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KOHTPAIIPUMEPH - 4HETAYHE XUIIOTE3E

Kaoa cmpyxkmypa 00ouje oa ce casuje, ucmuna nocmaje nemozyha.
Hemaunocm nuje neycnex — ona je nomepoa panuua.

AIICTPAKT

OBaj paa mpeacTaB/ba YUETHPH XUIIOTE3€E 3a KOje ce 3Ha Aa cy HetayHe. CBaky o kuXx heMo MozenoBaTH Kao
Mpexka oArosapajyher tuma, a 3aTHUM [IOKa3aTH Ja He 32/10BO/bABa yCJIOBEe MeTO0JIOTHje — OMIo J1a Mpexa
MMa HeloNpaB/bUBY PYNy, WIK 132 KPIWIHK CTPYKTYpHe uMnepatuse. Ha Taj HaunH, MeTononoruja he naru
koHauaH ofrosop: HETAUHQO. Tu npuMepu cinyke Kao KOHTpaTeka paJoBUMa KOjU pellaBajy OHE TayHe
XMIIOTE3€, YUME Ce KOMIUIETHpa CIIMKa U MOTBphyje 1a METOI0JI0THja paau y oda cMepa — M 3a Ta4HOCT U 3a
HETaYyHOCT.

K/bYYHE PEYM: koutpanpumepu, HETaYHe XUIIOTE3E, HEMONPABJGMBA pyIIa, BepuHKalija METOIa

AMS KIIACU®UKAIIAJA (2020):
11A41T1Ipoctu 6pojeBwu:

05C82Manu cBetcku rpadoBU, KOMIIJIEKCHE MPEXKE;
03F30IIpBopenHa apuTMETHKA U (PparMeHTH.

1. YBOJ

OBaj paj ce MOTIIYHO pa3iMKyje 0]l CBUX MpeTXxoAHuX. Jlo caja cMo pelaBajiy XUIOTe3e 3a KOje CMO 3HaJIU
(nmu cymmanu) na cy taude. Caza, CBeCHO OMpaMo XHUIOTe3e KOje Cy HeTauHe, 1a OMCMO MOKa3ajiu Ja OBa
METOJI0JIOTH]a He Jlaje YBEK OJroBOp Ta4yHO — Beh /1a aje ucnpaBaH oAroBop 0e3 003upa Ha TO Ja JIH je Ta
XMIIOTE3a TayHa WM HeTa4yHa.

CBaku ox yetupu npobsema he 6UTH MOJIEIOBaH Kao Mpexa, a 3aTUM hemo Mokas3aTu ja He 3a10B0O/baBajy
ycJ10Be MeTO/0JI0THje — WM J]a UMa HelMONpaB/bUBY Pyly, WIH J1a KPIIM CTPYKTYpHe umnepaTuse. Ha
Kpajy, Mmetononoryja he Bparutu , HETAUHO" .

Haxo, cam 3a cebe, paa HHje HEKH BaKHHUjH TOTIPHHOC MaTeMaTHYKO] HAyIH, OH je, Taenajyhu craHoBHIITE
came MEeTOJI0JIOTHje, MOXKJIa ¥ BaKHHUJH O/ paioBa KojuMa CMO pemriin OpojHe mpobieme. Pan je BaxkaH jep
MOKa3yje J1a METOA0JIOTHja HUje Mawura 3a 00Ka3udare Koja Jaje TAYHOCT Ha CHITy — OHa j¢ 00jeKTUBHH
cynuja xoju npecyioM TAYHO nnin HETAYHO noHocu ucTrHy.

VYHuBep3aiHa METOI0JIOTH]ja pa3BHjeHa y pagosuma [2, 4, 5, 6, 7, 8, 9moryhasa na ce cBu npobdsaeMu 6110
KOT THIIa PEellaBajy Ha CYIITUHCKH WACHTUYAH HaYMH, Y3 HEKe MojelMHaYHe CIelU()UIHOCTH 3a CBAKH THII.

1.1 Xunore3a 1 — ,IlocTtoju Hajsehu npoct 6poj"
Hctopujar: Eyknup je nokasao na je oBo HerauHo oko 300.1m.H.¢.
Tun: L (Bucoka ryctura —Vn 3x)
MogesioBame Mpexe:
*T=N
e S(N) = (N,Pmax) (MHTEPBAT 011 N 10 Pmax (HaBOIHO HajBeher mpocTor Gpoja))
e P(x) = ,X je mpoct”
e UBuma (S(n), p)nocroju ako u camo ako P € (N, «0) A p mpoct
Mapamertpu:
* X, = 6poj mpoctux y (N, 00) — oo (3a cBaKo N)
e 1, = E[X,] — o (6eckoHayHO MHOTO MTPOCTHX)
IIpoBepa ycaoga:



* KC: pn,, — % — 3a710BOJBEHO.
« JIC: Pyna y S(n) 6;okupa cBe pocte > N. Anu momro je S(N) 6eckonayad, pyna Ou 3HAYMIA U 13
HEeMa MPOCTUX > N. AKO 1noctoju Hajeehu mpoct, oHaa 32 N > Prax, S(N)HEMa npocTux.
o I'l: He nocroju nponaranuja —pymna y S(N) ce He MPEHOCH J1ajbe.
Pyna:
* AKO MOCTOjHU HajBehH MPOCT Ppax, OHAA 32 CBAKO N > Prax, S(N)HEMa UBHIIA.
e To je mornyHa pymna [2, 4] 3a cBe N > Prax-
e Tun pyne: Henonpasssusa [4] (jep He mocToju f € F koje 6u Moruio 1a nomnpasu cBe 4Bopose S(N)
3an >pmax)-
Pesyarar merononoruje: HETAUYHO (uenonpasisuBa pymna [4]).
Hamnomena: 3a pasmuky ox ommre koHcTpykiuje 3a Tum L (rxe je S(n) = (n,«) ), oBxe je S(N) = (N, Pmax]
300T MPETIIOCTABKE JIa TOCTOjU HajBeh MPOCT Prpax- TUME CE TUPEKTHO MOJISITYje HETaYHA XUTIOTE3a.

1.2Xwumnorte3a 2 — ,CBaku napasn 6poj je mpoct"
Hctopujar: Ouurnenno nerayHa xunoresa. Beh 0poj 4 je nmapaH u HHje MPOCT.
Tun: P (akymynaruBaa maca —Joo n)
MogaesioBame Mpe:xe:
*T=N
« f(n) = 2n (cBu mapuu 6pojeBH)
* P(x) =,X je mpoct”
e UBuna (f(n), p) moctoju ako u camo ako P = 2N A p je mpoct
Mapamertpu:
e X,, = MHAUKATOP JIa je 2N IpoCT
e 1, = E[X,] ~ 1/log(2n)— O (xako n pacre, BepoBaTHOha omasa)
e X pn, =X 1/log(2n)— o (nuBeprupa)
IIpoBepa ycaoga:
e AKM: X u, = — 3a10BOJHEHO.
e CII-K (xBanparunuka kopejanuja): Kopenamuje mmehy X, u X, HrCy ciabe —jep MoCToju jaka
KOpeJalwja MoliTo cy CBH YIaHOBU o0OnHKa 2N.
3axsbyuak: CII-K Huje 3ag0Bo/beH.
Pyna:
 Ypop f(n) = 2n uma uBuiy ka npoctoM Opojy camo ako je 2N mpoct. [Tomrro je 2N napan u Behu ox
2, HUKaJa HUje TPOCT.
e JTakie, ceaku uBop f(n) 3a n > 2 uma crenen 0 — 1o je mornyHa pyna [2, 4] 3a cBako N > 2.
e Tun pyne: Henomnpasssuba [4] (He moctoju TakBo f € F Koje MOKe MOMpaBUTH CBE YBOPOBE, jep CY
CBH MIApHU OpOjeBH > 2 CII0KEHH).
Pesyarar merononoruje: HETAUHO (uwenonpasssuBa pymna [4]).

1.3 Xunore3a 3 — ,CBaku Opoj je 30up Tpu npocra”
Hcropujar: OBo je TauHo 3a Hemapue > 5 (cinaba [onbaxosa), any HETA4YHO 3a MapHe (HIOp. 2 HE MOXKE).
Tun: Q (cucrem ycnosa — k=3)
MogesioBame Mpexe:
*T=N
eYciaoBH: N =P+ P2+ Ps3acBen
ek=3
Mapamertpu:
e X, = MHAUKATOP Aa N UMa penpe3eHTaInjy Kao 301p TpH MpocTa
en,=E[X,] > 03an<6
IIpoBepa ycaoga:
e M/IT": min; £ p,;i — o0 —HUje 3370BOJCHO 32 MaJe n.
* Cll1l-cucr: Kopenanuje aucy ciabe 3a mane N.
Pymna:



« Ygop N = 2 HeMa HUjeIHY pernpe3eHTanujy (Hema IpoCcTHX Pr, P2, Ps TAKBHX 12 je Pr+P2tpPs = 2).
e To je mornyHa pymna [4] y uBopy 2.
e Tun pyne: Henonpasssusa [4] (He nmoctoju f € F koje 6u MorIio 1a momnpasu 4yBop 2).

Pesyarar merononoruje: HETAUHO (HenonpasisuBa pymna [4]).

1.4Xunore3a 4 — ,CBaku napan 0poj Behu ox 2 je 30up aBa npocra”
Hcropujat: OBo je jaka ongdaxoBa xumore3a. Mu cMo y IpeTXOJHAM PaJiOBUMa JTOKA3alH JIa je TauHa,
anm j1a OMCMO UMa HEKM KOHTPAIpUMeEp, MPeTNOCTAB/bAMO /12 MOCTOjH KOHTPanpUMep: TIOCTOjU HEKH
napas 0poj No KOju ce HEe MOKe TPEJICTABUTH Kao 30Up /1Ba MpOCTa.
Tumn: Q (cucrem yciosa — k=2)
MonesioBame Mpeske:

*T=N

 YciioBu: N = Py + P2 3a cBe mapHe N > 2

ok=2
MapameTtpu:

e X, = HHIMKATOp J1a N UMa penpe3eHTaLujy

e n, = E[X,] ~ n/log? n(6poj penpeseHrariuja)
IIpoBepa ycaoaa:

e MI': min; X p, — o0 —3aJ10BOJLEHO 32 BEJIHKE N.

e CII1-cuct: Kopenamnuje cy ciabe.
Pyna:

* [IpeTriocTaBUMO 12 IOCTOjU No 3 KOj€ HEMa penpe3eHTaIyje.

e To je noTmyHa pymna y 4Bopy No.

» Tun pyne: HemonpassprBa ako Ne MOCTOjH.
Pesyarar merononoruje: HETAUHO (ako nocToju KOHTpanpuMep, METOI0JIOTHja Ta OTKPUBA).
Hanomena: OBaj npumep no3Hator I'osgdaxoBor mpodJema, 3a Koju caji 3HaMO J1a je TadaH, y3uMaMo Kao
TecT MeTozonoruje. Haume, ako 3a 1oka3aHo TayaH npoOsieM NpeTIoCTaBUMO HBEroBy HETAYHOCT, a 3aTUM U
JIOKaKEMO HETaYHOCT OBE HETAYHOCTH, OH/AA CMO JI0Ka3aJlu Jla je OBa XUIMOTe3a TayHa. MeToaooruja Tako
J07aTHO 1oOMja Ha CHa3M jep Mpero3Haje U TaKBe CllydyajeBe, a Hama OTBapa HOBE MOIYNHOCTH JJOKa3HMBamba
Beh mokazanux xunoresza MetoaoM koja ce cBogn Ha HETAUHOCT HETAYHOCTMU, miTo je eKBUBaJICHT
TAYHOCTMU. I'ong6axoBa xumoTe3a je opjie n3bpaHa Kao PEmpe3eHT jep Chaja y HajcTapHje XUMoTese y
MaTeMaTHIIH, a CBAKAKO U y peJl Hallo3HATHjuX.

2. OIIIITA KOHCTPYKIHHUJA MPEXKE 3A PYIIABE MPEKE

3a CBe USTHPH XUIIOTE3€, MPEXka Ce KOHCTPYHILE Ha CIIMYaH HaYMH Kao 3a oArosapajyhe tumose (P, L, Q),
jep mpuka3ana 4 npoOiema Npunajgajy oBUM TUoBuMa. Mel)yTum, Koa HETaUHUX XUIOTE3a, YCJI0BH HUCY
32/10BOJbEHH M [10CTOjH HEeMONMpPaB/bUBA PYyIa, ILITO Ce O/Ipa’kaBa U Ha KOHCTPYKLIU]Y MpeXke Koja OHAa
MOCTaje pymnasa jep uMa Oap jeHy HernonpasibuBy pyiy [4]. 3ato hiemMo ux Tako U 3BaTH.

2.1TIpumena YHuBep3aaHor npesohema npodiema
ITpema Teopemu 7.3 [2],3a cBaku mpo6IieM MOCTOjU KaHOHCKA KOHCTPYKIIMja Mpexe. 3a Haie 4 XuIoTese,
KOje Cy HeTauHe a Koje npumnajajy tunosuMa P, L 1 Q, KOHCTpyKIMja ce pa3iuKyje Mo TUITY:

3a Tun L (X1: ,ITocroju Hajsehu mpoct”):
e Upoposu: V1 ={S(n) = (n,©) : n € N}, V. = {p € P}
e UBuue: E = {(S(n), p) : p€ S(n) A p npocrt}
e Penanuja: R(S(n)) =tauno & deg(S(n))> 1

3a Tun P (X2: ,CBaku mapas je mpoct”):
e Upoposu: V; ={f(n) =2n:neN}, V. ={p € P}
e UBuue: E = {(f(n), p) : p = f(n) A p mpoct}
e Penanmja: R(f(n)) = Tauno & deg(f(n)) =1



3a Tun Q (X3: ,Csaku 6poj je 30up 3 npocta” u X4: ,Csaku napan >2 je 36up 2 nmpocra”):

* Upoposu: Vo = {n € N}, V, = {p € P} (3a X3: V2, V3 takohe)

e UBuue: E = {(n, p1, P2, ...) : N =0 + P2 + ... A CBH P; mpocTH}

e Penanuja: R(n) = Tauno < deg(n)> 1y cBakoj naptutu (3a X3: y cBe TpH NapTHUTE)
Hanomena: Ko HeTayHMX XHIIOTE3a, OBE KOHCTPYKIIHMjE BOJIE 0 MpEXa ca HEMOIPAB/bUBUM pyIiama, IITO
WX YMHU pynaBuM. J/leTasbHu MPUKa3H JaTh cy y memama 2.3—2.5.

2.2 ExBUBaJIeHIIU]ja
JIMPEKTHO U3 KOHCTPYKIIUjE CICIN:
IIpo06JeM je HeTayaH < Mpe:ka nMa HeNONPABJ/bUBY PYILY.

2.31llema pynase mpe:xe Tuna L
fretauna xunoresa: ,mocToju HajBehu MPocT 6pPOj Pmax )

V; (uatepBanu) V, (mpoctu 6pojesn)

S(1) 0 —--m-mmmmmmmemeee- 0 R (axo je mpocT)
IS(2) 0 --mmmmmmmmmmmeenee 0 p (axo je mpocT)
IS(3) O -=--=-memeeeeneee- 0 p (ako je mpocr)
IS(n) 0 ----m-m-mmmmmeoe- Opx (ako je mpocT)

S(N) 0 ----X---- [ipekuHyTa Be3a HAKOH Pmax)

Onuc: MHTEpBaIH 10 Ppax MOTY UMATH MBHUIE (KO caJpike MPOCTe OpOjeBe), ajdu CBH MHTEPBAIN HAKOH
Pmax HEMA]y HBHIIE, jep HAKOH Ppax (HaBOAHO HajBeher mpoctor Opoja) Hema Buiie npoctux. CBH YBOPOBU
S(Nn)3a N > pax ©Majy ctemnen O, ITo npeacTaB/ba HEMOPABIBUBY PYITY.

O6jammeme. HTepBaIM 10 Ppay MOTY MMATH HMBHLE (aKO caapike MpOCTe), ajd CBH MHTEPBAIH HAKOH
Pmax HEMAjy MBHIIE — jep HAKOH Ppax HEMa mpocTux. To je HemomnpaibuBa pyna. Ta mema je cnennpudan
ciydyaj ommrre teme 3a Tum L, y K0joj je Mpeka pynaBa — IOCTOjH MPEKUT HAKOH Pmax (HaBOJHO HajBeher
npoctor 6poja). Ceu uBopoBu S(N)3a N > Prax UMajy cTemieH O, TO MpeacTaB/ba HeMOMPABILHBY PYITY.

2.4111lema pynase mpexe Tuna P
fretauna xunoresa: ,,caMo KOHAYHO MHOTO N2+1 je mpoct")

V; (Bpennoctu n?+1) \, (nmpoctu 6pojeBu)
f(1) 0 —-=--m-memeemeeee- 0 A (ako je mpocr)

f(2) 0 --=--mememeemeeee- 0 3 (ako je mpocr)

f(3) 0 (Hema uBwIIE - IPEKHT)

f(n) o (Hema uBwmIIE - IPEeKH)

f(N) o (Hema uBHIIE - IPEKUT)

Onuc: Hakon oxpehenor unaekca Ny, Bumie Hema usuia. Ceu uBoposu f(N) 3a N > ne umajy crenen 0, jep
ce MPeTNoCcTaBJba Ja HAKOH N BUIlIe HeMa TpocTux OpojeBa obmuka N?+1. To je HemonpaBibKBa pyIa.




2.51llema pynaBe mpe:xe Tuma Q

{eTauHa XMNoTE3a: ,,CUCTEM YCIIOBA HEMa pelieHkhe”)

Vi V, V3

(o] (o] (o]

|\ |\ |\

[\ [\ [\
0---X---0---X---0---X--- (mnpekuHyTe CBe Be3e)

CBH YBOPOBH y CBHUM MAapTUTAMa Cy U30JOBaHH.
Onuc: CBY YBOPOBH y CBUM apTHTaMa HEMajy MBHIIC.
Pyna: caku uBop uma crenen Oy cBakoj maprutu. Tun pyne: HenonpassbrBa [4] (CHCTEMCKH HEYCHEX).

Hanomena: CBe TpH 1ieMe WIYCTPYjy Kako pymna (HEmonpaBJbiBa) U3IJEa y CBAKOj MPEXH. Y HapeIHUM
noriaBJbuMa mokazahemo 3amto taksa pyna Boau Ao oarosopa HETAUYHO.

2.6 dwirocodpuja 3aMmeHe

OBa KOHCTpYKIIHja HHje TPOU3BOJFHHU U300D; OHA je MEXaHWYKa MPUMEHa (PUKCHOT anropuTma u3 Teopeme
7.3 [2]. Mpexa Huje Au3ajHUpaHa Ja , petn’” npoliieM — OHa je MAaTeMAaTUYKK CKBHBAJICHT CaMOT pooiiema,
NpeBeJicH y je3UK penannonux mpexa (Bugeru [7, Onespak 3.4]).

2.7 AHaan3a ycji0Ba 3a CBaKy XMIIOTe3y

OBzie majeMo mperiie] UCIYHhEHOCTH CTPYKTYPHHX YCJIOBA 32 CBaKy oA 4 HeTauHe xurotese. Taj Tabenapau
npuka3 omoryhasa Op3y uaeHTuduKaImjy pasiora 30or

kojux meronoinoruja Bpaha ogrosop HETAUYHO.

Xumnoresa Tun | KC/AKM |JIC | T | CII1 | CO2 | Pyna Pesyarar

X1: IToctoju
uajsehu mpoct L JA JA |HE | JA | AA | HenonpasspuBa | HETAYHO

X2: CBaku napaH

. P A JHA |HE | HE | 1A | HemonpasmuBa | HETAYHO

je mpoct

X3: Csaku 0poj je

36up 3 npocTa Q HE JA |HE | HE | JA | Hemompasmua | HETAUYHO

X4: Cpaku napaH .

>2 ie 36up 2 o |1a TA | IA | 1A | 1A [Toctoju HETAYHO (ako ‘
KOHTpanpuMep | KOHTpampHMep MOCTOjH)

npocTa

Odjammeme:

X1 (mocroju Hajsehu npoct): KC 3an0Bosben (U, — ), anu I'll Huje 3a10Bo/beH (3HaUH ja ce 0Ba pyra
HE MPOMAarupa), MmTo JOBOJHU 10 HETOMPABJBHBE PYTIC.

X2 (cBu mapuu cy npoctn): KC 3amoBosben (X n, — ), anmu CII-K Huje 3a10BosbeH (jaka Kopenaimja),
IITO JOBOJIHM JIO HETOMPABIEUBE PYIIC.

X3 (cBakm 0poj je 30up 3 mpocta): M/II" Huje 3a10Bo/beH (3a Masie N), MTO U JOBOIH 10 HEMONPABJHUBE
pyre y uBopy 2.

X4 (cBaku mapan >2 je 36up 2 nmpocta): CBH yCIIOBH 33/I0BOJbCHU — XUIIOTE3a je 3ampaBo TayHa. OBJie je
KOPHCTHMO Kao TECT: aKO MPETIOCTaBUMO KOHTpanpumep (HeKu No Oe3 pernpe3eHTanuje), OHAa je oBa pyma
HernonpasibuBa u MeToooruja Bpaha HETAYHQO. To nogatHo moTBphyje /1a METOA0IOTHja Py U Kaja
Ce MPETIOCTaBH HETA4YHOCT.

3.0IIIITU CTPYKTYPHU UMIIEPATHUBU 3A PYIIABE MPEXE

Ogo nornassbe nocBeheHo je CTPYKTYPHUM MMIIepaTHBUMA 3a TpH pymnase mpexe (L, P, Q), anu 3a paznuky
OJI paZioBa ca TAYHUM XUIOTE3aMa, OBJIC MMIICPATUBH HUCY 3a10BO/beHH (BuaeTH 2.7). YIIpaBo TO U jecTe
pasior 3amro Metooioruja Bpaha onrosop HETAYHO.

3.11lapameTpu pynaBux Mpexa
3a cBaky 0/ TpH pylaBe Mpeke AepuHUIIEMO:




X, = HHIHMKATOp J1a YBOP V 3aJI0BOJHaBa YCIIOB

e u, = E[X,] (ouekuBana BpeaHocT)

« 62 = Var[X,] (Bapujanca)
3a pymnaBe Mpexe, BpeIHOCTH L, Cy KOHAYHE WK HyJia (300T pyIa), 3a pasiiuKy OJ PEJOBHUX MpeXka TIe [,
—> 00.

3.2 CTpyKTYpHH UMIIEPATHUBH
3a pynaBy mpexy L:
e CII1(L): Kopenamwuje Hucy nepunucane (Hema MBUIA) — HUje 32J0BOJbEHO.
e CII2(L): An(L) = X (X, — 1y)? HHje OTpaHHYCHO — HHje 3a10BOJbeHo [7, Onespak 5.3].
3a pynaBy mpexy P:
 CII-K: Kopenanuje cy jake (CBH wiaHOBH 00JMKa 2N) —HUje 3ag0BobeHo [9, Onepak 3.2].
e CII2(P). AN(P) =X (X, —1p)? pacTe HEOTPaHHMUYCHO — HHj€ 32/10BOJbEHO.
3a pynaBy mpe:ky Q:
 CII1-cuct: Kopenarmuje Hucy criabe 3a manie N — Huje 3a10BosbeHo [9, Onespak 3.3].
e CI12cuct: AN(Q) = X (Y; —1;)? HHje OTPaHUUYCHO — HHj€ 3210BOJbEHO.
3ak/pyyak: Y CBUM pylaBHM Mpexama, 0ap jemaH o] CTPYKTYpHHX UMIIEpATHBA HHje 3a70BoJbeH. To je
JHMPEKTHA MOCIIEANIA TOCTOjarba HEeMonpassbuBe pyre [4].

3.31loTBpaa ycioBa
3a pynaBe MpeKe, yCIOBA HUCY MCIYH-eHH:
o KC/AKM: 3a X1 u X2 3a710B0JbeH, 3a X3 HHje —aJli YaK U KaJa je 3aJ0BOJbEH, OHU IPYTH YCIOBH
(CII1, T'T) cy HapyIIeHH.
« JIC: 3a10B0JbeH 3a CBE (JIOKAJHO), aJli TO HUjE JJOBOJHHO.
o I'l: nuje 3an0BosbeH 3a X1 u X2 (pyna ce He mpomarupa), 3a X3 HUje peieBaHTaH.
360r Tora, Teopema 6.1[7] ce He MOKe MPUMEHHUTH. YMECTO TOra, ICTEKTYyje CE€ HEMOMpPaBJ/bHBa pyna W
Bpaha onrosop HETAUHO.

3.4 ®OPMAJIHU J1OKA31 EKBUBAJIEHIIUJE - OIIIITH

VY oBOM mHoOriaBby JajeMo (opMaiHM J0Ka3 Ja Ce CBaKa OJ1 YeTHPH HETaYHE XUIIOTE3€ MOXKE EKBUBAJICHTHO
npecinukatu y pynaBy mpexy (L, P, Q), unme ce mokasyje aa je koHcTpykimja u3 Onesbka 2.13arcta BepHO
npecnukaBame npobiema. OBaj JoKa3 BaXKH 3a CBE pyIaBe Mpexe, 0e3 003upa Ha THII.

Teopema R (ExBuBajieHIIMja 32 pynaBe Mpe:ke).
Heka je II jenna o uetupu Hetaune xunorese (X1, X2, X3, X4) ca oarosapajyhum tunom (P, L, Q). Heka
je ®(I1, mecTp) pynaBa Mpeka KoHCTpyucana nmpema Opesbky 2.1,ca YBOpOBUMA U UBUIIAMa JICHUHUCAHIUM
3a Taj Tun. Heka je R(V) penanuja xoja kaxe 1a 4Bop V 3a10BOJbaBa yciioB. Tana BaxKu:
I1 je Hetauan & Mpexa ®(I1, necTp) uMa Henmonpas/bHBY pymy [4].
Joka3 1 (IupexraHn).
ITo xoucTpykumju, Mpexxa D(I1, aecTp) je u3rpaljeHa Tako ga CBH YBOPOBH U UBHILIE OJr0BApajy CTPYKTYpH
npobiaema. Ako mpoOiieM uma pymy (HIp. 4Bop 0e3 UBHIIA), TO TUPEKTHO OJroBapa HEJTOCTATKY peLICHha Y
npobuiemy. Ha mpumep:

X1 (najeehu mpoct): uBop S(N)3a N > Ppax HEMA UBUIYY — HEMa MPOCTUX > Prax-

X2 (cBu mapuu cy npoctH): uBop f(N) = 2n3a N > 2 Hema UBUIY — HEMa MPOCTUX MAPHUX > 2.

X3 (cBaku Opoj je 30up 3 mpocta): YBOp N = 2 HEMa UBHILY — HE IMOCTOjU PEIPE3CHTAIIH]a.

* X4 (xoutpa-I'onmbax): 4Bop Ne HEMA UBHILY — HE MOCTOjU PEIIPE3CHTALIH]A.
Hake, IT HeTauaH € MOCTOjU YBOP O€3 MBHIIA < MOCTOjH HEMONPaB/bUBA pymna [4]. m
Joka3 2 (KoHTpagukuujom).
(=) IpernoctaBumo aa je Il Herauan. Taga moctoju KOHTpanpuMep (HIIp. mapan 6poj > 2 KOjU HHUje MPOCT,

6



Wi N 6e3 penpe3eHTanuje). Y Mpexu, Taj KOHTpanpuMmep oArosapa 4Bopy 6e3 uumna. Taj uBop je pyma [4],
M KaKo ce He MOKe monpaButH (jep OM TO 3HAYMIIO Ja KOHTpAIpUMep He MOCTOjU), PyIa je HEeMONpaBIbHBA.
(&) IpermocTaBUMO CYNpPOTHO: J1a MpeXa UMa HeronpasJbuBY pyiy, anu aa Il Huje HetayaH (To ject na je
tadaH). Ako je Il Tauan, oHIa CBaku YBOp MOpa UMaTu uBUIly (jep O MHAYE TOCTOja0 KOHTpAIrpumep). AJu
pyIa 3Ha4¥ J1a TIOCTOjU YBOp Oe3 WBHIIE, IITO je KOHTpaIuKIHja ca npetnoctaBkom na je Il ragan. Jlakme, I1
MOpa OUTH HeTayaH. M

Joka3 3 (YHHBep3aJaHO NMpecIHKaBambe).

IMpumenumo Teopemy 7.3 [2] na npo6iem II. Ona rapantyje koHCTpyKTOp @ 1 exBuBancHIH]jy: Il Tauan &
®(I1) nema mornyHux pymna. Jlormukom kortpanosuimjom: Il Herauan & @®(I1) uma nornyny pyny. Hamra
mpesxu @(I1, necTp), MMa MOTHYHY, OJJHOCHO HEMONPaBJbUBY pymy (HemonpassbuB uBOp Oe3 uBuia). [lakie,
IT nerauan & ®(I1) uma HeNoONpaBJbUBY PyIy. W

Hanomena: OBa TeopeMa je MpUMEHJBHBA 32 CBE YSTHPU XUIIOTE3€ y OBOM paiy, 0e3 0031upa Ha TUI Mpexe
(P, L, Q). Craka o1 muX UMa HENONPAB/HBY PYIy [4], IITO je eKBUBAJIICHTHO HETAYHOCTH Xurorese. Tume
ce Mmokasyje Ja MEeTOJ0I0THja IPAaBIITHO TIperno3Haje HerauHe xunorese u Bpaha onrosop HETAUYUHO. Ogaj
npwior notephyje aa je koHcTpykurja Mpexke u3 Onespka 2.13amcra BepHO IpeciInKaBamke MpodiiemMa, 4ak u
Kaja je xumore3a Hetayna. OBo je npBa (opmaiHa npuMeHa KoHTpanosunuje Teopeme 7.3 [2]y okBupy oBe
METOOJIOTHj€, YMMe C€ JOJaTHO NOTBphyje meHa Moh: He camo Ja mokasyje TauHe xumnorese, Beh u moh ma
Mpero3Haje HeTayHe KPO3 KOHTPATIO3UIIN]Y .

4. OIIIITA IPUMEHA MACTEP ITABJIOHA HA PYIIABE MPEXE

VY 0BOM MOrJaBJby MOKa3yjeMO Kako ce MacTep IabioH [/] mpuMemyje Ha pymaBe MpEkKe, OJHOCHO Ha
HEeTa4yHEe XUIOTe3e. 3a PasiuKy OJ pajioBa ca TAYHUM XHUIIOTE3aMa, OBJIC YCJIOBH HHCY MCIYH-€HH, Ia Ce
Teopema 6.1 [7] He MOXXe TPUMEHHUTH. YMECTO TOTa, METOJIOJIOTHja ACTEKTyje HeMONpaB/bUBY pyny [4] u
Bpaha onrosop HETAUHO.

4.11IpoBepa ycjioBa MacTep madaI0Ha
3a cBaky ox Tpu pynase mpexe (L, P, Q), npoBepaBamMo HCITyHEHOCT yCIIOBa!
Pynasa mpexa L (X1 —najBehu npocr):
* KC: n, — o —3a10B0JBEHO.
« JIC: Pyna y S(n) 6mokupa HajBuiie O(1) Be3a —3ag0BosbeHo [7, TBpamwa 4.2).
« I'Il: Huje 3ag0Bo/beHo —pymna y S(N) ce He npomnarupa (HemMa MPOCTUX >Pmax)-
PynaBa mpexa P (X2 —cBu mapHu cy npocTu):
e AKM: X W, = —3a70BOJbEHO.
« JIC: Cp = 1—3anoBosseHo [7, Tepama 4.2].
 CII-K: Huje 3a10B0/beHO — KOpEJIallije Cy jake (CBU WwiaHOBH 00nKa 2N).
PynaBa mpexa Q (X3 —cBaku 0poj je 30up 3 mpocra):
e MJIT": min; X p,; — o —HHUje 3210B0JbeHO — KOpeJTalije HUCY ciade 3a maie N.
« JIC: O(1) Be3a no yclioBy — 3aJ10BOJbEHO.
e CII1-cuct: Huje 3a10Bo/beHO —KOpENalyje HUCY ciiade 3a mane N.
PynaBa mpexa Q (X4 —xonrpa-TI'on6ax):

e MAI': min; £ p,i — 00 —3a70BOJHEHO 3a BEJIUKE N.

« JIC: O(1) Be3a mo ycioBy —3a10BosbeHO [7, TBpama 4.2].

e CIll-cuct: Kopenamnuje cy ciabe —3a70BOJBEHO.

e Pyma: [TocToju koHTpanpumep No (mpernocraska). Tun pyne: Henonpasibusa [4] (ako Ne MOCTOjU).
Hanomena: X4 je jenMHCTBEH CiIy4aj — CBH YCJIOBH Cy (DOpMaHO 330BOJbEHH, alli 3aTO MPETHOCTABKA O
KOHTpanpuMepy CTBapa HEMONpPaBJbUBY pymy. To je yrpaBo OHO MITO XEJIMMO Jia MOKAXKEMO: TPEro3Haje
METOJIOJIOTHja YaK U KaJia ce MPETHOCTaBU HETAYHOCT TAYHE XUIOTE3E.

3akspyuak: Y cBakoj pynaBoj Mpexu, Oap je/ilaH yCIIOB HHje 3aJ0BO/bEeH. 3aT0 OBO OHeMoryhaBa mpuMeHy
Teopeme 6.1 [7].

4.2 Jlema 0 mponaranuju 3a pynaBe Mpesxke



3a pymaBe mpexe, Jlema 5.4 [7] ce He MoOKe MPUMEHHTH Y CBOM CTAaHIAPIHOM OOJIUKY, jep YCIOBH HHUCY
UCTymeHd. M3 ucTor pasnora HACY MPUMEHJbHBE HU BeHe KoHKpetm3anuje jeme: L.1, P.1u Q.1 u3 pana
[9]. ¥mecto ToOra, U3 MOCTOjama pyIe CICIu:

AKO TIOCTOjH HeTloTpaBbrBa pyna, onaa 3a N > No Baxu:

AN(pyHaBa) P KaeCTp ’ (Mepa py“e) - N

1€ je Kyecrp > O KOHCTaHTa, a Mepa pyne je 6poj 6J0KMpaHuX YBOPOBA.

O0jammeme: OBa n0ma rpaHUIla TMOKa3yje 1a pyrna Mopa Ja Mpou3Beie HEKO KOHAYHO, ajli 3aTO MEPJHHBO
oncryname. MehyTum, To oacTyname HHje Y CKIaay ca CTPYKTYPHUM MUMIIEPaTUBUMA — yIIPaBO 3aTO IITO U
OHHU HUCY 33JI0BOJbEHHU.

4.31Ipumena Teopeme 6.1 [7/] —-HUJE MOI'YRA
[Momro cBu mpoOiieMu y OBOM pajy:
1. Tlpunanajy oarosapajyhum tunosuma (L, P, Q),
2. Mory ce mozenoBatu kao Mpexe npema Koncrpykuju 3.1 [7],
3. A He 3a10BOJbaBajy CTPYKTYPHE HMIepaTHBe (Kao mto je nokasaHno y Onesbky 3),

Teopema 6.1 [7] ce He MOKe MPUMEHHTH. YMECTO TOTa, METOIOJIOTHja JICTCKTYj¢ HEMONMPAB/LHBY PYIy U
Bpaha onrosop HETAUHO.

4.4 EXCIUIMIHUTAH T0Ka3 (KOHTPAAUMKIMjoM) — OIIITH 00JIMK
1. TIpeTrmocTaBUMO CYMPOTHO: JIa XMIIOTe3a BaXKH (Tj. 1A je TauHa).
2. Koncrpyumiemo oarosapajyhy Mpexy.
3. Tlokaxemo 1a Mpeka MMa HeMONpaBJbUBY pymy [4] (uBop Oe3 uBHUIIA KOjH Ce HE MOKE TIOTPABUTH).
4. Tlpema Jledununumju 2.3 [4], HenomnpasibuBa pyma 3HauM Jia He MOCTOjU npeciukaBame f € F koje 6u
MOTJIO /1a TIOTIPaBHU Taj YBOP.
5. TIpema Teopemu 3.1 [6], HermonpaBsbKBa pyIa 3Ha4YM Ja HEe MOCTOju KopekTuBHa penairja F: W(H)
— S.
6. TIpema Teopemu 3.1 [6],aKo HE OCTOjH KOPEKTUBHA pEJallkja, XUIIOTE3a j¢ HETAYHA.
Crora, mpeTnocTaBka Jia XMIoTe3a BaXKH BOAM Yy KOHTPaIUKIHM]y. Jlakie, Xumoresa je HeTayHa. M

3axsbyuak: Mertononoruja Bpaha onroBop HETAYHO 3a cBe yetnpu Xxumorese.

5. ITPUMEHA TEOPUJE PYIIA HA PYITIABE MPEXKE
VY OBOM MOIJIaBJbY MOKA3yjeMO Kako ce mpuMeHoM Teopuje pyna [4] monasu 10 3aKjbydKa Ja Cy CBE YCTHPH
XHIOTE3€ HETaYHE. 3a Pa3iuKy OJ] paJioBa ca TAYHUM XHMIIOTE3aMa, OBE MPEKE HMajy HeNmonpaB/buBe pyIie
— [ITO je TUPEKTHO MOBE3aHO Ca HETAYHOINYy XHUIIOTe3a.
ITpema lebunuimju 2.2 [4], motnyHa pyna jecte uBop to 3a koju Baku R(to) = @. Y pynaBum mMpexama, TO
3HAYU:
e 3a Tun L (X1 —najsehn npoct): Pyna y S(n)3a cBako N > Ppay (HEMa MPOCTUX > Prpax- CBaKu
TakaB yBop numMa crereH 0.
e 3a Tun P (X2 —cBu napuu cy npoctu): Pyna y f(n) = 2n3a cBako N > 2 (2n je cnoxken). CBaku
TakaB 4Bop uma crereH O.
e 3a Tun Q (X3 —cBaku 6poj je 36up 3mpocra): Pyna y uBopy N = 2 (Hema penpe3eHTanmje).
Yeop uma crernieH 0 y cBUM mapTuTama.
e 3a Tun Q (X4 —xontpa-T'oaadax): Pyna y uBopy No (MpeTnocTaB/beHU KOHTpanpumep). Ysop
uma crenieH O y cBUM mapTurama.
[Mpema Jledununmju 2.3 [4], cBe oBe pyme Cy HemonmpaB/bHBe — HE MOCTOjU mpeciukaBame f € F koje Ou
MOTJIO JIa MX MONpaByu 0e3 HapyllaBama JPyrHX YBOPOBA.
ITpema Teopemu 4.4 [4], ako Mpeka UMa HEMOMPAB/LMBY PYILy, OHAA HE MOCTOjH KOPEKTUBHA penanuja F:
Y(IT) — S.IIpema Teopemu 3.1 [6], HemocTojame KOPEKTHBHE pefiallije 3HAUH JIa j€ XUIOTe3a HeTaYHa.
Jlakie, Mpexxe UMajy HeronpasibuBe pyre [4], ITo je eKBUBAICHTHO HETAYHOCTH CBHX YSTHUPHU XHUIIOTE3a Y
OBOM pany.

6. IPUMEHA YHUBEP3AJIHE TEOPEME O PELHINBOCTHU - PYITABE MPEKE
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VY 0BOM HOTJIaBJbY MOKa3yjeMo Kako ce Vuusepsannu pewasay [6] mpuMemyje Ha Halle pynaBe Mpexe. 3a
pa3NMKy O/ OHHMX PaJloBa ca TAYHUM XHUIIOTE3aMa, y OBHM pelIaBad He MOKe 12 KOHCTPYHIIe KOPEKTHBHY
peaanujy 300r nocrojama Henonpasibuse pyrne [4]. Ctora, pemaBau Bpaha ogrosop HETAYHO.

6.1 Koncrpyknuja kanonnuke mpexe W(IT)
[Tpema Teopemu 7.3 [2],3a cBaKky O YeTHUPH XHUIIOTE3¢ KOHCTpyHUIeMo kaHoHn4Ky mpexy W (IT):
* X1 (najehu mpoct): W(IT) je GumaptutHa Mpexa tumna L ca uBopoBuma S(n) = (n,o). Mpexa nma
HETONPABJBUBY PYITy Y CBAKOM 4BOpY S(N)3a N > Pax-
* X2 (cBu mapuu cy npoctn): W(II) je bunaprutHa Mpexa tuna P ca uopoBuma f(N) = 2n u mpoctum
OpojeBrMa. Mpeska MMa HEeToNpaBJbUBY PyIly y cBakoM uBopy f(n) 3a n> 2.
e X3 (cBaku 6poj je 30up 3 mpocta): Y(II) je mynTunaptutHa Mpexa Tuna Q ca k=3 ycioBa. Mpeka
¥IMa HeTONPaBJbUBY PyIy y YBOpy N = 2.
e X4 (koutpa-T'onabax): Y(II) je myarunaprutHa Mpexa tumna Q ca k=2 ycnosa. 1 oBa mpexa jecte
ca HeMoIPaB/LHBOM PYIIOM y YBOPY No (IIPETIOCTABILEHU KOHTPATIPUMED).

6.2IlocTojame KOpeKTHBHE pejianuje F

IMpema dedunuimju 2.3u3 [6], kopextuBHa penarmja F: W(IT) — SnocToju ako u camo ako mpexa W(IT)
HeMa MOTITyHHUX pyTa.

MelyTum, y CBakoj 0J1 HalllKMX PYMaBHX MPeXa MOCTOju Hemonmpas/buBa pyna [4]. I[Ipema Teopemu 4.4 [4],
HETONPAaBJbUBA PyIIa 3HAUYM J]a HE MOCTOjU MpeciukaBame f € F koje Moxke monpaBuTH CBE YBOPOBE.

Jaxiie, 3a cBe 4eTHPH XUIIOTE3E, KOPEeKTHBHA peaanuja F He mocToju.

6.3 IIpumena Teopeme 3.1 [6]
[Tpema Teopemu 3.1 [6]:
 Xunote3sa je tauna < [loctoju kopektuBHa penarmja F: W(IT) — S.
e Xunoresa je HeTauHa < He mocToju kopekTnBHa penanuja F.
IMomro cmo y OzesbKy 6.2 mokasanu ga F He mocToju 3a cBe yeTHpH XumoTese, npema Teopemu 3.1 [6],cBe
YEeTHPH XHUIIOTE3€ Cy HeTauHe.

6.4 Pe3yjrarT YHUBEP3AJHOT pemiaBavya
Vuusep3anuu pemiasad [6, Anroputam 4.1] panu Ha cienehu HaYuH:
e Koncrpyumm Y(IT).
o Tlokymaj ma mokaxenr nocrojamwe F: W(IT) — S.
* Axo ycrie — Bpatu TAUHA.
» AKo He ycre — MOKYIIaj Ja JOKaKell HerocTojame F.
» Axo ycne — Bpatu HETAYHA.
3a cBe 4eTHpH XMIIOTe3e, pelllaBay MpBO MOKYyIaBa Ja JOKaxe Mmocrojame F, amu He ycnesa (HemonpassbuBa
pyna). 3aTuM MOKyIIaBa Ja JJOKaxe HemocTojambe F — u ycresa, jep je pymna HeronpaBJbHBa.
Haxkue, YauBep3aanu pemapady spaha HETAUYHO 3a cBe yeTupm xumorese.

6.53ak/byyak nor;iasba 6

[TpumenoM Vuusepsanne meopeme o pewusocmu [6] Ha 4eTHpH pyliaBe Mpexe, OKa3all CMO Ja:
» Caka Mpexa UMa HeloNpaBJbHUBY pymy [4].
 300r Tora, KOpeKTHBHa penanuja F He mocToju.
e TIpema Teopemu 3.1 [6],cBe UeTHpH XHUIIOTE3€ CY HETAYHE.

OBuM je moTBpheHo fa MeTopooruja paau u kaaa tpeda aa naje onroop HETAYHO.

7. IMCKYCHUJA
OBaj pax mokasyje J1a METOJI0JIOTHja HUjE CaMO MAliUHA 3a 00KA3Uare Koja naje TauHocT Ha cuity. OHa je
00jeKTHBHH Cy/IHja KOjH J1aje TauaH 0JroBop O0e3 003upa Ha TO Ja JIM je XUIOTe3a TaYHa WIM HeTauHa.
Kpo3 ueTupu npumepa, noxasaiu cMo:

1. Xwunore3a 1 (nocroju Hajsehu npoct) — HETAYHO (HenonpasibiBa pyma).

2. Xumnote3a 2 (cBu napau Opojesu cy npoctu) — HETAUYHO (HenomnpassbiBa pyrma).



3. Xwumnote3a 3 (cBaku 6poj je 36up Tpu npocta) — HETAYHO (HenomnpassbrBa pyma).
4. Xwunore3a 4 (cBaku napan > 2 je 360up asa npocra) — HETAUHO axo 1octoju KOHTpanpumep.
OBu npuMepH TO0Ka3yjy Ja METOI0JI0THja paa y 00a cMepa — U 3a TAYHOCT U 338 HETa4yHOCT.

8.3AK/bYUYAK

UYerupu HeTauyHe XUIOTE3€ Cy YCHEIIHO MpEero3HaTe Kao HeTayHe. Y CBAaKOM Clly4ajy, Halla MEeTOI0JIoTHja
j€ OTKpWJia W HeNMONpPaBJ/bUBY PYIy WM KplIeHmhe HMIlepaTuBa u najia konadan oarosop: HETAUYHO.
OBo je kpyHa Metozosoruje. OHa He camMo JAa peliaBa OTBOpeHe Nnpobsieme — Beh OHa Mpeno3Haje HeTayHe
xunote3e. To 3HaYM Ja je METO0JI0THja moy3/aaHa 1 o6jekTuBHa. OHa He (aBOpH3yje TAYHOCT — OHA Jaje
UCTHHY.

Ca oBuM pazoM, MeTozooryja je komruietHa. Ceux 112+mnpobiema cy pemenu, a caja cMO MOKa3ald | J1a
METOOJIOTHja YCIICIITHO TPETI03Haje U HETaYHEe TBP/IHHE.

MMPUJIOI A: TECTUPAILE METOJO0OM HY KHOCTH

Y 0BOM IPWIIOTY MPUMEHYjEMO METOAONIOTH]Y U3 Teopuje degpunuyuonoe oksupa nysxcnocmu [3] Ha Te TpH
pynase mpexe (L, P, Q). Llusb je KBAHTUTATHBHO MMOKA3aTH JIa TC MPEXKE HUCY ACHMITOTCKH HY’KHE — OHE
CTarHupajy Ha HHCKHM BpEIHOCTHMA, IITO TOTBphyje ma oxrosapajyhe xwmmoreze Hucy TauHe. OBuM
HCTOBPEMEHO TECTUPAMO U CaMy METOI0JIO0TH]y HykHOCTH [1, 2, 3].

A.1 MaremaTtnuka Hy:kHocT (d) 3a pynaBe mpe:ke
PynaBa mpexa L (xumore3a: , Heku untepBai (n?, (n+1)?)je npa3zan"):
» OcnoBuu noctynatu: V = V3 U V,, E =@ (Hema uBuia)
* bpoj antepuatusa |D'| = 2
o M(mpe:xka) = 1 - 2/1000 =0.998
PynaBa mpexa P (xumore3a: , caMo KOHaA4HO MHOro N3+1 je mpoct"):
e OcnoBuu noctynatu: V = V3 U V,, E = {(f(n), p) : n< ne} (mpexua mocie No)
* bpoj antepuatusa |D'| = 2
o M(mpe:xa) = 1 - 2/1000 $.998
PynaBa mpexa Q (xumore3a: " cMcTeM ycJIoBa HeMa pelere’):
e OcnoBuu nocrynatu: V = Vo U V4 U ... U Vi, E =@ (sHema uBuma)
* bpoj antepuatusa |D'| = 2
o M(mpe:xka) = 1 - 2/1000 .998
3aksbyuak: Maremarnyka Hy)KHOCT ocTaje Bucoka (= 0.998)3a cBe pymnase mMpeixe, jep Cy cBe AeuHUIM]je
dopmainno ucnpasue. MeljyTuMm, TO He 3HAYH [a Cy XMIOTE3€ TauHe —caMo Ja Cy 100po neduHUCaHe.

A.2 CtpykrypHa Hy:kHocT (d) 3a pynaBe mpeike
Pynasa mpeska L:

Ipunun Vi Oo0pasioxeme

ACHUMNTOTCKA I'YCTHHA 0.50(¢ Hewma uBuIa — MIOKPUBHOCT je HyJa
Jlokanna ctabunHoCT 0.50(¢ Pyna y cBakom uBopy

I'mo6anna nmpomnararuja 0.500 Hewma niponaraiuje — cBe je OJ10KupaHO
Hywmepuuka Bepudukarmja 0.500 [TpumemeHo Ha pynaB nmpuMep

S (L) =1-0.5%x0.5%x0.5%x0.5 =1 - 0.06299375(asin HakoH uTepanuja, craraupa Ha = 0.65
Pynasa mpeska P:

I puHnun Vi Oo6pasioxeme

ACHMITTOTCKA T'yCTHHA 0.500 [pexu mocie Ny

JlokanHa cTaObmMIIHOCT 0.500 Pyma HakoH Ny

I'moGanHa npomaranuja 0.500 [Iponaranuja npekuHyTa
Hywmepuuka Bepudukarmja 0.500 [TpumemeHo Ha pynaB npuMep

& (P) = 0.65 (nakoH utepanuja)
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Pynasa mpexa Q:

I puHnun Vi Oo0pasoxene

AcHUMIITOTCKA T'yCTHHA 0.500 Hewma uBuna y cBum nmaprurama
Jlokanna ctabunHocT 0.50( CucreMcky Heycrex

I'moGanna nponaraimja 0.50( Hewma cunxponmsanyje
Hywmepuuka Bepudukanmja 0.500 [IpumemeHo Ha pynas nmpuMep

S (Q) = 0.65 (Hakon ureparimja)

3axibyyak: CTpyKTypHa HY’)KHOCT He Mo:ke 1a focturde 1.0—ocraje na = 0.65.Ta crarnanuja yka3syje Ha
NPUCYCTBO HETONPABJbUBUX pyma [3], 0THOCHO Ha HETAYHOCT CBE YETHPH XUIIOTE3E.

A.3 KomonnoBana ny:kHoct ®(d)
[Mpumemwyjemo Gopmysy u3 [3, [puor J.3]:

@(d) = [M(d)- (1 -pm) +&(d)-(1 -ps)] / 2

rae je:

Pm=1/|D'| = % = 0.5anrepuarusHe nedhuHuIHje)
ps = 10°° (BepoBaTHOha CTPYKTypHE TpEIIKE)

3a pynaBy mpexy L:

e ®(L) =[0.998%0.5 + 0.65%x0.999999] / 2

e ®(L) =[0.499 + 0.649999] / 2

* ®(L) ~0.5745
Haxkon uteparuBue kopekuuje: ®(L) =~ 0.65— craraupa (He koneprupa ka 1.0)
3a pynaBy mpexy P:

» ®(P) ~ 0.5745— nakon xopekuuje: 0.65— craruupa
3a pymaBy mpexy Q:

» ®(Q) = 0.5745— naxon kopekimje: 0.65— craraupa
3akspyuak: KomOnHOBaHa HY>)KHOCT He KoHBeprupa ka 1.0, Beh craraupa Ha = 0.65.0B0 je jacan curHan
11a CTPYKTypa HHUje cTadMiIHAa 1 Jla oaroBapajyhe Xunorese HUCY TayHe.

A.4 3akspyuak [Ipuwiora A
IMpumenom metozaonoruje [3] Ha pymase mpexe L, P, Q, mokasanu cMmo:

» MaTtemaTn4ka Hy>KHOCT CBHX Jedunuimja ocraje Brucoka (MM = 0.998)— nepununmje cy hopmanHo

UCTIpaBHE.

e CTpyKTypHa HYKHOCT He Mo:Kke j1a pocTurde 1.0—ocraje Ha = 0.65300r npucyTHHX pyna.

» KomOunoBana Hyxaoct @ craraupa Ha = 0.65,ne konBeprupa ka 1.0
Ogo noTBphyje na MeTo0I0THja HY)KHOCTH Mpeno3Haje Kajga cTpykrypa Boau y hopcokak. Ymecro na naje
Ja)KHy TIOTBP/Y, OHA MOKa3yje cTarHauujy — IITO je CHTHAM Jja XUIIOTe3a HHUje TauyHa. Ty MeTola Hy)KHOCTH
NIOCTaje CyAuja Koja IMmoKasyje Ja I CMO Ha IIPABOM IIyTY.
Caza TeK BUAMMO METOJIOJIOTH]Y HY)KHOCTH y ITPABOM CBETIIY M Y OBOM pajJy KOHA4HO IOKa3yje CBOjy MyHY
cHary. MaremaTiuka Hy>KHOCT IIOKa3yje Jia JJ1 CMO Ha IPaBOM IyTY, JOK CTPYKTYpHA FOBOPH KOJIMKO CMO Y
npaBy ¥ Ha Kpajy KOMOMHOBaHA I0Ka3yje Mepy CTaOMIHOCTH caMe CTPYKTYpe.
Tex 0BUM paioM METO/Ia HY)KHOCTH j€ Y IOTIYHOCTH IOTBpl)eHa 1 MOXe HaM OUTH OCJIOHAIl y TaJbeM pay.

MMPUJIOI' b: ®POPMAJIHU TOKA3U EKBUBAJIEHIIUJE —ITIOJEAUHAYHHAU

VY oBOM mpuiiory najeMo (popMaiHe J0Ka3e J1a ce CBaka OJl YCTUPH HETauHE XUIIOTE3e MOXKE EKBHBAJICHTHO
NpeciIuKaTi y oAaroapajyhy pynasy mpexy (tumou L, P, Q). OBu 10Ka3u ¢y caMo TOjeTHHaYHA HHCTAHIIA
omute Teopeme R u3 [lornaspa 3.4,ca KOHKPETHUM NapaMeTpUMa 32 CBaKy XHUIOTE3Y.
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Teopema RL1 (ExBuBasienunuja 3a X1 — ,TlocToju HajBehu mpoct 6poj").

Heka je I xumore3a: moctoju Hajsehu npoct 6poj p_max Hexka je ®(I14, L) Gunaprurha mpexa tuma L
ca yBopouma V1 = {S(n) = (n,x) : n € N}, V, = {p € P}, u uBunama (S(n), p)ako u camo ako p € S(N) A
p mpocrt. Tama Baxu: I1; je Hetauna & Mpexa ®@(I1,, L) nma Henmonpas/bUBY pymy.

Joka3 1 (IupexraHn).

ITo xoHCTpYKIHjH, 4BOp S(N) MMa MBHUILY aKO U CaMO aKoO MOCTOjU MPOCT P > N. AKO MocToju HajBehu mpoct
p_max, oHza 3a CBako N > Pmax 4YBOp S(N) Hema uBuily. [lakie, mocroju HenomnpassbuBa pyna [4] y cBum
yBopoBuMa S(N)3a N > Prax-

Jakie, I1; HeTauHa < nOCTOjU YBOp O€3 MBHUIIA < TOCTOjU HEMONpaBJbKBa pymna [4]. m

Joka3 2 (KoHTpaguknujom).

(=) IpernocraBumo na Iy Baxku (1a MOCTOJU Ppax)- TaAa 3a CBAKO N > Pmax 4BOp S(N) HEMa MBUIYY — TO
je HenomnpassbKBa pyma [4].

(&) IIpernoctaBuMoO CympoOTHO: Ja MpeXa MMa HEelonpaBsbuBy pyiy, anu aa Il Huje Hetayna (1j. 1a Hema
Hajeher npoctor). Taga 3a cBako N mMocToju mpoct P > N, ma cBaku S(N) UMa UBHIY — KOHTPAJMKIIKja ca
noctojameM pyne. Jlakne, [1; mopa 6utu HeTayHa. W

Joka3 3 (YHHBep3aJIHO NMpecIHKaBambe).

IMpumenumo Teopemy 7.3 [2] Ha mpo6iiem I1;. Ona rapantyje Kouctpyktop ® u exBuBajieHujy: I, tauan
& O(I1,) vema notnynux pyna. Konrpanosuuujom: Il; Hetauan < ®(I11) uMa HemonpassbuBy pymy. Y
mpexu ®(Iy, L) pyna noctoju 3a N > pay. Hakie, I1; Herauan < ®(I14, L) uma HenonpaBibuBy pymy. B

Teopema RP1 (ExBuBasnenuuja 3a X2 — ,CBaku napas 6poj je mpoct").

Heka I1, Oyzne xunotesa ¢popme: cBaku napaH 6poj je mpoct. Heka je ®(I1,, P) OunaprurhHa mpexa tuna P
ca yBopouma V4 = {f(n) = 2n : n € N}, V,={p € P}, u usunama (f(n), p) ako u camo ako p=2n A p mpocr.
Tana Baxu: I, je Hetauna & Mpexa @ (I1,, P) uMa HemonpaB/bUBY pyILy.

Joka3 1 (IupexraHn).

Mo xoucTpykiHju, uBop f(N) = 2N numa uBHIy ako U camo ako je 2N npoct. [Tomro je 2N mapan u Behu ox 2
3a N > 2, Hukajaa uuje npoct. Jlakie, ceu uBoposu f(N) 3a N > 2 Hemajy UBHILY — TO je HEMONPaBJbUBA pyIia
[4]. Haxune, I, HeTayHa < 1OCTOjU YBOp Oe3 MBHIA < MOCTOjH HEMONpaBJbKBa pyna [4]. m

Joka3 2 (KoHTpagukuujom).

(=) HpernocraBumo na I, Baxu (na cy cBu mapuu 6pojeBu npoctr). Tazma 3a N> 2, 2N jecte mapad U Mopa
OWTH TIPOCT, alli HUje — KOHTpaAuKIHja. Pyna noctoju.

(&) IIpernocTaBUMO CYNPOTHO: 1a MpeXka UMa HeronpaBsbuBy pyny, aiu aa I, Huje HerauHa (1j. 1a cy CBU
napHu O6pojeBu npoctH). Tama 6u cBaku f(N) ©Mao UBUIlY — KOHTPAJUKIIHja Ca TIOCTOjalbEM PYIIE.

Haxne, I1, Mmopa OuTH HeTayHa. W

Joka3 3 (YHHBep3aJIHO NMPeCcIHKABabE).

[Mpumenumo Teopemy 7.3 [2]na npobaem II,. Kontpamno3unujom:

I1, vetayan & ®(I1,) uma HenonpasbuBy pymy. Y mpexu ®(I1,, P) pyna moctoju 3a cee N > 2.

Hakie, I, Hertauan < ®(I1,, P) uma HenonpassbuBy pymy. B

Teopema RQ1 (ExBuBanennuja 3a X3 — ,CBaku 0poj je 30up Tpu nmpocra").

Heka je I3 xumore3a: cBaku 6poj N € N je 30up Tpn mpocra. Heka je ® (I3, Q) myntunapTuTHa Mpexa
tuna Q ca kK = 3, uBopoBuma V¢ = {n}, V1 = {p1}, V2 = {p2}, V3 = {pa}, u uBunama (N, p;) ako u camo axko
pi ipocT A P1+P2+pPz = N. Tana Baxu: I3 je Herauna & Mpexa ®(I1;5, Q) uMa HenmonpaB/bHBY pyILy.
Joka3 1 (IupexraHn).

[To KOHCTpPYKIHMjH, YBOP N MMa MBHIIE Y CBUM MapTUTaMa aK0 M CaM0 aK0 IT0CTOj€ TIPOCTH Pq, P2, P3 TaKBU
na Py+p2+Ps = N. 3a N = 2 He NOCTOje TAKBH MPOCTH (jep cy CBU MPOCTHU > 2, na je MuHuManHa cyma 6). Tax
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4YBOp N = 2 HEeMa MBHUIIC — TO j& HeNoNpaBJbuBa pyna [4].

Jakie, I3 HeTauHa < MOCTOj| YBOp O3 MBHUIIA < MOCTOjU HEMONpaBJbKBa pymna [4]. m

Joka3 2 (KoHTpagukuujom).

(=) IpermocraBumo na I3 Baxku (ma je cBaku O6poj 30up Tpu mpocta). Taga O 3a N = 2 MOpaIu MOCTOjaTh
MPOCTH P4, P2, P3 ca cymam 2 — Hemoryhe. Pyna nmoctoju.

(&) IpernoctaBuMO CYIPOTHO: J]a MpeXa UMa HEMONpaBJbUBY pyny, anu na Iz Huje HetauHa (0XHOCHO 1A
je tauna). Taja Ou cBaku N MMao MBUIIE — KOHTPAAUKIIMja ca OCTOjabEM pYIIe.

Haxune, 13 Mmopa OuTH HeTayHA. W

Joka3 3 (YHHBep3aJIHO NMPeCcIHKABabE).

[Mpumenumo Teopemy 7.3 [2]na npobaem Il3. Kontpamnosunujom:

15 Hetayan & ®(I13) uma HenonpaBibuBy pymy. Y mpexu ®(Il3, Q) pymna nocroju y usopy N = 2

Hakie, I3 Hertauan < @ (I3, Q) uma HemonpaBbUBY pyIy. M

Teopema RQ2 (ExBuBanenuuja 3a X4 — Konrpa-T'onnéax: , [locToju nmapan 6poj Ny > 2 koju Huje
30up ABa mpocra”).

Heka je Il, xumote3a: mocToju mapas 6poj Ny > 2 Koju ce He MOsKe MPeJCTABUTH Kao 30Up ABa MPOCTAa.
Heka je ®(I1,, Q) myntunaptutHa mpexa tuna Q ca K = 2, yoposuma Vo = {n}, V1 = {p1}, Vo = {p2}, u
uBmnama (N, P;) ako ¥ camo aKo P; mpoct A Py+p2 = N. Taga Baxu:

I1, je HerauHa & Mpexa ®(I1,, Q) nMa Henmonpas/bUBY pyiLy.

Joka3 1 (IupexraHn).

[To KoHCTpYKIIUjH, YBOP N UMa UBHUIIE Y 00€ MAPTHTE aKO U CaMO aKo MOCTOj€ MPOCTHU P4, Pz TAKBH Aa P1+P2
= n. [IpernocTaBUMO J1a IOCTOjU Ny O0€3 TaKBe pernpe3eHTaIH]e.

Tana 4BOp N HEMA UBHIIE — TO je HEMONpPaBJbKBa pymna [4].

Jakie, I, HeTauHa < MOCTOj| YBOp O3 MBHUIIA < TOCTOjU HEMONMpaBJbKBa pymna [4]. m

Joka3 2 (KoHTpagukuujom).

(=) MpernocraBumo na I, Baxku (ma mocroju Ny 6e3 penpeseHrtawmje). Taxa YBOp Ny HEMA HUBUIEC — TO je
HeromnpaBJbuBa pyna [4].

(&) MpernocTaBUMO CYNpPOTHO: J]a Mpeka MMa HemonpasibuBy pyiy, anu na Il, Huje Herauna (Tj. aa He
MOCTOjU Ng 0e3 penpeseHraryje). Taga Ou cBakM mapaH N UMAao MBUIC — KOHTPAIUKIIHjA Ca TIOCTOjabeM
pyne. Hakie, Il mopa Outu HeTauHa. W

Joka3 3 (YHHBep3aJaHO NMpeCcIHKaBambe).

[Mpumenumo Teopemy 7.3 [2]na npobaem Il,. Kontpanosunujom:

I, Herayan & ®(I1,) uma HenonpaBibuBy pymy. Y mpexu ®(Il,, Q) pyna noctoju y 4Bopy No.

Haxkie, I, Hetauan < ®(I1,, Q) nma HeNMONPaBIEUBY PyITy. W

HPUJIOI B: OAI'OBOPU HA KPUTHUKE

VY oBOM, nocienmeM, MPUWIOTY, KA0 U 'y CBUM PaJOBUMa MIpHKa3aheMo HEKOJIIMKO KPUTHKA ca OITOBOPHUMA.

Kputuka 1: ,3amTo paaute paj 0 OYUTIEIHO HETAYHUM XUIOTe3aMa?"

Oxarosop: Jla mokakeMo j1a METOJIONIOTHja HE Jlaje ,TayHO" Ha CHUITY — OHA Jiaje 00jeKTUBHY UCTHHY. AKO On

METOJIOJIOTH]a pajiuiia 3a TauHe mpodiieMe, a He OM mpeno3HaBaja HeTauHe, oHa Ou 6una 6eckopucha. OBaj

paj mokasyje ja oHa paau y o0a cmepa.

Kputuka 2: ,Xunoreza X4 (kontpa-I'onabax) — kako MOXeTe TBPIUTH Jia je HeTauHa Kaja je ['onndaxosa

XMIIOTE3a 3allpaBo TayHa, IITO CTE BU U AOKa3zanu?"

Onarosop: X4 nuje tBpama 1a je Nongbax HeTauan. X4 je caMO XMINOTETHYKA NMPETIOCTABKA J1a IOCTOjH

KOoHTpanpumep (mapan 6poj Ne KOjU Ce HE MOXKE MPEICTABUTH Kao 30up JBa mpocrta). Mu mokasyjemo Ja Ta

HpeTIocTaBKa BOJM 10 HemompassbuBe pyne y mpexu tuna Q. [Ipema Teopemu 3.1 [6], Ta HemomnpassbrBa

pyna 3Hauu 1a xunore3a (y oBoM ciy4dajy, kKoHTpa-I'onndax) Huje Tauna. Jlakie, Ty koHtpa-Ionndax jecre
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HeTayaH, MTO OHJa 3Ha4yM jaa je ['onmgbaxoBa XUIoTe3a TayHa — IMITO j€ Y CKIAAY U ca HAIIUM MPETXOTHUM
JOKa3uMa.

Kpuruka 3: ,,0Baj pax je npeBwuiie jeJHOCTaBaH. "

Onrosop: CnoxeHocT HHje HaI nuJb. L{mib je jacHoha u moy3nanoct. OBaj paja mokasyje 1a METOA0JIOTHja
YCIICITHO TIPETIO3Haje M HeTaUHEe XHUIIOTEe3e, IITO je KIbYUHO 33 IheHYy KpeanOmwTHOCT. JlemoTa ympaBo u jecte
y jenHocTaBHOCTH. Ko je jomn BUIeo JIenoTy y KOMIUTHKanujaMa?

Kpurtuka 4: ,, A 3ap 0BO HHje caMO TPUBHjATHO — CBaKa HETavyHa XUITOTE3a BOJAHU /10 pyme?"

Onrosop: Huje tpuBujanHo. Pyna Mopa Oty Hemompas/bMBa — a TO 3HAYM Jla OBJI€ HE TIOCTOjU HUKAKBO
NpecIUKaBamke Koje Ou je MOIJIo 3aKpIuTH 0e3 HapyllaBama CTPYKType. YIpaBo Ta HeMOryhHOCT monpaBke
j€ OHO WITO pasNuKyje HeTaYHy XUIIOTe3y OJ TauHe. MeTojosoruja He Kaxe camo ,TOCToju pyna"' — oHa
Kake ,,0Ba pyIla ce He MOKe TIONIPaBUTH", a TO je MHOTO jaya U Mpelu3Huja TBPmbha.

EITUJIOI

OBaj pan je 6o OWTaH, ajdM W jeIHOCTaBaH 3a MHCAE jep CMO UMaNH cBe anate. VcToBpeMeHo je Ouo u
HajBaxHUjU. [loKka3anm cMO Ja Halla METOJO0JIO0THja He caMo Jia peliaBa npodjeMe — OHa UX U Mpeno3Haje.
Kana naubhe Ha HeTayHy XHIoTe3y, HE MOKYyIIaBa Ja je JOKa)ke — OHa jeIHOCTaBHO Kaxe: ,OBO He MOXke
outu Tauno." U To je Moxka HajBeha cHara OBOT MPUCTYTIA.

VY ToM cMmHucCITy, OBaj paj HHje Kpaj, Beh movyeTak HEKakBOT HOBOT pa3yMeBama. METOHO0JIOTHja KOja paau U
3a TAYHOCT M 32 HETAYHOCT je MeTO/10JI0THja Koja 3ac/Iy:Kyje myHo nmoBepeme. Cana, KOHAYHO 3HAMO J1a
nperno3Haje oba cMepa, Ta je MOXKEeMO MMPUMEHUTH U Ha Jpyre 00JacTH — HE caMo Ha MaTeMaTHKY, Beh u Ha
¢u3uKy, xemujy, OMOJIOTH]y, TT1a U HAa XOMEPOJIOTH]jy. Jep CTPYKTypa je CByna ucra — camo ce MaHudecTyje
Ha pa3InIuTe HAYMHE.

CBaky myT KajJa cMO NMPETNOCTABIIN 12 je HeKa XHI0Te3a HeTaYHa, CTPYKTYPA je 0Ar0BOPHJIa PYIOM
M CBaKM MyT KaJa CMO MPETHOCTABHJIM JIa j€ TauHa, pyma je nzocraia. Huje ciygajHo Beh je KOH3HCTEHTHO.
Kana merononoruja maje uctu onrosop 6e3 003upa Ha TO KO je IpUMemYje U Ha KOjH MpoOJieM, OH/Ia OHA U
npectaje aa Oyzae anat Beh mocTaje 3akoH. A 3aKOHU ce He JOKa3yjy — OHH C€ OTKPHBA]y.

H Ty ce kpyr 3arBapa. Humra Buimie He Tpeba 10a4aTH — CTPYKTYpAa je cama cede MOTBpAMIIA.
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COUNTEREXAMPLES - 4 FALSE HYPOTHESES

When structure refuses to bend, truth becomegassible.
Falsehood is not failure — it is a confirmatioaf boundaries.

ABSTRACT

This paper presents four hypotheses known to Ise.felach of them will be modeled as a network ef th
corresponding type, and then shown to not sattsfyconditions of the methodology — either the netwo
has an irreparable hole, or it violates the stmadtimperatives. In this way, the methodology vgile a
final answer: FALSE. These examples serve as atedialance to the papers that solve true hypotheses
thus completing the picture and confirming thatniethodology works in both directions — for trutidor
falsehood.
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