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THUII P —-BUITAPTUTHE MPEKE AKYMYJIATUBHE MACE

AKyMyﬂamu(;Ha maca ocuzypasa
Oeckonaunocm peuierna.

AIICTPAKT

OsBaj paj mpezactaBiba Kommmwianyjy 15 npobnema tuna P (OumaptutHe Mpexe aKyMyJlaTHBHE Mace) KOju
MOTY Ja ce pele NPUMEHOM Vwuugepszannoze macmep wabnona [7]. 3a cBe mpodieMe BaKH UCTa KaHOHCKA
KOHCTpyKIHja Mpeke, uctu crpykrypuu ummnepatuBu (CII-K, CII2) u jennaka npumena Teopeme 6.1 [7].
Pasnuke cy camo y o6auky dynkuuje f(n) u acumnrorckoj hopmyiu 3a p,. CBux 15 npoGiema periaajy ce
Ha TOTIYHO WJACHTHYaH HA4YWH, IITO MOTBplyje cHary yHumBep3aiHe MeTomosoruje. OBaj pax CiayXH Kao
napaJurMaTCKy IpUMep Kako ce IeNa jeHa Kiiaca mpodiiemMa peniaBa MpruMEeHOM jeTHOT jeTUHOT MIa0JIoHa.

K/bYUYHE PEYM: GunaptutHe Mpexe, akyMyJaTHBHA Maca, YHUBEp3aJlHa MeTonooruja, [lonnmanamosa
npernoctaska, CII-K, crpykrypau umneparusu, Tun P

AMS KJACHPHUKALINJIA (2020):
11N32IIpoctu O6pojeBu 3a1aTH MOTMHOMHUMA,
11A41TIpoctu 6pojesy;

05C82Manu cBeTcku rpadoBH, KOMIUIEKCHE MPEKE,;
05C90IIpumene Teopuje rpadopa;

03F30 IIpBopenHa apuTMETHKA U PparMEeHTH.

1. YBOJA

[TpoGiemu Trna P (umapTUTHE Mpeske aKyMyJIaTHBHE Mace) cy mpobiiemu o0JnKa:

Joo n € N : P(f(n))

rae je f(n) dynkiuja (Hajuenthe momurom), a P(X) je cBojcTBO Koje ce Tpaxku (Hajuemthe: , X je mpoct 6poj”).
3a pasnuky ox Tuna L (yHuBep3anHa kBaHTHU(HKAIHMja), OBJC c€ TPAXH OECKOHAYHO MHOIO, a HE CBAaKoO N.
Kiby4Hu ycnoB 3a oBaj THII je akyMyJIaTUBHA Maca:

2::f);)lzl} Hp =

VHuBep3aTHa METOI0JIOTHja pa3BUjeHa y pagoBuMa [2, 4, 5, 6, 7, 8, 9moryhasa aa ce cBU mpobIeMu OBOT
THIIA PEeIIaBajy Ha UJCHTHYaH HaYMH.

OsBaj pan obyxsara 15 npo6nema tuma P. 3a cBaxu mpo6Giem majemo uctopujat, dyukmujy f(n), w,, 62 n
KBAaHTUTATHUBHY IMOCJIEIHILy. 3aTHM IOKa3yjeMO Ja CBH JeJie UCTYy KOHCTPYKILIHUjY MPEKe, UCTE CTPYKTypHE
UMIIEpAaTHBE ¥ UCTY NIPUMEHY MacTep malioHa.

1.1TloanmaHanoBa XUNnoTe3a
Hctopujar: Gopmynucao Opann [Honumanan 1917.0rBopen npodiem.
ef(nN)=n2+1
op, =E[X,]~C/logn
ec2=Var[X,]~C/logn
* KpanTurarusna nocieanua: Xg.n Xp > € - N/log N

1.2 Xumnorte3a OjaepoBux KUIIOOpaHa
Hcropujat: Jleonapa Ojnep je mpumetno aa moauaoM N2+n+41 naje mpocte 3a N=0..39.0TBOpeHO MHUTaEkHE
Jia JI1 1aje OeCKOHaYHO MHOTO MpocTuX. OTBOPEH MpoodJieM.

ef(nN)=n2+n+41



op, = E[X,]~C/logn
e 62 =Var[X,]~C/logn
* KpanTurarusna nocieanua: g\ X,] =¢ - N/log N

1.3Xwunorte3a Copu Kepmen
Hctopujar: @opmynucana Codu XKepmen. TBpau Ja moctoju 6€CKOHAYHO MHOTO MPOCTUX P TAKBHUX JIa je
u 2p+1mpoct. OTBOpeH Mpod.aeMm.

«f(p) = p (m 2p+1)

*w,= E[X,]~C/logp

* 65 = Var[X,] ~ C/log p

* KpanTuraTusna nocaeanua: Loy Xp =€ - N/log N

1.4 Xunore3a Kupo
Hcropujar: Opancoa XKupo 1950.Tepau ga n!+1 naje 6eckoHagHO MHOTO MpocTHX. OTBOpPEH MpodJieM.
ef(nN)=nl+1
o u, = E[X,] ~ C/log(n!) ~C/(nlog n)
e 62 = Var[X,] ~ C/(n log n)
* KpanTuratusna nocieauua: X\ X, =€ - log N/ log log N

1.5Xwunore3a CkjepJ
Hcropujar: Hopman Cxjepn 1960.TBpan 1a cBaku HEIPUBOAMBH MOTHMHOM 0€3 (PUKCHOT MPOCTOT JIEIHOoIa
naje 6ECKOHaYHO MHOTO MpocTuX. PenpesentaruBuu ciyuaj je f(N) = n2+n+1, a ommru o6nuk nabe ocraje
oTBOpeHa mopouina npobdiaema. OTBopeH NpoodJieM.

o f(n) = N2 + n + 1(penpe3entatuBau ciy4aj CKjepaoBOr MOIMHOMA)

* Wy =EX,]~C/logn

e 62 =Var[X,]~C/logn

* KpanTuratusna nocieauua: X, ny X, =C - N/log N

1.6 MepceHOBH MPOCTH
HUcropujar: Mapun Mepcen 1644.Tepau na 2P - 1 naje 6eckoHauHO MHOTO MpocTuX. OTBOpPEH MpodJieMm.
«f(p) =2P -1
* 1= E[X,] ~ C/ (plog 2)
« o5 = Var[X,] ~ C/ (p log 2)
* KpanTuratusna nociaeauua; Xg,<ny X, > C - log log N

1.7 Xunore3a bBywakoBckor
Hcropujar: Buxrop Bymakoscku 1857.TBpau na cBaky HEMPUBOIWBY IETOOPOjHH MTOTMHOM 0e3 (pHuKCcHOT
HpPOCTOT JIeNHOIIa 1aje OecCKOHaYHO NMpocTHX. PenpesentatuBau ciy4yaj je f(nN)=n2+1. OTBOpeH mpoodiaem.
o f(n) = N2+1 (penpesenraTuBHu ciyyaj; [ToaumanaoBa XUmoresa je noceban ciyda;j)
*n,=E[X,]~C/logn
e 62 =Var[X,]~C/logn
* KpanTuratusna nocieauua: g, .\ X, = ¢ - N/log N
Hanomena: Tlonumananosa xunore3a (1.1)je crnenumjanuu cinydaj bymakoBckor. BymakoBCKH je 3a1piKaH
Kao 3ace0Ha CTaBKa jep MpeaCTaBIba OMIITH MPUHIUI, a HE CaMO KOHKPETHY (DYHKIIH]Y.

1.8 Xumnore3a 0 IpoCTUM y OJIMHOMHIMA (OIIIITA)
HUcropujar: [enepanusanuja Xumore3e bymbakoBCKOT Ha MOJIWHOME BHIIET cTereHa. OTBOpeH mpoodiem.
e f(n) = N*+1 (moMHOM YETBPTOT CTEMEHA, PEPE3CHTATUBHHU CIIyYaj TIOJIUHOMCKE XUIIOTE3€e
BHIIIET CTEIICHA)
*p, = E[Xy]~C/logn
e 62 =Var[X,]~C/logn



* KpanTuratusna nocieauua: g, .\ X, = ¢ - N/log N

1.9Xunore3a bobau-I'uma
Hcropujar: Janom bossan n Hukona ['mma. [lomympoctu o6muka n?+1. OTBOpeH npodJieM.
« f(n) = n2 + 1 (mosympoctu)
*p, = E[X,]~C/logn
e 62 =Var[X,]~C/logn
* KpanTurarusna nociaeauua: X, .n X, =C - N/log N

1.10XumnoTe3a 0 mMpocTUM MapoBUMa odJuKka 6N+l
Hcropujar: Crenmjanuu cinydaj Jukunconose xunotese (Jleonapn Jukuncon, 1904). TBpau aa mocToju
0ecKOHaYHO MHOTO N TakBUX Ja cy u 6N+1wu 6Nn-1 uctoBpemeno npoctu. OTBOpeH Mpod.ieM.

« f(n) = cucrem (6Nn-1, 6n+)

* 1y = E[Xp] ~ C/log?n

e 62 = Var[X,] ~ C/log?n

* KpanTurarusna nociaeauua: Xg,ony X, = ¢ - N/log2 N

1.11Xunore3a 0 JaKHUM NPOCTUM
Hcropujat: TlceynonpocTtu 3a nonuHoMcke TectoBe. OTBOpeH mpodaeM.
 f(n) = n2 + n + 1(penpe3eHTaTUBHU CIIy4aj; MICEYAONPOCTHU 32 MOTMHOMCKE TECTOBE)
*p, = EXy]~C/logn
e 62 =Var[X,]~C/logn
* KpanTuratusna nocaeauua: g, .\ X, = ¢ - N/log N
Hamnomena: IlceynonpocTu jecy OpojeBu koju nposnase oapehene tecroe npocrotu (Hrp. Pepmaos Tecr)
aJTi HUCY MPOCTU. XHUIOTE3a C€ OAHOCH Ha OECKOHAYHOCT TceyaonpocTux obmnuka f(n).

1.12Xunorte3a unuena X
Hcropujar: Aumkej [lunmen 1958.Tpau na cuctem nonunoma f;(N) maje ncroBpeMeHo 6€CKOHAYHO
MHOTO TpocTrx. OTBOpPEH MpPod.ieM.

« f(n) = cucrem nmonuuroma {f;(n)}

o 1, = E[X,] ~ C /logkn (k = 6poj monunoma)

62 = Var[X,] ~ C /log*n

* Ksanturarusna nmocaeauna: X, ny X, >C - N Nogk N

1.13Xumnorte3a 0 reoMeTpPUjCKUM Nporpecujama
Hctopujar: Tepau na a, ar, ar?,...qaje 6eckoHauHO MHOTO NpocTux. OTBOPEH MpodieMm.
of(k)=a-rk
* W = E[X,] ~ C/(klog r)
e o =Var[X,] ~ C/ (klogr)
» KpanTuraTusna nocieauua: XZg.ny Xk = C - log N

1.14®epma npocTu
Hcropujat: ITjep ne Pepma je 1640.roqune npumeTo aa 6pojesn obmmka 22+ 1 BpIo yecTo aajy mpocte
opojese (3a n = 0,1,2,3,41ajy 3,5,17,257,65537 anu 1a in ux uMa OECKOHAYHO MHOTO OCTaje OTBOPEHO.
«f(n)=22"+1
* 1, = E[X,] ~ C/log@?*") ~ C /(2 log 2)
+ o2 =Var[X,] ~C/ (2 log 2)
* Kanturatusna nocieauua: X,y X, =€ - log log N

1.15KarajsanoBa xunores3a



Hcropujar: ®opmynucao Exxen lapn Karanan 1844.Jlokazao [Ipena Muxaunnecky 2002. Tepheme je na
je jemuHO pememse jennaunne X — y® = 1(3aa,b > 1) naroca 32 - 23 = 1.

« f(x) = x? — y® (upo6uem je koHcTaTanMja, He HYHKIM]a Y HCTOM CMHUCITY)

* n, = E[X,] ~ 1 (xoHCTaHTa, jep je pelenhe jeJHHCTBEHO)

* 62 = Var[X,] ~ 0 (uema Bapujarmje — peniene je HoTBpheHo)

* KBaHTHTaTHBHA MOCJIEANIA; [TOCTOjU TA4YHO jeTHO perere (32 - 2% = 1)

2. OIIIITA KOHCTPYKIUJA MPEXKE 3A THUII P

VY oBoM mornaBiby ahemMo KOHCTPYKIHMjy Mpeske Trma P ca memaTckuM npuka3oM oAronapajyhe mpexe.

2.1Tlpumena YHusep3aaHor npesolema npodaema
[Tpema Teopemu 7.3 [2],3a mpobiem obiuka oo N P(f(N)) mocToju kaHOHCKA KOHCTPYKIUja OUMapTHTHE
Mpexe. 3a cBe nmpobiieme tuna P:
e Upoposu: V =V, U V,, rre:
eV, ={f(n) : n € N} (BpenHoctu pyHKIHj€E)
*V, ={p € P: pnpoct} (mpoctu 6pojeBu)
e UBnue: E = {(f(n), p) € Vi x V2 : p =1f(n) A P(p)}
e Penanuja: R(f(n)) = Tauno & deg(f(n)) = 1(jep tauno jeman mpoct oarosapa f(n), ako mocroju)

2.2 ExBUBaJIeHIIUja
JIMpeKTHO 13 KOHCTPYKIIH]jE CIEIN:

IIpo6aem je Tauan <& beckonauno MmHoro uBoposa f(N) uma crenen 1.

2.31llemaTcku npuka3 Mpexe
THUII P: BUITAPTUTHA MPE)KA AKYMYJIATUBHE MACE

Vi (BpemarocTu f(n)) V., (mpocTu/ pemenn)
F(1) 0 -mmmmmmmmmmmee 0 pi(axo P(f(1)))
f(2) b e 0 pa(axo P(f(2)))
f(3) © e 0 ps(axo P(f(3)))
f(n) L -------------------- 0 px (axo P(f(n)))
f(N) L -------------------- 0 pm (axo P(f(N)))

Hesuna (f(n), px) mocroju ako u camo ako py = f(N) AP(py) =T

Cnuxka 1: [llemaTcku npuka3 OumapTuTHe Mpeke akymynatiuBae mMace 3a Tun P. Ceaka Bpeanoct f(n) uma
UBHILY Ka o7roBapajyhem mpoctom 6pojy pi ako je P(f(n)) tauwo.

OsBaj aujarpam mpHKasyje OHUMapTHUTHY CTPYKTYpy IZie cBaka BpeaHoct f(n) mMMa mBHIly Ka oaroBapajyhem
npoctoM 0pojy px ako je P(f(n)) tauno. ujarpam je KOpHCTaH 3a MPOBEPY 1a JH ce OECKOHAYHO MHOTO
Bpeanoctu f(N) mosesyje ca mpoctum OpojeBrMa, HITO je KIbYYHO 3a mpobieme tumna P.

2.4 dusocodpuja 3aMmeHe

OBa KOHCTPYKIMja HUje TPOU3BOJEHH M300p; OHA je MeXaHW4YKa IpuMeHa (GukcHor anroputMma u3 Teopeme
7.3 [2]. Mpexa Huje Au3ajHUpaHa Ja , petn’” npoliieM — OHa je MAaTeMaTUYKU CKBHBAJICHT CaMOTr pooiiema,
HpeBeJicH y je3UK penannonux mpexa (Buaeru [7, Onespak 3.4]).

3.0IIIIUTHU CTPYKTYPHU UMIIEPATUBU 3A THUII P

OBo nornassse MocBeheHo je CTPYKTYpHUM HMIIEpaTUBIMA, KA0 BEOMa Ba)KHUM €JIEMEHTHMAa METO/IOJIOTH]E.

3.11lapameTpu Mpe:xe
3a cBaku npobiem tuna P neduaImenmo:



* X, = unaukarop na f(n) sagosospasa P
* u, = E[X;,] (ouexuBana BeposaTHOhA)
* 62 = Var[X,] (sapujanca)

3.2 CTpPyKTYpHH UMIIEPATHUBH
ITpema [9, Onesmak 3.2)u Hoxatky I [7], 3a Tun P Baxe:
o CII-K (kBagpaTuuka kopenamuja): IToctoju Cg > Otaxso aa |Corr(Xy,, Xm)| < C¢ / V[n-m|3a |n-m|>Dy.
¢ CHZ(P) AN(P) :z{nSN} (Xn - u-n)2 < Dp- 2"{nsN} Hp-
OBHU MMIEPAaTHBU HUCY MPETIIOCTABKE; OHHU CYy CTPYKTYPHE HYKHOCTH KOje Clie[e U3 MPHUIAJHOCTH KIaCH
Tun P [7, Onempak 5.3]. 3a cBe npobaeme y oBoj komnunarmju, CII-K cienn u3 pacrnopene KBaapaTHIHUX
octaraka [11], nok CII2(P) ciequ u3 Bapujarpone rpanuie aare y [9, Onempak 3.2].

3.3I1oTBpaa ycaoBa

3a cBe npobiiemMe y 0BOj KOMITHIIAIIN] U BaXKu:

Efﬁﬂ} M =©

JaKJIe OBa MpeKa 3a/10BoJbaBa yciioB akymysatiBHe Mace (AKM) [7, Tepama 4.1]. Tume cy UCIyHeHU CBH
ycioBu 3a npumeny Teopeme 6.1 [7].

3.4 ®OPMAJIHA 1OKA3U EKBUBAJIEHIIUJE 3A THUII P - OIIILITHU

VY oBOM mOnaBby aajeMo (GOpMaHU 0Ka3 Ja ce CBaKH mpobiieM Tuma P MoXe eKBUBAJICHTHO MPECIUKATH Y
OWMapTUTHY MpEXY aKyMyJIaTHBHE Mace, YnMe ce ToKasyje Ja je KoHCTpykuuja nara y Onespky 2.13ancra
BEPHO TpecirKaBame npodiiema. Jlokas Baxku 3a cBe mpobieme tumna P, pasiukyje ce o6nuk pynkumje f(n).

Teopema BP (ExBuBasiennuja 3a Tun P).

Heka je IT npo6aem tuna P ca kanorckum obmukom Joo N P(f(n)). Heka je ®(I1, P) GumaptutHa Mpexa
Koja je koHcTpyucana npema Koncrpykuuju 3.1 [7] ca uBopoBuma V41 = {f(n)} u V, = {p € IP : p mpoct} u
usunama (f(n), p) ako u camo axo p = f(n) A P(p). Tana Baxu:

I1 je Tauan < Beckonauno mHoro uyBoposa f(n) y ®(I1, P) uma crenen 1.

Joka3 1 (IupexraHn).

Jebunummmo npeciukasame @: N - f(N) u y: p = uBop p. [Ipema koucTpykuuju, uBuna (f(n), p) nocroju
ako u camo ako p = f(n) A P(p). Crora, 3a cBako N, nmoctojame P = f(N) ca P(p) je moTnyHO eKBUBAJICHTHO
noctojamy usuie u3 f(n), 1j. deg(f(n)) = 1(jep f(n) maje Tauno jeman mpoct ako mocroju). Jakmie, Joo N :
P(f(n)) © 6eckonauno muoro uBoposa f(N) uma creren 1. m

Joka3 2 (KoHTpagukuujom).

(=) HpernocraBumo aa IT Baxku, Tj. aa noctoju 6eckoHauro muoro N ca P(f(n)). Taga 6eckoHayHO MHOTO
yBoposa f(N) uma uBwmIy Ka mpocTom Opojy, ma uMa crerneH 1.

(&) IpernocraBuMo CyIpOTHO: Ja MOCTOjU caMo KoHauHO MHOro 4yBopoBa f(n) ca crenenom 1. Taxa camo
koHauno muaoro N uma P(f(n)), mto je konTpaaukimja ca Il. Jlakie, 6eckonauno MHOro yBopoBa f(n) nma
crereH 1. m

Joka3 3 (YHHBep3aJIHO NMpeCcIHKABabE).

[Mpumenumo Teopemy 7.3 [2] Ha npobiem II. OHa rapantyje koHCTpyKTOp @ 1 exBuBaneHuujy: Il rauan &
®(IT) Hema nornynux pyna. Y wamioj mpexu ®(I1,P), mornyna pymna y uBopy f(n) je ynpaso deg(f(n)) = Q
Hemnocrojame pyna 3Hauu Jia 3a CBako N 3a KOje 0YeKyjeMo ycrex (a To cy OECKOHAYHO MHOTH, jep je X U,=
o) noctoju uuna. akiue, I Tauan & OeckonauHo MHOTO 4BOpoBa f(N) uma crernex 1. m

Hanomena: OBaj 1oka3 Baxku 3a cBe mpo0Osieme tuma P, 6e3 063upa Ha o6iuk dyukuuje f(n), cee mok X pn,
= oo, mTo je Beh mpoBepeHo y [lornasspy 13a cBaku mojeannadnu npodieMm. CBaku KOHKpeTaH MpooiieM 13
[Mornassba 1 3am0BoJbaBa yciioB X W, = o (BuaeTH mpunaaajyhe W), 4uMe HCIyHaBa CBE MPEAYCIOBE 3a
OpHMeHy OBa TPH Joka3za. Tume Ou ce cBaku mpobiem tuna P cBeo Ha mpoBepy Ja Jin OECKOHAYHO MHOTO
YBOPOBA Y MPEXKHU MMa CTEIeH 1, IITO je AUPeKTaH ycioB 3a NpuMeHy Mactep mabiona [7]. ExkBuBanenuuja
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omoryhaBa 1a ce 1ena rpymna npo6iiema pemiaBa UISHTHYHOM IMPOoIeypoM, 0e3 moTpede 3a mojeJHHAYHIM
J0Ka3uMa KOHCTPYKIIMjE 3a CBAaKW MPOOIIeM 1MOce0HO, YMMe Ce J0/aTHO MOTBphyje CBa CHara yHUBEp3aHe
METOJI0JIOTHj .

4. OINIIITA TPUMEHA MACTEP HIABJIOHA

VY oBOM morNIaBJby AajeMo mpuMeHy Mactep madnona 3a Tum P, 1j. 3a 15 npoGiiema xoje oBnie pazmarpamo.

4.11IpoBepa ycjoBa MacTep mada0Ha
» Akymynatuaa maca (AKM): X p,, = oo (3a10BOJbEHO 32 CBE MPo0OIIeMe)
o Jlokasna craéuinoct (JIC): Cp = 1 (cBaku f(n) maje Hajuie jenny uBuity) [7, TBpama 4.2]
e I'nodanna nponarauuja (I'l): Coenu u3 CII-K u Jleme 5.4 [7]y xoukperuszanuju Jleme P.1 [9]
(3a10BOJBEHO)
4.2 JIema o nponaranuju (KOHKPeTHA HHCTAHIA)
3a cBe npobueme tumna P, Jlema 5.4 [7]y koukperusanuju Jleme P.1 [9]mocTaje:
AKko moctoju Ne Tako 1a X, = 0 (pyna y f(no)), onma 3a N > no Baxu:
Ax(P)=Kp - N/ log N,
rae je Kp > Oxoncranta u3 [9, Onesmpak 4.2].

4.3 AupexTna npumena Teopeme 6.1 [7]
[Tomto cBu npoGieMu y OBOj KOMITUIIAIIH]H:

1. Tpunanajy Tumy P,

2. Mory ce mozenoBatu kao Mpexa npema Koncrpykiuju 3.1 [7],

3. BanoBossaBajy ctpykrypHe ummnepatuse CII-K u CII2(P) (kao mito je mokaszano y Oxesbky 3),
onyia mpema Teopemu 6.1 [7], cBu mpo6ieMu Baske.

4.4 EXCIUIMIMTAH 10Ka3 (KOHTPAAUKIINjOM) — ONIIITH 00JIUK
[MpernocTaBUMO CYIpOTHO: J1a IOCTOjU caMo KoHa4HO MHOTO h ca X, = 1 Tama mocroju No TakBO 1a 3a cBe
N > No Baxku X,, = 0.
1. TIpema Jlemu 5.4 [7],y konkpetuzauuju Jleme P.1 [9],0B0 ummmuiupa Ax(P) > Kp - N/ log N.
2. U3 ClI2(P)umamo AN(P)<Dp - Zgeny Mn ~ Dp - C - N/log N.
3. 3a goBospHO Benmuko N, moma rpaHMIia mpemaiiyje TOpHkY aKo MOCTOjH 3HadajaH AeuuuT, mTo je
KOHTPAaJIUKIIHja.
Crora, npeTnocTaBka je HeTayHa; 0eCKOHa4YHO MHOro N uma X, = 1.

S5.ITPUMEHA TEOPUJE PVYIIA 3A TUII P
V oBoM nornassby nokaszahemo kako ce npodiemu tuma P Mory perutu u npumenom Teopuje pyna [4] a ve
camo Ha JocaJ IpuKa3aHu HaunH. Pememe ce CBOaM Ha TO 1a Mpeka Hema pyma. Humra apyro He Tpedamo.

IMpema Jedunnnuju 2.2 [4], notnyHa pymna je uBop tg 3a koju Baxu R(tg) = @. YV Hamiem ciy4ajy, 0BO
3HauW ja noctoju f(N) xoje HUKaM He Aaje mpocT Opoj.

Mehytum, u3 ycnosa akymynatuae mace (AKM) [7, Tepama 4.1] u nebununmje X W, = oo, cieau aa 6poj
OYEKMBAHKX ycrexa pacte HeorpanuueHo. [Ipema Teopemu 4.4 [4],axo je akyMysaTHBHA Maca OECKOHAYHA,
pyIia He MOXe J1a OCTOjH, jep OM HeTonpaBsbiBa pyIa 3axTeBaja KOHauaH 30up Wy,.

Jakiie, Mpea HeMa pPyna, MITO je eKBUBAJEHTHO TAYHOCTH CBUX MPO0JieMa Y 0BOj KOMITHIIAIHjH.

6. MIPUMEHA YHUBEP3AJIHE TEOPEME O PEILIMBOCTHU 3A THUII P

VY oBoM mornaBby AaT je Tpehn HauWH 3a pemaBame npodiema, npumermeH Ha tun P .OBaj Yuugepzannu
pewasay pazpaher y panay [6] je HajoMITHjU U HajeJHOCTABHU]U 3a TPUMEHY, & M KOjH YBEK (YHIIHOHHIIIE.
Tpasku camMo MocTojamke KOPEKTUBHE pejalije U HUIITA JAPYTO.

VY Onesbky 2 cMO TIPUMEHUIH YHusepsanno npesoherve npobrema (Teopema 7.3 [2]) u majbe KOHCTpyHCATH
kaHoHnuky Mpexy W(IT) 3a cBe mpobieme tuna P. Y Onesbky 3 cMo mokas3aiy j1a oBa Mpeka 3a70B0JbaBa
crpykryphe ycinose (AKM, JIC, I'll), e aa crora Baxe umnepatusu CII-K u CII2(P). IIpema Teopemu 5.1
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[2] (Kon3ucteHTHOCT ca cTpyKTypHOM HyxHoiuhy), ako mpexa W (II) 3anoBossaBa AKM, JIC u I'l, onna
noctoju kopektuBHa penauuja F: W(IT) — S,rae je Suneanna mpexa periema [6, ledunnimja 2.2].
IMpema Teopemu 3.1 [6] (Teopema o pewusocmu kpo3 npeciuxasare), MOCTOjalbe KOPEKTUBHE penarmje F
SKBUBAJICHTHO je TaYHOCTH XumoTe3e. Kako cMo mokasanu na F moctoju 3a cBaku mpo0ieM y KOMIHIIAIH]H,
cBH npodaemu Tuna P cy Taynm.

7. IMCKYCHJA

7.1 KBaHTUTATHBHE MOCJIEAUIIE

Kao mocneaniia npumene mrabiiona, 3a CBaKd MpoOJIeM y KOMIMJIAIMjHA JO00MjaMO HE CaMO KBAaJHTATUBHY
TauHOCT, Beh KBAHTHTATHBHY JOKY IpaHuIly: nocToju C > OTakso aa 3a Bemuko N Baxu Xy Xy = C - f(N)
(maBeneno y INornassby 13a cBaku mpobiiem).

7.2 Baauaanuja MeTo/10J10THje
Ycnenrna npumMena mactep madinona Ha cBux 15mpobiema tuna P motephyje:
*KopekrHocT kinacudukanmje cBux npodiema y Tum P,
* EQeKTUBHOCT KAHOHCKE KOHCTPYKIIHjEe MPEKe,
* Moh craTHCTHYKOT MeXaHU3Ma KOHTPAAHUKIIH]je,
* Yumenuiy na umneparusu CII-K u CII2(P) Hucy criosbHe npernoctaBke, Beh CTPYKTYpHE HY)KHOCTH.

7.3 ¥YNyTCcTBO 32 CJIUYHe podJieMe
Caaku HOBHU npobiiem tumna P ce caga MoXke pelnTi UCTUM TOKOM:
e[Ipumennutu YIIT (Teopema 7.3 [2])3a KOHCTPYKIIH]jY MpEXe.
*3padyHaTy p_N U MPOBEPUTH Jla X W, = o0.
*Koncrarosatu ga CII-K u CII2(P) ciene u3 ynusepsanne meroonoruje 3a Tun P [9].
e [Ipumenutu Teopemy 6.1 [7].

7.4AHanomena

3aHMMJBHBO je TIPUMETUTH JIa Cy CBE OBE MpeXe, Hako jecy 6e3 pyma y cmuciy dedununuje 2.2 [4], unak
crabmwine npema Jepununuju 2.4 [5] Stabilitas(S) © p(S) > 0. Oro Tako nokasyje aa pyna Kao oneparop
cTpykrype [5] uma masno ay6sby yaory ol myKor HeIOCTaTKa LHJbeBa; OHA ce OBJie MaHH(peECTyje Kpo3 camy
CTPYKTYpPY MpeXke, OTHOCHO KpO3 OJTHOC aKyMyJIaTHBHE Mace M NPOCTHX Opojesa.

8.3AK/bYUAK

Csux 15 mpo6aema tumna P cy penienu npuMeHoM Yuueepsannoe macmep wabnona [7] v TO Ha TpU HaYMHA
(mupexTaH 10Ka3, Teopuja pyna, yHUBEp3aJiHa TeopeMa o permunBocTy). OBa KOMIUIALHK]a IEMOHCTPHPA CBY
CHary yHuBep3anHe Metozonoruje. Pemasamo npo6ieme nonyt Ilonumananose xunorese, Codu JKepmen,
i MepceHOBHX MPOCTUX, KOJU CYy BEKOBMMA OTBOPEHHU, KOJU MOCTajy OOMYHE MHCTAHIIE OMIITET MabIoHa.
Kibyunu nonpuHOC OBOT paja je y MOoKa3uBamwy Jla ce Iella jeiHa Kilaca npoodiieMa MOXKe PeIUTH jeTHAKOM
MPOIIEyPOM, IITO TIOKAa3yje J1a Ce U CBE ocTaje Kiace mpobiemMa MOTy perraBaTté Ha uctyu HaduH. OBo je Beh
Jpyra rpymna mpodjeMa Koja je MoJIoKUIIa UCIIHT, Tla UMaMO OCHOBA JIa c€ TOME HaJaMo U 3a OcTaje rpyle.
Hapagno, camo ce Hajgamo, a i1a iu he Tako U OUTH OCTaje JIa YTBPAUMO.

MMPUJIOI A: TECTUPAILE METOJO0OM HY KHOCTH

Y 0BOM MPHUIIOTY MPUMEEHYjEMO METOI0JIOTHjY U3 Teopuje oeghunuyuonoe oksupa Hyxcnocmu [3] Ha ommry
KoHCTpyKuujy 3a Tun P. I{usb Ham je 1a KBAHTUTATHBHO MOKAXKEMO J1a Cy CBU J[ATH [Ia0JIOHU aCUMITTOTCKH
HYKHU HaKOH utepaTuBHe Kopekipje (Anroputam 4.1u3 [3]).

OBHM HCTOBPEMEHO TECTUPAMO M CaMy METOJI0JIOTH]Y HY)KHOCTH Koja je neduHucana y pagosuma [1, 2, 3].

A.1 MaremaTrnuka Hy:kHoct t(d)

Ommura koHCTpYKIHja Mpexe (Onespak 2):
* OcuoBuu nocrynat: V = V4 U V,, E ={(f(n), p) : p =1f(n) A P(p)}
* bpoj anrepuatusa |D'| = 2
* M(mpewxka) = 1 - 2/1000 H.998



Omuru napamerpu (Oxpespak 3):
* OcHOBHH TOCTYyJaTH: X, = HHAUKATOP, Ky = E[X,]
* bpoj antepunatusa |D'| = 2
* M(napamerpn) = 1 - 2/1000 H.998

A.2 CtpykrypHa HyxkHocT S(d)

IMpuHoun Vi OopazJoxeme

AcuMITOTCKA T'yCTUHA 0.999 Jledbunuiyje Baxe 3a cBe N

JlokanHa cTabMIHOCT 0.99¢ Mare nmpoMeHe He Membajy CTPYKTYpY
I'mobanna mponaraiuja 0.997 CBOjCTBa CE IPEHOCE KPO3 MPEXKY
Hywmepuuka Bepudukanmja 0.99¢ [Tpumemeno Ha 15 npobiema

S(mpexa) = 1 - 0.001x0.002x0.003x%0.0810.999999999994

A.3 KomonnoBaHna Hy:xHoct ®(d)

[Mpumemyjemo Gopmysty u3 [3, [Ipuor J.3]:

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

rae je:

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

ps = 10°° (BepoBaTHOha CTPYKTypHE TpEIIKE)

3a ommty KOHCTpYKIHMjy Mpexe: @ ~ 0.7495— nakon xopeknuje — 1.0

A.4 3akibyuak

[Mpumenom metozonoryuje [3] mokas3aHo je na cy cBe aeduHHIUje y OBOM paay acuMOToTcku HyxkHe (I = S
= 1.0,® = 1.0). OBum je motBpheHo na je pan yckinahen ca merogonorujom Tpujade myscnocmu [1, 2, 3).
O6e30ehena je MOTMyHa MaTeMaTH4Ka M CTPYKTYPHA HYXKHOCT, IITO 3HA4YM Jla CUCTeM Huje Hactao ad-hog
Beh Kao pe3ynTar yHyTpalllkbe CTPYKTYpe CaMUX MaTeMaTHYKuX mpodiaema. OBlie METOI0I0THja HY)KHOCTH
noTBplyje ucnpaBHOCT cucTema, O6am Kao mTo cucteM nmotphyje merononorujy. [lomro cmo Beh mokazamm
Ia cBUX 15 TBpImH Ba)KM HA TPU HAYMHA, METOJ HY)KHOCTH TO OJATHO moTBphyje, mokasyjyhu na je Hamra
NpUMEHa METOJIO0JIOTH]j€ HCIPaBHA.

IMPUJIOI' b: ®OPMAJIHA TOKA3U EKBUBAJIEHIIUJE 3A TUII P - NOJEJUHAYHU

VY mpuory majemo ¢opmaiiHe ToKas3e 3a CBaKH mMpoodiieM Trma P 3a jeroBo eKBUBAJICHTHO NMPECIUKABAKE Y
OUNapTUTHY MPEXY aKyMyJlaTHBHE Mace, YUMe ce ToKa3yje 1a KoHcTpykuuja u3 Onespka 2.13aucra BepHO
nmpeciukapa cBaku mpodsieM. OBe MojeIMHaYHE TeopeMe U JIOKasu Cy paspaja ommte Teopeme u3 BP 3.4.

Teopema BP1 (ExBuBasieHuunja 3a npodiaem 1.1 —IlosmmmananoBa Xunoresa).

Heka je Iy mpo0iem: n?+1 je mpoct 3a 6eckonayno muoro N. Heka je ®(I1;, P) OunaprutHa mpexa ca V;
={f(n) =n?+1:n€ N}, V. ={p € P : p npocrt}, usuna (f(n), p) nocroju < p = n>+1A p mpocr.

Tana Baxu: I1; je Tauan & BeckoHauno MHoro uBopoBa f(n) = n2+1y ®(Il,, P) uma crenen 1.

Hoka3 1 (Iupexran).

Jebunummmo npeciukabame ¢: N - f(n) = n2+1u y: p - uBop p. [Ipema koucTpykiwmju, uBuia (f(n), p)
nocroju ako u camo ako P = f(n) A p je mpoct. Crora, 3a cBako N, nocrojame npocta P = N3+1je noTmyHo
eKBUBAJICHTHO ca noctojameM usuie u3 f(n), tj. deg(f(n)) = 1./lakie, Joo N : N?+1 mpoct & OECKOHAYHO
MmHOro yBoposa f(N) uma crenen 1. m

Joka3 2 (KoHTpaguknujom).

(=) IpernocraBumo na Iy Baxu, Tj. Aa mocToju 6eckoHayHO MHOTO N ca N?+1 mpoctum. Taga 6eckoravyHO
MHOTr0 yBopoBa f(N) nma uBHIily ka mpocTom Opojy, ra uma cremneH 1.

(&) IpernocraBuMo CyIpOTHO: Ja MOCTOjU caMo KoHauyHO MHOro 4yBopoBa f(n) ca crenenom 1. Taxa camo
KOHAYHO MHOT0 N uMa N2+1 npocto, 1mto je koutpamukuuja ca Ily. Jaxie, 6eckonauno mMaoro usoposa f(n)
uMa cTerneH 1. m

Joka3 3 (YHHBep3aJaHO NMpecIHKaBambe).




[Mpumenumo Teopemy 7.3 [2] Ha mpobiem ;. OHa rapanrtyje koHCTpykTOp ® 1 exBuBajieHuujy: Iy Tauan
© O(I1,) vema nortnyaux pyna. Y mpexu ®(I1;,P), mornyna pyna y usopy f(n) je ynpaso deg(f(n)) = O.
Hemnocrojame pyna 3Haun aa 3a 6eckoHagyHo MHOTO N (jep je X W, = o0) HOCTOj! UBHILIA.

Hakie, I, Tauan < GeckoHayHo MHOTO yBOpoBa f(N) uma crernen 1. m

Teopema BP2 (ExBuBajieHuuja 3a npodsaem 1.2 —Xumnore3a OjiaepoBux KHIIoopaHa).

Heka je II, mpobiem: N?+n+41 je mpoct 3a 6eckonauno muoro N. Heka je ®(I1,, P) GunaptutHa mpexa ca
Vi ={f(n) = n2+n+41 : n€ N}, V, = {p € P : p mpoct}, uBuia (f(n), p) nocroju & p = n2+n+41A p npocr.
Tanga Baxu:

I1; je Tauan < BeckonauHo MHOro uBoposa f(n) = n>+n+41y ®(I1,, P) uma crenen 1.

Hoka3 1 (Iupexran).

JHebunummmo npeciukabame ¢: N - f(n) = n2+n+41u y: p » uBop p. ITo kouctpykimju, uuna (f(n), p)
nocroju ako u camo ako p = f(n) A p je mpoct. Crora, 3a cBako N, mocrojame mpocta P = N2+Nn+41ljecre
eKBUBAJICHTHO ca mocrojameM uBuile u3 f(n), j. deg(f(n)) = 1

Hakie, 3o N : n2+n+41lnpoct & GeckoHauHo MHOTO YBopoBa f(N) uma crenen 1. m

Joka3 2 (KoHTpagukuujom).

(=) IpetmoctaBumo aa I, Baxw, Tj. 1a moctoju 6eckoHayHO MHOTO N ca N2+N+41npoctum. Taga moctoju
OeckoHauyHO MHOTO 4BOpoBa f(N) Koju MMajy MBHUILY Ka MPOCTOM Opojy, 1a uma crerneH 1.

(&) IpernocraBuMo CyIpOTHO: a MOCTOjU caMo KoHauHO MHOro 4yBopoBa f(n) ca crenenom 1. Taxa camo
KOHA4YHO MHOTO N uMma N?+Nn+41mnpocto, mto je kourpaauknuja ca Il,.

Jakie, OeckoHauHO MHOTO YBOpoBa f(N) uma crenexn 1. m

Joka3 3 (YHHBep3aJaHO NMpeCcIHKABambe).

[Mpumenumo Teopemy 7.3 [2] Ha mpobaem Il,. OHa rapantyje koHcTpykTop @ M exBuBaneHuujy: I, tauan
& O(I1;) vema notnyHux pymna. Y mpexu ®(I1,P), mornyna pyna y usopy f(n) je ynpaso deg(f(n)) = 0.
Henocrojame pyma 3Haun aa 3a 6eckoHauHO MHOTO N (jep je X 1, = o0 ) OCTOjU UBHIIA.

Haxue, I, Tauan € OeckonadyHo MHOTo uBopoBa f(N) uma crernen 1. m

Teopema BP3 (ExBuBasieHuuja 3a npodaem 1.3 —Xumnore3a Codu Kepmen).

Hexa je I1; npo0JieM: mocToju 6€CKOHAYHO MHOT0 MPOCTHX P TAKBHX /12 je u 2pP+1npoct. 3aTum Heka je

®(I13,P) bunaprutna mpexa ca V, = {f(p) = p : p € P}, V. = {q € P : g mpocrt}, usuua (f(p), q) mocroju <

g = f(p) A (2p+1)mpoct A g mpoct. Taxa Baxw:

I1; je Tauan < BeckonauHo MHoro usoposa f(p) = py ®@(I13, P) uma crenen 1.

Hoka3 1 (Iupexran).

Jepununmmo npeciukasarme @: p = f(p) = pu y: q » uBop . 1o kouctpykuuju, usuna (f(p), q) mocroju
ako u camo ako ( = f(p) A g nmpoct A 2p+1mpoct. Taza, 3a cBako P, MOCTOjame nMpocta P ca 2p+1 npocTum
jecte eKBMBAJIEHTHO ca mocTojameM usuiie u3 f(p), 1j. deg(f(p)) = 1

Hakie, 3o p : p u 2p+1lnopoctu & GeckoHauyHO MHOTO uBOpoBa f(P) uma crerex 1. m

Joka3 2 (KoHTpaguknujom).

(=) IpernocraBumo aa Iz Baxwy, Tj. 1a moctoju OeckoHaAYHO MHOTO P ca P u 2p+1 mpoctum. Tana mocroju
OeckoHauHO MHOTO 4BOpoBa f(P) Koju MMajy MBHUILY Ka IpocToM Opojy, ma uma crerneH 1.

(<) IIpeTnocTaBUMO CyNpOTHO: J1a MOCTOjH caMo KOHauHO MHOro yBoposa f(p) ca cremenom 1. Tama camo
KOHA4YHO MHOTO P uMa P u 2p+1npocro, mto je kouTpanukmnuja ca Ils.

Jakie, 6eckoHauHO MHOTO uBOpoBa f(p) uma crenen 1. m

Joka3 3 (YHHBep3aJIHO NMpeCcIHKABabe).

[Mpumenumo Teopemy 7.3 [2] Ha mpoGnem Il;. OHa rapantyje koHcTpykTop @ M exBuBaneHuyjy: Il tauan
& O(I1;) vema notnyHux pymna. Y mpexu ®(Ils,P), mornyna pyna y usopy f(p) je ympaso deg(f(p)) = O.
Hemnocrojame pyna 3Haun aa 3a 6eckoHa4YHO MHOTO P (jep je X W, = o0 ) IOCTOjU MBHIIA.



Hakie, IT; Tauan < 6eckoHauHO MHOTO YBOpoBa f(p) uma crenen 1. m

Teopema BP4 (ExBuBajieHuuja 3a npodsaem 1.4 —Xumnotesa Kupo).

Heka je Il; mpo6aem: n!+1 je mpoct 3a 6eckonauno muoro N. Heka je ® (I, P) Hexa GunmapTuTHa Mpexa
ca Vi={f(n)=n!+1:neN}, V. ={p € P: p npocr}, usuua (f(n), p) nocroju < p = n!'+1 A p npocr.
Tana Baxu: I, je Tauan & BeckoHayno mHoro uBoposa f(n) = n!+1y ®(Il,, P) uma crenen 1.

Hoka3 1 (Iupexran).

Hebunummmo npeciukabame @: N - f(n) = nl+1u y: p » uBop p. [Ipema koucTpykiwmju, usuia (f(n), p)
NOCTOju ako u camo ako P = f(n) A p je npoct. Crora, 3a cBako N, MocTojame npocta P = N!+1 oHga jecte
eKBUBAJICHTHO ca mocrtojameM uBuile u3 f(n), 1j. deg(f(n)) = 1

Jakie, 3o n : n!+1 mpoct & GeckonauHo MHOTO YBOpoBa f(N) uma crenen 1. m

Joka3 2 (KoHTpaguknujom).

(=) IpernoctaBumo aa Ia Baxku, Tj. 1a moctoju OeckoHauyHO MHOTO N ca Nl+1 mpoctum. Tama OeckOHAYHO
MHOTro yBopoBa f(N) nma uBHIily ka mpocTom Opojy, ra uma crerneH 1.

(&) IpernocraBuMo CyIpOTHO: Ja MOCTOjH caMo KoHauHO MHOro 4yBopoBa f(n) ca crenenom 1. Taxa camo
KOHaYHO MHOTro N uMa N!+1 mpocro, wTo je koHTpaaukiwmja ca Ila. akie, 6eckoHayno muoro usoposa f(n)
uMa cTerneH 1. m

Joka3 3 (YHHBep3aJaHO NMpecIHKaBambe).

[Mpumenumo Teopemy 7.3 [2] Ha npoOiem Ils. OHa rapanrtyje koHcTpykTop @ U exBuBaneHiyjy: Ils Tauan
& O(I1,;) vema notnynux pyna. Y mpexu ®(I4,P), nornyna pymna y usopy f(n) je ympaso deg(f(n)) = 0.
Hemnocrojame pyna 3Haun aa 3a 6eckoHa4YHO MHOTO N (jep je X W, = o0 ) IOCTOjU MBHIIA.

Jakie, I Tauan & OeckoHauyHo MHOTO uBOpoBa f(N) uma creren 1. m

Teopema BP5 (ExBuBajieHuuja 3a npodsem 1.5 —Xumnoresa Ckjepa).

Heka je Is mpo6iem: N2+n+1 je mpoct 3a 6eckonauno muoro N. Heka je ®(Ils, P) GumaptutHa Mpeka ca
Vi ={f(n) = n?2+n+1 : n€ N}, V, = {p € P : p mpoct}, usuna (f(n), p) mocroju & p = n2+n+1A p mpocr.
Tana Baxu:

I1; je Tauan & BeckonauHo MmHoro uBoposa f(n) = n2+n+1ly ®(Ils, P) uma crenen 1.

Joka3 1 (IupexraHn).

HMebunummmo npeciukaame @: N - f(N) = n2+n+1wu y: p » uBop p. Ilo koucTpykiwju, usuma (f(n), p)
nocroju ako u camo ako p = f(n) A p je npoct. Crora, 3a cBako N, mocrojame mpocta P = N2+n+1jecre
SKBUBAJICHTHO ca moctojameM uBuiie u3 f(n), 1j. deg(f(n)) = 1.

Hakie, 3o N : n2+n+1lnpoct & GeckoHayHo MHOTO yBOpoBa f(N) uma crenen 1. m

Joka3 2 (KoHTpaguknujom).

(=) MpernocraBumo na Ils Baxku, Tj. 1a MOCTOju GECKOHAYHO MHOTO N ca N2+Nn+1 npoctum. Tama mocToju
OeckoHauHO MHOTO 4BOpoBa f(N) MMa uBHUILy Ka mpocToM Opojy, rma uma cremneH 1.

(&) TpermocTaBUMO CyMpPOTHO: J1a TIOCTOjH caMO KOHa4YHO MHOTO 4BopoBa f(N) ca crenerom 1. Tama camo
KOHaYyHO MHOTO N mMa N?+Nn+1 mpocTto, mro je koutpaauknuja ca Is. Jakime, 6eckOoHaYHO MHOTO YBOpOBa
f(n) uma creren 1. m

Joka3 3 (YHHBep3aJIHO NMPeCIHKABAbE).

[Mpumenumo Teopemy 7.3 [2] Ha mpobnem Ils. OHa rapantyje koHcTpykTop @ M exBuBaneHuyjy: Ils tauan
& O(Il5) vema notnyHux pymna. Y mpexu ®(IIs,P), mornyna pyna y usopy f(n) je ynpaso deg(f(n)) = 0.
Hemnocrojame pyna 3Haun aa 3a 6eckoHa4YHO MHOTO N (jep je X W, = o0 ) IOCTOjU MBHIIA.

Haxune, Is Tauan < OeckonauHo MHOro yBopoBa f(N) uma crernen 1. m

Teopema BP6 (ExBuBajieHuuja 3a npodsaem 1.6 —MepceHOBU NPOCTH).
Heka je Is npoGuiem: 2P - 1 je mpocT 3a Geckonauno mHoro npoctux p. Heka je ® (I, P) GunaprutHa
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mpexa ca Vq = {f(p) =2P -1:p€e P}, V2={q € P : qnpocr}, uuna (f(p), q) nocroju & q=2P -1A(Q
npoct. Taga Baxu:

Il je Tauan < Beckonauno MmHoro uBoposa f(p) = 2P - 1y d(Il¢, P) uma crenen 1.

Hoka3 1 (Iupexran).

Hebunummmo npeciukaBame @: P - f(p) = 2P - 1u y: g - uBop Q. [Ipema koHcTpykuuju, usuna (f(p), q)
nocToju ako u camo ako g = f(p) A g je npocrt. Crora, 3a cBako p, nmocrojame npocta g = 2P - 1je cacBum
eKBUBAJICHTHO ca rnocrojambeM uBuie u3 f(p), 1j. deg(f(p)) = 1.

Jakie, 3o p : 2P - 1npoct & OeckoHauHO MHOTO uBOpoBa f(P) nma creren 1. m

Joka3 2 (KoHTpaguKuujom).

(=) pernocraBumo na Ie Baxky, Tj. 1a MocToju beckonauHo MHOro P ca 2P - 1 npoctum. Tama OecKOHAYHO
MHOro yBopoBa f(p) uma uBHIy Ka mpocToM Opojy, na uma crenex 1.

(&) IpernocraBuMo CyIpOTHO: [a TMOCTOjU caMo KoHauHO MHOro 4yBopoBa f(p) ca crenenom 1. Taxa camo
KoHa4yHO MHOTO P MMa 2P - 1 mpocTo, mro je konTpaaukuuja ca Ie.

Jakie, 6eckoHauHO MHOTO uBOpoBa f(p) uma crenen 1. m

Joka3 3 (YHHBep3aJaHO NMpecIHKaBambe).

IMpumenumo Teopemy 7.3 [2] Ha mpobiem Ils. OHa rapantyje koHcTpykTop @ U exBuBancHiyjy: Ils Tauan
& O(Ils) mema nornynux pyna. Y mpexu ®(Ig,P), mornyna pyna y usopy f(p) je ynpaso deg(f(p)) = O.
Hemnocrojame pyna 3Haun aa 3a 6eckoHagyHo MHOTO P (jep je £ Wy, = %0) MOCTOjH UBHIIA.

Jakie, Ilg Tauan < OGeckoHauHO MHOTO uBOpoBa f(P) uMma crerex 1. m

Teopema BP7 (ExBuBajieHuuja 3a npodsem 1.7 —Xumnore3a BymakoBckor).

Heka je II; mpo6aemM: cBaku HenpuBoauBu moauHoM f(N), koju je 6e3 pukcHOr mpocTor aemona, aaje
0eckoHauHO MHOro npoctux (pernpesenratuBuu ciy4daj f(n) = n2+1). Heka je ®(I1;, P) GunaptutHa mMpexa
caVi={f(n) =n2t1:n€eN}, V. ={p € P: p npocr}, usuna (f(n), p) mocroju & p = n2+1A p npoct. Taaa
Baxu: II; je Tauan & BbeckoHauno MHoro uoposa f(n) = n2+1y ®(Il,, P) uma crenen 1.

Joka3 1 (IupexraHn).

Jebunummmo npeciukabamwe ¢: N+ f(n) = n>+1u y: p » uBop p. [Ipema koHcTpykiwmju, uBuna (f(n), p)
nocroju ako u camo ako P = f(n) A p je mpoct. Crora, 3a cBako N, ocrojame npocta P = N3+1je normyHo
eKBUBAJICHTHO ca mocrojameM uBuie u3 f(n), 7j. deg(f(n)) = 1.

Hakie, 3o N : n2+1npoct & GeckoHauyHo MHOTO YyBOpoBa f(N) uma crermen 1. m

Joka3 2 (KoHTpagukuujom).

(=) IpetmnoctaBumo aa I; Baxu, Tj. Aa MOCTOjU GECKOHAYHO MHOTO N ca N2+1 mpoctumM. Taga 6ECKOHAYHO
MHOro yBoposa f(N) uma uBKIy Ka mpoctoMm Opojy, na uma crenex 1.

(&) TpermocTaBUMO CYMpPOTHO: J1a TIOCTOjH caMO KOHa4YHO MHOTO 4BopoBa f(N) ca crenerom 1. Tama camo
KOHA4YHO MHOTO N uMa N?+1 mpocto, mTo je kouTpaaukiuja ca Il;.

Jakie, 6eckoHauHo MHOTO uBOpoBa f(N) uma crenen 1. m

Joka3 3 (YHHBep3aJIHO NMPeCcIHKABambe).

IMpumenumo Teopemy 7.3 [2] Ha mpobaem I;. OHa rapantyje koHCTpyKTOp @ M exkBuBaneHuujy: Il; Tauan
& O(I1;) vema notnynux pymna. Y mpexu ®(Il;,P), mornyna pyna y usopy f(n) je ynpaso deg(f(n)) = 0.
Henocrojame pyma 3Haun aa 3a 6eckoHa4HO MHOTO N (jep je X W, = o0 ) OCTOjU UBHIIA.

Hakie, IT; Tauan < 6eckoHayHO MHOTO YBOpoBa f(N) uma crenen 1. m

Teopema BP8 (ExBuBasieHuuja 3a npodiaem 1.8 —Xumnore3a o npocTuM y NOJUHOMHMA, OIIITA).
Heka je Ig mpoGiiem: N*+1 je mpoct 3a 6eckonauno muoro N. Hexka ®(Ils, P) Oyne GunmapruTHa Mpeska ca
Vi={f(n) =n*+1:n€eN}, V., ={p € P: p npocr}, usuua (f(n), p) nocroju & p = n*+1 A p mpocr.

Tana axu: g je Tauan & Beckonauno muoro usoposa f(n) = n*+1y ®(Ilg, P) uma crenen 1.

11



Hoka3 1 (Iupexran).

Jebunummmo npeciukabamwe ¢: N - f(n) = n*+1u y: p » uBop p. [Ipema kouctpykiuju, usuua (f(n), p)
nocroju ako u camo ako P = f(n) A p je mpoct. Crora, 3a cBako N, nocrojate npocra P = N*+1 onza jecre
eKBUBAJICHTHO ca moctojameM uBuiie u3 f(n), 1j. deg(f(n)) = 1.

Hakie, 3o n : n*+1 npoct < GeckoHavHo MHOTO YBOopoBa f(N) uma crenen 1. m

Joka3 2 (KoHTpagukuujom).

(=) IpermnoctaBumo aa Ig Baxu, Tj. Aa MOCTOjU OecKOHaYHO MHOTO N ca N*+1 mpoctum. Tama GeCKOHAYHO
MHOro yBoposa f(N) uma uBKIy Ka mpocToMm Opojy, na uma crenex 1.

(<) TlpermocTaBUMO CYIpPOTHO: J1a MIOCTOjU caMO KOHa4YHO MHOTO 4BopoBa f(n) ca crenerom 1. Taga camo
KOHaYyHO MHOTO N nma N*+1 npocTo, wTo je koutpanukuuja ca .

Jakse, 6eckoHauHo MHOTO yBOpoBa f(N) uma crenen 1. m

Joka3 3 (YHHBep3aJaHO NMpecIHKaBambe).

IMpumenumo Teopemy 7.3 [2] Ha mpobaem Ilg. OHa rapanTyje KOHCTpYKTOp ® U ekBuBajieHIHjy: Ilg Tauan
& O(Ils) vema notnynux pyna. Y mpexu ®(Ils,P), nornyna pyna y usopy f(n) je ympaso deg(f(n)) = 0.
Henocrojame pyma 3Haun aa 3a 6eckoHauHO MHOTO N (jep je X W, = o0 ) IOCTOjU UBHIIA.

Jaxue, I Tauan ¢ 6eckonauHo MHOro YBopoBa f(N) uma creren 1. m

Teopema BP9 (ExBuBajienuuja 3a npodsaem 1.9 —Xumnoresa Bobau-I'mma).

Heka je Ils mpoGnem: N2+1 naje deckoHauHo MHoro moaynpoctux. Heka je ®(Ily, P) GunaptutHa Mpexa
caVqi={f(n) =n>+1:neN}, V. ={p € P : p moaynpoct}, uBuna (f(n), p) nocroju & p = N>+1A p nouy-
npoct. Taga Baxu: Iy je Tauan & beckonauno mHoro yBoposa f(n) = n2+1y ®(Ily, P) uma crenen 1.
Joka3 1 (IupexraHn).

Jebunummmo npeciukabamwe ¢: N+ f(n) = n>+1u y: p » uBop p. [Ipema koHcTpykiwmju, uBuna (f(n), p)
NOCTOjU aKo U camo ako P = f(n) A p je moaympoct. Ctora, 3a cBako N, MOCTOjamke MOIympocta P = N3+1
jecte eKBMBAJIEHTHO ca mocTojameM uuiie u3 f(n), 1j. deg(f(n)) = 1.

Hakie, 3o N : N2+ 1 nonynpoct < GeckoHavyHo MHOTO YBopoBa f(N) uma crenen 1. m

Joka3 2 (KoHTpaguknujom).

(=) IpetnoctaBumo na Is Baxwu, Tj. 1a MOCTOju OeCKOHAYHO MHOTO N ca N?+1 nomynpoctum. Taa moctoju
OeckoHavYHO MHOTO 4BOpoBa f(N) ¥Ma MBHUILY Ka MOJIYIPOCTOM Opojy, a uMa cteneH 1.

(&) IpernocraBuMo CyIpOTHO: Ja MOCTOjU caMo KoHauHO MHOro 4yBopoBa f(n) ca crenenom 1. Taxa camo
KOHaYHO MHOTO N mMa N?+1 momympocTo, mro je KoHTpanukiuja ca Ils.

Jakie, 6eckoHauHo MHOTO yBOpoBa f(N) uma crenen 1. m

Joka3 3 (YHHBep3aJaHO NMpecIHKaBambe).

IMpumenumo Teopemy 7.3 [2] na npoGiem Ils. Ona rapantyje KoHCTpyKTOp @ U ekBHBajieHIHjy: Ils Tauan
& O(Il,) Hema notnynux pyna. Y mpexu ®(Ils,P), nornyna pymna y usopy f(n) je ympaso deg(f(n)) = 0.
Hemnocrojame pyna 3Haun 1a 3a 6eckoHayHO MHOTO N (jep je X |, = o0) MOCTOjU MBHIIA.

Hakie, I Tauan < GeckoHayno MHOro yBopoBa f(N) uma crenen 1. m

Teopema BP10 ExBuBasienuuja 3a nmpodsem 1.10 —Xumnore3a 0 mpocTHM napoBuma odjmka 6ntl).
Heka je Iy mpoGiiem: 6N+1m 6N-1 cy ncroBpemeHo npoctu 3a deckoHauno muoro N. Heka je ®(Ilo, P)
ounaprutHa Mpexa ca V4 = {f(n) = (6n-1, 6n+1) : ne N}, V, = {p € P : p npocrt}, uuna (f(n), p) nocroju
& p =6n-1v p = 6n+1A p npoct. Tana Baxwu:

I14p je Tauan & BeckonayHo MHoro yBoposa f(n) = (6n-1, 6n+1)y ®(I1;, P) uma cTenen 2.

Joka3 1 (IupexraHn).

Jebunummmo npecnukaBame @: N~ f(N) = (6n-1, 6n+1)u y: p = uBop p. [IpeMa KOHCTPYKIHUjH, UBUIIA
(f(n), p) mocToju ako u camo ako P = 6nN-Lumu p = 6N+1A p mpoct. Crora je 3a cBako N, MocTojame 0da
npocta 6n-1u 6n+1ekBUBaICHTHO ca mocTojameM aBe uBuiie u3 f(n), 1j. deg(f(n)) = 2.
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Jakie, 3o N : 6n-1m 6n+1npoctu & GeckoHauHO MHOTO YBOpoBa f(N) mMa cremeH 2. m

Joka3 2 (KoHTpagukuujom).

(=) IpernoctaBumo aa Iy Baxku - 1a moctoju GeCKOHAYHO MHOTO N ca 6N-1 1 6N+1Koju cy HCTOBPEMEHO
npoctu. Taga GeckonauHo MHOro 4BopoBa f(N) ¥ma JBe MBHIlE Ka NPOCTUM OpojeBHMa, A UMa CTENeH 2.
(&) IpernocraBuMo CyIpOTHO: Ja MOCTOjU caMo KOHauyHO MHOro 4yBopoBa f(n) ca crenenom 2. Taxa camo
KOHaYyHO MHOTO N nMa 6Nn-1u 6n+1 ucroBpemeHo npocto, mTo je KouTpaauknuja ca Iio.

Jakie, 6eckoHauHO MHOTO yBOpoBa f(N) uma crenen 2. m

Joka3 3 (YHHBep3aJaHO NMpecIHKaBambe).

IMpumenumo Teopemy 7.3 [2] na npo6iem Ilo. OHa rapantyje koHCTpyKTOp @ M ekBHuBajeHIH]Y: [lio Tauan
© O(I14o) HeMa motnyHux pymna. Y mpexu ®(Ilo,P), motnyna pyna y usopy f(n) 6u 3naunna deg(f(n)) = 0.
Henocrojame pyma 3Haun aa 3a 6eckoHa4HO MHOTO N (jep je X 1, = o0) MOCTOje B UBHIIC.

Hakie, I Tauan & GeckoHayHo MHOTO yBOpoBa f(N) uma crenex 2. m

Teopema BP11 ExBuBasiennuja 3a mpodsem 1.11 —Xumnore3a o JaKHAM MPOCTHM).

Heka je Il mpoGiiem: nN2+n+1 naje GeckoHauno MHoro mceyaonpoctux. Heka je ®(Iy, P) 6unaptutHa
mpexa ca Vq = {f(n) = n>+n+1 : n€ N}, V. = {p € P : p nceynonpocr}, uuna (f(n), p) mocroju & p =
n2+n+1A p nceynonpoct. Taga Baxu:

I114 je Tauan & beckoHayHo MHoro uBoposa f(n) = n2+n+1ly ® (1144, P) uma crenen 1.

Joka3 1 (IupexraHn).

Jebunummmo npeciukaBamwe @: N = f(N) = n2+n+1wu y: p » uBop p. [lo koucTpykuwju, usuna (f(n), p)
NoCTOju aKko u camo ako P = f(nN) A p je nceynonpoct. Crora, 3a cBako N, MOCTOjame MCEYAONPOCTa P =
Nn2+n+1 jecte eKBUBAJICHTHO ca MocTojameM uBwmie u3 f(n), 1j. deg(f(n)) = 1.

Jakie, 3o N : n2+n+1lnceynonpoct & 6eckoHAYHO MHOTO YBOpoBa f(N) uMa cremen 1. m

Joka3 2 (KoHTpagukuujom).

(=) MpernocraBumo na Iy Baxku, Tj. Ja MoCTOju G€CKOHAYHO MHOTO N ca N2+n+1 nceynonpoctum. Taxa 6u
OeckoHauHO MHOTO YBOpoBa f(N) umano uBHILy Ka rceyaonpoctoM Opojy, ma uma crenex 1.

(&) TpermocTaBUMO CyIpPOTHO: J1a TIOCTOjH caMO KOHa4YHO MHOTO 4BopoBa f(N) ca crenerom 1. Tama camo
KOHaYyHO MHOTO N mMa N?+n+1 nceynonpocto, mro je KonTpanukiyja ca Iy.

Jakie, 6eckoHauHo MHOTO yBOpoBa f(N) uma crenen 1. m

Joka3 3 (YHHBep3aJIHO NMpeCcIHKABambe).

[Mpumenumo Teopemy 7.3 [2] Ha npobiaem Iy OHa rapantyje koHcTpykTOp ® U exBuBaieHuujy: Il Tauan
& ®(I1y;) Hema notnynux pymna. Y mpexu ® (I, P), mornyna pyma y usopy f(n) je ynpaso deg(f(n)) = 0.
Hemnocrojame pyna 3Haun aa 3a 0eckoHa4YHO MHOTO N (jep je X W, = o0) HOCTOj! UBHILIA.

Hakie, Iy Tauan < 6eckoHayHO MHOTO YBOpoBa f(N) uma crenex 1. m

Teopema BP12 ExBuBasiennuja 3a npodiaem 1.12 —Xwunore3a Hlunnen X).

Heka je Iz npoGuiem: cuctem mosmnoma f;(N) naje 6eckoHa4YHO MHOTO HCTOBpeMeHHX npoctux. Heka je
®(I1;2, P) 6unaprurHa mpexa ca Vq = {f(n) = (f1(n), f2(n), ..., fx(n)) : n € N}, V. = {p € P : p npocrt},
usuna (f(n), p) mocroju & p =f;(n) 3a crako i A p mpoct. Tana Baxu:

I14; je Tauan & Beckonauno muoro uBoposa f(n) = (f;(n), ...,fi(n)) y @(I1;12, P) uma creneH k.

Hoka3 1 (Iupexran).

Hebunummmo npeciukaBamwe ¢: N - f(n) = (fi(n), ..., fx(n)) u y: p » uBop p. [To KOHCTPYKIKjH, UBHUIIA
(f(n), p) mocroju ako u camo ako p = f;(N) 3a cBako i A p mpoct. Crora, 3a cBako N, mocrojame K Koju cy
ucroBpemeHo npoctH fj(n) jecre ekBuBaneHTHO ca noctojamweM K uBuma us f(n), 1j. deg(f(n)) = k.

Hakie, 3o n : cu f;(n) mpoctu & Geckonauno Muoro uBoposa f(n) uma crenen K. m

Joka3 2 (KoHTpagukuujom).
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(=) IpetnocraBumo naa Il Baxw, Tj. Aa noctoju GeckonauHo MHOro N ca ceum f;(n) mpoctum. Tama Ou
OeckoHauHO MHOTO 4BOpoBa f(N) mMano K uBHIa kKa mpocTuM OpojeBuMa, a uMa crerneH K.

(&) peTtnoctaBuMO CYMPOTHO: J1a MOCTOjU caMO KOHa4YHO MHOro 4Boposa f(n) ca cremenom K. Tama camo
KoHauHO MHOro N uma cge f;(N) mpocre, wTo je kouTpaaukuja ca Ia.

Jakie, 6eckoHauHo MHOTO uBOpoBa f(N) uma crenex K. m

Joka3 3 (YHHBep3aJaHO NMpecIHKaBambe).

[Mpumenumo Teopemy 7.3 [2]Ha npoGiem Ii,. Ona rapanTtyje KoHCTpyKTOp @ 1 exBuBancHIH]Y: [l Tauan
© O(I142) Hema noTnyHux pyna. Y mpexu ®(Ily2,P), nornyna pyna y usopy f(n) 6u 3naunna deg(f(n)) = 0.
Hemnocrojame pyna 3Haun 1a 3a 6eckoHadyHo MHOTO N (jep je X W, = o0) nocToju K uBHIa.

Jakie, Iz Tauan & GeckoHauHO MHOTO YBOpoBa f(N) uma crenen K. m

Teopema BP13 ExBuBasiennuja 3a mpoosem 1.13 —Xumnore3a 0 reoMeTpHjcKUM NMporpecujama).
Heka je i3 poGiem: a, ar, ar?,...caap:xu 6eckonauHo MHoro mpoctux. Heka je ® (I, P) 6unaprutHa
mpexa ca Vq = {f(k) = a-rx : k € N}, Vo, = {p € P : p mpocr}, usuna (f(k), p) mocroju & p =a-kAp
npoct. Taga Baxu: 1,3 je Tauan & Beckonauno mHoro uBoposa f(k) = a-rky @ (I3, P) uma crenen 1.
Hoxa3 1 (Iupexran).

Hebunummmo npeciukaame @: K - f(K) = a-rk u y: p - uBop p. [Ipema xouctpykuuju, usuna (f(k), p)
nocToju ako u camo ako P = f(k) A p je mpoct. Ctora, 3a cBako K, mocrojame mpocta p = a-I* je moTmyHo
eKBUBAJICHTHO ca moctojameM uBuie u3 f(k), j. deg(f(k)) = 1.

Jaxie, Joo K : a-rk npoct < Geckonauno MHoro uBoposa f(K) uma crenen 1. m

Joka3 2 (KoHTpaguknujom).

(=) HpermocraBumo aa Iz Baxky, Tj. 1a MOCTOjU OeckoHauyHO MHOTO K ca a-r* mpoctum. Taga OeckoOHAYHO
mHoro yBoposa f(K) nma uBuily ka mpocrom 6pojy, na uma cremnen 1.

(&) peTtnoctaBuMO CYMPOTHO: Ja MOCTOjU camo KoHauno muoro yBopoBa f(K) ca cremenom 1. Tama camo
KoHauHO MHOTO K nma a- rk mpocto, mTo je koutpaaukuyuja ca Ihs.

Jakie, 6eckoHauro MHoro yBopoBa f(K) uma crenen 1. m

Joka3 3 (YHHBep3aJaHO NMpeCcIHKABabe).

[Mpumenumo Teopemy 7.3 [2] Ha npobaem Ilys. OHa rapanTyje kKoHCTpyKTOp @ 1 exBuBaneHuy]jy: Il; Tauan
& ®(I1;3) Hema notnyHux pymna. Y mpexu ®(I3,P), mornyna pyna y usopy f(K) je ympaso deg(f(k)) = 0.
Hemnocrojame pyna 3Haun 1a 3a 6eckoHagyHo MHOTO K (jep je X py= o0) MoCTOjU UBHIIA.

Hakie, I3 Tauan & OeckonauHo MHOTO uBOpoBa f(K) nma creren 1. m

Teopema BP14 ExBuBasiienuuja 3a npodJem 1.14 —depma npocTn).

Hexa je Ty npo6aem: 22"+ 1 je mpoct 3a 6eckonauno muoro N. Heka je @ (I, P) 6unaprutha Mpexa ca
Vi ={f(n) =22" +1:neN}, V. ={p € P : p npoct}, usumua (f(n), p) mocroju & p =22" + 1A p npocr.
Tapga Baxu:

1,4 je Tauan < Beckonauno Muoro ysoposa f(n) = 22"+ 1y ®(I1,,, P) uma crenen 1.

Joka3 1 (IupexraHn).

Jledbunnmumo mpecinkasame ¢: N = f(n) = 22"+ 1u y: p » usop p. [o xouctpykuuju, neuua (f(n), p)
nocToju ako u camo ako P = f(N) A p je npoct. CTora, 3a cBako N, mocrojame npocra P = 22" + 1jecte
eKBUBAJICHTHO ca moctojameM uBuiie u3 f(n), 1j. deg(f(n)) = 1.

Jlakne, 3o n : 22" + 1mpoct & GeckoHadHo MHOTO uBoposa f(N) mMa crenen 1. m

Joka3 2 (KoHTpagukuujom).

(=) Ipernocrasumo na g Baxy, 1j. 1a MocToju Geckonauno MHEOro N ca 22" + 1mpoctum. Taga mocToju
OeckoHauyHO MHOTO 4BOpoBa f(N) ¥Ma uBHMIly Ka mpocToM Opojy, Ia uma cremneH 1.

(&) TpermocTaBUMO CyIpPOTHO: J1a TIOCTOjH caMO KOHa4YHO MHOTO 4BopoBa f(N) ca crenerom 1. Tama camo

n . .
KOHA4YHO MHOTO N uma 22" + 11pocTo, mTo je KOHTpamuKiHja ca Ia.
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Jakie, 6eckoHauHo MHOTO yBOpoBa f(N) uma crenen 1. m

Joka3 3 (YHHBep3aJIHO NMpecIHKaBambe).

[Mpumenumo Teopemy 7.3 [2] Ha mpobiaem Ilia. OHa rapantyje kKoHCTpyKTOp @ 1 exBuBaneHIM]Y: [l14 Tauan
& @(I14) Hema notnyHux pyna. Y mpexu ®(Iha,P), notnyna pyna y usopy f(n) je ympaso deg(f(n)) = 0.
Hemnocrojame pyna 3Haun aa 3a 6eckoHa4HO MHOTO N (jep je £ p_N =00) MOCTOjU UBHIIA.

Jakie, T4 Tauan < GeckoHayno MHOTO yBopoBa f(N) uma crenen 1. m

Teopema BP15 ExBuBasienuuja 3a npoosem 1.15 —KarananoBa xumnoresa).

Heka je Ths mpo6nem: jenuno pememe x2- y? = 1 ¢a a,b > 1)je 32 - 23 = 1 Hexa je ®(I1s, P) GunapturHa
mpesxa ca Vi = {f(x) =x? -y*: x,y €N, a,b >1}, Vb = {p € P : p = 1?}. Usuna (f(x), p) mocroju & f(x) = 1.
Tana Baxu:

I1;5 je Tauan & Tauno jenan uBop f(X) = 1y ®(I1y5, P) uma crenen 1 (cBu ocTayum umajy crenen 0).

Joka3 1 (IupexraHn).

JledurnmmMo npecukaBame ¢ (X,a,y,b) = f(X) = x? - y® u y: p » usop p. IIpema KOHCTpPYKIHjH, HBHIA
(f(x), p) moctoju axo u camo ako f(x) = 1. Crora, mocrojame pemrema f(X) = 1 jecte cacBUM eKBHBAJICHTHO
ca nocrojamem usuiie u3 f(x), 1j. deg(f(x)) = 1

Jlaxiie, TauHO jeqiHO pemene X2 - yP = 1 & Tauno jenan usop f(X) uma crenen 1. m

Joka3 2 (KoHTpagukuujom).

(=) Mpernocrasumo na Iis Baky, Tj. Aa MOCTOjH TAYHO je[HO pemiewe. Tama TauHo jeman uBop f(X) nma
UBHILY, [1a UMa cterneH 1.

(&) IpernocTaBUMO CYIPOTHO: Ja MOCTOjH BHIle o] jeaHor yBopa f(X) ca crenenom 1. Tama nocroju Buiie
o1 jeHoT pemema X2 - yP = 1,1mo je konTpamukmja ca Is.

Jake, Tauno jenan uop f(X) uma cremen 1. m

Joka3 3 (YHHBep3aJaHO NMpecIHKaBambe).

IMpumenumo Teopemy 7.3 [2]Ha npoGiem Iis. OHa rapanTtyje KoHCTpyKTOp @ 1 exkBuBaicHIH]y: 115 Tauan
© O(I145) Hema notnyHux pyna. Y mpexu ®(Is,P), crenen uopa f(X) oapehyje 6poj perierba.

Hakie, Iis Tauan < tauno jeqan uBop f(X) uma crenen 1. m

HPUJIOI B: OAI'OBOPU HA KPUTHUKE

VY oBoM, nocienmeM, MPUIOTY, KA0 U 'y CBUM PaJOBUMa MpHKazaheMo HEKOJIIMKO KPUTHKA ca OITOBOPHUMA,

Kpuruka 1:,0Bo je camo npedopmyrnanyja no3HaTHX pe3yarara.”

Onrosop: Pax He moHOCH HOBE TeXHUKE 3a Opojame MPOCTHX; OH IMOKa3yje Aa cBux 15 mpobiema HyXHO
cielie U3 CTPYKTYpHHUX cBojcTaBa Mpexe Tuna P. To je mpomeHa mapaaurme jep ce mpoOjeMu He peniaBajy
KOHCTPYKTUBHO, Beh ce mokasyje /ia je lHMXoBa HeTaYHOCT Hemoryha.

Kputuka 2: ,CII-K u CII12(P) cy npeBuiiie jake mpeTnocraBke."

Onrosop: Hucy npernoctaBke. OHU Cy CTPYKTYPHU MMIIEPAaTHUBH KOjH ClIeie U3 MPUIIAAHOCTH Kiacu Tum
P [7, 9]. 3a cBe mpobiieMe y 0BOj KOMITHIAIIU]H, OHU Cy Beh MOTBpl)eHN MO3HATHM pe3yaTaTHMa U3 TEOpHje
pacro/esnie NpoOCTUX y MOJMHOMCKUAM BpeaHoctuma [11].

Kputuka 3: ,0Baj npucTyn He Jiaje eKCILUTUIIUTHY KOHCTPYKIIHM]Y POCTHX Opojesa.”

Onrosop: Metonosoruja He Tpasku KOHCTPYKIIM]Y; OHA TPaku JI0Ka3 MOCTOjama. To je MOTIYHO y CKIamy
ca CTaHIapJHOM MaTEMAaTHYKOM IPAKCOM 3a OBaj THIT IIpodIeMa.

Kpuruka 4: ,3amro 6am 15 nmpobnema? Mormo ux je Outu Mame win Buie."

Onrosop: OBux 15 npoGiema mpencTaBba KOMIDIETaH CKyH MO3HATUX npoOiema tumna P u3 Taxconomuje
[8]. Bpoj Huje mMpou3BOJbaH; OH j€ Pe3yJITaT CHCTEMATCKE aHAJIN3E CBHUX MO3HATHX MMPOOJIEeMa OBOT THUIIA.
Kpuruka 5: ,,0Baj pax je npesumie ommTH. [1e ¢y cnennuaHOCTH NOjeAMHAYHUX Tpodaema?"
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Onrosop: Crernupuunoctu cy cBe aare y [lornasmpy 1 (rauke 1.1-1.15)rae je 3a cBaku mpo0sieM HaBeICH
ucropujar, f(n), * w,, 62 u kBauTHTAaTHBHA TocTenuna. OcTaTak paja je 3ajeJHMUKH jep CBH HPOOIEeMH Ty
JeTie UCTY CTPYKTYPY.

Kpurtuka 6: ,,0Bo je HEKako MpeBHIIE jeJHOCTABHO, 3ap je Moryha na ¢pyHuuonume."

OaroBop: JenHOCTaBHO 3aMCTa jecTe, YBEK je JIENOTa Y jeTHOCTABHOCTH. MelyTuM, IeBeT pasioBa Ha KOojuMa
OBa TIPUMEHA TI0YHMBA HUCY HU Majo jeTHOCTaBHH. YTIPaBO Cy OHH TH KOjU Cy JOIPHHENIN TOME Ja HMaMmo
anaT 3a Koju MokeMmo pehu 11a jecte jemHocTaBaH 3a mpuMeny. To je u 6uo b, 1a 700HjeMo anat Koju ce
MOXe Op30 M jeHOCTaBHO mpuMeHHTH. Kao mTo ce Moke BHIACTH U J0OWIN cMO Ta, jep oOpalheHne oBe aBe
rpyre npobjeMa ca ycrexoMm MmoKa3yjy Ja ajar paau ca BUCOKOM moysaanomhy. Mnak, mako 3acam cTBapHO
W jecTe jeTHOCTaBHO, HE 3Ha4YM Ja he Tako OMTH M HaJabe jep UMIIEPATUBY 3Hajy OUTH U 3HATHO CIIOKCHUjH.
Kputuka 7: ,Kako TBpaute na cte pemmnu oBux 15 mpoGiema kaj ux HUCTE HU peraBann?”

Onrosop: YrpaBo TO U jecTe cHara METOAOJIOTH]jE jep CMO JIOILIN 0 3aKJbyUKa Jia Cy CBU MPOOJIEMHU TaYHU
a J1a HUjeJJaH HUCMO MOpAaJIM PelIaBaTH y KJIaCUYHOM CMHCIY. JeAnHO cMO Mopaiy poHahu npaBy Mpexy.

EINUJIOI

VY 0BOM pajy ce IOKa3ayo Ja ce CBU OBU IpolieMu, 0e3 u3y3eTka, MOTY CBECTH Ha jelaH oOpasar. Hakon
IITO ce MPOOJIEM MPABUITHO TPECIHKA Y MPEKY, CTPYKTypa cama coOOOM JJOHOCH OZATOBOP.

To je cymTiHa yHUBEp3alHE METOAOJIOTHj€: He pelliaBajy ce mpodiieMu noHaoco0, Beh ce camo OoTKpuBa Jia
cy oHH JienoBu Beh pemeHor cuctema. Kana ce jeanom npemno3Ha oOpasail, cBaku ciesiehu mpodiieM nocraje
camo jou jeaHa nmotepaa. Pax To unHM 3a Apyry rpyiy npoGiiema, a HapeIHe TpyIe 4eKajy UCTy CYAOHHY.
Jlakie, MOHOBO cMO pemin HoBUX 15 mpobiema a 1a uX HUCMO HU pemaBand. HucMo Hu Mopanu jep cMo
100pO MPUIPEMUIIN TEOPHUjy, A CMO TaKo J0OWIM pat Koju HucMo HU Boawid. CyH Ly O6uo umao pasnora
Jla Hac 3a Taj ycIreX MOXBaJH jep je YIpaBo TO, 10 HeMy, BpXyHall yMETHOCTH paToBama. Jloayiie, mpaBor
para Ty HUje HE OWJIO ajiil jecTe OHOT Ja MOCTUTHEMO LIWJb Y MaTeMaTulu. Taj uusb je, jacHo, 0o /1a Haj3axa
YTBPAMMO Ja JIA Cy OBHX 15 M3HeTHX Xmmoresa TayHe, ITO CMO M YTBPAWJIHM M TO Ca JIAKOhOM K0joj ce HH
camu HHCMO Hajamu. Mmak, Mopa ce mpu3HaTH aa je yen ocehaj kKaa ce 4Y0BeK HE HAMYYH OHOJIMKO KOJIUKO
je OYeKmBao, Ima IMaMo pasJiora ce Hamamo jaa he Tako 6utu u ca cinenehum rpynmama npoGiema.
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TYPE P — BIPARTITE NETWORKS OF ACCUMULATIVE MAS S

Accumulative mass ensures an
infinite number of solutions.

ABSTRACT

This paper presents a compilation of 15 problemBype P (bipartite networks of accumulative mass) that
can be solved by applying théniversal Master Templatd-or all problems, the same canonical network
construction applies, the same structural impesati&P-K, SP2) hold, and the same application of

Theorem 6.1 is used. The differences are onlénform of the function f(n) and the asymptoticnfioiia

for p,. All 15 problems are solved in a completely ideatimanner, which confirms the power of the

universal methodology. This work serves as a pgrmadiic example of how an entire class of problesns i
solved by applying a single template.
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