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Àíîòàö³ÿ. Ïðîàíàë³çîâàíî ìåòîäè ³ííîâàö³éíîãî ïåðåòâîðåííÿ ñèñòåì ïîñòà-
÷àííÿ åëåêòðîåíåðã³¿ çàë³çíèöÿì. Ïîêàçàíî, ùî ñó÷àñí³ ³íòåëåêòóàëüí³ ìåðåæ³
åëåêòðîïîñòà÷àííÿ ÿâëÿþòü ñîáîþ íîâó ÿê³ñòü âçàºìíî ³íòåãðîâàíî¿ àðõ³òåê-
òóðè ðîçïîä³ëåíîãî êîìï’þòåðíîãî ñåðåäîâèùà êåðóâàííÿ åëåêòðîïîñòà÷àí-
íÿì ³ òîïîëîã³¿ òÿãîâî¿ åëåêòðè÷íî¿ ìåðåæ³, îð³ºíòîâàíèõ íà íàêîïè÷åííÿ íî-
âèõ çíàíü òà îïòèì³çàö³þ åíåðãîðåñóðñ³â. Äëÿ ñèíòåçó ìàòåìàòè÷íèõ ìîäåëåé
äîñë³äæåííÿ ³íòåëåêòóàëüíèõ ñèñòåì ïîáóäîâàíî ãðàô ðîçïîä³ëåíîãî êîìï’þ-
òåðíîãî ñåðåäîâèùà, ÿêèé àäåêâàòíî â³äîáðàæàº òîïîëîã³þ åëåêòðîìåðåæ³ çà-
ë³çíèö³. Çàïðîïîíîâàíî äèôåðåíö³éíó ìàòåìàòè÷íó ìîäåëü ðîçïîä³ëåíîãî
êîìï’þòåðíîãî ñåðåäîâèùà ³íòåëåêòóàë³çàö³¿ ïðîöåäóð âñåðåæèìíîãî êåðó-
âàííÿ åëåêòðîïîñòà÷àííÿì òà ìåòîäè îá÷èñëåííÿ çíà÷åíü éìîâ³ðíîñòåé ñòàíó
âóçë³â, ïðîïóñêíî¿ ñïðîìîæíîñò³, ê³ëüêîñò³ çàéíÿòèõ êàíàë³â, ê³ëüêîñò³ â³äìîâ
çàÿâîê íà îáñëóãîâóâàííÿ.

Êëþ÷îâ³ ñëîâà: äèôåðåíö³éí³ ìàòåìàòè÷í³ ìîäåë³, ìåòîäè, ãðàô, êîìï’þ-
òåðíà ìåðåæà, àðõ³òåêòóðà, îïòèì³çàö³ÿ, ³íòåëåêòóàëüí³ ìåðåæ³, êîìï’þòåðíå
ñåðåäîâèùå.

ÂÑÒÓÏ

Äîñë³äæåííÿ åâîëþö³¿ ³ííîâàö³éíîãî ïåðåòâîðåííÿ ñèñòåì ïîñòà÷àííÿ åëåêòðî-
åíåðã³¿ íà òÿãó çàë³çíè÷íîìó òðàíñïîðòó âèÿâèëî øèðîêèé ñïåêòð îñîáëèâîñ-
òåé, ïîâ’ÿçàíèõ ó ïåðøó ÷åðãó ç ñïåöèô³êîþ ïðîöåäóðè æèâëåííÿ. Ó ïðîöåñ³
åëåêòðîïîñòà÷àííÿ çàë³çíèöü, íà â³äì³íó â³ä çàãàëüíîñèñòåìíî¿ åíåðãîìåðåæ³,
çíà÷íèé íåãàòèâíèé âïëèâ ïðîÿâëÿºòüñÿ âíàñë³äîê òîïîëîã³÷íèõ îñîáëèâîñòåé
åëåêòðîñïîæèâàííÿ ó íåñèìåòð³¿ òà íåñèíóñî¿äàëüíîñò³ íàïðóãè æèâëåííÿ,
à òàêîæ ó çíà÷í³é íåð³âíîì³ðíîñò³ ðóõîìèõ íàâàíòàæåíü ï³ä ÷àñ âàíòàæíèõ
³ ïàñàæèðñüêèõ ïåðåâåçåíü ïîòÿãàìè. Çàçíà÷åí³ âèùå, à òàêîæ ³íø³ ôàêòîðè
ñóòòºâî âïëèâàþòü íà åêîíîì³÷í³ñòü ðåæèì³â åëåêòðîïîñòà÷àííÿ, íàä³éí³ñòü
ôóíêö³îíóâàííÿ ñèñòåìè çàë³çíè÷íî¿ åíåðãåòèêè, çá³ëüøåííÿ ñîá³âàðòîñò³ ïå-
ðåâåçåíü, îðãàí³çàö³þ íàä³éíî¿ ì³êðîïðîöåñîðíî¿ ìåðåæ³ çàõèñòó â³ä ïîÿâè íå-
øòàòíèõ ðåæèì³â ³ êîðîòêîãî çàìèêàííÿ, à ó ïîºäíàíí³ ç ô³çè÷íèì ³ ìîðàëü-
íèì ñòàð³ííÿì åëåêòðîìåðåæ³ òà ñèëîâîãî åëåêòðè÷íîãî îáëàäíàííÿ çóìîâëþ-
þòü ïîÿâó ³ ðîçâèòîê ñèñòåìíèõ àâàð³é [1, 2]. Äîñâ³ä åêñïëóàòàö³¿ ìåðåæ
åëåêòðîïîñòà÷àííÿ íà òÿãó ïîêàçàâ, ùî îðãàí³çàö³þ ñó÷àñíèõ ìåòîä³â ôîðìó-
âàííÿ ïðîöåäóð îïòèì³çàö³¿ åëåêòðîïîñòà÷àííÿ, çìåíøåííÿ çàãàëüíîñèñòåìíèõ
âèòðàò ó ïðîöåñ³ øâèäê³ñíèõ ïåðåâåçåíü òà ï³äâèùåííÿ ð³âíÿ íàä³éíîñò³
òðàíñïîðòíèõ ñèñòåì ³, â³äïîâ³äíî, áåçïåêè ðóõó ìîæíà çä³éñíèòè çà äîïîìî-
ãîþ ñòâîðåííÿ íîâèõ ìîäåëåé ³ ìåòîä³â êåðóâàííÿ, îð³ºíòîâàíèõ íà âèêîðèñ-
òàííÿ ðîçïîä³ëåíèõ ìåðåæ, êîìï’þòåðíà àðõ³òåêòóðà ÿêèõ àäåêâàòíî â³äîáðà-
æàº òîïîëîã³þ òÿãîâî¿ åëåêòðè÷íî¿ ñèñòåìè çàë³çíèö³ [2–6]. Ñó÷àñíà ³äåîëîã³ÿ
³ííîâàö³éíîãî ïåðåòâîðåííÿ ñèñòåì åëåêòðîïîñòà÷àííÿ çàë³çíèöü ï³äòâåð-
äæóºòüñÿ ñèñòåìàòè÷íèì çàñòîñóâàííÿì ³íòåãðîâàíèõ ðîçïîä³ëåíèõ êîìï’þòåð-
íèõ ìåðåæ ³ êîìïëåêñó ìåðåæåâèõ òåõíîëîã³é êåðóâàííÿ øâèäêîïëèííèìè
òåõíîëîã³÷íèìè ïðîöåñàìè åëåêòðîïîñòà÷àííÿ ó ðåæèì³ ðåàëüíîãî ÷àñó. Öÿ
òåõíîëîã³ÿ îòðèìàëà çàãàëüíó íàçâó SMART Grid [1, 7]. Ïåðñïåêòèâí³ñòü òàêî-
ãî ï³äõîäó çóìîâëåíà íåîáõ³äí³ñòþ ïðîâåäåííÿ äîäàòêîâèõ äîñë³äæåíü ³ ïî-
øóêó íîâèõ øëÿõ³â îðãàí³çàö³¿ ³íòåëåêòóàëüíèõ ìåðåæ åëåêòðîïîñòà÷àííÿ.
Ñèíòåç òàêèõ ñèñòåì áàçóºòüñÿ íà ïðèíöèïàõ ñèíõðîííèõ âåêòîðíèõ âèì³ðþ-
âàíü ïåðâèííî¿ ³íôîðìàö³¿, ºäèíîãî ³íôîðìàö³éíîãî ïðîñòîðó, ñàìîðåãóëÿö³¿,
ñàìîâ³äíîâëåííÿ. Ö³ ïðèíöèïè ó ñóêóïíîñò³ ôîðìóþòü òåõíîëîã³þ êåðóâàííÿ
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øâèäêîïëèííèìè òåõíîëîã³÷íèìè ïðîöåñàìè ñïîæèâàííÿ åëåêòðîåíåðã³¿
çàë³çíè÷íèì òðàíñïîðòîì, ÿêà àíàë³çóº, êîíòðîëþº ³ çâ³òóº ïðî ¿õí³é ïåðåá³ã.
Çàâäÿêè âèêîðèñòàííþ ñó÷àñíî¿ ìåòîäîëîã³¿ ôîðìóâàííÿ ³íòåëåêòóàëüíèõ ñèñ-
òåì åëåêòðîïîñòà÷àííÿ â³äêðèâàºòüñÿ ìîæëèâ³ñòü ñòâîðåííÿ òÿãîâî¿ åëåêòðè÷íî¿
ìåðåæ³, ùî ÿâëÿº ñîáîþ íîâó ÿê³ñòü âçàºìíî ³íòåãðîâàíî¿ àðõ³òåêòóðè ðîç-
ïîä³ëåíîãî êîìï’þòåðíîãî ñåðåäîâèùà ³ òîïîëîã³¿ òÿãîâî¿ åëåêòðè÷íî¿ ìåðåæ³
[3, 4, 8]. Òàêèé ï³äõ³ä äî îðãàí³çàö³¿ ³íòåëåêòóàëüíèõ ìåðåæ åëåêòðîïîñòà÷àííÿ
â³äêðèâàº ìîæëèâ³ñòü äëÿ ôîðìóâàííÿ íîâèõ çíàíü ïðî çàë³çíè÷íó åíåðãåòèêó,
ñóòòºâî¿ îïòèì³çàö³¿ åíåðãîðåñóðñ³â, ùî ñïîæèâàþòüñÿ íà òÿãó, ñèíòåçó íîâèõ
åíåðãîîùàäíèõ òåõíîëîã³é åëåêòðîñïîæèâàííÿ, ïîêðàùåííÿ ð³âíÿ áåçïåêè
ðóõó ³ ðîçøèðåííÿ ñïåêòðà ðèíêîâèõ ïîñëóã.

ÏÎÑÒÀÍÎÂÊÀ ÇÀÄÀ×²

Ñòâîðåííÿ ñó÷àñíèõ ³íòåëåêòóàëüíèõ åëåêòðè÷íèõ ìåðåæ çàë³çíèöü, ùî çàáåç-
ïå÷óþòü îïåðàòèâíå êåðóâàííÿ øâèäêîïëèííèìè òåõíîëîã³÷íèìè ïðîöåñàìè
ïîñòà÷àííÿ åëåêòðîåíåðã³¿ íà òÿãó òà ôîðìóâàííÿ åíåðãîîùàäíèõ òåõíîëîã³é
åëåêòðîñïîæèâàííÿ ³, ÿê íàñë³äîê, ï³äâèùåííÿ íàä³éíîñò³ ôóíêö³îíóâàííÿ
³ áåçïåêó ðóõó çà ì³í³ìàëüíèõ ³íâåñòèö³éíèõ çàòðàò, ìîæëèâå çàâäÿêè ðîçðîá-
ëåííþ íîâèõ ³ííîâàö³éíèõ ìîäåëåé ïåðåòâîðåííÿ åëåêòðè÷íèõ òÿãîâèõ ìåðåæ
íà áàç³ ñó÷àñíî¿ ðîçïîä³ëåíî¿ êîìï’þòåðíî¿ ³íôðàñòðóêòóðè, ÿêà º àäåêâàòíîþ
òîïîëîã³¿ ñèñòåìè åëåêòðîïîñòà÷àííÿ. Äîì³íàíòí³ ñåãìåíòè òàêèõ ³íòåëåêòó-
àëüíèõ ìåðåæ âêëþ÷àþòü ñóêóïí³ñòü ³íòåëåêòóàëüíîãî ñèëîâîãî îáëàäíàííÿ
³ ñèëîâî¿ åëåêòðîí³êè ç âìîíòîâàíèìè ì³êðîêîíòðîëåðàìè ³ç çàñîáàìè òåëåêî-
ìóí³êàö³¿, à òàêîæ ñèñòåìè áåçïðîâ³äíèõ äàò÷èê³â ç âìîíòîâàíèìè êîìï’þòåðíè-
ìè ÷³ïàìè. Êîìï’þòåðíà àðõ³òåêòóðà òàêîãî îá÷èñëþâàëüíîãî ñåðåäîâèùà
îð³ºíòîâàíà íà ³íòåëåêòóàë³çàö³þ ñóêóïíîñò³ ïðîöåäóð êåðóâàííÿ åíåðãîñèñòåìîþ,
îòðèìàííÿ íîâèõ çíàíü ïðî øòàòí³ ³ àíîìàëüí³ ðåæèìè ôóíêö³îíóâàííÿ ³ ôîðìó-
âàííÿ ñó÷àñíèõ åíåðãîîùàäíèõ òåõíîëîã³é îïòèì³çàö³¿ åëåêòðîñïîæèâàííÿ òà
ì³í³ì³çàö³¿ çàãàëüíîñèñòåìíèõ âòðàò íà îñíîâ³ íîâèõ çíàíü. Íîâèé åòàï êîìï’þ-
òåðíî¿ ³íòåëåêòóàë³çàö³¿ çàë³çíè÷íèõ ìåðåæ åëåêòðîïîñòà÷àííÿ, ïîâ’ÿçàíèé ³ç ñòâî-
ðåííÿì ðîçïîä³ëåíèõ îá÷èñëþâàëüíèõ ìåðåæ ³ ïåðñïåêòèâíèõ åíåðãîîùàäíèõ
³íôîðìàö³éíèõ òåõíîëîã³é, çóìîâèâ øèðîêèé ñïåêòð íàóêîâèõ äîñë³äæåíü ó ñôåð³
ñòâîðåííÿ íîâèõ êîíöåïòóàëüíèõ ³ííîâàö³éíî-³íâåñòèö³éíèõ ï³äõîä³â, ïðèíöèï³â
³íòåëåêòóàë³çàö³¿ ðåæèì³â îïòèìàëüíîãî ôóíêö³îíóâàííÿ òÿãîâèõ ñèñòåì, ìàòåìà-
òè÷íèõ ìîäåëåé ³ ìåòîä³â ì³í³ì³çàö³¿ åëåêòðîñïîæèâàííÿ, êîìåðö³éíî¿ âàðòîñò³
åëåêòðîåíåðã³¿ òà ï³äâèùåííÿ ð³âíÿ áåçïåêè øâèäê³ñíèõ ïåðåâåçåíü çàë³çíè÷íèì
òðàíñïîðòîì. Ãîëîâíîþ îñîáëèâ³ñòþ ³íòåëåêòóàëüíèõ ìåðåæ åëåêòðîïîñòà÷àííÿ º
òå, ùî âîíè çäàòí³ íàêîïè÷óâàòè íîâ³ çíàííÿ ïðî ïðèðîäó ðåæèì³â ôóíêö³îíó-
âàííÿ åëåêòðîñèñòåì, ùî äîçâîëÿº çíà÷íî ï³äâèùèòè åôåêòèâí³ñòü ¿õíüîãî
ôóíêö³îíóâàííÿ, çàïðîâàäèòè ³íòåãðàëüíó ñèñòåìó äèíàì³÷íî¿ òàðèô³êàö³¿ ïðî-
öåñ³â åëåêòðîñïîæèâàííÿ, à òàêîæ ñóòòºâî ðîçøèðèòè ñïåêòð ðèíêîâèõ ïîñëóã.

Ìåòà ðîáîòè — ðîçðîáèòè ìàòåìàòè÷í³ ìîäåë³ äëÿ äîñë³äæåííÿ õàðàêòåðèñ-
òèê âçàºìî³íòåãðàö³¿ åëåêòðîìåðåæåâî¿ òîïîëîã³¿ òà àðõ³òåêòóðè ðîçïîä³ëåíèõ
êîìï’þòåðíèõ ìåðåæ âñåðåæèìíîãî êåðóâàííÿ åëåêòðîïîñòà÷àííÿì çàë³çíèöü,
à òàêîæ êîìï’þòåðíî-îð³ºíòîâàí³ ìåòîäè îá÷èñëåííÿ çíà÷åíü éìîâ³ðíîñòåé
ñòàí³â âóçë³â ìåðåæ³, ¿¿ ïðîïóñêíî¿ ñïðîìîæíîñò³, ê³ëüêîñò³ çàéíÿòèõ êàíàë³â
³ â³äìîâ çàÿâîê íà îáñëóãîâóâàííÿ.

ÌÎÄÅË² ²ÍÍÎÂÀÖ²ÉÍÎÃÎ ÏÅÐÅÒÂÎÐÅÍÍß ÌÅÐÅÆ
ÅËÅÊÒÐÎÏÎÑÒÀ×ÀÍÍß ÇÀË²ÇÍÈÖÜ

Îñíîâîþ êëþ÷îâî¿ ³äåîëîã³¿ ³ííîâàö³éíîãî ïåðåòâîðåííÿ ìåðåæ åëåêòðîïîñòà-
÷àííÿ íà òÿãó ³ ôîðìóâàííÿ ³íòåëåêòóàëüíî¿ åëåêòðîåíåðãåòèêè º ÿê³ñíî íîâà
ñóêóïí³ñòü âçàºìíî ³íòåãðîâàíèõ òîïîëîã³é åëåêòðè÷íèõ ñèñòåì ³ ðîçïîä³ëåíèõ
àðõ³òåêòóð êîìï’þòåðíèõ ìåðåæ, âêëþ÷àþ÷è ³íòåëåêòóàëüíå ñèëîâå îáëàäíàííÿ
ç âáóäîâàíèìè êîíòðîëåðàìè ³ çàñîáàìè çàõèñòó äëÿ ðåàë³çàö³¿ ìîí³òîðèíãó, êî-
ìóòàö³¿ ³ ðåãóëþâàííÿ íàïðóãè òà ïîòîê³â ïîòóæíîñò³, îá’ºäíàíèõ íà îñíîâ³ ñó-
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÷àñíèõ ïðèíöèï³â ñàìîðåãóëþâàííÿ, ñàìîâ³äíîâëåííÿ, ºäèíî¿ ìîäåë³ ïåðâèííèõ
äàíèõ, ñèíõðîííî¿ ³íôîðìàö³éíî¿ âçàºìîä³¿, ä³àãíîñòèêè òà åëåêòðîìàãí³òíî¿
ñóì³ñíîñò³. Àðõ³òåêòóðà ðîçïîä³ëåíîãî êîìï’þòåðíîãî ñåðåäîâèùà ³íòåëåêòóàëü-
íî¿ ñèñòåìè êåðóâàííÿ åëåêòðîïîñòà÷àííÿì çàë³çíèö³, ùî çàáåçïå÷óº ³íòåëåêòó-
àë³çàö³þ ñóêóïíîñò³ ïðîöåäóð îïåðàòèâíîãî, äèñïåò÷åðñüêîãî ³ òåõíîëîã³÷íîãî
êåðóâàííÿ åëåêòðîïîñòà÷àííÿì, ìîæå áóòè ïðåäñòàâëåíà ó âèãëÿä³ êîðïîðàòèâ-
íî¿ êîìï’þòåðíî¿ ìåðåæ³, ëîã³÷íó ñòðóêòóðó ÿêî¿ áóäóþòü ç âèêîðèñòàííÿì
áóäü-ÿêî¿ ô³çè÷íî¿ òîïîëîã³¿. ßê âóçëè êîðïîðàòèâíî¿ ìåðåæ³ âèêîðèñòîâóþòüñÿ
êîìï’þòåðí³ çàñîáè, îð³ºíòîâàí³ íà ðîçâ’ÿçóâàííÿ øèðîêîãî ñïåêòðà çàäà÷, ïî-
â’ÿçàíèõ ç îðãàí³çàö³ºþ ïåðâèííî¿ ³íôîðìàö³¿ íà óìîâàõ ñèíõðîííîñò³ âèì³ðþ-
âàííÿ, äëÿ ñèíòåçó ïåðñïåêòèâíèõ òà ðåòðîñïåêòèâíèõ áàç äàíèõ ÿê îñíîâè
äëÿ âèçíà÷åííÿ ³ íàêîïè÷åííÿ íîâèõ çíàíü, ñòâîðåííÿ íîâèõ åíåðãîîùàäíèõ
òåõíîëîã³é, ôîðìóâàííÿ ìåðåæ³ ³íòåðôåéñ³â êîðèñòóâà÷³â, à òàêîæ óí³ô³êàö³¿
äîêóìåíòîîá³ãó. Ó ïðîöåñ³ êåðóâàííÿ åëåêòðîïîñòà÷àííÿì íà òÿãó çàëåæíî â³ä
êëàñó ðîçâ’ÿçóâàíèõ çàäà÷, ñòàíó ìåðåæ³ åëåêòðîïîñòà÷àííÿ, îáñÿãó òðàô³êó
³ íåîáõ³äíîñò³ îáì³íó ³íôîðìàö³ºþ ì³æ âóçëàìè òîïîëîã³ÿ àðõ³òåêòóðè êîðïî-
ðàòèâíî¿ ìåðåæ³ ìîæå çì³íþâàòèñü ó ïðîöåñ³ ðîáîòè. Øèðîê³ ìîæëèâîñò³ äëÿ
îðãàí³çàö³¿ äèíàì³÷íî¿ àðõ³òåêòóðè ðîçïîä³ëåíî¿ êîìï’þòåðíî¿ ìåðåæ³
çàë³çíèö³, áåç çíà÷íî¿ çì³íè ¿¿ òîïîëîã³¿, â³äêðèâàþòü ìàã³ñòðàëüí³ ìàðøðóòè-
çàòîðè ³ ïðîãðàìí³ êîìóòàòîðè. Òèïîâó êîðïîðàòèâíó ðîçïîä³ëåíó êîìï’þòåðíó
ìåðåæó çàë³çíèö³ äëÿ ïðîâåäåííÿ ïðîöåäóð ³íòåëåêòóàë³çàö³¿ êåðóâàííÿ ïîñòà-
÷àííÿì åëåêòðîåíåðã³¿ íà òÿãó ïðåäñòàâëåíî ó âèãëÿä³ ãðàôà íà ðèñ. 1 (Z0 —
âóçîë, ÿêèì º öåíòðàëüíèé ñåðâåð êîðïîðàòèâíî¿ êîìï’þòåðíî¿ ìåðåæ³ êåðóâàí-
íÿ åëåêòðîïîñòà÷àííÿì çàë³çíèö³; Z1 — âóçîë, ÿêèì º ñåðâåð áàçè äàíèõ ºäèíî-
ãî ³íôîðìàö³éíîãî ïðîñòîðó êîìåðö³éíî¿ ³ òåõíîëîã³÷íî¿ ³íôîðìàö³¿ çàë³çíèö³;
Z2 — âóçîë, ÿêèì º ñåðâåð çâ’ÿçêó ç ëîêàëüíèìè êîìï’þòåðíèìè ìåðåæàìè òÿãî-
âèõ ï³äñòàíö³é, äèñòàíö³é åëåêòðîïîñòà÷àííÿ ³ îêðåìèõ çàë³çíèöü; Z3 — âóçîë
çâ’ÿçêó ç ìåðåæåþ Internet; Z4 — âóçîë äèñòàíö³éíîãî êåðóâàííÿ êîìåðö³éíèì
îáë³êîì åëåêòðîåíåðã³¿; Z5 — âóçîë, ÿêèì º ñåðâåð ³íòåëåêòóàëüíî¿ îáðîáêè êî-
ìåðö³éíî¿ ³ òåõíîëîã³÷íî¿ ³íôîðìàö³¿ òà îïåðàòèâíîãî êåðóâàííÿ åëåêòðîñïîæè-
âàííÿì; Z6 — âóçîë, ÿêèì º ñåðâåð ïðîâåäåííÿ ñèòóàö³éíîãî ìîäåëþâàííÿ,
àíàë³çó ³ ñòðàòåã³÷íîãî êåðóâàííÿ; Z7 — âóçîë, ÿêèì º ñåðâåð ì³êðîïðîöåñîðíîãî
³ ðåëåéíîãî çàõèñòó êîíòàêòíî¿ ìåðåæ³; Z8 — âóçîë, ÿêèì º ñåðâåð ïðîâåäåííÿ
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ìîí³òîðèíãó, êîíòðîëþ, ä³àãíîñòèêè ³ ïðîãíîçó íàä³éíîñò³ ôóíêö³îíóâàííÿ åëåê-
òðè÷íèõ ìåðåæ çàë³çíèöü; Z9 — âóçîë çâ’ÿçêó ç ðèíêîì åëåêòðîåíåðã³¿; Z10 — âó-
çîë îáì³íó ³íôîðìàö³ºþ ì³æ ëîêàëüíèìè ìåðåæàìè òÿãîâèõ ï³äñòàíö³é, äèñòàíö³é
åëåêòðîïîñòà÷àííÿ ³ ðîçïîä³ëåíîþ êîðïîðàòèâíîþ êîìï’þòåðíîþ ìåðåæåþ; Z11 —
âóçîë çâ’ÿçêó ç ì³í³ñòåðñòâîì òà ³íøèìè âèùèìè çà ðàíãîì îðãàí³çàö³ÿìè).

Ñóêóïí³ñòü âóçë³â ãðàôà Z0 , Z1, Z2 , Z3 , Z4 , Z5 , Z6 , Z7 , Z8 , Z9 , Z10 , Z11 — öå
â³äïîâ³äí³ êîìï’þòåðí³ çàñîáè (äèâ. ðèñ. 1), à äóãàìè ãðàôà ðîçïîä³ëåíî¿ êîðïî-
ðàòèâíî¿ êîìï’þòåðíî¿ ìåðåæ³ çàë³çíèö³ ïîçíà÷åíî â³äïîâ³äíî ³íòåíñèâí³ñòü ïî-
òîê³â çàÿâîê L t( ) íà îáì³í ³íôîðìàö³ºþ ì³æ âóçëàìè òà ³íòåíñèâí³ñòü � ( )t ïî-
òîê³â îáñëóãîâóâàííÿ çàÿâîê L t( ). Äëÿ äîñë³äæåííÿ àðõ³òåêòóðè êîðïîðàòèâíîãî
îá÷èñëþâàëüíîãî ñåðåäîâèùà ³íòåëåêòóàëüíî¿ ñèñòåìè åëåêòðîïîñòà÷àííÿ
çàë³çíèö³ âèêîðèñòàºìî â³äïîâ³äí³ ïðàâèëà ³ ôîðìóëè [9] òà ïîáóäóºìî ìàòåìà-
òè÷íó ìîäåëü, ùî â³äîáðàæàº ãðàô (ðèñ. 1), ó âèãëÿä³ òàêî¿ ñèñòåìè äèôå-
ðåíö³éíèõ ð³âíÿíü Êîëìîãîðîâà ç ïî÷àòêîâèìè óìîâàìè:

dP t

dt
P t P t L P t L P tz

z z z z
0

0 1 1 2 2 3 15 4
( )

( ) ( ) ( ) ( )� � � � �� �

� � � � � �L P t L L P tz z16 5 0 1 2 15 16 0( ) ( ) ( )� � � ,
dP t

dt
L P t L P t L P t L P tz

z z z z
1

0 0 10 8 11 7 17 6
( )

( ) ( ) ( ) ( ) (� � � � � � � � �0 10 11 17 1� � � ) ( )P tz ,

dP t

dt
L P t L P t L L L Lz

z z
2

1 0 6 6 7 11 12 14 1 6
( )

( ) ( ) ( )� � � � � � � �� � P tz2 ( ) �

� � � �� � � �12 11 13 10 14 9 7 7P t P t P t P tz z z z( ) ( ) ( ) ( ),

dP t

dt
L P t L L P t P t Pz

z z z z
3

9 8 2 3 9 3 2 0 3 4
( )

( ) ( ) ( ) ( )� � � � � �� � � ( )t ,

dP t

dt
L P t L L P t P t Pz

z z z
4

3 3 4 15 3 4 4 5 15
( )

( ) ( ) ( ) ( )� � � � � �� � � z t0 ( ),

dP t

dt
L P t L L P t P t Pz

z z z
5

4 4 5 16 4 5 5 6 16
( )

( ) ( ) ( ) ( )� � � � � �� � � z t0 ( ),

dP t

dt
L P t L L P t P t Pz

z z z
6

5 5 6 17 5 6 6 2 17
( )

( ) ( ) ( ) ( )� � � � � �� � � z t1 ( ), (1)

dP t

dt
L P t L L P t P t Pz

z z z
7

7 2 8 11 7 7 8 8 11
( )

( ) ( ) ( ) ( )� � � � � �� � � z t1 ( ),

dP t

dt
L P t L L P t P t Pz

z z z
8

8 7 9 10 8 8 9 3 10
( )

( ) ( ) ( ) ( )� � � � � �� � � z t1 ( ),

dP t

dt
L P t L P t P tz

z z z
9

14 2 16 10 14 16 9
( )

( ) ( ) ( ) ( )� � � �� � ,

dP t

dt
L P t L P t Pz

z z z
10

13 2 15 11 16 13 15 10
( )

( ) ( ) ( ) (� � � � �� � � t P tz) ( )� � 16 9 ,

dP t

dt
L P t P t L P tz

z z z
11

12 2 15 10 15 12 10
( )

( ) ( ) ( ) ( )� � � �� � .

Ïî÷àòêîâ³ óìîâè äëÿ ðîçâ’ÿçàííÿ ñèñòåì äèôåðåíö³éíèõ ð³âíÿíü (1) ìîæíà
çàïèñàòè òàê:

P t P t P t P tz z z z0 1 2 11 1( ) ( ) ( ) ( )� � � � �� , P tz0 1( ) � ,

P t P t P tz z z1 2 11 0( ) ( ) ( )� � � �� .

Äëÿ îá÷èñëåííÿ çíà÷åíü éìîâ³ðíîñòåé ñòàíó P tz0 ( ), P tz1 ( ), P tz2 ( ), P tz3 ( ),
P tz4 ( ), P tz5 ( ), P tz6 ( ), P tz7 ( ), P tz8 ( ), P tz9 ( ), P tz10 ( ), P tz11 ( ) âóçë³â ãðàôà âèêî-
ðèñòàºìî ôóíäàìåíòàëüí³ ïîëîæåííÿ äèôåðåíö³éíèõ ïåðåòâîðåíü Ïóõîâà ³ ïðåä-

ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2018, òîì 54, ¹ 1 187



ñòàâèìî ñèñòåìó ð³âíÿíü (1) â îáëàñò³ çîáðàæåíü ó âèãëÿä³ äèôåðåíö³éíî¿ ìàòå-
ìàòè÷íî¿ ìîäåë³ [10]

P k
H

k

d P t

dt
i

k k
i

k
t

( )
!

( )
�

�

�
�
�

�

	



 �0

�� ��


�
�

�

�
�

�

��

P t
t

H
P ki

k

k

k

i( ) ( )
0

, (2)

äå P ti ( ) — ïåðâ³ñíà ôóíêö³ÿ àðãóìåíòó t , ÿêó ìîæíà n ðàç³â äèôåðåíö³þâàòè:
âîíà ìàº íèçêó â³äïîâ³äíèõ îáìåæåíü, ðàçîì ç³ ñâî¿ìè ïîõ³äíèìè; P ki ( ) —
äèôåðåíö³éíå Ò-çîáðàæåííÿ ïåðâ³ñíî¿ ôóíêö³¿ P ti ( ); H — ìàñøòàáíèé êî-
åô³ö³ºíò, ðîçì³ðí³ñòü ÿêîãî çá³ãàºòüñÿ ç ðîçì³ðí³ñòþ àðãóìåíòó t , ÿê ïðàâèëî, âèç-
íà÷àºòüñÿ çà óìîâè 0 � �t H íà âñüîìó ä³àïàçîí³ ôóíêö³¿-îðèã³íàëó P ti ( ); �� —
ñèìâîë â³äïîâ³äíîñò³ ì³æ ôóíêö³ºþ-îðèã³íàëîì P ti ( ) ³ éîãî äèôåðåíö³éíèì
Ò-çîáðàæåííÿì P ki ( ). Âíàñë³äîê ïðÿìîãî äèôåðåíö³éíîãî ïåðåòâîðåííÿ, ÿêå çàïè-
ñàíå ë³âîðó÷ â³ä ñèìâîëà �� , ôîðìóºòüñÿ äèôåðåíö³éíå Ò-çîáðàæåííÿ
ôóíêö³¿-îðèã³íàëó P ti ( ) ó âèãëÿä³ äèñêðåòíî¿ ôóíêö³¿ P ki ( ) ö³ëî÷èñëîâîãî àðãó-
ìåíòó k � 0 1 2, , , ... Íà îñíîâ³ ñóêóïíîñò³ çíà÷åíü Ò-äèñêðåò ôóíêö³¿ ö³ëî÷èñëîâîãî
àðãóìåíòó P ki ( ), k � �0 1 2, , , , âèêîðèñòàâøè îáåðíåíå äèôåðåíö³éíå ïåðåòâîðåí-
íÿ, ùî ðîçòàøîâàíå ïðàâîðó÷ â³ä ñèìâîëà �� , îòðèìóºìî ôóíêö³¿-îðèã³íàëè P ti ( ).
Çàçíà÷èìî, ùî äëÿ k � 0 çã³äíî ç (2) äëÿ áóäü-ÿêîãî ìèòòºâîãî çíà÷åííÿ t êîæíî-
ãî i-ãî ïàðàìåòðà P ti ( ) âèêîíóºòüñÿ â³äïîâ³äíà ð³âí³ñòü P t P ki i( ) ( )� .

Íà îñíîâ³ âèðàçó (2) ïîáóäóºìî äèôåðåíö³éíó ìàòåìàòè÷íó ìîäåëü äëÿ
äîñë³äæåííÿ êîðïîðàòèâíî¿ ðîçïîä³ëåíî¿ êîìï’þòåðíî¿ ìåðåæ³ âñåðåæèìíîãî êå-
ðóâàííÿ åëåêòðîïîñòà÷àííÿì çàë³çíèöü ó òàêîìó âèãëÿä³:

P k
H

k
P k P k L P k L P kz z z z z0 0 1 1 2 15 4 16 51

1
( ) [ ( ) ( ) ( ) (� �

�
� � �� � ) ( )]� S P kz1 0 ,

P k
H

k
L P k L P k L P k L Pz z z z z1 0 0 10 8 11 7 17 61

1
( ) [ ( ) ( ) ( ) (� �

�
� � � k S P kz) ( )]� 2 1 ,

P k
H

k
L P k L P k P k Pz z z z z2 1 0 6 6 12 11 13 101

1
( ) [ ( ) ( ) ( ) (� �

�
� �� � k ) �

� � �� �14 9 7 7 3 2P k P k S P kz z z( ) ( ) ( )],

P k
H

k
L P k P k P k S P kz z z z z3 9 8 2 0 3 4 4 31

1
( ) [ ( ) ( ) ( ) ( )]� �

�
� � �� � ,

P k
H

k
L P k P k P k S P kz z z z z4 3 3 4 5 15 0 5 31

1
( ) [ ( ) ( ) ( ) ( )� �

�
� � �� � ],

P k
H

k
L P k P k P k S P kz z z z z5 4 4 5 6 16 0 6 51

1
( ) [ ( ) ( ) ( ) ( )� �

�
� � �� � ],

P k
H

k
L P k P k P k S P kz z z z z6 5 5 6 2 17 1 7 61

1
( ) [ ( ) ( ) ( ) ( )� �

�
� � �� � ], (3)

P k
H

k
L P k P k P k S P kz z z z z7 7 2 8 8 11 1 8 71

1
( ) [ ( ) ( ) ( ) ( )� �

�
� � �� � ],

P k
H

k
L P k P k P k S P kz z z z z8 8 7 9 3 10 1 9 81

1
( ) [ ( ) ( ) ( ) ( )� �

�
� � �� � ],

P k
H

k
L P k L P k S P kz z z z9 14 2 16 10 10 91

1
( ) [ ( ) ( ) ( )]� �

�
� � ,

P k
H

k
L P k L P k P k S Pz z z z10 13 2 15 11 16 9 111

1
( ) [ ( ) ( ) ( )� �

�
� � �� z k10 ( )],

P k
H

k
L P k P k S P kz z z z11 12 2 15 10 12 101

1
( ) [ ( ) ( ) ( )]� �

�
� ��
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ç â³äïîâ³äíèìè ïî÷àòêîâèìè óìîâàìè, ÿê³ â îáëàñò³ äèôåðåíö³éíèõ çîáðàæåíü
ïðåäñòàâëåí³ òàêèì ÷èíîì:

P t P kz z0 00 0 1( ) ( )� � � � , P t P kzi zi( ) ( )� � � �0 0 0, t � 0, i � 1 2, , ... ,
äå

S L L1 0 1 2 15 16� � � � �� � � ; S 2 0 10 11 17� � � �� � � � ;

S L L L L3 7 11 12 14 1 6� � � � � �� � ; S L L4 2 3 9� � � � ; S L L5 4 15 3� � � � ;

S L L6 5 16 4� � � � ; S L L7 6 17 5� � � � ; S L L8 8 11 7� � � � ; S L L9 9 10 8� � � � ;

S10 14 16� �� � ; S L11 16 13 15� � �� � ; S L12 15 12� � � .

Äèôåðåíö³éíà ìàòåìàòè÷íà ìîäåëü (3) º îñíîâîþ äëÿ âèçíà÷åííÿ â àíàë³òè÷-
íîìó âèãëÿä³ éìîâ³ðíîñòåé P tz0 ( ), P tz1 ( ), P tz2 ( ), P tz3 ( ), P tz4 ( ), P tz5 ( ),
P tz6 ( ), P tz7 ( ), P tz8 ( ), P tz9 ( ), P tz10 ( ), P tz11 ( ) ñòàíó âóçë³â êîìï’þòåðíî¿
àðõ³òåêòóðè âñåðåæèìíî¿ ñèñòåìè êåðóâàííÿ åëåêòðîïîñòà÷àííÿì çàë³çíèö³,
ïðåäñòàâëåíî¿ ó âèãëÿä³ ãðàôà. Ï³äñòàâèâøè çíà÷åííÿ ïî÷àòêîâèõ óìîâ
P t P kz z0 00 0 1( ) ( )� � � � , P t P kzi zi( ) ( )� � � �0 0 0, t � 0 ó (3), äëÿ k � 0 îòðè-
ìàºìî ñïåêòð Ò-äèñêðåò ó âèãëÿä³

Pz0 0 1( ) � ; P S Hz0 11( ) � � ; P L Hz1 01( ) � ; P L Hz2 11( ) � ; P Hz3 21( ) � � ;

P Hz4 151( ) � � ; Pz5 161( ) � � ; Pz6 1 0( ) � ; Pz7 1 0( ) � ; Pz8 1 0( ) � ; (4)

Pz9 1 0( ) � ; Pz10 1 0( ) � ; Pz11 1 0( ) � .

Äàë³, ââàæàþ÷è, ùî k �1, ï³äñòàâèìî çíà÷åííÿ Pz0 0 1( ) � ; P S Hz0 11( ) � � ,…,
Pz5 161( ) � � ; Pz6 1 0( ) � ,…, Pz11 1 0( ) � ó (3) ³ îòðèìàºìî òàêó ñóêóïí³ñòü Ò-äèñ-
êðåò:
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S Sz1
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2
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H L

S Sz2
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1 32
2

( ) ( )� � ;
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H

S Sz3

2
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º ñåðâåð çâ’ÿçêó ç ëîêàëüíèìè êîìï’þòåðíèìè ìåðåæàìè òÿãîâèõ ï³äñòàíö³é,
äèñòàíö³é åëåêòðîïîñòà÷àííÿ ³ îêðåìèõ çàë³çíèöü. Çíà÷åííÿ éìîâ³ðíîñò³ P t2 ( )
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Àíàëîã³÷íî ìîæíà âèçíà÷èòè ñóêóïí³ñòü õàðàêòåðèñòèê ³íøèõ âóçë³â êîì-
ï’þòåðíî¿ ìåðåæ³ êåðóâàííÿ åëåêòðîïîñòà÷àííÿì çàë³çíèö³, à òàêîæ ³íòåãðàëüíèõ
ïàðàìåòð³â êîìï’þòåðíî¿ ìåðåæ³ â ö³ëîìó.

ÂÈÑÍÎÂÊÈ

1. Ïðîâåäåíèé àíàë³ç ñó÷àñíèõ ³äåîëîã³é ³ííîâàö³éíîãî ïåðåòâîðåííÿ ñèñòåì
ïîñòà÷àííÿ åëåêòðîåíåðã³¿ îêðåìèì çàë³çíèöÿì ïîêàçàâ, ùî ðîçâ’ÿçàííÿ êîì-
ïëåêñíî¿ ïðîáëåìè îïòèì³çàö³¿ åëåêòðîñïîæèâàííÿ çà ì³í³ìàëüíî¿ ³íâåñ-
òèö³éíî¿ ñêëàäîâî¿ ìîæëèâå øëÿõîì ³íòåëåêòóàë³çàö³¿ ñïåêòðà ïðîöåäóð êåðó-
âàííÿ øâèäêîïëèííèìè òåõíîëîã³÷íèìè ïðîöåñàìè åëåêòðîïîñòà÷àííÿ, ÿê³ â
ñóêóïíîñò³ îòðèìàëè çàãàëüíó íàçâó SMART Grid òåõíîëîã³¿. Âèêîðèñòàííÿ
ìåòîäîëîã³¿ ôîðìóâàííÿ ³íòåëåêòóàëüíèõ ñèñòåì åëåêòðîïîñòà÷àííÿ â³äêðèëî
ìîæëèâ³ñòü ñòâîðåííÿ ñó÷àñíî¿ òÿãîâî¿ åëåêòðè÷íî¿ ìåðåæ³ çàë³çíèö³, ÿêà
ÿâëÿº ñîáîþ íîâó ÿê³ñòü âçàºìíî ³íòåãðîâàíî¿ àðõ³òåêòóðè ðîçïîä³ëåíîãî êîì-
ï’þòåðíîãî ñåðåäîâèùà êåðóâàííÿ åëåêòðîïîñòà÷àííÿì òà òîïîëîã³¿ òÿãîâî¿
åëåêòðîìåðåæ³, ùî â êîìïëåêñ³ äîçâîëÿº ñôîðìóâàòè íîâ³ çíàííÿ ïðî çàë³ç-
íè÷íó åíåðãåòèêó òà çä³éñíèòè îïòèì³çàö³þ åíåðãîðåñóðñ³â.

2. Ïîêàçàíî, ùî ôîðìóâàííÿ ³íòåëåêòóàëüíî¿ çàë³çíè÷íî¿ åíåðãåòèêè
áàçóºòüñÿ íà îðãàí³çàö³¿ àðõ³òåêòóðè ðîçïîä³ëåíîãî êîìï’þòåðíîãî ñåðåäîâèùà,
ÿêå çàáåçïå÷óº ³íòåëåêòóàë³çàö³þ ñóêóïíîñò³ ïðîöåäóð îïåðàòèâíîãî äèñïåò÷åð-
ñüêîãî ³ òåõíîëîã³÷íîãî êåðóâàííÿ åëåêòðîïîñòà÷àííÿì ³ ìîæå áóòè ïðåäñòàâëåíî
ó âèãëÿä³ ðîçïîä³ëåíî¿ êîðïîðàòèâíî¿ êîìï’þòåðíî¿ ìåðåæ³ çàë³çíèö³. Ç óðàõóâàí-
íÿì ñó÷àñíèõ êîíöåïòóàëüíèõ ï³äõîä³â äî îðãàí³çàö³¿ ³íòåëåêòóàëüíèõ ñèñòåì
åëåêòðîïîñòà÷àííÿ äëÿ ñèíòåçó ìàòåìàòè÷íèõ ìîäåëåé äîñë³äæåííÿ õàðàêòåðèñòèê
êîìï’þòåðíî¿ ìåðåæ³ ³ ãëèáèíè âçàºìî³íòåãðàö³¿ îá÷èñëþâàëüíî¿ ³íôðàñòðóêòóðè
òà åëåêòðè÷íî¿ òîïîëîã³¿ çàë³çíèö³ çàïðîïîíîâàíî ãðàô ðîçïîä³ëåíîãî êîìï’þòåð-
íîãî ñåðåäîâèùà, ÿêèé àäåêâàòíî â³äîáðàæàº òîïîëîã³þ åëåêòðîìåðåæ³ çàë³çíèö³.

3. Íà îñíîâ³ òåîð³¿ äèôåðåíö³éíèõ ïåðåòâîðåíü çàïðîïîíîâàíî äèôåðåíö³éíó
ìàòåìàòè÷íó ìîäåëü àðõ³òåêòóðè ðîçïîä³ëåíîãî êîìï’þòåðíîãî ñåðåäîâèùà ³íòå-
ëåêòóàë³çàö³¿ ïðîöåäóð âñåðåæèìíîãî êåðóâàííÿ åëåêòðîïîñòà÷àííÿì îêðåìî¿
çàë³çíèö³. Íà îñíîâ³ ö³º¿ ìîäåë³ ðîçðîáëåíî íèçêó ìåòîä³â âèçíà÷åííÿ éìîâ³ðíîñ-
òåé ñòàíó âóçë³â ðîçïîä³ëåíî¿ êîìï’þòåðíî¿ ìåðåæ³ êåðóâàííÿ åëåêòðîñïîæèâàí-
íÿì, à òàêîæ òàêèõ ïàðàìåòð³â, ÿê ïðîïóñêíà ñïðîìîæí³ñòü êîæíîãî âóçëà,
ê³ëüê³ñòü êàíàë³â, çàéíÿòèõ íà çàäàíèé ìîìåíò ÷àñó, ê³ëüê³ñòü â³äìîâ çàÿâîê íà
îáñëóãîâóâàííÿ òà ³íøèõ ïîêàçíèê³â.
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Íàä³éøëà äî ðåäàêö³¿ 13.03.2017

À.È. Ñòàñþê, Ë.Ë. Ãîí÷àðîâà
ÌÀÒÅÌÀÒÈ×ÅÑÊÈÅ ÌÎÄÅËÈ È ÌÅÒÎÄÛ ÀÍÀËÈÇÀ ÊÎÌÏÜÞÒÅÐÍÛÕ ÑÅÒÅÉ
ÓÏÐÀÂËÅÍÈß ÝËÅÊÒÐÎÑÍÀÁÆÅÍÈÅÌ ÆÅËÅÇÍÛÕ ÄÎÐÎÃ

Àííîòàöèÿ. Ïðîâåäåí àíàëèç ìåòîäîâ èííîâàöèîííîãî ïðåîáðàçîâàíèÿ ñèñ-
òåì äëÿ ïîñòàâêè ýëåêòðîýíåðãèè æåëåçíûì äîðîãàì. Ïîêàçàíî, ÷òî ñîâðå-
ìåííûå èíòåëëåêòóàëüíûå ñåòè ýëåêòðîñíàáæåíèÿ ïðåäñòàâëÿþò ñîáîé íî-
âîå êà÷åñòâî âçàèìíî èíòåãðèðîâàííîé àðõèòåêòóðû ðàñïðåäåëåííîé êîì-
ïüþòåðíîé ñðåäû óïðàâëåíèÿ ýëåêòðîñíàáæåíèåì è òîïîëîãèè òÿãîâîé
ýëåêòðè÷åñêîé ñåòè, îðèåíòèðîâàííîé íà íàêîïëåíèå íîâûõ çíàíèé è îïòè-
ìèçàöèþ ýíåðãîðåñóðñîâ. Äëÿ ñèíòåçà ìàòåìàòè÷åñêèõ ìîäåëåé èññëåäîâà-
íèÿ èíòåëëåêòóàëüíûõ ñèñòåì ïðåäëîæåí ãðàô ðàñïðåäåëåííîé êîìïüþòåð-
íîé ñðåäû, êîòîðûé àäåêâàòíî îòîáðàæàåò òîïîëîãèþ ýëåêòðîñåòè æåëåçíîé
äîðîãè. Ïðåäëîæåíû äèôôåðåíöèàëüíàÿ ìàòåìàòè÷åñêàÿ ìîäåëü ðàñïðåäå-
ëåííîé êîìïüþòåðíîé ñðåäû èíòåëëåêòóàëèçàöèè ïðîöåäóð âñåðåæèìíîãî
óïðàâëåíèÿ ýëåêòðîñíàáæåíèåì è ìåòîäû îïðåäåëåíèÿ çíà÷åíèé âåðîÿòíîñ-
òåé ñîñòîÿíèé óçëîâ, ïðîïóñêíîé ñïîñîáíîñòè, ÷èñëà çàíÿòûõ êàíàëîâ, êî-
ëè÷åñòâà îòêàçîâ çàÿâîê íà îáñëóæèâàíèå.

Êëþ÷åâûå ñëîâà: äèôôåðåíöèàëüíûå ìàòåìàòè÷åñêèå ìîäåëè, ìåòîäû,
ãðàô, êîìïüþòåðíàÿ ñåòü, àðõèòåêòóðà, èíòåëëåêòóàëüíûå ñåòè, êîìïüþòåð-
íàÿ ñðåäà.

Î.I. Stasiuk, L.L. Goncharova
MATHEMATICAL MODELS AND METHODS OF THE ANALYSIS OF COMPUTER
NETWORKS FOR RAILWAY POWER SUPPLY CONTROL

Abstract. The authors analyze the methods of innovative conversion of railroad
power supply systems. Modern intelligent power supply networks are shown to
represent a new quality of mutually integrated architecture of a distributed
computer environment of power supply control and topology of traction electric
network, focused on accumulating new knowledge and optimizing energy
resources. For the synthesis of mathematical models of intelligence systems, the
authors propose the graph of a distributed computing environment, which
adequately reflects the topology of the railway electricity supply network. The
paper also proposes a differential mathematical model of the distributed
computer environment of intellectualization of the procedures of fully-variable
power control and a set of methods to determine the probability of the state of
nodes, bandwidth, the number of occupied channels, and the number of service
denials.

Keywords: differential mathematical model, methods, graph, computer network
architecture, intelligent networks, computer environment.
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