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BBEJAEHHUE

MCTOI[I/I‘-ICCKI/IC YKazaHusd MOTI'yT OBITH MCIIOJIB30BaHBI Ha IMPAKTHICCKUX
3aHATHAX, IIpW JUIINIOMHOM IIPOCKTUPOBAHHHN TOPOACKHX MW ITOCCIKOBBLIX
pacupeacInTCIIbHbIX CHUCTEM ra3oCHa0KeHMS.

VkazaHus pa3paboTaHbl W NpPEJHA3HAYEHBI ISl CTYJEHTOB OakanaBpHara,
oOyuvaronuxcst mo HampasiieHusM noaroroBku 08.03.01. «CtpoutenbcTBO»
npoduiis «TermnorazocHa0XeHUEe U BEHTUIISIIIUS.

MeTtonuueckre yka3aHUs YCHEIIHO MCHOJIb3YIOTCS I pElIeHUus psna
MPAKTUYECKUX 3ajad, BO3HUKAIOIIUX npu MPOEKTUPOBAHUU
ra3opacnpeeInTeNIbHbIX CUCTEM.

[IpuBeneHsl MaTepuanbl IS BBITIOJHEHUS CaMOCTOSTEIBHOW pabOTHI
ctyneHToB. CamocrosiTenbHasi paboTa — dYacTh 00pa3oBaTEIBHOTO TMpollecca,
KOTOpast SIBIISIETCA  JTUJAKTUUYECKUM  CPEICTBOM  pPa3BUTUSA TOTOBHOCTH K
npoeCCUOHAIBHOMY CaMOOOpPa30BaHUIO, MPUOOPETEHUS YMEHUW W HaBBIKOB,
COOTBETCTBYIOIIUX KOMIIETEHTHOCTHOM MOJIEIN BBIMYCKHUKA, OCBAaWBAIOIIECTO
OCHOBHYIO MpohecCHOHAIbHYI0 00pa30BaTEIbLHYIO MPOrpaMMy OakaiaBpuara.

[TpencraBieHHBIN B METOAMYECKUX YKA3aHUAX KPYT IPOOJIEM BKIIOYAET B CEOsI
KaK BONPOCHI, OCBOEHUE KOTOPBIX MPEAYCMOTPEHO B KOHTAaKTHOW (opme
B3aMMOJICUCTBUS CTYJICHTA U IPENOJABaTeNs, TAK U BOIPOCHI, KOTOPBIE CTYIECHTY
IPEACTOUT U3Y4aTh CAMOCTOSATEIBHO, 0€3 MPUCYTCTBUS NPENOgaBaTesl.

OO0s3aTenpHas caMOCTOSITENIbHAS paboTa 00ecrneynBaeT MOArOTOBKY CTYEHTA
K TEKYIIIUM ayAUTOPHBIM 3aHATHSIM. Pe3ynbTaThl 3TOW MOATOTOBKY MPOSBIISIIOTCS B
AKTUBHOCTU CTY/JICHTA HAa 3aHATUAX U KA4Y€CTBEHHOM YPOBHE MPE/ICTAaBIICHHBIX
JTOKJIa/I0B, BBIOJTHEHHBIX PabOT, TECTOBBIX 3aJaHU M APYTrUx (HOpM TEKYIIETo
KOHTPOJIA.

1. PACYET XAPAKTEPUCTHUK I'A3OOBPA3HOI'O TOIIJINBA

TemnnoTa cropaHus raza onpeaeseTcsl KOJIMYeCTBOM TEIlIa, BBIJASISIOMIMMCS
MIPU C)KUTAHWM €JIMHUIIBI Beca WJIM €IMHUIIBI 00beMa JJaHHOTO BellecTBa. Teriora
CropaHusi ra3oB BbIpaxkacTcs B KJDK/KT M KJ[K/M® M SIBISETCA OCHOBHBIM
TEIUIOTEXHUYECKUM TOKa3aTejeM rasza. TerioTa cropanus (BbICIIAs WM HU3IIAS)
CYXOTO0 Ta3000pa3HOTO TOIUTMBA (Ta3a) ONmpeesieTCs] Kak CyMMa MPOu3Be-



JICHUH BEIIMYUH TETJIOTHl CTOPAHUSI TOPIOYUX KOMIIOHEHTOB Ha MX OOBEMHBIC JTOJIH
o ¢hopmyiie

e 100 , (1.1)

p
rac —=u- HU3mas TCIJI0Ta CropaHrs CyXOro rasa, KI[)K/ M3;

Qs Qpoern Q. TEIJIOTa CTOPAHMS TOPIOYUX KOMITOHEHTOB, COCTABJISIFOIIUX
razoo6pasHoe TomuBo, kJx/M°, onpenenserca [1, Tadn. 1.3];

XppXpsees X L 0GpeMHBIE JIOTM KOMIIOHEHTOB, COCTABJISAIONIMX Tra3000pa3Hoe

TOIIJINBO, %, OIIpCACIIACTCA 110 IMPHUIIOKCHUIO 2 JaHHOT'O y‘l€6HOI‘O 1mocoOus.
[InoTHOCTB CyXO0ro raza onpcacisiroT, Kak CyMmy HpOI/ISBCI[CHI/Iﬁ IUIOTHOCTEH
KOMIIOHEHTOB, COCTaBIAIOIINX I‘&3006p8,3H06 TOIININBO, HA HX 00BEMHEIC JOJIM 110

dbopmyiie

100 , (1.2)

rae P - maotHOCTH cyxoro rasa, Kr/m>;

P1>P2>--Pu . [IOTHOCTH KOMIIOHEHTOB, COCTABIIONIMX JAHHOE I'a3000pa3HOE
TOILIIMBO, KI/M°.

C
OTHOCHTENbHAs IOTHOCTH Pom | Kr/M> cyxoro rasa mo Bo3myxy OIpeieium 1o
dbopmyiie
P

Ps | (1.3)

C —
pOTH -

rae P» = 1,293 - mIoTHOCTH BO3/IyXa IIPH HOPMAJIbHBIX YCIOBHSX, KI/M".

[Toacuer oObema Bo3ayxa, HEOOXOAMMOIO ISl CTOPAHUS ra3a MPOU3BOJAT Ha
OCHOBE ypaBHEHHSI TOPEHMs] KOMIIOHEHTOB, BXOJSIIMX B €ro cocras. [l razoobpas-
HOT'O TOIUIMBA, COCTOSIIIETO U3 MPEAETbHBIX YTIEBOJ0POI0B, YPABHEHUE PEAKIIMU TO-
pEHUSI IPEJICTABISIOT B BUJIE:

CmHn+(m+%)Oz=m-C02+%-HZO+Q
(1.4)

rJIe M, N - 9YACJI0 aTOMOB yTIEPO/ia U BOJOPO/Ia B YIIAECBOAOPOIHBIX COSTUHEHUSX;
Q - TerioBoi# 3 deEKT peakiuu ropeHust (TemIoTa CropaHus).



Hcnone3ys ypaBaenue (1.4) MOKHO MOJTY4IHTE:

VO =

n
9,52x, + 4,?6[111 + Z)ZXJ'

k

i=2

100

(1.5)

rne VO - TEOPETHYECKU HEOOX0AMMOE KOJIMIECTBO BO3yXa, M° BO3/./M> rasa;

x,=CH,.

X;j - j-1 IpeeNbHbINA yTIeBOI0PO;
k - KONMMYECTBO KOMIIOHEHTOB (IpEAENbHBIX YIIIEBOJOPOJOB) B ra3000pazHOM

TOILIIHUBE.

B obwmem ciryuae TeOpeTH4ecKoe KOJIHYECTBO BO3yXa HEOOXOQMMOE ISl Cro-
panus 1 M cyxoro rasa onpeaenum 1o gpopmyine

VO = 0,04?6{0,5CO +0,5H, +1,5H,S + Z[m + %)Cmﬂn = 02}

(1.6)

rne CO, Ha, HoS, CyH,, O — conepkanue OTASIbHBIX KOMIIOHEHTOB Ia3000pa3HOro

rorumsa, %.

XapaKTepHCTHKH rasa, onpeaeciiIeHHbIC 110 ITPUBEACHHBIM q)()pMy.TIaM, CBOJHM B

Tabm. 1.1.

Tabmuna 1.1

XapaKTepHCTHKH ra3006pa3H0r0 TOIINIUBA ITPH HOPMAJIBHBIX YCIIOBHAX

Tennora CropaHus,

p bk

H? 3
M

[InoTHOCTSB, P,

KT

3
M

OTHOCHTENLHASA

. KT
IIIIOTHOCTE, pom Y
M

O6wem Bo3ayxa, VO,

M

M

1

3

4

2. TABOPACITPEAEJIUTEJBHBIE CUCTEMbI

PacueTr razopacnpenenuTenbHbIX CUCTEM Ta30CHA0XKEHUS HACEJICHHBIX IYHKTOB
COCTOMT M3 JBYX YaCTEM:

yacTb IiepBas —

YacTb BTOpAasd — MHAWBUAYAJIbHOC 3aJaHUC.

pacueT TOpPOJCKOM pachpenesUuTeNIbHON (YJIUYHOU Wiu
MEKIIEXOBOW) CHCTEMBI Ta30CHAOKCHUS;

Pacuer ropoackou razopacnpeaeauTeIbHON CETH BKIIOYAET CIEAYIOIIME Pa3Aebl:
1. Onpenenenne pacuyeTHOrO pacxoja raa Ha pacupeAesUTEeIbHYI0 CETh HU3KOTO

JaBJICHUA.




2. Pacuer npeaBapuTeIbHOTO NOTOKOPACIPEAEIEHUS.

3. Boi6op auameTpoB TpyOOTIPOBOOB B CETH HU3KOW CTYTICHH JTaBJICHHUS.

4. I'uipaBInYECKU pacyeT CETU HU3KOTO JIABJICHMUS.

5. PacueT ra3oBbIx ceTeil cpeiHel (BBICOKOI) CTYIEHU TaBICHUS.

6. CriennasibHasi 4acTh, BBITOIHSAEMAs 110 3aJaHUIO MIPETOIaBaTENs, MOXKET
BKJIIOYATh:

a) pacueT 5KOHOMUYECKHUX MOKa3aTeel pacipeeuTeIbHON CETH ¢ BEIOOPOM
HPKOHOMHMYECKH ONTUMAIILHOTO BAPUAHTA CUCTEMBI, BBINIOJIHAEMbI HAa DBM;

0) pacuer ra3oBbIX TOPEJIOK ¢ MoMOIIbI0 DBM;

B) yriiyOJieHHas pa3paboTKa y3i1a apMaTyphl WIH Mepexo/ia yepes MPernsiTCTBUE U
T.IL

JlaHHBIN MTepeYeHb CIEIUATBHON YaCTH HE OTPAHNYUBACT CBOOOIBI BEIOOpA TEM
JUISL TPOEKTUPOBAHMS WIIM PACUETA SJIEMEHTOB CETEBBIX CUCTEM.

2.1.1 Onpenenenne norped/ieHus ra3a pasjinuHbIMH
KaTeropusiMH 1oTpeduTe el

[lo 3a1aHHOM TJIOTHOCTH HACEJIEHUS M IIJIOIIAIH JKUJIBIX KBapTaJIOB OMpPEACIIA-
€TCS KOJMYECTBO KUTENICH HACCTICHHOTO ITYHKTA:

N=)PF,. 2.1)
j=1

1€ M — YUCJI0 KBAPTAJIOB]
P}— INTIOTHOCTDL HACCIICHUA j-FO JKHUJIOr0 KBapTana, LIe.l]./I“a;

F;ﬁj- — IUIOMAJIb }-I0 XKHIJIOr0 KBApTala, ra.

Bce Bujpl ropoackoro HOTpeﬁﬂeHHH rasa pasjicicHbl Ha KOMMYHAIIbHO-
OBITOBOE HOTpEGHBHHe, OTOIIIEHUE, BEHTUIISIIUIO U TTIPOMBIIIIEHHOE IIOT[JEGJICHHC.



2.1.2 KomMyHaIbHO-0BITOBOE NOTPEdIeHNE

o 3 o
Pacuernbiii pacxon raza,m” /4, (mpu 0°C u 101.3 xIla) Ha XO3SHUCTBEHHO-
OBITOBBIE 1 KOMMYHAJIbHBIE HYX/IbI 110 OTJIEIbHBIM KaTErOpUsIM IOTPEOUTENIEH:

Q. = (g, x Nx10° xn, xx, x Km)/ Oy, (2.2)

S

_ * 1P

JUISL CEJIbCKOM MECTHOCTH: Op = Zko% /Oy
i=1

rae 4; — HopMa noTpeOsieHus raza ogHoi pacuetHou enunuiei (1 p.e.); kJx/p.e.,
[2, mpun. AJ;
N; — KOMMYECTBO PACUETHBIX €AMHUI] HA OJTHY THICAYY KUTEJEH, p.€./ThIC. KUT.,
[1, c.46-47];
k,— xospdurment oxHoBpemerHoCTH [2, TabIL. 5];

X, — ko3 puImeHT oxBaTa ra30CHa0KeHHEM (CM. 3aJIaHKeE);
f — uncno p.e. (kBapTUP WK JOMOB) ISl CETI;

1
Km = P K03(p(ULIMEHT 4aCOBOr0 MakCUMyMa, rofy/ 4., [2, Tadi. 2], [2, Tabm. 3];

*

q; - cymMmmapHas TerioBas Harpyska ropeniok 1 p.e., kJx/ 4.

[ToTpebiienne raza MEIKUMU KOMMYHaAJIbHO-OBITOBBIMH TOTpeOUTENSIMH (aTe-

M

3
Jb€, MACTEPCKUMHU, TAPUKMaXEPCKUMH, Mara3uHamu U JIp.) QKOM,M /4 , OIIpenes-
eTcs B COOTBETCTBUH C [ 1, cTp. 46-48].

2.1.3 IloTpebJieHUe HA OTOILVICEHUE, BEHTHJISIIIUIO
U ropsiuee BOJAOCHAOKeHUE

HOTpC6J'I€HI/IC ra3a Ha OTOIINICHHC N BCHTHUJLIIIUIO OT KOTCJIIBHBIX XWJIBIX U 00-

o K 3
mectBenHbIx 3nanuit O,,, M /U Bpraucnsercs no Gopmyse

te _tc o t@ - tc o C]FKI’Z
Q::g = 24(1 + 0,25)—1’ + 0925K5 ro . a0 (23)
te - tp.o te - tp.e nOQ:mK

HOTpC6J'ICHI/IC ra3a Ha OTOIINICHHUEC OT MCCTHBIX OTOIIMTCIIbHBIX CUCTEM KHJIbIX

o MO 3
1 00IIeCTBeHHBIX 30anuil U, » M /4 , BRIYUCIISIETCS TI0 hopMmyiie



“lyo | N,

4
Oom =| 24~ s
te _tp.o UOQHmk

rae !, — pacueTHas TemIieparypa BHyTPEHHETO BO3AyXa OTalUIMBaeMbIX 30anuii, *C , mpu-

(2.4)

HUMaeMasi JUIs JKHJIBIX M OOIIeCTBEHHbIX 31anui pasHoit 20°C, [3]; ans mpoMBbIii-
JICHHBIX 3IaHUW TPHHUMACTCS 110 33JIaHUIO;

l.po— CPEIHsSl TEeMIIEpaTypa Hapy)KHOTO BO3yXa 3a OTONMHTENbHBIA Tepuon, C,
MpUHUMAaeMas B COOTBETCTBUH C [ 4, Tabn 1];

no_ MPOJOJDKUTCIIBHOCTDL OTOIIMTCIILHOTO IIEPpUOJa B CYyTKAX IO YUCITY ,HHCfI CcO

(V) v v o
cpesiHeli CyTOUHOM TeMmIepaTypoii Hapy:kHoro Bo3ayxa 8 C u Huxke, IpUHAMaeMast
B COOTBETCTBHHU C [4, Tabmd. 1];

o
!,,— pacyeTHas TEMIEpaTypa Hapy)HOro Bozayxa, C, s MpOeKTUPOBAHMS

OTOIUIEHUS, IPUHUMAsl KaK CpeJHss TeMIEepaTypa BO3lyXa Haubosee XOJOIHOM M-
TUJHEBKHU B COOTBETCTBUH C [3] o napamerpy b;

o
{,, — pacueTHas TeMIlepaTypa HapyKHOIO BO3/yXa, C, mis npoeKTHpOBaHUs

BEHTWISILIUY, TPUHUMAEMAsi B COOTBETCTBUU C [3] o mapamerpy A;
K, — xo3pdunueHT, yuyuThIBAIOIIUNA PACXOJ TEIUIOTHl Ha BEHTWISIMIO OOIie-

6

CTBEHHBIX 3/IaHMUI];

Z — CpeJIHee YUCII0 YacoB PabOThl CUCTEMbI BEHTHIISILIUM OOUIECTBEHHBIX 37aHUI B
TE€UYEHUE CYTOK (IIPU OTCYTCTBUU JAHHBIX TpUHUMAaeTcs 16 v);

9 — yKpYIHCHHBIH TMOKa3aTejb MaKCHMMAaJIbHOTO YacOBOTO pacxojia Teria Ha

2 . .
otorienue 1 M~ sxunoi momanu 3nanuid, KJHx/ (v - m*), [1, Tadbn. 5.2];
K o 2
F,. — o6mas »unas miomans OTamIMBaeMbIX OT KOTEIBHbIX 3aHUH, M ;
MO o 2
F,.” — o6mmas »wmas mionanas oTaruIMBaeMbIX OT MECTHBIX CHCTeM 31anuii, M~ . Co-

2
IMajibHasi HopMa riomnaau Ha 1 yemoBeka — 18 M~ .

17, — K.II.JI. OTONUTEIbHOM CUCTEMBI;

Yucno 4acoB MCHOIH30BaHMS MaKCUMYyMa JJI1 OTOIIMTCIIbHBIX KOTCIIbHBIX, y/ roa:
te - tcp.o

m, =24n,
te - tp.o

2.3)

[NoTpebrienrie raza Ha EHTPATM30BAHHOE TOPSTYEe BOJIOCHAOKEHHE OT KOTENBHBIX Q. , m” /u, :

0 =24g Nn +350-n)2"te g| K (2.6)
T Vs, " Inorm” |

rae 4.,— YKpyIHEHHBIM MOKa3aTeslb CPeAHEYaCOBOTO pacxo/ia Terjia Ha ropsiee Bo-
nocHaOxenue, kJx/(a-gen), [1, Tabdm. 5.3];

8



{..»L.,— Temmeparypa BOJIONPOBOIHON BOJABI B OTONUTENbHBIM U JIETHHN TEPHO-
aeL°c (1,=5°C; 1, =15°C);

,B — KO3 UIIMEHT, YUYUTHIBAIOIINM CHUKEHHE pacxojia ropsiueil BOJbl B JETHHIMA

NIEPUO/;, TIPY OTCYTCTBUHU JAHHBIX IPUHUMAETCS paBHBIM 0,8 (U151 KYpOPTHBIX M FOXK-
HBIX TOpoJ10B 1,0);

1],— K.I1.J1. OTOIMTEILHON CUCTEMBI;
KW@ — ko3 dunment oxsara L{['B (cm. 3aganue).

. 3
[ToTpebnenue raza korenpabiMu (TI1]) paitona, m™ /4

QKOm = QO@ + QZ@ + Qnm; (2’7)

Qmab; = Kmau (Qoe + Qze + Qnm)’ (28)

rae Ko, — kosdduiment, yauTeBaronuii BeIpaboTKy smekrposneprun Ha TOLI (mpu
OTCYTCTBHUH JJAHHBIX TPUHUMAETCS paBHbIM 2,0);

Q,...— PACX0J Ta3a Ha BEIPAGOTKY Mapa JUIS TEXHONOMMYECKUX HYJ[ IPOMBILI-
JeHHOCTH, M /u:

Bn.m. ) in 3
Qn.m. - W ) 10 > (29)

rjae !, — TemiocoaepKaHnue TEXHOJIOTHIECKOTo napa, KJK/Kr;

B, ,,— cymMMapHas TaponpoW3BOJHUTEILHOCTh KOTIOATPETraToB, BBIPAGATHIBAIO-
IIUX Tap JJI1 TEXHOJOTUYECKHUX HYXKI, T/4.

2.1.4 IIpompbllIeHHOE TOTPEOJIeHnE

PacueTHbIli 4acoBOM pacxo]l raza MPOMBILUICHHBIM MPEANPUITAEM, BKIKOYA-
IOIIUH TTOTPEeOJICHNE HAa TEXHOJOTUUECKHUE HYXK/IbI, OTOIICHUE, BEHTHISIUIO 1IEX0B U
HopasaeIe il IPOMILIOMIANKH, M>/4:

200

O = ﬁme, (2.10)

200
rac QHHi — I'OI0BO€C HOTpC6JICHI/IC raza nmpoMIIpECaAIpusaTUCM, KZ[X(/FOI[, IIpUHUMAc-

MO€ TI0 33/IaHHUIO;
Km — xoaddunuent yacoBoro makcumyma npommnpeanpustus, [1, tadma. 5.11].

9



[Ipy npoeKTUPOBaHMM BHYTPUILIOMIAAOYHOM CETU Ta30MPOBOJOB JOJKHO
OBITHh M3BECTHO IMOTpPEOJICHUE ra3a OTACIbHBIMU TMOTPEOUTESIMU, MUTAEMBIMU OT
3TOM ceTu (11lexaMu, KOTEeJIbHBIMH, CTOJIOBBIMU U JIP.), IO YKPYITHEHHBIM MOKa3aTeIsIM
TOILJTUBOIIOTPEOJICHUS ATUX TTOTPEOUTEIICH.

PacuetHbIli TOOBOM pacxoj ra3a Ha NPOU3BOACTBEHHBIE HYXKIbl CEIIbCKUX
HACEJICHHBIX MYHKTOB CJIEAYyeT MPUHUMATH 10 JaHHBIM TOILIMBONOTpeOaeHus. ['o10-
BBI€ PACXO/bl TEIUIOTHl HA IPUTOTOBJIEHUE KOPMOB U MOJIOTPEB BOJIBI I AKUBOTHBIX
MIPUHUMAETCS 110 B COOTBETCTBUH C TEXHUUYECKHAM 33/ IaHUEM.

2.1.5 Pacuer pacxojaa raza Ha pacnpee/JiMTeJbHYIO CeTh

3
Bnavarnie onpenensiercs pacueTHblii pacxoj raza, M /4 Ha pacipeeUTEIbHYO

CeTh HU3KOTO JIaBJICHUS, OT KOTOPOM MUTAIOTCS BCe OBITOBBIE, MEJIKUE KOMMYHAJIbHbIE U

YaCTh MIPOMBIIUIEHHBIX OTPEOUTENEH, KOTOPHIM HEOOXOAUM a3 HU3KOTO JIABJICHUSL.

Q;a = Knepcn.(z QKEi + Qlj:m + QIJ;H + Q;;Z)’ (2 1 1)
i=1

rae K,,epcn‘— KOA(PGUIIUEHT, YUUTHIBAIOIIUN MEPCIIEKTUBHOE PAa3BUTHE HACEIECHHOTO

MyHKTa (IpH OTCYTCTBUU JAHHBIX IPUHUMAETCS paBHBIM 1,3);
I — YKCJIO0 OBITOBBIX U KOMMYHAJIBHBIX MOTPEOUTENEH, MUTAIOIIMXCS OT CETH HU3-
KOT'O J1aBJICHUS;

M
O — Menkue TIPOMBIIUIEHHEIE OTPEOHTEIH, IIMTAEMBIE OT CETU HUBKOTO JTABJIEHHS, M/,

B 4ucio r koMMyHaIbHO-OBITOBBIX OTPEOUTENEH BKITFOYAKOTCS TOTPEOUTENM HKHIIBIX
31aHui (MoTpeOsieHue Ta3a Ha MPUTOTOBJICHUE MHIIM, TOPSYEH BOABI U CTUPKY OCNbsi B
KBapTUpaXx), MPEANPHUATHS OOILIECTBEHHOTO MMUTAHUS, YUPEXKIICHUS 3IPAaBOOXPAHEHHUS.

Hanee onpeaenstoTcs pacueTHbIE pacXoibl ra3a Ha paclpeleIUTeNbHbIE CETH

v c.0.. 6.0, 3/
APYIux CTYIICHECH OaBJICHUS (CpeﬂHeFO, BBICOKOFO) Qp 9Qp oM 1Y, IyTEM CyM-

MHUPOBaHMS PAcXOJ0B BCEX MOTpeOUTENeH, MUTAIIIMXCS OT CETU COOTBETCTBYIOIICH
CTyNeHU JaBieHus (Hampumep, KorenbHbix, TOIIl, xmeGozaBomor, I'PII, GaHHO-
payevyHbIX KOMOMHATORB) C YYE€TOM IEPCIIEKTUBHOTO Pa3BUTHS HACEJICHHOTO MYHKTA.

2.1.6 I'mapaBanvecKnid pacyeT pacnpeaeIMTeIbHbIX FA30BbIX CeTeil HU3KOI0
AaBJICHUS

['mapaBiryeckuil pacyeT MHOTOKOJIBLIEBBIX CETEUW BKIIFOYACT TUAPABINYECKYIO
YBSI3KY KOJIEI] ¥ OIPEJCIICHUE JABJICHUNA B y3JIaX CETHM HA PACUETHOM PEKHUME ra-
30MOTPEOICHUS.

N3BecTHO, 4TO AJis1 ra30mpoBOAOB HU3KOIO JABJICHUS Mepenaj aBJICHUS
y4acTKa

AP, =a,0,", (2.12)

rie a,,— kod(GQHIHEHT THAPABIHYECKOr0 COPOTHBICHNS yIacTKa ITHHOM Ly .

10



B pesynbraTte yBSI3KM CETH J0JKEH BBIMOJIHATHCS BTOpoi 3akoH Kupxroda ans
BCEX DJIEMEHTAPHBIX KOJIEL, 4 IMEHHO:

> Sqn-AP, =3 Sqn-a,0;" =0, (2.13)
k=1

x=1

rac nk — KOJIMYECTBO Y4aCTKOB KOJIbLIA.

3Hak cnaraemoro (2.13) nmpuHMMaercs MNOJOKHUTEIbHBIM IpPU COBHAJACHUU
HAIPaBJICHUS TEUCHHSI Ta3a HA y4acTKe C HaIpaBlieHuEM 00X0/1a KOHTypa KOJIbIa Io
4acOBOMW CTPEJNIKE, OTPULATENBHBIM — B IPOTUBOIIOJIOXKHOM CIIy4ae.

[Tocne nmpenBapuUTENBHOIO MOTOKOPACIIPEAEICHUS U BbIOOpA 1UaMeTpoB TpyO
BBITIOJIHAECTCS] MEPBBIA M OCTAE€TCS HEBBINOJIHEHHBIM BTOpOM 3akoH Kupxroga, to
€CTbh JUIsl KaXKJI0TO KOJIbLIA

g g
— _ § 1,75
k=1 k=1

rac JAV HEBA3KA I10 KOJIbIY, I1a.
I[JI?I BBIIIOJIHCHUA YCJIOBUA FI/II[paBHH‘{eCKOﬁ YBA3KHU KOJIbLA ITPU PYYHOM CUCTC

JIOMYCKAETCS OCTATOUHAS HEBSI3KA 110 KOJbiy OF) | He npeBbimatormast 10 %, To ecThb
2

AL x100% = £10%.

SP, =

s
k=1

(2.15)

AP, ,|

JIist yBSI3KM KOJIET] MCTOJIb3YyeTCs MpuOrmKeHHas: GopMyra, MOJydeHHAs Ha
ocHoBe dopmynbl JlobaueBa-Kpocca [1], mo3Bosstomas BEIUMCIUTh BEINYUHY KOH-

3
TypHOTO HomnpasodHoro pacxoaa AQ;, M [u:

AP
AQ, = nk-ny.g‘kApk ’ (2.16)
1,75 > |
k=1 rk

rac Ily_B. — YHCJIO YYACTKOB JAHHOI'O KOJIbLA, MIPUHAJICKAIUX CMCIKHBIM YBA3aHHBIM

KOJIbI1aM.
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MeTtoauka ruipaBIM4YecKOH YBA3KHU MHOTOKOJIbIEBOH
ra3oBoil ceTH HU3KOI0 AaBJICHHUS

1. Berumncisem KOJBHOCBLIC HCBA3KHU AJIA KaXXAO0I'0 KOJbIa APk )41 5Pk I10

dbopmynam (2.14), (2.15) mo pesyiabTatamM MOpeABapUTEILHOTO MOTOKOpPAC-
npenenenus. Konpua, 11 KOTOPBIX BBIIOJHSETCS ycinoBue (2.15), cunrarorcs yBs-
3aHHBIMH.

2. Jlnst HeyBsi3aHHBIX Koxer Boraucisiores AQ, mo dopmyie (2.16).

3. Jlisi YBSA3KM BBIOMPAEM KOJIBLIO C HAMOONBIIMM aGcomoTHbM 3HaueHneM AQ, .

BHocuMm mompaBKy B pacxojlbl yY4aCTKOB JaHHOTO KOJIbIA, 32 MCKIIFOUEHHUEM ydacT-
KOB, MIPUHAJICIKAIINX CMEKHBIM YBS3aHHBIM KOJbIIAM (JIJI1 ATHX y4acTKOB pacuer-
HBIN pacxojl He MEeHseTCsA ), 1o hopmylie

W =0y TAQ,, 2.17)

0
rje Qr(k) — pacyeTHBIN pacxo HyJIeBOro nmpuomxenus (tadm. 2.1, ct. 3 ), M * ;

M . o 3
.« — VICTIPABJICHHbII PacUeTHbI PacXosl yuacTKa HepBoro npuommKkenus, M- /4 .

[IpaBmiio 3uHakoB B (opmyne (2.17) cienmyromiee: eciu KOJbLieBas HEBS3Ka
AP, >0, T0o I y4aCTKOB KOJIbIIa C TCUECHHUEM II0 YACOBOM CTpEIIKE CTABUTCS 3HAK (-),

IIPOTHUB YacoBOii — 3HaK (+); ecmn AB, < 0, to g YYaCTKOB C TEYEHUEM IO YACOBOM

CTpEJIKE CTaBUTCS 3HAK (+), MPOTUB YaCOBOM CTPEJIKU — 3HAK (-).
4. OrmpenensieM NOTEPU JABJICHHUS YYaCTKOB KOJbLA ISl TOJYYEHHBIX pacxo-
O
0B, APrk,qb ,11a 10 hopmyne nepecuera
RLE

n _ (0) rk
APrk.(j) = APM, Q(O) ’ (2.18)

rk

(0) (0)
WIS APrk_qb — TOTepH JaBMeHHs yuacTka, cootserctsytompe O, (Tadi. 2.1, cr. 8), Ila.

5. BerarciisieM 3Hauenust OF), TaHHOTO M CMEXHBIX ¢ HUM Koderl. KobIia, s
KOTOPBIX BBINOJHAETCS ycioBue (2.15), cunTaroTcst yBsi3aHHBIMU.

6. ITepecuntsiBaem 3Hauenne AQ, 11s KoJel, CMEKHBIX C YBA3BIBAEMBIM, JUIA
KOTOPBIX HE BBINOJHsAETCS ycioBue (2.15), mo ¢hopmyie (2.16) u U3 Bcex HEyBs3aH-

HBIX KOJIEI] CETH BEIOMpAEM JIsl yBA3KH To, y Kotoporo AQ, mambonsmee 1mo a6co-

JIOTHOMY 3HAYEHHUIO.
7. IloBTOpsieM MpouUEeaypy YBS3KHA BRIOPAHHOTO KOJIblIA, HAUUHAS C IMyHKTa 3 U
TaK jajee, BIUIOTh J0 YBA3KHU MOCIEAHET0 KOJIbIa CETU. 3HAUCHUS OCTAaTOUYHbBIX HEBSI-

30K YBSI3aHHBIX KOJIEIT AP, u 5Pk 3aluCchIBalOTCS B cTOJONLI 13, 14 a okoOHUATEIb-

ubie Besmunasl O, u AP, — B cron6us 9, 11 (Tabmn. 2.1).
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Taomuma 2.1
Pe3ynbTaThl ruapaBIndecKoro pacuera pacipeaeauTe/IbHOM
CETU HU3KOTO JABJICHUS

Pesynbrar ruipaBInyecKon yBsA3KH

KOJIEI]

oy = )

- = e = o
5 = = S = o | X
< : g : = = <

. :-\ 5-1
E ; E = ~ = < E
3 i | > & | = | B
) =] X = X g 0] E = 8
) S = o= < s 3

= > 15) = % < o < S
= > - = 5 2= v 2 = i
s 2| g 5| E| §| 82| Be| B| B gl 3
g < 5 > = o 5 E == s oS s 2 2
5 = S o 2 = 0 & = 0 z 3 7 o = 2
S QO o = = C T Si s om an 15) cm) !
Sl gl = 2 2 Bl EE 2R B E|E | 2|2 g
> g, 3 = o | © 2 o E = = = 2 = =
= = & < =) =) = e g S < o
&l | 5| 8| ¢ | B EE g S | §2| | 2| B
S| £ 5| | 8| &| E2| Ez| BE| B | &< 2| 3| B
Tl 5| & & & 2| 68| 68| =| =2 |=2E 2| 8| =
—~ =)
1 2 3 4 5 6 7 8 9 10 11 12 | 13 | 14

2.1.7 Pacuer pacnpeaejuTeJbHBIX ra30BbIX ceTeil
cpeaHei (BBICOKO) CTYIIEHH AaBJICHUA

PacnpenenurenbHas ceTb cpeHEl (BBICOKOI) CTYNEHHU AABICHUS Yalle Bbl-
MOJTHAETCS HE3aKOJIBIIOBAHHON (TYIUKOBOH), K HEH MPUCOCIUHSIIOTCS COCPEAOTOUYCH-
HbI€ KpYMHbIE MOTPEOUTENN ra3a, kak Harpumep koreiabHbie (TOL]), mpomnpennpus-
tust, ['PI1 Oonee HU3KKUX CTyneHel aBieHus, OaHHO-TIpayedHble KOMOMHATHI, XJ1e00-
3aBOJIBI U T. [I., MOTPEOJIAIONINE a3 JAHHOTO AaBICHUS.

[Ipu TpaccupoBke ceTell cpeaHero (BbICOKOr0) JABJIEHMS CIENYyET PYKOBOI-
CTBOBATHCS YKazaHUsIMU [2, 1. 4.14], coryiacHO KOTOPbIM JOMYCKAETCA YKJIaJIKa ra3o-
MIPOBOJOB HU3KOTO U CPEIHETO (BHICOKOT'0) IABJICHUN B OJJHOM TpaHIIIEE.

Ornpenenenre pacyeTHBIX PacXxoJ0B YYaCTKOB CETH (pacyeT MOTOKOpacIpee-
nenus) npu ogHoM yizine nucanus (I'PC) mpousBomarcst myTem MOCIeI0BaTeIbHOTO
CYMMHUPOBAHHS PAacXO0JIOB MOTpeOUTENeH, MUTAIONIUXCS B KOHIIE ydacTKa. Tak Kak
yTeBasi COCTABIISAIONIAs PACX0/ia paBHA HYJIIO, TO, CIEI0BATEIbHO, PACUETHBIN pac-
XOJI 110 JUYIMHE y4acTKa HE MEHSETCA.

I'mapaBianyeckre NOoTepy JABICHUS yYaCTKA CETHU:

2 2
AF, =F" - F;, (2.19)
rac P,,,Pk— a0CoOIOTHOE OdAaBJICHUEC COOTBCTCTBCHHO B HAYAJIbHOM N KOHCYHOM (HO
HaIlpaBJICHUIO JBIKCHUS Ta3a) y3iax ydactka, Ml]a.
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2
I'uapaBiuueckuii yKIoH yyacTka cetr R, ,(MIla) / m | Ge3 yueTa MECTHBIX MO-
TEpb AABJICHMUS:
_P-F
CERT (2.20)
[Ipu w3BecTHOM JHaBieHMM B Hayajie ydacTka F., ucmonsdys ¢opmyinsr (2.19),

(2.20), mosiydyaeM BBIpRKEHHE ISl ONPEACIICHUS JaBJICHUS B KOHIIE YYacTKa,
P, MIla :

P =P -11R, [,. (2.21)

PaccMOTpuM METOIMKY pacyeTa HE3aKOJIbLOBAaHHON pacnpeleauTeIbHON CETH
cpeaHero (BBICOKOTO0) JIaBJICHHUS.

1. Ilpu u3BecTHOM W3 3aJaHus AaBjieHUU nepea ropojaom (nocie I'PC) npunu-
MaeM (1100 OepeM B COOTBETCTBHM C MCXOJHBIMU JAHHBIMH Ha MPOEKTUPOBAHUE)
JABJICHUS Ta3a nepes MoTpeOUTesIMU.

2. BpiOupaeM riaBHOE HaNpaBJIEHHE OT y3Jia MUTaHUSA 0 KOHEYHOro, Hanbo-
Jiee yAAJIEHHOIO y3Jla, U OINpeAessieM CPeIHMA THIPaBIMYECKUN YKIOH MO ATOMY
HaIpaBJICHUIO.

3. [locnenoBaTenbHO paccMaTpuBasi KaXI0H y4yacTOK BHIOPaHHOI'O HaIlpaBiie-
HUA 110 Gopmysie (2.21), BeIYUCIISIEM HEH3BECTHBIE JABJICHUS B y3lax. Pacuer Hauyu-
HAETCs C y4acTKa, HaYaJIbHBIM y3JIOM KOTOPOTO SIBJISIETCS y3€J MUTAHUS C 33JJaHHBIM
nasrnenueMm F, = P,.. HaganbHBIM y37I0M CIIEAYIOMIETO YYacTKA SBISIETCS KOHEYHBIH

y3€J1 MPEABIAYLIETO YYacTKa, 1aBICHUE B KOTOPOM YK€ OIPEIEITIEHO.

4. Tlocne onpenesieHUs 1aBICHUN MPU BBIYHUCICHHBIX PACUETHBIX PACXOAax
Y4acCTKOB BBIOMpaeM JAHAMETPhI TPYOOIIPOBOJIOB C MOMOIIBI0 HOMOTPaMMBbI MPUIIO-
KEHUsl JUIsl YAEIbHBIX TOTEPH Fa30MPOBOJOB CPEIHETO JABIICHHUS pacCMaTpUBAEMO-
ro y4acTka.

5. IlpoBomrM TOBEPOUHBIM PACUET, LIEIBKD KOTOPOTO SIBJISETCA YTOYHEHHUE
JABJICHUH B y3j1aX MPU BBIOPAHHBIX CTAHIAPTHBIX JUAMETpaxX TPYyO, OTINYAIONTUXCS
OT PacYETHBIX.

6. IlepecunThiBacM 3HaueHue L, y3ma npu HEU3MEHHOW (BBIYHCICHHOW W3

pacyeTa NpeplIyIIero y4acTka) BeIMYMHE Prqb o ¢popmyiie

Kp r.¢. rk.gh. * (222)

[TooOHbII TepecyeT MPOU3BOAUM JIJISl BCEX Y3JIOB CETH (MCKIIIOuas y3ei IH-
TaHUs), B TOM YUCJIE U JJI1 KOHEYHBIX Y3JI0B Mepe MOTPEOUTENIMHU.

14



B ciydae, ecnu gaBneHue raza nepes NoTpeOuTeneM OKaKeTCsl 3a MpeeiaMu J10-
MyCTUMOT0, HE0OXOIUMO M3MEHUTh COOTBETCTBYIOIIMN TUAMETpP, B 4eM COOCTBEHHO U
COCTOMT T'MJIpaBIIMUECKasl yBsi3Ka pa3BeTBICHHON ceTy. Ha 3ToM rujpaBinyeckuii pacyer
CETH 3aKaH4YMBaeTCs. Pe3ybTaThl pacuera 3anuchIBatoTCcs B Ta0M. 2.2.

Tabnuua 2.2
Pe3ynbpTaThl rHapaBIMYeCcKOro pacueTa pacipeaeIUTeIILHON CETH
CpeIHero (BBICOKOT0) JABJICHHUS

AoOcoioT-
Pacuer- Cranpapt- I'mppasnu-

JmuHa N N HOE J1aBJIe- AOcoaroTHOE
Howme¢ HBIH pac- HbBIH aHa- YeCKHUe oTe-

y4acr- HHUE B Haya- JABJICHUE B
ydac XoJ MeTp pY JaBieHUs

Ka acTka acTka acTka e KOHILC y4acTka
Ka Ly,m g{ y C}lnl S Ay; M y4JacTka P, MIla
u Xi > M. )
rk > M H rk a R , MHa

1 2 3 4 5 6 7

2.1.8 Bbi0op 000pyn0BaHus CETEBOTO
PeryJsirTOpHoOro NyHKTAa

[Tocne pacyera ceTeil HU3KOM U cpeiHEN (BBICOKOI) CTYIIEHU JABJICHUS MOSIBIISA-
€TCsl BOBMOKHOCTh YTOUHEHUS TUIA PETYJISITOPHOTO MYHKTA, MUTAIOIIETO CETh HU3KOTO
JIABIICHUS, TIO BEJIMYMHE MPOITYCKHON CIIOCOOHOCTH PETYJISTOpa JaBJICHUS ra3a.

JI7ist peryasTOpHBIX MYHKTOB C TEXHOJIOTHUECKOW JIMHHEW Ha 0a3e peryssiTopoB
PI1-32M u P/I-50M mporyckras ciocoOHOCTb Q), , /4, OTpeesseTcs no GopMyam:
npu (£, /P, )<2

Qp = 3Q_£10 3\/(fo _Rs’blx)Riblx /IOF’ (2.23)

)>2

6blX

npu (P, /P

Qp = 15’4Q11P6x / Ioz b (224)

rne P, —abconroTHOE naBieHue rasa nepea peryiastopoM, MIla, koropoe npu6iiu-

JKCHHO MOJXHO IIPHUHATH PaBHBIM a6COJIIOTHOMy AAaBJICHUIO MEPEA pEryJIATOPHBIM

nyHKTOM (Ta0. 2.2);
P, — aOcomOTHOE JaBJICHHE Ta3a TMocie perynsaropa (MpUOIMKEHHO MOKHO

B8blX

IPUHSTH PAaBHBIM a0COJIOTHOMY JAaBlIeHUIO B y3ie nutanus nociue I'PIT), MITa;

P — IJIOTHOCTB Ta3a, KI/M>;

O, — nacnopTHas MPOIYCKHAs CIIOCOOHOCTH PETyJIATOpa, M>/4, IPUHUMAaEMas o
JTaHHBIM (Tabm. 2.3).
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JI71st peryasaTOpHBIX IMTYHKTOB C TEXHOJIOTHYECKOM JIMHUEH Ha 0a3e peryasTopoB
tuna PIYK u P/IbK:
1
Q,=1595f F.pa |—, (2.25)
Pr

rae f— mromans cemna knanana, cm> (tadm. 2.4);
a — ko3 durmert pacxonaa (tadi. 2.4);
@ — x0dpUIUEHT, 3aBUCIIINNA OT OTHOIICHUS Pyyx/Prx (puc. 2.1).

Tabmuma 2.3
TexHnYeCKHe JaHHbIE peryaaTopoB tuna PJ]
TexHuueckue PII-32M PII-50M
JAHHBIC
JlaMeTp KIAMAMHO- | 6 10 11 15 20 25
TO OTBEPCTHSL, MM
JlaBrenue i i 0,105- i i i 0,1-
1a Bxoze, Po, MITa 1,1-1,7 0,4-1,1 0.4 0,7-1,3 0,4-0,7 | 0,2-0,4 0.2
[TacniopTHas mpo-
MyCKHasl CII0C00- 4 7,8 12 30 51 78 100
HOCTb, Oy, M>/4

Tabmnura 2.4
Texuudeckue ganubie perynstopoB tuna PJIYK u PJIBK
PIYK2-50 PIYK2-100
PABKI=2> 1 pipK1-50 PJIBK1-100 PAYK2-200
[Tapamerpsl
Jlnamerp kinanasa, MM
20 35 50 70 105
IImomane cemia kianadna
(C y4eToM IIIOIIaIn MITO- 3,14 9,6 19,6 38,4 86,5
Ka), f, cM°
Koogduuuert 0,65 0,6 042 | 04 0,4
pacxona, @
PacuetHas mpornyckHasi cro-
COOHOCTh PEryJISATOPHOTO ITyHKTa 4.0.5
\
OJKHA OBITH OOJIbIIE HOMHUHAIB- 10,4
HOI1 HE MeHee, ueM Ha 15-20 %, T.¢. +0,3
0,2
0p-Opn> 15420 %. 10,1 A\ o

3necb (,n — HOMHMHaJIbHAs IpO- 00506 0,7 08 09 1.0

MyCKHAasi CIIOCOOHOCTh PETYISATOP-

Puc. 2.1. I'paduk 3aBUCUMOCTH
HOT'O ITYHKTA.

? or oTHOWIEHUS NABIEHUN Poy/Pox 115
MPUPOAHOTO Ta3a



Tumn u nmpomyckHast CltoCOOHOCThH (PMUIIBTPOB MOTYT OBITh OMPEIEIECHBI B COOTBET-
cTBUU ¢ pexkomeHmamusMu [1, paza. 8]. Ilpu pasmenieHun peryssiTOpHBIX IMYHKTOB
CJIIEYET PYKOBOJICTBOBATHCS pEKOMEHAAUMAMH [2, 11.11. 5.4-5.14].

2.2 O01mme moJI0KeHHsI MO BHINMOJTHEHUI0 KYPCOBO padoThI

KypcoBast paGoTta mpeamosiaraeT pacyeT pachpeneIuTeIbHbIX CHUCTEM Ta3o-
CHA0KEHUS HACEJIEHHOIO MMyHKTa U3 MOJUATUICHOBBIX TpyO. Ilo MHEHUIO pyKOBOIU-
TeJsI KypCOBOM pabOThI 3a7jaHKsI MOTYT BapbHpPOBAThCS B 3aBUCUMOCTH OT MPEIbSBIIS-
embIx TpeboBanuil. [IpomyckHas CmOCOOHOCTh MOJUATUICHOBBIX Ta30MPOBOIOB
JOJDKHA TPUHUMATHCS U3 YCIOBUI CO3/1aHUs P MAKCUMAIbHO JOIYCTHUMBIX HOTEPSIX
JaBJICHUs Ta3a HanOosee SKOHOMUYHOW U HAJeKHOW B KCIUTyaTallil CUCTEMBI, 0obec-
neuuBaromeii ycroituuBocts padotel ['PIT u razoperymsropusix ycranoBok (I'PY), a
TaK)Ke pabOoThl FOPEJIOK MOTPeOUTENEH B IOMYCTUMBIX AMAIa30Hax JaBJIeHUs ra3a.

Pacuer auamerpa ra3onpoBojia CleAyeT BBINOJIHATh, KaK MPaBUIIO, HA KOMIIbIO-
Tepe C ONTUMAJBHBIM PACHpPECIICHUEM PACUETHOM MOTEPH JAaBIICHUS MEXKAY y4dacTKa-
MU CETH.

[Ip1 HEBO3MOXXHOCTHU WJIM HELENECOOOPa3HOCTU BBIIOJHEHHS pacyeTa Ha KOM-
nbploTepe (OTCYTCTBHE COOTBETCTBYIOIICH MPOrPaMMBbI, OTNIEIbHbIE YYaCTKH Ta30Ipo-
BOJIOB, U T.II.) TUAPABIMYECKHI pacyeT AOMYCKAETCS MPOU3BOAUTH MO MPUBEICHHBIM
HIDKE (OpMYyIIaM WM 10 HOMOTPaMMaM.

PacuerHble cymmapHble IOTEPH AABJIEHUS raza B ra3onpoBOJIaX HU3KOIO JIaBjie-
HUs (OT KCTOYHMKA Ta30CHAOKEHUS 0 HanOoJiee yIaIeHHOTO Mpruoopa) CleayeT Mpu-
HuMath He Ooznee 180 malla, B ToM wuclie B pacmpenenuTeNbHbIX Tra30mpoBOAax
120malla, B razonpoBoaax-BBOAAX U BHYTPEHHUX razomnpoBogax — 60 galla.

[Tanenue naBaeHUs HA y4aCTKE Ta30BOM CETH CIEIYET ONPEACIATh:

- JUIS CETEH CPEeJTHEro M BHICOKOTO JaBJieHUH Mo GhopMyJie

p 2 ~ 2
PHZ—sz = Ozigg ,00121,268710 41Q—2pol , (2.26)
81z~ d d
rne Py - abcontoTHOe naBieHue B Havasie razonpoBoa, MIla;
Pk - aGcomnroTHOE MaBiieHne B KOHIIE razonpoBoaa, MI1a;
Py=0,101325MlI]a;
A - K03(pPHUIIMEHT TUAPABIUYECKOTO TPEHUS;
[ - pacueTHas JUIMHA Ta300pOBOJIA IOCTOSHHOIO AUAMETPA, M;
d- BHyTpEeHHHMIT JUaMETpP ra30npoBOJIa, CM;
Po -IUIOTHOCTH I'a3a IIPY HOPMAJIBHBIX YCIOBHSX, KI/M";
Q, - pacxo raza, M>/d, Ip¥ HOPMAIIbHBIX YCIOBHSX;
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— JIJIs CeTeH HU3KOTO JIaBJIeHUS 110 (hopMyJie

Q2
pol = 626,ud—2 pol . (2.27)

6 2
P, —P, - 10 2/1Q(5)
1627 d
rae Py - maBnenue B Hayase ra3onpoBoja, [1a;
P« - maBnmeHue B KoHIIE TazonpoBoa, Ila;
A, L d, po, Qo - 0603HAUEHUS TE K€, UTO U B popmyrie (2.26).
Kosdpduument ruapaBaudeckoro TpeHHUS A CIEAYeT ONpPENeisiTh B 3aBUCH-

MOCTH OT pCKUMa ABMXKCHUS rada 110 ra3ornpoBOaAYy, XapaKTCPpU3yEMOIro 4MCJIOM Peti-
HOJIbACA:

Re :9Q—0 _0,035420 (2.28)

v dv ~

rJie V - KOO(POUIMEHT KNHEMATUYECKOM BA3KOCTH Ta3a, M%/C, PU HOPMATBHBIX YCIOBHSAX,
Q,, d - 0603HaYeHuS Te Ke, uTo U B popmyie (2.26).

Re(§><23 , (2.29)

rae Re - yucio PeiHonbaca;
n - SKBUBAJIECHTHAas1 a0COJIIOTHAS 1IEPOXOBATOCTh BHYTPEHHEW MOBEPXHOCTH CTEH-
K1 TpyObl, MpUHUMaeMas paBHOM U1 HOBbIX cTayibHbIX - 0,01 cM , 175 ObIBIIMX B
AKCIUTyaTaluu CcTanbHbIX - 0,1 cM, ISl MOJUATUIIEHOBBIX HE3aBUCUMO OT BPEMEHHU
skcrryatauuu - 0,0007cm.;
d - o6o3HaveHus Te xe, 9To u B hopmyie (2.26).
B 3aBucuMocTH oT 3HadeHus1 Re KoappHUIHUEeHT ruapaBIndecKoro TpeHus A, cie-
IIYeT OIPEEeIISATh:
- ISl JaMUHAPHOTO pexxumMa ABMKeHus raza Re <2000

A= ﬁ;
Re
(2.30)
- JUIsl KpUTUYECKOTO peknma JiBrkeHus raza Re = 2000-4000:
2=0,0025 Re"333;
(2.31)
- pu 4000 <Re< 100000 o popmyiie
0,3164
A=—""" .
R e0,25 >
(2.32)
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- npu Re>100000:

1

A= 2.33
1,2811gRe—1,64)° (233)
- JUISI IIEpOXOBaThIX cTeHOK npu Re>4000
A=011(—+—)""", 2.34
(d Re) ( )

r7ie n - 0003HaUEHUS TO XKe uTo U B hopmyiie (2.29);
d - o6o3HavYeHus To ke, uTo U B hopmyrie (2.26).

PacueTHbIil pacxoj raza Ha y4acTKax paclpeleTUTEIbHBIX HAPYKHBIX Ta30-
MPOBOJIOB HU3KOTO JIABJICHUS, UMEIONINX MYTEBbIE PACXOJIbI Ta3a, CICAYeT Ompee-
JSITh, KaK CyMMY TpaH3uTHOTO U 0,5 myTeBOro pacxoja.

[Tanenue naBieHUss B MECTHBIX CONMPOTHUBICHUSX (KOJIEHA, TPOMHUKHU, 3amop-
Hasg apMmaTrypa U JIp.) JONYCKAeTCd YUYUTHIBATh MYy TEM YBEIUYEHUS (PaKTUUECKOM
JUTMHBI TazonpoBojaa Ha 5-10%.

[Ipu BBINOJIHEHUH TUAPABIMYECKOTO pacuera ra3zonpoBOJOB MPUBEIECHHBIM I10
dbopmynam (2.26)-(2.34), a TaxKe MO Pa3IMUYHBIM METOJAMKAM W IIporpammam st
AJIEKTPOHHO-BBIYMCIUTEIBHBIX MAIllMH, COCTABJICHHBIM HA OCHOBE A3TUX (POpMYI,
pacyeTHBIM BHYTPEHHHI AMAMETp Ta30MpOBOAA CIEAYET MPEABAPUTEIHHO OIpee-
JSTH 110 (hopMmyIie

m

p APyO ’

(2.35)

rie dp - pacueTHBIN IUaAMETP, CM;

koaddurmenter A, B, m, m1 onpeaensrorcs mo tabnumam 2.5 u 2.6 B 3aBUCUMO-
CTH OT KaTeropuu ceTH (110 JaBJICHHUIO) U MaTepHalia ra3orpoBo/ia;

Qo - pacUETHBIN PacXoJ ra3a, M>/4. IIPU HOPMAJILHBIX YCIOBUSIX;

APy, -ynenvHble oTepu naBnenus, (I1a/m - nist cereit Huzkoro nasnenust, MIla/m -
JUTSL CETEH CPETHETO M BRICOKOTO JIABJICHUS) OIIpeieNsieMble 10 (hopMyJie

AP()on
APy = —1,1 IR (2.36)

r1ie AP on -nomyctumMeie notepu nasiens, (Ia - s cereit Huzkoro gasnenus, MIla/m -
JUTSL CETEM CPeHET0 U BHICOKOTO JaBJICHHUS );
L - paccrosinne 1o camon ynaJ€HHOM TOUYKH, M.
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Tabmua 2.5

Kareropus cetn A
CeTH HU3KOTO J1aBIECHUS 1081627 =626
Cetu cpeiHEro 1 BBICOKOT'O JIaBJICHUS Po/(P: 162n2) ; Po=0,101325MI a,
P; - cpennee napnenue raza (abcomotHoe) B cetr, MI1a;

Tabmuma 2.6
Marepuan B m ml
cTajiab 0,022 2 5
0,3164(97tv)*?° =0,0446 ,
HOJIUATUIICH V - KHHEMATUYECKAs BA3KOCTh ra3a IIpu 1,75 4,75
HOPMAJIGHBIX YCIOBHAX

BryTpenHunii quameTp ra3onpoBoja CiIeayeT IPUHUMATh U3 CTaHAAPTHOIO Psiia
BHYTPEHHHX JUAMETPOB TPYOONPOBOIOB ONMKaMIIUK OONBIINN - 7S CTaJIbHBIX Ta-
30MPOBOJIOB U MEHBIINH - 1715l HOJTUITUIICHOBBIX.

2.2.1 Ilpumep pacuyera TYNIMKOBOI ra3opacnpeaeuTe/IbHON ceTH

[IpuBeneM npuMep OIHOTO W3 BapUAHTOB pacyeTa TYNMHKOBOW ra3opacIpeieiy-
TEIBHOM ceTh. PacueTr BBINOMHSAETCA KaK BPYYHYHO, Tak M1 HAa D9BM ¢ moMouipto mpo-
rpamMmmbl «PACI'A3». B kauecTBe MCXOIHBIX JAHHBIX MCHOJIB3YETCS CTPYKTypa CETH,
pacueTHbIM pacxoj raza Ha CeTh, JUIMHBI YYacTKOB, KaTeropusi AaBiieHUs (puc. 2.2).
@opMyJIbl THAPABIMYECKOTO pacyeTa ra3ornpoBOIOB MPUBEACHBI BBIILE U B METOIUYE-
CKMX yKa3aHMAX 10 pacyeTy razopacrpenenurenbion cetu [13].

WP &
140
6 340 - = 440 9
220
320 3 440
4 - = *5

Puc. 2.2. TynukoBas razopacrpeenuTenbHas CeTb.

1. PacuetHslil pacxoj rasa Ha ceTb HU3KOTO JaBiaeHust Qupn=1377,4 HM /9

2. OnpeneneHue yaenbHOro myTeBoro pacxoaa
q=0,,,/>.L=1377,4/1900=0,725 um’/4-m

3. OnpenesieHre MyTeBbIX PACX0JI0B YU4ACTKOB
Qu12=0,725-140=101,5 am*/a;  Qu2.6=0,725-340=246.5 am>/u
Qu2.7=0,725-440=319,0 am’*/a ;  Qu2-3=0,725-220=159,5 um>/4
Q134=0,725-320=232,0 am*/a;  Qu3.5=0,725-440=319,0 am>/u
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4. OnpeneneHue TPaH3UTHBIX PACXO/I0B YYACTKOB
Qup3-4=0 BMY/4;  Qupss=0 M /a5  Qup23= Quss7Qusa =232+319=551,0 am>/a
Qup2-6=0 BM*/4;  Qupo7=0HM>/u;
QTpl_zz QTp2—3+QH2—3+QH2—7+QH2-6 =551 ,O+1 59,5+246,5+3 1 9,0:1276 HM3/‘I
5. Onpenenenre pacyeTHbIX PacXoA0B y4aCTKOB
Qp34=0,5-232,0=116 um*/4;  Qqp35=0,5-319,0=159,5 um*/u
Qp2_3: O,SQH2_3+QTp2_3 :O,S : 159,5"‘55 1 ,0:630,75 HM3/‘I
Qp26=0,5-246,5=123,25 um’*/u;  Qu27=0,5-319=159,5 um*/u
Qp1_2: O,SQH1_2+QT—p1_2:0,5'101,5+1276:1326,75 HM /4
Iposepka: Qp1-2TQys= Quipn
1326,75+0,5-101,5=1377,5 um*/u
0=(1377,5-1377,4)/1377,5-100%=0,0007%
6. Onpenenenre rupaBInYECKOro yKJIOHa
R!-23-5=1080/(140+220+440)=1,35 I1a/m
R'>6=(1080-1,35-140)/340=2,62 Tla/m
R'">7=(1080-1,35-140)/440=2,025 Tla/m
R!2-34=[1080-1,35-(140+220)]/320=1,856 ITa/m
ITo pacueTHBIM pacxojaM Ha ydacTKaX U FMAPABIMYECKMM YKIOHAM OIpee-
JSIEM CTAHJAPTHBIE JTUAMETPbl YYAaCTKOB CETH C HCIIOJIB30BAHHEM HOMOIPAaMMBbI (B
JAHHOM CJIy4ae HU3KOro JaBieHus). Jlanee yrounseM (pakTHUYECKUe TUApaBInYeCKUe
YKJIOHBI B COOTBETCTBHH C BHIOPAHHBIMH CTaHAAPTHBIMU TUAMETpaMu (TIPUBEICHbI B
coptamente Ha 13 TpyOsI).
7. OnpeneneHue NoTeph AaBJICHUS HA y4acTKaxX CETH:
Ap3.s=1,35-440=594 Ila; Ap,.5=1,35-220=297 Ila; Ap,,=1,35-140=189 Ila
Ap2.6=2,62-340=890,8 Ila; Ap,.7=2,025-440=891 Ila; Aps.4«=1,856-320=594 Ila
8. OnpeneneHre NaBiIeHUI B KOHEYHBIX TOUKAX Y4aCTKOB:
Px1-2=3000-189=2811 Ila; pk,3=2811-297=2514 Ila; pk3.s=2514-594=1920 Ila
Pr2-6=2811-890,8=1920,2 I1a; pi-7=2811-891=1920 Ila; p.3.4=2514-594=1920 I1a

B pe3ynbrate pacdera npu noMoiyd HoMorpamm [2] ObUTH Mo100paHbl TUAMETPHI
Ha y4acTKax razopacrpeaeanuTebHol ceTu. Pe3ynbrarsl pacuera cM. Tad. 2.7.

TabOmura 2.7

Pe3ynbpTaThl rupaBIMueCcKOro pacyeTa ra3opacipeiesiuTeIbHON CeTH HU3KOTO
JIABJICHHS C TTIOMOIIIBIO PYYHOT'O M MAITMHHOTO CUEeTA.

Jnn- CII 42-
Ne 7o Qm, | Qmp, | Qp, R, Ap, Prs 101-2003 | HOMOTp.
y. " Ma | Ma | MY/a | Tam | Tla Ila | d dnonusT

1-2| 140 |101,5] 1276 | 1326,8 | 1,35 | 189 | 2811 | 273 | 225 225
2-3 | 220 | 159,5| 551 | 630,75 | 1,35 | 297 | 2514 | 194 | 180 160

3-5| 440 319 0 159,5 | 1,35 | 594 1920 | 89 | 90 75
2-6 | 340 |246,5| 0 123,25 | 2,62 | 890,8 | 1920,2 | 76 | 75 60
2-7 ] 440 319 0 159,5 | 2,03 | 891 1920 | 89 | 90 75
34| 320 232 0 116,0 | 1,86 | 594 1920 | 89 | 90 75
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2.1.2 KomMyHaIbHO-0BITOBOE NOTPEdIeHNE

o 3 o
Pacuernbiii pacxon raza,m” /4, (mpu 0°C u 101.3 xIla) Ha XO3SHUCTBEHHO-
OBITOBBIE 1 KOMMYHAJIbHBIE HYX/IbI 110 OTJIEIbHBIM KaTErOpUsIM IOTPEOUTENIEH:

Q. = (g, x Nx10° xn, xx, x Km)/ Oy, (2.2)

S

_ * 1P

JUISL CEJIbCKOM MECTHOCTH: Op = Zko% /Oy
i=1

rae 4; — HopMa noTpeOsieHus raza ogHoi pacuetHou enunuiei (1 p.e.); kJx/p.e.,
[2, mpun. AJ;
N; — KOMMYECTBO PACUETHBIX €AMHUI] HA OJTHY THICAYY KUTEJEH, p.€./ThIC. KUT.,
[1, c.46-47];
k,— xospdurment oxHoBpemerHoCTH [2, TabIL. 5];

X, — ko3 puImeHT oxBaTa ra30CHa0KeHHEM (CM. 3aJIaHKeE);
f — uncno p.e. (kBapTUP WK JOMOB) ISl CETI;

1
Km = P K03(p(ULIMEHT 4aCOBOr0 MakCUMyMa, rofy/ 4., [2, Tadi. 2], [2, Tabm. 3];

*

q; - cymMmmapHas TerioBas Harpyska ropeniok 1 p.e., kJx/ 4.

[ToTpebiienne raza MEIKUMU KOMMYHaAJIbHO-OBITOBBIMH TOTpeOUTENSIMH (aTe-

M

3
Jb€, MACTEPCKUMHU, TAPUKMaXEPCKUMH, Mara3uHamu U JIp.) QKOM,M /4 , OIIpenes-
eTcs B COOTBETCTBUH C [ 1, cTp. 46-48].

2.1.3 IloTpebJieHUe HA OTOILVICEHUE, BEHTHJISIIIUIO
U ropsiuee BOJAOCHAOKeHUE

HOTpC6J'I€HI/IC ra3a Ha OTOIINICHHC N BCHTHUJLIIIUIO OT KOTCJIIBHBIX XWJIBIX U 00-

o K 3
mectBenHbIx 3nanuit O,,, M /U Bpraucnsercs no Gopmyse

te _tc o t@ - tc o C]FKI’Z
Q::g = 24(1 + 0,25)—1’ + 0925K5 ro . a0 (23)
te - tp.o te - tp.e nOQ:mK

HOTpC6J'ICHI/IC ra3a Ha OTOIINICHHUEC OT MCCTHBIX OTOIIMTCIIbHBIX CUCTEM KHJIbIX

o MO 3
1 00IIeCTBeHHBIX 30anuil U, » M /4 , BRIYUCIISIETCS TI0 hopMmyiie



“lyo | N,

4
Oom =| 24~ s
te _tp.o UOQHmk

rae !, — pacueTHas TemIieparypa BHyTPEHHETO BO3AyXa OTalUIMBaeMbIX 30anuii, *C , mpu-

(2.4)

HUMaeMasi JUIs JKHJIBIX M OOIIeCTBEHHbIX 31anui pasHoit 20°C, [3]; ans mpoMBbIii-
JICHHBIX 3IaHUW TPHHUMACTCS 110 33JIaHUIO;

l.po— CPEIHsSl TEeMIIEpaTypa Hapy)KHOTO BO3yXa 3a OTONMHTENbHBIA Tepuon, C,
MpUHUMAaeMas B COOTBETCTBUH C [ 4, Tabn 1];

no_ MPOJOJDKUTCIIBHOCTDL OTOIIMTCIILHOTO IIEPpUOJa B CYyTKAX IO YUCITY ,HHCfI CcO

(V) v v o
cpesiHeli CyTOUHOM TeMmIepaTypoii Hapy:kHoro Bo3ayxa 8 C u Huxke, IpUHAMaeMast
B COOTBETCTBHHU C [4, Tabmd. 1];

o
!,,— pacyeTHas TEMIEpaTypa Hapy)HOro Bozayxa, C, s MpOeKTUPOBAHMS

OTOIUIEHUS, IPUHUMAsl KaK CpeJHss TeMIEepaTypa BO3lyXa Haubosee XOJOIHOM M-
TUJHEBKHU B COOTBETCTBUH C [3] o napamerpy b;

o
{,, — pacueTHas TeMIlepaTypa HapyKHOIO BO3/yXa, C, mis npoeKTHpOBaHUs

BEHTWISILIUY, TPUHUMAEMAsi B COOTBETCTBUU C [3] o mapamerpy A;
K, — xo3pdunueHT, yuyuThIBAIOIIUNA PACXOJ TEIUIOTHl Ha BEHTWISIMIO OOIie-

6

CTBEHHBIX 3/IaHMUI];

Z — CpeJIHee YUCII0 YacoB PabOThl CUCTEMbI BEHTHIISILIUM OOUIECTBEHHBIX 37aHUI B
TE€UYEHUE CYTOK (IIPU OTCYTCTBUU JAHHBIX TpUHUMAaeTcs 16 v);

9 — yKpYIHCHHBIH TMOKa3aTejb MaKCHMMAaJIbHOTO YacOBOTO pacxojia Teria Ha

2 . .
otorienue 1 M~ sxunoi momanu 3nanuid, KJHx/ (v - m*), [1, Tadbn. 5.2];
K o 2
F,. — o6mas »unas miomans OTamIMBaeMbIX OT KOTEIBHbIX 3aHUH, M ;
MO o 2
F,.” — o6mmas »wmas mionanas oTaruIMBaeMbIX OT MECTHBIX CHCTeM 31anuii, M~ . Co-

2
IMajibHasi HopMa riomnaau Ha 1 yemoBeka — 18 M~ .

17, — K.II.JI. OTONUTEIbHOM CUCTEMBI;

Yucno 4acoB MCHOIH30BaHMS MaKCUMYyMa JJI1 OTOIIMTCIIbHBIX KOTCIIbHBIX, y/ roa:
te - tcp.o

m, =24n,
te - tp.o

2.3)

[NoTpebrienrie raza Ha EHTPATM30BAHHOE TOPSTYEe BOJIOCHAOKEHHE OT KOTENBHBIX Q. , m” /u, :

0 =24g Nn +350-n)2"te g| K (2.6)
T Vs, " Inorm” |

rae 4.,— YKpyIHEHHBIM MOKa3aTeslb CPeAHEYaCOBOTO pacxo/ia Terjia Ha ropsiee Bo-
nocHaOxenue, kJx/(a-gen), [1, Tabdm. 5.3];
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{..»L.,— Temmeparypa BOJIONPOBOIHON BOJABI B OTONUTENbHBIM U JIETHHN TEPHO-
aeL°c (1,=5°C; 1, =15°C);

,B — KO3 UIIMEHT, YUYUTHIBAIOIINM CHUKEHHE pacxojia ropsiueil BOJbl B JETHHIMA

NIEPUO/;, TIPY OTCYTCTBUHU JAHHBIX IPUHUMAETCS paBHBIM 0,8 (U151 KYpOPTHBIX M FOXK-
HBIX TOpoJ10B 1,0);

1],— K.I1.J1. OTOIMTEILHON CUCTEMBI;
KW@ — ko3 dunment oxsara L{['B (cm. 3aganue).

. 3
[ToTpebnenue raza korenpabiMu (TI1]) paitona, m™ /4

QKOm = QO@ + QZ@ + Qnm; (2’7)

Qmab; = Kmau (Qoe + Qze + Qnm)’ (28)

rae Ko, — kosdduiment, yauTeBaronuii BeIpaboTKy smekrposneprun Ha TOLI (mpu
OTCYTCTBHUH JJAHHBIX TPUHUMAETCS paBHbIM 2,0);

Q,...— PACX0J Ta3a Ha BEIPAGOTKY Mapa JUIS TEXHONOMMYECKUX HYJ[ IPOMBILI-
JeHHOCTH, M /u:

Bn.m. ) in 3
Qn.m. - W ) 10 > (29)

rjae !, — TemiocoaepKaHnue TEXHOJIOTHIECKOTo napa, KJK/Kr;

B, ,,— cymMMapHas TaponpoW3BOJHUTEILHOCTh KOTIOATPETraToB, BBIPAGATHIBAIO-
IIUX Tap JJI1 TEXHOJOTUYECKHUX HYXKI, T/4.

2.1.4 IIpompbllIeHHOE TOTPEOJIeHnE

PacueTHbIli 4acoBOM pacxo]l raza MPOMBILUICHHBIM MPEANPUITAEM, BKIKOYA-
IOIIUH TTOTPEeOJICHNE HAa TEXHOJOTUUECKHUE HYXK/IbI, OTOIICHUE, BEHTHISIUIO 1IEX0B U
HopasaeIe il IPOMILIOMIANKH, M>/4:

200

O = ﬁme, (2.10)

200
rac QHHi — I'OI0BO€C HOTpC6JICHI/IC raza nmpoMIIpECaAIpusaTUCM, KZ[X(/FOI[, IIpUHUMAc-

MO€ TI0 33/IaHHUIO;
Km — xoaddunuent yacoBoro makcumyma npommnpeanpustus, [1, tadma. 5.11].
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[Ipy npoeKTUPOBaHMM BHYTPUILIOMIAAOYHOM CETU Ta30MPOBOJOB JOJKHO
OBITHh M3BECTHO IMOTpPEOJICHUE ra3a OTACIbHBIMU TMOTPEOUTESIMU, MUTAEMBIMU OT
3TOM ceTu (11lexaMu, KOTEeJIbHBIMH, CTOJIOBBIMU U JIP.), IO YKPYITHEHHBIM MOKa3aTeIsIM
TOILJTUBOIIOTPEOJICHUS ATUX TTOTPEOUTEIICH.

PacuetHbIli TOOBOM pacxoj ra3a Ha NPOU3BOACTBEHHBIE HYXKIbl CEIIbCKUX
HACEJICHHBIX MYHKTOB CJIEAYyeT MPUHUMATH 10 JaHHBIM TOILIMBONOTpeOaeHus. ['o10-
BBI€ PACXO/bl TEIUIOTHl HA IPUTOTOBJIEHUE KOPMOB U MOJIOTPEB BOJIBI I AKUBOTHBIX
MIPUHUMAETCS 110 B COOTBETCTBUH C TEXHUUYECKHAM 33/ IaHUEM.

2.1.5 Pacuer pacxojaa raza Ha pacnpee/JiMTeJbHYIO CeTh

3
Bnavarnie onpenensiercs pacueTHblii pacxoj raza, M /4 Ha pacipeeUTEIbHYO

CeTh HU3KOTO JIaBJICHUS, OT KOTOPOM MUTAIOTCS BCe OBITOBBIE, MEJIKUE KOMMYHAJIbHbIE U

YaCTh MIPOMBIIUIEHHBIX OTPEOUTENEH, KOTOPHIM HEOOXOAUM a3 HU3KOTO JIABJICHUSL.

Q;a = Knepcn.(z QKEi + Qlj:m + QIJ;H + Q;;Z)’ (2 1 1)
i=1

rae K,,epcn‘— KOA(PGUIIUEHT, YUUTHIBAIOIIUN MEPCIIEKTUBHOE PAa3BUTHE HACEIECHHOTO

MyHKTa (IpH OTCYTCTBUU JAHHBIX IPUHUMAETCS paBHBIM 1,3);
I — YKCJIO0 OBITOBBIX U KOMMYHAJIBHBIX MOTPEOUTENEH, MUTAIOIIMXCS OT CETH HU3-
KOT'O J1aBJICHUS;

M
O — Menkue TIPOMBIIUIEHHEIE OTPEOHTEIH, IIMTAEMBIE OT CETU HUBKOTO JTABJIEHHS, M/,

B 4ucio r koMMyHaIbHO-OBITOBBIX OTPEOUTENEH BKITFOYAKOTCS TOTPEOUTENM HKHIIBIX
31aHui (MoTpeOsieHue Ta3a Ha MPUTOTOBJICHUE MHIIM, TOPSYEH BOABI U CTUPKY OCNbsi B
KBapTUpaXx), MPEANPHUATHS OOILIECTBEHHOTO MMUTAHUS, YUPEXKIICHUS 3IPAaBOOXPAHEHHUS.

Hanee onpeaenstoTcs pacueTHbIE pacXoibl ra3a Ha paclpeleIUTeNbHbIE CETH

v c.0.. 6.0, 3/
APYIux CTYIICHECH OaBJICHUS (CpeﬂHeFO, BBICOKOFO) Qp 9Qp oM 1Y, IyTEM CyM-

MHUPOBaHMS PAcXOJ0B BCEX MOTpeOUTENeH, MUTAIIIMXCS OT CETU COOTBETCTBYIOIICH
CTyNeHU JaBieHus (Hampumep, KorenbHbix, TOIIl, xmeGozaBomor, I'PII, GaHHO-
payevyHbIX KOMOMHATORB) C YYE€TOM IEPCIIEKTUBHOTO Pa3BUTHS HACEJICHHOTO MYHKTA.

2.1.6 I'mapaBanvecKnid pacyeT pacnpeaeIMTeIbHbIX FA30BbIX CeTeil HU3KOI0
AaBJICHUS

['mapaBiryeckuil pacyeT MHOTOKOJIBLIEBBIX CETEUW BKIIFOYACT TUAPABINYECKYIO
YBSI3KY KOJIEI] ¥ OIPEJCIICHUE JABJICHUNA B y3JIaX CETHM HA PACUETHOM PEKHUME ra-
30MOTPEOICHUS.

N3BecTHO, 4TO AJis1 ra30mpoBOAOB HU3KOIO JABJICHUS Mepenaj aBJICHUS
y4acTKa

AP, =a,0,", (2.12)

rie a,,— kod(GQHIHEHT THAPABIHYECKOr0 COPOTHBICHNS yIacTKa ITHHOM Ly .
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B pesynbraTte yBSI3KM CETH J0JKEH BBIMOJIHATHCS BTOpoi 3akoH Kupxroda ans
BCEX DJIEMEHTAPHBIX KOJIEL, 4 IMEHHO:

> Sqn-AP, =3 Sqn-a,0;" =0, (2.13)
k=1

x=1

rac nk — KOJIMYECTBO Y4aCTKOB KOJIbLIA.

3Hak cnaraemoro (2.13) nmpuHMMaercs MNOJOKHUTEIbHBIM IpPU COBHAJACHUU
HAIPaBJICHUS TEUCHHSI Ta3a HA y4acTKe C HaIpaBlieHuEM 00X0/1a KOHTypa KOJIbIa Io
4acOBOMW CTPEJNIKE, OTPULATENBHBIM — B IPOTUBOIIOJIOXKHOM CIIy4ae.

[Tocne nmpenBapuUTENBHOIO MOTOKOPACIIPEAEICHUS U BbIOOpA 1UaMeTpoB TpyO
BBITIOJIHAECTCS] MEPBBIA M OCTAE€TCS HEBBINOJIHEHHBIM BTOpOM 3akoH Kupxroga, to
€CTbh JUIsl KaXKJI0TO KOJIbLIA

g g
— _ § 1,75
k=1 k=1

rac JAV HEBA3KA I10 KOJIbIY, I1a.
I[JI?I BBIIIOJIHCHUA YCJIOBUA FI/II[paBHH‘{eCKOﬁ YBA3KHU KOJIbLA ITPU PYYHOM CUCTC

JIOMYCKAETCS OCTATOUHAS HEBSI3KA 110 KOJbiy OF) | He npeBbimatormast 10 %, To ecThb
2

AL x100% = £10%.

SP, =

s
k=1

(2.15)

AP, ,|

JIist yBSI3KM KOJIET] MCTOJIb3YyeTCs MpuOrmKeHHas: GopMyra, MOJydeHHAs Ha
ocHoBe dopmynbl JlobaueBa-Kpocca [1], mo3Bosstomas BEIUMCIUTh BEINYUHY KOH-

3
TypHOTO HomnpasodHoro pacxoaa AQ;, M [u:

AP
AQ, = nk-ny.g‘kApk ’ (2.16)
1,75 > |
k=1 rk

rac Ily_B. — YHCJIO YYACTKOB JAHHOI'O KOJIbLA, MIPUHAJICKAIUX CMCIKHBIM YBA3aHHBIM

KOJIbI1aM.
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MeTtoauka ruipaBIM4YecKOH YBA3KHU MHOTOKOJIbIEBOH
ra3oBoil ceTH HU3KOI0 AaBJICHHUS

1. Berumncisem KOJBHOCBLIC HCBA3KHU AJIA KaXXAO0I'0 KOJbIa APk )41 5Pk I10

dbopmynam (2.14), (2.15) mo pesyiabTatamM MOpeABapUTEILHOTO MOTOKOpPAC-
npenenenus. Konpua, 11 KOTOPBIX BBIIOJHSETCS ycinoBue (2.15), cunrarorcs yBs-
3aHHBIMH.

2. Jlnst HeyBsi3aHHBIX Koxer Boraucisiores AQ, mo dopmyie (2.16).

3. Jlisi YBSA3KM BBIOMPAEM KOJIBLIO C HAMOONBIIMM aGcomoTHbM 3HaueHneM AQ, .

BHocuMm mompaBKy B pacxojlbl yY4aCTKOB JaHHOTO KOJIbIA, 32 MCKIIFOUEHHUEM ydacT-
KOB, MIPUHAJICIKAIINX CMEKHBIM YBS3aHHBIM KOJbIIAM (JIJI1 ATHX y4acTKOB pacuer-
HBIN pacxojl He MEeHseTCsA ), 1o hopmylie

W =0y TAQ,, 2.17)

0
rje Qr(k) — pacyeTHBIN pacxo HyJIeBOro nmpuomxenus (tadm. 2.1, ct. 3 ), M * ;

M . o 3
.« — VICTIPABJICHHbII PacUeTHbI PacXosl yuacTKa HepBoro npuommKkenus, M- /4 .

[IpaBmiio 3uHakoB B (opmyne (2.17) cienmyromiee: eciu KOJbLieBas HEBS3Ka
AP, >0, T0o I y4aCTKOB KOJIbIIa C TCUECHHUEM II0 YACOBOM CTpEIIKE CTABUTCS 3HAK (-),

IIPOTHUB YacoBOii — 3HaK (+); ecmn AB, < 0, to g YYaCTKOB C TEYEHUEM IO YACOBOM

CTpEJIKE CTaBUTCS 3HAK (+), MPOTUB YaCOBOM CTPEJIKU — 3HAK (-).
4. OrmpenensieM NOTEPU JABJICHHUS YYaCTKOB KOJbLA ISl TOJYYEHHBIX pacxo-
O
0B, APrk,qb ,11a 10 hopmyne nepecuera
RLE

n _ (0) rk
APrk.(j) = APM, Q(O) ’ (2.18)

rk

(0) (0)
WIS APrk_qb — TOTepH JaBMeHHs yuacTka, cootserctsytompe O, (Tadi. 2.1, cr. 8), Ila.

5. BerarciisieM 3Hauenust OF), TaHHOTO M CMEXHBIX ¢ HUM Koderl. KobIia, s
KOTOPBIX BBINOJHAETCS ycioBue (2.15), cunTaroTcst yBsi3aHHBIMU.

6. ITepecuntsiBaem 3Hauenne AQ, 11s KoJel, CMEKHBIX C YBA3BIBAEMBIM, JUIA
KOTOPBIX HE BBINOJHsAETCS ycioBue (2.15), mo ¢hopmyie (2.16) u U3 Bcex HEyBs3aH-

HBIX KOJIEI] CETH BEIOMpAEM JIsl yBA3KH To, y Kotoporo AQ, mambonsmee 1mo a6co-

JIOTHOMY 3HAYEHHUIO.
7. IloBTOpsieM MpouUEeaypy YBS3KHA BRIOPAHHOTO KOJIblIA, HAUUHAS C IMyHKTa 3 U
TaK jajee, BIUIOTh J0 YBA3KHU MOCIEAHET0 KOJIbIa CETU. 3HAUCHUS OCTAaTOUYHbBIX HEBSI-

30K YBSI3aHHBIX KOJIEIT AP, u 5Pk 3aluCchIBalOTCS B cTOJONLI 13, 14 a okoOHUATEIb-

ubie Besmunasl O, u AP, — B cron6us 9, 11 (Tabmn. 2.1).
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Taomuma 2.1
Pe3ynbTaThl ruapaBIndecKoro pacuera pacipeaeauTe/IbHOM
CETU HU3KOTO JABJICHUS

Pesynbrar ruipaBInyecKon yBsA3KH

KOJIEI]

oy = )

- = e = o
5 = = S = o | X
< : g : = = <

. :-\ 5-1
E ; E = ~ = < E
3 i | > & | = | B
) =] X = X g 0] E = 8
) S = o= < s 3

= > 15) = % < o < S
= > - = 5 2= v 2 = i
s 2| g 5| E| §| 82| Be| B| B gl 3
g < 5 > = o 5 E == s oS s 2 2
5 = S o 2 = 0 & = 0 z 3 7 o = 2
S QO o = = C T Si s om an 15) cm) !
Sl gl = 2 2 Bl EE 2R B E|E | 2|2 g
> g, 3 = o | © 2 o E = = = 2 = =
= = & < =) =) = e g S < o
&l | 5| 8| ¢ | B EE g S | §2| | 2| B
S| £ 5| | 8| &| E2| Ez| BE| B | &< 2| 3| B
Tl 5| & & & 2| 68| 68| =| =2 |=2E 2| 8| =
—~ =)
1 2 3 4 5 6 7 8 9 10 11 12 | 13 | 14

2.1.7 Pacuer pacnpeaejuTeJbHBIX ra30BbIX ceTeil
cpeaHei (BBICOKO) CTYIIEHH AaBJICHUA

PacnpenenurenbHas ceTb cpeHEl (BBICOKOI) CTYNEHHU AABICHUS Yalle Bbl-
MOJTHAETCS HE3aKOJIBIIOBAHHON (TYIUKOBOH), K HEH MPUCOCIUHSIIOTCS COCPEAOTOUYCH-
HbI€ KpYMHbIE MOTPEOUTENN ra3a, kak Harpumep koreiabHbie (TOL]), mpomnpennpus-
tust, ['PI1 Oonee HU3KKUX CTyneHel aBieHus, OaHHO-TIpayedHble KOMOMHATHI, XJ1e00-
3aBOJIBI U T. [I., MOTPEOJIAIONINE a3 JAHHOTO AaBICHUS.

[Ipu TpaccupoBke ceTell cpeaHero (BbICOKOr0) JABJIEHMS CIENYyET PYKOBOI-
CTBOBATHCS YKazaHUsIMU [2, 1. 4.14], coryiacHO KOTOPbIM JOMYCKAETCA YKJIaJIKa ra3o-
MIPOBOJOB HU3KOTO U CPEIHETO (BHICOKOT'0) IABJICHUN B OJJHOM TpaHIIIEE.

Ornpenenenre pacyeTHBIX PacXxoJ0B YYaCTKOB CETH (pacyeT MOTOKOpacIpee-
nenus) npu ogHoM yizine nucanus (I'PC) mpousBomarcst myTem MOCIeI0BaTeIbHOTO
CYMMHUPOBAHHS PAacXO0JIOB MOTpeOUTENeH, MUTAIONIUXCS B KOHIIE ydacTKa. Tak Kak
yTeBasi COCTABIISAIONIAs PACX0/ia paBHA HYJIIO, TO, CIEI0BATEIbHO, PACUETHBIN pac-
XOJI 110 JUYIMHE y4acTKa HE MEHSETCA.

I'mapaBianyeckre NOoTepy JABICHUS yYaCTKA CETHU:

2 2
AF, =F" - F;, (2.19)
rac P,,,Pk— a0CoOIOTHOE OdAaBJICHUEC COOTBCTCTBCHHO B HAYAJIbHOM N KOHCYHOM (HO
HaIlpaBJICHUIO JBIKCHUS Ta3a) y3iax ydactka, Ml]a.
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2
I'uapaBiuueckuii yKIoH yyacTka cetr R, ,(MIla) / m | Ge3 yueTa MECTHBIX MO-
TEpb AABJICHMUS:
_P-F
CERT (2.20)
[Ipu w3BecTHOM JHaBieHMM B Hayajie ydacTka F., ucmonsdys ¢opmyinsr (2.19),

(2.20), mosiydyaeM BBIpRKEHHE ISl ONPEACIICHUS JaBJICHUS B KOHIIE YYacTKa,
P, MIla :

P =P -11R, [,. (2.21)

PaccMOTpuM METOIMKY pacyeTa HE3aKOJIbLOBAaHHON pacnpeleauTeIbHON CETH
cpeaHero (BBICOKOTO0) JIaBJICHHUS.

1. Ilpu u3BecTHOM W3 3aJaHus AaBjieHUU nepea ropojaom (nocie I'PC) npunu-
MaeM (1100 OepeM B COOTBETCTBHM C MCXOJHBIMU JAHHBIMH Ha MPOEKTUPOBAHUE)
JABJICHUS Ta3a nepes MoTpeOUTesIMU.

2. BpiOupaeM riaBHOE HaNpaBJIEHHE OT y3Jia MUTaHUSA 0 KOHEYHOro, Hanbo-
Jiee yAAJIEHHOIO y3Jla, U OINpeAessieM CPeIHMA THIPaBIMYECKUN YKIOH MO ATOMY
HaIpaBJICHUIO.

3. [locnenoBaTenbHO paccMaTpuBasi KaXI0H y4yacTOK BHIOPaHHOI'O HaIlpaBiie-
HUA 110 Gopmysie (2.21), BeIYUCIISIEM HEH3BECTHBIE JABJICHUS B y3lax. Pacuer Hauyu-
HAETCs C y4acTKa, HaYaJIbHBIM y3JIOM KOTOPOTO SIBJISIETCS y3€J MUTAHUS C 33JJaHHBIM
nasrnenueMm F, = P,.. HaganbHBIM y37I0M CIIEAYIOMIETO YYacTKA SBISIETCS KOHEYHBIH

y3€J1 MPEABIAYLIETO YYacTKa, 1aBICHUE B KOTOPOM YK€ OIPEIEITIEHO.

4. Tlocne onpenesieHUs 1aBICHUN MPU BBIYHUCICHHBIX PACUETHBIX PACXOAax
Y4acCTKOB BBIOMpaeM JAHAMETPhI TPYOOIIPOBOJIOB C MOMOIIBI0 HOMOTPaMMBbI MPUIIO-
KEHUsl JUIsl YAEIbHBIX TOTEPH Fa30MPOBOJOB CPEIHETO JABIICHHUS pacCMaTpUBAEMO-
ro y4acTka.

5. IlpoBomrM TOBEPOUHBIM PACUET, LIEIBKD KOTOPOTO SIBJISETCA YTOYHEHHUE
JABJICHUH B y3j1aX MPU BBIOPAHHBIX CTAHIAPTHBIX JUAMETpaxX TPYyO, OTINYAIONTUXCS
OT PacYETHBIX.

6. IlepecunThiBacM 3HaueHue L, y3ma npu HEU3MEHHOW (BBIYHCICHHOW W3

pacyeTa NpeplIyIIero y4acTka) BeIMYMHE Prqb o ¢popmyiie

Kp r.¢. rk.gh. * (222)

[TooOHbII TepecyeT MPOU3BOAUM JIJISl BCEX Y3JIOB CETH (MCKIIIOuas y3ei IH-
TaHUs), B TOM YUCJIE U JJI1 KOHEYHBIX Y3JI0B Mepe MOTPEOUTENIMHU.
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B ciydae, ecnu gaBneHue raza nepes NoTpeOuTeneM OKaKeTCsl 3a MpeeiaMu J10-
MyCTUMOT0, HE0OXOIUMO M3MEHUTh COOTBETCTBYIOIIMN TUAMETpP, B 4eM COOCTBEHHO U
COCTOMT T'MJIpaBIIMUECKasl yBsi3Ka pa3BeTBICHHON ceTy. Ha 3ToM rujpaBinyeckuii pacyer
CETH 3aKaH4YMBaeTCs. Pe3ybTaThl pacuera 3anuchIBatoTCcs B Ta0M. 2.2.

Tabnuua 2.2
Pe3ynbpTaThl rHapaBIMYeCcKOro pacueTa pacipeaeIUTeIILHON CETH
CpeIHero (BBICOKOT0) JABJICHHUS

AoOcoioT-
Pacuer- Cranpapt- I'mppasnu-

JmuHa N N HOE J1aBJIe- AOcoaroTHOE
Howme¢ HBIH pac- HbBIH aHa- YeCKHUe oTe-

y4acr- HHUE B Haya- JABJICHUE B
ydac XoJ MeTp pY JaBieHUs

Ka acTka acTka acTka e KOHILC y4acTka
Ka Ly,m g{ y C}lnl S Ay; M y4JacTka P, MIla
u Xi > M. )
rk > M H rk a R , MHa

1 2 3 4 5 6 7

2.1.8 Bbi0op 000pyn0BaHus CETEBOTO
PeryJsirTOpHoOro NyHKTAa

[Tocne pacyera ceTeil HU3KOM U cpeiHEN (BBICOKOI) CTYIIEHU JABJICHUS MOSIBIISA-
€TCsl BOBMOKHOCTh YTOUHEHUS TUIA PETYJISITOPHOTO MYHKTA, MUTAIOIIETO CETh HU3KOTO
JIABIICHUS, TIO BEJIMYMHE MPOITYCKHON CIIOCOOHOCTH PETYJISTOpa JaBJICHUS ra3a.

JI7ist peryasTOpHBIX MYHKTOB C TEXHOJIOTHUECKOW JIMHHEW Ha 0a3e peryssiTopoB
PI1-32M u P/I-50M mporyckras ciocoOHOCTb Q), , /4, OTpeesseTcs no GopMyam:
npu (£, /P, )<2

Qp = 3Q_£10 3\/(fo _Rs’blx)Riblx /IOF’ (2.23)

)>2

6blX

npu (P, /P

Qp = 15’4Q11P6x / Ioz b (224)

rne P, —abconroTHOE naBieHue rasa nepea peryiastopoM, MIla, koropoe npu6iiu-

JKCHHO MOJXHO IIPHUHATH PaBHBIM a6COJIIOTHOMy AAaBJICHUIO MEPEA pEryJIATOPHBIM

nyHKTOM (Ta0. 2.2);
P, — aOcomOTHOE JaBJICHHE Ta3a TMocie perynsaropa (MpUOIMKEHHO MOKHO

B8blX

IPUHSTH PAaBHBIM a0COJIOTHOMY JAaBlIeHUIO B y3ie nutanus nociue I'PIT), MITa;

P — IJIOTHOCTB Ta3a, KI/M>;

O, — nacnopTHas MPOIYCKHAs CIIOCOOHOCTH PETyJIATOpa, M>/4, IPUHUMAaEMas o
JTaHHBIM (Tabm. 2.3).
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JI71st peryasaTOpHBIX IMTYHKTOB C TEXHOJIOTHYECKOM JIMHUEH Ha 0a3e peryasTopoB
tuna PIYK u P/IbK:
1
Q,=1595f F.pa |—, (2.25)
Pr

rae f— mromans cemna knanana, cm> (tadm. 2.4);
a — ko3 durmert pacxonaa (tadi. 2.4);
@ — x0dpUIUEHT, 3aBUCIIINNA OT OTHOIICHUS Pyyx/Prx (puc. 2.1).

Tabmuma 2.3
TexHnYeCKHe JaHHbIE peryaaTopoB tuna PJ]
TexHuueckue PII-32M PII-50M
JAHHBIC
JlaMeTp KIAMAMHO- | 6 10 11 15 20 25
TO OTBEPCTHSL, MM
JlaBrenue i i 0,105- i i i 0,1-
1a Bxoze, Po, MITa 1,1-1,7 0,4-1,1 0.4 0,7-1,3 0,4-0,7 | 0,2-0,4 0.2
[TacniopTHas mpo-
MyCKHasl CII0C00- 4 7,8 12 30 51 78 100
HOCTb, Oy, M>/4

Tabmnura 2.4
Texuudeckue ganubie perynstopoB tuna PJIYK u PJIBK
PIYK2-50 PIYK2-100
PABKI=2> 1 pipK1-50 PJIBK1-100 PAYK2-200
[Tapamerpsl
Jlnamerp kinanasa, MM
20 35 50 70 105
IImomane cemia kianadna
(C y4eToM IIIOIIaIn MITO- 3,14 9,6 19,6 38,4 86,5
Ka), f, cM°
Koogduuuert 0,65 0,6 042 | 04 0,4
pacxona, @
PacuetHas mpornyckHasi cro-
COOHOCTh PEryJISATOPHOTO ITyHKTa 4.0.5
\
OJKHA OBITH OOJIbIIE HOMHUHAIB- 10,4
HOI1 HE MeHee, ueM Ha 15-20 %, T.¢. +0,3
0,2
0p-Opn> 15420 %. 10,1 A\ o

3necb (,n — HOMHMHaJIbHAs IpO- 00506 0,7 08 09 1.0

MyCKHAasi CIIOCOOHOCTh PETYISATOP-

Puc. 2.1. I'paduk 3aBUCUMOCTH
HOT'O ITYHKTA.

? or oTHOWIEHUS NABIEHUN Poy/Pox 115
MPUPOAHOTO Ta3a



Tumn u nmpomyckHast CltoCOOHOCThH (PMUIIBTPOB MOTYT OBITh OMPEIEIECHBI B COOTBET-
cTBUU ¢ pexkomeHmamusMu [1, paza. 8]. Ilpu pasmenieHun peryssiTOpHBIX IMYHKTOB
CJIIEYET PYKOBOJICTBOBATHCS pEKOMEHAAUMAMH [2, 11.11. 5.4-5.14].

2.2 O01mme moJI0KeHHsI MO BHINMOJTHEHUI0 KYPCOBO padoThI

KypcoBast paGoTta mpeamosiaraeT pacyeT pachpeneIuTeIbHbIX CHUCTEM Ta3o-
CHA0KEHUS HACEJIEHHOIO MMyHKTa U3 MOJUATUICHOBBIX TpyO. Ilo MHEHUIO pyKOBOIU-
TeJsI KypCOBOM pabOThI 3a7jaHKsI MOTYT BapbHpPOBAThCS B 3aBUCUMOCTH OT MPEIbSBIIS-
embIx TpeboBanuil. [IpomyckHas CmOCOOHOCTh MOJUATUICHOBBIX Ta30MPOBOIOB
JOJDKHA TPUHUMATHCS U3 YCIOBUI CO3/1aHUs P MAKCUMAIbHO JOIYCTHUMBIX HOTEPSIX
JaBJICHUs Ta3a HanOosee SKOHOMUYHOW U HAJeKHOW B KCIUTyaTallil CUCTEMBI, 0obec-
neuuBaromeii ycroituuBocts padotel ['PIT u razoperymsropusix ycranoBok (I'PY), a
TaK)Ke pabOoThl FOPEJIOK MOTPeOUTENEH B IOMYCTUMBIX AMAIa30Hax JaBJIeHUs ra3a.

Pacuer auamerpa ra3onpoBojia CleAyeT BBINOJIHATh, KaK MPaBUIIO, HA KOMIIbIO-
Tepe C ONTUMAJBHBIM PACHpPECIICHUEM PACUETHOM MOTEPH JAaBIICHUS MEXKAY y4dacTKa-
MU CETH.

[Ip1 HEBO3MOXXHOCTHU WJIM HELENECOOOPa3HOCTU BBIIOJHEHHS pacyeTa Ha KOM-
nbploTepe (OTCYTCTBHE COOTBETCTBYIOIICH MPOrPaMMBbI, OTNIEIbHbIE YYaCTKH Ta30Ipo-
BOJIOB, U T.II.) TUAPABIMYECKHI pacyeT AOMYCKAETCS MPOU3BOAUTH MO MPUBEICHHBIM
HIDKE (OpMYyIIaM WM 10 HOMOTPaMMaM.

PacuerHble cymmapHble IOTEPH AABJIEHUS raza B ra3onpoBOJIaX HU3KOIO JIaBjie-
HUs (OT KCTOYHMKA Ta30CHAOKEHUS 0 HanOoJiee yIaIeHHOTO Mpruoopa) CleayeT Mpu-
HuMath He Ooznee 180 malla, B ToM wuclie B pacmpenenuTeNbHbIX Tra30mpoBOAax
120malla, B razonpoBoaax-BBOAAX U BHYTPEHHUX razomnpoBogax — 60 galla.

[Tanenue naBaeHUs HA y4aCTKE Ta30BOM CETH CIEIYET ONPEACIATh:

- JUIS CETEH CPEeJTHEro M BHICOKOTO JaBJieHUH Mo GhopMyJie

p 2 ~ 2
PHZ—sz = Ozigg ,00121,268710 41Q—2pol , (2.26)
81z~ d d
rne Py - abcontoTHOe naBieHue B Havasie razonpoBoa, MIla;
Pk - aGcomnroTHOE MaBiieHne B KOHIIE razonpoBoaa, MI1a;
Py=0,101325MlI]a;
A - K03(pPHUIIMEHT TUAPABIUYECKOTO TPEHUS;
[ - pacueTHas JUIMHA Ta300pOBOJIA IOCTOSHHOIO AUAMETPA, M;
d- BHyTpEeHHHMIT JUaMETpP ra30npoBOJIa, CM;
Po -IUIOTHOCTH I'a3a IIPY HOPMAJIBHBIX YCIOBHSX, KI/M";
Q, - pacxo raza, M>/d, Ip¥ HOPMAIIbHBIX YCIOBHSX;
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— JIJIs CeTeH HU3KOTO JIaBJIeHUS 110 (hopMyJie

Q2
pol = 626,ud—2 pol . (2.27)

6 2
P, —P, - 10 2/1Q(5)
1627 d
rae Py - maBnenue B Hayase ra3onpoBoja, [1a;
P« - maBnmeHue B KoHIIE TazonpoBoa, Ila;
A, L d, po, Qo - 0603HAUEHUS TE K€, UTO U B popmyrie (2.26).
Kosdpduument ruapaBaudeckoro TpeHHUS A CIEAYeT ONpPENeisiTh B 3aBUCH-

MOCTH OT pCKUMa ABMXKCHUS rada 110 ra3ornpoBOaAYy, XapaKTCPpU3yEMOIro 4MCJIOM Peti-
HOJIbACA:

Re :9Q—0 _0,035420 (2.28)

v dv ~

rJie V - KOO(POUIMEHT KNHEMATUYECKOM BA3KOCTH Ta3a, M%/C, PU HOPMATBHBIX YCIOBHSAX,
Q,, d - 0603HaYeHuS Te Ke, uTo U B popmyie (2.26).

Re(§><23 , (2.29)

rae Re - yucio PeiHonbaca;
n - SKBUBAJIECHTHAas1 a0COJIIOTHAS 1IEPOXOBATOCTh BHYTPEHHEW MOBEPXHOCTH CTEH-
K1 TpyObl, MpUHUMaeMas paBHOM U1 HOBbIX cTayibHbIX - 0,01 cM , 175 ObIBIIMX B
AKCIUTyaTaluu CcTanbHbIX - 0,1 cM, ISl MOJUATUIIEHOBBIX HE3aBUCUMO OT BPEMEHHU
skcrryatauuu - 0,0007cm.;
d - o6o3HaveHus Te xe, 9To u B hopmyie (2.26).
B 3aBucuMocTH oT 3HadeHus1 Re KoappHUIHUEeHT ruapaBIndecKoro TpeHus A, cie-
IIYeT OIPEEeIISATh:
- ISl JaMUHAPHOTO pexxumMa ABMKeHus raza Re <2000

A= ﬁ;
Re
(2.30)
- JUIsl KpUTUYECKOTO peknma JiBrkeHus raza Re = 2000-4000:
2=0,0025 Re"333;
(2.31)
- pu 4000 <Re< 100000 o popmyiie
0,3164
A=—""" .
R e0,25 >
(2.32)
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- npu Re>100000:

1

A= 2.33
1,2811gRe—1,64)° (233)
- JUISI IIEpOXOBaThIX cTeHOK npu Re>4000
A=011(—+—)""", 2.34
(d Re) ( )

r7ie n - 0003HaUEHUS TO XKe uTo U B hopmyiie (2.29);
d - o6o3HavYeHus To ke, uTo U B hopmyrie (2.26).

PacueTHbIil pacxoj raza Ha y4acTKax paclpeleTUTEIbHBIX HAPYKHBIX Ta30-
MPOBOJIOB HU3KOTO JIABJICHUS, UMEIONINX MYTEBbIE PACXOJIbI Ta3a, CICAYeT Ompee-
JSITh, KaK CyMMY TpaH3uTHOTO U 0,5 myTeBOro pacxoja.

[Tanenue naBieHUss B MECTHBIX CONMPOTHUBICHUSX (KOJIEHA, TPOMHUKHU, 3amop-
Hasg apMmaTrypa U JIp.) JONYCKAeTCd YUYUTHIBATh MYy TEM YBEIUYEHUS (PaKTUUECKOM
JUTMHBI TazonpoBojaa Ha 5-10%.

[Ipu BBINOJIHEHUH TUAPABIMYECKOTO pacuera ra3zonpoBOJOB MPUBEIECHHBIM I10
dbopmynam (2.26)-(2.34), a TaxKe MO Pa3IMUYHBIM METOJAMKAM W IIporpammam st
AJIEKTPOHHO-BBIYMCIUTEIBHBIX MAIllMH, COCTABJICHHBIM HA OCHOBE A3TUX (POpMYI,
pacyeTHBIM BHYTPEHHHI AMAMETp Ta30MpOBOAA CIEAYET MPEABAPUTEIHHO OIpee-
JSTH 110 (hopMmyIie

m

p APyO ’

(2.35)

rie dp - pacueTHBIN IUaAMETP, CM;

koaddurmenter A, B, m, m1 onpeaensrorcs mo tabnumam 2.5 u 2.6 B 3aBUCUMO-
CTH OT KaTeropuu ceTH (110 JaBJICHHUIO) U MaTepHalia ra3orpoBo/ia;

Qo - pacUETHBIN PacXoJ ra3a, M>/4. IIPU HOPMAJILHBIX YCIOBUSIX;

APy, -ynenvHble oTepu naBnenus, (I1a/m - nist cereit Huzkoro nasnenust, MIla/m -
JUTSL CETEH CPETHETO M BRICOKOTO JIABJICHUS) OIIpeieNsieMble 10 (hopMyJie

AP()on
APy = —1,1 IR (2.36)

r1ie AP on -nomyctumMeie notepu nasiens, (Ia - s cereit Huzkoro gasnenus, MIla/m -
JUTSL CETEM CPeHET0 U BHICOKOTO JaBJICHHUS );
L - paccrosinne 1o camon ynaJ€HHOM TOUYKH, M.
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Tabmua 2.5

Kareropus cetn A
CeTH HU3KOTO J1aBIECHUS 1081627 =626
Cetu cpeiHEro 1 BBICOKOT'O JIaBJICHUS Po/(P: 162n2) ; Po=0,101325MI a,
P; - cpennee napnenue raza (abcomotHoe) B cetr, MI1a;

Tabmuma 2.6
Marepuan B m ml
cTajiab 0,022 2 5
0,3164(97tv)*?° =0,0446 ,
HOJIUATUIICH V - KHHEMATUYECKAs BA3KOCTh ra3a IIpu 1,75 4,75
HOPMAJIGHBIX YCIOBHAX

BryTpenHunii quameTp ra3onpoBoja CiIeayeT IPUHUMATh U3 CTaHAAPTHOIO Psiia
BHYTPEHHHX JUAMETPOB TPYOONPOBOIOB ONMKaMIIUK OONBIINN - 7S CTaJIbHBIX Ta-
30MPOBOJIOB U MEHBIINH - 1715l HOJTUITUIICHOBBIX.

2.2.1 Ilpumep pacuyera TYNIMKOBOI ra3opacnpeaeuTe/IbHON ceTH

[IpuBeneM npuMep OIHOTO W3 BapUAHTOB pacyeTa TYNMHKOBOW ra3opacIpeieiy-
TEIBHOM ceTh. PacueTr BBINOMHSAETCA KaK BPYYHYHO, Tak M1 HAa D9BM ¢ moMouipto mpo-
rpamMmmbl «PACI'A3». B kauecTBe MCXOIHBIX JAHHBIX MCHOJIB3YETCS CTPYKTypa CETH,
pacueTHbIM pacxoj raza Ha CeTh, JUIMHBI YYacTKOB, KaTeropusi AaBiieHUs (puc. 2.2).
@opMyJIbl THAPABIMYECKOTO pacyeTa ra3ornpoBOIOB MPUBEACHBI BBIILE U B METOIUYE-
CKMX yKa3aHMAX 10 pacyeTy razopacrpenenurenbion cetu [13].

WP &
140
6 340 - = 440 9
220
320 3 440
4 - = *5

Puc. 2.2. TynukoBas razopacrpeenuTenbHas CeTb.

1. PacuetHslil pacxoj rasa Ha ceTb HU3KOTO JaBiaeHust Qupn=1377,4 HM /9

2. OnpeneneHue yaenbHOro myTeBoro pacxoaa
q=0,,,/>.L=1377,4/1900=0,725 um’/4-m

3. OnpenesieHre MyTeBbIX PACX0JI0B YU4ACTKOB
Qu12=0,725-140=101,5 am*/a;  Qu2.6=0,725-340=246.5 am>/u
Qu2.7=0,725-440=319,0 am’*/a ;  Qu2-3=0,725-220=159,5 um>/4
Q134=0,725-320=232,0 am*/a;  Qu3.5=0,725-440=319,0 am>/u
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4. OnpeneneHue TPaH3UTHBIX PACXO/I0B YYACTKOB
Qup3-4=0 BMY/4;  Qupss=0 M /a5  Qup23= Quss7Qusa =232+319=551,0 am>/a
Qup2-6=0 BM*/4;  Qupo7=0HM>/u;
QTpl_zz QTp2—3+QH2—3+QH2—7+QH2-6 =551 ,O+1 59,5+246,5+3 1 9,0:1276 HM3/‘I
5. Onpenenenre pacyeTHbIX PacXoA0B y4aCTKOB
Qp34=0,5-232,0=116 um*/4;  Qqp35=0,5-319,0=159,5 um*/u
Qp2_3: O,SQH2_3+QTp2_3 :O,S : 159,5"‘55 1 ,0:630,75 HM3/‘I
Qp26=0,5-246,5=123,25 um’*/u;  Qu27=0,5-319=159,5 um*/u
Qp1_2: O,SQH1_2+QT—p1_2:0,5'101,5+1276:1326,75 HM /4
Iposepka: Qp1-2TQys= Quipn
1326,75+0,5-101,5=1377,5 um*/u
0=(1377,5-1377,4)/1377,5-100%=0,0007%
6. Onpenenenre rupaBInYECKOro yKJIOHa
R!-23-5=1080/(140+220+440)=1,35 I1a/m
R'>6=(1080-1,35-140)/340=2,62 Tla/m
R'">7=(1080-1,35-140)/440=2,025 Tla/m
R!2-34=[1080-1,35-(140+220)]/320=1,856 ITa/m
ITo pacueTHBIM pacxojaM Ha ydacTKaX U FMAPABIMYECKMM YKIOHAM OIpee-
JSIEM CTAHJAPTHBIE JTUAMETPbl YYAaCTKOB CETH C HCIIOJIB30BAHHEM HOMOIPAaMMBbI (B
JAHHOM CJIy4ae HU3KOro JaBieHus). Jlanee yrounseM (pakTHUYECKUe TUApaBInYeCKUe
YKJIOHBI B COOTBETCTBHH C BHIOPAHHBIMH CTaHAAPTHBIMU TUAMETpaMu (TIPUBEICHbI B
coptamente Ha 13 TpyOsI).
7. OnpeneneHue NoTeph AaBJICHUS HA y4acTKaxX CETH:
Ap3.s=1,35-440=594 Ila; Ap,.5=1,35-220=297 Ila; Ap,,=1,35-140=189 Ila
Ap2.6=2,62-340=890,8 Ila; Ap,.7=2,025-440=891 Ila; Aps.4«=1,856-320=594 Ila
8. OnpeneneHre NaBiIeHUI B KOHEYHBIX TOUKAX Y4aCTKOB:
Px1-2=3000-189=2811 Ila; pk,3=2811-297=2514 Ila; pk3.s=2514-594=1920 Ila
Pr2-6=2811-890,8=1920,2 I1a; pi-7=2811-891=1920 Ila; p.3.4=2514-594=1920 I1a

B pe3ynbrate pacdera npu noMoiyd HoMorpamm [2] ObUTH Mo100paHbl TUAMETPHI
Ha y4acTKax razopacrpeaeanuTebHol ceTu. Pe3ynbrarsl pacuera cM. Tad. 2.7.

TabOmura 2.7

Pe3ynbpTaThl rupaBIMueCcKOro pacyeTa ra3opacipeiesiuTeIbHON CeTH HU3KOTO
JIABJICHHS C TTIOMOIIIBIO PYYHOT'O M MAITMHHOTO CUEeTA.

Jnn- CII 42-
Ne 7o Qm, | Qmp, | Qp, R, Ap, Prs 101-2003 | HOMOTp.
y. " Ma | Ma | MY/a | Tam | Tla Ila | d dnonusT

1-2| 140 |101,5] 1276 | 1326,8 | 1,35 | 189 | 2811 | 273 | 225 225
2-3 | 220 | 159,5| 551 | 630,75 | 1,35 | 297 | 2514 | 194 | 180 160

3-5| 440 319 0 159,5 | 1,35 | 594 1920 | 89 | 90 75
2-6 | 340 |246,5| 0 123,25 | 2,62 | 890,8 | 1920,2 | 76 | 75 60
2-7 ] 440 319 0 159,5 | 2,03 | 891 1920 | 89 | 90 75
34| 320 232 0 116,0 | 1,86 | 594 1920 | 89 | 90 75
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