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NMPUMUTHUBHU GH-TTAP — IBA NIPUCTYIIA KOHCTPYKIHUJHU (2+1)

Y 0sa ce kpuje kopen; y mpehem, ee3a.
Munumannocm je majka cmadunnocmu.

AIICTPAKT

OBaj pax npezacTaBiba KOHCTPYKIM]y NPUMHTUBHOT [ enen-XunbepToBor napa y Jsa kopaka. [IpBo ce yBoaun
arictpakTHy Jormuku Moaen (P, T) ca mo nBe akcuome u jemHom bridge akcunomom (Mogen 2+1) mokasyjyhu
na GH-oHOC MOCTOj| ¥ Ha arncoJIyTHO MUHHUMAIHOM HUBOY (Gopmantue cioxenoctr [1, 2, 3].Onmaa ce joru
yBOIM reomeTpujcku oborahenn moxen (S, T), rae cucrem S omucyje IPOCTOPHE, a CUCTEM | BPEMEHCKE
NPUMHTHBE, Ca HCTUM MUHUMaTHUM obpaciieM 2+1. OBaj Apyru map AupekTHo Manupa Ha (3+3) cTpyKTypy,
HyzaehH Tako MeTa-TeOpHjCKy OCHOBY 3a MOJICNIOBamke (PyHIaMEHTAIHUX OMHAPHUX OJHOCA Y MaTEeMaTHLH U
¢uzunm. [lokazyjemo na ta 06a mapa 3a/10BoJbaBajy ocoOuHe Mel)ycoOHe KOH3UCTEHTHOCTH, UHAWBHUIYaIIHE
HEMOTIYHOCTH U HEYMOpeauBOCTH, ToTBphyjyhu yHusep3annoct GH-napagurme. Pag y cBojum npunozuma
CaJip’)Ku METPHUKY HYKHOCTH, CBOl)eHhe Ha TEOpH]jy Mpeka U KPUTHKE ca OATOBOpUMA.

K/bYUHE PEYM: GH-nap, npumutuBHE (OpPMAIHH CHCTEM, MUHMMAJIHAa aKCHOMATHKA, CTPYKTypa
(3+3), pediekcrBHA KOHCTPYKTHBHOCT, IPOCTOP-BpEME

AMS KJACHPHUKALINJIA (2020):
03F03Teopuja nokaza U KOHCTPYKTHBHA MaTEMaTHKa,
03B42Jloruka HY»KHOCTH ¥ MOJAQITHOCTH,
03F25PenarnBHa KOH3UCTEHTHOCT M HHTEPIIPETALIH]€;
05C90IIpumene Teopuje rpadosa.

1. YBOA: O JOI'NYKE MUHUMAJIHOCTHU KA TEOMETPUJCKOJ OCHOBH
Tpujama GH-naposa [1, 2, 3]yTBpania je 1a ce MPHUHIMIT y3ajaMHE BaTUIAIMje MOXE UMIUICMEHTHPATH Y
Pa3IUYUTHM JOMEHHUMA, O] apUTMETHKE 10 TeoMeTpuje. Y pany [3] ypaleHa je u KOHCTpyKIHja KOjy CMO Ty
Ha3BaJli MUHUMAIIHOM aJli OHE jeCTe MHHUMAJIHA caMo 3a peaiHe cucteme. OBaj paa 6aBH c€ MUHHMAJIHHM
GH-mapom y ancoxyTHOM CMHUCITYy KOjH CMO 3aTO W Ha3Baiu NMpuMUTHBHUM GH-mapom. Pag npommpyje u
JIMHU]Y UCTPaKUBaa U TO Y J[Ba MPaBIA: TPAKCHEM arlCONYTHOT JIOTHYKOT MHHUMYMa H KOHCTPYHUCAHEM
cnenn(pUIHOT MHUHUMYMA T€OMETPH)CKOT B JJHHAMHYKOT THIIA.

Konnent npumutrBHOT cucteMa (II-cucrema) ca camo JiBe yHYTpaIIbe aKCHOME TIPEICTaBIba Taj TPAHUYHH
ciydaj 3a Koju ucnuryjemo oapxkuBoct GH-oqHoca. Jlokas na je TakaB ognoc moryh (Omess.3) npeacrasiba
jauame yngamenrtannor pedynrata GH-tpujaze [1, 2, 3]:pedaekcuBHa cTaOMITHOCT OBJIE HUjE CIY4ajHOCT
CIIO’)KEHHX CHCTEMa, Beh je ympaBo BHMXOBa OCHOBHA OpraHU3aIMOHA KapaKTePUCTHKA.

MebhyTtum, 3a mpuMeHe y TPUPOTHUM HayKama, IMoceOHO y Gu3HLH rae ce GyHIaMEHTATHH CHTUTETH YeCTO
KOHIIMITHPAjy Kao IPOCTOp U BpeMe, MOTpedaH je je3uk Maio Oymku TUM nomeHuma. Ctora yBOAUMO IpyTH
npumutiBay nap (S, T) (Oxespak 4), unje cy akCHOME JM3ajHUPAHE Ja TUPEKTHO yKa3yjy Ha T€OMETPH]jCKe
(mpoctopHe) u muHaMHuKe (BpeMeHCKe) mpuMuTHBE. VI3 0Be KOHCTpYKIMje u3ina3u teopuja (3+3) mpoctop-
BpeMeHa, HyJiehu cTporu MaTeMaTHYKy OKBUP 32 BeHYy (hopMaIu3alujy ajau TO y HekoM Oynyhem pany.

Pan ce ocnama Ha mpeTxonHe pesynrare u3 Teopuje GH-mapona [1, 2, 3], Teopuje cmpyxkmypne nyscrnocmu
[5], Teopuje oedpunuyuonux oxeéupa nyxcrnocmu [6] u Teopuje pyna [7]. Takohe HaroBemTaBa mpuMeEHe y
GH-Mpexama u cucteMy jenHaunHa CTaOMITHOCTH.




2. JEOUHUIIUJE U OCHOBHU KOHUEINITHU

VY oBoMm nornasiey gahemo neduHHUIMje 1 OCHOBHE KOHIICTITE HA KOjUMa je 6a3upaHa CTPyKTypa OBOT paja.

Nepununmja 2.1 [I-cucrem). M-cucrem Sje ypehena tpojka S = (L, AX, R)rxe je:
* L je3wk ca KOHAYHUM CKYIIOM CHMOOJIa,
* AX = {04, 0} ckym o1 TauHO JABe 3aTBOpeHE opmyiie y L (yHyTpalime akcuome),
* R ckyn npasuia u3Boga (Modus Poneng Generalizatioi.
Nepunnnmja 2.2 [Ipumurusan GH-map). Mpumutusan GH-nap je ypehen map I-cuctema (S;,
S;) 3a xoje Baxe cineaehu ycnosu ([Ipumuruau JJokasuu [punimmu — TIII):
1. IIAM1 (Mehyco6Ha KOH3UCTEHTHOCT):
S+ -3p Pl‘f{sz}(p, r1 —') nS, -3p Pl‘f{sl}(p, r1 —').
2. MMAN2 (MuauBuayaTHa HEMOTIYHOCT):
S1 e —Elp Pl‘f{sl}(p, r1 —') u SZ e —Elp Pl‘f{sz}(p, r1 —').
3. MAI3 (Heymopenusoct): He mocToju motiyHa uuTepnperanuja S, y S, uut S, y ;.
Hepununuja 2.3 (Bridge akcnoma). Bridge (moct) akcnoma je dopmyna obmmka —=3p Prgy(p,
™ 1 ™ nonmara cuctemy X, unMme cucteM X GpopManHO u3pa)kaBa MOBEPeHe y KOH3UCTEHTHOCT cucteMa Y.

3. AICTPAKTHU IPUMHUTUBHU GH-ITAP: CUACTEMU PU T

OBo nornasJbe mocBeheno je, IIOMEHYTHUM, CUCTEMHUMaA P n T, Kao U JO0Ka3y lbUXOBHUX OCHOBHHUX CBOjCTaBa

3.1Cucrem P (,IlocTojame u jenmHcTBEHOCT")
e Jesuk Lp: {E, =} (npenukaru: ErsucreHuuja, penammja; jeAHAKOCT). JETHHCTBEHOCT ce U3paXkana
npeko P2, 6e3 moTpede 3a 3aceOHUM MPETUKATOM.
* YHyTpamme akcuome AXp:
* P1 (Er3ucrennmja): 3Ix E(X).
* P2 JenmncrBeHnoct): VXVY (E(X) A E(y) — X =)
e Uatynnmja: P TBpau Aa mocToju TavyHO jejaH eHTUTET KOjH Mocelyje CBojcTBo E.

3.2Cucrem T (, Tpanchopmanuja u peaanuja')
* Jesuk Lt: {R, —} (npenukar: Penaruja; 1Orudky KOHEKTHB 32 ICHUHUCAKE aKCHOMA).
* YHyTpamme akcuome AXrt:
* T1 (PeduexcuBHocT): VX R(X, X).
* T2 (TpanmsutuBHocT): VXVYVZ (R(X,Y) A R(Y,z) — R(X,2)).
* Unryunmja: T nepunnmie pedaekCUBHY U TPAaH3UTHBHY pelalyjy, Tj. IpeT-ypeheme.

3.3 Bridge akcuome u ¢popmMupame KOMILUIETHUX cuctema PP u T
Ja 6u ce ocurypana meljycobna Beza u GH-ogHoC, neduHUIIIEMO KOMIIETHE CUCTEME!
* Cucrem P*: Ax(p+; = {P1, P2,Bp}, rzic je Bp (bridge axcuoma):
—ap Prip+(p, ™ VX R(X,X) A =¥X R(X,X) 7).
* Cucrem T Axp+; = {T1, T2, By}, rze je By (bridge akcuoma):
—ap Prfp+y(p, ™ IX E(X) A =3X E(X) 7).

3.4 JIoxa3 ocHOBHHUX cBojcTaBa 3a map (P*, TY)

Teopema 3.1 (IAI13a P*, T*). P* - Con(T*) u T* I Con(P").

Joka3 1 (CeMaHTHYKH, IPEKO MO/1eJIa).

Cucrem P* uma jennoenementau mozen Mp = {a} roe E(a) Baxu. Y mopeny, pemannjy R u3 jesuxa T+

MOXKEMO MHTEPIPETHPATH Kao YHHUBep3aiHy tauny penanyjy (R(a,a) = True). UnTtepnperaiuja 3a10BosbaBa

06e akcuome T1 u T2, unnehu Mp mozmernom 3a T*. TTomro P* moxe ma hopMaiHo KOHCTpYHIIE 0Baj MOJIEI
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U a yTBpAHY Aa L HUje Ta4uHo y Bemy, cieau P - Con(T*). Cumerpudno, T* Moke Jja KOHCTpyHILIE MOJET
3a P* tako mrro unrepnperupa E(X) kao R(X,X). =

Joxka3 2 (CHHTAKTHYKH, MPEKO peayKiuje KOHTPAAUKIje).

[pernocrapumo T* + L. Tana noctoju u pokas p. Ipemukar Prfpr+) je Ag nedunucan y P* (jep cy ose
akcuome koHaune). P* moxe na nposepu Prfp+y (p,™ L 7) 3a konkpetHo p. Mehytum, P* moxe na nokase
(13 cBojux akcuoma) na T1 u T2 He Mory goBecTH a0 KoHTpaaukuuje (jep oHe aeduHuIy npeaypeheme).
Jaxke, P* Moxe 1a OmoBprHe MoCTOjamke TAKBOT P. W

Hoxka3 3 (Ilpeko Teopuje Moaesia).

CBaku KOH3UCTEHTaH CKyI opmyra npeor peaa uma mozen [13]. [TomTo cMO eKCIUTUIUTHO KOHCTPYHCAITH
mozen 3a T+ yayrap P* (Jlokas 1) u momen 3a P* yayrap T* cieam ma cy oba cucreMa KOH3MCTEHTHA, M
CBaKH JJOKa3yje KOH3UCTCHTHOCT APYror. M

Teopema 3.2 (IAII2 3a P*, T*). P* i~ Con(P*) u T* i+ Con(T™).

Joka3 1 (ITo3uBom Ha I'enena).

O6a cucrema, P* u T*, cy pekyp3uBHO akCHOMAaTH30BaHa ca KOHAYHHM CKYIIOM aKCHOMa U 00a Cy JOBOJHHO
eKCIIPECHBHA JIa PEIPE3CHTY]y OCHOBHY apUTMETHKY 3a KOJUpame CHHTaKce (HIp. kopucte Ag-popmyie).
KonsucteHTHOCT 00a cucTemMa ciean U3 mocrojama KoHauynux mojeina (Teopema 3.1). A mpema I'enenoBoj
ApYroj TeopeMH o HemoTmyHocTH [14], HHjenaH KOH3UCTEHTaH PEeKYP3WBHO aKCHOMATH30BaH CHUCTEM KOjU
MOJKE JIa peNPe3eHTyje MPUMUTHUBHO PEKyp3UBHE (QYHKIIHjE HE MOXKE JOKA3aTH CONCTBEHY KOH3UCTEHTHOCT.
Crora, uu P* uu T* He mory na mokaxy Con(P*) ogrocro Con(T*). m

Joka3 2 (IIpexo HeMOKpeTHe TauKe).

3a cBaKW CHCTEM KOjH UCIyHaBa YCIIOBE OBOT M3BoJa, ['enenosa peuennna G Taka na G <> —Prf(" G 7) je
HenokasuBa. Ako 6u P* + Con(P*) Baxuio, ouaa 6u P* - G, miro je koHTpaaukimja.

Haxe, P* i Con(P*). m

Hoka3 3 (Ilpexo ceMaHTHYKe apryMeHTaLuje).

Csaku Mozent P* Mopa umartu TauHo jeqaH eaeMeHT. Y takBoM mozeny, Con(P*) 6u 3HaumiIo fa He MoCToju
J0Ka3 KOHTpaaukiuje. Melytum, cam P* He Moke 1a M3pa3u CBOjCTBO ,,HEMaM JOBOJAHO HM3paXkajHe Mohu
Jla CTBOPUM KOHTPAJMKIH]y" — TO 3aXTeBa METa-pe30HOBAE U3BAH CHCTEMA.

Hakie, P* ne moske na mokaxxe Con(P*). m

Teopema 3.3 (IAI13 3a P*, T*). He nocroju notnyna unteprnperanuja P*y T+ auru Ty P*.

Joka3 1 (CeMaHTHYKH, MPEKO KAPAMHATHOCTH).

KipyuHa cemanTHyka pasnuka je y kapauaaaaocta gomena. ML (JemurctBeHoct) cucrema P 3axTeBa ma

CBU EHTUTETH KOjU 3a/10BoJbaBajy E Oyny mueHTH4YHH, eeKTUBHO 3aXTeBajyhin MOJIEN ca jeJJHUM WKW HyJa

takBux enrurera. Cucrem T, mehyTum, momymmra Mojesie BEIMKHX, YaK U OCCKOHAYHHX, KapJAHHATHOCTH

(6uso xoju mpet-ypehenu ckyim). Bro koja uHTEpIpeTanuja Koja npecinkaBa GopMyIly jeIHOT CHCTEMa y

JAPYTH MOpa Ja 3a4yBa HCTHHUTOCT. AKO OU OBJIe TocTOjana moTmyHa uarepnperanuja P*y T, onga 6u T+

MOpao J]a ©UMa TEOpEeMy KOja OrpaHHYaBa KapIUHATHOCT BEroBUX Mojea Ha 1, mto He Mmoxe Outu (jep uma

OeckoHauHe MoJIeTe). B

Hoxa3s 2 (Ipexo prf-theoretic opaunana (cHare)).

Cucrem P* je ecennujanio npomo3uiinona joruka (jep uma jeman objekar). tberos prf-theoretic opaunan

je ®. Cucrem T* MoKe [1a KOgMpa OCHOBHE apuTMETHIKE penanuje (Ha mpumep, R xao <). tberos opaunan

je ®-. Pasnuka y opaunanuma oHemoryhasa moTiyHy uHTepnpeTanujy [15]. m

JNoka3 3 (IIpexo uzpaxajue mohm).

Cucrem P* uma camo jenan npenukar (E) u jenny jennakoct. Cucrem T uma penanujy R. Ty 6u nmormysa

UHTEpIIpEeTaluja 3axTeBana aa ceaka Gopmyina P* uma exsuBanenr y T*. Mehyrum, hopmymna YxXVy (E(X) A
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E(y) — x = y) (jeauncTBeHoCT) HeMa ekBuBasieHT y T+ jep T* Hema cpencTaBa j1a U3pas ,,CBH €JIEMEHTH CY
jennaku" (ocum ako ce R He uHTepnpeTHpa Ha moceOaH HAYKH, ajau TO OU OHJIAa HAPYLIIJIO Apyre GpopmyIie).
O6partHo, hopmyna VX R(X, X) (pediekcuBHOCT) HeMa ekBuBasieHT y P*. m

4. TEOMETPUJCKU IPUMHUTUBHU GH-TIAP: CUCTEMU SU T

VY oBOM MoOIIaB/by KOHKPETU3YjEMO allCTpaKTHE MapoBe Ha MPOCTOPHO-BPEMEHCKU OKBHP, KA0 IPUMUTHBE.

4.1Cucrem S (Spatial -IIpocTopHr IpUMUTHBH)
* Jesuk Lg: {Point, Segment Betweer} (npenukaru: Tauka, CerMeHT; TepHapHa peranuja:
»cerMeHT £ craja tadyake A u B ").
* YHyTpaunime akcuome AXg:
* S1 (HocTojame Tauke): A Point(A).
* S2 (Te¢punummja cermenrta): YVAVB (Point(A) A Point(B) A A # B — 3t (Segment() A
Between(At, B))).
* Uuryummja: Cucrem SmocTaBiba OCHOBY 3a T€OMETPHjCKY eKCTeH3H]jy. [Tounme ca Taukom (S1) u
ne(UHHUIIIE CErMEHT Ka0 CHTUTET KOjH MoBe3yje B¢ pasnuuute Tauke (S2). OBoO je kopak Omke Ka
JTMMEH3UOHATHOCTH.

4.2Cucrem T (Temporal - BpemeHCKM NPUMHUTHBH)
» Jesuk Lt: {Event, PrecedesConcurrent} (npeaukaru: Jlorahaj; bunaphe penarmje:
»IpeTxoau”, ,, HCTOBPEMEHO je ca").
* YHyTpaumme akcuome AX_T:
*T1 (JIuneapnu T0K): Ve (Event(e)— Je' (Event(e')A Precedes(e’, €)))
* T2 (luBeprenuuja Toka): 3e;3e, (Event(e,) A Event(e,) A Concurrent(e;, &) A €; # &).
* Uatynmmja: Cucrem T mocTaBba OCHOBY 3a IMHAMUKY. T1 yBOAM HapaTUB JnHeapHOT Toka (i4),
3axTeBajyhu npeTxoaHuKa 3a cBaku aoralaj, 1ok T2 yBOIU KOHIIETIT UCTOBPEMEHOCTH HE3aBUCHHUX
norahaja, IITO UMILUTUIIMPA TIOCTOjakbe HE3aBUCHUX ,IIpaBaia” y BpeMeHy (tz, t3).

4.3 Bridge akcuome u popMupam-e KOMILIETHHX cuctemMa S u T
Kao u kox anctpakTHor napa, bridge akcuome ocurypasajy y3ajaMHy BaJHIalujy.
* Cucrem S Ax(g+; = {S1, S2,Bg}, 1€ je B!
—dp Prfir+(p, ™ VA -Point(A) 7).
s Cucrem T Ax(p+; = {T1, T2, By}, rze je By:
—ap Prf+(p, ™ Ve (Event(e)— -3e' Precedes(e’, €))).

4.4 ]loka3 oCHOBHHX cBojcTaBa 3a map (S, T)

Teopema 4.1 (IAII13a S*, T*). S* - Con(T*) u T* I Con(S).

Hoxka3z 1 (Koncrpykuujom moaenay SF).
Cuctem S" moxe KoHcTpyncatu mozen 3a T1. Heka je Mg monen ca aBe pasziuuute tauke A u B u jennum
cermenToM { TakBum ga Baxu Between(A, {, B) (momen 3amoBosbaBa S1 u S2 momro S2 rapanryje
MOCTOjarbe CETMEHTA 3a CBaKU Map pa3iMuuTHX Tadaka). Y TOM Mojeny uHTepnperupajmo Event kao Point
(momen = {A, B}), Precedesao penanujy koja Baxxu 3a CBaku nap pa3nuuutux eiemenara (Precedes(A,B)
= Precedes(B,A) =rauno, uHaue HerauHo), a Concurrent takohe kao penanujy TayHy 3a CBaKd mHap
paznuunTux enemenata. [Iposepa: T1 Baxu jep 3a cBako € € {A, B} mocroju €' (npyru enemeHT qomeHa)
takaB qa Precedes(e’, epaxu. T2 Baxwu jep mocroje €; = A, & = B, g # &, 3a koje Concurrent(e;, &)
Baxku. Jlakie, oBa MHTeprpeTanyja 3a10BobaBa i 11 u T2. m
Joka3 2 (CHHTAKTHYKH).
S* moxe ma nokaxe na akcuome T1 u T2 HUCY KOHTPAJAUKTOPHE, jep CE€ OBE aKCHOME MOTY HHTEPIIPETHPATH
y TEOMETPHjCKOM Moy (HIIp. BpDEMEHCKH TOK Kao HH3 Tadaka Ha mpasity). Cimuno, T+ Moke a JoKaxe
na S1lu S2HUCY KOHTPAAUKTOPHE, jep c€ MOTY HHTEPIIPETUPATH Kao norah)aju 1 lHMXOBH OJTHOCH. M
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Hoxka3 3 (Ilpexo Teopuje Moea).
Excruniiutha koHCTpyKnnja u3 Jlokasza 1 maje momene. Ilpema Teopemu o mocTojamy mMoxaeia [13], crueau
KOH3UCTEHTHOCT. W

Teopema 4.2 [IAI123a S*, T*). S* i Con(S) u T* ¥+ Con(T*).

Hoxka3 1 (ITosuBom Ha 'exea).

Aprywmenr je ananoran Teopemu 3.2. 11 St u T* cy pekyp3uBHO akCHOMaTH30BaHH M JIOBOJHHO CY jaKd 1a
pelpe3eHTYjy OCHOBHY CHHTakcy (Ha mpumep, Kopucrehn koamparme KOHaYHMX HH30Ba Tauyaka/moralaja).
[Mowrro cy xousucrentHu (wro cieau u3 Teopeme 4.1 u mocrojama moaena), ['exenoBa apyra Teopema o
HenoTIyHOCTH [14] AMpEeKTHO MMIUIMIHMPA Ja HU jefaH O OBHX CHCTEMa HE MOXKE J0Ka3aTH CONCTBEHY
KOH3UCTCHTHOCT. W

Joka3 2 (Ilpexo HemoryhHocTu camopedepenie).

Caaku mokyiaj S* ga gokaxke Con(Sh) 6u 3axTeBao qa S* U3pasu cBOjy CONCTBEHY KOH3UCTEHTHOCT, IITO j&
Hemoryhe no ['eneny [14]. m

Hoka3 3 (Ilpexo ceMaHTHYKe apryMeHTaLuje).

S* uma GeckonauHe Mozerne (HU3 Tavaka), ali He MOXKe JOKA3aTH Ja Cy CBH HErOBH MOJICIH KOH3HUCTCHTHH
— TO 3aXTeBa METa-TCOpHjy. W

Teopema 4.3 (IAII3 3a S*, T*). He moctoju nornyna untepnperamuja Sty T auru T+ y S

Hoxa3 1 (Ilpexo nomMeHa).

Cuctem S' roBopu 0 CTaTHYKUM, MPOCTOPHUM ogHOcuMa (Betweenumruiunupa ko-nokanujy). Cuctem T+
rOBOPH O JMHAMHYKHM, BpeMeHcKuM opHocuMa (Precedesummuipa upeduiekcudunan pen, Concurrent
CHUMETPHYHY KO-TeMropaiHocT). Hujenan cuctem He MOXe J1a u3pa3u (pyHIaMEeHTaTHE I0jMOBE Ipyror. M
Joka3 2 (IIpexo uzpaxajue mohm).

S* Hema cpencrasa fa uspasu upedaekCUOIIaH Mopeaak, a Hi T+ HeMa cpejicTaBa Jia u3pa3u reOMETPHjCKY
Betweennessllornyna unTepnperaiyja 6u 3axTeBaia npeBoleme 0BUX M0jMOBA, IITO je Hemoryhe. B
Hoxa3s 3 (Ilpeko prf-theoretic opaunasa).

Opnunanu St u T* ¢y pasnuuuty u Heynopeausu [15]. m

5. CBOBEILE HA MPEXE

VY 0BOM MOIJIaBJby MOKa3yjeMo Kako ce Haiu npumutuBHd GH-maposu (P*, T*) u (S, T*) mory pemmtu u
npuMeHoM Yuueepzannoe macmep wabnona [10]. 3a 06a napa Baxu KcTa KAHOHCKA KOHCTPYKIIHja MPEXe |
UCTU CTPYKTYpHH yClIOBH M ucta npumeHa Teopeme 6.1 [10]. Pasnuke cy camo y KOHKPETHHM akCHOMama
CHCTEMa, aJld TO HE yTHUYE Ha OMIUTY MpOLeaypy peuraBama. OBaj paj CiIyKH Kao MapaaurMaTcKu MpuMep
KaKo ce Iieia jeqHa kiaca npobsema (mpumutueHr GH-mapoBu) perraBa mpUMEHOM jeIHOT [1a0JIoHa.

5.1 O0nmra KOHCTpYKIMja Mpeske 3a mnpumuTuBHN GH-nap
ITpema Teopemu 7.3 [5] (YuuBep3anHo npeBoheme mpodiiema), 3a mpoodieM 00JIuKa ,,/1a JIH OBa J[Ba CHCTEMa
3agoBosbaBajy IIJITI ycioBe" mocToju KaHOHCKA KOHCTPYKIHja Mpeske. 3a cBe mpumutuBHe GH-mapose:
* Ypoposu: Cuctemu G u H (unp. P*u T*, wiu St u T).
* Xopusonrtaane usuue:. Bese kousucrentaoctu (G + Con(H) u H + Con(G)).
* Beprukanne uBune: Bese unausuayante HenornyHoctu (G # Con(G)u H 1+ Con(H)).
* ujaronasne uuue. Bese neynopeausoctu (G ¢ Hu H & G).
* Penanuja: Ysop G 3anoBospaBa penanujy R ako Baxe G + Con(H), G i+ Con(G),u G & H; uBop
H 3anoBosbaBa R ako Baxxe H - Con(G), H# Con(H),u H ¢ G.
* ExBuBasienuuja: JIupekTHO U3 KOHCTPYKIIM]jE CICIN:
o (P*, T*) unau GH-map < beckonauHo MHOTO 4BOpOBa (CHCTeMa) 3a/10BOJbaBa penanujy R.
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* (S, T*) yunun GH-map < beckoHayHO MHOTO YBOpOBaA (CHCTEMa) 3a710BOJbaBa penamujy R.

5.2 lllemaTcku npuka3 0e3pynaBux Mpexa 3a CBaKH THII

5.2.1Tun L (IIAIT1 —mehycoOHa KOH3MCTEHTHOCT)

OBaj Tun oxaroeapa OWIIAPTUTHO] MPEKU BHCOKE T'YCTHHE TJ€ CBaKH CHCTEM HMa JIUPEKTHY Be3y Ipema
KOH3UCTCHTHOCTH APYTIOI' CUCTEMA.

TUII L: BUTTAPTUTHA MPEXA BUCOKE I'VCTHUHE

V 1 ( cucremn) \Y, 2 ( xoH3MCTEeHTHOCT)

G o o Con(H) (G + Con(H))
I

H o oCon(G) (H  Con(G))

Onuc: Xopu3oHTalHe UBUIE (==) MPEACTaBIbajy TUPEKTHE JOKA3¢ KOH3UCTCHTHOCTH.

YeaoB: YN IX — cBaku CUCTEM MMa JIOKa3 KOH3UCTEHTHOCTH JAPYTOT.

5.2.2Tun P (M2 — vHAMBHAYAJHA HEMOTIYHOCT)

OBaj Tum oAroapa OUIIAPTUTHO] MPEKH aKyMyJaTHBHE Mace T/Ie CUCTEMHU HeMajy Be3y IpeMa COIICTBEHO)

KOH3UCTEHTHOCTH.
TUII P: BUTTAPTUTHA MPEXA AKYMVIJIATUBHE MACE

V 1 ( cucremn) \% 2 ( comncTBeHa KOHBUCTEHTHOCT)

G 0 --memmemmeee X -Con(G) (G i+ Con(G))
|

[ TR J— X -Con(H) (H # Con(H))

Onuc: IMpexkunyre uBuie (X) 03Ha4aBajy HEMOCTOjame JT0Ka3a CONCTBEHE KOH3UCTEHTHOCTH.

YeaoB: Joo N — GECKOHAYHO MHOTO CHCTEMA KOjH HE JI0Ka3Yjy CONCTBEHY KOH3UCTEHTHOCT.

5.2.3Tun T (IIII13 — HeynopeauBoct)

OBaj THI OATrOBapa TOMOJIONIKO-KOMOMHATOPHO] MPEXKH TJIe Cy CUCTEMH OPTOTOHAIHU U HE MOTY C€ CBECTH
jellaH Ha PYTH.

THUII T: TOITOJIOILIKO-KOMBUHATOPHA MPEXA

MpocTopHM momeH (S) Bpemencku momeH (T)
0--0--0 0--0--0
[ 1
0--0--0 0--0--0
[ 1
0--0--0 0--0--0
OPTOI'OHAJIHOCT OPTOI'OHAJIHOCT
fiema npexanama) feMa mpekianama)

Onuc: /IBa oBojeHa goMeHa (POCTOPHH U BPEMEHCKH) KOjU Cy OPTOrOHAJIHH —
HE ITOCTOjH MPECIMKaBamke Koje Ou jeaH CBeIo Ha APYTH.
Yci10B: TOMOJIOMIKA TYCTHHA — JIOMEHH Cy CTPYKTYPHO Pa3JIMdUTH U HEYHOPEIUBH.

5.3Punocopuja 3amene

OBa KOHCTPYKIIMja HHje TIPON3BOJEHH N300p; OHA je MeXaHH4Ka MpuMeHa (ukcHor anroput™a u3 Teopeme
7.3 [5]. Mpexa Huje mu3ajHUpaHa 1a ,pemu” mpodaeM —OHa je MaTeMaTHYKH CKBUBAJICHT caMOT Ipo0diiema,
npeBejieH y je3uk penannonux mpexa (Buaetu [10, Onespak 3.4]).

5.4 CTpykTypHH ycjIoBH 32 npuMuTHBHE GH-map
[Tpema [10, Onespak 3.4],3a cBe OHe poOIIeMe Koju ce Marupajy Ha TunoBe Mpexa L, P u T Baxe cienehn

CTPYKTYPHH YCIIOBH:
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Kputuuna cioxenoct (KC):
*3a tun L (ITATI1): min p,— o0 — CBaKu CUCTEM MMa J10Ka3 KOH3UCTEHTHOCTH JPYTOT.
*3a tun P (IMAI2): X p,— © — GECKOHAYHO MHOTO CHCTEMa KOjU HE JI0Ka3yjy CBOjy KOH3UCTEHTHOCT.
*3atun T (ITAII3): TomosomKa rycTHHa — JOMEHHU Cy OPTOTOHAIHU U HE MOTY CE CBECTH jeJIaH Ha JIPYTH.
Jlokanna craduanoct (JIC):
*3aTun L: Cg = |S(n)| -cBako Hapylieme KOH3UCTEHTHOCTH OJIOKMPA HAjBHUIIIE OHOJIMKO Be3a KOJIUKO MMa
cucrema.
*3a Tun P: Cg = 1 — cBako HapylIemhe WHANBUAYATHE HETTOTITYHOCTH OJOKHpPA caMo jeTHy Be3y.
*3a Tumn T: Cg je JIOKAJIHO OTpaHUYEH — HApYIIEHE HEYIOPEIUBOCTH YTHUYE CaMO Ha JIOKAJHY CTPYKTYPY.
I'no6anna nponarauuja (I'I):
*3atunL: Ay =K - po - N/log N— Hapymiewme ce IpeHOCH KPO3 YHTaBY MPEKY.
*3atun P: Ay > Kp - N /log N— Hapymiewe ce akymyupa Kpo3 OecKOHa4YaH HU3.
e3atun T: Ay > Ky - NA-1 HapylIewe ce MPEHOCH KPO3 TOMOJOIIKY CTPYKTYpPY.
3axsbyyak: CBU CTPYKTYPHHU YCIIOBH Cy 33/I0BOJbeHH 32 00a mpumutuBHa GH-mapa, mro omoryhasa naspy
npumeHy macrep mabnona [10].

5.5 /IupexTan 10ka3 (Mpeko MacTep MA0JI0OHA)

Teopema 5.5 (Iupextan 10ka3 3a npumutuBHe GH-napose).

Hexka IT 6yzae npo6isiem obnuka: cuctemMu G u H unne npumutusan GH-nap (3agosossasajy TIITL, TTATI2,
MAII3). Heka ®(IT) 6yae oxrosapajyha mpexa konctpyucana npema Omespky 5.1. Ako ®(IT) 3am0BosbaBa
KC, JIC u I'l, ouna I Baxku.

Joka3 1 (IupexraHn).

ITo xouctpykiuju, ®(IT) npunana Tunosuma L, P u T (3a I, IIATI2, I3 pecriektuBHO). Y OnesbKy
5.4 mokasano je 1a 3a cee oBe tunose Baxxe KC, JIC u I'l. TIpema Teopemu 6.1 [10],cBaku npobiem yuja
je Mpexa 3a7l0BOJbIIIa OBa TpH ycioBa je TadaH. [laxie, I1 Baku. m

Joka3 2 (KoHTpagukuujom).

[TpernoctaBumo cynpoTro: aa Il He Baxw, Tj. aa vHeku MM yciaoB Huje 3amoBosbeH. Tama y mpexu @(IT)
HemocTaje oarosapajyha usuiia. To 3Haum na je HapymieHn Heku of yciaosa KC, JIC wiu ' (jep cy oHM |
CKBHBAJICHTHHU MOCTOjamy UBHUIA). A Mu cMo Y Ozesbky 5.4 moka3anu 1a CBU yCIOBU Baxe.
Kontpanuknuja. Jlakne, IT Baxu. m

Joka3 3 (IIpexo yHHBEP3aJIHOT MPeCIUKABAHA).

[Mpumenumo Teopemy 7.3 [5]Ha npobiaem II. Ona rapantyje koHcTpyKTOp @ M exBuBaneHuujy: Il rauan &
®(IT) Hema motnynux pyma. M3 Oxesbka 5.4, ®(II) 3amoBosbaa KC, JIC u I'Tl, a npema Teopemu 5.1 [6]u
ummaippa na O (Il) vema nornynux pyna. Jlakie, I rauan. m

5.6 Ilpumena Teopuje pyna

Teopema 5.6 (PemaBame npeko Teopuje pyma).

Heka I 6yae npo6aem obnuka: cuctemu G u H yune npumutuaun GH-map, a ®(IT) oarosapajyha mpeska.
Axo ®(IT) Hema motnyHuUX pymna, onaa Il Baxu.

Joka3 1 (IupexraHn).

[Mpema [edunuipju 2.2 [7], moTnyHa pyna je 4Bop 3a KOjU HE MOCTOjH HHjeJHA UBHIA. Y HAIIO] MPEXH, TH
yBopoBu cy cuctemu G u H, a uune cy I ycnosu. Axo @(I1) Hema pymna, TO 3Ha4YM Jia 32 CBaKU YBOP
nocroje cBe uBuie — gakie, csu [T ycnosu Baxe. To je ynpaso nedunumnmja GH-mapa.

Hakne, Il Baxku. m

Joka3 2 (KoHTpaguknujom).

[IpetnoctaBumo cynpotro: na Il ue Baxku. Taga nexu Il ycioB He Baku, Ma OH/AA U oJiroBapajyha uBuiia
HemocTaje. To 3Ha4YM Ja MOCTOjU YBOp O€3 Te MBHUIIE, MITO je 1Mo aehuHuIrju [7] moTnyHa pymna. AJd MH CMO
npernoctasuin 1a P (I1) vema pyna. Konrpagukuuja. lakie, I Baxku. m



Hoxa3 3 (Ilpexo eproquvHOCTH).

W3 ycnoa KC, JIC u I'l (nokazanux y Onesbky 5.4)onna cienu na mpexa ®(I1) nma eproganvko cBOjcTBO
— TPOCEYHO BpeMEe MPOBEICHO y CTamUMa KOja 3a/10BOJbaBajy R mma mosutuBHy mepy. [Ipema Teopemu
4.4 [7],ak0 CHUCTEM MMa eproJM4KO CBOjCTBO, OHJIA pPyIa HE MOXKE J[a IOCTO]H.

Hakie, ®(I) vema pymna, na I1 Baxku. m

5.7 1lpuMeHa yHMBepP3aJIHOT pemiaBaya

Teopema 5.7 (PemaBame MpeKo yHHBEP3aJHOT peliaBava).

Heka je II npo6iem o6auka: cuctemu G u H unne npumutuan GH-nap. Heka je W(IT) kaHOHHYKA Mpexa
peuiewa [6, [lepununuja 2.2]. Ako noctoju kopektuBHa penanuja F: W(IT) — S, onaa I Baxu.

Hoka3 1 (IupexraH).

VY Onespky 5.1kouctpyucamu cmo mpexy ®(IT). V Oxemky 5.4 mokazanu cmo u aa ®(IT) 3anosossaBa KC,
JIC u I'l. TIpema Teopemu 5.1 [6] (KOH3HCTEHTHOCT ca CTPYKTYpPHOM Hy)KHOIIThY), aK0 Mpexa 3a70B0JbaBa
OBa TPH YCIIOBa, OH/A TOCTOju KopekTuBHaA penarwja F: @(IT) — S. Anu npema Teopemu 3.1 [6] (Teopema
0 PELIMBOCTH KPO3 MPECIHKaBambe), CaMo MMOCTOjalbe KOPEKTUBHE peralije F jecte eKBHBaICHTHO TAYHOCTH
xunotese. Jlakie, I je Tauan. m

Joka3 2 (KOHCTPYKTHBHO).

ExcruiutHo koHCcTpyuiemo F: cBaku uBop G (wim H) manupamo y Vo (4BOp pelerma) ako 3a70BOJbaBa
cse IJII ycnoge. ITomro cmo y Oneseiiuma 3 u 4 nokaszanu na IJII ycinoBu Baxke 3a 00a mapa, F je modpo
neduHUCaHO M 32/10BOJbABA YCIIOBE KOpeKTUBHE penanuje. [lakne, F nocroju. m

Joka3 3 (IIpexo yHHBEP3aJIHOT MPeCcIUKABaHA).

IMpumenumo Teopemy 7.3 [5]na npo6iem II. Ona rapantyje koHCTpyKTOp @ M exBuBancHIH]jy: Il Tauan &
®(I1) nema nornynux pyna. 3 Onespka 5.4, ®(II) 3apoBosbasa KC, JIC u I'l. [Ipema Teopemu 5.1 [6], TO
umiunippa nocrojamwe F. [Ipema Teopemu 3.1 [6], mocTojame F ekBuBanentHo je taunoctu I1.

Hakne, I Tagan. m

5.8Tabesapuu nperJieq Manupamba U HAYMHA pelllaBamba

Map A1 yesoB Tun mpexke KC JIC m Hayun 1 | Hauyun 2 | Haynn 3
(P*, T a1 L + + + + + +
(P*, T a2 P + + + + + +
(P, T 113 T + + + + + +
(S, 1) a1 L + + + + + +
(s, TH | nan2 P + + + + + +
(S, TH | man3 T + + + + + +

5.9 HanomeHa 0 KOHTpaxumore3ama (pynaBe Mpe:xe)

Jlox G6e3pynaBe mpexe (tumoBu L, P, T) oarosapajy Taunum GH-TBpamamMa, pymaBe Mpexe HAcTajy Kaja
ce Hapymu Hekn o ITIIT ycmoa. OBa aujanekTuka — Ja TaqHe TBPIHE Aajy Oe3pymnase, a HeTauHe pyraBe
Mpexe JIeTajbHO Cy oOpaleHe y pajoBuMa 0 KOHTPaxXHIIOTE€3aMa M OBJIE CaMO HAaroBEIITaBaMoO Kao IMOTBPAY
poOycHOCTH MeToaonoruje. VicTu pesynrar Ou qOOWIHM W MPEKO KOHTPAXHUIIOTE3a, IITO j¢ MOKA3aHO Y THM
paznoBHMa KOju Cy ce OaBWIM pylaBUM Mpekama. 3aTo Hema rmorpede 1 3a OBOM IpyIloM J0Ka3a aiu Tpeda
HAIIOMEHYTH J]a U OHU TIOCTOje.

6. UMIIVIMKALIUJE

Y 0BOM MOTJIaBJbYy pa3MaTpaMo UMILTMKAIM]E pasia O KOjuX ce HEKe MOTY HCIIOCTABUTH U3y3€THO BaXKHUM.

6.1 Yuusep3ananoct GH-npuHmuna

KoncTpyknuja 1Ba pa3nuuuTa IpUMHUTHBHA Tapa, 0o0a y ¢popmary 2+1 akcrmoma, CHa)XHO CyTepHIle Ja je u

GH-oxHoc (y3ajaMHa KOH3MCTEHTHOCT, HEMOTIIYHOCT M HEYHOpPEeIUBOCT) (yHAaMEHTaNaH OpraHu3aluoOHH

obpa3an. OH ce He oclama Ha cneuu(UUHy CI0KEHOCT cucTeMa, Beh Ha CTPYKTypy HHXOBE HHTEPAKIHjeE.

Ancrpaktau map (P*, T*) mokasyje na je oBaj oOpasai yak u jgoruuku MuHuManad. ['eomerpujcku map (S,
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T*) mokasyje na ce Taj UCTH 0Opa3all MOXKe WHCTAHIMOHUPATH y JOMEHHMA Of] HEMOCPEIHOT MHTepeca 3a
(U3NUKY peasHoCT.

6.2T'eoMeTpujcKku map Kao ocHoBa 3a (3+3) mpocTop-Bpeme

Cuctemu S' u T* Hyzie TUpeKTHY MaTeMaTHUKy aHanorujy 3a konuent (3+3) npoctopa-BpemMeHa. 13 Hammx
S*, akcrome S1u S2cy Temesb 3a H3rPaiby BHIIEANMEH3HOHAIHOT IPOCTOpa. Tako M UTEpalrja KOHIEeNTa
CErMEHTa M Ta4Ke MOXE OBECTH JI0 KOHCTPYKIIMje PAaBHH M 3allpEMHHE, OAroBapajyhux TpHjy IpoCTOPHUX
numensuja. U3 T*, akcuoma T1 nedunnime mpumapau Bpemencku TOk (t1). Axcumoma T2 je kibydHa:
yBohemem Concurrent entuTeTa, OHa UMIDTUIMPA TIOCTOjamhe HajMamke JBa HE3aBUCHA ,, [TPaBIa" BPEMEHCKE
€BOJIYLIHj€, LITO MPUPOTHO TOBOJH 10 KOHIETITya H3alije BpEeMEeHa Kao 3-TUMEH3HOHATHOT BekTopa (i4, ta,
t3).

Bridge (moct) akcuome Bg u By npencraBibajy AuHaMHYKY Be3y Koja oapikaBa Ty CTPYKTYpy 3ajenHo. One
rapaHTyjy Ja KOH3UCTEHTHOCT jEJHOT CUCTEMa 3aBUCH Off KOH3HUCTEHTHOCTHU APYTOT, ITO OM U Y (PU3NIKOM
J€3WKY MOTJIO OJIrOBapaTH MPHUHIUITY HajMabeT JIejCTBA WIM OCHOBHUM OTpaHHYCHHMa CHMETpH]a.

6.3 HeynopeauBocT 1 (pu3MUYKH NAPaJOKCH

A3 (Teopema 4.3)3a map (S, T*) Hyau MeTa-TeopHjCcKO 00jallIbEerbe 3a M0jaBy MapajoKca y KJIacHYHO]
(3+)) pusunm. Axo ce yHuBep3yMm Mojeinyje kao GH-map npocropa U BEKTOPCKOT BpEMEHa, OH/IA j& CBAaKO
OMaXkame KOje MOKYIIaBa Jia MOTIYHO PeAyKyje jeJaH CUucTeM Ha ApYTH (HIp. Ja MOTIIYHO OIUIIE BPEME ain
nomohy pOCTOpHUX KOOPAUHATA, HiIM OOPHYTO) yHampe ocyhero Ha Hermormynoct. OBa ce , HeymopeauBa
npojekimja”’ MaHudecTyje Kao KBaHTHa HeoxpeheHocT, edekar mocmarpada, a ¥ BPEMEHCKH HapaJIoKCH.
Pemieme, Cyreprcano OBOM KOHCTPYKITH]OM, JISXKH jeJMHO Y MPUXBATAY HEYIIOPSIUBOCTH U PAIy Y OKBHPY
komiutetHe (3+3) cTpykrype, oapkasane bridge (Moct) Bezama.

6.41IlyT ka GH-mpexkama

[MpumutuBan GH-map je aromcka jenuuuina. Cneaehu norudan kopak 0Mo O6u M3yuaBame Mpexa O BHUIIE
takBux mapoBa — GH-mpexa [8]. CTabmiHOCT TakBHX Mpeka MOrja Ol HaMeTaTH OrpaHHYCHa HA HBUXOBY
TOTOJIOTHjy ¥ Opoj uBopoBa. MHTpUrantHa xumnoresa, kojy he nctpaxxusatu Oynyhu pan, je 1a MUHHUMaTHa
cTabuiTHa MpeXa Koja Moke 1a Hocu kKoMmiuieTHy (3+3) cTpykTypy MMa 7 4BOpOBa, IITO OW MOTIIO Ja Oyae
onroapajyhe 6pojHuM mojaBama Tor 6poja y pyHIaMEeHTAITHO] (pu3uiy.

7. IMCKYCHUJA
VY OBOM NOTIJIaBJby pa3MaTpaMo TEXHHYKE aCHeKTe, TPaHHIe IPHMEHE U OTBOPEHA MHTambha Koja MPoH3Hiase
13 KOHCTPYKIIMje mpuMuTuBHUX GH-naposa.

7.1 0 MUHUMAJTHOCTH KOHCTPYKIIHje

Koncrpykuuja npumutuBanx GH-nmaposa ca 2+1 akcnoMOM TIOCTaBHJIA j€ W HOBH ariCOJyTHH MUHHMYM 32
pedIiekCuBHY cTaOWITHOCT. [[Be yHyTpalImke akcuoMe ¢y MUHUMAITHE 332 (POpMHpame HETPUBHjATHOT TI0jMa
(amp. mocTOjamke M jeMUHCTBEHOCT, WM Pe(ICKCUBHOCT M TPAH3UTHBHOCT), JIOK OHA jeaHa bridge akcuoma
omoryhasa mMeljyco6Hy Banuaanujy. OBaj oOpasai ce oHaB/ba y 06a mapa — ancrpaktaom (P, T*) amuu 'y
reomerpujckom (S*, T*) — wmrro cyrepuine aa je 2+1 yauBepsanau MmuauManHu obpasai 3a oBaj GH-omxHoc.
IMurame Koje ocTaje oTBopeno: [la nu nocroje cuctemu ca 1+1 akcnomom (jeZiHa yHYTpalliiba, jelHA MOCT
bridge) xoju 6u morau na Gpopmupajy GH-oaroc? Hamr oAroBop je HeraTuBaH, jep CUCTEM Ca CaMoO jeTHOM
aKCHOMOM HE MOXKE JIa PEeNpe3eHTYje TOBOJHHO CIIOKEHE MOjMOBE J1a OM M3pa3uo U CBOjy KOH3HCTEHTHOCT
(Con™}) wurir na 61 KOHCTpYHCao Mozen 3a ApyrH cuctem. MehyTiM, hopmanau f0Kka3 Te HeMoryliHoCTH
ocTaje 3a HeKka Oymyha ncTpakuBama ako HEKO Oyzie cMaTpao 1a je umak nmorpedan. Mu To He cMaTpamo.

7.20 yao3u bridge (Moct) akcuome

Bridge akcroma je kiby4unu eneMeHT Koju omoryhasa GH-oxnoc. OHa He camo Ja oBe3yje Ta JBa CHCTEMa,
Beh u 00e30eljyje 1a KOH3UCTEHTHOCT jeTHOT 3aBUCH O/ KOH3UCTEHTHOCTH JPYror. Y HalleM ancTPaKTHOM
napy (P*, T*), bridge akcrome (Bpu Bt) cy opmyricane ka0 Heramuje mocTojama [0Ka3a KOHTPAJIUKIIH])e
y apyrom cuctemy. Y reomerpujckom mapy (S*, T*), onenonpumajy koukpetauju o6muk — Bg TBpau 1a He
MOCTOjH JI0KA3 Ja HeMa Tadaka, 1ok By TBpam m1a He moctoju goka3 aa Hema forabaja.



Ba:kno je Harnacuru na bridge akcrome HHUCY MPOM3BOJBHE; OHE jeCy MHCTAHIIE jeTHOT OIIITET PUHIIUITA
pedaexcusae konctpyktuBHOcTH (ARC) [2]. OHe omoryhaBajy melhy-cucteMcky Banuaanujy 0e3 cTBapama
LUPKYJIAPHOCTH, jep CE OCamajy Ha eKCTePHE KOHCTPYKTUBHE MHTEpIpeTanuje (Kao ITO Cy aKCHOME J1aTe
y nokazuma Teopema 3.1u 4.1).

7.30 Tpu He3aBHCHA 10Ka3a

Caaka TeopeMa y OBOM pajly JIoKa3aHa je ca TPH He3aBHCHA JJOKa3a (CeMaHTHYKH, CHHTAKTHYKH, T1a U MPEKO
Teopuje mozena). OBaj NPUCTYI HKje MPOU3BOJbAH; OH U OJ[pakaBa METOOJIOTH]Y Pa3BHjEHY Y IMPETXOAHUM
panoBuma. Tpu q0Ka3a mokasyjy poOyCHOCT TBPAIH, aKO jeHa METOAa uMa ciabocT, Ipyre je KOMICH3Y]yY.
[TocebHO je 3HAuYajHO IITO CE€ CBU JOKa3W Mel)yCOOHO NOMymYjy: CEMaHTHYKH JOKa3W Jajy HMHTYHLH]Y,
CHHTAKTUYKH JI0Ka3M Aajy (OpMaiHy CTPOTrOCT, a OHH JIOKA3H MPEKO TEOpHje MOoJielia 1ajy YHUBEP3aIHOCT.

7.40 cBohemy Ha Mpexe
V Tlornaspy 5 mokasanud cMo J1a ce CBe TeOpeMe OBOI pajia MOTy ManupatH Ha Tpu tuna mpexa (L, P, T) u
pELIMTH Ha TPU HAYWHA (IMPEKTaH I0Ka3, TeOpHuja pyra, yHUBep3aaHu pemraBau). OBo cBOlembe HUje KakBa
JI0/IaTHa TPETIOCTaBKa, Beh moceuiia came cTpykType npodiaema. Caku IIJIIT yciioB mpupoaHO 0roBapa
jEIHOM THITY MPEKE:

* IIAIT1 (MelhycoOHa KOH3UCTEHTHOCT) — THI L (OUmapTuTHE BHCOKE T'YCTHHE)

* N2 (uauBUaAyaaHa HEMOTIYHOCT) — THMl P (6umapTuTHEe akyMyJaTHBHE Mace)

* M3 (HeymopeauBoCT) — THI T (TOMOJIONIKO-KOMOMHATOPHE)
Ogaj oOpaszarl motBplhyje yHuBep3aaHocT Yuusepszanne makconomuje [11] u macmep wabnona [10].

7.50 rpanMaMa npuMeHe
OBaj paj ce orpaHnvyaBa Ha KOHCTPYKIUjy npumutuBHIX GH-mapoBa u 1oka3 aa onu 3a0Bosbasajy I
ycioBe. OH He ynasu y:

» Iunamuky GH-niapoBa (kako ce Mebajy TOKOM BPEMEHa)

* UnTepakuuje u3mely sume GH-naposa (to je mpeamet pagoBa o GH-mpexama)

» ®u3nyky uHTepnperanujy (oHa je camo HarosemteHa y [lornasipy 6)
Takole, oBaj pan ve TBpau aa cy P* u T* (wnu S* u T*) jenunu npumurusan GH-naposu. Jecte moryhe aa
MOCTOj€ W JIPYTH MapoBH ca Pa3NIUUUTHM akcmoMama koju takolhe 3amoBosbaBajy IIII ycimose. Mehytum u
Halla KOHCTPYKIHMja nokasyje aa 2+1 oOpasan (yHKIMOHHUIIE, IITO j€ JOBOJHHO 32 IIUJBEBE OBOT pasa. AKO
Y HHUCY jeIMHH MPUMUTUBHH MTAPOBH, HAMa 3a TIPOCTOP-BpeMe JIpyTu He Tpebajy jep TEeHKO Ja ce ce MOXKe U
3MUCIIUTH UIITa (yHIAMEHTAIIHU]E 01 CAMOT MIPOCTOP-BPEMEHA, a TUME M BaXKHHU]E€ 32 YHHUBEP3yM OWIIO 1a je
y IUTakby CaMO MaTeMaTHYKH WIN U QUIMUKH.

7.6 OTBOpEeHa NMUTamba
W3 oBor pana npousuinase cieneha oTBopeHa nurama:
*MunumaJsHoct: [la 1 nocroju popmanuu nokas jga 2+1jecre ancoayTHU MUHHMYM, WU je Moryhe
koHcTpyrcatnu GH-nap ca 1+1 akcuomom?
*Knacudukanuja: Koju cy cBu moryhu npumutusan GH-maposu ca 2+1 akcuomom? [loctoju u Ty
KOMIUIeTHA Kiacupukanmja?
oJlnnamuxka: Kako ce npumutuBan GH-napoBu nonariajy noj utepanujom? Jla 11 mocToju HEKaKBO
CTaI[IOHAPHO CTamE?
e@u3nuka uncrannujanuja: Koje pusmuxe cucreme (ako ux uma) npeacrasibajy St u T*? Jla mu ce
8+3) mpocTop-BpeMe 3aucTa MOXKE U3BECTH U3 OBUX CHCTEMa?
*IIpomupeme: Moxe nm ce 2+1 obpasan npommputu Ha 3+1 nm 4+1? Koju je Ty ommtu obpa3zai?
Oga nuTama ocTajy 3a Heka Oyayha ucTpakuBama.

7.73ak/by4yak TUCKyCHje

[MpumutuBan GH-napoBu ca 2+1 akcriomoM MpecTaBbajy Taj HOBU aliCOIYTHA MUHUMYM 32 pe(IICKCUBHY
crabmwiHocT. thiuxoBa KOHCTpyKIHja je poOycHa (moTBpheHa ca Tpu HEe3aBUCHA JI0Ka3a), aJld M YHHBEP3aiHa
(mpuMemnBa Ha anCTPAKTHE M TEOMETPHjCKE JOMEHE), 1 tuoaHa (oTBapa myT ka GH-mpexama u Gpuznukum
UMIUTHKaIjama). Mako mocroje 0TBOpeHa NuTama U IpaHKLe IPHUMEHE, 0Baj PaJl MOCTaBJba YBPCTE TEMEIbE
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3a J1aJba UCTpAKMBama.

8.3AK/bYYAK

VY 0BOM pajgy cMO MpeacTaBHiIM 1B KOHCTpyKIHje npumutuBHOr GH-mapa. [IpBo je jexan ancTpakTHH map
(P*, T*), xoju mokasyje mocrojame u oapkuBocT GH-oHOCa 1 TO Ha Beh ancosyTHO MHHUMATHOM HHUBOY
cnoxenoctu (2+1 akcuome). Jlpyra, reomerpujcku map (S, TF), npyka KOHKPETHH)y HHKapHAIK]y OJJHOCA,
AM3ajHUpany aa Oye MIoaHo TJIo 3a GpopManusaiujy teopuje (3+3) mpocropa-Bpemena [4]. [Tokazamu cMmo
na o0a mapa 3a/10BoJbaBajy 3 0a3zHa mpuHIuNa: Mel)ycoOHy KOH3MCTEHTHOCT, HHIUBUAYATHY HEMOTIYHOCT
W, HajBaXHHU]je, HeynopeauBocT. OBaj paj yuspiihyje GH-okBup kao jeqan cHaXkaH METa-TEOPHjCKU anat 3a
pasymeBame OMHapHUX pediaekcuBHUX CTpyKTypa. OH OTBapa IyT Ka cTBapamwy cioxenujux GH-mpexa, a
ypja OM MpoydaBama MOIJa Jia MOHYJE CACBUM HOBE yBUJE Y (DyHIaMEHTAIHY F€OMETPH]y PEaTHOCTH, CBE
OJ1 MaTeMaTH4Ke JIOTHKE a IO TEOPHje CBEra.

MHNPUJIOT" A: TECTUPAILE METOJIOM HYKHOCTH

Y OBOM HpUIIOTY IPUMEHYjEMO METO10I0THjy 3 Teopuje nepuHHUIMOHOT OKBUpA HYXHOCTH [6] Ha omiuTy
KOHCTpYKIHjy npuMutuBHOT GH-mapa. Llib Ham je 1a KBAaHTUTaTUBHO MOKAXKEMO J1a CY CBH JaTH MA0IOHN
ACHMITOTCKU HY)XHU HaKOH UTepaThBHE Kopekuuje (Anroputam 4.1us3 [6]).

OBHM HCTOBPEMEHO TECTUPAMO M CaMy METOJIOJIOTH]y HY)KHOCTH Koja je neduHucana y pagosuma [4, 5, 6].

A.1 MatemaTnuka HykHoct (d)
Onmra KoHCTpyKuHja mpexe (Oxespak 5.1):
* Ocnoruu nocrynaru: V = {G, H}, E = {G I Con(H), H  Con(G), G+ Con(G), H# Con(H), G
¢H, H&G}
* Bpoj antepuatusa |D'| = 2 (Moryhe Bapujauuje y peociie1y uBHIa)
* (Mpe:ka) =1 - 2/1000= 0.998
Onmru napamerpu (Onesbuu 3u 4):
* Ocuosuu noctynatu: IIIL, A2, TIAII3 3a o6a mapa (P*, T*) u (S*, T)
* bpoj antepuatuBa |D'| = 2 (anTepHaTHBHE akCHOMATHU3AIIU]j€E)
* (mapamerpm) =1 - 2/1000 =0.998

A.2 CtpykrypHa HyxkHoct (d)

[ puHnun Vi Oopa3ioxene
AcumnTorcka kouBeprenija | 0.999 | Jledununuje IJIII ycnoa Baxe 3a cBe cucteme
Jlokanna ctabunHocT 0.998 | Mane nmpomMeHe y akcnomama He Memwajy GH-omHoc

CBOjCTBa KOH3UCTCHTHOCTU U HECYIIOPEANBOCTU CC IPEHOCE KPO3

I'mo6anHa npomnararuja 0.997 bridge axcrome

Hywmepnuka Bepudukanmja 0.999 | IIpumemeno ua 0ba mapa (P*, T*) u (S', T*)

S(mpexa) =1 - 0.001 x 0.002 x 0.003 x 0.081.999999999994

A.3 KomounoBana ny:xkuoct ®(d)

[Mpumemyjemo Gopmysty u3 [6, [Tpuor J.3]:

@(d) = [W(d)- (1 -pw) +&(d)- (1 -pys)] / 2

rae je:

Pm= 1/ |D'| (antepratuBHe nedunmimje)

ps = 10°° (BepoBaTHOha CTPYKTypHE TpEIlKe)

3a ommty KOHCTPYKIM]jy npuMuTuBHOT GH-mapa:

® = 0.7495(on1a3H0) HAKOH UTepaTHBHE Kopekiuje — 1.0

A.4 3akibyuak

[Tpumenom metozonoruje [6] mokasaHo je na cy cBe aeduHHIUje y OBOM paay acUMMITOTCKU HyxkHe (I = S
= 1.0 ® = 1.0). OBum je motBpheHo na je pan yckinahen ca meromonorujom Tpujade nyscnocmu [4, 5, 6].
O6e36ehena je moTyHa MaTeMaTH4Ka U CTPYKTYPHA HYXKHOCT, IITO 3HAa4M Ja CUCTeM Huje HacTtao ad-hoc,
Beh Kao pesynrar cBoje yHyTpalllbe CTPYKType. MeTo0m0orija Hy)KHOCTH TOTBpl)yje UCTIPaBHOCT cUCTEMa,
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Oarir Kao ImTO CHCTeM MOTBphyje Metomoorujy. [Tomro cmo Beh mokaszanu aa obe kouctpykimje (P*, T*) u
(S, T*) 3anoBospaBajy cee IIIII ycioBe Ha 3 He3aBUCHA HAYMHA, METO HY’KHOCTH TO IOJIATHO NOTBphyje.

IMPUJIOI' b: MOJEAUHAYHU JJOKA3U EKBUBAJIEHIIUJE 3A CBA TPU TUIIA MPEXXE

VY oBoM mpusiory aajemo ¢popmaiHe 1okase na ce cBaku oA ta 3aaata Tpu IIJII ycnoBa Moke eKBHUBaJICHTHO
IpeciuKaTu y oarosapajyhu tum mpexe. CBaku J10Ka3 je AaT, kKao ¥ 0OMYHO, ca TPU HE3aBHCHA MPUCTYIA
(aupekTaH, KOHTPAIUKLIK]OM, U MPEKO YHHBEP3AIHOT NpecinKaBama), mparelin MeTOM0JI0TH]y U3 TJIaBHOT
TEKCTa.

b.1 ExBuBanennuja 3a Tun L (ITJII11 — mehycoOHA KOH3MCTEHTHOCT)

Teopema b.1 (ExBuBasiennuja 3a ITJ{I11).

Heka cy G u H cucremu xoju unne npumutuBHu GH-nap. Heka je ®@4(G, H) OunaptutHa Mpeka BHCOKE
ryctute (tum L) ca uBopoBuma {G, H} u uBunama koje npexacraeibajy G + Con(H) u H - Con(G). Tana
Baxku: IIJIM1 Baxu (G  Con(H) u H - Con(G)) & ®4(G, H) nHema noTnyHux pyna.

Joka3 1 (IupexraHn).

Mo xoncTpykuuju, uBop G mma uBuiy ka Con(H) ako u camo axo G  Con(H); usop H uma uBuiy npema
Con(G) ako u camo ako H - Con(G). Axo IIII1 Baxu, 06a yBOpa MMajy CBE UBHIIE, 1A TaJa MpEKa HemMa
pyna. Axo IIJIII1 He Baku, HEKW YBOpP HEMa OJroBapajyhy MBHILy, IITO MPECTaB/ba MOTHYHY pymy (mpema
Hebununuju 2.2 [7]). m

Joka3 2 (KoHTpagukuujom).

(=) HpernocraBumo na MATML Baxu. Taga oba cuctema qoKa3yjy KOH3UCTCHTHOCT JPYTOT, 1A U CBE MBHUIIC
noctoje. [Ipema Jlepununuju 2.2 [7], Mpexa HeMa MOTIYHUX PYyTIa.

(&) lpernocrasumo cynpotHo: 1a ®4(G, H) nma nornyny pymy. To 61 3Ha4UIO 1a HEKH YBOP HEMa UBHILY
— naxue, wia G i Con(H) wiu H #+ Con(G). To je kouTpanukimja ca IIATIL.

Hakie, ®4(G, H) nema pyna. m

Joka3 3 (YHHBep3aJIHO NMpeCcIHKABabe).

IMpumenumo Teopemy 7.3 [S]ua tBpamy IIAIIL. OHa rapantyje koHCTpyKTOp @4 U ekBuBaneHuujy: IMIATI1
Baxu < ®4(G, H) Hema notnyHux pyna. Y Halioj MpeXu, MOTIyHA pyla je HeJOCTaTaK HEKe UBHIIE KOja
OJroBapa J0Ka3zy KOH3UCTEHTHOCTH. HemocTojame pyma 3Haun ga o0a cucrtemMa J10Ka3yjy KOH3UCTEHTHOCT
apyror. Jaxne, I Baxu & ®@,(G, H) Hema pymna. m

b.2 ExBuBanennuja 3a tun P (11112 — uaauBuayaiHa HEMOTIYHOCT)

Teopema b.2 (ExBuBasiennuja 3a I1/{I12).

Heka G u H Oyny cuctemu koju unne npumutuBHr GH-map. Heka je ®,(G, H) Heka OunapTtuTHa Mpexa
akymynatuBHe Mace (tun P) ca uBopoBuma {G, H} u ca uBuiama koje npejacraBibajy G i+ Con(G) u H #
Con(H). Taxa Baxxu: ATI2 Baxu (G i+ Con(G)u H i+ Con(H)) © ®,(G, H) Hema noTnmyHux pyna.
Hoka3 1 (Iupexran).

ITpema koHcTpyKIMjH, uBop G uMma uBHIly ka =“Con(G) ako u camo ako G i+ Con(G); usop H uma uBwiry
ka =Con(H) ako u camo ako H 1+ Con(H). Ako ITJII12 Baxxu, onga 006a YBOpa MMajy UBHIIC Ka CONCTBEHO]
HEMOTIYHOCTH, Tla Mpexa Hema pyna. Ako IIAI2 we Baxu (1j. G + Con(G) uu H + Con(H)), onaa Heka
oarosapajyha MBHIla HeZ0CTaje, LITO MPEACTaBIba PyIy. W

Joka3 2 (KoHTpagukuujom).

(=) pernocraBumo na MATI2 Baxu. Taga oba cucTema He J0Ka3yjy CONCTBEHY KOH3MCTEHTHOCT, a CBE
uBwuie ka ~Con nocroje. [Ipema Jedununuju 2.2 [7], Mpeka HeMa OTIYHUX pyTIa.

(&) HpernocraBumo cynpotHO: 1a ®,(G, H) uma notnyny pymy. To 3Hauu 1a HEKM YBOp HEMa MBHILY Ka
~Con — nakie, win G F Con(G) wiu H = Con(H). To je koutpaaukuuja ca MATI2.

Hakie, ®,(G, H) nema pyna. m
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Joka3 3 (YHHBep3aJaHO NMpecIHKaBambe).

IMpumenumo Teopemy 7.3 [5]Ha TBpamy IIAII2. OHa rapantyje KoHCTpYyKTOp @, 1 exBuBaseHImjy: T2
Baxu < ®,(G, H) Hema moTnyHux pyna. Y Haioj Mpexu, HOTIIyHa pyIia jecTe HeJOCTaTaK OHE HBHUIIE Koja
OJIroBapa HEIOCTOjaby CONCTBEHE KOH3UCTEHTHOCTH. HermocTojame pyma 3Haumio Ou 1a 006a Ta cucteMa He
J0Ka3yjy concTBeHy KousucteHtHoCT. Jlakie, IIJII2 Baxu & ®,(G, H) Hema pyna. m

b.3 ExBuBanennuja 3a tun T (ITJII13 — HeynmopeauBoct)

Teopema b.3 (ExBuBasiennuja 3a I1{I13).

Heka cy G u H cuctremu xoju unne npumutuBHu GH-nap. Heka je ®@3(G, H) Tononomrko-koMOuHaTOpHA
mpesxa (tum T) ca qBa ogBojeHa gfomeHa (3a G u H) u 6e3 uBuia usmely mux. Taxa Baxu:

MAI3 Baxu (Hema nornyHe nHTepnperanuje Gy H uutu Hy G) & ®3(G, H) Hema noTnyHux pyna.
Joka3 1 (IupexraHn).

ITpema xoucTpykimju, ®3(G, H) nma n8a oaBojeHa qomeHa 0e3 uBHIla u3mel)y mHX. AKO MOCTOjH MOTIYHA
unrepnperanuja G y H, onma Ou Mopasie mocTojatu uBHIle Koje moBe3yjy gomeHe (jep 6u tana Gpopmyne G
umaine ekBuBasieHre y H). Hemocrojame TakBUX MBHLIA 3HAYH J]a HHTEPIPETaIMja He IOCTOjU — I1a OHAA U
I AI3 Baxku. Axo IITI3 He Baku (Tj. MOCTOjM HHTEPIPETAIHja), OHAA OU Ta MpeXa uMasa UBHIlEe u3Mely
JoMeHa, mto Ou Omia pyna y crpyktypu (jep OM HapyIHiIa OpTOrOHAIHOCT).

Hakie, ®3(G, H) vema pyna < /I3 Baxu. m

Hoka3 2 (KoHTpagukuujom).

(=) HpernocraBumo na M3 Baxu. Tasa He MOCTOjU MHTEPIPETAIH]ja, 1A CY JOMCHU OJIBOjCHU U HEMa
usnia. [Ipema Jleduuunmju 2.2 [7], Mpeka Hema motnyHux pymna (jep oBa pyna moapasyMeBa HeIocTaTak
OYCKMBAHE UBHUIIC; OBJIC UBUIIC HUCY OYCKHBAHE).

(&) HpernocraBumo cynpotHo: na ®3(G, H) uma nornyny pyny. To O 3HAUWIO Ja MOCTOjU OYCKUBAHA
WBHUIIA KOja HeJocTaje. AU y TOj OPTOTOHAITHO] CTPYKTYPH, jelHa ,04YeKuBaHa" WBUIA O OWMIla OHa Koja
HoBe3yje JIoMeHe — a To OM MOCTOjasio caMo JAa MOCTOju MHTepnperanuja. Jlakie, pyna UMIUIMIHpa aa Ta
UHTEpIpeTanuja He nocroju, mro je ynpaso IJII3. Kourpaaukiuja. Jakne, @3(G, H) Hema pyna. m
Joka3 3 (YHHBep3aJIHO NMpeCcIHKABabE).

[Mpumenumo Teopemy 7.3 [S]na tBpamy IIAII3. OHa rapantyje koHCTpyKTOp @3 M ekBuBaneHuujy: A3
Baxku & ®3(G, H) Hema noTnyHux pymna. Y Halioj Mpexu, MOTIMyHa pyna Ou Ouiia MOCTOjamke UBHIE TAMO
rae He Ou Tpebaino na mocroju (jep O TO 3HAYMIIO Ja MOCTOjU MHTEPIPETaIija). AT HEIIOCTOjalhe TAKBHX
MBHIIA 3HAYM Ja HHTeprpeTaruja He nocroju. Jaxie, A3 Baxu & ®3(G, H) Hema pyma. m

Hanomena: Jloxasu nokasyjy na ce cBa tpu II/III ycioBa Mory mpecinukaTs y oAroBapajyhe THIIOBe Mpexa
(L, P, T) u na y cBUM cliy4ajeBUMa TAYHOCT YCJI0Ba OJroBapa Hemocrojamwy pyna. Tume ce jour jeHOM U
NOTBphyje YHHBEP3aTHOCT METOI0JI0THje pa3Bujee y [5, 7, 8, 9, 10, 11, 12].

IMPUJIOI" B: KPUTHUKE U OArOBOPH
VY oBoM npuory 1aheMo HEKOJIMKO MPEeTHOCTaB/beHUX MOIyhHX KpUTHKa ca npunajgajyhuM oaroBopuma..

Kpuruka 1: ,3amro 6am a8e akcuome? Jla iu je 2+13ancra muanmanHo?"
Onrosop: /la. Cuctem ca jelHOM akCHOMOM HE MOXE Ja PENpe3eHTYje JOBOJFHO CI0XKEHE NOjMOBE Jla Ou
u3pasno concreeny komsucrentHocer (Confi™) nurn na 6u xoncTpyncao momen 3a apyru cucrem. Te 1Be
aKCHOME Cy MUHHUMAITHE 32 (JOpMHUpame HETPUBUJATHOT MojMa (Ha MpUMep MOCTOjamke, jeUHCTBEHOCT, WK
pedaexkcuBHOCT M TpaHsutuBHOCT). Bridge (Moct) akcnoma je HeomnxojHa 3a MeljycobOHy Besy. [akme, 2+1
j€ ancoJXyTHU MUHUMYM.
Kpuruka 2: ,JIa mu cy P* u T* 3aucra neynopenusu? Msrnena na T+ moxe na uarepmnperupa P*."
Onrosop: T* moxe ma unaTeprnperupa E(X) xkao R(X,X), anmu He Moxe ma unteprnperupa Gopmyiay VXVY
(E(X) A E(y) = X = y) Ha Ha4uuH KOju Ou OHO MCTHHHUT y cBUM Mozaenuma T+ (jep TT uma momerne ca Buie
ox jemHor enementa). Jlakne, uatepnperaruja Huje mormyna. O6parao, P* He Moxe ma uaTepmpernpa VX
R(X,X) jep Hema penaunjy R. HeynmopenuBoct cToju.
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Kpuruka 3: ,IlIta je ca ¢pu3nukom uHTEpIIpeTaimjomM? 3ap 0BO HHUje MPEBHIIIE alICTPAKTHO?"

Onrosop: OBaj paj je matemaTnuku. dusnuka uHTEpIperauja je HarosemTena (Besa ca (3+3) mpocrop-
BpeMmeHoM, anu he 6utu npeamet Oynyhux pagosa. OBre cMO MOCTaBUIIA TEMEJb.

Kpurnka 4: ,3amro Tpu g0kasa 3a cBaky Teopemy? Huje i jenan nosospan?"

Onrosop: Tpu He3aBucHA JOKa3a (CEMaHTHYKH, CHHTAKTUYKH, M IPEKO TEOPHje MOJIeNa) TOKa3yjy MOTIYHY
pOOYCHOCT TBpAHU. AKO jeTHa METoIa IMa CI1adoCT, IpyTe je KoMIeH3yjy. To je ctanaapa Koju je y Haiioj
METOOJIOTHj .

EITUJIOI

OBaj pan 3amodeny cMO MUTAakEM: KOJHKO je aKkCHoMa MUHHMaITHO oTpedHo 3a GH-nap? Oxarosop — 2+1.
He mame. [IBe yHyTpaiime akcuome aedunuiry nojam; jeasa bridge (moct) akcuoma nosesyje. O6pasar ce
noHaBJba: y arnctpaktHoM gomeny (P, T) u y reomerpujckom aomeny (S, T). IMokazanu cmo 1a GH-oanO0C
HE 3aXTeBa apUTMETUKY, TEOMETPH]y, WIIN YaK IyHY JIOTHKY NpBOT pena. JloBosbHE Cy JBa KOMIUIEMEHTapHa
mojMa 1 jelaH MexaHu3aM y3ajaMHOT ToBepema. OBo ykasyje Ha yHuBepsanHocT GH-npunnuma. OBaj pana
je mpBH y Tpujaau koja Boau ka GH-mpekama u cuctemy jeHaunHa CTAOMITHOCTH.
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POST SCRIPTUM

Osax pao nuje kpaj, éeh je nouemax. [lpumumuenu GH-nap je npeu kamen y mpesicu xoja mek mpeoa
oa ce uszepaou. /lee akcuome, jeona ee3a, jeoan nap. Munumannocm je majka cmaounnocmu. OHo wmo
cedu jecme yzpaora 0sux naposa y mpeiice, a 3amum u 'y uszuxy. Anu mo je éeh npuua 3a nexe opyze
paoose. 0s0e cmo 3a8puiunu OHO WMO CMO 3anouenu — camy Koncmpyxkuyujy npumumuenoz GH-napa.
Hcemuna ce ne npoenawasa. Ona ce epaou. Kamen no kamen.
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PRIMITIVE GH-PAIR — TWO APPROACHES TO CONSTRUCTION (2+1)

In two lies the root; in the third, theonnection.
Minimality is the mother of stability.

ABSTRACT

This paper presents the construction of a primi@aglel-Hilbert pair in two steps. First, we introduce an
abstract logical mod€P, T) with two axioms each and one bridge axiom @& model), proving that the
GH-relation exists even at an absolutely minimal legé formal complexity. We then introduce a
geometrically enriched modé$, T), where systen® describes spatial primitives and systéndescribes
temporal primitives, with the same minim2d1 pattern. This second pair maps directly onto (B€3)
structure, thereby offering a meta-theoretical fitation for modeling fundamental binary relations in
mathematics and physics. We show that both paifrsfiséhe properties of mutual consistency, indiad
incompleteness, and incomparability, confirming timéversality of theGH-paradigm. The paper includes,
in its appendices, the necessity metric, redudtbametwork theory, and critiques with responses.
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