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Tavi I 

 
petris qselebi – mimoxilva da  

axali amocanebi 
 

1.1. petris qselebis Teoriuli safuZvlebi 
 

petris qselebis istoria 1962 wlidan iwyeba, 
roca germanelma inJinerma, karl adam petrim 
darmStadtis teqnikur universitetSi daicva 
sadoqtoro disertacia Temaze “komunikacia 
avtomatebiT”.  

am naSromSi man pirvelad Camoayaliba da 
daasabuTa idea ori gansxvavebuli tipis kvanZebiTa 
da maTi damakavSirebeli mimarTuli rkalebiT 
agebuli muSa qselebis Sesaxeb, romlebic erTi 
modelis farglebSi gaaerTianebda konkretul da 
abstraqtul procesebs da monacemebs.  

saxeli “petris qselebi” Teoriam mogvianebiT 
miiRo avtoris pativsacemad. Tavisi Teoriis 
safuZvlad petrim sasruli avtomatebis, simravleTa 
da grafebis Teoriis elementebi gamoiyena.  

arsebobis 44-wliani istoriis manZilze gaiba 
kavSirebi petris qselebsa da sxva mraval 
maTematikur Tu aramaTematikur disciplinebTan. 

erTis mxriv petris qselebi farTovdeba 
Teoriulad, sul ufro mZlavri xdeba misi 
maTematikuri aparati, iqmneba axali Teoriuli 
klasebi, xolo meores mxriv matulobs petris 
qselebis praqtikuli gamoyenebis sixSire 
informatikis mowinave mimarTulebebTan mWidro 
TanamSromlobis Sedegad, rac sqematurad 1.1 
naxazzea gamosaxuli.  
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Teoria

nax.1.1. petris qselebi da misi garemocva  

1.1.1. simravleebi 

simravleTa Teoria petris qselebis erTerTi 
bazisia. ganvixiloT mokled misi ZiriTadi 
elementebi. 

sawyisi aRniSvnebi:  
N = {0,1,...} – naturalur ricxvTa simravle; 
Z = {…,-1,0,1,…} – mTel ricxvTa simravle 
Boolean = {true,false} – bulis simravle 
simravle araerTgvarovan obieqtTa erTob-

liobaa. maT simravlis elementebi ewodeba.  
a aris A-simravlis elementi, Tuki flobs  

Tvisebas a∈A (`miekuTvneba~). simravle moicema 
elementTa CamonaTvaliT A = {a1, a2 ,..., an}, an garkveul 
p(a) funqciaze dayrdnobiT, romlis Sedegi 
simravlis elementisTvis aucilebel pirobas 
akmayofilebs:   

A = {a | p(a)}. 
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carieli simravle Ø-simboloTi aRiniSneba da 
gamoisaxeba pirobiT Ø = {a | a≠a}, radgan piroba a≠a 
yovelTvis mcdaria. 

simravleTa TeoriaSi ganisazRvreba Semdegi 
ZiriTadi damokidebulebebi da operaciebi: 

qvesimravle (A⊆B), WeSmariti qvesimravle (A⊂B), 
gaerTianeba (A∪B), TanakveTa (A∩B), sxvaoba (A\B), 
sadac: 

A⊆B, roca nebismieri a∈A–Tvis marTebulia a∈B 
A⊂B, roca A⊆B da A≠B 
A∪B = { a | a∈A an a∈B } 
A∩B = { a | a∈A da a∈B } 
A\B = { a | a∈A da a∉B } 
carieli simravle nebismieri aracarieli 

simravlis qvesimravlea: Ø⊂A. A da B simravleebs 

gancalkevebuli simravleebi ewodeba, Tu A∩B=Ø. 
simravle SeiZleba Seicavdes elemetebs, 

romlebic Tavadaa simravleebi. A-simravlis yvela 

SesaZlo qvesimravleTa simravle (A)-Ti aRiniSneba, 

naturalur ricxvTa simravle 0-is CaTvliT – N-iT, 
logikur mniSvnelobaTa (WeSmariti an mcdari) 
simravle – B-Ti. 

A1,A2,...,An (n∈N) sasrul simravleTa produqti 
(dekartuli namravli) ganisazRvreba Semdegnairad: 

A1xA2x...xAn = { (a1,a2,...,an) | ai∈Ai i=1,...,N } 
produqtis calkeul elements n-korteJi 

ewodeba. yoveli i-sTvis, sadac 1<i<n, ai-s korteJis 
i-uri elementi ewodeba (a1,...,an). wyvili 
ganisazRvreba, rogorc n-korteJis kerZo SemTxveva, 
2-korteJi (binaruli). 

Tu yvela simravle A1=A2=...An=A msgavsia, 
produqti Caiwereba An saxiT. garda amisa, A1 = A da 
A0 = Ø. 
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1.1.2. multisimravleebi (kompleqtebi) 

multisimravle ganisazRvreba simravleSi erTi 
da imave elementis ramdenjerme asaxvisTvis. 
magaliTad, petris qselis poziciaSi ramdenime 
msgavsi markeris aRsawerad. 

multisimravle B aracariel sabazo A 
simravleze, ewodeba funqcias: 

B:A→N 
sadac sabazo A simravlis yoveli a∈A 

elementis sixSire B multisimravleSi aisaxeba 
formatiT B(a). sixSiris sidide SeiZleba 0-is tolic 
iyos. simravle multisimravlis specialuri 
SemTxvevaa, sadac sixSiris mniSvnelobebia 0 an 1. 

multisimravlis asaxvis gafarToebuli forma 
Semdegia: [a,a,...,a,b,...,b,...], sadac yoveli elementi 
Tavisi sixSiris mixedviT meordeba. 

multisimravleTa simravle sabazo A 
simravleze aRiniSneba μA-Ti. multisimravle aseve 
SeiZleba gamoisaxos simboluri jamis saxiT, 

romelic a∈A elementis sixSires da saxels 
Seicavs:  

∑
∈

=
Aa

a)a(BB  

Tu B(a) = 1, maSin jamur asaxvaSi igi saerTod 
gamoitoveba da iwereba mxolod a. 

B∈μA multisimravleSi, a∈A elements ewodeba 
B-s wevri da Caiwereba a∈B, Tu B(a)>0 da piriqiT, Tu 
B(a)<0, maSin aœB. carieli multisimravle ∆ wevrebs 
ar Seicavs: "a∈A, ∆(a)=0.  

multisimravlis simZlavre (kardinaluroba) 
misi yvela elementis sixSireTa jams ewodeba da 
ganisazReba Semdegnairad: 
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∑
∈

=
Aa

)a(B|B|  

Tu |B| sasrulia, maSin multisimravle B-s 
sasruli multisimravle ewodeba. 

ori multisimravle, BB1 da B2B  tolia (B1=B2), Tu 

"a∈A, B1(a)= B2(a). 
BB1 naklebia an tolia B2B -is (anu B B2 moicavs B1B -s) 

Tu "a∈A, B1(a)£ B2(a). 
multisimravleebze ZiriTad operaciebs 

warmoadgens: 

Sekreba: B=B1+B2, Tu "a∈A, B(a) = B1(a) + B2(a) 
gamokleba: B=B1-B2, Tu "a∈A, ((B1(a) ≥ B2(a)) Ÿ ((B(a) 

= B1(a) - B2(a)) 
skalaruli namravli: multisimravlis BB1∈μA da 

naturaluri ricxvis n∈N skalaruli namravli 

ganisazRvreba rogorc B=n*B1, Tu "a∈A, B(a) = n*B1(a), 
sadac “*” ariTmetikuli gamravlebis operaciaa. 

1.1.3. petris qselebis ZiriTadi cnebebi 

petris qselebis notacias saboloo saxe jer 
ar miuRia. misi mravalmxrivi ganviTarebis procesSi 
warmoiSva Seusabamisobebis mTeli rigi, rac 
notaciis sxvadasxvanair interpretirebas 
ukavSirdeboda.  

petris qselebis standartizaciis procedura 
egreT wodebuli proeqt 15909-is farglebSi 1995 
wlidan mimdinareobs. masSi monawileoben iseTi 
avtoritetuli organizaciebi, rogoricaa 
standartizaciis saerTaSoriso organizacia (ISO), 
informaciul teqnologiaTa erTiani teqnikuri 
komiteti (JTC1) da saerTaSoriso eleqtroteqnikuri 
komisia (IEC). proeqti 3 nawilisgan Sedgeba:  
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1. maRali donis petris qselebi – koncefcia, 
gansazRvrebebi da grafikuli notacia;  

2. petris qselebis gacvliTi formati, 
savaraudod XML-is bazaze;  

3. moduluri petris qselebis konstruqciebi – 
ierarqiuloba, droiTi da stoqasturi gafarToebebi. 

qvemoT mocemulia petris qselis notacia ukve 
faqtobriv standartad damkvidrebuli „proeqt 
15909“-s pirveli nawilis safuZvelze [5]. 

 
ZiriTadi cnebebi: 
sabazo simravle (Basis Set). obieqtebis sawyisi 

simravle multi-simravleebis (kompleqtebis) 
Sesaqmnelad. 

multisimravle anu kompleqti (Multiset). 
obieqtebis nakrebi, sadac erTgvarovani obieqtebis 
ganmeoreba SesaZlebelia. 

multisimravlis kardinaluroba (Cardinality). 
multisimravlis elementebis saerTo raodenoba.  

pozicia (Place). qselis tipizebuli kvanZi. 
qselis grafSi wriT an elifsiT gamoisaxeba. 

gadasasvleli (Transition). qselis aratipizebuli 
kvanZi, romelic marTkuTxediT gamoisaxeba. 

rkali (Arc). qselis mimarTuli kavSiris xazi, 
romelic aerTebs poziciebs gadasasvlelebTan 
(Semavali rkali) an piriqiT (gamomavali rkali). 

Semavali pozicia (Input Place). gadasasvlelTan 
Semavali rkaliT SeerTebuli pozicia. 

gamomavali pozicia (Output Place). 
gadasasvlelTan gamomavali rkaliT SeerTebuli 
pozicia. 

poziciis tipi (Place Type). poziciasTan 
dakavSirebul monacemTa elementebis aracarieli 
simravle. 
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markeri (Marker). poziciasTan dakavSirebuli  
da Sesabamisi poziciis tipis monacemTa elementi. 

markireba (Marking). yvela poziciaSi Semaval 
markerTa erToblioba. 

sawyisi markireba (Initial Marking). yvela 
poziciaSi Semaval markerTa erToblioba qselis 
muSaobis dasawyisSi. 

poziciis markireba (Place Marking). poziciaSi 
moTavsebul markerTa multisimravle. 

gadasasvlelis gaxsnis piroba (Transition 
Condition). gadasasvlelTan dakavSirebuli logikuri 
(bulis) tipis gamosaxuleba. 

gadasasvlelis gaxsnis reJimi (Transition Mode). 
cvladebis dakavSireba gadasasvlelis gaxsnis 
pirobasTan ise, rom gadasasvlelis gaxsna 
nebadarTuli gaxdes.  

gadasasvlelis gaxsnis nebarTva (Enabling a 
Transition). gadasasvleli rom gaixsnas, yoveli 
poziciis markireba unda akmayofilebdes misi da 
gadasasvlelis damakavSirebeli rkalis moTxovnas 
(rkalis gamosaxuleba), rac niSnavs, rom markireba 
Seicavs markerebis minimum imave multisimravles, 
rac rkalis gamosaxulebazea asaxuli. 

gadasasvlelis gaxsna (Transition Occurence). Tu 
gadasasvlelis gaxsna nebadarTulia, igi SeiZleba 
gaixsnas. am dros gadasasvlelis yoveli Semavali 
poziciidan moixsneba markerebi gaxsnis reJimis 
Sesabamisad, xolo yovel gamomaval poziciaSi 
gamomavali rkalebis gamosaxulebaTa Sesabamisi 
markerebi Caemateba. pozicia SeiZleba erTdroulad 
Semavali da gamomavali iyos (maryuJi) 

gadasasvlelis cvladebi (Transition Variables). 
rkalebisa da gadasasvlelis gaxsnis pirobaSi 
Semavali cvladebis erToblioba. 
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rkalis anotacia (Arc Annotation). gamosaxuleba, 
romelic SeiZleba Seicavdes konstantebs, cvladebs 
da operatorebs rkalTan dakavSirebuli poziciis 
tipis multisimravlidan. 

miRwevadi markireba (Reachable Marking). 
markireba, romelic miiReba qselis sawyisi 
markirebidan gadasasvlelTa garkveuli mimdevrobis 
gaxsnis Semdeg. 

miRwevad markirebaTa simravle (Reachability Set). 
sawyisi markirebidan miRwevad markirebaTa simravle 
TviT sawyisi markirebis CaTvliT. 

algebra (Algebra). maTematikuri struqtura, 
romelic Seicavs simravleTa simravles da 
funqciaTa simravles, romlebic am simravleTa 
domenebsa da qvedomenebze moqmedebs. 

tipi (Sort). monacemTa struqturis saxeli. 
argumentis tipi (Argument Sort). operatoris 

argumentis tipi. 
gamomavali tipi (Output Sort). operatoris 

Sedegis tipi. 
aruloba (Arity) – funqciaSi Semavali 

(argumentebi) da gamomavali (Sedegi) tipebi (mag., 
binaruli, n-aruli). 

tipizacia (Typisation). tipis dakavSireba 
poziciasTan. 

aRwerebi (Declarations). gamosaxulebaTa simravle 
simravleTa, konstantebis, parametrebis 
mniSvnelobaTa, tipizebuli cvladebisa da 
funqciebis gansazRvrisaTvis, romlebic maRali 
donis petris qselebze aisaxeba. 

operatori (Operator). simboloTa erToblioba 
(abreviatura) funqciis saxelis warmosadgenad. 

parametri (Parameter). mudmiva (konstanta), 
romelic simravleSi gansazRvrul sidideTa ares 
Seicavs. 
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miniWeba (Assignment). mniSvnelobis miniWeba 
cvladebis simravlis konkretuli cvladisaTvis. 

signatura (Signature). algebruli struqtura, 
romelic tipebis da operatorebis simravleebisgan 
Sedgeba. 

bulis signatura (Bool Signature). signatura, 
romelic bulis (logikur) tips Seicavs. 

mravaltipuri signatura (Many-sorted Signature). 
signatura, sadac tipebis simravlis kardinaluroba 
erTze metia. 

cvladiani signatura (Signature with Variables). 
signatura, romelic Seicavs cvladebis saxelebs, 
tipebs da operatorebs. 

Termi (Term). signaturis safuZvelze Sedgenili 
gamosaxuleba, romelic Seicavs mudmivebs, cvladebs 
da operatorebs. 

daxuruli Termi (Closed Term). Termi, romelic 
Seicavs konstantebs da operatorebs, magram ara 
cvladebs. 

Termis mniSvneloba (Term Evaluation). Sedegi, 
romelic miiReba Termis cvladebiTvis 
mniSvnelobebis miniWebisa da funqciaTa Sedegebis 
gamoTvlis Semdeg. 

maRali donis petris qseli (High Level Petri Net). 
algebruli struqtura, romelic Seicavs: 
poziciebis simravles; gadasasvlelTa simravles; 
tipebis simravles; tipebis poziciebze da tipebis 
gadasasvlelebze damakavSirebel funqciebs; 
prefunqciebs Semavali da postfunqciebs gamomavali 
markirebebis gansazRvrisaTvis; sawyis markirebas. 

petris qselis grafi (Petri Net Graph). mimarTuli 
grafi ori tipis kvanZebiTa (poziciebi da 
gadasasvlelebi) da maTi damakavSirebeli rkalebiT. 
daSvebulia kavSirebi „pozicia-gadasasvleli“ an 

 



 12

„gadasasvleli-pozicia“, magram ara „pozicia-
pozicia“ an „gadasasvleli-gadasasvleli“. 

maRali donis petris qselis grafi (High Level 
Petri Net Graph). qselis grafisa da anotaciebis 
(warwerebis) erToblioba, romelic Seicavs 
poziciaTa tipebs, rkalebis anotaciebs, 
gadasasvlelTa gaxsnis pirobebs, Sesabamis 
gansazRvrebebs gansazRvrebaTa siaSi da qselis 
sawyis markirebas. 

miRwevadobis grafi (Reachibility Graph). 
mimarTuli grafi, sadac kvanZebi miRwevad 
markirebebs Seesabameba, rkalebi – gadasasvlelTa 
gaxsnis operacias. 

parametrizebuli maRali donis petris qselis 
grafi (Parameterized High Level Petri Net Graph). maRali 
donis petris qselis grafi, romelSic parametrebi 
ganisazRvreba. 

1.1.4. petris qselebis semantikuri modeli 

petris qselis semantikuri modelis aRweris 
procesSi gamoiyeneba Semdegi abreviaturebi: HLPN – 
maRali donis petris qseli da HLPNG – maRali 
donis petris qselis grafi. 

HLPN warmoadgens struqturas   
HLPN = ( P, T, D; Type, Pre, Post, M0 ), 

sadac: 

• P - poziciad wodebuli elementebis sasruli 
simravlea; 

• T - gadasasvlelebad wodebuli elementebis 
sasruli simravle, ise, rom P»T=∆; 

• D – aracarieli domenebis sasruli simravle, 
romlis yovel elements tipi ewodeba; 
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• Type : P«T∈D warmoadgens tipebis poziciebze 
dakavSirebisa da gadasasvlelis gaxsnis reJimis 
gansazRvris funqcias; 

• Pre, Post : TRANS->μPLACE warmoadgenen 
winaswar (gadasasvlelis gaxsnamde) da Sedegis 
(gadasasvlelis gaxsnis Semdgom) asaxvebs, sadac 

o TRANS = { (t,m) | tÕT, mÕType(t) } 
o PLACE = { (p,g) | pÕP, gÕType(p) } 

• M0ÕμPLACE multisimravlea, romelsac 
qselis sawyisi markireba ewodeba; 

• MÕμPLACE multisimravlea, romelsac 
qselis markireba ewodeba; 

gadasasvlelis gaSvebis reJimebis sasruli 

simravle, Tm∈μTRANS nebadarTulia M-markirebaSi, 
Tu Pre(Tm)£M, sadac Pre-s wrfivi gafarToeba Semdegi 
saxisaa: 

Pre(Tm) = StrŒTRANS mult(tr,Tm)Pre(tr) 
Tu gadasasvlelis gaxsnis reJimTa 

multisimravle Tm nebadarTulia M markirebaSi, 
maSin gadasasvlelis gaxsnis proceduras biji 
ewodeba da misi Sesrulebis Sedegad miRebuli 
axali markireba gamoisaxeba formuliT: 

M´ = M – Pre(Tm) + Post(Tm) 
bijis formaluri asaxva Seicavs sawyis da 

Sedegis markirebebs, agreTve gadasasvlelTa gaxsnis 
daSvebuli reJimebis multisimravles: 

´MM T⎯→⎯ μ
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1.1.5. maRali donis petris qselis  
grafi – HLPNG 

maRali donis petris qselis grafi 
warmoadgens struqturas: 

 
HLPNG = ( NG, Sig, H; Type, AN, M0 ),  

sadac 
• NG = (P,T;F) qselis grafad iwodeba, romelSic 

o P kvanZebis sasruli simravlea (poziciebi); 
o T - kvanZebis sasruli simravle (gadasasvle-
lebi) da P»T=∆; 
o FÕ(PxT)«(TxP) - rkalebad wodebuli mimarTuli 
monakveTebis simravle; 

• Sig = (S, O, V) warmoadgens grafis naturalur-
logikur signaturas. 

• H = (SH, OH) signaturisTvis gansazRvruli 
mravalsortiani algebraa; 

• Type : P->SH tipebis poziciebze daniSvnis 
funqciaa; 

• AN = (A, TC) qselis anotaciaTa wyvilia, sadac: 

• TC:T->TERM(O«V)Bool warmoadgens funqcias, 
romelic gadasasvlelebs logikuri gamosaxu-
lebis tipis anotaciiT afarToebs; 

• M0:P->Up∈PµType(p), ise, rom "p∈P, M0(p)∈µType(p) 
sawyisi markirebis funqciaa, romelic markerTa 
multisimravles yoveli poziciis tipTan 
koreqtulad akavSirebs. 
 
grafikulad pozicia wreebiT an elifsebiT 

gamoisaxeba. poziciis anotacia (warwerebi) Sedgeba 
minimum poziciis saxelis, poziciasTan 
dakavSirebuli tipis saxelisa da sawyisi 
markirebisgan. Tu sawyisi markireba carielia, igi 
SeiZleba ar gamoisaxos. 
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gadasasvlels marTkuTxedi an Savi xazi 
gamosaxavs; gadasasvlelis anotacia Sedgeba minimum 
misi saxelisgan; Tu gadasasvlelis gaSvebis piroba 
mocemulia, igi marTkuTxedis SigniT aisaxeba da 
gamoitoveba mxolod maSin, roca yovelTvis 
WeSmaritia. 

rkals SeiZleba hqondes rogorc erT- an 
ormxrivmimarTuli monakveTis, aseve mimarTuli 
mrudis saxe.  

Tu erTi da igive poziciisa da gadasasvlelis 
damakavSirebel, Semaval da gamomaval rkalebs 
msgavsi anotaciebi aqvT, ormxrivmimarTuli 
rkalebis gamosaxva am SemTxvevaSi erTi orisriani 
rkalis saxiTac nebadarTulia. rkalis anotaciad 
zemoT aRwerili Termebis multisimravleebi 
gamoiyeneba.  

markeri petris qselSi poziciaTa markirebis 
elements warmoadgens da Sesabamisad, poziciis 
gverdze (an SigniT) gamoisaxeba misi markirebis 
farglebSi simboluri jamis saxiT.  

frCxilebi gamoiyeneba mimdinare markirebaSi 
markeris sixSirisa (frCxilebs gareT) da markeris 
mniSvnelobis (frCxilebs SigniT) gamosayofad.  

petris qselebis zemoTmoyvanili notaciis 
magaliTi mocemulia 1.2 naxazze.  
 

 
 
 
 
 
 
 
 
 
 nax.1.2. HLPN-grafi

aRwerebi 
A = {1,2,3,4}; 
B = {3,4,5,6}; 
<: ZxZ→Boolean ariTmetikuli 
nakleboba 

1+2(3) x<y 

p1

A B

p2x 

t1

y
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mocemulia 2 pozicia (p1 da p2), 1 gadasasvleli 
(t1) da damakavSirebeli rkalebi. aRiwereba 2 tipi, A 
da B, romlebic sabazo simravleebs warmoadgens da 
naturalur ricxvTa sxvadasxva qvesimravleebs 
Seicavs. cvladi x A-tipisaa, y – B-tipis. 
gadasasvleli Seicavs gaxsnis pirobas x<y, 
risTvisac aRwerebis siaSi `naklebobis” operatori 
ganisazRvreba. rkalze (p1,t1) darTulia anotacia – 
cvladi x, xolo rkalze (t1,p2) anotacia – cvladi y. 

pozicia p1 tipizebulia A-tipiT da gaaCnia 
sawyisi markireba 1+2(3), romelic warmoadgens 
multisimravles M0(p1)={(1,1),(2,0),(3,2),(4,0)}, sadac 
yoveli wyvilis pirveli elementi naturaluri 
ricxvia A={1,2,3,4} sabazo simravlidan, xolo meore 
– misi sixSire multisimravleSi. pozicia p2 

tipizebulia B-tipiT da misi sawyisi markireba 
cariel multisimravles warmoadgens M0(p2)={∆}. 

sawyisi markirebidan gamomdinare, gadasasvleli 
t1 nebadarTulia gadasasvlelis gaxsnis Semdeg 
reJimebSi: {(1,3), (1,4), (1,5), (1,6), (3,4), (3,5), (3,5)}, sadac 
yoveli wyvilis pirveli elementi x-cvladis 
mniSvnelobaa, xolo meore – y-cvladisa, ise, rom 
yoveli wyvilisTvis x<y. 

mocemul qselSi gaSvebis reJimebis 
paralelizmic fiqsirdeba. magaliTad, reJimebis 
multisimravle (1,3)+2(3,5) t1 gadasasvlels 
paralelurad nebadarTuls xdis. SeiZleba aseTi 
magaliTis ganxilvac: (1,5)+(3,4); (1,6)+(3,5)+(3,6). 

Tu gaixsneba nebadarTuli markireba, 
magaliTad, (1,3) reJimTa multisimravleSi (romelic 
am SemTxvevaSi mxolod 1 tipis 1 elementisgan 
Sedgeba), maSin Sedegis markirebebs Semdegi saxe 
eqneba: 

M(p1)={(1,0),(2,0),(3,2),(4,0)}; 
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M(p2)={(3,1),(4,0),(5,0),(6,0)}; 
(1,3)+2(3,5) reJimTa multisimravleSi 

gadasasvlelis gaxsna Semdeg Sedegis markirebebs 
Camoayalibebs: 

M(p1)={∆}; 
M(p2)={(3,1),(4,0),(5,2),(6,0)}; 

 

1.2. petris qselebis klasifikacia 

1.2.1. petris qselebis qveklasebi 

petris qselebis evoluciis pirvel etapze maTi 
3 Teoriuli klasi ganisazRvra (I, II da III donis 
petris qselebi), magram dReisaTvis maTi raodenoba 
oramde Camovida  - ganisazRvreba dabali da maRali 
donis petris qselebi, amasTan meore klasi pirvels 
moicavs.  

Zveli klasifikacia poziciebze, gadasasvleleb-
sa da rkalebze iyo orientirebuli da ganasxvavebda 
maT iseT maxasiaTeblebs, rogoricaa markerTa 
maqsimaluri raodenoba poziciaSi, rkalebis 
jeradoba da sxva. 

axal klasifikaciaSi yuradReba uSualod 
markerTa semantikazea gamaxvilebuli.  

kerZod, dabali donis petris qselebSi daiSveba 
mxolod “Savi” markerebi yovelgvari Sinagani 
struqturis gareSe, xolo maRali donis petris 
qselebi damatebiT winaswar gansazRvruli 
struqturis  “ferad” markerebsac Seicavs, Tumca 
unda aRiniSnos, rom terminebi “Savi” da “feradi” 
simboluria da literaturaSi maT xSirad 
gansxvavebuli saxelebiT moixsenieben.  

markerTa arsi gansazRvravs Semdgom 
poziciebisa da gadasasvlelebis, agreTve rkalebis 
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anotaciis SigTavss. “Savmarkerian” qselebSi 
mxolod aratipizebuli, erTgvarovani poziciebi da 
gadasasvlelebia daSvebuli, “ferad” qselebSi 
yvela poziciisTvis sakuTari tipi ganisazRvreba 
Sesabamisi tipis markerTa domeniT. erTi tipis 
poziciaSi meore tipis markeris arseboba 
dauSvebelia.  

gadasasvlelebi farTovdeba gadasasvlelis 
gaSvebis pirobebiT, romelic logikur 
gamosaxulebas warmoadgens da SeiZleba WeSmariti 
an mcdari iyos.  

rkalis anotacia dabali donis petris qselSi 
an saerTod gamoitoveba (rkalSi erT gaSvebaze 
mxolod erTi “Savi” markeri gadaadgildeba) an 
naturalur ricxvs warmoadgens, romelic 
gadasaadgilebel markerTa raodenobas asaxavs 
(rkalis jeradoba), maSin, roca maRali donis 
petris qselSi rkalis anotacia SeiZleba Seicavdes 
ufro rTul monacemebsac, romlebic qvemoT 
ganixileba. 

dabali donis petris qselebis qveklasebidan 
SeiZleba davasaxeloT avtomaturi petris qselebi, 
markirebuli grafebi, petris qselebi Tavisufali 
arCevaniT, elementaruli sistemuri qselebi, C/E-
qselebi, usafrTxo S/T qselebi, S/T (klasikuri) 
qselebi da sxva, xolo maRali donis petris 
qselebis yvelaze kargad gamokvleul da 
gansazRvrul qveklass sistemuri petris qselebi 
warmoadgens. 

avtomatur petris qselebSi anu mdgomareobaTa 
manqanebSi (State Machines) yovel gadasasvlels 
SeiZleba hqondes maqsimum 1 Sesasvleli da 1 
gamosasvleli. igi mkacrad Senaxvadi petris qselia 
(markerebis saerTo raodenoba masSi arasdros 
icvleba). avtomaturi petris qselebiT SeiZleba 
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konfliqtebis, magram ara paralelizmis 
modelireba. 

markirebul grafebSi (Marked Graphs) yoveli 
pozicia zustad 1 gadasasvlelis Sesasvlels da 
zustad 1 gadasasvlelis gamosasvlels warmoadgens. 
igi Teoriulad avtomaturi petris qselebis 
oreulia, amodelirebs paralelizms, magram 
konfliqtebs - vera.  

markirebul grafebSi arsebobs ciklebi – 
Sekruli (Caketili) gza romelime gadasasvlelidan 
imave gadasasvlelamde, romelic gadasasvlelTa 
garkveuli mimdevrobis gaxsniT miiReba. ciklis 
gaSvebis Sedegad markirebul grafSi markerebis 
saerTo raodenoba ar icvleba, Tumca, zogadad, 
markirebuli grafi Senaxvadi ar aris (masSi 
merkerebis mTliani raodenoba SeiZleba 
icvlebodes). 

petris qselebSi Tavisufali arCevaniT (Free 
Choise Petri Nets) marTvadi konfliqtis cneba Semodis: 
Tu ramdenime gadasasvlels Semavali poziciisTvis 
konfliqti aqvs, petris qselSi Tavisufali 
arCevaniT isini yvela nebadarTuli unda iyos, anu 
sakonfliqte pozicia erTaderTi Semavali pozicia 
unda iyos yvela mokonfliqte gadasasvlelisTvis. 

zemoT aRwerili 3 qveklasis petris qselebis 
nimuSebi mocemulia 1.3 naxazze. 

S/T-qselebi (State/Transition Nets) klasikuri 
petris qselebis warmomadgenelia. igi Sedgeba 
msgavsi markerebisgan, romelTa grafikuli forma 
patara Savi wrea poziciis farglebSi. 
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P2 T3T1P1

T4

P3T2

mdgomareobaTa manqana 

P1T1 T2

P

 

P5

T3

T4

P P

P
markirebuli grafi (ciklebiT 

T2T1T2, T4T3T4, T2T4T3T1T2) 

P2T1

T3
P1

T2 P3

petris qseli Tavisufali arCevaniT 

nax.1.3. dabali donis petris qselebis 3 qveklasi 
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S/T-qselebSi pozicia SeiZleba erTze met 
markers Seicavdes, xolo markerebis didi odenobis 
SemTxvevaSi poziciaSi maTi raodenoba ricxobrivad 
Caiwereba. 

gadasasvlelis gaSvebis aucilebeli pirobaa 
yvela Semaval poziciaSi damakavSirebeli rkalis 
jeradobaze aranaklebi odenobis markerebis 
mogroveba. rkalebis jeradoba naturaluri ricxviT 
gamoisaxeba (nax.1.4).  

 
usafrTxo S/T-qselebis poziciebSi markerTa 

odenoba 1-s ar unda aRematebodes. 
elementaruli sistemuri qselebi (Elementary 

System Nets) S/T-qselebis msgavsad dabali donis 
petris qselebis klasSi Sedis, rogorc yvela sxva 
qseli, romlebSic mxolod erTgvarovani markerebia 
dasaSvebi. sxvaoba isaa, rom elementarul sistemur 
qselebSi erTi pozicia SeiZleba araumetes erT 

 



 22

markers Seicavdes. Sesabamisad, masSi jeradi 
rkalebi ar arsebobs da rkali Wdes (warweras) ar 
saWiroebs. amasTan, elementarul qselur sistemebSi 
akrZalulia gadasasvlelis gaSveba, Tu erTi mainc 
gamomavali pozicia markers ukve Seicavs [15]. 

misgan gansxvavebiT usafrTxo S/T-qselebisTvis 
mniSvneloba ara aqvs gamomavali poziciebis 
mdgomarebas, maTSi gadasasvleli gaiSveba, Tu yvela 
Semaval poziciaSi markeri iqneba. amasTan, usafrTxo 
S/T-qselebi krZalaven poziciaSi erTze meti 
markeris arsebobas [18]. aqedan gamodinare, usafrTxo 
petris qselSi maryuJis arseboba gadasasvlelis 
gaxsnas xels ver uSlis, elementarul sistemur 
qselSi ki piriqiT.  

1.5 naxazze grafikulad srulebiT msgavsi 
elemetaruli sistemuri qseli da S/T-qseli 
gansxvavdeba Sesrulebis maneriT: pirvelSi 
gadasasvleli T ver gaiSveba, meoreSi igi 
nebadarTulia. 

P2

P1

P3T

elementaruli sistemuri 
qseli 

P2

P1

P3T

usafrTxo S/T-qseli 

nax.1.5. grafikulad msgavsi da Sesrulebis wesebiT 
gansxvavebuli petris qselebi 
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sistemuri petris qselebi (System Petri Nets) 
yvela zemoaRwerili qveklasisgan gansxvavebiT 
maRali donis petris qselis qveklass warmoadgens. 

maRali donis petris qselebis standartuli 
notaciis Tanaxmad, sistemuri petris qselebisTvis 
ganisazRvreba konstantebi, cvladebi da funqciebi, 
romelTa erTobliobas sistemuri petris qselis 
struqtura ewodeba, xolo gadasasvlelebisTvis 
ganisazRvreba gaxsnis piroba, romelsac 
“gadasasvlelis damcavi funqcia” ewodeba [15]. 
sistemuri petris qselebis ZiriTadi gansazRvrebebi 
Semdegia: 

gansazRvreba_1. vTqvaT Σ qselia. Σ-s Α 
universumi TiToeuli p∈PΣ poziciisTvis afiqsirebs 

mdgomareobaTa Ap simravles, romelsac Α-Si p-s 
domeni ewodeba. 

gansazRvreba_2. vTqvaT Σ qselia Α universumiT, 
maSin 

1. Σ-s mdgomareoba a TiToeuli poziciisTvis 

gansazRvravs simravles a(p)⊆ Ap; 
2. vTqvaT t∈TΣ. qmedeba m TiToeuli mosazRvre 

f=(p,t) an f=(t,p) rkalisTvis gansazRvravs 

simravles m(f) ⊆ Ap . 
es niSnavs, rom sistemuri qselebis poziciebSi 

cvladis mniSvnelobaTa simravlis moTavseba 
SeiZleba, rkalsac elementaruli petris 
qselebisgan gansxvavebiT erTze meti mniSvnelobis 
gatareba SeuZlia, rac maRali donis peteris 
qselebs axasiaTebs. 

sistemuri petris qselebis Sinaarsi 
struqturebis cnebazea dafuZnebuli. ganvsazRvroT 
Tavidan konstantisa da funqciis cnebebi. 
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gansazRvreba_3. davuSvaT A1,…,Ak aris 
qvesimravleTa simravle. 

1.  davuSvaT a∈Ai, romeliRac 1<i<k - Tvis. maSin 
a-s ewodeba konstanta simravleSi A1,…,Ak da Ai-s 
ewodeba a-s klasi. 

2.   i=1,…,n+1 - Tvis davuSvaT BBi∈{A1,…,Ak}, da 

vTqvaT, f:B1B ×…×BBn→Bn+1 B aris funqcia. maSin f-s 
ewodeba funqcia A1,…,Ak simravleebze. simravleebi 
BB1,…,Bn warmoadgens f-is argumentebis tipebs, xolo 
Bn+1 B Sedegis tips. n+1 korteJi (B1,…,Bn+1) warmoadgens 
f-is ares da Semdegnairad Caiwereba BB1×…×BnB →BBn+1.   

sistemuri petris qselis struqtura 
konstantebisa da funqciebis simravles ewodeba. 

gansazRvreba_4. davuSvaT A1,…,Ak aris 
qvesimravleTa simravle, a1,…,al konstantebi A1,…,Ak-
Si da f1,…,fm funqciebi A1,…,Ak-ze. maSin 
A=(A1,…,Ak;a1,…,al;f1,…,fm) warmoadgens struqturas. 

A1,…,Ak matarebeli simravleebia, a1,…,al - 
konstantebi, xolo f1,…,fm - funqciebi. 

struqturebis funqciaTa Semadgenloba 
Termebis cnebiT aRiwereba. Termebi Seicavs 
cvladebs da konstantebs da iseve rogorc 
calkeuli cvladebi, konkretul momentSi 
konkretul mniSvnelobas Rebulobs.  

Termebisa da cvladebis ukeT warmosadgenad 
ganvixiloT "moTxovnaTa momsaxurebis" sistema. igi 
Sedgeba monacemTa 3 momxmareblisagan (u,v,w), 
romelTa ciklur momsaxurebas awarmoebs  
monacemTa 2 menejeri (m da n).  

sawyis mdgomareobaSi TiToeuli momxmarebeli 
lokalur mdgomareobaSia, xolo garkveul momentSi 
momxmarebeli moiTxovs monacemebs orive 
menejerisgan da mxolod mas Semdeg, rac orivesgan 
dakmayofildeba, ubrundeba lokalur mdgomareobas. 
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momsaxurebas pirvelad u Rebulobs, mere v da 
bolos w. 1.6 naxazze warmodgenilia sistemuri 
petris qseli mocemuli sistemisaTvis.  

am SemTxvevaSi petris qselis struqturas 
Semdegi saxe eqneba: 

"moTxovnaTa momsaxureba"=(users,managers, 
users×managers, managers×users,u,v,w,m,n,succ) 
sadac succ (inglisuri sityvidan success - 

"warmateba") moTxovnis warmatebiT Sesrulebis 
mauwyebeli funqciaa, misi argumenti x cvladia, 
romelic users tipisaa da Sesabamisad, mniSvnelobebs 
mxolod {u,v,w} simravlidan iRebs, xolo Tavad succ-
is mniSvneloba rigSi momdevno adgilas mdgari 
momxmarebelia, romelic funqciis meSveobiT 
menejerTan mimarTvis uflebas Rebulobs.  

users = {u,v,w} 
managers={m,n} 
succ:users->users 
succ(u) = v 
succ(v) = w 
succ(w) = u 
var x:users 
var y:managers 

u v w

(m,u)
(n,u)

(y,x) (y,succ(x)) 

(x,y) (x,y) 

x x

(x,m) 
(x,n) 

(x,m) (x,n)

x icdis 

y menejeri 
moemsaxura x 
momxmarebels 

x elis y-s 

x mzadaa y-is 
momsaxure-

bisTvis

nax.1.6. sistemuri petris qseli 
`moTxovnaTa momsaxurebis amocanisTvis“ 
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sistemur qselze rkalTa zogierTi warwera 
Termia, magaliTad, (x,m) da igi Seicavs cvladsac 
(x) da konstantasac (m), rogorc zemoT aRvniSneT.  

sistemuri qselis muSaobis pirvel bijze, 
amocanis pirobis Tanaxmad, momsaxurebas Rebulobs 
u momxmarebeli, davuSvaT m menejerisgan. maSin 
Termi (y,x)=(m,u), Termi (x,m)=(u,m) da cvladi x=u.  

Tu x-s sxva mniSvnelobas mivaniWebT, magaliTad 
v-s, gadasasvleli `momsaxurebis moTxovna" ki 
gaixsneba, magram Tavad `momsaxureba" - vera, radgan 
am dros (y,x) Termis mniSvneloba (m,v) unda gaxdes, 
ris saSualebasac poziciis (`y mzadaa x-is 
momsaxurebisTvis") sawyisi Semcveloba ar iZleva da 
Sesabamisad, qseli ar imuSavebs. 

ufro rTuli SemTxvevebisTvis Termebis 
simravle Semoitaneba (simravle-Termebi), romelic 
sami tipisaa: konstanta-Termi, funqcia-Termi da 
cvladi-Termi.  

konstanta-Termi qselSi ara calkeuli 
konstantebis, aramed konstantebis (magaliTad, 
naturaluri ricxvebis) simravleTa asaxvisTvis 
gamoiyeneba da am SemTxvevisTvis poziciis 
aRmniSvneli Wde ara konstantebis simravles, aramed 
simravlis aRmniSvnel simbolos (did laTinur 
asos) warmoadgens, xolo Tavad simravle qselis 
struqturis gansazRvraTa blokSi aRiwereba. 

funqcia-Termi rkalis anotaciaa, aRiniSneba Ф-
simboloTi da petris qselSi konstantebis cvladi 
raodenobis transportirebas emsaxureba argument-
cvladis mniSvnelobis Sesabamisad.  

cvladi-Termi aseve rkalis anotacias 
warmoadgens da qselSi mTlianad simravlis an mis 
qvesimravleTa gadasatanad gamoiyeneba. Termebis 
simravleTa tipebis magaliTebi mocemulia 1.7 
naxazze. 
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1.2.2. maRali donis petris qselebis  
tipebi 

 
petris qselebis qveklasidan ganisazRvreba 

petris qselis tipi. axali tipis gansazRvris are 
SeiZleba mravalnairi iyos. yovel petris qsels 
gaaCnia Semdegi saerTo elementebi:  

- poziciebi,  
- gadasasvlelebi  
- rkalebi,  

romlebiTac petris qselis grafi iqmneba.  
petris qselis axali tipis gansazRvrisas 

safuZvlad swored petris qselis grafia aRebuli 
da igi Semdgomi asaxvebiTa da funqciebiT petris 
qselis konkretul tipamde farTovdeba.  

petris qselis sxvadasxva tipebi erTmaneTisgan 
SeiZleba gansxvavdebodes markerTa tipebiT da 
maTgan gamomdinare  erTiani markirebis sistemiT, 
qselis elementebis aRweriT (Wdeebi) an/da 
gadasasvlelTa gaSvebis wesebiT. 

Wdeebi petris qselis elementebze, ZiriTadad 
mxolod warwerebia da Seicavs elementis sintaqss, 
magram ara semantikas. Sesabamisad, isini qselis 
Sesrulebis procesSi verafers cvlis. Wdeebis 
daniSnuleba petris qselis sintaqsuri kontrolia. 

amis miuxedavad, axali tipis Wdis gansazRvra 
ukve sakmarisia imisTvis, rom axali petris qselis 
tipi iqnes gansazRvruli.  

poziciebze, gadasasvlelebze an/da rkalebze 
droiTi dayovnebis gansazRvras droiTi petris 
qselis tipi Semoaqvs, dayovnebis droTa albaTur 
ganawilebas – stoqasturi petris qselis tipi da 
ase Semdeg.  

petris qselebis tipebis gansazRvris ufro 
farTo garemo maRali donis petris qselebis 
qveklasebia (magaliTad, sistemuri petris qselebi). 
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qvemoT mokled aRvwerT yvelaze kargad 
damuSavebul da gavrcelebul petris qselis tipebs.  

feradi petris qselebi (Coloured Petri Nets) 
maRali donis petris qselebis klasSi Sedis da 
sxvadasxva tipis anu feris markerebs Seicavs [7]. 
termini „feradi“ mxolod tradiciisTvis 
gamoiyeneba da qselSi gansxvavebuli markerebis 
arsebobaze mianiSnebs - amgvari qselebis dabali 
donis petris qselebisgan gamosarCevad, romlebic 
erTgvarovan, „Sav“ markerebs Seicavs. feradi petris 
qselis struqtura sakmaod rTulia da igi mravali 
saxeobis Wdeebs Seicavs (nax.1.8).  
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feradi petris qselis yovel pozicias gaaCnia 
minimum ori Wde: saxeli, romelic aRmniSvneli wris 
an elifsis SigniT iwereba da martivi an Sedgenili 
tipi (poziciis gverdiT, kursiviT, gasaReburi sityva 
Type an Color). magaliTad, pozicia „momxmareblebi“ 
NUMxNAME tipisaa, romelic winaswargansazRvruli 
NUM da NAME tipebis dekartuli namravliT 
warmoiqmneba. 

feradi petris qseli Seicavs „ferad“ 
markerebs, romlebic konkretuli tipis SesaZlo 
mniSvnelobaTa simravles an multisimravles 
(kompleqts) warmoadgens.  

ganisazRvreba konstantebi (gasaReburi sityva 
val), cvladebi (var) da funqciebi (fun). sxvadasxva 
tipis monacemTa Soris kavSirebis asaxvisTvis 
gamoiyeneba simravleTa da kompleqtebis Teoriis 
elementebi.  

garda monacemTa tipisa, yoveli poziciis 
gverdiT SeiZleba aisaxos poziciaSi mocemul 
momentSi Semavali feradi markerebi. 

sainicializacio markireba xazgasmuli teqstis 
saxiT gamoitaneba.  

magaliTad, sawyis mdgomareobaSi pozicia 
„momxmareblebi“ Seicavs NUMxNAME tipis ferad 
markerTa Semdeg simravles (sainicializacio 
markireba): { 1`(1, „administratori“), 1`(2, „operatori-
1“), 1`(3, „operatori-2“), 1`(4, „operatori-3“) } 

sayuradReboa sawyisi „1“-iani yoveli elementis 
dasawyisSi (mas koeficienti ewodeba), romelic 
uTiTebs, rom pozicia araumetes 1 mocemul monacems 
Seicavs (anu arsebobs mxolod erTi momxmarebeli 
saxeliT „administratori“, romlis rigiTi nomeria 
1). am SemTxvevaSi gvaqvs monacemTa elementebis 
simravle, xolo 2`(„HP Laser Jet 8050“)  niSnavs, rom 
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sistema Seicavs 2 erTgvarovan printers – es ukve 
multisimravle, anu kompleqtia. 

Tu sainicializacio markirebis teqsti Zalian 
grZelia (magaliTad monacemTa bazis aTasobiT 
Canawers gamosaxavs), markers fsevdonimi 
ganesazRvreba, romelic tradiciulad Tanxvdeba 
markeris tipis saxels, magram iwereba xazgasmiT.  

1.9 naxazze fsevdonimi TARGETs asaxavs 
samizneTa 1..M simravles, anu am SemTxvevaSi 
naturalur ricxvTa (samizneTa nomrebi) simravles 
1-dan 10-mde.  

TARGETs–is gaSlili varianti iqneba simravle 
{1`1, 1`2, 1`3, 1`4, 1`5, 1`6, 1`7, 1`8, 1`9, 1`10} 
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amave naxazzea asaxuli aradeterminirebuli 
logikuri gamosaxuleba (pirobis bloki) feradi 
petris qselis rkalebze, romelic gadasasvlelTa 
gaSvebis sxvadasxva pirobebs da Sedegebs asaxavs, 
anu logikuri pirobis WeSmaritebisas gadasavlels 
gasxvavebuli mniSvneloba miewodeba (an 
gadasasvlelidan gansxvavebuli mniSvneloba gamova), 
mcdarobisas – gansxvavebuli. 

logikuri pirobis mniSvneloba sxvadasxva 
SemTxvevebSi sxvadasxvanairad ganisazRvreba.  

interaqtiul simulatorebSi WeSmariteba-
mcdarobas Tavad momxmarebeli gansazRvravs, 
avtomaturi simulaciisas – SemTxveviT sidideTa 
generatori da ase Semdeg. 

feradi petris qselebSi yvelaze kargadaa 
Serwymuli petris qselebisa da daprogramebis 
(ierarqiuloba, moduluroba – didi sistemebis 
modelirebisTvis) Teoria, rac TeoriulTan erTad 
mis did praqtikul Rirebulebasac ganapirobebs 
Tanamedrove informaciul teqnologiaTa mraval 
sferoSi, rogorebicaa sakomunikacio protokolebi, 
audio/video- da operaciuli sistemebi, aparaturis 
da programebis daproeqteba, biznes-procesebi da 
sxva. 

dReisaTvis feradi petris qselebi da misi 
kompiuteruli realizacia „CPN-Tools“ msoflios 40 
qveynis 400-ze met organizaciaSi gamoiyeneba 
sistemebis modelirebis instrumentad (maTgan 100-
mde komerciul kompaniaSi) [9]. winamdebare 
sadisertacio samuSaos rigi eqsperimentebi swored 
am instrumentis licenzirebuli versiiT iqna 
Sesrulebuli. 

droiTi petris qselebi faqtobrivad yoveli 
tipis petris qselisTvis droiTi gafarToebis 
damatebiT miiReba. droiTi gafarToeba aucilebelia 
realuri saproblemo sferos modelirebisTvis, mis 
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gareSe petris qseli mxolod sistemis raodenobrivi 
analizisTvis gamodgeba.  

droiTi petris qseli 4 tipis arsebobs: 
poziciur-droiTi (Timed Places Petri Nets - TPPNs), 
tranzaqciul-droiTi (Timed Transition Petri Nets - 
TTPNs), rkalur-droiTi da markerul-droiTi [11].  

poziciur-droiTi tipisTvis ganisazRvreba 
dayovnebis erTi da igive dro poziciaSi 
moTavsebuli yvela markerisTvis da drois aTvla 
iwyeba Sesabamisi gadasasvlelis gaaqtiurebisTanave 
(roca misi gaxsna nebadarTuli xdeba). yvela 
Semavali poziciis dayovnebis drois gasvlis Semdeg 
gadasasvleli gaixsneba.  

tranzaqciul-droiT petris qselebSi 
dayovnebis dro gadasasvlelisTvis (tranzaqciis-
Tvis) ganisazRvreba. petris qselebis es tipi 2 
qvetips Seicavs: winaswari arCevanisa da Sejibrebis 
modelebs.  

winaswari arCevanis SemTxvevaSi gadasasvleli 
gaaqtiurebisTanave iRebs monopolur uflebas yvela 
Semaval poziciaSi moTavsebul markerebis im 
odenobaze, rac misi gaxsnisTvis aucilebelia (sxva 
poziciebTan konfliqtSi imarjvebs). amis Semdgom 
iwyeba dayovnebis drois aTvla. misi gasvlisTanave 
gadasasvleli gaiSveba petris qselis wesebis 
mixedviT, anu gadasasvlelis gaaqtiurebas 
aucileblad misi gaxsna mohyveba.  

Sejibris modelSi mTavari droiTi faqtoria, 
markerebi yvela aqtiur gadasasvlels ekuTvnis da 
gaivlis mas, romlis dayovnebis droc ufro male 
gava. 

rkalur-droiT petris qselSi droiTi 
dayovnebis sidideebi rkalebs eniWeba, ganisazRvreba 
markeris rkalSi „mogzaurobis“ dro da 
gadasasvlelis gaxsna SesaZlebelia mxolod maSin, 
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roca yvela Semaval rkalSi moZravi markeri uwevs 
gadasasvlels.  

markerTa „mogzauroba“ gadasasvlelisken iwyeba 
mxolod maSin, roca gadasasvlelis gaxsna 
nebadarTuli xdeba. gaxsnis Semdgomac yovel rkals 
eniSneba masSi markeris „mogzaurobis“ dro, sanam 
igi gamomaval pozicias miaRwevs. 

markerul-droiTi petris qseli yoveli 
markerisaTvis calke dayovnebis drois gansazRvras 
moiTxovs. amgvari tipi moxerxebulia droiTi 
prioritetebis modelirebisTvis. 

droiTi petris qselis sxvadasxva tipebi 1.10 
naxazzea mocemuli.  
 

 
 

cxadia, petris qselebis droiTi gafarToebis 
Semotana modelirebisas axal problemebs 
warmoSobs. magaliTad, tranzaqciul-droiT petris 
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qselebSi gasarkvevia, Tu rogor unda vmarToT im 
gadasasvlelTa dayovnebis droebi, romlebmac 
„Sejibris“ Sedegad markeri dakarga da xelaxal 
gaaqtiurebas elodeba gasaxsnelad.  

arsebobs axali droiTi dayovnebis gansazRvris 
2 varianti: dafiqsirdeba markeris dakargvisas 
darCenili dro (Continue) da gadasasvlelis 
Semdgomi gaaqtiurebisas drois „Camoyra“ darCenili 
droidan gagrZeldeba an droiTi dayovnebis sawyisi 
mniSvneloba xelaxla ganisazRvreba (Restart). am 
variantebze dayrdnobiT mTlianad tranzaqciul-
droiTi petris qselebiTvis droiT gafarToebaTa 
modificirebis 3 strategia ganisazRvreba: 

• sruli restarti (Resampling) – nebismieri 
gadasasvlelis gaxsnisTanave qselis yvela 
gadasasvlelis dayovnebis dro Tavidan 
ganisazRvreba, aranairi informacia ar inaxeba 

• nawilobrivi restarti (Enabling Memory) – 
markerwarTmeuli gadasasvlelebis dayovnebis dro 
Tavidan ganisazRvreba (restarti), xolo danarCenebi 
(romlebic gaaqtiurebulia) Cveulebrivad agrZelebs 
drois „Camoyras“. 

• drois Senaxva (Age Memory) – gadasasvlelis 
gaSvebisas yvela gadasasvlelis mimdinare dro 
inaxeba da gadasasvlelis Semdgomi gaaqtiurebisas 
droiTi dayovneba Senaxvis droiTi punqtidan 
agrZelebs Semcirebas.   

unda aRiniSnos, rom dasaSvebia hibriduli 
petris qselebis ageba droiTi da aradroiTi 
elementebiT, rac xSirad sistemebis modelirebis da 
analizis yvelaze efeqtur instruments warmoadgens. 

droiTgafarToebiani, hibriduli, feradi petris 
qselis kompleqsuri magaliTi 1.11 naxazzea 
gamosaxuli. 
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tranzaqciul-droiT petris qselebs, sadac 

gadasasvlelis dayovnebis dro SemTxveviT 
ganawilebul eqsponencialur funqcias warmoadgens, 
albaTuri anu stoqasturi petris qselebi (Stochastic 
Petri Nets) ewodeba, xolo stoqasturi petris qseli, 
romelic droiTTan erTad aradroiT (myisier) 
gadasavlelebsac Seicavs, ganzogadebul stoqastur 
petris qsels (Generalized Stochastic Petri Nets) 
warmoadgens [19]. amgvari qselis qceva albaTuri 
(magaliTad, markovis) procesebiT aRiwereba.  

maTematikurad stoqasturi petris qseli 
miiReba petris qselis gansazRvrebaze Λ = {λ1, λ2,… λm} 
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simravlis damatebiT, sadac gadasasvlelTa gaSvebis 
dro eqsponencialuradaa ganawilebuli da 
SemTxveviTi λi sididis ganawileba: 

xi
i

e1)x(F λ−
λ −=  

stoqasturi petris qselis magaliTi mocemulia 
1.12 naxazze, sadac gadasasvleli T1 nebadarTulia 
M0=(1,0,0,0,0) sawyis markirebaSi.  

 
gadasasvlelis dayovnebis dro eqsponencialu-

radaa ganawilebuli da damokidebulia λ1 sidideze 
(gadasasvlelis koeficienti), ise rom 

gadasasvlelis gaxsnis saSualo droa 
1

1
λ

. 
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T1-is gaxsnis Semdeg miiReba markireba 
M1=(1,0,0,0,0) sadac paralelurad nebadarTuli 
gadasasvlelebia T2 da T3. Tu T2 pirvelad gaixsna, 
miiReba markireba M2 = (0,1,1,0,0), xolo Tu T3 – M3 = 
(0,1,0,0,1). momdevno markirebebi ukve imazea damokide-
buli, „Sejibrs“ romeli gadasasvleli moigebs. 
albaToba imisa, rom T2 pirvelad gaixsneba, udris: 

 
analogiurad: 

32

3
3]T[P

λ+λ
λ

= . 

am formulebiT cxadi xdeba isic, rom 
markirebaTa cvlilebis albaTobebi garkveul wina 
markirebebSi yofnis droze (“winaistoria”) ar aris 
damokidebuli. stoqasturi petris qselebis 
warmodgena da raodenobrivi analizi SeiZleba 
Sesabamisi markovis procesebis analiziT 
ganxorcieldes, rac aseve 1.12 naxazzea asaxuli. am 
mZlavri maTematikuri aparatis integracia 
stoqastur petris qselebs mimzidvel modelirebis 
saSualebad aqcevs, gansakuTrebiT konfliqtebis 
modelirebisTvis. 

obieqturi petris qselebi (Object Petri Nets) (da 
misi gafarToebebi: obieqt-orientirebuli da 
maCvenebliani petris qselebi) petris qselebis 
Teoriisa da obieqt-orientirebuli daprogramebis 
Teoriis SejerebiT miRebuli petris qselis tipia 
[20]. obieqturi petris qseli erTi sistemuri da 
ramdenime obieqturi qselisgan Sedgeba, sadac 
obieqturi qselebi markerTa rolSi gamodis. 
faqtobrivad, miiReba petris qselebis simravle 
erTi petris qselis poziciebSi.  
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obieqturi qselebi elementarul sistemur 
qselebs warmoadgens, xolo sistemuri qseli maRali 
donis petris qselia, romlis poziciebSic 
daSvebulia rogorc obieqturi qselebis, aseve 
Cveulebrivi Savi markerebis arseboba, oRond ara 
erTsa da imave poziciaSi. Sesabamisad, rkalis 
anotacia SeiZleba iyos naturaluri ricxvi Savi 
markerebisTvis an obieqturi qselebis gansazRvrul 
identifikatorTa simravle.  

sistemuri qselis yovel gadasasvlels SeuZlia 
obieqturi qselis gadatana araumetes erTi Semavali 
poziciidan araumetes erT gamomaval poziciaSi. 
amasTanave erT gaSvebaze araumetes erTi obieqturi 
qselis gadatanaa nebadarTuli.  

obieqtur petris qselebs sxva tipis petris 
qselebisgan gadasasvlelis rolis zrdac 
gamoarCevs: sistemuri da obieqturi qselebis 
zogierT gadasasvlels emateba specialuri funqcia, 
romelsac interaqcia ewodeba. interaqcia 2 tipisaa: 
sistem-obieqturi da obieqt-obieqturi. pirveli 
sistemuri da obieqturi qselebis gadasasvlelTa 
sinqronul urTierTobas uzrunvelyofs, meore – 
obieqturi qselebis urTierTsinqronizacias.  

sistem-interaqciuli gadasasvlelis gaSvebis 
wesi Semdegia: Tu sistemuri qselis gadasasvleli 
interaqciulia da misi interaqcia qselSi markeris 
saxiT moZravi obieqturi qselis nebadarTul 
interaqcias Tanxvdeba, maSin sistemuri qselis 
interaqciuli gadasasvlelis gaSvebisas qselSi 
moZraobis paralelurad gaixsneba obieqturi qselis 
interaqciuli gadasasvlelic.  

sxva SemTxvevaSi (Tu interaqciebi ar Tanxvdeba, 
an sistemuri an obieqturi qselis gadasasvlelebi 
interaqciebs ar Seicavs), obieqturi qseli 
sistemurSi ucvleli saxiT gadaadgildeba. swored 
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amgvari midgoma ganapirobebs obieqturi petris 
qselebis obieqt-orientirebul xasiaTs. 

zemoT ganxiluli feradi petris qselebi 
struqturuli daprogramebis TeoriasTan mWidro 
kavSirSi imyofeba, Sesamabisad, SesaZlebelia feradi 
petris qselebidan moqnili gadasvla obieqtur 
petris qselebze (rogorc struqturulidan 
obieqtorientirebuli daprogramebis ideologiaze) 
garkveuli axali Tvisebebis SemotaniT.  

ramdenime martivi Sesabamisoba obieqt-
orientirebul daprogramebasa da obieqtur petris 
qselebs Soris 1.1 cxrilSia mocemuli. 

obiqt-orientirebuli daprogramebisa da 
obieqturi petris qselebis eqvivalenturi 

elementebi 

 
cxr.1.1.

obieqt-orientirebuli 
daprogrameba 

obieqturi petris qselebi 

programuli moduli sistemuri qseli 
klasi obieqturi qselis gansazRvreba  
obieqti obieqturi qseli konkretuli 

markirebiT 
cvladi sistemuri qselis markeri 
klasis wevri-cvladi obieqturi qselis markeri 
gare funqcia sistemuri qselis interaqciuli 

gadasasvleli 
klasis wevri-funqcia obieqturi qselis gadasasvleli 

 
gavavloT paraleli: gare funqcias (sistemuri 

qselis gadasasvleli) klasis wevri-cvladis 
(obiqturi qselis markeri) modificireba (sxva 
poziciaSi gadanacvleba) SeuZlia mxolod mocemuli 
klasis obieqtis (markirebuli obieqturi qseli) 
gavliT, Sesabamisi wevri-funqciis gamoZaxebiT 
(interaqciuli gadasasvlelis gaSveba), rogorc es 
1.13 naxazzea mocemuli. 
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sistemuri qselis (SN) gadasasvleli T1 da 

obieqturi qselebis (ON1, ON2, ON3) b1-
gadasasvlelebi Seicavs erTnair sistem-obieqtur 
interaqciebs (<i1>), rac niSnavs, rom Tu T1-is 
gaxsnisas obieqturi qseli ON1 gadaadgildeba, 
maSin igi gamoiyenebs erT Sav markers P2 poziciidan 
da gadasasvlelis gaxsnisas P1-dan moxvdeba P3 
poziciaSi da amavdroulad obieqtur qsel ON1-Si 
markeri a1 poziciidan a2-Si moxvdeba b1-is gaxsnis 
Sedegad. 
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obieqtur qselebSi gadasasvlel b2-isTvis 
gansazRvrulia obieqt-obieqturi interaqcia [r], 
romelic obieqtur qselebs sistemur qselSi 
poziciis Seucvlelad sakuTari Sida markerebis 
gadaadgilebis saSualebas aZlevs. magaliTad, 1.13 
naxazis qveda nawilSi obieqturi qselebi ON1 da 
ON2 sistemuri qselis P3 poziciaSi imyofebian da 
raxan maTi b2 gadasasvlelebi nebadarTulia, isini 
gaiSvebian kidec sinqronulad P3 poziciis datovebis 
gareSe, ris Semdegac ukve sistemuri qselis T2 
gadasasvlelic nebadarTuli gaxdeba.  
 

1.2.3. petris qselebis gafarToebebi 

petris qselebis mTeli aRwerili mraval-
ferovnebis miuxedavad misi mamodelirebeli 
simZlavre SezRudulia da rigi amocanebis 
modelirebisTvis arasakmarisi. am problemis 
gadasaWrelad gansazRvrulia petris qselis 
gafarToebebi, romlebic specifikuri saproblemo 
sferoebis modelirebisTvis gamoiyeneba [24]. 

yvelaze farTod gavrcelebuli gafarToebaa 
Semakavebeli rkali (Inhibitor Arc), romelic poziciis 
„nulze Semowmebis“ proceduras asrulebs, anu 
gadasasvlels nebadarTuls xdis mxolod maSin, 
roca Sesabamis Semaval poziciaSi arcerTi markeri 
araa warmodgenili. Semakavebeli rkali wriuli 
boloTi gamoisaxeba. 1.14 naxazze misi daxmarebiT 
gadasasvlelTa prioritetuli gaSvebis amocana 
modelirdeba (gadasasvleli T3 nebadarTulia 
mxolod maSin, roca T4 ar aris nebadarTuli, anu P4 
poziciaSi markeri ar aris), rac klasikuri petris 
qseliT SeuZlebeli iyo.  
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garda Semakavebeli rkalebisa, petris qselebSi 
ganisazRvreba poziciebis da gadasasvlelTa 
sxvadasxva gafarToebebi. 

 
 
SezRudvis are Semavali poziciebis garkveuli 

simravlea, romelTaTvisac gadasasvlelis gaxsnis 
wesi Semdegnairad modificirdeba: gadasasvleli 
SeiZleba gaixsnas mxolod maSin, roca erTi mainc 
Semavali pozicia carielia. 

gafarToeba „gamomricxavi an“ gulisxmobs 
gadasasvlelis gaxsnas maSin, roca Semavali 
poziciebidan markeri erTsa da mxolod erT 
poziciaSia (nax.1.15).  

gadamrTveli gadasasvleli Seicavs specialur 
Semaval gadamrTvel pozicias da zustad 2 
gamomaval pozicias (e da f poziciebi).  

gadamrTveli gadasasvlelisTvis gadamrTvel 
poziciaSi markeris arseboba-ararsebobas mniSvne-
loba ara aqvs, igi gaixsneba, Tu sxva Semavali 
poziciebi Sevsebulia markerebiT.  

amasTan, gamomavali poziciebidan markers 
miiRebs mxolod: pozicia e - Tu gadamrTvel 
poziciaSi markeri ar aris, pozicia f – Tu markeri 
mocemulia. 
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aRwerili sami gafarToeba, rogorc wesi, 

Canacvlebadia Semakavebeli rkalebiT, oRond am 
dros petris qselis struqtura rTuldeba. 

zogadad, gafarToebebi zrdis petris qselebis 
mamodelirebel simZlavreebs, magram imavdroulad 
abaTilebs qselis analizis SesaZleblobas. am 
problemis Semdgomi ganxilva Cveni samuSaos 
farglebs scildeba. 

1.2.4. unificirebuli petris qselebis  
agebis koncefcia 

wina TavebSi gaanalizebul iqna petris 
qselebis samyaros praqtikulad mTliani sivrce, 
Tumca unda iTqvas, rom petris qselebis sruli  
klasifikacia kidev mravali tipis qselebs moicavs.  

zogadad, axali tipis gansazRvra 
Sesasrulebeli amocanis specifikazea damokide-
buli. radganac petris qselebi amocanebis farTo 
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