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floc CCCLXX V Cpncxe aKethestuje nayka u ystemnoemu 

Odefeete mexnuNkux naywa, wz. 31 - 1995. 

Glas CCCLXXV de l'Academie Serbe des Sciences et des Arts, 
Classe des Sciences techniques, Arg 31 - 1995. 

M. BYKOBIDATOBVIE, 11. CTORPII 

A.LIABTHBHO XHBPYLLIHO YHPABJbAI -BE POBOTHMA 

(11pHm.meno Ha XIV cKyrty Oaemema, 03. aeuem6pa 1991) 

Hacynpom Knacuynost xu6pudnosi ynpae.feasy no noauquju u cusu, npeanaatce 
ce adamnuena a3eopumast co ynpae.rocnbest no MAU u nosuquju, na 6asu rase. ustrmu-
qumno2 ynpaamama no canasta. To nodpaaysteea cpcmynaembe nosuquje eweueaseumne 
alcedbenai cunu. E7C8116(1.4e/MINCI no3utmja ce 3017114At peasusyje 'vex° KAIICUSHOZ ynpa-
efbalba no noacnum. Ha mai HONUM ce ycneumo penmen npo63est u nedocmamax icon-
eennuonaanoi Tu6pudnoc ynpaemalya the ynpaeibaze no no3utoju u ynpaefente no CUSH 

mum onpeune saxmeee y nozmay wpymocmu cepeocucmema. Ha npeasodocenu taciturn 
ce maKoOe paapeumea npo63em po6yemnocmu cuemesta u cmeapa ce peanna noThtoza 
as npumeny ,cod paanusumur aadamaxa steranutoce o6pade stemana nostohy po6oma. 
Hpuicaaueanu cy npeu peawnmamu ucnumuena npeattoafeene creme Ha konkpemnom 
po6omcgom cucmemy. 

1. Yeod 

Y ca0pemenoj 11p0143130A1614 °cram) je join penman() man° aaaaTaHa 

Hojm wncy aromaT14300anvi a K0j14 3axzenajy yaaraHae 3HamajHof Hallopa 023 

c3pane paamma. Tatum 3aAaum cy pa3104tnecte Mamvffince 06paae 4E04 cy 

THFIFILIHM nimmepin: uomnparbe, cetiethe, rnamame, oaceutawe oncrpxx Emma H 

en. flpHmeHa Hymepyrnat xowrponmcarmx mamma (NC manma) 3a ()Hanle 
naame je orpainivella Ha czytiajeue Eaaa cy aenoym xojH ce o6patyjy ripe-
um3H0 aeckmatcami (no o6nHxy H aHmeiwjama) H Eana cy HapHjaumje aenoHa 
xojH ce o6pabyjy Ha jeaHom panHom mecxy mvannmaalie, Tj. Ea,aa ce paaH 

o o6paaama VICTICC ae.non y Be.1114KIAM cepHjaMa. Kaxo je y caBpeMeHOj  xH-

AycTpHjF cHe Bone LimiterHa TeluteHuMja Ea manaim cepvijama, oaHocHo Tex-

aeHuHja xa BenEncoj (lmexcH5vinHoeTH ripom3Boa16e y Horneay HapHjaHTH He- 

HP0;i'm .)0t 	 npumcp je canpemcna actomonvincaa HILTIVcTP14.ja), 
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TO je arromemsaumja Hasenema 3aaaTaxa noMohy NC mamma npaxTm no 
HeocTmapemma. Caapemema mmaycipmja ce cue mune oxpehe T3B. Om( 

TexHononamm cmcTemmma (4)TC) y mediate ce npon3Bone paanw; Te 
BapHjanTe HCTHX npomasona y penaMBHO manmm cepmjama. HpwMeHa NC a-
nima 3a HaseneHe 3aaaTice y mampy $TC je HenpramaTemea, jep ce Bet Ha 
mamma 3a.aaTaKa H name ofiamma maHyenHo y3 Heamme 4namtme Hanope n y3 
3Hamajme pmamme y norneny 6e36enuocTm panmaa. 

HaBeaemix paanora arromanammja OBBKBI4X aanaTaxa noMohy o-
6oTa npencTamea °safety mamcy 3a name yHobethe po6oTa y minycT w-
hy. P06erm cy, 3amneyjyhm cnojoj penporpama6mmiocTm H anannm o-
CM, IIOr0.31111 3a o6paay pa311141114THR BapHjaHTH HCTHX npommona, HRH i ax 
o6paay paamuarna npommona Ha HCTOM panaom mecTy. MebyTwm, npmm Ha 
po6oTa 3a °Beene mi./lance join Hyde ycnemno ocTeapella 36or MHoro6poj 
npo6nema xojm ce jaBmajy npuencTseHo y Beam ca ynpaHeamem p060Tm a . 

Ham° ce y nojenaHmm o6panama (Ha npmmep ceHeme n nonmpame) po6oTm eh 
npmmemyjy, Imixona ananTmmoar je orpammema Ha penaTmeHo yam( no ex 
Hapmjaumja o6nama H ammen3mja npeameTa mojm ce o6pabyjy, Tamo Axe . H-

XOBO yHobeise He npeacTasza 3HamajmUm nomam y onaocy Ha ripmmeHy C 
mannma 3a oHamme 3anaTme. Ymmep3anms po6ont 3a cememe, nonmpa e 
rnavame n cn. , mojm 6n ce mornm nem° nporpammpaTm 3a pa3muune o6n e 
H nmmeHamje nenoma majm ce o6pabyjy Ricoh ,' 6H ce ananTmpanm Ha Hapmj -
je y Ammem3mjama H mapawrepmcnixame, jom ce He mory Hahn Ha 'unarm y. 
PaaHoj ynpasealimmx jemmmua 3a pO6OTe Koji( 614 ce ycnemmo npmmemme 
y OBBEBI43.1 3anaumma npeacTamea HOMIER maaaos 3a mcTpaaaaame, nrro j 
pawnor na ce y nocnemma Hexonmmo romma HajBeha mamma y roToHo c mm 
mcTpanuaammmm HemTpxma Ha nosy po6oTmme nocHehyje ynpaHo oamm np 6- 
nemmma. 

OCHOBHH npo6nem npm ynpameatey po6oTmma y OBSEBHM 304 Ma 

npencTamea momemma na je Heonxonmo mcTospememo momrponmcam m x•e-
Tame po6oTa H cm.ny (MOMeHaT) xojom po6oT nenyje Ha npeameT mojm ce 
o6pabyje. Hamme, npmmucom o6pane nenoHa nomohy anaTa noTpe6Ho je Aa 
po6oT nompehe anal Arm onpebeHe noel:Imam pm/mar npenmera H Aa - 
Tospememo nenyje onpebeHom cm.nom Ha npe.nMeT memo 6m ce ocTaapme a 
meeema o6pana. CBH po6oTm Koji, ce naxac Hanaae Ha TpammTy mory ce 
ynpaHeaTx canto no nomuutjm (6p3mm), Tj. nomohy po6oTa ce mome o T-
Baturnt aceeexo npemenrratee panmor npenmera (anaTa) ca jenHor mecTa Ha 
npyro, 6ojeae H cn. licToepememo ynpaHeame no no3mnsjm H no cHA11 a-
rmee maHecHe xameme y moHnemadm ynpasemea po6oTmma. Hamo je, max je 
rope HaBeneno, Henma namema mcTpaammeama nocsehexa OBIDA npo6ne a, 
mwme ce 3axernam na no cane Hmje paammjem moHnenT ynpanemma mojm: 6 
ycnemHo aanosoemo cue 3axreBe Kuhl ce notrammajy npen po6oTe y norn Ay 
ynpaHeama y 3anaumma ca orpammeHmm xpermeem xmaTamme. 

Y OBOM pan 6mhe paamoTpem jeattlI HOBH anropwram ynpaaemma [NO o-
Tmma y am/lemma y mojmma po6oT mcToepememo Tpc6a AA ce mpehe H na 

2 	 M. Bymo6pwroamh, A. CTrnotli 
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Aaan414Blio xIl6pwaHo yripaB ✓bmbe po604wma 

Aenyje oaroHapajyttom cHnom Ha npeAmeT Hon4 ce o6pabyje. Aaropwram 

Tuna 3a 1414Th aa 3141401301614 OCHOBHC Barrette mon,' ce nocTanzajy npea pO6oTe 

y OBaKBOM 'rimy 3aAaTana. 3aTo cy Hajnpe y OTzemhxy 2 anamenvipantt 3arre-

1314 zzojit ce nocTaHnzajy y iloCMaTpaHoj nnacm 3anaTaKa. 3aTMM je y OTtentny 

3 AaT rzpaTan nperAea pasnonmmx nietcryna. 3a penuutame Haneaemtx npo-

6.zzema zzonzt ce jattatztjy npit ynpanamtby po6oTttma I10 H03141414414 14 110 cvuut 

HcToppemezzo. Y azzentny 4 npvtHa3azt je npeAnotneffit aaropwram 3a ynpa-
Hzban,e po6otHma y 3aTtanuma ca orpaintmeHttm Hpnramem tcHaTamne, Jun< cy 

y OTteaTzzy 5 pa3moTpezzli cHmynatutouTt H tuHruzemeirraumormt pe3yaTaTH. 

2. 3aaanceu npu C111011C3U ynpaacbama p000ntuctia 
y aadaguma ca oopauumenum xpeinamem reamaroce 

IIpM CI411Te314 ymparzotama po6omma y 3aAatutma y Koji/ma je 'wen-

tbe xnaTamYe orpatutmeno y nojeAvniom Hpanuttma y xojHMa po6oT Tpe6a Aa 

,aeuy je oapcbettom CHJION1 (MOMeHTOM) Ha npeAmeT Hojit ce o6pabyje nocTa-

BJbaJy ce patapituirm 3aXTC1314 Ka140 ca CTaHOBI4IIITa pa3THpTrvix TeXH0.1101.1.1KVIX 

nporteca, Tax° tt Ca cTanotaturra wmnnemewraumje po6oTa y vntAyurptnci4m 

ycnotHutta. TaKot)e je nompe6Ho yteTH y 063Hp ekoHomcxe acnewre nplimeHe 

po6oTa y OliaKI314M 3aaalutma. 

He ynatelltt y CII P.114IlMHC 3aXTeHe ne3atte 3a nojeTtl4Fle TexHononnze npo-

uece (Kao Imo cy cemette, nom/Tame, rAamame 14 cm) onAe hello mann) 

HanecTm ornate 3arrezte KojM ce nocTaomajy CHIITB314 ynpanntama po6o-

THma y 3aTtztumma ca vicTonpemerutm yrzpaHrTauTem no nom/nu/nu 14 110 cHavt: 

1. YnpanntatTe po6omma Tpe6a Aa o6e36eTut 40130.71410 npeultano noau-

uuonupame (npalteme icenteHe TpajewropHje) y °Ape -I-tem/int npammtma 

H Hcrortpemezzo AM:MMHG tipeztH3Ho ormapttname CPITIC (MOMeHTa) KO-

1011 ji6OT aeriyie Ha upeameT Hoix CC o6parryje y homnnemeirrapaHm 

HpaHumma. 

2. YllpanzTarhe po6ottima Tpe6a Aa 6yAe a0B0.11)110 pooycinno Aa pellaTHHHo 

mane napHjawne y o6n1ny npeAmeTa Kont ce o6pabyje He 3arreBajy 

110110B110 noAcznaname yttpamatatintx HapameTapa. 

3. Ynpamrhatma. jeAvItutua Tpe6a Aa omoryint jeAtrocTanzto penporpamtwa-

lbe po6oTa KaAa cc ycmnint 3aAaTma npomeHe. To 3Ha4n4 Aa, 3a pa3- 

J114Ky Oa NC-maim/ma fp* Hajmeuthe mory Aa nomminy penaTHHHo y3aK 
clzyn o6.zuma npeAmeTa, ynpaHatame po6omma Tpe6a Aa omorytn4 /la 

cc "tionpine" untpm crrenTap o6.ntwa npeAmeTa, tzao 14 untpkt cnetcrap 

mita maTepHjana M mattHHa o6paTte. 06paTza pa3Awnwrztx maTepHjana 

mon<e tax-rennin prtmeny anarra, atm 6H ynpanntame po6oTa Tpe6ano Aa 
omorylizt ayromaTcny aAairrawny po6oTa Ha HmtemeHe ycnoBe l . 

' Tea:Immune Aa ce pammje ymetrepaaalue po6oT hojil 614 morao Aa ce jeAno- 

cTarmo penporpamnpa sa pammtarre THnone o6pane (Ti. na ce 1ICT14 po6oT KOpl4CTH 

3a CeacEbe, rrmurparbe in Ca.) y OBOM TpcHyney jou' neMajy pearmy TexHoaourhy ocitorty. 
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4 	 M. Byxo6pwrostiti, /1. CTOKI4b 

4. Penpozpamupase po6oTa Tpe6a na ce omoryilit im nueoy memos° oz 
sadamxa , Tam) Aa xopitcHttx mome amto Aa meths. 3a4aTax He 3amapaj hit 
ce noaeinaBamem ynpariammatx napameTapa po6oTa (apyrstm pe a, 
Heonxmato je ocTitapirm T3B. taskoriented programming). 

5. Ynpasmaite mopa 614TH eucoxo noy3dano Kano 6H ce morao nptst 
y undycmpujcxust ycaoeuma, Kan Ha CWCTM mory )1e110B8TH paa 
no pemehajm. 

6. Ynpammatuca jenuunma po6oTa 3a nocmaTpaHy xaacy saAaTatca m pa 
614TH HIT° "6motta" nocrojehym cmandarhium ronmposepthua polio a, 
Tj. noTpe6Ho je na ynpaBamme 6yAe mm "cammutje" HaacHtmom n-
painhamy po6oTitma (y 3aaaumma y xojHma ce xsaTaama po6oTa Kp he 
y cno6omtom npotropy) Hama 614 ripoH3BoDa.mt po6oTa H 1b14X0BHX 11- 

pal:mamma jeastmata mormt maxcHmaimo Aa Hcicopitcre nocTojeha e-
melba 3a ynpaBmagxe jeaminilte, xoja cy TecTxpaHa H ycanpmena x' 03 

Ayrorommumy npatammy nintmeHy y Hmayapitjtt. 

Hopea Haneammx sarreBa Mory ce cnetautmumpaTit 14 A0/18.THH 38X 11, 

xao 111TO cy nopTa6mmocT, MOrytIHOCT npoinitpema H CA. To cy 3arresm 

Barre 3a ynpaBamme po6oTHma H y Apyrum xaacama 3ariaTaxa, na ce cT ra 
oBAe Hehe noce6Ho ena6opmpant. 

HEISeAeli14 38XTeB14 mory ce 110C1813788TH H y Apywatjoj otopmit 38BH HO 

OA Tamxe rnemntrra Hint CHHTe3H ynpattamma. Ha npitmep, ripm4 38ATe6 • 14 

ce oatiocit Ha npentunocT ynpasmama no 1103HUI4j14 H no email', wince ce 4)•p-
my.7114C8TH H K80 381TeR Aa po6oT noceayje BHCOKy xpyTocT y npasumma y o-
jHma ce ynpanma no nomumkt, /lox y npammma y xojtima ce ynpasiba no c am 
Tpe6a o6e36erorrit HHcxy xprrocT. OBH 381TeBH cc mory name pa3pOtte H, 

na cc Taxo mome Amtatimcant 3arres Aa uwcxa xpyTocT po6oTa, y npas a 
y Kojtima cc HCTH ynpauma no mum, He cme Aa cmamyje xpyTocT y imam 
y xojitma ce po6oT ynpasma no nomwmjit. 

3. Kpamax npeased npucmyna 3a cutime3g ynpaemana po6ommtta 
y aadattmua ca oapanuvenust tmemaisusta reamaaxe 

Kano je Beh rope HaBeamio, nocaeamitx AeceTax romma , yamtceint cy 
'maxim Hanopm y MHOrMM HcTpaitomamatm aa6opaTopmjama y ceeTy A ce 
ciurrenmyje ynpamhathe po6oTHma y 3aAaumma ca orpammemtm xpeT em 
xBaTaame Koje 6H 38,11013011211A0 rope HaseaeHe 3axTeBe. OBAe he yxpa ico 
6HTH npmcsaamt Hajmumajtatjit npwcrynw petuasamy OBHX npo6aema. 

reHeparmo roBopehm, Mory ce y011HT14 A138 ocnosua nimicTyna mat 311 

ynpamhama po6oTtima y 3aAamtma ca orpammettind xpeTamem xBaTaame 

a) Excn.aunumno xu6puduo ynpae.rtmlbe H 

6) umnitunumno ynpae.tbathe no cusama. 

Y Aamem TexcTy HaBoae ce OCHOBHe xapaxTemicTime oBa nea npitcT na. 

1 	T 
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Aikanntolio xm6pmarloynpaoa.arbe po6oTHroa 	 5 

a) EKC1L7?0 numb xu6pudno ynpaeo,ame no noaunuju u no CUM' 

flpennonTeHo je on cTparre Mason-a [1] br Rathert-a 14 Craig-a [2]. Pine-
ja xvt6prnanor ynpawbaHDa je jennocTaTma: po6oT ce onpehembm nparamma y 
onHoey Ha cno.rbaumm goop4mmaTm4 crncTem ynpawbaHsa camo no n03mmjm, 
a y onpetembm npaHumma camo no cTunt. YHrnam ce maTmma cemegTmmocrm 
npexo goje CC nerimmuny npamm y gojmma CC po6oT ynpawba no n03vmmjm, 
OaHOCHO no cmilm. Y npanumma y gojrnma ce po6oT ynpawba no nonmumjpt He 
y3mma ce y ()Gm!) 'Tema n0 cm.nu, nog ce y nparnimma y gojrnma ce po6oT mo- 
pa ynpawbatm HO CI4J114, rpetima n0 1103HL114.H1 (y T3B. Cartesian-CKOM IVOCTO- 

py) nocTawra. Ha Hyny. Tmme ce, 43opmanno, imam aegynaoHaHoe ynpa3marsa 

HO 1103141111j04 Oa ynpawbarba no crnam. Metyamm, nocToje mmor06pojrb npo6- 
ileM14 y Himmel-1m xm6pm,aHor yripawbatba. Unite ce Hationm HCKOJIHKO 614THHX 

npo6nema [3, 4]: 

(al) ft" 0711a1C7117111 np06.tie.nt. Y TpeHyTgy Kama n0na3m AO KOHTaKTa po-
6oTa (anaTa) H npenmera gojib ce o6patjyje, ynpawbaTbe mopa Aa o6e36e4m 
"megm" cyrtap 6e3 Apacrmmor npexoparnexba cisme Koja ce ATenz HOCTI4r1H. 

CHCTeM CC noHama KaO CHCTeM ea 1314COKOM gpyTomhy goja 3aBHCI4 OA gpy-
TOCTI4 maTeprnjana npenmera caK0i141a po6oT a0.11a314 y KOHTaKT 14 Oa xpyrocm 
marepmjana anara gojm po6oT Hoerr Kam), 3ambcHo on Trma marepmjana, 
xpyTocT npenmera (m anaTa) Monte ApacTmmo Ala Hapmpa, TO 14 ygynria gpy-
Torn- emerema Apactmmo Hapmpa, re je reamo o6e36enoTm Al. ce cmcTem 
Hama Kao Hartcprrnirnmo nprwymen ago 614 ynpawbamm napameTpm (nojartaffia 
rrnmpaTmrx cnpera) 614aVI KOHCTaHTH14. To yxa3yje Ha norpe6y npmmeHe yn-
pawbawa goje 614 ce ananmpano Ha xpyTocr (Tim maTeprnjana) npenmeTa ca 
gojibm po6oT nonasm y KOHTaKT. flpmmeHa aKTITHHOE npmrymerba y nparmy cy-
napa rne3ana je 3a npo6neme AeTegumje manmx 6p3rma. 17oce6Ho je gpmnrwram 
KOHTaKT ca marepmjanom KaiN rnma B14COKy xpyrocT jep crncTem nocraje ocer-
M1413 Ha nopeMehaje gojm Aona3e on memonenrmambx Armambrnmmx ymmaja 
micogmx yrnecTaHotTm. Jearta on moryttrocTm Aa ce pa3perum oBaj upo6nem 
je nperno civranrrHatba gpyTocTm came xHaramge (jep ircTa yntme Ha "eximma-
neHTHy KpyTOCT" cmcTema), arm ce npm Tome Hajrneruhe cmawyj e KpyTOCT H y 

npambuma, HITO CC HCHOHOJTaHO oapancaea Ha IlpelLI143H0CT TIO3H1.1140H14- 

paiLa. 

(a2) linnirprocnuja llameljy ynpaedbarba no nogunuju u ynpasibalba no tuna. 

Xm6prinno ynpawbabbe non namaTmm npernocrarwama negynnyje npamw y 
xojmma ce po6oT ynpawba no no3rnumjm on npaHarra y gojrnma ce ynpawba 
no crumb. Mebyrmm, OBO negynnowube ce npagrvrnmo ocraapyje y nornymo-

CTI4 came Hon T3B. Cartesian-cge crpygrype po6oTa, Ti. K0a po6oTa ca 'rpm 

nbmeapna 3rno6a H ca Tpm poTaumona 3rno6a ogo oca Cartesian-cKor goopam-

HaTHOr cmeTema. Kari CBVIX OCTa.TIVIX cTppgrypa po6oTa, ycnen Amitamwmor 
cnpe3ama rubmehy 3rno6oria nparubm go* CC ynpawbajy no no3mmjm Hmcy 
pacnperHyTrn on npaHarra gojm ern ynpawbajy no C141114. Ilfra Brume, Hama po-

6oT aO.T1a314 y KOI1TaKT ca OKOJIFIHOM, melba CC exHawineHrma KpyTOCT y onmo-

cy Ha gpyTocT y cno6onHom npocropy. IRA xm6pm,aHor yrmawbarba, gag° 
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6 	 'M. ByxosparoBah, II. Cronh 

je npennomeHo y [1, 2], y npaHumma xojm ce ynpanmajy no cHnH xpyrocr ce 
nocranka Ha Hyny num ce po6or xpetie y cno6onom npocropy, taro He H-

HOHHO H3a3Hsa penxtudy xpyrocrm y CHHM 3N1060BHMa po6ora. Pen a 
xpyrocrm y 31'.1106013HMEI oripamna ce Ha npen3Hocr nownompasa, 0,411 

HO H3a3HBa 3HaTHO Behy OCeTZHBOCT Ha cnpe3athe Hamehy 3rno6oHa. H 
ennsanenHo cmanu3ame xprrocTH y 3rao6oaHma Hanna cmaseme p0 
HOCTM noxanmx HoHrponepa OXO 3C71060Ba po6oxa y oAHocy Ha 

cnpe3ame It3mehy 3rao6oHa. nano ce y nocmarpaHoj xnacH mann p 
O penarmen cnopHm xpeTanna, npHanom "cynapa" po6ora ca npeam om 
Ho* ce o6pabyje jasmajy ce ncoxa ycnopewa/y6p3ain xoja mory aa H a-
3oBy AHHammna cnpe3ama H3mehy 3rno6oHa. Tpe6a 'warm y min aia ce 
xoa oHe mace 3aaaTaBa npeum3Hocr y npaherby memenx Tpajewropitja 
ocmapHearby 3aaaraxa cline jom 3HaMajHHja Hero HOAX sa,aaraxa Koji! ala 

Hajy canto apemen po6ora y cao6onom npocropy, jep H Hajmame oacryn 
oir 3aAare 1103111HIje (rpajewropHje) moace Aa H3a3oBe HenpHxHaTntho Ince xe 
crone x momene Ha xBarajbxy po6ora, re je 36or Tora HeonxonHo peayxott • TM 

HI4HaMIP4H0 cupenibe H3mehy 3rao6oHa, onocHo 143mehy nojeruna npart•Ha 
xperama xHarance. 

(a3) Ifmnnemenmanuonu npo6AeAsit. OCHOBHM npo6aem y npiiment x 6- 
pnwor ynpaHmarta ca excnnincrinn ynpanbarbem no CH1114 nemai y !ter° of 
HHcxOj po6ycTaocTH Ha cnoame nopemehaje, raw) Aa ce reunco won H-

MeHHTH y rancrpmjctcHm ycnomna. lUTaBHHIe , noxa3yje ce Aa je 	o 
ynpaBmalbe Hecra6HaHo y nojeruann HompHrypanjama po6ora [3], HITO 614 

H3a3Hano noce6He renwohe npH nporpammparby po6ora (Ti.  mopaao 6H ce 
BOAHT14 pagyHa xoje cy xowkrypaumje 3a criaxy crpywrypy po6ora Hee a-
6HrtHe Kano 6H ce H36erae npm nporpammparby 3aAaraxa). C Apyre crpa e , 

noxa3yje ce Aa npix H Hajmarboj npoMeHw ycioua onHjama 3aAaraxa (o6a s a 
H marepmjana npernexa 14 ca.), °Banta men. ynpaxmalta aaxTesa HOHO Ho 
no/num:same napamerapa ynpaszatba. floaemanibe nojammta noripar 
cnpera Non xli6pHAHor ynpasmawa je xeypxcrwmo. llpyrxm peqHma, 
moryhe jrrapAHTH ripen:max nocrynax 3a ormehnarbe nojavama nospar Hz 
cnpera. Ilpema Tome, 3axTeB y noraen jenocranne penporpama6Hamc-
TH po6ora npanwmo HHje moryhe Hcnynrm ca eKCHIMIHITHI1M xvi6pH ot 
ynpaHmasem. Mehyrxm, Haj3HatiajHHjH npo6neM Beaam 3a npnMeHy excn ii 

Honor xH6pHAHor ynpansuba °Amen ce Ha HOCTaHaaBAHY nomfarrypa 
jy ynpaszamxe jesmnue xojy 3axrena onaxno ynpannaie. Hawme, np.e-
Ha excnanwmor xx6pHitHor ynpasmarba 3axTesa. Aa ce 110T1WHO 11p0a4 

cranapna xoHimrypanja xonponepa po6oTa xojm ce as ac Hana3e Ha 

rpawurry. To je, Hew:Jarmo, 14 1*n/cm* pamor IIITO AaHac npa.wr HO 

HHje H14 ytnneu noxylnaj Aa ce peannyje mincrpmjcm xoHrpoRep Ha 6 
xvi6pHAHor ynpaBmama. 

(6) HmnAugumno ynpaeybobe no cm/ohm 

To je ApyrE npsicryn paspemaxawa npo6neMa ynparia,ama po6oto y 
3aAaumma ca orpaHHtrenin xpexamem xxaran,xe. No,A Hmnamurrinlx Emma n- 
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A(yanTHMHO xm6pmaxe ynean.rhame p06oTama 	 7 

paemama no cmeama ymecTo ea ce empeRTHo ynpae.rha no cmeama (Tax° Lino 

614 ce oepet)mea.na rpeuwa no orreapeHoj C11.1114 14 3aTHM peaem3onao momeHaT 

xojm Tpe6a Aa KOpwryje rpeung HO CIAJ114 - IMMO ce TO 311114 Kea xm6pmeHmx 
mema Ca excnemumtmcm ynpaemathem HO cm.nama), cpaMynanajy ce exemea-

nentme no3mumje (14.1114 6p3one) moje oaroeapajy >xe.themnm cm.nama, H 3aTHM 

ce TaK0 cpaqynaTe efalHBELROMTHell0314111ne pean13yjy ripexo F1031411140HOT KOH- 

Tponepa. 3aTo I30a taxemx xotrrponepa Hema ecl)exaTa peeyxumje xpyTocTm 

y 31- 710601314Ma po6oTa, HITO o6e36ebyje HA/13013y CTa61411HOCT y 0314M xomin-

rypaumjama. H TO Ratio nprunmom xowramaTa ca. OK0.1114110M, TaK0 H npminniom 

xpeTama po6oTa y cn06oeHom HpoCTopy. Hoamnion° ynpainbame ce noHama 

Mao 1114CE0 nponycHm clmeTap, Tan° aa je xonTpo.nep po6yCTaH Ha eapmjauHJy 
napameTapa H Henpeum3HocTm moeena po6oTa Eojm ce Kopmcnn 3a cymTe3y 
ynpae.fflaH3a. flpeeno>xene Cy pa3min4ere mmrunnurrHe meme ynpaematba no 

cmeama, Mao HITO Cy mem, ynpae.thatba xpyTmehy cmcTema. [5] , MM! T3B. MM-

neHaamcna Htema ynpaemarba [6]. M efiymm, 14 mmnammmTHe meme ynpaemama 

naTe OA oepehemnx HeeorTaTaxa. °BAC hello yxpaTxo HaeecTm rnaeHe npee-

ITOCTI4 H HeeocTance MMHJIMUMTHIIX enema ynpafizama no cm.nama. 

(61) Iledoeamno 6p3 043118. Hourro ce xorr OBaKB14X mema cmaa ocTea-

pyje npexo 110314111401101" Howrponepa, mojm ce noHama Mao 1114CHO nponycnim 

OnTap, TO je 0/131413 cmc-rema Ha 6p3e npomeHe cmee penaTmeHo ycuopeH. 

3aTo 013aK130 meme mecTo He mory nocTmhm eononmy 6p3mHy o6paee, jep je 
HeonxoeHo ycnopmTm o6paey }<atm He 6m eonamnao Ito 6p3ux nopemehaja no 
cm.nama Kok eenyjy Ha xeaTammy (anaT). 

(62) flenpenu3na pecutuaanuja alceibene cone. 	Oepeljmeatbe HO3H1114- 

je (m.nm 6p3.me) po6oTa xoja je exemeanewma >xezeHoj cmem, ocTBapyje 

CC Ha 6a3m ycuojeHor moeena KOHTaKTHe cmee. Kama Hmje flax° npe1m3n0 

yTepewrm ttopmy moee.na cmee H ago je Team° meeHTmckmicoeaTm napaMeTpe 

moeena cmne, TO je cpamyHaeauxe exerma.nenTne n03minje 4CCTO He110130Jbli0 

npewl3no. Ha npmmep, yxonmxo ce yceojm moeee xonTaKTHe cmne y (Pop-

MM clime Kpy'FOCT14, 110Tpe6H0 je ripeum3Ho meetructomweaTm Tammy EoHTaKa-
Ta H xpyTorT KoHTaxaTa ea 6m CC morna oepeeprrm extmeaneirrua no3mumja. 

Oepehmeatbe ormx napameTapa 3arreea m3y3eTH0 uMCOKy npeumaHocT CeH30- 

pa 111TO je TellIKO ocTnapn-amo y mHeyeTpmjCKMM ycnoemma. C1114 11H14 npo6nemm 

ce jaemajy H Mafia re cm.na KoHTaxTa noHama Mao cm.na npmrymerba. 

(63) gmnfiemenntanuoun npo6 ✓ emu. OcHoriama npeellocT mmnemumme 

meme ynpaemarba no cmnama y oeHocy Ha excnemmrrno xm6pmeno ynpaema-

rxe ne)xe y 11HEbeHl41.114 aa oea mema 3aepxana c-raHeapelly KomIntrypauxjy 
ympaematixmx jemnumma inHeycTpmjctunx po6oTa. Hamme, °ea mema y HOT-

nymocTm 3a,n43>xaea 1103H1a10140 ynpaenathe Kal<B0 je Moe traHeaRammx mwayc-

TI4jCKVIX xoHTponepa, H came 3axTeea eoeaTmn moeya 3a CpaMynaname eK1314- 

manemme nommmje y upaeumma y Kojmma pO6OT Tpe6a ynpaHmaTm no einem. 

0Ha inema ce oenmxyje BHCONOM noy3eamouilly H po6yeTHcanhy, 111TO je masa-

mvpmxyje 3a npmmemy y mHeycTpmjcxmm ycnoemma. 

V
ir

tu
al

 L
ib

ra
ry

 o
f 

F
ac

ul
ty

 o
f 

M
at

he
m

at
ic

s 
- 

U
ni

ve
rs

it
y 

of
 B

el
gr

ad
e

el
ib

ra
ry

.m
at

f.
bg

.a
c.

rs



8 	 M. ByKo6paTonHtI, j1. CTOKMil 

HopeA ona Ana °owl:ma npncTyna cHirream ynpanman'a po6ontma y 
3a,naumma ca orpainnemim xperanAnma xuaTa.rxxe, nocroje H Apyra noxylna-
jH Aa ce 3anonoabe 3arream Ae4umcamt y Onenacy 2. Ha npmmtp, `“iniSits) ce 
xopmcm AHHaminixo ynpanzawe [7] icon xora ce ynpaBmaae no citaH esti+) cy-
nepnoimpa Ha KnacH4Ho ynpaBmaae no nomuadm. Metymm, climate HOW ce 
mory npHmeinnTH came Ha penannmo jeaHocTanamje 3aAaTxe, rAe Cy y'rrra- 

saaaum matnnnynawnje xaaa mammynaintomn mexamomm Hxcy y xontaxTy 
ca OKOJIHHOM, HRH ce He 3aXTena npena3Ho ocTsapHeame >xemeantx mini. Ile-
Taaati npernea paaninwrmx inema ynpann.ama no no3HuHjH H no cHam Ann je 
y HpHnory [8, 9]. 

JeAaH OA 3Ha4ajmx npo6.nema icon ynpann,ama po6omMa y 3aAmm-
ma °nor THna je, xaxo je rope HanomeHyro, etflexaT AHHamwmor cnpe.3twa 
H3mety 3rno6ona noAcHcTema, on.HocHo H3meby npanana KOjH ce ynpanaajy 
no 11031410kill H npaHana xojin ce ynpaBmajy no cHnama. OBaj npo6Rem , as- 

ce mon npaicrwmo Ulla npeanowerna !newt ynpann)alba. Pa3maTpaH3. je 
moryhHocT Aa ce AHHamwmo cnpe3athe Homnernyje npexo AHHammixor yn pa-
emaita Ha 6a3H on-line cpagyHasna AHHammxe po6oTa [10]. MebyTHM, mo-
Ann AHHamHxe po6oTa non OBaRBHR saaaTaxa je H3pa3Hro Henoyaztax, Tema° 
je npenH3Ho HAeHTH4nwonann napameTpe, 're je cTora H °Daiwa Homnenanat-
ja AmHamme po6oTa Henoy3AaHa. 3Hamo nehe IIIaHCe npyaca pegnese Hrexo 
xomneinawnje ,AHHamuxe po6oTa Ha 6a3H Ampetamor meperba cnna (momeHa-
Ta) y 3CR06OBHMa po6oTa [11, 12]. MebyTHm, HeAOCTaTaK OBaKBOr peuxemaje 
rberona TeXHHHKa CROACOHOCT H npo6nemx KOjH ce mopajy paapeumTH y tean 

ca noperrHom nonpaTHom cnperoM no cHnama y 3rJIo6osHMa po6oTa. 

Meyritm, M nopea CBHX swami' ynpartaiasnanx etexaTa Ha 6a3H  ml- 
Ha.MH4Ke HomneH3au1je mebynejtrana noacincTema, y3 npeaxoaHo ynoDnbe 
KOM6HHOBaHMX ynpasmalnou mew. natio excnnHuyrrHor, Taxo H HxnunuafTHor 
ynparkixama no clunt, ocTaje y OCHOBH Haeja paaAnajaaa yxynnor cHtteina: 
po6or-oxonma Ha npanue y xcijiuda ce Howrponmue cana, oa npasaua y in-
ma ce Howrponinne camo no3HuHja. Osamo paaanajame ynpannAmba je TeopH- 

HeilpHXBaTJbHHO jep, SRO ce H3y3my Hem XHHOTOTHHKH cnymajent, HEMS 
npHMepa po6oTcxor, maxap H HajnpocTHjer, mexamoma y Home ce nomeay-
TO paannajame nomunnje n one monce xmicTaTonam. /flume, HoHnenT TH6- 
pnaHor ynpaBmawa mown ce ca TeopHjcHor cramonscuTa ceptraTH y tuncy 
nexopexTHo nocTanmemx 3aAaTaxa, jep pananajame npasua Ha npanue cnna 
OA npanaua no3HuHje He npeAcTanma camo npocry anpoxcHMawljy xopetrr-
Ho nocTanmenor npo6nema, jep ce Ha 6a3H HopmenTa TH6pHatior ynpanatha 
ry6e H3BecHH teHomeHH, LUTO Aosomn y Inflame cpancao Taw, notrawbe for 
npo6nema. 

KoperrHo nocTanmegH 3aAaTax ynpasmaaba po6oTa y xoirrawry ca OHO-
mmom 3axTena cHmynTaHo ynpanmalse no HO3HHHj14 H clung, 'tanks ce ciatt3a 
6a3inpa Ha cnojcTimma acHmnToTcxe CTa6HRHOCTH y3 HcTospememfliAo3o-
mewe ncemeHor xnanwreTa npenammx penanma xperawa (nomepaatt) erne 
KOHTaKTa [13, 14]. 
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A,RMITIM110 X1161141)010 ynpanaipame po6oTHma 	 9 

❑ omenyTa ripmmenfia Ha ynpanmame no n03mumjm H claim onnocm ce y 

npnom pen); Ha Hprio6mTuy riep3mjy x16pmnnor yupanmatba [1, 2], non cy 
Eacumjm noxymajm komnen3aumje nmHammmEmx eJ()enaTa po6oTa y KOHTaKTy Ca 

y IlpaKTM4HOM cmmcny, noHeEne ytinaramnm ocnoamm HenocTaTat< 

nprio6mTnor yllpannamaor a.nropmtma [9, 15, 17]. 

4 	A (Janina81ln. as ?OVUM OM yap a BR, alha p noon/. 	a 

n o 11 0:11114ujit it 110 C11111.1 

Y JlaJbeM Tencry yhpamo temo nppaca3aTm jenau HOBH anarmumm an-

ropwram an ynpasman,e po6oTmma y 3anaumma ca orpaimmetutm KpeTalteM 

XBaTaJblie. 1AJII0p14TaN4 CP y OCHOBVI 6a314pa Ha MMHJIVILHITHOM ynpanmathy no 

cm.am, anm re yHonm H CKCCIA141H4THa nonpaTma enpera Ho cmnama. Ilajupe 

rieN10 pa3MOTIIVITH monen 4141aNIIThe po6ora y 3anammma y Kojmma xnaTamna 

nona3v y KOIITaKT Ca OF:ORM-101M, a 3aTHM heMO 111114Ka3aTI4 OCHOHHe KapaKTC-

pkICTI4KC 1IpeRJ10)KeHe HICA4e ylipaB.Thalta. 

3a CMNIplaLiPljy H C1411Te3y yllpaBlbatba p060T14Ma MOPy Ce KOpMCTI4T14 

pa3JJH4HTH N10,aeJ114 poSoTa. llocmanajmo po6oT ca a = 6 cTeneHm cno6one 

mmja je xuaia,a,Ka (141114 aJ1aT KOjH xnaTanaa HOCH) y yowlawry ca orparimmana-

jyhom nompulmHom (upeameTom KOjH CC 06parffiC). MO)JeJI p060Ta CC cacTojm 

on monen a nvniammae mexatim3ma m monena arryaTo pa. Morten nuttammEe mex-

aHm3ma monce ce ycaojvcrm y cnenelioj (kopmm: 

P = H 	+ h(q, a) + JT  F 	 (1) 

rite je — (n xl) Herron yrnomt 3rno6ona poGoTa, P je (nxl) HCKTOp momemaTa 

y 31.11060HVIN4a, H je 	x 	maTinma mmepumje, h je (nx 1) neKTop rpammTa- 

Hmommx, fleuTpmckyrantimx M Coriolisovili Cl/Ma, J je x a) JaCobian maTpvtua 

y onnocy Ha Tammy KOHTa,ETa M3Mety XBaTaJblKe, (aJlaTa) 14 nomplumme ca KO-

jmma je polar y yanTalcry, F je (6 x I) BeKTOp C14,11a H momeHaTa peagumje 

Hperco Rojmx nompumma nenyje Ha xnaTanacy p000m (3 momnonewre C14.11e 14 3 

KOMF1011CHTC momemTa y onnocy Ha Cartesian-cm/I RoopnmHaTum CHCTeM. 

Monent4 arryaTopa (ma npmmep jentiocmepHmx enerrpomoTopa) KOjH 

nompeny 13F/1060Be N101'y CC ycnojunt y nmmeapHoj (kopmm y npocTopy cram:a: 

= 	+ N (a t ) + f t  Pi 
	i =1,2,... , a 
	

(2) 

Enc. je x i (a x 1) Herrop cTam,a i-Tor anyaTopa, A i  je (ni x 	maTpmma cmcze- 

bi  , f i  Cy (ni x I) BeKT0p14 nucTpmfiyumje yna3a H cmne, je chanapHm yna3 

y i-TH aKTyaT0p, N(, u') je He.1114HCapHOCT THEM amnnwrynmor 3acmtempa, Pi je 

orrrepetieme neje Aenyje Ha i-T14 anyaTop, a lli je pen monena anyaxopa y 

mpocTopy ("falba. AliO ce ycHoje jea110CMCp1114 CJICKTp0MOT0p14, TaAa CC MoAce 

y3eTm na je pen monena Tii = 2 H na je 17 i  = 	, qi)T 

V
ir

tu
al

 L
ib

ra
ry

 o
f 

F
ac

ul
ty

 o
f 

M
at

he
m

at
ic

s 
- 

U
ni

ve
rs

it
y 

of
 B

el
gr

ad
e

el
ib

ra
ry

.m
at

f.
bg

.a
c.

rs



10 
	

M. ByKospa.Toemh, .II. CTOKHrt 

YxynaH moaea cmcTema ao6mja cc Rom6mmonamem moaeaa (1) 14 2). 
Ommraeamo Aa y OBOM Moaeny micy yxmy4eHM enacTmmiim e$eKTM . y 3rJ106 s BH-

ma H cermeirrmma mexamm3ma po6oTa, Ica° rim 3a3opm y mexammmicom npeis • Cy. 

A.Eo ce npeTnoccrami as je apnoea' xsaTamxe po6oTa H orpatatmunaj he 
nonpumme ca xojom je po6oT y xonTairry xomamma, Taaa ce elms, Etarr 
mome moaeampang xao cmaa xpyTocTM: 

F = —KE(P — PE) 

rue je KE n x n maTpinia "xpyrocTm OKOAHHe"  (xoja moixe ,aa yxa,ymm ex-
nmnaaeirrmy xprrocT xnaTamice po6oTit. H cernopa mule KOJMM ce mei( C aa 
Ronan), p je (n x 1) newrop Cartesian-cam( icoopammaTa xnaTaime ( 
anaTa) 3a Tammy HEL xBatamwt y KBjOj BORB3H AO KOHTaKTEL H3Meby is 

orparimmanajyhe nospunnie (nexTop yxlby4yje TPH KoopammaTe DOM* 
TM noopammaire opmjenaumje xnaTaime), PE je (n x 1) I:wimp xoopanm Ta 
Tacthe cyaapa mameby xnairamice H nospunme. 

Y mexmm npouecwMa (ma npwMep oacemaupe 0U1TMX HBHHa , cem 
yonurre m ca.) cmaa }cowman nomaina cc Kam cmaa, npmryniewa: 

F = Kw) 	 (4) 

rue je KD (n xn) maTpxua "npmryinema oxoamme". 

Y party [15] npeaaoncemaje mmnamuinna Emma ynparmaita xoja ce 6 
pa ma amperrmoj viaemTm4mucaumjm icapairrepmcrmica xouTaxTa. fla 6m cc i em-
T144)HKOBallH napaMeTpw KOHTISKTIL, Mopa ce KOPMCTMTH oapebemm moaea C ;le 
Koirrawra. YKOAHHO cc ycnojm moaea num xprrocTic (3) xao mouea C ae 
KOHTBIKTEL, Taaa ce KpyTOCT KOHTBICTa monce HABHTHSHHOBBTH Ha 6aam m 
sa cline icoirrawra F, Ha cAeriehm Hamm (npernocTanibajytut na je maTp • a 
xpyTocTm amjaromanma): 

• RI = MI/ - 	 (5) 

nue je KE i-TM amjaroma.amm eaememaT HBEHTIVIMEOBaHe maTpmue apyT0 TM 

RE. Tatum Konica (cyaapa) PE . wince ce peas:mum aaxo mama* o 
Ban' oapebmnamem TpemyTica tcaaa cc cuaa iccurrawra mewls oa mine ma icy 
KOHIM4HY BPBAHOCT. ittikeHTH.HH8LIMj0M 	H ply, moryhe je oapeant ems a- 
aeirrmy no3m1Hmjy acememoj CHAH y i-TOM npanuy Fl(t): 

PiExv = KE 1  MO +Pie. 	 (6) 

MebyTiim, Ramo je rope maneaemo, maeurrimfuncammjy k lE  H PE *8 a o 
npaxTionio ournapmTm. Excnepmmetrraama HCHMTHBalba nonaa.na cy ca 
tramaapaumm KomnomenTama HHje moryhe ,BOBOB,H0 npegwaxo Kamm+ i 13- 
Balm one napaMeTpe, Taxo as m oapebmname eiaimnaneurme nomn•tje use e-
moj CHAH mmje BOBOaHO npeutiamo. To MOHCB H3B3BELTH menaono/aanuj by 
peaam3aujy itcememe cmae. 

(3 ) 
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/la 614 ce no6oniluana HpeuH3HOCT peanm3aumje A4e.meHe cHne, °Hite ce 
npenna)Ke moeuuln4Kosana inema ynpaHmatba Koja yKmyMyje Hexe noaaTHe ene-
metre: 

(a) Ymecto Ala ce eKHrmaneHma no3mumja cpa4yuaua Ha 6a314 wemetre cHne 
(6), oHa ce cpagyHaea, Kop14cTetu4 rpetuxy no cemm, TJ. Ha 6am4 pampme 
143me 15y Boom-went ?Femme cmne Fi(t) M cmapHe cvme Fi(t) Koja ce mem,' 

npeKo aaHama cema Ha xHaTamum po6oTa. 

(b) YKo4414 ce 1101114 enemeHaT !IF y 'Hemel ynpafinpatba Hoj14 14ma aa sttaTax 

,aa kurrerpanvi rpeumy no cm.nm Ha Taxan Ha4414H /la je exEn4Hanewma 
no3mumja nponopumotianua mwrerpany rpetuKe no cl4n14. Ha oKaj HamptH 
ce HocTept4e pe,ayKumja rpenwe ycm.rbenor crarba np14 pean143a4H4j14 >Ke-
meHe clime (Koja HacTaje ycneit rpemaKa y mneHT1404Katajm napameTa-
pa Kowrawra). Hamme, emit/manem-Ha no3144H4ja ce cTanHo moinnkmEyje 
cpa3meplio mHTerpany rpeume no cfrinm, Te ce Ha Taj HaI4H peayKyje 
rpeunca yrrameHor cTafba. 

Hpennowella mem. ynpanmatba npviKa3aHa je Ha cn. 1. O3Haxe xo-
pmnthene na memm cy cne,ielie: 

OF = F — F° (t) npeficTaruba (n x 1) newrop rpeuwe no ckum, 

S je (n x n) umjaroHanHa maTpmna COROKTI4HHOCT14, 414j14 je i-TH enemeHaT Ha 

arnaroHailm jeanat4 1 atop ce po6oT y i-TOM npaBuy ynpaarba no CHH14, a 
je.rway 0 aKo ce po6oT y 1-TOM npaKuy ynparuba no no34umj14, 

Kv , 	ripeacTaHmajy (n x 1) Kewrope nojamalba noepaTturtx cnpera 

no 11023141114i14, 6p:314m4 14 eurrerpany rpeniKe no 1103141114.41, pecnewmutto 

(onHocno TO Cy nojamatba moKanHmx cepHocmcTema y 3rno6oHmma po6o-
Ta), 

f(g) npencianma parn4opmaumjy (upecmwaHatbe) 143 yllyTpaunbmx yrnona 

irno6oHa q y cno.rbaunbe KoogrwmaTe po6ora y oituocy Ha Cartesian-cKH 

1-mown/unmet cvicTem p, 

p° (t), 75° (t) npeacTarimajy (n x 1) HexTope 4Kemetix no3mumja M 61)314Ha (Tpa-
jewropmja) maTanwe po6oTa y °Lwey Ha cnomalutbm Cartesian-cm4 xo- 
01/211411aT1114 CHCTOM, 

npeacTaKma (11 x 1) Kewrop nojamaH,a noepamenc cnpera no cHnama (no-

jamalba no rpenn4 wimety /ffe.rberie H cmapHe (MepeHe) nine Ha maTam-

um), 

KT./ je x 1) Kewrop nojamarba nonpaTH x cnpera no MHTerpany rperuKe no 

CHAP!, 

npencTanlba monen tune KOFITaKTa (Kon4 mowe 614TH y topmm (3) mn14 (4), 

HRH MLR y HCKOJ Apyroj cpopm14 3HBVICHO 0,/1 KofiKpeTtior npoueca KOJM ce 

nocmaTpa), 

gE 
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M. ByKospanvetis, .a. CTOKHh 

9E je CTBapHa alma KOHTaKTa (Nowell° crsapna penaunija zumety KOO 

HaTa po6oTa p H cane xotiTaxTa F). • . 

Ha CAHHH je onHamett H &nom na on-line cpamyHattame rpaHaT 
momenaTa y 3rno6omata g , Kohl nMa 3a ma. Homneft3aDAY ozna'eat 
OttHrnenHo je as mem. npeTnocTaHna ynpanaame /1031411KlOM 
T3B. Cartethall-CKOr ynpaaaama (MTh ynpaematba y cnoatumantift 
Hatama [16] Ron xora ce rpeuma no nonnntjH Sopmnpa Ha Hkeoy 
xoopmmaTa. Metyrtat, npennometty meray ynpasa,ama no mine 
nummem4TH H Ha xnactomo 1103HHHOHO ynpasaame po6oroM npexo Hoax 
cepnoa y 3rno6ontma po6oTa. 

Sam< na Ft.ztenTH4mxamtjy gE ocntapyje ce npexo (5) Ha rope o0j 
tbeH Hamm (3a cnymaj mane ce mum xmrrairra noHama Ka° mtna tcpyToc 
Ha' 6a314 tutenTH4mxonamix napameTapa xotnawra 9E onpetyje ce T3B. 
sep3Hm motten cane xotrrawra 9E 1  Y cnymajy Kane, ce ycnojH ivioaen y 
mute xpyTocTH (3), mmepnim molten Aar je ca (6), Te ce npexo meta Ao 
exmmaneHTHa noninmja Ap' EQ : 

Apisg  = AF = AF.  KE 

MetyTHm, }tax° je rope o6jammetto, ymecTo Aa ce oemco cpa 
etaatiminenTHa nommaja ampexTHo Peamayje npexo nonmatottorynpai 
y fipennOmettoj memit yeeneH je enemeHaT gp xojm maw. nanaTax Eta twerp 
extamaneHTHy 'rtomntHjy AptEQ KILKO 6n ce pesyHosana rpeuma yctaae 
cTatba. , 

/La 6H ce npH noaenmeatay yxymtor otcTema OCTSBHAO 'BOBOZHO C 
6oae, npe.anoacetto je as ce enemeHaT gp ycnojH y thopnot Ationpylcoi-
rpaTopa. IIpema Tome, npettocHa $ymcuwja osor enemenTa y S-Aometty 
jean npasau mate ce HILMICHTH K80: 

PEQ 	61.9 -FIS 
9F(S) = — = 

AP' EQ (ritS + s 
rae cy flt, 6 H Rp napameTpH tcoje Tpe6a oapeaHTH TOKOM mmTene 3/Hinta 
OCHOBHa npeTnotrainca npH CHHTe3H °Dor 6nomaje Aa tberoa nponycint on 
mopa 614TH Hcnon nponycHor oncera nonmmonor tcoirrponepa THKO 
xojn npeacTartaa H3Aa3 113 gnome 9F (Tj. etaatetunenTHa nomnatja pag) m 
6HTH !Teuton° OCTBapeH npexo 1103HHHOHOr xouTponepa. .flpyrma , pe 
TO nuatm aa ce monce npernocTaamTH na je ttpeHomm $ymuutja nom unto 
HonTponepa jetwaxa jeAmount. To Taxote 3HELMH aa enemertaT 
noHamawe yxymtor mtcTema, Tj. ,zta 9F o6mmyje "Hmnennance KOH 

anmeby po6oTa H orpammaaajyhe noammute. 1436opom napameTapa tit 
Rp  monce ce BHETHIHLTH xapaxTemtcTmmut. ymecraHocT H $awrop npotrynt 
yxyrntor citcTema. HapaxTepHcTwata y4ecTaHocT clicTema mope 6tent Ht 
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M. Byxo6paTomth, d. CT010111 

 

 

nponycHor oncera nommmowsr xowrponepa, aox $aKTOp npxrymema M pa 
6mTir BehH (mm je max) 1, aa 6x ce m36ernm npecxouw y peamorumjx mem 
cane.' 

Kaxo ce Brum Ha ca. 1., mema yxmrryje H excnamnwrify noBpaTHy cnp ry 
no cmnama, m TO ammeapHy noBpaTHy cnpery (nojamame KF) n mwrermt .y 
noBpaTHy cnpery (nojagame Kr1). Ynora oBe excnamarme noapaTme cn 'ere 
je aBojaKa: 

(a) Ilpexo excnamrwme noBpaTne cnpere mory ce HomneHsoBaTm e$e T11 

cmae Tpewa, xao H apyrM nopemehajm no cmnama (H TO He camo y npas 
ma xojm ce ynpaBmajy no cmnm Bell H y npaBumma xojm ce ynpanaajy no 
11031411AH). 

(6) EKCIIHHIHITHa noBpaTHa cHara no cmnama noBehaBa pO6yCTHOCT • c-
Tema Ha rpemxe y maemisnimmaumjm HCno3HaTHX napameTapa extrema. pH 
ormehmmay napamerapa eaemeHTa gF noTpe6Ho je KOpl4CTHTH HaeHTH4) o 
BaHe Bpemwerm xpyTocTm xowrawra (marn npHrymema) xao H mamma HO 

1103H1H4OHO nojamame nommmoHor Koraponepa. Kaxo je maewrmInmaintja o x 
napamerapa yBex y oapehermj mepm Heaononmo npenmana, TO biome m as-
BaTm HeartexBaTam ms6op napaMeTapa enemewra gF xojm npainsnmo amimn I y 
nomamarbe cmcrema. IIoxa3yje ce (171 as npmmeHa .excnamumme nonpa BC 

cnpere no cmnama cmamyje OCOTR,WHOCT nep4JopMaHce cmcrema Ha rpeur e y 
HaeHT144314:KaLH4jH Haneaeimx napaMeTapa. 

Y memm Ha ca. 1. yBeaeH je 6n0m 3a aaawraumjy napamerapa yn a-
Bmarka y cxnaay ca maewrminmoBaHmm napameTpmma xowrawra. Hamm, xo 
je paHmje o6jammeno, npx npoMeHH Kapawrepmermxa Howrawme noBmn He 
memajy ce nempopmairce yxynHor extrema (Ha npmmep )onam „Ho npo -He 
exBmBaneHTHe xpyTocTm extrema). Haxo je npeanomeHa mema ynpaBm ma 
po6yeTna Ha mame Bapmjaumje napamerapa, oria mnax He mome aa caaa 
Beamxe npomeHe xapaxTepmcisma maTepmjaaa ca Kojmm p060T a0na3m y 
TaKT y enytrajy Harm CC 14CT14 po6oT KOHCTM 3a o6paay pa3J11411:14THX Bp Ta 

maTepmjana. 3aTo je Heonxoamo yBecTx 6nox sa aaarrralmjy KOJH Bp= 143-  
memy napameTapa enemewra yp, Rao H nojamama y excnammrrumm noapaa 
cnperaMa no cmaama Kp H Kn. 143meHom OSHA napaMeTapa nOCTH*> CC 
aaanTamtja cmeTema Ha H3MemeHe OKOJIHOCTH y xojmma CC °ads, Texmon 

npouec: m3meHy o6nima H maTepmjaaa npeamera Koji! ce o6pahyje, 
meny 6p3mme o6paae H ca. 143Mexa napaMeTapa ynpaBmama y aasmcno TIT 

Or 14HOHTHCIMX0BaHHX napameTapa xowraxTe. 9g ocrsapyje ce npema je o-
cTaBHom anropxTMy xojm mma 3a 1111.711 aa 06e36e4m 'Kemeny maparrrepmc 
netramocT extrema, Haatcpwrwmo npHrymeme, xao H aa maxemmmampa •o-
6yeTHocr cmcrema Ha rpernxe npm waewrminmatmjm napaMeTapa cmeTema. Ha 
Taj Hamm ce notrmme at Ran ;robe ao m3mexe yculoBa Texmonouncor upon ca, 
CHCTCM CC cam aaanTmpa H HHje noTpe6Ho aa xopmcmtx no/miliaria ynpaa a-
me npH cBaxoj m3meHm ycnoBa saaaTxa. Tmme ce notrmace H jeamotras e 
penporpamitparbe po6oTa, jep xopmcrtmx Tpe6a ma 3aaa camo inmene ye o-
Ba TexHormumor npoueca, .OK je aaanTamtja ynpasmavxmx napamerrpa y- 
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TOMaT(.Ka . . To 3Ha4m Aa 6noK 3a arlanTawny, Kao H 3a maenTwInciairrny 

mopa 6mTm IlOBe3aH Ca cmcremom 3a penporpammparre Kat) 614 ce aaropmvam 

3a aAantatuny metraam 311MICHO oA penporpammpaHmx yearn -3a 3aAaTKa. 

5. Pe3yama1)t11 nenumuna ■ba npeddio JICene HUME 

pe.a.now:cua tnema ynpanTralba npmmetbena je Ha mHayeTpmjeKom po6o-
Ty MAINUTEr vont je npmKa3aH Ha ca. 2. l'comeTpvtjuK14 II )11/MaM1/1 11M4 

napameTom polocra AeTaAHo cy cnenvopmumpairm y [18]. Po6oT ce ynpaHma 
KJIMPIMMNI 1:011TpOnepOM Koi64 orTnapyje noy3AaHo m po6yeArto yupar3manDe 

nomainnom po6oTa. 

Ca. 2. 1/1114ycITMCM po60T - Manutec R3 

/la 614 CC po6oT npmmeHmo y TeXHOROLUIMM 3aAaumma Kao nrro Cy °Ace-

flame ourrpmx mowna m en., yHpaBma4Ka jearunrun je nporumpena ca enemert-
Tmma 3a ynpasTrarbe no cona.ma: etccnamumTHa nonpaTHa cnpera no cmaama 
(Ha 6a3m cmaa KonTarcra mepenmx npeKo Aanana (ula TIOCTal3JbeHMX y KopeHy 

XBa.TaJEKe po6oTa), 6nox 3a mAcHTmlAncaurny napameTapa Kowratcra, 6.noK 3a 

aaanTairmjy, 6.n0K 311 cpanynaname eKB1413alleHTHe nonnke (61)31/Me) H 6J10K 

gF Kei 1/1  mrpa ynory rwoctoynor 1411TertaTOpa (pans noneharra po6ycnrocTm 

cmcTemaT 

V
ir

tu
al

 L
ib

ra
ry

 o
f 

F
ac

ul
ty

 o
f 

M
at

he
m

at
ic

s 
- 

U
ni

ve
rs

it
y 

of
 B

el
gr

ad
e

el
ib

ra
ry

.m
at

f.
bg

.a
c.

rs



16 
	

M. ByKo6paTonili, A. CTotaitt 

Mema ynpanniama je npHmerbeHa Ha aanaTax oncenatha ourrmsx Hume 
Ron xora ce cHna HonTarn mance monemmaTH xao mina npHryinnai 
ontrocy Ha nocan panmaTpaHy memy yrtpanmaisa pa3R14M1, je'y Tonto 	y 
OBOM cnyliajy noTpe6Ho HAOHTHSHKOBaTH npl4rymewe EmsTawra /CD H 3arnm 
onpenHTH eKBHBalleHTHy 6p3mly A6c, (yMecTo exammnewme 1103111Mie) Ha 

OCHOBy: 

AP'EQ  = kb-1 AF. 	 (9) 

ExmmanenTHa 6p3HHa coja ce ormapyje npexo n03HumaHor Haag Or 

xonTponepa no6Hja ce kurrerpatmjom APEQ  y enemewry gF. EnemenT gF 
ocTaje HemmemeH y onsocy Ha cnynaj Kane je cHna xowrawra y topmx nine 
HpyTocm. 

Cfrrmyampatt je Komnnermt al4HaftWIEH stollen pO6OTa H TeXH0.110Or 

npoueca [151. Pe3ynTaTH cHmynamtjt nmsxasamt Cy Ha cn. 3. 14 4. 	43- 
eiunm Nt jeHT uryme%a mine Hamann (4) H3HOCMO je KD = 4000 N/(m/s). Y 

npnom enymajy musymspati je 3anaTax Rana ce nceneno na po6oT cease KB Hy 

FIN1 

40 

   

  

   

30 

20 

10 

 

    

   

1 	2 	3 	4 	gal 

Ca. 3. CimaynTaumoint peayaTanc 	 Ca. 4. CintynTaurroam peayntant: 
6e3 on-line naeinntinncaunje KD 	ca on-line naenTn4nucansior4 

nimmelbyjyhm only OA F°  = 20[N). Hpema Tome, y npasuy cemema 3a aje 
ce oaa acemeHa alma, lox ce y ocTaaHm npaHumma 3axTeaa Ha xHaTaaa He 
melba cuoje HoopamaTe. Ha ca. 3. nprocaaamt cy peaynTaTH cHmyHatutje  xa-
Aa on-line wieHT144n4Haumja Hoe4nnoljewra npHryweina Hitje yKJby4eHa y e-  
My. Hpena3Hm npouec y nocitmany HcomeHe cline cemema y OBOM city ajy 
Ike 3a.HoHo76anajyhm, Hof( je 110HallIa/be cHcTema y ycTameHom penotm H-
xB wraith o . Ha ca. 4. npmaa3aH je cnymaj Kaaa je pubymen 6/10K '31L on Inc 
HaenTsvpHyanajy cbaxTopa npHrymewa. Y OBOM cHytiajy peannsausja, c He 
cenen,a je 3HaTHO 6oJ6a. ..4<enseHa cHna cettema y OBOM cnymajy je F0 :.---351Nj. 
Oms pe3ynTaTH noxasyjy la ce npenamnena tuema ynpasmawa minim ycnenc 
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upvumeHmrm sa upouec temena. C npyre arparte ;  penynrarm noma3yjy npen- 

HocT14 III4MeHC anarmamor ynpaonaaa Ha 6a3m vineHrvilbmEaumje napamera- 

TeX110.TIOHIK01' nponeca. 

Ilpenni»Eeria weMa ynpauibafba mcninTaHa je eEtnepmmeuranHo. Peva-
Tar m eEtneprimenranHol' Tee-wawa nolianyjy no6po cnararbe ca cmmyna-

HVIOHITM pe3ynTarmma. 

6 	3ax../bynax 

thine t emo yEparEo pa3morpmrm ocHoune EapaErepmcmuce npeanc+cemor 
anarrnamor x116pmnifor ytipaunatha po6ormma y onHocy Ha 3axTeHe KojH ce 
nocraunajy nprt ympaanarby po6ormma y 3anau4ma ea orpaHmmeHmix Epera- , 

them xuaTanne: 

1. lipennonena llama o6e36ehyje noyanatto H Hpeum3Ho ocrHa,pl4Balbe 

3anarmx Tpajewropmja. EaEo Ho 1103141114j14 TaK0 14 110 CI41114. 3a ocruapmea-

the no3mumja Eopmc.rm ce KflaCI44AH KoHrponep myrja je noy3naHocr mcin4Tama 

ToRom nyroronmunbe Hpalice, m Kojm y OBOM anymajy Hmje HM y memy 143- 

Octnajama.H,e rEezeHe cmne raparrroHatio je yuoherbe mmTerpanHor 
6noEa. Kojm envtmvamnue rpewxy yeraneHor cratha. 

2. Ynpaanathe rapaHryje umcoEy CTa.614RH0CT H po6yernocr Cmcrema Ha 

mane maprijaumje yenona. 3anarEa, noE 6nox 3a ananTatunjy o6e36etyje ay-

TomarcEo ❑ pmnarotamarne ynpannamEmx napaMerapa cxerema y 1431Aell3CHAM 

ycnoumma. 

3. KaEo je paHmje o6janlbeHo, npennoaalla Enema naje rio6pe moryhHo-

cry] na ce ()maim jenHotraHno H naxo peliporpamllpaae 3anaTaxa. ['Tema 
mo>Ee na, noEpmje HimpoE crattrap oGnmEa. H marepxjana On Hojer je HammaeH 
HpenmeT Kojm CC o6pa hyje, re ce TaKo Mona nocruhm 3iiatmo untpa npmmema 

po6ora Hero 111TO je moryhe ea eneumjanm3oBaHmm NC-mann/mama. 

4. Flourro je Hama ananTrma, )10B0.11,110 je na KOpHCHHH 3ana m3melly 

ycnona TexHonomEor 3anarEa, a ynpaanamEm emerem he ce cam npmnarorarry 
H anarnmpa TM ynpatnnamEe napaMerpe (nojamaaa notipartn4x cnpera 14 en.). 

5. Bmcoxa noy3namocr cmcrema je o5e36eteHa jep Eourponep maxtm-
manHo KOpUCTM noc.rojeliy ynpaun]amEy jearnimuy mmja je npmmeHa y rtanyc-

Tpmjcxmm yenonmma nponepeHa. 

6. OCHOBlia npennoeT flpe,L1110>ECHC IIICMC y onHocy Ha eKCHJIMIAMTHO X14- 

oppinHo ynpasnathe [1, 2] Reny] y ibeHoj CJIHMHOCTH ca craanapnHom HOW 

quaypaumjom Eoarponepa po6ora KOjM CC KOI4CTM y manycrpmjchoj npaxtu. 

Hamme, np]anoneHa. nama isarreHa camo npolumperbe crannapaHe Eomelovtry-
paumj e ynpaunamEe jenraale, 6e3 mEaEratx panuxammx m3mema y nocrojehmm 

monynmma. Ha raj Hamm] je o6e36eheHo 3HaTHo naEmenpvuutaraae on crpane 
manycrpmje, jenHoeTaumija mricranaumja m onpamuathe extrema. 

OCT-1013HW Henotrarax npennoneHe meme MO)Ke 614T14 Ibex penart4sHo CHOP 

()nano u.I nitemellaje no C14,1141. 0118 111CNIa je cnopv]ja on ma npennomeHe y 
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M. Byxo6paTosnh, II. Grouut• 

patty [15] ycnen nintcycrua enemewra gF. Mebyrnm, nmitcycTao 
Ha naHatnima cHna (xojM ce npawrwmo mopajy npitmettant y canktek 
ynpaHmama no cHnama) TaKobe ycnopaua onms cHcrema. lipera 
je nponycHH oncer npennomene meme penartumo Inman, nwrame j 
y npaHcH H Jena mema mome otreapwrm ca 6p3mm oammom yHo 
rapaHroeam nncoxa noyanautocr cHtrema. 

Tpe6a Ha Kpajy HarnacHTH Aa cy jeanoM onauuom npennonteHom 
panmagnom inemom ynpanman,a no n03numjw H C10114 monTatcra ncuptubene 
morytniocm npawrwmor no6ommarba KOHBeE111140HallHOP xH6pHnHor yrip 
ma. 
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Al. Vitkobratovie, D. Stokie 

ADAPTIVE HYBRID CONTROL OF•ROBOTS 

S u m in a r y 

In cow cast to the traditional position and force control, an adaptive algo-
rithm for force and position control based on the so-called implicit force control, is 
proposed. This understands calculating the position equivalent to the desired force. 
This equivalent. position is then realized via the classic position control. In that 
way the problem of the conventional hybrid control, where the position/force con-
trol exhibits opposite demands concerning the servosystem stiffness, is successfully 
solved. In the proposed way the problem of system robustness is also solved and 
a realistic bases for the application in cases of various tasks of robot mechanical 
metal processing, created. The first results of the proposed scheme testing on a 
concrete robotic system arc presented. 
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rsac CCCLXXV Cpncrce cocadestuje naywa u pier/mot-mu 

Nall:PC .16e mentuvrcux Hama', KZ. 31 — 1995. 
Gla.s CCCLXXV de l'Academie Serbe des Sciences et des Arts, 

Glasse des Sciences techniques, Ns 31 — 1995. 

"ELM. 3J10I<OBVIK 

JE/11-1ALIVIIIE KPYTOCTI4 KOHAT-11-1VIX EJTEMEHATA Y 

G—I4HBAPI4JAHTIII4M flOTIIPOCTOPMMA 

(IlpmmmeHo Ha VIII chyrty 0,ae.thenta, 19. maja 1992) 

Jensammee aprroc-rm KOHa41114% enemenan ca oco6mmama cmmeTpmje 4m3pmynfruuy ce 
y Umneapmjawrimm no rupouropmma rpymno cynepmanTminnim UOCTyOKOM K0j14 je pa3B140 

ay TOp. Bettoron03pmMom cOymaumje noma nomepama y Immiammje ca THHOM cmmexpmje CB0- 

Ca nompotropa, m300ben,em thymemmja o6nmma enemenwra y G-mmeapmjammmm nompoc-
Topmma M 11.14X0BOM nimmenom chopedynmuy CC mairpmme apyTocam m jeamammae mpyTocTm 
3a CBaK14 HOTIlpOCTOp noce6mo. 01314M nocrynaom owne Cy 313me,neme je,3mammme mpyrocTic y 

G-MHBaraljaHTHMM notnpocropmma 3a rpeanw eXICM.CHT, 3a npasoyraoHH enemewr 3a alia- 

nioy paimor clam& Hanpembau Ha npaHoyrammt enemerrr Ha artantny caottjakba nfloye. 
Flocrynam naje jenmammme KpyTOCTH ca rpyrnimm cynepmanmmarma y nopManHoM H amjaro-
HallHOM o6n1ey, moje ce ripeTnapajy jeaHa y APYFY rpymmo cynepma-rpmmumm xpamc43pma-
mujama. Y nopebem.y ca aomaemmmomannumm meTonmma m3Boljeme H aopmulherue je,mmammia 
KpYTOCTH enemenan y C-musapmjammmm no3npocTopmma npymajy manic KBa.1114TaT148He 

M KBaHTI4TaTMBHC npeanotrm. 

1. Ilnynno eynep.siampusinu nocmynaic sa itaeoheme yeduastuna 
wpymocsnu y G-uneapujansnnuAi nomnpocmopuma 

Maim eBOJCTBa cmineTpnje HeKOF KOHaMHOr enemewra ca CBOjOM MBOBHOM 

Illemom mory .aa ce ontnny rpynom G, moryfixo je 143Botethe jeaHaMHHe Epy-

TOCTI4 enemexaTa Ca maTpmuom y 5.n0x Atmjaroliamiom 061114Ky KOJOM CC (kop-

myminny je,axamimie xprrocTvi y G-vmaapmjannatm noTnpocTopmma. 

rpynno cynepmaTpunint norrynax 3a 143Bote1Ile jeinianmpa xpyrocxx y 
G-minapknalITHHM noTHpocTopMMa je cmcremant3opan y 11 Eopaxa. KopauM 1 

210 8 onropapajy nocTynxy 3a 143BOteibe ckymnimja 06a14Ka y G-MHBapIttjaHTHHM 

noTnpoCTopMMa, aaTum y MOM party `tynninje o6Junca xoxa4ni4x enemenaTa y 
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22 3nogomiti 

  

G-HHBapHJaHTHHM nornpocTopMMa'. Kopaum 9 ao 11 caapme 14380belbe 

pima icprroctm y G-mmapmjawrintm noTnpocropHMa H jemomme spy• CTH 

ca rpynHom cynepmaTplmom xproczn ,  y HOpMELJIHOM 0681114, no I 

ckopmaumje y jeanammy xpyrocTm y xminemmonaimom o6amxy, a6p 

(1) YooPethe jedunoneene apynno cynepmampuune nymepaguje ne'opoea 

JemmicnieHe Hymepaumje miopoaa aa enemewre ca CBOjCTBIThitt awes mje 
onmcaHe paamminmm rpynama maneaeHe cy y mom paay `Konnewr rpy 
cynepmaxpima H npmmeHa Ha xoHamm eaememe'. Kaa rpyna G onmcyje c 
cum cmmexpmje eaemeirra H HaopHe meme, miopoem ce rpyrnimy y jeatts am 
mune Henpexaanajyhmx cicynoaa S1 , 82,... , Sc xojit 4nirypHmy y 4apmya 
jaMa on-rmximme Hymepaumje mmpoaa. 

Marro ce xoopzumaxe unix tmopona janitor cxyna mrsoposa mory re-
Hepmcaxm aejcnsom onepaumja cmmeTpmje rpyne G Ha jeaaH jemitim Imo , y 
CBHM aliaamaama y rpynHo cynepmazpwaHom noctynxy 6Hhe xopmintiemit MO 
npBH maoponm y cxynolimma mioposa •91, 527 • • • ,SI• 

(2) H380C7be 6asucuux eexmopa G-uneapujanmnur nomnpocmopa. 

Cxyn 110314THBIlla cmepona renepaamcama nomepama tmopoaa H maa 
enememaxa mopa oaroaapan4 npaom THU)/ cHMeTpHje rpyne, Tama aa ce on-
4mrypaumja miopoaa npeaoam y carry ce6e camcom onepanmjom cwuer sue 
rpyne. 

Kaa je y Heicoj tumpHoj memm n n  yicynitm 6poj tmoposa Ho* cy neje OM 
oA G nepmyrnpunt y mammy je4Hor jun:tutor cxyna tompoxia, H xamx 	poj 
creneHm cao6ose y CBMId miopcantma, yxyrum 6poj treneHm cao6oxie* 
amja G-Berropcxor npotropa je n = n n i. Tan ammo cnenat4wittmo map 
calm nomepame topmama cnoj cxyn Imommx 4iymaimja, topmyamtitY1* ago 
cxynoae Si, S2, • • . , SI KO* Haroaapajy 808f11011CHT871HMNI Symalmjama 	pa- 
ma. Cemiemle onmx cxynosa H fbliXOBHX Symautja cy yumbetie can 	ca 

Hymepaumjom mnopoaa, xaxo je .88TO y mom pan 4 4Iyiummje °Gamut go 
enemenaxa y G-mmapmjawramm noTnpocropmma'. 

Ta6mma Eapmcrepa rpyne G, ca xaccreamjammatm cxynoasrma 21 po- 
aymmma xojm ce xopmcre y Hopaxy (4) 38 masobeme thrmaimja nova n Me-

pama y G-mmapmjaHnutat notnpotropsima, aaje xapaicrepe mpeziyumtha 
penpeaeirraumja rpyna aa oapebmname itaemnoxemaxa umirrpa rpymie 
6pe. 

lIpmmeHom mixemnonHafra ri (i = 1, 2, ... , k), me je k 6poj *pen** ma- , ,, 	,-., 
ma penpeaerrraumja rpyne, Ha mioptie ckymake so;  0 = i,x-,• ,nh 	Due 
ce 6aamcm4 nexxopm Via  G-mmapmjairrma no-rnpocxopa. 

(3) opmy.aucatee pesauuja 6asucnux aermopa u neaps:ix strynxattja cap 	taxa 
jedimmuna ca cynepmamptitiom y aujaaonaanom °Ism. 

OBe peaanmje cy manomeme y mom paay `41maulje a6mmit sax* 
memaira y G-mmapmjawrimm noTnpoctopmma'. 
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(4) 143eo7erbc Ormanje noa,a nomepama deacomitonoeane y G-nuaapujaumne 

noinapoemope. 

II pHMeria noamnoma noma nomepan,a ca mnanonmma ypeberimm npema CI30- 

joj npmnaanocTm Tmnonmma ciTmeTpmje rpyne, ca. 1114TheM AA ce np0n3Beay 

ckyntalmje noma nomeparba y G-nnnappnanTrnm noTripocTopmma, u3Beaeua je 

y MOM npeTxoano nomenyTom paay 3a enemenTe 1K0j21 mmajy LIB0p0BC ca 

cTenenom cnofioae. Kaaa 21B0p01314 noceayjy I crenelim cao6oae, ona 

npontaypa ❑ aje In i  x Ias i  maTpmuy 3a ncompocTop U1, me je 71i ammernmja 

nompocTopa Kama 21130p01114 mmajy jeaan cTenen cao6orte. 

(5) Theoileac peaaauja ccucpa.aucamix nomepama 	ca Noepiaujeninuma A y 

G-uneaparjantnnum nomnponnopuma. 

3ameHa 413opHmx 800p1mnaTa npnmx nnopona y cRynonmma nnopona S1 

y texurne nonlinomcne (byliKumje noMepama xoje oaronapajy nompocTopmma 

U1, U2, I'k, aaje penaumje renepaamcanmx noMepama (I) ca KoeckmumjenTmma 

A 3a C13/1KVI moTnpocTop noce6no, Tj. cocTem jeananmna ca cynepmaTpmuom y 

amjaronannom 06/114Ky (n. MOj npenoano nomeHyTM pan). 

(6) Oapeuealbe KocOugnienarna A y G-nneamaumnum noninpocniopuma. 

Koecknumjewnt A i  ce ao6rnajy vifinep3vnom ma:13mila C1 nompocTopa 

(7) Oopmyaacame nocba nomepama y G-uaaapujanmam nomnpocinopusta. 

n-anmenamonannm G-Berropcgm npocTop noma noMepama 0 ce aegom-

nollyje y k GmminapmjanTumx nompooTopa U1, U2, ... 5 (4 ca n l , 712 5 ... , 72k ,a14- 

mcH3kija, taw° je fiaTo y mom tipenozwo nomexTrom pazLy. 

(8) lianoljeme fiylinoje offinoca N cvlemeaaina y G-uneapujannnium 

nonmpocraalcuma. 

tymnamje o6mmaN I ' j
ao6mjajy on 3a cna8m noTnpocTop Ui noce6no, nano 

je no8a3ame y mom npenoano nomenyTom paay. 

(9) Haeoberne Aiampaqa ucpymocmn Ki y G-unsapujaurnatum itomnpocrnopuma. 

Kopmmliemem ipytnnimja o6nmga Ni y GATnnapmjamtn4m nompocropmma 

U1, zto6mjajy ce maTprine KpyTOCTM Ki xoje oaronapajy nompotropmma U1, 

Tar) aa je cynepmaTpmua 8pyrocTu y amjarotianHom o6amicy 

K2 

• • • 

Kk 

= Diag Vi.1 K2 
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24 	 3.nottoexh 

(10) Tpaucftpmaguja jednavuue tcpymocmu ca gpyttuom cynepmamputpAt . 
tcpymocmu y dujatcmanuom o6nutcy y jedualuuy ritymocmu ca awn 
cynepiwampuuom upymocmu y uopma.nuom o6sury. 

Jeaunta xpyrocTm ca rpyrntom cynepmaTpmuom mpyTocTH y asijar9 
HOM 0671141Cy 

( 17, 
K2 

(!)-( 1)  2) 

• • 	• 

—(k) 

) ( 72( 12)) 
P 

• • 	• 

—( 4 ) 

141114 If = P , 

TpaHccpopminue ce y jenHalauty }<proem 1l = P ca rpynttom cynepma p 
nom xpyTocTH y HopmanHom co6nHxy rpynHo cynepMaTpHHHOM Tpancto ma-
innom 

T - 

nro je maueneno y MOM parry `KommenT rpyruntx cynepmaTpwra H. npmmen Ha 
'<oxalate enemeHTe'. 

(11) Tpauc0opmaguja jeatiauttue tcpymocmu ca spynuost cynep.mampuuom 
xpymocmu y 110p.4444140.44 o6autcy y /4014841110011CMHY fratIONIMY Knf/110C u. 

OBa TpaHcckopmaintja ce ocTeapyje npomettom Hymepaumje suopoua, me-
neme rPYITHO CYllOPMOTP1411HOM attanmaom, y xottmettumottantty Hymepausn , 
npomeHom cxynoma 110311THB1114X cmepoua reHepanricamax nomepatba 	po- 
ma, xojm onronapajy npuom fluty cHmeTpHje rpyne, y KOHBOHOHOHLU11111 • Kyn 
1103MTMBHMX cmeposa reHepanHcarnax nomepatba muopoua. 

* * * 

hopinuheibem onromapajyhmx mumpantsx TpaHapopmaumja y upon ay-
pama mopama (11) H (10) o6pHyTMM ponocnenom, xcatmenumoHanua jams- I a 
xpyTocTH ce Tpanc$opmmme y jenmatunty xpyTocTm ca rpynnom cynepma pm-
nom mpyTocTH y Hopmannom o6nmxy. Hoene Tora oria jenwatnata cc irp HO-

topmmtne y jenmaximmy xpyTocTH ca rpynnoM cynepmaTpHuom xpyro , 

nmjaromannom o6nmxy, Kano je nomaaano y MOM porgy `KoHnenT rpyinanc cy-
nepmaTpitua H npmmema Ha KoHamHe enemeHTe'. 

Y caeaehma onenomma rpynHo cynepmaTpwuni nocTynax je npitme •ex 
aa Hamohetbe jenHalunta mpyTocTH y G-MiBaPlIjaHTIO1M noTnpoctoinst 3a 
rpenHH enemeHT, nparmyraoHm enemeHT aa EtHal1143y pal3HOP a 
H nparmyraoHm enemeHT aa attanktay canmjatba nnome, ca ynopehemattaa H3- 

Bobeita ma KOHBO1111140H3411111 IMAM A nomohy rpyruto cynepmatpxquor • o-
Tyrwa. 
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FpynHo cynepmaTpw-um nocaynam 3a 143noterbe je,gHa4mra xpyrocril y 
Gl-vumapvijawrin4m noanpowropHma ayTOp je pamom Ha ocHoHy KoHamtmx ene-
meuaaa Foje cy Dwain 

- Argyris, J. H. H Kelsey, S. (1960): ipapoyraoHm eaemewr ca memprr meopa 
3a paBHO caawe Hanpe2awa, 

- Adini, A. 41 Clough, R. W. (1961): npanoyraoma enemeHT ca 12 urenem4 
cao6one HanperHya Ha cam/Om-be, 

- Bogner, 	K., Fox, R. L. 14 Schmit, L. A. (1966): npanoyraom4 enemewr 
ea tleT1414 wuwa 14 16 caenernr cao6one HanperHya Ha canyjawe. 

Dopers aora Kopmulheint cy o6jannberba H norraum 143 Dawe, D. J. (1984), 
Rockey K. C. et al. (1975) 1.4 Yang, T. Y. (1986). 

2. Jednanune upyrnocmu y G-uneapujaumnum 
noninpournopuma as zpednu edumenzn 

IThealw enemewr Ca aria MBopa, awr Ha ca. 1, ca Hymepaukijom mnoporia 
ywraHowneHom y mom parry 'Konuena rpyrimax cynepmaapHua H nplameHa Ha 
Koxamule eaeMeHTC' ( 1-1B0p 1 Rea(14 Ha r10314T1413H0j fpaHfri x-oce), onvIcati je 
rpyrlom Cy VI Hma T10314114131-ie eMep0Be Oa WI ■ W2, 9Y1) °Y2 1 PYI ■ PY2 ,  MY1, My, 

mojw oaronapajy Tianorwma cHmeaplaje npHe Hperlyrua6wme peripe3eHaarmje 

x 1  2 

rP:2 

Jz 
is  

0y2 

Cn. I. Fpezum enemorr ca Aaa meopa H Hymepattmjom meopolia 
rppulocynepmaTpmmllornocTynica 

rpyne. Fpearm enemeHa ca aHa meopa lama jeaaH cxyn meopoua S(1, 2) tnajri cy 
m3oporn4 nepmyampami aejcanom oneparKja cHmeapHje rpyne: E (HneHawrex) 
14 Cy (pwraullja 3a 180° OKO z-oce). 
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2 	2 ° I 	Y1 

E 
1 
1 

C2 

1 
-1 

C2 

A 
B 

z 
z, 
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Ta6nHua EapaxTepa rpyne C2 (ce, xavreemjancialm cxynoanMa H np 
nynTHma) je 

HnemnoTenni Hempa rpynHe anre6pe ,no6Hjajy ce ncekohy 

hi r 	-1\ —h 2_, Xike )0, 

ca hi AmmeHerijom i-Tor xapaxrepa minor ca = xi(E), h penom, hi i-T 
xapawrepom, a enemeirrom, HHHepeHjom enemewra H E = 1,2. lips/demo 
HnemnoTeHaTa ueHTpa rpynne anre6pe 

( :2 ) 	(11 
— 1) ( C2 ) 

  

NAM II = TS , ca T-1  =: 27, 

Ha mBoprie fpyinalmje Il i) 
 nompocropa 

, zeone ce 6a3HcHH eexTopri 	u-MthapHjaHTH 

(_(c1 )) ) 	473 = (rDi 
\ 	Soz (74) \ Fez  

1(1 	1) (wi ev, 

	

0") 2 	—1) \. w2 	) 

1 (w1  +w2 

	

= 	 09, 013  
2 wi —11/2 Oyi By, ) 

HnH It= TO, ca 	= 2T. 

06pHyro, penauxja cxynoea 11130pHia 4Jpreprij 	(i) ca cxynoestma 6 
—0) enema nexTopa 0 je 

(4(2) — 
411(1) ) 	(SO2- `O4 ) = ( w2

. 
 

Oyi — 1 	1) (rel 	\ 

wl 

) 	1 —1  ) 	 evz 

-FU/2 71 
= (W1 — W2 On l

72 

a. — Bra ) 

Ham $=T-1  =274. 

CxynoBH it Eck* canpace 6a3HcHe (7)i  (1=1,2; j = 1,2,3,4) x npencT 
majy w1, Va, 4,, ypeDeHH cy xaxo je naTo y mom party `0ymau+je o 5 
xonalnum enemeHaTa y G-HHHapHjaHnuam nompocTopmma' 

EL •4,2] = ( sT'' sT°3 ) = ( 171  
r 2 r 4 	W2 

Penauxja cxynoea 6a314cinix Beirropa (T), ca cxynosama geoproitx 4  
ja 0, HepameHa je cnenehmm cHcremom jenuatnam ca cynentiaiti 
jaroHanHom o6nHxy xoja carkpeat nee mairpHue TpaHccbopmatude T zOtte C 
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Han 	(Di = 741, 	ca 

((Di 4'0 = (c021  
(P4 	wz 

leaaammar KpyTocm Konatomx enemenaTa y Criuniapajaanumm nompocropmma 27 

((IC].) 	(T 7, ) (4)44) 

T = ( 1  
2 1 —1 ) 

06pny ro, peaammja cKynona LnEtopnmx tymmimja ca cxynonmma 6a3mc- 

HMX BeKTOpa 	je 

(:')2 (T m.nyi 	= 2T c , 	jep je 	T-1  = 2T. 

4) 2 

(Pyinamja nornepawa 3a rpezum enemenT ce 06mtmo ycnaja y o6nmxy 

w = ai azx + aax 2  + nax3  

dw 
By =

dx 
 = a2 2a3Z 3a4 x 2 

HRH 

6()  = 	= (0 1 x 

	x 2 

" 	 1 2x 	

3 	
N 

3:2) (al a2 03 a4)
T 
 • 

3a rpynno cynewmaTpmtnim nocTynaK nomohy cneaeher m3pa3a maanonm y 
ropitem nonmmormy he 6mTm pacnopetemm y oAromapajyrie G-mmeapmjawrne 
nompocTope Lae npmnaaajy n no jeammnrnenom peaocneay maanonaxojm aaje 
6.nom amjarona.nnm o6amx maTpmue cmcTema jeanatimna pe.naumje nomeparba 
ca xoeckmumjenTmma A 

HOTI1pOCTOp 

( F2 1 _ 	) 0 x2)  ( X 2) U1 

X3 U2 

BeKTOp KOJ10Ha n Berm") npcTa oaronapajy KapTe3mjancxmm cxynonmma 11 

npoayrrmma. aaTum y aoaamy Ta6amum Eapanepa rpyne C2, Koji,' npmnaaajy 

Tmnonmma cumeTpmje penpe3einammja rpyne A 14 B. 

Taxa, ca By =
dx 
dw 

' 
ckymuunia nomeparba 

2, 
w 	(1 	X X 	X3 

	

T 
) 

(al a2 as aa)T = (Fi I, F2) (Ai A2) 
°v 	0 —2x 	—3x 2  

aexonmonomana je y Ana al30414MeH3140HaJIHa G-purnapmjarrna nompocTopa 

U2. 
3amena Hoop/2[14E1am npeor tinopa y cxyny neopona S(1,2), Tj. x = c 3a 

• 

nnop 1, y tylimmjcice maTpmue F1 , F2 Oa [w By 
 T }cop oaronapajy nompoc- 

Topmma U1, U2, aahe penanmje nomepan,a ca xoeckmuzjenTmma A 3a cnaxm 

HOTTIpOCTOp 110ee6110 
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2 
1171 	

- 	  

	

r 
+ 032 	0 —2c 

	

w2 	( 	_. 
152 	

2 
W1 W2 	 C 

742 	 0y1 — 032 	 I I  

as 

-3c2  

HAM 
(40) (2) )=(- 

T•2jk.42)• 
)(Ai) 

cleteopoximesononanms G-sewropcan upocTop npo6nema. je casift 
MONIII0HOMAH y ABA ABOAMMCM3140MAJIMEL G-MHBapHiaMTHA nonspocropath 

hoeciniumjearm A ce 0.11PeDS  Ismmepsmjost maximilia CI, C2,31,, 
Topxma Ul , U2 

( as 
a2 

Ct3 

era 

/1 

0 

c 

--
2

1
c 

I  

3 

1 
2C3  

1 

1, 

— 2C2  

ttil 

On  

Vi2 

#32 

nx 

tiernopoammenntonannn G-nescropcxn npocTop noma nomepasta Ae- 
KOMSIOHOMIM y ABA ./H3OAKAteH3HOMAJIMM G-uneapxjasurna SIOTtlpOCTOpft 'U U2 
je 

ca TD 

( 

Al  

AS 

= Diag[l 

0 

x2 

c 
5 
z2 

-- 
	 2c 

A 

I Z 	x3 ] 

I  

2c 
x3  

= TDC -1 4T, 

- 2c2  

WI 

Byl 

w2 

#32 

HAM 

- 2c3  

cilincumje o6ninca 	y G-WHIMpltjaHTEMM-110111p0CTOpHIAtt Aohnja y ce 
nomohy 

—0) N =SNA, ca S=(1 1 1 1) 
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—70 	 I 	 C X 2 

2 	2 c  

	

(Lx x 3 	x x 3  
2c 	2c3 	2 	2c2  

Y noTnpocTopy U1  

d2  
= —Y—A —y-

dx2 	 dx2 — x± ) = — y( 0 	) 2 	2c 

	

0 	 E/ 
(

0 
o2) ca 	0 c 

= E B i B i dV = E y 2 dy ( o 
0 

7 

dx  = 

 
V 	 A 

	
0 

Y FIOTIWOCTOpY U2 

d2  —m (2) 	d2  (3X 	X 3  x 	X 3  ) 	( 3x 	3x 

T32  = —Y  dx 24 " = —Y  dx 2  2c — 2c3 	2c2  ) 	Y 	c3  — c 2 ) 

, ( 	 ) 

—T — 	 El 	
9x 2  9x 2  

z ydy i 9:2  
K2 = E i B 2  B2dV --- 	 9:2  dx = —

El ( 	1:2 ) 
C3  k, 3C 

V 	 A 
0 	C 5 	c4  

Ha Taj nainni je nofinjeila jenriainma lipyrocm ca maTpmnom npyrocTin 

y Gaol ninaronannom O6JIMKy, Tj. ca maTpvnaama xpyTocTm G-ininappljanninx 

noTnpocTopa 

/0 0 

El 0 c2  

C3  

3c 3c2 

	

(0 0 	 wl  

	

2E1 0 12 	 B y I 	(p )) 
= 

12 61 	Th2 	
—(2) 

 

61 	312 

max 	= P. 
Hpema mom nomenyTom pany ona jennaninia ce moaie narincaTx Ea° 

(A + B 	
) 

A — B)(T) (2)

) c
F(  = 	2)  

TpanciinipmmcaTm y jemmying KpyTOCTH ca rpynnom cynepmaTpvinom Kpy-

TOCTM y nopmannom °fining nomohy cnenehe rpyrnio cynepmannue Tpatt-

ciliopmainne 

oo) 

UT)(—)  
)

3 3c 

17)1 

eyl 

w2 

\j112 

= — — — 

Pz1 

Pz2 

Myl 

My2 
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H npnmenom Ha K = P arm 

( E 
E)(A+B 

—E 	A—B)E1  E 
\ ( 	) (EE: 	(

1
12) + 

( B 
 A B) ( 40) \ ( 13 ( 1 ) \ 

A kt(2) .13(2 ) 

( E E\ 1 ( Pq1 02) 
= 	—E 	17(2 )' — 

H A = .[(A+ B)+ (A — 

B = 
2 

RA+ B)— (A — 8)] 

A  = 1 2
9
E1 [(0 

0 2  
10 ) ( 16  2( 36112  )EI ( 

61 
 46/2 

B  . 1 2E1 uo 0) _ ( 12 61 )1 _ El (-12 	) 
IA0 12 	61 312 	— 13  —61 —2P ' 

Tam na ce ao6mja jezteammia apyrocm ca rpynnom cynepmaTpswom icpyrocim 
y nopmaanom ()Gamy 

El 	

12 	61 —12 -6l 	w1 	Pzi 
61 	412  —61 —212 	Old 	Mo. 

• 3 
—12 —61 	12 	61 	to2 	Pz2 
—61 —2P i 61 	412 	Bye 	My2 

HHH KO = P 

11a, 6}2 ce aoama jcanamitna apyrocm y ROHBe1001014a/1110M 06HRHY, no-
3MTHBHH catepons2 mac:spite poTannje 01 12 H MHOpHOr MOMeHTH My2 HOPai CC 
Hp0MeHHTH THEO in oaronapajy nonnemitonamnst HO3HTIHOHThi catepos a, 
m•o ce ocflapyje nomohy 

TDICTDTD. = TDP, me je TD = Diag11 1 i 1 11, 

aajyhn 	= —00) My2 = — 111,2 H KOHEMIUWOHIWTHY jeanamsnly aptly 
rpeanor enemena 

12 	61 —12 	61 	wi 	Po, () 
El 	61 412  —61 212 	eyi _ My ' 
/3  —12 —61 	12 —61 	w2 	Pz2 

	

61 212  —61 4P 	810 	Aga 

O6pHyTo, nomohy TDKCTDTD 4V = MP, ropma jennamina acp 
ce Tpanctfunnanne Hawn y jamtainnty npyTocrn a rpyrniom dyne 
xprrocrn y HOpMaJIHOM o6nitay 

MAX Kctl ,  = 
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1 ( 13 ( 1 ) E)(40( 1 ) 
—E 	(1■ ( 2 ) 2 PO)  ) 

NAN 

VIJYTOCTPI Ko Hatunn enemeHaTa 3' G-valoapmjawnitim nompocTopmma 31 

(

A 13) (4)( 1)  _ ( PO)) 
B A ) $( 2)  ) P(2 ) 

JeAtiammila itpytocTi4 ca rpynnom cyrummaTmmom HpyTocam y rHaro-
HanHom o6mmy cerm6nja npmmeHom rpyrmo cynepmaTprnme TpaHmfmpmauH-
je 

TGT - I  = T P, 

1C(1)= P 	PIJIM 

Ha K(1) = P, 'rano uka je 

1 (

E 

 E E) (A 8)( 	E) 1 (E 
E ) 03 A E — E 	E 

( A  " A — B) (tf (21)) ) = (C(2) ) 

wI 	Pet 

Oyi 	My1 

o o 
2E1 0 P 

1 3  
' 12 61 	ifi2 	Pe t 

I  61 	31 2  I 	0 y2 	Al y 2 

Ta6ena 1 Hpyma ynopeteme HmEmerba jermamme HpyrocTH rpeimor 
enemeirra Ha EOHBeHINICHaJIHM HatINH N HOMOtly ITyllHO CyflepMaTNITHOF Hoc- 
Tymm (H. cTp. 32). 

3. Rohm-tune upymocmu y F-unaapujantnnum nomnpoonopurna 
3s npaeoraouu afternoon sa am ✓ uay paano2 Guiana nanpemetba 

ripanoyraom4 enemeHT ca nempH mmpa H ocam cTenem4 cno6nue, naT 
Ha ca. 2(b), Ca .jemmeTnenom Hymepamnom nooporm vorteneHom y MOM pa11y 
`EntieHT rpymmx cynepmaTpvma H mmmena Ha HoHatme ellemeHTe', ofiricari 
je rpyHom C2, , rue H01314T1413TIN npamm Homeparba n l , u2, 113, 7/4, VI V2, V3, 

v4 oimonapajy npHom THny cHmeTinne rpyne, InTO ce pa3nHxyje on HommH-
LMOHanHOI cHyrra ITO3PITLIBHNX cmcpmm Ha CJI. 2(a). 

4130p01,41 cityna 4130p0Hit 5(1,2,3,4) cy nepmyTHpaHH aejcmom eneme-

HaTa. rpyne, Ti, onepaminama. cHmeTpMe E (mAeHTHTeT), C2 (poTamed a 3a 180 ° 

 ORO z-oce), a l  VI a2 (pecu1eKCHje y a:z m yz pamnuoa). 

Ta6uHua Hapawrepa rpyne (72,, (ca KapTeminaHcHtim cmynormma H npo-
Aywrirtma) je 

E C2 (71 

(xz) 
a2 

(yz) 

A l  1 1 1 1 2 X , Y
2

) 
A2 1 1 — 1 — 1 Xy 

B1 1 — 1 1 — 1 XZ 

B2 1 — 1 1 yz 
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Tab. 1. Ynopdethe mnedethajemaymne KpprocTm rpeAmor clement as 
mcomitenitmcmanem mamma m ucmcohyryynnocynepmaTp0m0ortt0cTyntica 

H3BOBEIbE JEJIHM114HE 

PPEAHOE EJIEMEHTA 
CTEIIEHA 

es Koneemotouannst naymn 

KPYTOCTH 	. ,.. - 
CA LIETHPH 

CEOBOAE 

rpyouo cypepmannowsew 

4PyuKulHja 

nostepktu.a. 

Koja pesautme 

opocrOp roam 

yrkt6a, 

(10 1 = 

wi 
o

wl 	opocirop 	V 
:: 
0;2 

	

Vi) = (Ft 		_ 1 1(  00 -Ewa ) 
k Ba t )   - i ken  + en 

	

. 	,  
irs  2 ) _ ( I/72 ) _ 1 

( gai. 
 WI •••• W2 ) 

- 	iro 	- 2 	9.1 - 902 

P., 

lea 

MaTp4uta xoje 

ce mmti epxyje 

32. nothij site 
Kocomutiertatra  

no mtwobtcxe 

synKaKie 

nostepposa 

1 	0 	0 	0 ) 
01 	1 	0 	103  

0 	1 	212 	312  

1 	c2 I  0 

-2c  	
I  

I 	C 	Ca  
0 	I 

i I  -1 	-3c2 

uwenpoorg, 

Ut 

U 2 

(e =- lir 

n0.1111100PACKft 

Synxekiptia. 
Kohtep loaa 

w= [1- 3(7) 2  +2 (Di tort 
xa 

	

+ (x - 2 	+ .) On+ 
1 	

à  

+ [3  M 2  - 2  (Di w2+ 

	

,2 	z3) 90  

- 
at  _ 

a, = 

noTnpoctop 

ncyrnpoacip 

tri 

C 	2,  ) ( 17; 
0 	- 	( bay  2c 	‘ 

U2 
3.. 	. 
2°3 	2  3 

- tr - LT 

) 

( Ta \ 
9  •2  ) 

i 
Matpima, 13 

y nponyerry 

B T /3 , 

BT = -y 

ff + 0 

	

_ i 	4. 

	

i 	I' 
-7 -  it 

f - t- 

noxupocTop 	Ut  

T31 = -11(0 	- 1) 

noTupoctop U2 

N2 = -I/ ( -, 	- !irt ) 

HnTerpailmja 

110.1111310141. 

I  ( il 	1 	: 	9 a I 	I 	I 
o 	ctim. 	II 
nwrerpan sij• 10 TPOW11111111 

nommoato 

(1 ite-myna enemenT) 

If 

0  

turrerrittmja 

0 	0 I  
0 	4 II 	° 

i 
0 	I 	i 	/1 

I nut. $ I 
4 jeAnolanana 

 	dx 

1141.1510M. 

I 
JeAssionts 

xprroCnt 

El 
13  

= 

12 61 -12 61 ) ( oh 

-12-61 	12-6i 	oh 

	

61 412  -61 21 8 	O 

r  . 2 

	

61 2/2  -61 412

n 	. 

P., ) 
Ain 

 (P., 
m;,,, 

2fil 

0 	0  1 	o 
0 	13  I  

I  12 	61 0 	I 

1 I  6/ 	3/3  
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w, 
iii 
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I 	Vi  

V3  

1 4 u4  

y 

V 2 
	 4 v4  

V3  

JeAmammmie KpyTocTm Komatimmx emememaTa 3' G-mmeapmjamTmmm nompocTopmma 33 

am< cy maeunarrenTn newrpa rpyne anre6pe 

	

1 	1 	• 1 	1 	E 

	

(:2) _ I (1 	l -1-- 11 )( C2 ) 

71'34 	1 	—1 	Q l  

774 	 1 	—1 —1 	1 	0'2 

14.1114 	= TE ca T-I  = 47'. 

1 	U1  

a 

3 u3  2 u2 	U3 	3 

C 	C  
4 	4 	I 

kl) 	 1 	
a  lb) 

   

Ca. 2. Hpanoyraoltx enemewr ca venipm tthopa 3a anaimay pamior craffia Hanpe3atha: 
(a) ca Ron ocuilmottammm chynom 110314 -21113811% emeposa nomepalba LiBoposa; 
(6) ea cNynom 110321214111/14X cmepoxa nomepatlia trxoporsalcojH oaroxapaiy 

rmly culmeTpuje rqmse upc,itylt.H6maxe pertpe3enTaiwie rpyne C2v 

flpHmenom viikemnotenaTa 7ri(i = 1,2,3,4) Ha 9130pHe ckyuntmje yi (j = 
1,2, ... ,8) arovnajy ce 6a3mcim BeaTopm c/i  G-mnnapmjarmnix nompocropa 
bri  

i) ( 1 ) ( 

'P ( Ti 	I 	'Th vi 	1 	1 	1 	1 	(t i 	V1 
—

4)

(2) 

	

72 @6 — 772 V2 	1 ( 1 	1 —1 —1 	212 V2 

— (A, 3 ) 
,r 	 73 77 	It3 ti3 	4 	1 -1 	1 -1 	u 3  123  
Tio) 	 1 -1 -1 
21' 	 7'4 78 	ti4 ti2 	 1 	2/ 4 V4 

14.1M = TcI), ca T-1  = 47'. 

06pny-ro, penauxja nnopnitx Symunija 4) 10  ca 6a3Hcnktm nekropmma 

ttl + U2 + 4{3 + U4 VI + V2 + V3 + V4 

f1 UI + 242 — U3 — 1/ 4 VI + V2 — V3 — V4 

4 ui - U2 + U3 — U4 VI — V2 + V3 — V4 

211 — U2 — U3 + 214 VI — 2/2 — V3 + V4 
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1.M. 317030131111 

(on) 
4)(2) 

4)(4) 
41(3) 

92 
co3  

SO4 

40  
W

5
6) = (ui U2 

9,7 	U3 

Pa 	u4 

V2 
v3 
V4 

) 
= 1 

(1 

1 
1 

1 
1 

—1 
—1 

—1 
1 

' —1 

U1 + U2 + U3 + 144 

+ u2 - U3 — U4 
VI + V2 + V3 + V4 

+ r/2 — 	— *V4 
Ul 	U2 + ri3 - 114 171 + - 
ul - u2 — U3 + U4 172 — 173 + -64 

Cxynovx 	= 1,2) caapme 6aaxclle vewrope 	= 1, 2, ... A U) xa- 
ja npeaciaxmajy tist, 113, 113, U4, vl, 172, U3, v4, ypehene ape!, 4emem-

vonomemoj y MOM pan `41ymaxxje o6nmxa xoualaatx eaemsti y G - 
maaapmjaimand noTnpotropmma', AELTH cy ca 

V1 

NFL T21 = Cwa 1 = 172 
P3 u3  173 

74 78 	U4 v4 

Penauxja cnnova 6a3xcxxx newropa ca caynomu.ta geopan *puma-
ja 41/ je m3pamexa cneaehxm cactemom jeaxamana ca cynepmavptaolt 
jaroxanHOM o6nmay xoja cannot arse maTpxue TpasaPopmanmje T rpyatt; C2], 

    

(t) = 
(T T ) (:: 

HJIH 	i = Tcpi , 	ca. 

  

   

    

— 

1 —1 	1 —1 
1 1 	1 —1 —1 

[ 	

( 	1115 ) 	( 11 1 1 1 
T — 

4 
92 	ua 
403 Sov 	ua va 

1 	1 	1 	1 

1 —1 —1 	1 	 924 418 	114 v4 
O6pHyTo, penauttja cayman& geopain +mama 11)/ ca cxynossahts Same-

ma nextopa ti je 

(:21 ) = 4  (T  T 
	sum • = 47' S, 

Ofluausja nomepasa 38 npasoyraom enement as aaaattay passim' trans 
nanpeaalaa o6inao cc y311Ma xao 

u = al a2z nay+ a4zy 

v = 05 + aez + an+ any. 

3a rpynHo cynepmavpmuut notrynax cneaelimm mapaaom ce Yj afomi 
ropser nonintoma pacnopehyjy y oaroxapajyhe,q-mnapmj 	 c- 
repe me npmnaaajy x ca peaocneaom mammas xejm aaje mu 
clmapataxpime CHCTe1411 jeAtiammap. pentode =maps's 
ma A 
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teallatIlThe KpyTOCTI1 monaonmx e ➢ emenaTa y aominapmjanammm noTnpocTopmma 35 

[x 	y] (,,
1 	0 
u 1 

(

x 0 
0 y 

rite 1, xy, x, y onronapajy mnoamma cmmenpmje penpe3ennanmje rpyne 
A 1 , A2, B1, B2 pecnexmano, maxo je nam y nonamy y3 Ta6nmuy xapawrepa 
rpyne C2,.  1-10111TO m.nan x 2 y mma VICTI4 TYIll cmmenpnje xao y, x 2  Kao 1, xy2 

 xao x, y2  Ka° [, no6mja ce cnenelia, cilymilimja nomepama 

1 
 (u \ _ (x 	y 	

II 1 	1 , xy 	) 
v ) 	y 	 1 ii  x 	xy , 	1 

_ 	1 	
T 

	

( a l, 	a 2  , a3 a 4  , ...t5 	a6 1  01 C18) = 

=(Fi F2 F3 F.4) (Al li  A2 A3 Ai)T . 

Ha raj namval oma je nexomnomomana y mempm neonmmen3monanma G-

mmapvtjaHnia nompocnopa Ui, U2, U3, U4. 

3aMeHa gaopmmx xoopammaTa npaor moopa y cxyny mnopona 8(1,2,3,4), 
IL X = C, y = d 3a 4130p 1, y CkyHELIkliCKe MaTp1411,e Fl, F2, Fa, F4 Oa (u V )T 

 IC* 111/14Kaaaiy 110T11pOCTOp14Ma U1, U2, U3, U4, nahe penammje nomepama 0 
ca Koeckmumjennuma A 3a caaym nompocrop noce6no 

xy 0 	x 0 y 0_ 
0 xy 	0 x 0 y - 

x 2 y 0 x 2  0 xy 0 
0 xy2  0 xy 0 y2 	' 

Ul 	 IC 

vl 	 d I  

172 
V 2  

\ / 
a2 

a3 
a4 

a5 

a 6  

d  
C  

1 

cd 

HRH (1=CA. 

174 	 cd 	a7 

Ti4 / 	 1 / 	as 

OCM0,314Me113HOHa.71HM G-newropcxm npocnop npo6nema je Gana nexom-
110H0Ban y mempm )1030/2114MOH3110HaRlia G-mmnapmjanma nompocmpa U1, U2, 

U3, U4. MaTpmna cmcnema jennammna ropme penaumje ce no6mja y 6nox nm-
jaronannom oGnmxy Koji canpmcm mempm nmjaromanne 2 x 2 mai-pule. Ha 
'raj mamma musepmEathe manpmme C je penymoaamo Ha i/matte penympomnmx 

BpenHOCTM on c, d, d, c, 1, cd, cd, 1, 'ram) as je 

= Diag 

(al az ct3 a4 0 5 as a7 (Iva' = 
111 	II, 	1 11 

2/ 1 2 	-c7/1—

cd 1)(rti 	u2 172 ,u3 773 .1 -4 	, 

mnm A = C-1 (1). 
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0 
x 

xd 0 1 
cd 

1 0 	o) ( 
x 

[ -A-7  (. 1) : N(2) : jy(. 3) : Ar-(4)1 = 	c 
' 	o 

0 l  

Y 1 n 
V 

H ca 

(010x 0 ) 
= 	0 8/By 	c 

	

010y 010x 	° 

1 
0 

0 
y = 0 

1 

0 0 

o 

36 	 B.M.3noeoexli 

Ocmoimmenamonannit G -nexTopcnt npocTop noma nomepama A, /MOM 

110110111411 y trempx asoAameasaorataxa G-7414BaplijaHTH8 noTapotropa U , Ua 
US Un, je 

A = TD C 1  , 

ca TD = Diag [x y:y x 1 xy xy 1] 
, x 

 

VI 

ria 
r)2 

Al/  

As 
id 

x 
c 

173 A3 

\ A4 / 

1 
xy 
cd 

rt4 

174 / 

HRH 

•yinawje o6xxxa $ ')  y G-wasapxjawrmavt noTnpacToranta cy 

1/ 

Can je moryhtto A8 ce msacay 2 x 2 maTpKue apyTocTit L 
K 4  38 C88404 G-11HB8Plfj8HTHR notnpocTop U2, U2, Us, Ut noce6io 

lioxispocrop U2: 

D 
 = (

du du 0 
dz. d22 0 

	

0 0 43 	 • 

38 p EISHO crame atanpessaa: 

E 	 vE 
= d22= 1 _ v2 , = dt2 = 1 — v2 d

33  =' 	r(r-71- LI I.  

-1?-3 
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d 

d21 
0 

—
"I

d 12
) 

B2 = 

(112 	0 
d22 	0 

0 	d33 

dx dy = 

0/ax 
0 	

6/08y ) 

010y 	alax  

lc 

0 

0 

( di  d
ip-1 
“21 

( 

1 
d  

0 

0 

= 

dzi 

d22 P 

0 x ) 

ci 
do 

21  

ca 

0 
0 

dl 

it, 
cd 

—eld di2 

a  ,22  

d2  

P = Ti  • 

0 
0 

1 

( I 

B D B = 	
0 0 

0 	0 

I 
0 	

di, 

ki =I I 2 , 
2_,.1 

0 	cd 

flompocrop U2: 

y 
( Tit 

N
(2) 

= 
0 

0 
x 

Je,EkHatillHe K1lyTOCTI1 KOHaMIIIIX enemeriaTa y G-14HBapIljaHTHIIM nexupocropuma 	37 

3a paaao mike aedpopmauatja: 

(1 - v)E 	 v E 

	

dlt = dr, 	  d21 = 	= 	d33  - 	 
2(1 +v) 

	

- 	(1 + v)(1 - 2v)' 	 (1 + v)(1 - 2v)' 

_3.3) ( 1 1 ) = 	1  d33  

0 0 	1 	1 

  

- d33 c-2-  

c 	ed 

K2 = f f 
dr2 d  

d 

—u33 
1 	1 

d33 
cd 

72433 

dx dy = ( d  _,33P  

° ° 

co33 

cd 

flOTFlpoc•Op U3 : 

U o 	c2  d2 
a22 --e2d2 "33 

( 1 0 	 alax 
—() 
N3 = 	xy  , B3 = 	0 

0 010y cd 

0 	0 	0 	dll d12 

B3 DB3 = 0  X if d21 d22 

cd cd 	0 	0 

(0 	x2  , 0 
y2 

c2 d2  

) 
0 —a22+ —c2d2 daa 

d 0 	0 

73=  f x2 	,2 	dx dy =  

-1  d33 p) 

d33 

B2 DB2 
= ( 0 0 

0 0 - 	0 	0 d 

di  ) ( ddil  
1 	

di2 	0 
d22 	

0 0 d2 	cd 

(0 	0 

1 
0 -

3 
“22 p+ -

3
14
,  

33 

0 
aiay 
010x 

0 
0 

d33 

0 

° 

0 

1 	0 

Xy ) 	

0 	0 

_ (0 

() cd 	0 
cd 

0 

Wi ) = 

cd 

V
ir

tu
al

 L
ib

ra
ry

 o
f 

F
ac

ul
ty

 o
f 

M
at

he
m

at
ic

s 
- 

U
ni

ve
rs

it
y 

of
 B

el
gr

ad
e

el
ib

ra
ry

.m
at

f.
bg

.a
c.

rs



38 l0000nth 

IlompocTop U4: 

xy 
—0) = 	0) , 	= air ofoy 	0) 

cd 
0 1 	aloy Olox ( 7041  1 ) = 

Y  0 x 
	dll .c., 

130194 = cu 	M dn 
0 0 0 	0 

d22 0 	0 	= 
0 d33 	 0 

0 ) ( 	0 
di2 

, 	cd 
2 

= c2d2 + 
) 

d33 2d2 

x2 

c d x 2 
K4  = 	id

2
2 	2 ,i2c  

0 	

0) 	( 	

0

dur i .1-4133 dx dy= 3 3 
o o 	 0  

Ha 'raj HELIUM ao6mja ce jemiammoa KpyTOCTH ca rpymio 
gom xprrotrm y 414jar0HaRHOM 06.7I4Ny 

/du. 1  du i  
d22p 

I d 	d 	I  33.- 	33 

d d 9-1  33 	33.- 

1  0 	0 
1 0 Ida, + Idss 

Idu p- 1 + Id23 p 0 
0 	0 

14A14 

i
—(1) 	T . 

( 	

o 
i(2) ) 	( p(2) 

(3)' To) 
ii(4 ) 	T(4)  

K3 
HA ic- f=t3, 

maw ca cyntrwryumjama A = 	 = 2d22P1 C = 'Plat t  F 
G = 243/2-1 , H =3d33, 
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Jeariatume xpyTocTm KOH ft4HNX e ➢ emeHaTa y G-myEsaptijairymm nompocroppima 	39 

/ 3A 2C 
'171  / 	\ 	/ T3r1  

2C 3B 17 1 Pyl 

3F 211 17/2 P 

1 2 H 3G /72 P y2 

= 
6 0 0 x.3 

0 B + G 1,3 

A + F 0 774 TPx4 

0 0/ \ F4 

TpaHctopmaumja jeaHamme HpyrocTH K = P y jeaHammly Hpyronm 
K4 = P ca rpynHom cynepmarprwom Hpyrocm y HOpMaJIHOM 06awxy o6aHma 
ce rpyrnio cynepma-rprnmom rpaHapopmaurHom 

T -1 1777-1 4; =  
maHeaeHom y MOM parry `KoHuenr rpyrantx cynepmaTpHira H npvtmeHa Ha Ho- 

eilemeHre', aajyhm 

E 	E E 
K2  

(E (IT 

K3 

)EEEE) 

E —E —E E K4 E —E —E 	E 

E 	E E E E 	E 3 1)  
E 	E —E —E —0 (2)  E —E — E 75(2)  

(E 

E —E 	E — 

( (i)) 

(T) (3)  E —E E —E 

( —(1 

75(3)  
E —E —E E T (4)  —E —E 	E 7,-0)  

/ ul 

( 

V2 
A2 Ai A4 A3 

Ai A2 A3 A4 ) 

V3 

14 

\ v4 

(Al 	 E E E 
A2 ) 	( E E —E 
A3 — 4 E —E E 
114 	E —E —E 

/ Pr \ 
P yl 

Px2 

Py2 

Px3 

Py3 

Px4 

Py4 

E 	K 1 

— 
—E ka 

E 	174 

U 2 

A3 A4  AI A2 

A4 A3 A2 Al 
U3 

ca 
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40 B.M. 3nogoeith 

  

Hoene oupebmean,a A1, A2, A3, A4 liamja ce jonnatuma apyaoCT ca 
rpyrrtrom eynepmaTpmuom y nopmannom o6nincy (ca itymepaunjOm'fan oat 
rpyrmo cynepmaTpmmor nocrynxa npema ca. 2(b)) 

/2A C: A C: A C:2A C\ 
C 2B: C B i C 2B: C B 

A C :2A C: 2A CI A C 
C B: C 2B: C 2B: C 2B 

A C :2A C: 2A CIA C 
C 2/3i C B1 C 2B: C B 

2A CI A C: A Cl2A C 
\ C B C 2B: C B, C 2B/ 

12 

/ 2F H 	F 11:-2F —H1 —F —H 
H 20 i  H 0: —H —G 1 —H —2G 

F H i 2F H —F —H : —2F —H 
H G i H 2a i —H —20 —H —G 

—2F —H —F —H 2F Hi F H 
—H —G i —H —20: H 20: H G 

—F —H —2F —H i F H ; 2F H 
\ —H —2G i —H —a: H C: H 20/ 

113 
V3 

\ V. 

e. 

ay 

Lj 

IP= 
Fin  

P.= 

Pa 
Pis 

P. 
\ P../ 

man KG = P. 

Ila 6n ce ,ao6maajeanammta 	 = P' ca 'communions HOM 
nymepataijom maopoaa Arroj Ha ca. 2(a), notpe6no je na ce npom 	my- 
mepammja meopona on (1, 2, 3, 4) ma (4, 1, 3, 2), min ce ocinapyje 110M hy 

E 

E 	A3 A4 Al A2 
E A3 Al A4 A3 E 

E 	 112 Al 
_ A3 A1 A2 
C A3 A4 Ai A2 A3 A4 

	

4 Aa A2 Al 	 2 A4 Aa 
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JeLuiativan. hpyToc-rm KOHM91114% enemeHaTa y G-mtthapmjaunimm noTnpocTopuma 	41 

/2A C 1 A C 2A C '1 A C 

C 2B ; C 28 C 	C 

A C ; 2A C II  A C1 2A C 
C2B 1 C2B 1C BIC B 

2A C 1 A C 1 2A C A C 

C 	B; C 28 ; C 2B 

A C 11  2A C1 A C 1 2A C 

_\ C B; C B; C 2B; C 2B/ 

/ 2F H; -2F —H —F —H 	F H\ 	ni  \ 

2G —H —G —H —2G; H G 	v, 

—H 2F H F H —F —H 

—II —G 	H 2G 	H 	G I, —II —2G 	v 2  

—F —H 	F H ; 2F H =2F —H 	11 3  

—II —2G H G H 2G —H —G 	v 3  

F H 	—H ; —2F —H ; 2F H 

\ 11 	G —11; —2G —H —G I H 2G 	\ 174  

MEV /04)' = P' . 

OBa jeuttamma Epyrocm ce mancifoopmmue y xouBenumona.my jea-

ttammuy tcpyroc414 npomenom 410314T1413H14X cmepoBa OA v 2 , u3, 24, v4,  Po, Pr3, 

Pr  4, Py 4 y coyly 110314414BH14X cmepoBa Kojvi o,aroBapajy npBom mny cume4pvt-

je rpyne C2 v  aamm Ha en. 2(6). Ha osaj Hammif 21o6uja ce immmeunuonamm 

exyn 110314414131114 X emepona nomepalba mBopoBa 14 cpma y mBoporaima npema 

en. 2(a). OBa onepauvtja ocmapyje co uomotly 

Tp CDTDV TD P i  , 

rue je TD = Diag( 1 1 1 1 1 1 11  1 T), Aajytim t 2  = 	til3  = —113 , 

til4  = —u 4 , 7: 4  = —v4 , P,j' y  = —Py2 , P;3 = 	P;4 = - Pr4, /3; 4  = 	 THMe 

je ao6ujetta teuthellumonanua jeauaiuma xprocm 

- / 	2A 	C1 

C 	2B I  

A 	—C1 —2A 	CI 

C —281 —C 	B 

—A —C\ 

—C —B 

A 	C 2A —C —A 	C —2A —C 

1 
—C —2B —C 2B 1 C C 	B 

12 —2A 	—C —A C 2A 	—C1 A 	C 

C 	B C —B —C 	2B —C —2B 

—A —C —2A C 1 A 	—CI 2A 	C 

\ —C —B —C B1 C —213 C 	2B) 

1 

12 
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42 	 I.M. 3notwoHh 

/ 2F H : —2F H F —H: —F —H \ 
H 2G i —H G i H —20 i —H —G 

—2F —H 2F —ff i —F H F H 
H G I —H 2G i H —GI —ff —26 	ro; 

Nf 

H1114 Ke Ge  = Pe , UITO o,nroHapa npaHoyraoHom enevewry na &tansy psalm 
trataa Hanpenama npeMa cn. 2(a) cy cyncrxrynxjama na A, B, C, P, G, H 
4/17KM paartje. 

F 	H —F Hi 	2F —HI-2F —H 
—H —2G H —G —H 2G 	H G 

—F —H F —H : —2F H i 	2F H 
—H —G I H —2G : —H Gi 	H 2G 

KomelaucOHanHa jennamicHa xpyrocrx Ke Ge  = Pc , ca Hymepaurtjord IMO 
pOBa 14 cxynom I10311111131111X cmepona nomepaaa cmopoHa H cxna y goop03H141 
npeMa CR. 2(a), TpaHcOopmrtme ce nomohy 

Ts Ke TH TH 4)c = TH Pc, 	ca 	TD = Diag (1 1 1 1 1 1 1 1] 

y je,aHammuy xpyrocrx K'G' = P' ca rpynHom cynepmarpmrom xpyroc-rx y 
HopmanHom o6nxxy. 

/la 6x ce Ho6mna jessaHHHa KpyTOCTH KG = P ca Hymeparsdos loo 
pow', rpynno cynepmarponlor nocrynxa npeMa cn. 2(6), noxpe6Ho is Aa cc  
npomem Hymepaurrja geopoaa on (1, 2, 3, 4) Ha (2, 4, 3, 1), urro ce ocetapyje  
nomohy 

	

Hi H2 H3 H4 	E 	Hi H4 H! H3 

	

H2 Hi H4 H3 	 E _ 114 Ili H3 . N2
E 	H3 H4 Hi H2 	 — H2 H3 111 H4 

E 	 4 H3 H2 111 	 3 H2 114 H 

TpaHcGopmarmja jestame xprocrx KG = P y jerma•nmy xpyrocrm 
K T = P ca rpynHom cynepmarpiwom xpyrocrx y ajl1S01111AHOM 0611Hay 
ocmapyje ce nomohy 

TKT -1 TO = TP, 
aajyliw 

K4
(

ci(4)) 	(17(1) 

—(th  2) 	—(p, 2) 

1(3) 
	= 	;'(3) 	• 

4;(4) 	
—(4) 

K2 
K3 

7 	I- 
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Ta6. 2. Ynopeheax HaBoterha marpHtte 1<prrocTil npanoyraoHor enemenTa 
3a paHHo CTa2be Hanpe3atha Ha KOHBOHRHOHaAHM Ha4MH H nomohy 

rpynHo cynepmaTprimHor nocTynma 

3A AHAJ1143Y PABHOI' 

CA OCAM CTEFI 

Ha tostatenttHoHaHHH Hamm' 

CTAHaA HAIIPE3A1-bA 

EH 14 CJI 080/1E 

rpyinto cynepmaTpritanim notryntcom 

41 3( 111( 101 .1e KOje 

pasanutaty 

npocTop 110Jba 

nomepalha 
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\ 1• 14  / 

/ 171 \ 

it, 
-- 

/72 

172 

173 

h3 

 -- 

'U.' 
174  

4 

/ tit +u2 + us + tit \ 

vt T vz -A v3 + v, 

HI + vz – H3 – u, 

VI + V2 — V3 — V4 
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vi  – vz  + V3 — V4 

ut –Hz – v3+ v4 

\ vi – vz – vs 4- I , 4 I 

}lit 

U2 

u3  

U4 

Marpr mta Hoja 
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3nomosmh 

* * * 

Ta6ena 2 Aaje ynopeteme 143Bo1jesa marpsule xpyrocr 
enemerna 38 mama),  parmor crazba nanpe3ama Ha xonnengn 
nomohy rpyrmo cynepMatpwmor nocrynxa. (B. trp> 43). 

4. Jeduautote xpymocmu y G-uneapujoimuum no/woe/mainmas t 
 as npaeoyzaouu czemenm as autumn caoujoba 

flparsoyramm enement ca mempx xnzopa x 12 cTenenzz cno5o,ne alt Ataa-
inay casxjawa, AaT Ha 01. 3(6) ca jeRmntrnenout nyMepautjom'nzopona, 
x3neuenoj y mom pan `Konuenr rpyinnix cynepmatpmua H upzimen aik to-
naxme enemenre', O11HCax je rpynom C2,, rue 1103HTHBH11 cmepoim rezturtalOzzar 

nomepatba Wl
, esl , 9y1, W2,_ 0  2, 0y2, W31 9,3) 8y3, W4/ Bs4r 0y4 eirOn10 Ijy _ 

npnom xmny cMmetpxje rpyne, Into ce pa3nincyje on xonneinusonannor okyna 
noannommx npaeaua Ha ca. 3(a). 

Kao mro je ,aato y oaemxy 3 3a npanoyramm enemarr 38 amanapy 
paBHOr CT8.1b8,  natipe3asa, 9B0p0BH meronor cxyna mnopona 8(1,2,3,4) XI?.p-

myxHpaHH cy-aejernom eaemeHaxa rpyne, rj. onepaunjama cxmerpnje .73) 

al) a2. 

Ta6nrana Eapairrepa rpyne C2,, (ca narre3Hjancia4m CxyneBmaa H ri)o-
nywrwma) je 

E 	C2 	al 	a2 

(n) 	(yz) 
C2v 

Al 
A2 
B1 
B2 

1 	1 	1 	1 
1 	1 	-1 	-1 
1 	-1 	1 	-1 
1 	-1 	-1 	1 

x-, 
Xy 

XX 

yz 

zuzemnoxeirrx nenTpa rpynxe anreope cy 

n3 / II 	

1 
rz _ 1 (1 	1 
W3 	 1 —1 

W4 	 1 —1 

	

1 	E 
- 11 	C2 

	

1 -1 	ei 
- 1 	1 	oz 

xnx = TE, ca T' 1 = 4T, 

no lino je no6mjeno y oaeahxy 3. 

IlpHmeHom HaemnoTeHaira ri (1 = 1, 2, 3, 4) Ha 'iBOpHe 43yinatHje 	= 
1, 2, ... , 12) H3BOAe ce 63.3HCH14 BeHTOpH 	G-HHHapiiijaHTHI4X notnpoetopat. 
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lb) 

.leaxagpme KPY TOCT KoHa-IHHx enemeHaTa y G-mmapmjaliTinim IIoTFIpoCTopI4Ma 45 

la) 

Ca. 3. IlpaBoyramm enemeirr Ca tiempu tumpa 3a alialimy canajama nnotte: 
(a) ca Komderfunonaminm cxynom H0311THDHI4X cmepofta reRepanixcamix 

ilomepaTba moopoFia; (U) ca. ckynom 110314MBHFIX cmeporta renepanmcaimx 
nomepawa quoporta hojvt oaroBapajy flirty emmexpinje npRe npezyuri6kume 

Peupe3eHmuyije rpyne C2y 

4>

)  

—0) 

( 

(I)
(4) 

(i) I )5  
_ 
— 

7, 1 	̀Gs 
452 	;1, 6  

;77 

tfi 4 	c 5  a 
WI + 

1 	WI + 

4 	WI — 
( 201 — 

COg 
17/ 1° 

 ;3 11 

C712 

W2 +__ 

W2 

W2 + 

W2 — 

= 

W3 

W3 

W3 

W3 

iii i  
72 

Th 

174 

1 W94 

W 

— W4 

± W4 

ijri 	0 y 1 	1 	I 

9 y 2 	__ 1 	1 	1 

On 	0 y 3 	4 	1 —1 

Wx4 	01/4 	 1 	—L 

0 .1 + 0x2 -1: 0.3 1 0x4 

Ox1 ± Or2Ox3Or4 

Oxl — 0 '2 + Or3 — 0:4 

0  xl — 0 t2 — Ora + Or./ 

1 	I 

—1 —1 
1 —I 1 

 1 

0 :1 ± 

0 1 ± 

03,1 — 

Bv. — 

W1 	Orl 	B at 

W2 	O x2 	90 

W3 	9.3 	9 y 3 

we 	9X4 	00 

99y2GO

y2 1 0y3 4: 0
9y

0 4 

0  y2 ± 0  sa — Owl 

Bv2 — Bv3+ B y4 1 

viam = 	ca T-1  = 4T. 

O6payto, penaumja LIBOpma clpymataja (DO) ca 6a3vircamm Bewropinma 4 
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46 B.M. 3nonomth. 

( (3 

4)( 1 ) 

0(2)  _ 'Ps We Wio = 
Wa 
w2 0,2 8„ _ 1 	1 —1 

4,) )— 
so) 	

VI Ws 

Ws 'Pt cOn 
SO4 'Pa c012 

Ws 	WI en On 	1 	1 	1 ... 11 	Tow, iin in  

to, Os4 Owl 	1 —1 —1 	1 	1114 L t.'  

	

ca  o„ — 1 —1 I --1 	Iva  la  

. tw, + st72 +VI +Tie ail 4-7.2 + Tisria• La + Wy + jai+ in 
= T 5 1 + VP 2 — tT/ — It et i + 1 . 2 —1.3 — 7., 7,,, +1; —101-44 

rdi — 172 + IT)  '. 1T) 4 lz 1 - lit + is 3 is 4 7311 - el ÷ in arl 
Vil - 172- iT,  4- tt in -in -in + in in-9y2- 9yy+1p4 4 

max I= 4T4i ca 	= 4T. 

Cxynonx 	= 1, 2, 3) 68-3HCHMX sextropa vti 	= 1, 2, ... , 12) K 111 

npeactanmajy w1, Orb On) W2) Oz2, BO, W3, Os3r 431 W4, 0241 001 YPO.  
npema contemn! omtcanoj y mom paay tatcumje ofintnca xona•tnix examen 
y G-mutapxjawntorm noTnpoctopotma', ufTM cy ca 

NT' 
Pl 

(IT2 (13 i = (W2 

V3 

T4 

STa ST)o W1 

'P6 710 = t72 
77 1711 w3 

78 712 tt74 

Tizt 47y1 

Lt2 9y2 

Bs3 0y3 

k4 gy4 

Penatinja cxynona 6amtontx setcropa 41  ca cxynoomma tampion( tity 
ja je mapancena caw:minim cncTemom jextatuuta ca cyrtepmaTpintom y 
jaronannom ofintuty xoja caxpwor 'rpm maxpxne trpanctopmannje T rpyne 

(T1  2 

CT3 

= 
(T 

T 
T 

SI) 
4)2 

4,3 
HAM 

T = 
.4 1-1 1 

(1 1 _11  1) 

1 -1 -1 

0 (V't (Pa coo 	WI Ott 0  

[4, 1  4,2  42 ] = W2 (P6 'Plo t = W2 002 On 

	

103 (1,7 W11 	W3 0:3 gy3 • 

	

94 'Ps 1012 	W4 Os4 014 

06parro, penamoda cxynona tampion 4winalttja 41 ca cxynonista 
HIM B extro pa III je 

(:21 ) = 4 ( T  T 	( 7412  
T 	Itt3) 	

141114 	"S 47 	jep je T-1  = 

tityntantja nomepama aa npanoyraony rummy ca 12 crateful-, 
allanI1H3y casxjaisa 06Hini0 ce roma no 
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w = at + €12x waY (3 4x 2  w5xY a6y2 

a7x 3  a3x 2 Y+ w2tY2  aloY3  rvI1x 3Y a12xY3 , 

ca. Or  = Otvii)y, Oy = =OWIOX Hpema ca. 3(a) 

3a rpyilmo cynepmaTpwrmn nocTynaK nomohy caeueher m3pa3a trnaHoHn 
ropier nosmnoma 6nlie pacnopebeHn y ouronapajyhe G-vamapmjaHme Hoz-
npocTope rite nprmaitajy M ca jearnrcTaerimm pe3ocne3om gnaHoria Kojn uaje 
Amjaronaiwn o6nrac cynepmaTpnue cncirema jerinatnina penaumje rellepaamca-
H143 nomepaiba (I) ca. Koe(bnumjewfmma A 

F2) 
F3 

F4 

1 

(xy) 
x 

y 

r  
1

1 x2  2 — 

1 

x  
y 

X2 

x 3 y 

X
3 

x 2 y 

, 2 

xy 3 

Xy2 

y3 

) 

HoTnpocTop 

U1 

U2 
U3 
U4 

BeKTOp EonoHa H HeKTop Hprra cy 3CTM VI3 EapTe3mjamcKnx cEynoua n npo-

ayKaTa Kam) cToje y ;loamy Ta6nrcue Kapawrepa rpyne C2, npema npmna3- 

HOCTI4 LutaHoHa Tnnonzma cmmerpmje penpe3euraumja rpyne Ai, A2, B1 , B2. 

Home Ha CR. 3(b), rue 110314T14B1114 cmeporm nomeparba M poTammja 
alHopoBa nmajy T1411 cmmeTpmje HpHe mpearm6m3He penpe3ewraunje rpyne, 
poTaumja Ox  y npHom Kaaapatcry mma110314T1413HVI cmep KOjH je cynpoTam H0314- 

TITEIHOM cmepy oaronapajyne poTaike Ha Ca. 3(a) Koja itaje KOHBeHITITOHall-

H14 cEyn 110314TMBHVIX cmepona, nwrpe6Ho je wa ce KOHBeH11140HaaH14 cHyn w, 

Or  = 8wIt3y. Oy —8w1Ox npomeHm y w, Or  = —Owl0y, Oy = =01D/8X, TaKO 

ua ce Ao6vHajy cileaehe tpyHEumje w, O r , Oy  

09w:  ) = I 	 2 
Y 	x 3 Y 	xy' 	

x 3 	ry3 	y  py 	y3 

—2y —x 	—x 3  —3xy' I 	—2xy —1 	— x 2  —3?) • 

—2x 	—y —3 x'y 	— y' II  —1 —3/ 2 	—y' 	—2xy 

(al a s  as II  as as as as as a9 an] a ft  

=(F, 	F2 1, F3 	F4 ) (A, i A2 	A, I .1 4 ) T . 

Ha. Taj mattmit roptha ckymEunja je rteKomnoHoHaHa y mempist Tp0a14MeH-

3140HallHa nompocTopa U1, U2, U3, UT • 

3aMeHa 14130pHITX FoopakmaTa climax HHopa M3 elTyIla Traopona S (1, 2, 

3, 4), 'Li. X = C, y = d 3a Ln3op 1, y ckyntamjcEe maTpmme FJ, F2, F3, F4 Oa 

[w 0, Oy I T  Eoje ouroBapajy nomporropmma UT, U2, U3, U4, itahe penaumje 

remepanmcaumx nomepaiba (I) ca. HoecjwnwHewrmma A 3a cHant nompocTop 
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tW3 

eta 

7,3 

/y3 

D.M. 3307080i 

fi 	c2  
—2d 

—2c 

cd 	 cc(' 

—c 	—c2  —3cd2  

—d —3c2 d 	—d2  

3  1 c 	c 	cd2  1 	 1 
—2cd  i 1 

1 
1 -1 —3c' 	—d2 It  

17. 	 d 	 d3  
1 -1 —La —34 3  

\ in / —2cd 

xnx = CA. 

.finantetranmensmonanint G-newropcxx npocTop npo6nesta je CAA% ,q e 
ICOMTIOHOBaH y wenspx Tp0)01:MeH3HOSJIHS G-HHBapHjaHTlia noTnpocTops 
U2, U3, U4. Maximua csicTestajenownina ropse penaumje no60\ ce y 6no 
najaronannom o6niusy no* canpnat mempm 3 x 3 maTpxue. 

Koe4musijennt A ce onpetyjy mteepTonathem staTpmua l 1, U2, aF4, 
y noTnpocTopmsa Ul, U2, Us, U4 

1 d 

	c 

a2 

a3 

Ct4 

as 

2 	2 
1 

2c 
1 

2d 

2 	1 

cd 	2c 
1 

1 

2d 
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as 
2cid 

1 	1 
— 2c2 d 

2cd3 _ 2cd2  

3 d 1 
C47 

2c 2c 2 
1 1 

Of, 

— 2c3  — 2c2  
017 1 

2cd 

aio 

an 

aia 

3 

2d 

1 1 

2d' 2d2  

3.1 

24, 
1° 

2ed 
134 

l's 

w. 

17 1 

75. 
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FIJTM A = 

/11-32HaeCT414Met13140Ha/M14 G-BeKTOpCK14 npoc4op 110Tha noNteparba A je 
4eKomriononall y 4e4v1p14 Tp0AVIMeli3Hotiaima no4npocropa U1, U2, U3, U4 

A = TD I  (I)  

y" Ty x 3 y xy3 	x 3  x x 	xy2 1 y x 2 y y3 ], 

7 7111 

ca. TD = Diag[ 1

d  
1 	— 	— 

I 
2 

2c I  

2xy 	xy 	xy 
rd 	2c 	2d I  
x y 	x s y 
2

- 

c 3 d 	2c2 d 

xy2 _ xy3 
2cd 3 	2cd 2  

	

1  3x 	dx 	r 

	

1 2c 	2c 

- 	

2 

	

x s 	x a  

	

' — 2c 3 	2c2  
xy 

2cd 

   

gt , 

fiy 2 

8v3 

wq 
3y 

2d 
cy 
2d 
1 2 y 
2cd 

_ Y 3  _ Y 3  
2d3 	2d2  

Ha 'raj HaMHl y nompocropmma U1, U2, U3, U4 ce ,ao614ja 

I 	d y2  
U1 : 
	Al = 

2 

C  - —X  ) ( 171 exl 
2 	2c 

ty  )7' = 1-v{ 1 4M 

tr2: 
A  _ 2xy x"y 	xy" xy xy 3 xy X

3
y 	

a/ 
z 

- 	 2 u 	v y2 )T 
 2  - 	cd 	2c3 d 2cd3  2c 	2cd2  2d 2c2 d 

= 
—
N

(2)-
4,

(2) 

U3: 
	

03
= ( LX 	dx xy2  x x3  1 

w3 
 2c 2c3  2c 2cd -2-  — 2

• 

c2 k 	er3 -4-Y3  = 7(34(3)  

U4: 	04  = ( 3y  — Y3  
2d 2d3  

_ Y3 	cy X 2 y ( 

2d2  2d — 2

• 

cd) ‘ w4  
ex4 

Tio  )7' =,,,o),-(4). 
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50 3AOKOBNh 

3 x 3 maTpxue xpyrecn4 K1, K2, K3, K4 143 ncernpecTopa U1, U2, U. 
Ineenthe ce Kopmahmem ropswx chymaixja o6Affica iif ffi  N(2).  
Tax° aa he ce 20262txx rpyrnia cynepmaiptua xpyrocist y AN/ 
axey 

K2 

nOTIIpOCTOp 

—(I) 	d 	Y 2 	c 	x 2  I V 	= [1 
2 	2d 	2 	2c1 

,6 	o 	0 

	

X ON, = 	0 –1.a 	0  
1 ( –; 	0 0 ) 

1 

-k-3 

134  

KK4

) = Diag [VI 

821,9y2 , 
 – 	82 18y 2  

202  lathy 

13 1 	0 0 

D, D. 	0 	1 0 
d 

o 	0 D„ 

	

0 

K2 

IT(r 

_I) 
c 

o 

o 

173 

= 

K4}. 

	

to 	0 

	

0 	0 	0 

	

0 	0 	o N 

Dy DI  

	

0 	7.1 

. DI  Ds 
u  cd –c7*  I 

e d 

171 r- jiff DWI dx dy = 

o o 

( 0 

Cx 

0 	0 

 d
-c-Dy D1 I 

nOTIIpOCTOP U2: 
.3 —( 

= 2) 2xy x3  y xy-N 
cd 	2c3d 2cd3  

xys xy X3y 

2c  2cd2  2d 2c2d 

=- 

3xy 
cad 
3xy 
cd3  

4 3x2  3y2  
cad cd3  

( ( 02/0x2 ) ._ 

282/0x0y 

0 
3xy 
cad 

3xy 0 
cd2  

— — 1 3? 	1 3x2  
c cd2 	d c2d 

e + —DI+ --Day 
J I .17 2.  D.T3,dx dy – 

0 0 

.id Dr+ ciDy+  

2 	28 1 
cd 	5 cd 

:TD,+ -1;DI+ I  f-:;p. +1D2+ 
, 	41 	 41 

-F- • " L. a 	+5 "Way ' 	5 c 	 5 

fD 	D 
d 	5 c " 

CHM. 

02/ey2 TIP) = 

4 e D  
5 d 

V
ir

tu
al

 L
ib

ra
ry

 o
f 

F
ac

ul
ty

 o
f 

M
at

he
m

at
ic

s 
- 

U
ni

ve
rs

it
y 

of
 B

el
gr

ad
e

el
ib

ra
ry

.m
at

f.
bg

.a
c.

rs



KpyTOCTII K011a4101X enemeltan y G-mmapmjarnimm nompocTopmma 51 

flompucTop U3: 

—;( 3 ) 

B 3  _ 

I  3x 	dx 
2r 	2e3 	2e 

32/0 x 2 

_ 	32/0y2 

202/0x0y 

( 

) 

xy 2  x  
2 

/ 3x 
(-3 

0 

0 

x 3  1 
2/2  i 

0 

- cil 
2y 
cd 

3x \ 
c2 

0 

0 / 

2rd 

= 

7 Q d  T1 0 	._./r 	
I 

D
d \ 

3—O Dx e3 	c d 
Ile 	4 d 

K3 = 	
—T  1 B 3  DB 3dx dy , 	1 3  -d .L.,

, 
 y  + 3  , D x y  Di  

o o 
d com   1 3-Dr / 

nOTEITIOCTOp U4: 

N — ( 1 ) 	( y 	y 	y3  
	 _ _ 

2d 2d3  2 2d2  

c d 

K n  JIB4T  
 DB 4 dx dyn- 

(7/ _ 372  li ) 
2d 	2cd 1  

1 0 	0 	Y \ 
cd 

3y 3y 
0 

d3  d2  

\ 0 0 2x—
cd 

3 Dy 3 (T 	Dy 	-
d

D I  

, c 
3 7i nv  

0 2 10x 2  
4 - 	loy2 ) N (4) 

20 2 1axay 

0 0 
I Id 	4 e n  

\ CHM. 	 -e- Dr  + -3  -51, uxy  

Jeuxatma tcpyrocivt Ca rpynHom cynepmaiTmuom KprrocTvi y imjaro-
uannom o6y0xy je aaTa y Ta6eall 3. Qua ce Tamobe Nu:nice HanucaTu Kao 

K 2 

K4 ) 47(4)  

TO) ) (750)) 

—
4)

( 2) 	
—(P

2) 

—( 3) = —(3) 	 , P. 
P 
—(9) 

P 

Tpanctiopmanmja je1(0a4040e '<proem IC (I) = P y je,a0a4mxy xprocm 

Kit) = P C3 rpyrfflom cynepmaTpwwm KpyTOCTH y HopmanHom 06nyKy OCT-

Bapyje ce nomohy rpyrixo cylleproaTpiome Tpameckopmaulije 

T-I KTT-1 T = 71-1P, 

K 1 ( 

3 

V
ir

tu
al

 L
ib

ra
ry

 o
f 

F
ac

ul
ty

 o
f 

M
at

he
m

at
ic

s 
- 

U
ni

ve
rs

it
y 

of
 B

el
gr

ad
e

el
ib

ra
ry

.m
at

f.
bg

.a
c.

rs



52 3nomosmt 
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JCAHMIHHe KpyTOCTM KOHaqHMX eflemenany G'-,Haapljaxrnam noTopecTopmma 53 

H3Heuelle y MOM parry IholmenT cpy(mmx CynCpMaTpliUa H HpinmeHa Ha HoHag-

ue e3emeHTC. 

KaHo jr notnuallo y oaea,Hy 3, Ewa TpaHc(bopmaunja pe3y,ruryje y 

Ci 

C3  

C3 

C4 

(72  ) 

C3 

( 

C4 

C2 	C3 

C4 
C4 	CI 

C3 	C2 

E 
_1 (E, 

E 
E 

C4 
C3 c 
Cl 

E 
E 

-E 
-E 

(I) (  ( 2  ) 
4)(3) 

 4)(4)  

E 
-E 

E 
-E 

— 

-E 
E)  

-E 
E 

P(1)  
P 	) 
P(3) 
P(4) 

Ki 
17:2 
173 
111 4  

ca 

kopmwheibem nocneaa,c) peJlawje Hapetyjy ce enemeHTH cj((k)  maTpxua 

C1 (ca cync-imtyunjama a = 2c, b = 2d, p = alb): 

c(1)  - 	
1 
 (60p-2 D, + 60p2 Dy  + 30DI + 84D, y ) 

15ab 	 15ab n

4  

+ 15bD i  + 6bDry )  
e(112)  - 15ab ("aPDY 	 15ab B  

c(13 	15ab
1) = 	( 30p-1 D, + 15aDi +6aD,y)= 

15abD 

(1) 1  	, 	 1 
C 22 	(20a-  Dy  + 8b 2 D, y ) = 

15ab 	 15ab 

c
23)  15ab 	15ab 

—1 15abDi = 	 E 

(I) c)„, = 	
15ab

(20b2D, + 8a 2 D, y ) = 
15ab 

F 

I u  
c(2

11 	I5ab
) 	(-30p-2 	- 30p2  Dy  + 30 Di  + 84Dry ) = 

15ab 

(2) _ 	1 	 1 
( 15apDy  +66D,y )= 	( 	) 

15ab ) 	 15ab‘ N ' 
(2)   

( 15bp-' Dr  + 6a Dry ) = 	 ( „ 

c" 	15ati - 	 nab' ° „ 

c(
2

) )  =  1 
15ab( 

 5a 2 Dy  -2b2 Dry ) = 	) 
15ab ( P ' 

(2) 	0 c = 2:(  - 

1

15ab  
= 	( 562  Dr  - 2a2 	

15ab Dry) = 	Q) 

1 no  

c(11 	15ab
3) - 	1  (30p)12 D„ 60p2 Dy  - 30DI - 84Dry ) = 	 

15ab n  

IN 	I  t gn 	
1 c, 

twapDy  - 6b Dry ) = 	 
c 12  - 15ab 	 15ar)  

, 	1 
c()

)
=

1
(15bp-1 D, - 15aD1 -6a-Dx.y) = 

13 	15ab 	 15abT  
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c(3
22

) 
Wirb 

= 1  ( 10a2 Dy  2e/3n Ta ) = l 	U ) 

C 3)  3= 0 

433)  = rib1  (10b2D. —8a 2 D").= Trai  
..(4) _ 	60p-2D.  + 30132D„ _ 30D 1  _ 

15abk 	
841)") = 

15ab 
(4) 

C12 = 

(4) 
C13 - 

(4) 
C22 = 

(4) 
c23 -= 

1  
15a6 

(15a2Dy  - 156D1 abDry) = 15a6 (  ) 6' H. 
11 

15a6
( 30p-1 bDy  - 

6aD")=  I34; (  I)  

15 
1  (10a 2 Dy  - 8b2D„ 	

15ab 
)= 	• J 

ab  
0 

c
33
(4) 	

15a6 
= 1  ( 1062 D, + 2a2D") = 

15a6
( n. 

Ha Taj Hamm ao614jena je jeanamma xprrocTm ca rpymnaw cynep a 
Tpmnom Apyrocrm y HOpMaAHOM ofiamxy (ca aymepaunjom moopona rpy o 
cynepmaTpwinor nocrynaa Ha ca. 3(b)) 

A 	B 	D I 	M —N —"0" R 	S 	T G —H 	—I \  1,1 \ 
B 	C 	E i 	—N —P S —U —H 	J 9.1 

D 	E 	F i —"0" 	-Q T 	V —I 	—L Ors 

M —N —"0": 	A 	B 	D: 	G —H 	—I 
—N —P 	1 

i 	B 	C 	E I 	—H 	J 
R 	S 	T 
S —U 

w, 
062 

1 —"0" 	—Q : 	D 	E 	F: 	—I 	—L 1 	T 	V Cra 
— = 

15a6 RS 	T I  G-11 	—I 	A 	B 	0 I 	M —N —V" 193 
S —U —H 	J 	B 	C 	E : —N —P On  
T 	V —I 	—L i 	D 	E 	F i—"0" 	—Q Ow 

-- 

	

G —H 	—I 
—H 	J 

R 	S 	T: 	M —N —"0": 	A 	B 	D 
I 	—N —P S —U 	 I 

	

1 	B 	C 	E 
w, 
0.4 

—I 	—L T 	V : —"0" 	—Q : 	D 	E 	F 4 v 

rum Kt = P. 
/la 611 ce -ao6maa jeanamma xprocrx ICItt = P' at women 

HOM nymepaunjom HHOp0Bit Haag) Ha CR. 3(a), noTpe6no je a ce npobt 
nymepansja meopona oa (1, 2, 3, 4) Ha (3, 1, 2, 4), man ce o6ansa noMo y 

E  E 

E 

 (71; 	Hi;  Hi ) (E E 	XHE  HE, El 

H. H, H, H2 

H2 H3 H. 	 112 

E 	112 

Aer 3 
— 
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Toi 
Vit 

M  
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— 
P 
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A B 171 G —11 —1 AI —N —"0" I  R 	S 	73 \ / w, \ / PI \ 
R C E 	11  —H J 11  _ N  _ 1 , S —U Fri Ain 

D 13 F —I —L —"0" -Q T 	V By. Ma/ 
— — 

(1: —14 —1 	11  A B D oi  R 	S T I, AI —N —"0" w 2  Pa  

-11 J I  B 3 C E 	11  S —If ' —N —P O x 2 Ma-2 

—I —IH D E FH T V —"0" 	-Q 0,2 My2 
— — 

— —"0" R S T A 	B D G —H 	—I W3 P3 

--N —I' 
1  

S --U 1 B 	C E —11 	J 9 .3 Ma, 

— Q T V ' D 	E F F ' —I 	—L 9  y3 M ya 

R. S 	7' 11  M —N —"0": G —II —I : A 	B 	D w4 P4 
! —N —P 1 —H 	J 'I  B 	C 	E 044 Ms , 

T -Q -I -L 1  D 	E 	F J \9 Y 4  I \Myv 

Hall KW = P'. 

Oba jeanannna ce ipancrkopmmule y KonBenumonanny jeLmaLnitny xpy-

room npomenom 110311TVIFiHNX cmepoBa Oa By ,, 0r3 , 0z4, 0y4, My  1 , Mr3 r Mc4, 

My 4 y cKyny 00:3VITHBELVIX cmepolla Kojvi oaroBapajy upBom ntrly cmmeTpnje 

rPYrie 02v aarom na ca. 3(6). Fla oBaj 'Jammu ao6vtja ce KonBenumonaarm 

cxyn (10314TVIMI4X cmcpona Lamp-tin renepanncanxx nomepatha m cmna npema 

Ca. 3(a). Ono ce ocrnapyje nomohy 

TDIC'TDTD4) /  = TD Pi , 

Lac je ETD = Diag [1 	1 	I', 1 	1 	t I, 1 T. 	1 I, 1 T I ] , aajylin Otyj  = -00_, 

0 1x 3 = — Ora, 01,4 = =On , 0'y 4 = — 0y 4 , Alyi  1  = —MO, A43 = =A43, 211;4 = =Mx4 ) 

My/ 4 = — My 4 . TaKO ce ao6nja K01113CHLWOHailHa jeanatuana KpyTOCTM 

/ 	A 	B -D ' G —11 	-1 I  Al 	N —"0" II  R —S -T /11,1\ 1 PI \ 

B 	43 —E —II 	J 	; v 
	P  S U 19,1 Mr' 

—D —E 	F 
I 
	L "0" 	Q —T v 0 1„ Al Li 

_ 

G —II 	1 1  A 	B 	D il  R —S 	T li  M N "0" W2 P2 

— H 	.1 	" B C 	E II S 	Er  —N  P 61x2 M.2  

—1 	L D 	E 	F 11  T 	V —"0" Q 0,2 My2 

1 

15ab M 	N "0" II  R 	S 	T A —B 	DI G H I W3 P3 

N 	P 	1 —S 	U 	II  —B 	C 	—E II  H J In, 4V1; 3  

—"0" 	Q  II  T 	V D —E 	F 1 —I L B o  My 3 

R 	5 —T At —N —"0"1 G 	II 	—I I,  A W4 P4 

1  N 	P H 	J 	1 —B C E 0 ;4 M;„ 

\ 	—T 	v4 [ 
Q ; I 	L E F / \ 9;4 / AIL,/ 

ilinvi k A), = Pc , rite je lic  KonBemmonanna maTpana KpyTocrM npaBoyraonor 

enemenTa 3a. anainny caBvnatLa npema ca. 3(a) ca panmje aaTrim cyncnrry-

umjama -ia .1. B. C, .... 
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* * * 

KomtemmtomanHajemunuma xpyrocrm 	= ca Hymepattiolo 
prom n cxynom no3wrinontx cmeporta imommx remepanmcaniut nom 
cmna ,eatem Ha ca. 3(a), Tpanctimpiumne ce nomohy 

TD K b TD GC = TD Pe, 

  

   

ca TD = Diag [1 1 I;1 1 1;1 1 1;1 	yjenmatnitg MI* 
= P' , ca rpyrmom cynepmairmutom xprrocnt y Hopmannom o6nMity. 
IIa 6H ce no6Hna jenHaymm xprrocTm K4i = P, ca Hymepatatjom o-

pcma rpyinto cynepitaTpismor nocTymta npema CR. 3(b), noTpe6no je ce 
Hpomeint Hymepanitja Antopona on (1, 2, 3, 4) Ha (2, 3, 1, 4), IIITO ce °map je 
noMohy 

(E 
E 

E 

E 

A, 	A, 
( __, A 	A, A 	

A, 
A, 	A3 

As 
A, 
A l  
A2 

AA:  

A, 
A, 

E 

E E  

E 
= 

Ait: , A4, 

A4 	A2 
A2 A. 

A. 

A, 
A, 

Tpartc4topmauttja jetuminme Hpyrocrit K4) = P y jemmying xpyro TM 
K i) = P ca rpynHom cynepmailyntom xpyrocTH y amjaroHatmom o6 y 
H3opmatia ce nomohy 

TKT -1T = TP, najyhm 

(71 
- 

K33 

1(2) 	p(2) 

(1)) 	(T,(1) 

K2 
—(3) = p(3) 

74 	t4) 	

• 4v 	P 
P
—(4) 

Ta6ena 4 naje EOmnaparMomit npmxan it3Hohemat marptute xprro•H 
npamoyraoHor enemeHTa 3a amanitay caBxjama Ha tomBemmomanint Ha H 
nomohy rpymto cynepmaTmmutor nocrynxa. 

* * * 

Ilpanoyrammt enemeHT ca 16 tremens,' cno6one 3a aHaniny caamj 
nnome no6itja ce nortamarbem yintjama y BM.By 14.7141.110Ba npyrxx m3moma w = 
82w/exay enemewry ca 12 cTeneint cno6one xojx HMa w, O, =.-8w/8y, 8, = 
—Ow/Ox y cmaxom yraoHom yoopy, Immo je noxa3aHo Ha cu. 3(b). 

Kao enextewr ca 12 crenemt cno6one Ha cn. 3(b), enemeHT ca 16 cTen 
cno6one o111tCalt je rpynom C21, 14 HMI ;wry jettimcroeHy Hymepausjy into•°- 
ma. Kopitmhemem Ta6mme xapaxrepa rpyne C2,, H itnemnoTeHaTa 11 nein a 
rpyrme anre6pe, xao paHmje y OBOM ortethxy, gm:tone ce 6a3mant Bac" if 
97j  (j = 1, 2, , 16) G-HHBapkIjaHTH14X nornpocropa U1 (1 = 1, 2, 3, 4) 
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(T) ( 1 ) 
c9 1 T1  ' 5 

T (2) 	_ 	1;52 T'S 

$( 	 7, 7, 
-(4) 

sT„ 
WI0 

WI2 

713 	wl 

59 14 

7,, 
7,6 	274 

kr, 

kr, 

ky , 

k„ 
9 9 3  

1 
1 (1 
4 1 

1 
-I 
-1 

-1 l-1 

- 1 

1 

) :: 

W3 

W4 

91 0: 

9x3 

02 4 

Oyl 

142 
Oy3 

9,4 

W3 

L.04 

_1 

to, + w2 	tv 3 + to, 

w i  + 	tv, - 

w, - w 2 + w, - w, 
w, - w, 	w, + 

0, , +0,2 + 0.3+ 0, 4  
0. , +0,, -0„ - 0,4 

() x i - 02 2 + 02 3 - 9r 4 

91 - 9x 3 - 0.3 + 00 4 

9,1 

0  yI 
0 yi 

9 „ 

4-  9  y2 + 9  y3 + 9y4  

+ (42 - 9  y3 - 9  y4 

- 0 y2 + 9,3 - 9 0 

- 0 y2 - 9  y3 + 0  y4 

“1 1 

WI 

WI 

WI 

+ W2 + W3 + W4 

+ W2 - W3 - W4 

- W2 + W3 - W4 

- W2 - W3 + Of 

n.rm = T(I), ca T-I  = 4T. 

06putyro, penalli4ja MBOpHHX 1Jy1-181114ja (DO )  Ca 6a3fricril4m HeitTOp14Ma kke 

(4) (o) 
(D O) 

- 

421 3 ) 

	

( wi 	WS 	929 	50 13) 

	

(P2 	SO 10 	V14 

'0, 11 	SO15 

	

S9 .1 	'19 12 	‘P16 

51, 1  

	

(tol 	0. 1 	0,, 	Wl 

	

W2 	0. 2 	0,, 

	

W3 	9x3 	9  y3 

	

W4 	Ott 	0,4 	Wg 

 ) 

Tc, 	t7 1  

-1 	-11 722 	142 	7), = 

-1 	- 1 

) 

.7)3 	or , 	W„ 	7/ 2  

-1 	-1 	1 1-94 	Wx.1 	9  y4 	04 

2111 + 172 + 173 + 174 	+ e1 r2 	 Ox4 9 Y1 + 	+ ey3 	Or/ 0  1 + 0  3 ± 0  ± 0  

( 170, +IT, - M 3  - To, 	I i x , +W., -lir, -I)„, 	9 91 + 	9ry3 	 0 1 + 0 2 - W3 - 0  4 

WI -  1792 + 193 - 79- 4 	9.21 - 4722 ± kr3 	11 x4 	9 91 	9 y 2 + 1123 - 	 - W 2+ W 3 -  

zW, 	- fn a  + /e4 	0, 1  - ex , - kr, 	9.0 - 9 Y 2 - 9,3 + 9 1,4 	Wi - ‘7,2 - 	+ 

CKyn0F114 (1) 1 	( / = 1, 	2, 	3, 	4) cazipAce 6a3mcne newrope soi (j = 1, 	2, 

, 16) Kojvt 11peacra87bajy WI, Oxl, gyl wl, w2, 9x2, 0y2, W2, W33 Ox3, 9y3) W3; 

Or4, 0y4, W4, ypel)eHH npema cexnemn4 o6jauntenoj y mom parry `4)ymainje 

o6nMKa KOHaYHHX 84851812am y G-14HBapi4jaHTH1451 rionipocTopkiMa', RaTI4 Cy 

ca 

[G1 G2 4)3 041= 

@I 
592 

73 

1154 

`Ps 
P6 

77 

78 

712 9 

11 -0 11 

712 

713 

(P14 
- 

9'15 

716 

WI 

w2 

w3 

W4 

Oxl 

Or2 

Ox3 

9x4 

6;1 

Oy 2 

0y3 

9y4 

WI 

W2 

o73 

Penamkja cKyrioBa, 6a314clii4x Bet(Topa do t  ca cxynongma MflOpHITIC 4)ytilall4- 

ja clot 143paw,ena je c.ne.flehmm cncremom jeAnammia Ca cynepmaTpnuom y AH-

JaFOHaJIHOM 06m4Ey xoja caApAcm meTmpn maxpinue xpamcckopmauwje T rpyne 
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(T) 
( 4412) 

414 

T 
= 	T HRH 2)

T 
3 

T) ( 04 

71t; = 74) , Ca 

1 1 1 1 ' 

1 1 1 —1 — 1 T = 
1 —1 1 —1 
1 —1 —1 1 

S05 'P9 WI3 WI gel 021 

[ $3 4'4] = 	92  
W0 (0. 10 W14 = W2 Or2 By e 

)

WI 

W3 'P7 9'11 915 W3 0=3 0y3 oral 

W4 'Ps W12 'Pis w4 Or4 Ott 

06pxyro, peaaumja cxyncom meopxxx thancumja ca cxynoemata 6aa 
HMI Becropa 	je 

(01 

02) —4 

 ( T  04 T 
T 

T)  

112 

I'?  4 

 ) 

mix 41=4T Th ca r ' = 4 T . 

eloymamja nomepama 3a npanoyrawm eaemewr ca mers4px steopa H 16 
caenem cao6oae 3a axamny caexjama namte o614simo ce ymusta, xao 

w = at + a2x + a3y  + ct4x 2  + asxy cs6y2  a7x3  CcgZ 2y a9xy2  + aloe 

+ alix3Y +:klax2Y2  + wi3xY3  + a14x3Y2  + a15x2 Y3  + a16x31/3 • 

3a rpymto cynepmealmount nocrynax nomohy camseher m3paaa 
143 ropmer noasittoma 6xhe pacnopebeint y oaroaapajyhe G-vmaapid 
noinporrope rue nromaaajy x ca jentutcramtwm peftocneaom 5111151101315. 
,aaje umjarcamamt o6amc cynepMarpxue cmcrema jemtamma penaustje 	e- 
pales ca xoeciatuitjewrxma A 

nom poc p 

 • 

y 
BeKTOp KOROHE1 H Berrop swam cy y3erx 143 xaprentjancxxx cxynox H 

nposyxata K&KO troje y Runny y3ra6muty scapaxrepa rpyne C2e y cam 
nocTx ca npstrtamtomby maawoaa mamma citmeTpitje penpe3ewratutja-rpy e 
A1, Aa, B1, B2. 

liontro ma ca. 3(b), rae 1103HTFIBBM cmepom4 nomepama H potataitja, 
poBa xmajy TIM camermije npaor nompocaopa, 143BOKH14 51JIIIK 82W/ 

2 	y2 	2 2 	Tr (F 

F a
1 ) (l ty ) 	 y 1 

Po = x [1 x
2 V2 x2 	zY x3y xy3  x3y3 	U2 v2i=  ( 

	

x x9 xy2 X3y2 
	U3 

F4 	2/ 	 y x2 y. 9  x2,3 	U4 
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y npHom HHanpawry Jima 110314T14BH14 cep Koji/ je cynpoTan cmepy °aro- 

Hapajyrier 143130AHOP tinarlit Ha GE. 3(a), noTpe6Ho je nonaTH yrkame 

w = —aw/axay Hnaltomma w, Or  = —Ow/ay, 9y  = — OW I (9X HOJM cy yricape-
ozeum npaHoyraoHn enemewr ca 12 cTeneHn cno6one 3a aHann3y cam4jama 

nnove. 

CneacTmalo TONIC (himainja nomepama tv 14 1Lem4 I43B 0.114 Or  = — 8W/8y, 

By = — OW 	, -4) = —02 11,10x0y, Mory ce 143pa314T14 Hao 

B y 	-1  

II  
x = 	y= 	x= y` II  xy 	x 3 y 	xy a 	xsya II  x 	x3 	xy2 	x3 y 2 	y x2 y 	y3 	x 2 y

3 

	

—2y —2x'y —x 	—x 3  —3xy' —3x 3 y= li 	 — 2xy —2x 3 y II  —1 —x =  —3y' —3x'y' 

—2x 	—2xy' li  —y —3x'y 	—y 3  —3x2 y3  1 —1 —3x' —y' —3x'y' II 	—2xy 	—2xy 3  

	

ii —1 	—3x' _3y2  —3x'y'  II —4xy 	 —2y —6x 2 y : 	—2x 	—6xy=  

a2 aa 09 j  a5 as 112 as I  as am all ail ala all  ais ale 	= 

II  F2  II  F3  it  F4  )( AI  II  A 2  II  A . 	A4  )2' .  

Ha Taj Hamm je ropwa chTHEHHja nexomnoHonaHa y HeTmpm HeTHopo1[m-

meH3HoHanHa G-MHBapMjaHTHa nompocTopa U1, U2 , U3, F4 • 

3aMeHa imopium HoomanHaTa HpHor Hnopa y cHyny HnopoHa S (1, 2, 

3, 4), Tj. x = c, y = d 3a Lump 1, y itlymumncxe maTpmue F1, F2, F3, F4 

OA [w Or  Oy  Eoje onroHapajy nompocTopnma U1, U2, U3, U4 .Yale 

penanmje reHepanimainix nomepama (1) ca HoeckmmjeHTHma A 3a coma,' noT-

npocTop noce6Ho 

fai \ 
n2 
as 

Cf. 

as 
03 

07 

ae 

ay 

04 10 

all 

d' 	C 2 d 2  

—2d —2c'd 

—2cd' 

—4cd  

cd 	c3  d 	cda 	c ad' 

—c 	—c 3  —3cd' —3c 3  d2  

—d —3c'd 	— d 3  —3c 2  d 3  

—1 —3c' —3d' —3c'd' 

c 	c 3 	cd' 	c a d' 

—2cd —2c 3 d 

—1 —3c' —d' —3c'd' 

—2d —6c 3 d 

C2 

—2c 

	

d c'd 	d 3 	c = d 3  

—1 —c' —3d' —3c'd' 
an 

	

—2cd 	—2cd 3  
ala 

	

—2c 	—6cd=  
/ \ate/ 

1\ 

2 

t2 

2 

mai Z17 = CA. 
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60 'S.M. 3noxoanb 

ifiectmeeTomamen3monamix C-nexTopcxn npocTop npo6nemaje 
nexorenotionait y nentpx neTnopoRtmten3xonanna itemipooTern 
U4. MaTpinta cntrema jenaamma ropae penatntje Aohniar may 

IHHAHOM oomitty xojm camotat tientpx 4 x 4 maTptute: 

Kominnutjeurx A ce oapebyjy murepToeamem maTpxua Ci,  V2, 
y nompotropmea 	 U4. Ha TO Hamm nitamtaecTo 
1-13exTopcxx npocTop non,a, nomepama je Aexeamostinan y ner 
mermstonanna noTnpocTopa nomohy 

(

Ai 

tI =Diag(F2 : F2 II  F3 : F4) 

A4 

   

C2  
C3 

1 

   

A = TeC 

Kao y cnynajy {enemexaTa, ca 12 ctenenx cno6oae Orman& o6 a 
f: , a a 4)  N° 	=1, 2, 3, H maximum xprrocnt K1 ce xmmane 3a CHHICH HOTIWOCT• p 

noce6Ho. 

JII4TEPATYPA 

[1] Z1okouté,G., Group theory and G-vector spaces in structural analysis: sib 
stability and statics, Ellis Harwood, Chichester, 1989: 

[2] 3 ROKOHHh, T3. , G - tretcmopora anasu3a cmpyxmypa tromneam 
cumempuja, PJIAC CCCLIX Cpncxe mcaneautje ttayxa H ymemocnt, 0 
meme Tennenatx myna, KW. 28, 85-132, Beorpaa, 1990. 

(3] 3 7101(01314h, 	G-emcmopcua anaotusa y dupesinnoj memoott 
moms, PAAC CCCLIX Cpncxe 'axanemraje Harm. ymenment, 0Ae 
Texmrtron }myna, tam. 28, 199-248, 1990. 

(4] 3noxoex h, 'B., Kotttlenm opynnuu cynepatamputta u npumena nu nous 
eaemenme rlIAC CCCLXXIII Cpncxe axaaemmje Harm H ymernocim, 0 
Jambe Tennynam 'myna, rah. 30, 49-86, Keorpaa, 1993. 

[5] 3.noxonn h, Ti., Gymettuje antra lemmata= &mecum/se 9 
uneapujanmnum nomnpocmopuma TJIAC CCCLXXIII Cpncxe alma 
}myna H ymernocTx, Oneamse Temmtnarx HayKa, HHI. 30, 99-145, Heavy 
1993. 

[6] Adin i, A. &Clang h. R., W., Analysis of plate bending by the finite el 	nt 
method, Grant G 7337, National Science Foundation, USA, 1961. 

[7] A r g y r i s, J. H. Sc K else y, S., Energy theorems and structural analysis, But 
worths, London, 1960. 

[8] Bogner,F.K.,Fox,R.L.SzSchmit,L.A., The generation of intereleme t-
compatible stiffness and mass matrices by the use of interpolation formulas, 
ism, Conference on Matrix Methods in Structural Mechanics, AFFDL 'TR 
Fauborn, Ohio, 397-444, 1966. 

19] I) a w e, D. J., A finite element approach to plate vibration problems, J. Mech. 
Scia  7, 28-32, 1965.  

V
ir

tu
al

 L
ib

ra
ry

 o
f 

F
ac

ul
ty

 o
f 

M
at

he
m

at
ic

s 
- 

U
ni

ve
rs

it
y 

of
 B

el
gr

ad
e

el
ib

ra
ry

.m
at

f.
bg

.a
c.

rs



JeRuatione upyrocTu uonamuux enemenaTa y (7-4pplapmjarnunt nompouropuma 61 

[10] Mathia k, 1C. S.: Sting I, P., Cruppentheorie, Vieweg, Braunschweig, 1968. 

Rocke ■ ,K.C.,Evans, H. R.,Griffiths,D.W.kNetbercot,D.A., 
The finite element method, Crosby Lockwood Staples, London, 1975. 

[12] Y a n g, T. Y., Finite element structural analysis, Prentice-Hall, Englewood Cliffs, 
New Jersey, 1986. 

D. M. Zlokovie 

STIFFNESS EQUATIONS OF FINITE ELEMENTS 
IN G-INVARIANT SUBSPACES 

Summary 

Stiffness equations of finite elements are formulated in G-invariant subspaces 
by the group supermatrix procedure, developed by the author, by decomposing 
the function of the displacement field into functions having the symmetry type 
of its subspace, by deriving element shape functions in G-invariant subspaces and 
by applying them for formulation of stiffness matrices and stiffness equations for 
each subspace separately. The procedure is applied here for derivation of stiffness 
equations in G-invariant subspaces for the beam element, the rectangular element 
for planar analysis and the rectangular element for plate flexure. It produces stiff-
ness equations with group sopermatrices in normal and diagonal forms, turned into 
each other by group supermatrix transformations. In comparison with convention-
al methods, derivation and utilization of element stiffness equations in C-invariant 
subspaces provides substantial qualitative and quantitative advantages. 
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r.tac CCCLXXV CpncKe aKademuje nayxa u y.mentuocmu 
Odemeze mexnumcur naywa, KZ. 31 - 1995. 

Glas CCCLXXV de l'Academie Serbe des Sciences et des Arts, 
Classe des Sciences techniques, Ar° 31 - 1995. 

VI.C. CTOJAHOB14% 

FIJIAHHPAILE YHOTPEBE FEOCTALIHOHAPHE CATEJIHTCKE 

OPBHTE 14 HEPCHEKTHBE 14DEROF KOPHLIEREFLA 

(11plammeno Ha X cxyny Onen,en,a, on 23. jyna 1992) 

Canpacaj. YcneuenuAi nancupazem camenuma y zeocmagumeapny op6umy omeo-
perm je camenumcKa epa y meneKommmKagujama. Y lemma ce Kopucme dea nyupodna 
pecypca: zeocmaquonamea op6uma u OpeKeemmjcKu cnexmap. MePymum, o6a ona cy 
ceojum Kanauumemost ozpanusena. Mozylinocmu icoawynuqupaiba oeum eudom meneKo-
mynuKauuja cy ozpomne u cee 3eAtfee scene da ux Kopucme. Beh do coda 6poj etaucu-
poreux camenuma je EteAIM; a pacnosoatcueu OpeKeemmjcKu cneKmap penamueuo game, 
na op6unta tla Jana y don nocmaje cee mime NI:we/beim. Kano cy npupodnu pecypcu onto-. 
rnetweenancKo do6po, cmampa ce da ux ntpe6a pamionpaeno u Kopucmumu. Odanute ce 
jaeeba nompe6a uapadom netana Kopumheiba op6ume. 

Y pedy je nymeasan mentod netanupaiba aacnoean na doaeofbeuoj memepOeyetequ-
ju name ✓ camenurnexux mpeowa. On je maxo 30MILMJbeti da earn deadecem zoduna 
u da y mom nepuody sayanmyje ceaKoj 3eAfibtl no3ugujy na op6umu u odzosapajyhu 
fipeKeenqujeKu camanap, c mum da ceaKo modice da dohe na op6umy Kada mo samenu. 
To je omozyheno npednotom o Kopumhety zenepasuaosanux napamemapa camenumcKe 
stpeatee, mono do ce y CSC/ICON mpeftymxy moasce da tcopucmu Una memonozuja Koja 
je mat mpertymIca caepeMena. C mthee je o6ea5ehena doeon,ua cno6oda ceaKam, a uc-
mospemeno zapanmuja an mecmo Ha op6umu ocmaje na num. 

1. Yaod 

Rimy Haejy 3a Hopinuheite reocTatwQHipHe °pane 3a xeaexomyHHHauH-
je nomohy caTemna caornno je 1945. roakme efirneciat rImaktmap Arthur 
C. Clarke y cuom BH3HoHapcKom mnaHxy "Extraterrestrial Relays" y macomicy 
Wireless World 1. OH Kaace "... 'rpm caTenwra cmeurreHa H3Hait 'rpm oxeallcHa 
perHoHa mory na o6e36e,ae paiwo nom:mini-be Ilene 3eMme". Ham Ha niu3H 
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H.C. CTojanoinsti 

noraea xao 113 Romexa ttlawracTxxe, ona MHC80 ce y6p30 novena np 
cTnapxocx. 1957. rojume aamcmpan je CHYTHMK, npint neurnritaa 
caTe3xT, na 6x aeh 1958. ca cateawra SCORE npex nyx my/mitt 
1959. ca caxemyra EXPLORER 6 x Hp:a Teaenx3xjcxa cams, 5ItxX 
Baum 113 xocmoca. roamme 1963. aancmpax je npax reocxaunoTAPIXIL 
SYNCOM I, a xtre roamne npexo SYNCOM II otraapene cy Tea 
xsmehy CA.LIm Atpxxe. Beh 1964. ocuoaaaje INTELSAT, meh 
ratunauxja sa xomepuxjamly excnaoaTansjy caTeamTcxxx Ten 
OHa je 1965. 3ancxpana npex xomepuxjannx caTeawr INTELSATI, 
110)1 Ha3HBOM EARLY BIRD. thin( je ocznapex 14HTepKOHTHHeHTO,AHI44 np oC 

240 xesamactufx TeneScnictotx Komytnewauxja H jeaxor TB nporpawa. 

TELSAT II, III, IV, IV A, V, V A, i VI. Y npmnpemx je INTELSAT Vt. Y 
SAT je naxcxpao Hone, moaeimmje M xananwreTom mohnmje caxensfre: N- 

On °nor ,ao5a xacTaje y Tenexomymucauxjama caTeaxTcxa,,ePor fri,3 EIr 

Ta6eam 	gat je nper4ea H,HXOBHX OCHOBMIX nep4:lopmaticx. Hop 	XX 

owe jacno yxaayjy Ha m3y3exxo 6p3y eaoaynxjy °se texxxxe [1, 2, 31 

IIporpec rumen 3a OBMX nocneanxx 25 roams, x3raena cxopo xextpo-
Baxax. Tpe6a ce noacerxxx na je 1866, aax3e 22 roa3me Ham' npoliantc-
xa npBor enexTpmmor Tenerpa4m, x nomexxa ako5a enexxpwantx Teaexo-
mymocanxja, nonomex rumni Tpaxcarnawrcam Tenerpatcxx noamopcxx ra.6a 
x3mehy Hone 3eMme x Mpcxe, a na je Tex 1956. nom nyx roxop npe-
necen npamm Tenecixmcpsod xa6nom m3mehy Amepme x Exraecxe. Y Iwo 
je 6xao canto 36 Teneckoncxxx xaxana. A 1965, caxenwr EARLY BIND je 
omoryhasao 240 xcioapemenmx teaetonctatx xompancanstja 148. 01101I xpoc-
+ropy, aa. 6x xanauxTeT INTELSAT-a VI, nancmpamor 1989, H3110010 24400 
Tenetpoxcxxx xamana It 3 TB nporpama. 

Ta6eaa T-1 

I 	III 	I 	IV 	I V V-A I 	VI VII 

1965 1957 1968 1971 1080 1985 1989 1902 

0,7 0,7 1,4 2,4 2,0 2,0 3,6 2 7 

0,6 0,7 1,0 5,3 6,4 6,4 5,9 4 2 

1,5 3 5 7 7 7 13 

0,05 0,13 0,3 0,5 2,144 2,250 3,300 2,' 

6/4 6/4 6/4 6/4 
6/4 

14/11 

6/4 

14/11 

6/4 

14/11 

6 4 

1, 	1 1 

tirb 240 240 1500 4000 12000 15000 240Q0 • 1 I 

11/M 	N 	 If 

TV, NeaanN . 	 1 	1 	4 	2 

INTELSAT 

ra.a• naacmpall.a 

1119p9ea. (m) 

BNCNBIL (m) 

)2(9807 (roa.) 

1119p9e6 
oncera (OH.) 

fpCNIS.HOGNIMU11 
(OM.) 
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lanac .je y emcnnoaTativnm yKynHo 17 INTELSAT caTenwra m3HaLt aT-

maurexor, moTincKor H naum4H44Kor permoHa ca vfmno3aHTHmm 6pojeM ort 917 
3emamtKox crammta y 118 3ema.rha 9.nampla. 

120 

< 

• >, 
80 
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O 	
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< 
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9.1  

a  2  40 
6. 61 

• U 

1965 1970 	1975 	1980 1985 
	

1990 1995 FOW41-IA 

Cn 
	YEynatt 6poj Kopmuherun Teneelyminan xana.na 

y cucTemy INTELSAT no rozuTnama 

Rea cxyna nonaTatca 313y3eTH0 jacHo Kapawrepvnuy ycnealam pa3ovrram 
m excnnoaTaumjy caTemincKmx Tenetcomyhmauxja. Ha cilimp4 1 npmca3an je 
yitynap 6poj Kopvnufieomx TenedpoHcKmx Karma y cmcTemy INTELSAT HO CO-

Akmama. 133ITH ce ,Ta je Taj 6poj on 1965. no 1990, iaaKne 3a mempT pexa, 

nopacTao o80 800 nyTa. HcroppemeTio ca oun4m pacTom roamnaba Herm, 3aKyna 

KocmmmKor cermet -13A, cniewa 2, m3pa?Kena y USD 3a jerta9 Teneckolicickt xaman 

onana je 3a ow) 30 nyTa y mcTom nepvicTzw, in 61T y 4axannbe name vt3Hocvma 

oxo 900 USD, Ham oeulTo mine on 2 USD 49emio. 

Ha opaj Hammo, nojam Hmc'ramie y o6mTmom vt nocnooHom Haim°Ty my,Hm 
y Aomeny KormyHmumpatha TaKopelim mullein He nocTojm. Coa 3614Ha1ba y coeTy 
y 61u10 Rom 4omeHy >Kiernan ry6e m .notcazoy m opemeocKy ,ammeH3Hjy, a lie° 
CBOT noCTaje npiTcyTax .aorat)ajMMa y coalcom TpellyTyy 14 Ha coaKom mecTy 

Ha 3emaAT x OKO me. 

ARO cc mma Ha ymy Tia cy Hempm npoe ocHonHe noTpe6e 9opexa 

eHep rwja , CLIHOBalhe x Komympimpal-be, naRo morxe x ;la ce cxoant on KommNor 
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xio' 
g 2 30 32 000 

0 

20 20 000  
X ga 

E 
N4 
M 	10 

< < 	 5.040 4. 

20.000 

15.000 
13.000 

461 

0 W (..) 	1965 1970 1975 1980 1985 1990 1995 roam 

Ca. 2. rosamma 3aanumnra Eocmanaor cermema y USD 
no Teae(houocom aaaaay 

3naMaja 3a taaaegastrao npeacTaama ycnemall xoa catenwrcxxx 'rent 
mmanxja. 

2. Caepestenu camenmocu cepsucu 

INTELSAT npentranza CRHICOMIT npxmep panoja jegnor onpeh or 
cepxmca caxemnicxxx xenexomymmauxja. Mehyxxm, nanopeno ca OB 
cepnxcom paanxjao ce %man IIII3 npyrarx caxenwrctmx cepnxca 'rano At x 
Amax Tama 12. To cy: 

1. exam( cal:narrow cepBHc (FSS) 
2. Pamo-natymm caxenwrcxx ceps= 
3. Mo6xamt CaTeMITCKH cepnmc 
4. Panmo-onpekease nonomaja x panmo-nanxrammja 
5. Cepnmc aocmsonatx onepaunja 
6. 14wrepcanenwrcxx cepsxc 
7. Ceprotc 3a xcxpanamame Sebum 
8. Mereopononnat caxenwrcxx cepBxc 
9. Cepnmc n cfluutapn ¢peKaemagje H spemencxxx carman 

10. Cepmic 3a mcxpanaumme aocmoca 
11. Panato-amwrepont cepmic 
12. Paamo-acrponommja. 

Bpe.zni pehM xenomixo pemx o OBXM ceptmcmma 

4.000 
1.000 

Y- 
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Y FSS ne3a ce ocmapyje m3meby Hue 4n4HcHe 3eMaJbcMe tramme ripetw 

caTeHmTa Mao IIITO je TO cnymaj y cmcTemy INTELSAT. To je Be3a Tamxa-
TaHma, a cnymcm 3a npeHoc ronopa, nmcanor Temcm, camca H nonaTatca. Y 
paamo-Hm4iy3Hom cepomey Hum je Ha ce TB H ay,aHo nporpamom 143 cryaHja 

Ha 3emam noxpmje IIITO netin 6poj Hopmcmffica Ha nonpunnim 3eMme. Mo6nn-

m4 caTenwrcm4 CHCTCMH Acne ce Ha Tim /Jena: nomopcxm, ROLIFIe1114 H na3- 

Hyxonnommt repnmc H capHe 3a ['pence ronopa, camma H pa3m4x noHaTaHa 

H3MCI)y 110KpCTIII4X H (1/141ICHLIX Kopmcmma. ../aHac y m4cTemy INMARSAT 

y Hil0B14/1614 mopem OHO 9000 6ponona Hopmcm one ycnyre.Tem?' 3a 
paHmo-oHpeThmaHae nonmxaja m Hamtramny omorylianajy Ha ce cLapeam no-

Jlo>Haj noRpeme nnaTnimpme, mena reorpackya Hyxurtna, umjnma 14 HanmopcHa 

nvumma ca. HOKOJIMHO MeTapa Ta4HOCT14, Aa ce mcTonpemetro o6e36e)4 anoc-

mepHa Homymmalmja Ca oaronapajytiom HeHTpazom H Ha ce o6aBma Halm-
ralmja AcenieHom TpajexTopHjoM. OBaj cucTem CC HopItc-n4 y xammoHcHom H 
ayTomo6mncHom cao6patiajy, >xenemmum, nomopcmy H y na3HyxonnoncTny. 

Cepeoc HOCMLILIKMX onepaimja He3aH je 3a elm namcmpauba H BOberbe caTenwra 

• Hpyrxx 06jexam y Hocmocy. HirrepcaTeamTcHm cepBHC cHyA44 3a ne3y 

m3meby Ana m mune caTenttra, IIITO je oit 3HaTtaja y om4m cnymajem4ma Ha-
Ha ce caTenwrom He mory none3aTH Hee cynmme yHameHe semamcHe 

cramme, IMO H TaMO PAC mime Be3e cny>xe 3a npmHyruhafte pammx noaaTaKa 

CHITMJECIMIX m4cHo-op6wrnpajyhmm CaTCJIHTHMa. Y cepnmcy 3a mcTpaAmnarbe 

3emme nmun CC Hanwinctco ocmaTpan,e 3emnpe 011T14 141114M KaMepaMa, paaapom 

H mill1pampnem4m Hamepama, a Ho6mjem4 pe3y.wram tcopmcre ce y mHormm 

o6nacmma, Rao IIITO cy arpmcynTypa, mymapcmo, rpatemmapcmo, recae-
mja, xmAponormja, omeamorpacka, HapTorpaTimja H Hpyrmm. MeTeopononam 
cncTemm coy:He 3a cm/mane 3emme y Henkmm, amcm146yumjy meTeoponomtmx 
nonaTatca H cxynnpathe noHaTaxa ca aymmaTcxmx cTamma Ha 3em.n14. Cepnvc 
3a cTaHHapH (kpexnemmja H npemeHmmx cmHana HMa BeJIMKM 6poj HopmcHz-

Ha: Hanmratopm, CC143M0110314, cneuHjanHCTM y Tenesomym4Hau4jama, onepa-

Topm y KOCM144.1114M onepaumjama, acmollomm, TB H paaJm eny)H6a, onepa-
Toppi y euepreTcHmm CHCTCMHMa a cnyn<e H xao cTatTuapH14 y pa3HHM na6o-

p aTopmj ama. 

Fatenajy6n4 cne one cepm4ce, Haparrepmcmi-mo je Ha ce 3ana3H Ha cxopo 

CAM 011M CCM janm4x 14 Haymmx npHMeHa 14Maiy H nojHy Himmel-1y. 3aTo Hanac 

H 3Ba1114MHO nocToje nojHm caTemiTcm4 CLICTCMM CALL NATO naHTa, 6vmmer 

ConjeTcHor CaBe3a H Hpyrm. JacHo je Ha CRC TO 130JIM ra06ami3amdm nojtmx 

alITTIBITOCTM Ha 3eMmM u IbeHoj 0}<0.1114HM. 

3. Oapanuyeuu npupodnu pecypcu u nocileduge 

Y CB14M HaneHem4m TelleHomytmxamnom4m tipmmeHama caTenvcra Hop1tcm 
ce „Ina npmpoTma pecypca. To cy pa4mo-ckpeHnenumjcm4 criewrap 13 reocm-
umoHapna caTenwrcxa op6HTa. KanalmTeT cnaxor oH Hmx je °rpm-II/mem. Ko-

pmmheme BI4111MX 4peHneHumjcm4x oncera 3aBl4CM oH Tora Home cy Hocnena 

aucryenna TCXH0J1011111a ocmapewa y HomnomeHTama ypebaja. Ha HanaminTeT 
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op6nre mime 11143 cliaxTopa, xao IHTO cy ycMepenocr caTenincice aorEne is 
spameise epos 6otme necToee BIM 30He noxpmealsa, cnope 
Tem 3eman.cxe centime, nonapinamsja Tanaca xoja nono 
xopmuheme 'Jena dipexpetnimja, onpautease 4nucclie nomttici 
ja Tonepanumja Ramos ±0, 1 ° , TIVOIOCT ycMepaeaH.a can 
ueirrap 30He noxpmear•a, 803BOTheHM HISBO ceare myMa mire 
H3HOCH 800 pWOp 3a nojemmatunt °mewl x 2 000 pWOji y 
xaxany cxynao 38 ate omeTatte, xao H HH3 xpyria tnettinautt. 

Hcrutnteatba cy noxe3ana, Napalm° cacexts utnoTenttreo is °Marra-
mewl°, na alto ce npeTnocTartx pacTojame ttamety catenxTa ox 2° cis omo 
relies( pacnopenom ape op6wre, mute ce Ha op614Tx monce CbleCTUTH oHoamcc 
catemna H nottoevax may dipetaienutsjy OHOJIHKO nyTa icomuco je istteezte-
Ito y Ta6ems T-2. lIpx OBOM npernoctaamemo je xa je nonapfluzitja PICTS 

A axo 6x ce xopmcnine xee opToroxanne nonapmmuusje, 6poj AUX 
dipemaieinutja 6x ce yneocTprato. ii3 Ta6ene T-2 sea ce Aa je `3,  enzer) 
yttectamoctz 14/11 GHz 6poj nommusama clopemeeinutja oxo Asa urn item, a 
y oncery 30/20 GHz oxo 'rpm nyTa Bents ou 6poja C8TeJIHT8. To Hide cmytta„ 
ca oncerott 6/4 GHz. Haxme, y BIBMIM oncemusa moryhe je niumottiz yc-
mepetri(je aeTeite H ocTeammt "cnoT" 3oee noxpiceasza Ha 3emaat, T8K0 as ce 
ca jemsor carman apatix mune ceormea. Ha Taj eataut x36eratta ce sump-
dmpeauKja H nonehana 6poj now:maze:um Spetaleinutja, na je x ettesetinocT 
xcxopxmheisa op6xTe sena. 

Ta6ena T-2 

epaceetaztisjcxx 
,otzcer (GEO 

Bpoj 
C8TeAHT8 

Bpoj nomosneesetx 
ilipexeeemtja 

6/4 170 170 

14/11 ' 400 880 

30/20  670 1870 

Yxynno: 1240 2920 

Cee mto je eanpen innonceeo eo.zuc xa 3axarncy Aa H op6ivra x telex-
Tap notrajy cne mime 3atcpmenmH aa TO nowise Aa npentrazima oadSitadly 
movuuly y excnnorraustjx caTenxtcxe Tourisme. Bpoj mon xojzt mete Rae 
aa xopitcre KOCMHIIICH cermenT xemor xo npoaaje Taza3e ycnyre, WAR sistej) 
concteettx catenxT, H3 Rama y HaH pant. Ilpema 3138100111VIM moans FRE 
(International Frequency Registration Board) 6poj caTenivra icojic Cy nastatpanzi 
y reocTatutomapxy op61Try H omit 3a xoje je npouexypa noxene nomeitt v 
dipentextuzja Beh 3ampatexa, y nepxoxy ox 1970. xo 1993. meows 404 0.t.. 
Tore 6poja CA.LI x &tem CCCP xmajy no 140 caTemcra CHNZ 10/4140414 

Hajaehu sit aajyciummmjs4 aopmannat reocTaanonapne op6svre ej -  Mt-

aycTpmjciai panexjette 3eMme. Cnera ISHX maneceTax mopmetralliteitsgu 
catenxTe. Octane 3emme, a Taaobe H epee, xornscire metyuttmsan‘teop- 
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ItHjyme, rat) IIITO cy INTELSAT, INMARSAT, EUTELSAT, ARABSAT, INTER-
SPUTNIK it apyrm. 

Y ouaramm oronnocTrima joint ceaa.mmecemx romma.nouena je ua mehy-
HapoaHom !many na ce jamnia 6oja3au mHormx ma Kama OHH 6yay y cTaiby ma 
,rto by no COFICTBe111411( caTenwra, mecTa Ha op6HTH mime Heine 614T14. A op6mTa 

elleKL 11 PCY no6po 'tenor uoneualicTna. 13aTo je 1985. 14 1988, [4, 5, 6], y line 
cemje oapmanT cueTcka Hompepeinutja 3a Hommiliewe reocTaimoHapue op6m 
Te H wriatilwaH,e cepHmca E0j14 je Holium. To je 6wo BeHl4K14 nocao H ['coma 
reacar cryn, III H HclipenneteHmx HHTepeca CHHX ymecHrca. 3amsyneHo je ma 
cc. naamapa cam) (FCC. WOK je join pamne 6Ho munammaH Paarm-amby3m4 
cepunc. OcTano je na ocTaJTH cem3HcH noaaeme runepHauvroHaTmoj permc-

rpaumjli M mooprumalmjli y IFRB 6e3 [man& A TO 3Ha4rt 14 6e3 rapammje 
3a mecTo Ha 011614TH 14 gmernemuncrm cnemap. AKO roopmmamija He ycne, 
Emma. 1114 naHmpama. 

3amby4ar, 0I3 14X crynorm cue° ce Ha TO ma ce Hanpauli naafi no Home 
ce cHaroj 3e.M.:144 3a. theli0 HallmohaJmo HoripHrsarbe rapaHToHatio acme.myje 
jeaau "allotment", Tj. "aeo y pacnonearr" rojH 1-114He 800 MHz Oetatemmj-
cEor cHertpa. y 0imic/1m 6/4 H 14/11 GHz, 3ajezmo ca jemHom op6uTazmom 
uomiunjom ynyTap "npemoapeheHor nyra" op6HTe 3a nommeame oapeheile 
COHLIHCHe 3oHe. FapaHTHja Ha.mun itHaaeteT rozma, KOJIMKO Baum M naaH. 

Hpema Tome, 11 no3HuHja Ha op6HTH 14 (()HeltheHLIIHCE14 cuerTap ocrajy pacno-

J10)K14B14 onpeeHoj 3em.rho ('He itoK 14X oHa He VICKOHHCTH. 

Ha oriaj Ha4n4H 3aLIOBOJbeH je 11 pl4H111411 palmormalmocTH CBHX y KO- 

npvrponmc 011111TeHOBeHaHCEVIX mo6apa. Mehymm, y cmaximm pe- 
lumpy ocTana je jerma. amnema: na am je ouparmaHo "3aMp3HyTlt n03Hurny 
Ha Op6HTM, arco ce oria mo>fula Inman Hehe HIT Kommrom )  OaroHop HIM aaT. 

Y 143pajui OBaRBOF 'maim Eoplinaletba op6wre jamma CC ,jezum o3614mHa. 

Teumolia. 

HaHme, Wa 631 ce IIJIaH Hatiparmo. mopam4 Cy ma ce imeTnocTam Helm 

Tenn/Hum napameTpn KOH4 Eapalcrepmuy CaTeRHTCH14 cotTem. To cy nemImp-

maHce amTeria ea/rem/in:4<e H 3emancEe eTamme, cnare npenajimEa, Temne-

paType thyma npmjeminima, 403BO.TbeHa ImErepcpepenumja H npyre Eoje yna3e 

y npopaHyH cHeTema. To cy T3B. cmandapdnu napamernpu. OCHOBHH 111471, 

npopamyHa ,je na ce Habe Taxan pacnopen caTennTa na op6HTH Ha OCHOBy 
czaHnapnimx napamempa Ana Hivrepcpepetnmja 143 mpenw, y mpency 6yne HC- 

110,a HeKe ne4rumcalte, ITp14XBaTJEVIBe HpeitHOCT14, 

Mebymm, TeLIIHO je runtepoHaTH na lie y Totcy peamnaumje cucTema 
y nepHony on neaneceT ronima 614TH Ha cHa3m litre ()He HpenHocTEL napa- 

mempa 143 ao6a Haparie nnaHa. HanpenoHalle Texmixa, Hana3Hhe ce 6o- 
H eEoHommTumja pemelba. CTora je on eTpame HaymmEa ytantell 3HaTaH 

Hanop na ce cEyn cTairnapnrmx napamempa EoHHepTyje y cxyn zenepaAu- 
3oeanux napamernapa xojn EaparcrepHuly reHepEnnyhy Mob mrrepcpepemmje 
jealle mpence c jenHe eTpaue a c npyre eTpaHe iteHy cycHenTri6HRHoeT Ea HIE 

Tepckepem1Hjo. OHHOIKaHO je ma cy 06e Owe maw-rime ikyHrumje TCXHMMKMX 
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N.C. Crojanomih 

napametapa Mpexce. 11OCT0j14 mmoro pa31H4HTHX ICOM6HH 

napamerapa xoje mory na pezynryjy y minim npennocr 
je. Crora, Kneja na ce Haan napaa ny6niniyje upon , 

 napamerapa HO3BOHAB8, npomene napamerapa re ratio npy 
y SHAM:10M m360py, ys ye.1108 Aa purrepiepemaija , oeraje 
mina }maxim je H nnammaxa. 

Ha 'raj Ha4HH, amnia aztimirmtrpaumja he 6ea noce6ne 
mohn na na atoje macro Ha °paint ROCTIUM CaTeAHT non yeAoll 

pan1430B8HH napamerpm aa,ztomontamajy onpebeme apentroctm. 

4. Tezmusice napa.mempu icopuutheini sa uspady anama FSS 

3a Hapany !mama 3a FSS xopizuittema je pechepenzna cantor:en 
38 tie cy ypojene mime natienene xamucreplicrxice. 

4.1. Paeno4pereenuajcza oncen 

(4600-4800) MHz 3a Be3y caremn 3eMma 

(6725-7025) MHz 3a easy 3eMma Garen= 

(10,70-10,95) GHz 3a any eaTe.intr — 3eMma 

(11,20-11,45) GHz 38 'may caremir 3eraa 

(12,75-13,25) Wiz 38 Bev carenin 3emaa 

4.2. Napalm Opereentojnen oncen y jeduom duty pacnoden 

300 MHz y oncery 6/4 GHz H 500 MHz y oncery 14/11 GHz 

4.3. Tint modyAinguje 

Haan me annex on num monyaatimje H epere npacrynt catenary 

4.4. Odium nocting/tugh4 (C/N) 

Oman C/N je cnetaufnumpan nomohy omen ca came 3, rue ey: 

PZT - npenajim mara zemaa,cxe cranium, 
PSR - npmjemma cigars Ha cazemizy, 
Nu - repmxinat tnym Ha y.1183y y CaTeJIHTC/84 npxjmanut, 
PST - npenajna cama carennrcxe cranium, 

PZR - npmjemna cnara aemamcxe cranxue, 
ND - repmmucx mym Ha ynaay y npnjemmix aemamcxe cranium, 
A - cna6meme y cno6oAwoM nPecToPY, 
a - nojamame carenxrcicor rpancnowtepa. 
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Ca. 3. Y3 itedmIEHHPHy oattoca, cmctran/wym (C/N) 

4.4.1 0,THIOC cHrHan/mym Ha yna3y y careArrucKH ripmjemHHH Ha yaamom 

Ae.ry Be3e 

(C/N)D > 23 dB y ycnoravAa cjieArnira ycAert Hume ca mHHHmanhom cnexrpan-
Hom rycirmom cpealbe euare (crcc) npeAaj1I4Ha 3emarbcke crarmue oA 

- 60 dB (W/Hz), HpM veiny je cpeama BpeAHOCT y3era y norpe6Hom 

oncery yvecranocrm mortyArtcallor mocmouta. 

4.4.2. 0,EIHOC emrtmil/mym Ha yna3y y npinjemHHH 3emaAcHe crarame Ha 
CHJIB3HOM aelly BC3e 

(C/N)u > 17 dB y ycnoeHma cbeavnira ycnezt xrune. 

4.4.3. Totaimm oxioc cmeman/utym 

Ha OCHOBy CJIHKe 3, oAHoc cHrHaa/nlym roranne ne3e 6mtte: 

	

PST 	(C ) 	PST  PZR 

	

(NC ) u  aNu 	N D  AND ND 

artHOC cmr-man/nlym y menoj ne3H Aar je H3pa3om: 

(_C) =  PZR  

N TOT ND + A Nu' 

OAHOCHO, 

(C 

	C --1 C 

N  TOT 	W U + N D

-1 

 

YBpCTe nH cc ycuojene npeAHocrm 143 4.4.1 H 4.4.2, Hann! ce /La je: 

= 16 dB 
(WC ) TOT 

y ycnoernna 4,ermuira ycze tzt mule. 

(1) 

(2)  

(3)  
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H.C. OW/8303A 

11pM OHOM pattyxy y3exo je as mania $e.zumra ycnea amine He npe gl3H 

}yea/0ex oa 8 dB 3a 99,95 % roatme y oncery riecraHocrif 6/4 GUI, a y 
oncery 14/11 GHz xpeamocTx oA 8 dB 3a 99,9 % roavnie. 

4.5. EsceagtHa mimetic remaibcre cmantige 

Mximmanam enesalmlonm yrao 3a, oapeDexy reorpadicxy ammo 
CH MHOPO OH 6pHOHHTOCTH Tepexa H npeummaTattmje. THEO 33, mammy 
y xojoj ce manaax Jyrocnasxja, Taj yrao H3HOCH 20°. 

4.6. itoreodbeHa Humeptepemptia 

3a cam/ Aeo pacnoaene (allotment) y rummy rapanTyje ce 
0,010C CFCC mocxona M pcynxe mrreptepenumje (C/I)sa 26 dB. 

4.7. posapuraluja mantra 

lionapx3auxja Tanaca Ike y3nmaxa y o6anp, Taxo Ha TO 

jean 4}axxop cmrypxocTx. 

4.8. Kaparmepucmure remakere cmanuge 

4.8.1. Hpemmmx axTexe 

D = 7 m 3a oncer 6/4 GHz 

D = 3 m 3a oncer 14/11 GHz 

4.8.2. TemnepaTypa myma npwjeMlnuca 3eMan,cxe trammue 

TemnepaTypa myma ci/cTema aaTa ma 143/13.311104 xpajeaxma npwje 
anTeme: 

140K 3a 6/4. GHz 

200K 3a 14/11 GHz 

4.8.3. EdnocacmocT axTeHe 3emamcxe tramtue 

= 75% 

4.8.4. Peckpewrint amjarpam 3pa4en.a anTeme 3emamcxe crammue 
Ha ening/ 4 Aar je pa/paper/Tin} axjarpam 3pamema auTene Rohl je y eT 

y o63y npx }43paam HAMEL 

Kapaarepxclumme xpeamotrx ca oxor amjarpama na CHUM 4 mate cy 
cneaehmm o6pacumma: 

rD 
Gm. = 10log [I/ [—}1 

peac 
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75 Ilnamipaube ynoTpe6e reocTanmomapne caTenmTclie op6aTe 

C(p) = G„,,,, - 2,5.10-3  ( 1)  col, 3a 0 < p < Pm  
A 

3a Pm < 5° < (Pr ( ;( 4P) = GI. 

G(y) = 32 -25logp (dB) 	3a cor  < ‘,2 < 48°  

C;(,(, ) = -10 dB, 	 3a 48 °  < so < 180 °  

Ca. 4. Petpepearaw amjarpam 3pamea,a awreae 

3CMa.mcxe cramme 

TIo6wraa rumor 60mmr JIVICTa 143HOCVE 

= 2+ 15log—
D 

(dB) 
A 

Kaparrepmcnimm yramm y mijarpamy 3pamema cy: 

rpm 
2D0A /Gmax  GI, 

 (°) 

Sor = 15.58 (—
D)-°6 

143pa4yilaTe opezoment maKommanHor 11o614zKa aturene m3Hoce: 

3a 6,5 GHz H D = 7 m, G max  -Z- 51,3 dB, 

3a 13,5 GHz H D = 3 m, Gm . -Pa' 51, 0 dB. 

(4)  

(5) 

(6) 

(7) 
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0 glen 	̀Dr 180° 

Galax 	 A- NIABH14 MKT 
(dB) B -11PBH 504H14 1114CT 

A 	C- OCTAJIH BOT-IHH JIPICrOBH 
D- PE3HDYADHH DOSHTAK 

Ca. 5. Pe4mpeame aajarpam apamema aware Ha cameany 
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H.C. CTOiall0Bah 

/la 6x ce Hmana npeatrasa o poky BeJrnMxxe, H3pagynare cy cae ehe 
Hpezulocm: 

za 6,5 GHz , Pm = 0,6 ° , sor  = 0.82° . 

4.9. Kapaxmeptcmuxe x0CMUNICC cmauuqe 

4.9.1. O6mnc noHpunixe nozpithalta 

flax ce 3acinfiza Ha npwMexx aerreHe Ha catenirry xifijit caon apt ES& 
iota 3a npecex xpyr HRH enzincy. 

4.9.2. Pechepewring 33z,jarpam 3pamenia, aHreHe Ha caTensity 
Ha CHHI114 5 npinca3aH je Anjarpam 3pagesa allTeHe Ha catemny. 

KapaxTepHamme apextocmx y 334jarpamy 3pamesa Aaxe cy cxeAe Hit 
o6pacumma: 

= 44, 45 — 101°8(,00 2  • so02), (dBi) 	 (8) 

Kpmea A: 

— 12(so/so0) 2 , (dB) 3a 0 < (vivo) < 1,45° 	 (9) 
— 22— 201ogep/so0), (dB) 3a (so/so0) > 1,45 ° 	 10) 

Kpluza B: 

Anne ao6HTax Ha ocouxxx (noce6aH caywaj as ao6srrax Ha otos 	OA 
46 dBi) 
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yrao Ha caccancy noapzeaeaH on HenI4He mane oce encince 3a 1/2 

CHare, 

(o, umplilla cHona 3pa4en,a, y npeceHy 3a 1/2 cHare y npaBuy on mirrepeca. 

4.9.3. emnepacypa myma cmccema ca4enwrcHor npujemm4Ha 

Temnepacypa inyma cmccema caTencrrcHor npmjemin4Ha y o,aHocy Ha pa-
jeue aHTCIIC H HiOCH: 

10001c 3a 6 011z 

1500K ,;a 14 GHz 

4.9.4. N1141114MaillIa nuipcma cnona 3pa9erlia 

N414m4rmnHa nwpwia cliona 3pa9effla 3a 1/2 3pameHe (mare je 1,6 °  3a 

6/4 C;IIz 31 0,8 °  3a 14/11 CI 

4.9.5. 1! o3nometra conepaHuvna yemepeHoc4H aHTCHC 

/103130Thellaconepanumja oncrywubanpainia unannor 3pameH,a y onHocy 

Ha 'heron},  HON114HallHy H03muyny 143HOCH 0, 1 °  y 611.00 KOM npanuy. 

4.9.6. E()IIThactioCT aHTeHe 

EtYlKaCTOCT a1iTCHe Ha CaTeJIPITy 113H 11 = 0,55. 

5. Ten (Tu./1213o e anti napa.M empu Alpe awe 

5.1 Cu en op 	legepenA* 

FeHepa.cli3oHanm napametpH mperHe 143130ae ce Ha ocHoey cznince 6. Kao 

111T0 ce 1314414, y .116130:1/41 neny calme npmEa3ana je ?Ke.rbeHa (d) ceptmcna 3oHa. 

Y iboj ce Hana3e npenajna, H npujemHa (r) c4atnua H 3ajenHo ca npvinaaa-

jytnim cacemtrom Sd  06pa3yjy cacentincxy mpezity. Y necHom aeny c9n4He 

npnea3a.na .1( cycenna cacenH4cHa mpe.Hca Heja npe saccaenpa nocecninjantn4 

113130p HITTC{Hhepelumje. 

14HaeinbepemInje Aosta314 /mama ny4e1H4ma. IlpHo, 3pa4etbem 3e-

mazhcee CTaH11116 Tei Hpo3 6oHne .TIVICTOBH IbeHor Amjarpama 3paneH3a nojamffly-

je ce cunepckepeininja Ha yna3y npvijemcnma R 3 d AcemeHor caTenwra H apyro, 

npenajHHH Ha caTenmcy T,1 Hpo3 6onue JINCTOBH CHOF amjarpama apalTerba 

iipOy3pOKyje iniTepckeperunijy y npmjewma n<en,ene npiTjemne aeman.cxe cTa-

HHue Red. 

Flpema come, Heo nnaH Hopmuheita op6Ine 4pe6a 143BeCTH Tax° aa 

yurnia TuTrepckepennyrja xpoa ona Ana nyTa nponaramtje Tanaca 6yae He-

nna aoano,nenor nimoa. HapaBHo, axo HOCT0i14 Hmne mpenca, xoje yapoxyjy 

knrrepckepenumjy, one pie ce cne y3em y o6314p. HpBH cnymaj je 1103HaT noa 

Ha31,4130M nojeamia9na (single) vu-rrepckepenumja, a apyrx cunna (aggregate) 

Tarrerakepernmja. 
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78 	 N.C. CTOjeflOBHh 

R s d 
	 T. Si Rsi 

Ge.5.--I  ---- 	Psd 	 Psi 
igsrd (W) A H 	

/ 

ej \ ggss:dd  ( W) 	gsti(n)  
a N 

vsrd 

L Y 	
1) 

: 471 	Ili' 	di 
/ 	\;\ / 
i 

Pod 

geld 

if 
	 \ \ / 

(4 bi 	 E ic e 
, 

/ 	 i 
/ 	 v 	

\
gerd , 0 

tigerd(E) 4 • 
i 

Tel 

 \ 	I 	L , 
\ 
N. ..... ...-- ----_____....• 

Red 

i• 	I  
Ted 6Cd 	

01 
 . . k  

*1--EilA CEPEINCII% 

CA.6. Cllerraprio surrep4reperurmje y werretry caTegurcxy mpency 
opt Apyre caTernixace pee 

3a axamny je noTpe6Ho nomeHym H TO Ha cy npeaajHa H npmje 
aHTeHa Ha caTeary (a) opHjeHmcane He uerrrpy CepHHCHe 30He. Hpeaajn 
npHjema auTeHa 3emaacxe (e) tranmue opHjeHTHcaHe cy xa caTeary. 

5.2. A xa.auaa unmepOepenguje 

Y aHanman mmTeptepeamje ca cam 6 xopmnheHe cy axe alma 
o3Haxe: 

Pea - cnexTpanHa rycTxHa cpeae mare ycpe.zubeaa y noTpe6Hom 
monacaor HocHoua xojom ce Hanaja npmajna aHTena, 
3emamcxe cram= (W/Hz); 

Pei - cnexTpanHa rycTnna cpeae Cesare ycpeama y noTpe6Hom 
moHyHmcmor HocHona xojom ce Hanaja npeaajHa mums 
$epnpajyhe (i) HemaacHe cTainnie (W/Hz); 

P,d - cnexTpanaa rycTnHa cpeae care ymembeHa y notpe6nom ont 
moaynncaHor HocHona Rojom ce Hanaja npeaajxa anima a* 
npeaajaxa Ha caTerany (W/Hz); 
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P, i 	curer; panua ryci HHa cpezube cHare ycpezubeHa y 110Tpe6HOM 

OFICH'y 	 HOCHOTTO KOJOM C(' Ham@ npenajna ELITTe- 

Ha mwrek)epmpajytker npenajimna Ha caTenwry (W/Hz); 

g el d 

	

	- MORCIINMAITH no614Tan zeman,cfce npenajme aHTeHe n<emeHe cTa- 
fume; 

gcrd 
	MaKCIINIZIJI111 no6wran 3eman,cte HpHjeMHC aHTeHe we.neue cTa- 

HIlue; 

thrd(5.) - 110614TaK 3eNI 13( Ke upmjemHe auTene nzenene cTaHmze y npaurzy 
c. 

n06wran cal JUITCEe npenajHe aHTeHe >deeTheile CTaFildue y Ewan-

uy 7/ . ; 

gardM - 40614TaK CaTC.T4ITCKC IlpkdOMHO aHTeHe Hien,eue eTaH1411,C y npan- 

uY 'To; 

I/ n-(1(0 /10614THIS CaTCO714TCKe TIFOTieMHe awreHememene cTamwe y npan- 

uy P; 

g e „(0) - 110614Ta.K zemancEe npenajHe aHTeHe iwTecupepHpajyhe cTaHH-
ue y rwanuy 0; 

tr,i(7)) - no6mTan c.aTenincKe npenajne aliTeHe miTeptliepmpajyhe cTa-

mule y upautzy 

AFIZIJO4:3L Hivrep(()epeinunc cc cacTojH H HzpanyHanawy onHoca cnare 
>1(CMCHOI HOCIOHOI H yhyrnie HHTer(kneHumje Ha yna3y y npHjeMHHK H<ea,ene 
zemazbcne cTaoHue H r d, Tj• (CMTOT • Taj onHoc ce cacToW 143 Ana nen: 

a) to je IC I),, - onHoc cHare Hocmona meneHor cm-Hama Ha yna3y y ca-
TelMTCFH Tpancuennep M cnare HHTerpeppwajyber cmrHana K0j14 2011a314 on 
upenajimna HuTepqmpmpajylie 3emamcne cTamwe a Ha yna3y y caTeakiTczw 
Tpaucnotwep, name, [mum nomeHyTH nyT PiTerbepemwje; 

6) TO if ((In c  - enuoc cnare HocHoua Hiezeuor cHrHana npenajm4- 
Ka ea wemener caTem4Ta Ha yna3y y npujemmin 3emazcne cTatune H cHare 
wyreptiwwwajy her cmruana nejm nonaiw on npenajawca Purrepckepkwajyher 
caTenHTa a Ha yna3y y npnjemmm >t(ezbeHe 3CMalbCKe cTamwe, Tj. npyrm 

TIONICHyTI4 11)."I HHTep(kepeHumje. 

Ha Taj Datum, ano cc ca P 03HaTII4 cHara a ca / cna6methe Tpace, 6)the: 

Yea  (CM = 

(C I = Pad 
 

geld  gerd(92) 	 

lent 	Pei 

gstd(0) gerd  	 

ised 	Psi 

i„i 

g e ti( 0 ) gsrd(p) 

/se / 

gsti( n) gerd ( ) 
(12) 

Casaa file onHoc (C/I)TOT 3a ueny Be3y a Ha yna3y y npujemm4K a<emeHe 

3eMamcxe cTatunte 614334: 
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N.C. CT0i1HOBilh 

(2) = Cie = [k +  	If") + (r) 
/ TOT le +le We Cei 	 kCi ej 

	
( 

rue je: 

C, - cHara HocHoua Ha yna3y y npinjemmth wemeHe 3emazcxe cranium; 

le  - CHEW& HHTeSepeHUSfie Ha TOM HCTOM mecry H3a3BaHa CMHCHiOM 

rep4wpxpajyher caTenwra; 

I, - cHara mrrepiwpernmje Ha yna3y y npirjemma acemeHe 3eman,cice c a-
mule, HacTana ycnen mutpSepemmje Ha yna3y y HCemeini caTenwr xx 
HpHjemmix a 36or mceptepemmje on mrreptkepmpajyhe npenajwe e-
mamcxe tramme. 

Axo ce cana ca Be  o3Hamt umpima cnewrpa ammeHor CHCHLL11/3 a ca 
Bi =pima cnexTpa xwrempepripajyher cHrHana, na ce neua H necHa cTp Ha 
xapaaa (13) nomHowe ca BaB,, uo6Hhe ce cnewrpanHe rycllme cperube ex re 
ymecTo cHara xoje inwyjmuny y m3pa3y (13). 3aMeHOM x3pa3a (11) H ( 2) 
y (13), no6xja ce na O$HOC cnewrpammx rycTinHa cpenwmc cHara 3tceme or 
cHrHana x xHrupckepemurtje 143HOCH: 

(I/SG 	ski/TOT 

= {P

ei geti(8) Perd(P)  lead + Psi gilaq) gerd(e)  la ed1- 1 

 Ped gad gsr40) 	Pod gstdeP) 9erd lsei 

	 ( 

AKO ce cana yBe,zie 03HaKa: 

Ag(W)= ;coy 
	 5) 

me Ag(tp) yomure npeacTaruha rumxpxmmmumjy awreHe, topmyna (14) 
craje: 

%l

tea 

ead 
(T) 	= [Pei geti(9) 

1  

SG 	 Ped geed Agard(P) Agsr492)rr  

+ 
Psi Daft 	gerd(E) 	Agladepl lised 
A  
Lag stik

"  
r la Pad gerd gild 	 Each 

AKO ce 3/Reny o3HaKe: 

  

- 1 6) 

  

   

3) 

4)  
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pe mail14 ja 	(1 (;) 

( C 

K) sc 

Y ono] penaumjm 

Tax° aa Dna rnacH: 

(

V) —  56  

11 	pel , reocTaluionaprie caTemurcke op6wre 

Aei( 0 ) = Pei 	Yeti( 0 ), 
1 

81 

(17)  

(18)  

(19)  

(20)  

(21)  

(22)  

(23)  

(24)   

B(p) — 
Ped god Ag„d(p)' 

Psi 	gsti  c 40) = 
Agsti(1) '  

gerd(' ) 
D(f) 

11  

= 
Psd 	gstd gerd 

MOAKC ce nHcaTM y o6aHKy: 

11 	 1"(  (0)B 	( 	).=1  [Csi( 11)De(OLIII , t4&) r d  
ez 	P 	

find So ) 
Sri 

mmtce ma ce wownit4 meaetm anpoKemmaumja: 

( tie d = lcs i 

	

'sed 	Isei, 

Cs iernDe d(OAg s td(01 Hei(11)Bed(P)Agied(c))11". 

one peflaumje MO>KC Aa ce pman Hpam43HaHaj yHeaennx napamempa. 

TaKo: 

.4.,;(0) - HpeacraHma enextpanuy rycmHy cpeame mare vrrepikep4majyter 
npeaannum Ha 3CMJEH Koja, ce 3pa9un Ka npHjemintEy >KemeHor cam-

aWra; 

B e d(p) - ElpCaCT313.11,3, "OCeTJLHBOCT "  HpHjeminnm rneohenor caTemna Ha HH-

TeprkteHum y oA 3emalbcHe cTanvine; 

Cs i(11)- npeacmathiba cnewrpaRHy rye-Fumy cpeame (Imre npeAajimna Ha caTe-

Tim y Koja ce mamm Rae HH4er4iepcHumja npema npnjemmirmy Hiemene 
3emanicKe c4aHmle; 

D e d(0 - npe,rupranma "ocemmnocT" npHjeMlndKa Acemene 3ema.rhcHe craumne 

Ha Hwrep‘kepeminjy OA caTeturra. 

CrwoHmetm aHam43y H3pam (24), mo>Ke aa cc mEzym4 caeaelle: 

cy 4,4(0) 14 (7 3 1(71) BAH, Belle cy H Duvreptepnpajyhe cneK-

tpaane rycmHe cpe,imbe cHare na je H (Lance (C7/)sG mai-1pH; 

Him cy B,d(p) 14 D,d(e) Heim, neha je "oceTzmnocT" H caTemncEor 

H 30mamcnor npnjemimma Ha mwrep(i)epaumjy na je H (Cinsc maita4; 

- nrro cy ancYpHmumaunie 4g8r46.1 ) zonaBeher weJbeHor cmrHana 14 

Ag, r d OP) emmTonaHor ca cammra >KezeHor cHrHana npema 

mamcKom HpHjemm4Ky Herm, nommjn je HAHoc (Cinsc. 
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82 N.C. Orojanoeith 

5.3. renepa.ausoaanu napamempu u mutaynax miasma 

Ha ocHosy impa3a (17), (18), (19) H (20) mory ce caesurae yowl 
netinameaTx napameTpx: 

A = Peger(e), 

B = 	
1 

PagetAgsr(A' 
C = Paget 

D = ger(e)  
Pagstgerd 

  

   

rim pc  x p, o3Hamasajy cnexTpanne ryennie cpenumx cHara Hpenajmuca e-
, mamexe H caTenxTcxe examine, pecnexTmmo. Osaxo nelonmeamt napaut x 
Haumsajy ce eetiepasu3oeanu napaMempu caTenicroce mpence. HapameTp 
C onHoce ce Ha npenajmnce 3emamexe H caxemncxe examine, pecnexTms o, 
noir ce napamexpx B x D ormoce Ha npmjemmnie catentiTexe II 3eMaa xe 
cxammie, pecnexnumo. 

Axo ce cana Hornena rispau (24), jacHo ce mum na nocrojx minas 
spemiocTx A, B, C H D HapameTapa Ho* ysex nab,  HCTM omroc,(C/f) G• 

nocnirHyTaje x3y3eTna 4inexcn6xnHoex y norneny rummtpama op sr-
', Te, a To 3Harni aa ce y Toxy Baacema nnaHa on 20 romma mory upsets:ma Tx 
H pa3mmine R Hose TexHonorede memajyhir A, B, C H D, a Aa ce tipx 
xoer3xcxematja CHM y 'marry He Hapyrum Taxa, Ha npxMep, axo y cyc 
mpescx 3emamcxx imenajmuc emmTyje cymmte senmxy cuary paint noseh .a 
agora, napameTpa A, ropaa (17), moryhe je cmaimini napameTap B, R3 a3 
(18), noBehameM care memeHor npenajrnma H na npm Tom o,zarocy (C/I) G 
3a,apsor ricxy spenHocT. 

Ha ocHosy OBOr mome ce H3ByhM RpaKTHHaH 3atcaymax 3a Sopmymtea e 
nnaHa H menisci ny6niscosame. 

/la 6x ce onperminx napamexpx A, B, C R D, xao CRT° ce To B 
H3 143p8.33, (17-20), noxpe6Ho je 3a CB&Ky caTenxxcxy mpescy yHanPea, 
reapanx rmaHa, oapennc menwit spermocvm 

Pe, Wet, Past, H Psgstger• 

Cana, A, B, C H D napameTpx 3asxce canto on fixjarpama 3paree a 
Hpenajne H npajemne arneHe 3emamexe H caxenincxe examine. Astute, y 
csaxom noce6Hom cnymajy naxo je na ce ortpenir na RH "Hoso-nomme a 
op6wry 3aAoBomaBa age Heornomie ycnose. 

Karr je seh pem o omrocy (C//)3G, noxpe6Ho je na ce Harnace jou' 
cTsapra. 

OJ 

H 

9) 
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Flpe (-Hera. y alla1114314 roja je 13ne1e11a, notmaTpam je cnyHaj camo 

joule(' (Tampa mwrep(pcpeummje. C 063mpom Ha, TO fla je op61-ra "Tmemaceme-

113". ymek necTojm mine mpe(tka 130.1() mwreprbcpmpajy y (+(eikeHy mpoky. Tana 

ce mopa copeamTm crymmT (arperamm) (mime (C/1)( sifiG . OH je TtaT 143pa3om 

1  (c/1),(,51 -  
(30) 

113 ()crony ci a (mei mokor mohena 40111)10 je J o 3ar:TT4E3, ha ce 3a cnymaj 

5 143E0 pa NH rc plju 1 pe Hike moke cmaTpaTm ha je (C/1)`1 sa. oko 4 d13 maHAT 

04 03H0c3 (( 7/)(,(i. 

ilpyro 	o - thy( elm iloce6110 06j a 1111-befbe, 03.110C11 Ce IIa O ne.Jbar 4.3 y 

Rohe je !ono 110 Ta 11011 11 lle 3)1 1314C14 0)1 rmma mo4y3aHmje• 

IlaiTMC 3a B0310 C0TC.1114TCKC mpe3Be 14 pamic mroyaaumje 143pa4yHaTm 

Cy Thxceccalm 03110(34 Hal e ilocH0310 H Hil olOtlepellB114C rlp14 ycnoHy 4a. CHara 

Hil elpllopellitlije 110 113.0313y NO re3egmircTer Kalla.na iIC Hpete 3103B0.113e-

Hy HpOTHOCT 04 800 pW0p. 

TH 0411)C14 3)1 cnyHaj FDM-FM cpicTema jako ce pa.34frikyjy Epellylim ce 

lipmfiJeutolo paurnoma on 14 dB 40 41 dB. Mc tiyiatm, aKO ce ymecTo comoca 

cHara (C//) yliole ()mow crierTpannmx ryc-rmna cHara Hormoma 14 vTrep(fie-

pefIlHije TaK( 111'1'1) tie ce Boo/worm (CR) ROM 11031314T11 OJIHOCOM 11114pfflia ohro- 

Hapajytmuc cHearapa 	h06mjajy ce Hpouroc-rm '<Hie Cy jam() yje4Ha4eme. 

10130 Ie (MAW 1111. 1.43y3o1 BOTK14X 13y3eTaka Hojehmumma Hpowoch 

(C7/ )56( OR  30 d13 3a4orohana CBC CArialCBC. Cana, (Jr:a ce pima 113 ymy 

Tta je (C/1)5" ;  :30 4 dli 11101b14, 4043314 ce Ha 3ar1'eHally mommaJmy HpehHomr 

(oHoca (171 (1,7 03 26 dli raja je N yckojella y roany . 

Ilomem.-114 pP 1404 C./Iy 311143)13 14 Cy: 01114 y K04141410 4» 141- 3CKC mohynaumje 

Ma 414, To Cy lak03Halim cnyHajernT "13 14COEC rycTITHe cHekrpa , x011 Kojmx 

je 04110c ((mho) Hpirme (mare 14 cpeatke once Heim 04 5 dli. 

Onoj al1an14314 porta hohaTm 14 cnymaj purrep(bepenumje y THIrmTailHe 

CNI' Ha . Jle 3a raja je Homa3ano na nojemmatula HpeaHocT ()Anoka (CMsc; on 

30 dB o6e36e1)yje BLit < 10 -7 . Ill petla Tome, 14 OHM chymajelm Cy BOIT 1413OHVI 

oanoCON1 014 30 dB: 

6. llepcneulnuee u aau..byuau 

143 kpaTkor uperae3a 6yjuor pa31314THa TeneHomyHmkaumja nocpeacmom 

caToutra. 6poja pa3314141Tvx cepHmca, Hapachmx noTpe6a, aceha 14 3axTeBa 

14 orpammHeumx HanalurreTa npmpoaHmx pecypca, jam° ce B 14A14 ha reocTa-

mmoHapna op61Ta 110ctaje 143 haHa y ham cHe Hume 3akpmema. Ilo caha cy 

cBera hua commca. nhalimpaHa: (1114133114 ea:Team -rem ceprimc 3a HammomahHo 

nokpoka(be a TV pahmo-11v4)y3mja. 113ammpam,c mma cuojy ao6py 14 malbe 
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Ao6py cTpaHy. fizammpathem ce 06e36etyje jenno nparso CHID/ Helm 
y mopinnhemy npmponmx pecypca H raparryje npmcTyn reoc 
op6mTm, anm c Apyre cTpame tnt Texmmume tHi maTepmjane mory 
luny jename, na RomemeHe op6mTanme nosmade ocrajy Hememopmot 
Ayxot nepHoa. A axo ce y nepcneicrimm nommy HacTojama Aa ce o 
caTenvacxx cepexcm nnammpajy, o6a oea echemra nojaBxhe ce ?low onapisj 
o6nny. 

JeAvnut m3na3 3a Hamm ycnanan pa3Boj caTenxTcxmx Tenemo 
je nomehalbe manaumTeTa pecypca. To je moryhe yunram ARUM Hy 

IIpe cHera, a Taxo ce m xpehy cam Hanopm mcTpannaua, jecTe 
HOROILIKO ocHajaHhe BHmHX tpeneHumjcxmx noapyuja. A To sHamm ynecT 
ynoTpe6y oncer ymecTaHocTm oa 30/20 GHz, fTO ce Beh H pan, x Ap 
join 3HaTHo rune oncere ymecTaHocTm pen, 100 GHz na H mune, Max Ao 
GHz Ho* cy uo caaa npen4eum sa 6y.ayhe  caTenwrcxe me3e. 3a OHO Tp 

: 14sHahm HOme axnume H nacmme momnomeHTe, IIITO AaHac y mHormm Hay 
mmcnnyTmma npeacTanaa npeomynanjy EcTpantsatta. 

.apyro HITO moace Ha ce ymmut jecTe m3Hananceme HOHNX monennjc 
penTema 6mno y opraHm3anjm cantor caTeamTnor cmcTema, 6H.Ho y npmm RH 

Hemmix HOBHX pemeH,a y npemocy cHrHana. 

Y opramnaumjm cmcTema, pa3mmumama, Mn)' cneHehmm nyTem. 
je novena caTenTcma epa, rno6anno nompinatbe 1/3 3emaHme nomp 
npencTasmano je tacurnmpajyhe perueme. AHN, tpetmeHum,ja Koji& ce 3a 

mcxopmcm, nine He mome nparrmgHO Aa ce npmmemm Hpyrn. Ona ce no 
no paamminmaTH o permoHanHom, na 3aTmm 0 naumoHauHom pano-nompsum 
cepmicHmx awn. CaTeHmT, mocmminm cermeHT, 6mo je camo penej. MehyT 
Amax ce nomno Ha Homy 3aMHcao. Moryhe je npancrm aHTeue, +into 
pammaHe manse, umjm ce njarpam 3pagesa mome ma melba H no 063mmy 
npany H To momnjyTepcmm ynpamaamo ca uamme. 3axmamyjyhm npmm 
mann tpeneHumja, 3oHe nompmmana mory 6mTm H mane, T3B. "spot" 30 

Can, axo ce H momyTanon newrap ca 3emze npeceam Ha caTenT, Ha 
nocTame "HeHTpana", moryhe je ;la ce mom6mHaumj0m "spot" nompimas 
6mpamem napTHepa y momymmmanjm ycnocTammajy He3e xao H y arromarc 
Teneciummjm Ha 3emnut Cammm Tmm, monathen chienennje mory m :Ha 
nomarosajy 6e3 60ja3KH 3a torreptepenmjy, a TO 3118.414 Beano month 
mananuTera. 

Y norneay npeHomena cmrmana jammajy ce Hoax CHCTMH Mona 
Tenna npemoca y npolumpeHom cnexTpy, 6mno ca HmpemTHom cemuen 
6mno ca 41penewomjctalm cmaxamem max mom6monamo, nppma 'Invoice mor 
HOCTH sa nomehane HMyHOCTH ua mmTeptepenuajy. dame, npmmema Aurwr 
HHx monHanja ca pernepanjom Ha caTeuirry o6e36ehyje Aa.ce omit 
rpemme y npeHocy HacTane Ha y3na3Hoj TpacH, na ce °He He cynepnonp 
rpemmama HaCTaaHM Ha CIONI3H0j TpaCif. 

Spun° je nomeHyTm H TO Ha ce 3a Hexe cepBHce Tpauce Hpyra pew 
xoja Hmcy Be3aHa 3a reocTaumoHapHy op6mTy. Hajmommjm npHMep je mo6 
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HM cmcrem. I laume, 3IMMLI.T6CHO Je ;la tiocrojni 7 cnopo HoJ[apHNX Op6HTa, 

upymnor 06ahma, y 7 paumn 01(0 3emzhe Ca HoaynpemumEom 011 HBO 800 kin. 

0,3 IbIAX npeaumba CC BO I I Hme800p6mTmpajy1imx caTenvrra (LEO - 
Low Orbiting Satellite). Ilaxae, ynynno 77 ca.-reamTa,. Kano osaj 6poj ()Aro- 

Hapa y TaGlIE1[B4 enemeuada mpidamjymy, CHCTCM je Ha3uaH IR.iDIEM. Be3e ee 
oemapyjy Hamehy Ana Kopmemmua 6mn0 rue aa ce OHM Haaase Ha 3emzmd, 

ludzio aa Cy (MBCHB HAM moimuum, npm memy ce }<opine H mirrepcaTenwrche 

BC3C. Ilmcitoop614-rmpajytma ea:remein! mmajy 	lipemtocr MTH je upemem- 

CK0 	 emrHana yeilea npoccrmpama ono 30 rryTa mathe 0,4 caymaja ca 

reocTaumoulapHmm eaTeamTmma. 

Ha Kpajy, raeaajylim rao6annyi TezieuomyHmRammolly CHCTCM, Tpe6a 

y3CTH y 06314p H orpomme MoryhHocTM is* ripyatajy wiTmtwe TeJIenoMy-
HHRauHje, ILTO he 3HaTHO JILOBBHEICTH pacrepehemy reocTammomapHe op6m-

Te, TaRo na °Ha MO/Re /la ce Ropmem 3a ()He eepumce 3a Kole HeMa apyrzx 

pemema. 
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I.S. Stojanovie 

PLANNING OF THE GEOSTATIONARY SATELLITE ORBIT 

AND PERSPECTIVES OF ITS UTILIZATION 

Summary 

Successful launching of satellites in the geostationary orbit has opened a new 
era. in telecommunications. Two natural, but limited resources are exploited: the 
orbit itself and the available frequency spectrum. Due to the benefit of satellite 
services offered to all nations, every country pretends to possess its own orbital 
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H.C. CTO,MHOBItil 

position and the belonging frequency spectrum. As a consequence, a large num e r 
of satellites has been launched resulting in the overcrowded orbit and the freq i cy 
spectrum as well. Since the orbit and the spectrum belong to all mankind,t 
to be used equitably. This can be ensured only by careful orbit plrunting width ill 
guarantee each country the planned orbital position and the spectrum for the lo g-
term future when the country will be able to launch or to purchase a satellite. 

In the paper, the planning method based on the allowable level of interfere ce 
between satellite network is presented. This method is so conceived that it 
each country the freedom to occupy its position when it so decide, taking to 
account new technologies and new solutions which could appear at that time. the 
main idea is based on standard system parameters from which the new ciet of 
generalized parameters has been derived. This set offers such a flexibility in he 
planning process that the plan does not depend either on the modulation type or 
on the kind of the transmitted signals. 
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1140( CCCLXXV CpacHe areadentuje ;myna u ystennsocimu 

00efeeme mexnualcur nayna, rem. 31 - 1995. 

Glas GCGLXX V de l'Acadernic Serbe des Sciences et des Arts, 
Clause des Sciences techniques, A`c 31 - 1995. 

M.M. PI4CTI/fh, 3. HHICOJIMI 

MOLEEHOBAI-bE CHHTEPOBAHDA Y HPHCYCTBY TEHHE $A3E 

(11prntmeno Ha XIV cHyny 0Hemeffia, 15. aeHem6pa 1992) 

1. Yeod 

Hpouee emtcreponarba y npmcycmy Teviie (1)a3e npenena ➢ /ba Heo614nHo 
3namajan npouec 3a cincre3y campemenmx manepmjana. 143y3enHa momnnem-
CHOCT, Koja fa KapawrepHme, onemoryhana TatIHO KBaRI4TaTHBRO H KBaHT14- 

TaTI4BHO 011141- 14BaIbC OBOE npoHeca. 1-beroHy K141-1eTVIEy neekmminny He cam° 
OCHOBIII4 napameTpm nona3Hor manepmjana, Bell m/m/n4 naxonaHoe neem-
na, nomema paenonena H npepaenonena neemma y clic-re:my TeMHO-MBpCTO, 
urraennne, unmet &the 6poja KOHIal(TH14X MOCTOBa no jeatioj neemum /20130114 

o6pa3onalba upilo cnwEeHor iln43m9n0-xemmjetcor emeTema, 414.k je KBallTPITa-

TUBBY' 01141C II pamT141-mo nemory13. Oone Tpe6a /loam as nocnojete TeopMje 
Join yneE npencrammajy cam° anporcemmainnjy peanHor npoHeca, jep He y3m-
majy y 06314p cae Hapalerepue3mHe nonamor npaxa, crnapny KO.B14414Hy 'retitle 
(pa3c y emeTemy, enoco6nocT HomnonenaTa ,ha nwtoynnyjy wra. 

Helm ay-ropm [1, 2] pa3MaTpajy osaj npouec Taxo IIITO npe'rnocTanmajy 
as ra HapaRTepinue o/EnHjaibe npoueca pacmapaEba H TanoHcelba y cmcTemy 

Temno-Ln3pcTo. Pacmopeum maTepujan ce Tpancnoryje Epo3 Tenny Sa3y 14 

Tanono4 Ha neHom mecry y3 nepery (f)a3y Opmmpajylim nerypy. Hoene/1m-
ila TOP npoucca je paeir 3pma H ematheibe mam Hecrajame nopo3Hoem. Y 
paay [3] pacmapalbe mannix Heeinma H IMIXOBO Tanometbe y3 Bede Hecnine 
ofijamm,aF3ajy tnnbeHmuom as ce pacTpopmmsocr 33pere One y TeHHoj tam 
nonertana ea emamen,em panmjyca Hpmnpine. Hpema 1<wirepmjy [4, 5] Tarim 

T eu n , lia3e y 06.rracTm KouTailTa 	Ha314 cc non ymeriammm nimermeKom 
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M.M. ?myth, 3. Hmmumh 

y &limey Ha ocTanm aeo Textile 	IIITO ce mamultecTyje nopacTom H- 
ifeHTpaultje 'femme +sae. Yuma Tora rpaltmjenT HoHueifTpaumje .4000a 0  

Amiliy3mje pacTsopenor maTepxjana xpo3 Tetuly 4a3y. 

Cue OHO yxasyje Ha mfamajHocT npormeama pacTa TpHa y oxen y 
Teuifo-trupcTo, paam excneplimeHTanHor H Teopiljcicor o6jainisasama nos e 
Aa tiecTmue noTormeHe y Teumoj (Imam, Ha TemnepaTypx cmHTepoliama, no y-
jy TeHaeHumjy pacTa jeamix Ha pauyH upyria [6, 7]. HemoryhmocT n o-
jehmx TeopHja Aa Aajy noTnyito o6jannbeibe Tor ifteHomena yEa3yje ea e-
6y Aeipmnicasa anTepHaTmEntor meToAa 3a ounce:ease H mammy ortor npo e-
ca. 

3a npormeathe otter cPeHomeHa noce6Ho wiTepecauTaH npmna..3 np a-
, nsama nplimeHa meToAa moae.noHatha H cmmynaumje, KOJH npeAcTainba j 
OA moryhin sumac Beh luxpoxo pacnpocTpamemix mamma KHaMITELTHB 0 

H xnamTinannnfor mariasama °Hamm' 4nummit0-xemxjcxxx npoueca [8-1 ]. 
Hopes H3y3eTHe tk.netccm6mAmocTH y HaznuHy ct4myampatba nponeca, no e-
6Hy noroAnocT npeAcTasaia moryhHocT yHotetba, npaximtnio, Heorpaione or 
6poja napameTapa (4nomoco-xemmjcitm, aHanwrwacm, Hymepmnat H xx6p 
mollenx) H 11.1410B0 npaheite Toxom cluitynaumje npoueca. Hapamio Aa sea KI4 

6poj napameTapa 3Hatut H Beamiat 6poj npeTnocTanni, 4YIMe moaen-cmcT 
nocTajy cnomeitxjx. 1CaAa ce xma y sway moryhHocT ycnocTaomama HHTep 

moixen-excnepmmeHT, Ha npmmep cmmynauxja reomeTpHje cxynmarba [13], 
H eneHTyanHa onTxmx3auxja npoueca, yHopeibe OBRA meToaa nocTaje noTn Ho 
onpasaaHo. 

2. Ilymepuvco peweae duOyauoue jeauanuue 

MaTemanttnta Teopmja Ainfiy3mje y H3oTponnwm cpeAtufama aaanata ce 
Ha npeTnocTainim Aa je 6p3HHa Tpaacnopra Amlipuispajyhe maTepmje xi 03 

jemnimtnly nolipmmity nponoputunianHa rptkiatjeHTy xottuenTpauitje mepe or 
HopmanHo Ha noHpuraHy, Ti. 

= —DVC (D = coast.), 

rue je D xoetinnuljeHT AmSymije, a C xonneHTpanaja. C o63Hpom Ha j A- 
Hammy HOHTI4HyHT0Ta 

a +VJ =0 

reitepanm3onam o6nmx jeAnalmie Alukyntje nocTaje 

OC 
= DV2  C. 
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Axo je 	mocakkatmjewr 3-actry3mje 3a Tammy (may, Taaa je 23k4ky3mja xp03 
Tetary a3y oapebeaa mapumjaanom xial}cpeialmjaamom jeamammmom (AB0/04- 
men3motiaJum citymaj) 

mmje pewee,( 

(1(1 	/02( ∎ 	02c 
(0 < x < a, 

yclioa 

0 	y < b, 	t > 0), 	(I) it — DI 
	

0 2 
	

0y2) \  

aauoMOThana nOVeTHH 

rpaEimmme 

C(x 	0) = 33(x, y) 

one 

c(x, 0,1) = 	t) 

(0 < a < a, 0 < y < b), (2) 

c(r, b, t) = f2 (x (0 < x < a, 1> 0), 

C(0 , y, I) = 	0 
( 3 ) 

C(a, y. I) = ./4 (y, 0 (0 < y < b, t > 0). 

3a. 111)1,46.1043«00 0.34perfrmarbe peumba 414111y3140He kJ-mammy! (1) npi4- 
memmitemo MCT0,71 momaymmx pamamma [14]. 11exa je emenepwyreirra.nna 06.nac4 
npaamyraomor o5.3maa m3Ae ✓ ema mpeawm Tamama: 731 ammmja napanemmmx x 
ocm H ra .nummja napanenamx y arm. Ilexa cy, TaKot)e, 

fix = 	— xi 

Ay= y3+ , — yi 

At = tk+, — tk 

(i = 1, 2, .. 

(j = I, 2, 

(k 	0,1,2, 

71 — 1), 

1 )) 

Eona4un4 apmpaaraim 3a apomemaa-me x, y H t , H metca je 

Ci ,j , k E C(xi, yj, tk) 	= 1, 2, . . 	j = 1,2, . 	k = 0,1, 

Rotmempauxja y Ta0R14 (xi, y3 ) nocne Bpemerra tk. flpemocrawbajyhT4 Jta je 
C(x,y,/) HenpettwIlla H „4144)epenumja614.rma, napumjanHe 14300,fle anpoKc4414- 
pahemo 414r1)epetiama 

aC 
at 

8 2 C 

Ci,j,k+1 
0(40 

Ci-1 
0((AX)2) 

O((Ay)2). 

(4) 

Ot ,3,k 

Ci4-1,j,k -2C 	

± 

— 	
i,j,k 

52.2 

82 c  

(4x) 2  jik 

- 

Ci,j+ k - 2Ci,j,k Cij-i'k 
( A

y) 2  
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M.M. NOMA, 3. HHK0.101h 

Axo je mpemexmot npHpamTaj At Taxan Au je (Epwreprdym CTEL6HJIHOCTH) 

(AxAy)2  
At 

2A(Ax2  Ay)2  ' 

Tana ce, cmemom (4) x (5) y jejwa'umw (1), so6xja npocTa exam 	a 
anpoxcmmaumja (totactrum neToTammacTa mmxpentsatstoma mema) noro a 
sa ospehmmame npx6motolor pelmets& jeamamme (1) 

Ci,j,k+1=.25 (C't+i,m + CI-1, j,k Ci,j+j,k Ci, j-1,k) 

(1= 2,3,... ,n— 1; j = 2,3,... ,m — 1; k =0,1,2,...), 

rae je npernocTammetio sa cy Ax H Ay jesmatat (Ax = Ay = h). 

Y omuTeM caymajy (npamoyraoma excnepomenraama o6aacT) nps 
nocnemsa amatja mpeme Taman noxaanajy ce ca rpammom excnepmmexT He 
06RaCTH. Y TOM caymajy OMLITH nomertm H l'IMMOEHM yoloom (2) H (3) noc 8.- 

jy [15] 	

Ci,jA = qi j (i = 2,3,... ,n— 1; j = 2,3,... ,m— 1), 

Ci,l,k = fli,./ • 
= f2i,k 	= 	,m; k = 0,1,2,...), 

= f3j,k) 

Cn,j,k = f4i,k 	(.1 = 1,2,...,m; k =0,1,2,...). 

3. Modesoeame u cumunaguja npoyeca 

CmrrepoBaite y npstcycTsy Te4He Sase je H3y3eTMO cameo npo cc, 
C o63xpoM sa je pesysTaT senoaana moonlit& enemeaTapma mexamms a, 
os xojxx 3a macre He nocToje 40HOJLHO Tama& H noysaama Tymametsa.,. Ca. 
Tor cTaxostfinTa, ymoheme mosena H amkxxxcame moryhtax cloma corn y 
mwTemy Tesoro-mopcTo mcome awn! lima moos. o6jammetsa !tapas-myna 
tram& x nojasa 611THHX 3a pasymeoame osor npoueca [16-18]. lipm T me 
he xsammeT so6mjeitxx pesynTaTa 6xxx oHonxxo ao6ap ICOAHHO cy so ye" 
nomeTHe npeTnocTatme El* cy o6yxoaheHe mosenom. 

C o634pom Ha mapawrepttermie cturrepomama y nptcycToy eremite 
npxmema meTosa mosenosama x cxmyaaumje npescsosaa BeoMa win am 
moroa maymasama osor npomeca, npw memy noyssamocT IGHSHMTHTYMBH 

KOHHTHTHTHISHMX pesysraTa ampetaHo 3OHISCH OA HaThELHOCTH mosena np 
ca. Y TOM cmxcny, paamoTpHhemo moryhmocT MO,L(OHOBalbH crampon 
asomommomeirrintx cocTema mos KOjHX ce o6paaoHame ABOKOMHOHOHTHe ner, pe 
osmxja y npwcycroy Textile tbaae Henocpesmo y3 jesmomomnomemtmy map Ty 
•asy [8, 9]. 

(8) 
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N' \Kurt(' lowithy c1411 leporialita y How:yr -my T09110 (104 Se 1101114 11014 

0 -4 31upliVieliT 130143 14 I eOpIljeKI4X Ht. 1 -14KNISSIlba .1 	 NyIlMalla [19, 201, 

0441 4 y 11000 sa..1114 ila, sa cayssia] OHIreNla 	 140,3 143Beelliam 414cl/slit/I- 

N1( 111313IIHNI A 43 01314Nia otwiteTaoKy ellsay opourro pacioapan,a H raelorxelha 

II prey I t113.1,t1 0a434Ka XeN1L11(- 	1101 ellI1414Stila 4141CTOF II 4s0j41 ('C Y Teonoj (1)a3il 

pacToapa. H P1'1 pe 	— 0. 15 at. 	ESOia je pe3)0ITSIT lip011era S141044<eIba. 

39.9rra r (nip(' \troop ohlitliallal npogCra pa.ellla.pal 1  H 11410 34elha PSIC 4  

tpoa H 111 1 11 \If !Ile rplalheIhe. a y IleK41:0 Cif \ 3-M4(131431a 41 a 0 lorroyoo oecrajaote 

IIO p0 3110e14. Ila 0II0 YOU 1yJy H 6104Pia 0f(CIICTITNIeIlTa4IIISS 041a1IiiiIha oa 

remorpa Ivor coo pootolia. oorlojo 14142113 	pacca Jima [7, 21-24]. 

roN! 	\nicely 113j01104CalleN10 rnenohH NI0i001 (34(srema (021. 	1): y 

l:.41104 0 6 alar IA 100100 yraollor oit.tutha N 4eCTI4Ile 4111pChe (pale 

IlaJla Se y eglioj 4P1311 004 a NrIlylbalia OHTally eKrorpomeoTaJwy oition"r. 

I 1 rho to How r( H pa nlIap1111.11 H Tamr7Kellia y 11E130111 cAllir ay osuslijajy oeKom 

iP'sH11oAi. N1( CI re Y3( eta je K000rirrpanoja ooprre ija ie. Hoja je pacroo-

!olio y remoo +am, y el3SIKONI Tpeilyrrty y paolorrytKo Ca 4 3pCTOM (I)S130 I Koja 

re ou.rono y J6J1a(ITHKomar,ra oopu're H Teolle (1)a.)e. V  opor-ropy oKoel)y 

140 ihra4STIII4X 0 FiSISICT14 110("10414 KOHISeilIpalMje TeJoir +a 3e, opm ormy 

Jo opotitui rtooneoTpaovje oapelteu 6p3mooKt opourra xiitysKjje y cmcremy. 

Ca. 1. N10ulee1- cmcrem 344 comy..lanojy cDpiTepolialiaa 

y iipl4cyCray"res4He ilt3e 

IleKa cs 

Ds 	{x, y} (s = 1, 2,... N) N C={x,y} 

cKyo rithow-mmx latutKa onpeTe (1)a.3e. Koje Cy y Kourrarry Ca Teltillom rttia3om 

H 00y11 Ta . 4ava. remlie (focte, peCIle14414431I0. AKO je C' te  momiewrpatunja Temlle 

(1)a3e lia KotyraKfry ca. 4t3perom (kasom, a et  paBlioTeAula Konueftrpauvija Tel4He 

cba3e, nomeTtuft H rpaiimmtnn yenoum (7) H (8) ce 3a npetnocfraBrbeim mouen 

nponera C3411I'epOISSITha pefietfonowny Ha CJICACr1T1 oa9uo 
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M.M. Pmcmh, 3. HHKOYIHN 

HOMeTHH yCaOHH: 

Cat 	xi) E Da , 
't Cs 	(xi,yi) E G 

(i=1,2,...,n; j=1,2,...,m; 

Ppainomm yCA01114 3a t = 0: 

rr 	 hi, =hi t° = f3i 3 O = f4i , o = Cs 

ri (i=1,2,...,n; 
	

( 

rpainnum ycnoan 3a t > 0: 

= Ci,2,k Ct < Ci,2,k < Ctt 

/2.A = Ci,ry.- 1,k Ct < Cifin-1,k < Ctt  

= C2,j,k Ct < C2,j,k < Ctt , 

	

(i = 1,2,...,n; k = 0,1,2,...), 	
( 

= Cn-1,j,k Ct < Cn-1,j,k < Cte 
= 1,2,...,m; k 

Ca Taxo net/nmeaning noneumm H rpauntimm ycnomma mown ce e-
annaoaarrn climynannja npoueca marrepoaatha irrepaTammm nonann,a •em 
cneriehno $a3a [25]: 

- 143pamynaname xotmeirrpaumje Ck+1 y Tamiama 	E G Ha OCH I Hy 
xonnenTpainije Ck H jematimie (6). 

- Kano TpancnopT maTemjana neinnimme jeana'mna 

J = —Ds (79; + 
OC OC 

anpmcmmmajyhm H3BOae mcbepennama H y3mmajytin moryhe npame Tpa 

mina ao6tija ce [15] 

r, Chf1,j,k+1 — Ci-1,j,k+1 	 Ci,j-1,k+1  
Ji,j,k+1 = Lij 

2Ax 	 2Ay 

flpamenom one oncpepetrrne mama y rpaturrnimm Tatixama (x, y) E D, ( 
1,2,... , N) oopetyje ce mamma pacTeopenor maTepnjana xoja Ce, na OH 

TpancnopTa xp03 Temny $aay, Ta.110aCH Ha mecTnma o6pa3craatna aBOHOM °- 

Rene nerype. 

- 0,71peweame reomerrpmje moaern-cmcrema Ramon cmmynaumonor ne 
on At, C o63HpoM ;la aona3H ao npomene reomerrpmje mapcTe 4ntae erroj 
peaynTaT npoueca pacTaapan,a H Tanon<eita y cricTemy. 

0) 

1) 

je 
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Ilpo ena rcoMeTpnje Morten cacTema 

reometpnja currema 

TpaucuopT mace 

KOHType  

Ca. 2. ,Thjarpam roKa nporpama CHMTitC 3a crrmyaantrjy nponeca 

IIAPAMEITH 	 cao6omia eneprarja. 
monapaa 3anpemnaa, 
TCM nepaTypa Tonmema, 
Konneirepannja,anty3noirm 
iroeckmikenT, 

HYMEN/14KM YCJI0BH: Crake cucrcMa 
- HOWTHH ycnona 
- rpairmgnm ycnona 

MOTIF.11 [ -come-mina enerema 
- nparniona 
- nempannana 
- ca/6c3 nopa 

Oripet)Hnarbe Konnurx pa3arca 

nporpamcKnx napameTapa 

r 

Mpe*ca tairaica 

NI ollenona e CH HrepouaH,a y HintcycTBy Teque 03e 
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Hpefripoljecop 

()Baran wrepairmnpn nocTynaKaa6purana ce nocTaaaltem 3aaaTor emu-

narrmonor spemena orunTjatba nporreca cmwreposarba. °METH Aujarpam ToKa 

nporpama C11 MT( DC (cmmynaunja Tetio-4ka3n0r el/in/repot:Jai-ha) ,aaT je Ha ca. 

2 I15, 261. 
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M.M. PIHTHrt, 3. HMK0.11HE 

4. Ozpanunena tosuNuna mew Oa3e 

Y npetxomcom paamaTpamy excnepnmeuramm ofinact Ha mectstuaata 
mBpcTe +ase y Temnoj taan Nina je npasoyraonor 06aliKa. Paanor as yuo Ja-
me commie excnepatmearaane ofinacta je yhiaBnom nymepouncor impanel:4, c 
o63Hpom Act cy y TOM caymajy mineral* H, noce6no, rpanvonna ycnonn Bean 
npoCTM: rpainwe o6aactx cy npaBe muntje napaneane Roopmmannam ocama. 
Metytnm, mumemum je na je y peaanum ycamnama Nommen& tome +43e 
Beoma man, aoxamsoBaxa camo y mouratcnnam ofinaciuma. nonaaellu on 
Tore., 3liamajny KOM11/11Hy 'mune +a3e ynyzap excnepumeturamm 06111LCTI1 T ?e-
6a penyxoBanc Ha peJlaTMMO mamy, orpammeny KOAW4l4Hy. Ca CTaH011/4111- 

Ta nymemumor pemanama jennamme (1), nperxonno ne4namacane„nonetn3 
rpamume ycaoBe (9), (10) H (11) 3a KOHCTaHTHH CKyll CpalilD1H11X Talia&Ca, 

Tpe6a 3amemaxn HOBHM nonenmm H rpamatunam ycacomma 3a peayBoaanu 14 

npoMeHJLHBH cxyn CpaHIP4H14X Tanana VT]. 

Ca. 3. Moan'- ma'am ca orpammexom xoaawmatox Italie lime 

Ilpetnotramtmo Aa je monea cncrem on N xowrypa xao na en. 3. Axe 
Cy 

 

GI = {z,y} m G2 = fx,y). 

cxyn ynyapannimx Tamaxa lemma ((mac H cxyn rpammmaxx xamaxa 'femme aae 
pecnexamano, 'ran ce nomeram ycixoex (9) mory pene+mmmcwrm xao 

/ 
Cat (xi, Yi) E D, 

gij = Ct 	(xi,Yi) E GI, G2 

0 	(Z1) Yi) il A,Gb G2 
(i = 1,2,... ,n; j = 1,2,... ,m; a = 1,2,... ,N) 
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i 

Tetnia 433a 

6e3 Temile 
than 

I ...1•1 

MOACROBiLlbe C141-1TCp0Batha y npmcycTay 'rogue ta3e 
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HeKa je Tauun, (i, j) rpainpuia TaHxa TeHHe $a3e (c.n. 4), (xi, Yj) E G2. 
AKO je y TpellyTuy t = 0 xoHneHTpativija y TOj Ta4K14 Ct H atco cy num (i, j-1) 
14 (i + 1, j) yllyTap KOHTKKTHOP per-nor-la 

(x,, y_i) E 	H (x7+1, Y.?) E GI, 

Tatra je uomuniTpaTuTja y Tatum (i, j) y Tpenymy t > 0 (meToa alma y 
orneaany) 

Cij 	To H 

Ca. 4. CermenT ropence TanaKa 

Y314majytH4 y o63mp cue KaparrepHcmtce cucTeMa ca orpaH144eHom 
KOT11,1414HOM 'revue rkane, cHmynaumja npoueca npumorranna Trepan/linty npo-
Heaypy cammily npeTxwmo Aetmlimcatioj. 

- 143pamyHaname uoumempauHje CH-1 y taqicama (x, E GI Ha ocHouy 
KoHnewrpaumjc Ck H jeaHatunle (6). 

- 14:3pa4yHanaH3e TpalicHopTa maTepHjana y GAHM rpampumm Taulcama 
(x, 	D, (s = 1, 2, ... N). 

- ,ilegnanTcathe 140BKX cuyaoua D,, G1 H CZ moaen-cmcTema. 

EcImmacHocT THAHTHvicaHor cHmynauvrollor mouena mcoue ce Haj6onie Te-
cmpaTH Ha TeopojeKOM moaen-cHtTemy 'Herr uoirrypa npaaHnHe reomerpHje 
paTnTparrux HonynpetauTua: r1 = 240prn, ri = ri_1/2 (i = 2,... ,6). He-
Ka y OBKKBOM cucTemy ernvicTupa orpampiella. KOJI14 11141-1K TCLIBe cpane, urporo 
aouanm3ouaHa camo y KOHTaKTHHM o6nacTlima mnmety Hapoua KoHTypa (ca. 
5(a)). 0[314M moaen-cucTemom panmoTpHhemo cvorrepouarbe cucTema W — Ni 
ca noaaumma Tao y paaormma [20, 28]. 3a upearlocT uoecluTuTdeHTa a14y3Hje 
Di  y3eheMo BpeAHOCT 10 -5  CM 2 /.5 [29]. 

C 063Hpom Ha HHEbeinTuy aa je KoHuefrrpaumja Te9He tbane Ha KOHTK,KTy 

ca 4l3pCTONI (panom o6pHyTo nponopuHoHanHa nonyrweITHHuy ITHroure (bane, 
npeTnocTauvihemo HDCH 110MCTH14 npockn xao Ha Cu. 5(b). KapauTepvicTH4Ho 

O a  
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t = 0.0 min 
0 
In 
0 
6- 
* 
0 

- 
•••• in 
2 

YO 
0 

O 
O 

8 
O . 	, 

0.00 0.01 0.02 0.03 0.04 0.05 0.06 
X (CM) 

t=15.0 min 
0 	 
Y'S 
0 
0 

ci 

0 
0 

8 
0.00 0.01 0.02 0.03 0.04 0.05 0.06 

X (CM) 

Ca. 6. reomeTpHja mcmea-macTema mule 15 min 
(— =sena reomeTpHja) 

aKWHITOpCK0 CBOJCTBO, AOK HajMama mome 6HTH CaMO AOHOp mtrepmjaa , C 
o6ampom Aa ce Ha moj oamrpaHa camo npouec pacTHapama. Cin, eh 

96 M.M. PHCTittl, 3. Hmaonah 

0.00 0.01 0.02 0.03 0.04 0.05 0. 6 
X (CM) 

Ca. 5. Mogen-cHcTem 6 xonTypa npaaaane reomeTpHje ca nonyupemannama 
240, 120, 60, 30, 15 x 7.5. 

a. Ilomena reomeTpxja. b. lIpolma nowerne aolluempauxje tesne Sae 
naraoampy ca MBpCTOM cpaaom 

je aa cmaxo ae44mmicam4 moaea yHom4 HouType xoje ce HcTospemeno no a-
majy xao aoHopm H amuenTopm aToma mapcTe $a3e. Hamme, y Ae.ny KOHT T 

He o6aacTH xoja ce (PopmHpa ca HoHTypom Behar noaynpeximma KOHT pe 
noKa3yjy AoHopcHa CBOiCTBa H O6pHyTO. HpH Tome, npHa Howrypa HM8. C: 0 
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>- 
6 	 O- 

a 
O 
O 
O 
O 	  

0.00 0.01 0.02 0.03 0.04 0.05 0.06 
X (CM) 

p  
o

• 

t = 20.0 min 
0 

O 

0 

O 
o - 
O 
O 
cJ 

0.00 0.01 0.02 0.03 0.04 0.05 0.06 
X (CM) 

- 

0 

• 

1= 0.0 min 

In 
O 
6 - 

0 
- 

M 0 

>- 

MO,Re.710BaFbe CLINTep0BaFba, y ripmcycrny revue ta3e 
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Hoene Heicommo NmiIra cHmynaimoHor ripemeria nee tiajmame noHType Hec-
Tajy (cm 6), jep Ha imam npouec pacmapama 3ano4Hime H 3atipmana ce 
mlloro Him Hero IHTO ce cnope ycnoim 3a eBeHTyanHo 3ano4mbatbe npoueca 
(hol/wpm-La THoKomnomeHTHe nerype. Ha ocTankim HoHTypama imanwrammim 
H KBaHTITTaTmoHm etkeRTH Hocaeamua Cy reomeTpmje m ImamRaja 4BpCTe $a3e 

y oallocy Ha ocaanm aeo moaen-cmc-rema. 

CJI 	Mogen- cmcrrem 9 Kowrypa npanrume reomexpllje ca nonynpemmumma (pm): 
125, 85, 50, 25 pr 15. 

. 1. Ilovema reomemnia. b. Ceomemaja nocne 20 min 

Eacnepwmetrramm onaniame na, Ha TemnepaTypH cmrrepiniama, Bete 
HecTiaue pacny Ha paMyH maHaTx noje CC pacrsapajy, MOWC ce ripamm Ha 
monemcvicTerey KOJH je npvitia3aH Ha CR. 7. H y OBOM c>tcremy je KoavolKma 

Te4HC (paao orpalimmella H aoKailmaoHaHa y npocTopy H3meby HoHTypa imperre 
(ka3e (Gil. 7(a)). ❑ pm Tome CC Ha niammi amiTypama Kok CC Hana3e Henocpen-
Ho y3 ;me Hajnebe mottrype onnvija camo [moiler. pacmapann, ycnen Hera 
aonaavi no Harnor pacTa Holimx KoHTypa (en. 7(b)). C o63ripora na Nowrype 
Koje ce pacmapitjy Hpao 6p3o Hu4e3anajy, rpaavijem KoHuelfrpaumje Teime 
(fiaae y TOM neny cmcTema nocTaje npammmo jenHaH Hynes, na npecTaje pacT 
tielmx nowrypa. Y namem Tony npoueca ynory vonopa amma 43pcTe $a3e 
npey3inmaiy Abe yaa.themije KoHType, ono ce maHm(fiecTyje pacTom Hajeebmx 

Koicrypa Ha 'mainly pacmapalso Tic( KoHTypa. 

5. Ontumu cumoatponu Model 

eKa °norm monen - cmcTem nelmmllny N KoHTypa mupc -re (baTe npaHma-

He Hum HeupoomnHe (I-Tomo-Ion-me) reomeTpmje, M nopa m TeHna (kaTa. 
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M.M. Pecrett, 3. HI4K0/11ft 

Hera je 	
D, = {1,, il,, it} (a= 1,2,...,N) 

cayn rpalimmnmx Taman acarrype 8, netinnotcan nearopmma 

= 	0 0,2, • • • 

il. = 013,1, 14,21 • • • YS,nii 

= (00, 03,29. • • 1 03,n.), 

VAC je 	(0 < 9 < 27r) yrao Kojm neelniinnne nonomaj i-Te Titmice ie 
n, orrrnmanan 6poj rpainnuna Tattaxa xonType. 

Helm je 

DP  = 	op} (p = 1,2, ... , AI) 

cxyn rpan 411/4X ramaxa nope p, nellnamcan afficropmma 

4 = (x„ , 1,Xp ,2,... ,Xp,n,), 

rip = (Yp,1)Yp,2, • • • SiMnp) ,  

Op = (gp,1, 9p,2)• • • opin,), 

rite je Bp, i (0 S 0 < 27) yrao xojw Aeinmmule nonomaj i-Tc Tatum nope, a nP  
ournmanan 6poj rpanwunix TaMaxa nope. 

Hexa je 

So = {(e. , 	iv, E Da , (s = 1,2,...,N)) 

nomerna orpyarypa 6ecnopomor monen-cmcrema H HeKa Cy 

Se = {2,0 H sp 	fo I (i, I) E Dp , (p = 1, 2, ... , M)) 

crpyarype xowrypa 14 nopa monen-cncrema !mole cmmynanmonor npelm 
(apemema. aurreposama) I. Tana npouec cifirreposalba neOnnune 'Fp 

matwja crpyarypa 
So Sc  + Sp. 

6. Kunemuxa nponeco 

Pe3ynTaT npoueca zupyamje y cmcremy Te4H0-4BPCTO, 021HOCHO pe3 - 

Tar npoueca pactuapasa M •ranoncema (43opmmpame naoxomnoneurne very Pe) 
je npomelia noaxa•je rpamoonnc. Tanana monen cmcrema. 

Pe, a 
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o = 0.0 min 
O 	 

O 
- 

0 
- 

--mn 
2 0 

- 

>- 2, 
- 

0 
 - 

0 
0 
O 

99 MOS.C.1101.1atbe CMITCp0Ba.1.1,8 y ripmcycroy Toque 0.3e 

0.00 0.01 0.02 0.03 0.04 0.05 0.06 
X (CM) 

Lc; 

  

 

 

8. 	10. 	12. 	14. 	16. 	18. 20. 
Bpeme (min) 

TSN 

2. 	4. 	6. 	8. 	10. 	12. 
Bpeme (min) 

CJI. 8. Oupebneathe awnectuce npoueca 

14. 	16. 18. 20. 
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M.M. PHc'nth, 3. HHIC0/111h 

Axo je 
T ={tit = kAt, k= 0, 1, 2, 	, K} 

ynanpert aaxmx cismynatmoinut spemexa, rae je At iconataat speme$ 
npmpancraj, H axo cy 

xs = x,(t) H y, = y,(t) (s = 1, 2, ... , N) 

orwonapajyhe Hoopanare 3a ataxy xoHtypy Morten cHtrema, ram je npo e-
Ha Hoopannata rpanware -mute (x, y) (no3mmen 3a ulna.] npoueca T8,40 e-
ma, HeramBHa 3a cnyttaj npoueca pacrnapawa) nocne apemeHa t aet[numc Ha 
citopmynom 

Ar(t) = r(t) — r(0), r(X, y) = V(x — xo) 2  (y — ye) 2 , 

rAcje (to, Yo) 'rewrap xoHrype xojej nprtnarta Tatum (x, y). Hpocetuta. npoM=ma 
Hoop,anaxa n, ramatca xowrype s je 

Ars (t) = 1 E[r,(0— r(0)]. 
n, iti  

AHO ce no3Haje H143 'wet:amen/1 Ar, (s = 1,2, 	, N) 3a KoHtype moor 
cmcxema, Tama je npocemna 6p3mta npomeme reomerpHje moaen-cmcT a 
(xtHerna npoueca crtnepottawa) nocne cHmynatatollor Hpemena t rte4at 
caHa tpopmynom 

vs  = 
Ar,(t)  

Ortpettonamem tuna xpeattocm Ar, 3a cramynarottoHa apemen t E T H n 
apyanntawem serropa (to, ti, to ...) H Arg o , Ar,,1, Aro, ...) mome ce 
6Him apemencxa 3aBISCHOCT npomeHe reomerpHje monen-cmcrema Argk, k) 

(k = 0, 1, 2, ... , K). Canton), Hpemenn aancHoct 6p3Htte npomeHe e- 
omerpnje morten-cmTema mowe ce ao6HTH npnapyanthaffiem xpemetwxor B H- 

TOpa BeHTOpy (usp 0,1/0 , 14.2, ...), 04HOCHO (1/8,k,tk) (k = 0, 1, 2, 	, K) [30]. 

Hpanntta npmmenwthocr aetInnuwaHor moaena moace ce, nponepn H 
Ha panje xoptunheHom moaen-cmcremy (cn. 7). T-IrtnieHmuy as ce tame - 
Ha npoueca oapetyje 3a cnaxy xowrypy Ha HexoM 6pojy rptunstran Tali a 
n, HcxopHcmhemo 3a xapawrepnanajy npoueca y pa371wazTtom o6nacz a 
Tetwe 4nt3e. 

Ha cn. 8(b) npna3aHa je 3aratcHocr pacra Hajnehe xotrrype Ha pa yH 
pacTnapawa Mann KoHTypa Lc* ce Hana3e y npocTopy mmety Henn 
xowrypa. Hof Tome cy y3ere y o63Hp camo rpaturtute ramxe mpackp 
o6nawnr HajBehe xontype. Hamm pacT y notterxy npoueca nocneanta je 
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Harnor pacteapaffia manwc xorrrypa. Y nan,em toEy je, c o63Hpom na Cy 
TM 14380 P14 matepHjana 3HaTITO cmameHH, pact TaKOFje cmarben, ca teHaeH-
uHjom as 3a. Beha Hpemena noctaHe KoHtranTax. Ha cm 8(c) nimma3aHa je 
onroHapajyha HapaKtepHetkixa 6p3HHe npoueca. 

H a cn. 9 aHanH3Hpan je pact Hajnehe HoKtype y ;Jens/ TMH 4k3e npema 
Behoj HotrrypH (mpaqmpaHa o6nact). C o63Npom Ha TO /la ta Holltypa HHje 
Henocpearm 3/3 Hajnehy HoHtypy, men ynniaj Ha p aCT HHJe m3paxell. aryaa 
je pact mafrai (cn. 9(b)) H nocneapina je pactnapatta Ham) Bebe HoHtype tam) 
H npepacnonene pactHopeHor matepnjana maamx Hourrypa. Beha 6p3HHa 
nponeca (cm 9(c)) xapaKTepwcTrrNHa je camo 3a nometax nponeca H 6p3o 
ao6Hja ctanHonapaH Hapax-rep. 

Ha en. 10 ananiumpaH je nponec pactnapaH,a Retie KoHtype y rpainn-
HVIM tatncama inpactonpaute o6nactm. C o63HpoM Ha TO na ce y EbeHoj Henocpea-

HOj oHoninni Hanase /Ise mathe Kontype Koje ce taKobe pactsapajy, lona KOH-

Typa ce ileum cnopmje pactaapa. TeK HaKoH notnyHor pactnapan,a manan 
Hourrypa PurreH3Hempa ce nponec wenor pactnapawa, c o63Hpom Ha to na oHa 
noctaje jenymm H3nop matepHjana. 
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M.M. Ristio, Z. Nikolle 

MODELING OF LIQUID PHASE SINTERING 

Abstract 

The liquid phase sintering process presents an unusually important process for 
the synthesis of advanced materials. Having in mind that it is characterized by great 
complexity an especially interesting approach in investigation of this process is the 
application of modeling methods and simulation that present one the possible and 
nowadays widely used methods for the qualitative and quantitative investigation of 
these physicochemical processes. 
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M. BYKOEPATOMII, MITA TVIMMEHEO 

HEM B140J10111K14 ACHEKTI4 YHPABJbAI-bA 

CJIMEEHHM POBOTCHI4M CPICTEMHMA 
--KoHuenTyamm pa,a- 

(11pmktaeno Ha I ckyny °AcmeEno, 16. cke6pyapa 1993) 

pady ce uattaatcy npunt4unu ynpaetearba cnomenum dunomustcum cucmemumo 
xoju ce ocnazajy Ha useecne 6uonotuxe nputowne notcontomopnoz arcma scueux opza-
nu3ama. Ha 6a3u eeh pauuje nocmaen,ene meopuje mcnoce nyna-momenma u nonyun-
eepsnoz npunasa peumeaty npoonema cunme3e semmcrocoe xoda no &tau nponucane 
cunepzuje deny npocmopnoz stexanuana, y (Isom noeom npunasy aunaJountcom ynpae-
Jbazy csootcenum po6omunta,nanymmena je xoneenquonanna cunmeaa ynpaesbatba tcoja 
ce 6a3upa Ha kostnitemnum dunamtdocum modenuma po6oma. Y mom nocmyntcy yee-
denu cy Orin (fuzzy) pezynamopu u neyponcku konyenm ynetba. 3a paanuxy od xoneen-
quonannoz 0a3u pezyitamopa u neyponexoe o6rmeawia, y °emu nosom npuna3y ce nped-
nadsce no,w6unoaana npoyeaypa y kojojje noeuna: yeoekle npoopamcwoz (Homunannoz) 
ynpae.o.aka (feed-forward), xoje paapetuaea npo6nem npee emane CUMTIC3C OUICHHISHOZ 

nenopemehenoz emanon peruma pada. Y mom guns a ma 6a3u deyenmpanuaosanoz 
ynpaekbaza, Ha dpyzoj emanu cunmeae, noicannu pezynamopu Komnenawy nopemehaje, 
ykoirryfyhu nposteny onmepehetba y 324060811360 noxamouuonux po6oma u nomepalbe 
dunamutoce tune peaxnuje na xonmaxmuma po6omckoz mexanuama u nodnoze. Hey-
ponctcu modyn y npednoaocenoj ynpaeniauxoj ummu uma deoempyxy ynozy: nodeumeoze 
MCDSCHHCILUX Oakmopa y 0a3u-npaetutuma, u yeo0ette HOOUX HOMUHHIIHUX pedocuita Koju 
cy nompe6nu paths stSymcquonucata 0a3u Konmposepa y pedicumy 82.12111CUT nopemeham. 

Kay y opxecmpy, the cecina uncmppmenm coupe ceojy concmeeny napmumypy, 
max() u y nponecy roan(' ceaxu 32A06 npou3eodu ceojy kpuey xpematba a ceenco 
medicumme ceoj pedoened y6p3aena, dox ceaku mutauh useodu ceojy stenodujy 
nanopa, nyny cranono npomenn,ueux a anew cma6unnux denoea. H no CM/von 
nanun, oea yesuna denyje y ca3eyunocmu jeduncmeenoe u nenoeumoz pumsta, 
cmanaiyhu oey ozpomny cnoaseenocm y jacny u xapAtonunny jednocmaenocm. 3a-
cnueav u ynpaeibas oee cnodocenetVAIINe, dupuzeum u y ucmo epeme xontnosumop 
paamampane ceeyxynnocmu je ceaxaxo tienmpannu Heparin cucmem. (H. Beni-
tamajn 
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1. Yeod 

3anaTan xonatba, max, npyrxm pemuma, npo6nem CPIHTe3e H ynpawbatba 
nopaunma ABOHO>I<H1431, merrooponifinx M IlleCTOHO>ICHWX >E141314X 614ha je aanatan 
xojH je nmmona ycnennio peumna. Y Texmemoj npaRcH, oeaj npo6nem ce 
nojann,yje y /ma mina: 

• cHHTe3a eemTatwor ABOHOHMOT X0,/ja ;la 614 ce peanHaonasm KOMMIBTHI4 

BETHHHH eraocxeneTH WWI HpoTe3e/opTo3e xoje 614 nomorne xelimmenx-
pam4m zynlima na noHono xonajy; H 

• xoecTpymmja xonajyhmx eomna lc* 6H morna na ce xpehy It no Te 

pemima Henorommm 3a eomna '<Ma Hmajy Tomwee mnin rycemme. 

lima memo pa3nora aa eepyjemo na, cy npHponea, 6Hononma pemema 
Hon cHnTe3e H ynpaemarba xoaom onTHmanHa as ,aaTe ycnone. KoecTppumja 
Hory 14 Hamm xoaa KO,TI )K1413I4X 6Hha cy nocnenima Ana epno mohim npoue-
ca onTmumaumje, H To npoueca enonymne npexo nmmonHor oaa6Hpama 
npoueca ymema H cmnama incxycTea [2]. 3aTo y ciarreax H ynpanmamy emu-
Tammim xonom Pima cmywna noaajmHTH oa npimone cee IBTO moxte Aa Pima 
oarouapajyhy TeXHVILIKy peamnamny. 

Y OBOM parry, HoM je no ceojoj npmpoim HonnenTyanaH, 6Hhe nmmaaaria 
mema 3a cHHTe3y H ynparuhame xoaom enmeHommix mexammama, 6a3Mpama 
Ha 6Honounmm HapaxTeplicTimama xoaa xoje je moryhe yO414TH H MepnTM 
Ha >1(14BI4M oprammmlima. BMhe nmma3ane H moryhe Tem/luxe peanHaamene 
Taxee ynpaen,amxe cTpywrype. Paa je noaenbeH Ha Hexonimo ,aenmaa. Y neny 
2 6Hhe nmuca3amn Hem{ 6Honounm nmmukum cHHTe3e H ynpannama xonom. 
Y aeny 3, pacnpaema ce o pneecimm cneumlnomocTinma cMHTe3e nemTatmor 
xoaa H naje ce aecimmumja Tatme Hyna-momeHTa (TOM, HRH, y emnencoj 
m4TepaTypx, ZMP-zero-moment point). Hamm 3a cimpmxpame maTemaTwmor 
monena xonajyter mexamvtama nmixa3aH je y /may 4. Y aeny 5 je nmmasaHa 
ynpaematma cTpaTerHja 3a cHHTe3y ynpaemama nennammm xoaom. MeToa 
3a aHammy CTB614JIHOCTI4 Tax° a06MeHor KOMMIBECHOF )11411BMPILIKOP CHCTM 
je np1ea3aH y aeny 6. Hoene/lm aeo je 3amhymax. 

2. HMI 6710.40tlittl nputqunu rode 

lipeaHocTH HcTpaameama myncxor 14 ameomaceor xoaa KW( 3anaTxa 
cmiTe3e nennatmor xoaa mory ce 143BeCTI4 H3 cneaehmx mmbemma o bony, 
Koje je epopmputcao BemnuTajn [1]: 

• noxomormom4 noxpeTH, a noce6Ho bon, npimanajy HajayTomaTmonamt-
jHm noxpeTlima. CBH neTanm zone ce noHaemajy y cTporo oapeheeom 
penocneay on KopaKa no Kopaxa, a TM neTanm cy maxcHmanHo no-
HOBJEMBH xoa paanmmTlix cy6jexaTa xo,n4 X0Bajy. OBO BO3B0JbaBB Hc-
Tpammeamy aa ycHon4 xpwrepHjyme Li aa I43B0414 3atua3me Ha nojeammm 
cy6jexTHma K0j14 fie BWKI4TH y ornuTem cairmjy. 	 ii 
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• flot(omouttollm noxpem cy eKCTpeMHO CIRO/Lel-114 11014peTH K0,114 pybyt-tyjy 

ttenotcynlly mycKynaTypy H ueo nompeTHtt CKeneT, a y 11314X0By Eoturpony 
je yHmymeH Henvum aeo ttewrpanuor H nepmcbcpmjcuor Heputior CHCTeMa. 
Tauo, moa notcomoumormix nompeTa moncemo aa ogercyjemo jacHo mapaAcerr 
OIIHOC mmehy uenTpanHor H nepmepepHor ynpasmatba, ca o61ubem ae-

Tama Fojm Kapawrepttuny npouec KpeTama yornuTe. 

• ROKOM0111,10H14 noxpent noceayjy 01ILUTOCT. Ihmxom m360p 3a o6jeKaT 
mC-rpawmmaH3a o6e36ehyje ticTpancituamy /la imam ca menpuutim 6pojeM 

cy6jeKaTa KOJM Cy CE114 camnaaanm setup/my xoaatba miforo 6ome Hero, 

Ha npttmep, 6ttno Eojy npotecnottanny meurryry. Yvette H pa3noj xoaa 
twa HopmanHor aereTa Ho hence Futuna matbe crpormm 3aKonzma H npa-

mmnmma Hero INTO Cy mopcbonownt 3aKomet H pa3moj TKmeam °prat-La. Qua 

OHHITOCT H npammallocT o6e36ehyjy maTepmjan 3a tumpoKa nopehetta 

omoryhamajy meTpan(4matba oHToreHe3e noxpeTa, tberomor ycamputama-
wa, ycnocTam.rbarba, pa3moja H nopemehaja. 

• .11oKomoumorm noEpeTm npmnaaajy KaTeropHjH m3yaeTtio crapmx noRpe-
Ta. Otnt cy OnoreHeTcEm trapmjm oa pa3moja Rope menmKor mo3ra 
6e3 cymtbe Cy mmanm yTmuaj Ha pa3noj uewrpanHor Heinntor cmcTema. 
Ha ripmmep, n03HaTa, je ampewma me3a mmehy pa3moja Jlajcmjemor 
Terra (corpus Luysi) H npena3a momexonor npeTKa ca meTmopoHmtfflor Ha 

ABOHO14H14 xoa. emnoretteTcKa cTapocT rapawryje nocTojatbe ay6oKe op-

raticme me3e m3mehy .110110MOTOpH14X npoueca H pammmwrmx crpyxTyptimx 

intmoa uewrpanHor Heputtor cmcTema H 4o3monmana Bepomarbe as file ce y 

pa3nt4tritm cTaamjymmma ycamputamatba nOHOM014140HHX noxpeTa oTKpm-

TM H Tparomm paanmmmTmx 4114130a pa3uoja HerwHor cmcTema. 

• Cue ocHomrie aeTame Hopmannor xoaa moryhe je Haim Koa CDHX oapac- 

Hopmantix cy6jeKaira 6e3 H3y3eTaKa. Y3pouH 1411/11413144yanHHX pa3- 

anka Koa xoaa mehy cy6jewrmma Hmcy H14 pa3am4urra crpyrrypa notwe-

Ta H14 pa3.11PI4MT0 cnaratbe ;lemma pubrietutx y nOKOM014140HH noxpeT, 

Hero pa3muce y ymecTaHourmma H amnnwryaama pa3nm4wrmx ;lemma. 
ODa mxtbeHttua omoryhama 1a ce Hanpamm aeTan,Ha HomettmnaTypa 3a 
cTpywrypHe enemewre noKomoumonor notcpeTa, Koja yKmy4yje cue tra-

6m.rute nojame Kaparrepmawnte 3a XO,E1 3apammx, Hopmannmx oco6a. 

HaB e,gene mmtbeintue 3Hame aa je xoa Jbyam H nu(moTmtba (Ha npmmep xolI 

Hotta [3] , nca HJIH MaHHe) MOrytle mpno npeum3Ho H3MepHTH H KnacmjniKomant. 

HapaBHo, C O63HpoM Ha H3y3eTHy CJIO)KeHOCT HewrpanHor HepsHor CLIC-

Tema cmcapa, cum 6H0J104111114 npmHumrut H mexaHm3mm ynpammama jOn Hwy 

no3HaTH. CeaKaEo, OHO urro je jactio je TO aa Koa ynpasmatba meurramKmm 

xoaom Tpe6a npmmeHmTm umneHmmocKy ynpamJbalmy memy. 

Taxote, Bpao je noronuo ycnojwrm nee oa nep$opMancH npmpoaHor, 

6mononwor ynpammatta. To cy: 
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108 	 M. Byao6paTomili, 0. TI1M4eHK0 

• KomSopTa6HnHocT xpeTawa - ono analm aa HeHTap mace Henor Tena 

npanH 6nare, rnance TanacacTe noxpeTe ORO newnma.nHe oce H ono xo-
pH3oHTanHe oce HopmanHe Ha npanau xpeTarba. Amnnprryay H SpexneH-

Hy OBIAX noxpeTa moryte je MepBTM 3a npanmnaH, HenopemetteH xon no 

panHom, rnamom, xopH3oHTanHom Tepelly, a morylie je MOAIH4UmOBaTM 
MX 3a cny4ajene xoaa no pa3nH4HTHm Tepem(ma M y pa321pttmn4m OKOR-

Hocmma (HarnyT, xnman kuni Hepanau Tepees, ynapH neTpa TOKOM xoaa 

H cawmo). 

• PannoTexca Tena TOKOM XaRa, 14 TO npe cuera alinamwma pannoTeHm 3a 

paanwmTe Hammte xoaaH3a. CTammicy panHoTeacy morylie je HOCT141-114 

camo 3a HeKe cneumjanHe npcTe xoaa Ron HeTnopoHoHumx H tuecTommc- 

HWX mexam43ama (TBK03BaHO "11y3athe " ), HRH 3a CRytlai 143y3eTHO nenH-

KHX cTonana }<OR RBOHO)KHVIX mexam43ama. 

• flporificana cmHeprHja xoaa - HM41314 °pram/twit 3a xpeTathe no 11031IBTHM 

TepeHilma xopHcTe HaymeHe H 3anamlieHe o6nynce xoaa (HommanHy m-

Heprkny, TJ. HOMMHBAHO xpeTawe), a TeK y Heno3HaTMM oxonnocThma, 

3r3 14HTBH3141111y HHTepammjy ca. Hymma, MORMIHIK3dy TO xpeTaH3e. 

• CHmeTpHHHocT H 110HOWILHBOCT xona - OBO je noce6Ho nmaio xoa cHwre3e 

xona 3a vemopormaate 14 mecToHoacHe mexamrnme, rite TIOCT0j14 H3y3eTHO 

mHoro pa3nH4HTMX o6nima xoaa, anH ce camo HeKORMKO 3aHcTa M xo-

pHcTe ICOR >KHBOTHEI.CEOF xona [4, 5]. 

Tpe6a HeTaim aa xpeTame ?mum opraHmama ca mexamstmor acnexTa 

mcoxe aa ce npmcmce xao pe3ynTaT npomeHe ycnona panHoTexce y nomy cHna 
y Kome ce CHCTM Hanam. Cn0trram4 noxpeTH 36or npepacnoaene Hanpe3a}ba 
mmunnhimx rpyna aono,ne cHcTem y panHoTeacy xam ra H3none H3 me. Taxo, 

npomeHe y Hanpe3aHpy mwanilla H3a3HBajy xpeTame, a canto xpeTathe 143B314- 

Ea npomeHe 37 Hanpe3arby mmumha jep mema IbHXOB cTeneu onyurrawa HRH 

xouTparmje. BepHmTajH [1] je ony HOBB3BROCT ammja Hamao nepkubepH-
jcxHm umcnycom HHTepatumje. Y Texm4mHom ?vaproHy, ono 6H 6Hne noxanHe 

nonpaTHe cnpere. 

MaTemanitixa aHanma oanoca H3Meby clime H noxpeTa noxasyje aa He 

nocToM jeaHo3Ha4ma Be3a mmeby 11314X. Y3p0K 3a HejeaHo3Ha4mocT nem/an y 

timbefflaan ;La ce 6Homexam44xa ne3a H3me1)y cHne H noxpeTa ormcyje R14- 

[PepeHumjanm4m jeaHammama apyror peaa, 3a mnje cy peinewe HeonxoaHa 

Aaa nomeTHa ycnona. Pa3nymTe HHTerpanktoHe HOHCTBHTe (nomeTHa 1103141114- 

ja oprana, noHenia 6p3HHa, Ham Hexa apyra nenkHurma axo ce Taxo ycnoM) 
mory !la aoneny AO CaCBHM pasnipmnix xpeTalba 3a Htry no6yay noja je 
crrvirna HepBHMM enaxmom. 143 onora caerm 3axn,ymax aa je 3a onronapa-
jyhy xoopairmaupdy H cnarathe noxpeTa KO) ynpanzarna X0a0M HH4BHX opra-

Hmama HeonxoaHo Aa HenTpanim Hepmm cpicTem Hma cTanny knupopmaturdy 

O CBHM 1-m3am/ref-Him napameTpitma HHTerpaumje, na a(a. y 3aBHCHOCTH on nap-

Hjanytja THX napameTapa renepHme no6yane Hmnynce 3a nojenime mHumbe. 

One Hml)opmaturde o6e36etyje ri 1 )0111)1401IPITRIBHM C14CTeM, H Taxo Ce, 210 BepH- 
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Hama 6wonomKH acnewnt ynpanntanta cno*eutn po6oTnatm newretnima 	109 

tirrajHoHoj Teprdi4Honormjw, ckopmwpa uetrrpanim timulyc Hirrepamatje. Y TOj 

nospaTHoj cnpe3H, n06y,ami cHrHanvi metbajy cTenen Hanpesama mmuntha, 
Tax° H3a3frmajytm y6p3albe nenoHa cHcTema, na cammm THM H Henor cmcTema. 
Y6p3anarbe nonoae no npomeHe no3Hudija H 6 p3}ma, na Te BpellHOCT14 H3a3}ma-
jy }way npomelly y Hanpe3aity mmumha, reitepinnyhm Taxo nponpvtouernmate 
cHrHane. TH citnianm ynniy Ha ToK no6yanwx cmrHana, }13a3vmajytH °aro-
Hapajyhe npomeHe y timma, jep neHrpanim Heprnim CI4CTeM ananTwpa cnoje 
Fomadine npema H3Me}beHHM ycnorwma Ha rtepwkeptinn. Text-tin-int ronopet}t, 
0130 npe,acTaHn.a rno6a.rme noepaTHe cnpere 6aavipatie Ha wilkopmanyjama ca 
ceH3Opa. 

Caaxatco, 6e3 141(aKBOr je cmptcna npaHHTH nmpexTHe aHanorHje 143Mety 

H(HBHX oprawwama H TeXH144KMX cacTema. Ha ripitmep, 3a, HOMIIJIeTHy ciceneT-
Hy aKTHIJHOCT vonexa KOM4CT14 ce OKO 700 mpmatha, a TeXHI4 141(11 614 6w-
.n0 Heuenmcxollmo yripaaniant CHCTCMOM ca 350 axryaTopa (ycoaja ce na 
m}mamhiat nap onronapa jenHom mexamowom cTenetty cno6one). HnaK, yam-
jawe 14313OCHRX npwitumna H itneja 143 6Hononwor HaLimia cHirre3e H KoHTpone 
xpeTarba moH.ce as 6yae Ewa° KOpMCHO. 

H3 01314X 41413,e111414ll moryhe je, no H3HecHe mepe, cTerm npencTaBy o 
npo6nemuma in:de je Heonxontio peIlIHTM K011 citirre3e it ynpanzawa Hem- 
Tatndm xlvtom. 

3. ilintasitroce tcapannepucznince rodajyfinx Aterattu3ama 

XoaajyhH mexam,t3mH Cy mexamt3mH K03H metbajy cnojy xmiemantmxy 
crpyicrypy. Hartme, TOKOM xona, xoaajytH mexamewam ce ocnawa Ha pa-

3.11144HT 6poj Hon', y 3aBHCHOCTH on ycOojeHor Haminta xona H TpeHyTHe cpa3e 
xopatca. Ha np11Mep, awrponomop4)HH cHcTem ce Toxom xona ocnama Ha jea-
Hy, na Ha o6e, a 3aTmm Ha apyry Hory. H3 Tora cneaw na y jentiom cnymajy 
Teno H Hore o6pa3yjy oTHopem4, a y apyro 3aTHopetirt EHHemannum naHai.t. 
Max H y jenHoocnonantioj 0314, xoaajytnet mexamnam moa(e as metba cnojy 

crpywrypy, Ham MTO je nppwa3atio Ha cninw 1. TOKOM npoueca xona, Hora 
mcnxe as pouMpa OKO cHojitx Hama, xao INTO npliwa3yjy cnince 1.a) H Lb). 
OaroBapajytle tawemannwe meme naTe cy Ha cntwama 1.c) H 1.d). Kao INTO 

mc*Re as ce nwiment, Rana ce Hora ocnaaa Ha jenny 14H14 apyry }wittily, no-
noncaj Ta4xe 0 MCIba ce CKOKOBHTO. 

Join jeaHa amnia KapaxpenicTywa roaajyt}tx mexamtwama je Ta na Cy 
Hetat cTeneini cno6oae Heynpandum. Cow yHyTpainam 3r2I060upt mexaHH-
3ma mory na 6y,ay ojamaim onroHapajyhmm arcryaTopvtma, arm je 3a 3rno6 

0 (CJIMKa 1.c 14 i.d) Hemoryhe }Imam onronapajyhm awryarop, 143-K0 ce }he-

ron nonowaj KOFICTaIITE10 melba. 1'13 TOra cnenm aa, je treneHom cno6one soo 
nemoryhe Ampex-um ynpammant. C apyre apane, npomeHa soo je Blum Haxifia, 
jep je 3a net e npentionn yrna soo CHCTCM mcww,aa ce npespite. Taxo, cyottelm 
CMO ca Hpno cneuvulilimHom citryawdom: nOTpe6HO je ynpanmaTH notiammwem 

14313eCHMX CTCHCHH cno6one mexatimma nocpenHo, npexo ocTanxx ocHawceindx 
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M. Bymo6patoontt, O. Tagenho 

cTeneem cno6one. Oeo je no ceojoj cymmem nenammtnce np06nem H 3axTeBa 
onronapajytin npectryn. 

Ca. I. Hpomena cTpyKType xoaajyher mexam3ma 

Cneaeha mapamteparma xoaajytmx mexamm3ama je Ta Aa cy ca claw-
nom noanorom none3amt canto npexo cmna Ilpteam 1.c) m 1.d) npea-
ctann,ajy maeanm3amtjy, H oaronapajyhm cy canto y cnymajy mana peamaja 
noaaore N mma neammanan npanau a cmna tpetba T je ROBOR,Ha aa crmemm 

mnm3ame more. 

Itaxne, xoaajyhm mexamnam mapatepmuy npomettamact ctpymtype, 
noctojame Heynpandmmx camera, cno6oae 14 3Hamajam runt. i cmna Tpema. 
3a aanie pa3manpathe mpetata xoaajyhHx mexammama Heonxoane cy mnpop-
maumje o noronamm momeamma KOjH aenyjy y 3rno6onmma mexatumma, xao 

mnbopmarimja o cmnama peamaje moje aenyjy Ha KOHTBKTI4Ma ctonana ca 
noanorom. One achopmaaje npno cy mopmcme 3a oapehmname nonawawa ! 

cmctema. 

/fa 6H ce npenammne nomellyte temmohe, yneama je aechamaja Tama 
Hyna-mometvra (TOM) [6, 7]: 

AKO npetnoctammo aa je TOKOM Kperatha xoaajyher mexatamma Tpethe 

amehy ctonana H nanore ROBOJbH0 BeRHKO H AB y H3BeCHOM rmememetcom 

tpeHytmy Ha 'tamp mace mexamt3ma aenyjy ymymta cmna F H momea .111, 

taaa je TOM Tama Ha noanoa y ajoj aria F H moment J11 mory Aa ce 
3amette canto pe3yaTyjyhoM cmnom. 

flocmatpajmo caaa camo 21,130HORCHH mexammam. Y cnymajy mana je 
ocnomatt camo Ha jeaHoj HO3H, jacHo je a TOM He mmme Aa trend matt 
nompumue Ratan canana ca noanorom. Y anoocnottamaj clmam xoaa, 
TOM He mace in :tam imam nommumme mojaje Ha calm 2. orpammema HC-

npetthutarthtm nmtmjama. Y cynpotHom cnymajy, cmna peamaje noanore &via l 

 6m ycMepeua Haame, 111TO je ttemoryhe. TOKOM xoaa, TOM ce nomepa yHy-
tap nompunme npmmaaane CRIIKOM 3. Y jejwoocaoHa'moj (]ma xoaa, TOM 
he neamtm yHyTap asoctoymo mpacpmpane nonpumne, a y asoocnomammoj 
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Ca. 2.06.nacr morytax noaoacaja TOM-a y jeatroocaoliamEoj 

H aBOOCa0HaMKOi 4,a3H aBOHO>KHOP xoaa 

4a314 Herae Ha jeaHourpymo mpa4n1paHHM nonpumHama, amine H3meby Tparo- 
Ba cToriana. Y ommnpy OBHX rpammia TOM mo?xe Aa ce }Tete no pa3m44arrnm 
3am0Hlima, KOHTMHyaaHO HAM CKOKOBHTO, y 3aBHCHOCTH oa THrla xoaa KOjM ce 
peaam3yje. 

Ca. 3. 06.aacr moryhmx nonowaja TOM-a TOKOM 
ABOHCOKHOP xoaa. 

3a tieTHopolloHcHm H IlleCTOHOHCHH xoa jacHo je Jo. TOM moxce aa ce 
mpehe camo y omm4py reHepanHcanor noaHrona Ha noan03H takja "TemeHa" 
cy cTonana xoja cy ITN-Irmo y OCa0Ha4K0i ($a314. 06aHE TOP nom/trona 3aBH-

CH Oa THna xoaa lc* ce peanmsyje. Ila nplimep, 3a "ny3affie" treTHopoHozuma 
(CTaTMCTMMHM cTa6i4naH xoa Kora cy Tpx Hole ynex y KOHTaKTy ca Hoanorom 
[8]) TOM mmme aa ce Kpehe yHyTap Tpoyrna mora orpaHmmaHajy Hore Koje 

Cy TpeHyTHo y KOHTaKTy ca 11021.110P0M. 3a TKaC meToopoHounia (amiamm4-
H14 cTa6kmati X0a K0a Kora je OCaOHatt yHem Ha aHjaroHannitm Horama [8]) 
TOM mwme aa ce nomepa yHyTap "npaHoyraoHmx" noupTunfia npHma3almx 
camcom 4. 

Mop, IlleCTOHOWHPIX mexam43ama TaKote HOCTOjM mune Hammia xoamba. 
3a Tp1/111014aHH xoa, Haa Kora je ocaoHaTi Ha npeziEboj H aaaboj 1403H ca jeaHe 
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Ca. 4. O6nacr moryhmx noaoacaja TOM-a TOKOM meTKopouoaolor Kaca 

apane Tena 14 Ha cpeatboj H0314 ca stkpyre cTpaHe, TOM moxce as ce nomepa 

yHyTap TpoyraoHmx noupunam TIpma3amix CHHKOM 5. 

4 
C p

5 	6 

TEJIO 
	

(a) 

0 

3 

4 

(b) 

Ca. 5. HogeTam Hoaomaj !tory y oaHocy Ha Tux) xcla mecTolionator 

xoaa (a) H o6aacT moryhmx noaosKaja TOM-a TOKOM 

IlleCTORMEHOP TpHHOHAHOT xoaa (b) 

Jeanattnite almamistme pasHoTe)He xoaajyher mexam43ma mory na ce 
oprompaj y 3a TOM. Tamo nocTaje moryhe as ce pemm onaj Hpno cneni+n-taH 

npo6nem aHHammee. Hamme, 3a 614n0 Hojy apyry Tattle)/ ocnm 3a TOM, jea-
Hatnnte ;u4HaMmtIKe palmoTeHce 614 caapacamane Heno3HaTe mule am-lawn-me 
peatamje, na 614 614no nemoryhe kurrerpanytTn rm. Ann, atm ce Ntrrerpane 
jeaHatinne HanmcaHe 3a TOM, mum nocToje moryhe na ce vispatlynajy cane 
peatumje, jep one 3am4ce op, yHyTpaummx nomumja, 6p314Ha N y6paama cm/Ex 
31`.71 06 °Ha mexamiama. 
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4. Mamemamunmi modesu xodajyhux stexauu3a.ma 

Y OBOM oae.rbxy nocmaTpahemo maTemannam moaen sa JAHOHOHHIH me-

xam43am y cvm6onmmoj epopmm. Cmm6onwmce mg/4mm 14eTB0p0410H<H14% H me-

CTOHMISHMX mexammama moryhe je 40614T14 no PICTOM anropmTmy, anm 614 

1444xoua nymemoma icomnneKcHocT 614.na m3y3eTno nmcoKa. Hanomenmmo Aa 
nocmaTpamo icomnneTaH awnammum moaen roaajyher mexammma, ca macama 
Hory y3eTmm y 436314p. 

MaTemaTw4Ko moAenmpame 110HCHHX ROHOM014140HHX cmcTema mma MHO-

PO CJIH4HOCT14 ca HCTHM npo6nemom 3a mammynamsone po6oTe. rnannm 
mut, mmormx ocTpaameammx Hanopa Ha OBOM Homy mo>Ke Aa ce 4mpmyamme 

Ha cneaehm Hamm: Kaxo a06mTm nporpamcm4 RoA mtummanme nymepw4Ke 
cnoacemocTm mmamwmor moaena po6oTa? 3aKmy4eno je Aa ci4m6onm4Km 
moaenm npmnarohem4 cnaKom noce6mom Tinny po6oTa o6e36ebyjy maRcuman-
Hy nymepprmy egmxacHocT. 

Ilocneammx mamma pammjea je KOpHCHHMKH opmjeaTmcam4 colm3ep 
SYM sa cmm6onmtwo moaeampalbe mammyzaumom4x po6oTa [9, 10, 11, 12]. 
SYM ce OA ocTanmx cochTnepa camme Hameme pa3m4Kyje no Tome IIITO mowe 

as reHepmne H ynpanmatwe 3aKome y cmm6onvitiKoj ckopmm. 

Cyurama npmnasa npmmemeHor y pammjy SYM-a je jeamicTeen 118.414H 

npeacTanamma napmja6m4 monena. Cnaxoj napmja6m4 aoaemyje ce Tpm-
romomeTpmjcm4 110.414HOM. KomInnmjenTm nom4Homa npeacTanmem4 cy cmm-
6onw4Kptm m3pasmma Kojm 3amme oa napameTapa po6oTa Cayamme, mace 14 

CJI144H0). AprymemTm cy ynyTpanabe xoopamnaTe 3rno6ona, FbHX0Be 6p3mme H 

y6p3amm. FeHemscanm impasm y 3aTnopeHoj •wpmm ce 3aTmm TpaHc4lopMllmy 
y cpopmy ca mmmmanm4m 6pojem pavymcm4x onepalmja. 

SYM remepmne npno etmEacan nporpamcm4 Koa pa3m444Tmx Kmmema-
nommx H Ammamfrommx moRena y C-je3mxy cnpeman 3a npenoheme. Ha npm-

mep, minep3an ,414HaM144KH moaen 3a PUMA po6oT saxTena 156 mmo>Kerba 
108 ca6mparba [11]. SYM nporpamcxo oKppKeme Hamemeno je H sa remepm-
camm ynpannamix sarcoma y cmm6omu4Koj epopmm, Kao H 3a cmmynamMy paaa 
menoxynmor cmcTema [11]. HocTojw Imo cneKTap ynpana,ammx CTpyxTypa 
yiK.Thymern4x y SYM, a omoryhemo je H Eopmcmmy Aa 3aAa Helm HOH14 ynpa-

BJ6a4l(14 3aKOH. TaKohe, nocTojm cKyn cmmynaummusx napameTapa xoje SYM 

mome Aa FonTponmme, Kao HITO cy npomeHe mmoa myMa, pa3amtn4Tm nemmam 

oaa6mpassa m CJIHMHO. 

SYM mo>Ke Aa 143B0,1144 H pa3am44Te npcTe TpaHmkopmaumja maa remepm-

caumum moaem4ma: 

• reHepmcame m3pa3a y saTnopelloj ckopmm; 

• onTmmm3ammja Hymepronce KOM11.4eKCHOCTI4 reHepmcammx moaena; 

• awkepemmpame moaena no ycBojenoj Hapmja6m4 mmt napameTpy; Tj. 
winoljethe mmeapm3onammx moaena OCeTI614HOCTH; 
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M. Bytco6paTo•mh, O. THMHCHKO 

• npepacnoaena rellepmcammx nporpama y 4)opMy noroany sa m3nohelbe 

Ha BeKTOpCKOM IT011eCOpy NAM My1111411p011eC0pCKOMC14cTeMy. 

3aTuopeHa cto opma amanwrmmxxx mpasa 3a Bapmja6ne moaena npe,a-
cTau.rba ce y cbopmm TaK03Bll1114X urpywrypHmx maTpmua. 

C o63mpom Ha TO aa 0 °Home nocTojm aeTan,Ha sarrepaTypa [9, 10, 11, 
12], ouae hie 61Tm maueaeHe canto Hajoemonlmje AimmeHmue Heon,coane aa 6m 
ce aecinmimcana Taxo3Bana "anre6pa moaena". 

CBaxy aapmja6ny 143 monena mammoynaTopa moryhe je npeacTaumaTm 

y cpopmm 

L 	n 4 4' 	 ex
L 	K 

Z = E 77, rEcos qiy (sin qi )eLq ie. "4:"4:" = E 7,, n p il k 

t=i 	i=i 	 1=1 	k=1 
( 1 ) 

 

rue je efi  E {0, 1, 2} Pi x E 	s, q, q, q} . /lame, n je 6poj 3rno6oma maumnyna- 

Topa, a ni cy RottcTaHTe Hoje saumce 011 napameTapa marunnynaTopa (ny>tuma, 
maca, momenaTa mmepumje, ...). pk cy mnm HoopamaTe 3rno6oua Ham Two-
HomeTpmjcxe kiummje onmx KoopammaTa. JenmaHmuy (1) moryhe je HanmcaTm 
Rao ypeheHy Tpojxy trpyKTypHkuc maTpmua S= (Sn , Sp , Se ), rue je: 

Sn(X) = [711( 2 ) • • - 71L(Z)1 T  

maTpmua KOHCT3HTM; 

sp(z)= [P i(z),•• • ,PK(z) ] 

maTpmua Hapktja6nm; a 

Se(Z) = [ 

je maTpmua excnoHeHaTa. 

 

elK(X)1 

eLK (z) 

 

Cee Beammmie ni, • • • , ni„ pi, • • • , PK , eit,••• , eLK name oa z 14 Ram cy 

m3pa3om (1). 

Kao mTO je Hanpea pemeHo, S(z) je cTpywrypHa maTpxua Bapmja6ne z. 
Komi-inertia maTpk-ma anre6pa Hail TaKO aelnufmcaHmm crpyhTypHmm maTpm- 
Hama aaira je y [10, 12]. JeallocTauHe onepaumje anre6pe trpyrrypmmx ma-
'uvula omorybanajy aa ce pasnwn•Tm moaenm mehyco6Ho Hom6mHyjy, H aa ce; 
oa jeamocTaramjmx moirena rpaae cno>t<emmjm. 

OcHouna pasnima nsmehy maHmnynaumonmx pO6OTa n xoaajyhmx mexa-; 
ama ca cramoumurra maTemaTmHxor moaenmpaffia je y TOMB InTO maHmny-

11 1140H14 1)060T14 npeacTawbajy oTr3open npocT ximemaTvronit naiian, KpyTO 

■ 
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cnojen jealinm KpajeM ca noanorom, aoK xoaajytH mexami3mH npeacTanaa-
jy pa3rpanaTy inniemannmy trpywrypy, rione3aHy ca noanorom y HeK0J1141<0 

KOHTKETHVIX TamaKa. Ilpo6nem pa3aHmwror 6poja KOHTKKTH14X TamaKa Hamehy 

Hory H noanore y pasammyrrfrim $a3aMa xoaa jeaHor Htror mexai43ma monce 
ce pellIHTH npanzeibem mane pa3aHMHTmx moaeaa - no jeaaii 3a cnaxy .(I)a3y 

Eoparca. 

KOp14CTCE14 KOHHOFIT TamKe Hyaa-momeHTa (TOM-a), KOjH je aelnennticaH 

y oaen,Ky 3, N 36or tuenbeninia aa cne HapHja6ne N y moaeaHma pa3rpaHantx 
KvaiemaTinmmx cTpyKTypa mory aa ce npkwancy y o6aHxy in3pa3a (1), moryhe 
je a06HTH maTemaniminn moaen xoaajyter mexaFimma y cHm6onitt4Eoj 4)opmvi 
ynoherbem 14313ecHxx moawinnKaimja y SYM nporpamcKo oxpynceme. CnaKaKo, 
maTemaTHLIKH moaenH xoaajyher mexatimma cy HymepHminn join cno>KeHmjH 
Hero oaronapajytH moaenH maHnnynanytorimx po6oTa. SYM Hyax ana Hamitma 
3a npena3Haancen,e npo6nema Balance HymepHmtce cnoa<eHocTH: 

• pacnoaena C1314X Heonxoaiiiix HspamyHanama Ha mynTkinponecopcxy 

crpywrypy; 147114 

• H3pamyHanathe pa3nkitarrytx aenona moaena mexaiimma ca pa3nio4erom 

ymetrationthy. 

/la 614CM0 CI4HTOTH3OHKJIH neurramicH anTponomopepuni ABOHOWHH xoa, 

Heonxoano je aa maTemaTwoun moaen anowoKHor mexam43ma 6yae 6ap 'nee-
Haecror pea (mexanmam mopa as mma 6ap ocaM treneHH cno6oae - poTa-
uHotie cTeneHe cao6oae ca napaneninco ocama y maaHEy, KoneHy H Kyxy cnaKe 
Hore H jom ABa poTanHoHa treneHa cao6oae 3a Fomneit3auxona KpeTaiba Tpy-

na y 6o4Hoj H y3apKrioj panful). ARO nocToje join Asa poTauHoHa cTeneHa 

cao6oae y 31'.11060B14Ma xyKona Koji4 omorytanajy HcRopaR y crpaHy (poTaiim-

ja OKO xopm3oHTanne oce notranmeHe /Lyn< npanua KpeTatba), Taaa ce ao6mja 

mo,aea anaaectror Reim. 3a 21HOHMEHI4 mexam43am noTpe6tia cy HKM H Ana 

pa3J114414Ta moaeaa: 

• y anoocaonamKoj (ka,314 xoa ABOHOAC1114 mexamn3am pima trpywrypy 3KT-

eopexor Kkuiemato.ncor naHua; 

• y jeaHoocaoHamwoj (imam ,IIHOHOMKHOr mexaionam pima trpywrypy °TKO-

pemor nmemaTioncor amnia. 

Ha cnkimait Hamm Rao 14 3a ,KBOHOACITH mexamisam, KoppicTehm 

uenT Tamice Hyna-momeffra, moryte je topmmpaTH H cHm60niimice moaene sa 
meTnoporioncHe H tHetroHonme mexaHH3me. Moryhe je HanHcaTm jeaHammie 
ininammtnce panHoTeate 3a cnaxy 4a.3y KopaKa, ripeTnocTan.najytin TpeHyTHH 
no.runKaj TOM-a. Ha npHmep, sa tieTeopoHoHifat Kac, rue je ocaoHaii Ha 
aujaroHannHm HoraMa, jeallammie akniamamme panHoTeace ce ninny npema 

TOM-y E0j14 je Ha noBpnlHHH orpaimmeHoj ca ane TpeHyTHo ocaoHamKe Hore 

(nHaeTH cnimy 4). 3a TpHnowatnn inetroHonom xoa, rae je ocnoHau Ha npea- 

1-b0j H 3aan„oj H0314 jeaHe eTpaile Tena H Ha cpeamoj 110314 ca apyre trpalle, 

jeaHamHHe amiamHmKe panHoTe?Ke ce ninny npema nononcajy TOM-a Kojin je 
Herne y "TpoyraoHoj" nonpanum Kojy ckopmmpajy TpeHyTHo ocaoliamEe Hore 
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M. ByKo6paTomdi., 0. Tfronmetmo 

(3Haent c.nlitcy 5). C o63HpoM Ha To aa cHe Hap14ja6ne y jeaHatnumma avt-
Hamvr-tHe panHoTence mory aa ce Hanmuy y o6nvitcy H3pa3a (1), moryhe je 
a0614T14 >t<eaeHe cHm6onv-ce moae.ne munettoHcHtvx mexamnama. JacHo je aa 

cy T14 moaenyt Hymepwint jou' cnovHeratjH H 'miter pe4a Hero 3a ars0HoHa4 

mexampam, H a Ham je noTpe6Ho no HOKOKHKO moaena 3a cHatu4 xoaajyhm 

mexamnam, y 3amictt0cnt oa Tara KOJIHKO Hory vicTonpemeno monce as 6yite 

y KOHTKETy ca noanorom. 

5. Ympaeroaince cmpatne2uje Kod cuumese eemmanwo2 rob 

C o63HpoM Ha cno?HettocT cTpyrcrype xoaajyhux mexam43ama 14 C o6314 

pom Ha OHO INTO je n03HaTo 0 6Honounum peuteamma 3a ynpaHmati.e xoaom, 

jacHo je as he Hoa c14HTe3e ynpawbama Ha 143Hpuntom HI4BOy cHHTe3a peryna-

Topa y HOKOJIHKO xopaxa 614TH Hajnorommja cTpaTermja. Ovule npeanancemo 

mentpH HopaHa y cHHTe3H perynaTopa: 

• Hajnpe ce nponvicyje Heurratma cHHeprvtja (Hamlin HpeTaHma) 3a aeo cmc-
Tema, a wine ce HspatlyttaHa Homnemaupumo HpeTathe 3a npeocTanx aeo 
cHcTema, Tam) aa ce nocTurtte AHHammtma paratoTenca HenoxynHor  CHC- 

Tema [13, 7, 14, 15]. 3antm ce HspavyHaBajy 110M1411K111114 noronom 

momeHTH, ‘tvtme ce, 3anpaHo, 3aaaje HommanHa AHHammca cHcTemy, Tj. 
ynpaHmathe y oTHopetioj cnpent. 

• 3anIM ce 3K cHavat 3rno6 cvniTentayjy EJIKCI441414 nwa perynaTopvt. Ono ! 

sHatnt as ce nocmaTpa noTnyHo AeHynnoHan cwcTeM, 14 aa, ce notcytua- 
Ha cTa614int3auvtja cHaHor 3rno6a noce6Ho. Onavo3o ynpann.avbe 6Mhe ! 
3a,nonomanajyte came am itenyjy Heoma Manes noperviehajm. 

• 3a nopeMehaje lc* HHje moryhe cTa6frunicaTm camo noHanimm peryna-
Topvtma, neonxoaHo je yHecnt 14 KOKKTHe nonpaTHe cnpere Koje he pe-

rynHcaTH 14 yTIelHaj cnpe3ama mety noactitcTemxma, Hat) 14 yTtnnaj ckne 

peatamje noanore Koja aenyje Ha mecTy KoaTana cronaaa ca noaao-

rom 14 movice as 143a30He poTanHjy 'tenor cHcTema 0E0 1413Hue cTonana. 
Yo6H4ajeH HatutH 3a Taiwy perynaupny je yeobevbe rno6antior ynpan-
matba, 36or jaxor et -went-ha may noacHcTemmma [16, 17], 14 not3paTHe 
cnpere no exam peatainje y ming cTa6HAH3anHje ymmaja cHna peataune 
noanore [15]. OHo ynpatabarbe je moryhe peanvt3oHaT14 Ha Ana Hatunta: 

— C o63HpoM Aa ce cnpe3affie H3meby noacHcTema Hoa cno>vcemtx mexaftwv- 
inn CHCTM vt3paHcana npeHo rettepanmcatua cHna, Koje je moryhe avt-

perrHo MepHTM TOKOM paaa, moryhe je yBecTH nonpaTne cnpere no cm- 
nama Hao rno6anHo ynpaHmaise. 3a peanmaamtny ortor Ha4HHa Heonxo- 
Aatt je cen3op cHne/momenTa y cHaHom 3rno6y mexavnt3ma 14 cen3op 

Cline Ha cHaHom cTonany mexamuma 3a peanmaunjy noHpaTHe cnpere 

no CI4J114 peatoivne noanore. 

— JIBY1'14 IIK414H 3a yeobeibe rno6anHor yripaHmatba je H3pa4yHaHarbe 
y peannom HpemeHy cHna cnpe3ame meby noacHcTemHma. An14, Ta 

H3pa4yttaHatta Cy ANIO E014111.1114140BaHa 14 3axTeBajjj 4ocTa Bnemella. 
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/la 6mcmo m36ernm H ynoTpe6y cxyne N momnammeme onpeme TOKOM xo-
Lie), Rao 14 cno)tcema143pagyHanarba y peanHom BpeMeHy, ymecTo OBOr no3HaTor 
magma ynpaemaxa y OBOM parry ce npennaxce A pyrm Hamm cHHTe3e rno6an-
Hor perynaTopa, 6a3mpaH Ha npmmem tam  (fuzzy) norme. HaMMe, nourro 
je mynctcm xoj no6po Harlem. m ayTomannomma pantba, xojy je moryhe 
memm, H peammje monem Ha pa3m4wre nopemehaje TOKOM xona Taxobe je 
moryhe memm. To 3H84H na moacemo na (1)opmpamo 6a3y nonaTaxa myn-
cxxx peammja Ha pa3nmwre nopemetiaje TOKOM xona. Tx nopemetajm mory 
6mTm pa3J114414Te epcTe, m y3poum NM mory 614TH pa3JIHMHTH. Nana je 6a3a 
nonaTama cbopmvipatia Ka() pe3ynTaT mepetta, moryhe je $opmynxcaTH epam 
nparimna 3a ynpaemarbe Bennammm neowutaimm xonajyhmm mexam3mom y 
peanHom BpeMeHy. 

• C o63mpom na cba3m npanumma Hmje moryhe npenemneTH cee nopeme-
haje KOjH mory Ja ce norone TOKOM bona, moHce ce necHTH na Hmje 
moryte onpeamTm onroeapajyty peammjy Ha Hem nopemehaj mojm je 
HacTynmo TOKOM xona Ha ocHoey 6a3e nonaTaxa H ckasm npaema xojxMa 
pacnonmcemo. Y TOM cnytiajy HeonxojlHa je monm47mxamja 6a3e clIa3m 
nparina, a TO je net npo6nem camoopramm3yjyher 4a3N perynaTopa, 
Nam, npymm pegmma, npo6nem ymerba. Jean on ecpmactimjxx npmcTy-
na paaeojy camoopram3yjyhmx (l)am perynaTopa je o6ymasatte nyTem 
Heyponctce mpewe, na ce Taj npmcTyn H °rine npennaxce. 

Y Texcry K0j14 cnenm, ceam OJ LIeTripkt nomeHyTa xopama cm-nese ynpae-
maim nenrrammm xonom 6mhe neTan,mje °mem. 11pennoHcema ynpasma4Ka 
mema npma3ama je Ha cnmum 6. 

5.1 3adaene runeNuje u cuume3a xoda 

Onaj mopax y CHHTB314 ynpaemama Beurrammm xonom je 3anpaso Tex-
Hmma peanmaumja npmponme CHOCO6HOCTI4 3C111314X opramm3ama na meone 
npaemnme nommommome noxpeTe y3 nomoh myTpannmx mexammama et,opmm-
patnix yHethem y pattmm cpasama xamoTa. Tam, 6a3HpaHo Ha "nosajmmemom" 
penepToapy myncxor NJIN acmeoTmactcor bona no pamoj nonnosm H no yea-
npen n03HaTmm npenpexama Rao yna3emm nonamma, moryte je cmTeTm3o-
eaTm H npeocTane momnetnaumoHe notcpeTe. 

IIpe nuaneceT romma, onpehem je anropwram sa 3aaaeakbe BelliTame 
cmtteprmje KO,Et cmtre3e neurramor arrponomop$Hor xona [13, 14]. Ko-
pmcTelim Taj anropmTam, H KaTo ca Bacena ympreep3mTeTa (Tomo) peanm-
somo je amamtomm X0,21 ABOHO>KHOr po6oTa WL-10RD 1984. ronme [18]. 
He4aBHO, 6a3mpaHo Ha KomenTy TOM-a, peanm3onam je amammxm icon 
meTeoporimmmx xonajyhmx mexaHm3ama TI4TAH IV H THTAH VI [8]. 

Enama Tenwoha H cneutulwonlocT npo6nema onpehmeatha seurrame cm-
Heprmje neim y 4uur3eHmum na penneatte nmnamme xpeTatha xonajytmx me-
xamsama He npmnana Hm npeom tut sapyrom 3a4ancy mexativnce. 36or neno3- 
Tlarrnx cpula peamade noanore, Hemoryhe je Cpa4yliaT14 y6p3ama cermeman 
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M. Bymo6paToemh, O. THNILIellK0 

cmcrema, a Tamobe H 'comae-my cpmeprmjy (manmade H 6pnrne cermemaTa 
mexatm3ma TOKOM apemella), jep cane peaaaaje no.riaore 3am1ce o,a aeno3aaTe 
cmaeprwje 14 meamic mewl& 

peyptupp3 
to 

11011‘111814111“. IIpaoMlla 
14 

ppoktupy 11(11411112labl 

CH 1,1t3a tamor Hommilana 

111101ACHNTH pommiap 
fia3a 

+am apanana 

aterttimpa•im 34 
rpciiiky itchy 

Iln JIMMI•ill 

6a3a 
1101414- 

1a1J11111X 

pcsolma 

r, 

Ab e, —licInticP  
ctlIa3H 

Ut...a.  A tarryaTop Si 

A
TIMOIGUI1111 pelyna. 

WSW 

11101110 

yppaa-
maim: 

MCX1111W11Ca 

erPYKTYPa 
yopalubminix 
11044:11CI0Ala 

1COMiYher  
M41a11MJMa 

110111.14C11:1411 

xtuttijyhci 
MCIAIIM3Ma 

moctionsi tau k 
p lyn.  3a Si 	rhajcp 

tat Si 

 

to 	
1  

3x 
pe 	 sa sMl 

 

Aug, Imba3ii n - 
(WM)  

   

AKtywrop Sn, 

.11011JJ11111 41(13.410 J4 S 

Cu. 6. Yrtpasaamaa mema ca mommanazim ynpasaathem, xnacknamm 
HMI( perynaTopmma y Acoaanam4 nospaTamm cnperama, (ka34 

pernaTopmma y rao6aentam noapaTamm crtperama 
aeypaaaom mpe)xom 3a noaeatasame (ban npaanaa 

o6rnambe Hoaor aommaana 

PICTaKIIMMO Aa je Tattaa tiyaa-momewra 143y3eTHO aaamajaa y pemanaiby 
()nor npo6.nema. To je 3anpano tpearraa TattKa, y xojoj aenyjy came emne 
peamumje Koje Cy H3a3Hame xo,aom, a ToTanaH momeHaT 3a Ty Tatixy je Hy- 

Tpajet<Topprjy TaMaKa Hyna-momeEnd je peilanimio jeallOCTELEHO 406LITI1 
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mepemem. Mepema ce Bpme as 614 ce Ao6H0 LUTO HepHMH 3axou KpeTaaa 

TpeHyTHe Hanamw Tatme cline peammje, MT° o6e36ebyje Hepfmjy crnmy AH-
Hampme xoaa. 

Koa ormca ()nor meToaa 4BoHOACH14 XOLlajyhIl MeXanli3aM 6H1-7e y3eT 3a 
npHmep. I'ICTH meroa, y3 HanecHa nminarobeFba xoja je jeallocTaimo ynecTm, 
morytie je npHmemint H Ha meTnoponomHe H mecToHomne xoaajylie mexam4- 
3me. 

Hexa je T Tatum Hyna-momewra (c.rnma 7). 

Ca. 7. Tatum Ity.na-momewra 

IIpema flanam6eposom (D'Alembert) npmumny, ycnonw amiammme part-
noTeme, 3BOH14 amnammme He3e jecy: 

E(fiti x (Pi  + G;)+ 	=0 
	

(2) 

TI 

E(fir, x (fri + do+ fifigy 	 (3) 
1=1 

rae je or, paikyc Hewrop oa Tatme r Ao Hewrpa mace i-Tor cermetrra, , 
jecy rnamm4 newrop H raamtm momewr HttemmjanHe cane i-Tor cermeHTa, Gi je 
TeHama enamor noce6Hor cermewra, a 4, -ey  cy jemummm newropH mebyco6Ho 

Hopmammx oca X, Y Kpo3 Ta4xy r. 

J e Hatt 14 e pamoTeme cHna peamumje 3a TpeHrmy 'rain Hyna-momewra 
mory aa ce Harmmy y o6nHxy: 

E(AlF, 	x Pi)et o 	 (4) 
1=1 

rite je 	paaHjyc Hewrop OA Tamxe Hyna-momewra AO npoaopHe Tatme pep- 
Timanne oce xpo3 paean KOHTBKTEL cTonana ca nonnorom, a 1( je jenimmum 

Herron oce C. 
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M. ByKo6paTOBLiti, 0. Tvenverthe 

JeaHammHe (2), (3), H (4) aajy Tint pal -mane pumehy KoopaHHaTa cHc-
Tema. Kam) Heo C14CTM Hma n cTenem4 cao6oae, rue je 72 Bebe oa 3, TpajeK-
Topmje npeocTanx (n-3) Koop,w4HaTa moryhe je 3aaaTH TaKo na ce o6e36eat 
aHHampp4xa parnioTenca uenoKynHor CHCTeMa, ymmyttyjytin H KomnemanHoHe 
noxpeTe Tpyna H pyKy. OBO email y cnymajy aa HeMa nonammx Tamalca Hyna-
momenaTa Kojtet ce jawbajy y nacHountm 3rno6onHma pyKy (cnyHaj finoccupatnn 

PYKY)• 

RaKne, ckaiTe3a BeHrratuce cHHeprinje 143130)TH ce Ha CJIeHer1H HatIMH: as 

(n-3) KoopaktutaTa ce nponpicyje KpeTathe, a npeocTane KoopaHHaTe ce Hana3e 
143 jenHatunta annamw4Ke paoHoTeme (2), (3) H (4). JeanocTarmo pemeHo, 
mema EpeTama p06oTa je enenelia: "Hope" ce nomepajy Ha Ha4n4H CHI4M-

meH Ha HU4BOM 6nhy, a Temp 143B0H14 nepHoaHtme EomneH3auHoHe noxpeTe 
Kon4 o6e36etyjy EpeTaH>e TOM-a no 3a13aToj TpajeKTopMjH H amiamvpmy 
panHoTenq Henoxynnor CHCTM y 4)poHTanHoj H carwranHoj paBHH, npema 
yCBojeHoj nepTHKaaHoj ocH. Moryhe je 4)opmHpaTH 6a3y noaaTaxa 3a pa-
3J114414Te Hommaime pencHme: xonarbe no paBHoj 110Bp11111H14 14 no pammtnintm 
n03HaTHm npenpeKama, y3 pa3J114414Te KapaKTepitcnnce Tepella. Kam) xoname 
npxnana nepHonkHnnim noKpentma, 3a cnalan Hawn xona noTpe6HH cy no-
AaHn 3a nononpmy nepHoaa Tpajaa.a. jenHor Kopaxa, TaKo na epopmvt-
pana 6a3a noaaTaxa Hehe 3axTeHaTH HM Heamce memopmjcm pecypce, HHTH 

tle 6HT14 noTpe6Ho gyro pee 3a IbeHo npeTpancmeame. 

3anpano, y C1411Te314 ynpanmaisa, OBO je HopaK Ha Rome ce oapehyje 
HommanHa amHamitha cHcTema [6, 7, 14, 19]. 

5.2. llowasitu 'ma pespamopit 

ponopumottamm nnyc HHTerpanmi nayc ampepelninjannu (111411) pery-
naTopm cy no3HaTa H nonynapHa TexHHKa 3a perynamny pa3Hoepcm{x 'moue-
ca. To je ripe cnera 36or jeaHocTantiocm Hilixoeor npojeKTonama H Ha4HHa 
noaelnanaH,a napameTapa. Cneuvu/n44wocT ynpanzatwe merge Kojy mine ripen-
nancemo je TO INTO ce noxanH14 BHA perynarropm uppimerhemn y CBaKOM 3rno6y 
EnnueHonnior mexatunma npMKa3yjy 3r cHm6onk4Hoj cfropmm, naHne ca mymm-
manHum 6pojeM pa4yHcm4x onepaullja, Kao INTO je onHcaHo y [11]. C o 6314- 
pom Ha TO aa cy ReTan,H cHtiTe3e noxannmx 111411 perynaTopa 1103HaT14 143 

HaacHHHe TeopHje ayroMaTCKor ynpanzawa, once o H,Hma amine Hehe 614TH 
per4H. 

5.3. Basa 0a3u-npaeusa 

Liao LUTO KO,E( mya34 npomeHe y y6p3akm(ma nojeammx cermeHaTa aonone 
AO npomeHa 6p3mna, H nonaroja, a Te npomeHe ()Ha H3a3m3ajy npomeHy y cTe-
nem),  Hanpe3alba mmumha, InTo npoy3poxyje cTnapaube nponpHouennunmx 
cHrHana, ymtly Ha spennocTH ynpaamatmmx cHrHana KOJH noaa3e 143 

mo3ra, 3rsonehm y 114X onronapajytie HenpartHe H yTI4HyrIM Ha Hewrpanttin 
Hernnim CMCTCM na cHoje Homattne HpHaaroam cTaity nep4eACICI4X 143Bp1111114X 

opralla, CJI144110 mopa aa ce neinaHa 11 E011 yupaHmalta Heurrarmxm xonom. 
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HeonxoaHo je, Ha 6a3m yceojemmx cmrHana, rpeume Kojm cnncy ca nepH43epH-
je, cloopympaTm cmrHane cnoco6He ,aa cra6m.innyjy Hapymemt o6mm 3aaaTe 
cmHeprmje npemo oaronapajybe npomene y noromcKmm mometimma anywropa 
xoaajyber mexaHm3ma. 

Onae, ymecTo yo6m4ajeHor noczynKa cra6mnt3ammje [16, 17, 15], 111TO 

je cnomenyTo panmje, npeanaHtemo Anton/dm Hamm 3a 3/Babette rno6anne 
nompame cnpere. To je Kopmmheme cka3m norme npm cmrre3m rno6an-
Hor ynpan.rtama, C o63mpom aa my,acKe peammje Ha pasnwmTe nopemenaje 
TOKOM xoaa putyttyjy 14 mnbopmatmje o cnomaunsmm cmnama H ktimpma-
umje 0 KOM11.11eTHOj mmammum medlar Tena. TaKo CHHTOT1430BaHe rno6anHe 
nonpame enpere Tpe6a aa tra6m.nm3mjy H jaK ymnaj mebyco6Hor cupesatta 
meby noacmcTemmma M rumaj cmne peammje noanore. 

ta3m EoHmonemt pasmommx THHOBa pamstneHm cy TOKOM npoTeKne 
arge aeuetnne N npmKaatt mory aa ce Haby, Ha npmmep, y K11)143H [2 0] H npe-
rneattmm paacomma [21, 22, 23]. 43a3tt Howrponepm ce o6m4m0 nocTammajy 
Ha KaHany rpeume, M cacToje ce oil 1114HCHHCTI44KPIX tam npanmna Eojmma 
ce 3Ha4ajme m3na3He namtja6ne Tpamc.opmmuty y ynpanmatme ammje. 41a3m 
npanmna Eoja ce tcopmcre 3anmce ort mina cmcTema Kojmm ce ynpanma Kao 

oa xeypmcmtmmx chymmitja xoje ce yomjajy. Y po6oTmum, 49a3m peryna-
Topm cy npmmemem4, Ha npmmep, sa AmHammtmo ynpanitaH,e mammynaumommm 
po6oTom [2 H 3a HanwEeme majekropmje moatnitor po6oTa [25]. 

Hameby pasamtmmx (pant ytmanmalmmx cTpaTermja [20], onae npea-
naHcemo ynoTpe6y MeKnakap-Bmnelione (Macviacar-Whelan) cka3H ynpamma-
tme maTmme [26], jep (ma nimmettyje (1)a3m norm° ,  Ha Ampex-ram HatmH, TaKo 
aa je noroatta 3a ynpaBmatte 6p3mm npouecmma y peanHom npeMeHy. Oita je 
3am-tonal-la Ha cneaebmo npanmnmma: 

• AK° t3na3 cmcTema mma ›Kezetty npeamocT, a }Boaz rpeunce je Hyna, 
omaa ce 3a,apx<aua HpeTxoaHm H3JIa3 xmrrponepa. 

• AKO je 143Ra3 CHCTM pasnmtnn oa ncen,ette npellHocnl, ynpanmatmm 
cm-Han 3a1314CH Oa 3Hatca, H npeamocTm rpeunce H ttemor msnoaa. AIKO 

cy ycnonm TaKBH aa tie ce rpeuixa calla y6p30 allynmpam, 143.na3 KOEI-

Tponepa je KOHCTaHTaH 14.7114 etcopo KOHCTaHTaH. Y cynpoTHom, melba ce 
143J1a3 Howrponepa aa 6m ce nocmrno a<ememo nonamatte cmcTema. 

3HaMajHa oco6mta one ynpatmatwe trpaTermje je Ta aa ce npm6motcana 
normm ttoBeEa Kant pytmo ynpanma npouecom mune Hero mjeaHa apyra cpa3m 
ynpannatma cTpaTermja [26]. OnaKna ynpanzatma cTpaTermja noKa3yje He-
WTO npno ebytutamewranHo: npe Hero mTo ce npojeKTyje (ba3m xowrponep, 
Heonxoatto je npoyttmTm ynparutatme atomje Koje AoHoite AO )Kemettor no-
Haman,a cmcTema, Aa 6m npojewroBaHm ckasm Kotrrponep mmao HITO peamtc-
Tmtmmje nomamatte. To je ynpano OHO HITO Tpe6a 2aa, paammo KOA 14CHH-

Tmnama H mepetta myacKor m >KHBOTHH,CK01-  xoaa. TaKo, npeanaa<emo aa 

ce Hanoanm 6a3a ckam noaaTaKa ca CHVIMTheli14M ?KlIBOTHHDCHI4M 
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M. By KO6paTOB141, 0. TI4 M4eHK0 

peammjama Ha pa3m444Te nopemetaje TOKOM xoaa, H ()Him Aa ce, y3 noTpe-
6y Meenajeap-Bmnenone claa314 maTpmee, cmurrennyje rno6aneo 0314 yepae-
a,ampe xonajyhHM mexaemitylom. C o63HpOM Aa Ao nopemehaja TOKOM xoaa 
aona3m H 360r mebyco6eor mexamimeor cripe3mba mehy noacmcTemmma zone-
jyter mexamisma, KaO 14 3601' Aejcnia painymyratx crion.aummx cuna, mehy 
eojmma je ceaeaeo eajea.rimmja mum peaemee noanore, H Aa axmije WHBHX 
6mtia CTa6HJlM3yje cee Te nopemehaje, H rno6anno team yurpaiimakee Tpe6ano 
614 Aa cTa614.1m3yje o6e oee spcTe nopemehaja. Ino6aneo 4a314 ynpaumame, 
naene, Tpe6a ;la o6yxsaTm tra6mn143auvey nomeenyix nopeMehaja oxo eeeor 
yeanpea 3aAaTor tiommeana, a Tamohe, y cnymajy noTpe6e, H epomeey HOWE 

tiamior ynpaemaiba, Tj. 1436op eeeor apyror eommiana 143 6a3e HOMIllia111114X 

perKmma onmcane y oaeibey 5.1. 

CJI. 8. llpexa3 60x1HOF H y3aptalor iorneAa mexam43ma 

Teinicolia }ma onaeo nocTaemeee ynpaBma4Ke meme je Ta err° 6a3OM 
43a3m npaemna eitje moryhe o6yxeaTyrryi cee nopemehaje Hojm mory Aa ce AO-

ro,tte TOHOM X0/43... To 3tia4et /la nocToje criTyaumje y eojvima je (1)a314 rn06an-
xo  He,a0B0J6H0. 3aj cnymaj ce AeTeeTyje Talc° IIITO ce uponmine 

rpamata CTH6HRHOCTH 3a Teno TOKOM xoaa, 14 Mepe ce yrJ1013H 0 14 earmtba-

aa Tena y 504110j H y3nyamoj paBH14 (B14,t(eT14 cnmey 8). Arco yrnom4 9 H Yl 

ao614jajy BP21H0CTM Ban npormcaeor oncera, 3eamm Aa je aoTaa npmmetbeeo 
ynpaemaYbe eeoarosapajyhe. 

5.4. Castoopectuu3yjyhu 0a3u pe2ynamop U.411 ymelbe 
noeos uaiuua roan 

Jaen() je Aa je 3a 3aecTa ayTomomee xoaajyhe mexam4sme meonxoama 
[Lelia epcTa meTenmreirreor ynpaemaita. .apyrxm peteima, yripaemamem CHe- 

TM xoaajyrier mexamoma mope, Aa HMa cnoco6eocT Aa y414 143 14cmycrea eoje 
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ce cnime xonom. Y ynpanzamnoj 'news Hoja je notranzella y (mom party, 
noTpe6Ha Ham je cnoco6HocT nonyrbanaffia 6a3e cka3m npas3mna HOBHM npanm-
amma lc* nporntcyjy peamtmje Ha nopemehaje Hon' rimy cHkummenm yHanpen. 
Ono je 3anpano npo6nem camoopraHmsyjyher $a3H Howrponepa, nrro moace 
na ce pemu y3 nomoh HeypoHcmx mpe?Ea [27]. 

Tipyra noTpe6a 3a ymeHpem y npenno>neHoj ynpannamHoj inemx janaa ce 
Han cy ycnonm xona apacTrunto pa3nmmmTm OA CI314X ycnona K0j41 cy nnanann 

Yana cy cHmmaint nonaum 3a 6a3y HOMMHaAHMX pex<mma. Tana cra6mam3aum-
ja ono flexor aanamhellor Hommana HeMa cmmcna, na Tpe6a Harman 110614 

HommHarnm pewmm xona. Onaj npo6nem ymena TaHohe je moryhe pe11114TX y3 
nomoh Heypanue mpeHce. 

Kopmurhethe HeypanHe mpeHce 6am 3a one npo6neme m3rnena npmuranno 
36or mrtmeHmue na je ompmneHo na je onpeheHa rpyna HeypoHa y moary 

Hcrincunba, lc* ce Ha3HBa newrpannm reHepaTop o6ninca (central pattern ge-
nerator - CPG), ortronopHa sa reneppicarbe HOHOBA,VIBMX ceHneHum mmunthirmx 

noEpeTa TOKOM xonatba [28, 29]. To oTnpmhe omoryhmno je mapantnammma 
na npenncnt<e pa3rwmwre meme reHepaTopa o6nynca ys nomoh Heypanxxx 
mpeAca. MCTaI<HyTO je na noc-rojm pasnmna H3Mety BOThH01-  ri Hesomuor nepx-

OnLIMHOr HpeTaiba. B011114 noxpeTm m3Borte ce 110 B01614 MopeRa H saxTenajy 
Bono mano mtnpopmartmja on myna. NH30E:am noHperm cy pe3ynTaT cnomrtmx 
cmmy.aaHca. Hatrajy Eana, ce xona no Heno3Hanom 'repel-1y H y Heno3Ha-
Tmm ycnonvoa, na ce mfirkopmartmjama noje crisncy ca pasnyttivrrmx myna melba 
IlpeTX0AHO BOJBHO xpeTau,e na 6m ce oneT noc-rmrna CTa614.11H0CT xona. nocne 

ymerba OBHX HOBHX ycnona, HeB05440 HpeTarbe npena3m y BOTh110 H mime HeMa 

noTpe6e 3a 14HTB11314BHOM purrepamkom ca myamma. 

Taros, m03rornt /4114BMX 6mha mmajy TM Hamma 3a Eorrrpony xona: 
BOJEHO xpeTarbe, 110130M110 npeTarbe H ymeFse. Jia 6mcmo onaj 6H0JI0IIIKH nppi-
win Howrpone xona npmmeininis Ha xonajyhe mexartasme, HeonxonHo je na 
ynpanmaima ruema xonajyher mexattimma mma Te 'rpm moryhHocTx [28]. 

Y ynpanrhamHoj mews npertnoHceHoj y °nom party, ynpanmalbe BOA4114M 

npeTamem je peanmsonaHo y3 nomoh 6a3e HomptHanttmx penartma H nonanHmx 

111411 perynaTopa, am< ce 4)a3m perynaTopom H HeypanHom mpeacom peana-
3yjy HeBOAMIO xpeTame H ymea,e. 

6. Ana4u3a crna6u.tatocrrzu 

Kao 111TO je onmcaHo y [30], HOCT0j14 meTon 3a aHanm3y CTa614.71H0C-

TM mexaHmsama Eon' canpHce H Heynpaemmue cTeneHe cao6one. Taj meTon 
6a3Hpa ce Ha KoHczpyHumjm JbanyHonmene (JIHnyHon) chunawje 3a noc-
maTpaHm CHCTeM, npx memy ce nocmaTpajy Tano3naHm "KOM410314TH14"  HOA-

cxcTemH. "Komno3mTHm" noncmc'remm ce cacToje 0,E( jenHor ynpanmHBor H 
jenHor Heynpanamnor c'renexa cno6o4e, H 3a npmmeHy npennox<enor meTona 

HeOFIXOAHO je nocmaTpattm CHCTM pa3noHorrit Ha KOM110314THe H ynpartmxne 
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M. Byfto6paToemh, 0. TKM4CHKO 

noacmcTeme, ano je yum moryhe ypaamTm atm je ynpaanamumx cTenetn4 cno-
6oae mule Hero Heynpanna4mx. 

Axo ce KOM1103HTHI4 noacmcTem nocmaTpa amynnottaHo oa ocTama CHC-

Tema, moryhe je cTa6mnx30BaTm ra nomanmm perynaTopom. Mane, axo 
ce nocmaTpajy cua crtpeaasba nocmaTpaHor Homno3mTHor noacmcTema ca oc-
Tanmm noacmciemmma, moryhe je nocTaumTm xpHTepHjyMe 3a cTa6tinnocT 
uenOKynHor mexam3ma. 

Osa Teopwja je npmmembmua H Ha xoaajyhe mexamm3me, jep ce Ha Hon-
TaxTy cTonana H nouptumme noanore nojaumyje Heynpasn4u cTeneH cno6oae 
(maeTm CJIHEy 1). lbel'OB ynnsaj Ha CTa61471HOCT HenoxynHor cmcTema je oa 
orpomHor 3Ha4aja, jep je cacumm moryhe as CM4 ynpaummum cTenem cno-
6oae Tasmo peanmsyjy mawre TpajexTopnje, a as ce mtroupemeHo mcTem 
npeBpHe 14 name 36or poTamje oxo Reline cTonana. 3wro je rnaum awl-arc 
ynpaumamor cmcTema as cnpe4n4 Tamy ctiTyaumjy H o6e36eart mcTem oa 
naaa. 

HommanHe Tpajewropmje ce murreTtuny 3,3 xoptuutetbe meroaa cmHep-
rmje nponmcame any cmcTema, 111TO je °meatus y oaemxy 5.1. 3a Taxo 
oapehene HommHame Tpajewropmje, x°(t), cpamplaua ce HommanHo ynpau-
:bathe u°(t) xoje Tpe6a as o6e36eam wrixouy peanmaymjy y cnymajy as Ha 
cmcTem He aenyjy nopemehajm. 

C o63mpom Ha aenomathe pa3HHX nopeMehaja, yuoam ce aoaaTHo yn-
patobatbe xoje Tpe6a as Bpant umTop cTatba cMcTeMa ca nopeMehajHMa Ha 
tbermy HommanHy upeamocT, Has y HCTO BpeMe cnpelim naa attrema 360r 
npmcycTua Heynpaummumx cTenem cno6oae. Taxo, ynpaumattm cmrHan i-Tor 
awryaTopa cacTojM ce H3 ma /lea 

u' = u' 0  + Au' 

rae je ui° HommanHo ynpaumaH,e i-Tor awryaTopa, a0x je Au° ynparubalbe 
36or nopeMehaja (ossenant 5.2, 5.3, 5.4). Jacno je as ce ono ynpammathe cac-
TOjH 143 ma aena: nomanHor, cmwreTmsmaHor noxamnim null perynaTopmma 
(oaemax 5.2), m rno6amor aena, xojw ce cmHTenune cpam perynaTopom 
camoopraHm3yjyhmm 0,3F4 perynaTopom (oaemuw 5.3 14 5.4). 

Y aHal114314 CT8.6H.11HOCTH, 11[013H 3a,aaTam je OapeaiiTM 06J1aCT CTH614JIHOC-

114 3a cue aexynnoBaHe noacmcTeme, H TO H ynpaummue H KOM1103HTHe (axe 
mexammaam mma H aKTHHHHX eTenem cno6oae, on mojmx cy m ynpaummum, Ta-
m je ytcynaH 6poj C1314X noacmcTema fn , npm memy cy H— 1n /614X KOM4103HTEIH). 

Taxo, sa cam amynnouaHm CHCTM moryhe je Hahm rpamme ynpauniammx 
cmrHana xoje rapaHTyjy tbermy excnoHemmjanHy cTa6mnHocT ca yHanpea 
3aaamm creneHom cTa6mmocTm. 

Cneaehm xopax je mcnwrmax,e tra6mmocTm HenoxynHor CHCTM, ca 
yuenemm rno6anmm ynpaBmaweM, xoje Tpe6a as mmHtimmmpa aecTa6max-
Light! ymmaj mehyco6Hor cnpe3aFba mehy noacmcTemmma. 3a onamy aHantt- 
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3y CTa6HaBOCTH, ycsajajy ce JbanyHonn,ese 11)31HKIIHie (110314THBHO aeclammTne 

chnualmje HoopaHHaTa cTawa Azt) 3a amity' noacmcTem y topmm [15]: 

vi  = (AX a A x / 2  

me je maTpinia, HI cmmeTpmHHa H 110314THBHO nectaiHmTna H mowe ce a06mTH 
xao pememe JbanyHonmeae maTpmHHe jeaHa9n4He [16, 17]. 

C o6ampom Ha TO na CMO npeanowlyn4 (1)3,314HouTponep H camoopram43y-
jyhm cl)a3m momTponep y cmHTema rno6anHor ynpaHmaisa, jacHo je ;la ycnone 
cTa6vInHocni Tpe6a moamtvnawaTH. Mowemo na omemyjemo na heMo ao6mTH 
oncere 3a (ka3m ynpaoma‘we cHrHane y EojHma he Heo cmcTem 634TH cTa6mnan. 

7. 3ax.tbynax 

Y OBOM patty nocTaan,ex je mcTpawyma4na4 nporpaM 3a xojm Bepyje-
MO na he aoHecun no 3aaoHozaHajyte cHHTe3e HetuTaxwor asoHowHor xo-

aa, H TO xoaa no pa3nw.4THm TepeHHMa H y pasnmtunmm ycnomitma. ilpea-
nowkum CMO Hopmuhethe npmposamn (6monomxmx) pemerba me roa °Ha mory 
na mmajy oaroHapajyhy Texm4Hxy peanknaumjy. /fa 6HCMO npeHamanunt MK-

lbeffinly na Heno3HaTe cane peamamje noanore xoje ce jasmajy TOKOM xoaa 

cfmryppway y jeanaHmHama amHammtnce paauoTete HenoxynHor xoaajyter me-
xammma, mcxopmcm.rm CMO nojaM Tax-Lice Hyna-momewra (TOM), xao H an-
ropwrarm 3a cmHTe3y HenrraHae cmHeprmje xoaa. Kao ynpaHmaHxy cTpaTe-
ft/0y, npeanowwnm cmo cmHTe3y ynpaamarba y mempH xopaxa: 3a ynpasma-
we oTHopeHoj cnpem cmHTennyje ce Ho:minimum HeulTatwa cmHeprvja, na 
ce 3r3 cHaEm atayaTop nocTame noxantat 111111 perynaTopH na cTa6HnH3y-
jy mane nopeMehaje, cka3m xonTponep troccHe cTpyt(Type perymnue yTmaaj 
mehyco6Hor cape3aH,a mehy noacmcTemwma H rryaraj cline peammje noamore, 
a camoopramnyjytna 413,314 xoHTponep peanH3oHaH !Telco HeypoHcxe mpewe 

cnywa4 3a o63rHanaH,e oapeheHe make y cnyMajy Henpe2m4heamx Beaman 

nopemehaja. 

Hem on OBLIX njwnwpina H aeo ynpaBmaMKe cTpaTermje Beh cy nprime-
weHm npm peananaumjH aliTHI3HHX eraocxeneTa 3a pexa6m.nwraumjy napanm.- 
3osammx 6onecHmEa [31]. BepyjeMo na ce TH mcnt npinnwirat m npeanowena 
ynpaHabawca cTpaTerHja mory npmmem4Tm H Ha cHHTe3H H ynpaHmaH,e xoaom 

HeTeopollowimx H IIIECTOHOMMX ayToHommmx HOTEHHX po6oTa, H na he /lam 

3aaoHomariajyhe HaMHHe EpeTaH,a y pa3nwarrmm peantaim ycnoemma H 

pa3JIHMHTMM Tepemuma. 
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M. Bylw6paTonwti, O. 'Pungens° 

M. Vukobralovie, Olga Timeenko 

SOME BIOLOGICAL ASPECTS OF CONTROLLING 
COMPLEX ROBOTIC SYSTEMS 

— a conceptual paper — 

Summary 

In this paper the principles of controlling complex dynamical systems, relying 
on some biological principles of the living organisms locomotor acts, are presented. 
Based on the previously established zero-moment point theory and the semi-inverse 
approach for solving the artifical gait synthesis based on the prescribed synergy to 
part of the spatial mechanism, in this new approach to dynamical control of com-
plex robots, the conventional control synthesis, based on complete dynamic robot 
model, is abandoned. Into this procedure fuzzy regulators and the neuron learning 
concept re introduced. Differing from the conventional fuzzy regulator and neu-
ral learning, in the scope of this new approach a combined procedure is proposed, 
containing the novelty: introducing the programmed control (feed-forward), which 
solves the synthesis problem of undisturbed working regime. With that goal, and 
based on decentralized control, in the second synthesis phase local regulators are 
componsalting the perturbations, including load variations in the joints of locomo-
tion robot and displacement of the dynamic reaction force in contacts between the 
robot mechanism and the support surface. 

The role of the neural network module is updating the weighting factors of 
fuzzy rules, as well as introducing new nominal regimes, which are needed for the 
functioning of the fuzzy regulator under the conditions of large perturbations. 
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B. II. "BOP -BEM/II 

HPMMEHA METOJIE ACHMIITOTCHOF CHAJAHDA 11P14 

I1POPAHYHY TYPHYJIEHTHOP CTPYJAHDA 

14 3AEOHA TPEHDA Y 11EBHMA 

(HpmmaeHo Ha X corny Onemetha, 19. oxTo6pa 1993) 

1. Yeoa 

HoTtlyHo pa3omjeHo Typ6yneHmo cTpyjakbe y ueomma cnaaa y '<noel/IF-me 
npo6neme mexanmEe cpnykuia. Mo)Ke ce pehm as je onaj npo6nem emnepmmen-

TaTIHO cKopo y LIOTIlyHOCTI4 mcTpameH H TO ca aria acnetaa. Hpom je Tymmtnio 
minFtemepciu4 acneKT xojm naje noysaaHe noaame o 3BBILCHOCTI4 KoeckmumjeFFTa 
Tpetba on. PejHonnc000r 6poja H penamome xpanasocm H Rojm Ha Taj HaFtmH 
omoryhaoa na ce npx 3aaaTom npoToKy Kpo3 ues °apex ,' naa npmmclia Ha 

HeKoj apKvom Helm, link! o6pHyTo, na ce Hint' 3anaTom nary npkrTmcKa oapenm 
npoTotc. Apyrm acnewr 3a,ampe y ckyanameHTe TeOpHje Typ6yneHTHmx cTpyja-
rba, oaHocm ce Ha mcTpanmoame ramie cTpyxType Typ6ynenumje, a Hapomprro 
y 671143141114 314aa Heim (T3B. 3HJHa Typ6yneHumja), TpaHcnopTa Typ6ynenTHe 
eHeprnje m3mehy EapaKTepmcTmtnimx cnojeoa (knymaa, cnexTpanomx oco6mHa 
()Dor cTpyjakba H cn. TeopHja Kojom ce pacrtona)Ke npm npopamyHy OBHX 

cTpyjatba, mehymm, Heoma je ocKyaHa. Ona ce yrnaoHom 6a3Hpa Ha HpaHT-
n000j Teopmjm o nyTaibm menialba m Ha jo6po no3HaTOj 414/13BH141.114 Ha nocTojm 

jenaH cnoj cknymna y 63143141114 SHAH y }come je nyTarba memaffia nmHeapHa 

tylnalmja pacTojaFba on 3maa. 143 OCHOBHMX jeaHammlla cTpyjama ce (Huta 
ao6mja na ce y Tome cnojy npockmn 6p3HHe cTpyjarba mo>Ke npeacTaomm y 
o6nmxy jeztHe norapmTamcxe ckyHEHmje, LUTO ce oanw4Ho cnan<e ca excnepm-
meHmma. BITaomme, eEcnepmmeHm noica3yjy na ce npockmn 6p3mHe monce yc-
neinno anpoKckummpam norapwramcxom ckymakom y Hajoetem nervy npecexa 
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130 	 B.A. Iopbesmh 

Hem. OBa Teopmja, metyTmm, He mome aa na m spenHocT jenHe XOHCTaHTe 
moja ce jaBma npm miTerpauxjx OCHOBHNX jeaHammHa. Orta ce onPebyje no-
pebemem ca emcnepmmeHTanamm noaaumma, a To ce tHIHN N npm onpebmBathy 
HeKVIX apyrxx KOHCTaHTH lc* ce nojasn.yjy npm cbopmynxcawy T3B. 3aKOHlt 

Tpewa, na 36or Tora oBa Teopmja y amTepaTypx o6HMHo HOCH enmTeT nonyem-
mwmjcme Teopmje. 

OBaj pan mma npeTeH3mjy na nocTojehy nonyemnlipmjcxy Teopwjy npeT-
BopH y er3amTHy. TO ce HOCTH>Ke Ha Taj HaMMH UITO ce Typ6yneHTHm HaSKIM! 

monenmpajy nomohy no3HaTe BpanTnoBe Teopmje 0 nyTamx Manama H TOM 

npxnxmom mopmcTe noyanamm nonaum 0 Benxmknim nyTathe memawa y noje-
akimm mapaxTepmcnBaimm ofinacTxma cTpyjatha, no3HaTx y nmTepaTypx 
ao6mjeHm emcnepmmeHTanHo. Y cnymajy rnaTxxx H aenvimmmHo xpanama 
Helix npecex Herm ce nem.' Ha nee maparcTepxtrmmue o6nacTH: T3B. yHy-
Tpaumbm cnoj y 6/1143HHH 31/via y *come o6a mapamTepHcTmmma HanoHa — ycnen 
BHCKO3HOCTH H ycnea Typ6yneHumje nona3e no m3pawaja N T3B. cnomannwm 
CROL NAN Typ6yneHTHo je3rpo y *come ripeownahyjy HaHOHN ycnen Typ6yneH-
Hide, a AO pemewa ce nonant mopmachewem nomaTe meToae acxmnToTcmor 
cnajawa (B. imp. [1]). TOM npxammom ce noma3yje aa je moaen BaH .ApmecT-a 
[2] mojmm ce onmcyje nyTawa metualta y yHyTpatuwem cnojy mon aenmmxmHo 
xpanaBmx Heim HeaaemBaTax, jep ce Fume He mory noTBparrrm peaynTaTm n0-
6mjam excnepmmewrmma. Y parry je saTo cliopmmpan HOBH moaen mojm onoBoam 
no oanmtmor cnararma peaynTaTa no6mjeHmx Teopmjcmx N emcnepxmeHTanHo. 
HpeMa OBOM moneny yHyTpanubm cnoj mumesaBa Kaaa xpanaBocT 3maa Hem 
x3paweHa upemo PejnonncoBor 6poja k., KOjH he 614TH ae(lHanwaH y Oaewmy 
2, aocTmrHe mapamTepwcTmtmy BpeaHocT on 46,56, IHTO je 3Hamajmo mathe on 
BpeaHocTx 60, KOjy Hynx monen Ban TipmecT-a. 

flpmmeHa meTone acmmnToTacor cnajawa moa oBor npo6nema cTpyjana 
noma3ana je ;la ce npocf)Nn 6p3HHe y Typ6ynenTHom je3rpy, nopea norapx-
Tamcme (bytnamje, onmcyje F1 jeaHom aoaaTHom ckymmumjom moja je y parry 
ae(Unimcalla m Hymepmmmm m3pamyHaTa m mmjm ce ynniaj Ha nojeauHe cTpyjne 
napameTpe He mwme 3aHemapmTx. rIpmammom npmmeHe oBe meTone wapebeHe 
cy npne zwe anpomcmmaumje y o6a cnoja, Tama na je y parry noTamuyTo 
HMTakbe yrmuaja anpomcmmaumje Brauer pea Ha nojeame mapamTepmeTwme 
pe3ynTaTe. Taw) je Hnp. nomasaHo Aa ce yntuaj BNCEO3HOCTH canpwaH y 
PejHonnconom 6pojy R., mojm he TaKote 6x/1TH aeckuicart y Ofiersxy 2, Ha 
T3B. 3aKOH neckexTa 6p3HHe He mowe y HOTTlyHOCTM 3aHemapxTm. hors noT-
nyHo xpanautx Hemel KOBKOiNX He TIOCTOiN yHyTpannsm cnoj AO pe3ynTaTa ce 
aomno Ha HCTI4 Hamm mao H y [2], Tj. ocnaH,awem Ha npeTxonno no6mjeHe 
pe3ynTaTe Ha rpaHmum mmety aenmmmmmo xpanaBmx m noTnyHo xpanaBmx 
He1314 — ripm k. = 46,56. CI314 pe3ynTaTx /Wild ce onHoce Ha rwmfmne 6p3HHe 
Hamm/Hubei-1m cy na 614 ce epopmynlicao 3amoH Tpelta }co* xrpa BeoMa HawHy 
ynory npx npopamyny cTpyjawa Kpo3 Hem& TOM npmnxmom y noTnyHocTH cy 
noTophem4 no3HaTx emcnepmmeHTantn4 pe3ynTaTm Hmmypaace-a [3], [4], xojvt 
ce ,naHac Lumpomo mopmcTe y knomewepcmoj npamcx. 
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2. ifefiumuuuja npo64ema u neue uopucue pesauuje 

Y parry 	ce TpeTHpaTH npo6nem noTnyno pa3mjeHor Typ6ynewrHor 

cTpyjawa y Heim HpywHor nonpetwor npeceKa, MMj1 je 3H,L1, 14.7114 meanHo 

rna,nam Ham xpanan, npkwa3aH Ha cm 1, Ha xojoj je nonynpe ■mw 1.1,eBH 03- 

HatieH ca ro, cpenwa ratcHtta HepaHHHHa Ha 314ny mum ca k H Hapaicreputrwam 

npcolmn npocemm 6p3HHe cTpyjawa y caymajy Haim ce y 631143141114 3wria oceha 

yntuaj BMCKO3HOCTM ca u(y), me je y pacTojawe mepeHo on 3Haa. Ha npo-
Ony 6p3HHe ce jaCHO aanawa Heoma ourrap rpanHjewr 6p3HHe y 631143141114 

mna, 37  T313. yHyTpauntem cnojy, M 6nare npomeHe 6p3HHe trpyjatba y Haj-

neheM neny npecexa Heim, y T311. cnonwmbem cnojy KOjH ce JonI Ha3ma 14 

Typ6yneHTmm jesrpom. I413mehy 11,14X nocTojH jenHa npena3Ha 06nacT yury-

Tap xoje cc Hpum KOHT14HyallaH raanam npena3 jenHor ripockna 6p3HHe y 
apyrw. 11pcpm 6p3HHe ca onamwm oco6HHama ynpaHo omoryhana nmmeny 
meTone acknonToTcHor cnajama Hoja je oHne nmmeweHa na 6H ce npo6nem 
peunlo. Y nwrepaTym ce Heileman yHyTpauntM cnoj nevi Ha nono6nacTH, 

Mao IIITO cy: HHCHO3H14 noncnoj y Henocpeanoj 6J1143HH14 3Hna (axo er3Hcm-

pa!) y Home 1314CE031114 Hanom npeoHnahyjy Han Typ6ynewumm, npena3Ha 

o6nacT 1431a4 wera y xojoj ce o6a HanoHa HcTora pena Henmme H /leo y 

6211431414H rpamue ca CH0Thall1F614M cnojem y Home Typ6yneHTHH Hanom npe-

on.nahyjy Han B14CK03HHM, a.rni ce onne mcnocTaHm.a na TaMna tinn4ja noaena 

mje HeonxonHa ca raenkunTa npHmeHe nomeHyTe meTone. 

C.a. 1. CxeMa cTpylerype 110WHO pa3sHjenor Typ6yneHTHor 
cTpyjakba y germ 

Ynopeno ca o3Haxama Ha ca. 1, y cwome pans/ he ce KOpHCTI4T14 j01.11 H 

cnenehe noronm ,ae$HHHcaHe He 	k r  = k/ro - penamma xpananocT, 

= 	p - Amami/Rma 6p3ma (p 14 Tm  cy peJIoM, rycnma (bnymna 

TaHreHmjanm Hat/OH Ha away), = - 6e3AHmeH3HoHanHa Hoop/imam 

xoja HMa 06n1w nomanHor PejHonAccwor 6poja (v je Hmemamma BI4CHO311OCT 

cP.nymna) H n o  = Vbrq - cpenwa 6p3HHa cTpyjawa (V je 3anpemmcm npOTOK 
cb.nywna xpo3 nen). TaHohe, necimmcalle ce yHynHo 'rpm PejHonnema 6poja: 

no  • 2ro 	ki * To 	 ?ir k 
R e = 	, = —M k* = 

V
ir

tu
al

 L
ib

ra
ry

 o
f 

F
ac

ul
ty

 o
f 

M
at

he
m

at
ic

s 
- 

U
ni

ve
rs

it
y 

of
 B

el
gr

ad
e

el
ib

ra
ry

.m
at

f.
bg

.a
c.

rs



132 	 8.11. toptermh 

111HHep3Ha apenHocT 6poja R, onttrpahe y OBOM parry BeoMa Hannty ynory jep 
he 37 acHmurroTcHoj meTo2]s4 KOja ce HpHmeffiyje npencTannaTH manH napame-
Tap. Ilomohy TaHremmjanHor HanoHa Ha 3w1xy ne$HHHate ce xoeckumjeHT 
Tpeffia A Ha yo6w4ajet4 Hatum: 

A 2  
rtv = 8pu a , 

a jeaan on Hpajffiktx unmesa pana je H onpetHHaffie er3aKTHe 30BNICHOCTH °Hoy 
HoeckumjeuTa on /4 n k r . 

Ha ocHoey rope yeeneHmc HenHtnma cnene Heme ottHroenHe penauHje 
Kok he HacHnje 6HTH ynoTpe6meHe: 

u a  21/-2 	Re VX 

 U. 	VA 	
K 
, 	, 

— = 	, ne  = 	* = Kilt* 	 (1) 

3. Ontoana jeduannua 

OcHorma jenHatHma Hojom ce ornicyje npoonem Ha co. 1 mowe ce Hahn 
y Hamm yu6eHmca mexamme cpnylina H rnacH: 

2 du 	du 	rte  
(fro)2 ( —

dy
) v—

dy 
= —

p 
(1 -  

ro  

Y 11,0j je OtiHrJle1xH0 Typ6yneHTHH HaHOH (ripHH tinaH Ha neHoj cTpaHH) mo-
neampaH nomohy lipairrooHe Teopnje o nyTaffix memaffia H 1 = 1(y) npencTas-
ma unity memaffia rimbeHy 6e3nHmeHaHoHom npeHo r ip. 3a noTpe6e ()nor 
pain noronHo je jenHatumy HanHcaTH y 6e3nHmeH3HoHom o6nHxy yHohemem 
cnenehmx 6e3ammeH3HoHmc npomennnana: 

x = y/ro  R f(x)= u/u,, 

npH tiemy ce no6Hja: 

12(x)!2 + —
1 
	= 1  - x. 	 (2) 

R„ 
floxne POLL ce yTHHaj 1314C1(03110CTH y 6.111/1314H14 3Hna He moffie 3aHemapprkt 
(rnaTxe H nenkimilmHo xpanaHe Hem!), Hma cmHcna npH peruaaaffiy jenHamme 
TIPHMellYITH rpaHH‘tHH ycnon Ha may: 1(0) = 0. Y oHome IIITO cneom 6nhe 
Awn HomnneTHa acHmnToTcHa al-mama petueffia oBe jenHatipme Hint R, oo. 
Pa3yMe ce, TOM HpHnHEom je HeonzonHo pacnonaraTH Hoy3naHHm emnepH-
MeHTaJIHIIM nooauHma 0 3aBHCHOCTH 1(x) y Henoj o6nacTH crpyjalta. 

Ilpea npeum3Ha mepeffia nyTame memaffia y cnom.aunbem coojy npH pa3- 
H14M HpenHocnima R, 6poja H3Hpumo je HHEypance [3], [4] H TOM 17PHJIHKOM 

noHanao as nyTaH,a metuaffia y OBOM cnojy He 3aHHcH on ciaffia xpanaHocTH 
314na. Ilpema lipaHT.ny, °Ha ce npH R, oc mon.ce anpoxcHmHpaTH cnenehmm 
HOJWHOMOM 4eTBpTor cTeneHa: 

tea t = ax ( 1 ± (vo x 13ox 2  + x3], 
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0)) 

= 

+ 

7°  

+ • • 

+ r
71

. + 

= Oo - 3,1 + 0, 01R. 
= 

1 
7 = 70 + 4(3,1 + 0 , 01R.) 

y Rome cy: 
1 	 al  

a = ao 	 = ao + —
R. 

+...  
3, 1 + 0, 01R. 

. 

ilpmmeHa meToae aCKNIIITOTCHOr caajam,a. 
	 133 

y Rome cy: ao = —1.1, Qo = 0,6 m ry0 = -0,15. HEro ce Hoe474umjeHTa 
upenHocTm xoje ce npenopymyjy y ninepaTypm cy BeoMa 6.nmche 0.4. .IIa 614 
ce nocTmrno urro home cnararbe Teopmjcxmx peaynTaTa ca excnepmmeirrwma, y 
'Demme patty 	6mTm yceojella upenHocT K = 0.407. Taxohe, c o63HpoM Ha TO 

na he ce mine nanny' H lurrarbe anpoxcmmaumja umuer pena, Kao LUTO je TO y 

Yuony HanomeHrro, 6nhe noTpe6Ho na ce o6yxBaTm H 3aumcHocT nyTathe me-
wawa on PejHouncouor 6poja R.. BeoMa 1o6po cnaraa,e ca excnepameffrxma 
mowe ce HOCTHrI14 xopmuthethem cneneher c3pa3a: 

tout = xx(1 -1- ax + fixz  + yx3 ), 	 (3 ) 

alma npeum3Ha mepeaa npolatna npocetme 6p3mHe cTpyjama m tmle 
crpyrrype Typ6ynernwje y yllyTpauabem cnojy Han rnammm 3mnom 143Bp111H0 

je Jlayckep [5] nomoty aHemomeTpa ca upenom wmuom. IIa 6m aerose pe3ya-
Tam morao na penponyxyje Hymepwwom mwrerpaumjom jenHatmHe (2), BaH 
LIpmecT [2] je npennowmo cnenehm m3pa3 as wrathy memaaa y pirrpaumbem 
cnojy: 

1,„ = icx D(y.) 	 (4) 

me je D = 1 - e - Y•la m Ha3mua ce npmryummm cl) awropom, a a npencrasma 
yramep3anmy KOHCTaHTy 4Mja je 6pojtia upenHocT 26. Y mtrome puny BaH 

TIpmecT je 1411TyLITLIBHO yOHILITHO mapa3 3a D(y,) H Ha caymaj xpanaumx Hem 

H npennowmo ra y cnenehem o6amxy: 

1 - e-le- , 	 rname Herm (k. = 0) 

1 D = 	1 - e -1:-  + e-  e Z zat  , nen. xpanaue Ileum (0 < k. < b) 

1, 	 noTnyHo xpanane Hem (k. > 6), 

y mime je b join jenHa yHmsep3anHa KOHCTaHTa mmja je 6pojma spenHocT 60. 
Komnnemy aHanm3y xoja he (mice 6wrm rippwaaaua mm CMO ripeo cupouenm 
Kopmcmlim onaj Ban ihniecT-on monen 3a ripmryumm (pawrop, anH HHCMO no-

6vinm 3anouomanajyte caararbe ca excrapmmearmma, ()cm& y cnymajy rnammx 
Hem& 3aT0 CMO 6m.nm munwhem4 na moneny 3a npmryunui cbaurop Kan xpa-
uanxx Ileum nocuermmo noce6Hy 'away m, xao pe3ynTaT Hanopa lc* cMO 

rummam, y cmay cmo a npennowmmo cnenehm HOWL monen: 

1 - (1 - g(k.))e -xt, rname H nen. xpanaue ileum 

D = 	 (0 < k. < b = 46,56) 	 (5 ) 

1, 	 noTnyHo xpanaue ileum (k. > 6), 
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topbesmh 

y 'come je: 

g(k*) = -et, g(0) = 0, 

a m H n cy ymmep3anHe xoncTaHTe mtje cy 6pojtm epennoeTH: m = 42,73 
n = 4. 3anama ce na npwrynnm 4mxTop Hon Ban /IpmeeT-osor moaena 

nocTaje jennan jeammult n k* = 60, sa0K ce y name enymajy To aoraba 
3a k *  = 46,56 (g = 1). ilmpexTHa Hmrumxamtja one nmbemme je na yHyT-
palmt,H cnoj mumenna 14 [tea nocTaje noTnyHo xpanana npH k *  > 60, npema 
BaH lIpHecT-onoM mo,aeny, /lox Ham monen naje 3HaTHO 11143Cy epeariorr: k*  > 
46,56! Ilopebeme o6a monena mcntce ce H3Hp111HT14 notnytmje 14 Ha eneaehm 
Ha41411. AHO ce ne6anma yHyTpammer cnoja nechmminne xao oHa npenHoeT b*  
npomeHamse y*  num xojoj je D = 0,99, HanenenH monenn he nant pe3ynTaTe 
npmm3aHe Ha en. 2, H TO: 14cnpenviama mtmtja npeacTanma monen Ban ELI  ■ 

\ 
I 

1 
1 
1 
1 

0 .. 0,99 
1 
1 
1 
1 

20 
	

40 k. 60 

Ca. 2. 3aemcaocc ne6mmae yuyrpannber cnoja 0,11k * 
 xo,rk monena Van Driest-a [2] - lacnpepacaaaa amnaja 

H Hamer moneaa - nyna man* 

lipmecT-a a nyHa Ham moaen. 3anax<a. ce na 6* Hpema Ban ilmetecT-osom 
moneny ocTaje IlpH6J114)E110 HOHCTaHTHO cne no npeaHoent k* ti 30, a mina 
Harno nana , aox je y name cnynajy 3a1M4CHOCT b*  on k *  3llamo yjeaHanemtja. 
thttut Ham ce na je Team() 4)14314mmt onpannaTH onaxan Tox 'Time Hon monena 
Ban .fipmecT-a. 

143pa3H (3) H (4) ca npHrytnimm cpaxTopom o21pebem4m nomohy (5) mory 
ce cana eaxceTH y jemmeTnem4 H3pa3 KOjH noxpina neo npecex Heim, xao Hnp. 
y [6]: 

/(x) = xx(1 + ctx +13x 2  + 7r3)D(y*). 	 (6) 

S. 
I 20 

100 

ao 

60 

40 

I. 	I 
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Y namem paiy ()Hai 143pa3 he ce KOpPICTI4T14 rippt aclimwroTexoj aHan14314 jen-

Ha94He (2) . 

4. Femme y ynympatumest csojy as 0 < k. < b 

Ila 614 ce no6Kno pemethe rcoje Hamm y yllyTpaunbem cnojy yHeinhe ce 
yHyTpanate npoMeHThMBe: 

= R.x, f(x) = F(y*), 

in he ce jenHatma (2) TpaHccflopmHcant y: 

(/R„) 2 F'2 + 	= 1 -

R* 	
F(0) = 0. 

' 

Axe ce peulefbe °BC jenHamme noTpaHcH y o6nHxy acHmtrrozocor pea 

1 
F Fo(y.) + —

R*

Fi(y*)+ h.o.t. 

Ha yo614 ,4ajetat Hal414H no6Hhe ce peuleme 3a npua 2tBa mnana pea: 

Y. 

Fo = 	
2dt 

1 + V1 
+4K2t2D2(0 

41+2,0 K2t2D2(t)F,'21 
F 1 	

1 + 2K2 t 2 D2 (t)F 
= 	 '',.idt . 

0  
0 

3a noTpe6e acHmwroTcxor cnajama °BMX pemema ca pemettem y cnomauffbem 
cnojy HeonxonHo je pa384nt Mx y pen npkt senm14m HpenHocntma yurrpa-
mite npomennA4He y* . Axo ce y3me y 06314p Aa je noHamalte nonwiterpammx 

tymmktja y ropH,Hrit 143pa3Mma nprt y*  co: 

	

1 	1 
Fl; 	— +0(Y,7 3 ) 

Ky* 	2K 2 y,? 

1 + 2a0 	aoti 	F
;21c 	KZ 

y + 0(y: 2 ), . 

atm ce no614ja 

1 
Fo Aln y*  + Bo(k•) + 

2K2y* 
 + 0(Y* 2 ) 

2  

	

F1 9.- 1 +Kao 	y. +
o 

In y* + Bi(k*)+ 0(y: 1 ), 
2 

me cy A, Bo(k„)14 B1(k.) KOHCTaHTe Oa K0j14X he 614TH Haaeneturt camompa.314 

3a A pi B y (k * ): 

(7) 

0 

(8) 

1 
A= 
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B.)1.13opteaHli 

00 

( 	= f 	
2dt 	 2 	1 

Bo kW) 	 dt . 	(9) 
1 + 	4_ 40i2D2(t) 	1+ V1 + 4K 2 t 2 D2 (t) 	8t 

' 

Kao MO tie ce ymmpo noxa3aTM, oee nee lomicTawre tie 614T14 canpwalle 14 

y pemerby 37 cnonamwem cnojy H Tome lie onnrpam seoma eammy ynory y 
ocTeapnemby 1414,1ba HOCTaB.ThCHOP y YBony — y cliopmmpawy eraalcrne Teopoje 

Cll. 3. 3aBHCHOCT l<011CTaHTe Bo on k* 

apo6nema HOTIlyHO pawojenor Typ6yneoTnor cTpyjawa y uenoma. 3aeoc- 
110CT AO* ) je nymepntwo napamymaTa H nplwa3ana Ha cn.3. Kaparrepoc- 
mmoa epennocT 3a rname nem{ (k. = 0) 143HOCH: Bo (0) = 5,248, )1101( ce 3FL 

= b = 46,56 (D = 1) Tatmom miTerpaunjom mo8w n06wro: 

In (48) — 1 
Bo (b)=. 	 — 1,260. 

5. Penteme y cno.a.autmeAt cAojy 3a 0 < k. < b 

3a noTpe6e nanawewa pemewa y Typ6ynenTnom je3rpy neonxonno je 
pa3BMTM y pen no cTenem4ma manor napameTpa 1/R, H camy nyTarby mean-
wa (6). ito6oja ce 

I =10 (x)+ 1li(x)+ h.o.t., 
R. 

rue cy: / 13(x)= Kr(1 + ao x + fio x 2  +70x3) H / i (x)= 8x 2 (ai +/3i x +-y i x 2 ) Alm 
ce cana pemewe jezmatipme (2) npencTaeo y o6niwy 

6 

80  

4 

2 

0 

2 

50 

1 
f = fo (x)+ — 

 R.
f i (x)+ h.o.t. 	 (10) 
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ao6Hhe ce 3a an mnaHa pen: 

N/11—T  dx fo  = Ko  
J 

fl = il l  + 
I 1+ 211,/1 	

dx, 

rae cy K 0  H J1 1  HOHCTallTe mtrerpauBje xoje -rpe6a oapenTH acmmirroTcmm 
cnajamem ao6HjeHor pewewa ca pewelbem y yHyTpauntem ea*. cl:43144xo 
314aveithe OBHX KOHCTaHTH je waHraeallo, 3aTO INTO cyma aCI4MTOTCHOP pen 

'um  
K + —Ki+ • • • = — 

R. 
 

U. 

He npeacTanza H14111Ta apyro Hero onoc maxcHmanHe 6p3HHe cTpyjana Urn 

- 6p3HHe y OCK WON H akniammtwe 6p3HHe. 3a noTpe6e npHmeHe meToae 
aci4mTonTexor cnajama, metyTHm, noraanHje je ao6HjeHa petherba nvicaTH y 
o6aHxy 

fo  = A [ln x + wo (x)] + Kos  H 

1 	ao 
= 

2K2x + K2 
Inx+wi(x)+K i , 

rae cy Ko H A t  tierce apyre EoncTaIrre HHTerpanHje, a wo(x) H wi(x) npea-
cranmajy 43iyuounje xoje tem° Ha313aT14 "aoaanmm" 14 xoje cy oapeteHe ca 

wo(x) =  Jr 	 :) dt 
 

0 
	

(1 2) 

wi(x)_ 	(1+ 2/1 
 21 
	

2 
1 	, 	dt.  

	

g 	00  

TepMHH "aoaaTHa" (pyicumja je oHae ynoTpe6a,en as o3Ha4n cpyinaimjy xo-
ja ce npHaoaaje aorapwramcxoj Onnunijm y ormckmamy npocinula 6p3HHe y 
Typ6yaeHTHom je3rpy. /tyro ce Beponano as ce ()Hai npocka 6p3HHe mo)xe 

y TIOTTlyHOCT14 ormcaTH norapwramcmom ckyHtaudom, xa0 Hnp. y paaonktma 
ItHxypaace-a [3], [4]. Tex npeuH3Ha meperba Itayckep-a [5] yrca3aaa cy Ha 
noTpe6y ysobewa xopemntje y Hmay jene aoaame ckyHmikne, H TO He camo 

xaaa je y THrramy crpyjame y Hennmaxoje ce onae pa3maTpa, Hero H cTpyjawe 
y Typ6yaeHTHom rpaHH4HOM cnojy. Y amTepaTypH ce, mebymm, "aaaama" 
(bynxtimja no nparmay oapetyje emnmplijcxy M anpoxcymxpa TpHroHomeTpHj-

CHUM (1)3THlinknama (B. Hnp. [6] 14 [7]), Taxo as 143pa3H (12), KOJIHKO je Ha-

ma no3HaTo, npeacTanmajy npHe anamTwixe I43pa3e aa "aoaaniy"ckynxneny. 
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10 

6 

4 

2 

0 
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0014 m3pa3m, 3ajeano ca m3pa3om (9) 3a mormyratrry Ro(k.) upeacTanmajy jean 

oa Hajnanumjmx aonpmHoca y onome paay. 

— no 
— A[wo( 1 ) — wo(x) — IH x]. 

(13) 

H,.., 

W(  

0
'
4 

Wo 
/ I 

‘ 
\ 0,3 
\ 
\ y 

0,2 

0,1 

0 
02 	04 	06 	08 

	
10 

I', 

CJI. 4. 3 BHCHOCT 3aKoHa aoNamtor ,le(l)exxa 6p3HHe 
H aonriie tyaluthje wo o,a y/ro 

C O63HpoM Ha TO aa CMO y onome paay npneHcmeHo 3awrepeconaHm 3a 
pemetbe rumor perm, Ha cn. 4 je npmKa3aH rpa(kmx ckyumulmje w o (x) cpamyHaTe 
Hymepmmxm. Ha ncTom amjarpamy npmEa3aH je H rpackm T3B. 3aKoHa aeckex-

Ta Jiomanile 6p3mHe, m3pamyHaTor Ha ocHony pemetba npnor peaa, KOJH ce 
naxo monce /106VITI4 143 npnor oa m3pa3a (11) m 6e3 npeaxoaHor no3Hanama 

KOHOTHEITC koi  Kao 

12. 

HcHpexmaaHom nfrukom yHecern4 Cy excnepmmewranfm pe3ynTam HmNypaa-
ce-a [4]. 

Ha xpajy own- oae.ffiKa Haneuthemo acpumwroTcxo nollamatbe tymamja f0 

14 ft 3a x 	0. OHO rnacm: 

1+ 	2ao  

	

fa  Alnx + Ka 	2k x+0(x2) 

	

1 	On 
h 

2K 3 x
+ —

0
1n x + + 0(x). 
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6. ACudlnffiomcKo cnajane 

Mezopa aCHMHTOTCKOF Cnajalba npeacTaBma BeoMa MOhHy H e$HHadHy 

McToj y 3a pemanalbe H143a npo6neMa y MexaHHuM cony Haa H MexaHMuH KOH-

THHyyMa yolmiTe, xojll ce oaJi Hxyjy oco6HHaMa rpaHH4HOr CJIOja, xao uno 

cy Ic11aCH4HH rpanwml4 c1IOjeBH, cTpyjalba y3 npHCycTBO T3B. KpHTH4HHX 

cnojeHa, Tj. cnojeHa y KojHMa je 6p3HHa cxpyjama jeitHaKa 6p3HHM pacnpoc-

THpan~ a Hexor Tanaca, xojH Ce jaBmajy Hip. y TeopejI4 TanacHxx Kpexalba My 

TeopHjH XH,1poaHHaMH4Ke CTa6HnHOCTM H Cm Kao BeoMa xopHCHM npHpy4HH-

uw 3a yno3HaBaFbe Ca oBOM McTOAOM MOry as noCAy?Ke [1] H [8]. Oaue he ona 

Aa 6yae ynoTpe6mena 3a pemaBalbe npo6neMa Iloxnyxo pa3BHjeaor Typ6y- 

JIeHTH0r cTpyjaH a y IleugMa. 

Axo ce ynyTpamme pemelbe (7) pa3BMje y pea npH y «  — 00 (B.(8)) H 

HanHme HOMOhy cnomalnlbe npoMeHmnHe x = 4/R«, ao6Hfle Ce: 

f =Aln (R x) + Bo (k« ) + 2x2R«x 
+ O (gyxz ) + 

« 	
/ 	11 

+ R«l 
 1

2K ao R« x+ 21n(R« x)+B1(k«)+OI Rlx  ]+h.o.t. 

14c'roepeMeHo, cnomamme pememe (10) pamHjeno y pea npH x  —  0 (n.(13)) 

rnacM: 
f =Alnx+Ko 

1 
22aox+0(x2)+ 

+ R«  [2k2
x + -zln x + <<1  + O(x)] + hot. 

fIpeMa OCHOBHOM npHHuHny Mexolle acHMwroTcxor cnajalba [1] o6a uo6Hjexa 

M3pa3a Mopajy 6MTH je1lHaxa. ha 611 onaj ycnOB 6Ho Hcnytel, Heonxoano je 

as Heno3HaTe xoncTaHTe Ko M Kl 3aao6Hjy Cneae$e BpeaHOCTH: 

I{o  = Aln R« + Bo(k«) H K 1  = zln R« + B1(k«). 
k 

Oape HBameM OBMX KOHCTaITH Motce ce pe$H as je ocnonnH uMm nocTaumeH 

y OBOM paay nocTHrHyT. IIpsH oa H3pa3a (11) xojH penpesellTyje anpoxcH-

MauHjy npnor pen npo ~Mna 6p3HHe y Typ6yneHTnoM je3rpy can rnacH: 

	

~0  =A[ln(R«x)+wo(x)]+Bo(k*) , 	 ( 14) 
u «  

aox ce Ha yo6H4ajeHH Ha4HH (B. [1] H [8]) MoMce tpopMHpaTH H yHH4IOpMHo 

peme be Koje npe2tCTaBma Ba>tcehe anpoKCHMaTHBHO pememe jeaHa4HHe (2) y 

uenoj o6nacTHcTpyjawa: 

p 	 pp 
/unit fin + lout — Jmatch = 

+R« IFI(y«)+ 1 
 2k«o y«+wl(x)]+h.o.t. 

T'o(y«) + Awo(x)+ 
(15) 
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0 

o Rez50,000 
e 	o Re=500,000 

S-9 .60 

k o .15,136 

1.0 
Uo um  

1, 0 
uo 

0,9 
0,9 

0,8 0,8 

0,7 0,7 

0,6 0,6 02 0,4 10 0,2 10 0,4 0,6 	08 

7; 
0,6 	0,8 y  

To 

b) 

fa 	6. 30 
k ' 

It y ..26,792 

c) 
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T3opleBIlh 

06 	(le 
Ylro 

Ca. 5a. llopebeaue Teopmje (rtyaa aaaaja) H excaepameina 
3a npociala 5p3wae KOArHaTKHX aelm 

1,0 
U o um  
lop 

0,8 

0,7 

0,6 
02 	04 1 0 

d) 

= 252 

k * t 37,41 

0,2 	04 	 08 Y  10 

ro 

Cn. 5 b, c x d. Thwebewe TeopHje (nyaa axaxja)14 eacrrepamewra 
3a npo4)m.3 6p3mte KO) ,aeaammrao xpanamx aera4 

1,0 
u o 
u 

0,9 

0,8 

0,7 

0,6 
06 
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Ha OCHOBy m3pa3a (14), Ha CM 5 je nimta3aHo HOHOTIHKO npockna, 
6p3mie y cnomamthem chojy 	ynopeheHo ca nocTojehHm excneimmeHTH- 
ma. 3a maeamio I-name nem! (cm 5a) nopehefbe je 143npmeHo ca mepe-
Hmma .11aytep-a [5] 3a Line npeaHocTin R e -6poja: 50.000 14 50 0.000. Cnaraa,e 
Teopmjcxyrx pe3yhTaTa, npe3eximpaimx y OBOM paay, ca excnepHmenma npH 
nehoj npermocTH R e -6poja je wmrnehno 143nampeallo. Mehymm, npH 1114JKOi 

npehHocm R.-6poja 143necHa oacTynatha 143mehy jeamix H apyrmx npehnoc-
Tx nocToje. Moryhe je as npH 1414>K14M upeaHocTlima R e -6poja anpoxcHman14- 
je nmner peaa aoha314 ao Hspawaja y TO.T114E0i mepH aa ce MI4X0B aonpH-
Hoc He mox<e y noTnynocam 3allemaintm 14 as 614 ce y3mmafbem y o63Hp 
anpoxcHmaumje apyror peaa pa3nkma Hameby TeopHje H excnepmmewra cma-
Hmha. TaKBa aHann3a, mehymm, Oahe Hyde cnponeaeHa. Ha ocTamon cmma-
ma Ha cm 5 (b, c 11 d) 143npmeHo je nopehethe Hanmx TeopHicimx pe3yrraTa 3a 
aehmmv-mo xpanane Helm ca oaronapajytnim excnepmmeHTHma HHxypaace-a 
[4]. Mixffe ce petH ha je charm-be Ha cn. 5b ao6po, a Ha ocTa.mm cm/mama 
gal< oanwmo. 

7. 3a7con nyema 3a 0 < k, < 

Liao HITO je TO ho6po no3HaTo, 3aK011 Tperba 3a jeaHo noTnyHo pa3nHjeHo 
Typ6yhenTHo cTpyjaffie y Hem ao6Hja ce 143pa4yHanathem npoToxa, nomohy 
ymcbopmHor npoOna 6p3HHe (15), a Tinge H cpeawe 6p3HHe cTpyjanba H a . 
Emhe: 

u a  
= 2 1 funif(1 — x)dx. 

0 

rfaxubmno mpatiyHaname mwrerpana Ha aecHoj crpam4 onor 143pa3a npH 
R. —4 co caaa 11,0130,L114 

—
u. 

= f„„if (1) — 2A/ + A
21nR. 

+ 0(R,; 1 ) 	 (16) 
R. 

rite je: 

1= I 
x)C- x 
2) 1+ aox + 0.0x 2  +70x" dx.  

0 

Hymepw.ma npehHocT ()nor KliTerpana H3110C14: I = 0,814. Himnpucom H3- 

paturHaaatha tinaHona mimer pen y H3pasy (16) olmrhehno je as CMO ce 
3aapmanki camo Ha Hajnehem mnaHy Koji' je peaa, Beam-lime: In R./R.. P13 

(16) ce nano mwHe 21061T14 T3B. 3aKOH aecbetcra 6p3HHe. Ymmamem y 06314p 

HymepHtnnix Hpe,/dHOCT14 103HCTaHTH A 14 I ao6i4ja ce 

U m  — ti a  
	 = 4 — 6 037

1n R. 
+ 0(R,7 1 ). 	 (17) 

R. 

Ilopehethe onor H3pa3a ca nocTojehlim H3pamma y nyurepaTypH noxa3yje aa 
ce yaeo aoaaTHe Symamje w o (x) npH H3pamynanan,y °nor 3aKOHa mmaxo 
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He MMEE 3aHemappiTH, jep 5H ce. HHame HpH RF  ti  oo ao5Haa HpeaHocT oa 

4A = 3,686, 3a K = 0,407, ymecTo 4! BpeallocT Kojy je 4o6Ho 14Hxypaace 
excnepHmeHmma 143HOCH 4,07, Kao 111TO je TO HaneaeHo y [9], IIITO ce 047114t1H0 

cnaace ca Hamom HpeaHomity ao6HjeHom TeopHicKH. TaKobe, ym3pa3y (17) 
je caapacan yTkmaj 1314CKO3HOCTH Ha 3aICOH aeckeKTa 6p3Hue, KOjM ce Ty 110- 

jainto Kao nocneaHua ymmama y o63Hp turaHona Burner peaa. OBaj yTuuaj 
je npviKa3aH Ha cn. 6 14 otunraeaHo je aa je OH Heoma H3paaKeH rum H14>K14M 

flP1II1OCTMM R * . 

;1 I 

C11. 6. 3a1114CHOCT 3aKOHa necpexTa 6p3HHe on 6poja R* 

143 (16) ce caaa y3mmarbem y o63Hp (1) 14 (15) M0?K ao6HTH cneaeha 
acHmnToTcica (kopmyna 3a KoeckumjeHT Tperba npH 	oo: 

— = Aln R. + Bo(k) + Aw0(1) — 2AI + (1+ ao)A 2-11IRR*  + 0( R,; 1 ), (18) 

Koja ce 3a raance Herm (k *  = 0) C130414 Ha 

= 2 log (Re  ■A) — 0, 800 — 
VX 	

2,  7,79log(Re 	+ 0 
( 	 

R e lfi 	R e  VX) 

flpea 	gnaHa nocHeaH,er H3pa3a npeacTaHmajy Talmo no3HaTy nonyem- 
nmpHjcxy ckopmyay HMKypaace-a. .fiono4Hoc Tpeher tinaHa a3rHe4a as je 
Heoma maim. Max H npm Hajimacoj ynoTpe6mHBoj Bpe4HocTM R r6poja: 
R e  = 4000, ffieroBa 6pojua HpeaHocT 143HOCH 0,01. Kaaa cy y nnTalby ae-
JIVIMM4H0 xpanaHe ueBM , y JurrepaTypH ce npeanaace HI43 (kopmy.na Koje MMajy 
1-114CTO emnmpHjcKH KapaxTep. KonliKo je Hama no3HaTo, cpopmy.aa (18) npe4-
CTal3.715a HpHy TeopmjcKy (1)opmyny 3a 3aKOH Tpeiba 1104 FRaTKVIX 14 ile.1119#1141-1110 

xpanama HeHH. flopeheabe pe3ynTaTa KOjM ce ao6Hjajy 143 Fhe ca excnepH-
meHTHma Elpixypaace-a 6Hhe npliKa3aHo y HapeaHom o4emKy. 

8. Hornnyno xpannee zieeu 

1104 oapehimamy npocklina 6p3HHe H 3aKoHa Tpelba y noTnyHo xpa-
naaHm HesHma nocTynHhe ce oHaxo KaKo je TO onHcaHo y Yaoay. HaHme, 
Hapas (14) Kojm ripeacTaHma anpoRcHmawifjy Hpeor pe,aa 3a ripotim, -; l;p3uFle 
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y Typ6yneHTHom je3rpy Hon rnammx H neammw-mo xpanammx uemm, Hanwcahe 
ce y anTepriannmom o6ammy 

122. 	A [In + wo(x)] 	B01 (k.,), 
u. 

me je: B p  = Bo(k.) + Alnky. Y no6MeHom H3pa3y yTHUaj BlICH03110CTI4 je 

canpncaH jealmo y Heaminnun B o . Metymm, mon noTnyHo xpanarmx Helm molt 
mojmx He nocTojm yHyTpatrubm cnoj, pememe ripeor pena He cme na canpnm 
oBaj ynnraj, na B o  mopa na mma 103HCT3HTHy mpenHocT. C o63mpom Ha TO 

na EapaxTemicTlyma HpenHocT: k. = b = 46,56 npencTanza, npema mone-
ny 3a npmryumm ikaxTop mojm je °Eine ycHojeH, rpaHmuy H3Mety )1e.11HMI4T4H0 

xpanamix H noTnyHo xpanammx uemm, 614te: 

Ba = Bo(b)+ Ain b = 8,177. 

Ilpema Tome, npockmn 6p3HHe y noTnyHo xpanammm 'lemma 61The neckm-mcaH 
nomohy: 

To 
— = Aln —

k 
+ Bo (k.) + Aw0(1) — 2AI . 

YcnajajyhH vicTy mpenHocT 3a Bo xao H npm onpetymarby npockmaa 6p3vme, 
gamine ce no6nja: 

1  
 = 2 log ro — +, ,  

ILITO ynpamo npencTamma nonyemrimpmjcmy ckopmyny flincypance-a, xoja ce 
,naHac umpomo npHMemyje y TexHmwoj npaxcm, a omne je no6mjena Teopnj-

CEMM nyTeM. 

3axoll Tperba y uenoj o6nacTm npomexamme k. (rnance, neammwmo 
xpaname H noTnyHo xpaname Re* nplima3aH je Ha ca. 8 H ynopebeH ca 
excnepmmewrammm pe3ynTaTmma Hmxypance-a [4], Koji cy anpoxcronmpaim 

mcnpelmnanom H3110M.TheliOM nmunom. Y o6nacTm raaTion H noTnyHo xpa-

nammx newel nocTmrHyTo je anconyTHo cnaraffie jeninix H npyrmx pesynTaTa, 
nom je y npena3Hoj o6nacTm neammwmo xpanammx Heim TO cnaraise meoma 
no6po. 3ananca ce Taxohe na ce npenasax 143 ofinacTm nenkimmmo xpanatimx 

Herm y o6nacT 110TIlyHO xpanamix Herm He spunt Ha aC141■ATITOTCH14 Ha4HH, 

Tj. norm 143B0,3 nyHe nHHHje npmxa3aHe Ha cm 8 mma npemin y Tatum 

'up
— = 5, 657 log (i ) + Awo(x) + 8, 177. 
us 

To 

Ha ocnorly °Hoc m3pa3a Ha cn. 7 je HaupTaHo Hexonmmo npockmna 6p3mHe npm 
pa3HHM onHocmma ro/k H ynopehemo ca excnepmmeHTmma HmEypance-a [4]. 
OtimraenHo je na je cnarawe pe3ynTaTa °ammo. 

Cnenehm HCTH npimumn, monce ce onpenkrrm H 3axoH Tpetha mon noTnyHo 
xpanammx Heim. 143pa3 (18), y3mmajyfikt y o63mp camo Emma 4 tinaHa Ha 

necHoj CTpaHH (pemeffie npnor penal) mcnve ce HanvicaTm y 06nincy: 
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al Ill -30,6   k  

0,2 
	

0,8 y 	10 
To 

Ili'  L 
l= k =1 2 6 

0,2 	04 	0,6 	0,8 £ 10 

0 

Cm 7. ❑ opetetbe TeopHje (nyma monija) x excnepmmemTa 
3a nporimm 6p3mme 60,a noTnymo xpanammx memm 

k. = 46,56! Onaj HenocTaxam TeopHje caeam H3 oaronapajyter Heaocma.- 
Ka ymojeHor monena 3a npin-ymm4 $aKTop (5), jep je ommrnenHo na je 14 

dD/dk. 3a cin4xcHpaHo y. 414CHOHT14HyaJIHO 111214 MCTOi HpeaHocm k.. BCTHM 

Heaocramom ce onamcyje 14 MOaell Ball IlpHecT-a [2], aim je on 3namo mame 
xamaH. Hnp. y o6nacm nomyHo xpanamnx nem! onaj monen naje mamo 
HynKy HpeaHocT 3a Hoecknumjewr metba oA oHe Koja ce ao6nja emnepHmen-
mma u Koja je TeoppdcKH nompbena Koppanhethem Hauler monena. 36or 

()nor ne,aocrama noTpe6HO je H Aarbe pa,a14T14 Ha ycaxpluaBaH,y monena 3a 
npnryunn4 ckanop Hail nenkimmtnio xpanaHnist 3Haom. 

9. 3a7c.ronu 

Y pa/1y je nemonc4pnpaHo xaxo ce meTorta acumnTo4cxor cnajama 
mco.Ke ycneumo flpNMe1414T14 3a ripoymamarbe 110TIlyHO paseHjenor Typ6ynen4Hor 
cfrpyjama u aalcolia Tpetba y ueanma. Kopmutemem noy3Aamix eiwnepvimen-
-familia no.aaTaxa aa nyTalby memafba y yHyTpamtbem 14 cnon,annhem cnojy, 

u. 
um 

0 

0, 
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CA.8. 3axoll Tpewa: Teop 	- nyna Ammja, eKcnepamenTu Nikuradse-a 
[3], [4] - HcapelmaaHa H3Aommea Ammja 

nimmeHa oHe meTone je omorytaina ao6Hjathe aHanwrwumx k3pa3a 3a 'cox- 
entry Bo (k.)14 ;loamy (kylnamjy wo(x), a HymeN44Km npopattylin cy acmenH 

oanwmor noxnanama Teomijmmx peaynTaTa ca excnepHmeHTHma, H mane, 
cy y rarrawy npojmniH 6p3mie H Rana je y rarramy 3aKoH Tpewa; TMMe je 
HOCTYWHyT OCHOBHM HMI pane, notraHmex y Yi:Jay - npeTuapaube nocTojehe 
nonyemrntpxjcxe TeopHje y er3aKTHy. Tom nmemmcom y pan je claopmHpaH 
nom! monen 3a npkwymmi cbaxTop Han xpanamm 3Hnom, jep ce monen Van 
Driest-a [2] Roan° HeaneimaTimm. 

HpHmeHa meTone acHmuroTcxor cnajama Hon ()nor npoonema cTpyjawa 
omorytHaa je Tatcohe na ce y party noTaxtm H nwrase onpehymawa anpoxcH-
malmja }miner pea. H3pagyHaTH cy camo OHM linaHOBil OBHX anpoEcHmautsja 
HojH ce Henocpeao jaBmajy y 3aaoHy neckewra 6p3mie H 3aHoHy Tpewa, 
rumanuo je na ce yTkinaj BHCKO3HOCTH Ha 3aHOH aectletera 6p3HHe nppt ymepetm 

BMCOHMM upenHocTxma 6poja Hmatco He moAce 3aHemapwrw 

IlocTmrHyTH pe3ynTaTH cy oxpa6pyjytH H najy Haay ,Ila ce meTona 
acHmitroTcxor cnajawa mome ycneumo npHmem4TH H 3a npopamyH nemo-
TepmHor cTpyjawa y ummma M npopamyH rpaHwmor cnoja. Taxote, OHM 

ya.3yjy Ha noTpe6y npeimmor meperba nyTawe memawa y ywerpaunbem cno-
jy Han xpanamim 3Knom, nomohy caepemeHe mepHe Texmixe, y ummy nepH-
clatmauHje monena 3a npmyunm $awrop Fon4 je y parry npennoweH. 
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V. D. Dordevid 

FULLY DEVELOPED TURBULENT FLOW AND THE FRICTION LAW 

IN PIPES VIA ASYMPTOTIC MATCHING 

Summary 

The method of asymptotic matching of inner and outer expansions is applied 
in the paper for the solution of fully developed turbulent flow in pipes. Precise mea-
surements of the mixing length in characteristic flow regions within the Prandtl's 
eddy viscosity model are used and exact analytic expressions for the constant Bo (k„) 
and the wake function w o (x) are obtained, with which the semiempirical theory, 
describing this problem until now, has been converted into the exact one. For the 
calculation of flow in the inner layer over a rough wall a new model for the damping 
factor is proposed, that differs from the Van Driest's one which turned out to be 
inadequate. Theoretical results obtained for velocity profiles, velocity defect law 
and the friction law show excellent agreement with experiments. The method of 
asymptotic matching also enabled discusion of some higher order effects. 
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rizac CCCLXXV Cpnoce auadawuje Haulm u ymernuocmu 

Ode.roeme mexnusuux uayua, wt. 31 - 1995. 
Glas CCCLXXV de l'Academie Sark des Sciences et des Arts, 

Classe des Sciences techniques, if 31 — 1995. 

P. TOMOB14T) 

HPYIHHYIHYI PATIA MAILIVIHA 

(IlpHHaaano Ha XIII cxyay Oaemema, 14. aeHem6pa 1993) 

Penponytuatja moTopimx x ranenewryamatx daymnatja xionexa nomohy 
maname npeameT je o614mHmx TeopmjcEmx H npannttamx mcrpaam4Hatha. Kao 
Kamm/want ca cTpaHe mamma, y o63mp nonase po6ont H pattynapH, onnoctio 
Teopmja ynpanmania H patiyHapcxe Hayxe. Teopmjexa ocHona OBHX manat-
Ha, Koja ompehyje nomeT H314X0DHX nepckopmancm, Haan' ce y maTemairmum 
H mexammim (aHanmaa, newropcxx npocropm, napmjaummat pamyH, Teopmja 
anropwrama H sup.) Orora, axo ce >Nein! Haytmo 3acHonaHa nmcxycktja o 
onHocy uonex-manata a He nenktme npeTeHartje Ha ocHony emmynatarje xpaj- 

orpatanienor allamaja, mopajy ce met -arrant yCJI0B11 Ha xojHMa notamajy 
maTemanttwe ocHone ayromada H pattyHapa. 

TeopHja ynpanmama H emeTema noname on npeTnotranxe na je moryhe 
cacTanktnt maTemanyttnat monen peamuor o6jewra Ha oCHOBy OHLUTLIX 3aKOHH-

TOCTH 411431,1Ke HaM xeypitcnncom. 3a Textmutcy npaxcy cy ort 3Ha4aja }my:te-
am Ha Jimmy mapattymmmnitx nonaTaxa. Hajornumjm maximum one npcTe cy 
jenHatame cTarta, Tj. onmc nytHammtucor noHatuan,a extrema nomohy Tpajex-
Topmja y newropcxom npotropy. MehyTiam, BA, ce Ha onome xopaxy janma-
jy xpynna orpaHmmen,a axo ce Teopmja cmcTema acenm nponatpkrni Ha o6jex-
Te Hemexatimtnce nimpone: nocnonite cmeTeme, yp6aHe cmeTeme, anpancTneme 
cmcreme, a Hapotano 6monoinxe npouece. TIocTanza ce, npe cnera, nprrame 
Hymepttnce MepmHBOcTH emit:a onaxmix o6jexaTa. 

Hymejanaca mepamocT cmcremcionz napHja6nm aanena ,t( a 6yny mcny-
Iberia aria ycnoBa. mono, na ce cxyn craiba extrema moxte ,no6po ypenlint H, 
npyro, na notrojm latamEanHa nojana lc* je2tto3Ha4aio npecamxana gape-helm 
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P. TOMOBIATI 

noncKyn peammx 6pojena Ha Koopm4HaTe cTarba. TexHumm4 rnenaHo, TO cy 
npeTnapaHm Ha Kojuma nommna ayTomanna H cue npcTe mepetha. /fox cy y 
4MCTO mexatimmemm cmcTemmma ycnonm Hymeputuce meNbmeocTm npomerubmnmx 
cTatba yrnanHom mcnytbeHm, KaKo ce vine on "Tnpamx" Ka "memmm" o6jexTuma 
cee mune eapmja6am m3mm4e o6jeKTmnHom npecmucanathy Ha cKyn peammx 
6pojena. Y nomon ce Tana y3mma mcKycTeo m cy6jewneme npouerie, a no 
m3pamcaja nona3e H epenHocHu cynonm. 

Ycnonu 3a ripmmeHy neKTopcxux npocTopa cy apyrm 6HTaH orparmHana-
jyhm cbaKTop 3a npmmefty aHanwriv-umx meTona monenmpaffia. Kao maTemaTm-
MEM eHTHTeT, mmeapHm BeKTOpCKM npocTop, K0311 je OCHOBa npocTopa CTalba, 

npentranma BMCOKO opraHm3onaH cxyn yHyTap Kora cy nelummcaHe onepaum-
je Han H,eronmm enemeHTmma ca cnojcznuma KomyTaumje, acoumjaumje, nmc-
Tpm6yumje, HynTMM H vmnep3Hmm HnaHoeuma. 3a nponmpeEbe npmmeHe maTe-
maTmmKmx monena Ha 6monouwe npouece noce6Ho je orpammelbe TO IBTO cy 
cna cTarba eeKTopcxor npocTopa eKBMBaJleHTHa Kao 1109eTHM yCJI0B14 ettony-
Ike TpajeKTopuja. flpeeeaeHo Ha je3mH npaxce, To 3Ha414 na cc npomnocT 
cmcTema mo>Ke can(eTM y TaHxy nexTopcKor npocTopa. IlpernocTanKa o eK1314- 
eanemmjm craaa. noenaHm Kao nocneamuy peeep3m6maHocT, Tj. na ce CMCTCM 
mowe epaTuTm y 614.no Koje npeTxoaeo cTaEbe, y ceojy npomnocT. Onaj ycnoe 
mcnyibanajy cmcTemm ca m36pmcmeom memopmjom, Ha npmmep pa4yHap, aox 
je memopmja opraHm3ama Hepa3aeojEm aeo Ebmxone ermeTemmje. OHM Ca 
ceaKom upomeHom npena3e y Hone, HenoHoeibmne, nomeTHe ycnone, Tax() na 
ce anoeo HoHamaffie mo)Ke camo npm6avDtwo or jeanatumama cTafba. 

Tpe6a yKa3aTH Ha jean() 3a1414M.114B0 3anaiKaFbe y Beak! ca monenmpaibem 
cvEcTema y eeKTopcKom npocTopy. )(Ka3aHo je Ha HmtbeHmuy ;la j e curl Koju My 
cnyum Kao nonnora BMCOKO oprammonaH. C npyre cTpaHe, 6monounm o6jexTH 
xopmcTe 3a moTopHy KoHTpony peclanexcHe mexamiame. Ca maTemaTmHxe Tamtce 

rnenvnuTa, pecbnexc je ampeKTHo npecnmKanaH,e ceH30pHe Ha moTopHy meMy. 
Mcnana na Hann/num o6nmum opraHm3oemba maTepmje xopncre 3a ynpambalbe 
HajenemeHTammje maTemaTionce onepaumje. 

Y notcymajy na ce pa3emje Kao OHUITM armful-Flo-Hai mficTpymenT, top-
manHa Teopmja CHCTM je Havunna Ha mHzepeHTHy npenpeKy KOjy HHje morna 
na caenana. Peg je 0 mynnummeH3moHanH0cTm. lIpmmep cy ynpano 
0.TIOILIKI4 CMCTeMM. Konvenma ceH3opHmx noaaTaKa KOjH CTM)Ky ackepeHTHum 
nyTennMa je Tam) o6vEmHa Aa je yripanmaAte y peanHom npemeHy Hemorytie 
ocTeapunt 6e3 emmeHmnocKe xmjepapxvijcxe CTpylcrype. To je cnymaj ca cum-
ma T3B. Be.7114KI4M cucTemmma. Y 143y3eTHOM ITOKylIlajy aa Teopmjy CI4CTM 
nponmpm Ha nenvme cHcTeMe, M. Mecaponmh je, y cTeapm, noxa3ao aa je 
maTemaTumxo monenmpame BMIlleHMBOCHMX ynpaezaHxmx cTpyKTypa y Ream-
TMTaTI4BHOM norneay HeMoryhe [1]. 3a one cnpxe noTpe6aH je je3pn< Hojvt 
mma ceojcTea onmcmnatba peanHvx O6JeKaTa Ha mime cTymbena ancTpaKuuje. 
To je 3a cana camo myncxvi je3mx EcoM je, neponaTfio, m cam npom3non 
UleHMBOCKe opraHm3aumje cnora cyncTpaTa. (DopmanHa TeopHja ynpanaiarba 

y cTalby Aa o6jactim tlyitectie MOPyIIHOCTM camooprammonaiba maxpo- 
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monexyna HHTH camooprammosaHo HacTajame ndepapxmjcmix yripaematumx 
cTpywrypa Koje Roopmmxpajy pan xwbana H xxmana perynauHoma nernm. 

Hanpenax po6oTmce Tpe6a Taxobe nocmaTpaTm ca 11e011X0JAHOM xpm-
Tmtmomhy. 143mehy oHora 111TO je ocTnapeHo TeXHHKOM H efiymamonanHmx 
noxpeTa )141413HX 6Hha neHm orpomaH ja3. 3a cane ce He mum moryhHocT na 
ce nomoty aHamerrmtme Teopmje ynpaematba nocTmrHe cnoaceHocT moTopHmx 
a1<THEIHOCTI3 &HBO maTepmje, noce6Ho y Hoopmmarmjm BHA-noxpeT. AyT0110M-

Ha Bomna ca patiyHapcxom emamjom Hmcy yorunTe y cTaisy na ce xpehy y 
npmponHom am6mjeHTy. AHanHammxa Teopmja ynpaematha HeMa moryhHocTm 
na o6jacm4 Hertymemunce npouece ycmepanaH)a neTa, peummo nmene, meHor 
3 aycianzatba Ha canwrnmnicH noemmumma 14 nmecynn,mba xpaHe cnoncem4m 
mmxpormxpeTmma. Mitum ce na he 3a oee cepxe 6mTm HeoruconHo nponpeTm y 
cyurnmy opraHm3aumje Hepimmx Mpea<a ycmepeHmx xa ckyaHjyt ceH3opHmx no-
naTaxa H FbHX0HOM npecnincanarby Ha rumpeTe, Te Ha Toj OCHOBH m3rpansTm 
HeananHTmtmy Teopmjy ynpanzarba. 

Ontioc monex-manma Ha imam, moTopHe xonTpone moryhe je Teopmjcxm 
carnenaTm Ha ,/(013016H0 npeum3aH H3.1414H H Tam 111)0HHICHyTH y orpaummerna 
mannurcmix pemen.a. Karla je pem o ayTomaTH3aumjm HHTenexTyanmix ax-
T1413110CT14, ymema, EorHHTmeumm nponecmma, pemaeamy npo6nema, TeopHjcxa 
cTpaHa onHoca monex-maunma je m3y3eTHo cnoncena. Ty ce cpehemo ca oc-
HOMIHM nwraH3mma Heypo6monormje memopmje H ymema me ce yHyTap cTpyEe 
minnmerna 3HaTH0 pa3Hna3e a mHore nojaBe Cy join Hepa3jauntene. Hpmmepa 
panty, HaBOaMMO 'rpm perme3eHTanume noMminnije ymema xaxo nX 1114,1(e KC-

Tam-1nm Heypo6mono3m: "YMeae je npouec Hon ,' ce mcnomaea eau-max-
Hm npomeHama minmemayanHor noHamatha Tao pesynTaT mcKycTna" (Thorpe, 
1956), "Ymethe je pa3Boj on3mea Ha orpaHmmeHe acnewre OKOJII4He"  (Maier, 
Scheneirla, 1964), "Ymmue je penaTmem ycTan,eHa npomeHa noHaumma xao 
pe3ynTaT mcxycrea" (Tarpy, 1975). Be3 o63Hpa Ha 03611ThHe pa3nmxe y Ty-
mamerby ymema mmehy Heypo6monora, aajenHmtum Harnacax je Ha nojmoemma 
"Hanmemnya" H "HCKyCT130 "  HacynpoT HacnenHom mcxyany epcTe. 

HomeHyT je oninTH nojaM yttema. OH ce, mehyTmm, pa3nance Ha cnojese 
npocTkijmx Hepmmx npoueca cm no monexynapHe Heypo6monormje H Heypo6m-
onormje memopHje. Hpema Tome, axo ce >Hem{ Harm) HopeETHo pa3ronapaTm 
o ymmby mamma, noroTono 0 miTenmemmjH paMyHapa, nom ycnoe je na ce 
Ha3Hamm o Home mmoy Hormurmimmx nponeca je pem. Hma ce noHexan yTmcax 
na nojemmum o6paaoBaHH y pamyHapcimm Hayxama rosope nimmunto onaxo 
o 6monounmm nojaeama 6e3 yemna y cey cnoaceHocT 6140XeMIljeK14X ocHona 

memopmje H yMena. Kama ce TO j0111 ynpocTm panes HypHammenummx noTpe-
6a x mume npomonmje, Haytmo Henoxa3aHe Tepathe H napaHaymm excnepm-
MeHT14 H3HOCe ce 118,0 eemma nocTHrHyha. CTeaparbe naHaimx nepcnexTmna, 
y jaimocTm je ny6oxo urreTHa cTeap, 110POT0130 al10 ce y Te cepxe Eopmcm 
yrnen Hayxe. 

ilomeT ayTomannaumje HHTenexTyammx npoueca mome ce, axo He no 
xpaja cTporo pemHTH, 6apeM Haytmo HopetaHo nocTaemTH. Homo je He- 

V
ir

tu
al

 L
ib

ra
ry

 o
f 

F
ac

ul
ty

 o
f 

M
at

he
m

at
ic

s 
- 

U
ni

ve
rs

it
y 

of
 B

el
gr

ad
e

el
ib

ra
ry

.m
at

f.
bg

.a
c.

rs



150 
	

P. Tomoanh 

ocnopHo na cy pa4y/Hap/1 malumHe 3a ayromaTcxy peanH3auvijy anroprrrama, 
rtomeT maunmra mance ce orieHHTH aomeTom anropwrama. CTora je npaHo 
Tame aa sur ce Nomura-14mm npouecri, H y xpaja.oj nriHrijrs cnecT, mory CBeCTI4 

Ha anropinme. (PyrtriamewranHa pa3mpaursawa o 03I4M nwrawirma nojamitria 
cy ce y Be3 ,' ca 3actirmarbem Temema maTemanwe H pa3Boja maTemaTwrxe, 
norme. Hpema Tome, axo ce >Heim carneaam iromeT anropwramcnix npoue-
aypa, Tpe6a nodes on noBoaa KO3N cy aorienri no Tora aa ce ortaj KomienT 
yneae y maTemaTHxy. 

clwrarbe anropwramcnt peancrinx aariaTaxa nocTaBMo je join Xrin6epT y 
cDoja no3HaTa 23 npo6neMa oa 3Ha4iaja 3a pa3noj maTemaTme Ha napricKom 
crieTcHom xonrpecy maTemammapa 1900 roarre. _deceTM npo6nem oairocH ce 
Ha anropwramcny peumBocT. ripe °Erica npo6nema, Tpe6a HasecTM aeckinDt-
iwny anropinma. 3a Hanle noTpe6e aorionwto jy je ,IIaTM y OHMCHOM 'may. 
HaHorie ce camo rnar3He napawreprmTHxe anropwramcne nponeaype: anropm-
Tam ce saaaje EoHatnnim HM3OM HHcTpro.urja, notrojrt patiyHcxo cpeacTrio KO- 

je 143130/114 MEICTpyR1114ie, nocTojir memopmjcm HarraincreT 3a tryname noaaTaxa, 
H3pagyHanarse je aeTepmmiricaHo. Xmn6epTon neceTM npo6nem rnacH: 

"14craminawe pelurtnocTH Hem awmpaHToecHejeaHamrme. 3a aaTy Arlo-
cpawroucxy jeariammiy ca 611710 icojfrim 6pOjeM Her103HaTI4X BeJ114 1414Ha 14 ca 
parmoHaarnim Heno6pon-mm HoecimuwjenTrima M3MMCJIMTM nocTynax Ko-
ji/1m ce monw oanymyrrin, RopricTehm xoiramaH 6poj onepanirja, lift J114 Ta 
jeariatirma Hma HRH Hema Heno6pojmrx pernewa." 

Y TO npeme, ircTion, anropwram Ham maTemaTritim nojam Hwje nocTajao 
mut je otieHrulHo aa, ce o Taxsom nocTyrricy panic Tex 1970. je aoxa3aHo 
aa Taxan anropwram He nocTojw Itpyrrim pemirma, H Ha nnally maTemaTruce 
nocToje anropriTamciwt ireperurnm 3artauri. HHave, maTemaTHLIKH nojam anro-
pHTMa nojaHHo ce Tpwaecemx roakma y Bent ca nporraHarbem pen/pawn-nix 
(kyritrHja 14 etexTrunte H3paNyHMI4BOCT14. 

-3a pa3noj palryHapa airatrajmr cy paaomr eHrnecxor maTemaTwrapa 
A. TypriHra. Banehri ce nwramem ecklarnme ropagywnwmocTH, OH je pa3- 
maTpao Kano Tpe6a aa Harneaa cTpyxTypa ancTpanTrior ayTomaTa 3a peanH-
3aurdy anropwrma. Tax° je acauao a° no3HaTe TypMnroBe marume. Hoxa,3ano 
ce lift ce npo6neM anropwramcne peullimocTH calla nojammyje y HOBOM 'may 
anir ocTaje oneT 6e3 oaroHopa. HaHme, Hon anropwramcnri Hepeumnor 3a-
aaTxa marnma ce Hehe mina 3ayeTaHHTH, a To ce He monce anropmTamcnt 
oanytarrw Taxo je nwrawe wrap-nu:mita 3amemeHo npo6nemom saycTann3a-
rba. Kao 110314T14BBH peaynTaT OBHX maTemamtwirx mcTpaawmarba OCTBAH Cy 

aoxa31.1 Ala cy anropwramcm cHcTemx, xnaca pexypsmsHrix tyHxilmja H eclwx-
THEIHO m3palryHawasirx 3aaaTaKa mehyco6Ho BICBMBalleHTH14. 

PaMyHapH cepmjcxe apxwrewrype cy TexHwirca peanmarmja anropH-
Tamcmx npoireasypa. Be3 o63Hpa Ha TexHmwa ycarronanaita, no6ommarba 
aparrewrype, panoj aeurrattxxx jesmaki tnexcH6warmjxx aaropwrama, 
xona, y1114Hep3aHHOCT He ripenaan yripmep3anHocT TypxHroBe mane. fbH-
xoHe aomeTe Tpe6a nponeit,HeaTH ca Te apame. HapaBHo, He roBopmmo 0 

V
ir

tu
al

 L
ib

ra
ry

 o
f 

F
ac

ul
ty

 o
f 

M
at

he
m

at
ic

s 
- 

U
ni

ve
rs

it
y 

of
 B

el
gr

ad
e

el
ib

ra
ry

.m
at

f.
bg

.a
c.

rs



papa manimna 	 151 

6p3mmm pan Koja je sa Haute noTpe6e maprmHannm mpwrepmjym. Hcnima, 
6p3HHa papa y cnojy ca anropmmaTcxmm ynpanmathem omoryhyje npmmeme 
me maunnla mmme /La moHxypmute monexy Ha mHTenemTyanttom rummy, pawn) 
mrpame maxa. Ann yrtpano Ha ()Home npFtmepy ce nmae 4)yartameHTanme pa3- 
nynce. Cnaxm mrpam cTeapa CBOJ maamnmayantim nprina3 mrpm 3r3 ywemhe CBHX 

cnojena HOCHHTHBHHX aKTMBHOCTH, BOK mannata ca 3Hamem yonema npeHeTMM 
npemo anropwrama mcninyje Heynopeamuo nehoM 6p3mn0m orpomam 6poj on-
nmja. Tamo rneaano, tlynmo 3ny4e TspnIse na ypebaj ca no3ajmmemmm sman-
jem, 6e3 camocTanne cnoco6HocTm na ra pa3nmja, Haamantyje °Elora TBopua. 
floacemmo ce na je 3a Heypo6monore muxepenTan aTpH6yT yHen,a rienthe 
RIBMOT 41atropa H mcmyczna. 

Y npnome nepHoity pa3noja pa4ynapa cepMjcxe manntHe cy 6une no-
mymanTme. llapanenmsam ce nocTeneHo pasnMjao, anm je cyruTmna apxmTem-
Type ocTana mcTa. 143BaHpeaaH Hanpeaam TexHonormje omoryhmo je rpahy 
paqyHapa na nplinumny HOlieHTHHHOCTH. EJIBMBHTH OBYTX MaMUM cy CTOTHHe, 

xma,aae, cnojenkrro pacnopeVeHmx tinopona mojm maaa yna3 npebe aaTlel npar, 
aajy a3na3 "Lorne" y HajnpocTmjem cnymajy. CBaKH 'mop je none3am ne3a-
Ma mmjm ce Temumcm4 c,bamTopm meibajy ca CBI4M mnoponmma cneaeher cno-
ja. KOHeKTHBHOCT onamo opralanomaHor patlynapa noaceha aocTa 6neno Ha 
KOHBKTHHHOCT FIBBBITOr cmcTema, HITO je nano nonoaa na ce ymeae He 6am 
aaexmaTan Tepmmn Heypanne mpeHce. 

Ana cy Hatmura mamo ce Heypanne mpe>me npmnpemajy 3a o6paay ynasa: 
ca micTpywropom H 6e3 itera. Tmnwma ynoTpe6a mpeace je 3a pacno3ma-
name o6nmma. Ha yna3 ce aonoam on moHema m3a6pan o6y9anajyhm cxyn 
o6nytma, na micTpywrop memamem Temcmmcmmx 4)aKTopa Beaa 143meVy tinopona 
mknimminmpa pa3nmmy m3na3-yna3. Taio ce nomohy KOHBKTHBITOCTH naMTH 
penpe3eHTaumja o6nmma mojm Tpe6a pa3nmmonaTm oa apyre mace Orypa. 
Onamne pee HMajy, /lame, yrpaheHo cnojcno aconmjaTmr3HocTm. One 
rpyranny nonomno cpoame o6nmme y jenny mnacy. Ca maTemaTmgme cTpame 
Ty HeMa Hmma Honor. Paam ce o Taxo3naumm cToxacTmtimmm anpomcmmaum-
jama moje ce tumpomo gopyttre y onTmmm3mpan.y HeaeTepmmamcnnixmx npone-
ca. Ilpm Tome ynem ocTaje ocHontia Temicoha onora npmna3a. Hamme, Hyde 
moryhe yrnpasTm aa, nkt ce panH camo o nomanmom minimmymy mnm rn06anHom 
emapemymy. 

KonexTmnnocT pagyHapa je mcxopmnthema 3a cmmynauxjy T3B. Hebb-
()nor npFnumna. I1icTpaHcm3a4 yHelha 6monolummx cmcTema, Hebb je y  KH-

jM3M "Opramnanmja nomatuatha" (1949) ckopmynmcao nocTynaT na ce Ha-
jmmam4 o6nmum yHetha — mettaffie OCBTMHBOCTH cmHancm — mory o6jactrwrm 
cneaehmm mexan43mom: "Kaaa amcou henmje A 6.nm3am umnoy emcwraunje 
henmje B y3acTonHo M 6e3 npemmaa je amTmompa, oapeVeHm nportec pacTa 
HAM meTa6onw-tmmx npomeHa ce ouirpana y je4HOj mnm o6aane henmje Te 
ce nonehana e4mmacHocT awriumpaiba henmje A Ha B". Onaj mexammam ce 
mmme anropwramcmm cmmynmpant Ha pattyHapy noBehanamem Temanwmor 
To p a m3mety aria mcTonpememo amTmnria HeypoHa. MehyTmm, neypo6monontma 
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HcTpawymalba Carew-a in up. (1984) noxa3ana cy /la nocTynaT Hebb-a HHje 

HI1 noTpe6aH HI4 BOBOTbaH 37C710B Aa o6jacm4 yCJI0BH14 MOTOpH14 pe4)nexc 103,4 

mopcxor nywa annH3Hje. Y Teximmxoj npaKcH npHmella ouora npinumna mlje 
Havanna Ha lumpy npHmeHy. 

Ilperaen TeopmjcHmx ocHoua ayTomaTa 1 ,1 pamyHapa omoryhyje Aa ce 

HaymHo 3acHoHatio Hcingrajy 11314X0B14 )10MeT14 y nopeterby ca 61407101111(14M CMC-

Temvima. 143 ropier npernena mory ce H3nyhin cnenehH 3axwymum: 

1. E$eKTMBHHX ckopmanmix meTona 3a ynpaumaH,e xydepapxvijC1414 cTpyx-
Tyxpamtm o6jeETHma HeMa HMT14 ce MOry 3acHOBaTM Ha OBC1i OCHOB14. 

2. T3B. MallIMHCK0 ymewe H 61407101.111(14 3aCH0BaHO ymewe nee cy 110T1WHO 

painwmTe truappl. Cue npHmeHe pamyHapa onpebyjy ce cnoma anropwram-
cimm nyTem mime cy onpebeHe 1.4 rpamme H,ermmx neprilopmaHcH. 

3. 4IB0p0B14 T3B. pamynapcHe HeypanHe mpewe H 6Honounce mmance 

cnwme cy camo y norneny nparomor 077314Ba. HepBHa henHja o6anma, y 
cTBapM, mecT tymomja. Yna3Hy, nplimajytm yna3He cHrHane eneuTpwme 

XCMIIIC7CC nowone. PIHTerpaTunny, 110111TO HHTerpanx M o6pabyje yza3. 
Ilipoucomy, npeHomelbem HHTerpHcalle mupopmaumje Ha naammy. H3na3Hy, 
caamem nouaTaHa ApyrHm henHjama, etexTopHma x opraHHma. PamyHapcHy, 
Hpecnimaumbem jenHor Tkma Hmbopmaimje y Apyrm H , Haj3aA, oHa o6anma 
ynory mcrepHe penpe3eHTauMje cnommix norabaja. 

4. Cu13 noxymajm penponymmje camoopraHH3almje Ha pamyHapHma oc-
Tam.4 cy y Tplumjanumm mompHma, /la He cnommbemo name o6mme )E14}30Ta. 

rOpthe 141411,e141411e o6jaunbauajy ckyilnameHTanHy Avinemy onHoca maum-
Ha-moueH. 3a ca/.a HenpemocTime pa3mme y KOEHMTVIBHAM nomeTHma maunme 
1.4 moueHa mory na nerve y camom TeMemy amxoue 3rpaAe, y cyncTpaTy. Eon 
manneme, cyncTpaT cy Tanacm4 06nim, Jame, ckymomje y maTemaTHmHom 
cmincny peMH. Y 6Honormjn, cyncTpaT cy maKpomonexyam, a ynpauma ce 
npomeHom Eoinimrypaumja 11 cnajamem aHT14BHMX cTepeocTpyHTypa. CTora 
je 3a caua Heonpaunano r0BOpHTM 0 mammal Kao KOFHMTHBHOM cHcTemy y 
6Honon.mom cmlicay pemw Ha wanocT, maw H meby cTpymbalmma Lima y 
Tome norneAy M1101'0 HeOCHOBaHMX TH13)114,14 PI MPICTIV:0141(a1114ja, Hapomwro Tep- 
mmonommx. OBaKBa HeTynatba mory Aa cnywe Apyrkim upubeimma, anti 
napallayHa je onacHo cpencTno na ce pymH yrnen HayKe yuommo °Ha hyTH 
npeu TaKI314M nojauama. V
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R. Tomovid 

PRINCIPLES OF OPERATION OF MACHINES 

Summary 

Robots carry out functional movements of man, while computers solve prob-
lems set up by algorithms. In order to see more clearly to what extent machines 
can replace man in problems mentioned above, the author discusses the theoretical 
foundations upon which the operations of robots and computers rest. Thus it is 
possible to evaluate more objectively the scopes of those devices with respect to 
man. 
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/sac CCCLXXV Cpncue auademuje uayua u ymernuocmu 
Odeauelbe meruusuux nayua, mu. 31 - 1995. 

Clas CCCLXXV de l'Acadeznie Serbe des Sciences et des Arts, 
Classe des Sciences techniques, Arg 31 - 1995. 

M. BYKOBPATOBHI, B. KAPAH 

EKCITEPPIMEHTH C TIPHMEHOM (I)A3li JIOPYIKE 

Y YHPABJbAl-bY POBOTA Y3 KOPHLIThElbE .IIVIHAMVP-IKE 

KOMBEH3ALIHJE HA BA3H MOIIEJIA 

(HpHMmeuo Ha XIV cuyny Quemema, 28. Aeuem6pa 1993) 

Pad onucyje cumynaquoue ewcnepumenme npahelza npocmopnux mpajegmopujo 
nomohy po6oma ya xu6pudnu npucmyn cunmeau ynpactibaza y KOMC ce Ko.m6unyjy mpadu-
quonasne ynpoeibource mexnuee seer-weal-se na Kopmahemy modena c mexnuocom ynpa-
&Amon sacuoecluo.0 na woputuheley 6 a3u(fuzzy) .40214KC. Kom6unoecom stemod je passu-
jen Icao elccmenauja mpaduquoucinue deuerimpanu3osaue ynpatzmwoce cxeme aacnosone 
Ha modeny, dodasamem nodemaeava c Oaau sozukom aa modupechease napamemapa 
cepao-Konmpodepa 32.40608a po6oma. Cum yeaquonu excnepumenmu cnposedenu no UN-

dycmpujocom po6omy ca wecm cmenenu cdo6ode nomapkijy nocodnocm memodo aacno-
eanux na 0030.402mo 30 no6artucnbe nepOopseancu po6omceoz ynpaefeaswoz cucmesa. 

1. Yeod 

TpaammoHanHo, ynpasibamxvt cvicTem mammynauvtormx po6oTa npojeK-
Tyje ce Kao iteueffrpanx3oHanm cmcTem, Kon4 ce cacTojm 143 cxyna noRammix 
PID (proportional-integral-derivative) perynaTopa c HommanHxm ynpanmatumm 
atrHanmma itojvt ce mpaviyHanajy Ha OCHOHy AHHammKe HOMHHLTIHOP po-

6oTcKor mo,aena. Y CBOM HajjeaHocTaaHnjem o6nxxy, ()name ynpaHmavnce 
cxeme cacToje ce 143 noxammx cepno-cxtrema 3aTHopeHxx oxo xtunnmay-
&minx 3rno6oHa po6oTa. HaKo EopmurheH Eoa nehme caspemexxx nomep-
nxjammx po6oTa, onaj npwra3 noRa3yje ce 3aJIonomaBajyhwM jemnro npx 
no3vnwoHom ynpaBmamy H npahemy cnopmx Tpajewropxja. Y cnyviajy 6p-

311X Tpajetcropmj a, onaKno jextocTanHo ynpanmame He norm= ce zo600 36or 
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156 	 M. Bymo6paToamh, B. Kapam 

e$eKaTa nmamwmor cripeoarba nomeby oca 3rno6oua po6oTa H 36or Toro cy 
pannwurre ynpannwme cxeme npennoxieHe c uwmeM no ce canape HomneH-
3amja ,armamwamx eckenTa [1]. 3ajerunp4Eo 3a cue oee ynparabauxe cxeme je 
yecrbeme nonaTimx norwaTimx cnpera Hametheretx 3a HomneHooearbe Henme-
apwrx npomeHa y KHHKMHBKHM crinama cnpeown. Him TOM, 3a onpebmarbe 
upenHocTH rumamwmix num, Ha pacnonararby cy ABa OCHOBHK meTona: curie 
mory no ce mpamyeanjy Homunhewem rurrepHor monena rumamme p060-
To, Hnir no ce mepe nomohy cemopa. Metrrnm, o6e apaTerrne nocenyjy 
o36Hame Hence-m.11<e. Thurammwor monen mowe na nocTan noma cnowen 
CHCTCM HenmeapHmx nwiwpemunammx jenHawma [2] H OH je yeetc morn rum 
mune anpoEcirmaumja peannor po6oTa. C npyre apaHe, Homnutethe ceHoopa 
clime y 3rno6onma po6oTa 06w4H0 3arreaa noce6Ho npojewrouathe 3rno6ona 
H HCTOBPCMCHO cmonea apywrypHy EpyTocT po6oTcEe pyxe: cem3op cHne 
nonma ce Ka0 enacTwrim tulan CI4CTM Hojrc mowce na nosene no necTa6Hn-
HOCTM y ynpaerbarHy. 

HoTewurjanHo mormy anTepHaTHey 3a pernearbe npoonema HomnneE-
CHOCTI4 H nerwyonaHoarimonena mory Aa npyme Texwme anpoEcirmanumor 
peoomearn H ynpaurbarba oacrionaHor Ha malty. Ha OBOM Homy Hapa-
uureawa orpoMHy nonynapHocT n06wrm cy TOKOM nocnerme nexane Eowrpo-
nein, c (non normom (FLC - fuzzy logic controller) [4]. Behma noymarramix 
cxema FLC cnerm ocHony apywrypy yaafrourbeHy on apaHe Mamnalmja 
[5]. Je3rpo on cTpywrype 414HH 6a3a npanna 41/04 enemeHTH cy mmrertc-
Twin ynpaerbama npanna Rojo, 3a carraj jerurocTanor FLC ca ;ma yna3a 
- rpernom e H 6p3HHom npoMeHe rpeume Ae, Eao H jernurm H3na3om- 6p3mom 
npomeHe ynparobwmor cHrHana Au, no6Hjajy o6nHE 

Hpaneno r: axo eaurrx 

E je Er  H AE je Akr  

own 4:10PMHPKTH H3KK3 Tam na BKAKI 

AU je 

npir memy cy E, AE H AU (k314 cKynoBM KojH onroeapajy yna3m/mna3mm 
cerHarmma EoHTponepa, ;lox na6ene Er, AEr  H AU,. ouramanjy $HKCHe 
RHHCBHCTHMKK BpCKHOCTH (no IUTO cy "mane", "maims!" wrn) Hole ce 
penpe3eHTyjy ripen) (nom cxynoBa. Hpanna mory na 6yny cTaTwura (Tj. 
yHanpen (pmcpwarra) rum rumamwma: Enacwum npumep runramwmor FLC 
je camoopramnyjyhm HoHTponep (SOC - self-organizing controller) y Home ce 
cHyn 49a3H meTa-npanna 'ovum! 3a monvichmonwe ynpaernmEux nparmna 
yo6H4ajeHor FLC. 

Recoil je ny6amosaHo mune panon Ha TM ynpaemain C cpuoir norm-
ROM y po6oTiim. JeAan ()Anima noxymaja Hanparrerm cy Nflownom, Lliap(p 
H Mamnarm [7]. Ow4 ayTopm epunum cy HH3 eEcnepHmeHaTa c po6oTcHom 

V
ir

tu
al

 L
ib

ra
ry

 o
f 

F
ac

ul
ty

 o
f 

M
at

he
m

at
ic

s 
- 

U
ni

ve
rs

it
y 

of
 B

el
gr

ad
e

el
ib

ra
ry

.m
at

f.
bg

.a
c.

rs



EacriepumeoTH C nuonmerrom 4M.314 JIOCIThe y yripao.rparby po6oTa 
	

157 

pyHom y Hojoj Cy Ana 3rno6a (paMeHH H naHaTHH 3rn06, Hon Hojxx ce ja-
Bma Hajeeha eappljaumj a momewra HHepuHje) ynpaen,aHH npexo flea Heaarnw-
Ha SOC. TexcxajT H Inapt [8] cy Telco he eprumnrt excnepHmeirre ca npmmeHom 
SOC y ynpaeaaa.y inureapHor extrema apyror pena, Hojli je penpe3eirroeao 
nperrocHy ckyHmady moTopa Cje,nHocMepROM cTpyjom H orrepehema. HDH-

X01314 excnepHmeHTH noica3ann cy na je SOC Hmao 3anonomanajyhe neipop-
mance, 6ome y onnocy Ha neinkopmaxce PID Howrponepa. 

01314 H npyrir vannenjanffir panoem y Honrma je noxymalio na ce ynpa-
Bma marninynaurtolmm p06omma roweHrno nomohy FLC yHa3anki cy Ha nee 
melte rpyne npo6nema. IThey rpyny maHrel9ecTyje oncytreo onroeapajyhmx 
aHanwrwrErix epentraea aa cHwre3y ynpaemaarna, Tj. cenexurdy napameTa-
pa FLC (will immurjamnrx epenHocTH napameTapa y enymajy SOC). Apy-
ro, nomohy o6HmHxx FLC cxema otreapHne cy ce uepct•opmauce enware frum 
He3HaTHO 6onpe y 04110Cy Ha npocTe PID cxeme. 36or Tora, monce ce ()mem-
Ham na ce Hoprauheffiem npocror FLC He mory Ao6wTH 3anoeozaeajyhe nep-
'FopMance y cnoxcermjem pO6OTCKHM 3anauirma, xao IHTO je upaheme Tpajex-
TopHja. llojaea 01314X npo6neMa mome nememinmo na ce o6jacHH HH/beHH-

110M aa cy paHH panoem 6Hart npwMapHo cHonnewrpHcarat Ha nemoucTpant 
morytHocm meTona 3acHonamtx Ha cba314 normal ;la ce e$eKTHBHO H36ope C 
npo6nemmma HemmeapHor ynpaen,area 6e3 noTpe6e 3a Tatumm maTemannumm 
monenmpathem HoHaTonmanor extrema. 36or Tora je 6Haa yneHommo no-
muffle. ynora yllanpen pacnononamor maTemannacor 3Hatha y cwryarmjama 
Han je nrmaminca cHtrema neTepmmmtrwma, nom pa3eHjemx ynpasarnatnua 
TexHHHa 3acHoearntx Ha HopHuthemy marten& 

Jamx cnoj H3Meby FLC H emit/kap/Him ynpammatmmx Mellon lac-Teepee 
je y cxemx npennoaceHoj on ctpaHe Ilatetracam HanaHHHononynoca [9], 'co* 
cy yHa3aart Ha moryhHocT xopllmhewa FLC Hao enenepTHor extrema 3a Ono 
noneuramarbe PID-ynpammaita. CrarraH npmcryn nprimeHrum cy Ha po6oTcHo 
ynpaemafbe lionoexh H 111exanaT [10]. 

Th3oHmeocHa xydepapxrda, y Hojoj ce exenepTHH CHCTM Hoplicm 3a 
nonenneathe ynpaen.ama Ha tartcem xHjepapxmjcHom Hmeoy, moxce ,aa aoBeae 
no npx6runHariama npmna3a 3acHosamn Ha cl)a3H normum Hnacrynimm TexHHHa-
ma crrre3e ynpaemarsa, anH oHa y 0e1101314 He pentane, npoonem cna6xx nep-
cpopmaHcm. Olio yKa3yje na TO ;La 3Harbe Hoje je Ha pacnonararby o maTema-
THMHOM moneny nytHamrwe po6oTa He 6H Tpe6ano Ja ce xrHoprnue. BeoMa 
Beam° je na OBO 3Harbe moHce ;la ce HCKOpHCTH 3a cm/melte HenmeapHor am-
Hammtwor cnpe3area mmehy noacMcTeMa 3rno6oea po6oTa. Ha Taj 
OHO IUTO je notcemno je xpi6pHAHH nplitryn, y Home 6H ce Hom6HHoeane npen-
HOCTI4 ynpaen)atha c cka3H normom H ynpaeman,a 3acHoeaHor Ha moneny. 

OcHoBHa Hneja xH6pHnHor nprina3a cacTon4 ce y Hoppnuheffiy 3anono-
manajyhe anpoHcxmaumje po6oTcHor Amiammmxor monena y ummy cmathetha 
nymammtwor cnpe3an,a romehy 3rno6oea po6oTa 14 name y HcHopmilherey 
xeyprreTHHe 3acHoeane Ha 43a3H normut no e4)eHTHor cpentrea 3a o6pany 
e'FeKaTa HeF10/(p1413eHLIX on crpame ycnojeaor anpiaccmm a TMBHOP moaena. Cam- 
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timy Hnejy ckopmynmcanH cy ne emnaa H MexekapnejH [11], Hojx4 cy TeCT14- 

paam HoHnenT Ep03 mmynaumjy ABOCeiMeHTNOC po6oTa, npm memy cy npeT-
HocTaHmnm mneanHy etinmacHocT rno6anme HenpmeapHe nonpaTHe cnpere Ha 
Hprxem Jimmy. 36or Tora, nmHamma po6oTa y Hal4X0BOM patty je anpoxemmkr-
paHa npexo cxyna noncmcTema 3rno6oHa xonnx je cHam monenmpaH Rao 
CI4CTM npyror pen c Heno3Hamm nopemehajmma mna y6p3arba. 

	sp. 

FLC  

KG 

AKp, A/CD , At!  

AuG  

Aq, t14 Au 
K KD.  K P ' D 

uo  

Cm 1. Xm6pmmma ynpaan,atma cxema 

Y OHOM patty, nepqmpmaHce npenno>xeHor xli6pkinHor npkina3a amanm-
31/Tame cy Ha HomnneTHom moneny po6oTa ca inecT cTeneHm cno6one. Hame-
Ha °nor HcTpaxyrnampa je nHocTpyxa. Hpno, nemoHcTpmpaHa cy °Hera/maim 
no6onmarba y ynpanmarby. llpyro, nonjenHaxo HawaH acnexT ()nor pana je 
nwrame HmHoa no xora je moryhe na ce nojenHocTarni HHTepuH monen po6oTa 
aHrawoHamem c.runKeHmjer cepnoa c cim.3m normEom. 3aTo, npyrm Lima cacTojm 
ce y mcHmTmeaFby moryhytx cmmunHelwxanHja y TpanmumoHanHom ynparubamy 
y3 3anp>xasarbe 14CTOF Hin3oa xsaamTeTa ynpanama. 

2. Xu6pudnu npucmyn 

Xm6pHaHa cxema je excTeH3Hja neueHTpanynonalle ynpaHmaince cTpyx-
Type 14 cacTojm ce 143 cxyna noncmcTema 3aTHopeHmx oxo nojenimmx 3rno6oHa 
po6oTa. CBaEH on noncucTema catanbaHajy nHe RomnoHeHTe: TpanmuktoHan-
Hm KortTponep 3acmonam Ha moneny H onnwHanHH noneummatt 3acHoHatt Ha 
cba3H aorkam (H. cm 1). Yna3m 3a i-TH noncHcTem, i = 1,... ,n, rile  je n 
6poj aETHHHHX 3ra060Ba, jecy HOMI4HaJIH14 ynpaHmamxm cHrHan T103H-

umoma rpeunta y 3rno6y akqi H 6p3PuicHa rpeuma y 3rno6y A4j. HommHan 
nio ce mapagyHana 3a sanaTy TpajexTopHjy Ha ocHoey HuTepHor monena 414- 

mammxe po6oTa, a nojaHama noxanHor PID cepHoa ce cmHTeTm3yjy Taxo na ce 
cTa6mm3yje cao6onim (pacnperuyTM) noncmcTem. Y caymajeomma Rana ce 
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3axTeBa BHCOKa Ta4HOCT npal tlelta 6p3Mx TpajeKTOpnja, MOryhe je Aa Ce Ao-

➢.a rn06anHa noBpaTHa neTma (nyHa 1XHHaMH4xa KOMneH3arwja), npM 4eMy ce 

rno6annr4 HOB paTHH CMPHan 4)OpMMpa Ha OCHOBy nspa4y HaTe nnn H3Mepele 

JleeMjallnje AxxaMHMKor MOM eHTa 4r; KojM Aenyje Ha 3rn06. dame npo4lnll>a-

BaI6e yBoAH nonelnaBav Ha BnmeM ynpaBma4KoM HMBOy KojH je HaMelteH 3a 
4l4n0 noARmaname noja4alba TpaJIMUMOHaJIHOF KoHTponepa. Hoaemanav je 

CTpyKTypMpaH Ka0 Konxporlep C (pa3M JIOPHKOM KOjll npaTM KapaETep MCTHKe 

OA3MBa y 3r JI06y H MOAMi1nKyje nojaMalba TaKO Ila o6e36e1tH 60me 0A31lBe 3a 

Bennie Aeenjaunje npahiennx BenM4i Ha. 

2.1. he?4eumpann30eaua ynpae.✓eavxa cxe.Ma 

Y OBOM pauy pa3MazpaHO je AeueHTpanH3oBaHo ynpasmallte y 0[I111xeM 

o6nMKy 

u; = Hio + OBL; + AUG; 

I
/
s  

AUL; = KP;Oq; + K01O4; + Kfi J 04idt 

0 

r; 
Qn0`i = KG 	 

Cmi /Tmi 
u;0

J  

rip)! 4eMy Cy 

u; = 
UI0 = 

AUL; = 
Huai = 

Oq; = 
Og; = 

r; = 
Cmi/rmi = 

KPi = 

IfD; = 

Kl; = 

KG; = 

H OMHHan 

HIIMKHM npeHO 
APyror peAa 

HHAeKC 3rn O6a, 4 = 1, 2, ... , n; 
yllpanma4KH Han OH Ha yna3y CepBOCHCTeMa 3rllo6a; 

HoMHHaJIHH ynpaBma4KH cnrsan; 

noxanHo PID ynpaBmawe; 

rno6anllW ynpaBma4KH 4naH; 

no3MunoHa rpeuiKa y 3rJIo6y, Aq; = q;o — 4Y, 

6psnxcxa rpemxa y 3rno6y, A.q;o = 9io — 9i 
AHHaMH4KH MOMBHT KOJH Aenyje Ha 3rn06; 

ylcynxo cTaTwmo noja'albe MOTOpa 11 peiiyKTopa; 

nponopunonanao noja4aH,e; 

6p3HHcxo nojaMawe; 

MHTerpaJiHo nojaMalbe; 

rno6anno HojaMaa,e. 

3a aKTMBHH 3r3I06 Ca MOTOpOM jeAHOCMepHe cTpyje H 3yn4a-

COM 06M4Ho Ce n3paMyHaBa y3 ycBajawe nMHeapHOr Moi[ena 

1 
'BiO= 

Cmi/rmti 
 (Ntz 'Imt9i0+Fvigi0 +Ti0 (4) 

rue je 

N; = npenoeHM 011140C MexaHHgKor npeHoca, N; = qm;/q;, npH veMy 

je qm;  M3na3HH yrao Bpaxnna Moropa; 

V
ir

tu
al

 L
ib

ra
ry

 o
f 

F
ac

ul
ty

 o
f 

M
at

he
m

at
ic

s 
- 

U
ni

ve
rs

it
y 

of
 B

el
gr

ad
e

el
ib

ra
ry

.m
at

f.
bg

.a
c.

rs



160 
	

M. ByKo6paToamh, B. Kapau 

Jm i = momeHT HHepHHje poTopa; 

Fvi = KO e4mamj eHT BHCKO3HOC Tpelba p BayKOBall Ha 1431I a3H0 B paTMTIO ; 

TiO = HOMITHaaHM MexatHHIRM MOMeHT. 

Y oacycmy CII0H3HMX KOHTal(THIDC cHna peammje H aHo ce ripeTnocTaHH 
aa cy cermen po6oTa HaanHo HpyTH, Hompuramni momeHT ri0 mon‹e aa ce 
H3pa3H ga0 CkyHISHITla HOMMHaaHMX yraOHHX 1103MHHia q0 = [qm q2c, • • • g n i)] T , 

6p3HHa 40  = dq0 /dt H y6p3ama 40  = d2 q0 /dt 2  Tao [2] 

110 = EHii(goo,o+EEciik(q0)4;04.+Gago) 
5=1 	 j=1 k=1 

n 

(5) 

rae cy HoecinakeHTH H,j , 	H G, y OHIIITeM cnymajy BMCOKO HenmeapHe 

cfpyrucuuje yraoma no3HuHja. HmajytH4 Ha yMy HymepHimy KomnnexcHocT 
traapHmx H3pa3a, 3a H3pa4yHaname Hompmana 3a oapebeHH po6oT, oa HHTepe-
ca je Aa ce Hcrarrajy moryhaocTH Kopmulietba pa3J114414MX anpoEcHmaimja 
H3pa3a (5). Y OBOM party aHanm3HpaHe cy canehe anpoHcmmalmje: 

1. Moen y Home ce y3Hmajy y o63Hp camo rpaawrauHoHH eteHTH [Tj. cam 
H Cipc  y (5) HOCTaBaDelikl Ha Hyny; 

2. Moan Hoju aoaamo yEaymyje ajaroHanHe enemeffre maTpmue HHep-
Ike 

3. Moan HoH4 ao,namo yHmyqyje Hall-amjaroHanHe enemewre maTpHue 
HHepuHje 	3a I # j; 

4. ItiomumeTaFt moaen (5). 

2.2. Ceseicnia BejattaBa y cepeouma amo6oea 

nojaHatba JI0KaJIHMX P1D Howrponepa cHwreTH3yjy ce He3aBHCHO 3a Cl3a-

EH 3rn06 y3 npeTriocTamcy Aa cy noackfcTemm KOjH ce oaHoce Ha 31- .71060Be 

metyco6Ho pacriperHyTH Hopymberbem Hommiana H onumoHanHor rn06anHor 
ynpasmatba. Ha Taj Ha4HH, moryhe je J1a  ce ycHojH JameappnoBaHH pamper-
firm moan aHHammHe po6oTa. CeneHumja HpeallocTH Kpi, K1, can 
moHce aa ce H3Hpinkt y311majyhm y o63Hp cneaeha pa3MaTpama: 

• K0m6HHaupda Kpi, Km, 	Tpe6a J1a o6e36eau cra6HnHour nmeapHor 
noacucTema; 

• HoTpe6Ho je oaa6paTH Hemmy HpeaHocT Kt; Ham) 6H ce Ho6onaao  cxa- 
UHOHapHH 0431413. C ,L(pyre CTpaHe, Kji Tpe6a Ha 6yHe )10130713HO MaHO 

Ha He 614 3Ha4ajtmje ymano Ha npenamm 02131413; 

• Kpi  Tpe6a Aa 6yae Henpuco Hao 614 ce ocTaapHo 6p3 OH3H13. C 

pyre cTpaHe, OBO nojamathe Tpe6a Jia 6yae HOBOAHO mano Haim 6H ce 
npeaynpeanne pesoHaHTHe ocumnartHje mexaHHHHe apyHType po6oTa: 

• KDi ce cenewryje MHO aa noacucTem 6yae 6naro HampHrynten. 
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Y mehmHm cyrryammja cnenehm xpyrreppnymm mory na ce Hcxopmere xao 
npawrmmmx monmm 3a cenexnmjy PID nojamarba: 

/fp; = RP; 
Wi max 

K Di = RDs[2 
 (aT — Ci min)] 

Wi min 

= Rli [Wi min( 2(i min + WiminKDOKPii 

npm memy OTMOCI4 Rpi < 1, RGi > 1 in Rh << 1 Hrpajy ynory npojenmx 
napameTapa, w o; je concTmella pe3oHairrna ymecTaHocT mexamonce cTpyxType 
po6oTa, a (; n co ;  cy ckymoimje nmjaroHanmmx enemeHaTa mairpmne mulepumje 

Hii: 

Fv i 
cu; = 

Hi; + NATI; 	2 VCroarmi(Hif 

Mo>me na ce npmmerm na cy npammna (6-8) mamenena xao xomnpo-
mmc mamety cynpoTHmx 3arreBa Han nojamammma PID perynaTopa, Nokia ce 
no npeTnocTanum ApEe Ha HOHOTaHTHMM npeAHocTlima. MetyTmm, aKO ce 
n03m0nH Bapplpame Bpe,arocrin nojamatba, OBa npanktna mory na nocTaxy enac-
Tmmumja, mmme ce yjenHo nppxa moryhmocT cmrre3e eckmxacHmjer ynpanmau,a. 
licTompemeno, y clurre314 npomeHamaxx nojamatha nocTaje HarnameH 3HaMaj 
Ten-mime ynpammama Ha 6a3m 4ka.314 normxe, Rao eckxacHor anana 3a pa3moj 
ynpammammmx cxema C ecioexTlimmo npomeHn,mmmm nojamammma. 

Y cmiTeam rno6a.nHor ynpanmarba (3) Heonxonmo je /la ce Haa6epe 
exanapHo nojamame KG. C o63mpom Aa ce pa3MaTpa cnymaj Rana ce 
rno6anno ynpammaite nprimethyje aajenno c nenTpanknomaHmm HOMITH3.110M 

H nomainimm PID ynpanmameM, HopmanHo ce 6t4pa mpensocT KG lc* je 
no npeTnocTamum nomomma 3a HomneHaaumjy npeocranor "manor m3Hoca" 
cnpe3am)a. 

2.3. Hodetuaeanu Ha 6aait Oaau Ao2uxe 	, 

Onurra expyraypa moHTponepa C cloaam normnom no3nomana KoHcTPY -
Hcame meoma cnoncemil ynpammamKHX npammna 3a nonewasame nojamama 
cepno-cmcTema 3rno6oma. llonemamam C cloa3m normiom monce na mma  ueH- 

TpanH3oBaHy, xv6eparo ,Hcny HAN neneHTpanHaonaHy crpykrypy N iteronm 
yna3m mor3r na 6yny Hemp-mule H3me2.eHe Ha ocnony o6HmHe aHanmse n06H- 
jeHor onamma. MetyTmm, y OBOM parry ce nomno oA Tora na je, y Imlay 
nopetema C TpanmumoHanimm cxemama, nomon)Ho na ce nocmaTpa jeamotra- 

AeHeHTpanmonaHa czpporypa KomnoHonaHa 143He3a1314CHNX cepno noae- 
manama Eojm pane Ha 6a3m Texyhe n0314umome rpetuxe y 3rno6y Aq 14 6p3mHcxe 
rpeume y 3rno6y 64. IIame, c Hamepom /3, ce 14CHMTa riunn on onvo TornoroTT4 

woi  ) 2  
(6) 

(7) 

(8) 
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162 	 M. Byao6paTosnli, B. Napa!, 

npvina3 mm.Ke na ce Hcaopmcm 3a eaptmitHatHdy nyHe nvmamptmae xomneH3amt- 
je, npeTnocTaHmeHo je na rno6anna nonpanta cnpera no ci/m4 (onTepehemy) 
Hvne umnnemewmpalla y cxemama Koje HoppmTe nonemaname C clila314 normwm. 

Y cHHTemt npanpina 3a nonemanaH,e nojamalba Hoppnuhema je HpHapitmo 
jenHocTanHa xeypptcrpwa: 

(i) Axo je nontaHoHa rpeunca nemixa pt He noxa3yje 3Hamajtunjy 'refineHunk 
onanan,a, nponommoHanHo noja4awe ce none -harm Halm 614 ce y6p3ana 
KoHBepremmja rpeun<e. 

(ii) Axo cy H no3mmoHa H 6p3pmcKa rpennia mane, nponopurnmanuo no-
jamarbe ce cmaityje na ce H36erHy pesoHamme ocumnamtje. 

(iii) Axo je no3mmona rpemaa Beavca, a 6p3kma aoHnepremmje rpeun<e 3ano-
Homanajyha, nponopuHoHanHo nojamathe ce ocTaBma HemmeHaeHo. 

(iv) Cwryauptja Kau je nonnwoHa rpemaa mana a 6p3Pmeaa rpeunca nenHaa 
mon<e na ce nplimmme ft3t4HTMM y3pommiumma. fipmet y3pox moace na 
Syne Homrman C npeencotHim HHBOOM y6p3ampa: y TOM cnymajy, moryha 
trpaxerHja morna SH na ce catrojH y noneharby nponopuptomanHor no-
jamarba. Apyrpt H3B0p moace na 6yne micoacf)peaBeHTHH myM; y OBOj 

cptTyauptjH Some pemeHae je na ce nojamatbe cmatmt 36or cynponmx 
3axTena, ycnojeH je Romnpomme no KOMe ce nojamathe otranma Hemme- 
FbeHO. 

Ca. 2. Ilpumapnt <imam cxynoBli 

(v) BpeaHocm 6pammcKor H parrerpannor nojattaH,a memajy ce cxmy.rrratio c 
npomeHama nponommoHanHor nojamatha Taxo na ce Hp3o cra6pumoc-rpt 
H nptirymewe onpicanajy npH6m4H<Ho Ha mmoy Kojt4 onronapa ycnonH-
Ma 

 
Hynxe rpemxe (t.j. TeK0 na onronapajy c-ra6puniocTH 14 npletrymemy 

xonTponepa C HOHCTKIITHI4M nojamatt,Hma). 

C uwmeM na ce npamtna H3pa3e maTemanvutH, ytmeep3ym moryhmx ape-
itHocTH [—I, +1] Hopmanmsonatmx ynaaa nonemanama Giq' H 6,4 1  ponemeH je 
Ha 'rpm 4pa314 parrepaana, o3Hamermx no nezamuerat, nysa H noaumuean 14 

ormcamn npeao Symumja cTenena tinaHana nppwa3amtx Ha Cll. 2. Hopma-
nt43aumja ynaaa otrnapella je nomohy zpaHccicoopmanHje 

x' = sign (x) • min e x/x,„ aa  r, 1) 	 (9) 
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y Kojoj napameTap x ma„ > 0 oaronapa maxcHmannoj rpeunm Koja ce Hopmanno 
ovexyje y perynammm ycnomma pan, ;lox ce napameTap a > 0 xopHam 3a 
no saeumeame rpamme H3meby "Hynnix" H "HeHynTmx" perMoHa rpenixe: 
cenexuMom a < 0, rpamma ce nomepa npema HIVEHM spenHoernma rpenme. 

Ilpannna 3a nonemanawe nojatimba H3Heaena Ha ocHony (i)-(v) cxe-
maTcmi cy npmca3aHa Ha nujarpamy crawa-amiHja y Ta6enn 1, y Kojoj cams' 
yna3 npencTaema HoHcexneHT tam HmnammuMe 

Ilpanmno r: axo Baum 

Aq je 7l, ki A4' je Br  

oHaa ImpmnpaTH n3na3 Taxo aa naim4 

AK' je Cr  

npu memy je 	, 	 E { neacentuean, nysa, noaumuean). 3a aaTe Aq' 

A4', pe3ynTaT enanyauuje munumnyannor npamma je cllam cxyn AKr  °mean 

ckymmujom cTeneHa unaucTaa 

Pak- .(1K') = PA- r (Aq) A ph- r (A4 1 ) par  (AK') 	 (10) 

Pe3ynTaT enanyauuje uene 6a3e npamina je yHuja AR muumpinyammx cxyno-

Ha AKr , onHcana npexo 

tisk (AK') =V P A IL (A le ) 
r 

AnrOpHTMH 3a enanyamdy ynpaHJEauxmx npaamna H xormep3My pe3ynTy-
jyher 4)8,3H cxyna y 043141-1E14 14311a31114 cm-Han HmnnemenTmpam4 cy cnenehm 
npenopyxe Jmn-a H IIIHnepa [12]. 11pema oeHm npenopyxama, onepaTopH 
"A" H "--■ " HmnnemenTHpajy ce xao oneparopw m36opa miummyma, non ce 
onepaTop "V" Hmnnemewmpa xao orpammem4 36Hp: 

PA (x) A PB(y) = min(pA (x), pB (y)) 

PA(z) PE (Y) = min(PA(x), Pa (Y)) 

PA (x) V pH (y) = min(1, pA(x)+ Pa(y)) 

CTBaPHH Hopmank3oHatu4 H3na3 AK' refiepHcaH je xao Te)mAncHa cpenima 

OHI4X npeanocm HopmanH3onamAx 143.nasa, 3a xoje 143.71a3H14 npHMapHH cxynom4 

jtOCTNHCy cuoje maxcHmyme, m4 memy ce no Teuumcm cbalcropH xoppicTe 
Hopmanm3oemm CTeHeHH unancTea: 

AK' = 
, EadoE{-1,0,+0 AK' • PAR(S/V) 

Eadoci_i n 	PAT<(A K1 ) 
(12) 
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M. Bymo6paToemh, B. Rapam 

ao6Hjema. Hpe,rmotr AK '  G [-1,+1] miTeprmentpaHa je Hao HopmanmonaHa 
penanoma npomeHa nojamatba. 3a awry HpexmocT nojamatba K(t) y TpeHymy 
t, Hosa npenHocT nojavarba onpebeHa je npeHo 

K(t + At) = min(max(K(t) • er3AKI , Ko ), Kmax) 	 (13) 

ripm qemy je Ko mmusjanHo nojaqatbe. Y umby penpumje 6poja pamyHcHrtx 
onepauptja, npenHocTH efimc s  sa nponopuHoHanno /6p3pmcHo/ myrerpantm no-
jamatte mory na ce npepattyHajy 3a enaTawrHe BpeJHOCTM Aq' H04' H 

3aTMM cmecTe y Ta6eny npeTpaaHmatta. 3a Ta6eny ca 2"•2" yna3a, noTpe6Ho 
je 2n Homnapamd a sa Hanaweme yna3a Hoke! oaronapa AaTMM rpeuncama Gig H 
A. C o63MpoM Ha TO )213, ce Hapa3 (13) npumettyje Ha cua Tim num nojaqama, 
noHavje ce na je AOBOZHO yHyrum 2n + 6 Homnapamtja 14 3 mynnummcaumje 
3a Hmnnemeirralky nojenHocTann,eitor anropwrma pana nonemaHatta. 

Ta6. I. Ilpaaxaa 3a noaelnanalbe nojagalta 
(npmpaunaja nojagama y 38.1314CHOCTH OA H3HOCHH03141EHOHe H 6p3HHCECH 

rpennce) 

Aq' 

nezatnuant nyAa nonmtte an 

Aq' 

nosumtaan EtI/.4a mina no3umueatt 

xy.qa nosumue an tiegamnean nosumusan 

n ezamus an noaumus as nyna up; a 

I/13 143pa3a (10-13) nytim ce na a.nropprram nonemanatta nojamama 
yHmyttyje napaMerpe $ 14 Kmax . has ce jennom 143a6epy npeanocTH Op 
H Kp rna,, 3a nonemaHame nponommonanHor nojavarba Kp, onroHapajyhm 
napameTpH 3a 6p3HEICK0 H mcrerpanHo nojaqathe mory na ce oapeae TaHo na 
ce HHHO CTH6HRHOCT14 H 01(110C HpHrymetha oapace Ha Hp146/1143(HO KOHCTHHTHIEM 

npenaocnima. HpeMa (6-8), OHO ce CHOAH Ha ye.710Be BCKHbMM 

	

KJ) max / KDO = [K P max / KPO]
o 
 5 	 (14) 

	

Ki max /Kia = P max/ KPOr 5 	 (15) 

PD = 0 . 54 	 (16) 

PE = 1.54 	 (17) 

3. CmyanicKu npumep 

Y 'why Bepw$ucauHje orwcaHor x146pmatior rmna3a, H3npluelia je cm-
mynalutona crynHja c HiLtrycTpktjcHxm po6oTOM Manutec-R3. Po6oT Manutec- 
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73 

(a) H3CJICA (b) Kricaemanytha cxema 

CA.3. Po6oT Manutec - R3 

R3 je MaCHB1414 po6oT ca mecT cTeriemy cno6oae, imxnaTom 0E0 1.3 m H max-

cpumammm onTepehethem OKO 15 kg. Ecwapymcan je OA xpyTmx anympumjytvi-
cEmx cermeuaTa, Taxo za je onpaBaauo moaewmame °nor po6oTa xao cwcTeMa 
xpyTmx Te.ria (5). Y 3rno60Bmma po6oTa xoplicTe ce MOTOpH C jewmcmepmom 
cTpyjom ca Beoma mamon rmememcm4m xmicTafframa, Tax° Ba, akmammxa ax-
TyaTopa mome aaexBano ,aa ce mozeampa KopHmhemeM moaena apyror peaa 
(4). Metymm, max° ce MOH(e cmaTpaTm 3a4oBomaaajy11Hm ca CTBMOBICHTB 

oBe cry,amje, Tpe63 Bar.nacmTm Aa moaen (4) mnax caapnw smatiajma nojewm-
cTaBmersa y mojmma je 3aHeMapeH HI43 Helm-Teal:win (1)enomema (Hanp. 3a30p 

y 3rao6owitma, ellaCTI4MHOCT 31'.11060Ba H CyBO Tpethe). 

3.1. Ha6op ynpae.wocux napamemapa 

IlapameTpx PID perynaTopa CHHTBT1430BaHH cy cneaehm npojetcrila 
npaBm.nag-8) m pe3y.irraTm cpufre3e cymmpam4 cy y Ta6em4 2. Cparre3a 07114- 

catmx PI noaeumBatia yEaiymyje cenexumjy napameTapa Eojm ce nojaszyjy 
y ynawnim (9) 14 143713,3HHM (13) Tpauctopmaumjama. 3aaaname Bammlla mop-

manmsaumje y.aammx rpewaxa Zig H ,6,4, onmcwie npexo (9), Bpwm ce m36opom 

tawropa cyanmpama Aqmax H 5gmax, xao H excnollemaTa aq  H aq. Roacemmo 

ce aa excnoHeirrm aq , a4 oapetyjy cmaplle rpatuirtme wynne 4rr,. Sat vtntey 
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M. ByKo6paroamh, B. Kamm 

Ta6. 2. Oma6pame apemmotrm nojamaita 

Kpi 

[Wrad] 

K Di 

[Vs/rad] 

1111 

[Vind's] 

r
-
■

 C
g
 tv

Z
 q

.t.  
L

M
 C

C
  

50 5.5 4.4 

90 6.5 11.9 

150 5.5 39.3 

150 5.6 38.8 

150 4.7 46.6 

150 3.2 68.9 

"mama" H "Heammx" rpeman. Ha Taj Hatant, apenocTH eKCHOHeHaTa wry 
aa ce kmakipet4o aecinumuy 3aAaBathem HieJbettwx rpaHHtuunx HHHoa Au 14 

A4L. Y OBOM parry, °Hem/tea/He maxcHmane HpenocTH rpeman nocTaHmene 
cy Ha Ago. = 0.001 H Aq„, a„ = 0.05 aa npaa Tint 3rao6a po6oTa, aoH Cy aa 
3amba Tint 3rao6a ycHojeue Hpeallocm Aqmax = 0.0005 H Aqmax = 0.025. 3a 
cae 3rno6one, rpamtua Hamety "manwx" H "Bernmotx"penTHEilmx rpeumica 
ycnojeHa je n 6yne AqL/Aq„, a,, = AO, /AO 

- A-, Amax = 0.2  1.11TO aaje Hpenocm 
HopmanHaamtomnx excnoneHaTa a y  = c4 = 0.4307. 

PID ynpaamame c KOHCM.HTHHM nojamaisem 

PID ynpasmaibe c nomemaaamem Ha 6a.314 On ;formica 

CA. 4. floammmomaparbe C HHHIaljaJIHOM rpeuncom y npaom 3rao6y 

HapameTpH ,op H Kpmax ,  Koji( oapebyjy maticHmaany 6p3mHy npomeHe 
14 ropna4 mtrytx-r Hoe4numjewra nportopHHoHanHor nojattama Kp, npowasoa,Ho 
cy HOCTBBThellH Ha B.11H0CTM f3p = log1.2 = 0.1823 H Kp rna. = 10Kpo aa 
cite PID noaetuaaame. Oaroaapajyhe apeaHocTH aa 6p3HHcHe H Furrerpaatte 
Hoegnminjewre cy 3aTI4M nape -bet-le Ha OCHOBy (14-17). 
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3.2. llomtauortupame ca aadamust unuqujasnust nopemehajusia 

Ilpun curl emcnepiumeHan ypaheH je c HaMep0M aa ce ananmitpa no-
Haurame xm6pHane ynparizamme cxeme y 3a.aanitma nomunoimparba. Y Tom 
❑nmy m3a6pan je nonwmaj p = [0.65 0 0.25] T  c xuazanmom opirjencanom 
Hanipme mao 1114.1bH1/1 nonwmaj xuaTamme po6oTa (onaj nonwmaj je ripHonmmHo 
y CpC)11,1H14 paaHor npocTopa po6oTa) H 3aTI4M Cy npenrocianzenit iunnimjan-
H14 uopeMehajH no no3inurjn y oaa6parimm 3rno6o8mma. Cninca 4 npirma3yje 
AeO pe3yrrran ao6Hjerix marl je npeTnocraruseHa kunumjanHa rpeuma oa 0.1 
rad y npnom 3r.no6y. Ramo °Ha innumjanna rpeuma ,110130,L114 AO xacHnjwx 
nopemehaja y C1314M °cranium 3rno6onnma, well Triniaj je HajnehM ynpano Ha 
noacncrem npuor 3rno6a. 36or Tora cy avnarpamm ita cn.4. Lon camo 3a 
npuvi 3r.n06 14 npencrairmajy no3HunoHe rpeume ao6MjeHe 3a cnyttaj PID pery-
naTopa C npomeHrbnuvum nojamamilma oapeherrnm nomohy no, etuaaama C rim3ir 
normmom (nyHa ninada) H PID perynaTopa C mmicrannurm nojamamilma (He-
npemmaana nimida). Y o6a cnymaja Hommanit cy (kopmHparn4 xopiturheibem 
momnnemor mortena avniamitme po6oTcme pyme. 143 airjarpama ce 8141114 ita 

o6e cxeme aajy ripHrymen 0413140 H Aa ce upeme cmHpetba mattajno cEpahyje 
mopionherbem noaeinanaqa C (I) ant norimom. 

10 

-5 

500 

10"3 n03141.1WOHIL rpexmca [rad] 

2 .. ] „ 

Ik 
0 2 	0 4 	0.6 	0.8 

new [s] 

Yrspan.amscit cstratad [V] 

0 	0.2 	0.4 	0 6 	as 

speme [s] 

Ilportopirstortanno nojamasse [V/rad] 

02 04 06 08 	1 
span [s] 

0.1 

0.05 

0 

-0.05 

-0.1 

Cn. 5. Ibrjarpamst npaherba Tpajewropisje 

CJI1441141 e8crlepismetrus 110HOBJBeH14 Cy 3a Hommane d)opssispaise ya pa- 

amsmyrra ynpoutherma moaena. MehrrHm, ao6Hjenn avijarpamit npena3Hor 
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M. By8o6prrosmli, B. KapaH 

npoueca 6Hnit cy cxopo Haewrin-mm. OBa HeoceTamnocT mow& saa ce o6ja-
cmil mmmennuom aa ce film BeJ114K14M rpenixama 3HaTHO ynetianajy cHrHanm sa 
Komnemaurdy rpemaxa xi* ckopmmpa PID Kowrponep, Taxo aa oen cHrHann 
MOCTaiy )10M14HaliTHM y oaHocy Ha Hommnanne yripanniamxe curnane. 

3.3. Tannocnt npahema inpajewmopuja 

Y osorvi cxyny excnepHmeHaTa npeTnocTatubeHa je npaBoniamjcma Tpa-
jexTopnja m3me1)y Tamaxa Po = 	 PT  = [1.0,+0.35, 0.6]T  , I 
y3 oarnicaBaube KoucTanTHe opnjewraunje xBaTamxe po6oTa. Tpajewropmja je ' 
reHepmcana y3 npeTnocTaBEy Tpane3oHAHor npoelmna 6p3vme c napameTpxma 
A = 0.1 m vn, a. = 2m/s (napameTap A npeacTanza KOJI14 14H141L BpemeHa y6p3a-
BalbahcnopaBaHoa H ymyrmor upemeHa nponacm, xp03 TpajetcropHjy). 

Y uvuby nnycTpaukkje, xomnapannum pe3yaraTH ao6mjelm c PID pery-
naTopwma C RoncTannalm nojamammma H PID perynaropHma C noaearaBaitem 
Ha 6a3H cba3H nornxe, npm memy cy Hommiami y 06a cnymaja mpamyHaBann 
xopmmhemem Komnnemor po6oTcxor moaena, npuxa3am4 cy 3a npm4 3rn06 
Ha camm 5. Ca amjarpama ce IMAM ,aa ce ynpamn,amm cmrHann Tex He3Ham0 
pa3mmyjy y pa3maTpaimm cxemama. OcHm Tora, peaymmja rpenme xoja ce 
ocTnapyje nomohy KoHTponepa C (Imam nommom yuex je npahena 3Hamajmim 
nonehamem nojamama. 

CncTemaTcm npernea pesynTaTa ao6Hjemn Kommthebbem pa3J110-114TI4X 
ynpaszamxmx cxema aaje Ta6ena 3, moja caapann BpeaHocTH maxcHmammx 
1103141B4OHMX rpemaxa. OBa Ta6ena noxa3yje aa PID ynpanmame c cpa314 norm-
KOM y CBMM caymajesHma 410B012114 AO pesaymnde rpemaxa. 3a npeTnocTaBmeHy 
Tpajewroppdy PID perynaTop C (imam normom H HompmanomkppamyHaTum Ha 
6a3H anpoxcumaTHBHor moaena xojkl yKmyMyje camo moaene axTyaTopa 
rpam4TainioHe eepexTe, omorytyje ocTaammame C.711441114X nempopmaHcn Ka° 
PID peryzaTop C KOHCTaHTHIIM nojamaamma H HOMMHallOM 143431HTMM Ha 

Ta6. 3. Ilpocelme 1.1 maxcHmanute rpeffixe npahema Tpajewroptja [mm] 

PID PID + FLC 

E4)eKTH yx.raymeim y zumardmvxm moaen 

AP AP... AP Aroma. 

MoAe.rn4 atcrywropa + rpaBwramija 2.12 8.34 0.52 2.04 

I,IcTo + agjar. enerdelm4 MaTPHIIe mHepumje 2.00 4.03 0.63 1.26 

Mem + nyna ntaTpuua Imemakje 1.26 2.52 0.51 1.41 

Mao + 6p3inicla4 ‘1.11aH0B14 0.34 1.75 0.20 0.64 

Hcro + rao6a.rmo ynpaBmaffie 0.29 1.51 - 

6a314 RomnneTHor moaena. Y 3aaIbeM peay Ta6ene 3 npincasaHn cy peva- 
TaTm 3a cfrytmaj aoaaTnor rno6anHor ynpan,rbatha c rno6animm nojamamem 
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nocraememnm Ha epeaHocT Kai = 0.5 3a i = 1, 2,... , 6. Bkinkt ce Aka je H oea-
Eno ynpanmawe join yeee vilekepHopHo y cumocy Ha PID perynaTop c $314 
norkwom H Homkra.nom onpeteHrtm Ha 6a3m HomnnerHor monena. 

Y C1314M excnepionenma c npahewem Tpajewropmja nokka3ano ce na ce 
yrkpaemakwm ckwHanm lc* rekkepruny PID Howrponepm C 4Ia3m norkmom ma-
no painmxyjy on yripaen,aHmmx ckwHana onronapajytmx Howrponepa C Row 
craHTHinm nojaHankmma. Pa3nmme ce jaemajy npeericTeeHo Hon eprunmx ape-
zurocTik cmrHana, npm Hemy Homponepm C 0314 normeom najy no npaektny 

awe BpWHe epenHocTm. Ha Taj Hakam, OHM emnepmmetrrkt cyrepknny na 
noneknaeakkm Ha 6a3m cba314 norkwe (i) He yTimky Ha o6nkm epemekkcHmx nmja-
rpama yTporuHa cHare M eHeprnje H (ii) anon() Hopmkuhekee Mote na noeene 
AO cHmwetha noTpe6He mammmankte Cesare H yeynHor rrpouwa eneprmje. 3a 
pa3maTpaHy Tpajewropkkjy penymumja maxemmankke cHare je 3HaTHa H Hapmpa 
on 10 npoueHaTa 3a HpHa Ana 3rno6a no 30 npoueHaTa 3a Tperat 3rno6. 

3.4. Hymepuna Kosin ✓ excuocm 

Itymepwixa nosnrinexcriocT je jenaH c),9 HajnanunTjmx xpwrepid yam ne3aH 
3a nmrkrranHy kumnnemewraumjy pa3maTpaHe ynpaemakwe cxeme. 3aTo hello 
Ha oeom metry mcrarrant moryhHocT peayxonawa pagyHcHmx 3axTeea Ho-
prunhekbem nonernanaHa Ha 6a3kt ckam normite. HaMMe, max° kbyucona mmnne-
meirraumja yeonkt nonanka panyHarba, noneumeakuk mory /La penyHyjy ymyruky 
patiyHcxy eomnneeceocT Tmme uno ce cin/nEaria noTpe6m4 mum monenmpakkka 

rukHammme po6oTa. 

Ta6. 4. Hysiepwnia xosinneacnocT arrpoaciamaTminnix mozcza 

Bpoj onepannja 

ESewTN yaniymema y anliaMTIMEI4 MOACJI sin, cos 4-, — 
FpaBirraiwoHn tillaHOBI4 5 76 45 

VIcTo + Linjaronamna enemeirris MaTpMIie iniepumje - - — 
HCTO + nyna maxi:mita mriepuuje 5 141 102 

HCTO + 6p3MICKHILTIallOBFI 5 219 170 

Bpoj onepaumja, y noxpeTHom 3ape3y Hojm je noTpe6an 3a mmnne-
mewraumjy pa3nH4HTMX anpoEckkmaumja nynkamkmwor monena po6oTa (ManuteC 
-R3), onpeteH y3 nomoh uporpaMa SYM [13], nprwa3aH je y Ta6enkk 4. Oem 

nonaukt mom6mHoeakun cy c nonaumma o rpenwama npahema Tpajewropmja H3 
Ta6ene 3, gime cy no6mjeHm nmjarpamm TaturocTm npahetba y 3aemeotrm 

OA Hymepmkwe HomnnemkrocTm, npm<a3aHHHa cm 6. "Hymepwwa momnneH-
cHocT" y OBHM juajarpamwma penpe3exTyje ymyrmo Hopanamnoisaxo epeme 

= > 	+ R. E N.+ Rsin,cos E Nsin,cos 
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noTpe6Ho 3a 143panyHaBarbe mexamv4Kmx momeHaTa H mmnnemeffrausjy PID 
nonemanama, npm nemy cy npeTnocTaBmeuH onHocm R. = 	 1 H 
Rsin,cos = Tein,c0s/T-1-,— 

MaRC1048.11/1/1 rpenuca [mm] 

200 200 300 400 500 600 	200 200 300 400 500 600 

Hymepwace xomunexcaoa 
	

Hyitepraca lamennexasocr 

Ca. 6. 3aMICHOCT TaMHOCTM npahelba Oa xymepatthe KOMBACKCHOCTM 

143 nxjarpama Ha ca. 6 xopmcm on PID perynaTopa C npomenamnum 
nojamanmma norrajy join jacimje. 3a Tpajewropxjy y3eTy xao nimmep akum 
ce na xopmnhetbe PID nonemanama C 0>B314 normKom H jeaHocTaBHor monena 
Kojw yxmynyje camo rpaawraumone ecpexTe nosonx no cactmm manor cmoxema 
TaMHOCTM npahetha y onxocy Ha cnymaj xopxmheffia PID perynaTopa.c cfmx-
crmm nojamanmma. HpM TOM, oBa mana nerpaaaumja KBanwreTa Komnensmpa 
ce penyKunjom HymepxmKe xomnnexcilocTm on cHopo 40 npouenaTa. 

4. 3amptax 

Y OBOM pany noxa3ana je HOTOaHOCT 4m314 normxe 3a ckpmxpathe Ta6ena 
npeTpaxumatba 3a nonemaname napamempa po6oTcxxx ynpanmattxxx cuc-
Tema. 06limmt cxmynauxmix excnepxmennt c po6oTom ca mecr rrenenm cn0-
6one noxa3anx cy iia pe3yarryjytm xmcrponepx c npomennmmtm nojamalbxma 
y mutorxm acnexTxma xanmamyjy y norneny nep4)OpMaHCH Tpamumonanne 
cxeme c HOHCTaHTHMM nojamanmma. Hajotmrneaja npenxocT cacrojx ce 
y no6ommamy TaMHOCT14, xoje je noxasamo xaxo y 3anauxma no3mmoimpa-
tha, MHO x y 3anaumma npaheita Tpajerropmja. Smola oco6mna je Ta na 
no6onaname Tatmorrx HHje npahexo nerpanannjom Apyrmx nemkopmancimx 
xaparremntrima, xao LUTO Cy noTpounba exeprxje H maxcxmanam pa3m4- 
jenx mexammxx MOMBHTM. ilpyrm Ba)KaH acnexT je MOTyhHOCT penyxona- 

pamyncxe Komnnexcnotrx p06onor monena 6e3 agyraonama xnankrreTa 
ynpaBmawa. Mana npoonemx neaalm 3a OCHTJM4BOCT Ha BapHjaumje napa-
meTapa limey excnnumprrHo aHanmampaum, pe3ywraTM n06i4jelm Kopmnhemem 
anpoxemmanommx po6oTcxxx monena xmrumumpajy no6ommaxy pO6yCTHOCT 
ripmca3anor Kofurponepa C npomemamamm noja4amMMa. 

3 

2 

1 

11pocvara rpeunca, [mm] 

 

10 

5 
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KopHnihetia npoueztypa 3a mortklikkntalmjy napameTapa 3acHHHa ce Ha 
jenHocTanm4m cTairwamm Ta6enama npeTpaa<HBama Koje aripoxcHmHpajy oa-
nytte He3arte 3a HQ/retrial:mite ynpanzarsa y npocTopy rpeutaxa Ha 3rno6onw-
ma. Morytm cep amber ycanpuranain morao 614 aa ce cacTojH y cmxTem 
cncottem4Mx nparaina nonerunarba Kota 614 Taxobe ymmytmna oanytmeathe Ha 
OCHOBy Hmeaetmx HaparcrepHamta neptopmaricH, Ham° y npocTopy ttoopam-
Han 3rno6ona, T11140 H y ripocTopy goopAtmHaTa 3altaTKa. .Elpyra morytillocT 
je y Hopp'rubel-by crieuwimpantx anal -Imam/Ix npannna nonemanama 3armcm4x 
ort 3aztama. y3 anropwram anarrraurtje nobeH ocTeapeHHm xapawrepHcnota-
ma nepckopmancm Otao IllTO Cy Hnp. anropwrmH &until/He xopwmheHH y 
camoopramenyjyhmm xowrponepHmaj. 

Ca cTaHoeHmTa pacnoznotannor 3Hatha o Howrponricamom npouecy, ona 
cryanja moAte as ce nocmaTpa Rao Hominy-ma nimmeHa yripanmain Ha 6a3H 
(')a314 normEe. HaMMe, xpynt po6oT xoji4 paan y cno6oaHom npocropy je ae-
TepM111-114CT1441<14 rem imjm je KomnneraH maremaTwum moaen yHanpen HO-

3HaT. 3 6or Tora ce OBO ncTpax.tHeame xonewrpncallo Ha MOrytHOCTH BHCOKO-

Keam4Temor npahetba 6p3Hx Tpajewropytja Hopmufriettem nojeaHocTaitubetmx 
mortena aputamHxe po6oTa. 3HaTH0 nnamja no6ommawa mory ce otreltmtaTH 
oa npeanoHtertor xn6pwaHor yripaezbarba npumeHom 00017 HoHnerrra Ha aztan-

THBHO yripan,athe mammynatotoimm p000mma y HOME ce ymmajy y o 63Hp 
IICH3BCCIIOCTH y norneny Haparcrepincnuca mammynHcamix o6jexaTa 143114 ,H14- 

Rawl-war oxppverba. Tex y nomeHy aztarrnanmx anropwrama yripaHmain 
po6omma, Hirrerpauyja yripawbammx Textunia net-moans/Ix Ha xopmurrierby 
maTemamvxmx moaena H Texfina 3acHnampix Ha Kopmuherby excnepTcHor 
main Tpe6a aa notta*e manjue npeaHocTH Hair TpaamwoHanimm ynpa-
Bmaffiem. 
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M. Vukobratovid, B. Karatz 

EXPERIMENTS WITH FUZZY LOGIC APPLICATION 

TO ROBOT CONTROL WITH MODEL-BASED DYNAMIC 

COMPENSATION 

Summary 

The paper describes trajectory tracking simulation experiments with a hybrid 
approach to robot control that combines traditional model-based and fuzzy logic-
-based control techniques. The combined method is developed by extending a 
model-based decentralized control scheme with fuzzy logic-based tuners for modi-
fying parameters of joint servo controllers. The simulation experiments conducted 
on a real-scale six-degree-freedom industrial robot demonstrate suitability of fuzzy 
logic-based methods for improving the performance of the robot control system. 
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11411C CCCLXX V Cpnctce atcaaemuje nayna u ystentztocmu 

Odeztetbe merntrocux naytca, ma. 31 - 1995. 
Glas CCCLXX V de l'Acadetnie Serbe des Sciences et des Arts, 

Classe des Sciences techniques, Ng 31 - 1995. 

M.M. PVICTI4E, N.A. 11 13 }KET1411 

IIPOLIECH REERABALIVIJE OTIEKA CPTICKI4X 

CPE.IIHDOBEKOBHVIX MAHACTI4PA 

(fipmca3au Ha II cxyny 0Aezema, 15. te6pyapa 1994) 

Hajananyfremm xyArnypno-ucmommu cnomenuqu cpedbosenoeue Cp6uje cy 
cystitueo uptcee u manacmupu Nom cy apaNnu yo dexopamueny ynompe6y onexa tcoje 
cy y mo epeme 6tute seoma eastcau zpaNctunctcu mamepujas. 'Thema ceom Beasumemy, 
onetce cpnocux cpeatecteetcoenux manacmupa cnaaajy y samepujafte tcoju cy penamuetto 
omnopnu Ha dejcmeo cue✓emu (ammoc0cpcBux) Oatcmopa. 

npupodu ce tconmunyanzto odeujajy npoyecu npeo6paatcaeata (anntepattuje) en-
conome.unepamypnur y nuctcomeittnepamypne munepase nod dejczneam Bode u Buceoutz-
tca. Tu npottecu y mceupy nemenymux xemepozenux cucmema Away ce o6jacnumu xe-
mujceu u mepmodutzastuzucu. llottaxehu od oeux sebenuqa, gun, oeoz pada je da ce 
o6jacne dezpaaattuolzu npottecu tcoju saxeamajy onetce cpncKux cpeatooeteicoeztux manac-
mupa. Rano cy oeu npotocu usysemno cnopu, °eaten° je npoptumu u o6jacnumu LUX00 

stexanuamm. 

1. Yeod 

Hcrarrmnarbe cpncxmx cpembonexonnmx manacTmpa npencTanma noce-
6an 113a3OB 3a cnaxor mapammnaga, tie camo 360r xywrypnmx H LICTOpl4iCIII4X 

pa3nora Berl N 36or ibmxone 3aninvre. /la 614 3aurryna 01314X cnomemma 6I4na 

INTO eclomxacnmja, on noce6nor je 3namaja yno3nanathe npoueca KojH pa3apajy 
one 3a nac epno 3ma4ajne cnomenmxe. Cpncxm cpenwonexonnm manactmpm 
cy, no upanmny, rpabenm on TecaHor xamena, onexa H manTepa Kao Besmnnor 
maTeppdana. Ilponec nerpanannje y pa3n14414-roj mepm 3 axaaTa onexe, anm He 

3ao6mna3m HH Kamen, man je nannune 13141E1113 Ha manTepy. 

Umn, nammx momn.nexclimx maparxmnanDa 6mo je na ce nporie nerpana-
umonm npouecm onexa cpncxmx cpenn,onexonamx manacTmpa. it OBO cy x0-

pinnhem4 peaynTaTm ACTaJ1,1114X HCRHTHA aIba Kojie cy ;tam y monorpaintim 

"Onexe cpncxmx cpenthonexonfon mantle impa." [11 . 
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2. Xemujelca auaAu3a u Iceautnenz cpehosevoeuux °neva 

2.1. Xemuinca auanuna 

IlpeMa xemitjcia3m manynama mcninvmarte onehe cpncatx cpeao9exon-

mix maHacmpa (Ta6. I) canpEane cy Hajmnue 8i02, 3amm A/203 FL Apyre 

KOMIMEICHTe xao IIITO cy Fe203, CaO, MgO, Na 2 0 m K 2 0, C THM arro ene-

MeHTVI y Tparcomma tutu onpeheRvi (Ta6. II) [1]. 

Ta6. I. Cnucax manacnupa mmje cy onexe 14mm/wane 

O3naxa 	Manacninp (CTIOMeHHE Nynnype) 

M-01 	f pankma - Mapnthnhu (X-XI Belk) 

M-02 	LIpxea CB. Huxone (Kyputymnlija) (1168- 1172) 

M-03 	MaxacTlip CTyAeHHUa (Palma) (1183-1196) 

M-04 	MaxacTup CTyTleinula - PaAocaasmena npunparra (1228-1234) 

M-05 	MaHacTlip ConohaaM (BOSH Ilaaap) (1265) 

M-06 	MaHarrHp Fpanaa (xpooHa!) (1270) 
M-07 	Manacnmp Bafficxa (1313-1316) 

M-08 	Bertha nanimcjapumja (lleh) (1330) 

M-09 	Mapxoo maitacTinp (CEona,e) (1346) 

M-10 	MauacTMp CB. Apxantena (IIpuspeu) (1348-1352) 

M- 11 	liptcaa JIanapnua (Kpymeeag) (1375-1385) 

M- 12 	.11a3apeaa nanana (Kpymenau) (1375- 1385) 

M - 13 	MaHaCTMp Pasamula (llynpHja) (1381) 

M - 14 	Maaacmp Co. Ausweja (Cicon ✓ e) (1389) 

M-15 	MaHacTap Jby6ourntba (TpcTeHux) (xpaj XIV Beim) 

M-16 	Manacrmp Benyhe (TpcTemix) (xpaj XIV aexa) 

M-17 	Mauacmp Raaeluch (CeeToaapeao) (1407-1413) 

M-18 	LIpKaa Ha rpo6my y Cmempelly (noeTax XV Hen) 

M-19 	Cme,aepeacm rpa,a (1439) 

Ta6. II. Xemmjcxm cacTas oneKa cpnctua cpenchosocommx manacTnpa 

Maxacntp Snara 
I y614- 
ottac .  Si0 2  Al2 0 3  Fe203 CaO MgO Na20 K 2 0 

M-01 0,39 14,69 33,60 18,20 6,77 21,86 3,50 0,78 0,75 

M-02 - 2,45 55,40 17,87 10,24 5,05 5,02 2,09 2,00 

M-03 - 1,72 62,64 18,03 8,31 3,24 "2,90 1,65 1,96 

M-04 0,39 1,14 66,86 16,98 8,40 1,82 1,80 1,00 1,89 

M-05 - 3,19 56,75 18,77 9,08 5,33 3,00 1,25 2,60 
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M-06 0,61 3,82 55,20 20,09 8,22 6,40 2,90 1,25 2,25 

M-07 1,09 8,22 47,49 14,88 5,99 15,90 3,54 1,19 2,39 

M-08 - 2,12 68,70 15,31 6,56 1,68 2,00 0,94 2,37 

M-09 1,04 3,17 72,25 14,26 2,97 3,11 1,60 0,87 1,87 

M-10 - 1,33 69,50 15,30 7,90 1,28 1,27 1,45 0,95 

M-11 - 2,00 66,08 15,49 6,35 4,06 2,90 1,31 1,73 

M-12 - 2,37 64,36 16,61 6,56 4,08 3,20 1,18 1,36 

M-13 - 8,05 57,70 15,51 4,82 6,75 1,80 3,75 1,83 

M-14 0,36 1,21 55,06 20,58 12,39 2,39 3,50 0,96 3,37 

M-15 2,22 70,55 14,11 6,14 1,55 2,50 1,18 1,45 

M-16 1,63 2,90 62,92 17,28 7,84 1,96 1,80 2,45 2,59 

M-17 0,50 0,59 66,71 17,71 7,60 0,70 3,01 1,48 2,22 

M-18 1,79 9,14 53,88 12,47 5,47 12,06 4,07 1,06 1,62 

M-19 1,15 6,76 57,70 14,91 5,49 8,70 3,10 1,26 2,05 

PesynTaTH riczpamman'a cy noxa3anx /la je npopagynaTH mxmepanoxl-
xm cripoamna npema mexo.an .ily,aepoua [2] nona3ne Eepamprnce mace 
HCHVITHBaHNX onexa yrnannom 6H0 oKapalcepmcan npmcycTnom Raonnnwra 

[ALI Si 4 010 (OH)8], Eanxjym4emicnaTa [ munpolumna - KAISi308], naTpx-

jym-n.narnonnaca [NaAlSi308 - an6wr] 14 xnapna [SiO2] (Ta6. III) [1]. Ilopea 
Tara y rmulama nocroje ozpebene aoaknunie Enanwra [CaCO 3] max zonomx-

Ta [(Ca, M g)CO3], nmcKyna [KAI2AISi3O10(OH)2], minim [FeS2] 14 apyrxx 
mane 3atryna.emuc mmnepana. 

Ta6. III. lIpopaayaant maxepaaourxx camas onexa 

Maaacrup Kao.amawr Maxpotwam An6wr Kaapa 
np116/110KHH ClICTELB 

mepamaame mace 

Farina Ilecax 

M-01 47,70 5,20 7,74 8,39 90 10 -  

M-02 31,76 12,13 18,14 21,55 75 25 

M-03 33,82 11,76 14,17 30,31 65 35 

M-04 34,06 11,34 8,59 38,57 60 40 

M-05 36,30 15,90 10,94 23,82 75 25 

M-06 40,99 13,84 11,01 21,67 75 25 

M-07 28,62 15,50 11,04 20,99 80 20 

M-08 28,93 14,33 8,13 41,76 60 40 
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M-09 28,21 11,43 7,61 48,75 50 50 

M-10 38,34 5,45 11,87 33,88 65 35 

M-11 29,62 10,47 11,35 39,09 60 40 

M-12 34,31 8,28 10,28 37,69 60 40 

M-13 20,47 11,26 34,59 22,11 75 25 

M-14 39,04 20,07 8,18 18,50 80 20 

M-15 27,52 8,81 10,26 46,78 50 50 

M-16 27,28 15,85 21,46 27,22 70 30 

M-17 32,76 13,23 12,62 34,57 65 35 

M-18 25,02 10,58 9,91 34,05 65 35 

M-19 28,82 13,03 11,47 32,14 65 35 

CR. 1. 110.4o&aj onega cpncian 
cpe40.08exosmix mancrwpa y 

nceynoicomnogenom ,limjarpamy: 
SiO 3  - (Ca0 + Mg0) - Al 2 0 3  

Si02  

10 	90 

10 	20 	30 	40 	SO 	60 	70 	80 
Ca0 + Mg0 

9()  AZ 
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KapaKTepm3anHja xemmjcHor cacTaea oneKa y onHocy Ha 4)a3m4 nmja-
rpam Kojm ne(Innume nommiane mmHepanHe epcTe y onexama, a }co.* je 
ycTeapH nceynoTpoKomnoHeHum amjarpam [Si02-(Ca0+Mg0)-Al203] Hojn 
nelmmune non,a metyco6He cra6mmocTm H aatrynmeHocTm anopnrra [nna-
rimnaca -Cail/28i208], reneHmTa [Ca2 Al 2 Sia7], nmoncima [CaMgSi2 06- 
rimpomell] 14 BonacTomrra [CaSiO3] yxa3yje na cy cxopo cee oneKe no ceom 
cacTany cepcTaHe y use rpyne Hoje neAce y noisy imapua, aHopuna H /mon- 
mita, OWIOCHO BOJIBCTOH14Ta (CA. 1) N. 

2.2. 4aana anasn3a u mentosozuja nevem 

ileTanma Ostia aHanKna pemarencKom inuppammjom yxa3yje Ha nexo-
:MHO •10M14HaHTHPIX Kpmcrannmx cba3a Lane cy penaTmme KmmenTpauMe y 
°Jamey Ha amominly 4:may onpeteme Ha CeM14KBaHTI4TaTH8HOM HHBOy [1]. To 
cy: J114C1WHI4, clienacnaTH, KBapu , xemaTHT, Kamm.' H nmoncma (Ta6. 
Xemmjcim cacTae amopcfme taae yxa3yje Ha A0M14113HT110 npmcycTeo °Kerma 
anymmmjyma, cHnHnHjyma, reo>Kta H Tparona oKcHna apyrmx enemeHaTa. 

Ta6. IV. (Damn CaCTaB oneKa cpncKmx cpenrKoneKommx manacmpa 

xBapB cbenAcnaT KaJIHHT xemaTHT 	gaortcHA .11HCKyll 

M-01 

M-02 

M-03 

M-04 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

M-05 + + + + 

M-06 + + + + + 

M-07 + + + + + 

M-08 + + + + 

M-09 + + + 

M-10 + + + + 

M-11 + + + + + 

M-12 + + + + 

M-13 + + + + + 

M-14 + + + + 

M-15 + + + + 

M-I6 + + + 

M-17 + + + + 

M-18 + + + + 

M-19 + + + + + 
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M.M. Numb, M.A. Ipacemti 

HpHakthom rcuptimama TexHouormje nemema ou noce6Hor 3HaMaja je 
6Hno oupetuname TemnepaType nemema onexa. .fivuPepenumjanaom Tep-
MI4UKOM ananknom (JTA) H aHailif30M TOMIOTHOr umipema ycTaHonJteHe cy 
HajpepoHaTmuje TemnepaType nemema (Ta6. V 14 VI). Oupebkmame Temnepa-
Type nemema onexa meTouom .IITA Hyde uano ,a013076110 npeuH3He pe3yrraTe. 

Ta6. V. IIpouena TemnepaType 
nemersa onexa cpncmx 

cpentbonexosnux manacTima 

Ta6. VI. TemnepaTypa Tanommtbatha 
nponeca crorreponana nonammx 

cacTojan onexa ,ae$TnuTcanor Kao 
npecTanax umpelba H nomeTax 
cxyrunma mace xoja ce acme 

ManacTly T(C°) MaHacTMp T(°C) 

M-01 < 900°C M-01 820 

M-02 < 800°C M-02 720 

N1-03 < 800°C M-03 800 

M-04 < 900°C M-04 760 

M-05 < 750°C M-05 800 

M-06 < 700°C M-06 880 

M-07 < 900°C M-07 800 

M-08 < 800°C M-08 820 

M-09 < 700°C M-09 820 

M-10 < 800°C M-10 750 

M-11 < 750°C M-11 

M-12 < 800°C M-12 800 

M-13 < 900°C M-13 910 

M-14 < 750°C M-14 750 

M-15 < 900°C M-15 800 

M-16 < 800°C M-16 900 

M-17 < 800°C M-17 880 

M-18 < 900°C M-18 900 

M-19 < 800°C M-19 780 

Th4naTomeTpuja, Eoja ornicyje npomemy 3anpemme icepamw-we mace MCIIMT14- 

Damn onexa ca npomeHom TemnepaType, oA co6He ao TemnepaType nemen3a 
mouce as ompHje 3Hamajne nouame. TOKOM aarpenama KepamumKor cucTema 
uo TemnepaType nemema Repampmm4 cucTem ce cKyruta, a maim ce nommte 
TeMnepaTypa nemema, CHCTM nompute ua ce nmpu [3]. Ha TemnepaTypx Ha 
liojoj notumbe npouec nnweisa, 3anotante H npouec cpurreponama OCHOBIIMX 

cacTojaxa onexa. Ha onaj Hamm cy noyanaHuje oapeteme TemnepaType ne-
mema HenkrrunaHmx onexa (Ta6. VI). 
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2.3. Ilpodywmu nenema 

IIpoayEnt npoueca nettema 3aalice oa nonamtor maTepprjaaa, Hapompt-
TO oa caakacaja xamadyma H reomba. M3 Tao. II imam ce as caapmaj 
Ca0 y onexama aappipa. Y 3aBHCEIOCTH oa ycnona nevelt:a: TemnepaType, 
pe,gyKLIHOFIe MHH 01(C14,4a14140Ele cpeamte, y GfixHaatioj MacH mory as ce ocpopme 

601) 
	

700 
	

900 
	

900 
	

1000°C 

NB A PL1 

NJ1NT 

XE MA TNT 

MA r HE TNT 

X E P UHT 

J A MAT 

MET A.TINO reozbE 

Y 01(C.14/1AOLIOHOJ CPE):114H1/1 

600 
	

700 
	

BOO 
	

900 
	

1000°C 

KB A PO 

MJIMT 

XEMA TNT  

MA f HET MT  

X E PUNT 

(DA J A.1114T 

MET A RHO 1B0*bE 

Y PFRYKLI 1/10HOJ CPEZIAIIIA 

Ca. 2. (Dame npomelle Tomom aarpeaatha ramie ca 

noaehamtm caapAcajem Fe203 

pa3axturrx mputepanpt (ca. 2 H 3) oa Kojkix cy sa onaj paa oa noce6mor 
sHamaja nacram4 rmarmognacm, reneawr, alioncts H ckajanwr [Fe2SiO4]. 
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M.M. Pmci 	N.A. rptcenth 

600 	700 	800 	900 	1000°C 

KBAPU 

101141.  

K A 111IIAT 

HJIA nitomnAc 
FE:EMT 

)1140BCHA 

1111111■111111111=11111111SMINSI 
11111111aMINISSIti 
11M111■111. 
iSSIMISI 

Y OK ClAft A UMOHOJ CPEAHHIA 

600 	700 	800 	900 	1000°C 

SWIM 
SWIM 

HB A PU 

K A IILIJAT 

IIJIA rIAOKKAC 

r E REMIT 

DIA011CIAJI 

Y PERYK 111AOHOJ CPEJIIAH M 

 

Ca 3 Same npomene ToxoM aarpeaarba ramie ca 
nosehaHHM caapaajem CaO 

Ha ocHosy xcTpa>mmeama meroaom ..HTA pe3yaraTa maammeHmx y Ta6. 
VI oneme cpncmmx cpeamosemosHmx MHCTM mory ce wenn! y srwe rpyne. 
Y npHy rpyny cnaaajy oneme neHeme Ha TemnepaTypama xamety 700 H 800° 
(M-02, M-04, M-10, M-14, M-19), a y apyry rpyny cnaaajy oneme neHeme 
Ha Temneparypama Domety 800 H 900° (M-01, M-03, M-05, M-06, M-07, 
M-08, M-09, M-12, M-13, M-15, M-16, M-17, M-18) [1]. 

llosHaHame Tepmoakmammme npoueca neHema onema ymasyje aa ce cHe 
no 500° He oamrpaHajy Hxmamee amaHajHe xemmjcme npomeHe. TeK oa re Tem-
nepaType, na Haamme, nommby aa ce oarimjajy xeMHjcxe peamumje x $a3He 
rpanctopmaumje npmaxmom mojxx ce HxcmoTemneparypux mmiepanm 143 no-

aamor marepmjana Tpauccpopmmny y @mantle, xemmjcme H3MeiteHe BI4COEO-

Temnepazy pie mmepane mapamrepxcunme aa mepammymy macy [4]. 
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TaEO, Ha npHMep, Ha TeMnepaTypH oa oxo 600°  xaonxn aexmapaTaumjom 
npena311 y meTacTa6mnHy H aeammxmHo amop41Hy cl)a3y meTaxaonmH: 

A1484010(01-08 	A145/4014-4- 41/20. 	 (1) 
3aTmm, y TemnepaTypHom mHTepBany oa 600 ao 900 °  pearyjy KMJILMIT H 

xBapu, Tint memy HacTajy CaO H BonacTomn: 

CaCO3 • CaO + CO2 	 (2) 

CaCO3 + Si02 	CaSiO3  + CO2. 	 (3) 

OA 800 ao 900 °  aona3m a() pasnarawa meTaxaonmma Ha Al203 m Si02, 
xon4 mory aame aa pearyjy ca CaO, npm memy HacTajy amoncx,n, reneHmT, 
aHOpTHT LI apyrm ratcoxoTemnepaTypnm mmHepanm: 

Ca0 + Al203 	2902 COAl28i208 (NHOpTI4T) (4) 
CaO + Al203 + SiO2 Ca2 Al 2 SiO 7  (reneHmT) (5) 
CaO + MgO + 2SiO 2  CaMgSi 2 O6  (amoncma) (6) 

Tex Ha TemnepaTypama m3Haa 900 ° , Ha oxo 980°  ao 1050°  HacTajy exam-
Ma1-114T H myamT: 

	

Al203 + Si02 	Al2SiOs 	(C1IRLIMNIII4T) 
	

(7) 

	

A/494014 	2Si02 2Al 2Si05 	 (8) 

3Al 2 03  + 	Al 6 SiO 11 	(mynxT) 
	

( 9) 

	

1, 5A14Si4 014 	55i02 + A 1 6 9i0 11 
	

(10) 

Cyaehm npema pesynTaTmma np11xa3aHmm y Ta6. V H VI, Tam) Bmcoxe 
TemnepaType nemerba mcnyrrmnaHmx onexa funcy aocTmrHyTe. 3aTo je npxcyc-
Trio cm.ammaincra H mynxTa xao nmcoxoTemnepaTypHmx mmHepana, y onexama 
cpncxxx cpearboDeRommx maxacTmpa mano H orpanw4eHo. 

llopen Tora, Tpe6a HanomeHyTm /La ce nmcxyHm (mycHoHmT) pa3naacy 
Tex Ha 980° [5] Taxo aa ILHXOBO npmcycmo y onexama Tpe6a noce6Ho pa3- 
maTpaTx y cmxcny ympbmBama Ismosor nopexna. /la nx ce nmcxyHm y 
onexama Hana3e xao nimmaptm mmnepanm, ;lame, xao cacTaBHm aeo nona3Hor 
maTepxjana 3a mapaay onexa, mnx xao cexyanapini mmepanm HacTanx Hexmm 
oa aerpaaaumoma npoueca BmcoxoTemnepaTypHmx jeammetha y onexama, Ka° 
1nTo cy, Ha npmmep, 4)enacnaTm. Pa3.nmxa mmety npmmapHor H cexyHaapHor 
mycxourrTa je y caapwajy rnoacta xora ynex xma 3HaTH0 mame y cexynaapm4m 
miniepanmma, C o63mpom Ha TO aa ce rnombe H3 npmmapHmx mmHepana an-
Tepaumj om manaja y 3ace6He mrtHepane, xao HITO Cy .11LIMOIMIT mIvum xemann. 

MeToaom TITA mory ce yCTa1101314T14 H21OTMH H F3OTMH 41a3e sa-
rpeBalba onexa. 14Hamxann3He Cy nojenme exaoTepmHe 41a3e Koje ce oaHoce 
Ha ymnalbaa,e Bnare 143 y3opaxa onexa y TemnepaTypHom mHTepBany on 230 
AO 260 ° . OBe eHaoTepmHe 41a3e ce o6jainmaBajy aexmapaTauxjom nojeakmmx 
mmllepanHmx (4)3,3a ((414nockinmxaTa) y onexama xoje Cy Bony Be3ane M3 aTmoc-
4oepe [6]. 
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M.M.P Renal, 14 .A Tp>KeT141 

2.4. Atiastiga nopo3nocmu °neva 

Anaan3a nopo3noczn onexe je neoma BawHa, jep aaje noaaTEe o nenw4M-
H14 nopa HOje cy o6m4mo y BJIBACHOi Cpeill4H14 mcnylbene BOAOM. Taxan nope ta-

aa npeacTaKaajy ueurpe cinungxe H xemmjcxe aerpaaaunje oneKa. Ha HHCEMM 
TemnepaTypama Boaa npena3m y nef4 Enju ce Tumppt H crnapa mmponyKoTnne 
y Koje aamm mo)Ke 11a aocne uona HOE14414Ha Boae xoja Tax° ynitte na unweEbe 
nponeca xemxjcxe H cln433nme aerpaaannje. 

Ilpnmenom >tannmnor nopo3mmeTpa [7] oapetene cy nenw-tnne nopa y 
14CLIHTHBaHl4M oneKama (cm 4) 14 ymptene Bpe1HOCTM 3a cpealby neanymny 
nope (D) kt maKcmma.rma Burnt-ina nopa (Dmax)  [1]. Cpejuba ne.rmtnnia nopa 

H3pa4ynaza je npema jeanatumm: 
n 

D = (E N,D) I (E 	 (11) 

rite cy: 	- cpean'a nem44ntna nopa y i-TOM mtrepnany Beantimne nopa, a 
N.; - 6poj nopa y (-Tom mifrepnany neamtnme nopa. dloomjenn pe3y.mraTm cy 
143H0ACeHH y Ta6. VII. 

Tan. VII. Cpe,tose H maacumanne Be.ainume nopa y oneaama 
cpncian cpes.monemonmax maaacmpa 

Ma.HaCTHp BerlY141.1HFL 110pa. (gm) ManatnapBenmmlina nopa (gm) 

M-01 1,68 25 M-11 3,77 15 

M-02 10,06 45 M-12 2,82 25 

M-03 6,70 15 M-13 1,68 8,5 

M-04 7,70 75 M-14 2,70 25 

M-05 0,99 8,5 M-15 2,31 8,5 

M-06 3,56 25 M-16 2,81 15 

M-07 3,08 45 M-17 2,52 15 

M-08 1,80 8,5 M-18 2,46 25 

M-09 2,81 8,5 M-19 0,93 8,5 

M-10 2,29 8,5 

Ha OCHOBy OBMX noawratia mcnnnane onexe cm:lent-re cy y 'rpm rpyne: 
1) oneKa ca x3pa3wro nemocom BeRW1HHOM nopa, D = 5 a° 10 pm (M-02, 

M-03, M-04) ; 2) onexe ca Be.11H414110M nopa, D = 2 AO 5 pm (M-06, M-07, 
M-09, M-10, M-11, M-12, M-14, M-15, M-16, M-17, M-18); 3) onexe ca 

peHaT1413110 maaom Benymmom nopa, D < 2 pm (M-01, M-05, M-08, M-13, 
M-19). 

fIerpaJjauMja onexa je c.no,Ken nponec Kojm ce oanmja ae.nom xao xemnj-
cKa iterpaAauvija, a ,4e.nom H Kan 03m4na Aerpa,aaumja. 
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1 	10 	loo 4r i  
Cm 4a Pacnoaeaa mailman nopa 

y onexama manacrnpa 
M-01, M-02, M-03, 

M-04, M-05 H M-06 

1 	10 	1 00 Hit 

Ca. 4n Pacnorteaa nenromna nopa 
y onexama maHacTmpa 

M-12, M-13, M-14 14 M-15, 

Ca. 46 Pacnoaena neakonma nopa 
y onexama manacmpa 

M-07, M-08, M-09, 
M-10 in M-11  

Cm 4r Pacnoaeaa neamania nopa 
y oneHama maHacTmpa 

M-16, M-17, M-18 M M-19, 
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M.M. Pmamti, V.A. rpweamti 

3. Xestujoca dezpadamija 

C.Ta6mamocT mmmepana macTanmx Ha HMCONMM TeMnepaTypaMa y ripmcyc-

Tey HoAe m KmceommEa ca ripememom 3HaTHO °Has. VoTevae y ripmaor oeoj 
Tepzuipm mory ce Hahz y npmpoximm npouecmma npeo6patttaHama (a.mrepaum-
je) marmaTcxmx cTeHa [8, 9], macTanmx tit-label-hem marme OA 1200 AO 900 ° , npm 
Liemy HacTajy HCTil 14 1114 CAHMHYI mmtlepanm ttojm ce Hana3e y nemeHmm onexama. 
To cy 0.11141314HH, Sajam4T, nmpoxcemn, rmarmottnacm, cbemacnant H itpyrm. Ha 
cm 5 npluta3aH je °MUTH npouec npeo6patttanarba emcoxoTemnepaTypHmx y 
mmcKoTemnepaTypHe mmmepane y npmcyciey eehmx H mathmx HOT114414Ha eoae. 

Cm 5. Hpeo6paweme (anTepauttja) mmitepaaa 
cTeHa. no,/ AejcTuom cope 

CnH OBH npomecm cy cnomTamm H TO ce moxce TepmotimHammmxm AoKa3a-
Tm Ha ocHoHy no3HaTe titopmyne o yKynHoj cno6o2moj eHepriedm peafaude 

aEG peaxumje• 

AG pealcumj e = E AG°Hpo,ayHala E AG°peaKraHarra, 
	(12) 

HpH memy ce arta ,rta aa AG peamad e  > 0 pearuwja Ike cnowrama, ozwoctro 
Aa ce He oaHja, a Eazaje AG peattuuje  <0 peaxuHja Tette cnotiTatio, C THM 

V
ir

tu
al

 L
ib

ra
ry

 o
f 

F
ac

ul
ty

 o
f 

M
at

he
m

at
ic

s 
- 

U
ni

ve
rs

it
y 

of
 B

el
gr

ad
e

el
ib

ra
ry

.m
at

f.
bg

.a
c.

rs



QponecH Aerpaaausje onema cpricKmx cpexa-bonexonamx maxacTmpa 	185 

INTO Cy AG°1, 	 aarm [10]. J eamia ponyKaTa 14  AGpeaxTarraTa Ta6enapm4 no  
Heakimma Koja ce He moHce aaKo naHoortni je 6p3HHa peammje. 

Talc°, Ha npI4Mep, npeo6paniaj ebenAcnaTa y artcHyri Tette npema caeae-

hoj peammjw 

3KA1Si308 + 12H20 + 2H+ = KA13,9/3010(OH)2+6H4SiO4 +2K+  (13) 

—1,017, 111TO 3Ha4I4 aa ce peammja cnowraHo oarmja, a ao6m-AG pearamje = 
jerra cHammjymon mcearma aame ce TpaH4opmlime y mcKoTemnepaTypm4 

Knapn 143114 °Ban: 

H4SiO4 = Si02 + 2 H20 
	

(14) 

HacTanu ceKyHaapm4 Si02 qecTo je amopckaH H He mcoKe ce aeTewrosaTH 
peHareHcKom amkpammortom aHaarnom, afm ce 3aTO moxce namo npeno3HaTH 

onTwmom mimpocKormjom, LUTO je, yocTanom, n pHMeheHo y Henwrimarmm 

y3opuHma. Bpao je Ba>f<H0 HanoMeHyTH aa je m06HnH0cT 14 pactaopmHnocT 

cHammjyma nocneakma aerpaaarmje mmiepana Koji y ce6H caap?Ke anKan-
He H 3emrro-anKanHe meTane, HpH qemy moace HacTaTH H4SiO4 miroro Jimmie 

Hero ampercHo 143 Si02. OBa KoHcTaTaimja ce mon.ce norrymiTH H pesynTa-

THma PprmeTHaa 14 EapHca [11] KoM aoKaayjy na HOCTOjH paamma mme-

ty pacalEmpamaocTH amopelmor cHammjym-arroKcHaa H KHapua, Him qemy je 

Ksapu matbe pacTeopnma. 

_fianm aaTeparmomn npouem mory as ceKyn,aapHH micKytt npeo6pa3e y 

nrapoKcHmyctcom4T, Tj. 14.1114T, Koa Kora cy K+ jorm aeammwmo 3amerberm ca 

H30+ jormma 143114 y Ka0.1114H: 

4KAI3Si3 01 0(0_11)2 6H20 -I- 4H+ = 3A14Si4010(OH)8 + 4K+; 

(AG peanad e = —0, 107MJ) 

Ha carmati Hatikm mory ce anTepHcaTH H axoncta, an6HT, reirenwT H 

apyrkt auCOxoxeMnepaTypHH mimepa.m. 

Hpema cienerry cTa6HnHocTH nomeHyTH ripoayKTH aaTepaumja mory ce 

pa3apcTaTH xao IUTO je To ripHKaaatio Ha ca. 6, a 6p3mia pa3nararba 14 Cpe,/1- 

13,14 ASHBOTHH BeK nojeammx neTporermx mmrepana ripmxasamt cy y Ta6. VIII 

H IX [12, 13]. Ha ocHoay 01314X nouaTaKa CT144e ce npaua carma a() Koje mepe 

cy npoHecH paarpaaH,e mom!, aim mnax nmicyTHm. Homo ce jeziaH 6poj 
°sxx mmtepana npoHana3H H y onexaMa, TO Cy OB14 noaarm neoma Baner, jep 

nppicajy noaaTKe 14 o nyTem4ma ripeo6pa>KaHarta HemTaqKH ao6Hjermx mime-

pana TOKOM npoueca never-ha onexa. Karco ce Imam, aHOpTHT je BeoMa KpaTKor 
"nmnoTHor Hera". OBOMe y nimmor line qmbernma aa je y onexama arropTHT 
ympbeH, amn y manlim Komumama. 143 ca. 1 ce 1314414 na je jeaHa mamaj-

Ha rpyna oneKa cpricimx cpenwooemoomix maHacmpa 6.mcKa KOHoaM aHop-

THT - amoKcHa, na npeMa Tome Tpe6a overmHaTH mamajimje *comp-Lyme OB14X 

mmrepana y onexama. MetyTHm, anTepauvom, npouecH cy <me mmrepane 

(15) 
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Mtnrepan 	4iopmyna CpeAan "H.CHBOTHH BeK" 
y roHm Hama 

Knape 	 Si02 	 34.000.000 

MyCEOBHT 	KAI 2 A1Si 3 0 10 (OH) 2 	 2.700.000 

4)operepwr 	Mg aSia, 	 600.000 

K-ilienacnaz 	tiAlSi s O i, 	 520.000 

All6FIT 	 NaAISi 3 O8 	 80.000 

EHCaTHT 	M.9257:208 	 8.800 

liHOHCH,11 	CaMgSi 2 O s 	 6.800 

Heck.rm 	(Na,K)AlSia, 	 211 

AHOpTHT 	Ca/11354208 	 112 

186 
	

M.M. PHCTHII, N.A. ['putrid' 

Ta6. VIII. Cpe,arba 6p3iura ocao6atama Si°, H3 HOjef1HHHX 
Hiniepaaa (npm pH 5 H Ha 25°C) [12, 13] 

Mrmepaa 4)opHyaa 
CpeHrha 6painta 

y mol/rn 2 /s 
Peckperula 

I{Hapir SiO, 4,10 * 10 -14  [15]  

MyCEOBHT KAI3Si3010(01- )2 2, 56* 10 -13  [16]  

(DoperepHY Mg 2 ,910 4  1,20 * 10 -12  [17] 

K-cheaacnaT Kid5; 3 0 8  1,67 * 10 -12  [18]  

AR614T NaAISi 3 0 8  1,19*10' [19]  

EHCaTHT Alg 2 Si 2 0 6  1,00*10-"  [20]  

.fiproncHit CaM5S;2 0 6  1,40* 10' [20] 

Heci)enHH (Na,K)AlSiO, 2,80* 10 -9  [13] 

AHOpTHT CaAl 2 Si 2 0 8  5, 60* 10 -9  [21]  

aenom pa3rpaaHHH [14]. Aarrepalmja HPIonciaa mome as ce oanfrtja Ho Haonz- 
Ha (peammja 16), Ham AO mycnonwra, oilma) Han (peahuvja 17). Anepa- 

Ta6. IX. Cpeaa:44 5KHBOTHH Bel" nojeHmuni neTpormumc 
mllnepana ()Hints npH pH 5 H Ha 25°) [12, 13] 

unja renemna ce cunnija Ito mycKomtra (peamada 18) rum mamma (peatajwja 
19), a mo>tce ,aa 'retie H ,/10 T3B. xHapanicaHor reneicra: Ca2 Al 2 SiO7s8H20. 

2C0M98j206 2Al203 2CO2 41120 	A l4 Si40 10 (011 )8 

+ 2CaCO3+ 2M9CO3; 

a'GpeaKuyzje = -0, 980MJ (16) 

3CaAl2Si208+ 2K+ + 3CO3 -  + 2H+ 	2KA/3Si3010(OH)2 + 3CaCO3; 

peammie  = -0,384 MJ 	(17) 
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TenemmT 	 Ca 2AI 2S1O
7 

Kanunjyn nnermonnac 	 CaAl 2SI 206 

Ca-anmanmism nnarmonanc 	CnAl
2

SI
2
0

8
-NmAIS1

3
0

8 

Anmanno-Ca nnarmonnan 	NaAISI 308 -Can! 2
Si

2
0

6 

APKARHM nnarmonnac 	 NaAlSi
3

0
8 

Nanmaym OennenaT 	 KA1S1 30
8 

MycmostoT 	(nmcnyn) 	 KAI
2

AISI
3

0
10

(OH)
2 

Xmamoncmmycnoson (m.nmT) 	(Mg.A17)(Al2S1 14)°40(°H)8 

nnapn 	 SiO
2 

Ca1.6. Penni:ma cra6mamocTnexporeumx mmepanay3aBHCHOCTH 

04 airrepumutoma npogeca 

3Ca2Al2Si07+3Si02+3CO242K+ 3CIA-  + 4H+ 

2KAI3Si3010(OH)2+ 6CaCO3; 

AGpeanke = — 0,501 MJ 	(18) 

2Ca2Al2Si07+2Si02+ 4CO2 + 4H20 = a,GApl:SaxiitHO ;0;0128+ 4CaCO3; 

Cne npeTxoane peamumje cy cnonTane, na npema Tome cne ce oRnmjajy, 

aim ca pammunTom xpmenncom naja 'Bide onae oapetena. Ha npHMepy re-

.nemmTa (peaKumje 18 14 19) npmxa3ane cy MorytlnocTM anTepaumje rezemmTa 

0, 160MJ 	(19) 
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188 	 M.M. Pucnih, N.A. rptcenth 

,a0 swarm, OAHOCHO Ao xaoammmTa. 06e cy peaammje cnotrrame, c THM LUTO 

je anTeparmja reaernrra ao mitcHyHa npeMa cao6oLuroj nponem seposaTHHja 

jep je AGpearcatje 	AGpeamke 19' maim je peasunja npeo6paHcaman,a <  
amcHyria y HaoartHHT TaHobe cnoHTaH npouec H seoma trecT y nprtpoaH (pearc-
nxja 15). 

AnTepaunje cHnHHaTHpuc mmrepana Cy y OCHOBH npouec HojH ym-

pexcasajy CHJIHKaTHH maTiucc, a npHJIHKOM Tor npoueca ce o6aseaHo y pe-

nremy HOBOHaCTaJWIX cTa6ruirmjm (Popmiti yrpabyje a/meter-la KOJIMMHIla sole 

y o6army OH-rpyna (peammje 13, 15, 16, 17, 18 H 19). 

Cm 7. Ynniaj pH Ha paCTBOWLMBOCT HOjeJ(HHH% OECH)Ta - 

IsOHCTHTyeHaTa CHJIHKaTHHX mmiepana 

Ha pacTHopamsocT nojearuunx EoHcTirryetraTa 11C1114THBaHla °Herm CH-

rypHo ymnie H npomerra HricenocTri cpeavirte - pH, Inn) je npHKa3aHo Ha 

ca. 7. Nalco °fierce HHCy rt3nmseHe apipercrHlim yTkurajilma xemmjctmx are-
Haca merbajy pH cpeJuiHe, TO ce otiercyje as ce Hvice.nocT y onexama cue 

pee xpeTana orco pH HpeintocTH Hoja je aelatamcarra napumjaarmm npx-

THCKOM CO2 y aTmoctepH H weroBom pacTnopmHBomliy y HOLM, a TO 3Ha4H 

as je yTvaraj eKCTpeMHUX pH spearrocTki Ha paCTBONI,HBOCT HomnoHeHaTa HO-
je Harpabyjy oneHe cseaeH Ha mymramym. IlpricycTso nojeamma aaHaarmx 
H 3emiro-anxammx oHcktaa y onexama HHje morao 3Hatrajrto aa merba pH, C 

o6sHpom Ha TO aa cy seaatm y HpricTaaHy perneTHy ripmcynatx cHaHHaTa. 
LiNcTe KHme, 4HjH ce pH Hpehe oa 5,5 Jzo 5,7 ycaea pacTsopeHor yrmell-
-avroxcrtaa y Kininnwn, HHCy, aarcne, MOrne 3HaLlajHo aa yrmtly Ha. pamnara- 
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oneHa jep yra,eHa HmceamHa y KH11114 He moHce 6mTH npmcyTHa y BI4COIGIM 

KoHnetrrpaunjama. MoH<Ha je Tel< y nocaeammx 50 roama, ca pamojem HH-
aycTpmje y Cp6mjm, pacTao caaptcaj xmcenmx oHcmaa, Mao urro cy SO2 147114 

NO2, aim To 3axTeHa noce6Ha mcTpa>funlan,a. 

Ha xpajy Tpe6a perm Hexonmxo pemm m o anTepaumjama myamTa H ex-
ammammTa, Hone' ce He pacnaaajy Ha Hatum KOJH je KaparrepmcntmaH 3a Nome-
pane Hojn y ce6m carp tce HaTjoHe Mao urro cy Ca2+, Mg2 +, Fe2+, Na+ 
,ELpyrm. Osm aaTjoHn cy BeOMa BaAcHe KomnoHeHTe npoueca npeo6paacanam,a, 
jep ce mcnmpajy 143 mmHepana W114 Beurrammx maTepmjana, H TO pa3am4x-
TOM 6H314HOM (Ta6. X 14 XI), a 3a ihmma 3aocTajy twapu - Si02 14 Al203, 0,21 

Ta6. X. llpozykim anepaumja crena xao nocnenzmua mcnmparba nojegmumx joma 

A.Yrrepaumoum 
caynals 

Mmrrepan Ocno6obeam 
joum 

HponyxaT 
anepaumje 

Pamm 
crynama 

BHOTHT 

KHJIHHT 

now 

Carman 

(DenacnaTm 

limpoKcenm 

Kt M 9 2 + 

Ca 2+ , SO.1 -  

M 11 2 + , Fe+ 

Na+, Ce+ 

M g 2tCe+ 
F 6 2+ 

ramie, fiHMOHHT, 

X eMaTHT 

HaJIHHT 

CHM 

CJIHHH, JIHMOHHT, 

X eM HTHT 

name 

I`JIHHe, JIHMOHHT, 

X eM HTHT 

Phrrepraxamjerom 
unman,. 

ramie 

MyCX01314T 

Si0 2  

Kt SiO 2  

601CHTH 

MyCHOHHT 

MOHTMO pH JIOHHT 

Yananpe,aonanx 
cragajyrd 

Fame 

PHHCHT 

XCMaTMT 

Si°, 60HCHTH 

mama rnowta 

rmncierr 

xeraanyr 

KOJHX TOHOM nemeH,a HacTajy My.T114T, C141114MHHI4T H HA/ma C.11114H14 BVICOEOTHM-

nepaTypm4 Hp0143130,1114. Y OBHM neurrammim mmllepaimma KaTjoHa HeMa, na 
ce aerpaaaumoHm npouecu cHoae Ha npotiec pacmapalta 01:114X mmnepana y 

Doan, a He Ha npouec xeMHjcKe m3meHe Olin mmHepana y npncycmy Bone 
(peamumja 20), jep ce Taxam npouecm He conmjajy. 

10Si0 2  +2AleSiOn +12H20 	3A14Si4Olo(0108 
	

(20) 

PaCTBOpJEHBOCT EBapna, mymna VI cm.inimaHmTa je 143y3eT110 maaa 31a cy 

aerpaaaunoHm npouecm 01314X mymepana 3a ayrm Hi13 roamia cEopo HenpmmeT-
Hm (HHp. Kimpua — Ta6. IX). Ha nnax, Tpe6a noce6Ho Harnacwrm na ycaea 
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M.M. NICTI411, N.A. l'imBeamti 

Ta6. XI. Peaannula MO6ICIHOCT 110je.4HHIIX Me Tana nopexaom 143 Emixonnx 
oxcnaa lispa>i<eHa y ap6HTpancamm jeaHHHaama (oil 1 Ao 10000) [22] 

BpcTa °Kenna OKCHA Pe.lIaTHB/Ia MO6IVIHOCT 

Ceciamoacang Al203 2 on 1 no 100 

Fe2 0 3  30 mana M0614./1110CT 

Cr2 03  60 

LIHOHCIIX4 TiO2 10-100 04 100 ,120 500 

Si0 2  300 Cpe1111,a MO6HJIHOCT 

OKCITIVII ailKaJIHNX Na 3 0 1000 oit 500 AO 10000 

H 3emHo-anEanintx K2 0 100-1000 Berlina mo6Bninacr 

manna CaO 500-2000 

MgO 300-2000 

1114CEI4X TemnepaTypa nenetba onexe cpesonenonmix cpncxxx maHacTxpa ne 
caapHe 3Hanajne nonwume OBHX maTepHjana KojH nacTajy, nano je TO net 
pemeno, Ha TemnepaTypama H3Ha2 980°. 

4. Ousun Ica despadopja 

Xemkijcita pasrpaania je cnop nponec, na je Ao6ap aeo ourrebetba one-
Ea Ha cnominim ekacaaama, a HapomitTo y npmemilmm aenonmma manacTilpa, 
Houle/Hula ci143k4ucc aerpaaanHomix nponeca. HOpO3HOCT orteHa 3HaTH0 ao-
npinnocH npouecy 41143H9Hor pasapatba, an° je y nopama npitcyTHa no2ta, H 
To y nopama H munponynoTHHama 4HJa ce Hemounia xpehe oa 0,1 AO 1pm 
[23, 24], xpncTanH neaa ce mory ockopmlipaTH, anH Hcrioa yo6H4ajene Tatixe 
mpnitheita nose. Ha cinnammxy Aerpa,aaapHy He yTHLie Horta lc* ce Hana3H y 
HirrepHpkicTanHom npocTopy anymmo-cpumHaTa, HHTH Huta Koja je aacop-
6oHaHa y o6.nwxy moHomoneHyncHmx cnojena Ha cm.nmaTHH maTpHHc, jep Ce 
Taloa Hozia He moHce npeeecTH y HpHurane nezta NH Ha TemnepaTypama Hama 
0 ° C. YtrattowbeHo je, HaHme, aa ce noaa y nopaMa umrana He near' namo, 
jep nocToje oapebena orpatmneisa y Taximm cpeapulama Hoja onemoryhanajy 
monetcyne none aa ce npeopraHnsyjy Tag° ,t(a. 3ay3my one nonomiaje KojH cy 
Heonxonint 3a cmapaibe RpmTanne cTpynType neaa [25]. OHO je, npe cne-
ra, nocneavaia HepanHoTeHumx ycnona Koji' HacTajy inmety mexacza6Pume 
Te4llOCTI4 VI neita KOjI4 TIOCTOjkl 143BaH nopa, Ha ripmmep, y Be111,1EHM IlyKOT4V- 

Hama. To je nocnezmua pa3mthe y namajammim Hpyrrucumma HojH Haa,aajy 
H3Haa Te4HOCTI4 y nopama uHrana H Nadi neaom 1/13Ba1 nopa. OBa pamionaca 
ce ycnocTaoma Ha aaaexollVDEHM TemnepaTypama oa 0 ° C. Bpno je Heposanto 
na cy a4xe3HoHe nine lc* Hna,aajy mmety moneHyaa Ho4te H pacTHopemtx 
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Flpoqeco Aerpantolje oneKa cpncion cpeArbolieKommx maxacmpa 	191 

anHannmx H aemHoamtanmfx meTana nopexnom H3 maTpaxca Hanle, OAHOC-

HO aaxeamome cane Hamety noae H 31440Ba nopa, nanexo Bede OA xoxeamo-
metx can Koje 614 nnartane aamety monexyna Bone y xpacTanftma nena. Tex 
Rana ce one cane m3jentiatfe, oanocno Itoxeawale cane naannaaajy, nommfbe 
mpfttmeme, a TO ce aemana Ha TemnepaTypama H14}104M OA 0°C. 3aTo Bona y 
nopama carypHo noTnomaffce xeMHjCKy nerpaaawdy; metyram, amfampwa 
mexamfwaft (wax npoueca jow yew< Racy cacmfm pa3janntemf. 

YK01114K0 Cy nponyKTM anTepauftja Hanofftemf napexTHom Trallajy Hama, 
mina je morytie na ce ca nonpuntHcfafx aenona Havana nocTeneHo ftcnapajy 
H Tame ce ck143144KH oTxnone onpebemf aenonft onexa. Ha onaj nponec ce 
Hanone3yje cTamm Tranaj xnamaTcxxx npomeHa H maxone cmeffe, xamma 
H cya-nix, neTH,mx a 314MCENX newfona. 43 14314 ,4KB nerpartauffja je napomfrro 
mpaxtexa y 3HMCKI4M nepHowtma, xastta Bona ycnea wan' aHomannor noHama-
Iba 	npenamty y nen nomawe na ce nnfpft H nocTeneno Hapymana onexe 
cnomne clfacaae maHacmpa It* Cy Tana ao6po naTonmene nonom. Epoaft-
ja cnonwyx cbacaaa TOKOM npemena nocraje cne Bella. Maxpoxmfma, ;Janne, 
npencTawba jenaH nafftax 4)aKTOp KOJH neeWtHame arpecfmnocT cpenmfe, a ona 
aanitcm on Hanmopcxe BHCHHe, cpenthe nenbe H namote TemnepaType, onnoc-
HO Emma-wont H, HapanHo, ftonwnwe naaanfma. 3a cne nomenyTe manac-
Tape ftapaltTepucTaLma je KOHTHHOHTBJIHB ttnama ca TOTIEHM H cynifm neTHma, 
nnamamm H xnannftm aamama H ca npocemHam nonemfm Tanorom on 1500 no 
2500 mm ronmume. 

5. Onutme paamampame 

.flerpanawfona npolfecg aantaTajy onexe it* cy noponmfje, aantra oHe 
xoje y ce6x canpnte Beim canpntaj anxanHax H nemtio-antcammx meTana, 
onHocHo one onexe cacTawbeHe on capownia Hoje cy 6xne 6orarHje tipen,acna-
Tama H nnaraottnacmma. Ca 013I4M y Elena jecy H anTepawfmm npouecm KOjM 

ce mefbanft xemajcmf cacTan anymmfo-cHnaxaTa H nwxony xpacTanify cTpyx-
Typy y xoje ce nocTeneno yrpabanana Bona. Konmwma Taxnftx camocaTa 
He moAce ce jeaftocTanno onpenwrif. ItHxoBa nacTynmeHocT je aaTo nocpen-
HO osapebeHa H annwftena y Tab. III. OBO ce aacfmna H Ha aftweminama na 
ce y onexama cpncxmc cpenwonexonmx mattacTapa mynaT H canamaHHT He 
Hanaae y anaaajmfm HowtaftHama xao H na ce one (Pam He mory nerpawf-
paTm non nejciwom aTmoccbepctufx clfaxTopa Ha Hawm Ha twja ce nerpanH-
pajy ocTanm anymano-camutant caaptHe jezwonaneHTne, artonanefrme 
TponanenTHe EaTjone. KoMnoHeHTa ft* no CB034M cnojcrnama Monte /la ce 
nenmmwmo nonama Rao mynHT 14.414 clunfmaHaT jecTe meTaxaonaHcfca amopck-
Ha ckaaa, mebyntm, y Toj (pawl ce Hanane yxmymum nnarmoRnaca, tbenitcnaTa 
14 npyrif, Hoja nonnente xemajcxoj aerpanawfja. 

3a nponec nerpanawfje 'mexa aftaaajfta je TemnepaTypa nemetha one-
fca, jep cy HecTa6mmatje H nonnwfumje nerpanawtomfm npotfecama oHe onexe 
xoje cy neaeffe Ha 11143K14M TeMnepaTypaMa. OBaj napameTap ynex =flaw{ 

Ha apyro  mecTo y onHocy Ha caapntaj annammx 14 3emHo-anxammx men- 
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192 	 M.M. Pmcmh, N.A. cpacemti 

na y KomnoHemTama Eoje msrpatyjy onexe, nouvro ce OB14 enemewm TOROM 

mpemetta tionmpajy 6e3 o63mpa Ha xojoj cy TemnepaTypm nememe onexe (Ta6. 
XI). 14, KOHaMHO, nomeham cTenex mei-Impart:a ymex je npitcyTHxja TM0 rue je 
nopomocT °memo, meta. 

Y KoHaltmoj npouemm xoje he ce onexe Ham majnamme npeo6pa3mm (me-
rpampipant) xopticTe ce Tpm OCHOBHa cparropa: 

- noposmocT (II) xoja nomehama moryhnocT merpamatune onexa ca no-
pacTom 6poja H menxtimme nopa, 

- 3antm campacaj cpenmcnaTa H nnarmoxnaca (A), jep o6yxmaTajy anxan-
He H 3emmo-anmanme meTane %km nomeham campacaj nomehama mepomaTHohy 
merpamauxje cinema x 

- TemnepaTypa nemema (T) Koja, ymonmxo je meha, mma 3a nocnemmuy 
cmapame Derma montittxma oTnoptutjmx mtmepanma cpa3a kcao H cmame-
me 6poja H seam-mime nopa, a OBH cpaxTopm yjemmo cmamyjy morytwocT 
merpamautija onexa. 

Axo ce note om ona TpH cpawropa, oil mojmx cy npna mma y Ampex-
THoj cpaamepm, a TpehH y o6pHyToj cpa3mepm ca npma aaa, mo6xja ce 
cpemomemononnot napameTap merpamaumje II npmma3aH y Ta6. XII, maTemaTtn-
m4 m3pancem Ka° (11*A)/T, Kojm uo6po mome ma immune penammtcy HecTa6Ha-

HOCT HHOOTHOpHOCTHCIIHTaHNX onexa cpnCKHX cpemmomexommamattacTxpa. 
Ha npouece merpamatude yTmgy cea ;rpm nomeHrra cpanopa. ILITo je merim 
6poj mmxponyxoTtima cpa3mepHo je Berm etkemaT Stimgme merpamaumje ycnem 
cmapatma aema, a H meta xonmutma nnarmoxnaca H elwamcnaTa je m3nomema 
axTmEntom mejcmy moue. Oma min napameTpa cToje y samperrtioj cpa3mepm 
ca ckemomemonouncxm SaxTopom uerpauauHje II, H metyco6Ho jemam upyror 
ymehamajy. 3a pa3nxxy om Hata, y o6pHyToj cpa3MepH ca napaMeTpoM .11 
cTojm TemnepaTypa xoja, 111TO je meta, cmamyje 6poj nopa H nomehama cTa-
614RHOCT onexa. 1.11To je, maxne, napameTap /I BAH To je merpamauxja onexe 
mepomammja. 

Ha ocHomy mnomemx nomaTaxa y Ta6. XII onexe ce mory paampcTaTit 
ycnommo y ;rpm rpyne: 

- rpyna Kojy Lime onexe xoje cy nomnomme penammmo mxcoxom cTenemy 
merpamaumje (M-02, 0,423; M-03, 0,217; M-04, 0,202; M-16, 0,116; M-11, 
0,110; M-14, 0,102; M-07, 0,102; M-06, 0,101), 

- rpyna xojy mime onexe ca cmamemom moryhttouthy ommxjama merpama-
IIHOHICC npoueca (M - 13, 0,085; M - 17 , 0,074; M - 10, 0,053; M - 12, 0,066; 
M-09, 0,065; M-18, 0,056; M-15, 0,055; M-08, 0,049) 

- rpyna onexa Rom xojmx cy merpamaumomm npouecm orpatotmemm (M-05, 
0,033; M-19, 0,029; M-01, 0,027). 

OBa xnacrminticauxja ce y npvimumny penammmo ao6po cnance ca amantt-
30M CTa614JIHOCTH onexa tome/tem° Ha OCHOBy xemmjCKVIX al-mama 14 y3 npmmemy 

ammeapme TpaHapopmaumje OBHX napameTapa [1]. Hexa Hecnarama mnax HOC-
Toje H eeponano cy rtocnezema wthetnisue urn y oxexpy oee Knacmclomarke 
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Ta6. XII. CTeneH nerpanannje onena cpnchnx cpeamonexonanx manacTmpa na 
oniony cpenomenonouncor napameTpa nerpa,aannje (.11) 

Cpentha Bean-

*mom cnopa 
(D y pm) 

n 

Ynynnn ca4pxcaj 
K-4)enacnan n 
nnarmottnaca y 

A 

TeMnepaTypa 

nenewa y °C _ .A), 

M-02, 10,06 M-13, 45,85 M-02, 720 M-02, 0,423 

M-04, 7,70 M-16, 37,31 M-10, 750 M-03, 0,217 

M-03, 6,70 M-02, 30,27 M-14, 750 M-04, 0,202 

M-11, 3,77 M-14, 28,25 M-11, 750 M-16, 0,116 

M-06, 3,56 M-05, 26,84 M-04, 760 M-11, 0,110 

M-07, 3,08 M-07, 26,54 M-19, 780 M-14, 0,102 

M-12, 2,85 M-03, 25,93 M-03, 800 M-07, 0,102 

M-16, 2,81 M-17, 25,85 M-05, 800 M-06, 0,101 

M-09, 2,81 M-06, 24,85 M-07, 800 M-13, 0,085 

M-14, 2,70 M-19, 24,17 M-12, 800 M-17, 0,074 

M-17, 2,52 M-08, 22,46 M-15, 800 M-10, 0,053 

M-18, 2,46 M-18, 20,49 M-01, 820 M-12, 0,066 

M-15, 2,31 M-11, 21,82 M-08, 820 M-9,  0,065 

M-10,  2,29 M-04, 19,93 M-09, 820 M-18, 0,056 

M-08, 1,80 M-15, 19,07 M-06, 880 M-15, 0,055 

M-01, 1,68 M-09, 19,04 M-17, 880 M-08, 0,049 

M-13, 1,68 M-12, 18,56 M-16, 900 M-05, 0,033 

M-05, 0,99 M-10, 17,32 M-18,  900 M-19,  0,029 

M-19, 0,93 M-01, 12,94 M-13, 910 M-01, 0,027 

HHje y3eT y o63Hp caapwaj Hanumjym-xap6oHaTa [C aC 03] , jep ce 3Ha na je Taj 
mmeepan Henoncemam y cmpoemirama oa Rona ce npaee onexe. 143 TAX pa3nora 
oey noaeny Tpe6a y3eTM ca meeceom pe3epMom y oamocy Ha cneaehe y3opxe: 
M-01, M-07 m M-18, c o63npoM ;la je amanwrpeno4 Trepheno (Ta6. II) 
aa y ce611 caapace Heyo6xmajemo BHCOIC caapHaj CaO. ]lama mcTpanweama 

Hmajy 3a WA ;la ce y al-mm{3y HeCTa6F1.11HOCTI4 pubymm H Trmuaj npHcyTHor 

Hanamjym-Hap6oHara. 

HapaBHo aa he npouecn aerpaaaumje 6mTH CKOpO He3HaTHH Hoz CHICC 

°Him onexa lc* cy 3auumheme Oil ampexTrafx yTmuaja aTmocckpcxmx 4)aKTo-
pa. 

6. 3awbyttax 

Bnara H aTmocckpcHe upwame Henocpeamo yTmmy Ha npeo6pammeathe 
onetca cpricHmx cpeamoBeHostmx maxacTmpa, urro mma 3a nocneamuy xowrm-
Hyanmo oaemjathe xemmjcEmx aerpaaaumoHmx npoueca. IThema ceojmm Hapax- 
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M.M. Pmczmh, N.A. Fp*eTuh 

TepPturnimma 01314 nponecH cy 143y3nno cnopm, aim ce 3llamajmnje He pa-
ankwyjy on nomatxx anTepauHoHHx npoueca nerporema mmHepana y xe-
TeporeHmm cuctemHma y 3emmmutoj Kopf, KOjH cy 3aCHOBaH14 Ha OCHOBH14M 

clmamtnco-xemHjcxHm H Tepmo,m4Hamlittxmm 3aKOHHMa. Iloap06linjom amankr-
30M yaopaxa 143 worm maHaampa nerpaaaunja onexe je jaw) 143paxceria y 
npmemimm nenoanma maHacmpa 14J114 nenosHma cpacane Ou onexe xoja je 
nopoma, xoja canpam BHCOK ca,apxiaj mamma H aemHo-anxanHmx merana, 

Koja je netteHa Ha HYDRI4M TemnepaTypama, OKO 800° H Incnon oee TeMnepa-
Type. OBO ce morno otteromaxm jep ce npm THM TeMnepaTypaMa y onexama 
crnapana Hpno man xonHtania cinrreponaHe cTaxnatre mace xoja je 'men-
jana on Si02 H Al 2 03  rpanwom cvInktmamrra, mynkrra H cnknumx npojlyxaTa, 
KOjH cy y OCE10B14 np.no ornopm4 Ha nerpanannoHe npouece. 

Ha npHmep, yaopum nopeanom 143 Cry,nerme (M-03), Panocaamene 
npvmpaTe (M-04) Han manacmpa Benyhe (M-16), Time Ham mory na nperpne 
Henmice aerpai(aunoHe npomelle. MaH,H creneH nerpa,namene onexa je Koii 
Ilehrce naTpmjapumje (M - 08), maHatrwpa CH. Apxambena (M -10), Jby-
6ocnnbe (M-15) x join Hexia apyrHx. 

Hponecm nerpanauHje cy yrnaaHom xemmjc}4 H y npvniumay cy ay- 
roxpajmi, ann cy 3aTO 110THOMOItyT14 H y6p3arm 4:1143144K14M npouecHMa, c 
06314130m Ha TO cy mcrarrneam manacmpu ant HH3 ronwHa 6HnH ripe-
nyurremi 3y6y HpemeHa. 
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M.M. PIACTHrl, 14.A. Fp>Kenth 

M.M. Ristiec LA. Grietie 

DEGRADATION PROCESSES OF THE BRICKS FROM SERBIAN 
MEDIEVAL MONASTERIES 

Abstract 

The most important cultural and historical monuments from medieval Serbia 
are undoubtedly the churches and monasteries built in Serbo-byzantine style. The 
main characteristic of this style is a decorative application of bricks, which have 
been a very important building material in those times. 

By their quality, the bricks from Serbian medieval monasteries do not belong 
to high quality bricks resistant to weathering agents. They were made from raw 
materials which contained caolinite (20-47%), microcline (5-20%), albite (8-34%) 
and quartz (8 — 49%) (Ristie, Cirkovie, Kora& 1989). 

The phase analysis of the brick samples showed that they were made mostly 
of diopside (CaMgSi20 6 ), feldspares (KA1Si308), mica (KAI2AISi3O10(OH) 2 ), 
quartz (Si0 2 ), hematite (Fe20 3 ) and calcite (CaCO3). This analysis revealed that 
the bricks have changed during time since they contained feldspares and mica min-
erals which are usually the products of plagioclase alterations and, as well, the 
minerals which contain crystal water. It is known that fresh bricks usually contain 
high temperature minerals like silimanite (Al28i0 5 ), mulite (A168iO n  ), gelenite 
(Ca2Al2Si07), diopside (CaMg3i 2 06 ), wollastonite (CaSiO3 ) and others. These 
minerals do not contain water in their crystal lattice, but the differential ther-
mal analysis of the investigated samples proved the presence of wster in the brick 
matrix. 

The natural process of alteration of high temperature into low temperature 
minerals under the influence of water and oxygen is continuous. These heteroge-
neous processes could be chemically and thermodynamically explained. Having this 
in mind, the goal of this article was to explain degradation processes which influence 
the bricks from Serbian medieval monasteries, or in other words to explain the al-
terations od artificial minerals under the influence of natural agents. Although these 
processes are very slow, the interpretation of these mechanisms is very important. 
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ruse CCCLXXV CpncKe axadeAtuje 'myna u yetemnonnu 
Odeibelbe mexnutocux nay/ca, too. 31 - 1995. 

Glas CCCLXXV de l'Acaddrnie Serbe des Sciences et des Arts, 
Classe des Sciences techniques, .ff2  31 - 1995. 

M. BYKOBPATOBHI, OJIFA THMLIEHKO 

EKCIIEPHMEHTH CA 

HETPAAHHHOHAJIHHM YHPABJbAHDEM 

ILBOHOWaH4M POBOTHMA 

(11pnmzemo Ha III cxyny OHezerba, 8. mare. 1994) 

Y osos pady npunaaanu cype3yemamu cumyeaquolux etccnepthAtenama ca noeum, 
nempaduquonannust dunamunicum ynpaeibalbest deonomnum po6omuma, Koju yte.thyny-
jy npumeny 0a3u (fuzzy) wonmposepa. ,linpae.mattua memo cuntynatmonot stodena yn-
pouthenoz deouornoe stexanuaua doneKne je npomeiena, jep cy y ceawoM sono6y 
ymecmo KALIC/44/ita nonmpaeepa (PID tutu noepamna cnpeza no cmaley) npumezetiu 
401CaSHU fia3u tconmponepu, uuja je yaoza da atemajy nojavaza soKannux noepamnux 
cnpeza y aaeucnoctnu od eenusune spew8e npahema u teenoz uaeoda 3a Amman, nodcuc-
rues.. 

Mamemamusuu modes mexanuama useeden je npesa een nocmojehem notinenmy 
matece nyea-mamenma 9, 2, 3, 4] 'coin je nocnyaccuo y peace:m(1*y npo6nema cunmese 
eetumastcoz soda nosyuneepsnos memodom, mj. nponucuembem tcpematba deny mesa-
nuance, a aamus odpeuearbem xpemasa ocmatmca stexanuama mak° da ce aadoeonbe 
ycnoeu durcantutme paenomearce Konennemnoz cucmema y3 ycnoe notrosteueocmu tcpe-
maim (soda). 

Hoeuna nod oeux npuimaa dunaAttrocam ynpaefecnby eetumannum xodos je ma 
cum° ce Kone6utcyje npo2pancexo ynpaamane (feedforward) Kojum ce peumea npo6nem so-
da y nenopemehenum (udeaftnuAt) ycnoeusta, ca Oasu pezynamopunta, Koju petuaeajy 
npo6nem nopentefienus pedocusta. 

Cum ynaquonu peagemamu nouadyjy npednocmu o6atceoz npuna3a, jep paanusu-
mu nopemehaju, Koje je meunco 6uno cma6unucamu mpaduquonannunt nyment, moey 
ycnewno da ce mpemupajy Oasts Konmponepuma, 6e3 snamajnujez ye/wane/Rata pupae-
sbantce were, Kano ca cmanoeutuma peasusaquje, man° u ca cmanoeuumm nystepuM,ce 
Komnsetccnocmu. 

1. Yeod 

Hpo6nem cknrre3e BenrraIncor Bminenoxwor xona je TeXHIV4KH KOMIUDIE0- 

Ball npo6nemnpe cBera 36or cnoxcene mexamtwe cappaype limtuunc mexanx-
3ama. 110)1(1114 mexam43mm TOKOM cBor tynKuvionmcama menajy tamemannixy 
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198 	 M. B y KospaTom.th , Onra TummeHHO 

hoHybHrypauHjy. HaHMe , TOXOM xoaa, mexamaam ce ocaama Ha paaaHHHT 
6poj nory, y 3aBlICHO CT 14 On ycnojellor Hamnna xona H TpeHyTne cpa3e Kopa-
Ka. Ha npmmep, aHTponomop(imm CHCTM ce TOEOM xona y3acTormo ocnaH3a 
Ha jeaHy, na na nne more. H3 Tora cnenit Aa y jennom cnymajy Ten0 H more 
o6pa3yjy oTaopenx, a y npyrom 3aTnopeum inmemaTHLunn nanau. t3 all H y 

jenHoocnonatixoj (4a3H, HO>KIIM mexamm3am mon(e na mema cnojy CTpyKTypy, 

Imo IllTO je npmKa3ano Ha cammm 1. ToKom npoueca xona, Hora monce aa poTm-
pa caw cnojmx Humua, Rao lino npkiKa3yjy cnvwe 1.a) m 1.b). Onronapajyhe 
KmemaTlitme mew naTe cy Ha cnuKama 1.c) H 1.d). Kao IIITO mane na ce 

npmment, an ce Hora ocnan,a Ha jenHy will npyry mnmuy, nononcaj Tamm 0 
mena ce CKOKOBHTO . 

Cm 1. Hpomella cTpyKType BOH(HOC mexann3ma 

Joni jeana nanom xaparrepmcnnca mexamnma je Ta ,na cy Hem{ cTenenm 
cno6one Heynpanmmint. CI314 yHyTpaunbm 3rn06onm mexaHm3ma mory na 6ymy 
ocHan<em4 onronapajytmm atcTyaTopHMa, anm je 3a 3rno6 0 (xonTaic cTonana 
ca nonnorom - cnmEa 1.c) H 1.c1)) Hemoryhe o6e36enwrm naronapajyhm aKTy-
aTop. Pb Tora cnenm na je cTeneuoM cno6one Wo  nemoryhe ,ampeKTHo ynpan-
man'. To 3Ha9m na Wa  npencTanma nacvnnim, onHocHo neocHaaKeHm CTeneH 
cno6one. C apyre cTpaHe, npomella wo je npno nancna, jep nehe epennocm 
Tor yrna mory na noneny cHcTem no npespTana (naaa). dame, cyoyeim cmo 
ca npno cnenwinitmom cwryaunjom: noTpe6Ho je ynpaumaTm P1313 e CH1431 cTe-
nenmma cno6one mexaHm3ma nocpenHo, npeKo ocTanmx ocnancenmx cTeneHm 
cno6one. OB 0 je no cnojoj cynnynnt amnammtn4 npo6nem H 3arresa °Aro-
B apajyhm npmcTyn. 

Cneneha HapawrepmcmHa 110/11111411 mexaHm3ama je Ta Ja cy ca cintxcHom 
nonnorom none3aHm canto npetco cmna Tpena. 1.1pTencm 1 1  in . C ;  H 	npeacTanma- 
jy maeanknaumjy, H oaronapajyhm cy camo y cnymajy Kea peaKumja nonnore 
N puma BepTHEanau npanau a cHna Tpema T je nononnia na cnpetim Ramat-he 
cTonana sore (amneTH cnkncy 2a)). 

ItaKne, xonajytim mexamm3am KapaKTepmuy npomerimmeocT cTpyKType, 
nocTojathe Heynpanzw3mx cTenenm cno6one H 3na9ajaH yTmuaj cHna Tpen,a. 
3a name pa3maTpathe KpeTama xonajytmx mexammama HeonxonHe cy mmpop-
maumje 0 noroHcinim momenTmma Eojyr nenyjy y 3rno6mimma mexanm3ma, Kao 
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14 paukopmaukija o cHnama peammje Koje aenyjy Ha Kowrawmma tronana ca 
noanorom. One mnpopmaiwne cy 0)1  cynymnicxor 3Hamaja 3a oapehmnathe no-
Hantawa cHcTema. 

a) Pacnoneaa mum Tpen.a 	 n) PacnopeA onTepehema sync cTonaaa 
Ca. 2. Pacnoaena nowrane cline xoa 3:B01103010r Toaa. 

.Tha 6H ce npenanunne nomeHyTe TemEohe, yneaeHa je aeeknpatHja TamHe 
Hyaa-momewra (TOM) [1, 2]: 

AKO npemocTammo Ha je TOROM HpeTatha xoHajyher mexammma :melte 
mmehy cTonana H noanore 210BOJI,H0 Beam° H aa y H3HecHom upemencHom 
TpeHymy Ha Hewrap mace mexamuma aenyjy yKynua cHna F H momeHT M, 
Tatra je TOM Tatum Ha no2no3H y nojoj ctna F H momenT M mory Tta ce 
3aMeHe came pevaTyjyhom cHnom. 

Ca. 3.06aacT Morytnx no.rumnaja TOM-a y jeati0oCaOHatIKOj 
H asoocaonanxoj +am asononcxot Ton 

Ilocmamajmo caza /MOHO/KIM mexamnam. Y cnymajy Kaaa je ocaoHau 
camo Ha jeaHoj H03H, jacHo je Ha TOM He monie aa neam }max nonprawre 
Kommiaa tronana ca noHnorom. Y anoocnomamKoj cpa3H xo.aa, TOM He mowe 
Ha nexu4 H3BaH nonpunme lc* je Ha cninun 3. orpammeHa mcnperanaHmm 
nimvijama. Y cynpomom cnymajy, cHna peatande noHnore 6Hna 614 yemepeHa 
Hamme, inTo je HeMoryhe. ToNom xorta, TOM ce nomepa yHyTap nonpumHe 
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M. Bymo6prroBwh, Onra THMLICIIKO 

npifita3aHe CJIMKOM 4. Y je4HoocnonamKoj 4314 xua, TOM he nexcaTH yHy-
Tap HHocTpyKo InpagmpaHe noaptume, a y aBoocaoHamEoj 4'a3M Herne Ha 
jeHHocTpyxo HipatlipaHmm noapunnHama, ;Jame Hamehy TparoBa am -Jana. Y 
wan/Ty OBHX rpaincia TOM mo)He Aa ce Hpehe no pa3nlitnintm samoHmma, 
KOHTHHyaRHO HaI4 CKOKOBHTO, y 3aBVICHOCTH 0,a mina xo.na HojH ce peam43yje. 

Ca. 4. 06nacT moryhmx nonoacaja TOM-a T0KOM 

aBOHOSHOF xo.na 

Jeimai4HHe AHHamp.we paHHoTexce HOHCHOF mexam3ma mory na ce cl)op-
mHpajy y onflocy Ha TOM. Taxo nocTaje moryhe Aa ce peum onaj epno 
cneuxelmman npo6neM nmnamme. HaMMe, sa 6xno xojy npyry TMK ocxm 
3a TOM, jennatume mmammuce pannoTewe 614 canpnonne Heno3HaTe cxne 
alma/Am-me peammje, na 614 6xno Hemoryhe myrerpamint in. Ann, Haim ce 
mcrerpane jennatume nanxcaHe 3a, TOM, Lame ce onpehyjy x ynyTpaunbe 
no3/1*e, 6p3me x y6p3awa crtmx 3rno6ona mexanx3ma, notraje moryhe na 
ce onpene clime peammje, jep one 3amice on CHFIX rope H3pa4yHamx Heaw4H-
Ha. 

2. Ynpacibatoca cmpamesuja tcod cunrne3e seunnatoco2 roan 

C o63Hpom Ha C110}EaHOCT expywrype HOHUIPIX mexanx3ama H C 063Hpom 
Ha OHO HITO je no3HaTo 0 6monouumm pemenmma 3a ynpann.aune xonom, jacno 
je zta he Hoz ckurreae ynpanarba Ha ampumom HHHoy CHHTe3a Koffrponepa y 
HeHommo HopaHa 6HTH Hajnoroatutja apaTerkkja. (Dane Hpe,nnaat<emo ttempH 
Kopaxa y CHHTe3H Howrponepa: 

• Hajnpe ce npormcyje Hamm xpeTauna 3a neo extrema (Tpajewropnje 
3rno6o0a Hory), a mina ce m3pamynana Homnen3auxono Kperame 3a 
npeocTanx die° clicTema, Tax° na ce nocTmrne amnamwma pannoTma 
Henoxynnor extrema [5, 2, 3, 4]. 3aTHM ce x3pamyllanajy Hommian-
1114 noroncxx momenTx, Intme ce, sanpano, 3anaje nommanna nmiamima 
cxerema, Tj. ynpanaiame y oTnopeHoj cnpe3x. 

• 3amm ce 3a °MICH 31'7106 cHFuremayjy a0KaaH14 HoarponepH, 6xno 
Haacw.um PID xonrponepx, 6xno noxanna noepaTHa cnpera no cm-
Eby. Ono 3Ha4m na ce nocmaTpa noTnyno nexynnonaH Gym-rem, x na ce 
noxymana cia6xnx3aumja cnanor 3rno6a noce6Ho, Aaxne nimmen.yjemo 
neuenTpanknonano ynpanhbame. 

V
ir

tu
al

 L
ib

ra
ry

 o
f 

F
ac

ul
ty

 o
f 

M
at

he
m

at
ic

s 
- 

U
ni

ve
rs

it
y 

of
 B

el
gr

ad
e

el
ib

ra
ry

.m
at

f.
bg

.a
c.

rs



EKcnepAmepirmcameTpagmqmoliamimmynpaea.ammm ABoHowlivim p060THMa 	201 

• 3a nopemetaje Koje HHje moryhe cTa6HavicaTH camo noxamatm milfrpo-
nepvma, HOOLIXOT[HO je BCTM H aoaaTHe noapaTHe cnpere xoje he pe-
rynHcaTH H ymniaj cnpe3awba meby noacincTemprma, icao H yTkmaj cHne 
peaKumje noanore Koja nenyje Ha mecTy xowrawra cTonana ca noanorom 
H mowe aa v3a3oHe poTalaijy nenor CHCTeMa oho Haynie cronana. Yo-
6HMajeH Hatani 3a TaKay perynauHjy je yaobewe rno6anHor ynpaamawa 
36or jaKor cnpe3awa meby noacucTemmma [6, 7] (Tpehw xopax y CMH-

Te314 ynpanmama), H noapanwe cnpere no cHnkr peaKuHje y uw -by cTa6H-
nmaLwje yTHHaja cwna peaxuHje noanore [4] (MeTBpTH Kopaw y CHHTK314 

ynpaawawa). /Lae nocneawe noapaTHe cnpere moryhe je peanknonaTH 
Ha jeaaH On cneaermx Hatema: 

- C o631.4pom Ha TO ,L(a ce cnpe3awe mmeby noacHtrema KOA cnoweimx 
mexaHHLwpix cinema H3pawawa npeKo renepanHcama cHna Koje je mo-
ryhe /wenn° mepwril y 31'71060M4Ma mexam43ma TOKOM paaa, moryhe 
je yflecTH noapaTne cnpere no cwnama Kao rno6anHo ynpaszawe. 3a 
peanmarwjy ()nor Hatuma HeonxoaaHje cemop cHne/momema y caaKom 
3rno6y mexamuma, a 3a peanmaaHjy noapaTHe cnpere no cHnama peax-
tarje H ceH3op clime Ha caaEom cronany mexam43ma. 

- Lipyrn Hamm 3a yaoheme rno6anHor ynpawn.awa je cpagyHaaame y 
peanHom apemeHy cHna cnpe3awa mehy noacHuremmma. Aim, Ta 143- 

pamytiaBatha cy HymepanKH RomnnexcHa H 3axTeaajy miwponponecope 
MACOKMX morytalocTm. 

Mernim, npm peanx3aumjm o6e one trpaTermje jaBmajy ce 343Hec-
Hm npo6nemm. lIpno , nmHammucm monen moAce na 6yne npencTaHmem Hpno 
cnonceumm cmcTemom HenmeapHxx AH4 jenHatuma [6]. Baxmo 
nwrathe y npojekromatby ynpanaaa je no Koje Mepe je Heonxonno npe-
11143H0 monenmpaTm nmmammay cmcTema. KOMMMKOHHHMM monenm no3Homana-
jy npeum3rmtje 3axoHe ynparbarba, anm ca "[pyre cTpame 3axTeBajy caymby 
cnoaerky onpeMy 3a peanm3aumjy yrtpaHmatimor cmcTema. /fa 6m ce penal-
no nwrarbe CHWEKHOCTI4 monena, npennmmeHo je mune momnjyTepcxm opmjell-
Tmcammx men:im 3a anomaTcmo remepmcathe 6mno KOMMIeTHMX ammamwilmix 
monena. 6mno 11,,MX0BMX ynpoluheimx cPopmH [8]. Cue/ter{ npo6neM npomc-
Twie 113 nmaeHmue na cHamm monen po6oTcmor mexamm3ma npentramma mune 
mnm maae HepHy anpomcxmanmjy cmapHor nomaumaa po6oTa. Ymex ocTajy 
Hemonenmpamm e(toemTm lade 614 ymmytathe y monen 3HaTHo nonehano aeroHy 
cnwmenocT. Penarbe oHor npo6neMa morno 614 na 6yne y yeobeay nasama 
cmna, Tj. cen3opa cmna y cHanom 3rno6y. C O63HpOM Ha TO na OHM mepe 
treapHe mune amiammwe Cline, noepaTHa cnpera no conic) H3mepeimm cw-
nama je po6ycTaa Ha aapHjaumje napaMeTapa H HenpeuH3Hocm y saaanamy 
moaena. MebyTHm, npHmema cemopa cHna y 3rno6ornima po6oTa Tawobe je 
ocontrafia ca TeXHIMKMM npo6nemmma. ripe caeca, TO 06141m0 3arreHa cneum-
janlly moHcrpyaumjy 3rno6ona, a 3KTMM OHM ceH30pm cmaayjy cTpywrypHy 

xpyrocT mexamuma. 
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M. Byxo6paToamh, Onra THM4611K0 

AnTepHaTHHHH Hainint •3a petuanathe npo6nema C.710>ReHOCTH 14 nenpe-

11143HOCTI4 mo,nena Flynn ynpaHmatbe 3acHoHatto Ha 3Hatby 14 TexHuxama artpox-
cHmaTtn3Hor 3atusy4itnatba. IlpHmeHa anpoxcHmaTHHHor 3atuby4mnatba y ay-
TomaTcHom ynpanzatby npwnyxna je namoby mtiortix mcTpaNuniatta KO* Herat-
Tyjy morytHocT arromaTcEor ynpawbatba nponecHma (cMcTeMHMa) tcon4 cy 

141114 note ne$Huptcatm, 141114 Hmajy It cymune HomruntxonaH maTemantinKH mo-

nen, HJIH je noTpe6Ho ;la ce ynpanmatbe onekna y panHum ycnotmma xojtt HHCy ! 

yllanpen 1103HaTH, 141114 Cy cam)! 3axTeBH Ha ynpaHmatbe HenoncwbHo npeuH3Ho 

110CTaBJbeH14. Y OBOM 110Jby HcTpaactinatba tcotrrponepH 6a3Hpantt Ha npttmetat 
4m314 norttxe, ptcrn4pHcatm panosHma 3anea (Zadeh) [9], tretunn Cy Bening 
nonynapHocT y nocnenn,oj nexann [10, 11]. 

Y Textry 1{0314 cnenti cHa144 on '{eTHpl4 nomeHyra xopaxa cHHTeae yn-
patwbatba Heurramxtuo xonom 6Hhe neranAmje onHcaH. 

Y TOM 1.114Thy ycHojeHa je nenewrpanmoHatta ynpanmatwa crpywrypa, H 

onpeheH je 3aHoH ynpatwbatba y $opMH: 

ui = u?+ AuU Att7 +Aur 	 (1) 

me je: 

• i - pentm 6poj 3rno6a, i = 1,2,... ,n; 

• ui - ynpaHJbattxpt Hanott i-Tor 3rno6a; 

• u? - nporpamcxo ynpaamatbe (feedforward), H3pamynaTo 3a 3anairy Tpa-
jewropHjy; 

• GluY - noxannyt ynpaszamm4 C141"Hall, 1414ja ce BpejwOCT IlpH0614THO 

onpehyje Rao H3na3 xnactonfor PID Eotrrponepa 141114 noupante cnpere 
no cTatby, a 3antm ce melba y cxnany ca npomettom nojamatba noxanumx 
noHpaTtna cnpera Hoje je nocnenHua papa 41a314 Rowrponepa; 

• AuF - rno6antto nojattatbe; 

• Ayr - ynparwbatim cktrnan Hoj14 cia6mnk3yje ynniaj cane peatake Ha 
Eotrrawry cronana ca HOallOrOM. 

2.1. Cunmesa xoda u npozpamcico ynpae.roaxe 

OBaj Kopax y cHHTe3H ynpaamatba neurrammm xonom je 3anpano Tex-

Hpitixa HmwrattHja npliponHe CHOCO6HOCTH >K141MIX opraH143ama aa H3BOae pe-

rynapHe (cTattHoHapHe) notcomonHoHe noxpere nomohy ynpaHmattxxx mexa-
Hmama rbopmttpatunx rtelbem y paimm Sa3ama HamoTa. Taxo, 6a3Hpatto 
Ha "n03ajmmeHom" penepToapy zyncxor Ham Huttnonnbcxor xoia (rpajew. 
TopHje 31'7106011a Hory Ha IlpHmep) no paBH0j TIOR1103H H HO yHallpea 1103Ha- 

THM npenpexama, moryhe je cHHTeT143oHant H npeocTane (HomneH3auHotte) 

noxpere. 

Hpe naanecer neT roaptHa, onpeheu je anropwram y cnojoj npao6HTHoj 

topmtt 3a 3aaaBathe neurragxe cMneprMje (no3HuHje, 6p3HHe H y6p3atba cam( 
cermeHaTa mexamnma Toxom xperatba) Eon cmrre3e anxponomop(intor xona [5, 
3]. KopMcTehM Taj uncommon, x0314 je npoumpett xammjum Hurpattumatimma 
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[4], 14. KaTo ca Baceaa ymmepanTeTa (Tomm) je 1984. ro,amie peanm3o-
nao amiammam X OA 4130HOWHOr po6oTa WL-10RD [12]. Fleaamm, Ha 6a314 
KomienTa TOM-a, peammoBaH je y JanaHy A1411aMlitIKM xoa 14eTnoponoaumx 
mexamenama TIITAH /V It TI4TAH VI [13]. 

[amnia Tenmota N cneumpmmocT npo6.nema oapehmnama Benrramm 
cnHeprvje neAo4 y timbemum aa pemaname avmammxe xpeTawa IMMEHMX me-
xammama He npmnaaa y noTnynocTx HM npnom HM apyrom 3a2amy mexamme. 
36or Heno3HaTMx num peammje noanore, nemoryhe je cow4311mm y6p3ama 
cermeHaTa mexammma, na cammm TMM M KomnneTny cnneprmjy mexaHn3ma. 
BaHu4 m o6pHyTo: nomro tune no3HaTa cvmenrmja mexammma, Hmje moryhe 
oapemmi cline peammje noanore, jep one aamice on uenoxynHor xpeTama 
mexamemma. 

I4CTaKHHMO aa je Ta4Ka Hyaa-momewra m3y3eTHo mamajHa y pemanamy 
°nor nno6nema. To je aanpaHo Tpeuyina Ta4Ka npema xojoj je yxyHm4 MO-
MCHT CHIC( cmaa Hyna. TpajeKTopMjy TaMaxa Hyna-momenTa je penammio jea-
FIO CTaBHO Ao6NTH excnennmeHTom. Mepema ce Hpme aa 614 ce ao6n0 Benin/1- 

.M 3axout xpeTama TpenyTHe HanaaHe T atnie mina peammje, mTO o6e36ehyje 
nimo2m4 nopTpeT amHampme xoaa. 

Koa ormca °Hof meToaa &le y3eT 3a nommen JABOHOACH14 mexam43am. 
14cm meToa, y3 m3HecHa npmaarohema xoja je jealloclamo yBCCTM, moryhe 
je nimmemirrm 14 Ha treTHopolomme H mecToHoame mexammme. 

HeKa je T Ta4Ka Hyaa-momenTa (emma 2b). 

1104menom .11anam6eponor (D'Alembert) npmmima ao6mja ce na cy 
ycnonn mmammixe parmoTex<e: 

Evr, x +ad+ iCiFyx o 
i.1 

E(firi x (Pi + di) + ICIFDey  = 0 
=i 

rae je fir s  paajyc-neHrop on Tatum r ao Hewrpa mace i-Tor cermen, 

cy rnamm sextop N rnamm momern mieplmjanHe clime i-Tor cermewra, Gi je 
Tenama enamor noce6Hor cermewra, a ix , iy cy je213411144H14 Bewropn mebyco6Ho 
Hopmaam4x oca X, Y xpoa Tamcy r. 

Jeimatume pammTexce cktna peammje 3a Tpettymy Tammy Hyna-momerrra 
mory 4a, ce Hammy y o6amcy: 

E(MF, + x POE( = 0 	 (4) 

rae je 	pam4jyc-newrop oa Ta4xe Hyna-momeirra ao npoaopHe T atm e nep- 
TimanHe oce Epoa papas xowrawra cTonana ca noanorom, a r, je jeammo-unt 

nexTop oce (. 

(2) 

(3) 
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M. ByKo6paToBah, Onra. TI4M4eHKO 

Jelimammme (2), (3) m (4) itajy TpM pe.nammje m3mety }coopAmman cHc-
Tema. Kayo ueo cHcTem Hma n creneHin cno6one, me je n Belle on 3, Tpa-
jewropmje npeocTanwx (n — 3) HoopmHan moryhe je 3anaTH Ha penaTHHHo 
11p0143BOThaH Hal-114H, a Haj6ome npema CHI4MThelIOM y3opKy 76y2CKOF xona. Ono 
naHm y cnymajy na HeMa nonaTmnx Taman Hyna-momellara Koje ce jaBa.a-
jy y nack3HHm 3rno6osHma pyKy (czymaj 4H4EcHpaHmx pyEy). AKo IIOCTO-

je nacw3HH 3r.n060nm (Hnp. y pyKama mexaHH3ma), 3a csaKy TOM Koja ce 
janma y nacw3Hom 3r.no6y moryhe je Hanmeant 'rpm =name jenHammie an-
HamHmKe panoTell<e, Taxo na ce cmamyje yxynaH 6poj HoopakmaTa 3a Koje 
Tpe6a nponHcaTH KpeTarbe. 

/Janne, cHHTe3a Beurratwe cHHeprmje 143B02(14 ce Ha cnenehm HamptH: 3a 
(n-3) HoopnvniaTa ce nponlicyje xpeTame, a npeocTaneFoopAHHaTe ce Hana3e 
H3 jenHammia nktnamkpixe pa3BHoTe?Ke (2), (3) H (4). JenHocTanno pemeHo, 
Luella EpeTalla po6oTa je cneneha: "Hore" ce nomepajy Ha Hamm.' CHI4M-

mei{ Ha a4HOM 6Hhy, a Teno 143110/114 nepHonHmHe Eomnen3aumoHe noKpeTe 
tcojH o6e36ehyjy xpeTame TOM-a no 3anaToj TpajewropHjH H nimammincy 
pasHoTexcy HenoxynHor cmcrema y EPPOHTaTIHOj 14 y3nyamoj paBHH, npema 
ycHojeHoj BepTHKanuoj ocH. Moryhe je topmnpaTH 6a3y nonaTan 3a pa3- 
numwre HomnHanHe pe?Kiime: xoaame no panHoj noppuntum 14 no pasnyontrrHm 
no3HaTMM npenpexama, y3 paanwniTe HapawrepucTince TepeHa. Kam) xonarbe 
npHnana nepHonwanim noKpeTHma, 3a cuatan TMn xona noTpe6HH cy nonaux 
canto 3a II0J10B14Fly nepHona Tpajalba jenHor Kopaxa. 

3anpaBo, y ckrre3H ynpann.an.a, OBO je KopaK Ha Kome ce onpehyje 
HomxnanHa Luniampwa cHcTema [1, 2, 3, 4], jep je yripaemamm cHrHan y 
oTaopeHoj cnpe3M (nporpamcKo ynpanmame) u °  = [4 ,  • -42 ]T  moryhe jen-
HOCTaB110 onpenHTH axo 3Hamo How/ma:me momeffre y 3rn06onmma H monene 
noKpeTama 3a °nig! 3rno6. 

2.2. 1/01C(Will xonmposepu 

JloEanmet Romponep y cuaKom 3rno6y mexaHH3ma, name EonTponep Ko-
jH Hma H4opMauHje canto o cramy 3rno6a Ha Kojit je npHmemeH, moryhe je 
peanmonaTH Ha Hume Hamma, a Hajyo6Hmajem4jH cy Knacw.m PID Icowrpo-
nep M nonpama cnpera no trawy. ItiojH he ce on ona Ana npHayna npw-
meHHTH 3aBHCH Eaxo on pena monena H3BpinHHx opraHa, Tax() H on Home 
npojewrairra. C o63Hpom Ha TO a Cy aeTaJ614 cHHTe3e OB14X KonTponepa F103- 

Ham 143 KnacHmHe TeOpHje arromaTcKor ynpaBa,afna, oBne o llama mune Hehe 
6HTH 

2.3. Hoeparnna cnpera no cusama enpe3ama name4 nodcucmema 
(zno6anno ynpae./bame) 

Ea° IUTO je paHHje Beh HarnameHo, noKanm4 KowrponepH rapaHTyjy 
>xemeHo noHalumbe Holm:n{14x IIO2LCI4CTM canto aKo je cHcTem noTnyno neny-
nnonaH. JacHo je na peanHH IIOJjCHCTMH  Hyman He mory na ce Hneanno neKy-
nnyjy, Max nx Kan je npHmetbeHo neHTpanknoBaHo nporpamcxo ynpann.ame, 
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KOJC 3HaTHO cmawyje myriaosame. Mao' oacTynatba oa trommtranHe Tpajew-

Topmje 3a i-TM awryarTop (Tj. aa (-To noacmcrem) artT je y (fropmm: 

Si: 	= Aiarxi + biAtti 	APi , 	 (5) 

me cy Ai, bi M f i  maJ(1)141re moxena anyarropa, 	je oacTynawe serropa 

crama amryarropa oa werose Hommmane TpajemTopmje (aKO je arryaTop jex- 

HOCMepHil MOT0p, nocmaTpamo weros moaen apyror peaa. ore je x = [q , 	, 

nommuTja ter 6p3mHa 3rao6a cy yoopammarre crawa) a. Aui oacTynawe 

yart3Hor C14111a7la Oa rherose HOW/HM.71NC BpeTWOCT14. ar.Pi ripeacTasara eckey-

Te mynaosawa meby troacmcTeromma m tymmarelja je moopammaTa crama CM4X 

Hoarmcnema. .JaCHO je natal HOMHIM71110 Hporpamcxo ynpanwawe IIM nomanHe 

nompaTme cupere He mory aa yommem3yjy Ta n i onarr. Ayo je weros aecTa-

6mammyrner yTmuaj seamier, HeonxoxHo je aa CC yseae jou, jeama, aonyricma, 
nosparmia cupera, xoja tle mmaTm minkopmainnje 0 yoopamnarrama crawa 3a 

[Leo cmcrrem [6]: 

Auf=-1q ; 1=6,17, 
bi 

ore je AP ciranapHa civilian/Ha (m3mepena 1411V1 m3pamynaTa) moja npeacTawna 

OaCryila1M amammomor onTeperienra. (Cana) on IMMOROF Hommana arPi, a 

K 22G je HOMMalbe FRO6a1Me noirpaTHe cnpere 	ther0Ba apealloCT Ce 0611 14H0 

6Mpa vomel)y 0.5 M 1. 

2.4. Hoeparnua crtpeza no C11 ✓ 41 peatouje noditoH 

Moryhe je xa re aoroam aa nomanno m rao6anuo ynpaonrawe, xoja cy 

aerfwmvicana y npenoarimm troparmuma, mercy 40B0JbHa aa 06e36e2e nceweHo 

noHaniatbe HeoctianwHor cireneHa cno6wae trojn ce janwa Ha morratery cTonana 

ca no ranorom m wma acerentHaHTHy ynory y corpwawy panHorrewe menoxynHor 
CMCTCMa. IleocHanwiimm cTeneHom cno6oxe Hine moryte ynpanwaTH aa 
ce mopHrona.no oacrrynawe Fberosor noHamawa oa Hommnana, TaKO xa je 
HemaxwaHo yBeCTI4 aoaaerHy noapaTHy cnpery y Helm ox ocHan<emor noacinc-
Tema, aa 6M ce mrampemTno ymmano Ha HeocHancemer noacncTerm npexo eckema-

Ta mynaosama. 

He3aaosowasajyhe noHainaFbe HeocHarmenor noacricTema mamerePecrryje 
ce nomepatmem Tamme Hyna-momewra (TOM-a) ca weHe HommanHe Tpajem-
Topmje. 3a no3Harro xpeTawe nenomynnor mexamenma, crerna peamumje noanore 
aertnnivicaHa je csojkum vurreHmerreTom, npaeueM ret nanaaHom Tammom moja je 

Herxe inctwa error-lama. Amo ce Ha cTonano monTmpary Tpm ceH3opa mule, xao 

Ha tamale' 5, a cmcerem 143BOX4 3axaTo mpeTawe, omaa kmmepene speaHocTm 

sepTumamimx momnorien creme peamke noanore RA,  RB N RQ oarosapa-

jy 11314X01314M HOMPIHNTIHNM speaHocTmma, na je moryhe oapeamTH HoMHHanny 
Tpajewropwry TOM-a. Mepewem sepTinyanmen momnollewrirt creme peaxuMJe 

noanore RA, R*B 14 R.c  maa Ha mexamer3am xenyjy nopemetiajm oxpebyjy ce 

creapHe nommuene TOM-a, 143 jeanammira: 

	

s(ARB — ARO= 11/11 mP  = Rz Liy 	 ( 7 ) 

	

d t (ARB -F arRcr)— d2ARA = MyzmP  = Rz arx 	 (8) 

(6) 
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M. Byno6paToemh, Onra T14M 11411140 

rue cy ARA = RA — W, 14 , SRI? = RB - R *13 14 aRc = Rc - R6, oncryna-

rba oaronapajytmx 143mepeHrix crina on, 11,14X0B14X HomrmanHnx Hpennocm; R z  
je pe3yrryjyha HepTHHanna Homnolleirra cane peammje noanore, Ax 14 Ay 

cy o,acTynarba cznapHe no3141214je TOM-a OA metier HommHanHor nonrnHaja, 
a pacTojama s, d 1  H d2  cy nprma3alla Ha CJII41414 5. YTHHaj xop143014TanHe 
Howl°Henze cline peammje nonnore je 3aHeMapeH, c o6314pom aa ce cmaTpa 

aa je TpeiteJTOBOThbf10 seam° na cnpeturt xnn3awe ocnoHaHHe Hove no 11022110314. 

Ca. 5. Pacnopea cen3opa culla Hama cronana mexam43ma 

JacHo je aa ce 36or oacTynarba Ax 14 Ay nonceHaja TOM-a ApH x - H 

y-oce jaH;bajy nHa momeHTa M!MPH  MvzmP  Hoj14 nenyjy Ha cHe cermeHTe me-
xaHm3ma. C 06314pom Ha cTpyrrypy mexamuma, Heonxoalla Cy Ham 6ap nna 
ocHaHceHa noacncrema 3a HomneH3aurdy nomeparba TOM-a y o6a npanua-
HeHa cy TO i-T14 14 j-TH ocHancer4 nonclicTemm. Tana je Heonxormo peann-
3013aTH nonaTHe momeHTe APizmP  PI APiZMP , Koje je moryhe cpanyHaTI4 143 

jenHanrma (7) 14 (8), no3HaTor moaena mexam43ma H 3anaTor HaHHHa xo,aa 
[4]. IlpeTnocTamma ce Ala he onn ,110)1B-THI4 momeHT14 143a3HaTH npomeHe y6p-
3an,a oaronapajyhmx noacncTema, ;lox he HA4xoHe 6p3HHe ocTaTH no46n14Hwo 
HenpomeibeHe 36or nenoHatha onnx momeHaTa. 

YseneHa noupaTHa cnpera Hma jearmy ynory na °apnea Hce.;beHy 110314- 
umjy TanHe Hyna-momeHTa. Cacm4m je moryhe as Ta nonparHa cnpera max 
Henrro normapm npateH,e yHyTpannbmx Tpajewropnj a ocTanvix 3rno6oHa, aim 
he armamnmica panHoTeaca HenoHynHor CHCTM 614TH onyHaHa, 111TO je Haj-
Ha>HHHj14 3anaTaH Hon ABOHO)EHOF xoua. 

2.5. Oaau tonmpo.up 

loa314 HonTponepm pa3n141414Trix Twnosa pammjeHm Cy 37 nocnexhe sHe 

neHane [14, 10, 15, 16]. 4:0a314 NoHTponep ce o6141-mo nocTanma Ha HaHan 
rpeaTMe H cacTojM ce OA 11 14H1- 1314C11414140T 0314 anrOplITMa KOil4 yllOpetyie 
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ape/worm 3a4aTmx npomenamonx 3a nocmaTpaHn npouec 14 Ha ocHony TO-

Ca oupetyje ynpaoaanay aeutny. (Imam [1par/1u/a mina ce eopntre 3anuce 
OA Tuna cncrema ttojnm ce ynpanma Rao N ort xeypmeTruntmx qtymminja KO-

je ce Koontre. Y po60Tmum, 4,a3m toarrponeint cy nommetbeHm, Ha npmmep, 
3a amHamkomo ynpanaarbe marninynaumoHnm pO6OTOM [17] m 3a pentamarbe 
naemeaumommx np06nema ema ayronommax mo6mannx po6ora [18]. 

Y OBOM paay npnmeHmnin CMO 0314 perynaTop Mao a4anT1413H14 nottanum 
Kottrponep. 3a ceaan 3rn06 110>K1101-  mexamm3ma npojeuronan je 110 jelLaH 43a314 
Korrrponep mrtja je ynora zta, npema ycnojeumm npaomilmma, mempa nojamarba 
Roxanrutx aorrrponepa ;la 6n ce ao6n.00 6ozbe npalietre mommitanue Tpajex-
ropmje. 

3. Hpustep 

]la 6mcmo non/parlay VI3ACIASCHN xmlipmzurn hoturewr yupaemarba, na-
npaemen je cmmynannolni excnepmmettr ca ynponflienmm ABOHOAQ114M MeXaH143- 

mom. Y OBOM oaeaxy ouncatemo napaMeTpe po6oTa N ynpaemammor entre/ma 
ttojm Cy Hopnuthemm y cmmynaumoumm excnepnmenrnma. 

6) 

CA. 6. ilocmaTpann mexatotaam y yaznotatoj H 6o46oj paBH14 

3.1. Modes deonoantos steranuama 

IlocmaTpann cmo mexam43am ca mecT cermeHaTa nran<a3an c.inotom 6. 

Ycaojen je „ank3ajyru4"Hainin xo.na. Haeroea oco6enotr je Ta IIITO cy o6e 

more tranno y totmemaTrunKom KOHTAKTy C LIOAROPOM, C TVIM Into je Te>livia Ha 

camo jeamoj ort }tory. Jeana ort mory je yoet/ mcuppeena, a naTaostennue o6e 
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Hore cy cTanHo napanenHe. Kap:n4-1n neo cincTema 0 xprro je noee3aH 3a 

Hory moja je ncrippmeHa. Y TOM caymajy 3a onmc nonmEaja Hory Kapantmor 

nen noeomHa je camo jenHa hoopfisHaTa - yrao mmeby HcHppReHe Hore 
eepTHHane. ropH,H neo monena MMHI4 KoHneHTpncaHa maca Ha xprom many 
3aHemapnniee mace (o6pHyro KJIBLTH0). Y onHocy Ha Fawn/Rem neo cHcTema 
0 ono xnamo 14ma ,1130 cTeneHa cno6one, jenaH y y3npimioj (yrao tb) H jenall 
y 6o4Hoj (yrao 0) paeHH. Hamm{ neckinuccalta yrna iV IMIAM ce ca camme 6a). 
Cmuca 66) non3yje Bennmmy yrna 0 camo 3a 1,/) = 0; 3a # 0 cynn<a 66) 
npnxa3yje npojemunjy yrna 0 Ha eepTHHanHy paean 0*. 36or jenHocTarminjer 
maTemaTmmeor 3anncHeama, ymecTo yrna' y npopamyHmma ce KOpiticTI4 yrao 

Taxobe npmca3aH Ha cinilm 6a). 

Kpmemammxn n AHHamkr4na4 napameTpn mexammma npnea3aHn cy Ta6e-
nom 1. Gee Hymepmmxe epenHOCTM cy y jeamenuama SI cucTema. 

Ta6. 1. RHHeMaTHMKH H ,amaametam napameTpe mexame3ma 

cermeHT 14Me 06.04K aynaclia maca mom.iThepn 

0 trapamga Talircm ratartap 0.21 	x 0.3 6.75 0.0127 

1 Teno imminewrpncena maca ea 
4Yrom arrany 663 mace 0.865 5 — 

2 necHa HaTKOneHnna nyrn, y3aH mTan 0.49 1.9 0.038 

3 Aecna noThoneuxua syrn, y3aH mTan 0.465 1.3 0.0234 

4 nena HaTxonelinna Anil, y3aH inn 0.49 1.9 0.038 

5 neea noTxonemonta norm, y3aH ma'am 0.465 1.3 0.0234 

3a nocmaTpann Hamm' xona ycnojeHo je na ce yrao a melba npema 3a- 
KOHy 

27 
= —am (1 - cos wt), w= 

T
-- 

2  

me je a„, maxcitmanHa yraolla 3ammunyna, a T je nonynepnon Koparca. 

Nana je npomella yrna a 3anaira, 3a ropam neo cncTema je moryhe on-
penHTH Hommanity Tpajewropmjy, Taxo na 6yny 3anoeomeHe jenHami4He (2) 14 
(3), y3imajyht4 y 063np joie H ycnone 00HODZI3BOCTN: 

[9(0) 0(0) e (0) 11)(0)1 T  = [-0(T) 0(T) - 9(T) (T)]T 	(10) 

Eojn o6e36ebyjy nepnonymmocT Eopaea. 

IlewrpanmoeaHrt LO4HaM1431KM MOilen mexammKor nena cvicTema moryhe 
je HarmcaTH y cl)opmpu 

P = H(q)4 + h(q, 4), 

INTO y MATLAB-OBOM nz-nporpamcHom je3Hxy mo>Ke na ce 143pamyHa cnene-
Timm nporpamom: 

(9) 
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function [12h, ha] = k_hh(a,t,p, par, faza) 

stsp = t(5) * p(5); 	% 	elements of H-matrix 
step = t(5) * p(6); 	hh(1, 1) = hl * coca + h2 * sasa + g 1 ; 
ctsp = t(6) * p(5); 	hh(1, 2) = h4 * stsp * ea + h5 * step * sa; 
etcp = t(6) * p(6); 	hh(1,3) = h6 * ctcp * ea + h5 * et sp * sa; 
tp = t(2) * p(2); 	hh(2, 1) = g2 * step * sa + h10 * stsp * ca; 
etct = t(6) * t(6); 	hh(2, 2) = g3 * cpcp + g4 * spsp; 
stet = t(5) * t(6); 	hh(2, 3) = g5 * step * ctsp; 
cpcp = p(6) * p(6); 	hh(3, I) = h10 * ctcp* ca +g2 * ctsp * sa; 
spsp = p(5) * p(5); 	hh(3, 2) = 0; 
ca = a(6); 	 hh(3, 3) = g3 * cid; 
sa = a(5): 
sasa = sa * sa; 	% 	elements of h-vector 
coca = ca * ca; 	ha(1) = a(4) * (h3 * soca) + t(4)* 
saca = sa * ca; 	 (h4 * ctsp * ca + h5 * ctcp * sa) + .. 

p(4) * (h4 * ctsp * ca + h5 * ctcp * sa) + .. . 
tp * (h7 * step * ca + h8 * stsp * sa) + h9 * sa; 

ha(2) = a(4)*(g2 * step * ca + hll * stsp* sa) + .. . 
p(4) * (g3 * step * etep + g4 * stsp * et sp) + .. . 
tp * (g7 * stsp * step) + g8 * step + mkompt; 

ha(3) a(4) * (hll * ctcp * sa + g2 * ctsp * ca) + . . . 
tp * (g6 * stet) + g8 * ctsp + mkompp; 

Tpu jeanocmepna moTopa Cy npmmerbena y cmcTemy, H 01113 peanmayjy 
yr.none a, 0 m 1/). I-bmxone moaene morylle je marimcam y cliopmm: 

	

Si: Xi = Aix; + bin; +P; , 	 (12) 

vne je A maTpinta ammenamja 2 x 2, Tj. npmmeuben je moaen apyror peaa, na y 
moaeny KomnneTtior i-Tor noacmcTema (mexammimm sae° + axTyaTop) noamumja 
H 6p3mia 3rno6a npeacTanaajy npomenamne cTarba. flpema Tome, xmamo: 

	

x i  = [a &]T , x 2  = fti OJT , x3  = 
	

(13) 

a aa nenTpanmaonamt cucTem: 

= frtheO TAT. 	 (14) 

3.2. 11.96 op ynpaeibanux napamemapa 

Homo je npmmeniem moaen awryaTopa apyror peaa (12), npm memy 
cy nonamija H 6p3mia arno6a napmja6ne cTania, noroamo je aa ce npmmemx 
nonpanta cnpera no cTatby ymecTo xnacmimor PID manponepa. Roxanne 
nonpaTne cnpere ce yno,ne y ipopmx: 

uf = Axi + 	 (15) 
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a 33. cmcTem y samopetioj noHpaTtioj cnpesm ce 3axTeHa aa Hma ckatcrop 
npmrymema ( = 0.7 (cna6o nompwrmtmo npttrymeti cmcTe H can  = 5. J114He-

apmauvtjom HenvmeapHor cmcTema 3a TmnimaH Hopax, oapeljyjy ce 11031414140110 

H 6p3HHCK0 nojatiatbe k it" 14 lq y csaHom 3rno6y. 

Ham) je moaen Koji?' CMO nocmaTpanti penanumo cna6o Hynnonan 
(yrnactiom crenetim cno6oae a 14 //) Trmtry je4au Ha apyrit), ripmmetbetio je 
14 r.no6amto yripaarbayne, jep 6H 3a cnwHetitijit moaen mexamtoma OHO &Ina 
He041X0,TIHO. Eno6anHo ynpatubalbe je npmmeibeHo npeHo vispamyHaHama L114- 

Hamwacmx cmna y 3rn060rmma y peasmom Hpemeny, npema jeallatimm (6), 
a 3a HpeaHocT rao6a.ntior nojamatba yceojeno je 3a CHaK14 31"J106 K = 0.5, 

i = 1, 2, 3. 

KpeTawa HoHueinpmcatte mace Hojom je npentrammetio Teno y 0 m 1/) 
npaBuy cy ycHojefia 3a HomneHoaukny nomepatba Tatme Hyna-momen 143 

menor HomimanHor nono>Haja. /Ina aoaama HomneH3aumoHa momeHTa 3a ax-
TyaTope Ho* peafmayjy yrnome 0 14 1/) ce 143pa4yHariajy npema jeaHatumama 
(7) H (8) ca ummem aa ce Tamxa Hyna-mometura HpaTm Ha3a,a y cHoj Hommanim 
noncoHaj. C o63mpom Ha TO aa TOM mopa aa 6yae Ha nommumm Howrawra 
cronana ca noanorom, y OBHM npopatlyimma ce, yMeCTO TatmacTor cronana, 
cmaTpa aa nocToje cronana 6e3 mace, 3aaanix immeHomja. 

cIa3H Hoffrponep y (kopmm lookup Ta6ene npmmetbeti y caaHom 3rno6y 
peantt3oHatt je npema paay [19], ki iberoua y.nora je aa rtaaemana nojamatba 
kP 14 k;, tmje cy notteTtie apeaHocTin onpebeHe Ha xnacmtlaH Hatnem, npetco 
noBpaTHe cnpere no cTatby. 

ripe tiero urro ce Ha tbmx ripmmeHe Imam npaamna 3a wipe -Num-be noTpe6-

xnx 
 

npomella noHammx nojatiatba, Ha yna3e Sam Hourrponepa Aq 14 A4 

(oacTynakba HoopamaTa cTatba oA Hol4X01314X HOM14HaJIH14X HpeaHocTm) 
metbyje ce HenkmeapHa TpaHcckopmatmja aa 6H ce ao6kine Hopmankt3oHalle 
HpeaHocm Aq' 14 44 1  y 3aTHopeHom mcrepHany [-1,+1]. TaKo a06mjetm 
yna3m4 Hopmanmooeatm HpocTop rpeuIKe ce 3aTI4M aenm Ha cka3H OOJlacTM 
(npmmapHe (kaam cHymme) 14 cHaHom OA T14X cxynona ce npmapptcyjy oapebeHa 
(Pa314 twain/ma 3a nonemaname nojattatba. PeoynTaT npktmette nparmna Ha 3a- 

aaTe A q' 	Cy ;ma 4)a3m curia AKP N Akv , Koji{ cy Taxote aeclumptcatm 
Ha HopmanwommHom npocropy [-1, 	.Jo6mjeHe cka314 npoMene npeacTan- 
majy yna3 anropwTMa 3a ae4a3wkmEaumjy, H Hao peoynTaT ce ao6kijajy Tatum 
HpeanocTm, Hoje ce HotmepTyjy y cmapHy npomeHy nojamama npeHo HpHmetie 
onronapajyhe monasHe HemmeapHe TpaHcckopmaumje. 

Home aorabaja 3a CHli,K14 oa Hopmanm3oHamix yna3a ()Lae je noneme-
HO Ha -rpm 0314 mErrepHana, K0j14 cy osHattemi JIH1111314CTI44EHM Hapmja6nama 
nenanueno, nosumuenc, a HapaxTepmcami cy ckymantjama HpHnanHoGTM 
TpoyraoHor o6nima. 

Y pan [19] cy ycHojeHa penaTmmo jeatiocTamia xeypmcmtma npaamna 
3a noaemaHame nojamatba. clojeamiatitio npamtno mma ckopmy: 
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❑ panmno r: atop je Aq' jeanaxo A r  m Aq je4naxo Br  

omaa je AK' je,anaxo Cr  
(16) 

npn memy A r , nr , Cr  E 	neramveito, nyAa, no3unineito 

Hpannna 3a nonemanalbe nojamatha cy memaTcxm npptha3ana Ta6e.nom 2. 

Ta6. 2. 'Mamma as ncutemaBame nojagama 

•,. 
n03114. 

rp. 

Sp. 
rpewka 

HelaTHBHO myna 1103NIKBHO 

110314THBHO myna myna 110314MBHO 

try,la noamTmetio meraTmemo 1103WYMBHO 

HOPA7VPHO nO3MTMBHO myna. myna. 

3a 3aztaTe Aq H Ad' , pe3ynTaT 143pa4yllauatha jeanor nojezmatmor 
npanpum je (pa314 cKyn AK,. oKapaKTeppican cnojom cpyriKunjom nppmaatiocm: 

H A R. , (AK') = p iir (Aq) A iti3; (Ain —0 /tar  (AK') 	 (17) 

a pe3ynTaT npmmene uenoKynne 6a3e (ka.314 npannna je yrinja AK nojenn-

Ha41411X A/Cr , onmcana ca: 

fl ak (Alt") = V p ak r (A/C). 	 (18) 

Ilpnmen,enn anropprram 3a vmpamynanarbe (ka3}1 npanuna H aecka314- 
(imm(a3mjy ypaten je no npenopyKama Jpmfa (Ying) 14 L1IHnepa (Siler) [20]. 
Ilpema THM npenopyKaMa, onepaTopn "A" n "•—" ce peannyjy Kao mpmmmym 
onepaTopm, nom ce onepaTop "V" peannsyje Kao orparinmena cyMa. 

Taman 143.na3 AK' reneppnne ce Kao oTengbena cpeatba npe,anocT minx 
apeimocm 3a xoje n3na3an ta3M ceTonn aocTvnKy ceoje mamnmyme, npn memy 
nopmann3onam4 crenetnn npnnannocTm capKe Kao Tea<14110(14 (1)aKTOP11.  do-
6N1eHe npennocm AK' purrepripentpajy ce Kao nopmanmonane penamane 
npomene nojaman)a. TaKo, 3a cnenehm knrrerpaumoma nprrepnan, non 'wen-
HOCT nojamarba ce H3pattynana npema napa3y 

K(t + At) = min(max(K(t) • emIKI ,K0), Kmar), 	 (19) 

raze napaMeTap R  oitpetyje maKcnmanny penannmy npomeny nojamarba y Ana 
y3acTorma wrrepnana, a KB H K„,„, cy mpummanna H maEcnmanna no3nomena 
HpeaHoCT rrojamana K . 
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M. Byno6paTonmh, Onra TVINBIeHKO 

Y Hamoj ynpanmanHoj utemm, o6a nojanawa KP R K t' me}bajy ce no 

MCTOM cayny cim314 npaamna, a 3a napamemp Q  m3a6pame cy ape,amocm /3p  = 

log 1.2 = 0.1823 3a nosnumoHo nojanatbe m fl t, = 0.50p  3a 6p3ImcKo nojanathe. 

One apeaHocTm onronapajy maxcmmanHoj penaTtuwoj npomem4 on 20% no 

miTerpaumoHom mwrepany 3a 41031414140H0 nojanatte. 

6ncMo cman,mnit Hymepwwy KOMBROKCHOCT, BpOBHOCT14 come  3a 

HO3H14140H0 H 6p31411C440 nojanann yHanpeacempanynajy 3a el<BMANCTBEITHO 

lye/woe -cm Aq' H A4 1  14 cmecTe y lookup Ta6eny. C o63npom Ha TO na Ta 

Ta6ena frima 2' • 2' noma, 2n nopehema je HeonxonHo na 614 ce Haulms none 
Koje onronapa 3anaTmm rpemKaMa Aq, Aq. 

4. CumyAauuouu pe3ymnantu u ducuycuja 

Y OBOM ae.ny papa hello 143131311114T14 nopebeme cmmynalwoHmx pe3y.nraTa 

noHanlalba mexamenma ca clJa3m Howrponepmma H 6e3 wpm y pa3JIHMHTHM cm-

mynaumom4m ycnonnma. OCHOBHH napaMeTpH xoaa Hoje cmo napmpann 6mn1 
cy maxcxmanHa yraona amnamTyaa Kopaxa amax H nosy nepploa KopaHa T, 
Tax) na ce 6p3vma xoaa memana y oncery on 2.56 km/h (amar  = 20° , T = 1[s]) 

no 5.82 km/h (a men. = 30° ,T = 0.7[8]). 

liana CMO mpamyHananH HommHanHo yttpanmar-se, HopmcTnan CMO pa3- 
menurre ynpoutheite moaene anamitHe cmcTema: 

1. monean arryaTopa + rpanwraumomi nnaHonm; 

2. moaenm anyaTopa + rpantrraunom4 mnaHonn + concTnetia DtHeputija; 

3. moaenkt anyaTopa + rpanwraummikt nnaHonit + concTseHa tutepumia + 
ocTanm imepumoHm naaHonm; 

4. moaenm axTyaTOpa + rpannTaumonm 4EBHOB14 concTneHanttepumja + 

ocTannputemwoHn nnaHonn + 4314HCKH ttnaHonm (KomnneTaH moaen). 

YnpaBma4KH cm-Han CMO H3panyHanann y pa3JII4'-IHTMM ckopmama: Ca 

rno6ammm ynpann,arbem H 6e3 wera, ca ta3H notfrponepmma H 6e3 H,mx. 
14crumwa.nn cmo Tint npeaHocTm nomepawa TOM-a: xaaa nomepawa HeMa, 
Hana je nomepawe mano (5cm aptc x-oce 14 2 cm Apt( y-oce) H Kaaa je nome-

patne nemwo (20cm nym x-oce H 5cm apt( y-oce). 

Y cneaehmm oaeibuitma hem° npkwa3aTm no6mjeHe pe3y.rrraTe 3a & mar  = 

30 °  m T = 0.7[s]. AHanortm peaynTaTH cy ao6Hjemt H 3a ocTane xoM6NHanylje 
nomenyTmx napaMeTapa. Ilopeamhemo caymajene y Hojmma je nimmetbett 0314 
Emrrponep ca oaronapajyhnm cnyttajenpuna 6e3 tam Howrponepa. 

4.1. Taunocm npahema mpajexmopuje 

Y Ta6enm 3 cy npiwa3aHe npocetwe rpeuwe npahewa (cpeawoHnaapaT-
Ha rpeuwa sa cna TpM 3rno6a) H maEcHmanHa oacTynawa oa HommHantte 
TpajeKTopMje Koja ce jannbajy TOKOM Hopaya, N TO 3a c.nymajene canto ca 

xnacknammHowrponepompt ca 0314 Howrponepom, H TO ca rn06annmm ynpan-

MaTteN1 ( K c' = 0.5) H 6e3 r.no6aJmor ynpamrhalba (N °  = 0). Bpoj pa4y0claix 
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onepaunja y noxpeinom 3ape3y (N flops) no InErrerpaumonom wyrepsany Ho)n 
je noTpe6aH 3a m3pamyHaHatbe cHaHor nojeamHatmor 3a,HoHa ynparimaita je 
TaHobe npmHa3an y Ta6en1. 

Mo>Ke aa ce I314/114 aa cy npocetme rpecume 15% ao 50% malt& Kaaa je 
npHmemeH cipa3H Howrponep y oniocy Ha 14C114 cnymaj 6e3 cpa314 HonTponepa, 

a aa cy 11 maHcHmanHe rpennce cmarbeHe 3a nap nponeHaTa. 

4.2. Odpatcame dunamunxe paenonteme 

❑ oHpaTHa cnpera 3a peryamcame no3kumje TOM-a peam43oHaHa je Ha 
Haacw-lan Hamm{ — oacTynathe TOM-a 0)1 HOMI4HaJIHe nomunje H3a3HHa 110- 

Ca 7. Ortcrynalse yraosa B N aa 614 ce oapacaaa noasocsja TOM- a 

ja:1y aria aoaama momenTa twit cTeneHa cao6oae mexaux3ma mojH peaanayjy 

yraoHe 0 H 1G i  na ce THM AOAaTHHM momerrnama, nposo cm.na synnosarsa, ym4e 

aa TOM noHoHo 3ay3me >+<emenn nono.a<aj. 
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Ca camEe 7. mome Aa ce1314,1114 Aa je oacTynaihe yrnona 9 H tft cal1414X0B14X 
HommnanHmx TpajewropHja mathe y caymajy xaaa je npmmemen tam moHTpo-
nep y oaHocy Ha xnacmgan HoHTponep. Ilpm Tome Ha rpacfmxy nyfie ammelje 
nplum3yjy xi-mow-lax caymaj, a mcnpexmaame cnymaj ca sham HoHTponepom. 

4.3. Ympoutax euepzuje 

Ynimoc Helmm nojatiammma y cnymajeomma xaaa je Himmel-hex 4314 
xoHTponep, moace Aa ce B14414 Aa yTpomaK eHepriene HHje 6HTHHje nosehaH 
y oaHocy Ha Knew-Ian xomTponep. Cnmxa 8 npmxa3yje yTpomax emeprmje 3a 
cHa. Tpm cTenexa, cno6oae y mommHanHom peWHMy (—), 3a Knacmmall HomTpo-
nep (--) 14 3a 4314 KoHTponep (...). 

4.4. Beau paoue 6p3uue u mameurna y nojedunum 32466oeuma 

Cnxxa 9 noxa3yje Aa ce nopTpeTH momeivra y nojeam-mm 3rno6oHmma 
npema yraoHoj 6p3HHH y HCTOM 3T1106y He pa3nmxyjy 6mTnmje y HOMI4Ha.11HOM 

cnyHajy (—), cnymajy Aa je npmmelsem anti/Hum RomTponep H cnymajy xaaa 
je npmmelhen 1lm3m Holarponep (...). 

4.5. Hymepunwa cnoasceuocm 

143 Ta6ene 3. mome Aa ce Imam Aa npmmeHa Sam HomTponepa He 
none -hal:3a 3Ham11je Hymepmmxy CJIOXGeHOCT. A/114, j0111 mamajmmjm peva-
TaT monce Aa ce imam ca camxe 10, Ha Kojoj cy npmaa3ane cpeama rpem-
xa  TpajexTopmje H maxcxmanHa rpeiuxa npaheisa y 3aHmcnocTm oa 
6poja pa4yHcxxx onepaumja noTpe6Hmx Aa ce mapagymajy nojeamim 3aKOHM 
ynpaHmalha, H TO 3a ynpanzatixe mate Koje yx.rhymyjy 4)a3H xottrponep H 3a 
Enacmtme ynpaHniamxe meme. One came jacHo noxa3yjy Aa 3a mcTy rpenmy 
npatelha c@a3m xotiTponep 3axTeBa mathe patlynclimx onepaumja, a aa 3a HCTH 

6poj pagyricimx onepaumja 4314 xoHTponep aaje mamba rpelnKe npatelsa, 6e3 
noropulawa ocTanmx xapaxTepmcTmxa cmcTema. 

5. 3axybyvalc 

OBaj paa noxa3yje noro.amocTm npmmeHe (4)a314 norxxe 3a Sopmxpa-
lhe lookup Ta6eaa 3a noaeulasalhe napaMeTapa noxanHmx moHTponepa K0,11 
,E(BOHO>KHOr xoaajyher po6oTa. 

3a cmmynaumom4 moaen x3a6paH je jearlocTamam moaen arsomonalor xo-
aajyher mexam43ma. Pa3nor sa oBaxaH x36op je y Tome WTO nomenyTm moaen, 
ynpxoc cHojoj mexamixxoj jeaHocTamocTx, npmntaa mac"! p06oTcHmx mexa-
mnama Koja 3axTeHa, yeobeise pasJrn'WTMX nospanmx enpera Aa 6m ce pea-
am3oHano amHammtmo ynparuhalhe, yxzymyjytm x noHpaTHe cnpere 36or cline 
peaRuHje noanore xoja ce jaHma Ha xoffralay cTonana mexaHm3ma H noanore. 
AKO ce ycHojx aeueinpanm3oHaHa ynpaHmalma mema, nocmaTpaux mexamm3am 
3axTeBa ynobelhe HommHannor ynpanalha H noxammx Howrponepa, Ha° H 

rno6anHe nonpaTHe cnpere (xoMneuaauHja metyco6Hor akmammmxor yTxuaja 
nojeammx HoacmcTema) m nonpaTne cnpere ycnea AejaHa cane peaxumje 
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6poj patiyHcioix onepaunja 

6poj pa•yHckHz onepatmja 

Cm 10. Ilpocegna n maKempaanna rpemxa npaheiba nommianne Tpajercrountje 
no x- oca 3a no3muumnapame Rory mexamayhor monena 

noaaore, Zia 6M ce oHyHaaa aniamialaxa paimoTeHca Komnaemor cmczema. C 

o63mpom as cy npenoaHom nepHoay konpuleim rvmorm, Haxo cmmy.namom4, 

Taxo 14 etccnepHmeHTH Ha cmapm4m xoaajytnim mexamtammma, 6a3Hpamn Ha 

TpaammoHanHom npvulaay ynpaHrban,a Ha 6a314 1103HaT0P moaeaa, noxymaj 

as ce x16pHa43yje ynpaszatwa mema yHobewem (kaapt Howrpoaepa y ynpaH-

Jbattae meme ca aenumwmo 143pa14yHaTOM a4FlaM14KOM moae.rta 6140 je HaaaoHaH 

aaaaTaH. 

Bea 06ampa Ha npumep 1:dm npeactana jeaHy oa Hajnpocntjux H011- 

04rypaut4ja awrponomopeimor po6oTa, ao6Hjem4 peayaTaTH noHasyjy mapcm-

CXORHOCT OBaK1301' npHaaaa, rIpm 4eMy cimakt Howrponep HMje jeamotramm 3a-

meHa aa TpammmottaaHo ynpawbaa,e 3acHOBaHo Ha no3Hanathy moae.rta. 3a 
HowHe mexamtame caoaceHmje cTpyxType mo)He ce ()mem/awn{ as he Upe11BOCTM 
oHamaor Hom6HHorlaHor npHnaaa, Kojm yiubymyje (paw Howrpoaep y aenHmH4- 

HO 1103HaT MO,ae.1 cmcTema, jom }mule aohm a° Hapvicaja. Tpe6a HcratH 14 
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peaynTaT mojm nomaayje na aa mczy Tft41110CT npahewa. wemene Tpajewropm- 
je 3rn06ona Flory, ynpanzamme theme moje yx.rbytlyjy cbaam mowrponep mmajy 
many nymepwwy C.110/1.COHOCT. 

Armp11 nepyjy na Tie npennocm onaxnor xm6pmnnor ynpawrbatwor np14- 
za3a 611rm join Belie y cnymajy na ce npMMene anantmenm anropwrmm yn-
panwawa po6o-rmma, 011140C110 axo ce 143Bp11114 xm6pmam3anmja yripaamaymmx 
Texthixa 3acHonaHHX Ha ananDy ca Tpanmthonannmm ynpanmanthim Texammama 
aaanTMBHOr yripann,ama Koje nonpaaymenajy noanamathe monena. Ilpmmena 
neypannmx Mpewa, moje 611 mmane amayajny yiory y o6rianawy 14 ma 6opy 
HOBHX nommiammx Tpajetcropmja, napotntro y c.nymajy meammmx nopeMehaja, 
Tamohe 614 31LOT110 nonththena nep$OpMaHCaMa ynpann)awa cnowenktm p0-
6oTcmmm cmcremmma mao LUTO Cy HO>K1414 JIOKOM011140H14 po6oTm. 
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M. Vukobratovid, Olga Timeenko 

EXPERIMENTS WITH NONTRADITIONAL HYBRID 

CONTROL TECHNIQUE OF BIPED LOCOMOTION 

ROBOTS 

Summary 

Ths paper demonstrates the suitability of fuzzy logic for building lookup 
tables for tuning parameteres of legged robot control systems. 

The simple mechanical model of two-legged mechanism has been chosen as 
an example model. The reason for this choice is that this mechanism, in spite of 
its mechanical simplicity, belongs to a class of robotic mechanisms that require in-
troduction of different feedback loops in order to implement the dynamic control 
scheme, including the feedback loop according to dynamic reaction force that acts 
between the mechanism's foot and the ground. If the decentralized control scheme 
is adopted, the considered mechanism requires, besides feedforward compensation 
and local controllers, introduction of global control loops (cross-coupling effects 
compensation in perturbed regime) and reaction force feedback in order to pre-
serve the dynamic equilibrium of the complete system. As in the past period the 
simulation experiments and experiments on real walking systems were extensively 
done on the basis of traditional approach of model-based control, an attempt to 
make hybridization of the dynamic control scheme by introducing fuzzy logic con-
troller in the control scheme with a partially calculated dynamic model has been a 
,4,21‘..naincr tack 
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Regardless of an example that represents minimal configuration of anthropo-
morhic robot, the obtained results certify the usefulness of this approach, where 
the fuzzy logic controller is not a simple alternative to the traditional model-based 
control. Moreover, if the walking system becomes more complicated, it is reasonable 
to expect even more advantages of this fuzzy-model based control. The important 
result is the analysis of the numerical complexity of different control schemes ver-
sus trajectory tracking accuracy. This analysis shows that for the same tracking 
accuracy the schemes that include the fuzzy controller less numerical complexity. 

The autors strongly believe that the advantages of this hybrid approach would 
be even greater in the domain of adaptive robot control algorithms, where the 
integration of knowledge-based and model-based control techniques should exhibit 
considerable advantages over the traditional model-based control. The integration 
of neural training controlller, that would have an importaint role in learning and 
choosing different nominal trajectories, especially in the case of essentially large 
perturbations, would also improve the system characteristics. 
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Odefeeze memuuuux naywa, 'a. 31 - 1995. 

Girls CCCLXXV de l'Academie Serbe des Sciences et des Arts, 
Classe des Sciences techniques, Ns  31 - 1995. 

Aonmcm4 gam 
AJIEXCAHJIAP MAPYIHLIIITi 

Pollen je 9. jyita 1933. zodune 
y Cumy, a od 1935. zodune emasno 
aocueu y Beoepady. Ha EAermpornex-
numcom fiarymnemy y Reozpady dun-
Aomupao je 1956, maeucznpupao 1957, 
a dormopupao na Ynueep3umemy y 
II[lush (Sheffield), &ie./Hera, 1963. 
zodune. 

Ha Elaermpomexnumcom Oarys-
enemy y Beoepady aanocno ce np-
so nao acuczneum (1958-1965), no-
mom rao dogenm (1965-1969). Y ne-
puody od 1967-1971. zodune 6opaeuo 
je rao evenepm UNESCO-a, zocmy-
jyhu npoOecop n pyroeoduaan npo-
jeicma - caeeennur docaua na Cpedme 
— UCTTIONUOM rnexnumeom mineepatne-
my y Anrapu. fodune 1971. u3a6pan 
je 3a eanpednoz npoOecopa na E.aer-
mponcrom Oarysznemy y Huzuy, ede je 
o6ae.amo dy:scnocm npoderana 11 me-
0a Kaman 3a meserostynuraattje. 
3a eaupednoz npofiecopa na Esewmpomexnumcom OaryAmemy y Beoepady  uaa-
Span je 1974. zodune a 3a pedoenoz 1980. white y 'cosi aeamy u cada pad& .ffee 
zodune je 6tto uze0 Odcera aa eaermponury a od 1991. zodune je utefi Kamedpe 
aa meAmcomynuranuje. Eno je dea nyma eocmyjyhu npofiecop na ynueepautnemy 
y Enedzecroj. 

Aymop je unn roayntop npero cmomuny uartuux padoea U3 06.4aCMU murpo-
nzaAaea u onmoewcmponure y oreupy taupe o6leacmu mesexo.mynuranuja. Ay-
mop je dPa ru6enura u jednur erpuninu, roaymop jednux crpunmu ti mpu rmuze. 
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3a narote padoee do6uo je winupu na2pade: mammy nazpady PIE (1982), 
dea nyma na7pady 3a naj6ofbu pad na Kou0epeuuuju ETAH-a (1979, 1981) it ua-

2pady 3a uaj6o.rou pad y laconuey EAewmporneznuica (1983). 
Odpowao je eeAuKu 6poj npedaeatba 113 o6aactnu nonynpu3aquje flare — 

ceoje yace cmpywe u ucinopuje eitempornexuuxe. Od 1982. while je yupaeuuK 
Myaeja HuKase TeeAe. 

3a donucnoe imana Cpnoce awademuje uayica u umemnoemu u3a6pan je 25. 
anpuiza 1991. ooduue. 

V
ir

tu
al

 L
ib

ra
ry

 o
f 

F
ac

ul
ty

 o
f 

M
at

he
m

at
ic

s 
- 

U
ni

ve
rs

it
y 

of
 B

el
gr

ad
e

el
ib

ra
ry

.m
at

f.
bg

.a
c.

rs



IIPHMEHDEHA EJIEKTPOMAFHETHKA Y 
TEREKOMYHHKAIIHJAMA, MHXPOTAJIACHOJ 

H OHTOEJIEKTPOHCKOJ TEXHHI114 

(IIpanynno nperraname onpncano 21. maja 1991.r. Ha VIII ocyny Onemerba, 
3. neuem6pa 1991) 

YBaweHm cexperapy Onemerba, yBanceHe xonere, 

Hienmm aa BaM H3pa3HM 11y60Ky 3a3CHHHHOCT 3a rme,anor H HOT011,14 143- 
6op 3a ,nonmcHor linaHa Oaemewa Textumma Hayxa, %mime c-re H3pa3MJIH no-
Bepewe H nmoHawe MOM Harmom H apytmom party. Benmxa mx je natl. /la 
caaa npmnartam xpyry Harmmxa xojxma cam ce ysex ammo H 4HJH part mit je 
ynex 6xo y3op. Y CHOM aan,em paay ycpaHo by ce Tpyawrm aa panmm join 
6ome H ycnenumje H aa cnojmm cxpommtm aonpmmocmma, y HajmHpHM rparm-
mama cnojva moryhmacTm, aonmmecem BHCOKOM yrneny Cpncxe amanemmje 
Hayxa H yMeTHOCTIL Bemwa wan' je yjeaHo H Bernina o6aae3a, m3a3oB Ha 
name nperanamrso Ha nyTy xojn me je acme° no axanemomx enema. 

3amonmo 6Hx Bac Ha camom nonemy x3narama aa mm onpocrwre Hectse-
cHe nponycTe H omanwe Koje moKna HHcy y cxna,yy ca npoToxonom Cpncxe 
anaemmje Hayxa H ymemocm. Y Hexy pyKy, H nopea CHME romma H 6oraTor 
ACHBOTHOr mcxycma y pant' Ha 4 mama H 4 mnocrpatia ymmep3mTera, ja cam 
HOMeTHMK meby Hama. TpyaHhy ce na ycneumo H penanumo 6p3o ycxnanmm 
cHoje apyre o6aseae ca HOBHM o6aBe3aMa xoje npoxammy H3 m36opa 3a 
normcmor mnaHa Cpncxe anaemmje Hayxa H ymemocm H npptcmhy maxemmym 
3a oapwawe Bemwor yrnena Hamer oaemewa. 

Tema moje yBoane 6eceae je 17pumemena esempostantemuwa y menexo-
myuuunuujama, murpomanacuoj u onmoenewmpoucxoj menthuu. 

Ha nonemy mopam na ce H3BHIMM 36or am6mumo3Hor HacnoBa jep je 
jacHo na H mHoro Betumjm roBopimx He 6m morao in Henorarro noxpmje TeMy 
y jeanom peJlaTHBHO KpaTKOM npeaaDawy. MOJIHM Inc, crora, Aa arm:rine 
()Hy Temy }coo ocHoHy 3a apHica3 HajHetier /Jena moje MCHHHOCTH Ha Hap-mom 
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H cTpymHom Homy, KOja, nocmaTpaHa Kao menmna, noxasyje EapaRTepmc-

Twiny noBe3aHocT npmmemeite enexTpomarneTime, Tenemomymmaumja, mmxpo-

TanacHe 14 onToenetapollcxe Texmme. 
Ha nomeTxy ceoje Haymne Hapmjepe xpajem 6 0-Tmx ronmna Ha Enex-

TpoTexiimmmom SaxynTeTy y Beorpany, Rao acmcTeHT 6aBmo caM ce mepemm-

ma y Tenemomymmaumjama 14 enexTpommim. °Haim Kam) cam 3ammunhao Ty 

cTpyKy, Tpe6ano je na °Ha 6yne Hanrpanma TenemomyHmKaumja H enexTporn4- 

He m Taxo caM jOj npmtrynmo. OBO mmtmbeme 3a4p>t<ao caM 14 no namannbmx 

nana 3'3 kali() o6jammeme na He 6mx 6mo norpetulio cxBahen. CBaxo mopa 
na ce 6aBm mepemmma y ()Humpy cnoje cneumjanHocTm, Ty cnopa HeMa. Anm 
°Hai KO Henn na 6yne KpeaTop y ofinacTu mepema mopa onammuo no3HanaTm 

cTpyxy 14 Bmthe on Tora, CHOH14144HOCT14 Tennme mepema moja 3axTeBa Haj- 

Bvnne yMetle. 
flpBm Hapax Ban xnacm‘mmx mepema y Tenexomymmxammjama 14 enexTpo-

H141114 ymmnmo caM mina liana caM ce nomeo 6am/1'm mepelm/ma y mmxpoTana-

cHoj Texmnim. Bmo je TO yjeZHO H npum xopax y npmmemeHy enexTpomar-

HeTyncy 14 o6nacT mmxpoTanacHe Texmixe. Kpajem 60-Tmx ronmma mmxpoTa-

nacm cy 614.1114 y Bemmom 3aMaxy N Ha cHojy cpety MMao cam coal/Axe octioBe 
3a pan y Toj o6nacTm. .flocnenum Ha yHmeep3mTeT y Illedpmilay, roToBo onmax 

nomeo caM na panmm Ha KBK314-0 LITHHKOj Teximum y nomeHy mmammeTapcmx 

Tanaca. Yno3HaBnim ce ca moryhHocTmma pana 14 aHanm3mpajytm Teme npen-

acnxelle on cTpaHe npockecopa A.L. Cullen-a, on.nymmo caM na ce 6aBmm mepe-
mem nmenexTpmmHe xoricTaHTe nnoma. On npBo6mTne mneje na mepmm nomepaj 
ycxor cHona npm ymeTamy nme.nexTpmmme nnome 143mehy Ape neBax aHTeHe, 
pan je eBonympao Ha mepeme nonapm3aumomor cTalba pecknexTonaHmx 14 Tpan-

CMVITOBalikIX Tanaca. Benmxm npo6nemm cy HacTanm Haim je Tpe6ano no6mTm 

pe3ynTaTe 3a amenexTpmmuy KOHCTKHTy 143 KOMINIHKOBKHI4X 143pa3a 3a nonap-

maw/lona cTana. Y one no6a pamyHapm cy ce Tex nojarmam 14 pa3Boj nee 

caomene paMyHCKe Temume Hmje nona3140 y 06314p. HeTpa*mnama cy Bpinexa 
xopax no Kopax, nmjarpam no nmjarpam, nox ce He 614 carnenana nojana 
nonatuame nonapmammoHor cTama npm pa3HHM nomenimm ycnoTimma. IThasHm 

npo6oj y petuallamy npo6neMa 143BNIIHO caM nocne mmormx 6e3ycneun4x Hac-

Tojama H 6pojmn rpacinma no6Njenmx mytumm pamyHamem Ha mexalimmKom 

xanEynaTopy. YO4140 caM CJIMMHOCT H3pa3a sa pet.11eKTOBKHH H Tpaficryno-

Balm Tanac 14 143 0814X 143,11130jHO penaumjy Koja Blithe Hmje 6mna 3aBmcHa on 
onHoca ne6mi4He nnome N amenexTpmmlle HoncTaTne. OnymeHmem nommcnxo 

cam na by Bpno 6p3o ,a0614T14 npane pe3ynTaTe, anm ce y6p3o noxa3ano xaxo 
je npaxca jenHo, a Teopmja npyro. Ilpotecop je saxTenao Aa mnmumjanny 
TamHocT pena 5-7% noBeham Ha 1-2%. CnyTmo cam na onaj 3axTeB Hehy 

Ram) nocTmtm 14 To je 6m.na By4Ha cmna y cnenehmx ronmmy H no nana no 

3aBpthema Te3e. Mopao caM 143pa2.mTm H143 HOBI4X, npeu43Hmx xomnoHeHaTa: 

nesEoBa ca avienexTpworvim commumma, npocTopme ocna6nimeame, ymnoAcame 

(kpexueHumja H npojexTonaTn HOBI4 cnexTpomeTap 3K, npeum3no mepeme HO-

no?Kaja nmenexTr4mHe nnome N nonapm3aumonmx cTama npenajHe H npmjemHe 

aHTeHe. 
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H nopea 3a,HOHOZCTI3a, HITO je HPI3 COFICTBeHkIX Haeja 6m0 nompheH OBHM 

paaom H ycneunro oa6parbeHom Te3om otrano MH je y cetathy Jo, 614 momaa 
6ome 6Hno as caM npmxnamo math/ npo4ecopa Cullen-a as mcTpaHcyjem yTH-
uaj camrjatha oce amenexTpmmmx Tanaconoaa Ha Hmxone nponararawHe xa-
parcepmcnme. Y camo Hexonmco roakma xacimje 6Ho 6mx Ha camom npxy 
Herpanumama y o6natrm onmmxmx Tenexomymmaumja, Tyre caM ce awrmaro 
yiubytmo HeKHX HeTHaecTax roarma xacmrje. I4HTepecano j e je Hort rtcTor 
upockcopa parmo m jertarr nocnerum.nomau Ha Temy amenexTpimma Tanacono-
aa xojH je xacHmje ournapHo 6pMmauTHy Kapwjepy y Aytrpanmjm (Snyder). 

Kara ce jermom 3axopa4m y noapymje mympoTanaca, nommbe as ce 
paumja rtoce6aH acimmwreT 3a enewrpomanieTcxe Tanace H Hmxone TpaHc-
(popmarmje y pa3/114M HomnoHewrama (Tanaconoamma) H y cn06ormom upo-
tropy (arrrette H 3pa4ete). flarione3yjyhm ce Ha cnoje 6oraTo excnepw-
memarmo mcxycluo ca mrummeTapcxylm TanacHma H 3Hattajno nporry6memtm 
3Haapem enexTpomarnemme, HacTaturo cam ca mrpaaurnatimma cao6ormmx 
nolenwx enewrpomarHeTcxmx Tanaca. [Corr nohemix Tanaca notroje pa3metne 
OHM Ha trpywrypama HOHCTaHTHOF nonpemHor npecexa (nortonm) H OHM( ca 
npomeirnmnom reomerpHjom (Rename°. Teopwjcxa ocHona 3a crpora pemerba 
CHPIX Haneaermx Tanaca cy Maxcnenone jeartampme, anpoRcHmaTmma pemen,a, 
xopricTe ce XajreHc-eperrenonom TeopHjoM arulaparamje, a 3a Hem trpywrype 
uppimeHnmna je H reomerpmjcHa TeopHja npocrmpan,a apaxa H Hamm Tammtja 
Teopmja HOKaHHIIX panmix Tanaca. 

lipse nenax arrreHe pnymanao cam H xoHcTpyHcao 3a CBOj cnexTpomerap. 
C Ampom Ha nenrum yrao nenxa (m4pamwaanHH ;renal() mopao caM Ala /Iona-
jem amenewrprrtma commea ca cneumjanimm A/4 cnojeamma 3a Hpmnarobaname 
cotuma Ha cn06oarm npocrop. JIenxonm cy npaneHm HpxyHexom TeXHOH014- 

jom enewrpmpopmmpatha. EnexTpomarnermo 3pa4eibe 01311X aHTeHa 6HJIO je 
HaJTHE Ha rayCOB CHOH 1{0,1H je y mepHoj 3OHH "mrpao" ynory pasnor Tanaca. 
Mehyco6m4 rumaj anTeHa m HememeHa xpoc-nonaprommoHa cnpera Hp*. 
mopam4 cy me na pa3BHjeM mepHy Texmmy xoja je awn, unnwme pe3ynTaTe. 

lloc.ne paaa Ha Tem y mompy jezwor mapaxmnammor npojexTa pa-
rrs° cam Ha pa3nojy xomnoHeHaTa mmxpoTanacHor paamo-penejHor cmcTema. 
Y OBOM Hapaanmathy, KojHMa je 6mo umn, xoncTpyluntja ypebaja 3a ax-
nanny ne3y, mcapcna cy ru3a npo6nema Koja cy 3arrenana ay6rbe aHanm-
3e. JeaaH oa H:MX orurocHo ce Ha HomneH3aumjy TemnepaTypHe 3HHHCHOCTH 

pe30HaHTHe myrinmHe anapmHor cmcrema ypehaja, apyrx Ha mmneamicy Ha 
mehy(ppexnemmjm mmxpoTanacHor memama. HpBM caM ycneumo peumo 3aXBa-
myjyhM maTemaTmmom morreny H climynaumjm pammx cnymajena, a apyrm je 
ocTao H ao aamac 3aroxema. Haparato, m onaj apyrm npo6neM caM peumo 
"TeXIIHMKPI" , arm npamr pa3nor HHCMO Hmanm apemeHa as mtrpwxyjemo. 

Hpena3ax ca norapwrmapa, Ta6Jrnua H mexammxmx xanxynaTopa Ha 
enewrponcxe xanaynaTope H pamyHape npeacTana Kr3anwreTaH cxox Ho* 
je yneo He3ammayme Hone Haan -mere y Hapaamnatba. KpajeM me3aecentx 
rornma neh ce 036HJI,H0 paamno Ha mHorkim petuerimma y o6nacTH enexTpo- 
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marHenme, TenenomyHmaaumja H mmEpoTanacne Texmime Hoja cy ce paHmje, 
y3 Benmne nanope H Beurrmny, morna omeamBaTm oa onahpaHmx. Karla je 
pamyHapcmo plum y CHaKORHel3HH WHBOT H npaxcy Haranma H crpymtrana, 

KBanI4TeT 14 KBaHTHTeT pana ce enopMHo noBehao. 

Y apyroj HOnOBHHH 60-Tmx roamHa paltynapm cy nomenm na ce tumpe 
npmmerbyjy y cBeTy. Emile cy TO penanumo cna6e manurne, ca enetcrpon-
cm4m Her4ma xoje je Tpe6ano 3ametbmnaTm y oapeherrmm HwrepBanmma na 
614 ce rapawroBao trecmeTaHm pan y npnem nepmony• Y jenHom CBOM 14C-

'rpmKuna4nom pally Tpe6ano je na pa3Bmjem Teopmjy H o6jactuam pe3ynTaTe 
meperba Ha neBan arcerrama ca penynoBaHmm 6o4nimm nmcTonmma 3pa4erba. 
3aaaTan je 6mo m3a3oBatr ant Teunw perume, Teopmja oapehenor 6poja ne-
Ban aHTeHa nparimnHe reomeTpmje mm je 6mna no3HaTa, anti ce npoonem Hmje 

yxnanao y noanaTe (j)opMe. 143 online Teopmje jennor MaTeMaTH4apa m3Be0 
cam anponcktmanmjy noja je yma3ana Ha jeaaHmoryhm nyT Ka, pernetby ynonywo 
ce 3Ha enerapomarHemo none y 6ecnona4urorvi Tanaconony mcTor nonpetwor 

npecexa Mao 11.1TO je oHaj y oTHopy annexe. HMao cam cpehe na Ha yam-
Bep3wreTy capahyjem ca rpynom Hoja je ycnena na Habe Hymepmxixa peruetba 

3a ripon3Hon,He o6m4He nonpettHor npecexa Tanaconona. FlpHmeHHo cam Te 
pe3ynTaTe, H3pa4yHao none 3pa4ema 14 OHO ce no6po cnarano ca excne-

pmmewrantimm pe3ynTamma. Patlyti He 614 6m0 3aMMCJIHB (y TaK0 Epamom 

Bpemerty oa 3 meceua) na ce }imam oany4mo na pH3HEyjem 14 Haytmm oc-

Hcnie Tajne nporpammpatba. Karla cam no6mo npBe pe3ynTaTe, npo6nema 
nmje 6mno jep je pamyHap 3a HpaTao Bpeme /Lao o6whe HOBHX pe3ynTaTa KO-

jm cy ycnennto o6jacHmnm pa3nore sa m3BanpeaHe encnepmmewranne ycnexe 
npmmetbetre Texmince. 

Ilotremom ceaamaecermx roamtia Ha yllymep3mTeTy y Arrnapm, y3 npm-
meny Bah mohnor IBM 360 pamytrapa, paamo cam ca capaarmumma Ha Ana 
Tatuma aHanwrmmna npo6neMa. Tana CMO Beh nperunm Ha pa3Boj cno>neHmx 
anroptiTaMa H nomnamHonaHocT panynama 6mna je y apyrom nnaHy. 

Hpeu npo6nem Ha Hojm by ce ocapHyTH 6mo je er3atcran meTon 3a pace-
jaHo none mnumaeHTHor paBnor Tanaca oa cal:unan° npoBontmx meTammx 
Terra. Ilpmmetbetra je TexHmaa excnaH3i4je noma y cipepHe Betcropcne TanacHe 
tyttnumje lc* cy aaTe Mao npommoa Becenorna MnH Xatinenormx IVIIH1114in 14 

BeKTOpCKI4X c$epHHx xapmotnuca. IipmmeHom npolumpenmx rpaHwurmx ycno-
Ba Ha kurrerpanne jearrainme topmynmcaHe Ha rpaHwtHoj notipunurm pace-
jama aournm cmo no maTpwutmx jenHammna H3 E0i14X ce Hana3e KoecinumjeHTH 

cckeptmx HexTopcmx TanacHmx ckyruaka. ilpoHepa Hymepw-unix pe3ynTaTa 
winprueHa je 3a Ho3HaTM 06nmn paceja4a (ctepa), a 3amm cy mpamynaTe 
ckytinumje pacejarba 3a pa3He reomeTpmjcxe o6nmae Koji+ Team/Helm aajy pa-

3JIH4HTe nmjarpame pacejatba. TeopMja t npopatryttm npoBepenm cy encne-
pmmerrranHmm ITTM nomohy noce6Ho pa3BmjeHe mepHe anapaType. Carnac-
HOCT Teopmje H excnepmmewra 61/ma je 143aanpenna, a oBaj pan aeceTan nyTa 
je umimpall y nwrepaTypm (IEE Proc.). klapaao4Barba cy nac HaBena na 

-;annymmmo na je Pejnmjerta xmnoTe3a o pa3nojy pacejatior noma y excnan-
,,yjyll e raJuicHe (byrtramjf ralw, arrpoKcmmatwja. 
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143 14CTOF nemiona je H pan nocnehmi m3pa4yHaHamy noma 3pameaa 

nenax UHTCHC Ha ocHony EmmepeHor 67114CKOU FIOJEa. 3a pammj one TeXHI4Ke, 

Koja je Kaciritje LL14TMH Kao jenHa on morytHix Texmma 3a one mipxe 3r COB-

jeTexom tiacomicy, npecynHa je 6ttna npmmeHa Teopeme ona6mpama no6po 
no3HaTe 143 Teopuje o6pane ammiTaimmx cmrHana. 36or BeJ1141(14X aHanvirwi-
KMX npo6llema (mnuecTpyKo petuanathe iniTerpana ca 6p30 ocminyjyttim 14H-

TerpaHnom) mopano cc TpatitErrm Hamma na ce penylcyje 6poj ynamnix no-
naTaKa na M14H14MyM. 143 no3HaTe CJILIHOCTI4 TpaHc(popmaumje 6micKor y 
nanelm 'Tome, Koje je Hamm Ha nnocTpyxy Fourier-oBy Tpanc(flopmamijy, 
minhemme na cy 4)3/mm1/He Koje ce jannmjy orpamitieHe no X, y y nomeHy 

nytmma, a no k r , k y  y nomeny homnotieHaTa Tanacmix newropa, onpebemi cy 

Kopatim ,Ax 14 Ay (nateHo je na C 063mpom Ha maKcitmanHe upenHocnt k it M y  
Koje cy jenHaKe k, ona pacTojama cy inn 14 inHoce A/7r). 3a mane oTnope 
(ma Texmma CC H He npmmethyje TaKo na je KpErreptijym cacmint npmEnanaH, 
INTO je nponepeno mepemem H npopatiyHom noma 3a nexonywo pa3MiX o6nEnta 
at-Frei-1a, a Hajnerte ammeH3mje cy 614ne pena 10 - 20A. 

PailyucEm nocrynax criponenen je Ha pagyHapy IBM 360 anm HHje HOCTO-

jao anropmTam 6p3e Fourier-one TpaHmkopmaumje Eojm 614 ce morao y3 nocTa 
mum:unix Hanopa npmmemiTm 3a Tamil/de 14 6paie npopaityne. Osa TeXH14- 

tca nanac je nocTana cTaHnapnmi nocrynatt mepema nanexor noma Beaman 
aHTeHa y manmm aHexominnim co6ama. 

14cTpatiinawa aHTeHa 3eMaJLCMIIX CaTeJ114TCIU4X cranium y ommipy meby-

HaponHor npojewra (COST 25) 6m.na je npmsnixa 3a imam pa3Boj Hymewitimix 
meTona y npopattymima enewrpomarHeTnior noma y o6naCTM mmxpoTanacHe 
Textme. Kao WTO je 1103HaTO, MHKpoTanaCHa Texmitia mma MHOE0 nonmptnix 
TaMaKa ca Teoptijom enexTwitnimx Kona, anti je /Jana noncimitaja H pamio-
jy cnewicinimmx Kona ca mime nwicTyna 14 KoHnenTy etnivnianewrmix TEM 
nimmja. Y parry Ha caTenwrcmim aHTeHaMa Hama ticTpatminatba mama cy y 
Ana npanita: jenau TOE itcTpanuinama 6mo je ycmepem Ha npmmapim mmiop 
3pagetba - Kopyritpany nenaK aHTeHy, a npyrit ce onHocmo Ha mitewre Tattxor 

noneHor (")Nama Ha ntijarpaMe 3pa4eita atiTeHe Mao Hemitte. 

Y pernanamy npo6neMa itopyrnpaHe nenaE awreHe no nytior m3paxmja 
je /Hanna nwimena Hymepiv-mor pemanama ttapawrepittrittimix jenHamma. 
Y Tpam.celby eneKTpomarHeimor imam, 3t orpamittemim crpyKTypama, nmime-
Ha rpamimnix ycnona imam Ea Tpancuenewrimj jenHatimm xoja ce, omim y 
peTmim cariajemima, pewana camo nymerminuim nyTeM. Y panonmma apyrktx 
mcTpamimaya 143 one npo6nemaTinie npmmeiminaHe cy anpoKcymawije y ummy 
nojennocTann,ema cno>Kemix Hymeptmimix npo6nema. MN CMO notraminm 
npo6nem y nyHom 06mmy H 2101111114 no pe3ynTaTa Kojtt cy o6jammananm oco-
6vme inmpoKonojacHocTit ()mix al-11'mm. Pan m3n0>tcen Ha enponcKoj mmxpoTa-
nactmj trnmkepeHuktjm Eacmije je npeurramnatt y 361pu14 ona6pamix panosa y 
ILIM4314 non Hacnonom "Advanced Antenna Technology". 

/Ipyrit npanau mcTpattoinama - mcrarrtmatbe yntuaja nonenor elninma Ha 

no6mTaK, nmjarpame 3pa4etba 14 Kpoc-nonami3aumjy napa6omi4mix awrella 
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230 	 AneKcauAap MappixiniTi 

6no je aoricemoc jyrocnoneHcxe rpyne OBOM npojexTy. ABOHI4Me113140HaJ11114 

moaen Koji,' cam inmmymmao 4lao je oaronope Ha nwrama ao6HTKa anTeHe H 
aeckopmaumje Amjarpama spamerba, a moaen npmb. Ilonormha oaronopmo je 
Ha =alba Emma xpoc-nonapH3aumommx H3o6nH4ema. Cna pementa cy nnoa 
Hymepummx npopa4yHa H rnamm pe3ynTaTH OBVIX mcTpanmeama yeparrenm 

cy y aoKymeHTe metyHapoaHor caeeToaaeHor KomwreTa CCIR, xao °ape -beim 

npenopyxe. Cymapem pe3ynTaTm OBHX HeTpammeama o6jaemeim cy tmcormcy 
Proc. IEE. 

Y °Emmy HCTOr npojexTa, 3ajeaHo ca npock. CTojaHoemttem H mnabwm 

Konerama paamm4 cmo na npopa9yHy TemnepaType myma caTenwrcKmx 
TeHa. YTeptiman je (flume G/T Kojm je jeaall 0,a fleecy/am/1x napameTapa y 
caTenmTcxom TeneKomyHmKaumoHom naHuy• 

KpajeM 70-Tmx H nomemom 80-Tmx roama y o6nacm Tenexomymmaumja 
epumna cy ce Berl HHTH14314BHa mapaAmeama y noaprijy OVITHMKI4X Tenexo-

mymmaumja. FoLame 1966. nocento cam STL H emaeo npee nonynpoeomm-
tme nacepe H aemoHcTpaumjy npeHoca TB cmrHana npexo onmemor enaKea. 
Hexaxo y To epeme o6janJbeHo je aa nemmo cna6meme Taaaummx manna 
Hmje nocneamua ry6mTaxa y cTaKny, sett TexHonorMe. Beli 1970. roamme 
TeopHjcxa npemmtaisa cy aocTmrHyTa H npeea3mbeea, a /mime ce cHnium-
jymcxa cTaxna npane ca cna6mekbem oa 0,2 dB/km, Imo 3Ha44 aa ce Ha 15 
km ayname !mama join yBeK lona nonomma y6a4erie cHare. 

HcTpa)Kmeama y noaprdy 011THLIKHX TenexompmEaumja sanomeo cam 
1977-8. romme. Fosyme 1980. y 3ajemmum ca xonerama H3 HecTwryTa "MH-
xaHno Hyrum" Harmcam4 cMO npey Krbktry 143 o6nacTH OF1TH'KHX TeneKomy-
mucauktja. Y nomemy HeTpa?Kmearba paamo cam Ha npoymaeamy npocTupama 

3pama y mynimmo,rumm mann/ma, a y6p3o cam npemao ea moHomoana enamta 
pa3MIX o6n8ica je3rpa H Ha Tome join yeexIMITHH3MBHO paammo. HcxycTea 143 

mmKpoTanacHe TeXHHKe ca pemanamem cno?Ketutx xapaxTepHCTHMMX jeanatm-
ea mute cy camo Tpaxmna npmnarotaeame Ha Hoee rpameme ycnone. Hopea 
Ika3H14X KoecimumjenaTa 3axTesano ce H nommeafi,e npeor, apyror H Tpeter 
meoaa 4m3Hor KoecjmumjeHTa, HIT° je oneT pateno noce6HHM anropmTmmma. 

11eo meTpaitmealba Kojm ce oaHocm ea onToenewrpoHcKe npeaajmeme 
npmjemHxxe, Tennuce moaynaumje, npopatiyHe OCHTMHBOCTH H nemkopmaftcm 

npujemmuca masajam ()nor nyTa 143 nppma3a ,yep emcy Henocpeam3 ne3amt ca 

Temom 6eceae. 
Hoea 3traFba H pa3eoj Hymemenna meToaa, nojana motmmx nepcoHan-

mix pamyHapa, cneje TO 3HaMajno npommumno aomeHe npmmeHe eneferpo-
marHenixe y pemanamy npo6nema onToenewrpomme. BeHIIKH aeo epeme-

ma noceelmo cam meTpammeatbmma pa3HHX o6nkma enaKafia H nocTaemo ()c-

rme 3a Hexonmm marmcTapcmx H HOKTOpCKHX Te3a. Jeaan npaeau mc-
Tpanumaa,a oasocmo ce Ha reomeTpmjcxm in/lemma 'mama 3HaMajHa 3a npo-
m3sota4e enaKaHa, apyrm Ha reomeTpmjcm4 ae(kopmmcama mamma 3Hamajna 
3a npawnemy npmmeny y Ka6RHpamy. 

14cTpaxamame anocnojumx enaxana ca canto /ma napameTpa 3axTeea 
aocTa pamyeama, Ao6po je npoymeno H AocTa ce xopmcm y npaxcH. Tpo- 
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cnojHa Baal<Ha HMajy 4 napaMeTpa H MHOPO 'mule pa3H14X morytwocTm moje 
CMO cmcremaTcEm knymananm. OnaRBa nnama mory ce ()crimps/Tx ca 3Hattajmo 
npoumperwm nponycHmm oncerom, 111TO CMO noma3anm Ha 6pojEIHM npmmepmma. 

Amenetcrpw-mo-meTanHe CTpyrcrype cy apyra rpyna TanacoBoaa mojm 
omorytyjy npeHoc y 6nmcKom nomy H noTeHumjanHo cy npmmeHmktmet 3a je-
AHMEHMHI4 npeHoc efteprmje. 1413 npoymanalha TaKBYIX crpywrypa mina° caM 
AO jeaHor cacomm Honor pe3ynTaTa. HaMMe, y04mna4 nmcoxy carnacHocT 
Hexxx o6janmellux Teopmjciaix m excnepHmewranmmx pe3ynTaTa, nocTanmo 
caM ce6m 3aaaTax aa peumm o6pHyT npo6nem: axo no3Hajem Eapawrepx-
clime npocTmpalha, Tpe6a aa npopa4yHaM napameTpe amenewrpmxa. Y 0814M 

meTpaamnammma KopkICTM0 caM ce Hymepwmom cmmynaumjom, pa3B140 anro-
pHTMe 3a npopavyn napameTapa amenexTpmxa, manpnwo excnepmmeirranma 
HcTpaHo4narha moja cy ce campmeHo yxnanana y omemitnamaa. HcnocTanmno 
ce aa ce OBOM meToaom mory mepwrm Ty6ynapHm amenewrpmum ca Tammouthy 
Hcnoa 0,5%! (lEE Proc.). Hpo6nem npeHoca eHeprmje OBHM crpywrypama 
join ynex je y (i)a314 mytianarta. 

Bpanumum ce notion() Ha HcTpanuontha oHT/-1m% 'manna pa31314.7114 CMO 
nocTynxe ornwrer npopatlyna Ha 6a3H newropcFcmx H exanapHin rpammtumx 
ycnona. Itioa Bnaxama ca neT c.nojena ao6HjeHe cy H Tpm TanacHe ayHame ca 
yxynHom amcnep3mjom Hyna H TeopMjcKM nponycHm oncem cy sawn enrop-
mint Taxo mcnaaa Aa je moryhe 11HOCHTM H trommax xaHana, oa xojmx 
cnaxm 3axpaTa 10 Gb/s, na je yxyrum HH4JOpMaUMOHH HananwreT nnama peaa 
1 Tb/s. Konmxo je TO orpoman EanamiTeT naxo ce cxnaTa aim ce y3me y O63Hp 
aa CB14 paamo Hocmoum He 3axnaTajy 'mule oa 20-30 GHz. Thiamin pevaraTm 
01:314X meTpa)Emnatha ca>xent cy y cneaetem: 

—ymphena je pa3nmxa pe3ynTaTa Him xopmmherhy newropcma H cma-
napHmx rpaHmtumx ycnona; 

— npona herrn cy 061114Ltlf nerocnojsrmx H Tpocnojnmx nnaxaHa ca H3y3eTHo 
unwommm nponycHmm once3HMa; 

—rrnp belle cy rpammue Tonepammja nojeammx nenmtnnia; 

— Ha HCKHM jeaHocTaBfkmm o6nmumma m3npineHa je nponepa amanx-
THLIKMX N excnepmmewranHmx pe3ynTaTa (npopatiyll ypahen Ha ETF, imam() 
m3paheno y PICHPH, mepema o6ann,ema y Illnajnapcmoj). 

Lipyrm acnewr 011T14 14K14% artaxama, 1{0jP1M ce 6aBHM 7-8 roamma, jecTe 
yrunaj HecaninneuocTm reomeTpmje 'maxim Ha cna6meme H tamm Roetmum-
jerrr. 1436op ()nor npo6nema ne3aH je ca npornoaamm OHTHMKHX xa6nosa x 
ocTnapeHm pe3ynTant cy ce Bell mcKaaanm y !waxen. Ha npwMep, npi x3paam 
ma6nona nocTanmo ce npo6nem xopaxa H nonyrtpegnmEa noyx<anatha 'co*, C 
jeaHe cTpane, rrmmy Ha caa6mem,e, a c apyre oapehyjy nonynpetmxxe calm-
jaisa ma6na. flax° caumjalhe ma6na aarrena rycry cnmpany, a ona nonehaBa 
ayHanly nnaxna H 'heron() ena6meme. Pa3paaom noroanor maTemaTmixor 
moaena H pa4ynapCKoM cmmynaumjom Trephene cy npmxnaTmmne rpaHmue 3a 
cne HenoanaTe nenmtrytHe. Onae ocTaje Ala ce npeum3Hmm mepeamma avlikepem-
umjanHor cna6meuha excnepmmeHTanHo nepmcinixyjy CBM Teopmjcxm Hana3m m 
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Anekcannp Mapiflomli 

3a Ty cepxy CMO 3a caaa pa31314.1114 noce6He mepHe meToae 3a xoje eepyjemo 
a he Ham any HcemeHe oaroeope. 

Y nocneammx aeceTax mama 6anMo cam ce 14 npo6nemmma mmepoTa-
nacHe emepreTmee, paamo Ha peanm3aumjama pammx annmeaTopa (cymethe 
nanmpa, cyntelbe nyealia, yjeTtHatianatba 3arpeeaH,a y nehemum n y 6Honounce 
cepxe). Y3 ona npeTeacHo HHHcea,epcea merpaHmearba 6aemo cam ce H npo6- 
nemom HymepHmeor npopatlyna pe3onaHTH11x thpeenemutja npanoyraow4x pc-
3oHaT0pa ca ameneeTpmtnimm cnojeemma. IlajTengt npo6nem je 6mno nem-
name eapaeTepmcnnme jeaHatume m Tymameme ycnosa pe3oHaHcm Ha, 6a3m 
TexHxxe Tpanceep3anHe pe3oHance. 0 OBI4M meTparevleammma o6jaemnm cmo 
jean onumpaH pan y HHocTpaHom vacant/icy KoM4 je ()Amax no6y.amo HH-
Tepecoeatbe — eeposanto peckperna, jep Heave He 6mcmo mornm CXBaTI4T14 

Nam() je F1MEO Befil y cneaehem 6pojy IncTor gaconvica o6jaBno ceoj aonpmeoc 
npo6nemy oemx pe3oHaTopa ca peckepeHuom Ha Haw pan. 

Kao HnycTpatunjy TpanC 4 	3HaFba 1.1 mcxycTea M3 jeTute o6naCTM (on- 
ToeneeTpormee) y apyry o6nacT (mitepoTanacHe anTene) nocnpekthy ce 
npmmepom jeaHor cam- upmeTyna Teopmjm cerropanHe neeax aHTeHe ca pe-
ayeoeatutm 6o4i1m nfricTomelma 3pa4etha. Ca ceeTopanimm Resat< aHTeHaMa 
6aruto cam ce on 1966. roaktue twa cam pammo Teopnjy jenHe cerropanne 
aHTeHe ca moasitiumeatutm amjarpamom 3pa4efsa. KaCIu4je cam paamo Ha 
Ttpyroj eapmjaHTH cerropanue aHTeHe ca penytweaHum apamemem 3a xojy Cy 
nocTojanpt canto excnepHmeHTante4 noaaum. Panmno ce o ceeuktoHanm3auvi-
jyt cexTopanHor E-nenea ca cneumjanlimm Ttenwremem cHare. Cmmynatutjom 
Ha pamyHapy ammo cam ao xoricTpymmenmx noaaTaea Ha ocHoey eojmx cam 
carpaamo mone.n nmpammitanHe cexumomicalle aHTeHe (upe3eHTmpaHo Ha ape 
NtehyllapoTtHe KoHtepenumje o auTeHama H npocnipaa,y) ummtpaHe KaCHH-
je eknue nyTa. Y aamem parry, HaTtoee3yjytm ce Ha nportanama 3paHa y 
cpeamHama ca npomeHmmemm muteecom npenamama nocTaevto cam maTema-
M141(14 moaen Hone aHTeHe H nocie Hm3a cmmynaumja /Iowa° a° emicTpye-
TMBH14X nonaTaea. Bell mum moTten Holmium° ce xao H maTemaTvumkt moaen, 
eacHmje je cee TO aeTan,Ho 14C1114TIE3MHO H 614no nonnora 3a nowropcey Te3y 
Ha yHmeep3mTeTy y Kapavulay. klmatte caaa CMO noeesanyt oee paaoee ca 
apyrwm paHmje MCITHT14133-114M ceeTopanemm aHTeHaMa H npe epamor epemella 
cee TO 143.110MC1.1114 Ha nocneam.oj A&P eorupepeHumjm y Enrneceoj. Tperty-
THO je y Toxy meperbe HajHoevner monena H Teopmjcxa pa3paaa moaena ca 
mmneztancHmm 3Haom rae omeeyjemo aa, Ham oneT Teopprja npocntpama 3pa-
ea ;la Heim omen ynyTcTea o Hamm-1y H36opa xoecTpywrmetwx napameTapa. 
Pa3minnn,amo N 0 pa3nojy TpoammeH3HoHaimor penterba MaeceenoranjeaHa-
Lunia H cno>eeHmm rpallw-mmm ycnomma emcee Hmajy one awreHe. 

3axibyttaIC 

14cTpanunea4em paaon xoje cam 111)PACTaB140 y rnaeunim upTama criaaa-
jy y rpyny mojmx naj3na4ajtkvtx paaoea y npoTexamx TpmaeceTax ronmHa. 
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Palm° cam 14X camocTaymo N calcoaerama ca Hexonimo yHHBep3HTeTa, ca Jlece-
Tax ifox -roparmaa H ABaaeCeTaK marHczpaHaTa. Y Hajnetem 6pojy cnymajeria 
TeMe cam 6Hpao upema ycnomnma H morytwocmma y ,naTOM nepkmay, a 01t 
momeHTa Kaaa cy yHeaeum pamyHapH HTeli31413H0 cmo pa3m4janH HOBe anro-
pHTMe 3a Hymepwmo pemaearbe npo6nema eaerrpomarHeTHHe npHmeHz,eHe y 
Tenemomymmaumjama, NumpoTanacHoj H orroe.newrpoinoj Teximum. 

Pa3nHo caM Hexonmco na6opaTopHja 3a TeneHomyHmmuuje (Tprrorpaa, 
110B14 Caa, mimpoTanacHy Texmmy (AHxapa, Hmu), ollToeneKTpommy 
(Beorpaa BTBA H cHpomno Ha ET+, Beorpaa). 

Y capaamm ca HpHupeaom H HapaxtHeatucHm 14HCT14TyT14MB, y Beorpaay 
H Hmuy paano cam Ha memy TexHwmpa pea/II/maw/Ha 3a Koje MN je Harm() — 
HcTpa>tuma‘mi4 pan HojH caM Ham npeacTamm 6H0 TeopHjcxa noanora. 

3axDamyjeM ce mamma Ha aprubeity H Haaam ce as cam ycneo aa 
y raaHHHm upTaMa npimamcem ramie pe3yaTaTe, npHuryn H umbeHe cedar 
Har-mo-mcrpax<HHatwor paaa y npoTexamx TpHaeceTaK roama. 

A. Marineie 

SUMMARY OF THE INTRODUCTORY LECTURE 

Summary 

The paper deals with the scientific and professional activities of the author in 
his continuous university career. After his early works in the field of measurements 
in telecommunications, the author extended his activities to the field of microwaves, 
in which he wrote his doctoral dissertation at a university in England. His later 
investigations included also the field of optoelectronic telecommunications and vari-
ous applications of the electromagnetism carrried out at the universities of Sheffield, 
Ankara, Cardiff, Nottingham, Novi Sad, Ni and Podgorica. By his scientific and 
professional activities the author has contributed to the development of the Applied 
Electromagnetism in Telecommunications, by organizing instruction, laboratories, 
and mentorship of doctoral dissertations, master-of-science dissertations and other 
papers, especially as the director of strategic projects of the Republic of Serbia in 
the field of Applied Electromagnetism, Microwaves and Optoelectronic Telecom-
munications. 
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