crep:kue). Jlan cmepocens AB. Tpebyemca

sagurcuposams wa Hem waprup C' Ha paccmosnuy a om A.

[Tomectum mapuup C' Ha crep:xue AB Ha paccTOsHUET @ OT A ¥ COEIMHUM €0 CTePrK-

aamu AC nw BC ¢ Toukamu A n B.

Mexanusm 7 (Orpanmdenne KOHMDUTYPAIHOHHOTO IPOCTPAHCTEA M IMAPHAPOB n3 R3
IUIOCKUM JUCKOM). Jlas dannozo v > 0, mpebyemcea nocmpoums wapHuphoili METAHUIM
L 6 R3, codeporcausuti muosicecmso waprnupos A = {Ay, ..., A}, a makoice coedunennmie
cmepotcnem waprupst O u N, ydoeaemeopaouwut ciedyoulemy Yeiosuio: 0aa kaaitcdozo
donycmumozo ¢: {O,N} — R?, wmmoocecmneo {C|a : C € Cp(p)} cosnadaem ¢ cemei-
cmeom 6cex omobpasicernut us A 6 2-mepnwiti duck D C R? paduyca r ¢ yenmpom 6 (O),

nepnendukyaaproii p(O)p(N).

s xazxoro i = 1,...,m, obosnaauM depes ONC' D' u C* D' A’ B paBHble KecTKHe
IPAMOYTOJIBHUKA (€CJIM Y PA3HBIX MPSIMOYTOJBHUKOB IAPHUPBI 0003HAYEHBI OJHHAKOBO,

TO B COOMPAEMOM MeXaHM3Me OHU CKperienst) (puc. 9).

Puc. 9: Touku A, ..., A, MOTYT ABUTATHLCS HE3ABUCUMO JIPYT OT JAPYTra BHYTPU JIUCKA C

nenTpoM B O, neprenaukyasgpuoro ON.

Bce nmocaeaymoriue MexaHU3Mbl, €CJAN HE YTOYHsSI€TCI WHOT'O, OYAYyT ILJIOC-
KuMmu. ITob6bI 3TO OCTaBaJIOCh BEPHBIM [Ji BCeX KOHMUryparnmii, MeXxaunun3mbl

MOXKHO YKPpP€InIuTb C IIOMOIIIbIO Me€XaHu3Ma 7.
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Mexauusm 8 (/Iuzkenue Touex 1mo npamoii). Tpebyemesa nocmpoums wapHupHoli me-
zanusm L 6 R?, codepoicawyuti mmosicecmeo wapnupos A = {A1, ... An}, a maxoice co-
edunennoie cmepotcrem waprupv, U u 'V, ydosaiemsoparowuti cAedyowemy Yeaosuro: onsq
Kaorcdozo donycmumozo o {U,V} — R?, mnoocecmeo {C|a: C € Cr(p)} cosnadaem c

cemeticmeom ecex omobpascenud us A 6 ompesor [o(U), ¢(V)].

To ecTb TpedyeTCs MOCTPOUTH MEXAHHU3M, Y KOTOPOTO B JIIOOOH KOHMDUTYPALIUH ITaPHH-
pbl MHOXKECTBA A Jiezkar Ha OJHON OJHOM OTPE3KE, MOJIOKEHUE KOTOPOIO MOXKET MEHATHCS

IIpOU3BOJIbHBIM 06pa30M, HO AJIHHa IIOCTOdHHA.

[Iycrs ecth mabop mommbunupoBanubix unsepcopos [loceave: OUMV ALP AT,
1 <7 < m, y KOTOPBIX COOTBETCTBEHHBLIC CTEPXKHU PaBHbI, U IIAPHUDbLI, 0003HAYCHHBIE
OJIMHAKOBBIMU OYKBaMH, CKpeILIeHbl. Bce MHBeEpCHH, IOCTPOEHHBIE TAKMM MEXaHH3MOM

OYAYT OTHOCHTEJILHO OJHON M TOH 2Ke OKPY2KHOCTH.

Ha puc. 10 u3obpazken mpuMep TaKOro MeXaHU3Ma JIJId JIBYX HHBEPCOPOB.

Puc. 10: NuBepcus aByx TOYeK.

Bee Toukn A; — ob6pasbl nuBepcun ToUek A}, MPUHA/IEKAIIX OTHOI OKPYKHOCTH,

3HAYHUT, OHU BCE OYy/IyT JiexKaTh Ha OJHOI IIPAMOIA.

Mexanusm 9 (IlocTpoerue ToOUKE nepecedenus MpaMbIX). Tpebyemces nocmpoums mMexa-
nusm L na naockoemu R2, codeporcawudi wapnupw A, B, C, D, O, ne oepanunueaousui
noaooscenus waphupos A, B, C', D, u maxot, umo das xasicdozo P € Cp, npu xomopom
P(A) # P(B), P(C) # P(D), u npamwe P(A)P(B) u P(C)P(D) nepecexaromea no

0dnoti moure, P(O) cosnadaem ¢ moukotll nepeceserus sMmur npamolL.

[Ipu nmomormu Mexanu3zma 8 coegunaum mapaupbl A, B, O Tak, 9T00bl OHU ObLIN HA
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OIHOI mpgMoii. AHajgorm4dno, caesaeM Tak, 4roObl mapaupsl C', D, O ocraBajgach Ha
omHoit Tpsimoit. Takum obpasom, s aw0boit koudurypamuu P mapuupos A, B, C, D,
KOHMUTIYpaIHoHHOe TPOcTpaHcTBo Touku O Oyier mepecedenueM npsivbix P(A)P(B) u
P(C)P(D), 10 ecTh — TOYKO, €CJIN OTPE3KH He coBnaaaioT. Ecim ke toukn P(A), P(B),

P(C) u P(D) nexar Ha OJHON TPsAMOIi, TO KOH(MDUIYDAIMOHHOE TPOCTPAHCTBO TOUKH O

OyaeT HEKOTOPHIM OTPE3KOM, JIEXKAIIMM Ha 3TOH MPSIMOiA.

Mexauu3m 10 (ITapasutesbubiii epeHOC OTPE3Ka HEIOCTOSHHON junHbl). Tpebyemca

nocmpoums mexanusm L wa naockocmu R?, codeporcawut wapnupw A, A, B, B, ne
o / o

oeparutusarwul nososcenus waprupos A, A', B, u makot, uwmo s xascdozo dony-

emumozo p: {A, A', B} — R?, mnoocecmeo { P(B') € Cp} cocmoum us 0drozo snemenma

P, das xomopozo p(A)p(B) = p(A)P(B).

Pacemorpum mexannsm AA; A'C'C1C BB B’, uzobpaxennstii na puc. 11. On cocro-
UT U3 YeThIPeX YKPEILICHHBIX MapasuieJorPaMMOB, & BCE CTEPKHU MMEIOT OIMHAKOBYIO

nauHy a. B Hem orpesok AB Bcerja paBeH um napaJuiener orpesky A’B’ moromy, 4ro

AC||A'C', BC||B'C', AC = A'C", BC = B'C’, cienoparesbio, NAABC = ANA'B'C'.

s kaxx ol koudurypaun Touku B KoHMUTYyPAUOHHOe TPOCTPAHCTBO TOYKH A
Oy/IeT 3aMKHYTBIM KPYTOM PaJInyca 2a ¢ IeEHTPOM B TOUKe B, To ecTh MOYKHO 3a/1aTh J000
BEKTOD f@ JUIHHBL He OoJibiite, deMm 2a. s j000it kondurypanun Touku A kondury-
paluoHHoe TpocTpancTBo Toukn A” — 310 Kpyr pajguyca 2a ¢ nearpom B A. [Tosoxkenue
Toukn A’ 3a7aeT BEKTOp TMapaIeTbHOIO MEPEeHOCa. 3HAYUT, OH TOXKe MOXKET OBITh JIIO-
OBIM, He TIPEBBITAIONINM 10 jytiHe 2a. [Ipu Bcex koHUTypanusax moIydeHHbIH MeXaHu3M

COBEPIIACT HapaJUIe/IbHbIN IIePEeHOC OTPe3Ka JJIMHbL He 00Jiblie 2a B JIIOOOM HAalPAB/IEHUN

Ha J100oe paccrognue He Oosbie, deMm 2a (puc. 11).

N N

1
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&

Puc. 11: [TapaJjieibubiil iepeHoc oTpe3ka HPOU3BOJIbHON JIJIMHbI.



Mexauu3m 11 (Orpannvenne KOHGUTYPAIMOHHOTO MHOKECTBA TOUKH HOJIY IJIOCKOCTDIO,
3a/IaHHON TPAHUYHON NPSIMON W BHerTHeil Toukoit). Tpebyemea nocmpoumsv METaHU3M
Ha naockocmu, codeporcaujuti waprupos Ay, As, B, C, mouno peasusyrowuti ciedyrouee
ceoticmeo: daa kancdol xongueypayuu P € Cr, 6 komopoti P(B) # P(C'), mouxu P(A;)

u P(A2) nazodamea 6 pasHuix nosyniockocmar omuocumenrvho npamoti P(B)P(C).

C TOMOIIIHIO TAKOT'0 MEXaHU3Ma MOXKHO OIPAHUYINBATH KOH(MDUTYPAITHOHHOE IIPOCTPAH-
CTBO TOYKH Ay 9aCTHIO MTOMYIIOCKOCTH, 3a1aHHOi npsamoit BC', KoTopast ee OrpaHUINBaeT,

1 TOYKOI Ap, KOTOpas HE COJEPYKUTCS B ITON TOJIYILIOCKOCTH.

Paccmorpum mexanuswm 8, asuratoniuii Habop u3 4 rouek 1o npsamoii. [lycrs 3To OyayT
toukn Aj, Ao, B, C. Bamennm B 3T0M Mexanmsme crep:kenb M A| Ha maprupusiii pomo
M X A}Y1, croponbl KoToporo pasabl nosiopute nauabl M A} (puc. 12). Tanee, 3aMenum

crepxensd M Al wa mapaupubiit napastesorpamym M Xy ALY; co croponamu a u b, mpuaem

a—b=MAy) a+b</(OP)?— (A P)? (puc. 12).

X
\ Yz
Y,

Puc. 12: Touku A} u Aj.

B rakom wmexanusme s jioboro P € Cp sepho, uro P(A)) naxoaurcs BHYyTpH
OKDY>KHOCTH, KOTOpasi MpH WHBepcun nepexoaut B npsmyo P(B)P(C), a P(A}) — cua-
pyxku, a 3uadnt, To9ku P(A;) nu P(Ay) OyAyT HaAXOMUTHCSI B PA3HBIX IOJIYILIOCKOCTIX

otHOCcuTERHO NpsiMoit P(B)P(C).

Mexauu3m 12 (Orpannvenne KOHGUTYPAIMOHHOTO MHOKECTBA TOUYKH HOJIY IJIOCKOCTDIO,
3aIaHHON TDAHWIHON MPSAMOii 1 BHYTpeHHeil Toukoit). Tpebyemcs nocmpoums Mexanu3m
Ha naockocmu, codeporcaujuli waprupos Ay, As, B, C', mouno peasusyrouwuti ciedyrouee
ceoticmeo: daa kaxrcdol xondueypayuu P € Cr, 6 komopoti P(B) # P(C'), mouku P(A;)

u P(As) naxodames 6 00noti noaynaockocmu ommuocumesvro npamot P(B)P(C).
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C mOMOITBI0 TAKOTO MEXAHN3MA MOZKHO OTPAHUINBATH KOH(DUTYPATMOHHOE TTPOCTPAH-
CTBO TOUYKH A MOJYILIOCKOCTRIO, 3aaHHOl mpsimoit BC, koTopasi ee OrpaHUYUBAET, U

TOYKOI A, BHYTpeHHel 11 9TOH IMOIyILIOCKOCTH.

Y100l MOCTPOUTD TAKOH MEXaHU3M, JIOCTATOTHO B34Th B Mexanu3me 11 BMecTo pomda

M X, AlY) mapasiesorpaMs, co cTopoHaMu a u b.

Mexauu3m 13 (ITocrpoerne OKpY:KHOCTH 33[AHHOTO pajiyca € IMEHTPOM B 3aJaHHON
Touke). Tpebyemca nocmpoums METLAHUSM HE NAOCKOCTIU, COOEPHCAUUl waprupb, A,
B, C, O maxoti, wmo daa awobozo donycmumozo ¢: {A, B,O} — R?, mmnoscecmeo 6cex

noaosicenuti { P(C), P € Cr(p)} — oxpyorcrocmov paduyca |p(A)p(B)| ¢ yenmpom 6 (O).

Jlist Havasia ¢ moMoIbio Mexann3ma 10 HyzKHO mapaJsijiebHO epeHecT orpe3ok AB
TaK, 9To0bl TouKa A mepernia B O (COeAMHIM COOTBETCTBEHHO MIAPHUPHI PACCMATPHUBAE-
MOTO MexaHu3Ma 1 MexaruzMa 10 ciaeaytonum obpazom: A ¢ A, B¢ B, O ¢ A"). Coenuaum
rouku O u C' mapuupusiM pombom OH'C'K'. Tlpukpenum K touke O erne oauH pomb
OHCK c remn xe gaunaaMu cropor. HeoOxoanmo caenarh Tak, 9T00bI OH MOT BPAIIATHCS
BOKpyT Touku O u ocraBarhest pagabiM pomby OH'C'K' (puc. 13). ng sToro gocrarod-
HO 7106uThCss TOro, arobel yron LHOK 6wvin Beerma pasen yrny ZH'OK'. Dt1o 6ymer
Buinoaneno, eciu ZHOK' 6yner pasen ZH'OK' + ZKOK'. Tlociaennee MOXKHO CAesaTh
pu moMoIH cymMMaropa Kemie (MexaHu3M 3), CKpenuB Hy KHbIE CTEPXKHE CyMMaToOpa o

CTEPYKHSIMH PACCMATPUBAEMOr0 MeXaHn3Ma (MeXaHu3M 3).

Puc. 13: Touka C' MoxKeT nBUTaThCA 1O OKpYyzKHOCTH ¢ meHTpoM B O paauyca AB.

Mexauu3m 14 (IToctpoenue nepreHanKy/spa u3 To9Ku K npsamoii). Tpebyemes nocmpo-
UMb METAHUSM HG naockocmu, codepocawud waprupoe A, B, C, H maxot, umo das
mobozo donycmumozo p: {A, B,C} — R? npu womopom p(B) # ¢(C), mmnoscecmeo
noaoosrcenuts {P(H), P € Cr(p)} cocmoum u3z odnozo aaemenma makoezo, wmo P(H) —

ochosanue suicomol, onyuiennol ud e(A) na npamyro p(B)e(C).
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Bosbmem kecTkuil npsMoyroibHbiii Tpeyroabauk M H K (mexanusm 1) ¢ BeprimHOi
npsamoro yrua H. Coeqnaum mapuupst B, C, M, H ¢ mapaupavu Aq, ..., A4 Mexanus-
Ma 8. Takum obpasom, B J11000M moJioKenun mapuupsl B, C', M, H O6yayT pacioJararbest
Ha OJTHON MPsIMON. AHAJTOTHYHO MPUKpENHM Mexanu3Mm 8 K mapuupam H, A, K, 91o0bI
OHU TOYKE BCErjJa OCTaBaJNCh HA ONHON mpamoit. B momydyerrnom Mmexanuzme st JH060TO
nomycrumoro nojoxkenust ©: {A, B, C} — R? muoxkecrso nonoxenuit { P(H), P € Cr(p)}

COCTOUT U3 OJJHOTO 3JIeMeHTa, Jijig KoToporo Bepuo ¢(A)p(H)Lp(A)P(H).

A

BC H

Puc. 14: [locTpoenue nepueHuKy/dpa u3 TOYKUA K LHPAMOiT.

Mexanusm 15 (Orpanndenne MHOKeCTBa M0J10:KeHui Toukn C' 3a1auubiM aydom AB).
Haro wucno R > 0. Tpebyemces nocmpoums MeXaHU3M HA NAOCKOCTU, COOEPHCAULUTL
wapnupv, A, B, C, C' maxot, wmo das 06020 donycmumozo p: {A, B,C} — R?, npu
komopom p(A) # o(B), muoocecmeo noroocenutd {P(C"), P € Cr(p)} npedemasasem
coboti ompesox; daunv, R, npunadaescawut ayuy p(A)p(B), odun us KoHy08 K0mopozo

pasen p(A).

Cobepem MexaHU3M, B KOTOPOM TOYKa C' MOXKET JeKaTh Ha TePeCcevdeHnun TPIMOii
AB u NOJYILIOCKOCTH, Copep:Kalneil Touky B, orpaHuYeHHON IPSMOM, IMepIeHInKy Isap-
Hoit AB u comepxkameit Touky A. Ilpu momomu mexanmsma 8 caeaaeM Tak, YTOOBI TOUTKA
C' MoryIa HAXOANUTHCS TOJIBKO Ha MpsiMoii AB (cOOTBETCTBEHHO COeMHNM mapHupsbl A, B,
(' paccmaTpuBaeMoro MexannsMma ¢ mapaupamu Aj, Az, Az mexanusma 8). [lasee, Bo3b-
MeM YKeCTKUil npsmoyrosbablii Tpeyroasauk AU, V' B’ ¢ npambiM yriaom V. Ckpennm
mapaupbl A u V', 3arem coemunum mapuupbl A, B, B’ ¢ mapaupamu A, Ay, As. Temepn
B J1I000M T10J102KeHnn mapHupbl A, B u B’ OyayT aexarsb Ha oaHoil mpsimoii. TIpukpenum
K umerommmcst mapuaupam U', V' C') B coorBercreenno mapuupsl B, C, Ay, A; mexa-
HU3Ma 12 ¥ IoJIydmMM, 4To [uid Jioboro jgonycrumoro ¢: {A, B,C} — R?, upu Koropom

©(A) # ¢(B) touka P(C") naxoauTcst B Hy’KHOM HaM MOT0KEHHH.

Mexanusm 16 (ITosopor Touku C' BOKpyr A, mpu KoTopoM 06pa3 Touku C momnajgaier

Ha 3aganublii aya AB). Tpebyemcs nocmpoums MeTanu3m Ha NA0CKOCAU, co0epitcausull

20



waprupv, A, B, C, C' maxot, wmo das a06o20 donycmumozo p: {A, B,C} — R?, npu
komopom (A) # @(B), muoscecmeo nosoocenuts {P(C'), P € Cr(¢)} cocmoum us o0-
nozo anemenma maxozo, wmo P(C") npunadaescum ayuwy o(A)p(B) u nazodumes na

om moury p(A).

paccmoanuu |p(A)p(C)

Peasmusyem njero Toro, 4ro rouka C aBiagercs nepecedeHneM OKPYKHOCTH ¢ HEHTPOM
B A pannyca AC, u nyua AB. Ilpu nmomoru mexanu3ma 13 orpannanm KOH(DUTYPATHOH-
HOe TPOCTPAHCTBO TOUYKH C OKPYKHOCTBIO ¢ leHTpoM B A paauyca AC (COOTBETCTBEHHO
COEIMHUM TAPHUPBI PACCMATPUBAEMOTO MeXaHU3Ma W Mexanm3Ma 13 ciemyionuM obpa-
som: A ¢ O, C ¢ (). 3arem npu HOMOIM MexXaHu3Ma 15 cresaeM Tak, 9TOObl 9Ta TOYKA
TaKzKe MOTJIa HAXOMUThCS TOJBKO Ha Jyde AB (COOTBETCTBEHHO COETMHUM IMTAPHUDHI A,

B, C' paccmarpuBaemoro Mexanusma ¢ mapuupamu A, B, C' mexanusma 15).

C

A C'B

°

Puc. 15: IloBopor Toukn C' Bokpyr A, mpu koropom obpasz C’ toukun C' momajgamer Ha

3amaHHbIl 1yd AB.

Mexauusm 17 (IToctpoerne orpeska, PABHOTO MO JJIMHE MUHUMAJBHOMY W3 ABYX JaH-
HbIX). Tpebyemesa nocmpoums mexarusm, codepocawsut waprupos M, N, K, L, P,
H maxot, wmo das xascdozo nososcenus C € Cp eepro caedyrowee: |C(P)C(H)| =
min {|C(M)C(N)|, |C(K)C(L)[}.

OnnimeM OCHOBHBIE ITATW npeajgaraeMoro HaMu perleHu A 3TOH 3aJa41.

(1) Tepenecem mapasiesbHO oTpe3ok K L tak, 4robel Touka K copmaga ¢ N. O6pa3

Touku L ob6o3nauum L.

(2) TloBepHeMm mepeHeCeHHBIN OTPE30K TakK, YTOOBI IO MeK/y OTPe3KaMH CTal paBeH

7 /2. Tlonydennstii orpe3ok obo3unaunm N L.

(3) Mycre NT — 6uccekrpuca ZM N L. TToctponm To4uKy P Tak, 9T0ObI 4eThIPexXyroyib-
Huk M NL"P oxkasajics npsmoyroibHukom. lamee, mocrpouM Touky P’, Koropas
Oyzer coBHamaTh ¢ TOUKoi P, ecam oHa jgexur B yrie ZTNL", unadge ona 6yner

obpa3oMm orpazkenusi ToUku P orHOCHTE/1HHO OuccekTpuchl NT'.
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Puc. 16: [L1an permenund.

(4) Onycrum Boicory P'H na nupsimyio N L”. 9ra Bbicora n 6yner paBHa MEHAMAJIbHOMY

3 OTPE3KOB.

[IpuBesem Temepb mOAPOOHOE ONMUCAHWE TOCTPOEHHS MUHUMAJIBLHOTO OTpe3Ka. llepBbrit
IYHKT IJIAHA BBIIOJHUM TpH nomormu MexaHusma 10 (coemmusiem A ¢ K, B ¢ L, N ¢
A"). [l BBINOJHEHHsI BTOPOTO IIYHKTa BO3bMEM YKEeCTKHUI PAaBHOOEIPEHHBIH MPAMOYTOJIb-
ubtii Tpeyroibauk AABC (Mexanusm 1), y KoToporo Touka T — cepejuHa MMIOTEHY 3Bl
Ckpenum Bepimmnay upsmoro yria C ¢ Toukoit N. [lajmee, mpu momomu Mexanu3ma 8 3a-
dbukcupyem karer AC na npsimoit M N (coequanm A ¢ Ay, M ¢ As, N ¢ Asz). Torma Bropoit
karer BC 3amact sy4, nepueHaukyasapaeiii M N. Ilpu nomonu mexaaun3ma 16 MOXKHO I10-
BepHYTh 0Tpe3ok N L' Tak, urobbl oH Jjer Ha 7ot jiy4 (coegurum N ¢ A, L' ¢ C, B ¢ B,
L" ¢ C"). Nomyunsmmiica yroa ZMNL" 6yner pasen 5. Touka P u3 mynkra 3 ap/idercs
obpazom Toukn M mpum mapasiesbHOM mepeHoce Ha BeKTOp N L (¢ MOMOIHI0 MeXaHu3-
ma 10 coequusiem N ¢ A, L” ¢ B, M ¢ A, P ¢ B'). Ilpukpenum K P mapHUpHBIA poMb
EPFP'. OrmeruM, 94T0 3TOT PoMO H0JIZKeH ObITh HEYKPEILIEHHBIM, TaK KaK HAM HY KHBI
OyayT KOH(UTYpAIUH, TTPEICTABJISIONNE COOO0i JJOMAHYI0, KOTJA Mapa IPOTUBOIOI0ZKHBIX
BepiuH pomOa coBnajgaer. Bepmuabl £ u F' 3T0ro pomda npu moMoInu MeXanusma 8 1mo-
mectuM Ha 6uccekrpucy NT yriaa ZMNL (coequnsem N ¢ Ay, T ¢ Ay, Ec A3, Fc Ay).
anee, orpaHnauM KOH(MUTYPAMOHHOE IPOCTPAHCTBO TOUKU P’ MOJMYILIOCKOCTBIO, Orpa-
audennoit upsmoit NT' u copepzkameil Touky L” (npu momormum mexanusm 12, coequHuB
NcA TcB, P cA,L"cAy). Touka P’ 6yner naxonuthest BHyTpu yroa MNL, n
ecii OHa U TOYKa M JexKaT B OJHOMN MOJIYILIOCKOCTH OTHOCHTeJbHO mpsamoit NT, To P’
— ee 0obpa3 mpu orpaxkeHud orHocuTeabHO NT'; B IpOTHBHOM caydae, P coBnamger ¢ P,

[Mepuenaukyaap n3 Trouku P’ ma npgmyio N L, nocTpoeHHBIA HpH MOMOIM Mexanu3Ma 14,
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nact Touky H (coemmaum P’ ¢ Ay N ¢ B, L” ¢ C, H ¢ H), a orpe3ok P’'H Gyner pasen

MUHUMAJTHLHOMY U3 JIBYX HCXOJAHBIX oTpe3koB M N u K L.

Mexauu3m 18 (/IpmkeHre Tpex TOYEK MO MJIOCKOCTH ¢ COXpaHeHneM opuentanuu). Ha
naockocmu R? danw mpu mowwu Ei, Es, Es u wucao R > 0. Tpebyemca nocmpoums
waphupHrutt mexanusm L, codeporcawyuti wapnupoe A, B, C, K, M, N, ¢ epanusvim
mnoscecneom { A, B, C} u eparnunmvim omobpasicenuem : {A, B,C} — R?, (A) = B,
W(B) = Ey, w(C) = E3, mouno peasusyrowud caedyrowee ceoticmeo. Hlaprnupw K, M,
N pacnoaazaromesa npoussoavhum obpasom 6 kpyze paduyca R ¢ yenmpom 6 Ey, 1o das
Kaoicdozo donycmumozo p: {M, N, K} — R?, npu xomopom mouxu (M), o(N), p(K)
HE AEAHCAM HA 00HOT NPAMOT, MHONCECNEO GCEX {P({M, N,K}),P € CL(gp)} maxoso,
umo opuenmayuu penepos P(N)P(K), P(N)P(M) u E\Es, EyE3 cosnadarom.

Brauase ¢ moMombio Mexauu3Ma 10 coBepiinM TapaJiieIbHblil MepeHoc TPeyToib-
auka ANABC, obpa3 koroporo ob6osznaunm AA'B'C’, tak, urobsl Bepiuna C' copmnasa
¢ Toukoit M. 3arem ¢ nomombio cymmaropa Kemne npubasum k yriay LA'C'B' yron
ZA'C'N. lonygennstit yron obosuaunm ZNMK'. danee, coequnaum Touku M, N, K, K’
C MOMOIIBI0 MeXaHu3Ma 12 Tak, 9ToObl npsiMast M N orpaHnduBaja KOH(MUTYPAIIMOHHOE
IPOCTPAHCTBO TOYKH K TOJIYIIOCKOCTBIO, cofepxaiieit Touky K' (M ¢ Ay N ¢ B, K' ¢
Ay, K ¢ Ay). Takum obpazom, periep M N, NK Gyaer Bcerma OpHEHTHDPOBAH TaK JKe, KAk
u CA, CB (puc. 17).

\ K B’

7 n=C A A

Puc. 17: Opuenranus M N, M K cosuanaer ¢ opuentanueit CA, C'B

Mexauu3m 19 ([Tocrpoenne npaBubHOIO TPEYrOJbHUKA ¢ 33 JAHHON CTOPOHON M OPHEH-
tanueit). Ha naockocmu R? danve mpu mouwu E1, Ey, Es, R > 0. Tpebyemca nocmpoumn
waprupHull mexanusm L, codeporcawyuts wapnupoe A, B, C, K, M, N, ¢ epanusroim
mrooicecmeom { A, B, C'} u epanunvim omobpasicenuem : {A, B,C} — R?, ¢(A) = E},
Y(B) = Es, ¥(C) = E3, mouno peasusyroujuti caedyrowee ceoticmeo. laprupv K, M, N
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PACTIONGRAIOMCEA NPOU3BOALHVLM 06pa3oM 6 Kpyze paduyca R ¢ yenmpom 6 Ey, no daa kasic-
dozo donycmumozo : {M,N, K} — R?, mnoowcecmeo ecex {P({M,N,K}),P € C(¢)}
makoso, umo opuenmavuu penepos P(N)P(K), P(N)P(M) u E1E,, E1E3 cosnadatrom,

a mouru (M), p(N), p(K) asasromesa epuiunamu npasusbHO20 MPEY2ONLHUKA.

Coemnanm Toukn A u B mapuupusim pombom AH BK . Ilpukpenum k Touke B ere
omua pom6 BK'C'H', npudyem JUIMHBI €10 CTEP:KHEH JOJIKHBI OBbITh TaKue Ke, KakK U Y
poMmba AHBK. Jdainee, coequauM nonapao crepxxuu BH, BH' u BK, BK', Tak, 4Tobbl
TOJIy YMJICh KeCTKHe Tpeyrosibauky ¢ yramu ZHBH' = /K BK' = 7. Takum obpasom,

pomb AHBK pasen pomby BK'CH'. 3naunt, AB = BC, ZABC = %, n ansa mi060ro
nosioxkernns Touek A u B tpeyroipauk AABC — upasuibhbiii (puc. 18). Temepsb pac-
CMOTPHUM MexaHu3M 18 u coenquanm ero mapuupsl M, N, K ¢ mapaupamu A, B, C' ToJIBKO
4TO MOCTPOCHHOIO MexaHu3Ma. [1ojiydeHHbIil MexaHu3M 1 Oy1eT PeIIeHueM HOCTaBJIEHHOH

34,184,

Puc. 18: [locTpoerne npaBUIbHOTO TPEYTOJAbHUKA C 33JaHHON CTOPOHO.

3 Peaauzanusg MuHIMaJIbHBIX JepeBbeB lllTeiinepa

IIpenyoxxenune 3.1. ITycmv D C R? — nexomopwdi kpye, n € N u ®,, — wmmnosrcecmeo
scex omobpascenut p: {1,...,n} — D. Tozda daa kascdol opuenmuposantot ckob04HOU
cempykmypvs w € W cywecmeyem wapruprod mexanusm L = L(w™) = (Hm, C+ 1/)),

H.,+ = (V, E), makxot, wmo w} CV u npu scex p € D,, mmostcecmaso

Crlw,, @) == {C e CL(w)) : Clo,s = ¥},

+

v 7

COCMOAWEE U3 6CET nonﬁueypauua wapHupoe W 6 KOmopuvlr 02PaHUMEHUE HA 2PAHUYY

OwS cosnadaem ¢ @, pasro [Fa(cﬁ,go)} — MHoocecmey cemeli, NOAYHEHHVT 6 Pe3YAb-
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mame npumenenus arzopumma Meazara x epanuvromy omobparcenuro © u ckobouHOT

cmpykmype w.

Aoxaszameavcmeo. CorytacHo onucanuio MoanduimpoBaHHoro ajaroputMma Mensaka, Bce
9JIEMEHThl MHOYKECTBA W, NPOHYMEpOBaHbL. [1yCTh 1 — KOJMYECTBO IPAHUYHBIX BEPIINH
ck0004IHOH cTpyKTyphl w; . Haanem c60pKy mMexannsma L, B MHOKECTBO TAPHUDPOB KOTO-
poro Gy/1eM HOCTEIeHHO BKIFOYATH 9JIeMEeHTHI U3 w, . 1Jist 91010 nomaroso 6yjem cobuparh
MeXaHU3MBI Ly, ToJIyuast KaxK/Iblil TOCTeAYIOMMA U3 mpeablaymiero. Haunem mymMeparuio
MexaHu3MoB ¢ k = n. Bo3bMmem n mapHupabix poMOOB ¢ 001Iell BepITHMHOM, 3aKpeIeH-
HO¥ B IeHTpe Aucka [, JAauHa CTOPOHBI KAYKJIOTO U3 KOTOPHIX PaBHA MOJOBUHE PAJIHyCa
nucka D. BepmimHel 9THX pOMOOB, TPOTUBOTOIOKHBIE 00ITell BepIlinHe, ceaeM dIeMeH-
tamu MHOKecTBa Ow, . TlosyuenHblit MexaHusm 0603HaduM L,. Ilycts nepebie p < k
MEXaHU3MOB L, IOCTPOEHBI, a HepBble P < k 9JIEMEHTOB W, cTaau mapuupamu. Onuiem
nocrpoenne Ly, . Paccmorpum aement wy, 1. On npegcrasasger coboit HEKOTOPYIO Tapy
(wi,w;), 1 < 4,7 < k, i # j. C nomompo Mexanu3Ma 19 CoeTUHEM IIAPHUPHL W; U W,
MexaHm3Ma 19 Tak, 4Tobsl Jis jr06oit kondurypamuu Cyyq € Cr, 41 Touku C(w;) u C(w;)
ObLJIM BepIIMHAMY [IPABU/JIBHOIO TPEYTOJbHUKA, TPEThs BEPIUIMHA KOTOPOIO OYJIeT TOYKOM
C(wg1), npuaem 6azuc C(wyi1)C(w;), C(wyy1)C(w;) opneHTHPOBAH HOJOKHATEIBHO OT-
HOCHTEJIbHO KaHOHHYECKOil OpHeHTaluu IiockocTd R? (coemungem w, ¢ mapHupom A
MexaHusMa 19, ws ¢ B, w; ¢ C, mapuuper A, B, C' Mexamm3ma 19 3aKpemuM cOOTBeT-
CTBEHHO B TO4YKax Fy, Fs, E3, KOTOpbIE SBJISIOTCSH KOHIIAMU HEKOTOPOI'O IMOJIOKUTE/HHO

opueHTHpOBaHHOTO Oasnca F Ey, E) F3, 3aKpenieHHoro Ha MI0CKOCTH).

[Iposioizkast TakuM 00Opa3om, Oy/IeM CTPOUTH MEXaHU3Mbl L;, OKa He MOJIYy4YUM Me-
XAHU3M, COMEPZKANINI B CBOEM MHOXKECTBE NIADHUPOB BCE 3JIeMeHTH w, . Jlasbine Gymem
IPOJIOJIZKATD IIOCTPOEHHE MEXaHU3MOB L; COTJIACHO 00paTHOMY XOay ajropurMa Mer3aka.
Hauunasg ¢ mocaennero mpoHyMepOBAHHOIO 3JIEMEHTa MHOZKECTBA w™, OyaeM JIBUraThCsa B
00paTHOM MOPSIAKE W NPOAEbBAThH ciaeayiomee. [lycrs m3Becren mexanusm L, 1. Oun-
ImeM, KaK U3 Hero mocTpouTh L,,. O003HaUNM 4Yepe3 wy paccMaTPHBAEMbIl 3JIEMEHT U3

wt(G). Eciu h(wy) =0 u k > 1, T0 mepexoiuM K pacCMOTPEHUIO Wy 1.

Torna k > 1, TO MbI

Ecmu wy, — pebepubtii anement Buga [w;, w;], w;,w; € wy,

HOCTYIIMM Tak. Ecim max{h(wi), h(wj)} = 0, TO IIepexoIuM K PacCMOTPEHUIO wy_1. VHave
BO3BMEM TOT U3 W;, Wj, Y KOTOPOTo BBICOTA GostbIe Hy/Is. [IycTs 910 w; (ecam 06a smementa

MMEIOT BBICOTY GOJIbINE HYJIsI, TO PACCMOTPUM CHA4YaJIa OJMH, & MOTOM — JIPYToii).

DuaemenTt w; wMeer BHUI (W, ws). ONHIIEM OKPYKHOCTH BOKPYT TPEYTOJIHHUKA

Aw;w,ws. lleHTp ONMCaHHONR OKPY?KHOCTH OyJIeM HCKATh KaK TOYKY HEPEeCeYEHUs] BBICOT
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w; H;, wsH,. Jlns aToro Bo3bMeM aBa mexanusma 14. Coeaunanm cHadasa mapaupbl A, B,
C, H oaHoTo M3 HUX ¢ MapHApaMu w;, w,, Wy, H; coorBercTBerno. A mapuupsr A, B, C,
H npyroro — cooTBeTCTBEHHO € IIApHUPAMHU W, W,., w;, H,. 3arem modapum tmapaup O
U OMECTHM €70 B TOUKY TepecedeHust NpsaMbix w; H; v wyH (coeqnuus mapaupbt w;, H;
ws, Hy, O coorBercrBenno ¢ mapuaupamu A, B, C, D, O mexanuzma 9). 3uasi MeHTP Onu-
CAHHOW OKPY’KHOCTH W TOJIOYKEHHST BEPIHWH, C TOMOIILI0 MexXxaHu3Ma 13 mocTpoumM camy
OKPY2KHOCTB (coemunum mapuaupsl A, B, C'; O mexanusma 13 ¢ mapuupamu w;, O, wg, O
coorBeTcTBeHHO). OBO3HAUNM 3Ty OKPY:KHOCTEL uepe3 C. Tanee 6yjaeM cTpOUTH MIAPHUD
S, KOTOpBIil siByisieTcst mepecedernneM okpyx)uoctu C' uw jyda {1, vae jyd {1 onpenesex
TaK, 9TO ero BePITWHA — MPOEKINS IEHTPA OMMCAHHON OKPYKHOCTH Ha MPAMYIO W;Wj, &

HaIpaBJIeHHe BEIOPAHO TaK, 4To repecedenue ¢ u {1 — Jayd.

B kauecTBe TOYKHU, KOTOpAsl MPUHAIEKUT ITOMY MEPECEUEHUI0 W KOTOPasi 3a7aeT
Hy2KHOE HallpaBJIeHHE, MOXKHO B3ATb TOUKY K, KOTOpas JIeKUT Ha MePecedeHun OKpY K-
HOCTH C IIEHTPOM B W;, PAIUYC KOTOPOW paBeH AMaMeTPy OMUCAHHON BOKPYT Aw;w,w,
OKpyZKHOCTH, U jay4a w;w; (Mexanmsm 14 u 12), (puc. 19). C momompio mexammzma 10
MOCTPOUM TOYKY ) Takyro, 9To oTpe3ok w; D pasen anamerpy okpyzkuoctu C. g sro-
ro npukpenuMm mapuupsl A, B, A’, B’ mexanmsma 10 K paccMaTpuBaeMbIM [IapHAPAM
w;, O, O, D. 3arem coenuaum mapaupsl A, B, O, C' mexanm3Ma 13 cOOTBETCTBEHHO €
mapaupamu w;, D, w;, K. Tem campiM mosyauan To4UKy K, KoTopasg MOXKeT JIBUTATbCs

0 OKPY’KHOCTH C TEHTPOM B w; U PAINYCOM, PAaBHBIM auameTpy okpyrxuoctu C.

Puc. 19: [Toctpoenne Touku S.

Tenepw naiinem Bepmuny H syua ¢ = HK. s sroro gobasum mapuup H u
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COeJMHUM HMeIOITecsd IMapHupsl w;, w;, O, H coorBercrBenHo ¢ mapuupamu B, C, A,
H wexannsma 14. Janee, nobasum 109Ky S n momectnm ee Ha jayd HK (Mmexanuszm 15),
u Ha OKpyxHOCTH C' (coemuuum mapuupbl A, B, C, O mexanusma 13 ¢ UMEOIIUAMUCT
mapaupamu w;, O, S, O). TlocTpoenusiii TakuM 06pa3oM mapHup S GyIer nepecedenneMm

nayda {1 u okpyxuoctu C.

Ecnn wy, — Bepmmumbtii smement Buaa (w;, w;), w;, w; € wy (G), To MOCTYIHM ¢ HEM
TaK K€, KaK U ¢ PeOePHBIM 3JICMEHTOM [W;, W;], 3AMEHUB B OMHCAHHBIX BBIIIE IOCTPOCHH-
gX TouKy P; Ha Touky Pj. Ternepnb nepenvenyem mapHupbl wy u S, TIOMEHSIB MECTaMH WX
Ha3BaHud. [lomyuennsiit Mmexanmsm obosHaunm L, U mepeiineM K TOCTPOEHUIO L, 1. 3a-
KOHYUM TOCTPOEHUE, KOTIa TAKIM 00pa30M OYIAYT peaan30BaHbl BCe IMIAard 00OPATHOTO X012
aaropurma Messaka. [lociaeqauit mocTpoeHHBIT MEXaHI3M 0003HAYUM Yepe3 L. DToT Mme-
XaHU3M OyJIeT cojlepsKaTh 3JeMeHThl CKOOOIHOI CTPYKTYPHI w, & UX KOH(pUTYPAIIMOHHOe

IPOCTPAHCTBO OYIeT COBIAIATH ¢ MHOXKECTBOM CeTeil [Fa(cﬁ, go)] H

IIpengioxxenune 3.2. Jlan naockuti mexarusm Li(Vy, By, 0,11), y komopozo ewdeneno
!/ /

nodmmootcecmeo waprupos V' C Vi. [lyecmo V' — muooscecmso sepuwum Hexomopozo 2pa-

pa H = (V' E'"). Cywecmsyem wapHupHvili METAGHUZM, KOMOPOT HG 3G0GHHOM AYUE

OMKAAIVLBAEM. OM, €20 HAUAAL OMPE3OK I, PasHB cymmapholi daune pebep 2paga G.

Joxazameavcmeo. 1lycTb 3ajannblii B yCJa0BUU JIyd OnpejeseH Toukoit D, Koropas siB-
JIIETCS ero Hava/JIoM, U TOYKOW L, KOTOpas JIE2KUT Ha MPAMOii, cojepzKarieit jyd, HO He
NpUHAIEXKUT yToMy Jyday (puc. 20). IIponymepyem Bce pebpa (. Ha BeiGpamHOM JTy-
Je OyzeM HocJie0BaTe/IbHO OTKJIAABIBATh 0Tpe3Ku K ;1 K, IIuHa KaKI0Tro U3 KOTOPBIX

Oyzmer cooTBeTCTBOBATH ajiune pebpa e;. [lomoxum Ky = D (puc. 20).

Pwuc. 20: IlocTpoenne oTpe3Ka paBHOTO JJIUHE CETH.

Ommmem nocrpoenne Toukn K, 3mas K;_; (puc. 21). IIpn nomomn mexanm3ma 8
clesiaeM Tak, 4Toobl K; ocraBasach Ha npaMoil LD. 3arem, Ipu HOMOIIU MeXaHU3Ma 13
c/lelaeM TaK, 9TOOBI OHA JIesKasIa Ha OKPYZKHOCTH Pajuyca |e;| ¢ meHTpoM B Touke Kj_ 1, a

TaKzke npukpenuM K K; Mexannsm 11, 9To0bl OHA HaXOAMIACH TOJBKO B IOJIYIJIOCKOCTH,
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Puc. 21: IToctpoenne Toukn K;.

OrpaHHYeHHOM NPAMOIl, IpoxXondIIeil Yepe3 ToUKy K, Neplen uKyIapHoii npavoit LD
u He cogepzxaiieii Touky L. Takum obpaszom, |KJ~_1K]-| = |lej|, u rouka K jexur Ha
HyzKHOM J1yde. Ecin e, — nmocrenaee pedbpo aepesa GG, 1o orpe3ok KoK paBeH cymMMapHOii

e pebep rpada G.
]

IIpennoxenue 3.3. I[Tycmo x,y,z — cmandapmuvie dexapmosv, Koopouramu, ¢ R3, u

D' C R® — mnexomopuiii Kpyz ¢ UEHMPOM 6 HAMAAE KOOPOUHAM, ACHCAUUT 6 NAOCKO-
cmu z = 0. Ilyemov Gy, ..., G, — npoussosvuvie 2pagu, V(G;) — muoocecmso sepuiun
epagpa G, u V'(G;) — “konua” mmoocecmea V(G;), mo ecmv pasnomouiroe ¢ V(G;)

MHOHCECTNB0, 0Af Komopozo 3adana Guekyus v;: V'(G;) — V(G;). Toeda cywecmeyem
waprupnuiti mexanusm L 6 R3, codepocauyuti cpedu Mroxcecmea waprupos cemeticmeo
(U, V(Gy)) U (L, V(G)), makoti, wmo daa moboti kongueypayuu C € Cp, 6vinoans-

emca caedyrouee.

(1) Hpu xascdomi =1,...,n umeem C’(V(Gi)) C {z = 0}, makum obpasom, oeparuue-
nue I'; omobpascernus C na V(G;) asasemes 0606uennoti cemvio wa K0opouHammot

naockocmu z = 0, u onpedeaena dauna amoti cemu U; = L(T'). IToroscum ¢ = min, ¢;.

(2) Oeparnuuenue omobpasicenusn C wa V'(G;) pasno (0,0,¢; —c) +1'; o vy, m.e. C noo-

numaem Konuu waprupos uz muoscecmsa V' (G;) na ewcomy l; — c.

Boaee moezo, das awbozo cemeticmea omobpascenud I V(G;) — D' eywecmeyem C €

Cr, daa komopozo I'; = ', npu ecex i.

Joxazameavemeso. Ilycts X — mapaup, 3aKpenJieHHbI HA ocu =, Y — HIapHUp, 3aKpel-
JeHHBIH Ha ocu y. PaccMorpuM mapHupHBIE POMOBL ¢ 06IuM KOHIOM (), 3aKpeILIeHHbIM
B HavaJle KOOPAHWHAT, KOJIUIECTBO KOTOPBIX PABHO KOJIHYECTBY 3€MEHTOB MHOKECTBA

I_Ii(V(GZ-)). [IporuBono/ioKHbIE 3aKPEIJIEHHOMY KOHILY BEPIINHHBI CJE/IaeM dJIeMeHTaMu
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muozectsa L; (V(G;)). Obosnatnm nonyunsmuiics Mexannsm L. CONIACHO mpeiozKe-
HUIO 3.2, K KaxKJI0My u3 MHOKecTB V(G;) MOXKHO TPHKPENUTh MEXaHU3M, KOTOPbBIi 1715t
JII000I0 BO3MOZKHOTO T10JI0KEHUSA C’(V(Gi)), C € Cp, mpu KoTopoMm 0bpa3sl Bepiud V (G;)
nexkat BHyTpu Kpyra D, 6yaer crpouts Ha jayde OX orpesok [O, L;|, paBubtii qyiuHe 0600-
uiennoit ceru C|(y(q,). IIpoaenaem To ke camoe st Becex Habopos sepiua V (G;). Ja-
Jee, ¢ TOMOIIBI0 MexaHu3ma 17 moctponMm orpesok (O, L], amuaa KOTOpOro pasHa JinHe
MUHUMATHHOTO U3 Beex (O, L;]. Temepb Bo3bMeM paBHOOEIPEHHBIH MPSIMOYTOJbHBIN Tpe-
yroabuuk AFyTy Py, yron Ty KoToporo pasen 2 arctan %, KOTOPBIil 3aKPEeUM B ILTOCKOCTH
OXZ rak, 910081 cepeauna runoreny3nr 1| gexkana na ocn OZ n uMesa MOI0KATE b-
HYIO0 KoopawHaty, a BeprmuHy 1y ckpenum ¢ O. C momornbo Mexanusma 10 mpukpennm
K HeMy KecTKuii TpeyroabHuk AFT P Tak, 94To0bl npu Jo6oMm pacnoaoxenun, AFT P
HOJIYYAJICS MapaIeIbHBIM HepeHocoM B minockoctu OX Z u3z AFyTyFy. 3arem cuenaem
TaK, 97006l mapuupbl F, T' u O Bcerja ocTaBaIuch HA OJHON MPAMOil (€ MOMOIIBIO Me-
xauu3M 8). Takke coeauuanmM MexanuamMom 8 mapuupbl 1), P u L. Temepb TpeyroibHUK
AFTP Bcerma pacmoyioxkeHn B mi1ockoctu OXZ Tak, 9T0 ero cropoHa F'P mapaineib-
Ha ocu OX, Bepmuna 1T mHaxomutcs nuxke F P, a cropoust FT u TP coaepKaT KOHIIBI

orpeska OL.

Tenepnb Oymem mapaJsaeabHO MepeHocuTh oTpe3kn O L; Tak, 9TOOBI UX KOHIIBI OBLTH HAa
croponax tpeyroabuauka AFTP. Pacemorpu orpesok OL;. Jlobasnm mapuupsr O) u L
TaK, 9To0bl 0Tpe3ok O} L. mosyuancs napajiieabHbiM nepeHocoM u3 orpeska OL (mex 10),
u mapuup O] maxomuiacsa wa aydae TF, a L} — wa ayde TP (mexanusm 15). O6oznaunm
depe3 Z; MAapHUp, ABIAONMiics nepecedenueM npambix OZ u OL;. Drta Touka Oymer
3ajiaBaTh BEKTOD napaJuiesbaoro nepenoca OZ;. Ipukpenum ko secem mapaupam V(G;)
MEeXaHU3M, CTPOSINHii 00pa3 MapaJjielbHOTO MEePeHOCa ITUX MAPHUPOB HA BekTOp OZ;.
[[Iapaupsl, ABIsIONIHECS 00pa3aMi TAKOTO Mapa/LIeIbHOIO IEPEHOCA, ClIe/IaeM dIeMeHTa-
mu MuOKecTBa V' (G;). Takum obpasom, mis ao6oit kouduryparmuu C' € Cp MapHAPOB,
MHOZKECTBO C(V’(Gi)) Oy/ileT MHOYKECTBOM BEpIINH, KOTOPbIE MOJIYYAITCS MaPAJLIeb-
aev neperocom n3 C(V/(G;)) ma Bexrop, napasieasnsiii ocn z. Ilogoxkennst mapHupos
muoxkecTB V (G;) orpaHnduBaioTCs mI0cKocThio OXY u IIuHAMH CTepyKHEH MapHUPHO-
ro MeXaHH3Ma, HOITOMY JJIst JII0O0ro Kpyra [ MOXKHO moao0paTh TaKue JJIHHBI CTep:KHel

MEXaHHU3Ma, YTOOBI YCJA0BUE T€OPEeMbl ObLIO BEPHO. O

Teopema 3.4. ITycmov x,y, 2 — cmandapmuvie dexapmosu, koopduramu, 6 R3, u D C R?
— nexkomopull kpye, seotcawuti 6 naockocmu z = 0. Bubepem npoussosvroe n € N, u
onsa kascdozo wt us mmoscecmea W, opuenmuposannulr ckobouHwT cmpykmyp uepes

W 0603nanuM “Konur” MHoMCECTNEA W, O eCMb PABHOMOUSHOE C W, MHONHCECTNEO, 0Nk

v
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Komopozo 3adana Guekyua v: 0 — wi. Tozda cywecmsyem wapruphodi mexanusm L €
R3, codeporcausuti cpedu cemelicmea waphupos u3sonkmmoe 06sedUHEHUE MHOHCECTNE
w uw no scemwt € Wi, maxot, wmo das 110600 xongueypayuu C' € Cr, ewnosnsemca

n’

caedyrowee.

(1) Ipu xasrcdom w™ € W umeem C(w;) C {z = 0}, makum o6pasom, ozparuuenue
Lo+ T omobpascenusn C na wl aeasemes cemoro wa koopdunamuol naockocmu

z =0, u onpedeaena dauna smoti cemu L(Ly+). Honootcum ¢ = min, i oy £(Tyt).

(2) Jas xaorcdozo wt € Wi oepanunenue omobpasicernus C na muoocecmeo {1,...,n} —

00HO U MO sice omobpascerue, 0003HAYUM €20 YEPE3 (p.

(3) IHpu xasrcdom wt € WT omobpascenue T+ — snemenm mmoscecmea cemeti
Fo(w™,¢), noayuennvr 6 peayavmame npumenenus arzopumma Measzaxa, coom-

sememeyowezo wt u epanuye Q.

(4) Oepanuuenue omobpasicenus C na @, pasno (0,0,l(w]) — ¢) + T+ o v, m.e. C

NOOHUMAEM KONUY WapHupos u3 muoccecmsa w, na evcomy ((T'y+) — c.

Boaee mozo, dasn kancdozo ¢': {1,....,n} — D cywecmeyem ronugueypauus C € Cr

makas, wmo o = @'

oxaszameavcmeo. PaccMOTpUM MHOXKECTBO OPHEHTUPOBAHHBIX CKOOOYHBIX CTPYKTYD
W, I'pannvHOe MHOKECTBO KayKJI0i U3 HUX — MHOXKecTBO {1,. .., n}. CormacHo mpeio-
wenuto 3.1, s Kaxk ol u3 w € W M0oKHO nocTpouTh mapHupHbLii MeXaHu3M, cojiep-
JKaIuii B ceMefcTBe MapHupoB MHOXKeCTBO {1,. .., n}, n aas aoboii ux KoHMDUTYpAIHH @
B JcKe D cTposiiuii cemelicTBo cereii F,(w™, ). danee, K HOIyYnBIIEMYCsT MHOXKECTBY
cereli 10 BCEBO3MOXKHBIM W' IpUMEHUM NpejioKeHne 3.3 U IMOJIYYMM, YTO B ILJIOCKOCTH

z = 0 OyayT HOCTPOEHbI T€ U3 HUX, KOTOPble UMEIOT HAUMEHBIIYIO JIJINHY. 0
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