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MpepgMcnosme

Maciutabhl ¥ TemMnbl pasBHTHSA  rasoBoH
NPOMBIILIIEHHOCTH U Ia30CHA6XKaloIL#X CUCTEM OM-
penensier po6blua rasa, no koropoél Coserckuil
Colo3 3aHMMaer neppoe Mecto B Mupe. 3Hauu-
TEJAbHbIA POCT AO6KLIYM 'a3a CYILECTBEHHO H3MEHHUJ
TOMAHBHLIA Gananc crpansl. Ecaun 8 1950 r. yaennb-
HbIH BEC ['a30BOr0 TOIJIHBA 3aHHMaJ B 00UIEM TOM-
nuBHoM Ganance CCCP anwb 2,3%, 1o B 1983 r.
OoH Obit paBen 27%, a B 1990 r. no pacueram
goast rasa cocrasdr 33% Bcex BHoB mnorpe6-
JNAeMbIX TOIUIUB.

B OcHOBHbBIX HanpaBaeHHSIX 3KOHOMHHYECKOro
u counanbHoro paspurius CCCP na 1986—1990 ro-
abl M Ha nepuox po 2000 roga mpeaycMOTpeHo
jpoBectH ofbem o6bud rasa B 1990 r. po 835..
850 mapa. M°, yckopuTh paspuTHe orpacau. Ilaa-
HUpYeTcsi gafbhefiiiee pacumpesue rasuduKauuu
roponoB. B uacrosiee spemsi 8 CCCP rasudu-
uuposano ' Gogee 70% ropomos. K 2000 roay
NpeAnoJaraeTcsi 34BEpIIMTL rasH(UKauMio BCeX
FOPOJOB CTPAHbL.

Cosepiuencrsopanue, HHTEHCHHKAIHS U aB-
TOMATU3AUHS TEXHOJIOIHYECKUX MPOUECCOB MNpH-
BOJAAT K HEOGXONMMOCTH NOBBCHTL KayecTBO pac-
XOJyeMH X TenjoHocHTesne#t. B HauGodbluedl Mepe
N0 CPaBHEHHMIO C APYIMMM BHIAMH TONJHBA 3THM
TpeGOBAHMAM  YLOBJAETBOpPsSieT NPHUPOJHBIA ras.

Pauvonamphoe ucnonbsoBaHHe raszoobpasno-
ro TomauBa ¢ HauGoJbluedl peanusanueil ero rex-
HOJIOTPMYECKHX JIOCTOMHCTB [03BOJNAET IMOJAYUHTH
3HAYNTEJNbHBIA 3KOHOMHUUECKMH 3(¢exr, KOTophli
cBaA3an ¢ noBbiieHuem KILJIL arperatoB u cokpa-
ieHHEeM Pacxoja TOMNUBA, Gojee JerKHM pery.u-
poBaHHEM TeMIepaTypHbIX noJek W cocraBa raso-
BOH cpesbl B paGoueM MpocTpaHCTBe Meued H ycra-
HOBOK, B DE3Y/AbTaTe Yero yJaercs 3HAUHTe/bHO
MOBLICUTD HHTEHCHBHOCTb NMPOU3BOACTBA H KavecT-
BO mnoJdyuaemMoll mpoaykuuu. Ilpumenenue rasa
JL151 IPOMBIILIVIERHBX YCTAHOBOK YJYULIAeT YC/H0BUSA
TPYNa H CrocoGCTBYET POCTY €ro MpPOH3BOAMTENb-
HoctH. Mcmoab3oBaHne npHMpOAHOro rasa B mpo-
MBILIIEHHOCTH [O3BOJSAET OCYLIECTBHTL MNPHUHIMK-
MHAaNbHO HOBbIE, MPOIPECCHBHbIE H IKOHOMHMECKH
s¢pdekTHBHBE TEXHOJOTHUECKHe npouecchl. Kpo-
Me TOro, NPUMeHEHHe rasa B KayecTBe TOIIMBA
TO3BOJISIET 3HAYUTENBHO YJYYLIHThL YCAOBHS GHITA
HACEJIEHHs, [OBBICHTH CAHUTAPHO-THTHeHHYecKHH
ypOBeHb MPOM3BOACTBA H 03/lOPOBHTH BO3JLYLUIHBIA
Gaccefin B ropoaax ¥ NPOMBIIJIEHHBX LEHTpax.

Pacnpenenurtesbhbie cucreMbt Tasocnabxe- -

HMSI CTAHOBSITCH €IHHBIMH s obaacrefi K pec-
nyGaHK, H 1S MX [POEKTHPOBAHHS, CTPOMTE/b-
CTBA U 3KCIUIyaTaluu HeoGXOAMMBl IyGoKHe 3HA-
Husl cnennanucra. Pocr norpeGaenusi rasa B ro-
pOAaX, MOCEAKAX U CeQbCKOH MECTHOCTH, a TaKkKe
MacHITAGHOCTb PACIPENeAUTENAbHBIX CHCTEM CTABAT
nepel, MHXKEHEPOM N0 rasoCHAGKEHMIO HOBble H
CJOXKHBIE  3aja4H, CBSiI3aHHBIE C pPa3BUTHEM

H DeKOHCTpyKuUMeH cHcTeM, NOBLILIEHHEM HX Ha-
JL&XKHOCTH, HEOOXO0AHMOCTHI0 3KOHOMHUECKOrO HC-
noJAb30BAHUS rasza H 3aliuThl BO3JyWIHOro Gac-
cefina or sarpsisnenuil. Pewedue stux 3anau Bos-
MOXKHO JIH1iib C NPHMEHEHHEeM BblUKCIUTENbHON TeX-
HUKH.

PacnpenenuresbHbie  CUCTEMBI  SABJAAIOTCA
CJ0XKHBIMH MHOIOKOJ/IbLEBbIMH CHCTEMaMH, 3KO-
HOMHYHOE POEKTHPOBAHHE KOTOPHIX J0/KHO GasH-
poBaThCsi HA COBPEMEHHBIX METOAAX ONTHMHU3ALHUH
C y4eTOM BEPOATHOCTHOIO XapakrTepa (PyHKUHOHH-
poBanusi M obecnevyerusi TpebyeMOH HAJIeXHOCTH
nojauy rasa norpeburensaM. [losromy Meroauxu
pacuera CHCTeMbl, M3/10)KeHHble B yueOHHUKe, NO-
cTpoeHbl Ha 6a33e COBPEMEHHBIX MPEIACTABJEHHH O
caydaiubix npoueccax norpeb/aeHus rasa U QyHk-
[{MOHUPOBAHHUS 3JIEMEHTOB CHCTEMBl M HCIO0J/b30Ba-
HHS MaTeMarH4eCKHX MeTOj0B ontumusanuu. Ha-
JIOXKEHHbIe METOAMKH HJIOCTPHPYIOTCA KOHKpET-
HBIMH TIpMMEpaMHu pacuyera.

B ocHOBY npoeKTHPOBAHMS M pacyera CHCTeM
CHaGXEHHUSA CXKHKEHHBIMHU YIJ/1€BOJOPOIHBMHY Ta3a-
MH M0J/10XK€Hbl TePMOAMHAMUYECKHE CBOACTBA ABYX-~
$ha3nbix, MHOTOKOMIIOHEHTHBIX CHCTEM C YYeToM
KJMMaTHYECKHX YCJAOBUIT PACHOJIOXKEHHUSA ra30CHa6-
XKAeMBIX 06bEKTOB.

BrI60p ra3oropenovHsIX ycTPORCTB M ra30060-
pPYAOBaHHA arperatoB 6a3HPYETCH HA COBPEMEHHDIX
NpPeACTaBJeHHAX TEOPHH H INPAKTHKM CXKUFaHUSA
rasa, Merojax pacyera ¥ MPOeKTHPOBAHUA a30-
BbIX OpPEJOK, TeXHOJOIMYeCKUX OCOGeHHoCTel
arperaTos.

B yuye6GHuKe npupeaeHbl METOAbI THAPABAHYEC-
KOrO H TEXHHKO-3KOHOMHYECKOr0 pacyera raso-
BbIX ceTel, 1aH aHANU3 PHIPABJIHYECKHX PEXHMOB,
H3JI0XKE€H METO/L ONpeIe/IeHUs pacyeTHBIX PACX010B
rasa, oT/Je/bHasi IM1aBa MOCBAILEHA METOAY pacue-
Ta Ha/eXHOCTH Fa3oCHA0XAIOIIMX CHCTEM, M3JO-
JKeH METOJ pacuera 3XEKUHOHHBIX TIAa30BbIX IO-
PeJIOK.

Yerseproe H3jaHHe y4eGHUKA JONOJHEHO H
nepepa6oraHo. B HeM yureHbl HOBbIE HOpPMATHB-
ubie jokyMentsl (FOCTw u CHull), a Takxe orpa-
XKeHbl HayyHble MCC/eJ0BAHUT H KOHCTPYKTOPCKHE
pa3paborku. Meroastl pacuera, npumMephbi, Tabaunbl
¥ rpadHK4 NpUBeIeHbl B MEXAYHAPOJHOR cHCTEME
eaunun CU. Bee Meroauky pacuera npencrasienbl
B BUJL€ AJTOPHTMOB, KOTOPHIE JOJIKHbBI CAYXKHTb OC-
HOBOH /sl COCTaBJ/leHHsl NPOrpaMM pacuera Ha
3BM. 3ro Gyaer cnoco6CTBOBATH PACIIMPEHHIO
NPHMEHEHHUS BHIYUCIHUTENbHON TEXHHKH B MPOEKTH-
POBAHHH CHCTEM Ta30CHAGXKEHHUS.

ABTOp BBIDAXKaeT NPU3HATENBHOCTD 3aBENYIO-
weMy Kadeapoit J{HenponeTpoBCKOro HHXEHEPHO-
CTPOHTE/ILHOIO HHCTHTYTa NPOGeccopy, LOKT. TeXH.
Hayk M. §. PoskHHY 3a ueHHble NpPELJIOKEHHS
¥ 3aMeuaHusi, ceNaHHbie MNPH pEeLeH3HPOBAHHH
PYKOIMKCH.

OnexTpoHHas 6GubnuoTteka http://tgv khstu.ru/



Paszpen |.
lFopioune rasbi.
Hob6blua M TpaHCNOpTHpPOBaHKe
NpUPOAHOro rasa

Fnasa 1.

lFoploume rasel,
ucnonb3yemble AN rasocHabkeHus ropopos

1.1. OcHOBHbIe CBOMCTBa
M cocCTaB
rasoo6pasHoro TonnuBa

I'azoo6pasHoe TOMIHBO NpeAcTaBnJsl-
er co6ofl cmechb roploYHX M HEroployux
Ta30B, COAEPMALLYI0 HEKOTOPOE KOJH-
yectBo npumeced. K ropioyum razam or-
HOCATCS YIVIEBOAOPOABI, BOAOPOL H OK-
cun yraepopa. Heropiouwe KomioHeH-
TH — 370 as3or, okcua (II) yraepona u
kucjopon. OHH cocTaBasA0T 6a/1acT ra-
3006pasHoro tomauBa. K npumecsam or-
HOCAT BOJSIHBIE [aphl, CEPOBOAOPOA,

neLib. MeKyceTBeHHBIE rassl MOTYT COae-

pXaTbh aMMHaK, HHAHHCTHIE COeJHHEHHS,
cMoay H n1p. ['a3oo6pasHoe TONIHBO OUH-
12T oT BpeaHbx npuMecedl. Conepxa-
HHe BpeAHBIX IpHMecell B rpamMMax Ha
100 m” rasa, npeaHa3HadyeHHOTO A5 ra-
3ocHabxeHus ropoaos, mo F'OCT 5542—
78, He [OJIXKHO MNPEeBBIIATh. CEPOBOLO-
poaa —2, MepkKanTaHoBOH cepnl —3,6,

MexaHngyeckux mpumeced —0,1. Orxio- .

HEeHHEe TelJIOThl CrOPaHHsl OT HOMHHaJb-
HOrO 3HaYECHHS He NOJXKHO GhlThb GoJgee
+ 5%.

it rasocHaGXeHUsl [PHMEHSIOT,
KaK Npasujo, cyxue raspl. ComepxaHne
BJIATH HE JOJIXKHO IPEBbIILATb KOJHYECT-
Ba, Hacbimampmero ras npH f=—20°C
(3umoit) u 35 °C (setom). Bararocouep-
JKAHHE HACBIIEHHOrO rasa B 32aBHCH-
MOCTH OT €ro TEMIepaTypbl MNPHBEEHO
B ta6s. 1.1. Ecau ras TpaHCIOPTHPYIOT
Ha 6oJiblHe PACCTOSHHSA, TO €ro npegsa-
pPHTE/NBHO ocCylnaoT. BoablIHHCTBO HC-

4

M NPOMBILWIIEHHbIX NPEeANPUATHM

KYCCTBEHHBIX Fa30B HMEET PE3KHH 3anax,
YTO O6Jeryaer oGHAPYXKUTh YTEUKH rasa
13 TpyGonposogoB H apmarypel. [lpu-
pPOAHBIH ra3 He umeer 3anaxa. o mo-
[LayH B CeTb ero OJOPHPYIOT, T. €. NpH-
20T €My pe3xKHH HempHsATHbIA 3amax,
KOTOPBIf OLIyLlaeTCst IPH KOHUEHTPAaLHH
B BO3jayXxe, paBHoH 1%.

3anax TOKCHUHBIX ra30B [0JXKEH
OLLYILATbCA NPH KOHHEHTPAUHH, A0ny-
CKaeMoH caHMTapHbLIMH HOpMaMH. CxKH-
YKEHHBIH a3, HCnoJib3yeMblH KOMMYHaJb-
HO-6bITOBBIMU TOTpeGHTeastMU (10 TOCT
20448-—80*), He H0JXEH COLEPXKATH Ce-
posogopoaa Gojee 5 r Ha 100 M° raza,
a 3amax JOJIXKEH OLLYILAThCS MPH coaep-
xKaHuK B Bosayxe 0,59 . KoHuenrpanus
KHCJIOPOAa B ras3oo6pa3HoM TOIIHBE
He noJKHa npespluate 1%. Ilpun He-
N0JIb30BAHHY AJA Ta30CHa0KEHHA CMeCH
CXKHMXEHHOro rasa € BO34YXOM KOHUEH-
TPaLHs Fa3a B CMECH COCTaB/SET HE Me-
Hee yJBOEHHOro BepXHero Ipejnesa BOcC-
naameHseMocTH. QU3HUYECKHE XapakKTe-
PHCTHKH H TEIJIOTa CropaHHusi HEKOTOPHIX
rasos npusenensl B tabéa. 1.2 u 1.3. He-
N0/b3ysl JaHHBI€ 3THX TaGJHL, MOXHO
paccuyuTaTh TEMJAOTY CropaHus, MaoT-
HOCTb H ApyrHe XapakTepHCTHKH raso-
00pas3HoOro TOILIHBA.

Mpumep 1.1. Onpenennts TeMAOTY CropaHus K
MJOTHOCTh ra3000pasHOro TOMAKBA, HMEIOUero
caenylomwnii cocraB (% no o6bemy):

CH=96,6: CoHy=0,8; CyHy=0,3; CiHi0=08;
0220,5‘, Ngzl
Pewernue. TenjoTy cropaHusi rasa onpeje-
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JSIOT KAK CYMMY NDOU3BEIEHHH BEJWYHH TEMJOTb  Hble JOJH, T. €.
CrOpaHusi TOPIOUMx KOMIIOHEHTOB Ha OGbeMuble
JI0JHH.

0°=0,01/96,6-0,71740,8- 1,357 4+0,3-2,019 4
Q5=0,01/96,6-35 840 4-0,8-63 730+

10,3-93 370 +-0.8+ 123 770/ =36 390 klwe/m &, T 0 Z T8N0 T4 1,251/ =0756 r/n "

OrtHocuTebHAs MJIOTHOCTb rasa
[TnoTHoCTb rasa onpejensiioT Kak cyMMy npo-
H3Bejeduil MIOTHOCTH KOMNOHEHTOB Ha HX 06HEM- §°=0,756/1,293 =0,585.

Ta6auna 1.J. BrarocogsepXaHue Hachll€HHOro rasa B 3aBHCHMOCTH OT TemilepaTyph

Temneparypa. “C
fToxkazareas

0 10 20 30 40 50 60 70 80 90

Baaroconepxaune, r| 5 10,1 19,4 35,9 64,6 14 | 202 | 370 | 739 1950
ma 1 wm* cyxoro
razsa npu 0°C u
101,3 klla

Tataupa [.2. dusHueckue xapakTepHCTHKH ras3op

Xuamnueckas Moaeryaspran | Monekyasapsbii {Taornocrs OTnacutenbHas
dbopmyna macca obuem nNpH nps 0°C JIOTHOCTS
Tas 0°C 101,3 klla, 101,3 klla, 1o BO3AYXY
m®/kmoab xr/m?

Asor N 28,016 224 1,2505 0,9673
Aneriaen CoH, %6,038 9294 11707 0.9055
Bojopon H, 2,016 22,43 0,08999 0,0695
Bonsiuoll nap H,0 18,016 (23,45) (0,768) 0,5941
Boanyx (6e3 COy) — 28,96 22,4 1,2928 1
JHoKeun cepbl SO, 64,066 21,89 2,9263 2,2635
Huokeus yriepoja CO, 44,011 22,26 1,9768 1,5291
Kucnopos 0, 32 22,39 1,429 1,1053
Oxkcuj yraepoaa CO 28,011 22 41 1.25 0,9669
CepoBolopos H,S 34,082 22,14 1,5392 1,1906
Meran CH, 16,043 22,38 0,7168 0,6545
Sran CoHs 30,07 22,18 1,3566 1,049
[Tponan  (C3Hg 44,097 21,84 2,019 1,562
H-6yran C4Hio 58,124 21,5 2,703 2,091
Usobyrar CeHig 58,124 21,78 2,668 2,064
[Tentan CsHi» 72,151 — 3,221° 2,491

Ta6annpa 1.3. Tennota cropasHusi YHCTHIX rOPIOYHX rasos

Tennora cropanns
Fas BBICIUAS HA3 a5 BbICUIAS HAB WA BhicIIast T HA3 A
kK /KMoab ‘ kI /KT k[ /m® npn 0°C, u 101,3 xlla
Aperuaen 1308560 1264600 50240 48570 58910 56900
Bonopon 286060 242940 141900 120080 12770 10800
Okeujp yraepona 283170 283170 {0090 10090 © 12640 12640
CepoBojopon 553780 519820 16540 15240 25460 23490
Mertan 8930990 803020 55560 50080 39860 35840
ran 1560960 1425020 51920 47520 70420 63730
[Tponan 2221500 2045600 50370 46390 101740 93370
H-Byran 2880400 2660540 49570 45760 133980 123770
Haobyran 2873580 2653720 49450 45680 131890 121840
[lenran 3549610 3277750 49200 45430 158480 146340
5
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OcHoBHOM XapakrepucTHKoHd rasa spisercs
CyxXo#l cOCTaB, HO TAK KAK UCHOMb3yeMblli ra3 Gbl-
BaeT BAAXKHbBIM, MOXKET BOHUKHYTh HEOGXOLHMOCTD
B mepecuere sHauenub Qf, p° uw s° Ha paGounii
COCTAB (C Yu€TOM BIAXHOCTH rasa). 1o JNerKo
BBIMOJIMUTDL ¢ NMOMOILbIO Caeayloiux dopmya nis
nepecuera:

CH{=KCH{; NP=KNj u 1.
H,0P=(d/0,804)K- 100 ; pP=(p“+d)K ;
Qr=Q K.
3neck K onpesensiior no gopmy.e

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

B npusesenuex Buiue Qopmynax d — Baa-
rocojiepXKaHue rasa, BbipaxeHHoe B Kr Ha | m®
cyxoro rasa npy 0 °C u 101,3 k[1a.

Mpumep 1.2. Onpepeaurs pabounil cocras ra-
3a Q% u p?, cyutas, uro d=0,005 kr/m® Cyxoit
COCTAB €ro NPHUBEJEH B IPEALLAYILEM MNPUMEPE.

Pewenue. Paccunraem kospopuument K no
dopmyae

K=0,804/(0,804-}-0,005) =0,994.

PaGounii cocras rasa Oyger cieaylomuii:
CH4=95,993; CoHs=0,795; C3Hz=0,298; C4H,0=
=0,795; CO.=0,497; Ny;=0,994; H:0=0,628.

ITn0THOCTL BAAXHOTO rasa
p=(0,7564-0,005)0,994=0,757 xr/m°.

Tensora cropanust paGoyero cocrasa rasa

P=36390-0,994==36170 kI /m°.

1.2. NMpupoaHLle rasbi

[ast rasocHabrkeHMst roposoB H
NPOMBILJIEHHBIX npefnpUATHH B Ha-
cTOsIllee BpPEMsl IIHPOKO MpHMEHSAOT
npHpoaHble rassl. Mx no6eiBaor n3 Hexp
3emsiH. OHH mpepcraBisioT co6oli cmech
pPasJHUHBIX YFJEBOJOPOAOB METAaHOBOTO
psina. IlpHponHele rase He CORepHKAaT
BOZOPOJa, OKCHAa YFJIEPOAA H KHCJIOPO-
na. ConepanHe a30Ta H JHOKCHI A yrJjie-
pona o6bIYHO GbIBaeT HeBBICOKHM. I'ashbl
HEKOTOPBIX MECTOPOXAEHHH copepxar
CEpOBOAOPOA.

ITpHponHBIe ra3pl MOXHO [OApasje-
JUTb Ha TPH Fpymnnel: 1) rasb, nobGb-
BaeMble H3 YHCTO Fa30BBIX MECTOPOXie-
HH#. OHH B OCHOBHOM COCTOSIT H3 METaHa
U SIBJSIOTCH TOLIHMH HJAH cyXHMHU. Ts-
XKeJBX yrAeBOAOpoLoB (OT [ponaHa H

6

BbIIE) CyXHe Fasbl COAEepXAT MeHee
50 r/m%; 2) rasml, BlAeasieMble H3 CKBa-
XKHH HeTSHBIX MECTOPOXAEHHH CoBMe-
CTHO ¢ Hed)ThIO, YACTO HA3LIBAIOT NMOMYT-
ubiMH. [ToMEMO MeTaHa OHH coxep:Kar
3HAUYHTEJbHOE KOJHYeCTBO GoJiee TskKe-
JBIX  YFJIeBOLOPOLOB (OGBIUHO CBBILLIE
150 r/mM%) H SIBASIOTCS XKHPHBIMH ras3a-
MH. J)KHpHBIe ra3s NpeAcTaBAsIoT co60H
cMech CYXOFO' rasa, lponaH-GyTanOBOH
¢pakuuH 1 razoBoro GeH3WHa; 3) rasdl,
JOGBIBaeMble H3 KOHAEHCATHBIX MeECTO-
pOXIeHHH, COCTOAT H3 CMeCH CYXOro
rasa H [apoB KOHZEHCAaTa, KOTOpPBIH
BhillafdeT MpH CHHXXEHHH [aBJeHHs
(npouecc o6partHo# KoHzencauun). Ila-
pbl KOHACHCATa MpencTaBasfloT cobol
cMeCh MapoB THAXeJNblX YFIeBOLOPOLOB,
cogepxamux Cs U Boliwe (6eH3HHA, JH-
FPOMHA, KepOCHHA).

Cyxue rash Jer4ée Bo3gyxa, a KHp-
HbIE JierYye HJH TsKesaee B 3aBHCHMOCTH
OT COepXKaHHs TAXENHX YFJAeBOLOPO-
noB. Husmasn TennoTa cropaHus CyxHX
razos, fo6uisaembix B CCCP, cocrasast-
et 31000...38000 k1 /m%. Temnora cro-
paHHsS MONYTHHX [a30B BHIIE H H3ME-
Haercs or 38000 no 63000 «lx/m>.
B ra6.1. 1.4 npHBeaeHwl cpefHHe cocra-
BBl M XdapAaKTEePHCTHKH MNPHPOLHbIX Fa-
308 Hexkoropbix Mecropoxaenuit CCCP,
Ha raso6eH3UHOBHIX 3aBOaX H3 NOMNYT-
HBIX Ta30B BHIEASAOT Ta30Bbifl GeH3HH,
nponax H 6yTaH, HOCJAEIHAE HCHOMB3YIOT
JJs1 Tas0CcHAOXEHHS TOpoJOB B BHe
CXHHMXKeHHOro rasa. CXHKeHHBie Tasbl
HOJYYaroT TaKXKe H3 ra3oB KOHAEHCAT-
HBIX MECTODPOXAEHHH.

1.3. McKyccTBeHHbIE rasbl

ITpu repmuueckoil nepepabotke TBep-
IbIX TOIUIHB B 3aBHCHMOCTH OT cnocofa
nepepaboTKH MOJYYAIOT I'asbl cyxoll rme-
PEFOHKH H reHepaTtopHble rashl. Kax
Te, Tak H IpYFHe B Hacrosliee Bpems
BecbMa peaKo NPHMEHSAIOT JJs Fa30cHa0-
MXEHH FOPOJOB H [IPOMBILIIEHHOCTH.

Cyxas nepezonka TBEPIOTO TOMIHBA
mpencrabaser coG6oH npolecc ero TepmMu-
UeCKOTO pas/okeHHs, NpoTeKalowui 6e3
npoctyna Bosgyxa. I1pH cyxolt neperonke
TOILTHBO IPOXOIHT PAA cTagdf (GH3HKO-
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0°C,

t

p=101,3 la
HH3MWAan

59505,9
54418,5
48830,7
40782,6
37738,5

Tensora cropauns,
npH

BhICINAS

58963,8 |53709,6

65260,5 |59672,7
45077,7

65052
59464,2
53876,4
41700

npu g Ax/m’

Hpodoamenue tTaba. 1.4

[aorHOCTD,
kr/m?
=0°C,p
101,3 &¥1a
1,069
1,065
1,047
0,789
0,91
0,65
0,661

t

Nz pen-
Kue radni
{0

{0

16,8

0,4

HeT
»
»
>

H.S
»

CO,
0,1
0,1
0,1

CsHi2

4,9
4.2
0,2

Cocras rasza, % no ofnemy,
C4H10

7.5
7,7

Catly
8
18,5

16,8
6,5

CaHs
18,2

19,5
785 |6

20

CH,

40

39,5
37,5
69,2

91

82,7 |6

Xapakrepucruka
MECTOPOXKAECHNA

pafion

Kpacnopapckuit | —
Kpa#

AxMunuCTpaTUBHH
Tartapckas
ACCP
bBawkupckas
ACCP

To xe

CCP

Komu ACCP

To xe
He6ut-arckoe | Typkmenckasi

|

Mécmpo)mleﬂwe
rasa
IIxanoBckoe
KawoueBckoe
BepxuneoMpuH-
cKoe

Pomaluknuckoe
Tyfimasunckoe
JmurpueBckoe
3anajnoe

XHMHYECKHX NIpeoGpa3oBatHuil, B pesyib-
TaTeé KOTOPbiX OHO pa3jaraercs Ha ras,
CMOJIy H KOKCOBHIH 0oCTatok. Xapakrep
npeoGpa3oBaHHiil, npeTepnesaeMblx TOI-
JHBOM, ONpenessieTcss €ro npHponoi H
Temnepatypod mnponecca. Cyxylo nepe-
TOHKY TOILIHBA, NPOHCXOAALLYIO IPH Bhi-
cokux Temneparypax (900...1100 °C),
Ha3blBAlOT KOKCOBAHHEM, B pe3y./bTaTe
KOTOPOro NOAYy4aloT KOKC H_KOKCOBBIH
ras ¢ BEJHYHHOH TeIIOTB CrOpaHHs
Q.=16000...18000 k[Ix/m> u p=0,45...
...0,5 kr/m®. TIpumepHBifi cocTaB KOKCO-
Boro rasa, ¢%: Hy;—59; CH,—24;
C.H,—2; CO—-8; CO;—2,4; 0,—0.6;
Np—4.

lasuguxkayua — npoyecc TepMOXH-
MHYEeCcKoH nepepaboTku Tomausa. B pe-
3yibTaTe peakuHMH yrjaepoga TOMNAHBA
¢ KHC/JI0POAOM H BOASIHBIM IapoM 06-
pasylTcsi TOPIOYHE Ta3bl: OKCHI yIJaepo-
Ja H Bogopon. OnHOBpeMEHHO ¢ npouec-
COM razH¢HKayHH IpoTeKaeT yacTHYHas
cyxasi neperoika tonausa. [lpoaykramu
rasiHKauHd TOIJIHBA ABJAIOTCSH roplo-
4HH Ta3, 3042 M ljakd. Anmnapars,
B KOTOPBIX OCYIHECTBJSAIOT ra3uPHKaAHIO
TOMNJHBA, HA3bIBAIOT ra3oreHepaTopaMH.
Ilpu monaue B rasoreHepaTtop napoBos-
DYIUHOH CMeCH NOJIYHYaloT 2eHepaATOPHbLL
2a3, Ha3bIBAEMHBIH CMEAHHbIM, TIPHMED-
HBld cocTaB KOTOpOro cJepyomHi, 9%:
H2—14; CH4——1; CO—QS, COQ——6;
0,—0,2; HsS—0,2; Ny—50,6. Huswas
TENJIOTA CrOPaHHs CMEIIAHHOro rasa
Q«=5,5 MIlx/m®> naotHocTh p=
=1,15 kr/m°.

Bodawnoti eaz nonyuyalor nyrtem me-
pHOLHYECKOH NPOAYBKH rasoreHeparopa
B0O34yXoM H mapowm. [1pu nogaye Bo3gyxa
C/0f TONAHBA AKKYMYJHpYeT TeILIoTY,
BHIJEAAOUYIOCA [pH  YaCTHYHOM  €ro
CTOpaHHH, & NPH MOCTYIJIEHHH BOASHOIO
napa nocaeiHHH B3auMogeHCTBYeT ¢ yr-
JIepOOM, HCIOAB3YSl aKKyMYyJHpOBaH-
HYI TemJoTy H ofpa3ys BOASIHOH ras.
[opouydMH KommoHeHTamMH GynyT siB-
JATBCA BOJOPON H OKCHA YrJaepoja.
Yrosb MOXHO rasHGpHUHpPOBATD NOL 3eM-
qaeii. B sTom caydae mnoayvaercs eas
nodsemnoll easugurkayuu. a3z nogszem-
HOH rasudHKaguM HMEeT HeBHCOKYI0
TENJOTY CFOPaHHA, €ro MOXKHO HCNOJb-
30BaTh KaK MeCTHOe 3HepreTHYecKoe
TOIJIUBO.
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naBa 2.
[dobbiua u obpaboTka NpupoAHOro rasa

2.1. Ta3oBble mecCTopoXAeHMs

3anexp HebTH WM raza npencTas-
afgeT co6ol CKOMIeHHe yraeBoLOPOLOB,
KOTOPBIE 3aMOJAHAIT IOPhl MPOHHLAEMbIX
nopoa. Ecau ckonjenre BeJHKO M ero
3KCIUIyaTaUUA S3KOHOMHYECKH eseco06-
pasHa, 3ajeXXb CYHTAIOT MPOMBILIJICH-
HOH. 3ajiexkH, 3aHUMAIOLLHE 3HAUHUTE/Ib-
HBlC IJIOWIAAH, 0OpasyloT MeCTOpoXie-
HHSA.

['asoHocHbie (IIPOAYKTHBHEIC) [Jac-
Tbl COCTOST M3 MOpPOJ C [OPHUCTOH
CTPYKTYpPOH (MeCKH, IeCYaHHKH, [OPH-
CThi€ H3BECTHAKH HJH JOJOMHTH). B 3a-
BUCHMOCTH OT CTPYKTYphl ¥ COCTaBa ra-
30HOCHBIE [JaCThl HMMeIOT pPasJuyHylo
KkpenocTb. O6bYHO uyeM 6oJblle reo-
JIOFHYeCKHH BO3pacT mjiacTa, TeM OH
npouyHee. MoOIHOCTE (TOJIIMHA) a30-
HOCHBIX IJIaCTOB H3MepPSeTCH JECATKAMH,
a HHOT/@ M COTHSIMH MeTpoB. [aszonoc-
Hble [L1ACThl 3a/eralT MeXAy rasoHe-
IIPOHHIIAeMBIMH NOPOJAMH (CJAHUEBBIMA
FJAHHAMH, IJOTHBMH  H3BECTHAKAMH,
MepreasiMu). DBoabwuncTBo  H3BecT-
HBIX F230BBIX MECTOPOXIEHHH NpeacTas-

Puc. 2.1, dopma razoson
34JEXH

Q@ — NOJHOMNAaCTOBAH;
6 — Heno/JHONJACToBan;
{— BHeUIHMH KOHTYp ra-
30HOCHOCTH, 2—— BHYT-
peHHuft KONTYp rasoHoc-
HOCTH; 3 — rasoBme-

WaouHi  KOJNJIEKTOp,
4— popa Kpaesas; 5—
BOAA nojouseHHas; -
BbICOTA 3ajexu (37ax
ra3oHocHocTH); h —
MOILHOCTh BMENIdI0ILero
HPOLYKTHBHOTO KOJJeK-
Topa

JFI0T CO60H AaHTHKJHHAMH, T. €. CKAaAKH
36MHOH KOpBI, OOpalleHHbIe BBINYK-
JIOCTBIO KBepXy, Hau Kynosa. Ha puc. 2.1.
nokasaHa HauboJjiee npocras ¢popma ra-
30BOH 3ajexH. ['as 3ak/loueH B Kyno-
JI006PA3HOM NOA3EMHOM MaacTe, B Bepx-
HHX FOPH30HTAX Fa3 CKal/JUBaeTCAd B BH-
Je rasoBbIX LIanok. BHH3y Haxopurcs
HedTh (B ras’oHePTHAHBIX MeCTOpPOXKIe-
HHSIX) HJIH IJ1IACTOBAfA BOJa (B YHCTO
rasoBbix MecTopoxpeHHAX). OcHoBHas
mMacca ra3oBhiX MeCTOPOXIeHHH umeer
KOHTaKT C [1acTOBOH BOLOM.

Yacto BecTpeuaroTess MecTopoxae-
HHSI, KOTOpBIE COZepKaT [Ba HJIH He-
CKOJIBKO T@30HOCHBIX I11aCTOB, PACHO.I0-
JKEeHHbIX OJMH Haj APYTHM H OT[eJIeHHBIX
rasoHenpoHHilaeMbiMH  ca10saMu.  boab-
[LHHCTBO Ta30BBIX MECTOPOXKIEHHH B
CCCP  4BJSI0TCA  MHOTOI/IACTOBBIMH.
[as B n/actax HaXxOAHTCH [10J HaBJe-
HueM. [Ipy BCKpBHITHH 3ajexd GypoBOH
CKBAXKHHOH OH (OHTaHHPyeT H3 Hee
¢ 60buIoH cKopocThbio. [leGHT HEKOTO-
pbIX CKBa)XHH [OCTHFaeT HeCKOJbKHX
MHJAJHOHOB KyOOMeTpoOB ra3a B
cyTki. [lepBonauanbHoe Aasjenue B ra-
30HOCHOM MJacTe 3aBHCHT OT FayGHHbI
ero 3ajeranus. O6GbIYHO depes KaxKjbie
10 M rayOuHBl JaBJCHHE B I1aCTe BO3-
pacraer Ha 0,0981 MIla. Takas nopma
NOBHIUIEHHS [aBJEHHS CBS3aHa ¢ MO-
BEPXHOCTHBIMH BOJaMH, BXOAAIIHMH B
o6HaKeHHYIO 4acTh I1acTa.

[azoBbie  MECTOPOXKICHHS  MOTYT
HMeTb pasjuddbie pexuMsl. [Ipu BonO-
HANIOPHOM peXHMe [aBJeHHe B MJacTe
cozgaercs BomoH. B MecTopoxaeHHsIX
C Ta30BHIM PEXHMOM HaBjeHue ofeciie-
YHBACTCH CAMHUM rasoM, 3aM0JHALIHM
nopbl macra. TakoH pexum siBjasieTcs
peXUMOM pacuiupsomerocs rasa. [Ipu
HAeaJbHOM BOJOHAMOPHOM pexHMe 10
Mepe HOOBIYH ras3a BOAa, NOJHHMASCH,
3ar0JHsIeT HOpbl U BHITCCHSIET B CKBA-
XKHHY Ta3 MeCcTOpoXieHHs.. B cBS3H ¢
35THM B IpoLecce 3KCIIYaTallud B 3a-
JICKH MaJeHHA LABJCHHA raza He Oyjer.

9
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VpgeasbHHH  BOJOHANMOPHBIH  pEXKHM
BCTpeyaeTcsi B OYeHb HEMHOTHX ra-
30BbIX MECTOPOKAEHHAX. _

BesepeTBue psAga MpHYHH  (3HAYH-
TeJbHO GoJsblued BA3KOCTH BOJAB IO
CPaBHEHHIO C BH3KOCTBIO rasa, MIoXxoH
NPOHHIAEMOCTH NPOAYKTHBHOrO IJjacta
U 4p.) NOxbeM BOXB OGHYHO OTCTaeT
OT TeMIoB 0oT6Opa rasa, M03TOMY jaB-
JEHHE B Fa30HOCHOM ILTacTe ¢ TeYeHHeM
BpeMeHH MnajgaeT. bBo/blIMHCTBO raso-
BBIX MECTOPOXKAEHHH HMeeT ra3oBHIH HJH
BOJOHANOPHBIA peXHM ¢ HeOOJbIIHM
K03 DHUIHEHTOM BO3MEILECHHS.

ITon kosdpduureHTOM BO3MEIICHUA
NOHUMAI0T OTHOWEHHe 06 beMa BOAbI, IO-
CTYNHBIMeH 3a ONpefeseHHHH NepHOX
B 3KCILJIyATHPYEMYIO Fa30BYIO 3aJjiexb,
K 00beMy rasa, OTOGpaHHOMY 3a 3TO
XKe BpeMs (IpHUBEAEHHOMY K IJACTOBBIM
ycaosusaM). Ilo mMepe 3kcnayaraiuu
rasoBOH 3ajieku KO3Gh(PHIHEHT BO3Me-
IIEHHS 0ObIYHO BO3pacTaeT. DTO CBA3AHO
¢ najeHHeM paBJeHUA B IJacTe H,
CJeA0BaTeqbHO, € YBeJHYEHHEM CKOpO-
CTH NOCTYIJIEHU Sl BOABl. 3JHAHHE pexHMa
ra30BOTO MECTOPOXAEHHS OYeHb BaXHO
JJISt eTO 3KCIyaTalHH.

2.2. Bo6uiua rasa

[asoBasi ckBaXHHA ABJAAETCH OCHOB-
HbiM 3JIEMEHTOM IIPOMBICJIOB. Ber CKBa~

2KHHBI HA3bIBAKT YCTbEM, HH3 — 3aboeM.

BypAT ckBaXHHy GHICTPOBPAIIAIOLIHMCS
6ypoM-A0A0TOM, KOTOPHIH paspyliaer
nopoasl B 3aboe. B macrosiiee BpeMs
[J151 3TOH 11eJIH NPHMEHSIOT [apOoIIeYHbIe
J0JI0Ta, B KOTOPBIX [APOILKH, Bpaulasch
BOKDYF CBOHX oOceH, APOGAT H CKaJjbl-
BAIOT MOpoAy. B 3aBHCHMOCTH OT MpH-
BOZA Pas/jH4aloT POTOpHOE H TYpOHHHOE
GypeHue.

Ilpu poroprom 6yperuu nBuratenb
pacno/sioxed Ha I[OBEpPXHOCTH 3eMJIH,
BpalleHHe OT Hero Mepefaercd A0J0TY
Yyepes NPOMeXKYTOUHble MEXAHH3Mbl H KO-
JIOHHY OYpHJIBHBIX TPYO, HMeIOIUX JHa-
meTp 125...150 mM. B kauecte GypH.ib-
HBIX TPY0 OPHMEHSIOT [eJbHOKATAHbIE
(6eclioBHbBIe) TPYOHl, H3TOTOBJAEHHBIE U3
BbICOKOKAUYEeCTBEHHBIX YIJIEPOIUCThIX H

10

JIEFHPOBAHHBIX CTaAMeH, CO CTEHKAMH TOJI-
wrHo# 8...11 mm. Tpy6el coegHHALT
MeXy co0oit 3aMKaMH Ha KpYOHOH KO-
HHYecKOH pes3pbe. B BepxHeH wacrtH
OYpHJIBHBIX TPYO yCTaHaBJAMBAIOT Beny-
myw Tpy6y, HMEIY0 B IONepeYHHKE
KBajpaTHoe ceueHHe. ta Tpyba MpoOXo-
OUT uYepe3 pOTOp, YKpelJeHHBbH Hajn
ycTheM CKBaxKHHB. Potop nepepaer
BpallleHHe OT JBHraTeasl K BeaylleH
TpyOe H nanee K OYpHJBHBEIM TpyOam.
BypuabHbll HHCTPYMeHT (moJi0oTO), Oy--
pusibHBle TPYOH M Bepyllas Tpy6a nog-
BeIEHHl Ha KpIOKe TaJjieBOH CHCTEMBI,
C NOMOIUBI KOTOPOH MOMHO OCYIIECT-
BJATb €70 NOAbeM H cliyck. [l nogbema
U pagbeJHHEHUA TPYyO MMeeTCs BbIlIKaA.
Bo Bpemsi OGypeHHSI ra30BOH CKBaHHBI
KOJIOHHY Tpy0 HenpepbhiBHO ONycKaloT
(ocyulectBasior nmojauy  GYypHJBHOrO
HHCTpYMeHTa). '

Hacocom no GypuabHbiM Tpybam
HarHeTanoT MOpPOMBIBOUHBIA pactBop. OH
IPOXOAHT Uepes CleyHatbHble OTBEpPCTHS
B [0JI0T€ H HaNpaBafeTcHd Henocpen-
cTBeHHO B 3a60H co cropocThio 15...
30 m/c. B pesyabrare 3TOro 3afoi HH-
TEHCHBHO OMbBIBAETCs, a MOPOMBIBOUYHbI
pacTBoOp MO KOJbLUEBOMY 3230pY MeXny
OYpPHJbHBIMH TPYGaMH H CTEHKAMH CKBa-
JKHHBl BBIHOCHT H3 326051 Ha IOBepx-
HOCTh 3eMJIM YaCTHibl BbIOYPEHHOH MO-
poabl. M3 cKBaKHHbl IPOMBIBOUHBIH pa-
CTBOp CTEKAeT MO0 HaKJIOHHOMY Xesoby
(rme M3 Hero ocaxjaeTcsl BHIOYpeHHasH
nopoja) M nonajgaer B NPHeMHBIH yaH,
OTKyJa OYpPOBBEIM HaCOCOM €fO BHOBb
nogalr B cKBa)kHHy. IliorHocrs mpo-
MBIBOYHOFO pacTBOpa AOJIKHA IpeBbl-
wath mJaotTHocTh Boabl Ha 20...409;. Tpo-
MBIBOUHBIH PacTBOp HCHOJB3YIOT He
TOJbKO [Jf BblHOCZ YACTHH MOPOIHI
H3 3a06051: TOHKHH CJ0H FAHHBL, KOTOpas
BXOAHT B COCTaB NPOMBIBOYHOTO pacT-
BOpa, OTKJALbIBAACh HA CTEHKaX CKBa-
JKHHBI, YKPeIasieT HX U NpejoXpaHsieT OT
o6BasioB. Kpome TOro, NPOMBIBOUHBIH
pacTBOp OKasbiBaeT Ha INPOAYKTHBHAIH
njacT gaBJjeHHe, TeM CaMbIM Ipesoxpa-
HASI CKBAXKHUHY OT NPeXKI€BPEMEHHBIX Fa-
30BbIX BHIOPOCOB.

Typburroe Oypenue OTAHYAETCH OT
poTOpHOro TeM, 4To GypOBOH ABUraTeb
(Typ60o6yp) ONYCKalT B CKBaXXHHY H
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KPEensiT HeMOCPeACTBEHHO Haj J0JOTOM.
Typ6o0yp Bpamiaercss 0Ol JeHCTBHEM
HPOMBIBOYHOI'O pacTBOPa, KOTOPHIf no-
20T B Hero no OypHJIbHbIM Tpy6aM nom
GoJbliMM JaBJjedyeM (B 3TOM cayuae
NpOMBIBOUHbIH PACTBOP SIBJASIETCH HOCH-
TejeM 3Hepruu). B npouecce OGypeHus
OypHJbHBLIE TPYObl OCTAIOTCH HENOJBHK-
HBIMH, BPaUlaloTca TOASbKO Basa Typ6ob6y-
pa ¥ 10J0TO.

Creuku o6paszoBaBiuefics CKBaXKUHb!
YKPEIIAIOT CTaNbHbIMU OGCANAHBIMU TPY-
6amy (puc. 2.2). IlepByio KoJIOHHY 06-
CAIHBIX ‘TPY6 HA3LIBAXT KOHAYKTOPOM.
B 3aBHCHMOCTH OT reoJIOrH4YecKOro pas-
pesa Tpy6Gbl KOHLAYKTOpPa JHaMeTpoM
225...400 MM onyckaioT Ha pasnUYHYIo
ray0uHy, HO o6bigHO He Huxe 300 M.
[IpocTpaHeTBO MKy CKBAXKHHOH H KO-
JIOHHOU KOHAYKTOpA 3aJHBaIOT UEMeH-
TOM [0 BbIXOA HOCJAeNHero Ha NoBepXx-
HOCTB, 3JTO ofecrnedyuBaeT HajexHoOe
KperyieuHe CKBaXXHHbl, MPENsTCTBYeT
OGpYLIEHUIO BepXHHX Haubonee PbIXJablX
Nnopoa W NpeaoXpaHseT CKBa)HHY OT
NPOHHKAHHA B HEe BOJb! H3 BEPXHHUX IIa-
CTOB.

Bropasn kosowuwa o6canubix Tpyo,
onycKkaemasi BHYTDH KOHIYKTOpa, $IB-
JAETCS IKCIIYaTaiuHoOHHOH ¢ 1HaMeTpoM
Tpy6 125...200 mM. B GonbuinHcTBe Cay-
qaeB ee ONYCKaleT B NPOAYKTUBHBL
naact. [IpocTpancTBO MexXAy 3Kcmiaya-
TALHOHHOW KOJOHHOH M CKBAXKHHOH, Ha-
YHHAA OT HHM3a KOJOHHBI, 3a1HBaIOT Ue-
MEHTOM C BBIXOAOM €ero B KOJiblLeBoe
npocTpaucTBO Mexay Tpy6amu ua 20..
30 M. OGcaaguasi KOJIOHHA NPefOXpaHAeT
CKBAXHHY OT 0OpYLIEHHA H NMPOHHKAHHA
B NPOAYKTHBHLIA N1aCT BOAb H3 BePXHUX
FOPH3OHTOB, a TakXe NpejoXpaHseT ra-
30HOCHBIA MJIACT OT NOTEPb rasa B BhILle-
JIeKAHe CJIOH, eCqU OHH COCTOAT H3
MOPUCTBIX MOPOJ HJIN HMEIOT TPeHHHDI
Bepx sxcniyarauuouHoil KOJOHHbL Kpe-
AT B KOJOHHOH FOJOBKE.

3a60u CKBa)KHHBI HUMEIOT 3aKpbLTYIO
H OTKPOLTY!O KOHCTpyKyuu. B nepBoM
cJydae IpOCTPAHCTBO MeXJy NOpoAaMH
H IKCMAYaTAHOHHOA KOJOHHOH nemeH-
THPYIOT Takxe U B npejgefax NpoaAyK-
THBHOTO mJacra. {locne 3TOro B KOJNOHHY
ONyCKawT creumasbHb  CTpensiouHi
annapar (nepdoparop), NyaH KOTOPOro
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Puc. 2.2. Cxema rasonof KOpenHaf 3aABHXKKaA;

CKBAKHRD

1— gKojoHHA KOHAYK-
Topa; 2— 3KcanyaTaun-
oHHaA KoJjohHa 150 mwm;
3— KoJloHHa (DOHTAHHBIX
Tpy6 80 mm; 4— nepe-

6— peryJHpyiolHe mry-
nepa; 7— 6GaiiMak Ko-
JIOHHBl, fy— HJaCTOBOE
AaBlaeHHe; p3—— 3a60H-
Hoe paBjende; 6 — ray-
6HHA BCKPLITHA NJAaCTa;

pongas KaTymwka, 5-— h — MOMHOCTL HJACTa.

NpoXoaaT yepes TpyOy, Cl10H uemenra u
yrayOnsloTcA B NOPOAbl, B pe3yjgbraTte
4ero OCyWecTBaAserca nepdopauus 3sa-
0od. 32604 CKBaXKHHDBl 3aKPHLITOH KOHCT-
PYKIUHH MMEIOT NpedMYilleCTBEHHOE pac-
npoctpadeuue. Eciu nopoabsl npoayx-
TUBHOI'O NiacTa ycToHUUBbl (Hanpumep,
H3BECTHAKH), NPHMEHAIOT 32604 OTKpPbI-
Tofl KoHCTpyKuMH. B 3tomM ciydae 3kc-
MJIyaTalHOHHYI0 KOJIOHHY ONYyCKaloT B
KPOBJIO NPOAYKTHBHOrO fnacra H ue-
MEHTUPYIOT, 1ocse dero GYyPAT CKBAXKU-

H
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HY B rasoHOCHOM mJjacre #Ha Ttpebye-
MYIO rayGusy.

BuyTps 3kcnyaTanHoHHOR KOJTOH B!
ONyCKaioT KOJIOHHY (OHTaHHbIX TPYE,
10 KOTOPO# NPOUCXOAHT ABHIKEHUE rasa
oT 34606 K yCTbIO CKBa)Kuinl. KosoHHy
dourasunlx Tpy6 kpenar B TpyOGHOf ro-
JOBKE, KOTOPYIO YCTAHaBJUBAIOT Ha
KOJOHHOH roJjoske. B 3aBucumoctu or
ne6uTa CKBAXKMHABI (QOHTaAHHble TPYG6b
uMeoT pasaudsplli  auamerp  (50..
100 mm). CKBaXKHHB!, UMEIOILHE BbICOKOE
naBjenne (Gosee 8 MIla)-u Goabwne
nebuthl (6oee 500 Twic. wm/cyT), pe-
KOMEeHJyeTcsl 3KCIJIYaTHPOBaTh d4epes
o6canubie Tpy6nl. Ecau ras conepxur ce-
pPOBOJOPOJ, 3KCIWIYaTALHIO CKBAXUHBI
no obcansiblM Tpy6am He NPOH3BOASAT
BCJEACTBHE KOPPOAHDPYIOLIEro Bo3aefcT-
Bud rasa ga credku tpy6. Ilpu nobeiue
rasa, cojep>kauiero ceposoaopPoO, Npo-
CTPAHCTBO MEXAY (POHTAHHBIMH M 06Ccaj-
HbIMH TPyGaMu repMeTH3HDPYIOT B HHK-
Hell 4acTH creytasbHbIM YIVIOTHEHHEM, a
B BepxHell 4acTH — C [OMOIUbIC CaJjb-
HuKa Tpy6uofl rosopky. Jobbiuy rasza Be-
AyT N0 (OHTAHHBIM TPyOaM, KOTOpble B
clyyae KOPPO3UM 3aMeHSIOT HOBBIMY.

Ha ycrbe ra3oBoil CKBaykKHHBL ycTa-
HaBAUBAIOT ClenHadpHoe 06opyroBague,
KOTOPOE COCTOUT U3 KOJIOHHOH rOJIOBKH,
Tpy6HOl roJOBKH M QOHTAHHON apmary-
pul. Kostogias rosioBKa CJayXuT A4 rep-
MeTH3a MU BCeX KOJOHH 06canublX Tpy6,
ONYIIEHHBIX B CKBA>KHHY, U SBJSAETCH
onopoit Tpy6Ho#i rosoeku. Tpybuas
roJIOBKa repMeTH3MPyeT KOJbeBOe [po-
CTPAHCTBO MEXAY nocjaefgeldl KOJOHHOH
o6canuplx Tpy6 u oxTaHAbLIMU TPyGamu
M CJAYXHT [Jfl NMOABECKH H YKPeIJIeHUSH
dhouranublx Tpy6. Bokosbie orBOaAb Ha
TPYOHOH roJIOBKE MO3BOJAIGT OCYILECTB-
JFTh He0OX0aUMble ONepauu: KCIIya-
TAUMIO CKBA>XMHBI [0 KOJIbLIEBOMY I1pO-
CTPAHCTBY MeX 1y QOHTaHHbIMYU ¥ 06caj-
fbiMu Tpy6aMu, HargeTague BOAbl HJH
pacTBOpa IMpH IVIYWEHHH CKBAXKHHBL,
3aMepnl AaBJefHs raza B MeXTpy6HOM
npocrpaucree, or6op npo6 rasa u up.

Ha tpy6uolt rosoBke ycragapiu-
BalOT (hOHTAHHYIO apMarypy, 1O OTBO-
1aM KOTOpO# MPOHCXOAUT IKCIAyaTauus
ckpaxuupl. PodragHas apmarypa Obi-
BaeT ABYX THIIOB: KPecToBas u TPOHHH-
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koBasf. Kpecropasg yno6uee B 3kcnaya-
Tauuu (magag BbHICOTA, CO3AaHUE CHUM-
METPHYHOH Harpysku Ha YCTbe CKBAXKHU-
Hbl), MOHTHpPOBAThL ee npoiue. TpoltHu-
KOBYIO YCTaHaBJHBAIOT B TeX Caydasx
KOrja ras umeeT nHpUMecH, KOPPOAHPYIO-
mwHe apmarypy (ceposoaopon). Hau-
6osbiieil KOppo3uM noapepraercd TPOH-
HMK B MeCTe [OBOpPOTa CTPyH rasa u
nepexona ee OT BEPTHKAJbHOIO NBHIKe-
HUSA K ropusouTasptHomy. [ a3 or6upaior
yepe3 BepxHHIl OTBOJA, 8 BO BpeMsl ero
peMoHTa — uepe3 HIKHUH. :

PeryaupoBath paboTy CKBaXKitHbl
3aABHXKAMH HeJb3fl, TAaK KaK 3TO NPHU-
BOAMT K UX OblcTpOMY usnocy. Hnd cos-
NaHus Ha CKBA>KUHY NPOTHBOLABJEHHSA
[IPUMEHSIOT [ITyluepa, T. €. CyyKeHHble
orBepcTug (auamerpom !...40 mwm), Ha
KOTODbLIX ApOCCenupyercst 1aBjieHHe ra-
3a. Jlaa tpeGyeMOro CHUXKEHHH AaBJje-
HUs noabupaloT Wryuep Heo6XoiHMOro
nuamerpa. Ilo mepe or6opa rasa gasJe-
HHe najaeT U WTYyuep 3aMeHsoT APY-
rum — 60apuiero  auamerpa. Jebur
CKBA>KHHBl HA3HAYAIOT MAKCHMAJBHO A0-
nyctumMbiM. OH e [0/KeH IpeBoCxo-
IUTh BeJUYHHDBl, NPH KOTOPOH BO3MOX-
HO paspywesue 32605 U, KaK cjaencTBye,
BHIHOC [lecKa, a Tak)Ke NOATAruBagHe
noaBelleHHbIX BOA. Kpome TOro, ne6ur
J0JKed OblTh TAKHM, 4yTOObI naBjeHue
or6opa rasa OblIO JOCTATOYHBIM [JS
TPAaHCNOPTHPOBAHHUA ero K TOJOBHOf
KOMIpPeccopHoR cTaHuuu.

Creutduka IKCIayaTauuy rasoBblx
MECTOPOXAEHUH COCTOUT B TOM, YTO BeCh
106bITHlil ras #eo6xoauMO HeMeLJEeHHO
TPaHCNOPTHPOBATh K 006BEKTAM noTped-
Jenus. [Tostomy npu Ha3zHAUCHUY PEXH-
Ma paboThl rasoBblX CKBAXKUH HYXXHO
YYUTBHIBATH NOATOTOBJEHHOCTb NOTPe-
Gureseil K HCIOJb30BAHUIO [A3A K PEIKHUM
ux paborsl. Ecau B6aM3H roponos,
NoTpeSJAfIoMX ras, ecTb MNOA3eMHOe
Xpaguinge, pexuMm paboThl raszoBbiX
[IPOMBICJTOB MOXKET He COOTBETCTBOBATD
pexxumy norpebaenus, TaK Kak H30bl-
TouHpll rasz Gyayr #anpaBidATb B Xxpa-
HUJTHILE.

Oraenbrble CKBaXHUHbl HA rasoBhbIX
NPOMBICAAX NPHCOCIHHSAIOT a30NpOBO-
JaMu K KOJJIeKTOpaM, KOTOpbie 3aKaH-
YUBAIOTCH NMPOMBICJOBON rasopacnpene-
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JuTenbHol crannuefl. Ha BoIKMIHBIX JU-
HUuAX nocsie GoHTAaHHOH apMaryphl ycra-
HaBJUBAIOT NpefloXpaHuTeNbHble Kiana-
Hbl M MaHOMeTphl. BhrlKuaHbie JaHHHU
COBNMHAIOT C cenapaTopaMu, B KOTOpPbIX
ras OYHUIAETCA OT TBEPALIX M MMUIKHUX
MexaHudeckux npumeceil. M3 cenapa-
TOpa ras nocTynaer B ra3ocGopHbI
KoanexkTop. KoauuecTBo [A06bIBA@MOro
rasa u3MepsioT cdeTyukKom. B mecre
npucoeauieHUsl ra3ooTBOAAWEH THHUH K
KOJUIEKTOPY YyCTaHABJIHBAIOT 3alBUXK-
Ky, o6paTHublil Knanad u OTBOL C 3aji-
BUXKOH JAnst MpOAYBKH rasonpoBOJa.

[Ipu npoxokaeHuu uepes perynau-
pyIowHil wrynep BceaeacTBUE NajeHuA
NaBleHusi ra3 CHUJIbHO OXJaXXuaercs,
No3TOMY HeoOXOAUMO NPHHUMATL Mepbl
NpoTHB 06pa30BaHus FHAPATHLIX H Meas-
HBIX Opo6ok. Kpucrajanoruapatamu Ha-
3b[BAIOT COeAMHEHUS YIJIeBOIOpOAOB C
BOJIOM, 1O BHeWIHeMYy BHIy HanmoMHUHAaI0-
wue Jgen. J1sa npenoxpaHeHus rasomnpo-
BOLa OT 3aKy[IOPHUBaHHA B Hero oGhIyHO
nojamT MeTaHoa (MeTHJAOBLIH cnupTt).
JleficTBHe MeTaHOM2 3aKII0UAETCH B TOM,
4TO OH 00pa3yeT C BOLAHLIMH NapaMu
pacTBOp, KOTOPHIH HMeeT HU3KYIO Temre-
parypy 3aMmep3aHdss M JIerKo MOXKeT
6biTh ynaaed #3 rasonposoga. Ha
[IPOMBICJIOBOHl  rasopacnpepensuTe]pHON
CTAaHUUH Fa3 BHOBL OYHULAIOT B cefnapa-
TOpax, OCYWaioT # INpPOH3BOAAT €ro
yuer. Ecaiu ras cojpepur cepoBOAOPOL,
TOrga [0 [OoJAa4Yud B MAarCHCTPalibHbIH
ra3onpoBOj ero O4UaloT OT CePOBOMLO-
pona. M3 rasopacnpenenureibroit craH-
LiMKM ra3 nocTynaeT B TOJOBHYIO KOM-
NPEeCCOPHYIO CTAHIUIO UJH, eCJU NaBhe-
HHe oT6opa JOCTATOYHO BEJIHKO, HeMNo-
CpeNCTBEHHO B MArHCTpasibHbIA rasonpo-
BOJI.

2.3. lazel
KOHAEHCATHLIX MECTOPOMAECHMUH

[na ornenbHoro BewecrBa 3aBHCH-
MOCTB YIIPYroCTH NapoB OT TeMIepaTyphl
umeer Buj Kpupo#t AB, o6paineHHoil BHI-
YKJOCTLIO K OcH Temneparyp (puc. 2.3).
Kpupasi 3akauuuBaercs KpUTHYECKOH
toukoit. CxuXeHue rasa npu temnepa-

CJ Tmakc

Aeyxdiasnar
cucTema

Tapon M
Temneparypa

Puc. 2.3. JAnarpamma
RaBJERHE —TeMnepaty-

pa Mif pacTeOPpHMBIX
cmeced

Type Bbllle KPHTHYECKOH HEBO3MOXKHO.
YcioBHO 06JaCThIO KULKOTO COCTOAHUA
Ha3bBawT 060aCTh, JexXawylo Bbiule
KpupoH (as3oBOro paBHOBECHS Mexny
OCbI0 OPAMHAT M KpUTHHECKOH usorep-
Mofl, a Bca ocranbHas o6JgacThb OTHO-
curcs K o6aactu ra3oo6pasHoro coCTos-
Hus. UeMm Bule KpuTHYecKkas Temnepa-
Typa rasa, TeMm Jerde OH MOXeT OHTh
cRoHneHcupoBaH. Kpurudueckas Ttemne-
partypa Bo3nyxa mubyc [40,7 °C, u opu
o6bIYHBIX apaMeTpax aTMocdepn (AaB-
geuun 0,1 MIla u remneparype 430 °C)
oH npexcrasnfer co6oit ras. [lponau,
KOTOPHH CONEPKUTCA BO MHOTHX UpH-
POLHBIX Tazax, Nnpu obLIYHBIX YCJIOBHAX
JIETKO MOKeT GhTh CKOHACHCHPOBAH, €ro
KputHdeckasa Temneparypa 95,7 °C.
Haxoseu, Bona, Haxoadwascs npu
OObIYHBIX YCNOBUSIX B XHIAKOH ¢ase,
MMEeT KPUTHUECKYIO TeMmOeparypy
374,15 °C. CkasaHHoe BbIlIE OTHOCHT-
€5 K 4MCTHIM KHIKOCTSAM, 2 He K HX CMe-
cAM. Ecaiw XuaKocTh npeacraBisieT co-
60ll ‘cMmech BewecTB, TOrAa AaBJeHHE
napoB 3aBUCUT He TOJLKO OT TeMIeparTy-
pbl, HO U OT COCTaBa CMeCH. .
3aBUCHMOCTb NaBJEHHA NapoB OT
TEMIepaTypbl ANA B3aHMHO pacTBOpHU-
MbIX KOMIOHEHTOB MMeeT BHI [eTsieo6-
passoit kpusoit LCCaCsM (cm. puc. 2.3),
3necy Touka C; — KpHUTHYECKAR TOUYKa
cMmecu. EH oTBedaioT KpHUTHYECKasd TeM-
neparypa cmect Typew H KpUTHUECKOE
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naBneHue cmecH Pipcuw. JleBee Kputu-
qeCKOH H30TepMbl CMeCH HaXOAHTCH XKHUL-
KOCTh, NpaBee — ra3 {(nap). Kpuruyec-
Kad TOYKa He COBIAjaeT ¢ 3KCTpeMalh-
ubiMH Toukamu Kpusok LC;C:C3M. B
CBAI3H € 3TUM BO3HuKaer o6nactb o6par-
HbIX SIBJIEHUi, T. e. NPOLECCOB KOHMEH-
CallMy Y HCrapeHuss, TNpoTeKalomux B
HanpaBleHUuaX, POTUBONOJOMHBIX TEM,
KOTOpble HMeIOTCH B OObIYHBIX YCAOBUAX.

Paccmorpum  npouece  ucnapenud,
NpOTeKaIUil npu NOCTOAHHOHA Temne-
parype f1. Bwolwe kpumoit LC,, 9Badi0-
IeHCd KpUBOH KHUNEHHS, HAXOLUTCH
x)uakoers  (1009%). Tlpu nouuxenun
NaBJeHUs HaupHaeTCd NpOLeCC ucnape-
HUS, U KOJHYECTBO XXUIKOH ¢a3bl yMeHb-
waerce. [TyuxTupHble JuHuu Ha puc. 2.3
AIBJSIOTCS KPUBLIMHM IOCTOSHHBIX OTHO-
wenuit kupkocts — nap. Ilpu nepece-
gyeHuu kpuBoil koujeHcauun Ci1CCsM
BCH XKMAKOCTH NpeBpaiaercd B nap. Ta-
KO npopece aBASETCH NpopeccoMm Hop-
MaJbHOTO UCHApeHHd, TaK KakK NpH CHH-
JKeHHH JaBjeHusl >KHIKOCTh HCnapser-
ca. Tlpu remneparype f» mpouecc npo-
TeKaeT <JelylomuM o6pasoMm. Buiwe
TOuKH n Haxoaurcd nap. Ilpu cuuxe-
HUU [AaBNeHHd B TOYKE 7 HAYMHAETCH
NpoLece KOHAEHCAUHUH, TaK KaK B 3TOi
TOUKe u30TepMa [z NepecexaeT KPHBYIO
KOHJeHCauu. B npouecce paspHeiiuero
CHMDKEeHHUs] JaBJeHHs KOJHYeCTBO KOH-
JeHcaTa Bo3pacraeT ¥ B TOUKe 7, [0-
CTHraeT MAaKCHMaJbHOrO 3HaveHus (AJs
TEMIepaTyphl f2).

ITpouecc xouaeHcauu, oTeyaiouinil
y4acTKy AuarpaMMbl A—~mj, Ha3blBaOT
obpaTHO#i KouJeHcauueil. JlaBneuue,
COOTBETCTRYIOIEEe TOYKe 7, NpPH KOTO-
pOM KOJIUYeCTBO KOHIEHCara SBJAeTCs
MaKCHMaJibHbIM, Ha3biBalOT NaBJeHHEM
MakKcuMmaJnabHoit KouaeHcauuu. [lpu nane-
HefllueM CHU>KEHHH 1aBJeHUd KOJUyecT-
BO KOHJeHCara ymMeHbiaercsd (UAeT Npo-
11eCC HOPMAaJILHOrO HCnapeHus), 1 B TOY-
Ke 713 BeCh KOHeHcar ucnapsercs. C no-
BblileHHeM jaBJjeHud (npu I[r==const)
BCe Mpoueccsl MPOTEKAT B NPOTHBO-
NOJOXKHOM HanpapJeHud, a B npejenax
ydyacTKa n-—#f; NPOUCXOAHT o6paTHoe
ucnapenue. Takum o6pasom, ang pacr-
BOPUMBIX CMecCell NpH Temneparypax H
JaBNeHUSX, [peBLUNAICIINX KpPHTHYe-
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CKHE 3HAayeHHd, BO3HHUKaeT 06JacTbh 06-
paTHbIX KOHJeHCauull ¥ ucnapeuus. Jta
ob6jacTe Ha puc. 2.3 3awTpUXOBaHa.
3aech MakcuMasdbHble NABJEHHT Puake U
reMneparypa Tyaxe HE COBNAnaioT ¢ Kpu-
THYECKOH TOUKOM, a JiexkaT Ha KpUBOH
KOHJeHCaHu.

Va3l KOHAEHCATHBIX MeCTOPOXK ICHUR
npeacTaBJgioT co60fi cMech npenedb-
HbIX YreBOJOPOJOB, OCHOBHOH COCTaB-
JAg0Iel  KOTOpPLIX  fABJSETCH  MeTaH
(80...94%). Conep>xkanue nenraua u 6o-
Jiee TSDKEJBIX YrJaeBOJOPOAOB COCTaB-
aser 2..5%. Opuako BBuUAy TOro, 4TO
KOHAEHCAT COCTOMT H3 BBHICOKOMOJEKY-
JPHBIX COMHeHNH, ero MmaccoBad 101
npocturaer 25%. Hanuuue B rase rsxe-
JbIX Yri1eBOAOpPOAOB (BNiOTL 10 ¢pak-
uu# KepocuHa) FBJSAETCH OLHOMA H3 OTAHU-
quTEAbHLIX OCOGeHHOCTE ras3oB KOH-
NeHCATHBIX MecTopoxaeHuil. Pasroukofi
KOHJIEHCAaTa MOMHO NMOJYYHTh TOBapHbe
NPOAYKTHL.

[asokoHjeHcaTHbIE MeCTOPOXKACHHUSH
o6pasoBajuch B pesdydbrarte npoyecca,
06paTHOrO ucnapeHus KoHaeHcara, npo-
TEKAoUWero ApU BbICOKUX AaBJeHHAX H
TemMneparypax (B HalKpuTHYecKO#d OG-
JlacTy), NO3TOMY OHM pacnonaramrces
Ha Goabwux rayéuHax, rae rocnojcr-
BYIOT BbICOKMe AaBaeHus. Ecau or6upars
ras u3 Takoro MeCTOPOXeHUS Npu pe-
JKMMe MCTOLeHHs, TO ¢ najleHueM NJja-
CTOBOTO [aBJieHHs] MPOHCXOIUT KOHIEH-
Cayud TAXKeNbIX YIIEBOAOPOIOB B CaMOM
nnacre {o6parHas kouaeucauusd). Ilpu
ITOM CKOHIEHCHPOBAaBiIafACH YacTh rasa
OKa3bIBaeTCsl NOTEePAHHOH AJA N06bluM,
TaK KakK ocraercsa ancopGupOBaHHO# B
nopax rasoHocHoro njacra. Konaugecr-
BO KOHJEHcaTa, BhlAedfioierocs U3 ra-
3a, noxomnut a0 300 cm® ua I M® razoo6-
pAa3HOro TOMIHUBA.

Onua u3 ocoGenHocreil pa3zpaboTKU
razoOKOHEeHCATHONO  MeCTOPOKIeHUSA
COCTOHUT B TOM, YTO Npowecc nepepaboTku
rasa OCyILIeCTBJSIOT HAa CaMOM NPOMbIC-
Jge, T. e. fo6pldy ¥ nepepaboTKy rasa
(u3MUeCKUMY  MeTOLAMH OGDbeNHHSIOT
B O/IUH npoyece. JIpyroil oTjauquTesbHodl
YepTOH FBJASETCA BHCOKOE JaBAeHHe, U3-
3a 4yero Heo6XOAMMO NPUMEHATb CIe-
LHaJbHYIO NOPOTOCTOAULYIO annapartypy
u 1py6onposoanl. Kpome roro, o6eay-
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. MUBaTh 0GOPYNOBaHHE JOJKEH BbICOKO-
KBaauUUUPOBaHHbI{l epcoHann.

CyliecTByYIOT ABa MeToaa 3KCHiya-
Tauuy rasoKOHLEHCATHbIX MeCTOpoXKie-
_HHH: ¢ moAAepIKAHHEM IJTACTOBOrO 1aB-
JeHHSl HarferaHHeM B maact padodero
aredra (3amMKHYThif uMKI) B 6e3 noanep-
JKaHusd naBjedus (pasoMKHYTHI wHK).
OcHoBsbpiMH  (paKTOpaMu, Olpenensio-
IHMH BBIGOP METOAA 3IKCIJIyaTalHd ra-
30KOfI€HCATHBIX MECTOPOXKeHHil, ABIA-
JOTCA: BeJUYHHA NPOMBIILIJIEHHLIX 3ana-
COB rasa B MECTOPOXKIEHHH; KOJIHUYECTBO
KOHIeHCATa, KOTOPbI BhIICNAETCS U3 ra-
332 MNpU CHIDKeHUM [aBJIefiud, H ero
COCTaB; PeXXUM MJacTa, OAHOPOAHOCTD
n1acrTa 1o NOPHCTOCTH, NPOHHUILAEMOCTH
T I

Harwerague pa6odero aresra B
MJIacT NPUMEHHIOT TpH  JIOCTATOYHBIX
NpOMbBILINEHIBIX 3anacax ra3a H TakoM
cofepKaguu KOHIeHCaTa, NPH KOTOPOM
Kanurajbfible BJOMeHHS B 100bMY H
nepepaboTKy rasa O6yayr onpaspasbl
nojydaemuMm Kosaegcarom. [pu seopno-
POMHBIX KOJNEKTOpaxX H HeA0CTaTOYHbIX
3anacax ra3a nojjaepxasue NJacToOBOro
JaBJIeHHsT MOMXET 0Ka3aTbCd 3KOHOMH-
yecKu He OOOCHOBaHHBIM. Toraa 3Kc-
nnyaraguio OCyIIecTBASIOT MO pa30MK-
HYTOMY UMKJY, T. e. IpU peXuMe HUCTO-
wefus. B kadecrBe pafouero aredra
1J9 HargerTaqus B IJIACT CJAYXKUT CyXoil
ras (npH COOTBETCTBYICLIMX YCJOBUSX
BO3AYX UJIM BOAA).

Hepocrarkom Takoro crnocota no6ni-
4y gBJSIETCS TO, YTO CyX0il ras cpasy
fe MoXeT OblTh HUCHOJB30BAH AJF IO-
rpeGaenus. * Ero  ucnonab3yior  TOJBKO
JUILL NocJe J06bMH U3 MEeCTOPOMACHHUST
Bcero koHaencara. IlpeumymecrBo ke
COCTOUT B TOM, 4YTO #a Harferasgue
ra3a 3aTpavuBaioT Mefblle IHePruu, Yem
Ha BO31yX, TaK Kak JaBlefHe rasa
CHUPKAIOT TOJNBKO N0 NABJEHUS MaKCH-
MaJbHOH KOHAEHCAUH, KOTOpOe COCTaB-
JFeT NPHMEPHO NOJOBHHY [aBJE€HHS B
nnacre.

‘Tlpu sKkcnuyarauuu rasoKoHzeHcar-
HOr0 MeCTOPOXEeHHS N0 NepBOMY MeTO-
Ay ra3 Hu3 3ajeXxu oréupawT 4Yepes
IKCILIYaTAUHOHHDbIe CKBAaXKHHBL, a pabo-
YUl areHT 3aKadyHUBAIOT B IJACT Yepe3
farferarenbfble ckBaXkufnl. Cyxof ras

HArHeTaloT B BePXHIOIO 4acTb 3aseXH,
O6nanas MeHpuiell MIOTHOCTHIO MO CPAB-
HeHHIO C CHIPLIM ra3oM, Off He NepeMeriu-
BaeTcd € HUM M B Npouecce farge-
TaHug BhiTecHgeT nocaeasuii. Ilpu 3xkc-
NAyaTauuu MeCcTOPOXKIEHHS 10 Pa3OMK-
HYTOMY LHKJY OT LO6hBAEMOro rasa or-
NeJFI0T KOHAeHcaT Npu AaBJeHHH MaK-
CUMaJbHOH KOHAEHCAUMH, HOCHe Uero
CyXofl ras HanpapagioT K norpefu-
TeJO.

2.4. O6paborka npupoaHoro rasa

Ocymika rasza. Coaep>kanue Biaru B
rase np ero TpagcnopTHPOBAHHU YACTO
BLI3LIBAET Cepbe3Hbie IKCIIYaTaHOH-
fble 3arpyinsenus. [lpu onpenenesHbix
BHEHIHUX YCIOBUAX (TeMmmeparype #
AaBJeHUH) BJara MOXeT KOHIeHCHPO-
BaThCsl, 06pa3oBbBATh JeAsHbie NPOOKH
M KpPUCTAJNIOrHApPaTHi, @ B NMPUCYTCTBHH
CepoBOAOPOAA H KHCIOPOAA BhI3bIBATh
KOppo3Hio TpyGonpoBOLOB u 060pyno-
pauus. Bo uaberkanue nepeducyedHbix
3aTpyAHeHHH ra3 OCyIialoT, CHHXKas TeM-
neparypy Touxku pocet fHa 5.7 °C Hu-
ke pabodefl TemnepaTypsl B rasonpo-
BOJIE.

[lpu TpascnopTHpPOBAHUN OCYIIEHHO-
ro rasa TpybonpoBoj MOXHO NpPOKJIabl-
BaTh Ha MEHbUIYIO TJIYOHHY, YTO yMeHb-
waer Kanurajobisoxenus. HauGonbuiue
TPYAHOCTH NPH TPaHCNOPTHPOBAHUU ra-
30B NO MarucTpajpbHbpiM -ra3onpoBoOaaM
BO3HHKAIOT Npu 06pa30BaHuUM KPHCTAJN-
jgoruaparos. MHorue rasn (meras, aTaH,
nponad, 6yTaH, yriekucabil ras u cepo-
BOLOPOL), HacbilueHHbie BJarof, npu
onpefeneHHbiX 3HaUeHUAX TeMIepaTyphl
¥ LaBJeHUA 06pasyioT ¢ BOLOH (B XKHj-
Koil ¢pase) coeauseHus, ga3biBaeMbie
kpucraanoruaparamu. Ecau Biara yna-
JeHa M3 rasa u ras oxKaspiBaercd fHe-
HACHIHEHHBIM, KPHCTANJNOTHAPATHL He
o6pasyorcs.

Brewige KpucTanaoruaparsl NOX0XH
fga Oenylo cHeroo6pasHyio KpHCTAINU-
YeCKylo Maccy, a Npu YNJIOTHEeHUH Ha-
NMOMHHAIOT Jef. JTO HeyCcTOfuuBbie coe-
AUHEHHS, KOTODble NpU OnpejpesieHHbix
YCIOBHAX CpPaBHUTENbHO JIerko pasJa-
rajorcs Ha cocraBHbie yacrtu. Cocras
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‘HOBECHOro COCTOAHHA THAPATOB.

Hblfi ra3 ¢ OTHOCHTENh-
HOH naoTHocTsio 0,6; 3—
ApPHPOAHBI ras ¢ OTHO-
CHTENBHON NAOTHOCTHIO
0,7, 4— npuponublii ras
C OTHOCHTEJBHOH mJoT-
HocThio 0,8

Pac. 2.4. Kpasbie pan-
HOBECAOro cocroaAan
raapaTos Merasa sl nps-
POJHBIX a30B B 3aBHCHA-
MOCTH OT TeMNepaTypu #
aaBJjeHas

1— merau; 2-— npupon-

KPHCTaJJIOFHAPATOB  YrJeBOLOPOOB
caenyowuit: CHy-6HO wnu  CH,-
-7HQO; C2H6-7H20; CsHs- ISHQO.
[Tpuponusiit ras ¥ Boaa NOpPeICTaBAAIOT
co60fl MHOrOKOMIOHEHTHYIO
KOTOpasd [aeT CMEeLAHHbE KPUCTAJIO-
runparsl. OHM  yCTOHUMBEE TFHAPaTOB
HHAMBHAYAJbHBLIX yraeBopoponoB. Ha
puc. 2.4 noka3zaHbl KpuBbie 06pa3oBauud
rHAPaTOB Me€TaHa M [IPHPOAHBIX ra3oB B
3aBUCUMOCTH OT TEMIepPaTyphi M AaBJje-
Hus. CamMu KpHBble 1aI0T YCJOBHSA paB-
ITpu
TAKOM HM3MEHEHHUH TeMIIepaTypbl ¥ LaB-
JIeHus rasa, Korja TodKa, oTBedalmad
COCTOSTHUIO ra3a, pacHoJIOKUTCH BbILIE U
JeBee KpHUBOH, OyneT HMATH npouecc
ob6pasoBanud ruapara. Huxxe u nmpabee
KpUBOH HaxonuTcd 061aCTh Pa3ioKeHud
THAPaTOB. .
J1As OCYIIKH rasa npuMeHsiioT crnoco-
66l a6CcOpOIMOHHDBE, T. €. [OrjJoeHue
BOASHBIX MapOB >KHIAKOCTAMH, ancop6-
L{MOHHBIC, T. €. [OrJIOWEeHHe BOAAHBIX
[1apoB TBepAbIMH cOpOeHTaMHu, H ¢usu-
JecKHe — MPOCTOE OXJAXKACHHE WK OX-
JaxkaeHue ¢ pocjenymomed abcop6-
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cucTemy.

Puc. 2.5. KanejbHbii HyBadus naBieHuli; H—
OROPA3ATOP WroJpyatelii  peryaupo-
I— pesepByap; 2— BOYHbIH BeHTWIn; 60—

XKHAKOCTHOMEDHO® CTeK-
J10; d— wWTYylUep ¢ Kpa-
HOM JlJ1f HaNOJHEHHR pe-
3epByapa  OAOPaHTOM;
4— TpyGKa A8 BuIpaB-

CTeKN0 A8 KOHTPOJs
pacxojda oJopauTa; /—
cHyCKHOMH wWTyuep ¢ Kpa-
HOM; 8— BeHTHJIH

uued. Hlupoxoe pacnpocrpaHeHue mno-
Jyuaun a6copOGuuOoHHBIH €¢noco6 OCyuiKH
rasa [AM3THJICHIIUKONEM H TPHUITHIEH-
FJIMKOJIEeM, BOJHbIE PacTBOPbI KOTOPBIX
06s1aa10T BbICOKOH BJArOeMKOCTHIO, He-
TOKCHUHBI, HE BbI3bIBAIOT KOPPO3UH Me-
TajJa ¥ LOCTaTOYHO CTaGHIbHBL

QOuncrka rasa or cepoBojopopa H
yraekueaoro rasa. B roprounx rasax
HCHOJb3YeMbIX [JiA  rasocHaGxkeHus
rOpoLOB, COLEpXkKalHe CePOBOLOPONA He
NOMKHO mpeBbiwiaTh 2 1 Ha, 100 W
raza. CopnepkaHue YrJexucaoro rasa
HOPMbI He JIUMUTHPYIOT, OLHAKO MO TeX-
HHUKO-IKOHOMHUCCKUM COO6pa>keHusiM B
TPaHCHOPTHPYEMOM ra3e OHO He LOJKHO
npeBbiuiath 29%.
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CyecTByiOT CyXHe U MOKpbEe MeTo-
abl ouncrky raza or HeS. Cyxue meroant
OUYHCTKH ra3a OCHOBAHbl HA MPUMEHeHHH
TBEPABIX NOFNOTHUTENed (ruapara OKucH
)Kejesa, coaepxamerocs B GoJ0THOM
pyne, ¥ axkTuBupoBaHHoro yris). [lpu
MOKpBIX MeToaaX ouucTkHM rasa uc-
NONB3YIOT KUAKHE nornoTurenu. [as
yaaleHust U3 TPAHCOOPTHPYEMOro rasa
CO;2 mpuMeHsAIOT NPOMBLIBKY rasa BOAOH
non paBnenueM. [ast oducrku or HoS
OPHPOIHBIX Fa30B U razoB, HMOJYUEHHBIX
Ha HedrenepepadarTpBalOUINX 3aBOjAAX,
HIUPOKOE PpacnpocTpaHeHde  NOJYUUJ
TaHonaMuHOBBI crnoco6. Tlpu ouucrke
-raza or HyS moHosrawonamuHom ynas-
auBaerct u COo. Copepxauue HoS
nocJe OYHCTKH He npeBnliiaer TpefyemMoi
HOpMBl. AmuHOcOeauHeHuA — ciaalble
ocHopauus. [lpu BzaumonefictBuu ¢
CepoBOAOPOAOM M YIVIEKHCJABIM [azoMm
OHU 06pasyIOT HecToiKHe BelecTBa, Ko-
TOpbie JErKO pasjaraiorcs npu OTHOCH-
TeJbHO HEBLICOKOIl Temmeparype, MO3ITO-
MY TNOrIOmEeHHe cepoBOAOpPOAA TNPO-
ucxonut npu 15...25 °C, a pacrBop pere-
Hepupyer npu 120...125 °C.

Onopusauun rasa. [Tpuponudlil ras
He uMeer 3anaxa. [losromy ans cBoespe-
MEHHOrO BLIABJEHHUS YyTeYeK rasa emy
npuaawT 3anax — raz opopupyior. B
KadecTBe OJOpaHTA NPUMEHSAIOT 3THI-

mepkantan (CoHsSH). [To TokcuunocTu
Ka4eCTBEHHO U KOJUYEeCTBEHHO OH HIeH-
THUYEH CepOBONOPONY, HMEET pe3Kuil He-
npuATHLA 3anax. KoauuecrBo BBOAUMO-
r0 B ras ofopauTa onpenessiioT TaKUM
o6pasom, uroObl NPU KOHUEHTPAUHH B
BO3yXe rasa, He mnpeBbmatowmei */s
HUJKHEro npesesa B3PbiBAEMOCTH, OULY-
waJnacss peskuil 3amax opopasta. Ha
NpaKkTHKe CcpeaHss HOpMa  pacxoja
TUAMEpPKANTaHa AJNA ON0PH3AUHHU NpHU-
POAHOrO rasa, NocTynamliero B rOpos-
CKMe ceTH, YycraHOBjeHa 16 r wua
1000 m® raza npu 0°C u paBiedun
101,3 xlTa.

HauGounbiiee pacnpocrpadedue no-
JYUHIM Kaneabhple ¥ 6ap6oTaxkHbie 010~
pusaropsi (puc. 2.5). IlepBsle opocTs o
KOHCTPYKIHH, HO HX HELOCTATKOM $B-
JSeTCH pydyHOe peryiupoBaHue Ccnycka
ogopanra. B 6Gap6oraxuslx ogopusa-
TOpax 0/0paHT Hcnapsiercs npu 6ap6o-
Taxe uepes Hero rasa B CIEHANbHBIX
kamepax. B atom cnyuae yesecoo6pasuo
nponyckars, 4epe3 OJ0pPU3aTOD TOJbLKO
YacTh raza H nocje HachlueHus napamu
O0paHTa NoAMeUBaTh 3Ty 4acTh K OC-
HOBHOMY NMOTOKY ra3a, uaylleMy rno raso-
nposoay. bapGoraxubie opopusaTops!
BBLIIYCKAIOTCA aBTOMATH3HPOBAHHBIMU H
UMEIOT MpeuMylecTBeHHOe pacnpocTpa-
HeHue.

lnasa 3.

TpaHcnopTHpoBaHKe rasa Ha Gonuiume paccrosiHMs.
XpaneHue rasa

3.1. Cxema
MarucTpanLHoro rasonposopa

[MpusuunuanbHas cxema rasorpasc-
MOPTHOI cucreMnl MokaszaHa Ha puc. 3.1.
["a3 u3 ckBaxKuHB MOCTYnaer B cemapa-
TOPDI, F€ OT HEro OTAenfloTcA TBepiable
M XKujaKue MexaHudeckue npumecd. [la-
Jiee 10 MpOMbICAIOBHIM ra30NpoBOIAM ras
NOCTynaer B KOJLIEKTOPH ¥ B POMBICIIO-

Bble rasopacrpejesuTenbible CTAHUHH
(ITTPC). 3pechr ras BHOBL OUHAIOT
B MACJASiHbIX MBIJIEYJOBHTEIAX, OCYIIAIOT,
ONOPHPYIOT U CHHXKAIOT naBJeHue rasa
10 PACYETHOrO 3HAYEHHS, NPHHATOrO B
MarucTpaJjbHoM rasonposoje. B vauans-
Hbll MepHoj 3KCLIYATALHH [J1aCTOBOE
napJjeHue 6nBaer pgocraroyuoe. ['onos-
HYIO KOMIPECCOPHYIO CTAaHUHIO CTPOAT
TONBKO [OCJde CHHUMKEHUS 1aBJEHUS B
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Puc. 3.1. Tipynusnuann-
Raf CcxeMa rasoTpaHc-
NOPTHOM CHCTEMB

Ck — ckBaxuin; Ceg—
cegaparopst; [N — apo-
MbIC/IOBLIE Fa30NPOBOJIEL;
MNIrPC — npomelcaoBas
rasppacnpeie’HTelbhas
cranyuda; MT — marucer-

ITKC — upomexyTou-
Hast KoMipeccopuasi
cratlus; JI3A — suuedi-
Hasi 3apopHas apMmary-
pa; I'PC — rasopacape-

JesuTenbHas  CTaHUHs;
I1X — pomseMhoe xpa-
suanue rasa; [T —
ApoMeXyTOYNHA notpe-
GuTeNh

padbHbifi  razonpoBOX;

nnacre. llpomexyrounbie KoMmpec-
COpHbie CTaHIMH Pacroyaralor npumep-
#Ho uepe3 150 km. [Ins BO3MOXHOCTH
MpOBeJeHHs PEeMOHTOB MpelycMaTpHBa-
10T NMHEHHYIO 32M0pHYI0 apMarypy, Ko-
TOPYIO YCTaHaBJ/JHBAIOT HE pexke deM de-
pes 25 xM. Jlasg HaneKHOCTH rasocuad-
JKeHHsT U BO3MOXHOCTH TPaHCIOPTHPO-
BaTb GOJbiNe MTOTOKH F'a3a COBpeMeHHble
mMarucrpaljbibie razonpoBOAbl  BbIIOJ-
HSIOT B [B€ WM HECKOJbKO HHTOK.
["azonpoBox 3akaHyuBaerca rasopac-
npenenurenbHoft  crampueil  (maM  He-
ckonpkumu 'PC), xoropas mopaer ras
KPYIMHOMY FOpOAY WM MPOMDIILIEHHOMY
yaay. ITo nyru razonpoBoi HMeeT OTBO-
Abl, M0 KOTOphiM raz nocrynaer k ['PC
NpOMEXKYTOUHbIX mnorpebureneft (ropo-
JOB, HaceJeHHbX NYHKTOB H MPOMBiL-
JIEHHDIX 00BEKTOB).

Cucrema mMarucrpalibHOro TpaHciop-
THUPOBAHHUS rasa OT MPOMBICIOB A0 MNOT-
peSurenell ABNAETCH NOCTATOYHO MKeCT-
KOH, Tak Kak ee akkyMmyaupylouas
cnoco6HOCTh HEeBeNHKa U MOXeT JHIlb
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Topon

4aCTHYHO MOKPLITh BHYTPHUCYTOUHYIO He-
paBHOMepHOCTb morpebaenus. Hdng mo-
KpBiTHA  Ce30HHO#  HepaBHOMEpPHOCTH
HCIOJb3YIOT NOA3eMHble XPaHHJIHILA H
crienabHo noaobpantbe norpeGuTen-
perynsiTopbl, KOTOpble B 3UMHHI Meproj
pa6oraloT Ha ApyroM BHUAE TOMJIMBA
(rasomasyTHbie MJHM [blJErasoBbie
3JIEKTPOCTAHIIMH) .

[azonposonbl CTPOAT auaMeTpoM a0
1420 mm. Mcnoab3oBaune 1py6 60bIux
AMaMepOB MOBBLILIAET 3KOHOMHUYHOCTh
razorpaHcnoptuoft cucremsl.  ["azonpo-
BOAbl pPacCYUTLIBAXOT HA MakcUMaJbHOE
nasnesue B 7,5 MIla, xoropoe umeer
MecTO [OCJe KOMIOPEeCCOPHLIX CTaHuuil.
ITo mepe nBuXenus rasa ero gasyeHue
YMEHbINAETCA, TaK Kak MNOTeHlualjbHasd
3Heprus pacxojyercs Ha upeojoJieHue
ruapaBnHyeckux conporusnenudl. [epen
KOMIOPECCOPHbIMH ~ CTAHUMAMH  j1aBJe-
Hue cHuxaercd 10 3...4 MIla. Momnocerb
NpUMEHSeMbIX  ra3onepexauyuBalouux
arperaroB 8...10 rhic. kBr.

g TpaHCcnopTUPOBAHUA GONbLIOTO
KOJIHYeCTBa raza Heo6XOAHMO YBeJIHIHTD -
HPOMYCKHYIO CMOCOGHOCTb ra3onpoBoO-
n0B. B ¢34 ¢ 97MM HOBLIE Marucrpanb-
Hbl€ F230MPOBOB IPOEKTHPYIOT HA NaB-
jgedne 7,6 MIla (smecro 5,5 Mlla).
Hayyho-uccnepoparesnbckie # APOEKT-
Hble Opra’usauuyu padoTaT Haj CO31a-
HHeM razonpoBOAOB M3 METaJJOB YIyy-
IIEHHBIX MPOYHOCTHBIX XapaKTepHCTHK H
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paccuuTauHblx Ha jgasiaedue 10 u
12 MlIla, paspaGareiBaior rasorypGuH-
HblE YCTAHOBKH [1JF KOMIIPECCOPHBIX
crabuuil mougHocTbio 25...75 Teic. KB,
pa6orator Haa npobaemMod TpaHCOOPTH-
POBAHHS OXJAMIEHHOrO H COXKIKEHHOro
NpUPOAHOro rasa.

Marucrpajbhple Ta30npoBOAbLl  Bbl-
NONHIIOT U3 CTaNbHBIX TPY6, coepuHse-
MbiX cBapko#d. TpyGbl H3rOTOBJSIOT H3
BLICOKOKAYECTBEHHBIX  YIJAEPONHCTHIX
U JerdpoBaHHbIX crajell. OnTHManbHbIi
JUaMeTp rasonpoBoja ¥ YHCIO KoMIpec-
COPHBIX CTAHIUHA ONpENeJAIOT TeXHUKO-
IKoHoMuueckum pacderom. [Iponyckuyio
cnoco6HOCTb rasonposoaa (MaH. M°/
/CYT) paccyuTLIBAIOT UCXOAA U3 €ro 1o-
JOBOH NPOU3BOAUTEIBHOCTH:

q=Q/365 K37

rage  ( — NpPOH3BOLHTRNBHOCT Ia3onpoBoja B
MJIH, MS/I‘OJI§ K, — cpeanerooBoil xosddHLHEHT
3arpy3kd ras3onpoBoja, OOBbIUHO TNpPHHHMaeMbiH
LJS MArucrpaJdbHbiX rasonpoBojoB, paBubiM 0,85,
a A8 OTBeTBJEHHH OT MarucTpajbHbIX Tasz0-
nposognoB 0,75,

3.2. Xpanunuiya rasa

Heob6xogumocTb XxpaHeHus rasa Bo3-
HUKAeT B pe3yJbTaTe HEePABHOMEPHOCTH
ero mnorpeGaenud. B nerduli nepuog,
KOrja nojava rasa B ropoj NpeBoCXOUT
ero norpe6aenne, U3NUIIKH raza Heob-
XOAMMO HanpaBndaTh B Ta30XpaHHIH-
me ¢ TeMm, YTOGHl 3UMOH AKKYMYJUPO-
BAHHBLIH ras MOXXHO OGLLIO NOAABATL B
ropod. g XpaHeHus rasa UCNONb3YIOT
Nnoj3eMHbIe XPaHUJIHIIA,

Jna nokpoiTusg 4YacoBO# HepaBHO-
MepHocTH norpeGlieHud rasa LHPOKO
HCNOAL3YIOT aKKYMYJIUPYIOWYIO €MKOCTh
NOCNejHero y4acTka MAarucTpanbHOro
ragonposoaa. PaGora nocnejpnero yda-
CTKa TrasonpoBoja CYLIECTBEHHO OT-
Juyaercd or paGoThl APYTHX Y4YaCTKOB,
TAK KAK HOCHT pEe3KO Bblpa>KeHHbIH
HECTAHOHADHBIH  Xapakrep. Kom«meu-
CTBO rasa, NOCTYNUBILEro B NOCAeNHHI
Y4aCTOK MarucTpajbHOro rasonpoBo-
Ja, He TMOJBEPXKEHO pe3Kkum Kosaeba-
HUAM, a OT6Op rasa 3HAYUTENbHO H3-
MEHSIeTCH, TaK KaK 3aBHCHT OT peXkuma
ero norpeGaenuss 8 ropojge. B nounoe

Bpems HaGaiopaercs nposaj norpebJe-
uus. B pesysnbrare u3 rasomnpoBoga or-
6upaerca MeHbuIee KOJHYECTBO rasa,
yem ero nocrynaer. KoauwdecrBo rasa,
HAXOJAAUErOCH B NOC/EJHEM y4acTKe ra-
30MpOBOJA, YBEIUUNBACTCH, H JaBaeHUe
B HeM pacreT. B nepuonn noBbimeHHOro
norpeGiesns ¥ NMUKOBLIX HATPY30K, KOT-
jga or6op rasa.oxasbiBaercsa 60Jabie no-
CTYNJEHUS, HCNONb3YIOT aKKyMYJIUPO-
BaHHbIH ras. [asrosbaepubie CTanLuH,
cayXawue 1Jg BblpABHUBAHHUA YaCOBOH
HepaBHOMEPHOCTH NoTpe6JeHus rasa, B
Hacrosuiee BpeMs He CTPOAT H3-3a
HX BBICOKOH CTOMMOCTH H 60JblOH Me-
TaJNLTOCMKOCTH.

Jlada BelpaBHUBAHUS CE30HHOH Hepas-
HOMEPHOCTH CJY>XKaT NOJ3eMHbEe XpaHu-
aumwa raza. B kadecrBe noasemHbIX
XPaHUJIHIL UCHOJb3YIOT HCTOLUICHHBIE Ta-
30Bble H He(TAHBE MECTOPOXKIACHUT.
Ecnu 86nu3u  nedTpoB norpebrenud
rasa Takue MEeCTOPOXKIEHHS OTCYTCT-
BYIOT, TO XpaHUJHILA COOpYXKaloT B
noj3eMHbIX BOAOHOCHBIX naacrax. Ilox-
3eMHOe XpaHeHue rasa MONY4YHJIO B
MHpPOBOfI npakTuke GOJbIIOE pacnpo-
crpavenne. B Cogerckom = Coioze B
Hacrodilee BpeMs NpoBOAAT Gonabiyue
pa6oTHl MO CO31aHUIC NMOA3EMHbIX T'a30-
xpauuau. [TepBoe nogzemHoe rasoxpa-
HuJHle B Hawel crpaHe 6LLIO CO31aHO
B MCTOLIEHHOH rasoBOH 3aleX# OKOJO
Byrypycnana. [Ilocrpoeusl u  crposit
rasoxpasunuma B6au3u Mockshl, Jle-
HuHrpana, Muucka, Kuega, Tamkenra u
apyrux roponos. [logsemuoe xpaHenue
3HAYUTENLHO JelleBne ApYyrux cnocoGos
XpaHewud rasa.

B xauecrse noasemHbIX XpaHWJIMIY
HCNOAb3YIOT MJACThl  NOPUCTHIX  NO-
poa. XOpolIMM KOJJEKTOPOM sABJASeTCs
nJacT, UMeouHil NMOPUCTOCTh HE MeHee
15%. Bo usbexanue norepb rasa BbIG-
paHHbLIH KOAJNEKTOP AOMKeH GbiTh repme-
TuunbiM. HauGonbmee sHaueHue umeior
NJOTHOCTb ¥ NPOYHOCTb KPOBJAYU ILIACTA.
KpoBaia, cocrosiuiasi ¥3 NJAQOTHBIX NJaac-
THYHbIX TJIMH WJIH KPeNnKuX H3BECTHSIKOB
1 JOJOMHTOB 6€3 TpeuMH TOJUMHOA
5...15 M, ofecnedyuBaer JO/KHYIO repme-
THYHOCTB, NpeAOTBpawas yTeuxky rasa.
CHu3y Ha ras 0KasblBaer JaBJeHHe Bojia.
Jnas obrerdyeHusi 3aKkadku rasa u ero
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H3BJeYEHHS KOJNEKTOpP XPAHHAHILA 104~
KeH HMMeTh [0CTATOYHYK [poHHIAe-
MOCTbD.

Pa6ouyass BMeCTHMOCTb Ta30XpaHH-
JIHIA ONpefesnsgeTcd BepXHUM H HHXKHUM
npenenami  AONYCTUMBIX  JaBJIeHHH.
MakcumanabHo A0IyCTUMOE JaBJieHHe B
[OA3eMHOM TAa30XPAaHUJHILE 3ABHCHUT
oT rayGuHB 3aneraHus [aacra, [JIoT-
HOCTH U MPOYHOCTH KPOBJIY M HOPOJ HAJ
XPAHUJHIIEM, T[EOJOTHUECKHX Xapak-
TEePUCTHK [1JACTa U XapaKTepHCTHK 060-
pyloBaHuda rasoxpasuamma. Ilocae us-
BJIeYyeHHs rasa u3 XpaHWJIHILA B HeM oOc-
Taercs onpefeneHHbIH 06beM raza, KoTo-
pbit HasplBaercs OydepHbiM, WU NOALY-
weunbiM. OH co312eT MUHHMAJBLHO HEOS-
XOAMMOe JaBjeHue, ofecnequBaloiiee

IKOHOMHUHYIO PAbOTy XpaHUAMIA.

[as co3paHua nop3emMHbIX rasoxpa-
HUJMIL B BAACTAX BOJOHANOPHBIX CHCTEM
HCIIONb3YIOT KYNOAA HJIM AHTHKJIHHAJM,
T. €. CKNAJKH, KOTODblE HMEIOT MMOoHHKe-
HHME CJOEB BO BCeX HANpaBJeHudx OT
cBoaa. [lnacrsl 101X HB! GbITL TEpMEeTHY-
HbiMu. ['a3 3aKauuBaOT B LEHTPAJIBHYIO
4acTh KyHoJa, OH BBITECHSET BOAY B
crienanbpHO npobypeHHble pasrpysou-
Hble CKBAXHHDL, KOTOPbIE PACHONATaloT B
BHJe KoabueBoi 6atapen. [Tpu cozpanuu
XpAHUIULL 1esecoo0pasHo  UCIOAb30-
BaTb ynpyrue cBOHCTBA XUIKOCTeH #
ropuslx nopoa. B aTom ciyuae ras 3aka-
YHBAIOT B LEHTPAJbHBE CKBAXKHHDBL, a
BOLY OTTECHSIIOT BHH3 [0 HAJEHHIO
naacra.
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Paspen ||

PacripegenurensHble cMCTEMBI
rasocHabeHma

Fnaesa 4
Fopopxckue cucTembl rasoccHabenms

4.1. CxeMa ropofickux cucrTem
rasocHabmenns

CoBpemMeHHble TOPOJACKHE pacnpeje-
JUTebHbie CHCTEMbl NpeACTaBIAIOT CO-
60f1 CJOXKHBIA KOMIJIEKC COOPYXKEHHH,
COCTOSILIMH M3 CJAEIVIOIIHX OCHOBHBIX
3AEMEHTOB: Ta30BbIX cerefi HU3KOTO,
CpejHero d BLICOKOrO JAaBJeHHS, raso-
pacnpeenuTeNbHbIX CTAHIHA, ra3opery-

JAATOPHBIX OYHKTOB H YCTAHOBOK. B yKa-

3aHHBIX CTAHUHSAX U YCTAHOBKaXxX JAaBJje-
HHE rasa CHHUXAKT A0 HEOoOXOAMMOH
BEAMHYHHBEl U dBTOMATHYECKH MOAAEPKH-
BaloT nocrostuueiM. OHY UMEIOT aBTOMA-
TUYECKHE OpelOXPAaHHTeNbHble YCTpOH-
CTBA, KOTOPbiE HCKJI0MAIOT BO3MOKHOCTh
[OBLILIEHHUS] [AaBJEHHA Tra3a B CeTAX
‘cBepx HopMmbl. Jlas yopaBaeHusi u 3Kc-
nayaTauHi 3TOR CHCTeMbl UMEeTcsl crie-
UHaAbHas cayx6a ¢ COOTBETCTBYIOIHMH
cpeiacTBaMu, OO0€ClIedHBAOIIMMH  BO3-
MOYHOCTb OCYywIeCTBAATL Oecnepeboli-
HO€ rasocHalbixeHue.

ITpoekTbl razocHabxenns obaacref,
rOPOAOB, NOCEJKOB pa3pabaThlBAIOT Ha
OCHOBE CX€M [EpPCHEKTHBHLIX MOTOKOB
rasa, cxeM pa3BUTHA U Pa3MeLieHHs OT-
pacsieii HapoOJAHOIO X03AHCTBA M NPOEK-
TOB pafOHHBIX MJIAHUPOBOK, IeHepafb-
HbIX [IJ12HOB FOPOJAOB C YYETOM UX pPa3BH-
THA Ha uoepcnekruBy. CHcrema raso-
CHAOXEHHa foJKHA obecneuupare Hec-
nepeSoiHyI0 Mojgawy rasa norpedure-
naM, 6bITe 6€300aCHOH B 3KCOAYATAUHH,
npocTo#t U yRoOHOU B O6CAYKHBaHHH,
JONIKHA IpelyCMaTPHBaTh BO3MOMXHOCTh
OTKJIOMEHHS OTIENbHHX €€ 3JEMEeHTOB
HJIH Y4aCTKOB ra3onpoBOJOB AN 0pO-

H3BOJACTBA PEMOHTHbIX ¥ aBapHHHbIX pa-
6or. Coopyxenusi, o0OopyaoBaHue u
y3abl B CHCTEME TIa30CHalXeHHd cie-
AyeT UPHMEHATb OAHOTHIIHBIE. [TpHHATHIH
BAPHAHT CHCTEMBI JOJKEH HMEeTb MaKCH-
MaJbHYIO 3KOHOMHUYECKYIO 3h(peKTHB-
HOCTb M UPELYCMATPHBATh CTPOHTE/b-
CTBO H BBOJ B 3JKCILIYyaTayUIO CHCTEMBI
rasocHabXKeHus 110 4acTaAM.

B Hacrosiliee BpeMsl OouTH BCe Tro-
posa Coserckoro Corsa rasupaunpo-
BaHBl, MO3TOMY OCHOBHOH 3ajgadeii npH
TIPOEKTHPOBAHHH CHCTEMBI rasocHabxe-
HUA TOpPOoJa BCTaeT e€ PEKOHCTPYKLUS H
PasBHTHE, COOTBETCTBEHHO DAa3BHTHIO
ropoja u ero mnpombluiiedHocTu. Tipu
pelUeHHH 3TOH 3ajauyd OpeXAe BCEro
HEOGXOAHMO BLISIBHTh HOBYIO Ta30BYIO
HATrPYy3Ky Ha [EPCNeKTHBY B 32BHCH-
MOCTH OT CX€Mbl PEKOHCTPYKUHH TFOPOJI-
CKOH 3aCTPOMKH, OPHHATBIX PelleHni no
HX TeNJOCHAaGXKEeHHIO, ropsiueMy BOJAO-
CHAOMKEHHIO U CTENRHH GHTOBOro o6eay-
wuBauus. Iocae pacuera HOBBIX HATpy-
30K BBIIBASIOTCS [a30IPOBOAKL, KOTOpBIE
COXPAHAITCA B HOBOH CETH, MPOEKTH-
pYeTCH HOBaf CeTh W OUPEAeNAITCA AHA-
MeTpBl a3onpoBoJOB. 3A€Ch CJaeLyer
OTMETHTb, 4TO C Pa3BUTHEM ropoja pa-
CTeT ero CHCTEMa rasocHaG}KeHHs H K
Hell NpeABSABASIOTCA 00Jee BLICOKHE
TpeGoBaHHs 10 HA1€HOCTH DYHKUHOHH-
pPOBaHHs, TO3TOMY CeTH AOJXHBI OBITH
3aNpOEKTHPOBAHbLL CO  CTPYKTYPHBIMH
H TPaHCHOPTHLIMH De3epPBaMH, KOTODEIE
HeoOXOZAHMO TIPOBEPHTb PACHETOM.

OCHOBHBIM ~ 311€MEHTOM  TOPOACKHX
CHCTEM ra3oCcHa0XeHHs SIBASIOTCSH raso-
IPOBO/JbI, KOTOPLIE KNACCHDHLKPYIOT MO
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NABJEHHIO raza ¥ HasHaweHHl. B 3aBu-
CHMOCTH OT MAKCHMaJAbHOTO HAABJEHHS
rasa TOPOACKHE Ta3oNpoBOAb pasje-
JSIOT HA CAeAYIolpe TPYMIbL:

1) rasonpoBoAbl HH3KOTO HABJEHHS
¢ pasnenpeM rasa go 5 klla (500 mm
BOA. CT. H3OBITOUHBIX);

2) razonpoBosbl CPEIHEro NABJCHHS
¢ pasaenHueMm or 5 kKlla go 0,3 MIla
(10 3 Kre/em? H3BBLITOUHBIX);

3) rasonpoBogbl BLICOKOTO AaBJAEHHS
11 kareropuu ¢ gaBaenuem or 0,3 no 0,6
MITa (ot 3 a0 6 krc/cM? H36HITOUHBIX);

4) rasonpoBoAbl BEICOKOrO AABJEHHS
I kareropus Ans MPHPOZHOrO rasa H
razoBosaymHeix cmeced or 0,6 1o
1,2 MITa (ot 6 1o 12 krc/cm® u3buitou-
HBIX), ISl CXKHXXEHHBIX YIVIEBOAOPOI-
HBIX rasoB go 1,6 MIla (mo 16 krc/cm?
H30bITOUHBIX) .

FaszonmpoBoast HH3KOrO  AaBleHHA
CAYXAT IJisi TPAHCIIOPTHPOBAHHUS rasa B
MHABE, 001EeCTBEHHbIE 3NaHHS H TMpen-
npusiTs ObBITOBOrO 06CAyxHBaHHA. B
rasonpoBoAax HABX 34aHH# paspe-
waercsi napaenue 10 3 klla; B rasomnpo-
BOAAX MpPeANpHATHH OBITOBOro ob6cay-
XHBaHHS HENPOH3BOACTBEHHOIO XaApaK-
Tepa ¥ OOILNECTBEHHBIX 3AAHHH — 10
5 klla.

['azonpoBoasl CpeaHero H BBICOKOTO
(I1 kateropus) ngaBJeHHA CAYXKAT AJA
IHTAHHA T[OPOACKHX pachperenHTeNb-
HBIX ceTefl HHU3KOro M CpedHero AaB-
JIEHHST 4epe3 TasopPeryiasiTOpPHbe MYyHKTH
(TPIT). Ouu Takxe nopaloT ras gepes
I'PIT u mecTHBble rasoperyasiTopHble yc-
tanoBk# (I'PY) B rasompoBoasl mpo-
MBILIIEHHBIX H  KOMMYH&JlbHBIX MpPeA-
npusitTuil. Ilo peficTByOIIHM HopMaM
MAKCHMAaJbHOE AABJEHHE AJAS TPOMbIII-
JEHHBIX MPEeANpHSITHI, A TaKXKe pacno-
JOYKEHHBIX B OTAENBHO CTOSIHX 3AaHHAX
OTONHTENBHBIX H NPOU3BOACTBEHHBIX KO-
TeNbHBIX, KOMMYHAJabHBIX U CEAbCKOXO-
3SIHCTBEHHBIX OPEANPHATHE foNycKaeTcs
go 0,6 MIla. Has npennpuatuft OnITO-
BOTO 0GCAYKHBAHHS IPOH3BOACTBEHHOIO
XxapaKkrepa, MPHCTPOEHHBIX K MPOH3BOA-
CTBEHHBIM 3LAHUAM, AABIeHUE ra3za Ao-
nyckaercs go 0.3 MIla.

Copoackie ras3onpoBoab BBHICOKOTO
(I kareropuu) KaBneHHs ABJAAIOTCSA OC-
HOBHBIMH  QpTEepHMH, MNHTAOWHMH
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KDPYMHbI TOPOL, MX BBLIMOJHAIOT B BHAE
_KOnbla, TMOJYKOMbIA HAH B  BHIE
ayueit. [lo HuM ras nonpaior yepes I'PII
B CETH CPEeIHEero H BHICOKOrO JIaBaeHHd,
a TaKxe [POMBIUIEHHBIM [pPeANpHs-
THSAM, TEXHOJAOTHUECKHE MPOLECCH KOTO-
PBHIX HYXAQIOTCS! B ra3e NABJEHHEM CBHI-
uie 0,6 MIla.
[TpomblniieHHble MPEANPHATHA MOXK-
HO TMpPHCOEAHHATH HEMNOCPEACTBEHHO K
TOPOACKHM CETSIM BBICOKOTO M CpEeIHero
nasJgenus 6es ronosuoro I'PI1 na BBoge,
eCH  3T0 OBOCHOBAHO TEeXHHYECKHMH
co06paXKeHuaAMH M NOATBEPIKACHO TeX-
HHKO-9KOHOMH1eCKHM pacueroM. Ilura-
HHEe Ta30M JKHJBIX H OOLLeCTBEHHBIX
344aHHI, a TaKyKe NpeAnpHATHd OHITOBO-
ro o6cnyKHBAHHST HEMPOH3BOACTBEHHOTO
Xapakrepa oT cerefl cpegHero H BBICOKO-
rO  [ABJEHHA OCYLUECTBAAKIT TOJABKO
yepes [PIL
CBsi3b MeXIY raszonpoBOLaMu pas-
JIMYHOTO AABJAEHHSI TAKXKe OCYIHeCTBJS-
eTcs TobKo uepes ['PIL
CoBpeMeHHbIe CXeMBl TOPOACKHX CH-
CTeM razoCHabXKEeHHS HMEIOT SIPKO BbIpa-
MEHHYIO HepapXHYHOCTb B MOCTPOEHHH,
KOTOpasi YBfI3bBaeTCA C [PHBEIEHHOH
Bhiuie KaaccHbuKauued ra3onpoBOAOB
Mo naBaeHHio. BepxHu# nepapxuuecknil
- YPOBEHb COCTARJSIIOT Ta3oNpoOBOAbl Bbl-
cokoro apaBaenud. OHu cocTaBasOT
TJ1aBHBIH  KOCTAK TOPOACKOH ra3oBofl
ceTr. CeTh BLICOKOTO NABAEHHS LOJXHA
ObITh pesepBUpOBaHHAs, AHILL AAS HE-
GONbHIMX CHCTEM MOXHO OTPaHH4YHTHCSH
TYOHKOBBIMH CXeMaMu. Pe3epBupyloT ce-
TH KOJbLUEBAHUEM HJIH AYOJIHPOBAHHEM C
obGa3aTenbHOl NpOBEPKOR MPONYCKHOH
CHOCOOHOCTH MpH Haubonee HaNpsKeH-
HbIX THApaBaHueckHX pexuMax. Cerb
BBLICOKOTO NaBNeHHS THAPABIHYECKH Coe-
OMHSIETCSI C OCTAABHOH 4ACTHIO CHCTEMB
yepes peryasiTopbl GABJAEHHS, OCHAILEeH-
Hble TpefoXpaHHTEeAbHBIMH YCTPOHCTBa-
MH, T[IPeIOTBPAILAICILHMH NOBBlHIEHHE
AABJEHHA 1I0Cae peryasitopoB. Takum
0o0pa3oM, BCsl CHCTeMa pasgensieTcss Ha
HECKO/IBLKO HEPAPXHYECKHX YPOBHEH, Ha
Ka)l0M YDOBHE aBTOMATHYECKH MOJ-
AePIKUBAETCSE MAKCHMAJBbHO HONYCTH-
Moe napaeuHe rasza. C nepexomoM Ha Go-
Jee HHM3KHHM Hepapxudeckuil ypoBeHb
AaBJEHHe ra3a cHHXKaeTcsl {Ipoccenupy-
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eTCs1) Ha KaanaHax peryasTopoB, KOTO-
pHle MOANEPKHUBAIOT AaBJEHHE OCHE ce-
0651 MOCTOAHHBLIM, HO 060J€€ CHUXKEHHBIM
COOTBETCTBEHHO HOPMAaM.

[lo yucay cryneneff naB/JeHHS, MPH-
MeHsieMbIX B F430BbIX CETHAX, CHCTEMBI a-
30CHa0XKeHUus noapasfensior na: 1)
ABYXCTYIIEHYAThIE, COCTOAIUE U3 ceTed
HH3KOTO H CpPeAHEroc WM HHU3KOrO H
BHcokoro (go 0,6 MIla) nasnenwus;
2) TpexcryneHdatble, BK/AKOHAIOIHE ra-
30MPOBOABI HU3KOTO, CPEIHErO H BHICOKO-
ro (o 0,6 MIla) namaenud; 3) MHOro-
CTymeHuaThle, B KOTOpHIX a3 nogaercs
10 ra30MpPOBOAAM HH3KOIO, CPEgHEro H
Beicokoro (a0 0,6 u 1,2 MIla) nasnenus.
[IoMHMO OCHOBHOTO OOCTOSITENBLCTBA —
HeOOXOAHMOCTH HEPAPXHH B MOCTPOEHHH
cXeMbl — COBMECTHOE MpHMEHeHUe He-
CKOJIbKHX CTYreHeH pgapieHdst raza B
ropoaax OODBACHAETCHA  CAEAYIOIUMH
NpHYHHAMH:

1) B ropome umelorcs moTpebUTENH,
KOTOpBIE TPEOYIOT Pas/u4YHbLIX NaBJCHHI.
Tak, B KHUABX U OOGILECTBEHHHIX 37a-
HUAX, YV NPeJnpHATHH OLITOBOro obcay-
KUBaHHS HENPOU3BOLCTBEHHOIO Xapak-
TEepa pa3peiaoT TOJAbKO HH3KOe gaBJe-
HHE ras3a, a MHOTHM [POMBILIJIEHHBIM
npeanpHATHAM HEOOXOAHMO CpefiHee Ul
BBICOKOE [aBJIEHUE;

2) HeobXOQHMOCTb B CpEiHEM HJH
BBICOKOM [aBJIEHHH BO3HHKaeT TaKxe
BC/IEACTBHE 3HAUHMTENBHOH MPOTHAKEH-
HOCTH TOPOACKHX Ta3ONpOBOAOB, HECY-
WHX GOabIUHE HArpy3KH;

3) B UeHTpaNbHBIX paOHaX rOPOLOB
co cTapoll 3acTpOHKOH IWHpHHA Yyaul
¥ npoe3noB HeOO/bUIIas H MPOKNAAKA
rasoipoOBOAOB BHICOKOrO AABJEHHA MO-
XeT 0Ka3aThCA HEoCyiuecTBUMOH. Kpo-
Me TOro, fpd BLICOKOU MAOTHOCTH Hace-
JIeHUst U3 YCJAOBHA 0e30MacHOCTH H yA00-
CTBA 3KCONyaTauuyd NPOKJALKa ra3ornpo-
BOJAOB BBLICOKOrO [aBJEHHA Hexena-
TeJbHA;

4) wKadgHbie Ta30DPEryasTOpHLIE
MYHKTH, pacnojaraeMele Ha cTeHax 06-
[HIECTBEHHbIX 3NaHHU HEeNpPOU3BOACTBEH-
HOrO XapakrTepa H Ha CTEHaxX XHJBIX
3naHui, paspemaeTcs MPHCOEAHHATL K
rasonposoaam ¢ gaBaenueM no 0,3 Mila,
T. €. K rasonpoBOAaM CpEeRHero ganJe-
HUS;

5) Hanuuge HECKOMBKHX cryrenel
AaBJdenull rasza OOGDbACHAETCH €IEe TEM,
YTO CHCTEMH Ta30CHa0XeHHs O0JbLIHX
TOPOAOB CTPOHJH, PACIIUPANH U PEKOH-
CTPYHPOBAN# B TEUEHHE MHOTMHX Jer,
¥ rasonopoBOLbl B LEHTPaJdbHOH 4YacTH
ropoaa OBbUIH 3alpOEKTHPOBAHH HA
MEHbUINE NaBJEHHH, YeM Te€, KOTOphle
pa3peulaoT B HACTOAILEE BpeMs.

[TpoBecTd CTpOryIo KiaaccHOHKaUHIO
FTOPOACKHX T230MpOBOAOB MO HasHawe-
HUIO TMpeacTaBAdercss 3agaueft pocra-
TOUHO CJOXKHOH, HGO CTpyKTypa H
[OCTPOEHHE ceTed B OCHOBHOM OMpeje-
JAI0TCA  HePapxHUYECKHUMH  YPOBHAMH.
Bmecre ¢ TeM ropoickie rascnpoBOAbI
MOXKHO pasge/HuTb Ha CJAeAYIOIHE TpPH
TPYMIbI:

1) pacnpenenutenbHble rasonpoBo-
ABl, MO KOTOPLIM ra3 TPaHCOOPTHPYIOT NO
cHabKaeMOll rasoMm TEpPpUTOPHH H [IO-
Aa10T €ro MPOMBILIJIEHHBIM [OTpeduTe-
JISiM, KOMMYHaJbHBIM MIPEANPHATHAM H B
pafioHel kuABX pnomMoB. Pacnpenenaun-
TeJNbHbIE Ta30MpOBOAbl OLIBAIOT BHICOKO-
ro, CPEIHEro 1 HU3KOro AaBJ/eHHS, KOJb-
LI€BbIE H TYIHKOBLIE, a HX KOHDUTYpaLUd
3aBUCHT OT Xapakrepa MJIaHHPOBKH ro-
poxaa;

2) aboHeHTCKHe OTBETBJEHHS, MO-
HAIoUIHE Tra3 OT pacHpeaeuTeNbHBIX
cetell K OTHENbHBIM MOTPebUTENAM;

3) BHYTPHAOMOBLIE Ta30MPOBOLHI,
TPAHCIOPTHPYIOilIHE Ia3 BHYTPH 34aHHSA
¥ paclipefensioliye ero fno OTHeNbHbIM
rasoBLIM npubopam.

OcHOBHBIE TOPOLCKHE pacnpenes-
TeJbHLIE F230MPOBOALI BLICOKOIO H CPEL-
HEro AaBJIeHHsT NPOEKTHPYIOT KaK enu-
HYIO C€Thb, NMOAAIOINYIO a3 MPOMbBIUIJIEH-
HBIM  MPeAnpHATHAM, OTOMHTEJbHBIM
KOTE/NbHBIM, KOMMYHaJbHBLIM [OTpebuTe-
asm d B cereBble [PI1. [Tpoexruposanue
€iHHOH CeTH JSKOHOMHYECKH BHLITOLHEE,
yeM MPOKJAaAKa pa3ae/bHOH, YTO 00bsAC-
HSAETCS OONbILEH CTOHMOCTBIO POKAAAKH
napajeslbHBX [a30MpOBOAOB, uUeM Of-
HOTO rasonpoBOLa, HECYIErO Ty Xe Ha-
rpy3ky. Kpome T0Oro, KOMMyHanbHas H
OGBITOBAA HArpy3KH HABJASAIOTCS OTHOCH-
TEJNLHO HEOOJbIIHMH [0 CPAaBHEHHIO C
MPOMBILIJIEHHOH, H BKJIIOUEeHHE HX B 00-
iH## MOTOK ra3a NpHBOLHUT JHLb K He-
OONBILIOMY YBEJNHYEHHIO CTOHMOCTH CEeTH.
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Taxk, ToAbKO A5l MaJbIX TOPOLOB NNOTPED-
JIEHHE ra3a Ha KOMMYHaJbHO-OBITOBBIE
Hyx el cocrapasier npumepdo 40% o6-
I1€r0 roJ0BOroO pacxoaa, a Aas CPpeHHX,
fonbuiHX W KPYNHbIX TOPOJOB OHO HE
npesocxoaut 15...209% obuiero roaosoro
pacxoaa.

OuyeHounble pacyeTbl A% MajablX ro-
PONOB palOT yBEJAHYEHHE CTOMMOCTH
CeTH, 3aNnpOEKTHPOBAHHOH [Jd IIpo-
MBIULIEHHBIX  NPEANPHSATHHE M KOM-
MYHaJIbHO-OBITOBOTO CEKTOPAa MO CpaB-
HEHHIO CO CTOMMOCTLIO CETH TOJNbKO LJf
NPOMBbILIIEHHBIX OpeanpuaTHi na 21%, a
IPH pasaenbHoi NPOKIaAKE YBEAHIEHHE

cronmocru 6yner 869, uto B 4 pasa npe- -

BOCXOAHT YBENHUEHHE CTOHMOCTH CETH
BBICOKOT'O AaBJEHHA NIPU NPONYCKe yepes
HEe KOMMYHaJAbHO-ObITOBOR Harpy3KH.
Jas cpennux, 60oablinX H KPYMHBIX TOPO-
IOB YBENHYEeHHE CTOHMOCTH NPOMBbILI-
JIEHHOU CETH NpPH HCNOAB3OBAHHH ee A
rasocuabxeHus cennTeGHOd TeppHTOPHH
cocrapur 9%, a npe pasnenbHo# npo-
Kk1anxe — 59%.

IlpuBesennbie AaHHBIE NOKA3LIBAKOT
SKOHOMHYECKYIO 3P (PeKTHBHOCThL TNPOEK-
THPOBAHHA €NMHOH pacnpefenHTenbHOH
CeTH BBICOKOIO H CpPENHEro NaBAEHHS.
Haxe npu BbBIAENCHHH NPOMBIILJICHHOH
30HBl yacto ueaecoodpas3Ho ee ra3onpo-
BOABI COCNHHATb € TOPOACKOH CEThIO BbI-
COKOTO AaBJEHHA, 4TC CYULECTBEHHO MO-
BbIIAET HANEXKHOCTb CEeTH M HEe3HauH-
TEJbHO YBEJAHYHBAET €€ CTOMMOCTb.
Tonbko AAS KPYNHBIX NPOMBILIAEHHBIX
OOBEKTOB H JMEKTPOCTAHUHMA MOXKET OKa-
3aTbesi 1enecoobpazHblM NPOEKTHPOBATD
cneyxanbuble ra3onpoBOIbI.

Ha BeIGop cucTeMbl raszocHabKeHHs
ropoia oKa3blBaeT BaUsiHHE PAL (HaKTO-
POB, OCHOBHbIE H3 KOTOPBIX: pa3Mepbl
ropoaa, oCOGEHHOCTH ero NJaHHPOBKHU H
3aCTPOHKH, VIOTHOCTh HACEJEHHUST; HHC0
"M XdapakTep NpoMbILIIEHHBIX MOTpeOUTE-
nell u spexTpocTaHuuil; HanngHe GONb-
IUHX €CTECTBEHHBIX MJH HCKYCCTBEHHbIX
npensiterpuit AR NPOKJAaAKH Tas3onpo-
'BOAOB (peK, 03ep, Kejae3HOAOPOXKHBIX
Y3J0B M Np.}; NEPCHEKTHBHBIA NaH pas-
BUTHA ropona. [IpH NpoeKTHPOBAHHH CH-
CTEMBI ra3zocHabxeuust pazpabaTHBaioT
pPSiA BAPHAHTOB H NPOH3BOAAT MX TEXHH-
KO-9KOHOMHueCcKHe  cpaBueHus. [as
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CHCTEMY C

JAnamerpol

CTPOHUTENBCTBA MPHMEHSIOT HAaWBBLITOA-
Helmn¥ BapHaHT.

Has cpennux u HEGOJBLIHX TOPOAOB

06bIYHO NPUHUMAIOT JABYXCTYNEHHATYIO
ra30MpoOBOAAMH  BLICOKOIrO
(o 0,6 MIla) u HH3KOro OaBJAEHHS.
Ecau B U€HTpanbHO! 4acTH ropoga npo-
JIOXKHTh Ta30MPOBOAbL BLICOKOTO HaBJe-
HHA OKa3bIBA€TCHA HEBO3MOXKHBIM, NpPH-
MEHSIOT TPEXCTYNMEeHYaTyo CHCTEMY: Bbl-
cokoe (no 0,6 MIla), cpenHee u HH3KOe
nasaenne. B srom cayuae BbicoKoe
JaBJEHHE 3aMEHAIOT CPeAHHM TOJAbKO
YaCTHYHO. B 1EHTPanbHO®, Haubonee
NJAOTHO 38CTPOEHHOH M  HaCeJeHHOMH
gyactH ropoaa. BulGop TOro HAM HHOrO
BapHAHTA ONPEAesIOT TEXHHKO-3KOHO-
MHYECKHM pPacyeroM.
. Mmuorocrynensarble CHCTEMbl raso-
CHAOXEHHS ¢ ras3’onpoBOAAMH [aBJe-
nueM Oonee 0,6 MIla npUMeHSIOT TONb-
KO B KpYRHbIX TopoAax M o00JacTHbIX
cucreMax. Oas KpynHblX U CPENHHX TO-
POAOB CETH NPOEKTHPYIOT KOJbLEBLIMH,
a AAf MEJAKHX T[OPOJOB KaK BbICOKas!
CTYNeHb JaBJAEHHH, TAK U HU3KAs MOXKeT
ObiTb  3aNPOEKTHPOBAHA  TYMHKOBOH.
pacrpenenuTenbHEIX 1a30-
IPOBOLOB OObIMHO H3MEHSIOTCH B INipe ae-
nax 50...400 mm.

Tasoperyasitopuble  NyHKTB  pac-
MONaraioT B OT1€AbHO CTOSIIUHX 312 HUSX
¢ OTOMJIEHHEM H BeHTHAAuHed, ux ynob-
HO 3KCIMIYaTHpPOBaTb W NPOBOAHTL pe-
MOHTHBIE paboThl. PasgpaboraHuble raso-
peryasiTopHble NYHKTH, pacnojaraembie
B ClieHasbHbIX OTANAMBAEMBIX HiKagax
(LLIPIT), sxoHOMH4HEE CTAUHOHAPHBIX
['PIT craporo tuna. Ho nna sdderrun-
ol skenayarauuu UIPIT weobxoazmma
opranu3aumst 6104HOro0 PEMOHTAa ¢ ObICT-
po#l 3amMeHoH OTKa3aBLIero arperara npH
n106bIX, HEONArONpHATHBIX aTMocpep-
HbIX ycaoBHaAXx. Ho MakcumaabHoe Hc-
nonb3oBauue LHPIT Bcerga naer sxoHo-
MuvecKkH# 3¢dexrr, ecTecTBeHHo, npH
IPaBHAbHO OPraHH30BAHHON MX KCIY-
atauun. Hueno T'PIT onpenensiior Texuu-
KO-3KOHOMH4ecKHM pacueTtom. [asope-
TYJSTOPHBIE NYVHKTBL PacnonarawT B
UEHTPaxX 30H, KOTOPBIE€ OHM TNHTAIOT.

Tpaccbl razonpoBoga NPOEKTHPYIOT
¢ Y4eTOM TPaHCHOPTHPOBAHHS MOTpesH-
TensM ras3a -Kparda¥éiludM nyTem, T. e.
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M3 YCNOBHSL MHHHMAJbHOH MNPOTSAXEH-
HOCTH ceTH. TOuKH BCTPeuH NMOTOKOB rasa
HA3HAYAIOT Ha TPaHHLE 30H COCeAHHX
I'PI1. Cern HH3KOrO HaBJECHHS COCTOAT
M3 KOMbIEBLIX M TYMNHKOBBIX T[a30mpo-
BOJAOB H aOOHEHTCKHX OTBETBJEHHI.
OcHoBHBE Ta30npPOBOALI MPOEKTHPYIOT
npH pa3paboTKe TEXHHYECKOro MPOEeKTa,
4 OTBeTBJCHHS—IIpH paboueM [IPOeKTH-
“poBanuy. [IAOTHOCTb OCHOBHHIX Tra30-
MPOBOJOB MPHHHMAKOT Tako#, 4ToGHl
AnuHa abOHEHTCKHX OTBETBACHHH [0
BBOAOB B 3aaHus Oblna 50...100 m.

B ropomax u mnocenkax, HMeIOIHHX
60JbILYI0 Pa3HOCTh FEOSRE3WUECKHX OT-
METOK, T. €. DacHo/NOXKEHHBIX B XO0J-
MHCTOH H TOPHCTON MECTHOCTAX, MPH PAC-
nonoxenun I'PI1 u TpaccupoBke raso-
IPOBOAOB HEOOXOAMMO  Y4HMTBHIBATD
_rHapocraTHueckoe napnenue. Ecau mce-
noab3yembiii Ta3 aerve Bosnyxa, [ PIT u
OCHOBHbBIE JHHHH PACMpPeIeNHTeabHbLIX
rasonpoBOAOB CJAEAYeT MNPOKNALLIBATh~
N0 Mpoe3naM ¢ HaWMEeHbIIHMH Treone-
3HUECKHMH oTMerKaMu. JKuable u 00-
LIECTBEHHbIE 3AAHHS, KOMMYHaAbHO-Obi-
TOBbIE TIOTPEOHTENH, & TAKXKe MeNKHe
NpeaNpHATHS  HEenNoCPEeACTBEHHO  MpH-
COEAHHSAIOT K pAaCMpenesHTenbHbIM ce-
M. [1o3TOMY Ha BBOAAX I'da30MPOBOAOB
B 308HHAX YCTAHABJAHBAKOT TOJbKO OT-
KJ1I0uaiinHe ycrpodcTaa.

B 3aBucHMocTH OT Xapakrepa laHH-
POBKH JKHJBIX MACCHBOB H [MJIOTHOCTH
HACeNeHHsT CeTH _HH3KOTO AABNEHHS Bbl-
[IONHAOT H3 Ta30MPOBOAOBR, MPOKAALbI-
B4€MbIX MO MPOE3/JaM H YAHUAM B BHIE
CINIOMIHBIX KOMbLEBHIX ceTel, HAH H3
rasonpoBOAOB, MPOKIaAbLIBAEMbIX Mpe-
MMYLLECTBEHHO BHYTPH KBapTaJfoB C 3a-
KOJIbLLOBAHHBIMH TOJBKO OCHOBHBIMH JIH-
uusimu. [leppast cxema xapakrepHa Aas
paHHOB ropofa co cTapoil NAaHHPOBKOH,
KOTA& KBapTaibl MMEIOT CIJOLIHYIO 3a-
CTpPORKY MO MEePHMETPY H COCTOAT H3
OTAE/bLHBIX 3aMKHYTHX BaageHui. B
3TOM cllyyae rasonpoBOAbl MPOKAAAbI-
BAIOT MO KaXAOo# yauue, Mepeyaky H
npoe3ny; mHepecekasich Mexay cobo#
oHH oOpasyr Koabua. OT yAH4HBIX
rasonpoBOAOB B KaX[10€ BAALCHHE HAYT
BBOJHL.

Bropasi cxema cRO¥cTBEHHa TOponc-
KHM paldOHaM ¢ HOBOH MNJAAHHPOBKOH.

JKunbie 3[8aHUA pacrnonaraloT pPaBHO-
MepHO Mo Bce#l nuomand MuKpopalio-
HOB ¢ coOJIOfeHHeM HeoOXOOHMbIX pas-
PLIBOB, 8 OTIEJbHbBIE MHKPOPaROH rpy-
DUPYIOT B JKHable MaccHBbl. [IpH Tako#
NJaHHPOBKE Ta3oNpoOBOAbI M[POKNAIbI-
BaIOT BHYTpPH MHKpopaiionoB. B 6onb-
HIHHCTBE CAyd4aeB X MPOEKTHPYIOT TYMH-
KOBBLIMH, P&a3BETBAEHHBIMH. 3aKOJablO-
BLIBAIOT TOJbKO OCHOBHBI€ JIHHHH TakK,
4TOOHI MOJYYHTb €AHHYIO C€Th ¢ HECKOJb-
KHMH TOMKaMH [IHTAHHS, YHCA0 KOTOPHIX
paBHo uucny PIL

Jas BO3MOXHOCTH OTK/IIOUEHHS ce-
Tedl HH3KOro LaBAEHHHA OTAEJbHBLIX MHK-
popaBoHOB NpPH MPOM3BOACTBE PEMOHT-
HbIX paboT Ha ra3onpoBOjaX yCTaHaB-
NHBAIOT OTKJAIOgawlHe ycrpolicrsa. Ha
rasonpoBOAAX CPEIHEro M BbICOKOrO
LaBJEeHHA OTKJIOYaIHe ycTpoHcTRa
yCTaHaBAHBAIOT TaK, 4TOObLl MOX HO OBLIO
BLIKJIOYHTb H3 PA6OTH OTAENbHBIE Y4aCT-
k. OTkmouaniye yeTpo#icrsa ycTanas-
JHBAIOT MepeA OTACNbHBIMH IKHJBIMH,
001IeCTBEHHHMH M HPOH3BOACTBEHHLIMH
3J18HHAMH, HAPYXKHEIMH ra3onoTpebasio-
wHmu yeraHopkamu # [PI1, na mepece-
YE€HHRX BOAHBIX Mperpan, XeJe3Hono-
POXHBIX M aBTOMOOHJbHLIX MarucTpa-
neft. Hueno oTkawwaowMux yCTpodcTB
HOJXHO ObiTb CTPOrO OOOCHOBAHHbLIM
¥ MHHMMAaJAbHO HEOOXOZHMbLIM NS BO3-
MOYKHOCTH ONEPATHBHOrO YIPABJEHUS
pacrnpeaeuTeNbHOH cHCTEMOH NPH Mpo-
H3BOACTBE PEMOHTHBIX pabdoT, pPeKoHCT-
PYKUHSX, a TakXe Mp# HeoO6XOAHMOCTH
aBapHAHOTO OTKNIOUEHHS OTHENbHBIX I'a-
sonpoBonoB. Kaxaoe oTkalowawoilee
YCTPOHCTBO XapaKTepusyercss onpene-
JIEHHOY BEPOSTHOCTBIO O0TKa3a B pabore,
4TO CHHXKAET HaAeXHOCTb CHCTEMbI, HO
HX HaJHgHe IO03BOJASeT B aBapHUHBIX
CHTYaUHAX OTKJAI0OWATb MeHbuie TOTpe-
6urenell, YTO MOBLILAET HALEKHOCTh.

[IprHuMnuanbHass cxema pacnpe-
AENUTEeNbHOUd CHCTEMbI ra3ocHAa0KeHus
KPYMHOTO Topoja nokasana Ha puc. 4.1,
M3 maruerpanbiblx razonposonos (MID)
ra3z uepe3 ['PC nocrynaer B roponackue
ceTd. KpynHbie ropoaa HMEIOT HECKOMAbKO
TOYEK MOHTaHHs u Heckoabko ['PC, urto
MOBHIIAET HALeXHOCTh CHCTEMbl ra3o-
cHabxenus. Ontumanbuoe yucao ['PC
ONPEeneNsAOT  TEeXHHKO-3KOHOMHHYECKHUM
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CBA(12MNa)

Puc. 4.1. Muorocryneu-
4yaras CcHCTEMa raso-

nasneunsi, CHI — cern
Huskoro aasaeuusy, [TIT—

CHa6XKEeHHs KPYMHOro ro- APOMBIILJICHHbIE  Tpej-
poaa NpUATHS
CBJi — ceTb BBHICOKOTO

pacuerom. M3 'PC B ocHOBHOe roposn-
CKOE KOJIBLLO T'a3 HOCTYNAEeT M0 HECKO/b-
KM HAaTkam. CHereMa ras’ocHaGikeHus
MHorocrynenyaras. ['as noc/1eoBare/lb-
HO MPOXOAHT MO rasonpoBogaM BbICOKOTO
[2BJEHHSI, MOTOK rasa APOCCEeaupYyercs
KJAarnaHaMH PeryjsiTopoB, €ro naB/eHHe
CHHXaeTcd W OH MNOCTYNaer B raso-
npoBoapl OoJsee HU3KOH CTYIEHH gaBJe-
nusa. Ha puc. 4.1 nokasana cHcreMa
razocHabx<eHns, cocrosillas H3 Tpex
cryneHed fgaBJeHusi, 3aNpPOEKTHPOBAaH-
Has 13 rasonpoBOAOB BLICOKOrO HaB.je-
HHSl, AONYCKAMOWHX AABJEHHE BeJAHUH-
Ho#i 1,2 MIla, rasonpoBogoB BLICOKOrO
nAaBaenusi, gonyckamoimux 0,6 MIla, u ra-
30MIPOBOAOB  HHU3KOTO  NaBJEHHA —
no 3 klla.

Ha cxeme gast 6onbnied HarJas iHOCTH
rasonpoBOABl PaCHOJOMEHB MOCAELO-
BATENbHO, B NEHCTBHTENHLHOCTH MO OAHUM
H TeM XK€ YJduaM H Mpoe3faM mapan-
JIENBHO MOTYT MPOXOAHTH Ta30MPOBOARLI
BBICOKOTO H HH3KOrO AABJEHHA HJH
CPeAHero H HHU3KOro AaBAeHHH. ITO
BHI3BAHO TEM, 4TO CETH HHU3KOTO OaB-
JEHHSI OXBaTLIBAIOT BCIO CEAHTEGHYIO
TEPPHTOPHIO, SIBJASAETCH NPOTHAIKEHHHIMH
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M SIS COKPAILEeHHs pacxola MeraJsia ux
NHTAIOT B HECKOJABKHX TO4KAx wuepes
I'PI1, a ras x I'PIl nocrynaer no raso-
MPOBOAAM BBICOKOTO HJIH CPERHEro AaB-
aenns. UeM raydxe pacrnoaoxen I'PIT,
TEM [JIHHHee Oyner mnapaJienbHas
npokaagka rasonposoaos. Heo6xopn-
MOCTb B MapaJleqbHOH MPOKJAAAKE BO3-
HHKaeT TakKxe B Tex cay4asx, Korga B
JKHABIX PAHOHAX HMEIOTCH OTOMHTE/bHbIE
KOTe/bHble (IPEeHMYIECTBEHHO JOMOBbIE
H KBapTajgbHbe) © [POMBblUIJIEHHbIE
npeanpUsiTHa. DTO B OCHOBHOM OTHO-
CHTCS K TOPOACKAM palioHaM crapoH
3acrpolikda. Ku/ble KBapraasl H MHKpPO-
pafoHbl HOBOH 3aCTPOHKH HE HMEIOT MPo-
MBIIIJIEHHBIX TPEANPHATHH, a HX TernJo-
cHabxeHHe ocyiecTBasior or T uan
OT KPYHHbl pPAHOHHBIX KOTENbHBIX, uTO
CBOAHT K MHHUMYMYy TapajenbHble
MPOKJAAAKH Fa30lNpOBOAOB.
[Topasasoiiee OGOJALLIHHCTBO NIpO-
MBIUIJIEHHBIX TPEANPHATHA MOXHO MpH-
COeHHAThL K a3oMpoBOAaM KakK Cpeln-
HEro, Tak M BBICOKOTO AaBJEHHS, 4TO
HCK/04aeT HeoOXOLMMOCTb NapaJnedb-
HOH MPOKJMALKHA MO yJaulaM U Npoe3gam
razonpoBOLOB BICOKOTO H CPeIHEro qas-
nennst. Ecan B wacti ropoga Bo3MOX-
Ha MPOKJIaAKa TrasonpOBOAOB TOJAbBKO
CpefHero NaBJEeHHS HJH OHA JKeJaTelb-
Ha u3-32 OoJbuioro wHucaa mKadHbIX
['PI1 u1n KOMOHHHPOBAHHBIX PEryJasiTo-
pPOB NaBJEHHSA, YCTAHABAMBAEMbIX HA
CTEHAax JKHJABIX H OOILECTBEHHHIX 3Aa-
HHUH, TOrga B 3TOH 4acTH NMPOEKTHPYIOT
ra3onpoBoabl CPEAHEro NaB/AEHHS, KOTO-
pble COEAMHAIOT MOCAEOBATENbHO vepes3
rontousle I'PIT (I'TPIT) ¢ cervio BhICO-
KOro HaBJEHHs, pacrmosaraeMoil B oc-
TaJbHOH 4acTH ropoxa.- I'as3onpoBojbl
BLICOKHX AAaBJEHHH CTAapalTCs npokJa-
ABIBATh MO OKPAHHHLIM paloHaM Fopoaa,
rae He6o1bUIAS NJOTHOCTH HACEJEHHS H
MEHbIee 4HCAO MOA3EMHBIX COOpYIKe-
HUfi. MHOrocrynenuarhe CHCTEMbI fIB-
JAFIOTCH SKOHOMHUYHBLIMU CHCTEMAaMH, TaK
KaK OCHOBHbIE NTOTOKH ra3a TPaHCIOPTH-
PYIOT HOX BBICOKHM NaBJEHHEM, 4TO NPH-
BOHT K COKPALLEHHIO METAJIOBJOXKEHHH
B rasoemie cerd. K cersiM BBICOKOrO
HJAW CpefHero NaBJEHHS NPHCOENUHFAIOT
KPYIHBIX noTpebureneid. B xublx # 00-
iHeCTBEHHBIX 3AAHUSAX [POKJIAALIBAIOT
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TOJNBLKO Fa30NPOBOAL HH3KOTO 1ABJIEHHA.

[as NoBBILLIEHHS HAAEXKHOCTH raso-
cHabxeHust ceTH Koabuyior. [lpexne
BCETO C/EAYET KOJbLUEBATb CETH BLICOKO-
ro ¥ CpeflHErO AABJEHHS, TaK Kak OHH
ABJSIOTCA [VIAaBHBIMH TOPOJACKHMH apre-
pusiMy. B cersx HH3KOrO AaBJeHHS Lee-
co06pas3HO KOJMbUEBATh TOJNbKO OCHOBHbIE
ra3onpoBObl, @ BTOPOCTENEHHbIE BINOJ-
HATb TYNHKOBBIMH  Da3BeTBJIEHHbIMH.
Oasi  HagexXHOro rasocHaGXKeHHs B
KOJIbUEBBIX CeTAX NoJKeH ObITh obecne-
YeH pe3epB [AaBJEHHHA, a OCHOBHbIE
KOJblA KEJAaTeNbHO BBIIOMHATL [O-
cTosiHHoro anamerpa. Cerd pasHbIX CTY-
neHed JaBJeHHSI COCAMHAIOT HECKOJbKH-
mu T'PI], uro oGecneunBaer ux pesepsH-
poBaune. CeTH HH3KOTO [aBJEHHS MH-
TAIOT B HECKOJbKHX TOUKAaX, & [0 HH3-
KO CTymeHH JaBJeHHS OO0beZHHSIOT
ra3onpoBOAAaMH: KOJbLUEBLIMH HJAH JIyye-
BBIMH, YYaCTKH KOTOPbIX HMEIOT OAH-
HaKoBble nuamerpol (cMm. puc. 4.1, raso-
nposonkl a, b, ¢, d, e, f, g). dro pesep-
BHPYET TOYKH MHTaHHS CO CTOPOHBI
HU3KOH CTYNEHH AABJEHHUSA: NPH BBIKJIIO-
yeuun ['PIl noroxku rasa or cocex-
uux TPIT Oyayr wanpaBasTbCcs Kpar-
qafiium nyTeM N0 3THM Ta3ofMpoBOLaM
B 30HY JeHCcTBHS oTkaoyeHHoro ['PII.
Taxoe pewenne ra3oBofi cetu obecre-
ypgBaer TpeOyeMyIo HaAEXHOCTE H
BMECTE C TeM SIBJAAETCHA SKOHOMHYHBIM,
TAK KaK [IPHHATO 33KOJbUOBBIBAHHE, HE
CMJIOLIHOE, @ TOJbKO MarucrpaibHbIX
JIHHHE,

B coBpemeHHbIX cucremax rasocuas-
JKEHHsi Ta30lpPOBOAbl HH3KOTO NaBJEHHS
He MpeacTaBafioT Co00¥ eaHHYIO CeTb,
OHH PaCUJEHEHbl HA OTAENbHBIE PaHOHBI
1 MHKpopakoHbl. Tako#f mpHHUHT Npoek-
THPOBAHHSA BBITEKAET M3 TOrO, YTO raso-
NPOBOJAAMH HH3KOrO [JaBJEHHS Heuese-
coo0pa3Ho nepecekartbh Ooabllne ecTe-
CTBEHHbIE H HCKYCCTBEHHBIE NPENSITCTBHSA
(HanpuMep, peKH, OBpard, XeJle3HOoxo-
POXKHBIE Yy3Jibl, aBTOCTPaAbl M T. 4.). [lpn
pacnpeiejJeHUHd NOTOKA rasa [0 CeTH
HU3KOTO AABJEHUS CJAeAYyeT BBLIEMHTD
TJI2BHblE MAarucTpanbHble JHHHH H [0
HHM HaNpaBHTb OCHOBHbIE TPaH3UTHBLIE
pacxoabl. Taxoe pelueHue sBASETCS
boJjlee 3KOHOMHYHBIM, TaK KakK B 3TOM
clydyae MOTOK rasa AeMUIcs Ha maJgoe

YHCJA0 OCHOBHBIX MOTOKOB, @ HE PaBHO-
MEPHO pacnpeeaseTcsa N0 BCeM rasonpo-
pogam. ONTHMa/bHOMY paclpeaeseHHlo
[IOTOKA Trasa 1o ABYM NapajJelbHHM
JAHHMSIM COOTBETCTBYET CJay4aH, KOraa
BECh MOTOK HAET TOMBKO MO OAHOH KOPOT-
KOf JIHHHH.

Hawnboabmasa croumocth OYAET B
TOM CJy4ae, ec/iy NMOoToK Oyaer pachpe-
JleIEH paBHOMEPHO o o0euM napaJneb-
HBIM JHHHAM. DTOT BbIBOJ CpaBefHB H
IS HECKOJMBKHX MapaJnnelbHblX JHHHE.
Kpome Toro, BHOe/EeHHE TJIaBHBIX Maru-
CTpaJdbHBIX JUHKY U3 dOHIed ceTH Bogee
TeXHOJIOTHYHO U YAOOHO A/ 3KCcnayaTa-
HMH, TAK KaK MAarucrpaJjbHble JHHHH
COCTaBASIOT KOJBLUEBOH KOCTSK CHCTEMBbI
¥ AN NOBBLILEHHA HAAEXKHOCTH raso-
cHa0XEHHS 32 HHMU MOXKET ObITh yCTa-
HOBJIEH CTPOTHH KOHTPOJib.
Bropocrenenuble TYNHKOBBIE Ta30Mpo-
BOJbl MMEIOT MECTHbHIA Xapakrep, u Ie-
pephIBbl B Fa30CHA0XKEHHH NMPH PEMOHT-
HbIX paborax Oyayr 3arpariBaTth He-
GoablIoH Kpyr norpebureneii, a cam pe-
MOHT MOXHO MPOH3BECTH B JOCTATOYHO
KOPOTKOE BpeMs.

Cucrema ra3oCHabXKeHHS, MOKA3aH-
Had Ha pHC. 4.1, ABAAETCH HAaAEKHOH U
rubKofi B akcnayarauuu. B Helt Bblaep-
KaH MpPHHUHI MHOTOCTOPOHHEro Mura-
HHA TOPOACKHX FasoBbIX CETEH, KoJblle-
BaHHEe OCHOBHBIX auHui cerer. [Tpeayc-
MOTPEHO BBIPABHMBAHME CYTOYHOrO rpa-
¢$hHKa H NOKPBITHE HEPABHOMEPHOCTH MO-
Tpeb/aeHHa rasa C MOMOHLbIC MOTPeGH-
Tesed-PeryaaTopoB ¥ HCHOJb30BAHHS B
KaueCTBe aKKYMY/JHPYIOILHX eMKOCTeH,
KOHIEBHX  YY4CTKOB  MarHCTPafbHbIX
rasonpoBOJOB.

4.2. Tpy6ui, apmarypa
H oBopynoBaHHe razonpoBOKOB

as cTpouTenbCTBa ra3onpoBOLOB
IPHMEHSIOT CTa/JbHbIE OECLIOBHBIE, CBAP-
Hble OPAMOLIOBHBIE H CIHPAJdsHO-1IOB-
Hble TPYy6bl. Tpy6bl H3roTOBAAIT H3
XOpOLWIO CBAPHBAIOLIMXCS CTaneH, cogep-
Kamux He Gonee 0,25% yraepoaa,
He ©Gonee 0,56% cepsl u uHe OGoJee
0,046% docthopa. Ouas cucreM raso-
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CHaGKEHUsl CJAeAyeT NPHMEHATh TPYyOH,
H3TOTOBAEHHLIE, KaK NpaBHJlo, U3 yrje-
poaHcTo# cTajsu OOBIKHOBEHHOrO Kaue-
crBa no ['OCT 380—71%* u xauecTBeHHOH
craan no TOCT 1050—74%%..

B 3aBucuMocCTH OT pacyeTHbIX 3Haye-
HUH HapyXHBIX TeMmneparyp, cnocoba
NPOKJNAAKH  (Hag3eMHasi, HaszemHas,
noA3eMHasi), auamerpa TtpyOGolpoBoAa
1 ero HasHawenwns ['OCTw u CHullnl
YCTaHaBAMBAOT HOPMBI Ha MaTepHadbl,
" KOTOPbIE BO3MOXXHO NPHMEHATb LI U3-
FOTOBJEHHSA Tpy®d HU Ha cnocobbl HX
POH3BOACTBA (OeCWIOBHHE, TOpsvene-
(HOPMHUPOBAHHBIE; SJEKTPOCBAPHBIE NpA-
‘MOLIOBHHIE HJIH CO CIIHPAJAbHbIM LIBOM H
ap.). CapHble wBH cTafbHBIX TpYO
AOM¥HBI ObTb PABHONPOYHB OCHOBHOMY
MeTanay Tpyonl.

TpyOGel noaBepraioT ruapaBaHUeCKAM
HCIILITAHHAM Ha 33BOAAX-H3TOTOBHTE-
nsx. HeobxoauMoe BHyTpeHHee naBae-
HHE TNpH HCOLITAHHKW ONpPEAeNsIOT no
opmyne

p!1:26R/DB’
TA€ pu — UCNBITaTeNbHOE naBieHne, Mlla; R —
pacyeTHOoe 3HaueHHe HaNpsXKEeHHsd, NpUnRdMaemMoe
pasubM 85% npenena rtekyuwecru, MIla; 6, Dp—
COOTBETCTBEHBO MMHHMAJNbHAA TOJNIIMHA CTEHKH H
BHYTpeHHHﬁ puamerp prﬁb{, MM,

MunuManbHblit yCAOBHBIH nHaMeTp
AN PacnpeiesuTenbablX ra3oNpoBOLOB
NPHHUMAIOT OOBYHO paBHbIM 50 MM, a
AJMS OTBETBJEHHH K norpeburenam —
25 MM. ToniuuHa credxku TpyGbl AAS MOA-
3eMHBIX a30NPOBOLOB NOJMKHA OHIThL He
MeHee 3 MM, a8 AAS HaA3eMHBIX — He Me-
Hee 2 MM. ToamuHa creHok TpyG Aas
MOABOAHBLIX NMEPEXOAOB JO0JKHA OBITh HA
2 MM Goabuie pacdeTHOH, HO He MeHee
5 mm. Hdas ux crpourenncrBa Caenyer
KCNONb30BATh IIHHHOMEPHBIE CBApPHbIE
Tpy6bl. CoenitHenue Tpy6 oCyiUECTBARIOT
cBapko#d. KauecTBo CBapHBIX CTBIKOB
KOHTPOMHPYIOT. ¥ HapYXKHBIX ra3onpo-
BOJAOB (/1aHLEBbiE COeAHHEHHA YCTAHAB-
JIUBAIOT ANSA NPHCOEIHHEHHS 3aABHIKEK,
KPaHOB H Apyro# apMarypbl s ynaor-
HEeHHs NPHUMEHAIOT NApOHHT, PE3HHY H
ApYr#€ Martepualibl B COOTBETCTBHH CO
CHuIT. Pesb6oBbie coesMHEHHA JONYCTH-
Mbl IIPH YCTAHOBKE KPaHOB, NpobOK H
MydT Ha ruaposarBopax H cOOpHHKAx
KOHAEHCATa, Ha HAA3€MHBIX BBOLAX la-
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30MTPOBOLOB HH3KOTO AaBJAEHUS B MeCTax
YCTAQHOBKH OTKAIOUAKOIHUX YCTPOHCTB H
IS NPUCOEIHHEHUS KOHTPOJbHO-H3Me-
pHTENBHBIX IPHOOPOB.

Ha BHyTpenHHX rasonpoBonax pesb-
GoBble U haaHueBble COEJUHEHHA YCT-
pauBaOT B Mecrax YCTaHOBKH apMary-
PBl, Fa30BLIX NPHOOPOB U ApYyroro 06opy-
noBanuda. Kpome yKasaHHbIX BblIiE
caydaes pe3bOOBLIE COEAUHEHHS MOrYT
OBITh IPHMEHEHBl IPH MOHTAX € ras3onpo-
BOJOB HH3KOrO H CPENHEro NaBJEHHS H3
Y3J0B, 3aroTOBJEHHBIX Ha 3aBOAax
CTPOUTENbHO-MOHTAXKHOR OpraHH3auHy.
PasBopHble coeqHHeHHs Ta3onpoBOAOB
AOMAXHB OBITh AOCTYNHBL A% OCMOTPa H
peMoHTa.

g rasocHabxkeHHss TOCEAKOB H
CENbCKHX HACEJeHHBIX MYHKTOB HCNOJb-
3YIOT NOJAMSTHIEHOBBLIE Ta30npoBOLH C
nasJaeddem rasa go 0,3 MIla. Jasnenue
rasa B MEXINOCEJKOBBIX [asonpoBOAax
Moxer 6uTb 0o 0,6, MIa. Tpy6nl gony-
CKAeTCs NPOKMaAbIBaTh TONBKO NOL 3€M-
neld Ha rayOuHe He MeHee | M g0 Bepxa
Tpy6sl. Kpome toro, CHull 2.04.08—87
npegycMaTpiBaeT LPYTHe OrpaHHueHHs,
CBfI3aHHBIE C NPHUMEHEHHEeM NOJHITHIe-
HOBBIX TpyO, KOTOpBHIE CJEAYET BhIlOJ-
HATh PU TPOEKTHPOBAHUH H CTPOHTEIb-
crBe. Jlas moaseMHoO# npoKnagKH raso-
IPOBOAOB NPHMEHAOT MOJHUITHAEHOBLIE
TpyOb ¢ MapKHPOBKOH «ras», H3roToB-
JIEHHBIE B COOTBETCTBHUH C AEHCTBYIOILH-
MH TEXHHYECKHMH YCHOBUAMH.

Tpy6bl coenuHAwT Ha cBapke. Or-
BETBJAEHHSA K NJaCTMacCoBBIM Fa3onpo-
BOAAM MPHCOEAHHAIOT C NOMOIILbIO CTAH-
AapTHBIX (HacoHHBIX wacTedl, a Takxe
BPE3KOY B CTAJbHBIE BCTABKH, KOTOpPHE
L0 HBL GbiTh HE Gonee | M. ApMmarypy
U KOHAEHCAaTOCOOPHHKHU NPHCOEAMHAIOT
TaK¥Ke crajbHbiMH BcTaBKamu. Ilepexo-
Abl ra3sonpoBOLOB MOA XeJe3HOLOPOX-
HBIMH W TpaMBafHLHIMH NOYTAMH, aBTO-
MOOHJBHBIMH HOPOTraMH, a TaKxe MpH
nepeceyeHdd  CJAOMHBIX  NPEnsiTCTBHH
OCYLIECTBAAIOT U3 CTaJbHBIX TPYE.

PasbeMHble COeIHHEHHS MOJAHITHIE-
HOBBIX TPY0, a TaKie UX CoefHHeHHe ¢
apMatypo#i, obopynoBaHueM © MeTaJ-
JHYECKHUMH  rasonpoBOAaMM  1ejeco-
00pasHo OCYWECTBAATL € NOMOLUBIO
$1aHUEB, YCTaHaBAHBAaEMbIX B KOJOA-

OnexTpoHHas 6GubnuoTteka http://tgv khstu.ru/



uax. CoeiHeHHs NOJHITHIEHOBBIX TPYD
€O CT2/NbHBIMH F230NPOBOAAMH BHICOKOTO
NaBJEHHS  BBINOJHSAIOT Pa3’beMHBIMH
¢nannamu. HMcenenoBayus pasbeMHbBIX
coeNMHEeHHY noKasaJH, 4To Jy4llHe Xa-
PaKTEPHCTHKH HMeT (JaHleBble coe-
IAHHTENbHblE yCcTpoHCTBAa 3aK/IHHHBAO-
mero tHna (puc. 4.2).

OCHOBHBHIM JOCTOMHCTBOM IJ1acTMac-
COBBIX TPYG SIBAKIOTCSH MX BBICOKAS KOp-
pPO3HOHHAas CTOUKOCTb, Majas Macca,
Jerkas obpaboTka Tpyb B MeHbuiee, 4eM
y CTalbHBIX, THAPABJAHYECKOE CONPOTHB-
Jgenve (npumepno nHa 20%). Bmecre ¢
TeM NJacTMaccoBbie TPyOB obaapaior
MeHbuied MeXaHuveCcKo# NPOYHOCTHIO,
yeM CTaJbHble (npenes NPOYHOCTH NIPH
pPacTSXEHHH AJsl NOJHITHICHOBHIX TPYO
10...40 MIla), MeHblie#t temneparypo-
CTOUKOCTBIO H CTapeHHeM (T. e. yxynuie-
HHeM PHU3HKO-MeX2HHUECKHX XapaKTepH-
CTHK co BpeMeHeM). TemneparypHu#
npeaesa NPUMEHUMOCTH NOJHITHIEHOBBIX
Tpy6 cocrapaser —40 °C.

B kauecrpe 3anopHbIX ycTpoUcTB Ha
rasonpoBOAaX NPUMEHSIOT KPaHbl U 3a4-
BHXKH. Beurnau nz-za 60/blIKX noTeph
JNaBJIEHHST HAULIH OFPaHHYEHHOE NpHMe-
HEHHe TOJbKO JJisi Ta3onpoBOLOB He-
OOoNbIINX  AHAMETPOB INPH  BHICOKHX
JaBAEHHSAX ras3a, Koraa THUApaBaduec-
KO€ CONPOTHRBJAEHHE 3aNOPHOTO YCTPOH-
CTBA HE HMeeT CYLIECTBEHHOTO 3HAueHHS.
[ rasonpoBOAOB HU3KOrO AABJEHHA B
KayecTBe OTKJIOYAIOUIHX YCTPOUCTB Ha-
XOAST TNPHMEHeHHe THApPaBJIHyecKHe
3aTBOPHL

Kpannt o6ecneanBaor 60JLLIYIO rep-
METUYHOCTb OTKAIOYEHHs, UYeM 3aBHX-
k. OuHH gBAKIOTCA  HAAEXKHBIMH d
OBICTPOAEHCTBYIOIMMH  YCTPOUCTBAMH.
Bmecre ¢ TeM ¢ nOMOLIBIO KPAHOB TPYI-
HO O0eclieqHTh MJIABHOE PeryJHpoBaHHe
NOTOKA rasa. 3aBIKKH HMeT Inpe-
HMYIIECTBO B IIABHOH peryjHpOBKe IO-
LayH rasa, HO He#OCTATOYHO repmMe-
THYHBl. HerepmernuHocTb  3agBHKEK
0o0bsICHSACTCA TeM, 4TO MOTOK rasa ro-
CTOSTHHO OMBIBA€T TIPUTEPThIE NOBEPX-
HOCTH H BBI3BIBAET 3PO3HIO HX, 0Opasys
pasaHYHOrOo poaa HepoBHocTH. Kpome
TOrO B HHXKHe#l wacTH Kopnyca 3ap-
BHXKKH, NOJ 3aTBOPOM, MOTYT CKaIJH-
BaTbCAA PasfyuHble TBEPAblE YaCTHLH,

! a) 6)

|
54 J[ B

JMEeHOBHIX Tpy6; [--- coe-
pHBgeMbie TpyObl; 2-—Ko-
HHueckHe dmanub; 33—
Q — KOHCTPYKUMS  AIf YIJOTHUTEIbHOE KOJILILO;
HecThux Tpyd; 6 — KOH- 4—coeprunrensunc 6oa-
CTPYKUHMS IS DOTUITH- ThI

Puc. 4.2. ¥YunsepcaabHoe
KJAHHOBOE  COeJHHeHME

(YKC)

Puc. 4.3. Kpaw uyryu-
HEL daanuesnil co
cMaskoil

NbJb H TPsi3b H [OPENSiTCTBOBATL ee
TVIOTHOMY 32KpHITHIO. YUHTHIBAsA H3JO-
JKEHHOe, TNpHMeHeHHe B KayecTBe OT-
KAIOMAIOMIUX YCTPOHCTB KPAHOB  $B-
JAIeTCA NPegNoYTHTEIbHBIM.

KpaHel nifpoKo NPHMEHAT A raso-
NPOBOAOB MaJelXx avamerpoB. Mx wue-
NOJB3YIOT K&K AJ5 OTKAOYEHH s rasonpo-
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Hmaxe

Puc. 4.4. Kpan npoxopn-
Ho# co cMasko# daauue-

BB, KCP ua p,=
=1,6 Mila

7

1200~ 1600

Puc. 4.5. Ycranoska
kpanos Dy=25...100 mm
B MeAKOM Kene3zobeTon-
HOM KOAblle
I— kpan

CanbHHKOBHIR

npoxoauoi
daanue-

30

A A — s AP AR AR SR

BRIA; 2-— oTBOJAK U3 Gec-
WOBHBIX TPY6; 3— XKeJe-

300eTOHHBI] KoJoiewu;
4 — XKeJe306eTOHHOE
JHHILE

BOLOB, TaK H [J5 PETYJAHPOBaHHKA MOTOKA
rasa, fnocTynamwiuero K ropeakam. B 3a-
BHCHMOCTH OT crocoGa repMeTH3aluu
KpaHbl PA3eJIsIoT Ha HATAXHbIE U CaJlb-
HHKOBbIE. ¥ HATSXKHBIX KPaHOB NpoOKa
MPHKHMAETCS K KOPMNYCY YCHJHEM, CO-
34aBaeMbiM TaHKoH, HABHHUYEHHOH Ha
XBOCTOBHK. ¥ CaJbHHKOBBIX KpaHOB
MPOOKaA MPUIKHMAETCS NaBJAEHHEM Callb-
HHKOBOH OyKChL. KpaHBl H3roTOBASIOT H3
OpOH3bI, naTyHH H uyryHa. BpoHsoBble
H JaTYHHble KpaHbl YCTAHaBJWBAIOT B
TE€X MecTax, e B Hpouecce 3KCAya-
TAUHH HMMH TIPHXOAUTCHA YACTO MOMAb30-
BaTbhCSA, UYyTYHHbIE H KOMOWHHPOBAHHDIE
KPaHbBl — IA€ HMH MOMb3VIOTCA PERKO.
CaflbHUKOBbIE KpPaHbl [NPHMEHAIOT Ha
NPOMBIHIIEHHBIX T'a300POBOLAX.

B saBucuMoctu oT criocoba mpucoe-
JMHEHHS KDaHbl pas3fensiior Ha Mmydro-
Bble, nankoBble ¥ daanuesbie, Jas Bo3-
MOXHOCTH JEMOHTaXa MYy(HTOBHX Kpa-
HOB HA ras3olpoBOAdX YyCTaHAaBJAMBAIOT
cronbl. Kpasbl HMelOT guamerpbl YCJA0B-
HBIX MpoxonoB ot 15 no 100 mm. Mx pac-
CYHTHIBAIOT HA pabouee pasjgenne 0,01..
0,6 MIla. Ong Hag3eMHBLIX H NOA3EM-
HbIX Ta30MPOBONOB MPHMEHAIOT KpaHbl
€O CMa3Ko#, uyryHHble py paboyeM nas-
aenud go 0,6 MIla u cranbuble npH
Goabwiom gasnaeHdd (mo 6,4 MIla).

‘4— nart-

3— rdra;
py6oK; * 5— noJyJHH3a;

Puc. 4.6. AByxXaunsosui
KOMHEHCATOP € OAHMM
daanuem na py=
=0,3 Mila

1— ¢ naney; 2, 8— croit-

KH;

6— cTaKaH;
9— rabka

7— pe6po;
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Puc. 4.7. Koaonen xeJe-
306eTonKBI ¢ ycTanos-

Kol  aBYX 3aaBHXKeK:
Dy;=100...200, D=
=200...400 mm

I— 3anBuXKa  mapad-
JeabHast; 2-— Komuenca-
TOp NBYXJIHH30BHA; 3—
Fa300pOBOA

Puc. 4.8. Koucrpykuns
" Kowna ¢ytaspa

I-— GurymHasi 3Maib;

2-— npoMaciieHHAas) MeHb-

Ka; 3-— KOHTPOJbHAS

4
5
Ma-
noa

Tpy6ra & 50 MM;
Mydpra & 50 mwm;

npoka; 6-—KoBep
Nbl; 7 —TOAYy LKA
KoBep: §—olopa

—>1 |
Fes e e
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Puc. 4.9. Koncrpykuus
ONOphi Fa3’onpoBoOjOs B
yTaspe

I— ckoBa; 2-— kpenex-
Hasi (POBOJOKA; d— Mo-

5.

no3;
06epTKY M3 TMAPOU30JA,
TOJsA, PyGepoHAa H aHa-

4-— naauKa;

JIOTHYHBIX MaTepHaJaos

CmMaska ofecnedydBaeT repMeTHUHOCTD
3aTBOPA, MOBHILIACT CONPOTHRACHHE KOP-
PO3HUH, YMeHbILACT H3HOC YNJIOTHHTE/b-
HbIX ToBepxHOcTedl u objeryaer noBo-
pauuBauve npo6ku. CMa3Ky 3akJanbl-
BAlOT B KAHAJ, PACNOJOXKEHHBIA B XBOC-
ToBUKe npo6ku. [lpu BBepTHIBAHHH
HaXXHUMHOro 60/4Ta cMa3Ka NocTynaer B
cllellafbHbie KaHABKH, HMEWOLiHECs B
npo6ke, H paBHOMEpPHO cMasbiBaer BCe
yIJOTHUTEbHBIE MOBEPXHOCTH. Ha puc.
4.3 nokasaH uyryHHbH paaHueBbiil KpaH
co cMa3kol. Takue KpaHbl H3rOTOBJASIOT
anamerpoM 25...100 MM. OHHU siBASIIOTCS
FePMETHUHBIMH OTKJIOUAIOUIUMH YCTPOK-
CTBAMM [AJ15 TOPOACKHX H BHYTPHOGBEK-
TOBLIX Fa30NpPOBOLOB.

Cranbuple kpaun tuna KC (puc.
4.4) npexHasHayeHbl AAS YCTAHOBKH HA
ragonposoxax u Hedrenpoosax. OHH
paccudtaHel Ha paBjenue 1,6; 4 wu
6,4 MIla. Ux BrinyckaoT B ABYX MOAH-
¢pukanusix: ¢ pyyuniv npusosom (KCP)
aiamerpom 50...80 MM H ¢ THEBMONPHBO-

3
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6— HabuBKa M3 npomac-
JNeHHOR NeHLKH WJIM aHa-
JIOTHUHOro Martepuana,
7— H4DOHHUTOBAA INPOK-
nanka; §— daaneu; 9—
6oar; 10— dyrasp

Puc. 4.10. CanbHukoBoe
ynjoTHeHHe Jas  Qyr-
asipa

J— kopnyc; 2— WNHJIb-
Ka; J— rpyunbykca; 4—
rafika; 5—- rasonpoBoi;

aom (KCIT) guamerpom 50...100 wmwm.
CyilecTBYIOT KpaHbl €O CMAaskoii, npes-
HasHauyeHHbIE AJA NOA3eMHON YCTaHOBKH
6e3 koaoauer. HMx Bemyckaior aua-
merpom 400, 500 u 700 mMm u npu-
MeHSIOT A5 MArucTpajbHBIX Ta30mpo-
BOLOB.

3aaBUKKM B KaueCTBe 3aNOPHOH ap-
MaTypbl MCNOJB3YVIOT Ha FasonpoBoaax
BCeX naaB/JeHHH C auamerpom bH0 MM
u Gosee. Mx wucmosb3yior rtaxkxke aas
pery/iHpoOBaHUA NOAAYH T'a33 B TOPEJKH
KoraoB u neuef. [lpu namaenuun rasa
ao 0,6 MIla ppumeHAOT uyryHHble
3aABHIKKH, 2 Ipu 66bUIeEM — CTajbHble.
[TapanneibHple 3aABHKKH NPUMEHSIOT
AJS  Ta30NPOBOAOB C JaBjeHueM J0
0,3 MIla, a kaunosble — 44 BCEX AaB-
JeHu#d. Ha rasonpoBoaax 6osbluux nua-
METPOB W IIpU  BbICOKHX [1aBJEHHSX
rasa HCHoJb3YIOT 3aABHXKKH, obopy-
JAOBaHHbIe PEAYKTOPOM C UepPBAUYHOH ITe-
penaveli wau sgekTponpusonom. s o6-
JleryeHUsi NojibemMa 3aTBOPA 3a4BHIKKH
UMeIoT 06BOAHOHA TPyOONpPOBOA C KpaHOM
AJA BbIpABHUBAHHUS AaBjeHus no obe
CTOPOHEBI 3aTBOPA.

Ha noasemHbIXx Tasonposoaax
OTKJIOYAIOILYIO apMaTypy YCTAHABAU-
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BAIOT B Kosnoauax. Kosioalibl BEINOIHAIOT
H3 Kej1e306eToHa U KHpnuua. OHH 101K-
Hbl OblTb BOLOHENPOHHLAeMbIMH. [lpu
nojade Cyxoro rasa ajs rasolpoBonoB
HeGonblux aHamerpos (25..100 wmwm)
1e/1eCO00PasHo  HUCHIONb30BATh MeJKHe
majiorabapuruble Kosoaubl. Takue Ko-
JAOUBl MOXKHO YCTAHABJAWBATL B HENy-
YHHHCTBIX WJIH MaJoDOYYHHHCTBIX TPYH-
tax. Ha puc. 4.5 pokaszaHa KOHCTPYK-
LLMSl MEJIKOTO XKese300eTOHHOTO KOJ10/1114a
AJs  YCTAHOBKH  KpaHoB (Dy=25...
100 mm). OnHUM H3 LOCTOHHCTB MeJKHX
KOJMOAUEeB SBAATCA OOCAYKHUBAHHE H
PEMOHT 3aNMOpHOr0 opraHa ¢ noBepX-
HOCTH 3€MJH.

3aABHKKH YCTAHABAUBAIOT B KOJOJ-
1ax ¢ ra6apurami, ofecreyuBaroUINMH
A0CTYn OOCAYXKHMBAIONEMY [EpCOHAIY.
Mg cHATHA MOHTAXHBIX HANPSKEHUH ¢
d/aHUeB 3aABHAKKH H TeMOepaTypHBLIX
HAanpsxKeHUH B KOJIOALE NOC/Ie 3alBHKKH
N0 XO4V Ta3a YCTAHABAWBAIOT JHH-
30BbIH Komnedcarop. Hanuuue Kowmnen-
catopa o6.eryaeT MOHTAX H JeMOHTAX
3a[ABHXKEK B Npolecce 3IKCILIYATALHH.
Ha puc. 4.6 nokasan ABYXJIMH30BLil
KOMDEHCATOp, paCCuHTaHHbIA HA AabJe-
uHe no 0,6 MIla. KoucrpyKkuus xeneso-
OeTOHHOrO KOJIOAUA /S YCTAHOBKH 3a-
asuxkexk (Dy=100...400 mm) nokasana
Ha puc. 4.7. Ilpu yerpoficrse Kosoalues B
BOJOHACHIIIEHHBIX TPYHTaX NPUMEHSIOT
FUIAPOH3OINALMIO: HAPYKHBIE CTeHbl KO-
JIOA11A OKJEHBAIOT GOPYJIHHOM, 6PH30JA0M
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Puc. 4.11. COopHHK KoH- Ta, 3— 3JeKTPo. 3a3eM-

AeHcara Aaf rasonpoBo-

JNeHHd; 4—noayuiKa nog

aoe Dy=200...600 mm KoBep; S5—koBep; 6-—
OCYUWICHHOrO rasa HU3Ko- KOHTAKTHafl NJACTHHKA
ro A4BaeHHS AJ8 3aMepa  PasHOCTH
I—wopnyc;  2— 1py6a noTeHuuanos Tpyba—
AAA yAaReHUs! KOHLeHca- rpyHT

Puc. 4.12. COOPHHK KoH-

KOXYX M3 TpyOGu 57X

HJAH UTYKATYPAT BOJOHENPOHHIAeMbIM
uementom. llpu ycramoske B Kosoaue
CTAJNbHOU 3a/]BHXKH JONYCKAeTCA yCTpa-
MBAaTh KOCYIO (pJlaHUEBYIO BCTABKY B Ka-
4eCTBe MOHTAXHOIO KOMIIEHCHPYIOUIero
yerpoficrBa. Otk/I0UalOnHe yeTpoiicTBa
Ha Ta3onpoBOAAX YCTAHABJIUBAIOT B Ha-
3eMHBIX WIKadax ¥ Ha CTeHax 3JaHui.

[1pu nepeceuenuu xesesHelx U LIOC-
CeHHbIX LOPOT, KOJJIEKTOPOB H KOJNO/11IEB,
pH HeOoOXOAMMOCTH MPOKJAAKH Taso-
NIpOBOLOB B HeNOCpencTBeHHON 6H30CTH
OT XM HJBIX U OGUIeCTBEHHBIX 3LaHUHA UJH
Ha Masol rayGuHe crasat Qyraspe. Mx
HCIONB3YIOT TaKXKe [pPH [POU3BOACTBE
pabot 3akpbiTeiM criocoGom. B atom cay-
yae QyTaAp NpeaBapHTeNbHO NPOaBIH-
BAIOT 4epe3 TPYHT H YKJIanbiBaloT B

2. 3ax. 1082

AeHcaTa AJs rasofipoBo- X6; 4—3aexkTpox 3a-
gee D, =50...150 mm 3eMJeHUA; S5——noaylka
OCYUICHHOTO Ta3a BhICO- noja KoBep; 6——MJacTHHA
KOTO  JABJAEHHS py<C KOHTaKTHaf AAf 3amepa
0,6 MIlla PA3HOCTH TOTeHyHaJoB;

I—1py6Ga BHYTpeHHAS B
cBope; 2—xopuyc, 3—

7—xoBep Goabuio; §—
KpaH

Hero rasonposoja. Ha puc. 4.8 noxaszaun

gyrasp, UpenHazHayeHHbIH pAA Taso-

nposojos ¢ nasgaeHunem o 0,3 MIla npu

nepecedeHHH Keje3HbIX 40pOr, TpaM-

BalHbIX nyted W 1. A. Pyraap obopy-
AYIOT KOHTDOJIbHOU TpyOKOH, BbIBO1HMOM

noj xosep. C nomouibio TpyGOK Mo HaJk-

YHMIO MM OTCYTCTBHIO Ta3a KOHTPOJH-

PYIOT TJIOTHOCTbL rasonposojga. KoHcr-

pyXuHs onopel rasornposoza B yT-

JAspe noxkasana ua puc. 4.9. [lpu naau--
yuH 61YXK A0 LHX TOKOB [IPUMEHRAIOT AH-

3JeKTPHUYCCKHE OTIOph.
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Oyraspbl AAS ra30NPOBOLOB BHICO-
KOrO 1aBJeHHS HMEIOT cajbHUKOBbIE yil-
JOTHEHHAA H TpyObonpoBoj, OTBOARILIHHA
ras u3 @yraapa B atrmocdepy npu He-
1JJOTHOCTH r'a3onpoBOAa HJH NPH paspbi-
Be CTbika. IToT TpyOONpOBOA OTBOAAT
OT HepecekaeMoro npenarcreusa B 6e30-
nacHoe Mecro M obopyaywor aeduexro-
pom. Ha puc. 4.10 nokasaHo canbHUKO-
BOE YNJIOTHeHHe AJs (GYTASpOB.

[Tpu HcnoONb30BaHUY BAAKHOIO rasa
B HUXHHMX TOYKaX ra3olpoBOLOB YCTa-
HaB/AUBAOT COOPHUKU KoHAeHcara. Mx
KOHCTPYKIHA H Pa3Mepbl 32BHCAT OT 1aB-
JIeHHS Fa3a U KOJHYeCTBa KOHIEHCHPYIO-
medcs Baaru. KongeHcaToc60pHUKY He-
GONbWION BMECTHMOCTH I1ej1ecoo0pasHo
YCTaHaBAMUBAaTL B VYCJAOBHAX [O[ayH
OCYLIEHHOro ra3a. B 3ToM cayyae KOH-
JeHcaTOoCOOPHHKH HCHOAB3YIOT N8 yad-
JIeHHn BJard, nonasilefl B ra3onpoBoj
IpH CTPOHTENbCTBE, NPH SKCNAYATaHOH-
HbiX NPOMBIBKAaX U T. A. TpyOKH KOHaeH-
CaTOCOOPHHKOB HCHOJAL3YIOT NpH npo-
AYBKaX ra3onpoBOAOB M BbiIyCKe rasa
IpH peMOHTE.

COOpHUK KOHAeHCcaTa AJA ra3onpo-
BOJOB HH3KOI'O NaBJeHHS NIPH UCIOAb30-
BaHUU OCYHIEHHOro ra3a MnoKa3aH Ha
puc. 4.11. KoHzeHcaT nepuogHyecKH
yAaJf0T yepe3 TpyOKy ¢ noMoubio Ha-
coca MJH BaKyyM-uucrepHbl. Ha Tpy6ke
UMeeTcsl 3JeKTpoj A8 HU3MepeHHs pas-
HOCTH INOTEHIHAJOB MeXay Tpy6oH H
semjeld. COOpPHHK KOHAeHcaTa AJ8 ras3o-
IPOBONOB CpeaHero M BbICOKOrO faBJe-
HHUS nokaszaH Ha puc. 4.12. TpyOKy Kou-
AEeHCAaTOCOOPHHKa pacnoaarawr B dyr-
Jsipe, OHa UMeeT BBEPXY OTBEpPCTHE AHa-
MeTpoM 2 MM. Takoe ycTpOHCTBO paer
BO3MOXXHOCTb BEID2BHHBATDL [ aBJAEHHSA B
TpYOKe H ra3onpoBoje, N03TOMY KOHJeH-
car He MOXKeT MOAHATLCS BBePX no Tpy6-
Ke, 4TO HCK/IIYaeT BO3MOMKHOCTbL €ro
3aMep3aHus.

4.3. YerpoincTBO
HapYXXHbIX ra3onpoBoAos

Ha reppuropuu roponos u Hacese-
HBIX NYHKTOB ras3onpoBoibl NPOK/ajbi-
BaIOT B rpyHre. /115 razonposogos npo-
MBIIJIEHHBIX W KOMMYH&JbHBIX [pen-
NpUATHH  11e1eco06pa3Ho  MpeayCcMar-
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ICTaKanaM.

pHBaTb HAA3EMHYIO NMPOKIaAKy HO CTe-
HaM H KpbILaM 31aHHH, 10 KOJOHHaM H
Jonyckaercs HanszeMHas
NpOKJAajKa BHYTPHKBApPTaAbHbIX (ABO-
pPOBbLIX) Ta3ONPOBOAOB Ha ONOpaxX M Ha
cTeHax 34aHuH.

IMopzemunie rasonposoapl. ['azonpo-
BOAbI [POKAAABIBAIOT 110 TOPOACKHM
npoesnaM. PekomeHnayercsa npeaycmar-
pUBaTb NPOKAanKy B TEXHUUeCKOH 30He
HJH B nojoce 3ejieHblX Hacaxnenui. [a-
30NPOBObI BLICOKOrO NaBjeHUs cjaeqyer
NpOKAabiBaTb B pafoOHax ¢ MaJoi naor-
HOCTbIO 3aCTPOUKH U 110 IpOe3gaM ¢ Ma-
JIOH HacChilleHHOCTLIO APYIUMH NOn3eM-
HbBIMH ~KOMMYHHKanuamu. [Ipokianka
rasonpoBOLOB NO Npoe3naM C ycoBep-
HIEHCTBOBAHHBIM JOPOXKHBIM NOKPLITHEM,
a Takxe NapajenbHO NYTAM 3JeKTpH-
GUIHPOBAHHBIX XKeJe3HbIX 10POr Ha pac-
cTosiHul MeHee 50 M He peKoMeHayercs.
PaccTonanuss no TOPH3OHTaAH MeXAY
[I0N3€MHbIMH H APYIFHMH COODYKEHHAMH
NONKHbL GbITh HE MeHee BeJHUYHH, yKa-
3aunbix B Tabna. 4.1. Paccrosuus, yka-
3aunbie B 1a6a. 4.1, He pacnpocTpaHsaoT-
CA Ha COBMECTHBIEe NPOKAanKH ra3onpo-
BOJOB C APYFUMH KOMMVHHK&IHAMH B
OHOH TpaHuIee.

Ha ornesbHbIX yyacTKax Tpacchl ra-
30npoBoja, a TaKke NPH Npokjaanke
MEXLY 34aHHAMH HJH 1101 apKaMU pac-
CTOSIHUA, npUBegenubie B Taba. 4.1, Mo-
TYT GbITb yMeHbIeHbl. ¥ MeHbILICHHE PAC-
crosinuii ponycruMo 1o 50% nas raso-
nposonoB ¢ aasaenuem o 0,6 MIla npu
YCAOBHU NPHMEHEHHS 15 3TUX YYACTKOB
OeculoBHBIX TpYyO HJAH  3JeKTpocBap-
Hbix Tpy6 co 1009%-ubiM KOHTpOJSIEM
CBapHbIX HIBOB HEPA3PYLIAIIHMH METO-
AaMH WJH 3JeKTPOCBapHbIX TPyO, npo-
AoxeHHbix B Gyraape. Pasmepnt yuacr-
KOB BbIGUPAIOT U3 YCIOBHA UX BEIXONA HA
2 M C KaXJ0H CTODOHBI OT 34aHH# U
coopyKeHHi. PaccTosHHe OT ra3onpoBo-
4a 40 CTEHOK KOJOAUEeB M KaMmep 101I-
3eMHbBIX COODYXKEHHHA N0JKHO ObiTh He
meHee 0,3 m. [lonyckaercsi NpokJganka
HEeCKOJbKHX Ta30MpoBOAOB B  ONHOH
TpaHilee. PaccronHue MeXay HUMH B
CBETY NOJXKHO ObITb MPHHATO A0CTATOY-
HbIM 1J51 TIPOH3BOACTBE MOHTaXa H pe-
MOHTa TpyGonpoBONOB.

[Ipu nepecevenHH ra3zonpoBosaMH
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MHANMAIBHLIE PACCTOSHUS 0 TOPH3OHTAAN B CBETY MEKAY MOA3EMHHIMH Ia3ONPOBOJAMH H Apyrumn
3nanug

Iagonposon

COOPYKEHNAMH ¥ KOMMYHHKARHAMH, M

Huskoro pasieH#s
He 6Gogee 5000 Ila
Cpensiero JapieHus
5000 ITa — 0,3 MIla
Bricokoro nasaesus
0,3—0,6 MIla

BhlcoKOro nasjeHust
0,6—1,2 MIla

N Ta6auma 4.1

pa3/HYHBIX JaBJeHHI MOJ3EMHBIX HH-
KECHEPHBIX CeTed paccTosiHHe MeXny
HUMH 110 BePTHKAJH B CBETY NOJXKHO
6bith He MeHee 0,2 M, MpH MepecevyeHUH
37eKTpUUECKHX ceTell — B COOTBETCTBHH
¢ ykazauusmu [1¥Y2.

ApmaTtypy, ycTaHaBJHBaeMylo Ha ra-
30MpoBoaax, CJAelyeT pacHoJaratbh He
6J1Ke 2 M OT Kpasi NepeceKaeMbiX KOM-
MYHHKanuii 4 coopy>KeHuil.

[Ipu nepeceyeHHH raszolpoBOAaAMH
KaHaJ/J0B TelJoceTH, KOJJEeKTOPOB, TOH-
HeJleH UX NpOKAanblBaloT B (QyTaspax,
BLIXOASIIUX Ha 2 M C Ka>X10# CTOPOHHI
OT HAapY>KHbIX CTEHOK MepeceKkaeMbiX
COOpY KeHU#, NpH 3TOM NOJKeH ObiTh
00513aTeIbHBIH KOHTPOJb BCEX CBapHBIX
CTHIKOB B IIPee/1aX MepPeCceyeHust U Mo 5 M
B CTOPOHB! OT HAapYXXHBIX CTEHOK Hepas-
pywalomumu MetronaMu. Ha ogHoM Kon-
e ¢yTaspa A0JKHZ OLITb KOHTPOJb-
Hasi TpyOka. [aybuna 3ajnoxkeHus
ra3onpoBoaoB [JoJKHa ObiTb He MeHee
0,8 M 10 Bepxa rasonpoBona uau ¢yr-

TAsipa. [a3onpoBoibl, TPaHCMOPTHPYIO-
[He BJa)XKHHIH ras, YKAaabiBAlOT HHKe
30HBl CE30HHOI'O HPOMEp3aHusi TpyHTa
¢ ykiaoHom ==0,002° 4 yCTaHOBKOH KOH-
AeHCaTOCGOPHHKOB B HH3WIMX TOYKaX.

Hanszemune rasonposoabl. Hanszem-
HYIO MPOKA&AKY ra3olnpoBOAOB NMPOH3BO-
ASIT 10 HAPYXHBIM HECTOPaeMbIM TOKpbI-
THSIM 37aHHH, OTAeJbHO CTOSIIHUM KO-
JoHHaMm u scrakanam. [lo credam rasu-
(PUUHPYEMBIX JKHJBIX M OOLLECTBEHHbBIX
3AaHUH noNmycTUMa NMpPOKAaaKa rasonpo-
Bona ¢ gabjenuem He Gosee 0,3 MIla
(MckMIOUast TPaH3UTHYIO TMPOKJAALKY).
[a3onpoBonbl BBHICOKOTO [aBJEHHS 10
0,6 MIla MOXXHO NpOKIaABBaTL TOJbKO
o rJAyXHM CTeHaM WJIH Haj OKHaMH
BEpXHUX 3TaXeH NpPOM3BOACTBEHHBIX
3paHuil. [azonpoBOAbI, MNpOJOXKEH-
Hble [10 CTeHaM 3A2HHA, He LOJIKHb
HapyllaTb apXHTEKTYpY ero ¢pacaja. Bu-
COTY MpOKJAAKH TMPHHUMAIOT TaKoil,
4yTOGL F230MPOBOAKI GBIIH AOCTYMTHBE AJI5
OCMOTpa H peMOHTa U uTobb Oblia
HCKJI0yeHa BO3MOXKHOCTb HX NOBperKae-
HUsi. MHHUMaJbHBlE PACCTOSIHUS OT ra-
30MPOBOAOB, MPOJOXKEHHbIX Ha ofopax,
10 COCEAHHUX 3AAHUI H COOpYKeHUH, JH-
mutHpoBansl CHull 2.04.08—87 u us-
MeHsiorest ot [ o 40 M B 3aBHCHMOCTH OT
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THOA COOpPYXEHWs U JaBieHHUs rasa,
[Tpu nepeceyeHun HajA3eMHLIX ra-
30NIPOBOAOB C BO3AYIWHBIMH JHHHAMU
3/1eKTpONepeRayl OHH JOJIKHB TPO-
XOAUTL HHXKEe JAMHUH 3JeKTponepenaud.
Ha rasonposoze aosKHbl GbiTb Npexy-
CMOTpEHb! OTpaKAeHHS AASA 3aLIHTHL OT
najeHus Ha HEro 3AeKTpOmpo-
soza. PaccrosHue Mexay rasonpoBofiom
M JUHHAMH /eKTPONepenaud, a Takxke
pasMmepbl Oorpa)jAeHus MNPUHHMAIT [0
[1¥YD. BosamoxHa npokKaaika rasonpo-
BOJOB Ha ONOPAX H ICTAKAAAX COBMECTHO
¢ Tpy6GonpoBojaMu APYroro HazHa4yeHHus
npH yca0BHU obecneyeHHss CBOGOZHOIO
OCMOTpa H PEMOHTa KaXXA0ro ua tpy6o-
nposoaos. PaccrosHus Mexay rasonpo-
BOZAOM U TPYGONpPOBOAAMH HPH HX COBME-
CTHOH NpOKJaAKe U NepeceyeHud MNPH-
Humator or 100 npo 300 MM B 3aBHCH-
Moctu or audaMerpa. CoBMecrHas npo-
KJanka rasonpoBoaoB C 3JIeKTPOSHHHUA-
MH #OJKHa coorBeTcTBOBaTh [1¥3.
['agonpoBoakt, TPaHCHOPTHPYIOLIHE
OCYUIeHHBIH ra3, MOXHO NMPOKJaaLBaTth
6e3 ykaoHos. Ilpu TpaHcnoprupoBaHuu
BJAXKHOTO rasa ras3onpoBOJBI Cjl€nyer
NpOKJAaabiBaTh ¢ YKIGHOM He MeHee
0,003°, a B HM3WIHX TOUKAX Apeaycmar-

puBatrh ycrpoicTBa AJA  yAaJieHHsn
KOHJeHcata (ApeHaXkHble ITynepa).
Tpy6ul u apmatypy cAeayer NOKpbi-

Bath TeNoBOH uzoaapueid. Hansemubie
rasonpoBoAb cjaeAyer NPOeKTHPOBATH C
YUeTOM KOMIEHCAUHH TeMIepaTypHbix
YAJHHEHHH N0 (aKTHUYECKH BO3MOXKHDLIM
TeMnepatypHbeM ycaoBusim. Ecau npo-
JoabHbie AeopMaluy Heab3ss KOMIIEHCH-
poBarb 3a cyer U3ru0OB ra3cNpoOBOAA,
NpenycMOTPEHHBEIX cXeMOH (3a cyer ca-
MOKOMIIEHCALHH), TO CJelyeT ycTaHaB-
JAUBATH JUH30Bble HjaH [1-06pasHbie KOM-
neHcatopbl. Ca/lbHHKOBLIE KOMIEHCaTo-
pbl Ha TrasonpoBOJAax YCTAHABAMBATDH
Heb3s.

Beanyuny nposnera MeXAy onopamu
CTanbHbIX Ta30NPOBOACB, TPAHCIOPTH-
. pPYIOUIMX OCYLIEHHbIH ras, onpeneasior
U3 YCJAOBHH NPOYHOCTH MHOTOIPOJETHOM
6afoyHON CHCTeMBI C yyeToM HarpysKu
or co6CTBEeHHOro Beca, Beca TpaHC-
NOPTHPYEMOro rasa, cHera uau obaene-
- HeHusi TpyObt, a TakXKe OT BO3AeHcTBHUA
BHYTPEHHErO AaBJjIeHHs, BETPOBOro JaB-
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JeHus, TeMnepatypbl u Ap. [las razonpo-
BOJOB, TPAHCIOPTHPYIOWHX BJAXKHbLIA
ras, Be&JHUHHY NpoJera Mexay olnopaMu
ONpeneasioT U3 ycjaoBHH nporuba raso-
NpoOBOAA, KOTOPbIA JoaXKeH ObiTb He 00-
aee 0,02D. Meronuky pacuera npH-
HUMaIOT TaKYlo K€, KakK U JAas Maru-
CTpaJbHbIX Ta30NpPOBOAOB.

Ilepexoab ra3onpoBoaoB yepes ecre-
CTBEHHbIE U MCKYCCTBEHHbIE MpensiTcy-
susi. [lepexoapl rasonposofos uepes
PeKH, KaHajabt M JpYyTHe BOAHDbIE IIpe-
rpajbl OCYLECTBASIOT NOABOAHLIMU (A10-
KepaMH) W HaABOAHBIMHU (N0 MOCTaM,
scTakagaMm u ap.) cnocobamu. [1odsod-
HbLe nepexodol Fa30NPOBOLOB NPH IHPH-
He BOJAHBIX Nperpai NpH MeXEeHHOM ro-
pusonre 75 M u Gojee BLINOJHAIOT B
ABe HUTKM C [NPONYyCKHOH cnoco6-
HocTblo Kaxzo# 0,75 pacuerHoro pac-
xoja raza. B onHy HHUTKY AIOKEp MOXHO
NPOeKTHPOBATbL AJS 3aKOJbLOBAHHBIX
rasonpoBOACB, €CAU NpPH ero OTKJIoye-
Huu Oyier obecneueHo cHalXXeHue MO-
tpebutenell raszom. [lpu wmupuHe BoA-
HOH nperpanbl MeHee 75 M BTOPYIO HHTKY
NPOKAAABIBAIOT MPH HeO1aronpUATHBIX

-ycaosusx no CHull 2.04.08—87. Oas

TYIHKOBBIX Ta30NpOBOJAOB K NPOMBIII-
JeHHbIM NOTPeGUTENAM Nepexoi BO3-
MOXHO TNpOKJaAbiBaThb B OAHY HHUTKY,
ecau TNpeANlpUATHR HMeIOT pesepBHOe
TOIJIHBO.

Paccrosnue no ropusodranu Mex-
Ay JIOKepaMmu, HaABOAHLIMH Nepexo-
aaMi H mocramu no CHull 2.04.08—
87 B 3aBHCHUMOCTH OT XapaKrepa pekH,
THII& MOCTA H PACMOJOXKEHHA Nepexojia
BbIILIE WM HHXKE MOCTA AOJXKHO COCTAB-
JAsTb BeJaUuHHYy oT 2 o 50 M. Paccros-
HHe MeXAy OCSAMH NapajjebHbiX raso-
NPOBOAOB HAa MOABOAHBEIX -Nepexoaax
caepyer npuHumarb He MeHee 30 M. [Ipu
nepeceyeHUH HECYAOXOAHBIX PEK, HENOA-
BEpKEHHBIX pa3MbIBy, a TaKXe IMpH
nepeceyeHH BOJAHBIX Tperpan B npeje-
Jax HacejeHHOro NyHKTa BO3MOXKHA YK-
JajKa ABYX ra3onpoBOJOB B O4HY TpaH-
e, IPH 3TOM PACCTOAHHE MEX Y raso-
1IPOBOAAMH B CBeTY AOJIKHO ObiTh He
meHee 0,5 m.

[ay6una 3a10XKeHHA B TPYHT OT Bep-
Xxa 3a6anJacTHPOBAHHOTO Ta30NpPoBOAA
Ha 1nepexojax uepe3 CyLOXOHZHBIE peKH
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AoJXKHa ObiTb He MeHee 1 M, a 4epes
Lpyrde — He MeHee 0,5 M, HHKe NPOrHO-
supyemoro pHa. [TopsopHble nepexopbt
cJdefyeT BbITOJAHATb H3 JLJAMHHOMEPHBIX
Tpy6 ¥ MOKPBIBATH BECbMa YCHJCHHON
nzoasiuvel. TonmuHYy CTeHKH MPHHH-
MalT Ha 2 MM §oJblle pacyeTHOH,
HO He MeHee O wmm. Jlas npepor-
BpauleHUs! BCIJbITHSI ra3onpoBOa, Npo-
JOMXeHHbIl M0 AHY PeKU HJH BOAOEME,
HAarpys>kalT o Kele300eTOHHbIMH  IDy-
3amu (6asaacrom). [IpH cooTBeTCTBYIO-
HIUX YCJOBHSIX MOXKHO NPHMEHSITb 4y-
ryuubte rpysbt. Ha o6oux Geperax mnepe-
X0Z2 COODYXAIOT KOJOAUbI, B KOTOPBIX
pasMemaioT 3aiBUXKKH. BOIH3K Kaxao-
ro nepexona YCTaHaBJHBAKT IOCTOSIH-
Hele penepbl. Uepes BojHble nperpajbi
C HeycTOH4MBBLIM pycioM H Oeperam,
- @ BBICOKMMHU CKOpocTsiMH (GoJee 2 M/c)
TeyeHUSs! BOAEL, yepes ry6oKHe OBPary H
6ajaky 1enecoobpasHo OCYLIeCTBJASATD
Hajszemubie nepexopbl. X ycrpausalor
B BHAE IUIIPEHTEJbHHX, apOYHBIX H
BHCSIYUX CHCTEM, @ TaKXe B BHJe Jcra-
 Kap.

Bo3mMoXHOCTD MpoKJAafKH ras3onpo-
BOJOB 1O XKEJIe3HOZOPOXKHEIM H  2BTO-
'MOGHJIBHBIM MOCTaM peulaercsi B COOT-
BeTCTBHH C TPeOOBAHUSIMHU [0 NMPOEKTH-
DPOBAHUI® MOCTOB H  TPYGONpOBOJLOB
no CHull 2.05.03—84. Tasonposonn,
NOJBCIIMBAEMbIC K MOCTaM, LOAXKHb! Bbi-
MOJHATLCS W3 CTadbHbIX OeCLIOBHBIX
AW TpPSAMOLIOBHBIX TpyO, H3rOTOBJIEH-
HbiX 3JE€KTPOLYTOBOH CBapKOH, U HMeTh
KOMIeHcHpYyiomHue ycrpofiersa. Pacno-
JIOXKEeHHe ra3oNpPOBOAOB AOJXKHO HCKJIO-
4aTb BO3MOXHOCTL CKOIUICHHS rasa B
KOHCTPYKLHSIX MOCTA.

[asonpoBosHble nepexoibt uepes
JKeJNe3HONOPOKHDbIe, TpaMBalHbie MyTH
H asromobunabupte poporu (I, 11 u III
Kareropufl) ObIBAIOT MOA3eMHbIC H Haj-
semubie. [lpu mop3emHbIXx Tnepexomax
ra3onpoBoOjbl YKA2AbiBAOT B (GYTAADHI,
KOHLbi KOTODBIX BBIBOJSIT H& ONpefeJeH-
Hbie paccrosinust no CHull, wanpumep:
OT KpalHHX pesibCOB XKeJe3HOLOPOXKHbIX
nyrefi He MeHee 10 M, or KpaliHHX peJfb-
coB TpaMmBalHbIX nyrel 2 M, oT Kpas
npoes3)ed 4actH aBToMOGUIbHOH Hopo-
ru 3,50 M. /luamerp QpyTisipa NpUHHMAIOT
He MeHee deMm Ha 100 mm Goablie gua-

meTpa rasonposoia. ['asonposos B npe-
penax Gyraspa LOMKEH HMeT MHHHU-
MajdbHOe YHCAO CBAPHBIX CTHIKOB, GbiTh
MOKPBIT BecbMa YCHJEHHOH usogsinyedl
H YJOXEH Ha UEHTPHPYIOUIHe LH3JeKT-
pHueckHe npokaaaku. Bee cBapuble CThbi-
KH B npegetax ¢yraspa HeoOXoAHMO
nposepsitb  HU3HYECKHMH  MeTOLAMH
KOHTPOJS, KOHLbI HYTAAPA YIIOTHATD, &
Ha OJHOM M3 HUX YCTAHABJHBATbL KOHT-
poJbHYIO TpYyOy, BbIXOASAMYIO MOJL 3a-
HIUTHOE YCTPOHCTRO.

Caybuna ykAagKH ra3onpoBona MO
MaTHCTPaJbHBIMH  2KeJe3HOLOPOXHBIMH
NyTAMH LOJxH2 ObiTh HEe MeHee [,5 M 1pH
PpOH3BOACTBe paboT METOAOM NPOAaB-
JUBaHUSL, CUUTA® OT NOLOHIBBI LUMAJEBL
Jo Bepxa ¢yraspa. Ilog tpamBalHbiMu
NyTSAMH H KeJe3HOLOPOXKHLIMH BeTKaMHu
NPOMBILLJEHHBIX NPELNPUSATHH, a TaKXKe
nox aBTOMOGUABHBIMU JOpOramMu rayOHu-
HY YKJAaLK{ cjefyer NpUHHMarb HE Me-
wee I M. Boicory Haz3eMHOro nepexopa
ONpenesliorT ¢ yueToM obecreyeHus CBO-
GOJHOr0 NepelBHXKEHHUS TPaHcoopra H
npoxona awged. Tak, B HermpoesxeH
4yacTH TEPPUTOPHH B MecTax [POXOAa
Jiofed BEICOTa NPOKAaJKH JOMKHa ObiTh
2,2 M, a B Mecrax mnepecededusi aBTO-
MOGHABHBIX fopor —4,5 M, @ Ipu nepece-
YeHHH TpaMBaHHbBIX U JKeJe3HOLOPOXK-
HBIX myred —5,6...7,1 M.

YcranoBka  oTKJloualmMx  ycr-
poiictB. Orkaouaomue ycTpoldctBa Ha
rasonpoBofax YCTaHaBJAUBAOT B CJe-
LYIOLUX MecTax:

1) Ha pacnpepeauTebHbIX Ia3onpo-
BOAAX HH3KOTO HAaBJEHHS AJS OTKJIOYe-
HHUSL OTAEJIbHBIX MUKPOPAHOHOB, KBapTa-
JIOB, TPYMObl KHUJbIX AOMOB M Ha ra-
30POBOJAaxX CpPeAiHero H  BLICOKOrO
AABJEHUS MPU OTKAOUEHHH OTAEJbHbLIX
Yy4aCcTKOB;

2) nepejn XuUJAbIMH, 00ileCTBEHHBIMU
U MPOU3BOACTBEHHLIMH 34aHUSIMH, Ha-

PYXKHBIMH' razonoTpeGasiomuMH  yoTa-

HOBK&MH, Ha repeceueHUy BOJHBIX Npe-
rpas, XKeaesaHblx Jopor obuie# cetd H
aproMo6uabnbix fopor 1 m Il karero-
puit u I'PIL.

OrkauaKye ycTpoicTBa foNycKa-
eTCsl He YCTaHaBJ/HBATh!

1) na BeiBoge u3 [PII npu cucremax
raszocHabxenust ¢ oguum [PII;
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2) nepen ['PI1 npemnpustuii, ecan
OTKJIOyamlee ycTpoHCTBO, HMeloieecs
Ha OTBOJE OT pachpenefHTeNbHOro ra-
3onposona, Haxoautcs or ['PIT Ha pac-
cTosiHUK He Gojee 100 m;

3) Ha nepeceueHHH >XKeJe3HOLOPOXK-
HeiX nyrefi ofuwiefi ceTH M aBTOMO-
6unpubnix  gopor I n» 11 kareropuu
IpPH HAJHYUH OTKJIOYAIoH(ero ycTpoHcT-
Ba Ha pacCTOfAHHM OT nyTe#t (Aopor)
He pajee 1000 m, ofecleunBaloulero
npekpanieHHe MOAayH rasa Ha yyacrke

nepexona.
Ha wHapyxHBIX rasonposogax or-
KJOYalouiHe YCTpoHCTBa  yCTaHaBJH-

BalOT B KOJIOAIAX, Ha3eMHbIX wKadax
HJIH OFpajax, & TaKXKe Ha CTeHaX 3NaHH#,
Ha Brone razonpoBona B XHJbiX H 006-
HIeCTBeHHbIX 34AaHHUSX OTKJAuyaloilee
yCTpOUCTBO CjAeayeT YyCT&HABJAHBATbL Ha
CTeHe CHAPYXKH 31aHHSA,

Ha nopsemHbIX rasonpoBosax or-
KJAO4aloiile ycrpolicTBa cjenyer ycra-
HaBJAUBATb B KOJIOALAX C JHH30BHIMH
KOMIIEHCATOPAMH HJH KOCbIMH ¢iaHue-
BbIMH BcraBKamMu. Ha rasonposoaax
MmaJjoro aHamerpa {(dy=100 MM) Jayuure
NPUMEHSThH THYTble WU cBapHble [1-06-
pasHble KommeHcaropbl. IlpH cranbHOH
apMmarype, npHcoeaHHseMO# K rasomnpo-
BOJAM Ha CBapKe, KOMIeHCAaTophl He
yCTAaHABANBAIOT. YuacTKH  3aKOJAbLO-
BaHHLIX pacnpenesHTeNbHBIX Fasonpo-
BOAOB, [MpOXOAfiliHE [0 TEepPPHTOPHH
NpeAnpHATHH, NOJKHBI HMETb OTKJIO-
yaluiMe ycrpoficTBa BHE HX TeppHTO-
puu. [Tlpn TYNHKOBOM rasonpoBofe
JOCTATOYHA YCTAHOBKA OJHOTO OTKJIO-
yalulero ycrpolcTBa rnepen TeppHTO-
pHel npennpHATHS.

4.4. 3auiMra rasonpoBoacE - ;
OT KOPPO3UH

B 3aBucumocrH ot cocraBa rasa,
MarepuaJja TpybonpoBona, yCJA0BHH NPo-
KJagKH H  (QH3HKO-MeXaHHuYeCcKHX
CBOMCTB TpyHTa ras3onpoBOabi MOABEp-
JKeHbl B TOH HMJH HHOH CTereHH BHYT-
peHHeil U BHewHe#l Koppo3uu. Kopposus
BRHYTPEHHUX nosepxrocted TpyG B oC-
HOBHOM 3aBHCHT OT cBoHcrB rasa. Oua

38

o6yc/oBeHa MOBLIIIEHHBIM COAepIKa-
HHeM B rase KHCJI0pona, BjarH, cepoBO-
40pOAa H ApYTHX arpeccHBHbIX CoOenH-
Hennii. bBopb6a ¢ BHyTpeHHell Koppo-
3Hed CBOAHTCH K yAaJjeHHIO H3 rasa
arpecCcHBHLIX CoenHHEeHH, T. €. K XOpo-
el ero ouHcrKe. 3HAUHTEAbHO BoJbilke
TpyAHOCTH npeacrabaser 6opbba ¢ Kop-
posueld 8HewHux nogepxnocred Tpyod,
YJOXKEeHHBIX B TPYHT, T. & ¢ INOYBeH-
Holi KopposHeil. [loyBeHHYH KOppoO3HIO
o cBoell MpPHUpoae pas3nesioT Ha XHMH-
YEeCKYI0, 3JIeKTPOXHMHUECKYIO U 3JIeKTPH-
YeCcKyl (KOppos3HIOo OayXIaloUWHMH TO-
KaMH). ,
Xumuyeckas Koppo3us BO3HHKaeT OT
neficTBHSA HAa MeTaja pasiHuyHbiX ras’oB
H KHAKHX HeajeKtpoautoB, OHa He
COMpPOBOXKAAETCH NMpeBpauieHHeM XHMH-
yecKo¥i 3Hepruu B 3jekTpHyeckyw. [Ipu
NeUCTBHH HA MeTaJjJl XUMHYeCKHX COeaH-
HeHHU#l Ha ero noBepxHocTH obpasyer¢s
nJAeHKa, cocTosnas U3 MPOAYyKTOB KOp-
posuu. Ecau ofpasyomascs mnjeHka
He pacTROpSeTCs, HMeeT AOCTaTOUYHYIO
MJAOTHOCTb M 3JACTHYHOCTb, @ TaKXke
XOpOUIC CuemnJeHa ¢ MeTajJoM, TO Kop-
po3us O6yner 3aMenJsTbCA M MpPH ompe-
NeJeHHoH  ToJquHHEe [JIEHKH  MOXKeT
npekpatHTbes. XHMHuecKash KOppo3Hs
ABJASIETCA CIJIOWHOW KopposHell, MpH
KOTOPO# TOJIIHHA CTEHKH TPyOb yMeHb-
iwaercs paBHoMmepHo. Takoit npopnecc
SIBJISieTCA MeHee ONacHBIM C TOUKH 3pe-
HHSI CKBO3HOIO NMoBpexXaeHus Tpyo.
Koppo3us merajna B IpyHTe HMeeT
NpeHMYUeCTBEHHO 3AEKTPOXUMULECKYIO
NpUpony. JAEKTPOXUMUHECKASL  KOpP-
po3us SIBJASeTCA pe3ysabTaToOM B3aHMO-
AeHCTBHSA MeTaAna, KOTopbl# BbINOJHSET
pOJb 3JIeKTPOAOB, C arpecCHBHbLIMH pPacT-
BOPDAMH TPYHTA, BLIIOJHSAIOUHMH pOJb
saekrpoauta. I[lpopecc 3JeKTpoXHMH-
YeCcKOH KOPpPO3HHM CXeMaTH4yHO MOKas3aH
Ha puc. 4.13. Meraas, obaanas onpene-
JIEHHOH YNpyrocTbio pacTBOPEHHsA, NpPH
COMPHKOCHOBEHHH C TPYHTOM MoOChijaer
B HETO CBOH MOJOXHTENbHO 3apsiXKeHHbie
HOHBI. DJEKTPOHH OCTAIOTCH B MeTaJe,
M OH mnpHo6peraer OTPHIATEbHBIH IMO-
TeHUHaJ, a IPYHT (3JIeKTPOJIHT) 3aps-
JKAercsl NOJAOXKHTENbHO, TaK KakK B HEM
HAKaMJHBAIOTCH MOJOXKHTE/bHbe HOHDL.
B cuany pH3HKO-XUMHYECKOH HEOZHOPOI-
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HOCTH MeTajna u rpysra BOJH3H yyacrt-
KOB, [le IpOTeKaer Npouec pacTBOPEHHA
meranna (r. e. obnajgawowux Gosbilel
yIpPYrocTblo pacTBOpeHHs), pacnoga-
raloTcs Y4acTKH, XapakTepHsymoluHecs
MeHbilleH  YOpYyrocTbid  pacTBOpeHHS.
[lepBble craHOBATCHA aHOLHLIMH 30HAMH,
a BTOpble ~— KaToaHbIMH. KaTonHb# yua-
'CTOK FasonpoBojga MnpHobperaer MnoJo-
KHUTeNbHbI MOTeHuuasa Mo OTHOLIEHHIO
K aHoLy. DJeKTpOHbl NeperekalT oT
aHoza K Karoay 0o Meraaay rtpybo-
npoBona. B FpyHTe NpPOUCKOOMT Ite-
peMeleHHe HOHOB: KATHOHOB (3apsKeH-
HbIX MOJOXKHUTEJNbHO) — K KaToA4y, aHHO-
HOB (3apfAXKEeHHBbIX OTPHLATENbHO) — K
aHOAY.

DJeKTPoXUMHUYecKas HEeoqHOpO -
HOCTb PACNONOMKEeHHbIX PALOM y4acTKOB
rasonpoBoOia BBI3BIBACT PA3HOCTb HX
3JeKTPOAHbIX mnoreHnHanos. Hopmasab-
HbIM 3JEKTPOLHBIM NOTEHUHHAJAOM Ha3bl-
BAIOT PasHOCTb NOTEHIHAJOB, KOTOpas
BO3HHKAeT MEXAY MeTajjoM, norpy-
JKeHHbIM B HOpMaJbHbIA pactBop (npH
KoHuentpapuu | r-sks Ha | a) coau
3TOr0 MeTanaa, M IOTeHHHaloM HOop-
MaJbHOIO BOLOPONHOIO 3JeKTpona, yc-
JIOBHO NpPHHATbIM paBHbIM HyJ0. Bce
MeTabl MOXKHO pACHONOXKHTb B 3JeK-
TPOXHUMHYECKHH pfa HanpsikeHHd 1o
BO3PACTAHHIO HX HOPMaJbHbIX 3JEKTPOa-
HBIX [IOT€HUHANOB (B BOJbLTAX):

K’ Mg“
—2,92

Al
—2,38

Za
—1,33

—0,76

YuacTkH Meranga, obsaagawliue Gojaee
OTPHLATENbHBIMH 3JEeKTPOAHbIMH NOTEH-
nHajnaMHu, GyAyT CTAHOBHTbCH aHOAAMH.
Merans nmoapepraeTcs KOppo3HU B aHOL-
HblX 30HaX U YuacTKaX, TaK KakK B HHUX
HOHBl MeTaj/la BbIXOAAT B FPYHT.
PaccMoTpenHblil npoyece 3JeKTPOXH-
MHUeCKOH KGPPO3HH NpeacTasaneT co60H
pabory raabBanuueckol napol. B peaob-
HBIX YCJOBHSIX, KOpPpPO3HA [MpOTeKaer
3HAYHUTEJBHO CJOXKHee, TAaK KaxK Ha oc-
HOBHOH mnpouecc HakjaaablBaeTca psl
APYTHX PH3HKO-XHMHUYECKHX INIPOIeCCoB.
[Torennuan Meradsa no OTHOWIEHHIO K
TPYHTY 3aBHCUT He TOJbKO OT €ro

728 >
Jnexkrponur

e KaTHUOHbI [+/
3 aHWOHbLI [ — [

Aﬂonﬂan 30Ha

P

Karopxas 30Ha

\

3nexrpoub¥§ {

Puc. 4.13. lIpouecc anek-
TPOXHMHYECKOW Koppo-
3UH

$UIHKOrXUMUUCCKHX CBOHCTB, HO H OT
cBOHCTH rpyHTa. Beslenctsue HeOAHOPOA -
HOCTH FPYHTA TaKXe BO3HUKAIOT rajbBa-
HHyeckHe napbl. PH3HKO-XHMHUYECKAA He-
OJHOPOAHOCTb OJIM3KO Paco/oXeHHbLIX
yuacTKOB MeTaJgasa NpHBOLHMT K o6paso-
BaHUIO MHKponap. Ecad rasonpoBog
NPOXOAHT uepe3 ywacTKH FpYyHTa, pe3ko
OTJHyaKUIHecs MO0 CBOHM CBOHCTBAM
APYF OT 1apyra, TO BO3HHUKAIOT Falb-
BAaHHueCKHe 3JeMeHTbl OueHb O0JbiioH
AJAUHBL — B COTHM M [Ja’ke ThICAYH Mert-
poB (Makponaphbl).

s

.
+1,7

H’ Cu
—0,44

0 +0,34

DAeKTpOXHMHUECKAs KOppPO3HUA HMe-
eT XapaKkTep MecCTHOI KOpDpO3HH, T. €.
TAKOH, KOr[a Ha ra3onpoBOLaX BO3HHKA-
I0T MeCTHbie A3Bbi M KaBepHbl 00/1bHIOH
rAy6GuHbBI, KOTOpble MOTYT, pPa3BHBAafCh,
NPeBPaTHTbCA B CKBO3HblE OTBEpPCTHA B
creHge Tpy6bl. MecrHas  KOppo3HA
3HAyKTebHO ONAacHee CHVIOLIHOH KOp-
PO3HH.

dleKTPOXHMHUECKAsA KOpDPO3HS BO3-
HUKaeT TakXKe NpH BO3AeHCTBHH Ha ra-

' 30[IpOBOJ, 3JEKTPHUECKOro TOKa, KOTO-

pblii nBUKeTCH B rpyHTe. B rpysr Toku
nonajaloT B pe3y/brare yreuyex W3 pedb-
COB 3/1eKTPHPHLUHPOBAHHOIO TPAHCIOp-
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Ta — UX  HasbiBalOT GJYyKIalomWHMHU,
Kopposuro, sosnurkarouyo nod dedcreu-
em bayrcdarouux TOK08, HA3bLLBAIOT Ae-
KTpu4eckoi B OTJAHUHE OT 3JeKTPo-
XUMHYECKOA—TralbBaHOKOPPO3HH.

BayxpalomHe TOKH, cTekast ¢ pedib-
COB B TpYHT, ABHXYTCS 0O Hamnpas-
JEHHIO K OTPHLATeJbHOMY [TOJIOCY TATO-
BOH noacraHuuu. B mMecrax, rae nospex-
JeHa H30JSUHS, OHH Nonafalor Ha raso-
npoBoa. B6ausn TAroBo# noacTaHuUHH
TOKH BbIXOASIT M3 rasonpoBOa B IPYHT
B BUJE MOJ0XKHUTeJbHbIX HOHOB MeTaJja.
Hauunaercst 31eKTpoju3 Merasina. yyac-
TKH BBIXOAA TOKa M3 rasonponoaa npen-
CTaBJsIOT cCO60H aHOLHble 30HBL, B KOTO-
pbIX MpoTexaeT aKTHBHHBIH Mpoyecc d1eK-
TPOKOPPO3HUH. 30Hbl BXOAA [TOCTOSIHHONO
TOKa B rasonpoBon HasbBalOT KaTol-
HBIMH. DjeKTpHuecKash Kopposusa Gayx-
AAI0HMMH TOKaMH BO MHOFO pPa3 OnacHee
9J1eKTPOXHUMHuecKol Kopposaun. B ro-
PONCKHX YCAOBHUSIX 3TO Haubosee pac-
NpoCTpaHeHHBIH BHA KOPPO3HH.

Koppo3HoHHAst aKTHBHOCTb FpYHTa
3aBUCHT OT CTPYKTYPbl, BJAXHOCTH,
BO3YXONPOHUNAEMOCTH, HAJUYHUA cogeH
U KHCJAOT, & TaKXe OT 3JeKTponpo-
BopHoCTH. CyXHe rpyHTHl ME@Hee aKTHBHO
BO34eACTBYIOT HA MeTa/l/l, yeM BlaXHble.
C yBeJuYeHHEM BJaXHOCTH TIpYHTA
NepBOHAYAbHO YBeJIHUHUBACTCS H ero
KOppO3UOHHAA akTHBHOCTb. Haubosb-
YO aKTHBHOCTb HMeeT IpYHT MpH BJAaX-
HoetH 11...13 9% . ¥YBenuueHue BAAXKHOC-
tH cbiwte 20...24 9% NpUBOZUT K CHHXKE-
HHUIO HHTeHCUBHOCTH KOppo3HH. B Bono-
HACBIIEHHBIX TPYHTAX HHTEHCHBHOCTD
KOppO3HH 6yaeT MUHUMaJbHOM, ecjli BO-
A&, Hacbiulalomasi FpyHT, caMa He fB-
JISIeTCsi arpecCHBHON MO OTHOLEHHIO K
metadry. [1pH nepemenHo# BAAXKHOCTH,
KOTA2 BO3HHKAIOT YCJAOBHSI COBMECTHOTO
Bo37eHCTBHS BJArd U KHCJA0pona, co3aa-
eTcsi HauGosee OGjaronpusiTHast cpeaa
AJSl KOppPo3UM Mertajja.

[opoackue rpyHTH, 3acopeHHble
CTOUHBIMH BOLAMH, HMEW e pazHopoa-
HYIO CTPYKTYPY H BKJIIOUEHHS pa3JHUHbIX
npeaMeToB, SBJASIOTCS KOPPO3HOHHO-aK-
THBHBIMH. 3a60J0ueHHble YYACTKH, TOP-
dAHUCTBIE BJa)KHble [MOYBbI, YUACTKH

FpyHTa, HaxXoaHBIIHeCs [MO4 OTBajJaMH
IJaKoB, 3acCoJieHHbBIC [MOUYBbLI TakKXKe
40

ABJSIIOTCS KOPPO3HOHHO-AKTHBHEIMH. YH-
CThle MeCKH MeHee oOnacHbl B KOpPpoO-
3HOHHOM OTHOIUEHHH. ,

[Tpu uccsenoBaHuU TpyHTA yuyecTh
BCe yKasaHHbie QPaKTOpbl BechbMa CJ0XK-
HO, MMO3TOMY BbLIOHPAIOT TAKYI0 Xapakre-
PHCTHKY, KOTOpAas B OCHOBHOM oTpaaja
Obt ocHoBHBle pakTopbl. HauGonee sax-
HbiM CBOMCTBOM TPYHTA, NOALAIHMIUMCS
OBICTPOMY M OTHOCHTEJbHO TOYHOMY
OMpeeeHUIo, SIBASICTCS ero yaeibHoe
97EKTPHYECKOE COMpPOTHBJECHHE, KOTOpoe
M pacCcMaTpHBAIOT KaK OCHOBHYIO Xapak-
TEPHUCTHKY €ro KOPPO3HOHHOH aKTHB-
HOCTH. JJIeKTPUYecKoe CONpPOTHBJEHHE
sBasiercst QyHKuHeH psma ApyrHx xa-
PaKTepDHCTHK TPYHTA: COCTABA, KOHUEH-
TpauHH pacTBOPEHHLIX BeHecTB, BJAAXK-
HOCTH H [Lp., MO3TOMY OHO CBSI3biBaeT
BOeAMHO pPsAn rAaBHeHwHx ¢axTopos,
onpefension X KOPPO3HOHHYIO aKTHUB-
HOCTb rpyHTa. Kak mnokasbiBaeT OIbIT,
conocTrapaeHHe 3JeKTPOMeTpHUEeCKHX Xa-
DPAKTepDHCTHK TpPYHTa C ero KOppo3H-
OHHOM aKTHBHOCThIO, YCTAHOBJEHHOH OC-
MOTPOM CTaJibHbIX TPYGONPOBOROB, KAET
Xopotlee coBnajenue pe3yabTaToB (OKo-
a0 80...90 %).

Jas BEISIBJICEHUST KOPPO3HOHHOTO CO-
CTOSIHUS MO/13€MHOT0 ra3onpoBOAa Mpo-
BOAAT /JE€KTPHYECKHE HAMEPEHMUS], OCHOB-
HbIMH H3 KOTODBLIX SIBJSIOTCH olnpene-
JiegHe MoTeHuHasjda ra3onpoBojga Mo ofr-
HOLIEHHIO K 3eMJje, a Takke HampagJe-
HHUSI U BeJHUUHDb GJYXXAAIOHIEro TOKa,
Tekyuiero rno rasonposoay. [loreHuuan
rasonpoBoAa MO OTHOWEHHIO K 3eMJe
H3MePHAIOT BbICOKOOMHbBIM BOJbTMETPOM,
KOTODBIA NpHCOGQHHSIOT K Ta3cHpoOBOAY
U 3aseMJsiiomeMy aaekrpony. [Ipu 6oab-
IWOH PA3HOCTH MOTEHUHANOB HCMOAL3YIOT
CTaJbHOH 3JeKTPOA, a MpH pasHOCTH
noreHuuanos menbwe 1 B — nenoaspu-
3YIOUHACS 37eKTPOA. YUacTKH Tasonpo-
BOJ A, UMeIoHe MOJOXKHTebHbIA MoTeH-
pHaJ o OTHOIIEHHIO K 3eMJle, SIBJASIOTCS
OMaCHbIMH B KOPPO3UOHHOM OTHOILIEHHH.

Ecan cpegHee 3HaueHHe [OJOXH-
TeJ1bHOr0 MOTeHuHajsa ra3onpoBOLa [0
OTHOILEHHIO K 3eMJ/le npeBbiwaer 0,1 B,
Ho He Gosee 0,5 B, rtorma sjaekrpu-
UyeCKas 3allMTa TasocnpoBOAA AOJXKHA
ObiThb BBEAEHA B 9KCILJIYVATANHIO B EPBBIHA
roj [OC/e OKOHYaHHS CTpoUTeabCTBA
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rasonposoaa. Ecau cpenmee 3HaueHue
TMOJIOKUTENIbHOTO [TOTeHIMa/la npeBkina-
er 0,0 B, To 3amura rasonposoja
JOJXKHa OBITb COOPYXKEHA A0 €ro caayu
B 3KCIJAyaTauuio, HO He [Mo3J1Hee 4YeM
yepe3 6 Mec MOC/ie OKOHUAHWSI CTPOHU-
TeJbCTBA Ta30MPOBOAA.

.MamMepeHne mnoTeHUManoB rasornpo-
BOJA OTHOCHTEJABHO 3€MJM MNPOU3BOIAT
yepes kaxkabie 200..300 m. Hast usme-
pPeHUll MCHOJAb3YIOT CrelualdbHbie KOH-
TPOJibHBIE MYHKTH (puc. 4.14), a Takxe
MecTa, re BO3MOXEH AocTyn K raso-
NpoBOAY (3a4BUXKKH, COOPHHKM KOHJAEH-
caTa, FMAPAaBJAMYECKHe 3aTBODPBL U Ip.).
KoHTpobHO-U3MepuTeNbHEIE TYHKTH yC-
TQHAB/AMBAIOT B MECTAX IePeceUeHH sl
rasonpoBOJOB C Pe/NbCOBBIMU IYTAMU
3J1eKTpUHULIUPOBAHHOTO TPAHCIIOPTA U B
MecTax Mepexofa TrasonpoBOLOB uepes
BOLHBIE nperpaabl uiupuHol 6osee 50 M.

CyllecTBYIOIIME METOIbl 3AUIUTHI r'a-
30MPOBOAOB OT KOPPO3WU MOXKHO pasje-
JUTb Ha J[Be FpPYMnbl: MACCHBHblE H
aktupHble. [laccusHoie merodol 3auyiiTol
3aKA04YANOTCS B H30MASILMY ra3onpoBoja.
K #30JA1lMOHHBIM MaTepHanaM, UCIofb-
3yeMblM /A 3alWThl Tras30rMpoBOAOB,
NpeIbABASAIOT psijg TpeOoBaHWH, OCHOB-
Hble U3 KOTOPBIX CAeAYIOlIHEe: MOHOAUT-
HOCTb TOKPLITUA, BOAOHENPOHUIIAE-
MOCTb, XOpolllee MpuunaHue K MeTasy,
XHUMUUYecKast CTOUKOCTb B IPYHTaX, BbICO-
Kasi MexaHuyeckas Npo4HoCTh (MpH me-
PEMEHHBIX TeMreparypax), Hajiuuue au-
3/EKTPUUECKUX cBOHCTS. 3051 MOHHBIE
MarepHasibl He NOKHBI ObITh HedHUIUT-
HBIMH.

Hau6osee pacrnpocTpaHeHHbBIME U30-
JALMOHHBIMU MaTepuanaMu SBJASIOTCSH
OUTYMHO-MUHEpaAbHbIe U GUTYMHO-Pe3H-
HOBHle MacTuKH. B mnepsom cayuae B
KauecTBe 3anojHuTenst K 6UTyMy no6aB-
JSIIOT XOPOIUO U3MejbUeHHbIE A0JOMU-
TU3MPOBAHHBIE HJAM acdanbTOBBIE U3-
BecTHAKHM, acbecT uAKM o6OralieHHbIH
KAaoJiIHH, BO BTOPOM — PE3WHOBYIO KPOLI-
Ky, W3TOTOBJEHHYIO H3 aMOpPTU3UpO-
BAHHBIX MOKPLILIEK. DHTYyMHO-pe3uHOBast
MacTuKa objagaeT HecKOabKo 0oJbliel
NPOYHOCTBIO, 31ACTHUHOCTBIO U A0JTO-
BeYHOCTbI0. L/l yCUJIEHHSI 30 UM
IPUMEHSIIOT apMupyiollue OOGepTKH H3
THAPOU30/a, 6PU30Ja UMK CTEKAOBOJOK-

=
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ANRN Y

Y3zen 1 |
MBxL,25 1!
I
N Burym
Puc. 4.14. Ycrpoiicrso Tpy6xa; 4— 3NeKTpon
KOHTPOJbLHOTO NYHKTA 3a3eMJleHHA; 5-— rafiku
© I— xoBep; 2— GeToHHas M8 ¢ waiGolt; 6—

NOAYWIKA MoJ KoBep; 3— KOHTPOJIbHBIH NPOBOAHHK

HHCTOTO Matepuana. ['Wapouson npen-
crapasier coGo#l TOJCTBIE JHCT U3 ac-
Gecra ¢ go6asaenuem 15...20 % uennto-
J103Bl, MPOTIUTAHHON HeDTAHBIM OUTYMOM.
bpuson rotoBiT Ha oOcHOBe OGuTyMma
u apo6/eHoH cTapofl BYJKAHU3UPOBAH-
HOI pesuHBI.

M3onsiuuio ra3onpoBoaa Npou3BOAAT
B Tako#l mocaenoBaTesbHOCTH. Tpy6y
OUUINAIOT CTAAbHBIMU IlleTKaMH IO Me-
Tajnauueckoro 6jecka W NPOTHpALOT.
[Tocsie 3TOro Ha Hee HAKJAAABIBAIOT FPYH-
ToBKYy tonuuHol 0,1..0,15 mm. IpyH-
TOBKa MpeacTaB/asieT cobod HedTAHOH
6UTYyM, pas3BeAcHHBIH B OGEH3UHE B
oTHowreHun 1:2 wan 1:3. Korma rpyH-
TOBKa BbICOXHeT, Ha TPy6onpoBOA Ha-
Kaaabisaior  ropsuyio  (160...180° C)
GUTYMHYIO 3Manib. JMaib HaK/IaAbIBAIOT
B HECKOJbKQ C/J0€B B 3aBUCHMOCTH OT
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Puc. 4.15. Jaexrpnyec- KOHTaKTH; 6— gHOI; 8— | ny'r:\\ \L\\ e ;
Kas CX€Ma NoJsIpH30BaAH- ApeHaXHas 06MOTKA; . | 3aWMTHOTO Q\ | \Q\ ; E
HOro ApeHaxa 9— BrJOUAOWAA o6- | | toka e rpynte \ / I i
I— rasonpoBog; 2— moTKa; I0— WmyHT am- | [ Py \b \\é & :
npesoXpasHTeNb e nepmerpa; II/-— amnep- | | N
350 A; 3~ conpoTuBie- MeTp; [2— pyGHIbHHK; - | | ~
HHe;  4— TMpesoOXpaHH- 18— pennc lo Kevommangowma _, 4 =
Teab Ha 15A; 5 u 7— i ™ L ] \

TpeGOBAHUE, NPelbABASEMbBIX K H304-
nuu. CHapyxu Tpyby 06epThIBAIOT
Kpapr-6ymaroit. B coBpeMeHHHIX yC/0-
BHSIX Bce paGOTH MO H30AALMH TPYO
MeXaHH3UPYIOT.

B 3aBHCHUMOCTH OT 4HMcjia HaHECEH-
HBIX CJ0eB 3IMajH H YCHAHBAIOIIHUX
06€epTOK H30JAIHsl GbiBAeT CledyIOLIHX
THITOB: HOpMaJibHasl, YCHIEGHHAs M BeCh-
Ma ycuneHHasi. HopmanbHy0 H30AAIMIO
MPHMEHSIIOT MPH HH3KOH KOPPO3HOHHOH
AKTHBHOCTH TIPYHTa, YCHJEHHYIO — MPH
CpeflHel, B OCTA/NBbHBIX CAydasiX MCMO/b-
3YIOT BecbMa YCHJCHHYIO H3OJSIHIO.
J.151 3amMTH ra30npoBOAOB MPUMEHSIOT
TaKXe [JIACTMACCOBBIC IEHOUHbIE MaTe-
puasbl (JieHTHl), MOKPHITLIE MOIK/IEHBAI0-
MM cjoeM. [loMBHHHAX/IODHAHBIE H
MOJAH3THAEHOBLIE IEHTH BHIMYCKAIOT TOJI-
wuHo# 0,3...0,4 wmm, wupuro#i 100...
500 MM ¥ pauno# 100...150 M, HamoTaH-
HBEe B pysoHb. Tpy6b ouHINaOT, MO-
KPBIBAIOT TPYHTOBKOH, MpeacTaBado el
co60f Kiel, pacTBOPEHHbIE B OeH3MHe,
nocsie 4ero 0GepTHIBAIOT H30JAIMOHHON
aAedToll. [Inst o6epTKH TpyS HCIIONb3YIOT
CHenuaibHble MaIUHHBL.

" K aktusHoim merodam 3auuTb. OT-
HOCST KaTOIHYIO U MPOTEKTOPHYIO 3alilH-
TY M 37€KTPUUeCKH ApeHaK. OCHOBHEIM
METOAOM 3dUulUTHl a3onpOBOAOB  OT
6ayXKAAIMHUX TOKOB SIBJAETCS 3geK -
Tpuyeckuid gapeHax. On 3a-
KJIO4aeTcst B OTBOJE TOKOB, MOMNABLIMX
Ha ras3onpoBoji, o0paTHO K HCTOUHHKY.
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PHS. 4.16. Cxema Karog-
HOH 3AWHUTH

I— samHmaempti raso-
HPOBOA;  2— HCTOYHHK

MOCTOAHHOrO ToKa; 3 ~—

o (
COCIOUHHUTEJbHBIH Ka-

6eib; 4 — 3a3eMJUTEb-
aHOA

OTBOA  OCYUIECTBJASAIOT 4epe3 H30JH-
DPOBaHHBIH MPOBOJAHMK, COCJMHSIOIIHE
rasonpoBOd C pPeabcOM  3JIeKTpHPHIH-
POBAaHHOrO TPAHCIOPTA HJIH MHMHYCOBOH
IWHHOH TsiroBo# nmopcraHuud. [Ipu orBo-
ge TOKa W3 rasonposoja N0 MPOBOA-
HHKy TpeKpaillaeTcsl BBEIXOL HOHOB Me-
Tajla B TPYHT M TeM caMBIM [peKpa-
11A€TCS 3AEKTpHUecKast Koppos3ua raso-
nposBoa. [ns oTBoAa ToKa, Kak fipa-
BHJIO, HCHOAB3YIOT  MOJSIPH30BaHHbIA
snekTpoapeHax. OH o6najfaeT OLHOCTO-
pOHHEH NMPOBOAMUMOCTBIO OT Ta3onpoBoAa
K pesabcaMm (MuHycoBo# wuHe). [Ipu mo-
SIBIEHUH [OJIOXHUTENbHOTO MOTEHIHana
HA penbcax 3jeKTpuuecKas Ielb ApeHa-
’Ka aBTOMATHUECKH Pa3pblBaeTCsL.
CxeMa yHHBepCAAbHOH MOAAPHU3O-
BAHHOH [peHa>XHOH yCTaHOBKH NoKasa-
Ha Ha puc. 4.15. Ecaum rasonposoj
[/ HWMeeT MOAOXKHUTEJbHBIH MOTEHIIHA]
MO OTHOIUEHHIO K penbcy 3, TO 3fek-
TpHYeCKUH TOK mofizer 4yepes npegoxpa-
uuresb (Ha 350 A) 2, conporHBAeHHe
3, npemoxpaHurenb (Ha 15 A} 4,
auoa 6, BKALUYaLLylO O00MOTKY 9,
wyHT /0, pybuinbHuK 12 W rnonaaaer
Ha peasc [3. Ecaum pasHocTb MOTEH-
nuanoB gocturaer 1...1,2 B, To KoHTak-
TOp 3aMKHET KOHTAKTEl 7 M § H 3/ek-
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TPHYECKHH TOK MOTeYeT I[10 OCHOBHOM
JApeHaXkHOH menH uepe3 O6MOTKY 8,
a MO0 OTBETBACHHIO K JHOAY — Yepes
W YHTHP YO e KOHTaKThl 5. [Ipu cHuxe-
HHM DAa3HOCTH mnoTeHuuaoB jgo 0,1 B
KOHTaKThl pPa30MKHYTCH H jJpeHa)kHasi
uenb pasopsercs. [lpu oTpuuartensHOH
PA3HOCTH  MOTEHUHANOB  {IIOTEHIHAJ
peibca OoJblle [OTeHuMasa TpyOsl)
AHOL 6 Toka He rponycTur. Bee yaanl
JPeHa>KHOH YCTaHOBKH pa3MeliamoT B
MeTaJjnauueckoM wkady. OxHa apeHax-
Hasl yCTAHOBKA MOXeT 3aUTHTb raso-
NPOBOJ 60bIIOH IPOTHKEHHOCTH, U3Me-
psieMOR  HECKOJNbKHMH  KHJAOMETPaMH.

Jast  3auluThl  rasonpoBOLOB  OT
TOYBEHHOH KOPPO3UH NPUMEHSIOT K a -
TOaHYW 3amuty. [Ipn KatogHo#
3a[iMTe Ha ras30npoBOA HAKAaIBIBAOT
OTpHIATeNbHBIH MOTEHHHAA, T. €. nepe-
BOASIT BeChb 3ailHIaeMbl yuacTOK raso-
NpoBOAA B KaTOAHYIO 30HY (pHc. 4.16).
B kauectBe aHONOB MPHUMEHSIIOT MaJo-
pacTBOpuUMble MaTepHaJjbl (UyTyHHbIE,
Kele30KpeMHHeBble, TrpadHUTOBHE), a
TAKXKe OTXOAbl YePHOTO MeTajna, KOTo-
pble NMOMerlaloT B TPYHT BGJH3HM raso-
npoBofa. OTpUnaTeAbHBIR MOMIOC HCTOY-
HHKa TOCTOSIHHOTO TOKa COEIHHSIT C
ras3ornpoBOOM, a IOJOKHUTEIbHBIH —
¢ aHogom. Takum' o6pasom, npu KaTom-
HOH 3ariuTe BO3HUKAET 3aMKHYTHI KOH-
TYpP 3/71€KTPHUYECKOrO TOKa, KOTOPBbIR Te-
4yeT OT MOJOXXHTEJAbHOTO MOJI0Ca HCTOU-
HHKa MHTaHHS MO H30JHPOBAHHOMY Ka-
6eJ0 K aHOJTHOMY 3a3eMJedHI0, OT aHO-
HOTO 3a3eMJIEHHsI TOK pacTEeKaercsl Mo
FPYHTY H nomnajaer Ha 3amduiaeMbill
rasonpoBoj, fajee OH TedeT NO raso-
pOBOAY, @ OT HEro 1Mo W30JHPOBAHHOMY
KabeJsio BO3BpalaeTcst K OTpUUATEAbHO-
MY HOJIOCY HCTOUHHKA NUTAHHSA. DJEKT-
pPHUECKHH TOK BBIXOAHT M3 aHOAA B BHje
MOJO)KUTEAbHBIX HOHOB MeTasfia, ro3-
TOMY BCJI€ICTBHE PACTBOPEHHSI MeTrajia
aHOJ MNOCTeNeHHO paspyliaercs. Jjek-
TpHUeCKHH MOoTeHUMAJ/, HAK/JIA blBaeMblH
Ha rasonpoBoj, cocraBasieT 1,2...1,5 B.
B 3aBucHMOCTH OT KauyecTBa H30JsILHUH
OjlHA YCTAHOBKA MOJKET 3aliH{IlilaTh
yyacTok rasonpoBoga ot | po 20 Kwm.

[Ipu npoTexkTOopHOH 3auH-
Te Y4acTOK rasonpoBoja rpeBpalialor
B KaTojJ 6e3 MOCTOPOHHEro HMCTOUHHMKA

1 0,5-0,8m ¥ o
=

| sawatHoco
ToKa B rpyHTe
P N
,lA KatopHas 30Ha
/nnn 1-ro npoTeKtopa/ | i

L=7"70M i

Puc. 4.17. Cxema npo-
TEKTOPHOH 3alWTHI

I-— nporexrop; 2-— coe-
IHHUTeJbHBlE  Kalenu;

83— 3amMulaeMeiil raso-
npoBojd; 4— KOHTPOJb-
HEH OYHKT

TOKa, a B KauecTBe aHOAA MHCIOJb-
3YIOT MeTaNfH4ecKHH cTep KeHb, HoMme-
IUEHHBIA B TPYHT pPSAOM C rasomnpo-
BojoM. MexXny rasonpoBoiOM H aHo-
JOM YCTaHaBJAHMBAETCS 3JEKTPHUECKHE
KOHTaKT. B KavecrBe aHoga ucmosb-
3YIOT MeTaan ¢ 6ojiee OTPULATEIbHBIM
MOTEHNHANOM, yeM XKele3o (Hanpumep,
LMHK, Mareui, ajqlOMUHUIR U UX CIUIABHI) .
B o6pasoBaHHOl Takum 06pasoM rajb-
BaHHUECKOH nape KOPPOAHPYeT MpPOTex-
TOp {aHOa), a ras’onpoBOA 3amHLlAeT-
cst OoT Koppo3uun. Ha puc. 4.17
nokasaHa MPUHUMIHAAbHASL cXeMa npo-
TeKTOPHOH 3aLHTHL.

J151 HCKAIOUEeHHUST BO3MOXKHOCTH 3Jie-
KTPHUECKOrO KOHTaKTa rasornpoBoja ¢
3a3eMJIeHHbIMY KOHCTPYKIUHSIMU U KOM-
MYHHKAUUAMH MoTpebuTeet Ha CTOs-
Kax BBOAOB Tas3o0NPOBOAOB  ycTa-
HaBJMBAIOT H30JHPYIOUIHe (dAaHIEeBble
coenuHeHust. MIX Takxe ycTaHaBAuBalOT
Ha HaA3eMHBIX M HajJBOJHBLIX MEpexo-
Jax rasorpoBOAOB 4epe3 MpensiTCTBUsI
H Ha BBojax (M BBBOAAX) Trasomnpo-
BogoB B ['PC, I'PIT u I'PY. ®aanuesnle
COEJMHEHHSI Ha TNOI3eMHBIX a30npoBO-
Jax (B KOJOALAX) [OJXKHB GBITHL 3a-
LIYHTHPOBAHBl MOCTOSHHBIMH 3JIEKTPO-
nepemslukamMu, Ha usonupyoumux daan-
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112X 3JEKTPONEPEMBIYKH HOAXKHB ObiTh
Pa3beMHBIMH C PA3MELeHHeM KOHTaKT-
HBIX coegHHeHHH BHe KoaonueB. Jas

3aLUTH HaA3eMHbIX Ta30NpoOBOAOB OT
aTMOC(EPHOH KOPPO3HH Ha HHX HAHOCHT
JAaKOKpPaCOYHbie MOKPBLITHS.

Fnasa 5.
MoTpeGnenne rasa

5.1. Pacuer
roposoro norpebnenns rasa
ropoaom

TopoBoe norpe6aeHue raza ropoLoM,
pafioHoMm ropoga HAM HOCENKOM sIBAf-
eTcsl OCHOBOH TMPH COCTABAEHHH Ipo-
eKTa rasocHa6xeHus. Pacuer romosoro
norpebAeHUsT MPOU3BOASAT IO HOpMaMm
Ha KOHEeU pacueTHOro mepuosa ¢ yue-
TOM HepCreKTUBb Pa3BHTHS TOPOACKHX
norpe6ureneii .rasa. [lpomoaxuTenn-
HOCTH PACUETHOTO M€PHOAA YCTAHABJIH-
BalOT Ha OCHOBAHHMM [MJjaHa HepCrek-
THBHOTO Pa3BHTHA FOPOAA HAH IOCENKA.
Bce Buan ropoackoro noTpeGaeHus rasa
MOJKHO CTpPYMOHPOBATH CleaylonHuM 00-
pa3oM: a) ObiTOBOE TNoTpebaeHHE (HO-
Tpe6aenre rasa B KBaptupax); 6) no-
Tpe6GJeHHe B KOMMYHaAbHBIX M 06LLECT-
BEHHBIX [PEANPHATHAX; B) noTpebaeHue
Ha OTONJAeHHe H BEeHTHASIUHIO 30aHHul;
T) OPOMBIIINEHHOE NOTpebaeHHue.

Pacuer pacxoga rasa Ha OLITOBbLIE,
KOMMYHaAbHbie H 061i1€CTBEHHbIE HYX/bl
npencrasiasier cobolt CAOXKHYIO 3anauy,
TakKk KakK KOJHYEeCTBO rasa, pacxoniye-
MOTO 3THMH MNOTPEGHTEJNSIMH, 3a8BHCHT
oT psiga GakTopoB: razoobopyLoBaHHs,
6aaroycTpoiicTBa U HaCeN@HHOCTH KBap-
THpP, ra3oo6opyLOBaHUA TOPOACKHX YU-
pexIeHUH M NpeanpPHATHH, CTENEeHH 06-
CJYXKHMBAHHUSl HACENE€HHMA 3THMH  yu-
PEXACHUAMH W TPeANpPUSATHAMH, OX-
BaTa noTpeGUTefell IeHTPaAH30BAHHLIM
TOPSAYUM BOAOCHAaOXKEHHEM H OT KiH-
MaTHUeCKHX ycaoBHH. DoaburmHcTso
APUBeLEHHBIX (AKTOPOB HE MOLAAETCs
TOYHOMY Yyuery, M03TOMYy MoTpebiaeHue
rasa paccyuTLIBAKOT MO CPEAHUM HOp-

MaM, paspaboTaHHBIM B pe3y/jbTaTe
aHalu3a MHOTOJMETHEro onpiTa dak-
44

THYECKOTO NoTpeb/JeHus ra3a U rnepcrex-
THB U3MEHEHHst 3TOro MmoTpebaeHus.

OcobenHo TpyaoHO onpeneaMTb pac-
X0l rasa B KBapTHpax. B Hopmax
pacxoma rasa Y4YT€HO, 4YTO HacejaeHHe
YaCcTHYHO nHTaeTcsl B Gyderax, CTOJO-
BHIX M pecTopaHax, a TaKxXe [o/b-
3yeTCst ycayramMH KOMMYHanbHO-GbITO-
BuIX mnpeanpusathi. [omoBuie pacxoan
ra3a Ha MPHTOTOBAEHHE MHIIM H rOpsi-
yedl Boabi B KBapTHpax, a TaKXKe Ha
XO3AHCTBEHHO-OBbITOBBIE M KOMMYHaJb-
HBI€ HyXAbl OOIeCTBEHHBIX 34aHHUH,
NpeAnpHATHH 06111eCTBEHHOTO MUTAHHS H
KOMMYHa/bHBIX IPEANPHATHH oripenesi-
T no Hopmam CHull 2.04.08—87,
KOTOpbie MpHBejieHH B Taba. 5.1,
[Io CHull, pacxox rasa Ha npHroros-
A€HHe TNHIHK B KBapTHpPAX NpH Hanu-
YHH [EHTPANN30BAHHOTO rOPSIYero BogO-
CHaGXKEeHHA APHHHMAIOT PaBHHIM
2800 MIx/(ronm-uea.). [lpu orcyrer-.
BHH [[EHTPA/IH30BAHHOTO TOPSIUEro BO0-
cHaOXeHHsl M ra30BOro BOJOHArpeBare-
Jil Pacxoi rasa yBeJHYHBAeTCs (Tak
KaK TOpsAuYyl0 BOAY NPHTOTOBASIIOT Ha
MJAUTE) M COoCTaBasieT 0o HOpMaMm
4600 M1/ (rom-uen.). Pacxon rasa Ha
NPUFOTOBAGHHE [MHLIH U Tropsiuedl BOAbI
B Fa30BOM BOAOHArpeBarene NPpHHUMAIOT
paBHbIM 8000 M1/ (roa-uea.).

B Ta6na. 5.1 npuBeaeHb HOPMBI pac-
xoma rasa no CHull B MJIXx, oTHe-
CeHHBble K MOTPeO/AEHHIO OLHHM 4YenoBe-
KOM B TrOi HJK YCJAOBHOMYy I0OKasa-
Teald B roi. Tak, pacxog B KBapTH-
pax nAaH B MIx B roa Ha 1 wyesa.
[ToTpeGnenne B yupexx aeHHAX 34PAaBOOX-
paHenuss gaHo B MJIx Ha 1 Kofiky
B rog. Pacxon rasa Ha CTHPKY Geilbs,
MBITbe B OaHSIX, NMPUTOTOBJEHHE HHIIK
B CTOMOBHIX H Ha BblMeuky xjeba MpH-
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Ta6auua 51. Hopme pacxosa raza (s rensio-
BHIX €AHHHUAX) HA XO3AHCTBEHHO-OBITOBHE K KOM-

MYHAJibHBI€ HYXABI

[TorpeGurens

Tokasarens
noTpedieRus
rasa

[Hopma pacxopa
rermorel, Mk
(rbic. KKan)

1. XKujible 3ganns

[lpu Hanuunu B KBAp-
TUpPe ra30BOM MJIATH H
11eHTPaJ/IH30BAHHOTO
ropsiyero  BOJAOCHA6-
HKEHHUSI:
[IpH ra30CHAGKEHHHI
PUPOAHbIM Ta3oM
TIpY ra3ocHabXKeHHnH
CHKHKEHHBIM ra3oM
Ilpy vaau4uu B KBap-
THPe ra3oBO¥ IHTH
H rasoBOroc BOJAOHA-
rpeparesisi  (npu OT-
CYTCTBHHM  LI@HTPAJIH-
30BAHHOTO Tropsidero
BQAOCHAOKEeHHA)
[PH ra30cHa6XKeHHH
TPHPOAHLIM Ta30M
Tpu rasocHabxe-
(HUH C)KUMKEHHBIM
rasom
[lpu wasuumuu B KBap-
THpE ra30B0H MJMTHS
¥ 'OTCYTCTBHH 1ieHTpa-
JH30BAHHOTO ropsye-
ro BO/JOCHAOXKEHHA M
razoBoro BO/OHArpe-
BaTeJs:
NpY ra3ocHa6KeHuu
IpUPOAUbIM Ta30M
1pK Ta30CHA6KEeHNH
CHKMKECHHBIM Ta3oM
2. Npeanpuarus 6
dabpuku-npadednbie:
Ha CTUPKYy O6eJibs
B HeMeXaHH3upo-

BAaHHbIX (IPa4CYHbIX]

Ha CTHPKY O6enbst
B HEMEXaHH3UpPO-
BAHHBIX [payeuHblX
C - CYUHJBHBIMH
.mkadamu
Ha CTHPKY OeJibsl B
MexaHH3HPOBaHHbBIX
NpayveyuHblX, BKJII-
4yas CyWKy M TJa-
KeHHe
Jeskamepa:
Ha Jle3MHperuuIo
6efibsl i OfeXK/bl B
napoBbiX jle3KaMe-
pax

Ha 1
B rof

uedi.

To xe

Ha 1 T cyxo-
ro 6e/bs

To xe

9800 (660)
9540 (610)

8000 (1900)
7300(1750)

4600(1100)
4240 (1050)

BITOBOTO0 OOCAYXHBAHHSA

8800 (2100)

12 600(3000)

18 800(4500)

9240(535)

BeieH B MJX Ha enHMHHIY YCJOB-

llpodoraxcerue Taba. 5.1

Mokasartens |Hopma pacxoxa
Torpe6uTens norpeGaenysa fremnore, MJIx
rasa (THic. KKan)
Ha Je3HHJexkuumo |» 1260(300)
6eibi W OACKAbI
B ropsiueBo3jyiu-
HbIX Kamepax
Banu:
MHTbE 6e3 BaHH Ha oany no-}40(9,5)
MBIBKY
MBIThE B BaHHaxX To xe 50(12)

3. Mpexnpuarua o

CToJi0BbiE, PECTOPAHbI,
Kage:
¥a [pPUTOTORJEHHUE
oGe1oR (BHe 3aBM~
CUMOCTH OT 1Ipo-
myckuo#l  crnoco6-
HOCTH Tpeanpusi-
THi)
Ha [pPUTOTOBJCHME
38BTPAKOB WJIHU
yXKUHOB

Ha 1 o6ex

Ha 1 3arT-
pak = wiu
YXKuH

GUIeCTBEHHOrO NUTAHHA

42 (1)

2,1 (0,5)

4. Yupexpaeuna 31pasooxpaHenust

Bosbruup, poaaoma:
HA HPUTOTOBJIEHHE
THILH
Ha [PHTOTOBJEHHE
ropsiuefi BOAbI A/t
X0351IUCTBEHHO-ObI-
TOBbIX WYX/ H Ne-
4eOHBIX MpOleAyp
(6e3 cTHpKH 6elibs)

Ha 1 ko#iky
B Lo/
To xe

3200 (760)

9200 (2200)

5. XjieGonekapHpie W KOHAHTEPCKHE NPEANPUATHA
Xse6o3aBoab M Me-
KapHU:
Ha Bbneuky xne6a|Ha | T usge-|2500 (600)
dbopmoBoro Jui
na BhiMeyky xaeba |To xe 5450 (1300)

NO/I0BOT0, 6ATOHOB,
6yJioK, cao0hl

H& BbIlIEUKY KOH/IM-
TEPCKUX U3JAeNHH
(TOpTOB, MHPOXK-
HbIX, MTeYeHbs, Nps-
HUKOB H T. I1.)

»

7750 (1850)

Mpumewanus: 1.

Hopmst

pacxona

TEMJOTHL Ha

KHUAbie Joma, NpHBeleHHbie B Tabauue, YYUTHIBAKT DACXOX

TENNOTH Ha CTHPKY Oellbd B AOMAWHHX ychosuax. 2.
NPHMEHERHM rasa AAst nNaGopaTOPHBIX HYMA WKOR,
CHeuManbHsiX

TEXHHKYMOB M ApYrux
HOpMY pacxona TEMJOThE

crenyer

yueOHbIX
DPHHUMATL B

Mpu
BY30B,
3aBefeHunil

pasmepe

50 MJIx (12 Tbic. KKan) B FOA HA OZHOTO yyaulerocs.

TpeOaCHHS.

[ToaroMy menecoo6pasHo

HOro nokasarensi. Takoe pasHoo6pasue
©IMHHI H3MEPEHHUs CO3/aeT H3BecTHhie
TPYLHOCTH TPH pacyere rofoBOro uno-

METOJHKH pacyera rofoBoro mnorpebie-
HUSl PACCMOTPETh OTAGABHO LA KaX 0K
rpynmnst norpebuTened.
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Morpe6Gaenne rasza B KBapTupax.
OxBaT rasocHal)XeHHeM KBapTup Ais
60OAbUIMHCTBA T'OPOAOB O/MM30K K eIMHHU-
ne. OnHAKO npd HaAWYyHH CTAPOro XKH-
AULIHOTO (POHIA, KOTOPHIH Hesb3sl rasu-
¢uuupoBaTh, WK, HA00OPOT, NPH HAJHU-
YW BEICOKHX 31aHHH, 00OPYIOBaHHBIX
3]eKTPONINTAMH, CTeneHb 0XBaTa raso-
cHaOxeHneM KBaptup OyaeT meHbile
enuHunbl. OQ003HaYHUM cTeneHb OXBaTa
HacejeHuss ropoja (pafona ropona)
ragocHafXeHueMm uepes Yy, TOrga MpH
obwell JYHCAeHHOCTH HaceneHusi Nuea
ra3oM B KBaptupax OyaeT mno/ab3o-
BaTbcd YxNues. [OmoBolt pacxonm raasa
Ha T[IPUTrOTOBJEHHE HHIM H ropsyeit
BOJbl CYLIECTBEHHO 3aBHCHT OT CHCTe-
MBI TFopsivero BOJOCHAOXeHWs 34aHMH.
O6osHauum pow Jwael, nNpoxusBao-
IIMX B KBapTHPAX, UMEIOLIUX LEeHTPaJu-
30BAaHHOe ropsiuee BOLOcHaOXeHHe, 2
OO0 JAloped, NpOXHBAIOLIMX B KBap-
THPaXx C TOPSIUUM BOAOCHAOXKEHHEM OT
rasoBHIX BOJOHarpeBateseil, z;, u AOJI0
JAI0JeH, MpPOXHUBAKIIUX B KBapTHUpax
6e3 ropsiuero BogocHabxenus z3. Toraa,
IJ51 HACeJeHHs!, MOJNb3YIOUIerocsi rasom,
MOXKHO HaMUCaTh

2i+224-23=1

O6o3Hayum HOPMEI Pacxoga TenioTH
Ha OJHOro uejioBeKa B lOL B OTMe-
YEeHHBIX BHILIE THIAX KBApTHpP COOT-
BETCTBEHHO: ¢«i, k2, g3, TOTAA ollulee
rogoBoe 1noTpeb/eHue ra3a B KBaAPTH-
pax ropoaa (B MIx/roa) onpenenurcs
BbipakeHHeM

N Qx=yKN (ql(] Zl+qK222+qK323)'

Morpe6aenne raza B npeinpuaTHnx
6biToBOro oGeayxusanunsa. [Ipu pacuere
nmorpebsieHusi raza 3TUMHU NPEANPHATHS-
MH' YYUTBIBAIOT pacxoj rasa Ha CTHPKY
Genbsi, B meskamepax W OaHsax. Hopwma
pacxoma TemaOThl Ha CTHUPKY Oefbs
oTHeceHa K | T cyxoro 6esnbsi, no3Tomy
IJA pacyeTa rasa Ha CTHUPKY Oejibst
CaAefyeT ONpefesuTb KOJH4ecTBo Oejibs,
© CTMpPAaeMoro B NpaYe4yHbIX H B KBap-
THpax B TeyeHue roxa. B Hopmax CHulla
VUYTeH PacXoj TerJOThl Ha CTUPKY Gesibsi
B AOMAauIHHX YCJAOBHAX, HO KOJHYECTBO
0eJibsi, CTUPAEMOro B KBapTHPAX, HE Of-
pellefieHo, O3TOMY MPH pacyeTe pacxona
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rasa Ha npayeyHble mpeXie Bcero
HeoOXOLHMO YCTAHOBUTbL [0J10 Oenbs,
CTUPAaeMoOro B HHX, T. €. CTeneHb
0XBATa MPavyeyHbIMH HaceleHHs ropona.
Ecji OpHHATb, YTO OpauyeyHBIMH MOJb-
3yl0Tcsl 2. N uesoBeK, Toria HpOHBBO-

) T/

/roi (HOopma HaKomjeHusi Gebs 100 T/
/1000 xuteneft).

[Ipu Hanuuuu B ropoge npavyeyHHX
¢ pPAas3nMYHOH CTeneHblo MeXaHU3aUHH
KOoJin4ecTBO Oefibs cieayeT pasienuThb
COOTBETCTBEHHO MPOM3BOIHTENbHOCTAM
3THX ApadyeyHblX. Dygem cuutarh, 4To €
YyUeTOM OCpefHEeHHS HOPM pacxoja Ten-
JOTH,, @ TakKXe ¢ YYeTOM OXBaTa
NpayeyHblX rasocHalXKeHHeM Y, yaeb-
HBIH pacxol TemIoTbl (B rase) Ha: ro-
POJCKHE MpaueyHble COCTaBuT gn MII%/
/T.c.6., TOr1a pacxo/ rasa Ha fpayeyHbe
cocTaBuT B MJIX /rox: .
234a

(000 7n- o

[pu onpeneseHHH KOJUUECTBA MOMBI-
BOK B 0aHAIX MOXHO HMCXOAHTb H3 pac-
vera 52 NOMBIBKM B TOA OAHHUM Yeso-
BekoM B OaHfiX WJAM B BaHHBIX KBap-
tip. Ecin B GaHsix Moetcst 26N UesloBek,
a oxBaT O0aHb rasocHAOXEHHeM Y,
Torza ropoBoli pacxon rasa Ha OaHH B
M /roa) MOXHO HOACYMTATb MO dop-
myJe:

LUTeNbHOCTb OyaeT paBHa 100

Q=100

QGZZGyGN 52 s ,

rie ¢ -— HOpMa pacxopa Ttemiorhi, MJIK/oany
nombiBKy. [1p# ounpejenenu# 2s MOXKHO CUHTATH,
yTO GaHsAMHM [O/b3YIOTCA XKHTeNH r0pojd, B XBap-
THpPaX KOTODhIX HET BAHH C HEKOTOPbIM YBEJIUUM-
BAIOUWIKM KO3 dHiHEHTOM.

[Tpu pacuere rogoBoro pacxona rasa
Ha NpeanpHSATHAX O0LLeCTBEHHOrO NMUTA-
HUSL YUMTHIBAIOT WX CPEJHIOI0 3arpysky.
OxBat o0ciyXMBaHUeM HaceNeHHs NpHU-
HUMAIOT Zn.0,==0,25...0,3 obuiel uucaeH-
HOCTH HACe/NeHHsl, CUMUTas T[PH 3TOM,
4TO KaXABIH YesJOoBeK DPeryJasipHO MoJjb-
3YIOUIHACS CTOJOBBIMH H PECTOPAHAMH,
notpeb/sieT B AeHb npumepHO 1| oben u
yXKHUH (3aBTpak). OXBaT CTOMOBLIX H pe-
CTOPaHOB ra3ocHAOXeHUEeM fyon AAEeTCA
B 3amaHUM Ha npoexkTupoBanue. Ciheno-
BaTe/bHO, ofiiee KOJIMYecTBO rasa, no-
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TpebasieMOoro MnpeinpHSATHSMH OG6LILecT-
BeHHOr0 HNHTAaHMA ropoaa, Oyaer B
M x/ron:

Qn.on,:3602n.0n,y_n.on.NC]n.on.,
T€ Guon, Mk /06en-+3aBTpaK.

Motpe6aenue rasa B yupexjaeHuax
3apasooxpaneHus. [Ipu pacxome rasa B
00JIbHHLIAX CJeAyeT YUHMTLIBATb, YTO HX
o6llasi BMEeCTHMOCTb OMNpefefsieTcss M3
pacyera 12 kxoek Ha 1000 xwuTenef,
No3TOMY ofuiee 4YHCA0 KoeK B BGOJbHH-
nax 6ymer pasHo 0,012 N (rme N —
00111451 YHCACHHOCTb HACRJICHHA FOPOAa).
[Ipu oueHke oxBatra 60AbHHUI ra30cHAb-
XeHueM Ys Heo6XO0IUMO YYHUTHIBATH BO3-
MOXKHOCTb pPabOThi CTOJOBBLIX GOJbHHIL
Ha 37eKTPooGOPYAOBaAHUH, HAMUYHE [eH-
TPaJAH30BAHHOTO TeNOCHAGKEHHS, BO3-
MO HOCTb HCIO/Jb30BAHUSA TBEPIOTO HJH
KHUAKOTO TOMJIUBA AJS KOT€NAbHBIX 60Mb-
Hun. O603HAUUM YAEAbHYIO TOLOBYIO
HOpMY HOTpeG/eHUs TemJioThi GOJbHH-
@MH HAa MPHTOTOBJIEHHE MHUIUH M TOPsi-
uell Boabl — qys (MJIxk/roa, ogHa Koii-
ka), Toria o6uUIME pacxond rasa 60Jib-
HHamu ropoga 6ymer, MJIx/ron:

. 12
- Q= 1oggN G-

Pacuer roposoro pacxopa rasa pas
x71¢603aBOJOB M NEKapeH BeiyT B Mpef-
NOMOXKEeHHH, YTO 06beM CyTOUHON Bhiley-
k1 Ha 1000 xureneli cocrasasier 0.,6...
0,8 1, cresoBaTesibHO, TOLOBOH 06BLEM

6yner paseH (0,6...0,8) %SSUN T/rom.
[Ipu pacuere pacxoga rasza Takxe cie-
IYeT YYHTHBATh OXBAT ra30CHAGKEHHEM
Xxn1e603aBOJOB H MeKapeH Yyxn. YAesb-
HbIH PACXOA TemaOTH CAefyeT NpHHH-
MaTh OCpeiHeHHBM — g5, (MJx/T).
O6muil pacxon rasa Ha xJe603aBoAbl H
nekapHu 6yner, MJx/rox:

365

_(06 08) 1000 yx.n.

Nqi?n.‘
TogoBeie pacxoabl rasa Ha HYXKIHI
ApeINPHATHR TOPrOBJH, MOpeInpHATHH
OBITOBOTO  OOCAYXKHBAHHUSI HACeJeHHUsl
{aTenbe, MacTepCKHMH, HapHKMaxepc-
KHMH, MarasiHaMM H AD.) NMPHHHMAIOT

B pasMepe 5 % romosoro-pacxona rasa
Ha KUJBlE 10Ma.

B urore ciaegyer oTMeTHTb, YTO an
pacuyere noTpelJeHHsT rasa TOpPOAOM
JOJMHBI  ObITb YBSI3aHbl He TOJbKO
KaxXablt BHA HOTpeGAeHHA MO BceM
30AHHAM H COOpYXEHUSM, I'ie OH HUMeeT
MecTO (HanpHMep, CTHpKa GeJibsi B KBap-
THpax M MpaudeyHuX, HCAOJAb30BaHHe
rasa Anas HarpeBa BOabl B BaHHAX KBap-
THp MWJAM 06aHsiX W T. OA.), HO H BCe
BH/b{ 3HepTHH, HCHOAb3YyeMbie N1A KaK-
JOro BHIa HNOTpe6AeHHs (HampHMep,
ras M 3/eKTPHYecTBO AAS APHUIOTOBAE-
HHMA MHLIH, ras, TBepioe H XHIKOe
TONAMBO AJAS HarpeBa BOABI W T. 1.).

Kaxapi ropox ciaegyerT paspeiuTb
Ha psin paHoHOB, IJst KOTOPBIX OCHOBHBI®
XapaKTepHCTHKH, ONpefessiolue obne-
MBI HoTpebjsieMoro rasa, OyayT npH-
MepHO OAHHaKOBHIMH. Pacuer npousBpo-
OAT IS KaxJ0ro paHoHa OTAEJBHO,
B KOHIE pacyera COCTABJSAIOT HTOTOBYIO
TabaMIy pacyeTa Mo BCeMYy TOpOAY.
KpynHbix norpeGHTenei, KoTopoie GYAYT
NPUCOEeJHHEeHb! K CeTSIM BbICOKOro (cpen-
Hero) [OaBJieHHsl, HO YK€ BOLUIeIWHX
B OTJeAbHbie BHUABI MOTpe6ieHHs, Bblige-
JIFIIOT B CAMOCTOATENBHYIO rpynny (6aHH,
npayeyHble, X1e603aBOAbI, KPYHHBIE pec-
TOpaHel M T. A.). YHcao norpebureneit
rasa no paloHaM ropoga BHABJISIT
H3 aHaaM3a HX HACeAeHHOCTH, 3Tax-
HOCTH 3aCTpPOMKM M ee OCHOBHBIX
XapaKTepHCTHK, YHCJIa M XapaKTepHCTH-
KM MpeinpUATHH H yupexkaeHuit ropoi-
CKOT0 X03AHCTBa, HAAHUUHUA LEHTPANH30-
BAHHOTO TOpPsiYero BOLOCHAGXKEeHHS, Xa-
PAKTePHCTHKY OTONHTEABHBIX CUCTEM, TO-
MJIMBHOTO H.TenjoBoro 6ajaHca ropoza.

[Ipn npoBefeHHMH YKPYMHEHHBIX pac-
yeTOB nMoTpeb/eHHsl rasa ropoaoM, Ha-
npuMep, HOPH COCTABJEHHH MPOEKTOB
reHepasibHbIX AJAHOB TOPOLOB W Hace-
gennbix nyHkroB CHull 2.04.08—87
JLONYCKaeT NPUMEHATb YKpYNHEeHHBE Ho-
Kaszarend rasonorpe6aeHus B M3/rog Ha
| yen. Beanuwna yKpyHmHeHHBIX MOKa-
3aTesedl B OCHOBHOM 32BHUCHT OT BHAA
ropAdero BojgocHa6xeHus. PekomeHnny-
IOTCA CAefYIolHe YKpPYNHeHHbie HOPMBbI
norpe6ieHdst rasa B M® B rog Ha
| yea.: a) npH HAAHUMH LEHTPANU3O-
BAHHOTO TOpPSYero BOLOCHAGKEeHHs] —
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100; 6) npu ropsiveM BOLOCHaGXKeHHH
OT rasoBbIX BoAoHarpesateneil — 250;
B) NpPH OTCYTCTBHH BCSIKHX BHIOB rops-
yero pogocHaGxenus — 125 (nas cenb-
cko#t mectHoctd — 165). Hopwmbr pac-
CUMTAHBI AJisi rasa ¢ TemIoTo#l cropa-
nua B 34 MJIx/m® (8000 kkan/m®).

Pacxon rasa na oTonJieHHe, BEHTH-
JAUAI0 M LEHTPAJHM3OBAHHOE Topsiuee
BOJOCHAOKEHHE KHJAbIX H O00LIEeCTBEH-
HBIX 3aHMil onpefensloT 10 YAECJAbHbBIM
HOpMaM TensonorpebaeHHuA.

Pacxon rasa Ha OTOIJieHHE, BECH-
THAAIMIO W Tropsiuee BOLOCHaGXKeHHe
NPOMBIUIAEHHBIX TPEeANPHATHH NPHHH-
MapT M0 COOTBETCTBYIOLIHUM MPOEKTaM.
lomosoii pacxom rasa (KIx) Ha
OTONJIEHHE M BEHTHJASALHIO XKUJAbIX U 06-
[11€CTBEHHBIX 3[JaHHH BBIUHCASIOT 110 ¢op-
my.Jie
:ttcp.o+

BH p-o

tBH
Q0.B>=[24(1+K) ;

to—t Fn
+2K K 7‘*—“—{—"&] % s
BH p-B o

rae tss, lpo, Ips, lepo — TEMIEPATYPA COOTBETCT-
_ BEHHO BHYTpEHHero BO31yXa OTAM/HBAaeMbIX 34a-
HME, pacyeTHas HAPy)KHAs AJA NPOEKTHPOBAHMA
OTONJIEHHS, pACYETHAs] HapyXKHAs [Jif NPOCKTH-
POBAHUS BEHTHAAINH, CPefHsif HADYKHOrO BO3-
yXa 34 .0TONUTe/ibiE ce30H, °C; K, Ki — Ko3d-
(QUUHEHTH, YUNUTHIBAKLIKME PACXOJbl TEMJOThI Ha
OTOIICHHE ¥ BEHTU/ISLHUIO OOLLECTBEHHBIX 3JAaHHH;
IpY OTCYTCTBHH JAHHBbIX COOTBETCTBEHHO NpPHHHU-
matorest pasubiMH 0,25 u 0,4; 2 — cpepnée uncio
4yacoe pabGoTbl CHCTEMbl BeHTHJsMM OOIICCTREH-
HbIX 3/laHHiW B TeUYCHHe CYTOK, MpH OTCyT-
CTBHH AaHHBIX MpuHHUMaercsi 6 4; no — npojgon-
KUTEJNBHOCTh OTONHTENBHOrO HEpHOAa, cyr; F —
KMJaas MIOmAaib OTAMJKBAEMBIX 3]AauHHUH, M2;
Mo — KITJL OTOMHUTENbHON CHCTEMBI: JJil KOTEJb-
wpix  1=0,8...0,85, /s OTONHUTENbHBLIX Meyeil
N=0,7...0,75; g — ykpynHeHHbil TOKa3aTe/Nb MaK-
CHMAJILHOTO 4acOROr0 PAaCXO/AA TEMm/IOTh HA OTOM-
JIeHRe KWJHX 37anni, kJ1kK/u HA 1 M° Kusiok
miomagy NpHHuMaioT mo taba. 5.2.

l'onoBoil pacxonrasa (kdx) Ha neH-
TPaJH30BAHHOE ropsiuee BOLOCHAGKeHHe
OT KOTeJBHBIX OMpeaenqloT no gopmy.ae

Qr o =24, 5 N[ f1o -+ (350 —

60 —1{ t
X
“no) ”60__‘_’7‘_ B] —, (52)
. X3 7] r.B
rae gre — YprHHEHHblﬁ MoKasareJib CpejlHeva-
COBOr0  pacxoja TeMiOoThi HA ropsiuee BOJO-
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Tab6uauuma 5.2 3uaueHus nokasareis ¢ npwu
Pa3HBLIX HAPYXKHBIX TeMneparypax

Pacyernas Temmepatypa HapyXHOro BO3-
Mokasarens AyXA AIf [POEKTHPOBAHHR
OTOMAGHHSA Iy, °C
0 —10 —20 —30 —40

YkpynHennni#h | 335 | 461 | 544 | 628 [ 670
nokasartelfb ¢,
KIDK/ (4-m°)
cHaOxeHHe, KIk/u Ha | uyed. (¢ ydeToM Ob-

LIeCTBEHHAIX 34aHHH paloHa), NpHHUMAIOT [0
Taba. 5.3 N — uncyio KUTeseH, MOJb3YIOLIHXCS
ropAudM BOJAOCHaGKeHHeM; f — ko3dduuuenT,
YUHTBIBAIOUIMH CHUMKEHKE PACcXoa ropsiuel BOAbI B
JIeTHUH MHepyoa (IpH OTCYTCTBHM JAHHBIX MpH-

Ta6uaunwa 53 3uauennss nokasareiss g,
cpefHedl HOPMB noTpedJienns ropsiuei BOALI

Cpe}lHHE 33 OTONHTENbHbIE nepuonbl HOprl

Moxasa- pacxoaa BoAbl HA ropsyee BoAOCHaGXeHue,
Teab n ua 1 uen. B cyr

80 90 100 110 120 130
Ykpyn- | 1050 { 1150 | 1260 | 1360 | 1470 | (570
HeHHbIH | .
moKasa-
TeJib
.,
kK
/(-
- ueJt)

auMawr 0,8; AAs KYpPOPTHBIX W I0XKHbBIX TOPOLOB
1); txs, £xa — TEMIePaTYpbl BOJONPOBOAHONR BOJBI B
oronuTenbHHH ¥ serHuil mepuoan, °C (mpu or-
CYTCTBMH J1AHHLIX COOTBETCTBEHHO I[IPHHMMAIOT
pasubiMu 5 u 15° C); mr, — KI1J xoresbHof,
paeumnit 0,8...0,85.

[Mpumep 5.1. Ompeaeaurh rojosoe mnorpes-
JieHHe rasa ropoaoM (6e3 NpOMBILJICHHBIX Mpef-
NPHATHH) HCXOAs M3 CJeAYlUHX AaHHBX. [lio- -
maab KHJAOH 3acTpoiiku ropoaa 250 ra, cpeausis
mioTHocTh Hacesdenus 380 wen/ra. las razocya6-
KEHHSl WCMOMb3YIOT NPHPOAHbLIA ras ¢ TemioTol
cropanus Q5=235840 kK /M> U OTHOCHTEbHOM
IJIOTHOCTbIO N0 BO3AyXy s=0,562.

Crenenb 0XBaTa ropojACKux norpebutesiedl ra-
3ocHaGxKeygneM npuusra cieaywomas: (00 9
HACe/ieHHs DACXOAyeT ra3 Ha [PHTOTORJEHHE
MHMIMA B KBapTupax; 20 % KBapTHp HMEIOT eH-
Tpa/iH30BaHHOE Tropsivee BoAOCHaOKeHHe; 30 ¥
KBApTHP 000pYyL0BAHO TOpPAYKM BOJOCHAOMKEHHEM
OT rasoBbiX BOAOHArpenaresell; rasuduiUpOBaAHbL
MeJIKHE OTOMHUTE/IbHLE YCTAHOBKH KHJBIX H 00-
LNIECTBEHHBIX 3/laHul B o6beme 20 9 obuiedl oro-
MHTE/IbHO- BEHTH/IAIIHOHHOH Harpysku; rasuduuu-
posano 60 % npeanpuaTHi 6LITOBOTO OOCAYKM-
RAHHA, INPEANPHATHH OOIIECTBEHHOTO ITHTAHHMSA,
yupexaeHHH 3/1paBoOXpaHeHus, xjeGofeKapeH H
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Ta6énuua 55 TlporpaMma pacyera pacxoaa
TENJNoThl HA MHUKPOKAJLKYJISITOPE

Ta6auua 54. Ucxognue paHHble pJis pacuera

3) norpebJiende rasa Ha OTONUTEAbHO-BEHTU-
JISIHOHHbIE HYXK/1El, PACXOAYeMOr0 OTONH TENbHbIMU
KOTELHBIMY. ’

PacueTbl MpOM3BefeM MO NPUBELEHHOH Bbille
MeronuKke. /st o6aeruenusi pacyeToB M0 pPacxopy
rasa nepod rpymno#i norpeburenell cocraruM
nporpamMMmy [AJisi MHUKDOKAJBKYJISTOPA <«DJEKTPO-
nuka MK 56».

{. Tlpousmeaem pacuer pacxojga TeliOThI
Ha KOMMYHaAbHO-ObiTOBBIE HY K 1bl. Mexonnble fan-
Hble cBefieHbl B Tabu. 5.4. HMuaekcailua fokasa-
Tesiel ylpolieHa.

2. TlpousBeneM pacyer pacxofa TEMAOTH Ha
[ wen. (38 MI>k) ma MuxpoKaibkyastope. [Ipo-
rpamMMa pacuerta npusejeHa B Tabu. 5.5.

[IporpaMMa BBOAMTCS B MHKPOKAJNbLKYJATOD
nocsie waxartua kaasum B/O, F TIPI. Ucexon-
Has uMHQOpMAMA BBOAHTCHA MOC/Ae HAMXKATUR
kiasuut F, ABT. lTporpamma nyckaercst HaxKaTHeM
kaapumt B/O, C/I1. asi 4uc/ieHHbIX 3HaueHWH
napaMeTpos, pHBe/ieHHbIX B TabJ. 5.4 Mo pesyiib-
TaTaM pacyeTa Ha MHKDOKANbKyJATOpe, M[0Jy-
yen orBeT — 5600,2 MK — 370 rogoBoe Norped-
JieHHe TeMJOTbi, OTHECEHHOE K OJHOMY KHTeNIo

Ne TToTpeSuTens I0xsat 0640xBat ra-{Hopma pac-
mo cayxuBa- | aocHaéxe- [xoxa remno- TporpamMma B
HueM 2; Hiem g, |Te @, MJIX BOAMMbBIE HC-
Anpec Haxaras Kopx ome. | XOAHBIE AanHbie
. 1 KBapTHpblCueHT- 2]___0’2 y|=l Q1=2800 KOMaH bt KnaBuwa pauuy
pa/iM30BAHHBIM [0 —xl 61 Tl
E;Kt;ygvéMBonocna@ 8(1) gT OE 2 L
2 |Keapriphi ¢ ra-{z2=03 [go—1  |Q:=8000 o Q *2 62 | @ xii2
30BbIMM BOJIOHA- ‘ 04 IR 43
rpemarenana 05 |M—xd4 64 |z x—Tl4
3 | Keaprups 6€3 ro- |z3=05 |¢= Q3= 4600 06 B4 OF »
priiero sonocas: 07 | M—x5 65 | Qu x-TI5
4 |Tpepnpusrus 06- |24=0,25 [¢,=0,6 |Qs= gg I>'I<Ax3 é%
L1ECTBEHHOTO NH- = (4,24 10 + 10
TaHus (obex-- +2,0)%
3aBTpaK) X 360= Ll x—113 43
— 9968 {2 M—x6 66 23,x—I16
13 B4 OE
14 1—x7 67 Qs, x—T17
15 X 12
KOHAMTEPCKUX Npeanpusituil, Cpenuas HOpMA Ku- 16 IM—x3 63
Jgoit niomasu Ha [ yen. 9 m°. Pacuernas 17 -+ 10
HapyxHasi TeMnepatypa s [POEKTHPOBAHUS 8 x—T13 43
OTONIEHUs fpo=—25 °C. 19 IM—x8 68 24, x—T18
Peuteriue. Toporoe norpebiienne rasa ropogoM 20 B ¢t OE
paccunTaeM OTAEAbHO JJf CAEAYIOUMX BULOB 21 IM—x9 69 ys, x—T19
noTpedJienus: 22 X 12
{) norpeGsiesde B KBapTUpax./AJsi NpPUro- 23 M—x, a 6— Q4, x—TI1, a
TORJEHHA (HMLIM ¥ ropsiuedl BOAbI U MEJIKUMH 24 X 12
NoTpeGuUTeIsIMM, TPUCOCIMHSIEMbIMU K CETSIM HU3- 25 M—x, 3 63
KOro [AaBJEHMSI, M paccMaTpuBRaeMoe KAK PaBHO- 26 -+ 10
MepHO paclpeje/eHHasl Harpyska. B aauHoM 27 c/n 50
fIpHMepe K MEJKUM NoTpeOuTe/isM OTHeCeHbl npes-
HUPHATHA OOLIECTBEHHOTO MHTAHUS,
2) noTpeb/ieHMe KPYNHbIMH KOMMYHAJ/IbHLIMH
1OTpEOUTENAMHU: 1PAYETHBIMU, OaHAMM; 6OIbIIMMHU
60AbHULAMH, X/1€003aBoLAMH. DTHX HoTpeCuTenei
paccMaTpHBAIOT KAK COCPEOTOUEHHHe Harpyakn —ropoaa. C yuetom 59, Ha HYRIbI MEKUX
W IPHCOEIMHAOT K rasoflipoBOfaM CpejHero wau  NPeAnpuaTMi doayuaem 5880 MIx.
BBICOKOrO JABJCHUS, Pacuer mnorpefseHuAa TenaoTH

KDYOHBMH DOTpebUTEASAMU. DTU pacxo-
Abl PACCYMTHLIBAIOT HA MUKDOKAJbKYJSTOpE B aB-
TOMATHYECKOM DeKHMe:

1) norpefJienue ¢abpuUKaMU-TpayeUHBIMU.
Hopmy npunumaem 12600 MIIxK wa | T cyxoro
Gesbsi. Byaem cumrtaTh, uTO B DpauyeuHbiX CTH-

paetr 70 9 Hacesnenus, T. e z=0,7, Toraa:
0,7-0,6-95 000
Q=100 B T R 12 600 =

=50,27- 10 *M I /rox .
3pech 06Ul UMCJIEHHOCTb HACEJEHUS TrOpPoaa
N—=380-250=95 000 ueu ;

2) norpeG/edde TemsnoThl B Gausax. [Ipunu-
MaeM, 4ro B OaHsix Moercs 50 9 wnacejsenus

Qs=0,5-0,6-95000-52-45 =
=60,69-10° M1x/rox ;

3) norpebJienve TEMIOTbl B OOJIbHULAX
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12-0,6-95 000
o= i (320049200)=

=8,48-10° M1k /rog;

4) norpebsiedde TeIIOTHL  XNe603aBofaMU

365
Q0. =0.7 Tp5g 0.6-95 000-3000=

==43,68- 10 Mﬂm/ron.

[Tojacunraem o6mwul pacxol TemloThl B rase,
morpe6nsieMoll B JKMJBX JIOMaX M KPYHMHBIMH
KOMMYHANbHBIMH  TOTPE6GUTEIIAMU.
pacxois rasa NpuBeAeHbl HHKE:
Torpe6urenn ['ogopolt pacxoa na ropoa,rhic. M x
Kunvie noma 5,88-95 000=>558 600

" Ilpaveynnie 50 270
Bauu 60 690
Bonbuuiibt 8480
Xne6o3asobt 43 680
Hroro 721 720

Morpe6neHHuC TENJOTH HA OTOM-
JeHHEe, BEHTUNALWIO HTopsidyee BOAO-
cuab6xenue. Pacxon rasa Ha oromieHne #
BeHTUNAIMIO XKHIBIX H OOMIECTBEHHBIX 3JaHuil
onpejeisieM no gopmyJe (5.1)

—tepo
'—*7‘;+

BH p.o

Q,,= [24<1+K>

£ — gfn,
BH cp.o -
42K, K —»——~tw tp.o] p
18432 18432
:[ 2414-0.29) 1555 18+25 18+14}

586-171 000- 205
0,75

3nech fpe=—14°C; icpo=—3,2°C no=205;
F=9.95000-0,2=171 000 M° — mnomwagb 3aa-
HHH, OTalIuBaeMpiX TA30M.

OnpenensieMm pacxoj rasa Ha LEHTPANA30-
BAHHOE rOpsiuee BOJOCHAGKEHHE, CUATAS, UTO OHO
OCYLIECTBASIETCST  OT  KOTENbHBIX, MO  (hopMyse

(5.2)
) 60—t 1
Q.. =249, N [ g4 ( 350——110) —66:7: ﬁ] —T-ITB— =

T 4 16-0,440,25—— 1

=434-10 *M I /ron .

=24- 1470-0,2-95 000 [2054-(350 —205) %

60 —5 1

60—15 08] 075
=310-10° M Ik /roa .

3pech grp,=1470 B3sro W3 taba. 53 pas

HOpMBl noTpebienust ropsiuedl soawt B 120 n/

/ (en. . cyt).
O6muil rogosofl pacxos TemIoThl TOPOAOM
COCTABHUT

721 720 4434 0004310 000 =
1 465 720 toic. MIx/ron.

X =578
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CyMmapHbie -

Ecnu remnora cropanusi rasa Q5=36 MJx/M,
Torja

1465-720- 10?

= = 40,7-10° m®/ron.
Q 36 /roa
Yaenpnplil pacxoj raza Ha OJHOr0O XuTens

COCTaBUT

. 6 P
fggio(%= 498 w°/(ron-uen.).
5.2. Pexxum

norpebneruns rasa

Bce ropoackue norpe6HTenH — Obl-
TOBble, KOMMYHaJIbHble 06llleCTBeHHble H
NPOMBILIIEHHbe — MOTpe6AAIT ra3 He-
paBHomepHo. [loTpe6neHHe rasa Hu3Me-
HAETCS [0 MeCAuaM rofa, AHAM HeLesH,
KajeHIapHblM AHSIM, a TaKXe IO Yacam
cyToK. B 3aBucumocTH OT fAepHoAa,
B TeyeHHe KOTOpOro noTpebieHHe MpH-
HMMAaIOT MOCTOSIHHBIM, pa3JauyaT: 1) ce-
30HHYH HePABHOMEPHOCTb, HIIK HepaBHO-
MepHOCTb 110 Mecsinam ropa; 2) cyrou-
HYN0 HepasHOMEePHOCTb, WJIH HepaBHO-
MEpHOCTb MO JHSIM HejiejH, MecAna HJH
rofa; 3) 4acosyrd HepABHOMEPHOCTS,
WIH HepaBHOMEDHOCTb MO yacaM CyTOK
HJiH yacam roga. Pexum pacxoia rasa
ropooM 3aBHCHT OT peXHMa OTAeNb-
HBHIX KaTeropufi mnorpebuTenell H HX
yaeJbHOrOo Beca B ofuieM 1notpe6-
JIeHHH.

HepasHoMepHOCTb pacxonoBaHHua ra-
3a OTAe/NbHbIMH KaTeropHsIMH IMOTpebH-
Tesiell onpenensieTcsi psAnoM ¢GaKTOPOB:
KAMMaTHYeCKHMH YCJIOBHSIMH, YKJIaioM
JKM3HH HacCefJeHHs, pexHMOM paboThl
NpeANpUATHA M ydpexKneHHH, Xapakre:
pHcTHKOR Tas3po6opygoBaHUA 3LaHMH H
NPOMBILIJIEHHBLIX LeXoB. B GosbuivHcTBe
clyyaeB TEOPETHUECKHH yueT BJHSIHHSA
OTAeNbHBIX (AaKTOPOB Ha HepaBHOMeD-
HOCTb MOTPebieHHsT 0OKA3bIBaeTCsl HEBO3-
MOXHBIM. Hau6osee JOCTOBepHBI
MyTb — 3TO HAKOILIeHHe H CHCTeMaTH3a-
I[MS1 OMBITHBIX JAaHHBIX B TeUeHHe M-
TeAbHOTO nepuonaa. ToAbKO IPH AOCTATO-
YHOM KOJHUeCTBe 3KCHepHUMEHTalbHOTo
MarepHana MOXKHO TFOBOPHTh O HagexX-
HHIX CBeIEHHsIX [0 pexHuMaMm mnoTpel-
JICHHA.

HepaBHoMepHocTh noTpebieHus oka-
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Mecaunt

3biBaeT 60JbLIOE BJAHSHHE Ha 3KOHOMH-
yeckHe oKasaTead CHCTeM rasocHabxe-
Hus. Hannune nMKoB M nmpoBajoB B
norpebJieHHH ras3a MNPUBOAMT K HemoJ-
HOMY HCIOJb30BaHHIO MOLIHOCTE! raso-
BbIX MPOMLICJOB N OPOMYCKHOH crnocol-
HOCTH MarucrpajbHblX [a300pOBOAOB,
4YTO MMOBbIIaer ceGecTOMMOCTb rasa.
BoipaBHHUBaHHe cnpoca U moTpebJeHus
rasa npuBOJIHT K HEOOXOAMMOCTH CTPOM-
TEJbCTBA MOA3EMHBIX XPAHHJHIL H K CO-
34aHUI0 MoTpebUTeNell — pPeryJasaTopos,
a cJ1eJOBaTeJbHO, U K JOMOJHHUTENbHBIM
KaMHTa/J bHBIM BJOXEHHSIM B rasoTpaHc-
MOPTHBIE CHCTEMbl H BO BTOpPHI€ TOMIHB-
Hble xo3sificTBa nmorpebuTenel. dra npo-
THBOPEUHBOCTb MOCTAHOBKH 3afadyd Kak
Bcerja pelraeTcss ONTHMH3aUHOHHBIM
METOAOM.

Pexxum norpeGaenuss no mecsuam
roga W Ce30HHAs HEePaBHOMEPHOCTD.
CymmapHbie rogoBble rpacdukd norped-
JeHHs Ta3a ropofaMH H 3KOHOMHYeC-
KHMH palloHaMH SIBJSIIOTCHA OCHOBOH AJs
IJIaHMPOBaHUs A00ObLIYM rasa, a Takke
a5 BH6opa U 060CHOBAHWA Mepompus-
THH, ob6ecneunBalOUINX peryJnpoBaHue
HepaBHOMEPHOCTH noTpebseHHsl rasa.
Pemrenne npo6JeMb HepaBHOMEPHOCTH
noTpebJeHns mo3BoasieT obecnedynTb Ha-
JI€KHOCTb a30CHaGXeHUA M IIOBLICHTb

Puc. 5.1. Tonoroit rpa-
¢uk norpebaenns

I— norpe6nenne  rasa
KaK CbIpbfl AJf  mepe-

paboTKH; 2-— KOMMY-
HaJbHO-BLITOBOE noT-
peGnenne; 3— noTpes-

JIEHHE NPOMBIIJIERHBIMH
neyamu; 4-— norpebae-
HH€ B KOTENbHBIX AJs
BHPabOTKH TeXHOJNOIH-
4ecKoro mapa; 5— 3a-
KayKka rasa B NOA3€eM-
Hoe xpaHugnue; 6 u §—
NOCTOSIHHOE M Ce30HHOE

norpebieHne. rasa sjaeK-
TPOCTAHUHAAMH; 7— [OT-
pe6jeHHe rasa KOTeJb-
HBIMH JJIl  BBIPAaGOTKH
Tensaa Ha OTOMJIeHHe 31a-
HiE#; 9— oTGop rasa ua3
NOA3EMHOr0 XPaHHIHILA;
10 — HepaBHOMEPHOCTB,
NOKpBIBaeMasi nogaues
MarucTpanbHOrO  raso-
nposoaa; Il—nuHus no-
fa4H Ta3a MarHCTpajb-
HbBIM  T'a30MpPOBOAOM;
I12-—cpegusis JUHUS nO-
[Aavud rasa

3KOHOMHUECKYIO 3¢ ¢eKTUBHOCTL Taso-
CHabXKaloUHX CHCTEM,

3Hauue rogoBHXx rpaduxkos rasomo-
Tpebsennss uMeeT OoOJibllioe 3HAUEHHE U
JJS1 3KCIyaTalMH TrOpOJACKHX CHCTeM
rasocHa6eHHsl, TaK Kak [03BOJseT
NPaBWIBHO MJAHUPOBATH CMPOC Ha ras
no MecsauaMm roja, onpeiedsitb Heol-
XOAUMYIO MOITHOCTb FOPOACKUX NOTpelH-
Tenefl — peryasiTopos, NJaHUPOBaTh
NPOBELEHHE DEKOHCTPYKIUHA M PeMOHT-
HbIX paboT Ha ra30BbIX CETHAX U UX COOPY-
XKeHusix, Menoabsya npoBagbl moTpes-
JEHHsI rasa AJas OTKJIYEHHs OTIelb-
HbIX Y4acTKOB ra3onpoBOja M rasope-
TYJSITOPHBIX MYHKTOB Ha PEMOHT, MOXKHO
NpOBeCTH ero 6e3 HapylleHUs nozayu
rasa norpebUTeNAIM.

Ha puc. 5.1 nokasaH rogosofi rpa-
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GHK MPOMBILJIECHHOrO Y3/a, BKAOYa0-
1lero HeckoJbko ToponoB. M3 rpaduka
BHAHO, UTO pPa3jHUHbIE KaTEropHH [O-
TpebuTesefl XapakKTepHU3ylOTCs U pas-
JHYHOH  HepaBHOMEPHOCTbIO  norpeb-
nennd 'rasa. M3 Bcex BHAoB norpe6-
neHust Haubosblied Ce30HHOH HepaBHO-
MEPHOCTBIO  XapaKTepH3yeTcs  OTONH-
TeJbHas Harpy3Kad, KOTOpas H3MeHseTcs
COOTBETCTBEHHO  TeMIepaType HapyxX-
HOrO BO31yXa. 3UMO# IPH HU3KUX TeMIIe-
parypax pacxoi rasa MakCHMaJbHBIH, a
B JETHHE Mecsubl ras Boobule He
norpebasior. KomMyHanbHo-6HITOBOE
norpebseHHe rasa xapakTepu3yercst Tak-
e 3Ha4YUTe/IbHOH Ce30HHOH HepaBHO-
MEPHOCTbIO, 'HO MeHblluefl, 4YeM OTOMH-
TEJbHO-BEHTHASIIHOHHAS Harpyska.
Bumecte ¢ TeM ao0nsl KOMMYHaJbHO-Obl-
TOBOH Harpysku B obuleM TOAOBOM
norpebaeHHd HEBENHKA, NO3TOMY B KO-
HEYHOM HTOl'€ OHd HE3HAaYHTEJbHO CKa-
3biBaeTcss Ha odulefi HEPaBHOMEPHOCTH.

Haun6onee paBHoMepHO ROTPeGJASIOT
ra3 3aBolbl, TIZAe €ro HCIOJb3YIT
Kak chipbe AJs ganbueiuedl nepepabor-
ki. HeanauurenbHo# HEPABHOMEPHOCTHIO
XapakTrepusyercs Takxe norpebaexue
raza npoMbluieHHBIME neyamu. C ne-
6ONbIIOH HEPaBHOMEPHOCTDLIO n0Tpebs-
I0T ra3 W OPOMBIULIEHHBIE KOTEJIbHbIE,
BbipabaTbiBaloulle map AJAs TEXHOJOTH-
yeckux uyxkia. H3 obulero pacxopna
raza KOTeNbHBIMH MPHMEPHO ABE TPETH
PACXOAYIOT HA TEXHONOTHUECKHE HYXIH
M OHY TPeTb — Ha. OTOMJIEHHE W BEHTH-
aspuo. [Ipumepno 35 9 rasa, pacxoay-
€MOro B MNPOMbBIIJIEHHOCTH, CXHIawT
B MPOMBIILJIEHHBIX Medyax, a 65 % — B
MPOMBIILIJIEHHBIX KOTEJbHbIX U HA 3J€eKT-
POCTAHUHAX.

Ha puc. 5.1 nmokaszaubl 3akadka M
oT6Op ra3a M3 rasoxpaHuniunil, a Takxe
Ce30HHOe MOoTpebJieHHe rasa 3J€eKTPOo-
CTAHUHAMH /151 BHIPaBHUBAHUs F'OAOBOTO
rpadpuka. M3 paccMmorpenust rpaduka
MOXKHO CAeNaTh BHIBON, YTO HepaBHO-
MEPHOCTH NOoTpebeHHsl ra3a pas/uuHbl-
MH KaTeropuamu norpeburenefl cyuiecr-
BEHHO OTJHYAlOTCs HOPyr OT [pyra.
[Tosromy nepaBHOMepHOCTb rpadvka B
gejgoM OygeT BecbMa 3HAYUTENbHO 3a-
BHCETb OT [JOJH B O6UlEM TOHOBOM
pacxoze norpeburesiefl co 3HauUTENbHOH
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Hep aBHOMepHOCTbiO. Haubosbiine koae-
6anua pacxoja no Mecsiyam G6ygyT Ha-
601aTbCsi B rOpofax, B  KOTOPBIX
norpebJieHNe rasa Ha .OTOMJIeHHe W BeH-
THISUHIO 3LaHUHA, @ TAKKE HACENEHHEM
COCTaBJISIET 3HAYHTEJIbHYIO 1010 06U1ero
pacxoza. B ropopax, rme TeXHOJOrH- .
yeckoe norpebsenre uMeeT Goabuoi
yAeJbHb# Bec, rofoBo#l rpaduk GoJee
pPaBHOMEpPHBIH.

OcHOBHOE BJIMSIHHE HA PEXKHUM OBITO-
BOro MOTpeb/eHuss OKa3blBaloT KJAUMATH-
yeckue ycnoBus. [Tounxkenne napyxuoit
TeMIepaTyphl BbI3bIBAET YBEJHUEHHE O-
Tpeb/enus rasa. ITo 0ObSACHAETCS TEM,
4TO B 3HMHHE Mecsiubl TeMmhepartypa
BOZAONPOBOAHON BOABl 3HAYHTEJABHO CHH-
XKAeTcs M Ha e€e HarpeB pacxogyloT
Gosblle Temnorbl. Kpome Toro, 3umoH *
fosibllie NOJb3YIOTCA Tropsdefl nuuled, -
a YUCJEHHOCTb HaceJeHHUs ropoja JeToM
HECKOJIbKO YMEHbIIAETCS, TaK KAK HEKO-
TOpasi €ro yacTb BbI€3)KaeT 3a Topof.
Pexxum morpebsends no Mecsuam ropa’
Ha ObITOBLE HYXAB (B KBapTtupax),
Ha YYpeXJeHHUS KOMMYHaJbHO-OBbITOBOrO
06CNIYKHUBAHHSA, CTOJOBHE, XJe603aBO-
Abl, 6aHA ¥ [Opauyeynbie MPHBEAEH B
taba. 5.6.

Pexum morpeGienns rasa Ha OTON-
JeHHe W BeHTHASIgUI0 34aHUH 3aBHUCHT
OT KJHMAaTHYeCKHX YCJOBHH TOoro pafio-
Ha, A€ PACMONOKEH [OPOA WIAH MPo- -
MblieHHBHH y3ea. KonndectBo morpe6-
JNSIEMOro rasa onpejensiercs Hapy:KHOH
teMmneparypoil. OTONUTENbHYIO HATPY3KY
PacCUUTHIBAIOT N[O (opMmyse

Q:C(ts_tu)na

rae Q — KoaH4ecTBO rasa, pacXxoiyeMOro Ha OTo-
NJeHHe H BeHTHJSILHMIO 3JaHHi B TeueHHe nepuoia
n; C — nocrosiuHasl BeJMYHHA; [, — BHYTPEHHSSA
TemMnepartypa; fy — HapyXHas Temnepartypa, cpei-
HAA AAA NepHofa n; n —— YUCA0 4acOB MAM CYTOK
CTOAHUA TEMNEPaTyps fy.

BHYTpeHHIO0 TeMIeparypy NpUHUMa-
0T mocrosHHo# W pasuoi [8..20 °C.
Cpeaure TeMmeparypbl HapyKHOTO BO3-
JyXxa OmpenesfioT MO KJAHMAaToJorHyec-
KUM AaHHBIM, KOTOpPble MOJY4eHH B pe-
MHOTOJETHUX  HAOJIOZEeHUH
(CHuIT 2.01.01—82). Mecsiunpie pacxo-
bl B OPOUEHTAX OT TOZOBOrO pacxona
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Ta6aunua 5.6. Pacxon rasa no mecsinam roaa, % ronosoro norpeGacHus

Mecsu
TloTpe6utens
1 11 11 v Y V1 VI VIl X X X1 X1

Keaprupser xuapix | 10,3 | 9,6 10 93 | 86 | 7 5 52 | 7 8,7 9,4 9,9
31aHHA
Yuypexpenus xom-| 10,6 96| 98 9,2 9 78 4,6 4,8 7,9 8,8 8,9 9,6
MYyHanpHo-6BITOBOrO
ofcayxuBanus
CrosioBele u pecto-| 9,5 86 1| 9,5 8,6 8,2 7.7 6,8 6,8 7.7 85 8.6 9,5
paubl
Xnebozasoabl # ne-| 10,2 8,7 ] 98 8,7 7,6 7,2 6,4 6,6 7,1 8,5 8,8 | 10,4
KapHd
Bauwu 11,6 | 104 10 9,2 6,6 6,1 5,4 4,9 6,1 8,2 9,6 12
IMpaveunste u ge-| 9,4 85| 8,9 8,5 7,4 8 7,5 7.5 8,3 8,5 8,2 9,3

3uHGEeKIHOHHbIE Ka-
Mephbl

Tabaunuwa 57. Pacyer pexkxuma norpeGaenus rasa Ha otomiexHue aas Mocksbl

Mecsn
Tloxaszarean
X XI X1 I 1 il v \Y
CpenneMecsiyHble TeM- 5 —1,6 —6,9 —94 —85 —3,6 4.9 12,5
TepaTyphl
Uucno oronutenbuux| 19 30 31 31 28 31 30 5
IHEH B Mmecsape :
Mecsunblit pacxong, % 6 13,7 17,6 19,3 16,9 16,1 91 0,8
[10 popmyne (5.3) )

Mpumeganue, Pexnm norpeGrennn rasa B oxrabpe W Mae NpPHHAT CooTBeTcTREHHO ¢ 12 no 31-e u ¢ 1 5o 5-e auncio,

paccuurbiBamT 10 dopmy.e

i tB—QthAM nM
Gu= 100, (5.3)
Z (ta_tcpAM)nM
rae fcpwm — CPEIHEMECSYHbIE TEeMIePaTypbl, My —
YHCIO OTONHTENbHBIX AHEH B Mecsre.

CpegnemecsiuHble TeMneparypbi AJs
MockBbl npuBeieHbl B Taba. 5.7 H
TPOU3BEJEeHbl BHIUUCIEHUSA N0 QopMyJse
(5.3). AnuTeNbHOCTb OTONUTENBHOIO M€~
puoga 205 guedt, £,=20°C.

ITo dopmyae (5.3) mMoxkHO paccuH-
Tarb rpauk pacxona rasa Ha OTOIH-
TeJNbHbIE HYXKAbBI B 3aBUCHMOCTH OT AJH-
TEeNbHOCTH CTOAIHUA HAPYXKHBIX TeMnepa-
TYp Kak AJs roaa, Tak ¥ AJA KaXAoro
mecsya. s 3TOro mo KJAMMaToJory-
YEeCKHM HAaHHBIM ONpeAe/sIOT NPOAOI-
XKHUTEJBHOCTb CTOSIHUSI HUHTEPBAJOB TEM-
nepatyp. JAaa Kaxkaoro yuTepBasa Haxo-
OAT CPefHIo TeMmepartypy lep: H 10
dopMyJsie ompeAensifoT pacxol rasa aJs

{-FO WHTepBaJja:

Qi=C(ts—tepi)t,
rae n; — AJHTEJbHOCTb CTOAHHA HHTEpBAaJia TEMIIC-
paryp
Hoao MecsiuHOTO pacxofa rasa AJas
HHTEPBaJa 7; ONpele]AlT no dopmyJe

q,= !tB_tcpAi!ni
Z ([B‘Jcpj)”i

rge ¢; — HoJs MeCAYHOro pacxoga rasa; ¢iQu
KOoJaun4eCcTBO rasa, norpeﬁm{eMoro 3a nepuox ni.

[Tocne onpeaenennss pacxonop rasa
[4Ji1 BCEX HHTEPBAJOB CTOAHHA TeMmIe-
paTyp lep: CTPOAT rpaduk pacxoia rasa
N0 MPOAOJKUTENbHOCTH, pacroJjaras
BEeJUYHMHY ¢; B MOPSJKe Bo3pacraHus
BENMUMHBl fcp;.. Ha OCHOBaHMHM HaHHBIX
pacuera rasa 3a sHBapb, CBeIEHHBbIX
B Taba. 5.8., paa ysna norpebienus,
pacnonoXkeHHoro B pafioHe MoCKBBHI,
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Ta6nuuma 5.8. Jauusie pacyera rpaduka pacxoia rasa Ha OTONJEHHE B 3aBUCUMOCTH OT AJHTEALHOCTH

CTOAHHA HAPYXHLIX TEMieparyp.

Wureppaan Temnepa- Cpennas Tem (;-—tcp_,), JAHTEeNbHOCTD Koanuecrso ra-

TYyp, °C mepaTtypa HH- °C CTORHHA HH- (lo—tep.)r fa—tep )01 3a, norpebase-

TepBana TepBana Temne- I(ta—tep). | MOTO B MHTED-

tep o °C paTyp f., CyT Bane remne-

ot a0 paryp, man, m®
— —25 —25 43 1,1 47,3 0,055 5,5
-—249 —20 —225 40,5 2,1 85 0,099 9,9
—19,9 —15 —17,5- 35,56 4,6 163,3 0,191 19,1
—14,9 —10 —12,5 30,5 6 183 0,213 21,3
— 99 -5 — 75 95,5 7.6 193,8 0,277 29.7
— 49 0 — 25 20.5 7 143,5 0,168 168
0,1 +5 25 15,5 2,6 403 0,047 47

31 0

Hroro — — —

noctpoed rpacuk (puc. 5.2). Pacxon
rasa Ha OTOIUIEHHE 32 SHBapb COCTAa-
g 100 man.m® npn £,=18°C, f,,=
=—25°C. .
HMcnoabaysi paccMOTpeHHYIO METOH-
KY pacuera OTONHUTEJbHOH HATPY3KH C
YUETOM H3MEHEeHHs HapyxKHOR TeMIe-
paTypbl BO3JyXa B TeueHHe Mecsya
MOXKHO 60Ji€e TOYHO MOCTPOUTb IOA0BOH
rpacuk. Takodl rpaduk 6yner oTpaxarb
3UMHHe MUKH pacxoja rasa, CBsI3aHHble
C MOHHKEHHeM TeMmepaTtypbl BO Bpems
MOpPO30B, MOKPHLITb KOTOpble MpeicTaB-
JAsieT HauOOJbIHe TPYAHOCTH Kak [Jis
rasoBoi MPOMBIIJIEHHOCTH, TAK U AJSl [0~
POACKHX TasoBHX x03sicTB. [onoBoii
rpaduk morpebJeHns rasa NPOMBbILLIEH-
HBIM  y3J0M [oKasad ~Ha pHe. 5.3,
Ha rpaduke pgano Oojee perajbHOe
pasnenedue norpeburenesi B 3aBUCHUMOC-
TH OT PeKUMOB norpebsenusn. Hapsany
C OObIUHBIM pasjeseHueM BbleJeHbl
OoTAeNbHO MOoTpebuTenu: 1) npombllLIeH-
Hble MeuH, pacxoaytouue 22,1 9 rasa;
2) KOTeJbHble YCTAHOBKH, TE€XHOJOTH-
yeckasl HArpyska — BbIpAa60OTKa TEXHO-
Joruyeckoro mapa, 29,8 9; 3) koresb-
Hble yCTAHOBKH, OTOMHTE/bHAS HATPY3Ka
33,5 9%; 4) saekrpocraHuud © TIL]
14,6 9% . BblgeseHne OTOMMTEJIbHOH Ha-
TPY3KH OT TEXHOJOTHUECKOH HMEET 60Jb-
Ioe 3HAa4eHHe, TaK KAaK 3TH BHIbl
norpebjenust rasa pesko OTJIHYAIOTCS
pexkumamu. Pexum mnorpedaenus Ha
rpaduKe ocpeHeH A5 KaXKA0TO Mecsla.
Hcnoab3ys N310XKE€HHYIO BbIlLIE MeTO-
JUKY, rpaduk Obll MNEepecTPoeH, uTo
nokasano ua puc. 5.4. Ortonurenbuas
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856,2 1 © 100

Harpyska npejicraBjeHa He MOCTOSHHOM
B TeueHHe Mecsiia, a M[epeMeHHOH B
34aBHCUMOCTH OT HAPYXHOH TeMmmepary-
pPBl M AAMTEJNBHOCTH €€ CTOSIHUSI B Te-
YyeHue mecsapa. Kak caenyer us rpaduxa,
CYTOYHAsA HEPaBHOMEPHOCTb B 3UMHHH
epUoa NPU JeTAJNbHOM €ro NOCTPOeHHH
CYWLECTBEHHO BO3pacTraer.

Pexxum norpebsennst rasa Npombiii-
JIEHHbIMH MPeANpHATHSMH 3aBHUCHT . OT
XapaKrepa TeXHOJOTHYeCKOro mpouecca:
Hau6osee paBHoMepHO moTpebasiiorT ras
Te KDYIHble NPeNpHATHS, B KOTOpPBIX
TeXHOJGTHYECKHH Nponece MpoTeKaeT He-
npepuiBHo. HepaBHoMeprOCTb noTpebae-
HUA Ta3a KOTeJbHbIMH 33aBHUCHUT OT
COOTHOILUEeHHUS TeNJOThl, UAYIIEHA HA OTOI-
JIEHHe W BEHTW/ISALHMIO, M TeIJIOTH, pac-
XOAYeMOH# Ha TeXHOJOTH4YeCKHe Mpouec-
col. [lepBast crarbst pacxoma xapaxre-
pHU3YeTCs 3HAYUTENbHOH HepaBHOMEPHO-
CTbIO, & pacxoibl NO BTOPOH cCTaTbe
Gosee paBHOMepHb. Ho u B 3TOM Cay-
Yae JeTOM HAOMIONAETCS CHHKEHHE [M0-
Tpe6JeHUS BCJIe ICTBHE MOBBLIILIEHUS TEM-
EePATYP HApYKHOTO BO3AYXa M BOAMI, a
TAKKe CE30HHOTO COKpAalleHHsl MpOou3-
BOJCTBA.

HepaBHoMepHOCTDb MOTpebIeHNs rasa
XapakTepHayeTcs ABYMS MOKA3ATEJAMHU:’
1) kosuvyecrBOM rasza B [0A9X OT
rog0BOro notpebyaeHusi, KOTOpoe SIBJsS-
€TCcA U3OLITOYHBIM [0 OTHOLIEHHIO K CPeji-
Hefl PaBHOMEPHOH MOJade rasa HJH Ko-
TOPOTO HEAOCTAeT B MepPHObl IPEeBbI-
[LIeHUsT DOTpeGJeHHs Hag CPedHel moja-
el  Ooy (0O0BEMHBIH MMOKasaTeJb);
2) MakcuMaJbHbBIM 3HA4€HHEM K03 du-
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HocTb norpebienun rasa
no roxosoMy rpafmuxky

Puc. 5.4. Togosoi rpa-
§ux norpebiends rasa
NPOMBIIEHHBIM Y3JI0M C
Y4eTOM cyTouHo# Hepap-
HOMEpHOCTH OTONMHTEbL-
HOW Harpysku

TOBOE Notpebaenne; 2—
NNaBHJABHBE neuyd; J—
NpPOMBILJIEHHBIE  [1e4H;
4—KOTeNbHBIE YCTAHOB-
KH (TexHoJOruyueCcKas
Harpyska); H-—koredb-
Hble YCTaHOBKH (OTOMNH-
TeJbHas HArpyska); 6—
ssexTpoctannun (TOL)

7
ITINNEY I YIWHIX X XI XTI Mecaus
— 3aKa¥Ka rasa B NoAIemMubIe XpaHunuwa

/] — a160p rasa u3 nogaeMmbix XpaHnami,
—-—= CPeRHRRA NVHHMR NORAYM raza i
7777~ BbipagHeHHolf rpaduk notpebnenun
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Ta6aunma 5.9. Mecsunbie koadduunenThi HEPABHOMEPHOCTH nOTpeGaeHnn rasa

Koaq)q)ﬁunem Hepag- Mecan
ROMEPHOCTH NOTpe6-
JeHns rasa ; II 11 v VI vIL | Vil X X X1 XII
Ky 1,50911,54511,18510,9520,592 {0,575 0,636 | 0,525 0,618 1,185 1,336 | 1,459

IlMeHTa Ce30HHON HepaBHOMEPHOCTH MO-
Tpebaenuns raza Ky*™© (MoulHOCTHOH MO-
Ka3daTelb).

" Koagppuyuent cesonnol (mecaunoii)
HepagHoOMepHOCTU noTpebienns rasa K,
ONpRAENAI0T KaK OTHOIIEHHEe pacxoja
rasa 3a JaHHBIH Mecsl K CpenHe-
MeCA4HOMY pacxoay 3a rof. Omuako
TAaKOA MeTOol HeZOCTaTOYHO TOUEH, TakK
K2K YHcao AHed B Mecsle Koaebercs or
28 no 31. Hag 6oabwmedl TOYHOCTH
CIeAYeT ONpeleuTh ero Kak OTHOIEHHE

- CPEHECYTOYHOrO pacxofa 3a JaHHbIA
Mecsii K CpejHecyTOYHOMY pacxoidy 3a
ron. B stoM caydae Gymer yuTeHo
JasJUuyHOe 4YUCJao JHeld B Mecsduax.

M3 ta6a. 5.6 npas norpebaeHus
raza B KBapTHpax MOJy4aeM cCJenylo-
wye 3HayeHust KO3PHHUUHEHTOB Mecsad-

#o#l HepaBHoMepHoctH aas [, 1T u VII
MecsIeB:
10,3 365 9,6 365
I__ _ n__ _ .
K= 307100 =120 K, 28100 =L2%;

cJIe10BaTeJbHO, MaKCHMaJJbHOH HepaB-

HOMEpHOCTBIO ~XapakTepusyercs ¢es-
pasb.
vii_ 5 3656 _
Ky 31 100 =059.

M3 cpaBHeHHS MaKCUMaJJbHOTO U MH-
HUMaJbHOrO KO3(P(HHUUEHTOB HEPABHO-
MEPHOCTH cJelyeT, 4To norpebyaeHue ra-
3a B KBapTHUpax JeEeTOM YyMeHbluaercs
Gosee yem B 1Ba pasa. Paccuuraem
KO3 (PHUHEHTH HEePaBHOMEPHOCTH I
Kax 10ro mecsua LA roaoBoro rpaguka,
MOKa3aHHoro Ha puc. 5.3 Ge3 yuera
€ro BbhipaBHHUBAHUA C IOMOULBIO MOA3€EM-
HOrO XpaHWaHwa. PesysabTarel pacyeros
ceeneM B taba. 5.9.

[lo nanspim Taba. 59. Ha puc.
5.4 nocrpoeH rogoBo#l rpacduk norpeé-
JICHHSl, Ha KOTOPOM OpAHHATBI MOpel-
CTaBJIEHB B BHIE MECAYHHIX KO3phH-
LUMEHTOB HepaBHOMepHOCTH. PaBuomep-
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Has nojada rasa, Npd KoTopoi yunos-
JIETBOPEHO TOA0BOE MOTpebJieHHe, COOT-

sercrByer K,==1. HepaBHomepHocTb
noTpeGaeH!ss COOTBETCTBYET IIOuldAn
(3amTpuxoBaHHOHR) HaAX cpeaHed Ju-

Hyefi Mojadd rasa HWId paBHOH eH
nJoulagn (HEeLOCTaTOK ras3a) NOL JIMHHU-
efl mojgauu.

3amrpuxoBaHHas mjomainb paBHA

X Kn—= 2 n
K1 K1
rge K; f;—— COOTBETCTBEHHO KOIQPHUHEHT He-
pPABHOMEPHOCTH H YHCJO JHeH B MecAue L.
B pacuere yUHTBIBAIOT TOJBKO MeCs-
Ubl, AJ5 KOTOpPHIX K>1.
O6was naomanb rpadrka, cOOTBET-
CTBYIOULAS TOAOBOMY NOTpebJEeHUs rasa:
QML |

12 12
S =% gl nm

I cp cyT

)

rie Qfey: QiA,. — COOTBETCTBEHHO CpegHecy-
TOYHBIE pacxOAbl 32 [-Thfi MeCcsSm ¥ 3a TOf.

Ce30HHYI0 HEPaBHOMEPHOCTb NOTpPe6-
JeHUS Org, PACCUMTHIBANT N0 (opmysre

Z K[nL_Z n[ )

_ k>1 K>1
12
> K
]

Ecaun He y4YuTHIBAaTB pa3HOE KOJH-
YyecTBO JHeH B Mecsdpax, cydTasg ux
MO MJUTENbHOCTH OAMHAKOBBIMH (4TO
06BluHO ofecrneynBaer JOCTATOYHYIO TOY-
HOCTb), TOrAA pacuyerHas GopMyna MpH-
MeT CAeAYIOUIHH BUI:

5, K

_ K>1
Fron™ 12

100%, .

(5.4)

100% , (5.5)

rpe N — uHclo Mecsiues B rofy, AAA KOTOpbIX
K>1.
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Paccuuraem no npubaunxenuo pop-
myJje (5.5) 3HauewHe o MO JAAHHBIM
tTaba. 5.9 u rpaduka puc. 5.5:

(1,509 1,545+ 1,185+ 1,1854+1,336
rog 12

+LA59—6 501859,

"O6BbeMHBIN NMOKa3aTeab HEPABHOMEP-
HOCTH G0, PaBen 12...15 95. 3uavenne
BEJHYHHBl Qhon 3@BHUCHT OT YAEJbHOIO
BECa OTOMHUTENbHON HArPy3KH B cymMmap-
HOM rasonorpebjennn: yem 60Jblue 105
OTOMUTEJbHOH Harpyskd, Tem OoJblie
Gron-

Pexxum norpebaenns rasa no AHAM
HeJleJU M CYTOYHAsi HEpaBHOMEPHOCTD.
Kone6anuss norpebJenuss rasa Mo OT-
JNeJIbHbIM JHAM HeIeJu M mecaua (cy-
TOYHBIE KOJCOAHHUA) B OCHOBHOM 3aBHUCAT
OT CJeAYIoLKX HaKTOPOB: yKJaana Ku3-
HH HaceJeHusi, pexuma paboThl Open-
NPUSTHH, U3MEHEHHUS] TeMlepaTypH Ha-
pyxuoro Bosayxa. Cyrounble KoJeba-
HHUSI, CBSI3aHHbIE C VYKJAIOM IKH3HH
HaceNeHHsl, NPHUMEPHO OIHMHAKOBBI /9
Mo6oA HeeaH, 3a HCKIOUEHHEM TeX,
B KOTOpble MonajgalT npasgHukd. He-
JebHbIH peXUM paboThl MpeANpHATHH
Takxke HAocrarouHo crabumen. Tperuii
dhakKTop — HU3MEHEHHUS TemmepaTypbl Ha-
PYXKHOrO BO3]yXa — Yy4eCTb 3HAUYHUTEJb-
HO CJOXKHEE, TaK KakK TPYNHO HPOTHO-
3HPOBATb ~ U3MEHEeHHe TeMneparyp Mo
IHAM HeneJH W Mmecsiua. BmecTe ¢ Tem
MaKCHMaJ/JbHOE 3HAUCHHE KO3(pHUIHEHTa
CYTOYHOH HEepaBHOMEPHOCTH 3a Mecsll
¥ OTOMHUTEJbHBIH MEpPHOJ MOXKHO omnpe-
JIeJIUTb, UCIOJb3YS KIUMaTOJOTHUYEeCKHE
HabJIoeHHs] 38 OPONOJIKHUTEIbHBIA me-
puol BpeMmend. Takue paHHble NOpHBe-
npenst B8 CHull 2.01.01—82.

OnpenenuM MakCHMaJbHOE 3HAYEHHE
Ko3¢dHuHeHTa CyTOYHOH HepaBHOMEp-
HOCTH OTONMHUTENbHOR Harpy3kd (and
MocCKBbI) 4151 caMOro XOJOQHOrO Mecs-
ua (ausaps). [To CHull cpennsisa remme-
parypa suBapa —94 °C, cpeausisa Tem-
nmepatypa uaubojee XOJOAHBIX CYTOK
—32 °C, noayuyuMm cJaepyloulee 3Haye-

are K¥aor

“lopeyr | 20—(—32)
T 20—(—94)

t
MakC __ B

*C.M,0T —_
'tu th.Mec,

= 1,77 .

Pexum morpe6ienns rasa na GbiTo-
Bble ¥ KOMMYHaJbHbBE HYXKAbl B OCHOB-
HOM OlIpejlesIsieTCcsl YKAAN0M XKHU3HHU Ha-
cesleHnsl. 31ecb MOXKHO TOBOPUTD O 38KO-
HOMEPHOCTH oTpebenns rasa no obbly-
HBIM JHSM HeJIeJH HWJIH B NPeAnpasi-
HUYHBIC W MpasaHuunble auu. M3 nHadmo-
JeHHH 3a norpebJeHueM rasa B KBap-
THpax cJAelyeT, YTO B TeYeHHEe MNEePBbIX
yeTbipex AHeHl HeleJH ra3 NoTpebasior
MOYTH paBHOMepHO. B mATHULY pacxofg
rasa BO3pacrTaerT W AOCTHUTAET MaKCH-
MaJbHOro 3Ha4yeHust B cy66oty. B BoC-
KpeceHbe moTpeG/enne rasa CHHKAETCH.
Makcumanbuble Ko3GhGHUUHEHTH CYTOU-
HOH HEepABHOMEPHOCTH MO AHAM HeIeJH
NPUMEPHO paBHB: AJAs KBapTuUp, e
rasd HCHOJb3yeTcsl TOJbKO AJs MPUro-
ToBJeHHs mUmM, K§i*°=1,2; nasa keap-
THP, rle ras3 HCOoJb3yeTcss s OpH-
rOTOBJIEHHS] [HUIA W ropsidefl BOIHI,

eac=1,25.

Haubosbuium norpeGrennem rasa
XapakTepuayioTcss  NpealpasiHuYHbie
AHH. Kak nokasanu Habai00eHns, MaKkcu-
MaJbHbIA CYTOUHBIHA pacxoa rasa B KBap-
THpax 3a roa npuxoadres Ha 31 ge-
kabpsi. COOTBETCTBYIOUIME MaKCUMaJb-
Hble KO3)GHIHEHTH CYTOYHOH HEpaBHO-
MEPHOCTH 3a roj MOpPHUMEepHO paBHbL:
LJS1 KBapTHP, rAe ras HCIoab3yercs
TOJbKO AJS1 NPUrOTOBJEHHSI MHILKM [PH
HaJUYHH HEHTPaJbHOrO ropsiyero BOAO-
cnabxenuss, Beanuuda Ko2°=2 wu rge
ra3 HCHOJb3yeTCst Ha MNPHCOTOBJEHHE
MULLK W ropsuel BoAbl, BeJandnHa KYac—
=2,6b.

3HayYUTeNbHON CYTOYHON HEpaBHO-
MepHOCTbIO MOTpebJeHHs] XapaKTepusy-
107cs 6aHH, AJS KOTOPBIX BeJHYHHA

= 1,82. Makcumasbuple Koapdu-
LIMEHTHl CYTOUYHOH HEPaABHOMEPHOCTH I/
pPasJHYHbIX OTpacJed MPOMbILLIEHHOCTH
kojebaoress B npepenax 1,1...1,2. He-
PaBHOMEPHOCTb MOTPeBJCHUST OTACNBHH -
MH MPeNNpHATHAMH MOXKET 3HAYUTENbHO
MPEBLIIIATb HEPABHOMEPHOCTb ISl we-
J0ofi oTpacaH, Tak Kak rpadur mno-
TpebJeHNsT OTPacJbl0 Crja)uBaerT He-
PaBHOMEPHOCTb OTAEJbHBIX [pernpHs-
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tufl. Tak, y npeanpusitus, paboramoulero
¢ BBIXOQHBIMH AHSIMH, moTpebJeHHe rasa
B BLIXOQHOH A€Hb 3HAYUTEJbHO YMEHb-
[aeTcsd HJAH MOJHOCTbIO MpeKpaliaercd,
4YTO 3HAYUTEJbHO MOBLILIAET HEeAeJbHYIO
HepaBHOMEPHOCTD.

Pexxum norpebaenus ra3a no yacam
CYTOK W 4acoBasi HePaABHOMEPHOCTD.
[oponckHe rasoBbie ceTH pacCUYHTLIBAIOT
Ha MaKCHMaJbHble YacOBbIE pPacXojbl
rasa, KOTOpble MOXKHO ONPEeIeJUTD,
TOJIbKO pacrnojaras A0CTaTOYHO HajeX-
HBIMH CBEJE€HHSIMH O 4acOBLIX KoJe0aHu-
X motpebiaeHnst rasa. 3HaHUE CYTOY-
HbIX IpacdMKOB HEOOXOAHMO TaKxKe AJs
IpaBUJIbHOA 3KCMayaTait ra3oBbHX ce-
Ted W YCTAHOBOK M pacuera aKKyMy-
aupyoriefi eMKOCTH /151 BbIpaBHHBaHHUA
CyTO4YHOTo rpaguka.

i Bcex ropoackux morpedureneit
XapakTepHa Ta WJIM HHass yacoBas
HEpAaBHOMEPHOCTb HOTpeOJeHHs rasa B
TeyeHHe cYRoK. Haubosblias vacosas
HepaBHOMEpPHOCTb Habsonaercs y 6biTo-
BEIX W KOMMYHaJIbHHIX [OoTpeburesnes.
Pacxon rasa Ha oTOmIeHHe M BeHTH-
JSMI0 B KPYMHbLIX YCTaHOBKax MaJgo
M3MEeHsIeTCd B TeYeHHe CYTOK (3a He-
KJOYeHHeM MePHOJOB PE3KUX 110X0J01a-
HUI W MOTEMJEeHH# ). Meskue yCcTaHOBKH,
0CcOGEHHO OTOMHTE/IbHbIe MeyH: TepHuoIH-
YecKOro [HeficTBUs, NOTPEOJSIIOT ras B
TeyeHHe CYTOK HepaBHOMepHO. Pexum
norpebJeHUst rasa OpPOMbILUJIEHHBIMH
NpeANpUATHAMH B OCHOBHOM oOlpeje-
Jasietcst 4deaom  pabounx cmen. [lpwm
TpexcMeHHofI paboTe ras norpebasoT
noytd paBHoMepHo. C yBeJHUEHHEM YH-
caa OOBEKTOB, 0OCayKHBaeMblx raso-
cHabKeHueM, yacoBast HepaBHOMEPHOCTb
ymeHblaeTcs. CyTOYHbIH peKUM moTpe-
6JeHHSl ra3a KBapTUpaMH 3aBHCHT OT
YKJaja XU3HK HacesJeHHs, NHS HeueJH,
KaJeH1apHoro [HS (mpa3aHUYHBIHA,
NpeanpasgHUUHbIA HIW PALOBOH A€Hb),
a Tak’Ke OT KoJiyecTBa rasuuiunpoBan-
HBIX KBapTHP.

CyrouHbifi rpaduk norpebjeHns xa-
paKrepuayercst AByMs OHKaMH — YTpPeH-
HAM W BeyepHUM. Y TpPeHHHH
npuxoaures Ha 8..11 4 yTpa, npuuem
B OyaHu OH nmnomajaer Ha OoJee
paHHMe uYachl, a B . BOCKPECHBE H
npas3gHUYHbie JHH — Ha 6oJee Mo3QHue.

58 i
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BeuepHu#l muk npuxoaurtcs, Ha 18...21 u.
CyrouHble TpadHKH A PSALOBHIX AHef
Henend OJMM3KH MO CBOEMY XapakTepy,
a rpadury cy6060THHX, BOCKpECHBIX,
NpeanpasaHUUYHbIX AHeH 3HAYUTENbHO
oran4apTcsl or HUuX. CyrouHble rpadu-
KH XapakKTepH3YIOTCS TeMH K€ [oKasa-
TeJISIMH, YTO M TOJOBBIE. HEPAaBHO-
MEPHOCTBIO Oyr (06BEMHBI MOKa3aTe/Ib)
1 MakcHUMaJibHbIM 3HauyeHHeM Ko3hPu-
IIMEeHTa HepaBHOMepHocTH KU,
HepaBHoMepHoOCTb moTpebaeHnst paB-
Ha TaKOMY KOJHYECTBY Trasa, KOTOpoe,
Haxogscb B 3anace, cnoco6HO obecrne-
YUTh HOPMaJbHBIH PEXHUM HCIOJb30Ba-
HUSl rasa norpebuTessiMu [pd paBHO-
MepHOH ero nmogaye. 70 KOJHYECTBO ra-
32 paBHO HEOOGXOAMMOI aKKyMYJHPYIO-
wed eMKOcTH, KoTopasi cmoco6Ha BbI-
paBHUBaTL rpacduk norpebienus. He-
PaBHOMEDHOCTDb, MM aKKYMYJIHPYIOULYIO
€MKOCTD, OMpeeJsOT B JOJX OT CY-
To4yHoro norpebaeHust. KospduuueHtol
HepaBHOMEDHOCTH OfPENeJISIiOT KakK OT-
HOILEHHE YacOBOrO pacxoga rasa K
CpeHe4YacoBOMY 38 CYTKH.
MakcnmanbHble K03 HHUIHEHTE Ya-
coBO#f HEPaBHOMEPHOCTH MNOTPebJaeHus
raza B Te4YeHHe CYTOK B KBapTupax
rOPOJOB HJH [OCEJKOB B 3aBHUCHMO-
cTH OoT 00beMa rasocHabKeHHsl U Xapak-
Tepa ra3oo60pYLOBAHHS  H3MEHSIOT-
ca B nmpemeanax Ki™=106..22 JHaa
NMPeANpHUATHH U YYPEeXKIECHHH KOMMY-
HaJbHO-ObITOBOTO M KYJBTYPHOTO 06-
CJAYXKHBAHUS  BEJHYMHA ree=262.
3HauYUTeJbHOA HEePaBHOMEPHOCTBIO Xa-
pakrepusyercsl norpebsenue raza B 6a-
Hax, rae Ki¥°=1,65; B npadyeuHnix —
aK=2 25, 1 Ha MeYHoe OTOMNJEHHEe —
aakC=2 4
AKKYMyJaupyoulast eMKOCTb, HE06X0-
auMasi AJs BbLIPABHHUBAaHUS CYTOYHOTO
rpacduka norpebieHHs], OmpejpensieTcs
Kak joJs cyTodHoro pacxopa. Cpenue-
yacoBasl nmojgauva, a TakXke cpegHeua-
coBOfi pacxox cocraasr 100/24=
=4,17 % cyrounoro. [Ipegnonaras no-
nady paBHOMEpPHOH M cpaBHMBas ee ¢
norpebaeHnemM, MOXKHO pacculTarhb Heob-
XOAMMYIO aKKYMYJIUPYOLLYIO eMKOCTb.
[Topsigok pacyera npocsieguM Ha MpH-
Mepe. |
[ipumep 5.2. OnpegenuTb aKKyMYJHDYOIRYIO
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Ta6anua 5. 10. OnpeneneHne akKyMyJiupyon el
€MKOCTH, HeOGXOAHMOH st BbipaBHHBAHHS
CYTOUHOTO rpadgHka norpebJieHHs rasa

Mocrynae- | Pacxoa raza, % or cy- | HaGerox
LIaCbl HHE rasa ¢ TOQUHOrO nm‘peﬁneﬁuﬂ HJIH  Heao-
CYTOK, 4 ljaugna cue- crava rasa,
Ta, % 3a padubill | ¢ navana %
Hac cyeTd
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 43
3—4 16,67 2,2 10,4 6,27
4—5 20,84 2,5 12,9 7,94
5—6 | 25 2,7 15,6 9,4
6—7 29,17 3,5 19,1 10,07
7—38 33,34 5 24,1 9,24
89 375 5,2 29,3 8,2
910 4167 5.2 34,5 717
10—11| 45,84 5,4 39,9 5,94
1—12 50 52 45,1 4.9
12—13| 5417 49 50 417
13—14| 5834 5 55 3,34
14—15 62,5 4 59 3,5
15—16 66,67 5,2 64,2 4,47
16—17| 70,84 47 68,9 1,94
17—18 | 75 5 73,9 1,1
A8—19 | 79,17 52 79,1 0,07
19—20| 8334 5.4 845 | —LI6
20—21 87,5 47 89,2 —1,7
21—-22| 91,67 42 93,4 —1,73
22231 95,84 3,5 96,9 —1,06
23—24 100 3,1 100 0
. o 6 o7 72
s 10,07% .
% 5 71 7 \J T 0 é
£ 47 LA LY | 5§
5 4 2 X 17 { 8 z 5
° [ a\ 5 8 g &
S x
o 3 : 6§ v o
o ARE 5 g
a 2 4 = Z
g NIl gs
g 7 N 2 8,
x ) 2
g o N1 o §%
g N T
T -7 » -2
4 8 12 16 20 %4
Yacwt

Puc. 5.5. T'padux nor- HHIO; [— CYTOuRMIH rpa-

pe6aenus rasa u paGorn
rasoxpaHuauma

a, 6, 8, 2-— MOMEHTH
BpeMEHH, Korja nogaua
rasa pasHa norpe6.e-

¢ur norpebienus rasa;
2-— rpadux nogaud ra-
3a; J— KOJHMYecTBO ra-
3a, KOTOPOE AOJKHO Ha-
XOAHTBCSH B XPAaHHJHKILE

€MKOCTb AJIl BbIPABHHBAHHS CYTOYHOro rpaduka
norpeGjeHus rasa gids  MockBH; MCKaOYas
37eKTpocTaHuMH. [laHHbIe MO CYTOUHOMY rpaduky
npuBejensl B rp. 3 Taba. 5.10.

Peuwenue. Bee pacuetsl CBOgHM B Ta6a. 5.10.
B rpade 2 pgaHo KOMMYECTBO rasa, MOJAHHOrO
B ropoj C HayaJja cyeta, a B rpade 4 — Koau-
YECTBO ra3a, H3pacXoAOBAHHOrO FOPOJOM TaKXe C
Hayaja cuera. Pa3HOCTb 3THX BeJHYHH, IIpHBe-
jJeHnas B rpade 5, p[aeT KOJMYECTBO rasa,
NOJJeKALIEr0 XpaHEeHHIO.

O6beM xpaHuaHULa, OGECNeYHBAMOULErO Bbl-
paBHUBAaHHE CYTOYHOrO rpauka HJIH HepaBHO-
MepHOCTb NOTpelJeHHs, onpejensieM U3 rpadel 5;
10,07—(—1,73)~12 % cyTo4HOro notpedaeHus.
TakuM 06pa3soM, BeJHUHHA Ocyr==0,12. Haauuue
OTpUIATENAbHBIX 3HAaueHHd B rpade 5 (cMm. Taba.
5.10) cBs3zano c¢ BHGOPOM Hauana cuera.
[lpu cocraBien#d TaGauusl, HauuHasg ¢ 22 v,
OTpULATENbHbIX 3HAUCHHH HE GYyAeT.

Ha puc. 5.5 nmocrpoensl rpaduk mnorpetae-
HHS rasa MO yacaM CYTOK M KpHBas, Xxapak-
TEPH3YOILAst KOJHYECTBO I'a3a, KOTOpOe [OMXKHO
HaXoguThCs B XpaHuauutax. [logaua rasa pasto-
MepHas M H306pa)keHa TOPH3OHTAJABHOH JHHHER
(4,17 %). B nepuoas, koraa mnojaya GoJblie
norpe6Gienus (Hanpumep, ¢ 0 go 7 4) KoOJH-
4eCTBO Fa3a B XPaHWJHILE YBEJHYHBAeTCs.
MakcumyM napgaer Ha TOT uac, KOrjia nojaua
paBua notpeGieuno. B nepuogsl, Korga norpet-
JeHge Goablle nojaud (Hanpumep, ¢ 7 5o 14 u),
KOJHYECTBO rasa B XPaHWIHILE YMEHbLIAeTCs.
MuHumyM coBnajaer ¢ yacaMu paBeHCTBA NOJAYH
U noTpe6leHus.

5.3, PerynuposaHue
HepaBHOMEPHOCTH noTpebnexns rasa

Jas peryiupoBaHUsl Ce30HHOH He-
PaBHOMEPHOCTH Ta30MoTpebJieHUsT MPH-
MEHSIIOT cjaejylouine crnocobbl: 1) nog-
3eMHO€ XPaHeHWe rasa; 2) HCHoJAb30-
Banue noTpebuTeNeli-peryasaTopos, Ko-
TOpPbIM c6pachiBAOT H3JUIIKA B JETHHH
nepuon; 3) pe3epPBHbIE MOLIHOCTH OPO-
MbICJIOB W TasonpoBogoB. B peaysabra-
T€ TEXHHUKO-3KOHOMHUYECKOTO aHaJjusa
OMpeneNsioT ONTHUMAaJbHbLIA cOCTaB
CpecTB peryJHpOBaHUSt HEpaBHOMEP-
HOCTH rasonoTpebeHus.

Marucrpagbibie ra3onpoBoibl 06biy-
HO MPOEKTHUPYIOT ¢ Ko3pdHuHeHToM 3a-
rpyskn rojgosoro rpacuka K,==0,85.
DTo 3HAYKUT, 4TO (HAKTHUECKOE KOJH-
4ecTBO rasa, MojgaBaeMoro sa rog mno
rasonposony, cocrasasier 85 % makcu-
MaJbHO BO3MOXKHOIO KOJHUYECTBA HJIH

l'[pOld?»BOILPITGJ'[bHOCTPI Mal‘l/lCTpaJ[bHO[‘O
ra3onpOBona. CJ'[elIOBaTeJ'[bHO, focJe
59
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BHpaBHHBAHUSl TOAOBOro rpaduka Mo-
TpeGyeHnsl raza ropojoM HJIH NPOMBILI-
JIEHHBIM Y3/10M ¢ [OMOULbI MNOJ3€MHbIX
XPaHUJIMIL U noTpebuTeell peryaaTopoB
ero crTeneHb 3alOJIHEHHUS JOJXKHA ObTb
He Menee 0,85, T. e. He3amosHenHas
gacTb rpaduka, cuuTas, 4tro ero obuias
miowanb onpeneaeHa o MakcuManbHOM
nogauye rasa, AQoJukHa ObLITh He Oogee
15 9. [IpeBbliienHe JIMHHH MaKCHM aJib-
HOH MOjauyu rasa Hal cpefHefl JAuHHed
rof0BOrO rpaduka B AOJASX OT NPONYCK-
HOHN CIIOCOGHOCTH MarHCTPalibHOrO raso-
NPOBOAA COCTABJSIET BEJHYHHY, PABHYIO
| — K,. o cnpaBeaqnBo B TOM clyuae,
€cld OpH MCIOAb30BAHHH BCEX CPENCTB
peryJupoBaHnsl, BKJAKOYAsh pesepBHble
MOUIHOCTH MarucTPasbHOIO ra3onpoBO-
na, rogoBol rpaduk O6yIeT NOJHOCTbIO
3aperyJaupoBaH, a MponyckHas cnocob-
HOCTb MarucTpanbHOro razonposoaa 6y-
JeT paBHa MaKCHMaJbHOMY MeCSUYHOMY
NOTPebIeHUIO.

[Ipu perynupoBaHuM HEpaBHOMEpPHO-
CTH rojoBoro rpaduka cHayana BblsIB-
JISIIOT BO3MOKHYIO CTeleHb ero Bbipas-
HUBaHHA NyTEM HCIOJb30BaHHA MOA3EM-
HbIX XpaHuauul. B nepuomb HauMeHb-
wero norpebsaenus (mposajoB) ras 3a-
KayuBalOT B XpaHWIHUILA, B pe3yabrare
yBeJHUUBAeTCsl cyMMapHoe mnoTpebie-
HHe, @ B Mecsiilbl HaHOOJ/blIero norped-
JIEHUSI ra3d oT6HpaloT M3 XpaHWIHUL H
T€M CaMblM YMEHbIIAIOT MakKCUMyM [MO-
a4y rasa MaructpajibHblM Ta3onpoBo-
‘noM. CreneHb BhHpaBHUBaHHs rpaduka
¢ DOMOULbIO MOA3EMHBIX XpaHHUIHUL (CM.
puc. 5.1) mokasana IITPUXOBKOH: 3aKau-
Ka raza — B KJE€TKYy 5, a or6op rasa —
OOBEIEHHDIM KOHTYPOM.

Ecau eMKOCTb XpaHHIHNILLA OTpaHude-
Ha, TOTAA HCMONb3YIOT noTpebureieti-
pecyasropos. C MOMOWIbI0 5THX OTpe-
6uTeNell MOXKHO 3aMONHHUTb TOJBKO MPO-
Bajsbi moTpeGienus B rpaduxe Myrem
MOJgayH MOTPEOUTENAM-PETYAATOPAM H3-
JUIIKOB rasza. Tak Kak 3uUMOH MOTpe-
GuTenu-perynsitopbl paboralr Ha APy-
roM TOIUIMBE, MMO3TOMY € HX HOMOULbLIO
YMeH4bIUHTb MaKCHMyMbl NOTpebaeHus
nesb3si, CienoBaTeibHO, MakcHUMaJ/bHas
MPONyCKHAasl CMOCOGHOCTb Marucrpalnb-
HOTO Ia3onpoBofa AOJKHA OblTb paBHA
MakCcHMalbHOMY MecsiuHOMY Mnorpebie-
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HHIO [OCA€ YMEeHbUIeHHS] MakCHMyMOB
MOA3eMHbIMA xpanuauuiamu. Ha puc. 5.1
BbIpaBHHBaHHe rpadHka 5TUMH MOTpebu-
TensIMH NoKaszano maowazabio 8. B ka-
4ecTBe norpeburenefi-peryasitTopoB Hc-
MONL3YIOT 3J€KTPOCTAHUUK, KOTeJbHbie
LeXH KOTOPbiX HMelOT ABOMHOE TOILIHN-
BOCHAaOXKeHHe: ras — Mas3yT HAW ras —
yrosibHasl TNbljib.

B neTHHHA Nepuold OHH HCHOJAB3YIOT
M30bITKY rasa, a 3WMOH MepexoiAT Ha
APYrodl BHA TOMJIHBA.

OcraBuasic He3almojJHEHHASs] YaCTb
rpauka AoMXKHA JeXaTb HUXKe JHUHHH,
COOTBETCTBYIOUIEH MaKCUMaJbHOH OpO-
MYCKHOH CIOCOGHOCTH MAarucTpajbHOrO
rasonpoBoja, H. COCTaBJjsiTb He Gojee
15 9% ™MakcUMa/jbHOrO TOLOBOrO KOJH-
YyecTBa rasa, KOTOPOe MOXKeT MoaaThb
MarucrpagbHbii raszonposon. Ha puc. 5.1
JUHHUSl [Ofayd rasa MNOKa3aHa [O3H-
uvell //, a HesanmoJHeHHas 4YacTb rpa-
¢duka — maowanvo 10 ¢ penkod wTpu-
xoBko#. CpenHssl aAMHUA rpacduKka, Bbl-
PaBHEHHOrO NOJ3eMHBIMH XPAHHUIHLLAMI
¥ NOTpeGHUTeJNAMU-peryaaTopamMu  (mos.
12 na puc. 5.1), JeKUT HHKE MaKCH-
MaJbHOH NPONYCKHOH CMOCOGHOCTH Ma-
rHCTpaJbHOrO rasonposoga Ha 15 9,
caenoBaTeNibHO, ero Kos3hduuHeHT 3a-
rpy3kHu cocraBasier K;=0,85.

Haubonbiie TPpyAHOCTH MNpeICTaB-
JIsleT YJIOBJeTBOPEHHe CYTOUHBbIX IHKO-
BbiX HArpy3ok, BO3HHKAIOWMUX OPH 3HA-
YHUTEeJbHBIX CHHXKEHUSIX Hapy:KHOH TeM-
nepatypb (mpu Moposax), T. e. CyTod-
HOH HEPAaBHOMEPHOCTH OTOMUTEbHOH Ha-
rpy3kd (cM. puc. 5.4). McnonbzoBaHue
A5 3TOoH uend MNOJ3eMHbIX XPaHHIHL
HESKOHOMHUYHO, TaK KaK ¢ YBeJIHYEeHHEM
HHTEHCHUBHOCTH 0T6Opa rasa pesko BO3-
pPacTalT KamuTajbHble BJAOKEHHSA H 3KC-
IJlyaTauMOHHble PACXOlbl B XpaHWinula.
HOast yMeHbIUEHHSI CYTOYHOR HepaBHO-
MEeDHOCTH OTOMUTEJbHOW HarpyskH Mpu-
XOAHUTCS BBOJAWTb OTPAaHHUYEHHSA, T. €.
npekpaulaTbh hJaM COKpaulatb nogady
rasa MpOMBIIIEHHBIM MPeaNPHSATUSIM,
nepeBOJsl WX Ta30OHCIONb3YIOILKME yCTa-
HOBKH Ha APYro#l Bua TomiuBa. Ecan
HCIONb30BaHHE NBOHHOTO TOMIHUBOCHAG-
KEHHS A/ JMEeKTPOCTAHUMA ¢ Ce30H-
HbIM MOTpebjeHHeM rasa 3KOHOMHUYECKH
060CcHOBaHO, TO AJAS1 GOJbIIHHCTBA MPO-
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MBIILJIEHHBIX NPeINpUsTHH 3TO CBS3aHO
C onpejJeneHHbIM yUiepooMm.
PauuoHalsibHOE pellesne paccMarpH-
BAaEeMOro BONpOca — 3TO CO3jaHHE CTaH-
UMH THMKOBOrO MOKPLITHS HEpaBHOMED-
HocTu rasonorpebaennsi. Ha takux cran-
HUSAX COOPYKAOT U30TEePMHUUECKHE Xpa-
HUJIMIA CKUKEHHOTO MeTaHa UJM Npo-
nNaHa M yCTaHOBKM perasuduxauuu. Hs
UcnapuBllerocs nponaHa A0 MNOJA4YH B
rasopacnpeieuTeNbHYI0 CeTb IIPUTOTOB-
JISIIOT Ta30BO3JYIIHYIO CMeCb, KOTopasi
[0 TeIJIOTeXHHYECKHM XapaKTepUCTUKAM
SKBUBAJIEHTHAa NpPUPOAHOMY rasy. Ecau
Ha CTAHUMH XPAHUTCS CKUKEHHBIH NpH-

'DOHBIA ra3 (MeraH), TOrga ero nociae
,MCHAPEHUs HEMOCPEACTBEHHO MOJAI0T B

CeTb.
YacoByo, BHYTPUCYTOUHYIO HEPABHO-
MEpHOCTb NOTpebieHHS NOKPHBATh € HO-

- MOIbIO TNMOA3EMHBIX XpaHUJUIL TaKXe

HE3KOHOMHYHO. He3KOHOMHUYHO HCIOoJib-
30BAaThb U rasrojbaepubie napkKu, KOTopble

-0 YKasaHHbIM IIpUUYMHaM TeNepb HE

crposiT. s noxpuitus 4acosoil He-

_ PABHOMEDHOCTH MCHONBL3YIOT AaKKYMYJIH-

-PYyWOUIYI0 €MKOCTh NOCAEJHUX Yy4yacCTKOB
- MarucrpaJibHbiX raszonpoBojosB. B Hou-

Hoe BpeMs ra3 HakamiuBaercss B ra-
30MpOBOJE M €ro jaBjeHHe pacreT,
a JHEM NpOH3BOLMTENBHOCTD - FA301po-
BOJA YBEJWUHBAETCS BCAEACTBUE BB 1AM
aKKyMmyaupoBaHhoro rasa. Eeau ew-
KOCTH IOCJ€HEr0 y4yacTKa He XBaTaer,
TOTA B HECTAUHOHADPHBIH pexuM paboThl
BKJIIOUAETCS] C/IeIYIOIIUi Y4acTOK Maru-

. CTpaJibHOTO rasonpoBoga. llpu HeBo3-

MOKHOCTH NOKPBITHS] 4AacOBOH HepaBHO-
MEDHOCTH C NOMOILBIO aKKYMYJIHPYIOIeH
€MKOCTH MarHCTpaJibHOTO Ta30NpOBOLA
NPUXOAUTCS JJisl 3TOH UeJNH HCIOJb30-
BaTb NOTPEOHTENH-PEryasiTOpH HeCMO-
Tps Ha TO, UYTO uYACTbie Mepexolbl
€ OJHOTO BHjJA TOIJIHBA HAa ADYIoH
9KOHOMHUUECKH HEBBITOLHbI.

5.4. Onpepenetxme
pacyeTHbIX PacxogoB rasa

T'opogckue CHCTeMbl ra3ocHa0XKeHusd
HE HMEIOT aKKyMYJHDYIOIHX €MKOCTeH,
pacnosioKeHHbX Y norpeburenedl, a em-
KOCTb CAMHX Fa30BbiX CeTel OMeHb MaJia.

Jns Kaxpgo#l cTyneHu JaBJeHus OHa
cocrapjsier 3...4 9%, MakKcuMaJibHO Haco-
BOH HX NPONYCKHOHA CHOCOGHOCTH, CJaef-
CTBHEM 3TOTO-SIBJSIETCS KECTKAast. CBA3b,
CYIIeCTBYIOmIas MeXAy Inojaueil raza B
ropoj M pacxoloM ero moTpe6GHTessIMH.
Orciofa, urobul cucTeMa HOPMaJbHO
GOYHKUMOHUPOBAJA, €XeyacoBas nogava
rasa B IOpOJCKYIO CeTb JIOJKHA CTPOTo
cooTBeTCTBOBaTh norpebaenuio. Eciu
norpe6yeHHe OKAXKeTCs] MeHble f10gauH,
CeTH -He NMPUMYT JHWHBH ras; eciay xe
oHo Oyger OGoJabiie TMojayu, Torjaa
HauHeT majaTh JABJIEHHE rasa B CeTsX
u OyJer HapyuleHO HOpMaJbHOE Taso-
cHabxeHue.

OCHOBHBIM CJIeACTBHEM KECTKOH CBSI-
34 B TOPOACKOH cucreMe pacmpejgeJe-
HUSI ra3a fBJASeTCcs TO, UTO MpPONYCK-
HYIO CIIOCOGHOCTE: TA30BbIX: ceTell u 3Je-
MEHTOB CHCTeMbl HEOGXOZMMO paccyu-
THiBATb HA [HKOBbE, 'MaKCHMaJbHO
yacoBhie pacxoabi rasza. Llockoabky cuc-
TeMa Ta30cHaOMXKeHHS] HMEeT BbICOKYIO
CTOMMOCTb U OOJBUIYIO METANIOEMKOCTD,
MaKCUMaJbHO 4acoBbie (pacueTHble)
pacxoibi rasa LOJKHbl ObITb TILATENb-
HO 060CHOBaHbl. MaKCHMaJibHO wacoBbie
pPacXoibl AJs TOPOACKMX rasonpoBOJOB
BCEX JaBJeHWH U HasHaueHUH onpeje-
J4I0T [0 TOLOBBIM pacxogaM M Ko3d-

(dMUMEHTaM HepaBHOMEPHOCTH INOTpe-
OJsieHUS:
MaKe \ e Qr Qr
QI = K™ X 760 " (5.6)

rae QU*°-— MakcHMaJsbHBI# YacoBOf pacdeTHbil
pacxon rasa, M°/4; Q, — ronosoe mnorpebientue

raaa, m®/rox; K3 — maxcamanbbil kosdduuu-

eHT 4YacoBod HEPABHOMEPHOCTH nortpebJeHds 3a
r'oj; M — UUCAQ 4acoB MCHNONb3OBAHUA MaKCH-
MyMa. '

m=8760/ K Y35 . (5.7)

W3 dopmyan (5.6) caenyer u ompe-
geJieHHe 4Hcda YacoB MCHOJb30BAHUSA
MakcuMyMa: ecqu Gbl norpebiieHue rasa
B TeueHue roja ObLIO DaBHOMEPHBIM
M DaBHBIM MAaKCHMaJbHOMY YaCOBOMY
pacxopy, TOrja BeCb TOAOBOH pacxoj
fnoTpe6usr Obi B M 4acoOB, KOTOpOe
PaBHO 4YHMCJY YacoOB HCIOJb3OBaHUA
MakcumyMma. Benuuuny, obpartdHyn m,
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Ha3bIBAIOT yacoBoro

MaKCUMyMa

K09 PUUHEHTOM

K, =1/m.

[1o ropoackum cersiM ras moctynaer
K pa3/IHUHBIM NOTPEOUTESIM: MPOMBILI-
JICHHBIM, KOMMYHAJIbHBIM, Ha norpe6.e-
HHE B KUJble MUKDODAHOHBI, KBAapTaJbl
u goma. Bce 3tu norpeburesn uMeIOT
CBOM peXHuMB! Norpebjenuss B pas-
pese roxa, Mecsiua, CYTOK, KOTOpBIE
OTPAKAIOTCS COOTBETCTBYIOLIMMHU TIpa-
¢dukamp. OueBugHO, 4TO MAKCHMAJbHBIA
4acoBOH pacxol Trasa, IHojaBaeMbliil
pasJIHuHBIM TpyNnnam norpebuTesel, HO
XapaKTepHU3YIoIMHCS OJUHAKOBBIMU TO-
JOBBIMH pacxozaMmH, OyjJeT 3aBUCeTb OT
cocrasa rpynnel. Uem Gosbwe B rpynne
Oyaer aoas norpeburesedl ¢ paBHO-
MepHBIMU rpadukamu norpebiaenus, TeM
paBHOMepHee Oy 1eT CyMMapHb rpadux,
TeM Menbuie Oyjger senuunHa KT u
TeM MeHbme OyneT MAaKCHMaJbHO 4a-
COBOll pacxoj rasa.

Ho moxer ObiTb H Taxas rpynna,
B KOTOpOH Kamablil norpeburenb 6yaer
XapaKTepH30BaTbhCsl BeCbMa HEPABHO-
MEpHBIM TpacdukoM NorpebJaeHusl, OQHA-
KO MaKCUMaJbHO 44coBOH pacxoax Bceil
TPYANBl OKAXKeTCS! CPABHUTEJNBHO HEBBI-
coxuM. Taxoe nosnoxenue Moxer Hal/1I0-
AaTbCs B TOM cJjiydae, ecau rpaduxy
norpebyeHusl pasaMuHBIX NoTpeburenei
CYILIECTBEHHO OTJIMYAIOTCS] APYT OT APYTa
M UX NHUKM HE COBNAJAI0T BO BDEMEHH.
MMeHHo pasHOBPEMEHHOCTb NUKOB H
NPUBOAUT K TOMY, 4TO MAKCHMaJbHBIH
pacxoj rpynnel norpebureseil  Bce-
rga MeHbLle CYMMbl MakCHMyMoOB IO-
TpebuTenel, CyMMapHbIA rpaduk ynior-
HSIETCSl, €r0 HEpPABHOMEPHOCTb yMEHb-
ulaeTcss M NajaeT 3HaueHue  Koad-
¢uuuenra nepasHoMepHocTH. Hem pas-
HoOOpa3nee M Gogbuie 4uc/ao norpedu-
TeJeH, TeM NJIOTHee CyMMapHBH rpadux
M TeM MeHbuie BeanuuHa K

Ocobenno Gosbuioe 3HaueHue A
yIJIOTHEHUS Tpaduka norpebaeHus ume-
eT yuco norpeduresesl. C pocToM yucha
norpebureneii xo3gdUUMEHT HEPaBHO-
MEDHOCTH MOHOTOHHO yObiBaer. IJT10
CBS3aHO C TeM, 4TO ueM GoJblle YHCIO
CK/1aJpIBaeMblX TpadhHKOB, TEM MeHbIIEe
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BEPOSITHOCTb COBMAJEHHUS MX PEXKUMOB,
TeM 6o/iblI€ BHISIBJASIETCS DA3HOBPEMEH-
HOCTb NTHKOBBIX Harpysok. CaegosaTtesib-
HO, yeM O6oJbuie 4ucjao norpebureneil B
rpynne, TeMm OoJjbliee 3HAYCHHE MpPU-
obperaer daxrop cayuailHoctu B dop-
MHPOBaHHH cyMMapHOTO rpabuka. Ecau
rpaduxu HEKOTOpHIX norpebureneil (ua-
npuMep, NPOMBIWJIEHHBIX) MNPHOJIHKEH-
HO MOXHO pAaCCMAaTpuUBaTb KaK Ofpe-
JIeIeHHbIE XapaKTepUCTUKM, BbITEKAlo-
M€ U3 TEXHOJIOTHH, TO A5 CYMMaDHbIX
rpaduKOB T4KOH JeTepMHHUDOBAHHBIN
NOAX0j HEBO3MOXKEH.

Ananus pexumor norpeGJsienus
MOXKHO BECTH TOJbKO €O CTOXacruyec-
KMX — BE€DOSITHOCTHBIX nmo3uumil. Jleicr-
BUTEJIBHO, PEXKUM NoTpebaeHHs rasa 1o
CBOEH NpUpoje sBasercs cAydyalHbIM, U
Jaxe Hajlyuue B rpynne norpebureneil
NpOMBILLIEHHBIX NpeANpusiTHH CO cTporo
OTPETYJUPOBAHHBIM  TEXHOJOTHYECKUM
NpOLEeccOM M COOTBETCTBYIOIIUM €My
CTPOTO PUTMHUUHBIM IIOTpeGseHUEM rasa
HE MOXeT HapYWMTb CJHydalHYIO IpH-
poay pexuma norpebjaeHusi rpynnoH.
3To CcBS3aHO, BO-NEPBHIX, C TEM, HTO
norpebuTess ¢ IOCTOSIHHBIM M3 Toja
B rojJ peXUMOM mnorpebierusl HalTu He-
Jb3Sl, TaK KaK MeHSercsl TeXHOJOTHS
APOM3BOACTBA, MEHSIOTCS DEXHM U KO-
JIMUECTBO MOTpelasieMoll SHepTHH, KpOMe
TOTO, NOTpebuTeM BCEerga UMelT Takue
cocrasasiiouie obiuero pacxona TOIIH-
Ba, KOTOpbIE XAPaKTepH3YIOTCS pEeXU-
MOM, B 3HAYHTEJBHOH CTeMeHu 3aBu-
CAIIMM OT caydaliHblx HaKTOpOB: PACXo-
Abl  TeIIOTH Ha OTOILIeHHe 3JaHufl,
Ha ropsiyee BOJOCHa6KeHUe, Ha GhITOBbIE
HY Kb

Bo-Bropeix, B Tpynme Bcerga ecrb
NoTpebUTeH, PEXHM KOTOPbIX B OCHOB-
HOM WJIM B 3HAYUTEJNbHOH CTeNeHH
onpegensiercss GakropaMmu, MMEIOIHMU
cayuaitnyo npupoay. Hanpumep, pexum
norpe6aeHUs] ra3a KOHKPETHOH OTONu-
TEJBHOH KOTEJNBHOH SBJASETCH SPKUM
npumepoM cayuahnoro npouecca. Kosu-
4ecTBO  €XKECyTOuHO NoTpebasieMoro
rasa KoreJbHoH Koselbsercsl B COOTBET-
CTBUM € M3MEHEHMEM TeMIIepaTypbl Ha-
DYKHOTO BO3JLyXa, U3MeHsoWmelcs cny-
yajineim o6pasoM. [lorpebaenue rasa
B TeyeHHue CYTOK OOGbIYHO pABHOMEpHEE.
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Ecte norpe6urenu, y KOTOPHIX H Cy-
TOuHBIH TpaduK UMeeT B 3HAWHTEJLHOH
mepe caydaligyio npupony. K 3tum no-
TpebuTrensiM OTHOCATCS JIOAM, MOTPes-
JASIOULHE Ta3 [AJs NDUTOTOBJICHUS MUILH
v ropsiued Boabl. Jlaxe ecau pHTM
JKM3HU CeMbH BecbMa peryJsipHbll, Bce
JKe BCerja HMEeT MeCTO 3HAHUTENbHOE
KOJIM4eCTBO CaywaHHbIX (aKTOpOB, KO-
TOpPHE NPHBOASAT K CJAYyYadHOCTH CY-
TOYHBIX TPaQUKOB.

" Ecan daxrop cayualiHocTH OKa-
3bIBA€T CYLEeCTBEHHOE BJHSIHUE Ha pe-
JKHMbl MHOTHX OT J€/bHBIX TOTpebuTesei,
TO NS Tpynmbt morpe6urenell oH npu-
ob6peraer onpexpensiomee 3Havedue. Ta-
KHM 00pa3oM, o0uiasl 3aKOHOMepHOCTH
YIIOTHEHHS rpaduxa ¢ yBeJIH4YeHHEM
yycia MOTPeOHTENCH MMEeeT CTOXACTH-
YeCKYI0 (BepOSITHOCTHYIO) IpUpPOLY.
Bausinne dakropa caywadHOCTH [4isl Ta-
3ocHa6KeHUs YCHAUBaeTCs eule Heomnpe-
JEJIEHHOCTBIO HBCXOgHOH uHbOopMauuy,
cayXamed OCHOBOH 15l MPOEKTHPOBa-
HMSl CUCTEM, a TakKXe H3MCHeHHSIMH,
BHOCHUMBIMH B MPOLECC CTPOHTENLCTBA
¥ PEKOHCTPYKUHH.

Cayuyaiinas nmpuposa pexuma norpe-
OJieHUs Ta3a NPUBOAHT K HeoOXOguMO-
CTH paccmaTtpuBarh rpaduku norpeb.e-
HMSI M pacdeTHble PACXOAbl ¢ BeposT-
HOCTHHIX NMo3uuuii. 310 3HAUYUT, YTO TO-
IOBBIE H CYTOYHbIe rpaduKH, NPUBEIEH-
Hble ‘Bblule, He SBJSIOTCS TOWYHO 3ajaH-
HBIMH, OHM MOJYUMJIHCD KakK cpegHHe
U3 H3yweHHbIX PEeXHMOB noTpebsaedHus
i TIO3TOMY HMEIOT ONpegeeHHYIo CTe-
neHb gocrosepHoctu. Hem Gosbuie yucsio
rpaduxos GblIO OCPEAHEHO, TeM TOyHee
6yayr pesynbrarbl. [1oAXOAUTD K OueHKe
. TOYHOCTH 3HaueHuil KO3(PHLUHEHTOB He-
"PABHOMEPHOCTH NOTpebseHus] TakxKe
clenyer ¢ BEPOSITHOCTHBIX  O3HIHH.
Kaxkpoe uyucaensoe aHayenue xosbou-
LHEHTa ABJAsSeTcs] KaKoH-TO ocpegHeHHO
BesnuuHO#A. UeM ¢ Gonpuieil foBepUTeNb-
HOHl BEpOSITHOCTBIO HEOOXOZUMO TMOJIY-
YUTb pacyeTHOe 3HayeHHue KOIhhHuUeH-
T4 HEPABHOMEPHOCTH, TeM 6o.bllee 3Ha-
yeHue oH Oyper umerhb. [as pacueros
TasoBbIX ceTell JOBepHTEebHAS BEpOSAT-
HOCTb MpejgcraBasier cobolt cTeneHp yBe-
DEHHOCTH B TOM, 4TO daKTHYecKHH Koad-
GbUUHEHT He NMPeB30HAeT PACUETHYIO Be-

JMuynHy. BepositHOCTHBIN xapaxrep pe-
KHUMa NoTpebJaeHus Taza NPOsIBASETCS H
B 3aBUCHMOCTH YHCJd 4aCOB HCIOJbB30O-
BaHHs MaKCUMyMa OT YUCJIEHHOCTH Hace-
JIEHHS, NOJYYalollero ra3 oT AAHHOro
rasonposoga. Yem meHbuie mnorpebure-
Jieli MPHCOENHHEHO K Ta30lpPOBOAY, TeM
OpY [pOouux pPaBHBIX YCJAOBUSX Oyper
MEHbIIE WHCJAO WACOB MCMOJb30OBAHUSA
MaxkcuMmyma (m) u 6GoJiblie pacueTHbH
pacxon. [Toaromy cymma pacuerHbix pac-
XOJ0B rd3a YuyacCTKOB, BBIXOJAILHX M3
gaHHoTO, Oyper OGosabLie pPacueTHoro
pacxoga 3TOro yuacrka. Kaxyuuiics
puchanalc KOMIEHCHpyeTcsl pas3HOBpe-
MEHHOCTbIO MUKOB NOTPeOGJsieHHs] B pac-
CMaTpuBaeMbix yuacTkax. Jasg yuyera
PAacCMOTPEHHOH BEpPOSITHOCTHOH OcobeH-
HOCTH CeTH 4HUCJIO «M» caepyer BbiGu-
parb MO TOJIOBHOMY YWaCTKy THAPaB-
JIMUECKH CBSI3aHHOH CeTH, Y4acCTKM KO-
TOPOH HE HeCYT Pe3Ko paajuuHble pac-
Xoabl rasa. Jlns ceredl HH3KOTO pgaB-
JIeHUs] 3TO OYAYT MHUKPOPAHOHBI, 00be-
augsomue Heckoabko T'PIL, a gas ce-
Tell BBICOKOTO [ABJIEHHS 3TO GYAYT CETH,
00beJUHAIOULHE MATHCTPAJH.

[lpu norpebaeduu rasa ua xo03siii-
CTBeHHO-OBITOBblE HyX bl (6e3 oTomse-
nust) CHull 2.04.08—87 pekomenpyer
clefyIompe 3HayeHUs] 4UCeJ 4acoB HC-
MOJIb30BAaHUS] MAKCUMyMa:

Yucno gacos
HCHONbB30BAHUS

Yucno xurenek,
CHa6XaeMBIX ra3oM

OT CeTH, ThIC. 4ei. MaKCHMyMa m, wu/rof
r. . . . . . . 1800
2 . . . . . . . . 2000
3 . . . . . . . . 2050
5 . . . . . . . . 21060
6 . . . . . . . . 2200
20 . . . . . . . . 2300
30 .. . . . . . . 2400
40 . . . . . . . 2500
50 . . . . . . . . 2600
160 . . . . . . . 2800
360 . . . . . . . 3000
560 . . . . . . . 3300
750 . . .. . . . 3500
1600 . . 3700
2000 u Gonee 47060

Yucsio 4acoB MCHOJAb30OBAHUS] MAKCHU-
MyMa [Jil HEKOTOPbIX KOMMYHAJIbHBIX
npepnpusATHH npuBeseHo B Taba. 5.11.
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Ta6nauua 5.11. 3navenus m Qi KOMMYHAJIbHBIX
npeanpuaTHi

Ipeanpusrus m, 4/rog [Mpumeuanne

Bann 2700 {C yuerom pacxona
Ha OTOIJIeHHe H BeH-
THAALHKIO

ITpaveunnie . 2900 [To xe

IMpennpustus obwe-| 2000 )Bea ydera pacxona

CTBEHHOr0 MHTAHHA Ha OTOIJIeHHEe U BeH-
THASA MO

Xne6onekapHele 6000 |To xe

- TIpefnpHATHSA .

A

Unucno 4yacos UCNONb30OBAHUSI MaK-
CUMyMa MNpOMBILJIEHHBIX MpexnpusiTuil
3aBHCHUT OT BHAA NPOMU3BOLCTBA, TEXHO-
JIOTUYECKOro MNpouecca, COOTHOUIEHHUS
OTONUTEAbHOH M TEeXHOJOTMYecKoH Ha-
Tpy30K (Npu nojaye TeIJIOTH Ha& Npo-
M3BOACTBO M OTOIIEHHE OT 3aBOACKOMH
KoTebHOM) M uucia pabouux cMeH B
cyTKH. Yuesao wacoB  MCHOIb30BAHHUSA
MaKCUMyMa [JiSI NPOMbILWJIEHHbIX Mpes-
NPUSITHH OPHUEHTHPOBOYHO MOXKHO NpPH-
HSTb: AJs1 NpeAnpuATHH, paboTaliux
B TPM CMEHbl C HENpPEpPbIBHBIM TEXHO-
JoruyeckuMm npoueccom, m=6000
...7000 u/ron; anst npegnpusituii, pabo-
TalomMx B gse cMenbl, m=4500...5000;
LJISE MeIKMX NpeanpusiTuil, paboTanmux
B oany cmeny, m=3000...4000 u/rox.

Yucsio 4acoB UCHONBb30OBAHUS MAKCH-
MYMa AJisl OTONUTE/bHBIX KOTEbHbIX Oll-
peReasioT No dopmyae

__4cpor
t,—t¢

i tB*tH.O

m=24n_ , (5.8)

rne iy, — pacuerHasi TeMIeparypa HapyXHOrO
BO3AYyXa .NJA OpoekTupoBanus otomtenusi, °C.

Yucno wacoB HCNOMb30BAHUS MAKCH-
MyMa M IpsIMO CBSI3AHO ¢ MaKCHUMaJib-
HbIM 4aCOBbIM KO3 (DUUNEHTOM HEPABHO-
MEepHOCTM morpebJienust rasa 3a rojn
[bopmyna (5.6)]. Hdnis MHOTHMX norpe-
ourenell sesmuuHy Ki¥¢ ymnoGHo ompe-
HeJISITh MCXOASl M3 Cce30HHOH, cyrouHo#
U Y4COBOH HEDABHOMEPHOCTEH, KaxKgas
M3 KOTOPBIX OLEHUBAETCH CBOUM KO3(h-
dbuuHeHTOM HepaBHOMepHOCcTH. Halizem
CBSI3b MEXAY STUMH Kod(pduuMueHTaMH
u BesauuuHol K

. PaccmoTpum cooTHOLI€HHE pacXo-

64

OB ra3a, YYMTHIBAIOUIMX CE30HHYI0 He-
paBHoMepHOCTh. CpegHecyTouHblll pac-
xon rasa 3a rogx Q" pasen:

ror = Qroa /365,

rie Gron — rogoBoe MOTpeGieHHe rasa.

CpegnecyTounslit pacxos rasa 3a me-
CAL  MAaKCHMAJBHOTO norpebaenus
QuethiSke onpeeanTest uepes MakcuMasb-
HblH KO3pGhHUMEHT MeCcsAYHON HepaBHO-

M3KC,

MEpHOCTH 3a rog K2

MaKC ___ ) Cp.CYT cp.cyT .
KM.r. —QMGC.MaKC/ Qrou ’

QR ek = K5 (Qrox/365 ) -

2. YureM CYTOWHYIO HepaBHOMEp-
HOCTb B fIpejenax Mecsiua. Maxcumadse-
Hbll CYTOUHBIH PACXOJ 38 MECsly MaKCH-
MaJbHoro norpebaenus raza Qyasuake ON-
pesenuTcs wepes MaxKCUMaJbHblH Ko3d-
(bHUMEHT CYyTOYHO! HEPABHOMEPHOCTH 32

makc,

mecstn Ky

MaKC___ ()MaKC.CYT cp.eyr .

KC,M =Q Mec.MaKe / Q Mec.mMaKe ’
Qmakc,cyT.ron

—  wae juaxe <Q ron! 365 =K maxe (Q r011/365),

=Q MaKC.CYT __
Mec. MakKc

TaK KaK MaKCHUMAJbHHIH cyTouHblfl pac-
XO 3@ MecCsli MaKCHMMaJbHOro NnoTpes-
JIEHUA €CTb MaKCHMAaJbHBIH CYTOUHBIH
pacxonm 3a rof. JTO NOJOXKEHHE CIpa-
BENJIUBO, €CJU Mecsy MAaKCHMaJdbHOro
norpebsienust OyneT XxapaKTepu30BaThCH
M MAaKCHMaJIbHOH CyTOYHO!l HepaBHOMED-
HOCTBIO. Ecsiu 3Ke MaKcUMaJbHYIO HepaB-
HOMEepHOCTb Oyjier UMeTb APYToi Mecs,
TOTAA CYTKH MaKCHMaJbHOTO MoTpe6-
JIEHUS MOTYT He IOoNacTb B Mecsiy
MaKcuMaJdbHoro TNotpebaenusi. Orcioga
HallUCAHHOE BbIlIe COOTHOUIEHHE crpa-
BEIJIMBO NpH COBIAfEHHH MUKOB CE30H-
HOK M CYTOYHO! HepaBHOMEPHOCTH.

3. YyreM 4acoBYIO HEPABHOMEPHOCTb
3a cytku. CpegHeyacoBOH pacxos 3a cyT-
KM  MaKCUMaJbHOTO norped.aenus
QWsi@eyrron  paBeH:

cp.uac

MaKc.cyT.rox T QMaKc.cyT roll/24 E

MaxcuManbpHO-4acoBOH Pacxod B CYTKH
MaKc.yac

MAaKCUMaJdbHOTO TNoTpebsieHust QNEE e ron

ONpEeALNNTCSl yepe3 MaKCUMAaJbHBIH KO-
3¢ duuHeHT 4acoBol HEPABHOMEPHOCTH
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MAKC.

3a cytku Kyt

MAaKC__ () MaKc.uac cp.uac .
K ye o Q MaKe.CyT.rog /Q Makc.cyT.ron

Q — Q Makc.u. —
Maxce. 4. rol MaKC.CyT.TOL

== [ MaKc K:li/lKCKanFKC (Q /365.24>,

q.c ron

TaK KaK MakKCHMaJbHO 4acoBoH pacxoj
rasa 3a CyTKH MaKCHMaJbHOro norpe6-
JICHHs] €CTh MAKCHMMaJIbHO HacOBOK pac-
XoJ rasa 3a roi. 3Jrto Taxkxe Oymper
CIpPaBeiNBO, €CIH CYTKH MaKCHMaJb-
HOro norpebJeHuss OyAyT XapakTephso-
BaTbCA U MAKCHMAaJbHO YacOBOH Hepas.-
HOMEDHOCTDBIO, T. €. €CJIM IIHKM HacoBOH
M CyTOHHOH HepaBHOMepHOCTEH coBna-
IYT.
OxonyarenbHO NOJYYHM

QUi = KIS KT KT (Qron/8760)=
= KT (Q 10n/8760) 18.0)
nn K= KKK 6.10)

Hns MakenmanbHoro Kosdduurenrta
CYTOYHOH HEPABHOMEDHOCTH 38 IO MOXK-
HO HANHCaTb

MaKe _ MAakKc M3KC
c.r - <M M

(5.11)

I1pu BriBOE PopMyan (5.10) mpen-
N0/1arajocb, UTO NHKU NoTpeb/ieHus Mo
MeCsllaM TOAd, NHSAM MeCsilla U dacam
CYTOK COBHAA0T. DTO NPUBEJET K 3ana-
Cy B INPONYCKHOH CHOCOGHOCTH ra3o-
NIpOBOLOB.

Yacto KoadduuueHT cyTouynod He-
DaBHOMEDHOCTH 38 Mecsill 3aMeHSIOT KO-
3P PUUMEHTOM CYTOUHOH HepaBHOMEpPHO-
CTH 3a HENEN0, TaK KakK 3TOT Ko3(hdu-
[IMEHT JieTHEe [OIYUYUTb IKCIePHMEHT A b-
Ho. Ho sror merox meuee Touen, rax
KaK He yuyMThiBaeT CYTOWHYIO HepaBHO-
MEpPHOCTb B KaJIeHZapHOM paspese. Jleii-
CTBHTENbHO, CYTKH MAKCHMAJbHOrO MO-
TpeGJeHHss MOTYT TNONajgath B Tpea-
Npa3AHUYHbIE JHH WA B [JHM C HaM-
HU3WEH TeMIepPaTypol HADYKHOTO BO3-
AyXa He3aBHCHMO OT [HSI HEeLeJH.

Onpenenenne pacueTHbIX pacxonos
rasa aisi BHyTPHJIOMOBbLIX ra30npoBOR0OB
H KBAPTAJbHBIX ras’opbix ceteit. Pexum
norpeGieHus rasa B KapTupax siBjsi-
©TCsl XapaxTepHbIM MNpUMepoM caydait-
HOrO npouecca. BuiToBble ras3oBble IpH-

3 3ax. 1082

i
E 3\
{ g 7 N2
. A j
i F 7 e
: 54
B
K
i !

{
2 3 4 5 6 7 8 8§ 10 H
Yucno npoxueaouinX B KBapTMpe

PSS

BAHHBIE TOJLKO T'a30Bbi-
MH [JIHTamMM; 2— KBap-

Puc. 5.6. Makcnmaabubie
KOG GHIiHEH Tl 4aceRoi

HEPABHOMEPHOCTH 3a THPH,  060ODYAOBAaHHbIE
CYTKH B 3aBHCHMOCTH OT razoBBIMH. TVIHTAMH ©
HACENEHHGCTH  KBAPTHP BAHHBIMH BOJOHArpesa-

I — kBapTHphl, 060pyno- TeJNMH
Oopbl pa6oTalT NEepHOJHYCCKH U BKJIIO-
4alTcs B CAydahHble MOMEHTHl BpeMe-
HH. O6paboTKa SKCIepHUMEHTANbHOro
MaTepHa/sa MeToJaMH MaTeMaTHUECKOH
CTATHCTHKH TI0K43blBAeT, 4TO paclipe-
DeNeHHe MoKasarejell pexuma HoTpe6-
JIEHUS NOJYHHSETCH HOPMAaJbHOMY 3aK0-
ny. C yBenuueHueM 4YuCJIa KBapTup,
IPUCORIMHSIEMBIX K Ta30lpoBOAy, rpa-
UK HArpY3KH YILIOTHSIETCR M CTaHO-
BUTCA GoJiee paBHOMEPHBIM. IJTO MpH-
BOJUT X YMEHbUIEHHIO Ko3(pduuueHTta
HEPaBHOMEPHOCTH.

Apannz pexumon norpebienusi raza
B KBAPTHUPAX MNOKa3bIBAET, YTO MAKCH-
MaJbHbe KO3(hdHUHEHTH 4YacoBo# He-
PaBHOMEPHOCTH B 3HAYUTE/IbHON CTENeHH
34aBHCAT OT HACEJNEHHOCTH KBapPTHDSI,
YMEHbLIASICb € YBEJHYEHHEM HACeJIeH-
woctu. Ha rpaduke (5.6) nokaszaua -
3aBHCHUMOCTb BesHuuHbt Ko™ oT uyuciaa
NpoXKUBAKLWMX B Keaprupe. M3 npu-
BeIEHHBIX JAaHHBIX CJELYeT, 4TO IHpH
ONpeAeNIeHHH PACUYeTHBIX PACXOL0B rasa
HYKHO y4MTbIBATh Tra30000pyaioBaHue
KBAPTHPBI, €€ HACEJEHHOCTb M YHCJIO
KBApTUP, MNPHCOCAMHEHHBIX K Tra30-
NnpoBOIY.

Huas onpejeneHuss MAKCUMAJbHO 4Ya-
COBBIX pAcCXONOB rasa HCHOJb3YIOT
ABa metopa. ITo nepeoMy wmertony ux
ONpeeasioT ¢ NOMOULbIO KO3ddHuienTa
OJHOBPEMEHHOCTH BKJIOYEHUS Ta30BBIX
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npuGopos B 1nuK norpebiaenus K,
10 BTOPOMY — C NOMOUIbIO MAKCHMaJib-
HbIX KO03()GhUUHEHTOB HEPABHOMEDHOCTH,
NpeACTABASIONIMX  CcOOOH  OTHOUICHHE
MaKCHMaJIbHO YaCOBOFO PACXOAa rasa K
CpegHeYacoBOMY 3a rog. ITH xo3dpdu-
JIMEHTBl CBSI3aHBI ADYT C JAPYroM M IpH
Ha/JAM4uu HeoOxonuMol HHGOpPMAUUHU Mo
OJHOMY MOXKHO ONpene/IuTb LPYrof.

Pacuernsll pacxon rasa uepes 3Ha-
yenue K, onpegensior no dopmyJe

n

szz KOQHOM[Ni’ (5‘12)
1

rae Ko — Koz QUIHEeHT OfHOBPEMEHHOCTH PaboThl

ONHOTHIIHBLIX HpHﬁOpOB HJH ONHOTHIIHLIX Tpynn

npu6opoB: ero GepyT pas o6liero 4yvcaAa MpH-
n

6opoB X N;, nmaf KUABIX 30aHMB 3TO oO6mee
1

qHCAO KBAPTHP; H — YHCAO THIOB NpHGOpPOB
WM ONHOTHIHBIX TPYNN NPHBODOB; Quowi — HOMH-
HaJbHbIH pPacXoj rasa npHGOpPOM HJH FPPYNNO#H
npHGOpPoB; N; — YHCJO OAHOTHIHLIX MPHGOPOB HAH
rpynn npHGopos. )

o stomy MeTogy HOMHUHa/bHLIH pac-
XOJ ra3a npu6GOPAMHU HJIM FPYNNAMH NIPH-
6opOB YMHOXKAWT Ha Koddduuuenr K,
BeJHUHHA KOTOPOro MeHbUIe efHHHUBL
OH yuHTHBAET BEDPOSITHOCTb OJHOBpE-
MeRHOH paboTH OlNpeneseBHOro 4Hcaa
Fa3oBblX NpUOOPOB M 3aBMCHUT OT UMCJA
YCTAHOBJICBHBIX '430BHIX NIPUOOPOB M ra-
30000pyaoBanus Kaptup. Uepes xo3d-
(UIHMEHTH HePABHOMEPHOCTH PACUYETHEBIN
pacxoj Tasa ONpeieasiioT no QopmyJe

e, Z KU

rae K§¥¢ — maxcumanbnbiil ko3dduuuent yaco-
BOH HCPaBHOMEPHOCTH NOTpeGREHHs rasa 3a rof.
34BHCHT OT XapaKrepa HCNOAL3OBaHHA rasa B
KBapTHpPe (HAZ IPHFOTOBJEHHE IHINM MAH Ha
MPHTOTOBNEHKE NHIIM M ropsiuefl Bomsl), Hace-
NCHHOCTH KBapTHPH i 06IIEro YHCAa KBapTHP

Q o s/ STOOW (5.13)

Z Ni; Qroxxs ~— rogoBoe morpe6ieHue rasa Xujib-
aamu kBapTupsl; N; — 4ncio KBapTup THNA i n —
WHCAO THAOB KBAPTHP.

I'iaBHbIf BEZOCTATOK METOgA pacye-
Ta 0 Ko3(ppHUHMEHTaM OJHOBPEMEHHO-

CTH COCTOMT B TOM, 4YTO B HEM He
YUHTHIBACTCH HUCJO JIOAEH, MNOJb3YIO-
UIMXCS  OJHMM TId30BbBIM  MNpUGODOM.

IIpu coBpemeHBBIX yCJOBUAX GEITOBOTO
06CAYXKUBAHNSA HACEJEHHS MOUIHOCTD

66 . -

YCTAHOBJEHHBIX TA30BbIX NPHGOPOB, KaK
IpaBUJIo, MNPEBOCXOAHT HEeoBXOAUMYIO
MOLLHOCTb, BBITEKAIOULYIO H3 MOTpebHO-
CTH JIIOJiefl, NDOXKHUBAIOWINX B KBApTHpC.
B nepcnexTuse B ¢BSI3M ¢ pgaJdibHel-
oMM pocTOM  ¢1yXO6bl OmiTa M30H-
TOYHOCTb MOUIHOCTH T'a30BEIX NPHGOPOB
kBapTHph 6ynet pactu. Hecoorsercraue
MOUIHOCTH YCTAHOBJICHHBIX NPUGODPOB ee
noTpe6HOCTH IPUBOAHT K CYUE€CTBEHHBIM
ouIMO6KaM B ONpenesSeHUH pacueTHBIX
pacxoloB 10 Ko3(pdHUHEHTaM OjHOBpe-
MEHHOCTH. B GoJbUIMHCTBE CAYYaEEB 3TO
[IPHBOAUT K MEPEepacxoay MeTasla.

Kax g/15 onpesgesieBusl BesHuuHbl Ko,
Tak ¥ BeaHuuHbl K% neoGxoammo
3HATb 3KCIEPDHUMEHTaJ/bHble 3HAYEeHHS
MaKCHMaJbHO YACOBBIX DACXON0B rasa

Y Ecan gis usydaemoro o0bexra
ObLIM OnpenesieHsl 3HaueHus QV¥° ¥ s
W3BECTHBIX HOMMWHAABHBIX W TOAOBHIX
pacxogoB 00bEKTa ObIH pDaCCUUTAHH
snauenns K, u Ki¥, torga B cay-
yae UCMOJb30BAHUS UX [1s1  &Ha-
JIOFUUYHBIX 00BEKTOB 00a MeToga HanyT
onMnaKoBeie peayabraTel. Ho ecan npu-
MEHMTH MOJYUYeHHBIe 3BaueHus K, K
KBapTHpaM C TAKMM ke rasoolbopyno-
BAHUEM, HO [pYrofl HAacCeJeHHOCTHIO,
pacueTHble PACXOREI HE W3MEHSATCS, B TO
BpeMs Kax GaKTHYeCKHe MAKCHMAJbHEE
pacxogbl OYAYT MEHbLIE pPACYETHBIX
NpH MeHbUIEH HACEJNeHHOCTH KBAPTHPHI
¥ GoJbIIMMH npu GOJbICH HAceseH-
woctu. HleficTBUTE/IBHO, NPH 06OpYHO-
BAHWHW OJHO-, ABYX-, TP€X- M UeThIpex-
KOMHAaTHBIX KBAPTHD YeTelpexkordopou-
HBIMU [JIMTAMH (4TO UYACTO HMEeT Me-
CTO) AMAMETDHl Fa30NPOBOJOB, oNpeje-
JIeHHble mno 3BauvenusM K, BO Bcex
cayqasix OyAyT ORMHAKOBLIE, HECMOTpS
Ha TO, YTO MAKCHMAaJbHO UaCOBHE
pacxonbl BO BCeX KBapTHpax GyayT Cy-
LIECTBEHHO OTAHYATBCS.

Meroauka pacyera no Koddbduumen-
TaM HEDAaBHOMEDHOCTH, pa3pabGoTaHHasd
MHCH um. B. M. Ky#Guiepa, 6asu-
pyercst Ha rpadukax norpeGjienus rasa
KBAPTUPOH# C YUYETOM €€ HACEJEeHHOCTH
M HENOCpejCTBEHHO HE CBf34HA C HO-
MMH&JbHBIMH PACXOgaMHU rasa npHubopa-
mu. OHa HCXOZUT He M3 raszoobopy-
10BaHUs XKBapTHDHL, & U3 pedell norped-
JeHMST rasza (Ha NPUroTOBJIEHHME MHUIH,
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a Takxe UMUK U TopAuedl BOAH), Yyucaa
JIOJiell B KBapTHpe, HCNONb3YIOIIMX Ta3
B 3THUX UEJASX, TOAOBBIX HOPM INOTpe6-
JeHMs] Tasa M uucaa rasdochHabxae-
MBIX KBapTUP. DTH PaRTOpbI NOJHOCTHIO
onpeneasIoT pexum norpebseHHs rasa.
Pacxon rasa Ha MeCTHbie OTONUTE/IbHbIE
YCTAQHOBKM B MUK MNOTpe6/IeHUs paccyu-
THBAKT MO OTONHTEIbHOH HATPY3Ke C
yueToM pexuma paboTbl OTOMHTEIbHBIX
npubopos. [ipoune Bupsl norpebrerus
rasa sIBJSIIOTCS HEONpegetsiomUMi H B
pacuerax He yyuThBaloT. Pacyers mno
9TOH METOJMKE COOTBETCTBYIOT GhaKTu-
yeckoMy rasonorpebaenuto. [eilictBu-
TEJbHO, €CJIH B OJJHOKOMHATHOH KBap-
THDPE YCTAHOBUTE ABYX-, TPEX- UJIH UETHI-
PEXKOH(POPOUHYIO IUIUTY, TO MAKCHMAJb-
HO 4acoBble pacxofbl He OyayT 3aBH-
CeTb OT HOMHHAJbHON HATPY3KH IJIHTHI,
TaK KaK OJHOKOMHATHAasl KBapTupa —
MaJIOHACEJICHHAs 1 J1106asi U3 yKa3aHHbIX
IJIYT YIOBJETBOPHUT NOTPEOGHOCTH KHJb-
uoB. MakcumanbHbie pacxogbl OyayT 3a-
BUCETb OT TOTO, MKUBYT JM B OJHO-
KOMHATHBIX KBApTHPaXx MO OJHOMY MJIH
no aBa 4esoBeka. C ypesHueHHeM -Ha-
CEJIEHHOCTH KBapTuphl rpaduki norpeb-
JeHHs rasa Oynyr muothHee u Kosdpdu-
HEHTH HepaBHOMEDHOCTH MEeHbLIE.
[IpoeKkTHYIO HaceIeHHOCTb KBAPTHPDI
YCTAHABJAKBAIOT 10 ee IIOWAaAd H
NpeanosiaraeMbiM HOPMaM 3acesIeHHSs.
logoBble HOpMBI NPHHUMAKOT MO BHAAM
norpebaenus ¢ yuetoM Graroycrpoiicrsa

KBapTup (HaIuyue WM  OTCYTCTBHE
LUEHTPATH30BAHHOTO TOpSIYEro  BOJO-
cHaOXKeHHus).

Meron onpeneneHHs pacueTHHX pac-
X008 NO KospduuueHraM OfHOBpPEMEH-
HOCTH CJIeLYeT COXDaHUTb AJsl pacuera
ra3onpoBOAOB KOMMYHAJbHBIX M TNpPO-
MBIIITEHHBIX NpeanpusiTui, Tak Kak yc-
TAHOBJIEHHAS! MOIHOCTb TA30MUCIOJNb3Y-
I0[IMX arperaToB COOTBETCTBYET TEeXHO-
JIOTUUECKUM HpopeccaM, a HeoGXogumble
pesepBbi JTUMHTHPYIOTCS.

OcroBofl 1J9 cocrasaeHus TtabuHy
K09QHHIHEHTOB HEPABHOMEPHOCTH MNO-
CAYKWINH 3KCIEepUMEHTAJbHblE HCciae-
HOBAHMS DEXUMOB razonorpelb/eHuss B
kBapTupax. B pesynbrare uamepenui
OblIM YCTAHOBJICHDI /IS PA3JHUHbIX 00b-
€KTOB MAaKCUMAJbHO YacOBbIE U TOLOBHIE

3*

pacxonpbl rasa. [lo stum pa"HbM 6blaH
PACCUMTAHBl BEJHMUUHB ek u o K,
H& OCHOBAHMM KOTOpbIX OblIM cOcTaB-
Jeubl Tabgauupl. CocraBuTh Tabauubl
snavenuil KIT° nns oGoro uMesia KBap-
THD Ha OCHOBAHMHU OI'DAHUUCHHOTO YuCIa
noayuyennblx snadenut Ki'¥° okasanoch
BO3MOMKHBIM B pe3yJbrare NpHMeHeHHs
METOJI0B TEODHH BEPOSITHOCTEH.

Kaxk ormeuasoch Bbiuie, kod3ddu-
IIMEHT OJHOBPEMEHHOCTH OTpa)kaer Be-
POSITHOCTb OJHOBDEMEHHOTO BKJIIOUEHHS
rasoBblx NpubopoB B MUK NOTpebaeHus.
Hanum Oonee Tounyro GOPMYJHPOBKY
BesauuuHbl K,. PaccMoTpuM onbiT — Ha-
6/110JeH1e Ta30BblX NPUOOPOB KBAPTUPDI
B nuk norpebsenus. B pesyabrare
OnbiTa MOTYT OBbITb ]Ba HCXOAA: raso-
Bbie NpUOODPHI BKAKYEHB!, ra3oBble NMpH-
Gopbi He BKJIOUeHH. [IpoBeneM n Takux
OnmbiTOB (OAMH ONBIT B Kamio# KBap-
tupe). Ecniu B pesynbrarte onbitos B m
KBapTHpax Ta3oBbie Inpubopsl OyayT
BKJIIOUEHHBIMH B NMK NoTpebaenus,
TOTAA KO3(DOUUHEHT OLHOBPEMEHHOCTH
Gyner paseu: Ko=m/n. Takas dopmy-
JHPOBKa Tpe6yeT HEKOTOpPOro yTOuHe-
uusg. JHeno B TOM, 4TO B INHK 1IO-
tpebieHus ra3oBbie NpUGOPHE  MOTYT
ObiTb BKJIOUEHH HE Ha MOJHYIO Harpys-
Ky. Bumecre ¢ rtem meron koadpduuuen-
TOB OJIHOBPEMEHHOCTH IpejanoJaraer
BKJIOYeHHe NpHOOPOB HA HOMMHAJBHYIO
Harpy3ky. lnis y1OBJIETBOPEHHUS 3TOro
TpeGoBaHus HALO NOJYUCHHBIC ONBITHbIE
JaHHble SKBUBAJEHTHPOBATh. Tak, ecau
N0 ONBITHHM J[AHHHM B MHMK MoTpes-
JIEHUS] PAcUeTHHHl pacxoji ras3a cocras-
Jaser (Jy, a HOMHHAa/bHAS Harpys3kKa
Tas3oBbIX MNpubOpOB OJHOH KBAPTHPHI
paBHa Quom, TOTA 3KBHBAJEHTHOR YHCJIO
KBapTHP, BKJ/IOUEHHBIX' B INHK n0Tpes-
genus, Oyner paBrO: M=Qy/Quon-
DTO YHCNO KBapTHD U CUMTAIOT pe3yJib-
TATOM NPOBEACHHBIX # OMNBITOB, XOTS
HefCTBUTENIbHO® 4HCJIO KBADPTHUD, BKJIO-
YeHHbIX B QMK norpebaenus, Oyner
Gospiie m. Takoe 3KBUBaAEHTHpOBaHHE
HE HCKaXKaeT OCHOBHYIO BEPOSITHOCTHYIO
NpUpoay Apouecca U MO3BOJSET UCIOMAb-
30BaTh TeopeMy DepHyau o nosropenun
ONbITOB [1Jis1 PACUETOB.

[To Teopeme bBephynasu BeposiTHOCTD
P nosipienusl m co6biTHi A M3 11 ONBITOB
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onpejesnsietTcst GOpPMyJIOH
Plr=CmP™ (1 —P)" " "=

al m n—m
= ln—my © TP

rae P — BeposiTHOCTh NosiBienusi coGeitusa A B
ofgHoM onbire; Cr — 4uCJO coueTanull U3 n o m.

Tlon cobuitweM A 6yaemM NOHHMATh
BKJIIOUEHHEe ra30BEIX NpHOOPOB KBAPTH-
pH B MUK noTpebneHus HAa HOMMHAb-
HYI0O Harpysky. Tak xak pexum norpeos-
JIEHUS] ra3a MMeeT cJydyalHylo NpUPOAY,
N0O3TOMY, TOBOpSI © UHMCJEHHOM 3Ha-
yeHHH K,, HeOGXOAUMO YKa3aTb, C KAKOH
JIOBEPHTEJbHOH BEPOSITHOCTBIO P,y H0J-
sKHO OBITH ONpelgeneHo 3TO 3HAUYEHHE.
Taxoll noaxoxn K ONpeleneHHIO KO3d-
dbuyneHTa OJHOBPEMEHHOCTH MO3BOJIAET
VYTBEPKIATh, YTO C BEPOSTHOCTBIO P
dakruueckoe 3HaueHue K, HE NpeB3o#-
JeT pacyeTHyl BEJHYUHY.

Cuytas, uTo AMst BCeX KBapTHD Be-
POSITHOCTB BKJW0UeHHs] ra3oo0opynosa-
HUST OJHOM KBapTHpH B IHK NOTpeG-
JIEHU A OJIMHAKOBAs!, YUCJIO PACCMATPHUBA-
€MblX KBApTHP paBHO 4McJy ONBITOB H,
MCIoJib3yst (popmyay bepHymin, MoxHO
Hanycare cJieyiollee ypaBHEHHe:

POLPL4P 4 4 Pm=COP I —P) "+

+ClP—P) T e C2PH L - ) T

4o CTP(—P) =P

aB’

Fe n — 4uCAO KBapTHp; P — BEPOATHOCTH BKJIKO-
ueHys ra3oo6opyaoBaHusl OfHOA KBapTHPHI B IHK
norpeGnenns; Py, — NPHHATOE 3HAUEHHE JOBEPH-
TenbHOM BEPOATHOCTH, T. €. HAINEXKHOCTH orpe-
NeNeHUs Ko3(dPuuuenta 0QHOBPEMEHHOCTH.
Kosdpuumedr oiHOBpEMEHHOCTH B
paccMaTpuBaeMOM cjaydae onpeessiercs
ornouienneM K,=m/n. B ypaBuenuu
CYMMUPYIOTCSl BEDOSITHOCTH BKJIOYEHMS
0, I, 2, .., m xBaprup B IMK IO-
TpebseHMs BIUIOTh A0 NOJYUYEHHS NPHHH-
TOMO B pacyeTax 3HaudeHHUs JOBEPHTEJNb-
Holt BeposttHOCTU Pie. Ecniv npu uenowm
yucae m ypaBHeHHE YOBJIETBODHTb He
yjlaercs, Torjia penumuuny K, onpene-
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JSIIOT HHTepnoasiudeld. Uem GoJiblue 3Ha-
yeHHue NPUHATON JOBEPUTEJBHON BEPOSIT-
HOCTH (HajxexHOCTH), TeM Gosibute Oyjier
KO3QOUUHEHT OLHOBPEMEHHOCTH, TEM
Oosibuie OYAYT pacyerHble pacxojbl rasa,
a cjejoBaTeNibHO, M jJMaMeTpel raso-
IPOBOAOB. YUMUTBHIBASI BBICOKYIO CTOM-
MOCTb Ia30BBIX cerefl, pacuerHoe 3Ha-
YyeHue NOBEPHTENbHON BEPOSITHOCTH L0~
JKHO GHITb 0B6OCHOBAHO.

Taxum oGpasoM, ucnosib3oBaHue Me-
TOAA KO3(pUUHMEHTOB OLHOBPEMEHHOCTH
0715 aHa/iu3a 3aBUCHMOCTH MAKCUMAaJib-
HBIX HArpy3oK OT uHucia  KBApTHp
OKa3BIBAETCs] BecbMa IJIOLOTBOPHBIM,
TAK KaK OH MO3BOJSIET /sl pAacueToB
NpUBJiedb METOLBl TEOPHH BEPOSITHOCTEH.
Tax xax BepOSATHOCTE BKJIIOYEHMS Ta30-
000Opy/10BAHUS OJHOH KBapTHpPBI B MUK
norpebaenus A BCEX KBAPTHD MbI IIpH-
HsiM  OJMHAKOBOH M paccMaTpuBaJiu
YUCO KBapTUP KaK UUCJIO TNOBTOpsie-
MBEIX OMNBITOB, TO IO NpeAeJbHOH Teope-
Me DepHysiu MOMKHO yTBepKjaaThk, uTO
IpHY HEOTPAHMYEHHOM YBEeJHUYEeHUH YHCsia
KBapTUP € NPaKTHYECKOH J10CTOBEPHO-
CTBIO MOXKHO CUMTATh 4acCTOTY BKJIOYe-
HHMS Ta30000pyAOBaHHS] KBApPTHD B IHK,
CKOJIb YFOAHO MaJo OTiMYawimedcd oT
BEDOSITHOCTH BKJIIOUEHHS] ra3oo6opyno-
BaHHUS B OTJesbHOM oNleite — P. Hacrora
BKJIIOUEHHST 1a30000pyAOBAHHS NIPej-
crasasietT coboll BeMunuy Koadduuuen-
Ta OJHOBPEMEHHOCTH, MOJIYYEHHYIO
ONBITHBIM NYTEM, CJIEOBATENBHO,

P= K,
n— 00
N

Ecau usyuaemuit o6bexr uMeer 60Jib-
HI0€ YUCNO KBADPTHP, TOrAa NOJydeHHOe
M3 ONMHITA 3HaueHHe Ko3pPHuMeHTa Of-
HOBpeMEHHOCTH Oyjaer OJIM3KO K Bepo-
STHOCTH BKJIOUEHMA B MUK NoTpe6-
JIEHHS] ra3oBbIX NpHOOPOB OAHOH KBap-
Tupbl. Popumyna bepuysiu nossonser no
K03 GUUHEeHTAM OJHOBPEMEHHOCTH pac-
cuurate BepostHoctk P. Ilpu cocras-
JeHuM TabjMu CHaygaja 110 ONBITHBIM
JNaHHBIM ObIJIM paccuyuTalbl KO3hpuuues-
Thl OJHOBPEMEHHOCTH, 3aTeM 110 dhopMyJe
BepHynnu paccuuTaHbl BEpOSITHOCTH P,
[Ho mosnyuenuslM 3pavenusiM P jans pas-
JIMYHBIX HaCeJIeHHOCTeH KBapTHp OBLIM
paccudTaiel 3Hauvenust K, s pas-
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Ta6Guauua 5.12. Pacuernbie anavenus K5 piua KBapTHP, HCNOIbL3YIOWMX Fa3 JJIA NPHTOTOBJECHUS DHILH

Yucao Yucno npoxHBAOLINX B KBApTHpE, ue.
KBAPTH] i
. 2 ¥ Menee 3 4 5 6 n Gosee
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
18 11,695 9,633 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 5,687 5,223
70 8110 6.636 5,761 5,382 5,053
80 7,830 6,419 5,599 5,955 4,947
90 7.615 6.228 5.452 5,127 4.841
100 7,455 6,094 5,351 5,025 4,756
400 6,000 4,908 4,388 4,158 3,970

Ta6auma 5.13. PacueTHbie 3navennsa K3 pan KBapTup, MCNOJAb3YIOIMX Fas A APHIOTOBJAEHHS
L A
AHIM M TOpRYER Boabl

Yncao kaapmp Yueao npoxuBaOLHX B KBAPTHPE, Hell.
2 ¥ Menee 3 4 5 6 u Gonee
1 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 7,503 6,636 6,050
50 10,572 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 4,574 4,270 4,106

JIMUHBIX A NpPU [1OBEDHUTEJNbHOH BeposT- 1OTpebJieHUs rasa: A1 NPUTOTOBJEHHS
poctH P,;=0,98 u panee Kii* MUY, JJTS1 IPUTOTOBJAEHHUS MK U TOPSI-

PacyerHble 3HauU€HUs] MAKCUMaJbHbIX  4ell, Bogbl. Kosdduuuentbl panHbl pJs
KOG PHUMEHTOB 4acOBOH HEDABHOMED- PAa3JIHYHOTO YMCsia KBAPTHD IIPH PA3J/Hd-
HOCTM npuBejsensl B Tabst. 5.12 u 5.13. HOH UX HaCEIEHHOCTH.

TaGnuubl coctaBieHbl [1Jsl IBYX BHJIOB I'paduxy 3aBucUMOCTH KO3P DU HEH-
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Puc. 5.7. Makcumaab-
nulilt KoaddhuunenT waco-
poil HepaBHOMEPHOCTY 3a
reg B 3aBUHCKMOCTH OT
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Puc. 5.8. Makcumaab-
Hulii KoadpuuKMenT vaco-
Boli HEPABHOMEPHOCTH 3a
roj B 3aBHCHMOCTH OT
KOoJaHuecTsa KBapTHP

70

(kBaprTupnl, oGopypo-
BAHHbIE TA30BLIMH NAH-
TAMH ¥ BOJGHArpesare-
ABMH)

1, 2, 3, 4, 5— KkpuBnle

aasa 4Hcaa HpO)KHBalO-
uIMX B KBapTHpe COOT-
BeTcTBeHHO 2, 3, 4, 5
6 yenoBeK
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TOB OT YHCJA KBApTHP M IUIOTHOCTH
X HaceJeHHsl TOKAas3aHel HA puC. 5.7
¥ 5.8, oTKyza- clieayer, uToO Tipd MaJjoH
MJIOTHOCTH HAacCeJeHHsT KBapTupb (2;
3 geJs.) KpuBble PACROJATAIOTCSA HA 3Ha-
qUTEJbHOM PACCTOAHUK APYT OT apyra.
C yBeiqvuyeHUeM u4MCJIa KBapTHP OHH
c6mxkalres. CleaoBaTenbHo, 3HaYeHUe
HaCeJEHHOCTH KBAPTHPHI C yBEeJHYEHHEM
quesa ee KUJLLOB YMEHbLIAeTCs.
MakcumaapbHo  4acoBbie  PACXO/b
paccunthiBaloT 1o dopmyae (5.13).
FogoBo#t pacxon rasa ksaprupoil omnpe-
JeNsI0T Mo Hopmam noTpebsaeHdus (CM.
Ta6a. 5.1) W HaceJleHHOCTH KBAPTHPHI,
KOTOPYIO PACCUUTBLIBAIOT 11O HOPMAM KHU-
JIOW TJIoWaAW HA OXHOTO YeJsoBeKa.

Tipumep 5.3. Onpeleauts pacueTHell pacxoj
rasa [ rasonpoBOJa, KOTOPBIH TPacHopTHPYeT
raza B 15 TPEXKOMHATHBIX KBapTHP (IVIOUIAABIO
no 45 M?) # B 15 OJQHOKOMHATHEIX KBApPTHP
(mnomaapio no 18 M%). Hopma xumofi miomamu
g M® na 1 wen. Temora cropamus rasa paBHa:

$=36 000 k[x/v>.

Pewenue. 1) onpenesum. rogoBble pacxXojibl
rasa:

a) JJIs TPEXKOMHATHOH KBApPTHPHI

2800000 45

W 9 =389 w" /(FOH.'KB);

6) M8 OJHOKOMHATHON KBAapPTHPDI

2800000 18

———— e e 2 3 .
36000 O 166 m’/(roa-Ks)

(3pecs 2 800 000 kHx — rogoBoe mnorpebienne
rasa OJHHM YEJOBEKOM H2 IMPHIOTOBJEHHE MHILH
no ta6a. 5.1);

2) onpepenM Ko3(p&hHUHEHTH HEDaBHOMEp-
nocT KU¥C no ta6a. 5.13 gna 30 kBaprup:

a) a8 TpPexXKOMHaTHbIX KBapTHp Kii ==
=6,666; 6) AaA OJHOKOMHATHBIX KBapTHD
u¥e—10,15;

3) onpemesHM pacyeTHbIH pacxoj rasa no
(popmyae (5.13)

389 156

S0 15+ 10,15 e 15=T7.08 u s

QP=6,556

[lpn ucrnonb3oBaHUK AJsl ompejnene-
HH$l PACUETHBIX PACXOJOB METOAa KO3(-
(PULUHUEHTOB OAHOBPEMEHHOCTH CJenyer
0COGEHHO TLIATENBHO MOAXOAUTD K OlleH-
K€ COOTBETCTBHSA MOILLHOCTH YCTaHOBJIEH-
HBIX ra3oBbIX MPHOGOPOB HACEJEHHOCTH
KBapTHPB, T. €. B KOHEYHOM cCueTe ee
XKUJIOH mnowianu. B nporusHom caygae
MOT'YT ObITb CYIIEeCTBEHHbIE OLIUOKH.
Tabnuubl pacueTHbIX 3HaYeHUH Koaddu-

LIHeHTOB OJHOBPEMEHHOCTH NPHUBENEHDI B
CHull 2.04. 08—87.

FnaBa 6

vppasnuueckmi pauer
rasoBbix cetem

6.1. OnpefeneHne noTepe HRaBNEHMS
B rasonposopax

[Ipu pacuere aBHUKeHUS rasa B Tpy-
GOMpPOBOAAX CIeLYeT YUUTbIBATE H3MEHe-
HHE ero MIOTHOCTH. JTO CBA3AHO C TeM,
4TO JaBJeHHe N0 AJIMHe TPYOGONpOBOJOB
nazaet U COOTBETCTBEHHO yMeHbLIdeTC s
MJIOTHOCTb Tasa. TOJNbKO rasonpoBOAbI
HU3KOTO NaBJEHUS MOXKHO pAaCCUHTDI-
BaTb, CUHUTAs, YTO MO HUM ABHKETCH
HecxKuMaemas XKUJAKocTb. B o6iewm cay-
yae /BUIMKEHWe rasa B Tra3onpoBOAAX
ABaseTc HecraudonapHeiM. Hecrauuo-
HApHOCTb OOYCJOBIMBAETCA Kak mepe-
MEHHBIM PEXUMOM PaGoThl ra30BbIX MPO-

_MBICTIOB (M3MEHAIOT YHCI0 paboTaoIHuX

CKBAXHH W PEryJHPYIOT HHTEHCUBHOCTb
oT60pa W3 HUX rasa), nepeMeHHbIM pe-
AKuMOM paboThl KOMIPECCOPHBIX CTAHLMY
(B paboTy BK/JIOUAIOT Pa3JHUHOE UHETO
KOMIPECCOPHBIX aTperaTos MpH paSHbIX
cxemMax HX COBMeCTHOH paboTbl), Tak
¥ MepeMeHHbIM DPeKHUMOM r1mpe6neum{.
rasa (uTo onpeaesieTcsl UUCIOM morpe-
GuTesell, MONYJYAINMX B AAHHLIE MO-
MEHT ras, U UX HarpysKoH).

YKasaHHble ¢GaKTOPBl MNPUBOJAT K
nepeMeHHOMY BO BPEMEHHU PeXUMY 1aB-
JeHHs B Ta3onNpoBoAe U H3MEHEHHIO
KOJIHUeCcTBa rasa, HaXxoJAsIIerocss B HeM.
[Tocnenaum ompepensiercss aKKyMyJid-
pylIas eMKOCTb Ta3ONpOBOJOB, KOTO-
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pasi Mo3BOJSeT MOKPLIBATL HEPABHOMED-
HOCTb CYTOYHOrO rpacguka norpebieHus
rasa. AKKYMyJHPYIOIasi eMKOCTb Criia-
JKUBAeT HepaBHOMEPHOCTb H 00YC/IOBJHU-
BACT 3anasjblBaHUe B Iepenaye H3me-
HeHUH pexuMa Ha OJAHOM KOHIle raso-
npoBOja B NPOTHBOMNOJNOXKHbIA. Tak,
HATIpUMEp, U3MEHEeHWe pekuma norpeb-
JIEHUS] CKaXKeTCd C 3anasibliBaHUEM HA
pexuMme AaBJEHUs rasa B Hayaje raso-
nposona. B cBOKW oyepenb, U3MEHEHUE
pexuma a006bldd WM TPAHCIOPTUPOBA-
HUSl ra3a CKa)KeTcd ¢ 3anasjibiBaHueM
Ha pexKuMme AaBJeHUS y noTpebuteneil.
Bmecrte ¢ TeM [npu MPOCKTUPOBAHUH
rOPOJACKHX W OPOMBILIJIEHHbIX Ia30mpo-
BOJIOB B OOJIbUIMHCTBE CIYHYaeB MOXKHO He
YUYUTBIBATb HECTAUOHAPHOCTb TeueHUs
raza M pacCyMTHIBATH QUAMETPbLI raso-
IPOBOJOB Ha MNOCTOSIHHBIA pacxon B Te-
HYEeHUE ONPe/eJICHHOTO OTpe3Ka BPEMEHH
(uaca, cyToK).

Hna GoapliMKCTBA 3aAduy pacuera

rasonpoBOAOB JABHKEHHE raza MOXKHO
CYUTATh U30TEPMUYECKUM, 4 ero Temie-
parypy — papHOH TeMmmepaTrype rpyHra,
B KOTOPOM YyJOKeH rasonposoj. C yue-
TOM OTMEYEHHOro 0OCTOATENbCTBA Napa-
MeTpaMHu, onpenelsiom UMy TOTOKH rasa,
6yAyT: abCOJIOTHOE [aBJEHUe p, MJIOT-
HOCTb @ H CKOpOCTb w. Takum o6pasom,
IS OUPERJICHUS P, 0, W CUCTEMA JOJIK-
HA COCTOATb U3 TPeX ypaBHEHHUH.
‘ B kauecrBe MepBOro ypaBHEHHSA HC-
" noJib3yeM ypapHeHde Jlapcu, Hamucan-
Hoe B auddepenunaibaod popme, Ko-
TOpOe OMpenessieT MOTepH AABJEHUS HA
MpeojloyleHne TUAPABAMUYECKUX COMpO-
THBJIEHHA HA y4qacTKe ra3onpoBoaa iJu-
HOH dx:

7 2
dx 6.1)

rpe A -— K03 dHIHEHT TpeHus; d — BHYTPEHHHH
. JMaMeTp rasonpoBoja.

Tak Kak NJIOTHOCTb rasa g B ypaBHe-
HUU (6.1) BeJUyUHA fepeMeHHas], [03-
TOMY M CKOPOCTb ABVKEHHUS rasa I[pH
MOCTOSIHHOM JHaMeTpe TpyObl OyaeT Tak-
Ke nepeMeHHOH. [Isl yuera U3MEHEHHs
IJIOTHOCTH B 3aBUCHMOCTH OT AaBJAeHHUS
UCIOJb3YIOT YPaBHEHUE COCTOSHUSA

p=pRT. (6.2)
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B kKauecTBe TPETbEro ypasHEeHUS HC-
NONBL3YIT yDABHEHHE HEepaspbiBHOCTH

szwF:pOwOszOQO, (6.3)

rae M — MaccoBblil pacxos, a8 Qo — 06beMHbIH
pacxon, NPHBENEHHBIH K HOPMATbHBIM YCJIOBHAM.
W3 ypasuenus (6.3) noayuaem:

poQ
pw:pOQO/F; w=-92°0.

oTCloa

2
2 Qoo Po
F2 P

6.4)

OTHOUIeHNEe MJIOTHOCTH BbIpa3um ye-

pe3 OTHOUIGHWE JABJCHHUH, HCIOJAb3ys
ypaBHEHHE COCTOSIHUA
0o _ P,T (6.5)
P - PT, ’ ” '

[TopcraBum ypaBuenus (6.4) u (6.5)
B ypaBHenue (6.1) ¥ paspenum mnepe-
MEHHbBIE
2
16 Qo T
—pdp= M———p. P, dx.
am? 2° 00T,

(6.6)

[Ipounterpupyem ypasuenue (6.6),
cudtast A u T TOCT@AHHBIMHU B Npeaenax
OT Py A0 Py ¥ OT x;=0 10 x9=1[ ([ —pnu-
Ha rasonpoBoja):

Q3 T

p2—pi=1624 —d—g—popoﬁl. 6.7)

TTocnennee ypaBueHue sBJSIeTCS OC-
HOBHbBIM JJ151 PacyeTa rasonpoBOLOB Kak
BbICOKOrO, TAK M HHU3KOTO JAaBJEHHS B
MPEANONOKEHUH H30TEPMHUYLCKOro Teye-
HUS rasa.

Jnsl ropoACKHX a3oMpOBOAOB TeM-
nepatypa rasa Opud PacyeTHbIX HArpys-
Kax 6suska kK 0 °C, mosToMy MOMKHO IpH-
uAThL oTHowenue T/Te=1. Tlpu srux
YCIOBUAX pacueTHast GopMyJa MOpUMeT
BUA:

2

Qo
pﬁ—p§=1,62xz5—popok (6.8)

Ypapaenue (6.8) HUCOOJBL3YIOT OpPH
pacuere pacnpeaeJuTe]bHbIX Ta300POBO-
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OB CpPejJHEero ¥ BbICOKOTO JAaBJEHUSA.

ITpu nasnenuu rasa Gosee 1,2 Mlla
cleayeT YUUTHIBATE OTKJOHEHHSI B [TOBe-
JEHWH IPUPOMHbIX Ia30B8 OT 3aKOHOB Hje-
albHbIX razoB. [lssd 3TOro B ypaBHeHMe
COCTOSIHUSA BBOIAT 3MIIAPHUECKUH KO3(-
(UIIMeHT 2, KOTOPBIH YUuWTHIBAET 3TH
OTK/NOHEHUA. YpaBHEHHe COCTOSIHHS 3a-
[TUCHIBAKOT TaK:

p==zpRT. (6.9)

KoagguuHeHT _z. yacTo Ha3bIBAIOT
KO3 HHIUUEHTOM CXKMMAEMOCTH.

T Kosd QUIlHEHT 2 MOXKHO OpeeNUThb

no puc. 6.1 B 3aBUCMMOCTM OT 3Ha-
4yeHUl DPUBEJEHHOro AABJIEHUS 7 H [PHU-
BeIEHHOfl TeMIepaTypsl T:
a=p/pxp; T=T/)Tsp. (6.10)
B artux BbIpaKeHusix pup M Ty —
KpUTHUeCKue napamerpbl. [dasi cMmeceil
razos Py orpepeneHui kKoadduiuerta
2 HCTOJNB3YIOT CPeHEKPUHTHUECK e Mapa-
MeTpbl, KOTOpble HAXOAST H3 CACMYIOIIHX
BbIpaKeHHH:

pc.KZZriprJ; TCAI(:Zr[TKp,[, (61 1)

rae f; — of'’beMHad J0AS rasa [ B CMECH.

st yraeBoaopoaHbIX ra3os B obac-
TH JaBJEHWH W TeMmIeparyp, HMeIOLHX
MEeCTO B MATHCTPANLHBIX Ta300POBOAX,
koapgpunrent z<l. Takum o6pasowm,
peasibHbie rasbl CKHMAOTCS CHJbHee,

Puc. 6.1. 3aBucumocTh AEHHOTO [aBJeHHs ]
Ko3dguunedTa cKHMae- RpHBegeHHOl  Temnrepa-
MOCTH Ta3oB OT NpHBe- TYyph

yeM ujpeasbHble. Hampumep, npu uso-
TEPMHUECKOM  YBEJHUEHWH  [daBJeHUS
UneassHoro rasa ot 0,1 MIla,s. 1o
5 MIlagse, 1. e. B 50 pas, ero o6bem
yMeHbiiuTc Takke B 50 pas. Ecau
VBeJHuHTb gaBieHne merana (f=0°C),
to npu pi==0,1 MIla.e 2==1,002, a npn
po=5 2==0,883 u 06beM yMEHBbLIUTCS B

1,002
50 U:—8—83=56,7 pasa.

IMpu yuere kodddunyenTa ckumae-
MOCTH ypaBuenue (6.7) npumer cieayio-

muit By
Q; T
pl—p?=1,62 x—dsi popor—lz. (6.12)

V3 ypapxenusi (6.8) noayuaem pac-
YETHYI0 3aBHCHMOCTb W IUISl Trasolpo-
BOJOB HW3KOro AaBjeHus. i noayue-
HUSl 9TOfi 3aBUCHMOCTH PA3MOKHUM pas-
HOCTb KBajapaToOB [aBjeHHi Ha COMHO-
HUTETH

p?i—p?(:(pn—pk) 2pcpAap 5 (613)

TAe  Pepap==(ps-tp) /2 — cpenneapudmernyeckoe
3HaYyeHHe HAYaJbHOTO M KOHEUHOIO [aBJCHHS.

sl Ta3onpoBOgOB HU3KOrO jpamJge-
HHSl  Pepap. & Po, TOTAA U3 YpaBHeHHH
(6.8) monyqum
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2
pH—pK=~;1,62K—§—;p Po_

pcp,ap

2

Q
=0,81 ng— ool . (6.14)

YpasHenue (6.14) sBJASeTCHA OCHOB-
HbIM JJIS pacyera rasonpoBOAOB HU3KO-
ro nasjeHust. M3 cpaBHeHust ypaBHeHuU
(6.8), (6.13) u (6.14) MoOXHO MOAYUUTD
CBA3b MEXIY MNOTepPsiMH [AaBJIEHHS B
rasonpoBojax BLICOKOTO  [IaBJEHHUS
(pu—Px) b.a ¥ TTOTEPSIMU 1aBJICHUS B ra3o-

NPOBOIAX HU3KOTO NABNCHUS (Pu—Px)unl

2
1,62 Qo Po
(pﬂ—pl()ﬂ.n:T;\' FPOZ pcp ap =
Po
:(pH pK)H}l p (6'15)
tp.ap

W3 ypasnenuss (6.15) caepyer, uto
MOTePY NaBJEeHUS] B ra30NpOBOAAX BbICO-
KOrO MaBJIEHUS BO CTOJbKO Pas MeHblue
1oTepb B ras3onpoBoaax HU3KOTO naBJe-
Hust (IIpY OJMHAKOBBIX 3HAUeHUsIK Qo,
po, A, I, d), BO cKOJbKO pa3 cpenHe-
apudMeTuyecKoe gaBjerue B HUX (Pep.ap)
Gosbllie JAaBJEHUS B Ta30npoBOAAX HHU3-
KOro napJeHUs (HOPMAJbHOTO 1aBJeHUS
po). DTOT BBIBOA OOGBSCHSET KOHOMHU-
yeckde [PEUMYLIeCTBA Ta30NPOBOJOB
BLICOKOTO NABJEHUS, TAK KaK, COXpaHss
TE e Mepenajbl, uTo U OJ8 HU3KOTO
NAaBJeHHsT (/51 BbLICOKOTO OHHM OynyT
6oJblIe), MOXKHO MONYYUTb MEHbUIME
AUAMETPDI.

TouHOCTb pacyeTa rasonpoBOIOB BHI-
COKOTO NaBJeHust no gopmyne AJs HU3-
KOro [aBJIeHUS] OIpenesUTCcs 3aBUCH-
MOCTbIO A OT paasjaeuusi. Besauuuna A
3aBUCHT OT uucia PedHoabaca, KoTopoe
c1a60 3aBUCHT OT [AaBJeHUS.. DTy 3aBH-
CHMOCTb MOYKHO IIPeJCTaBUTb TaK:

2
" Re— Wdsz!nd /4) 4 M

v pwdn/4 @ opd

(6.16)

rape v 4 U — KHHEeMAaTH4yecKasd M JHHaAMHuecKas
BA3SKOCTh.

C u3MeHeHWeM NABJEHUST MacCOBbill
pacxon M He U3MeHSIETCS, ITO3TOMY UHC-
10 Re 6yner 3aBucerb OT 3HAUEHUS .
Ho nunamuyeckas Bsi3KocTb MeTaHa npu

74

v

{=0°C ¢ uameHenuem papienusa or 0,1
1o 2 MIla yeennuusaercst Bcero Ha 3,5%.
[ToaTOMYy MpaKTHYECKH MOMXKHO CUHTATD,
4TO PEXUM JIBUKEHUS rasa He u3Me-
Hsiercs. Boluleckaszannoe nosposser Ta6-
JIUIIbI, COCTABJIEHHDbIE 51 HU3KOTO HAB-
JIeHUSl, UCTIONb30BATDL AJS pacyeTa raso-
NPOBOIOB BLICOKOTO NaBJeHUN. ITO 1e-
Jecoo0pasHo u  jaer GOAbIIYIO Tou-
HOCTb IIPH PacyeTe rasofpoBOLOB Cpej-
HEeTO WJHU BbICOKOTO AaBJEHHS, KOrpa
nepenasmbl 1aBJI€HUS HA yUACTKAX BechbMa
Madbl, T. €. (Ap/pep.aplys <K 1. Takoe no-
JIOXKEeHUe XAPAKTePHO /IS MPOMBILIJIEH-
HbIX W BHYTPHOODLEKTOBLIX Ta3onpoBo-
JIOB.

W3 cpasnenuss ypapmnenuit (6.8) u
(6.14) moayuaeMm cienyioiee coOoTHOUIE-
HUE:

<p§_~p?<)la.n/(p H__p K)H.n=2pcp,ap’ (617)
KOTOpPOe CIIPABEJIUBO TNPH HCIOJNb30-
BAHUM OJMHAKOBLIX PA3HOMEPHOCTEH KakK
B dopmyne (6.8), tak u B (opmyne
(6.14). Taxkum o6pasom, TabJuuHbe
JaHHble, ONpeneasiioniie TOTePU KBaapa-
Ta naBJeHUst B ra30MpoBOaax BbICOKOTO
¥ CPeHETO 1aBJEHHUs (pi—p3) W moTepw
IABJEHUS B ra3onpoBojaax HA3KOTO 1aB-
Jeudst (ps—px), CBS3aHbl MeXKAY cO6OH
cooTHOuleHdeM (6.17).

Ecnu B dopmyan (6.8) u (6.14)
MOICTABUTb BhIPAXKEHWE, ONPeaesoee
K03 HUIMEHT TPeHUSI, KOTOPbIH 3aBUCHT
OT peXMMa [BUXKEHHS rasa, mMarepuasna
rasonpoBofa, CIocO60B W3TOTOBJEHUS
TpYy6 ¥ WX COeIHHEeHHWs, a TaKxe OT
KayeCTBAa MOHTAXKA M SKCIIYaTallUH ra-
301IPOBOOB, TO MOJYyYNM pabodne Gop-
MYJbl [JIST pacyera rasollpoBOOB.

‘Bopmynsl, pexomenpyemble CHull
14t onpeneneHust koagguiHeHTa Tpe-
HUSI, Cylefyloliue:

1) B obiacTd JaMUHAPHOTO peXuma
nmpu BennduHax Re<2000

A=64/Re; (6.18)

2) 1pu KPUTUUYECKOM peKume TpH
2000<<Re<4000 :

A==0,0025 4/ Re ; (6.19)
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3) npu Typ6yﬂeHTH0M pexuMe TPy
penvunHax Re>4000

K, 6802
x:o,n( 5 +§> :

[IpuBeieHHBIM YpaBHEHHUSAM COOTBET-
CTBYIOT HOMOI'PaMMBl, TOKa3aHHbIE HA
puc. 6.2..6.5. Homorpammbl mocTpoeHsl
npu abcomioTHOA 3KBUBAJEHTHOH wiepo-
xosatoctu K,=0,01 cm.

[Torepn paBiesHs Ha MECTHBIX CO-
IIPOTHBJIEHHSEX ONPELNAIT N0 QopmyJe

W?
ApM.C:‘: Zg—— o,

- (6.21)

rae Apy. — noTeps aBAeHHS Ha MECTHBIX CO-
NPOTHBJEHHAX PAacyeTHOrO Yy4acTKa {pacyeTHBIH
y4acTOK BbIGHPAOT Tak, 4TOOB Y HEro pacxon
U guamerp OblIM AOCTOAHHbIMM); XL — cymma
KO3(h (DHUHEHTOB MECTHBIX COIPOTHBJICHHMHI pacyer-
HOTO YYaCTKa; @ — CKOPOCTb [BHXKEHHA rasa;
p — MJIOTHOCTH rasa.

Hpyu pacuere rasonpoBojoB NMOTEPH HZ MECT-
HbIX CONpPOTYB/ICHUAX YUHTHIBAIOT Yepe3 SKBHBA-
JIEHTHBIE AJHHBL. DKBMBAJCHTHYIO AJHHY MECTHBIX
CONPOTHBJCHHH ONPEAeasAlnT no dopmyae

2 {

W . W
Apuc=20 —p=M\ 4

7P,

oTcroaa

L=3td /) (6.22)

Henonbayst GopMynbl ags onpeene-
HUSL Koa(pupHeHTa TPEeHHA A H MpH-
HUMast 2L = 1, MOXKHO NOJNYYHTDb ypaBHe-
HHA JJs1 pacdeTa 3HaueHus /[, npu
St=1. [To TakuM ypaBHeHUSIM [OCTPOE-
Ha HOMOTpaMma, NMPKBeJeHHAsi Ha pHC.
6.6. Pacyernyio nauuy rasonposoaa on-
peressioT Kak CyMMy GaKTUUeCKOH H K-
BUBAJEHTHON IJIMH.

[Ipu pacuere pacnpelenuTe bRBIX
rOpoACKUX cerell MOTePH HA MECTHBIX
COMPOTUBJEHUSAX OOGBIUHO YYUTHIBAIOT
KaK noaw or norepb Ha Tperue. CHull
2.04.08—87 pexoMeHAYIOT NPUHUMATH
MOTEPH Ha MeCTHBIX CONPOTUBJICHUAX Be-
auqpHoH, paBHoH 5—10% norepp Ha
tpenue. [Ipu pacuerte pacnpenenuresnn-
HHIX Tas30MpPOBOAOB HEGOMhLIOH npOTH-
JKEHHOCTH U CJOXKHOH KOHQUTYypapuH, a
TaKKe OpH pacueTe BHYTPHUAOMOBHIX H

(6.20) |

e plﬁlap = p6ap — gp nH

BHYTPHLEXOBbIX Tra3ONpOBOAOB MOTEpPH
JaBJCHUSl HA MECTHBIX COMNPOTHBJCHUAX
cnefyeT PacCUMTBIBATB O HM3J0KEHHOH
BBILIE MeToAMKe. 3HayeHue Ko3pdu-
LHUEeHTOB MeCTHbIX CONPOTHBJEHHHA mMpH-
BeJleHBl B CHennanbaoi auteparype. He-
KOTOpBle  3HAyeHUst Ko3QPUIHEHTOB
MECTHBIX CONpPOTHUBJIEHHH TIPHBEJEHBHl B
Taba. 6.1.

Ecnu oTaenbhbie y4acTKY ra3onpoBo-
0B UMEIOT pa3Hble reoMeTpHYeCKHe OT-
METKH TO BbICOTe, TO B Ta3onpoBoaax
HU3KOTO AAaBJEHUA BO3HUKAET AOMOJHH-
TeJbHOE U3ObITOYHOE AaBJeHHe, BeJUYH-
Ha KOTOPOTO NPONOPUHOHANbHA PA3HO-
CTH IJIOTHOCTeH BO3ayXa U ra3a. Beauyu-
HY 3TOTO JONONHHTEJbHOTO U3ObITOUHOTO
JABJEHHS MOMKHO ONpenenuTh Clenylo-
wuM obpasoM. B ceuenuu [-—I (puc.
6.7) BOJV3W MOBEPXHOCTH 3e€MJU B Ta-
30mpoBoe 6yAeT aGCONITHOE AaBJICHUE
pi H GAPOMETPHUECKOe AABJIEHHE Peapl.
C yBesqnyeHHEeM BBICOTHI JaBJeHHE B ra-
30M0poBOJe U GapomMeTpUyeCKoe naBJje-
HKe YMEHbIUAIOTCS, ITO yMeHbIleHHe Of-
npesessaT Mo ypaBHeHUAM

pi'=pi— gpH

(6.23)

[Tpn vCHONb30OBAHKYU TA3a HEOOXOLH-
MO 3HATb HU30ObITOMHBIE JABJEHUdA, TaK
KaK OHHM OlpelensiioT OPOU3BOLHTENb-
HOCTb F'a30BBIX MPHOGOPOB U Fa30UCIIOJb-
3YIOIMHUX YCTAHOBOK. M36bITOuHBIE A4B-
JeHus B ceuemuax [—J wu ]I
(cm. puc. 6.7) coorBeTCcTBeHHO OYAyT
paBHbi:
pu361=prl""péapl;
(6.24)
pl{36“=prn““p63pn.
CpaBHHBasl ypaBHeHUS
(6.24), momyuum:

(6.23) w

poee={pt —gp: H) —(pssp —g0s H)

= s+ &H (ps—pr) - (6.25)
W3 dopmyasr (6.23) caeanyer, uTo

U36LITOUHOE [ABJEHHE Tras3a YBeJIHYH-

J0Ch Ha

(6.26)
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Puc. 6.2. Homorpamma raz: p=+0,73 kr/m ®,
RAs OlipeneaeHust HoTeph v=14,3-10 ~° m?/c

RaBleHWsi B rasonpoBo-
NaX cpegHero K BLICO-
KOr0 JaBJaeHKd (a0
1,2 MITa). Mprponnsiit

76

(npu 0 °C w 101,3 kIla)
( B HoMOrpammax npgi-
uwarto 1 Krc/cm “=
=100 xkfla)
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AJisl OnpeneseHHa ROTEPL =2 kr/m3,  v=3,7X
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AaxX CpeAHer0 K BbiCO- 0°C u 101,3 MNla)
Koro papaednit (o
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Ap/L, Ta/M
Puc. 6.4. Homorpamma (mo 5 «kfla). Tfpupon-
AJASl  ONPEeneNeHHa  noTepob Welh raz  0==0,73 xr/m°,
A3BJEHUN B  rasonposo- v=143-10"" wm?2/c (nmpu
AAX HH3KOrO JaBJeHHs 0°C w» 101,3 MIla)
78

Onexrponnas Gubmmoreka hitp://tgv.khstu.ru/



S, SV —

TSN S S
1 1 9
QMY 400 g™ 10" 420t" a0? §30" o 618
10000 o = 3l
0 - A A - 113*1
5000 — P
4000 - ames > 719*
3000 - ! > o
2000 ] 7 = i %
42 08
o A 1 695*“5“‘2
L 1h
| ] ] = "
1000 = 133”400
= ». ‘u-;
- i = “ 4 L -~ - 1-u
500 ] - 408
> ~4 e 3
400 — > - Bg**ukﬁo\
300 1 1~ L1 P =P ] 681 »5 0\
T A z 16l
200 | = - 75\53
iia 0% o)
100 > .~ o ’/4 /4’/ 601\ 5(50
ol 60;5‘
. - b
) ALY ,4 > *
] o 1 A 4:‘ % 57 Hm
50 A ﬁ A LT A e qe{b; (’ﬂj
?3 ” e <~ Za >,
] e e LA A1 187" %)
20 a H LA Prsad A p (%
> W Iz - 6'# v
B » > A 35
. vad ﬂ(ﬂ
10 —44 wka ”~ 1 A 428
2 Socie C o 260
ey A 8
5 - 1A - — ‘b* |8\1
4 - 1
3 ” A ?
= » »
L1 1 A A
2 1 =
3 v =gl
7 A 4 A
a5
a4
a3
02 7
a1 -
ar 02 03 05 7 Z 3 4 5 70 20 Ap/t,Ta/m
Puc. 6.5. Homorpamma (no 5 «xMa). MNponarn
AAA onpeneseHHa NATEph p=2 Kr/M3, v=3,7X
AaBAECHHA B ra3cipoOBO- X107% wm?/c (npu
AaX HH3KOTO pNABAEHKA 0°C k 101,3 kMa)
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Pre. 6.6. Homorpamma
AAs onpeneseHHs 3IKBH-
BAJEHTHLIX JAJAHH

a— UPHPOAHBIA ras (p=
=0 73 kr/m?, v=14,3%

Ta6aunua 61

X10 ™" m2/enpu0°Cu
101,3 kI1a), 6 — nponaun
(0=2 kr/m*, v=3,7X
X 10~% m%/e npu 0°C
u 101,3 xlla)

KosdduukeHtT MeCTHbIX CONPOTHBJEHHH [

3uaue Bua mecTroro co 3HayeHHus { AR ARAMETPOB, MM

Bua mectioro Hpe & POt HEACHAS —

CONPOTHBAEHHA 15 20 25 32 40 50 u Goaee
Buesanuoe cyxenue 0,35* Yroawuuk 90 ° 2,2 1 21 2 1,8 1,6 11
B npeienax nepe-
X0/ Ha Caedy'oIuni
muamerp no TOCTy
TpoitHHK NpOXOAHOM [*= MpoGounslii KpaH 4 2 2 2 2 2
Tpoiinuk nosopor- 1,5%* Benruan npsamoi I 7 6 6 6 5
Hbifl (OTBeTBJIEHHE)
Kpecrosuua npo- o BeuTuiib «KocBa» 3 3 3 25 | 2,5 2
XoaHas
KpecroBuna noso- 3%* — — — — — — —
poruas
OrBop, ruyTeit 90 ° 0,3 3anBHKKa 0,5(D= 0,25( D= 0,15( D=

=50~100) | =175—200){ =300 u Gosee)

*[ — OTHECEH K yYydLTky C MEHbIUHM AHaMe1poM
*%L . OTHECEH K yuacTKy ¢ MeHbUIHM pACXOLOM raaa
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OTCIONA CJEeLYeT, YTO [AOHOJHHTeJNbHOE
JIaBJIEHHE Ta3d C YBeJHUEHHEM BBHICOTHI
BO3HUKAET NOTOMY, UTO aBCO/IIOTHOE 4B~
JIieHHe B rasonpoBoje NajaeT B MeHbulel
cTeneHn, yeM 6apOMeTpHUEcKoe aasJe-
uue. B popmyne (6.26) sennunna H(m)
03HaUaeT PA3HOCTb FEOMETPHUECKHX OT-
METOK B KOHUE U B HauaJe rasolnpoBojia.
[pu nogveme razonposojga 3Hauenune H
OyneT MOJNIOMKHUTENBHBIM, @ [IPH ONyCKa-
HUH ~— OTpULATe bHBIM. Ec/id ras TsoKe-
Jlee BO3IyXa (Hanpumep, NporaH), To
JONOMHUTENbHOE JaBaeHue OVieT OTpu-
HaTCALHBIM (H3OBLITOUHOE JdBJEHHE B
rasonposoje ymeHbulaercs). JlonoaHu-
TeJIbHOe H3OBITOUHOE AaBJeH’e YUHThiBA-
JOT NpH pacueTe TOPOLCKHX H IPOMBILL-
JNeHHbIX Td30NPOBOLOB HH3KOrO Jasie-
HHS NIpH PE3KO BBbIPAXKEHHOM [epeMeH-
HOM pesibeche MECTHOCTM, a TAKMKE MPH
pacuere BHYTPHAOMOBBIX H BHYTPULEXO-
BHIX ra30MPOBOLOB HU3KOIO HABJEHHS.

6.2. OcHOBHblE XapPaKTePMCTMKK
rasoBbix certen.
Nocranorika 3apaumn pacyera

[azopble CCTH COCTOAT H3 YUaCTKOB,
0 KOTOPHIM ABH/KErcs ras, W Y308,
B KOTOPBIX COEQUHSIOTC YUACTKH U K KO-
TOPBIM TPUCOCAHHSIOT OTBETBACHUS K 110-
tpeburensim. ['eomerpuueckue Guryphl,
cocrosiliue u3 pedep 1t BEpPUWHH, KOTJa
KaxaoMy pebGpy COOTBETCTBYIOT JBe
BePLHHL], SBJISIOLIHECH KOHLAMH 3THX
peGep, nasbiBaloT rpadamu. Y CBH3HOrO
rpada Kaxkaas BepUIHHA MOXKeT OblTh
COeJlHHeHA LEeNnhbio pedep ¢ JI0O60H APYroit
BepwuHoH. Jlio6as rasoBasi cerh npei-
crapisier co60fi KOHEWHBbI  CBA3HLI
OPHEHTHPOBAHHKA rpad, cocToAUMA H3
KOHEUHOTO uHcaa BepuwnH  (y3J0B),
COeIIMHEHHRIX Mexay coGoit pebpamu
(yuactkamu). [lpumepnl rasosbix cerei,
NpencTaBasiouHX co60i KOHEUHbIe CBA3-
Hble OpueHTHpOBanHble rpadhl, Nokasa-
Hol Ha puc. 6.8. I'padn, y KOTOphIX
pe6pa nepecexaloTcss TOABKO B Y3J4X,
HA3LBAIOTCA IJIOCKHMH. DOJBIIMHCTBO
ra30BbLIX CeTeld MOXKHO NpeaACTaBUThb B BU-
pe mockux rpados. llenmouxa mnocsae-
JLOBaTEJhHO COCJAMHEHHRX peGep (ydacT-

T 1 e St T AT -

H, m

y-
Ty

Puc. 6.7. Hameueuue uz-
OblTOYHOrO0 AaBAEHHA B

1-— nojsemusiit rasonpo-
BOA, 2 — CTOSIK, 3— com-

rasonpoBoge B 3IABHCH- Aa  ropeaox npnbopos
MOCTH OT BBICOTH (yeaosHo)
KOB) , B KOTOpOﬁ KaxK Ay BepUIVHY

{y3eJ1) fpu ABHXKEHUH [0 HANIPABJEHHIO
MOTOKA MPOXOAAT OMHH Pas, HA3bIBaeTCs
nyrem. Hanpuwmep, [/—2—3—4—5—
OyTh TAa30BOH CeTH a, NOKA32aHHOH Ha
puc. 6.8. IlyTh, y KOoTOpOro HauanbHas u
KOHeuHast BeplUHHBI COBNANAIOT, 00pasy-
eT KOHTYp, uukJ. KoHTyp, y KoToporo
HeT BHYTPeHHHX pebep, nepeceKkamollux
ero njaowajhb, HA3blBAETCS 3JeMeHTap-
HBIM KoJbilom. CeTsb a (cM. puc. 6.8)
COCTOHT W3 JBYX 3JEMEHTapHbIX KOJel,
a ceTb 6 — M3 ONHOrO,

Hepesom rpaga Ha3biBaeTCs NOA-
rpag, conepxkamui Bce BepKHbl rpada
¥ He UMEIOWHMHA HH OJHOF0 3aMKHYTOFO
KoHTypa. Pefpa, Bxoiasiuue B Jepeso,
Ha3bIBAIOTCsE ero BeTBsAMu. Tynukopas
pasBeTBJIeHHAs] ra30Bas CeTh NMPEICTAB-
Jdet coboll gepeso (a’, 6’). Koabuesasn
ceTh npejacrapaseT coboff rpad, cocros-
LHH TOJBKO M3 UHKJIOB U He MW HH
TYNUKOBLIX oTBeTBaeHUi (a, 6). Bouab-
WHHCTBO TA30BhIX ceTeli MpeACTaBARIOT
coboii cMelwanHbl rpad, cOCTOAWUA U3
3AMKHYTHIX KOHTYPOB H TYIHKOBKIX OT-
BeTJenkit. I'pad (XoJbLEBYIO CeTb)
MO>KHO TPaHCHOPMHPOBATDL B AEPeBo My-
TeM MCKIIOUeHUST M3 KAXKAOTrO LHKJIA 3a-
MBIKa10ero yuactia. OueBHIHO, UHCIO
3aMbIKAIOHIHX YUACTKOB paBHO UHUCTY
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Puc. 6.8. IMopava rasa
noTpeSutesam no Tynu-
KOBBIM M KOJIbUeBLM Ce-
M

a, 6 -— BapHaHTH KOJkb-
uesnix cerelt, a’, 6’ — Ba-
PHAHTHl TYHHKOBEIX C€-

Tell, k, k' —Touky BCTpe-
9YH [OTOKOB gJe pas-
JHYHBIX B2PHAHTOB HOTG-
Kopacnpeienesus, J—
y3en nogaum rasa, 2, 3,
4, 5, 6, 7, 8— y3an
noTpebneHHda rasa

9JleMeHTapHbIX UHKJI0B. Tak, U3 KoJblue-
BHIX ceTeli a, 6 mOJyualoTCsl jepeBbst
a’, 6/ nyTeMm HUCK/JIOYEHHSI 32aMBIKAIOIHUX
YYACTKOB, [OKA3aHHBIX HA PHCYHKe
NYHKTHPOM. B KauecTBe 3aMBIKAIOILKX
MOKHO NPHHHMATh pasJMUHbie YYaCTKH
CeTH, IMO3TOMY U3 KaXKJ0H KOJhleBoH
CeTH MOXHO TIOJYUHTb HEeCKOJBKO je-
PeBbeB.

Luxromarnyeckoe uucio rpada v
Onpeae sieTCs] pPABeHCTBOM:

v=P—m-1, (6.27)

rae P — uncno pebep (yuacikoB) rpada (ceru);
m — uucao BepwuH (y3J0B).

LiukJgomaTuueckoe 4ucao AJisi BCSAKO-
ro rpada paBHO HaHOOJbLIEMY UYHCHY
He3aBHCHUMBIX UHUK/IOB. [ TJI0CKOro
rpaga uncso TAKUX KOHTYPOB PABHO UHC-
Jy 3JIeMEHTapHbIX KoJiew n, T. e. Vv=n.

JIJ1s1 IJIOCKHX rpadoB paBeHCTBO
P=n4+m—1 (6.28)
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MOXKeT ObiThb MOJYYeHO KaK CJeiCTBHe
TeopeMhl JiiJlepa O COOTHOLIEHHH pelep
P, Bepumn m u rpaweii (koJeu) n
BBITIYKJ/IBIX MHOFOrpaHHukos. [las pas-
BETBJIEHHBIX TYINHKOBBIX [a30BLIX ceTef,

He HMEIOIUHX 3aMKHYTHIX KOHTYpPOB,
v=n=0, cjaeaoBaTesbHO,
P=m—1. (6.29)

PaccmoTpuM 0cOGEHHOCTH pa3BeTs-
JIEHHBIX M KOJblEeBhIX Ta30BhIX ceTefl.
Y passeTBJeHHBIX ceTeff ras moctynaer
K y3Jy NoTpelJ/eHHsT 10 0JHOMY YUacTKy
(no ogHOMY HampaBJeHHIO), MO3TOMY
OHH SBJSIOTCHA TYINHKOBBIMH CeTSIMHU.
Takum o6pas3om, norpeduTesau, Npucoe-
JUHEHHble K Das3BeTBJEHHbIM CETSIM,
HMelOT OJHOCTOpPOHHEee TMHTAaHHEe H He
HUMEeIOT pe3epBHEIX Y4acTKOB CeTH, MO
KOTOPbIM Ta3 Mor Obl MOCTynaTh K IO-
TpeGuTeJasiM IpH  OTKase OCHOBHBIX
yuacTkoB. BBuay roro, uto passersJ/ieH-
Hasi ceTh He HMeeT pe3epBHPYIOILHX JJe-
MEHTOB, HAJEXHOCTh rasocHAOXKeHHs
onpejessieTcsa TOJBKO HAJeXKHOCThIO 3Je-
MEHTOB CeTH, MO KOTOPHIM Tras mocJe-
JOBaTeJbHO ABHKETCSl K NOTPeOUTeIsIM.
Ecau y passeTBjieHHOH ceTH GyzeT Bhbi-
KJIOYeH 3JeMEeHT (HalpuMmep, YuacTox
rasonposoja) u3 paboThi, TOrja Bce
notpebuTelin, KOTOphle [pUCOedHHEeHb
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3a 3THM 3JeMeHTOM, He NoJyddT rasa.

TToBbicHTh HAMEXKHOCTh Pa3BeTBJEH-
HOM ceTH MOXKHO, Hanpumep, Ay6JHpO-
BaHueM BceX 3naemenTtos. OpHAKO 3TOT
nyTh CBsi3aH ¢ OOJbLIKMH IONOIHH-
TeJbHBIMH KaHHTANbBHBIMH BJIOXKEHHUSIMH
M IJIsT pacnpeie/uTe bHBIX ceTefl ero He
Mcnoab3ylor. B pacnpesenHTenbHBLIX
CHCcTEMAX  BO3MOXHO  Ay6aHDOBAHHE
TOJBKO OTHEJbHBIX YUYACTKOB, KOTOpbie
nuTaloT cucremy B uesoM. Ilosbienust
HAJEeXXHOCTH Pa3BeTBJEHHBIX ceTefi 10O-
CTHraloT nyTeM HX KoJbuesanusi, Ha
puc. 6.8 nokasaHhl IBa BapHAHT4 pelue-
HUSL pasBersJeHHON cetw (a” u ©6')
1J1s1 oGecriede HUst ra30cHabKeHUst oTpe-
Gureneii 2, 3...,6. O6a BapuaHTa MOryT
OnITh NPEBPaweHbl B KOJMbIEBbe CXeMbt
(@ u 6) mnyTeM BBeIEHHS 3AMbIKAI-
IWHX YYaCTKOB, KOTOpble MOK434HH Ha
PUCYHKE NYHKTHDOM.

OcHOBHOE OTJIHYHE KOJbLEeBbIX ce-
Tefl OT pas3BeTBJEHHLIX 3aKJIIOYaeTcsl B
TOM, UYTO OHH COCTOSIT H3 38MKHYTHIX
KOHTYPOB, B pe3yJbTaTe yero ras Moxer
NOCTYNAaTh K HOTpeOHTeqsAM N0 IBYM HJH
HEeCKOJIbKHM JIMHHSIM, T. €. NOTpeluTent
MMEIOT ABYCTOPOHHEE HJIH MHOTOCTOPOH-
Hee nuranne. Ecan B pacueTHOM pexH-
Me Tas K y3Jy, K KOTOpOMYy HpHcoe-
JHHeH ToTpebuTelb, HOCTYHAeT TOJbKO
N0 OQHOMY y4yacTKy (Hanpumep, ysed 3
Ha puc. 6.8), Bce paBHO OH ofecre-
4yeH JBYCTOPOHHUM NuTaHueM. JledcTBu-
TeNbHO, €CJH OTKaXeT YJacTok [—2
(cm. a n 6 Ha puc. 6.8), Torga HANpaB-
JIeHHEe JABHXXEHHSI rasa Ha OTHeJbHbIX
yd4acTKaX H3MeHHUTCH Ha TPOTHBOIMOJOXK-
Hoe W Tas3 K y3Jay J Gyler HocTynaTb
NO JAPYTOH JIMHHK MHTAHUA — 110 Y44 CTKY
3—A4.

Hapexuocrs KoJbueBOHi cetu MO
CpaBHEHHIO ¢ pa3BeTBJIEHHON 3HAYUTe b~
HO Bblllie, TdK KaK OH4d HMeeT pe3epBH-
pyiouHe  3IJeMeHThl — 3aMbiKalouue
yuacTku. HajexHocTh rasocHabxeHus
norpebuTe/eil OyaeT BhilUe, 4YeM Halex-
HOCTb 3/IeMEeHTOB CeTH, MO KOTOPLIM ras
B PACUETHOM peXHMe HOC/Ief0BaTeNbHO
asuxercs: K notpeburensim. [pn orkase
37MeMeHTa B pACYETHOM NyTH Tasa K
norpebuTe 10 BO3HHKaeT APYrof NyTh
JIBUXKEHUs] rasa uyepe3 pesepBUPYIOWH

agmemeHT. CJlesoBare/ibHO, HaleXHOCTh
KOJbLeBOA ceTH OydeT Bbillle Hajex-
HOCTH 3J/IeMEHTOB, H3 KOTOPbIX OHAa
COCTOHT.

Jpyroe oninuue pasBeTBAeHHON CETH
OT KOJBbLEBOH CeTH COCTOHT B TOM, 4TO
Yy TYNHKOBOH Pa3BeTBJIEHHOH CeTH TPaH-
3UTHbIE PACXOJbl pacHpeuessiiores 1o
Y4acTKaM OJHO3HAUYHO, 3 Y KOJbUEBhIX
ceTefl MOXHO HaMeTHTb OeCuHcCeHHOe
KOJIMYeCTBO BAPHMAHTOB HX paclipejese-
HUS, 4TO NPOWJJIIOCTPHPOBAHO HA cXe-
max cerefft (cM. puc. 6.8). Hanpuwmep,
LIS TYNHKOBOM cXeMhbl a’ TpaH3UTHBLH
pacxol AJsi yuacrka Z2—6 paBeH cymMe
pPacxoi0B B y3Ja4x § u 6, 0 3T0 sABJISIeTCS
€JHHCTBeHHbIM peweHneM. B oGuem
c/yyde TPAH3UTHBIE pacxon Ajasi a1060-
ro yuactka 6yJeT paBeH CyMMe BCeX y3-
JOBBIX PACXOAOB, pAaCHONOXKEHHBIX 3a
3THM yyacTkKoM. JIJI KOJAbueBOH ceTH
(BapuaHT a), BO-TePBLIX, MOXHO Ha-
3HAYUTbh TOYKY BCTpPEUYH Tasza B JI060M
M3 Y3JI0B, HCKJIIOUASA Y3eJ NHUTAHHS, uTO
J4cCT onpejeseHHoe KOJMHUeCTBO BapHaH-
TOB; BO-BTOPbLIX, PACX0j Trd3a H3 y3jaa
BCTPEYH TIOTOKOB MOXHO pacupeje-
JUTb MEXIY NPUMBIKAIOWHUMH K y3ay
y4acTKaMH OeCKOHEUHBIM KOJHYeCTBOM
B4DHAHTOB, BCAEICTBHE 4Yero HOfB-
JACTCA  BO3MOXHOCTb HPOH3BOJBHOTO
pacnpejeseHUs TPAH3HTHbLIX PACXOLOB B
KOJ/IbIEBLIX CceTaX. Bmecrte ¢ rem past
ONTHMAJBHOrO pacnpefe/eHnss HOTOKOB
HeoOXOIHMO HCNOMb30OBATh OTpejeseH-
HbIfi IPUHIATL,

YuurhiBas, 4TO KOJAblieBble Ta30MpPO-
BOJbl MPOEKTUPYIOT HCKIIOUHTEJBHO 5
TOro, yTobw obecneydTh HaLeXKHYIO
paboTy ceTH, NPH paclpenesNeHH: TPaH-
3HUTHBIX PACXOJ0B CJejayer pPYKOBOJ-
CTBOBATbCH NPHUHUUIIOM MaKCHMaJbHON
HAaJIeXXHOCTH CETH, HCXOAS M3 KOTOpOTo
HaUAYy4IIUM OyJeT pelueHue, NTONycKalo-
[iee  B3dMMO38MEHSIEMOCTb OTAebHbIX
yuacTkoB. B 3T1OoM cayuae Harpysky
yYacTKa, BblLIefllero M3 CTposi, MOXKHO
nepeiaTh Ha COCEJHHE YYACTKH ¢ Hau-
MEHbIIUMH HEPYUIEHHSIMH paboThl CeTH.

Tperbe oNIMYHE KOJbUEBOH ceTH OT
paspeTBJEHHON 3aKJIOUaeTCsi B TOM, 4TO
M3MEeHeHHe JHaMerpa KaKoro-HuOYab
yyacTKd Yy pasBeTBJEHHOHR CeTH He
BJIUAIET HA pacHpejes]eHHe paCXOA0B HO
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APYTHM YUYaCTKaM W TPUBOAUT JUWDb K
U3MEHEHUIO J1aBJIeHUsi B HA4aJbHOM
Touke ceTu. Mamenenue nuamerpa Ka-
KOTro-JIHO0 yuacTKa KOJbleBoii CceTu
npusejeT K IepepacnpelesieHHio pac-
X0IOB Y BCeX OCTA/IbHBIX YU&aCTKOB,
TaK KaK BeTBH KOJIbLEBOH CeTH BKJIIOue-
HbI NapaJiienbHo. Kpome Toro, uamMeHur-
CA M JaBJIEHHWE B TOUKe NHTAHHUS CETH.

PaccMoTpuM__ IOCTAHOBKY — 3ajduH
pacueta pas3BeTBJeHHON ceTH. Kak Gblio
OTME@UEHO BHILIE, TPAH3UTHbIE PACXOAbl B
CeTH ONpejlesIeHbl OJHO3HAUHO, CJIef0Ba-
TeJIbHO, DACUETHblE PacCXOnbl MJIST BCeX
YUacTKoB HM3BECTHH. Takum o06pasom,
KaXJblfi yuaCTOK XapaKTepusyercsl ABy-
MS HEH3BECTHBIMM: auameTpoMm d, M 110-
tepeit papsenust Ha yuacrtke Ap,. Ecau
4HCJI0 YUACTKOB TYNHKOBOH cetn P, 1o
ofuiee uMCJO HEH3BeCTHHX Oyner 2P.
BrisicHuM, KaKHe YpaBHEHHS MOXKHO
COCTABHTb AJst OThiCKaHusi 2P neus-
BECTHBIX, T. €. JJIfl PelleHHnst OCTABJIEH-
HOf 34xaum.

JIast KaXuoro yuacTKa MOXHO Ha-
NHCaTh ypaBHEHHMe THAPABJAHUYECKHX [0-
repb

Q(Z

L
Api=k — I, (6.30)

i
rare Ap.— 1MoTepH fAaBJeHHs HA YuacTke, k —
Ko3h(HULKeHT, 3aBUCAIMA OT CBOHCTB Tasa;

d., |, — puaMeTp ¥ JJIMNA yyacTka; & U P —— HOoKa-
3alestH  CTENEeHH, KOTOpble B 0611LEM cJjyuyae
3aBUCAT OT peXHMa ABHXEHHS rasa U mepoxo-
BaToCTH TPYy6.

Takux ypasHeHHH MOXHO HAIHCATb
P. CuepnosarTe/ibHO, OCTABLICECST UMCJIO
HeusBecTHHX Oyner P. Pacnpexesnurennb-
Hble T[a30BHi€ CeTH pacCuMTBIBAIOT Ha
NOCTOSIHHBIH pACueTHLIA nepenas AasJe-
Hufi  App. YuuTHIBASL 3TOT NPHHLMI,
MOXKHO HaMHCATh AOTOJNHHTeNbHbIE YpaB-
HeHHR THIa

k

Z Apz“‘Asz(},
1

KOTOpbie YCTAHABJHMBAIOT, UTO MO KaX-
JOMY HAIPABJEHMIO OT TOUKH MHTAHHS
I no KonuesOR TOUKH k cymMma moTepb
HAaBJIEHHSt [OOJKH4 OHITh paBHa App
(cm. puc. 6.8). Uncsio takux ypaBHenH#
paBHO UHCJY KOHLEBBIX Touek K. Hanpu-

(6.31)
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mep, Ljast cxeMmu a’ puc. 6.8 k=3, a
cxembl 6’ K=2.

Ocraslueecs KOJHYECTBO JHIIHUX He-
H3BECTHDBIX

f=P—k. (6.32)

Tak KakK nisl pasBeTBJEHHOH CeTH
CylleCTBYeT CooTHOleHHe (6.29)

P=m—1,

TO, HCHNOJL3YA €ero, MOXHO HANHCcaThb

f=P—k=m—1—x=m—(1+4k) (6.33)

Ypasuenue (6.33), onpegensiouiee
4UHCJAO0 JIMIWUHMX  HEU3BECTHHIX, HMeer
Clefyloulylo HMHTeprpeTauuio: obuiee
4HC/I0 Y3JI0B M1, UMCJIO Y3J0B C 3ajdH-
HbIM paBjeduwem ([--K}, T. e. mepBbifi
M BCe KOHIieBble y3Jbl. Takum 06pasom,
YHCJIO JIMWUHUX HEH3BECTHBIX PABHO YMC-
JIy Y3JIOB ¢ He3aJaHHbIMM JaBJIEHHSAMH.
ILuist onpenesieHHst JIHIHHX HEM3BEeCTHBIX
H&aJ0 3a4aTh AONOJHHTE/JbHOE YCJOBHE.
Taxkum ycJOBHEM CJIYXHT MHHHMH3AUHS
OYHKLUHMK NMPHBEJEHHBIX 3aTpaT. YUHTbl-
BAS TO, UTO 3KCIIyaTaUHOHHBIE PACXOAbI
NpH HE3HAUUTEJbHOM H3MEHeHHH /Ha-
MeTpPOB MPAKTHUECKH OCTalOTCsl HeM3-
MEHHBIMH, MOXHO MHHHMH3HPOBATH
CTOMMOCTDL [a30MpPOBONOB MM faXe pac-
XOJ MeTaJjia Ha CeTh.

Ananusupys nponecc MHHUMH3AIHH
OYHKLUHMH CTOHMMOCTH C TMO3HIHH pac-
npejieseHust NOTepb MO y4acTKaMm raso-
NPOBOAOB, MOXHO CH@IATh BbIBOJ, UTO
MOTEepH [aBJEHHMS MeXKjay Ioc/eioBa-
TeJbHO PACIOJONKEHHBIMH  YUuaCTKaMH
LOJIKHBE OBITh paclpenesesbl Takum 06-
pasoM, uToObl CYMMapH&as CTOHMOCTD ce-
TH Obijia MuHMManbHoi. Muaue roeops,
HauboJjiee IKOHOMHUHOMY pelueHuio Oy-
JeT OTBeuaTh ONTHMAJbHAA QopMa Ibe-
30MeTpa, KOTOpYID HEOBXOLHMO OTBIC-
KaTb NpH MHHHMH3aLHH QYHKLHH CTOH-
moctu. Ha puc. 6.9 nsobpaxen nbeso-
MeTp 4YaCTH TYINHKOBOH CeTH, BKJIOUAl0-
uiedt y3aul /—2—3—4-—5—6, nokasau-
Hble Ha cxeme @’ (cM. puc. 6.8). O6biuHO
NpH «PYUHOM» CueTe pacueT BexyT IO
MOCTOSIHHOMY TaJeHHIO [1aBJEHUS 110
AauHe rasonposopa (Ap/l=const), ue-
MY COOTBETCTBYET Nbe3OMeTpP Ha pPHC.
6.9 nokasawuHBIl NPAMBIMH, CO@IHHSIO-
wHMH gasjaenus B T. 1—47, 2—57. Jrot
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MeToJ pacuera JaeT OTKJIOHEHHS OT
ONTHMA/JNBHOTO METOJa PACuYeTa Ha 3—
6%. Ha puc. 6.9 nokaszanbi Takxe 4
Jpyrue Bo3MoXKHBIE QOPMBI TEE30MeTpa,
Hanpumep 3, KOTAA YyjaeJibHbie [1OTepH
JaBJCHUS Ha TOJOBHBIX yuacTKaX Mph-
HATE OOJBIIHME, UueM Ha KOHeuyHhiX. [1pu
T4KOM Nbe30MeTpe YMeHbIUAETCS CTOH-
MOCTH POJIOBHBIX YUACTKOB M YBeJHUH-
BaeTcsl CTOMMOCTb  KOHeuHmix. [as
nbe3oMeTpoB 2 cCyiuecTsyeT ofpaTHoe
pacrpeieesse yielbHbEX I0Teph AaBJe-
HUA 1O yyacTkaMm. Kaxaomy nbe3omer-
py (1.2,3) 6yner cooTBeTCTBOBATE OMpe-
JeNeHHash CTOUMOCTDL CeTH. TeXHHKO-3KO-
HOMHUECKHll pacueT AaeT BO3MOMKHOCTh
HafiTH ONTHMAAbHYIO (GOPMY INbe3oMeT-
pa, OPH KOTOPOH CTOMMOCTh T&30BOH
ceTn GymeT MHHHMAaJbHOU. [lamieHue B
y3Jax ¢ He3aiaHHHM JgaBJennem (2,3,6)
MOKHO BbIGPATL MI000e, TOJbKO cOB.II0-
Aasl OTPAHHYERHSA P> P> Py,

Kaxk 6wi0 oTMeueHo Bbiuie, TPH
pacyere KOJbLEBOH CeTH MOXKHO Ha-
MeTHTh GecyHc/IeHHOe MHOXKEeCTBO BaPH-
anToB forokopacnpeenesns.  Cieno-
BaTeALHO, B OO0ILeM cJydae Y KoJble-
BOH CeTH HEH3BeCTHRIMH OYALYT AHAMET-
pul  d,, nepernanbl IAaBJAEHHHN HA HHX
Ap, u pacueTHble pacxoin @, (a1
pasBeTBJeHHbX ceTefl  HEeH3BECTHBIMH
OBUIM TOJLKO IHAMETDH K Tepefiajibt
nasaennst). Orciona KaXxXabil yuyacrok
KOJIbLIEBOH CeTH OYyaeT Xapakrepuso-
BATbCS TPeM$ HEH3BECTHBIMU: AMAMET-
poM, NepenajoM JaBJeHHA H pacuer-
HHIM PAaCX0iOM, a o0luee UHCIO HeH3-
BECTHBIX CETH PABHO YTPOEHHOMY 4HCTY
y4acTKos, T. e. pasuo 3P. Tak xe, kak
M [P pacueTe pa3BeTBJEHHOM ceTH,
JJIST KAXJI0r0 yuacTka MOXKHO HaNHCaTh
ypaBHeHHe THAPaBJIMUECKHX T0Teph
(6.30). Yucao rtakuX ypasHeHHH paBs-
Ho P.

Hekoropoe unc/io ypaBHEHH MOXKHO
COCTABUTh, HCXOJ M3 JBYX 34KOHOB
KOMbUEBHIX CCTelt, AHAJOIHUHBIX 3aKO-
Ham Knpxroda A4S 21eKTPHUECKHX Ce-
Tei:

1) aareGpanueckass cymma Bcex 110-
TOKOB raza @, CXOLSILUHXCA B Y3Je,
BKJAIOUAsi y3JOBHIe pacXoihl (@, paBHa
wyso. [lorokam, MOAXOASWIMM K Y3Jy,
NPUCBOMM 3HAK IUIIOC, a4 BHIXOLAUIMM

A5
/
A4
f
/!
i
7
i/
/

Prau
=
wn

“1 Pron

Pror

e |

Puc. 6.9. Bubop onrtn-
maanhol MopMbi nbe3o-

noTepax AaBNEHHUA Ha FO-
JOBHBIX yHacTkax; J—

mMerpa GbE3OMETP HpH GOMbILIX
1 — npesoMeTp TipH notepsix Ha FOJOBHBIX
Ap/l==const; 2 — nhe- ydacrkax

3GMETD NPH  MeHbUIHX

U3 yasa — MHHyc. MaremaTndecku 3T0T
3aKOH BhIPAXaeTCs ypaBHEHHeM
2Qy+Q=0. (6.34)

Yucno ypasHesuil Tuna (6.34) nas
KOJIBLLEBOH CETH PAaBHO YHCAY Y3J0B 6e3
OJHOr0, TAK Kak MNocjaegHufl yses Ipu
338J2HHOM KoJHuecTBe ras3a, nojasaemo-
ro B CeTb, paer ToxzaecTso. llepsuil
3aKOH naer (m—1) ypaBHeHuH;

2) agarebGpamyeckas cyMMa BCex
nepenaioB AaBjeHH!l B 3aMKHYTOM KOH-
Type paBHa HYJIO NPH YCJOBHH, €CTH B
3TOM KOHTYpe HeT Haruerarejei. Cum-
TaeM Mepenajgs  JAAaBJEHHA Ta3a Ha
yuacTKaX,. B KOTOPhIX Ta3 JBHXKeTCs
0 4acoBo# crpenxe, NOJIOXKHUTENLHbIMH,
@ Ha yyacTKax ¢ HanpaBaeHHeM JBH-
JKEHHH rasd NpPOTHB 4acoBOl CTpe/iKn —
orpunateabubiMu. Takum o6pasom, BTO-
po#l 3aKOH J4€T UMCa0 YDABHEHHH

SAp=0, (6.35)
o KoAbLly

paBHOe uHCNY 3JeMEeHTAPHBIX Koner 7.
CiieioBaTeNbHO, PACCMOTPEHHbIE 38KOHB
nalot m-+n—1 ypasHenu#l, T. e. KoJH-
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Xq

(1-x34

281 1,688 | 7,58

T 8
M 1,448

0 05 7

Puc. 6.10. 3aBucumoctn
MaTepuadabHoil xapakre-
pucrugk M cerw o7

pacapepenenusg N0TOKaA
raza nuc napaanejbBbiM
razonposopam x

u4ecTBO, paBHOe 4Yucay ydacrkos P
[em. ¢opmyay (6.28)].

Foponckue Ta30Bbie ceTH PACCYHTHIBA-
I0T Ha 3aJaHHpIi Nepenas JabaeHudl. D70
yCJIOBHE [@eT LONOJHHTe bHbIE YpaBHe-
uust tuna (6.31). Uneno Takux ypasHe-
HUE [J151 KOJMbUEeBOd ceTd PaBHO YHCTY
TOYeK BCTPeYH MOTOKOB (KOHUEBBIX TO-
uek) k. Takum o6pasom, obuiee UYUCIO
ypaBHeHuil pasuo 2P4-k, a uncno weus-
BecTHBHIX — 3P, Uucjio JMIIHHX HeHs-
BecTHHX paBHO P—Fk. CienosaresbHo,
3aja4a pacyeTa KOJbueBOll ceTH siBasieT-
cst HeomnpejedeHHoi. Jlasi TOoro 9TOGH
OHd HMeJa eJHHCTBEHHOe pelleHne, HY K-
HO 1006aBHTHb AOMOJHHTEbHBIE YCJIOBHS
HAM 334aThCS JIHIUHAMH HEH3BEeCTHBIMH.
IoGasneHne P—k ypaBHeHHE 3KOHO-
MHUHOCTH AJisT OTIpee/eH s JHIIHHX He-
M3BEeCTHBIX JKeaaeMoro pesyJabTara He
JdeT, TaK K&K IKOHOMHUeCKH HaHBbIro]-
Heflluil BApHAHT PACTIpelefeHUsT PacXo-
JIOB [0 pe3ynbTaTaM MHOTOYHCJIeHHBIX
HCCHe10BaHi Y IPUBOAUT K BBIPOXK e HHIO
KOJibeBOU ceTH B Tymukosyio. Caenosa-
TeJBHO, 3IKOHOMHUECKH ONTHMAJNBHOTO
peluenusi L5l KOAbueBOH ceTH B obuieM
cyyae He CyuiecTByer.

[MoarBepium BEICKA3aHHEE coobpa-
XKenusi Ha caeayloweM npumepe. Kak or-
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MeUdJOCh Bbille, OCHOBHBIM OTJIHUYHEM
KOJIbLEBHX ceTell OT PA3BeTBJEHHbIX sB-
JseTcsi 1BoHHOe, IBYCTOPOHHee HJIH MHO-
rocTOpoHHee NHTaHHe y3aoB. CuaengoBa-
TeJbHO, eCcJiM MOXHO HAHTH ONTHMAJb-
HOe pacnpejeneHHe MOTOKa M0 JABYM
napaJJeabHbiM JHHHAM, IPH KOTOPOM HX
CYMMADHAA MaTepHaJbHas XapakTepuc-
THKa OylZeT HMeTb MHHHMaJabHOe 3Ha-
4yeHHe, TO B IMPHHUHUIE MOXHO HAHTH
ONTHMAJbHOE DACIpejeseHHe NOTOKOB H
IS KOableBon ceTH.

MartepnanbHO#l XapaKTepuCTUKONR ce-
TH H&3bIBAIOT BeJHUYHHY, TPOINOPIHO-
HAJMbHYI0O pA4CXOAYy MeTalJa Ha CeThb:

P
M=> d,1,, (6.36)
1

rie d. wu [, — xMamMeTpbl ¥ JJIMHBl YHACTKOB
cerit, a P — o0wee uKcao yuacrkos.
Pacxon meranna Ha cerb paccum-
THIBAIOT 110 opmyie
P

mzz nd, 6,1 py ,
f
rae 6 — To/MHHA CTeHKH TpyObl, pPw — IJIOT-
HOCTL MCTanaa
llpuHsas g4 pacnpenenuTebHbBIX Ta-
30MPOBOLOB TOMUIHHY CTEHOK TPYG &p,
NOJAYYHM  CJAeAYIOULYl0  3aBHCHMOCTH!

p
maade pu, dili=nbq pu M,
1

T. €. MmarepuajbHas XapakTepHCTHKaE
M nponopuHOHANIBHA MAacce H3PACX0-
JIOBAHHOTO MeTaJJ/aa Ha ceTb m. Ha puc.
6.10 nmokasaHbl jJBe paBHBE MO AAHHE
napaJJ/enbHble JUHUH, KOTOPBIE MUTAEI0T
ysea Il TlocraBum 3azauy: nMOTOK rasa
MeXIy 3TUMH TNapaj/eNbHbIMH JIHHUS-
M xQ n (1—xQ) pacrnpenenuTb Tak,
yT00bl cymma dili4dzly umena MuHH-
MaJbHOe 3HAYeHHe. JIJIs MPOCTOTH NPH-
meM [i==ls==I. JIMameTpb YUY4CTKOB
onpegeaum 1o gopmyae (6.30)

i 1/
1/6 t 3 o
d=Fk (rp) QP —=AQ™"
HIHU *
di=AQ** x*/? ;

dy=AQ"" (1 —x'* .
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Marepuanabnyio xapakrepucruky M
MOXHO OIpedefHTh H3 CJAELYIOLLEero
ypaBHEHHUSI:

2
M=\ d, 1, =AQ"" Ix*/* +
I

+AQP I (1—xf" =

=B[x*"f 4+ (1 —xf*]. (6.37)

[Mokasartenu creneH# oo ¥ f 3aBUCAT
OT peXHUMa [BUXKEHHUS JKHIKOCTH: IPH
KBaApaTHUHOM pexume a=2, P==5,25,
a/p=0,381; nis pexuma ruapasiaHyec-
Ko# raragkocTu o=1,75, p=4,75, a/f=
=0,367;, nast JaMUHApHOrO peXuma
o=1, p=4, a/p=0,25.

lponuddepenuupyem ypasHeHHE
(6.37) u OTHIIEM 3KCTPEMaJbHOE 3Ha-
ueHue

M o a/p~1
= Bl
+5 =" (=] =0

x=0,5

llpu x==0,5 marepuadbHast Xxapakre-
pucrtuka Oyzer coorsercTBenHO: aff=
=0,381;, M=1,44B; a/p=0,367;
M=1,6B; a/p=0,25; M==1,68B. 3a-
spucumMocth M=f(x)nokaszana Ha puc.
6.10. Bropast npoussonHast uMeeT OTpH-
aTebHbIR 3HAK, CIeOBATE/ILHO, B TOY-
ke x=0,5 MarepuasbHas XapaKTepHc-
THka M uMeer MakcHMaJ/bHOe 3Haue-
Hue. MUHHMa/bHBle 3HAUEHHS MaTepH-
aflbHas XapaKTepHUCTHKa OyneT HMeTh
npu x=0 8 x=1, My,.=

W3 npuBeneHHOTo pacuera cienyer,
UTO ONTHMAMLHOMY PaclpeiesieHuio N0TO-
KOB OTBEYdeT TOT c/iyuadl, Korja Bech Io-
TOK HZET TOJIbKO 110 OLHOMY TPyOONpOBOLY.
Ecnp nivHbl mapaJjie/bHbIX JHHHE He-
OJIHHAKOBhIe, TO MHHHMYM COOTBETCTBYeT
BAPHAHTY, KOTJa NIOTOK Fa3a HaNpasJi-
eTcst M0 Kparuadwemy nyTu. B pesyin-
Tare TPOBEJEHHBIX PACUeTOB  YyCTra-
HOBJIEHO, UTO NPH IKOHOMHUECKOH OMNTH-
MH3aUHH  pacrpejefeHds NOTOKOB B
KOMbeBofl ceTH pacXojgw rasa Ha 3a-
MBIKAIOUIUX YJ4aCTKaX CTAHOBATCA HyJe-
BBIMH, H CeTh BhIPOXK/IA€TCS B «IePeBo>.
M3 npusBeneHHOro aHajusa cjaenyer:

Besikoe gpoOJieHHe TMOTOKA MOBBIIAET
CTOUMOCTh CETH.

Jas pelueHust ponpoca o pacrnpeje-
JIeHUH MNOTOKOB rasa MO0 YuacTKaM ce-
TH, T. €. A5 OmpenejeHus pacuer-
HBIX pacXoA0B, HCNOAb3YIOT TPHHLHKI
HajexHocTH cerd. Hexonst us 3roro
NPHHIUNE, paclpene/sioT TpaH3HTHbIe
pacxonbl, MOc/Ae Yero BBIUHCASIOT BCe
pacueTHhle PACXO/bl; YHCAO HEH3BECTHBIX
CTAHOBHUTCH NPH 3TOM paBHBIM YIBOEH-
HOMY uucay yuacTkos. [locae pacnpene-
JIEHUsI MMOTOKOB rasa 4HCAO ypaBHeHHUH
cokpautaercsi Ha (m—1), TaKk Kak yc-
Jlopusi GajaHca rasa B y3Jax yaosJe-
TBOPSIOT TPH ONpeneJeHUHd pacdeTHhIX
pacxonos. Teneph uHCAO HEH3BECTHBIX
COCTABHT

f=2P—(P4+n+4x)=P—(n4x),
HO P=n4+m—1,
clie10BaTe bHoO,

f=m—(14x).

W3 nociennero BeipaxeHusi BhITEKA-
eT, 4TO H JAJAS KOJbIEBOU cerd uHc/o
JUIIHHX HEH3BECTHLIX PAaBHO UHCIY
Y3JI0B C He3aJaHHBIMH JIaBJEHHSIMH,
Ilpy TeXHHKO-3KOHOMHUECKOM pacueTe
KOJMbUEBO!l CeTH HYXHO J06aBUTh |-
yPABHEHUH 3KOHOMHUHOCTH, I1I0CJE uero
3a74uya CTaHeT ONpepe/ieHHO#, a ee pe-
UleHHe JACT eJHHCTBEHHO BO3MOXHbIe
JHamerpnl AJsI BCeX YuaCTKOB CeTH,
HO 9KOHOMHYeCKHH pacueT IJsl KOJblie-
BhIX ceTell He NPUMEHSIOT, TaK KaK JHa-
METPhl YUA4CTKOB BBIGHPAIOT U3 coobpa-
XKeHHI HaleXHOCTH.

(6.38)

6.3. PacuerHaa cxema
OTRAUM rasa M3 CeTH.
NpepsapurennHoe
pacnpepenenye NOTOKOB

PacuyeTnan cxema oTAa4u rasa M3 ce-
TH. [lpy npoexruposanuM pacnpenenu-
TeJbHOH CeTH HH3KOTO JaBJIeHHS JaH-
Hhle o norpefuTesnx, KOTopbie OyIyT K
He#l npucoenuHeHsl, OTCyTcTsYOT. Ha-
BECTHBI TOJBKO CYMMapHas Harpyska oT-
JeJbHbIX KBADTAJ0B U PalOHOB, a TaKXKe
HAMDPaBJAeHH HCII0/Ib30BAHHSA ra3a. [103-
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Puc. 6.11. Pacuernas

cxemMa rasoothavd

TOMY NpH pacyeTe rasonpoBojoB Heol-
XOJMMO HCXOAMTL U3 ONpeles]eHHOH cxe-
Mbl OTJAuYu ras3a H3 CeTH, KoTopas B
HanboJkliefl CTeneHH oOTpaxKasa Onl
(aKTHUECKYIO HArpy3Ky, NpHcoeluHse-
My10 K rasomposojaM. [as 3Toro
HCNIOIb3YIOT CJAeAYIOULYI0 METOIHKY.
Beo rasocHabxkaeMmyio cesiMTeOHYIO
TePPUTOPHIO JIeJST HA HECKOJAbKO paflo-
HOB, CUMTasi Tras3oBYi0 HArpysKy A
KaxXJaoro pafioHa paBHOMEPHO pac-
npejeseHHofl, HO omMIMyalouefica s
OTJeJibHbIX PAafiOHOB 3HaYEHUSMH yAesb-
HbIX UY4COBBIX PACXOAOB, OTHECEHHbIX K
eAMHMUe Tomwaau. B Kayecrse KpHTe-
pust 1151 pasjieseHust 10 PafoHaM LOJK-
Ha Obltb TNPUHATA CTENEHb HCNOJAb30-
BAHMSI ra3a B JKHJIbIX JOMaX, B 4acT-
HOCTH HCNOJb30OBaHHe Tasa AJs NPUro-
TOBJIEHUS TOpSUeH BOMAbLL M I/ MECTHbIX
cucreM ororvieHusi. B pafionax Hosofi
MHOFO3TaXKHOR 3aCTPOHKH MECTHble CH-
CTeMbl OTOILIEHHS] He MPOeKTHPYIOT, Mo-
3TOMY CeThb HM3KOTO A4ABJEHHS OTOIH-
TeJIbHOH HArpyskH HecTn He Oyaer. [lpu
HaJWYMU UCHTPAJH3OBAHHOTO TOPAYero
BOLOCHA0XeHHs: COOTBETCTBEHHO OYIeT
yMeHblIeHa H_ TOJaua rasa B 3jaHHus.
llocne paspesenns ceamrteOHON Tep-
pUTOPHK NO pafioHaM OCYINeCTBJASAIOT
TPACCHPOBKY DACIHpPeNeIHTENLHON CeTH,
B DEe3yJhTATe 4ero BbLIAB/SIOT KOHTYPHI
rasonpoBoaoB, K KOTOpbiM OyayT Npu-
coeaMHeHb norpeburenu. K rasonposo-
JaM PUCOeNHHSIOT GOMBLIOe YHCAO Pa3-
JUUHBIX  norpebuTesefi. IDTO  MOryT
ObiTb OTAENBHBIE CTOSKH XUWIHX 31aHH,

88

OT/e/1bHble XHJble 31aHHA H OTHe/bHble
MeJKHe OTOIMHTeNbHbie KOTeJbHble, KOM-
MYHaJbHble, 00uleCTBeHHbIe M IPOYHe IIo-
tpebutesn. Kpome Toro, K HMM NpHcoe-
JMHSTIOT OTBETBJIEHHSI, KOTOpbHIE NOLAIOT
raz rpynnam sgaHufi. OmNIHUHTENbHES
0COOEHHOCTh 3THX noTpebureneil co-
CTOMT B TOM, YTO 3apaHee He H3BeCTHL
MecTa HX TNPHCOEJHHEHHMS] K Tasonpo-
Bony. [lostomy npexnojaraiorT pasHO-
MepHoe TpHCOenHHeHHe moTpebuTeei
no AJHHE Y4YacTKOB TasoBOf  cerTw,
TEeM CaMbiM NpejnoJaras, uTo ras pas-
HOMEPHO DAacXoAYeTCsi IO ITYTH JABHXKe-
uusd. Takyio Harpysky HasbiBaloT NyTe-
soit. IlyreBoll pacxon A7st KAXKAOTO yda-
CTKa NPHHHUMAIOT TNPONOPUHOHAJNbHBIM
ero ajauHe. TojbKo AJs noTpeduTeas co
3HAUMTENbHbIM DACXOA0M [d3a MOXKeT
ObITh H3BECTHO MECTO NPHCOEIUHEHHUS K
rasonpoBoiy, B TAKOM CJiyyae ero yuu-
ThIBAIOT KaK COCPELOTOYEHHYIO HArpys-
Ky. Huxe npengcrassaena meronuka onpe-
JeJeHHs1 YTeBLIX PaCX0L0B:

a) Bcio rasudHuHMpyeMyio TeppHTO-
pHI0 pa3buBalOT HA NJAOWALM C OJUHa-
KOBbIM yJAeJbHbIM NoTpebJeHHeM rasa,
KOTOpLie NOJAYYaioT a3 oOT OlpejeJeH-
HbIX KOHTYDPOB WJIM Y4aCTKOB CeTH;

06) BLIUMCJASIIOT KOJHYECTBa rasa,
KOoTophle nNoTpeGastioT Ha 3THX ILIO-
L8 151X,

B) PpaCCUMTHIBAIOT Y/eJibHbie myTe-
Bble PACXOAbl NyTeM JeJsieHHs noTpeb-
JAEMOro ras3a Ha 3THX IUIOMAASAX Ha
nepuMeTp cCeTH, OT KOTOpoH mnopaercs
ras;

T) onpenesiioT TNYTeBOH PAacxox
YYacTKa, YMHOXKAS YAeJbHbIA pacxoj Ha
ero aamuy. Ilpw aByxcropownef pas-
jJaye rasa yAeJbHbil DPacXOL YuacTKa
paBeH CcyMMe VIe/ibHbIX NYTeBHX pac-
XOJ0B Ta3a no o0e CTOPOHBI yyacTKa.
[lyreBble pacxoabt AJNsT  OTA@JbHbIX
YYacTKOB CXeMbl, NOKa3aHHOH Ha pHC.
6.11, BHIYUMCASIOT MO CAEAVIOLIMM COOT-
HOLJEHHSIM:

n

1 !
12 [ qu)m + qu) ] l .
== 12
UPY N9 3a56 ’

i

23 goo» 95® .

Q= + 1 Lo :
11-2-37 1234561t
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e g, — yAeJdbHoe NoTpeGiente rasa, m°/ (u-ra),
Ha owagd o, ra; [ — JJIHHA Yy4acTKa, M.

W3 u3/10KeHHOTO CaellyeT, 4To Kpo-
ME& COCPeJOTOUCHHBIX pacxolnoB, MpH-
COEMHSAEMBIX B Y3/dX CeTH, K yuacTKaM
HPUCOeJHHSIOT yTeBhie PACKO/bL, BCAC]-
CTBHE yero BO3HHMKaeT HeoOXOLHMOCTb B
CrequanbHOH MeTOJAMKe OlpereeHHUs
pPaCyeTHBIX PACXOA0B A YUACTKOB CETH.
Ha puc. 6.12 nokasanbl pasauuHble
CXeMbl MPHUCOEIMHEHUS MOoTpebuTeneil K
yuacTKy rasonposoga gaunofi [. Cxema
a AapjsieTcst OOBIUHOHA CXeMOfi MpHCcoesH-
HEHHUS] HArpys3Ku B ysjaaXx. Yanaosasi Ha-
rpy3ka B KOHLE YuacTKa BKJIIOUaeT o
Harpysky norpebutesefl, npucoeIHHeH-
HBIX K 3TOMY Y3Jy, M pacxol rasa,
noxgaBaeMoro B COCeaHHH yuacTok. Jlas
yuacTKa (cxeMa a) 3Ta Harpyska

SIBASIETCH  TPAH3UTHRIM pacxogoMm Q. .

Pacuernbifi pacxon rasa Gyner pased
TPEH3HTHOMY PACXOLY:

QP:QT‘
Ha cxeme 6 nokasaH yuacCTok raso-
HPOBOJA, K KOTOPOMY IMpHCOEIHHEHO

60JIbLIOE YHCIO MEJIKHX noTpeburenef,
T. e. nyTeBas Harpyska Q.. TpaHsur-
HOTO pacxXxola YUacCTOK He HeceT (Qr=
=0). PacueTHnil pacxon 4ast 3TOro yua-
CTKa ONpenesiioT KAaK 3IKBHBAJEHTHAI,
Jalouwmii OHHAKOBble THIPAaBIHUECKHE
norepu ¢ (akTHueckKuMu. Ero ympo6Ho
MPHHAMATh KaK JOJI0 o OT [yTeBOro
pacxona, T. e.

Qp=aQny

rie o — Ko3h¢pHUMEHT, 3aBUCAIUMHA OT COOTHO-
[IeHHs] MeXAY NyTeBbiM H TPaH3HTHbIM Pacxo-
jamMd ¥ uucaa MeJKMX norpebutesefl, cocras-
ASIOUIMX NYTEBYIO Harpysky.

Ha cxeme 8 nokasana obuiast cxema
OTHAUYM Ta3a M3 CeTH, KOoTha YuacTokK
HeceT W MyTeBO#, H TPaH3UTHLIH pacxol.
Jlast Hero

QDZQT+“Qn-
PaceMoTpuM BO3MOXKHBIE UHC/IEHHbIE
3HaueHnss aaf Kospduumenra o. 3a

a
s, &
| .

o Gn 1
[y WYTYYYIVVYIN

| L

8
A 4+4444A+4+ e
!4 L
Puc. 6.12. Pacuernme pacxoa; 6— TONbKG my-

cXeMbi OTAAuM rasa us3
ceTH
a— TOJABKG TPAH3UTHBIH

reBofi pacxon; 8 — nyte-
BOH M TPAH3HTHLIH pac-
X0 bl

Harpyaka razonpoBong

Loy K
.
O
T
q | | | |
A | 4 1 F D\ -
RRBREIRREE
3.9 9 49 g
o

Puc. 6.13. I'padnx pac-
npeneseHHst HArpy3Ky 1o
rasonposoay

pacyeTHYIO cXeMy IPUMeM CXeMY Harpys-
KH yuacTKa rasornpoBoja, MOKa3aHHYIo
Ha puc. 6.13. Yuactok umeer aumamerp
d w pauny L. Ha onunakoBom paccros-
HHM [ Apyr OT jpyra [pHCOeIHHeHbl
oTBeTBJAECHHS (mepsoe ynpouienue). Bee
OTBETBJ/ICHHS HECYT OJHHAKOBYIO HArpys3-
Ky g (sropoe ynpouteHue). [lpuusiThie
YIPOUICHHST BRITEKAIOT H3 TJIaBHOTO
LONYLIEHHS © pABHOMepHOH pasjaue
rasa mo KOHTYypaw.
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Paccuutaem QakTHuecKHe [OTepH
LaBJeHUsl Ha BCeM rasolpoBoje, NPHHHU-
Masi KsapaTHUHbI# 3aKOH THpapJuiec-
KOI'O COMpPOTHUBJEHHS

Ap=aQ?l.
Pacxox rasa aas Mio6Goro yuacrka,

Hanpumep aJsi Yy, ONpeesum H3 Bbipa-
XKeHud

Q=Q—(y—1)g
rge Q — obuki pacxon rasa.

[Morepu nasJenusi Ha y4acTKe Y paB-
HbL:

Apy=a[Q—(y—1)q]*
Han

py=aQ ([ 1—(y—1) f%]z :

rae
g= Quyr/n; x=Qnyr/ Q.

BesiuuHa x onpejessieT 10Ji0 MyTe-
BOro pacxona (nyr OT OOWIEr0 U MOXeT
uamensiThess B npepenax 0<{x<{l. Boan-
[IHEe 3HAUEHUST X XapaKTepHbl AJs NepH-
(hepuiiHbIX YUACTKOB CeTH, a8 MeHblliHe —
/151 TOJIOBHAIX.

Cymmapubie mnorepu Ap Ha
ra3onpoBoJe PaBHbL

BCEM

n41 n+1

ap=3 Ap,=a@ IS [1-(w—1) 1]

Packpoem KpajapaThl LJsi CKOGOK H
NpOCYMMHpPYeM M0/y4eHHbIE BHIPaXKeHHUs
AJS ydacTKos B npexenax or 1 go

n+1.

I —2(1—1)=

I —2(2—1)—
X
n

{2 1= 1) (1= 1) (-

N

n+1—2-n—-(1+2+. Ayt
+(—"—> (124224 4-n?

n
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TaK KdK
1+2+...+n=”—(%ﬂ;
P9ty g DY
TO

n4-1

Z[l—(y—l)ﬁ—]2=

1
=(n-+ l)( | -——x+—2—n%_—l—x2) .

OxoHuyaTe/ibHOe BbhIpaXeHUe 4/ norephb
JA4BJEHUA B [as3onpopone IMNpHMeT BHA

Ap=aQ’ L(l—x+-{£’— 4.

3a pacyeTwbiil pacxoj rasa npuMem
TakKoll 3KBUBAJIEHTHBIN pacxon, NpH Npo-
nycKe KOTOPOro yepes y4acTOK rasonpo-
Boja mnoTepH AapJeHuss OYAYT DaBHbi
noTepsiM NpH JIefCTBHTEJIBHOM, I[epe-
MeHHOM pacxoje. B kadecTse pacueTHOM
dopmyabl NpuMeM IMpHBEIEHHOE Bhille
BhIpaXKeHUe

Q= Qr+ OCQnyTy

Torga NOTepH LABJEHUS HA rasoliposoje
Ap=a(Q.+ aQn)2 L=
=aQ?L (1 —x+ax)

[TpupasHsiemM Bbipa)keHHsT ¥ Olpeze-

JIHM O
x?> —(1—x)

’\/< | xt 2116-:1
(6.39)

oL =
[MoxcunTaem 3HadeHue o NMPH pasJiHu-
HBIX codeTaHusiXx x u n. [1pu x==0 nyre-
BOU pacxoj orcyrcTByer. B 3tom cayvae
KO3 HUHEHT o0 HE HMeeT (PHU3HUYECKOTro *
cumbicaa. Ero npexpesbHoe 3HaueHue OIl-
penenstior Mo npasuay Jlonurans, oHO
pasro 0,5. [1pu x=1 (TpausuTHBIA pac-
X0J OTCYTCTBYET) H n==oc (paBHOMEp-
HO pacmpene/eHHbii nyTesodl pacxon)
o=1//3=0,577. 3uauenue Ko3Phu-
HHEeHTa o J/51 HeKOTOPhIX CoUeTaHul x H
n npusegexnl B taba. 6.2. las pacmpe-
JleJIUTe/IbHbIX Ta30lpOBOJOB YHCJAO OT-
BeTBJIeHHH OOGLIYHO OBIB4€T He MeHee
5—10. KosdhpHuHeHT o B TaKOM CJy-
yae usmensiercsi B npexeaax 0,5—0,6
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Ta6auua 6.2. 3nauenns ko3 uunentTa a

Yucno orersaeHul n

1 5 1o 100 %0

| i i |
0 0,500 10,500} 0,500 0,500 0,500
0,5 | 0,582 0,538 0,534 0,528 0,528
i 0,707 |0,606| 0,592 0,577 0,577

B cpennem MOXHO npuHsAte o==0,55.
3HaueHHsl o, NpHBeNEHHBlE B Taba. 6.2.,
OblIM  TOJAYYEHB JJF  KBajpPaTHYHOrO
3aKOHa CONPOTHBJEHHS [a30NpOBOLOB.

Ecan 3akoH conporusienust Oyper
HMeTb IloKasareab creneHn 1,75, To
KO3 QHUIHEHT o H3MEHHUTCA He3Hauu-
teNbHO. KoadduuHeHT @ o151 HEKOTOPbIX
3HauyeHHH x W n npuBegeH B Taba. 6.3.
Takum o6pasoM, cpenHee 3HaueHHEe A5
FTHAPaBJHYECKH TJaiKHX TpyO MOXKHO
npuuATE Takxke pasubim 0,55. Ha oc-
HOBAaHHMHM H3JI0XKEHHOrO MOXHO HamH-
caTb cAeayoIyle GOopMyay pacueTHoOro
pacxoja rasa JJsl pacipeaeHTeNbHbIX
rasonpoBOJOB:

Qp=0Q-+0,55Qx.

W3 noayyeHHoOl 3aBHCHMOCTH cJe-
JYyeT, uTOo Ha rasonpoBOjE, HECYLIEM B
KOHIE COCPENOTOUYEHHYI  HArpysKy
(Qp=Q,-+0,55Q,), nepenan naBJeHHH
paBeH mepenajgy npu QaxkTHyecKoH Ha-
rpyake. Orciofa NyTeBYIO Hapy3Ky MOXK-
HO 3aMEHHTb KBHBAJIEHTHOM, cocTosAule i
M3 ABYX COCPEJOTOYEHHBIX pPACXOLOB:
B HauaJse yuactka 0,45Q, u B KOHIE
0,55Q,. Tlpu pacuere rasoBbix cerell
YacTO NYyTEBBlE PACXOABl 3aMEHSIIOT y3-
JIOBBIMH. ¥Y3Jl0Bble pacxoibl paBHbI CyM-
mMe 0,55Q, Bcex yyacTKOB, 0 KOTOPHIM
ras MnoAXOAMT K Yy3Jay, IJIIoC cyMmMMma
0,45Q, BCex YYacTKOB, 10 KOTODbIM
ras3 OTXOAHMT OT y3Ja, ILIOC COCpeno-
TOUEHHBII pacxol B [JAHHOM Y3Je.
B uensx ynpowenuss pacyera 4acTo
KO3 HiHeHT @ npuHHMaT paBHbM 0,5
H Y3J0BOH pacxoj ONpeetsiior Kak
NOJyCcyMMY TIyT€BBIX Pacx0ioB BCex
YYaCTKOB, CXOASIIIMXCS B yaJje, NJIOC

- COCPEJOTOYEHHBIH pacxo) B JaHHOM
y3Je.

(6.40)

TaGauua 6.3. 3nayenns KoadPuuBeHTa o
ApH nmoxasartejie CTeneHH B dopmyae
rHApaBaABYecKoro CcOnpoTHpJeHus, pasHom 1,75

Yucno oreerBRCHEE 1

1 5 oo
0 0,500 0,50 0,500
l 0,674 0,59 0,562

['azoBble cerH B orTsHuHE OT BOJO-
IPOBOJHBIX XapaKTepH3YIOTCA GoJbIIHM
YHCJOM TOUEK NHTAHHA H MaJblM YHCJIOM
NOCJE10BATEJNbHO COEAHHEHHBIX YYacT-
KOB OT TOYKH IHTAHHA [0 KOHIEBBIX
touek. IloaroMy nJas HHX XxapakrepHo
orHoweHHe Qn/Q=0,3—1, B TO Bpe-
Msl KakK OJis cetell ¢ GOJbILUM UHCJIOM
NOC/AEeL0BATEAbHBIX YUACTKOB 3HAUEHHS
Qs/Q OyAyT SHAUHTEJbHO MEHbIIHE.
Ilpn wmanawix 3HaucHusix Q,/Q (uro
XapakTepHo AJfA BOJOIPOBOAHBIX ce-
Tell) onpenpefeHHe pacyeTHBIX Pacxoj0B
no ¢opmyie Qp=@Q.+0,5Q, npuseaer
K HeboJabwofl ownbke. Ho npu smaue-
HHAX Qn/Q, XapaxkrepHblx AJSl ra30BbIX
CeTel, TaKoe YIPOIIEHHE INPHUBENET K
CYLLECTBEHHOMY 3aHHXEHHIO pacyeTHbIX
pacxonoB. 3TO He ONpaBibIBAETCA He-
KOTODBIM ynpouleHHeMm pacyera. [losro-
MY AJIfl TA30BbIX ceTell pacuerHble pac-
XOAbl CjaeyeT onpenesTb O (opmyJe
6.40.

lpensapurenbyoe pacnpenenenne
NOTOKOB ra3a B ceTdH. Kak orMeuasoch
BbIlllE, KOJIbLEBbIE CETH IPOEKTHPYIOT
JJIs1 HOBBILUEHHS HANEXHOCTH rasocHat-
JKeHHs. Y KOJIbLEBBIX ceTell BBIKJIOUE-
HHME Y4acTKa He NPHBOAMT K IepephbiBY
B rasocHalxeHHnH, H60 ras K norpebu-
TeasaM OyAer nocrynarb N0 ApPYyromy,
pesepBHOMY nyTH. OGBIYHO pe3epBHBIH
NyTb OKa3blBaeTCA NJHHHEE PACUYETHOro
NYyTH, H [Js1 NPEONOJEHHST THAPaBJH-
YeCKHX CONPOTHBJEHHH Ha HeM Heo6-
XOAMMO pacnoJaratb JONOJHHTENbHBIM
AaBJieHHeM rasa. TakuM o6pasoM, cTpyK-
TYpPHO€ pe3epBHPOBAHHE CETH ITyTEM BBE-
JEHHA TIepeMblYeK U NPeBpalleHHs aepe-
Ba B KOJIbIIEBYIO CeThb caMo o cefe He
MOXKET OOECNEYNTh HaJEeXHOro raso-
CHa6XKeHHs.

CTpYKTYpHBIH pesepB [0JKEH CO-
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NPOBOXKAATbCS  PE3E€PBOM  MOULHOCTH
(IponycKHOH CHOCOGHOCTH), KOTOPBIA
BbIpa)<aeTcsl B 3anacax B JHaMeTpax
cetTu (HJH B naBijeHun). B GoabluHHCT-
Be cJy4yaeB AHaMeTpbl ceTH noabHpaloT
0 pacueTHbIM Harpy3kaM C OCTaBbJje-
HHEeM HEKOTOPOro pesepBa 1aBJEHHHA H
NpoBepsdIoT HX AOCTATOYHOCTb B aBa-
pHHAHLIX I'HApaBAHyecKuX pexumax. Ilpu
Tako# HOCTaHOBKe pacyeta Oosblloe
3HayeHHe NpHoGpeTaeT BONPOC NPaBHb-
HOr0o HayaJbHOIO pacipefe/ieHHs No-
TOKOB. B npouecce okoHyaTe/sbHOro I'uj-
paBJHYeCcKOro pacyera HayaJjlbHoe pac-
npeneaeHne 6Y1eT CKOPpPEKTHPOBAHO, HO
BEJUUYHMHBl H HanpaB/JeHHS TJaBHBIX NO-
TOKOB B OCHOBHOM OyayT COXpaHEeHBI.
OcTaHOBMMCSl Ha TPUHUHDAX pelleHHs
3TOH 3aaauH.

[lepBoHayanbHO paccMOTPUM Mpej-
BapHuTe/]bHOE pacripejeseHHe NOTOKOB B
CeTsX BBICOKOTO (CpegHero) naB/lIeHHs
DTH CeTH npeicTaBJsior cobof BepXHHR
yepapxHuyecKHi ypoBeHb I'OPOACKON CH-
cTeMbl Ta30CHaGXKEHHUS, H OTOMY OT HX
HaJeXHOCTH 3aBHUCHT HAJEXKHOCTb BCeH
cucreMbl. CeTb BBICOKOro (CpeaHero)
JaBJeHHSl Pe3epBHPYIOT NYTEM KoJblle-
BaHUS H JyGJHPOBAHHS OTIEJbHbBIX
yuacTKoB. CreneHb pe3epBHPOBAHHA 10J1-
»KHA COOTBETCTBOBATh TpefyeMOMY ypPOB-
HI0O HaaeXHocTH. CeTH BepxHero Hepap-
XUYECKOro YPOBHS XapaKTepPH3YTCH Or-
pPAHHYEHHBIM YHCJOM HCTOYHHKOB IIHTa-
Hus, coorBercTBylomux uueay TPC;
3HAYHTENbHOH NPOTSMEHHOCTBIO, oOnpe-
aenseMofl pasmepaMH ropoia H cpas-
HHUTEJBHO KPYIHBIMH Y3JOBBIMH Harpys-
KaMH, TNpHCOeJHHSAEMBIMH K CeTH (3a-
METHM, WYTO IYTEBYIO Harpysky CeTH
BLICOKOTO fnaBJeHHsi He Hecyr). OrMe-
yeHHblE OCOOEHHOCTH B OCHOBHOM H
onpejessilOT HayajdbHOE paclpeneseHue
TIOTOKOB W INPHHIMUILI KOJbUEBAHUSA Ce-
Tef.

CHauaJjla paspessioT CeTb BBICOKOTO
JaBJeHHs Ha 30HbI, COOTBETCTBYHUIHE
ucroynnkam nuranus (FPC). Or kax-
JOro HCTOYHHKA NHUTAHHA BbIGHpaOT
HanpaBJ/eHHA TIJaBHBIX NOTOKOB rasa.
[Ipn BbiGOpe HanpaBJeHHH YYHTBIBAIOT
JBd OOCTOATEJNbCTBE: NOTOKH LOJMKHbI
OnTh HanpapJeHbl B LEHTPbl HArpyskH
U HX HanpaBJeHHsl JOJKHBI CIOCO6-

" 92

CTBOBATb OOPA30BaHHIO 3AMKHYTBIX KOH-
TYPOB, YYacTKH KOTOPBbIX HECYT MpH-
MepHO OJMHAKOBble Harpysky. Ilapan-
JleJIbHbI® I'a300POBOAbL, 10 KOTOPBIM JBH-
KYTCHl IVIABHBIC IIOTOKH Iasa, cJerlyer
pe3epBHPOBATH nepeMbluKaMH. B peayb-
tTate 00pasyercs KoJablieBas CCTb, KOTO-
pasd JOJDKHA CONEPXKaTb OCHOBHLIC KOH-
TYpbl, 06beAHUANIIHE HCTOUHHKH TIHTA-
HHfl H OXBATLIBAWllHEe BEeCb ropoj, H
BTOPOCTENEHHBIE, KOTOPbIE BO3HHKAIOT
npH COEAMHEHHH [epeMblyKaMH TIJaB-
Hplx MarucrpaJdefi. CeTH  BbICOKOTO
(cpeaHerc paBJieHHSA) MaJblX U Cpej-
HHX T'OPOAOB COCTOST H3 OJHOIO KOJb-
na HJAH HeBoJabUIOTO HHCJAA KoJerl
(2—3), # TONBKO Yy GOJBIIHX ¥ KpYII-
HbiX TI'OPOAOB OHH NPEfCTaBJSIOT MHO-
IOKOJbLEBbIE CHCTEMBL.

Ilpn HasHaueHuUH AuaMeTPOB TPYGO-
IPOBOAOB KOJIbIIEBOH ceTH HeoO6XOoaHMOo
NPHAEPKHBATHCS CJACAYIOLIEr0 TPHHIH-
na: J60l 3aMKHYTBIH KOHTYP, KOTOPBIH
paccMaTPHBAETCS KaK pesepBHPOBaHHAH
KOJIbII€BAS YaCThb CETH, JOJKEH COCTOSITh
U3 YYacTKOB, HMEIOIHX OJHHAKOBLIE
JHaMeTPbl HJH AHaMeTpbl, OTJIHUYAIIHE-
cd  ApYr OT japyra He OoJsee uyem
Ha 156—20%.

Hdas Toro 49robbl 06eCHeuYHTb 10-
jady rasa norpeburento B aBapUBHBIX
pexXxuMax, Heo6XOAUMO HMETb pe3epB
NAaBJEHHA, T. €. B PACUCTHOM pexume
HCN0Jb30BaTh He BecCh Nepenajn KBaji-
paToB JaBAEeHHs (p:—p%), @ TOJBKO
ONpeaeseHHYI0 10/ oT Hero. Pasmep
pe3cpBa NAaBJEHHS 3daBHCUT OT uHCJa
nocJeL0BaTebHBIX KOJIel, pacnoJaraw-
UIMXCHA N0 HANPABJIEHHIO I'VIABHOTO MOTO-
kKa rasa. Yem OGoabume KoJeu, TeM
MEHbLIE NOJXKEH ObiTh pe3€pB JaBJEHHUS.
JlocTaroyHoCTh NPHHATOTO pe3epBa faB-
JEHHH [poBepseTcsi pacueramu  AJs
Haubojee HanpsXKEHHbIX THAPABJUYEC-
KHX aBApHHHBIX PEXHMOB.

KoJ/bueBasi CTpyKTypa H Xapakrepuc-
THK4 CE€TH HH3KOro JaBJEHHS TNPHHUH-
NHA/JbHO OTJAHYAWTCS OT CeTH BBICO-
Koro aasjeHud. Bo-mepBbix, oHa npen-
cTaBJseT CO60H HU3IIHEH HEepapXHUUECKH
ypOBeHb, [0O3TOMY TpeGOBaHHA K ee
pe3CpBHPOBAHHIO CHHXKEHbl. Bo-Brophix,
ceTb HH3KOro 1aB/eHHs uMeeT GoJbliioe
4YHCJO TOYEK NHTaHHA, COOTBETCTBYIO-
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mee uucay I'PII, u orHocuTesbHO
HeGOJbIIYIO TIPOTSKEHHOCTL OT TOYEK
MHTAHUA 10 KOHLEBHIX ToueK. B-TperpHXx,
TOUKM TMUTAHUA pacrnojarawTcs, Kak
NpaBUJio, B LIEHTPax CBOWX 30H WU CeTh
PABHOMEPHO NPOCTUPAETCS BO BCE CTOPO-
Hbl OT TOuKM nuraHus. Kpome or-
MeueHHRIX 0COGEeHHOCTEl B CTPYKTYype ce-
TH OHA HMeeT H pAl APYTHX OTJIUYH-
TeJbHBIX XaPAKTePHCTHK: 1) K Hell npu-
coequHserc Goablloe YUCAO MEJKHX
norpeGuresell, KoTopple paccMartpH-
BAaIOTCS KAaK paBHOMepHasl TyTeBas
Harpyska; 2) nuameTpbl ras3ornpoBOJOB
OTHOCHTEJNbHO HeGOJbILIHE, TONHKO [MaB-
Hble yuaCTKH UMeloT auaMmeTpol no 300—
400 mM; 3) Bce peMOHTHI CETH MpPOHU3-
BoaAT 0e3 0oCBOOOXKIeHMSI ee OT rasa
H BO BpeMsl peMoHTa B Tpy6ax Ha-
XOAUTCSl ra3 TOA CHHXEHHBIM [aBJe-
HHEM.

YyuroBas orMeueHHble 0COGEHHOCTH,
ceTh HMU3KOTO AaBJEHHHA CJeLyeT BhlrmoJ-
HAThb CMeLIAHHOH C KOJIbHEBAaHHEM TOJb-
KO OCHOBHBIX TPYGONTPOBOAOB, BKAOYAI0-
IHX COJOBHbIE Y4aCTKH, BHIXOASIUIHE H3
[PIl. 3akonpnoBaHHAaf YacTb CeTH
J0JXKHA 00beAUHSTh N0 HU3KOMY AaBJe-
Huio 'PII, a puaMerps! 3TUX y4aCTKOB
TAKXKE JOJKHBl ObITh ONUHAKOBLIMY HJIH
oTJHuYaThcd He GoJgee uem Ha [5—209%.
Ilpu pacuere ceTu peseps naBJeHHs He
OCTaBJIRIOT.

6.4. TuppaBnu4yeckmi pacyer
TYMMKOBLIX pa3sBeTBNEHHbLIX -
FasoBbIX ceTeH

I'uppaBauuyeckue pacders!, Kak Ty-
NMHKOBBIX, TaK M KOJbHEBBHIX Tra30BHIX
cerefl BechbMa TpyloeMKHe H TpeGyloT
OONbILIOH BBIYHCAHTENBbHOR paGoThi, no-
3TOMY KX pacuer cjenyeT NPOU3BOLHTH
C NOMOUIBIO CNElHANbHBIX NIPOrpaMM Ha
OBM. CoxpaiueHde BpeMeHH cuera
NTO3BOJAET NMPOCMOTPETh GOJbIIee YHCIO
BADHAHTOB H BhLiOpaTh BapHAHT HaHGO-
Jlee 3KOHOMHUHBLH.

Paccmorpum aqeopurm pacuera ry-
nuUKOBOlU pa3seTseaenHnol ea3o80l ceru,
ONMHPAsiCh HAa KOHKPETHLIH NpHUMep, 4TO
06JIerynuT paccyKJeHHsl, HO HE OrpaHu-

quT O6WHOCTH pewenusi. IlpousBenem
THAPaBJKUECKUH pacueT Pas3BeTBJEHHO-

ro rasonpoBOJa HH3KOrO0 JAaBJeHUS
KHJOTO MuKpopaloHa (puc. 6.14).
Ha puc. (6.14) nokasau rasomnpoBoj

BBICOKOTO AaBJIEHHSI, TTO KOTOPOMY ras
nocrynaer B ['PI1, rae naBienue rasa
CHUXKAeTCsi C BBICOKOrO JaBJeHUs 10
HH3KOro, B 3uMHee Bpemsi no 3000 Ila.
C 5TuM AaBaeHHeM ra3 BXOAHT B pac-
npegefUTesbHLIe  CeTH  MHKpopaiioHa.
PacuetHnifi nepenan naBjeHHH nas pac-
npefeNHTeNbHBIX ra30MpoBOAOB NMPHHSAT
paBHbIM: Ap=1000 Ila. Homunaabuoe
LaBJleHHe ra3a nepen OblTOBBIMH NMPUBO-
pamu 2000 Tla. O6mas naowanb
3acTpollki MHKpopalioHa cocTaBaser
37,19 ra u BKaAwuyaer 6 KBapTaJaoB,
MJIOMIAaAH KOTOPHIX B ra TOKa3aHbl Ha
pucynke. IlnorHocTh HaceneHnus cocras-
aser 300 uesn/ra. O6mas 49UCJIECHHOCTH
HacejeHusl Mukpopafiona cocrabasier
11160 uea.

Ha pucyHke nmokasaHa rasoBasl ceTh
HH3KOro JAaBNeHHS, CTpeJKaMH yKasa-
Hbl HamnpaBJEeHHS TOTOKOB rasa, BCe
y3apl  MepeHyMepoOBaHBl. Y /ieJbHbIH
pacxon rasza ua 1000 xuresnefl cocras-
aser 86 wm?/u. OGuuii pacxox rasa
cocraBut 959,8 M®/u. PaccMoTpuM, Kak
cienyer GOpPMHUPOBATEL 3ajaHue Ha pac-
4eT W COCTABJASATL AJFOPUTMBI pacyera
C T€M, YTOOB OHU MOTJMU Jjiedh B OCHOBY
nporpammbt pacuera Ha IBM. laa ayy-
LIer0 TIOHMMAHHS aJFOpPHTM JaiuM B
OTIUCATeAbHOH (OpMe H TPOHIIIOCTPH-
pyeM pacdeTaMu.

[.L3aganue Ha pacyerT Tynu-
KOBOH pPas3BE€TBJEHHONH raso-
BOH CeTH, COCTaBACHHOE MNPHMEHHU-
TeJbHO K pacuery Ha IBM:

1. O6uias NpoTsIKEHHOCTh pacipe fe-
autenpuoli cetn X(=2600 M (uudps
TpUBeNeHbl ANl BO3MOXHOCTH HJLJIIOCT-
paluy aJropuTMa 4YUCJAeHHBIMH pacde-
TAMH}).

2. MakcuManpHO 4acoBoe norpebie-
Hue rasa Qm*/u (959,8).

3. PacuerHbii mnepenaj 1aBJeHHS
Ap Tla (1000) (p.=3000 Ila).

4. Tomonoruio ceru ynoGHee BCero
npeNCTaBUTh B BHAE MaTpupbl BePLUHH
NKU(J,I}, B kotopoil B nepBoii cTpouke
[AI0TCA y3Jbl BXOAA B YIACTOK (HauaJb-
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Puc. 6.14. Cxema tynm- L]=QE/ZZ=959,8/260020,369 MS/
KOBO# pazpeTBicHHON

ceTn

Hble), a BO BTOPOH CTpPOUYKE — y3JIbi
BbIxOAa (KoHeuyHble). Yueso cronbuos
(I) ¥ MX HyMepauHMs COOTBETCTBYIOT
YHCJYy YYaCTKOB CeTH.

Marpuua sepwun NKU({J, )

/ (u-m).

2. OnpejeasieM MyTeBble pacxojbl
IJIsT KaXKAOI'0 y4yacrKka CeTH, HepeMHo-
’)Kafl yneJbHblH pacxon ¢ HA OJHHY
yuacrka no marpuue DLU(I). Ha oc-
HOBAHHH PacyeToOB COCTaBJseM MaTpH-
uy PR(]) myreBblXx pacxoioB.

Howmepa orpanuunpaio HomMepa yuacTkoB
UIHX Y3.10B
121374156 |71819lfi0]11]12 13 14 15 16 17 18
Hauanbsbift 1[2{3{4{5{6 781 (101112 1 2 4 7 6 8
Koneunntii 21314(5616(7(819(10(11712(13( 14 15 16 17 18 19

5. JlAuHa y4yacTKOB ceTH (B M) 3a-
naercss  Marpuuedi aaume DLU  (I).
[Topstnok HymepaunHH YyuyacTKOB 31€cCh
IpUHAT B OOpSjAKe CJAeN0BaHHS yyacT-
koB B Marpuue NKU(J,D).

II. Onucaunue aJaropuTmMa
pacuera.

1. OnpepensieM yneabHblll uyacoBofl
pacxon rasa g M®/(u.-M), OTHECEHHbI
K 1 M pacnpefennTe/bHOH ceTH:
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3. IlyreBoii pacxol Kaxjaoro yyacr-
Ka paspessieM Ha JBa COCPejOTOUEHHbIX
pacxona. B HauaJsbHBIH y3ea yuacTka
nomemaem 0,45 nmyreBoro pacxona,
a B xoueuyHniil — 0,55. Pesy/bTarsl pac-
yera cBOAHMM B Marpuuy SPR(J.I).

4. CocraBJjsieM MaTrpHIy Y3JOBbIX
pacxogoB SQ(K). Has sroro GepeM
BCE TOBTOPEHHS NEPBOTO Y3/1a H3 MaTpH-
uel NKU(J,I). OupenensieM pacxonbl
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Matpuua DLU (I)

18
95

17
90

16
180

15
285

14
205

i3
200

12
170

il

190

10
80

80 110 140 105 100 120 180 80

190

Marpuna PR (I)

i8
35

i2 i3 14 i5 16 17
73,6 754 104,9 66,2 33,1

62,6

10

69,9 294 40,5 51,6 38,6 368 442 66,2 294 294

69,9

Matpuua SPR (M, I)

i8
15,8

16
29,8

15
47,2

14
33,9

i3
33,1

12
28,2

it

31,6
38,4

10

13,3

i5

18,1

16,1

13,3

19,9 29,8

»

»

17,4

18,2 232

13,3
16,1

31,5

19,2

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

34,4

16,1

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

1

2| 384

rasa COOTBETCTBEHHO MOBTOPEHHSIM OEp-
BOro ysaa u3 marpuust SPR(J) u ckna-
ABIBa€M BCE€ 3TH pacxoabl. AHaJjoruy-
HBI€ pacueThl OPOBOAHM 1 BCEX Y3-
aos. Hanpumep: ysen I: 31.5413,3+
+33,1=77,9; ysen 5: 283417,4=
=45,7.

3. I1peobpasyem marpuuy NKU(J,1)
B Marpuuy QN KU(J,I) no6aBuB TpeTbio
CTPOUKY, B KOTOPYIO HOMECTHM pacuer-
Hble pPAacXoAbl ra3a COOTBETCTBYIOUIHX
yuactkoB. Harpysky cerH HaudHaeM
paccMaTpHBAaTb ¢ KOHUEBLIX y3J0B. Kod-
L€BblE Y3Jbl PACHOJaralnTcs TOJbKO BO
BTopofl ctpouke wmarpuun N KU(J,I)
M He BCTPeYalTcs B NePBOH CTPOYKE.
Harpyska koHueBoro ysna sBJjsercs
pacueTHBHIM PacXxoA0M y4acTKa, KOTopbl#
OKaHYHBAETCS ITHM KOHIEBBIM Y3J0M.
PacuetrHylo Harpysky B3TOro yudacTtka
3amHCHBaeM B TPETbID CTPOYKY Mar-
puust QN KU(J,I). Harpysky paccmar-
pPHBaeMOFrO KOHIEBOTO Yy3Ja MpHSaBJsteM
K Harpyske HadaJbHOrO y3Ja 3Toro
y4acTKa H NoJyuyeHHoe HOBO€ 3HaueHHe
HarpysKH Ha4aJbHOro y3J/a 3a0HCHBaEM
B COOTBETCTBYIOIUYIO SUelKYy MaTpHIb!
SQ(K) BMecro craporo 3HaueHHs, a
HarpysKy KOHueBoro y3Ja crupaem, Cru-
paeM TakKxke HOMepa HavaJbHOro H KO-
HEYHOro y3J0B yuacTKa, AJf KOToporo
onpejefed pacueTHHl pacxol B MaTPH-
e QNKU(,I). Ha sroM 3akaHuHBaercs
paccMoTpeHHe MepBOrO KOHIEBOro ysJa
M [OepexoiHM K PacCMOTPEHHIO cJaeaylo-
Eero KoHuesoro yajna. Ilpouenypa pac-
CMOTPEHHS CJIeAYIOIIEFO KOHIIEBOrO y3J1a
aHasoruuyHas. B urore paccMarpuBator-
cAd Bce y3apl. B KoHue pacdera B
marpuue QN KU(J,]} ocraHercsl TOJIBKO
Tperbs CTPOKa, B KOTOpoH Gyayr 3amu-
CaHbl pacueTHsle pacxoabl [Jsi BCex
yuactkoB cetH. B  wmartpune SQ(K)
OCTAHeTC Harpys3ka TOJbKO IEPBOFO y3-
Ja, paBHas 4acoOBOMY Pacxoay rasa ajd
BCeH ceTH.

Ha stomM 3akanunBacrcsi nepBblil
3Tal FHAPAaBJAHYECKOro pacyera — ompe-
JeJleHHe PacueTHBIX PacXO4OB rasa mAjs
Bcex yuactkoB cetu. CyMMapHbiil pacxon
rasa no marpuue QNKU(J,I) paBubii
RQ=77,9+658,4+178+440,5=
=954,8 mM®/4 cooTBercTByeT norpebie-
HHIO rasa (959,8).
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L Marpuna SQ (K)

i9
19,2

18

18,1

17
36,4

16
57,7

i4
40,56

i2 i3
34,4

66,6

i1

47,6

i0

52,8 69,9 699 346 294

41,5

779 856 34,3 92,7 457

®

Matpuua QNKU (J,/) (nauajga M KOHLB YYaCTKOB YCJOBHO He CTepTH)

18

19
19,2

17

18

18,1

16

17

X

16

14

15

i3

14

12
i2
i3

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

i
i1

i2
101

10
i

148,6

i0
178

34,6

123,7

230

uwy

300,9

346.6

497

531,3

658,4

3

6. Ilo H3BecTHBIM pacyeTHHIM pac-
X04aM rasa [0 yyacTKaM CeTH H 3a-
JaHHOMY pacdyeTHOMY nepenany jaBile-
HHSl PACCUHTHIBAIOT JHAMETPhl y4acTKOB.
Pacuer amaMeTpoB OCYLIECTBJASIOT CJe-
ayrouHM obpasom. Ilepsonauanabio on-
peieigioT BCe NYTH OT HayadbHOH TOYKH
CeTH 10 KOHe4HbiX. Jlast 3Toro nuwyr
marpuuy nyreé PT(L,N). YUucao crpouek
9TOH MaTpuubl paBHO yucay nyred. Jas
TYIIHKOBBIX CeTeH uHucao nyTell paBHO
qHCJAY KOHLUEBbIX ToveK. Ha mnepeceue-
HHH CTpPOUEK M CTOJ610B NPOCTABMSIOT-
cf HOMEpa Ys3JOB, COOTBETCTBYHIOLIHX
naHHoMy nytu. Hucao croabuoB coOOT-
BETCTBYET MYTH C HaWbOJbUIHM yuc-
JaoM ysJjoB. Jlio6oil nyrb HauHnaercs C
KOHIEBOTO y3Jja, onpejenseMoro 1o
matpuue NKU(J,I}, n npocnexuBaercs
N0 MOCJEeA0BATENbHO COeHHEHHBIM yUa-
CTKaM npH o6Xoae HX OPOTHB IOTO-
Ka, T. €. OT KOHeyHol K HadaJbHOH TOY-
Ke.

Huxe npusenena marpuna PT(L.N)
AJSl paccMaTpHBaeMoro npuMepa.

Marpuua PT (L,N)

1 | 2 | 3 f 1 l 5 l 6 ‘ 7 I 8 | 9
i 9 8 7 6 5 4 3 2 i
2 13 12 11 10 i 0 0 0 0
3 14 i 0 0 0 0 0 0 0
4 15 2 i 0 0 0 0 0 0
5 16 4 3 2 i 0 0 ¢ 6]
6 17 7 6 5 4 3 2 1 0
7 18 6 5 4 3 2 1 0 0
8 19 8 7 6 5 4 3 2 i

ITepecrpausaem wmarpuny PT(LN)
[0 HOMEpaM Y4aCTKOB, HCIOAb3yd MmaT-
puubt NKU(J, Ty u DLU(I). Jas kaxno-
ro yuacrka marpuubt PT(L,N) (nanpu-
Mep, 9—8) HaxXxoaMM 3TOT Yy4yacTOK B
marpuue N KU(J,I) u coorBercrayouikl
eMy Homep (aast 9—8 »s10 Oymer §).
DTOT HOMep npocTaBjaseM B CTPOUKY
aaHHoro nytH B Marpuue PTU(LN).
Vcnoapsys wmarpuust  PTU(LN) w
DLU(I), cTpoMM MaTpHuy AJHH Ha-
npaBaenuit PTUL(L,N). B mnocaeapnem
cTONGLLE MaTPHILBI IPOCTABJISIEM CYMMap-
HYIO LJIHHY HampaBJeHHs.
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Marpuua PTU (L, N)

2
0

Ap = 2,76-10° T L, 1a

§ 2 3 4 5 6 7 8
i g 7 6 5 4 3 9 | QoB M*/u; d B MM, L B M
2 1211 I0 9 0 0 0 0 wioc 109% Ha MecTHbIE CONPOTHBJEHHS
3 i3 0 0 0 0 0 0 0
4 14 1 0 0 0 0 0 O 658 42
5 i5 3 2 &+ 0 0 0 0 Ap, = 2,76-10° ———— - 1,1-190 = 909,6 I1a
6 |16 6 5 4 3 2 1 0 151
7 17 5 4 3 2 1 0 0
8 |18 7 6 5 4 3 2 1 Ap2=187,4 ITa; Aps=173,6 Ia.

Marpuua PTUL (L, N)

1 2 3 4 5 6 7 8 9 10
i 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
4 205 190 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 wmarpunst PTUL(L,N) caepyer,
YTO CaMblil NPOTSIXKEHHBIH nNyTb pac-
noJaraercs B NepBOH CTpPOUYKe, NOITOMY
noa6UpalOT JHAMETPHl CHAauyaaa OJs He-
ro.

7. Onpepensitor Ap/L:TllO—.O]QU%:
=0,887 Ila/m. Jduamerpnl noaGHpaior
N0CJe10BATENBHO OT YYaCTKa K Y4acCTKy.
Yaacrok 1. Q=6584 wm®/u (marpuua
QNKUW, ) Li=190 m).

Q%SR!
d= 1681 ————  m;
(Ap/L)
658,40381
‘l) d= l6,81 W: 203,9 MM

2) bmmxka#imne no T'OCT BHyT-
peHHHe HuaMeTpbl TPY6 Oyayr: 219X 6
(207); 159X 4(151);  Takum o6pasom
151 << 203,9 << 207.TocToBCKUE aHaMeTp
BHIOHPAIOT H3 NPHHHHMNA HAHUMEHbUIEH
pasHHpbl B TNOTEPAX NABJEHUS MeXAy
I'OCTOBCKHM H TOJYUYEHHBIM JHAMETPOM.
JJast 3TOro pacCUMUTHIBANOT MOTEPH [4AaB-
JeHUsl AJS BCEX TPeX AHaMerpoB IO
tdhopmysnam: ;

4 3ax 1052

BauXe noaXoaHT roCTOBCKHH aHa-
merp 219%X6. Ero 4 DPHHEMAIOT.
CoorBercrBenHo norepu 174 Ila.

[Ipuopurerssli  auaMerp MOXHO
onpeaesuTh Npowe no Qopmyae, ecsH

(d/ Dy’ B <2 —(d /Dare)® %,

TOFAa NPHHUMAKT Dyuy. DTO BhIpaXKeHHe
NOJYy4€HO M3 COOTHOUIEHHS

ApMaKc__Ap <1
AvapMHH =5

10 KOTOPOMY NIPHOPHTETHLIM Oy 1eT MeHb-
wuil puamerp. 3aech: Dyww H Dhake
MEHbLIHH H 6OJbLIHEA OJHXKAKIIHE rOC-
TOBCKHe pnuamerpbl. [IpoBenem cpaBHe-
HHe JJig pacCMarpHBaeMoro npumepa

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

Hepasencrso He BbLHIOJHAETCH, CJeLO-
BATEJbHO npnopnpe‘mum oyzer 60Jb-
KA auamerp. A

Ananoruuno ngi6UpaT BCe AHAMeT-

phl st nepsofo HaNpaBJeHHs.
ll 97
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[Tocne nogpGopa nuamerpos
JAIT CTeleHb HCIOoJb30BaHHA
Horo nepenana no gopmyse

onpene-
pacuer-

Ap, — ZAPL

1N

< 0,1
App

Ecan ownbka Goabwe 0,1, Torna BbIGH-
palwT gHamMerp ¢ HaHOOJNbUWIHMH IoTe-
pAMM AABJEHHS WJIH yMeHbWAIl €ro.
ATy npoueaypy. caydaercs, NoBTOPAT
HEeCKOJbKO pas, ¢ teM 4robbl JOGHTBbCA
tpebyemoil ToyHocTH. OQHAKO AJs KO-
POTKHX HalpaBJeHHH 3TO YyCJOBHE MO-
»KeT ObiTh HeBBINOJNHHMO. Ecin omu6ka
OTPHIIATEbHAS, TO YBEJHWYHBAKT COOT-
BETCTBYOWLKY AUaMeTp U Takxke po0H-
BalOTCsl HEOOXOAUMOH TOYHOCTH.

3areM onpenessilOT y3J0Bble AaBJe-
HHS yTeM NOCJe10BaTeNbHOro BHYHTA-
HUSl M3 JAaBJeHHS B TepBOH TOuke
pi TOTepH [aBJEHHHA Ha YyuacTKax.
Tak. paBjaepue B ysjge 2 6yjper:
p1—Ap —>=3000—174=2826 Tia. I'lo-
c/ie pacuera rJJABHOrO HANpaBJ/eHHs pac-
CYHTBIBAIOT ApPYrHe HaNpaBJeHHSA.

8. PaccmarpuBamTt 1no ouepeiH Bee
HanpasJeHHd H3 marpuunt PTU(LN).
Tak, Bropoe H TpeTbe HaNpaBJeHHA He
HMeT OOuiMX Y4acTKOB ¢ HanpasJe-
HUeM [ u Mexay coboill, mnosTomy
OHH pacCUUTLIBAKTCA HE3ABHCHMO OT
NPYrHx HanpapJeHHH, TaK ke Kak H nep-
Boe HanpasJgenue. Hanpasaenue 5 umeer
o6 e y4yacTkH ¢ HanpasJenHeM I, 3To
vyacrku I, 2, 3. Tlostomy Hu3 pacyer-
HOTO nepernaga naejJeHHs Ap, cienyer
BbIYECTh CYMMY I[OTEpb JAaBJEHHA Ha
yuacrkax I, 2, 3 ¥ Ha ocraBUIyIOCH
BeJHYUHY flepenajga AaBJeHHA 1oa00-
paTbh AMaMeTp OCTajbHBLIX yuyacTkos. B
HanpaBJeHHH H — HTO OJHH y4acToK 15.

AHamorM4HO paCCUHTHIBAIOTCA BCe
HanpaBJeHHs

AnropuTm pacuera TYNHKOBOH pas-
BeTBJEHHOH Fa3opoll ceTH OBl H3JI0XKEH
noapo6GHO H C 4aCTHYHOH HIJIIOCTpanHed
npuMepaMH JJsA  TOro, uTobbl Jyulle
PacKpbITh MPOIECC PA3PABOTKH AJNTOPHT-
Ma, peJHa3HaYeHHOT O A5 COCTABJAEHHS
nporpaMMbl Ha IBM.
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6.5. N'mapaenvuecknit pacuer
KOIbLEBbLIX TA30BbIX CETEM

IlepBolil aTan rugpas/aHyecKoro pac-
4eTa KOJbLEBOH CeTH BKJIOYaer npej-
BapHTeJbHOE pacnpene/eHHe INOTOKOB
rasa ¢ cof6J/I00eHHeM NEpPBOro 3akoHa
Kunpxroda (2Q,+Q,=0) u s3akaHuH-
BaeTcA nog6opoM JHaMeTpoB Bcex yuac-
TKOB rasonpoBogoB. [locse mnoaBopa
JHameTpoB Bropoll 3akon Kupxroda pasa
60JbIMHCTBA KOJI€I, OKasblBaercs He-
YIOBJETBOPEHHBIM. 3aech cjaenyer or-
METHTb, YTO ONHOH H3 NpPHYHH, NPHBO-
ASIHIUX K HeBLIIOJHEHHIO BTOPOTO 3aKOo-
Ha Kupxroda, ABJAIOTCA OrpaHHYeHHS,
HaK/JajblBaeMble Ha BHOOp NHAMETPOB
rasollpoBOLOB IIpH KOHCTPYHPOBAHHH ce-
TH. DTH OrpaHHUEHHS TOPOKAANTCH Tpe-
60BaHHAMH 3KCIIyaTauHH (HampHMep,
IpHMeHeHHe MHHHMaJbHOTO JHaMeTpa
TPy6), yuera NmporHosa pocTa TasoBbIX
HArpys3ok, a rtakxe TpeGOBAHMAMH Ha-
JEXHOCTH FasocHabXKeHHA (HanpHMep,
IPOEKTHPOBAHHe KoJiel, € IOCTOSAHHBIM
AHaMeTpoOM, C pesepBOM B JHaMeTpax).
Jas rnaBHBIX B3aHMO3aMeHAEMbIX JH-
HHH W Y4acTKOB B COOTBETCTBHH C Tpe-
OOBaHHAMH HAAEXHOCTH HAa3Hayalor
6/M3KHe [0 pasMepy JHaMeTpbl, NpH
5TOM I[OTEpPH [JABJEHHA B 3aMKHYTHIX
KOHTYpax MOryT He O6aJjlaHCHpOBAThCH.
Hpyrofl npuuynHO#l sABJAETCA AHCKpPET-
HOCTb AHaMeTpoB TPyO B COOTBETCTBHH
¢ TOCTom.

YunThiBas H3J0XKEHHOE, TIPH NPOEKTH-
POBAHHH KOJbLEBOH rasoBoH CeTH BTO-
pbiM 3TanoM pacyera Bcerga fAsJsAeTcd
3apaya onpejeseHust HCTHHHOTO NOTOKO-
paciipefeseHHs, COOTBETCTBYIOWETO TIpH-
HATHIM JHAMeTPaM yyacTKOB rasolpoBo-
nos. Heo6xonumoctb B pacuere mnoro-
KopacnpeneseHHs] BOSHHKAET TAKXKe IpH
NPOBEAEHHH THAPABJHYECKHX pacueToB
IJISl pasJHyHBbIX HEpacueTHBIX 3JKCIIya-
TALKOHHLIX pPeXHMOB, a TakKxe IpH
pDacyere aBapUHHbIX THAPABJHYECKHX De-
>KHMOB, BO3HHKAKOWIHX NPH aBapHiHOM
OTKJ/IOHEHHH Kakoro-aubo sjeMeHTa ce-
TH.

Pacuer nmnorokopacnpepnenenus B
KOJIbLIEBBIX FA30BbIX ceTsiX. 3axaya pac-
yera noTokKopacnpeeJeHus GopMyJaHpy-
erca chenyromuM obpasom. Jlana KoJb-
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ueBasi ra3oBast CeThb C 3a[aHHBIMH Teo-
METDHUECKUMH  XapaKkTepPUCTHKAMH . H
JuHaMerpaMu ywacrkoB. HlsBecrHbl pac-
XOAbl rasa aJist BCEX YuaCTKOB CeTH,
KOTOpble Cc6ajaHCHPOBAHbI BO BCEX Y3-
Jax, T. e. nepBuifl 3axon Kupxroga
st CeTH YAOBjeTBOpeH. Bropol 3akon
Kupxrodpa nas xoneny ceru He ypoBie-
tBOoped. Takum obpasom, 3agaua pacue-
Ta NOTOKOpacnpeneseHHsl CBOAHTCH K.
YAOBJETBOPEHHIO BTOPOro 3akoHa Kupx-,
ropa 118 BCeX HE3aBHCHMHIX KOHTYDOB
(5nemeHTapubix Kojew) rasoBofl CeTH.

DJeMeHTApHbBIM  KOJABUOM  HAashl-
BaeTCcst KOJbLO, He HMeloliee BHYTPeH-
HHX, IePeCeKaluHX ero rasolnpoBoiOB.
W3 nocraHoBku 3apauu caepyer, yro
pacder noroxopacnpegeseHust B 3a1aH-
HOH ceTH OTHOCHTCH X KJaccy npose-
pounbix 3anau. IlocraBjeHHylo 3anauy
MaTeMaTHYeCKH MOXHO C(HOpMYJaHpO-
Barb caenytouinm o6pasom. [locae npen-
BapUTEALHOrO pacnpejeeHust NOTOKOB
u nopbopa gHaMerpoB AJs YUaCTKOB ce-
TH B o0LleM cayyae Bropoll 3akon Kupx-
roa He ynoOBJieTBOPeH, MO3TOMY 6yner
HMeTh MeCTO Cjelyloulas cucreMa ypas-
HEeHHH 1151 BCEX He3ABHCHMBIX KOHTYPOB:

o R
Z aL QL - Al ’

i

2 al Q:I = A? ’

: (6.41)

[

2 ax Qz - A” )

n
rae Ay A, ,\, — HEBA3KM NOTEPL AABJEHUH B
HE3aBUCUMbIX KOHTYpax, 1,2, n-— HoMepa He-
3aBUCHMBIX KOHTYPORB, @, Q, — ruipaBiudeckue

CONPOTHBICHHA H PACXOAbl rasa AJsl Y4aCTKOB
{, o -— MOKA3aTeJb CTeNeHH pacxola rasa B
GdopMmyJse ans pacyera THAPABIHYECKHX [OTepb

Aplzalea. (642)

CymMa norepb paBaeHus 6epercs
hJst BCEX yHacTKOB He3aBHCHMOFrO KOH-

TYpa.
Jlns ceTH HU3KOTO JAaBAEHHA

Apt":pm_pkl; (6 43)
AJst CeTH BbLICOKOrO u CpeaHero pabje-
HHUA

Mipekcs «H» M «K» OTHOCATCH COOTBETCT-
BEHHO K HAYaJy M KOHIY y4dcTKa 110 XoAy rasa

4*

2 5
02 @ [75
N0
1 3 A a 6 1%
4 7

Puc. 6.15. Pacuetnan
cXema KOJAbLEBOH cern
I—6— Kamepsl  yuacr-
koB, I, 2 (B Kpy*Ke)—
Kamepn KOHTYpoB, [ —

AJ¥Ha  yvactka, d —
AHaMerp ydacrka, Q —
pacuerHn#i pacxopx rasa
Ha ydacrke

Hdas pelieHHs 320aYd KHCNOJAb3YEM
MeTO] UHPKYJASUHOHHBIX (KOHTYPHBIX)
pPacxono0B, IO KOTOPOMY B Ka»KAbiil He-
3aBUCHMBIH KOHTYp BBOAUTCS LHUPKYJS-
UHOHHbLIH, yBA304HLI pacxon AQ,
B pesy/ibTare 4Yero YaoOBjeTBOpsercs
BTOpoi 3akoH Kupxroda. Lupxynsuu-
OHHble PACXOfbl B KAXAbIH KOHTYp GyneM
BBOAHTb € [OJOXHTENbHBIM 3HAKOM,
CYHTass IOJOMKHTENbHBIM HaNpaBaeHHe
no yacoso#l crpesnxe. BBeneHnbit B KOH-
TYD UHPKYAAUHOHHBH pacxon 6yaer an-
re6panuecKy npubaBaATbCA K pacXoxam
Ha ywacrkax. K yuacrxam, xoropble
HMEIOT COCeJHHE KOAbla, IOMHMO KOH-
TYPHOFO pacxoja AaHHOro Koibua Gyner
npubaBiAATbCH KOHTYPHBIH pacxom co-
cefHero Xojblia C NPOTHBOIOJOXHbLIM
3HakoM. [las KOJbLEBOro rasonpoBo-
J1a, MOKAasaHHOro Ha pHc. 6.15, mocae
npeaBapHTENbHOIO pacnpeaeieHuss Mno-
TOKOB M Ilopfopa QuaMeTPOB YYacCTKOB
CIpaBefsHBa caefyioas cucteMa ypas-
HeHHH: .

B

a; QFf +a, QF —ay QF —a; Q5 =A; ;

a3 Q3 +as Q5 —a; QF —as QF=A, .

ITocne BBedenus B KaXaoe KOJblO
YBA30YHOFO, LKUPKYJASLUHOFHOrO pacxoaa
AQy npousofiner Takoe pacipeigeneHHe
TPaH3UTHBIX PACXON0B. B Pe3ybTaTE KO-
TOPOFO THAPaBJHYECKHE HEBA3KH B KOJb-
1ax NPEBPAaTATbCA B HYJb HJAH OKaXKyT-
CA 3a npejenamMd TOYHOCTH pacuera.
Cucrema ypaBueHus H3MeHUTCH Tax:
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ar(Qr+AQ Y +as(Q: +AQ: ) —
:a4(Q4—AQ1)a—a3 (Qs—
—AQ, +AQ2)Z=O ;
a3 (Qs+AQy—AQ)* 4
+a5(Qs +AQ:) — a7 (Q7 —AQy)" —
—a6(Qs —AQy)'=0.

B o6wem BHae cHcreMa ypaBHeHHH
(6.41) nocse BBeNeHHSA KOHTYPHBIX pac-
XO0B NpHMer CJefYinHil BUA:

Ya,[ Q.+ (AQ—AQ)] '=0))

1

Ya[Q=(AQ,—AQ)] =0/
rae AﬂQI, AQs,. ,AQ. — KOHTYpHbIE pAaCXOAB,
BBOJMMblE B HesaBHCHMBie KOHTYpBL I, 2, ., n,

AQ, — KOHTYpHbii pacxofl, BBOLHMBIH B cocenHui
[JIS1 JAHHOTO YYaCTKA [-ThlH KOHTYp (ec/M yyacTok
He MMeeT coCegHero KOHTYypa, Torga AJf Hero
AQ=0)

Jasi AMHeapu3anHu noJy4eHHOH cH-
CTEMBl YpaBHEHHMH pas3JjoXHM KaxKabifl
yjJed YypaBHeHHsi B psin MakiopeHa,
Or'paHHYHBUIKCDH JHIIb JHHEHHBIMH yJie-
HaMH pPa3JloxXeHHA:

ZaLsz+ azazsz_lAQl - 7

_az‘asz:]_lAszo;

ZazQza_f" GZQLQ?_]AQQ -

2 2 6.46
_aZ%QTﬁQFﬂ; f( )

?'Q +aZalQl ‘AQn
—a2h4a,uQ, . J

Cymma Zal,Ql, 'AQ, Gepercsi aasi Beex
YUacTKOB HE3aBHCHMOTO KOHTYPa «K»,
HMEIOWHX cocenHHe Kourtypel j. Ilpe-
o6pasyeM ypaBHeHUS, nepeHecsi CBoGo -
Hbl€ YJIeHbl B MPaBYI0 4acTb, H 3amMulIeM
CHCTEMY TaK, uTo0b KO3 HUUHEHTH NMPH
HEH3BECTHbIX:

AQ,, AQ:,...,AQ, cOCraBUJH CHMMeT-
PHUHYIO MaTpHuy:
100

AAQ, +0— —AAQ + +0=—4,,
O+A22AQQ— ~A2]AQ + +o_—A2,
o+0~ —A AQ + +A AQ
wAm
3neco A,(Kza%a,Q,“_‘/k:l,2,...,n/m

KO3(PGHHUHMEHTBl NPH HEH3BECTHBIX, CTO-
SUMX Ha IVaBHOH jaHaroHandd; A==
=0, Q' —Ko3dPUIHEHTH NPH HEH3-
BECTHBIX KPYroBeix pacxonax A, cocen-
HHX KOHTYPOB [J5 NAHHOFO KOJIbLA.

KosddHuneHTs: npH HEH3BECTHbLIX
CHCTeMbl YpaBHeHHH MNpeacTaBJdAlT Co-
60#l KBagpaTHYIO CHMMETPHUHYIO MATPH-
ny A ¢ AHaroHaJbHbIM TpeobaasaHHeM

A, 0 A, .0
A |0 Au Ay .. O
0 0 A, A,

(6.48)

B pesyabrare npoBefeHHbIX Npeod-
pasoBaHMH MOJdyUeHa cHCTeMa JHHEHHBIX
ypaBHeHHH, HEU3BECTHbIMH B KOTOPOH
SIBJISIIOTCSL KPYIOBBbi€ YBSI30UHBIE PACXO-
abl AQy. Jas pelieHHsl CHCTEMBbI MOTYT
6biTh HCMOJb30BAHbl KOHEYHbIE METONb,
T. €. TakKHe, KOTOpbie [alT TOYHOe
pellleHHe B pe3yJbrare KOHe4HOro YyHcaa
onepapui. OqHako 15 GOJBUINX CHCTEM
JHHEHHBIX YpaBHEHHH KOHEYHbIE METOBI
[nanpumep, 'aycca, Kpamepa] tpebyior
3HayuTeJbHO OGOJBIUEr0 4YHCJAA onepa-
IHUH, ueM HTepalHOHHBIE METOABI [MeTOo-
ABl foc/es0BaTeIbHbiX NPHGIMKEeHU] ,
MO3TOMY IJIs OnpejaeseHHst YBS304HBIX
KOHTYPHBIX PACXOLOB HCHOJB3YIOT HTE-
pauMoHHbBle MeToabl. DTO lesgecoobpasto
€we M MOTOMY, 4TO CHCTeMa YpaBHe-
HHH (6.46) nosnyueHa B pe3yabrare
JHHeapH3allHH HCXOAHOH CHCTEMBb
ypasHenusi (6.45). Ilpn auHeapuszauuu
6611 OTGPOILEHB BCE HEJHHEHHbIE uJle-
HbI, TO3TOMY [OJYy4eHHaAs  CHCTeMa
(6.46) saBasierca npuOAMKeHHOH. U
Jaxe MpH TOUHOM pELIeHHH CHCTEMBI
(6.46) MoOXKeT BO3HHKHYTb HeoOXOan-
MOCTb B HTEPAUHOHHOM mpouecce AJs
NoJyyeHHst perieHus cHcreMbl (6.45)
Heo6xonHMOH TOUHOCTH.
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[To meroxy Jlo6auesa-Kpocca' us
MaTpulbl  KO3(GUIUEHTOB  CHCTEMBI
ypaBHeHu#l (6.48) oT6pacLIBAIOT Bce
yjleHbl, KOTOpbie He CTOAT Ha IJIaBHOM
AMarcHajud. B TakoM caydae cucrema
ypaBHenu#l (6.47) npuobperaer caenyio-
IMUHA BU:

AGAQ = — Ay,
ApAQy= — Ay;

’ (6.49)
AnnAQn: - All'

Pemenne 3TOl CHCTEMBl faer H3-
BecTHyl0 ¢opmyay Jlobauea-Kpocca
JIsl ONpejesieHHs] yBA3OYHBIX PACXOL0B

AQv=—(A/Aw)=
(S a0) (+Za0)

[TosyueHHble yBA3OYHble PacXoibl
cpa3y BBOAST BO BCe He3aBUCHMble
KOHTYPH CHCTEMBI M BHIYHCJSIOT HOBBIE
pacxoasl 1Jsl BCeX y4acTKOB.

Orb6pacbiBaHie BCeX 4JeHOB MaTpH-
nbl A, He jJexamux Ha rjaBHOH pMaro-
HaJM, IPUBOIUT, MO CYLIECTBY, K-Heyye-
TY BJUSHUS HEBA3OK B COCEJHHUX KOJlb-
aX Ha KOHTYPHBIA pacxoji, BBOLHUMbINA
B NaHHOe KOJblo. B pesyabrare 3T1OTO
BO3HHKaeT HeOOXOAUMOCTb MHOrOKpar-
HOTO NOBTOPEeHHs MpPOlefypbl OoNpesese-
HHUS KOHTYPHBIX (TTOMPABOUYHBIX) PaCcXo-
10B AQy ¢ mOCAeAYIOIUMH TepecyeTaMu
6ajaHCoB MOTEPb AABJEHUS AJS KAXKIO0-
ro He3aBUCMMOro KoHtypa._. Pacyer
3aKaHuuBaeTCs TOorja, Koraa aocThraer-

"Cs Tpebyemasi TOUHOCTD YAO0BJIETBOPEHHUS
Broporo 3akona Kupxroda.

HMcenenoBaHUIO CXONUMOCTH HTEPa-
IIMOHHOTO Iponecca no merony Jiobaye-
Ba-Kpocca nmocesiuen psan padort, B pe-
3yJbTaTeé KOTOPBIX YCTAHOBJEHO, YTO
ApoLece ¢XOauTes, eciu Matpuna 4 nMe-
eT AuaroHajbHOe npeobBaapanue. Hag
MJIOCKUX ceTefl, B caydyae HCIOAb30-
BAHWA CHCTEMbl 3JIEMEHTAPHBIX KOJell,
Marpuna A Bcerga uMeer IHATOHA/b-
Hoe mpeobjanaHue, MO3TOMY JJs HHX
UTePAaIlMOHHBIN NpoLece CXOAUTCS.

(6.50)

' Meroa paspabotau Hesasucumo npod. B I' Jlo-
G6auesbiM (1934 r) u X Kpoccom (1936 r)

N

Meron Jlo6aueBa-Kpocca mpenyc-
MAaTpuBaeT BBeJeHHE NMONPABOYHBIX KPy-
roBHIX pacxoj0B Cpasy BO BCE He3aBH-
CHMble KOHTYpbl, TO3TOMY [OIPABOYHLIE
pacxoanl AJf Y4aCTKOB, UMEIOLIUX CO-
celHHe KoJablia, OyAYT PaBHBl YBf304-
HOMY pacxoiy B CBOeM KOJblle MJI0C
YBSI304HBIA pacXos B COCEJHEM KOJblie
¢ OOPATHBIM 33KOHOM. DTUM Y4YUTHIBAET-
¢sl BJMSIHHE COCeHUX KoJel Hpu olpe-
AeJIeHHH MONPaBOYHBbIX PACXOAOB AJf
YY4aCTKOB, HO IIPU pacCuere KOHTYPHBIX
PacXOMOB BJHSHHE COCEIHHX KoJel He
YUHUTHIBAJH, MO3TOMY 3HA4YeHUs CaMux
YBSI30YHBIX PACXOJ0B ObIIH ONpe/eseHbl
BecbhMa MnpubauxkeHHo. Bmecre ¢ TeMm
IIONpaBoYyHble pacxoasl mo Jlobayesy-
Kpoccy nast opHoro koabua, 6e3 co-
CeJHHX, ONpeiejsioOTCS TOYHO, B Mpe-
[Lejax JUHeapU30BaHHOH CUCTEMBI yPaB-
HeHHH. DTO NOCJAYKHAO OCHOBOH [
IPYTO# METOQUKH YBSI3KH CeTH, Korpa
IONpPaBo4yHBId pacxon no Jlobauyesy-
Kpoccy paccuuTbiBaerci MOCA€10BA-
TeJbHO AJfl KAXAOTO KOAbIIA.

PaccyuraHHbli HONPABOYHAIH PACXOL
BBONUTCA B 3TO KOJABIO, B pe3yJbrare
4ero OHO OKa3blBaeTCH yBA3AHHBIM HJH
UMeIOlUM Heboablunylo OWuOKYy 6anaH-
coB Inorepb AaBjeHufl. Ilpu yBa3ke
KO/JbLa OLIUOKA B COCEIHHUX KOJbllax
MoOXKeTr yBeauuurhed. [locae yBSA3KU
MepBOro KOJ1bIa AHAJOTHUHO YBA3LIBAIOT
BTOPOE KOJbIO, IIPU 3TOM HEBSI3KA B
IePBOM KOJbIlE MOXET TAKXKEe BBIPACTH.
Tak yBA3HBAICT MOCHEAOBATENLHO BCe
Koabua. Ilas KoJel, Y KOTOPBIX OiuOKa
MOJIYYHI4Ch BOJiblie AONYCTUMOH BeJH- -
YUHB, MPOHEAYPY YBSI3KU MTOBTOPSIOT. -
Kak nokazaJju uccjenoBatusi, Takod me-
TOJA MMeeT JAYYIIYI0 CXOAUMOCTD,
npamoii Metox Jlo6ayesa-Kpocca.

BBuay Heyyera BaHsIHHS COgENHMX~
Kogen mMeton Jlo6ayesa-Kpoce
6oabLIOH BHUMCAUTENBHON pgOoTH. Ec-
JIM e [PHU OIpeleeHUH [ONPABOUYHBIX
PACcXO/l0B yuecTh BJUSHHE COCEAHUX KO-
Jell, TOTAa CylleCTBEeHHO yJayuyiaercs
CXOMMMOCTL UTepalugHHOrO Npouecca.
JAa yuera BAMSHHMA COCEAHHX KOJell
MOXHO HCIIOJb30BATh MeTO] MPOCTHIX
urepanuit (metoA Slkobu) ¢ orpaHu-
4YeHHBIM, Hamepe] 3a4aHHBIM YHCJAOM
urepanus. Jlag storo nepemnuumeMm cH-

’
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cTeMy ypaBHeHHH (6.47), pemus Kax-
40€ M3 HHX OTHOCHTEJNBHO HEH3BECT-
HOTO, PAclONoXKEHHOro Ha rNaBHON gua-
TOHaJH:

-

A, 34 AQ,
AQi= —T+—7——
A ZA, AQ

AQQ—-——zQ—‘F—T—

r(6.51)
An YA AQ
AQ,= _T_+'T‘" J

B kaxao# cyMMe 4nCIO0 YIeHOB THIA
A AQ, paBHHO YHCHY y4acTKOB KOJbLA
«K», UMEIOLIMX coceqHue konabia j. B
KAYECTBE  HAYAJBHOrO  MpHOIHKEHUS
MPUMEM PE3YJAbTATH PEUIEHHA CHCTEMH
ypaBHEHUH [IPU Y4ere TONbKO CBOOOHBIX
YJEeHOB, T. €. IOMNPABOYHBEIE DACXOAHI,
paccyuraHHbe N0 Meroay JloGaueBa-
Kpocca. Dtu mpubIMKEHHS COOTBETCT-
BEHHO OyayT:

1 0 2
AQY = — 5 AQY = —5—;
AIZ
AQW = — - (6.52)
B pesysabrate mepBOH HTEpAnUH

[OJYYUM BTOPOE NPUOIMKEHHE pelie-
HUS:

(©)
20— aQP + 1A%
i
A, AQY
A (0)+ 2 i :
Q= AQY +——= L 5 53
A, AQW
AQ&}): AQ(nO)‘*" ny ! :
A 2
Ecin  mpomosKuTh  pelIeHHd, TO

TPpe€ihe NOPUOJHKEHHE COOTBETCTBEHHO
oyner.

AQP=AQ °>+2 (AQ<0 4} .
TA ,AQY)
B 1 >

SA, AQWO
=AQ® L T
Ql + Tll_‘_*—
AI/EA/ZAQ?)) .
+2 AHA// '

102 \\

//y

5 o) 2A,,AQ0 \(
AQQ:AQQ +T+
Ag, A AQP

R pev: s

2270y

o A, A0
AQx +T+

A, A AQY
R T
nn’ gy J

Q(Q)

Yucno urepanuil MOXKHO NPOAO/IKATHL
10 I[ONy4eHUs] MPAKTUYECKH TOYHOTO
pelleHHsl; BMECTe C TeM, KaK OTMeuaJ/ioch
BBILIE, MOJYyYEeHUE TOYHOTO PEIIECHUS NIPU
ONpeeNeHUH MOMPABOYHBIX KOHTYPHBIX
Pacxoj0B MOXKET He 0OeCneynTh yaoBJe-
TBOpeHus1 3akoHOB Kupxroda ajis Bcex
HE3aBUCUMBIX KOHTYpPOB. ITO CBA3aHO
¢ JiHHeapusauued HCXOQHOH cCHCTEMH
ypaBHeHUH. ToyHOCTH peuleHUs Oyher
TEM MeHbllle, uyeM OoabUlyIo [0JI0
cocraBJisieT MONPAaBOYHBIA pacxon AQ
0 CPaBHEHHUIO ¢ PACAOAOM IO Y4aCTKY
Q. Tlpu moay4eHUH HEIOCTATOYHO TOY-
HOTO peIeHUs] BCIO IPOLEAYPY pacdera
MPUXOAUTCS TOBTOPUTD. Y UUTHIBAA U3JO-
JKEHHOE, YUCJIO UTEpPAUMH MpPH Olpefe-
JIEHUH MTONPABOYHOrO KOHTYPHOTO pacxo-
na nenecoobpasHo orpanHuuuth. Hrak,
pelieHHe CUCTeMBl MPH HCIOJAb30BaHUU
MeTOja UTepanui MOXHO NpPEACTABUTH
B BHAE pPsijga, COCTOSIIETO W3 OFHOrO,
ABYX, TPeX W OOJBINErO YHCAA YJIEHOB.
PaceMoTrpuM usleHbl, COCTABJSOLLIHE Pe-
LIeHHe AJ51 MEPBOro KoJblia:

A, AQY
AQP =8Q+ 4
. A ZA AQ(O
+ _TT*
=AQI+AQ/ +AQ!" .  (6.55)
[TepBoe mpubaukeHue peileHud
AQY=AQ] (6.56)

YYHTHBAET HEBSA3KY TONLKO B COOCTBEH-
HOM KoJiblie, Kak OyaTo OBl COCeLHHX
KoJier Her. Jasg opHOro KoJbla 3TO
OyleT TOYHBIM peLIeHHEM JIHHEapH30-
BAHHOH CHETEMDbI.

Bropoe mpuban:KeHHe pelleHusi
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ZAI/AQ 0

AQP=AQP+

— AQ’ +AQ//

AQP*AQ@+WAU¥%==

=AQiI+AQY
YUMTbIBAET BJIMSTHHE HA KPYTOBO{ pacxol
HEBSI30K B COCEAHUX KOJIbLAX.
Unen

AQY =ZA,,AQY / Ay . (6.58)

CONeP KUT NONPABOUHbLIE KPYroBble pac-

XOAbl COCeNHUX Kojeil jAQ,, onpenenen-

Hble B IpeabiayluleM NpUOIMXKEHHH pe-

wenus. Yucao 4seHoB, COCTABAAMINX

nonpasky AQY, paBHO UHCAY Yy4ACTKOB

KOJIbId I, UMEIOMUX COCejHHe KOJIbild.
Tperbe mpubankenue 6yner

A4, AQW
AQP=AQP TRy

(6.57)

1

A AQSm

+Z A],Z 5t .
AHA

=AQi+AQ/+AQ," .

3mech TpeTUH ujieH
AQ'=Z(A,ZA,AQ" /A1 A,).
(6.60)

YYUTLIBAET BJAUAHNE Ha AQ | KOJEL, OKPY-
KaoIUX coceHue Koabua. B pacemar-
pUBAEMOM Caydae COGCTBEHHOE KO/bLO [
vMeer CoCelHue Koabua j. A atu cocen-
HHe KOJablid J, B CBOIO oqepeﬂb umeoT
cocennue koapna [ (AQ)") — nepgoe
IPUGIHIKEHHE pelieHusa a5 l‘IOl‘IpaBOLI-
HBIX pacxopoB Koden [). UHC/IO uJjeHOB

(6.59)

Z<A112AJIAQ<IO) / AIIA”)

CYMMbl PABHO UHCJIY COCEAHUX KOJel
IJIsl BCeX KoJen, COCenHuX Koabiy /. B
3TO YHCJIO BOHper U camo Koabuo {. Ta-
KUM o06pa3oM, tperbs monpaBka AQY”
YUUTBIBAET BJAUSIHUE HEBSA30K KOJler CeTH
Ha AQ, uyepe3 MONPABOYHHE PACXOAbI
COCelHUX KoJiell. ITO BJAUAHHE OOLIUHO
HEBEe/JIMKO, [O03TOMY pellieHHe MOXKHO
OrPaHHYUTh ABYMS YJeHAMH, T. e. orpa-
HUYHTBLCA HYJNEBLIM MPUOJHDKEHHEM U
mepBOH utepanueit. B atom ciyuae mep-
Bl uJ/leH pelleHusl 6yaer YuduThiBAThb

OlWIMOKY B CBOeM KOJblle, a BTOpPOH —

OWHBKY B COCEHUX KOJbUAX.
Packpoem BblpakeHue [J5 KOHTYD-

HOT'O YBA30UHOTO pacxona Ko/bua KAQy,

UCIOAb3ys  COOTHOUIEHMSl  ypaBHeHul
(6.42), (6.47), (6.53):
AQ=AQ+AQ: )
Qs
AQ;(:— £ ?
o 2a Qs
& } (6.61)
ZWN“'
AQ, =
o 2a,Qr!
J

[pu Ol'Ipe[LGJIeHI/IHKSHaKa TOMPaBOYHO-
ro pacxoga HeoOXOIWMO YUYHTHIBATD cae-
Aylouiee: BHpaKeHHA TuIa Q" 'unu
a,,Ql, BCerfa IOJOMKUTEAbHbBIE;, 3HAK
BolpaxkeHus 2a,Q7 ompenensior pacye-
TOM, C4YHTasl HAalpaBJ/eHHe [BHXKeHUd
raza Mo 4acoBOH CTpesiKe MOJOXKHTeJb-
HbIM; 3HAK BeJUYUHB AQy IPOTHBOIOJIO-
KeH 3HAKY BeJuduHbl 2aQr

Ilag rasonpoBoaOB HU3KOTO aaBde-
HUS OOBLIYHO HaBMIONAETCA PEXHUM THUA-
PABNHYECKOH TJaAKOCTH, MOITOMY o=
=1,75. B 3TOM cayyae cuctema ypaBHe-

Hu#l (6.61) mpumer cC/enyIOMUH BHAI:
Sap, )
AQ =2
K P,
1 o
DY a
K - (6.62)

HblH 38KOH THAPABJHUECKODS CONPOTHB-
Jenusi (a==2), IO3TOMY CULTEMA YPABHE-
Bu# (6.61) mpumer take#l Bua:

2 (P

AQ = — _»...~7ﬂ (6.63)
2 Z HL
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(6.63)

Z pzt_pit

Q,

K

TTocsie pacyeTa KPyroBEIX NMOMpaBOY-
HbIX pacxoaoB sl BCEX KoOJiel oIpe-
AeJI0T NONPaBOYHbIe pacXxoabl U HOBLIC
pacyerHble pacxoAnl AJs1 BCeX yqaCTKOB.
JIAsl yyacTKOB, He HUMEIOUIMX COCeLHMX

KoJel, MONpaBOYHble pacxoabl AQy,=
=AQy, a HOBble pacyeTHhE PACXOAH

QHOB pacu=Q+Aqu-
ﬂJlﬂ Y4aCTKOB, UMEKHUX CcocelHne
KOJblia, HNONPaBOYHbLIE PACXOAbI 6y)1}7’[‘
paBHbI:

AQyuzAQK—'AQI,
4 HOBLIE paC‘{ETHbIe pacxonbl
Qnoa pa(‘q:Q—{_AQy‘{:Q—{_AQK_—AQIy

rie AQ, — nonpapounbll pacxol B cOCEAHeM
KOJIbile, KOTOPbIH NpHGABJASIOT K PAacX0Ay Ha yyacT-
Ke, ¢ O0paTHblM 3HAKOM

BpegeHue MOMpaBOYHOro pacxona B
KOJIbI[O, KOTOPOE HMeeT KOHIEBYIO TOY-
Ky, MOXKET NEPEMECTHTb ee B COCeAHMH
y3eJ, ec/iu HONpaBo4HBIH pacxo 6oabuie
pacxona rasa Ha cocegHeM AJs KOHLe-
BOH Touku yuactke (AQx>>Q.). B Takom
clyuyae HallpaBJeHHe [ABHXeHHs rasa Ha
3TOM yyacTKe H3MeHHTCA Ha NPOTHBOMO-
JAoxHoe. Ecau y4acTKH Hecyt MyTeBYIO
Harpysky Qu, TOra BBeJeHHe NONpPaBoy-
HOrO pacXxopd MHPHBOMUT K CMeLIeHHIO
KOHI[€BOH TOYKH HA BEJUUUHY

Al=(AQy./Qu) L.

C  npubauKeHHEM, Y/IOBJETBOPS-
WOLIMM  [IpaKTHYECKHMM  TPeOOBAHHUSAM,
MCY¥KHO CYUTATH, YTO KOHLEBAA TOYKA HE
CMeLlraeTcs BILJIOTH A0 3HAauyeHusl Mompa-
BOYHOIH pacxona K y4dactky AQy.=
=0,55Q, a npu Bejguyune AQu >
>0,55Q oua nepememaercs B cOceHHH
y3ed. Takum o6pazoM, cMenieHHe KOHe-

. BOH TOYKH YUWTHIBAIOT TOJLKO TOTAA,
KOTja PacyeTHBI! PACXO/ yuacTKa MeHd-
eT 3HaK.

J15 HOBHIX pacyeTHBIX pPacxoioB
Onpeneaslior NoTepHd AaBjeHusl Ha KaxK-
JOM y4acTKe ¥ PACCYUTHIBAIOT HEBSI3KH
BO BCeX KOJbIax:
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*BaloTcd MeHbLje

a) AJdd CeTH BBICOKOTO JaBJieHUus
2 2
) (pm—pm)zAK;

K
6) sl ceTu HU3KOTO AaBJeHusI

Z (pm—pm) ZAK-
K
[fo HeBA3KaM BBLIYUCJASIOT OTHOCH-
TeNbHBle OIMOKH BO BceX KoJbliax Mo
dopmy.e:
a) jajd CcerH BBHICOKOrO JaBJeHUS

2 (=)

b= —X — 100%,
05> 1p2,—p)
K
6) AJs ceTH HHU3KOTO faBJeHus
Z (le_pKl>
5 100%, .

_ K
0,537 1p,—p
K

Ecau nody4eHHble OWHOKH OKa3hl-
3aJaHHOH TOYHOCTH
pacyera, TOrpa Ha 3TOM pacuyer NOTOKO-
pacnpeseneHusl 3akaHyuBaercst. Tou-
HOCTb pacyera OOLIYHO APHHHMAIOT B 5
win 109%. Ecan omubka pjst HeKOTOPLIX
KoJlel] oKasaJachk 060dbiie A0NyCTHMOH
BeJHYHMHB, TOTAa BCIO MPOIEAyPY pac-
yera MOBTOPSIOT CHOBA.

6.6. Pacyetr KONbuUEeBbiX rasoBbix
ceTeM HM3KOro [AaBAECHUSA

CeTb HU3KOTO AaBJIeHUS KOHCTPYH-
PYIOT U3 YCJOBHHA 3KOHOMUYHOCTH € CO6-
JiogeHueM tpeboBaHUl HaaexHocTu. Ee
BLIHOJIHAIOT € KOJbLUeBaHUEM OCHOBHBIX
rasonpoBOOB, B TOM YHCJe CBS3bIBA-
oKX dcrounuky mutanus (I'PIT) mo
HU3KOMY JaBjeHuio. OCHOBHBIE KOJAbllA

BHIIOJHSIOT NOCTOSSHHORO  auHamerpa
(unu W3 OBJU3KUX AUAMETPOB IO
[OCTy). CreneHb KoabLeBaHusl H

MPUHUMIE KOHCTPYUPOBAHUS CETH B OC-
HOBHOM 3aBHCSIT OT THIA IJAHUPOB-
KH M 3aCTPOUKM KUJBIX PafioHOB. Yuu-
THIBasl H3/10KeHHOe, ocJie noabopa a4a-
METPOB CeTH, a TakKXe [ocie Koppek-
THPOBKH MOJY4eHHBIX AHAMETPOB COT-
JacHo TpeOOBAHUSAM HaAeXKHOCTH, pacil-
pelejieHue IOTOKOB He Oyner yaOBJeT-
BOPATHL BTOPOMY 3aKoHy Kupxroda, nos-
TOMY BO3HMKaer HeoOXOAHUMOCTb B THA-
paBanyeckOHl yBs3Ke Kojeu cetu. llpu
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3TOM HeOOXOAUMO pPeIUUTbL AB€ 3aJauu:
1) KOHTYPHYIO YBAI3KY CeTH, KoTopas
TOUHO pelaercd paspaboTaHHBIMU MaTe-
MaTHYECKUMHU MEeTOJaMU U BHIIOJHSIETCA
Ha 32BM; 2) 3zazauy, cocTosimyio B
HOAHOM HCIOJb30BAHUM PACYETHOrQ Ie-
penaja aaBjeHUsl ra3a MO BCeM Hall-
pasjeHusiM cetu. [lpu pewieHun BTopoi
3apayu BO3HUKAeT HeoBXOAUMOCTh H3Me-
HeHUsl AMaMeTPOB OTAENbHbIX Yy4acTKOB
KoJabuesol cetu. Torpa, nocie usMmeHe-
HUAl JUaMETPOB y4aCTKOB, BeCh pacyer U
yBSI3KY CeTH MOBTOPAIOT CHOBA.
AJXropuTM YBSI3KM KoJgbLeBoH cern
HU3KOro fasjenus. PaccMoTpum cerb Ko-
TOpasl NpenBAPUTENLHO PACCUUTAHA, Ofl-
penejeHsl 1MaMeTpPbl Y4acTKOB C€TH, HO
BTOpoH 3akoH Kupxroda He yposJer-
BopeH. M30XuUM pelueHue 3agayu yBsis-
KH KOJbI€BOH ceTu, OPUEHTUPOBAHHOE Ha
ucnoabzoBanue 3OBM. Pacemorpum
aJropuTM yBA3KU CETH, HCHOIb3Ys MPOC-
TeHUH TIpUMep 11 BO3MOMKHOCTH MJl-
JIOCTPAUUU  aJroputMa ¢parMeHTamu
yucJIeHHBX pacderoB. Ha puc. 6.16 no-

Puc. 6.16. Cxema KoJb-
HeBoh yacTH ceTH

KasaHa [BYXKoJblieBas CeTb, YKa3aHHl
TOYKH INUTaHUs U cOpoca (norpebie-
HUsl) rasa, laHa HyMepal U Y4acTKOB U
KoJel U NPHUBEeAeHbl AJHHbl, AUAMETPH U
pacyeTHble pacxonbl AJsl BCeX y4aCTKOB.

B paccMmarpuBaeMoM Merone pacye-
Ta UcxojHasa UHbOpPMaUUsa NPeACTaBJs-
ercd B Buae aByX Mmatpuu. OCHOBHOH
ssadercd KoHTypHad martpuua KON (K,
I). Kaxpnas crpouka K 31oft Marpuusl
COOTBETCTBYET 3JEeMeHTApPHOMY KOHTYDY
KoJableBo# cetn. KaxXabli croabey Mar-
PHLUBI COOTBETCTBYET yuacTKy ceTH. Ecan
Ha TiepeceyeHHHM CTPOKH u crosabua
CTOMT €IUHUIA — 3TO 3HAYHNT, UTO ydac-
TOK, HOMep KOTOPOro COOTBETCTBYer
cToaby, NPUHANJIEKUT KOHTYPY, HOMED
KOTOpPOrO cooTBercTByeT cTpoke. [lpu
COBINIAJEHUH HampaBJeHUsl NOTOKa rasa
B ydacrke ¢ 00X040M KOHTYpa IO 4aco-
BO# cTpesike NpocTaBJjsercs NPOCTO elu-
Huua. Ilpu HecoBmajeHuHn — mepes efu-
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HuLed craBurcs MuHyc. Jlns cetd (cw.
puc. 6.16) martpuua KON (K, I) umeer
cllelyIOIHHA BUA.

Martpuua KON (K, I)

1 2 3 4 5 o

! 1 —1 1 0 —1 0
2 0 0] —i 0 —1

—_

[Ipu pacuere yBAAI3BOUHBIX KOHTYPHBIX
pPacxonos AJs He3aBUCUMBIX KoJel| Heob-
XOAUMO 3HaTh AJIUHY yuactka (L), pac-
4eTHBIH pacxoa rasa mo ydactky (Q.
M®/u); MOTepIo JaBJeHHs Ia3a HA yuacT-
ke ApTIa) u puamerp yuactka (duw).
Bce 3t naHHBle cBOAATCA B MAaTpHIy
PR (M, I), B xOTOpOI1 B NepBOH CTPOUKe
ApOCTaBJ/eHsbl AJAMHLl YU4acTKOB, BO BTO-
poil — pacueTHble pacxOabl rasa, B
TpeTbel — MOTepH [asJjieHus rasa Ha
Ka)0M Y4acTKe H B 4eTBepTOH — nua-
MeTp yuactka (IpUHSITBIA MOc/e mpen-
BapHTeabHoro nopbopa). Croabupl mart-
PUIBl COOTBETCTBYIOT Yy4acTKaM CeTH.
Hdas paccmartpusaeMoro mpuMepa 3Ta
MarpHia Hpeacrasdserca Tak.

Marpuna PR (M, 1)

1 2 3 4 5 6

I 210 205 200 210 250 60
2 144 120 50 20 39 28
3 600 923 240 380 200 180

4 108X 4 189x3|88,5X4| 60X |88,5X460X
X 3,5 X 3,5

1

YBSI3Ky KoJer HPOU3BOIUM B TAKOH
10C/1e10BaTeAbHOCTH

1) ompenensieM IO ouepead HEBA3KH
MOTePhb AaBJAEHUS B KaXKAOM 3JeMeHTap-
HOM Kojbie, T. €.: 2 Ap=Ay;

2) BblyucjsieM KPyrosble I1ONpaBou-
Hble pacxojbl INOCAeA0BATENbHO  AJs1
Ka’>X0r0 KOMblld, YUHTEIBAIOUIHE HEBA3-
KM B 3THX Koabrax, AQx;

3) mocAenoBaTeNbHO  BblYHCASEM
MOMPAaBOUHbIE DACKOAbl A5 JaHHBIX
Koden K, cBsi3aHHBHle ¢ HeBs3KaMM IO-
Tepb AABJEHHA B COCENHHX KOAbLAX —
AQY,

4) ompepnejsieM HOJHble KpPyroBble
AONpaBOUYHble pacxoabl A/ KaXXAoro
Koabna AQw=AQi+AQY;
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5) BBOAMM [OJy4YeHHble IONPaBOU-
Hble pacXodbl cpa3y BO BCe KOJbLA H
onpenesisieM HOBBI€ pacXOdbl MO BCeM
y4acTKaM CeTH;

6) BHOBL ompenensieM HeBA3KH BO
BCeX KOABLUAX H MpH HEOOXOAUMOCTH
MOBTOpSIEM pacuerT;

7) ecau mocje YBSI30UHOTO pacdera
pacdeTHble Mepenanbl 1aBJeHHsT HCIO/b-
30BAHbl 110 HAaNpaBJeHHMSM MOTOKOB OT
TOYKH MUTAHUA 10 TOYEK CXOja He [0J-
HOCTBIO, TOT/1a KOPPEKTHPYIOT AHAMETPhl
H YBA3OuHBIH pacuer nosropswTr. Huxe
INPUBOAUTCA AJITOPHTM YBSI3KM KOJbIle-
BOH ceTH HHM3KOro /aBJjeHHs, NOCTPOeH-
HbIH Ha HM3JI0XKEHHOM Bbllle APHHIMIE.

I'nppasavueckust pacuer Kojabuepoi
CETH € TYMMKOBLIMH OTBETBJAEHMSMM.
s Gonee BCecTOPOHHETO OCBellEHHS
THADAB/AHUECKOrO0 pacyera KOJbIeBbIX
ceTell HH3KOTO jaBJjeHus NMpOoBeeM Ta-
Kol pacuer 6e3 npumenenusa IBM. Pac-
CMOTPHM BCIO NOCAe10BaTeIbHOCTb pac-
Jyera, HaulHas OT Ofpeje/deHHs pacxo-
[0B ISl Y4aCTKOB CETH [0 KOHEYHOro
pesyjbrara —paccUHMTaHHLIX 1UaMeTpoB
CeTH TPH BLINOJHEHHHM BCeX OTpaHUYH-
BalOIHUX YCAOBHH.

Pacyer KoabneBo# ceTu HUIKOTO
JaBJeHus] OCYLIecTBJAAIOT B jABa 3Tamna:

1) Ha mepBOM 3Tame pacnpenendoT
IOTOKM ra3a M ONpefeNsioT pacyeTHble
pacxopbl AJs BCeX Y4acTKOB CeTH; 10
3a]aHHOMY pacdeTHOMY Iepermajny aas-
JeHust Ap moabupalor AuaMeTphl ydacrt-
KOB; MPOH3BOAAT MHAPABAHYECKYIO YBA3-
Ky ceTH; MpOBepsiloT CTeMNeHb HCHOMb-
30BaHUA pacueTHOrO Ieperaja jaasJe-
HHSl M TpH HeOOXOQHUMOCTH KOPPeKTH-
PYIOT OTA€/bHBlE AHaMerphl,

2) BCcA MOCAeN0BATEAbHOCTL pacye-
TOB MO H. | APUBOAHT K 3aBepLIEHHIO
THAPAaBJHUECKOTO pacyera CeTH, T. €. K
NOJy4eHHIO [HaMeTpoB Ta3oNpoBOAO0B
[J151 BCEX YYACTKOB [1PH YAOBJETBOPEHHH
BCeX OorpaHudeHu# Ha pacuer. Kak mpa-
BUJO He yjaercsl pelldTb JUIlb OfHY
3ajayy — B3aMMHOro pe3epBHPOBAHHA
YYaCTKOB CeTH jJIsl MOBLILIEHHA Hajex-
HOCTH rasocHabkeHus. Ee pemaior Bo
BTOPOM 3Tamne, B KOTOPOM IO H3J0XKeH-
HOMY HH)Ke IPHHIUITY YTOUHSIIOT AHaMeT-
pbl OCHOBHEIX KOJler AJf MOBbINIEHHS
HaJeXHOCTH CeTH.
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ARTOPNTM IruAPaBNNYEeCKON YBAZKN KONLLEBOM CETH

[ Bron newHbix: marpuum KON / K, T/, PR M, 1/ /

-

k=1
k=1 )’JApi,m.?choKMPR/M,I/ u T crpoku KON /K, 1/
onpefenAioTcA shakn A pj e L
k=1; );_AQ_F_).' u3 3u2crpoxk PR /M,T/u 1 crpokn KON /K, 1/
a
ZAPR
k=1 AQy=-— /nep parka/
5 1 Ap’
N Z e
1 Q
aa
k+1<n
Her
s+

T ¥

A Pi, ek @ ,ck — Bepyrea ana yuactior umelowmux cocegHue

1
wonsua; A Qgy — ANA COCEAHEr0 KOMLLA YYacTKa ek

!

z _A_-'P-i.lg.i A dcx
" i, cx Qi, ex
k=1 A Q= - [avopan paexa/
s _Api
¢ Qi

[

k=1 AQy=4Q+aQ]

faa
k+1 < n =
Her
Onp CA HOBbIE [ bl ANA BCEX YYacTKOR BCEX KONel, Q'i = Qi + A (}!K -A ch
r— (g ’
Mo nony M HOBbIM QI p ThbIBAKOTCA HOBLIE [’} = = Bnox
T'A Pi’ LAA KaOXKAOr0 KONLLA - acvera A P,'

Her
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[lepentit atan pacyera: 1) Ha ocHo-
BAHUU H3BECTHBIX KOJHYECTB MOTPebisie-
MOTO ra3a M MNPUHATOH CXeMBl Taso-
HPOBOJOB BbLIUHCJ/ISIOT COCPELOTOUEHHbIE
U yaeJbHble MyTEBbIE PACXOAbl JJs BCEX
KOHTYPOB MUTAHUA MOTpPeBUTEEN;

2) ompeaeasiiorT IMyTEBHIE PACXOIb!
NJISl BCEX Y4ACTKOB CETH;

3) sapaloT HayaJjbHoe pachpene-
JeHHe MOTOKOB B cerd. OCHOBHOM 3aja-
yell, peaeMoll MPH PacCHpefejeHuH Mo-
TOKOB B CETH, SIBASIETCS ONpeeeHHe
rAaBHBIX HaNpaBJeHU NBUXKEHUA rasa
M YCTAHOBMEHHE CBfA3Ed MeXAy 3THMHU
norokamu. B pesyabrare opmupyercs
OCHOBHAaf KoJblieBasg ceTb. Pemenue
9TOH 3aja4d TECHO CBSI3aHO ¢ paspa-
60TKOH cxembl cetn. Eciin yxxe ecTb mpes-
BAPUTEAbHEIH BAPUAHT CXEMBI, TOT A NIPU
peleHud BOMpoca paclpeneeHus MoTo-
KOB B Hee BHOCAIT HEOOXOZUMbBlE KOpPeK-
THBH. I10 rAaBHLIM KOHTypaM Hampas-
JASIIOT TPAH3WTHBIE MOTOKU. [lo BTOpO-
CTEIIEHHBIM y4acTKaM TPAH3UTHBIE pac-
XOjbl He HAmpaBJasioT. 0N0BHBIE yyacT-
K{, MPUMBLIKAIOIIHE K TOYKaAM MHTAHMA,
JOJXKHE OBITh B3aUMO3aMEHSIEMBIMH, a
X pPacyeTHLIE PacxOabl MPUMEPHO OfM-
HAaKOBbIMH. ToOuyku MHTAHUA TJaBHBIX
KOHTYPOB BHIOUPAIOT TaK, 4yTOOLI OTOKH
rasa JBUTaJHCh K MOTPeOUTENAM Kpar-
yafiuuM IIyTeM, a TOYKH UX BCTPeYHd pac-
0Jarajuch AUaMerpajbHO HPOTHBOMNO-
JOXHO ToykaM nuraHud. lenecoobpas-
HO, 4TOObl OJHH U3 KOHTYPOB CETH
obbeauHAd TOukH mutaHus ee or I'PII
OCHOBHBbIE  HampaBJeHUA  IBHKEHHSA
TPAH3UTHBIX PACXONOB MOJKHH IpoJe-
ratb B 30HaX HauboJbliero norpebae-
HUsi rasa. B pesyabrare BBLITOJHEHUS
M3J0XKEHHBIX BbHIIIE OONIUX HNPHHIUIIOB
IOTOKOpACIIPeAeNeHHsl B ONPeAe]JeHHON
CTEMEHH PEINAETCA 3a7a4a [OBHILEHHS
HaaeXHOCTH Ta30CHAOXKeHUs.

IDKOHOMHYECKHH NPHHUUI KpaT4ya#-
merc MmyTH rasa K norpeburenaMm mopu
IOCTPOEHWH CUCTEMBI BBHIAEDKATL YAA€T-
¢l TOJBKO 4yacTH4YHO, TAK Kak TpeboBa-
HHUSl B3aMMO3AMEHSIEMOCTH Y4aCTKOB M3
YCJOBHE HANEKHOCTH 4acTO IPHUBOIAAT K
HEOOXOAUMOCTH VAJUHATL NyTh ABUXKe-
HUSl rasa;

4) B UTOTe PElUICHUS 3a7a4yH MOTOKO-
pacrpejeneHus CIPEAeasIoT PACYETHBIE
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pacxopbl raza [AJsl BCEX YYACTKOB CETH,

5) HCXONS W3 OHpPe/eJIeHHBIX RbIIIE
pacyeTHBIX PAcxXoOB rasa W 3aJaHHOrO
pacyeTHOro nepenajna fAaBjeHHS B CETH,
noa6UpaloT AUaAMETPBl JJs BCeX y4acT-
KoB. [lpu moan6ope HCIOAL3YIOT NPUH-
IUII NPHOPUTETHOCTU HANpaBJeHHH ¥
KoJjier, T. €. ciepBa NOAOUPAIOT AHAMET-
pbl AaA TAaBHbIX HampaBJeHU# (mpoxo-
ISIIIUX YE€PE3 BCIO CEThb) U AJS OCHOB-
#bIX Kogen. Ilpu monbope nuamerpoB
BTOPOCTEMEHHBIX HAaMpaBAeHHH HCIOJbL-
3YIOT OCTaBIIHECA Mepenajabl AaBJeHUS;

6) MPOU3BOAAT THUAPABAHYECKYIO
YBSA3KY CETH, B Pe3yJjbTaTe Yero nojy-
4aloT OKOHYATENbHOE paclpeae]eHue o-
TOKOB. [Ipu 3TOM 1/ 3aMKHYTBIX KOH-
TYyPOB ceTH aJjrefpanyeckas cymMma IMo-
Tepb naBjeHUst OyneT paBHA HYJIO;

7) mpoBepSIOT NMOJHOTY HCIO/b30BA-
HUSl DACYyeTHOrO Nepenajna AaBJEHHS OT
TOYKH MUTAHUA 110 KOHIEBBIX TOYyeK. [1pH
HEOOXOAHMOCTH pacyeT YTOUHSIOT.

Bropoii aran pacuera. Y cerefl HU3KoO-
ro JAaBJEeHUsI TPAHCIOPTHHIH pesepB He
PacCCUUTHLIBAIOT, KaK 3TO AeJalorT aas
KOJbLEBLIX Ta30lPOBOAOB BBICOKOTO U
cpenHero AaBJeHui. Bmecte ¢ TeMm, mpen-
BapUTEJbHO ONpeeJeHHble IHaMETPHI
YYACTKOB KOJbIIEBOH YaCTH CETH MOTYT
00 pasMepaM CUJILHO OTJMYATBCH APYT
oT apyra. Ecau Xeé KoJjbLo COCTOUT U3
CUJBHO OTJUYAIONIUXCSH IHAMETPOB, TO
OHO mepecTaeT ObITh PE3EPBUPOBAHHBIM
3JIEMEHTOM CHCTEMBI, TAK KaK Y4aCTKU ¢
MaJibIMU 1MaMeTPaMHu He CMOTYT MpoImycC-
THTL HEODOXOAUMBIE MOTOKU HPH aBapuii-
HBIX cuTyanusax. [losToMy BoO3HHKaer
3ajaya MojpepHU3auuu paspaboraHHoH
paHee ceTH [J51 MOBLIIIEHUS €€ Hajex-
HOCTH ¢ MHHHMMAaJbHBIMH JOMOJHUTENb-
HHIMHU 3aTpaTtamu. [1pu paspaborke cetn
Ha [1epBOM 3Tamne OblJU BhIJEJEHb! [J1aB-
Hbleé KOJbua. IJTO Koabua, O6bLeAWHS-
omue uctoyHHKU murtanua (I'PIT), oHu

HECYT OCHOBHYIO Harpysky; KoJbua,
HEIOCPEACTBEHHO NPHUMBIKAIOmUe K
I'PIT; BO3MOXHB H ApyrHe KOHTYPHI,

OObeAUHSIONIHE Y4ACTKU ¢ OOJABIIUMH
pacxogamu rasza. BoblgejeHHBIE KOJbUa
CJAEAYET PACHOJOXKHUTL IO WX pAaHry B
pAn. [das OmeHKH 3HAYHMOCTH KOJblia
[EJECO06PA3HO HCIOAb30BATHL €r0 Ma-
TEPUAABHYIO  XapakTEpPUCTUKY: M=
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=2 d,l,. B pesyabrarte MoAyduM paHKH-

poBaHHBIA pAL Kodew: M, M, M,.

OcHOBHOA HpPHHIHUI B3aUMHOIO pe-
3€PBUPOBAHMUS YYACTKOB KOJbIA COC-
TOUT B MPOEKTUPOBAHUH KOJAbIIA € IOCTO-
SIHHBIM AHaMeTpoM. Ecju 310 He ynaer-
CSl, TOr@ KOABIIO MPOEKTHPYIOT U3 ABYX
6auxknux auamerpos 1o 'OCTy. C yue-
TOM HM3J0XKEHHOTO, MOJepHU3ANUs CeTH
3aKawuaercss B KOHCTPYHUPOBAHUH T/1aB-
HBIX KOJel ¢ IIOCTOSIHHBIM JUaMeTpPOM.
[Ipepaaraerca cienywoiias MeTOAMKA:
MOCTOSIHHLIH JHAMETP KOAbIlA BHIOUPAIOT
nyTeM OCpPeAHEeHUS ero MaTepHaJbHON
XapaKTePUCTHKH, MPHHUMAEMON C HEKO-
TOPHIM yBeJUUEHHEM, TAK KaK MeTOAHKa
nopbopa AuaMeTPOB CeTH MO CpeJHeMy
yIeJLHOMY ITAfeHUIO 1aBJeHUS XapaKTe-
pu3yercsl MEHBUIUM PacXoAoM Merajlia.
Taxkum o6pasoM, ocpeHEHHBIA auamMerp
Koabua dq, omnpenensercs CAeLYIOIIUM
COOTHOIIEHHEM:

dep=(aZ dyly)) /2 L,

roe dy u [, — nuameTp W LJWHa ydacTka if; o —
KO3 GhUIKMEHT, YUUTHIBAIOHIMHA yBeIuuyeHHe Mare-
pUHalbHOH XapaKTepuCTHKH KOJblAa C MOCTOSH-
HBIM nuameTpom (o6bluHO a no 1,1).

[lepBoHauanbHO omnpenensOT aHa-
MeTp Koabua nepsoro padra. [loay-
YeHHbIH OCpPeJHeHHB auaMerp KoJb-
na 6yner 3akAoUaTbes MEXKAY ABYMs
6muxkuumMu auamerpamu mo OCT, T. e.:

d6>dcp>dm,

rae ds u dy — GONbIWIKWA W MEHbIUWH AHAMETpPH]
no F'OCTy. BuGop ocyuiecrBisieM No MeTOnuKe,
U3J0XKeHHol B 1. 6.4.

[Ipu ocpenHeHMM auaMerpa KoJbla
BTOPOTr0 paHra B CyMMy BKJIOUAIOT yda-
CTKH, IPHHAJ/AeXKAaIllHe KOJblly MepBoro
paHra, HO NpH OCPeRHeHHM [auaMerpa
KOJblid AHAMETPhl Y4acTKOB, MpPHHALJE-
Kamue KoabiaMm 60Jiee BLICOKOTO paHra,
He uaMmeHdAwT. Takum 06pasoM, KOHCT-
PYHPYIOT KOJbUEBYIO uacth ceru. [locie
3TOT0  HPOH3BOASAT  THAPABJHYECKYIO
YBSI3Ky M INPOBEPSIOT MOJHOTY HCIOMNb-
30BAHUSl PACUETHOTO Iepenaja AaBJe-
HUSl B CETH,

Mpumep 6.4. Paccuurath KoAbuEBO# raso-
MpoBoJ HW3KOTO faBjeHdfl, MNOKA3aHHbLIA Ha
puc. 6.17. IlnotHocTb Haceneduss 550 wuwen/ra.

IpaHunua cHabxaemoit razom

Puc. 6.17, Cxema raso-
A0AAYN KOJAbUEBOH CeTH

1T A 5 B @
I=~3 )
Slooo 81 300 8] 3w 1%
? 3 70 =
D
Sy S 8 I %\
3 7 I N 790 750ﬁ
hw []—-‘12 n 5 7
1 R I =
4 d 2 o
Stz 150
J05
450 6 18
Puc. 6.18. PacueTnan
cxema ceTH HH3KOro
AAaBJEHHA

Yaeapuwoiii pacxos raza ¢=0,09 w®/(u.uen).
CocpenoroueHHblx Harpy3ok Her. Jauuer cropod
KoJell W MJOIAAn 3aCTPOHKW KuJbIX KBapraJjos
npuBenessl Ha puc. 6.17. Jlas rasocHabxenns
UCMOJB3YIOT NpUpOLHbIA ra3. Pacuernwlii nepe-
najg gaBieHus B cetn Ap.=1000 [la.

Mepewiii aTan pacuera. 1. Pacuet naunzaem ¢
onpejelieHust yAeJbHbIX MNYTEBBIX DPACXOJOB JJsi
BCeX YYacTKOB CeTH, jJifl yero: a) pa3buBaeM BCIO
rasocHabXaeMmylo TePpUTOPUIO HA 30HBI, KOTOpBIE
AMTAIOTCH OT ONpeJeleHHbIX KOHTYPOB; 6) paccyu-
THIBAEM MaKCHMajbHble 4HacOBbIE pAacxogbl Ajs
Kaao# TaKoid 30HbI, NepeMHOXas Mo asb
30HBI, NJIOTHOCTb HAaceJeHUs H yIeJbHbIH pacxon
rasa Ha OJHOTO yej0BeKa; B) MNOACYHTHIBAEM
CYMMapHYIO JJIMHY NUTAIOUIEr0 KOHTYpA; r) ompe-
jgensieM yaeJbHble Pacxoabl AJs BCEX KOHTYDOB,
pasie/iuB MAKCHMaJbHble 4aCOBble PACXOnbl rasa
B 30HAX HA CYMMapHVYI0 AJWHY NUTAOLHX KOH-
TypoB. Bee pacuersl cBogum B Taba. 6.4.
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Ta6aunua 6.4. YaeabHbie nyTesbie pacxoabl AJjs BCeX NUTAIOUIHX KOHTYPOB CeTH

Howmep xon- TazocnaGxaeMue 30HL JliuHa nuTamo- Y peanHoti 3ny-reﬂoin
Typa pasmep, ra YHCJIEHHOCTb Hace pacxop rasa, Hero KoHTypa, M pacxon, M*/4-u
JNeHAs, yen M/
1 9,8 5390 485 1445 0,336
11 5,7 3135 282 1145 0,246
I 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. 3agaeM HauanbHOE paclpeneeHde MOTO-  MUTAHWA CETH, HO HEeceT MeHbIIYIO Harpysky o
ko rasa B ceru. CXemMa rasonpoBOnOB IMOKa-  YeM MOXHO CyAHTb MO MyTeBHIM pacxozam. B cBoux
3aHa Ha puc. 6.18. [leppoHayanbHO Ha3HawaeM  PErHOHAX 3TH KOHTYpHl OyaYT NMpeACTaBAATb pe-
HampaBJeHust NBUXKEHHS rasa OT TOYKW MATAHUSA  3EPBUPOBAHHYI0 UacTb KOJbLEBOH ceTw, obaa-
12 mo rasompoBosaM K nepedepun KpaTdyafiluuM  AAWHIYI0 AOMOJHUTENbHOH MPONYCKHO# crocof-

nyreM. B pesyiprate mojyvamTcs ueThipe KOH-  HOCTbIO AJsi oOecneueHdsi MOJayd rasa B apa-
EBBIX TOUKH CX0ga moTokoB: 3, 7, 14, 16 u nATb  puiiHble 30HHI.
KOHIEBBIX TOYEK TYIHUKOBBIX OTBeTBJeHH#: I, 5, CoOTBETCTBEHHO  BHIOPDAHHOMY  OCHOBHOMY

9, 17, 18. J]IaA mNOBBIIEHHSA HAZEXKHOCTH CETH KOJIbIlY MPUHUMAEM CJAEAYION(ME [JaBHBIE HaM-
B YACTHOCTH AJs1 B33aUMHOTO pe3epBUPOBAHMS  paBieHusn: [2-11-10-6-2-3 w 12-13-8-4-3. )Keana-
YYaCTKOB BBIAEJsieM W3 HEe JBa OCHOBHBIX KOH-  Te1bHO, uTOOBl OHH HECAH NPUMEPHO ONHHAKOBbIE
Typa. Harpyskd. s 3Toro TOUkW BCTpEYM [OTOKOB 3

Kouryp Il (12-13-8-7-6-10-11-12) n kouryp!  n 7 cMeweHs B CTOpOHY HanpaBaeHust [2-11- .-3.
(12-11-15-16-13-12) . Tpetu#t KOHTYp nmpucoesuHer  BuOOpPOM pacmosioxkeHusi ToYek J H 7 pewaercs
K TOYKEe MHTAHHUSA W HECeT OCHOBHYIO HArpy3Ky, BONpPOC paclpepeseHdsi TPAH3UTHBIX DacXopoB B
TaK Kak muraer KoHTyp [V u Tynmukoswole orBer-  kKoabuax [/l u [V [lpun npuHATOM HanpaejeHun
BjeHuA. KoHTyp [ rtakxke NpucoeidHeH K Touke  n[OTOKOB KoJew [ w [/ touku BcTpeun Oymyr I4

Ta6aunna 65 Onpenenenne pacueTHbiX PacxofO0B ra3a [Jjs y4acTKOB cCeTH

Howep | s |Vl myesod e
yJacTKa yuacTka, M MK/('{-M) Q“ O, 55Q“ Qw Qp
2—1 100 0,186 19 10 — 10
2—3 100 0,263 26,3 14,5 — 14,5
6—2 200 0,1864-0,263=0,449 90 50 45,3 95,3
6—5 100 0,186+0,228=0,414] 41 23 — 23
6—7 150 0,3574-0,263=0,62 { 93 51,2 — 51,2
10—6 300 0,357 +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+4-0,357=0,693 35 19 1127,1_ 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 — 24
11—15 390 0,3364-0,246=0,582| 227 125 283 408
15—14 205 0,246 50 28 —_— 28
15—17 150 0,288 43 24 — 24
15—16 305 0,336+4-0,288=0,624] 190 105 — 105
10—14 350 0,246 88 47 — 47

*Tpausur 43 Ha /3-/6
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u J6, u TpaH3uUTHBIe MOTOKM Koabua f{ pacmpe-
pgejsiotesa oxHosHayHo. Ias konbua ! riasHble
uwanpagnenusi: J2-11-15-16-18 wn  12-13-16-18.
TpausutHoil NOTOK K yyactky [6-18 mepeaaem
Ha yyacToK /3-16, TaK KaK OH MeHee 3arpyxKeH,
yeM COOTBETCTBYIOIIHE eMy (reoMeTpHyeckH) yya-
crok [7-15. PaccmorpenHsii BapHaHT sH6opa
HaTpaBJeHuil [BHXKEHHS! TIOTOKOB rasa M pacnpe-
[eNleHHs] TPAH3HUTHBLIX PacXOfoB YyuHThiBaerT (Ka-
YeCTBEHHO) BONPOCHl PE3CPBHPOBAHUA B KOJblle-
BOH ceTH.

BuiyucasieM nyteBble  pacxodbl A BCEX
YYaCTKOB CeTH (COCPeNOTOYEeHHBIX PACXOZ0B CeThb
He wumeer). Bce pacuernl csBogum B Ttaba. 6.5,
Crnepsa mpocraBisieM HOMepa H JJIHHBI Y4yacTKOB,
Aajiee yAelbHbIEe TTyTEBbIE pacxoas (u3 Tabu. 6.4),
a 3aTeM HyTeBbie pACXoAbl NS BCeX YYACTKOB.
ITocaenoBatelbHOCTD NPOCTABICHHST HYMepauuu
yyactkoB B TaGa. 6.5 npuuAra Takas: OT KOH-
LeBbiX TOYEK MPOTHB JABHXKEHHs rasa B TpyGonpo-
BOAE BAOJb BHIOpAHHbIX TJAaBHBLIX HampasJeHHH
B TAKOM TIOpsifike, B KAKOM NpejIojaraercsi onpe-
ReNATH pacyeTHble pacxoAst IIpu stom ciexyer
YUYHTBLIBATb, YTO PACXOAbI AJS1 BCEX BHIXOASLIMX H3
JIAHHOTO y3j1a YuacTKOB JOJIKHbI GbiTh H3BECTHBI,
TOra MOXKHO OTpejeUTh Pacx0ji Ha yyacTke, KO-
TOpBIA jOcTaBnseT ras B 3TOT y3en. Ecau xors 6hl
[JISE OHOTO BLIXOASILErO H3 y3/1a yyacTka pacxoj
rasa HeMspecTeH, TOrAa 3TO HalpaBJIeHHe ClefyeT
BPEMEHHO OCTaBHTb H pacCMaTpHBaTh APYroe Ham-
paBjieHHe, H3 KOTOPOTO MOKHO ONpefeNHTb 3ITOT
HeH3BeCTHLIH Pacxox.

Tlpunsitas cxeMa H paclONOKeHHe TOUeK
BCTPeYH MOTOKOB I[103BOJIET Cpa3y pacCyHTaTh
BCe pacxoam A yuactkos kosel /V u /Il xpome
y4acTKOB, KOTOpble rpaHuyaT ¢ kombuamu [I u I
Hnsi yuactkos or 2-1 mo []-10 pacxoapl 6bliu
onpesenenst no cxeme. Jas yyactka /1-10 pacxon
MOXHO HAHTH. 3HAsi PAcXojbl HA YYacTKaX KoJb-
ua If. Tlosromy panbuedmiui pacyer BeieMm IO
yyactkam 4-3, 8-4, 8-7, 13-8. [anee paccmart-
pusaem yuacted 10-14, 11-10, 15-14, 15-17 u
15-16 (xak OTMeHasnoCh Bbill€ HA Hero TPAH3HT
He meperjaapisaeM)., B pe3yasraTe 3akaHuHBaem
pacuyer moTOoka rasa, suixogsuiero us I'PIT no
yuactky /2-11. Jlnst ocTaBmiuxcst yuacTKOB pacXo-
bl M3BeCTHbl, B HTOre ONpejensieM pacxoj AJs
BTOPOr0 TrOJIOBHOrO yyactka J[2-13. Ompegenum
pacxox rasa, seixogsiuero us I'PIT:

35-41127,1=1162,1
173 4596,7 =769,7

1931,8

TlorpeGnenue rasa coctasasier [994 m®/u, ute
OTJiAuaeTCH OT TIONYHEHHOro 3nauenns Ha 2,6%.
CunTaem Takylo TOUHOCTb TpHeMJeMOH.

3. Tipoussogum noaGop guamerpos s Bcex
yuactkos. ITorepu Ha MecTHble COMPOTHBJEHUS
nputumaem passbiMd 1094 nuuefinbix, Torza go-
NyCTHMbIE NOTEPH JABJIEHHA HA TpeHHe COCTaBsT:

Ap=1000/1,1=910 Ta.
HOCKOJIbe IYyTH [ABHKEHHUs rasa A0 KOHIEBbIX
TOYEK H TOYeK BCTpe‘{l/I TTOTOKOB BecbMma pastq—

HBl, T03TOMY QODHHHMAaeM pasHble YjAeJbHHIE
notepy gasnaenusi Ap;/! Ans pasHpix HanpasIeHnH.

1) yuacrox 12-11,
2) yuacrok 12-13,

Hroro

paCCMOTpHM OCHOBHbBIE HaTIpaBJIeHHS.

1) 12-11-10-6-2-1,
502003004200+ [00=850,
2) 12-13-8-4-3, 3i=1060,
3) 12-11-15-16-18, 31=895,
4y 12-11-10-14, S1=600,

910
ApT/l——S—Sﬁ——lﬂ? Ila/m.
..=0,86 I'la/m.
=1,02 ITa/m.
=1,52 Ila/m.

CpaBHeHHe yjelbHbIX TOTepb AABJEHHS HOKAa3bl-
BaeT UX pasjuyde (mHanpumep: 152/0,86=1,78).
YuutsiBas M3JO0MEHHOe, HPOU3BOAHM KOPPEKTH-
poBKy Ap:/{. Criepsa nogbupaem anameTpsl OCHOB-
HBIX Y4acTKOB. [/l 0CTABIHXCS YUACTKOB KOppPeK-
tupyem Ap;/l W nopGupaem auameTpu. llese-
coo6pa3Ho, N0 X0y pacyeTa, OLEHHBATb BO3MOK-
Hble HeBA3KH B KOJbILAX H YUHTHIBATb HX TPH Has-
Hauenuu auamerpos. ClexyeT OTMETHTH, YTO ueM
TOouHee OyjeT OCyIleCTBIeH HPeJBApHTENbHBIH
noa6op AHAMEeTPOB KOJbLLEBOH CeTH, TeM MeHbule
TpyAa OyAeT 3arpaueHo HA YBSI3KY CeTH # Aaib-
Helllpe pacyeThl.

Ha ocHOBaHHH NONYYEHHBIX PACYETHBLIX PAaCX0-
JOB H H3JOMEHHbIX HOACYETOB BO3MOMHBIX YAesb~
HBIX NMOTepb AaBJeHHS ObLIKH MOROGpaHBl gHaMeT-
pHl A8 BCeX yyacTKOB KOJbueBOH ceTu. Pesyis-
TaThl pacyeToB npusexenbl B Taba. 6.6. Ilpu rua-
paBIMYECKOM pacyeTe HCIOIb30BATHCh HOMOTpPaM-
MBI, pHBEJACHHBIC B yueOHHKe.

B pesynbrate pacyera omwnfKa B KOJbLAX
He npesbichga 109% (1. e. MakCUMAaJbHYIO TO
CHully), nosTomy janbHeRMIYIO YBA3KY MOMKHO
He npousBoAuTs OAHAKO, HMesi B BHAY MeTOAMYeC-
Kylo cropoHy, HMxKe OyleT TpHBeldeHa THAPaB-
Juyeckasl yBsI3Ka KoJell, YTO 3HAYUTEJbHO NOBbI-
CUT TOYHOCTh pacyeTa.

4. TIpou3BogUM rHPaABIHYECKYIO YBSI3KY KO-
jeu. CHayana paccyutaeMm TepBbie TONpaBOYHbIE
Kpyrosble pacxonbl AQg ajsi Bcex kogew mo ¢op-

myJge (6.62).
K

AQ=— =
1,752 *Qp,‘l
p
=‘T,%.l17():%§=4'3’
A= 175 s = 0
AQ = — T?ET%WZ —0,05;
AQ;V=-—17%§%§—6§=0,64.

Paccuntaem no ¢opmyse (6.62) nomnpasku
AQY, yuuThiBalOLlHe OWHOKH B COCeAHHX KOJb-
1ax, ¥ MOoNHble Kpyrossle pacxoabl AQ,.
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v Q, !
AQ = =
1 Ap”
1 Q”
_(0,14840,499) (—0,05)—0,478-05
- 10,382 =—003,
AQI=AQi+AQ{"=4,3—0,03=4,2;
v 0,32 (—0,05)40,478-4,2
AQ =2 42,)7:;8 =0.05:
AQy=—0,54+0,05=—0,45.

Ilo meroay 3eigens B npouecce UTepaTHs-
HOrO cHeTa Ha Ka){ oM LAre MOMKHO HCIOIb30-
Bath 60jee yTOyHeyHble 3HAYEHHS NepeMeHHHIX,
ueM nOJy4YeHHLIE Ha pepBOM lIdre, I0STOMY B
dopmyay ana AQY smecto AQ{=4,3 noacrasneno
3HaveHue AQ=42.

(0,499+-0,148)-4,2—0,32.0,45+
12,749
+(3,81 4+7,32)-0,64
12,749
AQm = 0,71 5
(7,3243,81)-0,71
36,368

AQry==0,86 .

Bsujy Xopoliedl TOYHOCTH NpejBapUTeNbHO-
ro pacyera nonpaBoyHsle KpyroBbie pacxojisl Nno-
JAYHHJUCh BecbMa Majibie.

BBoaHM nOmpaBounble pAcX0ibl BO BCe KOJb-
1a, onpejesnsieM HOBble PAacyeTHHE PacXoinl A1d
BCeX Y4AaCTKOB H HOBbie 3HA4YeHMs NOTepb jgaBje-
yus. Bee pacuern csoaum B Tabu. 6.6. Ilposesen-
Hble pacdeThl ITOKA3LBAIOT BHICOKYIO TOYHOCTD
yBHI3KH Kosen. BBy Manoro pasjuuus B pacxo-
AaX Ha yyacTKax IpU NpejBapHTe/IbHOM pacnpe-
JieJJEHHM M 1OCjie HTePAaTHBHOrO nepecyera HOBbie
noTepU JaBJEeHHS Ha y4acTKAX PACCYUTHIBAJTHCDH
AHAJMTHYECKH IPONOPHHOHAJBLHO  H3MEHeHHIO
OTHOLIEHHS PacXoja rasa B CTeneHH 1,8, 1. e

(Qron/Qcr) '8, e Quos — HOBMIH pacxox rasa,
QCT— pacxoj rasa, nojydeHHHH NpH npeasapH-
TEJLHOM Dacyere.

[MpoBepuM NOJHOTY HMCNOMb30BAHUS pacyeT-
HOro pepenaja jpaslenust B cetd. Hanpaenewue
12-13-8-4-3, norepu pasnesust Ap=_860 Ila; 12-
11-15-16, Ap=845 Ta; 12-11-10-14, Ap=1107 [la,
IMo BceM HanmpaBeHHsIM CTeNeHb HCIOJb30BAHHS
PACYeTHOrO Nepenaja jiaBieHns Y A0BIeTBOPUTENb-
Hasi, TUWb Ha Hanpasienuu [2-11-10-14 umeercs
nepepacxo@ dasaenus. Ha sropom srane pacdera
aT0 6Yyoder yuTeHo.

Bropoit atan pacuera cers. Hecmorps Ha 19,
4TO OPH NpeiBapHTeSbHOM pacHpejefeHHy NOTO-
KOB Y4HTbIBAJHCh [JIaBHLie HANDABJeHHs H Gbiu
BLiEEeHb Ba [J1aBHBIX KOJbla, B3aHMO3aMeHse-
MOCTH B KOJIb[€BOH CETH OCYLIECTBHThL He YAa/10Ch.

AQy=

o =0,76,

AQpy= =0,22;

JleHflcTBUTENLHO, HET HH OJHOTO KOJbA, AHAMETpPH
KOTOPOTO Majo OTIHMYajuch 66l Apyr oT jpyra.
IMoaroMy 2TH KOsblia Hesb3sl paccMarpHBaThb Kak
pesepsupoBanHbie  3JeMeHThl.  [leficTBUTeNbHO,
ecid, Hanpumep, OTKMIOYHTh Yyyactok 12-13,
TO BCH cHcTeMa OyjeT HaXOJHTbCA B asapUiAHOM
peXuMe, U y MHOTHX NoTpefurtesedl gapieyue rasa
3HAUUTENbHO ymajeT M OHH, NPaKTHYecKH, ocra-
HyTca Ge3 rasa. [lJis NOBLILIEHHS HAJ4EXKHOCTH
CKOppPEKTUPYeM JHaMerTpbi BhIGPAHHLIX OCHOBHBIX
kosen 1/ v 1. 3a npUHIMN KOPPEKTHPOBKH NPUMEM
NpHMepHOe COXpaHeHHe MaTepHabHOH XapaKTepH-
CTHKH KOJbHA NOCTOSIHHON. DTO ecTecTBeHHO, Tak
KaK pedb HjeT JULIb O U3BMEHEHHH CTPYKTYPH KOJIb-
La no guamerpam, 6e3 H3MeHEHHs ee reOMeTPHUHU H
HArpY3KH YuuTbIBas# TO, UTO KOJbLO, PACCUUTAH-
HOe 110 cpepHeMy THDABIMHECKOMY YKJOHY C
yMeHbIIaIOWHMHCS AHAMETPAMH N0 Mepe YMeHb-
LIeHUs HATPY3KH, XapakrepH3yeTcsi Meyblied Be-
JUYMHOH MaTepHa bHOH XapakrepucTHkd M, uem
KOJbIO ¢ MOCTOSIHHbLIM JHAMETPOM, I103TOMY IpH
ofnpejesieRnd AMaMerpa KOMbLA MarTepHajibHYIo
XapaKTePUCTHKY KOJMbLA HECKONbKO yBeHYHUBAEM.

IMposenem ocpeanenne iuamerpos [/ u I xo-
Jet.

Koabuo 1T M ;;==219 (250 50 +4-200 +-

3054 300)- 108-290 4 75,5 - 150 =284 640 ,
N [=1545 u ;
111
1 . —
dcpzM/Z [==284 640/1545=184,2 mm

1
Takoro guamerpa nO HCHONb3YeMOMY B IPOEKTH-
poBaHMU coprameHTy Her. [103TOMY KOMbLO KOHCT-
pyupyem H3 ABYX GJHKHHUX jHaMETpOB IO copra-
meyty: 219X 6 u 159X 4. Yuacrku 12-13, 12-11,
11-10 xak ocHoBHble, APUMbIKAIOLIUE K TOYKE NH-
Tanusi xombua J2, ocrasuM puamerpom 219X6.
Yuactku 13-8 u 10-6 Takke OCTaBUM jHAMETPOM
219X 6, Tak KaK OHM TPAHCHOPTHPYIOT ra3 B pa#oy
norpe6senns IV kodbna. Yqactka 8-7 u 6-7 npu-
mem guamerpom 159X 4. Torma. M[;=219X
(250+50+200+305+300)+159(150-{—290)

—311955 Marepuanbyasi XapaKTepHCTHKa Ipe-
puiaer M, monydeHuylo B pesy/brare pacyera B
nepsom atane Ha 9,6%. JonomyurenpHas cTOH-
MOCTb ITOBLICHT HaJeAHOCTb rasocyabxenus Co-
OTBETCTBEHHO cpesHHil guamerp kosnbua I Gyger
pasey dep=201,9 mMm.

Kombuo 1 M, =219 (504390 4-250)4- 108305 +

-+ 114.450=235 350.

235 350
0= TT445 =162,9 MM

TpoekTHpyeM TaKKe KOJbLO H3 OIHKHUX
ABYX AMaMeTpOB: yyacTku [2-13 u 12-11 puamer-
poM 219X 6, 2TH AHaMeTphl H3MEHATbL Henb3s,
TAK KaK OHU GbuTH NPUHSATHL B KOJblle BHICUIEro
panra — III; yuacrok I/—15 coxpansiem auamer-
pom 219X 6, Tak KaK 3TOT Y44CTOK TPaHCHOPTH-
pyer ras B 30y kombua II; yuactku 13-16 u
15-16 npunumMaeM jHuamMeTpoM 159><4 Marepuasb-
Has xapakrepuctuka pasya Mi=247755. Oxa npe-
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Tabnuua 68 I'mapasanueckuit pacueT TYNHKOBLIX ra30NPOBOXOB

Howmep L u Q W/ Pacnonaraemue ax An/l A 1A
yuacrxa ap, Ta |apst Maym ’ ol ’ ?
2—1 100 10 86 0,86 57X 3 0,55 55 61
5—6 100 23 456 4,56 57%3 25 250 275
10—9 100 13 610 6,1 57X 3 0,85 85 94
15—17 150 24 167 1,1 70%x3 0,8 120 132
16— 18 150 24 225 1,5 70X 3 0,8 120 132
BhIlIaeT NpHHATYIO panee ma 539% Coorserct METphl, PACCYUTHIBAEM MO JAHHbIM mOCaeaHed

BylouHil cpeanuii guamerp Gyper dep=1715 Mm
OctapifieM NpHHATHIC gHAMETpB

Yuuteigasa T0, u4T0 B Koawue I notepu nas-
JIeHHsl NPeBBbILATH JONyCTHMble 3HAYEHHUH, 3aMe-
HSIeM jHaMeTphl JBYX YuacTKOB Ha Gojblune [lpu-
wuMaeM jand ywactkos [0-14 u 15-14 pmamerp
76X 3

Ilnsi HOBLIX JHAMeTPOB peliaeM 3ajayy moTo-
KOpacnpeje/leHHa AaHAJOTHYHO IepBOMY 3Tamy
pacuera Bce pacueTnl cBoguMm B Tabn 67, ana-
Joruduyto tabn 66 3a HayaibHOE TMOTOKOpPACH-
pejeieHiie NPUMHHEMAEM NOJYYyeHHOe B KOHUE nep
BOTO 3Tana

Io pamubiM Ta6n 67 paccyuTsiBAeM Nonpa-
BOUHbIe KpYrosbie pacxoxm AQ=—88, AQ;=
=—27, AQ;;=—32,9, AQ,y=0,2 Bsogum no-
NpagoyHble PACKOAbl H NpPOM3BOAMM Nepepacuer
B pesynvrate opHON uTepauuu BCe Kosbua Oblin
yBfA3anbl ¢ oWINGKON Meree 8% Taxum oOpasom,
3ajauya IOTOKOpacCHpejeNeHuss NPH HOBBIX Jua-
MeTpax KoJiel peLieHa

IIposepuM NOJHOTY HCIOJNB30BAHHS pacuyer-
HOTO pepenana jasjenus B cetH Hamnpapnenus
12-13-8-4-3, Ap=893 Ila, [2-11-10-6-2-3, Ap=
=893 [la, 12-11-10-14, Ap=920 Tia, 12-11-15-
-16, Ap="761 Tla, 3a 3TuM HanmpaBJeHHEM CleayeT
TYNHKOBOe oOTBeTBjeHHe jiuHod B 150 M, Ha
KoTopoM OyieT UCMONb30BaH ocTaBliuiics nepe-
naj

B wurore BTOpPOro sTana pacyera MOXKHO
OTME@THTH, YTO, HCNOJNb3Ys METOAHKY PAHKHDPOBKH
KoJiey 1O 3HAYHMOCTH U OCpPeXHAA HX AHAMETpHI,
MOXKHO CYLIECTBEHHO YJYYUIHTb CTPYKTYPY KOJb-
LUEeBOH CeTH ¥ NOBLICHTL HAJHEMHOCTb rasocHab-
)euusd Ho pnd nosblllieHus HajeXKHOCTH Heo6XO-
JUMB  JONOJHHUTEJbHEE METAJJIOBIOKeHus B
H3/0KEHHOM TIpUMepe MaTepHasjbHad Xapakre-
pHCTHKA pa3paGOTAaHHOTO BAPUAHTA NIPEBLILLIALT HA
7,7% wmaTepuanbHyl0 XapaKTepHCTHKY CeTH, Noy-
YeHHYI0 B TepBOM 3Tane pacyera, CTpyKTypa
CeTH KOTOPOro XapaKTepHaoBajach MeHblied Ha-
pgexuoctbio OjHaKo, TeopHA U TPAKTHKA ITOKa-
3bIBAIOT, YTO PACXOjbl HA NOBBILIEHHE HAJEHKHOCTH
BCerja OKyNaioTcd 3a cuer CHMKeHud yulepfba or
HeHajexHoCcTH cucreM Ilostomy creayer peko-
MeHA0BaTb JUIl HCNOJB30BAHUA BTOpOH, Oosee
HafeKHBIA BapUaHT

Pacuer TynHKOBLIX OTBETBAEHHI.

Tlpu pacuere TynHKOBLIX OTBETBIEHHH cTpe-
MHMCSl MCTHO/b30BAaTh BeCh pacdeTHbH nepenaj
naenenusi Bcee pacuernl cBoguM B TaGn 68
Pacyernnle pacxoan Gepem u3 tabn 65 Pacno-
Jlaraemple mepenajbl, Ha Kotopble noalupaeM jpua-

rpagpet Tabn 67 Hanpumep, pacnosaraemmit
nepenajy jaafd yyactka 2-f onpejenseM, HCX0jis
43 NOTephb jaBleHHdA N0 Hampasaenuio [2-11-10-
6-2, Kotopble pasbl 1734-2174-1544-370=914
Pacnosnaraempiit nepenas s yyacrka 2-/ pasen
1000—914=286 I1a duaMerpsi ra3onpoBos0E NPU-
HuMaem He Menee 50 MM

Ilposepsiem cTemeHb HCMOML3OBAHMS pacuer-
HOTO Tlepenaja B CeTH N0 OCHOBHHIM Hampagie-
auaM  OnpepensieM 7OTepH jaBjeHus 1O HANpas-
nerusam  12-711-10-6-2-1, Ap=975, 12-13-16-18,
Ap=9807, 12-11-10-9, Ap=484 Tio ocHOBHBIM
HAIpPaBJIEeHUSM DACUeTHBLIH epenaj JaBJeHHd HC-
nosb3osaH npumepHo Ha 90% Ilo koporkum Han-
paBnenpam Haupumep [2-77/-10-9 pacuernuii nme-
penaj HejOHCHONb30BaH, TAK KaK jJHaMeTphl Tpy-
Gonpososos Menee 50 MM He NMpHHUMAJUCH

Hepacuernbie ruapaBanueckue pe-
KHMBI B KOJbLeBo# cetu. [1pn Henocpes-
CTBEHHOM NIPUCOeJMHEeHNH noTpebuTeneit
K CeTH HM3KOr0 [aBJeHHUS] KOJIMUECTBO
rasa, nocTynaollero K oraenbHbM abo-
HEeHTaM, pPeryaupoBarb Heqb3s. [loTped-
JeHue ra3za aGoHeHTAMU 3aBUCUT OT Be-
JIMYMHBL THIPABJAMNUECKOTO CONMPOTHBJE-
HHA aGOHEHTCKOro OTBETBJAEHHS (BKJIO-
yasi CONPOTHMBJEHME KPAHOB Iepejx
npubopamu U ropeslokK) M faBJjeHus rasa
B TOYKEe NPUCOEAMHEHHA OTBETBJEHMA K
KOJbLeBoll ceTu. Ecan naB/ieHne B Touke
NPUCOeNHHEHNs  OTBETBJEHUA  YMeHb-
laeTcs, TO NOCTyIJIeHHe rasa noTpedu-
TeJI0 aBTOMATHUECKH TaKKe YMeHbllaeT-
cs. CrnenoBaresbHO, CHMXKEHME NOAAYH
raza pasjuuHbiM aloHeHTam OpH asa-
pufiHOM pexume OyReT ONpPeneSsAThCA
THAPABJAMUYECKIM CONDpOTHBJEHHeM abo-
HEHTCKOro OTBeTBJEHHST M MeCcTOM ero
npucoeRHeHHs1 K KoJbiesoh cetu. Ta-
KM 06pa3om, /151 HepacueTHbIX THAPaB-
JIMUECKMX  pEeXMUMOB  pacxoibl rasa
norpeGurennM, NPUCOeIHHEHHBIM K CeTH
HM3KOTO fRaBJeHHA, Hen3pecTHbL. s nx
onpeznenenns HeoOXONUMO OTBETBJEHUA
K notpeburensiM YCIOBHO 3aKOJbILOBbI-
BATb C OCHOBHOH ceThbio. TO BO3MOXKHO,
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154,
&

Puc. 619. Pacuerunie cxe- a—pAacHeTHbIH  peXHM,
Mbi KOJIbUA HH3KOrO QaB- 6-—aBapUiHBI  peXuMm
JAeHus
E.
g5 700
=5 g
28 2
8 60 {
§8¢ I —
IF8 40
L ’
*2z 7 4 3 2 9
§ .E;, ToukM npucoeaMHeHnA NoTpeSuTeneli
g ° K KOMbLEBOMY Fa3onpoBoRy
e X

Puc. 6.20. MNogava rasa
nNoTPEGUTENAM NPH aBa-
puitHom pexKme

I—npu pacyere OTBETB

JeHu# Ha NOJHHH nepe
nan, 2—npH  pacuere
OTBETBJEHHH Ha N0CTO
SIHHBIE Oepenaj

TaK KaK NPOAYKTH TOPEH#S 43 razoBHIX
ropeJioK BLIXOAAT B aTMocdhepy, ciepo-
BaTe/bHO, NABJEHN{Ee B ra3opaclnpenesau-
TelLHOH cucTeMe nocje aGOHEHTOB paB-
Ho atMocepromy. C TOUKH 3pEHHA THA-
paBJMUYECKOTO pacuera, 3TO 3HAYUT, YTO
KOHILI Bcex aOOHEHTOB CXOAATCS B Of-
HOH TOouke «K». UToOBl 3aMKHYTHL cuc-
TeMy MeX 1y 3ToH TOUKO# M TOUKOH nura-
HMSA, CJeAYeT YCTAHOBUTL YCIOBHBLIN Har-
HeTaTe/b, KOTOPLI nOJKeH pasBuBaTh
JaBJjleHHe, paBHOe H3OLITOUHOMY AaBje-
HHIO B Hauase cetd. Jlyud, CoepuHso-
e KOHUBL aGOHEHTOB C TOYKOH «K»,
HMEIOT HYJIeBOe THAPABJHUECKOe COMpo-
trBjeHue. Takas MoaudUKALHS cxeMbl
NO3BOJSIET COCeAHNE OTBETBJEHUA C Coe-
JHHAIIMA UX YUaCTKAMM CUMTATEH Na-
paJliesbHbIMHU,

[TapannenbHble coegMHeHHSI Ta30-
IPOBOOB PACCUMTHIBAIOT, HCIONb3Y A NO-
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Q=%vm=bvm

O6wuit pacxon rasa uepes napad-
JleJibHOe COoeNi{HeH#e paBeH CyMMe pac-
XO[L0B yepe3 BCe YUACTKH, OTCIOAA

Qr=(b1+bo+..-+bs) \ Ap=b5~/ Ap.

CnenoBarenbHo, o0ias rHAPaABIM-
yeckass NPOBOAMMOCTL HapasilelbHOro
COeNHHEHHst paBHa CyMMe THIPaBJ/IU-
yecKHX NPOBOAHMOCTE OTAe/bHBIX yua-
CTKOB.

Ha puc. 6.19 nokasam xogabluesod
ra3onpoBOL HU3KOTO AaBJAEHUS NOCTOSIH-
HOTO Axamerpa dg¢ C DPUCOeMHEHHBIMHU
uyeTHIpbMs OTBeTBJeHHAMH K noTpebu-
TeNsM. 3Aech XKe NJ0KazaHa cXema CeTH,
y xoropofl aGOHEHTCKHe OTBETBJEHHSA
34K0JILIOBAHEl Yepe3 TOUKY »K« { HarHe-
tateab H ¢ TouKofi nMTaHMA, npuHcno-
coB/leHHAA AJA MMAPABINYECKOro pacue-
Ta aBapHiHOTO peXHUMa INpHd OTKIKYe-
H#{W TOJOBHOTO yyacTKa cJeBa OT TOUKd
nuTanusa cetd. i 3TOH cXxeMbl yUaCTKH
K-10-2 n x-6-2 aBAAOTCA napaJienb-
HBIM#; TapaJjlelbHbIMH ABJAAIOTCA 4 APY-
rie aGoHeHTCKHe oTBeTBjeHust. Tak Kak
ONHOKOJILLEeBOHl Ta30npoBOLA NpU aBa-
pHHHOM OTKJIOYeHHM yyacrka npespa-
UAeTCA B TYDHMKOBBLIH, NO3TOMY CXeMmy
(cMm. puc. 6.19, 6) MOXHO paccuuTHIBATD,
HCIONb3yA METON T'HAPaBJMYeCKHX COoli-
por#BJeHu# u npoBoaumocTtedl. [lag sro-
ro nepBOHayajbHO ONpene/AloT THApaB-
JidecKyde CONPOTHBJEHMS ¥ NTPOBOAH-
MOCTH BCEX COejWHeHHH, HauWHafn OT
touku 0. Tak, paccmarpuBaloT napaid-
JeJbHOe CcoellHeHHe 3JeMEeHTOB CeTH
K-10-2 u X-6-2, HaxopaT #“x obuue
DPOBOAUMOCTL M CONpPOTHBJEHNe, [laee
ONpeeasioT CONPOTUBIEHKHEe U NIPOBOM-
MOCTh NOC/eN0BaTeJLHOr0 CoefHHeHHus,
cocrosiuiero w3 pasperBieHus (K-10-2
¥ x-6-2) u yuacrka 2-3. [lpoussons
TakKum o0pas3oMm nanbHeHluxe pacueTh,
ONpeaeNaioT THAPaB/HUeCKOe CONPOTHB-
JieHWe M DPOBONHMOCTb BCeH CHCTEMBL.

[TocJie 3T0Or0 paccyuTHIBAIOT PACXOADI
rasa AJas BCeX yuacTkoB M abGOHEHTOB.
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Haunnaor pacuer ¢ TOUKM NUTAHHUA M
JBUralTCA K KOHUEBOH TOUKe, YUHTHIBAS,
4TO NOTOK ras3a pacnpepessercst No na-
pajJjle/bHblM JUHUAM [PSAMO NPONop-
ILMOHAAbHO MX npoBoguMoctsaM. Pacue-
Thl [0KAa3blBAOT, uTO NPH aBapHHHOM
pexume paboTbl ceTH NOTPeOUTENHN B 3a-
BUCUMOCTH OT YAAJNEHHOCTH UX OT TOUKH
NUTAHUS MONYUAlOT PA3JUUHOE KOJMUe-
CTBO raszoobpasHoro romnusa. Yem 6au-
K€ pacnoioxeH norpeburenb K TOuke
IUTAHUA, TeM B JYYLIMX YCJAOBUAX OH
naxomurcsl. Ha puc. 6.20 (xpusas /)
1aH rpadyK Nnojauu rasa Nnpu aBapui-
HOM pexyume paBorbl cerH, NOKa3aHHOH
Ha puc. 6.19, B cayuae pacuera Bcex
OTBeTBJIeHUH K morpeOuressiM Ha 1oa-
Hbli nepenas passeHufl. Koabuo Hu3-
KOTO AABJIEHUSI C MOCTOSAHHLIM JNHaMerT-
pom objapnaer 3HauurelbHO Oosbliel
HALEeXHOCTbIO, ueM KOJblLO BbLICOKOIO
naBjeHust. 1o OOBACHAETCS TEM, 4TO
NpH HENOCPeACTBEHHOM MNPUCOSAMHEHHH
norpeburesed B cjaydae CHUKEHUSI MNO-
Aa4y UM rasa nepen HUMM Najaer AaB-
JleHWe W BO3pacraer Nepenas B CeTH, uTo
NOBLILIACT €€ NPONYCKHYIO CNOCOGHOCTD.

Ponb ruapaBanuecKux CconpoTubie-
HMA OTBeTBJeHUH B pacnpefeseHUN pac-
XOLOB NpH aBapUAHLIX THAPABAMUECKUX
pexuMax HeBejMKa, TaK KaK OCHOBHble
norepy AaBJeHHS UMelOT MEeCTO B rON0B-
HblX, HauboJ/lee HATPYKEHHBIX yuacTKax
ceTH. ITO IOJOMEHHE WTIOCTPUPYET
kpuaa 2 (cm. puc. 6.20), mokasblBa-
10as KojMuecTBa rasa, MNoJaBaeMmble
OTAENbHBIM MOTpeGUTeNAM B aBapUAHOM
pexume, €CJH BC€ OTBETBJEHUSA Oblik
paccuMTaHbl Ha NOCTOAHHBIA mepenaj
napaennsi. OcHoBHan Macca norpebure-
Jefl B 000OMX BapMaHTax NOJY4YaeT OfM-
HAKOBOE KOJIMUECTBO ra3a U TOJNbKO KOH-
11eBoMY aGOHEHTY N0 BTOPOMY. BAPHAHTY
nocrynaer 46,6% rasa smecto 409 no
nepeoMy Bapuanry. Takum o0Gpasom,
NpH pacueTe OTBETBJEHUH OT pacnpese-
JUTEJbHBIX cerel K 30aHUAM Heo0Xo-
AMMO JCNONb30BATh BEChb pacrnojarae-
MBIl nmepenag.

W3 sroro caenyer, uro npu paspbiBe
KOJIblla HHU3KOTO AaBJEHUA NOCTOSIHHOTO
aMaMeTpa Kolu4ecTBO rasa, IonaBaeMo-
ro ocHoBHoifl Macce norpebureses,
yMeHblllaercsl He CTOJlb CYWECTBEHHO.

TTosToMy MOXKHO cuMTarbh, uTO KOJbIO
HU3KOTO NaBJICHUS OCTOAHHOTO AMAMET-
pa obecneunBaer HAfEXKHOCTb CHCTEMBL.
ITO NoJIOKEHNE HALLIO CBOE OTPaAXKEHUE
B pPEeKOMEeHZALMAX N0 NpeaBapHTENbHO-
MY Ha3HaYeHMIO AMaMEeTpPOB M pacipe-
JeJICHUIO TIOTOKOB MpH pacuere CeTH
HU3KOTO LaBJEHMS, M3JO0XKEHHbIX B Ha-
yane naparpada. lpu pacuere aBapuii-
HbIX PEXHMOB MHOTOKOJbLEBLIX ceref
HM3KOT'O NaBJEHUS MCNHONbL3YIOT METO.
KOHTYPHbIX PAacXOAOB, TAK KaK METONOM
THAPABANUECKNX CONPOTHUBJAEHUH M Npo-
BOAMMOCTEeHd CJ0MHble 3ajaud peluTb
HeJb3 .

6.7. Pacuer

KONbLiEBbIX ra3oBbiX ceTeM
BbICOKOro

(cpenuero) garneums

["'a3oBble ceTH BbICOKOro (cpeaHero)
AABJEHUsI ABJSIOTCS BEPXHUM MepapXu-
UeCKMM YPOBHEM TOPOACKOH CHCTeMbl
rasocHaGxenust. Jasi cpenHux u Gogb-

" WIUX TOPOROB UX NMPOEKTUPYIOT KOJblle-

BbiMH (pe3epBHPOBAHHBIMU), H TOJbKO
A9 MaJjblX FOPOAOB OHM MOTYT BbIIOJ-
HAITbCSI B BUAE PA3BETBJEHHbIX TYIHKO-
BbIX ceTeH.

Bce ropoackue ¢etu paccuMThBAOT
Ha 3anaHHbIf nepenad nasJjeHus. Takofl
NOAXOA K pacueTy CBA3aH C TEM, UTO
B TOPOA ra3 DOCTYNaeT NOJA onpejelieH-
HbIM [aBJleHHeM W NOAAEPKUBAETCs He
HUXKe 3aaaHHol BenuunHbl. [Ipn nBuxe-
HMM Tra3a 1o CeTsM BLICOKOTrO, CPpeaHero
¥ HM3KOrO faBJeHUs, a TaKxKe MpH HCTe-
YEHMH W3 COMJ TrasoBblX TOpeJoK BCe
U30LITOUHOE NaBJeHMe rasza TepsieTcs.
Foponckue cucrembl He UMEIOT HarHera-
TeJed, I03TOMY AaBJEHHE ra3a B CUCTe-
M€ He MOXeT yBejuuuBarbca. B cBA3u
C 3THM INPH TEXHUKO-IKOHOMMUECKOM
pacyere ropoAackux cered pacxopn sHep-
rM# Ha MNOBbLIIUEHHE NABJEHMA ras3a He
YUMTHIBAIOT.

Pacuerublfi mepenan naesenus ans
ceTedl BLICOKOTG {CpeaHero) aaBJeHMA
ONPEeNeAIOT HCXOLA M3 CJAeAYOILUX COo-
obGpaxenu#l. HauannHoe naBneHne npu-
HMMaT MakcuMadababiM no CHull. Ko-
HeuyHOe paBjleHHe MPUHUMAIOT TaKHUM,
uTOoObl IpU MAKCHUMaJlbHOA HATPY3Ke CeTH

17
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6610 ofecneyeHO MMHUMAJBHO [OIYC-
THUMOE AaBJeHMe ra3a nepepn peryasro-
pamu. Bennguna aroro naeJjeHus ckJaa-
ABIBAETCH M3 MAKCHUMAJbHOTO JAABJEHHS
rasa nepej ropesjxkami, nepenasa nasJe-
HUA B aOOHEHTCKOM OTBETBJEHUH MpPH
MaKCUMaJbHON Harpyske M nepenaja B

“razoperyjstopHom NyHKTe. B 6oJblnH-

cree cayudaes nepen I'TIP nocrarouno
UMeTs U30BITOUHOE NaBjeHHe NPpUMepHO
0,15...0,2 MIla.

I passeTBJEeHHBIX (HEpe3epBHPO-
BaHHBIX) ceTell mnorokopacnpeneneHue
OJHO3HAUHO onpejensiercs 3afaHHOM
CXeMOHl cuCTeMbl, @ AHaMeTpbl paccyM-
TBHIBAIOT MPH NOJHOM HCIOJAb30BAHUU
MaKCMMaJbHOr0 Nepenana JaBJeHus.
Ilns coxpauleHMst pacxonoOB Ha CeTh
clenyeT INPOBONUTL TEXHMKO-IKOHOMMU-
decku#t pacyer pnameTpoB.

[Ipu pacuere KOJbLEBBIX ceTeH, Kak
yXKe OTMeyajoch Bbillle, HeOOXOAHMO
OCTaBJ/IATH pe3epB AaBjeHUs LI YBeJu-
4eHHUsl MPONYCKHON TIOCOGHOCTH CHCTE-
Mbl TpU aBapuiHBIX THAPABJHYECKMX
pexnmax. IlpuHaTeiil peseps cilenyer
NpOBEpPATH pacyeToM INPH BO3HUKHOBE-
HUU Haubonee HeOJAaroONpUATHBIX aBa-
puiiHbIX cutyauuid. Takue pexumbl
OGBIYHO BO3HHUKAIOT INPH BHIKJAUYEHUH
TOJIOBHBIX y4YyacTKOB ceTH. [lasi MHOro-
KOJblleBOH ceTH HeOaaronpuATHBIX pe-
KNUMOB, KoTopble HeoOXOaMMO IIpOBe-
pPUTE PAcyeToM, MOXKeT OblTh HECKOJBKO.

CronpoueHnTHoe obecnedeHue MOTpe-
Outesiedl rasom npy OTKAa3zax 2JeMeHTOB
CHCTEMBl CBSI3aHO C LONOJAHHTeNbHBIME
KanuTalbHbIMM BJOXKeHHAMH. Makcu-
ManbHOro 3dgexrta MOXKHO NOOUTHCA
JUIiE NPH cleayiollell NOCTaHOBKe 3a-
naun. Beuny xpaTrkoBpeMeHHOCTH aBa-
pPUAHBIX CUTyaluuil cjaenyeTr [ONYCKaTh
CHMKEeHHe KadyecTBa CUCTeMbl IPU OTKA-
3ax ee ajemeHToB. CHHXKeHUe KayecTBa
OLeHUBAOT Ko3pPuunenTom obecrneyeH-
HOCTH Kos, KOTOPBIA 3aBMCHUT OT Kare-
ropuu norpetGureneit. Taxum obpasom,
KOJMUYEeCTBO rasa, ojapaemoro norpebu-
TeJAM IPU aBapuHHOM TMAPaBJIMYECKOM
pexume Qap, He NOJXKHO OBITH MeHblle
npenenbHOr0 3Ha4eHUs, OIpeneseMoro
COOTHOLEHHEM

QaB= oﬁQpacq~
118

CeTu BBICOKOro (cpenHero) paasJe-
HUSl SABJSIIOTCA YODPABJSEMBIMH, K HUM
INPHCOENUHAIOT OrPaHMYEHHOE  YHCJI0
KpynHelX notpedutenell, pexxuMOM NMoxa-
4¥ rasa KOTOpPbIM YIpaBJsieT AUCIeT-
yepckan cayx6a. Ilpu asapuiinof cu-
Tyalud Ha CeTH AUCIeTYep NPUHUMAET
Mephl AJS  CcOKpaueHust norpebieHus
raza. Taxoe cokpaiieHMe MOXKHO OCy-
LLeCTBUTH B pe3yjabTaTe BPEeMEHHOTO
YMEHbIUIeHUS1 MOJaul TEMJ0Tsl Ha OTOMN-
JleHHe 3NaHW# M ropadee BoAoCcHAOKe-
HMe, YTO NPUBENET K YMEHBbLIeHUIO pac-
XOQOBAHHS Ta3a KOTeNbHbIMH; MOXKHO
BPEeMEeHHO NMpeKpaTuTh paGoTy BTOpOCTe-
IeHHBIX [€XOB; HAKOHEell, KOTejbHble H
LeXH, HMeIouiHe pe3epBHOE TOMNJIUBO-
cHabKeHHe, NOJXKHB OblTh NEepeBeLeHbI
Ha paGoTy ¢ UCNOJAb3OBAHMEM 3THUX TOIM-
ans. CjenyeT OTMeTUTD, UTO BO BCEX yKa-
3aHHBIX C/YYasnX PeXUM LaBJeHUH B ceTH
JOJKeH OBlTh TakKuM, 4Tobnl 6bl71a obec-
neyeHa HopMmaJbHasdg paora rasorope-
JIOUHBIX  YCTDOHCTB  HEOTK/IOYeHHbIX
arperatoB. CokpaTuThk nozauy rasa
MOXKHO 1 KOMMYHaJ1bHO-BGbITOBBIM NOTPE-
OuTensiM nmyTeMm NepeHacTPOHKH peryJss-
topoB pasJsenusi B [PI1 na Gosee Huskoe
BbIXOAHOE NaBJleHHe.

CJjencTBieM yIPaBJsAeMOCTH  CETH
ABJAseTc U ocobas MOCTaHOBKA 3anadu
pacuera apapuiHOro THAPaBJAMUYECKOTO
peXXuMa, 3akJ/104a01erocs B ToM, UTo He
TOJNbKO B pacyeTHOM peXuMe, HO U B
aBpapuHHBIX CUTyaUMAX Y3J0Bble Pacxo-
Abl rasza ABJSITCA 3afaHHBIMH. JTO
NOJOXKEHHe MO03BOJIAET BECTH pacuer
aBapUAHBIX PEXUMOB TeMM Xe MeTona-
MU, KAaKMMH OIpene/sloT AHaMeTphbl ra-
30IIPOBONOB IPH PACUETHOM pEXUMe.
Orauyme COCTOMT JHLIb B TOM, UTO Me-
HSleTCsl TeOMeTpPHsl CeTH: BHIK/KYaloT
ONKH UJIH HECKOJILKO 3/IeMEeHTOB U YMeHb-
IHAIOT Y3JI0Bble HAarpy3ku B COOTBETCT-
BUM C TPUHATBHIMU KO3pduuueHTamu
obecneyeHHOCTH.

Paccmorpim BOmpoc o BO3MOXKHBIX
3HayeHUAX KodpouunueHToB obecneueH-
HocTH. KOMMYHAABHO-GBITOBBIX NOTPetH-
Tejqell OOBIUHO MUTAKT OT CETH HHU3KOTO
npasjeuus nociae TPIL.  BosmoxHoe
yMeHblLIeHMe TMOAAUM ras3a OrpaHU4YeHo
HMKHUM IpefesoM, KOTOPbIH YCTaHaBJ/M-
BalOT M3 CcoOOpakeHMH MUHMMAJBHO
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NONYCTUMOIO LaBJjeHusl rasa rnepefj
npubopamu. IT0 MHUHUMAJBHOE JaBJe-
Hie onpefensercs MHHMMaJbHOH Ha-
TPY3KoH, KOTOpYI NPUHMUMAOT paBHo#
509% pacuernoro spauenns. Takoe COK-
paieHue rnofauy rasza XoTs 1 CHU3UT Ka-
YyecTBO rasocHabxawome# cucreMmbl, HO
He rocTaBuT norpeburesneil B ycJjoBud,
KOoTga oHW OyayT JuileHbl HCTOUHMKA
TEMJIOThl U BBLIHYXKJEHBl HUCKATh APYrof
BUA TOMJMBA WJIH SHEPTUU.

[Tonosuny Hopmbl razoofpasHoro
TonauBa OynyT nojayudaTth npumepHo 20...
309% norpeburenell, npuueM Takoe CHH-
JKeHJe TNORAauM TOMJIMBA CYLLeCTBEHHO
He OTPasMTCs HA IPUTOTOBJEHHH NMULIN.
B ocHoBHOM 3TO Oyner orpaxarbcs Ha
KauecTBe ropsguero sogocHatxenuns. Kak
MOKa3kbIBAIOT UCCJAELOBAHUS, IIPH CHUXKE-
HuK pasaenus nocae ['PI1 MoxxHOo ymeHb-
IIMTh MAaKCHMaJbHLIA pacxon NPUMepHO
na 15...209%. CaegoBaTenbHo, LIS KOM-
MYHaJbHO-ObITOBRIX norpebureselt, npu-
COeIMHEHHBIX K CeTH HM3KOTO LaBJjleHuf,
K03 duuuent obecrieueHHOCTH Kos MOXK-
HO npuHAThL papHbiM 0,8...0,85. Yuuth-
Basg KPaTKOBPEMEHHOCTb aBapUHHBIX CH-
Tyaluuil U TernJoakKyMyJaupYIOLLyo Cro-
coBHOCTb 3aHUH, MOXKHO COKPATUTD MO-
fauy rasa Ha oronuresbHble Leau. Kosd-
et o06eCrneueHHOCTH AJA OTOIM-
TeJbHBIX KOTeJbHBIX MOXHO NPUHUMATh
paBHbIM: Ko=0,7...0,75.

Koadpduunuenr obecneueHHOCTH AAasA
NPOMBILUJEHHBIX npesnpuATHd orpene-
JSIOT U3 CJeAYIOIUX coobpakeHui.
Ecau npennpusTtie 1MeeT pe3epBHYIO
CUCTEMY CHAGXKEeHUS TOMAMBOM, TO Kos=
=0. [lpu ee OTCYTCTBUMU HOMYyCTHUMOE
COKpauieHne nofaum rasa 3aBUCUT OT
COKpalLeHN!s noaaul TerloThl Ha OTONN-
TejbHble Lean. Jas TexHOJOTHUeCKMX
HYXKJ, COKpauwiaTh Mojauy rasa He cJe-
nyer. Taxkum oOpaszom, koadduuueHt
K6 MOXKHO OnpefennThb L BCeX cocpe-
JLOTOUEHHBIX noTpebuTelell U Ha UX OCHO-
Be paccuuTarb aBapuiiHble THApaBaAMUe-
ckne pexnmbl. [locne oBocHoBanus
Ko2ppuureHTor oO0eCrneueHHOCTn [LJs
BCcex norpeburesell pewaloT BTOPYIO 3a-
fady, T. €. onpefensior HeoOXOAMMBIH
pe3epB mnponycKHOH CcrnocoOHOCTH CeTH.

At O0fHOKOJBIIEBOTO Ta3ornpoBona
apapuiHBIX  pPEXUMOB, MOLJIEXKAIIUX

pacuery, LBa: NpU BLIKJIUEHHH TOJOB-
HBIX YUaCTKOB CJ€Ba M CIpaBa OT TOUKH
nuranns. Tak Kak npu BBIKJIIOUYEHHH TO-
JIOBHBLIX YUaCTKOB OJHOKOJbLEBOH raso-
NMPOBOA NPEBPALLAeTCH B TYNMKOBHH, no-
3TOMY JHaMeTp Kojblla MOMXHO Onpepe-
JUTh U3 pacuera aBapufiHOro rMApPaBIN-
4eCKOro PEXMMa NPH JUMHTHPOBAHHOM
rasocHabXeHUU AJS TYNMKOBOH JIMHMH.
Pexkomenayerca caenywowuit nopsinox
pacuera ORHOKOJbLEBOH razosoil ceru
BLICOKOTO (CpenHero) RaBjeHMS:

1. Tlponssoaum npensapuTenbHbIH
pacuer amMaMerpa Kodbla no npubau-
JKEHHbIM 3aBUCHMOCTSIM:

Q, =059 K Q.

=1

pi—pe/11L,

rge Q, — pacuerHpifi pacxog rasa, Q, — pacuer-
Hble pacxojpl rasa norpeburensimu; Koo — K03P-
duupeHThl 00eCTIeYeHHOCTH; Py, Px — A0CONIOTHBIE
jAaBJeyusl rasa B HayaJjie M B KOHue cetH; Ly —
NPOTSHKEHHOCTb Koaba (xo3pduuuent 1,1 yyuth-
paer MectHbie comporubaerus); 0,59— npubmau-
JKeHHOe 3HauyeHHe KodpPuuuenta a B dopmyse
onpejeNeHHss PacyeTHOro pacxoja, KOrga raso-
NpoBOJ HECeT NyTeBYI0 HArpysKy. 3HayeHHe 3TOro
KoaduuruenTa MOMKHO YTOUHHTH NO (opMyJte
(6.39).

LlenecooGpasHo npuHUMATh NOCTOSAH-
HHI guamerp kKoabua. Ecaum Takodl nua-
meTp rnoAobpaTh He YAACTCH, TO YyUaCTKH
rasonpoBOLOB, pacrnoJioXKeHHble pua-
MeTpaJ’IbHO NPOTHUBONMOJIOXKHO TOUKE TiH-
TaHudg, CJAeAYyeT npoKaaAbiBATL MEHb-
wero auaMerpa, Ho He MeHee ueMm 0,75
JuaMeTrpa TrojJOBHOTO yyacTka. Pacuertn
MOKAa3bIBAIOT, UTO €CJAH 3aIPOEKTUPOBATD
OllHOKOJIbIleBOI;'I rasonpoBon ¢ TakKuMm xe
pe3epBOM MNpPONYyCKHOH crocoBHOCTH, HO

(6.65)

NpH  MOCTOSHHOM TNajaeHMH KBagpata
LaBleHUA B PACUGTHOM peXKMUMe
[(p2—p%) /l=const], Toraa 6yner

MMeTh MECTO [epepacxoj Merajja Ha
5...109 1o cpaBHEHUIO C KOJbIIOM NOCTO-
STHHOTO JHameTpa.

2. BrinosHsem paBa BapuaHTta TUL-
paBAMYECKOTO pacueta aBapuiHBIX pe-
JKHMOB TPH BBIKJIOUEHHBIX TOJOBHBIX
y4aCTKaX CJ1€Ba U CripaBa OT TOUKM MUTAa-
Hust. JlnaMeTphl YUacTKOB KOPPEeKTHPYEM
tak, uroObl NaBJeHHe rasza y MocJef-
Hero norpebutesss He NOHMKAJNOCH HHKE
MMHMMAJbHO JAOMYCTUMOTO 3HAUYEHMUS.

119

Onextponnas 6ubnuoTeka http://tgv khstu.ru/



25(200)
8000 w w500
23(300) | 9/500) |10(600) 72{/7%0)
. I
8500 26(400)
500 22(400) 72(800)
20(700) <= 71800 277 700
T/ §(700) | 7(500) (ﬁOOI
21(700)
5(5007, 200 I
13(700
T l150) o 1700 (700)
3000 140500
= 5(703) 3500 28(400) | 14(800)
7812000 16(600)
17(600) 6o
—
Ao 1112000 29(350)
Q5 =38600M%Yy 15(1900)
L =71000 M
7oC ] 38800

Puc. 6.21. Cxema oano-
KOJIbLIeBOr0 [a3onpopo-
Na BBHICOKOr0 AAaBJACHHS

Hnas Bcex oreerB/ieHMH paccuMThHBaeMm
JMaMeTpul ra3onpoBONOB HA MOJHOE MC-
NoNb30BAHME Nepenana AABJEHHS C MO-
paueil um Ko6,Q, rasa.

3. PaccunreiBaemM pacnpepeseHue
MOTOKOB INPM HOPMaJ/bHOM pexHuMe MU
onpenessieM aaBJeHMe rasa BO BceX
Y3JI0BBIX TOUKaX.

4. IlpoBepsiem auameTphl oTBerBIe-
HUH K COCPENOTOUYEHHBIM NOTpebuTessM
IpH pACUETHOM THAPABJAMUECKOM DeXH-
me. [Ipn HepocTaToUHOCTH NHaMETPOB
yBeJd4uBaeM MX N0 HeOOXOAMMBIX pas-
MepoB.

INpumep. 6.5. Paccudtath 01HOKOJbLEBOH
rasonposoy (puc. 6.21). Ha cxeme puc. 6 21 mno-
Ka3aHbl y BCeX NoTpefuTe]ed Y3/NOBHE pacxoibl
rasa (M°/y), AaHB HOMepa BCE€X Y4aCTKOB KOJb-
Ua U OTBETB/JEHHIl, OKOJO HOMEPOB YJaCcTKOB B
cKOGKax ykaszanol ux jauHbl (M). Hauamabroe
paBjeyue rasa nociye [PC pa=700 kIla (aéc),
MHHHUMa/bHOe KOHeuHoe pasiaeyHe p,=300 «lla
(a6c). KosdpdHuneHT 00eCneyeHHOCTH a5 BCex
norpefurenedl npuysar pasyuM: Kog=0,7.

Pewenue 1. Oupepenum auaMerp KoJbia 1o
pPacyeTHOMY pacxoiy

n

Q,=0,59> Ko Q=

=1

=0,59-0,7-38 800 =16 024 m°/u
120

U yJeJbHOMY TIajeHUI0 KBajpaTa JaBjeHHst

2 2 2 2
pi—p>  700%—300° 2
1L, [I-11000 = 33,06 xlla”/w

3ech TOTepH AABJEHHS] HA MECTHHIX COTPOTHB-
JeHusix npuuate B 10% nuwefiypix motepn.

Juamerp ompegensieM mo HoOMOrpamMMe (CM.
puc. 6.2), oH pasen 273X 7 mm.

2. Tpou3Bogym pacyeThl 415 aBAPHHHLIX pe-
JKHMOB TIDH BLIKJIOUeHHH yuacTkos [ u 5. Pacye-
T jJs 06OMX BapuaHTOB CBOJAMM B Tagn. 6.9
Y370BHE pacXodn UpUHUMAeM DaBHbIMH: KoeQp=
=0,7Q,.

B npouecce rujpapiuyecKoro pacuera BhsC-
HUJIOCh, UTO KOJbLQ jaHamerpoMm 273X 7 MM He
ofecnieyrBaeT HeOOXOAMMOTO JaBJeHHS B KOH-
uesplx Toykax. OcobeHHO 3TO NPOSBIAIOCH TPH
BLIKJIIOYeHUH yyacTka /. Takoe nosoxeHHe 06 bsic-
HSIeTCS] TeM, YTO Harpyska Ha KOJbLLO HecHMMeT-
pHUHAS — TIeperpyxKeHa nesasi BeTBb. Y4HTbiBas
uanoxeuyoe, a9 yuacrkos I, 12, 13, 14 u 15
Obn npuuaT guamerp 325X 8, KoTophiit U yyTeH B
Tabn. 6.9,

Onpejenum jasieyde B KOHIEBHIX TOUKAX.
TMpu srixaI0uEHHH yyacTKa
15p. =~/ 490 000—328 730 =402 kI1a. [Tpu_puik-
moueyuu  yuacrka  Ip,—-/490 000—342 185 =
=384 klla. B of6oux cayyasix pasjeHus jocra-
TOYHBI, YTOGbl TMPHCOEAHHUTb COOTBETCTBEHHO
orperpienuss 29 u 16, TlosyueHunle auamerphl
KOJIbLIA OCTABJSIEM.

PaccyuteiBaem jpuamerpnl OTBeTBAEHHH gnsi
aBapUiHbIX PEKHUMOB MpH TOjadye TNOTpPeSUTENSIM
Qas=KosQ, ™’/u rasa. Cyauama ompesensieM
jJaBJjileHHe ra3a B HauaJje BCeX OTBeTBJEHHH Kak
IpU OTKa3e yyactka /5, Tak M IpY OTKa3e yyacrt-
ka I. VI3 cpaBHenHss jByX 3HaueHHH HayaNbHBIX
AABJIEHUH A1 KaKAOTQ OTBETBJEHUH Puor BHIGH-
paem wMewubluee. Jias storo paBjeHus v nonbu-
paem juMaMerp OTBETBJIEHUS NPH YCIOBHH, 4TOGH
jaBJieHe B KOHLLE OTBETBJICHHUS Py or GBIJIO HE MeHee
300 kITa. Kpome Ttoro, puamerpn mesee 50 Mm
He TIPOeKTHPYeM.

IMopsigox pacyera mnpocieiMM Ha TpuMepe
orsersienus 20.

a) Haxonum pasienue B HayaJje OTBeTBJIeHHS
npH OTKase ywactka /)

Pu20="/700%— (58 080 + 69 300+

+ 9350 438500 +37400) = 526,7 «Ila ,

snecs 700 klla — napnenve B Hayage cetu, a
cyMMa B CKOGKax — TOTepH KBajpara jaBjeHus
Ha yuactkax [, 2, 3, 4, 5, BaaTtuie u3 Taéa. 6 9.

6) Onpegensiem nasJeHde B HAuajle OTBETBIE-
HUSA TIpU OTKa3e yuactka |

Puzo ="/700% —(91 960 + 39 960 +

+29 260+ 31 680 + 42 900 4- 39 600+

+24 750418 810+ 88004 10 780) =
=393 xlla.
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Tak kak npu orkase yuyacrka [ [AaBjeHHe
B HayaJje OTBETBJEHHS MeHblle, M03TOMY 3a pac-
yeTHOEe 3HaUYeHHe NMPUHHMAaeM Puoo==393 kila.

B) OmnpepensieM JONYCTHMYIO NOTEpIO KBaj-
para pasjedus Ha 100 M

2 2
P90 P oo b 100 =
iy
_393°— 300

_ 2
11-700 -100=28370 «lIla*.

r) TlozbupaeM [uaMeTp OTBETBJCHHA IO
HOoMorpamMe (cM. puc. 6.3)

pi—p?
dXs=133%x4, ~"—1~K400=8500KHa?.
1) OnpepensieM noreplo KBaapara [AaBJeHHus
Ha OTBETBJEHHHU

2_ 2
PPy
- -100 {4, /100=

= 1,1-8500-7=65450 xIla >.
¢) HaxoguM paBneHne B KOHUE OTBETBJEHHA

Prgo=/393% — 65 450 =298,4 k[1a.

TIpuuATEIl qHAMETP OCTABIACM.

Bce pacuerhl AN OTBETBJGHHMH CROAMM B
ragja. 6.10. Hs paccmorpenus pacueroB (cM.
ra6a. 6.10) chenyer, uro s orTBeTBJeHHH 2,
24-29 payajibROE AABJACHHE OYAET MeHbLUHM NpH
oTKase ydacrka [5, a pas orBersjenust 16, [7-
22— npu orkase yuacrka [. Ias srux yciobuit
¥ GbliH NoA0GpaHbl AHaMeTpbi.

3) TlpousBoguM pacuer NOTOKOpACHpenese-
HHSl NpPH HOPMAJbHOM THJPABJAMUECKOM pEeXUMe
ceru. CHagajna 3ajgaeMcs nNpeABapUTEIbHbIM
pacrnpeieieHdeM [OTOKOB (HyJeBoe NpUB/uxKe-
HUE), NPH 3TOM [ANSl KaXXAOro yaha cobJiogaeM
nepsuiil 3akon Kupxroga. Ilpumem touky cxona
B ysae orBerBienus 23. Dynem cuurarb, uro
no yuactky 8 B 3T0 OTBerBJEHHE [OCTYmaer
3000 M®/u rasa, a mo yuacrky 9—5000 m?/u
(Q23=8000 m%/u). Ilajee, aBHrasicb HPOTHB NO-
TOKA rasa 1o KaX[OH BeTBH KOJbLa, HAXOAUM
pacueTHble PACXOAbl JJIA BCEX YYACTKOR KONDbLA.
ITo wusBecTHbIM JAHaMeTpaM H pacxogam 1o
Homorpamme (cM. puc. 6.3) HaxoauMm norepu
papienvsi Ha 100 M JaJuHbt AJf BCeX Y4aCTKOB
¥ fajsee norepd Ha ydacrkax. Bee pacuerbl cBo-
adM B 1aba. 6.11.

B pesyabrare pacuera KoJbua, HCXOAA HU3
peABapUTEN BHOTO PaCcHPeAENeHHs TOTOKOB, NONY-
yaeMm HEBS3KY MOTePb KBaApara AaB/leHHs B KOJb-
ue, pasuyio 24 710. CiegoBarenbso, BeTb 15, 14-
9" neperpyxena. [lifi ee pasrpysku HeoGxo-
A¥MO BBECTH KPYTOBOH pacxox Mo 4acoBoll crpe-
ke. OwubKa B KOJAbIle COCTABJACT BEJIHUHHY

2 (pampi) 00
0,5 2| p2—p2)

——3029% .

1,1

~24710-100 _

8 0,5-163 890

PaccuiiraeM nompaBodHBI KPYroBO#H pacxof

no gopmysae (6.63), yuuTbiBasi, 4ro AAs OLHOrO
koabua AQ,=AQL:
2 2
?_ (pH-!—‘pK.!)
—24 710
AQ =— %
Qy (02 =r%) 501 028,
2V HE Kt
— Q

¢
K

upuMemM AQ=1000 m?/u.

TMomyuennwit yBA3OYHBIE KPYroBo# pacxof
BBOAYM B KOJbila H NPOM3BOAMM OKOHYATE/b-
Hblii pacuer. Tlocie BBeeHHS KPYroBoro pacxoaa
ownbKa B KoJbue yMeHbuIMaacb ao 6,2%, uro,
npueMIeMo. DTHM 3aKaHUHBAETCA pPacuer KoJbia.

4) TIpoBepsiem 10OCTATOYHOCTD HPHHSITHIX LHA~
METPOB OTBETBJEHHH B npouecce pacyera aBapHi-
HHX THApaBAnyeckux pexumos. CHauana ormpe-
AeJsieM JaBNeHMe rasza B y3jax NPHCOeHMHEHMs
OTBETBJACHHH K KOJbIEBOMY Tas3onpoBOAYy, T. €.
HauyajbHOe [aBJeHHe B OTBETBIECHHH P or. Jlanee
HaxoQ¥M MNOTeplo AaBJEHHA, HCXOAA H3 pacuyer-
HOHf HATPY3KH W HpHHATOrO [MaMETpa, B 3aTeM
JaB/ieHHe B KOHLE OTBETBJEHHS Py or. ECIH MOJY-
yedHoe paBheHde He Menbwe 300 kfla, roraa
NPUHATBHIA JYMaMerp OCTaBJ/sIEM, B NPOTHBHOM CJy-
yae gvamerp ypeinuuBaeMm. Bce pacuerbl cBOgnM
B 1absa. 6.12, orkyna ciaenyer, 4ro BO BceX Cly-

yasix JAuaMerpbl OTBETBJEHHH, NpUHATHE HpU
pacuere aBapMiHBIX DPEXHUMOB, YIOBJAETBOPSIOT
tpefoBanusaM pacyerHoro pexuMa. CiefoBa-

Te/bHO, aBapuilible THAPABJHUECKHE PEXMUMBI A5
OTBeTBJEHHH oOKasajuch Gojee HaNpsKeHHBIMU,
yeM pacuetHbill pexHM, MO3TOMY OHH U Onpege-
NUAR AuaMerpbl orBerBJeHHi. Ha 3toM rugpas-
JIHUECKHH pacuer KOJAbleBOro rasonpoBoid BHICO-
KOT'0o AaBjieHUsl 3aKaHd¥Baercs.

Onpepenum creneHb UCHOJAb30OBAHHSI pacuer-
HOTO Nepenaga KBajpara AaBjiendsl HpH obecne-
4yeHMH JMMHTHPOBAHHOTO [asocHaGXKeHUsl B aBa-
pUAHBIX cuTyanusix. AGCOMOTHBIE 3HAYEHHA AaBIe-
Hui: py,=700 klla, p,=300 kIla. ITorepw kBaa-
para [aBleHHA Ha OTBETBASHUH [PUMEM B
60 000 kI1a®. B 310M cilyuae BEIHUHHA PACYETHOTO
nepenaja AaBjeHHA Ha KoJblle GyAeT paBHa:

(02— Ppaca="T700% — 300° — 60 000 =
=340 000 kIla%

Hcrnonb3oBanHbIH B pacueTHOM peXHUME nepe-
naj cocrasiaser

pla— Pl nen=T00°—620,92=104 483 «Ila.

CilegoBare/ibHo, CTeneHb HCNOJb30BaHUA pacyer-
HOro nepenaja KBaipara JaBjeHus, onpejeasemas
HEOGXOAWMOCTbIO De3epBHPOBAHKHA NPONYCKHOH
COCOGHOCTH KOJMbLA AMA o6ecnedeHus JUMHTHDPO-
BaHHOTO ra3ocHabKeHHs B aBapPHHHBIX CHTYauHAX,
COCTABUT:

104483

— — 9
215000 — 100=30.7%.
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Ta6auua 612. lposepka nMamMeTpoB OTBETBAEHHH HA PACYETHBIH PEXHM

fo - ot or, duXs, MM 2_ 2 2__ 2 w o Klla « ot
.N‘MEOHT”ZET MQa/q Lo, M X p2 lpk 100, 1,lp"l I % P Pxor, Kl1a
«ITa? X 1001,,/100,
KITa’

16 3500 600 133X 4 8000 52800 675 634,7
17 1800 600 89X 3 20000 132000 651,8 541,2
18 3000 200 89% 3 50000 110000 648,9 557,2
19 200 150 57%3 3500 5750 639 635,3
20 5000 700 133 x4 17000 130900 629,4 515
21 1000 700 763 16000 123200 625,1 5173
22 1800 400 89x3 20000 88000 6229 5477
23 8000 300 133x 4 40000 132000 620,9 5035
29 1500 350 76X 3 34000 130900 669,5 663,3
28 1700 400 89x 3 18000 79200 658,2 595
27 1700 600 893 18000 118800 649,4 550,4
26 4000 400 108x 4 36000 158400 641,2 502,7
25 600 200 57X 3 32000 70400 633,9 5757
24 5000 600 133X 4 18000 118800 627,1 523,9

B paccmorperHoM Bble npuMepe
rUAPaBAHYeCKOT0 pacuera OLHOKOJbLE-
BOFO ra3onpoBoja Aas oGecrnedeHus Ho-
TpeGuTened  JMMUTHPOBaHHBLIM  Tra3o-
cHa0XeHHeM B NEePUOABl aBAPHUHHBIX CH-
Tyauud HOpu OnpelefeHdd JguaMeTpa
KOMbLA UCHOJb30BaHO Jullb 30,7% (y=
=0,307) makcHMaJbHC BO3MOXXHOTO He-
penaja KBajapaTa AaBJeHMB  (pi—
— pa)"*. Noas HCIOJ/Ib3yeMOro B pac-
4eTHOM peXHMe Mepenaja KBaapaTa ja-
BJIEHUH y 3aBUCUT OT CXeMbl CeTH, ee Ha-
TPY3KH H Ko3@duuueHTa obeCrnedeHHo-
cTu norpe6ureneii (Kos). Onpepenum
3HA4YeHUsl, KOTOpPble MOXKeT MNPUHMMAThb
KO3((PUUMEHT ¥ AN OZHOKOJIbUEBOIO ra-
30MpPOBOAA C PABHOMEPHO pacrhpefeseH-
HOH HarpyskoH.

PaccMoTpuM  omHOKONMBUEBOH raso-
HPOBOA C ONHOH TOYKOH HNMTAHUA, K
KOTOpOMy HpHcoeduHeHO N noTpeGure-
nedl ¢ pacueTHbIM pacxoaom ¢g=Q/N

KaxXAbl# (rae Q — cyMMapHbIH pacxomx
rasa). llorpeGurenu mnpHCOegUHEHH K
KOJbUY 4epe3 paBHbIC UHTepBanabl [=L/
J(N41). C HeKkOTOpbIM HPHGAMIKEHHEM
KaK [Ns1 4eTHBbIX, TaK W JANs HeueTHBIX
3HaueHUWH N pacueTHbIH pacxon rasa ajsd
pacYeTHOTO pexXUMa Koabla Qp., MOXKHO
onpeienuTb MO CJelywlleMy ypaBHe-
HUIO:

DTo ypaBHeHHe MOJNYYeHO B Mpeno-
JIOXKEHUE, 4TO UHCJ0 Y3J10BBIX HATPy30K,
NPUCOCAMHEHHBIX K MOMYKOJAbUY, PaBHO
N/2; Harpy3Ku NpUHCOEIHHEHDbl K KOJbLY

Tagauua 613. 3navenns y n d,,/d, Nnpu pasaHyHbX BEAHUMHAX Ko H N

Kosppuuuent obecneuennocts Kog
N 1 0,7 0,5
Y dau/d, Y dan/dy y daw/dy
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 1,13
100 0,127 1,48 0,259 1,29 0,508 1,14
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paBHoMepHo Takum o6pasom, auamerp
KOblUa (IIpUHHMAaeMbii NOCTOAHHDBIM)
ollpefienieTCA B MPEANOJNOXKEeHUH, YTO
NONYKONbIO HECeT TONLKO NYTEeBYIO Ha-
rpysky Q/2 u Ha HeM cpaGarbiBaercs
pacdeTHbIR Hepenaj, paBHbIA:

y<p2H__p2K) MaKe

Koagpduuuent a onpegenen us ¢op-
Mydabl (6.39) npu x=1.

Cuauraa 3aKOH THIpPaBIMUYECKOTO
CONPOTHBJIEHUA KBajgpaTHUHBIM, HalH-
IIeM ypaBHEHMEe [/ OlpefefieHHsT AH-
aMeTpa KoJbuia

Py 9 MAKC Q
y(pﬂ—ph> =k 4525 =

P

2

N+l Q7

3N 4 _ kQL N41
P p
OTCHO 14

QXL 1 N4l

d525=__
p axc 25N
(p2—p2)"" Y

(6 67)

X

OnpegenuM guaMeTp KoJibua, HCXOs
M3 aBapUHHOrO pexxuMa, KOrga BBIKJIIO-
4eH rojioBHOH yuyacTok. B Takom cayuae
KOJIbi10 HpPEBpaTUTCA B JMHEeHHDbIH raso-

npoBox AJMHOH L M Harpy»eH-
HbIH N OIHHAKOBBIMHM Y3JOBBIMH pacxo-
JaMH, PACHOJIOXKEeHHbIMH Ha OJHHAKOBBIX
paccroaHuax. B aBapufinoM pexume
nOTpeGuTeNH NOAY4aT CHUMKEHHOe, JIU-
MHUTHPOBAHHOE KOJHMUYECTBO ra3ad (ap=

1§‘/’6 Q (rze  Kos — KO3 UL MeHT

o6ecnedeHHOCTH), a Ha ceTH cpabarThbl-

BaeTcsd MaKCHManbHH nepenaj pasde-

HMS, COOTBETCTBYIOWME (p,—p) "™
Juamerp koabua 6ygeT paBeH:

2

makc IN41 (K@ N

(212 —p VL Ros®) ) N
6N 452 NF1

p

2N 41

2

RQL
525 2
43 R K2

an I (6 68)
(pi_pb 6N+ 1)

V3 mosny4yeHHBIX COOTHOIIEHUH MOXK-
HO peluTb ABE 3ajauu:

1) onpenenuTs 1010 MaKCHMaAbHOrO
nepenaga Y, UCHOJAb3YeMOro B pacyer-

HOM peXXHMMe B 3aBUCUMOCTH OT Koahdu-
MeHTa obecnedeHHOCTH Kos [IpupaBHu-
BaeM BblpaxkeHuda (6.67) u (6.68), rak
Kak dpy=da., W onpepenaseM y|;

2) onpegeauTb HeOGXOAMMOE YBeJH-
yeHHe gMaMeTrpa Kojbua A BO3MOXK-
HOCTH MPONYyCKa JAMMUTHPOBAHHOrO KO-
JMyecTBa rasa B aBapuHHBIX CUTyapuaXx
(Gepem orHOleHue dap/dp npu y=1).
PesysbTaThl peuieHus CBeAeHbl B Talu.
6.13.

a1 oAHOKOJBUEBOTO ra3oNpoBoia
CeTH BBICOKOTO JAaBJEHHA YHC/0 Y3MOBBIX
norpeGurened oGbI9HO He GbIBaeT MeHee
10, mosToMy B pacuerax MOXHO HPHUHH-
MaTb CJeAyILHe NpUMepHble 3HaYeHHUS
Koadduumenra y: npu Kes=1; y=0,15;
npu Koe=0,7; y=0,3 u npu Kos=0,5;
y=0,6. CnpaBeinUMBOCTb IIPUHATOrO pe-
3epBa JaBJjeHUs CaefyeT HPOBepATh pac-
4eTOM.

JlonojiHuTeIbHblE METaJM0BIOKEHHUS
B pe3epBUPOBAHUE OJHOKOJDbLEBOrO ra-
30MpOBOJAA IIPUMEPHO COCTABJSAIT: IIPH
Kos=1—/40—45/%, npu Koe==0,7—/
/256—30/%, Kos=0,5—/8—15/%. C
yBeJHYEeHMEM 4HCcia KOJIeiL pe3eps AaB-
JeHusl YMeHbIIaeTCsl M 3HA4YeHUe y yBe-
auuuBaercd. CymecTBeHHOe yBesjueHde
Ko3duumuenTa y 6yneT HPU HOCHAEJ0-
BATEJbHOM PacrojioKeHHH HO HanpasJie-
HUIO OCHOBHOTO MOTOKA ra3a HeCKOJNbKHX
KoJjiel. DT KOJibLA CJeLyeT HPOeKTHPO-
BAaTh OJAMHAKOBOrO UM GJM3KHX MO 3HA-
YeHHIO AMaMEeTpoB M Ha BCeX KOJbiax
cpaGaTbiBaTh NPUMEPHO OJMHAKOBbIe
nepenajibl KBajpara AaBJeHHS.

[TpoBeseHHHBI# aHaNU3 U pacdeTsl AJis
0JIHOKOJIb€BOrO ra3onpoBoAa AAK0T BO3-
MOXHOCTb OPUEHTHPOBATLCH NPU HA3HA-
YeHUH AMAMETPOB M PE3epBOB AaBJACHUS
B Hpouecce HpeJBapHUTENbHOrO pacuera
MHOTOKOJIbi1€BOH CEeTH BBICOKOrO AaBJjie-
HHUA.

6.8. OcobeHHocTH pacuera
MHOTOKONbLEBbIX

rasoBbiX CeTel BbICOKOro
[cpenHnero) paBnenus

Wexopnoln unbopManued asasercs
3ajaHHas KoJbileBas CeThb C Y3J0BBIMH
Harpy3skaMil M TOYKAMH MUTAHUS CeTH.
3ajgaua coCTOMT B OnpejesieHHH auamer-
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POB Y4acCTKOB CeTH U3 YCJAOBHH ee HajleX-
Horo GyHKIHOHUpoBaHua. [1/s pemeHus
3TOH 3ajaul IIpeAjaraercs MeTOHL pac-
gyeTta, COCTOSIILME M3 Tpex 3rtamoB: [)
NpeJBapuTe/bHOe OfpejesleHHe AHAMeET-
pOB M OCpeJHeHHe MX [0 paHraM Ko-
Jel; 2) KoppeKTHPOBKa IHAMeTPOB B pe-
3yJbTare pacdeToB I[10TOKOpaclipegeJle-
HMA A4 Bcero Ha6Gopa aBapUiHBIX
cuTyanuH; 3) pacdeT NoToOKOpacnpejee-
HUS AJs1 pacdeTHOH Harpy3Ku rasoBoi
ceTH.

Hasn npedeapuresvroeo onpedese-
HUs OuaMeTpos cilefyet 3a4aTbCs Npel-
BapHUTeJbHBIM NOTOKOpAaCHpeae/eHueM B
CeTH ¢ YBSA3KOH 6aJjlaHCOB IOTOKOB B
yaaax. s 3toro cHayaJja BbIGUpaloT
HampaBJeHUsT [IBHXXeHHUS HNOTOKOB, Ha-
3HA4aloT y3Jbl — TOYKH CX0LAa MOTOKOB
Ha TlepUdepHUH KOJbUEeBOH CeTH M, ABH-
rasgcb OT ITHX TOYEK K TOuKe HUTaHUs
CeTH, BIGUPAIOT HallpaBJeHHe IBHKEHUS
rasa /s Kaxaoro ydacrka. B cxeme
NpPOCTaBJ/AIOT HalpaBJ/leHUs [ABUKEeHUS
raza 1o ywyactkam. Ilocne Bbi6opa Ha-
npaB/eHHi JBHXXeHUS HOTOKOB HasHa-
4alOT pacxoabl [Jsi yd4acTKOB, TaKXe
JABUTasiCb OT TOYeK CX0Ja NPOTUB JABH-
XKEHHUS NOTOKOB K TO4Ke muTaHus. B Tou-
Kax cxoja IOTOKOB TPaH3UTHble pac-
XOZbl pachnpeiesioT Tak, 4TOGbl pacxo-
Abl HA COCeHUX ydacTKax ObljM Ipumep-
HO OJMHAKOBBIMH, TOTAA Y4acTKH GyAyT
6/IM3KHMHM K B3aHMO3aMeHSAeMbIM.

[Tocae npexBapurenbHOro pacnpeje-
JIeHUs] TOTOKOB IO CeTH Olpee/sioT
yAe/bHble IOTEPH LABJAEHUS Js T0AG0-
pa auametpoBs. [lAs 3TOro pacueTHyW
NOTepIo AaBJ/leHUsl A1 BCeH CeTH yMeHb-
wamT yMHOXad Ha Ko3dPUuHMeHT @,
KOTOPBLIH OrpefesnsieT HeoOXOAUMbIH 3a-
nac jgasJjeHMs AJd TPaHCIOPTHOro pe-
3epsa. CijlefyeT HalOMHMTB, 4TO Ta30-
IIPOBOALI BBICOKOrO H CpPEAHero pasJe-
HUA PaCCUUTBLIBAIOT MO yAEAbHBIM HOTe-
pAM KBajparta AaBJjleHHs, T. e. IO BbIpa-
JKEHHIO:

2 2

(pc -—P,)/l s
rge p ¥ p,— abConioTHoe AaBjeHUe B Hadane
(1) w koHme (;) y4actka, [— gnuHa ydacTka

7151 ceTH yaenbHyI0 HOTepIO AJs 10A-
6opa aMaMeTpoB ONpejeJsoT Tak

(p(pQH—-pQK)/lvl ¢ L7
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rage ps M px— abconioTHble JaBNEHH B TOUKe
NUTAHUSA ¥ TOUKE CXO[a [IOTOKOB (KOHLEBOH Touke)
B cery, L — nJiHHA HAMpaBNEHHUA OT TOUKH UTAHUS
40 TOUKU cXopa, 1,1 — xoadduuvedT, yuuThiBalo-
IMH ToTepd AaBAEHHA HA MECTHBIX CONpOTHBJE-
HUSIX; ¢ — K03 PUUMEHT TPAHCTIOPTHOrO peaepBa.

KoadduumeHT ¢ 3aBUCHT B OCHOBHOM
OT 4UCJ/1a B3aUMHO-Pe3ePBUPYIOIHUX APYT
Apyra KoJeyn, Xapakrepa  y3JOBOH
Harpy3ku M ko3adpduumuenra obecrnede-
HocTu norpeGuteiedl Ko Uem Gosblie
KoJlel, 4yeM PaBHOMepHee HaTPy3Ka U ueM
MeHblle Ko, TeM O6oJblle BeJjuuMHA
¢. KoapduuueHT ¢ 06bIUHO KoNeGAeTCA B
npegenax: ¢=0,2...0,4.

ITocae nogGopa gHaMeTPOB y4acTKOB
IIPOU3BOASAT YBA3KY ceTH. [laJjiee paHxu-
pyloT Kodbua. [las 3TOro HeoGXOAMMO
BbIGpaTh KpuTepuil. Ho, nepsoHauabHo
yCTaHABJAMBAIOT KpPUTEPUH AJA paHXKH-
poBKM ydacTkoB. Tak Kak 3ajaua Jamw060-
ro ydacTka ceTd -— HepeTPaHCnopTHPO-
BaTh B €JMHUIY BpeMeHH Ollpejelie HHOe
KOJIMYECTBO rasa, a Ha TpaHCHOpT rasa
3aTpauuBaeTcss  MOWHOCTb, I11O3TOMY
paHXHPOBAThb YUYaCTKHM 1e/ecoobpasHo
o 3aTpauuBaeMoll Ha TPaHCIOPTHpPOBA-
Hue rasa MolnHocTH. Yem 6odbile
3aTpauMBaemMass MOWIHOCTb, TeM Bblille
paHr yuactka.

BriBeneM BbipaxkeHHue AJs olipefeJie-
HUS MOWHOCTH, 3aTpauuBaeMoll Ha TpaH-
cnoptupoBanHe ra3a. [loTepn keaapara
JaBJjeHHs onpeneiuM 1o ¢opmyJe

[Totepioc MOWHOCTH OnpegesuM MO
clleqyloUeMy BbIPAXKeHHIO

a 10,7

ANUZlAplll 'lel Z“‘W_pl W 1y
i

L1 paHKHMPOBKM KoJlel, HCHOJb3yeM
CyMMapHyIO BeJIHUMHY OTEPAHHON Mont-
HocTH, Br:

a 1)’
Wem X
KOblLd tf
[MopsgoK paHXUpOBaHUSA KoJlell CeTH
HPUHUMAIOT CAe Iy WMH: Hepeoe No paH-
Iy KOJbLO — 3TO KOJbI 0, TPUMbIKAIOIILEE
K TO4Ke MMTaHUS ropoacCKOH cetn (K
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[PC), ero Bcerga NpoeKTHPYIOT HAHOO-
Jiee Harpy»KeHHbIM; CJie/lyOlHe Mo paHry
06GBIYHO GBIBAIOT KOJAbLA, HMeuiHe 06-
LL(HEe y4acCTKH C MepBBIM KOJbuoM. PaH-
JKHPOBAHHIO TOANEXKAT TOJAbKO KONbUA,
KOTOpbI€ SBJSIOTCA OCHOBHLIMU Pe3€pBH-
pylolMMu 3eMeHTaMu cetd. Mrorosoi
OLEHKOW TIpH paHXUPOBAHUM ABJAETCSH
3HEpreTHUECKas 3arpy>KeHHOCTb KOAbIa
Mpv TPAHCTIOPTUPOBAHMM rasa, ofpepe-
AsieMasi TpUBeJeHHOH Bbille GOPMYJ/IOH.

[Tocse paHXKHPOBKH HMEETCH Psifl KO-
jeu, JAAs  KOTOPBIX OMNpeiensloT HX
cpennue auametpbl. OcpeiHeHHA BeAyT
M3 YCJOBHUS COXpPaHeHHs MaTepHasbHOH
XapAKTEPUCTHKU KOJbIlA, MOJyYyeHHOH
npu  TpelBapUTeJbHOM  OMNpElEeNeHHH
Jguamerpos rasoBod cetu. [ada nmepsoro
MO paHry Kojbia BOHAYT BCe YYacTKH,
M CpeiHMH AHaMeTDP OIpPEeNeNMTCH MO

dhopmyae
de‘ ZZ a, l,, /Z lt]
kl Kl

N

Ipu ocpenHeHMHM pauameTpa BTOPOro
KOAbIA [AMaMeTpbl yd4acTKOB, OOIIUX C
NepBLIM, COXPAHAIOT TAKUMHU, KaKUe OHU
6bIIM MOJAyHeHbl IPH OCpPeJHEHUH MEePBO-
ro KoJabia.

Bropoii atan paccmarpusaemoeo me-
700a COCTOUT B KOPPEKTUPOBKE TPHHS-
TbIX B MNPEABAPUTENbHOM pacyeTe aua-
METPOB C TeM, 4TOObl OGecneduTb He-
06XONUMBIH TPAHCIIOPTHLIH pe3epB KOJb-
1eBod cetu. as 3Toro mpexjie Bcero
YCTaHABAMBAIOT HA60P aBapPUHUHBIX CUTY-
apuH, 1J1 KOTOPBIX NPOH3BOAAT pacueT
noToKopacnpeaeneHus cetu. Pacuer no-
TOKOpacnpejefeHuss BeAYT H3 YCJOBUH
obecreyenuda noTpe6uTencd JAMMUTHPO-
BaHHBIM rasocHa0xeHueM. ABapuiiHble
CUTYyalMH, MOAJNEXKAUHe TUIpaBauUec-
KOMY pacudeTy, MOAGHPAIOT CAepyloLIye.
Ilepsole aBe aBapuHHBIE CHTYalHH —
3TO OTKasbl C OJHOH M ApPYro# cro-
pOHBl oT ToukH muTanus. Caepyouue
aBapuHHBIE CUTyalMH CBSI3aHBl C OTKa3a-
MH y4aCTKOB, KOTOpbi€ OTXOAAT OT Tep-
BOro Kosblia. VX pamxupylor no kpure-
puio: :

© @ 1Q,1°
dpckp, dls

Hajiee aHaJIoOTHYHO paccMaTpHBAIOT
TpeThe H NPCAeLYIOLIHe KOJbla.

Jns npuusitoro HaGopa aBapuHHBIX
cuTyauM# MOpOM3BOAAT pacuer MNOTOKO-
pacnpejeseHus M KOPPEKTHPYOT AMa-
MeTpbl, HCXOAA M3 JABYX yCJOBMH:
1) auameTpnl ceTu AOJXKHLL ofecre-
YHTb HEOGXOAWMMBIH TPaHCMOPTHLIH pe-
3epB; 2) CKOPPEKTHPOBAHHLIE JHMaMeTphl
JLOJKHBL oGecrnednBaTh MOJHOe HCIOJMb-
30BaHHUE PACUETHOrO Mepenajia gaBJaeHus
B cetu. [lopsilok KOppeKTHUPOBKU Aua-
METPOB HpUHMMAWT cjenylowui. las
KaXK10# aBapMHHOH CHTyauuu NMPOU3BO-
IST onpeleneHHbIH (UK pacyeTos. Coae-
LYeT OTMeTHTb, 4YTO TIeoMeTpHyecKas
cxema JO60H aBapuiHOA CUTyauMHu MoO-
KeT MpPeACTaBUTh OZHY M3 CJAeIyILIUX
cxeM. Ilepsas cxema coorsercTByeT OT-
Ka3aM TOJOBHBIX yd4acTKOB NEPBOro
KOJbIld, OHA BBIIAIMT TaK: TYMMKOBBIH
rasonpoBoj, MNHUTAOWMA OCTaBLIYIOCH
KOJIbIEBYIO CeTb U BBIXOASIIMHA H3 HC-
TOUHHKA TIMTAHUA, U TYMUMKOBOE OTBETB-
JIEHUE, TpejcTaBJsioniee Co60H 4acThb
YUYaCTKOB MEPBOTO KO/biad, KOTOpble Mo-
nanu B asapuiHyio 30Hy. Bropas cxe-
Ma, KoTopas COOTBeTCTByeT JoGoH Ipy-
rofi aBapuiHOH cuTyauuu, Gyaer npei-
CTaBAATbL COGOH Cieiylollee: ABe 4acTH
KOJIbII€BOH CeTH, COCJMHEHHBIC ydacTKa-
MM KOJAbia, Ha KOTOPOM MpOM30IIia
aBapufiHasg cuTyaunus, HO 3TH y4acTKH
He NoMajy B aBapUHHYIO 30HY. Y4acCTKH,
nonasiliMe B aBapudHyl0 30HYy, GyIyT
NpeJCTaBAsiTh COGOH TYMMKOBbIE OTBET-
BaeHus. Cerb GyLeT NHTaTbCS OT MCTOU-
HMKA.

Takum o6pasom, Kaxjas aapuiHas
CHTyauHusl MNpexie Bcero Gyger HMeEThb
cBOIO cxeMy. Jlad 3TOH cxeMbl HazHaua-
I0T TIpeaBapuTesibHOe paclpejeseHqe
NOTOKOB € COGJI0OfeHHEeM TTepBOro 3akKoHa
Kupxroda. Ysnosble HArpysku NpUHH-
MalT A8 JHMHUTUPOBAHHOrO rasocHa6-
xenust. Tlocae npeaBapuTenbHoro pac-
NpefejgeHust MOTOKOB pelaloT 3ajady
MCTUHHOIO pacrpejiefeHusl MOTOKOB MO
ceru. Ilocne 3toro KoppekTHpyOT gua-
MEeTpHl. 31ech caeayeT elle pas noauepk-
HyTb, 4TO B OCHOBY pacCMaTpUBAeMOro
METO/1a 3aJI0KeH MPHUHIMII MOCTOSIHHOTO
AMaMeTpa 3/eMeHTapHOro KOHTypa, Kak
TOJNBKO 3TO MOXKHO OCYILECTBUTD MO paH-
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KUDPOBAHHOMY pAdy kojen. Ho. yuutbi-
Bag ['OCToBCKylO IuMCKpPEeTHOCTb aua-
METPOB, CTPOrO PEILUTH 3a4a4y [0 3TOMY
NPMHUMAY He yJAaeTcs, HO3TOMY IPHXO-
JUTCS HPOEKTUPOBATD KO/IbLIA U3 COCTAB-
Hplx auamerpos. [lpu stom sBINOA-
HAIOT NpasUJI0, 4TOGBl JHAMETPbl OQHOTO
Kosbua 6bliu coceanumu o I'OCTy. 310
HE OTHOCUTCH K ydacTKaM, BXOAAWHUM B
KONbUO Gojee BLICOKOrO padra.

Ilocne oKoHYaHHUA KOPPEKTHPOBKH
JHaMeTpoB, HPOMU3BEJEHHOH MNOCaAe0-
BaTeJbHO AJF BCero HaGopa aBapUUHBIX
CUTYyallMH, BeCb pacueT assd BCex aBapui-
HBIX CUTYaUMi HOBTOPSIOT BHOBb, HO HPU
3TOM 3a UCXOAHOE pacHpeaeteHue HoTo-
KOB MNpUHHUMAIOT HOTOKOpachnpegene-
Hye, MOJy4eHHOe B MpeablaylleM pac-
qeTe, KOJbild — COCTOsIMe U3 CKOpPpeK-
THPOBaHHBIX AHameTpos. Bropoi nostop
pacueta —— 3TO BTOpas utepauus. Mre-
PAUMOHHBIN APOpece MPoBOAAT A0 A0CTH-
KeHusi Tpebyemod Tounoctd. Ha 3tom
3aKaH4YMBalOT BTOPOH 3Tall.

Tperuii 3ran  BKAlOYaeT pacuer
NOTOKOpachnpeaee s and CeTH ¢ yc-
TAHOBJEHHBIMH [JMaMeTpaMu M pacyer-
HbIMM Harpy3kamu B ysaax. [locae
pacyetra HOTOKOpacHpegeneHUs onpeje-
JASIIOT AaBJeHMs BO BCeX y3Jaax.

6.9. N'mgpasnuueckme
PEMMMDBI Fa3oBbIX CeTer

Onpepenenne pacuerHblXx nepenaos
NaBJEHNS Ta3a B CETH HPH HENOCPEACT-
BEHHOM HNPHCOENHHEHHH HNOoTpedHuTeei.
K ropoackum ceTssM HU3KOro aaBieHus
noTpe6uTened HpUCOCIUHSIOT, KaK Hpa-
BUNO, HenocpeacTBeHHo. Kosebanusa
JaBJjeHus rasza y notpe6ureseil 3aBUCAT
oT: 1) BeaMUMHBI pacyeTHOTO Hepenaaa
JaBJIEHHS] U CTENEHH ero HCHOAb30BAHUSA
Ha MYTH ABMXKEHMUS rasa OT TOYKH HNUTa-
HUSL 00 ra3ouCnoNb3yiouled YCTaHOBKH,
2) pexuma pabOTH Ta3oHCNOJb3YIOUIHX
YCTaHOBOK; 3) MeTOAa pelyJupOBaHHs
JaBJiedus rasa B TOYKE AMTAHMSA CeTH.
HopmanbHass pa6ota rasoucrnonbsyio-
HIMX YCTAHOBOK MOXKeT 6bITh o6ecnedeHa
TOJABKO APU YCNOBUHM CTAGUABHOrO 1aB-
JIeHUs rasa nepej HUMH, 4ero gOCTUTaloT
HpaBuJbHbIM BbBIGOPOM HCXOAHBLIX AaH-
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HBIX IJisl TMAPAaBJAMUYECKOro pacyeta ceTH
u cnocofa peryiHpoOBaHMUS HAUyaibHOro
JAaBJeHU .

Ha puc. 6.22 nokaszaun rpaduk nas-
JIeHUH, COOTBETCTBYIOIIMH pacyeTHOMY
pexxumy paGoThl ra3oBoH CeTH NMPH HEHOo-
CPelCTBEHHOM TMPHUCOEIHHEHHH K Hel
norpecMrenefi. Ilpy cpasBHEHHH KpUBBIX
AAaBJeHHs AJAOCKOCTH, B KOTOPBIX pacno-
JIOXEHBl OTBETBJECHUS M UX Hbe30OMeTpHI,
COBMEIIEHbl ¢ MJAOCKOCTBIO OCHOBHOIO
rasonposoaa AB.u ero nbesomerpa. Ta-
KuM o6pasom, Ha rpaduke pasieduil
orsersienue [/—/[ OymeT CAMBATbCA C
OCHOBHBIM rasonposoaoM AB, a touka /
YCJAOBHO CMelaercsl BIpaBo Ha BeJHYH-
Hy aTpe3ka [/—{. TlpoeKuuio ycioBHOro
pacno/ioxeHust TouKu [ Ha N1aHe MOXHO
NOJYYUTh TTOBOPOTOM OTBeTBAenus [—/
10 coBmeuieHusa ¢ guaHed AB. Tlpeso-
Merp ortBeTrBieHuss [—I/ Ha rpadu-
Ke jgasJeHMH nokazaH npamoid I'—I[’.
Jasaenue rasa mepeg TasoUCHONb-
3YIOMIMMM YCTaHOBKaMM, HPHCOEaUHS-
eMbIMM HENOCPEeACTBEHHO K CeTH, pas-
JAUYHO W 3aBUCUT OT MOJHOThl MCHOJb-
30BaHUSA PACUETHOr'0 Mepenajna.

[1pu paspaGorke ropoackoil cuctembl
ra3ocHageHusi Ha CTaAMU TeXHUYeCKO-
ro MpOeKTa pacCYUTLIBAIOT Pacrpenesu-
TEJAbHYIO CeTh, a HA cTaguu paGouux
uepTexkeldl — aGOHEHTCKHE OTBETBJEHHA.
PacnpenenuTtenbHyio ceTh HPOEKTHPYIOT
Ha nepenajn pasdeHMi Ap., a aGoueurtc-
KHe OTBeTBJIEHHUs, BKAOYAs BHYTPUAOMO-
Bbie Ta3omposoabl,— Ha Ap,. B rakom
cayuyde pacueTHBIH mepenan AaBsjeHUH
(Ape=Ap.+Apory OGyaeT HCHOAb30-
BaH MOJHOCTBIO TOABKO Yy aBOHEeHTOB,
NpUCOeAMHEeHHBIX K KOHUEBbIM TOuKam 4
u 5. Torma pasienue y HUX GyaeT paBHO
KOHEUHOMY (pas==puuu) - Ilepen oTserne-
HHUSIMU, OPUCOEAMKEHHBIMH K [a30fipoBo-
aaM a0 KOHueBbix Touek, [—I u 3—I1,
jpasneHde 6yger 6oJblIe, YEM py, a B Ca-
MHUX OTBETBJIEHHSIX COXPaHMTCH pacyeTr-
HbId nepenan Ape,. OTciopa pasgeHue
nepen aGoOHEHTaMU OKaxercda Gosablue
MUHHMAJBHOIO (P4 Punny  PA> Dunn) -
B oTpenbpHbIX cayuasx, Koraa HeGoJbllue
3panus pacnonoxennl B6ausu I'PII, pac-
yeTHbIH nepenai MOXeT ObITh HCTIONB30-
BAH JUIIDb HE3HAYHTEAbHO, HOITOMY AaB-
JIeHUe nepej HUMH MOXXHO CUMTATL paB-
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Puc. 6.22, Tpaduk nas- HOU CeTH, KOHeUHOe NaB- orserBiaenuax, A, B— HWSl a0OHEHTCKUX OTBET-

JNennii pacyeTHOro pexHu-
Ma CETH NIpH HenocpeacT-
BEHHOM [MPHCOEAMHEHHH
K Heli norpeGureneii

Puavs Pronws PO, PA, APy

nenue, HOMHHaJbHOE
naBljieHne, JaBieHHe me-
pex aGoHeHTaMH, pac-
yeTHBIHi Mepenaj naBie-
HHH B pachpeiennTenb-

HayasJbHasi M KoHe4yHasl
TOYKM paclpeseNuTenb-
wou cetH, [—IV —abo-
HEHTbI, 11—, 38—II,
4—J[], 5—IV-—abouenTt-

BAEHHH K pacnpejenu-
TenbHol ceru, 4, H—
KOHLIeBbie TOUKH pacrpe-
AENUTENbHOH CEeTH, COOT-
BETCTBYIOULHE TOYKH Ha

Ape,  Apor— cooTBeTCT-
BEHHO HayaJbHOC JaBie-
HHE B pacnpeseNuTeib-

HOH ceTH, Mepenaj AaB-
NeHUA B a0OHEHTCKHX

HbIM MaKCHMAaJ/bHOMY 3HAUEHUIO (Puaxe=
=puau). B 38BUCUMOCTH OT CTeneHH
MCHONb30BAHUS pAcYeTHOro Mepenana
JaBjeHye rasa nepei npubopamu U
YCTaHOBKAMH MOXET NpPUHUMATb 3Haye-
HUS, HaxoaswMecs B soHe A'— [V —A”

(cM. puc. 6.22), koTopas sBJfAeTCH
30HOH JaBJACHUA Nepel yCTaHOBKAaMH MpU
pacueTHOH (MakCcMMajabHOH) Harpyske
ceTH.

HaBiende npM MakCUManbHOH Ha-
rpy3Ke COOTBETCTBYeT rpadHKy, MOKa-
3agHOMYy Ha puc. 6.22. Ilpu HyseBom
noTpebaeHud U HOAAEPKAHUMU Puay HO-
CTOSIHHBIM  Nbe30MeTpbl  ra3onpOBOAOB
coNbioTCst B oaHy sauuuio A”—JV”. Or-
Cioja BO3MOXKHAas 30HA KoneGauui nas-

5 3ax 1052

CcKMe OTBerBJeHHus, [—
5—— TOuKH mpHCOEAHHE-

nbe3OMeTpPe JaHbl co
HITpHXaMH

Jexusi raza nepej ropeakamH HoTpeGH-
Tenel 6yaeT HpeacTaBaATb CO60H KOHTYp
A —IV"—]V'—A’, a nuanasol Koje-
6auuil y oTaeabHbLIX HNpuGopoB Oyaer
3aBUCETL OT CTeleHH MCHONb30BAHUSA
pacuetHoro mepenapaa. Tak, Ajd ycTa-
HoBku | gumamason kKoaeGaHué Oyner
paBen I"—1”, a gna ycranosku Il on
cocraBut Besuuuny I'—I17. Maxkcu-
MaJbHBbId AManasoH KojeGauud pgaBje-
HUa GygeT paBeH pacdeTHOMY Hepenajny
pasieHudi. Ecau u3mendat, HauanbHoe
JaBjeHue B COOTBETCTBMM C DPEXHMOM
norpeGaenus rasa, TO MOXHO 3HadH-
TeJbHO MOBLICHTb CTA0UJIBHOCTL pabOoThl
YCTAHOBOK. [ eHCTBHTENbHO, €CaAH C Ma-
JeHMeM HarpyskM CHHXKAaTb JaBJeHHE B
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TOYKe HMTAHHUSA CeTH, TOrAa nepejg ApH-
6opaMu M ra3zoUCHoONb3YIOLIMMH yCTa-
HOBKAMH paBjeHUE YBeJIMYMUBATbCA He
6yaet. Ilpu HyneBoA Harpyske Hadasb-
HO€ gaBjeHUe CHM3UTCH A0 KOHEUHOro
(MHHMMAaJBHOr0), a Nbe3OMeTPbl OCHOB-
HOH JIMHUM W OTBETBJACHUH CONBIOTCA B
opHy npsmyio A'—JV/ (cm. puc. 6.22).
Takum oGpasoM, IpH HemOCPeACTBEHHOM
HPUCOEIMHEHUH Ta30UCTOAb3YIONIUX YC-
TAHOBOK K CE€TH MaKCUMaJbHO BO3MOX-
Hble KoneGaHUA [aBJEHUA ras3a nepef
HUMHU GYAyT paBHbI pacyeTHOMY Hnepe-
magy gaBjeHMdA A BCed CeTH.

O6Go3HauuM JAOHYCTHMYIO CTeHeHb
Heperpy3kd M HeJOTPYy3KHM YCTaHOBOK,
MCOOAB3YIOWHMX ras, HO OTHOIIEHHIO K
HOMHMHAJIBHOH TakK

pmaKc=klp0; pMHH=k2p07

rae ki ¥ ko — COOTBETCTBEHHO KO3 (HIHEHTH
HeperpysKu U HelOPPY3KH, po — HOMUHAJIBHOE 1aB-
JIEHHE rasa, Ha KOTOPOe pAacCUuWTaHa YCTAHOBKA

JonycTuMas CTeneHb Heperpyskd u
Hexorpysku npubopoB onpejensiercs Te-
XHMUECKUMH HOKasaTejsiMM rasorope-
JIOYUHBIX YCTPOHCTB U TPeGOBaHUAMH TeX-
Hosoruu. Vicxonsl M3 MakCUManbHBIX KO-
geGaluil JaBjeHUs rasa nepejp yCTaHOB-
KaMHU pacueTHbI] Hepenaj JaBaeHUs Qa5
ceTu GyaeT paBeH:

App:pmaKc—pMHHZ(kl“—kQ) po.

B 3toii ¢opmysae pacueTHbI nepenas,
JAaBJEHHs1 onpefeneH KaK [0Jd HOMH-
HaJAbHOrO AaBJeHUs rasa mnepejp ycra-
HOBKAMH, a 30Ha KojeGaHUsl AaBJEHUA
rasa B [A0AfX pPo OnNperensieTcss Ko-
apduumentamu k; u k,. Mz anamuza
HAMMCAHHOTO Bblilie YPABHEHUA CIELYeT,
4TO YBEJAMYUTL PacueTHbIH nepenaj HpH
COXpaHeHUH pa3MepoB 30Hbl JOMYCTH-
MblX KojeGaHUH jpaBjeHUA rasa nepej
ycTaHoBKaMu (ki=const u ko=const)
MOXHO TOJAbKO MYTEM YBEJHYEHUSA HO-
MHHaJbHOrO JaBJeHMd rasa, T. e. AaB-
JI€HH S, HA KOTOPOE 3anpoeKTHPOBAHDI ro-
penku npuGopoB. Ho uem Bbime HO-
MHMHanbHOE JaBJeHue ra3a, TeM 60nbiine
TPeGOBAHUA MPENbABAAIOTCH K KOHCT-
PYKUMH, M3rOTOBJEHMIO U  KadecTBy
MOHTaxa o06opyioBaHUsl MU TeM BbIilie
CTOUMOCTD 3KCHJAyaTauuu ceTH. [1pH Bbl-
Gope HOMHHAJALHOTO IABJEHHA CACLYeT
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VUUTBIBATb H3JNOXKEHHble 00CTOATENbCT-
Ba.

IIpou3BOAUTENBHOCTD YCTAHOBKH 3a-
BHCHT OT JaBJjileHUs rasa nepej Heil.
CuuTan 3aKOH IUAPAaBJIHUYECKOrO COMpPO-
TUBJAEHUA TA30UCHOJb3YIOLIEH YCTAHOB-
KM KBaApPaTHUHBIM, MOXKHO 3aIHCaTh CJle-
JYIOLHe 3aBHCHUMOCTH:

p=a@?
1 — —
= ==b N
Q 7 Vp=b~p

rae p — AABJEGHHE Tasa nepej yCraHOBKoH (MaH
npuBopoM), @ — CONPOTHBJEHHE YCTAHOBKH; Q —
NPOU3BOAMTE/ABHOCTE  YCTAHOBKH; b—ﬂpOBOﬂH-
MOCTb YCTAHOBKH

MakcumanbHOMy gaBAeHHIO rasa fe-
pea yCTAHOBKOH 6yJaeT COOTBeTCTBOBATD
MaKCHMaJibHad €€ APOU3BOAUTENbHOCTD,
a MHUHUMAaAbHOMY [JaBJCHHIO — MHUHHU-
MaJdbHasd HPOU3IBOAHUTEJIbBHOCTD. C‘-ll/ITaﬂ,
4TO MAKCHMaJibHOe jgaBjeHHEe rnepej yc-
TAHOBKAMH PAaBHO HadaJbHOMY, 4 MUHH-
MaJibHO€ — KOHEUHOMY, MOXKHO 3amH-
CaTb ypaBHEHHUA:

Pu = Pwuaxc =aQ2makc;
2
Pk = Puun =aQuuu.

Ho makcumanbHoe gaBaeHue rasa y
noTpebuTesneldl 6yaeT APU MUHUMAJAbHOH
Harpyske cetu. CregoBaTesbHO, MAKCH-
MaJbHasi neperpyska oTAeAbHbIX NpHGO-
POB BO3MOXHA TOJIBKO B HEPUOABl NPO-
BaJsioB noTpeGieHud, T. €. Korga 60Jb-
IMHCTBO HnoTpeOuTenedn He paboTaer.
C yBeauyeHHeM uHcisa pabortawuux abo-
HEHTOB JaBJjeHue nepej npuGopamu Oy-
JeT HajaTb M HX BO3MOXKHas nepe-
rpyska cokpatutca. Ilpu makcumyme
notTpebaeHus nepea npubopamu aGoHeH-
TOB yCTAHOBHUTCHA MHHMMAaJbHOE [AaB-

JeHue.
3a pacyeTHbIH peXUM NPHHUMAIOT

peXHUM MaKCHMaabHOTO HOTpeGneHus
rasa. IlponyckHyio CHOCOGHOCTb CeTH
pPacCUUTBLIBAIOT Ha MAaKCUMaJbHYIO Ha-
Ipy3Ky, NP4 KOTOPO# nepej ra3oncnosb-
3YIOLUIMMM arperatraMM JOJNXKHO yCTaHO-
BUTbCA HOMHHANbHOE paBjeHMe po. Ta-
KO€ YCJ0BHe ofecredHuBaeT COOTBETCTBUE
APONYCKHOH CMOCOGHOCTH CeTH BO3MOXK-
HOCTH HCMOJb30BAHHS MOAABAEMOro KO-
Ju4ecTBa rasa npuGopaMH B HePUOL
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nHKa moTpebjeHus. ECaH HCXOAHTL U3
STHX pACUETHBIX YCJOBHH, TO KO3IPOhH-
IHEeHT HeAOrPY3KH CJeAyeT MPHHATDH
ko=1. Hccaenyem, KakoBa O6yaer Ha-
rpy3Ka ceTd u a6OHEHTOB B ePHO/ [THKa
noTpeb/eHus, ecjiH AaA PacdeTHOro pe-
KHUMa NPUHATH ko<1, T. €. LONyCTHTH
BO3MOXHOCTb paGoThl a00HEHTOB B HaChl
MK TOTpe6NeHuss ¢ BeNH4YUHOH aaBie-

HUSl MeHblle HOMHHAJNbHOro. 3/7ech BO3-

MOXHDBI CJeAyIouiHe ABa KPaWHHX CJay-
yas:

1) Harpyska npH6OPOB HAXOAUTCA B
HDOJTHOM COOTBETCTBHH C aapjeHHeM. ['a-
30Bble KpaHbl Nepej BCeMH npubopamu
HOJHOCTBIO OTKPBLITHL. B 3rom cayuae
pacderHasi cxeMa He 06eCneyuBaeT Mak-
cHMaNbHOTO notpednexus. B nepuon nu-
Ka aGOHEeHTHl NOTPebadAIOT ra3a MeHblie
MaKCHMAJbHON BeNHYHHDBI, a8 CeTb He pa-
6oTaer ¢ MarkCHMaJibHOU HArpy3KOH, Ha
KOTOPYI0 OHA PacCYHTAaHa;

2) B nHK mOTpebaeHHA 1O TeXHOJO-
IHYECKHM COOOpaKeHHsIM TOpesKH pabo-
TaI0T ¢ AABJIeHHAMH MeHblIe HOMHHA/b-
HOro, 7. €. npu6opnl paboralwT ¢ Hejo-
rpyskoil. 'azoBble kpakbl nepen npubo-
pamH OpHKpbITBL. B atom cayuae maxcu-
MyM noTpebneHus ofecrneduBaercs Yuc-
JloM paGoTalIHX a6OHEHTOB H NOTPes-
JIeHHe Ta3a He HAaXOIHTCA B COOTBeT-
CTBHH C JaBJIeHHeM [lepex ropeJKaMu,
T. €. MaKCHMyM ToTpebJeHns obecreden,
Ipu pacueTHoM pexkume cerb paGoraer ¢
MaKCHMAa/bHON Harpyskof.

Paccmorpum pabory cetd B NEPHOA
[IHKa NOTpe6JeHHa AJisl IEpPBOro €ay4dad
IpH pPasjMYHBIX 3HAYeHHSTX Ry 3aKoH
CONpPOTHBJEHHSA CeTH BbIPA3HM CJAEAYIO-
et popmynoi:

Ap:'_alQl,TS.

CeTb pacCYHUTHIBAIOT HAa MaKCUMaJb-
HYIO HAarpysky, T. e.

Apy=(ki—ks) po=a, ;l)'75 ,

Il 4 — 3KBUBAJIEHTHOE COINPOTHBJIEHHE CETH;
Qp — pacueTHast (MaKCUMaJ/bHASl) HArpy3ka CeTH.

[Ipu6opnl a6OHEHTOB PacCUYHTaHBI
Ha HOMUHAJIbHOE JaBJeHHe, IPHU KOTOPOM
paboralor ¢ pacuerTHOl Harpyskof:

5*

p0=QQQ2p,

e Q3 — 3KBMBAJIEHTHOE CONpPOTHBJEHUE TPUGOPOB
aGoHenToB; Q, — pacyeTHasd (HOMMHaJIbHasA) Ha- -
rpy3ka aGOHEHTOB.

Ecnu ko<1, TO nux norpe6aeHus He
oGecreyer. O6o3HauuM (haKTHUECKYIO
Harpysky ceTH H alOHEHTOB B IepHOA
mHKa NOTpebJeHUus KaK Q010 X OT pac-
qeTHOH Harpysku, toraa

szQp-
Teneps gna nuka norpebaeHHsT MOX-
HO 3alUcaTh ypaBHeHHe

pu=p«+Ap

kipo=axxQp) *4ai(x Q"7

C ydueroM TMpeAbAYUIHX YpaBHEHHH
NOJNYIHM

kypo=x"po+x""%(k1—ks) po,
oTcI0aa

HJIH

X2+(k1—k2)xl'75—k1=0.

B npuBenenubix dhopMyax sHadeHHE
X SBNAAETCA CTEleHbI0 YMOBNETBOPEeHHS
makcimyma. Ecian x=1, TO MakcumyM
(mux) yaosjaerBopeH. Paccuuraem 3Ha-
yeHHe X JJA  Pa3JHUYHBIX BeJHUHH
ko, cuurasn sHaueHHe ky=1,5. Pesyabra-
Thl pacdera NpHUBeAEHbl HUXKE:

npu x=1; 0,98; 0,96; 0,94; 0,9; 0,85;
0,8: 0,759 cooTtBeTcTBeHHO ko= 1; 0,941;
0,879; 0,813; 0,671; 0,467; 0,228; 0.

OTkyzaa BHAHO, 4TO, yeM MeHbllle Be-
JuguHa ko, TeM Medbize x. OAHAKO
ecnu ky=0, T. e. cerb paccyudraHa Ha
BCe H30bITOYHOE pgaBjeHHe (App=
=Puaxe), TO U B 3TOM clydae CTeneHb
YAOBJETBOPEHUA MAaKCHMYMa OKaXercs
3HayuTeNbHO Oodbiue Hyna (x=0,759).
IT0 O6DBACHAETCHA TEM, YTO C YMEHblile-
HUeM 3Ha4yeHH X YBeJHYHBAETCA Heao-
rpy3ka CeTH, B pesy/bTarTe yero 4ac-
THYHO OCBOOOX 1aeTCH H3ObITOUHOE JaB-

JIeHHe, KOTOpOe HCHOJb3yercd Y IpH-
Gopos aboHeHToB. KaxaoMmy 3Haue-
HHIO k; OTBeyaer onpefeNeHHOe 3HA-

qeHHe X, NPH KOTOPOM [OTepu aaBje-
HHAA B CeTH ILJIOC NOTepH AaBJEHHA B
npuéopax aGOHEHTOB CTAHOBATCA pPaB-
HbIMH HA4ajJbHOMY JaBJEHHIO ras3a B ce-
TH.
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QaxrtHyeckHe yCa0BHA paGoThl CHC-
TeMbl He OyAyT COOTBETCTBOBATH HH
OlHOMY H3 pAacCMOTPEHHBIX Cly4aes.
HeflicTBrTe/IBHO, TIPH TIHKE norpedieHus
N0 TEeXHOJNOTHUYECKHM  COO6parKeHHAM
gactb NpHGOPOB AOJXKHA paborath C
pacyeTHOH HOMHHAJbHOH  Harpysko#
(BAHHbIE KOJIOHKH, OTONHTE/bHblE KOT-
Jbl M TeYd [IPH PpacYeTHOH HAPYK-
HOH TeMIliepartype), a 4actb HX — C 1O-
HHXKEHHOH Harpyskoil (ropenxu IJIHT).
Ecnu pasnedne nepej ropejkaMi MeHb-
1€ HOMHHAJIbHOTO, TO BTOpas rpynmna
npHGopoB He OyAeT HCIBITHIBATH HEpoC-
Tarka B pafoTe CHCTEMbI, HO NepBas
rpyuna poJxHa 6yiget paboratb ¢ NOHU-
JKEHHBIMH HArPY3KaMH, & 570 NIPHBELeT K
COKPAUIEHHIO NoTpebaeHusa rasa (T. e. K
HEYO0BJETBOPEHHIO MAKCHMYMA).

JlonyCcTHMYIO CTeNleHb HeJOorpys3kH
npH6OPOB kg caeayer Ha3HAYaTh HCXOAA
H3 TEXHOJOrHYEeCKHX coobpaxeHui, a
TAKXKe U3 YCJIOBHH Y1OBJIETBOPEHHS MAK-
CHMYyMa. YUHTBIBAf TEXHHYECKHE I0KA-
34TeJIH Ta30BblX TOPEJIOK H TEeXHOJOTH-
qeckHe TpeOOBAHHA, NpeabABJsAeMble K
KOMMYHa/bHO-OBITOBBIM  yCTAHOBKAM,
KO3 GHIHEHT k2 MOXHO NPHHATH PaB-
uoiM 0,60...0,8. Kak cnenyer u3 npeabiay-
HIHX PACUETOB, [IPH TAKHX 3HAUYEHHAX Ko
NHK norpebienusa OyaeT yLOBJeTBOpEH
npumepHo Ha 0,88...0,94.

HeficTBHTe/bHBIE 3HAYEHHS X OYAVT

HeCcKoJbKO GoJbile. CoOOTBETCTBEHHO
0,91...0,97. D10 cBA3AHO €O CAEAYIOULIH-
MM IpUYuHamu: 1) B NEPHOA THKA I0-
tpebierus 0jlHA 4acTh IPpUOOPOB AOJIK-
Ha paforatbh C HEeLOTPY3KOH, a apyras
4yacTb C HOMHHANbHOH Harpyskof;
2) Bpemsa pa6oTbl IPUGOPOB, Y KOTOPBIX
KpaHbl OTKPBITHI [IOJHOCTBIO, HO Harpys-
Ka BCJEACTBHE MOHHMKEHHOTO AaBJEeHHA
rasa MeHblle HOMHHAJbHOH, HECKOJbKO
yBeaxuuBaetrca. BcheacrBue 3Toro Bo3-
pacraer 4uCaO NPpHOOPOB, PaboTaAlOUIHX
B [I€pHOM THKA, YTO NPHBOAHT K YBeJH-
4eHHIO x; 3) y olnpeneseHHOR 4acTH abo-
HEHTOB pacyeTHbI Mepenaj JaBleHusd
He/lOUCNONb30BAH, [03TOMY [AaBJeHUe
nepes HX ropekaMH B MUK NOTpedJeHHs
6yner 6oJbllie PAaCUYETHOTO H NPHOOPLI
CMOTyT pafoTatb ¢ HOMHHAJbHOU Ha-
Ipy3KoH.

Cuaurasn

CTENeHb YIOBJETBOPEHHSA
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marcumyma B 0,97 nocratouHol, 3a pac-
YyeTHOE 3HayeHHe Ko3GhpHUHEHTA HELO-
IPY3KH 11e/1ec006pa3HO IPHHATD Ry=0,8.
KosdpuurneHt neperpysku NpHHHMAIOT
ki=1,b, Tak Kak meperpysky npxH6opos
gomnyckaior npumepHo B 20%, cnegosa-
TeJbHO, 1,2°=1,44, uan okpyraewso 1,5.
Takum o6pasom, pacuerHblfi nepenaj
JaBJeHHAl AJSA CeTH HH3KOTO [aBJIeHHA
(BkMOYAA aGOHEHTCKOE OTBETBJIEHHE,
BBO/J, BHYTPHAOMOBYIO Pa3sBOAKY H HO-
TEPH [daBJieHHA B NpHOOPE [0 TOPesKH)
COCTaBHT
App=(1,5—0,8)po=0,7po.

[To peficTByOUIHM HOpMAaM TNPH HC-
NOJb30BAHHH MPHPOLHOrO Trasa HeMNo-
CpeACTBEHHOE MPHCORLHHEHHE TIOTPeGH-
TeJell K CeTH pas3peluaercs, ec/u jaBjie-
uue B Hel He mpesbiwaer 3000 Ila.
Orcioga MarCHMasbHble 3HAYEHU A HOMH-
HANbHOrO JABJEHHA H PAacdeTHOro nepe-
naga OyoyT paBHbL:

P0==Puaxc/1,5=3000/1,56=2000 Ila;
App=0,7-2000=1400 Ila.

MuapaBauyeckMil peKUM CETH HU3KO-
ro pasjeHusi. PaccmMoTpim pexxum naB-
JleHHsl rasa y norpebHTesel IPH Hemno-
CPeNCTBEHHOM HX NPHCOENHHEHHH K CeTH
HH3KOTO J4BJEeHHS B 3aBHCHMOCTH OF
MeTOla  peryJIHpoBaHHsS  HAyaJbHOro
jgasaeHuda rasa. [IpumensanoT ABa cnoco-
6a peryJHpoBaHHA pexuma: 1) nopaep-
JKHBAWOT HAYa/bHOE [aBJEHHE B CETH
MOCTOSIHHBIM B TEYEHHE ONpeaeseHHOTO
nepuoaa BpeMeHHu (Mecsl, Ce30H); 2) aB-
TOMATHUECKH U3MEHSAOT HA4aJbHOE 1aB-
JleHHe B CeTH B 3aBHCHMOCTH OT e€e
Harpyskd. EcJaH B Hayajie CetH noinep-
JKHBAOT MOCTOSIHHOE [aBJEHHE, TO C
yMeHblileHHeM Harpy3KH Iepenajbl
yMeHbIAIOTCA, JaBJeHHE Mepel ycTa-
HOBKAMH BO3pacTaeT H IIPH HYJE€BOM
norpe6aeHHH OHO CTAHOBHTCA MAaKCH-
MaJbHbIM.

3anuuieM ypaBHeHHe, CBA3BIBAKOLIEE
3HayeHHe py B CETH, [AaBJeEHHEe Yy T0-
TpeGHTelell H nepenaj JAaBJeHHH mnpH
pacyeTHOM pexXxHMe:

pu==pn+B APy,

rae pp — JaBjeHHe rasa Nepej ropeskaMmu [pH-
60poB; [} — CTeneHb HCIOIb30BAHHS PaCHETHOrO
nepenaja AaBJeHHs,
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IIpu n060M pexume mnorpedieHus
rasa 370 YpaBHEHUE NPUMET BUI Py==
:pn+BAp7

roe Ap—¢haxTuueckuil neperaj 1aBAeHHS B CETH.

3aBuCUMOCTDb Ilepenaja AaBJeHHs OT
HArPY3KH CeTH MOXHO MPHHATH Clefy-
OLYIO:

AP/ APy=(Q/ Quare) " TF=x"T5.

KosddunueHr x xapaxrepusyeT cerb ¢
TOYKM 3PEHH €€ HAarpyskd MO OTHO-
LIEHHIO K MAKCHMaJbHOM.

M3 npuBegeHHBIX ypaBHEHUH MNOJY-
yaem

pu=pa+pBx""° App.

YpaBrenue (6.69) siBasercss ocHOB-
HbIM YpaBHeHHEM [aBJIeHUA rasa B Cer,
T. € ero xapakrepuctuxkoi. OHO MoXer
ObITh MCNONB3OBAHO [Jf OCTPOeHUsi
KpHBOH faBieHua y nwb6oro norpedu-
TeJf, TAK KaK 3TO YpaBHEHHE YUUThI-
BAeT CTENEeHb MCIIONb30OBAHUA PACUETHO-
ro nepenaja. Cynuras HauajbHOE 1aB-
JIeHHe B CeTH MOCTOSIHHbIM ¥ paBHbIM
ps=1,Bpy v npuHnumas pacueTHbld nepe-
nag AasneHud Ap,=0,7po, ypaBueHue
(6.69) moxHO npeofpasoBatb Cleny-
UM 06pasom:

pn/po=1,5—0,7px"°,

(6.69)

(6.70)

ITo ypaBHeHue Omnpejae’sier AaBJe-
Hue nepen a00bM noTpeduresieM B 34BH-
CUMOCTH OT pexXuma paboThl CETH.

[TocTpoum KpuBYIO AaBJeHUs rasa y
norpeburenell 1no ypasHeHuwo (6.70),
cuuras kospduuueHt f=1 (puc. 6.23).
Touka nepeceuenus 3TOH KPUBOH ¢ opiK-
HaTol, paBHOH eauHuLe (pn==po), Hdaer
BeJIMYMHY MAKCHUMAaJbHOH (Npefe/bHOMH)
HArPy3KH, pU KOTOPOH naBieHue y mno-
Tpeburenel yer He MeHbLUe HOMUHAJb-
Horo. Belumcnum 31y npeenbHyio Ha-
IPY3KY Xap, JMJA YEro INPUPABHAEM
npaBylo yacTb ypaBHeHusa (6.70) k egu-
Hupe:

1=1,5—0,7x;,"";
Xup=0,825.
ChnepoBatenbHO, IPU HArpy3skax ceTu
or 0 po 0,825Quasc JaBiieHue Imepen
norpeéurensiMu  Oyaer O0Jblle HOMU-
HanAbHOro, a npu Harpyskax or 0,825
10 1 Quake — MeHbLIe HOMHHAJbHOTO.

;
bog  Pu/Po 7 !
- 15 \
; 14 2 2 '
A <
<, (VN
2 ) 2
‘ 1,2 4?9,-/0,\\ 75 ;
4 7 ’
: ;A P PR IV S
| |
3
i 08 |
wy
05 : & -
S
04 I~
0 02 04 06 08 X

KojeGauus LaBjeHus ra-
3a y ropejox norpetn-
Tenedl, 3— xpusas aan-
Jewus y morpelHTened
npu  P=1, 4— Homu-
HalbHOe aaBjielive rasa

Puc. 6.23. H3meHenue
nasienuii py, v p, B 3a-
BHCHMOCTH OT HArpys-
KM CeTH

I— XpuBas HA4anbHOrO
nasienusi, 2— obractb

Kpusas paBneHua rasa nepex npubo-
paMu norpefurtesed, y KOTOpbiX pacyer-
HbiH mepenaj Obll  HCIIOJAb3OBAH He
nonHoctbio  (B<<C1), crpourca aHano-
ruyHo. Ha rpaduke (cum. puc. 6.23) mno-
CTpoeHa KpuBas IJs BeauunHsl f=0,5.
3aBUCHUMOCTH [OMsl JAPYrUX BeJduuuH f§
HaXOAATCA B 3ALUTPHXOBAHHON 06/aCTH,
KOTopas fBJseTcs 30HOH MakCUMAaJbHO
BO3MOXHbIX KOJNeGAHUI BeAWUMHBL Pp.

KosdduuueHr ucnonb3oBaHus pac-
4eTHOro Iepenaja JaBAeHul AJis 101aB-
AAIEro GoNbIIUHCTBA a6OHEHTOB 6y-
et umerh npegenst 0,6< <l (o6nacrb
¢ ABOHHOI WITPUXOBKOH Ha puc. 6.23).
ChnegoBaresnbHo, 30HA KoJeGaHuii nas-
JleHus rasza y npuOopoB AJS OCHOBHOMH
Macchl norpeduTesell 6yaer 3HauuTe/bHO
MeHbLUIE 30Hbl MaKCUMa/NbHO BO3MOMXHbIX
kone6anufl p,. Bmecre ¢ rtem u3 pac-
cmoTpeHuss rpacduka (cm. puc. 6.23)
MOXHO c[leJ/laTh BbLIBOA, YTO MPH TOA-
JepXKaHUKH MOCTOAHHOTO AaBJEeHus rasa
B HauyaJje ceTw npubopn y mnorpedure-
Jlefl 3HAyWTeNbHYI0 4acTh BPeMeHMH pa-
6orawT ¢ neperpy3kod. Urobw cokpa-
THTb BpeMst PaboTbl NpHGOPOB ¢ mepe-
Ipy3KOH, 1enecoofpasHo B BeCeHHHE,
JIeTHUE U OCeHHHe MeCsAlbl CHUXKATh
HayajbHOE gaBJjeHue ra3a B cetu. Beau-
ylHa JaBJAeHWUA, Ha KOTOpoe CcJeayer
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Tabuanua 6.14. 3naverun koaduuneHToB £y

Mecau 1 i i v v VI Vil Vi iX X Xi X
[ 1,26y 1,26 { 1,2 | 1,12 0,99 0,82 | 0,67 0,68 0,83 [ 0,94 | 1,08 | 1,14
TaGuauna 6.15. 3HaueHns eXeMecsYHLIX MEPENanoB AaBAECHURA

Napamerp { u it v v VI viL | VIl 1X X Xi X1
Xnee© { 1 0,953 |[0,89 {0,785 0,651 10,632| 0,54 | 0,658 |0,745]0,858 {0,905
(xuaxeyi.Ts 1 ! 0,917 10,816]0,6564 | 0,469 ]0,331] 0,34 0,47 10,496|0,765] 0,84
Ap, Ma 950 | 950 870 780 | 620 450 310 | 320 450 470 | 730 | 800
HAacTpaMBaTh PEryadropbl B JAHHbIH  3auHbx B Tabn 6.14, NpHHHMAs HOMHHAIBHOE

MeCsll, AO0JXKHA ONpPeIesATbC H3 YCJO-
BUS TOAAEPXKAHHA HOMHHAJBHOTO [aB-
JeHust y 1norpeBurenefl NpH MaKCH-
MaJbHON HAarpyske B 3710T Mecsn. Mak-
CUMaNLHYIO HAUpy3Ky MJist KaXXIO0ro me-
cslla ONpefensiioT U3 ypaBHeHUS

ﬁ"/‘laKC — kM rkMaKC MaKC(Qr/8760)

tae kyr — KO3(OOHULUUEHT MeCAYHOH HepaBHOMEp-

HocTH; AN RJ — maxkcuMalsbHble KO3 GH-

HHEHTHL CyTO’-lHO[‘:I HepPaBHOMEDHOCTH 3a HELEND

MdKC

1 4acOBOM HEPABHOMEPHOCTH 33 cyTKH, Qi
MAaKCHMaJ/lbHasA 4acoBas HArpy3Ka B TEUEHHE Me-
cAla; Qr — rojgoBoe norpeGeHue rasa.
[Topsimox onpepeneHust HayaabHOro
JIaBJIeHUsT B CeTH py AJsl Pa3JMYHbIX
MeCsleB FOAd MOMHO NPUHATH Cleny-
IOLIJJ/H/I
TTo 3agaHHbiM 3HAYEHUAM KO3(-
(puuuemos MECAYHOH HepaBHOMEPHOCTH
Ry.r BBIUHCJAIOT OTHOCHTEJIbHble MaKCH-
MaJbHble HArpysku [Jsi BCEX MeCAleB
XM¥ ec, MCHOJB3YS BBIpAXKEHUE

MaKe ___ MAKC, MaKL MaKc
s QUTS=ha o/ RN
MaKe

xmec =
2. JIns TOJiyyeHHBIX SHAYEHMH Xyec
BBIUHCAAIOT Nepenaibl 1aBAeHHA B CeTH

Ap= A ppi) ",
3. Onpenensior gaBJeHUst HACTPOUKH
peryJsaTopoB AJs Ka){AOro Mecsua

=po+ Ap.

Ipumenenne PeKOMEHyeMO# MeTOJHKH pac-
CMOTDHM Ha MpHUMepe.

TNpumep 6.6. Onpenenurb jaBieHU exXxe-
MECHYHON HaCTPONKH Dery/siTopoB AJs 3HAa4YeHHH
K03 QULHEHTOB MeCAYHOH HepaBHOMEPHOCTH, yKa-
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AasjeHde pasHeiM po=1350 [la.

2. IlocTpouTh 30HY KOJeGaHUs JaB/ICHUSA rasa
Y MoTpeGHTENeH 8 JIETHHE MECAIH.

Pewenue. PacyerHelfi nepenaj AasjeHuil pa-
BeH:

Apy=0,7py=0,7 - 1350=950 ITa.

OHpeJIeJIHM MAaKCHMaJibHble Hepenajbl gasle-
HUS ra3a B CEeTH AJA KaXXA0ro mecsduna.

Xeos=kw o/ 1,26;
L p=950(xpe) 75,

Pacuernl cBojguM B Taba. 6.15.
Onpesenum faBieHne HACTPORKH PeryIAaTOpOB

no gopmysie
Pu== ]350+ Apy

YUHTHBAST OJHOBDEMEHHO, Y4TO P, He MOXeT OhITb
6osblIe, uem

prac =1 5pp=1,5.1350==2000 [Ta.

Paccuuraunble sHaueuns gaBaenuit ([1a) pis
Ka)kaoro Mecsina cieayomue: aaq I; 11; 1L IV, V;
VI, VII; VIII, IX; X; XI; XII cooTBeTCTBEHHO p,
paBabt 2000; 2000; 2000; 2000; 1970; 1800; 1660;
1670; 1800; 1820; 2000; 2000.

CpaByuM 30HBl KOJeGaHUsl [aBJjieHusi rasa
y norpeGuTesell B 3HMHHE W JIETHHE MeECSubl,
[MoctpouM 3TH 30HB ANS HA4aJibHBEIX [ABJICHMI:
p»=2000 Ila u p,=1670 [la, npunumasi ypas-
Henpe (6.70) mpu B==1. B pesyabraTe MoJyuum
ceyiouKe 3HAUCHUA p,; Ui 3UMHUX Mecsies
pr=2000—950x"75, pas  gperthux p,=1670—

—950x"7,

30Hb H3MEHEHHS JaBJieHus rasa fiepeg ropes-
KaMmu notpebutesefl npuseseHbl Ha puc. 0.24,
OTKyJa cleayer, 4To ofjacTb KojseGaHus gaBie-
HUSl rasa fiepej ropenkamu norpeduresici MOXKHO -
3HAUMTENBHO COKPATHTh MyTeM Ce30HHOH HaCTpPOH-
KH DeryJsTopoB jJaBjieHds. Majible Harpysku (x,
paBume 0...0,3) HAGAOZAIOTCS B HOUHOE BPEMS, MO-
3TOMy jHeM jJaBjieHHe y norpebuteneh mpu f=1
(kpuBbie 3 W 4, Ha puc. 6.24) Oyrer usme-
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ke

HATHCA B MeHblIEeM Juaral3oHe HaHpHMep, ec
p.=2000 Tla, TO OTKJIOHEHHRI p, OT po OYAyT
coctaBaaTh -+40, —229%; ecan p,=1670 Ila, o
orkaonenns Gyayr paBHel +15% Y morpebu-
TeJiell ¢ HeOJHOCTHIO UCTIONbIOBAHHBIM PACHETHBIM
rmepeliaacMm AaBJeHHA KojieGanue JAaBJEeHUA 3HAYH-
T€JIbHO BO3pacTeT (3aWTPHXOBaHHAA 30Ha).

PaccmorpuM pafoTy rasoucnofb3y-
KX YCTAHOBOK y HoTpebureneil npu
peryJupoBaHKUK BbIXOJHOIO JaBJI€HUA U3
I'PI1 B coorserctBHM ¢ Harpyskof
cetu. B 3tom cayuae HayasabHoe paBie-
Hue B CceTu cJeiyeTr HOAAepXUBaTb Ta-
KuM, 4TOOBl [aBleHue y HoTpedHTenel
IIpH BCeX pexuMax paforbl GblIO PABHO
HOMUHANBHOMY WJIA MaJ0 OT Hero OTJIH-
yajoch. [InAa Harpysok, OJM3KUX K MakK-
CUMaNbHOU, IPH KOTOPBIX [AaBJEHHE Y
norpebureneil MOAACPAKUBACTCA MeHbLie
HOMUHAJbHOr0, HauaJjbHOE [ABJCHUE B
cetTH CJjeayer NOLIEPXKHUBATH IOCTOAH-
HbIM, PaBHBIM HauOOJbLIEMY 3HAYEHHMIO,
T. €. gnda 3HaueHn# x ot 0,825 1o
| Haua/bHOE [aBJeHHE [OJKHO COCTaB-
naTh py=1,bpo. OAsi BeNnUUH HAarpysok
MmeHbiue 0,825 BenuuUUHY py CHAeAyeT
CHMXKATb TaK, YTOOHl [aBleHue y 110Tpe-
6uteneil 6bLIO paBHO HOMHHAJNbHOMY.

3aKOHOMEPHOCTb U3MEeHEeHUA BeJIHYH-
Hbi p. BBipaxaloT caepyoiiel ¢opmy-
Jlofi:

pa=po~+Ap=po+0,7pex' 7® nau

pr/po=1407x"7 npu 0<Cx<0,825

2
1
g N
SR s
g v TR
£ g8 ' 5
g 3]
g o s !
AN
0 =

02 04 0§ 08 X

Puc. 6.24. Kpugrpie paB- 2 obsacTh  KoJeBaHus
JeHHil NPH CE30HHOM pe- Pn TipH py=1,67 klla;
FY/HPOBAHHH HAYaJbHO- 3, 4— xpuBbe naB/ieHnd
ro paBJjesus y norpeGureneit npu f=
I— obnacte xonebauui 5— HoMuHaJbHOE
pn upad py=2 xlla, nasjende rasa ,35 klla

=1;

Ha ocHoBaHWM H3MOMEHHOIO MOXET
6bITh I[IOCTPOEHA ONTUMAalbHAadA KpuBasd
perynupoBaHus Ha4a/JbHOrO AaBJeHUs B
ceTu U KpUBAafA AABJEHUA rasa y norpe-
6uteneft mpu =1 Ecau B orBersJe-
HUAX K aOOHEHTaM pacyeTHbIl nepenaj
JAaBJeHHA UCIIONb3YeTCHA HEHOJNHOCTbIO,
TO KpuUBas [aBJeHUA [epej ropenkaMu
6yIeT JexaTb Bblile KpUBOH AaBjeHus
pn opu B=1.

FTnasa 7

PerynupoBanme faBneHus rasa
B FOPOJACKMX CeTsX

7.1. Perynuposanue
RABNEHUA rasa.
Knaccudpuranms
PerynsTopos AaBneHus

Ynpasaeuue ruApaBAUYeCKUM pPexXU-
MOM paGoThl CHCTEMbI ras3ocHaGXKeHus
OCYILLECTBJAIT ¢ HOMOIbIO PerylfaTOPOB
JABJICHUA, KOTOPble aBTOMATHYECKU OA-
AEePXUBAIOT IIOCTOSIHHOE JaBJjeHue B
TOYKe 0T6Opa MMHYJbCA HE3aBUCUMO OF
MHTEHCUBHOCTH HoTpebJseHua rasa. [lpu
peryAHpPOBAHHWU [AABJNEHHSI NPOUCKOAUT

CHUXEHHE HAYaJbHOro, §0Jee BLICOKOro
JaBjeHHsl, Ha KoHeuHoe (Gojee HuU3-
Koe).

AprtoMaTHueckuii peryiaTop gasje-
Hufl COCTOMT H3 DeryJMpyiouero u pea-
rupyouwero  ycerpofictea.  OcHoBHO#
4acThi0 pearupymioliero ycrpoficrsa fAB-
JIeTCA YYBCTBUTENbHBIH 3JIeMEeHT (MeM-
6paHa), a OCHOBHOH 4acThlo pery-
JIUPYIOWIErO YCTpoiicTBa — peryaupyimo-
iMH# opran (y peryasaTopoB AaBjaeHUd
gpoccejbHbll  oprad). UyBcTBuTeNb-
HbIlf 9JIeMEHT M perynupyoiikii opran
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4
Mem
—
bq
Puc. 7.1, Cxema pery- BOH npHBOZ, J3-— UM-
aaTOpa AaBjeHun nynbcuass TpyGka, 4—
I— peryaupywoumu# 06 beKT peryauposa-

(apoccenpHblit)  opras,
2 — meMGpaHHO-TPY30-

HHUsi — razoBasi CeTh

COeAUHAIOTCA MexXay Ccofol ucnoJ-
HUTeJbHON cBAsbo. Ha puc. 7.1
[IOKA3aHbl CXeMa peryJfaropa QaBJeHHs
¥ YCJIOBHO ra3oBas cetb, KOTopas ABJfA-
ercd 06beKTOM peryauposaunud. Jlasae-
HUe [0 peryadaropa o0GO3HAYEHO py,
JaBJeHHe TocHe pery/iaropa — pa. AB-
TOMATHYECKHH PeryJfaTop — THIA <«IOC-
Je cebdA», T[OITOMY JaBJjeHue p2
ABJACTCA peryJUpyeMbiM MapaMeTpOM.
[Ipu ycraHoBuBuielica paore CHCTEMbI
KOJIH4ecTBO rasa B rasosolt cetu M
OCTAeTCA MOCTOAHHBIM, a8 MPHTOK rasa
M, paBen KosuuecTBy OTOHPAEMOro ra-
3a, T. e. ero croky M.. CiegoBarenbHo,
yCAOBUEM PABHOBECHA CHCTEMbBI SBJACT-
cA paBeHcTBO Mo=M,, npu stom pery-
JUpyeMbll napaMerp CcoxpaHder IMo-
CcTOsIHHoe 3Hauenne pe=const. Ecan
paBHOBeCHe [pHTOKA M CToKa Oyjer
HAapyLleHo, HATIpUMEp BCJIeICTBHE H3Me-
HeHMA pexuma norpedienusa (1. e.
Mo==M.), Torga GyleT H3MeHATbCH U
peryJjupyemoe nabJieHHe p.

Perynarop pasnenusa Oyper Haxo-
AHTBCA B pABHOBECHM, ecau aqaredpa-
Hyeckasd cymMma CHJ, JeHCTBYIOUIMX Ha
KJalaH, paBHa HYJO (T. €. CUJBbI,
JgeficTByOmMe Ha Kjanah, c6ajaHCHpo-
Banbl, XN,=0). B stoM cayuae pery-
Jaatop Oyjger INpPONycKatbh B OOBEKT
[IOCTOAHHOE KOJHUecTBO rasa M=
=const. Ecan 6ananc cun Hapymiaercd
(Z2N.#<0), 10 KJamaH HayH