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Ðàññìîòðåíà ïðîáëåìà îöåíêè âîäîîòäà÷è êîëüöåâîé ñåòè íàðóæíîãî ïðîòèâîïîæàðíîãî âîäî-
ïðîâîäà ïðè ïîâðåæäåíèè íåêîòîðûõ åãî ó÷àñòêîâ. Ïðèâåäåíû ìàòåìàòè÷åñêèå ìîäåëè ñåòè
âîäîñíàáæåíèÿ ñ ó÷åòîì ïîâðåæäåíèÿ åå îòäåëüíûõ ó÷àñòêîâ è ïðè ðàçëè÷íîì ÷èñëå çàäåéñò-
âîâàííûõ ïîæàðíûõ ãèäðàíòîâ. Ïðîâåäåíû êîìïüþòåðíûå ðàñ÷åòû, ðåçóëüòàòû êîòîðûõ ñîïî-
ñòàâëåíû ñ òàáëè÷íûìè äàííûìè ñïðàâî÷íèêîâ ðóêîâîäèòåëåé òóøåíèÿ ïîæàðîâ. Ïî ðåçóëüòà-
òàì ðàñ÷åòîâ ñôîðìóëèðîâàíà è îïèñàíà ïðîáëåìà æèâó÷åñòè ñåòåé âîäîñíàáæåíèÿ. Ñäåëàí
âûâîä î öåëåñîîáðàçíîñòè ðàçðàáîòêè ãèäðàâëè÷åñêèõ ïàñïîðòîâ ñåòåé âîäîñíàáæåíèÿ.
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ãèäðàíò; ïîâðåæäåíèå ñåòè; æèâó÷åñòü; êîýôôèöèåíò æèâó÷åñòè; àíàëèç; ïàñïîðò ñåòè.
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Òóøåíèå ïîæàðîâ íà îáúåêòàõ íåôòåãàçîâîãî êîìï-

ëåêñà è äðóãèõ êðóïíûõ ïðåäïðèÿòèÿõ íàðîäíîãî

õîçÿéñòâà òðåáóåò áîëüøèõ ðàñõîäîâ âîäû [1], â òîì

÷èñëå íà îõëàæäåíèå è ïåííîå òóøåíèå. Íà ïîäîá-

íûå îáúåêòû ñîñòàâëÿþòñÿ ïëàíû òóøåíèÿ ïîæàðîâ,

îäíèì èç âàæíûõ ðàçäåëîâ êîòîðûõ ÿâëÿåòñÿ îöåíêà

äîñòàòî÷íîñòè âîäîîòäà÷è ïðè èñïîëüçîâàíèè ñåòåé

íàðóæíîãî ïðîòèâîïîæàðíîãî âîäîïðîâîäà (ÍÏÏÂ)

[2]. Òàêàÿ îöåíêà îñóùåñòâëÿåòñÿ ïóòåì ñîïîñòàâ-

ëåíèÿ ðàñ÷åòíîãî ôàêòè÷åñêîãî òðåáóåìîãî îáùåãî

ðàñõîäà âîäû Qô [3, 4], âêëþ÷àþùåãî ðàñõîä êàê

íà òóøåíèå, òàê è íà îõëàæäåíèå è çàùèòó êîíñò-

ðóêöèé çäàíèé è ñîîðóæåíèé, ñ òàáëè÷íûì çíà÷å-

íèåì âîäîîòäà÷è ñåòè ÍÏÏÂ, êîòîðîå ñîãëàñíî [5]

îïðåäåëÿåòñÿ â çàâèñèìîñòè îò äèàìåòðà òðóáîïðî-

âîäà d è íàïîðà Í (òàáë. 1).

Êàê ïîêàçàíî â ðàáîòàõ [6, 7], ðåàëüíàÿ âîäîîò-

äà÷à êàê òóïèêîâûõ, òàê è êîëüöåâûõ ñåòåé ÍÏÏÂ

îêàçûâàåòñÿ íèæå ðàñ÷åòíîé, ÷òî îáóñëîâëåíî âëè-

ÿíèåì ìíîãèõ ôàêòîðîâ, íå ó÷òåííûõ â ñòàíäàðòíîé

ìåòîäèêå ðàñ÷åòà ïî [2, 5], òàêèõ êàê êîëè÷åñòâî çà-

äåéñòâîâàííûõ ïîæàðíûõ ãèäðàíòîâ (ÏÃ) N, ðàññòî-

ÿíèÿ ìåæäó íèìè, ïåðåïàäû âûñîò ìåñòíîñòè è ò. ï.

Ýòî, â ñâîþ î÷åðåäü, íå ðàç ïðèâîäèëî ê îïàñíûì

èíöèäåíòàì, ñâÿçàííûì ñ íåäîñòàòêîì âîäîñíàáæå-

íèÿ íà ðåàëüíûõ êðóïíûõ ïîæàðàõ, ïðîèñõîäèâøèõ

íà ðàññìàòðèâàåìûõ îáúåêòàõ [1, 8], õîòÿ òåîðåòè÷å-

ñêè (ñîãëàñíî äîêóìåíòàì îïåðàòèâíîãî ïëàíèðî-

âàíèÿ [2] è ñïðàâî÷íèêàì [5]) ñåòè ÍÏÏÂ äîëæíû

îáåñïå÷èâàòü íåîáõîäèìóþ âîäîîòäà÷ó.

Ïîìèìî ýòîãî, ïðè òóøåíèè ïîæàðîâ âîçíèêàåò

ïðîáëåìà íàäåæíîñòè è æèâó÷åñòè ñåòåé ÍÏÏÂ, òàê

êàê èõ èçíîñ íà áîëüøèíñòâå ïðîìûøëåííûõ ïðåä-

ïðèÿòèé (â òîì ÷èñëå íåôòåãàçîâîãî êîìïëåêñà),

© Òàðàíöåâ À. À., Ïèâîâàðîâ Í. Þ., 2016

Íàïîð
â ñåòè,

ì âîä. ñò.

Äèàìåòð òðóá, ìì

100 150 200 250 300 350

10 25 55 65 85 115 130

20 30 70 90 115 170 195

30 40 80 110 145 205 235

40 45 95 130 185 235 280

50 50 105 145 200 265 325

60 52 110 163 225 290 380

70 58 130 182 255 330 440

80 64 140 205 287 370 500

Òàáëèöà 1. Âîäîîòäà÷à êîëüöåâîé ñåòè ÍÏÏÂ Qê, ë�ñ, ñî-
ãëàñíî [5]
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ïîñòðîåííûõ â Ñîâåòñêîì Ñîþçå â 60–90-å ãîäà ÕÕ

âåêà, ê íàñòîÿùåìó âðåìåíè äîñòèãàåò 60 %(!).

Ê ïðè÷èíàì íèçêîé íàäåæíîñòè òðóáîïðîâîäîâ

â ãîðîäàõ Ðîññèè, êðîìå èçíîñà, îòíîñèòñÿ:
� íèçêîå êà÷åñòâî è îòñóòñòâèå íàäåæíûõ è äîëãî-

âå÷íûõ òðóá;
� íèçêàÿ êîððîçèîííàÿ óñòîé÷èâîñòü çíà÷èòåëü-

íîãî ÷èñëà òðóáîïðîâîäîâ (ìàòåðèàë áîëüøèí-

ñòâà òðóá — íèçêîóãëåðîäèñòàÿ ñòàëü);
� íåñîáëþäåíèå òåõíîëîãèè ïðîèçâîäñòâà ðàáîò

ïî óêëàäêå è ìîíòàæó òðóáîïðîâîäîâ â ïåðèîä

ìàññîâîãî ñòðîèòåëüñòâà;
� îòñóòñòâèå íåîáõîäèìûõ ìåð ïî çàùèòå îò àãðåñ-

ñèâíîãî âîçäåéñòâèÿ âíåøíåé è âíóòðåííåé ñðå-

äû ïðè ïðîêëàäêå ñòàëüíûõ òðóáîïðîâîäîâ;
� ñêà÷êè äàâëåíèÿ, ãèäðàâëè÷åñêèå óäàðû è ò. ï. [9].

Êðîìå òîãî, ñåòè ÍÏÏÂ ìîãóò ïîäâåðãàòüñÿ íå-

ãàòèâíîìó âîçäåéñòâèþ ôàêòîðîâ ×Ñ (íàïðèìåð,

ðàçðóøàþùèõ íàãðóçîê ïðè ðàñïîëîæåíèè ñåòåé â

ñåéñìè÷åñêè àêòèâíûõ ðàéîíàõ), ïîâðåæäåíèþ ïðè

ïðîâîäèìûõ ïîáëèçîñòè ñòðîèòåëüíûõ ðàáîòàõ è äð.

Ïðè ïîâðåæäåíèè òðóáîïðîâîäîâ àâàðèéíûå

ó÷àñòêè îòñåêàþòñÿ çàäâèæêàìè, ÷òî ïîçâîëÿåò ñåòè

ÍÏÏÂ åùå êàêîå-òî âðåìÿ îáåñïå÷èâàòü íåêîòîðóþ

âîäîîòäà÷ó äî ïðîâåäåíèÿ ðåìîíòà (÷òî õàðàêòåðíî

äëÿ êîëüöåâûõ ñåòåé ÍÏÏÂ).

Òàêèì îáðàçîì, âîçíèêàåò ïðîáëåìà îöåíêè æè-

âó÷åñòè ñåòè ÍÏÏÂ (ò. å. âîçìîæíîñòè îáåñïå÷åíèÿ

âîäîîòäà÷è ïðè âûõîäå èç ñòðîÿ åå îòäåëüíûõ ó÷àñò-

êîâ), êîòîðàÿ ìîæåò îñóùåñòâëÿòüñÿ ïîñðåäñòâîì

ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ âîäîîòäà÷è.

Çà îñíîâó ìîäåëè ñåòè ÍÏÏÂ áûë âçÿò êîëüöå-

âîé íàðóæíûé âîäîïðîâîä ñ äâóìÿ íàñîñíûìè ñòàí-

öèÿìè. Â ðàìêàõ äàííîé ñòàòüè ðàññìîòðåíû âàðè-

àíòû ðàáîòû ñåòè ïðè ðàçëè÷íûõ âàðèàíòàõ ïî-

âðåæäåíèé (ðàçðûâîâ) òðóáîïðîâîäîâ è êîëè÷åñòâå

çàäåéñòâîâàííûõ ÏÃ îò 2 äî 4 (ðèñ. 1–3)*.

Â òàáë. 2–4 ïðèâåäåíû ðàñ÷åòíûå ìîäåëè ïðè

ñòàíäàðòíûõ äîïóùåíèÿõ [10, 11].

1. Ïîòåðè äàâëåíèÿ �ð ìåæäó i-ì è j-ì ÏÃ ïðî-

ïîðöèîíàëüíû êâàäðàòó ðàñõîäà æèäêîñòè è ïåðå-

ïàäó âûñîò:

� �ð À q g hij ij ij� �2 � , (1)

ãäå Àij — êîýôôèöèåíò ñîïðîòèâëåíèÿ ìåæäó i-ì è

j-ì ÏÃ;

qij — ðàñõîä âîäû îò i-ãî ê j-ìó çàäåéñòâîâàííî-

ìó ÏÃ, ì3�ñ;

� — ïëîòíîñòü ïåðåêà÷èâàåìîé æèäêîñòè, êã�ì3

(äëÿ âîäû � � 1000 êã�ì3);

g — óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ, ì�ñ2; g =

= 9,81 ì�ñ2;

�hij — ïåðåïàä âûñîò ìåæäó i-ì è j-ì çàäåéñò-

âîâàííûìè ÏÃ (åñëè i-é ãèäðàíò íèæå j-ãî, òî

�hij > 0; â ïðîòèâíîì ñëó÷àå — �hij � 0).

Êîýôôèöèåíò Àij ó÷èòûâàåò ëèíåéíûå è ìåñò-

íûå ãèäðàâëè÷åñêèå ïîòåðè è îïðåäåëÿåòñÿ ïî âû-

ðàæåíèþ

A
F

ij
k k

kk

n

�
�

�
�0 5

2
1

, ,�
� �ë ì (2)

ãäå n — êîëè÷åñòâî îòðåçêîâ òðóáîïðîâîäà, îáðàçó-

þùèõ ðàññìàòðèâàåìûé ó÷àñòîê ìåæäó i-ì è j-ì

ÏÃ;

�ëk, �ìk — êîýôôèöèåíò ëèíåéíîãî ñîïðîòèâëå-

íèÿ è ñóììà êîýôôèöèåíòîâ ìåñòíûõ ñîïðîòèâ-

ëåíèé íà k-ì îòðåçêå òðóáîïðîâîäà;

Fk — ïëîùàäü ïðîõîäíîãî ñå÷åíèÿ òðóáîïðîâî-

äà íà k-ì îòðåçêå òðóáîïðîâîäà, ì2.

Ðèñ. 1. Ñõåìû êîëüöåâîé ñåòè ñ äâóìÿ ÏÃ (N = 2): à — íîð-

ìàëüíûé ðåæèì; á — ïîâðåæäåíèå îäíîãî òðóáîïðîâîäà;

â, ã — ïîâðåæäåíèå äâóõ òðóáîïðîâîäîâ

* Íà ðèñ. 1–3 ïîêàçàíû òîëüêî òå ÏÃ, êîòîðûå çàäåéñòâîâàíû

ïðè òóøåíèè, à îñòàëüíûå ó÷òåíû êàê ìåñòíûå ãèäðîñîïðî-

òèâëåíèÿ.
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Ðèñ. 2. Ñõåìû êîëüöåâîé ñåòè ñ òðåìÿ ÏÃ (N = 3): à — íîð-

ìàëüíûé ðåæèì; á–ã — ïîâðåæäåíèå îäíîãî òðóáîïðîâîäà;

ä–è — ïîâðåæäåíèå äâóõ òðóáîïðîâîäîâ
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Çíà÷åíèÿ�ìk îïðåäåëÿþòñÿ ïî ñïðàâî÷íèêàì (íà-

ïðèìåð, [12]), à �ëk — ïî âûðàæåíèþ

�ëk =  L�d, (3)

ãäå  — êîýôôèöèåíò, çàâèñÿùèé îò øåðîõîâàòîñòè

ñòåíîê òðóáû è ÷èñëà Ðåéíîëüäñà, êîòîðûé ìî-

æåò áûòü îöåíåí òàêæå ïî ôîðìóëå Àëüòøóëÿ:

 � 0,11(Ký�d)0,25; (4)

Ký — àáñîëþòíàÿ ýêâèâàëåíòíàÿ øåðîõîâàòîñòü

ñòåíîê äëÿ òðóá èç ðàçëè÷íûõ ìàòåðèàëîâ [12]);

L, d — äëèíà è äèàìåòð òðóáîïðîâîäà íà k-ì îò-

ðåçêå, ì.

2. Âûðàæåíèå äëÿ íàïîðíî-ðàñõîäíîé õàðàêòå-

ðèñòèêè íàñîñà èìååò âèä [6, 7]:

ð = ðí – Àí Q2, (5)

ãäå ð, Q — äàâëåíèå è ðàñõîä âîäû íà âûõîäå èç íà-

ñîñà;

ðí, Àí — ãèäðàâëè÷åñêèå õàðàêòåðèñòèêè íàñîñà.

Íàñîñû íà ðèñ. 1–3 ìîãóò áûòü êàê îäèíàêîâûìè,

òàê è ðàçëè÷íûìè, íî â ëþáîì ñëó÷àå ðàñ÷åò èõ íà

Ðèñ. 3. Ñõåìû êîëüöåâîé ñåòè ñ ÷åòûðüìÿ ÏÃ (N = 4) ïî ñõåìå

“2 + 2”: à — íîðìàëüíûé ðåæèì; á, â — ïîâðåæäåíèå îäíîãî

òðóáîïðîâîäà; ã–æ — ïîâðåæäåíèå äâóõ òðóáîïðîâîäîâ



ISSN 0869-7493 ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ 2016 ÒÎÌ 25 ¹ 670

ÑÐÅÄÑÒÂÀ È ÑÏÎÑÎÁÛ ÒÓØÅÍÈß ÏÎÆÀÐÎÂ

ïîääåðæàíèå òðåáóåìîãî íàïîðà ïðîâîäèòñÿ ñ ó÷å-

òîì äàííûõ òàáë. 1 [5]. Ïðåäïîëàãàåòñÿ òàêæå, ÷òî

íàäåæíîñòü íàñîñîâ âûøå, ÷åì òðóáîïðîâîäîâ, âëè-

ÿíèå ðàçðûâîâ êîòîðûõ íà æèâó÷åñòü ñåòè ðàññìàò-

ðèâàåòñÿ â äàííîé ñòàòüå.

3. Âîäîîòäà÷à èç j-ãî ÏÃ Qj ìîæåò áûòü îöåíåíà

èç âûðàæåíèÿ

Q q q p Aj ij jk j j� � � ( ) ,,
ïã

0 5 (6)

ãäå qjk — ðàñõîä îò j-ãî çàäåéñòâîâàííîãî ÏÃ ê k-ìó;

ðj, Qj — äàâëåíèå è ðàñõîä íà âûõîäå èç j-ãî ÏÃ;

Aïãj — êîýôôèöèåíò ñîïðîòèâëåíèÿ j-ão ÏÃ;

çíàê + èëè – âûáèðàåòñÿ â çàâèñèìîñòè îò íà-

ïðàâëåíèÿ äâèæåíèÿ æèäêîñòè.

Íà îñíîâå âûðàæåíèé (1)–(6) ñîñòàâëÿåòñÿ ñèñ-

òåìà íåëèíåéíûõ (êâàäðàòè÷íûõ) àëãåáðàè÷åñêèõ

óðàâíåíèé, ðåøåíèå êîòîðûõ ÷èñëåííûìè ìåòîäà-

ìè [13] ïîçâîëÿåò îïðåäåëèòü ðàñõîäû {Qj} èç çà-

äåéñòâîâàííûõ ÏÃ ñåòè ÍÏÏÂ. Èñêîìàÿ âîäîîòäà-

÷à êîëüöåâîé ñåòè ÍÏÏÂ Qê îïðåäåëÿåòñÿ êàê ñóììà

ðàñõîäîâ èç N çàäåéñòâîâàííûõ ÏÃ:

Q Q j

j

N

ê �
�
�

1

. (7)

Â òàáë. 5 ïðèâåäåíû ðåçóëüòàòû ìîäåëèðîâàíèÿ

âîäîîòäà÷è êîëüöåâîé ñåòè ÍÏÏÂ áåç ïîâðåæäåíèé

è ñ ïîâðåæäåíèÿìè, à òàêæå (äëÿ ñðàâíåíèÿ) çíà÷å-

íèÿ âîäîîòäà÷è ïî ñïðàâî÷íèêó [5] ïðè d = 150 ìì è

íàïîðå Í = 10�80 ì âîä. ñò. Ïîðÿäîê ðàñ÷åòîâ è çíà-

÷åíèÿ êîýôôèöèåíòîâ ñîïðîòèâëåíèÿ {A} äëÿ ðàçëè÷-

íûõ âàðèàíòîâ ðàñïîëîæåíèÿ íàñîñíûõ ñòàíöèé, ÏÃ

è ðàññòîÿíèé ìåæäó íèìè ïðèâåäåíû â ðàáîòå [6].

Êàê ñëåäóåò èç àíàëèçà ðåçóëüòàòîâ ìîäåëèðî-

âàíèÿ (ñì. òàáë. 5), êîëüöåâàÿ ñåòü ÍÏÏÂ ïðè ðàç-

ëè÷íûõ âàðèàíòàõ ïîâðåæäåíèé òðóáîïðîâîäîâ, êî-

ëè÷åñòâå è ïîðÿäêå çàäåéñòâîâàííûõ ÏÃ îáëàäàåò

äîñòàòî÷íîé æèâó÷åñòüþ è â áîëüøèíñòâå ñëó÷àåâ

îáåñïå÷èâàåò òðåáóåìóþ âîäîîòäà÷ó.

Èìååò ñìûñë ââåñòè ïîíÿòèå êîýôôèöèåíò æè-

âó÷åñòè Kæ, êîòîðûé ïðè ïîâðåæäåíèè ñåòè ÍÏÏÂ

âûðàæàåòñÿ îòíîøåíèåì ÷èñëà çàäåéñòâîâàííûõ ÏÃ,

îáåñïå÷èâàþùèõ âîäîîòäà÷ó, ê îáùåìó ÷èñëó çàäåé-

ñòâîâàííûõ ÏÃ. Î÷åâèäíî, äëÿ ñõåì íà ðèñ. 1,â è 1,ã

Kæ = 1, òàê êàê îáà çàäåéñòâîâàííûõ ÏÃ îáåñïå÷è-

âàþò âîäîîòäà÷ó.

Ïðè çàäåéñòâîâàíèè òðåõ ÏÃ (N = 3) è ïîâðåæ-

äåíèè îäíîãî òðóáîïðîâîäà (ñì. ðèñ. 2,á–ã) âñå ýòè

ÏÃ îáåñïå÷èâàþò âîäîîòäà÷ó, ââèäó ÷åãî Kæ = 1.

Ïðè äâóõ ïîâðåæäåíèÿõ èç ïÿòè âîçìîæíûõ ñèòóà-

öèé (ñì. ðèñ. 2,ä–è) â äâóõ ñëó÷àÿõ îäèí ÏÃ îêàçûâà-

åòñÿ íåðàáîòîñïîñîáíûì (ñì. ðèñ. 2,ä è 2,ç), òîãäà

Kæ = (3 � 3 + 2 � 2)�(5 � 3) � 0,867. Ïðè çàäåéñòâîâàíèè

Ñõåìà Óðàâíåíèÿ ãèäðàâëè÷åñêîãî áàëàíñà Âûðàæåíèÿ äëÿ ìîäåëèðîâàíèÿ

Ðèñ. 1,à ð1 = ðí1 – Àí1(q13 + q14)
2 – �g(h1 – hí1);

ð2 = ðí2 – Àí2(q23 + q24)
2 – �g(h2 – hí2);

ð1 – ð3 = À13q13
2 + �g(h3 – h1);

ð1 – ð4 = À14q14
2 + �g(h4 – h1);

ð2 – ð3 = À23q23
2 + �g(h3 – h2);

ð2 – ð4 = À24q24
2 + �g(h4 – h2);

ð3 = À3(q13 + q23)
2 + �g(hã1 – h3);

ð4 = À4(q14 + q24)
2 + �g(hã2 – h4)

ðí1 – Àí1(q13 + q14)
2 – À3(q13 + q23)

2 – À13q13
2 = �g(hã1 – hí1);

ðí2 – Àí2(q23 + q24)
2 – À3(q13 + q23)

2 – À23q23
2 = �g(hã1 – hí2);

ðí1 – Àí1(q13 + q14)
2 – À4(q14 + q24)

2 – À14q14
2 = �g(hã2 – hí1);

ðí2 – Àí2(q23 + q24)
2 – À4(q14 + q24)

2 – À14q14
2 = �g(hã2 – hí2);

Q1 = q13 + q23;
Q2 = q14 + q24;
Qê = Q1 + Q2

Ðèñ. 1,á ð1 = ðí1 – Àí1(q13 + q14)
2 – �g(h1 – hí1);

ð2 = ðí2 – Àí2q23
2 – �g(h2 – hí2);

ð1 – ð3 = À13q13
2 + �g(h3 – h1);

ð1 = (À14 + À4)q14
2 + �g(hã2 – h1);

ð2 – ð3 = À23q23
2 + �g(h3 – h2);

ð3 = À3(q13 + q23)
2 + �g(hã1 – h3)

ðí1 – Àí1(q13 + q14)
2 – À3(q13 + q23)

2 – À23q23
2 = �g(hã1 – hí1);

ðí2 – (Àí2 + À23)q23
2 – À3(q13 + q23)

2 = �g(hã1 – hí2);

(À14 + À4)q14
2 – À3(q13 + q23)

2 – À23q23
2 = �g(hã1 – hã2);

Q1 = q13 + q23;
Q2 = q14;
Qê = Q1 + Q2

Ðèñ. 1,â ð1 = ðí1 – Àí1q14
2 – �g(h1 – hí1);

ð2 = ðí2 – Àí2q23
2 – �g(h2 – hí2);

ð2 – ð3 = À23q23
2 + �g(h3 – h2);

ð3 = À3q23
2 + �g(hã1 – h3);

ð1 = (À14 + À4)q14
2 + �g(hã2 – h1)

ßâíûå âûðàæåíèÿ:

Q1 = {[ðí2 – �g(hã1 – hí1)]�(Àí2 + À23 + À3)}
0,5;

Q2 = {[ðí1 – �g(hã2 – hí1)]�(Àí1 + À14 + À4)}
0,5;

Qê = Q1 + Q2

Ðèñ. 1,ã ð1 = ðí1 – Àí1(Q1 + Q2)
2 – �g(h1 – hí1);

ð1 = (A13 + À3)Q1
2 + �g(hã1 – h1);

ð1 = (A14 + À4)Q2
2 + �g(hã2 – h1)

ðí1 – Àí1(Q1 + Q2)
2 – �g(hã1 – hí1) = (A13 + À3) Q1

2;

Q2 = {[(A13 + À3) Q1
2 + �g(hã1 – hã2)]�(A14 + À4)}

0,5;

Qê = Q1 + Q2

Òàáëèöà 2. Âûðàæåíèÿ äëÿ ìîäåëèðîâàíèÿ âîäîîòäà÷è êîëüöåâîé ñåòè ÍÏÏÂ ïðè äâóõ çàäåéñòâîâàííûõ ÏÃ (N = 2)
ñ ó÷åòîì ïîâðåæäåíèé òðóáîïðîâîäîâ
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Ðèñ. 2,à ð1 = ðí1 – Àí1(q13 + q14)
2 – �g(h1 – hí1);

ð2 = ðí2 – Àí2(q23 + q25)
2 – �g(h2 – hí2);

ð1 – ð3 = À13q13
2 + �g(h3 – h1);

ð1 – ð4 = À14q14
2 + �g(h4 – h1);

ð2 – ð3 = À23q23
2 + �g(h3 – h2);

ð2 – ð5 = À25q25
2 + �g(h5 – h2);

ð4 – ð5 = À45q45
2 + �g(h5 – h4);

ð3 = À3(q13 + q23)
2 + �g(hã1 – h3);

ð4 = À4(q14 – q45)
2 + �g(hã2 – h4);

ð5 = À5(q45 + q25)
2 + �g(hã3 – h5)

ðí1 – Àí1(q13 + q14)
2 – À3(q13 + q23)

2 – À13q13
2 = �g(hã1 – hí1);

ðí1 – Àí1(q13 + q14)
2 – À4(q14 – q45)

2 – À14q14
2 = �g(hã2 – hí1);

ðí2 – Àí2(q23 + q25)
2 – À3(q13 + q23)

2 – À23q23
2 = �g(hã1 – hí2);

ðí2 – Àí2(q23 + q25)
2 – À5(q45 + q25)

2 – À25q25
2 = �g(hã3 – hí2);

À4(q14 – q45)
2 – À5(q45 + q25)

2 – À45q45
2 = �g(hã3 – hã2);

Q1 = q13 + q23;
Q2 = q14 – q45;
Q3 = q45 + q25;
Qê = Q1 + Q2 + Q3

Ðèñ. 2,á ð1 = ðí1 – Àí1q14
2 – �g(h1 – hí1);

ð2 = ðí2 – Àí2(q23 + q25)
2 – �g(h2 – hí2);

ð1 – ð4 = À14q14
2 + �g(h4 – h1);

ð2 – ð3 = À23q23
2 + �g(h3 – h2);

ð2 – ð5 = À25q25
2 + �g(h5 – h2);

ð4 – ð5 = À45q45
2 + �g(h5 – h4);

ð3 = À3q23
2

+ �g(hã1 – h3);

ð4 = À4(q14 – q45)
2

+ �g(hã2 – h4);

ð5 = À5(q45 + q25)
2

+ �g(hã3 – h5)

ðí1 – (Àí1 + À14)q14
2 – À4(q14 – q45)

2 = �g(hã2 – hí1);

ðí2 – Àí2(q23 + q25)
2 – (À3 + À23)q23

2 = �g(hã1 – hí2);

ðí2 – Àí2(q23 + q25)
2 – À5(q45 + q25)

2 – À25q25
2 = �g(hã3 – hí2);

À4(q14 – q45)
2 – À5(q45 + q25)

2 – À45q45
2 = �g(hã3 – hã2);

Q1 = q23;
Q2 = q14 – q45;
Q3 = q45 + q25;
Qê = Q1 + Q2 + Q3

Ðèñ. 2,â ð1 = ðí1 – Àí1(q13 + q14)
2 – �g(h1 – hí1);

ð2 = ðí2 – Àí2(q23 + q25)
2 – �g(h2 – hí2);

ð1 – ð3 = À13q13
2 + �g(h3 – h1);

ð1 – ð4 = À14q14
2 + �g(h4 – h1);

ð2 – ð3 = À23q23
2 + �g(h3 – h2);

ð2 – ð5 = À25q25
2 + �g(h5 – h2);

ð3 = À3(q13 + q23)
2 + �g(hã1 – h3);

ð4 = À4q14
2 + �g(hã2 – h4);

ð5 = À5q25
2 + �g(hã3 – h5)

ðí1 – Àí1(q13 + q14)
2 – À3(q13 + q23)

2 – À13q13
2 = �g(hã1 – hí1);

ðí1 – Àí1(q13 + q14)
2 – (À4 + À14)q14

2 = �g(hã2 – hí1);

ðí2 – Àí2(q23 + q25)
2 – À3(q13 + q23)

2 – À23q23
2 = �g(hã1 – hí2);

ðí2 – Àí2(q23 + q25)
2 – (À5 + À25)q25

2 = �g(hã3 – hí2);

Q1 = q13 + q23;
Q2 = q14;
Q3 = q25;
Qê = Q1 + Q2 + Q3

Ðèñ. 2,ã ð1 = ðí1 – Àí1q13
2 – �g(h1 – hí1);

ð2 = ðí2 – Àí2(q23 + q25)
2 – �g(h2 – hí2);

ð1 – ð3 = À13q13
2 + �g(h3 – h1);

ð2 – ð3 = À23q23
2 + �g(h3 – h2);

ð2 – ð5 = À25q25
2 + �g(h5 – h2);

ð5 – ð4 = À54q54
2 + �g(h4 – h5);

ð3 = À3(q13 + q23)
2 + �g(hã1 – h3);

ð4 = À4q54
2 + �g(hã2 – h4);

ð5 = À5(q25 – q54)
2 + �g(hã3 – h5)

ðí1 – Àí1q13
2 – À3(q13 + q23)

2 – À13q13
2 = �g(hã1 – hí1);

ðí2 – Àí2(q23 + q25)
2 – À3(q13 + q23)

2 – À23q23
2 = �g(hã1 – hí2);

ðí2 – Àí2(q23 + q25)
2 – À5(q25 – q54)

2 – À25q25
2 = �g(hã3 – hí2);

À5(q25 – q54)
2 – (À4 + À54)q54

2 = �g(hã2 – hã3);

Q1 = q13 + q23;
Q2 = q54;
Q3 = –q54 + q25;
Qê = Q1 + Q2 + Q3

Ðèñ. 2,ä ð1 = ðí1 – Àí1q14
2 – �g(h1 – hí1);

ð2 = ðí2 – Àí2q25
2 – �g(h2 – hí2);

ð1 – ð4 = À14q14
2 + �g(h4 – h1);

ð2 – ð5 = À25q25
2 + �g(h5 – h2);

ð4 – ð5 = À45q45
2 + �g(h5 – h4);

ð4 = À4(q14 – q45)
2 + �g(hã2 – h4);

ð5 = À5(q45 + q25)
2 + �g(hã3 – h5)

ðí1 – Àí1q14
2 – À4(q14 – q45)

2 – À14q14
2 = �g(hã2 – hí1);

ðí2 – (Àí2 + À25)q25
2 – À5(q45 + q25)

2 = �g(hã3 – hí2);

À4(q14 – q45)
2 – À5(q45 + q25)

2 – À45q45
2 = �g(hã3 – hã2);

Q1 = 0;

Q2 = q14 – q45;

Q3 = –q45 + q25;

Qê = Q2 + Q3

Òàáëèöà 3. Âûðàæåíèÿ äëÿ ìîäåëèðîâàíèÿ âîäîîòäà÷è êîëüöåâîé ñåòè ÍÏÏÂ ïðè òðåõ çàäåéñòâîâàííûõ ÏÃ (N = 3) ñ
ó÷åòîì ïîâðåæäåíèé òðóáîïðîâîäîâ
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Ðèñ. 2,å ð2 = ðí2 – Àí2(q23 + q25)
2 – �g(h2 – hí2);

ð2 – ð3 = À23q23
2 + �g(h3 – h2);

ð2 – ð5 = À25q25
2 + �g(h5 – h2);

ð5 – ð4 = À54q54
2 + �g(h4 – h5);

ð3 = À3q23
2 + �g(hã1 – h3);

ð4 = À4q54
2 + �g(hã2 – h4);

ð5 = À5(q25 – q54)
2 + �g(hã3 – h5)

ðí2 – Àí2(q23 + q25)
2 – (À3 – À23)q23

2 = �g(hã1 – hí2);

ðí2 – Àí2(q23 + q25)
2 – À5(q25 – q54)

2 – À25q25
2 = �g(hã3 – hí2);

À5(q25 – q54)
2 – (À4 + À54)q54

2 = �g(hã2 – hã3);

Q1 = q23;
Q2 = q54;
Q3 = – q54 + q25;
Qê = Q1 + Q2 + Q3

Ðèñ. 2,æ ð1 = ðí1 – Àí1(q13 + q14)
2 – �g(h1 – hí1);

ð2 = ðí2 – Àí2(q23 + q25)
2 – �g(h2 – hí2);

ð1 – ð4 = À14q14
2 + �g(h4 – h1);

ð2 – ð3 = À23q23
2 + �g(h3 – h2);

ð2 – ð5 = À25q25
2 + �g(h5 – h2);

ð3 = À3q23
2 + �g(hã1 – h3);

ð4 = À4q14
2 + �g(hã2 – h4);

ð5 = À5q25
2 + �g(hã3 – h5)

ðí1 – (Àí1 + À4)q14
2 – À14q14

2 = �g(hã2 – hí1);

ðí2 – Àí2(q23 + q25)
2 – (À3 – À23)q23

2 = �g(hã1 – hí2);

ðí2 – Àí2(q23 + q25)
2 – (À5 + À25)q25

2 = �g(hã3 – hí2);

Q1 = q23;
Q2 = q14;
Q3 = q25;
Qê = Q1 + Q2 + Q3

Ðèñ. 2,ç ð1 = ðí1 – Àí1(q13 + q14)
2 – �g(h1 – hí1);

ð2 = ðí2 – Àí2(q23 + q25)
2 – �g(h2 – hí2);

ð1 – ð3 = À13q13
2 + �g(h3 – h1);

ð2 – ð3 = À23q23
2 + �g(h3 – h2);

ð2 – ð5 = À25q25
2 + �g(h5 – h2);

ð3 = À3(q13 + q23)
2 + �g(hã1 – h3);

ð5 = À5q25
2 + �g(hã3 – h5)

ðí1 – Àí1q13
2 – À3(q13 + q23)

2 – À13q13
2 = �g(hã1 – hí1);

ðí2 – Àí2(q23 + q25)
2 – À3(q13 + q23)

2 – À23q23
2 = �g(hã1 – hí2);

ðí2 – Àí2(q23 + q25)
2 – (À5 + À25)q25

2 = �g(hã3 – hí2);

Q1 = q13 + q23;
Q2 = 0;
Q3 = q25;
Qê = Q1 + Q3

Ðèñ. 2,è ð1 = ðí1 – Àí1q14
2 – �g(h1 – hí1);

ð2 = ðí2 – Àí2q23
2 – �g(h2 – hí2);

ð1 – ð4 = À14q14
2 + �g(h4 – h1);

ð2 – ð3 = À23q23
2 + �g(h3 – h2);

ð4 – ð5 = À45q45
2 + �g(h5 – h4);

ð3 = À3q23
2 + �g(hã1 – h3);

ð4 = À4(q14 – q45)
2 + �g(hã2 – h4);

ð5 = À5q45
2 + �g(hã3 – h5)

ðí1 – (Àí1 + À14)q14
2 – À4(q14 – q45)

2 = �g(hã2 – hí1);

ðí2 – (Àí2 + À3 + À23)q23
2 = �g(hã1 – hí2);

À4(q14 – q45)
2 – (À5 + À45)q45

2 = �g(hã3 – hã2);

Q1 = q23;
Q2 = q14 – q45;
Q3 = q45;
Qê = Q1 + Q2 + Q3

Îêîí÷àíèå òàáë. 3
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Ðèñ. 3,à ð1 = ðí1 – Àí1(q13 + q15)
2 – �g(h1 – hí1);

ð2 = ðí2 – Àí2(q24 + q26)
2 – �g(h2 – hí2);

ð1 – ð3 = À13q13
2 + �g(h3 – h1);

ð1 – ð5 = À15q15
2 + �g(h5 – h1);

ð2 – ð4 = À24q24
2 + �g(h4 – h2);

ð3 – ð4 = À34q34
2 + �g(h4 – h3);

ð2 – ð6 = À26q26
2 + �g(h6 – h2);

ð5 – ð6 = À56q56
2 + �g(h6 – h5);

ð3 = À3(q13 – q34)
2 + �g(hã1 – h3);

ð4 = À4(q34 + q24)
2 + �g(hã2 – h4);

ð5 = À5(q15 – q56)
2 + �g(hã3 – h5);

ð6 = À6(q56 + q26)
2 + �g(hã4 – h6)

ðí1 – Àí1(q13 + q15)
2 – À3(q13 – q34)

2 – À13q13
2 = �g(hã1 – hí1);

ðí1 – Àí1(q13 + q15)
2 – À5(q15 – q56)

2 – À15q15
2 = �g(hã3 – hí1);

ðí2 – Àí2(q24 + q26)
2 – À4(q34 + q24)

2 – À24q24
2 = �g(hã2 – hí2);

ðí2 – Àí2(q24 + q26)
2 – À6(q56 + q26)

2 – À26q26
2 = �g(hã4 – hí2);

À3(q13 – q34)
2 – À4(q34 + q24)

2 – À34q34
2 = �g(hã2 – hã1);

À5(q15 – q56)
2 – À6(q56 + q26)

2 – À56q56
2 = �g(hã4 – hã3);

Q1 = q13 – q34;
Q2 = q24 + q34;
Q3 = q15 – q56;
Q4 = q56 + q26;
Qê = Q1 + Q2 + Q3 + Q4

Òàáëèöà 4. Âûðàæåíèÿ äëÿ ìîäåëèðîâàíèÿ âîäîîòäà÷è êîëüöåâîé ñåòè ÍÏÏÂ ïðè ÷åòûðåõ çàäåéñòâîâàííûõ ÏÃ (N = 4)
ïî ñõåìå “2 + 2” ñ ó÷åòîì ïîâðåæäåíèé òðóáîïðîâîäîâ
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Ñõåìà Óðàâíåíèÿ ãèäðàâëè÷åñêîãî áàëàíñà Âûðàæåíèÿ äëÿ ìîäåëèðîâàíèÿ

Ðèñ. 3,á ð1 = ðí1 – Àí1q15
2 – �g(h1 – hí1);

ð2 = ðí2 – Àí2(q24 + q26)
2 – �g(h2 – hí2);

ð1 – ð5 = À15q15
2 + �g(h5 – h1);

ð2 – ð4 = À24q24
2 + �g(h4 – h2);

ð4 – ð3 = À43q43
2 + �g(h3 – h4);

ð2 – ð6 = À26q26
2 + �g(h6 – h2);

ð5 – ð6 = À56q56
2 + �g(h6 – h5);

ð3 = À3q34
2 + �g(hã1 – h3);

ð4 = À4(q34 + q24)
2 + �g(hã2 – h4);

ð5 = À5(q15 – q56)
2 + �g(hã3 – h5);

ð6 = À6(q56 + q26)
2 + �g(hã4 – h6)

ðí1 – (Àí1 + À15)q15
2 – À5(q15 – q56)

2 = �g(hã3 – hí1);

ðí2 – Àí2(q24 + q26)
2 – À4(q24 – q43)

2 – À24q24
2 = �g(hã2 – hí2);

ðí2 – Àí2(q24 + q26)
2 – À6(q56 + q26)

2 – À26q26
2 = �g(hã4 – hí2);

À4(q24 – q43)
2 – (À3 + À43)q43

2 = �g(hã1 – hã2);

À5(q15 – q56)
2 – À6(q56 + q26)

2 – À56q56
2 = �g(hã4 – hã3);

Q1 = q43;
Q2 = q24 – q43;
Q3 = q15 – q56;
Q4 = q56 + q26;
Qê = Q1 + Q2 + Q3 + Q4

Ðèñ. 3,â ð1 = ðí1 – Àí1(q13 + q15)
2 – �g(h1 – hí1);

ð2 = ðí2 – Àí2(q24 + q26)
2 – �g(h2 – hí2);

ð1 – ð3 = À13q13
2 + �g(h3 – h1);

ð1 – ð5 = À15q15
2 + �g(h5 – h1);

ð2 – ð4 = À24q24
2 + �g(h4 – h2);

ð2 – ð6 = À26q26
2 + �g(h6 – h2);

ð5 – ð6 = À56q56
2 + �g(h6 – h5);

ð3 = À3q13
2 + �g(hã1 – h3);

ð4 = À4q24
2 + �g(hã2 – h4);

ð5 = À5(q15 – q56)
2 + �g(hã3 – h5);

ð6 = À6(q56 + q26)
2 + �g(hã4 – h6)

ðí1 – Àí1(q13 + q15)
2 – (À3 + À13)q13

2 = �g(hã1 – hí1);

ðí1 – Àí1(q13 + q15)
2 – À5(q15 – q56)

2 – À15q15
2 = �g(hã3 – hí1);

ðí2 – Àí2(q24 + q26)
2 – (À4 + À24)q24

2 = �g(hã2 – hí2);

ðí2 – Àí2(q24 + q26)
2 – À6(q56 + q26)

2 – À26q26
2 = �g(hã4 – hí2);

À5(q15 – q56)
2 – À6(q56 + q26)

2 – À56q56
2 = �g(hã4 – hã3);

Q1 = q13;
Q2 = q24;
Q3 = q15 – q56;
Q4 = q56 + q26;
Qê = Q1 + Q2 + Q3 + Q4

Ðèñ. 3,ã ð1 = ðí1 – Àí1q15
2 – �g(h1 – hí1);

ð2 = ðí2 – Àí2(q24 + q26)
2 – �g(h2 – hí2);

ð1 – ð5 = À15q15
2 + �g(h5 – h1);

ð2 – ð4 = À24q24
2 + �g(h4 – h2);

ð2 – ð6 = À26q26
2 + �g(h6 – h2);

ð5 – ð6 = À56q56
2 + �g(h6 – h5);

ð4 = À4q24
2 + �g(hã2 – h4);

ð5 = À5(q15 – q56)
2 + �g(hã3 – h5);

ð6 = À6(q56 + q26)
2 + �g(hã4 – h6)

ðí1 – (Àí1 + À15)q15
2 – À5(q15 – q56)

2 = �g(hã3 – hí1);

ðí2 – Àí2(q24 + q26)
2 – (À4 + À24)q24

2 = �g(hã2 – hí2);

ðí2 – Àí2(q24 + q26)
2 – À6(q56 + q26)

2 – À26q26
2 = �g(hã4 – hí2);

À5(q15 – q56)
2 – À6(q56 + q26)

2 – À56q56
2 = �g(hã4 – hã3);

Q1 = 0;
Q2 = q24;
Q3 = q15 – q56;
Q4 = q56 + q26;
Qê = Q2 + Q3 + Q4

Ðèñ. 3,ä ð2 = ðí2 – Àí2(q24 + q26)
2 – �g(h2 – hí2);

ð2 – ð4 = À24q24
2 + �g(h4 – h2);

ð2 – ð6 = À26q26
2 + �g(h6 – h2);

ð4 – ð3 = À43q43
2 + �g(h3 – h4);

ð6 – ð5 = À65q65
2 + �g(h5 – h6);

ð3 = À3q43
2 + �g(hã1 – h3);

ð4 = À4(q24 – q43)
2 + �g(hã2 – h4);

ð5 = À5q65
2 + �g(hã3 – h5);

ð6 = À6(q26 – q65)
2 + �g(hã4 – h6)

ðí2 – Àí2(q24 + q26)
2 – À4(q24 – q43)

2 – À24q24
2 = �g(hã2 – hí2);

ðí2 – Àí2(q24 + q26)
2 – À6(q26 – q65)

2 – À26q26
2 = �g(hã4 – hí2);

À4(q24 – q43)
2 – (À3 + À43)q43

2 = �g(hã1 – hã2);

À6(q26 – q65)
2 – (À5 + À65)q65

2 = �g(hã3 – hã4);

Q1 = q43;
Q2 = q24 – q43;
Q3 = q65;
Q4 = –q65 + q26;
Qê = Q1 + Q2 + Q3 + Q4

Ðèñ. 3,å ð1 = ðí1 – Àí1q15
2 – �g(h1 – hí1);

ð2 = ðí2 – Àí2(q24 + q26)
2 – �g(h2 – hí2);

ð1 – ð5 = À15q15
2 + �g(h5 – h1);

ð2 – ð4 = À24q24
2 + �g(h4 – h2);

ð2 – ð6 = À26q26
2 + �g(h6 – h2);

ð4 – ð3 = À43q43
2 + �g(h3 – h4);

ð3 = À3q34
2 + �g(hã1 – h3);

ð4 = À4(q43 + q24)
2 + �g(hã2 – h4);

ðí1 – (Àí1 + À5 + À15)q15
2 = �g(hã3 – hí1);

ðí2 – Àí2(q24 + q26)
2 – À4(q24 – q43)

2 – À24q24
2 = �g(hã2 – hí2);

ðí2 – Àí2(q24 + q26)
2 – (À6 + À26)q26

2 = �g(hã4 – hí2);

À4(q24 – q43)
2 – (À3 + À43)q43

2 = �g(hã1 – hã2);

Q1 = q43;
Q2 = q24 – q43;
Q3 = q15;
Q4 = q26;
Qê = Q1 + Q2 + Q3 + Q4

Ïðîäîëæåíèå òàáë. 4
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Êîëè÷åñòâî
çàäåéñòâîâàííûõ

ÏÃ

Âîäîîòäà÷à ñåòè Qê, ë�ñ, ïðè äèàìåòðå òðóáû d = 150 ìì è çàäàííîì íàïîðå H, ì âîä. ñò. Ñõåìà çàäåé-
ñòâîâàííûõ

ÏÃ10 20 30 40 50 60 70 80

N = 1 28 39 48 55 62 68 73 78 –

N = 2

11 16 20 23 25 28 30 58

Ðèñ. 1,à25 36 44 51 57 62 67 56

36 42 64 74 82 90 97 114

1 1 1 1 1 2 2 2

Ðèñ. 1,á23 32 39 45 50 55 59 63

24 33 40 46 51 57 61 65

11 16 20 23 25 28 30 32

Ðèñ. 1,â21 29 36 42 46 51 55 59

32 45 56 65 71 79 85 91

5 7 9 11 12 13 14 15

Ðèñ. 1,ã21 29 36 42 46 51 55 59

26 36 45 53 58 64 69 74

N = 3

13 18 23 26 29 32 34 37

Ðèñ. 2,à
13 19 23 26 30 32 35 37

17 24 29 33 37 41 44 47

43 61 75 85 96 105 113 121

9 12 15 17 19 21 23 24

Ðèñ. 2,á
16 22 27 31 35 38 41 44

17 24 29 33 37 41 44 47

42 58 71 81 91 100 108 115

11 16 20 23 26 28 30 32

Ðèñ. 2,â
14 20 25 29 32 35 38 41

17 24 30 34 38 42 45 48

42 60 75 86 96 105 113 121

5 7 8 9 11 12 13 14

Ðèñ. 2,ã
7 11 13 15 17 19 20 22

25 36 44 50 56 62 67 71

37 54 65 74 84 93 100 107

Òàáëèöà 5. Ðåçóëüòàòû ìîäåëèðîâàíèÿ âîäîîòäà÷è êîëüöåâîé ñåòè ÍÏÏÂ ñ ó÷åòîì åå ïîâðåæäåíèé

Ñõåìà Óðàâíåíèÿ ãèäðàâëè÷åñêîãî áàëàíñà Âûðàæåíèÿ äëÿ ìîäåëèðîâàíèÿ

Ðèñ. 3,å ð5 = À5q15
2 + �g(hã3 – h5);

ð6 = À6q26
2 + �g(hã4 – h6)

Ðèñ. 3,æ ð1 = ðí1 – Àí1q15
2 – �g(h1 – hí1);

ð2 = ðí2 – Àí2q24
2 – �g(h2 – hí2);

ð1 – ð5 = À15q15
2 + �g(h5 – h1);

ð2 – ð4 = À24q24
2 + �g(h4 – h2);

ð4 – ð3 = À43q43
2 + �g(h3 – h4);

ð5 – ð6 = À56q56
2 + �g(h6 – h5);

ð3 = À3q43
2 + �g(hã1 – h3);

ð4 = À4(q24 – q43)
2 + �g(hã2 – h4);

ð5 = À5(q15 – q56)
2 + �g(hã3 – h5);

ð6 = À6q56
2 + �g(hã4 – h6)

ðí1 – (Àí1 + À15)q15
2 – À5(q15 – q56)

2 = �g(hã3 – hí1);

ðí2 – (Àí2 + À24)q24
2 – À4(q24 – q43)

2 = �g(hã2 – hí2);

À4(q24 – q43)
2 – (À3 + À43)q43

2 = �g(hã1 – hã2);

À5(q15 – q56)
2 – (À6 + À56)q56

2 = �g(hã4 – hã3);

Q1 = q43;
Q2 = q24 – q43;
Q3 = q15 – q56;
Q4 = q56;
Qê = Q1 + Q2 + Q3 + Q4

Îêîí÷àíèå òàáë. 4
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Êîëè÷åñòâî
çàäåéñòâîâàííûõ

ÏÃ

Âîäîîòäà÷à ñåòè Qê, ë�ñ, ïðè äèàìåòðå òðóáû d = 150 ìì è çàäàííîì íàïîðå H, ì âîä. ñò. Ñõåìà çàäåé-
ñòâîâàííûõ

ÏÃ10 20 30 40 50 60 70 80

N = 3

0 0 0 0 0 0 0 0

Ðèñ. 2,ä
17 24 30 35 39 42 46 49

18 25 31 36 40 44 47 50

35 49 61 71 79 86 93 99

4 6 8 9 10 11 12 13

Ðèñ. 2,å
7 10 12 14 16 17 18 20

8 12 14 17 19 20 22 24

19 28 34 40 45 48 52 57

8 12 15 17 19 21 22 24

Ðèñ. 2,æ
11 16 19 22 25 27 29 31

21 29 36 42 46 51 55 59

40 57 70 81 90 99 106 114

0 0 0 0 0 0 0 0

Ðèñ. 2,ç
12 17 21 24 27 30 32 34

25 36 44 51 56 62 67 71

37 53 65 75 83 92 99 105

9 12 15 17 20 21 23 25

Ðèñ. 2,è
11 16 20 23 25 28 30 32

14 19 24 27 30 33 36 38

34 47 59 67 75 82 89 95

N = 4

10 15 18 21 24 26 28 29

Ðèñ. 3,à

10 15 19 22 24 26 28 30

12 16 20 23 26 28 30 32

12 16 20 23 26 28 30 32

44 62 77 89 100 108 116 123

3 5 6 7 8 9 9 10

Ðèñ. 3,á

5 7 9 11 12 13 14 15

15 22 27 31 35 38 41 44

16 23 28 32 36 40 43 46

39 57 70 81 91 100 107 115

8 12 15 17 19 21 22 24

Ðèñ. 3,â

11 16 20 23 26 28 31 33

11 16 20 23 26 28 31 33

12 17 21 24 27 29 32 34

42 61 76 87 98 106 116 124

0 0 0 0 0 0 0 0

Ðèñ. 3,ã

8 12 15 17 19 21 23 25

15 22 27 31 35 39 41 44

16 23 28 32 36 40 43 46

39 57 70 80 90 100 107 115

3 5 6 7 7 8 9 10

Ðèñ. 3,ä

5 7 8 10 11 12 13 14

5 7 9 10 12 13 14 15

6 9 11 13 14 16 17 18

19 28 34 40 44 49 53 57

Ïðîäîëæåíèå òàáë. 5
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÷åòûðåõ ÏÃ (N = 4) è ïîâðåæäåíèè îäíîãî òðóáî-

ïðîâîäà (ñì. ðèñ. 3,á è 3,â) âñå ýòè ÏÃ îáåñïå÷èâà-

þò âîäîîòäà÷ó, ââèäó ÷åãî Kæ = 1. À ïðè äâóõ ïî-

âðåæäåíèÿõ èç ÷åòûðåõ âîçìîæíûõ ñèòóàöèé (ñì.

ðèñ. 3,ã–æ) îäèí ÏÃ îêàçûâàåòñÿ íåðàáîòîñïîñîá-

íûì (ñì. ðèñ. 3,ã), òîãäà Kæ = (3 � 4 + 1 � 3)�(4 � 4) �
� 0,938. Ïîäîáíûì îáðàçîì ìîæíî îöåíèòü æèâó-

÷åñòü ñåòè ÍÏÏÂ ïðè ðàçëè÷íûõ âàðèàíòàõ ïî-

âðåæäåíèé è êîëè÷åñòâàõ çàäåéñòâîâàííûõ ÏÃ.

Òàêèì îáðàçîì, ïîêàçàíà âîçìîæíîñòü ïîñòðîå-

íèÿ ìàòåìàòè÷åñêèõ ìîäåëåé êîëüöåâîé ñåòè ÍÏÏÂ

ïðè ðàçëè÷íûõ âàðèàíòàõ ïîâðåæäåíèé òðóáîïðî-

âîäîâ; ïðîâåäåíû ðàñ÷åòû âîäîîòäà÷è, ïîäòâåðæäà-

þùèå åå æèâó÷åñòü. Â êà÷åñòâå ïðàêòè÷åñêîãî ïðè-

ìåíåíèÿ äàííûé ìàòåðèàë öåëåñîîáðàçíî èñïîëü-

çîâàòü ïðè ðàçðàáîòêå ïàñïîðòîâ äëÿ ñåòåé ÍÏÏÂ

ñ ó÷åòîì ïåðåïàäîâ âûñîò ìåñòíîñòè, êîëè÷åñòâà

çàäåéñòâîâàííûõ ÏÃ, îæèäàåìîé ñõåìû èõ ðàñïî-

ëîæåíèÿ è õàðàêòåðèñòèê íàñîñíûõ ñòàíöèé. Ïðè

ñîñòàâëåíèè òàêèõ ïàñïîðòîâ ñòðîèòñÿ ðàñ÷åòíàÿ

òàáëèöà ðåàëüíîé âîäîîòäà÷è ñ ó÷åòîì îæèäàåìûõ

ôàêòîðîâ âíóòðåííåãî è âíåøíåãî îòðèöàòåëüíîãî

âîçäåéñòâèÿ (â òîì ÷èñëå ïîâðåæäåíèé ó÷àñòêîâ òðó-

áîïðîâîäîâ) íà ñåòü. Ïàñïîðòà ñåòåé ÍÏÏÂ öåëåñî-

îáðàçíî èñïîëüçîâàòü ïðè ðàçðàáîòêå äîêóìåíòîâ

îïåðàòèâíîãî ïëàíèðîâàíèÿ [2] âìåñòî òàáë. 1, ïðè-

âîäèìîé â ñïðàâî÷íîé ëèòåðàòóðå [5]. Êðîìå òîãî,

èçëîæåííóþ ìåòîäèêó ðàñ÷åòà âîäîîòäà÷è ñåòåé

ÍÏÏÂ èìååò ñìûñë âêëþ÷èòü â ñïåöèàëüíîå ïðè-

ëîæåíèå ê ÑÏ 8.13130.2009 [14, 15].
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Êîëè÷åñòâî
çàäåéñòâîâàííûõ

ÏÃ

Âîäîîòäà÷à ñåòè Qê, ë�ñ, ïðè äèàìåòðå òðóáû d = 150 ìì è çàäàííîì íàïîðå H, ì âîä. ñò. Ñõåìà çàäåé-
ñòâîâàííûõ

ÏÃ10 20 30 40 50 60 70 80

N = 4

3 5 6 7 8 8 9 10

Ðèñ. 3,å

5 7 9 11 12 13 14 15

11 16 19 22 24 27 29 31

21 29 36 41 46 51 55 58

40 57 70 81 90 99 107 114

Ïî ñïðàâî÷-
íèêó ÐÒÏ [5] 55 70 80 95 105 110 130 140

Îêîí÷àíèå òàáë. 5
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ABSTRACT

In this article the authors analyze the yield of firefighting external water supply (FEWS) subject to

possible damage of pipelines at different sites. Standard methods of assessing water loss dead-end and

ring networks FEWS does not take into account the numerous factors which affect the flow of water

and also the scenario of possible collision damage different sections of a piping network FEWS isn’t

considered.

For the calculation the authors used a numerical method of mathematical modeling of water loss

ring network FEWS. On the basis of Darcy’s law — Weisbach and mathematical description of

the pressure-flow characteristics used in the pumping station pumps there are composed a system of

equations for pressure balances of the ring network FEWS with a set number of fire hydrants (FH) and

damage to different pipeline sections. To solve systems of equations there are used methods of

discrete mathematics and the mathematical program package Mathcad 14. The obtained results are

compared with the reference data and the calculation results obtained in a similar way in the simula-

tion of ring network FEWS without considering the damage.

For the first time the authors introduce the notion of survivability of the ring network FEWS.

To evaluate the effectiveness of yield ring network FEWS in terms of the damage some sections it is

proposed to use the coefficient of survivability, which is calculated as the ratio of the number of

involved fire hydrants that provide water loss when the network FEWS damaged, the total number of

fire hydrants involved network FEWS. With respect to the models of analyzed ring networks FEWS

disclosed the structure of the location of water sources (depending on the number of fire hydrants and

distances between them), it’s provided a mathematical description of each of the considered models.

The performance of the proposed models and method of quantitative assessment of the network yield

FEWS is demonstrated.

Recommendations are given for further development and practical use of the developed method

for the needs of specialists in the field of fire safety. In particular, it is proposed to use the methodology
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to design networks of passports FEWS subject to the height differences of the terrain, the amount of

FH involved, approximate their locations and characteristics of pumping stations. In the preparation

of these passports of networks FEWS it’s proposed in a separate Annex to put the calculated yield

table real network FEWS based on the expected factors of internal and external negative effects

(including damage to sections of pipelines) on the network. In addition, it’s proposed to reflect the

methodology of calculation of loss networks FEWS in the special supplement to the a set of rules

8.13130.2009.

Keywords: water supply; network external firefighting water supply; fire hydrant; damage of the net-

work; survivability; survivability factor; analysis; passport of network.
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