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Mpeancnosue

Macwmrtabel 4 TeMIB pa3BUTUA Tra3oBOH
MPOMBLILJIEHHOCTH H Ta30CHA0XK AKX CHCTEM OIl-
peseasier no6bua rasa, mo Kotopok CoBerckui
Coi03 3aHuMaeT MepBoe MeCTO B MHpe. 3HauH-
TeJbHhI# pocT LO0OLIYH ra3a CyLeCTBEHHO H3MEHH
rTonauBHBIE 6ananc crpansl. Ecan B 1950 r. ynenb-
HBIll BeC ra3oBOro TOMJIHBA 3aHHMaJ B o6LIeM Tom-
nusHoM 6anance CCCP auun 2,3%, 10 B 1983 r
oH Obla paBeH 27%, a B 1990 r. mo pacueram
nonsi rasa cocraBHT 33% Bcex BHAOB morpeb-
JISIEMBIX TOIJIHB.

B OcHoBHBIX HanpaBJjieHHSAX 3KOHOMHYECKOTO
H counanbuoro pasgutis CCCP na 1986—1990 ro-
Abl H Ha mepuoa go 2000 ropa mpeaycMOTpeHO
noBecTH 06beM ao6biuu rasa B 1990 r. mo 835...
850 Mapa. M, YCKOPHTH pasBuTHe oTpaciu. Ilna-
HHpyeTcsl JajbHeHllee pacluHpeHHe rasHdHKaluH
ropogoB. B nacrosimee spems B CCCP rasudu-
nHposano Gonee 70% ropogos. K 2000 romy
npeanoaaraeTcss 3aBepliHTh Ta3sH@HKALHIO BCex
rOpPOAOB CTPaHBL.

CosepieHcTBOBaHHE, HHTEHCH(HKALHA H aB-
TOMAaTH3alliA TEXHOJOTHYECKHX IIPOIeCCOB IpH-
BOASAAT K HEOGXOAHMOCTH TOBBICHTb KayecTBO pac-
XO/yeMbiX TelJioHOcHTeJel. B HaubGoablued Mepe
[0 CPaBHEHHIO C APYFHMH BHAAMH TOILIHBA 3THM
TpeGOBAHHSAM YOOBJETBOpSET IpPHPOJHBLIA ras.

PauyoHannHoe HCIOAL30BaHHe rasoobpa3Ho-
ro TOM1HBa ¢ Hau6Gosblied peanusanyed ero Tex-
HOJIOTHYECKHX AOCTOHHCTB I103BOJSAET MOJYUHTh
3HAYMUTENbHbIH KOHOMHUeCKHH 3(@deKr, KoTophii
cesizan ¢ noBbiiwendem KIT arperaros u cokpa-
meHHeM pacxoaa TOMaKBa, 6osee JerKHM peryJiu-
poBaHHEM TeMIlepaTypHBIX IIOJeH H cocTaBa raso-
BOM cpesbl B paoueM NpocTpaHCTBe Nevell H ycTa-
HOBOK, B pe3yjbTaTe Yero yaaeTcsi 3Ha4YHTEJNbHO
HOBBLICHTh HHTEHCHBHOCTb NPOH3BOACTBA H KauecT-
BO mNoayyaemo#f mnpoaykuuu. [IpHMeHeHue rasa
JUIS1 TIPOMBILIJIEHHBIX YCTAHOBOK YAyUlIaeT yCJAOBHS
TPyAa H cnOCOGCTBYET POCTY €ro NpOH3BOJAHTEb-
HoctH. Mcnmonb3oBaHue npHpogHOro rasa B mpo-
MbILIJIEHHOCTH NO03BOJSIET OCYLUECTBHTh MPHHIH-
NHa/JbHO HOBBIE, NPOrPecCHBHbIC H 3KOHOMHUECKH
appexTHBHBIE TEeXHOJOTHueckue mnpouecchl. Kpo-
Me TOro, NMpHMeHeHHe Trasa B KauecTBe TOILIHMBA
103BOJIIET 3HAYHTENLHO YJAYULIHTb YCJOBHA ObiTa
Hace/leHHsl, MOBBICHTb CAHHTAPHO-THIHEHHYeCKHI
YpOBEHb NPOU3BOACTBA U O3J0POBHTb BO3LYLUIHKIH
Gaccefin B ropoaax H M[POMBILLIEHHBIX LEHTPax

PacnpeneauTtenbHbie chcTeMbl rasocHabxe-
HHSl CTAHOBSATCA €JHMHBIMH fJs1 objacted H pec-
ny6JauK, M 1Sl HX NpPOEKTHPOBAHHS, CTPOHTENb-
CTBA M 3IKCIJIyaTalH¥d HeoGXOAHMbI riyGokHe 3Ha-
HHS cnepxadHcra. PocT nmorpeGaenusi rasa B ro-
poaax, mocesKax H CeJIbCKOH MECTHOCTH, & TaKXKe
MacliTabHOCTb paclnpeeNHTebHEIX CHCTEM CTaBsAT
Hepej HHXKEHEPOM JIO Tra30CHabGKEHHIO HOBbE H
C/I0XKHBle 3ajauyH, CBA3aHHBlE C pas3sBUTHEM

H DEKOHCTPYKLHEH CHCTeM, MOBbIIUEHHEM HX Ha-
[IeXKHOCTH, HeO6XOJHMOCTbIO 3KOHOMHUYECKOro HC-
NOJb30BaHHSI ra3a M 3alLHTHl BO3AYLUHOro Gac-
cefiHa or 3arpsisHeHHH. PelueHuHe 3THX 3apady Bo3-
MOXKHO JIH1Ib C TPHMEHEHHEM BhIUHCIHTENbHOH TeX-
HHKH.

PacnpepennrenbHble  cHCTEMB  SIBASIIOTCH
CJIOXKHbIMH MHOFOKOJbUEBLIMH CHCTEMAaMH, 3KO-
HOMHYHOE NTPOEKTHPOBAHHE KOTOPBIX NOMKHO 6a3H-
poBaTbes Ha COBPEMEHHBIX MET0AaX ONTHMH3AlHH
C YueTOM BepOSAITHOCTHOTO Xapakrepa (QyHKIMOHH-
poBaHHSI H obecneyeHHsi TpebGyeMOH HaleXKHOCTH
nogaud rasa norpeburensiM. [losromy Meropnku
pacyera CHCTeMBI, H3JOXEeHHble B YyueGHHKe, IO-
CTpoeHbl Ha 6a3e COBPeMEHHBIX IIpeACTaBJIeHHH O
cayualHbIX npoueccax norpeGiaeHHs rasa H QYHK-
[ITHOHHPOBAHHS 3JIEMEHTOB CHCTEMbl H HCIO/1b30Ba-
HHSi MaTeMaTHYeCKHX MeTOA0B ONTHMH3auuu Hs3-
JIOXKEHHBIE METOAHKH HJIIOCTPHPYIOTCS KOHKpeT-
HBbIMH TpHMepaMH pacueTa.

B ocHOBY MpOEeKTHPOBaHHA H pacyera CHCTEM
CHA6XKeHHs CXhYXKEHHBIMH YI'1IeBOAOPOAHLIMH ra3a-
MH T0J10KeHbl TePMOJHHAMHUYECKHE CBOHCTBA ABYX-
¢$a3HbiX, MHOTOKOMIIOHEHTHBIX CHCTEM C YYeTOM
KJIHMaTHYECKHX YCJIOBHHA pacnoJsioxKeHHs ra3ocHab-
XKaeMblX OGBEKTOB.

Boi6op rasoropenouHblx ycTpolcTB H ra30060-
pyAoBaHHsl arperatoB 6a3HpyeTcs HA COBPeMeHHBIX
NpeACTaBAeHHAX TEOPHH H MPAKTHKH CHKHTAHHA
rasa, MeToaax pacueTa H IPOEKTHDOBAHHS raso-
BBIX [OPEJNOK, TEeXHOJOTHYECKHX OcoGeHHocTeH
arperaros.

B yueGHuKe NpHBegeHbl MeTOAbi THAPaBAHUEC-
KOTO H TeXHHKO-3KOHOMHUYECKOro pacuyeTa raso-
BbIX ceTeH, [aH aHaJH3 FHAPABIHUYECKHX PEXHMOB,
H3JI0’KeH MeTOJ ONpe/esleHHsl PacyeTHhIX PAaCX0A0B
rasa, oTJenbHasl IJ1aBa [10CBsfillleHa MeTOAy pacue-
Ta HajJleXXHOCTH Ta30CHabKaIoWHX CHCTeM, H3J0-
JKEH MeTOj pacuera 3XKEKUHOHHBIX Ta30BbIX To-
peJIoK.

Yerseproe H3gaHHe yueGHHKA [OMOJHEHO H
nepepa6otaHo. B HeM yureHB HOBble HOpPMATHB
Hble nokymedThl (FOCTw u CHull), a rakke orpa-
JKeHbl HayuHble HCCeOBAHHA H KOHCTPYKTOPCKHE
pa3pa6oTKh. Metonbl pacdera, IpHMephl, TabJHLLbI
H rpadHKH NpHBEAEHH B MEXKAYHAPOAHOH cHCTEMe
eaunn CH. Bee MeTonHKH pacuera npeacraBaeHsl
B BHA€E aJTOPHTMOB, KOTOPbIE NOJIXKHbI CYXKHTh OC-
HOBOH [JISl COCTaBJIEHHS] NPOTPaMM pacueTa Ha
3BM. 3ro 6Oyjser cnoco6cTBOBATL pacllHpPEHHIG
IPHMEHEHHs] BBIUHCIAHTEILHOR TEXHHKH B MPOEKTH-
pPOBAHHH CHCTEM ras’oCHAGXKeHHS.

ABTOp BblpaX<aeT NPH3HATENbHOCTh 3aBEAYIO-
memy Kadeapod J[HenponeTpoBCKOTO HHXKEHEpHO-
CTPOHTEJLHOTO HHCTHTYTa Ipodeccopy, AOKT. TEXH
Hayk M. §l. Po3kuHy 3a ueHHble TNpeNIoXKeHHs
H 3aMe4yanusi, c/eJaHHble TDH peLeH3HPOBaAHHU
PYKOTIHCH.



Paspen |.
Foproume rasbl.
Jobuiva M TpaHcnopTMpoOBaHMe
NpMpoOAHOro rasa

Mlnasa 1.
lFopioune rassl,
Mcnonb3yembie Ans rasocHabkeuus ropopos
M NPOMBILNEHHDbIX NPeanpPMATHH

1.1. OcHOBHbIE CBOWCTBA
M COCTaB
rasoob6pa3Horo ronnuea

'azoo6pa3noe TONJIWBO npeacTaBis-
eT cobol cMechb roplOYMX H HEropluHX
ra3oB, COAePXKAaULYI0 HEKOTOPOe KOJM-
uyecTBO Npumeceii. K ropiounm rasam ot-
HOCATCH YTJIEBOAOPOABLI, BOAOPOL U OK-
cun yraepoaa. Heropiouue KoMmnoHeH-
Tol — 310 a3oT, okcuy (II) yruepona w
Kucaopoa. OHu cocrasasior GaJjacT ra-
3006pasHoro TonauBa. K nmpumecsiMm or-
HOCAT BOASIHBIE Mapbl, CEPOBOAOPOSA,
nblL1b. McKkyccTBeHHbIe Ta3bl MOTYT coje-
pPXKaTbh aMMHaK, LHAHUCTBIE COeAHHEHH ],
cmoay u np. 'azoofpasHoe TOMJIHBO OUH-
11aloT OT BpeaHbX npumeceil. Copeprxa-
HHe BpeHbIX MpUMeced B rpamMmax Ha
100 M° rasa, npeaHasHaueHHOro AJd ra-
30cHabxenus roponos, no 'OCT 5542—
78, He [QOJXKHO IpeBbIUATh: CEPOBOJO-
poaa —2, MepKanTasHoBoH cephl —3,6,
mexaHuyeckux npumeceit —0,1. Otkio-
HEHHE TeIVIOThl CrOPAHUsI OT HOMHHAJb-
HOTO 3HAUEHHSI He N0JKHO ObiTh GoJee
+ 5%.

Jas  rasocHabXeHHs MPUMEHSIIOT,
Kak npaBuJo, cyxHe raspl. Coaepkanue
BJATH He AOJIXKHO NPEeBhIINATh KOJIHYECT-
Ba, Haceluawero ras npu t=-—20°C
(3umoit) u 35 °C (s1eTom). Buarocoaep-
JKaHHe HACBIIUEHHOTO ra3a B 3aBHCH-
MOCTH OT ero TeMneparypbl MpHUBEAEHO
B Taba. 1.1. Ecau ras tpancnoprupyior
Ha GoJsibliiie PACCTOSIHUS, TO €ro npejapa-
pHTeSbHO OcylalT. BoabuiHHCTBO HC-
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KyCCTBEHHBIX Fa30B HMeeT pe3kuii 3anax,
yTO obJjeruaer OGHAPYKHUTb YTEUKH rasa
13 tpybonposofoB u apmarypsl. [lpu-
poaHbll ra3 we umeer 3amaxa. [o no-
JAa4d B C€Tb €ro OAOPHUPYIOT, T. €. NpH-
JAl0T €MY pe3KUl HErnpUATHBbIA 3anax,
KOTOPHIH OlLY1aeTCS PH KOHLUEHTPALUU
B BO3ayxe, paBHo¥ 19].

3anax TOKCHUHBIX Ta30B [A0JXKEeH
OWYIATbCA NPH KOHLEHTPAUHH, AOMY-
cKaeMol caHuTapHbIMH HOpMamu. CxKH-
JKEHHBIH ras, HCNoJb3yeMblil KOMMYHaJIb-
HO-GbITOBBIMH NoTpebutensmu (no"OCT
20448—80*), He noJXKeH coj/epkKaTh ce-
posonopona Gosee 5 r Ha 100 m® rasa,
a 3anax AoJIXKeH OILYINATBCA NPH coaep-
)KaHuu B Bosnyxe 0,59%. Konuenrpauus
KHCJIOpOAA B ra3000pasHOM TOMJHUBe
He [oJKHa npeBbimiath 19%. Ilpu wuc-
NOJb30BaHHU /151 Ta30CHA0KeHHs CMecH
C)KHXKEHHOrO ra3a C BO3AYXOM KOHLeH-
TpamHs rasa B CMECH COCTaBJIsIeT He Me-
Hee YABOEHHOrO BepXHero npejeja BOC-
niaMmeHsiemoctd. PH3HUeckHe Xapakre-
PHCTHKM M TeMJIOTa CrOpaHHsl HEKOTOPhIX
rasos npHBejenbl B Taba. 1.2 u 1.3. Hc-
No/1b3ysl NaHHble 3THX TabJauu, MOXHO
paccuuTath TENJOTY CropaHHs, ILIOT-
HOCTb W [pYrHe XapakTepuUCTHKH Ta3o-
06pa3HOro TOMJIKBA.

Mpumep 1.1. Onpegenuth TEMJIOTY CrOPaHHS H
IUIOTHOCTb ra3006pa3HOro TOMJIHBA, HMEIOLEro
cieayiomuit cocras (% no obvemy):

CH4=96,6; CoHs=0,8; C3Hg=0,3; CsH;0=0,8;
COy=0,5; No=1.
Pewenue. Tennoty cropaHusi rasa onpene-



JISIIOT KaK CyMMYy nponaaeﬂeﬂnﬁ BEJUYHH TENJOThb! Hble L0JH, T. €.
CropanHsl TOpHUUMX KOMAOOHEHTOB Ha 06 bEMHbBIE
AOJIH.

p¢=0,01/96,6-0,7174+0,8-1,35740,3-2,0194
Q¢=0,01/96,6-35 840 40,863 730+

40.3:93870 4 08-123 770/ =36 300 kL 5. 0 O30 LITIA L1251/ =0.756 kr/w g

OTHocHTeIbHAsSE IVIOTHOCTL rasa
[TnoTHOCTb rasa onpenelsiioT Kak CyMMy mpo-
H3BEAEHHH MJIOTHOCTH KOMIOHEHTOB Ha HX 00bheM- $¢=10,756/1,293 =0,585.

Ta6anua J.1. BaarocogepKaHue HACHILLEHROro ra3a B 3aBHCMMOCTH OT TE€MNEPaTyphl

Temneparypa, °C
[Mokazarens

0 10 20 30 40 50 60 70 80 90
Buarocogep:xanue,r{ 5 10,1 19,4 35,9 64,6 114 | 202 | 370 | 739 1950
Ha 1 M cyxoro
rasa npu 0°C u
101,3 klla
Tabanua 1.2, dusnueckue XapakTepUCTHKH ras3os
Xumuueckasn Magekyaspras | MoaekyaspHbli Maothacts OtHocuTebHasg
¢opmyaa macca o6bem npu np# 0 °C fI1I0THOCTb
Tas 0°C 101,3 klla, 101 3 xIla, O BO3AYXY
M3/ kMO Kkr/m?
Asort N, 28,016 22,4 1,2505 0,9673
Anerunes CoHs 26,038 22,24 1,1707 0,9055
Bonopon H, 2,016 22,43 0,08999 0,0695
BoxsiHol map 3016 18,016 (23,45) (0,768) 0,5941
Bosayx (6es CO») — 28,96 22,4 1,2928 1
J1#OKCHA, Cepbl SO, 64,066 21,89 2,9263 2,2635
LnokeHa yraepona CO, 44,011 22,26 1,9768 1,5291
Kucaopon 0, 32 22,39 1,429 1,1053
OkcHA yriepoaa CcO 28,011 22 41 1,25 0,9669
CepoBoaopoa H.S 34,082 2214 1,56392 1,1906
Meran CH, 16,043 22,38 0,7168 0,5545
raH CqHg 30,07 22,18 1,3566 1,049
[Tponax CsHs 44,097 21,84 2,019 1,562
H-6yrau C:Hyo 58,124 21,5 2,703 2,091
HzobyraH C4Hio 58,124 21,78 2,668 2,064
[lenTan CsHiz 72,151 — 3,221 2,491

Ta6aunua 1.3. Tenjora Cropanus 4HCTbIX TOPIOYKX Ta3os

Tenaota cropdHus
las BhiCWA HH3was BhiCIIast T HU3UIAS l BblcwaN HH3UIAR
k% /Kvonb KK/ K k[lx/m* npu 0°C, u 101,3 x[1a

Auerusen 1308560 1264600 50240 48570 58910 56900
Bonopon 286060 242940 141900 120080 12770 10800
OkcHa yraepoaa 283170 283170 10090 10090 12640 12640
CepoBojopo 553780 519820 16540 15240 25460 23490
Merau 890990 803020 55560 50080 39860 35840
drtaun 1560960 1429020 51920 47520 70420 63730
[Tponau 2221500 2045600 50370 46390 101740 93370
H-Byran 2880400 2660540 49570 45760 133980 123770
HsobyTaH 2873580 2653720 49450 45680 131890 121840
[Tenran 3549610 3277750 49200 45430 1568480 146340




OCHOBHOH XapaKTepHCTHKOH rasa siBJAfAeTCA
CyXoii cOCTaB, HO TaK KakK HCIOAb3yeMbil Ta3 Gbi-
BAET BJIAXKHDBIM, MOXKET BO3HHKHYTb He06X0AHMOCTb
B mepecuere 3HaueHH# QF, p° W s° Ha paGoudh
cocTaB (C yueTOM BJAXKHOCTH rasa). JTO Jierko
BBIIOJIHHTD C MOMOLLBIO CAeAYIOIHX (HOpMYa Aaf
nepecyera:

CH=KCH{; NJ=KNJ u t.a.
H,0P=(d/0,804)K-100; pP=(p "+ d)K;
QP=QIK.
3aece K ompepeasiior no gopmyJe

K=0,804/ (0,804 +d).

B npuBeseHHbix Bbilie ¢opMyrax d — Bja-
rocojepkaHue rasa, BblpaxeHHoe B kr Ha | M®
cyxoro rasa npu 0 °C u 101,3 klla.

TMpumep 1.2. Onpegenuts paGounit cocras ra-
3a QF u P, cuuras, uro d=0,005 kr/m>. Cyxoii
cocTaB ero IpHBedeH B IpeablaynieM MpHMepe.

Pewenue. Paccuuraem ko3p¢uumeHr K mo
dopmyae

K=0,804/(0,804+0,005)=0,994.

Pabouu#i cocraB rasa OyieT CJAeAYIOUIMH:
CH4=95,993; C2H6=0,795; C3H3=0,298; C4H|o=
=0,795; CO0,=0,497; N»=0,994; H,0=0,628.

TlaoTHOCTh BJIAXKHOTO rasa
0=(0,756+40,005)0,994=0,757 kr/m>.

Tennora cropanusi paGouero cocraBa rasa
2=236390-0,994=36170 k/Ix/Mm°.

1.2. MpupopHsie rassi

Jlas  ra3ocHaGXeHUs TOPOLCB H
OPOMBIILJIEHHBIX  NPeANpUMATHH B Ha-
cTosilee BpeMs IWHPOKO TNPHMEHSIOT
npupoaHble raspl. X 106biBalOT U3 HeAp
3emJi. OHH NpeacTaB/siOT co6oli cmech
pasjMUHbIX Yr/eBOJOPOAOB METaHOBOTrO
psaga. [lpupoaHble ra3el He cojaepXkar
BOJOPOAA, OKCHIAA Yrepoda H KHCI0pO-
aa. Conep:kaHie a30Ta H JHOKCHIA yrJie-
pona O6bIYHO GbiBaeT HeBHICOKUM. [ ashl
HEKOTOPBIX MECTOPOXKAEHHH copepXkar
CEpPOBOAOPOL.

[Mpuponusie ra3pl MOXKHO NOApa3sie-
JUTb Ha TpH rpynnsi: 1) rassl, K0OH-
BAeMbl€ U3 YHCTO ra3oBbIX MECTOPOXKIe-
Huil. OHM B OCHOBHOM COCTOSIT H3 MeTaHa
A SBJSIIOTCS TOIMMH WHJH cyxumu. Ts-
KeJIblX YTJIeBOAOPOJOB (OT nponaHa u
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Bbillle) CyXHe rasbl COAepXKaT MeHee
50 r/m3; 2) rasei, BbigeJsieMble H3 CKBa-
JKHH He(TSIHBIX MECTOPOXIeHHH coBMe-
CTHO C He()TbK, YACTO HA3BIBAIOT NOMYT-
HbiMHu. [loMMMO MeTaHa OHH cojepxar
3HauyuTebHOE KOJHYecTBO fosiee TsKe-
JbIX YIJI€BOAOPOAOB (OOBIUHO CBbiIIe
150 r/mM®) W SIBASIOTCA XHPHLIMH ra3a-
mu. J)KHpHble rasbl NpeacTaBasiioT co6oH
CMeCh CYXOro rasa, nponaH-6yTaHoBoOM
¢bpakuuu ¥ razosoro 6eH3nuHa; 3) rassl,
po6biBaeMble N3 KOHACHCATHBIX MeCTO-
pOXjeHHH, COCTOAT M3 CMEeCH CYXOro
rasa M MNapoB KOHAEHCATa, KOTOpbIH
BbIIafaeT MNpPH CHHXXEHHH [AaBJEHHS
(nponecc o6paTHo#l KoHAeHcauuu). Ila-
pbl KOHJEHcaTa NpeACcTaBJasiioT CcoO0H
CMeCh MapoB TSIXKEJbIX YIJEeBOAOPOLOB,
coaepxawux Cs v Bollle (6eH3uHa, Ju-
TPOHHA, KEPOCHHA).

Cyxue rasnl Jjerue Bo3ayxa, a MKHp-
Hble Jerde HJIH TsKeJjee B 3aBHCHMOCTH
OT COAepkKaHHS TAXKENbIX YIJIeBOLOPO-
poB. Husimas tenjora cropaHus CyXux
rasos, ao6eisaeMbeix B CCCP, cocraBas-
et 31000...38000 k/1:x/m%. Tenaora cro-
paHusi MOMYTHBbIX rasoB Bbille U H3Me-
Hsetcsi or 38000 a0 63000 xJlx/m>.
B ta6n. 1.4 npuBeneHbl cpeiHue cocra-
Bbl M XapaKTepPHCTHKH [PUPOAHBIX ra-
30B Hekotopbix Mecropoxkaenuét CCCP.
Ha rasoGeH3nHOBBIX 3aBOAAX W3 MONYT-
HBIX Ta30B BbIAEJISIIOT ra3oBhLii OeH3HH,
nponad u 6yTaH, NOCJeAHHE HCNOJAB3YIOT
IJfi ra3ocHabKeHUs TOpPOAOB B BHUE
cKHXKeHHOro rasza. CrKHXKeHHble rasbl
NoJydaloT TaKXe M3 ra3oB KOHAeHcar-
HBIX MEeCTOPOXKIEHHUH.

1.3. MckyccTBeHHbIE ra3b

Ilpu Tepmuyeckoil nepepaboTke TBep-
AblX TOMJIHB B 3aBHCHUMOCTH OT crocoba
nepepabOTKH MOJY4YalOT rasbl CyxoH me-
peroHkd M reHepaTopHbie rasnl. Kak
Te, TaK W ApYrHe B Hacrosiiiee BpeMsl
BecbMa peiko NIPUMEHSIOT AJ51 ra3ocHab-
>KEHHs] TOPOZOB M [POMbBIILJIEHHOCTH.

Cyxasa nepecoHKa TBEpPIOTO TOMIHBA
npeacTaBJaseT coboi npoiecc ero TepMu-
YyeCcKOoro passoKeHus, nporekaouii 6e3
poctyna Bodayxa. Ilpu cyxoit neperolke
TONJKBO NMPOXOAHAT PAA CTagni (PHU3UKO-
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BepxueompHH-

TyiimazuHckoe
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KaoueBckoe
JmuTpurenckoe
3anajgHoe

cKoe

XHMHUECKHX npeoGpa3oBaHuil, B pe3yJib-
TaTe KOTOpPbIX OHO pasJaraercsl Ha ras,
CMOJY H KOKCOBbIl OCTaTok. Xapakrep
npeoOpas3oBavuil, npeTepnesaeMblx TOM-
JIHBOM, ompeje/sieTcss ero NpHpoaoH |
Temnepatypoil npouecca Cyxylo nepe-
TOHKY TOMJIHBA, POHCXOASLLYIO NIPH Bhl-
cokux Temneparypax (900...1100 °C),
Ha3bIBAIOT KOKCOBAHHEM, B pe3yJjbrare
KOTOPOTO MOJIy4aloT KOKC H KOKCOBbI#
ra3 ¢ BeJHYHHOH TEIJIOTbl CTrOpaHus
Q+==16000...18000 x1x/m* n p=0,45...
...0,5 kr/m3. TlpumepHblii cocTaB KOKCo-
Boro rasa, 9%: Hy—59; CH,—24:
C.H,—2; CO—-8; CO;—2,4;, 0.—0,6;
No—4.

Fasugurayun — npouecc TEPMOXHU-
MHUecKoH nepepaloTKH TOlAWBa. B pe-
3yJbTaTe peakuHMH YIrJIepoaa TOMJIHBA
C KHCJOPOIOM H BOASIHBIM napoM o06-
pPasyloTcs roplouHe rasbl: OKCHA YIJepo-
Aa ¥ Bogopoa. OLHOBPEMEHHO ¢ Npolec-
COM ra3uGUKauuu NpoTeKaeT yacTHYHAS
cyxasi neperonka tomausa. [Iponykramu
rasvpUKauHl TONJIWBA SIBASIIOTCH rOpio-
uynil ras, 3oJa M wvakd. Annaparsl,
B KOTOPBIX OCYLLECTBJIRIOT ra3upHKAUUIO
TOMJIMBA, Ha3blBAIOT ra30TeHEePATOPAMH.
Tlpu monaue B raszorenepaTop napoBos-
LYIIHOA CMeCH TONyualoT 2eHepaTopHbLil
23, HA3blBAEMbId CMEULAHHbIM, IPAMED-
HHIH coctaB KoToporo cjenyiouni, %:
Hs—14; CHy;—1; CO—28; COy—6;
0:—0,2; HyS—0,2; No—>50,6. Huzwas
TENJIOTa CrOPaHHs  CMELIaHHOro rasa
Q«=5,5 MJlx/M® nnotHocTh p=
=1,15 kr/m°.

Bodanod easz noaydaior nytem ne-
pHoaHYecKko#l NpPoAYBKH rasorexHeparopa
BO3/yXOM H napoM. [1pu nopaue Bosayxa
CJIOH TOMAUBA aKKyMyJHpyeT TeloTy,
BBIAGISIOWYIOCS TNPH  YacTHYHOM €ro
CropaHHH, a NpH NOCTYNJIEHUH BOASIHOTO
napa noc/eiHHH B3aHMOAEHCTBYET C yT-
JIepOJoM, HCNOJAb3yA aKKyMYJHPOBaH-
HYIO TemyaoTy M ofpasysi BOASIHOH ras.
lopilounmu  KoMnoHeHTaMH OyayT sB-
JATbCS BOAOPOA M OKCHA Yyriepopa.
¥Yrosb MOXKHO ra3H¢pHUHPOBATH NOJ 3€M-
Jeil. B sTom cayuae mojydaercs 2a3
nodszemnoill easzupurkayun. a3 nonzem-
HOM ra3uduKanuid uMeeT HEeBbICOKYIO
TENJIOTY CrOPaHHsi, ero MOXKHO HCIOJb-
30BaTh KaK MECTHO® 3JHepreTHueckoe
TOTJINBO.



Flnasa 2.
HDo6biua v obpaboTka npMpoaHoOro rasa

2.1. lNazoBbie MSCTOPOXKAEHMSA

3anexb HedTH HJAH rasa NpeicTaB-
JasgeT co60f CKONJIeHHE YrieBOAOPOAOB,
KOTOpbI€ 3aN0JHAIOT NOPbl NPOHHLLAEMbIX
nopoa. Ecau ckonjeHwe BeJHKO W ero
3KCIUTyaTaius 5KOHOMHUYECKH 11eJ1ec006-
pasHa, 3aJjeXb CUMTAIOT MNPOMbILIIEeH-
HOH. 3aJ/lexH, 3aHUMalouHe 3HaYHTe b-
Hble maowanH, o6pasyloT MecTopoxie-
HUS.

T'azoHocHble (NPOAYKTHBHBIE) MJac-
Tl COCTOAT H3 MNOPOA C MOPHUCTOH
CTPYKTYpoH (neCkd, NecuyaHWKH, MOPH-
CTble H3BECTHAKH HJAY A0JOMHTH). B 3a-
BUCHMOCTH OT CTPYKTYpPbl H coCTaBa ra-
30HOCHbIe MJIACTbl HMEIOT pPasJHUYHYIO0
Kpenoctb. OGbIUHO yeMm GoJblle Treoc-
NOTCHUECKHH BO3pAacT NJjacta, TeM OH
npouyHee. MoOILHOCTb (TOJUIMHA) Ta3o0-
HOCHBIX [171aCTOB H3MepseTCsl AeCATKaMH,
a WHOoraa M coTHaAMH MerpoB. ['asonoc-
Hble MJIaCTbl 3aJIeraloT MeXAy ra3oHe-
NPOHHLLAEMbIMH NIOPOAaMH (CJIAHLEBbIMH
TJIMHAMH, [JIOTHBIMH  WM3BECTHSAKAMH,
mepressimi). DoabwHHeCTBO  H3BecrT-
HbIX ra30BbIX MECTOPOK AEHHH NPEACTaB-

Puc. 2.1. ®opma rasoBoi
3aM€XH

WAKWHA KOJJNEKTOY;
4— Boja KpaeBasi; 5—
BOJ/la IOAOWIBCHHAESA H—
BBICOTA 3aleXH (3Tax
rasoHocHocTH); h —

a — noJHONJACTOBASN,
6 — HelOoJHOMIaCTOBAS,;
/— BHelWwHHH KOHTYD ra-

30HOCHOCTH;  2—— BHYT- MOULHOCTb BMELLAIOErO
peHHHI KOHTYp rasonoc- NPOAYKTHBHOI'O KOJIJIEK-
HOCTH; 3 — rasoBMe- TOopa

JSI0T COG0H aHTHKJAHHANY, T. €. CKIAAKH
3eMHOH KOpbl, oOpallyeHHble BbIyK-
JIOCTBIO KBEPXY, Hau Kynoaa. Ha puc. 2.1.
nokasaHa HauGoJee npocrasa ¢opma ra-
30BO# 3asexH. ['a3 3ak/loueH B Kymno-
J006pa3HoOM NoA3eMHOM naacre. B Bepx-
HMX TOPH30HTAX ra3 CKamjiuBaercs B BH-
e rasoBbIX wWwanokK. Buu3y Haxomutcsd
HedTb (B rasoHedTAHLIX MeCTOPOXKAe-
HUSAX) HWJM IIacTOBaf BOAA (B YHCTO
rasoBblXx MectopoxaeHuax). OcHoBHas
mMacca rasoBblX MECTOPOXKIEHHH HMeeT
KOHTaKT C [JacTOBOH BOJOH.

YacTto BerpeualoTcsl MecTOpOXKae-
HHSl, KOTOpble comepXkaT ABa HJM He-
CKOJIbKO T'a30HOCHBIX NMJACTOB, PacloJio-
JKeHHBIX OJHH HaJ APYTHM H OTAEJEeHHbIX
rasoHenpoHHLaeMbIMH ca0AMH. boub-
IIMHCTBO Ta30BblX MECTOPOXKIEHHH B
CCCP spasiiorci MHOTOMJIACTOBBIMH.
a3 B niacrax HaxoAWTCH MNOA AaBJje-
uveM. [Ipn BckpbiTHH 3ajexu GYpoBoH
CKBaXXHHOH OH (OHTaHMPYeT H3 Hee
¢ Goabwo# ckopocTbio. JJeGUT HeKoTo-
PBIX CKB@X@HH [OCTHTA€T HECKOJbKHX
MUJAJUOHOB Ky6OoMeTpoB rasa B
cyTki. [lepBoHauanbHOe AaBJjeHue B ra-
30HOCHOM [JacTe 3aBHCHT OT TJIYOHHBI
ero 3ajeranus. OGLIUHO uepe3 KaxKible
10 M ray6GuHbl aaBJjieHHe B MJacTe BO3-
pacraetr Ha 0,0981 MIla. Takas HopMma
NOBLILLIEHMS] [aBJeHHA CBf3aHa ¢ TNO-
BEPXHOCTHHIMH BOAAMH, BXOASILLIKMH B
06HaKeHHYIO uacTb NJjacra.

["asoBble  MECTOpPOXAEHHUS  MOTYT
MUMeTb pasnuuynble pexumel. [lpu Bojo-
HalOPHOM peXXHMe AaBJjeHHe B MJacTe
cosnaetcss Bojo#l. B MecropoxaeHusix
C rasoBblM peXXHUMOM AaBJjeHue obecne-
yyBaeTCcsd CAMHUM ra3oM, 3aNoJHAILMM
nopbl nsaacta. Takodl pexum fBjAsieTCA
pexumoM pacwupsiouerocs rasa. [Ipu
HJ1eajJbHOM BOAOHANIOPHOM peXKHMEe NOo
mepe A06bl4M rasa BOAA, NOAHHMAsCH,
3anoJHSAeT NMOPbl U BBHITECHSIET B CKBa-
JKMHY ra3 MecTopoXjeHus. B cBsi3n ¢
3THM B INpolecce 3KCMJIyaTaluHdH B 3a-
JIe3KH NaleHUd NaBjeHus rasa He 6yaer.
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Mpeanbublii  BOLOHANMOPHBIA  pexHUM
BCcTpedaeTcss B OuYeHb HEMHOTHX ra-
30BbIX MECTODPOXKAEHHAX.

BeaeacrBue pAga NpHYHH  (3HAUM-
TeJbHO OoJbliell BSI3KOCTH BOAbBl 10
CpaBHEHUIO ¢ BSI3KOCTBIO rasa, MJ10XOH
NPOHHI@EMOCTH MPOAYKTHBHOIO IJacTa
¥ Ap.) noabeM BoAbl OGbIYHO OTCTaeT
oT TeMnoB or6opa rasa, Nno3TOMy [AaB-
JIeHHe B Ta30HOCHOM MJacTe ¢ TEUeHHeM
BpeMeHn najgaer. DBonbmiHHCTBO raso-
BBIX MECTOPOXKIEHHH HMeeT ra3oBbld WK
BOJOHAMOPHBIA peXKHM ¢ HeGOJbLIMM
KO3 PUIHEHTOM BO3MELEHHS.

[lon Ko3pHHUIUEHTOM BO3MEIUEHUH
NOHUMAIOT OTHOLUeHHe o6'beMa BOAbI, NO-
CTynHBLIeH 3a onpeneseHHbIH MNepHOL
B 3KCIJIyaTHPYEMYIO Ta3oBYylO 3ajexb,
K o0beMy rasa, oroOpaHHOMY 3a 3TO
Xe Bpemsi (NpHBELEHHOMY K IJ1ACTOBbIM
yeaoBusim). [lo mepe skcnayaTauuu
rasoBoil 3ajeXH Ko3(pPuUuHEHT BO3Me-
leHHsi 06bIYHO BO3pacTaeT. ATO CBA3aHO
C najaeHuWeM JaBjeHUMs B IJacTe W,
cJe0BaTeNbHO, C YBEJHUEHHEeM CKOpO-
CTH NOCTYIJIEHHS BOAbl. 3HAHHE PeKHUMA
ras’oBOr0 MECTOPOXKJEHHSI OYeHb BaXKHO
[JISI €er0 3KCIJIyaTaiHH.

2.2. fo6biua rasza

['azoBas ckBa)KHHa sIBJASIETCS OCHOB-
HbIM 3JIeMEHTOM NMpombicaoB. Bepx ckBa-
JKMHBI Ha3bIBAIOT YCTbeM, HH3 — 3a00€eM.
Bypsit ckBaXKuHHY GbICTPOBpPaILAIOILHMCS
6ypoM-1010TOM, KOTODBbI paspyliaet
nopoast B 3aboe. B Hacrosiiuee Bpems
[J151 3TOH 1eJIH NPUMEHSIOT LIapolleyHble
J10J1I0Ta, B KOTOPBIX WAPOLIKM, Bpaillasch
BOKDYI' CBOHX oceH, APOGAT K CKaJbl-
BaloT nopoay. B 3aBucumMocTH ot mnpH-
BOJAA Pa3/jiMuaioT POTOPHOe H TypOHHHOe
Oypenue.

Ilpu poroprom 6ypenuu pBUraTeb
pacrnoJioKeH Ha TOBEPXHOCTH 3eMJH,
BpallleHHe OT HEero nepefaercs LOJOTY
Yyepes NpoMeXyTOUHble MeXaHH3MbI H KO-
JIOHHY OYPHJDbHBIX TPY6, HMEIOIHX AHA-
metp 125...150 mm. B kauectBe 6ypusib-
HbIX Tpy6 NPHMEHSIOT [eJlbHOKaTaHble
(6eciioBHBIe) TPYOLI, U3rOTOBJNEHHbIE U3
BbICOKOKAUECTBEHHbIX YIJIEPOAUCTBIX W
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JIETHPOBAHHbLIX CcTaJlell, CO CTEHKaMH ToJ-
wuHo#d 8...11 mm. Tpy6bl coenuHSIOT
Mex1y coboH 3aMKaMH Ha KPYIHOH KO-
HHUYecKoH pe3nbe. B BepxHe# uacru
OypHJ/IbHBIX TPyO YCTaHABJIHBAIOT BEAY-
uyio TpyOy, HMeIyilo B nonepeyHuke
KBajapaTHoe ceyeHue. Jra Tpyba npoxo-
AMT uepe3 pOTOP, YyKpenJeHHbIH Han
ycTheM  CKBaxkuubl. Potop mnepenaer
BpalleHHe OT JABUrateJss K BedylueH
TpyGe B pnasee K OGypuabHbIM TpybOaM.
Bypunbuuii uHcTpyMeHT (nosoto), Gy-
puabHBle Tpy6GHl H Beayluasi Tpy6a nox-
BellleHbl Ha KpIOKe TajeBOoH CcHCTeMBb,
C MOMOILbIO KOTOPOH MOXKHO OCYyIIlecT-
BJIAITh €0 NoAbeM U cnyck. JL1s nogbema
M pa3bejHHeHHS] TPYyG WMeeTCH BbIILKA.
Bo Bpemsi 6ypeHHsl ra30Bofl CKBaXKHHbI
KOJIOHHY TpPYy0 HenpepbiBHO OIMyCKaloT
(ocywecTBasiior nonauy GypHJIbHOrO
UHCTPYMEHTA).

Hacocom no OypuibHeiM TpyGam
HarHeTaloT NPOMbIBOYHbLIH pactBop. OH
MPOXOAMT Yepes cllelHaabHble OTBEPCTHS
B JOJOTe W HaNpaBJsIeTCsi HEMNocpen-
cTBEHHO B 3a6oH co ckopocrtbio 15...
30 m/c. B pesyabrare 3toro 3a6oH HH-
TE@HCHBHO OMbIBaeTCHl, & NPOMbIBOYHBLH
pacTBOp MO KOJIbLEBOMY 3a30py MeXIY
GypHAbHBIMH TPYGaMH H CTEHKaMH CKBa-
JKHHbl BBIHOCHT H3 3a00s1 Ha MOBepX-
HOCTb 3€MJH YacTHIbl BbIGYPEeHHOH Mo-
poasl M3 ckBaKHHBI MPOMBIBOYHBIH pa-
CTBOp CTeKaeT IO HAaKACHHOMY XeJsoGy
(rae u3 Hero ocaxnaercsl BbIOypeHHas
nopozaa) M nomnajaet B NPHEMHbI uyaH,
OTKyaa O6YpOBbIM HaCOCOM €ro BHOBb
NOAA0T B cKBa)KuHy. [LnoTHoCTh mpo-
MBIBOYHOTO pacTBopa J[O/XKHa TpeBbl-
waTh NJIOTHOCTb Boas! Ha 20...409%. Ipo-
MbIBOUHBII pacTBOP HCHNOJIb3YIOT He
TOJMbKO Uil BBIHOCA YACTHI, MOPOAHL
H3 3a60f: TOHKUH C/J0# TJIHHBI, KoTOpas
BXOAMT B COCTaB NpPOMbIBOYHOTO pacCT-
BOpa, OTKJaAblBasicb Ha CTeHKaX CKBa-
JKHHBI, YKPEILIsieT HX H IPeAOXPaHseT OT
o6Ba/jioB. Kpome TOro, npombIBouHbIH
pPacTBOP OKa3blBAeT Ha NPOLYKTHBHbIA
naactT AaBJeHHe, TeEM CaMblM Npeaoxpa-
HSIfl CKBAXKHHY OT NpexAeBpeMeHHbIX ra-
30BbIX BbIGPOCOB.

Typbunroe bOyperue oTaHYaeTCs OT
pPOTOPHOTO TeM, 4TO GypOBO#i ABHraTe/b
(Typ60o6yp) omyckaioT B CKBa)KHHY H



KpenfAT HeNoCPeJCTBEHHO HAJ LOJOTOM.
Typ6o6yp Bpamaercs noa peHCTBHeM
NPOMBIBOYHOTO pacrBopa, KOTOPHIH mo-
J2a10T B Hero no 6ypUJbHBIM Tpy6aMm noj
601bIUHM [JaBJeHHeM (B 3TOM clyuae
NPOMBIBOUHLIH pPacTBOpP ABJAETCH HOCH-
TeneM 3Hepruu). B npouecce Gypenus
6ypuJibHble TPYGHl OCTAIOTCH HEMOABHXK-
HBIMH, BPaIaiOTCA TOJNBKO BaJ Typ60o6y-
pa ¥ 10J0TO.

Crenku o6pasoBasiuefics CKBaXKHHbI
VKPENJSIOT CTaJbHBIMH 06CaAHBIMU TPY-
6amu (puc. 2.2). Tlepsyio KoJOHHY 06-
CafHblX TPY6 HA3LIBAIOT KOHLYKTOPOM.
B 3aBHCHMOCTH OT reosJOrHYecKoro pas-
pesa TpyGH KOHAYKTOPa [IHAMETPOM
225...400 MM onycKaloT Ha PasNHUHYIO
ray6HHy, Ho o6GbluHO He HHXKe 300 M.
IlpocTpaHCTBO MeXAY CKBa’KHHOH H Ko-
JIOHHOH KOHAYKTOpa 3aJHBAaIOT LEMeH-
TOM [0 BHIXOZA MNOCJEIHEero Ha MOBepX-
HOCTb. 310 o6ecneyHBaeT HaJeXKHOe
KpEeIJIeHHe CKBAXHHBI, NPENnsTCTByeT
0o0pylleHHIO BepPXHHX HaHboJee PHIXJIbIX
NOpoJd H MNpefoXpaHsfeT CKBAXHHY OT
NPOHHKAHUS B Hee BOABI M3 BEpXHHX MJa-
CTOB.

Bropas xosouHa o6canHbix TpYy6,
onyckaeMmMasi BHYTPH KOHAyKTopa, $B-
JISIETCS 3KCANYaTalHCHHOH ¢ AMAMETPOM
Tpy6 125...200 MM. B GonbuuncTse cay-
yaeB ee ONYCKAOT B NPOAYKTHBHBIA
niact. TlpocTpaHCTBO MeXAy 3KCmaya-
TAUHOHHOH KOJOHHOH M CKBaXXHHOH, Ha-
YyHHAs OT HHM3a KOJOHHBI, 3a/1BAIOT Le-
MEHTOM ¢ BBIXOJOM €ro B KOJblleBOE
NPOCTPAHCTBO MexXay TpyGamu Ha 20...
30 M. O6canHas koJoHHA MpeaOXpaHSET
CKBa)XHHY OT O6pYILIEHHS H NPOHUKAHHSA
B NPOAYKTHBHbLII MJACT BOAB! H3 BEPXHHUX
FOPH30HTOB, a TAKXe NpefoXpaHseT ra-
30HOCHBIHl J1ACT OT NIOTEPb Fa3a B BhIILE-
Jexcalide CJOH, eCJH OHH COCTOAT H3
NOPHCTHIX MOPOA HJAH HMEIOT TPEeUIMHBL.
Bepx sxcnayatauuonHOH KOJOHHBI Kpe-
NAT B KOJOHHOR TOJIOBKE.

3a6ou CKBaXKHMHbL HMEIOT 3AKPHITY!O
H OTKpuiTYio KoHCTpykyuu. B mnepsom
cJyuae mpoCTPaHCTBO MEXAY NMOPOAAMH
M 9KCIJIYaTalUHOHHOHA KOJIOHHOH 1EeMeH-
THPYIOT TaKyXe H B Tpejesax Npoayk-
THBHOTO msiacra. [locse 3T0ro B KONOHHY
ONMyCKaloT cHelHasJbHbI CcTpenslemni
annapar (nepdoparop), nysH KOTOPOro
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Puc. 2.2. Cxema raszosof
CKBAMMHN

/— KoJOHHA  KOHAYK-
TOpa, 2— 3KCHAyaTauH-
onyas wnjaonna 150 mm,
J— Konoppa GORTAaHHBIX
Tpy6 380 MM, 4— nepe-

KopewHas 3aJBHXKa,
6— peryaupymolHe wry-
uepa, 7— 6ammak Ko-
NOHHB, py— NJAcTOBOE
napnenue, p3— 3a6of-
Hoe famieuue, 6 — ray-
6GuHA BCKDBITUS miacra,
h — MOWHOCTEL nNnacra

BOAHAA KaTyuika, 5—

npoxoasit uepe3 TpyO6y, CJAOH LEMEHTa U
yray6adoTcsl B NMOPOAB, B pe3yJbTaTe
yero ocymecrsasercs nepdopauns 3sa-
605. 3a60H CKBaXKHHBI 3AKPHITOH KOHCT-
PYKIHH HMeOT NpPeHMYILeCTBEHHOE pac-
npoctpanende. Ecau nopoasl npoayk-
THBHOTO MJacra YCToHYMBH (Hanpumep,
HU3BECTHSIKH), MPUMEHAIOT 32604 OTKPHI-
Toll KOHCTpykKuu#. B 3ToM cayuae 3kc-
NJ1yaTAnHOHHYIO KOJIOHHY OMNYCKaloT B
KPORJIO TPOLYKTHBHOTO Mjacra H [e-
MEHTHPYIOT, nocse 1ero 6YypAT CKBaXH-
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HY B Ta30HOCHOM mJjacre Ha Tpedye-
MYI0 T1YOHHY.

BHyTpb 3KCINIyaTauHoOHHOH KOJOHHBI
ONMyCKAIOT KOJIOHHY (OHTaHHBIX TpPYE,
FI0 KOTOPOH NMPOMCXOAMT JBHXKEHHE rasza
or 326051 K YCTbIO CKBaXHHbl. KoJsoHHY
¢oHTaHHBLIX Tpy6 KpendATr B TpyOHOH ro-
JIOBKE, KOTOPYIO VYCTaHaBJMBAWOT Ha
KOJIOHHOH roJsioBke. B 3asucumoctu ot
nebura CKBaXKHHbl (POHTaHHbIE TPYOb
UMeloT pasauuHbld  auamerp  (HO0...
100 mm). CkBaKHHBI, HMEIOIIUE BbICOKOE
napaenue (Gosee 8 MIla)-u Gosabuine
febutbl (6oaee 500 Thic. m3/cyt), pe-
KOMEHAYeTCsl 3KCNMJIYyaTHPOBaTb uepes
obcanuble Tpy6ul. Ecou ras copepikur ce-
POBOJOPOA, 3KCHAYaTAUHMIO CKBAXKHHDI
no o6cagHbiM Tpyb6am He NPOH3BOASAT
BCJIEACTBHE KOPPOAHPYIOLLETD BO3JEHCT-
BHUS ra3a Ha cteHkH Tpy6. Tlpn nob6biue
rasa, cojaepxallero cepoBOJOPOA, NPO-
CTPaHCTBO MeX Ay GOoHTaHHBIMHU ¥ 06caj-
HBIMH Tpy6aMH TepMEeTH3UDPYIOT B HHXK-
Hell YaCTH CrieLUAJbHBIM YIJIOTHEHHEM,
B BEPXHEH YaCTH -— C MNOMOILbIO CaJb-
HUKa Tpy6HO# rosiosku [oGbluy rasa se-
AyT no (oHTaHHBIM Tpyb6am, KOTOphe B
clyuyae KOPpPO3HH 3aMEHSIOT HOBBIMH.

Ha ycrbe raszopoil ckBaKuHbI ycra-
HABJMBAIOT cllelianbHoe 060pyl0BaHue,
KOTOpPOe COCTOHT K3 KOJIOHHOH TOJOBKA,
TpyOHOH roJoBKH 1 QOHTAHHON apMmary-
pel. KosloHHAs roM0oBKa CAYXKHUT 174 Tep-
METH3aUHUH BCeX KOJOHH obcajHbix Tpy6,
ONyUIEeHHbIX B CKBaXKUHY, H fBJsercs
ornopoit Tpy6HOH ronoBku. TpybHas
roJIOBKAa TepPMETH3HPYeT KOJbIEeBOe Npo-
CTPaHCTBO MEXJy NocjelHel KOJOHHOH
obcanHblX TpyO ¥ (OHTAHHBIMH 1pyDaMu
M CJAYXHT AJ5 NOABECKH H YKPEmnjaeHHS
dodTannbix Tpy6. DBokosble oTBOAbLl HA
TPYOHOH TOJIOBKE HO3BOJSIIOT OCYLHECTB-
JATb HeoOXONHMbie ONEepalHH: IKCIaya-
TAUHI0 CKBAKHUHBl MO KOJBLEBOMY MpO-
CTPAHCTBY MeXAY (OHTAHHBIMU H 06can-
HbIMH TpyOaMH, HarHeTaHHe BOAbl HJIH
pactBopa HNpH TJIYUIEHHH CKBaXXHHbI,
3aMepbl AaBJeHHS] rasa B MeXTpyOHom
npocTpancrse, or6éop mpo6 rasa M np.

Ha TtpyGHO# rosoBKe YycTaHaBJu-
BalOT (POHTaHHYIO apmaTypy, IO OTBO-
JaM KOTOPO# IPOHCXOQHUT 3KCIJyaTanus
ckBaxuubl. PoHranHas apmarypa Obl-
BaeT JBYX THIOB! KpecToBas M TPOHHH-

12

koBafa. Kpecrosast yno6Hee B 3kcnaya-
TauH (MaJnasi BbICOTA, CO3JaHHE CHM-
MeTPUYHOH HArpPy3KH HA yCThe CKBAMKH-
Hbl), MOHTHpPOBaTb ee npoiue. TpoiiHu-
KOBYIO yCTaHaBJHBAIOT B TeX Cjyuasix
KOrJa ra3 uMeer NpuMecH, KOpPOaHPYIO-
imue apmarypy (ceposopopon). Ham-
6osblIell KOPPO3UH NOABEPraercs TPoi-
HHK B MeCTe MOBOpPOTa CTPYH rasa H
nepexoja ee OT BepPTHKAJbHOTO ABHXKeE-
HHS1 K TOpH3OHTanbHOMY. a3 or6upator
yepe3 BEPXHHH OTBOJ, 2 BO BpeMsl ero
pPeMOHTa — yepe3 HHXKHHH.

Perynuposath paboTy CKBaXXHHbB
3aJBHXKAMH Helb3sl, TaK KaK 3TO MpU-
BOJHUT K MX OblcTpomy H3Hocy. Has co3s-
NAHHSl HAa CKBAXKWUHY NPOTHBOJABJEHUSA
NPHMEHSAT WTylepa, T. €. CYXKEeHHble
orsepctus (auamerpom 1...40 mm), Ha
KOTOPLIX JpoccejUpyeTcs JaBJjeHHe ra-
3a. lna tpebyemMOoro CHHXXEHHS AaBJie-
HUS moabupalT WTyuep HeoO6XOoAUMOro
puamerpa. Ilo mepe oT6opa rasa nasJe-
HUe TNajaeT H WITYUEP 3aMEHHIOT ApY-
MM — 66abuwiero  gunaMerpa. e6ur
CKBa>XHHbl HA3HAUAIOT MAKCHMAJbHO [0-
nycrdMbiM. OH He [OJKEeH NpeBoCxo-
JUTh BEJHUHHbBI, NPH KOTOPOH BO3MOK-
HO paspylueHue 3a60s 4, KaK CJIeACTBHeE,
BBIHOC [€CKa, a TakKXe [OATATHBaHHE
noasemeHHblx BoA. Kpome Toro, nebur
JoJXKeH OBITb TakuM, 4TOOLI JaBJeHHE
orbopa rasa ObLJIO [OCTATOYHLIM AJS
TPaHCIOPTHPOBAHNWS €ro0 K TOJOBHOH
KOMIIPECCOPHOM CTaHILUH.

Cneuuduka 3KCHJIyaTallhH Fa30BbIX
MECTOPOMKJEHHH COCTOMT B TOM, UTO BeChb
NOOLITHIA ras HeoOXOJUMO HEMeJIEHHO
TPaAHCNOPTHPOBATb K 0O6bexkraM norpeb-
aexust. [loaToMy npH HasHa4YeHUH PeXH-
Ma paboThl raszoBLIX CKBaXKHH HYXXHO
YUHTBIBATb [OATOTOBJEHHOCTL MOTpe-
6uTesiell K HCNIOJBb30BAHUIO ['A3a U PEXKUM

ux paborbl. Ecau B6aH3H ropogos,
norpebAsiOHX ra3, ecTb MOJ3eMHoe
XpaHU/HILE, PeXHM paboThl rajoBbiX

NIPOMBIC/IOB MOXET He COOTBETCTBOBATH
pexuMy norpebJeHHs, TaKk Kak H30bi-
TOUHBIH ra3 OyJvT HanpasJfiTb B Xpa-
HYJULLLE.

OTaenbHble CKBaXXHHbl Ha Ta30BbIX
NpOMbICaX NPHCOeIHHAIOT Ta30lMpoOBO-
NaMH K KOJJIEKTOpaM, KOTOpble 3aKaH-
YHBaIOTCS NPOMbBICJAOBOH rascpacnpene-



JUTeJbHON cTaHuueid. Ha BLIKHAHDLIX JH-
HUAX nocje GOHTAHHOU apMaTyphbl ycra-
HaBJIUBAIOT NpeAOXpaHUTeNbHblE KJana-
Hbl W MaHoMmerpbl. BblkujaHble JHHUH
COCIHHSAIOT C CeMapaTtopaMu, B KOTOPHIX
ras oyHimaercst OT TBEPAbIX H XKHAKHX
MeXaHHuecKHX mnpumeced. M3 cenapa-
Topa ra3 noctynaer B ras3ocOOpHBIH
koanekrop. KosauyecTBo nobbiBaeMoro
rasa H3MepsloT cyeTuHKOM. B Mmecre
NPHCOeJMHEHHS Ta300TBOASIILEH JHHHH K
KOJVIEKTODY YCTaHABJAHBAIOT 3a[BHX-
Ky, oOparHbl# K/aanaH M OTBOX C 3aj-
BHXKKOH JJisi NPOAYBKHM Frasomposoaa.
Tlpu npoxoxjpeHUH uepe3 peryJu-
pyloLHi WTyuep BC/AEACTBHE MaACHHH
JaBJeHHSl Tra3 CcHJAbHO OXJaxjaercs,
N03TOMY HeoOXOJHMO NPHHHUMATb Mephl
NpOTHB 06pa30OBAHHS THAPATHDLIX H JeAs-
HBIX npobox. Kpucrannoruaparamu Ha-
3bIBAIOT COEJHHEHMS YIJIeBOAOPOAOB C
BOJOH, N0 BHEUIHEMY BHJAY HaNOMHHAIO-
ne jen. /lad npefoxpaHeHHUs ras3onpo-
Zf)u.a OT 3aKyNOPUBAHUS B Hero oGblyHO
noJalT MeTaHoJ (METHJIOBBIA CIHPT).
JleficTBUe MeTaHoJ1a 3aKJI04aeTCS B TOM,
4TO OH o6pasyer ¢ BOASIHBIMH NapaMu
pPacTBOp, KOTOPLIl HMEeT HM3KYIO TeMIle-
paTtypy 3aMep3aHHsl M JIEFKO MOJKeT
O6biTb ypgaJgeH u3 rasonposoja. Ha
NPOMBICJIOBOH TazopacnpeneauTebHOM
CTAHLHUHU ra3 BHOBb OUHLIAIOT B cenapa-
TOpax, OCYWamwT H TPOU3BOAAT €ro
yuer. Ecau ras copepHuT cepoBonopos,
Torga A0 TNOoJayd B MarucTpaJsbHbIi
TasolnpoBOj €r0 OUHILAIT OT CEPOBOAO-
poaa. M3 rasopacnpene/iuTe/ibHOH CTaH-
UMH ras NOoCTynaer B TOJOBHYIO KOM-
IPECCOPHYIO CTAHLMIO HJIH, €CJH JaBJje-
Hue 0oTOOpa J0CTAaTOUHO BEJIHKO, HeErno-
CPeNCTBEHHO B MarHCTpaJabHbli rasonpo-
BOJ.

2.3. Ta3nl
KOH@HCATHbIX MECTOPONACHMN

Jlns oTAe/IbHOT'O BELLECTBa 3aBHCH-
MOCTb YIIPYTOCTH NIapOB OT TeMIepaTyphl
uMeeT BUA KpHBoH AB, obpaiueHHol Bbi-
NYKJ0CTbIO K OcH TeMnepatyp (puc. 2.3).
KpuBasi 3akanuHMBaeTcsd KpPHTHUYECKOH
ToukoH. CiKHMXKeHHe ra3a IpH TeMmnepa-
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AaBJ€HHE —TemMnepary- cMecedt

Type Bblllle KPUTHYECKOH HEBO3MOXKHO.
¥Yca0BHO 06aCTHIO XKHAKOTO COCTOSITHHA
Ha3blBalOT 006JacTb, JAeXKalylo BbllIe
KpHBOH (ha30BOTO PaBHOBECHS MEXIY
OCbI0 OpPJHHAT W KPHTHUECKOH H30TEp-
MOH, a BCs ocTajnbHasi 06/1aCTh OTHO-
CUTCA K 00J1aCTH ra3oo6pa3Horo cocTosi-
Husi. UeM Bblule KPHTHYECKas TeMIepa-
Typa rasa, TeMm Jierue OH MOXKeT ObiTh
CKoHpleHcHpoBaH. Kpuruueckas temie-
patypa Bo3ayxa musyc 140,7 °C, u npu
0ObIUHBIX NapaMeTpax atMocdepsl (aas-
aenud 0,1 MIla u remneparype £30 °C)
OH mnpeacrtasisger coboil ras. Ilpomnan,
KOTOPBIH CONEPXKUTCH BO MHOTHX TpH-
POJAHBIX rasax, NpH OObIUHBIX YCJAOBUSIX
JIETKO MOXeT OblTh CKOHAEHCHPOBAH, €To
KpHTHueckasg Ttemneparypa 95,7 °C.
Hakoneu, Bona, Haxoasdmasics mpu
OoObIUHBIX YCJOBHAX B JXKHAKOH (ase,
UMeeT KPHTHUECKYI0 TeMIepaTtypy
374,15 °C. CkaszanHoe BBbIIIE OTHOCHT-
Csl K UHCTBIM >KHJKOCTAM, 2 He K HX CMe-
cam. Ecau KUAKOCTb mpeacTas/sieT co-
Go#l ‘cMechb BemecTs, TOr4a JAaBjeHHe
Napos 3aBUCUT HE TOJILKO OT TeMOepary-
pPbl, HO H OT COCTaBa CMecCH. .
3aBHCHMOCTb JaBJEHHS MNapOB OT
TeMIeparypbl AJSl B3aUMHO pacTBOPH-
MbIX KOMIOHEHTOB HMeeT BHJ MNeTJeol-
pasHo# kpusoit LCCoCsM (cm. puc. 2.3),
3nech Touka €, — KPHUTHUECKAS TOUKA
cmecd. E# orBeuanoT KpuTHUECKas TeM-
neparypa cMecH Tyxpew H KPHTHYECKOE
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naBjeHne cMmecH Py, cw. JleBee kpuru-
yeCKOH H30TePMbI CMECH HaXOAMTCS KU -
KOCTb, Npasee — ra3 (nap). Kpuruuec-
Kas TOUK2 He COBMNAJaeT ¢ 3KcTpeMaJb-
HbIMH ToukaMu kpuso LC,C:C3M. B
CBAI3H C 3THM BO3HHKaeT obsaacTb o6par-
HbIX fIBJEHHH, T. €. NPOLECCOB KOHICH-
CauMH M HCOapeHusA, NPOTEKAWOILHX B
HanpasJieHUAX, NPOTHBOMNOJOXHBIX TEM,
KOTOpbI€ HMEIOTCS B OObIUHBIX YCJIOBHAX.

PaccMoTpUM mpouecc HCHapeHus,
NPOTEKAIOLHA NpPH NOCTOSIHHOH TeMmne-
parype f;. Boiute xpusoit LC,, saBasio-
[edcss KpUBOH KHMEHHS, HAXOAHUTCHA
xuakoctb (100%). Tlpu noHukeHHH
JaBJeHHA HauMHaeTcs Mpolecc ucnape-
HHS, U KOJIMUECTBO XKUIKOH (ha3bl yMeHb-
maercs. [1yHkTHpHble nuuuK Ha puc. 2.3
SIBJASIOTCSH KPUBBIMH MOCTOSIHHBIX OTHO-
weHn# kuakoctb — nap. Ilpu nepece-
yenun Kpupoii Komaeucaliun C;CoCiM
BCHA JKMAKOCTb mpeppainaercs B nap. Ta-
KOH mpolecc sIB/ISETCS NPOLECCOM HOP-
MaJ/JIbHOTO HCNapeHHUs, TaK KaK NpPH CHH-
JKEHUUM JaBJeHHS XKUAKOCTh HcnapseT-
ca. Ilpn remneparype f; npouecc npo-
TekaetT ciaeaylmuM obpa3om. Brpime
TOUKH n Haxoautcs mnap. Ilpu cHuxe-
HHH JIaBJEHUS] B TOYKE A HaupHaercd
ApolLlecC KOHJeHcauHuH, TakK Kak B 3TOH
TOYKe H30TepMa fy NepecexkaeT KPHBYIO
KoHAeHcauuH. B npouecce panbHeliuiero
CHUXKEHHSl JaBJIeHHS KOJHYECTBO KOH-
JeHcara BoO3pacraer W B TOYKe f; [HO-
CTHTaeT MaKCHMaJbHOFO 3HAUYeHUs (aas
TeMneparypnl f).

Tlpouecc KOHAEHCALUH, OTBeYAOUIHH
YUacTKy Auarpammbl fi—r, Ha3bIBAIOT
obpaTHOH KoHAeHcauue#. [lasnienue,
COOTBETCTBYIOIIlEE TOUKE M, NPH KOTO-
pPOM KOJIHYECTBO KOHAEHCaTa SIBJASeTcs
MaKCHMaJ/bHbIM, HAa3bIBAIOT [JaBJEHHEM
MakcuMaJsbHol KongeHcauuy. [1pu nannb-
HeHlleM CHHIKEHUH [aBJeHHS KOJHUeCT-
BO KOHJleHCAaTa yMeHbliaeTrcs (Hier npo-
11eCC HOPMaJIbHOrO HCIIapeHHs), U B TOU-
Ke ng Becb KOHAeHcar Hcnapsetcs. C no-
BblilieHHeM faaBJjeHusi (mpu fy=const)
BCe MpOLECCH MPOTEKAaloT B MNPOTHBO-
MOJIOXKHOM HanpasJjeHHH, a B mpepenax
yyacTka n—n; TNPOHCXOAHT obpaTHOe
ucnapenue. Takum obpasom, AJasl pacrt-
BOPHUMBIX cMecell IpH TeMmeparypax H
JaBJeHHAX, MPEBbIIAIOIMINX KpPHTHYE-
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CKHe 3HauyeHHUsI, BO3HHKaeT obJacrb 06-
pPaTHBIX KOHACHCAUHH H Hcmapenus. Ara
ob6Jactb Ha pHc. 2.3 3alITPUXOBAHA.
34ech MakCHMaJbHble NaBJEHUS Pyaxe H
reMneparypa Iyaxe HE COBNALAIOT C KPH-
THUECKOH TOUKOH, a JeKar Ha KpHBOH
KOHJeHCaluH.

["a3bl KOHZEHCATHBIX MECTOPOXK AeHH I
NpeacTaBiasoT coO0H cMech npegesb-
HbIX YTJIEBOAOPOAOB, OCHOBHOH coOCTaB-
Jsiioliedl  KOTOpbIX — fIBJfAETCH  MeTaH
(80...94%). Conepxauue neHrana u 6o-
Jee TSAXKeJbIX YIrJeBOAOPOLOB COCTaB-
ager 2..5%. Oanako BBUAY TOTO, 4TO
KOH/JEHCAT COCTOUT H3 BBICOKOMOJIEKY-
JIAPHBIX COENHHEHHH, er0 MaccoBast 10/
pocruraer 25%. Hanuune B rase rsxe-
JIBIX YTJ1I€BOAOPOJOB (BIJIOTH A0 ¢pak-
LLHH KepPOCHHA) ABJSIETCA OAHOH U3 OTAHU-
YHTeJbHBIX OCOOEHHOCTEH Tra3oB KOH-
JEeHCATHBIX MecTopoxaeHuil. Pa3roHko#
KOHJeHCcaTa MOKHO MOJY4YHTb TOBAapHbIE
NPOAYKTDL.

a3zokoHAeHCaTHblE MECTOPOXKIEHHS
o6pasoBajuCh B pe3y/bTaTe mnpouecca,
o6paTHoro ucnapeHusl KOHAeHcara, npo-
TEKalollero NpH BbLICOKUX NABJEHMUAX H
Temreparypax (B HaAKpHTHUecKoi 06-
JacTi), MO3TOMY OHH pacnoJaraiTrcs
Ha OoJbliMX raAybuHAax, rjae rocnojcr-
BYIOT BbICOKHe JaBJjeHHs. Ecaun or6upars
ras U3 TaKoro MeCTOPOXJEHHS MPH pe-
JKMMe HCTOILEHHS, TO C NafeHHeM MJa-
CTOBOTO [aBJIEHHS MPOUCXOAHT KOHJEH-
CauHus TSAXKeNbIX YyIJIeBOJAOPOLOB B CAMOM
nynacre (ob6parHas konpeHncauus). I[lpu
3TOM CKOHJIEHCHPOBABIIANACH YACTh rasa
OKa3biBaeTCH NOTEPSAHHOH 1/l N0ObIUH,
TaK Kak ocraercsa ancopOupoBaHHON B
nopax rasoHocHoro mjacra. Kosauuect-
BO KOHJAEHCATa, BhIAEJSAIOUIErOCH H3 Ta-
3a, foxogHT 10 300 cm® Ha 1 M® razoo6-
pPa3HOro TOMJIUBA.

Opna u3 ocobenHocTell paszpaborTku
T430KOHAEHCATHOTO  MECTOPOXKJEHHUSA
COCTOHUT B TOM, UTO Mpoliecc nepepaGoTKu
rasa OCyLIeCTBJAAIOT HAa CAMOM TNpPOMbIC-
Je, T. e. nobbiuy H nepepaborTky rasa
pHU3nUeCKUMU MeTOoAaMH OOBbefHHSIOT
B 0JHH npouecc. JLpyroil oTAHUHTENBbHOH
YepTOH SIBAAETCH BHICOKOE AABJEHHE, H3-
3a 4yero HeoOXOAMMO TIPUMEHSITH Crie-
IHAJbHYI0 AOPOTOCTOSIILYIO annaparypy
H Tpybonposoabnl. Kpome Toro, obcny-



. KUBATb 000pynOBaHHE JOJKEH BBHICOKQ
KBaMHHIHPOBAHHBIA MepcoHas.

CyumiecTByior ABa Meroga 3KCIya-
TAaUHH Ta30KOHAEHCATHBIX MECTOpOK/e-
HHH: ¢ MoAJep:KaHueM NJ1acTOBOrO AaB-
JIeHHSl HarHetaHueMm B mjact pabouero
areHTa (3aMKHYTHIH UMKA) U 6e3 noaaep-
MAHUS JaBJeHus] (PA3OMKHYTHIH LHKI).
OcHOBHBIMH  (pakTOpamH, oOIpenessio-
UIMMH BBIOOP METOAA 3KCNAyaTaluH ra-
30KOHJEHCATHBIX MECTOPOXKAEHHH, ABAS-
I0TCSA: BeJHYMHA TNPOMBILIJEHHbIX 3aMNa-
COB ra3a B MECTOPOXXJEHHH; KOJHYeCTBO
KOHJEHCaTa, KOTOPHLIH BhiJeaseTCA U3 ra-
32 HOpH CHHXEHHH [JaBJeHHsl, H ero
cocTaB; PeXHM IJACTA, OJAHOPOJHOCTb
nJjacTta no NOPUCTOCTH, NPOHHLACMOCTH
H T A

Harueranue pabGouero areHra B
IJacT MPUMEHSIIOT TPH J0CTaTOYHLIX
NPOMBIILJICHHBIX 3aMacax ra3a H TakoM
cojep:KaHHH KOHJeHCara, NpH KOTOPOM
KanuTajbHble BJOXEeHUS B J00bUy U
nepepaboTky rasa Oyayr onpaBiaHbl
noJiyuaeMblM KoHaeHcatom. I1pn HeogHO-
POOHBIX KOJIJIEKTOPAax M HeJ0CTATOYHbIX
3anacax rasa nojfepKaHHue Ha1acToBOro
IaBJEHHA MOXET OKa3aTbCH 3JKOHOMHU-
yeckdu He oGocHOoBaHHBIM. Torna 3kc-
mIyaTauuio OCyUeCTBJAAIT MO Pa3OMK-
HYTOMY LHKJIY, T. €. NIPH peXHMe HCTO-
uienda. B KauecTBe pabouero areHra
JJIS1 HarHETaHUA B IJIACT CJYXHT CyXo#
raz (mpH COOTBETCTBYIOINUX YCJOBHSX
BO3AYX MJIH BOJA).

HenocratkoM takoro cnoco6a poGbl-
uyy sBJAETCH TO, UTO CYXoH ras cpasy
He MoXeT ObITb HCHOJAb30BAaH [JIs MO-
Tpebaenusa. Ero ucnonb3yoT TOJBKO
JIHLb Nocse qoObiYH H3 MeCTOpOXKIAeHUSA
BCero KOHIeHcaTta. IlpenmyluecTBo xe
COCTOMT B TOM, UTO Ha HarHeTaHue
rasa 3aTpaulBaioT MeHbllle 3HePrHH, UeM
Ha BO3JAYX, TaK KakK [aBJeHHe ra3sa
CHHXKAIOT TOJbKO [0 N2BJEHHA MaKCH-
MaJIbHOH KOHIEHCAlHH, KOTOpOe COCTaB-
JsieT TPUMEPHO MOJIOBHHY AaBJICHHS B
njacre,

Tlpn sxcnayaraumu ra3oKOHAEHCAT-
HOr'O MECTOPOXK/AEHHS MO NepBOMY MeTo-
Ly ras3 H3 3anexH OrbHpaloT uepes
3KCIVIYaTalUHOHHbIE CKBAKHHBI, a pabo-
YHH areHT 3aKauWBAlOT B IJACT uepes
HarHerareJibHble ckBaxKHHbl. Cyxol ras

HATHETAI0T B BEPXHIOID UaCTh 3aJIEXKH.
O6aanas MeHbIIEH MJIOTHOCTBIO N0 CpaB-
HEHHIO C CBIPBIM ['230M, OH He NepeMellu-
Baercsd C HAM W B INpolecce Harxe-
TAHHUS BbITecHsieT nocnenHdi. Ilpu 3kc-
MJIyaTauHH MEeCTOPOXKAEHHS MO Pa30MK-
HYTOMY UHKJY OT AO0OBIBAEMOrO rasa or-
JeJISIIOT KOHJEHCAT NPH AaBJeHHH MakK-
CHMaJIbHOH KOHAEHCALHH, MOCJe Yero
CyXofl ras HanpasjslOT K OOTpe6Hu-
TeJio.

2.4. O6pabotxa npupoaHoOro rasa

Ocyuka rasa. ConepikaHue BJart B
rase IIpU ero TPAHCHOPTHPOBAHHH UHACTO
BbI3LIBAET Cepbe3Hble 3KCIIYyaTalHOH-
Hble 3aTpynHeHHs. [Ipu onpenesneHHbIX
BHENIHHX YCJOBHAX (Temmeparype H
JaBJEHHH) BJara MOXeT KOHACHCHPO-
BaTbcs, 06pa3oBLIBATh JeAsiHbIe NPOOKH
M KPHCTaJMJOTHAPATH, @ B NMPHCYTCTBHH
CEpPOBOAOPOAA M KHCJIOPOA2 BHI3LIBATH
Koppo3uio TpybGonposoaos H o6opyao-
BaHUsl. Bo n36exxaHue NepeUHCICHHDBIX
3aTpyAHEHUH ra3 OCylIA0T, CHHK A TeM-
nepatypy To4kH pochl Ha 5..7 °C Hu-
XKe paboued TeMmnepaTypbl B rasonpo-
BOJE.

Ilpu TpaHCMOPTHPOBAHUM OCYIICHHO-
ro rasa Tpy6onpoBOL MOXHO NPOKJAa/bl-
BaTh HAa MEHbUIYIO T1YOHHY, UTO YMEHb-
uaet Kanuranosnoxenns, Haubonbuiue
TPYAHOCTH NpPH TPAHCNIOPTHPOBAHHH Ta-
30B [0 MarucTpajbHbIM Tra30NpoBOAaM
BO3HHMKAIOT NMPH 06pPa3OBAaHHUH KPHCTAJ-
Jornapartoe. MHorue rasbl (MeraH, 3TaH,
nponax, 6yTas, YrJIeKHC/IHH 123 U cepo-
BOAOPOA), HACbIEHHble BJaroi, npu
onpeje/eHHbIX 3HAYEHHUSIX TeMIepaTyphl
U 1aBJjieHus] 06pa3yloT ¢ BOAOH (B XKuM-
Kol ¢a3se) coenHHEeHHSl, Ha3blBaeMble
Kpucraatoruaparamu. Ecan Baara yaa-
JIeHa M3 rasa M ras oKasbBaercs He-
HACBILEHHBIM, KPHCTaJAJOTHAPATHL He
obpasylorcs.

BHemHe KpHCTANNOTHAPATH MOXOKHU
Ha b6eqyio CHeroobpa3Hyl0 KPHUCTaJMIH-
YeCcKyl0 Maccy, a MpH YIJIOTHEHHH Ha-
NOMUHAIOT Jed. DTO HeyCTOHUHBHIE coe-
NUHEHHUS, KOTOPBlE MNpPH ONpefeseHHbIX
YCJOBUAX CPaBHHTENbHO JIETKO pasJa-
ralorcst Ha coctaBHble uyactH. CocraB
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Temnepatypa, °C

HBIl ra3 ¢ OTHOCHTEJb
HO# maoTtHocThIO 0,6, 3 -
NPHPOAHBE ra3 ¢ OTHO
CHTEJbHOH MJIOTHOCTHIO
0,7, 4~ npupoaubit ras
C OTHOCHTEABHOR maOT
Hocteio (0,8

Puc. 2.4. Kpusne pas-
HOBECHOTO COCTOAHNA
THAPATOB METAHA W MPH-
POHBIX ra3oB B 3aBHCH-
MOCTH OT TEMNEPATYPH H
RaBiaeHHs

I— meraH, 2-—— npHpon-

KPHCTAMJIOFHAPATOB  YIJI€BOAOPOAOB
crenyiomufi: CHy-6H,O uan  CH,-
°7H20; C2H5~ 7H20; CgHs' 18H20
Ilpuponublil ras v BoAa NpPeACTABJASOT
coO0OH  MHOTOKOMIIOHEHTHYIO  CHCTEMY
KOTOpasi AaeT CMelIaHHble KPHCTand0-
rugparel. OHH yCTOHYHBEe THAPATOB
HHAUBUAYAJBHEIX Yyriaesogopofos. Ha
puc. 2.4 noka3aHbl KpHBble 06pA30BaHHA
rHApPaTOB METaHa H NMPHPOJHBIX Ta30B B
3aBUCHUMOCTH OT TeMNepaTypbl H JaBJje-
uusi. CaMH KpHBble Ja0T yCJOBUS paB-
HOBECHOTO COCTOSIHHMSI ruaparos. [lpu
TAKOM M3MeHEHHH TeMmepaTypbl H JaB-
JIEHHSI rasa, Korja TouKa, OoTBedaouas
COCTOSIHHIO ra3a, PACHOJIOKHTCS BhILLE U
JeBee KpHBOH, OyneT HATH mpouecc
o6pa3oBaHns ruapara. Huxke u npasee
KPUBOH HaxoAuTCA 06/1aCTh pPa3JIoKeHHs
THAPATOB.

JLas ocywiku raza npHMeHSIOT CIIOCO
6bl a6copOuUHOHHbIE, T €. TNOTJOlleHHe
BOASIHBIX [apOB KHAKOCTAMH, ancopl-
UHOHHbIE, T. €. MOIJIOIUIEHHE BOASIHBIX
napos TBepAblMH copOeHTamHu, H u3H-
yecKHe — MpOCTOoe OXJaXJeHHe HJH OX-
JaxpaeHuie c¢ nocieayoumed abcopb-
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Puc 2.5, Kaneabuwi HUBAHHUS JdaBJaeHHH, 5§ —
oaopu3arop HrOJIbYATHIH  Peryanpo
{— pesepsyap, 2— BOUHLIE BeHTHJb, 6 —

KHAKOCTHOMEDPHOE CTeK
10, 3-— wWTYHEp ¢ Kpa
HOM AJIfl HaMOJHEHUS pe-
depByapa  OZOpaHTOM,
4— Tpy6ka Aas BHIpaB

CTEKJO AAS KOHTPOJIS
pacxojia ogopdHra, 7--
CNYCKHOM wiTyllep ¢ Kpa-
HOM, 8— BEHTHUJH

uueit. lllupokoe pacmpocrpaHenue io-
JAyuHsa aGcopOUHOHHBIA CMOCOO OCYILKH
rasa JAH3THJICHTJIHKOJEM H TPHITHJIEH-
TJIHKOJMEM, BOJAHBIE PACTBOPLI KOTOPLIX
06/121a10T BBICOKOH BJ1Ar0eMKOCTbIO, He-
TOKCHYHBI, HE BBI3BIBAIOT KOPPO3HH Me-
Tajna U JOCTATOYHO CTAOU/bLHbI.

Ouncrka rasa ot cepoBouopojga H
yraekucjaoro rasa. B roprounx rasax
HCIIONb3yeMbIX 151 ra3ocHabxenus
ropojoB, COAepXaHHe CEPOBOAOPONA HE
foMXHO mnpesbimarth 2 r Ha 100 M
raza. CojgepxaHue YIJIEKHCVIOro rasa
HOPMb! HE JIUMHTHPYIOT, OHAKO N0 TEX-
HHKO-3KOHOMHUECKHM COOOGpakeHHsIM B
TPAHCTMIOPTHPYEMOM ra3e OHO He A0JKHO
npeBblaTh 29%.



CylecTBYIOT CyXHe H MOKpbLIE METO-
bl oudcTku rasa or HyS. Cyxue meroasl
OUHCTKH Ta3a OCHOBAHB HA MPHMEHEHHH
TBEPAbIX MOTJIOTHTEJeR (rHApaTta OKHCH
xKenesa, cojepxauerocs B 60s0THOH
pyZe, U akruBupoBaHHoro yras). Ilpu
MOKpPBIX MerofaXx O4YHCTKM rasa Hc-
NOJb3YIOT KHUAKHE TnorJoturenu. [nas
yAaJeHHs H3 TPAHCIOPTUPYEMOTO rasa
COy npuMeHstioT POMBIBKY ras3a BoOJOH
non pasaenueM. Jas ouncrku or HsS
NPHPOIHBIX Ta30B H ra3oB, MOJYUYEHHBIX
Ha HedrenepepabGarbiBAOWIHX 3aBOAAX,
LLIAPOKOE  pPAaCOpOCTPaHeHHe  IOJYUH
3TaHO/AaMHHOBLIE crocob. Tlpu ouncrke
rasza or HeS mMoHo3sTaHoMaMHHOM yJsaB-
auBaercd U CO, Cogepxanue HoS
nocJie OUKCTKH He TpeBbillaer TpebyeMoi
HOpMbl.  AMHHOCOeHHEHHs — caabble
ocHoBaHHsl. IIpH B3aHMoOJeficTBHH ¢
CepoBOJOPOAOM H YIVIEKHC/bBIM Ta3oMm
OHH 06pasyloT HeCTOHKHE BellecTBa, KO-
TOpble JIETKO Pa3JjiaralTcs NPH OTHOCH-
TEJbHO HEBLICOKOI TeMmmeparype, Mo3To-
My [IOIJIOIeHHe CEepOBOAOpPOAA Hpo-
ucxoput npu 15...25 °C, a pactsop pere-
Hepupyet npu 120. 125 °C.

Onopusauun rasa. [lpupojubiii ras
He uMeert 3anaxa. [lo3Tomy nsa cBoeBpe-
MEHHOI'O BbLISIBJIEHHS] YTeueKk rasa emy
NpUAAIOT 3danax —-ra3 ojopupywr. B
KauecTBe OJIOPaHTa NPHMEHSIOT 3THJ-

mepkanral (CoHsSH). 1o TokcuunocTu
Ka4eCTBEHHO H KOJIMUECTBEHHO OH HAEH-
THYEH CEPOBOJOPOAY, HMeeT Pe3kHil He-
OPUATHBIHA 3anax. Ko/sHuecTBO BBOAUMO-
O B ra3 OJOpPaHTa ONpeNessiioT TaKHUM
o6pa3oM, uro6bl NPH KOHUEHTPALHH B
BO3/yXe Trasa, He npesbliaiouei J/s
HUXKHEro mpejesia B3pPblBAeMOCTH, OILY-
maJscad pe3kud 3anax ojgopaHra. Ha
NpakTHKe CcpejHsst HopMa pacxona
3THAMEpKaNTaHa AJAf OJOpH3aluY NpH-
pPOAHOrO ra3a, MOCTYNAWOIEro B FOPOL-
CKHE CeTH, YycraHoBJexHa 16 r Ha
1000 M*® rasa nmpu 0°C u JaBreHuH
101,3 xIla.

Hauboabmee pacnpocrpaHeHHe no-
JIYYHJIH KaneJ/bHble H 6ap60oTaxKHble 010-
pusaropsl (puc. 2.5). Ilepsble npocTsl 1o
KOHCTPYKUHH, HO HX HELOCTATKOM $IB-
JsleTCs pYyuHOe peryJiMpoBaHHe CIycKa
ogopaHTra. B 6apborakHbX oaoOpH3a-
TOpax ofopaHT ucrapsietcd npu 6ap6o-
Ta)Ke yepes Hero rasa B CHELHAJbHBIX
kamepax. B srom cayyae uenecoo6pasHo
NPONYyCKaTh Yepe3 OJ0PH3aTOP TOJbLKO
4acTh Ta3a H NocJe HaChILeHUsT apaMH
O/lOpaHTa NMOAMELIHBATb 3Ty YacTh K OC-
HOBHOMY NOTOKY Fa3a, HayllleMy Io raso-
nposoay. bapGoraskHble ofOpH3aTOpBI
BbIIYCKAOTCS aBTOMATH3HPOBAHHBIMH H
HMEIOT NMPEHMYLIECTBEHHOE paclpocTpa-
HeHHe.

Fnasa 3.

TpaHcnopTHpoBaHKe rasa Ha Gonblume paccTosiHMA.
XpaHeHue rasa

3.1. Cxema
MarucTpanbHoro rasonposopga

TlpuHUHNIHAIbHAA cXeMa Ta30TpaHcC-
NOPTHOH CHCTEMbI IOKa3aHa Ha puc. 3.1.
['a3 M3 CKBa)XHHBI MOCTyNnaeT B cemapa-
TOpbI, TA€ OT HEro OTAEJNAITCA TBEepAble
H XKHJKHe MeXxaHHueckue npumecu. lla-
Jiee 10 NPOMBIC/I0BbIM F2301POBOAAM a3
NIOCTYNAeT B KOJJIEKTOPbl H B IPOMBICJIO-

Bble Tra3opacnpelesiHTe/bHbie CTAHIIHH
(IICPC). 3aech ras BHOBb OYHMIAIOT
B MaCJISIHBIX NbUIEYJOBHTENSX, OCYLIAIOT,
OJOPHPYIOT H CHHIKAIOT JaBJeHHE Tra3a
JI0 pacyeTHOro 3HAYEHHUS, TIPHHATOrO B
MarucrTpaJibHeM raaonpoaoue. B HayaJb-
HBIH NEPHOJ 3KCIIYATAUHH IJAaCTOBOE
aasjenHe GhiBaeT pocratoudoe. osos-
HYI0 KOMIPECCOPHYIO CTAHUHUIO CTPOAT
TOJILKO TOCJ€ CHHXEHHS [AaBJIeHHS] B
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Puc. 3.1. lpuaunnnanb- ITKC — npomexXxyrou

Has cxeMa ra3oTpaHc- HafA

MOPTHOH CHCTEMBI

Ck — ckBaxuus, Cen—
cenaparopnl, [1T" — npo-
MBICJIOBbIE Fd30NPOBO/N,
MNTPC — npomsbicaoBas
rasopacnpenenurebHas
craunus, MI' — marucr
pajibHBl  Ta3onpoBson,

KomMnpeccopHast
crauuus, JISA — auues
Hasl 3anopHas apmary-
pa, T'PC — rasopacnpe
JenuTenbHAss  CTAHLUA,
INX — nop3emnoe xpa
Huanue rasa, [T —
NPOMEXYTOUHBH noTpe
ourenn

naacre. [lpoMexyTouHble  KOMIIpec-
COpHBIE CTAHUHUH pacnoJaralT NpHmep-
o uyepe3 150 kM. [as1 BO3MOXXHOCTH
npoBefeliusl PeMOHTOB INpejycMaTpuBa-
10T JIMHEeHHYIO 3aMOPHYIO apMaTypy, Ko-
TOPYIO YCTaHABJHBAIOT HE peXKe ueM ye-
pe3 25 kM. JIjis HafeXHOCTH TrasocHas-
JKEeHHS H BO3MOXHOCTH TPAaHCHOPTHPO-
BaThb 60JbllIHE NOTOKH ra3a COBPEMEHHbIE
MarucTpasibHble Ta3onpoBOAbl  BHINOJ-
HSIOT B JB€ MJH HECKOJbKO HHTOK.
[a3onpoBon 3akaHuHBaeTcs rasopac-
npefe/qHTeNbHOH CTaHUMEH (HAH He-
ckoibkumu 'PC), kotopass mopaer ras
KPYNHOMY TOPOAY HJIH MPOMBIIIJIEHHOMY
yaay. Ilo nyTd rasonpoBoi UMeeT OTBO-
Abl, MO KOTOphIM ra3 moctynaer k ['PC
NPOMEXKYTOUHbIX MNoTpeburesed (ropo-
JOB, HAacCeJIeHHbIX MYHKTOB H MNPOMbBIII-
JIEHHbIX OOBEKTOB).

Cucrema MarucTpasbHOTO TPAHCNOP-
THPOBAHHUA rasa OT NPOMbICIOB A0 MOT-
pebGureneil saBaseTcs AOCTATOUHO KeCT-
KOH, TaK KakK ee akKymyJdpymoouasa
crnocoGHOCTb HEBENHKA H MOXEeT JIHIUb
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Fopon

YACTHYHO NMOKPBITb BHYTPHCYTOUHYIO He-
pasHoMepHOCTb notpe6Gaenus. Llns no-
KPbITHS  CEe30HHOH HepPaBHOMEPHOCTH
UCNONb3YIOT MOA3€MHble XPAaHHAHILA H
CrnenuanbHo nogobpaHHbIe MOTPEGUTENH-
Pery/IsiTOPbI, KOTOpbie B 3UMHHUI NepHon
pa6oTaloT Ha JAPYroM BHIE TOMJIUBA
(razomMasyTHble HJH MOblJeTa30Bble
3JIEKTPOCTAHLHH) .

I"azonmpoBoabl CTPOAT AHAMETPOM [0
1420 mm. McnosnbaoBanue Tpy6 60/bluux
[HaMepoB [[OBbIUIAET 3KOHOMHUYHOCTb
ra3oTpaHcnopTHoi cHcrembl. [asonpo-
BOIbl PACCUHTHLIBAIOT HA MaKCHMaJbHOe
nasjenve B 7,5 MIla, koropoe umeer
MecTO MoCJe KOMNPEeCCOPHbIX CTaHUUM.
[lo mepe ABH:KeHNS rasa ero napJjeHne
YMEHbILAeTCsl, TAK KaK MOTeHUHa bHAA
HEPTHsI pacXojyeTcss Ha MNpeoJoJsieHHe
rHApaBJHUecKuX conporuBiaeHuii. [lepen
KOMIIDECCOPHBIMH  CTAHUMAMH jAaBJje-
HHe cyrkaercs 10 3...4 MIla. MoinHocTh
NpHUMEHseMbIX Fa30NepekauuBaoUHX
arperaros 8. .10 Teic. KBr.

g TpaHCIOPTHPOBAHHA 60JIbLIOTO
KOJIHYeCTBA ra3a Heo6X0oHMO YBEJHUHUTD -
NPOMYCKHYK CNOCOOHOCTb Fa3onpoBo-
108. B ¢BA3M ¢ 3THM HOBLIE MAarHCTpab-
Hble ra30MnpoBOAbI POEKTHPYIOT Ha JaB-
aenne 7,5 MIla (Bmecto 5,5 MIla).
Hayuno-HcesienoBatenbCKie H MPOEKT-
Hble OpraHu3ainuu paboraiT Haj co3aa-
HHEM Tas3onpoBOAOB H3 METAJLIOB YJyu-
IICHHbIX HPOYHOCTHBIX X2PAKTEPHUCTHK H



pacCUHTaHHLIX Ha jasaedne 10
12 MTIla, pa3pabarbiBaioT ra3oTypOHH-
Hble YCTAaHOBKH 1/ KOMIPECCOPHBIX
cTaHuu# MouwHocTbio 25...75 Thic. KBT,
paboralT Haja npobJeMOR TPaHCIOPTH-
POBaHHS OXJIAXKEHHOrO H CHKHIKEHHOTO
NpHpPOLHOTO rasa.

MarucrpanbHble ra3onpoBojbl Bbl-
NOJIHSIIOT U3 CTaJbHBIX TPy, CoenHHse-
MbIX cBapko#. Tpy6bl H3TOTOBJASAIOT H3
BBICOKOKAYECTBEHHBIX  YIJIEPOXUCTHIX
U JlerHpoBaHHBIX crajefi. OnTuMaabHbld
JHaMeTp ra3onpoBOAa H UHCJIO KOMHpec-
COpPHBIX CTAHUHH ONPeNessioT TEXHHKO-
3KOHOMHUecKHM pacuetoM. [Iponyckuyio
cnoco6HOCTb Ta3onposoaa (MJAH. M3/
/CYT) pacCuHTHIBAIOT HCXOAS H3 €ro ro-
JOBOH NPOU3BOAUTENBHOCTH:

q=Q/365 K,

rie Q — NPOU3BOAMTEJbHOCTb rasonpoBoga B
MJaH. M3/roa; K, — cpenHeroqosoit Kosd¢pHuHeHT
3arpy3kd rasonpoBofa, OGBIUHO TNPUHHMAaeMblH
JUJISi MAarHCTPasbHBIX ra3onpoBojioB, paBHbiM 0,85,
a [IJsi OTBETBJEHHH OT MarucrpajbHbiX Tra3s0-
nposoaoB 0,75.

3.2. Xpauunmuwia rasa

Heob6xoaumocTh XpaHeHus rasa Bos-
HUKaeT B pe3yJ/bTarTe HepaBHOMEPHOCTH
ero mnorpebsenusi. B sernuit mnepuon,
KOT/A M0laua rasa 8 ropo/, NpeBOCXOAHT
ero norpebsiesde, U3NHIUKH rasa HeoO-
XOAMMO HANpaB/siTh B Ta30XpaHHUJH-
me ¢ TeM, 4ToObl 3UMOH AKKYyMYJHPO-
BaHHBIH ra3 MOXHO OblI0 NMoaaBaTh B
ropon. [Ans xpaHeHHs rasa HCNOAb3YIOT
nojA3eMHble XPaHHJIHIILA.

JJas NOKPHITHS 4acoBOH HepaBHO-
MEpPHOCTH INOTpeb/eHHsA ras3a LIHPOKO
UCMOJB3YIOT aKKYMYJHPYIOIIYIO €MKOCTb
NOCJeJHEr0 YyuacTKa MaricTpaJsbHOro
razonposona. PabGora nmocaesnero yua-
CTKa ras3onposoja CYIIEeCTBEHHO OT-
Juyaercd oT pabGoThl JPYrMX Y4acTKOB,
TAK KaK HOCHT pe3KO BblpakKeHHbIH
HecTanMOHapHLIH xapakrep. Kosunue-
CTBO rasa, MOCTYOUBWEro B NOCJAeIHUN
YYaCTOK MarucTpajbHOTO Tas3oNpoBo-
12, He TMOJABePXKEHO pEe3KHM KoJseba-
HUSM, a OTOOp rasa 3HAUHUTeJbHO H3-
MeHsAeTCHA, TaK KaK 3aBHCHT OT pexkuMa
ero norpebJseHns B ropoge. B Houhoe

BpemMsa HabJsogaercs npoeasa norpebse-
Huda. B pesyabrare M3 rasonposoga or-
O6upaeTcs MeHblUee KOJHUECTBO rasa,
yeM ero nocrynaer. KoJauuecrso rasa,
HaXOASLIErocs B NOCJAeJHEM y4yacTKe ra-
30MpOBOJA, YBeJHUHBAETCS, U JaBjeHHe
B HeM pacTeT. B nepuoabl nosbieHHoro
norpeb/eHHUs H MUKOBbLIX HATPY30K, KOT-
na orbop rasa okasbiBaetcs 6oJblue MO-
CTYIJIEHHS], HCMOJB3YIOT aKKYMYJHPO-
BaHHBbIH ra3. [asrosbaepHbie CTaHIMH,
cayKaiiue AJis BblpaBHUBAHUS YaCOBOMH
HEepaBHOMEPHOCTH NoTpeb/eHHs rasa, B
Hacrosllee BpeMs He CTPOSIT H3-3a
WX BBICOKOH cTOMMOCTH W §OabWOH Me-
TaJIJIOEMKOCTH.

J1/1s1 BEIpaBHHBAHUSA CE30HHOH HepaB-
HOMEPHOCTH CJy’KaT NOJ3eMHble XpaHH-
Juma rasa. B kauecrsBe mnoa3eMHBIX
XPaHHUJHIL HCNOJb3YIOT HCTOLIEHHbIE Ta-
30Bble U HedTsHbIE MECTOPOMKAEHHA.
Ecaun BO6GAM3H LEHTPOB TNOTPeOaCHHS
rasa TakHe MeCTOPOXKAEHHS OTCYTCT-
BYIOT, TO XPaHHMJHILA COOPYKAKWT B
NOJ3eMHbIX BOAOHOCHHIX nJjacrax. [loa-
3eMHOe XpaHeHue Trasa MNoJYyuuJo B
MHPOBOH MNpakTHKe O6oJblIoe pacnpo-
crpanenne. B Coserckom Coioze B
Hacrosimiee BpeMsl HPOBOAAT OOJblUHE
paboThl MO CO34aHHIO NMOJ3EMHbIX ra3o-
xpaHuauil. IlepBoe noaszemHoe razoxpa-
HHJIHUIE B HaweHd crpaHe 6blIO CO3JaHO
B HUCTOIIEHHOH Ta30BOH 3aJieXXd OKOJIO
Byrypycnaua. TlocTpoedn u  cTposdr
razoxpaHunuima B6au3n Mocksbl, Jle-
HUHrpana, Muhncka, Kuesa, Tamkenra u
Apyrux roponos. Ilogsemuoe xpaHeHue
3HAYUTEJIBHO AEUIeBJe APYTHX CnocoboB
XpaHeHUs rasa.

B kauecrBe mnoa3eMHbIX XpaHUJHIL
UCMOJb3YIOT TJAACTbl  MOPHCTHIX  TO-
poA. XOpOLUUM KOJIJIEKTOPOM SBJSIETCS
NJ1acT, HMEIOMHA MOPUCTOCTb HE MeHee
159%. Bo n3bexaHue norepb rasa BbiG-
pPaHHbLIA KOJNJIEKTOP AOJKEH ObITh repMme-
THUHBIM. Haubosbiuee 3HaueHue UMeEIOT
NJIOTHOCTh U NPOYHOCTb KPOBJIH MJacTa.
Kposas, cocrosimasi u3 NJAOTHBIX IJac-
THYHBIX TJAUH WIH KPeHnKHX H3BECTHSIKOB
U [NOJIOMUTOB 6€3 TpPEeUIHH TOJUUHOH
5...15 M, obecneyuBaeT NOJIKHYIO repMme-
THYHOCTb, NpejoTBpalnasl yTeuky rasa.
CHHU3Y Ha ra3 oKasblBaeT AaBJeHHe BoJa.
Jlas obyerueHdsl 3akaukd rasa H ero
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W3BJICUEHHS KOJNJIEKTOP XPaHUIUIIA A0J-
JKEH HMeTb [OCTAaTOYHYIO IpOHHIlae-
MOCTb.

Pabouasi BMeCTHMOCTb Tla30XpaHu-
JHUILA ONpee/sieTcsl BEPXHUM H HHXKHUM
npeaejaMd  JONYCTUMBIX  JaBJI€HHH.
MakcuMaabHO JONYCTUMOE [aBJjeHHe B
NOJ3€MHOM T[a30XPaHUJUILE 33BUCHT
oT rayOuHB 3ajeraHus nJaacra, NJaoT-
HOCTH U MPOYHOCTH KPOBJIM U NOPO; HAL
XPAHUJHILEM, TeOJOTHYECKUX Xapak-
TEePUCTHK NJ1acTa H XapaKTepHCTHK 0060-
pyaoBauusi razoxpanuinma. Ilocae us-
BJEUYEHHS] ra3a U3 XpPaHUJUILA B HEM OC-
Taercs onpenesneHHbIH 06beM ra3a, KoTo-
polii HasbiBaercd OydepHbIM, HJAN NOLY-
weyHbIM. OH co31aer MUHUMAJbHO HEOO-
X0AMMoe JasJjeHHue, obecneyrpaloee

3KOHOMHUYHYIO paboTy XpaHWUIHIIA.

Jlnst coznanus MOA3EMHBIX razoxpa-
HHJIMIL B MJIACTAX BOJOHAMNOPHBIX CHCTEM
HCMOJNb3YIOT KYMOJa WJIH aHTHKJIHHAJH,
T. €. CKJI3JAKH, KOTOPble HMEIOT MOHHKe-
HHe CJI0€B BO BCEeX Halpas/jeHHAX OT
csopa. Ilnacrel J0MKHB 6bITH repMeTHy-
HblMH. ['a3 3akaunBaloT B LEHTpPaIbHYIO
4acTh KYyINoJa, OH BbITECHSIeT BOIY B
cneuHajbHo MnpobypeHHble pasrpysou-
Hble CKBaKHHDI, KOTOPble Pacno/aralor B
BUJe KONbUeBo# 6arapen. [Ipu cosnanuu
XPaHHWIHLL Le/ecooO6pasHo  HCIOJb30-
BaTh yOpyrue ceBoificTBa kHAKOCTEH H
ropHeix nopon. B srom cayuae ras saka-
YMBAIOT B UEHTPaJibHble CKBaXKHUHBI, a
BOLY OTTECHSIIOT BHH3 [0 MaleHHIO
nsaacra



Paspen |1

PacnpepenurenbHble cMcTembl
razocHabkeHus

naBsa 4
Fopoackme cucTembl rasocHabxeHus

4.1, CxeMa ropoOACKMX CUCTEM
razocHabwenus

CoBpeMeHHble TOPGACKHEe pacnpeje-
JUTeJIbHBIE CHCIeMbl TpPeACTaBJSIOT CO-
GOH CJ0KHBIH KOMIJIEKC COOPYXKEHHH,
COCTOSILIHE H3 CJAeAYIOIIHX OCHOBHBIX
9J€MEHTOB: Traz0BbiX CeTed HH3KOro,
CpeqHero W BBHICOKOrO J1aBJIEHHS, raso-
pacnpeaesuTeAbHbIX CTAHLMH, rasopery-
JSITOPHBIX MYHKTOB K YCTAHOBOK. B vKka-
3aHHbIX CTAHIIMAX U YCTAHOBKaX jaBJje-
HHE ra3a CHHXKAT A0 HCeOOXOAHMOIM
BEJHYUHb] 1 ABTOMATHUYECKH MOMJCPHKH-
BalOT mocTossHHbIM. OHH MMelOT aBTOMa-
THYECKWe MpeiOXpaHuTeNbHble YCTPOH-
CTBA, KOTOPbIE HCKJIOUAIOT BO3MOXKKOCTh
NOBBILIEHHS JaBJd€HUS ra3a B CeTsX
cBepx Hopmbl. dns ynpaBnesus v 3xc-
miyaraiiy 3TOH CHCTeMbl HMeeTcsi cre-
HHaJbHas CaAy»K6a ¢ COOTBETCTBYILHMH
cpencTBaMH, O0O¢CIEUHBAIOMMKMHE  BO3-
MOXKHOCTb OCVILECTBJASATh Oecnepe6oii-
Hoe ras3ocHabXeHue.

ITpoekTsl razocHabxkeHus obJacred,
ropo/oB, MOCEJIKOB pa3pabarbiBaior Ha
OCHOBE CXeM T[epCHNeKTHBHbIX MOTOKOB
rasa, cxeM pa3BUTHS U pPa3MellleHHs OT-
paciell HapoOAHOTrO X03sHCTBa H NMpPOeK-
TOB paHOHHBIX MJaHHDPOBOK, reHepasb-
HbIX TJTAHOR ropO/OB C VUETOM HX pa3Bi-
THs1 Ha mnepcnektHry. Cucrema raso-
cHaOxeHHs JgouaxHa obecneynBaTb 6ec-
nepeGoiiHyl0 mnoaauy rasa forpebure-
asiM, ObiTh 6C30MACHOI B 3KCNJyaTaLUH,
npocrtoii ¥ yaoOnoit B 06CIyKHBaHUM,
JOJXKHA TPeAVCMaTPHBATh BO3MOXHOCTh
OTKJIOUEHHA OTHEJLHBIX €€ 3JeMeHTOB
HJn YYacTKOB Tra3oflpoBOTOB J1# Npo-

H3BOJACTBA PEMOHTHBIX H aBapHHHbBIX pa-
6or. Coopyxenusi, oGopynoBatue H
y3Jabl B CHCTeMe rasocHabkenust che-
JAVeT MPUMEHATh OfHOTHNHBIE. [IpuHATHIHA
BApPHAHT CHCTEMb] JOJ1KEH HMETb MaKCH-
MadbHYI0 3IKOHOMHUYECKYI0 3hPeKTHs-
HOCTb W IpPejyCMaTpuBaTh CTPOHTE/b-
CTBO ¥ BBOJ B 3KCINAYAaTalHIO CHCTEMB
razocHabKeHHst IO YACTAM

B bacrosiniee BpeMsl MmOUYTH Bce TO-
poaa Coeerckoro Cowo3a rasuduuupo-
BaHbl, NO3TOMY OCHOBHO# 3anadvell mpu
NPOEKTHPOBAHHH CHCTEMbl razocHabxe-
HHUA rOpoja BeTaeT ee PEeKOHCTPYKLHSA H
pasBHTHE. COOTBETCTBEHHO pPa3BHTHIO
roposa H €ro npomblulieHHoOCTH. [lpu
pellieHHH 3TO# 3a4a4d TpexKJe BCero
Heo6X0JMMO BHISIBHTb HOBYIO Ta30BYIO
Harpysky Ha MOepcleKTHBY B 3aBHCH-
MOCTH OT CX€Mbl PEKOHCTPVKIHH TOpO-
CKOH 3aCTPOHKH, IPHHATHIX PELUeHHH MO
HX Tema0CHaGXKEeHHIO, ropsiueMy BOJO-
CHAGXEeHHIO U CTeNeHH OLITOBOrO 06CaV-
xuBanusi. [Tocsie pacuera HOBBIX HArpy-
30K BBIFIBJISIOTCS TA30MPOBOAbI, KOTOpPHIE
COXPaHSIOTCH B HOBOH CETH. MPOEKTH-
pyeTcs HOBast CETh H ONPeAeSHIOTCS AHA-
MeTpPbl ra3onpoBOAOB. 31ech CJaeaveT
OTMeTHThb, YTO C pa3BHUTHeEM ropojia pa-
CTeT ero CHCTeMa rasocHabXKeHHST H K
Hel [OpeabsABASIOTCSt Hojee  BhICOKHE
Tpe6OBaHHUA IO HAJICKHOCTH (DY HKLHOHH-
poBaHusi, MO3TOMY CeTH A0JXKHbl GbITh
3an0pPOeKTHPOBAHBlL CO  CTPYKTYPHBIMH
H TPAHCMNOPTHBIMH PE3CPBAMH, KOTOphle
HEOOXOAMMO NPOBEPHTh pacyeToM

OCHOBHBIM  3JI€MEHTOM TFOPOLCKHX
CHCTEeM ra30CHabXeHHs SABASIOTCS ras3o-
IPOBO/BI, KOTOPHIE KJIACCHPHUUPYIOT 1O
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JaBJEHHIO ra3a M Hasuauyenuw. B 3asu-
CHMOCTH OT MAaKCHMAaJbHOTO AaBJjeHH:
rasa TOpOACKHEe Tra3ompoBOABl pasje-
JSIIOT Ha CJAeAyOUIHe TpyNmbi:

1) rasonpoBoabi HM3KOTO [AABJACHHSA
¢ nasjenneM rasa no 5 xila (500 mm
BOJ. CT. U3GBITOUHBIX);

2) rasonpoBOjbl CPeJHEro AABJACHHSA
¢ gasaedueMm ot 5 klla go 0,3 MIlla
(10 3 Krc/cm? H3BBLITOUHBIX)

3) ra3onpoBoabl BBICOKOTO AaBJICHUS
I1 kareropuu ¢ nasnenuem ot 0,3 g0 0.6
MIla (or 3 no 6 xrc/cm? HIGBITOUHBIX);

4) ra3onpoBO/bl BbICOKOTO JAaBJIEHNA
I kareropum jassi NPHPOAHOro rasa H
rasoBo3ayilHelx cmecet or 0,6 10
1,2 MIla (ot 6 no 12 xrc/em® nabnTou-
HbIX), AJas CXKHXKEHHBIX YIJeBOAOpO-
HbIX Ta3oB 10 1,6 MIla (no 16 kre/cm?
H30BITOUHBIX) .

'a3onmpoBoibl HH3KOTO  [aBJEHHS
CAyXaT A5 TPAHCIOPTUPOBAHUS ra3a B
XHuJbie, 00LlecTBeHEble 30aHUSA U Npes-
NpUATHS ObITOBOro obcayKuBaHusd. B
ra3onpoBojax KuJbX 33aHull paspe-
uiaercs gasaenne no 3 xlla; B razonpo-
Bojpax mnpeinpuatuit OuitoBOoro ofcay-
KUBAHHUS HENMPOH3BOJACTBEHHOrO Xapak-
Tepa M OOHIECTBEHHBIX 3AaHHH — nO
5 klla.

['a30npoBOMbI CPEAHEr0 H BHICOKOTO
(11 xkareropnu) naBJjeHHsl cayKaT AaA
NUTAHUSI TOPOJACKHX paclpenenuTelib-
HBIX ceTefi HM3KOrO M CpPeJAHero nas-
JIEHHSI uepe3 ra3operyjasiToptble NyHKTH!
(TFPIT). Ouu rakxke mopaloT ras uepes
I'PIT » mectuble rasoperyasitopusie yc-
tanoBku (I'PY) B rasompoBonsl npo-
MbILUIJIEHHBIX H KOMMYHA/JIbHBIX Mpej-
npuaTui. Ilo JgeHcTByIOIMIMM HOpMam
MaKCHMAaJibHOe J1aBJieHHe JUIsl MPOMBILL-
JIeHHBIX NPEANpHUsATHH, a TakxXKe pacrno-
JOKEHHBIX B OTAE/NbHO CTOSIWHX 31aHUAX
OTOMHUTENbHbBIX M MPOH3BOJICTBEHHBIX KO-
TeJIbHBIX, KOMMYHAJABHBIX H CeJIbCKOXO-
3SIACTBEHHBIX PeANPHATHHA AOMYyCKAeTCA
no 0,6 MIla. Hnast npennpusitiit 6uito-
BOro 06CAYKHBAHHA TPOH3BOLCTBEHHOTO
Xapakrepa, MPHCTPOSHHBIX K MPOH3BOA-
CTBEHHbIM 3/ aHUSAM, AABJEHHe rasa Jo-
nyckaercs x0 0,3 MIla.

Fopoackue ra3onpoBo/bl BbICOKOrO
(1 xareropnu) AaBJAECHUA FABAAKTCA OC-
HOBHBIMH  apTepHSIMH, [HUTAIOMLHMY
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KPYNHbLIA rOpoj, WX BHLIMOJHSAIOT B BHIE
KOJabla, MOJyKoabna HJAW B BHIE
ayuefi. {To num ras nopaiort uepes ['PI1
B CETH CpelHero u BBICOKOro JAaBJjeHHs,
a TaxkXke TDPOMbIUJIEHHBIM Mpeanpus-
THAM, T€XHOJIOTHUECKHE MPOUEeCChl KOTO-
PBIX HYXAAIOTCA B rasze LaBjieHHeM CBbI-
we 0,6 MIla.

[TpombliLIeHHbIE TPEANIPHATHS MOXK-
HO TMPUCOEIHHATH HENOCPeACTBEHHO K
TOpPOACKMM CETSAM BBICOKOTO M CPeaHero
pasjienns Ges rogosHoro I'PIT na Broze,
eCAN 3TO OOOCHOBAHO TEXHUYECKHMH
cooGpakeHUsIMH M TNOATBEPIK/AEHO TeX-
HUKO-3KOHOMHUYECKHM pacuetoM. [lura-
HUe Tra30M JKHJILIX H OO6lIeCTBeHHbIX
2LaHKH, a TaKXe NpeanpHsTHH ObITOBO-
ro oGCayXXHBaHKHA HETPOH3BOACTBCHHOIO
XapaKTrepa ot ceTed cpenHero H BbICOKO-
ro0 [1aBJEHHS OCYIIECTBJASIIOT TOJbKO
yepe3 ['PIT.

CBsi3b MeXAy rasonpoBOfAMH pa3s-
JUUHOTO AABNCHHS TaK:Ke OCYUWECTBJSA-
etcst Tonbko uepes I'PIL

CoBpeMeHHbie CXeMbl TOPOICKHX CH-
CTeM rasocHabKeHHs] HMEIOT IPKO BhIpa-
XKCHHYIO MepapXHYHOCTb B MOCTPOEHUM,
KOTOpasi YBAi3bIBA€TCst C MpHBEACHHOH
puiwe Kaaccudurauueit rasonposojioB
110 napienuio. BepxHHH HepapXxuueckHH
YPOBeHb COCTABAAIOT A300POBOALI Bbi-
coxoro aaBneHusi. OHH cocraBAsOT
rMaBHbIl  KOCTAK TOPOACKOH ra3oBoi
ceTH. CeTb BBICOKOTO AaBJEHHS J0JXKHA
ObiTh pe3epBHPOBAHHAS, JHUIb AJS He-
GOJNBIIHX CHCTEM MOXKHO OrpaHH4YH¥TbCS
TYNHKOBBIMH cxemaMHu. PesepBupyior ce-
TH KOJiblleBaHHEeM HJAU AVO/AHPOBaHUEM C
o6si3aTeNbHO# MNPOBEPKOH NPONYCKHOMH
CMMOCOGHOCTH NPH HaubO/ee HampsikKeH-
HbIX ruapasJHueckux pexumax. CeTb
BbICOKOTO AaBJCHHA THAPABJHUYECKH coe-
JHHSIeTCS C OCTaJbHOH YACTBIO CHCTEMBI
Hepe3 peryJasiTopbl AaBJeHUA, OCHANICH-
Hble NpeACXPaHUTE/NbHBIMH YCTpPOHCTBA-
MH, TpeJOoTBpailalonHMH MNOBbILIEHHE
AaBJeHHs mocae peryastopoB. Takum
o6pa3oM, BCS CHCTeMa pasjensieTcsi Ha
HECKOJIbKO HepapxHyecKHX ypoBHe#, Ha
Ka)»J0M YpOBHe AaBTOMATHYECKH TMOj-
JepKUBAETCS MaKCHMAJbhHO JAOMYCTH-
Moe nasJjerHde raza. C nepexofnom Ha 6o-
Jee HH3KHW HepapxuyeckHi#l ypOBeHb
JAaBJeHHe ra3a CHHXaerca (Jpoccesnpy-



eTcsl) Ha KJaamnaHax pery/asiTopoB, KOTO-
pble MOAEPIKUBAIOT AaBJeHHE f1oCae ce-
651 MOCTOSIHHBIM, HO (o0Jlee CHHXKEHHBIM
COOTBETCTBEHHO HOpMaM.

[To uncay crymeHeil naBfeHHS, MpPH-
MeHSIeMblX B Ta30BbIX CeTSAX, CHCTEMBI ra-
3ocHabKeHust mnoppasjessiior Ha: 1)
JABYXCTymeHuaTble, COCTOSIIHe H3 ceTel
HH3KOTO H CpeAHEero HJH HH3KOTO H
Bbicokoro (mo 0,6 MIla) naBaeHus;
2) TpexcTymeHuaThle, BKJIIOYA0OIHE ra-
30MPOBOJibl HH3KOTO, CpeAHero H BHICOKO-
ro (no 0,6 MIla) naBaeHus; 3) MHOro-
CTymeHuyaTble, B KOTOpPBIX ra3s nopaercs
N0 ra3onpoBOJAM HU3KOTO, CPeHero H
Bbicokoro (no 0,6 u 1,2 MIla) naBaeHusi.
[ToMHMO OCHOBHOro OGCTOSITENbCTBA —
HEOOXOAHMOCTH HePapXHH B NOCTPOCHHH
CXeMbl — COBMECTHOe TpHMEHeHHe He-
CKOJIbKMX CTyneHed pRaBJEeHHS rasa B
ropofax OOBSICHSIETCH  CJACAYIOMIMMH
NMpHYHHAMH:

1) B ropose uMeloTcs NOTPeOHTEH,
KOTOpble Tpe6GYyIoT pa3iHuHbIX AaBJeHHH.
Tak, B XHABIX H OOLIECTBEHHBIX 31a-
HUSIX, Y TMPeAnpHsATHH OblToBOro obcay-
SKHBAHHA HENPOH3BOACTBEHHOr0 Xapak-
Tepa paspelialoT TOJABKO HH3KOe jJaBJje-
HHe rasza, a MHOTHM IPOMBILIJIEHHBIM
npeAnpHATHSIM He0GX0JUMO CPe/iHee HJH
BBICOKOE [1aBJieHHe;

2) Heo6XOAMMOCTb B CpeJHeM HJH
BEICOKOM JaBJeHHH BO3HHKAeT TakKkKe
BCJEACTBHE 3HAUYHMTEJBHOH NPOTSXKEH-
HOCTH TFOPOACKHX rasolpoBONOB, HecCy-
Ux GOJbLIHE HATPY3KH;

3) B UeHTpa/ABHBIX paloHax ropoaoB
CO CTapoil 3acTpPOHKOH IIHUPHHA YJHL
H npoe3aoB HeGoJbliasi M TNPOKJAjJKa
ra3olnpoBOJOB BbICOKOrO AaBJEHHS MO-
KeT okasaTbcsi Heocyuecrtsumoii. Kpo-
Me TOro, NpH BbICOKOH MJOTHOCTH HAace-
JIeHUs1 13 yCeJaoBHH 6e30NacHOCTH H ya00-
CTBA 3KCIIyaTalHy NMPOKJIA/AKa ra3onpo-
BOJAOB BBICOKOTO [aBJEHHSI HexeJa-
TeabHA;

4) wxadHple rasoperyjafaTopHble
NMYHKTHI, pacroJjaraemMele Ha creHax o6-
IIECTBEHHBIX 34aHHU HENPOH3BOJCTBEH-
HOrO Xapakrepa H Ha CTeHaX MXMJBIX
31aHH#H, pa3peliaerTcss NMPHCOERHHSITh K
rasonpoBonam ¢ gaBaenueMm o 0,3 MIla,
T. €. K ra3onpoBojiaM CpeaHero jaasJe-
HHUS,;

5) HasJHMuHe HeCKOJbKHX CTyleHel
AaBJeHUHA rasza OOBACHSAETCS emie Tem,
YTO CHCTEeMbl ra3ocHabMKeHHs GOJbIIHX
rOpPO/0B CTPOH/H, PACILHPSIIH H PEKOH-
CTPYHPOBAJH B TedyeHHe MHOTHX JieT,
M rasonpoBoibl B UEHTPaJbHOH uacTH
ropoga OblaH 3aNpOeKTHPOBaHbl Ha
MeHblIHe JaBJeHHs, 4eM Te, KOTophle
paspelualoT B HacTosilee BpeMms.

[TpoBectd crporyio kaaccHbHKALHIO
TOPOACKHX Fa3ONpoBOAOB MO Ha3Haue-
HHIO TNpejcTaBJsieTCst 3ajauved jgocra-
TOYHO CJOKHOH, HO60O CTPyKTypa H
NOCTpOeHHe ceTed B OCHOBHOM Ompefe-
JATCH  HepapxH4YeCKHMU  YPOBHSIMH.
BMecTe ¢ TeM ropoAckHe ra3onpoBObI
MOXKHO pa3fejgHTh Ha CJedyloliHe TpH
FPYINBL:

1) pacnpeneaure/nbHbie Ta3ompoBO-
Jbl, O KOTOPbIM ra3 TPAHCNOPTHPYIOT MO
cHal>kaeMOH ra3oM TEpPPUTOPHH H NO-
JAal0T ero NpOMbILJIEHHBIM TOTpelHTe-
JIsIM, KOMMYHAaJIbHbIM NPEANPUSITUAM H B
paHoHbl XuablX a0MOB. Pacnpepenn-
TeJIbHble Ta30MPOBOAbl GhIBAIOT BhICOKO-
ro, CpeiHero 4 HH3KOro JaBJeHHs, KOJb-
ieBble H TYMHKOBBIE, @ HX KOHPHTYpallus
3aBHCHT OT Xapakrepa NJAaHHPOBKH ro-
poaa;

2) abGOHEHTCKHE OTBETBJEHHSI, I0-
JalollHe ra3 OT pachnpejlesHTesbHBIX
ceTed K OTAeJbHBIM NOTpeGUTeJsAIM;

3) BHYTPHAOMOBble ra30npoBOJbI,
TPAHCIOPTHPYIOHIHE Fa3 BHYTPH 3AHHUSA
U pacrnpejessiiollHe ero no oTAejbHbIM
rasoBblM npubopam.

OcHOBHBIE TOPOJACKHE PpAacnpeaeu-
TeJbHElE Ta30MpOBO/ibl BEICOKOrO H Cpej-
Hero JaBJeHUR MPOEKTHPYIOT Kak eiH-
HYIO ceTh, MOAAIOUIYIO Fa3 MPOMbILLJIEH-
HBIM  TPeANpPHSITHAM, OTOMHTEJbHbIM
KOTebHbiM, KOMMYHAJBHBIM NOTpeGuTE-
asm u B cetesole I'PIL. Ilpoekruposanue
e/JHHOH CeTH 3KOHOMHYECKH BBITOJHee,
ueM NMPOKJaaJgKa pas3iesbHOM, uTo 06bsC-
HsieTCs 60JblUeH CTOHMOCTbIO TPOKAAAKH
napaJsjiesbHbiX ra3onpoBOLOB, 4YeM Of-
HOrO rasonpoBoja, Hecyllero Ty ke Ha-
rpy3ky. Kpome toro, koMmMyHa/aeHaa H
O6bITOBAst HAarpy3ku SABJASIOTCSH OTHOCH-
TeJbHO HeGONBUIHMH MO CpPpaBHEHHIO C
NPOMbBIUIIEHHOH, U BKJIOUEHHe HX B 06-
HIHHA MOTOK ra3a NMPUBOJHT JIHIIb K He-
60JIbIIOMY YBEJHUYEHUIO CTOUMOCTH CeTH.
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Tak, TONbKO A/151 MaJBIX T'OPOAOB NOTpeH-
JICHHE ra3a Ha KOMMYHaJbHO-ObITOBbIE

HYK bl cocTaBJsieT npumepHo 40% o06-
LLero rOA0BOr0 pacxoia, a AJs CPeABHX,
GOJBWIMX H KPYMHBIX TFOPOAOB OHO HE
npesocxoauT 15...209% ofuiero rojgosoro
pacxozaa.

OueHounble pacueThl AJas MadbIX roO-
pOROB [AIOT YBeJWUEHHE CTOHMOCTH
CeTH, 3anpoeKTUPOBAHHOH aAAs mpo-
MBILIJIEHHBIX ~ OPEANPHUATHH H  KOM-
MYHaJbHO-GbLITOBOIO CeKTOopa MO Cpas-
HEHHIO CO CTOUMOCTBIO CETH TOJBKO AJSA
MPOMBIILJEHHBIX TpeAnpuATHH Ha 219, a
NpH pa3aenbHOH MPOKJIaAKe YBeIHUeHHe
croumoctH Gyaer 869, uro B 4 pasa mnpe-
BOCXOAHT yBe/aHueHHe CTOHMOCTH CeTH
BBICOKOTO J1aBJEeHHS NPH NPOINyCKe yepes
Hee KOMMYHaJbHO-ObITOBOH HATPY3KH.
J1asi cpeiHUX, 60AbIMIHX H KPYIHBIX FOpO-
JIOB yBeJHUeHHe CTOUMOCTH TPOMBILL-
JIeHHO# CeTH TPH HCMOAB30BaHHH ee AJd
rasocHaGeHus ceauTeGHOA TepPUTOPHH
cocraBuT 9%, a npu pasgenbHOH Npo-
knaaxke — 59Y%.

[IpuBeseHHBEIe [aHHBIE MOKa3blBAIOT
9KOHOMHUECKYID 3(P(HEeKTHBHOCTb MPOEK-
THPOBAHHS €AHHOH paclpeReauTeNbHOH
CeTH BbLICOKOTO H CPELHero [aBJeHHS.
[laxke np# BblAeJeHHH NPOMBILIIEHHOH
30HBI 4acTo LenecooO6pa3Ho ee rasonpo-
BOJIbl COEAHHSATh C TOPOACKOH CeTbIO Bbi-
COKOro RaBJ/eHMs, 4TO CYILIECTBEHHO MO-
BHlIIAET HAaAeXHOCTh CeTH H He3HauH-
TeJbHO YBeJHYHBAET €€ CTOHMOCTh.
Tonpko aast KPYNMHBEX TNPOMbBILLJEHHBIX
06BEKTOB H 3JeKTPOCTaHIHH MOXeT oKa-
3aTbCs 1e1eco00pa3HEIM IPOEKTHPOBATE
creiHajbHble ra3onpoBO/ibl.

Ha Bbi6op cucrembl razocHabxeHus
ropojia OKasblBaeT BJHaAHHE psij (Pakro-
pPOB, OCHOBHble H3 KOTOPBIX: pazmephl
ropoaa, oco6eHHOCTH eT0 NMJAAHHPOBKH U
3aCTPOHKH, NJOTHOCTh HACRACHHS; YHCTIO
H XapakTep NPOMBILIJEHHbBIX TOTpe6HTe-
Jell M 37eKTpOCTaHpUi; HaaHudHe OO0Jb-
IIMX eCTeCTBEHHbIX HJH HCKYCCTBEHHBIX
NpenaTcTBUA A5 NMPOKJIAAKH Ta3onpo-
BOJAOB (pek, o3ep, Kese3HOJAOPOKHBIX
y3JI0B W TIp.); NepCrleKTHBHLIN N1aH pas-
BuTHS ropoaa. [Ipy npoekTHpoBaHuy cH-
cTeMbl ra3ocHalKeHHs paspabaTbiBaloT
pPSiL BapPHAHTOB U NPOH3BOASIT HX TEXHH-
KO-3KOHOMHueckue cpaBHeHuss  Has
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CTPOHTEIBCTBA MPHUMEHSIOT HAUBBIFOL-
HeHIMA BapHaHT.

Jast cpeHUX H HeGOJbWIHX rOPOLOB
OOBbIYHO MPHHHUMAIOT ABYXCTYNEHYATYIO
CHCTEMY C ra3onpoBOAaMH BBICOKOro
(no 0,6 MIla) u HU3KOrO OaBJEHUSA.
Ecan B uentpasbHOll yacTH ropopa mnpo-
JIOXKHTb Ta30NnpoOBOJAbl BBICOKOrO HaBJje-
HHUS OKasblBAeTCsl HEBO3MOMKHbIM, MPH-
MEHSIOT TPeXCTYIeHUYaTYIO CHCTEMY: Bbl-
coxoe (a0 0,6 MIla), cpennee 1 HH3KOe
naBaeHde. B 3sTom cayudae BbicOKoe
JaBJieHye 3aMeHsIlOT CPeAHHM TOJBKO
YacTHYHO: B UeHTpaJbHOH, Haubojee
NJOTHO 3aCTPOEHHOH M  HaceJeHHOH
yacTd ropozaa. Bel6op TOro WM HHOrO
BapHaHTa ONpeie/ssioT TeXHHKO-3KOHO-
MHUECKHM PaCueToM.

MHorocryneHyarble CHCTEMbl raso-
cHabXeHHUs ¢ rasonpoBOAAMH jaBJje-
nHueM 6osee 0,6 MIla npumeHSIOT TOJb-
KO B KpYNHBIX ropoaax H 06JacTHBIX
cucremax. Jlns KpynHBIX 4 CPEeAHHX TQ-
POJIOB CETH MPOEKTHPVIOT KOJBIEBbIMH,
a [Js MeJKHX TOpOJLOB Kak BbICOKasi
CTYNeHb AAaBJEHHSI, TAK H HU3KAs MOKeT
OblTh  3aMpPOEKTHPOBAHA  TYNMHKOBOM.
.Hduamerpsl pacnpeneuTeNbHBIX raso-
MPOBOAOB OOBIYHO H3MEHAIOTCS B npeje-
aax 50..400 mm.

[asoperynsitopuble  NyHKTH  pac-
NoJaraioT B OTAeJNbHO CTOSIHX 30aHHAX
C OTONJIEHHEM W BeHTHJsALHeH, HX yrob-
HO 3KCNAYATHPOBATh W MPOBOAHTb pe-
MOHTHbIE pa6GoThl. PadpaboTaHHble raso-
peryasiTopible TYHKTHI, pacroJsaraemble
B CMepHaJjbHBIX OTAN/NHBAEMbIX WIKadax
(ILIPIT), skOoHOMHUHEE CTALHOHAPHBLIX
['PIT craporo tuna. Ho anst addexrus-
Ho# skcnayartauun [UPIT neo6xonnma
opraHuM3alus 6104HOr0 PEMOHTA ¢ ObICT-
pOH 3aMeHOH OTKa3aBllIero arperarta npu
JIOOLIX, He0aronpuUsiTHeIX atmocdep-
HBIX ycaoBusx. Ho MakcuMmasnbHoe wuc-
noan3osanue IIPI1 Bcerpa naer 3koHo-
MHuecKHH 3bdeKT, ecTeCTBeHHO, TpH
NpaBHJbHO OPraHH30BAHHOH HX HKCMAY-
arauuun. Yucno I'PI1 onpenensiior TexHu-
KO-3KOHOMHuUeckuM pacuerom. [azope-
FYJASITOpHblE TVHKTbl pacrnonaramT B
HEHTPaX 30H, KOTOpble OHH IHTAIOT.

Tpacchl ra3onpoBofa MPOEKTHPYIOT
C y4eTOM TPaHCHOPTHPOBAHHS MOTpeGH-
TeAsM rasa KpaTuaHiIHM NyTeM, T. e.



H3 YCJOBHSI MHHHMAJbHOH MpPOTSXKEH-
HocTH ceTH. TOuKH BCTpeur NoTokoB rasa
HA3HA4al0T Ha rpaHHIe 30H COCeAHHX
I'PIT. CeTH HH3KOrO [aBJIEHHSI COCTOSIT
H3 KOJbLEBHIX H TYIHKOBBIX Tra3ompo-
BOJAOB H aGOHeHTCKHX OTBeTBJEHHH.
OCHOBHbBIE Ta30NMpPOBOAbI MPOEKTHPYIOT
npH pa3paboTKe TEXHHYECKOro MpoeKTa,
a OTBETBJEHUS—MpH padoyeM MPOEKTH-
poBahud. [l10THOCTE OCHOBHBIX raso-
NMPOBOLOB MNPHHHMAIOT TakoH, uTo6bI
AJuHa aGOHeHTCKHX OTBeTBJAeHHHA A0
BBONOB B 3aaHHua 6blaa 50...100 m.

B ropopax W mocenkax, HMeOUIHX
60JIbIIYI0 PA3HOCTh Te0AEe3HYECKHX OT-
METOK, T. €. pacrnosjioXKeHHbIX B XOJ-
MHCTOH H FOPUCTOH MECTHOCTSIX, IpH pac-
nosoxeuud UPI1 u TpaccupoBke raso-
NpoBOJAOB  HEOOGXOJHMO  YyUYHUTHIBATH
rHapocTaTHueckoe paBiaeHue. Ecan He-
noab3yembli ra3 gerde Bosayxa, [Pl u
OCHOBHBlE JIHHHH pachnpenenuTeNbHbIX
ra3onpoBOAOB cJeayeT MNpOK/aajgblBaTh
no mnpoe3aaM C HaHMEHbUIHMH reoje-
3HyecKHMH oTMeTkaMH. JKuabie u 006-
I[ECTBEHHbIE 37aHHS, KOMMYHAaJlbHO-GBI-
TOBble NOTpeGHTENH, & TaKKe MesaxHe
NpeanpHsITHS  HENOCPeACTBEHHO  [pH-
COeMHSIIOT K pacnpeiefuTej]bHbiM Cce-
tM. [losTOMy Ha BBOAAX rasonpoBOAOB
B 3JaHHMAX YCTaHABJAHBAIOT TOJNBKO OT-
KJII04alolHe yCTpOHCTBA.

B.3aBHCHMOCTH OT Xapakrepa njiaHH-
POBKH JKHJABIX MAaCCHBOB M IJOTHOCTH
HaceJileHHSI CeTH HU3KOro NaBJeHHSI Bbl-
MOJIHAIOT H3 ra3onpoBOAOB, MPOKJabl-
BaembiX MO Npoe3gaMm M YJHLaM B BHAE
CTIJIOWHBIX KOJbIUEBbIX ceTel, uJaH H3
ra3onpoBOAOB, NPOKJaJblBAEMbIX [pe-
HMYIIECTBEHHO BHYTPH KBApTasoB C 3a-
KOJIbLOBAHHBIMH TOJBKO OCHOBHBIMH JIH-
nusamd. IlepBasi cxema xapakrepHa Aas
paiHOB ropoja co cTapoH naaHHPOBKOH,
KOrja KBapTajbl HMEIOT CIVIOUIHYI0 3a-
CTPOHKY NO MNEPHMETPY H COCTOSIT M3
OTAeNbHbIX 3aMKHYThIX BjaajneHuit. B
3TOM CJydae rasonpoBOAbl MPOKJabi-
BAOT MO KaXJ0W yauue, mNepeynky ¥
npoe3fy; Tmepecekasicb Mexay CcoOOH
oHH oOpasyoT kKoabua. OT yJIHUHBIX
ra3onpoBOfOB B KaXKa0€ BJjajeHue HAYT
BBOJBI.

Bropas cxema cBOHCTBeHHa ropojc-
KHM pafioHaM ¢ HOBOJ I1AHUPOBKOH.

JKusple 37aHust pacrnogaraloT paBHO-
MepHO MO BCedl MJOHIAAH MHKpopaio-
HOB ¢ cob./1oeHHeM HeOOXOAHMBIX pas-
PBIBOB, a OT/A€/bHble MHKPOPAHOHBI Ipy-
NUPYIOT B KHUjble MaccHBBL. [lpu Tako#
NJaHHPOBKE Tra3oNpOBOAbl TIPOK/IA[bi-
BAIOT BHYTPH MHKpopaHouos. B 6oJib-
IHHCTBE C/YUaeB HX MPOEKTHPYIOT TYIH-
KOBbIMH, pa3BeTBJEHHBIMH. 3aKOJblio-
BBLIBAIOT TOJBKO OCHOBHbIE JHHHHM Tak,
4TOObI MONAYYHTb €IHHYIO C€Th C HECKOJb-
KHMH TOYKAMH MHTaHUS, YHCJAO KOTOPhIX
paBHo uucay [PIIL.

Jast BO3MOXHOCTH OTKJIIOUEHHS ce-
TeH HHU3KOro JaBJeHHS OTAENbHBIX MHK-
popadoHOB NpH NPOH3BOJCTBE PEMOHT-
HbiX pafoT Ha rasonpoBOjaX yCTaHaB-
JIHBAIOT OTK/Aloyalomue ycrpoiicTsa. Ha
ra3onpoBojax CpejHero H BBICOKOro
LaBJEHHSI OTK/AK4YallHe YyCTPOHCTBA
YCTaHaBJAHBAIOT TaK, YTOGBl MOXHO ObLIO
BLIKJIOUHTE U3 paboThl OTAEJbHbIE YUacT-
kH. OTkaOualoniHe yCTpOHCTBa yCTaHaB-
JHUBAIOT TMepej OTAEJbHbIMH KHJbIMH,
0611eCTBEHHEIMH H NMPOH3BO/CTBEHHBIMH
3/1aHHSAMH, HAPYKHBIMH ra3onoTpedisiio-
wHMH ycranoBkamu u ['PI1, Ha nepece-
UeHHUSIX BOJHBIX TNperpaji, xeae3Hono-
POXKHBIX W aBTOMOOUJIBHBIX Marucrpa-
Jefi. UHCJAO OTKJIOUAIONHX YCTPOHCTB
JOJKHO ObITh CTPOro OGOCHOBAHHBIM
H MHHHMAa/JbHO HeOOGXOAHMMBIM [Jsl BO3-
MOXHOCTH ONEepaTHBHOIO YNpaBJeHHS
pacrnpene/uTeJbHOH cHCTeMOH NMpH npo-
H3BOJACTBE PEMOHTHbIX PabOT, PeKOHCT-
PYKIHSAX, & TaKXKe MPH HeOOXOAHMOCTH
aBapHHHOrO OTK/IOYEHHST OTAJbHBIX ra-
3onpoBofoB. Kakaoe orkawouawmomee
YCTPOHCTBO XapakTepHayercst onpene-
JICHHOH BepOSsITHOCTBIO 0TKa3a B palore,
4TO CHHIKAET HaAEeXKHOCTb CHCTEMBI, HO
HX HaJHuHhe TMO3BOJSIET B AaBapHHHBIX
CUTyallHsIX OTKJ0UaThb MeHbllle [otTpe-
6uTenel, 4TO mMOBbIUIAET HAaAeKHOCTh.

[Ipunuununanbuass cxema pacnpe-
JAeJHUTEJbHOH CHCTeMbl ra3ocHaGKeHHs!
KPYMHOro ropoja noxkasaHa Ha puc. 4.1.
W3 marucrpanphbix razonposonos (MI)
ra3 uepe3 I'PC nocrynaer B ropojackie
cetH. KpynHble ropoga HMEIOT HECKOJBKO
TOUeK NHTaHHs u Heckoabko ['PC, uto
MOBbILIAET HAAEXKHOCTb CHCTEMbl raso-
cHabxenHa. Ontumanbioe uncao [PC
OnpefessiioT  TE€XHHKO-3KOHOMHUECKHM
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Puc. 4.1. MHorocrynen-
yaras CHCTEMA raso-

nasaenuss, CHJ — cetn
HUM3KOro aasnenusi, [I1—

CHA6KEHHS KPYIHOIO ro- NPOMBILJIEHHbBIE  npen-
poaa NPUATHS
CBI — cetb BbICOKOTO

pacuerom. M3 TPC B ocHOBHoe roposu-
CKO€ KOJIbIIO ra3 MOCTYNAeT MO HECKOb-
kUM HuTKaMm. Cucrema rasocHaGKeHHs
MHoroctyneHuartas. I'as nocaenoBarenb-
HO TPOXOJHUT 110 ra30MpoOBOLAM BbICOKOTO
ILaBJeHHSl, MOTOK rasa APOCCeIHPYEeTCs
KJanaHaMu peryjasiTopoB, ero naBJeHHe
CHHKAETCS W OH [MocTymaetr B raso-
npoBoabl Gosee HH3KOH CTYNeHH JaBJe-
uusi. Ha puc. 4.1 noxkasana cucrema
rasocHal XeHHsl, COCTOsiast H3 Tpex
cTynmeHel jaaBJeHHsi, 3anpOeKTHPOBAH-
Hasi H3 ra3onpoBOLOB BHICOKOrO jaBJe-
HHsI, DOMyCKAIOHIUX AaBJEHHe BeJHYH-
Hoit 1,2 MIla, ra3onpoBogoOB BHICOKOTO
gaBjeHusi, ronyckalownx 0,6 MIla, v ra-

30TMPOBOAOB  HH3KOrOo JAaBJjeHHS —
1o 3 klla.

Ha cxeme nas 60abeli HAraSIAHOCTH
rasonpoBOAbl PAaCMOJIOXKEHbl MOCJae0-

BaTe/bHO, B AeHCTBHTELHOCTH NO OfHHUM
H TeM Ke yJHIAM H TNpoe3jgam napag-
JeJIbHO MOTYT NMPOXOAHTH Ta30MPOBOAHI
BBICOKOIoO H HH3KOro JasBJI€eHHS HJAH
CpejHero H HH3KOro JaB/eHHs. ITO

BbI3BAHO Te€M, UTO CETH HH3KOro [aB-
JIeHHSI OXBaThIBAIOT BCIO CeJAUTEOHYIO
TEePPUTOPHIO, ABJISACTCH NPOTAKEHHLIMH
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¥ AJS COKpAllleHHs pacxojga MeraJsia HX
MHTAIOT B HECKOJbKHX TOYKax uepe3
I'PI1, a ras k I'PII nocrynaer no raso-
NMPOBOLAM BBICOKOTO WJIH CpPeiHero AaB-
aenusi. Yem ray6xke pacnonoxen I'PII,
TeM JJiuHHee GyjeT napaJdiienbHas
NPoOKJ&ajKa rasonpopojoB. Heobxoxu-
MOCThb B MapaJiiejbHOH NpoKaanKke BO3-
HHKaeT TaKyKe B TeX CJyuasix, Koria B
JKHJBIX pafiOHaX HMEOTCsT OTOMHTebHble
KOTeJIbHble (MPeHMYIIeCTBEHHO FOMOBEIE
H KBaprajbHble) H NPOMBILIJIEHHbIE
NpeanpHATHA. IJTO B OCHOBHOM OTHO-
CHTCA K TOpPOACKHM paHoHam crapoH
3acTpodkH. KuJble KkBapraabl ¥ MHKPO-
paloHbl HOBOH 3aCTPOKH He HMeIOT npo-
MBILIJICHHBIX MPEeANPHATHH, a HX TeI0-
cHabxxeHue ocyniecTsasior ot TIOLL nau
OT KPYIHbl pPaHOHHBIX KOTEJbHBIX, UTO
CBOAHT K MHHHMYMY [apaJjJjesbHble
MPOKJAa/AKH ra3onpoBO/iOB.
[Topasasiioniee GOABIIKHCTBO MpO-
MblILUITEHHBIX TIPeANPHUSITHH MOXKHO NpH-
COEJHHATb K ra3ompoBOAaM Kak Cpeji-
Hero, Tak H BBICOKOrO [ABJIEHHS, 4TO
HCKJIOUaeT Heo6XOAUMOCTh Mapadeib-
HOHW NPOK/JIAaAKH IO yJHIAM H npoe3pam
raszonpoBOAOB BbICOKOTO H CpelHero aaB-
seHust. Ecan B yacTH ropona BO3MOXK-
Ha TNpOKJIaJKa Tra3olpoBOJAOB TOJbKO
CpeHero AaBJieHHs] WJIH OHAa eJaTejib-
Ha H3-3a GOJBLIOro 4YHcAa WKAGDHBIX
I'PIT nau KOMOHHHPOBAHHBIX perysasito-
pOB [aBJeHHS, YyCTaHaBJHBaeMbIX Ha
CTEHaX »XHJbIX H OOILEeCTBeHHBIX 3xa-
HHH, TOrfa B 3TOH 4acCTH NMPOEKTHPYIOT
ra3onpoBOAbl CPEAHErO AaBJEHHS, KOTO-
pble COeNHHSIIOT MNOC/AeL0BATeNbHO Yepe3
ronosHble I'PIT (I'TPIT) ¢ cerbio BbicO-
KOro JaBJieHHsi, pacrnosaraeMod B oc-
TajAbHOH wvacTH ropoxa. ["asonpoBompl
BBICOKMX NaBJEHUH cTapaloTcs npokaa-
JBIBATh IO OKPaHHHBIM palloHaM ropojaa,
rie HeGosbluasi MJAOTHOCTb HaceJeHUst H
MeHblIee 4YHCJIO MOA3EMHBIX COOpY:Ke-
HHH. MHOrocTyneHuathie CHCTeMbl $IB-
JSIOTCSE 9KOHOMHUHBIMH CHCTEMaMH, TaK
KaK OCHOBHBIE TOTOKH ra3a TPaHCMOpTH-
PYIOT HOJ BbICOKHM JaBJIEHHEM, UTO MPH-
BOJHT K COKPaIlleHHIO MeTaJ/10B/I0KeHH
B rasoBble ceTH. K ceTsiM BBICOKOTO
HJAU CPEJHero AaBJEHHSI NPHCOeHHSIOT
KpynHbIX moTpebuTeneld. B XKHABIX H 00-
IEeCTBeHHBIX 34aHHAX [pPOK/aaIbIBAIOT



TOMBKO ra30NpoBOJblL HH3KOTO JaBJAEHHUS.

J1aA noBLIIEHHSA HAAEXKHOCTH raso-
cHaGxeHHsl ceTH KoJbuy:ioT. [Ipexne
BCEro CJeVeT KOJblleBaTh CeTH BBICOKO-
ro M cpejHero JaBJjeHHS, TaK KaK OHH
SIBJSIIOTCH TJIABHBIMH TOPOJACKHMH apTe-
pusiMu. B ceTsix HH3KOro naBjeHus Lele-
c0o06pa3HO KOJbIEBATh TOABKO OCHOBHbIE
ra3onpoBojibl, a BTOPOCTENEHHbIe BhINOJ-
HSITh ~ TYNMHKOBBIMH  pPAa3BeTBJEHHBLIMH.
Hast  HajgeskHOro rasocHaOMXeHHss B
KOJIbUE@BBIX CeTsiX AOJKEH OblTh obecrne-
yeH pe3epB [aBjeHHsl, a OCHOBHbIE
KOJb1d JKeJaTelbHO BBIMOJHSATh MO-
cTosiHHoro auamerpa. CeTH pasHHBIX CTy-
neHel AaBJeHUSsI COEAHHAIOT HECKOJIbKH-
mu I'PI1, yto obecneunBaer ux pesepaH-
poBaHue. CeTH HH3KOrO jJaBJEHHS MH-
TalOT B HECKOJBbKHX TOUKaxX, a MO HH3-
KOH CTYNMeHu pAaBjeHHs O00beaUHSIOT
ra3onpoBOAMH: KOJBIEBLIMH HJIH Jyye-
BBHIMH, YYaCTKH KOTOPBIX HMeEIT OfH-
HakoBble guameTpbl (cM. puc. 4.1, raso-
nposoasl a, b, c, d, e, f, g). dro pesep-
BUpPYeT TOYKH TWHTAHHS CO CTOPOHbL
HU3KO# CTYNEeHH AABJEHHS: MPH BHIKJIO-
yenun [PIl notokn rasza or cocen-
uux I'PI1 6yayr HanpaBasTbCsl Kpart-
yaflliiM MyTeM NO 3THM Tra3onpoBOLAM
B 30HY gaeficTBHs oTkKaoueHHoro [PIL.
Takoe peluenne rasoBod cetu obecre-
yypaeT Tpebyemylo HAAeXKHOCTb H
BMECTE C TeM SBJSETCH 3KOHOMHUUHBIM,
TaK KakK MPHHATO 3aKOJbLOBBIBaHHE, He
CTUIOUIHOE, a TOMBKO MAarkHCTpaJibEblX
JIHHUA.

B coBpeMeHHBIX cHCTeMax ra3ocHad-
YKEHHsi ra30TNpoOBOIbl HU3KOro NaBJeHHS
He MNpeACTaBasloT co00H eJHHYIO ceTb,
OHH pacuJieHeHbl Ha OT/AeJbHble paHOHbI
¥ mMuKpopaiounbl. Takol NpHHUHI NpOeK-
THPOBAHHUS BbiTeKaer H3 TOro, 4To raso-
NPOBOAAMH HH3KOTO [aBJleHHst HelleJe-
coobpa3Ho mepecekaTb OOJbUIHE eCTe-
CTBEHHblE B HCKYCCTBEHHbIE TPeNsiTCTBHSA
(HampuMep, peKH, OBpard, XKeJNe3HOAO-
pPOKHBIE Y3Jbl, aBTocTpajabl U T. 1.). [lpu
pacrpefeseHHd TMOTOKA rasa MO CeTH
HM3KOrO [aBJeHHsI CJaeayeT BblaeJHTh
rlaBHble MAarucTpajbHble JHHHH H 1O
HHM HaNnpaBHTh OCHOBHble TPaH3HTHble
pacxoanl. Takoe peweHne sBaAseTCs
60Jiee 3KOHOMHYHBIM, TaK KaK B 3TOM
cayyae MOTOK rasa JeJuTCsi Ha majoe

YIICJIO OCHOBHbBIX MOTOKOB, a He PaBHO-
MepHO pacnpeaejseTcs 10 BCeM rasonpo-
BogaM. OnTHMa/bHOMY pacllpejeseHHIO
NOTOKa ras3a no [BYM INapajJesbHbiM
JIHHHSAM COQOTBETCTBYeT cuyyai, Korja
BeChb MOTOK HAET TOJbKO N0 OAHOH KOpOT-
KOH JIHHHH.

Haubosblraa croumoctb O6yaer B
TOM cJayuae, ecjqH NOTok Oyner pacnpe-
JieJleH paBHOMepHO o 06enM napadeb-
HbIM JIMHHSIM. DTOT BbIBOJ, CPABE/J/IHB H
JJIsi HECKOJIbKHX MapaJne/bHbiX JHHHH.
Kpome ToOro, BeigeseHne riaaBHbIX Maru-
cTpanbHbIX Auuuil W3 d6uieil cetu Gonee
TEeXHOJIOTHYHO H YAOGHO A5l IKCmayara-
MM, TaK Kak MarucrpajbHble JHHHH
COCTABJSAIOT KOJBUEBOH KOCTAK CHCTEMbl
H AJ5 NOBBbILIEHHST HALEeKHOCTH Traso-
cHAGXKEeHHsE 3a HUMH MoOxkKer ObiTh ycTa-
HOBJIEH CTPOrHH KOHTPOJb.
BropocreneHHble TymHKOBbIE raszonpo-
BO/JAbl MMEIOT MecCTHbIH Xapakrep, W ne-
pepbiBbl B ra30CHA0KEHUH NPH PEMOHT-
HbIX paforax Oyayr 3aTparuBaTb He-
00s1bUIOH KPYr noTpebuTe/el, a caM pe-
MOHT MOXKHO MPOH3BECTH B JOCTATOYHO
KOpPOTKOe BpeMs.

Cucrema rasocHaG:KeHHsl, [MOKa3aH-
Hasg Ha puc. 4.1, sABAseTCH HANEKHOH H
rH6KOod B sKcnayarauuu. B Held BoiAep-
>)KaH TPHHUHKI MHOTOCTOPOHHEro MHTa-
HHSl TOPOACKHX Fa30BBIX CeTeH, KoJblle-
BaHHe OCHOBHBIX JHHHH cered. [Ipeayc-
MOTPEHO BHIpABHHBAHHE CYTOUHOTO rpa-
(HKa U MOKPBITHE HEPABHOMEPHOCTH NO-
Tpeb/eHHss ra3a ¢ NOMOHIBIO MOTPeGH-
Tesed-peryasiTopoB M HCMOAL30OBAHUA B
KauyecTBe AKKYMYJHPYIOUHUX €MKOcTel,
KOHUEBBIX YYA4CTKOB MAarucTpanbHbIX
rasonpoBOjiOB.

4.2. Tpy6ei, apmarypa
u obopyaoBauMe razonposonos

Jasi CTPOHTENbCTBA ra30NpOBOAOB
NpHMEHSIIOT CTajbHble GeClOBHBIE, CBAP-
Hble TNPSIMOLIOBHBEIE H CIHPAJbHO-LUIOB-
Hble TPyObl. TpyGbi H3rOTOBJAAIOT U3
XOpOWO CBAPUBAIOIIMXCS cTajell, conep-
)KamMx He Oosnee 0,259% yraeposa,
He OGosee 0,569 cepnt u He Oogee
0,0469% docdopa. das cucteM raso-
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cHaOXeHHS cielyeT NMPUMEHSITb TPYOhl,
W3rOTOBJIEHHBIE, KAK MPAaBUAO, H3 yrJe-
POAMCTOH CcTaJH OOLIKHOBEHHOTO Kaue-
crBa no OCT 380—71* u kayecTBeHHOH
craan nmo 'OCT 1050—74%*.

B 3aBHCHMOCTH OT pacueTHBLIX 3Haye-
HHH Hapy»KHbIX TeMmepaTyp, crnocoba
NPOKJIaAKH (Hag3eMHad, HaseMmHad,
noA3eMHast), Auamerpa Tpybonposona
u ero HasHaueHuss ['OCTni u CHullwl
yCTaHaBJHBAIOT HODMbl Ha MaTepHaJHI,
KOTOpPbi€ BO3MOXXHO [PHMEHATh LS H3-
rOTOBJIEHHs] TpPy® M Ha cnocobbl HX
npou3BoacTBa (6ecuIoBHble, TOpsiuese-
(hOpMHPOBAHHbBIE; 3JMEKTPOCBapHble Mps-
MOIIOBHbIE HJIH CO CMHUPAAbHBIM LIBOM H
ap.). CBapHble WIBBlL CTadbHBIX TPYD
JIOJIXKHB! ObITh PABHOHPOUYHBI OCHOBHOMY
MeTaaly TPyOHI.

Tpy6bl noaBepraoT ruapaBaHyecKiM
HCIbITAHHSIM Ha 3aB0OJAaX-H3FOTOBHTE-
asax. Heob6xomumoe BHyTpeHHee gaBJie-
HHE TMp{d HCMOBITAHHH OIpeneqsiioT Mo
dopmyne

pn=28R/Dy,
rie p. — MCObITaTesbHOEe AaBjenne, MIla; R —
pacdyerHoe 3HauycHHe Hanpmxel-um, NpAHHMaeMoe
pasubiM 85% npegena rekyuect, Mlla; 8, DB—
COOTBETCTBEHHO MHHHMAJIbHaAdA TOJMLUIHMHA CTEHKH H
BHYTPEHHHH AHaMeTp TPyGhl, MM

MunumanbHbifl yCIOBHBIH dUaMmeTp
IJIS paclpenesuTeJbHblX ra3onpoBOAOB
NpUHUMAIOT O6GhIYHO paBHbiM 50 MM, a
IS OTBeTBJAEHHH K MNOTpeGHTEeNsIM —
25 mm. ToauwnBa cTeHkH TpyG6bl AJsl O/ -
3eMHBbIX Fa30MpPOBOJOB AOJ/IKHA ObITh He
MeHee 3 MM, a /sl HAJ3EMHBIX — He Me-
Hee 2 mMm. TonumMHa cTeHOK Tpyb A
MOABOJHBIX NEePexoioB A0JKHA OblTh HA
2 MM 6oabilie pacueTHOH, HO He MeHee
5 mM. [lnst HX CTPOHTEJbCTBA CJeRyeT
HCNOJb30BATh JITHHHOMEpHbIE CBapHble
Tpy6nl. CoenHenHe TPY6 OCYLIeCTBJSIOT
cBapkodi. KadecTBO CBapHbIX CTBIKOB
KOHTPOJMHPYIOT. ¥ HAPYXKHBIX Tasonpo-
BOLOB ¢uraHieBble COeHHEeHHS YCTaHaB-
JUBAIOT AJS [IPUCOeIMHERUST 3a/1BHIKEK,
KpaHOB U apyroit apmarypel. [{as ynsor-
HEeHHS] MPHMEHSIOT MAapOHMT, Pe3HHY H
JApyrue MarepHasbl B COOTBETCTBHH CO
CHull. Pe3p6oBble coeqHeHUST AOMYCTH-
Mbl TIpH YCTAHOBKE KpPaHOB, NMPOGOK H
My®T Ha THAPO3aTBOpax U CGOPHHMKAX
KOH/EHCaTa, Hd HaJ3eMHBIX BBOAAX ra-
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30TPOBOAOR HH3KOTO JABJAEHHS B MeCTax
YCTAHOBKH OTKJIOYAIOWHUX YCTPOHCTB M
ST TIPHCOE/HHEHHS KOHTPOJBHO-H3Me-
PHUTEJNBHBIX NPHOOPOB.

Ha BHYTpeHHHX ra3onpoBoiax pesb-
0oBble H (JlaHUEBHIE COEAUHEHHS] YCT-
paMBalOT B MeCcTax YCTAHOBKH apMary-
pbl, Ta30BbIX NPHOOPOB U APYroro 060py-
aoBaHusi. Kpome yKasaHHbIX  Bbilile
cayuaeB pe3bOOBble COEAHHEHHT MOTYT
ObITh MPHMEHEeHbI IIPH MOHTAaXe ra3olpo-
BOJIOB HH3KOIO H CPEAHEro AaBJeHHS W3
y3J10B, 3aroTOBJEHHBIX Ha 3aBojax
CTPOUTENbHO-MOHTAXHOH OpraHH3alHH.
PasGopHele coesHHEHUs! ra3onpoBOAOB
AOJIKHBI ObITh LOCTYNHbBL AJS OCMOTPA H
pPeMOHTA.

Hdas rasocHaG)KeHHSI MOCEJKOB H
CeJIbCKHUX HacCeJeHHbIX MYHKTOB HCNOJb-
3yIOT MOJHITUJICHOBBIE I'a30NpOBOABI C
papJjenneM rasa ao 0,3 MIla. [1aBaenue
rasa B MeXMOCEeNKOBHIX ra3onpoBoaax
moxet ObiTh 10 0,6 MIla. Tpybn gony-
CKaercsl NMPOKJIAAbIBATE TOIBKO MOJ 3€M-
Jed Ha rayOune He MeHee | M A0 Bepxa
Tpy6el. Kpome toro, CHull 2.04.08—87
npejycMarpuBaeT Apyrue OrpaHHueHuHs,
CBSI3aHHBIe C NMPHMEHEHHEM IOJH3THE-
HOBBIX TpPy0O, KOTOpble CiaeayeT BbINOJ-
HATH [IPH MPOCKTHPOBAHHH H CTPOHTEJb-
cTBe. Jlnsl mon3eMHOH NMpPOKAaAKH raso-
MPOBOJOB MPHMEHSIIOT MOJHITHJIEHOBbLIE
TpyOBl ¢ MapKHPOBKOH «ras», H3roToB-
JIEHHble B COOTBETCTBHH C AeHCTBYIOIIH-
MH TeXHHUECKHMH YCJIOBHSIMH.

Tpy6ul coeaunsiior Ha cBapke. Or-
BeTBJICHHA K MJaCTMACCOBBIM ra3onpo-
BOAAM MPHCOEIHHSIOT C MOMOILBIO CTaH-
JapTHbIX (ACOHHBIX dYacTeH, a TakKe
BPE3KOH B CTaJjbHble BCTABKH, KOTOphbIE
JO/IKHBL GBITH He Gosee | M. Apmatypy
H KOHAEeHCAaTOCGOPHHKHM MPHCOEIHHAIOT
TakKe CTajbHBIMH BcTaBKaMu. [lepexo-
Abl ra3onpoOBOAOB MNOA KeJ1e3HOLOPOK-
HbIMK H TpaMBaiHbIMH NYTAMH, &BTO-
MOGH/IbHBIMH [OpPOraMH, a TakxXe IpH
nepecedyeHHH  CJOXKHBIX  TMpPensiTCTBHH
OCYLIECTBJASAIOT H3 CTaJbHBIX TPYO.

PasbemHBble cOeHHEHHS NOJHITHJE-
HOBBIX TPyO, a TaKke UX cOefHHEeHHe C
apMaTtypoH, o0oOpynOBaHHeM M MeTaJ-
JIHYECKHMH  rasonpoBOAaMH  lleJeco-
0o6pa3Ho OCYHIECTBAAThL C MNOMOULBIO
dJyaHIeB, YCTaHABAMBAEMbIX B KOJIOA-



nax. CoeHHEHHS TOJAUSTHIEHOBRIX TPYO
CO CTaJbHBIMH ra30MpOBOJaMY BBICOKOTO
JaBJE€HUS]  BBHINOJHSAIOT pPa3beMHbIMH
dunannamu. MccnenoBanus pasbeMHbIX
CoefHHEeHHH MOKa3aJjH, YTO JydliHe Xa-
PAKTePHCTHKH HMeEIOT dJiaHleBble coe-
JHHHUTeJbHBIe YCTPOHCTBA 3aKIHHHBAIO-
niero THna (pHc. 4.2).

OCHOBHBIM AOCTOMHCTBOM IJacTMac-
COBBIX TpYO SIBJASIIOTCS HX BBICOKAS KOP-
pPO3HOHHAasl CTOHKOCTb, MaJjas macca,
Jaerkasi o6paboTka Tpy6 H MeHbllee, YeM
y CTaJbHbIX, THAPABAKHUECKOE COMPOTHR-
neHue (mpumepHo wa 209%). Bmecre ¢
TeM IMJacTMaccoBble TpyObl 06/1aaaioT
MeHbIlIeH MeXaHHYeCKOH MPOYHOCTHIO,
yeM CTasibHble (fIpedes NMPOYHOCTH IPH
pacTsKEHHH AJSt TMOJTHAITHIEHOBBIX TPYO
10...40 MIla), meHbiie#l Temneparypo-
CcTOWKOCTBIO H CTapeHueM (T. e. yXyale-
HHeM (PH3HKO-MeXaHHUeCKHX XapaKrepH-
CTHK co BpeMmeneM). TemnepaTypHbi
npenesa MPHMEHHMOCTH MOJH3THIEHOBBIX
Tpy6 cocrasasier —40 °C.

B kauecTBe 3anOpHBIX VCTPOHCTB Ha
rasonpoBojgax NPHMEHSIOT KpaHbl U 3a4-
BUXKKH. BeHTHJH U3-3a GOJMBIUIHX NOTEPh
JaBJ/IeHHS] HALLJIK OFpaHHYeHHOe MpHMe-
HEHHE TOJIBKO AJfl Tra3onpoOBOJOB He-
60JbLIMX AHAMETPOBR TIPH  BLICOKHX
JAaBJeHHsIX rasa, Korga THapaB/Huec-
KOe COMPOTHBJEHHE 3aMOPHOrO YCTPOH-
CTBA He UMeeT CYIIeCTBEHHOTO 3HayeHHs.
J 151 ra3onpoBOOB HHU3KOIO j[aB/ieHHs B
KauecTBe OTKJKYAIOUIHX YyCTPOHCTB Ha-
X0JAAT TNpHMEHEHHC THApPABJIHUECKHE
3aTBOpHI.

Kpanbi o6ecnieunBaoT 60ablIYIO rep-
METHUHOCTb OTK/IIOUEHHs, UeM 3aaBHXK-
KH. OHu SABJASIOTCA HAAEXKHbIMH U
OblcTPOAGHCTBYIOIIMMY  YCTPOHCTBAMH.
BMecTe ¢ Tem ¢ momomnibo KpaHoB TPYA-
HO ofecrnedHTb MJAaBHOE pervJjnpoBaHHe
MOTOKA rasa. 3ajABHXKKH HMeET fpe-
MMYLIECTBO B MJ1aBHOH peryJHpoOBKe NO-
Jaup rasa, HO HEeJOCTaTOYHO repme-
THUHBL. HerepMeTHUYHOCTb  3anBHXKEK
oObSICHsIeTCS TeM, 4YTO IMOTOK rasa Ino-
CTOSIHHO OMBIBAET TIPHUTepThle [OBepX-
HOCTH H Bbi3bIBAeT 3PO3MUI0 HX, o6pa3sys
pPasNHUHOTO poaa HepoBHOCTH. Kpome
TOrO B HHUMKHeH uacTH Kopmyca 3ajn-
BHXKKH, NOJ 3aTBOPOM, MOTYT CKAIJH-
BATHCSl pa3/IHuHble TBepAblIC UYaCTHILDL,

|

Puc. 4.2. YuusepcaavHoe
K/IHHOBOE  COEAMHEHHe
(YKC)

@ — KOHCTDYKUHSI  Asi
XKeCTKUX Tpy6, 6 — KOH-

JieHoBBIX TpPy6, I— coe
LUHsAEeMble TPYOrl, 2—KO
HuYyecKHe ¢uiaHLB, —
YTUJIOTHHTE/IbHOE KOJIBILO,
4—coelHHHTe/bHbIE 6O~

CTPYKIHA ANA MONHITH- Thl

-

Puc. 4.3. Kpan uyryn-
Hbllt  (aasueBbit co
CMa3KoH

Nblib M rpPsA3b H NPENSATCTBOBATHL ee
MJIOTHOMY 3aKPHITHIO. YYHTHIBasi H3J0-
JKeHHOe, TpHMeHeHHe B KauecTBe OT-
KJAIOUaOMHX yCTPOHCTB KPaHOB AB-
JISIETCS TPeAIOYTHTENbHBIM.

Kpaubl WHPOKO NMpPHMEHSIOT AJS raso-
POBOAOB MaJjblx puamerpoB. Mx wuc-
NONB3YIOT KaK AJs1 OTKIIOUEHHst ra3onpo-
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Puc. 4.4. Kpan npoxoa-
Ho#l co cma3koil dpaanue-

BbIf, KCP na p,=
=1,6 Mlta

7200- 1600

]

BOAOB, TAK 4 JJ11 PeryiHpOBaHHUS OTOKA
rasa, noctynaiouiero k ropeakam. B 3a-
BHCHMOCTY OT cnocoba repMeTH3allHH
KpaHbl pa3feasioT Ha HaTSKHble U canb-
HHMKOBbIe. ¥ HAaTSIKHbIX KpaHOB mpobka
HPHKHMAETC K KOPNYCy YCHJHEM, Co-
3naBaeMblM TradkoH, HaBHHYEHHOW Ha
XBOCTOBHK. ¥ CalbHHKOBBIX KPaHOB
npobkKa Npu:KUMaeTcsi AaBJjeHHeM cajlb-
HUKOBOH OyKchl. KpaHbl H3TOTOBASIOT H3
OpOH3BI, JJATYHH H UyryHa DpoH30Bble
H JaTyHHble KpaHbl yCTaHaBJHBAIOT B
TeX MecTax, rAe B MNpolecce 3Kcmaya-
TAaUMH HMMH MPHUXOAHUTCH YACTO MNOJAB3O-
BAThCSl, YYryHHble H KOMOMHHPOBAHHBIE
KpaHbl — rie HMMH MOJb3YIOTCS peako.
CajbHHKOBBIE KpaHbl TNPHMEHSIOT Ha
POMEBILITEHHBIX Ta30NpPOBOAAX.

B 3aBHcumocTH oT cnocofa mpucoe-
JHHeHHsI KpaHHl pas3jensior Ha MydTo-
Bble, I1aNKOBbIE H (uiaHuesble. [l BO3-
MOYKHOCTH JAeMOHTaxa MY(TOBBIX Kpa-
HOB Ha rasonpoBOAaX YyCTaHABAHBAIKOT
Cronbl KpaHbl HMEIOT AHAMeTPhbl yCJOB-
HBIX Mpoxoaes ot 15 po 100 mM. Ux pac-
CYHTHIBAIOT Ha pabouee gasaeHue 0,01...
0,6 MIla. [Ias Hag3eMHBIX H MOA3EM-
HbIX Tas3onpoBOJOB TNPHMEHSIOT KpaHbl
€O CMa3KOH, uyryHHble ipy paGouem gas-
Jeaud o 0,6 MlIla u craabHble 1npH
GoabwioM pamgaenuu (no 6,4 MIlla).

Puc. 4.5. YcranoBka
kpanos D,=25...100 mm
B MEJKOM Keae3ofeToH-
HOM KOJabLE
I— kpan

caJbHUKOBHIH

MpOXOAHOH
doranne-
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Bblfl, 2— OTBOABI H3 Gec
IOBHBIX TPY6, J— Keje-
306eTOHHBIH KOJIOJeLL,
4 — xeaezofeToHHOE
Anuie

234 56 789 §
2

b po
' =
100
[6-11 = |
J. it
500
Yzen 1 100
30°
=113

Puc. 4.6. iBYXAHH30BH# KM, 38— Tara, 4— nar-
KOMNEHCATOP ¢ OAHHM py6ok, &— nonyaumnsa,
dranuem Ha py= 6— crakaH, 7— pe6po,
=0,3 Mlla 9— raiika

1— ¢nanen, 2, 8— crToit-
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Puc. 4.7. Koaoaen xene-
306eTOHBLA ¢ YCTAHOB-

Kol mBYX 3ajgBHXKex:
Dy;=100...200, D=
=200.. 400 mm

I— 3a1BHMKaA napaa-
JenbHas, 2— KOMAedCd-
TOP JABYXJHH30Bbili, J—
ras’onpoBoj

Pue. 4.8. KoHncrpykuus
X0Hua pyraspa

1— 6urymHas 3Maiib,
2— npoMaciieHHas NeHb
Ka, J— KoHTpOsblas

Tpy6ka @& 50 mm, 4—
mydpra & 50 mm, 5—
npobKa, 6—kKopep Ma
JAplft  7—noaylwka T0Jg
koBep, §——omnopa

—]
A
A
IX
4
H
Puc. 4.9. Koncrpykuus no3, 4 njaHka, S5—
onopbl ra3’onpoBONOB B 06epTKH M3 FHAPOH3ONA,
dyrianpe TOJR, PyGepoHaa H ana

I— cKobd, 2— Kpenex
Has mposonoka, J— mo-

JIOTHUYHBIA MarepHaJ/JoB

Cmazka o06ecneyHBaeT repMeTH4HOCTb
3aTBOPA, MOBLILIAET COMPUTHBJ/EHHE KOP-
PO3HH, yMEHbILAET H3HOC YIJIOTHHTE/b-
HbIX MNOBepXxHocTell U obJeruaer MOBO-
paunBaHue npobkn CMasKy 3ak/anbi-
BaIOT B KaHaJ, pachoJioXkKeHHbIH B XBOC-
toBHKe 1npobku IlpH BBepThHIBAHHH
HaXXUMHOro 6u/Ta cMa3ka [OCTyHaer B
cneuHansbHble KaHaBKH, HMewIunecss B
npobKe, H PaBHOMEPHO CMa3blBaeT BCe
YIUIOTHHTE/bHblE NoBepXHOCTH Ha puc
4 3 nokasan yyryHHstil d1aHIeBbiH kpaH
co cmaskoit. TakHe KpaHbl H3TOTOBJIRAIOT
auamerpom 25 .100 MMm. Onu sBasoTCS
repMEeTHUHBbIMH OTKJ/II0YaIIWMH YCTPOH-
CTBaMH [/ TOPOACKHX M BHYTPHOObBEK-
TOBBIX T'a30MpPOBOAOR.

Cranbuble kpanbsl TtHna KC (puc
4.4) npegHa3HayeHbl MUl YCTAHOBKH Ha
razonpoBoaax H Hedrenposoaax. Ouu
paccuMTaHbl Ha japjenue 1,6; 4 wu
6,4 MIla. Mx BoinyckawT B ABYX MOIH-
dukanuax: ¢ pyunbiv npusonom (KCP)
aunamerpom 50 .80 MM H ¢ MHEBMONPHBO-
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Phc. 4.10. CaabHuKOBOE
yRjoruenne aaa  Qyr-
aspa

I— xopuyc, 2— HINMHIbL-
Ka; 3— rpyuabykca, 4—
raitka, 5— rasonpoBoO;

6— HabHUBia H3 mpomac-
JIeHHOH 1N€HbKK HJIH dha-
JIOTHMHOIO  MaTepHaJa;
7— nmaposnTOBas MpPOK-
aanka, 8 — duanen, §—
6oar; 10-— dyrasip

pom {KCIT) aumamerpom 50..100 mm.
CyluecTByIOT KpaHbl €O CMa3kol, upex-
Ha3HAYEHHbIe A5 TOA3eMHOA YCTAHOBKH
6es kosoaues. Mx Beimyckaior aua-
meTpoM 400, 500 u 700 MM u npH-
MEHSII0T AJsl MarucrpadbHLIX Tasofpo-
BOJIOB.

3aaBHKKH B KauecTBe 3aNOPHONA ap-
MATYpbl HCIOB3YIOT Ha Tda3onpoBojax
Bcex jaBgaeHud ¢ jaunameipom 50 MM
n Goree. Mx wncuosb3yor rtakxke LIS
peryJaupoBaHus MOJAauYl rasza B ropedaxn
kKoT/ioB W neuefi. Ilpw aaBnenun rasa
po 0,6 MIlla npuMeHSIOT UyTyHHbie
3aABHXKKH, a IPH OOJbLIEM —- CTaJIbHbBIE.
[TapaageibHbie 3aABHXKKH [OPHMEHSIOT
LA TasonpoBOgVB ¢ JAaBjeHHeM [0
0,3 MIla, a kaurOBBIE — JJI51 BCEX JA4B-
geunil. Ha rasonposoaax 6oabwux aua-
METPOB M MIPH BBICOKHX [AaBJEHHUSX
rasa HCIOJB3YIOT 3aABHXKKH, 0060pY-
JIOBaHHbIE PEeLYyKTOPOM C YEDBSYHOA me-
penaucii uaH 3sexTpornpusodoM. das 06-
JE€ryetusi MoabeMa 3aTBOPa 3aABHXKKH
uMeT 06BOAHOH TpySONpoBOL C KPAHOM
AJS BblpaBHHBAHHUSl asjeHus 1o obe
CTOPOHBI 3aTBOpa.

Ha nonpsemHeix rasomnposojax
OTKJIOYAIOULYIO apMaTypy YCTAHABJ/H-
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BAIOT B KOJ0ALAX. Kostoalbl BEIIONHSIOT
H3 KeqezobeTona H Kupnuua. OHU NoJK-
Hbl GBITb BOJOHENpOHHILAeMbIMU. [Ipu
nojaue CyxXoro rasa jajas rasorpoBo1oB
He6onblMX aHametTpoB (25...100 wmwm)
nesecoofpasHo  HCIOJAb30BATL MeJKue
MasorabaputHble Kosopaus. Takue Ko-
JIOJIIlbl MOXKHO VCTAHaBJAHBATb B Hey-
YHHHCTBIX WJIH MAaJdONYYHHHCTBIX TPYH-
Tax. Ha puc. 4.5 nokazaHa KOHCTpPYK-
LUl MEJKOTo XKeJe300eTOHHOTrO KoJ1041a
ISl YCTAHOBKH  KpaHoB  (D,=25..
100 mm). OfHUM U3 IOCTOHHCTB MEJKHX
KOJ0leB ABJAATCA 06GC1yXKUBAHUE H
PEMOHT 3allOpPHOrO OpraHa ¢ MOBepX-
HOCTH 3€MJIH.

3aaBHKKH yCTAHaBJIHBAIOT B KOJOJ-
nax ¢ rabapuramu, o6ecrneydBaioHMH
JOCTYM OOCAYKHBAIOLIEMY [IEPCOHANY.
JIasl CHATHS MOHTaXKHbIX HAMPSIKEHHMH C
daHLeB 3aABHXKKH M TCMIIEpPaTYpPHbIX
HaNpsiXKeHHH B KOJIOJILLE NOC/Ie 38 ABHKKH
Mo X011y ra3a YCTaHaBJIHMBAKT JIHH-
30Bbil KomnieHcatop. Haouune kommeu-
caropa obJiersaeT MOHTaX H AGMOHTaX
3a/BHKEK B TIpollecce 3IKCILTyaTaiHu.
Ha puc. 4.6 mnoKkaszaH ABYX/JHH3OBbIA
KOMAEHCaTop, PACCYHTAHHBIH 11a gaBJe-
uue a0 0,6 MITa. KoHerpykiius »xene3o-
GETOHHOTO KOJOAla A5 YCTAHOBKH 3a-
1eukek (0D,==100...400 mM) nokasana
Ha puc. 4.7. Ilpu ycrpoiicTBe KO0A1EB B
BOAOHACHIIIEHHBIX TPYHTAX HPHMEHSAT
THIDOH30IAMMIO: Hapy»KHble CTCHbI KO-
JIOALLE OKJICHBAIOT BOPYAHHOM, 6PH30J0M
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Puc. 4.11. C60pHUK KOH-
JeHcara Ads ra’onpoBo-

Ta, 3— 3]1eKTPOL 3a3eM-
JNIeHHS, 4—moayllka nox

108 D, =200...600 mm KoBep, J-—KoBep, 6—
OCYWEHRHOTO rasa Hu3ko- KOHTAKTHAA [JaCTHHKA
O AaBJIEHUs A15 3amepa pasHocTH
I— kopnyc, 2--Tpyba NOTEHIHAN0B  Tpyba——
AN yianeHuad KOHLeHca- rpyHr

HWJAH LITYKAaTYPAT BOJOHENPOHHLAEMbIM
ueMmenToM. Ilpu ycTaHoBKe B KoJoOjle
cTajJbHOM 3a1BHXKKH JOMyCKaeTcs ycTpa-
HBaTb KOCy1o ¢uiaHleByi0 BCTABKY B Ka-
qecTBE MOHTAXHOTO KOMMEHCHPYIOULIero
yerpoictea. OTkalouawiiue yeTpoilcTBa
Ha ra3onpoBoAaX ycTAaHABJHUBAIOT B Ha-
3eMHbIX IHKadaXx ¥ Ha cTeHax 3jaHni.

[Ipn nepeceueHun Kesesnslx W LIOC-
CefiHBIX AOPOT, KOJJIEKTOPOB H KOJIOALEB,
npu Heo6XOAHMOCTH MpPOKJIAAKH raso-
TMPOBOIOB B HElOCPeACTBeHHON OaH30CTH
OT XKHJIBIX U OOLeCTBeHHBIX 3AaHUH WK
Ha MaaoH ruybune craBAT Gyrasphul. HUx
UCMOJBb3YIOT TaKKe MpU [POU3BOJCTBE
paboT 3aKkpeIThIM ciocobom. B sTom cay-
yae GyTAAp NpeABAPHTENbHO NPOAAB/IH-
BAIOT 4Yepe3 TPYHT M YyKJIaAblBAOT B

71 3ax. 1052

Puc. 4.12. C6opHHuK KON-

i e

KOXYX k3 Tpybnl 57X

JeHcara aja rasonposo- X6, 4—oagekTpog 3a-
nos Dy =50..150 mm 3eMJIeHHA, S—noaywka
OCYWIEHHOTO ra3a BHICO- noj KoBep, 6—INJaacTuHa
KOro  RaBJeHHR p,< KOHTaKTHasi Aas 3amepa
<0,6 MINa Pa3HOCTH TMOTEHIHAJOB,
I —tpy6a BHyTpeHHsi1 B 7—xoBep Gosabuiol, §—
cbope, 2—kopnyc, 33— Kpait

Hero rasonposod. Ha puc. 4.8 nokasan
¢dbyTasap, npeaHasHaueHHbIH Aaf raso-
nposoaos ¢ agasacxHdem ao 0,3 MIla npu
nepecedeHuu KeJe3Hbix J0por, Tpam-
BalHbIXx myTed u 1. A. ®yrasap obopy-
AYyIOT KOHTPOJIbHOU TPYOKOH, BBIBOAHMOM
nog kosep. C noMoubio Tpy6OK 1o HasH-
YHIO HJIH OTCYTCTBHIO ra3a KOHTPOJ/H-
pyoT m10THOCTE rasompoBoaa. KoHcT-
PYKIHA oOmopbl rasomposoaa B Pyr-
Jsipe nokasana Ha puc. 4.9. Ilpu Hanu-
4HH 6JYKAAIOUIMX TOKOB IPHMEHSAIOT 1K~
3]1eKTpHYeCKHe OMOphI.
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®yrasipel 415 ra3onpoBOAOB BbICO-
KOro 1aBJIeHHS] HMEIOT CaJbHHKOBBIE YII-
JOTHEHHSI W TPyOONpoOBOJ, OTBOASALLKH
ra3 u3 ¢yTtaspa B aTmocdepy npu He-
NJOTHOCTH Ta30MpoBOAa HJIH MPH pasphl-
Be CTbiKa. JDTOT TpyO6ONPOBOA OTBOAAT
OT MepeceKkaemMoro NpensiTcTeHsi B 6e30-
nacHoe Mecro ¥ o0OpyAyiOT aed.eKTo-
pom. Ha pue. 4.10 nokasano canbHHKO-
BO€ YIJIOTHEeHHe A (yT/AAPOB.

I'lpu Hcnosb30BaHHH BJAAKHOIO rasa
B HHXKHHX TOYKax rasofnpoBOAOB ycTa-
HaBJHBaWOT COOPHHKH KOoHAeHcara. Mx
KOHCTPYKUMHS 4 pa3Mepbl 3aBHCAT OT jaB-
JIEHHS] ra3a U KOJH4ecTBa KOHAEHCHPYIO-
uieficss Baard. KonaeHcaroc60pHuKY He-
60JbIIOH BMECTHMOCTH 11e/1ecO06pa3Ho
YyCTAHAB/AUBATD B  YC/JAOBHSX MOQAYH
ocyuienHoro rasa. B 3Tom canyuae Kom-
NeHCaTOCOOPHHUKK HCHONb3YIOT A/ yaa-
JEHHs] BJiary, nonasliedl B ras3ofpoBOj
MPH CTPOHUTENBCTBRE, PH IKCIJyaTalHOH-
HBIX MPOMbIBKAX H T. A. Tpy6KH KOHIEH-
caTOCGOPHHKOB HMCHOJB3YIOT IpH ApoO-
AYBKax ra3onpoBOJOB H BHINYCKe rasa
NpH PeMOHTE.

COopHHMK KOHIEHCcaTa I/ rasonpo-
BOJIOB HU3KOIO AaBJI€HHSA MPH HCIONB30-
BaHHHM OCYILUEHHOrO rasa [oKa3aH Ha
puc. 4.11. KouaeHcar nepHoaHuecku
VAANAI0T yepe3 TPyOKy € TMOMOLLLIO HA-
coca MJIH BakyyM-uucTepHnl. Ha tpyOke
MMeeTCs 3/IeKTPO1 /1A H3MepeHus pas-
HOCTH MOTEHLUHAJOB MeXAy TpyGoH H
semneil. COOpPHHK KOHJeHcaTa AJsi raso-
TPOBOJOB CPEAHEr0 W BBICOKOTO AaBJie-
HHA NOKa3aH Ha pHc. 4.12. Tpy6Ky KoH-
peHcatoc6opHHKa pacnojaraior B ¢yr-
Jsipe, oOHa HMeeT BBEPXY OTBepCTHe AHa-
merpoM 2 mM. Takoe ycrpolicTRo paer
BO3MOJKHOCTb BBIP2BHHBATb JaBJEHHS B
Tpy6Ke U ra3onpoBoje, MO3TOMY KOH/EH-
cart He MOXKeT NOAHATLCS BBEpPX no Tpy6-
Ke, UYTO HCK/IIYaeT BO3MOXKHOCTb €ro
3amMep3aHus.

4.3. YetpolicTBo
HapY>XHkiIX ras’onpoBsoaos

Ha reppuropuu ropoaos u nacenen-
HbIX MYHKTOB Ta3OlpOBOJL MPOKJajibl-
BaloT B rpynre. .5 rasonposonos npo-
MBILJIEHHBIX H KOMMYHAJBHBIX fIpej-
npuATHH  Llesiecoo6pasHO  IpeaycMmar-
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pHBATb HAJA3EMHYIO NPOKJAAJKY MO CTe-
HaM H KpblllaM 31aHHH, 0 KOJOHHAM H
acrtakaaaMm. Jlomyckaercsi Hajg3eMHasi
[pOKJaAKa BHYTPHKBapTa/jbHbiX (1BO-
POBBIX) TrasoNpoBOAOB Ha ONOpPax H Ha
CTeHax 3AaHHH.

lonsemubie rasonpoBoabi. ['azonpo-
BOAbl NPOKJIAAbIBAIOT MO TOPOACKHM
npoe3aaM. PekoMenayeTcsi npepycMar-
pUBaTh NPOKJAAKY B TE€XHHUECKOH 30He
HJH B [loJ0Ce 3eseHblX Hacaxaenud. [a-
30MPORO/Ibl BLICOKOTO 1aBJI€HHSI CaeqyeT
NpOKJI21blBaTh B paHOHAX € MaJOH MJIOT-
HOCTBIO 32CTPOHKU H 1O poe3naM ¢ Ma-
JIOH HAacCbIL[CHHOCTBIO APYIHMH I0Oj3eM-
HbIMH KOMMYHHKapusmu. [lpoxnanka
ra3onpoBOJOB IO Mpoe3xaM ¢ ycoBep-
LLIeHCTBOBAHHBIM JOPOKHEIM MTOKPbITHEM,
a TakxKe napaJiieJlbHO MyTAM 3JeKTpH-
GULHUPOBAHHBIX XKeJIe3HbIX 10POT Ha pag-
crosiHuH Menee 50 M He pekoMeHIyeTcs.
PaccTosiHHs [0 TOPH3OHTANH MEXEY
MOA3€MHBIMH H IPYTUMH COOPY2KEHHAMH
JNOJXKHBl ObITb He MeHee BeJHUYHH, YKA-
3aHHblx B Tabu. 4.1. Paccrosnus, yka-
3anHnble B TabJ. 4.1, He pacnpoCTPaHSAIOT-
Csl H2 COBMECTHbIE [POKJAJKH Ta30Mpo-
BOAOB C [PYTHMH KOMMYHHKAHHSIMH B
OJHOW TpaHllee.

Ha orpenbHblx yuactkax Tpaccel ra-
30MpOBOJIA, a TaKXe MpH M[pOKJIajikKe
MeX 1y 3JaHHAMH WJIH NOA apKaMH pac-
CTOSIHHSA, NpHBeneHHble B Taba. 4.1, ma-
ryT ObITb YME@HblieHbl. Y MeHblIeHHe pac-
cTosiHHi nonyctumo ao 509 aasa rasg-
npoBoOAOB ¢ aaBaeHuem ao 0,6 MIla npu
YCJOBHMH NIPHMEHEHHUA AJIS 3THX Y4aCTKOB
GeClIOBHBIX TPYO HJAM 3JeKTpocBap-
ublx Tpy6 co 1009 -ubIM KOHTpOJieM
CBapHBIX HIBOB HEPA3PYIIAIOWHMH METO-
AaMH HWJIH 3JeKTpPOCBapHBIX TPyO, npo-
JoXeHHbIX B (pyraspe. Pasmepnb! yuacT-
KOB BBIOHPAIOT U3 YCJAOBHA HX BBIXOAA HA
2 M Cc Kax10H CTOPOHBI OT 3A3HHH H
coopyKeHui. PaccTtosiHue oT rasonposo-
Ja 10 CTeHOK KOJIOAIleB M KaMep MOj-
3E€MHBIX COOPYXKEHHH JOJIKHO ObiTh He
meree 0,3 M. [Honyckaercs npokianka
HECKOJBbKHX Ta30lpoBOJOB B  OAHOH
TpaHwee. PaccTosiHHe MeXJy HHMH B
CBeTy J0JIXKHO ObITh NPHHATO 10CTATOM-
HbIM AJ5 NPOH3BOACTBA MOHTaXa U pe-
MOHTa TpyOONPOBOIOB.

Ilpyn nepeceyeHHu ra3onpoBOLAMH
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MHHHMaNbHbIE PAacCTOfAHHs MO FOPH3OHTAJNH B CBETY MEXIAY NQA3eMHHIMH ra3oRpoBORaAMH M APYrHMH

Tasonposon

COOpPYXKE€HHAMH H KOMMYHHKaUMAMH, M

Huskoro paasiaenus
He Gosee 5000 [la
Cpeanero aaB/ieHHs
5000 I1a — 0,3 MIla
Bricokoro naBjeHus
0,3—0,6 MIla

Bricokoro faBaenus
0,6—1,2 Mlla

N -Ta6auua 4.1

pasqHUHbIX JAaBJeHHH TNOJ3eMHBIX HH-
JKEHepHHIX CceTeH paccTOosHHE MEXKAY
HHUMH O BEpPTHKaJH B CBeTY AOJXHO
ObiTh He MeHee 0,2 M, OpH NepecedeHHH
3/IeKTPHUECKHX CeTeH — B COOTBETCTBHH
¢ ykaszanuamu [1¥Y3.

Apmartypy, ycTanaBanBaemylo Ha ra-
3onpoBoaax, cjaeayer pacliojarath He
6aHxKe 2 M OT Kpas nepecekaeMblX KOM-
MYHHKaUHH H COOpYXeHHH.

Ilpu nepeceueHun rasonpoBOAAMH
KaHaJo0B TEMJOCeTH, KOJJIeKTOPOB, TOH-
Heslel HX MPOK/IaAbBawT B (yTaspax,
BHIXOAALIHX HA 2 M ¢ KaXI0H CTOPOHBI
OT HApYXHBIX CTEHOK TIepeceKaeMbiX
COOpyXeHHH, TpPH 3TOM [0JIKEeH ObITb
06513aTe/IbHbIH KOHTPOJb BCeX CBAPHBIX
CTHIKOB B [Ipeie/1ax nepeceyeHuss H 10 5 M
B CTOPOHbI OT HapyXHbIX CTEHOK Hepas-
pywamiuMH metonamu. Ha oqnoM KoH-
e ¢yrtasgpa aoaxkHa ObITb KOHTPOJb-
Has  Tpy6ka. [ny6Hra 3ajo0XKeHusd
rasonpoBoaOB A0J/KHa ObITh HE MeHee
0,8 M 10 Bepxa rasompoBoja WIH OyT-
asipa. [asonpoBoabl, TpaHCIOPTHPYIO-
IIHe BJIAXKHBIA ras, yKJ1aAblBalOT HHUXKe
30Hbl CE30HHOTO TNpPOMEP3aHUs TpyHTa
¢ ykaoHoMm =>=0,002° v ycTaHOBKOH KOH-
JeHCaTOCO0PHHUKOB B HH3IIHX TOUKax

Hapsemubie rasonposoabl. Hangsem-
HYIO IIPOKJ/JaJAKy ra3onpoBOAOB NMPOH3BO-
AAT N0 HAPYXAHbIM HECTOPAEMbIM OKPhI-
THSIM 37aHHH, OTAEJbHO CTOSALHM KO-
JIOHHAM M 3cTakajaam. Ilo creHam rasu-
(DHLHPpYEMBIX KHJABIX M OOLIECTBEHHBIX
3/1aHHH J0NYCTHMa NpPOKJAajJKa rasonpo-
Bola ¢ jaasJeHneM He 6ojee 0,3 MIla
(Mckitouasi TPAaH3HUTHYIO TMPOKJIALKY).
['asonpoBoabl BLICOKOTO AaBJEHHA 10
0,6 MIla MOXHO IPOK/IAALIBATE TOJIBKO
Mo rJyXMM CTeHaM HJH HajJl OKHaMH
BEPXHHX 3Ta)eH MPOM3BOJACTBEHHBIX
3nauufi. T asonpoBoAbl, TPOJOXKEH-
Hble 1O CTeHAM 31aHUs, He [AOJXKHHI
HapylIaTh apXUTeKTYpy ero dhacapna. Bui-
COTy INpPOK/JAAKH MNPHHUMAIOT TakKoH,
4TO6B! Ta30MPOBO 4Bl OblAH JOCTYNHbBI A4
OcMOTpPa H peMoHTa H 4TOOBl OBlJa
HCKJ/IIOU€Ha BO3MOXHOCTb HX MOBpeXje-
HUs. MUHUMaJbHble paccTosAHHSA OT ra-
30MIPOBOMOR, MPOJIOKEHHBIX Ha ONOpax,
JI0 COCeJHHX 3JaHHH H COOPYXKeHHH, JH-
muTHpoBanel CHuIl 2.04.08—87 n wus-
MeHstlores oT 1 1o 40 M B 3aBUCHMOCTH OT
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THINA COODYXKEeHUS M JaBJieHHS rasa.
[Ipu nepeceyenun Han3eMHBIX ra-
30MPOBOLOB C BO3AYIUHBIMH JIHHHSIMH
3jleKTporepenayd OHH JOJDKHB  MpO-
XOQUTb HHXKe JUHHHA 3JeKTponepenauu.
Ha rasonposoage A0/MKHBI OHITH Tpedy-
CMOTPEHBl Orpa)KieHHA AJs 3aLiHThl OT
majgeHusd Ha Hero 3JeKTponpo-
Boaa. Paccrosinne Mex 1y rasonpoBoioOM
M JMHHSMH 3JIeKTponepeiayH, a Takxe
pasMepbl Orpa)KA€HHs [PHHHUMAIOT MO
[1¥Y2. Boamoxnua mpokaaaka rasomnpo-
BOAOB Ha ONOpAaXx H 3CTakajaax COBMECTHO
¢ TpyGonpoBoAaMH APYroro Ha3Ha4YeHHs
NpH YCJOBHH ofecnedeHHd CBOGOAHOTO
OCMOTPa H PEMOHTa KaxkKJa0ro U3 tpy6o-
npoBoAoB. Paccrosnusa mMexay rasomnpo-
BOJOM H TPYOONpPOBOAAMH MIPH HX COBMeE-
CTHOH NpOK/JajKe M MepeceyeH”WH MpH-
auMarT ot 100 no 300 MM B 3aBHCH-
moct# ot auamerpa. CoBMecTHast Npo-
KJa/iKa Ta30npoBOAOB C 3JE€KTPOJHHHA-
MH J0J2KHA cooTBerTcTBOBaTh [1¥Y3J.

[asonpoBoabl, TpaHCNOPTHPYIOLHE
OCYHLIeHHbIH ras, MOXHO TPOKJAAbIBATh
6e3 ykaouos. Ilpu TpaHCHOpPTHPOBAHHH
BJIAXKHOFO ra3a ra3olpoBOjabl cjeayer
NpoKJAaablBaTh C YKJAOHOM He MeHee
0,003°, a B HM3WHX TOYKAX npegycmar-
puBaTh yCTpoHdcTBa AJA  yJaJeHHs]
KOHJleHCcaTa (apeHa)kHble wiTyuepa).
Tpy6et u apmaTtypy cJeAyeT TOKphI-
BaTb TemaoBo#l H3onsauuned. Hansemuole
ra3onpoBojbl cjJelyeT HPOEKTHPOBATH ¢
YUETOM KOMII€HCALHH TeMMepaTypHbIX
VAJUHEHHH 0 GaKTHUeCKH BO3MOXKHBIM
TeMmepaTypHbiM ycJoBHAM. Ecau npo-
JOJIbHBlE fedhopMaLHi HeNb3si KOMITEHCH-
poBaTh 32 cueT H3rHOOB ras3onpoBoaa,
npejlyCMOTPEHHBIX CXeMOH (3a cuer ca-
MOKOMIIEHCAHHH), TO CJeAyeT ycTaHaB-
JHBaTb JHH30BBIe HaHU [1-06pa3Hble KOM-
nercatopbl. CaJbHUKOBbIE KOMIEHCATO-
pbl Ha Tra3omnpoBOAaX YCTAHABJIHBATb
HeJb3sl.

BeauuynHy nposera Mexjay Qnopamu
CTalbHBIX TI'a30NPOBOAOB, TPAHCHOPTH-
PYIOLIMX OCYLIEHHBIH ras, onpegefsior
H3 yCJOBHHA NMPOYHOCTH MHOIONPOJIETHOH
6a/JOUHON CHCTEMBl C yUeTOM Harpysku
or coO6CTBEHHOr0 Beca, Beca TpaHc-
NOPTHPYEMOro rasa, cHera Wil objene-
HeHHs TPyOwl, a Takxke OT Bo3aeHcTBHA
BHYTPEHHEro jaBJieHHsl, BETPOBOro AaB-
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JIeHH S, TeMIepatyphl ¥ ap. [lus razonpo-
BOJOB, TPaHCMOPTHPYKOLIUX BJaXHbIH
ra3, BeJIHUHMHY [Ipo/ieTa MEXAY ONopaMH
onpenesiloT W3 YCJOBHH mporu6a raso-
NpoBOAA, KOTOPHIH f0/1XKeH ObiTh He 6o-
aee 0,02D. Meroauky pacuera mnpu-
HUMAIOT TaKylo e, Kak U AJ Maru-
CTpaJbHBIX I'a30NPOBOAOB.

Mepexoabl ra3onpoBOJOB Hepes ecre-
CTBEHHbI€ M MCKYCCTBEHHbE NpensiTCT-
Busi. [lepexoabl rasonpoBogOB uepes
PeKH, KaHaJbl M [pyrHe BOJAHbIE Mpe-
rpajbl OCyLIECTBJAIOT MOABOAHBIMHU (10~
KepaMu) H HaABOAHBIMH (MO MoOcCTaM,
scrakanam H Ap.) cnocobamu. [lodeod-
Hble nepexodsl ra3olpoBOLOB NPH LIHPH-
He BOJAHBIX fIperpaja NpH MeXEeHHOM ro-
pH3oHTe 75 M W GoJsiee BHINOJHAIOT B
JBe HHMTKH ¢ MpOMYCKHOH cmoco6-
HOCTbIO Kaxao# 0,75 pacuernoro pac-
X0aa rasa. B ofHy HHTKY AIOKep MOXXHO
NPOEKTHPOBAThb [N  32KOJbilOBa2HHBIX
rasonpoBOJOB, €CJH MPH ero oTKJiode-
HUH Oyaer olecneueHo cHabxXeHHe Mo-
Tpebutesnelt rasom. [lpm wupune Boa-
HOH nperpaibl MeHee 75 M BTOPYIO HHTKY
MPOKJAAAbIBAIOT NPH HeBJAroNpHATHBIX
yenoBusix no CHnll 2.04.08—87. das
TYNHKOBbIX Tra3onpoBOAOB K MPOMBbILI-
JIEHHbIM TNOTpeOHTeJSIM Mepexol BO3-
MOXKHO TNpPOKJaAblBaTb B OIHY HHTKY,
ec/IH TMpeANpHATHS HMeT pe3epeHOE
TOIJIHBO.

PaccTosiHHe NO TrOPH3OHTAMH MEX-
Ny AIOKepaMH, HalBOAHBIMH T[epeXo-
AaMH H MoctamH no CHull 2.04.08—
87 B 3aBHCHMOCTH OT XapakTepa pekH,
THNA MOCT2 H pacHoJiOKeHHsl mepexoaa
BBILLIE HJM HHXXE MOCT2 A0JXHO COCTaB-
JaSTh BeJMuuHy o1 2 no 50 M. Paccros-
HHE MeX1y OCAMH MapaJJiefbHblX raso-
IPOBOJOB Ha MOABOAHbIX MNepexoaax
caenyeT npuHMMarb He MeHee 30 m. Ilpu
nepeceyeHHH HECYAOXOAHBIX PeK, Henosa-
BepXKeHHbIX pas3MbiBy, a TaKKe IpH
nepeceyeHHH BOAHBLIX Nperpaja B mnpepge-
Jlax HacCeJEeHHOro NMyHKTa BO3MOXKHA YK-
JajKa ABYX rasonpoBOJOB B OJHY TpaH-
iefo, MPH 3TOM PACCTOSHHE MEXIY raso-
NpOBOJAaMH B CBETY AOJIKHO OBbITh He
menee 0,5 M.

I'ny6uHa 3a/0XKeHUs B TPYHT OT Bep-
Xxa 3a0a/j1acTHPOBAHHOTO ra3onpoBOaa
Ha Mepexofax dyepe3 CyAOXOJHBlE DEKH



poaxHa ObiTb He MeHee | M, a yepes
apyrue — He menee 0,5 M, HHXKe POTHO-
supyemoro pnHa. IloaBoaHble nepexoibl
cJelyeT BbIIOJNHSATb H3 AJHHHOMEPHbIX
Tpy6 M INOKpbIBAaTh BecbMa YCHJEHHOH
nszoasauued. ToJllMHY CTEHKH TIPHHH-
MalT Ha 2 MM 60Jblie pacyeTHOH,
HO He wMmenee 5 MM. [aa npenor-
BpalLIeHHs BCIUIBbITHS ras3onpoBoj, Npo-
JIOXKEHHBIA MO AHY PEeKH HJH BOLOEMA,
HArpy»XaKT  XKeJe300eTOHHBIMH  Tpy-
3aMu (Gaanacrom). [lpu cooTBercrByio-
IIHX YC/JAOBHSIX MOJKHO NPHMEHSITb 4y-
ryHnbie rpysel. Ha o6oux Geperax mepe-
XOAa COOPYXalT KOJOAUBI, B KOTOPbIX
pasMelwanT 3aaBHKKH. BOIH3H KaXKa0-
ro Nepexofa yCTaHaBJUBAIOT MOCTOSH-
Hble penepbl. Yepe3 BogHBlE mperpasbl
C HeyCTOHUMBBLIM pycjaoM H Oeperami,
C BBICOKMMH CKOpocTsIMH (6oJiee 2 m/c)
TEYEeHHS BOJIBI, yepe3 rayboKHe OBparu u
f6askH uenecoo6pa3HO  OCYLUECTBJASATh
HansemHble nepexoabl. Mx yerpansaior
B BHA€ [LUNpPEHreJbHbIX, APOYHLIX H
BUCAYHX CHCTEM, a TakxXKe B BHje 3cra-
Kaf.

Bo3MoXHOCTh HPOKJAAAKH Ta3ompo-
BOAOB N0 XKeJIe3HOAO0POKHbLIM H  aBTO-
MOOHJIBHBIM MOCTaM pellaercsi B COOT-
BeTCTBHH ¢ Tpe6OBAaHHUSIMH N0 HOPOEKTH-
pPOBaHHIO MOCTOB MW TPyOONPOBOAOB
nmo CHull 2.05.03-—84. Tasomposoabl,
NMoJBELIHBAEMbIe K MOCTaM, JOJXKHb! Bbl-
MOJHATLCA H3 CTaJbHBIX OCLIOBHBIX
HJIH [IPSIMOWOBHBIX TPY6, H3rOTOBJIEH-
HbIX 3JIEKTPOAYrOBOH CBAapKOH, H HUMeTb
KOMNeHcHpyouive ycrpokctea. Pacno-
JIOXKEHHE rasonpoBOAOB JOJKHO HCKIIIO-
4yaTh BO3MOXHOCTb CKOIJIEHHS rasa B
KOHCTPYKLHSIX MOCTa.

IasompoBognble mepexoabl uepes
KeNe3HOJ0POKHble, TpaMmMBalHble OYTH
n aBroMobuasunie gopord (I, IT u III
KaTeropui) ObIBAIOT NOA3EMHBIE H HAN-
semuble. Ilpu noaseMBBIX nepexopax
rasonpoBOJbl YK/IaabiBalOT B (YTJSPSHI,
KOHILbl KOTOPBIX BBIBOASIT HA ONpejeseH-
Hule paccroaunst no CHull, nanpumep:
OT KPalHHX peJIbCOB XKeJE3HOLOPOMKHBIX
nyteid He MeHee 10 M, OT KpaHHHX peJib-
COB TpaMBaiiHbIX MyTed 2 M, OT Kpas
npoesxeH 4actTy aBTOMOOGHJIBHOH A0pO-
ru 3,5 M. lnamerp ¢yrasipa npHHUMAIOT
He Menee deM Ha 100 mm Goablie aua-

MeTpa rasonpoBoja. ['azompoBon B mpe-
peaax ¢yrasipa 10J4KeH HMET MHHH-
MaJibHO€ YHCJO CBapHBIX CTHIKOB, ObIThb
MOKPBIT BeCbMa YCHJAEHHOH H30Js1Hel
M yJ0)KeH Ha LEeHTPHPYIOLIHe IH3JeKT-
pHUecKue MpOKAaaKH. Bce cBapHble CTHI-
KH B mpedeaax ¢yT/spa Heob6X0QHMO
npoRepsTb  (PH3HUECKHMH  MeTOAaMH
KOHTPO.151, KOHLLBI PYTAApa YNJIOTHATD, 2
Ha OJHOM M3 HHX YCTaHABJHBATb KOHT-
posabHYO TpyOy, BBIXOASILLYK MOJ 3a-
LIUTHOE YCTPOHCTBO.

Fanybuna ykaajaku rasonpoBoaa noj
MarucTpaibHbBIMH KeJIe3HOA0POXKHBIMH
OYTSIMH ZOJIXKHa OHITb He MeHee 1,5 M npH
NPOH3BOACTBe PaboT METOLOM NPOAaB-
JIUBAHHS, CUMTAs OT MOAOLUBbI LIMAaJbi
10 Bepxa ¢yraspa. [lon TpaMBaiHbIMH
NYTSAMH H 2KE€JE€3HOA0POXKHbIMH BeTKaMH
MPOMBILIVIEHHBIX NPeANpHATHH, a TakXKe
noja aBTOMOOHJABHBIMH A0OPOTaMH rJyOu-
HY YKJAAKH cjaefyeT [PHHUMATb He Me-
Hee | M. Boicotry HaasemHoro nepexoja
onpegeadoT ¢ y4eToM obecrneuyeHus CBO-
604HOr0 MepeaBHKEHHSI TpaHCmopra H
npoxoaa Jwaed. Tak, B HenpoesxeH
YaCTH TEePPUTOPHU B MecTax MNpOXona
Jioaell BLICOTa MPOKJAAAKH N0JAKHA OBITh
2,2 M, a B MecTax NepeceuyeHust aBTO-
MOOHABHBIX fopor —4,5 M, a IpH nepece-
YEHHH TpaMBaHHBIX H KeJ1e3HOAOPOXK-
HBIX myTed —5,6...7,1 M.

YcraHoBKa  OTKJIOMAWHMX  YCT-
poiicte. OTkJOU20IHE YCTPOHCTBa Ha
ra3olpoBOax YyCTaHaB/IAHBAalOT B cJe-
AYIOIHX MecTax:

1) Ha pacmpeaeJUTENbHBIX rasonpo-
BO/aX HH3KOro AaBJ/EeHHA A5 OTKJwoue-
HHSl OT/eJIbHBIX MHKPOP2HOHOB, KBapTa-
JIOB, TPYMNbl JKHJABIX AOMOB H Ha ra-
30IpOBOAAX CPEAHEr0 W  BbICOKOro
J2BJEHHA MPH OTKAYEHHH OTae/bHbIX
y4acTKOB;

2) nepesn KHJAbIMH, 00UIECTBEHHBIMH
M TPOWU3BOJCTBEHHBLIMH 3JaHHSIMH, Ha-
PYXHBIMH ra3onorpeb/soIHME  ycTa-
HOBKaMH, Ha HepeceyeHHH BOJAHBIX Mpe-
rpaj, eJ/e3Hblx A0por obuledl ceTH H
aBToMoGuabHbIX apopor 1 u 1l karero-
puit u 'PIL.

Orkalouanine yCTPOHCTBa 10TyCKa-
eTcsl He YCTaHaBJIHBaTh!

1) na BoiBose u3 I'PTI npu cucremax
razocnabxkenus ¢ oguum I'PII;
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2) nepea T'PI1 mpeanpusituii, ecau
OTKJIOUallee ycTpoficTBO, HMelolLeecsa
Ha OTBOAE OT pacnpepfesHTeJbHOro ra-
sonposoja, Haxoautes or I'PIl Ha pac-
CTOSIHHH He GoJee 100 m;

3) Ha nepeceueHUH XKeJEe3HOAOPOK-
HbIX nyTefl ob6well ceTH U aBTOMO-
6uabHbix  gopor I w11 kareropum
NPH HAJHYHH OTKJAIOYAIOLIEro YCTPOHCT-
Ba Ha pacCcTOsiHUHM OT fnyTte#d (apopor)
He paJjee 1000 M, obecneuHBalomero
NpeKpalleHde MOA24YH ra3a Ha yuyacrke
nepexona.

Ha mnapyxubix rasomposoaax oT-
KJI04alolHe ycTPpOHCTB2 YCTaHaBJIH-
BAIOT B KOJOALAX, Ha3eMHbIX wKadax
HJIH Or'pafax, a TakKe HA CTeHaX 31aHHH.
Ha BBoze rasomnpoBoga B ®uabix u 06-
IEeCTBEHHBIX 3JlaHHAX  OTKJAWdYamliee
yCTPOHCTBO cJeayeT ycTaHaBJHBaTh Ha
CTeHe CHApPYXXH 31aHHS.

Ha noaseMHBIX rasonpoBoaax oT-
KJIouaouye ycTpoicTBa caeayer ycra-
HaBJHBaTb B KOJOALAX C JIHH30BBIMH
KOMITEHCATOpaMH HJH KOCBIMH (hJaHie-
BLIMH BcTaekaMH. Ha rasonposoaax
maJoro auamerpa (dy=100 mm) ayue
NPHMEHATb THyThie WIH cBapHble [1-06-
pasHble KomneHncatopul. Ilpu crajbHO#
apMartype, IpHCOeJHHSeMOH K rasomnpo-
BOJaM Ha CBapKe, KOMIEHCATOpbl He
YCTAHABJAHBAIOT. YUaCTKH  3aKOJbLO-
BaHHbIX paclpeleJHTeJbHBIX Ta30Mpo-
BOAOB, TPOXOAslliHe [0 TEpPPHUTOPHH
NpeANpUATHH, AOMMKHBI HMETb OTKJIO-
yaloliHe YCTPOHCTBAa BHE HX TEPPHTO-
puu. Tlpd TYNHMKOBOM rasonpoBoje
JOCTaTOUHAa YCT@HOBKa OJHOTO OTKJIO-
4alWero ycTpoHCcTBa fepejy TeppHTO-
pueil mpeanpuATHS.

4.4. 3auwmTa razonpoeopoR
OT KOppO3MM

B 3aBucumoctH or cocraBa rasa,
MarepuaJa Tpy6onposoaa, ycaoBHi Npo-
KJaakd H  (HU3HKO-MeXaHHYEeCKHX
CBOHCTB TPyHTa ras3ofipoBOAbI NOABEp-
XEeHbl B TOH WJM HHOH CTeNeHU BHYT-
peHHell H BHeliHel Koppo3uH, Koppoaus
BHYTpeHHux nosepxuocred Tpyb6 B ocC-
HOBHOM 3aBHCHT OT cBOHCTB rasa. OHa
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o6yc/ioB/IeHa TNOBBIIIEHHBIM COAepXa-
HHEM B rase KHCJ0poOja, BJard, cepoBo-
N0pOoAa M APYrMX arpeccHBHBIX COELH-
HeHHH. Bopb6a ¢ BHYTpeHHeH KOppoO-
3ueH CBOAMTCA K YHaJeHHIO M3 rasa
arpecCHBHBIX CO€AHHEHHH, T. €. K X0po-
el ero OUMUCTKe. 3HAYUTENBLHO GOJblIHe
TPYAHOCTH NpeacTaBaser 6opbba ¢ Kop-
posuell 8HewHux nosepxHocrei Tpyb,
YJIOKEeHHbIX B TPYHT, T. €. C MOYBeH-
HOH KopposueH. [louBeHHYIO KOppoO3HIO
110 CBOEH NpUpOAe pa3ie/floT Ha XUMH-
YecKylo, 3IeKTPOXHMHUECKYIO H 3/1eKTPH-
YyecKylo (KOppo3uio 6/yK1aMUWHMH TO-
Kamu).

Xumuueckas Koppo3ua BO3HHKAET OT
JeHCTBUSl Ha MeTaJlJl pa3/iMuHBIX rasos
H JKHAKHX He3jJekTposauroB. OnHa He
COMPOBOXKAACTCA fIpeBpallieHHeM XHMH-
YeCKOH 3Hepruu B 3JekTpuueckyw. [Ipy
JeHCTBHH HA MeTaJ/l XHMHUYECKHX COenH-
HEHHH HA ero NMOBepPXHOCTH oGpasyercs
nJeHKa, coctosiuias U3 NpoAyKTOB KOp-
po3uu. Ecau ob6pasywiuiasica MJeHKa
He pacTBOpsieTCs, HMeeT AOCTATOUYHYIO
IVIOTHOCTb M 3J1aCTHYHOCTb, a TaKxe
XOpoUO cuemJieHa ¢ MeTaJs/JloM, TO Kop-
posusi 6yaeTr 3aMeMJATbCA M NPH onpe-
NeJIeHHOH TOJLHHe IJIEHKH MOXeT
npeKpaTuTbCA. XHUMHUYEcKas KOppO3HS
ABJSETCA CHJIOLIHOH KOpPpO3HeH, TMpH
KOTOPOH TOJILLLHHA CTEHKH TPYObl YMEHb-
Hiaetcsl paBHOMepHO. Takod mpoiecc
sIBJIIeTC MeHee OMacCHbIM C TOYKH 3pe-
HUSI CKBO3HOIO MOBpPeXaeHHs TPyO.

Koppo3susi MeTtansa B rpyHre umeer
MPEUMYLIECTBEHHO 3IAeKTPOXUMUUECKYIO
NpUpOAY. JAEKTPOXuMu4eckad Kop-
po3us SBJAAeTCH pe3yJbTaTOM B3aHMO-
NEeHCTBUSA METAJNJa, KOTOPBIH BHIOJHAET
POJIb 3/1€KTPOAOB, C arpecCHBHbIMH PacT-
BOPAMU TPYHT2, BBHINOJIHAOLWHMH POJb
sjektpoaura. Ilpouecc 3iekTpoxUMH-
4ecKOH KOpPPO3HHM CXeMaTHYHO I0Ka3aH
Ha puc. 4.13. Merana, obaanas onpene-
JICHHOH YMPYrOCTbIO pacTBOPEHHs, MNPH
CONPUKOCHOBEHHH C TPYHTOM NOChL1aeT
B HEro CBOHM MNOJIOXKHTENbHO 3apAXKeHHbe
HOHBL. DJIEKTPOHbBI OCTAIOTCA B MeTraJlle,
H OH mpuob6peraeT oTpHLATENbHBIA I0-
TeHL A/, a TPYHT (3J]eKTPOJIHT) 3aps-
JKaeTcs [OJIOXKHMTeNbHO, TaK KaK B HeM
HaKalJHBaWTCH TOJOXKHUTe/ bHble HOHLL.
B cuny ¢H3HKO-XHMHUYECKOH Heo4HOpOA-



HOCTH MeTaJla H rpyHra BOJHU3H y4acT-
KOB, e MPOTeKaeT Npouec PacTBOPEHHUs
mertasaa (1. e. objanamuidx Oosabliel
YIpYrocTblo pacTBOpeHUs), pacnoJa-
ralTcs Y4acTKH, XapaKTepusyloliHecs
Menbiliel  yIPYrocTbld  pacTBOPEHHS.
[lepBrie cTaHOBATCS aHOAHBIMH 30HAMH,
a BTOpble — KaToanbiMu. KaTooHbIH yua-
CTOK rasompoBoaa npuobperaer MHoJo-
KUTEJbHBIH [OTEHIHA [0 OTHOMIEHHIO
K aHo1y. JJIeKTPOHBI [epeTrekaloT or
aHoAa X KaToAy Mo MeTtamay Tpy6o-
nposona. B rpyHTe mnpoucxoaHt me-
peMelleHHe HOHOB: KATHOHOB (3apsKeH-
HBIX TTOJOXKUTENbHO) — K Karoay, aHuo-
HOB (3apslKeHHbIX OTPHUATEeJIbHO) — K
aHoay.

SJeKTpoxXHMHUeCKasi HEOMHOpO-
HOCTb PacCHOJIOXKEHHbIX PSIOM YYacTKOB
rasonpoBoja BHI3LIBAGT PAa3HOCThL HX
3JIEKTPOAHBIX NoTeHnHaaoB. Hopmanb-
HBIM 3JIEKTPOJAHBIM NOTEHIIHANOM Ha3bl-
BAIOT Pa3HOCTb MOTEHHHAJOB, KOTOpas
BO3HHKAET MeXIy MeTaJ/oM, [orpy-
JKEeHHBIM B HOpMaJIbHBIH pacTBOp (mpH
KOHUeHTpauuH | r-3ks wa | a) coau
3TOro MeTaJjna, H I[OTeHIHaJOM Hop-
MaJbHOTO BOLOPOJHOro 3jeKrpoaa, yc-
JIOBHO IIPHHATBHIM paBHbIM HyJA10. Bcee
MeTaJ/lJibl MOXKHO PaclojiO¥HTb B 3JIeK-
TPOXHMHUYECKHIH psi HanpsiXKendd mo
BO3pacTaHUI) HX HOPMaJbHbIX 3JEKTPOJA-
HBIX MOTEHUHANOB (B BOJABLTAX):

K’ Mg Al o’
— 2,992 —2,38 —1,33 —0,76

Yuactku Meransa, obnapaboluimne 6ojiee
OTPHLIATEbHBIMH 3/JEKTPOAHLIMH [OTEH-
uHansamMi, 6yAyT CTAHOBHTLCSI aHOLAMHU.
MetaJa noasepraercss KOpPO3HH B aHOJ-
HbIX 30HaX M yuacTKax, TakK Kak B HHX
HOHBI MeTaJjia BBIXOAAT B TPYHT.
PaccMmoTpeHHBIH MpO1ece 3/1€KTPOXH-
MHUYECKOH KOppPO3HH npeacTasasiet cO60i
paboTy raibBaHHuecKoi napbi. B peasb-
HBIX YCJOBHAX, KOpPPO3HSl MpoTeKaer
3HAYHUTEJIBHO CJOXKHEe, TaK Kak Ha oc-
HOBHOH TIpOliecC HaKJajAbiBaeTcss psf
APYruX (hU3HKO-XHMHYECKHX MPOLECCOB.
INorennuan Merajna nmo OTHOUIEHHIO K
CPYHTY 3aBHCHT He TOJbKO OT ero

—0,44
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Puc. 4.13. Mpouecc anek-
TPOXHMHYECKOH KOppo-
3HH

(hH3HKO*XMMHYECKHX CBOHCTB, HO H OT
cBOUCTB rpyHTa. BeseacTeue HeoaHOPOA-
HOCTH IPYHTa TaKKe BO3HUKAIOT ra/bBa-
Huueckue nmapol. PU3nKo-xUMHYecKas He-
OJHOPOAHOCTL GJH3KO PaCHOJIOKEHHBIX
YyUacTKOB MeTaJjia MPHBOAUT K 06pa3o-
Banuio Mukponap. Ecau rasonposoj
NPOXOAHT 4epe3 ydaCTKH I'PyHTa, Pe3KO
OT/AMUAKOIIHEeCS [0 CBOUM CBOHCTBaM
ApYr OT [pyra, TO BO3HHKAIOT raJjb-
BAHHUECKHe 3JleMeHTbl OueHb 6O0JIblIOH
IJHHB — B COTHH U JaKe ThICAYH MeT-
poB (Makponaps).

Fe“

H Cu Au’
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SJIeKTpoXHMHUecKass Koppo3us HMme-
eT XapaKrep MeCTHOH KOpPpPO3HH, T. e.
TaKOH, KOTa Ha rasofipoBojax BO3HHKa-
10T MeCTHble SI3Bb! W KaBepHbl GOJbUIOH
rsy6GHHBI, KOTOpbleé MOIYT, pPasBHBAACH,
IpeBPaTHTbCSl B CKBO3Hble OTBEPCTHA B

cTeHKe TpyOn. MecTHas Kopposus
3HAUHTENbHO OnacHee CIJOIIHOH Kop-
PO3HH.

DteKTpoXUMHUEcKasa KOPpPO3Hs BO3-
HHKAaeT TakxKe IIpH BO3/efiCTBHH HA ra-
30MPOBOJ 3JEKTPHYECKOro TOKa, KOTO-
pulii aBHXKeTcsl B rpyHTe. B rpyHT TOKM
NonajalmT B pe3y/abTaTe yTeyek U3 pelib-
COB 3JeKTPU(HUHPOBAHHOIO TPaHCMOp-
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Ta — MX Ha3bplBalOT  OJYyKAAIOIHMH.
Kopposuto, sosnukarowyto nod detdcrgu-
en 6ayxrodaroujux TOKO8, Ha3bl8aroT 3Ae-
KTpuweckotd B OTJIHUME OT 3JIEKTpPO-
XMMHUYEeCKOH—TralbBaHOKOPPO3HUH.

Bayxkpawmouive TOKH, cTeKasl ¢ pellb-
COB B TPYHT, ABHXYTCA [0 HAalpaB-
JIEHHIO K OTPHUATEJIBHOMY [OJIOCY TSArO-
BO# nojcraHiMK. B MecTax, riae noBpex-
AeHa M30J51Hs, OHH NONajaloT Ha raso-
npoBojx. B6ansu TtsArosofl noacraruuu
TOKH BBIXOAAT H3 rasonpoBoja B [PYHT
B BHji€ TOJIOXKHTEJIbHBIX HOHOB MeTaaa.
Haunnaercs snekTpo/au3 metasnia. ydac-
TKU BBIXOJ2a TOKa K3 ra3ofpoBOAa Mpea-
CTaBJAT cO60# aHoAnBIe 30HBI, B KOTO-
PBIX NPOTEKaeT aKTHBHBIH MpOLeCC 3JeK-
TPOKOPPO3HH. 30HBL BXOJa MOCTOSAHHOTO
TOKa B Tras3onpoBOj Ha3blBAT KaTod-
HBIMH. JJeKTpHYecKasi KOppo3us 6uyx-
AAIOUIMMH TOKaMH BO MHOTO pas olacHee
37IEKTPOXHMHUECKOH Koppo3uu. B ro-
POACKUX YCAOBHAX 3TO Haubonee pac-
NpOCTpaHeHHbIA BHA KOPPO3HH.

Koppo3HoHHast aKTHBHOCTb TPYHTa
32BHCHT OT CTPYKTYPBI, BJIaXXKHOCTH,
BO3AYXONMPOHHLAEMOCTH, HAJHYHA COJel
M KHUCJOT, a TakKKe OT 3JeKTPOnpo-
BogHocTH. Cyxde IpyHTHl MeHee aKTUBHO
BO3€UCTBYIOT HA METAJJ, YeM BJIAXKHBIE,
C yBenMueHHeM BJAXKHOCTH TIPYyHTa
MepBOHAYabHO YBEJIHUHBAETCS H €ro
KOPPO3HOHHad aKTHBHOCTb. Han6o/b-
LIV aKTHBHOCTb HMEET IPYHT [P BJaxX-
Hoctu 11...13 9. ¥Ysennuenue BJaKHOC-
i cebite 20...24 9 NpHBOANMT K CHHXKe-
HHIO WHTEHCHBHOCTH KOppo3uu. B Boao-
HACBIIEHHBIX TPYHTaX HHTEHCHBHOCTb
KOppO3HH OyaeT MHHHMAJ/IbHOH, eC/Id BO-
la, HAChlIAWIas FPYHT, cama He #B-
JIIeTCSl arpecCHBHOH MO OTHOLUEHHIO K
merasiy. [1py nepeMeHHO! B/12XKHOCTH,
KOrjaa BO3HHKAMT YCJOBHSI COBMECTHOTO
BO3JelCTBHS BJATH U KHCJI0pOAa, cO31a-
ercsi Haubonee OaarompuATHaAs cpepa
AJIS1 KOPPO3HH MeTaJja.

[opoackue rpyHTHI, 3acopeHHble
CTOYHBIMH BOJ2MH, HMEIOLIHe PasHOPO/-
HYIO CTPYKTYPY H BKJIOUEHHS Pa3JIMuHbIX
IpeaMeTOB, ABIAITCA KOPPO3HOHHO-aK-
THBHBIMH. 3a60JI0UeHHbIE YYaCTKH, TOP-
(AHHCTBIE BJAXHbiE [I0YBbI, YYaCTKH
rpyHTd, HAXOAHBILHECH MO OTBaJaMH
UIJIAaKOB, 3acoJjieHHble TOUBBl  TaKikKe
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SIBJISIIOTCA KOPPO3HOHHO-aKTHBHBIMH. Uk -
CTHie TIeCKH MeHee OolacHsl B KOPpO-
3HOHHOM OTHOLIEHHH,

[Ipu wnccnenoBanun rpyHTa yudecTb
BCe yKa3aHHble (aKTOpbl BeCbMa CJOXK-
HO, MO3TOMY BBIOMPAIOT TAaKyIO Xapakre-
PHCTHKY, KOTOpasi B OCHOBHOM OTpaxaJa
Ovl OcHOBRHbBIe (haKTopbl. Hanbosee Bax-
HbIM CBOHCTBOM TPYHTA, MOAA200UIUMCS
ObICTPOMY H  OTHOCHTEJBHO TOUHOMY
ONpeReJICHHIO, FIBJASIETCH €r0 V1e1bHOe
3/IEKTPHUYECKOE CONPOTUBJEHHE, KOTOPO2
H PACCMaTPHBAIOT KaK OCHORHYIO Xapak-
TEPUCTHKY €ro KODPO3HOHHOH aKTHB-
HOCTH. OJIEKTPHUCCKOE CONMPOTHB/IEHHE
ABasercd (yHKUHeH psiga Ipyrex xa-
PAKTEPHCTHK TPYHTa: CGCTABA, KOHIEH-
TPaUHK PaCTBOPEHHBIX BELIECTB, BJAXK-
HOCTH H Ap., NO3TOMY OHO CBSI3bIBAET
BOCAHHO psa ryaBHeHWHX ¢aKToOpoB,
ONpeaeNsIoOWHX KOPPO3ZHOHHYIO aAKTHB-
HocTh rpyHTa. Kak nokasbiBaer ombiT,
COMOCTABJEHHE 31EKTPOMETPUULCKUX Xa-
DPaKTepUCTHK TIpYHTAa C €ero KOppO3H-
OHHOH aKTHBHOCTBIO, YCT@HOBJEHHON 0OC-
MOTPOM CTa/bHBIX TPYGONPOBOAOB, Ad€T
Xopoluee COBIIafeHHE pe3yabTaToB (OKO-
a0 80...90 %).

Jnsi BhISIBI@HHS KOPPO3HOHHOTO CO-
CTOSIHHS NOJ3€MHOTO rasonpoBojia Mpo-
BOJAT 3J€KTpHUECKHEe H3MEePEeHHUs], OCHOB-
HBIMH U3 KOTOPBIX SBJSIIOTCH Ompee-
JeHHe NoTeHLMana rasolpoBoAd NO OT-
HOLUEHHIO K 3eM.Je, a TaKKe HampasJe-
HHSl U BEJUUHHBI GJYXKIAK0IIero TOKa,
Tekyuiero no rasonposoay. orenuuan
rasonpoBoia MO0 OTHOILEHHIO K 3emie
H3MEPSAIOT BbICOKOOMHBIM BOJBTMETpPOM,
KOTODBIH MPHCOERHHSIOT K ra3olnpoBoay
1 3azemasionleMy sjaekTpoay. [1pu 6onb-
IIOH PA3HOCTH MOTEHLHAN0B UCIOAB3YIOT
CTaJbHOH 3JIEKTPOA, & MpH pasHocTu
noteHuHanos menbule | B — Henoasipu-
3YIOINMHACS 3J€KTPOA. YUacTKH ra3ofpo-
BOJ 2, HMEIOIHe NOJOXKHTEIbHBIH NOTeH-
HaJ 00 OTHOLIEHHIO K 3eMJie, BJSIOTCS
ONnacHbIMH B KOPPO3HOHHOM OTHOLLUEHHH.

Ecan cpennee 3Hadenue MOAOXKH-
TeJIbHOTO MOTEeHliHa/j 2 rasonpoBoaa Mo
OTHOLIEHHIO K 3emsie mpesbiaer 0,1 B,
HO He Oonee 0,5 B, rtorma saekrpu-
yeckasl 3aluMra rasofipoBoja AOJKHA
ObITh BBE1€HA B 3KCIL1yaTalHIO B [IePBbIi
roj M[oc/le OKOHYAaHHS CTPOHTENbCTBA



rasonposoaa. Eciam cpepnee 3Hauenue
NOJIO AKHTENIbHOTO MOTEHIIHA/1a TIpeBbIla-
er 0,5 B, 10 3amura rasonporojaa
JOJIXKHaA ObITh COOPYIKEHa 110 ero ciauu
B 3KCIJIyaTalUIO, HO He TO031Hee ueM
yepes 6 Mec moc/e OKOHYAHHUS CTPOH-
Te/bCTBA ra3onpoBOJA.

M3mepenne mnoTeHUHAJOB TIa3onpo-
BOJa OTHOCHTEJBHO 3€MJH TMPOHU3BOAAT
yepe3 kaxaele 200...300 m. Hdas usme-
peHHH HCMOMB3YIOT CrelHaJbHble KOH-
TpPOJbHble NYHKTHL (pHC. 4.14), a Takxe
MecTa, rje BO3MOMXEH JOCTyl K raso-
MPOBOAY (3aABHIKKH, COOPHHKH KOHEH-
caTa, THAPABJIHYeCKHEe 3aTBOPbI U Jp.).
KOHTpOMBbHO-U3MepHTeNbHBIE MYHKTBI yC-
TAHABJHBAIOT B MeCTax TNepecedeHus
rasonpoBOJOB C peJbCOBBIMH TYTSIMH
3JeKTPUPHUIIHPOBAHHOTO TPAHCIIOPTA H B
MecTax [epexoja Tra3onpoBOAOB uepe3
BO/HbBIE Mperpaabl WHpHHOH Gosee 50 M.

CyliliecTByOlHe METOIbl 3ALLATHI r'a-
30TIPOBOJOB OT KOPPO3HH MOXKHO pasje-
JATb Ha [Be TpYINbl: OacCHBHblE H
akTHBHHIE. [laccusnbie meToOobl. 3auiuTsi
3aK/1104aI0TCA B H30JSLHH ra3onpoBo/ia.
K H30/MSILHOHHBIM MartepuaJ/aM, HCHOJib-
3VeMbIM JJ51 3aL1UThl Ta30NpOBOJOB,
NpeAbABAAIOT pAA Tpe6OBaHHH, OCHOB-
Hble M3 KOTOPBIX CJIeAYIOillHe: MOHOJIHUT-
HOCTb TNOKPBITHS,, BOJOHENpOHHLIae-
MOCTb, XOpollee NpHIHNAaHHe K MeTaJlly,
XMUMHUECKas CTOHKOCTb B TPYHTaX, BbICO-
Kas MeXaHMuyeckasl IpOUHOCTb (NpH me-
peMeHHBIX TeMIeparypax), Hajiuuhe Au-
3eKTPUUECKHX CBOHCTB. M3oasiiHoHHbIE
MaTepHaJsbl He NOJKHbl ObITb NepHUMUT-
HBIMH.

Haub6osee pacnpocrpaHeHHbBIMH H30-
JSILHOHHBIMH MaTepuUalaMH SABJAAIOTCA
OHUTYMHO-MHHEPAIbHbIE H OHTYMHO-pPE3H-
HOBbIe MacTHKH. B mepBom ciaydae B
KauecTBe 3aMoqHuTesl K 6UTyMy 106aB-
JSAIOT XOpOLIO H3MeJbuUeHHble JO0JOMH-
TH3HPOBAHHble HJAHU acdajbTOBbIE H3-
BEeCTHSIKH, acbecT HJaHM 0O6OraieHHbIA
KAOJIHH, BO BTOPOM — PEe3UHOBYIO KpOILl-
Ky, H3rOTOBJEHHYIO H3 aMOPTH3HPO-
BaHHBIX NOKpBIIIEK. BUTYMHO-pe3nHOBas
MacTHkKa 06JiafaeT HECKOJbKO GOoJblied
MPOYHOCTbIO, 3JACTHUHOCTBIO U JOJTO-
BeuHoCTbio. JlAsl YyCH/IEHHMS] H30JALHH
MPUMEHSIOT apMUpYVIOliHe O00epTKH M3
THAPOH30Ja, 6pH30Ja HIH CTEKJOBOJIOK-

Oy Ny
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Puc. 4.14. Ycrpoiicrso Tpy6Ka; 4— 3MeKTpol
KOHTPOJABHOrO NYHKTa 3a3eMJyeHHs; 5— Traiku
* I— xoBep; 2-~ GeTOHHasR M8 ¢ wanbon; 6—

NOAYIIKA NOA KoBep; §— KOHTPOJIbHBIA NPOBOAHHK

HHCTOTO MatepuaJsa. [mapouson npen-
crapjsieT co60H TOJCTHIH JHUCT H3 ac-
6ecra ¢ go6as.uennem 15...20 9% uenio-
JIO3Bl, IPONUTAHHON He(TSAHBIM OUTYMOM.
Bpuson roroBAT Ha ocHoBe 6HTyMa
1 J1po6JeHOH cTapoil ByJKaHH3HWPOBAH-
HOH DEe3HHbI.

HM3os51uHI0 ra3onpoBoaa NpoH3BOAAT
B TaKOH mnocaenoBartesbHOCTH. Tpyby
OUHINAIOT CTAJbHBIMH IleTKaMH A0 Me-
Ta/lJHYecKoro 6Jecka M [pPOTHPAIOT.
[Tocsie 3TOrO Ha Hee HAKIAABLIBAIOT TPYH-
ToBKY TosuuHod 0,1...0,15 mm. [pyH-
TOBKa INpeAcTaBgasieT coboi HepTsAHOH
6UTyM, pa3BefeHHBId B 0eH3UHe B
orHoweHuu 1:2 uaum 1:3. Koraa rpyH-
TOBKa@ BbICOXHeT, Ha TpyOONpOBOA Ha-
kaaasBalor ropsuyio  (160...180° C)
GUTYMHYIO 3MaJb. DMaJjb HaKjJagbBaOT
B HECKOJIbKO CJ/I0€B B 3aBHCHMOCTH OT
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Puc. 4.15. daexrpuyec-
Kas CXxemMa NOAAPHIOBAH~-
HOTO ApeHama

KOHTaKTH; §— auon, 8—
ApeHaXKHan 0o6MOTKa,
9— BKA0OYaouas 06-

1— rasonpoBox, 2— moTka, {0-— mnyHt am-
npeaoXpaHuTeNb Ha nepmerpa, [I— amnep-
350 A, 3— conpotusae- meTp, 12— pyGHIABHHK,

HHE, 4— npegoxpaHH-

13— penbc
renb Ha IBA, 5 u 7—

Tpe6oBaHuil, NPeAbABAAEMBIX K H30J5-
uuu. CHapyxku TpyOy 00epThIBaIOT
Kkpadr-6ymaroil. B coBpeMeHHBIX ycJj0-
BHSIX Bce paboThl MO H3o0JsUHH TPYO
MeXaHH3HPYIOT.

B 3aBHCUMOCTH OT UYHCJA HAHECEeH-
HbiX CJOEB 3MaJH H YCHIHBAOILHX
06epTOK H30aAsAUHA OblBAeT CJAeAYIOLLHX
THIIOB: HOpMaJbHAS, YCHJIECHHAA U BeCh-
ma ycuaeHuas. HopmanbHylo H30aA1HIO
NPUMEHSAIOT NPH HH3KOH KOPDPO3HOHHOH
aKTHBHOCTH TPYHTA, YCHJIEHHYIO — IDHU
cpejiHell, B OCTaJBHBIX CAydadaX HCHOJb-
3YIOT BecbMa YCHJEHHYIO H30J/ALHIO.
Jlas 3aLHTHl TA30MPOBOAOB MPHMEHSIOT
TaKKe M1acTMacCOBble MIeHOUHble MaTe-
pHaJibl (J€HTH), MOKPbIThIE TO/IK/IEHBAIO-
WwHM  cjaoeM. [TOJMHBHHHAXJOpPUIHBIE H
NOJM3THIEHOBBIE JJEHTBI BHIMYCKAIOT TOJI-
wnho#t 0,3...0,4 wmm, wupuroit 100...
500 mm u aadno# 100...150 M, HamoTaH-
Hble B DYyJoHBL. TpyObl OUYHILAIOT, MO-
KPbIBAIOT TPYHTOBKOM, NpeAcTaBaAIOLLeH
co6oii KJseH, pacTBOpeHHbll B GeH3uHe,
nocJje 4ero oGepTBHIBAIOT H30JALHOHHON
JgeHTofl. st 06epTKH TPYO HCHOJAB3YIOT
creuajsbHble MallIHHbI.

K akrusnoim merodam 3auiurel oT-
HOCAT KATOJHYIO H MPOTEKTOPHYIO 3allH-
Ty U 3/1eKTpHuecKHH ApeHax. OCHOBHBIM
METOAOM 3aILHTHl Ta30lPOBOJAOB OT
61y XK AaI0UHX TOKOB ABJASAETCH /€K -
Tpuuecku#h gpenax. ObH 3a-
KJII0UAeTCsi B OTBOJE TOKOB, MOMABHIMX
Ha rasonpoBoj, 00paTHO K HCTOUHHKY.
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Puc. 4.16. Cxema xaron-
HOM 3amHTH

1— 3amHmaemMsii raso-
nposojy, 2— HUCTOYHHK

NOCTOSIKHOTO TOKAa, 3 —
CcOeJMHHTENbHbIH Ka-
6enb, 4 — 3a3eMJIHTENb-
aHon

OTBON OCYLIECTBASIOT Yepe3 H30JH-
pPOBaHHBIl MPOBOJHHK, CO€AHHSAIOLIHNI
rasonpoBoj C peabcoM JeKTpHPHUK-
POBAHHOrO TPAHCIOPTA HJIH MHHYCOBOH
WwHHOH TAroBoil noactaHuuu. [1pH orso-
1€ TOKa H3 rasonpoBoja MO MNPOBOJ-
HHKY TpPEKpailaercst BbIXOA HOHOB Me-
Ta/Ja B TPYHT U TeM CaMbiM MpeKpa-
1aercs 3JeKTpHueckas KOppo3usi raso-
nposona. Ilaa oTBOAa TOKAa, Kak mpa-
BHJO, HCMOJBL3YIOT MOJSPH30BAHHBIH
anekTpoaperax. Ou obsagaer 04HOCTO-
pOHHE POBOAMMOCTBIO OT ra30MpoBoOA
K peJjbcaM {MHHYCOBOH wuHe). I1pu mo-
AIBJIEHHH TOJIOKUTEJbHOTO M[OTeHlHaa
Ha pe/ibCcax 3JeKTpHUecKas lLieNb JpeHa-
»Ka aBTOMATHYECKH pa3pbIBaeTCH.
CxemMa YHHBepCaJbHOH TOJAPU30-
BAaHHOH ApeHaXKHOH YCTAHOBKHM NOKa3a-
na ua puc. 4.15. Ecau rasonposon
| HumeeT TMOJOXKHTEJbHbIH MOTEHUHAJ
10 OTHOLIEHHIO K pesabcy [3, TO 3jek-
TPHUECKH Il TOK roijer uepe3 mpejaoxpa-
guteab (Ha 350 A) 2, comporuBJieHHe
3, npenoxpauuteab (Ha 15 A) 4,
oMol 6, BKJwuawllyld oOMOTKY 9,
wyHT 10, pybuabHHK [2 B nomajaer
Ha peabc [3. Ecam pasHoCTb MOTEH-
nuaJjos pocrturaer 1...1,2 B, To KoHrak-
TOp 3aMKHET KOHTaKThl 7 H 5 H 3JeK-



TPHUYECKHHA TOK [OTeyer MO OCHOBHOH
JpeHaxKHO# uenH uepes OOMOTKYy &,
a [0 OTBETBJEHHIO K [AHOAYy — 4depe3
IyHTApPYIOL1He KOHTaKTh 5. [IpH cHHXKe-
HHWM pas3HOCTH noTteHuudasnos po 0,1 B
KOHTAKThl Da3OMKHYTCS H JpeHa)KHas
uenb pasopserca. [lpn orpHunaresbHOH
pasHOCTH  MOTEHUHAJO0B  (NMOTEHUHAJ
peabca OoJbwie MoTeHuUana TpyOnl)
apoa 6 Toka He mpomnycrur. Bee yasiml
JpeHa)KHOH yCTAHOBKH pasMeilaloT B
meTaJinvyeckoMm wkady. OaHa ApeHa-
Hasi yCTAHOBKa MOXKeT 3allUTHTb raso-
npoBoA GOJIbILOH MPOTSKEHHOCTH, H3Me-
psieMOH  HeCKOJNbKHMMH  KH/JIOMETpaMH.

[nasi  3auwMTel  ra3omnpoBOJOB  OT
MOYBEHHOH KOPPO3HH NPHMEHSIOT K a -
ToaHYyo0 3awuty. [IpH kKaromHoH
3alUTe Ha Tras’onpoBOJ HAK/IaAbiBAIOT
OTPHIATe/IbHBIA NMOTeHUHaA, T. €. mepe-
BOJSIT BeCb 3aLHIAEMbId yUACTOK Iraso-
npoBoja B KATOLHYIO 30HYy (pHc. 4.16).
B KkayecTBe aHOIOB MPHMEHSIIOT MaJo-
pacTBOpHMble MaTepHaJbl (UYTyHHble,
XKeJie30KpeMHHeBble, TrpadHTOBHE), a
Tak»Ke OTXOJbl YEPHOTO MeTanna, KOoTo-
pBeie MOMeialT B IpyHT BOJHM3H raso-
nposona. Orpuuare/bHBIH MOJMIOC HCTOU-
HHKA [OCTOSIHHOTO TOKa COEAHHSAIOT C
ras’onpoBOJOM, @ TMOJOKHTEJNbHBI —
¢ aHogoMm. Takum o6pasoM, MPH KaTox-
HOH 3allliTe BO3HHKAET 3aMKHYTHIH KOH-
TYD 3/JeKTPHUECKOro TOKa, KOTOpHIi Te-
yeT OT MOJIOKHTEJNbHOrO MOJI0Ca HCTOY-
HWKa NMHTAHHSA [0 H30JHPOBAHHOMY Ka-
6eio K aHOAHOMY 3a3eMJIeyHIO, OT aHOJ -
HOro 3a3eMJICHHSI TOK pacTeKaeTcs Mo
rPYHTY H [ONajaer Ha 3allHilaeMbli
rasonpoBoj, jAaJjiee OH TeyeT MO raso-
MPOBO/Y, @ OT HETO [0 H30JHPOBAHHOMY
KabeJio BO3BPAIlaeTcsi K OTPHILATENbHO-
MY MOJIOCY HCTOUHWKA MUTAHHSA. DJIEKT-
pHUeCKHH TOK BBLIXOJHT M3 aHOAA B BHJe
TOJIQXKHTETbHBIX HOHOB MeTasljia, M03-
TOMY BCJIEACTBHE PACTBOpPEHHS Merasna
aHOJA TNOCTeMeHHO paspywaercd. Jjek-
TpUYeCKHH NMOTeHUHaJ, HaKAaAblBaeMbli
Ha rasonpoBoj, cocrapaser 1,2...1,5 B.
B 3aBUCHMOCTH OT KaudecTBa H30/fLIHH
OllHA YCTAaHOBKA MOXeT 3aulHilarth
yuacTok rasonposoga ot | g0 20 km.

[Ipy mpoTeKTOpPpHOH 3aIlH-
T @ YyuyacTOK ra3onpoBoja MpeBpalialoT
B Karoja 6e3 MOCTOPOHHEro HCTOUHEKA

KaTtoaKan 30Ha
/aRR 1-ro npoTexTopa/ !

t=7—70M i

Puc. 4.17. Cxema npo-
TeKTOpHOH 3ammuTH

I— npotekrop; 2— coe-
NMHHTebHBIE  Kabejw,

3— 3allKuaeMbli raso-
npoBoj; 4— KOHTPOMB-
HbIH NMYHKT

TOKA, & B KauecTBe aHOAa HCHOJb-
3YIOT MeTa/IHYeCKHH CTepIKeHb, MoMe-
LIeHHBIH B TPYHT pSAOM C Trasornpo-
BoAOM. Mexay ra3onpoBosoM M aHo-
JOM YyCTaHaBJHBaercsi 3JeKTPHUECKHH
KOHTAKT. B KavecTBe aHoLa HCMOJB-
3yl0T MeTaJ/i ¢ 6osiee OTPHLATENbHBIM
MOTEHLHANOM, YeM XKesne3o (HanpHMep,
UMHK, MATHUH, aJIOMHHHE H UX CIJIABHI).
B o6paszoBaHHON TakuM 06pasom rajb-
BAHHYECKOH Mape KOppOAUpPYeT MpOTEK-
TOp (aHon), a razompoBOJ 3allHlliaer-
ci  or Kopposuu. Ha puc. 4.17
NoKasaHa MpPUHUHMMHAJBHAS CXeMa Ipo-
TeKTOPHOH 3aLIUThI.

J A5 MCKIOYeHHsI BO3MOMKHOCTH 3Je-
KTPHYECKOr0 KOHTaKTa rasonpoBojia ¢
3a3eMJ/ICHHBIMH KOHCTPYKUHSIMH H KOM-
MyHHKaUHMsMH mnorpeburesed Ha CTOR-
Kax BBOJOB Tra30mpoBOAOB  yCTa-
HaBJAWBAIOT H30JHUpyIOILIHEe (dJaHLEeBble
coenuHeHHus. MX TakxXe yCTaHaBJIHBAIOT
Ha HaJI3eMHBbIX U HaJBOJHBIX MepeXxo-
I1ax Tras3onpoBOIOB uepe3 MpensTCTBUA
H Ha BBoJax (M BBIBOAAX) Tra3ompo-
BoaoB B 'PC, I'PI1 u I'PY. ®aaHuesble
COeIHHeHHS] Ha MOjJ3eMHbIX [a30NPOBO-
pax (B KoJoAlax) JOJXKHb ObiTh 3a-
UWIYHTHPOBAHBI [OCTOSHHBIMH  3JIEKTDO-
nepemblukaMi. Ha usonupylomux daan-

43



nax 9JleKTp0Hep€Mbl'-[KI/I JOJI2KHbBI OBbITh
paS’bEMHbIMH C pasmemeHHeM KOHTAKT-
HbIX COeJHHEeHHH BHe KoJojaueB. [as

3alUThl HaJ3€MHBIX Ta30MpoOBOAOB OT
armocdepHOil KOPppPO3HH Ha HHX HAHOCAT
JIAKOKPACOUHble MOKPBITHA.

lnasa 5.
MoTpebnexue rasa

5.1. Pacyer
roposoro norpebnexus rasa
FOpoOM

T'onoBoe norpebiieHre rasa ropoiom,
pa#oHOM Topoja HJH MOCEJKOM SIBJS-
€Tcsl OCHOBOH MHpPH COCTABJIEHHH T[IpO-
eKra raszocHa6xeHusi. Pacuer rogoBoro
norpe6JeHUst TNPOU3BOAAT MO HOPMaM
Ha KOHEIL pacyeTHOro MepHOAa C yue-
TOM MEPCIEeKTUBLl PAa3BUTHSA TOPOJCKHX
norpebureneii rasa. IlpomomxuTens-
HOCTb PacCyeTHOro nepuoja yCTaHaBJIH-
BAIOT HA OCHOBAHHH [MJaHa M[epcCleK-
THBHOTO PA3BHUTHS IOpPOJAa HJIM MOCEJKA.
Bce Buab ropoAcKOTO MoTpeb1eHns rasa
MOXXHO CTPYNIHPOBAaThb C/eAyloLHM 06-
pazom: a) GwuitoBoe mnorpebJieHHe (I0-
tpe6jeHne rasa B Kaprtupax); 6) mo-
Tpe6/eHne B KOMMYHaJbHbIX H 00ilecT-
BEHHbLIX NPeINpUATHAX; B) NoTpebseHHe
Ha OTOIJIeHHe W BEeHTHUJALHUIO 3[aHHH;
r') MpoMbllIA€HHOE NOTpebeHHe.

Pacuer pacxoma rasa Ha ObITOBbIE,
KOMMYHAJIbHbie i 061LeCTBEHHbIE HYXKAbI
npeAcTaB/sgeT CoO0H CA0XKHYIO 3anauy,
TaK Kak KOJHYeCTBO Trasa, pacxoaye-
MOT0 3THMH MOTPeOHUTEeIAMH, 3aBHCHUT
oT psia (akTOpoB: razoo6opynoBaHus,
6.1aroyCTpoiicTBa H HACceNeHHOCTH KBap-
THP, Ta30060pyNOBaHHA TOPOACKHX Yu-
pexXaeHHH H NpeanpHATHH, cTerneHH 00-
CAYXHBAHHSI HaceJeHHsI 3THMH Vyu-
peXJIeHUSIMH W [pEeANpUATHAMH, OX-
BaTa norpeburtesnell UEHTPATH30BAHHBIM
ropsiudM BOJOCHAGKEHHEM H OT KJH-
MaTHUYECKHX ycJaoBHH. DBosbuimHCTBO
NMpUBEJEHHBIX (HAKTOPOB He MNOJAAeTCs
TOYHOMY YueTy, M03TOMy MoTrpebJseHue
rada pacCuMThIBAIOT MO CPEJHHM HOp-
MaMm, pa3pabOTaHHbBIM B pe3yJbTare
aHa/jiM3a MHOTOJIeTHEr0 OMmbiTa  dak-
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THUECKOTO MOTpe6JIeHHs ra3a U nepcnek-
THB HU3MEHEHMS] 3TOTO norpebieHns.

Oco6GenHo TpyAHO OMpeleNnTb pac-
Xon rasa B KBaprupax. B Hopmax
pacxoja rasa yuTeHO, 4TO HaceJeHHe
yacTHyHO mHraercd B Oyderax, croso-
BbIX H pecTtopaHax, a TakKxe TMoJb-
3yeTcsl yCJayramMH KOMMYHaJbHO-GBITO-
BHIX MpeAnpHATHH. [0J0BBE pacxoabi
raza Ha TPUTOTOBJIEHHE MHUILH ¥ Tops-
yed BOJAB B KBapTHpax, a TaKXe Ha
X03AHCTBEHHO-6LITOBBIE W  KOMMYHAJIb-
Hble HYyXZbl OOLIEeCTBEHHBIX 3JaHUH,
OpeanpHATHH 001LEeCTBEHHOTO MUTAHUSA H
KOMMYHAaJIbHBIX NMpeanpUsiTHi onpeaessi-
ior no Hopmam CHull 2.04.08—87,
KOTOpble [MpuBegeHsl B Taba. 5.l.
[To CHull, pacxoa rasa Ha mpuUroToB-
JeHHe THIIH B KBapTHpPdX INpH HaJId-
YHH UEHTPAJH30BAHHOTO TOPSYero BoLO-
cHabXeHus NPHHUMAIOT PAaBHBIM
2800 Mx/(rop-uen.). Tlpu orcyrcrt-
BUH 1IEHTPAJIU30BAHHOrO rOpsiuero Bojo-
cHabXKeHHs1 U Ta3oBOTO BOAOHATrpeBare-
Js1 pacxoJ rasa yBeJuuHBaercsa (Tak
Kak TOpPSAYYI0 BOJAY [PHIOTOBJSIIOT Ha
MJIMTE€) H COCTaBJASAET [0 HOpMaM
4600 MI1x/ (ron-ues.). Pacxon rasa Ha
NPUrOTOBJEHHE THIM U TOpsiuell BOABI
B Fa30BOM BOJOHATpeBaTe/ie NPUHAMAIOT
paBubiM 8000 M/Ix/ (roa-uesa.).

B rab6s. 5.1 npuBeseHbl HOpMBI pac-
xoma rasza nmo CHull B MJX, orHe-
CeHHble K MOoTpelJ/IeHHIO OJHHM 4YeJjoBe-
KOM B TrOl HJIM YCJIOBHOMY MoOKa3a-
Teqi0 B roa. Tak, pacxol B KBapTH-
pax gaH B MJx B rog Ha | uyen.
[TorpebaeHune B yupex 1eHHSIX 31paBOOX-
paHenusi gaHo B MJx Ha | Ko#Ky
B roja. Pacxoa raza Ha cTupKy 6eJbs,
MbITbe B GaHsIX, NMPUTOTOBJIEHHE MHILH
B CTOJIOBBIX H Ha BbINEeUky xjeba mpu-



Ta6aunuwa 5.1. Hopmbi pacxopa rasa (B Tenjo-
BbiX €AMHHUAX) HA XO3AHACTBEHHO-GLITOBHIE H KOM-

MyHaAbHblE HYXAbI

TTorpeGurenn

[TokasaTtean
norpebieHus
rasa

HopmMa pacxona
renaorel, MJIx
(ThiC KKaJa)

1. )Knabie 3paHus

I1pu Hanuyuu B KBap-
THDE ra30BOi MIHTHI H
LEeHTPalH30BAHHOTO
ropsiyero  BOAOCHAb-
JKEeHHH.
IpH rasocHabKeHuu
OPHUPOAHBIM [a30M
MpH ra3ocHabkXeHHn
CXKHKEHHBIM rasoMm
Ilpu Hannuuu B KBap-
THpe ra3oBOH MJIHTH
H Tra3oBOro BOJOHA-
rpepatesi (mpu OT-
CYTCTBHM  [€HTpaJ/H-
30BaHHOTO TOpSAYero
BOAOCHa6XeHus )"
npY ra3ocHabXeHun
NPUPOAHLIM a30M
npy rasocHabxe-
HHH CXKHJKEHHBIM
raszom
Ilpu HanuunH B KBap-
1Mpe ra3oBof NAWTH
H OTCYTCTBHH LE€HTpa-
JH30BaHHOTO ropsue-
ro BOJAOCHAGXEHHS H
rasoBoro BOAOHArpe-
BaTens:
HpP¥ ra30cHabXkeHun
NpUPOAHbLIM Ta3oM
1IpH ra3ocHabXeHHUH
CIKHMXKEHHBIM rasoMm
2. Npeanpusitnst 6
DabpuKu-npavyeyHole:
HA CTHPKY Gelbsi
B HEMEeXaHH3HPO-
BaHHBIX HpPayeyHbIX]
Ha CTHPKY ©Oenbs
B HEMEeXaHH3HpO-
BAHHBIX MpayeyHbIX
C CYWIHJIbHBIMH
mKapamu
Ha cTHpPKY 6enbst B
MeXaHH3HPOBAaHHBIX
payeyHbiX, BKJIO-
yasi CyWIKY H raa-
KeHue
Ileakamepa:
Ha Je3HHeKuHio
6enbs U OfEXKAB B
napoBblX Je3KaMe-
pax

Ha
B IOl

yeJI.

To xe

bITOBOTO 06Ch

Ha | T cyxo-
ro 6enabst

To xe

2800 (660)
2540(610)

8000 (1900)
7300 (1750)

4600(1100)
4240(1050)
YIKHBaHHA

8800(2100)

12 600(3000)

18 800(4500)

9240 (535)

BeneH B MJIx Ha eaUHHIY YCJOB-

Hpodoasxcenue raba. 5.1

Moxasatens [Hopma pacxona
[Torpe6urenn norpe6ienun [renaotel, MJIx
rasa (THIC KKaa)
Ha JAe3uHbeKuHio |» 1260 (300)
6enbsi H OA€XKIb
B TropsvYeBo3ayul-
HBIX Kamepax
Banu:
MbiThe Ge3 BaHH Ha oany mo-140(9,5)
MBIBKY
MBITbe B BaHHAax To xe 50(12)

3. Mpeanpusrus OGWECTBEHHOrO NMHTAHAS

Cronosbie, pecTopanb,
Kade:

na npurorosaenne |Ha 1 o6en [4,2 (1)

06e10B (BHe 3aBH-

CUMOCTH OT HPO-

NYCKHOH crmoco6-

HOCTH Ipefnpuf-

THH)

Ha mpurortoBaenue |Ha 1 sast-|2,1 (0,5)

3aBTPAKOB HJH paK uJH

YXHHOB YXKHH

4. YupexpeHHs 3APABOOXPAHEHHs

Bonbauub, pogpoma:

na npurorosnenne |Ha 1 koiiky |3200 (760)

MH LU
Ha HpHI‘OTOB.ﬂeHHe
ropsided Boabl AN
XO3SIHCTBEHHO-6BI-

TOBBIX HYX1 H Je-
yeGHbIX Mponenyp

(Ge3 cTupku 6etbst)

B ron
To xe

9200 (2200)

5. XaeGonekapHnie H KOHAHTEPCKHE NPERMPHATHA
Xne6o3aBoan H me-
KapHH:
Ha Bbimeuky xae6a|Ha 11 usge-|2500 (600)
¢ opmMoBoro nui
Ha Bblmeuky xge6a |To xe 5450 (1300)

noj0Boro, 6aToHOB,
6ynoK, cRO6H

Ha BbINEYKY KOHIH-
TEPCKHX H3aenunit
(TOpTOB, MHPOXK-
HbIX, HeYeHbs, NpA-
HUKOB H T. I.)

7750 (1850)

Mpumeuanus |

Hopmer  pacxona

TeNJOTBl HA

KHUAble JOMA, MNpHBEIEHHbIE B Tadnuue, YYHTHBAW1 pacxol

TeNnOTH HA CTHPKY GeNbAd B SOMAlIHUX YCJNOBHAX
NPUMEHEHHH ra3a paAsi JabOPaTOPHBIX HYXKJ INKOJ,
creuManbHbiX
cnejyer MNPpHHHMATbL B

TEXHUKYMOB M JPYrHX
HODMY pacxoila TemJoThH

yueGHbIX

2 Ilpu

BY30B,
3aBeacHui
pasmepe

50 MIIx (12 Telc XKan) B roj Ha OJIHOrO yuvalierocs

TpebyeHu .

[Tosromy wesecoobpasHo

HOTO MoKa3aressi. Takoe pa3Hoobpasue
eIMHMLl H3MepeHHsl CO3JaeT H3BeCTHble
TPYNHOCTH MpPH pacuere TOAOBOrO MO-

METOJHKH pacuera rojoBOro norpeéJe-
HUMSI pacCMOTpeThb OTAENBHO /s Kaxa0H
rpynnel norpeduTesei.
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MorpeGaenne rasa B KBaprupax.
OxBar rasocHal>XeHHeM KBapTHp MJd
60JIbIIMHCTBA FOPOJAOB OJIH30K K eJHHH-
e. OZHAKO NMPH HAJIHYUH CTApPOro KH-
JUILHOrO GOHJa, KOTOPHIH HeJb3sl Ta3u-
$uuupoBaTh, HJIH, HA060pPOT, NPH HaJH-
YuH BBICOKHX 3/JaHUH, 060pyIOBaHHbIX
3JIeKTPONJIMTAMH, CTeMeHb OXBara raso-
cHaGXeHHeM KBapTHp OyaeT MeHblue
equuunbl. O603HAUHM cTemeHb oOXBarta
HacejeHHs1 ropojga (padoHa ropoja)
razocHalkeHHeM uepe3 Y, TOTAa NpPH
obuiefl 4YHCJIEHHOCTH HaceJeHUss Nue,
rasoM B KBaptHpax O6yIeT ToJb30-
BathcA YxNuea. [010BOH pacxom rasa
Ha TMpPHIrOTOBJEHHE IHIUN W TOpsAuel
BOJAbI CYIIECTBEHHO 3aBHCHT OT CHCTe-
Mbl TOpAYero BOJOCHAOXEHHS 3JaHHM.
O603HaunM J0JI0 JI04eH, NPOKHBaI0-
LIMX B KBAPTHPaX, HMEIOLIUX LEHTPAJH-
30BaHHOe ropsyee BOLOCHabXeHue, 2y,
00 JIoAeH, MPOXMHUBAIOIIMX B KBap-
THpax C TropsiyuM BOJOCHAOKEHHEeM OT
rasoBeIX BOJOHArpeBaTeseH, 2g, H A0JI0
Jiofiell, MpOXKHUBAOIWKX B KBapTHpax
6e3 ropsiuero BoJocHa6xeHus z3. Toraa,
QIS HAceJeHHUs, NMOJb3YIOLIerocs ra3om,
MOYKHO Hamucartb

21+ 2o+ 23=1.

O603HauUHM HOPMBI PACX0/a TEMJ0ThI
Ha OJ(HOrO UeJilOB€Ka B TOJ B OTMe-
ueHHBIX BbIlIE THMAX KBapTHp COOT-
BETCTBEHHO: §xi, G2, Gk3, TOrza obllee
rogosoe motrpebjseHHe rasa B KBapTH-
pax ropoaa (B M x/roa) onpejaenurcs
BbIpaXKeHHeM

Qu=y.N (002119021 932;)

MoTpeb6aeHne rasa B NPEANPHATHHA
6biToBOoro oGcayxusanus. [Ipu pacuere
notpebaeHUsl ra3a 3THMH MpeNPHSITHS-
MH YUHTBIBAIOT PACXOJ ra3a Ha CTHPKY
Geabsi, B aeskaMmepax U 6anax. Hopwma
pacxofa TeMJIOTbHl Ha CTHPKY 6e/bs
oTHeceHa K 1 T cyxoro 6eibs, NO3TOMY
JJISi pacueTa rasa Ha CTHPKY OeJbd
c/edyeT ONpeAesNHTb KOJIHUYeCTBO Oelbs,
CTHPAeMOro B TNpayeyHblX H B KBap-
THpax B TedeHHe roaa. B nopmax CHulla
yYTEH Pacxoj TeIJIOThl Ha CTHPKY 6esbsi
B AOMAIUHHX YCJIOBHAX, HO KOJHYECTBO
GeJibsi, CTUPAEMOTO B KBapTHpax, He Oll-
peleJsieHO, TO3TOMY NPH pacyeTe pacxona
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rasa Ha [payeyHble TMpexJe BCero
Heo0XOJAHMO YCTAHOBUTb 0410 Gebs,
CTHpPAeMOT0 B HHX, T. e. CTeleHb
OXBaTa NpavyeyHbIMH HACEJEHHUS TOPOAa.
Ec/lH mpHHSTB, YTO NMPAyEUHBIMH [OJb-
sylotcsd 2N ueJOoBeK, TOrJa MPOHU3BO-

AHTeJNbHOCTE GyneT paBHA 100(%—"0]\6-0)?/

/roj (Hopma HakorJends Geaps 100 1/
/1000 xureneit).

[Ipn HalnHYMKM B ropoje mMpavyeyHbIX
C Ppas3JHYyHOH CTeneHbI0 MeXaHH3aLHH
KOJIH4YeCcTBO 6e/ibsl CJeLyeT pasmesnThb
COOTBETCTBEHHO [POH3BOIUTEILHOCTSIM
3THX NpadeuHslX. DyaeM cudTaTh, 4TO ¢
YUeTOM OCpe/lHeHHsI HOPM pacxoja Ter-
JOTBI, @ TaKXe ¢ Yuyerom oXBara
NpayeuHblX TFa30CHAGKEeHUEM Y, YIeNb-
HbId pacxoJ TemloTsl (B rase) Ha ro-
po/cKHe mpadeuHble COCTABUT gn MJIx/
/T1.c.6., TOTAA paCXo/ rasa Ha npadyeuHble
cocraBut B MJIx /roxa:

znynN
1000 70

[Tpu onpeneseHnu KOJHUECTBA MOMbI-
BOK B GaHAX MOXHO HCXOXUTH H3 pac-
yeta 52 MOMBIBKH B TOJ OJHHUM Uejo-
BeKOM B O6aHsIX HJH B BaHHBIX KBap-
THp. Ecau B 6aHAX MoeTcs ZgN uesioBek,
a oxBar O0aHb ra3ocHabxeHUEM Ys.
TOTZa TOAOBOU pacxol rasa Ha 6aHH B
M]JIX/roa) MOXHO MOACUHTATB MO op-
MyJe:

Q,=100

Qs=26Ys N 52 g5,

rae gs — HopMa pacxoaa Temnotbl, MJx/opny
nombiBKy. [lpn onpepeneHuu 2¢ MOXKHO CYHMTATh,
uTo GaHSMH HOJAb3YIOTCS XKHUTEIU TOpPOAd, B KBap-
THpPaX KOTOPbIX HET BaHH C HEKOTOPHIM YBEJHUH-
BAOWMM KO3 PpuUHEHTOM

[Ipu pacuere rogosoro pacxojaa rasa
Ha NpeinpHATHAX 061ECTBEHHOrO NHTA-
HHSl YUUTBIBAIOT UX CPEJHIOI0 3arpyskKy.
OxBar o6cayXHBaHHeM HaCeJeHUS IMpH-
HHMAIOT Zq0n=0,25...0,3 o6uieil yucjaeH-
HOCTH HAcCeJeHHUsl, CUHUTas IpH 3TOM,
YTO Ka)XJblH Ye/jOBeK PEeryJjasipHo NoJjb-
3YIOLMACA CTOJOBBIMH H PECTOPaHAMH,
norpebaser B AeHb npuMepHO 1 obex u
yXHH (3aBTpak). OXBar CTOJOBLIX U pe-
CTOPAHOB ra3oCcHa0XeHHEM Yy on AAETCS
B 3aJaHHU Ha npoekrtupoBanHe. CJjeno-
BaTe/JbHO, Oblliee KOJIHYECTBO rasa, Tmo-



TpebssieMOro npeANnpHATHAMH oO6LLecT-
BEHHOIO0 [HTaHWA ropona, Oyaer B
MIx/ron:

Qn on =3602n on Yn on Nqn on»
rie Gnon, MIX/06en+3aBTpak

Morpebnense rasa B yupexieHusix
3rpaBooxpanenun. [Ipy pacxone rasa B
60abHHIIAX CJeJYEeT YUUTBIBATb, UTO HX
ofliasi BMeCTHMOCTb ONpejensiercs H3
pacuera 12 koek Ha 1000 xurened,
nosToMy o6illee UHCAO0 KOeK B OOJbHHU-
uax 6ymer pasHo 0,012 N (rme N —
o6111as YHCAEHHOCTh HaceJ/IeHHsI ropoja).
[Ipu ouenke oxBarta 6oJibHHI| ra3ocHab-
JKEeHHeM Ys He0OXO0JUMO YUHTBIBATH BO3-
MOXKHOCTb paboTbl CTOJOBLIX OOJbHHMIL
Ha 3/1eKTpoo6OopyAOBaHHH, HAJHYHE LeH-
TPaJHU30BAHHOTO TENJOCHAGXeHHUs, BO3-
MOKHOCTb HCHOJNB30BAaHHUA TBEPAOTO HJH
XKHJAKOI'O TOMAHBA AJS1 KOTeJBHBIX 60Mb-
aun. OGosHauHUM yaeAbHYIO TOAOBYIO
HOPMY MNOTpe6/ieHHs TenaoTbl GOJbHH-
L@aMH Ha TMPUTOTOBJIEHHE MUK H TOpS-
yeHd BOJABI — gys (MJIxk/roa, ogHa KoM-
Ka), Toria obumi pacxoln rasa 60Jb-
HUllaMd ropojaa 6yaer, MJIx/roxa:

12
anzm!%‘vqw
Pacuer ropoeoro pacxoaa rasa paas
xne603aBOJ0B M MeKapeH BeAyT B Hpel-
MOJOXKEHHH, UTO 06 bEM CYTOYHOMH BhiNey-
Ku Ha 1000 xwuresed cocrassaser 0,6...
0,8 T, caegpoBaTeJbHO, TOAOBOH O6BEM

6yaer paeen (0,6...0,8) %8'(570]\/ T/roj.
IIpu pacuere pacxoaa rasa Takxe cie-
JyeT YUYHTHIBATb OXBAT ra30CHAGXKEHHEM
XJ1e603aBOJIOB H MEeKapeH Yxn.. YIeib-
HbIl pacxon TemJOThl cjaenyeT MPHHU-
MaTb oOcpenHeHHbIM — g% (MIX/T).
OG6wuil pacxon rasa Ha xJ1e603aBOAbl H
nekapHu 6yaer, MJIx /roa:

365
an =(0,6 08) T(Wyxn NQ,c(pn

onoBbie pacxoibl ra3da Ha HyXK[bl
NpeANDUSITHH TOProBJH, TPeANPHUATHH
6bITOBOrO  OOCAYKHUBAHHA Hace/JeHHs
(aresbe, MacTepcKHMH, TNapHKMaxepc-
KHMH, MarasiHaMd H Jp.) NPHHUMAIOT

B pasmepe 5 % roaoBoro pacxoia rasa
Ha JKHJble A0Ma.

B urore caeayer oTMeTHTb, YTO NMpH
pacuere norpeb/eHHs ras3a TOPOJOM
JIOJMIKHBl  GBITh  YBSI3aHbl He TOJDBKO
KaXXAblH BUJA NOTpebJeHHs MO BCeM
312HHSIM H COODYXKEHHSIM, TJe OH HMeeT
MecTo (Hanpumep, ctupka 0e/bsi B KBap-
THpax M I[payeyHblX, HCHIOJb30BAHHUE
rasa AJs Harpesa BOJbl B BAHHAX KBap-
THp WJAH 6aHAX U T. A.), HO H BCe
BHJBl 3HePTHH, UCHOJAb3yeMble AJAS KaX-
jJoro BHaa norpebienus (Hanpumep,
ras 4 3JeKTpPHYeCTBO /s NPUTOTOBJE-
HHSI [HILH, ras, TBepaoe H KHUAKOoe
TONJUBO [/ HarpeBa BOAbL U T. 1.).

Kaxaseli Topoj cjefyer pasaenuThb
Ha psAJ paloHOB, /sl KOTOPBIX OCHOBHbIE
XapaKTepHCTHKH, Olpejensioiile obbe-
Mbl noTpebasiemoro rasa, OyayT MpH-
MepHO OJAMHAKOBBIMH. Pacuer npousBo-
JAT AN KaXAoro paloHa OT/e/bHo,
B KOHIle pacyeTa COCTABASIIOT UTOTOBYIO
tabauny pacdera MmO BCeMy TOpOAY.
KpynHbix noTpe6uTteneil, kotopble OyayT
NIpUCOENHHEHBl K CeTAM BBICOKOTO (cpef-
Hero) JamJieHUs, HO YyxKe BOLIEIIIUX
B OTJeJibHble BHJbl MOTpeb/eHHus, Bblje-
JAI0T B CAMOCTOATEAbHYIO Tpynny (6aHH,
npaveyHble, XJae603a2BOJIbl, KPYMHBIE pec-
TopaHel H T. A.). Huclo norpeburesedt
rasa mo paloHaM TOpOJAa BbIABJIAIOT
U3 aHalnu3a MX HACEJEHHOCTH, 3Tax-
HOCTH 3aCTPOHKH H ee OCHOBHBIX
XapaKTePHUCTHK, YHCIa H XapaKTepHCTH-
KH NPEeANnpHATHA U ydypexjenuil roposa-
CKOro X03siHCTBa, HAJHYHUSA 1EeHTPaJIH30-
BAHHOTO ropsiyero BOAOCHAaOXeHHd, Xa-
pPaKTepHCTHKH OTOMHTE/NbHBIX CHCTEM, TO-
MJIMBHOrO H TeNJ0BOro 6ajaHca ropoja.

[Ipu npoBenenuu yKpymHeHHbIX pac-
yeToB norpeb/eHHsi rasza ropoaoMm, Ha-
NpHMep, MPH COCTABJEHHH MPOEKTOB
reHepasibHbIX MJAHOB TOPOJAOB M Hace-
geHHbix nyHkroB CHull 2.04.08—87
JONYCKaeT NMPUMEHATb YKPYNHEHHbI® MOo-
Kasareau rasonotpebsienus B M°/rox Ha
1 yesn. BenuuynHa ykpyTHEHHBIX MOKa-
3aTesqeli B OCHOBHOM 3aBHCHT OT BHJA
ropsiuero BoaocHabxkeHudA. Pekomenay-
I0TCAl CleAylollHe YKPYNHEHHble HOPMBI
norpe6neHusi rasa B M° B Troj Ha
I yesa.: a) NpH HAJUYUH LEHTPaJH30-
BAHHOTO TOpAYEro BOJOCHAGKEHHH —
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100; 6) npu ropsiueMm BOAOCHAGKEHUH
OT Ta30BbIX BojoHarpeBateaeil — 250;
B) NMpPH OTCYTCTBHH BCAKHX BHJOB TOpS-
yero BogocHabGxeHus — 125 (aasa cefb-
ckoit mecrHoctH — 165). Hopwmel pac-
CUHTaHBl AJs ra3a C TemJoTod cropa-
uug B 34 MJDx/M® (8000 kkan/m%).

Pacxon rasa Ha oTonsieHde, BeHTH-
JASIUMI0 H LEeHTPAJH3OBAHHOE Topsiyee
BOJOCHAGKEHHE KHIBIX H OGLIECTBEH-
HbIX 3J@aHH#l ONpeJIesIIlOT [0 YAeJbHbIM
HOpMaM TemjionorpebJenus.

Pacxon rasa Ha OTONJEHHE, BeH-
THJASLMIO H ropsiyee BOJOCHaGXKeHHe
NPOMBILIJIEHHBIX TPEANPUATHH TPUHU-
MaIOT [0 COOTBETCTBYIOILHM MPOEKTaM.
loposo#t pacxox rasza (KIx) Ha
OTOMJIEHHEe U BEHTHJAALHIO XKHJBIX U 06-
11eCTBEHHBIX 3/laHH# BBIUHCIAIOT O op-
My.Jie

t —t
Quy =| 241 +K) Pt
BH po
gFn,

t —t
BH cpo
+2K K ] Tt

BH psB

(5.1)

riae fow, fpo, tps, lepo — TEMIIEpPATYpPa COOTBETCT-
BEHHO BHYTPEHHEro BO3AYyXa OTalllMBaeMblX 3/a-
HHH, pacyeTHasi HapyXHasl a5 NPOEKTHPOBAaHHUSA
OTOILICHHS, pacueTHasi HapyKHasl Qs NPOEKTH-
pPOBaHHS BEHTUASIUHM, CpPejHsis HapYXKHOro BO3-
ayxa 3a_otonurtenabHuil ce3oH, °C, K, Ky — ko3¢h-
(pHUMEHTD], YUYHTBHIBAIOILME PACXOAbl TEMJAOTH Ha
OTOMNEHHE M BEHTWIALMIO 06illec] BEHHbIX 3[1aHHH;
OPH OTCYTCTBHM JaHHBIX COOTBETCTBEHHO NDHHH-
malorcst pasHbiMi 0,25 u 0,4, z — cpenHee yucno
4acoB paboThl CHCTeMbl BEHTHJAALHMHM OOLIECTBEH-
HbiX 3JaHMH B TeyeHHe CYTOK; IIpH OTCYT-
CTBHH JaHHBIX HpuHUMaercsi 16 u4; no — mpoaon-
JKUTEJIbHOCTh OTONHMTENbHOrO mepHopa, cyt; F —
JKMIas TIOMaAb OTamJUBaeMblX 34aHHI, M2
o — KIIIl oTonuTenbHOR CHCTEMBl: S KOTelb-
HbIx 1n==0,8..0,85, ane oTOmMHTENbHBIX mTeYeH
n=0,7 .0 75; ¢ — yxpynHeHHbI/ nOKa3aTe.b MaK-
CHMaJbHOTO YaCOBOTO Pacxoja Teml1oTH Ha OTom-
JeHHe XHIuX 3fannit, kKIx/u Ha 1 M% xunoi
nJIowand OpHHHMAlT no Tabn. 5.2.

T'opoBoit pacxon rasa (k) Ha LeH-
TPaNH30BaHHOE ropsiuee BOAOCHAGKeHHe
OT KOTe/bHbIX ONpeJensiioT no dopmyJe

Q B=24quN[ no~+(350—
6!
(e

rie ¢rs — YKpYOHEHHbIH TmOKa3aTelb CpeaHeua-
COBOI0 pacxojga TeJIOTBl Ha Topsiuee BOJO-

60—t
O —

(52)
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Ta6auua 5.2. 3navenHs mnokasarteass g MNPH
pa3Hbix HAPYXKHBIX TeMmeparypax

PacuertHas TeMnepaTtypa HapyXHOro Bo3-
Tokasarens Ayxa A NPOEKTHPOBAHHA
OTOMJEHHA fp,o, °
0 —10 -—20 —30 —40
Ywpynuennn#i | 335 | 461 | 544 | 628 [ 670
nokasareib g,
kI / (4-m?)

cHaGxenne, KIX/u Ha 1| yead. (c yueroM 00-
WeCTBeHHbIX 31aHHA paHoHAa), NpPUHHMAIOT MO
Tabn 53 N — uncao xutenel, NONb3YIOUWMUXCA
ropsiunM  BoaocHabxeHHeM; f — Ko3bduuueHT,
YUHTBIBAIOLIHIH CHHKEHHE Pacxoja ropsived BoAbl B
JeTHHH nepuoa (MpH OTCYTCTBHM [aHHBIX MPH-

Ta6nuua 5.3 3xHauenus mnoKasaTeas ¢,
cpeaHeil HOPMB moTpeGieHns ropsveid Boab

okasa- CpejHue 3a OTOMHreJIbHbe NePHOLBl HOPMBI
pacxoja BOJbl HAa ropsuee BOJOCHAGXKEHHE,
Teab aHa | gen B cyT
80 90 100 110 120 130
Yxpyn- | 1060 | 1150 | 1260 | 1360 | 1470 | 1570
HeHHbIH
noKasa-
TEJNb
gr s,
KIx/
/(4
-yen)

Humaior 0,8; ans KypopTHBIX H I0XKHBIX IOpPOAOB
1); fxs, txa — TeMOepaTypbl BOLOHNPOBOAHOH BOABI B
oTonHTeNbHbIH M neTHuH nepuopnl, °C (npu oT-
CYTCTBHH JAHHBIX COOTBETCTBEHHO HNPHHAMAIOT
pasHeiMu 5 u 15° C), n,o — KILJ KorenbHo#,
pasubiit 0,8...0,85

IIpumep 5.1. Onpenenutb rogoBoe MOTPE6-
JNeHue rasa ropoaoM (6e3 NpOMBbILLIEHHBIX fpei-
OpUSITHH) HCXOASt U3 CAeAyIOUHX naHHbIX. [l1o-
manb XuNo# 3acTpoiiku ropona 250 ra, cpenHss
naoTHoctb Hacenenusi 380 yen/ra. Ilnsi rasocHa6-
JKEHHA HCIOJb3YIOT TMPHPOAHLIH ra3 C TemI0TOH
cropanusi Q5=35840 kIx/M® u orHOCHTENbHOW
MJIOTHOCTBIO [0 Bo3ayxy s=0,562.

CTeneHb OXBaTa ropoACKuUX moTpeGurene ra-
30cHalXeHHeM mnpHHsTa caeayomas: 100 %
HaceieHHs pacXoayeT ra3 Ha [PHIOTOBJEHHE
nuiE B KBaprupax; 20 % KeapTHp MMewT LeH-
Tpaiu3oBaHHOE ropsivee BojocHaGxkenue; 30 %
KBapTHp OGOPYAOBaHO rOpPAYUM BOAOCHAGKEHHEM
OT rasoBbiX BOjJOHarpeBartesed; ra3nduuupoBaHbl
MEeJKHe OTOMHTEJbHble YCTAHOBKH JKHUIBIX U 06~
ECTBEHHBIX 31aHHH B o6beme 20 % ob6well oro-
[HTENbHO-BEHTHJIAUHOHHON HArpyskH, rasuduiu-
poraHo 60 % mnpeanpuATHA GHITOBOro O6CIYyXH-
BAHHA, NPEANPUATHH OOWECTBEHHOIO0 MHTAHHS,
yupex/JeHHH 3/paBooXpaHeHHsl, XxneGomeKkapeH H




Ta6auua 54. HcxoaHbie pannse pas pacuera

Ne Morpe6urean Oxsar o0640xsar ra{Hopwma pac-
n.an CJAYXHBA 30cHa6xe- Xoia Temio-
HyeM 2, HHeM y, |TH Q., MJ1x
1 |Ksaptupu ¢ uent- |21=0,2 |yi=1 Q1=2800
Pain30BaHHBIM I'0-
psiuMM BojgocHab-
JKeHHEeM
2 |Keaptupsl ¢ ra-{z;=0,3 [yo=1 Q2=8000
30BBIMH BOAOHA- ’
rpeBaTeasiMH
3 [Keapruphi 6e3 ro- [23=0,6 (yz=1 Q3=4600
psiuero BojocHab-
KEHUA
4 |[1pepnpustusi 06- [2,=0,25 [y4=0,6 |Qs=
[[€CTBEHHOr0 IH- = (4,2-+
Tanusi (06en-+ “+2,1)X
3aBTpakK) X 360=
=2268

KOHAHTEPCKHX mpennpusTHi. CpeaHsss HOpMa Xu-
J0H maowaad Ha 1 wen. 9 wm°. Pacuetnas
HapyXHasi TemmepaTypa JJIf TNPOEKTHPOBAHUSA
oTomenus b, o=—25 °C.

Pewenue. TonoBoe notpebaeHue rasa ropoaom
paccudTaeM OTAeNbHO AJAA CJHeAYIONIMX BHJOB
noTpebnenus:

1) notpe6neHHe B KBapTHPax AN HNpPHIo-
TOBNEHHA MHWH H TOpAYeH BOABl H MENKHMH
noTpeGHTENSIMH, TIPHCOEAHHAEMBIMH K CETIM HU3-
KOT'O [aB/I€HUsl, U pacCMaTPuBaeMoOe KaK paBHO-
MepHO pacnpejeneHHas Harpyska. B naHHoM
ApUMepe K MEeNKHM NOTpebHTeNsIM OTHeCeHbl npej-
NpUATHS O6UECTBEHHOro MUTaHuf,

2) notpe6nenue KPYNHbIMH KOMMYHaJbHbIMH
noTpeGuTeNsAMU: MpayeuHbIMU, 6aHAMH; GONbUIMMH
GonbHHUAMH, Xae603aBogaMu. JTHX moTpebureneil
paccMaTpUBAIOT KaK COCPEAOTOYEHHBIE Harpy3kH
H TPUCOEAHHSIOT K ra3onpoBOAAaM CpPeAHero HAH
BBICOKOT'O JaBJICHHS;

3) morpe6aeHue rasa Ha OTOMMTENbHO-BEHTH-
JISALMOHHBIE HYXK/Ibl, PACXO1yeMOro OTOMUTENbHbIMH
KOTe/1bHEIMH. '

PacueTnl mpoH3BeieM HO NPHBEAEHHOH Bbile
meTonnke. [last obsrerueHuss pacyeToB N0 PacXoay
rasa mnepBoil rpymnmo#i mnorpeburened CoCTaBuM
IporpaMMy AJs1 MHKPOKalbKyasiTopa <«3J/eKTpo-
HHKa MK 56».

I. Tlpon3BseneM pacueT pacxoga TemloThl
Ha KOMMyHaJ/bHO-GbiToBble HYXnbl. Mcxoanele nau-
Hble cBeJeHn B Taba. 5.4. Muaekcauua noxasa-
Tellefl yOpolleHa.

2. TlpousBeneéM pacyeT pacxoja TemIOThl Ha
1 uver. (B MJIx) Ha mukpoxaabkyaatope. Ilpo-
rpamMma pacuera npuBejeHa B Tabn. 5.5.

[IporpaMma BBOAUTCHA B MHKPOKANbKYJAATOP
nocie Haxatusi kaasuw B/O, F TIPI. Hcxon-
Has WHpOpPMauus BBOAMTCH TWOCJe HaXaTusd
kaaeuw £, ABT. [TporpaMma nyckaetcs HaxkaTHeM
kaasum B/O, C/I1. Ilas uuclreHHbIX 3HaueHHH
napaMeTpoB, NpHBEAEHHBIX B Taba. 5.4 no pesyb-
TaTaM pacyeTa Ha MUKPOKaabKyJsATOpE, TMOJY-
gex orBeT — 5600,2 M/Ix — 310 rojaosoe norpet-
JIeHHe TemJOThl, OTHECEHHOE K OJHOMY XKHTemo

Ta6auua 55 [Mporpamma pacyeta pacxona
TENMJOTH HA MHKPOKaJabKyJasiTope

Tporpamma Baoaumble uc
Anpec Hawmaran Kox one XOMHEIE 1aHHDBIE
KOMaH bl KJaBHiua pﬂuHH
00 M—x1 61 21, x—III
01 B+t OE
02 M—x2 62 Qi, x—I12
03 X 12
04 x—TI13 43
05 IT—x4 64 29, x—I14
06 B+ OE
07 I1—x5 65 Q2, x—II5
08 X 12
09 IT—x3 63
10 -+ 10
11 x—TI13 43
12 IT—x6 66 23,x—TI16
3 Bt OE
14 M—x7 67 Qs, x—TI17
15 X 12
16 M—x3 63
17 -+ 10
18 x—I13 43
19 1—x8 68 24, x—I118
20 B % OE
21 T—x9 69 ys, x—TI19
22 X 12
23 [M—x, a 6— Q4, x—I1, a
24 X 12
25 M—x, 3 63
26 + 10
27 C/n 50
ropoga. C yueToMm 59 Ha Hyxabl Meakux
npepnpuaTHA monydaem 5880 MIIx.
Pacuer nortpe6GneHHs TenaoTh

KPYONHBMH NOTpPpe6UTeNs MU, ITH pacXo-
bl PACCUMTBIBAIOT HA MHKPOKaJbKyJlsiTOpe B aB-
TOMAaTHYECKOM pexXHMe:

1) norpebnenue ¢pabpuKaMu-npaueyHbIMH.
Hopmy npunumaem 12600 MIx Ha 1 T cyxoro
6eabs. ByaeMm cudTath, YTO B HMpauyeyHbIX CTH-

paer 70 9% Haceaenus, 1. e. 2=0,7, Toraa:
0,7-0,6-95 000
Q=100 ——jgos 12 600=

=50,27- 10 "M T /rox .

3nech ofwasi YHCIEHHOCTb HacesleHHsl Tropoja
N=2380-250=95 000 uex.;

2) mnorpe6aenne TemJoThl B GaHax. [lpuHu-
maeMm, yto B OGaHsix Moerca 50 % wHacenenus

Qs=0,5-0,6-95000-52-45=
=60,69-10° MIx/rox ;

3) norpebieHne TEmIOTH B GOJBHHIAX
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120,695 000 B
o= g (3200 9200)=

=8,48.10° M x/rox,

4) wnorpe6aenHe TEMJOTH XJ1e603aBOLaMH

365
Q,,=07 1000 0,6-95 000- 3000 =

—43,68-10 M /roxn .

[MopcuutaeM o6IHA pacXxoj TEMAOTH B rase,
noTpe6asieMOR B OJKMIBIX JAOMax M KPYIMHHIMH
KOMMYHaJbHpIMH ~ morpeSutensmMd. CyMMmapHbie
pacxoisl raza OpHBEeEHBl HHXKe:

IMorpe6utenn I'ogoBof pacxon Ha ropox,teic. M/Ix
JKunvle noma 5,88-95 000==558 600

Q

[Npaueunsie 50 270
Bauu 60 690
Q‘Oﬂbﬂﬂubl 8480

ne603aBoabl 43 680
Hroro 721 720

ITorpe6Gaenne TenmaAOTH HA OTOM-
JeHHEe, BEHTHIANLHIO H ToOpsivyee BOLO-
cHaGxeunune. Pacxop rasa Ha ortonnenue H
BEHTHJISIUMIO JKHJbIX H OOGLIeCTBEHHHIX 3JaHHH
onpegensieM no popmyne (5.1)

t  —t
H cpo
— T

B
tnu po

QOB=[24(1+K)

t —t gFn

+2K| K tsu tcpo] 0 _
BH 'po Kl
1843,2 1843,2

=[ 24(1+0,25)—18i“5—+16-0,4-0,25ﬁ4—] X

586-171 000-205
0,75

3nech tps= —14 °C; tepo=—23,2°C no=205;
F=9.95000-0,2=171 000 ™® — maowanp 3aa-
Hﬂﬁ, oTanJuBaeMbiX ra3om.

OnpejensieM pacxoi rasa Ha UEHTPaJH30-
BaHHOE ropAyee BOAOCHAGKEHHE, CUHTAS, YTO OHO
OCy]_LleCTB.HﬂeTCﬂ oT KOTeJIbHBIX, [1{¢] Q)opMyJIe

(5.2)

=434-10 M1 /rox .

60—t,, 1
Q”:24q”N[n0—|—(350—n0) —GO——t—xaﬁ] T

=24.1470-0,2-95 000 [205+(350— 205)

60 —5 1
60—15 0’8] 075

=310 10 M /rox .

3necb ¢rs=1470 B3sito W3 Taba. 53 pnn
HOpMbl moTpeGneHHss ropsiued Boant B 120 a/
/ (uea.-cyr).

O6wnit rogoBoH pacxol TEWIOTH T[OPOLOM
COCTaBHT

721 720 +434 0004310 000 =
1 465 720 teic. Mk /ron.

X

Ecan Temnota cropanusi rasa Q5=36 MJIDx/m°,
TOrAa
_ 1465.720.10°

_ 106 M3
36 = 40,7-10° M*/ron.

YienbHb pacXox rasa Ha OJHOrO XKHTesst
COCTaBHT

40,7-10°

000 = 428 m*/(rop-uen.).

5.2. Pexxcum
norpeGnenns rasa

Bce ropoackue norpe6urenn — 6bi-
TOBble, KOMMYHa/ibHbie O6leCTBeHHbie H
NpOMBILIVIEHHBIE — MOTPEOJAIOT ra3 He-
paBHomepHo. [lorpe6senHe rasa u3me-
HAeTCH 110 MecsillaM roja, AHSIM HeJeJH,
KaJieHAapHbIM JHAM, & TakxKe Mo yacam
cyToK. B 3aBucuMoctH oT fiepHoaa,
B TeYEeHHE KOTOpPOro morpedenve mpu-
HHMaIOT [TIOCTOSAHHBIM, pa3anuaior: 1) ce-
30HHYIO HEPABHOMEPHOCTb, WIH HEPaBHO-
MEpHOCTb MO MecsilaMm roupa; 2) cyrox-
HY!O HEPABHOMEPHOCTb, HJH HepaBHO-
MEpHOCTb MO JHAM Heaesad, Mecsilla HJIH
roga; 3) 4acosyrd HepasHOMEPHOCTS,
HJIH HepaBHOMEPHOCTb MO yacaMm CYTOK
wiax yacam roja. Pexum pacxona rasa
rOPOAOM 3aBHCHT OT peXXHMa OTjeJib-
HbIX Kateropu#i morpe6Hreneii H HX
yaeqbHOTO Beca B oOiieM norpeb-
JIEHHH.

HepaBHoMepHOCTb pacxonoBaHus ra-
332 OTAe/NbHBIMH KaTerOpHSIMH NOTpebH-
tenelt onpenensiercss psAaom GakKTopos:
KJIHMaTHUGCKHMY YCJIOBHSMH, YKJIaJ0M
JKH3HH HaceJieHUsi, peXHMoM paGoThl
NpeaNpHATHH M yupeXAeHHH, Xxapakre-
PHCTHKOA ra3o060pyloBaHusi 30aHUH H
NPOMBILUITEHHbIX UeX0B. B 60o/bIHHCTBE
cJIyyaeB TeOpeTHUECKHH yueT BJIHMSIHMSA
OTHeNbHBIX (AaKTOPOB Ha HepaBHOMep-
HOCTb NOTpe6JIeHHUS] OKa3blBaeTCsl HEeBO3-
mMoxHbIM. HanGosee JLOCTOBE PHBI#
NyTb — 3TO HaKOIJIeHHe H CHCTeMaTH3a-
UHMSl ONMBITHBIX JaHHBIX B TeueHHe [JH-
TeJbHOTO NepHoAa. ToNbKO pH A0CTATO-
YHOM KOJIHYECTBE 3KCIIEPHUMEHTaJNbHOTO
MaTepuHajga MOXKHO TOBOPHUTb O HAAEXK-
HbIX CBeJeHHSIX IO pexXxumaMm norpes-
JIEHUS.

HepaBHoMepHOCTb MoTpe6sieHHs OKa-
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3piBaeT GosbLIOe BJHSIHHE Ha 3KOHOMH-
yecKHe NOKa3aTeJsli CHCTEM rasocHabxke-
Hus. Haanuue nukoB H npoBajos B
norpeb/ieHUH ra3a NPHBOJHT K HenoJ-
HOMY HCIIOJIb30BAHHIO MOLIHOCTEH raso-
BbIX [POMBICJIOB H NPONYCKHOH CHOCOG6-
HOCTH MarHCTpPaJbHBIX Tra30NpOBOOB,
4yTO mnoBHIIaeT ce6ecTOMMOCTh Trasa.
BeipaBHuBaHHe cnpoca H morpebJaeHus
ra3a NPUBOIHT K HEOOXOAHMOCTH CTPOU-
TebCTBA NOJ3eMHBbIX XPaHHJHIL H K CO-
3JaHuI0 norpebuTesNed — peryJsiTopos,
a clejoBaTeJbHO, H K JOMOJTHHTENbHbIM
KalHTaJbHbIM BJOXEHHAM B rasoTpaHc-
MOpTHbIE CHCTEMBl # BO BTOpPLIe TOMJIHB-
Hble Xo03sficTBa noTpeGuTened. dta Npo-
THBOPEYHBOCTb NMOCTAHOBKH 3a[aul Kak

Bcerja pelraercss ONTHMH3ALHOHHBIM
METOLOM.
Pexum mnorpeGieHns no wmecsunam

FoJa H Ce30HHasi HePaBHOMEPHOCTb.
CymmapHbie ronoBble rpadHKu NoTpe6-
JIEHHS1 ra3a TOpPOAaMH U 2KOHOMHYeC-
KUMH paHOHaMH SIBJISIIOTCA OCHOBOH 1J1A
nJjaHupoBaHusi NO6GBIUM Ta3a, a Takxke
AJsa Bbibopa H 000CHOBAHHMSI MepONpHSA-
TUH, ob6ecrneyHBalOMMX peryJHpoBaHHe
HepaBHOMEepPHOCTH noTpebJseHHs1 rasa.
Peuwlense npo6JemMbl HepaBHOMEPHOCTH
norpebJeHus no3poJssier o6ecneuyuTb Ha-
JeXHOCTb rasocHabxeHHS] M TOBBICHTb

Puc. 5.1. TonoBoii rpa-
UK noTpedaenusn
I— norpe6aenuce  rasa

norpe6/eHHe rasa sJjek-
TPOCTAHUUAMHU; 7— NOT-
pe6GiieHne rasa KOTeJb-

KaK Cbipbsl AJA mnepe- HbBIMH I BLIPAaGOTKH
pabOTKH; 2— KoMMYy- Ternja Ha OTOMJIERHe 31a-
Ha/lbHO-6HTOBOE noT- HHH; 9— 0160p rasa u3
pebaenne; 3-— nmorped- NOJ3€MHOT0 XpaHHJHILA;
JleHHe NPOMBILINEHHBIMH 10 — HepaBHOMEPHOCTD,
neyamH; 4— norpeGJe- nokpuiBaeMas mojauef
HHe B KOTEJIbHBIX AJA MarHcTpajbHOrO  raso-

nposoaa; I1—nauuust no-
Aayu ra3a Maricrpalb-

BbIPAGOTKH
YeCKOro napa;

TEXHOJIOTH-
5— aa-

KayKa rasa B NOA3EM- HEIM  Ta30NpPOBOAOM;
HOe XpaHmwiauule; 6 H 8— 12-—cpeanrAs JMHHA nO-
MOCTOAIHHOE W Ce30HHOe JauH rasa

3KOHOMHYECKYI0 3 (deKTUBHOCTb Tra30-
CHabXKawluX CHCTEM.

3HaHHe TOHOBBIX rpadUKOB rasono-
TpebJyenuss HMeeT 6OJbllIOe 3HAUYeHHe H
A4S 3KCIJyaTallhd TFOPOACKHX CHCTeM
rasocHabxenusi, TaK Kak I103BoJifieT
NpaBUHJbHO TIJIAHUPOBATb CNPOC Ha ras
Mo Mecsiam roja, onpenejsiTbh Heob-
XOJHMYIO MOLIHOCTb FOPOACKHX NOTpebu-
Tejlell -— peryJsiTopos, JIaHHPOBATh
NpoBeJleHHe DEKOHCTPYKIHH H PeMOHT-
HbIX paboT Ha ra30BhIX CETAX U HX COOPY-
Kenusix. Mcnmoab3yss mnposassl norpeé-
JIeHHS rasa AJs OTKJIOUeHHS OTHeJb-
HbIX Y4YacTKOB ras3onpoBoja H rasope-
TYJSITODHBIX MYHKTOB HA PEMOHT, MOXHO
NpoBecTH ero 06e3 HapylUeHHs] Noxayu
rasa norpebuTensAM.

Ha puc. 5.1 nokasax romoeo# rpa-
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¢$HK MPOMBILIIEHHOTO Yy3Ja, BKJI4alo-
llero Heckosbko roponoB. M3 rpacduka
BHAHO, YTO pasjiduHble KaTeropuu Mo-
Tpeburesiell XapakrTepH3ylOTCs H pas-
JIMYHOH HepaBHOMEPHOCTbIO  noTpeb-
aeHHs rasa. M3 Bcex BHmoOB motpe6-
JeHHs] HauboJblued ce30HHOH HepaBHO-
MepHOCTbIO  XapaKTepH3yeTCsl OTOINH-
TeJbHasl Harpy3ka, KOTopasli H3MeHseTCs
COOTBETCTBEHHO TeMMeparype HAapPYX-
HOro BO3AyXa. 3HMO¥ NPH HH3KHX TeMIle-
patypax pacxoj rasa MaKkCHUMaJibHBbIH, a
B JeTHHe Mecsilll ra3 BooOlle He
norpebasior. KomMmynanbHO-GBITOBOE
norpe6/eHHe ra3a xapakTepusyercs Tak-
JKe 3HAYHUTEJIbHOH CEe30HHOH HepaBHO-
MEpHOCTbIO, HO MeHblneH, yeM OTOIH-
TeJlbHO-BeHTHUASLLMOHHAST Harpyska.
Bmecte ¢ TeM 10/l KOMMYHAaJbHO-OBI-
TOBOH Harpy3ku B 00lleM TO10BOM
norpebJieHHH HEBEJHKa, NMOSTOMY B KO-
HeYHOM HTOTe OHa He3HAYWTEJbHO CKa-
3biBaeTcsi Ha oOleH HepaBHOMEPHOCTH.

Han6osiee paBHOMepHO MOTpebasllOT
ra3 3aBOAbl, TrJe ero HCIoJb3YIOT
Kak Cchlpbe [Jis dajbHeluied nepepabor-
ku. He3nauuTebHOA HEpaBHOMEPHOCTHIO
XapakTepuayercst rtakxke mnorpeGJeHne
rasa npombillIeHHbIMH Nedamd. C He-
60.1b11107 HEpaBHOMEPHOCThIO NoTpebJis-
I0T ra3 M INpOMBbIIJeHHble KOTe/bHble,
BbipabaTblBaloOIllHe map /s TeXHOJIOTH-
yeckdX Hyxkna. M3 o6mero pacxona
rasa KOTeJbHbIMH MPHMEPHO ABe TPETH
PacXOAyIOT Ha TEXHOJIOTHUECKHE HYK[bl
H OIHY TpeTb -— Ha OTONJIEHHE H BeHTH-
asuuo. [Ipumepro 35 % rasa, pacxoay-
eMOro B TPOMBILJIEHHOCTH, CXKHraloT
B TPOMBIIJIEHHbIX meuax, a 65 % — B
MPOMBILIJIEHHBIX KOTeJbHbIX H Ha 3JIeKT-
pOCTaHIIHSAX.

Ha puc. 5.1 nokasaubl 3akauka H
oT60p rasa M3 ras’oXpaHW/HIL, a Takxe
cesonHoe norpebJieHHe Tra3a 3JeKTpo-
CTaHILUSAMH /151 BbIpaBHHBAHHS F'OL0BOTO
rpaduka. M3 paccmorpenuss rpacduka
MOXHO CieJaTbh BhiBOjJ, YTO HepaBHO-
MepHOCTH notpebJieHHs ra3a pa3JHYHBI-
MU KaTeropHsiMH norpeburteseil cyuiecr-
BEHHO OTJHUAOTCH ApPYr OT Apyra.
[TosToMy HepaBHOMepHOCTb TpadHka B
nesom 6yjaer BecbMa 3HAYHTeJbHO 3a-
BHCETb OT JoJu B 06LleM To0J0BOM
pacxofe norpeGuTeseH cO 3HAUUTETbHOH
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HepaBHOMepHOcTbIO. Haubosbuine Koge-
6anus pacxona mo Mecsitam OyIyT Ha-
6ao1aThcsi B FOpPOAaX, B KOTOPbIX
notpeb/jeHHe rasa Ha OTOMJIeHHe H BeH-
THJALKIO 3[1aHHH, a Takke HacejieHHEM
coCTaBJisieT 3HauHTebHYIO 10,110 0611ero
pacxona. B ropopax, rae TexHosorH-
yeckoe mnorpebieHne HMeeT 60JbioK
yAeJabHbIH Bec, rogoBofi rpadHk Gojee
paBHOMepHbIH.

OcHoBHOe BJIMSIHHE HA PeXXHM GbiTO-
BOro notpebJieHHs1 OKa3blBAIOT KJAHMATH-
yeckHe ycjoBusl. [ToHnKeHHe HAPYXKHOM
TEeMNEePaTyphl BbI3bIBACT YBe/JHUEHHE T0-
TpebJieHnsa rasa. JTo OGDIACHSCTCS TeM,
4TO B 3HMHHEe Mecsilbl TeMIlepatypa
BOLONPOBONHOH BOJAB 3HAUHUTEJBHO CHH-
»KaeTcsl M Ha ee Harpes pacXoayioT
6osblie TemyoTel. Kpome ToOro, 3umo#
foJsibllie MOJB3YIOTCSl TOpsued mNHueH,
a YHCJIEHHOCTb HacesleHHsI Topola JIeTOM
HEeCKOJIbKO YMeHbllaeTcsl, TaK KaK HeKo-
TOpas ero 4acTb Bble3XaeT 3a TOPOI.
Pex<uM norpe6ienusi mo MecsinaM ropa
Ha ObiTOBbIE HYXKAbl (B KBapTupax),
Ha yupeXJeHHs KOMMYHaJ/bHO-GbITOBOrO
obcayKHBaHUs, CTOJOBHE, XJae6o3aBo-
Abl, 6aHH W mnpaueyHble MpHBeldeH B
taba. 5.6.

Pexum norpebsienusi rasa wa oron-
JIeHHe H BeHTHJSLLUIO 3JaHWll 3aBHCHT
OT KJHMAaTHYeCKHX YCJOBHH TOro paiio-
Ha, TJ€ pAacCloJOoXeH TOpOA HJIH Mpo-
MblilsieHHbIH y3ea. Kosuectso norpe6-
JII€MOTO ra3a onpejesisiercsl Hapy>XHOH
Temneparypol. OTONUTeJNbHYIO HATPY3KY
paccuuThIBAOT NO (opMmyJe

Q=C(t,—t)n,

rjae Q — KOJHYeCTBO rasa, pacxoiyemoro Ha OToO-
NJIEHHE H BEHTHJSALHIO 31aHHH B TeyeHHe MepHonaa
n; C — NOCTOAHHAS BeJIMYHHA; I, — BHYTDEHHSS
Temneparypa; fx — HapyXHas TeMnepatypa, cpef+:
HSIA /1A NepHola n; n — YHCJIO 4acoB HJAH CYTOK
CTOSIHHSL TeMMepatypsl fy.

BHyTpeHHIOIO Temnepatypy npuHuMa-
10T mnocTtosiHHO# u pasHoit 18...20 °C.
Cpennde TemnepaTyphl HAPYXHOTO BO3-
AyXa OINpejessiiOT M0 KJIUMAaTOJOrHyec-
KUM [aHHBIM, KOTOpble HOJydeHbl B pe-
3yJbTaTe MHOTOJIETHHX  Ha6/oneHuit
(CHuIT 2.01.01—82). Mecsiunbie pacxo-
Ibl B TPOIEHTAaX OT IOLOBOTO pacxoja



Ta6aununa 56 Pacxop rasa no mecsiuam roaa, % roaoBoro norpeGaeHuns

Mecsu
Morpeburean
1 11 1 v v W VIl VIII IX X X1 XI1
KBaprups xuabix | 10,3 | 9,6 10 93 | 86 | 7 5 52 | 7 8,7 | 94 9,9
31aHui
Yupexpenus kom-| 10,6 96 | 9,8 9,2 9 7.8 4,6 4,8 7,9 8,8 8,9 9,6
MYHaJIbHO-GBITOBOTO
0o6cnyXHBaHHA
Cronospie u pecro-| 9,6 861 95 8,6 8,2 7,7 6,8 6,8 7,7 8,5 8,6 9,5
paHbl
Xne6o3aBoabl W me-| 10,2 | 8,7 | 9,8 8,7 7,6 7.2 6,4 6,6 7,1 8,5 8,8 | 10,4
KapHH
Bauu 11,5 | 10,4 10 9,2 6,6 6,1 5,4 4,9 6,1 8,2 9,6 12
Tlpaveysiie u ne-| 9,4 85| 89 8,5 7.4 8 7,5 7,5 8,3 8,5 8,2 9,3
3HH(EKIHOHHbIe Ka-
meph
Ta6aunuwa 57 Pacuer pexHMa norpeGaeHHsl ra3a Ha oTonjieHHe AJjsi MOCKBH
[MokasaTeanb Mecau
X X1 XI1 I 11 111 v 1%

CpenHeMeCAUHHE TeM- 5 —1,6 —6,9 —94 —8,5 —3,6 4,9 12,56
nepaTyphl
Yucio oronureabHbix| 19 30 31 31 28 31 30 5
AHell B Mmecslie
Mecsiunbiil pacxon, % 6 13,7 17,6 19,3 16,9 16,1 9,1 0,8
[mo dopmyne (53) ]

Mpumeuaunue

pPaCCUMTHIBAIOT NO popmyJie

qu= _ﬁ"___fﬂlﬂ“_ 100,
2 (ta_tcp M)nM

i€ fepw — CPelHEMECSIUHBIC TEMNePaTypHl, fu —
YUCJO OTOIHTEJNbHBIX JNHEH B MeCsiue

CpensemecsiuHble TeMNnepaTyphbl MJs
Mocksbl TnpuBenensl B Ta6a. 5.7 wH
NPoU3BeeHbl BHIUHCIAEHHS N0 ¢opMyJe
(5.3). dauTebHOCTD OTONIHTEJBHOTO TIe-
pruoaa 205 nneit, £,=20°C.

[To dopmyne (5.3) MOxHO paccuH-
TaTh rpadHK pacxoja rasa Ha OTONH-
TeJibHble HY3KJbl B 3aBHCHMOCTH OT IJIH-
Te/JBHOCTH CTOSIHUSI HAPYXKHBIX Temmnepa-
TYP Kak AJsi roaa, Tak H AJs KaxXaoro
mecsita. s 3TOro mo K/AMMaToOJIOTA-
YEeCKHM JAaHHBIM ONpenessioT MpOoAOJ-
XKHUTEJbHOCTb CTOSIHHS HHTePBAaJIOB TeM-
nepatyp. Iasi Ka>k10ro HHTepBaJa Haxo-
ISAT CPelHIO TeMnepatrypy fep, H 10
dopmyJsie onpereasiioT pacxol rasa Ajs

(53)

Pexum norpeGaeuns rasa B OKTAGPe H Mae NPHHAT COOTBeTcTBeHHO ¢ 12 mo 3l e # ¢ 1 no 5 e uucao

i-FO HHTepBaJa:

Q1=C(ts—tcp t)ﬂu

rage n, — JJIUTEJABHOCTb CTOAHHUHA P[HTEpBaJIa TeMIIe-
paryp

JloJsto MecAuHOrO pacxoma rasa AJs
HHTEpBaJa 7, ONpelessiioT Mo (opMyJie

. !ta—tcpt n,

- ’

Z (ta—tcpl)nA

rae ¢, — IOJs MecAyHoOro pacxoiaa rasa, ¢.Qu
KOJIHUeCTBO raasa, HOTPEGJIHGMOI‘O 3a nepHon ny

[Tocsie onpeneneHusi pacxogos rasa
AJI1 BCeX HHTepBaJIOB CTOSIHHS TeMIie-
patyp fep. cTpoST rpaduk pacxopa rasa
N0 NpPOLOJKHTEJNbHOCTH, pacnojaras
BeJUUYHHY ¢, B TOpsSAKe BO3pacTaHHs
BEJIMUUHB fep,. Ha ocHoBaHHM naHHBIX
pacuera rasa 3a siHBapb, CBeleHHbIX
B tabj. 5.8., aas ysjaa norpeGieHus,
pPacnoJiOXeHHOro B palioHe MoCKBHI,

9,
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Ta6aunua 58 Jlannbie pacuera rpadpHka pacxoaa raza Ha OTONJEHUe B 3ABUCHMOCTH OT AJIUTENbHOCTH

CTOSIHHA HAPYXKHBIX TemMneparyp.

WnrtepBanbl TeMnepa Cpenusisn TeM- (ts—tep i), JanTenabHocTb Konauuectro ra-

Typ, °C nepatypa HH °C CTORHHA HH (ta—tep )01 (ta—tep A1 3a norpebase-

TepBana TepBaJja TeMme Z(ta—tep 4 MOro B HHTep

tep s, °C paTtyp ni, cyT BaJle Temme

or 1o patyp, man, m®
— —25 —25 43 1,1 47,3 0,055 5,5
—24.9 —20 —22,5 40,5 2,1 85 0,099 9,9
—19,9 —15 —17,5 35,6 4,6 163,3 0,191 19,1
—14,9 —10 —12,5 30,5 6 183 0,213 21,3
— 99 —5 — 7,5 25,5 7,6 193,8 0,277 22,7
— 49 0 — 2,56 20,5 7 143,5 0,168 16,8
0,1 +5 2,5 15,5 2,6 40,3 0,047 4,7
Hroro — — — 31 856,2 1 100

nocrpoed rpadux (puc. 5.2). Pacxon
rasa Ha OTOIlJleHHe 3a siHBapb coOCTa-
Bua 100 man.M® npu £,=18°C, t,,=
=—25°C.

Hcnonb3ysi pacCMOTpPeHHYIO MeTOIH-
Ky pacyera OTONUTE/NbHOH HAarpy3ku ¢
yyeToM H3MeHeHHsl HapyXKHOH TeMie-
paTypsl BO3JyXa B TeueHde Mecsla
MOXHO 60Jiee TOYHO NOCTPOUTH ['OA0BOH
rpacuk. Takoll rpaduk Gyner oTpaxarb
3UMHMe TIHKH pacxoja rasa, CBsI3aHHble
C TIOHHKeHHeM TeMIllepaTypbl BO BpeMs
MOpPO30B, NOKPHITb KOTOpble INpeacTaB-
Jsier HauboJbline TPYIHOCTH KaK [Jist
rasoBofl NpOMBIILJIEHHOCTH, TaK H A5 ro-
POACKHX ra30BbIX Xo3sicTB. [oaoBoil
rpacuk norpebjeHHA ra3a NpOMBIILJIEH-
HbIM y3JIOM TI0Ka3aH Ha pHc. 5.3.
Ha rpaduke pano O6ojee peranbHoe
pasjesienne norpe6uTtesiel B 3aBHCUMOC-
TH OT pexHMOB noTpebsenns. Hapsny
¢ OOGbIUHLIM pa3jejieHdeM BbileJeHbl
OTAeJIbHO MOTpebuTenu: 1) Nnpombilied-
Hble Nleyd, pacxoaylonne 22,1 9% rasa;
2) KoTenbHble YCTAHOBKW, TEXHOJOTH-
yecKasl Harpyska — BbIpa6oTKa TeXHO-
Jaoruyeckoro napa, 29,8 %; 3) koreib-
Hble YCTAHOBKH, OTONHTeJbHAsl Harpy3Ka
33,5 %; 4) osaexrpocraHunn u TILL
14,6 %. Bolgenenue oTonuTeJbHOH Ha-
TPY3KH OT T€XHOJIOTHUECKOH HMeeT 60.1b-
lloe 3HayeHue, TaK KakK 3TH BHJBbI
norpebieHusi rasa pe3kKo OTJHYAIOTCS
pexumamu. Pexum mnorpebienusi Ha
rpacduke ocpenHeH AJs1 KaXKA0T0 Mecsiia.

Hcnosb3yst H3J10KEHHYIO BbIllIE METO-
AUKY, rpaduKk Obll nepecTpoeH, UTO
nokasaso Ha puc. 5.4. OronuresbHas
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Harpyska npeAacTaBJ/ieHa He NOCTOSIHHOH
B TeueHHe Mecsilla, a TepeMeHHOH B
3aBHCHMOCTH OT Hapy»KHOH TeMmneparty-
pPHl U JJHTENbHOCTH ee CTOsIHHS B Te-
yeHHe Mecsila. Kak cienyer u3 rpacduka,
CyTOUYHAsi HEpPaBHOMEPHOCTL B 3UMHHH
nepHol NPH JeTajJibHOM ero MOoCTPOeHHH
CYyHIECTBEHHO BO3pacTraer.

Peskum notpeGiennsi raza npoOMBbILL-
JeHHbIMH TNpPeNNpHATHSIMH 3aBUCHT OT
Xapakrepa TeXHOJOIHYecKoro mpouecca.
Hau6onee paBHOMepHO noTpeb.siiOT ras
Te KPYnHble MPeNpHSTHS, B KOTOPbIX
TEeXHOJIOTHUeCKHH mponecc NpoTeKaeT He-
npepbiBHO. HepaBHoMmepHocTb notpebie-
HHSi ra3a KOTeJbHbIMH 3aBHCHT OT
COOTHOLIEHHS TEIJIOTHI, HAYLIEH Ha OTOMN-
JieHHe ¥ BeHTHJSIIMIO, U TenJOThi, pac-
XOAyeMOH Ha TeXHOJIOTHUECKHe Mpolec-
col. IlepBass crathbs pacxoma Xxapakre-
puU3yeTcs 3HAYHTeJbHOH HepaBHOMEPHO-
CThIO, a pacxojabl NO BTOPOH CcTaTbe
Gosee paBHomepun. Ho u B 3TOM cay-
yae JeToM HabaoonaeTcsi CHHXKEHHe Io-
TpebiieHus BCieICTBHE MOBLIILEHHS TeM-
nepaTyp Hapy»KHOro BO3yXa H BOIbl, a
TAaKXKe Ce30HHOTO COKpauleHHs MpOou3s-
BOJCTBa.

HepaBHoMepHOCTb noTpebsenus rasa
XapaKrepH3yeTcsl JBYMs MOKa3aTessiMHU:
1) KoJsuuecTBOM ra3a B [AOJAAX OT
rojoBoro norpeb/eHusi, KOTopoe SBJA-
eTcsl H3GBITOUHBIM 110 OTHOLUEHHIO K CPej-
Hell paBHOMEPHOH nojaue rasa WiH KO-
TOPOro HeNOCTaeT B MepHOabl NpPeBbl-
lIeHHA noTpebJeHUs HajA cpelHed nmoja-
yel oo, (00beMHBIH NoOKasaTeJb);
2) MakcHMaJ/ibHBIM 3HaueHueM Ko3dpdu-
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Ta6auina 59 Mecaunbie k0aPPHUHEHTH HEPABHOMEPHOCTH norpebaeHus rasa

Kospuunenr Hepan- Mecay
HOMEPHOCTH NOTpes-
JNeHHs rasa 1 11 11 v VI VIl Vill X X X1 X1
Ky 1,609 11,545 | 1,185 10,952 0,592 { 0,575 | 0,536 | 0,525 | 0,618 | 1,185 | 1,336 | 1,459

MeHTa Ce30HHOH HepaBHOMEPHOCTH MO-
tTpeGaenns raza Ky™° (MoutHocTHO#H no-
KasaTedb).

Koagpguyuenr ceaonnoi (mecsaunod)
HepasHOMepHOCTY TIOTpebiienns rasa K,
ONpesnessiOT KaK OTHOILEHHe pacxona
rasa 3a J[JaHHbBIH Mecfill K cpelHe-
MecsiuHoMy pacxonay 3a roa. OpHako
TaKOH MeTOj HEeA0CTAaTOYHO TOYeH, TakK
KaK 4Mc/10 JHel B Mecsile Kose6iercs ot
28 a0 31. Has 6Goabwed TOYHOCTH
cjleayeT onpelesHTh ero KaK OTHOIUeHHe
CpPelHEeCYTOUHOrO0 pacxoja 3a NaHHbIH
Mecsil, K CpPeAHeCYTOYHOMY pacXxopy 3a
ron. B a2toM cayuae O6ymer yuTeno
pasJjiduHOe unc/aI0 [Hefl B Mecsiuax.

M3 rtaba. 5.6 npast norpebaenus
rasa B KBapTHpaXx IoJyyaeMm Cleiyo-
niHe 3HayeHHUs] KOSPPHUHEHTOB Mecsiu-
HOH HepaBHomepuoctd aast 1, 11 u VII
MecsileB:
ki 103 %5 _

31 100

96 365

28 oo~ %

121; Kl=

cJjenpopaTte/JibHO, MaKCHUMaJ bHOI Hepas-

HOMEepHOCTBIO XapakTepHayeTcss (es-
paJnb.
5 365
VII_____=
Ky =31 100 =09

V13 cpaBHeHHsl MAKCHMAaJIbHOTO H MH-
HHUMaJbHOTO KO3 ®MHLHEHTOB HepaBHO-
MepHOCTH cJefyeT, 4TO notpebieHue ra-
3a B KBapTHpax JieTOM yMeHbLIaeTcs
6osee uyem B 1ABa pasa. Paccunraem
Ko3d}HiIMeHTB HepaBHOMEDHOCTH IJIs
KaXJ0ro Mecsilla [JIsi FO0BOro rpaduka,
nokasaHHoro Ha puc. 5.3 6e3 yuera
ero BHIPABHUBAHHS ¢ NIOMOIULBIO NMOA3EM-
HOTO XpaHHJ KA. Pe3ysbTaThl pacyeTos
cBesleM B Tabua. 5.9.

[To naudbim Taba. 59. Ha puc.
5.4 noctpoeH roaoBoil rpaguk norped-
JIeHHsl, Ha KOTOPOM OpJHHAThl NpeA-
CTaBJeHbl B BHAe MeCAUHHX KO3phH-
LIMEHTOB HepaBHOMepHOCTH. PaBHOMep-
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Hasi Tojauya rasa, Npd KOTOPOH YAOB-
JIETBOPEHO T'ONOBOe norpebJieHne, COOT-
BercTByer K,=1. HepaenoMepHOCTb
noTpebJieHHs] COOTBETCTBYeT I[JIOHIA/H
(3aluTpuXOBaHHOA) Hal cpeaHell Ju-
HHeH mnojayM rasa HWJH paBHOH el
NJIOWAAH (HELOCTAaTOK rasa) Moj JIHHH-
el mojauu.

3alTpHXoBaHHAas [JollafAb paBHa

Z Kz"i"“z Ry
K>1 K>1
rae K., n,— COOTBETCTBEHHO Ko3p(HUHEHT He-
paBHOMEPHOCTH M YHCJIO JHed B Mecsue I
B pacque YUHTBIBAIOT TOJBKO MeECs-
Ubl, aJs Kotopblx K>1.
O6uas naowane rpadHka, COOTBeT-
crBylomasa rogfoBoMy HOTpe6J16HHH ra3sa:

12 12
3 k=3
| 1

rae Q& Qipty: — COOTBETCTBEHHO CpeaHecy-
TOYHHI€ pacxoibl 3a i-Thif Mecin H 3a TOA.

Ce30HHYI0 HepPaBHOMEPHOCTb NOTPe6-
JIEHHS! Qpo; PACCUMTHIBAIOT N0 dopMy.le

Z Kini_z n;

K>1 K>1
12
2 K
1

Ecan He yuHThiBaTBL pasHoe KOJiH-
yecTBO [HeH B Mecsiax, CUHTasg HX
No JAJMTEJbHOCTH OAHHAKOBBIMH (UTO
06b14HO ofecrnieyHBaeT NLOCTATOUHYIO TOY-
HOCTb), TOraa pacyerHasi hpopMyJia NpH-
MeT CJelYIOUIHHA BHI:

S K

K>1
12

_“epeyr

Q Mi
n =365,
rof t

Qcp.cyr

100% . (5.4)

ron

100% , (5.5)

rie N — 4yHc/A0 MecsiieB B rofy, AJAS KOTOpPhIX
K>1.



Paccuuraem no npuGauxkenHo# gop-
myJe (5.5) 3HaueHHe @ NO JAaHHBIM
taba. 5.9 ¥ rpaduka puc. 5.5:

(1,509 + 1,5454-1,1854-1,18541,336
ron” 12

14596 100=185Y% .

OGbemHbIH MTOKa3aTesnb HepaBHOMep-
HOCTH Ghox paBen 12...15 9. 3nauenue
BeJIHUUHBI Oroy; 3ABHCHT OT YAEJbHOTO
BeCa OTOMHUTEJbHOM HAarpy3KH B cymMMmap-
HOM razonotpebsieHHH: ueM 60Jblle 10J5
OTOMHTEJbHOH Harpy3ku, Tem OGojblie
Olron.

Pexnm notpeGieHHs rasa no AHAM
HeleAH M CYTOYHAA HEPABHOMEPHOCTD.
Kose6anuss norpebsieHuss rasa Ino or-
JeJbHbIM AHSIM Hedend H Mecsua (cy-
TOYHble KOJ1e6aHus1) B OCHOBHOM 3aBHCAT
OT cJeAylONIHX (PAKTOPOB: YKaana XKu3-
HH HaceJieHHSl, pexXHMa palboThl Mpen-
NPHATHE, H3MEHeHHs] TeMIlepaTyphbl Ha-
pyxHoro Boazayxa. Cyrounble KoJeba-
HUsSi, CBsI3aHHble C YKJa4OM XKH3HH
HaceJieHHsi, MPHMEPHO OAHMHAKOBbI IJs
J10600 HedesH, 338 HCKJIOYeHHEM TeX,
B KOoTOpble MonaaaloT npa3aHuku. He-
JeJbHbIH peXXHM paboThbl NMPeAnpHATHH
TakxXe JocTatoyHo crabunaed. Tperuit
hakTop — HM3MEHeHHs] TeMIlepaTypbl Ha-
PYKHOTO BO3yXa — y4eCTb 3HAUHTE/b-
HO CJoXKHee, TaK KaK TPyNHO MpPOrHo-
3MpOBaTh H3MeHeHWe TeMImeparyp Io
AHSIM HeneJH W Mecsina. Bmecrte ¢ rtem
MaKcHMaJibHOe 3HaueHue KoadduiueHta
CYTOYHOH HEepaBHOMEPHOCTH 3a Mecsl]
H OTONUTEJbHbIH MNEepHOL MOXHO oOmnpe-
JI€JIHTb, HCHOJIb3Ysl KJAHMAaTOJIOTHYECKHE
HabJIofeHHsT 3a NMPOLOJIKHTE/NbHBIH Ie-
puon BpemeHH Takue pgaHHbIe NpHBe-
aennt 8 CHull 2.01.01—82.

OnpenenuM MaKCHMaslbHOE 3HaUeHHE
Ko3¢dpHuLMeHTa CYTOYHOH HepaBHOMep-
HOCTH OTONHTEJNbHOH HArpy3ku (aJsi
MockBbI) A5 CaMOro XOJIOAHOTO Mecsi-
ua (siuBapsi). [To CHull cpeansis remme-
patypa siuBapst —9,4 °C, cpennsis teMm-
nepatypa Haufojee XOJOAHBIX CYTOK
—32 °C, mosyuyuM cJenyloulee 3Hadye-

e Ki'u's,

MaKe __ ta_tcp ey 20 —(--32)
cmor . § _¢ 20— (9.4)

B cp mec

=177

Pexum norpe6.ieHusi rasa Ha ObITO-
Bble H KOMMYyHaJbHble HYXIbl B OCHOB-
HOM OmipefeJisieTCsl YKJAJOoM XKU3HH Ha-
cesieHHsl. 3/ileCb MOXXHO TOBOPHUTb O 3aKO-
HOMEeDHOCTH NoTpebyeHus rasa no ooblu-
HbIM [JHSIM HeNeJH HJH B Opeanpasf-
HMYHble H Ipa3]HHYHble 1HH. VI3 HabJo-
JeHUH 3a morpebJjeHHeM ra3a B KBap-
THpax cJelyeT, UTO B TeyeHHE MePBBIX
YyeThipeXx [HeH HeleNH ra3 norpebJsior
nMouTH paBHoMepHo. B nsATHHUY pacxon
rasa Bo3pacTaer H JOCTHraeT MakKCH-
MaJbHOTO 3HauyeHHsi B cy66ory. B Boc-
KpeceHbe norpebJ/ieHHe rasa cHMXKaeTCH.
MaxkcumagnbHele KO3)GhHIHEHTH CYTOU-
HOH HEpaBHOMEPHOCTH IO IHSIM HejaesH
MPUMEpPHO paBHBI: [JIsl KBApTHD, The
ra3 HCIOJb3YeTCsl TOJAbKO [Js MPHTO-
ToBJeHHsl nuwH, K{i“=1,2; nas xeap-
THP, TAe ra3 HCHo/ab3yeTcss IJS1 TMpPH-
rOTOBJIEHHSI MHIUH H TOopsiuell BOIBI,

e =1,25.

Hau6oabwinm norpebGaenneM rasa
XapaKTepu3ylOTCs TpeAnpa3dHHYHbIE
nHU. Kak noka3anu HabJiofeHHs, MaKCH-
MaJibHbIl CyTOYHBIH pacxoj rasa B KBap-
THpax 3a roa npuxonutcsa Ha 31 pe-
ka6ps. CooTBeTCTByOUIME MaKCHMaJb-
Hble KO3(pdHUHEHTH CYTOUHOH HEpaBHO-
MEpHOCTH 3a TroJ TNpPHMEPHO pPaBHbL:
A5 KBApTHp, TAe ra3 HCoJb3yeTcs
TOIbKO AJIl TIDUTOTOBJIEHHS! MUIUH TIPH
HaJHYHH UeHTPaJbHOrO ropsiuero BoJO-
cHabGXeHusi, peauunHa K3°=2 u rpge
ras HChno/b3yercsi Ha [PUTOTOBJIEHHE
NAILH 1 Topsiued BoJbI, BesnunHa K=
=2,65.

3HauuTebHOH CYTOUHOH HepaBHO-
MepHOCTbIO nOoTpef/IeHHs] XapaKTepH3y-
1oTcsl  6aHu, I8 KOTOPbIX BeJHUHHA
Kei©=1,82. Makcumanbnble kKo3ddu-
LHEeHTBl CYyTOUHOH HEPaBHOMEPHOCTH A/
pasJHYHBIX OoTpacjell NPOMbIlLJIEHHOCTH
kosebaiorca B npenenax 1,1..1,2. He-
PaBHOMEPHOCTb MOTpelJieHUs OTJeJIbHbl-
MU NpPeANpPUATHAMH MOXKeT 3HAYHTEJbHO
npeBbIIIATb HEPABHOMEPHOCTb IS lie-
JOH oTpacjH, TaK Kak rpadHuk TIo-
TpebiieHHs] OTPac/bl0 CrjaKHBaeT He-
pPaBHOMEPHOCTb OTHAEJIbHLIX TpeanpHs-
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tul. Tak, y npeanpusitus, paboTaioulero
C BBLIXOJHBIMH AHAMH, NoTpebJ/eHHe rasa
B BbIXOJHOH [eHb 3HAYMTEJbHO YyMeHb-
1aercs WJAH NOJHOCTBIO NMpeKpallaeTcs,
4TO 3HAUHTENbHO MOBHILIAET HeAEJbHYIO

HepaBHOMEPHOCTD.
Pexum norpebGaeHHsl ra3a no yacam
CYTOK W 4acoBass HEPABHOMEPHOCTb.

Fopoackue raszoBbie CeTH pacCYUTbIBAIOT
Ha MaKCHMaJibHble YacOBble pacXoibl
rasa, KOTOpble MOXHO OIpeJeJHTh,
TOJIBKO pacrnoJarasi JOCTaTOYHO HaleX-
HbIMH CBeJeHHSIMH O 4aCOBBIX KoJleGaHH-
X norpebsedusi raza. 3HaHHE CYyTOY-
HbiX rpaUKOB HeOOGXOAHMO TaKxKe /151
NpaBUJIbHON 3KCIIyaTalliH ra3oBbHIX ce-
Ted M YCTAHOBOK U pacuyeTa aKKyMYy-
JIUpYIOniell eMKOCTH [Jis1 BblpaBHHBAHHSA
CyTOUHOTrO rpacduka.

Jas Bcex ropoackux mnorpelCurtened
XapakTepHa Ta WIM HHas 4Yacosaf
HepaBHOMepPHOCTb NOTpebJeHHs ra3a B
Teyenue cytok. Hauboabmas yacosas
HepaBHOMepHOCTb HabJlogaeTcsa y ObITO-
BbiX W KOMMYyHaJbHbIX NOTpebHTe e,
Pacxon rasa Ha oTonJjieHHe W BeHTH-
JSIUMI0O B KPYMHbIX YCTAaHOBKax MaJo
HU3MeHsleTCsl B TeueHHe CYTOK (3a Hc-
KJIOUeHHeM NepHOA0B Pe3KHX I10X0J04a-
HHE U NOTelJIeHHH ). MeJiKue yCTaHOBKH,
0COGEHHO OTONHTEJbHbIE MeuH MEepPHOLHN-
YyeCKoro [JeHCTBHs, NOTpPeOJAOT ra3 B
TeueHHe CYTOK HepaBHOMepHO. Pexum
norpe6ieHusi rasa INPOMBILIJIEHHBIMH
NpeNNpHATHAMH B OCHOBHOM oOIpeje-
Jasiercst uyucaom pabouux cmed. Ilpu
TpexCMeHHOH pa6ore ras norpebasioT
noytH paBHoMmepHo. C yBeJHuyeHHeM YH-
cna o6bekToB, O6CAYXKHBaeMblX raso-
cHabxeHHeM, yacoBas HepDaBHOMEPHOCTh
yMeHblaercsi. CyTOUHBIH peKHM NOTpe-
6sieHus rasa KBapTHPaMH 3aBHCHUT OT
yKJaja XH3HU HaceJleHWsl, IHA HeaeJd,
KaJleH]apHoro  [HSA (npa3gHuUHbIA,
npeAnpa3sgHHYHbIA WJIH PSAOBOHA JeHb),
a TaK)Ke OT KOJHUecTBa ra3n(PHLHPOBaH-
HbIX KBApTUP.

Cyrouublii rpadHK norpebieHns xa-
paKrepusyeTcs JBYMsl NHKaMi — yTpeH-
HHM H BeuepHUM. YTpeHHHH THK
npuxoautcs Ha 8...11 4 yTpa, npuuem
B OyaHH OH nmnomajaer Ha 6GoJee
paHHWe dJacel, a B BOCKpeCHble H
npa3jgHAuHble AHW — Ha GoJiee MO31HHE.
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BeuepHuii nuk npuxoaurcs, #a 18...21 u.
CyTounble rpadHKH [Js PAAOBHIX JHeH
HejgenH O/M3KH NO CBOeMy Xxapakrepy,
a rpajuku cy6060THHX, BOCKpeCHBIX,
npeanpasiHHYHbIX JAHeH 3HAYUTEJbHO
otaudatorcs or HHX. Cyrounble rpadu-
KH XapaKTepH3YIOTCH TeMH Ke MoKa3a-
TeJAMH, UTO M TOJOBble: HepaBHO-
MEPHOCTBIO Qcyr (OGBEMHBIH NMOKA3aTe/b)
U MaKcHMaJ/lbHbIM 3HauyeHHeM KO3bhH-
LUHeHTa HepaBHOMepHoOCTH KJ¥C.
HepasHoMmepHOCTb noTpeGieHus pas-
Ha TAaKOMY KOJIMYeCTBY rasa, KOTOpoe,
HaxodsAcb B 3amnace, cnoco6xHo obecre-
YHTb HOPMaJIbHbIH peXKHM HCIOJb30Ba-
HHSl rasa noTpeGHTeNsIMH MNpH paBHO-
MepHOR ero mogaue. ITo KOJHYECTBO ra-
3a paBHO HeOOXOJIHUMOH aKKyMYJHPYIO-
meHd eMKOCTH, KOTOopasi CrnocoGHa Bbl-
paBHHBaTb rpadHk norpebaenusi. He-
PaBHOMEPHOCTb, HJH aKKyMYJHPYIOULYIO
€MKOCTb, OIpefefsiioT B AOJSX OT Cy-
ToyHoro mnorpebnenusi. KosdpduuneHrnl
HepaBHOMEPHOCTH OlpelensiioT KaK OT-
HOLLIeHHe YacoBOTO pacxoja rasa K
CpefHeyacoBOMY 3a CYTKH.
Maxcumasnbable KoaddHUHEHTH ya-
COBOH HepaBHOMEPHOCTH MOTpebJeHus
rasa B TeueHHe CYTOK B KBapTHpax
rOpPOJOB HJIH TIOCEJKOB B 3aBHCHMO-
cTH oT 06beMa rasocHabKeHHs U Xapak-
Tepa ra30000pylOBaHUAl  H3MEHSIOT-
csi B npelenax Ki=106..22. [as
NpelNpUATHH U YyupeXXIeHUH KOMMYy-
HaJ/IbHO-OLITOBOIO H  KyJbTYPHOrO 00-
CJYXXHBAHUS  BeJIMUHMHA naxe=262.
3HauHTeNbHOH HePaBHOMEPHOCTbIO Xa-
pakTepusyercs norpebsenune rasza B 6a-
Hax, rge Ki¥¥*°=1,65; B npadeusblx —

MAaKc

T2 ¢=2,25, u Ha meyHoe OTONJEeHHe —
va=24.

AxKkymyJsupyomasi eMKOCTb, He06X0-
nuMasi JJisi BbipaBHHBAHHA CYTOYHOTO
rpadHka noTpebsaeHHs, onpejpensieTcs
KakK 1045 cyTodHoro pacxoaa. Cpepnue-
yacoBasi Nojaua, a TaKxXe cpejgHeya-
coBOH pacxon cocrasjsiior 100/24=
=4,17 9% cyrtoutoro. Ilpeanonaras no-
Jllauy paBHOMepHOH H cpaBHHBas ee C
notpe6JeHHeM, MOXKHO paccyuTaTh Heob-
XOJHMYI0 aKKYMYJHPYIOWYI0 eMKOCThb.
[Topsinok pacuera MpoCAeAHM Ha MpH-
mepe.

IMpumep 5.2. Onpedenntb aKKyMYJHPYIOLLYIO



Ta6auuna 5.10. Onpenenenne aKKyMyaupylomei
€MKOCTH, HeoGX0XHMOH Ansl BbipaBHHBAHKS
cyrousoro rpadHka norpefisenns rasa

IMocTynae- | Pacxon rasa, % or cy- | Haburok
Hace | yye rasa c [ Tounoro norpeGaeHus| uau Hejno-
CYTOK, Y |yayasa cye crava rasa,
Ta, % 3a naHHbI# | ¢ Hayana %
uac cuera
0—1 4,17 3,1 3,1 1,07
1—2 8,34 2,6 5,7 2,64
2—3 12,5 2,5 8,2 4,3
3—4 16,67 2,2 10,4 6,27
4—-5 20,84 2,6 12,9 7,94
5—6 25 2,7 15,6 9,4
6—7 29,17 3,5 19,1 10,07
7—8 33,34 5 24,1 9,24
8—9 37,5 5,2 29,3 8,2
9—10| 41,67 5,2 34,5 7,17
10—11; 45,84 5,4 39,9 5,94
11—12 50 5,2 45,1 49
12—13 | 54,17 49 50 4,17
13—14| 58,34 5 55 3,34
14—15 62,5 4 59 3,5
15—16| 66,67 5,2 64,2 447
16—17| 70,84 47 68,9 1,94
17—181 75 5 73,9 1,1
18—19| 79,17 5,2 79,1 0,07
19—20; 83,34 5,4 84,5 —1,16
20—21 87,5 4,7 89,2 — 1,7
21—22| 91,67 42 93,4 —1,73
22—23| 95,84 3,5 96,9 —1,06
23—24 100 3,1 100 0
6 12
s[1 3 2 10,07% R
) N T 0 9
5 417 ALLUN s §
[ N
P [Pl 2] s &
L s 3 SR N \ 6 o
Y N g
a 2 N q =
!r; ~§ 1 h 2 g E
| R—
2 0 \ 0 ,% *®
- 7'73¥\ 2
i 4 8 12 16 20 %
Yacel

Puc. 5.5. I'paduk mort-
peGaenrn rasa u paGornl ¢uk norpe6ieHHs rasa;
ra3oxpaHHaHILA 2— rpa¢puK nogauu ra-
a, 6, 8, 2— MOMEHTH 3a; 3— KOJIHYeCTBO ra-
BpeMeHH, KOrja nojpaua 33, KOTOPOE JO0JIXKHO Ha-
rasa pasHa mnorpeGJe- XOAHTBCA B XpaHHJHIILE

HHIO; /— CyToOuHbIfl rpa-

€MKOCTb 1/ BHIPABHHBAHHA CYTOYHOro rpaduka
norpe6yeHus rasa st MocCKBB; HCKIIOYas
3J71€KTPOCTaHLHKH. JlaHHble IO CyTOUHOMY rpadHkKy
npHBejeHH B rp. 3 taba. 5.10.

Pewenue. Bece pacuern cBogum B 1aba. 5.10.
B rpade 2 naHO KonMuecTBO rasa, NOQAHHOrO
B ropoj ¢ Hagajia cuyera, a B rpade 4 — KoJH-
4eCTBO rasa, H3pacXoJ0BaHHOrO ropoiiOM TaKXe C
Hayasa cyera. PasHocTh 3TMX BeJIHYMH, [pHBe-
nedHan B rpade 5, [aer KOJHYeCTBO rasa,
nojJiexauero XpaHeHHio.

O6wvem xpaHHAHILA, O6eCneuyHBaIOEro Bbi-
paBHHBaHHE CYTOYHOro rpaduka MJIH HEpaBHO-
MEpPHOCTb NoTpebieHHus, onpenensieM 3 rpadu 5;
10,07—(—1,73)~12 % cyrouHoro morpe6ieHHs.
TakuM 06pasoM, BeJHUHHA Oy,=0,12. Hannune
OTpHUATeNbHHX 3HaueHHH B rpade 5 (cm. Taba.
5.10) cBa3aHo ¢ BHIGOpOM Hawaja cyeta.
Ilpu cocraBieHuH TaG]HUB, HayHHas ¢ 22 u,
OTpHLATEAbHbIX 3HauYeHHH He OyneT.

Ha puc. 5.5 moctpoeHsl rpagpuk mnorpebae-
HHA rasa IO 4acaM CYTOK M KpHBasi, Xxapak-
TepH3YIOLLAast KOJHUYECTBO rasa, KOTOpoe NOJIKHO
HaXopuTthes B xpaHuaumax. [Tonaua rasa pasHo-
MepHasi H H3006pa)keHa rOPH3OHTANBHOH JHHHEH
(4,17 %). B nepuoanl, Koraa mnogaua GoJjiblie
norpe6senHs (Hanpumep, ¢ 0 mo 7 u) Koau-
4eCTBO rasa B XpPaHHJHILE YBeJHYHBAETCH.
MakcimMyM najaer Ha TOT uac, KOrja mnojaua
paBHa norpe6GaenHio. B nepHoanl, Koraa norpe6-
JeHHe Gosiblue nopauu (Hampumep, ¢ 7 no 14 u),
KOJIHYeCTBO rasa B XPaHHJHLIE YMEHbLUAETCS.
MuHHMYM cOBNajaer ¢ yacaMH paBeHCTBA M10JauH
H notpe6/eHHS.

5.3. Perynupozanne
NepaztoMepHOCTH norpebnenns rasa

Has perynupoBaHusi Ce30HHOH He-
pPaBHOMEDHOCTH rasonorpefneHHss NpH-
MEHSIOT CJedylomue cnocobnu: 1) noxn-
3eMHOe XpaHeHHe rasa, 2) HCIOJb30-
BaHWe mnoTpeGHTeeil-peryaaTopoB, KO-
TOpbiM COPAChbIBAIOT U3JHUIUKH B JIETHHH
nepuol; 3) pe3epBHble MOWIHOCTH MNpO-
MBICJIOB W rasomnpoBonoB. B pesysbra-
Te TeXHHKO-JKOHOMHYECKOT0 aHaJsH3a
onpenessioT ONTHMAaJbHbIHA cocTasn
CpPeiCcTB peryJHpPOBaHUs HepaBHOMeD-
HOCTH rasonotpe06JieHHs.

MarucrpaJsbHble ra3onpoBoabl 06bIY-
HO NPOCKTHPYIOT ¢ KO3dPHUHEeHTOM 3a-
rpy3kd romoBoro rpaduka K,=0,85.
3TO 3HAuuT, 4TO (akTHUeCKOoe KOJIH-
4ecTBO rasa, MoJaBaeMoro 3a roj no
rasonpoBojiy, cocrasJsier 85 9% maxkcu-
MaJbHO BO3MOXHOTO KOJHYECTBA HJIH
NPOU3BOAUTENBHOCTH  MAarHCTPaJbHOTO
rasonpopoga. CJenoBaTesqbHO, MOCJe
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BhIpAaBHUBAHHUS TOAOBOro rpaduka Mmo-
TpebseHHs raza TOpPOJOM HJIH NMPOMBILI-
JIeHHbIM Y3JIOM C MOMOIHbIO NOA3€MHBIX
XPaHHJHIL H NOTpeGUTeNell PeryJaAaTOPOB
ero creneHb 3anoJIHEHHsT JOJKHA ObITb
He Menee 0,85, T. e. He3anoJiHeHHAs
yacTh rpaduka, cyurasi, 4to ero obwas
nJjollajib onpejeseHa o MakKCHMaJsbHOH
nojave rasa, IoJKHa OblTb He 6oJee
15 %. Tlpepbliienye JAUMHHH MaKCHMaJb-
HO#l nMojayd rasa Hajl cpeljHell JIHHHeH
rogosoro rpaduka B AOJSAX OT MPOIYCK-
HOH CMOCOGHOCTH MarucTpaJbHOro raso-
NPOBOJA COCTABJSIET BeJHYHHY, PABHYIO
I — K,. D10 cnpaBeljHBO B TOM CJlydae,
eCJId MpPH HCNOJb30BaHHH BCeX CPeICTB
peryliMpoBaHus, BKJlOYas pe3epBHbIe
MOIUIHOCTH MaricTpaJjibHOTO Ta30NpoBO-
na, ronoBoi rpadHk 6yAeT MOJHOCTHIO
3aperyJupoBaH, a NpONycKHas crnocob-
HOCTb MarHcTpaJsbHOro rasonposoza 0y-
JleT paBHa MAaKCHMaJbHOMY MeCSYHOMY
notpebJieHuUIO.

[pu peryaupoBaHHH HEepaBHOMEPHO-
CTH TOAOBOro rpacdHkKa cHauyaJja BbISIB-
JISIIOT BO3MOXKHYIO CTelleHb €FO Bbipas-
HHBaHHSA IyTeM HCMOJb30BaHHUS NOA3EM-
HbIX XpaHujsuni. B nepuonbl HauMeHb-
wero norpebseHusi (nposaJsioB) ras 3a-
KauHBaloT B XPaHWJHILA, B pe3y/bTaTe
yBeJHUHBaeTcsi CyMMapHoe norpebie-
HHe, a B Mecslbl HaH6oO bLIero norpe6-
JeHHsl ra3 oTO6UpaloT U3 XPaHHJHIL H
TeM CaMbIM YMEHbIUAIOT MAaKCHMyM IO-
JauH rasa MarucrpajbHbiM T'a30NpOBO-
noM. CTeneHb BbhipaBHHBaHHS rpacduka
C TIOMOINbIO NOA3eMHbBIX XpaHUJAHUL (CM.
puc. 5.1) nokasaHa IITPUXOBKOM: 3aKay-
Ka rasa — B KJeTKy 5, a or6op rasa —
o6BeleHHbIM KOHTYPOM.

Ecau eMKoOCTb XpaHHIHILa OrpaHHye-
Ha, TOTAAa HCHOJBb3yIOT norpebureied-
peeyanaropos. C MOMOUIBIO 3THX TOTpe-
6uTesiell MOXKHO 3aNOJHHTb TOJBKO NpO-
Bajibl notpebJjeHHs B rpaduke nyTeM
nojauu NoTpeGHTENsIM-PeryasiTopaM H3-
JUIIKOB rasa. Tak kKak 3uMOH moTpe-
6uTenu-peryasitopel paboTalOT Ha ApY-
roM TOMJIHBE, MO3TOMY C HX HOMOILLbIO
YMEHbIIHTb MAKCHMYMBI mOTpebJieHus
Hesb3sl, CieqoBaTe/NbHO, MAKCHMAaJbHAas
NPONyCKHAas CNOCOOHOCTb Marucrpalb-
HOTO ra3onpoBoja AOJIXKHA ObITh paBHa
MaKCHMaJIbHOMY MecAYHOMY TnoTpeb.ie-
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HHUIO TIOCJIe yMeHbIUeHHS] MaKCHMYMOB
NoA3eMHbIMH XpaHuaHmamu. Ha puc. 5.1
BblpaBHHBaHHe rpadHka ITHMH norpebu-
TeJNsIMH TOKasaHo maomanbio 8. B xa-
YecTBe MNOTPebHTeJleH-Pery/asiTopoB Hc-
NOJb3YIOT 3JIEKTPOCTAHLIHH, KOTeJbHble
LHeXH KOTOPHIX HMeT [IBOHHOe TOIIH-
BOCHA0XeHHe: ra3 — Ma3yT WJiu ras —
YyTOJIbHAS Mblib.

B sieTHu#i nmepHoL OHH HCMOJAL3YIOT
H306bITKH Ta3a, a 3HWMOH MEePexoAsitT Ha
APYTOH BHJ TOIMJHBA.

Ocrasluasicsi He3anoJiHeHHasi 4acThb
rpaduka NOJI3KHA JieXXaTb HHXKe JHHHH,
COOTBETCTBYIOLeH MaKCHMaJibHOH HpO-
NYCKHOH CNOCOGHOCTH MarucTpajibHOrO
ra3onpoBofa, H COCTaBJsITb He GoJee
15 9 MakCHMaJbHOTO TOJOBOrO KOJH-
yecTBa rasa, KOTOpOe MOXKeT INOAaTh
MarucrpaJbHbiii razonposoa. Ha puc. 5.1
JMHHSI TNOoJayd rasa TmnoKa3aHa TO3H-
uueir /1, a He3damoJiHeHHasl uyacTb rpa-
¢duKa — naowanbio /0 c pegko# wWTpH-
xoBKo#l. Cpennsi siuuusi rpaduka, Bol-
pPaBHEHHOTO MOA3eMHbIMH XPaHHIHULAMH
H TnoTpebGHTeNSIMH-peryasiTopamu  (nos.
12 nHa puc. 5.1), JnexuT HHXKe MaKCH-
MaJbHOH NMPONYCKHOH CNOCOOHOCTH Ma-
THCTpPAAbHOTO rasomposoja Ha 15 9,
cJleJ0BaTe/NbHO, ero Ko3¢pdhHINEeHT 3a-
rpy3Ku cocrasaser K,==0,85.

Hauboabwune TpyAHOCTH npeacras-
JsieT yAOBJIETBOPEeHHE CYTOUHBIX MHKO-
BBIX HArpy3oK, BO3HUKAlOWHUX NpH 3HA-
YUTeJbHBIX CHUXKEHHSIX HapyXHOH TeM-
nepaTtypel (Ipu Mopo3sax), T. e. CyTod-
HOH HepaBHOMEPHOCTH OTOMHTEbHOMN Ha-
rpy3ku (cMm. puc. 5.4). Hcnoab3oBatue
IJsi 3TOH UeJH TMOA3eMHbIX XPaHHJHIIL
HE3KOHOMHUYHO, TaK KaK C yBeJHYeHHeM
HMHTEHCHBHOCTH oT60opa rasa pe3Ko BO3-
pacTaloT KallKUTaJbHble BJIOXKEHHS H 3KC-
nJyaTalyoHHble pacxobl B XpaHUJHILA.
Hnsi ymeHblueHHUs] CYTOYHOH HepaBHO-
MEepDHOCTH OTOIHTENbHOH HArpy3KH IpH-
XOAMTCS BBOJHTb OrpaHHYeHHs, T. e.
npekpaiiaTh HJH COKpamarbh NoAavy
raza IMpPOMbIIUJEHHbIM [PeANPHITHAM,
nepeBoJsi UX rasoHCloJb3ylOlllHe yCTa-
HOBKH Ha apyro# Bua tomauBa. Ecuu
HCMOJb30BaHHe NBOHHOTO TOMJHBOCHAO-
JKeHHsl [JIsl 3JIeKTPOCTaHUMHA ¢ Ce30H-
HbIM NoTpebjieHHeM ra3a 3KOHOMHYeCKH
060CHOBAaHO, TO AJs GOJbIIHHCTBA NPO-



MbILIJIEHHBIX NPEANPUATHH 3TO CBH3aHO
¢ olnpeneseHHbIM yuiep6om.

PaunonanbHoe peuieHue paccMartpH-
BaeMOro BOIIpoca — 3TO CO3JaHHEe CTaH-
LHA MHKOBOrO MOKPBITHA HepaBHOMeEp-
HOCTH rasonorpebJenusi. Ha rakux crau-
HUSX COOPYXKAIOT U30TepPMHUECKHe Xpa-
HUJHILA CXKHIXXEHHOro MeTaHa WJH Mpo-
rnaHa 4 ycraHOBKM perasuduxkanuu. Ms
WCNapUBUIETOCH NPOMNAaHa A0 NMOJAuyH B
rasopacnpejejgnuTesbHYI0 CeTb IPUIOTOB-
JSI0T ra30BO3JYIIHYI0O CMeCb, KoTopas
N0 TEMJOTeXHHUYECKHM XapaKTepHCTHKaM
JKBHBAJIEHTHA MpHpogHoMy rasy. Ecau
Ha CTAHUMM XPAHUTCH CXKHXKEHHbI# npH-
poAHBIH ra3z (MeraH), Torma ero mnocJe
HCTapeHUsl HemoCcpeACTBeHHO MOAAIT B
CeTh.

YacoByio, BHYTPUCYTOUHYIO HEPABHO-
MepHOCTb NOTpebaeHns TOKPbIBATh ¢ MO-
MOII[bI0 NOJA3€MHbIX XPaHHJHIL TaKxke
HEIKOHOMHUHO. HesKoHOMHYHO HCHoJb-
30BaTh H ['a3To/1bJePHbIE NAPKH, KOTOpHIe
MO YKAa3aHHbBIM TNPHUYMHAM Temnepb He
crpoaT. Jlisi MOKPBLITHS 4acoOBOH He-
PaBHOMEPHOCTH HCMOJb3YIOT aKKYyMYJHU-
PYIOULYIO e€MKOCTb MOCJAeIHHX Y4YaCTKOB
MAarHCTPaJdbHbIX Ta30npoBofoB. B Hou-
HOe BpeMsl ra3 HaKanjuBaerca B ra-
30pOBOJE M €ro J1aBJIEHHe pacreT,
a [HeM TMPOU3BOAMUTEJIbHOCTb Tra3onpo-
BOJA yBEJMYHBAETCH BCJEACTBHE BblAA4YH
akKKymyJupoBaHHoro rasa. Ecan ewm-
KOCTH MOC/e[Hero yuyactka He XxBaraer,
TOr/Ja B HECTALMOHADHBIA peXXUM paboThl
BKJIIOYAeTCsi CaeyUHHA yuyacToK MarH-
crpajbHoro rasomnposona. llpun HeBo3-
MOXHOCTH MOKPBITHS 4acoBOi HepaBHO-
MEDPHOCTH C NOMOULbIO aKKYMYJHDPYIOIeH
€MKOCTH Marucrpa/bHOro rasonpoBona
NPHXOAUTCH AJAS 3TOH We/IH HCNOo/ab30-
BaTb MOTpeOHUTENH-PeryATOpbl HecMo-
TP HA TO, YTO 4acThle Nepexoibl
C OAHOro BHJA TOMJIHBA Ha [APYrox
SKOHOMHUYECKH HEeBBITOLHBI.

5.4. Onpepenenne
pac4eTHbIX pacxofos rasa

["opozackue cucteMbl rasocHabKeHusi
HEe HMeT aKKYMYJUDPYIOUIHX eMKocrel,
pacno/oXeHHbIX Y Nnorpeburesei, a eM-
KOCTh CAMHX ra30BbIX ceTell OYeHb MaJa.

Hnsi kaxaofi cTyneHH JaBjeHHsi OHa
cocrasJsier 3...4 % MaxkcumanabHO yaco-
BOH MX MPONYCKHOH CHOCOOHOCTH, cJef-
CTBUEM 3TOrO SIBJSIETCH >KECTKasi CBS3b,
CYULECTBYIOUAsl MEXAY Mojauveld rasa B
TrOpojl H PacXxoAOM ero norpeGuTe/IAMH.
Orciona, uTo6bl CHCTEMA HOPMAJbHO
GYHKIHOHHPOBAJA, eXeuacoBas nogaua
rasa B TOPOJCKYIO CeTb JOJXKHA CTPOTO
cooTBeTcTBOBaTh norpebaenuio. Ecau
norpe6JeHte OKaXKercs MeHbule NogAuH,
CeTH He NPHMYT JIMUIHUH ra3s; ec/tH Xe
oHo Oyner 6oJblie NOAAYH, TOTAA
HauyHeT najaTh [aBJjeHHe ra3a B CeTsiX
u Oyner HapylleHo HOpMaJbHOe Tra3o0-
cHabXeHue.

OCHOBHbBIM CJ1IeICTBHEM XKeCTKOH CBsi-
34 B TODOACKOH cHCTeMe pachnpejese-
HUSl rasa fIBJdercsl TO, UTO MpONYCK-
HYI0 criocOGHOCTb Ta30BLIX CeTeH U dJe-
MEHTOB CHCTeMbl HeoOX0IMMO paccuH-
ThIBAaTb Ha [HKOBble, MAaKCHMaJbHO
yacoBble pacxoabl rasa. [Tockosbky cuc-
TeMa rasocHabKeHHS UMeeT BBICOKYIO
CTOMMOCTb U GOJIbLIYIO METAJIOEMKOCTD,
MaKCHMaJbHO 4YacoBble (pacueTHble)
pPacxonbl ra3a MOJKHbl ObiTh TILATEJb-
HO ofocHOBaHbl. MakcHManbHO yacoBhle
pacxoAbl /151 TOPOACKUX Tra3oflpoOBOLOB
BCEX MaBJEHHA M HaA3HAUeHHH olpene-
JASIIOT N0 TOROBBIM pacxoiaM H Ko3ddh-

dUUMEHTAM HEePaBHOMEDHOCTH IOTpe-
OJIeHUSA:
Q. Q,
MaKC: Maht ’ — ‘F
@ KX meo="7> 590

rae Qi*°— makcumanbubiil 4acoBOH pacyeTHbIH
pacxon rasa, m®/u, Q; — romoBoe mnoTpe6ieHHe

rasa, M3/roy;, ot ¢ — MakCHManbHbIH KO3 hHIH-

eHT 4YacoBOH HePABHOMEPHOCTH HOTpebseHust 3a
TOA; M — YHCJIO YacoOB HCMOJb30BAHHS MAaKCH-
Myma

m =8760/ K 2x 57

M3 dopmyant (5.6) cacayer u omnpe-
JeJjieHHe uHcaa 4YacoB HCHOJb30BaHHUS
MaKcHMyMa: ecqau 6bl norpebJjieHue rasa
B TeueHHWe TOa ObLIO DPaBHOMEPHbIM
U paBHbIM MaKCHMaJIbHOMY 4acOBOMY
pacxony, TOTAa Bech TOLOBOH pacxon
norpebuan 6bl B MM 4acoB, KOTOpoe
pPaBHO UHMCJAY 4YacoOB HCMOJb30BAHUSA
Makcumyma. Beauwuuny, o6patnyio m,
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Ha3biBaloT Ko3hPUIHEHTOM
MaKcuMyma

4acoBoro

K, =1/m.

[To ropoackum cersiM ra3 nocrymaer
K PasJMuHblM NMOTpeGHTeasIM: MPOMBILI-
JIeHHbIM, KOMMYHaJIbHbIM, Ha notpebJe-
HUe B JKHJble MUKPOpaHOHBI, KBapTaJbl
U noma. Bce 3tH nmorpeburtesn HMeloT
CBOM peXHMbl norpebjeHHss B pas-
pese roma, Mecsila, CYTOK, KOTOpble
OTpPaXaioTcsi COOTBETCTBYIOUIMMH Tpa-
¢dukamu. OueBHAHO, UTO MAKCHMaJbHbIH
4acoBOH pacXxol rasa, TMOJaBaeMbIl
pas3JHuHbLIM TpynnaM norpeburesnei, HO
XapaKTepu3yolUHACA OJHHAKOBHIMH TO-
JIOBLIMM pacxojamMmHu, 6yner 3aBHCETb OT
coctaBa rpynnsl Yem Gosbuie B rpymnmne
Ooyner jposs mnorpe6urenell ¢ pasHo-
MepHbIMH rpadHKkamMu notpebieHHs, TeM
paBHOMepHee 6yneT CyMMapHbIA rpadHk,
TeM MeHbiie Oyaer BeanunHa Ki*¢ u
TeM MeHblle OyleT MaKCHMaJbHO ua-
COBOH pacxon rasa.

Ho ™Moxker 6biTb M Takas rpynna,
B KOTOpDOH KaXAblii moTpebuTenb Oyper
XapaKTepH30BaTbCcsl BecbMa HepaBHO-
MEpHbIM TpaduKoM NoTpebJeHUsl, OAHa-
KO MaKCHMaJbHO UYacOBOH pacxoi Bcei
TPYNNbl OKaXXEeTCH CPaBHUTEJNbHO HEBbI-
coknM. Takoe nonoxeHne MoxeT HabJI0O-
JarbCcsi B TOM cJyyae, €cJH TpadHKH
norpe6JeHUs pas3JHYHbIX MOTpebHTe/ el
CYULeCTBEHHO OTJIMYAXOTCH APYr OT Apyra
M HX MHKH He COBMAJAlOT BO BpPEMEHH.
VIMeHHO pa3HOBpPEMEHHOCTb TNHKOB U
NPHBOAUT K TOMY, UTO MAaKCHMaJbHbIH
pacxoa Trpynnbl norpeburened  Bce-
ria MeHblile CyMMbl MaKCHMyMOB IO-
tpeGuTenell, cyMmMapHbiil rpaduk ynaor-
HfieTCSl, €ro HepaBHOMEPHOCTb YMEHb-
iaetcs M Najaer 3HaueHHe KOo3(-
¢uuueHTa HepaBHOMepHOcTH. Yem pas-
Hoo6pa3nee M GoJbille 4HUCJAO NOTpedu-
TeJiedl, TeM MJOTHee cyMMapHbIf rpaduk
¥ TeM MeHbuie Besinunna KJi

Oco6enHo GoJablioe 3HAueHHe MAJIs
yIJIOoTHeHUs rpaduka norpebieHus ume-
eT yucgao norpebureneid. C pocTom uucaa
notpebureneii Ko3pEGUUHEHT HepaBHO-
MEDHOCTH MOHOTOHHO YObiBaeT. 31O
CBSI3aHO C TE€M, 4TO 4yeM 6oJblle HYHCJAO
CKJaJblBaeMblX rpaHKoB, TEM MeHblie
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BePOATHOCTb COBNAJEHUA HX PEeXKHMOB,
TeM 60JblLie BbISIBISETCS pa3HOBpPEMEH-
HOCTb NHKOBHIX Harpy3ok CienoBatesb-
HO, yeM OGoJblie 4Kca0 norpeburesed B
rpynne, Tem OoJbliee 3HauyeHHe IpH-
oGperaer ¢akrop caydyaHHocTH B ¢op-
MHDPOBaHUM cyMMapHoro rpaduka. Ecau
rpaduKy HeKOTOPHIX NoTpeburenell (Ha-
NpHMEDP, NPOMBIIIJIEHHbBIX) NPHOANKEH-
HO MOXHO paccMaTpHBaTh Kak oInpe-
JleJIeHHbIE XapaKTePHCTHKH, BHITEKAlo-
uiMe U3 TeXHOJOTHH, TO AJSI CYMMapHbIX
rpa@UKOB TaKOH [eTepMHHHPOBAHHBIA
MOAX0/ HEBO3MOXKEH.

Ananns pexuMoB mnorpebJaenus
MOXHO BeCTH TOJbKO CO CTOXacTHuec-
KHX — BepPOSITHOCTHbIX NMo3uuui. eicr-
BHUTEJbHO, PEXHUM noTpeb/eHHs rasa no
cBoell npupoje fBJAsieTCH CAYYaiHbIM, U
[la)ke HaJuMude B Tpynne norpeburesel
NPOMBILIIEHHBIX OPeINPUATHH CO CTPOro
OTPeryJNpOBaHHBIM  TeXHOJOTHYECKUM
NPOLECCOM W COOTBETCTBYIOILMM €My
CTPOTO PUTMUYHBLIM MoTpebJeHHeM rasa
He MOeT HapYLIHTb CJAy4yalHyo MpH-
poAy pexXuma norpebieHUst CpYINoH.
ITO CBA3aHO, BO-NEPBHIX, C TEM, 4YTO
norpe6uTesqsi C MOCTOSAHHBIM M3 roja
B rOJ PeXHUMOM NoTpeb/ieHUsT HAHTH He-
Jb35l, TaK KaK MeHHeTCHd TeXHOJOrHS
NPOU3BOACTBA, MEHAIOTCH PeXHM H KO-
JIN4EeCTBO NOTpeb/1seMOH 3HePTHH, KpoMe
TOro, MOTpPebUTeH BCErAa MMEIOT Takue
coCTaBJfAIOLHe 061Lero pacxojia TOMJIH-
Ba, KOTOPble XapaKTepHU3VIOTCH pexH-
MOM, B 3HAuUTeJNbHOH CTeNeHH 3aBH-
CALIMM OT cay4yaiHbIX hakTopoB: pacxo-
Ibi TEMJIOTH Ha OTOMJEeHHe 3IaHHH,
Ha ropsiuee BojocHabkeHHe, Ha OLITOBbIE
HYX bl

Bo-BrophiX, B rpynmne Bcerga ecrhb
norpebuTeNd, peXXKHM KOTOPBIX B OCHOB-
HOM HJH B 3HAUUTEJbHOH CTeNeHH
onpenensiercsi (HakTopamH, HMEIOLLHMH
cayualnyio npupony. Hanpumep, pexum
norpeGieHns ra3a KOHKDETHOH OTONH-
TeJNbHOH KOTEJbHOH SABJAACTCH FAPKUM
npHMepoM cJayualHoro npouecca. Koau-
YeCTBO €XKEeCyTOUuHO norpebseMoro
rasa KoTeabHOH Ko0.1€6/1eTCH B COOTBET-
CTBUM C H3MEHEHHeM TeMIlepaTypbl Ha-
PYXKHOTO BO31yXa, H3MEHAOUIEHCA CJy-
uyaliueiM o6pa3om. Ilorpe6aenue rasa
B TeYEeHHE CYTOK OOBLIYHO paBHOMEpHee.



Ectp norpebHuTesH, Y KOTOpbIX M cCY-
TOUHBIH rpaduK HMeeT B 3HAUHMTENbHOM
mepe cayuaidnyro npupony. K 3TuM mo-
TpeGUTEISIM OTHOCATCA JIOIH, ToTpe6-
JsIOUIHe ra3 [Js PHTOTOBJEHHS NHIILH
1 ropsiued Boibl. Jla)ke ecad pUTM
XH3HH CeMbH BecbMa peryJasipHbld, Bce
e Bcerja HMeeT MeCTO 3HAayHTeNbHOE
KOJIUECTBO CJydaiHplX (PakToOpoB, KO-
TOpbHle MPUBOASAT K CJAY4YaHHOCTH cCy-
TOYHBIX IpagHKOB.

Ecau dakrop cayuafiHocTH oka-
3blBaeT CYyUleCTBeHHOe BJHSAHHE Ha pe-
JKHMbl MHOTHX OTAEJbHEIX NOTpebuTeNnes,
TO AJsi TPynnbl norpeGurened oH mpu-
oGperaer ornpene/sioulee 3HaueHne. Ta-
KHM o00pa3oM, ofuiasi 3aKOHOMEPHOCTh
YILJIOTHEHUA rpaduka C YBeJHUYEHHEM
yucha norpebureneil MMeeT CTOXacTH-
YeCcKyl0 (BEPOSITHOCTHYIO) NpHPORY.
Bausinue ¢dakTopa cayuyalHOCTH Asid ra-
30CHAGKEeHNS YCUAHBAeTCS ellle Heorpe-
IEeJeHHOCThI0O HMCXOQHOH HHGOPMaUHH,
cayxalle#d OCHOBOH [ANA TPOEKTHPOBA-
HHS CHCTEM, a TaKXe H3MEHeHUSMH,
BHOCUMbIMH B [MpPOLIECC CTPOHTEJbCTBA
¥ PeKOHCTPYKIHHU.

. CnyualiHas npupoja pexuma norpe-
6/eHusl rasa NpPUBOAHT K HeoOXOIHMMO-
CTH paccMaTpuBaTh rpaduku norpebae-
HHSl U pacyeTHble DACXOAbl C BEpOAT-
HOCTHBIX MO3HIHMH. DTO 3HAUYHUT, UYTO TO-
JOBble ¥ CYTOuHble rpaukn, NpuBeeH-
Hble Bblllle, HE SBJSIOTCS TOYHO 3anaH-
HbIMH, OHH TMOJYUYHJUCb KakK CpelHHe
M3 W3Y4YeHHbIX pPeXHMOB MoTpeb/eHns
H TIO3TOMY HMEIOT OHDEelEeJEeHHYIO CTe-
neHb JocToBepHOCTH. Uem 6osblie ynucio
rpadUKoB OblJIO OCDEIHEHO, TeM TOUHee
6ynyT pe3yabrathl. [ToaX0nAHTh K OLEHKE
TOUHOCTH 3HAUCHHH KO3 PHLHEHTOB He-
PABHOMEDHOCTH TNOTPeBJEHH TaKXke
clAeflyeT C BEPOSATHOCTHbIX IIO3MLLHH.
Kaxpoe unucieHHoe 3HaueHue Ko3dhdH-
LIHeHTa ABJASICTCS KAaKOH-TO OCPEeNHEeHHOH
Be/uunHOH. HeM ¢ Gosbiued JOBepUTe/Ib-
HOH BEPOSITHOCTbIO HEOOXOAHMO MOJY-
YUTh pacyeTHOe 3HaueHHe KoddduuueH-
Ta HEPABHOMEPHOCTH, TeM GoJiblLiee 3HA-
yeHue OH Oyaer umerb. [lnsi pacueToB
rasoBblX ceTed [JOBepuTesbHAsl BEpOST-
HOCTb MpeacTaBaser cofoil cTeneHb yBe-
PEHHOCTH B TOM, UTO hakTHUEeCKHH KO3d-
GbuuMeHT He NPeB30#1eT PACUETHYIO Be-

JUUKMHYy. BeposiTHOCTHBII Xapakrep pe-
XKHMa norpebJeHUs ra3a NposBASEeTCs U
B 3aBHCHMOCTH YHCJa 4aCOB HUCMOJb30-
BAHHA MAaKCHMyMa OT YHC/JCHHOCTH Hace-
JIEHUS, TMOJYyYaloLLero ra3 OT JAaHHOro
rasonpopofa. Yem menbiie norpeGure-
Jled TpUCOeIMHEHO K ra3onpoBOLY, TeM
IOpH MPOUYHUX PaBHBIX YCJOBHAX Oyjier
MEHblIE YHCJAO YacoB HCIOJb30BAHHUA
MakKcHMyMa (M) H GoJsibllle pacueTHbIH
pacxoa. [TosTomMy cymMMma pacueTHbIX pac-
X0[40B Ta3a YUYacTKOB, BBIXOASUIHX M3
HaHnoro, Oyner 60JbUIe PacuyeTHOTO
pacxoma sToro yuactka. Kaxyuuiics
AncbanaHc KOMIEHCHpyeTcsi pa3HoBpe-
MEHHOCTbIO MHKOB MNOTpebJeHHsT B pac-
cMaTpHBaeMbiX yuyacTkax. [l yuera
PaccMOTPeHHOM BEPOSITHOCTHOH ocobeH-
HOCTH CeTH YHCJO «m» cleiyeT BLIOH-
paTb IO TOJOBHOMY Y4acTKy THIpaB-
JIMYECKH CBA3aHHOH CeTH, YYacTKH Ko-
TOPOH He HecyT pe3Ko pa3JiMuHble pac-
xoabl rasa. Jlasi cerefi HU3KOro jas-
JIEHUs1 3TO OYyAYT MHUKPOpa#oHLI, 00be-
auHsiouMe Heckoabko I'PIT, a pas ce-
TeH BBICOKOTrO JaBJeHHsi 3TO GYAYT CeTH,
00beAMHSAIOUIHE Marucrpali.

[Ipu norpebaennn rasa Ha Xo3siii-
CTBEHHO-6GBITOBBIE HYXIbl (6€3 orormie-
uusi) CHull 2.04.08—87 pekomenayer
ClEeYIollHe 3HAUEHHST UYUCEeJ 4acoB HC-
0Jb30BAHHS MaKCHMyMa:

Yucno yacos
HCNOJb30BaHHUS

Yucno xurenel,
CHabXKaeMbiX ra3om

OT CeTH, THC. 4e&Jl. MakchMyMa m, u/roj
1 . . . . . . . . 1800
2 . . . . . . . . 2000
3 . . . . . . . . 2050
5 . . . . . . . . 2100
0 .. . . . . . . 2200
2 . . . . . . .. 2300
30 .. . . . . . . 2400
40 . . . . . . . 2500
50 . . . . . . . . 2600
00 . . . . . . . 2800
300 . . . . . . . 3000
500 . . . . . . . 3300
7% . . . . . . . 3500
1000 . . . 3700
2000 H 6oJee 4700

Yucno yacoB HCMOIb30BAHHUS MAKCH-
MyMa [J5 HEKOTOPbIX KOMMYHAaJbHBIX
npeanpusituii npuseneno B taba. 5.11.
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Ta6anua 5.11. 3nauenns m gA9 KOMMYHAJbHBIX
npeanpuaTHi

TlpeanpuATHA m, ufrox IpuMeyanne

Banu 2700 |[C yuetoM pacxona

Ha OTOIJIEHHE H BeH-

THAALHIO
Ilpaueynvie X 2900 [To xe
Tpennpusiths obie-| 2000 [Bes yuera pacxona
CTBEHHOro MHTaHHS Ha OTOINJIEHHE H BEH-

THJASIHIO
Xne6onexapHeie 6000 [To xe
npennpusATHs

Yucso 4acoB HCIMOJb30BAHHS Mak-
CUMYMa [POMBIULJAEHHbIX MNpexnpHsiTHi
3aBUCHT OT BHla MPOH3BOACTBA, TEXHO-
JIOTHYECKOTO TMpOIecca, COOTHOLUEHHS
OTONHUTEJNBbHOH M TEXHOJIOTHYECKOH Ha-
rpy30K (mpd momave TernyoTH HA Mpo-
W3BOJACTBO M OTOIJEHHE OT 3aBOACKON
KOTeNbHOH) W uHcaa pabouyUX CMeH B
cyTkd. YHCI0 4YacoB HCMOJNbB30BAHHUSA
MaKCHMyMa [J5l NPOMBILIJIEHHbIX Tpen-
NPUSATHH OPHEHTHPOBOYHO MOXKHO IpH-
HATb: AAA NpeaNnpUATHH, paboTamouiux
B TPH CMeHbl C HeNpepbIBHBIM TeXHO-
JIOTHUECKHM TmpoueccoM, m=6000
...7000 u/ron; mans npennpuATHil, pabo-
Tauux B ABe cMmeHbl, m==4500...5000;
IS MeJIKHX NpeanpusTHH, paboTaoiHux
B oany cmeny, m=3000...4000 u/ropx.

Yucao 4acoB UCNOJNb30BAHHSA MAKCH-
MyMa ISl OTOMUTEJbHBIX KOTEJbHbIX OM-
pexeasiioT 1o gopmyae

__¢cpor
tn tn

t —t ’

B HO

(5.8)

m=24n

rae tyo — pacueTHasi TeMmmepaTypa HapyXHOro
BO3lyXa JJisi NPOEKTHpoBaHMA oromaenus, °C

Yucsl0 4aCOB HCNOJb30BAHUSA MAKCH-
MyMa m NpPAMO CBSI3aHO C MaKCHMaJb-
HBIM 4acOBBIM KO3 (HHULHEHTOM HepaBHO-
MepHOCTH norpebJjeHust rasa 3a rojg
[popmyaa (5.6)]. last MHOTHX mOTpe-
6urenenn Beauuuny Ky¥ yno6Ho omnpe-
JEJSITh HCXOJIST H3 Ce30HHOH, CYTOUHOH
N 4yacoBOH HepPaBHOMEPHOCTeH, Kaxias
U3 KOTOPbIX OllEHHBaeTcsl CBOMM Ko03(-
¢duuuenToM HepaBHOMepHocTH. Hadgem
CBSI3b MEXKAY 3TUMH Ko3dhHUHEeHTaMH
U BeJquunHOB K%,

1. PaccMOTpHM COOTHOLIEHHE pacxo-
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OB ra3a, yUHTbIBAIOUHX CE30HHYIO He-
paBHoMepHocTb. CpenHecyTouHblll pac-
Xox rasa 3a rog Qrf;’" paBeHn:

cp cyT

ron == Qro,u./365 y

rae Qron — To0BOe MoTpebleHHe rasa

CpenHecyTouHblif PacXoi rasa 3a me-
CAll MAaKCHMMaJbHOTO norpe6aenus
Quechuic OTIPEIENIUTCSH Uepe3 MaKCHMaJlb-
HbIH KO3 (PUUHEeHT MecsuHOH HepaBHO-

Makc,

MEDHOCTH 3a rog Kt
Makc __ my cp cyT cp eyt .
KMI‘ _Qmecmaxc/QrgAy ’

Q= K 3% (1,365

2. YuTeM CYTOYHYIO HepaBHOMep-
HOCTb B Npejenax Mecsua. MakcHMadib-
HbIH CYTOUHBIH pacXoj 3a Mecsili MakcH-
MaJibHOTO NoTpebaeHust raza Quat ke om-
pelenuTcs uepe3 MakcHMaJjibHBIE Ko3(-
¢$UIHEeHT CYyTOUHOH HePDABHOMEPHOCTH 33

MakKc,

mecsan K''n

MaKC__ () MaKC CyT cpeyT
Kc Mo Q Mec MaKc/ Q Mec Make ’
Q

=Q MaKc CyT _

MaKc cyT rox mec Makc

= K2 KA (Q /365y =K 115° (Q /365 ),
TaK KaK MaKCHMaJ/bHbIH CyTOUHBIH pac-
XOZ4 3a MeCsili MaKCHMaJbHOro MHOTpes-
JIeHHSl eCTb MAaKCHMaJbHbIH CYTOUHLIH
pacxoi 3a roa. JTO NOJOXKEHHe crpa-
BEIJIHBO, €CJH MeCAll MaKCHMaJbHOTO
norpeb/eHna 6yneT XapakTepU30BaTbCH
¥ MaKCHMaJ/IbHOH CYTOUHOH HEepaBHOMep-
HocTbio. Eciin e MakcHManbHYIO Hepas-
HOMEPHOCTb 6yaeT UMeTb IPYrof Mecsll,
TOrAa CYTKH MaKCHMaJbHOTO MNoTpes-
JIeHH:l MOFyT He [onactb B Mecsl
MakcuMaJgabHoro norpetaenns. Orciona
HalHCaHHOEe BblIIe COOTHOLUEHHE Clpa-
BEJUIMBO NPH COBMNAJEHHH NHKOB CE30H-
HOH M CYTOUHOH HEpaBHOMEPHOCTH.

3. YureMm 4acoByi0 HEpaBHOMEPHOCTb
3a cytku. CpeHeuacoBoit pacxoj 3a cyT-
KH  MaKCHMaJbHOTO norpebJeHUs
Q¥aieeyrron  paBeH:

cp uac
Makc cyt rog == QMHKC cyT I‘Oﬂ./24 M

MakcuManbHo-yacoBO# pacxoj B CYTKH
MaKCHUMaJbHOro norpebJjeHus Quike s
ONpeeNUTCH uYepe3 MaKCHMAaJbHBIH KO-
3¢ PUIHEHT 4acoBOH HEPaBHOMEPHOCTH

MaKC CYT ron



Makc,

3a cytku K2

KME]KC=QM6KC Hac / QCD qac
qc MAaKC CyT roa MakKcC CyT roa ’

Q =Q MaKe 9 _
MaKC 4 rog MaKc cyT roa

=KUCKUTC KN (Q 1, /36524,

TaK Kak MakCHMaJbHO 4acoOBOH pacxon
rasa 3a CYTKH MakKCHMaJbHOro norpeé-
JICHUSA €CTb MAKCHMAaJbHO 4acoBOH pac-
Xo4 rasa 3a roi. Ito Takxe Gyaer
CNpaBeAJIHBO, €CJH CYTKH MaKCHMaJb-
HOro norpe6Jenuss 6yAyT XapaKTepH3o-
BaTbCsl M MAkCHMaJbHO 4acoBoH Hepas-
HOMEPHOCTbIO, T. €. €CJH MHKH 4acoBOH
M CYTOUYHOH HepaBHOMEpHOCTeH coBMa-
YT,
OKoHuaTe/ bHO HOJYUYHM

QU= K KA KU (@, /8760 =
= K axe (Q I_0}1/8760) (59)
K KU RO (510)

Jlas makcumaabHoro kosdduuuedra
CYTOUHOH HEPABHOMEPHOCTH 3a F'OJ, MOX-~
HO Hamnucarhb

Makc MdKC MaKC
¢cr — [ mr

(5.11)

[Tpu BeIBOge ¢opmyabl (5.10) npex-
N0J1araaoch, YTo NHKH NMOTPeGJeHHUs 1o
MecsilaM roga, OHSM Mecsila H dacam
CYTOK COBIajaioT JTO NpHBejeT K 3ana-
Cy B MNPONYCKHOH CNOCOGHOCTH Traso-
MpPOBOJOB.

Yacro Ko3h¢HUUHEHT CYTOUYHOH He-
PaBHOMEPHOCTH 3a MecCsl 3aMeHSIOT KO-
3¢pHHULHEHTOM CYTOUHOH HepaBHOMEPHO-
CTH 3a Hele/o, TaK Kak 3ToT Ko3dhdu-
ILMEHT Jiervye NoJyuHTb 3KCIEePHMeHTalb-
Ho. Ho 3ror Mmeron MeHee ToueH, Tak
KaK He YUHThIBaeT CYTOUHYIO HepaBHO-
MeDHOCTb B KaJleHAapHOM paspese. [leli-
CTBUTEJIbHO, CYTKH MaKCHMaJjbHOTO NO-
TpebJeHHss MOryT nonajartb B Ipen-
Opa3JHHYHbLIe [HH HJAM B JHH C HaH-
HHU3LIeH TeMNepaTypolii HapyXKHOro BO3-
LyXa He3aBHCHMO OT IHSl HeleJH.

Onpenenenre pacueTHbLIX pPacxoAoB
rasa AJsi BHyTPMAOMOBBIX ra30NpPOBOAOB
H KBapTajbHbIX ra3oBbix certei. Pexum
norpebneHus rasza B KBapTrHpax siBjsl-
eTcsl XapakTepHbIM MpUMEpoM cJay4daii-
HOro mpouecca. BeIToBbie raszoBble MpH-

3 3ak 1052

8~
© 7 N,
£ N2
2856
g NG
e 5 —
H 7
4 :
g 3
; g ?
§ 7 :
f 2 3 4 5 6 7 89 10 |
{ Yucno NnpoxuBaloLUMX B KBapTHpe :
[ SN H

Puc. 5.6. MakcumManbHbie
Ko3ppuunenThl 4acoBoh

BaHHBIE TOJNBKO [A30BbI
MH TJHTamH, 2 — KBap

HEpaBHOMEPHOCTH 3a THPbl, OGOPYNOBAHHbBE
CYTKH B 3aBHCHMOCTH OT ra3oBBMH NJAHTAMH H
HACEJNEHHOCTH KBApPTHP BaHHBIMM BOJOHAarpesa

1— KBAPTHPBI, oﬁopyno TEJNAMHA

Gopbl paboOTalOT MEPHOAUUYECKH H BKJIO-
4aloTcAd B CAayuyaliHble MOMEHTbl BpeMe-
HH. O6pa6oTKa 3KCIEPHMEHTAJbHOrO
Marepuaga MeTOAaMH MaTeMaTHYeCKOM
CTAaTHCTHKH [OKasblBaeT, 4TO pacmpe-
eJieHHe nokasaresell pexuma mnorpe6-
JIEHHS NOJUYHHAETCH HOPMAaJbHOMY 3aKO-
Hy. C yBejuueHHeM uucaa KBapTup,
NPUCOENHHAEMbBIX K ra3olnpoBOAYy, rpa-
(UK HarpyskH YIUIOTHSIeTCS H CTaHo-
BHTCA OoJiee paBHOMEepPHbIM. ITO MpH-
BOJUT K YMEHbIIeHHIO Ko3dduunenra
HepaBHOMEDHOCTH.

AHasua pexxuMoB noTtpebieHHs rasa
B KBapTHpPaX MOKa3blBaeT, 4YTO MaKCH-
MaJjbHble KO3((MHULHEHTH uacoBOH He-
PaBHOMEDHOCTH B 3HAUUTEJIbHOH CTENEeHH
3aBUCAT OT HACEJeHHOCTH KBapTHPHI,
YMEHbIIAACh C YyBeJHUYCHHEM HaceJeH-
HoctH. Ha rpaduke (5.6) nokxasana
3aBHCHMOCTb BeJHuHHb K3 oT uucaa
npoxusapouux B kBaprtupe. M3 npu-
BEJEHHbIX [aHHBIX CJEAYyeT, UYTO HpPH
ofpeje/]e€HHH PACYeTHBIX PAcXoJOB rasa
HY>KHO YuMTbIBaTb Tra3oo000pynoBaHHe
KBADTHPH, €€ HaCeJeHHOCTb W YHCJO
KBapTHpP, TPHCOENHHEHHBIX K raso-
NPOBOAY.

Jlsisi onpeneseHdsi MaKCHMaJbHO ua-
COBbIX pacxol0B Ta3a HCMOJb3YIOT
nBa Merona. Ilo nepBomMy MeTopy HX
onpenessioT ¢ NOMoULbI0 KosdhduuHeHTa
OIHOBPEMEHHOCTH BKJIOUEHHSI Ta3OBbIX
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npu6opoB B MUK rnorpebaenus Ko,
0 BTOPOMY — C TOMOLLbIO MaKcHMaJlb-
HBIX K03 HUIHEHTOB HEPaBHOMEPHOCTH,
NpeACTaBJAAIUX COO0H  OTHOLIEHHE
MaKCHMaJbHO 4acOBOTO pacxoja rasa kK
cpeaHeyacoBOMy 3a rof. IdtH Kosddu-
[HEHTHl CBS3aHbl APYT C APYyromM M INpH
HaJAuuMK HeoOGXoauMOH MHbOPMAUHUHU 1O
OZXHOMY MOJKHO OINpeNeJIuTh JAPYroH.

PacueTHblil pacxox rasa uepe3 3Ha-
uenne K, onpeneasiior mno dopmyJe

Qp=2 K,QuomN,» (5.12)
1

rae Ko — k03¢ HuHEeHT OXHOBPEMERHOCTH paboThl
OJHOTHNHBX NPHGOPOB HJH OJHOTHOHHX TIpynn
npuGopos: ero GepyT Aas OGLLEro YHCAa MpH-

n
6opos XN, IS KHJABIX 3HaHHil 3TO O6uiee
1

4HCI0 KBAapPTHP; 7 — YHCJIO THNOB rpu6opos
HJH OJHOTHIHBIX TPYNN NPHGOPOB; Quowi — HOMH-
HAJNBHHH pacxox rasa NpHGOPOM HJH TpynnoH
npu6opos; N, — UkCA0 ONHOTHIHHIX NPUGOPOB HIH
rpynn npu6opos.

[To 3TOMYy MeTOLY HOMHHAJNbHBIH pac-
XoJ raza npubopamu HJM rpynnamu npu-
60opoB yMHOXalT Ha Ko3dduuueHT K,
BE€JIHYHMHA KOTOpPOro MeEHbUIE €IHHHIbI.
Onu YUUTbIBAa€T BEPOSATHOCTbL OLHOBDE-
MeHHOH paboTbl ONpPENEIEHHOrO 4HuCJa
ra3oBbix NPUOOPOB H 3aBHCHT OT yHCJA
YCTAHOBJICHHBIX Ira30BbIX NPUOOPOB H ra-
30060pynoBaHisi KBapTHp. Hepes koag-
¢$uuneHTH HEPaBHOMEPHOCTH PacyeTHBIH
pacxoj rasa omnpeineasiioT mno Qopmyae

Qp=2 K Maxe (Qrml KB/S?GO)NL, (5.13)
1

rae K3 makcHMaJbHHH K03 (HIHEeHT daco-
BOH HepaBHOMEPHOCTH NOTPeGJIeHHsl rasa 3a roj.
3aBHCHT OT XapakTepa HCNO/bL3OBAaHHA rasa B
KBapTHpe (Ha TpPHTOTOBJEHHE NHIUM HJIH Ha
NPHrOTOBJEHHE NHIH H Tropsyed BOAM), Hace-
JIEHHOCTH KBapTHpbl H oOllero uHc/aa KBapTHP

n
2 N, Qronxs — rojloBoe NoTpeG/ieHHE ra3a XHJb-
i

[aMH KBapTHPb, N, — YHCJIO KBAPTHD THNA i; 1 —
YUCJAO THOOB KBapTHP.

[naBHbI# HEOCTATOK MeTO4a pacue-
Ta no xo3dpduuneHTam OAHOBPEMEHHO-
CTH COCTOHT B TOM, 4YTO B HeM He
VUUTHIBAETCS UHCJO J1OAeH, MOJb3YIO-
IIMXCH ONHHUM Ta3oBbiM  NpUOOPOM.
[Ipu coBpeMEHHBIX YCJ0BHSIX OBITOBOTrO
06C/yKUBAHUSL HACEJEHUS MOUIHOCTD
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YCTaHOBJIEHHBbIX Ta30BBIX NPHGOPOB, Kak
NpaBUJIO, [PEBOCXONUT HEOOGXOLUMYIO
MOIIIHOCTb, BHITEKAIOULYI0 M3 MOTPE6HO-
CTH JI0feH, MPOXKHBAIOUIUX B KBapTHDE.
B nepcrnektuBe B CBSI3H C jgajbHel-
IIHM POCTOM CJYXKObl ObiTa H36HI-
TOYHOCTb MOILLHOCTH ra3oBbIX NMPUGOPOB
KBapTuphl 6yaeT pactd. Hecoorsercreue
MOLIHOCTH YCTaHOBJEHHBIX NpUGOPOB ee
NOTPeOGHOCTH MPUBOMHT K CYIlIECTBEHHbIM
own6KkaM B ONpeeJeHHH PacueTHbIX
pacxonoB 1o KospdHUHUeHTAM OQHOBpe-
MeHHocTH. B 6oabLIMHCTBe cayuaeB 3T0
IIPHBOXHT K Mepepacxoay MeraJJa.
Kaxk nJjia onpepenenus Bequuuunl K,
TaK M BeJHUYHHBI A HeoOXOLUMO
3HAaTb SKCHEPUMEHTAJbHblE 3HAYEeHHS
MaKCHMaJIbHO YaCOBBIX pacXoioB rasa
43¢, Ecau aas n3yuyaeMoro o6beKkTa
6blaH orpeneseHbl 3HadeHuss Qi*° u gas
HU3BEeCTHBIX HOMHHAJbHBIX H TOLOBBIX
pacxogoB 0O0beKTa OblIM PacCuuTaHbI
3Hauenusi K, u K%, rtorma B cay-
yae MCNOAb30OBAHHA HX JJA aHa-
JIOTMYHBIX 06BEKTOB 0064 MeToAa AAAYT
OANHaKoBbIe pe3yabTathl. Ho ecau npu-
MEHHUTb [OJIyueHHble 3HaueHus K, K
KBapTHpaM C TaKHM e Ta3oo60pyro-
BaHHEM, HO JPYyrod HAaCeJEeHHOCTbIO,
pacueTHble pacxolbl HE H3MEHATCSH, B TO
BpeMsi Kak daKTHUeCKHe MaKCHMaJbHble
pacxoabl OYAYT MeHbile pacueTHbIX
NpU MeHblIeH HACEeJEeHHOCTH KBAapTHUPHI
n OGoabwiiMu NpH  OOJbiled HaceJseH-
HocTH. JleiicTBUTE/bHO, NPH 0GOPYAO-
BAHUM OJHO-, IBYX-, TpeX- H YeThlpex-
KOMHATHbBIX KBAPTHDP YeThipeXKoHGOpoU-
HbIMH MJMTaMH (UTO YAaCTO HMeEeT Me-
CTO) AWaMeTphbl ra3onpoBOIOB, ONpene-

JeHHble 1o 3HaueHusM K, BO Bcex
cayuasx 6yAyT OLHHAKOBble, HECMOTPS
Ha TO, 4YTO MAaKCHMAaJbHO YacCOBbIe

pacxojibl BO BCEX KBapTHpax OynyT cy-
LLECTBEHHO OTJHYAaTbCH.

Meroaguka pacuera no kKosdduumeH-
TaM HePaBHOMEPHOCTH, pa3paboTaHHad
MHCH um. B. M. Kyii6oimepa, 6a3u-
pyercsi Ha rpadukax norpebJjeHHs rasa
KBAPTUPOH C yueToM ee HacCe/eHHOCTH
H HeNoCcpejCTBEHHO He CBsi3aHa C HO-
MHMHaJbHBIMH pacxojfaMu rasa npubopa-
mu. OHa HCXOZMT He M3 rasoo6opy-
JIOBaHHSl KBAPTHUPHI, a U3 Heaed norped-
JeHUsl ra3a (Ha TNPUTrOTOBJEHHE MHIILH,



a Tak)ke MHILHU U ropsiued BOIbI), HUCJa
JIofell B KBapTHpe, UCNOAb3YIOUHX ra3
B 3THX LeJsIX, FOLOBbIX HOpPM moTpel-
JeHHs rasa M uMcaa rasocHabxkae-
MbIX KBapTHP. ITH PaKTOPbI NOJHOCTHIO
ONpefessiioT peXHM NoTpebJeHuss rasa.
Pacxon raza Ha MecTHble OTONHTE/bHbIE
VCTAHOBKH B MUK MoTpe6JeHUs paccuu-
TBIBAIOT MO OTONHMTENbHOH Harpyske c
yuyeTom pexHma paboThl OTOMHTEIbHbIX
npu6opos. Ilpoune BHabl norpebieHud
rasza SIBJSIIOTCS HeoNnpeAesiollHMH U B
pacuerax He yuuthiBamoT. Pacuerbl no
3TOH MeTOIHKe COOTBeTCTBYIOT (haKTH-
yeckoMy rasonorpebaeHHio. [lefcTBH-
TeJbHO, €CJH B OJHOKOMHATHOH KBap-
THpe YCTaHOBUTb ABYX-, TPEX- HJH UYEThl-
pexKoH(MOPOUHYIO MJIUTY, TO MAKCHMaJb-
HO uyacoBble pacxoabl He OyAyT 3aBH-
CeTb OT HOMHHAJbHOH Harpy3KH MJHTHI,
TaKk KakK OJIHOKOMHATHasl KBapTHpa —
MaJioHaceJeHHasa U Jio6asd U3 yKa3aHHBIX
MJIUT YAOBJETBOPUT NOTPEGHOCTH KHJb-
noB. MakcHMaJbHble pacxonbl 6yayT 3a-
BHCeTb OT TOrO, XXHUBYT JHM B ONIHO-
KOMHaTHbIX KBapTHpax MO OJHOMY HJH
no aBa uyenopeka. C yBe/jHyeHHeM Ha-
CeJIEHHOCTH KBapTHPbI rpadHku norped-
JIeHWs1 rasza OyAYT MJIOTHee H KO3(pPu-
[{HEeHTbl HEPABHOMEPHOCTH MeHbLIe.
[TpoekTHY:0 HaceNeHHOCTb KBAPTHPhI
VCTAHABJMBAIOT MO0 €€ Iowagd H
npeanoJaraeMblM HOpMam 3aceJieHHs.
[ogoBble HOPMb!I MPUHHUMAIOT MO BUIAM
norpebaeHus ¢ yueToM 6aaroycrpoiicTsa

KBapTHpP (HaJMuue WJIU OTCYTCTBHE
LeHTPaJH30BAHHOTO Tropsvero  BOAO-
CHabGXeHus) .

Mertop onpeznesieHUss pacyeTHbIX pac-
X0J0B N0 Ko3h@PHUHEeHTAM OZHOBDEMEH-
HOCTH CJefyeT COXPaHHTb IJsi pacuera
ra3onpoBOJOB KOMMYHAJbHBIX H MpoO-
MBILIAEHHbIX NPEANPHATHH, TaK Kak yc-
TAHOBJIEHHAas MOLIHOCTb a30UCMOJb3Y-
IOUIMX arperaToB COOTBETCTBYeT TEXHO-
JIOTHUECKHUM NIpoueccaM, a Heo6XxouMble
pe3epBbl JTHMHUTHDYIOTCS.

OcHoBO# /A cocTaBJjeHust TabJaHuL
K03 (PHUIMEHTOB HepaBHOMEDHOCTH ToO-
CJAYXKHJH 3SKCIePUMEHTaJbHbIe HccJe-
JOBaHHSl PEXHUMOB rasonorpebieHusi B
KBapTupax. B peayabraTe usMepeHuit
6Bl YCTAHOBJEHD! [AJA Pa3/JHUHbIX 00b-
€KTOB MaKCHMaJbHO 4acoBble H TOJ0BhIe

3*

pacxonbl rasa. [lo aTum paHHbIM Gblid
paccuuTaHbl BEJHUHHBI s u K,
Ha OCHOBAHHH KOTOPbIX OblIM COCTAaB-
aenbl Tabauubl. CocTaBHTh TabJHIbI
3HaueHuit KY*° nuist 106010 uncaa KBap-
THD Ha OCHOBAHHH OTPAHHUYEHHOTO YHCJa
noJy4yeHHbIX 3Hauenn#i Kyi“° okasanoch
BO3MOXHBIM B De3y/jbTaTe NpHMEHEHHS
MEeTOA0B TEODHHU BepOSITHOCTEH.

Kak ormeuanoch Bbille, Ko3dpdu-
LIMEHT OJHOBPEMEHHOCTH OTpa’KaeTr Be-
POATHOCTb OJHOBPEMEHHOI'O BKJIOUEHHS
ra3oBbiX NPUOOPOB B MUK NOTPe6IEHHS.
Janum 6Gosnee TouHyilo (OPMYJIHPOBKY
Be1MuHHbl K,. PaccMoTpuM ombiT — Ha-
61101€HHe Ta30BbIX NPHGOPOB KBApPTHPLI
B NHK mnorpebneHusi. B pesyabrarte
ONbITa MOTYT ObIThb ABAa HCXO4a: raso-
Bble NMPUOODPBI BKJIOUEHbI, Ta30BbI€ NpH-
6opbl He BKawueHbl. [IpoBeseM n Takux
ONMBITOB (OXMH OMBIT B KaMXjuoi KBap-
tupe). Ecan B pesyabrate onbiToB B m
KBapTHpax rasoBblie MNpHOOpH OyayT
BKJIOUEHHBIMH B IHK nOTpebJeHus,
Toraa Ko3(MQHUIHEeHT OXHOBPEMEHHOCTH
Oyner pased: Ko=m/n. Takasa ¢opmy-
JupoBKa TpebyeT HEKOTOPOro yTouHe-
Hus. Jleno B TOM, uUTO B MHK IO-
TpebOJieHHS] Ta3oBble NPUOOPbI  MOTYT
ObITb BKJ/AIOUEHBI HE HAa MOJHYIO Harpys-
Ky Bwmecrte ¢ Tem meron koadduines-
TOB OAHOBDEMEHHOCTH IpejanoJaraer
BKJIOUeHHE NMPHOOPOB HAa HOMHHAJbHYIO
Harpysky. Jlas ynoBiaerBopenusi 3TOro
Tpe6OBaHUA HAJO MOJYy4YeHHble ONbITHbIE
laHHble 3KBUBAJIEHTHPOBATb. Tak, ecJH
IO OMNBLITHBIM [aHHbIM B MHK 0OTpel-
JIEHUs1 pacueTHBIH pacxon rasa cocTab-
Jaser Qy, a HOMHHAJbHasi Harpyska
ra3oBblX MNPUOGOPOB OAHOH KBapTHPHI
paBHA Quou, TOTA 3KBHBAJEHTHOE YHCJIO
KBaPTHP, BKJIOUEHHbIX B MHK MHOTpe6-
JeHus, Oyaer paBHo: m=Qy/Quon-
D710 YKCI0 KBApPTHP M CUHTAIOT pe3yJib-
TaTOM MPOBEJEHHLIX 7 OMNLITOB, XOTH
JeACTBHTEJbHOE YHCJA0 KBAapTHP, BKJIIO-
YeHHBIX B NHMK norpebiaenusi, Oyner
6oabme m. Takoe 3KBUBaJeHTHPOBaHHe
He MCKaXXaeT OCHOBHYIO BePOSITHOCTHYIO
NPUPOLY Npolecca U MO3BOJASIeT UCNONb-
30BaTh TeOpeMy BepHy.11H 0 OBTOPEHUH
ONBITOB AJISI PAacueToB.

[To Teopeme BepHy./H BepOSiTHOCTb
Pr nosiBaerus m coOuiTuil A U3 11 OTILITOB
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onpenensiercss GopMy.aoi
m n—m
PM=CmP"(1—P)" "=

_ n! m n—m
~ mi(n —m)! PT—P)

’

roe P— BEPOATHOCTDL MOSIBJAEHHA COOBITHS A B
onHoM onmbte; Cp — YHCJIO COUETAHHI H3 N NO m.

[Tox cobuiTueM A 6yneM NOHHUMATb
BKJ/IOMEHHE Ta30BbIX NPUGOPOB KBapTH-
pbl B MUK noTpebjeHHss HA HOMHHAJb-
HyI0 Harpysky. Tak Kak peXHum norpeb-
JIEHHSI Ta3a HMeeT Cay4yailHylo NpHpOLY,
MO3TOMY, TOBOPA O UMCJCHHOM 3Ha-
yeHUH K,, HeOOXOAUMO YKa3aTb, C KAKOH
JLOBEPUTE/JbHOH BepOsiTHOCTbIO P,z 10J-
JKHO ObITh ONpeaeseHO 3TO 3HaueHHe.
Takoli nmogxon K onpeneneHuo Kosd-
¢uLHeHTa OJHOBPEMEHHOCTH [03BOJISET
yTBEPXK/aTb, 4YTO C BEPOATHOCTBIO P,
akTHueckoe 3HaueHHe K, He NpeB30OH-
JET PACUETHYIO BEJHUHMHY.

CuyuTas, yTo AJsi BCeX KBapTHpP Be-
POSITHOCTb BKJIOUEHHS] Ta30060pyn0Ba-
HHUS ORHOH KBapTHPH B MUK HOTpes-
JIeHUs1 OIMHAKOBAS, UHCJIO paccMaTpHBa-
€MbIX KBAPTHP PaBHO YHCJY ONbLITOB H,
ucrnosb3ys dopmyay bepHyaau, MOXHO
HanHcaThb C/eaylollee ypaBHeHHe:

POYPLy P24 4 PP=COP°(1—P)"+
+Clp—p" T 2P —p) T

+..4CPH L —P)" T =P

aB’

rae n — YHCJAO KBApTHDP; P — BepOATHOCTb BKMIO-
4yeHHsI ra30000pyAOBaHKsS ONHOH KBAapTHPH B MHK
norpebaennsi; Pp, — NpHHATOE 3HAYEHHE JOBEPH-
TeJbHOH BEpPOSTHOCTH, T. €. HaJeXHOCTH olpe-
nejieHHs1 K03 GbHUHEeHTa OJHOBPEMEHHOCTH.
KoadduuneHT OQHOBPEMEHHOCTH B
paccMaTpuBaeMoOM cayuae onpenensiercs
orHouieineM Ky=m/n. B ypaBHeHun
CYMMUDYIOTCH BEDOATHOCTH BKJIKUYECHHHA
0, 1, 2, .., m KBapTdp B IHK IO-
TpebaeHHsI BIJIOThb A0 NOJY4Y€HHH MPHHSA-
TOro B pacyerax 3Ha4€HHA NOBEPHTEJIb-
Holt BepositHocTH Py, Ecan npu nesom
yucje m ypaBHEHHE Y/[OBJETBODHTb He
ypaercsi, rorga BeJHuHHy K, ompene-
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JAI0T HHTepNnoJsiuel. Yem Gosblle 3HA-
YeHHe NPHHATOH A0BEePHTE/bHOH BeposT-
HOCTH (Hajge»XKHOCTH), TeM OoJiblie 6yner
KO3()PUIHEHT OXHOBPEMEHHOCTH, TeM
60.buIe OyAYT pacueTHble pacXojbl rasa,
a cJjegoBaTesbHO, M AMAMETPbl raso-
NPOBOAOB. Y4HTHIBAsl BbICOKYIO CTOH-
MOCTb Ta30BbIX ceTeH, pacueTHoe 3Ha-
yeHue N0BEePHTeJbHOH BEPOSTHOCTH 10J-
JKHO ObITb 060CHOBAHO.

Takum o6pa3oM, HCMOAbL30OBAHHE Me-
Tofa Ko3bOUHHEHTOB OJHOBPEMEHHOCTH
IJIs1 aHa/u3a 3aBUCHMOCTH MaKCHUMaJb-
HbIX Harpy3okK OT UHCJa KBapTHP
OKa3blBaeTcsl BecbMa IJOAOTBOPHbIM,
TaKk Kak OH HO3BOJfAeT AJA pacyeToB
NpHUBJeYb METObl TEOPHH BEPOSATHOCTEH.
Tak Kak BepoOsATHOCTb BKJIOUEHHS raso-
o6opynoBaHMsl OJHOH KBApTHPbl B MHK
norpe6JeHHs 175 BCeX KBapTHP Mbl PH-
HSJIM  OJAMHAKOBOH M paccMaTpHBaJH
YHCJO KBAPTHP KaK 4YKHCJ0 MOBTOpse-
MBIX OINLITOB, TO MO MNpejenbHOl Teope-
Me DBepHy/ /M MOXHO yTBepXAaTb, 4TO
NpH HEOrPAHHYEHHOM YBEeJIHUEHUH YHCJa
KBapTHP C INpaKTHueCKOH AOCTOBEPHO-
CTbI0O MOXHO CUHTaTb YACTOTY BKJIOYe-
HUSI ra30060pyJ0BAHHS KBAPTUD B MUK,
CKOJNb VrogHO MaJjo OTJuuaioledcs oT
BEPOSITHOCTH BKJ/IOUEHHA Tra30000pyno-
BaHHA B OTAeAbHOM onbite — P. Hacrora
BKJIOYEHHSA Ta30000pyAOBaHHS IHpej-
craBJ/sieT co60H BeJHUUHY Ko3hdHuIUeH-
T4 OJHOBPEMEHHOCTH, NONYy4YeHHYIO
ONBITHBIM IIYTEM, CJle/[0BaTeJNbHO,

P= K, .

f— 00
Ecnu nayyaemnlii 06beKT HMeeT 60Jb-
110€ YUCJAO KBAapTHUP, TOra MOJY4YEeHHOe
U3 omnbiTa 3HaueHue KosdduuHenra ox-
HOBpeMeHHoCTH 6yaer 6/HM3KO K Bepo-
SATHOCTH BKJIOUEHHsI B MUK NoTpe6-
JeHHs1 ra3oBbIXx NpuOOPOB ONHOH KBap-
Tupbl. @opmyna Bepuyaau nospoasier no
Ko3dh U HeHTaM OJHOBPEMEHHOCTH pac-
cuurath BepoATHocTs P. [lpu cocras-
JeHHH TabJHL CHAayaja MO0 OMbITHBIM
JIaHHBIM OblIM paccuuTaHbl KO3 U HeH-
Thl OlHOBPEMEHHOCTH, 3aTeM 1o gopmyse
Depuyanu paccuuranbl BeposiTHocTH P.
[To monyuenHbiM 3HaueHusasM P gas pas-
JIMUHBIX HaceJeHHOCTeH KBapTHP OblLIH
paccuMTaHbl 3HaueHnsa K, nas  pas-



Ta6auuna 512 Pacuernbe 3HaAUCHHUSA

acy

ar AR KBAPTHP, HCNOAB3YIOINHUX ra3 AAS NPHrOTOBACHHUSA NMHULH

Yneano
KBApTHP

YHcJo NpoXKUBANIHX B KBAPTHpE, el

2 U MeHee 3 4 5 6 u Gonee

1 37,144 30,834 24,255 21,556 18,407

2 21,915 18,349 14,145 12,432 11,613

3 17,820 14,738 12,222 11,250 10,339

4 16,430 13,364 11,487 10,638 9,618

5 15,345 12,388 10,953 10,102 9,172

6 14,845 11,923 10,508 9,770 8,875

7 14,200 11,328 10,085 9,388 8,556

8 13,625 11,005 9,800 9,056 8,153

9 13,220 10,641 9,545 8,750 8,004
10 12,915 10,382 9,257 8,444 7,813
15 11,695 9,533 8,385 7,781 7,112
20 11,035 9,014 7,863 7,270 6,667
30 10,150 8,265 7,075 6,556 6,093
40 9,380 7,681 6,599 6,071 5,690
50 8,945 7,327 6,319 5,842 5,435
60 8,535 6,993 5,995 5,587 5,223
70 8,110 6,636 5,761 5,382 5,053
' 80 7,830 6,419 5,599 5,255 4,947
90 7,615 6,228 5,452 5,127 4,841
100 7,455 6,004 5,351 5,025 4,756
400 6,000 4,908 4,388 4,158 3,970

Ta6auna 513 Pacuernsie sHauenusi KI5 pas KBaprup, HCMOAb3YOWHX ra3 AJs NPHrOTOBAEHHS

NHLLH U ropsiuei

BOJbI

Uncao kBapTHp

Yucao MPOXUBAKWUIUX B KBapTupe 4ea

2 H MeHee 3 4 5 6 u Gosee

t 59,934 39,978 29,989 23,982 19,983
2 32,629 23,809 18,460 15,473 13,195
3 22,388 16,932 13,995 12,483 11,224
4 19,870 14,900 12,879 11,729 10,266
5 18,549 14,310 11,981 10,644 9,713
6 17,708 13,586 11,538 10,181 9,389
7 17,025 12,812 10,852 9,635 9,170
8 16,308 12,249 10,510 9,295 8,760
9 15,511 11,981 10,231 8,988 8,486
10 15,282 11,608 10,051 8,870 8,349
15 13,726 10,458 9,126 8,114 7,336
20 13,191 10,030 8,707 7,720 6,926
30 11,903 9,470 8,062 7,063 6,378
40 11,220 8,907 7,603 6,636 6,050
50 10,5672 8,346 7,080 6,242 5,784
60 10,113 7,918 6,761 6,012 5,584
70 9,694 7,570 6,340 5,749 5,393
80 9,429 7,114 6,079 5,552 5,228
90 8,896 6,820 5,899 5,420 5,092
100 8,553 6,606 5,757 5,289 5,009
400 6,462 5,134 4,674 4,270 4,106

JMUHBIX 7 TIPU JOBEPHTEJbHOH BEPOAT-
HoctH Pn,=0,98 u nanee

PacueTHble 3HaueHHs1 MAKCUMaJ/IbHbIX
Ko3(p(HHUHEHTOB 4acOBOH HepaBHOMEp-
HOCTH mpuBeaeHbnl B Taba. 5.12 u 5.13.
Ta6auubl cocraBjieHbl IJs IBYX BHIOB

notpebJeHus rasa: AJAs HPHTOTOBJAEHHUSA
U1K, 415 TIPUTOTOBJEHUS THIK U TOPsi-
yeii Boabl. KosddiuuueHnTol gaHbl A
Pa3JM4HOTO YHCJAa KBADTHP NPH pasnaud-
HOH KX HACEJEeHHOCTH.

I'pacdrku 3aBHCUMOCTH KO3 puLHeH-
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Puc. 57. Maxcumanb- (KBapTHpH, obopyno- Bble IJA 4HcC/a DPOXKH
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Puc. 5.8 Maxkcumann- (xBapTupu, obopyxo- MJIST 4ucJa TPOXKHBAK

Hulil KO3 puuHEeHT Yaco-
BOH HEPABHOMEPHOCTH 3a
rog B 33aBHCHMOCTH OT
KOJIHYeCTBa KBapTHP
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BAHHWE Ta30BLMY NAH-
TAMH H BOAOHArpeBaTe-
AAAMH)

1, 2, 3, 4, 5— Kpusble

LHX B KBaprupe coor
BETCTBEHHO 2, 3, 4, 5 u
6 yenoBek




TOB OT 4YHCJA KBAapTHP H IJIOTHOCTH
HX HaceJieHnsl MoKa3aHbl Ha puc. 5.7
1 5.8, OTKyna caenyer, yTo NnpH MaJjoH
NJOTHOCTH HaceneHHs KBapTHpbl (2;
3 yeJs.) KpUBble pacnoJjaralTcd Ha 3Ha-
YuTEJbHOM DACCTOSAHHH APYr OT Apyra.
C yBeJHYeHHEM 4YHCAA KBapTHP OHH
c6aunxaiorcd. CienoBaTtenbHo, 3HaUeHHe
HACEeJeHHOCTH KBapPTHPBI C yBe/JHUEHHeM
YHCJAa ee XHJbLOB YyMEeHbLIAeTcs.
Maxkcumanbto yacoBhbIe pacxoibl
paccuptbiBalor no Gopmyae (5.13).
TonoBo# pacxopn ra3a KBapTHPOH ompe-
JeJIAI0T 1o HopMaM norpeGJieHHs (cM.
Ta6a. 5.1) H HaceNeHHOCTH KBapTHDHI,
KOTOPYIO PacCyHTHIBAIOT IO HOPMAM XKH-
JION MJIOIIAJH HA OJHOrO ueJoBeKa.

Mpumep 5.3. Onpeneautb pacueTHbldl pacxof
rasa AJsi rasonpoBoja, KOTOPblii Tpacnoprupyer
ra3 B 15 TpexKOMHaTHBIX KBapTHp (MaoLajbio
no 45 M?) W B 15 ONHOKOMHATHBIX KBapTHP
(naomanpio no 18 m?). Hopma xuaoit naoulanu
9 m? nma 1 uen. Tennora croparusl rasa pasHa:

£=36 000 x[Ixk /M.

Pewenue. 1) onpefenuM TrojoBble PacXojbl
rasa:

a) [Jsi TPeXKOMHATHOH KBapTHPHI

2800 000 45

—_— 3 . .
36000 O 389 m’/(roa-KB);

6) Iasi ONHOKOMHATHOHM KBapTHPHI

2800 000 18

3

36000 9 — 156 m°/(ron-kB)
(3mecp 2800000 x/Ix — romosoe norpeGaenue
rasa OJHHM YeJIOBEKOM Ha NPHIOTOBJIEHHE NHIIH
no ra6a. 5.1);

2) onpenennM KO3 @HIHEHTH HepaBHOMEp-
HoctH KY%*° mo ta6a. 5.13 pas 30 kBaprup:

a) AaA  TPEeXKOMHATHBIX KBapTHP
=6,6b6; 6) [Js  OJHOKOMHATHBIX

Ni¢=10,15;

3) onpeneauM pacyeTHHH pacxon rasa Imo

dopmyae (5.13)

aKe,

r =

KBapTHP

_ 389 156 . 3
Q,=6,556 15+ 10,15 gz 15=7,08 m /.

Ilpu ncroab3oBaHuM AJif onpeneJe-
HHSI PacHeTHbIX PacXoj0B MeTona Ko3d-
(OMUHEHTOB OJHOBPEMEHHOCTH CJelyer
0CO6GEHHO TLIAaTeNbHO MOAXOAHTD K OLleH-
K€ COOTBETCTBHS MOLIHOCTH YCTAHOBJICH-
HbIX Ta30BbIX NPHOOPOB HACEJEHHOCTH
KBAapTHPbI, T. €. B KOHEYHOM CcyeTe ee
JKUJOH muowanu. B nporuBHOM cayuae
MOTYyT OblTh CyuUlecTBeHHble OIHOKH.
Tabnuupl pacuerTHblX 3HaueHHH KO3 du-
UHEHTOB OJHOBPEMEHHOCTH NpHBeIeHb! B
CHull 2.04. 08—87.

Fnasa 6

MMapaBnMuyecKkuM pauer
rasoBbiX cetTeM

6.1. OnpepeneHxe notepb [aBneHHs
8 razonpoBogax

[1pn pacuere OBHXXEHHs rasa B Tpy-
GonpoBoiax clelyeT yUHThIBATb H3MEHe-
HHE ero IMJOTHOCTH. DTO CBA3AHO C TEM,
4TO faBJeHHE MO AJHHe TPYGOmpPOBOIOB
najaaet H COOTBETCTBEHHO yMEHbLIAeTCsH
IJIOTHOCTb rasa. ToJbKO ra3onpoBoibl
HH3KOr0 [ @BJEHHS MOXHO pPacCUYHTHI-
BaTb, CuMTasl, 4TO NO HHUM JBHXKeTCH
HeCXKHMaeMasi XHUJIKOCTb. B obuieM cay-
yae JBHKEHMe rasa B Tra3onpoBojax
ABAseTCsl HecTauuoHapHbiM. Hectaumo-
HApHOCTb OGYC/NOB/IHBAaeTCHd Kak nepe-
MEHHbBIM peXXHMOM paGOThl ra3oBbIX Npo-

MBICJIOB (M3MEHSAIOT 4HCa0 paboTaouinx
CKB2XXHH H PeryJHpYIOT HHTEHCHBHOCTb
oT6opa M3 HHX rasa), nepemMeHHbiM pe-
KHMOM paGoThl KOMIPECCOPHBbIX CTAHUMH
(B pa6GoTy BKJIOUAIOT pa3J/JHYHOE UHEJIO
KOMIIDeCCOpPHbIX arperaToB NPH pasHbIX
CcXeMax HX COBMeCTHOH paboThl), Tak
H MepeMEeHHbIM pexXHMOM mnoTtpebJeHus
rasa (uto onpeae/asieTcs 4HCJOM NOTpe-
O6urtesned, HmOJy4yamUHX B LaHHBIA MO-
MEHT ras, U HX Harpyskoi).
Ykaszauuble ¢GaKTOpPbl TNPUBOAAT K
NepeMeHHOMY BO BPEMEHH PeXXHMy 1aB-
JIGHHs1 B Tas0lpPOBOJE U H3MEHEHHIO
KOJIM4eCTBa ras3a, HaXO[AfILLerocs B HeM.
[Tocnennum onpeneasierca aKKyMYJiH-
pylouias €MKOCTb Tras3onpoBOAOB, KOTO-
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pasi mo3BoJisieT NOKPLIBATh HEPaBHOMep-
HOCTb CYTOUHOro rpacdHka norpebeHus
raza AKKyMYyJaupyloliasi eMKOCTb CrJia-
XHBaeT HepABHOMEPHOCTb U 06YCJIOBJIHU-
BaeT 3amnasjibiBaHue B Nepejaye H3Me-
HEHHH peXXHMa Ha OJHOM KOHIe raso-
nposoja B npotuBonoaoxHbolid. Tak,
HanpHMep, U3MeHeHHe pexuMa NoTped-
JICHHS] CKaXKeTCsl ¢ 3amnasjblBaHHeM Ha
pexuMe NaBJeHHd rasa B Hauaje raso-
nposoga. B cBowo ouepeab, H3MeHeHHe
pexuMa Jo6blud WJIH TPaHCNOPTHpPOBa-
HHfl Ta3a CKaxeTcsd ¢ 3amasjbiBaHHEM
Ha pexXHMe [NaBJCHHA y noTpebGUTesell.
Bmecre ¢ TeM OpH NPOEKTHPOBAHHH
FOPOACKHX H NPOMBILJIEHHBIX [a300po-
BO/A0B B 6OJIBLUIHHCTBE CJAYy4aeB MOXKHO HE
YUHTBHIBATb HECTALHOHAPHOCTb TeueHWs
rasa M pacCuMThIBATL JHAMETPBI raszo-
NPOBO/IOB HA MOCTOSIHHBIA pacxoi B Te-
yeHHe ONpeJe/eHHOro OTpe3Ka BpeMeHH
(uaca, cyToK).

Jas 6oabluHHCTBA 3ajay pacyera
rasonpoBOAOB [JBHXKEHHe Trasa MOXKHO
CYHUTATb U30TEPMHUYECKHM, a €ro Temie-
paTypy — pPaBHOH Temmeparype TrpyHTa,
B KOTOPOM yJjoxeH rasonpooj C yue-
TOM OTMeYeHHOTO o6CTOosATeNLCTBA Mapa-
MeTpaMH, onpeAensiioUMMU MTOTOKH rasa,
6yayT: abcoslOTHOE AABJEHHe p, MJOT-
HOCTb p U cKopocTh . Takum o6pasom,
JJI5 OTIpefiesIeHUS P, p, W CHCTEMAa JOMXK-
Ha COCTOAATb M3 TPEX ypaBHEHHH.

B kauecTBe nepBOro ypaBHeHHS HC-
nojan3yeMm ypaBHeHuwe Jlapcu, Hanucau-
Hoe B nuddepeHnnanbHod dopme, Ko-
TOpOe onpedessieT INOTEPH AABJEHHA HA
npeofoJeHrHe THIPABAUYECKUX CONpPO-
THBJIEHHHA Ha yyacTKe ra3onpoBoja IJH-
HOH dx:

dx 2

w
dp=—~7 P 5

- 61)

rae A — Ko3(p(HUHUEHT TPeHHus, d — BHYTPeHHHH
aHaMerp rasonpoBoia

Tak kak MJIOTHOCTb Ta3a P B ypaBHe-
HHU (6 1) BeJMuHMHA nepeMeHHasl, MNO3-
TOMY M CKOPOCTb [BHXKEHHs rasa IpH
MOCTOSHHOM IHaMeTpe TpyOul 6yaeT Tak-
>Ke nepeMeHHoOH Jlia ydyeTa U3MeHeHHS
MJIOTHOCTH B 3aBHCHMOCTH OT JaBJeHHs
HCMONB3YIOT ypaBHeHHE COCTOAHHSA

p=pRT. (6.2)
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B KauecTBe TpeTbero ypaBHEHHS HC-
NoJb3yIOT ypaBHeHHe Hepas3pPbIBHOCTH

M=pwf=pw F=pQ,, (63)

rae M — maccoBblit pacxox, a Qo — o6bemHbIl
pacxoj, NPHBELEHHbIH K HOPMAJbLHbLIM YCJAOBHAM

K3 ypasuenusi (6 3) moayuaewm:

Py

pw=p,Qy/F, w=
0 oF
orcroaa

Qlp,
wi="0"0 "0 (6 4)
F2 p

OTHoLIeHHe MJIOTHOCTH BBIPA3UM ue-
pe3 OTHOLLeHHe JaBJeHHH, HCHOJb3ys
ypaBHEHHE COCTOSIHHSA

0 P,T
o (6.5)
o PT, .

IMoacraBum ypaBHenusi (6 4) u (6 5)
B ypaBHeHHe (6.1) u pasnesum nepe-
MEHHbIE

2
16 Qo

—pdp=—5h—
9 2

0P dx (66)
T d5 0 OTO

.

[Ipounterpupyem ypasHeuue (6.6),
cuHTtasi A ¥ T NOCTOSAHHBIMH B Mpejenax
OT py 10 py ¥ oT x1=0 g0 xs=I (I —nsn-
Ha rasonpoBoja):

5 T

pi—pi=1621 ?pop(]-ﬂ;l 67)

[TocnenHee ypaBsHeHnHe fiBJsercs Oc-
HOBHBIM [JIf pacueTa ra3onpoBOJOB Kak
BBICOKOTO, TaK W HHU3KOIO [aBJEHHSl B
NPEeANONOKEHHH H30TEPMHUECKOTO Teye-
HHA rasa.

JInsi TOpOACKHX T'a3oNpoBOAOB TeM-
fepaTypa rasa npH pacueTHbIX Harpys-
Kax 6sn3ka K 0 °C, No3TOMY MOXKHO NpH-
uare otHowenue T/To=1. Tlpn 3THX
yCJAOBUSIX pacuyeTrHas (GopmyJa NpHUMeT
BHIL.

2
0
Pz_Pz‘1~627»—d?Popol 638)

YpaBHenue (6.8) HCIOAL3YIOT NpH
pacueTe pacrnpeneHTeNbHbIX ra3onpoBo-
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c/JAeLYyeT YUHTBbIBATb OTKJOHEHHS B IOBE-
JeHHH IPHPOAHBIX Ta30B OT 32KOHOB He-
anbHbix ra3oB. [is 3Toro B ypaBHeHHe
COCTOSIHHAl BBOJSIT 3MIHUPHUECKUH KO3(-
¢hUIHeHT 2z, KOTOpbIi y4HThiBAeT 3TH
OTKJIOHEHHsl. YpaBHeHHe COCTOSIHHA 3a-
NHUCHIBAIOT TaK:

p==zpRT. (6.9)
KosdduuueHr 2z uacto HasbBAOT
K03 hHIHEeHTOM CXKHMaeMOCTH.
Ko3dhuuueHT z MOXHO onpenesnThb
no puc. 6.1 B 3aBHCHMOCTH OT 3Ha-
ueHHH MPHBEJEHHOTO AABJEHHS 7T U NPH-
BeJCHHOH TeMIepaTyphl T.
n=p/pwp; T=T/Tx. (6.10)
B 3Tux BBIpaKeHHSIX pxp H Typ —
KpuTHueckHe napametpnol. [diaa cmeced
rasoB OpH OnpejejeHHH Ko3(PhHIHeHTa
2 UCNOJb3YIOT CPeIHeKPUTHUECKHe [1apa-
MeTPhl, KOTOPblE HAXOAAT U3 CJEeLYOLIHX
BbIpaKeHHH:

pcxzzrtpkpt; T(‘KzzrlTKph (611)

roe r,— o6beMHasl 10151 ra3a [ B CMeCH

Iaist yrieBonopoaHbix ra3os B ofJac-
TH JaBJE€HHH M TeMHAepaTyp, HMeLHX
MeCTO B MarucCTpasbHbIX ra30NpoBOAAX,
Kodpduuuent z<<l. Takum o6pasowm,
peasibHble Ta3bl CXKUMAWOTCH CHJAbHee,

uyeM HJeasbubie Hanpumep, npu u3so-
TEDMHUECKOM  YBEJHUEHHH  JaBJeHHS
uaeaabHoro rasa ot 0,1 MIlla,s. 1o
5 MIlase., 1. e. B 50 pa3, ero o6bem
yMeHbIIHTCA Takxe B 50 pa3. Ecau
yBeJHUHTb naBaeHHe MeraHa ({=0 °C),
to npu p1=0,1 MIla,. z=1,002, a npu
p2=>5 2=0,883 n 06bEM yMeHbIIUTCH B
50 (ggs=56.7 pasa.

[Tpu yuere KosdHuUHeHTA CXKUMae-
MOCTH ypaBHeHHe (6.7) mpuMeT cjeaylo-
MHHA BHI:

@

pi—pi=1,62 Ao

T 3
popo"r:lz . (612)

M3 ypaBnenus (6.8) nosyuaem pac-
YeTHYIO 3aBHCHMOCTb H JJf ra3onpo-
BOJOB HHM3KOro aasseHus. Jlas noayuye-
HHSI 3TOH 3aBHCHMOCTH Pa3JioXHM pas-
HOCTb KBaApaTOB [aBJeHHH Ha COMHO-
XHTeJH

Pa—Px=(Pu—P) 2Pepap » (6.13)

Tae  Pepap=(Pu-+p«) /2 — cpenneapudmerrueckoe
3HAYEHHe HAvyaJbHOrO M KOHEUYHOrO JaBJeHHust

[lns ra3onpoBOJOB HH3KOTO [daBJe-
HHSL Pepap RPo, TOrJA H3 ypaBHEHHS
(6.8) noJsyuum
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1 Q3 p
pﬂ_pK=_2' 1762)\'739017):(1::
2

=0,81 x;g_ ool. (6.14)

YpasHeuue (6.14) siBasieTcsl OCHOB-
HBbIM [JISl pacueTa ra3onpoBOJOB HH3KO-
ro aasneHusi. M3 cpaBHeHHs ypaBHeHHH
(6.8), (6.13) u (6.14) MOXKHO MONYUHTB
CBfI3b MeXIYy TNOTepsIMH JaBJeHHS B
ra3onpoBOAax BBICOKOrO  JaBJeHHA
(Pn—pP«) s 2 ¥ TOTEPSIMH 1 ABJIEHHS B raso-

IPOBOAAX HH3KOTO NABJACHHA (Pu—Pk)na:

2
1,62 . Qf Po
(Pu=Pupa="g * 5 Po! P
Py
=(P,—P (615)
( H K)“ﬂ Pepap

W3 ypaBHenus (6.15) caeayer, uro
NoTepH AaBJEHHA B ra3onpoBoAax BhICO-
KOTO [aBJIeHHSl BO CTOJbKO pa3 MeHblie
noTepb B ra3onpoBoLax HU3KOro aasJe-
HHA (OpH OJMHAKOBBIX 3HaueHHAX Qo,
po, A, [, d), BO CKOJNbKO pa3 cpejHe-
apudMerHuecKoe AaBJieHHe B HUX (Dep ap)
GoJibule NaBJEeHHS B ra3onpoBOjax HH3-
KOro JaBJieHUs] (HOpMaJbHOTO AABJIEHHSA
Po). DTOT BBHIBOA OODBACHAET 3KOHOMHU-
yeckHe I[peHMYLIecTBa Ta30NpOBOAOB
BBICOKOTO AaBJ/IeHHs], TaK KaK, COXpaHss
Te Ke INepemaabl, YTO M JJs HH3KOTO
gaBJjieHHsi (OJi BBICOKOTO OHH Oyayr
Gosibilie), MOXHO TOJYYHTb MeHbllue
JHAMeTpbl.

TouHOCTb pacuera ra3onpoBOAOB Bbl-
COKOTO [aBJjeHus: no ¢opmyJe A HH3-
KOro /[aBJleHHsd OmNpeieJUTCs 3aBHCH-
MOCTbIO A OT 1aaBjeHHAl. BeanunHa A
3aBHCHUT OT yucaa PefiHosbaca, kotopoe
c1a60 3aBHCHT OT AaBJjeHHS. DTy 3aBH-
CHMOCTb MOKHO NPEICTABHUTb TaK:

2
Re=Wd_and/4 Z%%

v updn/4 ’ (6 16)

rpe v H
BfI3KOCTb.

C u3MeHeHHeM [aBJIEHHS] MaccCOBbIH
pacxon M He H3MEHSETCS, TO3TOMY uHC-
a0 Re 6yner 3aBuceTb OT 3HAYEHHS M.
Ho nnnamuueckasi BA3KOCTb MeTaHa Ipu
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U — KHHeMaTHueCKasd H JAHHaMHuyeckKas

t=0 °C c usmenenuem pasJenus or 0,1
10 2 MIla ysenuuuBaercs Bcero Ha 3,5%,.
[TosToMy NMpakTHYeCKH MOXKHO CUHTATH,
4YTO DPeXHM [BHXXEHHS rasa He H3Me-
nsietcs. BellneckazaHHoe NMo3BoJsieT Ta6-
JHIULI, COCTaBJIEHHblE AJI1 HH3KOTO 1aB-
JIEHHS1, HCIIOJIb30BATD [JIl pacuera raso-
NPOBOJOB BBICOKOTO [AaBJeHHsI. DTO iie-
Jecoo6pasHo M jaet OOJbLIYIO TOuU-
HOCTb NIPH pacuere ra3onpoBOAOB Cpe-
Hero MWJH BBICOKOTO [aBJEHHS, KOria
nepenajbl JaBJEeHHS HA y4acTKaxX BeECbMa
Magabl, T. €. (Ap/Pepaplys <K 1. Takoe no-
JIOXKEHHE XapaKTePHO IJIS NPOMbBILIJIEH-
HBIX ¥ BHYTPHOOBEKTOBBIX T[a300POBO-
JL0B.

M3 cpaBHenus ypasueunit (6.8) wu
(6.14) noayuaem caenyiouiee cooTHoOLIE-
HHe:

G

KOTOpPOe ChpaBelIuBO IPH HCHOJb30-
BAHKWH OJMHAKOBbIX PAa3HOMepPHOCTEH KaK
B (opmyne (6.8), tak u B ¢opmyae
(6.14). Takum o6pasoM, TalaHUHbIE
JaHHble, onpeaeasiiollie NOTepH KBaapa-
Ta JaBJeHHsl B ra3onpoBOAaxX BbICOKOIo
H cpejlHero AaBJeHHs (pi—pi) H NOTepH
JlaBJIeHHs B Ta30MPOBOAAX HHU3KOrO LaB-
JneHust (pu—p«), CBA3aHbB MeXAy CcOOOH
cooTHouleHnem (6.17).

Ecau B ¢opmynn (6.8) u (6.14)
MOJCTAaBUThb BhIpAXKEeHHe, ONpeesomee
KO3 PHUHEHT TPEHHS, KOTOPbIH 3aBHUCHT
OT pexXHMa /[BHXEeHHA rasa, maTepHasa
rasonposojia, CnocoOOB H3rOTOBJEHHSA
TPy6 W HX COeIdHHEeHHsI, a TaKxke OT
KA4yecTBa MOHTAXKa M 3KCIJyaTaUMH ra-
30MpOBOJOB, TO MOJyunM pabouxe ¢op-
MYJbl IJIA pacuyeTa rasolipoBOJOB.

®dopmyasl, pekomennyemsle CHull
IJIs onpejeseHHs KoadduuHeHTa Tpe-
HHA, cJeayloLHe:

1) B o6siacTH J1aMHHAPHOTO peKHUMa
npu BeauunHax Re<<2000

=P s A Pu=PJua=2P cpap> 6 17)

A=64/Re;

2) NpH KDHTHYECKOM pexHMe TpH
2000<<Re<4000

(6.18)

A=0,0025 3/ Re ; (6.19)



3) npu TypOYJEHTHOM pexHme MpPH
BelHunHax Re>>4000

(6 20)

Ka 68 025
"=°'”(T+ie’)

[IpHuBeneHHBIM ypaBHEHHAM COOTBET-
CTBYIOT HOMOI'pPammbl, NOKa3aHHble Ha
puc 6.2...6.5. Homorpammbl noctpoexst
npH abCoONOTHOH 3KBHBAJIEHTHOH Ilepo-
xoBatocta K,=0,01 cm.

[lorepu naBsieHusi HAa MECTHBIX CO-
MPOTHBJIEHHSIX ONpeAessioT no popmyae

W?
Apwe=ZT——p, (6.21)

rae Apy.— NOoTepsi RaBJEHHUSI Ha MECTHHIX CO-
[POTHBJEHHAX DPaCYETHOro ydacTka (pacyeTHbIH
yuacTOK BbIGHPAIOT Tak, YTOOH Yy HEro pacxol
M AdameTp ObUIH MNOCTOAHHBIMH), X{-— cymMa
K09 PULHEHTOB MECTHLIX CONPOTHBJEHHUH pacueT-
HOTO y4YdcTKa, w — CKOPOCTb [BHXKEHHs rasa,
p — MJOTHOCTb rasa

Ilpu pacyere ra3onpoBojOB HOTEPH HA MECT-
HBIX CONMPOTHBJIEHHSIX YUYHTHIBAIOT Yepe3 3IKBHBA-
NeHTHble [JUHB DKBUBAMEHTHYIO AJHHY MECTHBIX
CONPOTHB/EHHH ONpeaensiioT no ¢GopmyJae

W2 [a W2
Apue=2{ 5—p=rg 70,

oTcloga

l,=3td /M. (6.22)

Hcnoap3ys dopmyasl aas onpenee-
HHA Ko3ddHUHeHTa TpeHHss A W NpH-
HuMast XL =1, MOXHO NOJYyUHTb YPaBHe-
HUA [1Ja pacuera 3HaueHHa [, 1pH
X{=1 [Ilo TakuM ypaBHeHHSM IOCTpOE-
Ha HOMOTpaMMma, MpHBeJeHHAasl Ha pHC.
6.6. PacueTHyio AJHHY ra3onpoBoja omn-
peressiioT Kak cyMMy (pakTHuecKoH H 3K-
BHBaJIEHTHOH MJIHH,

[Ipu pacyere pacnpeneyHTeNbHBIX
FOPOACKHX ceTeHl NoOTepH Ha MeCTHBIX
CONPOTHBJAEHHSAX OGBIYHO YUYHTHIBAIOT
KaK go/i0 ot noTepb Ha Tpenue. CHull
2.04.08—87 peKoMeHAYIOT NPHHHMATb
MOTEPH HA MECTHBIX COMPOTHBJEHHSX Be-
JUUHHOH, pasHO# 5—109) norepb Ha
tpenue. [Ipu pacuere pacnpenesurenb-
HBIX T'a300POBOLOB HeGOJbLION NPOTA-
>)KEHHOCTH H CJIOXKHOH KOH(Urypausu, a
TaKKe [pH pacdeTe BHYTPHLOMOBBHIX H

BHYTPHLEXOBbIX Ta30lpOBOAOB MOTEpH
LaBJeHHS] HA MECTHBIX CONpPOTHBJEHHSX
C/leAyeT pacCUHTBIBATb MO H3JOXKEHHOH
BbIIIE MeTOJHKe. 3HaueHHe KO3PH-
LHEeHTOB MECTHBIX COMPOTHBJIEHHH NpH-
BeJleHHl B clielHaabHOH suteparype. He-
KOTOpble  3HauyeHHs KO3(h(PHUHEHTOB
MECTHBIX CONPOTHBJIEHHH TPHBEIEHB B
taba. 6.1.

Ecan oTae/bHble YUaCTKH ra3onpoBo-
JIOB HMEIOT pasHble reoMeTpHuecKHe OT-
MeTKH [0 BHICOTE, TO B ra3onpoBoAax
HH3KOTO [1aBJIeHHS BO3HHKaeT AOTOJHH-
TeJbHOe M30bITOYHOE NaBJieHHe, BeJHYH-
Ha KOTOPOTro NpONOpPLHOHANbHA Pa3HO-
CTH IIIOTHOCTeH BO3/lyXa H rasa. Bequnuu-
HY 3TOTO LOMOJHHUTENbHOTO H36BITOYHOTO
JaBJIeHHS] MOXKHO OINpedeHTb CJenylo-
wuM ob6pasom. B ceuennn [—I (puc.
6.7) BO6HM3H MOBEPXHOCTH 3eMJH B ra-
301poBose 6yner aGCoONIOTHOE 1aBlieHHe
pr B 6apOMETpHYECKOe NaBJEHUE Deapl.
C yBejHueHHEM BbHICOTHI JaBJjeHHEe B ra-
30npoBoje H OapoMeTpHYecKoe [AaBJle-
HHE YyMeHbHIalTCH. 3Tt0 YMeHbUI€HHe OIl-
npeneasiioT No ypaBHEHHAM

pr=p.— goH
no_ (6.23)
péap“ pﬁap - gpaH
[1pu ucnonb3oBauuy rasa HeoGXOHU-
MO 3HaTb H30bLITOYHBIE JdaBJEeHHA, TakK
KaK OHH OIpenessiioT MPOU3BOLHTE/b-
HOCTb I'a30BbiX NPHOOPOB H Ta30HCNOb-
3yIOWHX ycTaHOBOK. M36biTouHble naB-
nesuss B ceyenuax [—I wu [I—I]
(cM. puc. 6.7) COOTBETCTBEHHO O6YIyT
paBHBI:
1I__ .1 I.
pnsﬁ =pPr '—pGap »
(6.24)
pu36”=pr”—pﬁap”.
CpaBHHBasi ypaBHeHHs
(6.24), noayuum:

(6.23) u

P:;Iw: (Pll- —£Pr H) _'(plﬁap—gpn H)=

=Puss+ gH (P2 —p) - (6.25)

W3 dopmyant (6.23) caexyer, uto
H30bBITOYHOE [aBJeHHe ras3a YBeJaH4H-
JIOCH HA

(6.26)
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MABJEHHA B rasonpogso-
Jax CpeiHero H BHICO-
KOro nasjeduit  (no

1,2 MNla) MNponan p=
=2 Kr/m?3, v=3,7X
X107°% m?/c (npm
0°C u 101,3 MNla)
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Puc. 6.5. Homorpamma
AJS ONpefeseHHs NOTePh
AaBJICHHSI B ra3onposo-
AaX HH3KOro JaBJeHHR

(ro 5 «Ila). HMponau
p=2 «xr/m3, wv=3,7%
X107 wm?/c (npn
0°C u 101,3 kINa)
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Puc. 6.6. Homoipamma
OAs OnpeaeseHHst IKBH-
BAJIEHTHBIX AJHH
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Ta6auua 61 Ko3pdguuneHT MeCTHbIX CONPOTHBJeHnHA
3Haye Bun MecTHOro co 3HadeHHs { gns AHaMETPOB MM

Bua mecrnoro Hue § TPOTHBJICHHSE

CONPOTHBACHHA 15 20 25 32 40 50 u Goaee
BuesanHoe cyxeHHe 0,35* YroabHuk 90 ° 2,2 2,1 2 1,8 1,6 1,1
B TMpejesiax [mepe-
X0Jla Ha CJeAyIoLHH
auametp no MOCTy
Tpoi#iHuK NPOXOAHOH 1** IlpoGouHblil Kpah 4 2 2 2 2 2
Tpoiiuk noBopoT- 1,5%* Benrtuap npamo# 11 7 6 6 6 5
HblHl (OTBETBJICHHE)
Kpecrosusa mpo- 2% BenTHIb «KOCBa» 3 3 3 2,5 2,5 2
XO/lHas
Kpecrosuna mogo- 3** — — — — — — —
portHas
Orsoxa ruyrbiit 90 ° 0,3 3ajBHKKa 0,5(D= 0,25(D= 0,15 D=

=50—100) | =175—200)] =300 u Gonee)

*{ —~ OTHECEH K YYyacTKy ¢ MEHBLIHM AHAMETPOM
*¥[ — OTHECRH K YYaCTKy C MeHbUIHM DacxoioM rasa

80




oTCI0a cJefyeT, UTO AONOJHUTENbHOEe
JaBJieHne ra3a C yBeJHYE€HUEM BBLICOTH
BO3HHKAET NOTOMY, 4TO a6COMIOTHOE JdB-
JeHHEe B ra3olpoBoje NajaeT B MeHblieH
CTeneHu, ueM GapoMeTpHuecKoe naBJe-
Hue. B dopmyne (6.26) Beanunna H(m)
03Hauaer Pa3HOCTb TeOMEeTPUUECKHX OT-
METOK B KOHIle H B HauaJjie ra3onpoBoja.
[Ipu nmoaveme rasomnpososa 3Haudenue H
6yleT MoJIOKUTEJbHbIM, a NPH ONycKa-
HHH — OTpHllaTe/bHbIM. Ecin ras Tsxe-
Jiee BO3jlyxa (HarnpumMep, MponaH), TO
JONOJIHUTE/IbHOE JaBJjeHHe GyneT OTpPH-
HarteabHbiM (M30bLITOMHOE JaBJEHHE B
rasonpoBofe ymenbiuaerca). [lomonaHu-
TeJibHOe H30bITOUHOE JaBJeH’e YUUThIBa-
I0T NIPH pacueTe FOPOACKHUX H NPOMEILI-
JIEHHbIX Ta30MpOBOJ0OB HH3KOTO [AaBje-
HUA TIPH Pe3Ko BbiPaXK€HHOM MepeMeH-
HOM pesibeée MeCTHOCTH, & TaKXKe MpH
pacueTe BHYTPHAOMOBBIX U BHYTPHIEXO-
BblX Ta30MpPOBOAOB HHU3KOTO [AaBJEHHSI.

6.2. OCHOBHbIE XapaKTEePMCTMKM
ra3oBbiX CeTen.
MNMocranoska 3apaum pacuyera

["azoBble ceTH COCTOAT U3 YuacCTKOB,
N0 KOTOPbIM ABHXETCS ras, M Y3JOB,
B KOTOPBIX COeJHHSIIOTCSI yUacTKH H K KO-
TODPbIM HPUCOEANHAIOT OTBETBJAEHHUS K I10-
TpeburesisiM. ['eomeTpuueckue ¢HUryphl,
cocrosiiHe U3 peGep U BeplIHH, KOrja
KaXJoMy peGpy COOTBETCTBYIOT IBe
BePUIMHDL, SIBJASIOMHECT KOHIAMH 3ITHX
pebep, Ha3blBaOT rpadamu. ¥ cBSI3HOrO
rpada Ka)kiasl BepluHHA MOXeT ObiTb
coelliHeHa 1emnbio peGep ¢ Jaoboi 1pyro#
BepilunHO#. Jlio6asi razoBasi ceTb npei-
cTaBjsieT COOOH KOHEUHbIH CBA3HLINA
OpHEHTUPOBaHHbIN r'pad, cocToAwUi U3
KOHEUYHOro uucsaa Bepluud (y3JoB),
COeNMHeHHbIX MexX1y co6oii pebpamu
(yuactkamu). [1pumMepsl ra3oBulx cered,
npeicTaBJsAOIIX CO60H KOHeuHble CBA3-
Hble OpHeHTHpOBaHHble rpadsbl, nokasa-
Hol Ha puc. 6.8. I'padbi, y KOTOpBIX
peGpa mepeceKaloTcsi TOJNbKO B y3Jjax,
Ha3blBAIOTCH MNJOCKUMU. Bo/bliiHHCTBO
ra3oBblX CeTeH MOXHO IPeJCTABUTD B BU-
ne mjockux rpacdos. Llemouka nocie-
JOBATE/bHO COeAMHEHHbIX pebep (yuacT-
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Puc. 6.7. Hamenenne us- 1— noaseMmubifi rasonpo-

GLITOUHOrO AABJAEHHS B BOA, 2— cTOSK, 3— com-
ra3onposoie B 3aBUCH- Ja TOpeldoK MpPHGOpOB
MOCTH OT BbICOTH (ycn0BHO)

KOB), B KOTOPOH KaXJyl0 BEpPIUIHHY
(y3en) npu ABUIKEHHH MO HANpPaBJeHHIO
NOTOKA NPOXOJAAT OAMH pa3, Ha3blBaerTcs
nyrem. Hanpumep, [—2—3—4—5—
nyTb ra3oBOH ceTH @, NOKa3aHHOH Ha
puc. 6.8. ITyTb, y KoTOpOro HauanbHasa H
KOHeuHas BepLIMHbI COBNAAAIOT, o6pa3sy-
eT KOHTYpP, wHKI. KoHTyp, y KoToporo
HeT BHYTpPeHHHX pebep, nepeceKaroUx
ero IJollajib, Ha3blBaeTcA 3JjeMeHTap-
HbIM KogabuoMm. Cetb a (cMm. puc. 6.8)
COCTOUT U3 ABYX 3JEMEHTApHBIX KoJjel,
a ceTb 6 — U3 OJHOrO.

HepeBom rpaga HasbiBaeTcsl TMOA-
rpad, coaepKalHii Bce BepIIHHb rpaga
¥ He HMeIOUHH HH OAHOTO 3aMKHYTOrO
koHtypa. Pe6pa, Bxoasiliune B Aepeso,
Ha3blBAIOTCA ero BeTBAMHU. TymuKoOBas
passeTB/IeHHas ra3oBasl ceTb NpejcTras-
asier coboii nepeso (a’, 6). Koabuepas
ceTb npencrasaser cobo#l rpad, cocrosi-
UM TOJbKO M3 LHKJOB H He HMEIOLHHN
TYNHKOBBIX OTBeTBJAeHHH (a, 6). BoJb-
HIHHCTBO Tra30BLIX ceTed MpeacTaBjsioOT
co60# cMeluaHHbl rpad, COCTOAHUA U3
3aMKHYTEIX KOHTYPOB U TYNHKOBBIX OT-
BeTBjaeHUHd. ['pagd (KoJabueBy©O ceTb)
MOXKHO TpaHC(OpPMUPOBATh B AepeBo Ny-
TeM HCKJIOYEHHS M3 KaXJ0ro uHK/Ia 3a-
Mbikatolero yuacrka. OueBHaHO, YHCIO
3aMbIKAIOLHUX YYAaCTKOB PaBHO YHCHY
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Puc. 6.8. MNopaua rasa
norpeGurensim no Tynu-
KOBbiM ¥ KOJbUEBBIM Ce-
TAM

a, 6 — BapHaHTH KOJb
ueBblx certeli, a’, 6'-—sa-
PHAHTH TYMHKOBHIX ce-

Teil, &, K’—TOuKH BCcTpe-
Y4 MOTOKOB AJIs pas-
JIMYHBIX BAPHAHTOB NMOTO-
Kopacnpejejenus, [—
ysea noxauu rasa, 2, 3,
4, 5 6, 7, 8— y3an
norpefieHHs rasa

3JeMeHTapHbIX LUUKJI0B. Tak, u3 KoJblie-
BbIX ceTeil a, 6 MOJNYUalOTCH JAepeBbs
a’, 6/ nyTeM HCKJIIOYEHHS 3aMbIKAKUHX
YUacTKoB, [I0Ka3aHHbIX Ha pHCYHKe
NyHKTHpOM. B KauecTBe 3aMbiKaolHUX
MOXHO NPUHHMATb PasjiudyHble Y4aCTKH
CeTH, MO3TOMY H3 KaxKA0H KoJiblleBOH
CeTH MOXHO TOJyUHTh HECKOJbKO Je-
peBbeB.

Lluknomaruueckoe uuciao rpacda v
ornpefessieTcsi PaBeHCTBOM:

v=P—m+1, (6.27)

roe P — unciio pe6ep (yuacrkos) rpada (ceru),
m — 4YKCHO BepluHH (y3./10B)

LIMK/JOMAaTHUECKOE YHCJO AJIS1 BCSKO-
ro rpaga paBHO HaHOGOJbIIEMY YHCJAY
HEe3aBUCHMbBIX I1HKJOB. [lJisi MJIOCKOro
rpaga 4uc/I0 TAKUX KOHTYPOB PaBHO UHC-
JYy 3JIeMEHTAPHBIX KOJIell A, T. e. V=1.

Jlas niaockux rpa¢oB paBeHCTBO
P=n+m—1 (6.28)
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MOXeT OBbITb MOJYuYeHO KaK cJjecTBHe
TeopeMbl Jiliepa 0 COOTHOLIEHHH pebep
P, Bepminn m u rpanell (kosen) n
BHIMYKJBIX MHOrOrpaHHukoB. s pas-
BETBJIEHHbIX TYMUKOBBIX Ta30BbIX ceTeil,

He HMEKILHX 3aMKHYTbIX KOHTYpOB,
v=n=_0, cJefoBaTeJIbHO,
P=m—1. (6.29)

Paccmorpum 0co6eHHOCTH pa3BeTB-
JIEHHBIX H KOJIbLIEBbIX Ta30BHX ceTei.
Y pa3sBeTrBJeHHbIX ceTedl ras nocrymnaet
K Y3Jly noTpe6/ieHusl 10 OLHOMY YUYacTKy
(O OZHOMY HANpPAaBJEHHIO), TO3TOMY
OHH SABJSIOTCH TYHNHKOBBIMH CETSIMH.
Takum o6pasom, norpeGuresu, npHcoe-
JHHEeHHble K pPa3BeTBJEHHbIM CeTAM,
HMEIOT OJHOCTOpDOHHee NuTaHHe H He
MMEIOT pe3epBHbIX Yy4acTKOB CeTH, Mo
KOTOPbIM ra3 Mor Obl NMocTylaTb K Mo-
TpeburessiM TIPH OTKa3e OCHOBHBIX
yuacTKoB. BBuay TOro, 4To pasBeTBJEH-
Hasl ceTb He HMeeT pe3epBHPYIOLLHUX 3Je-
MEHTOB, HaJeXHOCTb Tra3ocHabXKeHHs
onpejessieTcsl TOJAbKO HadeXHOCTbIO 3Je-
MEHTOB CETH, MO0 KOTOPBbIM ra3 MnocJe-
JOBaTe/IbHO ABHXKETCS K MOTPeGHUTEsIM.
Ecau y pasBerB/ieHHOH ceTH O6yneT Bbl-
KJIOUeH 3JeMeHT (HamnpuMmep, ydacTok
rasonposoaa) M3 paborb, Torga Bce
noTpe6GuTeNnd, KOTOpPhie MpHCOeIHHeHb!



3a 3TUM 3JeMeHTOM, He NOoJay4aT rasa.

[ToBbICUTD Ha/i€XKHOCTb Pa3BeTBJIEH-
HOH CeTH MOXKHO, Hanpumep, AY6/IHpO-
BanueM Bcex 3jeMeHToB. OAHAKO 3TOT
nyTb CBsA3aH ¢ OOJBLIMMH [ONOJNHH-
TeJIbHbIMH KaNMUTaJbHbIMH BJIOXKEHUSIMH
i JJ51 pacnpegesuTe/ bHLIX ceTedl ero He
HCcnodb3yiT. B pacnpesenuTenbHbIX
cucTeMax  BO3MOXKHO  [y6JupoBaHue
TOJIbKO OT/AEJNbHbIX YUacTKOB, KOTODbIE
NUTAIOT cHcTeMy B 1esoM. [loBblieHHS
HajeXHOCTH pa3BeTBJEHHbIX ceTefl 10-
CTUraloT NyTeM WX KoJjbueanusi. Ha
puc. 6.8 nmokasaHbl ABa BapuaHTa pelie-
HHSI pa3BeTBjeHHOR ceTH (@’ n &)
1451 obecnieyeHusi ra3ocHabxeHud norpe-
6uteneit 2, 3...,6. O6a BapHaHTa MOTYT
ObiTh MpeBpallleHbl B KOJblleBble CXeMbl
(@ m 6) nyreM BBeJeHHs 3aMblKalo-
(X YYaCTKOB, KOTOpble MOKa3aHbl Ha
PHUCYHKE TYHKTHPOM.

OcHOBHOEe OTJHUYHE KOJIbLIeBbIX Cce-
Tell OT pa3BeTBJEHHbIX 3aKJOuaeTcs B
TOM, YTO OHHU COCTOAT M3 3aMKHYTbIX
KOHTYPOB, B pe3yJjibTaTe 4ero ra3 MoxeT
NoCTYyNaTth K NOTpeGHTE/sIM IO ABYM HJIH
HECKOJIbKUM JIHHHAM, T. €. NoTpebuTenu
MMEIOT ABYCTOpPOHHee HJH MHOTOCTOPOH-
Hee nuTanue. Eciu B pacueTHOM pexu-
Me ra3 K y3Jy, K KOTOpPOMYy IpHcCOe-
JUHEH MoTpeGUTeNb, MNOCTYNaeT TOJbKO
Mo OJHOMY ydacTKy (Hampumep, y3ea 3
Ha puc. 6.8), Bce paBHO oH obecne-
YyeH ABYCTOPOHHUM nutanuem. [leficTBu-
TeJbHO, €CJAH OTKa)er yuacTok [—2
(cM. a 1 6 Ha puc. 6.8), Toraa Hanpas-
JIeHHe [BHXXEHHsl Ta3a Ha OT/[eJbHbIX
yuacTKax H3MeHHTCA Ha MPOTHBOMOJOX-
Hoe W ras K y3ay 3 OyieT MocTynaThb
no APYro# JHHUH MUTAHHA — MO Y4acTKy

HaznexHocTb KOJMbLEBOH ceTH 1O
CpaBHEHHIO C Pa3BETBJICHHON 3HAUUTEJ b-
HO Bbillle, TAK KaK OHa HMEeT pe3epBH-
pylolllie 3JeMeHTbl — 3aMblKalllHe
yuacTku. HapexHocTh rasocHa6xeHnus
norpe6uresell 6yaeT Bblllle, 4eM HagexX-
HOCTb 3JIEMEHTOB CEeTH, MO0 KOTOPbIM Ta3
B paCyeTHOM peXXHMe T0c/efoBaTe bHO
ABHKeTcsl K norpeburensiM. IIpH oTkase
3/leMeHTa B pacueTHOM IMyTH rasa K
norpeGuTesi0 BO3HHKAeT APYyrof NyTb
ABUKEHUS ras3a uyepe3 pe3epBUPYIOLLHH

snemMedT. CJeA0BaTeNbHO, HaleXHOCTb
KOJIbIleBOH ceTH OyaeT Bbllle Hajex-
HOCTH 3JIEeMEHTOB, H3 KOTOPbIX OHA
COCTOHT.

I pyroe oTnnune pa3BeTBAEHHOM ceTH
OT KOJIblleBOH CeTH COCTOMT B TOM, YTO
Yy TYNIHKOBOH pa3BeTBJEHHOH CeTH TpaH-
3UTHBIE PacXOAbl pacnpemessiloTcs Mo
yuacTKaM OJHO3HAYHO, a Y KOJIbIEBbIX
ceTefl MOXHO HaMeTHTb OecuHcJjeHHOoe
KOJIHUECTBO BAapUAHTOB HX pacrnpejeJe-
HHA, YTO TMPOUIIOCTPUPOBAHO HA cCXe-
max cereil (cM. puc. 6.8). Hanpumep,
IJIA TYNHKOBOR cXeMbl 4’ TPaH3UTHLIA
pacxof AJisl yuacTka 2—6 paBeH cyMmMme
pacxoloB B y3JaX 5 U 6, H 3TO siBJisieTts
eIUHCTBEHHbIM pelleHdeM. B ob6uem
cJyuae TPAaH3UTHBIR pacxon AJsA Ji060o-
ro yyactka OyieT paBeH CyMMe BceX y3-
JIOBBIX PAacXO0/0B, pacHoJOXKeHHbIX 33
3TUM yuacTkoM. Jlis KoJbueBo#t ceTH
(BapuaHT a), BO-IepPBBIX, MOXHO Ha-
3HAUUTb TOUKY BCTpeud rasza B Jw06GOM
M3 Y3JI0B, HCK/IOUAsl y3eJs MHTaHUS, YTO
AAacT onpejeseHHOe KOJHUECTBO BapHaH-
TOB; BO-BTOpPHIX, Pacxoj rasa M3 yaja
BCTPeYd TMOTOKOB MOXHO pacnpeje-
JUTb MeX1y NPUMBIKAIOIMHMH K Y3JYy
yuacTKaMi GeCKOHeuHbIM KOJHYeCTBOM
BAPHAHTOB, BCJENCTBHE 4Yero I[OfAB-
JsieTc BO3MOXKHOCTb IPOH3BOJbLHOIO
pacnpejesjeHust TPAH3UTHBIX PACXO[OB B
KOJIbIEeBHIX ceTsiXx. Bmecre ¢ rtem g4
ONTHMAJIBHOTO pacrpejiejqeHisi MOTOKOB
HeoOXO4UMO HCIMOJNb30BATh OMpejeeH-
HbIA MPUHIMI.

YuureiBasi, 4TO KoJbleBble ra3onpo-
BOJbI MPOEKTHPYIOT HCKIOUHTEJNbHO [ifl
TOro, uTo6bl O6ecrneuuTb HaleKHYIO
paboTy ceTu, NIpPH pacnpefeseHHH TpaH-
3UTHbIX PacXoOA0B cJeiyeT pPYKOBOA-
CTBOBATbCA NMPUHLUIOM MAaKCHMaJbHOM
Ha/JeXXHOCTH CeTH, HCXOAsl U3 KOTOPOro
HauJyyuiuMm OyjeT pelleHde, AONycCKako-
lilee B3aUMO3aMEHSIEMOCTb OT/AEJbHbIX
yuacTkoB. B 3TOM cayuae Harpysky
y4acTKa, BbiLIeJLUEero U3 CTPOsi, MOXKHO
nepenartb Ha COCeIHHE YYACTKH C HaH-
MeHbLIUMU HApPYIIEHUAMH PabOTHl CeTu.

TpeTbe oTsiHuMe KOJbUEBOH CETH OT
pa3BeTBJEHHON 3aKII0UaEeTCsI B TOM, 4TO
M3MeHeHUe [HaMeTpa Kakoro-uubyib
yuacTKa Yy pasBeTBJIeHHOH ceTH He
BJMSIET Ha paclpejie/leHHe pacXoioB MO
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JPYTHM yuyacTKaM U TPUBOJHUT JHilb K
U3MEHeHHIO JaBJjeHUs B HauajbHOM
Touke ceTH. M3meneHHe nuamerpa Ka-
KOro-u60 yuacTKa KOJIbLieBOH ceTH
npuBefeT K MepepacnpeieseHHIo pac-
XOJ0B Yy BCEX OCTaJbHBIX Y4acCTKOB,
TaK Kak BeTBH KOJbLUEBOH ceTH BKJIOYe-
Hbl mapaJenbHo. Kpome Toro, H3aMeHuT-
Csl U JaBJeHHe'B TOUKe MUTAHHUA CETH.

PaccMoTpuM  TIOCTAaHOBKY 3ajaud
pacuera pa3BeTBjeHHOH ceTH. Kak Gblio
OTMEUeHO Bblllle, TPAH3UTHbIE PACXOlbl B
CeTH onpejeseHbl OHO3HAUHO, CJefoBa-
TeJbHO, pacyeTHble Pacxofbl AJs Bcex
Y4acTKOB H3BecTHbl. TakuM o6pasom,
Ka)X[bl#l yuacTOK Xapakrepusyercs ABY-
M5l Heu3BECTHBIMM: AUAMETPOM d, U To-
Tepeil namJjeHusi Ha yuactke Ap,. Ecuau
4UCJ/I0 yyacTKOB TYMHKOBOH cetn P, To
oblilee 4yuc/aI0 HEH3BeCTHbIX Oyaer 2P.
BoiicHHM, Kakue YpaBHeHHSI MOXKHO
COCTaBUTb A4 oTbickanusa 2P Heus-
BECTHBIX, T. €. JJisl PeILleHUs MOoCTaBJIeH-
HOH 3ajau.

JlJi KaXXAOro ydacTKa MOXKHO Ha-
nucarb ypaBHeHHe THAPaBJIHUECKHX TO-
Tepb

Q;

rae Ap, — mortepH [aBJ€HHA Ha y4actke, R -—
KO3pdHIHeHT, 3aBHCAIHA oOT CcBOHCTB rasa,
d,, I, — nnaMerp H pJuHa y4acTka; @ 1 f — noka
3aTe/H CTENeHH, KOTOpble B OOGLIEM CJydae
3aBHCAT OT PEXHMA JBHXKEHHH rasa M UIEpPOXo-
BaToCTH TPYyO

Takux ypaBHeHUH MOXHO HamnucaTh
P. CuenoBaresbHO, OCTaBlleecs YHUCJIO
nenssectHbix 6yaer P. Pacnpenennresn-
Hbl€ Tra3oBble CeTH PpAaCCYHTLIBAKOT Ha
MOCTOSIHHBIH paC‘-IeTHbIﬁ nepenan gasJe-
HUA  App,. YuuTbIBAf 3TOT HPHHLHI,
MOXKHO HanucaTb JONOJHUTE/IbHbIE YpaB-
HEeHHUSA TuUma

k

Z Apt_'ApPIO ’
1

KOTOpbie YCTAaHABJMBAIOT, UTO M0 Kax-
JIOMY HamnpapJieHHIO OT TOYKH MUTAHHS
I 10 KOoHIEeBOH TOUKH R cCyMMa moTepb
JaBJleHHs1 JAOJKHa OblTb paBHa Ap,
(cM. puc. 6.8). Uncno Takux ypaBHeHUH
paBHO YHC/Y KOHUEBBIX Touek K. Hampu-

(6.31)
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Mep, 4Jsi cxembl a’ puc. 6.8 k=3, a
cxeMbl 67 K=2.

OcraBuieecsi KOJHYECTBO JIHIIHHX HE-
M3BeCTHBIX

f=P—k. (6.32)
Tak Kak aJs1 pa3BeTBJEHHOH ceTH
cyuecrsyer cooTHoweHue (6.29)
P=m—I1,
HCTOJIb3Ysl €ro, MOXHO HamucaThb

(6.33)

TO,
f=P—x=m—1—k=m—(14kg)

YpaBuenue (6.33), omnpepnensioulee
YHCJO JIMIIHUX HEH3BEeCTHbIX, HMeeT
CJeAyIOlIYI0 HHTEprnperauuio: obllee
YHCJIO Y3JI0B M, YHCJIO y3J0B C 3ajaH-
HbIM faaBjeHueM (14-K), T. e. nepBbii
H BCe KOHIleBble y3qbl. Takum o6pa3om,
YHCJIO JIMIIHUX HEH3BECTHBIX PaBHO UHC-
JY y3JI0B C He3aJaHHBIMH JaBJeHUSIMH.
Jns onpefdesieHUs MUIHUX HEHU3BECTHBIX
HajA0 3ajaTh AOIMOJHHTEJbHOE YCJOBUE.
TakuM ycsoBHEM CJAYXHT MHHHMH3ALHUS
(GYHKUMY TPHBELEHHBIX 3aTpar. YuHTHI-
Basi TO, YTO IKCIJIyaTauHOHHbIE PACXO/bl
NpU He3HAUYUTEJbHOM H3MEHEeHHU [Ha-
METPOB MPAKTHYECKH OCTAlOTCsl HeH3-
MEHHbIMH, MOXHO MHHHMH3HPOBaTb
CTOHMOCTb ra30TIPOBOJOB HJIH AaXe pac-
X0 MeTaJla Ha CeTh.

Ananusupys npouecc MHHUMHU3AUUHA
(YHKIMM CTOMMOCTH C TO3HUHH pac-
npejfesieHusi NOTEPb MO ydyacTKaM raso-
NPOBOAOB, MOMXKHO CeNaTh BbIBOJ, UTO
noTepu AaBJEHUS MeXAY MocjaefoBa-
TEJAbHO PAaclo/OXeHHbIMH yuacTKaMu
JOJIXKHbL 6bITH pacnpejieseHbl TAKUM 006-
pasoM, yTo6bl CyMMapHas CTOUMOCTDb ce-
TH Oblia MuHUMaabHOR. MHaue rosops,
HauboJsiee IKOHOMHUHOMY pelueHuio Oy-
JeT OTBeYaTh ONTUMaJbHAdA ¢opMma MNbe-
30MeTpa, KOTOpYI0 He06X0AUMO OThiC-
KaTh NPpH MUHUMH3AUuUU QYHKUHH CTOH-
moctd. Ha puc. 6.9 nsobpakex nbeso-
MeTp 4acTH TYNHKOBOH CeTH, BK/OUYalko-
we# ysapt [—2—3—4—5—6, nokasaH-
Hble Ha cxeMe a’ (cM. puc. 6.8). O6biuHO
NpU «PydYHOM» CUeTe pacyeT BeAyT IO
IIOCTOSIHHOMY TaJeHHIO [aBJieHHs IO
IoJauHe rasonpoBoaa (Ap/l/=const), ue-
MYy COOTBETCTBYeT Mbe30MeTp Ha pHC.
6.9 nokasaHHbIA NPSIMBIMHM, COEZHMHAIO-
LHUMH AaBJieHust B T. 1—4/, 2—5’. dT1oT



MeTOJ pacueTa JAaeT OTKJIOHEHHA OT
ONTHMAJbHOIO METOAd pacuera Ha 3—
6%. Ha puc. 6.9 nokasaHbl Takxe H
Apyrue BO3MOXKHble (OPMbl Nbe30MeTpa,
Hanpumep 3, Koraa YyAelJbHble NOTEPH
JlaBJIeHHs1 Ha TOJIOBHbIX yuacTKax NpH-
HATHI 60/1bUINMH, YeM Ha KoHeuHbIX. Ilpn
TAKOM Mbe30MeTpe YMEeHBIIAETCs] CTOH-
MOCTb TOJIOBHBIX YUaCTKOB U YBeJHUH-
BaeTcsi CTOMMOCTb KOHeuHbXx. [lis
nbe3oMeTpoB 2 cyliecTsyeT oOpaTHoe
pacnpenesneHHe yieJbHbIX 10Tepb AaBJe-
HUSl 110 yuyacTKam. Kaxaomy nbe3omer-
py (1,2,3) 6yaer coOoTBETCTBOBATL ONpe-
JeJleHHasi CTOUMOCTb ceTH. TeXHHKO-3KO-
HOMHUECKHH pacueT AaeT BO3MOXHOCTb
HalTH ONTUMAaNbHYIO (OpPMy mHbe3oMer-
pa, npH KOTOPOH CTOMMOCTb Ta30BoH
ceTH 6yneT MHHHMaJabHOW. [laBjeHue B
y3Jax ¢ He3alaHHbIM jaBJjenueM (2,3,6)
MOXKHO BblOpaTb Jt060e, TONbKO cOOMI0-
Jasl orpaHHyeHHs py=>D, > py.

Kak 6bl1o OTMeueHO Bbllle, TpH
pacuere KOJbIIeBOH CeTH MOXHO Ha-
MeTUTb GecuucjieHHOe MHOXeCTBO BapH-
aHTOB moToKopacmnpeaenenusi. Caeno-
BaTe/ibHO, B 0O6lleM cJaydae Yy KoJblle-
BOM ceTH HeHW3BEeCTHbIMH OYAYT AHaMeT-
pbl d,, Tepernaabl NaBJeHHS Ha HUX
Ap. u pacuerHble pacxoabl Q, (s
pa3BeTBJIeHHbIX ceTefl  Heu3BeCTHBIMH
6blIM  TOJbKO [AHaMeTpbl H Mepenanbl
npapienusi). Orcoaa KaxXiablii Y4acTox
KOJIbLleBOW ceTH OyaeT XxapakTepuso-
BaTbCAd TPeMsi HEU3BECTHbIMH: AHaMeT-
poM, mepenajoM JaBjaeHHss H pacyeT-
HblM pacxoioM, a oObluee YyHCa0 HeHs-
BECTHBIX CETH DPAaBHO YTPOGHHOMY YHCJHY
yuacTkoB, T. e. paBHo 3P. Tak xe, Kak
H NpH pacueTe pa3BeTBJeHHOH cerH,
IJIs1 KaXKI0r0 y4acTKa MOXHO Harucarb
ypaBHeHHe THApaBJHYECKHX MOTEPb
(6.30). Uucao Takux ypaBHeHHH paB-
Ho P.

HekoTopoe uncsio ypaBHeHuH MOXKHO
COCTaBHTb, WCXOAsl M3 J[BYX 33KOHOB
KOJIbLieBbIX ceTefl, aHaJOrHUHBIX 3aKO-
HaM Kupxroga nisi JeKTpHUeCcKHX ce-
Tei:

1) aareGpanueckasi cymMMa BCeX IO-
TOKOB ra3a @,, cXoAfUMXcsl B Yyale,
BKJIIOUasl y3JoBble pacxoabnl Q,, paBHa
Hyao. [loTokaM, MOAXOAAIIUM K y3ay,
NPHCBOUM 3HAK ILIIOC, & BLIXOASAIUM
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Puc. 6.9. BuiGop ontn-
ManbHOR dopMnl mbeao-

noTepsx AaBJjeHHs Ha ro-
JIOBHBIX ydacTKax;, 3—

mMeTpa nbe3oMeTp NpH GonbuIHX
1 — nbezomeTp npu [forepsAX Ha r[OJdOBHBIX
Ap/l=const, 2 — nbe- y4acTKax

30MeTP NpH MEHbilHX

U3 y3/ia — MUHYC. MateMaTHyecKu 3TOT
3aKOH BbIpaxKaeTcsl ypaBHEHHeM

ZQ:!+QI=O- (6.34)

Yucsno ypaBHenu#t Tuna (6.34) pnas
KOJIb1I€BOW CeTH PaBHO 4HCAy y3Jos Oe3
OJIHOTO, TAaK Kak NOocJefHUH y3eaq pu
3a/aHHOM KOJIMYecTBe rasa, nojaBaeMo-
ro B ceTb, AaeT ToxAecTBo. [lepsbiii
3aKOH naeT (m—1) ypaBHeHHi,

2) aare6pauueckasi CcyMMmMa Bcex
nepenajios AaBJjieHHA B 3aMKHVTOM KOH-
Type paBHa HYJIO NpPH YCJIOBHH, €CJTH B
9TOM KOHType HeT HarHeratesei. Cuu-
TaeM Tepenanbl JAaBJeHHs rasa Ha
VUacTKax,. B KOTOPbIX Tra3 [BUXKeTCs
MO YacoBOH CTpeJIKe, MOJOXKHUTEJbHbIMH,
a Ha yyacTKax ¢ HalpaBJeHHEM [BH-
’KeHHS ra3a NPOTHB UaCOBOH CTPEJKH —

- oTpHuaTe/bHbiMH. TakuM o6pa3oM, BTO-

po#i 3aKOH jaeT 4yHMCJO ypaBHEHHH

ZAp=0, (6.35)
no KoJblly

pPaBHOe uYMCJY 3JEeMEHTapHbIX KoJjel f.
CuenoBaTe/bHO, PpACCMOTPEHHbIE 3aKOHBI
pawT m-+n-—| ypaBHeHHH, T. €. KOJIH-
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Puc. 6 10. 3asucumMocCTb
MarepuaibHON XapaxTe-
pHCTHKH M cetn ot

pacnpeseneHys noOToKa
rasa no napajJeabHHM
razonposonam x

YecTBO, paBHOE uUMCJAY Y4acrkoB P
[cMm. dopmyay (6.28) ]

Topoackue razoBble ceTH PacCYUTHIBA-
10T Ha 3aJaHHbIE Nepenaj AaBJjeHHH. 31O
ycJoBHe faeT JONOJHUTe/NbHble ypaBHe-
Huss tina (6.31). Yucao Takux ypasHe-
HUA A8 KOJbLUEBOH CCTH PaBHO UUCAY
TOYEK BCTpPEUH MOTOKOB (KOHLEBBIX TO-
yek) k. Takum obGpa3som, oblyee 4ucaO
ypaBHeHu#i paBHo 2Pk, a uucsao Heus-
BeCTHbIX — 3P. Uwucao JaumHUX Heus-
BecTHbIX paBHo P—Fk. CaenoBatenbHo,
3ajaua pacuera Ko/ibleBOH ceTH ABNSIET-
¢ HeonpeneneHHofi. [as Toro uToObI
OHa UMeJia eIMHCTBEIIHOe pelleHHe, HyX-
HO 106aBUTb AOMOJHHTE/bHbIE YCJIOBHUSA
HJIH 3a1aThCH JUUIHHMH HEeH3BEeCTHBIMH.
Jo6asnenne P—Fk ypaBHeHHHl 3KOHO-
MHUUHOCTH JiJ151 OTIpeJesieHHs1 JHIIHUX He-
H3BECTHBIX »KeJaeMoro pesy/jbraTta He
jaer, TaK KaK 3KOHOMHUYECKH HAHBBLITOA-
HeHIIHA BapUaHT pacupelie/leHUs pacxo-
JOB [0 pe3yJbTaTaM MHOTOYHCJIEHHbIX
Hceae0BaHUA MPHBOLUT K BBIPOXKAEHHIO
KOJblEeBOH ceTH B Tynukosylo. Caenosa-
TeJbHO, 3KOHOMHYECKH OINTHMAaJbHOr0
pelLeHHusT AJis1 KOJIblleBO# ceTH B o61eM
cJyyae He CYLLecTBYeT.

IMoaTBepauM BbICKa3aHHble coobpa-
KeHus Ha cienyioleM npuMepe. Kak or-
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MeuaJochb Bbillle, OCHOBHbBIM OTJHYHUEM
KOJIbLIEBbIX CeTeH OT pa3BeTBJEHHbIX SB-
JasieTcst ABOHHOE, ABYCTOPOHHEE HJIH MHO-
rocTopoHHee nuraHue ysjos. CuienoBa-
TeNbHO, €CJIM MOXHO HalTH ONTUMAaJb-
Hoe paclipele/ieHHe TOTOKa M0 ABYM
napaJJesbHbIM JHHHFM, IPU KOTOPOM HX
CyMMapHasi maTtepualibHasi XapaKTepuc-
THKa OyneT uMeTb MUHMMaJbHOoe 3Ha-
yeHHe, TO B TMPUHLHUIE MOXKHO HalTH
onTHMaJbHOe pacnpeieseHne NOTOKOB M
OJ151 KOJIbLLEBOH CETH.

MarepuanbHo#t XapaKkTepUCTHKOM ce-
TH HasbiBalOT BEJUYHHY, TPOTNOPUUO-
HaJbHYIO pacxoldy MeTajlla Ha CceTb:

p
M=) d,l, (6.36)
1

rne d. n I — gHaMeTpbl W JJIHHBI
cetH, a P — ofutee uncja0 y4acTKOB

Pacxoa MeTraJijia Ha ceTb pacCuu-
TBIBAIOT Mo dopmy.e

y4acTKOB

P
m:Z ﬂdz 61 ll Pw »
1

rae 8, — ToqlIHHA CTEHKH TPYOBl, pu — MIOT-
HOCTh MeTaJjia

I1puHAB Mt pacnpesenuTe/bHbIX ra-
30MPOBOAOB TOJIUHHY CTEHOK TPYG &cp,
NOJAY4YHM  CJAERAYIOUYI0  33BHCHMOCTb:

p

m=aznd, pMZ d l,=nby; pu M,
1

T. e. MaTepuaJbHasi XapaKTepUCTHKa
M nponopuuoHajJbHa Macce H3pacxo-
LOBaHHOTrO MeTaJjsia Ha ceTb m. Ha puc.
6.10 moka3aHbl ABe paBHble MO JJHHE
napaJsJjejbHble JHHUH, KOTOPbE NMUTAIOT
y3ea II. IlocraBuM 3anauvy: noTok rasa
MeXAY 3THMH TapaJjJe/bHbIMH JHHHS-
M xQ u (1—xQ) pacnpesesaurb Tak,
yToObt cymMma dili+dslp umena MHHH-
MaJjbHOe 3HadeHue. [/ mMpOCTOTH MpH-
MeM [1=Ilp=[. JluameTpbl yuyacTKOB
onpejeaum no opmyne (6.30)

! 1/
d,=k]/ﬂ< ;Jt) Qa/ﬂ=AQ7/ﬁ
HJIH
di=AQ x** ;

dy=AQ™* (1 —xy/* .



Marepuanbaylo xapakTepucTuky M
MOXXHO ONpelleJIuTh H3  CJAEAYIOULETO
YpaBHEHHSI:

2

M=> d L =AQ*"" Ix*"* 4+
1

+AQ¥P I (1 —xfP =

=B[x*"" 4+ —x*]. (6.37)

[Toka3aTenn cTeneHH o U f 3aBUCST
OT peXHMa ABHXKEeHHUS MXUAKOCTH: NpPH
KBaJApaTHYHOM pexume a=2, B=5,25,
a/Bp=0,381; nad pexuma rujipabjHuec-
KO# raagkoctu a=1,75, p=4,75, o/p=
=0,367;, nnAs JNaMHHApHOro pexxKuMa
oa=1, p=4, a/p=0,25.

IMpoauddepenuupyeM ypaBHeHHE
(6.37) W orbllleM 3KCTpeMaJbHOE 3Ha-
ueHHe

M A a/p—1
TE_B[’FX +

+50—=0"" (=] =0
x=0,5

IMpu x=0,5 mMaTepuasbHas xapakre-
pHCcTHKa OyAerT COOTBETCTBeHHO: a/f=
=0,381; M=1,44B; a/p=0,367;
M=1,5B; o/f=0,25; M=1,68B. 3a-
BucUMOcTb M=f(x)nokazana Ha pHuc.
6.10. Bropas npou3BofiHast UMeeT OTpHU-
1aTe/bHbIl 3HAK, CJI€JOBATEbHO, B TOY-
ke x=0,5 MarepuaJsbHass xapakrepuc-
THKAa M uWMeeT MakcuMaJjbHOe 3Hauye-
Hue. MuHMMaJbHble 3Ha4YeHHs] MaTepH-
aJbHasi XapaKTepUCTHKA OYIeT HMeTb
npH x=0 u x=1, Mymw=258.

M3 npuBeseHHoro pacdera ciaenyert,
YTO ONTHMAJbHOMY pacnpejeseHdio MoTo-
KOB OTBeyaeT TOT CJayyal, Koraa Bechb I0O-
TOK MJET TOJBKO 110 OHOMY TPYOONpPOBOAY.
Ecau gnuHp napaJdJesbHblX JHHHH He-
OJHHAKOBblE, TO MUHUMYM COOTBETCTBYET
BapHaHTy, Korjia noToK rasa HanpaeJjs-
eTcd No Kparuadiuemy nyTu. B pesyiib-
TaTe NpPOBeAEHHBIX pac4yeTroB ycTa-
HOBJIEHO, YTO NP 3KOHOMHUECKOH ONTH-
MH3allMd  pacnpejeseHdsl TOTOKOB B
KOJIBIIeBOW ceTH pacXoabl ra3a Ha 3a-
MBIKAIOIHX YUacCTKaX CTAHOBATCH HyJe-
BBIMH, H CEeTb BBIPOXKAAETCH B «J€pPeBOos.
M3 npuBeseHHoro aHa/jH3a ciaeayer:

BCcAKoe fpolJsieHHe TMOTOKa MOBbILIAeT
CTOMMOCTb CeTH.

s peweHuss Bonpoca o pacnpeje-
JEeHHH MOTOKOB rasa Mo yuyacTKaM ce-
TH, T. €. JAJs1 OINpeiesjeHHs pacuer-
HbIX PAacx0[0B, HCHOJb3YIOT MTPUHUHUT
HanexHoctu cerd. Mcxomss u3 3roro
NPpUHUHKNA, pachpefessiioT TPaH3UTHblE
pacxoibl, TMOCJAe Yero BLIUHCJASIOT BCe
pacueTHble PACXObl; UACAO HEH3BECTHBIX
CTAHOBHUTCH NPHU 3TOM pPaBHbIM YABOEH-
HOMY uHcay yuacTkoB. [locse pacnpene-
JIeHUs] TIOTOKOB ra3a 4Hc/l0 ypaBHeHW#
cokpauaerca Ha (m—1), TaK Kak yc-
AoBus GanaHca rasa B y3Jax yRoBJe-
TBOPAIOT NPH ONpeleseHud pPacueTHbIX
pacxonoB. Temepb YHC/IO HEH3BECTHBIX
COCTaBUT

f=2P—(P4n+k)=P—(n+x),
HO P=n+m—1,
cJeioBaTebHO,

f=m—(1+k).

M3 nocsnenHero Bblpa)keHHs BhITEKa-
€T, UTO H JAJNA KOJbLEBOH CeTH 4HUCJ/0
JUIIHUX HEH3BeCTHHIX paBHO 4YHCAY
y3JIOB C He3aJaHHbIMH [aBJEHHSIMH.
Ilpy TeXHUKO-3KOHOMHYECKOM pacueTe
KOJIbILEBOH CeTH HYXHO [06aBUTh -
ypaBHEHHH 3KOHOMHYHOCTH, TOCJE 4Yero
3ajaya CTaHeT onpejeseHHOH, a ee pe-
lieHHe JAacT eJHHCTBEHHO BO3MOXKHble
JHaMeTpbl [/ BCEeX Y4YacTKOB CeTH,
HO 3KOHOMHYeCKHH pacyeT AJs KOJbIle-
BbIX CeTell He NMPUMEHSIOT, TaK KakK aua-
MeTPbl y4acTKOB BbIOMpAlOT U3 coobpa-
JKeHUHA HaJeXHOCTH.

(6.38)

6.3. Pacuernan cxema
OTAauM rasa M3 ceTu.
NMpepsapurensHoe
pacnpeaeneHue NOTOKOB

PacyeTHas cxema OTJa4YM rasa M3 ce-
Td. [IpH npoekTUpOBaHUU pacnpesesn-
TeJbHOH CETH HHU3KOTO [aBjleHus] AaH-
Hble O MOoTpebHTeAX, KOTOpble OYAYT K
Hell mMpHCcoedHHEeHbl, OTCyTCTBYIOT. U3-
BECTHbBI TOJIbKO CYMMapHas Harpy3ka oT-
JeJbHbIX KBapTaJoB U paiioHOB, a TaKXKe
HanpaBJeHUs HCToJb30BaHusA rasa. [1oa-
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Puc. 6.11. PacyerHas
cXema raszooTiaau

TOMY [pH pacueTe Ta3oNpoOBOAOB Heob-
XOJAMMO HCXOJHTb H3 ONpefeseHHON cXxe-
Mbl OTJayd rasa M3 ceTd, KoTopas B
HauGoJblied CTeneHH oTpaxaJa Ol
dbakTHueckylo Harpysky, MNpHcoeguHse-
Mylo K rasomnposoaaM. [uasi 3rtoro
HCIOJIB3YIOT CJAeAYIOILYI0O MeTOLHKY.
Belo rasocHabkaemylo cesuTeOHYIO
TEPPUTOPUIO IEJNAT HAa HECKOJbKO paHo-

HOB, CuMTasli Ta30BYI Harpysky s
Ka)k4oro pafioHa paBHOMEPHO pac-
npejesieHHOH, HO OT/aAHuYaIlelica 15

OT/eJibHbIX PafiOHOB 3HAYEHHSIMH yAeJb-
HbIX YaCOBBIX PACX0J0B, OTHECEHHBIX K
eauHune miowaal. B kauecrBe Kpure-
pHsi AJIs1 pa3fesieHus no paioHaM JOJIK-
Ha OblTb MNPUHSITA CTENeHb HCIO0JAb30-
BaHUs rasza B XKHJAbIX AOMax, B uacT-
HOCTH HCTOJb30BaHHe rasa JJsl MPHro-
TOBJIEHHS] ropsiyelt BOALI U [J/151 MECTHBIX
cdcTeM oTomuieHus. B pafionax HoBO#
MHOT03Ta)KHOoil 3aCTPOHKH MeCTHble CH-
CTeMbl OTOIUIEHHSI HE TIPOeKTHPYIOT, Mo-
3TOMY CeTh HHM3KOrO JAaBJIEHHS] OTOIH-
TeJIbHOU HarpyskH Hectu He Oyaer. Ilpu
HaJHYHd UEHTPAaJH30BAHHOTO TOpsiyero
BOJOCHaGxKeHHsI COOTBETCTBEHHO Oyner
yMeHblileHa ¥ MNojaya rasa B 3/aHHS.

[Tocne pasnenenus ceaute6HOl Tep-
puTOpHM 0O palloHaM OCYLLeCTBJSAIOT
TPAacCUPOBKY pachnpeie/iuTesNIbHONR CeTH,
B pe3yJ/ibTare 4ero BbISIBJSIIOT KOHTYpPbI
rasonpoBOAOB, K KOTODbIM OYAYT MpH-
coenunenbl notpeburtenn. K rasonposo-
AaM MpHCoeaHHAIOT BoJ/bllIoe YHCAO pa3-
JUUHBIX rorpebuTtesiedl.  3TO0  MOryT
6bITh OTe/bHbIE CTOSKH XKHJbIX 3[1aHUH,
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OT/ie/IbHblE XKUJIble 3JaHUA U OT/JeJbHble
MeJIKHe OTOIUTEJbHble KOTeJbHble, KOM-
MYHaJibHble, 0011leCTBEHHbIE U TPOYHE MO-
Tpeburesu. Kpome Toro, Kk HUM npHcoe-
JUHSIOT OTBETBJIEHHSI, KOTOpble MOAAIoT
ra3z rpynmam 3xaHufl. OranuHTesbHast
0co6eHHOCTb 3TUX TnoTpeburesneit co-
CTOHT B TOM, UTO 3apaHee He H3BECTHHI
MecTa HMX TMPHUCOeJHHEHHA K Tra3onpo-
Boay. Iloaromy mnpeanosnaraloT paBHO-
MepHOe NpHcoellHeHHe MoTpebuTeselt
no [UIMHE YYyacCTKOB Ta30BOH cCeTH,
TeM caMblM TpejnoJsaras, 4To ras pas-
HOMEPHO PacXOAyeTcsl MO MyTH ABHXKe-
Husi. Takyio Harpy3ky Ha3blBaloT nyTe-
Bo#. [TyTreBo#t pacxon A/AA Ka»KAOro yua-
CTKa MPHHHUMAIOT MPONOPILHOHAIbHBIM
ero gaauHe. TosbKo aisl norpe6utens co
3HAUUTeJIbHbIM pPacxoiOM Tra3a MOXeT
6bITb U3BECTHO MECTO MpPHCOeAMHeHHS K
ra3onpoBoiy, B TAKOM cJyuyae ero yuu-
THIBAIOT KaK COCPENOTOUEHHYIO HArpy3-
Ky. Huxe npencrabiena MeToHKa omnpe-
JleJieHusl MyTeBbiX PacXO/LOB:

a) BCco raszuuuUpyeMyld TeppHUTO-
pHIO pa36UBAOT Ha MJIOLAAM C OJHHA-
KOBbIM yJeJibHbIM MoTpe6JieHHeM rasa,
KOTOpble MOJy4aloT r'a3 OT OrpejeJieH-
HbIX KOHTYPOB HJIH YY4aCTKOB CeTH;

6) BBIUMCJAAIT KOJHUYECTBA Trasa,
KOTOpble M[oTpebJsAiT Ha 3THX ILIO-
mansx;

B) pacCcuMTHIBAIOT YJAeJbHble MyTe-
Bble pacxoibl MyTeM [eJeHud MnoTpel-
JSIEMOro rasa Ha 3TUX MJoIafdaX Ha
nepHMeTpP ceTH, OT KOTOpoH nonaercs
ras;

r) oOnpefessiioT MyTeBOH pacxoi
yuacTKa, yMHOKasl yAeJbHbli pacxon Ha
ero anuuy. Ilpu nByxcropoHHe#i pas-
Jaue rasa yjaeldbHbIl pacxod yuyacTka
paBeH cyMMe Y/eJbHbIX INYyTeBblX pac-
X040B rasa mo o0e CTOPOHbl yuacTka.
[IyreBble pacxoabnt [AJsi  OTAeJbHbIX
YYaCTKOB CXeMbl, NOKa3aHHOH Ha pHc.
6.11, BBIYUMCASIOT MO CJAEAYIOLHM COOT-
HOIUEHUAM:
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rie g, — yaeasHoe norpebienue rasa, %/ (u-ra),
Ha miollagu ®, Ta, [— AJMHA Y4acTKa, M.

M3 u3noxeHHOro cJjeiyer, 4To Kpo-
Me COCPeIOTOYEeHHblX pacxoJoB, MpH-
CcOelMHAAEMbIX B y3J/1aX CETH, K yuacTKaMm
NPHCOEHHSIIOT NyTeBble PACXOAbl, BCAE]-
CTBHE 4ero BO3HHKaeT HeoOXOAUMOCTb B
crneyHaJbHOH MeTOAHUKe oOlpefeseHUs
pacueTHbIX PACXOJ0B AJSl yUacTKOB CeTH.
Ha puc. 6.12 nokaszaHs pasiduHble
cXeMbl NpHCOoefUHEHHS norpeburtened K
yyacTKy rasomnposoja ajauHo#i [. Cxema
a siBJjsieTcsl OOblUHON CXeMO# nmpucoeau-
HEHUS HAarpy3KH B y3Jjax. Y3JjoBasi Ha-
rpy3ka B KOHLle Yy4yacTKa BKJAKOUaeT H
Harpy3ky norpeburesell, npucoeauHeH-
HbIX K 3TOMY Yy3Jy, H pacxoi rasa,
noaaBaemMoro B coceqHu# yuactok. [ns
yuacTka (cxema a) 3Ta Harpyska
SIBJSIETC TPAaH3HTHBIM pacxoioM Q.
PacuerHblii pacxon rasa 6yser paBeH
TPaH3UTHOMY Pacxoay:

Qp= Q'r-

Ha cxeme 6 mokasaH yuyacTok raso-
NPOBOZA, K KOTOPOMY MPHCOENAHHEHO

60JbllIoe YUCJAO MeJKHX norpebuTtese,
T. e. nyreBas Harpy3ka Q.. TpaHusur-
HOr0 pPacxoja yuacToK He HeceT (Q,=
=0). PacuerHbiil pacxon Ajas 3TOro yua-
CTKa OMNpejessioT KakK KBUBaJeHTHbLIH,
JaoHi OJHHAKOBbBIE THApPAaBJIHYECKHE
norepu ¢ ¢akrudeckuMu. Ero yno6Ho
MPUHUMATb Kak JAOJI0 & OT NYTeBOro
pacxojia, T. e.

Qp=aan

rae a— Ko3h(UUHeHT, 3aBHCAILHA OT COOTHO-
IHEeHUA MeXAYy INYyTeBbIM H TPAaH3WTHHIM pacxo-
JaMH H 4HCAa MEJKHX IHoTpeGuTesnedl, cocras-
JALHX yTeByl0 Harpysky.

Ha cxeme 8 nokasana o6uiast cxema
OTAaud rasa M3 CeTH, KOrjaa Y4acTok
HeceT M NyTeBOR, U TPAH3UTHBLIH PacXo/.
Ilsasa Hero

Qr=0Q:+aQn.
PaccMoTpHM BO3MOKHBIE UHCJIEHHblE
3HayeHUs a8 Ko3pduuueHta o. 3a

a)
Q Qr
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Puc. 6.12. PacyeTHuie
cXeMbl OTAR4YH rasza u3
ceTH

a— TOJNbKO TPaH3HTHBIH

pacxof, 6— TOJbKO ny-
TeBO# pacxon; 8 — myre-
BOH H TPaH3UTHHIH pac-
X0l
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Puc. 6.13. I'padux pac-
NpefeNeHHs HArpy3KH o
rasonpoBosy

pacyeTHYIO cXeMy IpUMeM CXeMy Harpys-
KH yuacTKa rasonpoBoja, NMOKa3aHHYIO
Ha puc. 6.13. YuacTrok HMeeT auamerp
d v aauny L. Ha omunakoBom paccros-
HUM | ApYr OT Apyra TpHCOeXHHEHb
OTBeTBJEeHUs (MepBoe ynpoieude). Bee
OTBETBJIEHHS HECYT OJMHAKOBYIO Harpys-
Ky g (BTOpoe ynpoiueHue). Ilpunsatbie
yNpPOILEHUA BbITEKAIOT M3 TJAaBHOIO
JONylLleHUs] O paBHOMEpHOH pasjpaue
rasa Mo KOHTypaMm.
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Paccuuraem (pakTHUeCKHEe TOTEpH
JAaBJieHHs] Ha BCeM rasonpoBoje, NPUHH-
Masi KBaJpaTHUYHbIA 3aKOH rujpasJHuec-
KOro COIMPOTHBJIEHHS

Ap=aQ?l.

Pacxon rasa aasa #aio60oro yvacrka,
Hanpumep AJA Y, oNpeie]UM M3 Bblpa-
JKeHUsI

Q=Q—(y—1)g,
rae Q — o6uuit pacxop rasa.
[Torepu naB/eHHs Ha yuacTKe y paB-

HBbI:
Apy=a[Q—(y—1)q]*
HJAH
Ap, =aQ’ z[ I—(y—1) :—] ,
rie

g=Quy:/n; Xx=Quy:/Q.

Besnuyuna x onpene/sieT AOJMIO MyTe-
Boro pacxona Quy: OT 00lero u Moxer
u3menaTbes B npejenax 0<{x<Cl. Boab-
lIHe 3HAYEHHS X XapaKTepHbl MJA MepHu-
(hepHIHbIX YUACTKOB CETH, 3 MEHbIIHE —
AJIS1 TOJOBHbBIX.

CymMapHble motepH Ap Ha BceM
ra3onpoBoje PaBHbL:

n41 n+41

Ap=2 Ap,=aQ’12] [1—(y—l) Hz‘

Packpoem kBaapaThl fad CKOGOK H
NPOCYMMHUPYeM TIOJyueHHble BbipaXKeHHs
AJsl yuaCTKOB B mnpenenax oT 1 1o

n+1.

| — 2(1—1)%+(1—1)2(i>2;

I—2(@2—1)-—+ (2—1)2(%) "

2
1= 2t 1= ) (a1 1)2( %)

n+l—2%-(l+2+.+n)+
+(~f7) (124224 41)
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OkoHuaTe/ibHOE BhipajkeHHue A MoTepb
JaBJeHUs] B ra3oNpoBOJe NPHUMET BHJA
2 2n+1 o

Ap=aQ L( 1—x+—7;n——x> .

3a pacueTHbI pacxoA rasa npumem
Tako#i KBHBAJEHTHBIH Pacxoi, MpU Npo-
nycKe KOTOPOTo uepe3 yyacToK ra3onpo-
Bofa MoTepH j[aBjeHHsl OyAyT paBHbi
norepsiM MNpH AeHCTBUTEJNbHOM, Iepe-
MeHHOM pacxoje. B kauecTBe pacueTHOH
¢opmMysbl MpPUMEM MNpPHUBeJeHHOE BhIMIe
BbIpaxkeHue

Qr= Q4+ aQuyr,

TOr/id MOTEPH AABJEHHS Ha ras3onpoBoje
Ap=a (Q.+aQ. L=
=aQ’L (1 —x4ax)’.
[IpupaBHsieM BbIpa’KeHHs H onpeje-

JHUM o
xz) —(1—x)

(6.39)
[Moacunraem 3HavyeHWe o MpH Pas/aHy-
HbiX coueTaHudax X U n. [1pu x=0 nyre-
BO# pacxon oTcyTcTByeT. B 3ToM ciyuae
Ko3(duuueHT o He HMeeT (DH3HUECKOro
cmblcaa. Ero mpenenbHoe 3HaueHue or-
pelefsiloT no npasuay Jlomurasas, oHO
paBHo 0,5. IIpu x=1 (rpaH3uTHHI} pac-
XOJ OTCYTCTBYeT) U n==o< (paBHOMep-
HO paclpejesieHHbII NyTeBOH pacxon)
a=1/~/3 =0,577. 3uauenne Ko3pdu-
IHeHTa A [JI5 HEKOTOPbIX COYeTaHHH X U
n npuBeneHbl B taba. 6.2. [las pacnpe-
JeJUTeNbHbIX T'3a30NPOBOJAOB YUCAO OT-
BeTBJIeHHH OObIYHO OblBaeT He MeHee
5—10. Koa¢duuueHr a B TakoM cay-
yae u3aMessiercsa B npegeaax 0,5—0,6.




Ta6baunua 6.2. 3navennsn Koapduuuenta o

Yucio oTBeTBACHHH N

X
1 5 10 100 o
I 1 1 |
0 0,500 {0,500 0,500 0,500 0,500
0,5 | 0,582 0,538 0,534 0,528 0,528
1 0,707 (0,606 | 0,592 0,577 0,577

B cpenHeM MoxHo mnpuHATH a=0,55.
3HaueHHs o, npHBeaeHHbIe B Tabu. 6.2,
6Bl TIOy4eHbl A8  KBaAPaTHYHOrO
3aKOHA COMPOTHBJEHHA Ta30MpPOBOAOB.

Ecan 3akoH comnporuBaeHusi Oymer
HMeTb IIOKaszaresab cTemeHd 1,75, To
KO3(h}HUHEHT « H3MEHHTCA He3HauH-
tebHO. KoaddHllHeHT o AN HEKOTOPBIX
3HaueHHH# x H n TpHBeleH B Taba. 6.3.
Takum ob6pasom, cpenHee 3HaUeHHe /A
THIPABIHUECKH TJ1aAKHX TPy6 MOXKHO
npuHATb Takxke paBHuM 0,55. Ha oc-
HOBAHMH H3JI0OXKEHHOT'O MOXHO HallH-
caTh caenyiomyio ¢GopMyay pacyeTHOro
pacxoja rasa AJAsl paclipeiesHTe bHbIX
ra3onpoBoOLOB:

Qp= QT+0v55Qn

M3 nonyuennoit 3aBHCHMOCTH Ciie-
LyeT, YTO Ha ra3onpoBoje, HecylleM B
KOHIlE  COCPeLOTOYEHHYIO  HArpysky
(Qp=Q-+0,55Q,), mepenan naB/eHHH
paBeH Mmepenajay IpH ¢akTHUeCcKOoH Ha-
rpyske. OTcioga MyTeBY HAapy3Ky MOX-
HO 3aMeHHTb 3KBHBaJIEHTHOH, cocTosA el
M3 JBYX COCPEeIOTOUeHHBIX PACXOMOB:
B Hauyase yvactka 0,45Q, U B KoHIle
0,55Q,. Tlpn pacuere rasoBblX ceTeW
4yacTo IMyTeBble PACXOAbl 3aMeHAIOT y3-
JIOBBIMH. Y3JI0Bble pacXoibl PaBHBI CyM-
me 0,55Q, Bcex y4acTKOB, II0 KOTOPHIM
ra3 MOAXOAHT K Yy3Jy, ILIIOC CcyMMa
0,45Q., BCex yd4acTKOB, MO KOTOpPBIM
ra3 OTXOJHT OT Yy3.Ja, IJIOC CoCpeio-
TOUEHHBIA pacxol B [AaHHOM YyaJae.
B uensax ynpouieHHs pacdeTa 4acTo
Ko3dpuuHeHT o MPUHUMAWT paBHbM (0,5
H Y3J0BOA pacxol ONpeAeJsiioT Kak
MOJYCYyMMY IIyTeBBIX pPacXoioB BCeX
Yy4acCTKOB, CXOISIIIHXCA B Yy3aJje, IJIIOC
COCpeJIOTOYEHHBIH pacxol B [JaHHOM
y3Je.

(6.40)

Ta6auuma 63. 3naueHHs Ko pHUHEHTA O
npu nokasartene crTeneHu B dopmyae

rHAPABAHYECKOr0 CONPOTHBAEHHSA, paBHom 1,75
Yucao orseTBaeHUl n
X
I 5 oo
0 0,500 0,50 0,500
1 0,674 0,59 0,562

[azoBble ceTH B OTJMYHE OT BOMAO-
MPOBOAHBIX XapaKTepH3yioTcsi GoJbLIHM
YHCJIOM TOYeK NMHTAHHA H MaJibiM 4HCJA0M
MOC/IeA0BATENbHO COeAHHEeHHBIX YydacT-
KOB OT TOUKH IHTAaHMS [0 KOHIEBbIX
ToueK. [lo3TOMY A1 HUX XapakTepHo
oTHoweHHe Q,/Q=0,3—1, B TO Bpe-
Ms Kak aad cerefdl ¢ GOJbLIHM 4YHCJAOM
MOC/JAeA0OBATENbHbIX YYaCTKOB 3HAUEHUA
Qn/Q OynyT 3HAuuTeNBHO MeHbLIHE.
IIpu wmanbix 3HaweHusix Q,/Q (uro
XapakTepHO A/ BOAOINPOBOLHBIX ce-
Tell) omnpeneneHHe pacyeTHHIX PaACX010B
no ¢opmyie Qp=Q:+0,5Q, npusener
K He6oabuwo# ownbke. Ho npu 3uaue-
HHAX Qn/Q, XapaKTepHBIX /S ra3’oBbIX
ceTefl, Takoe yIpolleHHe IpHBeAer K
CYLIeCTBEHHOMY 3aHMXKEHHIO PaCueTHBIX
pacxonoB. JTO He ONpaBAblBaeTCs He-
KOTODBIM YINpOLeHHeM pacyera. [To3sTo-
MY AJA Ta3oBbiX ceTell pacueTHble pac-
XOAbl CJaelyeT ONpenedsTb Mo dopmyne
6.40.

lpenBapuTesbHoe pacnpepeneHue
NOTOKOB rasa B ceTH. Kak ormeuasoch
Bblllle, KOJIbLEBble CeTH IMPOEKTUPYIOT
JUISl TOBBILIEHHS HANEXHOCTH ra3ocHat-
XKeHHA. Y KOJIbLEBLIX ceTell BHIKJIOUE-
HHME ydyacTKa He NPHBOLHT K IepephiBY
B rasocHab:xkeHuH, HOO ras K morpebu-
TendaMm OyAeT MOCTyNaTb MO [pPyromy,
pesepBHOMy mnyTH. OGBIYHO pe3epBHbLi
MyTh OKa3biBaeTCs [JHHHEE PaCueTHOro
NyTH, U AN [NPeofOJeHHST THApaBJ/IH-
YeCKHX CONpPOTHBJEHUH Ha HeM Heob-
XOAHMO pacro/iaraTb ROMNOJHHTENbHbIM
AaBsnaeHHeM rasa. TakuM o6pasom, cTPyK-
TypHOe pe3epBUpPOBaHHE CETH IyTeM BBe-
JIeHHS1 lepeMblueK U IIpeBpalieHus gepe-
Ba B KOJIbLIEBYIO CeThb caMoO Mo cebe He
MOXeT OO6ecneyuTb HaAeXHOro raso-
CHabXKeHHA.

CTpyKTYpHBI pe3epB HOJKEH CO-
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OpPOBOXKAATbCA  pe3epBOM  MOLLHOCTH
(nponyckHoi cnoco6HOCTH), KOTOPBIH
Bblpa)kaeTcs B 3amacax B jJHaMeTpax
ceTH (WM B naBJjeHHH). B GonbluHHCT-
Be CJy4aeB JHAMeTpbl CeTH MOAOHPAIOT
N0 pacueTHbIM Harpyskam C ocCTaBJe-
HHEM HEKOTOPOTO pe3epBa [AaBJIEHHS H
IIPOBEPSIIOT HX AOCTaTOYHOCTb B aBa-
pUHHBIX THApPaBAHYeCKUX pexkumax. [lpu
TaKOH MOCTAaHOBKe pacdera O6oJblioe
3HayeHHe MpHoGpeTaeT BONPOC MPAaBHJb-
HOrO HauyaJbHOTO pacrnpejeneHdst Mo-
TOKOB. B npollecce OKOHYATeIbHOTO FHA-
paB/JHUYECKOro pacuera HauaJjbHOe pac-
npeneneHHe 6yaeT CKOpPeKTHPOBAHO, HO
BEJUUUHBl H HaTNpaBJeHUs TJIaBHLIX IO-
TOKOB B OCHOBHOM OYIyT COXpaHEeHHI.
OcraHoBUMCA Ha NPHHUUIAX peUIeHHS
3TOH 3ajauH.

IlepBoHauaabHO PacCMOTPHM TMpen-
BapuTeNbHOE pacrpejesieHHe MOTOKOB B
ceTAX BBHICOKOro (CpeiHero) IaBJIeHHs.
ITH ceTH NpeACTaBAAIT co00il BepXHHUH
HepapxH4YecKHi ypoOBe€Hb rOPOACKOH cH-
CTeMbl ra3ocHabKeHHsl, H NOTOMY OT HX
Ha/JeXXHOCTH 3aBHCHT HAJe€XKHOCTb BCel
cuctembl. CeTb BBLICOKOrO (CpeiHero)
JaBJIEHUs pe3epBUPYIOT IMyTeM KoJlblle-
BaHH W AyO/JHpPOBaHUS OTAENbHBIX
y4yacTkoB. CTeneHb pe3epBUPOBAHUA AOJ-
»KHA COOTBETCTBOBATbL TpebyeMOMY YPOB-
HI0 HagexkHocTH. CeTH BepxHero uepap-
XHYeCKOTO YPOBHS XapaKTepPH3YIOTCS Or-
paHHUeHHbIM YHC/I0M HCTOYHHKOB MHTa-
HHs, cooTBercTBylomux uucay [PC;
3HAYUTEJIbHON MPOTSXKEHHOCTbIO, OIpe-
jJejseMOil pa3mMepaMH Tropoja H Cpas-
HHTEJbHO KPYMHBIMH Y3JOBLIMH Harpys-
KaMH, [pPHCOeAHHsIeMbIMH K ceTH (3a-
METHM, 4TO TIyTeBYI0O HATPY3Ky CeTH
BbICOKOrO paBseHusi He HecyT). Orme-
yeHHble O0COGEHHOCTH B OCHOBHOM H
onpeaessiioT HauyaJibHOe pacnpejeseHHe
IIOTOKOB H TIPHHLUMILI KOJbII€BAHHA ce-
Tell.

CHayaja pasfensiioT CeTb BbICOKOTO
JaBJeHus Ha 30Hbl, COOTBETCTBYIOLLHE
ucrounukaM nutanus (FPC). Ot kax-
JIOTO MCTOUHMUKA IHTAHHS BLIGHPAIOT
HanpapJieHHsl TJ1aBHbIX IIOTOKOB rasa.
IMpu BbGOpe HampaBJeHHH YUHTHIBAIOT
JBa 0OCTOATeNbCTBA: IOTOKH LOJXKHbI
ObiTb HampaB/eHbl B LEHTPbl HarpyskH
M MX HalpaBJeHHsI [OJXKHbI CIOCO6-
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CTBOBaTb 06PAa30BAHHIO 3aMKHYTBIX KOH-
TYPOB, YYaCTKH KOTODhIX HeCcyT MpH-
MepHO OJHHaKoBble Harpysku. [lapaJ-
JieIbHbi€ Ta30MPOBO/bl, 10 KOTOPLIM JABH-
JKYTCSl rJiaBHble TOTOKH rasa, cJeayer
pe3epBupOBaTH MepeMbluKaMu. B pesy.b-
tTaTe o6pa3yercs KoJbleBasi Ce€Tb, KOTO-
pas A0/1KHA COLEPXKATb OCHOBHbLIE KOH-
TYpPH, 00beAHHSIOUHE UCTOUHHKH IHTa-
HHSl H OXBaThiBaIOIIHe BeCb Tropoja, H
BTOPOCTEIleHHble, KOTOpPble BO3HHUKAIOT
NpH COeJHHEHHH IepeMbluKaMH TJaB-
HbIX Marucrpaged. CeTd  BBICOKOro
(cpenHero naBjaeHHs) MaJbiXx M cpej-
HHX TOPOAOB COCTOSIT H3 OJAHOTO KOJb-
Ha wuaH HebGoOJIBUIOTO YHCAA  KOJel]
(2—3), ¥ TOBKO Y GOJBLIHX H KPYM-
HbIX TOPOJOB OHH MpPeACTaBJASIOT MHO-
FOKOJIbII€BbIE CHCTEMBL.

ITpu HasHaueHuH AHaMETPOB TPyGo-
NIPOBOAOB KOJblLIEBOH CETH HEOOXOAHMO
NPUAEPKHBATLCA CJEAYIOLEro MPHHIH-
na: Jio60li 3aMKHYTbHIH KOHTYpP, KOTOPBIH
paccMaTpHBaeTcCs Kak pe3epBUpPOBaHHAsI
KOJIbLie€Basi HaCTb CeTH, A0JKEH COCTOSTD
H3 Y4aCTKOB, HMEIOUIHX OJUHAKOBHIE
LHaMeTpbl WK NHAMETPhl, OTJHYalOLIHe-
¢ Apyr oOT Apyra He GoJjee ueM
Ha 15—20%.

Idnasa Ttoro urobbl ofecrneuyuTb IO-
jady rasa norpebHTesi0 B aBapHHHBIX
peKumMax, HeoO6XOZHMO HMeTb pe3eps
NaBJeHUA, T. €. B pPaCyeTHOM pexuMe
UCNOJIB30BaTh He Becb Iepenaj KBali-
paToB paBieHus (pi—pi), a TOJAbKO
ofpeneneHHyio oo OT Hero. Pasmep
pesepBa [aBJeHHS 3aBHCHT OT u4HCaa
nocJenoBaTeNbHBIX KOJiell, pacnogaraio-
LM XCH [0 HAaNpaBJeHHUIO [IaBHOTO NOTO-
Ka rasa. Yem Oogablie KoJel, TeM
MeHblle J0JKeH ObITb pe3epB JaBJeHuUs.
JocrarouHoCTh MPHHATOrO pe3epBa aaB-
JIeHHH TpoBepsieTcd pacueTaMu  Aas
HaHOoJiee HaINpsXXeHHBIX THapaBJHUecC-
KHX aBapUAHBIX PEXKHMOB.

Koabuesas CTPYKTYpa H XapaKrepHuc-
THKA CeTH HHU3KOrO [aBJjeHHsi MPHHIHU-
MHAJbHO OTJIHYAIOTCH OT CEeTH BHICO-
KOro faBJneHusi. Bo-mepBbiX, oHa mnpej-
craBjasieT co60# HH3LIHA HepapXHuecKHH
ypOBeHb, IO3TOMY TpeGOBAHUA K ee
pe3epBHPOBaAHHUIO CHUXKEHBl. Bo-Bropblx,
CeTb HU3KOrO /AaBJeHHs] HUMeeT GOoJblioe
YHCJAO0 TOYEK TMHTAHHS, COOTBETCTBYIO-



mee uucay [PII, u orHocuTenbHO
HeGOJbIIYIO MPOTAXKEHHOCTb OT TOueK
MUTAHUSA N0 KOHLEBBIX TOueK. B-TpeTbhX,
TOYKH [HTAaHUS pacnojaralTcs, Kak
NpaBHJIO, B LIEHTPAX CBOHX 30H H C€Tb
paBHOMEPHO NPOCTHPALTCH BO BCE CTOPO-
Hbl OT TOuUKH nMTaHusa. Kpome ot-
MeueHHbIX 0COGeHHOCTEeH B CTPYKTYype ce-
TH OHa HMeeT U PAA APYTUX OTJIUUH-
TeJbHBIX XapaKTepUCTHK: |) K Hel mpu-
coefuHsieTcsl 6oJbLIOE UHCJAO MeEJKHX
norpebureneil, KOTOpble paccMaTpH-
BAlOTCA KaK paBHOMepHas IyTeBas
Harpyska; 2) aHaMeTpbl ra3onpoBOAOB
OTHOCHTeJIbHO Heboubllke, TOJNbKO TaB-
Hble yuacTKH umeloT guamerpnl 1o 300—
400 mm; 3) Bce DEMOHTbl CeTH NPOHU3-
BoaAT 6e3 OCBOOOXKIEHHS €e OT rasa
M BO BpeMsa peMoHTa B Tpybax Ha-
XOQUTCA ra3 TMOJ CHHXKEHHBbIM JaBJje-
HHEM.

YuuTbiBast OTMeUeHHble 0COOeHHOCTH,
ceTb HHU3KOTO AaBJeHHS CaeayeT BBUIOJ-
HATb CMELIAHHOH ¢ KOJbLleBaHHEM TOJb-
KO OCHOBHBIX TPYOONpPOBOAOB, BKJIOUAIO-
LIIHX TOJIOBHbiE Y4aCTKH, BbIXOJSILIHE H3
IPIl. 3axosnbuoBaHHAass uacTb CeTH
NoJKHa 06 beIUHATD [0 HU3KOMY JaBJie-
nuwo [PII, a nuaMeTrpbl 3THX yuacCTKOB
TaK»e N0JIKHbI ObITb OHHAKOBLIMH HJIH
oTaMuatbest He Gosee ueM Ha 15—209%.
[Ipn pacyeTe ceTH pe3epB AaBJIEHHS He
OCTaBJISIIOT.

6.4. Tuppasnuyeckmi pacyer
TYNMKOBLIX pa3BeTBNEHHbIX
ra3osbix ceTe

I'napaBiuueckHe pacueTbl, KaK Ty-
MHKOBBbIX, TAK U KOJbUEBbBIX Ta30BbIX
ceTedl BecbMa TPYLOEMKHe H TpPeOyIOT
60JbLIOH BbLIUHCAUTENBHON paboThi, 1O-
3TOMY HX pacueT CJeAyeT NPOH3BOAUTH
C MOMOLLbIO CHeLHANbHBIX IPOrPaMM Ha
OBM. Cokpallende BpeMeHH cyera
M03BOJISIET NPOCMOTPETb OOJbliIee YUCIO0
BApPHAHTOB M BhHIOpaTb BapHaHT HaHbO-
Jiee SKOHOMHYHbBIH.

Paccmorpum aqeopurm pacdera Ty-
nUKoB0l pas3seTeAeHHoll ea3080l ceru,
ONMUpAasiCb Ha KOHKpPETHHIH Mpumep, UTO
00J1erYuT paccykKAeHHsl, HO He OrpaHu-

4T OOIHOCTh pewieHus. [lpoussenem
FHAPABJAHUCCKHH pacueT pa3BeTBJAEHHO-

ro rasonpoBoja HH3KOTO [1aBJEHHS
JKHAI0Oro  MuKpopailona (puc. 6.14).
Ha puc. (6.14) nokasan rasonposon

BbICOKOTO JlaBJeHHs], TIo KOTOPOMY ras
nocrynaer B I'PIl, rne naBienune rasa
CHHXKAeTCsl C BBICOKOTO JaBJEHHHA [0
HH3KOro, B 3uMHee Bpemsa ao 3000 Ila.
C 3THM jJaBAeHHeM ra3 BXOAMT B pac-
npeneHTeNbHble CeTH MHKpOpaioHa.
Pacuernniii nepenasn naBJjieHHd 1781 pac-
npefeNHTeNbHBIX ra3onpOBOLOB TPHUHSAT
pasHbiM: Ap=1000 ITa. HomunaabHoe
HaBJ/eHHe ra3a nepes GbITOBbIMH MPUGO-
pamu 2000 TIla. O6was nJjowanp
3aCTPOHKHM MHKpopailoHa cocraBjsieT
37,19 ra u BKJWYaeTr 6 KBapraJnos,
MJIOWAAH KOTOPbIX B Fa IOKa3aHbl Ha
pucyHke. IIIOTHOCTb HacesleHHS] COCTAB-
asier 300 uen/ra. O61mast yHCAEHHOCTb
HaceJeHHs1 MHKpOpalloHa CocTaB/sieT
11 160 yea.

Ha pucyHke mokasaHa rasoBasi cerb
HU3KOr0 [aBJEeHHs, CTPeJKaMH YKasa-
Hbl HallpaBJieHHS TMOTOKOB rasa, Bce
y3Jibl NepeHyMepoBaHbl. Y ae/JbHBI
pacxoa rasa Ha 1000 xurejell coctas-
asier 86 M3/u. O6wmuii pacxoa rasa
cocraBuT 959,8 m3/u. PaccmoTpum, Kak
ciaeayer ¢opMupoBaThb 3ajaHHe Ha pac-
4eT U COCTAaB/ATH aJTOPHUTMbBl pacuera
¢ TeM, 4ToObl OHH MOTJH Jedub B OCHOBY
nporpaMmbl pacdera Ha IBM. [lns ayu-
LIero MMOHHMAHH® aJropHTM [aJHM B
onmHcaTeJbHOH ¢opMe H NPOHJIIOCTPH-
pyeM pacueTaMH.

[L3anaHue Ha pacueT TyQH-
KOBOH pa3BeTBJEHHOH raso-
BOH# CeTH, cocTaB/eHHOe TPHMEHH-
TeNbHO K pacueTy Ha DBM:

1. O61ias npoTAXeHHOCTb pacipene-
aurtenbHoll ceth X/=2600 M (nudpo
IpHBEeNeHb AJS BO3MOXHOCTH HJJIOCT-
palH{ ajiropuTMa HYHCAEHHbIMH pacuye-
Tamu).

2. MaxkcumaJsibHO yacoBoe notpebie-
Hue rasa Qm3/u (959,8).

3. PacuerHblii mnepenaa naBJsieHus
Ap Tla (1000) (ps=3000 Ila).

4. Tonmosoruio cetH ynoOHee BCero
NMpefCTaBUTh B BHIE MATpHUb BepLIHH
NKU(J,I), B koTOpOH B nepBOii CTPOUKe
JaloTcA y3/bl BXOAA B y4acTOK (Hayab-
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Puc. 6.14. Cxema Tynn- g=Q3/21=959,8/2600=0,369 M/
KOBOH pa3BeTBJACHHO#
CEeTH
Hble), a BO BTOPOH CTpOUKe — Y3Jbl
Bbixoia (KoHeuHble). Yucao crosnbuos

(I) U ux HyMepauHs COOTBETCTBYIOT
YHCAY YUaCTKOB CETH.

Martpuua Bepwuu NKU(J, I)

/(4-m).

2. OrmnpenesnsieM MyTeBble PacXOAbl
ISl KaXKIOro ydacTKa CeTH, MepeMHo-
XKasi yAeJAbHbIH pacxox ¢ Ha OJHHY
yuactka no marpuue DLU(I). Ha oc-
HOBAHHH DaCYeToB COCTAB/IsIEM MaTpH-
ny PR(I) myreBbiX pacxoios.

Homepa orpanuunsaio Homepa yuactxos
WHX Y3/10B
1213145167189 10]iiji2 13 14 15 16 17 18
HauaabHblit 1({213[4|5]6;7|8][1|10(11]12} 1 2 4 7 6 8
Koneunbift 213|4|5|6|7([8]9][10]11]12]13] 14 15 16 17 18 19

5. JlsiMHa ydyacTKOB ceTH (B M) 3a-
naerca wmarpuueit aaun DLU  (I).
IMopsaaok HyMepauuH Yy4acTKOB 31eChb
NPHHAT B MOpsiiKe CJAeAOBaHHS ydacT-
koB B Marpuue N KU(J,I).

I[I. Omucanue aaropuTma
pacuera.

1. OnpenensieM ynejpHbIH 4yacoBoH
pacxoa rasa g M°/(4.-M), OTHECEHHbIi
K | M pacmpenenuTebHOH CETH:
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3. TlyreBoil pacxoa Ka)Kaoro ydact-
Ka pa3jeJssieM Ha ABa COCPELOTOUEHHBIX
pacxona. B Haua/JbHBIH y3ea yuyacTka
nomentaem 0,45 myteBoro pacxona,
a B KoHeuHbllt — 0,55. Pesyabrath pac-
yeta cBoauM B martpuuy SPR(J,I)

4. CocraBasieM MaTpHIY Y3J0BBIX
pacxonoB SQ(K). Has sroro Gepem
BCE MMOBTOPEHHS MEPBOro y3Ja U3 MaTpH-
ubt NKU(J,J). Onpepensiem pacxoast



Marpuua DLU (1)

18
95

17

16
180

15
285

14
205

13
200

12
170

190

10
80

80 110 140 105 100 120 180 80

190

Marpuua PR (/)

18
35

12 13 14 15 16 17
73,6 75,4 104,9 66,2 33,1

62,6

1t

69,9

10

69,9 294 405 51,5 386 368 442 662 294 294

Marpuua SPR (M, I)

18
15,8

17
15

12 13 14 15 16
33,1 33,9 47,2 29,8
18,1

28,2

10

»

13,3

19,9 29,8

17,4 16,6

18,2 23,2

13,3

31,5

19,2

34,4 40,5 41,5 57,7 36,4

384

16,1

b

16

22,3 283 21,2 20,2 243 364

16,1

1

2] 384

rasa COOTBETCTBEHHO MOBTOPEHUsIM Iep-
BOro y3Jsia H3 Marpuubl SPR(I) u ckna-
AblBaeM BCe 3TH pacxoabl. AHajornu-
Hble pacyeTbl NMPOBOAHM AJASl BCeX y3-
aoB. Hanpumep: ysea 1: 31,5+413,3+
+33,1=77,9, ysea 5: 28,34 17,4=
=45,7.

5. TIpeo6pasyem matpuny N KU(J,I)
B marpuny QN KU(J,I) no6aBuB Tperbio
CTPOUKY, B KOTOPYIO IIOMECTHM pacuer-
Hble pacXoAbl rasa COOTBETCTBYIOLIHUX
yuactkoB. Harpysky cern HauuHaem
paccMaTpuBaTh C KOHIEBHIX y3/10B KoH-
lLieBble Y3/ibl PaCloaaralorcsi TOJIbKO BO
BTOpOil crpouke wmarpuusl N KU(J,I)
M He BCTpedyaloTcss B IEPBOH CTPOUKe.
Harpyska KouueBoro ysna sBJasiercs
pacyeTHbIM PacXo[AOM YuacTKa, KOTOpblii
OKAHYHBAETCS] 3TUM KOHLEBBIM Y3JIOM.
PacueTHyio Harpysky 3TOro yuacTka
3amucbiBaéM B TPETbIO CTPOYKY Mar-
puupt QN KU(J,I). Harpysky paccmar-
pHBAEMOro KOHIEBOTO y3/a pHGaBasiem
K Harpyske HayajbHOTFO Yy3Ja 3TOro
y4acTKa H MOJy4eHHOe HOBOe 3HaueHue
HArpy3KH HauyajibHOTO y3Jia 3alUChIBAEM
B COOTBETCTBYIOILYIO S4eHKY MaTpHibl
SQ(K) BMecTo cTaporo 3Ha4eHus, a
HArpy3Ky KoHLeBoro y3Jua crupaem, Ctu-
paeM Takxe HoMepa Haya/JbHOrO H KO-
HEYHOTO Y3JI0B yuyacTKa, [Jfl KOTOPOro
olnpejeJieH pacueTHbIl pacXoX B MaTpH-
ue QNKU(J,I). Ha sToM 3akaHuHBaeTCH
paccMOTpeHHe NepBOro KOHIEBOro y3Ja
U MepexoiHM K PacCMOTPEHHIO Cjedylo-
uero KoHueBoro y3aa [lpouenypa pac-
CMOTPEHHS! CJeAYIOLEro KOHIIEBOTO y3aa
anajsoruuHasi. B urore paccmarpuBaior-
cs1 Bce y3abn. B KoHlle pacuera B
marpuue QN KU(J,I) octaHercst TOIbKO
TPeTbsl CTPOKa, B KOTOpoil GyAyT 3amu-
CaHbl pacueTHble pacXoibl [Js Bcex
yuactkoB cetH. B marpune SQ(K)
OCTaHEeTCA HarPy3Ka TOJbKO MEPBOTO y3-
Jla, paBHasi 4aCcOBOMY pacxony ra3a Aas
BCell ceTH.

Ha »srom 3akaHuuBaercs mnepBblil
sTan rHAPaBJHYeCcKOro pacuera — onpe-
JeJeHHe PacueTHLIX PacXOoB rasa AJs
Bcex yuacTkoB ceTH. CymMMapHbI#t pacxon
raza no marpuue QN KU(J,I) paBHbiil
Q=77,94+658,4+178+40,5=
=954,8 m®/u coorBeTCTBYeT morpebie-
HHO rasa (959,8).
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£ Marpuua SQ (K)

19
19,2

18

18,1

17
36,4

16
57,7

15
41,5

12 13 14
34,4 40,5

66,6

10

69,9 34,6 294

47,6

457 52,8 699

779 856 34,3 927

Marpuna QNKU (J,]) (nayana u KOHLE Y4acTKOB YCNOBHO He CTepThi)

18

19
19,2

17

18

18,1

16

17

15

16

14

15

13

14

40,5 | 41,5 | 57,7 | 36,4

12

12

13
34,4

i1

12

01

1

10
10

148,6

10
178

34,6

123,7

230

300,9

346,6

497

531,3

658,4

3

6. Tlo u3BecTHbIM pacueTHHIM pac-
X0JaM rasa Mo y4acTKaM CeTH H 3a-
IAHHOMY pacueTHOMY Ilepernajiy AaBjie-
HUS DACCUHTHIBAIOT JHAMETPbl yYaCTKOB
Pacuer nnameTpoB ocCylIecTBASIOT CJe-
aylouuM o6pasom. Ilepsonauanbho or-
pelesslioT Bce MyTH OT HayaJabHOH TOUKH
cerd A0 KoHeuublx. Hdas 3roro nuumyr
matpuuy nyreit PT(L,N). Uucno cTpouek
3TOH MaTpHUbI PaBHO 4HCTy nyTed Hdas
TYNMHKOBBIX ceTeH 4HCJI0 MNyTel paBHO
yucay KOHIEBBIX Touek Ha mepeceue-
HHH CTPOYEK H CTO.I6LOB MPOCTABJSIOT-
CA HOMepa y3Ji0B, COOTBETCTBYIOIIHX
JaHHOMY TyTH. YHcao croabioB coot-
BeTCTBYET NyTH C HaubOJbLIMM 4HC-
JoMm y3noB Jlio6ofl nyTb HauHuHaercH ¢
KOHILEBOTO y3Jia, OIpejegasieMoro o
marpuue NKU(J,I), nu npocnexuBaercs
o MOCJA€A0BATEJNbHO COeIHHEHHbIM yua-
CTKaM Npu o06xode HX MNPOTUB NOTO-
Ka, T. €. OT KOHeYHOH K HayaJ/bHO# Tou-
Ke.

Huxe npuseneHa Marpuua PT(L,N)
AJsl paccMaTpHBaeMoro NnpHMepa.

Marpuua PT (L,N)
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IMepectpauBaem Matpuuy PT(L,N)
MO HOMEpaM Y4YacTKOB, HCIIOAb3YysA Mar-
puubt NKU(J,I) v DLU(I). s kaxao-
ro yuactka matpuubl PT(L,N) (Hanpu-
mMep, 9—8) HaxomauM 3TOT Y4yacCTOK B
martpuue N KU(J,[) 1 cooTBeTCTBYIOMHI
emy Homep (mnsg 9—& 3to Oyner 8).
IDTOT HOMep MpOCTaBAsieM B CTPOYKY
AaanmHoro mytu B Mmarpuue PTU(LN).
Ucnoabdys wmartpuust PTU(LN) wn
DLU(I), crpoum MaTpuuny AJHH Ha-
npasaeunii PTUL(L,N). B nocaensem
crosi61e MaTpHUIlbl TPOCTAB/IsAEM CyMMap-
HYI0 AJHHY HanpasJeHHS. .



Marpuua PTU (L, N)
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Marpuua PTUL (L, N)

Q:

Ap = 2,76-10° — L, Tla

da

QoB M /u; dB MM, L BM
moc 109 Ha MecTHbie COMPOTURJICHUS

658,42
6 »
Ap, = 2,76-10 5 E

+1,1-190 = 909,6 [1a

Ap:=187,4 Tla; Ap;=173,6 [la.

I 2 3 4 5 6 7 8 9 10
1 180 120 100 105 140 110 80 190 0 1025
2 170 190 80 80 0 0 0 0 0 520
3 200 0 0 0 0 0 0 0 0 200
4 2056 190 0 0 0 0 0 0 0 395
5 285 110 80 190 0 0 0 0 0 665
6 180 100 105 140 110 80 190 0 0 765
7 90 105 140 110 80 190 0 0 0 715
8 95 120 100 105 140 110 80 190 0 940

W3 marpuunt PTUL(L,N) caepyer,
4TO caMblfi TNPOTSXKeHHBIH MyTb pac-
nmosnaraeTcsi B MepBOH CTpOUKe, MOITOMY
noabHpaloT AMAMeTphl CHauaja IJs He-
ro: 1000

7. Onpepeasior Ap/L=m5=
=0,887 IMa/m. lnaMeTpnl MOAGHPAIOT
MOCJe{0OBATEIBHO OT yuacTKa K y4acTKy.
Yuactok 1. Q=658,4 m’/u (maTpuua
QNKU(JI) Li=190 m).

0381
0

d = 16,81 (Ap/L\‘)Igl < MM,
658,40 !
) a=168 O T = 203.0 mu

2) DbBanxkafimwe no TOCT BuyT-
peHHHe aHaMeTpnl Tpy6 Gyayr: 219X 6
(207); 159X 4(151);  TakuM obpasom
151 <<203,9 << 207.TocToBckuil anamerp
BHIOMpAIOT H3 MNPHHIIUNA HaHMeHbllel
pasHHlbl B TOTEPSAX AABJIEHHSI MeXAY
TOCTOBCKHM H TMOJIY4eHHBIM JHAMETPOM.
Hs 3TOro paccuuTHIBAKOT MOTEPH /1aB-
JEHHsi AJs BCeX TpeX JAHAMeTpPOB IO
dopmynam:

4 3ax 1052

Bauxe noaxoaumT rocTtoBcKuil mua-
metp 219X6. Ero u TnpuHHMAIOT.
CoorsercrBeHno motepu 174 Tla.

TIpuopuTeTHBIi AHAMETP  MOXKHO
OMpeJeNuTh Npolie No ¢Gopmyae, ecau

(d/Duuy>?® <2 —(d/ Duare)® 2,

TOTr[Aa NPUHAMAIOT DMH". 3to BblpaxKeHHe
MNOJIYYE€HO H3 COOTHOLUEHHSA

h Apuauc_ Ap

Ap=ap ="

10 KOTOPOMY MPHOPHTETHBIM GyNeT MeHb-
wuii  auametp. 3gech: Dyuy H  Dyaxe
MeHbWHA W Gogbiiuil GauXKaHlIHe TocC-
TOBCKHe gHaMeTpbl. [IpoBenem cpaBHe-
HHe /51 paccMaTpHBaeMOro npHMepa

(204 /151)°2° < 2—1(204/207)° %
4,83 1,07

HepaBencTBo He BbImosHAETCS, Cael0-
BaTeJbHO MPUHOPHTETHbIM OyiaeT 60ab-
WHA Aunavertp

AHanoruyHo noa6upaioT BCE AHAMeT-
pbl AJ15 MepBOrc HanpaBJeHHs:,
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[Tocne mop6opa auaMeTpoB ompeje-
JAIOT CTelMeHb HCMOJb30BAHHS pacuer-
Horo nepenaja no ¢opmyJe

Ap, — 2,
L <ol

Ap,

Ecau owubka Goabiue 0,1, Torna Buibu-
paloT AHaMeTp ¢ HauOOJbIIWMH TOTe-
pPAMu JaBJeHHS WM VYMEHbLIAKT ero.
ATy mpoueaypy. cIyyaercs, NOBTOPHIOT
HECKOJIbKO pa3, ¢ TeM 4ToObl AOOHTbCA
tpebyemoil TouHocTH. OnHAKO AJMA KO-
POTKHX HamnpaBJeHHH 3TO YCJOBHE MO-
*)eT GbiTb HeBbMoHHMO. EciiH omnbka
orpuyartesbHasi, TO YBEJIHUHBAIOT COOT-
BeTCTBYWOLUHA AHaMeTP M Takxe 100u-
BAIOTCS1 HEOGXOAHMOH TOUHOCTH.

3arem omnpe[esiOT Y3J0Bbe AaBJje-
HHSA MyTeM MOCJeI0BaTeJbHOrO0 BHIUUTA-
HHA H3 [aBJeHUs1 B TEPBOH TOUKe
pi TOTepH [aBJeHHA Ha YydacTKax.
Tak., paBneHue B y3ne 2 Oyner:
pr—Ap; —>=3000—174=2826 Tia Ilo-
C/le pacdeTa IVIABHOTO Halpab/eHHs pac-
CUHTBIBAIOT APYrHe HalpaBJieHusl.

8. PaccmarpuBaloT Mo ouepead BCe
HanpasaeHus H3 Marpuubl PTU(LN).
Tak, BTOpOe H TpeTbe HaNpaB/JeHUd He
UMeloT O0IIHUX Y4aCTKOB C HalpasJe-
HHeM [ H MeXAy co6oH, mnosToMy
OHH pAaCCUMTHLIBAIOTCS HE3aBUCHMO OT
JApYrux HanpasJeHHui, Tak e Kak H nep-
Boe HampaBsJeHnue. HanpaBaenue 5 umeer
oflIHe y4aCTKH C HampaBJeHueMm [, 31O
yuactkn I, 2, 3. TlostoMy Hu3 pacuer-
Horo mepemnaja paasiaenuss Ap, caenyer
BbIYECTb CYMMY MOTepb [qaBJeHHSA HA
yuactkax /, 2, 3 M Ha oOCTaBLIyIOCA
BeJIHYHMHY TIlepenana AaBjaeHus Moao6-
paTb AHaMeTP OCTaJbHBIX y4acTKos. B
HampaBJIeHHH 5 — 3TO OJHUH yuacTok I4.

AHaJOrHYHO pacCUUTLIBAIOTCH  BCe
HalnpasJeHus.

Asropurm pacuera TYAMKOBOH pas-
BETBJICHHOH Tra30BOH CeTH OblL1 H3J0XKeH
NMoAPOGHO H € YaCTHUHOH HJIIOCTpauyed
MpUMepaMH AJAsi TOTO, 4YTOObl Jyylie
pacKpbITh 11pouecc pa3paboTKH aJAropHT-
Ma, NpeflHa3HAYeHHOr o0 AJsl COCTABJIEHHS
nporpaMMbl Ha OBM.
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6.5. TuppaBnuueckuii pacuer
KonblieBblX Fa3oBbiX ceTeM

[lepBbifi 3Tan ruApaBAHYeCKOTO pac-
yeTa KOJbLEBOH CeTH BKJ/IOUYaeT Mpen-
BapHUTeJNbHOE paclnpeejeH’He [OTOKOB
rasa ¢ co6Ji0deHHeM [epBOT0 3aKOHa
Kupxropa (Z2Q,+Q,=0) u 3akaHuu-
Baercsl Noa60pPOM AMAMETPOB BCeX yuac-
TKOB rasonposonoB. [locne mnoabopa
JHameTpoB BTopoil 3akoH Kupxroda ans
OOJIbIIMHCTBA KOJel, OKa3biBaeTcsi He-
YAOBJETBOPEHHLIM. 31ecb CJelyeT OT-
MeTHTb, YTO OAHOH H3 NPHYHH, MPHBO-
OALIHX K HEBBLITIOJHEHHIO BTOPOro 3aKO-
Ha Kupxroda, ABAAIOTCA OrpaHHUeHHS,
HaK/ajbpiBaeMble Ha BHIGOp AHaMeTPOB
ra3ofnpoBOI0B MPH KOHCTPYHPOBAHHU Ce-
TH. DTH orpaHHYeHHs] NOPOXKAAIOTCA Tpe-
60BaHUSIMH 3KCIyaTauUdHd (Hampumep,
npHMeHeHHe MHHHMMAaJbHOTO JUaMeTpa
Tpy6O), yueTra NporHo3a pocTa rasoBbiX
Harpy3oK, a Takxe TpeOGOBaHHMAMH Ha-
JAE€XHOCTH ra3ocHalxKeHHs1 (Hampumep,
NPOEKTHPOBAHHE KOJIell C NOCTOSHHLIM
JHaMeTPOM, C pe3epBOM B AHaMeTpax).
[asi rnaBHbIX B3aHMO3aMeHsIeMbiX Jiit-
HHA M YyYacCTKOB B COOTBETCTBHH C Tpe-
6OBAHUAMH HaJEXHOCTH HAa3HAyaloT
6/1M3KHe [0 pa3Mepy jAHaMeTphbl, IIpH
3TOM TOTepH [aBJeHHS B 3aMKHYTbIX
KOHTypax MOTYyT He GanaHCHPOBaTbCS.
[pyrofi npuuuHoil sABAsSeTCH AUCKpeT-
HOCTb AHaMeTpPoB Tpy6 B COOTBETCTBHH
¢ T'OCTom.

YuuTbIBas U3J0XKEHHOE, IPH MPOEKTH-
POBaHHH KOJIbLIEBOH ra3oBOH CEeTH BTO-
pbIM 3TamoM pacuera BCeria sIBJsSETCH
3ajaya ofpejeseHUsi HCTHHHOTO NOTOKO-
pacrnpegeneHusi, COOTBETCTBYIOLLErO MpH-
HSTHIM JHaMeTPaM y4acTKOB a3onpoBo-
nos. HeobxonumocTb B pacuere MOTO-
KopacnpejejeHusl BO3HHKAaeT TakxKe MpH
IIPOBeeHH TMAPABAHUYECKHX pacueToB
INJIST pa3JMUYHbIX HEpacuyeTHbIX 3KCILIya-
TalHOHHbIX PEXHUMOB, a TaKXe IpH
pacuere aBapUUHbBIX FUAPABIHUECKHX pe-
KHMOB, BO3HHKAIOIHX NPH aBapHHHOM
OTKJIOYEHUH KaKOro-au6o 3jeMeHTa ce-
TH.

Pacuer noTokopacnpepejeHus B
KOJIbIEeBbIX ra30BbIX ceTsix. 3ajaua pac-
yeTa NoTOKOpacnpeaeneHuss GopMyaupy-
eTcst caepylouuM obpas3oM. JlaHa KoJb-



ueBasi rasosast ceTbh C 3ajaHHbBIMH reo-
METPUYECKHMH  XapaKTepHCTHKAMH H
IlHaMeTpaMH yyacTkoB. M3BecTHBI pac-
XOAbl Trasa JJf BCeX Y4acCTKOB CeTH,
KOTOphie cOa/saHCHpOBaHbl BO BCEX Y3-
Jax, T. e. nepBuit 3akoH Kupxroga
st CeTH yAoBJaeTBOpeH. Bropo#t 3akon
Kupxroda ans koseu cerd He yjaoBJe-
TBopeH. TakuM o6pasom, 3ajaya pacue-
Ta IOTOKOpACHpeaeJeHUsi CBOAHTCA K
YZAOBJETBOPEHHIO BTOPOTO 3akoHa Kupx-
ropa AaA BCeX HE3aBHCHMBIX KOHTYPOB
(31€eMeHTapHBIX KoJiel) TrasoBOH CeTH.

OJNleMeHTAapHBIM  KOJIbIIOM  Ha3bl-
BA€TCA KOJDbLO, He MMelollee BHYTPEH-
HHX, [ePeCeKaromuX ero ra3onpoBoLoB.
M3 rnocTaHOBKH 3agaud CJeLyeT, 4TO
pacueT MoTOKopacnpejejeHus B 3ajaH-
HOH CeTH OTHOCHTCSl K KJIacCy Ipose-
pounbix 3agad. IlocraBaeHHylo 3agauy
MaTeMaTHUeCKH MOXHO cGopMyaupo-
BaThb caeaylowHumM obpasom. Ilocae npexa-
BAPHTEJNbHOTO paclpeeNeHust TMOTOKOB
H nogbopa NHAMeTPOB A/l y4aCTKOB ce-
TH B oOuem caydae BTopolt 3akoH Kupx-
rotba He yNOBJETBOPEH, MO3TOMY OyAeT
MMEeTb MeCTO CJeAylolas CHCTeMa ypas-
HEHHH 1)1 BCeX He3aBHCHMBIX KOHTYDOB:

b a,QF=A4A,,

1

Xa Qr=A

Xy 2
- (6.41)
° o

Z al Qz — An )

n
rae Ay, A, ,A, — HeBS3KH IOTePb /JaBJACHHH B
HE3aBHCHMBIX KOHTYpax, 1,2, ,n — HOMepa He
3aBHCHMBIX KOHTYPOB, a,Q, — rHApaBJHuYeCKHe

CONPOTHBJAEHHA W DPacXOAbl rasa ISt y4aclKOB
t, o — NOKa3aTeib CcTefeHH pacxofa rasa B
¢opmyse nas pacuera THAPaBJIHYECKHX [OTepb

Ap=a,Q®. (6.42)

CyMma morepb paBaenusi Gepercs
A1 BCEX YYaCTKOB He3aBHCHUMOTO KOH-

Typa.
Jlsist ceTd HHM3KOro faBJE€HHA

Ap=pu—pu; (6.43)

AJisi C€TH BLICOKOrO H CpeAHero AaBJse-
HHUA

HHpekcbl «H» W «K» OTHOCATCS COOTBETCT-
BEHHO K HauaJly W KOHIY yuyacrka no Xxoay rasa

4*

J a5, —~6 f3

Puc. 6.15. Pacuernan
cxemMa KoJibLeBOH cerH
]—6— KaMepsl  yuacr-
KoB, /, 2 (B Kpy}Ke)—
Kamepbl KOBTYypoB, [ —

AJHBA  yyacTtka, d —
lHaMeTp yyactka, Q —
pacyetHblii pacxox rasa
Ha y4yacrtke

Jns pelwennsi 3apaud HCMoJb3yem
METOJA LHUPKY/JISLUHOHHBIX (KOHTYPHBIX)
pacxoioB, MO KOTOPOMY B KaXXAbld He-
3aBHCHMbIH KOHTYD BBOJHTCSI LHPKY.JIsi-
HHOHHBIHA, YBA3OYHHH pacxod AQ.,
B pe3yjabraTe uero YLOBJETBOPsieTCs
BTOpOoil 3akoH Kupxroda. LIupkyjsiuu-
OHHbIE PACXOAbl B KaXK1blil KOHTYD 6y aeMm
BBOJAWTL C MOJOXHTEJIbHBIM 3HAKOM,
CUHTAasl MOJIOKUTEJbHbIM HalpaBJ/eHHe
10 4acoBOH cTpeske. BBeneHHbIH B KOH-
TYP UHPKYJSALLHOHHBIE pacxon Oyzper ain-
re6panuecku NMpHOaBAATLCS K PacXonam
Ha ydacTtkax. K yuwacrtkam, kotopnie
HMEIOT COCefHHEe KOJiblld, MOMHMO KOH-
TYPHOIO pacxojia AaHHOTO Ko.ablia 6yaer
npubaBASTLCST KOHTYPHBIH pacxon co-
CeJIHer0 KOJbla C IMPOTHBOMNOJJOMXHbBIM
3HaKoMm. [lns KoabieBOro rasolpoBo-
Aa, ToKa3aHHOro Ha puc. 6.15, nocae
NPEJBAPUTEJIbHOr0 paclpejeseHust Io-
TOKOB Y Moafopa AHAMETPOB Y4acTKOB
CrpaBef/IMBa CJAEAYIOLIAasA CHCTEMA ypaB-
HeHHi:

a; Q(ll+a2 Q7 —as Qf —az Q3 =A, ;

as Q§+as Q5 —ay Q7 —ay, Qs =A,

Ilocsie BBegeHHS B Ka’Kjoe KOJIbUO
YBSI304HOTO, LHPKYASIIHOHHOTO pacxona
AQ« mpousoiizer Takoe pacnpejeneHune
TPaH3HTHLIX PACXOAOB, B pe3yJibTaTe Ko-
TOPOTO THAPABJUUECKHE HEBA3KH B KOJb-
1axX NpeBpaTATbCA B HYJb WJIH OKAXKYT-
Csl 32 npeAesaMH TOUHOCTH pacuyera.
CucrTema ypaBHeHMS H3MEHUTCSI TaK:
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a1 (Qi +AQ1) +as(Q: +AQ))* — )
—a4(Qi—AQ ) —a3(Qs—
—AQ +AQyY=0;
a3 (Qs +AQy—AQ) +
+as(Qs+AQ2) — a7 (Q7 —AQy)* —
‘_aﬁ(Qb—AQQ)AZO- J

B o6uiem Buje cucTeMa ypaBHeHHH
(6.41) mocne BBeaEHHA KOHTYPHBIX pac-
XOJ10B NMPUMET CJAEAYIOIIHI BUL:

Ya,[Qa (AQ —AQ)| =0

Za[Qa (4Q:=2Q) =0 ¢ oy

e & s e e o s s & s s e e o

Ya,[Q+ (AQ,—AQ)] =0

n
rie AQ:, AQ. ,AQ.— KOHTYpHHe pacXoibl,
BBOAHMble B He3aBHCHMbie KOHTYpHl I, 2, , n,
AQ; — KOHTYPHBIl pacXojl, BBORHMBIH B COCeNHHH
151 NAHHOTO Y4aCTKa [-Thill KOHTYP (ecjiH y4acToK
He HMeeT COCeHero KOHTypa, TOrAa .A4si Hero
AQ=0)

Jlas JvMHeapu3auuu TOJY4YeHHOHR CH-
CTeMbl ypaBHeHHH Da3/OXKHM KaXKIbIH
ujeH ypaBHeHHs B paAg MakiopeHa,
OrpaHUYHBIIHCDL JHUIb JHHEHAHBIMH 4Jie-
HaMH pa3J/IOKEHHUA:

YaQ+ aXa Qi AQ, — )
1 1
—aa, QI 'AQ =0;

!
XazQ;x + aZaIQIa_IAQ2 -

2 2
2 (6.46)
—aZaHQU IAQ]:O; r
!

ZalQ;l—*_ aZath _IAQn -
—a20,Q%'AQ =0.

]
Cymma 3a,Q% 'AQ, 6Gepercs aas Bcex
Y4acCTKOB HE3aBHCHMOTO KOHTYpa <«K»,
UMEIOHX CoceAHHe KoHTYyphol j. [lpe-
o6pa3yeM ypaBHeHHS, MepeHecst cBOGO-
HBle YujieHbl B NPaBYIO YacTb, U 3alMILEM
CUCTEMY TaK, UTOOB! K03 dHuMeHTh npH
HEeH3BeCTHbIX:
AQy, AQq,..,AQ, cocTaBHIH CHMMET-
PHYHYIO MaTpHLy:
100

AMQ 4+ 0— —AAQ + +0=—A,.

04 ApAQ, — — AyAQ + +0=—4,,

0+0— — Ar;]AQI + + AnnAQn = _An
(6.47)

3nechb AKK=a§a,Qf‘*‘/k=l,2,...,n/—

KO3(¢HUHEHTH MpPH HEU3BECTHbIX, CTO-
SAIMX Ha TJaBHOH AvaroHanu; Ag=
=, Q% ' —KO3(DPUUHEHTb NpPH HEH3-
BECTHbIX KPyroBhIX pacxonax AQ, cocen-
HHX KOHTYPOB AJsl AAHHOTO KOJblia.

Kosdpohuumuentol npu  HeusBeCTHBIX
CHCTeMBl yPaBHEHHH MPeACTaBJAT CO-
60it KBalpaTHYIO CHMMETPHUHYIO MaTpu-
uy A ¢ aMaroHaJbHbBIM TNpeoOJjagaHHeM

All 0 A]] 0,
A= 0 AQQ AQ! O,
0 0 Arl] A/’m
(6.48)

B pesyabrare npoBeieHHHIX Npeos-
pa3oBaHHil MosydeHa CUCTEMa JIHHeAHBIX
ypaBHeHHH, HEH3BECTHHIMH B KOTOpPOi
AIBJSIIOTCSL KPYTOBbie YBSI30UHbIE pacxo-
apl AQy. s peuieHHss cUCTEMbl MOTYT
OBITb MCNOJb30BaHbl KOHEUHbIE METOAH,
T. €. TaKle, KOTOpbie JaioT TOUHOE
pellieHKHe B pe3yJ/ibTaTe KOHEUHOTO YHCJaAa
onepauuii. OnHaKo Q151 GONbIIUX CHCTEM
JIHHEAHbIX YPaBHEHUl KOHEUHblE MeTOabl
[nanpumep, l'aycca, Kpamepa] tpebyior
3Ha4yuTebHO OGOJblUIero uHcda olepa-
uuil, yem HTepauHoHHble METONbl [MeTO-
Abl MOCJAe0BaTeJNbHbIX NPHOJHKeHHH],
MO3TOMY [Jis1 ONpeNeJeHHs] YBA30UHBIX
KOHTYPHBIX PaCcXOA0B HCIOJb3YIOT HTe-
palHOHHbIe MeTOAb. JTO lenecoobpa3Ho
ellle 4 IOTOMY, YTO CHCTeMa ypaBHe-
HHA (6.46) mosayueHa B pe3yJbrare
JMHeapu3anud HCXOLHOH CHCTeMBbl
ypaBHenus: (6.45). Ilpu sauHeapuszanuu
OblnH OTOpOLIEHbI BCe HeJHHEHHble uJe-
Hbl, [I03TOMY MOJY4YeHHAss CHCTeMa
(6.46) siBastercs npubauxkenHod. U
gaxe TpH TOUHOM peLIeHHH CHCTeMbl
(6.46) MoXeT BO3HHUKHYTb HeoOXOnH-
MOCTb B HTepallHOHHOM Ipoluecce s
NoJNy4eHHsl pelleHHst cuctembl (6.45)
HeoOXOAHMOH TOUHOCTH.



ITo metoay Jlo6auesa-Kpocca' us
MaTpulbl KO3 (HUIHEHTOB  CHCTEMBb
ypaBHeHuil (6.48) or6paceiBalT Bce
uJieHbl, KOTOpble He CTOSIT Ha IJIaBHOM
AHAaroHaJn. B TakKoM ciyuae cucTeMa
ypaBHeHH! (6.47) npuobperaer cjenyio-
WHH BHA:

AAQ = —Ay;
2AQ, 9 (6.49)

AnnAQn—: - An'
PelueHne 3TOH CcHLTEeMbl OAE€T H3-

BecTHylo (¢opmyny Jlob6auesa-Kpocca

AJis onpeﬂeneuuﬂ YBHSOLIHle pacxouos
AQu= —(Ax/A )=
={Z a, Qf‘) /(aZ a, QF‘“])

[ToayueHHble YBA3OUHble PacXojbl
cpa3y BBOLAT BO BCe He3aBUCHMLIE
KOHTYpbl CHCTEMbl W BBIUHCJSIIOT HOBbLIE
pacxonbl /S BCEX Y4acCTKOB.

Or6pacbiBaHie BCEX YJEHOB MarTpH-
bl A, He Jexaulux Ha rjaBHOH guaro-
HaJHu, MpUBOAHT, Mo CyuiecCTBy, K Heyue-
Ty BJIUSTHHA HEBSA30K B COCEJHHX KOJib-
[aX Ha KOHTYpHBbIH pacxoi, BBOZHMBIH
B JaHHOe Kosbilo. B pesynbrare storo
BO3HHKAaeT HeoOXOIHMOCTb MHOTOKparT-
HOTO MOBTOPEHHS MPOLEAYpPHl onpenene-
HHSl KOHTYPHBIX (MOOpPaBOYHbIX) pacxo-
108 AQy ¢ NoCJeAyIOUIUMH TlepecyeTaMu
6a/saHCOB MOTepb NaBJeHHS 115 KaX0-
ro He3aBHCHMOro KOHTypa. Pacuer
3aKaHYHBaeTCst TOTAA, KOTJa JOCTUraerT-
cs Tpe6yeMasi TOYHOCTb YIOBJETBOPEHHUSA
BTOpOro 3akoHa Kupxroda,

Hccnenosannio CXOOHMOCTH HTEpa-
IWHOHHOro mpollecca no Merony Jlo6Gaue-
Ba-Kpocca mocBauien pag pabor, B pe-
3yJAbTATE KOTOPHIX YCTaHOBJIEHO, 4YTO
npouece CXOAUTCS, ecJiu MaTpuna A ume-
eT JuaroHaJjbHoe npeobnaganue. [las
JIOCKHX CeTel, B CJyuae HCIOJb30-
BaHHS CHCTEMbl 3JeMEHTAPHBIX KOJel,
maTpiua A Bcerja HMeeT JHAroHanb-
HOe Mpeo6yafaHHe, MO3TOMY JJA HHX
HTEePaIlHOHHBIH MPOLECC CXOAHTCH. -

(6.50)

! Merton paspaborau Hesasucumo npodp B T. Jlo-
6auepniM (1934 r) u X. Kpoccom (1936 r.)

Meron Jlo6aueBa-Kpocca mnpenyc-
MaTpuBaeT BBeJEHHEe MONPABOUYHBIX KpY-
roBbIX Pacxoj0B cpa3y BO BCe HE3aBH-
CHUMble KOHTYpbI, IO3TOMY MOMpaBOUYHbIE
pacxojabl AJ1 Y4acTKOB, HMEWOLHX COo-
ceIHHe KoJbla, OYAYT paBHH YBsI30u-
HOMY pacxojy B CBOeM KOJblle ILJIIOC
YBA30UHbIH PACXOA B COCEJHEM KOJblie
¢ 06paTHbBIM 3aKOHOM. DTHM Y4HUTHIBAEeT-
csl BJIMSIHHE COCEAHHX KOJELl [pH orpe-
IeJIeHHH T[ONPaBOYHbLIX PACXOAOB AJIs
Yy4acTKOB, HO MHPH pacueTe KOHTYDHBIX
pacXONOB BJHAHHE COCEIHHX KOJell He
YUHTHIBAJH, N[OSTOMY 3HAuYeHHS CaMHX
YBA30UHBIX PACXONO0B Obljid ONpenesieHbl
BecbMa mnpubJHKEHHO. Bwmecte ¢ Tem
nonpasouHble pacxoabl no JloGauesy-
Kpocey nas onHoro koabla, 6e3 co-
CeJHHX, OMpeleAsiloTcs TOUYHO, B Tpe-
Jesax JHHeapH30BAHHOH cHCTEMbl ypaB-
HEeHHH. DTO TMOCJAYXKHJIC OCHOBOH [
OpYroil MeTONWKH YBSI3KH CEeTH, KOraa
rnonpasouyHblt pacxon no Jlo6auesy-
Kpoccy paccudTbiBaercss HOCJE€LOBa-
TeJbHO JJIs1 KAXKIO0ro KOJbLA.

PaccuntaHHbIH NONPaBoYHbIA pacxon
BBOAHTCS B 3TO KOJbLO, B pe3yjbrare
4Yero OHO OKa3blBaeTCHd YBfI3aHHBIM HJIH
HMEIOIIUM HeboMblyIo oumHnbKy OanaH-
coB rnortepb aAasaeHud. [lpu yBsiake
KoJjbua omubKa B COCeJHHX KOJbHAaX
MOXeT YyBenuuutbesl. Ilocse yBsA3KH
IEPBOro KOJiblla AHAJOTHYHO YBA3bIBAIOT
BTOPO€ KOJbLO, MPH 3TOM HeBs3Ka B
MEepBOM KOJIbIlE MOXET TaK¥Ke BhIPacTH.
Tak yBfI3bIBAKCT I0OCJENOBATEJNbHO BCe
KosbLa. Jlaist KoJeu, y KOTOpbIX OLHOGKa
nojyuunacb 60Jblie NOMYCTAMOH BeJH-
YKHHBI, MPOLEAYPY YBSI3KH TOBTOPHIOT.
Kak noxasanu uccienoBaHusi, TaKOH Me-
TOA HMeeT JYYIUYI0 CXOAHMOCTb, YeM
npsamoi merox Jlo6aueBa-Kpocca.

BBuay Heyuera BJAHAHHSA COCEIHHX
KoJen, Meton Jlobayesa-Kpocca tpebyer
60JbLIOHA BbIUKHCANTENLbHOR paboThl. Ec-
JI1 Ke MpH ONpefeJieHHH MOMNPaBOUYHBIX
pPacXOAOB yuecTb BJHSHHE COCeJHHX KO-
Ji€ll, TOrga CYIIEeCTBEHHO YJyullaercs
CXOJUMOCTh HTEPAaUHOHHOTO Mpolecca.
[ns yuetra BJHSIHHSL COCEOHHX KoJiell
MOXHO HCIOJb30BaTh METOH MPOCTHIX
utepanufi (meron $lko6u) c orpaHu-
YeHHbIM, Hamepel 3aiaHHBIM UYHCJIOM
urepanui. Jlns 3TOrOo mnepemdiieM CH-
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creMy ypaBHeHHH (6.47), pewuB Kax-
Jloe H3 HHX OTHOCHTEJIbHO HEeH3BeCT-
HOTO, pacnoJIOKEHHOro Ha r1aBHoOl AHa-
roHaJu:

Ay ZA L AQ, )
AQ1=-*7|I—I+*T—;

A, EAZIAQ" 6.51
Asz—z; +—722——, f( 1)

A An ZA,”AQ,
Qo= —a + =)

B ka)kgo#i cyMMe 4MCJIO UJIeHOB THIa
AAQ, paBHHO UKCJY Y4acCTKOB KOJIbLA
«K», HUMEIOLIMX cocegHue Koabua j. B
KayecTBe HauasJbHOro NpHOJHKeHHS
NpUMeEM De3Y/bTaThl PELIEHHS] CHCTEMb
ypaBHEHHH NPH ydyeTe TOJIbKO CBOGOAHBIX
Yj€HOB, T. €. TONPABOUYHbLIC PAaCXOAbl,
paccudTaHHbie no wMeroay JloGauesa-
Kpocca. DTt NpuGIMIKEHHA COOTBETCT-
BEeHHO OYAYT:

AQ(O)__. - Ay . AQ(O)___ . Az .
1 21_1— ) 2 2—22_ ’
D AQY = — . 6.52
. AQL v (6.52)
B pesyabraTe nepBod HTepalUH

nojiyuuM BTOpoe NpHOJIHXKEHHE Dpelle-
HHSA:

AQ
AQY = AQY + 2% )
A]l '
A, AQ
(h— AQ® 28
AQQ Q2 + AQ‘) ) r(653)
n () 2A4,AQ"
AQn =AQn + —
Aﬂﬂ, J
Ecau  npomoOiXKHTL  pellieHHs, TO

TPETbE le’lﬁ./'l HXKE€HHEe COOTBETCTBEHHO
6yner:

Al
AQY=AQY +2 5 R
A AQP
!
+ —‘A;—> =

A, AQY

/ i

:[11 +
AUZAJIAQEO) A

+ Z ;
A“All
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SA, AQW L
AQi=AQY + ———+
A, 34 AQLO

2t |6.54)

227y
A AQW®
AQP=AQV+ ——L+

nn
A XA ,AQD
{ !
D e

nn’yy J

Uucaio nrepauuil MOXKHO MPOAOJIKATH
10 TMOJyyeHHs] MpPaKTHUYECKH TOUYHOro
peLleHHA; BMECTe ¢ TeM, KaK 0TMe4aoch
Bblllle, NI0JyUYeHHe TOUHOTO PEelueHHs MPH
OMpejie/IeHHH TONPABOYHBIX KOHTYPHBIX
pPacxoi0B MOXeT He o0ecrneunTh yaoBJle-
TBOpeHHUs 3akoHoB Kupxroda nnsi Bcex
HE3aBHCHMbIX KOHTYPOB. 3JTO CBSI3aHO
¢ JHHeapH3aliMeH HMCXONHOH CHCTEMbl
ypaBHeHHH. TouHoCTb peuledusi 6yner
TEM MeHblle, 4eM OoJablIYI0 [0JIO
coCTaBasieT MoNnpaBo4HbId pacxog AQ
MO CPpaBHEHHWIO C pPacxXogoM MO yuyacTKy
Q. Tlpu moJiyyeHHH HENOCTATOYHO TOY-
HOTO pellleHus BCIO NMpOUefypy pacueTa
NPUXOIUTCH MOBTOPHTD. YUUTBIBASA H3NO-
JKeHHOe, UHCJIO HTepaluui NpH onpeje-
JIEHHH [TONPABOYHOTO KOHTYPHOIrO pacxo-
ja uesecoof6pasHo orpawuuuth. Hrak,
peuIeHHe CHCTeMbl MPU HCNOJb30BAHHH
METOla HTepalUil MOXKHO TpeACTaBHTb
B BHIEe psfAjpa, COCTOALEro W3 OOHOro,
IBYX, Tpex U GoJAbLIero uuc/a ujeHOB.
PaccmoTpuM usieHbl, COCTaBJIS0ILNE pe-
LIeHHe A5 MepBOTO KOoJblla:

(2) 0) ok l AQSO)
AQ"=AQ; +—‘7r”‘—+

) 0
A, 24, AQ0

=AQ+AQ\ +AQ, . (6.55)

ITepBoe npubauxeHne peuieHus

AQY=AQ] (6.56)

YUHTBIBAeT HEBSI3KY TOJbKO B COOCTBEH-
HOM KOJblLe, Kak OyaTo Obl COCEJHHX
Koaey Her. Jlasg ogHOro KoJblia 3TO
OyoeT TOYHLIM pelleHHeM JHHeapH3o-
BAHHOH CHCTEMBI.

Bropoe npubaun:kenne peleHus



£4,AQ"

AQ=AQP 4~

— AQI+AQY  (6.57)
AQ=aQP 434, 28—

— AQi+AQY

YUHTBIBAET BJHSIHHE HA KPYFOBOH Pacxos
HEeBA30K B COCEAHHX KOJbLAX.
Yien

AQY=3A,,AQY / A\ . (6.58)

COJepIKHUT lI0NpaBOYHbLIE KPYroBble pac-

XOIbl COCeAHHX Kogell j\Q,, onpeneseH-

Hble B npeablaylleM MpHOJIHXEHHH pe-

weHusl. YHCJI0 4/ieHOB, COCTaBJSAIOLIHX

nonpasky AQY, paBHO 4MC/IY yUacTKOB

KOJbLa |, UMEIOUIHX COCeJHHe KOJIbLa.
Tperbe npubauxenne Gyzer

Q(” AQ 0)+ A, AQO)

All I
A, 24 AQ

o 1 .
+2 A\A, -

=AQ\+AQV+AQ)".

3xech TpeTHH YjeH

(6.59)

22

AQ, =X (141/ ZAIIAQ(O) / Au Au) .
(6.60)

YUYHTBIBaeT BAUsAHHE HA A Q| KOJIell, OKpY-
JKAIOIKX coceqHHe Koabia. B pacemar-
pHBaeMoM caydyae cOGCTBEHHOE KOJbLO [
AMeeT CoceHHe KoJjbila j. A 3TH cocen-
HHE KOJblla j, B CBOW Ouepelb, HMCIOT
cocennne koabua [ (AQ)") — nepsoe
npubaHIKeHHe pelleH’s [1Js NMoNpasBou-
HblX pacxojoB Kogen /). Uxcio uaeHoB

2(A,ZA,AQF / AnA,)

CYMMbl DaBHO YHCJY COCEJHHX KOJIEIL
LSl BCex KoJew, cocegHux Koabuy I. B
ITO UHCJO BOHAET u camo Koabuo . Ta-
KHM oOpasoMm, Tperbsi nonpaska AQY’
YyUATBIBaeT BJIHSAHHE HEBSI30K KOJELl CETH
Ha AQ, uepe3 nonpaBOUHLIE PACXOAbI
COCelHUX KoJgel. IDTo BJjHsiHME OOBIYHO
HEeBEeJMKO, [103TOMY PpeLIeHHE MOXKHO
OrpaHHUYUTh ABYMA YjJ€HaMH, T. €. orpa-
HHUHUTbCA HYJAEBBIM NOPUOJHKEHHEM H
nepBoH urepaunei. B srom cayuae nep-
BbIH wieH pelleHdHsl GyneT yd4UTHIBATh

OomHOKY B CBOEM KoJ/blLe, a8 BTOPOH —
OIHOKY B COCELHHX KOJbLAX.
Packpoem BbipaxeHne /sl KOHIYp-
HOTO yBAA30YHOTO pacxoaa koabua KAQ,,
HCNOJIb3ysl  COOTHOIIEHHS  YpaBHeHui
(6.42), (6.47), (6.53):
AQ=AQ+AQ; )
Zale‘
AQ,=
OLZ&Q“ 1
« . ¢ (6.61)
Dlea, Q27'aQ,
]

AQ =

a2a,Qr !
oy

ITpu onpeneﬂeﬂunKaﬂaKa 0N PaBOYHO-
ro pacxoja HeOOXOJMMO YYHTbIBATb CJe-
Ayloliee: Bblpaxenua Tuna a,Q" 'uwau
a,Q%™" Bceraa MOJAOKHTENbHBIE, 3HAK
BblpaxKeHusi 2a,QF onpenesiloT pacue-
TOM, CUMTas HaOpaBJieHHe [ABHXKEHHA
rasa 1o 4acOBOH CTpEJIKe MOJO0XKHTEJb-
HBIM; 3HAK BeJaHuHHbl AQL IpPOTHBOMNOJO-
JKeH 3HaKy BeJHuHHbl Xa,Q

s ra3onpoBOAOB HH3KOTO AaBJe-
Husl OOblYHO Hab/aaeTcsd PeXKUM THJI-
PABJMYECKOH TAAAKOCTH, MOITOMY o=
=1,75. B 3tom cnyuae cuctema ypaBHe-

Hud (6.61) npumer caeaylOWIH#A BHA:
S )
AQ = ——— e,
K A
o LTsy Qp‘
ko (6 62)
P, .
3 ghe,
AQ = 1. <
QK | Apt
Za | ‘

K
[t ra3onpoBOAOB BHICOKOTO H Cpef-
HETO [aBJEHHST UMEET MECTO KBaApaTHU-
HbIl 3aKOH THIpaBJHUECKOr0 COMPOTHB-
JeHHd («=2), m03TOMY CHCTEMA YpaBHe-
HHH (6.61) mpumer tako# Bua:
2 2
2 (p w—P m)
AQ = — —-———2 ; (6.63)
22

Hl_p Kt
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(6 63)

ITocne pacuera KpyroBblx nonpasou-
HbIX pacXxOLOB [J BCEX KoJel olpe-
HeJSI0T NONpaBouHble PACXOAbl H HOBbIE
pacueTHble pacxonbl A/5 BCEX y4acCTKOB.
[Asi y4acTKOB, He HMEIOUX COCeNHHX
KoJiel, nomnpaBouHble pacxoabl AQy,=
=AQ«, a HOBble pacueTHble pPacxombl

Quos pacu= Q+AQyu

Ilns y4acTKOB, HUMEIOIIUX COCeIHHe
KOJIbi1&, MONMpaBOuHble pacxogbl OyayT
paBHbI:

AQyuzAQK—AQ],
4 HOBbI€ pacuyeTHble pacXoabl
QHOB pacu=Q+AQy“=Q+AQK_AQI,

rae AQ; — nonpaBOYHBLIA pacxol B COCEJHEM
KOJIblle, KOTOpbIH NPHGAB/AIOT K PACXOLy Ha yuacT
Ke, ¢ o0paTHBIM 3HAKOM

Bpesnenne monpaBOYHOTO pacxona B
KOJIbIIO, KOTOPOe UMeeT KOHIEBYIO Tod-
Ky, MOXET MePeMeCcTUTb ee B COcenHuH
y3eJ, eC/id MonpaBoUYHbIA pacxon Gonbiie
pacxoja rasa Ha COCefHeM AJs KOHIe-
BOH ToukH yuacTke (AQ«>>Q.) B takom
cJlyuae HampaBJieHHe JABHXKEHHS rasa Ha
JTOM YUACTKE H3MEHHTCA Ha MPOTHBOINO-
n0XxHoe, EciM y4yacTkH HecyT NYTeBYIO
Harpysky Q,, Torna BBeJeHHe ToIpaBoy-
HOTrO pacxola NPHBOAHT K CMEIHeHHUIO
KOHL€BOH TOUKH Ha BEJHUHHY

Al=(AQyu/Qn) L.

C npubnuxeHueM, YIOBJETBOPS-
IOUMM NpPaKTHUECKHM TpeGOBaHUAM,
MOXHO CUHTATb, YTO KOHi[€BAS TOYKA He
cMmelnaercs BILIOTh A0 3HaueHWs nompa-
BOUHOTO pacxoja K Y4acTkKy AQu=
=0,55Q,, a npu BeanunHe AQy,>
>0,55Q, oHa nepemernaeTcsl B COCeAHUH
yaes. Takum o6pa3oM, cMelieHHe KOHLe-
BOH TOYKH YUYHTBIBAKOT TOJABKO TOTja,
KOTJla pacueTHblf pacxoj yuacTKa MeHsd-
eT 3HaK.

Jlis HOBBIX pacueTHbBIX pPacXOIoB
OTNpefesIIlOT [OTepPH NaBJIEHHS Ha KaxX-
JIOM y4acTKe H PacCUMTHIBAIOT HEBA3KH
BO BCeX KOJbIlaX:
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a) [Jsl ceTH BBICOKOrO JaBJEHHS
2
= (P?u—Pm)—:AK}
K
6) [Jisl CEeTH HHU3KOrO AaBJEeHHS
z (pm—’pkt) =Ax.

K
[Io HeBsi3kaM BBIUHCASAIOT OTHOCH-
TeJbHbie OUIHMOKH BO BCeX KOJibuax [0
topmy.e:
a) [Js CeTH BbBICOKOrO jJaBJjeHHs

2 (Pu—ra)

6= K
2 2
0,5 ‘pm—pml

100% ,

K
6) Oas CeTH HHU3KOrO NaBJEHUS

2 (PP

_ K
0’52 lpm_pm‘
K

Ecnn nonyuennble OWKHOGKH OKasbl-

8 100%

‘BAlOTCA MeHblle 3aJaHHOH TOUYHOCTH

pacuera, TOraa Ha 3TOM pacueT MOTOKO-
pacnpenejieHHs 3akaHunBaercsa. Tou-
HOCTb pacyeTa OGbIYHO NPHHHMAIOT B 5
nau 10%. Ecau ownbKa 1715 HEKOTOPBIX
KOJiell OKasajiacb OoJblue JOMYCTHMOH
BeJIMUMHBI, TOrja BCIO NpOLENypYy pac-
YeTa MOBTOPAIOT CHOBA.

6.6. Pacuer KonbuesblX ra3oBbix
ceTel HM3KOro AaBneHMS

CeTb HH3KOro naBJI€HHA KOHCTPYH-
PYIOT U3 YCJAOBHH KOHOMHUHOCTH ¢ CO6-
Jionennem TpebosaHui HagexHoctu Ee
BBIMOJHAIOT ¢ KOJibLeBaHHEM OCHOBHBIX
rasonpoBOJOB, B TOM YHCJEe CBS3blBa-
oKX HcToyHuku nuTtanusa (IPIT) mo
HH3KOMY naBjenuio. OCHOBHBlE KOablla

BBIMOJHAIOT  MOCTOSHHORO  QHaMeTpa
(v M3 OAM3KHX IHAMETPOB MO
['OCTy). CreneHb KOJbLEBAHHS H

MPUHLHUIBL KOHCTPYHPOBAHHSI CETH B OC-
HOBHOM 3aBHCAT OT THMA [WIAHHPOB-
KH M 3aCTPOHKH XXHJHIX PaioOHOB. YuH-
ThIBasi H3JIOXXeHHoe, ocne noabopa Ana-
METPOB CeTH, a TakKXe MOoCJe KOppek-
THPOBKHM MOJY4YeHHbIX AHAMETPOB COT-
JlaCHO TpeOOBAHUAM HALEXHOCTH, pacl-
peneJjieHHe NOTOKOB He OyAeT yAOBJeT-
BOPAThL BTOpOMY 3aKoHY Kupxroda, nos-
TOMY BO3HHKaeT HeOOXOLHMMOCTb B THI-
paBanueckod yBs3ke Kogen cetd. Ilpu
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5TOM HEOOXOJHMO DPELIHTb AB€ 3ajauH:
1) KOHTYpHYIO YBfI3KYy C€TH, Koropas
TOYHO peliaercsl pa3paboTaHHbIMU MaTe-
MAaTHYECKUMH METOAAMHU H BbIMOJHAETCS
Ha 3BM; 2) 3apauy, cocrosiuylo B
MOJIHOM HCIOJIb30BaHHWH PAaCUETHOrO Ile-
penajaa jaBjeHHs rasa Mo BCeM Hal-
pasneHuaM cetd. IIpu pewennn BTOpO#H
3aja4H BO3HHKAET HEOOXOLUMOCTb H3Me-
HeHHA [1HaMeTPOB OTHE/NbHbIX Y4acCTKOB
KoableBoH ceru. Torga, mocne H3MeHe-
HHUS JHAMETPOB Y4acCTKOB, BE€Cb pacueT U
YBA3KY CETH MOBTOPHAIOT CHOBA.
AJNTOpUTM YBS3KH KOJIbLUEBOH ceTH
HH3KOT0 aBJjieHHs. PaccMOTpHM ceTb KO-
TOpasl npeaBapHTelbHO pACCUHTAHA, Oll-
pelesieHbl AHaMeTpbl YUacTKOB CeTH, HO
BTopod 3akoH Kupxroga wue ynosjer-
BopeH. M3n0xuMm pelesue 3agauun ysss-
KH KOJIbUEBOH CeTH, OPHEHTHPOBAHHOE Ha
ucnoabsoBanue IDBM. Paccemorpum
aJIFOPHTM YBSI3KH CeTH, HCIOJb3YS MPOC-
Tednil NMpUMEp AJAA BO3MOXKHOCTH HJ-
JIOCTPALHH ajrOpHTMa (parmMeHraMmu
yHCJEeHHBIX pacuetoB. Ha puc. 6.16 no-

Puc. 6.16. Cxema xoab-
UEBOH HACTH CETH

KaszaHa [BYXKOJbleBas CeTb, yKa3aHbl
TOUKH NuUTaHuA H c6poca (norpebJe-
HMf) rasa, JaHa HyMepauHsl y4acTKOB H
KOJIell W MpHBeAeHbl AJHHb, AHaAMETPhl H
pacueTHble PacXOAbl AJS BCEX YUACTKOB.

B paccmarpuBaemMom meroge pacuye-
Ta HCXOoAHasl HHbOPMAaLHA NMpeacTaBiIfA-
eTca B BuAe ABYX Matpuu. OcHOBHOH
siBJIsieTCs KOHTypHasa marpuua KON (K,
I). Kaxpas crpouka K 3Tofl mMarpHubl
COOTBETCTBYET 3J€MEHTAPHOMY KOHTYPY
KoabLeBOH ceTH. Kaxnbl# cronben mar-
PHILB! COOTBETCTBYET yuacTky cetu. Ecau
Ha TepeceyeHHH CTPOKH H croabua
CTOUT €HHHIA — 3TO 3HAUHT, YTO yyac-
TOK, HOMEp KOTOPOTrO COOTBEeTCTBYeT
cTonbuy, NpHHALIEXKUT KOHTYPY, HOMED
KOTOPOTO cooTBercTByeT cTpoke. [lpu
COBNANEHNH HaNpaBJeHHs MOTOKa rasa
B y4yacTke ¢ o6XOLOM KOHTYpa Mo 4yaco-
BOH CTpesiKe MPOCTABJAETCH MPOCTO eHn-
Huua. I'lpu HecoBnameHun — nepej enu-

105



HHLe# craBuTcAa MuHyc. Has cetH (cm
puc. 6.16) marpuna KON (K, I) nmeer
cjenyoInil BUA.

Marpuna KON (K, /)

I 2 3 4 5 6

1 —1 1 0 —1 0
2 0 0] —1 0 —1

—

Ilpu pacuere yBSI30UHBIX KOHTYPHBIX
pacxonoB IS He3aBHCHMbIX KoJiell Heol-
XOAMMO 3HaTh QJHHY yuacTka (L.), pac-
ueTHbIi pacxon rasa mo yuactky (Q.
M®/u); noTepio naBjeHHUs ra3a Ha y4acT-
ke ApIla) u nuamerp ydactka (duw).
Bce 3TH gaHHble CBOAATCA B MaTpHLY
PR (M, I), B KOTOPOH B NepBoii CTPOUKe
MPOCTABJIEHbl AJHHbBl yUacTKOB, BO BTO-
po¥ — pacueTHble pacxoibl rasa, B
TpeTbeil — MOTEepH JaBJeHHA rasa Ha
KaXKIOM y4acTKe W B 4eTBEePTOH — gma-
MeTp ydacTKa (OpHHATBHIH Mocje Mpen-
BapuTtenpHoro nopbopa). Ctoabilbl Mar-
PHMLbl COOTBETCTBYIOT yudacTKaM CeTH.
Jaa paccMarpuBaemoro mnpHMepa 3ta
MaTpHua MpeacTaB/asercs Tak.

Marpuua PR (M, I)

1 2 3 4 5 6
1 210 205 200 210 250 60
2 144 120 50 20 39 28
3 600 923 240 380 200 | 180
4 108X 4 |89X3(88,5X 4| 60X |88,5X4[60X
X 3,5 X 3,5

YBsA3Ky KOJiell IPOH3BOJHM B TaKOH
NOCJe10BaTEJbHOCTH:

1) ompenensieM o ouepend HeBAA3KH
NoTepb AaBJEHHUS B KaXKIOM 3JeMeHTap-
HOM KoJiblle, T. €.: X Ap.=A;

2) BbiuucsasieM Kpyrosble Mornpasod-
Hble pacxXodbl [MOC/AeIOBaTeNbHO ANfA
Ka»A0ro KoJiblla, YUHTbIBAIOLI[HE HEBSA3-
KM B 3THX Kosbuax, AQ%;

3) mocJenoBaTesbHO  BbIYHCJIAEM
MONMpaBOuHble pacXoibl NAA AAHHBIX
KoJel K, cBA3aHHble C HeBSI3KaMH IO-
Tepb NaBJeHHS B COCEAHHX KOJbuax —
AQY

4) omnpenensieMm TMOJHbBIE KpYrosble
NoNpaBOYHBIE pacxoibl AaS KaxXKI0ro
Koabia AQu=AQi+AQY;
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5) BBOAWM MOJyueHHblE MOMNPABOY-
Hble pacxojabl Cpasy BO BCe KOJbila H
onpejesisieM HOBble pacxXodbl HO BCEM
yuacTKaM CeTH;

6) BHOBb olpejessieM HEBA3KH BO
BCEX KOJbIAX M NpH HeoOXOQHMOCTH
NOBTOPAEM pacuer;

7) ecan nocsae yB304YHOTO pacuera
pacueTHbie Mepenanbl 1aBJieHHA HCMOJb-
30BaHbl MO HAaNpaBJeHHSIM I[IOTOKOB OT
TOUKH MHTAHUSA AO TOUEK CXOJAa He MOoJ-
HOCTBIO, TOTA@ KOPPEKTHPYIOT JHAMETPhI
¥ YBA30uHbIA pacuer moBTopsiioT. Huxe
NPUBONUTCS ANATOPHTM YBA3KH KOJIbLE-
BOH CeTH HHM3KOrO [NaBJeHHSl, NOCTPOCH-
HbIi Ha H3J10XXEHHOM BbllE [PHHIUIE,

uppasjavueckuii pacyer KoJibLEBO#
CeTH C TYNUKOBBIMH OTBETBJEHHSIMH,
Jlna 6oJjiee BCECTOPDOHHErO OCBEIEHHS
THAPAaBJHUYECKOr0 pacyeTa KoOJbleBbIX
ceTell HM3KOrO AaBJeHHS! MPOBefeM Ta-
KoH pacuer 6e3 npumeneunuss DBM. Pac-
CMOTPHM BCIO IOCJIEAOBATENbHOCTb pac-
yeTa, HauHMHafl OT OMpeneseHHs] pacXxo-
OB [JIs YyUaCTKOB CeTH OO KOHEUHOro
pe3yJbTara —pacCYHTAHHbIX JTHAMETPOB
CeTH INPH BBLINOJHEHHH BCEX OTpPaHHYH-
BaIOUIHX YCJOBHH.

Pacuer KOJAbHEBOH CETH HH3KOrO
[aBJICHHS] OCYIIeCTBJSIOT B JBa 3Tana:

1) Ha nmepBOM 3Tame pacnpeaensioT
NOTOKH ra3a M ONpefessloT pacueTHbe
pacxoibl AJNs BCeX Y4YacTKOB CETH; IO
3a/laHHOMY pacueTHOMYy Mepenajsy [aB-
JeHHs1 Ap mMoa6GHpPaIOT fHaMeTphbl yuacTt-
KOB; MPOU3BOASAT THAPABJIHUECKYIO YBS3-
Ky CeTH; MPOBEPSIIOT CTeNeHb HCMOJb-
30BaHHSl pAcCueTHOro Mmepenajza paasJe-
HASL M TpPH HeOOXOLHMOCTH KODPEKTH-
PYIOT OTHEJbHBIE IHAMETPHI;

2) BCsA mocnegoBaTeNbHOCTb pacue-
TOB MO M. | TNPHBOAUT K 3aBepIUIEHHIO
TH/PABJHYECKOTO PacyeTa CeTH, T. € K
MOJYUYEHHI0O [HaMeTPOB Tra3olNpoBOJOB
LJI51 BCeX yUacCTKOB IPH YIOBJETBOPEHHH
BCEX orpaHn4eHuil Ha pacuer. Kak npa-
BHJIO He YIaeTcsl pEeunTb JHllb OAHY
3ajauyy — B3aHUMHOTO pe3epBHPOBAHHSA
YUacTKOB CeTH [Jst OBbIIIEHHS HaZeX-
HOCTH ra3ocHabxeHus. Ee peuwaior BO
BTOPOM 3Talne, B KOTOPOM [0 H3JIOXeH-
HOMY HH>Ke IPHHLHITY YTOUHAIOT JHaMeT-
pbl OCHOBHBIX KOJell [Jisi TMOBbIIIEHHS
HaAeKHOCTH CeTH.
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Mepewiit aTan pacuera: 1) Ha OcHo-
BAHHMH H3BECTHBIX KOJIHYECTB notpebJsie-
MOro rasza M TIIpHHATOH cXeMbl raso-
MPOBOAOB BLIYHCJAIOT COCPeLOTOUYEHHbIe
M yaeJbHble YTeBble pacXxoabl AJf BCex
KOHTYPOB MHTAHHA MoTpebGuTenel;

2) ompesensOT MyTeBble PAacXOnbl
IJIs1 BCeX Y4aCTKOB CeTH:

3) 3ajaloT HauyaabHOe pacnpeje-
JNeHne notokoB B ceTH. OcHOBHOH 3ajna-
yefl, pemaeMOd NMPH pacrnpegeJeHHH Mo-
TOKOB B CeTH, fIBJSAETCHA Onpeje/ieHHe
TJIaBHbIX HalpaB/JeHHH ABHXKEHHS rasa
H yCTAHOBJIEHHE CBfI3eH MeXIy 3THMH
noTokamu. B pesyJabrate dopmupyercs
OCHOBHad KoJblleBad ceThb. PellieHue
3TOf 3ajayd TECHO CBsI3aHO C paspa-
60TKOH cxeMbl ceTd. EcJin yxe ecTb Iipes-
BApHTEJNbHbIH BApHAHT CXeMbI, TOF1a NpH
pellleHHH Bompoca pacnpeneseHHs noto-
KOB B Hee BHOCAIT HeoOXONHMble KOppeK-
TuBbl. [0 rJaBHbIM KOHTYypam H4Ilpas-
JSIOT TpausuTHble norokd. Ilo BTOpO-
CTeMeHHbIM y4acTKaM TpaH3WTHble pac-
XOJbl He HanpaBasaoT. ['oNoBHBIE yyacT-
KH, MPUMbIKAIOIHe K TUYKaM MHUTaHHSA,
JOJIXKHBl ObITb B3aHMO3aMeHAeMbIMH, a
HX pacueTHble Pacxoipl MPUMEPHO ONK-
HaxoBbiMK. TOYKH NHUTAHHA TJaBHbLIX
KOHTYPOB BbIGHPAIOT TaK, uToObl OTOKH
rasa JBHTaJUCb K MOTpeGHTENAM Kpar-
qallIuM NTy1€M, @ TOYKH HX BCTPEYH pac-
noJjarajucb AHamMeTpaJbHO MPOTHBOIO-
N0XHO ToukaM nutauus. LlesecooGpas-
Ho, uTOObl OJHH H3 KOHTYPOB CETH
06beuHAA TOUKH NuTanua ee or I'PII.
OcCHOBHblE  HAMpaBJIeHHs: JBHKEHHS
TPaH3UTHBIX PACX0J0B IOJKHBL fIpoJe-
ratb B 30Hax HaHuboJbliero norpebJe-
Husi rasa. B pesysabrare BbIMOJHEHHSA
H3JI0XKEHHbIX Bblllle OOIHX MPHHLHIIOB
MoToKopacnpefeJeHus B OIlpeneneHHOH
CTENEHH peliaercd 3ajava NOBLILIEHUS
HAJeXHOCTH ra3ocHabxeHus.

IJKOHOMHUUECKHH TpHHUUN KpaTdaii-
lero MyTH ra3a K foTpeOHTensM MpH
MOCTPOSHHH CHCTEMBbl BblIepPXKAaTh y1aer-
¢sl TOJNIBKO 4aCTHYHO, TakK Kak TpeboBa-
HUsSl B3aMMO3aMeHSIeMOCTH Y4aCTKOB H3
YCJIOBHI HafeXKHOCTH 4acTo NMPHBOAAT K
HeOGXONHMOCTH YAJHHATb NYTh ABHKe-
HUS Ta3a;

4) B WTOre peuieHus 3ajaul MOTOKO-
pacrnpefeseHus ONpene/sioT pacueTHble
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pacxojbl rasa /1A BCeX YUACTKOB CETH;

D) uUCXOHA W3 OINpeaeseHHbIX Bbille
pAaCUeTHbIX PAacXOMOB rasa W 3aJaHHOro
pacyeTHOro nepernaja AaBJiEHHA B CETH,
noA0upalT AHaMeTpbl AJA BCEX y4acrT-
koB. Ilpu nopGope ucrnonb3yor mpuH-
UHN NPHOPHTETHOCTH Hampap/eHuH H
KoJiel, T. €. crepsa MOAGHMPAIOT gHaMeT-
pbl AJS1 rJlaBHBIX HallpaBJeHHH (NMpoxo-
OALUHX 4Yepe3 BCIO CeTb) H JJIA OCHOB-
Hplx Kosen. Ilpu mon6ope auamerpos
BTOPOCTENEHHBIX HANpPaBAEHHH HCIOMIb-
3YHOT OCTaBUIMECs Mepenanbl gaBJeHHS,;

6) nmpousBOAAT THAPABAHUECKYIO
YBA3KY C€TH, B pe3yJbTaTe 4ero ImoJjy-
4alOT OKOH4YATeJbHOE pacnpejeieHle no-
TokOB. Ilpu 3ToM ANA 3aMKHYTBHIX KOH-
TYPOB CeTH anreGpanyecKkas cymMma Io-
Tepb naBacHHS GyNeT pPaBHA HYJIO;

7) NpOBEpAIOT NOJHOTY HCII0Jb30Ba-
HHSl PacyerTHOro rnepenaja JaBjeHHS] OT
TOUKH ITHTAHHA [0 KOHLEeBbIX Touek. [1pu
HEOOXOAHMOCTH pacyeT YTOUHSIOT.

Bropoii aran pacuera. ¥ cereii HU3KO-
rO [aBJEHHA TPaHCHOPTHLI pe3epB He
pPaccuMTHIBAIOT, KAaK 3TO OenaloT /s
KOJIbLIEBbIX Fa30MNPOBOAOB BBICOKOrO H
cpenHero aasaenuii. Bmecre ¢ TeM, npen-
BApUTENbHO ONpeAesieHHble AHaMETPbl
y4acTKOB KOJIbLEBOH 4acTH CeTH MOryT
no pasMepaM CHJbHO OTJHYATbCA APYT
ot apyra. Eciin e KOJbLUO COCTOHUT U3
CHJIbHO OTJIMUAIOUIUXCA [JHAMETPOB, TO
OHO MepecTaeT ObITb pe3epBHPOBAHHBIM
3JIEMEHTOM CHUCTEMbl, TaK KaK Y4acTKHu ¢
MaJjbiMU JHAMEeTpPaMH HE CMOTYT npomyc-
THTb HEO6GXO1HMbI€ [IOTOKH NPH aBapHii-
Hbix curyapuax. IlosToMmy Bo3HHKaeT
3ajada MOLepHH3aluuH paspaboTaHHON
paHee CceTH 1/ NOBbIIIEHHS ee HajgeX-
HOCTH C MHHUMAJbHBIMH OMOJHHTEb-
HbIMH 3aTpartamu. [1pu paspa6orke ceTu
Ha [1epBoM 3Tane OblJH BbIIeJIEHbl [J1aB-
Hble KoJjbla. IDTO KOAblla, OObCIHHS-
omue ucrounuku nuranua (I'PIT), oum

HECYT OCHOBHYIO HAarpysky, KoJbla,
HeNOCPeNCTBeHHO  IIPHMBIKAIOIIHE K
I'PIl; BO3MOXHBI M [pyrue KOHTYPHI,

00beANHAILIHE YUYAaCTKH ¢ OGOJibIIHMH
pacxogamu rasa. Belnenenubie Kosbua
cJeayer pachoJOXHTb [0 HX pP4HFY B
psan. i OuUeHKM 3HAYHMOCTU KOJbla
nesnecoo6pa3Ho HCNOAb3CBATL €rc Ma-
TEPHAJIbHYIO XapaKTepUCTHKY: M=



=Y d./,. B pe3yabrare nosyuHM paHXH-

poBaHHblit psg Kosew: My, Ms M.

OcCHOBHOH MPHHLHII B3aHMHOTO pe-
3epBHPOBAHMS YUaCTKOB KOJblUa COC-
TOMT B IPOEKTHPOBAHUH KOJIbLA € MOCTO-
SIHHBIM JHaMeTpoM. Ec/u 3TO He yraer-
cfl, TOTZA KOJIbIlO MPOEKTHPYIOT H3 IBYX
GaxkHux nuamerpos no ['OCTy. C yue-
TOM H3JOXEHHOTO, MOLEeDHH3aLHUs CeTH
3aKJI0UaeTcs B KOHCTPYHPOBAHWH TJiaB-
HBIX KOJel, C MOCTOSIHHbIM JHaMeTpOM.
[Mpeanaraercss cjeayromiasi MeTOMHKA:
MOCTOSIHHBIA AHAMETpP KOJ/ibLla BLIOMPAIOT
MyTeM OCPEeIHEHHs ero MaTepHasbHOH
XapaKTepHCTHKH, NIPHHUMAaEMOH ¢ Heko-
TOPHIM yBEJHYEHHEeM, TaK Kak MeTOJHKa
noa6opa AMAMETPOB CETH MO CpegHeMY
YAENbHOMY [1aA€HHIO 1aBJIEHHs XapaKre-
pH3yeTCsl MEHbIUMM PAacxoaoM MerajJa.
Takum o6pa3oM, OcpeHeHHBIH 1HaMeTp
KoJabla d., onpenensiercsi CJEAYIOLINHM
COOTHOILEHHEM:

dep=(aZ dyli)/Z Ly,

rae dy ¥ L, — quaMeTp H AJMHA yuacTKa ij; & —
K03 HIHEHT, YUHTHIBAIOILKI YBeJqH4YeHHe MaTe-
pHAJILHOH XapaKTEPHCTHKH KO/ibld C MOCTORH-
HbiM auameTpoM (oGbtyHO o 1o 1,1).

[TepBoHa4a/bHO ONpeNEAsIOT AHa-
MeTp KoJblla mnepsoro paura. Iloay-
YeHHbIH OCpeaHEHHBIH AHaMeTD KOJb-
pa OygerT 3aKalo4aTbCd MexXiay ABYMs
GanxkaumMu nguamerpamu no I'OCT, T. e.:

d6>dcp>dm,

rae ds ¥ dy — GOJbWHA H MEHbIUMH [HAMETphI
no T'OCTy BniGop ocyuiecTBisfieM MO METOAHKE,
H3JI0XKEHHOH B Tl

[Mpu ocpenHeHWn nHameTpa KOJbla
BTOPOrO paHra B CyMMY BKJIOUAIOT yua-
CTKH, MpHHA/JexalHe KOoJblly nepBoro
panra, HO MPH OCPeAHEHHH aHaMeTpa
KOJIbIla AMAMETPbl yUacTKOB, NMPHHAMLJeE-
JKAamHMe KoJbllaM 6oJiee BBICOKOrO paHra,
He uameHstior. Takum 06pa3soM, KOHCT-
PYHPYIOT KousblleByio uacTb cetd. ITocae
3TOro  MPOM3BOASIT FHAPABJIHYECKYIO
YBSI3KY H TPOBEPSAIOT MOJHOTY HCIOMb-
30BaHHA pacueTHOro nepemnana aasJie-
HHSl B CETH.

Mpumep 6.4. PaccunTartsh KOJbLEBOA raso-
NpPOBOJ HH3KOrO [aBjieHHs, MOKasaHHbA Ha
puc. 617 TlnorHocts Hacenenus 550 yesa/ra.

I'pannua chabxxaemMoi razom

Puc. 6.17. Cxema raso-
MONAYH KOAbUEBOA ceTH

1A 5 B g
[~
Shooo 81 300 81 350 1%
7 3 7 =
Sy 8 8 71 a\
3 7 T S Ja0 150 .
ot 5 3 " 75 74
~ ()
p 20582 8 S I = i
Sz 750 1
305
450 76 18
Puc. 6.18. PacuerHas
cxemMa cerTn HH3KOTOo
AaBACHHA

VaeanHu# pacxomx rasa ¢==0,09 M/ (u-uen).
CocpenoTOueHHbX HArpy3ok HeT. [LJHHBI CTOPOH
KoJiel, H MJOLAaAH 3aCTPOHKH KHJ/bIX KBAPTaJjioB
NpUBeleHbl Ha pHC. 6.17. Haa rasocHaGXeHHs
HCNOJb3YIOT NpPHPOAHLIE ras. Pacuertusld mnepe-
najn aaBaeHust B cetd Ap,=1000 [la

Mepswmii sTan pacuera. 1. Pacuer HaunHaeM ¢
onpejeneHns yARJIbHBX NyTEBHIX DAaCcXOA0B AJA
BCEX yuacTKOB CETH, JUIfl Yero: a) pasbuBaeM BCIO
rasocHa6Ka€MYIO TEPPHTOPHIO HA 30HbI, KOTOpbie
[4TAIOTCA OT ONpeJeNeHHbBIX KOHTYPOB; §) paccun-
ThiBaeM MaKCHMaJjibHble 4YacOBble pacxoibl Aaf
KaxXJ0il TAKOH 30HBI, NePeMHOXKasi Mol anb
30HBI, MJOTHOCTb HACENEHHs H YAEJIbHbIA pacxos
rasa Ha OJAHQOIO UeJ0oBEKa; B) [MMOACUNTHIBAEM
CyMMapHYIO JUIHHY MHTAIOUIEro KOHTYpa; r) onpe-
IeJsieM yleJbHbie PAcXolbl Il BCEX KOHTYpOB,
pasjeJHB MAKCHMaJbHBIE UACOBLIE PACXOAbI Fasa
B 30HAX HA CYMMAapHYIO JJIHHY MHTaIOUHX KOH-
typos. Bce pacuersl csoauM B Taba. 6.4.
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Ta6anua 6.4. YnenbHole NyTEBHE PAcXoAnl U BCEX NHTAIMHMX KOHTYPOB CETH

Homep xon- [a3ocHaGxaembie 30HH Nauna nurao- Yaeasuwi nytesoii
Typa ero KGHTypa, M pacxon, M /4.
paamep, ra YHCJICHHOCTD HACE- pacxoq raaa,
NeHus1, ven M3y

I 9,8 5390 485 1445 0,336

I 5,7 3135 282 1145 0,246

IT1 11 6050 544 1525 0,357

v 6,5 3575 322 1225 0,263

A 1,5 825 74 400 0,186

B 2,3 1265 114 500 0,228

C 3,5 1925 173 605 0,288

Hroro 40,3 22165 1994 - —

2. 3ajgaeM HavaJbHO€ paclnpeleneHHe MoTo-
koB rasa B cerH. Cxema rasonpoBojOB MOKa-
3aHa Ha puc. 6.18. IlepBoHauanbHO HaszHadaem
HalnpaBJeHnsl [BHXEHHS rasa OT TOYKH NHTAHHSA
12 no rasonpoBoaam kK nepedepHH KpatuaHuiHm
nyteM. B pesyibrate moaydaloTcsi 4eTblpe KOH-
1eBbIX TOUKH €X0ja MOTOKOB: &, 7, 14, 16 n nAtb
KOHILLEBLIX TOUEK TYMHKOBHIX OTBeTBAEHHi: I, 5,
9, 17, 18. ns nosbllIeHHS HANEXHOCTH CETH
B H4ACTHOCTH JJA B3aHMHOTO pe3epBHPOBAHHA
YyYacCTKOB BBIJEJSieM H3 Hee ]Ba OCHOBHBIX KOH-
TYypa.
Koutyp U1 (12-13-8-7-6-10-11-12) u xoutyp /
(12-11-15-16-13-12). Tperuit KOHTYD NPHCOEIHHEH
K TOUYKE MHTAHHA W HeceT OCHOBHYIO Harpysky,
TaK KakK nuraer Koutyp [V ¥ TynWKOBHE OTBET-
paennsi. Koutyp [ takxe mnpHCoeHHEH K TOUKe

NHTAHHA CETH, HO HeCeT MEHbIUYID HAarpysky o
4eM MOXXHO CYAHTb MO MyTeBbIM pacxojaaM. B cBoux
per{oHax 3TH KOHTYpbl Oy1yT npeicTaBifTb pe-
3€pBHPOBAHHYI0 YacTb KOJblIeBOH cerH, obJa-
Jalyl0 NONOJHHTENbHOH NPOMYCKHOH Ccnoco6-
HOCTBIO s obecrneueHHsi MOJAayH rasa B aea-
pHHHBIE 30HBI.

CoOTBeTCTBEHHO  BBIGDAHHOMY  OCHOBHOMY
KOJblly MpHHHMaeM Cleiyiolide [JiaBHBlE Har-
paBaenusi: [2-11-10-6-2-3 n 12-13-8-4-3. )Kena-
T€JbHO, UTOObl OHH HECJH MPHMEPHO OAHHAKOBbie
Harpysku. Jns 3TOro TOUKH BCTpPEUH MOTOKOB &
H 7 cMellleHbl B CTOPOHY HanpasJeHHs 12-11-...-3.
BpiGopoM pacnosoXeHHst Touek 3 H 7 peluaercs
BOMPOC pacnpefeieHHs] TPAH3HTHHIX PACXOZOB B
koabuax [If u IV. Ilpn npHHSATOM HamnpaBJeHHH
notokoB Koaew [ H [l ToukH BcTpeun Gyayr 14

Ta6auna 6.5 Onpeaenerne pacyeTHolX pPAacxoaos ra3a AJjst yHacTKOB CETH

Yaeabusifi nyresoit Pacxon rasa, M*/u

Howmep Hauna pacxo rasa,

yuacrxa yuacrka, M u/ (4-m) Qn O, 55Qq Q Qe
2—1 100 0,186 19 10 — 10
2—3 100 0,263 26,3 14,5 — 14,5
6—2 200 0,186+40,263=0,449; 90 50 45,3 95,3
6—5 100 0,186+40,228=0,414 41 23 — 23
6—7 130 0,357 +40,263=0,62 93 51,2 — 51,2
10—6 300 0,357 4-0,228=0,585| 176 100 269,3 369,3
10—9 100 0,228 22,8 13 — 13
11—10 200 0,3574-0,246=0,603| 121 66 496,1 562,1
12—11 50 0,336+40,357=0,693| 35 19 11271 1146,1
4—3 300 0,263 78,9 43,4 — 43,4
8—4 205 0,263 54 30 78,9 108,9
8—7 270 0,62 179,8 99 — 99
13—8 305 0,357 109 60 312,7 372,7
12—13 250 0,693 173 95 596,7 691,7
13—16 450 0,336 151 83 24 107
16— 18% 150 0,288 43 24 e 24
11—-15 390 0,336+ 0,246=0,582[ 227 125 283 408
15—14 205 0,246 50 28 — 28
»B—17 150 0,288 43 24 — 24
15— 16 305 0,336-+-0,288==0,624] 190 105 — 105
10—14 350 0,246 88 47 — 47

*Tpanaur 43 na 13-16
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v 16, W TpaH3uTHble NMOTOKHM KoJbia [/ pacnpe-
npensiorcs oaHo3HauHo. [aA kosnsua [ raaBHble
HanpaBienus: 12-11-15-16-18 wn  12-13-16-18.
Tpauautubléf MOTOK k ywactky [6-/8 nepeiaem
Ha yyactok [3-16, TaKk Kak OH MeHee 3arpyxeH,
4yeM COOTBETCTBYIOILHH €My (reoMeTpHYecKH) yua-
cTok [1-15. PaccMoTpeHHbi BapHaHT BhiGopa
Hanpap/ieHHH ABHXKEHHA MOTOKOB rasa H pacfpe-
JieJIeHHs] TPAH3HTHBIX PacXOdO0B YYHTHIBaeT (Ka-
YeCTBEHHO) BONPOCH. PE3ePBHPOBAHHA B KOJblle-
BOH CeTH.

Beiuncsisiem mnyreBble  pacxoabl A8 Beex
YYACTKOB CeTH (COCPEAOTOUYEHHB!X PACXOLOB CE€Thb
He HMmeer). Bce pacuetl csoaum B Taba. 6.5.
CnepBa npocrasisieM HOMepa H AJHHBl Y4acCTKOB,
Jlajiee yaenbHbie MyTeBble pacxoabl (H3 Tabi. 6.4),
a 3aTeM myTeBble pacXofibl JJjisl BCEX YUYacTKOB.
MMocnegoBaTenbHOCTh NPOCTABJEHUA HyMepamHH
yuactkos B Ta6a. 6.5 npHHATA Takas: OT KOH-
HeBHX TOueX NMPOTHB JABHXeHHS rasa B Tpybonpo-
BOAE B/OJIL BbIOpaHHBIX TJAaBHbIX Hanpas/ieHHH
B TAKOM IOpsAJKe, B KAKOM NpeAINoJaraeTcs onpe-
JejisiTb pacueTHble pacxoabl. [Ipu stom ciepyer

YUHTBIBAThH, UTO PacxXxoibl /Uif BCEX BLIXOAHLLHX H3 -

AaHHOTO y3Ja Y4acCTKOB AOJAKHbl 6bITh H3BE€CTHBbI,
TOrla MOXHO ONpeJIeJIHTb PAacXoi HA ydacTKe, KO-
TOpLIfl focTasisier ras B 370T y3es. Ecid xots 6n
Jjd OJHOro BLIXOAALLErO H3 ysna yuacTtkKa pacxon
raza HeW3BeCTeH, TOrJa 3TO HalpaBjleHHe CjeLyeT
BPeMEHHO OCTaBHTb H PacCMaTPHBATH JPyroe Harn-
pasJieHHe, u3 KOTOPOFO MOXHO ONpeNeAHTb 3TOT
HEH3BECTHBLIH Pacxoil.

TMpunsitass cxema H pacloJOXEHHe TOUYeK
BCTPEUH TOTOKOB {I03BOJSIET CPa3y paccuurath
Bce pacxoad Aas yuactkos xogen IV u [1] xpome
y4acTKOB, KOTOpble rpandyar ¢ Kojbuamu I/ u I
Iast yuactkoB ot 2-1 no [11-10 pacxoupwl OnliH
onpeaesieHsl no cxeme. [as yyactka 1/-10 pacxon
MOXHO HaiTH, 3Hasi PacXoibl HA Yy4acTKax KoJib-
na /1. TlostoMy panbHedliuii pacueT BejeM IO
yuacrkam 4-3, 8-4, 8-7, 13-8. Jlanee paccmar-
puBaeMm yuactku 10-14, 11-10, 15-14, 15-17 n
15-16 (kak oTMeua/soch Bbillle HA HEry TPAaH3HT
He nepeksajabiBaeM). B pesysbrare 3akaHunBaem
pacuer notoka rasa, smxoasiuero 3 I'PIT no
yuactky 12-11. Ilisi OCTaBIIHXCH YYacTKOB pacxo-
JAbl H3BE€CTHhI, B HTOTE onpenenﬂem pacxon ans
BTOPOro rojiopHoro yuactka i2-13. Onpepenum
pacxoa rasa, Beixogsulero u3 I'PIT:

354+ 1127,1=1162,1
173 4-596,7 =769,7

1931,8

Tlorpe6aenne rasza coctasaser 1994 m3/u, uto
OTNHYAeTCST OT NOJYYEHHOro 3naueHHs Ha 2,6%.
CuHTaeM TaKyl0 TOYHOCTb NpPHEMJEMOH.

3. MNpoussoaum nonGop nHaMeTpoB AJs BCex
yuactkoB. [loTepH Ha MecTHble CONPOTHBJIEHHSA
npuuaHMaem paBubiMH 109 nueefiHbIX, Torza no-
NyCTHMble MOTEPH AABJCHHSA HA TPEHHE COCTaBSAT:

Ap:=1000/1,1=910 Ia.

IMockonbKy NyTH NBHXKEHHS] rasa 10 KOHIEBBIX
TOYEK H TOUEK BCTpEUH MMOTOKOB BECbMA pa3anu-
Hbl, TMOTOMY NpPHHHMaeM pasHble YAeAbHhIE
notepH nasjienusi Ap,/! nJjsi pa3HHIX HanpaBJaeHHH.

1) yuacrox 12-11,
2) yuacrok 12-13,

Hroro

PaccMOTpPHM OCHOBHBIE HAIpaBJEHHS,

1) 12-11-10-6-2-1,
5042004300200 100 =850,
2) 12-13-8-4-3, £1=1060,
3) 12-11-15-16-18, Z1=895,
.4 1.2-11-1(0-14, ¥ 1=600,
' Ap}/l‘=-9——l&=l,07‘na/m.

CpaBHeHHe yje/AbHBIX NOTEPb [ABAEHHS I1OKA3hi-
BaeT MX pasnnude (Hanpumep: 1,52/0,86=1,78).
YuHTbIBasi HM3JM0XEHHOe, TNPOH3BOAHM KOPPEKTH-
poBKy Ap./l. Cnepsa non6Hupaem auamMeTpbl OCHOB-
HBIX Y4acTKOB. J1/isl OCTABUIHXCH Y4acTKOB KOppeK-
THpyeM Ap./l u nonGupaem auamerphi. [lese-
coo6GpasHo, N0 XOAY pacueTa, OlleHHBATb BO3MOX-
Hbie HEBA3KM B KOJbLAX H YUHTHIBATh HX APH Ha3-
HaueHHH NHamerpos. CjeayeT OTMETHTBb, YTO 4yeM
TOyHee OyaeT OCYIUECTB/AEH INpeaBapHTENbHbIN
noa60p AHAMETPOB KOJILIEBOH CeTH, TEM MeHblie
TpyAa 6yHeT 3aTpaueHo Ha YBS3KY CETH H jRalb-
HeflHe pacyeThl.

Ha ocHoBanHM MO/yueHHBIX pacueTHHX pacxo-
JIOB H H3/I0XKEHHbIX NOJCYETOB BO3MOXHBIX YA€Hb-
HBIX TOTEPb naBjeHUs ObIH NOA06GpPaHbl AMaMer-
pel i BceX YYAacCTKOB KOJIbLEBOH ceTH. Pesyiib-
TaThl pacueros npusejseds B Taba. 6.6. [1pu raa-
PaBJIHUECKOM pacyeTe HCHOJb30BAJHCh HOMOTpaM-
MM, TIpHBEJEeHHDbIe B YueGHHKe.

B pesysabrate pacuera owu6Ka B KojibLax
He npesbicuaa 10% (T. e. MaxkCHMajbHYIO 1O
CHully), nosTomMy JadbHEHIIYIO YBHA3KY MOXHO
HE MPOU3BOAKTL. OAHAKO, UMeSl B BHAY MeToaMuec-
Kyl0 CTOpPOHY, HHXe OGyleT npHBeJleHa THapaB-
JuuecKkasl YBsi3Ka KoJiel, YTO 3HAYHTeNbHO NOBhI-
CHT TOYHOCTb pacueTa.

4. Tlpou3BOIUM rUAPAaBJHYECKYIO YBSI3KYy KO-
sen. CHayasa paccuHTaeM {IepBble HONpPaBOUHbIE
Kpyrosble pacxoabl AQx ansl Bcex Kojen no ¢op-

myse (6.62).
S o,
K

Y P —
Ap
1,75 —L
, Z )

~777 .,

= T 1,75-10,382 =43;
37,5 _
1,75-42798

1
T 175-12,749 T
—405
"~ 1,75-36,368

AQ =~ —05;

AQ = —0,05;

AQ = 0,64 .

Paccuutaem no ¢opmyie (6.62) nonpasku
AQY, yuuTHBaoumiHe OIWHGKH B COCEXHHX KOJib-
11aX, H NOJHBIE KPYropble pacxoabl AQ.
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_ (0.1484-0.499) (—0,05—0478-05 _
= 10,382 =T

AQ =AQ1+AQ7=4,3—0,03=4,2;

AQ" — 0,32 (—0,05)+0478-4,2
1 42,798

0,05;

AQu=—0,540,06= —045 .

[To mertopy 3elinenss B mpouecce HTepaTHB-
HOrO CueTa Ha KaXkJOM LI4Te MOMHO HCIOJb30-
BaTh Gojiee YTOUHEHHble 3HAUEHHS [EPEMEHHBIX,
yeM I[ONyyeHHble Ha IePBOM wI&re, IO3TOMY B
bopmyny pna AQ7] BMecto AQ{=4,3 noacrasjeno
3HaueHHe AQ,=4,2.

(0,499 0,148)4,2 —0,32.0,45+
12,749 +
13,81 4-7,32)- 0,64
12,749
AQm=0.71;
(7,32 +3,81)-0,71
36,368

AQw=0,86.

BBuay xopolilefi TOYHOCTH TpeaBapHTENLHO-
ro pacuera NoNpaBoOuHble KPYroBble pacxXoasl MO-
JYYHJIHCh BeCbMa MaJible.

BBoauM 110npaBouHble PacXojibl BO BCE KOJb-
1a, onpejeasieM HOBble PAaCueTHBIE DACXOAbl AJS
BCEX YUacTKOB H HOBbI® 3HAYEHHS MOTEPL AaBJe-
uist. Bce pacuetsl cBopim B Tabua. 6.6. [Iposeses-
Hble pacueTs! HOKa3blBAIOT BLICOKYI0O TOYHOCTB
yBA3KH Kojel.. BBHAY MaJjioro pasiHuHs B pacxo-
Jax Ha y4dacTkax InpH npeaBapuTe/lbHOM pacnpe-
JleieHHH H TIoc/ie HTePaTHBHOIO MepecueTa HOBble
NoTepH [aB/eHHSi Ha YYacTKaX pacCUHThIBAJHCh
aHAJUTHYECKH [PONOPIHOHANBHO  H3MEHEHHIO
OTHOILEHHSI pacxofa rasza B cremesd 1,8, T. e
(Quos/Qc:) "%, rhe Quos — HOBBIL pacxop rasa,
Q. — pacxoa rasa, NOJiyd4eHHbHH LpH npenBapH-
TEJbHOM pacyere.

[TpoBepHM NOJMHOTY HCNOJAbL30OBAHHS pacuer-
HOrO mnepernaja aasneHust B cetru. Hanpapieunue
12-13-8-4-3, norepu pasnenust Ap=860 [la; 12-
11-15-16, Ap==845 Tla; 12-11-10-14, Ap=1107 Ia,
ITo Bcem HanpapbJieHHsIM CTENEHb HCNO.b30BaHHSA
pacueTHOro nepenaja J1aBJjeHHs y10BIeTBOPHTEb-
Has, JHIb Ha HanpasiieHHn 12-11-10-14 umeerca
nepepacxod dasaenus. Ha eropom arane pacuera
aro b6yder yureno.

Bropoii aran pacuera cern. HecmoTps Ha TQ,
YTO NPH APEABAPHTENBHOM pacnpeneseHHH NOTO-
KOB YUMTHIBAJIHCb TJIaBHbIE HANPaBJIEHHA H OblJH
BhIJE/IEHB /IBA TJIaBHBIX KOJIbIIA, B3aHMO3aMeHsie-
MOCTH B KOJibI1eBOH ceTH OCYLECTBHTb HE YAaJ0Ch.

AQ =

ot ={0,76;

AQu= =0,22;

JleficTBHTE/ILHO, HET HU OJHOTO KONbLA, AHAMETPB
KOTOPOro MaJjio OTVIHYa/HCh Obl ApYyr OT Apyra.
[TosToMy 3TH KoJ/ibla HeJb3st paccMaTpUBaTh Kak
pesepBHpOBaHHble  3/7eMeHTH. JlefAcTBHTENbHO,
ec/lM, HampHMep, OTKJIOUHTh yuacTok [12-13,
TO BCSl CHCTeMa GyJeT HAXOAHTbC B aBapHiHOM
pexHMe, H y MHOTHX 1oTpeGuTesiedl naBaeHHe rasa
3HAuHTeJILHO YNajerT H OHH, NPaKTHUECKH, OcTa-
HyTca 6e3 rasa. JlAs MOBLILIEHHS] HAAEKHOCTH
CKOPPEKTHDPYEeM [HaMeTPhl BHOPAHHBIX OCHOBHBIX
Kosew /// v /. 3a NpHHUHI KOPPEKTHPOBKH NpHMEM
IIpHMepHOe COXPaHEeHHEe MaTepHa/JbHOH XapaKTepH-
CTHKH KOJbLA MOCTOAHHOH. DTO €CTeCTBEHHO, TaK
KaK peub HJET JHIIb O H3IMEHEHHH CTPYKTYDHI KOJIb-
na no AHamerpam, 6e3 H3MEHEHHS €e reOMEeTPHH H
Harpy3kd. YuHThBasi TO, UTO KOJbLO, PACCUHTAH-
HOEe 110 CPeAHeMYy THADPABJIHUECKOMY YKJIOHY C
YMEHbIIAIOUHMHCA AHAaMeTPaMH MO Mepe yMeHb-
LIEHHS HATPY3KH, XapaKTepH3ayeTcs MeHblleH Be-
NUYHHOH MaTepHa/JbHON XapaKTepHCTHKH M, ueMm
KOJbLO C TOCTOSHHBLIM AHAaMETPOM, IO3TOMY IpH
olpejeJieHHH JHAMeTpPa Ko/blla MaTepHaJlbHYIO
XapaKTepHCTHKY KOJbLld HECKOJbKO yBEJIHUHBAEM.

IIpoBeneM ocpeasenne npuamerpoB /11 u I Ko-
nelw.

Koabuo 111 M ;=219 (250 + 504200+

+305 -+ 300)+ 108-290 + 75,5 - 150 =284 640 ;
N [ =1545m ;
e
111
T — —
dll=M /Z [=284 640/1545=184,2 MM
Il

Takoro pxHameipa no HCHoOb3yeMOMY B IPOEKTH-
pUBaHHH copTaMeHTy HeT. [loaromy KoJblo KOHCT-
pyHpyeM H3 AByX OJIHXHHX JHAMETPOB MO cOpTa-
menty: 219X6 n 159X 4. Yuacrku 12-13, 12-11,
11-10 RaK OCHOBHble, IPHMBIKAIOLIHE K TOUKe IH-
TaHHA Koablla /2, octaBHM AHameTpom 219X6.
Yuactke 13-8 u 10-6 raxkxKe OCTaBHM [JHaMeTpOM
219X 6, Tak Kak OHH TPaHCIOPTHPYIOT ra3 B paHoH
norpebaennst IV koibua. Yuactku 8-7 u 6-7 npu-’
meMm auamerpom 159X4. Torma: M{;=219X
X (250+504200+3054300)+ 159(1504-290)=
=311955. MarepHa/ibHaf XapaKTEPHCTHKa Tmpe-
BpfI1aeT M, mosyueHHylo B pe3dysbTare pacuera B
nepsoM srane Ha 9,6%. HonosunTesbHas CTOH-
MOCTb MOBBICHT HaA€XKHOCTb rasocHabxenusa. Co-
OTBETCTBEHHO CpeiHHM AHamerp Koabua [I1 6yner
paBed dep=201,9 Mm.

Koasuo 1. M ;=219 (504390250} 108-305+

114450 =235 350.

__ 235350
T 1445
[TpoekTHpyeM TakiKe KOJbIO H3 GJHKHHX
IBYX AHaMeTpOB: yyacTku [2-13 u 12-1] pguamer-
poM 219X6, 3TH aHaMeTpsl H3MEHSITb HeJb3sl,
TaK KakK OHH GblIM NMPHHATBI B KOJbIle BHICLIETO
paura — III; yuactok I/ —15 coxpaHsiem aHameT-
poM 219X6, Tak Kak 3TOT yuyacTOK TPaHCHOPTH-
pyer ras3 B 30Hy kKoawua II; yuactku 13-16
15-16 npuuumMaem gHamerpom 159X 4. Marepuans-
Hasl XxapaKkTepHcTHKa paBia M{=247755. Ona npe-
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Ta6nuna 6.8. MuapaBauvecKHid pacHeT TYNHKOBHIX ra3onpoBOAOB

Homep . Q. w'/u Pacnoaaraevsle 4o At A LA
yuactka ’ Ap, Tla  [Ap/i, Tla/m g g o
2—1 100 10 86 0,86 57X 3 0,55 55 61
5—6 100 23 456 4,56 57X 3 2,5 250 275
10—9 100 13 610 6,1 57X 3 0,85 85 94
15—17 150 24 167 It 703 0,8 120 132
16—18 150 24 225 1,5 70% 3 0,8 120 132
BHIIaeT NpPHHATYO pasee Ha 5,3% CoorpercT-  MeTPbl, pPacCUMTbiBaeM N0 JaHHBIM mocjeaHed

BYIOILHH CpenHHi auameTp OyaeT de=171,6 MM.
OcrapJisieM NPHUHATbHIE NHAMETDHI.

YuyuthiBas To, yTo B KoJbue Il norepu aas-
JIEHHS TIpeBblIaJH JAONYCTHMblE 3HAauyeHHA, 3ame-
HAieM JHaMETPH ABYX y4acTKoB Ha GoJbluHe. [Tpn-
Humaem ajs yuacrkoB [0-14 u 15-14 puamerp
76X 3.

Jl/is HOBbIX AHAMETPOB pelilaeM 3anady NoTo-
KOpacnpejfe/ieHHsl AaHAJOTHYHO TlepBOMY 3Tany
pacuetra Bce pacuetw cBoauMm B Taba. 6.7, aua-
JorTHUHyl0 Ta6s. 6.6. 3a HauasbHOE NOTOKOpACH-
penesenHe NMpHHHMaeM IOJYYEHHOE B KOHIE mnep-
BOro 3Tana.

IMo nauusiM Tabs. 6.7 paccyuThiBaeM nonpa-
BO4Hble KpyroBble pacxoabl: AQ=—88; AQ,=
=—27; AQ,;;=—32,9; AQ,y=0,2. Beoaum no-
npaBOYHLIE PACXOALl H NPOH3BOAHM nepepacder.
B pesyibTaTe OAHOM HTepaLMH Bce KOMbLA GHLIH
yBA3aHbl ¢ ounOkoi Menee 8% Takum oGpasom,
3ajaya NOTOKOpAaclpeleeHUsl TNPH HOBBIX AHa-
MeTpax Kojiel pelieHa

IMpoBepHM NONHOTY HCNO/Nb30BAHHA PacCHeT-
HOrO mepenana AaBjeduss B cetH Hampapienus:
12-13-8-4-3, Ap=893 Tla; 12-11-10-6-2-3, Ap=
=893 [la; 12-11-10-14, Ap=920 Ila; 12-11-15-
-16, Ap=761 Tla, 3a 3THM HaNpaBJeHHEM Clie[yeT
TYNMKOBOE OTBETBJeHHe AaHHOH B 150 M, Ha
kotopom OyleT HCHONb30BaH OCTaBUIHHcA mnepe-
nap.

B wurtore BTOpOro 3Tanma pacuera MOXHO
OTMETHTh, UTO, HCMOJIb3YSl METONHKY PaHKHPOBKH
KOJIel| MO 3HAYHMOCTH H OCPeRHsIA HX AHAMETPbI,
MOXHO CYUIECTBEHHO YJYUILHTbL CTPYKTYPY KOJib-
1eBOH CEeTH W TMOBLICHTb HANEXKHOCTb ra3ocHal-
xennsi. Ho 151 nOBHILIEHHA HAJEXHOCTH HEOGXO-
OMMbl  JONOJHUTE/bHbBIE MeTasloBiOXeHHs B
H310XKEHHOM [pHMepe MaTepHasbHas Xapakre-
pHCTHKA pa3paGoTaHHOro BapHaHTa NMPEBbIIAET Ha
7,7% MarepHajibHYI0 XapakT€PHCTHKY CETH, NoJy-
yeyHyl0 B I[epBOM 3Tane pacuyera, CTPyKTypa
CeTH KOTOPOTO XapaKTepH3oBajach MeHblieH Ha-
aexHocTbio OnHAKO, TEOPHA H NpPaKTHKAa NOKa-
3bIBAIOT, YTO PACXO/bl Ha NOBHILIEHHE HAJEKHOCTH
BCErQa OKYNaloTCH 3a CUeT CHIDKeHHA yllepba or
HenagexHnoctH cucreM. [TosTomy caeayer peko-
MEeHJ0BaTh JJIfl HCIONb30BAaHHA BTOPOH, GoJee
HAJeXKHbIA BApHAHT.

Pacuer TynHKOBLIX OTBETBJIEHHH.

IMpu pacueTe TYNHKOBBIX OTBETBJIEHHH cTpe-
MHMCHi HCIOJAb30BaTh BeChb pacyeTHell nepenaj
napiennsi. Bce pacuetel cBoaHM B Taba. 6.8
PacuetHsie pacxonsl Gepem H3 ta6a. 6.5. Pacno-
JlaraeMble nepenajbl, Ha KOTOphle noa6HpaeM jAHa-

rpagpbt Taba. 6.7 Hanpumep, pacnoJaraemblid
nepenaa Assi ydactka 2-1 onpejessiem, HCX0As
M3 TOTepb AaBjieHHsl no Hanpabnewunto [2-11-10-
6-2, kotopble paBubl: 173+4217+4-1544-370=914.
Pacnosiaraemblii nepenaj ajas yuactka 2-1 paseH:
1000—914=286 [1a. [luamerpol ra3onpoBOAOB NpH-
HHMaeM He MeHee 50 MM.

IMpoBepsieM cTeneHb HCMOJAb30BAaHHS pacyer-
HOrO mepenaja B CEeTH NO OCHOBHLIM HamnpasJe-
uusim. OnpejeiisieM NOTEPH AaBjieHHS NO Hanpas-
neuusim:  12-11-10-6-2-1, Ap=975; 12-13-16-18,
Ap=907;, 12-11-10-9, Ap=484. Tlo OCHOBHEIM
HaUpPaBJEHHsIM pacuyeTHbI nepenaj JaBJeHHA HC-
nosb3osan npumepro Ha 90%. Ilo koporkum Han-
paBjieHHsiM uanpumep: 12-11-10-9 pacuerHsiit ne-
penaj HeJOHCNO/Nb30BaH, TaK KaK JHaMeTps Tpy-
GonpoBoaor MeHee 50 MM He NPHHHMAJHCh.

HepacueTHble ruapaBanuyeckue pe-
XKHMbl B KOJIbLEBO#H ceTH. [1pu Hemocpea-
CTBEHHOM MpPUCOeJMHEHUH TOTpebHTe el
K CeTH HHU3KOTO [AaBJE€HHHA KOJHYeCTBO
rasa, nmoCTynamoulero K otiesbHbiM a60-
HeHTaM, peryaHpoBarh Heab3d. [loTpel-
JeHue rasa aGoHeHTaMH 3aBHCUT OT Be-
JIMUMHBL THAPABAHYECKOTO COMNPOTHBJE-
Husl aGOHEHTCKOTO0 OTBETBJIeHHS (BKJIO-
yass CONpOTHBJIEHHe KpaHOB Tepej
npuGopamu ¥ ropeoK) M AaBJeHHd rasa
B TOYKe NPHCOEAMHEHHSA OTBETBJIEHUS K
KOJableBO# ceTH. Ec/iu AaBjieHHe B TOUKe
IpUCOeANHEHHS] OTBETBJEHHA YMEHb-
IIaeTcH, TO MOCTYNJEHHe rasa noTpebu-
TeJII0 aBTOMATHYECKH TaKXKe yMeHbL1aeT-
cd. CyienoBaTesibHO, CHHXKEHHE NOAAUH
raza pasjH4yHbIM aboHeHTaM mnpd aBa-
puliHOM pexume OyleT onpenensdTbes
rYApaBJHYECKHM COMpoOTHBJIEHHeM abo-
HEHTCKOrO OTBETBJEHHSI M MeCTOM €ro
npucoearHeHHd K KosbleBol cetu. Ta-
KUM 06pa3oM, A/ HepaCUYeTHHIX THApas-
JHYECKHX  pPeXHMOB pacxoibl rasa
HOTpe6UTeNsIM, IPHCOEAHHEHHbIM K CeTH
HH3KOTrO [AaBJieHusi, Hen3pecTHbl. las ux
omnpepeleHus HeOOXOAMMO OTBETBJEHHSA
K NOTpeGUTeNsIM YCJIOBHO 38KOJbIOBbI-
BAaTh ¢ OCHOBHO# ceThbl0. ITO BO3MOXKHO,
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Puc. 6.20. lMopaya rasa
norpeGHTEASsIM NpA aBa-
pHitHOM pexHMe

/—npH pacuere orBeTB

JIeHRH Ha TOJIHBIA nepe
najg, 2—mnpu pacuerte
OTBETBJIEHHH Ha MOCTO
AAHHLIA Nepenaj

TAK KAK NPOAYKTH OPEHHUS] U3 Ta30BbIX
ropesiok BLIXOAAT B aTMmocdepy, creno-
BaTeJIbHO, [ABJEHHE B razopacnpenenu-
TeJIbHOH cUcTeMe moc/e abGOHeHTOB paB-
Ho atMocdepHoMy. C TOUKH 3peHHd THi-
paBIHYECKOro pacueTa, 3TO 3HAYHUT, UTO
KOHUBI BCeX a0OHEHTOB CXOASAITCH B Of-
HOH TOuKe «K». UTOOBl 3aMKHYTh CHC-
TeMy MeX/ly 3TOH TOYKOH U TOUKOH MHTAa-
HHSA, C/leiyeT YCTAHOBHUTb YCJOBHbIHA Har-
HeTaTesb, KOTOpbIH NOJXKeH pa3BUBaTh
LaBJieHHe, paBHOe H30ObITOUHOMY AaBJje-
HHIO B HauaJje ceTH. Jlyun, coenuHsio-
UiMe KOHUbl aOOHEHTOB C TOYKOH <«K>,
HMeIOT HyJ/ieBOe THAPaBJMYECKOe COmpo-
TuBJeHHe. Takas MoandHKaUUd CXeMBl
NO3BOJISIET COCeHHEe OTBETBJEHHS C Coe-
JUHAOLIUMHE HX Y4acTKaMH CUMTATH ra-
panesbHbBIMH

[TapansenbHble CcOeAMHEHHS Traso-
TIPOBOAOB PacCUUTHIBAIOT, HCIIONb3YH MO-
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O6wnit pacxon rasa depes mapaJ-
JlelbHOe coelMHeHHe paBeH cymMme pac-
XO0B yepe3 BCe yYaCTKH, OTCIOAA

Qs=(bi+bs+. .+b.)  Ap=by~/ Ap.”

CnenoBaTesibHO, 06iias THAPABJH-
yeckafd TNPOBOAHMOCTb MNapaJ/enbHOro
COelHHEHHS] paBHA CyMMe THIpaBJH-
YeCKHX NPOBOAMMOCTEH OTIEeJbHBIX yda-
CTKOB.

Ha puc. 6.19 mokazaH KoabLeBOH
razonpoBOJ HH3KOIo AaBJIEHHS MOCTOSAH-
Horo nuaMmerpa dp C NPHUCOEJHHEHHbIMH
4eThIPbMS OTBETBJIEHUSAMH K MNOTpeOH-
TeJsM. 371ech XkKe MOKa3aHa cXeMa CeTH,
Y KOTOpoH abOHeHTCKHe OTBeTBJICHHSA
3aK0J1b1IOBaHbl yepe3 TOUKY »K« H HarHe-
Tatesb H ¢ TOYKOH NHTAHHA, NPHUCHO-
cobJyieHHAs IJs THAPABJHUYECKOro pacye-
Ta aBapHiHOro pexuma IpH OTKJ4Ye-
HHUH rOJIOBHOTO y4yacTKa cJieBa OT TOUKH
nuTanusd ceTd. J{ad 3TOH cXeMbl yd4acTKH
K-10-2 n k-6-2 gBasOTCA TNapaJenb-
HbIMH; TApaJs/ebHBIMH ABASIIOTCS H APY-
rie abGOHeHTCKHe OTBeTBJieHUA Tak Kak
ONHOKOJIbIIEBOH Tra3onpoBO] MNpH aBa-
pPUAHOM OTKJIOUEHHH YyuyacTKa npespa-
uiaeTcs B TYNHKOBbIH, MO3TOMY cXeMy
(cM. pHc. 6.19, 6) MOXKHO pacCUHTLIBATh,
HCIIO/ib3ysl METOX T'HAPABAHUYECKHX COM-
poruBaeHHH U npoBoauMocTelt. 151 3T0-
ro nepBOHAYAJBHO ONPEeAeasiOT MHAPaB-
JIlYecKHe CONMPOTHBJEHHS W IPOBOIH-
MOCTH BCeX COeIMHEHHH, HayHHAA OT
toukd /0. Tak, paccMaTrpuBalOT napad-
JieJIbHOE COeJlHHEHHe 3JIeMeHTOB CeTH
K-10-2 w Kk-6-2, Haxomat ux obuue
NPOBOAUMOCTb H conpotuB/eHHe [lanee
OnpeeNAI0T CONPOTUBJIEHH® W NPOBOAH-
MOCTb TIOC/JeA0BATEJBHOIO COEeIHHEeHHS,
cOCTOALIEro U3 pa3BeTBJeHUs (K-10-2
U K-6-2) u ydactka 2-8. [lpousBons
TakuM 06pasoM [aJjibHeflne pacyeTsl,
onpeeasiioT IHAPaBJIHYECKOe CONPOTHB-
JeHve H TPOBOAHMOCTb BCeHl cHCTEMBbI.

[Tocsie 3TOr0 paccYUTHIBAIOT PACXOADI
rasa AJsl BCeX yYaCTKOB H aGOHEHTOB.



HayunaloT pacyer ¢ TOYKM NHUTAHHA H
IBHUTAIOTCSH K KOHII@BOH TOUKe, YUHTbLIBAA,
YTO NOTOK rasa pacnpezensieTcs 1o na-
pa/uieIbHBIM JIMHHAIM TNIPAMO  [pOMop-
LLHOHA/NBHO HX npoBoauMocTaM. Pacue-
Thl MOKa3blBalOT, UTO MNPU aBapUHHOM
pexkuMme paboThl ceTd moTpebUTeny B 3a-
BUCHMOCTH OT YAaJCHHOCTH HX OT TOUKH
MMUTAHHUA TOJY4aAT Pa3/jHUHOe KOJH4Ye-
CTBO raszoobpasHoro tonauBa. Uem 6.H-
JKe pacroslokeH norpeGuTeNb K TOUKe
MHTaHHUSA, TeM B JYULIMX YCJIOBHUAX OH
naxogurca. Ha puc. 6.20 (xpuBas /)
nau rpadHK momauyd rasa npu aBapui-
HOM peXXHMe paboThl CeTH, MOKA3aHHOH
Ha puc. 6.19, B cayuae pacuera Bcex
OTBETBJIEHHH K NMOTpeOuTEeAsIM Ha [oJ-
HbIH nepenajn nasjaeHund. Kosabuo HH3-
KOTO /aBJIEHHS] C TOCTOSIHHBIM JHAMET-
pom ob.sanaer 3HAYHTEAbHO OoJblliel
HaneXHOCTbIO, YeM KOJIbIO BbICOKOTO
naBjeHusi. 1o ob6bACHAEICA TeM, uTo
IpH HeNOoCPEeACTBEHHOM MPHCLeAHHEeHHH
1HOTpeOHTEIeH B CJayyae CHHXKEHHS IO0-
Jauyd UM rasa nepei HUMH NajgaeT AaB-
JIEHHe M BO3pacTaeT Nepelaj B CeTH, UTO
TIOBBIILIAET €€ MPONYCKHYIO CIOCOGHOCTD.

PoJsib ruapaBiHYecKHX CONPOTHBJIE-
HHH OTBETBJEHHH B pacnpe.deseHHH pac-
XOJO0B TPH aBapHUAHHA TMApPaBJAHUECKHX
pexKUMax HeBeJMKa, Tak KaK OCHOBHBIE
OTepPH AaBJeHUSA HMEIOT MECTO B FOJIOB-
Hblx, Hanbojee HarpyeHHbIX ydacTKax
ceTH. IJTO TOJOKEHHE WJAIOCTPUPYET
kpuBasfg 2 (cMm. puc. 6.20), mnokasbiBa-
I011as KOJMUYeCTBa4 rasa, NojaBaeMble
OT/AE€JbHBIM MOTpe6GUTeiIIM B aBapHAHOM
pexKuMe, ecJii BC€ OTBeTBJEHHS OhLIH
paccynTaHbl HAa MOCTOSHHBIA nepenan
nasyenusi. OcHOBHaA macca norpedHre-
Jsieil B 0O0OMX BapHaHTaX MoJydaer OJH-
HaKOBOE KOJIMUECTBO ra3a M TO/MbKO KOH-
eBOMY abOHEHTY [0 BTOPOMY BapHaHTy
nocrynaer 46,6% rasza smecto 409 no
nepBoMy BapuaHty. TakuMm ob6pasoMm,
NP pacyere OTBETBJEHHH OT pacrpeje-
JUTEJbHLIX ceTedl K 31aH4AM HeoOXo-
JIUMO HCIIOJb30BaTh BEChL pacnoJsarae-
MbIH Tlepenaf.

M3 sToro cnenyer. uto npu paspbiBe
KOJIbLla HU3KOTO 1aBJI€HHA MOCTOSHHOIrO
JHaMeTpa KOJHUYECTBO rasa, 10JaBaemMo-
ro OCHOBHOH Macce ll0TpeOHTeJeH,
yMeHbLIAETCA He CTOMb CYILeCTBEeHHO.

[TosTOMY MOXKHO CYHUTATb, YTO KOJbIO
HHU3KOI'0 JaBJ/leHHA MOCTOAHHOIO JHAMET-
pa oGecneynBaeT HALEKHOCTh CHCTEMBI,
ITO NOJI0XKEHHE HALLIO CBOE OTPAXKeHHe
B PEKOMEHAAUHSAX MO IpelBapPHTE/bHO-
MY Ha3HAa4YeHHIO QUaMeTPOB H pachnpe-
LEeJIEHHIO TIOTOKOB TPH pacuyere CeTH
HU3KOrO JAaBJICHHA, H3JOXKEHHbIX B Ha-
yane naparpaga. Ilpn pacuere aBapuii-
HBIX DEXKHMOB MHOTOKOJIbIEBHIX ceTel
HU3KOrO0 AAaBJEHHH HCIOAb3YIOT METOoA
KOHTYPHBIX PAcxoJ0B, TaK KaK METOLCM
THAPAaBJMYECKHX COMPOTHBJEHHHA U mpo-
BOAHMOCTEH CJIOXKHBIE 3aJa4YH DEUIHTb
HeJib3fl,

6.7. Pacuer

KONbUEBbLIX ra3oBbiX ceTeM
BbICOKOTO

{cpepnero] paBneHus

FazoBbie ceTH BBICOKOTO (CpepHero)
NaBJIeHUS SABJAIOTCA BEPXHHUM Hepapxu-
4eCKMM YpOBHEM T[OPOACKOH CHCTEMbI
rasocHabxenud. .8 cpegHux U 6ob-
LIHX TOPOJOB HX IPOEKTHPYIOT KOJblle-
BbIMH (pe3epBUPOBAHHBIMH), H TOJNbKO
JJ8 MaJbiX TOPONOB OHH MOTYT BbIIIOJ-
HATbCH B BUAE PA3BETBJEHHLIX TYNHKO-
BbIX ceTel.

Bce ropoackue ¢etH paccuuTHIBAIOT
Ha 34]aHHBIA llepenaj nasJexus. Takoi
MOAXOA K pacueTy cBA3aH ¢ TeM, 4YTO
B FOpPOA ras mocTyilaeT TMOJ ONpejeseH-
HbIM fAabJeHHeM H MoAJdepKUBaerTcd He
HHXe 3aaaHHol BeanunHbl. [1pu ABUXKe-
HMH rasa no ceTsiIM BbICOKOTO, CpeaHero
1l HU3KOTO 1aBJIeHHS, & TAKXKe MPU HcTe-
YeHH# M3 COMJ Ta30BbIX TOPEJNOK BCe
H3OLITOYHOE [aBJjieHHe ras3a Tepsercs.
I"'opoackHe cHcTeMbi He HMEIOT HarHeTa-
Tesel, M03TOMY JaBJieHHe ra3a B CHCTe-
Me He MOXEeT yBeJHuHBaThcd. B cBA3n
¢ 3THM T0pPH TEeXHHKO-IKOHOMHYECKOM
pacuere TrGPOACKHX ceTell pacxojn 3JHep-
THH Ha MNOBblIIEHHe AABJeHUA rasa He
VUUTBIBAIOT.

PacueTHblit nepenaja AaBjeHus aJs
ceTedl BBICOKOTO (CpejiHCro) J1aBJeHHs
ONpeae/sitoT HCXOAA H3 CJAeAYIOLLIUX co-
obpaxeunii. HauanbHoe naBJjlente NpH-
HUMa)0T MakcumanbHelM o CHull. Ko-
HeuHoe [AaBJ€HHe T[PHHHMAWT TaKHM,
4yToObl IPH MAKCUMA/IbHON HATPY3KE CeTH
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Obl10 06ecreueHn0 MHHHMAJbHO JOITyC-
THMOE€ [aBJIEHHe rasa INepen peryndaro-
pamu. Benuunua 3TOro nasAeHHs CKaa-
JIbIBAeTCs M3 MAKCHMAJbHOTO NaBJeHHUS
rasa nepej rope/ikamu, nepenajna nasJe-
HUH B aBGOHEHTCKOM OTBETBJEHHH NpH
MaKCHMaJbHOH Harpyske W rmepemana B
rasoperyasatTopHoM nys#kre. B 6oJblinn-
crBe ciayyaeB neper [TIP nocrarouno
¥MeTh H3OLITOUHOE JaBjeHHe MPHMEepHO
0,15...0,2 MIlla.

[ns pasBeTBieHHbIX (Hepe3epBHPO-
BaHHbIX) ceTell norokopacnpeneneHue
ONHO3HAUHO ONpesnessieTcd 3ajaHHOH
CXeMOH CHCTeMBbl, a AHaMeTPhl Paccuwu-
THIBAIOT MpH TIOJHOM HCMNONb30B2HHH
MaKCHMaJbHOro Mnepenaja [daBJeHHS.
s cokpaiieHHA pacxXoJoB Ha ceTb
cJlelyeT TIPOBOJAHTh TEXHHMKO-IKOHOMHU-
yecKH#l pacuet AMaMeTpos.

[Ipu pacuere KOJbLEBbIX CeTel, Kak
YK€ OTMeyasJoch Bhlle, HeoOXOIHUMO
OCTaBJISITh pe3epB NABJEHHS 115 yBeJu-
YeHHs] TPONYCKHOR CrnoCOOHOCTH cHcTe-
Mbl TNpH aBapHHHBIX THAPABJIHUYECKHX
pexumax. IlpunsiTeiil pesepB caenyer
NpoBepSAITb DACUETOM IIPH BO3HHKHOBE-
HuM Haubojiee HeHAATONPUATHBIX aBa-
puiinblx  cutyanuit. Takdne pexumsl
06bIUHO BO3HWKAIOT NPH  BBIKAIOUEHHH
roJIOBHBIX yuacTKoB cet# [ns mHoro-
KOJIbIeBOH CceTH He(JiarOmpHUATHHIX pe-
XKHMOB, KOTOpbIE Heo6XOoNMMO TNpoBe-
PHTb PacUeTOM, MOMXKET ObITh HECKOJBKO.

CronpoieHTHoe ofecneyeHHe morpe-
6uTresell ra3oM NMpH OTKa3ax 3/J1eMeHTOB
CHCTeMbI CBA33aHO C JOMNOJHHUTEJbHBIMH
KAMHTaAbHBIMH  BJIOXKERHAMH. MakcH-
MaJbHOrO 3(PdeKra MONKHO AOOHUThCS
JUINb TMPH cJelyloileidl TOCTAaHOBKE 3a-
aaud. BBUay KpaTKOBpeMeHHOCTH aBa-
PHHHBIX CHTYaUUl cJjaeldyeT KoNnyckaTb
CHHXKEeHHEe KauecTBa CHCTeMbl MPH OTKa-
3ax ee 3jieMeHTOB. CHHIXEHHe KauecTBa
oneHuBaloT KoapuuuedTom obecneueH-
HOocTH Ko, KOTODBIH 3aBHCHT OT Kare-
ropuu norpeGureneit. Takum ob6pasom,
KOJIMYEeCTBO rasa, nojasaeMoro norpebu-
TeJAM IIPH ABAPUHHOM THADPABAHUECKOM
pexuMe Qas, HE HOJNKHO ObiTb MeHbiUe
npeaesbHOro 3Ha4eHUd, ONpere/sseMoro
COOTHOUIEHHEM

QaB= KOG Qpacq .
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Cetu BmICOKOro (cpensero) pasJe-
HESl ABJAIOTCH YNPAaBAAECMBIMU, K HHM
NPHCOGAMHHAIOT OTPAHHYEHHOE  YHCJO
KpPYNHBLIX nOoTpeSure/iell, peXKMMOM Noja-
4d ras3a KOTOpbIM YNpaBJsAeT JIHCAeT-
depckas cayxk6a. Ilpu aBapuiinoit cu-
TY4lHH Ha CEeTH AMcleTyep NPHHHMAeT
Mephl 1JIA COKpalleHHs mnoTpebieHud
raza. Takoe cokpalieHHE MOXHO ocy-
LIECTBUTh B pe3y/bTaTe BpPeMEHHOro
YMEHbLIEHHS ModayH TeM10Thl Ha OTON-
JNeHHe 31aHu#l W ropsAvee BoJOCHaAGMKe-
HHE, YTO MpHBejAeT K YMeHbUIEHHIO pac-
XONOBAHHSI Ta3a KOTEeJAbHBIMH;, MOXHO
BPEMEHHO NPEeKpaTHTb PaboTy BTOpOCTE-
MeHHBIX LEXOB; HAKOHel, KOoTe/bHble H
LUeXH, HMeloliHe pe3epBHOE TOIIHBO-
cHabxeHHe, ROJXKHB ObITh NepeseaeHbl
Ha paboTy ¢ UCMONb30BAHHEM 3THX TOM-
auB. CienyeTr OTMETHTD, YTO BO BCEX YKa-
3aHHBIX CAYYasiX peXKUM aBiAeHUil B ceTH
AOJXKeH OblTh TaKUM, UTOObI Ohljia ofec-
meueHa HopmaJjbHas paboTa rasorope-
JIOYHBIX  YCTPOHCTB  HEOTKJIOUEHHBIX
arperator. CokpaTHTb nojady rasa
MOXHO H KOMMYHAa/bHO-OBITOBBIM TTOTpE-
OuTeNIM NMyTeM MepeHacTPOHKH peryas-
topoB nasnenust 8 ' PI1 na 6osee Huskoe
BHIXOHOE 1aBJIeHHe

CriefcTBHEM YRpPaBASEMOCTH CeTH
ABadeTcs H ocobad NOCTAHOBKA 3ajayu
pacuera asapHAiHOIO TrHApaBIMUECKOrO
PCHKHMA, 3aKA0UAIOLLEr0Cs B TOM, UTO HE
TOJNbKO B pacyeTHOM pEXKHMe, HO U B
aBapHHHBIX CHTyallUAX Y3JIOBble pPacxo-
Abl ra3a sBJISIOTCA 3aAaHHBIMH. 3JTO
MOJOKEHHe TO3BOJSIeT BeCTH pacuyer
aBapUiHbBIX PeXXUMOB TEMH Ke MeTona-
MH, KaKWMH OfIpeAeNsIOT AUAMETpPhl ra-
30TIPOBOROB HNPH DACUETHOM peRUME.
OtTnMyne COCTOMT JIMILb B TOM, 4TO Me-
HSIETCAA IeOMeTPUST CEeTH: BBIKJIIOYaT
OJMH WJIH HECKOALKO 3/1eMEHTOR H YMEHb-
BT y3/10Bble Harpy3kH B COOTBETCT-
BUH C TNPHHATBIMH KO3 (pHUUEHTAMH
o0ecreueHHOCTH.

Paccmorpum BOnpoc O BO3MOXHBIX
3HAYEHHAX KO3PPHIHEHTOB obecneyeH-
HOCTH. KOMMYHa/IbHO-OHITOBLIX TOTPE6GH-
TeJiell 0OBLIMHO MHUTAIOT OT CeTH HHU3KOro
nasnenus nocae ['PII. BosmoxHoe
yMeHbllleHHe [ogayd rasa OrpaHuyeHo
HH2KHHMM TIpeesoM, KOTOPbIH yCTaHABAH-
BAlOT M3 <006pa’ieHHH MUHHMAJIbHO



JOMyCTHMOro [aBJieHHSl rasa mepejl
npubopaMH. IDTO MHHUMAJIbHOE [aBJie-
HHe olpelensieTcd MHHUMaJbHOH Ha-
rpy3KoH, KOTOpYIO NPHHHMAIOT paBHOH
509 pacuernoro snauenusi. Takoe cok-
paweHde MOJAYH ra3a XoTd U CHU3HT Ka-
yecTBO rasocHab2kalolled CUCTeMbl, HO
He TMocTaBHUT morpebutened B ycaoBud,
KOTZa OHHW OYAyT JIMIIEeHbl HCTOUHHKA
TEMAOThl H BbIHYXKAEHbl HCKATh JIPYyro#
BUJA TOMJMNBA WJIH SHEPrHH

[TonoBHHy HOpMBI razoo06pasHoOro
TOMJMBA OYAYT NOJAYUYaTh IpUMepHO 20...
309, nmorpeGuTesieil, mpUueM TaKoe CHH-
JKeHHe I10Ja4yH TOIJIMBA CYLUEeCTBEeHHO
He OTPa3HTCHA HA MPUTOTOBJEHHH TMHIILH.
B ocHoBHOM 3TO GyneT oTpa)KaTbcsi Ha
KayecTBe ropsyero BoaocHabxenus. Kax
MOKAa3bIBAIOT HUCC/AeJOBAHUSA, NPH CHUXKE-
HuH naBsenus nocsue I'PI1 MoXHO yMeHB-
LWIHTh MAKCHMaJbHbI pacxon npumepHO
Ha 15.. 20% CnenoBaTenabHO, AJisi KOM-
MYHaJibHO-OBITOBLIX NOTpefHuTesell, npu-
COeAMHEHHbIX K CeTH HHU3KOro NaBJjleHHs,
KospduuHeHT obecneueHHOCTH Kos MOXK-
HO npuHATh paBHbIM 0,8..0,85. YuHThI-
Basl KPAaTKOBPEMEHHOCTb aBapHUHBIX CH-
TyaluHd H TeNJIOAKKYMYJAHPYIOIIYIO CIO-
CcOOGHOCTb 3JlaHHH, MOXKHO COKPATUTb MO-
lauy rasa Ha OTONHUTeJbHbIe HesH. Ko3d-
(puuueHT obecrie4eHHOCTH [/s OTONH-
Te/bHBIX KOTeNbHBIX MOXKHO TPHHUMATb
paBHbiM: Kos=0,7...0,75.

KosddHuuent obecnmedyeHHOCTH MaA
TIPOMBILINIEHHBIX TPeANpHATHH onpene-
JASI0T U3 CAeAYILHX coobpakeHui.
Ecan npeanpusitie uMeeT pe3epBHYIO
CHCTEMY CHAGXKEHHUS TOMJIHBOM, TO Kos==
=0. [lpu ee oTCcyTCTBHH AONYyCTHMOE
COKpaljeHHe MNOoAauyd rasa 3aBHUCHUT OT
COKpAaUIeHHsI MOAAUYH TEIJIOTHl HA OTOMH-
TejabHble Uead. [ TexXHOJOTHUeCKHX
HYK] COKpawaTh nmojayy rasa He cJje-
ayer. Takum o6pasoM, KO3GhdHIHEHT
Kos MOXHO OlpefeIiTh AJ9 BCex cocpe-
JIOTOYEHHLIX MOTpeOHUTe el H HA HX OCHO-
Be paccuMTaTh aBapuHHble THApaBMUe-
ckue pexumbl. [locne ob6ocHoBanus
KOs dHUHEeHTOB 00ecneyeHHOCTH A14
Bcex norpebuTesed peliawT BTOPYIO 3a-
Lady, T e. onpeleJsioT HeoOXOAMMBIH
pe3epB TPOMYCKHOH CIOCOGHOCTH CeTH.

s OnHOKO/BIEBOTO Ta30MPOBOAA
aBapuiHbBIX  PEXXHMMOB, TOIJAEXKAU(UX

pacuery, [1Ba: NPH BHIKJAIOYEHHH TOJOB-
HBIX YYacTKOB CJeBa M clipaBa OT TOUKH
nutanud. Tak Kak mpH BbIKJIIOUEHHH To-
JIOBHBIX YUACTKOB OJHOKOJbIEBOH raso-
NPOBOJ NpeBpaLlaeTcs B TYMUKOBHI, MO-
3TOMY AHAMeTp KOJiblla MOXKHO ompeje-
JIUTh U3 pacyeTa aBapuiHOro THAPaBJIH-
YeCKOro peXXHUMa MNPH JHMHTUPOBAHHOM
ra3ocHabXeHHH AJS TYNUKOBOH JIMHMH.
Pekomenayercs caenyouuii  mopsigok
pacyera OAHOKOJILLUEBOH Tas3oBoi ceTH
BBLICOKOTO (CpefHero) NaBJeHMs:

1. NpousBoanm mnpeaBapuTeNbHBIH
pacyeT aHameTrpa KoJblia M0 NPHOGAH-
KEeHHbIM 3aBHCHUMOCTSM:

Q,=0,59 Ko Q.

=1

pi—pi/11Ly,

rae Q, — pacuerHblif pacxop rasa, Q, — pacuer-
Hble pacxofbi raza norpeGureasimu, Kosi — KO3(-
(pHIHEHTH 06eCneyeHHOCTH, Py, Px — abCoMIOTHBIE
JaBJiCHHA rasza B HauaJjJi€c H B KOHI€ CETH, L,(f
NPOTAXEHHOCTD Kosibia (Koaddunuent 1,1 yunTsl-
BaeT MeCTHhle CconpoTHBiaeHHd), 0,59— npubH-
JKeHHOe 3HaueHHe KosddHiHeHTa o B (opmyie
onpeje/ieHHs PacyeTHOro pacxoja, Korjaa raso-
TIPOBOJ HECeT NYTeBYI0 HArpy3Ky 3HaueHHe 3TOro
KO3(p(HIHEHTa MOXKHO YTOUHHTh Mo (opMyJie
(6 39)

Liesiecoob6pa3Ho NpUHMMATD TOCTOSAH-
HbIH nHameTp Koabua. Ecau takoit ana-
MeTp noaobpaTh He YIACTCS, TO YUACTKH
razonporoioB, PACHOJOMKEHHBIE [Ha-
METpajibHO MPOTHBOMOJNOXHO TOYKe MH-
TAaHUA, cAelyeT TPOKIAALIBATL MeHb-
mero puamerpa, Ho He MeHee yeM 0,75
AMaMeTpa rojioBHOro ydyacrtka. Pacuersl
MMOKa3blBAKOT, YTO €C/IU 3aIPOEKTHPOBATH
OJAHOKOJIbIIEBOH ra3onpoBOMA C TAKUM XKe
pe3epBOM TNPOMYCKHOH cnocoGHOCTH, HO
IpH TOCTOSIHHOM TajeHHH Kpajapara
naBJjieHHsT B pacuyeTHOM  pexHMe
[(pi—p?) /l=const], Torma 6yner
HMeTb MeCTO Mepepacxo] MeTajajla Ha
5...109% no cpaBHEHUIO ¢ KONBIIOM MOCTO-
SIHHOTO AuameTpa.

2. BrimoaHseM 1nBa BapuaHTa TUI-
paBJHYECKOTO pacyeta aBapuiHBIX pe-
JKHMOB TIPH  BDBIKJIOYEHHBIX T[OJOBHBIX
y4acTKax CJieBa ¥ CIIpaBa OT TOUKH MUTa-
HUsl. [luaMeTpsl yUacTKOB KOppPEKTHPYEM
TaK, 4YTOOBl JAaBJieHHe rasa y TnocJjen-
Hero norpebuTesl HE MOHHKAJIOCh HHXKE
MHHUMANbHO AONYCTHMOrO 3HAYEHHH.
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Puc. 6.21. Cxema opto-
KOJbLEBOro rasonpogso-
Aa BbICOKOro AaBaeHus

Jlad Bcex OTBETBJIEHMH paccYUTbIBAeM
AMaMeTpbl ra30NpoBOLOB Ha MOJIHOE HC-
NnoJib30BaHHe Tepenana AaBJeHHd C Mo-
nadeil um Ko6Q, raza.

3. PaccuuThlRaeM pacnpejuesenHe
IIOTOKOB TIPH HOPMaJbLHOM peXHMe H
ompelessieM [aBjieHHe rasa BO BCeX
Y3JIOBBIX TOYKaXx.

4. TpoBepsieM auamMeTphl OTBETBJE-
HUH K COCpPeIOTOYEHHLIM MOTpebUTeNsIM
MpPH PaCUeTHOM THAPABJAHYECKOM DPEXH-
me. TlpH HemocTaTOUHOCTH aHaAMeTpPOB
yBeJIHUMBaeM HMX A0 HeoOXOAHMBIX pas-
MepOB.

NMpumep. 6.5. PaccudtaTh 04HOKO.IbLEBOH
razonposod (puc. 6.21). Ha cxeme puc. 6.21 mo-
KasaHbl y Bcex norpeGHTened y3JsioBble pacxXojbl
rasa (m°/4), naHBl HOMepa BCeX y4acTKOB KOJb-
a ¥ OTBETBJIEHHI, OKOJNO HOMEpPOB Y4acTKOB B
cKOoGKax YyKasanbl HX JHHbl (M) HauanbHoe
AaBnenre rasa nocae [PC p,=700 klla (abc),
MHHHMaJibHOe KoHeuhoe aasJjendHe p,—=300 klla
(a6¢c). Koadipuunent obecneyeHHOCTH sl Bcex
norpeGHTesell NpUHAT paBHLIM® Ko=0,7.

Pewenue. 1. OnpenenuM QuaMeTp Koublad DO
pacueTHOMY pacxoay

Qu=059Y K, Q =
(=1

0,59-0,7-38 800=16 024 m’/u
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H yne.nbﬂomy najeHHo KBajapara NaBjaeHus
2 2
Pi—ps  700°—3002

LTL_~ 1111000

—33,06 x[1a 2/m

31ech NOTEpH aBAEHHS Ha MECTHBIX CONPOTHB-
JeHHAX npHHATH B 109 snuueltubix noteps.

Jluamerp ompejensieM no HoMorpamme (cM.
pHc 6.2), ou pasen 273 X7 Mm.

2. TIpoH3BOAHM pacueThbl Ajf aBapHiHBIX pe-
JKHMOB NpH BBIK/IIOYEHHH y4acTkoB I U 15. Pacue-
Tel N8 OGOHX BapHaHTOB CcBOAHM B Taba. 6.9.
YanoBbie pacxojbl NPHHHMaeM paBHbIMH: KosQp=
=0,7Q,.

B npouecce ruiapapaHyecKoro pacuera Bhisic-
HHJIOCb, 4TO KOJIbLO AHaMeTpoM 273 X7 MM He
obecileyHBaeT HeOOXOAHMOro [aBJIEHHS B KOH-
nesbix Toukax Oco6eHHO 3TO NMpPOSABAANOCH NPH
BBIK/IIOUEeHHH yuacTka /. Takoe nosoxeHue o6bsc-
HSeTCA TeM, 4YTO HAarpy3ka Ha KOAbLO HECHMMeET-
pHUYHAs — Neperpy>KeHa JepBas BETBb. ¥Y4YHTbIBas
H3JIXKeHHoe, s yuactkoB I, 12, 13, 14 u 15
6b11 npHHAT auameTp 325X 8, KOTOPLIH H yuTeH B
Taba. 6.9.

Onpesenum naBjieHHE B KOHIEBHIX TOUYKaX.
[lpu BHIKAIOUEHHH ydacTKa
15p,=+/ 490 000—328 730 =402 kIla, IIpu BuIK-
JIIOYEHHH  ydyacTKa

Ip=-/490 000—342 185 =
=384 klla. B o6GoHx cayuasix AaBJjeHds aocTa-
TOYHBl, uTOGBl NPHCOEJUHHTb COOTBETCTBEHHO
orperBienuss 29 u 16. [losyueHuble axamerpbi
KOJjiblia OCTaBJIsIEM.

PaccuutbiBaeM AHaMeTpbl OTBETBJEHHH A%
aBapHHHBIX PEXHMOB IIPH Nojaue NOTpebHTENAM
Qa6=KosQ, ™M%/u raza. Cuauana ompegensem
JaBJjielne ra3a B Hauaje BCeX OTBeTBJeHHH Kak
NpH O1Kase ydacTka /5, TaK U npH OTKase yuacT-
Ka /. M3 cpaBHeHHs 1BYX 3Ha4€HHH HayasbHbIX
NaBJIEHHH AJA KaXXAOTO OTBETBJEHUS Puor BHIOH-
paeM MeHbuiee. [lns 3TOro aaBneHus ¥ noaGu-
paem QHaMeTp OTBETBJEHHS MPH YCJOBHH, UTOOBI
J.aBJjieHHe B KOHILE OTBETBJIEHHS Py or OBLIO HE MeHee
300 kfla Kpome roro, aHamerpnl Menee 50 MM
HE NPOEKTHPYEM

IMopsgok pacuera npociegHm Ha TpHMepe
oTBeTBAeHHS 20.

a) Haxoaum paBiienne B HauyaJsie OTBETBJIEHHA
npu orKase ydacrka 15

Puzo=1/700%— (58 080 + 69 300 +

+ 9350 4- 38500 +-37400) = 526,7 klla,

sgeck 700 klla — naBjedHe B Hauaje ceTH, a
cyMMa B CKOOKax — NMOTEepPH KBajparta AaBjeHHs
Ha ywactkax I, 2, 3, 4, 5, B3sitble U3 Taba 6.9

6) Onpepensiem naBjieHHe B HauaJsle OTBETBIeE-
HHA NPH OTKase yyacTka |

Puzo = 700" —(91 960 4 39 960 +

+29 260+ 31 680+ 42 9004+ 39 600 +4-

+24 750418 81048800+ 10 780) =
=393 klla.
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Tak Kak NpH OTKase ydyacTka [ japJjieHHe
B HauaJe OTBETBJEHHsI MeHbuIe, NOITOMY 3a pac-
YeTHOE 3HAUEHHEe NPHHAMAaEM pPyzo==393 klla

B) OnpegensieM JOIIyCTHMYK IIOTEPIO KBal-
para nasjeHds Ha 100 M

2 2
Puso—Pigos 100 =

117,
393%—300° . 2
=W -100=28370 kIla

r) [MoaGupaem pHaAMeTP OTBETBJIEHHS MO
HoMorpamme (cM. pHc. 6.3)

2__ 2
P ] &-10():8500 kITa?

1) Onpepgensiem MoTepio KBaAPaTa AABJEHHUS
Ha OTBETBJIEHHH

2 2
Py—Py
t,1 ——l——-lOOZZO/lO{)z

=1,1-8500-7=65 450 k[Ta °.
e) HaxoauMm papieHue B KOHLE OTBETBJICHHSA

Prao=~/393% — 65 450 =298,4 klla.

anHﬁTHﬁ ANaMeTp OCTaBJIfieM.

Bce pacuers! 11 OTBeTBJEHHA CBOAMM B
Taba. 6.10. M3 paccMorpennsi pacueros (CM.
taba. 6.10) caepyer, w10 AnA oTBeTBAeHuH 23,
24-29 nauanpHOe AaBjieHHe OGYNeT MeHbIUHM INpH
oTKase yuacrka [5, a mia orBerBiennit 16, I7-
22— npn orkase yuactka [. [las 3tux ycnosnk
u GbJIA NOAO6PaHbl JHAMETPHI.

3) [lpousBojiuM pacueT [OTOKOpacipenee-
HHSl [IPH HOPMAJbHOM THIPABIHUECKOM pPeXuMe
cern. CHauana 3agaeMcfi  TIPeiBapPHTEIbHbIM
pacnpeieneHHeM NOTOKGB (Hyjesoe mnpubGJHKe-
HHe), NMpH 3TOM AJiA KaXAOro ysjaa cobJonaem
nepsuiii 3akod Kupxroda. [lpumem rouky cxona
B y3ae orserBaeHdHss 23. Byaem cumtath, uTO
00 yuyacTKy 8 B 5TO OTBeTBJCHHE NOCTynaer
3000 m%/u rasa, a no yuactky 9—5000 m3/u
(Q23=8000 m3/u). [lanee, asurasicb NPOIHB IO-
TOKA Ta33@ N0 KAaXJAOH BETBH KOJbUA, HAXORHM
pacyernsie PacXoibl AJS BCeX YYacTKOB KoOJbLA.
ITo u3pecTHHIM AMaMeTpaM M pacxojaM Io
HomorpaMme (cm. puc. 6.3) HaxoauMm moTepu
pasjenuss Ha 100 M aJauHB AJA BCeX Y4aCTKOB
¥ Jaliee NoTepH Ha yuactkax. Bce pacueTn cBoO-
num B taba. 6.11.

B pesyabrare pacuyera KO.AbLA, HCXOAA H3
NpeABapHTENLHOrO pacnpeie/ieHHs NOTOKOB, Moy -
4aem HeBA3KY NOTEPb KBAAPaTa AAaBJEHHA B KOJ/b-
ue, pasuyio 24 710. CaenosarensHo, BeTsb 15, 14-
9 neperpyxena. [as ee pasrpyskd Heo0xo-
JMMO BBECTH KPYTFOBOH DacxoOf MO 4acoso#i cTpes-
Ke. Own6Ka B KOJbIE COCTABJACT BEJHYHHY

2 2
5 2 (Pr—pi)100 _ —24710-100

0.5-163 890
0.5 XY p2—p2)
——302% .

dXs=133X4,

Paccunraem nenpaBouHblii Kpyroso#l pacxon

no ¢opmyse (6.63), yuatsiBasi, uTo AJax OAHOrO
— A0
Koabua AQe=AQx:

T
(P2—r2) 2-12,014

=1028 ,

npumeM AQe=1000 m3/u,

[Monyuesnpit yBA3OMHBIA KPYIOBOH pacxol
BBOAKM B KOJbL@ H MPOM3BOAHM OKOHYATEND-
HbiH pacuyer. [Tocne BBemeHus Kpyrosoro pacxopa
ownbKa B Koablle yMeHbiinnach po 6,2%, uro,
npHemieMo JDTHM 3aKAHUMBAETCS PacyeT KoJiblla.

4) TlpoepsieM AOCTATOYHOCTD NIPHHATHIX [Ha-
MeTPOB OTBeTBJEHHH B Npopecce pacyera aBapHii-
HbIX THApaBJiHyeckHX pexxnmoB. CHauana omnpe-
Nle/isieM JaBJjieHHe [a3a B y3laX INpHCOeAHHEHHs
OTBeTHJIEHHH K KOJBLEBOMY Ia3onpoBoay, T. e.
HavyalbHOE® 1ABJCHHE B OTBETBJECHHE Py, Hasee
HAaXONHM TOTEPId AABJEHWA, HCXOAA M3 pacuer-
HOW HArpyskd u MPHHATOrO AHAMETPA, U 3aTeM
JaBJleHHE B KOHIl€ OTBETBJICHHS Dy or. ECaH THOMY-
yeHHoe nasJjende ne Menbumie 300 k[la, rorga
NPHHATLIA AHAMETDP OCTaBJIfAeM, B POTHBHOM Caly-
yae nuamerp ysesuuuBaeM. Bce pacuersl cBopum
B Taba. 6.12, orkyla caenyer, 4io BO Bcex cay-
yafX [AuHaMeTpbl OTBETBJeHWH, IPHHATHIE NpPH
pacuere apapuliHRIX PEXHMOB, YAOBJIETBOPAIOT
TpeboBaHusiM pacyeTHoro pexuma, Cuaenosa-
TeNbHO, aBAPHHHLIE THAPABIHYECKHE PEMHMbI A5
OTBETBJICHHH OKa3anuch Gojee HanpsiKeHHbIMH,
4eM pacyeTHLIH pex UM, MO3ITOMY OHH H olpeje-
JulH JHaMeTps oTBerBaenni. Ha 3toM ruapas-’
JHYECKHH pacdeT KOJAbLLEBOro rasonpoBoja BLICO-
KOro AaBJieHds] 3aKAHUHBAETCS.

Onpene/inM CTeneHs HCNOJAb30OBAHUA pacuer-
HOTO Nepenaja KBajpara AABJEHHA OpH obecre-
YeHHH JHMHTHPOBAHHOIO rasocHafXKeHHS B apa-
pHAHBIX cHTyauusix. AGCOMIOTHbIE 3HAYEHUS aBJie-
HHi: p,=700 kI1a, p,=300 kIla Ilorepio kBan-
paTa JaBJeHus HA OTBETBJCHHH [PHMEM B
60 000 x[Ta?. B 70M cllyyae BeJHYHHA PACYETHOrQ
nepenaja JapjieHHsl Ha Kojabue Gyner pasHa:

(P2 — Pijpses = 7007 — 300° —60000=
=340 000 x[1a’.

Hcnoap3oBaHbifi B pacueTHOM pexume lepe-
naj cocraBJsier

PPu— PP ken=T700%-—620,9?== 104 483 «Ila.

CaenoBarensHo, CTeneHb HCROJb30BAHHS pacuer-
HOrO nepenaja Ksaapara iaBJeHus, onpejejseMas
HeOOXOJHMOCTDLIO PE3CPBHPOBAHHA  MPONYCKHOR
CHOCOOHOCTH KOJbla AJIS 06ecrneyeHHs JiiMHTHPO-
BAHHOFO ra30CHAGXKEHHA B aBapUIHBIX CHTYAlHAX,
COCTABUT:

104483

e — = ¥
340000 100=30,7%.
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Ta6aunma 6.12.

[posepka nHamMeTPOB OTBETBACHMH Ha pacUETHHH peXUM

No e 55 oM duXs, MM 2 2 2 o2 W oty « oty
BneOuTuz Mg/'l £ lp- X 100, l,Ip——"[_pK X i Kila P Ka
kIla? X 1004, /100,
k[la’
16 3500 600 133X 4 8000 52800 675 634,7
17 1800 600 89X 3 20000 132000 651,8 541,2
18 3000 200 89X 3 50000 110000 648,9 557,2
19 200 150 573 3500 5750 639 635,3
20 5000 700 133x 4 17000 130900 629,4 515
21 1000 700 76X 3 16000 123200 625,1 517,3
22 1800 400 89X 3 20000 88000 622,9 5477
23 8000 300 133X 4 40000 132000 620,9 503,5
29 1500 350 76 X3 34000 130900 669,5 663,3
28 1700 400 893 18000 79200 658,2 595
27 1700 600 893 18000 118800 649,4 550,4
26 4000 400 108 4 36000 158400 641,2 502,7
25 600 200 57X 3 32000 70400 633,9 575,7
24 5000 600 133 4 18000 118800 627,1 523,9

B paccmorpeHHOM Bbllle mnpHMepe
THAPABJHUECKOTO pacuera OLHOKOJbLC-
BOTO rasonpoBoja Ajsl o6ecreueHus no-
Tpe6GuTenell  JIMMHUTHPOBAHHBIM  raso-
cHaG»KeHUeM B NMepHOJbl aBapHHHBIX CH-
Tyaldii mNpH oOnpejeseHdd JHamerpa
KoJIblia Henosib3osano auwb 30,7% (y=
=0,307) mMakcHMaJbHO BO3MOXKHOIO me-
penaga KBaapaTa JaBieHHii (pi—
— ph¥axc Jloas uCronb3yemMoro B pac-
YeTHOM peXXHMe nepenaja KBajapara Ja-
BJIEHH# Y 3@BHCHT OT CXeMbl CETH, €e Ha-
rpy3kH H KO3 @PHUHEHTa 0OecieyeHHO-
ctu norpebutenehi  (Kos). Onpenenum
3HAUYEHHs, KOTOpble MOXeT IPHHHMMAaThb
KO3 PHIHEHT iy A5 OLHOKOJLLUEBOro ra-
30MpOBOL2 C PaBHOMEPHO paclnpeje/eH-
HOH Harpysko#.

PaccMoTpUM  OQHOKOJBLEBOH Traso-
NPOBOL C OXHOH TOUKOH MHTaHMsA, K
KOTOpOMY mnpHcoefnHeHo N morpebure-
Jeil ¢ pacueTHniM pacxompoM ¢=Q/N

Kaxabli (rae Q — cymMmapHbifi pacxon
raza). llorpe6Guren npucoenavHEHbl K
KOJIbLLY uepe3 paBHble HHTepBabl [=L/
J(N+1). C HekoTOopbiM OpUHGIHKEHHEM
KaK JJIs UYeTHBIX, TaK H JJIsi HEeYeTHBIX
3HauyeHul N pacueTHblli pacxon rasa s
pPacyeTHOro peXxXuMa KoJblla Qp.p MOXKHO
ONpeJesHTb MO CJAeAYIOLeMY YypaBHe-
HHIO:

2n4-1 Q
6n 2
N+1 Q@ .4
N o (6.66)

ITo ypaBHeHHE HOJYYEHO B MpPeRno-
JIOKEHHH, YTO YHCJO Y3JNOBbIX HAarpysox,
NPUCOEAUHEHHBIX K IOJYKOJbIY, pPaBHO
N/2; narpysku npucoenuHeHbl K KOJbIly

Ta6awua 613 3HaueHus y u da./d, NpA pasamuimx Beawuuuax K, u N

Kosdduunenr obecnevennoctu Kos
N i 0,7 0,5
y dan/dy ] das/d, y day/d,
5 0,164 1,41 0,334 1,23 0,656 1,08
10 0,144 1,44 0,294 1,26 0,576 1,11
50 0,129 1,47 0,263 1,28 0,516 113
100 0,127 1,48 0,259 1,29 0,508 1,14
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paBHoMmepHo. Takum o6pa3oM, gHaMmerp
KOJblla (MPUHHMAEMBbIfl TOCTOSIHHBIM)
onpenensieTcd B [PELNONOXKEHUH, YTO
NOJYKOJbLO HECeT TOJBKO NYTEBYIO Ha-
rpysky Q/2 v Ha HeM cpabarbiBaercs
pacueTHblil nepenan, paBHbBIH:

y(PQH'—sz)MaKC.

Koa¢pduurent o onpeneseH U3 ¢op-
myasl (6.39) npu x=1.

CuMrasti 3aKOH THAPaBAHUYECKOTO
CONPOTHBJIEHHSA KBAaApPAaTHUHbLIM, HalH-
HleM ypaBHeHHe [J ONpejesieHdst IH-
amerpa KoJbila

9 9\ Mahe L Q2
y(Pamry) =k g =
p
2
N+l Q7
e N A RQ’L N1
= 4525 O 505 4N
P P
oTCloaa
2
go2s_ RQTL 1 N+ (6 67)
- 9 g\MaKe gy 25N
(p“~PK)

OmnpenesiM [HaMeTp KoJIblla, HCXOLS
13 aBapHBHOrO peXHMa, KOrAa BBIKJIO-
4yeH roJOBHOH yuacTok. B TakoMm cayuae
KOJIbLLO TPEeBPaTHTCS B JHHEHHBIH raso-

npoBoj AAHHOH L W HarpyxkeH-
Hbii N OJHHAKOBBIMH Y3JOBBIMH Pacxo-
JaMH, PACIONOXKEHHbIMH Ha OJIHHAKOBbIX
paccrosinusix. B aBapuiiHoM pexume
noTpeGHTENH NOJY4alOT CHHAKEHHO., JH-
MHTHPOB2HHO€ KOJHYECTBO Tra3a @ap==

=_5]\7_6Q (rie  Kos — Ko3pPuuxent
ofecrieyeHHOCTH), a Ha ceTH cpabarTh-
BaeTcsl MaKCHMaJbHbI Mepenaj gasJe-
HMSi, COOTBETCTBYloULME (p2—p’c) ™
Ilnamerp KoJbua Oyner paseH:
2
amake  oN 1 (K @Q N
(p2‘p2) _Jk-i o,j_L

nPx 6N 455  NFI
p
2
: RQPL AN ;
5,25 _ 2
daa - 9 g\ MaKe 6(N+1) Koé {6 68)
(Pa—rd)

W3 nonyyeHHbIX COOTHOLLEHHH MOXK-
HO pellHTb JBe 3ajiauu:

1) onpenenuTb LOMIO MAKCHMaJbHOTO
nepenajga y, HCIOJb3yeMOTO B pacueT-

HOM PeXHMe B 3aBUCHMOCTH OT K03 du-
nueHTa obecneuedHocTH Kos [NpupaBHu-
BaeM BbipakeHusi (6.67) u (6.68), Tak
Kak dy=d,., ¥ onpexensieM y];

2) onpenenuTb HeOGXOAHMOE YBeJH-
yeHHe [HaMeTpa KOoJblla JJisT BO3MOX-
HOCTH MpomnycKa JHMHTHPOBAHHOTO KO-
JINYECTBA ra3a B aBAPHHHBIX CHTYaLHsX
(6epem orHoweHHe das/d, npu y=1).
PesynbraTtel pelenusi ceneHsl B TabJl.
6.13.

J1f OZHOKOJBLUEBOro ra3onpoBOAa
CEeTH BBICOKOT'O JaBJIEHHST UHCJI0 Y3J0BbIX
norpe6ureneli oO6bIYHO He GbiBaeT MeHee
10, mostomMy B pacueTax MOXHO NPHHH-
MaTb cJAeyloLHe IPHMepHbie 3HaueHUSs
Koappuuuenta y: npu Kee=1; y=0,15;
npu Koe=0,7; y=0,3 u npu K,=0,5;
y=0,6. CipaBei/IHBOCTb NPHHSITOrQ pe-
3epBa AaBJEHHS CJeyeT NPOBEPSITh pac-
YeTOM.

JlononHHTe/IbHbIE METAJJIOBJIOKE HHSI
B pe3epBUpPOBaHHE OHOKOJbIEBOro ra-
30NpOBOAA NMPUMEPHO COCTABJSIIOT: IpH
Kos=1—/40—45/9%, npn K,=0,7—/
/26—30/%, Kos=0,56—/8—15/%. C
yBeJMUeHNeM 4Hc/Ia KoJjel pe3epB 1aB-
JIeHUs] yMeHblllaeTcsl H 3HaueHde y yBe-
avuuBaercsi, CylecTBEeHHOE yBeJHYeHHe
Koa¢pdruueHnra y OyaeT NnpH mnocJeno-
BATENBLHOM PaclojiOXKeHHH M0 Hanpasje-
HHIO OCHOBHOTO MOTOKa ra3a HeCKOJIbKHX
Kosel. DTH Koabla cleLyeT NpOoeKTHpo-
BaTb OJMHAKOBOTO HJH GJH3KHUX 110 3HA-
YeHHIO QHAMeTPOB H Ha BCEX KOJbllax
cpabaTeiBaTh TNPHMEPHO OIHHAKOBbIE
nepernanbl KBaApaTa NaBJICHHS.

[1poBeneHHbIA aHANAU3 U PACUeThl A/
OIHOKOJIbIIEBOTO ra30MnpoBoaa Aak0T BO3-
MOKHOCTb OPHEHTUPOBATHCS NP Ha3Ha-
YEeHHH LHAMETPOB H pPe3epBOB [aBJEHHS
B Ipollecce MpeABapHTENbHOrO pacuyera
MHOTOKOJIbI[€BOH CeTH BLICOKOro [aBJjie-
HUS.

6.8. OcobeHHOCTH pacvyeta
MHOrOKONbL,EBbIX

rasoBbiX CeTeM BbICOKOro
(cpeavero) maBnenus

HcxonHo# uHpopmauueii siBasieTcsi
3a/laHHas KOJblleBas CCTb C Y3JOBbIMH
Harpy3kaMHM ¥ TOUKaMH TMHTAHHUS CeTH.
3ajaua COCTOMT B ONpeAe/ICHHH AHAMET-
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POB Y4aCTKOB CeTH H3 YCJIOBHH ee HanexX-
HOTO QYHKUHOHHPOBAHUA. [I15 pewieHUsA
3TOH 3a4aud mpepsaraeTcsi MeTon pac-
yeTa, COCTOSILIMHA M3 Tpex 3Tamos: 1)
NpexBapUTENbHOE ONpeneseHde JHamer-
POB H OCpelHEHHe WX N0 paHram Ko-
Jen; 2) KOppPeKTHPOBKa AHAMETPOB B pe-
3yJabTaTe pacyeToB IOTOKOpacnpeneJe-
HHSL JJA Bcero Hafopa aBapHHHBIX
cuTyauuii; 3) pacyer noToKopacnpesaese-
HUA [Jsi PacueTHOW Harpy3kd ra3oBo#l
CeTH.

Has npedsapureasrozo onpedeie-
HUs Juamerpos cileiyeT 3aNaThCH NMpen-
BapHTEJbHbIM NOTOKOpAaclpeieJeH’eM B
CeTH ¢ YBfA3KOH 6ajlaHCOB MNOTOKOB B
yanax. [laa 3storo cHauasa BbIGHPAIOT
HalpaBJ/eHHs] [BHXKEHHUS [OTOKOB, Ha-
3HAYalT y3Jibl — TOYKH CXOAAa NOTOKOB
Ha nepHdepHH KOJbLEBOH CeTH M, [IBH-
rasicb OT 3THX TOYEK K TOYKE MHUTaHHS
ceTH, BbIGUPAIOT HanpaBJ/eHHe BHXKCHUSA
rasa [Jsi KaxJaoro ydactka. B cxeme
NPOCTaBJAIOT HaMpAaBJIEHHS] ABHXKCHHA
rasza no yuacrkam [locne BbiGopa Ha-
NpaB/ieHHH JBHXKEHHS NOTOKOB Ha3Ha-
HalT pacXoxbl IJIsl Y4acTKOB, Takxke
IBHrascb OT TOUYEK CXOna TMPOTHB ABH-
JKEHHS MOTOKOB K TOUKe nHTauusl. B Tou-
Kax CX0[a MOTOKOB TpPaH3WTHbIE pac-
XOAbl pacnpenensiloT Tak, uTobbl pacxo-
Jibl H& COCEHHX yuacTKax OblIH NIpUMep-
HO OIMHAaKOBBIMH, TOrJa y4acTKH GynyT
6NM3KHMH K B3aMMO3aMEHSICMbIM.

[Tocae npeasaputesnbHOro pacnpeje-
JICHUS1 TOTOKOB IO CeTH ONpeessioT
yesbHble NOTEePH AaBJeHUs AJisi nonbo-
pa avamerpoB. [las 3TOro pacueTHyIo
MOTEPIO NABJEHUS JJi1sl BCEH CETH YMEHb-
IIAal0T YMHOXasi Ha KO3(POHIHEHT ¢,
KOTOpBIH ollpenensieT HEOOXOQMMbIH 3a-
nac [4aBj€HHA [JA TPAHCIOPTHOrO pe-
sepBa. CJenyer HATOMHHTbL, 4TO Ta3o-
NPOBOAbI BBICOKOTO M CpPeIHEro naBJe-
HUA PacCYHTBIBAIOT MO Y/e/JbHbIM MOTe-
psiM KBaapaTa AaBJeHHs, T. € [0 Bbipa-
JKEHHIO:

(pi—p})/L,

rae p. u p; — abCcoJIOTHOE JaBjieHue B Haugje
(1) » xoHue () yuactka, ! — niuHa YyvacTKa

J1si ceTH yne/ibHYIO MOTEpIO A1 MO~
Gopa nHaMeTpoB OMpPeNeNsioT Tak

Pop—p*) /11 L,
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rie pu # px — aGCOMIOTHbIE [AaBJEHHS B TOUKE
NUTaHus ¥ TOYUKE CX0/1a HOTOKOB (KOHLEBOH TOukKe)
B ceTd, L -— JJinHa HAapaBJAEHHS OT TOUKH NKWTaHHS
0 TOuKM cxofa, 1,1 — KO3 HUHEHT, yUHTHBAIO-
IH# NOTepH [AaBJEeHHS] HAa MECTHbIX CONPOTHBJE-
HHAX, @ — KO3((UIHEHT TPAHCIOPTHOro pesepsa

KoagppuuueHnT ¢ 3aBUCHT B OCHOBHOM
OT UHCJ1a B3AUHMHO-Pe3epPBHPYIOLHX APYT
Apyra KoJsel, XxapakTepa Y3J0BOH
Harpy3KH H KoagulHeHTa obecrevyeH-
HocTH mnorpeburteneit Ko, Uem Goabiue
KoJiell, ueM PaBHOMEpPHee Harpy3ka H uem
Menblue K,s, Tem OoJgbllle BeJHYHHA
¢. Koappuunenr ¢ o6biuHo Kosebaercs B
npenenax: ¢=0,2...0,4.

[Tocne nog6opa nMaMeTpoB yUacTKOB
NMPOU3BOAST YBSA3KY ceTH. [lanee paHxKH-
pylotT kojabna. as 3Toro Heo6XoaHMO
BoiGpaTth kputepuii. Ho, nepsonauanbHo
YCTAHABJHBAIOT KPHTEpPHH [JA paHXH-
poBKHM yuacTKoB. Tak Kak 3azxauda J1060-
r0 yd4acTKa CeTH — MepeTPaHCIOpPTHPO-
BaTb B €JHHHUIlY BPeMeHH OlpeneseHHOe
KOJMYeCTBO ra3a, a Ha TPaHCIOpT rasa
3aTpauyvBaeTcsi  MOLIHOCTb, [03TOMY
pPaHXHPOBATb YYacCTKH Lenecoo6pa3Ho
10 3aTpauMBaeMOH Ha TPaHCIOPTHPOBa-
HMe rasa MouiHoctH. UYem Goablue
3aTpaydBaemMasi MOLIHOCTb, TeM BHIIIE
paHr yuyacrka.

BoiBeneM BoipaxKeHHe A5 Onpejese-
HMSI MOLILHOCTH, 3aTpauMBaeMoii Ha TpaH-
cnopTHpoBaHue ra3a. [lotepn kBajapara
LaBJleHHsi olpeAenuM Mo ¢opmyae

[Torepio MoOLIHOCTH onpene UM 0o
CleyIOLLEMY BBHIPAKEHHIO
3
a1 ,
pop, di® v

AN, =14p,I-1Q, | =

[nsi paHXKHPOBKH KOJIEll HCIOJb3yeM
CYMMAapHYIO BeJTHUHHY TIOTEPSAHHOH MOLU-
HOCTH, BT:

. 1Q,)1°
ANK= Z m—ﬁ——d—glfg—ll’
Konbla ! Y
[Topsinok paHXHUPOBAHUS KOJEI| CETH
NPHHUMAIOT CJAeNYIOLIHIA: MepBoOe MO paH-
Iy KOJbLIO — 3TO KOJIbLLO, IPHMbBIKAIOLILee
K TOYKe MHTAHUA TOPOACKOH ceTH (K



I'PC), ero Bcerga npoekTHPYIOT Haubo-
Jiee HArPYKEeHHbIM; CIeyIOLLHE 110 paHry
06bIuHO GBIBAIOT KOJbLA, HMeuiHe of-
LHE YYaCTKU C mepBbIM KoJblioM. Pau-
XKHPOBAHHIO MOJJIeXAT TOJNbKO KOJbILA,
KOTOpble SABJISIIOTCS OCHOBHbIMH pe3epBH-
pyloUHMH 31eMeHTaMH ceTH. HToroBoi
OLEHKOH TMpH PaHXHPOBAHUH SBJSETCH
IHepreTHUECKAasi 3arPYyKEeHHOCThb KOJbila
NpH TPAHCIOPTHPOBAHHM Ta3a, olpene-
AfeMasi IpUBeNeHHOH Bhille (OPMYJOH.

[Tocse paHKIIPOBKH HMEETCH PSl KO-
Jel, AAfl KOTOpPbIX ONpPeAeNslloT uX
cpeanne nHameTpbi. OCpejHEHHS BeRYT
H3 YCJOBHA COXpaHeHHs] MaTepHaJibHOH
XapaKTePUCTHKH KOJIbHA, TOJY4eHHOH
Npd TNpefABapUTENIbHOM  OllpefeseHiiu
AMAMETPOB ra3oBoi cetd. [asi nepsoro
O PaHTy Kojbila BOHALYT BCE Y4acCTKH,
M CPEeNHHH [qUaMeTp OnpenejguTcs [0

popmyae
depy =2 dyly /2 1y
xl Kl

[Tpu ocpenHeHuut [HameTpa BTOPOrO
KOJbLLa AHAMETPbl y4acTKOB, OGLIHX ¢
TePBLIM, COXPAHSIOT TAKHMH, KaKHe OHH
ObLIH MOJYYeHbl IPU OCPeLHEeHHH MepBo-
ro KoJbua.

Bropoii stan paccmarpusaemozo me-
TOOQ COCTOHT B KOPPEKTHPOBKe NpHHS-
ThiIX B NpeJBapHTe/]bHOM pacueTe Ha-
METPOB C TeM, 4YTOOH O00eCHeYHTb He-
0GX0MMbIH TPAHCIIOPTHHIA pe3epsB KOJib-
nesod cerd. Jlng 3Toro mpexje Bcero
YCTaHABJAUBAKT HAa0Op aBapUHHBIX CUTY-
auui, AJA KOTOPbIX NPOH3BOAAT pacuer
noTokopacnpene/aeHda cetd. Pacuer no-
TOKOpaclnpeneseHusi BeayT H3 YCJIOBHH
obecneueHHs norpeGUTeNeH JHMHTHPO-
BaHHBIM rasocHal:eHuem. ABapuiiHble
CUTYalHH, MopJexallie rCHapaBJHuec-
KOMY pacuery, MoA0HpaIOT CJAefYIOILHe,
[TepBble nBe aBapuilHble CHTYyalUHH —
3TO OTKasel ¢ OxHOM H Apyro#i cro-
poHbl OoT Touku nuTanuda. Cjeaymoline
aBapHiHble CHTYAllHH CBSI3aHbI C OTKA3a-
MH yuacTKOB, KOTOpble OTXOISAT OT IMep-
BOr0O KoJbla. Mx paHXupyOT no kpure-
pHIO:

3
o 1Q,)"

AN =2 “u_
5T oD, d5B

Ilanee aHaJOrH4YHO paccMaTpHBAIOT
TpeTbe H NocaeAyioulHe KoJibLa.

Hns npuuaToro HaGopa aBapHilHBIX
CHTyalUHd NpPOU3BOAAT pacyer MATOKO-
pacnpeneseHust H KOPPeKTHPYIOT Aua-
MeTpBl, HCXOAS H3 [ABYX YCJOBHH:
1) nuamerpbl ceTH HOQIXHB obecre-
YUTb HEOOXOLHMbIH TPAHCNOPTHLIA pe-
3epB; 2) CKOPPEKTHPOBAHHKIE AHAMETPHI
LONAHBl oOecreudBaTbh MOJHOE HCIOJb-
30BaHHE PacUeTHOro nepenaja AaBJjeHHs
B ceTH. [TopsiloK KODPPEKTHPOBKH [Ha-
METPOB IMPHHUMAIOT caeayowui. Jas
KaJI0H aBapUHHOH CHTYAUHH MPOU3BO-
ASIT onpede/ieHHblH MK pacuetoB. Cae-
JAyeT OTMeTHTb, HTO [€OMeTpHYecKasi
cxeMa mio6ol aBapuHHOH cUTyauuud Mo-
JKeT NpeiCTaBHTb OJHY H3 CJaeLyIOLIHX
cxem. [lepBasi cxema coOOTBeTCTBYET OT-
KaszaM TOJOBHBIX YUYaCTKOB MepBOro
KOJIblla, OH& BBITJAAHT TaK: TYNHKOBLIH
ra3onpoBoji, MNHTAWOUHMH OCTaBLIYIOCH
KOJMbIUEBYIO CeTb M BBLIXOAAILHMH W3 HC-
TOUHHKA THTAHHUS, H TYNHKOBOE OTBETB-
JieHHe, TpejcTaBJsiioniee cofoll 4acTb
YUYacTKOB NEPBOro KoJbUa, KOTOpPbIE MOo-
najau B aBapuHHyl 30HYy. Bropas cxe-
Ma, KoTopasi COOTBeTCTBYeT JO60H Apy-
rofi apapuilHOH cHTyauuH, OyneT mpeiu-
CTaBJATL COO0H caelylouiee: JBe 4acTH
KOJIbLEBOH CETH, COeJHHEHHble yuacTKa-
MH KOJblLla, Ha KOTOPOM I[IpoH3oliJa
aBapHiiHAsi CHTYaluf, HO 3TH Y4YaCTKH
He [onaju B aBapHiHYIO 30HY. YUaCTKH,
nonaBllive B aBapUHHYIO 30HY, OYAYT
npeAcTaBaATb co60H TYNHKOBBIE OTBET-
BaeHnsi CeTb GyaeT MUTaTbCSl OT HCTOY-
HHKa.

Taknm o6pa3soM, Kaxkiaa aBapuiiHasi
CHTYJUHs lpexae Bcero OGyaeT HMETb
cBolo cxemy. Jlaa 3Tofl cxeMbl HaszHaua-
I0T [IpeABapHTeJbHOE paclpenesieHue
HOTOKOB € CODJII0ACHHEM IIepPBOro 3aK0OHa
Kupxroda. ¥YssoBble Harpysku MpHHH-
MawT A5 JMMHTHPOBAHHOro rasucHab-
xenus. [locne npeigsapuTenpHoro pac-
OpefeNeHusl MOTOKOB peualoT 3aiauy
HUCTHHHOTO paclipefeieEusl MOTOKOB MO0
cetd. [Tocie sTOoro Roppekrupyior amua-
MeTpbl. 31ech CJeAyeT elile pa3 noadepK-
HYTb, YTO B OCHOBY pacCcMaTpHBAEMOro
MeTOJa 3aJ/10KeH MPUHLUHI NOCTOSIHHOrO
AHaMeTpa JeMeHTapHOro KOHTYDA, Kak
TOJbKO 3TO MOXKHO OCYLUECTBH b 110 PAH-
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XKuposaHHOMYy psny koaeu. Ho, yuurhi-
Bass [OCToBCKyI0 AHCKPeTHOCTb nHa-
METPOB, CTPOrO PeIUTb 33134y 110 3TOMY
NPHHLKIY HE yIaeTcs, MO3TOMY MPUXO-
JIMTCS IPOEKTHPOBATD KO/bLd H3 COCTAB-
HbIXx gvamerpoB. [lpu 3TomM Bhinmos-
HSAIOT MPaBUI0, YTOOBl IHaMeTpPbl O4HOTO
Kosbla 6blai coceqaumu no FOCTy. Iro
He OTHOCHTCSI K Y4acTKaM, BXOASIIHM B
KOJIbILo GoJiee BBICOKOFQ paHra.

[Tocne oKOHUaHUSI KOPPEKTHPOBKH
JHaMeTpOB, MPOU3BEIEHHOH Mnocaexo-
BATEJNbHO [JIs BCero HaGopa aBapHHHLIX
CHTyauH#H, BECb pPacyerT /15 BCeX aBapHii-
HBIX CHTYalHil NOBTOPSAIOT BHOBb, HO NPH
3TOM 3a HCXQAHOE pacnpejeeHHe IOTO-
KOB NpHHHMAIOT TOTOKOpacnpenese-
HHE, MNOJy4eHHOe B TMpeAblAylieM pac-
4eTe, KOJbLA — COCTOSILIHE H3 CKOppeK-
THPOBAHHBLIX AHaMeTpoB. Bropoi noerop
pacuera — 31O BTOpasi Hrepauusi. Hre-
pallMOHHBIA NpolLecc NPOBOIASAT A0 LOCTH-
XKeHusl Tpebyemoill touHoctH. Ha 3rtom
3aKaH4HBAIOT BTOPON 3ITam.

Tperud a3ran BkAIOYaET pacuer
NoOTOKOpaclipeaeJeHHs] 1JIS1 CETH ¢ YC-
TAHOBJICHHBIMH JHaMeTpaMH H pacuer-
HbIMH Harpy3kamu B y3aax. [locie
pacuera MOTOKOpAacrnpeneneHHs onpeje-
JIAIOT JaBJEHHS] BO BCEX y3aax.

6.9. FTapaBnuueckue
PEeXXHMbI ra3oBbIX CeTeH

Onpepnenenne pacyeTHbix nepenanos
JlaBJeHHA rasa B CeTH NPH HENOCPEACT-
BEHHOM MNpPHCOEAUHEHHH NoTpeGHTeNnei.
K ropoackum ceTsiM HH3KOTrO [1aBJEHHS
norpebuTenel NpUCOLJHHSAIOT, KaK 1pa-
BUJI0, HenocpeacrseHHo. Koaebauus
JlaBJIeHHS rasa y norpeburesedl 3aBUCAT
or: 1) BeJMuMHBI pacyeTHOro nepenana
[LaBJeHHs U CTeNeHH ero UCHOJb30BaHHUsA
Ha OyTH JBHXKEHHS ra3a OT TOYKH IHTa-
HHMSI 10 Ta30MCNONb3YIOLIeH YCTAaHOBKH;
2) pexuMa pa6oTbl ra30HCHO/b3YIOIHX
VCTAHOBOK; 3) MeTola peryJHpoBaHHA
IaBJeHHA rasda B TOUKE THTAHHS CeTH.
HopmaabHasi pabora rasoHcrnonbsyio-
LLMX YCTAHOBOK MOXeT GbiTh ofecrneueHa
TOJLKO MPH YCNOBHH CTaGUJIBbHOIO J1aB-
JIGHHWSI Ta3a nepej HHMH, Yero JOCTUTalOT
NpaBUJIbHBIM BbIGODOM HCXOLHBIX [aH-

128

'

HBIX JJIsi THAPaBJHUeCcKOro pacuera CeTH
¥ crnocoba peryJHpoBaHHsl HavyaJjbHOro
LaBJlIeHHS.

Ha puc. 6.22 nokasaH rpaguk gas-
JIeHUH, COOTBETCTBYIOLIHH pacueTHOMY
pexuMy paboThi ra30BOH CETH NPH Hero-
CPeiCTBEHHOM TIPHCOEAMHEHHH K He#H
norpeburecsed. TIpu cpaBHeHHH KpUBBIX
JlaBJIEHUS TIJIOCKOCTH, B KOTOPHIX pacmno-
JIOXKEHbl OTBETBJEHHSI H HX NbEe30OMETpHI,
COBMELIEHbl C IJIOCKOCTbIO OCHOBHOTO
rasomnposoaa AB.u ero nbe3omerpa. Ta-
KM o0pa3oM, Ha rpaguke HaBACHHH
orBeTBJeHre [—/ Oyner ciauBaTbes C
OCHOBHBIM Tra3onpoBojgoM AB, a Touka [/
YC/JIOBHO CMelllaeTcsl BIPaBO Ha BeJHYH-
Hy otpeska /—I/. Ilpoekuuio ycioBHOro
pacnoJ/ioXKeHHsl TOUKH [/ Ha nJlaHe MOXKHO
NOJYyYHTb NOBOPOTOM OTBeTBJAeHus [—/
Io coBMeilleHns1 ¢ anuueidr AB. Ibe3so-
meTp (oTBeTBJeHHss [—I[ Ha rpadu-
Ke AaBJeHHH nokasaH npsamod ['—I’.
JlaBnenue rasa rmepex Ta3OHCHOJb-
3YIOUHMH YCTAHOBKaMH, TMPHUCOEIHHSA-
e€MbIMH HENOCPeNCTBEHHO K CeTH, pas-
JIHYHO M 3a8BHCHT OT MOJHOTHI HCHOJb-
30BaHHSI pacueTHOro nepenaja.

[1pu paspaboTKe TrOpOLCKOH CHCTEMbI
ra3ocHaGKeHHs1 HA CTAJHH TeXHHUECKO-
ro MPOeKTa PacCYHTHIBAIOT paclpenenu-
Te/NbHYIO ceTb, a Ha cTajguH pabounx
yeprekell — aGOHEHTCKHE OTBETBJICHHSI.
PacnpegenurejsbHyio ceTb MPOEKTHPYIOT
Ha nepenaj paBjeHUd Ap., a aboHEHTC-
KHe OTBETBJIEHHS], BKJIOYasi BHYTPHAOMO-
Bble ras3onpoBoJbl,— Ha Ap.,r. B Takom
ciydyae pacueTHbIH nepenajg aasJjeHHH
(App=Ap.+Apo) Oyner HCHOAB3O-
BaH MOJHOCTbIO TOJBKO Yy aGOHEHTOB,
NpPUCOeNHHEHHBIX K KOHIIeBbIM TOUKaM 4
u 5. Torna gaBnenue y HUX OyneT paBHO
KOHEYHOMY (p 4= pPuun) - [lepen oTBeTBIIC-
HHSIMH, TIPHCOEJHHEHHBIMH K Ta3oflpoBo-
naM L0 KOHLEBBHIX Touek, I—1 u 3—I[1,
napJjenue 6yjaer Goabulie, ueM Py, a B ca-
MHX OTBeTBJEHHSAX COXPaHHTCH pacuer-
HbIfi nepenad Apor. Orciona naBjeHue
nepesl aGoOHEHTAMH OKaxeTcsi OoJblue
MHHHUMAJBHOTO  (PA>> Punws  PAS> Puun) -
B oTnenbHbIX caydasix, Koraa HeGoJbliHe
3faHus pacnooxensl B6au3u I'PI1, pac-
UeTHhIH Nnepenazg MoxXeT GbiTh HCTOJAB30-
BaH JIMlIb HE3HAYUTENbHO, I03TOMY 4aB-
JeHHe repea HHMH MOXKHO CUHTAThb pas-
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Puc. 6.22. I'paduk naB- HOH ceTH, KOHeuHoe n1aB orBeTBJaeHusx, A, B— HHsl aGOHEHTCKHUX OTBET

JEHHHA PACYETHOrO pexu-
Ma CeTH NPH HEOCPeaCT-
BEHHOM [IPHCOEIHHEHHH
K Hell morTpebutenei

Prau, Prown, Po, PA, App
Ape,  ApPor— COOTBETCT-
B€HHO HadaJibHoOe fasJe
HHE B pachpegejuTesb

neuue, HOMHHAaJIbHOe
LaBJieHUe, 1aBJeHHe Te-
pen aGoHeHTaMH, pac
JYeTHBIH mMepenaja pasie-
HUH B pacnpegesnuTeib-
HOH ceTH, nepenajy Aas-
JeHUA B  aOGOHEHTCKHX

HBIM MAKCHMAaJIbHOMY 3HAUEHHIO (Pyaxe=
==Puau). B 3aBHCHUMOCTH OT CTEHEHH
HCIIOJB30BAHKWS PACUeTHOro Iepenaja
JaBjeHHe rasa mnepeng npubopamu H
YCTAHOBKAMH MOXET NMPHHHMATh 3Haue-
Hud, BaxonslMecss B 3oue A'— [V —A”

{cMm. puc. 6.22), Kortopasi sBAsieTCSs
30HOH [aBJIEHHUS Nepes YCTAHOBKAMHU MpPH
pacueTHOH (MaKcHMaJbHOH) Harpyske
CeTH.

JlaBnenue mpH MaKCHMaJbHOH Ha-
rpy3Ke cooTBeTcTBYyeT rpadHKy, moka-
3aHHOMY Ha puc. 6.22. Ilpu nyseBom
noTpeGaeHH H MOANEPKAHHH Puay MO-
CTOSTHHBIM  [bE3OMETPbl Ta30MNPOBOJOB
COJIBIOTCA B OfHY Jaunuio A”—IV”, Or-
Cl0a BO3MOXHafl 30Ha KosieOaHHH 1aB-

5 3ak 1052

BIEHHH K paclpegenu-
TejibHOH cerH, 4, 5—
KOHILeBhle TOYKH pacrpe
NeJUTeJbHOH CeTH, COOT-
BETCTBYIOILHE TOUYKH Ha
nbe3oMeTpe IaHhbl co
IWITPHXAMH

HauaJbHas H KOHeuyHas
TOYKH paclpeieHTe/Nb-
Holi certn, [—IV —aGo-
HEHTHI, 1—1I, 3—I11,
4—111, 5—1V—aboHneHrt-
CKHe OTBeTBJIeHHs, [—
5— TOUKM [pHCOejHHe

JIeHHSI ra3a nepej TrOpeJKaMH NOTpelM-
Tesiell OYAeT npeacTaBasiTb CO60H KOHTYD
AY—IV"—IV'—A’, a puana3oH KoJe-
6aHHH Yy OTHeNbHbIX MNpUGOpOB OyaeT
3aBUCeTb OT CTeNeHH HCIO/b30BaHUs
pacuerHoro mnepenapa. Tak, mif ycTa-
HOBKH | nHanasodH KoneGaHuii 6yner
pasen 1I’—1”, a pas ycranosku 11 on
cocraBut Beawuuny II'—I1”7. Makcu-
MaJibHbIH AHana3oH KojeGaHHR pnasje-
HUs OyneT paBeH pacyeTHOMY Nepernany
pasnaeHudl. Ecnd U3MeHATb HavagabHoe
IaBJieHHe B COOTBETCTBHH C DPEXHMOM
norpeGaeHust rasa, TO MOMXHO 3HauH-
TeJIbHO IIOBBICHTh CTa6HJALHOCTb PabOoTHI
YCTAHOBOK. JIeHCTBHTE/bHO, ecaH ¢ ma-
JleHHeM Harpy3kd CHHXKATb JaBJ/eHHEe B
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TOYKe NMUTaHHS CeTH, TOrna mepej MpH-
GopaMH H Ta3oHCHONb3YIOLIMMH YyCTa-
HOBKAMM J4BJIeHHE YBEeJHUMBATbCH He
6yaer. [1pu HysneBOM HArpyske Hauab-
HOe JlaBJieHHWEe CHH3UTCH L0 KOHEYHOro
(MHHHMAJNBHOT0), & Nbe30MEeTPbl OCHOB-
HOHW JIHHMH W OTBETBJIEHHH COJIBIOTCH B
onuy npsimyio A’—IV’ (cm. puc. 6.22).
Taxkum o6pa3om, NpH HENOCPeACTBEHHOM
NpUCOeIHHEHHH Ta30HCIONb3YIOLIUX YC-
TAHOBOK K CeTH MaKCHMaJbHO BO3MOX-
Hble KojieGaHUsl [aBJEHHS ras3a Hepej
HUMH GyayT PaBHbl pacueTHOMY mepe-
najay AaBJeHHs] IJS1 BCeH CeTH.

O6o3HauMM JONYCTHMVIO CTeneHb
neperpyskd M HeNAOTPY3KH YCTaHOBOK,
HCHOJb3YIOUIMX [a3, M0 OTHOWEHHIO K
HOMHHaJbHOH Tak

pmakczklpﬂ; Punn=— k2p0:

rae ky u Kk — COOTBETCTBEHHO KO3(dHUHEHTH
fIeperpysKku 1 HeJOTPY3KH, Po — HOMHHAJbHOE 14B-
JIEHHE rasa, Ha KOTOpOe pPacCyuTaHa YCTaHOBKa

JlonycTuMas CTEHNeHb NMeperpyskd H
HEJAOrPYy3KH NPHOOPOB ONpeLesieTcsi Te-
XHHYECKHMH MOKa3aTeasdMH rasorope-
JOYHBIX YCTPOHCTB H TPeGOBAHHAMH TeX-
Honorud Mcxonsi H3 MaKCHMAJIbHBIX KO-
ne6GaHuil [aBJeHHs rasa nepej yCTaHOB-
KaMH pacueTHbIl nepenaj AaBJeHHS LJ5
cetH OyneT paBeH:

Appzpmaxc_pMHH=(k‘ — k) po.

B 3Toii popmyJie pacueTHbIH nepenan
JlaBjieHus omnpejeeH KakK J0Jsi HOMH-
HaJbHOTO [aBJIeHHsl rasa mnepejy ycra-
HOBKaMH, a 30Ha KO/J€6aHHA [aBJIeHHS
rasa B J0JsSIX po ONpenensiercss Ko-
abpdunuentaMu Ry v k. M3 ananusa
HANHCAHHOTO BbIllle YPaBHEHHS CiefyerT,
4TO YBEJHUMTDb PACUETHLIH Mepenaj MpH
COXpaHeHHH pa3MepoB 30Hbl AOMYCTH-
MbiX KoseGaHHH [OaBJeHHs] rasda mepen
ycranoBkami (kj=const u kgy=const)
MOXXHO TOJIbKO NYTE€M YBEJHYEHHSI HO-
MHHAJIbHOrO [IaBJEHHUS rasa, T. e. LaB-
JICHUSi, HA KOTOpPOe 3alPOEKTHPOBAHBI I0-
peaky npuGopoB. Ho dem BhIe HO-
MHHAJIbHOE [LaBJIeHHE ra3a, TeM G0abliHe
TpeGoBaHHsi NPeNbABASAIOTCH K KOHCT-
PYKIHH, H3TOTOBJEHHIO M Ka4ecTBY
MOHTaxKa 00ODYLOBaHHMSI H TEM Bbille
CTOUMOCTb 3KCOJyaTauuu cet. [1pu Bo-
Gope HOMHHAJbHOTO NABJEHHUSA CJIELYET
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YUHTBIBATb H3J0XKEHHble OOGCTOSITENbLCT-
Ba.

[IpoH3BOAHTEBbHOCTL YCTAHOBKH 3a-
BUCHT OT [aBJieHHsi Ta3a TNepen HeH.
Cuurasi 3aKOH MHAPABIHUECKOrO CONPO-
THBJICHHSI Ta30HCHONb3YIOLeA YCTaHOB-
KH KBaAPATHUHBIM, MOXKHO 3aMHcaTh cJie-
Aylollue 3aBUCHMOCTH:

p=aQ?,
1 JE— —
= —— =b ’
Q T Vp=b+p

rie p — KaBjJeHHe rasa nepel YCTAHOBKO#H (MJH
npu6opoM), @ — CONPOTHBAEHHE YCTAHOBKH, Q —
NpOU3BOAKTENbHOCTD YCTAHOBKHM, b — mpoBoau-
MOCTb YCTAHOBKH

Maxcnmanbﬂomy JaBJI€EHHIO ra3a mne-
pel yCTaHOBKOH 6yneT COOTBETCTBOBATH
MakcHMaJnbHasd €€ NMPOU3BOAHTEJbHOCTD,
a MHHUMAJbHOMY [1aBJEHHIO — MHHHU-
MaJibHasi NIpOH3BONUTENbHOCTD. C'—IHTaﬁ,
4TO MaKCHMaJbHOE NaBJICHHE Nepen yC-
TaHOBKaMH paBHO Hada/bHOMY, 28 MHHH-
MaJilbHOE€ — KOHEUHOMY, MOXXHO 3anu-
CaTb YPpaBHCHHS!:

2

Pu =pmaxc=anaxc;
2

Px = Puun =aQuu-

Ho makcumanbHoe naBneHue rasa y
norpeGureneit OyaeT Npn MHHHMaJbHOH
nHarpyske cetd. Cye0OBaTeNbHO, MAKCH-
MaJlbHasi neperpy3ka OTAEAbHbIX npHbo-
POB BO3MOXKHA TOJbKO B NMEPHOABI NpO-
BaJoOB NoTpe6GnAeHHH, T. €. Koraa 6oJb-
IIHHCTBO mnoTpebuTeneli He paGoraer.
C yBeanuenueM uHciia paboraoluux a6o-
HEHTOB [aBJeHHe Tepen npudopamu G-
IeT mnajgaTb WU MX BO3MOXHas mepe-
rpyska cokpatiTca. Ilpu Makcumyme
norpebyeHus nepen npubopamu aGoHeH-
TOB yCTAHOBHTCH MHMHHMa/lbHOE [aB-
JieHue.

3a pacueTHbIl peXHM NPHHUMAIOT
PEeXKHM MAaKCHUMaJbHOTO MHOTPeGaeHust
raza. [IponyckHylo crnoco6HOCTb ceTH
paccYMTLIBAIOT Ha MaKCHMMAaJbHYIO Ha-
rPY3Ky, OIPH KOTOpOH nepej ra3oHcIonb-
3YIOLIUMH arperaTaMi JOJIKHO yCTaHO-
BUTbCSI HOMMHAJbHOE LaBJjieHde po. Ta-
KOe ycJloBHe o6ecrneuyHBaeT COOTBETCTBHE
NPONYCKHOH CIOCOOHOCTH CeTH BO3MOXK-
HOCTH MCHOJIb30BAHHA MO12BAEMOTO KO-
JvuecTBa rasa npH6opaMH B NepHOX



nuka norpe6aeruss. EcaH HCXOAUTb H3
TUX pACUETHBIX YCJHOBHH, TO KO3(DdHu-
UHMEHT HeHOTPYy3KH CcjeqyeT TNPHHATh
ko=1. Hccaepyem, kaxkoBa OyiaeT Ha-
rpys3Ka ceTd H aGOHEHTOB B MEePHOA MMHUKA
noTpe6aeHHs, ecid AJl pPacyeTHOro pe-
XKHMa MpHHATb ko<l, T. €. AOMYCTHTB
BO3MOXHOCTh pPa6OTH aGOHEHTOB B HacCHI
nuK noTpebieHUsl ¢ BeJHUYHHONH JaasJe-

HHSI MEeHbllie HOMHHAJbHOro. 31ech BO3-

MOXHbl CjAejylollve ABA KpaHHHX Cay-
yas:

1) Harpyska npH6OpPOB HAXOAHUTCH B
I0JIHOM COOTBETCTBHMH C AasjeHueMm. I a-
30Bble KpaHBl Mepei BCeMH MpHOOpaMu
MOJIHOCTBIO OTKPBITHL. B 3ToM cayuae
pacuetHasi cxeMa He o0ecleyHBaeT MakK-
cuMaJsbHoro norpebaenus. B nepuoa nu-
Ka aGOHeHTHl NMoTPe6sIoT rasa MeHblie
MAKCHMaJbHOH BeJHYHHBI, a CeTb He pa-
6oTaeT ¢ MaKCHMaslbHOH HaArpy3ko#, Ha
KOTOPYIO OHA PacCYHTaHa;

2) B nuK norpebJeHUsA 10 TEXHOJO-
rMYECKHM cOOOpakeHusAM ropesiku pabo-
TAOT C JaBJEHHSAMH MeHbllle HOMHHAaJb-
HOroO, T. e. npubopbl paboTaOT C HeAOo-
rpy3koi. ['azoBble kpaHbl nepes npubo-
pamu NpuKpHITEL. B 3TOM canyuae makcu-
MyM noTtpelJeHHs1 06ecreyHBaeTcs UHC-
JoM paboraniHx abOHeHTOB U noTpe6-
JICHHe Tra3a He HAaXOAHTCS B COOTBeT-
CTBHH C [aBJIeHHEM fepel TOpesKaMH,
T. €. MAKCHMYyM norpebeHust o6ecrneyeH.
ITpu pacueTHOM pexxuMe cetb paoraer ¢
MAaKCHMaJibHOH Harpys3koH.

PaccmotpuM paboTy ceTH B NepHOL
nuKa notpebJsieHUs1 AJisl NIePBOTrO ¢ayyas
NP pPa3/iMYHBIX 3HAYeHHAX Rz. 3aKOH
CONMPOTHBJ/EHHS] CeTH BbIPa3HM CJeAylo-
wel dhopmyJoi:

Ap=alQl,75'

CeTb pacCuuTBIBAIOT HA MaKCHMaJb-
HYI0 Harpysky, T. e.

Appz(kl_“kg) Po=a, ;.75 ,

rie @, — 3KBHBAJEHTHOE CONPOTHBJIEHHE CETH;
Qp — pacueTHasi (MaKCHMaJibHasl) Harpy3Ka CeTH.

[Ipu6opsl aBGOHEHTOB pacCUHUTAHBI
Ha HOMHHAJIbHO® JaBJIeHHE, IPH KOTOPOM
paboraloT ¢ pacueTHOH HarpysKoii:

5*

p0= a2 Q2P’

rie as — 3KBHBAJIEHTHOE COMPOTHRIIEHHE [TPHGOPOB
a6oHeHTOB; Q, — pacueTHasl (HOMHMHAJbHasl) Ha-
rpy3ka aGOHEHTOB.

Ecau ko<1, To nuk norpebienusi He
o6ecrieued. OG6Go3HauuM (HaAKTHUECKYIO
Harpysky ceTH H a0GOHeHTOB B NepPHOA
nuka norpebsjeHuss Kak AOJIO X OT pac-
4YeTHOH HarpyskH, Toraa

Q=xQ,.
Tenepb /19 nMuKa NoTpebieHHsT MOX-
HO 3amucaTbh ypaBHeHHe

pv=pxt+Ap
HJIH

kipo=ax(xQp)*+ai(x Qp) "7,

C yyeToM npeibIAYIUHX YPaBHEHH
HOYUUM

kipo=x"po+x""%(k\—ks) po,
oTcioaa
X2+(k|—k2)xl'75—k1=0.

B npuBeneHHBIX popMynax 3HaUeHHE
X ABJSETCA CTENeHbIO YAOBJETBOPEHHUS
makcuMyma. Ecan x=1, To MakcuMyM
(nuk) yaosnersopeH. Paccuutaem 3Ha-
yeHde x AJfA  PAasMUHBIX BeJHUHH
ko, cuurasi 3Hauenue k,=1,5. Pesyabra-
Thl pacuyera NpPHUBELEHbl HHXKeE:

npu x=1; 0,98; 0,96; 0,94; 0,9; 0,85;
0,8:; 0,759 cooTBeTcTBeHHO ky=1; (),941;
0,879; 0,813; 0,671; 0,467; 0,228; 0.

OTKyaa BHAHO, YTO, YeM MEHbIlIE Be-
JuuvHa kg, Tem Mesbiie x. OaHako
ec k=0, T. e. ceTb paccyuTaHa Ha
BC€ H36BITOUHOE [AaBJieHHe (Ap,=
=Pumakc), TO H B 3TOM CJlyyae CTeneHb
YAOBJETBOPEHHS MaKCUMyMa OKaKeTcs
3HauuTeNbHO Goabiie Hyass (x=0,759).
I10 OGBSCHACTCH TEM, UTO C YMEHbIle-
HHEM 3HAYeHHH X YBEeJIHUHBAETCS HEHO-
rpy3ka ceTH, B pe3yJbTaTe 4ero uac-
THYHO OCBOGOXAaeTcss H3ObITOUHOE AaB-
JIeHHe, KOTOpPOe HCNONb3YeTcs Yy MNpH-
60poB aboHeHTOB. KaxaoMmy 3Haue-
HUIO k2 OTBeuaeT OIlpejesieHHOe 3Ha-
yeHHe X, [IPH KOTOPOM TMOTepH JaBJe-
HHSl B CeTH IUIIOC NOTePH [AaBJICHHS B
npubopax abGOHEHTOB CTAHOBATCH paB-
HBIMH HAYaJIbHOMY [ABJIEHHIO Ta3a B ce-
TH.
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QdakTHYeCKHe YCA0BHs paboTH cHC-
TeMbl He O6YAyT COOTBeTCTBOBATH HH
OJlHOMY H3 paCCMOTPEHHBIX CJy4yaes.
[eficTBUTeNBHO, NPH NHKe NOTpe6/eHHUs
M0 TEeXHOJOTHYECKHM COOOpaxKeHHSIM
4yacTb NpHOGOPOB Jo0MXKHa paboraTh C
pacyeTHOH HOMHMHAJbBHOH  HArpy3KoO#
(BaHHBIE KOJIOHKH, OTOMHUTEJIbHbIE KOT-
Jbl M MeUYH TPH PacUYeTHOH HAPYXK-
HOH TeMnepartype), a 4acTb HX — C IO-
HUKEHHOH HArpy3KOH (ropeskH MJINT).
Ecan paBnenue nepej ropejskaMi MeHb-
1ie HOMHHAJbHOrO, TO BTOpas rpynna
npu6opoB He GyneT HCNLITHIBATH HEAO0C-
TaTrka B pa6GoTe CHCTeMBbl, HO mNepBas
rpynna gosxHa 6yaer pa6oTaTb ¢ NOHH-
JKeHHbIMH HarpysKaMH, a 3TO [PUBEAeT K
COKpallleHHI0 NoTpeGneHnst rasa (T. e. K'
HeyJOBJIETBOPEHHIO MaKCHUMyMa).

JlonycTHMYyIO cTeneHb HeAOrPY3KH
npubopoB kg clenyeT Ha3HAUATb HCXOAs
M3 TEeXHOJOTHYECKHX coo6paxeHHi, a
TaK»XKe M3 YCJIOBUH yAOBIETBOPEHHUS MaK-
CUMyMa YuHTHIBAsi TeXHHYECKHe IoKa-
3aTe/d ra30BblX TOpeJIOK W TeXHOJIOTH-
yeckue TpeOoOBaHUA, NpeAbsB/seMble K
KOMMYHaJbHO-ObBITOBbIM  YCTAHOBKAM,
KO3 pHUHEHT k2 MOXHO IMPHHATH pPaB-
HeiM 0,60...0,8. Kaxk cienyet U3 npeabiay-
LIMX pacyeToB, NPH TAKHUX 3HAUEHUSX Ko
NUK norpebieHus GyAeT yAOBJETBOPEH
npuMepHo Ha 0,88...0,94.

[efictBuTenbHble 3HaueHusi X GyAyT

HeCKoAbKO  6oJjibite.  COOTBETCTBEHHO
0,91...0,97. 370 cBSI3aHO CO CJAEAYIOLLH-
MH ApHUHHamu: 1) B nepHol nHka Io-
Tpe6JaeHHst 04HA 4acTk NPUGOPOB AOJIK-
Ha paboraTh C HENOTPYy3KOH, a apyras
YacTb C HOMHHAJIbHOW HArpy3KoOli,
2) BpeMs pa6oTbl NPHOOPOB, ¥ KOTOPHIX
KPaHbl OTKPBITHl IOJIHOCTBIO, HO HArPy3-
Ka BCJIEACTBHE NMOHHXXEHHOro AaBJIeHHUS
raza MeHbilie HOMHHAJbHOH, HECKOJbKO
yBesHunBaetcs. Besenctsue 3TOrO BO3-
pacraer yHca0 npHOOPOB, paboTalOIHMX
B MEpHOI MHKA, YTO NMPUBOIUT K yBeJH-
yeHuio x; 3) y onpesaesneHHol yactu abo-
HEHTOB pacyeTHbIH Nepenaj AaB/eHHsA
HeJIOHCIIONb30BaH, [03TOMY JaBJieHHe
nepej HX TOPeJKaMH B MUK NoTpe6/ieHHus
Oyzer OoJjibille PacyeTHOro H NpuOOpHI
cMoryT pabotaTbh ¢ HOMHHaJbHOH Ha-
rPYy3KOH.

Cuuras

CTereHb YLOBJETBOPEHHS
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makcumyma B 0,97 mocraTouHo#, 3a pac-
YyeTHOe 3HaueHHe KO3IDpHUHEHTA Heno-
rPy3KH 11eieco06pa3Ho NPHHATD Re==0,8.
KosadduuneHt neperpyskd NpHHHMAIOT
k1=1,5, Tak Kak neperpysky npu6opos
ponyckatoot npumepso B 20%, cirenosa-
TeabHo, 1,22=1,44, uau okpyraensto 1,5.
Taxkum o6pasoM, pacueTHBIH Hepenan
JaBJNeHUS [JISI CeTH HH3KOro [aBJIEHUSA
(BKaouasi abOHEHTCKOE OTBETBJIEHHE,
BBOJ, BHYTPHJOMOBYIO Pa3BOJAKY M MNO-
TepU AaBJieHHs1 B npubope 10 ropesiku)
COCTaBHT
App=(1,5—0,8)p0=0,7ps.

[To meficTBYIOIIMM HOpMAaM IpPH HC-
N0Jb30BAHUH NPUPOJHOrO rasa Hemno-
CpeACTBeHHOE MPHCOeJHHEHHE NOTpe6H-
TeJieH K CeTH paspeluaercs, eciu paBJje-
Hie B He#t He mnpesbimaer 3000 Ila.
Orcioia MakcuMaJibHble 3Ha4eHHs] HOMH-
HAJIBHOTO [ABJEHUS H PAaCYeTHOro mepe-
najga 6yAyT paBHbL:

Po=Puaxe/1,5=3000/1,5=2000 IIa;
App==0,7-2000=1400 Ila.

FuapaBanuecKkuil pexuM ceTH HU3KO-
ro aasaeHusi. PaccMoTpuM pexxuM 1aB-
JeHUsl rasza y norpebutesedl OpH Hemo-
CPEJACTBEHHOM HX HPHCOEJHHEHHH K CeTH
HHM3KOrO AABJIEHHA B 3aBHCHMOCTH OT
MeTOAa pPEryJlHPOBAaHHUA  HAYaJbHOrO
aasjeHus rasa. [IpumensiorT asa crnoco-
6a peryJupoBaHHsa pexuma: 1) moaaep-
KHMBAIOT Haua/jbHOe [aBJeHHe B CeTH
MOCTOSIHHBIM B TeUeHHe ONpeAe/eHHOro
nepuoja BpeMeHH (Mecsl, Ce30H); 2) aB-
TOMAaTHUYECKH H3MEHSIOT HauaJjlbHOe [1aB-
JieHHe B CeTH B 3aBHUCUMOCTH OT ee
Harpysku. Eciin B HauaJsie ceTH moaaep-
KHBAIOT MOCTOAAHHOE J[aBJieHHe, TO C
yMeHbIlIeHHEM HArpy3KH Mnepenagbl
YMEHbILIAIOTCS, [aBJieHHe Mepejx ycTa-
HOBKaMH BO3pacTaeT W IMpPH HYJIEBOM
norpeb/MieHHH OHO CTAHOBHTCS MaKCH-
MaJbHbIM.

3anuiiemM ypaBHeHHe, CBSA3bIBaIOLIeE
3HaueHHe py B CeTH, JaBJIeHHe Y TO-
TpebuTesed M nepenag AasJeHHHA TMpH
pacuyeTHOM pexHMe:

Pu=Pn+|3App,

rae pp — A2BJEHHE ra3a Nepefl ropejKaMH MpH-
60poB, B — cTeneHb HCIOAb30BAHHSI PACYETHOrO
nepenajia A4BJEHHS



[Tpu Ja060M pexume norTpedieHUs
raza 3TO ypaBHEHHe MPUMET BUL py=
=pa+BAPD,
rae Ap—dakTHUeCKHH NMepenaj AaBJEHHSI B CETH

3aBHCHMOCTb nepemnaaa aAaBJj€HHSA OT
Harpy3ku CeTH MOXHO INPHHATH Caeny-
IOLLYIO:

Ap/ Apy=(Q/Quaxc) Iy 78

KoadduuneHt x xapakrepHusyeT ceTb C
TOUKH 3pEeHHfl €€ Harpys3kd No OTHO-
LIEHHIO K MAKCHMaJbHOH.

M3 npuBefeHHbIX ypaBHeHHH MOMy-
yaem

pv=pa+Bx'° Ap,. (6.69)

Ypasuenue (6.69) sBaseTcsi OCHOB-
HbIM YDAaBHEHHEM [aBJICHHUS ra3a B CeTH,
T. €. ero xapakrepuctukoil. OHO Moxer
OLITb HCNOJMb30BAHO IS TMOCTPOEHUS
KpMBOH AaBJjeHus y Jwoboro norpebu-
TeJisl, TAK KaK 3TO ypPaBHEHHE YUMTHI-
BaeT CTeleHb HCMOJb30BAHHSI PACUETHO-
ro nepenaga CuuTas HayaJbHOEe AAB-
JIeHHe B CeTH IMOCTOSHHBIM H PaBHBIM
pw=1,5po 1 nNpuHUMast pacueTHhIll mepe-
nan pasiaeHus App,=0,7po, ypaBHeHue
(6.69) MoxHO mnpeobGpa3oBaThb CJeny-
0uUM 06pa3om:

pn/po=1,5—0,7px">, (6.70)

D10 ypaBHeHHe onpejensdeT AaBJje-
HUe nepej JIOObIM ToTpebHTe/IeM B 3aBH-
CHMOCTH OT pexkuma paboThl CeTH.

[TocTpouM KpHBYIO AaBJAEHHUS rasa y
notpeGurenei no ypasHeHuwo (6.70),
cunras KoadduuneHt p=1 (puc. 6.23).
Touka nepeceueHus: 3Toi KPHBOH C OpAH-
HATOH, PaBHOH eaHHuUE (P.==po), AAET
BeJMUMHY MAKCHMaAbHOH (NpeAesbHOH)
HACPY3KH, MPH KOTOPOH AaBJI€HHE Y MO-
TpeGuTesiell 6yeT He MeHblle HOMHUHAJb-
HOro. BbluMc/auM 3Ty NpeaenbHYIO Ha-
IPY3KY Xnp, JAJISI Uero MpHPaBHSIEM
npasyio 4acTb ypaBHeHus (6.70) k ean-
HHIe:

1=1,5—0,7xm' "%
XHp=O,825. '
CaenoBaTe bHO, MPH HATPYy3KaX CeTH
or 0 n0 0,825Quaxc AaBJieHHe MNEpen
notpebutensasMu Oyner OoOJiblie HOMH-
HaJbHOrO, a npH Harpyskax or 0,825
10  [Quaxe — MEHbIIE HOMHHAJBHOrO.
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KonteGaHus JaBJleHHs ra
3a y ropejnok norpetu
Tenell, 3— KpuBas nas
JeHuss 'y morpebuTesei
npu f=1I, 44— HomH
HajJbHOE JaBJjieHHe raaia

Puc. 6.23. Hameneune
naBieHuit p, H p, B 3a-
BHCHMOCTH OT Harpys-
KH CEeTH

I— KpnBas HayaJbHOrO
AaBJjieHus, 2— o6aacTh

KpuBas paBsaenuss rasa nepen npubo-
paMu norpeGuTesiell, y KOTOPBX pacuer-
HBl# Tmepenan O6bll  MCHOJMb30BAH HE
nojqHocTblo (B<<1), crpourcsa auadgo-
ruyHo. Ha rpaduke (cm puc. 6.23) no-
CTpoeHa KpHBas I/ BeJuuHHBl f=0,5.
3aBHCHMOCTH [J/isl APYTHX BeJHUYUH P
HAXOASITCA B 3aILTPUXOBAHHOH 06/acTH,
KOTOpasl ABJAfIeTCA 30HOH MaKCHMMaAbHO
BO3MOXHBIX KO/MeGaHUH BeJUYUHBl .

KoadduuuentT ucrnonb3oBaHUsA pac-
YeTHOrO nepernajia AaBjdeHdi AJs MOAAB-
Jswoulero 60apliHHCTBA a60HEHTOB Oy-
neT uMeTh npegedasl 0,56<<B<<l (obaactb
¢ JABOHHOH IITPHUXOBKOH Ha pHC. 6.23).
CaepoBaTentbHO, 30Ha KoJieGaHUH AaB-
JIeHHs1 rasza y npu6OpoB JJi OCHOBHOH
macchl noTpebuTtesaes 6yaeT 3HaYHTEIbHO
MeHbllle 30Hbl MAKCHMaJIbHO BO3MOKHBIX
KoneOGaHHH p,. Bwmecre ¢ TeM u3 pac-
cMoTpeHusi rpaduka (cm. puc. 6.23)
MOXHO CAe/aTh BbIBOJA, 4TO MPH MOA-
JAE€PXKAaHHU MOCTOAHHOrO AABJIEHHS rasa
B HauaJie CeTH NMpuUOOpbl y mnoTpebure-
JIeH 3HAUUTe/IbHYIO YacTb BPeMeHH pa-
6oraloT ¢ neperpyskofi Urobbl cokpa-
THTb BpeMs paboTbl npu6GOpPOB C mepe-
rpy3Kkoi, uenecoo6pa3HO B BeCEeHHHe,
JIeTHHE M OCeHHHe Mecsubl CHHXAaTb
Hauya/jbHOe AaBJjeHHe raza B ceTH. Besu-
UMHA [AaBJIEHHS, HA KOTOpOe cJjenyer
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Ta6auua 6.14. 3naueHna kodadpdHuHeHTOB £, .

Mecau, 1 1 1t v v VI Vil VIIL X X X1 X1l
Ru v 1,26 | 1,26 | 1,2 | 1,12 0,99 0,82 | 0,67 0,68 0831094 1,08 | 1,14
Ta6auua 6.15. 3HaueHnn exemecsiyHBIX Nepenanos AaBJeHHSA
TMapawerp [ 1t 1l v v Vi vl | v X X X1 X1
Xee' 1 1 0,953 | 0,89 |0,785| 0,651 |0,532| 0,54 | 0,658 |0,745]0,858|0,905
()t o1 1 0,917 10816 |0,654| 0469 [0,331]034 | 047 |0,49 0,765 0,84
Ap, Tla 950 | 950 870 780 | 620 450 310 | 320 450 470 | 730 | 800

HaCTpauBaTb PeryJsiTopbl B JaHHbIH
Mecslll, AOJIXKHA ONpeiensiTbCsA U3 YC0-
BUA [MOAAEPXKAHHA HOMHHAJbHOTO AaB-
JeHUst y norpebuTresedl NpH MaKCH-
MaJjibHOH Harpyske B 3TOT Mmecsi. Mak-
CHMaJIbHYIO HArpysKy [Jisl Ka)XAoro Me-
cdAua onpeaesioT W3 ypaBHEHUS

MaKC kgﬂz:{l(c xaCKC(QF/8760) ,

umM —Kmr

rae ky, — K03()HUUEHT MecsiuHOi HepaBHOMED-
HOCTH, hkJ3K¢  Ry2*© — maKkcHMaJbHble Ka3(u-
UMEHTbl CYyTOUYHOH# HEepPaBHOMEPHOCTH 3a HeelIo
H uacoBOM HePaBHOMEDHOCTH 3a cyTkH; QuN‘—
MaKCHMaJslbHasl 4acoBasi HArpy3ka B TeueHue Mme-

csua; Q. — roposoe norpebJienne rasa.

[Topsinok onpeaeseHUsl HayaJbHOrO
NABJIEHUS B CeTH py [JST Pa3JUUHBIX
MECHA[EB Tojfla MOMHO HPHUHATbH CJewLy-
FOLLHH. ’

1. [To 3asgaHHBIM 3HAueHUAM KO3(-
(hUUHEHTOB MECAYHOH HepaBHOMEPHOCTH
kv + BBIUHCJASIOT OTHOCHTEJIbHbIE MAaKCH-
MaJjibHble Harpy3kd [Jisi BCeX MecsileB
XM ec, HCIIOJIB3YS BbIpaXKeHHE

MaKC __
Mec —

M 2K, QMHKC k Makc
4m / yr——imr Mmr-
MakKc

2. Jlasi monyyeHHbIX 3HAUEHHH Xhel
BBIUKCJ/ISIOT Nepenajibl AaBjJeHUs B CETH

Ap= Apy(xu&)".
3. OnpefesioT aBieHusi HacTpOKhKH
PeryJasiTopoB AJifl KaXXA0ro mecsua
pu=po+ Ap.

[IpuMeHeHHe DEKOMEHAYEMOH METOAHKH pac-
CMOTPHM Ha IIpHMeEpeE.

Mpumep 6.6. OnpepennTb JaBIEHHS €xXe-
MeCSIUHOW HACTPOMKH pery/siTopoB AJAs 3HAUEHHH
K03 (PHILHEHTOB MECSYHOH HEPABHOMEPHOCTH, YKa-
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3aHHBIX B Taba. 6.14, npuHHMas HOMHHaJIbHOE
JfaBjneHne paBHbIM po=1350 Ila.

2. [locTpouThb 30HY KoJleGaHUsi KaBJA€HUS ra3a
y norpe6uTeseil B JeTHHe MeCSIHI.

Pewenue. PacueTHblli nepenan faBieHull pa-
BEH:

Ap,=0,7py=0,7-1350=950 Ila.

OHPEH,EJIHM MaKCHMaJbHbIE Tepelnajbl gaBJe-
HHS ra3a B CeTH JIA KaXA0ro mecsua.

A=k /1,265
Ap=950(xi2c) 7.

Pacuersl cBoaum B taba. 6.15.
OnpepenuM gaBJieHHe HACTPOHKH PeryJ/siTOpOB
no gopmy.ae
pu=13504Ap,

YUMThIBASl OJHOBPEMEHHO, UTO p, HE MOXKET ObiTb
6Gosbile, yem

pe*=1,6pe=1,5.1350=2000 Ila.

PaccuuranHbie 3Hauenust napiaenuii (I1a) pas
Kaxaoro Mecsua ciegyiowue: gas [; I HI; IV, V;
VI, VII; VIII, IX; X; XI; XII coorBercrBento p,
pasnsl 2000; 2000; 2000; 2000; 1970; 1800; 1660;
1670; 1800; 1820; 2000; 2000.

CpaBHHM 30HBl KoJeGaHusl [aBJeHH rasa
y norpe6uTesell B 3HMHHE M JIeTHHe Mecsiubl.
[TocTpoHM 3TH 30HB O/is HauyadbHBIX aBJeHWl:
pv=2000 Ila » p,=1670 Ila, npunumas ypas-
Henne (6.70) mpu f=1. B pesysbrare nosyuim
cefylOlUHe 3HAUEHUS p,; QS 3HMMHHX MecsileB
pr=2000—950x""%, pns germux p,=1670—
—950x"75.

30Hbl H3MeHeHHUS [aBJEHUS rasa nepej ropes-
KaMH noTpeGuTesed mnpuBeneHbl Ha pHc. 6.24,
OTKyda cJjejyer, 4ro 06/acTb KoJaeGaHHs paBie-
HUS rasa nepej ropesikamMd noTpebuTeell MOXKHO -
3HAYHTEJNbHO COKPATHTb NYTEM CE30HHOH HACTPOM-
KH peryJsiTopos gaBieHus.. Masble Harpysku (x,
pasuble 0...0,3) Ha61101a10TCS B HOUHOE BPeMs, 110-
3TOMYy AZHEM jaBjieHHe y norpebureseil npu f=I
(kpuBoie 3 u 4, Ha puc. 6.24) OGyzer H3Me-



HATbCA B MEHbIUIEM [gHala3oHe. Hanpumep, eCcJH
pr=2000 TIla, TO OTK/OHEHHS p; OT po OGyEyT
cocrasasith +40, —22%; eciu p,=1670 Ila, 10
OTKJNOHEeHHs1 6yayT paBubl +15%. ¥ norpe6u-
TeJeH ¢ HEMOJMHOCTBIO HCITOIb30BAHHBIM pac4yeTHbIM
nepenajgoM AaBJEeHHS KojeOaHue JABJIEHHS 3HAYH-
TeNbHO BO3DACTET (3aIUTPHUXOBAHHAS 30HA).

PaccMoTpuM paboTy rasoucronbsy-
IOLMX YCTAHOBOK Yy notpebuTtenedl npu
peryJiHpoOBAHUH BHIXOJAHOTO AABJEHHS H3
'PIT B coOTBeTCTBHM C Harpysko#
cet. B atom cayuae HauasbHOe naBJe-
HHe B CeTH CJAeAyeT NOAAePXKHMBaATb Ta-
KHM, uTOOBl faBjeHHe y noTrpebuTeselt
NpU BCeX pexkHMax paboTbl OblIO PABHO
HOMHHAJIbHOMY MJIH MaJio OT HEero OTJ/H-
yanoch. [l HArpysok, 6/M3KUX K Mak-
CUMAaJIbHOH, MPH KOTOPBIX AaBJeHHe Yy
norpebuTesiell NOAACPKUBAETCH MEHbllIe
HOMUHAJIbHOTrO, HavaJbHOe JaBJjeHHe B
ceTH cJjeayeT NOAAEPXKHBATb IMOCTOSIH-
HbIM, PaBHLIM HaHGOJbIIEMY 3HAYEHHIO,
T. e. aasa 3Hauenudi x ot 0,825 o0
] Haua/JbHOE JaBJieHHe LOJKHO COCTaB-
JATb py=1,6po. Il BeJIMUHH HATPY30K
MeHbie 0,825 BenuuuHy p. CHAeayer
CHHKATb TakK, 4ToObl AaBJeHHE Yy MoTpe-
6uTesed OblIO pPaBHO HOMHHAJNbHOMY.

3aKOHOMEPHOCTb H3MEHEHHS BeJHUH-
Hbl Py BBIPAXKawT caepyoolled QGopmy-
JIOH:

pu=po+Ap=po+0,7pex""® uan

pu/po=140,7x""® npu 0< x<0,825.
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2— obsactb KoJsieGaHus
pn MpA p,=1,67 «lla;
3, 4— KpuBHe JaBJeHHs
y morpebureinei npu p=
=1; 55— HOMHHalbHOe
nasJjeHne rasa 1,35 klla

Puc. 6.24. Kpupne nas-
JIEHHH TIPH CE30HHOM pe-
TYJHPOBAHHH HAYANbHO-
ro paBAeHHs

/— obsnactbe KojebaHuil
pn npn pa=2 Klla;

Ha ocHOBaHHH M3J/I0)KEHHOTO MOXeT
ObITb NMOCTPOEHA ONTHMAaJbHAsl KpuUBasi
pery/iMpoBaHHUS HAUAJbHOTO AABJEHUS B
CeTH W KPHBasl AaBJIeHHsl rasa y norpe-
6utenedl npu P=1. Ecau B orBeTBJIE-
HUAX K ab6OHeHTaM pacueTHBI nepenasg
JaBJICHHUA HCMOJb3yeTCst HEeNOJHOCThIO,
TO KpHBasi AaBJieHHS Meped ropejikaMu
Oyaer JeXaTb Bblille KPUBOH AaB/eHHS

pn 1pH P=1.

Fnasa 7

PerynupoBanue pasnenms rasa
B FOPOACKMX CeTsax

7.1. PerynupoBaHue
AaBneHus rasa.
Knaccudpurauus
pPerynsropos paBneHus

YnpasneHHe rUAPaBIAHYECKHM DEXH-
MOM paboTbl CHCTeMBl Tra3ocHabXKeHus
OCYLLECTBJRAIOT C HOMOLLbIO PEryJ/siTOPOB
[aBJIeHHUS, KOTOPble aBTOMATHUYECKH MOJ-
AEPIKHBAIOT MOCTOSIHHO® [aBJIeHHE B
TOYKe OT6Opa MMIyJbCa HE3aBHCHMO OT
HHTEHCHBHOCTH norpebjenus rasa. [lpu
PeryJMpOBAHHH [aBJIEHHS TNPOHCXOAHT

CHHXKE€HHE HayalbHOro, 60/ee BLICOKOro
NaBJiIeHHsl, Ha KOHeyHoe (6oJiee HH3-
Koe).

ABTOMaTHUeCKHH peryJasiTop aasJe-
HHSl COCTOHMT M3 PEryJIMpYIOLILero u pea-
rupymoutero  ycrpoiictsa.  OcHoBHO#
4acThbI0 pearupyioulero ycrpoicrsa siB-
JIS1eTCA YYBCTBHTE/NbHBIH 3/1€MEHT (MeM-
6pana), a OCHOBHOH 4acTbl pery-
JHDYIOLIETO YCTPOHCTBA — PeryauHpyio-
wHi opraH (y perysasiTopoB AaBjeHHs
jgpoccejqbHbll  opraH). UYyBcTBUTENb-
HblH 3JIeMEHT H pPeryJupymoilHi opran
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Puc. 7.1. Cxema pery- BOH mnpHBOA, J— HM
JATOPA AABJEHHN nyabcHana Tpy6xa, 44—
! — perynupynoumu# 06beKT perysaupoBa-

(apoccesibHuIA)  oOpra,
2 — meM6paHHO-TPY30-

HUA — rasoBasi ceTb

COeHHAIOTCA Mexay co6oH ucnoJ-
HuTeabHOH cBfisplo. Ha puc. 7.1,
[OKa3aHbl CXeMa pery/jfTropa AaBJCHUS
M YCJIOBHO Ta3oBasi CeThb, KOTOPas fABJifi-
eTcsi 06bEKTOM perysnupoBaHus. [lasJe-
HHe [A0 peryastopa o0603HAa4YeHO py,
JAaBjleHHe mnocjae peryasitopa — po. AB-
TOMATHYECKHHA peryasiTop — THHA «noc-
Je ceOsi», [MO3TOMY  AABJEHHE Do
SIBJISIETCST  PeryJMpyeMbiM MapameTpoMm.
[lpu ycraHoBHBlIeiicst paboTe CHUCTEMBI
KOJIM4ecTBO ra3a B rasosoil cetn M
OCTaeTCcsl MOCTOSIHHBIM, a MNPHTOK rasa
M, paBeH KoJiHueCcTBY OTOHpaeMoro ra-
3a, T. e. ero ctoky M.. CanenoBaresnbHo,
YCJIOBHEM DaBHOBECHSI CHCTeMbl SIBJISET-
¢l paBeHCTBO My=M., npu 3TOM pery-
JUPYeMblll MapaMeTp COXpaHseT no-
cTosiHHOe 3Ha4eHne py=const. Ecan
paBHOBeCHe NPHTOKA H CToKa Oylner
HapylueHo, HanpyMep BCJAEACTBHE H3Me-
HeHHS pexxuma mnorpebneHus (T. e.
Mn,s%=M.), Toria 6ymeT H3MeHATbCS H
peryJjupyemMoe RaBJeHHE ps.

Peryasitop aaBsieHuss OyjneT Haxo-
JUTbCST B PaBHOBECHH, ec/aH aJrebpa-
HuecKasi CyMMa CHJ, AeHACTBYIOUIMX Ha
KJlamnaH, paBHA HYJMO (T. €. CHJbI,
AeHACTBYIOLHE Ha KJjanaH, c6ajaHcHpo-
Banbl, ZN,=0). B stom cayuae pery-
asitop  6yaeT npomyckate B OGBEKT
MOCTOSIHHO® ~ KoJinuecTBO rasa M=
=const. Ecau 6anaHc cust Hapyulaercs
(EN.5<0), TO K/I1amaH HayHeT nepeme-
ulaThes B CTOPOHY AeHcTBHA GOJbILHX
cua, uaMmeHsis nputok rasza M, Takum
06pa3oM, paBHOBECHE 00DbeKTa obecrie-
ynBaercsi ycaosieM My=M., a paBHO-
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Puc. 7.2. I'padux acra-
THYECKOTO peryiHpoBa- .
HUS NPH OTCYTCTBHU ca-
MOBLIPaBHHBAHHS

BecHe peryasitopa -— ycjosueM IN,=0.

Pacecmorpum cHabl, aeficTBylouHe Ha
KJanaH peryasaropa AaBJIeHHSA
(cM. puc. 7.1). DTH CHJIBI MOXKHO pasje-
JIUTb HA TPH I'PYIHbI: AKTHBHYIO, BEJUYH-
Ha KOTOpOH CBAI3aHa CO 3HAUEHHEM pery-
JIIPYeMOTO Tnapamerpa, HPOTHBOAEHCT-
BYIOILYIO, KOTOpAasi yPABHOBEIIUBAET aK-
THBHYIO CHJY, H JONOJHHTENbHbIE CHJBI:
cusa Beca IMOABMXKHBIX uacTed, OJHO-
CTOPOHHSII Harpy3kKa Ha KJ/allaH, CHJbl
TPeHHsi, KOTOpbleé BO3HMKAIOT IPH JBH-
JKEHHH, a TAaKXe HHEePLHOHHble CHJBI.

Perynsitop, nokasaHublil Ha puc. 7.1,
uMeeT MeMOpaHHO-rpy30BOH MNpHBOA 2.
AKTHBHAasi cHsia MPHBOAA — 3TO YCHJHe,
KOTOpoe BoOCIpHHHMaer MeMO6paHa oT
N aBJieHUs rasa pg, NepeaaBaeMoe Mo HM-
nyJabCcHOH Tpy6Ke 3, U nepejaeT Ha IUTOK
KJanaHa. JTy CHJAy Ha3LIBaIOT NepecTa-
HOBOYHOH Npep, OHA paBHa:

Nnep= PQFaKT7
rae Fa — AKTHBHAsl MOBEPXHOCTb MeMOpaHbI

AKTHBHYIO CHJy YpaBHOBeIUMBAeT
rpy3 2 (N.). Ha knanan Ttakxe jpefi-
CTBYeT BeC TMOABHXHBIX uyacrel



Nny ¥ OZHOCTOPOHHSI Harpyska N,
KOTOPYW, npeHebperasi MOnepevyHbIM ce-
YeHHeM IITOKA, ONpPeAesIoT o GopmyJe

Nm=fc(p1—p2),
rie f.— naomaab cepna KJanaHa; pp M pPs —
N ABJICEHHA ra3a g0 H IocJe KJaanaHa.

Takum o6pasom, 6anaHc cujt, AeHcT-
BYIOIUIMX Ha KJalaH, MOXHO IpejacTa-
BUThb TakK (MpUHMMAS 3a HOJOXKHTENb-
HOe HampaBJieHHe feHCTBHe AaKTHBHOH
CHJIBL)

Nnep_Nrp—'Nn q+NK,1=0.

OT BeiMUHHBI PEryJHpyeMoro aasJe-
HUSl 3aBHCHT [EPeCTAHOBOYHAf CHJA.

Ecau BesnuMHa pe CTaHeT GOJblle HJHM
MeHbllle BeJIHYHHBI, Ha KOTOPYIO Ha-
CTpOEH peryJsaTop, Toria 6anaHc CuJ
HAPYUIUTCS U PEryASATOD NPHILT B AeACT-
Bue. PaccMoTpeB ycs0BHS paBHOBecHS
061beKTa M peryJjsitopa, npocaeiHM Ipo-
LeCcC peryJiipoBaHHs BO BPEMEHH.

[TpeanosioxuM, uTo O6BEKT U pery-
JISITOP HaXOASATCH B PaBHOBECHH, CJEHO-
BaTeJIbHO:

Mp=M., ZN,=0.

+ B wmomenr 19 (puc. 7.2) pesko
yBEJHUHIOCH NMOTpebsieHHe ra3a (BKJIO-
YUJICS KpynHbIA norpebHTe b, BeJIHUHHA
M. crana Ooabiie M;). PasHoBecue
o6beKTa HapylHJOChb, OTOGOp rasa craig
GoJibllle ero MOCTyNJIeHHs] B CeTb, AaB-
JIeHHe pg B ceTH cHU3Hjaoch. C yMeHb-
[IeHHeM [daBJieHHS P2 YMEHbIIHAACh aK-
THBHasi cuna Npep, Hapyiuicst 6Gajanc
CHJl, AEHACTBYIOLIMX HA KJjanaH, M Noj
[lefcTBUeM Ipy3a KJanaH CTaJj OnyCcKaTb-
csl, yBeJIMUMBAasi MPHTOK rasa B CeTb
[cM. Ha puc. 7.2 KpUBble H3MeHEHHS
NPUTOKA W JaBJeHUsl rasa pr 3a uer-
BepThb nepuoaa (to—ti)]. K momeHTy
T| MPUTOK CTaJ PABHBIM CTOKY U OGBeKT
CHOBA npwuiues B pasuosecue. Ho 3a Bpe-
Msl T|-—To CTOK rasa Obln 6oJjiblue ero
NPUTOKA U KOJHUYECTBO ra3a B CeTH Bce
BpeMsl yMEHbILAJ0Ch, a [AaBJEHHEe P2
nanaJo.

KosiunyecTBo rasa, oToGpaHHOTO H3
Tpy6onpoBoaa 3a BpeMsl T, —7Tg, PaBHO
miowaan / (em. puc. 72). B Mowment
T) AaBJieHHe rasa pp fnepecrtaeT najiarb,
HO OCTaeTCcsli HHUXKe JaBJeHHsl poo,

Ha KOTOpOe HACTPOeH peryJsTop 4 NpH
KOTOPOM OH HaXxOAHMTCS B PaBHOBECHH.
[TosToMy, HecMOTpPsA Ha TO, YTO OGBEKT
npuilel B paBHOBeCcHe, PeryJsTop
npoposxkaer paboraTh: ero Kjamai OT-
KpbIBaeTCs, NPUTOK rasa yBelHyHBaeTCs
M CTaHOBHTCs 6oJiblie cToKa. B pesyiib-
TaTe peryJasitop BbIBOAHT OGBEKT U3
paBHOBecHsl. 3a BTOPYIO ueTBepTb Ie-
pPHOAA T2 — T| IPHTOK BCe BpeMs NpeBoc-
XOAMT CTOK, KOJIMYECTEO rasa B ras3ornpo-
BOAE YBEJHUYHBAeTCH W ero AaBjeHue
pacrer. HakoHeu, B MoMeHT 12 YyG6blib
rasa 3a rnepByiQ 4eTBepThb lepHOAa MOJl-
HOCTBIO KOMMNEHCHDYeTCs ero AOomoJ-
HHUTeJIbHOH nojadefl, U naBjeHue rasa
p2 NesaeTcs paBHbIM JaBJCHHIO, HA KOTO-
poe HacTpoeH peryasarop. Peryasrtop
NPUXOAHT B PABHOBECHEe, HO B 3TOT MO-
MeHT NPHTOK rasa 6GoJjble cToka (M,>
>M.), 0O'beKT He HAXOZUTCS B PABHOBE-
CHH, JAAaBJeHHe Tra3a p; CTAHOBHTCH
6osblie aBJeHUSI HACTPOHKH peryss-
TOpa, H OOBEKT BLIBOAUT €ro H3 PABHO-
Becuss. KmamaH perysnstopa u3MmeHsieT
HanpaBJaeHHe ABHXKEeHHSl HAa OGpaTHOe H
OH HauMHaeT 3aKpbIBATbCS.

C MoMeHTa T2 Mpollece peryJaupoBa-
HHUSA TIOBTOPSETCS, HO B MPOTHBOIOJIOXK-
HOM HampaBsJsieHnH. Takum o6pasom, npo-
1ecC peryJjiHpOBaHHSA IpejaCTaBJsieT Co-
60# nepuOnHYECKHH He3aTyXaloUHi npo-
necc. Peeyaaropsi, paboraoire no pac-
CMOTPEHHOMY MPHHUHIY, HAa3bIBAKOTCS
acraruyeckumu. DTH PeryasaTopbl Nocje
BO3MYLIEHHS NPHBOAAT peryJaupyemoe
JAaBJleHHe K 3aJ1aHHOMY 3HA4yeHHIO He3a-
BHCHMO OT BeJMUYHHbl HATPY3KH H TOJO-
JKEeHHUst peryJupyiouero opraia. Takum
0o6pa3oM, DpaBHOBeCHe CHCTEeMBbl IMIpH
acTaTHYeCKOM PeryJHpOBaHHH MOXKeT
HACTYNHTb TOJNBKO NPH 3aJaHHOM 3Haye-
HHH peryJjHpyemMoro napamerpa, npuuem
pPeryJaupymouli opran MOXeT 3aHHUMATh
ao6oe nonoxenue. Ecau 06bekT obaa-
AaeT CBOACTBOM caMOBHIpaBHHBaHHS,
TO Mpoilecc peryJjupoBaHusi Gyaer 3a-
TyXaloluM, a peryjupoBaHHe YCTOH-
YHBBIM.

[ox camosvipasrusanuem NOHAMAIOT
TakKoe CBOHCTBO 0ObEKTa, MPH KOTOPOM
noc/ie HapylWeHHA PaBHOBECHSI OODBEKT
crocofeH caM BOCCTAaHOBHTb paBHOBe-
cHe MeXJAy IMPHTOKOM M CTOKOM, HO
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Puc. 7.3. Craruyecknuii JKMHHBIH  mpHBOA, J—
perynasiTop JAaBjeHus aMnyJbcHasd Tpy6Ka, 4—
1-~ peryaupylomui 06DHeKT perynuposa-
(mapocceabHuIl)  opraH, HWSt — ra3oBas ceTb

2 — meM6paHHO-TIpY-

w |
Crok /My/ i
M, MpuTtoK ‘
)
1 7
Po
t 2 — 2 2
g 8 H§
g o
ToTy T My M, My MHIKC

Puc. 7.4. Tpaduk craTn-
4eCcKOTro peryJiHpOBaHHSA
NpPH OTCYTCTBHH CAMOBbI-
paBHHBAaHHA

a — rpadux peryJjupo-
BaHUfA, 6§ — cTaTUyecKas
XxapaKTepHCTHKA peryJs-
Topa

NpH [APYroM 3HAYEHHH peryJHPYyeMoro
napamerpa. B kauectse o6bekra, obsa-
J@I0Iero CaMOBbLIPABHUBAHHEM, MOXHO
MPHBECTH Tra30Bbie CeTH HH3KOro Aa,je-
Husl. [lefCTBUTE/NIbHO, €C/NH YBeJNHUYUTh
oT6Op rasa M3 3THX ceTell (BKJIIOYHTH
HOBLIX NIOTpe6uTeIel), TO AABJIEHUE ra3a
YMEHbIIUTCA, BCJAEACTBHE Yero CTOK CO-
KPaTUTCSl, a paBHOBeCHe YCTAHOBUTCS
TOJMBKO mpu  Apyrom, OoJee HU3KOM
NaBJeHHH rasa. 30Ha HEUyBCTBHTE.Ib-
HOCTH, JIO(TH, TpeHHE B CoujieHe-
HHSIX M JIpyrHe KOHCTPYKTHBHble He-
JOCTAaTKH  peryjsiTopoB  MOTYT  [IPH-
BECTH K TOMy, 4TO KOJe6aTeJbHbli
npouecc peryjupoBaHUs CTaHeT pacxo-
ASULUMCS, 8 PeTyIHPOBaHHE — HeYyCTOoM-
138

yuBblM. [as crabuausaunuu npouecca
(T. €. NpeBpalleHHs ero B 3aTyXalouHi)
B PeryJifiTop BBOAAT CTAGHJU3HPYIOILHE
YyCTPOHCTBA, B YACTHOCTH XKECTKYl0 00-
paTHylo CBfI3b. Takoe peryaupoBaHue
Ha3bIBAIOT craruxeckum. Peryasitopol
ITOTO THIA XapaKTepPU3YIOTCH TeM, UTO
3HAUeHHe PeryJiHpyeMOoro j[aBJeHHs MpH
paBHOBECHH CHCTEMbl 3aBUCHUT HE TOJIBKO
OT 3ajaHusi (HACTPOHKH peryasiTopa),
HO W OT HAarpy3kM WJIH OT MOJIOXKEeHHUsI
peryaupymoiero opraia. Kaxnomy 3ua-
YeHHIO pPeryjiipyemMoro napamerpa cooT-
BeTCTBYET OJHO Olpeje/ieHHOe MOJIOXKe-
Hue peryiupywoulero oprasna. Ilpu cra-
THUYECKOM PeryJiHpOBAaHHH pPaBHOBECHOE
3HAUeHHe PeryJHpPyeMoOTO  AaBJjeHus
BCerAa OTJAHYAeTCH OT 3aAaHHON BeJsH-
YHHbLl, M TOJNBKO TNPH HOMHHAJbHOH
Harpyske (QakTHUeCKOe JaBJieHHE cTa-
HOBHUTCSl PABHbIM HOMHHAJIbHOMY 3Haue-
Huo. Takum o6pa3oM, craruueckue pe-
2YASAITOPLL XapaKTepH3YIOTC HepaBHO-
MEpHOCTbIO, TOJ KOTOpPOfi I[IOHHMAIOT
BEJMUHHY H3MEHEHH S PeryjsupyemMoro na-
pameTpa, HeOoGXOAMMYIO jJisl Tiepecra-
HOBKH peryJHpYIOUero Oprata 3 ojHo-
ro KpalHero moJioKeHusi B Apyroe.
Ecau rpy3 y peryastopa 3aMeHHTb
NpPYXKUHOU, KaK 3TO NMOKa3aHO Ha pHC.
7.3, TO peryJasitop cTaHeT CTaTHUECKHM,
a npyxuHa OyneT CTaGHIH3HPYIOLIUM
ycTpoficTBoM.  YcuiHe, pasBHBaeMmoe
NIPYXKHUHOM, MPONOPIIMOHANBHO ee nedop-
mauvd. Korga ksianaH HaxoOAauTcsl B
KpallHeM BepXHEM MOJIOXKEeHHH (3aKphIT,
M,=0), npyxuHa mpuHO6GpeTaeT HaM-
60JbIIYI0 CTEHeHb CXAaTHH W 3HAYeHHE
p2 CTAHOBHUTCS MakcuMaJjbHbIM. [lpu
NOJIHOCTBIO OTKpBITOM Kaanawe (M;=
=M"?") 3HaueHHe p; YMEHbLILAETCH 10
MHHHMaJgbHOro (puc. 7.4,6).
PaccmoTpuM nmpouecc perysupona-
HHSl, NpoTeKaloulHid Bo BpemeHH. [Ipea-
NOJIOXKHM, UTO JO BPEMEHH To CHCTeMa
(06beKT — peryJsitop) HaxojAuJach B
paBHOBecHH. B MOMeHT Ty pe3ko Bo3poc
cTok rasa. JlaBjenue B 0o6GbekTe
crajno mnapatb (cm. puc.  7.4.a),
HO C yBeJIHUEHHEM Pacxoja MOHH3UJIOCh
TakKe W JaBJieHHe, Ha KOTOPOe HacTpoeH
peryasitop (cM. puc. 7.4,6), H B MOMEHT
T OOBEKT U peryasitTop CHOBA BOILJIM
B paBHoBecHe. TakuM o6pasom, nepexoa-



HOH mnpouecc npeBpaTHJicsd H3 Kojaefa-
TeJIbHOrO B anepuoavueckuil. CraTuuec-
Kasi XapakTepHUCTHKa, IMOKa3aHHAs Ha
puc. 7.4,6 sABJsfieTcs OueHb KPYTOH,
a ee HepPaBHOMEPHOCTb Ap COCTaBJfAeT
60/bIIYIO BEJHUHHY.

OGbIuHO peryJsiTopbl KOHCTPYHPYIOT
¢ He6oJIbHIOH HepaBHOMepHOCThIo. B Ta-
KOM cJ1yuaé npolecc peryJHpoBaHus GY-
JeT He alepHoJUuecKHM, a KoJieba-
TeNbHBIM (3aTyXawuuM). 3aTyXaloUIUM
MPOUECCOM pPETYJHPOBAHUsI XapaKTepH-
3YIOTCA U U300POMHbLE  pPe2yAATOPLL.
OHH HMeIT YHpyryio o6paTHYIO CBSi3b,
KOTOpasi laeT BO3MOXKHOCTb COBMECTHTb
B peryisiTope CBOHCTBA CTATHUECKHX H
acTaTHYeCKHX peryaaTtopoB. B nauanb-
HblH MOMEHT [ocJ/e BO3MYLIEHHS H30-
JPOMHBIE PeryjsiTopsl paboTaloT Kak
CcTaTHyecKHe C HEKOTOpPOH HepaBHOMep-
HocTbio. I1pu nanbHedieli paGore pery-
JAITOPa HEPABHOMEPHOCTb CHHMAeTcsl, H
peryJsiTop HpHBOAHT PeryJjHpyeMoe AaB-
JIeHHe K 3a71aHHOMY 3HAYEeHHIO He3aBHCH-
MO OT BEJIHYHMHBI HATPY3KH H MOJIOXKEHHS
peryJiupyioulero opraxa.

PerysasiTopbl naBjieHHs1 GbIBAIOT Mpfi-
MOro i HempsiMoro aefcTeus. ¥ peeyas-
TOpPO8 npaAmo2o OelicT8us pPeryJiupyio-
wuil opraH (KjJanaH) mnepemelaercs
yCHJIMeM, BO3HHKAIOUIHM B €ro YyBCTBH-
TeJbHOM 3JieMeHTe (MeMmOpaHe) 6e3 HC-
MOJb30BAHUSI SHEPTHH OT MOCTOPOHHEro
HCTOUHHKA. ¥ TAKMX PeryJjsiTopoB CHJO-
BOH 3jieMeHT NpPHBOAA SIBJsieTCS OAHO-
BPEMEHHO M UYBCTBHTEJbHbIM 3JIeMeH-
ToM. PeryasAtopbl npsiMoro aelcTBUSA
He HMeloT ycuaurteneil. OuM nmpocTsl 10
KOHCTPYKLHH, HaAexHb B paBore H
HaLWIH LHPOKOe MPUMEHeHHe B CHCTeMax
rasocHabkeHus.

Y peeyasaropos Henpamozo Oeiicreusn
YCHJIMe, BO3HHUKalollee B UYYyBCTBUTEJb-
HOM 3JjieMeHTe, MPUBOAHT B [eHCTBHE
yIpaBJSIlOIIUA 3/M€MEHT, KOTOpBbIH OT-
KpPblBaeT AOCTYI 3HEPTHH CXKATOro BO3-
ayxa, rasa W Ap. B CepBOMOTOD,
a 1nocJieJHUH pPa3BUBAET YCHAHE, He00XO-
JUMOe /51 NepeMelLIeHHS peryaupyo-
wero opraHa. Peryastopsl 3roro rtumna
BCerfa COAepXKaT OLUH HJH HEeCKOJbKO
ycuautenei. Ecau 1aBjieHuve rasa pery-
JHPYETCS IOocJe peryasatropa, TO pery-
JISITOp Ha3blBaeTcsl «mocJje cebsi»; echH

perynupyeTcst AaBJeHHe 10 peryasiropa,
TO PeryasiTop HasblBaeTcst «A0 ceGsi».
[ast perynupoBaHHs AaBJeHUsi rasa B
TOPOACKHX CHCTEMaX rasocHaGxeHus
NPHMEHSAIOT DPEryJsiTopbl «nocje cebsi».

7.2. lpoccensHbie OpraHbl
perynstopoB fasfneHMs.
NMpusoabl

APOccenbHbIX OpraHoB

JlpoccesibHBIMH OpraHaMH y peryJis-
TOPOB AABJIEHHS CJYXKAaT KJamnaHbl pas-
JIMYHBIX KOHCTPYKUHH H pexe Apoccefb-
Hble 3aCJ0HKH, KOTOpble MPHMEHSIOT B
peryadTopax-ctabuanMsatopax HNpH He-
6o/bIINX Nepenagax JAaBJeHUs Ha
peryaupyloweMm oprane. KaanaHbl O6bl-
BAIOT OJHOCeAeJNbHble H ABYXCe[eJibHble
(puc. 7.5). OgpaHocepesibHble KJianaHbl
Hepasrpy»KeHHble, TAK KakK Ha HHX AeM-
CTBYeT OAHOCTOPOHHEe YCHJIHe, PaBHOe
NpOH3BeeHHIO MJOLAaAH OTBEPCTHS Cejl-
Jia Ha PpasHoCTb JaBJieHHH ¢ ABYX
CTOPOH KjanaHa. Hanuuue ogHOCTOpOH-
Hero YCHJIEHHA 3aTpy[HsieT Inpolecc
pPeryJHpoBaHHA H YBeJHUHMBAaeT BJHSAHHE
H3MEHeHHs AaBJeHHs A0 pPery/asaTtopa Ha
peryJupyemoe AaBJieHHe (1ocje peryJsis-
topa). OnHaKo AJAS ra3operyasiTopHbIX
nyuktoB (I'PI1) onu wnamau nauboss-
uiee pacrpocTpaHeHHe, Tak Kak obecrie-
YMBAIOT FaJeXKHOE OTKMOUYeHHe ra3a npH
OTCYTCTBHH ero ot6opa. OanHoceje/bHbIe
KJlaraHbl ObIBAIOT XECTKHMH U MATKHMH,
Yy KOTOpBIX IMPOK/AAAKA BHINOJNHEHA W3
KOXH HJIH Fa30CTOHKOH pe3uHbl.

MakcuMalbHBIl  moabeM  3aTBopa
BbIOHPAIOT TAKHM, YTOGH! POXOA AJS ra-
3a OblJl HE MeHblle, YeM MPOXOA B Cejje
KjaanaHa. BejuuuHa mnosiHOro mnogmema
3aBHCHT OT Mnpoguisa kaanaHa. Yrtolwl
TapeJbyaThblfi KaAanaH G6bll MOJHOCTLIO
OTKPBLIT, €ro nogbeM A0/MXKeH OblTb pa-
Ben 0,25 puamerpa cegsa Kaarnasa
(cm. puc. 7.5,a). nsi MOCTENEHHOrO
yBeJMUEHHUA MJIOUIaAH NPOXOAA MO Mepe
noJbeMa 3aTBOpa NPUMEHSIOT 3aTBOPLI
CHeuHaJbHbIX KOHCTPYKIHH, HMelllHe
KpOMe YIUIOTHHTENIbHOA [APOCCEeJIbHYIO
NOBEPXHOCTb. ITa INOBEPXHOCTb OGpa-
3yeT C UMJAHHAPHYECKOH MOBEPXHOCTHIO
OPOXOAa B CeAJe  [leJib, CedeHue
KOTOPO# MJIaBHO U3MEHSAeTCH NPH No4be-
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Puc. 7.5. Cxemnl apoc-
CeNLHBIX KJIamaHos

a — onHocelesbHbIH
MaTKHlt knanan, 6
.KilanaH ¢ jpocceibHOl
NOBEPXHOCTHIO  OKHOOG-

pa3Hod ¢opmbi, 8 —
ABYXCeAeJbHbIH NPOGKO
o6pa3Hbiil KaamaH, & —
ABYXCeAesibubil Tapenab
yaThli KjanaH

Me HWJM ONyckaHuu 3arsopa. Bcejen-
CTBHE 3TOr'0 pacxoJ rasa MoCTeNneH-
HO YyBeJ/IHYMBAeTCs MO BCeH BBICOTE
noabeMa 3atBopa. MakcUManbHBIH
NOABbEM 3aTBOpA Y TaKHX KiaamnaHos 0,5. .
...0,6 nuamerpa ceana.

[ Byxcene/ibHble KjamaHbl BBITYCKa-
I0T He T[IOJHOCThI pasrPyKeHHBIMH,
TAK KakK JJisi BO3MOXHOCTH YCTAHOBKH
Hepas3pe3HOro KJamnaHa OjiHO CeaJlo je-
JaloT 60JAbLIEro JHaMeTpa, ueMm Apyroe
Pasrpy:eHHble kJjganauel Tpe6yioT
MeHbllIeH NepecTaHOBOYHOH cHabl. Ecau
MO TeXHOJIOTHYECKHM YCJOBUAM TpeéyeT-
Csl IOCTENEeHHOe YBeJiHueHHe Pacxojia ra-
3a Mo BCeH BBICOTEe MOABEMAa 3aTBOPA,
TO IIPUMEHSAIOT APOCCEMbHbIC MOBEPXHOC-
TH Tpo6KOOOpPa3HOH M OKHOOOPAasHOil
dopmel. C  3KCIMIYaTAUHOHHOM TOYKH
3peHuss npoOKooOpasHble 3aTBOpHI
6oJiee COBEPILEHHBI. ¥ HHX OTCYTCTBYIOT
OCTpBIe BbICTYHAIOIINE KPasi, TOBEPXHOC-
TH COeAUHAIOTCS NJaBHLIMH NEepeXoiaMmuy,
MO3TOMY OHHM B MeHblueH CTeneHH MOA-
BEepPKEHbl KOpPpO3WM H 3po3uu. [IByx-
CefiesibHble KJIaNaHbl He 06ecledyuBaloT
repMeTHYHOr0 3aKpLITHS mpoxoaa. 3To
CBSI3aHO C HEOAMHAKOBLIM H3MeHeHHeM
pa3MepoB 3aTBOpa W Ceaja MpH H3Me-
HeHUH TeMNepaTypbl, C HepaBHOMEep-
HOCTbIO H3HOCa OOOHX cejes U CAOXK-
HOCTBIO TIPHTHPKH 3aTBOpPa OJHOBPEMEH-
HO K JABYM cemdaM. B mnosHocTbiO
3aKPbITOM KjanaHe yTeyka rasa cocTas-
asieT no0 49 MakcHMManbHOTO pacxoja,
l03TOMy TaKde KJamnaHbl YCTaHaBJH-
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BawT B
B KOTOpPLIX MOCTOSAHHO pacXxoAyeTcCs ras.

TeX MecTax rasonpoBona,

PeryaupoBoutofi XapaxTepHCTHKON
JPOCCEJIBHOrO0 OpraHa Ha3blBalOT 3aBH-
CHMOCTb OTHOCHTEJILHOTO Pacxoia rasa
(IO OTHOLLIEHHIO K MaKCHUMaJ/IbHOMY pac-
XOAY) OT OTHOCHTE/NBHOTrO MepeMeilleHHs

3aTBOpa (M0 OTHOIUEHHIO K MOJHOMY

nepemenleHuo). XapakTepHCTHKY, TNoO-
CTPOEHHYIO MPH IMOCTOSIHHOM Mepenaje
NaBJieHWsT Ha JpOCCEJbHOM Oprase,

Ha3bIBAIOT BHYTPeHHeH. DTa XxapakTepuc-
THKa YyKa3aHa B [aclopTe 3aBOJOM-
M3roToBHTeseM. Perynupyoune kiana-
Hbl BBIYCKAIOT C JIHHEAHBIMH, JOTrapud-
MHUYECKHMH M napabGo/iMuecKHMH Xapak-
tepuctukamu. Ha puc. 7.6 nokasausl
BHYTPEHHHE XapaKTePUCTHUKH peryaHpy-
IOIHX KJaanaHoB. KpuBH3HaA xapakre-
PUCTHKH  3aBHCHT OT KOHCTPYKUHH
KJlanaHa.

Pa6ouasi xapakrepucTHka MOKa3bl-
BaeT 3aBUCHMOCTb OTHOCHTEJbHOTO pac-
X0/la OT OTHOCHUTEJILHOTO NepeMelleHHs
3aTBOpa INpH (aKTHUECKOM (mepemMeH-
HOM) Mepemaje AaBJeHUS Ha NpOCCesib-
HOM opradHe. EcaM nepemax paaBieHHS
COXpaHAeTCA MOCTOSIHHBIM (peryJjupyer-
cs) Ha KJaanaHe H MOCJIeA0BATEJbHO
YCTAQHOBJICHHOM KakoOM-ju60 3JieMeHTe
CUCTeMBbl, TOrAA I[PH NepPEMEeHHBIX pe-
KHMax nepenaj AaBJeHUS Ha KJjanaHe
O6yJeT H3MEHSATbCA H €ro BHYTPeHHSS
XapaKTepHCTHKA COOTBETCTBEHHO Oyaer
uckaxarbess CreneHb HCKaXXKeHHA 3aBH-
CHT OT COOTHOILUEHHS] T'HAPaBJIHYECKOro
COMPOTHBJCHUSA OTKPHITOTO [APOCCeNibHO-
TO OpraHa M 3TOro sjemeHtra. Uem MeHb-
e AOJS FHAPaBJMUECKOro CONpOTHBJIE-
HHSl /1eMeHTa B OOllEeM CONPOTHBJEHHH,
TeéM MeHbllie HCKaXKaeTCsl BHYTPEeHHAS
xapakrepucTtuka. [lpu Goabuwiol poje
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OTHOCHTENbHBLIA XOR KnanaKa, %
Puc. 7.6. Buyrtpennue I— nunefinasi; 2— na-
XapaK TEPHCTHKH Peryau- pa6onyuueckasi; 3— n0-
PYIOULHX KJAanaHos rapug MHUecKas

BHYTPEHHSS JIMHeHHAasl XapaKTepucTHKa
ucKaxaercsl, npuobperas NpHUMEpPHO
o6paTHyIO JorapudMHuUecKylo 3aBHCH-
MOCTb, @ BHYTPEHHAs JorapudmHieckas
XapaKTepHCTHKA Bce 60JbLIe BbIIPAMAA-
ercs, npubanxKaacb kK JauHeHHOH. B
GONBIIMHCTBE CJyuyaeB B  KayecTse
ONTHMaJbHOH paGouell XxapaKTepHCTHKH
NPUHUMAIOT JIHHEHHYI0 3aBHCHMOCTb
MEXJY OTHOCHTEIbHBIM pacxoioM H
OTHOCHTEJIbHBIM MepeMelleHneM apoc-
CeJIbHOTO KJlalaHa B npejenax ero xoja.

Ha rasoBsbix ceTsix B 30He nepe-
naxa [JaBJEHHs1 [0 TOUYKH orbopa
MMNY/J1bCa He YCTaHaBJAMBAIOT 3HAUM-
TeJbHbIX THAPABIHUYECKHX COMPOTHBIJIE-
HUE NOCJIeIOBATENbHO C PEryAUPYIOLLIUM
KJ1amnaHoM, Mo3TOMY ero pabouast xapax-
TEPUCTHKA MAJIO OTJIHYARTCHA OT BHYTPEH-
Hel.

[lepecTaHoBKY KJamaHa oOCYllecT-
BJASAIOT TPHM MOMOLIM INPUBOAA, B pe-
3yJbTaTe UYero MNPOHCXOLHT H3MEHEHHe
NPOXOAHOTO CeueHus AJA I0TOKa, uTO
Heo6X0MMMO B IIPOLLEcce Pery/HpoBaHHs.
Y peryJasiTOpoB AaBJ€HHsl Ta3a HCMOJb-
3ylOT [IHEBMaTH4yeckKHe MeMOpaHHble
NPHBOIBl C MPOTHBOAEHCTBHEM NPOTHOY
meMGpaHbl TIPYXKHHOH uau rpysoMm. B
KauyecTBe pabouero BeLIeCTBa NPUMEHS -
10T cKaThlil BO3AyX HJH ra3. CuaoBbIM
3JIEMEHTOM MPUBOAA CIYKHT 3JaCTHUHASA
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nporu6 mem6Gpatbl
<

Puc. 7.7. Cxema paboTn 8 — MaKCHMaJabHbH R
memGpanHoro npusona nporu6 memOpaHbl;, &-—
a —nporu6 memGpanni 3aBHCHMOCTb KO3 H-

unenta C OT OTHOCHT &b~
HOro nporu6a Mem6p aHbl

paBeH HyJ0, 6 — nporu6
meMOpaHlb paBeH noJo-
BHHE  MaKCHMaJbHOTO;

meMbpaHa. Mem6paHy H3roTOBJSIOT U3
KOXKH, DE3MHbl, NPOpPe3HHEeHHOH TKaHH
ua naacrtmaccol. Marepuan memGpaHbl
AOJXKeH ObITb Ta30HENpPOHHIlAEMbIM, ra-
30CTOMKHMM, MDOYHBIM M 3JACTHUHBIM.
IToa neiictBHeM H3OBITOYHOTO AABJEHHSA
BO3AyXa MJIM ra3a memGpaHa nporuba-
eTcsl M INepeMelllaeT CBSI3aHHBIH C Helo
IITOK H 30J0THHK.

[lepecTaHoBouHyl0 CcuJy, pa3BHBae-

MY MHEBMATHUYECKHM MeMépaHHbIM

[IPHBOAOM, OMNpeAeJIFAI0T No (popmyﬂe
]Vnep= CFPO,

rae Nnep — MepecTaHoBOYHas CHJsa npusoaa

(meficTByiollast Ha CTepXeHb 3oJ0THHKa); C —
K03 dHULHEHT aKTHBHOCTH MeM6paHbl; F — npoek-
¥sl TIOBEPXHOCTH MeMOpaHBl Ha [LJJOCKOCTh ee
3aJleJKH; pPo — M30bITOUHOE naBieHHe pabouero
BeulecTsa (rasa WJH BO3ayxa).

Takum o6pa3oM, akTHUBHad MOBepX-
HOCTb MeMOpaHbl 6yaer paBHa MPOH3BE-
neuuio CF. KosdhduuneHT aKTHBHOCTH
meM6panbl C He siBasieTcsl BeJHUHHON
MOCTOSAHHOM, a 3aBUCHT OT nporu6a Mem-
6panbi. [lporu6 orcuuthBalOT N0 Ha-
npaBJeHHI0 AeHCTBUA MepecTaHOBOUHOMH
CHJbl, pa3BHBaeMoOH MeMOpaHOH (pHC.
7.7). KoadpduuueHt aKTHBHOCTH MeM-
6paHbi C=1, ecau mnporu6 MemOGpaubl
paBed HyJI0. B 3TOM cayuyae maOCKoCTb
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Puc. 7.8. Cxema wmem-
6panuoro npusoaa c 06-
HHMHBIMH JHCKAMH

a — cxema meMGpaHbl,

6 — 3aBHCHUMOCTb KO3(
¢uunenra C OT OTHOCH
TenbHOro nporn6a Mem
GpaHbl

3ajenkd MeMmOpaHbl He BOCIpPHHHUMAaeT
HAarpy3ky or aaBjieHus paGouero ra3a —
Harpyska mnepejaercd B LeHTp MeMOpa-
Hbl. Koraa mnporn6 wmemOpaHbl paBeH
MONOBHHE MAaKCHMAaJbHOTO (T. €. LEHTP
mMeMOpaHbl HaXOAHMTCA B OLHOH MJOCKO-
CTH C ee (yaHnamu), HA QaaHiubp 6yjeT
nepegaBaTbhesi 2/1 HArPy3KH MeMOpaHH,
a B uedtp — '/3 wHarpysku. Caeno-
BaTeJ/bHO, llepeCTaHOBOYHAs cuna Oyner
paBHa '/3 MaKCHMaabHOH BeJHUHHbI
1 KO3 PHUUHEHT aKTHBHOCTH OyleT Tak-
ke paseH '/3. Ilpu kpailHeM HMKHeM
nonoxkewuu (nporn6 Mem6paubl pa-
BeH |) Bcsl Harpyska oT aaBJjeHus pabo-
yero rasa nepeaaercd Ha ¢JaaHLbl.
B stom cayuae mepecraHoBouHasl cuJa
1 KO3(Q@PHLUHEHT aKTHBHOCTH OYAYT pas-
HBl HYJO. 3aBUCHUMOCTb KO3 duLUeHTa
aKTHBHOCTH MeMO6GpaHbl OT ee nporu6a
nokasaHa Ha pHc. 7.7.
XapakTepucTHKy MeMOpaHbl MOXHO
VJAYUYIIHTb, NPHMEHHUB JKECTKHE [HCKH,
00KHMAIOLIHE €€ LEHTPAJbHYIO 4YacTb.
JIucKH yBENMUMBAIOT MEPECTAHOBOUHYIO
CHJY W YMEHbLIAIOT HEPABHOMEPHOCTb
peryiupoBaHusi. B 3ToM cayuae akTHB-
Hasl [OBEpXHOCTb MeMOpaHbl paBHa
CyMMe AaKTHBHOH NOBEPXHOCTH 3Jac-
THYHOH dacTh MeMO6paHbl W MJoIla-
M JKECTKOTO AHCKa, KO3(PHIUHMEHT akK-
THBHOCTH KoToporo paseH 1. [Ipumene-
HHE XKeCTKOro JMCKa MO3BOJSIET MOBHI-
CUTb KO (PHUILHEHT aKTHBHOCTH MeMGpa-
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HBl 1151 CpelHero ee mnoJoxeHus (mpo-
M6 paBen '/2) a0 2/3 BMecto /s,
KOTOPBI# MMEIOT MeM6paHbl 6€3 06XKHM-
HbIX aHcKoB. Ha puc. 7.8 mnpuBeneHa
cxema MeMOpaHHOroO NMPHBOJA C OGXKHUM-
HbeiMH auckamu. OpHako Hapsay ¢
yaAydlleHHeM XapaKTepHCTHKH MemOpa-
Hbl OGXKHMHbIE IUCKH yMEHbIUAIOT BeJH-
uyuHy ee cBobGopHoro xona. Mcxons u3
3TOr0 IUPHHY 31aCTHYHOrO Kpas cJje-
ayer npuHumaTh He MeHee 0,1 anaMerpa
MeMGpaHbl. UTO6bl yMEeHbLIMTb HepaB-
HOMEpDHOCTb pPEryJHpOBaHHS, BbI3bIBA-
eMyl0 HM3MeHeHHeM KO3 duluHeHTa ak-
THBHOCTH MeMOpaHbl, IPHBOJ ApOCCeb-
HBIX OpraHoOB KOHCTPYHPYIOT Tak, 4TO6bl
pabounii xox MeMOpaHbl HaxoAHJCS B
TOM UaCTH ee XapaKTePUCTHKH, B KOTOPOH
HE MPOHCXOAMT 3HAUHMTEJLHOTO H3MEHe-
HuA ko3 duurenra aktupHoctd. [TosTo-
My pa6ouuil xoa MeMmGpaHbl BbIOGHpPAIOT
B Tpefesax H3MEeHEeHHS] OTHOCHTEJbHOTO
nporub6a or 0 po 0,5 ¢ npuMmeHeHHeM
06 XMMHBIX IHMCKOB.

7.3. Perynaropbi pasneHus

Peryasitop naBsieHHst mpsiMOro aei-
CTBHAl C pbluakHoH Nepenaueit MaJof
nponyckHoi cnocoGHoctd PIIK nokasau
Ha puc. 7.9. Peeyaaroper tuna PHAK
npejHa3HayeHbl L PeAYUHPOBaHKSA Na-
POB CXKMXKEHHBIX YI/IeBOLOPOLHBIX ra3oB
npu 6aNJOHHOM Ta3ocHaGXEHHH U LS
peryJiupoBaHud AaBleHHs rasa, nojaa-
BaeMOTO NOTPEGUTENAM OT CETH CpelHEro
HJIM BBICOKOTO aBjeHus. KoHeuHoe faB-
JleHHe Tocae peryasatopoB Huskoe. Pe-
TYJSITOP HMeeT OnHOCeldeNbHbI MSArKHH
KJ1amaH, COefHHEHHBIH ¢ MemGpaHo#
pbluakHo#l nmepenavedt. OHa CAYXKHUT Aas
yBeJHUEHHS NepecTaHOBOUHOTO YCHJIHS,
pa3ssuBaeMmoro MmeMOpaHOH W nepejaBae-
MOro Ha kaanaH. Peryasrop cratuuec-
KHH ¢ mHeBMarHyeckuM MeMOpaHHO-
NPy KHHHBIM IPHBOLOM.

['a3 BbicOKOro AaB/eHHS BXOAMT ye-
pe3 wWTyuep noj kaanad. [Ipu mpoxox-
JIEeHHH 4Yepe3 KJ/lamaH AaBJEHHe rasa
cHuxKaercsa fo tpebyemoro. I'as nonana-
eT B 10AMeMOpaHHOe [MPOCTPAHCTBO
M uepe3 BLIXOAHOH WITYlEp MOCTymaer
K ra3osblM Tpu6opam. Uro6bl gasieHne
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Bsixop rasa * Bxoa rasa
rasa mnocJie peryastopa He MpeBbillaJdao Puc. 7.9. Peryasrops 3ocrofikass  mem6paHxa,

JOTIyCKaeMoH HOpMBbl, B MeMmOpaHy
BMOHTHPOBaH MpPeAOXPAHUTENbHBIH Kna-
naH, BbHIMYCKAIOWHUA ra3 yepes HajJMeM-
6paHHOe MNPOCTPAHCTBO B aTMmocdepy.
Peryasitoppl paccuMTaHbl Ha MAakcH-
mManabHoe gasJenue 1,6 MITa. ITpu koneu-
Hom jaasiaennn 1..1,5 klla u nepenane
gasaenusi 0,1 MIla oHn umerot caeayio-
HIyl0 MpPONYCKHYIO CHOCOGHOCTb; TpH

B

nasaenns PAK

] — KJanaH ¢ MATKHM yn-
JOTHEHHEM M3 Ta30-, GeH-
30- H MOPO30CTOHKOH pe-
3HHBI, 2— 3jacTHYHAS
raso-, GeH30- M Mopo-

J— npyxHHa, 4-— BHHT
U151 HATSDKEHUs] NDYXKH-
Hbl, &— Mpy:KHHA mpe-
OXPAHHTEJbHOrO  Kld-
naHa

NJIOTHOCTH rasa p=2 Kr/m® (cxuxen-
ubiil ra3) — | m*/u npu noTHOCTH rasa
p==0,7 kr/m* (npupoaHsIii raz) —2 m*/u.
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Puc. 7.10. Peryasrtop 7— Hunmeab ¢ HakwaHO#  XKUHHBIH. ﬂ.nﬂ YBE€JHUYEHHA  YCHJHUA,
nasaeduns PI-32M rafiko#, 8§ — npo6ka, 9—
I — peryanposounas  kaamas, /0  mwnymc TMEPELABAEMOro OT MeMOpaHbl K KJsana-
rafika,  2- peryampo Has1 Tpy6Ka, //— Konex HY, PperyJasatop CHabGXeH pbluaKHOH

BOUHAas TNpyXHHa, J— yarelid pear, [2— xop

Kpbliika mMeM6p anby, 4— nye, [3— npepoxpanu
meM6pana, H— BeHTHJb TeIbHO COPOCHOH  Kaa
HbIH kopmye, 6-— cenJo, naH .

Peeyaaropor Oasaenus Tuna PJI
(puc. 7.10), pa3paboTaHHble HHCTHTY TOM
Mocrasnpoekr, MPUMEHSIIOT AJs1 CHab-
KEHHS] XKMJIBIX IOMOB M KBapTaJOB ra-
30M M3 CETH CPEeAHEro WJH BBICOKOTrO
AaBaeHusi. X IpHMeHRSIIOT TaK ke 1Jis1 OT-
JEJIbHBIX TIPOMbILIJIEHHbBIX NpeANpUSTHH.
B 3aBucuMocTH OT MECTHBIX YCIOBHH 3TH
PETYJAATOPbl MOHTHPYIOT HEMOCPEACTBEH-
HO y arperaTtoB, B CTaJibHbIX MiKadax,
yCTaHaBJAWBAEMblX Ha CTeHax 3jaHHH
HJIH B OT/AEJbHO CTOSIILHX PErYJASITOPHBIX
NyHKTax. Perynsitopel uMeioT ogHoce-
J€JIbHBIH KJ1anaH ¢ MATKUM YIUIOTHEHUEM
M3 Ta3o-, OeH30- H MOpO30CTOHKOMH
pe3unbl. Perynatop MOHTHPYIOT Ha Bep-
THKaAbHBIX YyuacTKax ras3olpoBoja.
[lpuBox peryasiropa MeMGpaHHO-TIpY-
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nepenaved. Mimnyabc naBieHus: nepena-
ercss no Tpybke B noaMeMmGpaHHYIO
nosioctb. [1pH MoBHILIEHUH AaBneHUs Ta-
3a IocJie perynsitopa MeMOpaHa MOAHH-
Maercsl, a pblyar [oBOpaYydBaeTcs MO
4acoBOH CTpeJ/IKe U MPHABHTEET KaaraH
K celay, B pe3y/abrTaTe uyero jgapJeHHe
rasa TIocJ/je peryasitopa CHHUXKEercs.
Koraa nasnenne rasa cuusy memGpanbl
YPABHOBECHTCS  YCHJAHMEM  MPYXKUHBI,
nepeMeleHie MeMO6paHbl NpPeKPaTUTCA.
HacTtpoiiky peryasitopa nponssoasit npu
NOMOLIH peryaMpoBouHod radku. [lpu
HapylreHuH paboThl peryJsAropa (Herep-
METHYHO 3aKpbiThle KJaaMaHbl) M [10BbI-
LIEHHH JaBJEHHS B noamMeM6paHHOH 30-
HE CBepxX JONYCTHMOTO Tpejela MeM-
6paHa mNpefoXpaHHUTEeNbHOTO KJanaHa
OTXKHMAeTCs, KJanaH OTKPbIBAETCS H ras
BBIXOJHMT B cOpocHYIo HHHIO. [Ipegoxpa-
HUTE/Nb HAaCTpauBaeTcsl Ha 3addaHHOe
I aBJIEHHE C MOMOULBIO [IPYKHHbI.

Perynsitopsl PJI  paccuuransl Ha



MakCHMaJibHoe jaasjenue no 1,6 MIla.
Ilasnenne nocae peryastopa 1...3 klla.
[IpoH3BOAHTENBHOCTD PEryAsiTOPOB IpPH
KoweunoM paasaenuun 800..2500 [la u
MIoTHOCTb rasa p=0,7 kr/m> B 3aBHCH-
MOCTH OT Be/JHYHHBI HaYajJbHOrO AaBJje-
HHUS M AMaMeTpa peryasaTopa cocTaBJsier
25...600 m*/u. HepaBHoMepHOCTb pery-
Asropa paBHa 7..149%.

Peeyasaroper  dasaenus PAYK-2,
paspaboraHHble HHCTHTYTOM Mocraso-
NPOEKT, COCTOSIT H3 CJAEAYIOILHX OCHOB-
HbIX 3JeMeHTOB (puc. 7.11): peryaupyio-
Hlero KjaamnaHa ¢ MeMOpaHHbIM NPHBO-
JOM, TMpencTaBJfOIUM CcO60OH HCroJ-
HUTEJbHBIH MexaHW3M, peryasrtopa yil-
paBJieHHsI, IpOCceneil M coe IMHUTENbHbIX
TpyGok. Peryasitop paboraer caenyio-
UM o6pasoM. I'a3 BuICOKOro WM cpes-
Hero J1aBJ/eHHs M3 HajakJanaHHOW KaMme-
pbl  HUCIOJHHMTEJNbHOrO MexaHusma [
nonajaer B PEryjasTop yhpasieHuss 2.
[Ipoiias kaamaH 5 peryasitopa ynpas-
JleHus, ras [ABHXeTcs 1o Tpy6ke
12, npoxoaut vepes apocceab /I u no-
CTymaeT B Ta30NpoBOJ [OC/e Peryaupylo-
wero kaanana. Kananan 5 peryasropa
ynpaBJenuss 2, apocceab I/ u TpyGKH
9, 12 w 10 npeacrapasitr coboH
YCHIMTENbHOE YCTPOHCTBO ApOCCENBHOTO
tuna. a3 nocrtynaer B ycuJHTeldb C
AaBJieHHeM p; TOcJe Apocceasl Tepe-
MEHHOTO ceueHHs (KJaarnaH 5) ras npuo6-
peraeT AaBJeHHE p,, a MOCJe fpocces
MOCTOSIHHOTO ceueHusl //— naaBJeHue po.

[ asnennem p, peryaupyercsi pa6ora
HCMIONIHHTEMbHOTO MeXaHU3Ma U B 3aBH-
CHMOCTH OT [OJIOKEHHUS KkJjaamaHa &
LaBJE€HHE p, MOXET H3MEHSTbCA OT
pe (KaamaH 5 3akphlT) A0 MakCHMaJb-
HO# BeJHUHHBI (KJamaH 5 MoJHOCThIO OT-
KpbIT), 3aBHCSALLEH OT OTHOLUEHHS [J10-
11aJH OTKPBHITOrO KjamaHa & K ceueHHio
apoccensi /1. Takum o6pasom, HMIYJIbC
KOHEYHOTO [1aBJ/IeHHS, BOCIpHHHMaeMbli
KOMaHAHbBIM TNPHOGOPOM, YCHIHBAETCSH
JPOCCeJbHEIM YCTPOHCTBOM, TpaHchop-
MHpYeTCs B KOMaHjAHOe [aBJjeHHe py
u Tlepegaercsl no Tpy6ke I3 B noaMem-
6DaHHYIO 30HY HCIOJNHHTENbHOTO Mexa-
HU3Ma, - TlepemMeilas COOTBeTCTBYIOILHM
o6pa3oM peryaupyioluil knanaH. B
pe3yJ/bTaTe 3TOro MNepecTaHOBOYHAS CH-
Ja, paspuBaeMasi MeMOpaHOH, W3MeHH-

I
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Puc. 7.11. Cxema pery- npasaeuns, 10— tpy6Ka
aATopa AaBAEHHN aast cb6poca rasa mocJse
PAYK-2 perysisaropa  yipaie-
! — ucnoJHuTEAbHBIH Hud, 11— npocceas,

MeXaHuaMm, 2— peryJas
TOp yupabieHHs (Ko
MaHaHbIH npuGop), 3 u
4 - knanad # mem6paHa
HCNOJHUTETbHOTO MeXa-
HH3Ma, 5 ® 6— KJaanaH
n mem6paHna peryasropa
ynpasJaeHusi, 7— BHHT
AN HAaCTPOHKH peryns-
topa, &8 uMnyJbcHas
Tpy6ka, 9— Tpybra aas
nojauu rasa HayajbHOro

12— tpy6Ka, coefnHA0-
wmast KOMaHaHbIR npurGop
c apocceaeM, /3 — Tpy6-
Ka, mepenamllas  Ko-
MaHJHOe jaBJeHHe py
HCIIOJHHTEbHOMY MeXxa-
HH3MY, {4— Tpy6Ka,
COEAHHSAIOILAST HaaMeM-
6paHHyl0 30Hy HChHOJ-
HHTE/BHOTO MeXaHHW3aMa
¢ rasonpoBOAOM mocjae
peryasTopa

eTcsl M KaamaH J3 nepeMellaerc B
COOTBETCTBHHM C H3MEHHMBIIMMCH pacxo-
noM rasa. Hanpumep, ecau pacxon rasa
YMEHbLIM/ICA, AaBJeHHe ra3a 3a pery-
JSITOPOM YBEJHYMJAOCh, TO KjamaH pe-
TyJiTOpa YNpasJeHHs], COEIHHEHHbIHl C
ras3onpoBOAOM HMIYJbCHOH TpyGKoH &,
NIPUKpPOETCsl, [aBJIeHHe py, B MOJMEM-
6paHHOH 30HE MHCIOJHHTEJbLHOrO Mexa-
HM3Ma YMEHbLIHTCS, PEryJaUpYIOLHA
KaanaH 3 ONYCTHTCA M JAaBJeHHe rnocie
peryasitopa cHu3utcs. Hagmem6Gpanuas
30Ha HCHOJHHTEJBHOTO MeXaHu3Ma Coe-
AMHEHa TpyOko# 14 ¢ ras3onpoBoaoM
fnoc/e peryjisiropa, noromy B Hell Bcer-
Jda TOAJepXKHBAGTCS KOHEYHOE [aBJjie-
HHe.
Ha puc. 7.12 nokasana KOHCTPYKUHS
peryasitopa aasnenust PIIYK-2. I'a3 Bbl-
COKOTO [aBJIEHHA 10 MOCTYIJEHHS B pe-
TYyJSITOpP YIpaBJeHHS NPH ABHIKEHHH U3
kamepbol A B kamepy E npoxoaut uepes
(UIbTP, YTO yJyulliaeT YCA0BHSI paboThl
perysasitopa ynpasJenus. [Tocae peryns-
TOpa ynpaBJseHHsi ra3 1o Tpyoke 4 nocry-
naet B noamMeMO6paHHyio 3oHy [ ucnoda-
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Puc 712. Peryastop 2— peryastop ynpasie

nasiaenns PAYK-2

@ — peryJasaTop A4BJEHHs
¢ peryJsiTopoM ynpasJe
HUS, 6 — paspes peryas
Topa daBJeHUs
PAYK-2, 8- pery-
nsTop ynpaaneuus KH 2,
| — MCTIONHHTENbHBIH Me

HUsl, 3— KnanaH peryJjs
TOpa ynpasaedus, 4, 5
8 — coenMHHWTENbHBE
Tpy6kH, 6, //— npocce
Ju, 7-— WMIyJbCHaR
Tpy6Kka, 9— razonpoBoj
nocse peryasiropa, [0—
PEryJTHPOBOUYHASA TPY XKH

XdHH3M pervadaropos Ha

HUTEJIbHOTO MEXaHH3Ma u faJee o Tpy6-
Ke & cOpacbiBaetcas B Kamepy b
Mocjie PeryJupyoLero kJjanasia, npej-
BapHTENbHO NIPORAS Yyepes apocceb YCH-
JIMTENbHOTO yeTpolicTBa 6. Ha nytu nsu-
JKEHHS rasa nepej UCMOJHHUTENbHBIM Me-
XdHU3MOM YCTAHOBJEH apocceab [/,
KOTOPbIH yCTaHaBIMBaeT BEPXHHH Ipe-
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aen papiaeHvst B xamepe /. MemGpaHa
HCIIOJIHATEADHOTO MeXaHH3Ma Mo NepH-
Gbepun 3axkata MeXAYy KOpPIycoM W
KpbILIKOH MeMOpaHHOHK KOpoGkH, a B
UEHTpe — MEXAY MJOCKHM H yalieol-
pasHbiM auckamu. Yaumeo6pasHblil AHCK
ONUpAeTCs B MNPOTOYKY, HMEKILYIOCH
B KpbllIKe. DTO ofecrneynBaer LEHTPH-
poBaHHe MeMOpaHbl Nepej ee 3aXKUMOM.
Hacrpofika peryasitopa Ha 3apannoe
A aBJjieHHe TPOU3BOAHTCSI NPYXKHHOH 10.

Peryasitopsl PIYK paccuurans Ha
BXoAHOe naBjeHue o 1,2 MIla. Jlas-
JIEHHE ra3a Ha BbIXOA€ M3 peryastopa
3aBHCHT OT MPUMEHSIEMOTO peryJasTopa
ynpassaennsi. Ecau ucnoasdyercs pery-




asrop ynpasaeansi KH-2, To xoHeuHoe
jaBjeHne MoxeT H3MeHsitbes ot 0,0005
Ao 0,06 MIla. Ecau peryaupyrouiuii kaa-
naH KOMIJIEKTYeTCH C KOMaHAHBbIM Mpu-
6opom KB-2, To KoHeunoe naBnenue mMo-
xKer 6wt or 0,05 mo 0,6 MIlla.
[TponyckHas cnoco6HOCTb pPerynsitTopos
PAYK npu naoruoctu raza p=0,73 kr/
M, Tiepenane naBJeHUs HA K/alaHe
Ap=0,1 MIla u KoHeuHOM paBjieHHH
pe=1 kIla B 3aBucumocTH OT aHa-
metpa konaeGaercs ot 900 npo 12 500
m®/u.

Pecyastop npsimozo Odeticteus tuna
P/ xoucrpykuun BHWHIaza (puc.
7.13) BhINYCKAaT [ATH TUIOPA3MEPOB
or 50 g0 200 MM, paccuHTaHHBE Ha
nasnenne py==6,4 MIla. Ilpusoa pery-
JITOpa MeMOpaHHBIA MHEBMAaTHYECKHH C
OBYXCTOpPOHHEH rasoBoil  Harpy3kofi.
[ aBnenve B HaaMeMOpaHHOH 30HE 3a-
LalOT B 3aBHCHMOCTH OT TpebyeMoro
3HaYEHUS] PEryJHPYEMOro 1aBJeHHS po.
B kauecTBe 3agaruyuka HCHOJB3YIOT
ABYXCTYN€HUYaTblfi PEAYKTOD, B KOTOPbBIH
NOCTYNAeT ra3 BbICOKOTO AABJEHHS, OT-
6vpaeMblil U3 ra3opoBoaa A0 PEry./asTo-
pa. KnanaHn peryasitopa Ttapeibuarbif,
BHODOYCTOHUUBBIH, pasrpyXeHHbH ¢
MATKUM YmJjoTHeHHeMm. Huxxuee cemno
BHIIOJIHSIET POJb HamnpaBJsiolled BTY.J-
KM, B KOTOPOH NnepeMelldercs KJanaH.
Yepes 1ITOK 6 KJIaNaH XeCTKO CKpeIlleH
C IBYMSl MeTaJJHUYECKHMH JHCKaMH,
MEXAY KOTOPBIMH IJIOTHO 3a)kara pe-
3uHoBass Mem6paHa 3. Knanaunas cu-
cTeMa peryjasitopa ypaBHOBELlEHa, Tak
KaK BXOJHOE [aB/leHHe Ha KjamaH Aei-
CTBYeT cBepxy H cHu3y. CHcrema uMeer
JIBe HalpaBJAOLLNE, B pe3yJbTaTe 4ero
UCKAIOYaloTCsl BHOpAllMM U CHAbHBIA
wym. 3atBop / HMMeeT 3JaCTHYHOE Y-
JIOTHEHHE, KOTOPBIM CajuTCA Ha ceano 7.

a3 BHICOKOro AaB/ieHHS! MOCTYNAeT
K IpOCCeJIbHOMY OpPTaHy Yepe3 OTBEpPCTHS
B UWJAMHAPHYECKOH BTyJaKe. ITO yayu-
laeT ycjoBus OOGTEKAaHHS 3aTBOpa MoO-
TOKOM ra3sa. B cBoell uentpasbHoit yacru
3aTBOp HMEeT KOHHYeCKHH y4YacToK, Ko-
TOpBHIA yayduiaeT THAPABJHYECKHE Xa-
pPaKkTEpHCTHKH KjaanaHa. B pesyabrate
CYLLLeCTBEHHO TMOBbILLIAETCH BHOPOYCTOH-
YHBOCTb MOABHIKHOH CHCTEMBI peryasiTo-
pa W cHMXKaercs wyM. B kaanaue
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Puc. 7.13. Peryastop BOA, 4— MaHoMeTp, 5—
NaBJEHHA NPAMOro nei- ABYXCTYMEHUYATHIH pe
creusn PJ1-64 AYKTOp, 6— WTOK, 7-—
[— 3arsop, 2— kopnyc, ceno

3— meMGpaHHLIH  npH-

MMEETCsl CBepJIEHHE, ¢ NOMOIUBIO KOTO-
poTO MOJ KJamnaH nepeaaercs JaBJeHHe
p1 M kjanam pasrpyxaercs. Kopnyc
peryastopa 2-— cranbHo#l suTofl. He-
paBHOMEpPHOCTL MeMGpaHHOro NpPHBOAA,
MOPOXKAAI0IAs 30HY PONOPLHOHANBHO-
CTH peryJasiTopa, He npesbimaer 1,25%.
Perynsitop acraruueckdi, 30Ha Heuys-
CTBHTEbHOCTH 2,569 . Peryasirop tuna
PII cayxur ans ycranoBkH Ha ['PC, Ko-
HeyHoe naasiende ot 0,15 no 2 MIla.

Jlas perynupoBanusi 1aBJeHHs rasa
Ha I'PC ucnonp3yioT TakxXe peayaaropot
Henpamozo Qeticrsun (tuna PAY).
PaccmotrpuM cxemy u paboty pery-
JATOpa AABJIEHHS HENPAMOro AeHACTBHS
npsimorouynoro tuna (PIY), paspaGo-
traunoro BHWIIMrasno6buiua. [lpuHun-
nuajbHasi Cxema peryJsTopa MokasaHa
va opuc. 7.14. Perynatop cocrtout
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Puc 714 TIpHHUHAH- NJIOCKH# 3aTBOD W Tox 11— mem6pana 12— TOJHHTEIbHOTO Mexa
anbHaAm CXeMa MpAMo- BHKHOE CCAJNO CTAGH/H pPeryJinpoBOUHOe YCTPOH Huama, [9— rTpybuartoe
TOYOr0 peryasiropa aas- 3aTOpa AaBjeHHsi H— CTBO 13— sapatowas NofBUXHOE cefno 20—
Nenus Henpsimoro peicr- NPpYyXKHHA 6-— yrpas NpyXHHA 14— cenno, meMm6paHa 2/ — auck
BUSR Asomee yerpo#erso 7— 15— xaanan, 16— nByx Xpensiennn  memGpanni

[ — NpSAMOTOYHOE HCII0J
HUTENbHOE YCTPOACTBO
2— crabuinsaTop nepe
napa AasaeHuss 3 4-—

memMGpaHa §— COELHHK
TeqbHaa Tpy6ka 9— yn
JOTHAIOWAA  NpYXKHHA
10— c6pocuHoit kaanad

M3 TpPex 3JEMEHTOB MpPAMOTOUHOrO HC-
MOJIHHTENbHOTO yCcTpoHcTBa [, crabuiu-
satopa Nepenaja AaBjeHus 2 W ynpas-
asiowero ycrpoiictBa 6 Tlpumenenue
MPSMOTOYHOIO JAPOCCENIBHOTO  yCTpPOH-
CTBa HCKJIOuaer ABOHHOA MOBOPOT NO-
Toxa moja yraamu B 90°, KOTOpbIH uMmeeT
MecTO y OOGBLIYHBIX 3aTBOPOB, H TeM ca-
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MeMOpanHb# 6ok 17—
oteepctHe, [8— nemog
BHMHbIH KJanaH ¢ Msr-
KAM YIJIOTHEHHEM  HC-

22— NpYXHHA HCTONHH
TeJbHOrO MeXaHHuaMa

MBIM YJyUliaeT ycJOBHS OOTeKaHHs 3a-
TBODA U CHHXKaeT BUOPaLMIO MOJBHKHBIX
anemeHTOB HcnosiHuTesbHOE yCTPOHCTBO
COCTOUT K3 MeMOPaHHO-IPYXHHHOTO
npusoaa (20, 22), Tpy6uartoro nojBHXK-
Horo cexja /9, ylmjioTHEHHOTO B Kopmyce,
B JKECTKOM LIEHTpe KOTOpOro 3ajejaHa
memb6pana 20. Knanau 18 ykpenJen He-



NOABMKHO BO BTOPOH MOJIOBHHE KOphyca
¢ nmnomowpbio pebep. B kamepy K
MCMOJNHUTENbHOrO MeXaHH3Ma Iojaercs
peryiupyemoe 4aBjeHHe py, a B Kamepy
M ynpasnsiioillee AaBaeHHE Pynp. BBHAY
MaJIoro Xoja Tpyb4aroro ceasa CTaTH-
yeckas olnbKa peryasTopa BechMa
He3HauMTe/1bHa.

CrafunvzaTop Mepenajza /1aBJjeHHA
110 CYLUECTBY, SIBJISIETCS] PElyKTOPOM, KO-
TOpbIA CHHJKAeT HauyaljbHOE JaBJeHHe
p1 A0 p’i W mnepenaj naBjaeHH# p’1—po
nogaep:xuBaer noctosiHHbIM. Crabuim-
3aTop MMeeT TMOABHKHOe cemao 4
u miockuit 3arsop 3. TloaBuxHoe
CeNJIO YMJOTHEHO B KOXYXe cTabHiu3a-
TOpa H €ro paBHOBECHe OIlpele/iseTcs
6ajlaHCcOM CHJ TIPYXKHHBl O, YCHJIHEM
OT faBieHusi py, JEHCTBYIOLLETO CJ€Ba,
M ycuaueMm p’y, AEHCTBYIOLIETO CIpaBa.
Ycuaue NpyXHHBI Onpeje/sieT pa3HOCTb
gaBaeunuit p’i—py. Tlpu pasbanance cui
cemno 4 COOTBETCTBEHHO INepeMellaercs
v Gasanc BoccTanaBauBaetcs. JlaBnenne
p’1 u3 crabuausartopa Nno COeIHHHUTEJb-
Holl TpybGke & mocrtynaer B ynpaBuas-
ouiee ycrpoicrBo. OHO coctout u3 6.40-
Ka 16 ¢ aByms MemOpaHamu 7 u I[.
Mem6paHb! H30HPYIOT 6JIOK OT BHEIIHEH
Cpe/lbl M MO3BOJIAIOT €My NepeMeLlaThest
BlONb cBoeit ocH. BHyTtpu Onaoka 16
pasMmellleH KJjanaH ABOHHOrO AEHCTBHS.
CBepxy ero pacnoJioxeH kiaanan [,
KOTOpBIH CaAUTCs Ha BXOAHOE celio /4.
Cuuay umeercss c6GpocHo# xJaanaH 10,
KOTOPBIA C NMOMOULBIO NPYXHHBI 9 NaoT-
HO CHMJHMT Ha cejJe.

Ynpasasiiollee 1aBJeHHE Py GOPMH-
pyeTcsi caeaylomiuMm oGpasom. l'a3z H3
crabunuzatopa Mepenaja aBneHus 2
yepe3 JHHHIO 8 MocTynaeT K ceany 14
yNpaBJsIIOLIEr0 yCTPOHCTBA, INIPOXOAHT
yepe3 Hero M jajee 4depe3 OTBepcTHE
17 B xamepy /[ w ynpasasiowylo
KaMmepy M UCMIONHHTENLHOTO YCTpOHCTBA
I. Tlpu npoxone wdepes cemio 4
cTabunuszaTopa AaB/eHHe CHHXKAeTcs 10
p’i, a TnpH Tpoxoie uepe3 Celo
14 ynpasasiioniero ycTpoHCTBA—aA0 Pynp.
[aBnenne p, 3ajaer mnpyxuHa [J.
Korapa nasneHHe py; COOTBETCTBYeT 3a-
NaHHOMY 3HayeHH1o, Toraa 6JIOK ynpas-
JAIOMEro YCTPOHCTBA 3aHMMaeT BepX-
Hee MOJIOXKEHHe H KjaanaH 15 canpurcs

Ha ceano I4. [laBjeHue py; 0pH 3TOM
COXpaHfeTCH HEH3MEHHBIM, TaK KaK KO-
JUYeCTBO rasa (NpuH JAaBJeHHH p2)
3aMo/HAeT 3aMKHYTbIH O6GbeM, COCTOsi-
wui u3 xamep: I, A, H. Cepno 4
nox fefcTBHEM NaBJeHHs p{ 3aKpbiBaeT-
Cfl, 4TO TNpeAOTBpPAHLAET IOCTYIIeHHe
rasa ¢ JaBJeHHEM p; B yrmpasjsiouiee
yerpoiictBo. IlpH n3MeHeHHH Harpysku
CTENeHb OTKPBLITHA KJanaHa WCIOJHHU-
TeJbHOTO YCTPOHCTBA COOTBETCTBEHHO
H3MeHsIeTCs1 H cTabUNM3HpYeTCss B HOBOM
nonoxeunu. Ecan norpebsnenne raasa
COKDAaTHTCHl; TOTA2 [AaBJjeHue po Gyaer
pactiu. Hapywurca 6aaaHc cua, neit-
CTBYIOIUUX Ha G6JIOK PpEeryJHpyloLero
ycTpoHcTBa  (ycuaue  TpyxHHbB 13
YDaBHOBEIWHBAETCS YCHJHEM OT JaBJe-
Hus ra3a B Kamepe E). bBiok nepe-
MECTHTCS BBEpX, OTKPOETCS [pOocCelib-
Hbllf COpOCHOH Knaman [0 ¥ H36BLITOK
raza Oyjger cOpoweH B Tpy6Gonposon
nocie peryastopa. KaanaH wucnodauu-
TeNIbHOTO MEXaHH3Ma TIPHKPOETCs COOT-
BETCTBEHHO HOBOMY pPacXOAy H paBHOBe-
cue BoccraHoBures. [lpu nagenuu aas-
JIeHHs1 pe OJOK ONYCTHTCH, KaanaH &
NIPHOTKPOETCS, BbIPACTET AaBJCHHE Pynp
¥ yBeJHUHTCSl NMOTOK rasa. [locse mepe-
XOJHOTO MepHojga paBHOBECHE BOCCTAHO-
BHTCSL.

Peryastopnt PI1Y Bbinyckaior Tpex
tunopasmepos: Dy=>50; 80 n 100 mm.
Makcumadabroe gasaeudte 6,4 MIla. Bui-
xoaHoe nasJgenue 0,25...1,6 MIla. 3ona
HEYYBCTBHTEJbHOCTH PETyJHPOBAHHS OT
BEpXHero npejena Hacrpoiku 2,5%. [1pu
BxoJHoM pasJjeHuu 5,5 MIla B 3asucu-
MOCTH OT JMaMeTpa peryJasitopa Ipo-
NyCKHasl CMOCOGHOCTb H3MEHSeTCH OT
50 000 1o 200 000 m*/u.

Ha ne#icrByiomwnx 'PC ycraHosiensl
U JpYyrue peryasitopbl HenpsiMoOro aed-
ctBus. Hanpumep, tuna P/l B koMmniek-
T€ C DpEeryJupyloUIHM KJanaHoM HJH
peayasaTopsl ¢ U300POMHOIM YCTPOUCT-
8om. Y MOCJEHUX PEryJsiTOPOB HMeeTcs
ynpyrasi obpaTHasl CBSI3b, KOTOpasi B Ha-
yaje MepexojHOro [polecca co3aaer
HEPAaBHOMEPHOCTb H oObecneyHBaer yc-
TOHYMBBLIH NepexoaHBIl npolecc, HO K
KOHLLY 3TOTO Npolecca HepaBHOMEPHOCTh
cHUMaercsl. DTOT PeryJ/siTop MOAAEPIKH-
BAeT MOCTOSIHHOE [aBJIEHHE.
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7.4. Pacuer
nponyckHo® cnocobHocTH
perynsropos AasneHus

[ToTok rasa npu ABHXKEHHUH uepe3
JpoccesibHBIH OpraH NpeofoJeBaeTr THi-
paBJHYeCKHE COMPOTHBJEHHS, B Pe3YJlb-
Tare Yero yMeHblIaeTcs ero craTuyec-
koe naBjenue. [lotepn naBienuss BO3-
HHKAIOT B pe3yJibTaTe TPEHHS, HEOLHO-
KPAaTHOTO HU3MEHEHHS HalpPaBJIeHHst JBH-
KEHHS M BCJEACTBHE CYXKEHHA I[OTOKa
NpH 1poxoje yepe3 cenno kaanaua. [pu
HeGOo/bIIOM Nepefnajie AaBJleHUs Ha Kaa-
naHe H3MEHEeHHeM IIJIOTHOCTH ra3a MOXK-
HO npeHe6 peyb H paccMaTpHBaTh €ro Kak
HeCcKHMaeMylo XKUaKocTb. B aTom ciyuae
nepenaj JaBJeHHS! MOJHOCTbIO OMpeae-
JsleTcsl THADPABJHUECKHM COMNpPOTHBJE-
HHMEeM JIpOCCENbHOrO opraHa, a Kosdhou-
ILHEHT THAPABJIHYECKOro CONPOTHBJEHHS
OTKPHITOr0 K/anaHa JaHHOH KOHCTPYK-
LUHH TIPH TypOyJEHTHOM peXHMe SIBJf-
eTcsl BeJHUHHON nocTostHHOH. Ecain nepe-

naj gaBieHUs] 3HAYUTE/bHBIH, TO CJeay-,

€T yyuThlBaTb H3MEHEHHe MJIOTHOCTH ra-
3a. C yMeHblLieHHEM [1aBJeHHA OGbeM
raza Oylet yBeJMUMBATbCSl M Ha €ro
NpoTajJKHBaHHe HeoOXOAMMO 3aTpauH-
BaTbh AONOJHUTENbHYIO 3Hepruio. C u3-
MEHeHHeM [aBJEHHSI H3MEHHTCH TaKKe
TeMnepartypa rasa, 4To HPHUBEJeT K Tel-
N00GMEHY MEXIy MOTOKOM rasa W orpa-
HHYUHBAIOMIHMH ero cTeHkaMmH. Takum
o6pa3zoM, OBH)KEHHE rasa uyepe3 ApoOcC-
ceNbHbIl OpraH mnpeacTaBasfieT BecbMa
CNOXHBIH (u3Hueckud mpouecc, U MpH
pacuere TpPONYCKHOH CrOCOGHOCTH Kaa-
MaHoOB NPHXOAHTCA HCXOAMTb H3 YNpO-
IIEHHOH (PH3HUECKOH MOJEJIH.

O6biuHO NpH pacyere TPOMYCKHOH
CrocoGHOCTH pEryJHpYIOLIero KiaanaHa
NIPOBOASIT AHANOTHIO MEXAY ABHIKEHHEM
rasa u4epes Hero M HCTeUeHHeM K3
OTBepCTHA. JTa aHaJaorusl Becbma npuob-
JHMXKEHHAsl 110 CJeAYIOIUM MpPHUYHHAM.
Bo-mepBbix, MHOTHe KjaamaHbl BbIIYC-
KalT C MJOIajblo [poxoaa B ceine,
DAZHON MJIOWAAX TIPHCOEAMHHUTEJbLHOTO
narpybka. Bo-BTophbiX, NpH HCTEUEHHH
H3 OTRepCTHS ra3 fnomnajlaeT B Heorpa-
HHUYEeHHBIH 00BeM, a NIPH ABHIKEHHH uepes
peryJHpyoIHH ApOCCeNbHBIH Opran —
B Tpy6omnpoBod. B cBsian ¢ 3THM B pe-
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3yjabTaTe cTa0HAM3alUU NOTOKAa jaaBJe-
Hue B Tpy6onpoBoge Bo3spacrer. Ha-
KOHEell, HECMOTPSl Ha TO, YTO OCHOBHOI
nepenaj JaBJeHHs, a CJej0BaTe]bHO,
H OCHOBHOE THADABJHYECKOE CONPOTHB-
JIEHHEe PEryJsaTopa NPHXOANTCA HA pery-
JIUPYIOUIHMA OpraH, OlpefesieHHast 4acThb
AaBJICHHS TepsieTCsl B KOpNyce M [MpH
MOJAHOCTBIO OTKPLITOM KJaMaHe MOMKeT
COCTAaBAATb 3HAUUTEJIBHYIO L0JI0 061IEro
nepenaja JgaBJaeHHS.

YKasaHHble OTKJIOHEHHMS] EHCTBH-
TENLHOTO JABHXXEHHS rasa uepe3 Apoc-
CeNbHBIH OpraH OT WCTEYEeHHS U3 OT-
BEPCTHSI KOMITEHCHDYIOTCH KCIEpHMEH-
TalbHbIM KO3((}pHLHEeHTOM, BBOAHMBIM B
pacuyeTHYIO 3aBHCUMOCTh. B aTom cayuae
TOYHOCTb pacyera Oyaer 3aBHCETb OT
TOTO, HACKOJbKO YAAuHO BhIGpaH METOJ
KOPPEKTHPOBKH pacyera, OCHOBaHHbLIH Ha
3KcnepumeHTte. Bmecre ¢ Tem pacuer
peryJupyloumero kjanaia mno gopmyse
MCTEUEHHS TIO3BOJISIET HCXO/st U3 Teope-
THYECKHX COOGpaKeHHH MNpUOJIHKEHHO
onpeneNuTb KO3IPEOULHEHT, YyuHTHIBA-
IOIMH pacllHpeHHe rasa.

[Tpu Manbix nepenagax naBJeHUS HA
peryasitopax IpeHeGperaloT cxuMae-
MocTbio rasa. Ecin Ap/p1<<0,08, To
omu6Ka He Gyaer npesuiuath 2,5%. [pu
Ap/p1=>=0,08, crenyer yuyuThlBaTb CXKH-
MaeMocTb rasa (rae Ap — Hepenag
AA4BJICHHSA HA PeryJsitope, a p1 — AaBJe-
Hyve rasa Ao peryastopa). Onpegenum
NPOMYCKHYIO CNIOCOGHOCTb peryJasaropa ¢
NOMOLbI0 KO3 dULHEeHTa THApABAHUEC-
KOTO COTIPOTHBJ/IEHH S TI0 H3BECTHOH ¢op-
MyJqe

2

w
Ap=% =5

rae W—‘CKOPOCTB INBHXEHHA rasa B TJIpHCcOe-
JAHHHATEJbHOM na'rpy6Ke, p — IVIOTHOCTb raasa.

Bolpaxkas ckopocTb uepe3 pacxof
H peliast OTHOCHTE/BHO Hero ypaBHEeHHe,
MOJyYHM

F 2A

p
Q=—1L~/ =2,

3 P
rae Fy — naoulajib CEYeHHs! MPHCOEIH HHTE/bHBIX
natpyGKOB peryanpyiollero oprasa (Man niomanb
VCJAOBHOTO MPOXONA), K KOTOPOH OTHECEeHbl Bce

nmorepy Kak B KJanaHe, Tak H B Kopmyce,
{ — ko3 Puu¥eHT  rUApaBAHYECKOrO conpo-
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TUBJICHHS DEryJIHPYIOUIEro OpraHa, OTHEeCeHHbIH K
fyioulajv ycJIOBHOro rmpoxona.

Ecau npuHATD pasMepHOCTH BeJIH-
YHH, 0ObIYHO HCTIOJIb3yeMble IPH pacuere
NPOMYCKHOH  CHOCOGHOCTH  PEryJsiTo-
pos (r. e Q, m®/u, Fy cM?, Ap, MIla, p,
Kr/M°), MoJyyuM cJjenyioulywo pabouyio
¢dopmyay [dopmyna (7.1) 3anucaHa B
enuHuUax H3mepeHus cucrem CH]:

Q=>509 iy—\/ﬂ)— .
Ve p

Flpu pacuere peryaupymomux Kia-
MAHOB YACTO MCMOJNb3YIOT HOHATHE KO3(-
¢buuMeHTa MPOMYCKHOH  CIOCOGHOCTH
K,, ToOHMMas [OA HUM KOJIHYECTBO
Boabl B M3, ipu p= 1000 kr/m°, koTopoe
NpoxoauT 3a | u uepe3 kjaamaH HOpH
nepenane gasjenusi Ha Hem 0,0981 MTI]a.

Ecnu B ¢opmyny (7.2) moacraBuTh 3TH
3HAYEHHS, TO TMOJYYHM COOTHOULIEHHE

Q=K,=5,04F, /\z. (7.3)

KoadduuneHT nponyckHo# crmoco6-
HOCTH DPEryJHpPYIOILEr0 APOCCEJIbHOr0
opraHa y4HTbIBaeT €ro NMpoXojHOe ceue-
HUE H KO3(pHUUHEHT MECTHOrO CONpo-
tTuBneHusi. Takum o6pasom, 3Has AJs
pery/asatopa AaBJIeHUS WJH DPEryJHPYIO-
1ero KjaanaHa BeJHUHHY K, MOXHO 1o
dopmyae (7.3) onpelesuTh 3HaueHHe {,
H, Hao6opoT, 3Hasi KO3(Q(PHUHEHT MecCT-
HOTO COMPOTHBJIEHHSI, MOXHO paccuu-
TaTbh 3HaueHue K,.

Kos¢pduuuer mecTHOro conpotHsJie-
HUSl 3aBUCHT OT OTHOLUEHHS NJOLALH
nmpoxona B celJjle KjlamaHa K IJIOIaLH
IPUCOEIMHHTEIBHOrO NaTpy6Ka, OT KOH-
CTPYKIUMH PETYJHUPYIOLLEro KjaamaHa u
KOpmyca, a Tmpd MaJjblX pacxomax —
i oT udcaa Re. as peryastopos c¢
O HOCENEJbHBIMH KJallaHAMH OTHOLle-
HHE mJolaaed NPUHUMAIOT

f/F,=(d/D,)?=0,02...0,5,

rae f u d— nigomaab ¥ AHaMeTp MPOXOLHOrO
ceueHusi cepja kJaanada; Fy, u Dy — nJowanp
H IMaMeTp YCJOBHOIO MPOXOja.

s peryasiropa ¢ AByXceaesbHBIMH
KjlanaHamu orHoiueHue f/F, mpumepHo
0,7..2 (rme f[— cymma mowaznes
MPOXOAHBIX ceueHu 060HX ceaes Kiaana-
Ha). Yacro ko3pdHUHEHT CONPOTHBIE-
HHSL {. OTHOCAT K MPOXOJHOMY CEUEHHIO

(7.2)

cemsa Kiaanasa f. OH cBsizaH ¢ Ko3d¢u-
IHEHTOM { COOTHOLUEHHEM, IOJYUEeHHbIM
H3 ypaBHeHusi (7.1):

Fy /NE=F/\C nm {/te=

=(F§/f)’=(Dy/d)". 74

Jas GoJbIIMHCTBA pPacnpoCTPaHeH-
HbIX KOHCTPYKUHH DeryJsiropoB, Mpume-
uaembix Ha I'PII, kosdduumnent conpo-
THBJIEHHS] OTKPBITBIX KJaanaHos {. Ko-
gebjercss B npepenax f.=2...7.

Ecaiu Bce morepu B peryasitope yuw-
ThIBaTh KO3 QHLUUEHTOM pacxona, OTHe-
CEHHbIM K MPOXOLHOMY CEueHHIO CeJia,
toraa 6yzer MMeTb MeCcTo cJepyiorlee

COOTHOLIEHHE:
Wza\/wp: 1 _\/QAp’

P N p
Cl.—:] /\/—c

oTCloa
(7.5)

Ecaun na xnaamaHe cpabaTbiBaeTrcs
Gosbliofl mepenapn AasneHuss (Ap/py>
>0,08) 1 BXoaHOE OaBJeHHE BBLICOKOE,
TO MpH pacuere MPONYCKHOH cHOcOBHOC-
TH APOCCEJbHbIX OpPraHoB Heo6XOAHMO
YYUTBIBATH M3MEHEHHE IJIOTHOCTH rasa
M OTKJOHEHHSl OT 3aKOHOB HJeaJsbHOro
raza. B 3TtoM cjaydae HCNOJB3YIOT
npHOJIHKEHHYIO MOAEe/b APOCCeNHpoBa-
HHMsI, paccMaTpHBasi [BHXeHHe ra3sa
yepes KjamnaH Kak HCTeyeHHe U3 oTBepc-
THS, U PACXOI OMNpPEAeJSIIOT U3 BbIpajike-
Hus

Qo= Wf(p2/po), (7.6)

rae Qo — o6beMHBIH pacXoA ra3a MpPH HOpMaJb-
HBIX ycaoBHAX, W — CKOpPOCTb HKCTEUEHHs; P2
H po — COOTBETCTBEHHO IVIOTHOCTH Tra3a [pH
YCJIOBHAX HCTeUeHHs ra3a [mocje OTBEPCTHS K
NPH HOPMAJIbHBLIX YCJIOBUSX.

CKOpoCTb HCTEUEHUS ONPEREJSIOT 10
M3BECTHOMY YpaBHEHHIO

2k P

v=y e [~

rie HHAeKchl ] COOTBETCTBYIOT YCJOBHSIM [0
HCTeYeHHsA, T. € J0 peryaaropa

IToacrasum ¢opmyay (7.7) B (7.6), v npous-
BeleM Tpeobpa3oBaHHA ¢ yuetom ¢opmya (7.4)
u (75):

Py F=L

;- R ] (1.7)

1561



HHUSA, Npeo6GpasyeM ypaBHEHHE pacxona

§
i & . W/2 F v v PlAp
N | Py pOlel
AN .
N k1
! N i ‘ LA
AN 5
NN 2/
09 \\\\\ \ % k (Pg/Pl) —(p2/p)
: \\\\\\\\\\ : k—1 1—(py/p)
il \ \ .
\t NS i Ecsav B npuBeentoe ypaBHEHHE MOL-
\\‘\}{'@ craBuThL 3HaueHus po=101 300 [Ila,
‘ 08 \‘\‘\‘\‘\’;\.\ {E?)K To=273 K, a rakxke npumenuth popmy-
’ \\\\\;: \)7 P ay (7.3), rae Fy (cm®), TO mosnyuum
VANV pacueTHyIO 3aBHCHMOCTb
\\ \/ H
\\) i Ap
) _ p
07 bi Q,=146-10 GKus\/‘——'T , (7.8)
1 09 08 07 06 05p/p, Pol 2
L | { { | I J
X 0 67 02 03 04 054p/p, Tie & OonpejeseH0 COOTHOLIEHHEM
1 R - o e e o .
T T kR+1
k
Puc. 7.15. 3unaueuns Ap/p1 E_~\/ PQ/P ) (pz/pl) (79)
Koadduuuenrta € B 3aBH- k-—mnokasaTtenb ajaHa- bB—1 1— (p 2/p 1)
CHMOCTH OT pa/p1 W 6athl
Koadouiredar & yuuTbiBaeT U3MeHe-
Qu—=a P2y [ 280, % HME TMJIOTHOCTH rasa MpH [BHXKEHHUH
’ Po P yepe3 JApPOCCENbHbIH opra. Ecan npu-
— HATb pasMepHocTH Q B M°/u, a p; H
v Ap, B MIla, To mojyuuMm cjeaywouLyio
k 1— (p‘é’) x GopMyay AJasi pacueta NPOMYCKHOH CIQr
coGHOCTH peryJsropa:

/ pz)/pl [pioi [ap App, ‘

eI o po_\/: Q0=5260Kve\/ e (7.10)

Ilpn pacyere npomyckHo# cnoco6-

A 1_(,,2/,,') k 0y HOCTH PETYyJATOPA MO YPaBHEHHUIO (7'10)’

=T 1—{(pp) b1 1 CUMTas BeNHUHHY K, MOCTOAHHOM, He-

TOYHOCTh HMCXOLHOH MOAENH JOJIKHA

6bITh KOMINEHCHPOBAHA KO3(D(HULHEHTOM

. ITosroMy B pacuerax uesecoofpasHo

HCTIO/1b30BATb HE TEOPETHYECKYIO 3aBH-

cuMoctb (7.9), a 3KCmepHMeHTaJsbHYIO,
T. €.

P2 oy - .. e=1—0,46(Ap/p)). (7.11)
2 < ) Ypasuenue (7.11) nosyueHo npu uc-

Py
NMbITAHUAX peryaupylomux K.Hél'laHOB Ha
CXKAaTOM BO3[yXe, [O0ITOMY TMpH HC-

X

CunTast ABUXKEHHe ra3a aauabaTHbIM
(ewwe ogHO JonMyilueHHe), 3aMEHHM OTHO-
uIeHHe MJIOTHOCTEeH OTHOUIEHHeM JaBjie-
HU#H

Kpowme roro, ucrnosbsyem ypaBHeHHe

COCTOSIHHUsL
MOIb30BAHHH 3TOr0  yPaBHEHHUS IS

p Ty | APYTHX Tra3oB €ro CJeayerT KOPPEKTH-

p=2pRT, %0 __P;'T—,"ZT’ poBarb. DTO C HEKOTOPbIM NpUbJHKe-

HWUEM MOXHO C1eJsaTh, NEpecynTas 3Ha-

rae zo=1 ueHHe g, ONPENe/IsIEMOro mo ¢opmyJe

YuuteiBasi npHBepeHHble coorHowe- (7.11), na apyro# nokasaresab aguabaTsl
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NyTeM YMHOEHHWS Ha TMONPaBOYHbIH
KO3 HHUILHEHT

x=81'33/8303‘ (7']2)

3HaUEHHS €ras H Eaos ONPELEJSIOT
no ¢opmyne (7.9) npu nokasaresasx
agunabarsl 44 Bo3ayxa (k=1,4) u ans
rasza. Ha puc. 7.15 npuBeneHnbl nepecuu-
TaHHble 3HayeHUs KoddduuMeHTa &
IJisl Ta30B C Pa3JHYHBIMH 3HAYEeHHSIMH
k. BesnuuuHol €, onpenejeHHOH MO
puc. 7.15, cneayer mosib30BAaTbCsl MPH
pacueTe NPONYCKHOH CMOCOGHOCTH pe-
TYJSITOp& AaBJIeHHS HJIH PEryJiMPYIoLero
KJamaHa.

[Ipu kpurHuyeckoM HaH GosblieMm
nepenage AaBjenui (T. e. Koraa co-
6J11042eTCA HepaBeHCTBO)

p2/ pr<(p2/P1)xp (7.13)
MPONYCKHYIO CHOCOGHOCTb peryJsitopa
onpeneasitor no dopmysne (7.10) mnpu
MOACTAHOBKE B HEe KPHTHUECKOr0 OTHO-
HIEeHU Sl AABJIEHUs. DTO OOBACHARTCS TeM,
4TO CBEPX3BYKOBasl CKOPOCTb IPH [BH-
JKEHHHM ra3a uepe3 APOCCeNbHBbIH OpraH
noJsiyueHa 6biThb He MOxKeT. Koadpuuuenr
€ ONpefeJsiior TakxXe TpH  (P2/P1)«p
no puc. 7.15. PacuerHasi 3aBHCHMOCTb
OyneT UMETb CJAedYIOIIHHA BHA!

Ap/p
Q,=5260 KUaKpplv.(_._l_h,

poT 12,

¢

(7 14)

rue

5 (Ap/p)xp=1—(p2/P1) xp-

Kak nokasaiu 3KCIEpPUMEHTbI, Wi
KJaanaHos, paboTaloUIMX Ha BO3LYXe,
KPUTHYECKOe OTHOLUIEHHE JaBJIEHHS
(p2/p1)xp=0,48. Teoperuueckoe 3Ha-
yenue (p2/p1)«p=0,528. Paccmarpusas
oraouwenne 0,48/0,528=0,91 xak mno-
npasky K (opmyae ansi pacuera
(p2/p1) kp, TOMydaem cieyloiiee ypaB-
HEeHHE, 10 KOTOPOMY MOXHO paccdH-
TaTh KPUTHUECKOE OTHOLIEHHE NaBJeHHH
[J1s1 rasa Jo60oro cocrasa:

P 2 _k

_“ — k—

(Pl)“" 0,91( k-|—l) i

HOna npupomsoro rasa (k=1,3)

KPHTHUECKOE OTHOLIEeHHe NaBJeHUH paB-
HO: (p2/p1)xp==0,5.

wfr

(7 15)

3

HpoccesnbHble OpraHbl peryJsitopos
JaBJIeHUs] PACCUMTBIBAIOT, HCXOASl W3
MaKCHMMaJbHO# NPOU3BOLUTENbHOCTH H
MHHMMaJbHO BO3MOXHOrO [epemajga
naBneHnd. Takoe coueraHue NPOU3BOLH-
TeJbHOCTH W J1aBJEHUS BO3MOXKHO, HO
OHO B TO XK€ BpeMsl CaMOe HEBBIFOAHOE.
IIpoxonHoe ceuenune 3aTBopa peryJsito-
pa pekoMeHayercs BHIOUPATh Tak, 4TOObLI
MakcMMaJbHast [ POU3BOZHTENbHOCTb
6bl1a obecrieyeHa MpU NEePEeMELEHHH 3a-
TBOpa He 60J1ee yem Ha 0,9 nosiHoro xona.
st 3700 ApOCCeNbHBI OpraH pery.s-
TOpa HYXXHO PacCUHUTHIBATb HA MPOU3BO-
IHTEJbHOCTb, KOTOpas NpeBblllaeT Mak-
cumanbHyo Ha 15...20%. Takum o6pa-
30M, PETyJATOp cjelyeT noabuparb Ha
pacyeTHyl0 INPONYCKHYIO CNOCOOHOCTh

Qp=(1,15—1,2)Q"*,

rae Q"™ — makcuMmaJ/ibHasi NpPOMYCKHas crocof-
HOCTD

I1pu onpexpesieHHH pacuyeTHOro mepe-
najga aaBJeHH# cjeayeT YUYHThIBATh
NMOTEPH 3HEPFHH Ha TpeHue B TPYGoO-
pOBOJAaX ra3operyJ/ATOPHOro NyHKTa Ha
3aNOpHOH M NpPEOXPaHHUTENbHON apma-
Type, B (QHUJIbTPE H YCTPOUCTBaX,
u3MepsoIKMx pacxox rasa. PacueTHbiit
nepenaj OMpenessiioT MO BhIpaXKEHHIO

MHH

Ap=ﬂl —p2—Apnor,

rie py"* — MHHHMaJbHOe AaBJeHHe Trasa Tmepef
peryasiTOpHOH CcTaHuueH; pe — peryjupyemoe aas-
JleHHe rasa mnocje pery/sitopa, Apmer — CyMMap-
Hbl€¢ TOTE€PH JaBJE€HHA B raaoperynmopﬂoﬁ
CTAHUHMH, UCKIIOUaA NOTEPH B PETyasiTOpe AaBJe-
HA A

B Tta6a. 7.1 npuBeneHbl 3HadeHus
Koapdrunenra K, nsis pacuera npomyck-
HOH CTNOCOGHOCTH OCHOBHBIX THIIOB pe-
ryJISITOPOB.

Ecau u3BecTHa mponyckHasi cnoco6-
HOCTb perynsitopa npu pa6oTe Ha rase
ONpPEeeJIEHHOTO COCTaBa W MNPH H3BeECT-
HbIX HayaJbHOM H KOHEYHOM JaBJe-
HUAX (TabjMuHble JaHHblE), TO MOMKHO
ONpPELEJUTb €ro MpPOH3BOAUTEIbHOCTD
NpH HCNOJb30BAHWH [PYroro rasza H
pa6oTe Ha APYroM pexume.

[Ipeo6GpasoBas npeabiayiiee ypasue-
HHE, MOXKHO MOJNYUHUTh CJeRylILyo ¢op-
MyJy nepecyera:
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Tad6auna 7.1 KoadduuneHt nponyckHoi

App
=A‘\/ 2
Po

CnOcOGHOCTH PeryisiTopos (7 16)
Tun peryastopa | Kosg Tun peryasropa Ko
frun ot KosdduuueHr A usMensiercss maJo
K, ear, W TPHOJHKEHHO €ro MOXHO CUUTaTh
*_ MOCTOSIHHbIM, TOrAa OopMyJaa nepecyera
P/1-20-5 0,52 ||P.1-50M-20 9  TpUMET BHI
P1-25-5 0,52 ||PJ1-50M-15 5,8
PI1-25-6,5 0,9 ||PI-50M-11 3,3 PoAP PoAppy
PJ1-32-5 0,52 ||PJT 50M-8 17 Q=q’ : 717
P/1-32-6,5 09 ||PIYK-2-50/35 27 Pzpo
PJ1-329,5 1,9 ||POYK 2-100/50 |38
P/1-50-1 37 ||PILYK-2-100/70 | 108 3pecb napameTpsl ¢ uHaekcom T
PJ1-50-19 7,9 ||PIYK 2-200/105 [200 OTHOCATCS K TABJUUYHBIM JaHHbLIM.
gﬁ-ggfélo 114,7 gﬁysﬁ-§‘;200/l40 ggo Ecayu npu HOBBLIX YCJOBHSIX PaGOThl
PI-39M-6 08 Pﬂ:80:64 66 nepenaj AaBjieHHs Ha peryasitope Oy-
PJ1-32M-4 0,52 ||P1 100-64 110 AeT paBeH WM O6oJiblie KPUTHYECKOro,
PJ1-50M-25 1T ||P7-150-64 314 1. e po/pi<<(p2/pP1)xp, TO B opmyne
gﬁi%%'ﬁ‘* gg“ (7.17) otHowenusi Ap/p, u p2/pi Hy>HO
PIIY-80 o0 3@MEHHTb KPUTHYECKHMH OTHOLIEHHSIMH.
PI1Y-100 200 Ecan npussitb  (p2/p1)=0,5, 7o
¢dopmysa nepecueta Gyner HMETb BHJ
p | App pAT
Qy="5260 K e p—‘ — \/ o L= Q=0,5QTpl-\/m N (718)
2 N/Tz, 0 Ap ' pgp,
L)
Flnasa 8

I'aaoperynsnopl-lble CTaHUMHU

8.1. PasmelyeHne
ra3operynsitopHbix NMyHKTOB
M YCTAaHOBOK

Iazoperynstopubie nyskrel (IPIT)
COOpY?KalOT Ha TEPPHTOPHUH TOPOOB, HA-
CeJIEHHbIX MYHKTOB, MPOMBILIJIEHHBIX H
KOMMYHaJbHbIX NPeANPHATHH, a rasope-
ryasitopHble ycraHoBkd (I'PY) pasme-
1A10T BHYTPH rasupruipyeMblX 31aHAH.
KoM6uHHpOBaHHbIE PEryJgsTOpbl AaBJe-
HUS, HMEIOLIHe BCTPOEHHBIC TPe1OXp aHH-
TeJibHble YCTPOHCTBa, pa3MmellamT Ha
BBOJ€ B rasuuuupyemble 31aHHA UK Ha
HecropaeMblx omopax. B 3aBucumocTH
OT BEJMYHMHBl JAaBJGHUS rasa Ha BBOJE
B ['PIT u TPY mnocnenuve paspensiioT
va TPIl u TPY cpedneco dasaenus
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¢ naBaednem rasa a0 0,3 MIla wu
[PIT u TPY sbicokoeo oOasienus c
JdaBJjieHneM rasa 6ojee 0,3 no 1,2 MIlla
n3bbiTounbix. TPI1 Moryr 6biTh cere-
gbimu, THTAIOIHMH TOPOACKYIO pacrpe-
[ENUTENbHYI0 CeTb HHU3KOTO W CPelHEero
AaBJEHHH, U 00DeKTO8bIMU, TOAAIOIIN-
MH ras HeoOXOZUMOTrO RaBJIEHHS] MPO-
MBILLJIEHHBIM U KOMMYHAaJbHO-GbITOBBIM
norpebureasm. [PIl caenyer pasme-
11aTb B OTAEJNbHO CTOSIILIUX 3AAHHAX
wid B wkadax. TasoperynsiropHble
NYHKTb KOMMYHaJ/IbHbIX NpeanpUATHH H
OTAEJ]bHO CTOSIIIMX OTONUTENbHBIX KO-
TeJbHBIX ¢ pasJjeHHeM o 0,6 Mlla
paspeuiaeTcss pasMeIlaTb B MPHUCTPOH-
Kax K 34aHHSIM, B KOTOPbIX pacroJo-
»KeHbl razoBble ycraHoBkH. Ha npombliu-
JIEHHBIX MPEeANPHSATUSX AOMNYCKAIOT pas-



Ta6auua 81.

MuHuManbHbie paccTosiHug ot oTaenbHO croswiux I'PI1 po 3panmii M coopyxenni

O6bekT na ssoge B I'PIl, m

Paccronxue no FOpH3OHTAJH B
[CBETY NPH pa3HoM JaBJ€HHH rasgy

Paccrosiune no ropusonranu
B CBETY IPH Pa3sHOM ,dBJCHHH

O6bekr
rasa Ha seoge B [ PIT, m

10 0,6 MITa | 0,6 1,2 M[la 20 0,6 MIla || 0,6 1,2 MIla
Jo 3panHii ¥ coopyKeHn# 10 15 lo aBromoporu 5 8

R {10 060uHHBL)
Jlo Kene3HOAOPOXKHBIX H 10 15 0 BO3AYLUHOH JH- He menee [I,5 BhICOTBI
TpaMBalHbix TyTed (10 HH  3JIeKTponepe- onopbl
6K akliero pesbca) ’uaqn

meutedne [PIT ¢ nasnenuem go 0,6 MIla
B NPUCTPORKAX K OTHECTOHKHM 3Aa-
Husam. I'PI1 ¢ pasaeuueM 6osee 0,6 no
1,2 MIla Mo0XxHO pasmewiaTb B MpH-
CTPOHKAX K LE€XaM, B KOTOPbIX HCIOJb-
3yloT ras ¢ passaeHueM Gosee 0,6 MIla.
OrneabHo crosimde T'PIT pacnoaarator
B Cajiax, CKBepaX, BHYTPH KHJbIX KBap-
TaJ0B, BO ABOpax, Ha TEPPHTOPHH MNPO-
MBILUJIEHHBIX H KOMMYHAaJbHbIX Tpel-
NpUSITHH HA PAaCCTOSIHHSIX OT 34aHMH H

COOPY’KEHHH, He MeHee YyKa3aHHbIX B
talJa. 8.1.
Ha rtepputropud OPOMBILIJIEHHOTO

npeanpusitust [PIT moxHO pacmosnarats
Ha OTKPbITHIX MJIOLLIAJAKAX MOA HaBECOM,
€C/IH  KJUMATHYECKHE YCJOBHS [OMycC-
Kal0T HOpMaJjbHYyl0 paboTy o60opynoBa-
Husi. MOXHO Tak»XKe BbIHOCHTb H3 3[a-
HHS Ha MJIOLLLAAKY TOJBKO 4acTb o6opy-
poBauust T'PI1  (3aaBHXKKH, GHUIbTDHI
u ap.). OGopyaoBaHHe, pacnojaraemoe
OTKPHITO, [O0JKHO HMETb OrpaKIeHHS.
Munumanbabie paccrosHuss ot TPII
OTKPBITOFO THMa 4O 34aHHH W COOpYy-
XKeHU# npusegeHbl B Tabu. 8.1. MoxHo
pacnosnarare ['PIT Ha Hecropaembix mo-
KPBITHSIX [POMBILLJIEHHbIX 3]aHHH, B
KOTOPBIX HAaxOAATCA
wre arperathl. He paspewaercs ycra-
naBausath ['PI1 u TPY B nomBasbHBIX
M TMOJYNOABA/bHBIX MOMEIEHHSIX H B
KOJIOALIAX.

['PIl, pacnonaraemble B wKadax,
YCTaHaBJIHBAIOT Ha OTAEJNbHBIX HeCro-
paeMblX orMopax C paspbiBaMH, YKasaH-
HoiMu B raba. 8.1. llixkaguee T'PII
NIPOMBILIJIEHHbIX H KOMMYHaJIbHbIX Mpe -
NpUATHE ¢ naBaeHdeM rasa no 0,6 MIla
MOKHO KPENmHTb K OFHECTOMKHM CTeHaM
rasupuuMpyemMblX 34aHHH, a wkad-
Hbie I'PIT koMMyHanbHO-OBITOBBIX TIpef-

ra3oncroab3yio-

NPUATHH M XKHJIBIX 31aHUH MOXKHO Kpe-
IIHTb K OTHECTOHKHUM CTEHAM TOJIBKO MpH
nasnenun rasa go 0,3 Mlla. llikads!
cjenyeT pacnoJsiaratb Ha BbICOTe, Ya06-
HOH pssi O6CAyXHUBaHUsI M PEMOHTA.
Paccrosinue ot 1iKada 10 OKHA HAH 1Be-
pH LOJKHO ObiTb He MeHee 3 M IpH
YCJOBHHU, 4TO [aBJjieHHe rasa He GoJee
0,3 MIla. Paccrosinne no BepTHKajiH
OT wWKada A0 OKOHHBIX MPOEMOB LOJIXK-
HO 6biTh He MeHee H M.

I'PY npombllijIeHHBIX H KOMMYHaJb-
HbIX TNPEANPHATHH M  OTONUTEJbHbIX
KOTeJbHBIX pacrnojarailor HenocpeacT-
BEHHO B MOMEIEHUAX LEXa W KOoTejb-
HbIX, B KOTOPBIX HaXOASATCS Tra3ouc-
NOJb3YIOlIIME arperathbl, WIH B CMeKHbIX
NOMELIeHUSAX, COCJHHEHHBIX ¢ HUMH OT-
KPBITbIMH [BEDHBIMH TIpoeMamu. B mo-
ClIeHEM CJydae CMeXKHblE MOMEIIEHHs
JOJIXKHbB ObITh oOfecrnedyeHbl He MeHee
ueM TPeXKpPaTHBIM BO3Ayxoo6meHOM. OT
stux I'PY He pa3speutaercss noaamatb
ra3 MoTpeGHUTeNsAM, PacCNOJOXKEeHHbIM
B ApYrux 3aanusax. MakcumanbHoe
naBJjieHue rasa Ha Bxoge B [PY mosxkHo
6biTb He Oogsiee 0,6 MIla. 3anpemaercs
pasmemartb [PY B Xujblx 1 0611ecTBeH-
HbIX 3JaHHSX.

I'PIT cnepyer pacmonaraTb B CBeT-
JbBlX W HECropaeMblXx  OLHO3TAXHbIX
NOMEILEHHSIX € MOKDBITHSIMH, JIETKO
C6paCbIBaeMbIMl/I mpH neucmuu B3pPbIB-
HOM BOJIHBbI ¢ Maccoii Ha 1 M® e Gosee
120 kr. B cayuae npuMeHeHHSI TpPYyAHO-
cOpacblBaeMbIX MOKDPLITHA 0611as mJjo-
1112 b OKOHHbIX, IBEPHBIX IPOEMOB H CBe-
TOBBIX g)OHap(ﬂd NPUHHMAETCsl He MeHee
500 cm? na 1 wm® BHYTPEHHero oGbema
nomereHHs. [l BepH nomenleHuit 10/KHbI
oTKkpbiBaThest Hapyxky. Ecaun I'PIT pac-
NoJAaratoT B NPUCTPOHKe, TO ee othe-
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JSIIOT OT 3/@aHMf Tyxo# creHod. [lpu-
CTPO#Ka AOJXHa MMeTb CaMOCTOSATE/b-
HBIH BXOZR.

Bonpoc 06 oronsenuu I'PIT pewator
B 3aBHCHMOCTH OT KJIHMAaTHYECKHX YcC-
JIOBH i, BJIAXKHOCTH ra3a H KOHCTPYKLHH
npumensiemoro o6opynosanusi. B oran-
nuBaemblx momertenusx TPIT rtemnepa-
TYpY BO3AYyXa CJefyeT MOIAePXKUBATh
ne meHee 5 °C. OronseHne MOXeT GbITb
BOASIHBIM, [1APOBBIM WM OT HWHAWBUIY-
aJIbHOH OTOMUTEsIbHOH YCTAHOBKH, KOTO-
pylo oraesasiior OT pabouero mo-
meinenuss T'PIT rayxoét creHodn. B or-
JEJIbHBIX CJY4asiX AJs OTOMJIEHHS MOXKHO
IpHMEHSITb Ne4H, 3aK/II0YEHHbIE B repMe-
THUHBIE MeTaJIHYecKUX KOXyX. [leuu
cJe[yeT TONMHTb CHApYXKH HJIM M3 YacTH
31aHus, He coobualolieica ¢ pabounm
nomerwnenvem [PIT. 3aaunue TPIT o6o-
DPYAYIOT  eCTeCTBEHHOH BEHTHJsIHEH,
ofecneynBalolledl TpPexKpaTHbIH BO3ay-
x006MeH. BBITSXKKY OCYLIECTBJSIOT C M0-
MOIILbIO AedJieKTopa, a NPUTOYHBIH BO3-
AYX TIOCTYnaer uyepes XKaJo3uiHylo pe-
werky. [Ilomemenne TPIT  momkho
MMETb €CTECTBEHHOE OCBellleHHe. DJek-
Tpuueckoe ocseweHde ['PIT  moxer
ObITb BHYTPEHHHM BO B3PbIBOGE30MaCHOM
MCIOJIHEHHU HJIM HAPYXKHBIM B OOLIUHOM
ucnosHeHun (Kococser). Ecin paccros-
ue or T'PIT pno 6aunxkaluero 3panus
6oJiblIe  BBICOTHI 3TOTO 3XaHHA, TO
I'PIT oGopy AyIOT MO/JHHEOTBOLAMH.

[azoperynsitopHbie YCTAHOBKH pas-
MEelaloT Ha BBOJE rasonpoBoja B IO-
MellleHHe Ha HecropaeMoi CTeHe, B Mec-
Tax ¢ Xopouium ocselteHuem. O6opyno-
Banue [PY n0/kHO 6bITh 3aLUUIIEHO OT
MeXaHHUYeCKHX MOBPEXACHHUH H BO3Lel-
CTBHSl coTpsiceHWd M BuGpauui. Ilpm
yCcTaHOBKe O060pynOBaHUsl Ha BBEICOTE
GoJsiee 2 M ciiefyeT YCTpauBaTh MJOIIA -
KH C JIECTHHIAMH, OrpaKIeHHbIMH NepH-
aamu. IloMeuieHue, B KOTOpPOM pacmo-
aoxena I'PY, nonxkHo 6biTh 060pynoBa-
HO TNOCTOSIHHO AeHCTBYIOILEH NPHUTOYHO-
BHITSDKHOH BeHTHaAAuHe#d. Ilpu pasme-
wenud T'PIT B wmkady ero cireayer
M3TOTOBJSITb H3 HECrOpPaeMblX mMarepua-
JIOB, @ B HHXKHeH M BepxHel uyacrsax
yCTpauBATb OTBEPCTHA 1J151 BEHTHJSALUHUH.
Ha BBopme rasonpososa B I'PIl 4 Ha
BBIBOJAX H3 HEro AOMXHBI ObITb ycra-
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HOBJIEHB OTKJIOYAIOLLHe YCTPOHCTBA Ha
paccTosiHHH He MeHee 5 U He Gosee 100 M.
Ilpu rasocHabxeHUH MNPeANPHATHH OT
uHauBuayanbubix [PIT orkiwouaomue
YCTPOHCTBA Ha BbIXOAHBIX [a30MpoBoaax
MOXHO HE yCTaHaBJ/IHBAaTb

KoM6uHHpOBaHHBIE  pEryJsiTOpPHI,
npeiHa3HauYeHHble JJIS1 KHJBIX 1OMOB H
06111eCTBEHHBIX 3aHHH, YyCTaHABJIUBAIOT
Ha HECropaeMbIX OMmopax W/ HA CTeHax
razuduurpyeMbix 3gaHui. BxoaHoe naB-
JeHHe B peryJsTopax, yCTaHaB/HBae-
MbIX Ha CTeHax 34aHHH, AOJKHO ObITh
He GoJiee 0,3 MITa. Bxonnoe naBnenve B
KOMOUHUPOBAHHBIX peryJasTopax, ycra-
HaBJHMBaeMblX Ha CTEHaX MNpPOMBILIJIEH-
HbiX 3aaHu#l, ponyckaercs no 0,6 Mlla.
KoM6usupoBaHHble peryasiTopbl LaBJe-
HHMSI YCTaHaBJMBAIOT HA TOPU3OHTANb-
HbIX ra3olpoBOLaX Ha BbicOTE He Oosee
2,2 m. Ilpu ycraHoBKe Ha creHax 3ja-
Huit CHull pernamenTtupyer paccrosi-
HHS [0 OKOHHBIX, ABEPHBIX M [APYrHX
NpoeMoB.

8. 2. FazoperynsropHbie
AYHKTbI

O6GopynoBaHue CeTeBbIX ra3operyJsi-
TOPHbIX YHKTOB COCTOUT U3 CJeAYIOIHX
OCHOBHBIX Y3JIOB H 3JIEMEHTOB: Yy3Ja
peryJiMipoBaHusi 1aBJIeHHs rasa c npexpo-
XPaHHUTENbHO-3aMIOPHBIM K/1aMaHOM U 06-
BOAHbLIM rasomnpoBogoM (6aknacom),
npeioXpaHuTeNbHOro c6pOCHOro KJjaamna-
Ha, KOMIIIEKTa KOHTPOJIbHO-U3MEPHTEb-
HBIX MNpUOOPOB, MPOLYBOUHBIX JIMHHH.
Cxema T'PII ¢ peryasitopom nasrenus
PAYK-2, paspaboranHas Mocrasnpoek-
ToM, noka3zana Ha puc. 8.1 (PIAYK-2-
100).

a3 BBICOKOrO MJM CpenHero aasJje-
nusi Bxoaut B I'PII u nmocrynaer B yaerr
peryaupoBaHusi, B KOTOpoM o6opyposa-
HHe 1O XOAY JBHXKEHHsI rasa pacrnoga-
rajT B TaKOH IMOC/eN0BaTeNbHOCTH; OT-
KJI0Yalolee yCcTpoicTBo; ¢uabTp asas
OUHCTKH Ta3a OT MeXaHHYeCKHX MpHMe-
ceil ¥ MbLIK; MPeLOXPaHUTEJIbHBIH 3amop-
HblH KJanad AJ5 OTKJAIUYEHHS MOJauyH ra-
3a nmorpe6uTe/siM NPH HEAOMYCTHMOM I10-
BBILIEHHH WJIH MOHHKEHWH AABJIEHUS NO-
cjle peryJasTopa; peryJastop AaBJAeHHs
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Buxon rasa

Pﬁo/x 2 kllg - 05M/70

AJIs1 CHHXKEHHS JaBJIEHHS ra3a H Mojajaep-
JKAHHS €ro MOCTOSHHBIM TocJe cebs; oT-
KJauyawliuee ycrpodcrso. B kauecrse or-
KJI0YaIolIHX YCTPOUCTB MNPH gHaMeTpax
ao 100 MM HcCnodb3yloT NOPOGKOBbie
kpaubol co cmaskoit (KCP), npu 664b-
HIMX JHaMeTpax — KJIWHOBbHIE CTaJbHble
3anBuxkn (3KJI12).

Hast ouucrku raza ua TPIT ycra-
HAaBJMBAIOT BOJIOCSIHBIE HJIHM CeTyaThle
¢uabrpel. Ha puc. 8.2 mokasan BoJo-
csHo#l  ¢uabTp, paspaboraHnbii Moc-
rasnpoekToM, MJS YCTaHOBKH Tmepen
peryasitopamu PAYK-2 (Dy=50, 100 u
200 mm). Kopnyc 4 ¢uabrpa craabHOH
cBapHod. TBepable yacTHubl, BHOCHMbIE
[OTOKOM rasa B (QuJbTp, yaapsoTcsa o6
or6oiHbIA JucT | M HAKalJHBAaKOTCHA
B HH>KHeH uyacTH ¢uabTpa, U3 KOTOPOH
WX MepHOLHYECKH yAaJasioT Yepes JIoK 5.
OcraBludecsl B rase MeJIKHe 4aCTHIbl H
Mbl1bh 3aJepiKUBAKOTCA B KacceTe 2.
duabTpylowuit Matepuan (KOHCKHH BO-

’ s P LI e et - e

Puc. 8.1. Cxema certeso-
ro  ra3operyjasTOpHOro
nynkTa

I— peryisaTop AaBaeHust
PAYK 2 100, 2 — npe
AOXPaHHTeNbHbLIH KJAanaH

3— HHALTP CBAPHONH BO
aocanod D,=100, p,=
=1,2 MIla, 4- c6poc
HOe ycTpoficTBO, 5—6ail-
nac, 6— tpyba gas or
6opa uMnyabca jAasie-

MKH 100 (ITKB-100), HHA

JIOC WJIH KalpOHOBAsi HHUTb) HAaXOAHTCH
MEX1Y ABYMSI MeTaJl/IHueCKHMMH CeTKa-
MH. /151 OUMCTKH ¥ NPOMBIBKH KacCeTbt
ee BHIHUMAIOT U3 KOpMyca CBepXy, npel-
BAPUTEJNbHO CHSIB KpBIWKY J. PHAbTPHI
BbIIYCKAIOT ABYX MOnHdHKAUUE C MAKCH-
MaJbHbIM gaBjeduem g0 0,6 u 10
1,2 MIla. INepenapn naB/ieHus HAa KacceTe
¢uabTpa He [NOJKEH NpeBblAaTh
10 000 [1a. B ycaoBusix 3kcnJjyartauuu
aTOoT mnepenan O6GBIYHO He MNPEBOCXO-
aut  3000...5000 T1a. Tlpu 6GOabluem
nepenage AaBaeHHs (GUIBTP BbIHMMAIOT
v ounutaior. [epenan naBieHHs] KOHTPO-
aupytor audmanomerpom. Ha cxeme
(cm. puc. 8.1) npeaycMoTpeHa ycTaHoB-
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Puc. 8.2. Bouaocauoi wum MmatepHasom, 3—  CJEAYET OCYWECTBJATHL B TOM <CJydae,
$uaerp Kpwwka, 4—Kkopnyc,  ecji PEryJasTop naBJjeHust paboraer
I—ot6o#ublit auct, 2— 5—aK
KacceTa ¢ (UABTPYIO HOpMaJbHO, HO MNpHU 3aKPLITHU KJanaH

v

Ka CHJb(OHHOr0 NOKA3bIBAIOIIETO AH(D-
maHomerpa JCII-780H.

Ilpn nepenane paBieHUs HA PUABT-
pe 5000 Ila, u30bITOYHOM [JaBJEHHH
nepex uum 0,6 MIla wu naorHocru
rasa 0,73 xr/mM® mpomyckHas crnocof-
HOCTb ()M LTPOB COOTBETCTBEHHO COCTAB-
JSIeT, IPH HOPMAJIbHBIX YCJIOBHSX, M°/u:
ans D=50—6000, D=100—14750, gns
D=200—38600. Ecnu ¢uabTp ucnompb-
3YIOT B YCJIOBHSX, OTJIHYHBIX OT yKa3aH-
HbIX, TOTr[4a €ro MpPONYCKHYIO CHOCO6-
HOCTb oOmpenessioT no Gopmysae nepe-
cuera (7.17).

Boixonnoe aasnenue u3 ['PIT kont-
POJUPYIOT NpPELOXPaHUTENBbHBIM 3a1op-
HbiM knanadoM (II3K) u npenoxpanu-
TeabHbIM cGpocHbiM Kinananom (IICK).
II3K KOHTpPOJMMDPYET BEpPXHHH H HHXK-
nuit npenen, IICK — TosnbKo BepxHHil.
[ICK HacrpauBaloT Ha MeHbllee [aBJe-
Hue, uem I13K, nostroMy ou cpabarsbl-
Baer nepBeiM. COpoc raza B armocdepy
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He obecre4vBaeT repMETHYHOCTH OTKJIO-
yeHus (BCNEACTBHE 3acopeHHs KJjana-
Ha, u3Hoca W np.). Ecau mnporeuka
yepes HeMJOTHO 3aKPLITLIA Knanau 6yaer
npeBOCXOAHTb nNorpebjeHve rasa, ToO
BLIXOJIHOe JaBJjeHue 6yaer pact. s
NpefOTBPAallleHHs pocTa JaBJjeHHst H36bI-
TOK rasa Heo6XoaMMO COPOCHTb B ar-
moctepy. Takne curyauun oGbi4HO Gbl-
BAIOT KPATKOBPEMEHHbBIMH (B HOYHOE
BpeMs), a KOJH4YecTBO cGpachiBAeMOro
rasa HesHayutesbHbIM. CpabGaTbiBanue
kianada JICK npu ykasauuwix 06cTosi-
TeJbCTBAX MNPeAOTBpallaeT 3aKpbiTHe
NPefOXPaHUTENbHOrO KJjanaHa M Hapy-
LIEHHE HOPMAaJIbHOTO Ta3ocHaGKeHH!s no-
TpeGuTesei.

Eciv Ke orkasan peryJasitop aas-
agenusi, knranad FHCK cpa6oran, a nas-
JeHHe B CeTAX NpOAOJIXKAaer pacTi,
TO Takasli CHTyalHUs SABJSETCS aBapuM-
HoH. B sTOoM cayuae cpaGarbiBaer Kia-
nad [I3K, xoropwl#i nepekpoer raso-
NpOBOA Mepex peryJjsaTopoM W Tpe-
KPaTHT [Mojpady rasa notpeGHTeNsIM.



Knanau TI3K cpaGoraer Ttakxe mpu
HEeJOMYCTUMOM CHH)KEHHH [AaBJIEHHS ra-
33, KOTOpOE MOXeT TNpPOU30HTH npH
aBapuu Ha rasonposoge. Ilo ycrpane-
HHM MPHUYHH OTKJIOYEHHS ras3a ero mo-
gaya notpeGUTeNsiM aBTOMATHUECKH He
Bo306HOBAstIeTcA. BHOBb nycTUTL Fas mo-
JKEeT TOJIbKO 06C/yXKHBAOIULHHA Tepco-
HaJl, YTO NpPEefOTBPAIIAET aBapHH W He-
CYyacCTHbIE CJlyyad MpH OyCKe raasa.
Knanman TICK HacrpauBalor Ha gaB-
JeHde, NpeBHialolee peryjupyeMoe Ha
109%. Ilpu HU3KOM BBIXONHOM OdaBJjIEHHU
pPa3HOCTb MEXAY NaBJEHHSIMH HacTpOH-
KM KJ1alaHa U peryJupyemMblM 1aBJeHHEM
AoJKHa Obtb He MeHee 500 [la.
PacueTnyio BesmurHy c6poca rasa uepes
kianad TICK npun wanuuuun B TI'PTI
knanana JI3K wuaum npum  ycraHoske
nocne I'PIT y norpeGureneit monosHu-
TEJIbHBIX PETYJHPYIOILHX YCTPOHCTB NpH -
mumaior B 10% nponyckHoii cnoco6-
HOCTH HaubOoJ/IblLIEr0 U3 KJalaHOB pery-

JSITOPOB  CHCTEMbl peryJHpoBaHHA B
TPII. B wuHBIX cjydasx BeJHUYHHY
c6poca rasa [MPHHUMAKOT He MeHee

MPOMYCKHOH cnoco6HOCTH Hauboablie-
ro u3 kJjanaHoB peryasitopos ['PII1
332 BbIUETOM MHHHMAaJbHOro norpeéJe-
HUS rasa.

[TponyckHyl0o crmOCOGHOCTb CHCTEMbI
cbpoca rasa cJeiyeT NpoBEpPATb pac-
yeToM, CYMTas, 4TO AaBjeHHe cpaba-
ThiBaHHUsl pep kiaanana IICK moanocrbio
pPacxoLyeTcsi Ha THApaBJjHYecKHe More-
py B cOpocHbix TpyGonpoBoaax Apr,
u Ha kaanane [ICK Apg., T. e.

Pep=2prp+Apya.

ITorepu naBJjenust Ha kiaanane [ICK
paccuMTeiBalOT Mo QopMmysaamM norepb
JaBJeHHst Ha KJianmaHaX peryJasiTopos
nasjennil. Bepxuuil npegen HacTpOHKH
kiamana [13K mnpunumaror Ha 209%
Bblllle PeryJjupyeMoro [aaBJjeHHs Tmocae
I'PIl. 3a uuXHHUH mnpegen NPUHUMAIOT
MHHHMAaJIbHO AOMYCTHMOE [aBJeHHe rasa
B CeTAX.

Umnyabcst aas kaanaunos [13K, TICK
U peryasTopa AaBJEHHS CJaelyeT OT-
6upatb u3 rasonposona nocae I'PII B
MecTe, rige IOTOK rasa crabuiau3upo-
Bajscs. Ha cxeme (puc. 8.1) npeaycmor-
peH crelnuajbHbld TpyGOnpoBOL, KOTO-

pbil ¢ OQHOH CTOPOHBI NPHCOELHHEH
K rasonposony mnocae ['PI1 B koHue
npsAMOro yvyacTka MJMHOH B 1NSATb
JHaMeTpoB, a C APYroil CTOPOHHI K HEMY
HoABeJeHbl UMNYyJabcHble TPYyOKu. K 3TO-
MY Tra3onpoBOAYy [pHCOEZHHEH H
kaanaun TICK.

Ha puc. 8.3 nokasansl npenoxpa-
HUTE/IbHO-3aM0pHble  KJanaHbl  THMAa
ITKH u TIKB (/15 HH3KOTO ¥ BBICOKOTO
JaBJieHHit), paspaboraHHble Mocrasnpo-
ekroM. KniamaHel BbITyCKaIOT auamerpa-
MH, cOOTBeTcTBeHHO paBHBIMH 50, 100 u
200 wmMm. MakcumaabHOe JaBJieHHe
1,2 MIla. Ilpenensl naBjeHusi, Ha KOTO-
pble MOTyT ObITb HACTPOEHHI KJjamnaHbi,
npusefeHnl B taba 8.2,

IlpuHuun paborsl knanana I1K cae-
ayomui. B oTKpbITOM  cOCTOSIHUM
K1anad 6 mNOANEpIKHBAaeT BHYTPEHHSA
BUJIKa J, KOTOpasi YCTaHOBJEHa Ha
o6weit ocu /8 ¢ MOABEMHBbIM PHUATOM
8. IlogpeMHbI# ppluar B BepXHeM TMOJIO-
JKEHHH YAepXKHBAET KYyPOK KOJEHUATOro
pblUaXXHOro nmpepoxpauurens 4, ocb Ko-
TOpPOTO 3aKpenJsieHa B Kopiyce npu6opa.
YpapHuk /1 nogaepkuBaercssi B BepTH-
KaJbHOM TMOJIOXKEHHU B pesyjabTare 3a-
LenJeHusl BHICTyNa YZapHHKa C 3auled-
KoH 16 xopombicsia. TTpOTHBOMOMOKHBIH
KOHEeL[ KOPOMbIC/IAa CONPSIXKEH C Mas3oM
mem6panHoro wroka 0. Wwmnyabc
KOHTPOJIMPYEMOrO [AaBJI€HUS MOXBOAAT
B noameMmb6panuyio 3ouy. [Ipu BhIXOoge
KOHTPOJIMPYEMOTO AaBJIeHHA 33 HHXKHHH
npejaeJs yCHJHC OT rpy3oB I3, mepeinaBa-
eMoe Ha LITOK MeMOpaHbl, OKaXercs
60/blIe YCHJINS, Pa3BHBaeMOro MeMopa-
HOH, B pe3y/jibTare 4ero LUTOK OMYCTHUT-
csl, 3auienka /6 KopoMbic/a OTKJIOHUTCS
BBEPX M ynapHWK /] ynajer Ha pbl-
Y4aXKHbIA npefpoxpaHureb 4. 31O BHI30-
BeT paclelvleHHe IpefOXPaHHTENbHOrO
¥ TOLBEMHOTO PbIYATOB M KJaMaH 3a-
Kpoercs. HuxkHuil npepen HacTpoHku
kianaHa JIK ycraHaBiauBalT myTem
noabopa Beca AUCKOBBIX IPY30B.

BepxHuiéi npenes HacTpOHKH Yycra-
HaBJIMBAIOT MyTEM CXKATHA NPYXKUHBI /5
pery;aupoBo4Ho# railkoit /4. I1pu oTKpbl-
TOM KJanaHe OpyXKHHa YHPaeTcs uepes
onopHylo mai6y /2 B BBICTYN KPBILIKH
MeM6paHHOH kKopoGku. o Tex mop,
noKa ycHJiMe, pa3BHBaemoe MeMOpaHoH,
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Puc. 8.3. [fpepoxpanu- puiar, 9— memGpasa, TOrO, J[daBJE€HHE rasa JOMNOJHHTE/bHO
TEJNbHO-3aNMOPHBLIE  KJa- 10— wrok, 11— ynap

nanst MTKH » KB

1— nanpasaswian, 2—
¢bukcatop, J— BHIAKa
4— npenoxpaHuTesb, H—
cendo, 6 - KildmndH, 7—
WToK, 8- noabeMHbIH

HHK, /2 — omopHas wak-
6a, 13~ rpya, 14~ rai
Ka, /15— npyxuna, 16—
3ailenaka, /7— caibHHK,
18— ocb phiyara

He NPEeB3OHAET YCHJIUS NMPYKHHBI, MEMO-
paHa 6yJer OCTaBaTbCs HENMOLBHKHOH.
Korga B pesyabraTte BbIXOga KOHTPO-
JHPYEMOTO JaBJIeHUsI 32 BEPXHUH Npeses
memM6paHa pa3oBbET YCHJHE, MPYKHUHA
6yner ckara, 3alle]ka KopOMbIc/aa
OIYCTHTCA BHHM3 M TNajeHHe yoapHHKa
npuBegeT K cpabaTblBaHHWIO KJianaua,

3akpbIThiil KJ1anaH 6 NpHXKUMaeTcs K
cejuy noj geficTBueM coGCTBEHHOTO Beca
M Beca Trpy3a, COCpefoTOUEeHHOro Ha
KOHUE moabeMHOro pbiyara 8. Kpome
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NpUKUMaeT ero k ceanay. I'Ipu Bbicokom
AaBJE€HHH 3TO CYLLECTBEHHO 3aTPYIHAET
OTKpbiBaHue KiaanaHa. [{1s BhlpaBHHBa-
HUS1 [aBJIeHWs rasa ¢ JABYX CTODOH
KJalmaHa NPH ero OTKPbIBAHHH B KOHCT-
PYKUHH 3AMIOPHOrO KaamaHa MpeaycMor-
peu crneuranbHbId MepenyCKHOH KJjanad.
Ilpu 3akpeITOM KjanaHe OTBepPCTHe mepe-
MYCKHOTO KJjlanmaHa 3aKpblBaeT HHKHUE
KOHel wToKa 7. IIpH oTkpbIBaHWH Oc-

TaGaunuma 82 TpeneavHbie AaBAeHHs
Hactpoiiku kaanados NMKH u NKB

KouTpoanpyembin Aas [MKH Tla Oaa TIKB MIla
npeaen

Huxuui 300 3000 0,003 0,03

Bepxuuii 1000 60000 0,03 0,72




HOBHOTO KJlamaHa WITOK OTKPOeT mnepe-
MYCKHOH KJjamaH, B pe3yJabTare 4ero
JlaBjieHHe B MMOJOCTAX Kophyca O6bICTpo
BbIPABHUTCH, OOECIEUHB JIETKHH MOABEM
KJanasa.

[Tpenoxpanutenbubi cO6pOCHON Kia-
nan [ICK mMeM6paHHO-NPYKUHHOTO TH-
na nokasad Ha puc. 8.4. Takue kaana-
Hbl BBIMYCKAIOT AHamerpamu 25 u 50 Mm
HMx M0oxXHO HacTpauBath Ha U3OLITOYHOE
nasaenne 0,001...0,125 MIla Jluana3son
HACTPOHKH KOHTPOJHPYEMOrO AABJEHHS
H3MEHAIOT NoaOOpOM MpYXHHBI Tpebye-
MOH »KE€CTKOCTH H H3MEHEHHEM aKTHB-
HOW MOBEPXHOCTH MeMOpaHbl (HM3MeHsisi
pasamepbl A u B, cm puc. 8.4). B npene-
Jax Kaxjporo pauanaszona  (1000...
...b000 [Ia, 0,02...0,06 wu 0,05..
...0,125 MIla) BeaHuyuHY KOHTpOJHpYe-
MOro [aBjieHHsl YCTAHABJHBAIOT NYTeM
M3MeHEeHHs CTEIIEHH CXKATHA MPYKHUHbL 2.
Ha mem6pany 3 neWcTByeT KOHTDOJH-
pyemoe nasneHde Korpa sto naeneHue
NpeB30iieT JaBJAeHHe HACTPOHKH Kaana-
Ha [ICK, to ycunne meMOpaHbi CTaHer
6oJibliie YCHJHA TPYXKHHbl H COXMET
ee, KjanaH OTKpoercsl M M3OLITOK rasa
6yner c6polieH B aTmocdepy.

[sis1 KOHTPOJISt KOHEYHOI O, CPefHero
M BBICOKOTO [1aBJIeHHS] MPHMEHSAIOT Mpe-
JOXPaHHTEJ/IbHblE MMPYXKUHHblE KJaNMaHbl
[TITK-4-50-16. Koutpoaupyemoe nasie-
HHE B HHX MOAAIOT HEMNOCPEACTBEHHO
N0 30JIOTHHK, KOTOPbIH K ceaJy KJjana-
Ha APHXKUMaeTCcs NPYKUHOK Ecan cuna
A aBJIEHHS HA 30JIOTHHK OKaxkeTcsl GO0Jb-
lIe YCUAUS MPYXKHHBI, TO KJamnaH or-
Kpoercs u cOpocur ra3. Knanaunt II1K-
4-50-16 wacTpauBal©OT Ha JaBJEHHE OT
0,05 no 2,2 MIla (u36.)

[ns  6ecriepe60oiHOTO cHabGKeHHUs
norpe6uteneil rasom npH BbIXOZE W3
CTPOSl peryasiTopa RaBJA€HHS, 3aMeHe,
PEMOHTE HJH OCMOTpe 06OpPYAOBAHHA
y3Jia peryavpoBaHUs MpeaycMaTpuBaioT
0b6800HOU  ea3onposod (batnac). B
YKa3aHHBIX CJAY4YasX PperyJaupylolLyio
JHHHIO OTKJIOUYaloT, a ras mojaloT o
Gafimacy ¢ PpYYHbIM peryJjHpoBaHHeM
napaenusd. Jluamerp o6BOZHOHW JMHUH
JONKEH  0OeCneyuTb  MakCHMaJlbHbIH
MpOMycK rasa IpH MHHHMaJbHOM BXOJ-
HOM JIaBJAeHHH H HOPMAJbHOM BBIXOAHOM.
Y I'PI1 (nokasanHoro Ha puc. 8.1) aua-

6 3ak 1052

A

T

Puc
TeabHo-cOpocHoR
nau tuna MKC

I— peryasupoBOUHBH

8.4. MMpepoxpanu-
Kna-

BHHT, 2— nNpVXKHHA, 3—
mem6paHa, 4-— ynjiorue-
HHEe, 5— 30JI0THHK, 6—
ceaqo

MeTp OOBOJIHOIO ra30lpoBOAA TPHUHAT
paBHbiM GOJbLIEMY CTAHAAPTHOMY JHa-
MeTpy, CJAeAylolleMy IMocjie QHaMerpa
ceana KaauaHa. Jlaf HajeXKHOCTH H
yaoOcTBa pYUHOTO perysjHpoBaHus Ha
Gafimace ycTaHaBJUBAOT T[OCAER0BA-
TeJbHO [IBA OTK/IIOUAIOUHX YCTpOicTBa:
KpaH W 3aABHXKKY. I1pu pyuHom peryiu-
poBaHMU Ha KpaHe cpabaTbiBaeT OCHOB-
HOH meperaj [aBJ/ieHHs,, a 3a1BHIKKOH
peryJHpYIOT 1aBJieHHe B COOTBETCTBHH
C M3MEeHsIoIlelCcsl Harpy3Koii.

Jlna nponysku rasonporoga go I'PII,
ra3onposonoB W ob6opynosanusa ['PII,
a Takxe cOpoca rasa npu peMOHTax
u 3amere o6opynosanubi ['PIT npenyc-
MaTpPUBAIOT clelHaabHble MNPOAYBOYHbBIE
ra3onpoBO/bl, KOTOPbIE BBIBOJAAT HAPYXKY
B OesonacHble MecTa AJfl  OKpY-
KAIOLWKUX 3LaHUH U COOPYXKEHHH, HO He
MeHee 4yeM Ha | m Bbllle KapHH3a 3xa-
Hua T'PII. Takum xe TtpeGosaunam
MOIYHHAOTCA H cOPOCHBIE Tra3onpoBOb
(cBeun) or TICK. IlponyBounble raso-
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MPOBOJIbI OJHOTO JaBJEHHS MOXKHO 00he-
JQHHUTb B 0011VyI0 cBeuy. [lnamerp cBe-
Yyl A0JKeH ObITh He MeHee 19 MM.

Cererble ['PI1 o6bluno mopaior ras
B 3aKOJbIOBAHHYIO paCIpeleNUTeNb-
HYIO CeTb, MO3TOMY TOYHbIE TpaHHILbI
3oubl aeicteus Kaxjaoro I'PT1 npakru-
4EeCKH YCTAHOBHUTb HEBO3MOXHO. Kpome
TOr0, OHY M3MEHSIIOTCH B 3aBUCHMOCTH
oT pexuma norpebjeHHs rasa, Mo3Tomy
norpebuTe M, pacrojoXeHHble Ha
rpaHdlax 30H, MOIYT IOJy4aTb ras
B 3aBHCHMOCTH OT PEXHMa TO OT OJHOTO,
to or apyroro I'PIl. B cBa3u ¢ srum
KaXXJblH Ta30pery/siTOPHbIA NYHKT He
MMeeT TOYHO oONpeleleHHbIX HOoTpe-
GuTesiel, H, cJeloBaTeNbHO, HET CMbICA
YUHTBIBATb pacxof rasa B kaxjaom ['PIT.
Hx ne o6GopyayloT y3naMH H3MepeHHd
pacxoia rasa.

OnHako Ha ceresbix ['PII, noaa-
IOLMX Ia3 B OT/AeJbHBIA H30MHPOBAHHBIH
palioH, MOXeT oKasaTbce Lenecoobpas-
HOW YCTAHOBKA MNPUOOPOB [Af1 H3Mepe-
HUA pacxoga rasa. Peryaspubii yuer
pacxozfa rasa mo3BOJIMT BECTH HaJjbHel-
[1€€ M3yuyeHHe pPEeXKHMOB INOTpebseHHd,
PEKHMOB ra3oBbIX ceTel, a TakXkKe yTou-
HATb HOpPMbl NOTpebaeHHA H KO3 (H-
IIHEHTbl HEepaBHOMEPHOCTH notpebie-
HHA rasa

Komnonoska o6opynosauua I'PIT u
I'PY poJsxua 6biTb ynobHA [Js1 MOHTa-
a, PEMOHTa H ocMoTpa 000pPYLOBAHHS.
PaccTosiHie B ¢BeTY MEXIAY napaJJedb-
HbIMH pfizaMH OGOpYAOBAHMA CJELyeT
npuHumMath He Menee 400 MM, a LWIMPHHY
OCHOBHOT'O MpPOXOAAa B MOMEILEHHe He
menee 0,8 M. IlpoksnaabiBaTh rasornpo-
BOJAbl B KaHajax [oja He PpEeKOMEH-
ayercs. KoMIIOHOBKa CeTeBOro raso-
PEryJsiTOpHOTO MYHKTa C Peryaatopamu
paeaenua PIYK-2-100 (cM. puc. 8.1),
NpPEeNIHA3HAYEHHOTO MJIA PeAYyUHPOBAHUS
JAaBJEHHS rasa c Bblcokoro go 1,2 MIla
HJIH CPEJHET0 [0 CPERAHEr0 MJH HH3-
KOro NABJEHMS, MMOKasaHa Ha puc. 8.5,
a, 6. OGopymoBaHHe pacnojarailr B
OTHEJbHO CTOSILUEM 3[aHWH, BBHINOJHEH-
HOM H3 KuprmHua pasmepom 6X6 M.
OcBelleHHE 3AHHS eCTECTBEHHOE (uepes
OKHA) H HCKYCCTBEHHOE (3JIEKTPHUECKOE
BO B3PbIBOGE30MACHOM  HCIIOJHEHHH)
37aHHe OTAMIMBAIOT OT OJAM3pacnono-
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JKEHHBIX TEMJOBbIX CeTel WK OT MECTHOH
OTONHTEIbHOH YCTaHOBKH. Temneparypy
B MOMEULEHHH MOANEPKUBAIOT He HHXKe
5°C W KOHTPOJHDYIOT KOMHATHBIM Tep-
MoMeTpoM. BeHTHasiuus ecrecTBeHHAS,
obecrneynpaeT TPpeXKparHbld oOMeH BO3-
ayxa.

['PIT o6opynoBaH peryasitopoM aag-
gennsi PINYK-2-100 ¢ cemaom aua-
merpoM 50 uau 70 MM M perynaTopom
yopasaends KH-2 wau KB-2. Tlpo-
nycknas crnocobrnocrs I'PIT ¢ peryasito-
paMHu [aBJE€HHS, HMEIOWKWMH CeJJI0 AHa-
merpoM 50 MM, nipu pabore Ha NpUpOA-
HOM rase miaoTHocThio p=0,73 kr/m*
W pasBjeddu Ha Bhixoge 1000...120 000
[Ta (u36.) cocraBaseT: npu aaBAEHHH
Ha Bxoge 0,3 MI1a—2300 m3/u, a npu
0,6 MITa—4400 m*/u.

[laa norJoueHus wWyMa, BO3HHKAIO-
11ero NpH peAyUHPOBAHHH NaBJAEHHS ra-
3a, rasonpoBOAbl NOKPbLIBAIOT cHelHab-
HOW HIyMoBHOpoOH3OAMpYIOlLEH nacTol
HJIH HM30JHPYIOT aHTHKOPPO3HOHHOW OH-
TYMHO-PE3HHOBOH H30JALHEH TOJMLIUHOH
20 MM. YuacTkd TrasonpoBsoja, Io0x
KOTOpble YCTaHABAMBAIOT ONOPbI, JOJIXK-
Hbl HMeTb TMpPOKJAJIKH M3 BOMJIOKA,
MPOMNUTAHHOrO 6UTYyMOM. TexHonoruuec-
KYyI0O HHMTKY PpeRYUHPDOBAaHHUA pacrnoJa-
ralot Ha Bblcote 0,7 M OT noJsa Ha omno-
pax, KOTOpble YCTaHABJAWBAIOT MOJ 'a3o-
nposoaoM. PHJIbTP CMOHTHDPOBAH Ha
cob6cTBeHHbIX onopax Mwmnyabcuble Tpy-
60npoBOAbl MPOKJAAbIBAIOT HAa BbICOTE
He Oojee 2 M MOA OKHAaMH M Kpensr
K CTeHaM MpH MOMOLlM KpioukoB. [lpu
NPOXOXKAEHHH uepe3 cTenbl Tpy6bl pas-
mMewanr B ¢Qyraapax, a OTBepCTus
MexXAy (PyTASpOM ¥ CTEHOH TILATEJbHO
3a1eJblBAlOT  IIEMEHTHBIM PacTBOPOM

Ha wumnynabcHbix M cOpOCHBIX raso-
NPOBO/AX pacHoJaraioT KpaHbl H BEHTH-
Ju. Kpaobl, ycraHoBjeHHble Ha HM-
NYJbCHbIX JIHHUAX K HpPeIOXpPaHUTE/b-
HbIM YCTPOHUCTBAM, AOJKHbI ObITb 3a-
NJIOMOHPOBAHBI B OTKPLITOM TOJOXKEHHH.
[Mpubopnl aas H3MepeHUsi W 3anHCH
BXOJHOI'0 W BBIXOJHOTO [JaBJeHHS pac-
NOJIATAIOT HA CHelHAaJbHOM IHTE, KOTO-
pblil yCTaHAB/IMBAIOT HA OMOpPax B MOMe-
wenuu 'PT1. BxoaHoe naBsenune Hame-
pPAIOT  MOKa3blBAOUIUM  MaHOMETPOM
OBM knacca Tounocty 1,5 W 3anuchbiBa-
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Puc. 8.5. Komnonoska
rasoperyjsitTopHoro mnyH-
KTa

a — pa3spe3; 6§ — nJaaH,
|— peryJasitop AaBJeHHs
PIAYK-2-100; 2— npe-
JOXPAHHTeNbHLEIH KAanax
IMKH-100 (ITKB-100);

3— duabTp cBapHoii Bo-
nocsitow Dy =100, pp=
= 1,2 MIlia, 4— c6poc-
HOe  ycTpoHCTBO, §—
Gainac; 6— Tpy6a nas
or6opa WMITy/bCa AaBJe-
HUAS
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Pk $5KNMa

o 25 4 77
_TEATRE

Puc. 8.6. Cxema I'PIl ¢ 30MPOBOA, 7-— (QHABTP
perynsiTopoM  aaBjeHHs peBH3HA,  &— ra3oBbili
tuna PJ1 POTAILHOHHBI  CYETYHK,
{/— KpaH, 2— ra3oBblit 9— 06BOAHOH rasompo

¢uabTp, 3 — npegoxpa- poa, 10— wrynep C

HHTENbHBIH  3anopHbift npo6ko#, [l — perucr-
knanaH, 4 — peryasarop pPHPYIOILHA  MaHOMeTp,
N@BJeHHA, 5-— rujpan- 12— nokaabiBaILHIl Ma-
JHUeCKHH  npegoxpdHH HomeTp, 13— uMmmyabc-
TeJb, 6-— OTBOAHOWH ra HblE TPY6ONpOBOA KO

10T camonuuyiuM manomerpom MTC-
710 u. BbixogHoe naBieHHe (HH3KOE)
uamepsioT Hanopomepom HMII u 3anu-
CbIBAIOT C TOMOLLLIO CaMOMHIIYLIETro
IHdpepeHnralbHOr0O MAaHOMETpA
JACC-710 u, y KOTOpOro OfHH BeH-
THJb COEIHHEH ¢ aTMocgepoH, a cpex-
HHH 3arjylieH.

OO6beKkTOBbIE Ta30pPeEryasiTOPHbIE
NYHKTbl ¥ ycTaHOBKH. CxeMa 06beKTo-
soro I'PI1 ¢ peryastopom pnaejaenus
tina P/l u wsmepeHuem pacxojga rasa
POTAallMOHHLIM  CUYETYHKOM  I[0Ka3aHa
Ha puc. 8.6. Tlocne T'PI1 nopnmepxku-
BAIOT HH3KOe JaBJieHHe, PaBHOe py={
<5 «Ila. Tlepen TIPIl ycraHoraeH
oTkalouaowuil kpan /. Kpan pacnoaa-
raloT Takxe A0 GUAbTpAa U Mocae
peryafaTopa AJsl OTK/IIOUeHHS y3Ja pery-
JIMPOBAHHS.

Ha o6BoxHoM rasonpoBosie HaXOaHT-
cA KpaH [/ W BeHTU/b 24 ANf MJABHOTO
perysMpoBaHusi [aBJeHusi rasi Bpyuy-
Hylo. nas o6ecneyennsi HauboJbuiel
cTabHJIbHOCTH aBJeHus rasa nepej ro-
pesKaMH MMMYJbC KOHEYHOIO HAaBJEHHS
K peryJafiTopy JaBjeHusi or6upaercs u3
rasonpoBoga nocae cueryuka. Haunyu-
LIMM MeCTOM Asfl oT60pa uMnyJabca ciay-
KHT 00BOAHON rasonporon 9 mocje 3a-
IBHXKH 25, Tak KaK 31eCb MeHblle Ha-
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HEYHOro jgapjeHusn, /4—
HMNYJAbCHBIH Tpy6onpo
BOJA HA4aJbHOTO [&BJe
HHsi, [5— npolyBoUHBIH
TpyGonposon, [6—wrty

BOJ, 20, 2]—nepeMbiukh
C KpaHaMmu, 22— xpau Ha
NPHEMHOM IITYLUEpe THA
PABJIHUYECKOTO  NPeoX-
pauutens, 23— wTyuep

uep ¢ npo6koH, [7— C KpaHoM H npobKoi
c6pocuan Tpy6Ka OT pe Ans B3ATHA NPOGBI, 24—
ryasiropa, [8— TexHu- BeHTHJb, 25- 3aaBHX
yeCKuil TepmomeTp, /99— Ka

BbIXJONHOH  TpyG6oupo-

6/11012€TCsl HepaBHOMEDHOCTb T[A30BOTO
notoka [ BO3MOXKHOCTH HacTPOWKH
peryadaropa H NMpeiOXPaHHTeNbHOTO 3a-
NOPHOTO KAanaHa 6€3 3anonHeH’s ra3oM
BCErO y4yacTka rasonpoBoja MnpeaycMor-
peHa nepemblyka ¢ KpaHoM 20, KOTOpbIH
npu pabore I'PIT 3akpuit Ha nmnyabce-
HO¥ JIMHWK NIpeOXPaHHTENbHOrO Kiana-
Ha 3 HMeloTcA KpaH H wtyuep /6 anas
NPHCOEIHHEHHS TePeHOCHOTO MaHOMeTpa
MpH HAcTpolike 3arnopHOro KJamasa.

Hasnenne rasa ao u nocae I'PII
3HAYMUTEJbHO OTJAUUAETCS APYT OT APYTa.
[Tostomy ana nmpoayBKH rasonpoBOja,
pacnosoxennoro ao I'PII, mpeaycmor-
peH OTAeJbHbIH MPOAYBOYHBIH TPYy6O-
nposog 15. Bbixsnonno#i kaaman npu-
COCMHEH K Tra3oNpoBOAY I[IOCAE Cuer-
yHKa. 15 peMOHTa U 3aMeHbl XKHAKOCTH
B HEM CJAYXHT KpaH 22, KOTOpbIH IipH
pabore I'PIT ponxeH O6biTb OTKpHIT.
'asonpoBos KOHEYHOro AaBJE€HHA NpO-
AyBalOT yepe3 KpaH 2/ W BbLIXJOMHOH
tpy6onposon /9. Uepes 3Ty ke NHHHIO
o6ecrneduBalOT pacxol rasa, HeoOXOnH-
Moro ansa Hacrpodku ['PII. O6begune-
HHe TpyGornposoaos /5 u 19 Hedonyc-
tuMo. [lepes poTalLHOHHBIM Ta30BbIM
CUETYUHKOM YCTaHOBJEH (UABTP LA AO-
NOJHUTEJbHON OUYMCTKH rasa, a mnocje
Hero — wryuep ¢ npo6ko#d /0 ansl Bb-
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4/ \iﬁpoc rasa

Dy =40

Buixop raza

™~

WMnynee kouTponupyemoro
AaBNeHuA rasa

Puc. 8.7. Peryasrop-
Hasi yCTAHOBKA WIKagHo-
ro THRA C PEryasTopamu
PAYK-2-50
[— ceruaTthin  QHABTP
2— mpyXHUHHBIA cGpoc
HOW KJanad, 3—— npeao
XpaHHTebHbIA Kjaanat
orcekateab [TKK 40m,
4— peryaaTop AaBae
uas  PJIVK 2 50, 55—
KpaH TpexXOoJ0BOH A1
MaHomeTpa, 6— MaHO

D40

Bxon rasza

MeTp TeXHHUYECKHH, 7—
BEHTHJb 3aMOpHBIH
¢aannessiii  (D,=40),
8— KpaH (aJbHUKOBBIH
¢aannesnii  (D,=40)
9— KpaH caJabHHKOBbIH
mybroBbiit  (D,=15),
10 —KpaH caJbHHKO-
Bbil  MydTOBBIH (D,=
=50), /- BEeHTHAD
3aNOpHbIH 11aNKOBbIH
(Dy=10), 12— kpau
aa6opatopunii  JIK la
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Puc. 8.8. I puuuunuans-
Has cxema pacxoaomepa
Pr

nycka pactBopa MpH MPOMbIBKE CUETYH-
ka. 1A nojgayum rasa, MHHYSl Cuer-
YHK, NMpefycMOTpeH 0OBOJHOR rasompo-
Box 9. OTkjloualmouiue yerpolictsa 10 H
Noc/ie CYeTYHKA PACIOJIOXKEHbl TaK, UTO-
6bl MPOMBIBKY CYETUHKA MOXKHO ObLIO
NpPOU3BOMUTL Ge3 ero aeMonraxa. Tep-
MOMETD YCTaHOBJIEH Mepej CYETYHNKOM B
MecTe, T€ €ro XOPOWiO OMBbIBaeT raso-
BbIA nOTOK. [ KOHTPOJSl NaBJeHHS
1o d nociae I'PIT cayxar manomerphbl
(nokaspiBaouue /2 u perucTpupylomni
11).

lkacdHo# razoperynaTopHblil MyHKT,
paspaboraHHbli  WHcTUTyTOM Mocras-
NpoekT, MnokaszaH Ha puc. 8.7. Jlas
PeryJHpOBaHHs [LaBJEHHS ra3a CJyXKHT
peryaarop PIAYK-2-50 ¢ komMaHAHBIM
npubopom KH-2. lllkaduas ycranoska
npeiHa3HaueHa [Jsf  PeryjaupoBaHus
[aBJEHHS rasa C BBICOKOTO ¥ CpejHero
IO HHU3KOI'O HJM cpenHero. Makcumagb-
Hoe aaBJjeHue ra3a ua Bxoze 1,2 MIla,
KOHEUHOe peryJjupyemoe nasnenue or 0,5
no 50 xfla. Ilpn naBneHuu Ha BbIXoje
u3 peryasaTopHoro nyHkra 0,5...10 klIla,
pasnesun Ha Bxoge B 100 kIla wu
nsoTHocTH rasa p=0,73 kr/m® ero
MPOH3BOAMTENLHOCTL paBHa 450 m*/u.
B 3aBHCHMOCTH OT KJAMMaTHYECKHX yC-
JIOBHA M BJAXKHOCTH rasa pellalor Bo-
npoc O MPHUMEHEHHH WWIKAa(pOB ¢ OTOMJe-
HieM uau 6e3 Hero. I'PI1 oGopyayior
NpeOXPaHUTENbHBIMH KJaNaHaMH, ceT-
yaThlM (PUABTPOM H OOBOAHOW JHHHEH.
BxoaHoe naBsenne W3MepAIOT MaHOMeET-
pom. JLasl 3MepeHusi BLIXOLHOTO AaBJie-
HHA NPeyCMOTPEH TPEXXOLOBOH KpaH C
npo6Ko#, K KOTOPOMY MNpPHCOeIHHAIOT
MaHOMeTp.
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Ha o6wekrosbix ['PIT ycranasausa-
10T pacxogomepbl unu cyetTunkd. OcHoB-
HOH THIM CYETYHKOB, BbINyCKaeMbId Mpo-
MbilIeHHOCTBIO s [PIT,— 310 porta-
uuoHHble cuetuukn P, npunuun neficr-
BHS KOTOPbIX OCHOBAH Ha BpalLlalOLUXCHA
MOPIIHAX, HMeIKX (opMy BOCbMEpKH
(puc. 8.8). Tlo npuruuny nedcTBHs —
5170 00beMHBbIe pacxogomepbl. [lopiuiHu
BpallalTcss B [POTHBOMNOJOXKHBIX Ha-
NpaBJeHHsIX H OTMepAIOT 06beM NPoMmyc-
KaeMoro rasa. Bbinmyckaemble cHeTUHKH
paccuutanbl Ha nasJenue B 0,1 MI]a.
MuHuManbublii pacxon cocrasaser 109
HOMMHAAbHOTO, @ MaKCHMaJibHO [OMyC-
TUMas neperpyska cocrasaser 1209%.
CueTuMky BBIMYCKAIOT CjeaYIOWed mpo-
NyCKHOH CroCOGHOCTBIO, M%/u (LHPPH B
0003HaYeHHH cyeTuMka 0003HAYAIOT
nponycknytwo cnocobroctb): PI-40, PTI-
100, PT"-250, PT'-400, PI-600, PT-1000.

Pacxon rasza takxe H3MepslloT C Mo-
MOlLbIO fHadparmbl, yCTaHOBJIEHHOHA HA
rasonpoBoje, H pacxoxoMepa, npeacras-
Jsiioutero co6oi IHpMaHOMeTp MOKa3bl-
BaIOIHHA WK 3anuceiBalowwit. [1puHuun
M3MEepeHHs] OCHOBAH Ha CBfA3M nepenana
AaBJE€HHA HA MECTHOM COIPOTHUBJEHUH,
B KauecTBe KOTOPOI'O UCMOJb3YIOT HOp-
MaJIH30BaHHble LHadparmMbl Wid comjia,
C pacxofoM. DTH 3JieMeHThl HMEeIOT KBa /-
paTHuUHbI!l 3aKOH THAPAB/JIHYECKOrO CO-
NPOTHBJAEHUS, YTO MO3BOJISIET UCMOJ/Ib30-
BaHMe [MpocTedlllel MareMaTHYecKOH
annpoKCMMalKMK 3aBHCHMOCTH pacxona
OT nepernajga HAaBjeHusl. KOHCTPyKuHH
M3MEPHTEeNbHbIX auacparM HAH comel
CTAHLapPTH3HPOBAHLl ¥ MO3BOJAIOT Ge3
LONOJIHUTENbHBIX 3KCIEPHMEHTOB  pac-
CYMTBLIBATb BCE pa3MePbl H3IMEPHTEJIbHBIX
YCTPOUCTB M ONpeaesiTb napaMeTphbl A
noabopa pacxogomepa rasa. Cyuiectsy-
10T cneunansHble [IpaBuna aas pacuera
HOpMaJbHbIX AHadparM MK CcOomej H
nopbopa CTAHZAPTHLIX PAaCcXOAOMEepOB.

Mpumep 8.1. [lopo6parb o6opynoBaHue H
KOHTDOJIbHO-H3MepHTe/ibHble NpHGOpbl AJSL ceTe-
BOFO ra3operyisiTOPHOrO IyHKTa MNpPOMYyCKHOM
cnoco6HocTbio B Q=1100 m°/4 (mpu HOpmaab-
HBIX YCJOBHSIX) H H30BLITOYHOM J[aBjeHUH rasa
Ha Bxoje 80 k[la. JlaBjenue Ha BbIXOAE HHU3KOE —
3 kIla. I'as npupoaHbIil.

Pewenue. Tlotepn B rasonpoBoge, NMpo6KO-
BbiX KpaHax, NpefpoXpaHWTeJbHOM 3aMOPHOM KJja-
naie H QUIbTPEe INpeABAPHTE/bHO OLEHHM B



7 klla. B 3ToM cayuae nepenan paBaeHus Ha
kaanane 6yper pasen: 80—7—3=70 «lla, rorga

Ap/ pi="T0/180=0,39<0,5.

CnenoaaTeano, YCJA0BHUSA TEUEHHS rasa yepes
KlalaH peryasitopa AaBJjeHHst HAOKPHTHUECKHeE.
Tlon6upaem peryastop thna PAYK-2 no ¢popmyane
(7.10)

_ 2
5260 & \(p,APY (70 T2 1)

_ 1100 —33.

0,18.0,07

5260'0’8\/ 0.73.273-1

Koadduikent e onpepeanm no puc. 7.15 s
k=13 u Ap/p1=0,39, ¢=0,8. Koadpduunent z=
=1, Tak KaK BXOJHOe JaB/JEHHE Ta3a HeBHICOKoe
(p<<1,2 MIla). T\=273 K. W3 raba. 7.1 cne-
ayer, uto pas peryasropa PIVYK-2-100/50
K.,=38. Jrtor peryasrop # npuHumaeM. Omnpe-
ZleJisieM 3anac ero NpONyCKHOH CIOCOGHOCTH.

p,Ap
Q =5260 KUB‘\/ o8 Coe

v

0,18-0,07
=5260-38-0,8\/m§_—1—~1270 M/u,
T. €. TpONyCKHas CHOCOGHOCTb — peryjasTopa

fonblie HeOOXOAHMON pacyeTHOH BEJHYHHBI Ha
15%, uTto ynosaerBopsier TpeGoBanusim CHuIIL.

2. YcraHoBHM BOJIOCAHOH ¢uWibTp, paspabo-
tauuspit Mocropnpoekrom, ¢ D=100 mm. Paccuu-

Taem [oOTeplo jAaBaenus B HeMm. [lpy pi=
=0,7 MIlaw., Ap=5 «lla, p=0,73 «kr/m%
€ro mponyckHas croco6HOCTb  cocTaBJasier

14750 ™3/u. Henonbayem ¢opmyay nepecuera
(7.17)

T T\2
Ap=0p  (Q/Q ' py/PoPh/po=
0,695
=5( 0.18
OmnpenensieM CKOPOCTb  ABHKE€HHSA

JIMHHH peyLHpPOBAHUSA:
a) no peryasropa aassenus (D=100)

=0,108 klla .

1100 \ 2
14-750)

rasa B

Qopo  10* 1100 0,1
C=F =500 79 008 28N/

6) nocae peryasitopa aasienus (D=100)

1 1100 0,1
T 0,36 79 0,103

B) B rasonpoBOje foCJe peryJastopa nas-
nenns (D=200)

1 1100 0]
Y=0,36 314 0,103

w =37,7M/c;

=9,4mM/c.

[losiyyeHHbIe CKOPOCTH HOMYCTHMBL.

Ounpenensiem mnoTepu [aBjeHH B KpaHax,
MECTHBIX COTMPOTHBJAEHHSIX H B Kiamane [I3K
JHHAH peryiaupoBanus. [IpHHHMaeM cJepyolLHe
3HAUEHHS KO @HLHEHTOB MECTHBIX CONpPOTHBIIE-
HHIi:

Ho peryastopa Ilocne peryastopm
Kpan (£=2) 2 2
Kaanan [13K
(t=5) . . 5 —
[lepexon Ha
maameTp 200 MM
(£=0,55) . — 0,55
Hrtoro 7 2,65
l'uppaBanueckHe NMoTepH COCTABAT:
a) 1o peryadaropa
2
w
Apie =25 p=
=7 21’82 0,73 018 =21501T1Ia ;
I R (N S as
6) nocse peryasitopa
2
Ap,. = 2,55 —3—72’7—0,73 —061%1 = 1360 [1a.

CymMapHble TNoTepH jJaBleHHs B JHHHH pe-
LYUHPOBaHHA OyAyT paBHbi:
Aps=0,108-+2,15+1,36=3,618 klla.

Dra BeJHUHHA MeHbLUE I1PeJBAPHTENLHO NPH-
usitoi (7 klla) BeaMYuHBl, YTO TPHBOLHT K
yBeJIHUEHHIO 3anaca NMpOonyCcKHOH CNOCOGHOCTH pe-
ryjasropa Ha 3%.

8.3. FasopacnpepenmrenbHble
CTaHLMM

a3 u3 MarucTpajbHLIX Ta3onpoBO-
J0B MOCTYIIaeT B TOPOCKHE, OCeJIKOBbIE
H IPOMBbILIJIEHHbIE CHCTEMBI razocHabxke-
HHfl uepe3  rasopacnpejenuTesbHble
crauuud ('PC). Ha T'PC namnenve
ra3a CHHXKAIOT [0 BEJHYHHBl, Heob-
XOAMMOH [ 3THX CHCTEM, M TMNOJI-
JLEPKHBAIOT NOCTOSIHHBIM. OCHOBHOE OT-
JIHuHe ra3opacipe/ieHTeNbHbIX CTAHLHH
OT TOPOJCKHX H MPOMBIIIJEHHbIX a3o-
pacnpee/qnTe/bHbIX NYHKTOB COCTOUT B
TOM, UTO OHH [IOJYy4alOT ra3 H3
MarucTpanbHblX ra3olnpoBOOB, U N05TO-
My ¥x 06OpyiOBaHWE pPacCUHTHIBAIOT
Ha pabGouee naBjenue B 5,5; 7,5 MIla,
T. €. Ha MaKCHMajJbHO BO3MOXKHOE 1aB-
JEHHe B MAaTHCTPAJbHOM T[a3onpoBoje.
Kpome Ttoro, I'PC xapakrepusymorcs
GOJIbIIUMH MPOMYCKHBIMH CNOCOOHOCTS -
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mMu (100..200 Tthic. M®/u u Goaee), B
CBSI3H C 3THM JApOCCeIHPOBAaHHE rasa
HA HHX OCYILECTBJASIIOT B HECKOJbKO HH-
TOK M Ha Ka)K/I0H W3 HUX YCTaHABAHBAIOT
COOTBETCTBEHHO pEryJ/fATop JAaBJeHHA
60/bLIOK MPONYCKHON CNOCOOGHOCTH.

I'PC oranualores or I'PIT rtakke
JONOJTHUTENbHON  o6paboTkoli  rasa.
KpoMe ouMcTKH rasa B (QuabTpax Ha
HHX MPEeLyCMaTPHBAIOT €0 ONOPH3ALLHIO,
a y HEKOTOpPbIX THNOB CTAHUHH — eule
u nojorpes rasza. Ha Bcex T'PC ycra-
HABJIMBAIOT PACXOAOMepbl AJSl H3MEpe-
HHS KOJHYeCTBa MPOTEKarollero rasa.
Tak kaxk MHepepbiB B Tra30CHaGXKeHHH
ropo/10B, NOCEJKOB H KPYMHbIX MPOMbILL-
JIEHHbIX NoTpebuTe/el AONYCKATh Hejlb-
34, TO 3aulutHylo aBromatuky I'PC co-
31410T 110 MNPHHLHIY pe3epBHPOBAHMA,
a He OTKJIIYEeHH§s T[OTOKa rasa Ipu
oTKasax peryaupyiowero o6opyaoBa-
HHSL.

Asromarusauuio I'PC ocymecrBas-
10T B HacTodllee BpeMs TakKuM o6pa3om,
yro6bl OblJIO BO3MOXHO HX O€3BaXTeH-
Hoe o6eayxusaunue. as storo 'PC oc-
HAlAIOT KOHTPOJbHO-H3MEPUTENbHbIMH
npubopaMi, 3allUTHOH aBTOMATHKOH,
AHCTAHLMOHHBIM YIpaBJeHHEM OTKJIO-
YaolKUX yCTPOHCTB H aBapuHHOH CHT-
nanusauueil. Takune 'PC ob6cnyxupaior
IBa omneparopa Ha aomy. [Ipu BO3HMK-
HOBeHHH HeucrnpaBHocTed Ha [PC B
o6e KBapTHPbI ONMEpaTOpPOB MepenaroTcs
CBETOBble M 3BYKOBble HepacLIH(ppo-
BaHHbIE CHTHAJbl, MPH MOJAYUEHHH KOTO-
PBHIX AEXKYPHBIA omeparop spnasieTcs Ha
I'PC pgnst ycrpaHeHusi HeucrnpaBHOCTeH.
JleXXypcTBO OLHOro oneparopa JAUTCS
B TeueHue cyTok, npu 3tom B ['PC on
HaxoauTes okosao 4 4. Jlom omeparopa
pacnosaraior Ha paccrosinuu 300...500 m
or I'PC.

'PC npousBoanTebHOCTBIO OGosee
200 TblCc.M®/4 3KCIYaTHPYIOT C Bax-
TenHbIM o6GcayxuBanunem. [PC ocHamue-
HO CJAeAYIOIHM TeXHOJOrHYeCKHM 060-
PYAOBaHHEM, pacrojaraemMbiM N0 XOAY
JBHJKEHMAl rasa: BXOLHOH KpaH Yy3Ja
OTKJIO4YeHHH, 610K OUMCTKH rasa, HMTKH
LPOCCEJIMPOBAHUSL ¥ peryJjupoOBaHus
JaBJeHHs rasa, PacxOAOMEpPHas HMTKA,
BbIXOAHOM oOTK/MOuaoKi KpaH. CxeMsl
['PC no3BosA0T B aBapHUHBLIX CaAydasx
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HJIH MPH TMPOH3BOACTBE PEMOHTHBIX pa-
60T cHabxaTb rasoMm norpeburenell mno
o6BoAHON JAMHHHU (bafinacy) ¢ pyuHbIM
peryaupoBaHHeM AaBjeHHd raza. Yrobbl
NnpeAOTBPaTHTh 06pa30BaHKe THAPATOB B
HekoTophlx cxemax ['PC, npeaycmarpu-
BAIOT MOAOrpeB rasa B TeMJOOOMEHHH-

Kax, KOTOpble B S3TOM cJayyae pac-
fosaralr nepea  ApOCCeJHPYIOUIUMH
HUTKAMH.

Ha I'PC ycranaBaHBaIOT KaK peryJs-
TOPbI HENPSAMOro, TaK H IPSWMOro JeHCT-
BuA. B kauecrBe peryasiTopos Henpsi-
MOro A€HCTBHA B HACTOALLEe BPEMS MpPU-
meHsIoT peryasiropel PI1Y, paspa6oran-
uple BHUIMHraspo6biua. M3 peryasro-
pos rnpsamoro aeficreust Ha I'PC mpu-
mMeHsAlT peryastopbl PJI, paspa6oran-
uole BHWHraszom. 3tu perygasitopbl no-
Ka3aJ/jH BbICOKYIO HALE€XKHOCTb paboThl
MpH OHOCTYNEHYATOM 1 POCCENHPOBAHUH
noroka. JlaA aBTOMAaTHYeCKOro mnpenor-
BPAllleHHA BbLIXOAA PEryJHPYEMOro jiaB-
JIeHHsl ra3a 3a [ONYCTHMble MpeaeJbl
(T. e. AAs MpenOTBpAIEHUS HELOMYCTH-
MOTO MOBbILIEHHS] H MOHMXKEHHS jaB-
JeHus B cersix norpe6ureneit) na I'PC
npelycMaTpHBAOT AaBTOMAaTHYeCKHe
cHCTeMbl 3alHuThl. BojblIMHCTBO Takux
CHCTEM TIOCTPOEHO C HCIIOJNL30BAHHEM
CNeAYIOIIHX ABYX MPHHIIUIOB.

1. Cucrembl ¢ nepecTpOHKON pexKH-
MOB paboTbl peryasiTOpoB J1aBjeHHS.
OTH cHCTEMBbl NpeiyCcMaTpHBAIOT HaJH-
yde paboOuYHX H De3epBHOH HHTOK pery-
aupoBauua. Ha kaxgoli HuTKe ycra-
HaBJHBAIOT PETYAUPYIOLHH H KOHTPOJb-
HbI kjanaubl. [Ipy HOpManbHOM pexu-
Me Ha paboyMx HHUTKAX KOHTPOJb-
Hbie K/JalaHbl OTKPBITHI, TaK Kak HacTpoe-
HBl Ha JaBJleHHe, HECKOJIBbKO MpeBbILIAlo-
ee HoOMHHaJAbHoe. KaanaHbl pesepBHOH
HHTKH HacCTpOeHbl Ha [aBJjeHHe, He-
CKOJIbKO MEHbIIe€ HOMHHAJbHOrO, M03-
TOMY OHH 3akpbiThl. CusegoBaTesbHO,
cucteMa paboraer no merony obJser-
yeHHOro (Temioro) pesepea (Koria
pe3epB HAXOAUTCA B HeNOAHOM paboyem
pexkxume). Ilpu aBapuiHOM OTKPBITHH
paboyero peryaupymoollero KjanaHa wu
pocTe BBIXOZHOIO JaBJieHus B pabory
BKJ/II0YAETCA KOHTPOJIbHBIA KJanaH, KOTo-
pblfl MpexOTBpALAET HEeLONYCTUMOe [M0-
BHilIEHHe [aBJEHHS H TOLJEPKHBAET



ero mocTofAHHbIM. [IpH aBapulinom 3a-
KPbITHH DEryJUpYIOLLEro KaanaHa u iio-
HHKEHHH JaBjeHHsl B paboTy BKJIOYaeT-
cl pe3epBHAst HHTKA H CHHXKEHHe [aB-
JIEHUSl rasa npekpaliaercs.

3auuTy ¢ KOHTPOJIbHBIMH KJjamaHa-
MH 11e1€C006pPa3HO IPUMEHSATD NPH 4 poC-
CEJHPOBAHHHU OCYLIEHHOrO rasa, a TakxKe
B TeX cJyuyasX, Koria BXOAHO€ AaBJe-
Hue Ha ['PC weunbwe 2 MIla. Tlpu
BNAXKHOM rase BO3MOXKHO 3aKylnopHBa-
HMe THAPATaMHM He TOJNBKO MPOXOMHBLIX
ceyeHHH Ha pabouux JHHUAX Japocce-
JIUPOBAHHA, HO H «TIPUMEp3aHHe» IIyH-
JKepoB K ceylaM 3akphIThIX KJaMnaHOB
Ha DEe3ePBHBIX JHHUAX H3-3a HejOCTa-
TOYHOH TePMEeTHYHOCTH WX 3aKpbITHS.
B s3TOoM cayuae pesepBHble JIHHHH Bbl-
XOAAT M3 CTPOSl M CHCTEMa 3allUHThI
OTKa3biBaerT.

2. Cnelyiomwnii NpHHUMI 3aLIHTHI CO-
CTOUT B YCTAHOBKE HA Ka)KAOW HHUTKe
penyLUHpOBaHUA KpaHa C NMHEBMONPHBO-
JIOM 4 TIPOrpaMMHbIM yrpasJeHueM. [Ipu
NOBbILUEHHH DEryJUpPyeMOro [aBJeHHs
KpaH BbIKJIIOYAE€T HHUTKY C OTKAa3aBUIUM
pPery/MpyoUIM KjanaHoM, CHHXXeHue
JaBJIEHUA [peJOTBpallaeT pe3epBHAA
Hutka. [lporpamma MoxKeT ocCylllecTB-
JAAThb H30HpaTe]bHOE OTKJIOUEHHE [0-
BPEXKIEHHbIX PEAYUUPYIOIHX HHTOK H
BKJIOUeHHe pe3epBHbIX. B 3tom cayuae
IpH Tpex peiyUWpPYIOLIHX HUTKAax OJHa
M3 KOTOPbIX pe3epBHas, IpH HOp MaJbHOM
pexxume paboTalOT BCe HUTKH M BCE
MHEBMOKpPaHbl OTKpbITH. Takum 06-
pa3oM, cucremMa paboTaeT Mo MeTOLY
Harpy KeHHOro (ropsiuero) pesepsa, T. €.
Korjpa pesepB HaxoauTcss B paboueM
pexkvme. Tlpn aBapu#HOM OTKpPBIBAHUH
OJHOTO H3 peryJsaTopOB W IMOBbIlLIEHHH
BbIXOJHOTO [aBJEHHS CHCTeMa 3aLUThI
10 2€T KOMaHLY Ha 3aKpblBaHHe MepBoH
HUTKH. Ecau nocse ee nepekpuITus naB-
JIEHHE NPOJ0JKaeT pacTh (cjaefoBarenb-
HO, PeryJ/sTop HMCIpaBHbIH), TO 3aKpHI-
BaeTcs KpaH Ha BTOPOH HHUTKe, a Ha
nepBod oTkpbiBaercsa. Ecau ke npH
5TOM peryJupyemoe qaBJieHHe rmepecTaeT
VBeJIMUWBAThLCA, TO 3alLUTA MpeKpamiaeT
cBoe JeHCTBHE, TaK KakK IMpH 3TOM, Oye-
BMJHO, OTKa3aj peryjsrop BTOPOH
HUTKH. Ecnu, HakoHel, naBjeHue Oyner
IPOAOJIKATb PACTH, TO 3aALUKUTA 3aKPOET

TPeTbI0 HHUTKY H OTKDPOET BTOpPYIO.
Takas cucrema moxer paborartbh u NpH
yeTblpex HHUTKaX.

PauvoHanbHbIM BapHaHTOM 3aLHTh
npu AByx pabouux W OXHOH pe3epBHOH
HUTKax sBJASETCA CHCTeMa C  Mpd-
MbIM NepekJioueHHem. B ycnoBusx wop-
MaJbHOW paboThl KpaHbl Ha pelcTBY-
IOILMX HHTKAX OTKPBITb, a Ha pe3epB-
HOW — 3aKpbIThl (06/ieryeHHbIH pe3eps).
B cayuae aBapuiiHOrO NOBbILIEHUA BbI-
XOLHOTO [aBJIEHH 3allHUTa 3aKpblBaeT
KpaHbl Ha pa6o4yux HHTKax. I1pu mouH-
KEHHH J[aBJeHHA KpaH Ha pe3epBHOH
HUTKe OTKpblBaercs. Ecaun pasaeune
NpOIOMXKAET CHHUXKATbCH, TO OTKPhLIBA-
I0TCA KpaHbl Ha pabouux HUTKax. [lo-
BTOPHBIH POCT pery/jHpyeMoro XaBJeHHSA
BHOBb IDHBOJAH1 K 3aKPbITHIO KpaHOB
Ha pabouynx HHMTKax.

Takum o6pasoM, npH aBapHiHOM
OTKPbIBAHUH PErYyJAATOpPa, €CJH MOTpeb-
JieHHe rasa MeHblle ero NponyckHo# cno-
COGHOCTH, HAUHET MOBLIIATHCA PEryJu-
pyemoe [gaBje€HHe M KpaHbl Ha paboumx
HUTKaX 3aKpolorcd. DTo NPHBEIET K I10-
HHXKEHHWIO [1aBJeHuss H B pabory Oyner
BKJIOUEHA pe3epBHAsT HUTKA, TaK Kak
CcHCcTeMa 3alMThl OTKPOET Ha Hel MHeB-
MokpaH. Ilpu pocre noTrpe6ieHus rasa,
KOr[a OHO NMPEB3OHAET NMPOMYCKHYIO Cro-
cOOHOCTb pE3EPBHOrO peryJsrtopa, AaB-
JIEHHE HauyHeT CHHKATbCsl M 3alllUTHAA
CHUCTEMA OTKPOET MHEBMOKpAaHKI HA pabo-
YWX HUTKax. JlaBjeHue yBeJMUHTCHA 1O
HOMHHAJALHOTO U OyJeT NOAjAepPXKUBATb-
cfl TOCTOSIHHbIM, TakK KaK B CBA3H C
60onbUIMM PACXOA0OM rasa OTKa3asluasi
HUTKA He CMOXKeT Bbi3BATb MOBbIIIEHHE
ero AasJenus. [1py cHuKeHUH notpebJe-
HHfl ra3a H poOcTe BBIXOJAHOI'O jaBJe-
HUsl 3aLlMTa BHOBb nepekpoer pabouune
HUTKH. Ecav Ha oaHoA u3 paboyux
HUTOK PErYJHPYIOIHH KaanaH 3akpoer-
cA (B pesyabrare asapuM), TO TNpH
6obuiOM MOoTpebneHHH rasa HaudHeT
CHHXKATbCA peryJHpyemMoe [aBjeHue H
3al1MTa BKJIOUHT pe3epBHYIO HUTKY. Ta-
kuM obpasom, 3ra 3awura obecrneyu-
BaeT MojAepXKaHHe peryaupyemMoro aas-
JIEHHH Ha 3aJaHHOM YDOBHe MpH JI0O6KIX
OoTKaszax B paboTe peryJaupyioliux Kaa-
MaHOoB.

[NlpoekT aBTOMAaTH3WPOBAHHOH raso-
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pacrnpejenure/bHOA CTAHUMH C HAOM-
HbIM 06cay>KMBaHHeM, pa3paboTaHHbIH
Mocra3snpoekrom, nokasaH Ha pHc. 8.9.
Mpouseoagreasnocts TPC 28 000 M3 /u.
Jlasiaenne rasa Ha BBoge B [PC:
Puake="5,5 MIla (u36.), ppacs=2,2 MIla
(u36.). [JlaBjeHHe HA BbBIXOHE Paux=
=1,2 MIla (u36.) Ha BBoge B I'PC
muamerp rasonpososa d,=200 wMmwm,
JMaMeTp BBIXOJHOrO rasonpoBoja Moc-
Je O0J0pH3allMOHHOH YCTaHOBKH (Ha
puc. 89 oHa He nmnokazaHa) dy=
=300 mMM. ¥Y3en OTKJIOYALIHX YCT-
pOHCTB pacrnoJ/iaraeTcs B OTIEJbHO CTOSI-
ieM KHpNHUHOM 3xaHuH (4X3 M) Ha
paccrosnun 10 M or I'PC. 3aech pas-
Melaercss ciaefylouiee 060pyn0OBaHHE
Ha BxoxHOM rasompoBojge ycTaHOBJeH
KpaH a9 TNPOAYBKH, KOTOPbIH HMeer
NPOAYBOUYHYIO JHHHIO, BKJIIOUaeMylo B
npoayBouHylo cBeuy 6. Ha BhixomHo#
aunud 3 [PC ycraHoBjeHbl 1Ba Mpe-
JIOXPAHUTENbHBIX COPOCHBIX KJaMnawa,
NpeioTBpallaloLUMX HEeJONYyCTHMOE [Mo-
Bbilnenve nasgenus nocae 'PC. C6poc
rasa M3 KJjanaHoB B armochepy ocy-
IecTBAsieTcs uepe3 cBeuy 6. B yaze
OTKJIIOUeHUsl mpeaycMoTpeH Gafnac, Bbl-
NOJHEHHbIH M3 Tpy6el dy=150 MM c¢
KpaHOM H 3ajBHKKOH. [laa oTkiloue-
Huad [PC Ha BXOAHOM U BBIXOJZHOM
ra3onpoBolaXx YCTAaHOBJEHbl KpaHbl C
[THEBMONIPUBOJOM W  JQHCTAHILMOHHBIM
ynpasJeHreM

TexHosnoruueckoe o6opypoBaHue
I'PC, aBromaruka u KHWII pacnonoxe-
Hbl B 31aHuu (6X 20 B ocax). Pacxon-
HYIO HUTKY Dy=200 MM, mpoksianblBaioT
Hajx 3emaell Ha croabax. PC no nepu-
meTpy obHocsT orpaxienueM. K TPC
3aMpOEKTHPOBAHA MOAbe3HAA ABTOMO-
6usibHaA [opora, coeauHdpMAd Mo-
IAaJKy C 1OPOroi 061Lero noJb30BaHHus.

[Tocne orTknawouamoulero kpasa ras no
Tpybe nocrynaer B nomewenue I'PC
U NMPOXOJAUT uyepe3 BHCUHHOBbLIE (HJLT-
ppl 4 W pajee HampasasieTcdl B IOJO-
rpesaresb rasa 5 Ilojgorpes rasa ocy-
LECTBJAAIOT 1151 HCKJloueHHs1 obpa3oBa-
HUA KPHCTaJUIOTHAPATOB IpH japocce-
JHpOBaHWKM rasa ua kaanahax. [locne
MOJOTpPEBa a3 HANpaBJsieTcs K HUTKaM
penyunpoBanud. B npoekre npeaycmor-
peubl TPH HHUTKH; gaBe pabouux, OnHa
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pe3epBHas. Bce HUTKH MMeIOT OZHHAKO-
Boe 06OpylOBaHHe, KOTOPOE YCTaHOBJE-
HO Ha KaXJAOW HHUTKe [0 XOAYy rasa
B CJE/AYIOLLEM IMOpsijaKe: KpaH / C MHEeB-
MatHueckuM mnpHBogom D,=100 mMm H
y3J10M YNpaB/eHHS; peryjasrop paeJe-
uua PJ1-80, paspaGoranunii BHWU-
rasom, 2, Kpad 3 co cMasko# dy=150 mMm.
JluaMeTp HATKH peayLHpoBaHua 150 mm.
Jasa cbpoca rasa oOT KaxAOW HHTKH
NpeiyCMOTPEHbl MPOAYBOYHBIE TA30MPO-
BOJbl C BEHTHAAMH, OOBeIHHEHHble B
o6yl mnpoayeouHylo cBeuy. [loche
IpPOCCENHPOBAHKSA ra3 MocTynaer B pac-
XOLOMEpHbI Tra3onpoBOL, Ha KOTOPOM
ycTaHOBJieHa KaMepHasa auadparma.
JauHa pacxogoMepHOH HHTKH NPHHSA-
Ta W3 YCAOBHH cTabH/IM3allMU II0TOKA
rasa.

Ha BXOZHOM H BLIXOJAHOM ra3ompo-
Bojgax nepen I'PC npenycmoTpeHa ycra-
HOBKA M30JIHpYIOWHX (aHLeB.

[lpununnuanbuas cxemMa aBTOMATH-
ku U KHIT nns paccMoTpeHHOH Bbllle
['PC (cm. puc. 8.9) nokasaHa Ha puc.
8.10. CycteMa 3auThl OT MOBbIIIEHHSA
JnaBjeHus Ha Boixoae u3 [PC npenycmor-
peHa ¢ TpHMeHeHUeM KpPaHOB C MHeBMa-
THYECKUM TMPHBOAOM H TIPOrPaMMHBIM
yrnpasJjendeM. Jaa KOHTposas mapamer-
poB, xapakrepusylouux pabory ['PC,
npeycMOTpeHa YCTAHOBKA KOHTPOJbHO-
H3MepHTeJbHbIX TPHOOPOB KaK 10 MECTY,
TaK H Ha ILHTE.

Cucrema 3auuThl paboraer no npHH-
uuny M3GUpaTeNbHOrO OTKJIOYEHHS MO-
BPEXK/EHHbIX pelylUHPYIOLINX HHTOK H
BKJ/IIOUEHHS] pe3epBHOH HUTKH. CHcrema
obecrneynBaer 3allHTy norpeburesest or
MOBLILIEHUS WM MOHUXKEHHS [aBJEHHS
na shixoge 'PC na +109% HoMuHanb-
HOTO 3HAYeHHsI MOYyTeM OTKPBbITHS WIH
3aKPBITHA KPAHOB C MHEBMOIPHBOAOM.
JlaBneHue rasa Ha BbIXOJIe H3 HHTOK
peayLHpPOBAHUST KOHTPOJUPYETCA naTuH-
kaMH [1B, ycraHOBJeHHbIMH Ha MpH-
6opHoM wuTe TlpuHnHN paboTbl cUcTe-
Mbl caeqylow i, [1pu u3ameHeHHH naBJe-
HHA 10 BeJHUYHHBI, HA KOTOPYIO HAaCTPOeH
JaHHbI GAaT4YHK, OH BbIZAET KOMaHALYy
Ha T[epecTaHOBKY KpaHa W OJHOBpe-
MEHHO BKJlOYaeT COOTBETCTBYIOWMH
ykasareqb «Aapus» (YA), pacnoao-
JK€HHbIH HA LUHTE, CHPEHY U 3JeKTpH-



h S
10000 Y|
)
-
[
A
(el ]
ey I %
f [pm—— =
Rl === °
>
\6 dy75c_1“
. [
i
= -
] s
i} s
i U
8 A
N N s
m' 3
-
3 £
F___. > S
d z
&
[~
S
R — r
= -
3
2 l 1650 400
Sl A
1500 |1%°° 2000 %20} ||l |a00
73 4
1695 il
/
= = —
§ /
P
4

Puc. 8.9. O6man kom-
NOHOBKA aBTOMAaTH3HPO-
sauoit TPC ¢ napom-
HbI M o6cayxHBaHHEM
(nomeumennn KHIT n

cayx6 He nokasamml)
I— KpaH ¢ TnNHeBMAaTH-
YEeCKHM NPHBOAOM H Yy3-
JIOM ynpasieHus; 2-—
peryasitop AaBAeHHS

PI-80; 3 — kpau to
cMa3Kol; 4 — BUCLHHO-
Bble PUILTPH; & — moa0-
rpeBarenb; 6 —npoay-
BOYHAan CBeua;

- 171



— — st

L

K

ho——o— o P(}—0——no—

¥ b &

[—osq7—|m~
i

o |

Puc. 8.10. TpHHuMnn- 4— peryJasTop aaBieHus
anabHan cxema aBpToOMAaTH- P11 -80 BHWWT aza, 5—
ku TPC wamepHas auagparma,

] — nmHeBMAaTHUECKHH
KpaH ynpasjeHus, 2

HHeBMATHUECKHH yClan-
Teab, 8- 0T6OD HMNVJb
ca jJaBJeHHS Ha [aT4H-
KW /1B mHeBMdTHUEeCKOH

6— npeAoXpaHHTeJbHbIC
cOpOCHble KnanaHml, 7

6alinac ¢ AByMsA OTKJIO-
yawIlHMH  ycTpolicTBa
MH, 8-— Kpahbl C THEB-
MOITpHBOIIOVI H JHCTAH-

cucreMbr 3amutol TPC, HHOHHBIM  YNIpaBJeHHEM

yeckYIO CHTHAJM3alHIO B 1OME onepaTo-
pa. Ecan paBsneHuwe rasa Tosblllaercs
10 1,05 puow, TO 3aMbIKAETCSI KOHTAKT
COOTBETCTBYIOUIETO JAaT4YHKAa, B pe3yJib-
TaTe 3aKPbIBAeTCs KpaH NepekJouaTens
BLIGOPA peXHUMa U 3aKPhIBAETCS ITHEBMO-
KpaHOM HHTKa peayuupoBaHusi. [lpu
TNOCEAYIOUHX NEePEKNIOUEHHAX B HTOTE
34aKpbIBA€TCsT HUTKA, PEryjsitop KOTO-
poii aBapuiiHo OTKpblica. I1pu cHuxKe-
HuK gasJenus 10 0,95 puow OTKpHIBAETCS
pe3epBHASl HHUTKA.
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8.4. Noporpes rasa Ha NPC '

[Tpu onpenesieHHbIX 3HAYEHHAX TEM-
nepatypbl 4 [AaBjeHHs B rase, Hachbl-
UleHHOM BJjaro, o6pasylorcsi KpHCTal-
aoruaparbl. 30HOH HX 06pa3oBaHus sB-
nsieTcsi o6acTh, pacnoJjloXKeHHas JeBee
paBHOBECHBIX KpHBbIX (pHc. 8.11). Ecnn
ras He HacbitleH BJAAarod W napuuanb-
Hoe [apjeHue BOJASHLIX NapoB MeHblle
YyIpyrocTy HapoB ruaparta, TO KpHCTalf-
Joruapathl o6pasoBbiBaTbcs He OyayT.
Jlast ucKJoyeHust THApaToo0pa3oBaHus
NpH ApOCCENHPOBAHHH a3 MOAOTPeBAIOT
B TellJloo6MeHHHKax. Temnepatypa no-
JOrpeBa N0JKHA O6biTh TaKOH, 4TOOHI
BJIATOCO/epXKAaHHEe HACBIILEeHHOr 0 rasa He
OMyCKaJoCh HHXKe BJArocofepXKaHus ra-
3a, nocrynawuiero Ha [PC. B srtom
cjyuae TIpH IpPOCCEJHPOBAHMH Bjara He
Gyner Bbllajarb U3 rasa. JleAcTBHTEIb-
HYIO TeMIIepaTypy MOAOTpeBa IPUHH-
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Temnepartypa rasa, ¢

MalT HeCKOJbKO 00/blI€ MOJyYeHHOH
13 pacdera. Tenn0oGMeHHHKH yCTaHaB-
aupawt Ha ['PC, B kKauecrBe Terno-
HOCHTEJIE HCIOJb3YIOT TOPAUYYIO BOALY.
[Tpu pacyeTe HCHOJB3YIOT 3aBHCHMOCTh
BJIATOCOJEPK AHUST HACBILLEHHOTO TIpH-
pOOHOTO ras3a oOT /AAaBJEHHS H TeMIe-
paryphl.

Caenyer HAmOMHHTb, YTO BJIATOCO-
JepKaHue — 3TO KOJHUECTBO BOASHBIX
napoB, KOTOpoe COXEpPXKHTCa B 1 Kr
(1 M®) cyxoro rasa. Tak Kak BOASIHOI
nap 3aHuMaer Bechb 00beM cMecH,
BJArOCOAEPKAHHE MOXKHO OINpeesuTh
KaKk OTHOLIeHHEe TIJIOTHOCTH BOLSIHOTO
napa K TJOTHOCTH cyxoro rasa. Ecau
nmap B CMeCH HAaXOIHTCA B HacblileH-
HOM COCTOSIHHH, TO €0 BJIarocojepiKa-
HHe OyleT HMeTb MaKCHMaJbHOEe 3Ha-
yeHue Ecau cuuratb, 4TOo CMecb BO-
JsiHbIX MAPOB H ra3a NOJ4YHHSEeTCs 3a-
KOHAM HIeaJ/ibHbIX Ta30B, TOTAA KOJH-
UeCTBO HACBHILIEHHBIX BOIASIHBIX MapoB B
1 M® cvMecH W HX napumasbHOe 1aB-
JIeHHE TOJIHOCTBIO ONpPeNeIsoTCsT TeMIle-

Puc. 8.11. Onpepenenne
HeoGxonumoil  Temnepa-

Typbsl Harpeea rasa B
TenJoo6MeHHHKaxX

parypoil ¥ He 3aBHCAT OT JAaBJEHHS.
B 3ToM ciyuae Bjaroconep:kaHue Jerko
paccuuTath 1o tabJHIlaM HaCblEHHOTO
Boasiioro mnapa. CopepiaHHe BOISIHbIX
napoB B CXKaTblX TOPIOYHX rasax GoJb-
i paccuydTaHHOro, Tak Kak HoBeje-
HHe cMeceHd BOAAHOrO mapa ¢ INPUHpO-
HbIM Ta30M OTKJOHSIeTC OT 3aKOHOB
HaeajbHbIX ra3oB H TeM G6oJblie, uyeMm
Bblllle JaBJEHHE CMECH, HHXKe ee TeMIle-
patypa u GoJibllie MOJEKYJAspHasi Macca
rasa.

Ha rpaguke (cm. puc. 8.11) nokasa-
Ha 3aBHCHMOCTb BJ1arocojep:kKaHusi Ha-
CHILILEHHOrO MPHPOJHOrO ra3a oOT TeMIlle-
paTypsl TNpH pPa3JHYHBIX [1ABJEHHSX.
B naHHoM cayyae BjarocogepKamue
NMPHUBELEHO K HOPMasbHbIM YCJAOBHSM,
t. e. 0°C u 101,3 «klla. I'paduk no-
cTpoeH mJsi NpUponHoro rasa. Buaaro-
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conepKaHHe, oTHeCeHHoe K 1 KI cyXoro
raza (W), onpenesnsiercsi OTHOWIEHHEM
IJIOTHOCTH Napa Pn K MJIOTHOCTH CYXOro
rasa pPer, T. € Wuy=pn/per. Ecau
BJarocojiepanue orTHectH K | m°
CYXOro rasa, TOTJa MOJYUHM CJIELYIO-
ulee COOTHOLIEHHE: .

W,=

CaepnoBaresbHo, Baarocopepxanuve W,
oTHeceHHoe K | M°, coBnagaer c a6-
COJIIOTHOH BJAaXXHOCTbIO. [lepecuer Baa-
rocogepxaunst W, Ha HopmaJjibHBIE YC-
goBust Wy, € y4yeroM TIpHBEIEHHOTO
Bblllle BbIpa’KeHHSt NPOH3BOAAT CJedYIO-
UM o6pa3om:

7 —_
MQc r==0n-

W00=W

MPDCI'
=w —% T @31

T
rope  pPoc r/pc r =%?'T0y Pecr, prTnpo ¢ .-poTo COOT-

BeTCTBEHHO IJOTHOCTb, AaBJeHHe U TeMIeparypa
rasa, a Takxe IUIOTHOCTh, NaBJeHHE H TeM-
nepatypa npH HOPMAJIbHBIX YCJOBHSX

3ty ke (HOpPMYJY HCNOIb3YIOT LJA
onpeaeseHuss AeHCTBUTENLHOTO BJaro-
colep:KaHUA rasa 1o BJarocojepxa-
HHIO, OTHeceHHOMY K o6bemy mpu 0 °C
u 101,3 «lla, koropeit BeIGHpawT TO
rpauky (cm. puc. 8.11) naa sagaHHBIX
TEeMNepaTypbl W [1aBJEHHS CMECH Hachl-
LIEHHOrO BOASIHOTO Mapa M MPHPOLHOTo
rasa.

NMpumep 8.2. Onpegenurs BrarocogepKaHue
HACBIIIEHHOTO NPHPOZHOrO rasa TNPH TeMIlepa-
type 0°C u nasnennu 6 MIla (abc) mo tabuu-
11aM BOASHOro mapa H 1o rpaguky puc. 811

Pewenue C’lHTaﬂ, 4YTO cMeCb BOIAAHOro napa
C NMPHPOAHBLIM ra3oM MOAYHHSETCS 3aKOHaM Hie-
aJbHBIX a30B, BJArocojpepaHHe HACHILEHHOro
rasa 3aBHCHT TOJIBKO OT Temneparypel [lo Ta6-
JIMAM HACHILEHHOr0 BOASIHOTO Napa HAaXOAHM,

yro npu t=0°Cp”=W,=0,004847 «xr/m®
p=0,612 klla. CuenoBateibHO, NapiualbHOe
JaBjeHHe TIDUPOAHOro rasa Oyaer paBHO:
Pras= 5999,388 kl1a.

[To rpaduky (cm. puc. 8.11) abcomorHas
Baaxuocts npu (=0°C u p=6 MIla, Wy,=
=0,12 r/m.

[To dopmyne (8.1) npuBogum TabaHuHOe

3HauyeHHe BJATOCOAEPKAHUA K HODMAJbHBIM YC-
JIOBHSAM!

101,3 273

Woo =4 84T o500 —0.612 273

=0,082 r/m>
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HpuBeueHanf[ pacyeT IOKa3biBaeT OTKJOHe-
HHe MNapora3oBOoH cCMeCH OT 3aKOHOB HaeaJb-
HpIX ra3oB. JlefiCTBHTeNbHO, cOLepIKaHHE HaChl-
LHIeHHBIX BOASAHBIX NapoB B INPHPOJAHOM rase
6oJibIle  BeJHYKMHBI, TOACUYHTAHHOH B npeano-
JIOKE€dHH, YTO [apora3oBas cmeCb MNOJYHMHSAET-
CHd 3aKOHAM HaeaJibHbBIX ra3oB

[Ipn npoccesnpoBaHHu rasa ero
o0beM yBeJqHUYHBaercs (ras paclivpser-
ca). Ha npeononenne cua mexmone-
KY/JASPHOTO TIPUTSIXKEHHS1  HeoGXOoQuMO
3aTPaTHTb OINPEAeJNECHHYIO IHEPTHIO, KO-
Topasi TNoHZeT Ha YBeJHUeHHE TOTEeH-
[Ma/JbHOH 3HEepPrHuH B3aHMOLeHCTBHS MO-
JexyJq. HacTH4HO 3Ta 3Heprusi KOMIEHCH-
pyeTcsi 3a cueT yMeHbUICHHS] KHHETH-
YeCKOH 3HEpPrvH TeNJOBOTO [BHXKEHHS
MOJIEKYJ Fa3a, B pe3ysabTaTe 4ero Temre-
paTtypa rasa CHH>Kaercsl (TOJIOXKHTeNb-
ubli a@dexr Jxkoyaa—Tomcona). CHu-
JKeHHe TeMnepaTypbl IPH IPOCCENHPOBA-
HHH [HAMOMHHM, YTO 3TOT Mpoiece Npo-
TeKaeT TMpH TMOCTOAHHOH 3HTaJbMHH
(i=const) ] xapakrepusyot auddepeH-
HHaJbHBIM TeMHepaTypHbIM 3¢ dheKToM
JpOocceMpoBaHus o

a1
a—( W)l

Hasi npupoaHoro rasa B o6JjiacTH 3Ha-
YyeHWH [daBJeHHH W TeMIepartyp, KOTO-
pble HMEIT MecTo TpH ero peayuupo-
Baunu Ha [PC, cpenHee 3HaueHHe
fHpdepeHnanbHOr0 ApOCce/IbHOIoO 3¢-
(exTa TPHHUMAIOT paBHbBIM: o=
=5,5 rpan/MIla. Takum o6pasom, InpH
I pOCCEJIMPOBAHHH Ta3a CHHXKAIOTCH He
TOJbKO €ro [aBjieHHe, HO W TeMmIepa-
Typa, COOTBETCTBEHHO H3MeHSeTCH |
BJIarOCOdeprKaHie, Hacblaouee ras.
B03MOXKHOCTh BbIMAJEHH KOHAeHcaTa
MpH 1POCCENHPOBAHHH MOXHO Ompefe-
JAuTh rpaduuecku (cM. puc. 8.11). Has
3TOTO OMNpefessiioT TeMrepaTypy rasa
51 TIPOMEXKYTOUHBIX 3HAYEHHH [aBJe-
HUA TPH APOCCENHPOBAHHHM OT Haualb-
HOrO 10 KOHeUHoro aasJjeHus. Temnepa-
TYpY OTCUHTBIBAIOT OT TeMIepaTyphl ra-
3a, mnocrynawouero Ha ['PC, cuuras,
4TO TIPH CHHXKEHHM [aBJIeHHs rasa Ha
1 MIla ero Ttemneparypa CHHUXKaeTCH
Ha 5,5°C. Ilo mnoJyuyeHHbIM JaHHBIM
Ha rpacduke 3aBHCHMOCTH BJjarocojep-
JKaHHs1 HACBILIEHHOro ra3a OTf TemIepa-
Typst # pAaBjeHHss (cm. puc. 8.11)



CTPOSIT KPHBYIO H3MEHEHHsI COCTOSHHUSA
rasa. Jra KpHBasl JaeT 3aBUCHMOCTb
BNAroCOfEPXKaHHS HACHILIEHHOTo rasa
OT [aBJICHHSI M TeMIepaTypbl, H3MeHs-
JOIMXCA B Tpoliecce JpOocCeTHPOBaAHHUS.
Eciu BaarocogepkaHue HaChILLEHHOTO
rasa, nocrynusiiero Ha [PC, coot-
BETCTByIOIle€ €ro TeMmIeparype TOUKH
pOChI, HH2KE MOJY4YeHHOH KPHBOH, TO ras
B Tpoiecce japocceNnpoBanusi Gyner
npeBpamaTthes B HeHachiuteHHbld. Ecan
ke ona O6yaer Bblll€é MHHHMAaJbHOTO
3HaueHusi KpHBOH, TO H3 raza Oyner
BHIMAfaTh BJara H 06pa3soBbiBATbCSH
Kpucrasoruapatbl. s HCKIOUEHHS
rugpatoobpa3oBanus ras Heo6XxoauMO
nojorpeTb Ha Takyl BeauuuHy At
yTo6bl KPHBas BJAArocolepKaHus Hacbl-
LIEHHOTO rasa TpH [APOCCeNHPOBAHHH
jqexaja Bhbillle BJAarOCONEPXKaHHA Ha-
CbILIEHHOTO Trasa, MnocTynawoulero Ha
['PC. 3nauenue At onpenensior noabo-
pOM, CTPOSI HECKOJIbKO KPHBBIX Apocce-
AMPOBaHUsl [J51 PA3JHUYHBIX HaYaJbHBIX
TeMmreparyp.

NMpumep 8.3 OmnpenennTb HEOOGXOAUMBIA MO-
AOTpeB rasa [nsl INpelOTBpaIleHdsi TuapaToos-
pasoBaHusi W paccyuTaTtbh TeIVIOOGMEHHHK TIpH
clefylownx  gaHHex:  Qo=20000 M2 /U, Puaa==
=4 MIla (a6c.), pwou=0,5 MIla (abc.).

Pewenue 1. Omnpejpennm BeJM4YHHY HeOGXO-
AMMOro MOJOrpeBa rasa, CYHTasi, UTO TOYKA POCHE
raza, mnocrynaiomero na I'PC, paswa 0°C.
[pomeKyTOUHbIE 3HAYEHUS] AABJIEHHSI H TeMIle-
paTyp npu HauasibHbIX Temneparypax 0; 2; 4; 6 °C
upusefensl B Taba. 8.3. [lo gauHbiM npuBe-
NeHHOM TaGaMusl Ha rpadHKe 3aBHCHMOCTH
Wo.= [(,p) NOCTpOEHBl KpHUBbIE A3MEHEHHS BJIAro-
COMepKAHUS HACBUINEHHOrO rasa Ipu APCCCesH-
pPOBaHHu [JIS1 pa3/iuYHbLIX HAadajbHbIX TeMIeparyp,
(puc. 8.11). M3 paccMOTpPeHHs DHCYHKA CJIefyer,
4TO TpH MOAOrpeBe rasa Ha 4 °C MHHHMYM KPUBOH
coBnajaeT ¢ HayaJbHOH abCOJIOTHOH BAaXKHOCTHIO
HACHILEHHOTO ra3d, 103TOMY MHHHMAaJIbHBIA 10J0-
rpes, NpeAOTBpallalolKil BbMaTeHHe KOHIeHCaTa,
cocrasasier 4 °C. Ecau ras mogorpers Ha 6 °C,
TO MUHUMYMY KpuBOH OyJeT COOTBeTCTBOBAThb
OTHOCHTEJIbHAsT BJIaXKHOCTb, paBHas:

¢=0,165/0,187=0,88,

a OTHOCHTeNbHAS BJA’KHOCTb rasa,
us I'PC, cocraBur

§=0,165/0,325 =0,47

Tawum 06pa3om, TeMIeparypy nojorpesa rasa
MOXHO nphuATh Al=6 °C.

2. Paccuutaem MOBEpPXHOCTb HarpeBa TemJjo-
obMmeHHHKa. [lepBoHAyaJbHO OINPEAE/IUM KOJH-
4ecTBO TenaoTh @, HEeO6XOomMMOH [JA Harpesa
rasa:

BbIXOAALIEr0

Ta6nuuma 8.3. lpomexyTounnie 3HAUEHHS
DABJIEHHS] H TeMMEpaTypbl NPH APOCCENHPOBAHHH
rasza or 4 go 0,5 MIa ¥ pa3auuHBIX HauaAbHBIX
temneparypax (0; 2; 4 u 6 °C)

Hague- Temnepatypa rasa, °C
une, Mlla

(abc )
4 0 2 4 6
3,5 —2,75 | —0,75 —1,25 3,256
3 —5,5 —3,5 —1,5 0,5
2,56 —825 | —6,25 | —4,25 —2,25
2 —11 —=9 —7 —5
1,6 —13,75( —11,76] —9,75 —7,75
1 —16,5 —14,5 —12,5 — 10,5
0,5 —19,25| —17,25¢ —15,25{ —13,25

20 000_ .

= = —— . . 3. —
Q=CQopoc,At= 3600 0,73:2,5-10°:6

=61 000 Br=61 kBT,

rae Qo — pacxon rasa, m®/4; pop — MJIOTHOCTD ra-
3a Ipu HOpMAJIbHBIX YCJIOBHSIX, paBHasi 0,73 Kr/m%;
Cp — MaccoBasi TeIUVIOEMKOCTb ra3a MNpH MOCTOSH-
HoM xasJjiennu, KK/ (kr-rpaa), paBuas 2,5.
Ilns ycTaHOBKM NPHHHMAeM TerJI00GMEHHUK
BHHVrasza. Ko3¢duuneHT Tensonepeiada Tenao-
o6menHnKa k==175...230 B/ (m?-rpan). Cpeaniotwn
orapuMHIECKYI0 Pa3HOCTb TeMneparyp paccuu-
TaeM NpH CJeAYIOLIHX TeMneparypax rpewoueit
poabl: £,=285°C, Toww=50°C. B 3tom cayuae
np¥ nPOTHBOTOKe Oonbluasi W Manas PasHOCTH
TeMnepaTyp GYAYT COOTBETCTBEHHO DaBHbI:

Ate=85—6=79 °C; At,=50—0=50 °C;

At—AL, 79—50
. Atcpz At5 = 231n£ = 63°C.
2,3 ln Kt_: ’ 50

Heobxoaumaa njomajab IOBePXHOCTH TeMNJO-
o6MeHHHMKA paBHa:

F=Q/kAt.,=61 000/230-63=4,15 M2

[puHuMaeM TemnoO6MeHHHK KOHCTDYKIHH
BHWHrasa ¢ mioliaabio NOBEPXHOCTH HAarpesa
5 u2.

8.5. Ynpaeneuue
rMAPABNHYECKUMH PEIKHMAMHU
M TEeXHONOrMYEeCKUMM
npoueccamu

pacnpepenenus rasa

[a3 u3 MarucrpanbHblX rasonpoBo-
AOB NOCTyMaeT B TOPOACKHe paclpeje-
JWTE/IbHble CeTH M MO HUM [0CTaB/sieT-
ca K norpe6urenaMm. 'oponckue mnorpe-
6ureny: OBLITOBbE, KOMMYHAaJbHO-ObITO-
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Bble W T[POMBIUIJIEHHbIE CYHIECTBEHHO
OTJIHYAIOTCA APYT OT Apyra Kak Mo o6be-
MaM notpebJsieMoro rasa, Tak d Io pe-
»KHMawm ero norpebaenus. las ynosner-
BOPEHHS pa3nuyHbIX TpeboBaHHH K MO-
Jadye rasa, Kak Mo pexKUMy BO BPEMEHH,
Tak W Mo ero napamerpam, Heob6xoanma
coBpeMeHHas rubKasi cucrema ylpasJie-
HHS TEXHOJOTHYECKHMH NpoLieccamMmu pac-
npefesieHnst rasa, corjacHo Tpe6oBaHHU-
M norpebuTrenedl. ITO [JOCTHraercs
npexae BCero HepapxHyecKHM MOCTpoe-
HHEM Tas3oBbIX ceTeil, UX aBTOMAaTH3a-
el M TIPHHATOH CHCTeMOH TNpHCOenu-
HeHHs noTpebuTesed K CeTAM pasJHu-
HOTO HepapXH4eCKOro YpOBHS.

Faszoucmonb3ywinne [apubGOPul M
YCTAHOBKH KHWJ/IbIX 3NaHHH, OOJbLIKHHCT-
BO KOMMYHanbHO-ObITOBBIX noTpebuTe-
Jed TPHCOEAUHAIOT K CeTAM HH3KOro
JaBJeHusi, T. e. HH3leMYy HepapxuHuec-
KOMY YPOBHIO CHCTEMbl Ia30CHa6KEHHS.
Heo6xoauMblii THAPABAHUECKHH PEXHM
B 3THX CeTAX MOoAJep:KHBAeTcs aBTo-
MaTH4eCKUMH Ta30peryasiToOpHbIMHU
NYHKTaMH, uepe3 KOTOpble MOCTynaer
ras B CeTdH HH3KOro aapJeHusi. ['napas-
JHUECKHH peXXHM BepXHero mepapxuyec-
KOr0 YPOBHSI — ceTeH BbICOKOIO M Cpen-
HEro [aBJjieHHs OrpejessieTcsl COBMecCT-
HOH paGoTol ra3operyyasiTOpHbIX TYHK-
TOB, paclo/iOKeHHbIX Ha BbIXOdAaX H3
3THUX ceTell, U rasopacnpeneaHTeabHbIX
CTaHIKMH, Yepe3 KOTopble ra3 nocrynaer
B cerd. Takum ob6pasom, craOuUIbHBIN
FHAPABIHYECKHH DEXKHM OPOACKOH CHC-
TeMbl, rasocHabxeHUsa obecneynBaeTcs
COBMECTHOH pabGoTOH aBTOMAaTHUYECKHX
peryasiTopoB 1aBJEHHS, KOTOpble MOA-
NepKHUBAIOT NOCTOAHHOE NAaBJEHHe Tasa
B 3aJaHHbIX TOUKAX CHCTEeMbl, HE3aBHCH-
MO OT pexkHma norpebsenus rasa. Cie-
LOBAaTe/NbHO, ¢ H3MeHeHHeM CIpoca Ha
ras norpeGuTeNsIMH, CBSI3aHHOTO C HX
TEXHOJOMHYECKUMH peKMMaMH, H3MEeHs -
eTcsl TMPOMNYCKHAA CINOCOGHOCTH aBTOMa-
THUECKHX PErYJsiTOPOB [1aBJjieHHs, Hauu-
Hasi OT peryJsaTopoB MNoTpeGHTeed H
KOHYasi peryJjsitopaMM AaBJEHHS Ha
I'PC, HOo naBjeHHe B 3aJaHHbIX TOYKaX
CeTH COXPAHSIeTCH TMOCTOAHHBIM, UTO
obecrneunBaeT YCTOHUHMBOe ra3ocnab-
KeHue.

YCeTORUMBLIA peXHUM ra3ocHabKeHHs
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6yner obecrieueH B TOM CcJyyae, €cJH
pacxofbl rasa norpe6uressiMu He GyayT
NPEeBOCXOAUTb pacyerHble 3HAYEHHs, a
nojaya rasa OyneT COOTBETCTBOBATb
cripocy Ha ra3. Ho ykasauHoro Bwile
COOTBETCTBHAl CIIpoca Ha ra3 “ ero
nogadyy 6e3 crielHasbHbIX AOTOJHHTENb-
HbIX CHCTeM NOGHUTbCSI B TeueHHe BCero
rojla HeBO3MOXHO. IJTO CBfI3aHO C He-
paBHOMEpPHOCTbIO morpe6ieHusi rasa u
BO3HHUKaWOLEH Heo6XOIUMOCTBIO GasiaH-
CHPOBAHHWS MoJayYM W norpebieHus rasa
KaK B CYTOYHOM, TaK H B TOI0OBOM
paspesax. Kak 3ro 6buio noKasaHo Bbl-
we, 444 6ajJaHCHPOBaHUS ras3a U BbIPaB-
HHBAHHUS IPadUKOB ero norpebieHus uc-
NoNb3YIOT NMOA3EeMHbIe XpaHHJHLLA Ta3a,
aKKYMYJHPYIOILYIO €MKOCTb  Marucr-
pa/bHbIX ra30MPOBOIOB U NIOTpeBGuTeei-
peryasiTopos.

M3 nposeaeHHoro paccMoTpeHHsi
ynpasJieHHe CHCTeMOH rasocHa6KeHus,
uMelolel Hepapxuueckoe MOCTPOeHHE ¢
TIOMOLLLBIO OJHHX aBTOMATHYECKHX raso-
PeryJ/JsiToOpHbIX CTAHUMH OKa3blBaeTCH He-
BO3MOXKHBIM. KpoMe aBTOMaTH4yeCcKOro
ynpasjenuss I'PI1 neo6xoamumo ymnpas-
JIeHHe W3 LEHTpalbHOrO AHCTeTYep-
ckoro nyHkra. OCHOBHOe HasHaueHue
IUCTIeTUePCKOTO YIpaBJIEHHS — 3TO H3-
MEHEeHHe pexXHMa, aBTOMAaTHYeCKH MOoJ-
JepXKHBAEMOro peryJjsropaMmi jasJe-
HHs, MpH AubanaHce Cnpoca U ogauu ra-
338 KaK JIOKaJbHO B OTAENbHBIX 30HAX
CHCTEeMBI, TaK W [ BCEro ropoga B
ueoM. ITH AM6aaHChl BBI3bIBAIOTCA KaK
pe’KMMHbIMH (pakTOpaMH, Tak H BO3HH-
KaloWHUMH aBapUAHBIMH  CHTYalHSAMH.
Has obecrnedyeHHsi YCTOHUHBOrO raso-
cHabKeHHsi TOpPoa JUcIeTuep ynpasJs-
eT MOTOKaMH ra3a NyTeM NepeHacTPoNKH
peryisaTopoB  Ha  Ipyrde 3HadeHus
peryiupyeMoro naBJjieHusi, MepeKpbITHS
MOTOKA ras3a Ha OTIeJbHbIX YdacTKax
C TMOMOULbIO 3aABHKEK, a TakkKe TyTeMm
H3MEHEHHS! MOLAUH rasza norpeGuressim-
peryasiropam.

Takoe ynpasjieHne B MHUHHMAaJbHOM
o6beMe BO3MOMKHO OCYIIECTBASATH ¢ TO-
MOLLBIO CAYKObl IKCNJAYyaTaLUHH, HO NPH
3TOM HeJb3s H36exaTb (B OTAEJbHbIX
caydasx) yuep6a, HaHOCHMOro Tipej-
NpUATUSAM OT Hejomojayd rasa,
HeJb3s1 ONTHMH3HPOBaTb THApaBJjuHyec-



KHe peXHMbl B CeTAX B LEJAX MOJY-
yeHHsi 3KOHOMHYecKoro sgoekra. Kaa-
AUGUUHPOBAHHO PELIHTb OTMEeYeHHble
BLILE 3a71a4M, a Takxke obeclnedyuTb Of-
THMaJIbHO® YIIpaBJeHHEe TeXHOJOorHYec-
KUM TIpOIleCCOM pacnpejejeHHss rasa
BO3MOXKHO JIMIIb TIPH HaJHYHH aBTOMaA-
TH3HPOBAHHOH  CHCTeMbl  YIpaBJieHHs
TEXHOJIOTHUECKHUMHU T1ipoleccaMl raso-
cHabxkenuss (ACY TII razocHabxeHust).

8.6. ACY TN razocHabxenus

B xommnJjekc nporpamMmHO-TeXHHYeC-
kux cpenctB ACY TII rasocHaGxKeHus
BXOIAT: TejeMeXaHHYeCKHA W BBIUHCJIH-
TeJibHbIH KoMIUieKe Ha Gaze IBM. ACY
TII oGecneuyuBaeT: KOHTpOJb napamer-
pPOB M YueT pacxoja rasa, KOHTPOJb
COCTOSIHHA OGOPYAOBAHHS, YNpaBJjeHHe
aBTOMaTHYECKHMH peryJjsitopaMy naaBs-
JIeHHSI W OTHEeJbHbIMH 3aNOPHBIMHM 3a-
JBHXKKaMH, OMNTHMH3ALHKIO TEXHOJOTH-
YEeCKOro peXuma paclpejeeHuss ra-
3a.

[lentpanusnpoBanHas cranuusi ACY
TIT pasmewaercs Ha JHCNETYEPCKOM
NyHKTe. DTO BbIUHCJAUTEbHBIH KOMIJIEKC,
B cocraB Koroporo BxomsaT OIBM,
IMCIJIeH, Tleyaraioulee  YCTPOHCTBO
[ucned sB/sieTcs MyabTOM YNpaBJeHHs
M HaXxOQUTCH HEMOCpPeACTBEHHO Ha CTOJe
nepen aucneTdepoM. BbiumcauTe bHBIH
KOMILIEKC C TIOMOLBIO JIHHHH CBfI3H
COCIIMHEH ¢ anmapatypoi, pasmelilae-
Mo# Ha xoHTpoaupyemoM nyHkre (KIT).
Ha KIT ycraHoBjieHbl naTuyduKd TeJe-
M3MepeHHH, YCTPOHCTBA OHCTAHLMUOHHO-
ro ynpasjeHHsI HAacTPOHKOH perynsro-
pOB NaBJieHHA M OHCTAHUHOHHOIO YII-
paB/ieHHS 3aKPbIBAHHEM M OTKPbIBAHHEM
3aJBHKeK, & Takxe NpHeMHO-Iepesalo-
iee ycTpoHCTBO.

B kauecrBe /HMHHH CBfI3H HCIOJMb-
3YIOT [ABYXIPOBOJAHbIE TejedOHHbe JH-
HUHM, apeHjyeMble Yy T[OpOICKOH Tene-
dhonHolt ceru. Kaxablil curuan nepena-
eTcl HMIYJbcaMH MOCTOAHHOIO TOKA.
Cenekuusi curHajoB obecrie4nBaeTcs
H3MeHeHHeM NOJSPHOCTH 3JI€KTPHUECKO-
ro TOKa, BEJIMUUHON HAMPSKEHUS H IJIH-
TeJIbHOCThIO. Pasnnydble KoMGHHALHH
CHTHa/N0B 06ecneuyuBalOT HeoOXOAUMYIO
cea3s B ACY TII. ACY TII raszocHab-

XKEHUS BHIMONHACT HHPOPMaUHOHHbBIE,
yiipaBasiiollie W  BCHOMOraTeJbHble
(PYHKILLMH.

K ungopmayuonnein gyukyusm or-
HocsiTcA: a) c6op, NepBuuHas o6pabor-
Ka H XpaHeHHe MHGPOpMAalUHU O THAPAB-
JHUECKOM peKHMe rasomblx cerell (pe-
KHMbl [aBJEHHHA, pexKHMbl MOTpebie-
HUSE M Mojayu rasa); 6) pacuer 1o
nporpaMmmam Tpeb6yeMblXx TeXHOJIOrHyec-
KAX peXHMOB H OlNpeje/eHHe OTKJOHe-
HHS TpeOyeMblX 3Ha4yeHHH IapameTpoB
OT M3MepeHHBIX 3HaueHWH; B) pacuer
TEeXHOJOTHUYECKHX Mokasarejelt pacrpe-
JeJIeHHS] rasa, CYTOYHBIX rpadHKOB IMo-
TpebJieHHsl rasa ¥ HHTerpaJjbHbIX NOKa-
3aresiell norpebJ/ieHus, onpeneseHHe OT-
KJIOHEHHH 3THX mokasarejell OT JHMH-
Ta rasonorpebjieHHsl; T') QHATHOCTHKA
COCTOSIHHS TeXHOJIOrHueckoro o6opyno-
BAHHSA, BbISIBJICHHE OTKJOHEHHH COCTOS-
HUSL H DPEeXHMOB paGorbl 060pynoBa-
HUSI OT HOPMAaJbHBIX 3HaueHH#; 1) 06-
Hapy>XeHHe KPYIMHbIX yTeuek rasza B ce-
TAX BbHICOKOTO H CpeaHero JaBJeHHH
N0 Pe3KOMY POCTY Dacxoia M NajeHHio
JaBJICHHSl rasa B aBapHWiHBIX 30HAaXx;
€) TOoAroToBKa M Mepegada Tpebyemoi
HH(pOPMALIHH.

Ynpagaswouwumu QGYHKUUAMUL ABAS-
I0TCA caedyroujue: a) yrnpaBjeHde Tuj-
paBJMUECKHMH peXkKMMaMK Ha 6a3e pac-
yeTa MOTOKOpacrpeneteHdsi Ha DBM,
obeclrieynBallee YCTAHOBJEHHE MHHH-
MajbHO HeOOXOAMMOro aaB/eHHs rasa
nepenr I'PIl. Takue pexumbl paspa-
6aTblBAIOTCA HA OCHOBAHHH H3MEPEHHBIX
JlaBJIeHHil B xapakTepHblx toukax CBJI
(CCH) u peKUMOB rasomnorpebieHus.
Pexumbl norpe6/ieHusi rasa TNpOXOmsT
MaTteMaTHYecKylw o0paboTKy, B pe3y.b-
Tare KOTOPOH CO3Jal0TCA TPOTHO3HBIE
mozaenu. Tlonjgepxkanue Takoro pexxuma
obnervaer pabory peryaupyoinero o6o-
pynoBaHHs ceTell, No3BoJsier 6oJiee TOU-
HO MOAJepXHBaTb Tpebyemoe naBjieHHe
B CETAX H CNOCOOGCTBYET HCKJIOYEHHIO
nepepacxona rasa notpeburensmu; 6)
ynpasJeHHe paclipejeseHdeM oOrpaHH-
YEeHHBIX pEecypcoB TPHPOAHOTO rasa,
COOTBETCTBYIOLLUX MJAHOBLIM JIHMHTAM
rasa, OTIYCKaeMblX TOpOdy, B IeJsiX
MHHHMH3AUHH CHHXKeHUs 3¢ deKTHBHOC-
TH paboTbl TPOMBILIJEHHbIX MpennpHs-
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THi. DBJM3KOH K TpHBeNeHHOH Bbllle
3ajaue sBJsSeTC YnpaBJieHHe paclipe-
JeJieHHeM rasa IpH HepacyeTHbIX M0XO0-
JIOJaHHAX W BO3HHUKHOBEHHAX aBapHii-
HbIX CHTYauuif; B) YIpaBjeHHE perynas-
TOpaMH AaB/EHHS, KOTOpbIE NIOAAIOT ra3
B CeTH HH3KOro pgaBJjeHHsd, B ULeJgdX
npuG/HIKeHHS AaBJEHHs rasa Tiepej
ropejakaMH norpefuTe/ed K HOMHHAaJb-
HOMY 3HaueHH0, 4TO ofecneuuBaer
9KOHOMHIO B pacxoAoBaHHH ra3sa 3a
cuet ontumusaiud KITJ rasoBelx npu-
60poB.

K scnomocareavhoim QyuKkyuim 6
OCHOBHOM OTHOCATCA cAiedywouue: a)
KOHTPOJb  COCTOSIHHA ~ TeXHHYECKHX
cpeacTB cUcTeMbl; 6) XpaHeHHe HHGOp-
Manud; B) obecnedyeHHe CBA3H ¢ HHPOD-
MaluoOHHOU 6a30H LaHHBIX.

Pexumbl ¢Qyukunonnposauus ACY
TIN ra3socHaGxenus. CucremMa MOXKeT
GYHKUHOHHPOBATb B JABYX pexHMaXx;
aBTOMATHUECKOM M onepatHBHOM. B
aBTOMAaTHYECKOM pexknMe paGora BejleT-
csl Mo ynpasJsouledl nporpamme, Koro-
pasi npeaycmarpusaer onpoc Bcex KII
B LeASIX TIOJyueHHs HHQpopMauHuH 06
o6cranoBke Ha KIl u mo uamepsieMbiMm
napamerpaM. [lpu nosyuenuu coobute-
Husi 06 aBapuiHOA CHUTyauHu aBTOMa-
THUECKH BKJ/IOUAaeTCs 3BOHOK, TIOCHI-
JaloTcd  CHrHaJjbl, BBOAWTCH coolLue-
Hde o6 aBapuW Ha OHUCIJIEH H pEerucr-
pupyerca. H3mepeHHble mapameTphi
(1aBaeHus M pacxonnl) o6pabaThiBaioT-
cA H BbIBOAATCA Ha 3KpaH JHCIIes.
[Lukn onpoca Bcex KII ocyiecrsasercs
3a b Mun. Kaxpabli vyac nosyueHuasi

MHbOpMAIUA PErHcTpUpyeTcs Ha Tie-
yaTalieM YCTpPOHCTBe, pacxXoabl rasa
(DHKCHPYIOTCS WHTerpajbHble — 3a uac.
B ynpasasoweil nporpamMme umerTcs

Heo6XoaHMble  AOMOJHUTEJbHbIE  CBe-
nedus o KII.
OnepaTupHbll  peXxuM T103BOJASET

aucrnetruepy BecTH omnpoc Jwboro KII.
CepBucHoe TnporpaMMmHoe obecredenue
NO3BOJIAIET MOJYYHTb I'paduku norpebae-
HUSA ra3a OO'b€KTOM HJH BCEM TrOpOIOM
Ha OHcIJiee ¢ AOMOJHHTeNbHBIMH CBefe-
HHAMH O JIHMHTAX TNoTpe6/jeHdust U co-
OTBETCTBHH HCNOJb30BAHHOTO ra3a ero
JUMHTY. MOXKHO MOJYYHTb CIIPABOUHYIO
uHbopManuio MO y4yacTkaM rasornpoBo-
OB, 06 MX AuaMerpax, AJHHAaX H ApY-
rHe XapaKTepHCTHKH.

B HacTosimiee BpeMsi HpPOBOAHTCS
6oablias  pabora T1NO CO3ZAHMIO H
copepuieHcrBosanuiw ACY TII raso-
cHab>KeHHsl, a TaK)Ke BHeIpeHHe pas-
pa6oTOK B ra3oBbIX XO3fHCTBaX Tropo-
noB. Tak ¢yukuuonupyior ACY TII B
ropoaax Bopowunosrpane, Baagumupe,
CsepasioBcke. Crpositeca ACY TIT w
B ApYyrux ropojax. Bmecre ¢ Tem cie-
AyeT OTMETHTb, 4TO elle HeT YEeTKHX
NpeACTaBNeHHHA O HAWIYULIUX CHCTEMAX,
KOTOpble [QOJXKHbl HMETb MPEHMYIIECT-
BeHHOe pacrnpocTpanenue. B Hacrosuiem
naparpage TpHUBedeHb 06001eHHble
JaHHble, XapaKTepU3YIoUlHe COBpPEMEH-
Hole cucreMbl ACY TII, kotopble B oc-
HOBHOM 6asipyloTcsl Ha  CcHCTeMax,
IKCIIyaTHpyeMblx B ropopax Bopouiu-
Josrpane u Bnapumupe.

FTnasa 9

Hage)XHOCTh pacnpefenurenbHbiX CMCTEM
razocHabxeHms

9.1. OCHOBHbIEe NOHATHSA.
Kpurepmm HapexmHoCTH

[Tog HaL€XHOCTbIO pacnpefeuTeNb-
HOW CHCTEMbl Ta30CHAGXKeHUs IIOHH-
MalT CNOCOGHOCTh TPaHCIOPTHPOBATH
norpeGHTeNAM HeOOXOAHMble KOJHUecCT-
Ba ra3a ¢ co6aiofaeHHeM 3ajaHHbIX
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rapaMmeTpoB MPH HOPMAaJbHbIX YCJIOBHAX
3KCIJIyaTalldd B TEUEeHHe OlNpejeseH-
HOrO MepHoja BpeMeHH. XapaKTepHoH
YepTol pacrnpelesHTeNbHbIX Fa30BbIX Ce-
Tei sBJAsieTcHs TO, YTO OHH TIpeACTaB-
JFI0T  co60#  CHCTeMBl  [JIMTENbHOTO
nelictBus. PacnpenenuresnbHble CHCTEMbI
pacTyT ¢ poCTOM TOPOXOB H TIPOMBILLI-



JeHHbIX OODBeKTOB, pAaCLUHPAIOTCH, pe-
KOHCTPYHPYIOTCH, H3HOCHBIUHECH Y3Jibl
H 3J1€MEHTbl 3aMEHAIOTCS HOBbIMH, a
CYLLECTBYIOT CHCTEMBl TakK HOJATrO0, TOKa
He T[OSABUTCH HOBBIH 3HEePrOHOCHTENb,
cnoco6ubll  3aMeHuTb ra3. PacueTHoe
BpeMsl, KOTOpoOe 3akKJaAblBaeTc IpH
OOGOCHOBAHHH  HAAEXHOCTH, HOJKHO
6bITb TakKuM, 4TOOBl 3a 3TOT MEPHOL
He Obl10 CYUIeCTBEHHOH pEeKOHCTPYK-
MU CHCTEM, HanpaBJ/ieHHOH HA NoBblLLe-
HUe ee HalexKHOCTH.

Hanpumep, nss passHBaouerocs
Hace/JeHHOro MyHKTa ¢ pacTyuled mpo-
MBbILINIEHHOCTBIO TPOEKTHPYEMbIe ouepe-
J¥ CTPOHTEJIbCTBA CHCTEMbl Ta30cHAbXKe-
HHUSl JO/DKHBl MMETb pas/duHble pacyeT-
Hble rNokasaTtesd HajgexHoctH. Ha mep-
BbIH MEpPHOL MOXKeT ObITb NpeaycMoTpe-
Ha TYTIHKOBAs cxeMa, HaJeXHOCTb KOTO-
poli B TeueHHe HeGO/IbIIOTO BPEMEHH MO-
’KeT OKazaThCsl JocTatouHol. B cienyio-
el odepend CTpPoUTENbCTBA HeobXo-
JUMO BBECTH pe€3eDBHPOBAHHE CHCTEMbI
B BHIE KOJiblleBaHUS ceTeH HJH nYOJIH-
pPOBAHHS 3/7E€MEHTOB, UYTO TOBLICHT Ha-
JeKHOCTb U 06eCNeuHT ee N0/KHbIH ypo-
BeHb Ha aJuTeqbHOe BpeMs. [lpu nadb-
HeHdllleM pa3BHTHH CHCTEMbl €€ Halex-
HOCTb CJelyeT YTO4YHATb pacueTaMH ¢
yueToOM BBELEHHS HOBOTO pe3epsa, Npo-
H3BeIeHHbIX PEKOHCTPYKUUH H H3MEHHB-
IUHXCA 3Ha4YeHWH TnapaMerpa [OTOKa
OTKAa30B 3JIeMEHTOB.

HOpyroli orauduteqbHOR  oco6eH-
HOCTBIO paclpefejUTeNbHbIX CHCTEM fAB-
JsieTcsl MX COUHAaNbHblH xapakrep, Tak
KaK OHM O6CIYXKHBAIOT Jioged H obec-
NIEUNBAIOT WX HOPMAJIbHYIO KH3HEIed-
TesbHOCTb. COlMaNbHOE 3HAYCHHE OTKa-
30B CHCTEMbl AOJXKHO YUHTHIBATHCA B
mepByio ouepenb. CoBpeMeHHbIe paclipe-
Je/UTe/IbHble  CHCTeMbl  INPOEKTHPYIOT
M CTPOSIT KaK efHHbIe CHCTeMbl, MOAAI0-
mue ra3  GbITOBBIM, KOMMYHAJ/bHO-
GbITOBBIM M TIPOMBILIJIEHHbIM TIOTPE6H-
tensaM. CeTH HH3KOro paaBJieHusi obec-
MeuuBaloT ras3ocHaGKeHHe cennTeOHOH
TEPPHUTOPHUH, HO HX HALEXKHOCTb Takxe
ofipefle/ieTcsi HAa[eXXHOCTbIO BbICOKOH
CTYrNEeHH [aBJeHHsl, TaKk KakK ras3 OHH
nony4amoT ot BbicoKoH crynenu. Cie-
JOBATEIbHO, HANEXKHOCTb pAaclpefeH-

TeJbHOH CHCTEeMbl B 1LI€JOM OfpejesseT
HaneXHOCTb rasocHabxeHHs Bcex [O-
TpebuTenedl, BKaouasi 6GbITOBBIX MNOTpe-
GuteJei.

CouunajbHblil XxapakTep CHCTeM 3a-
K1louyaercss B TOM, 4TO TIipH aBapuii-
HbIX OTKAa3axX W TNpeKpalleHuH TOoHauH
rasza rmnorpe6uTe/nsM HMeeT MecCTO He
TOJbKO 3KOHOMHYECKHH, HO H MOpaJb-
HBl  ymep6. IDkoHOMHUeckHH yuiep6
CBA3aH ¢ HapyweHueM paboThl KOMMY-
HaJbHO-OGLITOBLIX M NPOMBIILJIEHHBIX
npeanpuatui. [Ipekpamenue nogauu ra-
3a HUCTOYHHMKAM TenJjocHabxeHust (OTo-
TIHTEJbHBIM  KOTE€JbHbIM, HCTOUYHHKAM
MECTHbIX CHCTEM OTOIVIEHHS, Ta30BbIM
OTONHTE/bHbIM KajsopudepaM M TNpH-
GopaM) KpoMe IKOHOMHYECKOTo yulep6a
NPHHOCHT Yyuepsd ¥ COLUaANbHOrO Xa-
pakrepa. CouuanbHoe 3HaueHue Mmpe-
KpalleHUs TNogaud rasa Ha oTolJje-
HUe 3IlaHI/II:l H HapylieHHe BCJACACTBHE
3TOr0 paboOThl CHCTEM OTOMJIEHHS COCTOMT
B TOM, UTO CHHXEHHE TeMIleparypsl
BO3AyXa B IIOMeuleHHAX TMPHBOAHT K
HapylIeHHIO HOpPMaJbHOH  KuU3Hemesi-
TeabHOCTH Jwaed. Hapymalores ycio-
BHA OTAblXa W Tpyla HaceJeHHs, yBe-
JHUMBaeTcsl 4Hcao 3aboseBaHuil. B
pesy/bTaTe CHHXKEHHUS KOJHuecTBa pado-
TAIOIero HaceJeHHs YBeJHYHBAIOTCS 3a-
Tpathl B c(epe 3ApaBOOXPAHEHHA H
colHanbHOTO obecneuenns. [lpekpauie-
HHe [Iofayd rasa AJsi NPUTOTOBJEHHS
NHILH CHUXKAeT XKHU3HEHHbIH TOHYC JIO-
JeH, HAapyllaeT PUTM »KH3HH Y MUTAHHUS,
4TO TakxKe crnocobcTByer 3a6oeBaHUAM
H OTpHLlaTeNbHO BO3AEHCTBYeT Ha Co-
CTOSIHME OpraHu3Ma 4deJjioBeKa.

[1pHHUHNIHANBHO BO3MOXHO OBGOCHO-
BaTb YPOBEHb HALEXKHOCTH U3 TEeXHHKO-
9KOHOMHUYECKOTO pacueTa NyTeM cpaBHe-
HHA yuwepba OT OTKa3oB CHCTEMbl C
JOTIOJIHUTENbHBIMH 3aTPaTaMH, CBfA3aH-
HbIMH ¢ TIOBbIIIEHHEM HaJeXXHOCTH.
Bmecte ¢ Tem yulep6 OT cOLMaNbBHBIX
NIoCNeACTBHE OTKa3a onpefentTb ¢ Heo6-
XOAMMOH TOUHOCTbIO He TIpeiCcTaBJsier-
cs1 BO3MOXHbIM ConpanbHble MOCARACT-
BHSt MOXXHO OLLEHHTb JIHIUb KauecTBEHHO,
HO HX 3HAau€HHNe BecbMa BeJHUKO H NM03TO-
MY COlHaJbHOE 3HaUCHHe OTKAa30B A 0J1XK-
HO OBbITb 3aJl0XKEHO B OLEHKY Halex-
HOCTH pacnpejejuTe/bHBIX CHCTEM Tas3o-
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cHa6xeHusi. [lpy oueHKe HaIeXHOCTH
clcTeMbl CJelyeT UCXOAHTb H3 TPHHUH-
NHaJbHOH  HELONYCTUMOCTH  OTKa3oB,
CcYKMTas, YTO OTKA3 CHCTeMbl HNPHBOAHMT
K HEeMmoNnpaBUMbIM /51 BBHIMOJHEHHS 3a-
Na4y MOCACACTBHAM. :

PacrnpenenntesbHble CHCTEMbl HMEIOT
ABoHcTBeHHBIH xapakrep. C onHOH cTO-
pPOHbl, HCXOASl H3 COLHAJbHOrO 3Haue-
HHsI Tra30CHaGXeHHUSl OTKasbl CHCTEMbI
Heo6X0AMMO CUMTATb MNPHHUHIHANALHO
HenonycTHMbIMH. CHCTEMBI 1OJKHbBI pa-
6oTaTh HenpepblBHO H 6€30TKAa3HO.
Orcloga Heo6XOIHMO YCTaHaBJHBATh Bbl-
COKHIl yPOBEHb HALEKHOCTH, KOTOPLIH
onpenejsieT CTPYKTYpPHOe pe3epBHpOBa-
HHe TMpHHIUNHAJbHOH cXeMbl. [lpu or-
Ka3ax 3JIEMEHTOB CHCTeMa IepexXoaHT
Ha aBapHHHBIA THAPABJHUECKHH peXHM,
ras nopamlT OONbIIMHCTBY mnoTpebHTe-
Jed, HO, YYHTbIBASI KPaTKOBPEMEHHOCTb
aBapuHilHOH CHTYalHH, €ro KOJIHUeCTBO
MOXeT OblTb YyMeHblLleHO [0 CpaBHe-
HHIO C pacyeTHblM 3HAYEHHEM, UTO
COCTaB/sIeT BTOPYIO CTOPOHY Xapakrepa
cucrembl. JIMMHT nojadyu rasa B aBa-
pHHHBIX CHTYalHAX oONpejesisieT pe3eps
MOULHOCTH (MPOIYCKHOH CIOCOGHOCTH)
CHCTEeMb.

B TeopHH HALEKHOCTH TEXHHUECKHX
YCTPOHCTB OCHOBHBIM TMOHATHEM 145
OlleHKH paboTocnoco6HOCTH 3JeMeHTa
WJIH CHCTEMbl SIBASIeTCS BEpPOATHOCTHAS
oueHka O6e3oTka3HOH paboTbl B Teue-
HHe 3aJaHHOro IlepHofa BpeMeHH [
CJaenoBaTe/ibHO, OCHOBHOE TIOHSITHE CHH-
Te3UpyeT BEpPOATHOCTHbIH H BPEMEeHHOH
noaxoabl K OneHke HagexHoctd. [Ipo-
JOJKHTENbHOCTb paboThl 3JjeMeHTa Oll-
pelejsieTcsi pALOM CJAYYaHHBIX (akTo-
pPOB, HMEBIUHX MECTO MPH INPOEKTHPO-
BaHWH, CTPOHTEJbCTBE, IPHEMKe B pabo-
TY, 1 (aKTODPOB, BO3JEHCTBYIOLIHX HA He-
ro B [polecce 3Kclsyartaukhd. Bos-
AeficTBHE CyMalHbIX (PAaKTOPOB He MOA-
Jaercs TOUHOMY ydeTy, MO3TOMY nerep-
MHHHPOBaHHasi OlE€HKAa BpeMeHu pabo-

Tbl 3aMCHAETCHA BepOHTHOCTHOﬁ — 3a-,

KOHOM pacrpelenenys BpemeHn paboThl.

OCHOBHBIM KpHTEpHEM HaleXHOCTH
JJisl HEBOCCTAHABJHBAEMbIX CHCTEM SiB-
JAsieTcsi BEPOSATHOCTb HX 6e30TKa3HOH
pabotbl B TedyeHHe 3a1aHHOTO BPeMeHH
P(t). HaoexkHoCTb CJOXHbBIX TeXHHYec-
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KHX CHCTeM OLeHHBaeTC BEpPOSTHOCT-
HbIM TrokasaTeseM, OoJsiee TOJHO Xa-
PAKTePH3YIOUWIHM CHCTEMY C TOUYKH 3pe-
HHSi ee BbIXOAHOTO 3ddeKra,— NokKa-
3aresieM KauyecTBa (HPYHKLHOHHPOBAHHSA
cHCTeMbl, SABJAIOHIHMCA MaTeMaTHyec-
KHM OXHUIAHHEM XapaKTepHCTHKH Ka-
yecTBa (PYHKIHOHHPOBAHUA. DTH TOKa-
34TeJId M OmpelensiloT HeoO6XoaHUMOe
CTPYKTYDHOE pe3epBHPOBAHHE CHCTEM.

IIpu aBapuHHOM rHApaBJHYECKOM pe-
>KHME pe3epBHPOBAHHBIX CHCTEM, KOrja
13 paBoTbl CHCTEMbl BBLIKJIOYAETCH Ka-
KOH-1u60 3/ieMeHT, ee TIPOMYCKHas CIio-
co0HOCTb flafaer, U Hanbonee Hebaaro-
NPHATHO PacnoioXKeHHbIM ToTpeGHTe-
JsiM rojada rasa MoxKeT OblTb Hexo-
NMyCTHMO CHHXKeHa. Takoe MoJ0XKeHHe
NPUBOAUT K OTKasy cucrembl. Jlas
HCKJ/IIOYEeHHST 0TKa3a MPOH3BOAHTCS pac-
YeT CHCTEMBl TIpY  Haubojee Hampe-
JKEHHBIX THIPaBJHYECKHX peXHMax, CO-
OTBeTCTBYIOULHX OTkas3aM HauboJjee OT-
BETCTBEHHBIX 3jeMeHToB. [Ipn rugpas-
JHUECKHX pacyerax BceM IoTpebHTeNsM
nogaercsl JOMYCTHMbIH JUMHT rasa, Ko-
TOpbIH siBAfleTC BTOPbIM JAeTepMHHHU-
pPOBAHHBIM [OKa3aTesjeM TIpH pacuere
HaaexxHocTH. JIuMuT nogaun rasa oboc-
HOBbIBaeTCA M3 aHanu3a norpedurtesel
H ompejensieT pe3epB MNPOMNYCKHOH CIio-
COOHOCTH CHCTEMDbI.

Caenywouteét ocob6eHHOCTBIO pachnpe-
IEJHTeJbHbIX CHCTEM Ta30cHabxKeHus,
onpeaessowed crneluudHUecKHd Moaxon
K pelleHHI0 MpobJjemMbl HaleXHOCTH,
SIBJSIETCA OrpaHHUEHHble BO3MOXKHOCTH
pesepBuUpoBaHHA. ['a30Bble ceTH Kak Bbl-
COKOTO, TaK M HH3KOTD [1aBJIeHHSI HMEIOT
HHUTOXKHO MaJyl0 aKKyMYJHPYIOULYIo
crnocobHocTh (nmpuMepHo 3...494 Makcu-
MalbHO 4YacoBOH TMPONYCKHOH ¢noco6-
HOCTH), MO3TOMY CBfi3b MeXAy nona-
yeil rasza B ceTb U ero rnorpebseHueM
ABJISIETCA TIPAKTHYECKH »KecTKOH. ITo
IPHBOAHT K TOMY, YTO €MKOCTb CeTH
He CKa3blBaeTcsl HA HA[EXKHOCTH Tas3o-
CHA0XXeHHs] H He MOXKeT CJYXKHTb pe-
3€PBOM 1S NOBbLIIEHHNA HAJEXHOCTH
cuctemel. PaccpenoroueHHocTb mnotpe-
6uTenell rasa y paclpenesHTeNbHbIX
CHCTEM CYULEeCTBEHHO OrPaHNYHBAET BO3-
MOXKHOCTb HCIOJIb30BAHHUS aBapHHHBIX
HCTOYHUKOB rasa. ABapuilHble HCTOUHU-



KH MOTYT ObiTb HCMOJb30BAHbl [JIf
MOBbILLEHHS HAJeXKHOCTH JHiIb OCHOB-
HBIX JIHHWH BBICOKOTO [aBJE€HHS HJIH
OT/JeJIbHBIX HaHGosee OTBETCTBEHHBIX MO-
Tpeburteseil. OCHOBHBIMH CPECTBaMH pe-
3ePBHPOBAHHA SBJAITCA KOJbUEBaHHe
ceted M AYyGJHpPOBaHHE OTAE/NbHBIX ee
y4aCTKOB.

Ins cokpamienuss yumepba npu ot-
KJIIOYeHHH NOTpeGuTeIeH OT ra3oBoH ce-
TH B AaBapHHUHBIX CHTYauusx Heo0Xxo-
JUMO TAK ee 3anpoeKTHPOBAaTb, YTOOLI
Hejomogaua rasza Obuia He6oJbilas.
ITOro JOCTHralT NMyTeM CEeKLHOHUpoBa-
HUSI CeTHM Ha Y4yacTKW Tak, 4YTobbl K
Ka}/J0MY Y4acTKy OblIO TNPHCOEIHHEHO
OrpaHHYEHHOE KOJIM4eCTBO MnoTpebure-
qgeil. [lpaBUbHBIM CEKLLHOHHPOBAHHEM
MOKHO CYIIEeCTBEHHO TOBBICHTb MOKa-
3aTte/lb KauecTBa (PYHKUHOHHPOBAHHS
CJOXKHOH TeXHUYEeCKOH CHCTeMBI.

CyllecTBYIOT [Ba OCHOBHBIX MOYTH
MOBbIILIEHHS HAAeXKHOCTH ra3oCHabxalo-
iux cucreM. [TepBbl#l nyTb — 3T0 no8ot-
WeHue HAOeHHOCTU I Ka4ecTsa 3ae-
MEHTO8, M3 KOTODPbIX COCTOWT CHCTEMA.
3aech HUMeeTcsl B BHAY HCNOJb30BaHMe
AJis1 M3TOTORJNeHHs Tpy6 W o6opynoBa-
HUSI MarepuasjqoB ¢ Jy4YlliHMH [OKasza-
TeJAMH (CTalH C MOBbIIIEHHBIMH NpOU-
HOCTHBIMH  XapaKTepHCcTHKaMH, Gosee
JIOJITOBEYHbIe H30JISIIITHOHHBIE MaTepPHab!
H 0p.), NoBHIIEHHe TpeGoBaHHH K Ka-
4eCTBY KOHCTPYKHHUH W H3FOTOBJICHHIO W3-
aeauit  (Tpy6, 3aaBHKeK, obOopyloBa-
HHIO Ta30MpOBOJOB), MNOBLILIEHHE Ka-
4yecTBA CTPOHTEJLHO-MOHTAXHBIX pa6oT
H TOBBIIUEHHE TPeGOBaHUH K KOHTPOMSIO
KayecTBa CTPOMTENbCTBA. [las TMOBbIlIe-
HUSI HAleXKHOCTH Ta30CHAGXKAIOWHX CH-
CTeM HCMNOJAb3YIOT INpexjae BCerc 3TOT
NyTh, KOTOPBIH peaju3yT MNPH KOHCT-
PYHPOBAHHH, H3TOTOBJIEHHH H [pHEMKe
3JIEMEHTOB H Y3JI0B B 3KCIUIYaTaUHIo.
Ho korga ucuepnwiBaloTcsi TeXHHUECKHe
BO3MOXHOCTH [IOBbILLIEHHS] KAUECTBA 3Jle-
MEHTOB HJIH KOTrAa jaJjibHeHliee MOBbi-
tlIeHHe KayecTBa OKA3bIBAETCSH 3KOHOMH-
YyeCcKH HEBBLITOIHBIM, TOFAA HAYT MO BTO-
poMy TNYTH - NYTH  pe3epsuposaxus.
Bropo# nyTb Heo6X0aMM, KOT1a HaleK-
HOCTb CHCTEMbI J0J2KHA ObITh Bblile Ha-
LEXHOCTH 3JIEMEHTOB, H3 KOTOPHIX OHa
COCTOMT.

Kak oTMeuasoch BEilie, HaeXHOCTb
3/1eMEHTOB M  CHCTeM  OlleHHBaeTcs
BePOSITHOCTHO-BPEMEHHBIMH  Xapakre-
pHCTHKAMH WX paborocnocoGuocTtu. Be-
POSITHOCTHAS MPHPOJA CAydalHbIX BeJn-
UHH BblpaykaeTcsl 3aKOHOM pacripejeJe-
HHAl, KOTODbIH yCTaHaBJHBAeT CBA3b
MeX1y BO3MOXHBIMH €€ 3HAYEeHHSIMH
H COOTBETCTBYIOILHMH HM BepOSITHOCTS-
MH. 3aKOH pacnpejejeHusl caydalHoOH
BeJHUHHBI § HanboJsee MOJIHO OTpaXaer-
csl (pyHKUHMeH pacnpeaesieHusi

Fi(x)= P(E <x).

Oyukuuedl pacnpegeseHds caydad-
HOH BeJIMUHHbI HA3bIBAETCSH BEPOSITHOCTb
TOTO, YTO § NpHMET 3HAUeHHe MeHblilee,
yeM x. ®yukuus pacnpenenenus Fi(x)
siBJsieTcs HeyOblBawolied GyHKUHEH ap-
TYMeHTa X, CJeIOBAaTeJbHO, TMpH x>
> x1F(x2) == Fe(xy). Tlpn Besuumue mu-
HyCc GeCKOHEUHOCTH (YHKUHA [eNaeTcs
paBHOH HyJ/M1I0, & MPH MJIOC GecKoHed-
HOCTH OHa paBHa eaunHuue Fy -4 oo)=1.

1 AMCKPETHBIX CJAYUaHHBIX BeJH-
yuH (yHKUUA pacnpepesieHus sipJsiet-
CA pa3pbiBHOH, CTYNEHYATOH ¢yHKIHeH.
Kaxnas cTyneHbKa COOTBETCTBYeT BO3-
MOXKHBIM 3HAUEHHAM (JIy4aiHo# BeJH-
YHHBI, @ ee BhLICOTA paBHA BepoOsT-
HOCTH 3THX 3HaueHHd. Cymma Bcex
CKaukoB (PyHKIMH paBHa eauuuue. [
HEeMPEPBLIBHBIX  CJAyYaHHBIX  BeJHYHH
pYHKUHA pacnpejeneHus Takxke Herpe-
poiBHa. QOYHKIHS pacrpeieseHust MoJ-
HOCTBIO XapaKTepu3yer cJaydaiiHyio Be-
JHUHHY C BEPOATHOCTHOH TOYKH 3pe-
Hus. Ilpumepom ¢yHKIMH pacnpenene-
HHWSl HeNpepbiBHOH CJyuyaHHOH BeJsHuM-
Hbl MOXKeT CJYXHTb BpeMs paborhl
HePEeMOHTHPYEMOTO 3JIeMEeHTa [0 OTKa-
3a (Hanpumep, Bpemsi paGoTel meMGpa-
Hbl peryisAropa JasseHus rasa). Cpen-
Hee Bpemsi paloTbl, xapakTepHsyloilee
CpeAHHH YypOBeHb KaueCTBA 3JIEMEHTA,
ofipenensieTcd MaTeMaTHUECKHM OXKHia-
HHEM BpeMeHH paboThl 3JeMeHTa [0
oTKasza (Bpems Hu3uu). Ho B cuay
cJydyaHON NpPUPOAbI BPeMS KHU3HH KaXK-
JOT0 KOHKDeTHOro 3jemedta (membGpa-
Hbl) Oyper B TOH MM HHOH CTemeHH
OTJIH4ATbCA OT CPEJHero 3HaueHHs. JTO
OTJIMUHE M OTPAXKaeT 3aKOH pacnpepe-
JICHHSI.
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Puc. 9.1. dynxkuns pac-
npefeneHus BpeMeHH

KH3HH HEPEMOHTUDYEMO-
r0 IneMeHTa

[Tpumephblit BUA yHKIMH pacnpene-
JIEHUs CJAYYaHHOH BEJHYHHBl T— Bpe-
MEHH XKH3HH HEPEMOHTHPYEMOTO /1€ MEH-
Ta nokasan Ha puc. 9.1. B Hauanb-
Hbii mepHO] paboTh BEPOSITHOCTL OTKa-
30B Maja H 3HauyeHHe Fi(f) pacrer
MenienHo. B cpenwe#t wactu kpuBas
nojnumaercst Kpyro. Hem Goabuie Kpy-
TH3HA KPHBOW, TeM MeHbiUHM pasbpo-
COM XapaKTepH3YIOTCH MOKasaTeaH Ka-
UeCTBAa H3TOTOBJIEHHA 3JIEMEHTOB. B
CBOEH KOHEUHOH 4YacCTH KpHBasi TakxKe
BECbMa [0J0ra, TAK KaK BepOSTHOCTb
IJIMTeNbHOA palboTbl 3JjeMeHTa 3HAuH-
TEJIbHO Gonblle CpeAHell BEJHUHHBI BECh-
ma wMaJja. BeposiTHoeTs TOrO, 9TO
BPEMSI XM3HH 37eMeHTa GyneT MeHbille
ti, onpenensiercst dyukuuedn Fot),
cilefoBaTenbHo,  Fi(#)  xapakTepuayer
HaleXXHOCTb 3JeMeHTa, Tak Kak F.’
€CTh BEPOATHOCTb OTKA3a 3JeMEeHTa Jo
MOMeHTa f:

F{t)=P(r<t).

BepoaTtHocTh 6€30TKasHol  paboTbl
aneMenta GoJbllle BpeMeHH [ ompepne-
JISIETCS1 BbIpaKeHHEM

P(t)=1—F{t)=P(r>1).

STa BEpPOATHOCTb Ha3biBaeTCH
Pynxyuei Hademnocru. Ona apasercs
OCHOBHBIM KDHTEDHEM HaLEeXKHOCTH, Xa-
PaKTepH3YyIOWNM 6e30TKAa3HGCTb paboThi
sneMeHTa (CHCTEMbl) B TedeHHe 3ajaH-
HOro nepuojga BpeMeHu. BesoTkasHocTb
CNOXKHBIX TeXHHUECKHX CHCTEM, K KOTO-
pPLIM  OTHOCATCH  pacnpeae/uTe/bHbIe
CHCTeMbl ra30cHabkKeHHsI, XxapaKTepH3y-

182

ercst 6oJiee CJIOKHBIM BEPOSITHOCTHBIM
TIOKa3aTeNeM — noKkasaresem Kawecrsa
pynkyuonuposanus.

Hacro sakon pacnmpenenenus nempe-
PBIBHOH cny4alHHOR BeJHMUHMHBI 3a7aI0T
B BHAE (YHKUHH IJIOTHOCTH pacrnpeje-
neHust f(¢), xotopas cBsizaHa ¢ QyHK-
uned F(x) COOTHOLEHNUSAMH:

fx)=F'(x) n

Cpeanee Bpemsi XH3HM (6€30TKas-
HOH pa6oThl) 3JeMeHTAa OMpeiensiioT
KaK MareMaTH4ecKoe OXHAaHWe Mt
cnyuyafHo#l BeSIMUMHBL T:

T0=MT=S ¢t wan T0=g P(t)dt .
0

4

Hapnexunocrs xapakrepusyerest doa-
208€4HOCTbI0 — CBOHCTBOM  COXPaHATh
paboToCrnocO6HOCTE A0 MpeAesbHOrO co-
CTOSIHHS C JONYCTHMBIMH MepepbiBaMu
WIH 6e3 HHX MNPH TeXHUYeCcKOM 06-
CNyXXMBAHUU H peMmoHTax. Kak orwme-
4a/naoCh BBILIE, paclpefesuTe/bHbie CH-
CTEMbl Ta30CHAGKEHHST SBJASIOTCH CH-
CTEMAMHU AJTHTRJIbHOTO A€HCTBHUS, NpHUeM
AJUTENLHOCTE HX paboThi Ha mepcnek-
THBY He ycraHaBauBaercs. OHu cy-
WECTBYIOT H pa3BMBAIOTCHA, MOKa Cy-
IWECTBYET IOPOJ HJIM HACeJEHHbIA MyHKT
WJIH MOKa JJ1s1 SHeprocHabkeHusi ropoja
He GYJleT HCNo/Ib30BaH APYFOH 3HEpPro-
HOCATEJb, TPeOYIOIIHH HHYIO CHCTemy
pacnpenesenusi. Ilostomy gosnroseu-
HOCTb HE MOXKET CJYMKHTb XapaKTepHc-
THKOH HaJeXKHOCTH CHCTEMbl ra3ocHa6-
KeHHs.

JLoroBeyHOCTBIO  XapaKkTepH3yioT
Ha[l€XKHOCTb 3/J€MEHTOB CHCTeMBI: TPY6,
apmarypei, o6opynosanua u up. Cpok
C/YXObl 371EMEHTOB ra3oBol CeTH BbIGH-
pamT TakuM, 4YTOOHl MCKJIOUUTb (ak-
TOp CTapeHusi. ITO BhITEKAET H3 TPe6o-
BaHUH GE30MacHOCTH MOJIb30BAHUS CHC-
TeMoit. Tak, B KOHCTpyKumu rasonpo-
BOLOB MMEIOTCS 3JIeMEeHThbl (Harnpumep,
H30JIsillHs), KOTOpble crapewr. Jloaro-
BEUHOCTb KOHCTPYKUHUH ONpeAe/soT I10



CpoKy cayscbo. HaHMeHee [0JITOBEYHO-
ro saemenra. Jlasi rasonpoBogoB Cpok
c/IyKObl BbIGHPAIOT TAKHM, YTOOLI H30-
JALUMA ewme obecrneynBana ero jJocra-
TOYHYIO 3aIIUTY OT KOppo3uu. Takum
o0pa3oM, TMOHATHE [OJTOBEYHOCTH He
CKa3biBaeTcsi Ha OGOCHOBAHUHM CXeMbl
pacrnpeaesnnTe/ibHOH cHcTemMbl M BblGopa
pezepBa. JlONTOBEYHOCTb oONpenensieT
CPOKM MeXIYy KAamnHTa/JbHBIMH pEMOH-
TaMH.

Cucrembl ra3ocHaGXeHHS] — PEMOH-
THpyemble cucrembl. [lostomy onu xa-
PAKTEePH3YIOTCHA peMOHTONRPU2OO-
HOCTb!0 — CBOHCTBOM, 3aK/IOUAI0UIUMCS
B MpPUCMOCOGJEHHOCTH CHCTEMBI «K Ipe-
AYNpexIeHHIO, OOHapYyKeHHI0 U ycTpa-
HEHWIO OTKAa30B M  HEeHCNpaBHOCTeH
nyTeM INPOBEJEHHS TEXHUYeCKOro ob-
CJYXHBAHHUS U peMOHTOB. OCHOBHBIM
noka3areneM PEMOHTOMPHIOAHOCTH
CHCTeMbl Ta30CHaGKeHHs sIBJIAETCH Bpe-
MSl  BOCCTAHOBJIEHHS  OTKa3aBllero
3/1eMeHTa Tp.

JInsi BO3MOKHOCTH OLIEHKH HajeX-
HOCTH CHCTEMBl IIpexJe BCero Heob6-
XOIHUMO TOYHO c(hOpMYyJHPOBATH TOHS-
THE OTKa3a 3JIeMeHTa, paccMOTpeTb (-
3HYECKHe M BEPOSITHOCTHBIE YCJOBHSA
BO3SHHKHOBeHUS1 OTKa3oB. Boobme oT-
Ka3 3JieMeHTa — 3TO HapyllleHue ero
paGoTOCNOCOBHOCTH, AJISi BOCCTAHOBJE-
HUSL KOTOpO# HEOOXOAUM PEMOHT ¢ OT-
KJAloueHuem sneMeHTa u3 cucrembl. Ogn-
HAKO He BCSIKOE OTKJIIOYeHHe 3JeMeHTa
NPHUBOIUT K OTKa3y cuctemn. Ecau
OTKJIOYeHHe MPOH3BECTH B MEPHOJ cra-
na Harpysku, B HepaboudHe [HH Mpo-
MBILLJIEHHBIX MPeANpHSTHH, Toraa 3TO
OTK/JIIOUeHHe He CKaxKeTcs Ha raso-
cHa6:xeHuy notpebuteneil. [Toaromy noa
OTKA30M 3J€eMeHTa HCXOasl U3 YCJOBUHA
paboTocnoco6HOCTH  cHcTeMbl  Oyjaem
[IOHHMaTb BHe3anHbii 0TKA3, KOrna
HEOOXOAMMO CPOYHOE OTKAIOYEHHEe 3Jje-
meHTa. Tako# OTKa3 mpuBejeT K Hapy-
IIeHHIO paboTbl CHCTEMbl, K MaTepHaJib-
HOMY H MopajibHOMY yuiepGy.

[IpuunHamMu OTKa30B, CBSI3AHHBIX €
HapylieHHeM MPOYHOCTH 3JE€MEHTOB, fB-
JAIOTCA ChyvaiHble COBTMAAEHUS mnepe-
rpPy30K Ha ocjaab/ieHHbIX MecTax 3Je-
MEHTOB, CJIe10BaTE/bHO, MNpHpOLA OT-
Ka30B HOCHT BEPOSITHOCTHBIA Xapakrep.

PN)
P(R) PIN)
|
I\ /|
| !
M(N) RHUMlelI«I M/ﬁ)

P(R)

N,R

Puc. 9.2. Kpusne pac-
npegeaeHus BHEWHHX
so3peiicteuit N B Hecy-

ume# cnocoGHOCFH TPY-
6onpoBona R

[IpouHocTh  37€MeHTa  onpeaensieTcs
3HAUEHHSIMH psifla He3aBHCHMBIX CJay4ai-
HBIX BeJUUMH, KaXaas M3 KOTOpbIX
HMeeT CBOH 3aKOH pacnpegesneHusi. B
GOMbLIMHCTBE CJy4aeB 3aKOHbl pacmpe-
JeneHusl SIBJASIIOTCS HOPMasbHBIMH, TakK
KaKk 3HaueHHe BeJWYHHBI 33BUCHT OT
0oJbLIOTO 4HCAad, OJH3KHX 1O CBOEMY
BJAHAHHUIO caydaiubix pakTopos. Hanpu-
Mep, CHHXeHHe TPOYHOCTH CBapHOro
1IBA MOXKeT ObiTb CBSI3aHO C HeMNpo-
BapOM, HAHUYHEM IJAKOBBIX BKJIOUEHHH
H JpYyrdx TMNpHUUH, KOTOpble, B CBOIO
ouepeab, 3aBHCAT OT KBajH(PHKALHU
CBApIIHKA, KauecTBa HCHOJb3yeMbIX
3JIEKTPONOB, YCJOBHH CBapkd H T. A.

Ha puc. 9.2 nokasaHbl 3aKoHBI
pacnpejesieHusi Hecyue#t crnocoGHOCTH
371eMeHTa R H Harpyskd Ha snement N.
3xech Hecyulasi Cnoco6HOCTbL H  Ha-
rpy3Ka paccMarpuBaIOTCs Kak caydyai-
Hble BeJHuHHbl. OTHOUIEHHE MaTeMaTH-
YeCKHX OXHIAAHWHA 3THX BeJuuuH R u N
JaeT 3amac NPOYHOCTH, TPHHATHIA npH
npoeKTHpoBaHUH sjeMeHTa. OQHAKO XO-
TSl U € MajloH, HO YyYUTbIBaeMoil BeposT-
HOCTbIO MOXeT HabsaloxatbCsi ciayda#,
korga N >R"™ . 1 e npounsofiger
paspylLleHHe SJeMeHTa, HAaCTymuT OT-
ka3. CuenoBarenbHo, BTOpoil ocoGeH-
HOCTbIO OTKAa30B $IBJSIETCS TO, YTO OHH
OTHOCATCAA K KaTeropuu peakux coGbi-
tuii. Takum o6pa3om, riaBHble cBOMCTBA
OTK430B 3aK/A04alTCsl B TOM, UTO
OHM NpeacTaBAsAOT cobofi cayuaiinbie
U penkHe CcoObITHSA. IDTH CBOHCTBa
XapaKTepH3YIOT He TOJbKO OTKa3sHl,
CBfI3aHHble ¢ HapyUIeHHeM TNPOYHOCTH,
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Puc. 9.3. 3asucumocrb
HWHTEHCHBHOCTH OTKa308
OT BpEMeEHM

HO W Bce ortka3bl. Ecau HapyuieHue
paboTocnOCOGHOCTH 3/1eMEeHTa He ABJSf-
eTcsl caydyaidHblM COGBITHEM, CJeloBa-
TeJbHO, €r0 MOXKHO TpefycMOTpeTb H
yuecTh B pacuyeTax.

OpaHofi u3 BaxHeHWIMX XapaKTepuc-
THK HajJ€XKHOCTH 3/J€MEHTOB SIBJSETCS
VWHTEHCHBHOCTb OTKa30B A, KOTODYIO
MOXHO ONpelequTb KakK BepOSTHOCTD,
TOro, uTo 3JIeMeHT, npopaboTaBilHil
0€30TKAa3HO BpeMs {, OTKAaXeT B Toc/e-
aywomuit momeHT dt. U3 reopuu Beposr-
HOCTeH HM3BECTHO, 4YTO BEPOSTHOCTb
COBMECTHOTO TOSIBJI@HHS IBYX COGBITHH
HJH BEpOATHOCTb HX NPOH3BEACHHA PaB-
Ha MpPOU3BEJEHHIO BEPOSITHOCTH OJHOrO
M3 HHX HA YCJIOBHYIO BEPOSITHOCTb ApY-
roro fpH YCJOBHH, uTO nepBoe coGbl-
THE MPOU3OLLIO:

P(AB)=P(A) P(B/A).

Byaem cuutarbe coGbiTHeM A 6es-
OTKa3Hyl0 paboTy 3JeMeHTa B TeueHHe
Bpemend (0, f{). BepositHocTb 3TOTO
coGuitusl 6yaer P(A)=pF(0,f). 3a coGol-
THe B rnpumem 6esoTkasHyw paGory
3JIeMEHTa B TeueHWe BpeMeHH (¢, ?))
MPH  YCJOBHMH, 4YTO OH 6e30TKa3HO
npopaGoran Bpemsa (0,¢), T. e. mpu
YCJIOBHH, 4TO TIpon3onnio cobbiTHe A.
BepositHocTe  Takoro  coOBITHSL  eCTb
ycaoBHast BepositHoctb P(B/A)=P(t,t).
BeposiTHOCTL COBMECTHOTO TOSIBAEHHS
cobuituii A u B, T. e. BepoOSITHOCTb
6e30TKa3HOH paboThl 3/7eMeHTa 3a Bpe-
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ma (0, ¢), paBHasi NpOU3BeAEHHIO
pOSATHOCTeH

P(AB)=P(A)P(B/A)

Be-

HJIH

PO, t)=P(t\)=P(0,t)P(t,t,)=
P()P(t,1).

Orciona BeposiTHOCTH 6€30TKa3HOH
paGoTbl 3sneMeHTa 3a Bpemsa (¢, )
IpU YCJOBHM, 4TO OH O€30TKAa3HO MNpo-
pa6oran Bpemsi (0, ), paBua:

P(t,tl)=P(t|)/P(t).

BepositHocTh oTKasza 3a (ffy) Kak
MPOTHBOIOIOXKHOTO COOBITHS OTpenens-
eTCsl BbIpaXKeHHeM

P(t)— Pt
Ht ) =1 =R, 1) = (=
__ P)—P(t+AY)
PG
[Tepexoasi K GECKOHEYHO MaJbiM
BEJMHUHUHAM, NOJYUHM
__ar@
O
__ PO 4
= — gy A=t

CJjiefloBaTe/IbHO, BEPOSITHOCTb OTKA3a
3a GecKOHeuHO Majoe BpeMmsi df, ecjau
J0 3TOr0 MOMEHTa 3JieMeHT 0e30TKas-
HO paboraJ, paBHa:

Mb)dt, rae

P'(t I dP(®)
W)=-‘P<(T>)=*7><T>T'-
SIB/ISIETCA HHTEHCHBHOCTbIO OTKA30B 3Jle-
menra. Oua npeacrasasier coGo#i Jjo-'
KaJbHYI0 XapaKTepPHCTUKY HaJeXHOCTH
WM BEpOSITHOCTb TOTO, 4YTO 3/IEMEHT,
npopaforaBiuui Ge30TKAa3HO B Te4deHHe
BpEMEHH [, OTKaxer B CJEAYIOILYIO
eIHHHUIY BpeMeHH, ec/d 3Ta eIHHHLA
MaJa.

Oyukuusa M{) moxer GbiTb MPUOIH-
KEHHO OmpenejeHa 3IKCIepPHMEHTaJbHO
nyteMm Hcnbltanduss N sjgemeHToB. Ecau
40 MomeHTa ¢ He oOTKasajo n(f)
3JE€MEHTOB, TOrAa MPH AOCTATOYHO
GoJibiioM 3HaueHWH N H [I0CTaTOYHO
MaJioM 3Ha4YeHHH A/ MOXKHO HalucaThb:



P(f) _ P{t)—P{+AL

M= —

P~ At P(1)
n(ty—n(t + Ab)
N _ An
n(t) NTON
A ‘W_
rae An — 4HC/I0 OTKa30B 3a BpeMsi At.
JKCrepHMEeHTaNbHO  Ofpeje/ieHHas
BesuHHa A(f) npeacrasssier cobOH
yAeJbHYIO uacToTy oTkas3oB. MHoro-

YKCJ/IEHHBIE OMNbITHBIE 1aHHbIE MOKA3bIBA -
0T, uto GYyHKUHA A{) Aas8 MHOTHX
3JIeMEHTOB CHCTEM HMeeT TPH xapakrep-
HbiX 1nepuoga (puc. 9.3). [Ilepsmifi
nepuoj ot 0 go T, sAABAsieTCA nepuodom
npupaborku, KOT1a OTKAa3bIBAIOT Te 3Je-
MEHTbI, KOTOpbI€ HMEeJH CKpbIThie aedek-
Tbl. DTOT MEPHOA XaPAKTEepPH3yeTCs Bbl-
COKOH HHTEHCHBHOCTBIO OTKa30B, KOTO-
pasi, OfHaKo, GLICTPO yMeHbillaeTcsl, H
nocje wmomenta T, coxpaHsiercsl Io-
cTosiHHOH. Bropoll nepuon — 3ro ne-
puon Hopmaaornoil paboret. OH siBASET-
csl OCHOBHbIM H Xapakrepuayercsl Mo-
CTOSIHHOH  HMHTEHCHBHOCTBIO  OTKAa30B.
[Tocnie onpeneneHHOro nepHoaa 3KcIIya-
TaUHH, HauHHass ¢ mMomeHTa T,, Ha OT-
Ka3ax 3JeMeHTOB HAaYMHAIOT CKa3blBaTb-
cfl MX H3HOC H CTapeHHe, H 3JIeMEeHT
NepexoNuT B TPeTHH NepHoa — nepuod
crapenus. B 3T0T nepuoa HHTEHCH BHOCTh
OTKA30B 3JleMEeHTa pacTeT.

PaccmorpenHasi 3aBHCHMOCTB A OT
BPEMEHH CTPOTo CIIpaBeAJnBa s Hepe-
MOHTHPYEMBIX U3/eJHH. DJIeMEHThl CHC-
TeMbl Ta30CHAGKEHHS PEMOHTHpPYeMble.
Ho paccmoTpeHHast 3aKOHOMEPHOCTD SIB-
JISIeTCsl CrpaBe/IMBON /ISl BHOBb 3amy-
LULeHHOH CHCTeMbl, A0 MEPBBHIX OTKAa30B
ee 3jeMeHTOB. Bce 3/1eMeHThl CHCTeMbl
ra3ocHalKeHHsT 10 MycKa B 3KcrJyara-
LLMI0 MPOXOASIT UCMBITAHHA H HaJaIKy.
B Teuenue 3TOro mepHoga OGHApYXKH-
BAIOT ¥ ycTpausiiorT Bce aedextsl. [1o3-
tToMy nepuoa mpupaborku (0..T,) anas
CHCTEeMbl Fa30CHAGKEHHSI MOXKHO He YuH-
ThiBaTb. BBHIy OMacHOCTH, BO3HHKAIO-
el mpu orkasax (yreuka raza, obpa-
30BaHHe B3pbIBUATBIX CMeCeH, MOXKaAPhl H
T. M.), CPOK CJYXKObl 3/1€MEHTOB TpH-
HHMaT MeHbiue T,, cl1ei0BaTte/bHO, B
pacdeTax CHCTeM ra3ocHaG KeHHs] HHTeH-
CHBHOCTb OTKa30B MOKHO MpPHHHMAaTb
MOCTOSIHHOH.

IIpn Beguuune A=const BepoAT-
HOCTb 6e30TKa3HOoH paboThl j1eMeHTa 3a
Bpems ! olpejeJisieTcss Tak:

dP(t)

Mt = — 0 M= —Iln P(t),
Tak Kak npu (=0; P(t)=1.

Orciona BepOSITHOCTL 6e30TKa3HOoH
pa6oThbl 3a BpeMsl { paBHA:

P(f)y=e".

Takum 06pa3om, MOXKHO CUUTATH, UTO
(DYHKLHS HANEXKHOCTH 31 MEHTOB CHUCTEM
ra3ocHabKeHHs NMOAUYHHSIETCS IKCIOHeH-
UHaJbHOMY 3aKOHY.

BeposiTHocTh OTKa3a 3jieMeHTa 3a
BpeMs ! (HeHaJeXKHOCTb) paBHa:

Flfy=1—e"""
4 NJIOTHOCTb BEPOSITHOCTH OTKAa30B
F'(Hy=[(t)=he ™.

Paccmorpentble XapaKTepHCTHKH OT-
HOCATCHA K HEBOCCTAHABJIUBAEMbIM 3JIe-
MeHTaM H HCHOJb3YyIOTCs npu paspabor-
K€ OLEHOK HaaeXKHOCTH PEMOHTHpPYEMbIX
H3eJHH.

9.2. OTKasbl
BOCCTAHABNMBAECMbIX 3NTIEMEHTOB.
Mortok oTka3sos

Pab6ota sinemeHTa cHcTeMbl razocHal-
XKeHHsl MPEeACTaBJ/seTCs CleYIOIHM 06-
pasoM. 3JjeMeHT paboraer a0 OTKasa.
[Tocsnie oTkasza ero BBIK/AIOYAOT H3 CHC-
TeMbl, DPEMOHTHDYIOT (3aMeHSOT) H
BHOBb BKJIOYAKT B pabory. Marema-
THYECKAf MOJeb npouecca GyHKIHOHH-
pOBaHHA 3/€MeHTa NoKasaHa Ha puc. 9.4.
B n11060#i MOMEHT BpemeHH ! 3JeMeHT
MOKeT HaXOIHTbCS MJIH B COCTOSIHHH
MCMPaBHOCTH, WIH B COCTOSIHMH OTKa3a.
Cawm npouecc GyHKUHOHHPOBAHHUS Mpe[-
cTaBJsieTcss yepeaywolueicss nocjaeaoBa-
TEeJbHOCTLIO BEJMUHMHBL: &, Ti, &2, T2y...,
&, 1, Tie § —AJMUTeJbHOCTD i-TO Mepuoaa
UCTIpaBHOH paboThl, a T, — AJHUTENb-
HOCTb [-FO PEeMOHTa (IepHojaa 0TKa3a).
[TocnenoBaTesbHOCTL OTKA30B 3JjemMeHTa
BO BpPeMEeHU COCTABJfAET MOTOK OTKAa30B.
[ToTok oTka3oB xapakrepuayercs mapa-
METPOM TIOTOKA OTKAa30B w, KOTOPBIH SIB-

JIFIeTCsA daHaJIOTOM HHTEHCHBHOCTH OTKa-
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]

MOMEHThH BKJIOYEHHS
sneMenta B paboTy Ioc
e peMOoHTa (HJH 3aMe-
Hbl), & — JIHTENBHOCTH
nepdoaa pa6otel, Ti—
IUIATENbHOCTL PEMOHTa

Puc. 9.4. MartemaTHyec-
Kas mojaeldb npouecca
PYHKUHOHHPOBAHNSA JAe-
Meura
a, Qsq,
orkasoB, &, &2,

Q3 — MOMEHTHI
8 —

30B A. JIJsi MOTOKOB OTKa3oB OpAHHAp-
HbIX H He HMEIOILHX MOCIelelCTBHS 3TH
noHATHS coBnaaalotT. Bmecre ¢ TeM OHHu
AMEIOT PasNuuHyio PHPORY: @(f) Mpu6-
JHXKEHHO paBHO 6e3ycJIOBHOH BEpOSITHO-
CTH OTKa3a 3JeMeHTa 3a eJIMHHIY Bpe-
MeHn (KoTopasi [OCTaTO4HO MaJja), a
Af siBAsETCS YCJAOBHOH BEPOATHOCTBHIO
,0TKa3a 3a eAHHHLY BpeMeHH Npu YyCJjao-
BUM, UTO 3jeMeHT mpopaboran 6e30T-
Ka3Ho A0 MOMEHTa .

‘PaccMOTpUM OCHOBHbIE XapaKTepu-
CTHKH peMoHTMpyeMblx usaeani. [Ipenno-
JIOXHM, 4YTO HMeeTcs BO3MOXKHOCTb
HabJoAaTh 3a cocTosiHueM N OXHHAKOBbIX
y4acTKOB ra3oNnpoBOA0B, KX bl H3 KO-
TopbiXx AJuHOH [ (km), MM 3a cocC-
TosiHHeM N 3a1BHKEK, YCTAHOBJIEHHBIX
Ha rasonpoBojax, B TeueHue ¢ jer. 3a
3TO BpeMSI Ha Ka)A0M Y4acTKe raso-
NPOBOJA HJIH HA KAXK0H 3a1BUHKKe GbLI0
obuapyxkeno no myf) mnOBpexaeHHs
(oTKa30B), KOTOpble GBLIM YCTPaHeHbL.
B Takom ciyuae cpeaHee UHCJ/IO OTKA30B
no Hapa6oTku ¢ Oyler:

mt)=2\ m{t) / N

B npepene npH oueHb GOJbIIOM
uhcae HaGa01aeMblX OGBEKTOB TNOJY-
yaeM XapakKTepHCTHKY MOTOKA OTKa30B

H(t)= lim X, m{t)/ N .

N— o0 (=1
Jlaisi Ta30onpoBOA0B H HX o6opynoBa-
HHS MePHOA MNpupaGOTKH OTCYTCTBYeT,
TaK Kak BO3MOXHble j1edeKTh obHapy-
XKHBAIOT BO BpeMsl UCIbITAHHUS NMpH NPH-
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emke, H GyHKUHIO H(f) MOXKHO cuHMTaTh
aupefinoi: H(f)=ol.

3nechb BequunHa w=const — napa-
metp noroka orkasos. Ero omnpese-
JISIIOT 3KCIIEPUMEHTANbHO HJIH H3 CTATHC-
THUECKHX AAHHbIX MOBPeXAeHHH, PHKCH-
pyeMbIX IKCIIYaTHP YIOIMMH C1yKOaMH.
Ecnn 3a Bpems HaGmogeHHust (0ObiUHO
At NpHHUMAIOT pPaBHHIM OAHOMY TOAY)
Kaxablil snement u3 N HabjaogaeMbixX
oTKasaj m, pas, Toraa

N
mzz m,/ NAt.

=1

BeauuuHy, o6paTHyio napameTpy ro-
Toka 0TKasoB T=1/0, H3mepsieMyio B
rogax (uacax), masbiBaoT HapaboTKol
na orkas. Beauwuwna T — 310 cpegHee
BpeMs paboThl 3eMeHTa (yuacTka raso-
npoBOAA, 3aJBHXKKH, KOMIleHcaTopa
H T. A.) Mexay oTkasamu. [lapamerp
NOTOKa OTKAa30B ra3onpoBOAOB OOBIUHO
otHocsAIT K | KM aJdHHBl. B 3tom cay-
yae

o=wl,

rge ;— TapaMerp NOTOKAa OTKAa3oB, OTHECEeHHbIH
K | kM ¥ usmepsiemslit B 1/(rog-xm), { — piuna
rasonpoBojia, KM

CoBpeMeHHbIH yPOBeHb CTPOHTEJNbCT-
Ba, KOHTpPOJISI KauecTBa CTPOUTEJbHO-
MOHTaKHblX paboT, a TakxXKe 3Kcmiya-
Tauu¥ rasoBbiX ceTell obecreyHBaer
Be€CbMa MaJIylo BeJIHUHHY mapameTpa no-
TOKa OTKa30B. Manas BepOsITHOCTL OT-
Ka30B ra30oBbIX ceTed sBJseTCA Tak-
)Ke CJeJCTBHEM MPOCTOTHl X KOHCTPYK-
uu# H CTATHUeCKOro pexuma paborhl,
MPpH KOTOPOM OHH HE HecyT NPeRyCMOT-
PEHHBIX pacuyeToM 3HAKOIEPEMEHHbIX H
MHEPLHOHHBIX HAarpy3oK. OTKasbl BO3HH-
KaIOT M[pH CJAy4yaiiHOM COBINAJeHHH I10-
BbILIEHHBIX HATpPy30K Ha ocJab/eHHbIX
37leMEHTax, TO3TOMY OTKa3 sIBJAETCS
caydaiiHbiM H peakum coGuithem. Cay-
yalHble OTKa3bl 3J€MEHTOB CHCTEeMbI ra-
30CHaGXKEeHHA OTHOCAT K INpocreiiuemy
MOTOKY CJay4aHHbIX COGBITHH WJIH OJHO-
poaHomy mnpoueccy Ilyaccona. Takue
MPOLIeCChl XapaKTePH3YIOTCA CTallHOHap-
HOCTbIO, OTCYTCTBHEM TOCJAeAeHCTBHA
¥ opauHapHoctblo. [lokaxkem, 4ro



3TH YCJOBHS BbIMOJHSIOTCS U A/ CHCTEM
rasocHaOKeHHs.

CrayuonaprocTu oTBeUaeT TAKOH 10-
TOK CJy4aHHbIX cOOLITHH, KOraa BeposiT-
HOCTb HACTYIJIEHHS1 Ofpeje]eHHOTO HX
YHCJIA HA 32/]aHHOM MPOMEKYTKe Bpeme-
HY 3aBUCHT OT JJIHTEJbHOCTH pacCMaTpH-
BAaeMOro IMPOMEXYTKa, HO HE€ 3aBHUCHT
OT €ro cjABHra Ha Ty HJIH HHYIO
BeJIMUMHY TIO OCH BpeMeHH. B mpouec-
cé 3KCIJyaTalHdd napameTp MOTOKa OT-
Ka30B 3JIEMEHTOB CHCTeM rasocHabxe-
HHSl COXPAHSIeTCsl TNPHMEpPHO MOCTOSH-
HbiM. CJyieoBaTeNbHO, YHCJAC OTKAa30B
NPOMOPIIHOHAJNBHO paccMaTpHBaeMoOMY
NPOMEXYTKY BpPEMEHH M He 3aBHCHUT OT
€ro cOBHra B Mpejpejax BpeMeHH
skcmayaTtauni. Takum oGpa3om, sjeMeH-
Thl CHCTeMbl rasocHab:KeHHs o6jganaior
CBOHCTBOM cTayuonaproctu. Ecau 3se-
MEHT XapakTepu3yeTci OTCYTCTBHEM
MoCaeJeHC TBHA, TO 3TO 3HAYHT, UTO OTKA-
3bl BO3HHUKAIOT HE3aBUCUMO ApYr OT
npyra. PacnpegesuTe/ibHble Ta3onpoBo-
Ibl TPOEKTHPYIOT Takum 00pas3oM, uro-
Obl pa3pblB OJHOTO yYacTKa ra3orpoBoO-
Ja He MOl MOCJYXHTb TPHUMHOH IOB-
pexaenus apyroro. [Ipy BbIK/IIOUEHHH H3
paboThl napaJJiesibHOr0, KOJbLYIOLIETO
ydacTka UaH o60opy/10BaHHs pacxosl ra-
3a yepe3 JpPYyrHe ydacTKH BO3pacTaior,
HO MpH 3TOM JaBJjieHHe B TOpOJACKOH
CEeTH He yBeJIHYMBAaeTCs], I0ITOMY He yBe-
JHYHBAeTCsl H Harpyska Ha Tpy6y. M3z
H3JIOKEHHOTO cJeayeT, YTO CHCTeMbl Ta-
30CHAGKeHUA He UMEIOT ROCAe0elicTBUSA.
Opounaprocroio 061aAal0T TaKHe CHUC-
TeMbl, Y KOTOPBIX MPAKTHYECKH HEBO3-
MOXKHO MOSIBJIEHHe [BYX HJH HeCKOJb-
KHX OTKa30B 34 MaJibli TNpPOMEKYTOK
Bpemenu. CucTembl rasocHabxkeHusi 06-
JIaJa0T CBOHCTBOM opdunaprocTu. Be-
pPOSITHOCTb M OTKa30B 32 Bpemsi { B
npocTefilieM TMOTOKe COOLITHH P ({)
pacnpejenasietcss 1no 3akoHy Ilyaccona

BepositHOCTH TOro, 4TO0 B HHTEpBA-
Jde BpeMeHd ¢ He OygeT HH
OJHOTO OTKa3a, paBHA:

Po(t)=e~0'= P(#).

3Ta BepOATHOCTb ecTb (QYHKUHSA Ha-
JEXHOCTH 3JI€MEHTOB CHCTeMbl TIaszo-
CHaGXKeHHs M TOJUHHAETCS! 3KCIOHEH-
LIHaJIbHOMY 3aKOHY.

HanexxkHOCTh peMOHTHpyeMBbIX 3Je-
MEHTOB Xapakrepuayercsi KosdduuueH-
TOM TOTOBHOCTH K:, KOTOpbIH papeH
BEPOSAITHOCTH 3acCTaTb 3J€MeHT B HC-
npaBJeHHOM coCTOstHHM. [lasi pacueros
OObIUHO HCMOJIb3YIOT CTALHOHAPHBIK KO-
sppuunenT K;, K KOTOPOMY CTPEMHTCS
K(t) ¢ pocrom Bpemenu. Koadou-
IIHeHT FTOTOBHOCTH OMNpeaessioT no ¢op-
myJe

Ki=T/(T+T,),

rge T — Hapa6oTka Ha otka3, T=1/w; T,— cpexn-
Hee BpeMs BOCCTAHOBJICHHS.

J1J1s1 3/1eMeHTOB CHCTEM ra3ocHabxe-
HHSl Bpemsi HapaGOTKM Ha OTKas
HecouamepuMo GoJiblie CpeHero Bpeme-
HH peMOoHTa (NpHMEpPHO Ha ueThpe
nopsiiKa), No3ToMy Ko3p@HIHEeHT roToB-
HOCTH NMPAKTHYECKH PABEH eJHHHLE H He
UCIONb3YeTCsl /5 OUSHKH HAaaeKHOCTH
3JIEMEHTOB T'a30BbIX CeTeH.

OcCHOBHBIMH BHIaMH TOBpeXIeHHH
pacrnpefenuTeJbHbIX Ta3oMpoBOAOB sIB-
JSIIOTCA MeXaHHUYeCKHe, KOPPO3HOHHbIE H
paspbiBbl CBAPHBIX I1BOB.

Mexanuueckue nospemcoerus moj-
3eMHBIX [a30MpOBOJOB OOLIUHO BO3HHM-
KaloT NpH HENpaBHWIbHOM HJIH HeOpexk-
HOM THPOH3BOACTBE CTPOHTE/JIbHO-MOH-
Ta)KHbIX paGoT BOJU3H MECT HX IPOK-
JlaJKH, HO OfpejesieHHAasl 4acTb mexa-
HHUECKHX TOBPEXACHHH HOCHT CJay4ai-
HbIl XapakTep, KOTOPYIO CJleyeT YuH-
TbIBATH [PH  pacyeTax HaAeAKHOCTH
pacnpefe/iMTeNbHbIX Ta30BbIX  CeTel.

3HauHTe/IbHOE KOJHUECTBO TOBPEX-
JleHUA rasonpoBO/JOB BO3HHKAeT H3-3a
KOppPO3UOHHO020 8030eliCT8US TPYHTA HIIH
bayscdarowux T0K08. AKTHBHBEIE KOPPO-
3HOHHbBIE NPOLLECCH IPOTEKAIOT B MecTax
HapYIUEeHUs] H3O0JSILMH Ta30(pOBOJOB.
Hapytenus usofsiuuy ABASIOTCH Chefl-
CTBHEM CJy4aiHbIX nedeKTOB, KOTOpble
HabJII01AI0TCA NPH ee HAHECEHHH, TPaHC-
NOPTHPOBAHUM TPy6 WIH HX YyKIaake
B Tpauweio. [JepekTbl H3OAAUHKH HOCAT
MeCTHBbIH U caydaiiHblil Xapakrep pacnpe-
jJejleHust 1o jaauHe Tpy6ol. Boamoxk-
HOCTb HECKOJIbKHX TNOBPEXKEHHH MO IJH-
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He OKDPYKHOCTH TpPYObI fIBJAeTCA COBbI-
THEM BeCbMa MaJOBEPOSITHLIM. TakKHM
o6pa3zoMm, jaedeKTbl H30JALHH MOMKHO
paccMaTpHBaTh Kak cjayuaiHble H pejKue
cOObITHS, KOJIHUECTBO KOTOPBLIX MaJo 3a-
BHCHT OT JAHameTpa rasolnpoBoja, H HX
MOXHO CUHTATH JIMIlb PONOPUHOHAJb-
HbIMH AJIHHE.

JIpyruM BHIOM MOBpPEXACHHH MOa-
3eMHbIX Ta30IpPOBOAOB SBJAIOTCA pas-
poLabL CBAPHLLX WBOB, KOTOPbIE NIPOUCXO-
ASAT IPH C/JAydyalHOM COBNAJEHHH MNOHH-
KEHHbIX CONPOTHBJIEHHH LIBOB H3-3a 1e-
(eKTOB CBapKu U YBEJIHUYEHHBIX HATPY30K
Ha Tpy6onpoBoa, OOGBIYHO CBA3AHHBIX C
pedexramMH crpoutenbcrsa. as  06-
Hapy:KeHHs1 Je(eKTOB KaueCTBO CBApKH
TOPOACKHX ra3olpoBOAOB KOHTPOJHPYIOT
(DH3HUECKHMH METOAAMH, OJHAKO KOHT-
pO/IO MOjABEpPraiT He Bce CThIKH. Ho
NpH KOHTPOJI@ MOTYT OKAa3aTbCA CJaYy4aH,
Korpa aedekTHble IIBb OyAyT He3ame-
YeHHLIMH W B JajibHefilieM Npu Mmepe-
rpy3Kax IpoHM3OHIeT HX paspylueHue.

CBapHble coeqHHEHHS! pa3pyuIalOTCs
101 AeHCTBHEM HAamnpsiKeHHH, BO3HHKa-
I0IIHX B TpyGonpoBojgax B NPOJOJAbHOM
HanpaBJeHHH. DTH HANPSIKEHUS HJH He
3aBUCAT OT auamerpa TpyObl, HWIH yKa-
3aHHAsT 3aBHUCHMOCTb He3HauHTeJbHA.
ITOo nosoXKeHune MOATBEPKAAIOT CTATHUC-
THYECKHe [aHHbie, H3 KOTOPbIX CJelVeT,
YyTO apamerp MOTOKa OTKA30B ra3onpo-
BOJIOB, BBI3BaHHBIX Pa3pblBaMH CTbIKO-
BbIX CO€IHHEHHH, He 3aBHCHT OT AHAMET-
pa. [IpakTHyeckast He3aBHCHUMOCTb Tapa-

MeTpa TIOTOKa OTKa3oB o pacmpe-
IeJUTEeNbHBIX  rasolpoBOAOB OT  HX
Adamerpa uMeeT OoJblloe 3HaueHHe
npx BEIOOpe CTPYKTYPHOTO pe3epBa

KoJibLeBHIX ceteill. HapgexHoers B jgaH-
HOM caydae 6yaeT onpeieTbCs TONbKO
cXeMOH CeTH W He GylLeT 3aBHCeTb OT
JLHAMETPOB YUYaCTKOB.

[TospexeHusi orkmouariiel apma-
TYpbl nojpasaensiorT Ha ABa Buaa. [lep-
BbIA BHJ NIOBPEX/AEHHH XapaKkTepHU3yeTcs
HAPYULeHUe M NAOTHOCTU NepeKpuiTus 2a-
30 33]BHKKOH M TPHBOAMT K [oOTepe
ee paborocnocobHOoCTH. B pesyabrare
BO3HHKAET HeoGXOAMMOCTb YBeJHUHBATH
AJIMHY Yy4acTKa rasorpoBoja H OTKJIO-
yaTh Go/bluee YUCJAO NnoTpebuTened Aas
NIPOH3BOACTBA peMOHTa Ha yuyacTke. Ko
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BTOPOMY BHIY OTHOCSIT TakHe MNOBpexX-
JeHMsl, KOTOpble MPUBOASIT K YyTeukam
raza dvepe3 apmatypy. Bropo#i BHA
MOBPEXKAEHHH TMpeacTaBJjsieT HauGOJb-
Iyl0 OMacHOCTb, TAK KaK B pe3yJib-
TaTe yTEUeK MOXKeT [pPOH30HTH 3a-
razoBaHHOCTb COCeAHHMX 3JaHWH H COO-
PY XKEeHHUH.

Bbitie GbI/IM paccMOTpeHbl MOBPEIK-
JIeHHUS, BJMSAIOIIHE HA HajeXHOCTb CHC-
TeM, HO He BCe [OBpexAeHH: TpelyloT
OTKJ/IIOUEHUS 3/1€MeHTa U3 CeTH Jsl Npo-
W3BOACTBA peMOHTa. Meskue nospexie-
HHUsl IUKBUAUDYIOT HA AeHCTBYIOIEH CHe-
TeMe. Takue MOBPEKAEHHA He CKa3blBa-
IOTCA Ha rasocHalb:keHHH moTpeburtesefl
H, CJ]e10BaTe/IbHO, He ABJSIOTCH OTKa-
3amu. Ecau ans npoussBoactea pemonra
MIOBPEXK/1EHHOr0 e MeHTa ero Heo0XoaH-
MO OTK/JIOYHTb OT CHCTEMBI, TO Takoe
NMOBPeKACHHE NPHUBOLHT K OTKasy 3Jje-
meHTa. OTKasbl 3J€MEHTOB Hepe3epBH-
POBAHHBbIX CHCTEM TMIPUBOASIT K OTKasy
cucrembl. Ecsn chctema pesepBHpOBaH-
Hasl, TOTJa OTKa3 3JIeMEHTOB MOXKET H He
MPHBECTH K OTKa3y CHCTeMbl. DTO 3aBH-
CHT OT CTeNeHH pe3epBHPOBAHHS. YuH-
ThIBAs H3/10)KEHHOE, BCe MOBPEeIKIeHHS
3JIEMEHTOB [a30BbiX ceTed cjeayeT pas-
NeJHTb Ha ABe rpynnel: 1) mnoBpex-
JleHHS1, IPUBO/SAILHE K OTKA3y 3JeMEeHTa
¥ TpeGyIoLHe ero OTKJIOUeHHUs AJ5 Npo-
M3BOJCTBA PEMOHTA; 2) MeJIKHe MOBpexK-
JeHHsl, KOTOpble MOTYT ObITb JIHKBH-
JNHpOBaHbl 6e3 CHUIKEHHUS! 1aBJeHHs ra3a
M OTKJIOUEHHS yyacTKa (T. e. He TIPHBO-
ASIlIHe K OTKa3y).

K nepesoti epynne noBpeKaeHui OTHO-
CATCHA: TPELUMHBl B CBapHbIX IIBAax ra-
30MPOBOLOB H HX pPAa3pbiBbl; CKBO3HbIE
KOPpPO3HOHHBIE NMOBpexjeHHs TpyO pas-
MepoM MpUMEpPHO GoJsiee D MM; TpeLLH-
Hbl B KOpNycax 3aaBHKeK H MpolKo-
BbIX KpaHaX; OTpbIBbI (pslaHIEB; YTEUKH B
(aHUeBbLIX COeAHHEeHUNX, Tpebylouiue
3aMeHbl MPOKJAA0K; Pas3pbiBbl CBApHBIX
UIBOB M KOPPO3HOHHbIE NOBPEXKIEHHS
JINH30BBbIX KOMIIEHCATOPOB H KOPIYCOB
KoHaeHcatocOopHuKoB. K 3TOW rpymnme
c/lelyeT OTHeCTH TaKiKe pa3spbiBbl raso-
NPOBOAOB M OBOPYNOBaHHS, BbI3BAHHbIE
MeXaHUUYECKHMH TOBpexkIEHHSAMH.

Ko s10poii epynne noBpexueHHH
OTHOCSITCSI: HECKBO3Hble KOPPO3HOHHBIE



Tab6aunna 9.1. Kraccudpukanns noppekaeHnit U OTKA30B JEMEHTOB T'a3OBbIX pacnpeaesuTeNbHbIX
ceTeil cpesHero U BBHICOKOTO AaBJEHHS

Bux nmoppexjenus u mo
BPEX e HHBIH 3/1eMeHT

OTKAa3bl 371€MEHTa H HX MpOUEHT

1 -5 rpynmnd — BHe3aMHWA OTKa3 [2-7 rpyiina — MOCTEIEeHHBLIH OTKA3

[Tospexpenns, He mpH-
BOASILIHE K OTKBSY

Kopposusi rasomnposo-
0B

Tpeinnsl B cBapHBbIX
CTHIKAX M MX Pa3pbiBbl

Mexanuueckue  i10-
BPEXKJACHHS,  HOCSILIHC
cAyuyalHbll xapakrep

3anBHKKH (UYTYHHbIE)

ITpoGKoBbIe KpaHbi (TH-
na KC)

JI1H30BbIE
TOPBI
Konaencaroc60pHHKH

KOMIIEHCa-

[Tospexaetus

CKBO3HOE  TNOBpEXKAEHHE
6obinnx pazmepoB (20 MM
U Gojee), CKBO3HOE TO-
BpEXK/ICHHE, DACIONOXKEH-
Hoe BOJM3M 31anHui 10..
13%

[Toauw#t pasphi WK MpH-
MEPHO 60JIeE  [OJIOBHHBI
OKpYKHOCTH. Pa3sphiB
CThiKa BOJMSH  3jaHUH
15...20 %

50 %

rasonpoeojios

CKBO3HOE TIOBpeKACHHUC
pasMepoM MeHee IpUMepPHO
20 mm

4 [~}
45..55 %
Tpeuintbl B CBAPHBIX CThI-
Kax, HEMNojHbI  paspbis
CTHIKA

85..75 %
50 %

IMoBpeRgenns 060pyL0BaHKsl ra3onpoBOLOB

PaspeiBel U Tpeninne B
KOpIyce, OTPhBb  (bJaH-
ueB, Mpo6GOH NpPOKJAI0K,
BHIMaJicHHE KIHHbEB 15 %

OrpbiB daanna, HeoGxo-
AHMOCTb  3aME€Hbl  Mpo-
KJaJKH
1..1,5 %

Pa3spbiB  cBapHOro Crhikg
15 %

PaspbiBbl CBapHbIX IIBOB
ropuiKa

Tpemuubl B KIAHHbAX, HE-
MOJIHOE TMepPeKphiTHE

15 %

PaspuiB cBapHOro crhika
85 %

Pa3sphlBbl CBapHBIX 1IBOB
ropuika u TpyGKH, MOJOM-
KM CaJbHAKOBOTO KpaHa

KagépHbl, CKBO3HbIE MO~
BPeXK/CHHS MCHEe TpH-
MepHO 5 MM

30...40 %
KopposHoHHbIe  CBHLULH
B CBApHOM lIBE

5..10 %

YTeuka B  CaJbHHKO-
BOM YIJIOTHHTEJE

70 %
Yreuka depe3 HaKHM-
HO# GOJT M Ca.lbHHK

98,5..99 %
Kopposust Tpy6xu:

yTeuKa 4epe3 CaJlbHHK
KpaHa, yTeukH BO duai-

3.4 %

NOBpeX/eHUs] B BHAE KaBepH; MeJjKue
CKBO3Hble  TMOBpeXIeHHs] pasMepamu
NpUMepHO MeHee D MM; KOPPO3HOHHbie
CBHILH B CBAPHBIX UIBAX; YTEUKH B caJib-
HHKOBBIX YIIJIOTHEHHAX 3alABHKEK U Kpa-
HOB, YTeudKH M3 KpPaHOB TPYGOK KOH-
LeHcAaTOCOOPHUKOB M KOPPO3UOHHbIE
MOBPEX AeHHST 3TUX TPYDOOK.

Orkasbl 3.eMeHTOB Tra3oBbix ceTel,
B CBOIO oOuyepeab, MOryt ObiTb pasne-
JleHbl Ha faBe HepasHble rpymmbl. [lep-
BYIO TPYNMNY COCTAB/ISAIOT BHE3alHbIE OT-
Kasbl, BTOPYI — nocreneHHole. K BHe-
3alHbIM OTKAa3aM CJelyeT OTHECTH TaKue
KPYIHble MOBPEKAEHHS 3JIeMEHTOB CHC-
T€M, KOTOpbIe BbI3bIBAIOT HEOGXOAHMOCTD
HEMEJIEHHOTO  OTKJIIOUCHHS  y4acTka.
[Ipu ycraHoB/seHMH MecTa T4KOTO MOB-

nax U peabGOBBIX coe-
AMHEHHSAX I'ONOBKH

4.5% 91..93 %

pexKAeHHsl cpasy BbIABJASIOT YUacTOK ce-
TH, KOTOPBIH [0J:KeH OblTb OTKJIIOUEH,
M3BellaloT BCex norpedurtesnel, npucoe-
IMHEHHBIX K 3TOMY Y4acTKy, O IpeKpa-
IeHHHK [10Jlaud WM Trasa M ydacToK
OTKJAIOUAIT OT ra3oBoil cetH. K sgue-
3QRHbLLM OTKA3QM MOTYT NIPHBECTH H Me-
Hee cepbe3Hble MOBPEKJIEHHUS, €CJIM OHH
pacnoJioKeHbl BOJM3H KUJIBIX H 061U ECT-
BeHHbIX 31aHHH, NMPH ITOM €CTb OMac-
HOCTb [OfMAflaHHA BBITEKAKOILETo rasa
B 3TH 3JaHusA. Knaccudukauus noBpex-
AeHWH Ta30lpoBOAOB H WX oBopyinoBa-
HHA npuBencHa B TabJa. 9.1, rae ykasa-
Hbl JOJIM BHe3amHbIX NMOBPEXKAEHHH KakK
I/ Ta30NpPOBO/0B, TaK U 06OPY10BaHHUS.

J1.19 BoIAABJIEHUA 3HAUEHHH nokasare-
Jdell HalleXXHOCTH Obl1 NpoBeleH dHAJU3
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NOBPEeX/ACHUH HA rasoBbIX CETSX Kpyn-
HbIX TOpONOB H 0OJACTHBIX cHCTeM. B
peaysbraTe GblIH [OJY4YEHH CJelyio-
[He 3HauyeHWs MapameTpa BHE3alHbIX
OTKa30B, KOTOpble SIBJSIOTCA OCHOBOH
NpH pacueTe HAJEXKHOCTH  CHCTeM,
1/(km-ron):
1) KOppo3sHOHHBIE TOBPEKIAEHHS

©=0,12.12,87-107°=1,54.10 ~%

2) noBpexaeHHs CBapHbBIX 1BOB

©=0,18-5,13-10 73=0,92-10 ~%;

3) MexaHHyeckHe MoBperKIAeHHUs
©0=2,09-10 73,

[ToBpexxaeHust JINH30BbIX KOMIIEHCA-
TOPOB H KOHJEHCATOCGOPHHKOB MPHBO-
JAT K HeoO6XOJHMOCTH  OTKJIOUeHHS
yuacTKa TrasofipoBoja, I03TOMY napa-
MeTp NOTOKA OTKA30B 3THX [OBPEXK AeHH it
JOJIZKEH ObITh MPHILTIOCOBAH K M1apaMeT-
py © rasonposoiaoB. Cuuras, 4To 3aj-
BUKKH C KOMIEHCAaTOpaMH YCTAHABJH-
BAlOT IPHMepHO 4epe3 3 KM, a KOH-
AeHcaTOCOOpPHHKH dYepe3 2 KM, K napa-
MeTpy NOTOKa OTKAa30B cJjejyeT npuba-
BUTb 106aBKy, 1/(kmM-ron);

Ao=0,11-10 4,

YuuTbiBas TO, 4TO MPHUMHBI, BbI3bI-
BawIlHe KOPPO3HOHHBIE MOBPEKACHHS,
pPaspblBbl CBAPHBIX CTHIKOB, MeXaHWuec-
KHe [OBpeKAEHHs], TOBPEeXIEeHHS JIHH-
30BbIX KOMIIEHCATOPOB M KOHAEHCATO-
CO0OpHHKOB  SIBJISIIOTCA  HE3aBUCHMBIMH
JApYT OT Apyra, M0o3TOMY pacdeTHoe 3Ha-
YyeHHe napamerpa MoToka 0TKa3oB Gyner
paBHO CyMMe @ JJsi BCeX Tepeunc/eH-
HbIX BHJOB MoBpeKieHHH, 1 9% (kM-roa):

0p,=1(0,154+4-0,924-2,094

+0,11)107°=3,27-10 73,
3HaveHHs1 nmapaMeTrpa MOTOKa OTKa-
30B /ISl apMaTypbl MOXKHO IPHBECTH

JULbL NpUGAHAKeHHble 1/ron:
1) nas 3aaBHKek

wp=3,4-10 7%
2) nast kpasoB tuna KC
wp==0,64-10 -3

3) 14 cTajibHbIX 3aiBHXEK npef-
BapHTENbHO MOXHO NPHHSATH
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wp=0,5-10 ~3.

[IpuBeseHHbIE pacueTHble 3HAYEHHSsI
napameTpa MoToKa OTKa30B AJsl MOA3€eM-
HbIX TA30MPOBOIOB M HX 0060pYHLOBAHHS
XapakTepHbl 1J15 ra3oBblx ceTel, SKCMy-
atupyembix B 60...70-e roasl. Ha nepc-
MEeKTHBY 3HaueHHe napamerpa I0TOKA
OTKa30B OyJeT YMEeHbilaTbCf B CBSI3H
C MpOTPeccoM TeXHHUYECKUX pellieHu#H, rno-
BbILIEHHEM KadyeCTBa CTPOHUTEJIbHBIX pa-
60T Y 3KCIJIyaTAlHH, yJYYLIeHHEM KOHT-
pOJIsl KayecTBa CTPOHTEbCTBA. YUMTHI-
Bas H3JIOKEHHOE, pacyeTHbleé 3HAYCHHSA
napaMeTpoB NMOTOKA OTKA30B [J/151 MPOEK-
THPYEMbIX CHCTEM MOXKHO PEKOMEH0-
BaTb CJeYIOILHE:

1) ans raszonpoBoaoB

wp=2-10 %1/ (kM-r01);
2) AJIA YYTYHHBIX 3aJBHXKEK
w,=1,7-10 —*1/rox;
3) Ansl cTaJbHBIX 3a/]BUIKEK
wp,=0,3-10 _3]/roa;
4) il KpaHoB
©,=0,2-10 ~*1/roa.

9.3. MNMoka3arenu HaAZEMKHOCTH
pacnpegenurenbHbIX CMCTEM
rasocHabmenus

CocrosiHHE CHCTeMbl B MOMEHT Bpe-
MEeHH [ onpeaenseTcss COCTOSIHHEM B 3TOT
MOMEHT ee sJjemeHToB. [Ipu onpeze-
JIEHHOH COBOKYMHOCTH HCHPaBHBIX 3Jjie-
MEHTOB CcHCTeMa Oyjer WCHpaBHA B
nesiom. [1pu onpeneseHHOH COBOKYMHOC-
TH OTKa3aBIUHX 3JIeMEHTOB CHCTeMma
OyaeT B COCTOSIHHH OTKasa B 1eJOM.
CJ10:kHAsi TeXHHYecKasi cucteMa Xxapak-
TepHa TeM, 4TO Hapsaay ¢ ABYyMsl yKa3aH-
HBIMH BbllIe KPaiHHUMH COCTOSIHHSIMH
CHCTEMa MOXeT HaXOAHTBCH B JPYTHX,
ornpejeseHHbIX COCTOSIHHSIX, KOTJa OHa
Oyner obJjajaTb yacTHYHOH paboTtocno-
coGHocTbi0 [lepexoa cHcTeMbl U3 OLHOTO
COCTOSIHHSI B JIpyroe CBsI3aH C OTKa-
30M WJIH BOCCTAHOBJIEHHEM ee 3JeMeH-
TOB.

CocTosiHMe CHCTeMbl OIpeaesseTcs
Bektopom X(f), siBJsiiOIMMCS Marema-



THUYECKOU MOjeJIblo ee (pyHKIlI/IOHI/lpOBa-

Hua. JlAs  CHCTEeMBbl Ta30CHAGKeHHs
ero MOXHO MpPeACTaBHTb TakK:
_ x1(1)
X (=] xol1)
Xa(t)

x(t) — dyHKUHSR, KOTOpasi OMHCbIBAET COCTOSIHHE
i-r0 3/1eMEHTa CHCTEMBI:

()= 1, eciu ¢-Thifi 3J1€MeHT paGoTocrocoGeH;
xt)= 0; ecqim i-ThIfi 3JeMeHT HepaboToCnocoGeH;

n — YUCJAO 3JA€MEHTOB, KOTOpOe YYHTHIBAKOT IMpH
pacuyeTe HAAEKHOCTH CHCTEMBI.

Paccmorpum npouecc ¢pyHKULHOHRPO-
BaHHSl CHCTEMbl, COCTOSIIlEH HX JBYX
31emeHTOB. [[/is1 Hee BEKTOp COCTOSIHUM
6yner

- xl(t)
Xt)y=||xA0)].

Bcero BO3MOXKHO yeTbipe COCTOAHHSA
CHCTEMBI, oNpejesnsieMblX pa3jMiHbIM CO-

YyeTaHUeM HCIpaBHbIX H OTKasaBLIHX
3JE€MEHTOB!
1 1
=1 £o=]5]
- 0 0}
S

CocrosHuto 0 (HyJb) COOTBETCTBY-
10T Bce HcnpaBHble agemeHThl. [Ipu coc-
TOSIHMH 3 BCe 3JemeHThl oTKasauu. [pad
COCTOSIHHH CHCTEMBI H [T€PeX0,1bl CHCTEMbI
M3 OJHOTO COCTOSIHHSI B JIPyroe rokasa-
Hbl Ha pHc. 9.5.

O MONHOM HJM 4YAacCTHUYHOM OTKase
CHCTEMBl MOXKHO CYAHTb, JIHIIb 3HAs ee
cTpyktypy. CyILUecTBYIOT jiBe Xapakrep-
Hble CTPYKTYPBI: IOCJAe10BaTeNbHOE H Na-
paJjifiebHOE  CO@JHMHEHHSl  3JEMEHTOB.
[Tocaedosareabroe coeQunenue sneMeH-
TOB C MO3UIHUH HALEXHOCTH eCTb TaKoe
cOe/HHEeHHEe, TPH KOTOPOM OTKa3 XOTH
Obl OJHOTO 3JeMeHTa NPHBOAHT K OTKa-
3y cucrembl. Ecan B paccMoTpeHHOM
BbIlLIE MpHUMepe COeJMHEHHE 3JIEMEeHTOB
CUHTATh TOCJEL0BAaTENbHBIM, TOTAa pa-
6oueMy COCTOSIHMIO CHCTEMbI COOTBETCT-
Byer JjHilb cocTosiHHe 0. Bce ocrasnb-
Hble cocrosiuus (I, 2, 3) cocrasasn-
10T COCTOAHUe oTkasa cucremol. Jlasi
6e30TKa3HOH paboThl CHCTEMBl 32 Bpe-

Puc. 9.5. 'pa¢ cocron-
HHH cHCTEMb

Ma ! HeoOXOoAMMO, 4TOOBl B TeUeHHe
3TOoro BpeMeHH 0Ge30TKasHo pa6orai
KaXK/1blH 3J1eMeHT. Y UHTBIBAA TO, YTO 3J€-
MEHTbl HE3aBMCHMBI B CMbIC/Je Hajex-
HOCTH BEepPOSITHOCTb 6€30TKa3HON paboThl
cucreMsl 6y/1eT paBHa POU3BEAEHHIO Be-
positHocTell 6e30TKa3HOli paboThl ee 3Je-
MEHTOB, T. €. NPH 7 3Je€MEeHTax

P(t)=P\(#)Py(t)...P.(1).

Ecan BepositHocTb 6Ge3oTKasHol pa-
6OTbl 3J1€eMEeHTOB MOJUMHEHA 3KCIIOHEH-
UHaJbHOMY 3aKOHY, TOT/A:

P(t):e_wlt e e Ot = e,
0=+t wyt..Fo,,

CienoBarenbHo, 6e30TKa3HOCTb pa-
6OTbl CHCTEMBI TAKXKE MOIUYUHSIETCS YKC-
MOHEHUHAJSbHOMY 3aKOHY.

[lpu napaasresronom coedunenuu Ine-
MEHTO8 K OTKa3y CHCTeMbl TNPUBOAHT
oTKa3 BceXx 3jemMenToB. Creg0BaTenbHo,
I/ pacCMOTpEHHOro npumepa paboro-
cnocobuble cocrosHus Oyayt 0, [, 2.
OTtKasy cucreMbl COOTBETCTBYET COCTOSI-
Hue 3. Ecan kaXkablfi sseMeHT He pac-
cuuTaH Ha obecneyeHHe MoJHOH pabo-
TOCMOCOOHOCTH CHCTEMbI, TOTA TOJbKO
npu cocrossuun 0 cucteMa HCHpaBHas
B LEJOM, a B cocrosiHuax [, 2 ee
nokasarejd GyayT cHHxkeHbl. [lpu pac-
CMOTPEHHH BEpOSATHOCTH OTKas3a pPeMOH-
THpyeMOH CHCTeMbl, COCTOALLEH W3 Ia-
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Puc. 9.6. Npounecc ¢ynk-
UHOHHPOBAHHA ABYX 3Jie-
MEHTOB CHCTEMbI

paJJiesbHblx 3JeMEeHTOB. K OTKa3y CHc-
TEeMbl NPHBOAHT OJLHOBPEMeHHbIH OTKa3
BCEX 3JIeMEHTOB. YUHTbiBasi, UTO Bpe-
MsI  BOCCTAHOBJIEHHSI  HECOH3MEPHMO
MeHblle BpeMeHH paboThl, COBIAleHHE
ABYX OTKa30B SIBJSI€TCHA COOLITHEM upes-
BbiuaiiHO MaJjioBeposaTHHIM. IlosTomy na-
paJuiesibHOe COelHHeHHEe 3JIeMEeHTOB ofec-
MeydBaeT BbLICOKYIO HaleXHOCTb CHC-
TeMbl Ia30CHabKeHUs.

Onpenenum BEpOSITHOCTb OJHOBpe-
MEHHOTO OTKasa JBYX Yy4YacTKOB CeTH.
Takoe coGbITHE MOXET NPOH3OHTH MpH
COBMEILleHHH ABYX COOBLITHH: OTKasa oj-
HOrO ydyacTKa BO BpeMs peMoHTa apy-
roro. Ha puc. 9.6 mnokasad mnpouecc
(OYHKILHOHHPOBAHHUA  JBYX y4aCTKOB
KOJIbLEBOrO rasonposona. B MOMeHT
{, BO3HHKAKT OTKAa3ui 3JeMeHToB. MXx
OTKAUAIOT H HAUHHAIOT DEMOHTHPOBATH
B TeueHHe BpPEMEHH T, M0OCJAe Uero Hx
BHOBb BKJOUYalT B pabory.

[MpeanosoxuM, 4yTo OTKasasa nepBbli
3/eMeHT. BeposATHOCTb Takoro COOLITHS
(1—e~®}). OnHoBpeMeHHbIH OTKa3 ABYX
9/IeMEHTOB BO3MOXEH B CJAEAYIOHIHX
ABYX cayuasix. KMy BropoH 3neMeHT
OoTKa3al BO BpeMsl peMOHTA I€pBOro,
B TEepHOJ Ti, HJAM OTKasaj padblie
NepBoro, B MEPHOJ MeX1y MOMEHTa-
MH BpeMeHH oT f; a0 fo. B nepsom
cjlyuae Hawaj0 pPEMOHTA BTOPOro 3Je-
MeHTa Majaer Ha BpeMsl PEMOHTa mep-
Boro. [IpesenbHoMy cayuaw Takoro co-
6LITHA COOTBETCTBYET COBIAleHHE Haua-
Jla peMOoHTa BTOPOro C KOHIIOM DPEMOH-
Ta nepsoro (MomeHT #3). Bo BTOpOM
c/yyae nepBbiM OTKa3blBaeT BTOPOH 3Je-
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MEHT, M KOHel, ero peMOHTa [omna-
JAaer B nepuon 1. [IpesenbHbiM cayuaem
3TOr0 CcOoOBITHA OYyaeT MOMEHT fi, Kor-
Aa KOHEel, peMOHTa BTOPOro 3JIeMEeHTa
COBNajaer ¢ Haua/JOM peMOHTa MepBo-
ro.

Crie0BaTe/1bHO, €C/1H OTKa3 BTOPOTO
3JleMeHTa nonajaer B TepHoOn T;-+To,
TOTJ1a HMeeT MecTO JABOHHOH oTka3. Be-
pPOATHOCTb OTKa3a BTOPOrO 3JjIeMeHTa
B TeueHHe BPeMeHH T|+T2 Oyaer

| —e —o,(T+1,)

BepoATHOCTb OZHOBPEMEHHOr0 OTKa-
3a JBYX 3JeMeHTOB (T. e. BeposAT-
HOCTb COBMEllleHHs] COOBbITHH) paBHa
NPOU3BEEHHIO BEpPOSATHOCTEH 3THX CO-
ObITHIL:

(1—e ") (1—e ")y
RO, Wy (T, + Tyt .

Ecnn t=10 ser, t1+1=10"" ser,
w1=m:=5-10"% 1 /rox, Toraa

010211 412)t=(5- 1073?1072 10=
=0,00000025,

T. €. INPUMEpPHO Ha NATb HOPSAAKOB
MeHblle, 4eM OTKa3 0gHOoro yuacrka. Hs
H3JI0KEHHOTO CJAe/yeT, YTO ORHOBPEMEH-
Hbl€ OTKa3bl JBYX YYaCTKOB CETH TpH
pacueTe HafeKHOCTH MOXHO HE YUHUTbI-
BaTh.

Bce MHOXeCTBO COCTOSIHHH cHCTeMbl
Ha3blBAOT  (a30BbBIM  MPOCTPAHCTBOM
cocroauuil. [Ipu ouenke a3 peKTUBHOCTH
(bYHKLIHOHMPOBAHUS CJAOMKHOH TeXHUUec-
KOH CHCTEMBI Ka)XAOMY COCTOSIHHIO CTA-
BAT B COOTBETCTBHE XapaKTEePHCTHKY
KauyecTBa (yHKuHoHMpOBaHus. O603HAa-
4yas XapaKTepUCTHKY KauecTBa (G yHKIHO-
HUpOBaHHSl D (1), ABasiowefica (QyHk-
unei Bektopa X(f), MOXHO Hamucarb
COOTHOLUIEHHE

D()=D[X (1)].

BekTop X () uamensiercs ciayyafiHbiM
o6pa3om, MO3TOMY HOKa3aTeJeM KadecT-
Ba (PYHKLIHOHHPOBAHHUS CHCTEMbI SIBJISAET-
Cd MareMaTtH4deCKoe OxKHlaHHe c.nyuaﬁ-
HOH ¢yHKuHH D (f) 3a BpeMsa [, Kak
cpejHee MO MHOXECTBY peasiH3alHH
npouecca



D()=MD(1).

Jlnsi BO3MOMKHOCTH pacueTa Iokasa-
Tesell HaZeXKHOCTH CHCTeMBl HEODXOAHMO
YCTAaHOBHTb MNOHSATHE OTKa3a CHCTEMBI.
Orkaszom cucreMpl 6yJeM CYHTaTb Ta-
KOe ee COCTOSIHHMe, KOrfa XoTsl Obl OjHH
norpeGUTe/ b OTKJIOUEH OT CEeTH H He
nonyuyaer ras3. ¥ Hepe3epBHPOBAHHBIX
CHCTEM OTKa3 JIGOTO 3JEeMEHTa MPHBO-
JUT K OTKasy CHCTeMbl. ¥ pe3epBH-
POBAHHBIX CHCTEM K OTKa3y CHCTEMBI
NPUBOAAT TOJBKO CJEAYIOUWHE BHJBI
0TKa30B: 1) OTKa3 y4acTka, K KOTOpOMY
MeXy OTKAIUYaoUUMH yCTpolcTBaMu
npHCOeJHHeHb norpebHTesin: 2) oTKas
OTKJIOUYaoulero ycrpoictsamu; 3) aBo#-
HO#l oTKa3 3jeMeHToB ceTd. B pacue-
Tax CJAeJXYeT YUYHTHIBATb TOJIbKO TMepBbie
IBa BHAA OTKAa30B, TaK Kak J[BOHHOMH
OTKa3 MaJlOBepOosITEH.

[Toka3zarenb HaJeXKHOCTH CHCTEMBI
rasocHaGxeHns Rcuco(f) onpenesnum Kax
OTHOIIICHHE NT0Ka3aTeNsd KayecTBa PyHK-
LLHOHUPOBAHHS peasibHOH CHCTEMBI K TO-
Kasarealo KauectBa (PYHKIHOHHPOBAE-
HHUS naeasbHOH cucreMbl P(f). Mneannb-
Has CHCTeMa BCerja HaXOJMTCH B HC-
npaBHOM cocTosiHHH Xp (f), H Bce KOM-
NOHeHTH BeKTOpa X(f) paBHB €AHHHIE.

Rcuc-r(t)=¢(t)/¢o(t)

XapaxkTepHCTHKA KauecTBa PYyHKLHO-

HHPOBAHUA  OMNpejessieTcs  3ajayaMi
cucrembl. ['1aBHOH 3apaued pacmpene-
JHTEAbHOH CHCTeMBbl Ta3ocHabXKeHHs

SIBJISIETCS1 €XeUacHasl rnojaua rasa BceM
norpebUTeNIM B COOTBEICTBHH C HX
noTpeGHOCTAMH WJH 3apaHee YCTaHOB-
AeHHbiMi rpadukamu. [losromy 3a xa-
pPAKTEPHUCTHKY KauecTBa (YHKUHOHHPO-
BaHUSA CHCTEMbl ra30CHabKEeHUA CaeayeT
MNpUHATD pacueTHbI 4acoBOH pacxon
rasa, nojapaemoro norpeéurensam. Kax-
JIOMY_COCTOSIHHIO CHCTeMBl ra3ocHaGike-
uusi X(f) npoTHBONOCTABHM MAaKCHMaJb-
HO-4acoBOH pacxoa rasa Pg(f) uepes
cHcTeMy. JTOT Pacxol 3aBHCHT TOJBKO
OT COCTOSIHHAl CHCTEMbl H J[@@T YHC-
JIEHHYIO OIEHKY CTeneHH BbINOJHEHHS
3ajauH.

[1pu pasjiMuHbIX COCTOSIHUSIX CHCTE-
Mbl X(f) oTkalouaercss pasJHYHOE YUC-
J0 norpefurenefl # cyMMapHas Hemona-
4ya rasa UM onpejenfieT CHHXKEHHE [10-

7 3ax 1052

Q1=0,2Qp
-in7i(><)-
o— R S
S —a | =
2 3 s ta P%
u D—‘r &
<&
—L{1
j
Puc. 9.7. Koabuesoi
rasonpoeon,

KasaTeJsl KadecTBa QyHKLHOHHPOBAHHS.
Eciu o6osnaunth pacuerHmiit pacxon

rasa uepe3 HMCIOPaBHyIO cucTemy Qo, a
Herojauy ra3a  OTK/IIOY@HHbIM  No-
TpebuTensaM B cocToAHHH AX(f) — uepes
AQ,, Torga

P(t)=Qo—AQx.

Bennunna AQ, onpegensiercsi 6es
THApaBJH4YeCKHMX pacyeToB MNpsAMO IO
cXeMe, COOTBETCTBYIOUIEH paccMaTpHBa-
eMOoil aBapHIHOH CUTYalHH.

BhiBeneM BbipakeHHe aasl Mokasare-
JIfl HaJEeXHOCTH Ha NpHMepe KOJblLEeBO-
ro rasonposoja, pasjeleHHOro Ha TpH
yuactka (puc. 9.7). Ilpu orkase
ydacTKa ero OTKJIOYaloT H IPHCOEeH-
HEeHHble K HeMy norpeOHTeNH JHINAWT-
cA rasocHaOXeHHsd, T. €. UMeeT MecTo
0TKa3 cidcrembl. Tak, mnpu orkase
yuacrka 2 cucrema Hegoiaer 0,3Qo raza
(rae Qo— paueTHslil pacxoj rasa uepes
cucreMmy). HeorkiioueHHble norpebure-
JIM, TpHCcOejHHEHHble K yuacTtkam [ #
3, moay4amT JUMUTHPOBAHHOE KONHYECT-
BO rasa W B OTKa3aHHOM COCTOSIHHH
He HaxoasTcs.

PaccmMoTpuM BO3MOKHbBIE COCTOSIHHSA
CHCTeMbl, CBA3aHHBE ¢ OTKa3aMH y4acT-
KOB rasonpoBojoB. B nensx ympouenus
OTKa3bl 3aJABHXKEK YUHTHIBATb He Gynem.
Bekrop cocrosinuii cucTeMbl 6yeT UMETh
BHUA:
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Puc. 9.8. Pa3zmeuennniii
rpad

Ta6nuua 92 CocrosinHe CHCTEMbE
rasocHaGxenus

Cnoco6
BbINO/NHE _
HHA 32 X v, Q
Jayn g
0 Xi=@111) 1,2, 3 Qo
1 Xi=(011) | 2,3 0,8Qo
2 Xi=(101) 1, 3 0,7Qo
3 G=@110) | 1,2 0,5Q0
_ x1(?)
X(O=]| xu(f)
X3(t)

TpancnoHHpoBaB BeKTOp-cToaben X
B Bekrop-cTpoky X', Hamumem rpad
cocTosinuft cucrempl (puc 9.8). Cuu-
TaeMm, YTO BO BpPEMSI PEMOHTa OJHOTO
3J€eMeHTa BEPOSITHOCTh OTKasa ApYroro
HHUTOXXHO MaJja, NMO3TOMY BO3MOXHbI
TOJbKO YETHIDe COCTOSIHHSA: CHCTeMa Hc-
npaBua Xo=(111) uam y cucrem or-
Ka3aJs OofMH W3 yuacTkoB. Jlas kaxjoro
coctosiHua cucrembl  X(#) onpenenaum
XapaKTePHCTHKY KauecTBa (PYHKIIHOHH-
poBaHusi P (f).

Jasi cucreM razocHa6KeHus oHa 6y-
JeT paBHa:

Q,(t):QO——AQ,(l‘),

rie j — aBapHHHOE COCTOsIHHE

CocraBuM TabJHIy COCTOSIHHI CHCTe-
Mbi, PaclOJIOXKHB HX B NOpSIKE HEBO3-
pacTaHUsl XapaKTepHCTHKH KauecTBa
¢dyHKuHOHUpOoBaHUA. B Taba. 9.2 V,—

Habop 3JeMeHTOB, 06ecneunBaLHX Bbl-
noJiHeHHe 3agauu crnocoboM j. [lepexoast
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CHCTEMbl H3 HCIPaBHOIO COCTOSIHMSA
B OTKa30BO€ XapaKTepH3yIOTCsl NapaMer-
poM TIIOTOKa OTKa30B YYacTKOB @,
w2, w3. I3 cocTosHus oTKasa B pesyib-
TaTe DEMOHTa CHCTeMa BO3BpalllaeTcs
B HCIIpaBHOE COCTOSIHHE C MapaMeTpom
MOTOKa BOCCTAHOBJIEHHA M|, W2, K3. Be-
POATHOCTH NMepexofa CHCTeMbl H3 OJIHOTO
COCTOAIHHSI B JPYyroe 3a IPOMEKYTOK
BpeMeHH df COOTBETCTBEHHO GYAYT paB-
Hbl odf W pwdt. Ormerum Ha rpade
COCTOAHHH MPOTHB KaXKIOH CTpPeJKH na-
pamerpbl MOTOKOB COGBITHH (o, HJIH
w.). MOXHO cuuTaTh, YTO HacCTOsLIEEe
COCTOSIHHE CHCTEeMbl He 3aBHCHT OT ero
NpoIJIOro, NO3TOMY MEPEXOAbl CHCTEMbl
H3 COCTOSIHUS B COCTOsIHHE OYyAyT Map-
KOBCKHMHU. [lepexosHbie BEpOATHOCTH U3
COCTOAHHA | B COCTOSIHHe k 1ipH
js=k 6ynyr:
Pir=o0,dt; Pr=pndt
HITH
P,k=r,kdt.

BeposiTHocTh ocTaThCsl CHCTEME B
CBOEM COCTOSIHHH, He COBEepLIHB 33 Bpe-
M df HU OJHOTO Iepexoja, onpeje-
JAETCA KaK BepOsiTHOCTb COGBITHSA, [10-
NOJIHHTEJNbHQr0 K COBOKYNHOCTH BCeX
BO3MOXKHBIX IePeX0/I0B H3 3TOr0 COCTOS-
HHSA B ApYyToe, T. €.

P,= 1——2 rdt
1k
W3 npeabinywero caenyer, uto
redl, [k,
Pu= 1— Zr,kdt, 1=k

17k
" ZP,k =]

CBsixkeM  BEePOATHOCTb  COCTOSIHHSA
CHCTEeMBbl B MOMeHT (¢-+df ¢ Beposr- -
HOCTbI) COCTOSIHHSI B MOMEHT f H Inepe-
XOAHBIMH BeposATHOCTAMH. B MomeHT
t+dt cucreMa MoOXKeT IOMAcCTb B COC-
TOsIHHE kR IBYMS] B3aHMHO HCKJIOUAIOMIH-
MH mnyTsamH. Bo-nepBeix, ona Moraa
OblTb B MOMEHT f{ B COCTOSHHM k ¢
BEpoATHOCTBIO Py(t) M 3a Bpemsa df
He COBEPUIUTb HH OAHOro nepexona. Be-
POATHOCTb Takoro cobblTHA Oyaer

Pk(t)-< 11— rk,dl)



31ecb BeJguuHHa (l—% redt) ycaoB-
=]

Hasi BEePOSITHOCTb HE MOKHHYTb COCTOSI-
HHe k 3a BpeMsl df NpH YCJOBHH, 4TO
CHCTEMa HAaxOJHJacb B COCTOSIHHH K.
BTOpo#i nmyTb COOTBETCTBYET c/yuasim,
KOrja B MOMEHT [ CHCTEMAa HAaXOAUAaCh
B COCTOSIHHM j==k W 3a BpeMmsi df co-
BeplLIU/a Nepexoj B cOCTOsiHHe k. Bepo-
SITHOCTb TAKOT0 COOLITHSI Oyaer:

2 Pty .dt
j#k
3neck BeAHYHHBI rxdf — yCIOBHbIE
BEPOATHOCTH TepefiTH H3 COCTOSIHHUSA
j B cocTosinue k MpH YCJOBHM, YTO CHC-
TeMa HaxoJHJacb B COCTOSAHHH . Yuu-
TbIBasl H3JI0XKEHHOE, MOXHO HamucaTh
ypaBHeHHe aJA BeposATHOCTH Py(f+-dt):

Pk<t+dt>=Pk<t)(1—Z rudt) +

kg

+2) P(t)r,dt
17k

Tlpeo6pasyem 3to ypaBHeHue

dP (1)

= —Pt) D ry 2 Pt

k&g JF#k

rne k, =0, 1, 2 T A, T € Yypas

HEHHEe 3anHcbiBaeTcss AJd BCex COCTOSIHHH CHC-
TeMbl

Jns peweHuss cucrembl auddepeH-
1LHaJbHbIX ypaBHEHHHd HeOOXOaUMO 3a-
JaTbh HauvaJbHble YCJIOBHS B BHME
BeposAiTHOcTel P, (0) cOCTOAHHIH cHCTEMBI
B HauaJlbHOH MoMeHT ¢{==0. Hanuwem
CHCTEMY YypaBHeHW#l aJs paccMaTpHBa-
emoro npumepa. CocrosiHus k cooTBercr-
BeHHo O6yayr O, 1, 2, 3:

Pt)y=—P{t) (o, + v+ w0+
+ Pi(f) w1+ Pa(t) w2+ Pa(t) uas

P’y(t)=—P\(t)mi+Po(t)o;

P’3(t)=—Py(t)pa+Po(t)ws;

P3(t)= —Pg(t)p,g-{'—Po(t)(Dg,
Cudrasi, 4TO NpPUH OTKaze CHCTEMa
He BBINOJIHSET 3ajauy (T. e. paccMar-
pUBasd ee KaK HEPeMOHTHPYeMyl0), IpH-
mem pn,=0. B 3TOM cJjyuae ypaBHeHus

npumyr BHJ:
P’o(t ) 01+ 02+ 03) Po(?);
£)— 1 Po(t);
P' t)—‘(ﬂzPo(t);
)=

—(
1 (
(
S - P D)= wsPolt).

[IpumeM cieaymoouiHe HayaJbHbiE YCJ0-
BHA:

t=0; Py0)=1;. P(0)=0; Py0)=
P{0)=0
HHrerpupyem nepsoe ypaBHeHHe

dP (1) dP (f)
° —S —Zw, dt,

i = 6, P, S

—Zot+C.

InP(t)=

[pu t=0Py(f)=1 u C=0. Pewenue 6y-
aer

Po(t)=e_zmm-
Pemaem BTOpoe ypaBHEeHHe, HCMOJB3YS
pelleHHe MepBOro:

dp, (1 .
L — 0Py (0, 4P, () = 0,
—2a,t
—Zat e
Pl(t)=mS P e —
ln<e ')
HJH
P (he ©, —Zot c
1( )__' Z(D +C.

[pu t=0P,(0)=0; C_Z'—_

Pewenne BTOpOTO YPaBHEHHSA 6ylleT
—Zmlt)

Tpetbe u yeTBepTOE YypaBHEHHs pe-
urailor aHagoruyso. TakuMm o6pasom, 06-
lee pelIeHHe CUCTeMbl ypaBHEHHEH 6y-
ner:

P = ;ﬂi (I—e

t

Po(t):e ‘ ,
pl(t)zgoj—l(l—e““),
Pon=gi(1—e ")

Pg(t):ﬁ?—(l—e_zm’f)

Tax Kak CHCTEMa MOXET HaXxoJHTbCH
TOJIbKO B OJJHOM H3 coctosuui 0, 1, 2, 3,
[109TOMY CyMMa BepOsITHOCTel NpebbiBa-
HHSI CHCTEMbl B 3TUX COCTOSIHHAX paB-
Ha eJHHHLe, T. €.
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IP(t)=1.

MareMaTHUeCKOE OXHJaHHEe xapak-
TEPUCTHKH KauecTBa (YHKLHOHUPOBA-
HHS ompeaenuTcs GopMmyJon

[0 4

Qu=MQ, (h=Qye "'+

Wcnonb3ys cooTHomenne Q.= Qo—
—AQ,, npeo6pasyeM noJyueHHYIO ¢dop-
Myay

QH=Q,—, AQI;_U;(l_e—ZmJ)

<I>opmyJ1a AJisg TOKasaTrens HalexX-
HOCTH CHCTEMBbI COOTBETCTBEHHO 6y11€T

1=!
Repelt)=1-

=1

Jnst oTaenbHbIX, HanboJee OTBeTCT-
BEHHBIX Y3/10B MOXXeT BO3HUKHYTb 3a1a-
Ya OlLEHKH HajeXHOCTH CHabXeHHs
ux rasom. [lokasareab a5 OLEHKH Ha-
JeXKHOCTH y3Jia nosiydyaercss H3 Moka-
3aTesisi HAajeXHOCTH CHCTEMbl C YUYeTOM
ciaeaywoulnx ocobeHHocted. Paccmarpu-
BaloTCS TOJLKO Te aBapHiHble CHTya-
IIMH, KOTOpbie NPHUBOAAT K MepephiBY
rasocHa6KeHdsl y3Ja, [O3ITOMY YHCJIO
Takux cuTyauui [ OyaeT paBHO 4YHCIY
3JIeMeHTOB, OTKa3bl KOTOPBHIX CO34al0T
aBapuiiHbie cHTyaludH. Tak KaK npH oT-
KJIOUeHHH y3Ja 3HauenHe Q,=0, nmoaro-

1=! ® .
My 4jeH ypaBHeHHUs ZQ,E;—(I—e““’")
i
=1

npeBpaiiaercs B Hyjlb W MoKa3sareJb
HajeXHOCTH y3aa Oyner

1

—Zmét

Ryand (t) =e : 4
Tjae l paBHO '-IHC.J'Iy 3JIEMEHTOB, OTKa3abl KO

TOPbIX HapywaloT rasocHabeHue ysna

CaefoBaTeqbHO, NOKA3aTelb HAfeX-
HOCTH y3J1a SIBJASIETCS BEPOSTHOCTbIO 6e3-
OTKa3HOW mojauu ra3a B y3ed. Be-
JAHYHAHE Reuer(f) MOJSHOCTBIO OLlGHHBaET
HAJEeXHOCTh KaK pe3epBHPOBAHHON, TaK
1 HepesepBHpoBaHHON cucrembl. Ho nas
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AQ (O] —Lwot
-——Qoém“ (l—e )

pe3epBHPOBAHHBIX CHCTEM 3TOH OLEHKH
HepocratouyHo. Kak orTmeyajoch Bbille,
0COGEHHOCTbIO pacnpefeNuTenbHbIX CHC-
TeM ra3ocHaGxKeHHs BJAETCH TO, UTO B
nepHoibl aBapHHHBIX CUTYaUHi, Korja
NPOU3BOAUTCA PEMOHT OTKJIOUEHHOTO
37eMeHTa, JONYyCTHMO CHHXKeHHe KauecT-
Ba CHUCTEMBl, BhIpa)kamwilueecsi B JHMH-
THPOBAHHOH Mmojaue rasa noTpebuTeasIM
Qauw, MEHbIUEH, yeM pacueTHOe 3Haue-
HHe. Bennunny Quuw ONpenessiioT B 3aBu-
CHMOCTH OT Xapakrepa norpeburens
M ero sHeprocHabKeHHS.

JlerepMHHUpOBaHHBIH  MOKasartesb
HaJ@XKHOCTH Qnuw ONPEC/SeT COCTOSHHE
0TKa3a A5 pPe3epBHPOBAHHbIX CHCTEM.
Ecau nogaua raza nmorpeGHTeN10 B aBa-
puiiHO# cUTyauud Q.; MeHbIE Qguy, TOT-
la HMeeT MecTO OTKa3 cucreMbl. Be-
JIMYHHA eTepMHHHPOBAHHOIO noka3are-
Js onpejensieT pe3epB MOLLHOCTH (npo-
NYCKHOHl CnocoOHOCTH) pe3epBUpPOBaH-
Ho#l cuctembl. Ero onpenensitor B peay.ib-
TaTe pacuera INOTOKOpaclpejeseHUusl B
cHCTeMe npH HauOoJsiee HanpsKeHHbIX
rHJpaBJHYeCcKHX pexumax (pacyer pe-
3epBa MPONYCKHOH CrnocoOHOCTH raso-
BbIX CeTed OBl paccMOTpeH B TJaBe
6). Takum 06pa3oM, HaA€KHOCTb pe3ep-
BHPOBAHHBIX CHCTEM onpeaensieTcs:
1) nokasareneM HaeKHOCTH Reuer(t), KO-
TOpbI OnpejensieT CTPYKTYPY CHCTEMbI;
2) neTepMHHHPOBAHHBIM TOKasarejaeM
Q:nw, KOTODDBLA ONIpECIISieT Pe3EPB B AHA-
MeTpax ra3oBOH CETH.

9.4. Pacuer HageXHOCTH
Hepe3epBMpOBaHHbIX

M pe3epBMpPOBaHHbIX
rasoBbix cereM

OcHoBHas 3ajaya pacyera HageX-
HOCTH TYNHKOBOH pa3BeTBJIEHHOH ra3o-
BOH CeTH CBOAHTCS K ONpeAeNeHHIO
NOKasaTeJsi Ha/leXKHOCTU NMPHHATOR cxe-
Mbl U MO NOJIy4EHHOMY 3HAYEHHIO MNOKa-
3aTe/1s PELUIEHHIO BONpoca O HeoOXOaH-
MOCTH pesepBHpoBaHus cetd. OTkas;
JM06GOro 3J/eMeHTa TYNHKOBOH ceTH npH-
BOJAHT K OTKa3y CHCTEMbI, HO C pasJiHy-
HOH «LleHOMl» oTKasza. YuWThiBas H3Jo0-
JK€HHOe, NPH OJHHAKOBOM pacrojioxe:
HHH y3JIOBbIX MOTpeCHTeNeH pasiHyHbe
CXeMbl COeMHEHHS] HX TPYGONpPOBOAAMH

il
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OYyAYT OTJAHYATECS HaAeKHOCThIO. Kpome
TOro, pa3nMHYHOe PACMOJNOKEHHE OTKJIO-
YawUWHX YCTPOHCcTB (T. €. pasjiHuHoe
CEeKLIHOHHPOBaHHE CHCTeMbi) TaKXKe Xa-
pakTepH3yeTcsl pas/JHYHOH HaAeXHoC-
Tbi0. B CBf3H ¢ 3THM BO3HHKaer 3a-
Jaua ONTHMH3AILHH CXeMbl Pa3BETBJICH-
HOH rasoBOH CeTH W ee CEeKUUOHHUPO-
BaHHs, KOTOpasl MO3BOJHT 3aNpOeKTH-
poBaTth ceTH C HauGOJbLIHM 3HAUEHHEM
nokasarenst HajgexHoctd. Ecau xe sror
NOKa3aTesb OKaXKeTcsl HuxKe Tpebyemoro
YpOBHSI, TO HEOGXOAHMO pe3epBHPOBaHHE
CeTH.

~

G

Puc. 9.9. Cxema xoabue-
BOi CETH ropoaa

Pacuetr HafeXHOCTH KOJIbLEBOH CeTH
BeAyT B ABa 3Tana: Ha mNepBoM 06OC-
HOBBLIBAIOT HEOOXOAMMBIH CTPYKTYPHbIH
peseps, Ha BTOPOM — pe3epB MPOMYCK-
HO# crnoco6GHocTH. PaccMoTpuM mepBbiit
3Tan pacyera Ha npumepe.

PaccudtaeM HajneXHOCTb KOJblleBOH
ra3oBOH CeTH CpejHero ropoja C 4YHc-
JeHHOCThI0 Hacejendss B 80 thlc. ues.
H TOLOBbIM morpeGiendem rasa 70 MJH.
m 2. DBbiToBOE, KOMMYHaJbHO-GbITOBOE
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Ta6nuua 9.3. Pacxoapi raza padoHHbIMH KOTedbHWMH (PK), KPYMHHIMH KOMMYHaJbHO-GbLITOBRIMH

M MPOMbIIJIEHHBIMH NOTpeGuTeasimn (cM. puc. 9.9)

Tun norpeburens
[Moka3zareas
PK-1 PK 2 PK-3 PK-4 -1 -2 TIT-3 IIM-4
Homep nosuuuu mno- 54 68 60 63 56 55 57 59
TpebuTens
Q, M/ 700 2000 5000 2000 200 3000 5000 8000
Ta6auua 9.4. Pacxoant rasa ceresbimu FPI (cm. puc. 9.9)

ITokasarens MP-1 MP-2 MP-3 MP-4
Homep nosuumu | 53 52 65 66 67 69 58 61 62 64
norpe6uTess
Q, m%/u 400 | 700 1700 1700 1500 | 1500 1800 2000 600 | 1000

notpe6GieHde rasa H pacxoj Ha oromJe-
HHe 3]aHHit coctaBasoT 22 600 M 3/u.
[1poMblL1IeHHOCTD norpe6asier
16 200 m ®/4. CymmapHHIl pacxos rasa
ropoaom 38 800 m 3/u. Cxema ceTH Bhico-
KOro JaBJieHHsl NokKaszaHa Ha puc. 9.9.
[siaBHble MArucTpad CeTH 3aKOJbilOBa-
Hbl. CeTb COCTOUT W3 ABYX KOJELl U OTBET-
BJeHH#A. 3aKO/blIOBKA OCHOBHbIX HNOT-
pebutenell ofecneynBaeT UX pe3epBUPO-
BaHHE H MOBbILIAET HaJeXHOCTb [a30-
CHaOXKEeHH.

I'azocHalrkeHHe >KHJIbIX MHKpOpaHo-
HOB (MP) ocywecrBnsiercs uepes I'PIT u
CeTH HH3KOTO [aBjeHHs1 (Ha pHCYHKe
ceTb HHU3KOrO NAaBJIEHHs] He IoKasaHa).
CeTH HH3KOTO [aBJIEHHUS] KOJbLEBbIE.
Kaxapi#i MUKpOpaHOH HMeeT HeCKOJbKO
TOUEK NHUTaHHWS, KOTOpBIE MO HH3KOMH
CTyneHH JaBjieHHs oOGbeqHHEHB T[a3o-
MpPOBOAOM TAaKHX JHAMETPOB, MPH KOTO-
pbix BO3MOXKHO pe3epBupoBanue ['PTI.
K cersiMm BHICOKOrO faBJeHHS! MPHCOERH-
HeHbt cereBsie ['PTI, pafioHHble koresb-
Hoie (PK), kpynHble KOMMyHaJbHblE H
npombluiiennsie  npeanpusarus  (T1T1).
CeTb CeKUHOHHPOBAHA 3aJBHXKKaMH.
BBoabl Ko BceM HOTpe6UTENAM H B ceTe-
Bole I'PI1 nawinatorcst 3aaBHKKaMu 52...
...69. Pacnosioskenue 3a/IBUKEK H HX UHC-
JO TMPHHATO H3 TAaKOro YCJHOBHS, UTOGHI
npd aBapHiHBIX CHTYalHsAX He OTKJAIoua-
auch Gosbuiie Harpyskd. Cxemy raso-
cHaGKeHusl, MOKa3aHHyK Ha puc. 9.9,
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clejyeT paccMaTpUBATh KakK OjJHH H3 Ba-
PHAHTOB, B KOTOPOM CeKLHOHHPOBaHHe
OCYLUECTB/ICHO H3 OMpejie]eHHBbIX JIOrH-
yeckUx coo6paxenuit. B Hacrosuyo
3ajauy He BXOJHJa ONTHMHU3aLUs CHCTe-
MBI, @ TMOTOMY BO3MOXHbBI [pYTHe,
GoJiee coBeplICHHBIE BapHaHTbl. Bee cek-
LUOHHPYIOLIHE 3ajBHXKKH Ha pHCYHKe
nponymepoBanbsl 39...51 u 70..75; Bce
yUacTKH Takxke NpoHyMepoBaHbl [...38.
Pacxoabl rasza pa3auuHbiMH motpeGHTe-
JAMH TipuBelenbl B Tabn. 9.3 u 9.4.
[IpoBeneM pacuer HaleKHOCTH TO-
POACKOH ra3oBOH CeTH, NOKa3zaHHOH Ha
puc. 9.9. B pacuerax npumeMm cJje-
AYIOIIHE uYHCJeHHble 3HAUEeHHS pacyeT-

HBIX NMapaMeTpoB:

@,=2,5-10"°1/(kM-r0A1) ; wz=
=0,5-10"2 1/roa; t=10 aer.

Bce pacuetnt cBepeM B TabJHLbI.
B ra6n. 9.5 noMeiens! pe3yabTaThl pac-
4eTOB NMpPH BceX aBapHHHbBIX CHTyalUsXx,
CBSI3@HHBIX C OTKa3aMH yuyacTKOB ra3so-
NpOBOJOB, T. €. aBapHHHble CHTYalLHH
1...38; npocraBjeHbl [JUHbI Y4YaCTKOB;
paccudTaH nmapaMeTp NMoTOKa OTKasa aJisl
Kaxzaoro yuactka ,=0,0025/. Tlpu
pacuere BeNHUYHH ©,/2@; CyMMa B3sTa
NS Bcex 75 aBapHHHBIX CHTyaluil, BO3-
HUKAIOUIUX MPH OTKAa3aX KakK yyacTKOB,
Tak d 3anBuxek. Hepononaua rasa or-
KJAlOuaeMblM B j-TOH aBapHMHHO# curya-
UMK norpebuTensaM onpejensdnach Mo



TaGauua 95 Pacyern Aasi y4acTka ra3onpoBoaos

Howmepa otka Hanna 1 Henoaansbifl
Wigisﬂx 31;'1”;" Y“atTnl;Z { W:‘;; 2_"" ra3 OTKJ0UeH AQ, AQ,0,
ana;)]}?uﬂ{m * o T};;':M Zoé,pew?s"/u Qo QoZo,
LHTYalHH
1 1,2 0,003 0,045283 3500 0,090206 0,004085
2 0,7 0,00175 0,026415 4800 0,123711 0,003268
3 0,1 0,00025 0,003774 4800 0,123711 0,000467
4 0,5 0,00125 0,018868 200 0,005155 0,000097
5 0,5 0,00125 0,018868 0 0 0
6 0,7 0,00175 0,026415 0 0 0
7 0,5 0,00125 0,018868 0 0 0
8 0,6 0,0015 0,022642 2700 0,069588 0,001576
9 0,7 0,00175 0,02645 2700 0,069588 0,001841
10 0,8 0,002 0,030189 1500 0,038660 0,001167
11 1,7 0,00425 0,064151 0 0 0
12 0,5 0,00125 0,018864 0 0 0
13 0,9 0,00225 0,033962 1800 0,046392 0,001576
14 0,5 0,00125 0,018868 0 0 0
15 1,2 0,003 0,045283 0 0 0
16 0,8 0,002 0,30189 4600 0,118557 0,603579
17 0,3 0,00075 0,011321 3500 0,090206 0,001021
18 0,2 0,00056 0,007547 3500 0,090206 0,000681
19 0,2 0,0005 0,007547 3500 0,090206 0,000681
20 0,2 0,0005 0,007547 4800 0,123711 0,000934
21 0,2 0,0005 0,007547 4800 0,123711 0,000934
22 0,2 0,0005 0,007547 4800 0,123711 0,000934
23 0,2 0,0005 0,007547 4800 0,123711 0,000934
24 0,2 0,0005 0,007547 4800 0,123711 0,000934
25 0,1 0,00025 0,003774 4800 0,123711 0,000467
26 0,15 0,000375 0,00566 200 0,005155 0,000029
27 1,0 0,0025 0,037736 5000 0,128866 0,004863
28 0,1 0,001 0,015094 1800 0,046392 0,000700
29 0,4 0,001 0,015094 8000 0,206186 0,003112
30 0,6 0,0015 0,022642 5000 0,128866 0,0029188
31 0,4 0,001 0,015094 4600 0,118557 0,001789
32 0,3 0,00075 0,011321 4600 0,118557 0,001342
33 0,1 0,00025 0,003774 4600 0,118557 0,000447
34 0,2 0,0005 0,002547 4600 0,118557 0,000895
35 0,7 0,00175 0,026415 2700 0,069588 0,001838
36 0,4 0,001 0,015094 1700 0,043814 0,000661
37 0,4 0,001 0,015094 2700 0,069588 0,001050
38 0,35 0,000815 0,013208 1500 0,038660 0,000511
CyMMa 1715 yqacTKoB Hroro Hroro
0,04775 0,045331

.cxeme (cm. puc. 9.9). [daa kaxzporo
OoTKa3a ydacTKa IO cxeMe YCTaHaBJIH-
BaJIOCh YHCJIO 3a/IBHXKEK, KOTOPble HEOG-
XOIMMO TNepeKphiTh NMPH PEeMOHTE OTKa-
3aBIIEro yyacTKa. JTHM ONpejpessiluch
OTKJ/IOUEHHBIE OT CEeTH Ta30NpOBOJbI H
BC€ NMpPHCOEJUHEHHble K HUM moTpeduTe-
ad. Hanpumep, npu aBapuitHOH curya-
LHH, CBA3aHHOH C OTKa3oM yuyacTka [,
IJif1 peMOHTa HeoGXOAHUMO INepeKpbiTh
3azBHXKKU 4!/ u 42. B pesyabrate
OTKJIoualoTcst yuactkd I, 17, 18, 19 u

ABa mnorpebHrens 68, 69 c¢ pacxoaom
rasa 200041500=3500 m3/u (HOMepa
yKa3aHbl B COOTBETCTBHH C HOMepamu
aGOHEHTCKUX 3aJBHXEK, K KOTOPhIM
npucoeanHenn norpeburtenu). Cuaeno-
BateabHo, AQ;=3500. K Takoh e
Hejonojavye rasa MNPHBOAAT OTKasbl
yuactkoB [7, 18, 19. Tlpu otkase
yuactkoB 5, 6, 12 wuam 7 OTKIO-
yaloTcs 3aaBHKKH 44, 75, 48 wu 71,
B pesyJbTaTe HU OJHH NMOTpeOUTE/b He
otkiaouaercs. CaeaoBarTesibHO,
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Ta6auuna 96 Pacuerni aNsA OTKJIIOYAIOWMX YCTPOHCTB (3aaBHIKEK)

Homepa orkasan Henonannuiét ras Homepa otkasas Henonanusiit
IWHX 3JeMeHTNB OTKJLIOUEHHBIM IIMX 3JEMEHTOB NPH [ra3s OTKAIYEHHBIM
npH j it aBapuu nmpe6maeamm AQ, } h apapuiinoi noTpeduTenaM AQ,

HOH CHTYyalUHH AQ, M’/u Qo CHTYauHH AQ, %?/u Qs
39 0 0 57 5000 0,128866
40 0 0 58 1800 0,046392
41 3500 0,090206 59 8000 0,206186
42 9300 0,213918 60 5000 0,128866
43 5000 0,128866 61 4600 0,118557
44 200 0,005155 62 4600 0,1 18”5/
45 4400 0,113402 63 4600 0,118557
46 4200 0,108247 64 2700 0,069588
47 1500 0,038660 65 1700 (,043814
48 1800 0,046392 66 2700 0,069588
49 5000 0,128866 67 1500 0,038660
50 4600 0,118557 68 3500 0,090206
51 7300 0,188144 69 3500 0,090206

52 4800 0,129711 70 0 0
53 4800 0,123711 71 1700 0,043814
54 4800 0,123711 72 9800 0,252577
55 4800 0,123711 73 8000 0,206186
56 200 0,005155 74 5000 0,128866
75 5000 0,128866
Cymma — 1,680412 Cymma — 2,028352

AQs=AQs=AQ12=AQ7==0.

Pesyabrarel pacuetoB, CBA3aHHBIX C
OTKa3aMH 3aJBHXE€K, NpHBeJeHbl B
ta6a. 9.6. Tak kak napaMmerp noTo-
Ka OTKa30B jJisl BCEX 3a/[BUIKEK NPUHAT
OHHAKOBBIH ,=0,5-1072 1/roa, To Her
HeoOXOAHMOCTH BBOAMTH BeJHUHHY ©, B
tabauny. CymMmMa napameTrpoB IOTOKA
OTKa30B [IJi1 BCeX 3a/iBHXKEeK COCTaBHT
Y0,==37-0,0005=0,0185. O6uwast cym-

ma Oyzer Z20,=0,04775+40,0185=
=0,06625 (cymma aas o yuacr-
KOB B3sta 43 taba. 9.5). Ha sty
CYyMMy H HajO0 [eJHTb BeJHYHHY
® AJA8  Kaxaoh aBapuiHOR cHTya-
uud  Jlas Bcex aBapUHHBIX CHTYa-

1lHH, CBS3aHHBIX C OTKA3aMH 3ajBHXeEK,
3TO OTHOIeHHe OyjaeT OJAHHAKOBBIM H
paBHbIM:  03/20,=0,0005/0,06625=
=0,007547. Heponogauy rasa B aBa-
puHHBIX CHTYyalHSAX NPH OTKAa3ax 3aJ]BH-
JKEK OmnpejesisseM MO cXeme aHaJoruu-
HO TOMY, KaK 3TO Aenal0Ch NPU 0TKa3ax
yuacTkoB. Hamnpumep, npu orkase 3aj-
BUXKH 39 nepekpbiBaloTcA 3aJBHIKKHU
70 u 47 v weponojaua rasa Oyaer
paBHAa HYJIO, TAK KaK K YYacTKy
11 notpe6uTenu He npHcoennHeHsl. Ilpu
0oTKa3e 3aJBUXKH 40 nepekpbiBalOTCA
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3aABHXKH 4!/ W 70 W Hejponopaua
rasa TakXe paBHa HyJW.

OnpenennM mnokasaTenb HaL€KHOC-
TH no JAaHubiM Ta6a. 95 u 9.6.
CyMMHpYIOUIHHA UjleH B ypaBHEHHH s
Rcuer HanHIeM pasfenbHO AJs1 aBapuid-
HBIX CHUTyaUHH, CBSI3aHHBIX C OTKa3aMH
y4aCTKOB Ta30MpPOBOAOB, U AJs aBapHil-
HBIX CHTYallMil, BO3HHKAIOWHUX B pe3yb-
Tare OTKa3oB 3ajBuxek. [lepBasi yacrh
CYMMBI iaHa UTOTOM B TlocjaenHed rpage
tTaba. 9.5, a BTopas onpeaeJsiercs npo-
H3pejeHueM oO0wed CyMMbl OTHOIIEHHH

AQ,

Qo
(no Taba. 9.6) Ha nocTosiHHOE 3HAYeHHe
OTHOLIEHHS ®; K Xo,. [TakuM ob6pasowm,
ypaBHeHHe AJiSl OfpenesieHHsl Mokasare-
J HafleXXHOCTH 3alulieM TakK:

— S AQ ©

=] —{]1— ¢ J_ !

R elti=1—(1—e ')( —
5()]0)3
2 550

3aaB

[TonctaBuB B ypaBHEeHHEe 4MCJEHHbIE
3HAUEHHS NapaMeTpoB, MOJYUYHUM

RLH(“I(lO)—_— 1 _(1 -

{
o

<

e —0 06625 10)[0,04533] +



+(1,680412 +2,028352) 0,007547]=
=1-—0,035503 =0,964497.

M3 pacueToB HageAKHOCTH KOJIbLEBbIX
raszoBblX ceTeil yCTaHOBJIEHO, UTO MOKa-
3aresib Ha/le3KHOCTH KOJIbUEBbIX Fa30BbIX
cered BBICOKOro (CpeJHero) AaBJIEHHS C
TYIMKOBbIMH OTBETBJIEHHSIMH K MOTpeGH-
TeNIM H CEeKUHOHHPOBAHHEM CETH Ha
YYacTKH, K KOTOPbIM MHPHCOe[HHEeHb!
norpebutenn (OTKJAKOHaeMble C OTKIW-
YeHHeM yyacTKa), HeBbICOK M NpH pac-
YyeTHOM 3HauyeHWH =10 Jer cocrasasier
BENHUYHHY Reyer(10)=0,95...0,97. Ecau
cucrema Gyner peKOHCTPYHPOBATbCS ue-
pe3 (=5 Jser C BKJW0UYEHHEM [OMHOJ-
HHTEJbHBIX pe3epPBOB H MOBLILIEHHEM CTe-
NEeHH CeKIIHOHHPOBAHHUS, TO MOXHO OXH-
JaTb YBEJHUeHHS] MOKa3aTessl HajlexX-
HocTH npumepHo po 0,98. [lanbHeduiero
NOBBILIEHHS] HANEXKHOCTH CHCTEMBI ra3o-
CHaGXKEHHS MOXHO JOGUTBCSA NyTeM MpH-
COe/IHHEHUS] BCEX OTBETBJEHHH K noT-
pebuTeniM TakHM o6pa3om, 4ToObl OT-
Kasbl YUAaCTKOB He MPHBOAHJH K OTKJIO-
YyeHHIO moTpebHTeel.

Boiie 6bl1 NMpHBeneH pacyer MHO-
Ka3aTeJsl HaJeXHOCTH pacHpeenTenb-
HOH ra3oBOi#l CeTH BLICOKOTO JAaBJIeHHS
ne6oabuioro ropoga. Pacuer 6b11 npous-
BelleH HenocpencTBeHHO Mno QopmyJe,
MOJIYYEHHOH A/ OCHOBHOrO MoKasartessi
HaJeXKHOCTH Roue(f), T. €. 1151 KaXxoro
3JIeMEHTa CeTH Gbl1 ONpeseneH napamerp
NOTOKa OTKA30B H OTKJAKUYaeMasi MOLI-
HOCTb, COOTBETCTBYIOLIAsi 3TOMY 3Jie-
MeHTY, MocJe uyero ObLIO paccyHTra-
HO 3HaYeHHE MNOoKaszaTesNsl HaXeKHOCTH
Reuer (10) . Takoii meTon a5t GOMbIIHX CH-
CTEM TPYLOEMOK H IJIaBHOE HE JlaeT BO3-
MOXHOCTb MPOBEAEHHS HArJIAAHOTO aHa-
JH3a CHCTeMbl [JIS BBISIBJEGHHS Ty-
Teldl MOBLILIEHHS] HANEXHOCTH B CaY-
yae Takod Heo6xonHMoOcTH. [losromy
njsi 60JIbLIHX CHCTeM LejecoobpasHo
cHAya/ja pacCUHTaTb Bce Hepe3epBHPO-
Banuble cetd. [lonyyuth Ans HUX 9K-
BHBAJIEHTHPOBAHHbIE  XapPaKTEPHCTHKH.
W nocae 3Toro ¢ yuyeToM MOJNYy4YeH-
HbIX XapaKTEepHCTHK PAaCCUHTATb pe3ep-
BHPOBAHHYIO (KOJbLEBYK)) 4YacTb ce-
ti. [EcrecTBeHHO, 4YTO TOJYyYeHHbIE
NnoKasaTeJH HaleXHOCTH GYIyT Xapak-

TE€PH30BaTb BCIO paclpe/eNHTENbHYIO
ceTb, HO TaKOH IOAXO4 MO3BOJseT
Cpa3dy OUEHHTb BKJajJ B HEHAleX-
HOCTb TOH HJAH HHOH YAaCTH CeTH,

NPOH3BECTH HEOOXOAHMYIO KOPPEKTHPOB-
KY H J06HTbCS COOTBETCTBHSI [OKa-
3aTeJsl HalleXXHOCTH HOPMAaTHBHBIM Tpe-
6GOBaHHSIM.

9.5. Anropmurm pacueta Hafle)KHOCTH
Hepe3epBMPOBaAHHOM

ras’oBoM ceTu

(TYnuKoBOM, pa3seTBNeHHONM)

CHayaJsia pacCMOTPHM METOJIHKY pac-
yeTa, a 3areM aJroputMm. MeronHka
pacuera BKJIOUaeT CJeAYIoUIHe OCHOB-
Hble 3Tanbl: 1) (¢opMHpoBaHHe 3a-
AaHHST C Y4YeTOM TOIIOJIOTHH  CETH;
2) onpepgeseHHe pacyeTHHIX pPacXxomoB
Ui BCeX YuacTKOB ceTH; 3) ¢op-
MHpOBaHHe SKBHBAJIEHTHPOBAHHBIX 30H
CeTH, OOGBENHHSIOIWINX 3JIEMEHTH, coe-
JUHEHHblE 10 HAMEXHOCTH NOCJe10Ba-
TeJbHO; 4) pacyeT mnokasaTtejas Ha-
HajgeXHOCTH Reuerl; D) ecau  cetb

—

———
—— — -
—

SN

Puc. 9.10.
pa3BeTBJeHHAs ra3loBasi
ceTh

TynnkoBas 1,2, 12—uomepa ys-
aoB, 50, 100, —pacxo-
libt Ta3a B yalax B M’/d
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AIBJASETCH CAMOCTOSITEJNbLHOW, a He 3Jjie-
MEHTOM CMeIllaHHO# ceTH (KoJibLEeBOH
C TYNHKOBBHIMH OTBETBJICHHSIMH), TOrja
YHCJIEHHOE 3HAayeHHe MOJYUYEHHOro Io-
Kasarens HaAeXHOCTH CpaBHHBaercs
C HOpMATHBHbIM 3HAYEHHEM, MOCJIE Yero
NPUHHUMAIOTC HEOOXOIHMBble pelleHHS.
Ecan paccunTanHasi ceTb sIBJsieTCs 3Je-
MEHTOM CMELIaHHOH CEeTH, TOTAA A/ Hee
onpejesisiioTcs  5KBUBAJIEHTHble mapa-
METpbI, KOTOpble HCMOJb3YIOTCA B AaJib-
HEHUIHX pacyeTax.

Paccmorpum noapo6GHee OTae/bHbIE
3Tanbl pacyerta.

1. 3apanuwe. Ha puc. 9.10 nokasa-
Ha CXeMa TYNHKOBBIX ra3onpoBOIOB, OC-
HOBHO# noKa3aTe/lb HaleXHOCTH KOTO-
poit caenyer onpenenutb. IToTpeburenu
NpHCOeIHHEHbl BO BCEX KOHLEBBLIX y3jax
BCeX KOHLEBHIX orBerBaeHHH. JlnunHa
KOHIIEBOTO OTBETBJIEHHSI MOXET OhITh
pasHo# HyJa10. Bee y3ibl nepenymepoBa-
Hbl. [lepBbIfi y3esq — TOYKa NUTAHHSA ce-
TH. [1epen kax/blM norpe6uTesemM ycra-

Martpuuwa NKUZ (/1)

HoBsieHa 3aaBHxkKa. OxHa HMeer HOMep
y3nia, K KOTOPOMY NPHCOEJHHEH NOTpe-
6urenb. CeKUHOHHPYIOUIHE 3aXBHKKH
YCTAHOBJICHbl B HayaJje y4acTKOB, IO-
3TOMY OHH 0603HauyeHbl HOMEPaMH COOT-
BETCTBYIOLIHX Y4acCTKOB.

3anaune 15 pacuera nokasaress
HaneXHOCTH TYNHKOBOH ceTH (Ha npu-
mepe puc. 9.10) cocrout u3 cremyio-
IUMX JaHHbIX: 1) 3HauyeHHWs mapamer-
pPOB MOTOKOB OTKAa30B 3JIEMEHTOB! ®,==
=2.10"% 1/(km-rox) (mas rasomposo-
na); ©,=0,3-10"2 1/rox (mas cranp-
HOH 3aABHXKH); 2) pacueTHoe BpeMms
t=10 jaer; 3) rTonoJiorusl ceTH 3ajgaer-
¢l MaTpuUed HHUHIACHUMH (MaTpHuefi
BepiinH). I'ne B nepBofi CTpoKe npHBe-
JA€eHbl HayaJia yuacTKOB, BO BTOpPO# CTpo-
Keé — KOHLbl Y4aCTKOB, B TPeTbell CTpOKe
JaHa HHQOpMALUS O HAaJHUHH HA ydyacT-
Ke CEeKLHOHHpYILIeH 3alIBHXKH —/,
€C/H 3a/iBHXKKa ycTaHoBJieHa, 0— ecaH
3a/BHXKKH HeT. HHke npuBesena marpu-
ua HHUHAeHUUuH 145 npumepa puc. 9.10;.

1 2 3 4 5 6 7 8 9 10 11
| l 2 3 4 5 4 3 2 2 7 7
2 2 3 4 5 6 11 10 9 7 8 12
3 1 0 1 0 0 0 0 0 1 0 0

4) anuHbl y4yacTtkoB (/, M) 3anaHbl
marpuuedt aaua DLU(I). Yuyacrku ny-
MepYyIOT B NOpPsiiKe CJeJOBaHHsI ydacT-

Martpuua DLU ()

kKoB B Matpuue NKUZ(JI), obuiee KoJH-
yectBo yuyactkoB KNK (B paccmarpw-
BaeMoM npumepe) —11;

1 2 3 4 5 6 7 8 9 10 11
1 10 20 30 30 50 40 40 25 40 70 0
5) MaTpHma Harpy3oK Y4acTKOB UeBbIX YYACTKOB PACXOAbl MPOCTABJEHI.
Q(l1) (m 3/u). Hymepauus yuyacTkoB 17 OCTa/bHBIX YUaCTKOB M€PBOHAUYA/b-
COOTBETCTBYET HyMepalUHH mnpefblay- HO MPOCTaBjsieM HYJH, KOTOpble GynyT
mux wmarpul. Harpy3ka KoHLEBOro 3aMeHeHbl pacXOfaMH MOcJe pacuera.
y4acTKa paBHa Harpyske €ro KOHLEBO-
ro yafia, mo3TOMY B MaTpHUE AJSl KOH-
' 5
Marpuua Q)
1 2 3 4 5 6 7 8 10 3]
1 0 0 0 0 100 100 100 50 0 100 50
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I1. Pacuer. PacuerHbie pacxoabl onpeze-
JisieM 10 aJrOpPUTMY, NPHUBELEHHOMY HH-

Martpuuna QU)

xke. B wurore pacdyera marpuna Q(/)
NPHHUMAET CJAeNYIOINH BHI.

1 2 3 4 5

[ 7 8 9 10 11

1 500 300 200 100 100

100 100 50 150 100 50

dopmupyeM SKBHBaJIEHTHPOBAHHbIE
30HBI CETH, PHCIOCOOIEHHbIe /5 pacye-
Ta HaJeXHOCTH. B sKBHBaJeHTHpPOBAH-
HYIO 30HY OOBenHHseM BCe 3JeMEHTH,
COeIHHEHHbIE MO HANEXKHOCTH MOCJAE0-
BaTe/JbHO. YUaCTKH ra3onpoBoioB ¢ 060-
pYAOBaHHeM H 3alBHXKKaMH OyayT coe-
JHHEHbBl C MNO3HUHH OLEHKH HaIeX-
HOCTH MOCJI€/IOBATENBHO, €CJIH OTKa3 JHO0-
60ro H3 mepedycJeHHbIX 3JEMEHTOB MPH-
BeJeT K HEeOOXOAHMMOCTH OTKJIOUeHHS
ONHHX U Tex ke mnorpeburenefi. ITH
3/1€MEHTBl COCTABJSIIOT 3KBHBAJIEHTHPO-
BaHHYIO 30HY. JKBHBaJEHTHPOBaHHAS
30Ha OrpaHHYHBAETCS CEKIHOHHPYIOILLH-
MH 3aJBHXKaMH. B 3ony BoHayT cie-
NYIOLIHE 371€MEHThl CEeTH: Y4acTKH ¢ 060-
pYAOBaHHEM, 3aJABHXKKH MepeJ MOTpeOH-
TeJIAMH, CEKIHOHHPYIOUIHE 3a/(BHXKKH,
3aMblKalollHe 30Hy N0 Xoiy rasa.
Cexuvonupympowas 3ajaBHXKKa, OT KO-
TOPOH HauHHAeTCsl S5KBUBAJEHTHAS 30HA,
B 3Ty 30HY He BXOIHT, Kpome [mep-
BOH 30HBL.

AT BO3MOXHOCTH pEeMOHTa HJH
3aMeHBl mMOGOro 3jieMeHTa 3KBHBaJeH-
THPOBAHHOH 30HB HEOO6XOLHMO  me-
PEKPLITh BCE CEKLHOHUPYIOLIKE 3aBHX-
KH, OrpaHHYMBamILHe 3Ty 30HY. YHcio
KBHBAJEHTHPOBAHHbIX 30H ONpeje/sier-
Csl 4HCJOM H DPACMOJIOXEHHEM CEeKI(HO-
HHPYIOILHX 3aJBHXKeEK.

ITapameTp mOTOKa OTKa30B 30HBI ®;
onpeje/sierc Kak CymMMa NapaMeTpoB
NOTOKOB OTKa30B BCeX 3JE€MEHTOB, BXO-
ASIAX B 3Ty 30HY, T. €. 0, =X, OT-
KJIouaeMasi MOLHOCTb AQ, ripu otkase 30-
Hbl PaBHA PAaCYeTHOMY PacXQAy rasa Ha ro-
JIOBHOM ra3onpoBoje Qron SKBHBAJIEHTH-
pPOBAHHOH 30HBI, T. €. AQ,=Qro,. s
raszoBoil ceTH, noka3aHHoH Ha puc. 9.10,
Ha0MI01aI0TCA TPH 30HBI, OrpaHHYeHHBIE
NYHKTHPHBIMH JIHHUSIMH, TPOXORSILHMH
yepes CeKUHOHHPYIOUIHE 3aIBHXKKH.

JKBHBA/JIEHTHPOBAHHE HAYHHAEM C

rOJIOBHOH 3aJBHXKKH H HEPBOT0O Yy4acT-
Ka, KOTOphle BK/IOUaeM B MEpPBYIO 30HY.
Hanee no marpuue NNK(J, I) npo-
cMaTpuBaem IO ouepeaH BCe YUaCTKH,
BLIXOJSILIHE U3 KOHLA MepBOT0 yuacTKa.
YuacTKkH, KOTOpbleé HMEIOT B CBOHX Ha-
yajax 3aJBHXKKH, B 5KBHBaJIEHTHPOBAH-
HYIO 30HY He BKJlouaeM, a BKJalouaem
TOJIbLKO 3TH 3aJBHXKKH. YUYacCTKH, KOTO-
pble He HMEIOT CEKUHOHHPYIOLIHX 3alBH-
JKEK, BKJAIOUaeM B 30HY, HMLIEM HX KOH-
Ubl H AaHaJOTHYHO MO OuYepend Mpo-
cMaTpHBaeM BC€ YYaCTKH, BbIXOASILHe
U3 3THX KOHLOB. Ec/in BK/IIOUeHHbIH B 30-
HY Y4acTOK Ha KOHIE HMeeT 3aiBHKKY
(nepen morpebuTeseM), TOrAa OHa BKJIO-
yaeTcsi B 30HY Kak KoHeuyHas. Taxk
NoCTynaeM /0 HCUEPNAHHS BCEX yudacrT-
KOB, Y KOTOPBIX HeT CeKLHOHHPYIOUIHX
3a/lBHKEK.

Anasioruuyso GopMHPOBAHHIO MePBOH
30HBl 1O ouepeau (GOPMHUPYIOTCST BCe
oCTaJibHble 30Hbl BIJIOTb /{0 HCUEPNAHHS
Bcex ydyactkoB cerd. Ilopsamok dopmu-
pOBaHWSl 30H omnpejensiercss  JOMoJ-
HHTEJbHBIMH CO3RXaBaeMbIMH paGOUHMH
maccuBamu: NSU(I) — HomepoB cBO-
GoxHblx yyactkoB 1 NSK(J) — Homepos
cBo6oAHBIX KOHIOB. Ilo Mmepe wucmosb-
30BaHsi CBOGONHBIX KOHIOB OHH 3a-
YepKUBAIOTCSI B COOTBETCTBYIOLIHX Mac-
CHBax.

ITo mepe ¢popMHPOBAHHS 30HbI AJHHBI
BKJIIOYaeMblX Y4acTKOB CKJanblBaIOTCS,
CKJaJblBAETCA H UYHCJAO BKJAKYaeMbIX
3aasuxkeK. [TosTomy K KoHLY ¢opMHpoO-
BaHHSl KaxJOH 30HB AJS 3TOH 30HH

Kyy

umeeM: 2 [, K, AQ, rae AQ, —

HArpys3kKa BXOJHOTO yyacTKa B j-10 30HY;

Ly—nnuna k-ro yuactka; Ky, Ki—
COOTBETCTBEHHO YHCJIO JHHEHHBIX Yy4acT-
KOB M 3ajBHXEK B j-H 3oHe (Iad
BCEX 30H, Kpome nepBOH, 3alBHXKKa,
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cTosilias Ha BXOAHOM B 30HY YyudacrT-
Ke, He YYHThIBAeTCs).

[lo moayyeHHBIM XapakTepPHCTHKAM
30H M HCXOAHBIM JIAHHBIM paccuH-
ThiBaeM TOKA3CTENH HAJeXHOCTH B
caeAyoIled Nocief0BaTeNbHOCTH:

1) omnpegensieMm BKJajl B HeHaJeX-
HOCTb KaXJ0# 30HOMH:

k)’ql

0,:(0%2 LK+(’~)3K3/) AQ/,
k=1
2) onpenensieM
IE€XHOCTb ra3oBO#H
Hamu /7

BKJlal B He€Ha-
CeTH BCE€MH 30-

Iz

I

/
0= o
1

IE

/

3) onpepgessieM CyMMY NapaMeTpoB

OTOKOB OTKa30B BCeX 3JEeMEHTOB ce-
TH Q:

1=1z Eyu,

0=3 (0.3 Lto,k,);

j=1 k=1

4) onpeaesnsieM MNOKasaTtesnb Ha-

JIEKHOCTH Rer(t):

l_e——TQ

Rcr(t)=1——m——

o,

rie Qo— obwas raszosasi Harpyska cerH, | —
pacueTHoe BpeMsi

Ecnu Tynukosasi pasBerBiieHHas ra-
30Basl CeTh SBJSIETCH CAMOCTOSITENbHOH,
a He OTBeTBJIEHHEM OT KOJbIEBOH cerH,
TO HALEXHOCTb €€ OLleHHBaercs MNoJy-
YeHHBIM B pe3yJbTare pacuyera okas3a-
renell R.(t). Ecin TynukoBasi ceTtb sB-
JIIETCS1 OTBETBJICHHEM OT KOJIbLIEBOH ce-
TH, TOrJa TYMHKOBYIO Ce€Tb 3aMeHSIOT
SKBHBAJICHTHbIM OTBETBJIEHHEM C sk, H
AQsc,. ITH napaMeTPhl HCHOJb3YIOT
IpH pacyeTe KoJbLeBOH cerTH. [loartomy
pacueTHasi cxeMa KOJbLEBOH CeTH
npeicTaBJ/sieTCs] B BUAE KOJIbLIEBOH CEeTH
C COCpPEJOTOYEHHLIMH Harpy3kamH B Y3-
nax u 6e3 pasBeTBJ€HHbBIX OTBETBJEHHH.
Kaxnpnaa ysnoeasi cocpeforoyedHHasl Ha-
rpy3Ka XapakTepu3yeTcss 3KBHBAJIEHT-
HbIM 3Ha4YeHHEM MapaMeTpa MOTOKa OT-
Ka30B H pacueTHbiM pacxogoM. Ecau
3TO MPOCTO OTBETBJEHHE C 3aJBHXKOH,
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Toraa

(Dz=mr[om+0)3 H Qz-

Ecau 310 pa3BeTB/eHHas ceTb, TOTAa
PaACCUHTHIBAIOT AJs1 Hee BeJHUHHBI Rer(f)
M llajiee 3KBUBAJIEHTHbIE 3HAUEHHUS Wsx, H
AQsy. 3a BeJMUHHY ®s«, MPUHHMAIOT
cyMMy GaKTHYeCKHX 3HAUeHHH w, AJs
BCEr0 pAa3BETBJEHHOrO TYINHKOBOrO OT-
BeTBJIEHHS, T. €.

Wok ) =20,
!

Beanunny AQs«, paccunThiBaioT H3
MOJIYYeHHOTO 3HaueHHs1 R(?)

1—R (1) 2 AQI(;),

o o = Qv
_ ZAQ o, AQ,,,
Qo 2031 Qo ’
T. €.
ZAQw 1—R ()
AQ3K1 = __(u_,_I K AQ?KI =7 —ret 0°
o l—e ™%

9.6. AnropMTm pacuera
pe3epBHpPOBaHHOM
KONbLEBOM ra3oBOM ceTH

MeToznHKa pacuera, COIJIACHO KOTO-
po#l CTPOHTCST AJrOPHTM, COCTOHT H3
caelyIoUUX 3TanoB: 1) ¢opmupoBaHue
3ajJaHusl C Y4eTOM TOMOJIOrHH CeTH;
2) onpejesenHe pacyeTHbIX pacxoLOB
IJIs BCeX YYacTKOB ceTH; 3) ¢OopMHu-
poBaHHE 3KBHBa/JEHTHPOBAHHBLIX 30H ce-
TH; 4) pacder moKasaress HaAeXKHOCTH
Re(t).

Cocrasaenue 3adanus. TlepBoHna-
4a/JbHO COCTABJ/SIeTCS pacueTHas cxema
cetd (cm. puc. 911). Ha cxeme u306-
paxaercs TOJNBKO KOoJsiblleBasl uactb ce-
tH. [Ipeanosaraercs, 4To BCE TYNMHKOBbLIE
OTBETBJIEHHS 3JKBHBAJIEHTHPOBAHBI, IO-
9TOMY y3/0Bas Harpy3ka (u3obpaskae-
Masi Ha cxeMe cCrpeskKoH) xapakre-
pH3yercs [BYMsl NOKa3aTesasIMH:

o, AQ,.



Anroputm pacueta Rcr/t/

ek

BBoa ucxoaHbiX AaHHbLIX
PSS A m}.m - .

Onpeaenexnve pacyeTHbIX PacCXoAos ANA yyacTkos cetn. Tpeo6pasyem matpuuy Q (1), 3amenus
B HEil HyNu AeHCTBUTENbHLIMM Ppacxofamm

e

O,
Mpocmatpueaem sce Homepa matpuust Q (1) cnpese HaneBo A0 nepsoro y4YecTka ¢ HyNeBOW Harpy3Kon.
B paccmarpusaemom npumepe no puc. 5.10 — ato Q (9) .

i
B - . ;

. R
\ AnA yyacTkaC  HyneBo# warpysko# no matpuue NKUZ(J, I) vaxonmm ero koHen
i W yCTaHasnuBeem yHacTKW, BbIXOAAWME W3 HEr0o — 310 7 —8 u 7 — 12
Brreir -

— - B —
[ Mo nonyuexHbim Ranubim n matpune Q (T) peccunTuiBeem pacxopn Ha yuwactke 9. On pasex- 100 + 50 = 150.

Ero 3avocnm 8 Q (9) Bmecto Hynn. )

S T ST >

e |

AHanoruyHo 3ameHnem Bce Hynv B marpuye Q (1) Ha dakTHHECKNS PACXOAbI Ta3a NO ywacTKam.
s ek

Hauano uukna no oy K TUPOBEHHBIX 30H,

T -
Coznaem paboune maccusbt: NS U (1) — womepos csoboaubix yuactkos u NSK (I) — vomepos ceoboaubix |
kouuoB. Maceus NSU (I) cTpouTeA cooTBeTCTBEHHO HyMepauuv B NOPAAKe CNEAOBAaHMA YYaCTKOB B MaTpuue
NKUZ (J, T). On cTpourca cpasy, a maccus NSK (I) no mepe dopmuposanun 3ou.

¥

e = e e,

flepsan 30Ha Ha4MHaeTCA C nepeBoro y4actka. finA vero na NKUZ(J, T) 6epem kouey u 3avocnm ero B
nepsyro knetky meTpuusl NSK (1), a nepsbiit yyacTok na maccusa NSU (I) uckniouaem. 4na nepeoro
cBofo6Horo kowua NSK(2) YycTaHaBnusaem BbixoAAwme y4acTku: 2 — 3,2 — 9, 2 — 7. Ha yyactkax 2 — 3 u
2 — 9 3aaBIKEK HET, NO3TOMY UX BKNIOYAEM B NEPBYIO 30HY, a Y4acTok 2 —7 He BKNIOYaem. Binioyaem )
CEKLNOHVPYIOLLYIO 3aaBMWKKY 2 — 7. Yyactkn 2 —3u 2 — 9 u3 NSU (1) ebuepkusaem. B maccue NSK (1. 1

1Baem c8o6 e KoHibl 34 7. Koxeu 9 3a CA oi. 3 Y BK M B 20HY.
W3 kouua 3 sbixoaAT yuactku- 3 — 10; 3 — 4. Yyactok 3 _ 10 ¢ sapsuxKoi u Ky 3 BK. B 30HY.
Ha 370M opMUpOBaHNE NEPBON JOHbI 3AKAHUMBABTCA. [lnuHbl Y4aCTKOB ¥ KONNYECTBO 3aABHIKEK CYMMUPY I0TCA.

¥

»

- . B

- h e i e e
U3 maccusa NSU (1) Geperca cnepyioumit cBoGoaHbIR y4acToK: 3 — 4 U aHANOTMYHO npeabiayiLemy
hOPMMPYETCA CReAYIOILaA 30Ha. JTa npoueaypPa NPOACMKAEETCA A0 MCHEPNaKUA BCeX CBOBOANbIX
y4acTkor B maccwse NSU ().
e
— i
Mo nonyuyexubim o AnA ™D X 30H U Ap IM Bblle popmynam
paccumTbiBaeTcR R /t/.
— WL G SEE DAL B e KR X B ek s U s ooh W I B MNLE AT Te————— el

S
: CT )
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Puc. 9.11. Koabuesas (pacungposka); I, 2,

rasoBas ceTb
a —cxeMa KoJbueBo# ce-
TH; 6—y3en Bsoma A

J,. .,18 — nomepa y3.J0B
cetd; [102..105 B pac-
mHppoBke A

B uacrHOCTH, y3/0Bas Harpy3ka MOKer
paBHAITbCA HYAW0. Bee y3anl HymepyioTcs
H Ha KaX/[OM YydacTKe NpoCTaBasercs
CTpesiKa, YKa3blBawoulas HafnpasJjeHHe
nBuxeHHs1 rasa. CJiefoBatejbHO, CeTb
npeacraBisgeT coO0H KOHEUHbIH CBSI3aH-
ublii opHenTHpoBaHHBIA rpad. Hymepa-
11HS1 Y3JIOB OCYIIECTBJAETCS MPOH3BOJb-
HO, HO TepBble y3/bl — Y3Jbl MHTAHHS.
CeKUHOHHDYIOUIHE 3a[BHXKH YCTaHAB-
JIUBaeM B HadaJjie Y4acTKOB, MO3TOMY
X o603HauaeM HOMEPOM Y4acTka.
¥3en BBOma una puc. 9.11, a no-
KasaH 3kBuBaJeHTHpoBauHbi. Ero
KOHCTPYKTHBHasl paclindpoBKa faHa Ha
puc. 9.11, 6 (ysen «A»). Ou KoHCTPYH-
pyercs cienywouwum obpasom. M3 T'PC
BBIXOAST MapaJjefbHO [B€ HHTKH raso-
nposofoB. Ha xkojble MeXAy HHMH
PAIOM yCTaHABJAHBAIOTCA [B€ 3a/BHAKKH
102 u 103. 210 nospoJsieT NpH aBapHii-
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HOM oOTKase Jii0OOH HHTKH HJAH 3an-
BHXKKH 06ecneduTb nojauy rasa B ceTb.
(dns nmpocrorbl paccyxaeHuii o6o3na-
yuM 3aiBUXKH |—2 u 1—5 ponoa-
HUTeJAbHbBIMH Homepamu 104 u 105.)
[IpocMOTpUM OTKa3bl 3J€MEHTOB y3ja
BBoaa: 1) uJuuHelHBl yuactok or ['PC
B y3en [, mepekpbiBaeM 3aJBHXXKH
104w 102; 2) py6aupyouuil JuHed-
Hblil yuactok or ['PC, nepekpniBaem
3anBuxku 103 w 105, 3) 3auBuxka 102,
nepekpbiBaem 3aiaBuUXKH [04 u 103,
4) 3anBHxkKa 103, mepekpbiBaeM 3aj-
BHXKH 102 u 105.

IIpn Bcex paccMOTpeHHBIX YeThlpex
0TKa3aX BBIKJIIOUEHHE H3 CHCTEMBl OTKa-
3aBLIErO 3j1€MEeHTa He MPHBOAMT K MpeK-
pallleHHIO TojauH rasa B ceTb. la3
nojaercs no ToH HUTKE MOJABOASIINX ra-
30MPOBOJIOB, KOTOpPAasl HE OTKJAIUEHA OT
cet. CienoBaTenbHO, pPacCMOTpeHHas
KOHCTPYKUHSI y3aa BBOAA HCKJIIOUYaeT
BO3MOXHOCTL IIOJHOTO IPEeKpalleHHs
nogaud rasa B ceTb. (Qrkasbl 3aABH-
)kek 104 wunm 105 npuBossit K Heo6-
XOAHUMOCTH OTKJIIOUEHHSI COOTBETCTBY-
IOUX ydyacTkKoB (I—2 unu 1—5), HoO
nogaya rasa B CeTb OyneT OCYIIeCTB-
JATbCSI MO HEOTKAa3aBIIeMy Y4acTKy.
ITH OTKa3bl pacCMaTPHBAIOTCS B pacyere
HaJeXHOCTH Hapsily C [PYTHMH OTKasa-
MH.

YunTbiBasi H3/10XKeHHOe, (akTHuec-
Kasi KOHCTPYKUHSI y3ja «A» MOXer ObiTh
SKBHBaJIEHTHpOBaHa y3J1oM [ H IByMs
3aJlBH)KKaMH clpaBa H cjJeBa OT y3jaa
I (cm. puc. 9.11, a). Tlpu srom,,
NpH OTKase MpaBO¥ 3aABHMXKKH, ra3 B
cetb Oyler mnoctynarb uepe3 .JeBYIO,
a TpH OTKase JeBO#i — uepe3 NpaBylo.
JTO VuuTHIBAeTCH B pacueTe HajeXHOC-
TH.

Cxema ceTH M OCHOBHble ee mapa-
MeTpbl 3anaiorcs maccuBom NNK(JI), B
KOTOPbIH BK/IIOYAETCH MATPHILA HHIHAEH-
uuMi (mMatpuua pepwuH). Yucjio cronb-
OB MaccuBa (/) paBHO 4YHCJY yuacTKOB
cetH. B crpoukax mnomeuiamorces ciae-
AylolUlHe AaHHble: [— CTpouka — Hadya-
Jla yd4acTKoB, 2 — CcTpPOYKA — KOHIH
yyacTkoB, 3 — CTpOYKa yKasblBaer Ha
Hajln4yve 3aJBHXKKH Ha ydyacTke: [—
€CJIM 3a/(BHXKKa ecTb, 0— eC/IH 3a/(BHXK-
KH HeT, 4— CTpOUYKa — [JIHHBI YYaCTKOB.



Jlasi onpejeseHHsi PAacXofoB rasa o
y4acTKaM CeTH 3a/aeTcsi MaTpHua ys3-
JoBHX pacxonoB SQ(K) 3apamorces Tak-
Ke w, s, (. Pacuernoie pacxodes

IJI1 yUacTKOB C€TH ONpeRessioT no me-
TofHKe, OJNH3KOH K MeTOJHKe pacyera
TYNHKOBBIX T'a30BbIX ceTel.

Maccu NNK(JI)

1E2‘3l4l’)[b|7|8i9‘10‘ 1 | 12 l 13 l 14 l 15 l 16 I 17 l 18 | 19 ]20
ifr 2 31 5 6 7 4 5 9 10 i1 12 13 8 2 i5 16 4 18
212 3 45 6 7 8 8 9 10 11 12 13 14 14 15 16 17 18 17
3it 111 01 1 1 10 0 1 0 i i 0 1 1 1 1
413 2 2 2 3 2 2 2 105 15 2,2 2,2 3,3 2 2 2,2 2,2 1,5 1,5

Maccus SQ (K)
1lz| 3 l 4 l 5 |6| 7 | 8 | 9 I 10 |11| 12 |13| 14 Insl 16 I 17 |18
110 500 1200 10000 500 500 8000 1200 1000 1000 700 700 600 10000 600 1000 7000 500

Paccmorpum meTtoauky ¢dopMHpoBa-
HHSl 3KBHBAJEHTHPOBAHHBIX 30H CETH
SDKBHBAJEHTHPOBAHHE HAuHHaeM C nep-
Boro yszaa (yssa BBOAA) U MEPRBOTO
yuyactka. Ha puc. 9.11 3rto yzen I,
yuactroKk [/—2 u 3aaBuxka [. VYudac-
TOK [—2 BKJIlOUaeM B MNEPBYIO 30HY.
3aaBuxKy I, Koropasl sIBJsIeTCsl TpaHH-
uefl mepBOH 30HBI, BK/AOYAeM B BCHO-
moraresnbHblii maccuB NZ([) no nyme-
pauuu, npunsroil B Maccuse NNK(JI), u
B NIEPBOJ CTPOKE 3TOr0 MacCHBa B CTO/0-
ue yuacrka | (/—2) sanucbiBaeMm enH-
HHLY, T. €. ¢ukcHpyem, uro 3oHa [
rpaHdyuT C 3aABHXKOH I VY3en 2 gB-
Jsiercsl cBOOOJAHBIM KOHLIOM NepBOH 30-
ubl. Miwem B maccuse NNK(J, I) yuacr-
KH, BbIXOAsILIHE H3 y3jga 2, B NepBoii
CTPOKE MaccHBa — Haudasa yvacrkos. M3
yana 2 BbixoauT: 2—3 C 3aiBHXKOM
B Hayase (TpeTbs CTPoka) H 2—15 6e3
3aABUXKH. B nepByIO 30HY BKJKYaeM
y4acTok 2—15, 3aliBHXKY 2—3, KOTO-
pasi siBjsiercsi rpaHHiledi nepBoil 30HBI,

BkJaouaeM B maccu NZ([), B xoTopom
B crosi6ue 2 npocrasasiem 1. Paccmarpu-
BaeM ocraBliHecs cBOGOAHbIE KOHILbI
yyacTKOB NepBOH 30Hbl — 3TO y3en [5.
M3 nero BbIXOAHT yuactok [5—16 ¢ 3a-
aBuxkoit 15 (16), xoropas siBjsieTcs
rpandued nepBod 30ubl. Tak Kak 60.b-
me cBOoOOAHBIX KOHLOB HeT — mep-
Basi 3oHa cpopmupoBana. [Ipocrassasiem
eaunuduy B MaccuBe NZ(f) B kosoH-
Ke /7. B nepByio 30Hy BOLLIH yu4acT-
kH [—2 u 2—15. OnpenensieM JAJUHY
rasonpoBOJOB MepPBOil 30Hbl H3 MacCHBA
NNK(J, I) — uerBepTass crpoka. ZL =
=3+42=>5 kM. Uncio 3aiBHXeK —— on-
Ha. B sony BxomsT y3abnl 2 u /5 (mep-
BbIfi y3en He yUHTbiBaeM), KOTOpble He-
cyr Harpy3ku 500 u 600, mnosromy
AQ=5004600=1100 m*/u. [TepBas 30-
Ha HMeer CJelyIOlHe cBOOOAHbIE Tpa-
HHYHble yYacTKu: I—5, 156—16, 2—38. Ux
3aHOCHM BO BCIIOMOraTe/bHbii MacCHB
NSU(I). B cooTBeTcTBYIOLIHE CTOAGIbI
I. 4, 17, 2.

Maccus NZ(I)

1 l 2 Isl 4 |5] 6 I7ls|

|1o’1|| 12 |13* 14 II5I16J 17 |l8|19|20

1 1 1 2 2

1
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Maccus NSU(J)

N ‘3' 4 Is]

Jmlnllzl 13 LM] 15 Ilsl 17 |1s|19{ 20

6 l7|8] 9
1 2 1 6 5

15

2 3 5 7 9

16

Hauunaem ¢popmupoBarh BTOpYIO 30-
Hy. B xauecrBe mepBOro yuacTka Bbi-
6upaeM nepBbiii CBOGOJAHBIA IpaHHUYHbIH
YyuacTOK, PAcMoJIOKEeHHbIH cJeBa B Mac-
cuse NSU(I). dto yuactok [—5 ¢
saaBuXKko#i 1(5). Yuacrok 1—5 Bratoua-
€M BO BTOPYIO 30HY, a 3aABHXKKY [ (5) oT-
meuaem B Macchue NZ(I). U3 yana 5 Bbl-
XOIAT yuyacTKH 5—6 0e3 3alBHXKKH, €ro
BKJIOYaeM B 30HY H 5—9 ¢ 3a1BHX-
ko#t 5(9). 3aaBuxka 5(9)— rpanuua
BTOPOH 30HBI, TO3TOMY JeJnaeM COOTBET-
CTBYIOLLYIO OTMeTKY B Maccube NZ([). U3
y3J1a 6 BBIXOJUT YyUacTOK 6—7 C 3a]BHXK-
Kol 6(7). Iro rpanuuna BTOPOH 3OHHI.
JenaemM COOTBETCTBYIOLUYID OTMETKY B
maccuse NZ(/). Bo BTOpyl0 30Hy BOLJIH:
yuactku I—38, 5—6 u 3anBuxka I1(5).
AL=2+43=5 &M, AQ:=Qs+Qv=
=5004-500=1000 m3/u. W3 Bropoil
30Hbl BBIXOASAT CBOGOJAHBIE TpaHHYHbIE
ydactkH: §—9 u 6—7. DTH yuyacTKH
3anucoiBaeM B MaccuB NS U(I). Yuacrok
I—5 nepecraj 6biTb CBOGOAHBIM, MO3TO-
My ero ctdpaem B MmaccuBe NSU(/).
Anajoruuno gopmupyem nociaenyoliHe
30HBL BIJIOTH 10 HCUEPHAHUA BCEX Y4acT-
koB. Ha puc 9.11 Bce noayuawuuecs
30HBl /151 CE€TH OKOHTYPEHB! uepe3 ceK-
UHOHHUPYIOULHe (TpaHUUHbIE) 3aBHXKKH.
Bcero mosayunmaock gBeHaalaTh 30H
CeTb HMeeT MATHAALATH CEKUHOHHPY-
IoHMX 3a/BHKeK. CJuenoBaresbHO, AJS
npuMepa rasoBo# KoJblieBON ceTH, H300-
paxeHHo# Ha puc. 9.11, nmonywaercs
BCEro [BalilaTb MNSATb 3KBHBANEHTHPO-
BaHHBIX 3//eMEeHTOB, KOTOpbl€ YUHTHIBAEM
B pacyeTe HaIEXHOCTH.

[To mosnyueHHBIM XapaxkTepHCTHKaM
30H Ta30MpPOBOAOB U MCXO/HBIM J@HHBIM
onpenessieM HX CYMMapHble XapaKkrepHc-
THKH.

1) mapamerp moToKa OTKa30B 30HBI

0,=wZLy.
/
2) BKJIAA B HEHAJEXHOCTb CHCTEMbl

30HOH
208

o,=0,AQ,.

ITocne dopmMHpoOBaHUs 30H rasonpo-
BOJOB CeTH HeoOXOAHMO YUecTb BKJal
B HEHajleXXHOCTb CEKLHOHHPYIOIMIHUMH
3ajBHXKaMH. Kaxaas cexkuHoHHpYIO-
las 3aJBH2KKa NpeacTas/iser coboii ca-
MOCTOSITeJIbHBIH 3JIEMEHT, 0TKa3 KOTOpO-
ro NPHBOAMT K HEOOXONHMOCTH OTKJIO-
UeHHs JBYX COCeAHHX 30H, HAa TpaHH-
1[e KOTOpbIX OHa pacmnoJsoxeHa. ITo3rto-
MY INpH OTKase 3ajJBHXKH OTKJIouae-
Masi MOUIHOCTb PaBHA CYMMe OTKJIOYae-
MbIX MOILHOCTEH, COOTBETCTBYIOLLHX OT-
KJ4aeMblM 30HaM. OTKi04aeMble 30HEI
onpenensieMm M3 macchBa NZ([). Takum
o6pa3oM, I8 KaXIoH 3aJBHXKKH, 0003-
HaueHHoit B maccuse NNK(J, I), ycra-
HaBJIHBaeM:

w3 H AQa IZAQI,I+AQ/,21

rae AQ,y u AQ,2— oTK/104aeMble MOLIHOCTH NpH
OTKa3e COCeAHHX 30H C 3aABHXKKOH, 0003HaueH
HblX B TepBOH M BTOPOH CTPOKAx MacCHBa
NZ(I

TOJ’leO 3aABHXKH, NpUMbBIKaloUulie K
Y3Jy TNHUTaHHS, HMEKT IO OllHOﬁ CO-
celHeii 30He. OHH BKJIOUEHbl COOTBET-
CTBEHHO B 3TH 30HHI.

PaccunTbiBaeM BkJajg B HeHanexX-
HOCTb CHCTEMbI, BHOCUMBbIH 3aBHXKKAMH:

03vI=m3AQ3:I'

3akaHuyuBaem pacuerT HALEXKHOCTH C
Y4€TOM 30H Ta30NpOBOJOB MW CEKIHO-
HHDPYIOIIHUX 3aABHXKEK:

1) onpenensem cymmy napamerpos
MTOTOKOB OTKa30B BCE€X 3JIEMEHTOB CHCTe-
MbL:

=Mz
Q=Y (o2 L)+w;NZ, N
=1 ! !
rie MZ — ofGulee uyMClO Ta30NPOBOAHLIX 3QH;

NZ — of1iee uHc/I0 CeKHHOHHPYIOWUMX 3a1BHXEK)

HCKJ/II0YaA ToJIOBHBIE 3aJBHXKH, 4
s

2) onpenessieM BKJajd B HeHaLex:
HOCTb I'a30BOH CeTH BCEMH 3JeMeHTaMHi



1=MZ 31=NZ

0=2 O’I—I- 2 oal:

=1 3y=1
3) onpenensieMm Mokasarejb HalexX-
HOCTH R(1)

l_e—TQ

Rcr(t)= 1 ———Q‘EQ—— [

9.7. HopmupoBanue
OCHOBHOro NnoKa3sarens
Hafle)KHOCTH

razoBoi cetu R (1)

Boipaenue 1Jsi pacueTa MoKasare-
Js1 HaJeXHOCTH Rc-(f) MOXHO mpeos-
pasoBaTb Tak:

=1

R(0=1-2,

1=

AQ v —Zot
Q0,50 (1=e™)

MAQ,
Q, '
=1

rae MAQI=2 —Z—X—g—(’%(l——e_zm’t)—_—

=1

—Zot
J— !
—=2Q¢ (1—e )
=1
5TAQ o
Ath =2 |
cp 2o
=1 !
MA Q,— maTeMaTHyecKoe OXHAaHMe OTKIOYaEMOM
MOILLHOCTH B aBaPHHHBIX CHTYaLHSX, AQS’p— dak

THUYeCKasd CpeJHssd BEJHYHHA OTK/I04YaeMOH MOLL-
HOCTH B aBapHﬂHbIX CHTyalUuusx

»

Hopmarusnbie 3naueHusi R.(t) MOX-
HO TONYYHUTb HCXOAS H3 JOMYyCTHMOIO
snauenust AQ¥,. Ha ocHoBanuu ananusa
pa6oThl M peMOHTa AEHCTBYIOIHX CHC-
TeM Tra3ocHabXeHHWS ¢ YUeTOM Moll-
HocTell  aBapHAHO-BOCCTAHOBHTEJNbHBIX
C1yX6 MOXKHO HgHHﬂTb HOpMATHBHbIE
snauenus aas AQ%=6000 10000 m*/y.
Menblide 3HaYeHHS] NPHHHMAIOTCH A/
ropoJi0B ¢ MeHbllel YHCACHHOCTBIO Hace-
nenusd. M3 anHanusa nJoOTHOCTH raso-
BOH CeTH, OTHECEHHOH K MJOTHOCTH Ha-
CeJIeHHs], ee HaCHILIEHHOCTH 060pynoOBa-
HHeM M npHHuMmas (=10 JeT MOXKHO
pPEKOMEeHI0BaTh CJeAYiollHe HOpMAaTHB-
Hble 3HaueHHus R (10), npuBejeHHbIE HH-
xe:

HaceJeHHe ropojga B Thic yen <100,
100—500, 500—1000,>1000 coorser-
cTtBeHHo R 0,95, 0,97, 0,98, 0,99

[Ipn oTka3e sJeMeHTa KOJblEeBOH
rasoBoil ceTH ee NepeBOAAT HA PEXKHM
JIHMHTHPOBAHHOTO ra3ocHabxenus. [as
MOJHOH OUEHKH HaXeXHOCTH rasoBoH
cetH Heo6XONHMO 3HATb BEPOSATHOCTb
nonanaHus norpeburened B JHMHTHPO-
BaHHBI peXHM rasocHabXeHHs H 3Ty
BEPOSATHOCTb HOPMHpPOBaTb. B pesynbra-
Te OorpaHH4HMBaeTcsl 30Ha norpeburesed,
noJyyamwuHux NIOHHXKEHHBIH pacxoj rasa

npu asapHiiblx cHTyaunusix. Bepost-
HOCTHbIH nNokasareib onpenessercs
ypaBHEHHEeM:

qnzl——e’z“”,

rae I, — CymMMa napaMeTpoB NOTOKOB OTKa3oB
BCeX 3J€MEHTOB KOJlbLleBOl:l YAaCTH CeTH, y4yacrt-
KH KOTOPOﬁ B3aUMHO pPE3ePBHPYIOT Apyr npyra

[Ipv npoekTHpOBaHHH HEOOGXOAHMO
co6JioaaTh yCJIOBHE §,<lg;p*"". 3a Hop-
MATHBHOE 3HaueHHe ¢7”"" peKomeHAyeT-
csl npuHATH BenHuuHy B 0,02. Hopmupo-
BaHHOe 3HaueHHEe ¢, ONpejessieT pa3me-
pbi B3aHMHO Pe3epBHPYEMOH YACTH KOJib-
1eBOH ceTH BLICOKOro (CpelnHero) nas-
JgeHus ropoaa. [Ipu oTkase ee anemen-
Ta Ha JUMHTHPOBAHHOE Ia30CHaGXKeHHe
nepeBOAAAT TOJBKO MNoTpebuTeneil 3Toi
yactu. [lorpebutesnn, He BouieAlUIHe B
3TY 4HacTb CeTH, MOJYYalT pacyeTHblE
pacxoasl ra3a. Ha rakue yciosusi pac-
CUHTBLIBAIOT AMAMETPbl KOJIbLEBOH ceTH
NpH aBapHHAHBIX THAPABJIHUECKHX PEXH-
Max.

9.8. Ouenxka HapeXHOCTH
razocHabkenns
oraensHbix norpeburenei

Otka3 Ha KOJAbUEBOH CeTH MPHUBOAHT
K HEeOOGXOAHMOCTH OTKJIOUEHHS OTHEeNb-
HbIX notpebureneii. [Lisi Ol€HKH 4aCTOTHI
OTKJ/IOUEHHSI NOTpebHTENsI { OT KOJblie-
BOH 4acTH CeTH cjelyeT pacCyHTaTh Be-
POAATHOCTb OTKJIIOUEHHS] B TeueHHe roja:

o

t

qmm:l—e ’

rage Zw,— CyMMa napaMeTpoB MNOTOKOB OTKa30B
3/1eMeHTOB, BXOASIIHX B CEKUHOHHPOBAHHYIO 30HY
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KOJ]bllEBOﬁ CETH, OTKa3 KOTOpOﬁ NPHBOOHUT K OTKJIIO-
YEHHIO NOTpeGHTeNeH.

YuHuTHIBAsl TO, UTO OTKJIOYEHHE MOT-
peburesiefi HAaHOCHT GONbUIOH COLHAMDb-
HBIl H KOHOMHYeCKHH yuiep6, BEpoOsIT-
HOCTb OTKJIOUEHHUS JI0JXKHAa GbITb HOPMH-
poeaHa. HopmaTHBHOe 3HaueHHe LeJe-
c0o00pa3HO NMPHHATL PaBHLIM:

otk 1 =10,005,

C/Ie/IOBATRJABHO, (orx: JAOJKHO ObITb
menbiie Hiad pasHo 0,005. Beawnuuna
HOPMaTHBHOI'O 3HAUEHHS (orq, ONpEJe-
JISIeT CTeNneHb CeKIHOHHPOBAHHSA KOJablie-
BOH CeTH H HAaCbIUIEHHOCTb CEKI[HOHH-
poBaHHOH 30Hb of0opypoBanueMm. Tak
Kak yulep0 c¢BfI3aH C JJHTEJIbHOCTbI}
OTKJI0UeHHA norpeburesell, Koropas 3a-
BHCHT OT BPEMEHH PEeMOHTa HJH 3aMme-
Hbl 3JleMeHTa (BpeMsl BOCCTAHOBJIEHHS)
tsocer, MMOITOMY fgocer CJAELYET HODPMHPO-
BaTb. ITO GyN€T AETEPMHUHHPOBAHHBI —
BTOPOH NMOKa3saTresb HAAE€XKHOCTH AJH OT-
KJwyaemoro norpeburenss. Hopmarus-
HOe 3HauyeHHe f30%; MPHHUMAaeM pPaBHbIM
7 u. JTO ycnoBHe omnpegensieTr Heob-
XOJAHMYI0O TNpPOH3BOACTBEHHYID OCHa-
UIEHHOCTb M TeXHHUYECKHH  ypOBeHb
aBapHiHO-BOCCTAHOBHTE/IbHOH CJ/yXK6bl.

JlioOble 0TKa3bl Ha Hepe3epPBHPOBAH-

HOH 4aCTH CeTH BBICOKOrO (CpejaHero)
JaBJIEHUS] MPUBOAAT K OTKJIOUEHHIO Of-
HOTO HJH rpynmbl norpeburesned.

JI15 OueHKH TaKMX OTKJIUYEHHH HC-
MIOJIb3YETCS TOXKE BEPOSITHOCTHLIH MOKa-
3aresib HaJeXHOCTH

—Io
QOTKH=1 —e la

rie Xw,— CyMMa MapaMerpoB NOTOKOB OTKa30B
raaonpoaonoa H BcCero OﬁOpyllOBaHP[H OTBETB-
JIEHHA 10 TIYyTH rasza ot I(OJ]bL[EBOﬁ yacTHn
ceTH A0 Haubosee ymajeHHOro noTpeburess.
Takux norpeGureneil MpeanosOKHTENbHO MOXKeT
6biTb Heckoabko [Ina  Bcex Takux rnorpeGu-
Teslell CJIelyeT MPOBECTH pacueThl

[loka3aTesb Gorks PAaCCUUTBIBAIOT
JJIsT OJJHOTO Tojia, a €ro HOpMHpOBAH-
HOE 3HAueHHe HaKJaJblBaeT OrpaHuue-
HHSI Ha AJHHY H HAacbILEHHOCTb 0060-
pYLOBaHHEM OTBETBJEHHSI K norpedure-
Ji0. HopMHpOBaHHOe 3HAUYEHHE Gork o
npunuMaeM papibim 0,01. CregoBarens-
HO, NpH NPOEKTHPOBAHHH TYNMHKOBBIX Ce-
TeH BBICOKOTrO (CpejHero) faBJeHHs He-
00X0AHMO CcOBJIOAATD YCJAOBHE oy u<C
<0,01. Bropo#t neTepMHHHPOBaHHbIH
nokKasare/b HaleXXHOCTH IPHHUMAIOT Ta-
KHM K€, KaK W B cjydae OTKJKUEHHS
norpebuTesed NMPH OTKaszax Ha KoJble-
BOH 4AacCTH CeTH, T. €. fhorer==7 H.

Ffnasa 10

TexHMKO-3KOHOMMUYECKMH pacuer
ra3oBbiX ceteM

10.1. TeXHMKO-IKOHOMMUECKOE
oBocHoBaHMe cxeM
rOpoACKMX rasoBblx ceveM

Cucrema rasocHabKeHUsl J[OJXKHa
6biTb He TOJbKO HaJeXHOH H 6e30-
NacHOH B 3KCIJyaTalHH, HO H 3KO-
HOMHUYHO crnpoekTHpoBaHHOH. [loaTomy
TEXHHKO-I9KOHOMHYECKHH pacueT raso-
NpoOBOAOB TIpejacTaBisieT col0oH OaHY
H3 BaxKHeHwWHX 3anad. Jliobolt BapHaHT
CHCTEMBbl ra30cHabXKeHHs OLIEHHBAIOT Ka-
nuTajJbHbIMU  BaOXKeHHssMH K, py6.
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(CTOMMOCTBIO CTPOUTENLCTBA), H3AEPHK-
KaMH Ha 3kcnayarauvio W, py6/ron
(BeTMUHHOH, ompeneaswuiedl cebecTou-
MOCTb TPAHCTOPTHPOBAHHUS rasa) H Mnpu-
BeJeHHBIMH 3atrparaMu 3, py6/rox:

3=H+(1/T)K=HN+EK,

rae T — HopmartuBHbli cpok okymaemoctdH (T=
=8,33 rona); E — HopmaTuBHbBIE KO3 (HUIHEHT
5DPEKTHBHOCTH KaMUTAJbHBIX BJAOKEHUH (E=x
=0,12 1/roa).

4

v

CroumMocTb ra3onpoBOAOB 3aBUCHT OT
CTOHUMOCTH pr6 H CTOUMOCTH CTpPOH~



TeAbCTBA, KOTOpAasi OMNpejesieTcss riy-
OUHOH YKI1aAKK TPYO, XapaKTepUCTHKOH
rPYHTa H AOPOXHOIO MOKPLITHS, CHOCO-
Gamu coenHHeHHs] TPyO, CTENEHbI Me-
XaHU3alMH MPOH3BOACTBa PaboT U T. I
[lepeuncaennble mMoKa3aTeaH ¢ H3BeCT-
HbIM TIPHOANIKEHHEM JIeJAT Ha ABe rpym-
Mbl: 3aBHCALLMEe M He 3aBHCALIHE OT
auamerpa tpy6 Takoe nesnenne umeer
6osibIOe 3HaYeHHe 119 TeXHHKO-3KOHO-
MHUECKHX pPACUeTOB, TaK KaK MNoJa0MKe-
HHe MHHUMYMa (QYHKIHH CTOHMOCTH He
3aBHCHT OT MOCTOSIHHbIX BeaWuuH. Crou-
MOCTb TPY6 — OCHOBHasi COCTaBJAOLIAS
of1eld CTOMMOCTH CMOHTHPOBAHHOrQ
rasonpoBoia — B HauboJablled crermne-
HH 3aBHCHT OT juamerpa. [Has ro-
POLCKHX Ta3oNpoBOAOB TOJIIHHA CTEH-
KH Tpy6bl Bcerna ObiBaer 6oJbille
BEJHUHHbl, HEOOXOJHMOH MO YCJAOBHIO
[IPOUYHOCTH, MOITOMY CTOHMOCTb TFOPOA-
CKHX Fa30ApDOBOKOB MPAKTHYECKU He 3a-
BHCHT OT jaaBjenusi raza CTouMOCTb
3eMAsHbIX pAab0T B MeEHbiUeH cTeneHH
3aBHCHT OT auamerpa Tpyl, uem CTOH-
MOCTb Fa30MNpoBOAA, a IyOHHA ero VK-
Jaakd BooGuie oueHb caaGo 3aBHCHT
or auaMmerpa. las onpenesneunuss 3asu-
CHUMOCTH CTOMMOCTH Ta3onpoBoja OT AH-
amerpa Tpy6 COCTaBAAIOT CMEThl Ha
CTPOMTENBCTBO T'a30MpPOBOLOB PasHbIX
JHaMeTPOB MPH pPa3JHYHBIX YCJAOBHSIX
npokaaakH [ast ropoackHx rasonposo-
JIOB 3TY 3aBHCHMOCTb MOXHO MpeJcTa-
BHTb (HOPMYJIOH

Kr=a+b1d,

rae K, — cToMMOCTb | M YJOXEHHOro 1a30
nposoaa, py6/™, a-— KO3(D(DHUHEHT CTOMMOCTH,
py6/M, bi — koaddHIHEHT croumocTH, py6/ (cM X
X M), d — gnamerp rasonpopoaa, (M

Kaﬂl/ITaJ'leble BJIOXKEHHUA B ra3onpo-
BOABl MOXKHO ONpefeasiTh NO YMPOIUEH-
HOH 3aBHCHMOCTH

K,=bd (10.1)

Jasi TOPOACKHX Tras3oNpoOBOAOB H
CpPeAHHX YCJOBHH NMPOKJAAAKH 3HA4YeHHe
xosdduurenta b usmensercs B fpe-
penax  0,5..0,6 py6/(m-cm). Crou-
MOCTb T[a3operyasiTopHblx W rasopac-
npefeqnuTeNbHbIX CTAHUHMH 3aBHCHT OT
THMA MW TPOINYCKHOH CIOCOGHOCTH CTaH-
UHH ¥ ompepessieTcsi 10 CMeTam.

DKCMAYyaTalKOHHBE H3AEPXKKH [
TOPOJCKHX CHCTEM rasocHab KeHHsl cKaa-
IBIBAIOTCA M3  CJAEAYILUIHX OCHOBHBIX
yacrefi: 1) aMOpTH3aLLMOHHBIX OTYHCJAE-
HHH, BK/AIOUAs PacXOAbl HA KaluTalb-
HbIH DPEMOHT, 2) pacxomoB Ha TeKy-
IMH peMOHT H obcay:xuBaHHe. las om-
peseseHHst ce6eCTOMMOCTH BHYTPHIOPOJ-
CKOro TPaHCNOPTHPOBAHHA rasa 3Kcl-
JyaTauHoHHble H3JepXXKH [T Ha ro-
noBoe noTrpebJieHHe ra3oo6pasHoro Tom-
AuBa ropogom Q, m3/rog.

AMopTH3anHOHHble OTUHC/IEHHSA, pac-
XOAbl Ha TEKYIIHMH PEMOHT H O6CaYXKH-
BaHHE ONPEEeNsioT KaK A0 OT Kanu-
TajJoB/JOXeHHH. B 3TOoM cayuae 3Kc-
nAyaTanHOHHble H3AEPKKH PaCCUMThI-
BalOT Mo ¢dopmynae, aHal0THYHOH ¢hop-
MyJae [Jsi KallHTaAbHbIX BJOXXEHHH:

U=(I"+T")K,

rae  }) — g0AH  aMOPTH3ALHOHHBIX  OTYHC/AEHHH
(BkaOUAn pacxonbl Ha KamHTaJbHbIA PEMOHT)
OT KalHMTa/lbHbIX 3aTpar, [” — [o/asl pacxomoB Ha
o6GCNyKHBAHHE M TEKyUIHH peMoHT oT K

Pacxoabl no TekylleMy peMOHTY H
06Cay>KHBAHHUIO TOPOACKUX Tr'a30BbIX Ce-
Tei B OCHOBHOM 3aBHCAT OT MNpPOTH-
KEHHOCTH Tas3olpoOBOJOB H B HE3HAdUYH-
TeNbHOH CTENeHW OT HX JAHamerpa.
B  TexHHKO-3KOHOMHUYECKHX pacueTrax
pacxoibl MOXKHO IIPUHHUMATL NPONOPLHO-
HaJbHbIMH AJHHE rasonpoBoaoB Takum
0o6pa3oM, 3KCIAyaTalHOHHbIE H3/1epKKH
Ha rasonpoBO/bt ONpeneasior no ¢op-
MyJe

W, =K+682L, (10.2)

rae § — CTOMMOCTb 06CTyXHBaHus | M rasonpo
Bofa py6/(m-roa)

B nacrosiuee BpeMs 06blUHO Mpoex-
THPYIOT M CTPOAT [BYXCTYyNeHYaTble
cuctembl rasocHatO:euuss OHH HMEWOT
cern Bblcokoro passenusi (0,6 MIla),
MO KOTOPBIM ra3 TPAHCNOPTHPYIOT Mpo-
MbILIJICHHbIM norpeﬁmenﬂm H B cere-
Bbi€ Ta30PEryAaTOpHbie NYHKTH, a TAKXe
CeTH HHM3KOTO [aBJIEHHH, K KOTOPhIM
MMPpHCOEAHHAIOT XHJAblEe H O6LI.[€CTB€H-
Hbl€ 31aHHA, MeJKHe KOMMYHaJbHbIE [TO-
TpebHuTenn u HeboJbllHe OTONHTENbHbIE
KOT€JbHbIE.
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a- (xema cereii ¢ T'PT1
6—cxema cereii ¢ KPII

Puc. 10.1. Cxemsi raso-
BLIX ceTel

Ha opuc. 10.1 nokasana cxema
pacrnpenenuTesbHON ra3oBOH CeTH XKUJI0-
ro mukpopaiiona ¢ I'PIl. Tasoperyas-
TOPHbIE MYHKTBI PACMOJNAraioT B LiEeHTpe
HarpyskH, HX 4HCJO OMpPEeLeasiioT TeXHH-
KO-3KOHOMHUecKHM pacyetom. a3 k
I'PI1 nocrymaer mo OTBETBJAEHHSIM OT
rOPOJACKOH ceTH BbICOKOTO [aBJeHHS.
CeTb HH3KOTO 1aBJEHHSI BHITONHEHA CMe-
WIAHHOH, T. €. MarucTpajbHble JHHUH
3aKOJIblLIOBaHbl, & OTBETBJAEHHS K 3J]a-
HUSIM M Tpynnam 31aHMH 3aNpOeKTH-
poBaHbl TYMHKOBBLIMH. [/ MOBbIILIEHUSA
Ha/JEeXHOCTH ra3ocHabKeHus KoJblo ra-
301IPOBOJIOB HHU3KOro [AaBjeHus, obbe-
nuuswoumee [PI1, umeer nocTosiHHbIH
anamerp. ITO pesepBHPYeT TOUKHU IH-
TaHHS CO CTOPOHbl HH3KOH CTYNeHH
fgasjeHusi: npu Boikiouenun [PIT noro-
ki rasza or coceguux ['PI1 nampas-
JSI0TCHA KpaTuafilluM nyTeM B 30HY OT-
kntouenHoro I'PII. Tanoe pewenue ra-
30B0H ceTH ofecreunBaeT HeoOXOAHMYIO
HaJeXHOCTb.

Ecau mo yc/loBHSIM NJaHHPOBKH H
3acTpOHKH TropoAa Heab3sl MPOKAajabl-
BaTb CeTH BLICOKOTO AaBJeHHs (He Mo-
3BOJISIIOT pasMepbl yJAWUL H MPOe3aoB),
TO MPOEKTHPYIOT CeTb CpejHero aa.Je-
nusg 0,3 MIla (u36.). B rakom cay-
yae MOxeT ObITb NPHHATA JBYXCTYIEH-
yatasi (cpeiHee — HH3KO€ JlaBJjeHHe)
WM TpexcTyneHuarasi (BBICOKOE ——
CpeJlHee — HU3KOE JaBJIeHHe) CcHCTeMa.
B TpexcrymneHuaTodl cHCTeMe BbICOKOE
naBJeHHe 3aMEeHSIIOT CPeAHHM TOJbKO
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B LEHTPaNbHOM, MJOTHO 3aCTPOEHHOH H
HaceneHHOH vacTH ropojga Bwibop Toro
HJIM HHOTO BapuaHTa oNnpefesisiioT TeXHH-
KO-3KOHOMHYECKHM pPacyeTom.

PacnpenenurenbHas cerb HH3KOIO
JlaBJCHHA COCTOHT M3 HApPyXHOH W
BHyTpHAOMOBOIi cetell. [To geficTByloue-
my CHully B rasonpoBogax KHJBIX
M OOLIeCTBEHHbIX 3jaHHH paspelleHo
MOAMEPKUBATb TOJIbKO HH3KOE JaBjaeHUe
[losToMy BHYTPHIOMOBYIO Ce€Tb HHM3KOTO
J1aBJIEHHS] HCMOJb3YIOT B JI0GOH cucTe-
Me raszocHadxeHusa OTcloga OCHOBHLIM
pe3epBOM CHMXKEHHSI CTOUMOCTH pacmnpe-
Je/IMTEIbHbIX FOPOACKHX Ta30BbIX ceTell
MOXET CJYXHTb 3aMeHa HapyXKHbIX
ceTeft HU3KOro AABJIEHHS CETAMH Cpel-
Hero naBJIeHHS.

[lorepu naBnenuss B rasonpoBogax
06parHo NPONOPUHOHAJNbHBl [ABJIEHHIO
ra3a. C moBblileHHEM [aBJeHUs [aHa-
MeTpbl ra3onpoBOIOB YMEHbUIAIOTCS, cJle-
JIOBATEAbHO, H CHHXXAaeTc CTOHMOCTb
ceti. JlmameTp rasonpoBojga omnpene-
JISIIOT U3 BBIPaXKEHHUS

p ( anols Q0
= 7) 018, G19
Ap” ep gy

KanuranbHble BJIOXEHHS B CTPOH-
TeJAbCTBO  ra3oNnpoBOAOB  MNPONOPLHO-
HaJbHbl aAHamerpam. JlJasi yuacTKOB ce-
TH C OAMHAKOBBIMH pacxozamH rasa
CHHXKEHHE KalNTaJbHbIX BJOKEHHH NpH
YBEJIHUYEHHH NaBJIEHHA OMNpefessioT ¢
HCNONb30BaHHEM MpeAbIAYUled 3aBUCH-
MOCTH H3 (OpPMYJIbl

4 019
K=K, (5) (
pBC

x

| —xt

APH 019
Apsc) '



rae Ko, n K, — kanurajibHble BJOXEHHS B CETH
BBICOKOTO  (CpesHero) H HH3KOrO JaB/eHuH,
Psc W py, — CPeiHee NaBJeHHE rasa 1o JJHHE
COOTBETCTBYIOLIHX Ta3oNpoBOOB; APsc H APy —
nepenajsl AaBAeHHS.

C pocTOM LaBJeHHd rasa yBeJdHUH-
BaercHd paC‘leTHbIﬁ fnepenaj, 4To Takxke
NMPHBOAHT K YMEHbLEHHIO CTOMMOCTH
CeTH. OHpG}lEJIHM CHHUXeHHe KallhuTaJib-
HbIX BJIOXKEHHH B rasoBble CETH pa3Jnu-
HbIX naBjeHuil. [lpumeM caeaywiunue
nepenajbi:

aas CHIO* : p,=1 klla;
p,=3«klla (a6c.);
aast CCI: puae=0,1 MIla (u36.);
Ape=0,15.0,1=0,015 MIla;
pt=0,093 MIla (u36.);
aast CCI: puae=0,3 MIla (u36.);

Ap?=0,15-3=0,045 MIla;
pd =0,277 MIla (u36.);

111 CBI: p,ae=0,6 MIla (u36.);
Ap,=0,15-0,6=0,09 Mlla;
ps=0,555 MIla (u36.).

B pesyabrare pacwuera noayuyaem
3HAUEHHUS] KAaMHMTaJbHbIX BJOXEHHH B
cetu CCH wu CBJO B poasx or
KanuTaJgabHbIX BJjoxeHHH B cetb CHIL:
CCH (0,1 MIla) — K’.=0,53 K,; CC[1
(0,3 MIla) — K”.=0,387 K,; CBI
(0,6 MIla) —K,=0,287 K,. IlpuBenen-
Hble JaHHble MOKa3blBAIOT, UTO KamH-
Ta/jbHble BJOXEHHS (M COOTBETCTBEHHO
METaJJIOBJOXKEHHSI) B Tra30Bble CETH
MOXKHO 3HAUHTEABHO CHH3UThb, €CAH Npo-
€KTHPOBATb WX Ha 6oJiee BBHICOKOE 1aB-
JenHe. Kak oTMeuajochb Bblllie, OCHOB-
HbBIM pEe3epBOM CHHXKEHHSI CTOHMOCTH
TOPOACKHX ra3oBbIX ceTell sABAfAeTCA Ile-
pesoa Hapyxubix CHJI Ha cpennee
JaBJjeHue. JTOT MPHHUMN cCaejfyeT Mo-
JOXHUTb B OCHOBY KaaccHdukauuu pac-
[pefesuTeNbHbIX CceTed KHAbIX MHKpO-
pa#ioHoB. [lo cremeHn mnepeBoga Ha
CpellHee HJIM BbICOKOE€ AaBJjleHHe pa3sJH-
Y4alT TPH MOAW(PHUKAUHMH CHCTeM raso-
cHaOXeHHH.

Cucrema ¢

2a30pezyAATOPHbIMU

*3pech u jganee rasoBble CETH HH3KOrO, Cpei
HEro M BLICOKOrO [aBJEHHSl COKPAULeHHO G6yaem
HasuBath coorBerctBenso CHI, CCH, CBA

nyukranu (CPI1). B ueii mo cersim cpen-
Hero (MJIH BBICOKOTO) JaBJeHHUs TpaHC-
TOPTHPYIOT TOABKO OCHOBHBIE TIOTOKH
rasa, a Mexiay ObITOBBIMH M MeJKH-
MH KOMMYHa/JbHbIMH HOTpeOHUTeNsIMH
pacnpejesfiioT ero o LWHPOKO pPasBH-
toiv CHI (cm. puc. 10.1,a).

Cucrema ¢ K8apTasbHbIMU pecYyAA-
ropubimu  nynxramu (KPIT cm. puc.
10.1, 6). 3nech 6oMbilYI0 YACTh HAPYXK-
Hbix CHJI nepeBonsit Ha cpeaHee H/H Bbl-
cokoe paBaende. KPIT o6opynyior pery-
JASITOPaMH MasloH NPOH3BOAHTENbHOCTH,
COOTBETCTBYIOLLeH NOTPe6HOCTH NpHMep-
HO OZHOrO KBapTraJa; yCTaHaBJAHBAIOT HX
B wiKagax uan kuockax. Ilosromy KPI1
UMEIT 3HAYHUTeJbHO MEHbIUYID CTOH-
mocth, ueM ['PI1. HapyxHble ceTn npen-
CTaBJASIOT CcO60H MaJjopa3BeTB/AEHHBIE,
[IpeHMYILIeCTBEHHO TYMHKOBbI® ra3onpo-
BOAbI, COeJHHAIILNE OTAeabHble 3 aHHs
kBapraaa ¢ KPIL

Cucrema ¢ Odomoseimu pecyraTrop-
nowmu nywxkramu (APIT). Hapyxuyio
pacnpenenuTesbHyl0 CeTb ObITOBBIX H
KOMMYHaJIbHBIX TOTpe6uTenedl B 3TOH
CHCTEME TOJIHOCTbIO MPOEKTHPYIOT Cpel-
Hero nas/jeHusi. CoBpeMeHHble CHCTEMbl
paccmaTtpHBaeMoro THHa 060pyayioT
KOMOGHHHPOBAHHBIMH  peryjasiToOpaMu
nasiaeHusi. KoMOHHHUpPOBaHHBIE peryJs-
TOPbl YCTaHaBJAHBAIOT Ha HapyXHbIX
CTEHAX XXHJAbIX [OMOB U TNpesnpusTHH
6bITOBOTO O6C/AYXKHBaHHA H OT HHX MO-
JlaloT ra3 BO BHYTPHMOMOBbIE ra3olpo-
BOJbL.

1. Cucrema ¢ PN (cMm. puc. 10.1,a).
PaBHOMepHO pacrpeje/neHa 1no TeppHTo-
pHH, KOJIbleBasi, pa3BeTBJEHHAsA, CO 3Ha-
YUTEJbHbIM KOJHYECTBOM HepeceyeHHH
npoesnoB. [1nsi palloHoB cTapod mjaaHH-
POBKH ra3onpoBOiAbl MPOKAAABIBAIOT MO
BCeM yJjHUuaM H nmpoe3gam. Ilepece-
Kasich, OHH 06pa3yioT OOJblIOE KOJH-
yecTBO Kojell. B yc/joBusix HOBOH maa-
HUPOBKH TrasonpoBOAbl MPOKAAAbIBAIOT
BHYTPH KBapTa/jOB H KOJbLYIOT OCHOB-
Hble MaructpanH. PeryasitopHble NyHKTBI
uMeloT nponycknyio criocobuocrs 1000...
3000 w™°/u, panmuyc nedicreus 400...
800 M. Pacnoaaraior HX B OTAeJNbHO
CTOSILHX  OTaNAHBaeMblX 31aHHUAX.
Cpenuuit nnaMeTp NOABOASILIMX Traso-
nposoznos 100...150 mm. ITo CBJI Tpanc-
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NOPTHPYIOT ra3 [POMBIIJIEHHbIM TO-
Tpebuteasim n cereBbiMm ['PIl. Cerb
MHOTOpAas3BeTBJIEHHAsA C KOJbleBaHHeM
OCHOBHBIX JIMHHE. JTa cHCTeMa mnoay-
ypna Haunbosblee pacrnpocTpaHeHue.
Jst TakuX cHcTeM pa3paboTaHo HaaeX-
Hoe rasoperyaupymoiliee o6opynoBaHue
Heo6X0AMMOH MpoH3BOAMTENbHOCTH. Ha-
KOMJEH [OCTaTOUHbIH ONbIT [IPOEKTH-
pOBaHUS M 3KCIJyaTaUHH CHCTEMBL.
JKCnayaTtauuss CpaBHUTENbHO HeGOMb-
LWIOTO 4HCJA PeryasiTOpHbIX CTaHUHUH
N0BOMbHO mpocta. OnacHoCTb, BO3HH-
Kaloliasd npu yreuke rasza wa CHI ,
MeHblle, ueM TpH yTeuke H3 cerel
BBICOKOTO U cpeaHero nasJjenus. CHc-
temy ¢ [PIl moxHO npoexkrupoBaThb
4151 paHoHoB crapol 3actpofiku. Oua
HajexHa, yAo6HA B 3KCIJyaTalHH, HO
MeHee 5KOHOMHuUHA, yeM cHerema ¢ KPTT.

2. Cucrema ¢ KPIl. Takas cucrema
SIBJISIETCSI BHYTPHKBApTa/NbHOH, passer-
BJEHHOH, YaCTHYHO 3aKOJIbLLOBAHHOH MO
OCHOBHBIM JIHHMSIM C He3HAYHTEJbHbIM
YyHCJAOM nepeceueHHH npoe3noB. [lpo-
NMyCKHAs CHOCOGHOCTb pachpeiesUTeNb-
noro nynkra (PIT) 100...500 M /4 panu-
ycom aebictust 50...200 M, koTOpbIH pas-
MeilleH B oTamauBaeMoM wkady, pacno-
JOXKEHHOM Ha CTeHe 3[aHHs HJIH
B6.a1u3H Hero. CpenHul guaMeTp MOABO-
OSlHX  rasonpoBopoB  50..100 wmwm.
[To CB/I ra3 nepenaloT NpOMbBILIJIEHHBIM
notpebutensim H cereBbiMm KPII. Cerb
3HAUUTENbHO pa3BeTBJeHa, OCHOBHbIE
rOpPOJICKHE JIHHHM M MeXKBapTaJbHble
rasonpoBoAbl 3aKOoJbLOBaHbl. MOXHO
TaKXe HCIOJMb30BATh BAPHAHT, COCTOS-
wuil U3 aByx cryneneii — CBJL u CC/I.

Haun6onee paumnoHadbHOH H 3KOHO-
MHUYHOH SIBJISIETC BHYTPHKBapTaJbHas
NPOKJAALKA paclpeieHTeNbHbIX Traso-
NpOBOAOB HpH MHHHMAaJbHOM Tmepece-
YeHHH MeXKBapTaabHbIX NMPOE310B, HMe-
I0IIHX YCOBEPIUEHCTBOBAHHbIE MOKPLITHS
H B 3HAUUTEJbHOH CTENEeHH 3arpyxeH-
HbIX TPAHCIOPTOM. 3HAUHTENbHYIO YaCThb
BHYTPHKBApTaJbHOH NpPOKNaAKH oOCYy-
LIECTBASAIOT HaJA3€MHBIM crnocob6oM Mo
3aanusiv. B 10xkHBIX pafioHax CTpaHbl
Haj3eMHasl NPOKJAAAKA SIBJIAETCS MpeHn-
myiectBenHod. [1pu TpaccupoBke raso-
nposonoB BHYTpu kBaprtanoB PIl pas-
MellaioT B KaxaoMm KBapraJje. Paspa6o-

4
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TaHbl THMOBbIE OTaMJIMBaeMble WKagHbIE
ycranoBku. Cuerembl ¢ KPIT mpoko
pacnpocTpaHeHbl.

3. Cucrema ¢ HPIl. Cerb 3100l
CHCTEMbl MMeeT [Be CTYIEHH AaBJEeHHSN:
no CBJl ras nepepawT MpoMbliijieH-
HbIM [OTpPeOHTeJNsIM M B UEHTPaJbHbIH
I'PIT; no CCJI ra3 pacnpenensiiorT Mexay
JIOMOBbIMHM pacnpefenHTelbHbIMH MYHK-
tamu. I1pn ocBoeHHH KOMOMHHPOBAHHBIX
peryasTopoB AaBJEHHA Takasi cucTeMma
IpeACTaBAACTCHA MepPCHEeKTHBHOM.

OntTumMaabublii panguyec
['PIT. Ilpu npoekTHPOBAHMH MHOTOCTY-
MIEHYaTblX CHCTEM Tra30CHAOXKEeHHs BO3-
HUKaeT BONPOC 06 SKOHOMHYECKH ONTH-
MaJbHOM panuyce aeHctBusi R rasope-
TYJASITOPHBIX NYHKTOB. JleficTBHTENBHO,
¢ yseauuennem uncaa ['PI1 ymenbiua-
eTcsl CTOHMOCTb CETH HH3KOro napJe-
HUSA, HO MOBDLIIIAETCA CTOMMOCTb CaMHX
I'PII, a TakXe ceTH CpPeliHEr0 HJH Bbi-
COKOrO [aBJIeHHS, KOTOpasi MHTaeT pery-
JsiTOpHble MyHKThl. CJle0BaTenbHO, CY-
1IleCTBYET ONTHMaJbHOE 3HaueHHe R, npu
KOTOpPOM OO6iiHe NpHBeAEHHBlE [O40Bble
3aTpaThl Ha cHcTeMy OYAYT MHHHMAaJjib-
HoiMH. Hafinem BblpaxkeHuss nasa mpu-
BE/ICHHBIX TOJOBbIX 3aTpaT Ha CHCTEMY
H OTHeceM HX K eauHuue ra3uduun-
pyeMoH molanu ropojaa.

IlpuBegenuble 3arpartTh Ha
I'PII. Tlog pamnycom peficteusi I'PI1
NOHHMaeM cpeJlHee pacCTOsiHHe 110 Nps-
moit or I'PIl no Ttouex BcTpeuu no-
TOKOB Tra3a Ha rpaHMUe pasjena.
B coorBerctBun ¢ puc. 10.2,a u 6
paaunyc aeiicrsusi I'PI1 onpepeasiior 1o

dopmynam:

R= ﬁ\/—_wl\/—-- n—a:—

T'PIT;

BKJIOUAdA

Tae n — YHUCaIo
nJjouiaab,

O6o3uauum yepes P, py6., croumMocTb
crpoutenbcTBa oaHoro I'PII, torpa ka-
NHTaJbHble BJAOXEHHUSI B ra30peryasitop-
Hbie MyHKTbl Kpn O6yAYT paBHbL:

K, «=0,5PF/R*. (10.3)
OKcnayaTalHOHHble H3pepKKH M,

onpegeNuM Kak [0/ KalHTaJbHbIX
BJIOXEHHH

F — rasudpunupyemas
niomanb TNpoe3noB, M2,



I/Ipnz(,[;n“l",p”n) Kp.n, (104)

rae fg.— 0OMA aMOPTH3ALHOHHBIX OTYHCJEHHUI,
BKJIIOYA A pacxonbl Ha KanuTaabHbli pPEMOHT, OT
KanuTatbHblX 3aTpaT; fy’y — MONS PacXOfoB Ha
06CAYXKUBAHUE M TEKYUIMH DPEMOHT OT KaluTajb-
HBIX BJIOKEHHH.

ITpusenenuble rogoBble 3aTpathl 3p.p,
py6/ (roa-m?), na TPII BbluncasioT no

opmyie
3,.=A,/R?,

KO3 hHIHEHT

(10.5)
(A

roe A, — DOCTOSIHHBIA

=0,5fp .P);
for=Fprtflat1/T.

[IpuBenenHble 3aTpaThl Ha
ceTb HU3Koro gasBjeHus. Cun-
Tas, 4YTO CeTh HH3KOTrO jaaBjaeHHs pabo-
TaeT NMPEeUMYLIECTBEHHO B O6JAcTH THJA-
PaBJAHYECKH TJaIKHX TPYG, IPHMEM cJie-
NYIOILYI0 DACUETHYIO OpMYJY:

1,75
Ap=a L l,

rae Ap — nmepenajg NaBJi€HHS B CETH HHM3KOro
napaedus, I'la; @ — KoapoduuHeHT, 3aBHCAILHE OT
cocTaBa rasa; Q — pacueTHbif pacxop rasa, M°/u;
d — puamerp ra3onposoaa, cM; [ — IJHHA raso-
npoBOAa, M.

Cyurasi, yTo CeThb HH3KOro AaBJIeHUS
HeceT TOJbKO MyTeBYID HArpy3Ky H pac-
CYyHTaHa no [MOCTOAHHOMY YAeJbHOMY
nageHuo gaBjaeHHs, Olpeneanm Cpeﬂ,HI/lﬁ
auamerp dcp, XapaKTepH3YOILIHH ceTb
B 1LI€J0M:

__ 021 ,0,368/ aRy 021
d ,=a"" (0,55 gaR) <V) ,

(10.6)
roe 0,55 gaR — pacxoa rasa, no KoTopomy pac-
CYUHTAH CpefHHH nHaMeTp;

q=Q/Zle.,

rae ¢ — yaedbHbli nyTepoH pacxoa rasa,
M3/ (4-M); Q — pacueTHBIi pacxoa rasa aJs Bcelf
CeTH HH3KOro pasieHus, m°/4; £l , — oBuias npo-
TAXKEHHOCTb CeTH HH3KOrO [aBJEHHA, M; o=
=R:/R — K03pDHUHEHT DPACIONOKEHHA peryJs-
TOPHBIX MYHKTOB (paBeH OTHOLUEHHIO MJIMHbL MyTH
rasa OT TOYKHM T[HTAHMA JO KOHUEBOH TOUKH
R: k paauycy R peficreua TPIT).

Ha puc. 10.2 nokasanbl BO3MOXKHbIE
KpaHuue cxembl pacnonoxennsa I'PI1 ua
CeTH HH3KOro JaBJICHHS, HMeloIlel KBaj -
paTHble KoJjbua (Kak MpenenbHO IIpO-
CThie), NpH 3ToM aas cxembl 10.2,a o=
=1; T'PII pacnosoxenbl HanGosee 3Ko-

a)
|
]
R
i} |1
Rp
) )
—— CeTb HU3KOrO JaBAEHUA * PN
e Iy I 30Hbl ra30CHab )il TeppuTOpPUNA

Pue. 10.2. Cxema raso-
NpoBOAA HU3KOTO faBJe-

JAUYCYy [QeHCTBHSI Traso-
nposogos (a=1)]; 6—

HMA  [ABYXCTYyNeH4aToOH KOpHAOpPHOE pacroJjoxe-
CHCTEMbI ra30cHabXenns wue TPI1 [paanyc peicr-
a — iuaxMarHoe pacno- susi 'PI1 medbure pagny-
aoxente [PIT [pagnyc ca AeHCTBHH rasonpoBo-

aeicraust [PIT pagen pa-

nos (a=1,41)]

HOMHYHO (B WwWaxMaTHoMm nopsiake). s
cxembl pue. 10.2, 6 a=1,41; T'PI1 pac-
MOJIOKEHbl B KOPHAOPHOM TMOpPSiAKE; B
cpenHeM MOXHO NpHHATE a=1,3.

YunrtbiBasi, yto TpyObl ManablXx aua-
MEeTpPOB AJf MOoJA3eMHON IPOKJIAAKH He
NPUMEHSAIOT W UTO pacueTHbl mepemnaj
JlaBleHHH B OT[E@JAbHbIX CJAYy4YasiX MoO-
XKeT ObIThb He TMOJHOCTBI) HCIOJb30BaH,
CpPeAHHMHA gnaMeTp, NoayueHHBIH No ¢op-
myae (10.6), caenyer yseauuursb Ha 10...
. 1569%, T. e.

d =09 o 0.21 . 0,368 0,578 10.7)
e ,(Ap) @I (@RYTE (107
®opmyna (10.7) onpepeasier cpen-
HHH JuaMeTp ¢ TOUHOCThIO, AOCTaTOU-
HOH [/l TeXHHKO-IKOHOMHYEeCKHX pac-
yeroB. CToMMOCTb | M TNIpO/NOXKEHHOrO
rasonpoBoga B [AHana3oHe JHaMeTpOB,
NpUMeHsieMblX 0J151 0A3€MHOHN CeTH, Ha-
xonsiT no ypasHenHio (10.1), koropoe
JOJIKHO NaBaTh HAaHGOJbINYIO TOUHOCTH
B mnpenenax auamerpo 100..200 mm,
TaK Kak a4s1 O0JbIUMHCTBA TOPOIOB
CpelHHH [HaMeTp Ta30NPOBOAOB 3a-
KJIIOUAeTcsi B 3THX Mpejenax.

Ha ocHOBaHMM H3/10EHHOro Karlu-
TaJbHbI€ BJIOXEHHS B CTPOHTENLCTBO Ce-
TH HH3KOTO [aBJEHHUSI ONpenessioT 1o
cjaenylomeMy npubaHKEHHOMY ypaBHe-
HIIO!
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(@R PR (108)

a 021
K. H:o,gz)( ———)
Ap

TouHocTh BbiuHCAeHAA 3HaYeHudA K. q
JOCTATOYHA [J1 SKOHOMHYECKHX pacuye-
toB. YpasHenne (10.8) ykasnwiBaer Ha
CBSI3b MEXY KalHTaJbHbIMH BJIOXKEHHS-
MH, NapamMeTpaMH ceTH Ap,y H R,
a TakXke [MO03BOJSET ONpeleNHTb Ka-
nuTajlbHble BJOXeHHsT B ceTb 6e3
pacuera ee JHaMeTpPOB.

AKkcnayaTalMOHHblE H3JePXKKH Ha
CeTb HU3KOIO JaBJIeHHS HAXOAAT 1o dop-
myae (10.2). HMcnoab3ysi npeabipyiuue
3aBHCHMOCTH, NOJYYHM YDaBHEHHe A
BbIUHCJIEHHS MPHBEAEHHbIX TOJOBbIX 3a-

TpaT Ha CeTb HH3KOTO [aBJIeHHS,
py6/(rog-m?):
3cu=A+A3R" "%, (10.9)
A2=6Cl"(ply

A,=0, 9fc,,(p,boc"578-( Ap)ozl qo?ﬁﬁ’
few=Ftu41/T,

rie @ — ko3pOHUUHEHT TNJAOTHOCTH CEeTH HM3-
KOro nasieHusi, 1/m,
¢1=31lc/F.
Hasi cetn, nokasaHHoH Ha pHc.
10.2,
p1=2/l,

rae [ — CpeiHfis [JIMHA OJHOH CTOPOHBI KoJbua

Koadpopnumnentor A2 1 Az Asasiorcs
NOCTOSIHHBIMH  BeiMuMHamMu. Tak Kkak
Kosdpduument As He 3aBHCHT OT R,
TO €ro MOXHO He VYUYUTbIBaTb [IpH
HaXOXAEHHH Ronr.

[TpuBeneHHble 3aTpaThH Ha
CETb CPELHETO HJAH BHICOKOTO
pnasaenusi. [lpu onpegenenuu Bans-
HUH CTOMMOCTH CeTH CpenHero HJH
BBICOKOTO [ aBJIEHHS HAa ONTHMaJbHbIH
panuyc peficrBua [I'PIl  ucnoabsyem
caenyiollylo MeToauKy. [lpeanonoxum,
UTO CHCTEMA ra3ocHabKeHust Gblia crpo-
eKTHpPOBaHa IIPH OmNpeleseHHOM 3Haue-
Hun R. Ecam ontumadbHblt paguyc
He CcOBNajaer ¢ MPUHATBIM R, TO C
nepexoaoM K Ronr H3MEHHTCSI CTOHMOCTD
ceru cpenHero gaBseHus. C H3MeHenHeM
pagnyca pedictBusa I'PI1 ofmas Ha-
rpysKa CeTH CpeJHero [aBJ/eHHS OcCTa-
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eTcsl TOH e, HO MeHSIoTcs KoHdury-
pauusi U NPOTSXKEHHOCTb CETH, I'V1aBHbIM
o6pa3oM ee KOHIEeBbIX YYacTKOB (Ty-
NUKOB), Npd noMmolH kKotopuix I'PII
npucoennrenbl K ceTd. OCHOBHbIE JIHHUH,
mitawmue PIT (konbua, noaykombua,
Jyuy), OCTAHYTCH MOUYTH HEHU3MEHHBIMH
[losToMy ¢ H3BeCTHbIM NPUOIHKEHHEM
rIepeMEeHHYIO 4acTb CTOMMOCTH CETH Cpejl-
Hero [aBJ/eHHs MOXHO CUHTATb NPONOP-
LHOHA/NbHOH CYMMapHOH IJIHHE TYIHKO-
BbIX OTBETBJIEHHH, KOTOPBHIMH NPHCOEAHU-
ustorcs TPII Kk OCHOBHBIM JHHHSM.
CyMMapHYI0 [JHHY TYHOHKOBBIX OTBET-
BJeHU# omnpenesum no dopmyne

Zlo]'= (PZRnZO,S(PQF/Ry

rae ¢z — KO3 HLIHEHT CTPYKTYPbl CETH CpPELHEro
naBiedus, pasuelf 0 2 (2 — npu mocienoBa-
TEJbHOM PAacClONOKEHHH HEeCKONbKHX CTAHUHH
Ha OJHOM OTBETBJIEHMH), B pacueTax MOKHO
NPHHUMATb (o=

IlepemMenHasi yacTb KalHTaJbHBIX
BJIOKEHUH B ceTb B PYOJIsIX COCTaBHT:

KCCIE[UT Krc 20,5({)2 FKI’(‘/R;
rae K..— cronMocts 1 M rasompoBoga cpen-
Hero gasaeHHs, py6/M

IlepemenHasi yacTb 3KCI/yaTaumHOH-
HbIX HM31epxek, py6/roa, Gyrer pas-

HAa:

I/]CC:fZ‘CKC(._i_éC CS‘IUTy
rae Occ-— CTOMMOCTb 3KCNayaTauuy { v raso-
nPoBO/A CpejHero aasJjeHHusi, py6/(M-roa)

[TepemeHnnyio 4actb nguseﬂeﬂnux 3a-
tpaT 3¢, py6/(roa-m omnpefenm
no gopmyae

3c C=A4/R7
A4=O,5(P2(fc CKr c+6(‘ C) »

rae As — NMOCTOAHHBIA KosdduIHeHT

(10.10)

[TepemenHast yacTb 061U X NPUBEAEH-
HBIX TONOBBIX 3aTpat B py6/(rox-m?)
COCTABUT:

3=Ai/R*+A;R**+A4/R.  (10.11),

M3 ycioBUSt MUHHMYMA MPUBEAEHHBIX

rogosblx 3arpar Ronr OyzeT pased:'
H

d3/dR= —2A ,/R*+ {
40,578 A,/R***—A,/R*=0 :

HJIH '



Rom‘zs? 388 ( 1 ‘+‘S2Rom) 0388,

rpe

(10.12)

S = '
1 7 1
(105‘8'002 fCH

1,92 TouP  2p°%
e
b 0,4 368
,CCKIC+60C
S,=05¢, Lo _cc
2 2 TouP

Kosgpouunenrot S, u Sp 3aBucAr
OT CTPYKTYpBl ceTH (KO3} }HLHEHTOB
a, @1, ¢2) ¥ SKOHOMHYECKHX [OKa-
3atesnell. Jlasi KOHKpeTHOH 3ajaud HX
BBIUKCJSIOT C MOMOLUBIO MHKPOKaJbKY-
asitopa. BeanunHy Ronr PacCUMTHIBAIOT
N0  ajJropuTMy METOLOM HTepalui.

Iast pacueToB MO NpHBEJEHHOMY aJ-
TOPHTMY COCTaBJSAIOT NMPOrpamMMmy.

[as1 mpeaBapUTeAbHbIX pPacyeToB C

MOMOIIbI0  HEKOTOPbIX  NPHOJAMKeHHH
ypaBHeHnue (10.12) moxeT ObITh peiueHo
B siBHOM BHae. PaccMoTpum Takoe

peuieHre. TeXHHKO-3KOHOMHUuYecku ¢pak-
Top S2 YUHTBIBAET COOTHOLIEHHE PACXO-
OB Ha MOJBOJSIINE ra30NpoBOALl Cpel-
nero pasaenusi K I'PIT u wna TPIIL
Kax noxkasmbiBalor pacuetn, aasi [PII,
pacrnosaraeMblXx B OTIEJNbHO CTOSIIHUX
KaMEeHHbIX 3[aHHUAX, TEXHHKO-3KOHOMH-
yecKUH (axkTop paBeH:

Se=(0,7—1)1073.
B Bhipaxeuuu

(14S2Rom)" 388

OTPaXKEHO YBeJHYEHHEe ONTHMaJbHOrO
pagMyca neHCTBHS, BbI3BAHHOE YUETOM
ceTH cpeanero paBiaeHusi. Ecam certb
cpegHero JaBJjeHHs He TNPHHHUMAaTb BO
BHHMAaHHE, TO BbhipaxeHHe (1 +
+SoRoum)38=1. lus npuBenenHbix
3HaueHnd S» 3TO BbIpaXKEHHE MOXKHO
[IPHHSITH paBHbIM B npepesax or 1,15
go 1,2, Ecaum B npoekre mpempyc-
morpeH apyroii tun [PIl (wxaduble
YCTAHOBKH), TO 3TO BBIpaXKeHHE HYXKHO
nepecyuTarTh.

Onasi koshpOUUHEHTOB, BXOASIIHX B
TEeXHHKO-3KOHOMHYECKHH ¢aKTop, mnpH-
HUMaeM caeaylollve 3HaveHusi: a=1,3;
few=0,15; T=8 ner; a=20,8. Koadpdu-
UHEHT a [pHBedeH [a51 TNIPHPOLHOTrO
rasa, OJHAKO 3TO 3HauUeHHEe MOXKHO
COXpaHUTb U IAs APYrux rasos. Owub-

AnropurTtm pacuera Rom,

-
, &R N

S/

- wmwv—._r--qu e .

_ o038 0,388
y=s, (1+S,R)

i _
i t= y-R
S, .y -
{
H ARa
; "‘-’.M t<e .
H ‘/,(.4"'" 5
! Her
H
, mm s ermsant e « e o
[—— ,_,N,Q__J R=y
Lo
v = Ronr
Koney

Ka B onpeu?eneﬂﬂu Ronr cocTaBHT He
Goaee 3 %

YuutbiBas H3J0XKeHHoe,
nasi pacyeta Ronr NPUMET BHI:

dopmyna

Ap 0,081

_ 0388
Romr=1,38(P/b) O

(10 13)

BesnnuuHbl, BXxonsillMe B ypaBHeHHe
(10.13), nmerko onpeaeauTs U3 NPHUHSA-
ThiX [pPOEKTHbIX pemeHnd. Ecau crou-
MOCTb MpeJyCMOTPEHHBIX B MpOEKTe
I'PI1 otanyaercss or croumoctn ['PII
06BIYHOrO THIIA, TO MOCTOSAHHBIH K03 du-
UHEHT B OpMyJe HYXKHO YTOYHHTD,
ucrnoabsysi poipaxkenne (10.12). Ha oc-
HOBE HAKOIVIEHHOr0 CTaTHCTHYECKOro
MaTepHasa Mo TeXHHKO-3KOHOMHYECKHM
MOKa3arensiM, XapaKTepHU3YIOILIUM CHC-
TeMbl ra3ocHabxeunus, dopmyay (10.13)
MOXHO TIIpHBeCTH K O0oJjee npocToMy
BHay. [las 3Toro caenyer ycTaHOBHTb
3aBUCHUMOCTb ME€X Y KO3 PHLUEHTOM @,
1 /M 1 NIOTHOCTBIO HACeNeHHA m, ye/ra:

¢1=0,00754-0,003m/100.  (10.14)

[Ipeo6pasyem ¢popmyay (10.13), BbI-
pasuB yIeJbHYI0 Harpys3kKy ceTH ¢ B
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M%/(4-M) uepe3 IMJIOTHOCTb Haceje-
HHA 7, YMHOXEHHYI0 Ha y/eabHbIH
yacoBofi pacxon rasa Ha | e
e B M%/(4-yen) M KO3(pPHUUHEHT MIOT-
HOCTH @1, T. €.

g= me
10%g,

Kpome TOro, npumem BeJHUUHY b=
=0,65 py6/(m-cm). Torga onTumalb-
HbIA paguyc (M) COCTaBHT:

P0,3SB Apo,oai

0,143
¢ (me)

®opmyabl (10.14) n (10.15) ycra-
HABJMBAIOT CBSI3b MEXIY ONTHMAaJbHbIM
panuycom pne#ictrBuss I'PIl u ocHoBHBI-
MH MapaMerpaMH CHCTeMbl ra3ocHab-
)eHust. [1pu onpeneneHuy BeJMUYHHB € B
Mm%/ (u-den) cienyeT yuuTHIBATh BCEX MO-
TpebuTenel, NPHCOEIHHAEMBIX K CETH
HH3KOro naasJdeuusi. M3 paccMmoTpenus
dopmyanl  (10.15) caeayer, uro 3Ha-
yeHHe Ronr YBEJHUMBAETCS € POCTOM
BeJHYHHbl P W A p M yMeHbluaercs
¢ Bo3pactasHeM ¢, m Hu e. Ilpu
3TOM HauboJibiuee BaHsiHHe Ha Ropr
okasbiBalor croumoctb I'PI1 u ko3d-
(GHUMEHT MJIOTHOCTH CETH HU3KOTO /aBJle-
HHUSL @), MeHbILee BJMSIHHE OKa3blBaIOT
MJIOTHOCTb HACEJEHHST M W YacoBOH
pacxox rasa e Ha | uyen. u cosceMm
He3HauyHTeJbHOE — pacyeTHbIH MNepenaj
JaBJeHusi Ap.

Onrumanbhyto Harpysky 'PII, m3/u,
HAXOJMM HCXOAS M3 mnaowanH, obeay-
xuBaemoit 'PIT u papuoit 2R?, naotHo-
CTH Hace/JieHUsI W YIeJLHOro pacxonaa
rasa Ha | yea.:

Qom=meR?/5000. (10.16)

Ecnu B mpoexTe He ypaercs Bblaep-
JKaTb oNnTHMaJgAbHoe Konuuectso I'PII, to
JAyullle 3aMpoeKTHPOBATh MeHbLIee YHCJIO
CTaHUHWH, TaK KaK B HaNpaBJeHWH 3Ha-
yeHUA R>R,nr KpHUBAsT TIPHBEIEHHBIX
3aTpar Ha CHCTeMYy MojHuMaercs 6GoJjee
NoJoro, uem B HanpabJeHHH R<R,ur.

NMpumep 10.1. OnpepenuTs OUTHMAJbHBIA
paguyc W ontumaJnbHylo Harpysky ['PIT ncxons
M3 CAEAYIOLIMX JaHHBIX: CTOHMOCTh P opmoro
IPIT pasua 3300 pyd., pacuerHbll mnepenan
NaBJEHUsT [J151 DPAacIpelenHTeNbHOA CEeTH HH3-
Kkoro aasjenusi Ap=1000 Ila, nnorHocTs Hace-

Rom =
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aennss m==300 uen/ra, yAenbHbIH 4acoBOH pac-
xon Ha | uen. e=0,1 mM®/(u-uen).

Pewenue:

1) onpenensieM K03phHUMEHT @):

1=0,0075-+0,003(m/100) =0,0075+
+0,003(300/100) =0,0165;

2) onpenensieM BeJHYHHY Rour:

R 65 p0.388 Apo,om B
- ; 0,143
onT q)(l),z45 (me)®

3300382 1000 %!

=65
0,0165%2#%(300.0,1)"' 4

442 ™ ;

3) onrtuManbHas Harpyska Ha omunH ['PI:
Qowr={(meR?) /5000=300-0,1 - 4422 /5000=
=1170 m*/u.

10.2. TeXHMKO-IKOHOMMUYECKHH
pacyeT TYNMKOBLIX ra3’oBbIX ceTeM
HM3KOrO faBneHMs

Boilte 6bl1 paccMOTpeH THApaBJIH-
yeCKHH pacuer ceTed HU3KOrO AaBJeHHS,
COCTOSILIIEX M3 KOJIBLEBOH 4acTH H Ty-
MTHKOBBIX OTBETBJAEeHHH. /[nameTpnl raso-
NPOBOAOB KOJbLUEBOH UacCTH CeTH omnpe-
LeNd1UCh C YUeTOM HaJeXHOCTH raso-
CHaOXeHHs, [OHaMeTPbl Hepe3epBHPO-
BAHHBIX TYNHKOBBIX pa3BeTBJIEHHBIX ce-
Tell onpenessiinCh Mo MOCTOSIHHOMY THA-
PaBJHUECKOMY YKJIOHY C MAKCHMAaJbHBIM
HCIIOJIb30BAHHEM pacueTHOTro Hepenana
pasjeHuil. IJTOT pacueT AJsi KoJblle-
BOH UaACTH OCTaeTCs HeHM3MEeHHbIM, a AJs
TYNHKOBBIX OTBETBJIEHHH MOXeT ObITh
YTOYHEH NMYTeM TeXHHKO-3KOHOMHUeCcKOH
ONTHUMH3alMH JHAMETPOB ra3oNpoBO/IOB.
YunThiBas H3/]10KeHHOE, NONYUEHHbIe AH-
aMeTpbl MPH THIPABAHYECKOM pacyeTre
MOrYT paccMaTpUBATbCA KaK mnepBoe
npubanXeHHe pacyera CeTH, 3aKjaaibl-
BaeMOE B HTEpPaLlHOHHBIH mnpouecc ee
ONTHUMH3ALHH.

3agaua TEXHHKO-IKOHOMHUECKOTO
pacuera pas3BeTBJIEHHBIX a3oNpPOBOAOB
CBOAMTCS K BbIOOPY ONTHMAJbHBIX AHa-
MeTpoB NpH 3aJaHHOM HauyajbHOM
[LaBJEHUH, T. €. K ONTHMAaJ/JbHOMY pac-
npejeeHno nepenanaos 1aBjeHnil Mex-
Ly [OocJaef0BaTesbHO  COeJWHEeHHbIMH
yyacTKaMu rasonpoBogoB. TouHble Me-
TO/bl TEXHHKO-3KOHOMHYECKOTO pacuyera
JAT 3SKOHOMHIO B MeTaJjlo- H KallH-



TaJOBJOXKEHHAX B pa3smepe 3..6 %.
3pech MOJ TOUHBIMH METOLAMH [OHH-
MamTCsl METOAbl, ONHpalolnuecsi Ha pe-
lIeHHEe CHCTeMbl YpaBHEHHH, BK/IOuUa-
0Ied CTOUMOCTHBIE YPABHEHHS U ypaB-
HEeHHS] TEeXHHYeCKHX OrpaHHyeHHH [Js
napamerpoB cetedl. [leppoHauaabHo Ta-
Kne wmeToibl ObliM pa3pabGoTaHbl A
BOJOMNPOBOAHbIX cered (MeTonbl
JI. ®. Mowmwnnna, M. B. KupcanoBa
M ap.), a B jJajbHeHlleM cTaad HC-
M01b30BATbCA AASl APYTHX TEXHOJOTH-
yeckux cereil. BBuay BbluHcAHTENbHOH
CJIOXKHOCTH TaKHE MEeTOAbl HCMOJb3YIOT
¢ npumeHenvem DBM.

[IpH n3M0XeHHH TEeXHHKO-IKOHOMH-
yeckoro pacuyera 6yJleM HCXOAHTb H3 TO-
ro, 4To THAPaBJAUUYECKHH pacueT CeTH
HH3KOrO jaBJeHHS TNPOHU3BENEH H M03-
TOMY H3BEeCTHbl AJSl BCeX YYacCTKOB
pacxoabl rasa Q, auamerpnl d, H Mo-
TepH JAaBJEHHS Ha YyuacTKax Ap.
Kpome Toro, M3BeCcTHO naBjeHHe B Ha-
gyaJjie H KOHLE CeTH, TO eCTh:

AP=Py—Px.

OntuManpuble nuametrpbl 6ynem Ha-
XOAHTb HCXOJSl M3 YCJOBHSI MHHHMYMa
KAMUTaNbHbIX BJOXEHHA B ceTb, Tak
KakK pacxoibl Ha o6GCay)KHBaHWe H pe-
MOHT JU/Isi CpaBHHBaeMblX BapHaHTOB
OyLyT npakTHUYecKH onuMHaKoBbiMH. [lpu
COCTaBAEHHH (QYHKUHH CTOHMOCTH Y4H-
ThiBA€M TOJIbKO 4aCTh KaNHTaJbHbIX BJO-
xeuudt K/, saBucawyo or agunamerpa,
TaK KaK [OCTOsIHHAsl COCTaBAsoLas
BhiMagaer NpH AUddepeHUHPOBAHHA.

[TepemMeHHYIO UacTb CTOMMOCTH ydyac-
TKa, py6/yu, onpenesum Mo ypaBHEHHIO

1,75
. ) . P
Kt—bdl, Apl—aﬁlt.

Orclona nepeMeHHasi 4yacTb CTOHMO-
CTH CETH COCTaBHT:

n n
ZKI — Zbao 21, Q? 368 lll,zldpl-o,zly (10.17)
1 1

rpe n — YHCJIO y4yacTKOB CETH.
. Bni6op nmamerpoB d, uJau mepe-
NajioB JAaBJeHHH Ap, He MOXeT
6biTh MPOH3BOJbHBLIM, TaK KaK HYXHO
YAOBJETBOPHTbL yCJAOBHE

[

_.’O oA

Puc. 10.3. Cxema pas-
BETBJEHHOTO Fa30NPOBO-

napnedusamu; A, B, C—
y3JIbl C 3aJl@HHBIMH JaB-

na JEeHUSAMH (KOHLeBHE
1—5— yuacrgu; I, 11— TOYKH CETH)
y3Jbl ¢ He3aJaHHHMH

ZAp— Lp=0. (1u.18)

Umncno yparenuii (10.18) paBHO un-
CJAY Y3J0B C 3aJaHHbBIMH [AaBJEHHAMH
MHHYC NepBbIf y3ea, T. e. uucay KOH-
ueBbix Touek (tToukn A, B u C,
puc. 10.3). Ypasrenusi (10.17) n (10.18)
NOJHOCTBIO OINpeNessiioT 3agady, KOTo-
pasi CBOAMTCA K OTLICKAHHIO MHHHMYMa

n

dbyHKUMH ?Kj. Npy HaJU4YUH OrpaHu-

yuBatowmx yeaopuit (10.18). as storo
cocraBasiem ¢yHkuuio Jlarpanxka @ u
NpUpaBHHBAEM €€ YACTHbIE IPOH3BOJHbIE
Hyal0. B pesyabrare noayyaem cHcC-
TeMy ypaBHEHHMH, COCTOSIILYIO H3 orpa-
HuuyuBawWHux ycaosuit (10.18), u ypas-
HEHHS THNa

a0
'aA—pl:O‘ (10.19)
O61uee uncao ypaBHEHHH PaBHO yuc-
JIy HEM3BECTHbIX, cJefoBaTesbHO, 3aja-
4ya SKOHOMHYECKOTO pacyera AHaMeTPOB
peuwieHa. [lpumeHuTrenbHo K cxeme ceTH
(cm. pue. 10.3) orpaHHuHBalOLIHE YyC-
JOBHA HMEIOT BHI:
Apr1+Ape—Ap=0;
Apr+Aps+ Aps— Ap=0;
Ap1+Aps+ Aps— Ap=0.

3anuuem ¢yHkyuo Jlarpanxa

5
<D=Z ba?'m Q?,BG&l’l,Ql API_O’21+

+ha(Ap +Aps—Ap)+Ag(Ap +Aps+

+Aps—Ap)+hc(Ap +Aps+Ap;—Ap),
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rae Ay, A, Ao — HeolpejesieHHble MHOXHTENH.

[IpupaBHHBaeM 4YacTHble NPOHU3BOA-
Hble QyHKUHH P HyJI0:

aaAQ;) — baOZl Q(1)368 l: 21 0'21 Aprl 21 +
1
by h =0,
;qu) = —ba®2 Qy%e 1210 21 A0 2 +
2
+A,=0,
_6_(1%: — pa®?! aneslém 0,218p5 " 2"+
3
+AgtA =0,
aaA(;I: = —6a%?! QU368 121 0 91 Ap 1214
4
+1,=0,
_0‘1‘1; ——ba®21 QU8 1210 214p 1 1 -
5

+i,=0

BhlunTas COOTBETCTBYWOLIHE ypaBHe-
HHFA, HCKJIOUHM Heolpele/ieHHble MHO-
XHUTeMH H nocjae npeobGpa3oBaHHi TO-
JAYUYHM:

Q(Q)&bs.l%zl APQ—I'QI Q0368ll"\ A —121
_Q[l)368l},2l Apl——l.21=0;
QS,BGSIJ'Z]AP;I,?I_*_ Qg,BGSZEQIApS—I,Ql_

Qg368[121 Ap—IQI 0

UHc/io NoslydeHHbIX YpaBHeHHH pas-
HO UHCJIY Y3JIOB ¢ He3ajaHHbIMH 1aB-
JNeHHSIMH, KOTOpbIe NPeACTaB/ISAI0OT coboi
6ananc Bbipaxcenuit Thma QY% [2!
Ap~t? aas yaaoB I w Il Ecau
ras MoAXOmHT K ysny TO fepen Bhl-
paxenuem Q3 CTaBAT
3HaK MHHYC, €ec/iH orxo;un OT y3aa,
CTaBSIT 3HAK IJIOC.

YpaBHeHHsl OrpaHHYHMBAIOLIHX YCJO-
BHUH, a TakKXe Yy3JOBbHe YpPaBHEHHS
COCTaBJSAIOT CHCTEMY H3 NATH YypaBHe-
HUl, KOTOpasi OJHO3HayHO OmNpeae/ser
5KOHOMHUYECKH ONTHMaJbHble Mepenabl
IaBJeHHI /S Ka)KAOro yyacTKa.

O6o3Haunm

A=Q03081.21 (10.20)
Toraa pelieHue B oblleM BHAE [J4
JI060 pa3BeTBJEHHON ceTH MOXxeT GbiTh
3aMuCcaHo:
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3

D Ap—Ap=0,i=1,2, .., k
1

(10.21)
f
A Ap =0, i=1,2, .., |
1

Uncno ypaBHeuu#t TtHna (10.18)
pPaBHO 4YHCJY Y3J0B ¢ 3aJaHHbIMH 1aB-
JeHUsIMH (MCK/JIKuUasi Yy3eJq TNHTaHHS)
(T. e. uMCcAy KOHUEBBIX TOYeK k).
Uncno ypasHenudt tuna (10.21) pasHo
YHCJY Y3JOB C He3ajaHHbIMH [JaBJe-
HHsIMH  (T. e. uYHCaAy JHIIHHMX HeHs-
BecTHbIX f). Takum o6pasom, yc/ioBHe
pacuera ceTH Ha MHHHMYM CTOHMOCTH
Jajgo AJsi y3JI0B ¢ He3ajaHHbIMH [aB-
JIEHHSIMH [ OTIOJIHHTe/IbHble YPaBHEHHH,
AABJISIOLLNECS YDPABHEHUSIMH 3KOHOMHU-
HocTH. M3 aHasn3a nogaydeHHoro pelie-
HHUS cJaeAyeT, uTo ONTHMaJbHOE pachnpe-
[ejleHHe MepenajoB [JaBjeHHs M0 yya-
CTKaM 3aBHCHT OT KOHGHUrypallMH CeTH,
pPacxoJoB ra3a Ha y4acTKax H UX AJHHbI.

[Ons peweHuss y3J0BbIX YpaBHEHHMH
MOXKHO TNPHUMEHHTb MeTOJ, MocJaefoBa-
TeJbHBIX TNPHGAHKEHHH, aHaJOrHYHbIH
MeTOAY YBA3KH KoJsblleBOH ceru. [lns
3TOro NPOH3BOASAT 'HMAPAaBJHUECKHH pac-
yer cetm 1o Ap/l=const, omnpe-
AeasIOT BCE [HaMeTphl, a MO HHUM H
nepenajbl JaBjeHHUs] Ha ydacTkax. JKo-
HOMHYecKHe GaJjaHChl B y3Jax HMeTb
MecTta He 6yayT, T. €.

SAApT =4,

rie A — HeBsi3ka GajaHca B yaie

UToGbl CBECTH HEBSI3KY K HYJIO, yBe-
JIHUYUM HJIM YMEHbIUHM AaBJI€EHHE B y3Jje
Ha Op. Beawuuny &8p Oymem cuurtarth
NOJIOKHTENbHOH, €CAH OHa YBeJHUHBA-
eT faBJjeHHe B yajae. IDTO MNpHBeAeT
K M3MEHEHHIO [epenajoB [aBjeHHUs
Ha BCE€X YydacCTKax, NOPHMBIKAIUHUX K
y3Jqy, a cJjenoBaTeabHO, K H3MeHe-
HUI0 MX gunametrpoB. Beaunuuny Op
BbifepeM TaK, 4YTOOb ObLIM YAOBJET-
BOPEHb SKOHOMHUECKHE Y3/10Bbie ypas-
nennst LA, Ap, "?'=0. C BBenenuem no-
NnpaBOYHOro y3J0BOro AaB/eHus §p ypa-
BHEHHA THNa X Ap=Ap HE HAPyLIaTCH,
TaK KaK yBeJHYeHHe (UIH YMeHbLIeHHE)

i)



nepenajos AaBJeHHS] HA yuacTKax, MOA-
XOASILIMX K Y37y, OyaerT KOMIEHCHPO-
BaTbCsl yMeHbllieHHeM (HJH YyBeJ/Hue-
HHeM) repenajgoB Ha ydacrkaX, OTXO-
JSIILUX OT y3Jja.

TTonpaBouHble y3/0Bble gaB/iaeHHs §p
MOJTY4alOTCA Ha OCHOBAaHWM BBHIBOAA,
aHaJOMMYHOrO  BBIBOAY MONMPABOUYHBIX
KPYroBblX pacxoioB AQ InpH yBA3Ke
kosey. JlomycTHMm, 4TO MMelOTCs ABa
yanma 1 u Il ¢ HesapaHHBIMM paB-
neHusAMH (cM. puc. 10.3). [Ing Hux MOXK-
HO HalHcaTb [ABa ypaBHEHHS:

A Ap P A Aps -

A AP T,
A4Ap4—l,21+A5Apé—vIQI__
— A Apy =4y,

Beens nompasouHble y3J0Bble AaB-
Jenust O, u O, , nosyunm:

Ay= (Ap,+8py~ ¥+
+A3(Aps+ Spr—op " —
—A ,(Apl-—-ﬁpl)_' =0;
A4(AP4+5PH)_I'2I+

+A5(AP5+5P11)421_
— A3 Ap;—dpu+op)~"*'=0.

PacknajabiBasi BbIpa)eHHs1 B CKOGKaAX
B psii MakiopeHa M orpaHHuMBasich
NepsBbIMH  IBYMsl UJeHaMH, MOJYUYHM
CeAYIOYIO CHCTEMY YpaBHEHHH:

— 121

A Ap
—1.21
M oAsp oY e ot
I 1 ‘
A3Ap;'2'
+ 1,21 Aps dp, = 0;
‘ AapT'®
ZAL Apr_IZI - 1’21 Z Ap 6pII +
1 I '
A Ap~12|
+ l,21~°3~7{’%—§p[=0.

[IpubanKeHHOoe peuleHHe MoJyUeH-
HOH CcHCTeMbl B oOLleM BHIE CJenylo-

iee.
—1,21
> A,

8p' = N
Al Apl- 1,21
121y ——
. Aap—'2
2 6pc y( - /\p ) yey
bp = ‘ ;
Z A, APT_?L
Ap,
dp=238p’+op"

rge 8p’ — dactb nonpaBkH, noayueHHOH Ge3
yueTa BJIHSIHHSl MONPABOYHBIX [dBJIEHHH B cocell-
HHX y3/1aX; 8p” — 4acTh NONpPaBKH, yYHTLIBAOLEA
BJHSIH{E [MONPABOYHBIX [4BJAEHHA B COCeLHHX
yanax, Opl{y-— mepsoe mnpuG.iMkKeHHe NONPaBKH
B cOoCejHeM yase

Bennunna Oply yMHOXKaercss Ha OTHOUIEHHE
(AAp~'?"/ Ap)ycy yuacTKka, KOTOPHIi HMeeT CO-
ceAHHi y3ea. YHcHO uneHoB CcyMMB Z8pi, X
X(AAP~' 2/ AP)y, pPaBHO UHCJly COCeLHHX Y3-
nos [lpu ompeie 1eHHH 3HAKA NONDPABKH CJIENYeT
YUHTHIBaTh, uTo Buipaxenue tuna A,.Ap ' '/ Ap,
BCEr/ia MOJIOXKI ¢ 1bHOE.

[nasa 11

i

11.1. Ycrponcrtso
MPOMBILUMIEHHBIX CHCTEM
rasocHabenns.

Mx knaccucpmraums

[IpoMblllIeHHBIE W KOMMYHaJbHbIC
NPpeANpUATHA TONYUaloT ra3 OT ropoj-
CKHX pacnpefesUTeNbHbIX ceTell cpeaHe-

MpoMmblwneHHble CHCTEMbI
razocHabxenus

ro W BbICOKOro aamJjeHus. [lpeanpus-
THSI ¢ MaJbIMH pacxogamu rasa (50...
150 mM®/4) MOMKHO MPHCOCAHHATDL TAKXKe
K CeTIM HU3KOro napjendst. ONTHMAaJb-
HblH BapHaHT MPHCOEIMHEHHS B 3TOM
cayuae [0JKeH 6biTb 060CHOBAH TEXHH-
KO-3KOHOMHUECKHM pacueToM. KpynHbie
npomblLLIeHHble nipeanpuAtds u TILL
NPHCOCJHMHSAIOT C NOMOILBIO ChelnHalb-
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Hbix rasonposoaoB k ['PC wau wa-
FHCTPAJbHBIM [a30MPOBOAAM.
[lpombluiieHHble cHCTeMb! ra3ocHat-
JKEHHSI COCTOSIT U3 CJeAYIOILHX 3JeMeH-
ToB: |) BBOZOB ra3onpoBO/IOB Ha Tep-
PHTOPHIO TIpeANPHATHSA; 2) MeXKI1eXOBbIX
ra3onpoBOJiOB; 3) BHYTPHIEXOBbIX ra3o-
NpoOBOAOB; 4) peryasTOpHbIX IYHKTOB
(TPII) u ycranosok (I'PY); 5) nynkros
uaMepenuss pacxoma rasza (ITUPI);
6) 06BsI30uHBIX razonpoBOAOB arpera-
TOB, HCNOJb3ylouwinx ra3d. I'as ot ropoxn-
CKHX pacnpefe/HTebHbIX ceTell MoCTy-
naet B NPOMbILIJIEHHbIE CETH NpeAnpHs-
THs1 uepes3 oTBeTBJIeHHs H BBOA. Ha BBoje
yCTaHaBAHBAIOT IVaBHOE OTKJIOUaloulee
YCTPOHCTBO, KOTOpOE cJaelyeT pa3Me-
11aTb BHE TEPPUTOPHH MPEANPHATHS B
JOCTYMTHOM W YIOOHOM AJs 06CJyKH-
BaHUS MecTe, MaKCHMaJbHO O6JH3KO K
pacnpenequTebHOMY Ta3onpoBOAY, HO
He 6auXKe 2 M OT JUHUH 3aCTPOMKH WU
creHbl 3aaHusd. Jlas rasocHabkeHHsi
NPOMBLILIJIEHHBIX TIPEANPUATHH MPOEKTH-
PYIOT TYNHKOBYIO Pa3BeTBJIEHHYIO CeTb C
OfHUM BBOAOM. TOJBKO AJSl KPYNHBIX
npeanpusiTu#, He ONMYCKalOuiMXx nepe-
pbiBa B razocHabxkennn, 'P3C u T3IL
NPHMEHSIIOT KOJblieBble CXeMbl ceTe#l ¢
OJIHHM HJIH HEeCKOJBbKHMH BBOJaMH.
TpaHcnopTHpoBaHue raza ot BBOAA K
IIexaM OCYILLeCTBJSIeTCH MO MEeXKIIE XOBbIM
rasonpoBojgaM, KOTOpble MOTyT ObITh
MOJA3eMHBIMH H Hajg3eMHbIMH. Bribop
crrocob6a HX YKJAaJKH 3aBHCHT OT Tep-
PUTOPHAJIBHOTO DAacCHOJNOKEHHST 11eXO0B,
xapakTepa COOpPYKEHHH, [0 KOTOpbIM
npeAnosaraercsi Mpok/aajka ras3onpo-
BOAOB, HACBIEHHOCTH IPOe3J0B MOJ-
3eMHbIMH coopyKeHusiMH. Hapsemnas
NPOKJaKa MeXIUEeXOBblX Ta3onpoBOAOB
UMeeT pAA NPEeHMYIIeCTB MO CPpaBHEHHIO
C MON3eMHOH: HCKJIOUaeTcst NMoa3eMHast
KOPPO3Hsl rasonpoBO/IOB; MeHee OMacHbI
yTeuyKH rasa, TaK KaK BbITEKAILKHH
13 TpybonpoBoja ra3 pacceHBaercs B
arMocdepe; yTeuku Jjerde O6HAPYXKHTb U
YCTPaHHUTD; MPOILE 3IKCIIYyaTHPOBATh H
OCYIECTB/JIsITh HAOJIONEHHe 3a COCTOSI-
HHeM rasonpoBofoB. IlpH ucnosb3oBa-
HHH B KauecTBe ONOp [Jsl Tras3onpo-
BOJAOB CYILLECTBYIOLHX KOJIOHH, 3CTaKaf,
CT€H M MOKPbITHH 31aHHA Haj3eMmHas
NpOKJaaKa ra3onpoBOAOB 3KOHOMHUHEe
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noa3emuoit. M3 npuBeneHHbIX AaHHBIX
cJlelyeT, UTO HajJ3eMHadA NpoKaajKa ra-
30MPOBOAOB  MPEeANoUTUTRNAbHEE  TOJ-
3eMHOH. B KOHeuHbIX TOUKax MeXXLexo-
BbIX [a30MPOBONOB CJeAyeT TpenycMa-
TPUBaTb TNPOAYBOUHBIE TIa30NPOBO/IbI.
Hexoropbie cxembl TPOMBIJIEHHBIX
CHCTEM NpeayCMaTpPHBAIOT MPOCKTHPOBA-
Hue uenrpasbHoro I'PII, kotopbiii cHH-
JKaeT M pery/juMpyeT aaBjeHHe rasa B
Me’KLEeXOBbIX rasonposojax. B atom cay-
yae B HHX YCTAHABJAMBAIOT M MYHKTHI
H3MepeHds: pacxojga raza. B mexuexo-
BbIX Fa30MpOBOAAX, KaK MPaBHJIO, MOA-
JepKHUBAIOT CpejHee [aBJeHHe H TOJbKO
y MeJKHX morpebureseidl — HH3Koe. Bhi-
COKOe [laBJeHHE MNPHMEHAIOT Tam, Trie
OHO HeoOXOAMMO /s T'a30HCHOJb3YIo-
wux arperatos. Ha BBoae rasonposojaa
B lleX CHapyXH HJIH BHYTPH 3/aHHA
YCTaHaBJIHBAIOT OTKJAIOYalllee yCTpoH-
cTBO. BHyTpHIIEXOBbIE TA230MPOBO/IbI NMPO-
K1aAblBAIOT 1O CTEHaM W KOJOHHaM
B BHIe TynmukKoBbiX JuHu#. Heobxonu-
MOCTb KOJ/IbIEBAHHSI BHYTPHUEXOBBIX ra-
30MPOBOJAOB MOXeET BO3HUKHYTb JHIIb
A 0co60 Ba’KHBIX TPOMBIILJIEHHBIX
nexoB. Ha orBerBieHHsiXx kK arperaram
yCTaHaB/HBAIOT IJaBHBIE OTKJIOUaloliHe
ycrpoitcTBa. [[a3onpoBojbl NPOMBILIIEH-
HbIX TIPEANPHATHHA H KOTe/bHbIX 060py-
JAYIOT CHelHaJbHbIMH TMPOLYBOUHBIMH
Tpy6ONpOBOAaMH € 3aMOPHBIMH YCTPOH-
crBaMd. OTBobl K TIPOAYBOUHBIM TpY-
6onpososam IMpenycmaTpHBaloT OT NO-
CJIeIHHX YUacCTKOB BHYTPHIEXOBBIX raso-
MpPOBOAOB H OT Ka)JA0ro rasonpoBoja
arperara mnepej TNOCJEIHHM MHO XOAY
raza OTK/IOYAIOL{UM YCTPOHCTBOM.
JlaBjeHne BO BHYTPHIEXOBbIX aso-
npoBojax ONpefensieTcs  JaBJeHHEM
raza nepen ropeskamu. [lpH ycraHos-
Ke Mepej arperaraMH peryasiTOpoB [aB-
JeHHUsl rasa /JaBJeHHe BO BHYTPHIEXO-
BbIX [a30MpOBOLAX MOMKET CYIECTBEHHO
NPEBOCXOJHTbh HEOOGXOAHMOE jaB/eHHe
nepes ropenkamMH. OCHOBHOe OTJIHUHe
NPUHUHIHAJBHBIX CXEM MPOMBILIJIEHHBIX
CHCTEM ra3oCHa0XeHHs 3aKJIo4aeTcsl B
NPHHATBIX /aBJAEHHAX Tasa B MeXile-
XOBBIX Ta30MpoOBOAAX, Ta30NPOBOAAX ITe-
pel TropeJkaMH arperatoB, a TaKxkKe
B PacMOJOXKEHHH Tra30peryjasaTOpHbIX
NYHKTOB, YCTAHOBOK H HaJH4HH peryJs-



TOPOB AaB/AeHUs nepen arperatamu. [1pu
pelleHHH BOMpoca o BbIOOpe cXeMbl cJe-
AyeT YuHThIBaTh: JlaBJEHHE rasa B ro-
POACKHX pacnpejejHTeNbHbIX [asonpo-
BOJAaX B MecTe MNPHCOeAHHEHHS TIpej-
NpHATUS, Heo6XOaUMoe [aBJjeHHe rasa
nepej rasoBbIMH TOpeJKaMH B OT[eJb-
HbIX IleXaX; TeppUTOpHaJibHOE pacilo-
JIOKEHHE 1exO0B, MoTpebJsioiuX ras;
pacxoi rasa (€XaMH M pexHM ero
norpebaeHust; ya06CcTBO 06CayXKHBaHHUSA
¥ 3KOHOMHUECKYIO 3P PEKTHBHOCTb.

B 3aBHCHMMOCTH OT KOHKpEeTHBIX Yc-
JIOBHI NPOEKTHPOBAHHSI MPOMBILIJIEHHBIX
cHCTeM Tra3ocHabKeHHs  HCIOJb3YIOT
pasJiHuHble TPHHUKHNHAAbHbIE CXeMBbl, KO-
TOpble KacCHPHUUPYIOT C/eAYIOLHM 06-
pasom.

[. OnHocryneHuaTble CHCTEMBI I'a3o-
cHabxenust (puc. 11.1.): a) mnpu He-
NOCPeACTBEHHOM NPHCOELHHEHHH Tpej-
NpPHATHA K FOPOACKHM pacrpepe/HTelb-
HbIM CeTsIM HHM3KOoro jaasJenHus ([-1);
6) NpH TIpHCOEAHHEHHH TPOMbILLIJIEHHBIX
06bEKTOB K TOPOJACKHM CeTsIM uepe3
neHTpanbhblil I'PIT H ¢ HU3KHM naBiaeHu-
eM B TMPOMBIIJIEHHbIX Tra3onpoBogax
(I-2); 8) npH NpHCOEIHHEHHH NPOMBIILiI-
JIeHHbIX OGBHEKTOB K TOPOLCKHM CeTAM
uepes nenrpadabHbli TPIT u co cpennum
JaBJeHHeM B TPOMBILIIEHHBIX [a30mpo-
popax (/-3).

II. JIByxcTyneHuaTble CHCTEMBl (CM.
puc. 11.1): a) npH HENOCPEACTBEHHOM
NpHCoeIHHEHHH MPOMBIILJIEHHBIX 00b-
€KTOB K TODOICKHM CeTsIM CpelHero
AaBJeHdsa uexosbiMH I'PY u ¢ HU3KHM
JaBJeHHeM B LEXOBbIX rasonpoBoiax
(II-1); 6) npHM HENMOCPEACTBEHHPM IIpH-
COeJMHEHHH TPOMBILIJIEHHEIX OGBEKTOB
K TOPOACKHM CeTSIM CpeJHero AaBJeHHs
nexosbiMH T'PY H cO cpeiHuM naB-
JIeHHeM B 11eX0BbIX rasonposoaax (/1-2);
B) TMpH MNPHCOEJHHEHHH K TOpPOACKHM
ceTsiMm uepe3 ueHTpaabHblii I'PII, co
CPedHHM [aBJEHHEM B MEXIIEeXOBbIX ra-
301poBoAaX, UeXxoBbIMH [ PY H ¢ HH3KHM
JaBJieHHeM B [E€XOBblX Ta30NpoBOAAX
(I1-3); r) Npu NpHCOENHHEHHH K TOPOA-
CKHM ceTsIM dYepe3 neHTpasbHbid [PII
CO CpeIHHM JaBJeHHEM B MeKUeXOBbIX
rasonpoBojax, nexoeiMH I'PY u co
CpeJHMM jaB/JeHHeM B LEXOBLIX ras3o-
nposoaax ([1-4).
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YcnogHbte 0603Haverun

BBOA raiza B npeanpuATue
; Baan OT TOPOACKOW CeTu;

ra3onpoBOAb! HU3KOTO laBNeHNA;
ra3onpoBOAbl BbICOKOTO U CPefHero
NaBNEHUA;

razonpoBOAbl CPEHErO AABNEHUA,
HenocpeacTBeHHO oBenyxuBaoume
arperavbi;

T Ty NOARBOL ra3a K arperatam;

[ 1 rasc 1€ Uexu

Puc. 11.1. Knaccuduxa-
wust NPOMbIILJIEHHbIX
cUcTeM ra3ocHabeHun

Y cpelHHMX H KPYNHBIX MpPEeINpHATHH
arperathl B OTAEJbHBIX lexax OGBIYHO
0o60pyayIOT TOpeJKaMH, KoTopbie pa6o-
TaOT Ha pa3J/MUHbIX AaB/jaeHHsAX. B cBA3H
C 3THM MpPH TNPOEKTHPOBAHHH BO3HH-
KaeT HeoOXOAHMOCTb B KOMOGHH ALK NMPH-
BefeHHbIX NMPHHIUHMNHAJbHBIX cXxeM. Tak,
4yacTO TNPOCKTHPYIOT [1POMBILLJIEHHYIO
CHCTEMY ra30CHa6KeHHS ¢ LeHTpasbHbIM
FPIT n TPY TOabKO Yy OTAEABHbIX
1exoB. TakKylo CHCTeMY MOAYUYaloT NyTeM
komOuHauun cxem [-3, II-3 wn II-4.

223



11.2. OpnoctynenvaTsie
NPOMBILINEHHBIE CHCTEMbI

CxeMa TNpOMBIlLJEHHOH CHCTeMBbl Tra-
30cHa0XeHHs B cJyuyae HemocpeicTBeH-
HOTO TpHCOeJHHEHHs1 K TOPOACKHM ce-
TSM HH3KOrO J[aBJjieHHs1 NOKasaHa Ha
puc. 11.2. JlanHylo cxemy TNpPOEKTH-
PYIOT 17151 HeGOJIbLIHX KOMMYHAaJbHBIX
H TpOMBIILJIEHHBIX NpeAnpuATHiA. 3T10
o6BbACHAETCSA, BO-TMEpPBbIX, MaJjo#t npo-
MYCKHOH CnOCOGHOCTBIO ceTel HH3KOro
JaBJleHHsl, a BO-BTOPbIX TeM, UTO Mepe-
MEHHbIH pexxuMm norpebieHus rasa
npeanpusiTHeM 6yIeT OTpHUATE/bHO CKa-
3blBaThCSl HAa peXKHMe [AaBjJeHHH y ra-
30BbIX NPHOOPOB KHUJLIX 3A4HHH, MpH-
COe/IHHEHHBIX K TOH 3Ke ceTH HH3KOro
JaBJeHHs.

M3 ropoxackoil pacnpepenuTesbHOR
CeTH HU3KOTO JaBJjieHHsl ras uyepe3 3a-
JABHMKY [ TIOCcTynaeT B MEXIeXOBOH
razonpoBof 2. ¥ HeOOJbLIKX MpenpH-
ATHH IPOTAKEHHOCTb MEXKLEeXOBBIX a3o-
NMPOBOAOB OObIUHO HEBeJHKa, MNO3TOMY
Ha OTBETBJEHHSX OT OCHOBHOrO raso-
NpoBOJa K LEXaM OTKJIOUalollHe YCT-
pOHCTBa MOXKHO He yCTaHaB/AMBATh. 1A
NPOAYBKH MEXUEXOBBIX ra3onpoBOAOB B
KOHLIE OTBeTBJAEHHH [penycMaTpHBalOT
npoayBo4yHble cBeud. Ha uexosbix BBO-
Jax YCTaHaBJ/HMBAIOT OTKJOUAIOUIHE YCT-
poiictBa. MecTo yCTaHOBKH [OJIKHO
6bITb JOCTYNMHO JAds O6GCAyXKHBaHHA,
OCMOTPa M peMOHTa apMaTtypbl H
ofecneynBaTh BO3MOMKHOCTb GbICTPOTO
OTKJ/IIOUEHHsI L€XOBOTO  Fa3onpoBO/A.
[Ipy pacno/ioKeHHH 3aJABHXKEK HJH
KpaHoB Ha BbicoTe Oonee 2 M yc-
TpauBalOT MJOULaJKH H3 Hecropae-
MbIX MaTepHajoB C Orpa>KAeHUAMH

M JIECTHHILAMH HJHM TpeAyCMaTpHBalOT
JUCTAHLHOHHbIH NMPHBOA.

Pacxon rasa npeanpHsiTHeM H3Meps-
I0T B LIEHTPa/JbHOM INYyHKTE [Jf ydeTa
norpeb/aeHHsi Taza B leXax H 3[aHHAX.
[Ipy HeoO6XOZMMOCTH YyueTa pacxoja
rasa OT/eJqbHbIMH LeXaMH MM ar-
perataMH cJejyeT TpeAycMaTpHBaTh
JOMOJIHHTEJIBHYIO YCTAHOBKY ra30BblX
CYUETUHKOB WJHM pacxoaomepos. [lnsa He-
60osbIUNX TPeANpUATHH, COCTOALLHX U3
IBYX 1@eXOB, M TpH YCJOBHH He3Ha-
YHTENAbHOTO TNOTpebJeHus ra3a OJHHM
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Puc. 11.2. Cxema raso- po#iCTBO Ha BBOAE B
cHa6xenun HeGonbworo uex, 5— NYHKT u3mepe
NPOMBIIAEHHOIO npej- HHR  pacxoza rasa
NPHATHA, MNPUCOEIHHEH- (IMTAPT), 6— BHYTpHUE

HOTO K FOPOACKOM CeTH
HH3KOTrO AaBJeHus

1— oTkauawllee YycT
poicTBO (3aABHXKKa) €

XOBBI€ Fa30NPOBOABL, 7—
riaBHbBE OTKJ/IOYaOLUL1He
ycTpo#icTBa nepex arpe
raTaMH, &— Kpau Ha

KOMIeHCaTOpOM Ha BBO- NPOAYBOYHOM  ra3onpo
ae B NMpOMBILIJEHHOE Bojae, 9-— NpOAYBOUHbIH
npeanpuATie, 2— Mex rasonposon, 10— wty
11EX0BOH rasonpoBoi, uep ¢ KpaHom H npoG-

3— OTBETBJIEHHE K lieXY,
4— oTkJOuaWUee YCT

KOH Afl B3ATHA npoGbl

M3 HHX AOMYCKaeTCsl YUHTBhIBATb PacXond
rasa no uexam 6e3 o001€3aBOLCKOrO
yueta (cm. puc. 11.2).

BuyTpHuexoBble ras3onpoBoabl TYIH-
KoBble. Ha oTBeTB/eHHsIX ycTaHOBJEHDI
rJaBHBIC  OTKJIOUAIOIHE YCTPOHCTBA.
K nocsenHnM yuacTKaM LEXOBBIX aso-
IIPOBOLOB MPHCOCHHSAIOT MNPOAYBOUHbIE
JHHHU 9 C OTKMIOYAIOLHMH KpaHaMmH 8,
a Takxe lUTylepa ¢ KpaHaMH H
npob6kamu aas orbopa mnpobbl rasa.
B npoayBouHble JHHMH 9 BKJIOYEHB
NpoAYBOUHBblE TPYGONPOBO/BI, MPHCOETIH-
HeHHble K Tra3oNpoBOAaM arperaros
nepej MOC/aeJHHUM MO XOAY rasa OTKJIO-
YaloUuIMM YCTPOHCTBOM, Mepej ropejka-
MH. PacueTHblll mepenaja pasaeHHs App
B ra3onpoBojax NpeinpusiTHa (CM. pHC.
11.2) onpepensitor 1O  BHIpaXKeHHIO

App‘:pnn_p:OM-

ITOT mnepenaj He [OJKEH IpeBbl-
AT OMNpefeseHHOH [O0AH OT HOMH-
HAJ1bHOTO 3HAUEHHS [aBJIeHHS mnepen
rope/KaMH ra3oHCNOoNb3YIOUIHX arpera-



HOM

TOB pa ', onpeaeaseMoil pexxumom pa6o-
Tol TpeanpusaTus. PacueTHbll nepenan
3aBUCHT OT JAdBJCHHS Ha BBOAC Pan.
Yem naJbile npeinpHATHe PacloioKeHo
OT CeTeBOr0 ras3operyJsiTOPHOrO MyHKTa
H 4eM KpyrnHee OHO, TEM CTOHMOCTb
rasonpoBONOB TPEANPHSITHS  NOPOIKe.
PacuyeTHblH fepenaj B A0JSX OT JaB-
JIeHHSl Ta3a nepej ropejkKaMH arperatros
BLIGHPAIOT B 3aBUCHMOCTH OT TEXHOJIOTH-
yeckMX TpeOoBaHMi, NpeibsBAsieMbIX K
cTaOHABHOCTH TEIJIOBBIX HArpy3oK rope-
J0oK. UeM crenedb ctabGuabHOCTH Bodibile,
TeM MeHblle [OJKeH ObiThb Iepena.

O6o3HauuM  [OMYCTHMYIO OTHOCH-
TeJbHYIO Neperpysky arperara a, T. e.

QRHKC:anXJM-

Besnunha o 3aBHCHT OT TeXHO-
JIOTHH NpPOH3BOACTBA M paBHa 1,05...1,2.
JaB/ieHWe nepen COMJIaMH TOpPEOK Ha-
XOLUTCS B KBaJApPAaTHYHOH 3aBHCHMOCTH
OT pacxoja, MO3ITOMY

pxakc/pKOM:a2'

Ecniu  cerb Hecetr Harpysky oOT
MaKCHMaJbHOH 10 MHHMUMaJbHOH (6s113-
KOM K HYJI0), TO MpeaesbHOH Harpyake
ropejkd Oyaer COOTBETCTBOBATb H
npejgenbHasi Harpyska cetH. Ilpu mah-
ciMaJ/ibHOH Harpyske cetH Q**° nepen
ropelkamMH OyaeT HOMHHaJ/bHOE AaBJe-
HHe pi°™, a Ipy MHHHUMAaJ/bHOH Harpyske

S*—=() naBJ/jeHHe nepej ropeakamu 6y-

JeT MaKCHMaJbHbIM pi’* H paBHbIM:

pxaKcszOM—}_App-

PaccmMoTpeHHBIH cayyail peiko BeTpe-
yaercsl B MpakTHke. B  ycaoBusx
HOpPMaJbHOTO TEUEHHs TEeXHOJIOrH4ec-
KOro fnpouecca MHHHMaJibHasi Harpyska
ceTH He MoxeT O6biTb O6JH3KOH K
Hyawo. O603HaYMM MHHHMAaJbHYIO Ha-
rpy3Ky CETH B J0JsIX OT MaKCHMaJjb-
Ho#i uepes B, T. e.

?HH‘:BQ(MaKC.

BOJILIUMHCTBO NPOMbILIJIEHHbIX Ipei-
npudaTudl umeer Beauuuny P=0,5...0,7.
Ha puc. 11.3 nocrtpoeHsl nbe3oMeTphl
a5t BeMUHH Quun U Quaxc. [IpH TaKHX
npejeabHblX 3HAUEHUSIX Harpy3oK KoJe-
6aHis AaBJeHUS rasa nepej ropejikamu
arperatroB COCTaBSAT:

8 3an 1052

X
S
I a
Q=0 S
QMaxc —
MUH  AMARE| |
Q <
<
x
Q
Mexuexosoi BuyTpuuexoson
rasonposop rasonpog:'n
Puc. 11.3. Ibe3omerpsl
NPOMBILINIEHHBIX  raso-
npoeojoB

n

ApA:App_ApmuuzaQﬁakc—anml;
Apa=aQuanc(l —p") = Apy(1 —p"),
rpe a — ruapabJidyecKkoe CONMpOTHBJICHHE CETH,

1 — NMOKa3aTeslb CTeNeHH B HAMOPHO-PaCcXoaHOH
XapaKTePHCTHRE CETH

Jlonyctumoe KoJieGaHHe fAaBJeHHS
rasa nepei ropejikaMi OnpeAensiioT Mo

GopmyJie

A pa/ PR = (pa™™ — pi™) [pi™ =
=a’—1
CpaBHHBas HAaHCAHHbIE BbIPaXKeHHS,
MOy HM:

App/PR" =(a* —1)/(1—B")

Takum o6pa3om, ueM MeHbllle BO3-
MOXHble KojebaHus Harpy3ku cetH (P
6JHKe K ejHHHUE), TeM OoJblie MpH-
HHMAIOT pacueTHbH nepenajn AJas MNpo-
MBILIJIEHHBIX CeTeH, KOTOPbIH NO3BOJHT
CO3KOHOMHTb 3HAUHTEJbHOE KOIHUeCTBO
merasana. Tak, ecan pp"*"=30 Klla,
a=1,1, p=0 (camblii He6saroNpHsITHbIA
cayuaii), TO

2

1°—1

|8 )
App==30 T—5 =6,3 x[la
Ecan xe p=0,5, 10
2
Ap, = 30 -li:%=8,4 x[1a

1—0,56

(3necb AJA CeTH NMPHHAT KBaapaTHYHbIA
3akoH). Pacxon Metasuia MponopuHoHa-
JEH Tepenajy JaBJeHHA B CTeleHH
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0,19. CnenoBaTtesbHO, BO BTOPOM CJy-
Yyae 3KOHOMHSI MeTaJuia COCTaBHT IpH-
MEPHO

019
ga\ " .
("673_> — 1,085, e 55% .

PacuerHble pacxojbl B NPOMbILLJIEH-
HbIX Ta3olnpOBOAAX OINpPeAeISIOT HCXOAS
13 HOMHHAJbHbIX HATPY30K ra3oHCOJb-
3VIOLUX arperatoB H Ko3ddHuHEeHTa
O/IHOBPEMEHHOCTH HX paborbl ko. 3Ha-
ueHHe ko onpenessieTcss TeXHOJOTHUec-
KHM peXHMOM palboThl arperaTtoB W 4Hc-
JIOM arperartos, MpHCOeAHHEHHbIX K [1aH-
HOMY yuacTKy rasonpoBoja. CkopocTb
rasa B ra3onpopojax NPHHHMAIOT PaB-
noit 25...30 M/c, Tak Kak NpH GOJbIIHX ee
3HAUEHHUSIX BO3HHKAIOT IIYM, 3pO3Hs
mera/jnia, a 0OpH  He6GjaronpHsTHOH
KOHQHrypaUHH — U BHOpauus Tpy6o-
nposonos. [lpn pacuere ckopocTH HC-
NOJIb3YIOT YPaBHEHHE Hepa3pbIBHOCTH

M=pyQo=pwF,
OoTClOaa
w=poQo/(pF)=poQo/ (pF),

rae po M Qo — NMJIOTHOCTD M pacxol rasa
OPH HOPMaNbHEIX YCJIOBHSX; po — HOpMajbHOE
NaBneunde;, p H W — (PAKTHUECKHE [aBJeHHEe H
cKopocTh; F — HoMepeuHoe cedeHHe rasolnpoBoia.
B ¢opmyne npussitro, uro T/273=1.

11.3. isyxcTyneHvarble
NPOMDBILINIEHHbIE CHCTEMBI

JIByXcTyneHuaTtasi cxemMa IpOMblL-
JIEHHOH CHCTeMBbl ra3ocHa6KeHusl Moka-
3aHa Ha puc. 11.4. Tlo 3rtoit cxeme
NPOMbILLIEHHOe NPeAnpHATHE NPHCOeIH-
HEHO K rOpOJCKOMY ra3olipoBOJY BHICO-
KOTO [aBJjieHHsl dyepe3 3aBOJCKOH raso-
peryasitopHbl nyHkt. B I'PI1 naBaenue
rasa CHH)XaeTcsl A0 CPeIHero, Kotopoe
HeoGxonuMo a5l uexoB Ne 2 u 4. dtH
LIeXH MPHCOEAHHEeHbl HenocpeacTBEHHO
K MEXXIIEXOBOMY rasonposopy. [1as rope-
gok unexos Ne 1 u 3 Tpebyercsa HH3-
KOoe jaBJeHHe, W OHM MpHCOoeAHHEHDI
uyepes ['PY. Buyrpuuexosble rasomnpo-
BOJbl HMEIOT MPOAYBOUHble NHHHH. [TYHKT
H3MepeHHsl PAcxXo[a rasa pacnoJjioXeH B
34BOJICKOM Ta30peryisiTopHOM MYyHKTe.
Takasa cxema sBjasileTcsl KOMOHHanHeH
cxem [-3 u II-3 (cM. puc. 11.1).
[lpu ruapaBiHueckoM pacueTe jaHHOM
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CcXeMbl CHayasa ONpeneJsloT AaBjeHHe
nocje 3aBOACKOro rasoperyJssiTopHoOro
MYHKTA pPn, HCXOAA M3 pexuma 3aBOj-
CKOH CeTH cpejaHero [aB/eHHsi TMpH
H3BECTHOM HOMMHAJIbHOM [aBJEHHH Ie-
pell ropejkaMH CpeiHero AaBJeHHs pret.

[lepenap pnaBneHHs1 MeKay TrOpPOX-
CKHMH H HNPOMBIUIJICHHBIM CETSIMH A p=
=p;r—pPnn PAacnpegessiior Mexiy OT-
BETBJCHHEM K MNPOMBILIJIEHHOMY TMpen-
npusitiio ¥ I'PI1  rtakuM o6pa3som,
yTO6bl MX CyMMapHasi CTOHMOCTb Obiia
MHHHMAaJbHOH. JlaBjeHue nocqae [PY
HaxOAST HCXOASl M3 pexunma paboThl
BHYTPHUILEXOBOTO Ta3oNpoBOLA ¥ [aBJe-
HHSl rasa Tnepej TropeiKaMH HH3KOro
pasaenns. [PY noa6upaior Ha nepenap
MeXIy AaBJieHHeM B MeXUEXOBbiX ra-
30MpOBOAAX CPEAHEro AaBJieHHs1 H Heob-
XOAMMbIM AaBjeHuem nocae [PY. 3na-
uyeHHE PacyeTHOTo Nepernajga B MeXUeXo-
BbIX rasomposopax (cM. puc. 11.4)
ABAseTCH HeOOJMbIIMM, UYTO NPHBOAHMT
K YBEJHUEHHIO CTOMMOCTH Tpy6onpoBo-
10B. Bmecte ¢ TeM HEKOTOpble LEXH
He umelorT ['PY, 410 CHHXaeT CTOH-
MOCTb cHcTeMbl. OgHAKO /151 NIPOMBILI-
JIEHHbIX MNpPeANpHATHH € KOMMAaKTHbIM
pacno/oKeHHeM 1eXO0B H CTaOH/bHBIM
pexHMoM paboThl arperaToB yka3aHHble
HEeIOCTATKH He HMEIOT CYIlieCTBEeHHOTO
3HAueHHs1 H TaKasi CXeMa MOxKeT OKa-
3aTbCsl HaWBbITOJLHEHLIeH.

CxeMa mpOMBILLIEHHOR cHcTeMbl ra-
30HCA6XKEHUSA C MEKIEXOBbIMH ra3onpo-
BO/laMH, HENOCPE[ CTBEHHO NPHUCOeAUHEH-
HbIMH K TOPOACKOH ceTu cpeaHero gasJe-
Hua  (<£0,3 MlIlla), nokaszaHa Ha
puc. 11.5. 3tu rasonpoBoabl BBOAAT B
KaXIblHl 1eX, rje B ra3operyJ/jsiTOpHbIX
YCTaHOBKax JaBJieHHe CHHXaercsl 0 He-
o6xoaumoi BeauuuHbl. M3 TPY ras no-
CTyNaeT TOAbKO B CeTH JaHHOTO uexa.
Pacxon rasa yudTteiBaeTcsi B UEHTpaJb-
HOM TIyHKTe H3MEepeHHsI pacxoja rasa,
a Takxe B KaxjaoMm nexe. [leHTpasb-
Hutit TPIT otcyTcrByer, a MexxuexoBbie
ra3onpoBoibl HAXOAATCH MO JaBaeHHeM

TOPOJICKOH  pacnpefe/uTeNIbHON  CeTH.
Sra cxeMa sABJAAETCH KOMOHHaLHeH cxeM
-1 n [I-2 (cm. puc. 11.1). Ona

OTJIHHaeTcs OT cxembl puc. 11.2 tem, uto
JaBJeHHe rasa peryaupyercs B Ka)KioMm
uexe cob6crBenHpiMu I'PY 1 moxer noa-
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Puc. 11.4. Jleyxctyneu-
yarasm cxema rasocHaG-
MEHHS NPOMBLIIJIEHHOTO
npeanpustan ¢ I'PIT na
BBOJE

I — oTkJOYaKee YCT-
POACTBO Ha OTBETBJEHHH
K MPOMBILIJIE HHOMY TIpeJl-
OPUATHIO; 2— MEXKIEeX0-
BOW razomnpoBoi; J——

{1y HKT H3MePeHHs pacxo-
na rasa ([TMPT); 6—
BHYTPHLEXO0B Off raso-
NpOBOA; 7— riaBHbIE OT-
KJloYalolide yCcTpoicTBa
nepej arperatamu; 8—
KpaH Ha NPOAYBOUHOM
rasonposojae; 9— mnpo-
NYBOWHBIA rasonpoBoi;
10— wTynep ¢ KpaHOM

Puc. 11.5. Cxema mex-

HEeX0BOro rasonposojaa
cpeaHero JAaBaeHHA C
HEeHTPaNAbHLIM NYHKTOM

H3MEpeHHn pacxona rasa
n nexoemmu TPY cpen-
Hero ¥ HH3KOro KoHed-
HbIX JaBAEHHH

1,5 — oTkaloyaouLke yc-
TpOHCTBa B KoJOALE; 2—

KOHj€eHcaTa, 6 — OTKJIO-
yapouee YyCTPOHCTBO B
MeJKOM KoJoaue, 7—
wKapHas yCT aHOBKaA
P; 8— umexosass T'PY
CpefHero KOMEUHOTO
AasJjeHud; 9— uexosas
TPY HU3KOr0 KOHEUHOTO
nasnenust; 10— orpeTs-
JleHde ra3onpoBoaa K ue-

CPIT  npOMbILIERHOTO H npo6Koi A8 B3ATHA IeHTpaNbHbl MYyHKT H3- Xy (COOPHHMKY KOHMEH-
npesnpUATHS, 4— or- npoo6st, 11— uexoBas MepeHHsi pacxopa rasa; cata ycTaHaBAUBaOT
KJ4apllee ycTpoicTBo rey 3— MeXLEeXOBOH raso- npu HCNONh30B aHHH
Ha BBOAE B Uex; 55— APOBOL; 4— cOOpHHUK ¢ BJIAaKHOTO ra3a)
| CronoBan 7 1 Uex
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Puc. 11.6. Cxema BHYT- 8— TO ke, Ha Q6GBOAKOM

PHLEXOBOTO Fa301pPOBO-
Na CpejHero HAM HH3-
KOro jaBieHHsi ¢ NyHK-
TOM H3MEDEHHfl pacxona
raza

]— orkJaludioulee yCT
pOHCTBO HA BBOjE ralo
nposoaa B uex, 2- Ma-
HOMeTp, 3— 1eXOBOH ra
sonposod, 4  duabTp
peBususi, 5 rda3oBHI
POTALHOHUBIH  CUETYHK,
6— TpoiHUK ¢ NpPOGKO,
7— orkJaioyapuee ycT-
POHCTBO MOC/IE CUETUHKAE,

1a30npoBone, 9— TO XKe,
a0 cueruunka, [0— TO
K€, Hd OTBeTBNEHUH e
XOBOTO ras3onpoBoaa,
11— Texnuueckuit TEp
MomeTp, [2— raasHoe
OTKJIIOUAIOLILee YCTPOHCT
BO H4 OTBETBJEHHH Fa
3ompoBofa K arperary,
13 — oTBeTBsIEHHE Ta
30npoBoja K arperary,
14— NpoayBOUHBA TPY
6onpoBoa, 15— wTyuep
¢ KpasoM M npO6KOH
U1 B3SiTHSi Npo6bl

JepKUBaTbCsl Ha HEOOXOAMMOM YpoO-
BHE HE3aBHCHMO OT JaBJ€HUSl rasa B
Ipyrux unexax. Kpowme roro, pacnodo-
JKeHHe DPEeryJsiTopoB AaBJEHHS B 1exaX
No3BO/ISIeT MojAepKHBaTh Gojee yeTo-
Y{BOe [aBJjeHHe rasa nepej arpera-
TaMH, TaK KaK H3MeHeHHe HarpyskH
MEXUEXOBbIX ra3onpoBOJOB He OyIeT
OKa3blBaTh BJHSIHWA Ha [aBJieHHE rasa B
uexax.

Cxema oT/iHuaeTcsl MEHbLIEH CTOHMO-
CTBIO MEXIEeXOBbiX Ta30onpoBOJOB, HO
JLOTIOJTHHTeIbHBIMH pacXojaMu Ha COoopy-

»KeHue ueHrpasbhoro [TMPT u nonosanu-
tenbHbix [PY. OuHa umeer 3KOHOMH-
YyeckHue NperMMyLlecTsa AJs NPOMbILIJIeH-
HBIX MPeANpHATHH, y KOTOPbIX LEXHK
pacnoJjioxkeHbl Ha 3HAYHTEJbHOM pac-
cTossHHH apyr ot apyra. OkoHuaTesb-
Hble BbIBOJIbI 00 3KOHOMHUECKOH 3ddek-
THBHOCTH CX€M [POMBILIJIEHHBIX CHCTEM
ra3ocHaGKEeHHA MOXHO cjeJaTh Ioc/e
TeX HHKO-3KOHOMHYECKOrO pacuera.

[To BHYTpHUEXOBBIM Ta30NpOBOAAM
TPaHCMIOPTHPYETCA ra3 Mo liexy OT BBOAA
Ao arperatoB. B 6osbluHHCTBe caydyaes
TaKHe ra3onpoBOAbl MPOEKTHPYIOT TYITH-
KOBbIMH. KoJsiblileBaHHe BHYTPHIEXOBbIX
ra3onpoBOAOB PUMEHSIIOT TOJBKO B OCO-
60 oTBeTCcTBEHHBHIX Lexax. Ha BBoxe ra-
30MPOBO/A B [[€X YCTAHABJIHBAIOT OTKJIIO-
yaioiiee yCTPOHCTBO H MmaHoMerp. B kou-
1€ I[€XOBOTO ra3oNpoBOAa PACHOJIOKEH
NPOAYBOYHBII TPYGOMNPOBOA, K KOTOPOMY
MpHCOeHHEHbl 06 beHHEeHHble TPOJy-
BOUHble TPYGONPOBOAbI OT OTBETBJEHHH
rasonpoBoaos K arperatam. [/ljis yuera
norpe6/eHHsl rasa B LeXe MNpeaycMorT-
pPEH MNYHKT H3MepeHHsl pacxojga rasa.
Ecau uex o6opynoBaH rasoperyssitop-
HOH YCTaHOBKOH, TO NYHKT H3MepeHHsI
pacxoja rasa COBMeELIAT C  He.
[TprHUMNHaNBHAST cXeMa BHYTpPHLEXOBO-
ro ra3onpoBojia CpefHero WJiH HH3KOro
JaBJIeHHsT ¢ TIYHKTOM H3MEepeHHs pacxo-
Ja rasa nMnokasaHa Ha pHc. 1.6,
Takyio cxemy NpUMEHSIOT IJsl 1IEXOB,
floJyuamiux ra3 ot ueHrpajubHbix [PI1
HJIH HEMOCPEeCTBEHHO OT ceTeH HH3KOro
jaasneHust. Pacxoa rasa u3aMepsiioT ABY-
MSl napaJuieJbHO COeIMHEeHHBIMH Traso-
BbIMH CYETUHKAMH.

Flnasa 12

dKkcnnyaraumMs cMcTem rasocHabkeHus,
TexHuka 6e3onacHocTM

12.1. UcnbiTanue
rasonpoBofoB
M NpMem MX B 3KCMnyatayuio

FopOthne rasonpoBojbl, NpPOKJ/a1bl-
Baemble MNOMI 3eMﬂeﬁ, ABJAAOTCA CKpbl-
TbIMH COOPY2K€HHAMH, 1MO3TOMY YCTaHO-
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BHUTb KauyecTBO MpPOBeJEHHBIX paGoT Mo
UX NpOKJaaiKe Mocje OKOHYaHHS CTPOH-
Te/bCTBa Hesib3sl. ONbIT I0Ka3biBaeT, uTo
IEPEKThbl CTPOMTENLCTBA CJAYKAT OCHOB-
HOH HNpHYHMHOH aBapui H MOJOMOK ra-
30MPOBOIOB, a TaKXKe SBJAITCH HPH-
UAHOH HapylleHUss pexuma paborsl



Ta6anuwa 121 Hopmbl gaBleHuii NPy HCNBLITAHMAX NOL3EMHBIX ra3onpoBOLOB
HcnpitarensHoe nasienne MIla Hcnuiratess noe nasnenune, MIla
TazonpoBoabt
Faaonpononu Ha npo4 HA repMeTHY HA fpoy Ha FEPMETHY
HOCTb HOCTDb HOCIb nocThb
Huskoro nasnenuss (1o Cpensero aasieHus 0,6 0,3
5000 ITa) (6onee 5000 [Ta ao
pacnpeeJiuTesbHble 0,6 0,1 0,3 MIla)
BOPOBLIE ¥ BBOABL K 0,3 0,1 Boeicokoro  nasne- 0,75 0,6
3/laHUAAM TNpH paspenb- Hua (Gosee 0,3 no
HOM CTPOHTENBCTBE C pac- 0,6 MIla)
NpeJeNHTeNbHBIMH [a30- Beicokoro  nasse 1,5 1,2
npoBojaM#  AHAMe1pOM uua (Gonee 0,6 no
no 100 mm 1,2 MTIla)
cucteMbl. Hcnbitanusi npouHocTH M GHHY 3a/0KeHHs1 TPyO, YK/IOH, COCTOSA-
MJIOTHOCTH ra3onpoBojia He MOTYT HHE NOCTEJIH H H3O0JSALHH, IPAaBHIBbHOCTD

BCKPbITb BCEX HEJOCTAaTKOB CTPOHTENb-
crBa. Hanpumep, naoxoe ocHoBaHHe MOJA
ra3onpoBOj MOXKET BbI3BaTh NlepeHanps-
EeHHSl B CBapHbIX lIBaX, HH3KOe Ka-
4eCTBO H3OJISIIHA MOXET NPHBECTH K BbI-
XOjly ra3onpoBoja U3 CTPOS BCJEACTBUE
Koppo3uH. TakHe aedexkTbl Heb3d HIH
OueHb TPYAHO OCHApYXHTb BO BpeMs
UCTMIBITAHHH.

KauectBo pa6otr caeayer TilaTenbHO
KOHTPOJIHPOBAThb B NMPOLLECCe CTPOUTENb-
cTBa. 3TOT KOHTPOJb OCYLIECTBJSETCH
CTpOsiLLeH opraHH3auned 1 TEXHHUECKHM
Haj30poM 3Kcmayartauuu. [1pu KouTpoae
CBAPOYHBIX PabOT MPOBEPSAIOT KayeCcTBO
NMpUMEHAEeMbIX MaTepHaJoB H TeXHHYeC-
Koe COCTOsIHHE O0OGOpYLOBaHHS, HpPOH3-
BOZAIT IPOBEPKY BCeX onepanui no c6op-
ke W cBapke. KauecTBo cBapHBIX CThI-
KOB NPOBEPSIOT BHELIHHM OCMOTPOM, ¢H-
3MUECKUMH MeTOJaMH H MeXaHHYeCKHMH
HCMBbITAHHAMH KOHTPOJIbHBIX 06pa3uos.
KauecTBO H30JA MU ra3onpoBojia a0 3a-
CHIMKH €ro TPyHTOM  KOHTPOJHPYIOT
BHEIHHM OCMOTPOM H € MOMOILbIO NpPH-
6opos. IpuaunaemMocTb GUTYMHOH 3Ma-
JU K Tpybe H CJAMIAEeMOCTb CJOeB
H3OJSIHHH NPOBEPSIOT BHELIHUM OCMO-
tpom. Hapesaiot H3ousiumio AByMs cXo-
JSIIUMHCA 1o, yrioMm 45...60° JuHHUAMH
H CHUMAalOT €e Yy BepliHHbl YyrJja.
[Ipn 3TomM HH Hu30JsALHA, HH ofepTKa
He JIO/KHBl OTCTaBarTh.

CMOHTHpPOBaHHBIH ra30MpoBOA C yC-
TaHOBJEHHOH apMaTypoil u o6opyjaoBa-
HHeM [epej 3aCHINKOW TPYyHTOM ocMa-
TpHuBaioT. [1pH ocmoTpe nposepsIoT ray-

MOHTa)>Xa apMmaTypbl H ee jefCTBHe.
Ecniu B pesysbrate ocMOoTpa YCTaHOB-
JIEHO, UTO MOHTa’>X NMPOH3BEleH B COOT-
BETCTBHH C TNPOEKTOM H TEXHUUECKHMH
ycaosusmMu (TY), To nmpoussoasit npo-
AYBKY rasofnpoBOjia BO3AYXOM JJisi yjaa-
JIEHUs1 OKaJ/IMHbl, BJard, 3aCOPEHHHA H
NpUCTyNalT K HenbltaHusaM. Mzonsuuo
rasonpoBoja I10C/Je ero 3achiNKH NpoBe-
pAIOT ¢ NoMOouibIo NpHOGOPOB. Pesyib-
TaThbl KOHTPOJS KauecTBa CTPOHTENbHO-
MOHTa>XHbIX pabOT 3aHOCAT B aKTHl,
KOTOpBEIE MPeACTaBJ/SIOT KOMHCCHH TIpH
npHeMKe ra3onpoBoja.

[a3onpoBOA HCOBITHIBAIOT CXKAThIM
BO3/lYXOM B [Ba 3Tana: Ha NpPOYHOCTb
u repmernHuHoctb. Hcnblranna tpy6o-
IIPOBOJIOB HAa NPOUYHOCTb ABJASIOTCS, MO
CYLLeCTBY, NpeiBapUTeNbHbBIMH HCIbITA-
HUAMH, BBISIBJASIIOILUMH sIBHble fedeKThl,
TaK Kak NpHMeHsieMble JaBJjeHusl rasa
HeJ0CTaTOUHbl [/ TOro, 4To6bl HccJe-
10BaTh AeHCTBUTE/NbHYIO MEXaHHUYECKYIO
NPOYHOCTL TPYO H CBapHBIX coeaHHe-
HU#. [lepen HcNBITAHHAMH rasonpoBOj
3achinalorT Ha ypoBeHb 20..25 cM mes-
KUM TPYHTOM. 3achillKy OCYLIECTBJASAIOT
C TUIATEJbHBIM MOCJOHHBIM YIUIOTHEHH-
eM H NnoaOuBKO# Mas3yx H NPUSAMKOB OJ-
HOBPEMEHHO ¢ 006eux CTOpPOH. CTHIKH Yy
ra3onpoBOJIOB Niepejl HCMBITAHHEM He 3a-
chinaoT. UcnbitaresnbHble naBiaeHust s
rasonpoBOJAOB MNpHBeAeHb B Taba. 12.1.
JanTebHOCTD BblAEPXKHBAHHS ra3onpoBo-
Ja TOJ HCHbITaTeNbHbIM [aBJeHHeM MpH
HCNBITAHHH HA NMPOYHOCTb AOMKHA ObITh
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paBHa 3 u (xpoMe BBOJOB B 3JaHHusd,
AJIS KOTOPbIX BpeMsl HCMBITAHHH YycTa-
HOBJEHO B | u), focse 4yero aasJ/eHHe
CHHKAIOT 10 HOPMBI, YCTaHOBJICHHOH 15
UCMbITAHHSE HAa T€PMETHUHOCTb, H MPOU3-
BOASIT OCMOTP Ta3oNpoBOAa H apma-
TypHl. [edekTHbHEe MecTa BHISIBJASIOT €
NOMOLLbI0 CMA3KH COeJHHeHHH MblLIbHOH
sMysbcHeH. BbisiBJeHHble RedeKThl yCT-
paHsIOT MOCJe CHHIKeHHSl [NaBJeHHA B
ra3onposojie 10 aTMOC(epHOro.

HcnbiTanne ra3onpoBojOB Ha repme-
THUHOCTb MNPOHM3BOAAT NOC/AE 3aChINKH
TpaHILeH T'PYHTOM [0 NMPOEKTHBIX OTMe-
TOK. ['a301poBo 1, BblAEPXUBAIOT MO HC-
NBITATEbHBIM [aBJCHHEM 10 BHIpaBHH-
BaHHsl €ro TeMnepaTtypbl ¢ TeMIepa-
Typol rpyHra. JI/JIHTEJbHOCTb HCNbITA-
HHH Ha TepMeTHUHOCTb 3aBHCHT OT
AaBjeHUs rasa ¥ jamamerpa TpPy6bl H
uU3MeHnsiercst ot 3 no 48 u.

[Tagenne naBjaeHUs rasa He JOJIKHO
npeBbLIaTh BEJIHUHH, ONpeesnsieMblX Mo
Gopmynam:

a) a4 rasonposofa, COCTOALLEro
13 TpyO OfHOro nHameTpa,

Ap=20T/d,

6) n4as ras’onpoBOfa, COCTOSALLEro
U3 TpyO pa3jHUHbIX IHAMETpOB,

20T (dili+dolo+ ...+ drln)

d2l +dlly 4. +d2 L

rge Ap— pacueTHoe INajeHHe [aBJeHHA rasa,
klla; d, di, dp — BHyTpeHHH# [HaMeTp raso-
NpoBOjJa H Y4aCTKOB rasomposona, Mm; [,
ly — AnHHBL y4acTKOB rasonposofa, M; T — npo-
JOJI2KHTENIbHOCTE HCHBITAHHA, 4.

dakTHueckoe najeHHe jaBJIeHHS ra-
3a B TrasoNpoBOjie ONpeiesiioT ¢ yye-
TOM H3MeHeHHs] 6apoMeTpH4ecKoro aaB-
JIEHUS.

[Ipy ucnbiTaHWH Ha NPOUYHOCTb Han-
3€MHbBIX I'a30MPOBOAOB HX BHIAEPKHBAIOT
noJ tpebyeMbiM [aBJCHHEM B TeueHHe
| 4, nocae uero [gaBJeHHE CHHKAIOT
JI0 BeJIMUMHbI, YCTAHOBJIEHHOH AJA HC-
NbiTAHUS HA TePMETHUHOCTb, H TPOH3-
BOJASIT BHELIHHA OCMOTP C TNPOBEpPKOH
MBUIBHOH 3MyJibCHEHl BCeX COeIHHEeHHH.
HcnbiTaHHsl Ha repMeTHUHOCTb MPOH3-
poasit B TteueHHe 30 wmuH. [asompo-
BOJ CUMTAETCH BbIJEpXKABUIUM HCIbI-
TaHHe, €C/NIH BHAWMOTO NajeHHs jaBJe-

Ap=
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HUsI 10 MaHOMeTpPy YCTaHOBJIEHO He
ObL10.

BHyTpeHHIO10 ra30BYIO ceTb KHJBIX U
O6LUECTBEHHbIX 3[AaHHI HCMBITLIBAIOT Ha
MPOYHOCTb U repMeTHUHOCTD. Mcnbiranue
Ha MPOYHOCTb Ta30NpOBOAOB HH3KOTO
JAaBJEHHS KHJBIX, O6GLIECTBEHHBIX, KOM-
MyHaJ/bHbIX Hd NPOMBILIJIEHHbIX 3HAaHUH
npoussoast npu gasaenud 0,1 Mlla Ha
ydacTKe OT OTKJIOYAIOILErO YCTPOHCTBA
Ha BBOJA€ B 3JaHHe [0 KpaHOB Ha
0TBOAAX K rasoBbiM npu6opam. Uto6hl
TeMIepatypa BO34yXa B Tras3onpoBoje
cTajla OLMHAKOBOH ¢ TeMmmeparypol
BO3/lyXa B IIOMEUIEHHH, HCTILITAHHUSI HA-
YHHAIOT MO HCTeYeHHH 3 U nocje Moab-
ema npasJjeHHs. [1pu ucnbitanuu tpybo-
NpOBOAOB Ha MPOYHOCTb BBIAB/SIOTCS
Je@eKTHBe MecTa, KOTopble 06HapyXH-
BalOT B pe3y/bTaTe CMauHBaHHSI Mbliib-
HOH 3MyJbCHEH CTBIKOB, Pe3bOOBBIX
H ¢yaHLeBHIX COCLHHEHHH, apMaTypbl
H np. Bo BpeMsi MchbITaHWHA [paBieHHe
B TpybONMpoOBOAe He [OJIXKHO pPe3Ko
cHHxkaTbes. [locae ucnpasieHus BbIsiB-
JIEHHBIX J1e()eKTOB ra3onpoBOAbl HCIbI-
TBIBAIOT Ha Te€PMETHUYHOCTb.

['a30mpoBOAbl  KHJBIX 3JaHHH HC-
NbITHIBAIOT Ha TepPMeTHUHOCTb [aBJje-
wvem 5 klla. Ecan B TeueHue 5 MuH
najeHHe [aBJjeHHs He TpesBbllllaer
200 ITa, To ra3onpoBOA CYHTAIOT BbIAEp-
XKaBIUMM HcrblTalde. ['asonpoBojbl HU3-
KOTO JaBJEeHHS MPOMBIIIJIEHHBIX H KOM-
MYHaJIbHbIX 31aHHHA HCTIBITBIBAIOT Ha rep-
mMeTH4HOCTb nasjeHueM 10 kIla no kpa-
HOB Mepej ropesjkamMH He Menee 1 u,
najeHHe [aBlieHUs1 3a 3TO BpeMs [0-
nyckaetcsi He 6osee 600 Ila.

['a30By10 ceTb B 3KCMAyaTaLHIO MPH-
HAMaeT KOMHCCHs, KoTopas [poBe-
psieT: COOTBETCTBHE MNOCTPOEHHOH ceTH
NPOEKTY M TEeXHHUECKHM YCJOBHAM,
KadecTBO paboT (myTeM ocMOTpa H H3y-
YeHHS] aKTOB Ha CKpblThie paboThl);
HajuuHe aKTOB O TMpOBEIEHHH HCIbI-
TaHHH, a TaKXKe COCTOsIHHEe apMaTryphl
1 o6opynoBaHus. [IpuHaTbIE B 3KCcniya-
TAlLHIO CeTH MOTYT HaXOAHTbcsl 6e3 rasa
He 6oJsee 6 mec. [IpHcoenuHeHHe raso-
NPOBOAOB K A€HCTBYIOLIHM CETAM BBINOJI-
HfleT 3KCIJIyaTHpyloulas opraHusa-
Hsi.



12.2. NpucoepuHerme
razonposopos

K AEMCTBYIOULMM Fa3oOBLIM CETHM.
Mpoayska razonpoBoAos

[TpucoenuHeHue ra3onpoBOIOB K AeH-
CTBYIOLLHM CETSIM OTHOCHTCH K HauboJee
OTBETCTBEHHBIM ra3oonacHbiM paboTam.
HMx npou3BoAAT cneyuajbHO OBYUYEHHBIE
6puraabl SKCIyaTHPYIOLLEH ra3oBoe Xo-
3a#cTBO opraHu3auuu. bpuraga nonxua
MMeTb CXeMY TpPUCOeJHHSEeMOro raso-
MPOBOAA C YKa3aHHeM YCTaHOBJIEHHOH
3aMOpHON apmaTypbl, HIPOGOK U APYroro
o6opynoBaunus. Ty CXeMy JOJDKHA
NpeACTaBUTh CTPOHTENbHAs OpraHusa-
nusa. ['a3onpoBoj NPHCOEAUHSIIOT MOX
nasnendemM rasa or 200 mo 1200 [la.
[Ipu Gosnee HU3KOM JABJICHHH HMEETCH
ONacHOCTb €ro MajeHHs A0 HYyAs W
NPOHHKHOBEHUs1 B TPy6ONpOBOA BO31Y-
Xxa B TOT MOMEHT, Korga B Je#-
CTBYIOIIEM Tra3olpOBOjie OTBEPCTHE YiKe
BbIpe3aHO, HO €[e He NePeKPhiTo
NpHCOeHHsIeMbIM rasonpoBogoM. [lpu
pasaenun Gosee 1200 [Ila Heabss
MPOH3BOAHTb PE3Ky H CBapky raso-
NpOBOAA, TaK KakK IJaMs, BbiOuBaeMoe
M3 M[pope3aemMol ileNH, TPYAHO Hora-
CHTb. DTO TJaMs MOXeT [PHYHHHTD
O’KOTH CBapuiuky W cJhecapio. Csap-
HOW ILUOB NpH 3TOM MOJyuaeTcsl NOpPHUC-
ThIM H XPYNKHM.

K nefcTBYIOLUIUM CETAM HU3KOrO naB-
JeHHs Ta30MpOBOAbl PUCOENUHSAIOT NPH
HaJquduMKu rasa B TpybGonposoae. I[lorpe-
6uTeneil OT ceTH He OTKaO4aloT. Ecau
JaBJjleHde B ra3onpoBOAAaX MpeBbillAeT
1200 Tla, ero B 3TOM cjlyyae CHHXKAIOT,
4YTO JOCTHraeTCsl K3MEHEHHEM HACTPOHUKH
ceTeBbIX peryasitopos aasnenust. OnHum
H3 pacNnpoCTPaHeHHbIX COCO6OB NpHCOe-
JIMHEHHS ra30MPOBOJOB K AeHCTBYIOLLIUM
rasoBbiM CeTsIM SIBJSIETCS TeJECKOMNH-
yeckud. [lprcoennnsemblt rasonposop
MOABOJSAT K AeHCTBYIOILIEMY ra30nPOBOLY
noa, yraom 90°. Ha koneu npucoenu-
HSIEMOTO Ta30NMpoBOAA HAAEBAlOT OTpe-
30K Tpy6bl. [lpoTHB Hero K aefcTBYIO-
[ieMy rasonpoBoay NpPHBapHBAIOT Ha-
TpyGOK, AHAMETP KOTOPOro [peBhliiaeT
AMaMeTp HaAeToro oTpe3ka TPYOHI.
Buytpu narpy6ka B CTeHKe AeHCTBYIO-
IIEero ra3onpoBOAa BbIPe3alOT OKHO,

pasMep KOTOPOro COOTBETCTBYET AHAMET-
Py MpHCOEIHHSIEMOro ra3onpoBoaa. Bol-
pe3aHHOE OKHO H3BJIEKAIOT C MNOMOLLbIO
3apaHee NPHUBAPEHHOrO CTEpIKHS, BIABHU-
ralot B naTpybOK COeMHHTE I bHbIE OTpe-
30K TpPyObl, a 3a30pbl MeXAYy Tpybamu
3apeabiBaloT acbectom. [locne ynaneunns
BO3/1yXa U3 y3/1a NPHCOEAUHEHHS KOHLbI
COEUHUTENbHOTO OTpe3Ka TPyGbl MOA-
BaJbLOBBIBAIOT H TpuBapuBaioT. [lpu
BbIPE3aHHH OKHA B CTEHKE rasonpoBoja
06pa3yoiyIocs 1ie/b 3aMa3blBalOT [JH-
Hofi. OKHO [0 KOHILla He BbIPe3aloT —
HaBepXy OCTaBJSIIOT NepeMbl4Ky pasme-
pom 3..5 mm. [locne octoiBanust Tpy-
Obl nepeMbluky nepepy6alorT 3yOUIOM H
BbIpe3aHHYI0 CTEHKY ra30NpoOBO/Aa BbIHH-
MaloT.

[a3onpoBOAbI K NeHCTBYIOLIUM CETSIM
CPeAHero W BBLICOKOTO jfaBJeHUsl mpHcoe-
JUHAKT, CHHXKAf JaBjleHHe B HUX WJH
6e3 cHHXXeHHsl JAaBjenus. B nepBom
c/lyuae y4acTOK rasonpoBofa, K KOTOpo-
My HPHCOENHHSIIOT, OTKAIOYAIOT NpH I0-
MoK GJHXHHUX 3aJBHKEK, ra3 c6pachl-
BaloT B artmocdepy. [lociae Toro Kak
JlaBJiIeHHe B ra3ONpOBOAE CHHU3UTCH NpPH-
mepuo ao 600...1000 [1a, npousmoasit
npucoeqnHeHle OObIYHBIM  COCOGOM.
HenocratkoM Takoro cnocoba sipasieTcst
nepepniB B Nojave rasza norpeburensm,
MOJNYyUYAIOLLHM €r0 OT Y4acTKa, B KOTOPOM
6bl10 NPOU3BECHO CHHXKEHHE JaBJCHHS.

[TpucoeauHHTb HOBBIH ra3onpoBOn K
jpeficTpyomeMy 6e3 CHHXKeHHs JaBJeHHs
MOMKHO uepe3 3aABHKKY. B stom cay-
yae K [JeHCTBYIOLIEMY Tra3oMpoBOLY
NpUBapUBaIOT NaTpPyboK C daaHueM, K
KOTOPOMY KpEeMUTCS 3ajJBHXKKa CO cre-
uManbHOH KaMepoH, umewwe#d ¢dpeay.
®pe3oil BLIpe3alOT OTBEpPCTHE B Tpyobe.
Bbipe3anHylo CTeHKy BMecTe ¢ ¢pe3o#
nepeMelialNT B KaMepy H 3aKpbIBAIOT
3aaBuXKy. [Tocne ee 3akpbITHs CHUMA-
10T npucnocobaenne U K ¢aaHny 3a-
JIBHXKKH NPHCOEAHHSAIOT ra3zonposoa. He-
JOCTaTKOM 3TOro cnocoba sIBAsieTCH He-
06X0AHMOCTb B YCTAHOBKE 3a/1BHIXKKH
Jake B TOM cCJjydae, Korjga Mo yciao-
BUSIM OOcCayKHBaHus oHa He Tpebyercs.
Kpome Toro, 3aaBuKKy NpHXoauTcs yc-
TaHaBJHBaTb BOJH3H OCHOBHOrO ra3o-
NPOBOJA, YTO OCJIOXKHSAET SKCIIyaTaLHIo.
CyuiecTByIOT Apyrue crnocobbl NpUcoenH-
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HEHHSI Ta30NPOBOAOB K JeHCTBYIOIIHM
ra30BbIM CeTAM 6e3 CHHXEHHUS JaBJIeHHUS,
NpH KOTOPBIX YCTAaHOBKA 3aABHIKKH
HeoOs3aTeNbHa.

[azonpoBoab! K A€HCTBYIOUIHM raso-
BbIM CETAM [MOCJEe HX OTKJIYEeHHA H
NOJHOrO OCBOOOXIEHHA OT rasa mpH-
COeIMHSIIOT PeaKO.

Ar1oT cnocob NPUMEHSIIOT B TeX CJy-
yasix, Koraa paboTy BeIIOJHATD NpH 1aB-
JIEHHH rasa B TPyOONpoOBOAe He/b3f
(nHanpumep, BO/IM3KM DAbOTAIOLIHX KOT-
JIOB W neueifl).

[IpoayBky rasonpoBoja (T. e. yaaJe-
HHE U3 Hero BO3AYyXa W HaloJHEeHue
rasom) IMPOH3BOASIT HEMENJEHHO MOcJ/e
MPUCOEe1HHEHHA K 1eHCTBYIOLIEMY Tra30-
npoBoay. [af 3TOro B KOHUe MpPUCOEH-
HfIEeMOrO Tras3onpoBoja YCTaHaBJ/HBAIOT
criellHasbHyl0  TPyO6KY (IpOLYBOYHYIO
CBeYy) HJH HCIOJb3YIOT OTBOJHbIE TPY6-
KH M3 KOHjJeHcaToc60pHHKOB. BhicoTa
MPOJYBOUHBIX CBeueH Haj 3eMJeH 10JXK-
Ha ObiTb OKOJO 2,5 M, a HX 4HCJIO
¥ JAMaMeTp 3aBHUCAT OT AJWHbI H AHa-
MeTpa NpOAYyBaemoro rasonpoBoia.
[TpoayBKY HAuMHAIOT NOCTENMEHHBIM OT-
KpblIBAaHHEM 3aJBHXKH Y MecTa IpH-
COeJlMHEHUS] W KDPAaHOB MM 3ajJBHIKEK
Ha TNpoAyBOYHbIX cBeuax. Ilpu orcyr-
CTBHH 3aJBUXKKH B Yy3Jje NpHCcOelHHe-
HHS [POAYBKY HAUHMHAIOT OTKpPLIBAHHEM
KpaHOB Ha MpOAYyBOuHbIX cBedax. OKoH-
yaHHe 1PO/1YBKH OnpeaeAoT NyTeM aHa-
Nu3a Bbixoasiulero rasa. Ecau conep-
’)KaHue KHCJOpPOAa B HEM COCTaBJsAeT
menblue | 9%, NpoayBKY CUMTAIOT 3aKOH-
YeHHOH.

B cern Xuabix 3ganuil ra3 myc-
Kalor nocjae 3acenendss kBaptup. Ilpu
3TOM JKHTeJeH 3HAKOMSAT C MpaBHIaMU
M0JIb30BAHUST [a30BbIMH NpuHbOpaMu H
BbLAAIOT HHCTPYKUHHU AJ5 KaXA0ro ApH-
6opa, KOTOpble cofep)KaT yKa3aHHusl IO
HX SKCIJyaTauHH W OCHOBHble Tpebo-
BaHus, obecneurBaloLite 6e30MacHoe He-
noJb30BaHUE rasoBblx npubopos. B ra-
300pOBOAbl OOILLECTBEHHBIX H KOMMY-
HaJbHBLIX 3JaHHH ras paspelnaercs nyc-
KaTb MPH HaJUYHH TlepcoHaJa, o6yueH-
HOro 1paBUIaM 3KCILIyaTalud rasoo6o-
pyroBauus 31aHud. ['az abosenram
BKJIIOUAET MPENCTABHTENb OPTaHU3alHH,
3KCIIyaTHpYIOllleHl ra3oBble CETH ropo-
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aa. [1pu BKaoueHnH oGbekTa rasompo-
BOABl MPOJYBAIOT Tra3oM [0 [OJHOIO
BbITECHEHHS BO3]yXa.

12.3. ObBcnyxuBaHme
M PEeMOHT rasonpoBofAos

3anadeldl o6CayKHBaHUA H nNpodH-
JAKTHYECKOTO DPEMOHTA SBJASAETCH MOJ-
Jep:KaHue rasonpoBOLOB H COOPYKeHUH
Ha HUX B COCTOSIHHH, OOeCleuyuBalolleM
6e30nacHyl0 3KCHJyaTauuio n becnepe-
6oiiHoe cHabxeHUe 0TpeGuTeENEl ra30oM.
{Ipy nospexAenusX ra3onpoBoioB (pas-
pbIBe CTHIKOB, CKBO3HOH KOPPO3UH CTEHOK
Tpy6bl, paccTpoicTBe (IaHILEBBIX COEAH-
HEHHI, HEUCNIPABHOCTH 3a/BHIKEK, apMa-
TYpbl U O6OpYyAOBaHUs) ra3 yepe3 06-
pa3oBaBIIHECS HEINJOTHOCTH NPOHHKaeT
B rpyHT. [Toa aeficTBuem paBjeHust uiu
B pe3yJbTaTe MeHbIIEH MJIOTHOCTH MO
OTHOLIEHHIO K BO3AYXY OH ABHXKeTCSH
BBEPX, CTPEMsICh BBLIHTH B aTmocdepy.
BcTpeuass Ha cBoeM NyTH MJOTHOE [0-
pPOXKHOE MOKPbITHE HWJIH MpPOMep3liué u
HACBIILLEHHbIH BJArOH TPYHT, ra3 MOKET
OTKJIOHHTbCAl OT MeCTa YTe4KH Ha JeCsT-
KM M jaxe coTHH MeTpoB. Mo#as Ao
KOJIO/LIEB MOA3E€MHbIX COOpYXKeHHH, Ka-
HaJI0OB MM TYHHeJeH, ra3 cKanjuBaeTcs
B HHX. B pesysnbrare moxker o6pa3so-
BATbCA B3pbIBOONACHAA KOHLIEHTPALUA.

s cBOEBpeMEHHOro  BBIIBJEHHS
MECT YTeUuKH 3a COCTOSIHHEM Tra30ilpo-
BOJOB, UX OGOpylLOBaHHEM M apmary-
pPOH yCTaHaBJIHBAKOT CHCTEMATHYECKOE
HabaioaeHue. Tpaccsl ra3onpoBoaoB pe-
ry/1pHO ocMaTpuBaior. HapyxubiM oc-
MOTPOM Tpacchl MpPOBEPHAIOT 3ara3oBaH-
HOCTb KOJIOJLEB U KOHTPOJbHBIX TPYOOK,
a TakKe 3arasoBaHHOCTb KOJIOJLEB ApY-
THX MOJ3eMHbIX COOpYXKEeHHH, pacnoJo-
XKEHHbIX Ha paccTosithuM 1no 15 M or
ocx rasomposoaa. Ilpn ocmorpe npo-
BePSIOT JefCTBHE apMaTypbl W MPOU3-
BOAAAIT MeJKHI peMOHT o6OpY10BaHHsI
ra3onpoBoJOB. ¥YKa3aHHble paGOTbl Bhl-
HOJIHAIT OpHUraasl 00XOJYMKOB U cJeca-
pe#.

Jlnsi KOHTPOJISi COCTOSAHHA TMOA3EMHBIX
rasonpoBojOB NPHMEHSIIOT NPHOOPHBIH
MeTOJ HX 06C/el0BaHusl, KOTOPbIH npo-
BOAAT He pexe 1 pasa B 5 Jjer.



O BKJIIOUYaeT B ce6sl MPOBEPKY COCTOS-
HHS H30JSILIMOHHOTO MOKPBITHS ra3onpo-
BOJA M NPOBEPKY repMeTHUYHOCTH raso-
npoBojioB. KOHTpoAb cOCTOsIHHS  oOCy-
[LLECTBJIAET KOMIJeKcHast 6puraja c mo-
MOIILbI0 MTEPEHOCHBIX MPHOOPOB.

Koutpoab KayecTBa H3OJSIUHH OCY-
HIECTBJISIIOT AMIlapaTOM HaXOXKAEHHS MNo-
spexaenuss usoasiums AHITA  C no-
moibio annapatypbl AHITH nposepsiior
COCTOSIHHE H30JISILLHOHHOTO NOKPbITHS ra-
3onpoBofa 6e3 BCKDHITHS TPYHTa H J0-
poxHoro nokpuitusi. AHITH coctout us3
Tpex OJIOKOB: reHeparopa, IPHEMHHKA H
akkymysnaTopHo#t Garapen. [lpuuun pa-
60THl annapara npH onpejeNeHnd MecTa
NOBPEK1EHHUS H30JSILHH COCTOHT B pe-
rUCTPAlMH  H3MEHEeHHUs! NoTeHUMAasa
BAOJb rasomnpoBoaa, obpasypouerocs
IPH MpPOXOXKJAEHHH MePeMEeHHOro TOoKa
yactotoll okono 1000 T'u ot reunepa-
TOpa MO UeNH: reHepatop — Tpyba —
3eMJs1 — reneparop. [Ipu KoHTpose rep-
METHUHOCTH TasonpoBojaa npubopamu
THna «YHHBepcan», «BapHoTeks mpose-
pSIOTCA HA 3ara3oBaHHOCTb TPYHT Haj
ra3onpoBO/OM, ra3oBble KOJOILbI, KOH-
TPOJIbHble TPYOKH, a TaKke KOJNOALbI
APYTHX MOJ3€MHbIX KOMMYHHKaLH#M, pac-
nosoxeHHble 10 15 M no o6e cropo-
Hbl OT ra3onpoBoja.

[IpoduaakTuyecknii peMOHT rasonpo-
BOJAOB BKJIIOUAET KOHTPOJb COCTOAHHUSA
rasomnpoBOfa, H3OJSUHKH, APMAaTypbl H
060py10BaHHs, UX TEXHHYECKOE o6Cay-
KMBaHHe W Tekyllu#d peMOHT. Ha ocHo-
BaHWH MNPOPHUIAKTHUECKOTO OCMOTpa H
peMOHTa JaloT 3aK/loyeHHe O [PHTO-
HOCTH Tra3OnpoBoja AJst JanbHefimed
skcrstyataunn.  [lpyw  HeyaoBseTBOpH-
TeJbHOM COCTOSIHHH [a30NpoBOAa (CHJIb-
HOH KOpPO3HH, paccTpoHCTBe GO/bLIOTO
yHcsa COeJHHEHHH, 3acopeHHH TpPY6
M TIp.) MPOH3BOAAT KaNHTasbHbIA PeMOHT
ra3onpoBoja.

12.4. dxcnnyaraums
ra3’operynsropHuiXx NyHKTOB

[Nocse BHeuiHero ocMoTpa rasopery-
JISTOPHbIE€ MYHKTHl HCTIBITHIBAIOT HA MPOY-
HOCTb ¥ I'€PMETHYHOCTbL. BesiHunHa Henbl-
TaTeJbHOTO JaBJEHHS MPHBEJEHa B

Tabanua 122 Hopmbt paBnenns npu
ucnbitanuax I'PI

lasaesne 1asa » IPIL Heneiratensroe napnenue, Mlla

MIla Ha NpPOYHOCTh | HA FepMeTHY
HOCTh

o 0,005 0,3 0,1
Boaee 0,005 no 0,3 0,45 0,3
Bosee 0,3 no 0,6 0,75 0,6
Boaee 0,6 1o 1,2 1,5 1,2
tab6a. 12.2 HWcnbitanusi Ha 1pou-

HOCTb NPOM3BOASAAT 1 4, a Ha repme-
THuHOCTbL — 12 4. [lagenue passaenus
B IIOCJEHEM cJjydae He J0JKHO ObiTh
6osee 0,56 % or HauaNbHOrO JaBJeHHA.

[Tocse wucnbiTaHHR rasoperynsTop-
HblH TYHKT OPHHHMAIOT B 3KCIJyaTa-
uuto [lpu nycke I'PIT orkpeiBaioT 3a-
MOPHBIH NpeJloXPaHHTENbHbIH KJ/aMNaH,
a meMGpaHy peryjsiTopa J1aB/eHUs HJH
peryasitopa yipaBJeHHsl pa3rpy:kalor.
3aTteM NPHOTKPLIBAIOT BXOAHYIO 33/ BHX-
Ky, H B pe3yJbTaTe BO3HHKaeT [BHIKe-
HHe rasa uepe3 peryaarop Ha cOpoc
B armocdepy. Jlas 3ToH LeqH HCHOJb-
3yIOT MPOAYBOYHYIO CBeUY, He3asHThIi
THApaBAHYECKHH 3aTBOP HJAH J106YIO
HUMIYJbCHYIO JIHHHIO BBIXOAHOTO TIaso-
nposoaa. Ilocie TOro Kak pery/asTop
TipUBe/eH B paBHOBeCcHe, ero HacTpau-
BAlOT Ha Tpe6yemoe AaBJeHHe, H3MeHSAR
Maccy rpPy30B HJH CTeNeHb HaTsKeHWst
NPYXUHbl. 3aTeM MeJJeHHO OTKpbIBAIOT
BXOJHYIO 3aJBHXKY, a Tocjie Hee, I0-
CTENEeHHO OTKPHIBASl BHIXOLHYIO 3aJBHXK-
Ky, CTaBSIT peryJsitop MojJ Harpysky.
[Ipekpamator c6poc rasa B armocdepy.
[Tocne BkJlOUEHUS PEryafATOPa NPOU3BO-
JSIT NPOJYBKY BBIXOLHOrO ra3onpoBoja
MU HACTPaWBAlOT TNpeJOXpaHUTENbHbIE
kjaananbl. 3anopHblH kiamaH ua ['PII
HH3KOTO BBIXOAHOrO JaBJE€HHS YCTaHABJIH-
Bator Ha 500...700 I'la Bbilue HOpMaJIBLHOIO
JlaBJIEHUS], & BHIXJIONHOE NpejoXpaHHTe/b-
Hoe ycrpoiicteo — Ha 150...200 Ila Huxe
JaBJIeHUsi 3afopHOro Kjaamasa. Ycra-
HOBKY NPOH3BOAAT, NOAOHPAs HYXKHYIO

BeJUUYHHY Trpy3a HJM CTeleHb HaTs-
JKEHHUSI MNPYKHUHBI 11PeJOXPaHUTEJbHbIX
KnanaHoB. Pa6GoTbl mo mnycKy rasope-

TYJATOPHBIX HYHKTOB BbIIOJHAIOT B CO-
OTBeTCTBHH C MpaBHIaMH MPOH3BOACTBA
ra3oonacHblx pa6oT.
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Jl1st yMeHbllieHHsi 30HH KOJeGaHust
NaBJeHHss rasza y norpeburesedt uame-
HSIIOT JaBJieHHe, HA KOTOPOE HAaCTpPOEeHHI
PeryJasiTopbl B COOTBETCTBHH C PEXKHUMOM
notpebienua. 3HMOH NOAXEPIKHUBAIOT
MaKCHMaJbHOe JaBJieHHe, a JIeTOM JaB-
neHue cHuxaioT. Ce30HHOE peryJupo-
BaHWe TPOHM3BOAHT OO6CHYKHBaOUHH
nepconan npu o6xone I'PIT. Jlyuwmne pe-
3yJbTaThl 1aeT aBTOMAaTHUYeCKOe H3MeHe-
HUE BbIXOJHOTO AaBJIeHHS B 3aBHCHMOCTH
OT pacxoja rasa.

KoHTpoJb naBjieHUs ¥ JMCTAHLMOH-
HOoe YIpaB/eHHe peryJasiTopaMH C IO-
MOLLBIO TejeMeXaHHYeCKHX [pHOGOpOB
M03BOJISIIOT AUCHETYEDY ONMepaTHBHO YC-
TAHABJIMBATb HAUNYUIIHHA PEXKUM naBJe-
HU# B rasoBoll cern. TesemexaHusanus
rasoBblX ceTeil MOBBIiLIaeT KauecTBO pa-
60Tbl cHcTeMbl razocHabxkenusi. Teneme-
XaHHYECKHMMH npubopaMu cienyer 060-
pPYROBaTb TOpOACKHE Tra3opacnpeseJH-
tenbHble cranuun I'PC, nurawiuue cetb
Cpe/Hero naBJieHHsi, 1 HauboJsee Harpy-
xeHuble ceteble ['PI1 Hu3Koro paaie-
nus. nsa 6ecnepe6oiiHoil paGoTsl o6opy-
JIOBAHHA ra30PeryasaTOPHbIX MYHKTOB YC-
TaHaBAWBAIOT HenpepbiBHOe Habuaione-
Hue, IJ1aHOBYIO TIPOBEPKY U MPOGHIAKT H-
ueckuil peMOHT. [l ocmoTpa obopy ao-
BAHHS, IMPOBEPKH MPABUJILHOCTH €ro
paboTbl, U3MEeHEHHS] BBLIXOLHOrO JaBJje-
HUSL H CMeHbl KapTorpaMM perucTpH-
pytouHx npu6éopos 6purana pabouux pe-
ryasipao o6xonut I'PI1. B 6osblinncTBe
cayuaeB 00xon IPOU3BOAUTCA exXecy-
touHO. PesynbraThl ocMoTpa U nokasa-
HUA NpHOOPOB OOXOQYHKH 3aNUChIBAIOT
B XKypHuau. [lnaHoBylo npoBepky u pe-
MOHT o0opyaoBaHHsi MPOW3BOAUT OpH-
rapa chaecapedi 1 pa3 B 2.3 wMec;
1..2 pasza B roa NpPOHU3BOAAIT MJaHO-
BbI# NpPO(QHUIAKTHUECKHH pPEMOHT, IpH

_KOTOpOM pa36HpaloT W CMa3blBalOT BCE
y3/bl, @ H3HOCHUBILHECH JeTajh 3aMe-
HSIOT HOBBIMH.

12.5. Texumuka GesonacHocTH
NpM 3KCNNyaTauMM
ra3oBbiX ceTeM

K rasoonacHbIM OTHOCSITCSI TAKHe pa-
60THI, KOTOpble BbITOJHAIOT NPpH HaJH-
YHu B OKpY)KaK)[]J,Eﬂ cpeae rasa HJH
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KOrJ1a HMeeTCl BO3MOXHOCTb €ro BHE-
3anHoro mnosieaeHuss. OnacHocTb mpo-
M3BOACTBA PabOT B OTMEYEHHBIX YCJIO-
BHUSIX CBfI3aHa C TOKCHYECKHMH CBOH-
CTBAaMH ra3a H ero CrnocoGHOCTBIO
0Gpa30oBbIBATh B3PbIBUATHIE CMECH C BO3-
ayxowm. [Tonasasitouiee 60JbIIHHCTBO pa-
60T 1no 3KCIyaTalMH  TrOPOACKOro
ra3oBoro x03sfcTBa OTHOCHTCH K ra3o-
onacHbiM. [lpucoennHenwe rasonpoBo-
IOB K JeHCTBYIOILHM Tra30BbIM CETsM,
JUKBHJAALUHIO YTeYeK ras3a, MpPOAYBKY

_ra3onpoBOAOB, PEMOHT apMaTyphbl # 060-

PYAOBaHHUA Ha AEHCTBYIOILHX ra3ompo-
BOAAax — Bce paboThl, BLIMOJNHsSEMble B
Kojoauax u nomemenusix ['PI1, mpous-
BOAAAT B ra3oolacHOH cpeje.

["azoonachble paGoThl BHIIOJIHSAIOT He
MeHee nBYx uesoBek. Hau6osee orser-
CTBeHHble PaGOTh! NPOU3BOAAT NMOJA PYKO-
BOJACTBOM HHXKEHEDHO-TeXHHUYECKHX pa-
GOTHHKOB; pabouHle U HHKEHEPHO-TEXHH-
YeCKHH mepcoHaJ NpPOXOAST CHELHasb-
HYIO MOATOTOBKY ¥ TPEHUPOBKY. Mecro,
rle NPOH3BOAAT rasoonachHble paoThl,
OrpaKaaloT u oxpansiior. Kyputb 1 pas-
BOAMTb OrOHb B TakKHX MecTax KaTe-
ropHueckd Bocmpeiiaercs. [1pu nosiBie-
HHH Trasa cjelyeT HajeBaTb TNPOTHBO-
raspl. THI HCMOMb3yeMOro npoTHBOrasa
3aBHCHT OT Xapakrepa pabor. [as
paboThl B KOTJOBaHax K KOJOALAX
Haubosiee NPUTOAHBI LJAHIOBble MPOTH-
BOrasbl, a NpH paboTe B MOMeLEHU X —
usoaupymouiue. Pa6oune, npoussoasiue
paGoTbl B KOTJIOBaHAX H KOJOAILAX,
JOJIKHbl HajeBaThb TMoOsica C BepeBKa-
MM, KOHLBI KOTOPBIX OCTalOTCS CHapy-
KH B pykKax Yy Habumopamomdx 3a
pa6oTo#.

CpapouHble paboTbl MOMKHO TNpPOH3-
BOJHTb Ha [a30NPOBOAAX, HAXOASILIUXCH
noa  He6oJiblWIUM  aaBJyendem  (200...
...1200 Tla), Wik Ha BBLIKJIIOYEHHbIX H
NPOAYTHIX BO3AYXOM rasonposojax. 3a-
npeuiaercsl IPOM3BOAUTbL CBAPKy Ha OT-
KJIOYEHHbIX, HO HENPOAYThIX TIa30mpo-
Boaax. [IpoBepKy repMeTHYHOCTH coeH-
HEeHHH H apMaTypbl cJlelyeT IPOH3BOAUTD
TOJIbKO MBLIbHOH 3MyJbcHell. Mcnoab3o-
BaTh OTOHb [Jf 3TOH UEeJNH KaTeropu-
yecku 3anpeulaercs. CJOxHble ra3o-
onacHble paGoOThl BBINOJHSAIOT NO Cre-
IIHaNbHO pa3pabOTaHHOMY MJaHY.



Fnasa 13

Cuctembl cHabxeHus norpeburenei
COKMIKEHHBIMM YINEBOAOPOAHBIMM rasamm

13.1. OcHOBHbIE CBOMCTBA
CMMKEHHBIX
yrneBsoAopoOAHbLIX rasos

[Toap cKHMKEHHBIMH YIJIeBOAOPOJHbI-
MH ra3aMH, HCNOJb3yeMbIMH /sl raso-
cHabGKeHUS TOPOAOB H HPOMbILLJIEHHO-
CTH, MOHHMAIOT TaKHe WHWBHJYyaJbHble
VIJ€BOAOPOABl HJIH HX CMECH, KOTOpble
NpU TeMIepaType OKPY:Kalollero Bo3ay-
Xa # aTMoc(epHOM [aBJeHHH HAXOAAT-
csl B ra3oo6pasHOM COCTOSIHHH, a TNpH
OTHOCHTE/JbHO HEOO/bLIOM NOBBLILIEHHH
AaByeHHsl (6e3 CHUKEHHUsl TeMIepaTypbl)
nepexoasT B XHAKOCTH.

CocTaB CXKHXXEHHbIX [a30B 3aBHCHT
OT HCXOJLHOrO Chipbsi W cnocoba moay-
uenusi. OCHOBHBIMH HCTOYHHKAMH TOJY-
YeHHsl CHKHIKEHHbIX Ta3oB SIBJSIOTCH MO-
NyTHble He(TsHble rasbl H rasbl KOH-
JleHCAaTHbIX MEeCTOPOXAeHHH, KOTOpble Ha
ra3o0eH3WHOBBIX 3aBOJAax pasensiioT
Ha 3TaH, nponahH, OyTaH U ra30BblH
6en3un. TexHuyeckue nponan H 6yTaH,
a Takxke X CMeCH NpeAcTaBasOT co60H
C)KHXKEHHbIe Trasbl, HCIOoJb3yeMble .71
razocHab:xeHuss norpeburenedl. TexHu-
yecKHe rasbl OTJHYAKTCS OT YHCTHIX
coaepkaHueM HeGOMbILHX KOJIHYECTB Yr-
JIeBOJOPOJOB Jierue NponaHa H TaxkeJee
6yrana, a TakiKe HaJHuHeM NpHMeceH.

Ha wnedrenepepabarbiBalomux 3a-
BOJAX MOJYYalOT MpeiejbHble H Hempe-
JeJibHble yryieBoaopoasl. Belnes