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BOPOMEICKH ITPCTEHOBH HITH
LKAKO YMETHUYKH OKAYUTH CIIHUKY*

Page T. Kusanesuli, Marematnurn muctnryr CAHY

Cnuka 1. AmGnem (noro) Mebynapose MaTeMaTHHKe YHije

Bopomejekn nperenopi (Borromean rings), nugeru cnnke 1 1 2, caMGonnayjy jeIHACTBO ¥
KOME _it.'. CHAKH [IE0 IEPI{TH'-IHD DI[I"-DHDPHH 34 ONCTAHAK [ICITHHE, To jﬂ OHO KNHMABO jl:JJ_HHCTBD ¥
KOME MYIALE CAMO JE[IHOr IPCTeHa i TO GHIIO Kojer, BOJH JI0 PACHAfA 0T CHETEMA,

A\

Cruka 2, Komyrarop [a, b] = aba=1b~! xao Bopomejeks , reneTckn kop™

Day nujany CBAKAKO Tptﬁﬂ !I.I'Z'.y‘IE'.BnTH H HA H:Y YHGBDPRHHTH. MaTeMaTHiKH OnHC OBOr
theriomMena GazEpa ce Ha ocoBHHAMa KOMYTaTOpa ¥ (CoDOIKNM) pyiiamMa,
Caako Ko ce cycpeo cia EUFDMEjGKHM NPCTEHOBHMA HL‘.FDBBTHD C& 3AMUTAOC [lA ITH C& HEINTO

CHTMHO MO HATIPARATH CA BHILE O] TPH nipeTena, ONronop jé NOTRp/aH i TAKBa KoH(urypamyja
npcreHosa Haddsa ce Spyrosa (Brunnian rings).

Hajronnuje npenopyayjemo unraoly fa koncynryje Google u nperpusis Hurepuet ya nomoh
HABEMICHUX KIBYMHHX PEYH, & MH CC OKPECHHMO JEIHOM NPakTHYHHjEM npobneMy y KOME c& OBH
o0jeKTH NPHPOAHO NOjaBLY]Y.

ITAPAJTIOKCAITHO KAYERE CIHEA

Ipodecop Cama Yeoponuh je Guo BeoMa NOHOCAK KA CBOJY KONEKITH]Y YMETHHUKIX CIHKA Koje
Cy BHCHJIE IO CEUM 3HOBAMA HECOBOL cTAHA, Hamma npiva mouume y TPEHYTKY Kajia j¢ KOMIIE)a
H3 CYCEJTHOP CTaHA MOYeo HEKE IHAAPCKE MOCnoBe H Kafa cé off nyniamka H IpMilba 3HI0RA j'E]IIIﬂ



O6jaBeHo Ha 28.3.2023

OJ1 cuKa oTKayuna o masa na nof. Ilpodecop Ciama ce 3a6puiyo # OJTYIHO J1a 38 CRAKH CIIyvaj
CITHKEe KA He Ha jﬁ.]‘]:l-l’y KYKy (cucnp'-mh) peh ua JBE KYKC WK MaK TFIH. HAW BHILE KYKA KOJ OHUX
HajBpe/in] X CIHKa Koje ¢y My Omie nocelno Jipare,

Cruga 3,

Pegeno-yunimeHo, YMecTo 1a KAHAT HA KOME jé BHCHIA CIIHKA OKAYH CAMO Ha JeJHY KYKY, KAo
Ha caHin 3 neso, npodiecop CiMa ce ONpelenio 3a CHIypHEje BapujanTe (CIHKa 3 y CpeguHn |
fecio), Caja je GHO CHIYpaH [1a YaK ako HEKH off excepyunha ciydajHo nenaje 13 aupa, cimka he
DCTHATH 1A BUCH HA ocranumal

Criska 4,

Hamorana)jyha Tako kamai Ha fipa ekcepunha, kao ia ey 4 fieso, npodiecop ce OCeTHO Ja
G jomr Gomu ehear nocrarao axo GH KAHAT HAMOTAO KA0 HA HCTOj CHMI IECHO, jep G KaHam
jom BHine GHO HAMOTAH OKO EKCEpa,

Crnka 5,

EHﬂ'jl'r BEOMA 3AI0BOILAT Eﬂﬂjmﬂ ]IQEE-TJEIHHHHIM' ﬁﬂHjE JAMAN0 A0 Y HechecT Kﬂﬂi'l_it: YETAHODHO
[l ce HA Ta] HAMHMH OKAYEHA CAHKA YOIIITE HE JpXH HA fecHoM excepiuhy! 3amcra, Kao mro
HQHHEYJ- = jﬂjl,liDGT&BﬂH CKCIIEPHMEHT (Cﬂll]{ﬂ 5), Bﬂbﬁl’.b&l‘-‘.’ NENOr eKcepa CiiKa he ce OTKAYHTH H
nacru ua nopl?
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Jlo6po je jia Gap nesd excep obaiba cBOjY thyHKITH]Y, HOMHCH npochecop, Atk Taja, Ha choje
jout behe 3anamebe, YCTAHOBH JIa j& H IEBH ¢KCEp HCTO TAKO HENOY3laH Kao | ecAn!? 3aucra, T0
Ce MOKE TTPOREPHTH CKCIEPHMEHTOM MK H THKO INTO CE CIIHKA 3 nornefia y oraepany.

,,L1a Ha HYeMy OHJIa BUCH TA C/IMKA AKO HE BHCH HI HA JeJIHOM Off {Ra eKcepa’’, 3aBarH oanojehen
npodecop Cama Hroposih!

ITAPAJIOKCAJIHE PEYH

wA30YKa oft 7 ciMBona® je OWI0 Kakap CKYN Off 7t 3HAKOBA MPH YeMy CBAKH 3HAK HMa Jipe
mepauje (Beanko n Mano ciono), Hanpumep A = {A, a, B, b, C, c} je a36yka o 3 cumbona. Pey
y a30ymn je G0 Kakan HA3 3HaKOBA 03 Te aabyke, mnp. aCbaABeC je jemna pev y asbyun A
Kazahemo fa je pey y Heko] a30yuu expafiuaa aKO c& Y 0] HETJIE jABLAJY jeIHO NOPEH Apyror
BENTHKO W MAJIO CIIORO HCTOT 3HAKA (Y CYNPOTHOM j& neckpatliuea),

CH[JH;IHBEH-E FL‘.‘IH jﬂ GYI{!.'[L'.E'.I!HHD ﬁpHEB,H;-c uyc@nmﬂ MAITHX H BEMHEHX CIIOBA HCTOD EH}IHEI §
HIp. jefuo ckpahupaiLe ropine petn je

aCb(aA)BeC — aCbB(eC) — aC(bB) — alC

Peu je dofidlyno crpatiivaa axo ce ckpahusameM oHa nornyuo obpume, unp. aABb je nornyno
CKpATHRA peH.

Heckparusa pey je fapagoxcaika aKo NOCTaje RoMAyHo ckpaiiuga Ko ce W3 e nabpumy
che rojane (M BeJTHKA 0 MAJTA CIOBA) JEIHOT Te HCTOr 3HAKA, HIp. Taksa je pew Aba b aa aabyky oft
2 eumbona.

3aparak. [lokasaTn Jja napafoKcaNHe peyuH nocToje y chakoj aabyuu of n caMbona. [Ipyrum
petiMa, TOKAIATH [1a 38 cRaky Konexiujy o 7 (Bemukux umanux) cnosa A = {ay, Ay, aq, A3, ...,
fin, Ay } NOCTOjH HECKPATHBA pev W = TyTy . .. ), NAMHCAHA ¥ oBoM andalbery (z; € A), Tako
1 ako ce w3aGepe Guno koju j = 1, ..., 7 1 oGpriry w3 peqi w cua cnosa a4 1 A4, Tako gobujena
pet NoCTaje MOTOYHO CKPaTHEA.

PEYH U CIIHKE

IMokakHMO Kako ce MapagoKcane pevd MnpHpogHo l'lf.'lﬂﬂf.l}'j}!' ca napajoKcainigM Kadyermem
CIHKA H CNYHKE KA0 MHCMOTEXHHYKA NPARKITA TTOACCHA 34 MEMORHCAHLE CAME ITPOLIEYPE KAYEhA,

(1) Cpaxom excepy ce JOie/LbYj¢ jefal 3HaK ¥ Heko] aabyi, Hup. camim 3 1ecHo ofemyje ce
asbyka Az = {a, A, b, B, ¢, C'}, nox ce cmm 4 iecno aconppa asbyka Az = {a, 4, b, B}.

(2) MonazuMo off jeHOT Kpaja yauie | kpeheMo ce arano ka jpyroM kpajy. Chaku myr Kaj
npcbumu 3N HEKO CRCCPA TONMHIIEMO I-h’.:MY HCULIHPEHD CIIOBO H TO THKO IITO MHLICMO
MAJIO CIIOBO AKO je NPeNas’ak ¢ feda na gecno, OJHOCHO BEJIHKO CIORO AKO je Npenasak ¢
gEGHﬂ Hd Acao,

! Onepamnja ckpalismana pewt nocTaje joun npUROI|A YKOMIKO C8 IEIKA CIONA HHTEPIPETHPAJY KOO SHREPIH MATIX,
1), ymecro A, B, Cmuemo a=1, 6=, &= 1 yrp,
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IMornenajMo Kako To n3rnega y npuMeprma. Cnunp 3 ecHo nofeskyje ce pet abe jep cvo kpehyhn
Ce NONAaKo [y Yauile MpBo Hpoiti (¢ 1eBa Ha [IECH0) H3HAJ| NPBOr excepa (H HAMHCAH CIIOBO @),
3ATHM WIHA JIpyTOr, 3aTHM Tpeher # foGrmn konawno abe, Ciung 4 pecHo ofrosapa pet af3 Ab.
Harnacumo jou jegromM fa ce coBa 0MICY]y caMO Kajl Ce NPOA3N u3Hag excepa [OK Ce Nponajak
HCMOJ ekcepa He Kojupa. TIpaMerino fia je pevt a3 Ab napaokcanna,

Topheme. [lapanokcanuum KademiIMa CINKA OJroBapajy napajokcante peds. OGpuyTo, ypex
AONAZHMO JI0 NAPAJOKCATTHON KAYCHA AKO C& CJTHKA OKAYH TAKO LITO C& YIME HEKA [TAPAlOKCANIHA
PEY H CHHER OKAYH TAKO IITO Ce 3AJATA ped HCKOPHCTH Kao YIIYTCTRO 34 KaUeLe,

Ha cnumm 6 npHKa3ano je napafoKcanto kavueme y3 nomoh 4 ,excepa® (Ba/kKacta ocnoHuma).
Ypepure ce [Ia je acorupata mapafoKCcanHa pey

(aBAb)(eDCd)(BabA)(DedC).

3arpaje Hucy OHTHE U CTABJLEHE CY CAMO PAJH [IPECIEIHOCTH.

BOPOMEICKH $EHOMEH OUYMMA OITTUMUCTE

Ha noverky unauka pedeno je 1o Bopomejekn i BpynoBH npereHOBR (NAPAJIOKCAIIHE e,
NAPAJOKCATTHA KAUEH:A CTHKA, HT).) cHMOoNnayjy neoMa necTaGHIme CACTEME KOjH C& NOTIYIO
ANMXITHPA]Y npH najMaie  omrehemy®, [TornmeajMo HA OBAKBEE CHCTEME H CA MAJIO BEfpHje
cTpaue, y fyxy noinaror 3majeror cruxa , PajyjMo ce ipysKe, IITo ce | Ha TpHY, Mory nahn pysxke!”,
CHeTeM KOjH CBOj& MOCTOjatbe NYry)e NENHKATHO] XAPMOHIL]H CHHX CBOJHX JIEN0Ba achRpMILIE He]y
Ccapaiiee M KOOMepanuje, iie]y NOBEPeka y IPYTe H CBECT JIa MOCTOje HEKE BAXHE H JIene CTBApH
KOj& c& He MOTY CTBOPHTH | ouypaT 6e3 yyeurha # sanarami cRakor nojefuuial
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Cnuka 7. ,,Yernpn conumne"

Bapaun 3a ey n pOIMIIUBAGLE.

1. Ako je w pev y Hekoj a3Gys omjia je men ,museps” w™! pev koja je notnyno ckpahyje
(amxmmupa) ako ce fomuie nopef we, ), ped ww ™! je nornyno ckpatisa, Ysepima ce jla chaka
pe iMa cRoj KHBEp3, HIp. akojew = abC onpajew ™! = cBA;akojew = a,onpajew™! = A;
ako jew = B, ompa jew™! = burp,

2. Hekajew = @123 . . . &n ped Ayskuie ny Hekoj asbymA = {a, A,b, B, ¢,C, ... }. lokasaru
1ia ce HuBep3 w " ot w MosKe OGTH aKo ce pet w IpOvRTa yHaTpaiIke (nornepa y ornenany) u
CBAKO CHOBO &5 JAMEHH CBOJHM HHBEPIOM T,

-] =]

wlasglerd 2t

3. Komymamop [X, Y| peau X =z ...z, 0 Y = yy ... Y Aedusnie ce kao ped

X, Y] =XY X" 'Y '=mz...0n1 0. UmZn o BT R U T
IMokasats ga ako cy X n Y napagokcanne peun u ako cy peun XY u ¥ X1 neckparnre na je
oufta 1 koMmyratop [X, ¥ Takobe napagokcania pey,

4, Awuannaupajte Kaveme cimke y3 nomoh 8 excepumha NpHKAIAHO MA CHMUH ,YETHPH CO-
mime"(cmika 7). Aconupajre Bapujabne T, 3, Ty, T4 (¢ Nea Ha flecio) excepunhiMa 13 TopHber
pefa, cuyuo sapujabne y1, Y2, ya, ¥4 cxcepunhnMa H3 fomer pefa.  YBepute ce fla je ped w
ACOLMPANA CA OBHM Ka'CHEM CITHKE Ja[aTa ca

W = [m;,m;ll[m;],mg][y;‘,m]'[y:g,y[l].

5. Ynepute ce ia ce pet acOUMpana ¢a CIMKOM? Ha HACAORNO] cTpaii onor Gpoja Tanrente [oGaja
H3 MPETXOJHE Petil HAEHTHHKAIMAMA T = ¥ W T3 = Ya.

2Ayrop HACIOBHE CHIKE KAG §i eiKe 6 13 wanka je ywan FKisawemih, Ayrop canke | (noro Mebynapopue
maremarivike yuije) je John Sullivan (TU, Berlin).

CtaTtunjarta nps nat e o6jaBeHa Bo crincaHneto TAHTEHTA Ha
M Ha Cpbuja Bo 2009/10 roanHa



