1. COCTAB PEHTAEMBIX 3AIAY. HNCXOJHASA
NHPOPMAILIUA.

Ilenp HacrosilIEro KypcoBOTO MpoeKkTa Mo aucuuiuinHe «lcrnonb3oBaHue BOJHON
SHEPruM» — O3HAKOMJIEHHE CTYIEHTOB C OCHOBHBIMU IOJOXEHUSIMH COBPEMEHHOM
METO/JMKH MPOEKTUPOBAHUS TEXHOJIOIMUYECKON 4YacTH THJPOIIEKTPOCTAHLMHA B YCIOBHUSIX,
MaKCUMAaJIbHO TMPHUOJIMKEHHBIX K peasbHbIM. OCHOBHas OCOOCHHOCTH PEalbHBIX YCIOBUH
MIPOEKTUPOBAHUS COCTOHUT B HE0OX0oauMOoCTH ydera pabotel ' DC B ABYX OOJBIINX CHCTEMAX:
SHEPreTUYECKON U BOJIOXO3AMCTBEHHOM, KaX/1as U3 KOTOPBIX MPEACTaBIIsAET COOON CIIOKHBIM
KOMIUIEKC TMPOU3BOJUTENICH W TMOTpeOUTeneld OmpeneeHHOW MPOIYKIIMU Il HapOJIHOTO
XO35HCTBa.

3amaua B o0mieM Bujae GOPMYITHPYETCS CIEAYIONUM 00pa3oM: 00OCHOBATh B 3a/IaHHOM
CTBOpPE peKu napameTpsl npoektupyemoir I'9C, B 4aCTHOCTH yCTaHOBJIEHHYIO MOIIHOCThH U
CPETHEMHOTOJIETHIOIO BBIPAaOOTKY, NpeIHa3HAYeHHYIO Uil paboTel B OOBEIUMHEHHOMN
SHEPreTUYecKOi cucTeMe ¢ yderoM TpeOoBaHMI Bojoxo3sicTBeHHOro kommiekca (BXK).
CocraB 3ajmay, MX JeTalu3alus W IMOCIEAOBATEIbHOCTh PEIICHHs] OINpPEAEsSIOTCS KOH-
KpPETHBIM LIE€JI€BbIM HAa3HAYEHHEM MPOEKTUPYEMOTO THIPOY3Jia U 3aBUCST IVIABHBIM 00pa3oM
oT TpeboBaHui BojomoTpedurTenerd, cymectBytommx [DC Ha peke, XapakTtepa
MEPCIIEKTUBHBIX TpapUKOB HArpy3KHU, CTPYKTYpbl T€HEPUPYIOLUIUX MOIIHOCTEH, a Takxke
MECTHBIX YCIIOBHUH.

JlaHHBII KypCOBOM MPOEKT JUIsl CYHIECTBYIOLIEN CXEMBI UCIIOIb30BAHUSI BOJIHBIX PECYPCOB
M3BECTHOTO OacceiiHa peKH, BHIOpAHHOTO CTBOpa THAPOY3Ja W TMpUHATOW oTMeTkn HITY
MIPEANOJIaracT peleHNe CASAYIOMNX 3a0a4:

- Ui 3aJaHHOTO psAa HaOMIOAEHUH 3a (aKTUUYECKHMM pPacXoJOM BOJbI B CTBOpE
npoektupyeMoir ['DC u 3amaHHON 00ECTIEYEHHOCTH CTOKA BBIOPATh pacueTHBbIC TUAPOTpadbI
MaJjOBOJHOIO M CPEIHEBOAHOTO roja, a MpU HEOOXOJMMOCTH - U PacUyETHBbIN ruaporpad
MHOT'OBOJIHOTO TOJ1a;

- OIpEeNEeNuTh NOTEPU BOJBI U3 BOJIOXPAHUIINIIA;

- paccuMTaTh M MOCTPOUTH XapaKTEPHbIE CYTOYHBIE U TOJIOBbIe TpadUKU HATPy3KU
ANIEKTPOTNIOTPEOICHHUST SHEPrOCUCTEMbl Ha IEPCHEKTHBHBIM YPOBEHb Pa3BUTHUS HAPOTHOTO
XO03SICTBA;

- ONpEAEIUTb  BBITECHAIOIIYIO, PE3€PBHYO M  YCTAaHOBJICHHYH0  MOLIHOCTH
npoektupyemoit ['9C;
- COCTaBUTh OaJaHC MOIIHOCTH 3HEPrOCUCTEMBI C YUETOM KalUTaJIbHOTO PEMOHTa
000pyZ0BaHUs AJISl PACUETHOTO MAJIOBOJAHOTO U CPEJHEBOHOTO I0/1a;
- BbIOpaTh THUII U MapaMeTpbl T'MJPOIHEPreTHUECKOro OO0OPYJOBAHUS MPOEKTUPYEMOI
I'SC Ha 6a3e TeXHUKO-3KOHOMUYECKOTO 000CHOBaHUS;
- paccuMTaTh U MOCTPOUTH YHEPreTHUUECKHUE XapaKTepUCTHKU ruapoarperara u ['OC B
LIEJIOM.
IIpu BBINOJIHEHNU KypCOBOTO NPOEKTA UCXOIHBIMU JAHHBIMU CIIY’KaT:
1o cTBOpy npoexkrupyemoii I'C
- THJPOJIOTMYECKHH Psii pacXoJ0B BOJbI 32 IEPUO/]] HAOIIOAECHUH;
- MOTEpH BOJbI M3 BOJOXPAHWIIMINA Ha JOMOJHUTEIbHOE HCIApeHHe, JIbJ000pa3oBaHue,
(GWIBTPALIMIO U [IUTI030BAHUE;
- Tomorpaguyueckiue XapakTepUCTHKH BOJOXpaHWINIIA (KPUBbIE 3aBUCUMOCTHU IUIOIIAIN
BOJHOTO CEYEHUsS U 00beMa CTOKA OT YPOBHS BOJIBI);
- OTMETKa HopMaJibHOro nozmnopHoro yposus (HITY);
- KpHBas 3aBUCUMOCTH DPacxojia OT YPOBHsS BOJbI B CTBOpPE THMApOY3Ja Ul Iepuoja
OTKPBITOTO pyclia ¥ MOMPABOYHBIN KO3()(UIIMEHT A1 3MMHUX YCIIOBHIA,
110 JHeprocucreme



paiioH, B KOTOPOM PAacCIIOJI0KEHA YIHEPrOCHCTEMA;
rO/I0BOM MakCHMyM Harpysku P sHeprocucremsi;
YHCII0 YaCOB UCIIOJIB30BAHMUS FO0BOTO MakCuMyMma Harpys3ku Te;

YKPYIIHEHHAs! CTPYKTypa TIEHEPUPYIOIIMX MOIIHOCTEW TEIIOBBIX JJIEKTPOCTAHLUMN C

yKa3aHHEM MPOLEHTHOTO COOTHOIICHUSI 000PYAOBaHUs OJIOYHOTO U C MOTIEPEUYHBIMU CBSI3SIMU;

YCTaHOBJIEHHAsI U FapaHTUPOBaHHAs MOLTHOCTH cyuiecTByromux ['9C.

ITo BXK nnst HuxuHero 0bea 'DC TpeboBaHus 3a1a10TCsl B BUJIE TIOMTYCKOB:

CaHUTApPHBIX (U1 NOJAEpKaHUsSI HOPMAaJIbHBIX CAHUTAPHBIX YCIOBUH);
TPAHCIIOPTHBIX (AJ1s NOJepKAHUS TapAaHTUPOBAHHBIX TNIyOUH B IIEPUO]I HABUTALlUN);
PBHIOOXO3SIICTBEHHBIX (111 CO3aHUS YCIIOBUH Pa3BHTHUS PHIOHOTO XO3AHCTBA);
UPPUTAIMOHHBIX (11 3a00pa BOJbI B KaHAJIbl HA OPOILIEHUE CENIbCKOXO3SIICTBEHHBIX

3eMeb).

Hcxoanbie JaHHBIE:
Ilo ctBOPY mpoektupyemoii ['DC:

I'uaposornyeckuii psiI pacxoI0B BObI 3a meproa 1966—1987 rr. (tabmn.l);
Tomorpaguyeckue  XapaKTEPUCTHUKHA  BOJAOXpaHWIHINA (KPUBBIC 3aBHCHMOCTH
TIONIA/IN 3epKajia BOJIOXPAHMIIUINA U 00BbeMa CTOKa OT YPOBHS BOJIbI (prcl u puc.2);
KpuBas 3aBUCMMOCTH pacxojia OT YPOBHS BOJBI B CTBOPE THAPOY3Ja JJIs NEpHOAA
OTKpHBITOTO pycina (puc.3) u kodddurment as 3umManx yenosuit Kz = 0,6;

OtMeTka HOpManpHOTO noAropHoro yposHs HITY = 225 wm;

Becenne—nernuii nepuoa: V — X; ocenne—3umunii nepuoa: Xl — 1V,

Jlst amoxHero Obeda ['DC TpeboBaHuMs 3a1at0TCS B BUJIE TIOMTYCKOB:

- carnTapHBIX Q. = 200 M>/c (KPYrIoroaidHo);

- TpaHCIIOPTHEIX Q: = 340 M%/c (B mepo HaBuTayy ¢ V 1o X MecsIbI).

IoTepu Boxs! Ha ucnaperne AQ,= 4 m°/c,

[oTepu Boas! Ha punsTpammmo AQy= 0,5 M°/c,

[Totepu Haropa B BOJOTOABOIAIINX COOpYKeHHIX Ah=0,5M.

Ilo sHEprocucreme:

Oueprocuctema JlanmpHero Boctoka, TumoBoi rpaduk mis mupoTel «LleHTp»;
['omoBo#t MakcMMyM Harpysku 3HeprocucteMsl P = 12000 MBT;

Yucno 4acoB UCIOIB30BaHUs TOJOBOTO MakcuMyMa Harpy3ku Te = 5500 u;
YKpyIlHeHHasi CTPYKTypa T€HEPHUPYIOIIMX MOIIHOCTEH TEIUIOBBIX 3JEKTPOCTAHIUM,
3amanHas B Buze: 50% Oxaounoro o6opynoBanus u 50 % c monepeyHbIMH CBS3SMU;

YcraHoBEHHAas M rapaHTHpOBaHHas MoOIIHOCTH cymecTByoomux ['9C B rogoBom
6anance momHocTel: Nyer = 1277 MBT, Npap®™® = 606 MBT,Nap™™ = 495 MBT;

ABapuiiHblii pe3epB cocTaBiseT 8% paboyeil MOIIHOCTH, Harpy304HbIil — 2%;
Pa6ouue momHoctu cymectyromux ['OC.



CpenHeMecsuHbIe U CPETHEr0I0BBIE pacxo bl Boasl (M3/c) B ctBope I'IC

Tabmauua 1

TI'oawl v V VI VII | VIII IX X Xl Xl I 1 | Qcp.r.
66-67| 56,1 | 1162 | 1099 | 1423 | 1068 | 821 | 267 | 954 | 34,3 | 10,7 | 6,27 | 5,92 | 504
67- 68 167 | 994 | 1068 | 434 | 2062 | 1371 | 319 | 81,5 | 33,9 19 105 | 9,6 547
68-69| 231 | 1329 | 1246 | 762 | 227 | 289 | 324 | 654 | 329 | 16,9 | 891 | 7,72 | 378

1969- 70 75,5 | 688 | 1601 | 1769 | 432 | 1811 | 293 | 111 | 48,8 | 18,6 | 10,8 | 9,03 | 572
70-71| 315 | 1685 | 1486 | 672 | 849 | 1989 | 581 | 113 | 56,1 | 22,8 | 15,2 | 12,7 | 650
71-72) 121 | 1277 | 544 | 1685 | 1476 | 812 | 233 | 78,7 | 36,6 14 8,57 | 7,91 | 524
72-73| 330 | 1012 | 1170 | 4333 | 1675 | 1350 | 552 | 112 | 52,2 | 23,3 | 149 | 11,4 | 886
73-74] 45,4 | 1654 | 821 | 1371 | 1497 | 417 | 209 | 48,3 | 22,8 | 13,7 | 8,25 | 7,58 | 510
74- 75| 87,8 | 986 | 1287 | 595 | 968 | 862 | 406 | 100 | 44,6 | 18,7 | 12,5 | 10,2 | 448
75- 76| 237 | 448 | 835 | 1057 | 1968 | 1329 | 734 | 136 | 735 | 31,4 | 13,7 | 12,8 | 573
76- 77| 96,7 | 1089 | 1277 | 1654 | 678 | 803 | 282 | 107 | 35,2 | 159 | 9,88 | 6,91 | 505
77-78 80 | 1183 | 807 | 2313 | 996 | 1622 | 416 | 105 | 62,6 | 28,6 | 16,5 11 637
78-79| 285 | 1204 | 839 | 798 | 915 | 1612 | 581 | 121 | 61,4 | 31,1 | 18,3 | 13,3 | 540

1979-80( 74,9 | 1350 | 547 | 568 | 1601 | 1957 | 444 | 101 | 76,7 | 49,6 | 28,9 | 21,1 | 568
80-81| 153 | 1874 | 2146 | 716 | 295 | 384 | 226 | 62,5 | 43,9 | 23,4 | 11,3 | 8,38 | 495
81-82| 116 | 788 | 659 | 1246 | 864 | 860 | 407 | 107 | 59,2 | 28,2 | 13,1 | 8,11 | 430
82-83| 211 | 1298 | 632 | 1287 | 3234 | 2114 | 625 | 160 | 113 | 58,1 | 27,8 | 22 815
83-84| 311 | 1800 | 889 | 1068 | 1570 | 1685 | 531 | 116 | 73,2 | 43,2 | 31,4 | 20,8 | 678
84-85| 248 | 652 | 631 | 1078 | 3234 | 814 | 357 | 85,4 | 53,6 | 16,6 | 6,89 | 6,58 | 599
85-86| 481 | 1570 | 1685 | 1099 | 1580 | 1023 | 412 | 110 | 31,1 | 8,28 | 4,53 | 4,52 | 667
86-87] 19,6 | 770 | 604 | 382 | 1685 | 340 | 116 | 28,1 18 244 | 13,1 | 10,6 | 334

TaOmuua 2
Paboune momaocTH cymectByronux ['9C
Mecsb X Xl Xl | 1 i v Vv VI VIl | VIII | IX
Npa6 1167 | 1167 | 1167 | 1167 | 1125 | 1128 | 1131 | 1139 1147 | 1156 | 1167 | 1167

2. BBIBOP PACYETHBIX TI'HMAPOI'PA®OB MAJIOBOJHOI'O H
CPEJHEBOJHOI'O I'OJA MPU 3AJIAHHOM OBECHEYEHHOCTH

CTOKA

[ToapobHO MeToaMKa BBIOOpa pacueTHbIX TuaporpadoB usnoxena B [1]. B coorBercTBUM
C DTOM METOJMKOM IenecooOpa3HO pa3lenuTh TOJ Ha JBa OCHOBHBIX MEpHOAA:
MHOTOBOJIHBII (TIOJIOBOJbE) U MAaJOBOJHBIA (MeXeHb). B mepBoM MpUOTMKEHUH MOXKHO
CUUTATh, YTO K MEPHUOAY MOJIOBOJIbS OTHOCATCS MECSIIbI, B KOTOPbIE PACXOAbl OOJBIIE WM
pPaBHBI CPEJHETr0JIOBOMY pacxonay. Torna ocTanbHblE MECALbl COCTAaBSIT MaJOBOJHBIN Te-
puoa. C 1enpio OONbIIeH JeTanu3alud MEXCE30HHOTO paclpeieieHusl OJUH U3 TEPUOIOB,
HaumOoJee CIOXKHBIM AN pelieHus 3afad THAPOIHEPTETHKH, MOXKHO Ppas/IeuTh B CBOIO
ouepenb Ha JBa ce3oHa. Bcero B romy mo meronuke [1] momkHO ObITH He Ooyee Tpex

CC30HOB.
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W3 nByx mnepuomoB BbIOMpaeTCss JMMUTHUPYIOLIUH, T. €. KPUTUYECKUH B OTHOILLIEHUU
WCIOJIb30BAHUS CTOKA JUIs SHepreTHkH. OOBIYHO TaKUM NEPUOJIOM SBIISETCS OCCHHE-3MMHUM.
BHyTpy IMMUTHpYIOIIErO MEpHOa HEOOXOAUMO BBIJIEIUTH JUMUTHPYIOLIUN CE30H, T. €. 3UMHMM.
B nepBoM npuOIMKEHNH MOKHO CYHTATh, YTO K JINMUTHPYIOLIEMY CE30HY OTHOCSITCS T€ MECSIIBI, B
KOTOPBIE pacxoibl HE IPEBBIIIAIOT CPEAHETO €ro 3HA4YEHHUs 3a JUMUTUpYyromuil nepuon. Cpoku
CE30HOB JIOJDKHBI OBITh €AMHBIMU JUIS BCEX JIET THIAPOJIOTUYECKOTO pAga C OKpPYIJIEHHEM JI0
MecAna.

[Ipo10IKUTENBHOCT MHOTOBOJIHOTO IE€PHOJIa BHIOMPAETCS TaK, YTOOBI B IMPUHATHIX IPaHHUIIAX
MOMENIaoch (PaKTUYECKOe IOJIOBOJbE 3a BCE TOJBI KaK ¢ HauboJjiee paHHUM CPOKOM €ro Ha-
CTYIUICHHUS, TaK U HanOOoJIee MO3THUM.

OnpenenuB rpaHuiibl CE30HOB, HEOOXOAMMO Ui BCEX JIET Psi/ia BHIYMCIUTh CPEHUE PAcXOdbl 3a
roj, JUMUTHPYIOIIMM CE30H M NEPHOJ] I0JIOBOAbSA. [l0 IOJNydeHHBIM pe3yapTaram CTPOSITCS
SMIUPUYECKUE KPUBBIE 00ECTIEYEHHOCTH 110 (hopMyJie

p(m) = —-100 (1)
n+1

rae M - TMOPSAIKOBBIM HOMEp WIEHA psAlla PacxoJoB (CPEIHETOJOBBIX, CPEIHENOJOBOIHBIX H
CPEIHUX 3a 3UMHHI CE30H), paH)KUPOBAHHOTO B YOBIBAIOIIEM MOPSIKE; N - 00IIee YUCIO WICHOB
psana.

Pacuernbie 3HaUeHMST 00ECTIEYEHHOCTH TSl BRLIOOPA MAJIOBOTHOTO M CPEAHEBOHOTO roja JI0J-
XKHBI OBITh 3a/aHbl. B KypcoBOM mpoekTe 3TH 3HaueHHs NpuHHUMaOT paBHbIMU 90 u 50%
COOTBETCTBEHHO.

st coOmrofieHus paBeHCTBA TOJOBOTO CTOKAa CyMME CTOKOB 3a OT/AEIbHBIE CE30HBI B [1]
PEKOMEHIyeTCsl TMPUHUMAaTh OJWHAKOBYIO OOCCIIEYeHHOCTh TOJIOBOTO CTOKAa M  CTOKa
JTUMUATHpYIOIIETO mepuoaa. [loaToMy mpu 3amaHHON pacdyeTHOW OO0OECIeYEeHHOCTH IO KPHUBOU
CPEIHETOJIOBBIX PACXOJI0B OINPEAETSIOTCS COOTBETCTBYIOUIMI pacueTHBIH rojx W ruaporpad.
[IpoBepsieTcsi BBINOJIHEHHE pPAaBEHCTBA OOECHEUEHHOCTEH TOJOBOTO CTOKAa M CTOKa JIMMH-
TUpYIOLIEro mnepuoda (WM ce30Ha). B ciydae HEBBINOJHEHHUS 3TOTO YCIOBHUS PACXOIbl BCEX
MeCSIIeB KaXKJI0T0 Tmepruoja (MM Ce30Ha) ToJia IOJDKHBI ObITh IPUBEJACHBI K 3aJaHHOM oOecreueH -
HOCTH CTOKa. [IpuOnmxeHHOe NpUBEJEHHE MOXKHO BBIMOJHATH C MOMOUIBI0 KO3(h(dulHeHTOB
KOPPEKIHH, MPEICTABISIIOMNX CO0OM OTHOIIEHHE pacxoja 3aJaHHOW 00eCHeYeHHOCTH JUIs
KaXKJI0T0 ce30Ha K (DaKTUYECKOMY €ro 3HAaYCHHUIO.

[Topsinox pacuera mpuHuMaeTcs cienyrouuii. [lo sMnupryeckuM KpUBBIM OOECIIEUeHHOCTH
CPEIHETOJIOBBIX, CPEIHEINOJIOBOJHBIX W CPEIHEMEKEHHBIX pacxoJOB BbIOMpAaeTCs TOJ C
00ecreueHHOCThIO PACX0I0B, paBHOM WK Onu3koit 50%.

BriOpaB OKOHYATENBHO pacyeTHbIE THAPOrpadbl CPeIHEBOJHOIO M MAaJIOBOJHOTO TOa,
HEO0OXO0IMMO YTOYHHUTH F0JI0BOM CTOK.

IIpumep BHIOOpa pacyeTHBIX T'HAPOrpadoB MaJIOBOJAHOIO U CPEIHEBOAHOr0 roaa NMpu
3a/1aHHOIi 00ecTeYeHHOCTH CTOKA.
B cootBercTBUM C METOAMKOW BhIOOpa pacyeTHBIX TuaporpadoB (METOJ peanbHOro roja)

1enecooOpa3Ho pa3fenuTh TOJl HAa JIBa OCHOBHBIX IE€PHOJA: MHOTOBOJHBIN (IIOJIOBOJBE) U
MajoBOAHBIA (MexeHb). CunMTaeM, 4TO K MEPUOIY TOJIOBOJbS OTHOCSTCS MECSIIbl, B KOTOpPHIE
pacxojbl OoJibllie WM paBHBI cpefHerogoBomy pacxoay (Qni>Qr). Torma ocTanbHbIe MECSIIBI
coctaBiT ManoBoAHbIN nepro] (Qui<Qrt) (cMm.Tabm.3). g Bcex JeT 3aJaHHOTO psiia TPUHUMAEM
OJINHAKOBBIE MECSIIbl, OTHOCSIINECS K TMEePUOAYy MEXKEHHU U TMOJIOBOJbSA (K MEPUOIY IMOIOBOIbS
otHocsaTes V, VI, VII, VIII, IX mecsausr; k nepuony mexenu otHocsares X, XI, XILI, I, III, IV
Mecsibel). Hadano rosia cuntaem ¢ mepBoro Mecsiia mocie mojJoBOAbS .



Ta0muma 3.

m P,% | Qn, M/c | roms Qui, M°/c | TogBI Qui, M°/c | TOBI

1 48 |854 1971-72 | 1908 1971-72 | 188 1982-83
2 95 783 1981-82 | 1713 1981-82 | 157 1975-76
3 14,3 | 694 1982-83 | 1402 1982-83 | 152 1983-84
4 19,0 | 664 1984-85 | 1391 1984-85 | 144 1984-85
5 23,8 | 624 1969-70 | 1384 1976-77 | 132 1977-78
6 28,6 | 623 1983-84 | 1336 1969-70 | 132 1970-71
7 33,3 | 621 1976-77 | 1282 1983-84 | 129 1978-79
8 38,1 | 577 1978-79 | 1260 1968-69 | 125 1979-80
9 42,9 | 569 1968-69 | 1205 1978-79 | 119 1981-82
10 47,6 | 560 1970-71 | 1186 1966-67 | 118 1974-75
11 52,4 | 550 1975-76 | 1159 1970-71 | 116 1972-73
12 57,1 | 548 1972-73 | 1152 1972-73 | 115 1969-70
13 61,9 | 543 1966-67 | 1127 1974-75 | 101 1971-72
14 66,7 | 539 1974-75 | 1100 1975-76 | 101 1967-68
15 71,4 | 524 1977-78 | 1083 1979-80 |84 1985-86
16 76,2 | 524 1979-80 | 1074 1977-78 |84 1966-67
17 81,0 | 425 1973-74 | 940 1973-74 |77 1976-77
18 85,7 | 409 1980-81 | 883 1980-81 |76 1968-69
19 90,5 | 380 1967-68 | 771 1967-68 | 70 1980-81
20 95,2 | 364 1985-86 | 756 1985-86 | 57 1973-74

DOMIUPUYECKHE KPUBbIE 00eCTIeYeHHOCTH U1l CPETHUX PACXOI0B 3a TOJI, TOJIOBOIbE U MEKEHb
MpEJICTaBJICHBI HA PUC. 4 .
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PacueTHble 3HaueHHs] 0OECIEYEHHOCTH JUIsi BbIOOpA MAaJOBOJHOTO M CPEIHEBOJHOIO roja B
IpoeKTe NpuHUMaroTcs paBHBIMU 90 1 50% COOTBETCTBEHHO.

IIpu 3amaHHON pacdyeTHOW 00eCHEeUYeHHOCTH IO KPHUBOM CpPEIHETOJIOBBIX PACXOI0B
OTIPENIENIAIOTCS COOTBETCTBYIOIIMK pacdeTHBIN roj u ruaporpad. [lamee HeoOX0AUMO HPOBEPUTH
BBITIOJTHEHUE KPUTEPHUS OJMHAKOBOW 0OO0ECHEUYEHHOCTH BBIOPAHHOTO PACYETHOTO TOJa IO TpeM
KpUBBIM (T.€. Ha TpeX KPHUBBIX JOJDKEH (QUIypHpOBAaTh OJUMH M TOT ke roxa). IlomydeHHBIH
pacueTHBI roj SBISETCS OKOHYATENIbHBIM pE3yJIbTaTOM pacdera, U €ro peaibHbl Trujaporpad
JlaJiee MOXKET HCIIOJIb30BAThCS B JAJIBHEMIIMX pacderax. EciM Ha Tpex KpUBBIX IIPU 3a0aHHOU
00ECIIEYeHHOCTH OKAa3bIBAIOTCS pPa3HBIE TOJBI, TO B 3TOM Ciydae HEOOXOJMMO BBIOJIHUTH
IIPUBEJICHUE PACYETHOIO IOJia K 3aJaHHON 00€CIIEUeHHOCTH.

Bribupaem pacuetHsiii cpeaneBoansbiit rog (P=50%).

Jlnist 3aJTaHHOM pacyeTHOM 00eCIeueHHOCTH Ha KPUBBIX 00€CIICUeHHOCTH OTCYTCTBYET KOHKPETHBIN
roj. Ilo xpuBoii 00ecrieYeHHOCTH TOJOBBIX PAcXOOB OIpejaesseM Onuxaillline rojsl crpasa U
cieBa oT pacueTHoil obecieueHHOCTH 50%: 1970-71 1 1975-76 roasl. Beruncnsem koshduueHTs!
MPUBEACHUS MO MEXEHHM U I0JI0BOJAbI0. B mTOre mpuHMMaem TOT roJi, KOTOpBIH OyaeT HMMeETh
Ko3(G(UIMEHT NpuUBEIeHUS ONMXKe K eIWHULE, T.e. TOT TOJ, KOTOpPbI TpeOdyeT MEHbIIYIO
KOPPEKTUPOBKY Pacxo/10B.

KM — Q,w1974f75 — 118143 _ 0'90
Q.w11970—7l 131’69

1970-71
K = Quosser _ 118580 _
" Quoron 115880
= Q‘111972773 = 115’89 = 0,74
1975-76 Q107576 196,87

< = Quior _ 115880
Qn1975r76 1100’20
B xauecTBe pacyeTHOTrO CpeTHEBOAHOrO ro1a npunumaem 1970-71rr.
Bri6upaem pacuetnsiit MmanoBoanblii roa (P=90%):

Jlia 3amaHHOM pacueTHoOM obecrieueHHOCTH 90% Ha KPUBBIX OOECHEUEHHOCTH OTCYTCTBYET
KOHKpeTHBIN roj. Onpezaensiem Onrkaliye rojbl clipaBa U ClieBa OT pacueTHON 00eCIeYeHHO CTHU:
1967-68 u 1980-81 roapl. Beraucnsem ko3hGpuIMeHTs MPUBEIESHUS M0 MEKEHU U IMOJIOBOJIbIO0. B
UTOre IPUHUMAEM TOT TOJ, KOTOPbIN OyneT umMeTh Kod(PPUIHEHT NpUBEACHUS ONIKEe K eAUHHUIIE,
T.€. TOT r0J1, KOTOPBIN TpeOyeT MEHBIIYI0 KOPPEKTUPOBKY PACcX0/I0B.

_ Q/L1198(P81 _ 70’21 20’70

KM
Q,v11967—68 100,64

1967-68
K, = Q,1967-68 _ 770,60 _1
Q106765 770,60
y — Q,ul96&69 _ 75,90 _ 1108
1980-81 Q/111980—81 70,21

K = ingstym _ 883,4 -1

) =
Qn198(}81 883'4
B kauecTBe pacueTHOro Majg0BOJHOrO roja npuHumaem 1980-81rr.
BbiOpaB OKOHUYATENBHO pacyeTHble T'HIpOrpadbl CPEAHEBOJAHOTO U MAJIOBOJHOIO TOJIOB,

HE0OX0IMMO YTOYHHUTH TOJIOBOH CTOK.
Tabnuua 4.

Pacuernsiit MmanoBoaHsIi ron (P=90%) 6e3 npuBeneHus U ¢ IpUBEICHUEM.
MeCSIIbI X XX | I 11 v V VI | VIl | VIIIIX

Q™™ m¥c | 226 |62,5|439|234 11,3838 |116 |788 | 659 |1246 | 864 | 860
Q™" M¥/c | 2443 | 67,6 | 47,5 | 253 | 12,2 | 9,1 | 1254 | 788 | 659 | 1246 | 864 | 860




Tabmuna 5.

Pacuernslii cpegneBoansiii rog (P=50%) Ge3 npuBeneHNs U ¢ TPUBEICHUEM.
MECSIIBI X Xl X1 1 " |1

Q5% m3/c -113 56,1 | 22,8 | 15,2 | 12,7 | 121
QinpSO%’ M3/C 522,55 | 101,6 | 50,5 | 20,5 | 13,7 | 11,4 | 108,8

B cpenneBogHOM rogy mMeeMm pacxonbl MeHblue, yem B manoBogHom roxy (I, I, VI u IX
MecsIel). TpeOyercst TOMONHUTENbHAST KOPPEKTHPOBKA MPH BBITIOJHEHUU CIIEAYIONIETO YCIOBUS:
00BEM CE30HHOTO M TOJOBOTO CTOKA JOJDKEH OCTAThCS HEHM3MEHHBIM JI0 KOPPEKTUPOBKH M TIOCIIE
Hee. DTO 3HAYMT, YTO MECSALBI, TJ€ Pacxoj] CPEIHEBOJHOTO T0Jia MEHbBIIE, YeM MaJlOBOJIHOTO
HEO0OXOJIMMO CKOPPEKTUPOBATh B CTOPOHY YBEITWYCHHS 32 CYET CHIDKCHHUS PACXOJOB B JAPYyrue
MeECSIIbI, HO 0053aTEIbHO OTHOCSIIIUECS K OJTHOMY U TOMY K€ MEepUoIy (CE30HY).

Jns | u IV mecsne tpebyercs nononauTensHo 4,8 u 16,6 M%/c cootBerctBenno, n3 X u Xl
Mecsmes 6epem o 10,7 m3/c. Ins VI u 1X mecsmes Tpebyercs mononautensro 102,3 u 29,1 m¥/c
COOTBETCTBEHHO, M3 OCTAJILHBIX MECSIIEB MOJIOBOIbS OepeM 1o 43,8 m/c.

Tab6numa 6.
Pacuernsiit cpenneBoiHbli ros (P=50%) 6e3 KOppeKTUPOBKU U C KOPPEKTHUPOBKOIA.

vecsmet X XX i v
Q"% m%c 522,5 [101,650,5 20,5 [13,7 [11,4 [108,8
QP M%c|511,8 90,9 50,5 25,3 [13,7 [11,4 [125,4

Cnenyer OTMETUTh, YTO I[IOJIyY€HHBIE pacyeTHbIe THApPOrpadbl KaJEHIApPHOTO WJIU
BOJIOXO3SICTBEHHOI'O I'0/J1a B 3HAUUTEIBHON CTENIEHU CXeMaTHUYeCKue, MOCKOJIbKY .MCIIOIb30BaHUE
WX JUIsI BOJIHO-PHEPTreTMUYECKUX PacyeTOB MPHUBOJUT K MOTrpeurHocTd. Tak, Hampumep, HauuHas
CpabOTKy BOJOXpaHWINILA B KOHIIE PACUETHOTO roja, €€ HE0OX0AUMO 3aKOHUUTH B CIEIYIOIIEM
0 TOPSAKY FOAY M MPOBECTH HAMOJIHEHUE BOJOXpaHmiInia. DakTHUeCK! Ke, BBIMOIHIS pacyeThl
TOJBKO IO OJHOMY TOJdy, Mbl HE TMEepeXoJuM K CIEAYIOLIEMYy, a BO3BpallaeMcs B Hayalo
pacyeTHOro rojia, YT0 HECOMHEHHO BHOCHUT MOTPEIIHOCTh B pacyeT. JTa NOrPEIIHOCTh 3aJI05KEHA B
CaMOM METOJIe, T. €. €ro JOIYCKAaeTCsl MCIOJIb30BaTh TOJBKO Ui OLIEHOYHBIX pacueToB. YToObI
YMEHBIIUTh METOJUYECKYIO MOTPEUTHOCTh, pacueThl HEOOXOIUMO BBIMOJIHATH HE VI OJTHOTO WM
JBYX pacyeTHBIX ruAporpados, a i BCEro 3aJaHHOTO TUAPOJIOTUYECKOTO psJia U, KaK MPaBUIIO, C
npuMeHennem JOBM.

3. OITPEAEJIEHHUE NIOTEPH BO/IbI U3 BOAOXPAHWINIIIA

OcHOBHBIE NOTEPH BOJABI U3 BOJAOXPAHMJIMILA - 3TO HNOTEpU HA HCHApeHHue, (QUIbTPaLUIo,
Jb1000pa30BaHUE U, VI CYJOXOIHBIX PEK, [IJIF030BaHHE.

IToTepu Bo/bI Ha UCTIAPEHUE ONIPEEIAIOTCS 10 popMyiie

Aaucn = i(hsi - hci ) Fei /tucn (31)

i=1
rae (Nsi—Nci) —mOMOMHUTENBHBIA CIIOW UCTIAPEHUS, OMPEACIIeMbIl PA3HOCTBIO CIIOEB UCIIAPEHHS
C TMOBEPXHOCTH BOJBI 3€pKajia BOJOXpAHWIHIIA N W C MOBEPXHOCTH CyIIH Nci, 3aTOIUICHHOI
BOJIOXpaHUIUIIEM; F4 - miuomans 3epkaia BOJAOXPAHUIUINA; tuen - IEPUOJ UCTIAPEHUS], OOBIYHO

COOTBETCTBYIOIIHIA TIEPUOJY OTKPBITOTO pycia; | - pacueTHbIil uHTepBai. [Ipu pacuere cpeqHUX
NMOTEPb BOABI HA UCITAPCHHUEC HCIIOJIB3YCTCSA BBIPAKCHHUC
AQ,., =, —hc)-F./t,, (3.2)

rne  he,he,Fs - cpenHue 3HaueHMs CIOEB 'MCTIApEHUs M IUIONIA[M 3€pKajia BOJOXPAHMIIMIA 3a

MIEpUOJI NCTIAaPEHUS.
[Torepu BoabI Ha (PUIBTPALMIO PACCUUTHIBAIOTCSA O (hopMyrie




AQ, = ;hd), Falt, (3.3)

rae hgi, Fgi - cioii u momans GUIBTPAIMOHHOTO TOTOKA; ty - mepuoa GUIbTPAIUU, OOBIYHO
paBHBIN ATUTENBLHOCTH ToAa. [I0CKONBKY Iomans (pUIBTPAIMOHHOTO TOTOKA B OOJBITMHCTBE
ClIy4aeB ONPEICIIUTh CI0KHO WK J]aKe HEBO3MOKHO, TO MPUOIMKEHHO CpeIHUE TIOTEPH BOJBI Ha
GUIBTPAIMIO BEIYUCIISIOTCS 110 (hopmylie

AQ, =hg-Fypy It (3.4)
rae hy - cpenHee 3HaueHHMe ClOs (DHIBTPALMOHHOIO IOTOKA; Fumy — IUIOMAAh 3epKaia

BOJIOXpaHmivina npu orMerke HITY.
[oTepu BOABI Ha NIbA0006pa30BaHME B MEPHOJ CPabOTKH BOJOXPAHWIIUIIA ONPEICISIOTCS TI0

hopmyre

n

Aa;, = 7,7Zh,u' '(FHny - F@i)/t's (3.5)

i=1
rA€ Y, i - TUTOTHOCTH W TOJIIWHA JbJaa; t; — TPOJODKUTENIBHOCTh 3UMHEr0 TEepHO/IA,
ompezenseMas MepuoioM cpabOTKH BoJgoxpaHuiuiua. Jlns pacdyera cpeJHUX IMOTEpPh BOJABI Ha
J]1000pa30BaHNE MOXKHO BOCIIOJIb30BATHCS BbIPAKEHUEM

Aaﬂ =72 'Hﬂi '(FHny - FWO)/t3 (3.6)

rae h, - cpemusist TOJMIIMHA JibAa 3a 3UMHHN niepuoi; Fyuo - Tutomans 3epkana BoJOXpaHUIIUIIA
npu otMeTke YMO.
[loTepu Bo/IbI HA IIIIO30BAHUE JUISI CYI0XOHBIX PEK PACCUUTHIBAIOTCS 110 YPaBHEHHIO

n
AQ,, :k.l~b-h2mi/tm (3.7)
i=1
rae K - xommuectBo mumo30B: |, b, h — cooTBercTBeHHO MMHA, MIMpWHA M BBICOTA KaMephl
IILTI03a; III - YHUCJI0 IIF030BAHMM B I-if pacUeTHBIN MHTEPBAN; t,—IepHo HAaBUTALIHH.
[Tpumep onpeeacHHs OTEPh BOABI U3 BOJIOXPAHUIIHIIA.

OCHOBHBIC TIOTEPU BOJBl W3 BOJOXPAHWJIMINA — 3TO IMOTEPH HA HCIApeHue, (UIBTPAIHIO,
TBI000pa3oBaHUe W, Ui CYJAOXOJHBIX peK, INUII030BaHHWe. [loTepw BOABI Ha WCIApeHUE W
(GWIBTPALMIO B HAILIIEM MIPUMEPE 3aJJaHbl H PABHBI COOTBETCTBEHHO:

- ToTepH Bojbl Ha ucnapenue: AQ, = 4 m¥/c.

- moTepu Bobl Ha punsTpamuio: AQy= 0,5 m¥/c.

[Totrepu BojbI Ha JIbOOOpa30BaHUE:

Jliist pacdeTta cpelHUX OTEPh BOJBI HA JIbI000OPa30BaHNE MOKHO BOCIIOJIB30BATHCS BBIPAKECHHEM

AQ_J _7a h_ﬂ(FHltﬂ/ - FyMo) (3.8)

rae h, = IM — cpeaHss TONIMHAA JIbJa 3a 3MMHUI [IEPUOT;

vx = 0,9 — muIoTHOCTH JIBJIA;

Funy = 731,5 KM? — IJIOIIAb 3epKayia BojoxpaHuiniia npu ormetrke HITY.

t,= [XI - IVmec] = 184 cytr = 15897600 cex — mpoI0/DKUTEIBHOCTS 3UMHETO MIEPUO/IA;
Fymo — TIOMIANE 3€pKaja BOJOXpaHUIIHINIA Tpu 0TMeTke YMO.

[IpenBapuTenbHO MPUHUMAEM, YTO BOJOXpaHUIHIe cpadaTeiBaeTcs Ha 35%. Torna:
Zi6(Que=0) = 171m,

H=VHITY - Zs(Qus=0) = 225 — 171 = 54m,

AH=0,35-H=0,35-54 = 18,9m,

VYMO = VHIIY - AH =225 — 18,9 = 206, 1m.

Fywo = 100,7 xm?

A = 0,9-1-(731,5-100,7)-10°
! 15897600
otMmeTkr YMO mnoTtepu Ha J1b1000pa3oBaHue OyAyT yTOUHEHBI).

=357m%/ c( B [anpHEWIIUX pacyeTax TMOCIe OIMpeaeICHHUs



4, IMOCTPOEHME CYTOUYHBbIX I'PA®OUKOB HAI'PY3KHN
IHEPI'OCUCTEMBbI
B naHHOM KypCOBOM IpOEKTE paccMaTpPUBAIOTCS XapaKTEPHBIE CyTOUHBbIE IpauKu Harpy3KH
JUISl IByX MEPUOJOB: BECEHHE-JIETHETO U OCEHHE-3UMHETO. J[JI1 KPaTKOCTH B JaJbHEUILIEM IIEPBBIIA
rpaduK Ha3bIBAETCS JIETHUM, BTOPOIl — 3MMHHUM.
Pacyer 3Tux rpaduKoOB BBIIOJIHSAETCS TI0O METOIMKE MHCTUTYTA « DHEPTOCETHITPOSKT [2].
[Topsanok pacuera cneayromui. s 3aJaHHOTO pailloHA PACIIOJIOKEHHUS SHEPrOCUCTEMBI U
Yyclla YacOB HCIOJIb30BaHUS €€ I0JI0BOr0 MaKCHMyMa Harpys3Kd IO CIIPaBOYHBIM JaHHBIM [2]
OTIPENeNAIOTCS KOA(POHUIMEHTHI MIIOTHOCTH CYTOYHOTO JIETHETO [Bcyr U B’cyr 3UMHETO TpaduKoB
Harpy3Kku, a Takxke KO3IQQUIMEHT JIETHEr0 CHU)KEHUS Harpy3Kd OTHOCUTENIBHO 3UMHEro CTaTH-
YECKOT0 MAaKCUMYyMa Oly.
Harpysku B 1100011 4ac cyTOK 3UMBI U JIeTa BBIYUCIAIOTCA 110 popMyIam
P =P™(a; - B2, +b7) (4.1)
P =P a (o B, +b]) (42)
rne o/ ,b);a),b - xoapdumenTs Harpy3Ku THIIOBBIX CYTOUHBIX TPa(UKOB, MPUBEICHHbIE B [2]

U 3aBUCAIINE OT pallOHa PaCIONIOKEHUS SHEPTOCUCTEMBI.

JUis  paccuMTaHHBIX CYTOYHBIX TIpaUKOB Harpy3KH CTpOSITCSI HHTErpajbHble KPHUBBIE
Harpy3ku (UKH) u3BectHpiMU TaONMYHBIM WIIM TpapuyecKuM MeTogamu [3].
Cytounsie rpaduku Harpy3ku u UKH npencrasiens: Ha puc. 5, 6 u B Tabm1. 7.

Tabmuia 7 CyTtouHblii rpaduk ¥ HHTETpabHAsi KpUBas Harpy3Ku SHEProoObeTMHEHUS

CyT0o4HbIN rpaduk MHTerpanbHas kpuBas Harpysku

Pauma Preto Panva Qanva Prero Orero

MBT MBT MBT Thic.MBT*y MBT Tbic.MBT*y
1 6324 6421 5466 131,184 5626 135,02
2 5850 6084 5466 131,184 5626 135,02
3 5700 5771 5700 136,332 5626 135,02
4 5466 5626 5700 136,332 5771 138,063
5 5466 5626 5850 139,332 5807 138,788
6 5700 5626 6249 146,913 6084 144,053
7 6249 5807 6324 148,263 6421 150,126
8 7926 6894 7926 175,497 6894 158,158
9 9897 8019 7926 175,497 8019 176,157
10 11124 9476 9369 197,142 8058 176,745
11 10800 9793 9675 201,426 8576 183,994
12 9981 9294 9702 201,777 8660 185,091
13 9369 8796 9726 202,065 8751 186,178
14 9675 9023 9897 203,946 8796 186,676
15 10275 9385 9981 204,786 8887 187,582
16 10113 9026 10113 205,974 9023 188,805
17 9702 8576 10275 207,27 9026 188,834
18 11700 9068 10800 210,945 9068 189,126
19 12000 8887 10875 211,395 9168 189,728
20 11475 8660 11124 212,64 9294 190,358
21 11250 8751 11250 213,144 9294 190,358
22 10875 9168 11475 213,819 9385 190,63
23 9726 9294 11700 214,269 9476 190,811
24 7926 8058 12000 214,569 9793 191,128




Puc. 5. Cyrounsriii rpaduk nHarpyzku u UKH st 3umuero nepuoa

P, MBT
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Puc.6. Cyrounsiii rpaduk Harpy3ku u MKH 115 BeceHHee-eTHero nepuoa.
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5. TIOCTPOEHHUE I'OAOBBIX TPA®PUKOB MAKCUMAJIBHBIX 1
CPEAHEMECAYHBIX HAT'PY30K DHEPT'OCUCTEMBI.

MaxkcnMabHas HArpPy3Ka 3HEProCUCTEeMbI U1 padodero JHs KaxI0ro Mecsia ¢ y4eTom
ro/10BOI0 MPUPOCTA HATPY3KH HAXOAUTCH cJeAyIIuM odpa3zom [2]:

proc _ 22 aK'-]
k'+1 6k'+1

t+b-cosj30°t —15%, (5.1)

rae t - nopsiAKoBbIi HOMep Mecsina B roay (1 - AHBapsb, 2 - peBpanb U T. A.); @, b, K' —
K03 puHeHTHI, 1/ onpeaeeHUs1 KOTOPBIX HCI0Jb3YIOTC GOpMYyIbl

P™ 4+ pP™ 1
azgzpcm +a”; (5.2)
2 2
P —p™ 1-a
b=-——2 =pP™ . (5.3)
2 2
2k
k'=| P™ ) P 2 -b (5.4)
k, +1 k, +1
3nech P - JleTHHIT MAKCMMYM T010BO#i HATPY3KH YHEPTrOCHCTEMBbI;
kp = Pc;mx /Pcr(rz(l) (55)

KO3GUIMEHT TOMOBOTO pOCTa HArpy3KM 3HEProcucremsl; Py, Cr(rf‘fl)- MaKCHMaJlbHbI€

Harpy3Ku COOTBETCTBEHHO TEKYILEro U MPEebIAyIIero roJ0B.
ITo dopmyne (5.1) mMoxeT ompeAensThCs MaKCUMallbHash Harpyska padouero JHsS s
m000ro MOMEHTa roja, Npud ATOM BMecTOo ! mojacTaBisieTcss BpeMs C Hadajla rojia,
BBIpaXXEHHOE B MecsIax (Hanpumep, KoHen anpens t=4; cepeauna ceHTs0psa t=8,5 u 1. 1.).
Ecau paccmaTpuBaercsi Hepa3BHBaIOIIASICS JHEPrOCHCTEMA €O CTATHYECKUM
MaKCHMYMOM Harpy3ku, To k=1 u ¢popmyia (5.1) MoxkeT ObITH MpeACTaABIEHA B BH/IE

P™ = a+b.cos‘30°t—15°‘. (5.6)
CpenHeMecsiuHbIC Harpy3KH SHEPTrOCUCTEMBI PACCUUTHIBAIOTCS 110 (hopMmyrie

Et = Ptm : tcym X% (5-7)

rae Pt®" - kodpPUIUEHT MIOTHOCTH CYTOYHOTO Tpaduka Harpy3Ku t-TO Mecsa; Gwec -
KO?((OUIMEHT BHYTPUMECSIYHOW HEPAaBHOMEPHOCTH HArpy3KH, KOTOPBIH OOBIYHO U3MEHSETCS B
npenenax 0,94—0,97 (B pacyeTax IpUHUMACTCS CPEIHEE 3HAUCHUE U3 YKa3aHHOTO JIMAIla30Ha).

Mmec?
cyT

[Tockonbky ko3 durment Pt?¥" u3BecTeH TOABKO s jJeTa (MIOHS - UIOJSA) U 3UMBI (IHBaps -

neKkaops ), MpUHUMAEM, YTO OH U3MEHSETCs JIMHEHHO (puc.7).

Crnenyer oOpaTUTh BHUMAaHHE Ha TO, YTO M3BECTHBIC 3HAYCHHS 3TOTO KOA(POUIMEHTA IS
JeTa W 3UMBI OTHOCATCS K CepelrMHE HIOHA-UIONS U sHBaps-aekadps wecsues. [lostomy
IJIOTHOCTh CYTOYHBIX I'padMKOB HArpy3KH J000TO APYroro Mecsia TakkKe OMpenemseTcs A
€ro cepeauHbl (cM. puc.7).

I'padukn MakcHUMalbHBIX M CpPEJHEMECSYHBIX HArpy30K JHEPTOCHUCTEMBI TMPHU 3aJaHHBIX
MaKCUMyM€ Harpy3KH, YMCJI€ 4acOB MCIOJIb30BaHMS TOJOBOTO MaKCHUMyMa Harpy3Kd W pailoHa
pacmnoioxkeHus sHeprocuctembl «L{eHTp» mpuBeneHs! B Ta0M.8.
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Puc.7. I'paduk mst onpenenenus ko3hGUIMEHTA IIIOTHOCTH CyTOYHON Harpy3KH B FOJIOBOM paspese

Tabnuma 8 'onoBoii rpaduk MaKCUMANbHBIX U CPEAHEMECSIYHBIX HArPy30K

Mecsu Puakc, MBT [Pcp, MBT
1 12000 8595
2 11671 8504
3 11168 8276
4 10587 7977
5 10083 7723
6 9793 7622
7 9793 7622
8 10083 7723
9 10587 7977
10 11168 8276
11 11671 8504
12 12000 8595

6. IOKPBITUE T'PA®PUKOB HAI'PY3KH DHEPT'OCUCTEMbI
CYHIECTBYIOIIIUMMU SJIEKTPOCTAHIUAMM.

PacuerHple cyTouHBIE M TOJ0OBBIE I'padUKU HArpy3KH SHEPTOCHCTEMBI JOJDKHBI 4aCTHYHO
MOKPBIBATHCS CYIIECTBYIOIMMH CTAaHIUSAMH, JUISI 4eT0 He0OXO0IMMO BIHMCATh 3TH CTAHIUH B I'pa-
¢buKH, UCHOJB3YS 3a/laHHYIO [0 HUM UCXOJHYI0 MH(OpMaLHI0. YUacTHe B MOKPHITUH CYTOYHBIX
rpadMKOB Harpy3KH 3aJaeTcs M0 KaKIOMY THITy CTaHIIMH B MPOIIEHTaX OT r0JJOBOT0 MakKCUMyMa
Harpy3kd OHHEpProcucTembl, a mno cymectBylomuM ['DC - B BHAE YCTaHOBJIEHHOH H
cpenHeMecsiuHOM rapaHTHpoBaHHOW ¢ 90% o00ecrneueHHOCThI0O MOIIHOCTH JUISL JIETHEro H
3MMHEr0 NePUOIOB.

[ToxpbITHE CYTOUHBIX TI'paUKOB HArpy3Kd PEKOMEHIYETCs BBINOJHATH B CIEAYIOLIEM
nopsiake. CHayana HaJ0 paclolokUTh B 6a30BOM YaCTU CYTOYHOTO rpaduKa Harpy3Ku aTOMHbIE
aNieKTpocTaHuuy, 3aTeM TOILl, yuuThIBas, yTO MakcHUMajbHasi HO4Has pasrpy3ka TOILl mo
TEIIOBOMY TI'paUKy Harpy3kd cocTaBisieT npuMmepHo 15% e€ ycTaHOBJIEHHOH MOIIHOCTH.
Hanee B rpaduxe Harpy3ku pacnonaratorcs KOC. Ilocie aToro Heo0xoauMo MpoBepUTh OataHc
MUHUMAaJIbHOM HOYHON HAarpy3Ku, UCIOJb3ys IPUBOJAUMBIEC HUXKE JIaHHBIE.

bnounoe o6opynoBanne KOC na 3akputnueckue napamerpsl napa (tuna K-300-240, K-500-
240, K-800-240, K-1200-240), kak mpaBWiio, IO TEXHHYECKUM BO3MOXHOCTAIM U
HKOHOMUYECKUM COOOpakeHUsIM (OOJIBIION pacxo/ TOIUIMBA HA MYCK) HA HOYb €KECYTOYHO HE



OoCTaHaBlMBalT. VX pasrpy3ka 3aBUCUT OT MpUMEHsieMOoro ToruiuBa. CpeaHue 3HAYCHUS
pasrpy3Ku COCTABJISAIOT IS CIIEIYIOLUIUX TOIUIMB!

115001 () NI 07 0 1125 F 20 — 30%
p9791 1 00) NON 0 e % ) DN 30 -40%
2T T 40 — 50%

B nmaHHOM KypcOBOM TMpOEKTEe B HUCXOMHOU HWH(MOpPMAIUU O CTPYKType MOIIHOCTEH
OTCYTCTBYET JeTalM3alus 1mo BuaaM Torumsa. [loaromy mis 6iounoro obopynoanus KO3C B
LIEJIOM CPEIHIOI HX Pasrpy3Ky MOXKHO TpUHATH paBHOU 35—40% wux ycTaHOBIEHHOU
MOIIIHOCTH.

W, nakonel, B CyTOYHOM TpaduKe Harpy3KH HaIo0 pa3MecTHTh cymiectBytomue ['DC. s
3TOr0, YMHOasl TapaHTUpoBaHHYI0 MOIHOCTh 'DC Ha 24 4, ompexaenseM CpeaHECYTOUYHYIO
BeIpaboTky odHeprum [DC. I[lpuHuMaem, dYTO pe3epB MONIHOCTH, OTHECCHHBIM Ha
cymectBytoue ['9C, paBeH 3alulaHMPOBAaHHOMY YPOBHIO pE3€pBHPOBAHUSI MOIIHOCTH B
SHEProCUCTEME.

3Hasi yCTaHOBJIEHHYIO MOIIHOCTH cymiecTByromux ['9C (cM. UCXOAHBIE aHHBIE) U pE3EpB
MOIIIHOCTH (Harpy304HbIi U aBapUNHBII), OTBEICHHBIN Ha HUX, HAX0JIUM pabOo4Yyt0 MOLIHOCTb

N;);‘gmc = N;{ZDC - N;};mc (6.1)

3arem, ucnosb3yst UKH no cpennecyTouHoil BeIpaboTKe U pacueTHYI0 pabouyl0 MOIIHOCTh
cymectBytomux ['DC, ompenenseM 30HY UX pabOThl B CYTOUYHBIX Tpadukax 'Harpy3ku Juist
3UMBI U JJIA JeTa.

Jlanee HEOOXOOUMO MEPEUTH OT CYTOYHBIX TI'paHUKOB Harpy3KH K TOJIOBBIM Tpaduxam,
YUHUTBHIBASI, YTO BECh 0J pa30UT YCIOBHO Ha JIBa MepUOJa: OCEHHE-3UMHUN U BECEHHE-JIETHUH.
[ToaTOMy mOJy4eHHOE CYTOYHOE IOKPBITHE HArpy3KH IEPEHOCUTCS Ha COOTBETCTBYIOIIHME
MecCsIbl TOJJOBOIO rpa)uka MaKCHUMAaJIbHBIX Harpysok.

JI71s1 MOKPBITHS TOOBOTO Tpaduka CpeaHEMECSIIHON HArpy3KH SHEPrOCUCTEMBI 10 pabouei
MOIITHOCTH KaxJ0¥ cranmuu, wucnonb3dys MKH, HeoOxomumo ompeaeiuTh CYTOYHYIO BBI-
paboTKy, pa3/ieuTh €€ Ha 24 4 ¥ TOJYyYUTh TEM CAMBIM CPEIHECYTOUYHYIO MOIIHOCTb, KOTOPYIO
HE00X0JMMO PACIIOIOKHUTh B TOJI0BOM Ipa)uKe cpeHEMECAYHBIX MOIITHOCTEH 3HEPrOCH CTEMBI.

B pesynpraTe mnpeasaraeMoro MHOKPBITHS CYTOUHBIX M TOJOBBIX TI'padUKOB Harpy3ku
CYLIECTBYIOIMMHU B JHEPrOCUCTEME CTAHUUSAMHU MOXKET OBbITh IOJydyeHa 30Ha BO3MOKHOMU
paboTsl nmpoektupyemoit I'9C.

IIpumep noxkpbiTHsI rPadUKOB HATPY3KH FHEPIroCHCTEMbI CYLIECTBYHOIIMMH
3JIeKTPOCTAHUMAMH.

PacyeTHble cyTOYHbIE M TOJOBBIE IpaMKU HArpy3Kd 3HEProCHCTEMbI JIOJDKHBI B IEPBYIO
ouepe/lb IMOKPBIBATHCS CYLIECTBYIOIIMMHU CTAHLUSAMH, Ui 4YEro HEoO0XOAMMO BIMCATh 3TH
CTAaHLMU B IpadUKH, KCIOJB3Ys 3aJaHHYI0 10 HUM HCXOAHYK HH(popMmanuio. Ilockoiabky B
paccMaTpuBaeMoON CTPYKType I'€HEpUPYIOLUIMX MCTOYHHUKOB aTOMHbIE 3iekrpocTtaHiuu (ADC) u
tertoiekrpoueHTpain (TOLl) oTCyTCTBYIOT, MEpeXoauM K OIpPENEIeHUI0 PEeXHMa paboThl
cymiecTByromux B 3Heprocucteme I'DC (cM. HCXOAHBIE JaHHBIE). YdYacTue B IOKPBITUU
CYTOUHBIX TpaMKOB Harpy3ku 3ajzaercs mo cymectBytomuM ['DC B Buae yCTaHOBJIEHHOH
CpeIHEMECSIYHOM MOIIIHOCTH:

NyerYBO€ = 1277 MBT, Npgp®™2C 38 = 606 MBT, Nyap™™ € 110 = 495 MBT

IIpyaumaem, 4YTO pe3epB MOIIHOCTH, OTHECEHHBIH Ha cymectByromue ['OC, paseH
3aIJIAaHUPOBAaHHOMY YPOBHIO PE€3€pBUPOBAHUS MOIIHOCTH B DHEPTOCUCTEME: aBapUIHBIA pe3epB —
8%Npas, Harpy30uHsblid pe3eps - 2% Npas.

OmnpenensieM CyTOYHYIO TapaHTHPOBAHHYIO BEIPAOOTKY SHEPTHUU:

DMIaC e — N jz’;“mc—m"” - 24y =606 - 24 =14544MBm - u

3umMa P (6.2)
oyl IC _nemo __ eyl OC _nemo A — . — .
g e e N 24u = 495 24 = 11880MBm - 6.3)

N3menenune pabodeit wmomHocTH cymectByomux ['DC Bo BpemeHH (MO Mecsiam Toja)
3aJaHo B Tabm 2.

3areMm, ucnoin3dys MKH mo cpennecyrouHoil BeIpabOTKe M pacueTHOW pabouel MOLIHOCTH
cymectBytonux ['9C, onpenenseM 30Hy UX pabOTHl B CYTOUHBIX I'pauKax Harpy3KH JUIsl 3UMBI U
nera (cM. puc.5 u puc.6).



Jlasiee HEOOXOAMMO TEPEUTH OT CYTOYHBIX IpadUKOB HATPY30K K TOJOBBIM, YYUTHIBAs, YTO
BECh T'0JI YCIIOBHO pa3OWT HA JIBa MEpPUOJA: OCEHHE-3UMHUI M BeCCHHE-JIETHUN. [ ympoIeHus
pacdyeToB MPUHUMAEeM B KadeCTBE JOMYIIEHHUS YCIOBHUE HEU3MEHHOCTH IUIOTHOCTH TrpaduKOB
Harpy3k# B 3umMHeM ¢ X| o IV u nernem ce3onax (¢ V no X). [losroMy nosiydeHHOE CyTOYHOE
MOKPBITUE HATPY3KH TEPEHOCUTCS B COOTBETCTBYIOIIME MECSIBI TOJIOBOTO Trpaduka
MAaKCHUMAJIbHBIX HAarpy3o0K.

JIJIs TOKPBITHS TOJIOBOTO TpaduKa CPpeAHEMECTIHON HArPY3KH SHEPTOCHCTEMEI 110 pabodeii
MOIITHOCTH KaJoW craHiuu, ucnois3ys MKH, nHeoOxomumo omnpenenuTs CpeaHEeCyTOYHYIO
BBIPaOOTKY, pa3feiuTh €€ Ha 24 9 W TOJYYHUTh TEM CaMbIM CPETHECYTOYHYIO MOIIHOCTb,
KOTOPYI0O HEOOXOJMMO PAcCHOJIOKUTh B TOJAOBOM TpaduKe CPEAHEMECSYHBIX MOIIHOCTEH
SHEPrOCUCTEMBI.

7. PACUET PEJKUMOB PABOTBI I'IC BE3 PEI'YJIUPOBAHUS C
YUYETOM TPEBOBAHWI BOJOXO03SIMCTBEHHON CUCTEMBI

m

IToxazarenu pabOTHl TMAPOIIEKTPOCTAHIMM (YCTAHOBJICHHAas MOIIHOCTH N5/ M cpenHss

MHOTOJICTHSISI BEIpabOTKa Dae ), a Takxke mapameTpsl ruapoysina (ormetku HITY u YMO) ompe-
NENAI0TCS Ha OCHOBE TEXHUKO-3KOHOMUYECKHUX pacueToB. MCXOAHBIMM JaHHBIMU IS HHUX
CIIy’)KaT pe3yJbTaThl BOJAHO-OHEPTeTUUECKUX pacyeToB pexuMa padboThl mpoektupyeMoit I'9C u
CTOMMOCTHBIE XapaKTepUCTUKU TUIPOY3TIa.

Hawnbosnee yacto B kauecTBe SKOHOMUYECKOTO KpUTEpUs MpH ornpeaeneHuu napamerpos ['DC
UCIOJIB3YIOT MUHUMYM CyMMapHBIX IPUBEJCHHBIX 3aTpaT B SHEPTOCUCTEME

3 euem = MiN (7.1)

[TockonbKy B 3aZady JaHHOTO KYpPCOBOT'O IPOEKTa HE BXOJAUT TEXHHKO-3KOHOMUYECKOE
obocHoBanue mapameTpoB ['DC B menom, OyneM NpUMEHATH Oojiee YaCTHBIA KPUTEPHIA:
MaKCHUMYM BBITECHEHHUS TETJIOBBIX MOIIIHOCTEN B CUCTEME.

I'onoBoil pexxuM paboThl THAPOCTAHLMU 3aBUCUT OT MHOTUX (DaKTOpPOB, KOTOPHIE 3a4acTYIO
HEU3BECTHBI U YTOUHSIOTCS IO MEpPE MPOBEACHUS PACUETOB.

Pacdersl HaunHalOT ¢ omnpeneneHus nepuoaa (MPOJODKUTEILHOCTH) U TIIyOWHBI CpabOTKH
BoJOXpaHmwInma. [[si BBIOpaHHOTO PacyeTHOTO MAajJOBOJHOIO TOJia U MPUHATON 00ecredyeHHO-
cTH (CM.§) BBIUMCIISIETCS 3HAUCHHE TPAH3UTHON SHEPTUU WM SHEPrUu Ha OBITOBOM CTOKE

D= At-Nos(t) =ky -Q,s (1) H5(Q,5) - At (7.2)
rae Ng(t) - cpennemecsyHOe 3HaueHHE OBITOBOM MOMIHOCTH; KN - KOI((HUIUMEHT MOIIHOCTH,
MEHSIOIIHICS 00bIuHO B mpeaenax 8,2—8,8; Qus(t) - ObITOBOM pacxo pacueTHOro MaOBOJIHOTO
rojia ¢ y4eToM MoTephb BoAbI 3 Bogoxpanumuma; N9 (Q ) - noaseaenusiii nanop I'DIC.

BrITOBBIE MOIIIHOCTH OMPENETSAIOTCS MPH MOCTOSHHOM TOPH30HTE BepxHEro Obeda, paBHOM
ormerke HITY, a nonsenenusiit Hanop ['DC - mo dopmyrne

H%% =2,,-2,,[Q,®]-AH[Q . 1] (7.3)

rlie Zyss - OTMETKa BepxHero Obeda, coorBercTByromas otMmerke HITY; zus[Qus(t)] - ypoBenb
HIDKHETO Obe(a, COOTBETCTBYIOIIHI CpeIHEMECSUYHBIM OBITOBBIM pacxoaaM Bobl Qs(t) ¢ yueTom
3UMHEH W JIETHEH KpUBOHW CBSI3M Zus = Zus (Q); AH - morepu Hamopa B BOJOTOABOISIIMX
COOPYKCHHSIX.

Ha cnenyroniem stane paccuutbiBaetcs sHeprus [ DC B pexxume paboThl 0 TPeOOBAHUIM

BXK.
D= At-Ngxx(t) =Ky - Quue (1) - HI2%(Q,,) - At (7.4)
rae NBXK - cpeaHemecsiuHasgs MomHOCTh ['DC; Qxk — pacxol BOAbI MO TpeOOBAHUAM

YYaCTHHUKOB BOJOXO35IICTBEHHOI'O KOMILJIEKCA.

Hanee ompenenserca pexum mnpoektupyeMoil ['DC B CyTOYHBIX (3UMHHMX M JIETHUX) U
TOJIOBBIX TpaHKax MaKCUMaJIbHOM Harpy3ku »sHeprocuctemsbl. JUiss 3TOTO HCHOJIB3YIOTCS
rpauKy, TOJyYEHHBIE MOCE UX MOKPBITUS 3aJaHHOW CTPYKTYpPOH T€HEpUPYIOIIUX MOIIHOCTEH

(cm. §6).



PaGoune momuoctn M Mecto mpoektupyemoit I'DC B cyrouHbIX rpadukax Harpysku
Haxonarcs no MKH 3umuero u nerHero nepuoaoB (cM. §5). 3oHa paboTsl nmpoektupyemoit ['9C
B T0JIOBOM TpapuKke MaKCHMalbHBIX MOIIHOCTEH mpu ee paboTe Ha OBITOBOM CTOKE
OTIpECTISIETCS] IEPEHOCOM COOTBETCTBYIOLIUX PEXKUMOB M3 CYTOUYHBIX IpadUKOB. AHAIOTUYHO
HaxoauTcs 30Ha paborel ['DC B rpadukax Harpy3ku mpu paboTe MO BOJOXO035HCTBEHHOMY
pexumy (1o TpeboBanusM ydacTHUKOB BXK).

Pacnonioxxenre mosydeHHBIX OBITOBBIX MOIIHOCTEH W MomHocTe npu padore ['DC mo
tpeboBanmsiM BXK B romoBoM rpaduke cperHUX HArpy3oK IOKa3bIBA€T, YTO B OTAEIbHBIC, KaK
IIpaBUJIO, 3MMHUE, MECSALbI, KOT/1a IOTPEOHOCTh SHEPTOCUCTEMBI B MOIITHOCTH U 3HEPIUH BEIU KA,
OBITOBBIE MOLITHOCTH MHHUMAJIbHBL. B 1epro/1 os1oBo/ibst OBITOBBIE PACX0/IbI OyyT CYIIECTBEHHO
OoJbIIe Pacxo/0B, TpeOyeMbIX [UIsi BOJHOTO TpAaHCHOpTa. B mepuoxa neTHell MexkeHU OBITOBBIC
pacxo/bl MOTYT OKa3aThCsl HMKE HEOOXOAUMBIX Ui 00ecredeHns pacxo10B B HIDKHUI Obed 1o
TpeOOBAHUIO BOJHOTO TpPAaHCHOpPTA. DTO MPUBOAMUT K TOMY, YTO, BO-TIEPBBIX, JUISI BBHITECHEHUS
TEIJIOBBIX MOIIHOCTEH HEOOXOJUMO YBEJIMYUTH 3UMHIOI 3Heprootaady ['DC cBepx OBITOBOMH,
YTO MOJKET OBITh JIOCTUTHYTO 3a CYET CpabOTKM BOJOXpPAHUJIMINA; BO-BTOPBIX, B NMEPUOJ JIETHE-
OCEHHEH MexeHU s ynoBierBopeHus Tpebosanuii BXK Taxxke MoxeT norpedoBaThesi cpaboTka
BOJIOXpaHWINIIA. B-TpeTbux, B mepuoj MOJOBOAbS MOSBISIOTCA H30BITKH MPUTOKA, KOTOpHIE
MOTYT OBbITh aKKyMYJIMPOBaHbI B BOJOXPAaHWJINIIE IS MOCIEAYIOIIET0 UCIOIb30BaHUS B 3UMHUM
MEPHUO/I.

IIpumep pacdera pe:xxkumoB padorsl 'DC 0e3 peryinpoBaHus ¢ y4eTOM TPeOGOBaHUM
BO/J0XO0351/iCTBEHHOM CHCTEMBI.

Pacuersl HauKMHAIOT ¢ orpeaeaeH s nepuoia (MPoIOKUTENBHOCTH) U TITyOHHBI CPaOOTKU
BOJIOXpaHmIMIIA. J{71s1 BRBIOpAaHHOTO pacyeTHOTO MaJIOBOJHOTO r0/1a U MPUHATON 00ecTIeYeHHOCTH
BBIYMCIISIETCS 3HAUEHHE MOIITHOCTH Ha OBITOBOM CTOKE JUISl KaXKJI0OTO MecsI1la roja:

nooe
N[SC :kN -an .HIOC’ (75)
e kn=8,6 — kosddumment mommoctu, Q"%
H 5% — monsenennsiit Haop [DC.

lef"ggg =Zpg _ZHE(QHE(t))_Ah' (7.6)
r7e Zps — OTMETKa BepxHero Obeda, coorBeTcTBYOMas otMeTke HITY=225Mm;
Zus(Qus(t)) — ypoBeHb HUKHETO Obe(ha, COOTBETCTBYIOIIMIA CPETHEMECYHBIM OBITOBBIM PACX01aM
BO/Ibl, OIIPE/ICIICHHBIM 10 JICTHEW MJIM 3UMMHEN KPUBBIM CBsI3U (puc.3 );
Ah = 0,5 M — moTepu Haropa B BOAOTIOABOIAIINX COOPYKEHHSIX.

Ha cnenyromem stane paccunthiBaetcs MOIIHOCTG [ DC B pesxkrMe paboThl O TpeOOBAHUSM
BXK:

- OBITOBOM Pacxo/1 pacueTHOTO MaJIOBOTHOTO T'OJIa,

_ nooe
NBXK _kN 'QBXK'HDC’ (7-7)
rae QBXK — pacxoa BOAbI I10 Tpe6OBaHI/I${M Y49aCTHUKOB BO,Z[OXOSSIP'ICTBGHHOFO KOMIIJICKCA.
PeSyJ'ILTaTbI pacueToOB IIPCACTABJICHLI B Ta6J'I. 9 .

Taobmnuua 9
Pacuer pexxumoB padotsl ['DC ¢ yuetom TpeboBanuii BXK.
rapameTpsl 3uMa Jleto 3UMa
Mecsn [ I 11 v V Vi VIl VIl IX X XI XII
Ati, g 744 672 744 720 744 720 744 744 720 744 720 744

Q™ m¥c | 253 | 122 | 9,1 | 1254 | 788 659 1246 864 860 | 2443 | 67,6 | 475

Zys, M 171,8 ( 171,4 | 171,3 | 173,2 | 1740 | 173,8 | 1747 1741 | 1741 | 173,2 | 173,0| 172,6

Hrac™™, M | 52,7 | 53,1 | 53,2 51,3 50,5 50,7 49,8 50,4 50,4 51,3 51,5 | 51,9

Nroc, MBT 11,5 5,6 4,1 55,4 | 342,0 | 287,1 | 5334 374,2 | 3725 | 107,8 | 29,9 | 21,2

Qcam, M%/C 200 200 200 200 200 200

Qupane, MY/C 340 340 340 340 340 340

Quxe, M¥/c 200 200 200 200 340 340 340 340 340 340 200 200

Zu, M 173,4 | 173,4 | 173,4 | 173,4 | 173,4 | 1734 | 1734 173,4 | 173,4 | 173,4 | 173,4 | 173,4




Hrac"™,m | 51,2 | 51,2 | 51,2 51,2 51,1 51,1 51,1 51,1 51,1 51,1 | 51,2 | 51,2

Nexx, MBr | 88,0 | 88,0 | 880 | 88,0 | 1495 | 149,5 | 1495 | 1495 | 1495 | 1495 | 88,0 | 88,0

Hanee omnpenensercst pexuM npoektupyemoit [ 9C B cyTouHBIX TpaduKax Harpy3ku (3UMHUX H
JIETHUX) ¥ TOJIOBBIX I'padrKax MaKCUMaJIbHON Harpy3KH SHEPrOCHCTEMBI.

Padoune mMommHocTH M mMecto nmpoektupyemoii I'C B cyTOYHBIX rpaumkax Harpy3ku
Haxoaat no UKH 3umHero m JerHero mepuogoB (cM. puc.5 u puc.6). 3ona padGorhI
npoextupyemoii I'C B rogoBom rpajuke MakcMMAaJbHBIX MOILIHOCTeH NpH ee padore HA
OBITOBOM CTOKe OIpefessieTcsi IepeHOCOM COOTBETCTBYIOIIMX PeKHMMOB H3 CYTOYHBIX
rpa)uKoB. AHAJTOTHYHO HaxoAuTcHA 30Ha padorsl I'IC B rpadukax Harpy3sku npu padore no
BO/J0X0351/iCTBEHHOMY peskuMy (1o TpedoBanusam yuyactankos BXK).

Jlyig GOJIBIIEr0 BHITECHEHUS TEIUIOBBIX MOIIHOCTEM M3 OajlaHca MOIIHOCTEW IHEProOCUCTEMBI
HE0OX0IMMO YBEJTMYUTh 3UMHIOI0 SHEPTOOTIauy CBEPX OBITOBOI, UYTO MOKET OBITH JOCTUTHYTO 32
cyer cpaboTku BoAoxpaHuiuiia. [lockoabky AaHHBIN pexxuM padoThl mpoektupyemoit ['IC (6e3
pEeryaupoBaHuUsl CTOKA) SIBIISETCS MPOMEKYTOUHBIM, TO 30Ha paboTel 'DC Ha rogoBeIx rpadukax
MaKCHMAaJIbHBIX HArpy30K U CpeTHEMECSYHBIX HAarpy30K (puc.8 u puc.9) He NpUBOAUTCS.

8. BBIBOP IIEPNOJA U I')1TYBUHBI CPABOTKH B YCJIOBHUAX
MAJIOBOJAHOI'O I'OAA.

Jlnst ompeneneHus: mepyuoaa M TIyOWHBI CpaOOTKU BOJIOXPAHHIIUINA B PACUETHBIN MaJIOBOJIHBIN
r0J1 HeOOXOAMMO BBITIOJTHUTH CJICIYIONIUE YCITOBUS:

— 00s3aTeNIbHO UCII0JIb30BATh BCIO TMOJIE3HYI0 €MKOCTh BOJOXPaHWIIMILA;

— o00ecreynTh MUHUMYM XOJIOCTBIX COPOCOB B CPEAHEBOTHOM TOJTY;

— nuMana3oH Konebanuii Hanopos Ha I'DC He jo/mkeH npesbinats 30—40% H 2% (1o

TpeOOBaHUAM HOPMAIBHOU paboThl TypOuHHOTO 000pymoBanus ['3C).

Hauano cpaGoTku BOIOXpaHWIHINA 33a€TCS yYCIOBHUEM, MPU KOTOPOM TpPaH3UTHAsT MOIIHOCTh
TUAPOCTAHIIMA MEHBIIE TPeOyeMOW IO BOJOXO3SHUCTBEHHOMY PEXHUMY WU 10 PEKUMY MaKCH-
MaJIbHOTO BBITECHEHHUS MOIIHOCTEH TEIJIOBBIX cTaHIMi. KoHer meproaa cpaboTKA COOTBETCTBYET
OKOHYAHHUIO MEKEHHOTO MEPHOJIa B PACYCTHBIX MAIOBOIHBIX YCIOBHSIX.

[TocnenoBaTenbHOCTh PACUYETOB MPHU BBIOOPE TITyOHMHBI CPAOOTKH BOIOXPAHUIIHUIIA TIPH
3amanHoi otmetke HITY cnenyromas. [1o romoBomy rpaduky cpeHIX MOITHOCTEH OIpeIeIsAeTCs
MaKCUMaJIbHOE BBITECHCHUE CPETHEMECSUYHON BHIPAOOTKH IEKTPOIHEPTUHU TEIIOBBIX CTAHITUI.
J71s1 3TOro HEOOXOMMO BBIUMCIUTH MAKCUMAIIBHO BO3MOYKHYIO SHEPTHIO BOJIOXpaHUIuUIIA 110 (hop-
MyJie

i=T
™ = ANIAL, (8.1)

i=1
rae: 7T - mepuon HamosHeHUus Boaoxpanwiuma; AN; - cpeaHsist MOIIHOCTh aKKyM yJISIIIUU:

ANi =Ng —N g >0 (8.2)

ITo rogoBoMy rpaduky cpeiHUX MOIIHOCTEH onpeaensercs 30Ha padoTel ['DC no npuHsITOMY
PEKUMY SHEProoTAauH, a o cyrouHbIM rpadukam u MKH - 3ona padotel ['DC B roioBom rpaduxe
MaKCUMAaJIbHBIX MOIIIHOCTEH.

[Tomy4denHslii B pe3ynbrate peskuM padoTsl ' DC B rooBoM rpaduke MakCUMaIbHBIX
MOIIIHOCTEH MPEABAPUTENBHBIH, TIOCKOJIBKY HE YYMTHIBAECTCS U3MEHEHUE HanopoB Ha ['OC,
CBSI3aHHOE CO CPaOOTKOW M HAINOJIHEHHEM BOJIOXPAaHWIUIIA U € TOCTOSHHBIM 3HaueHueMm KIT/I
rujpoarperatoB. J{is yrouneHus pexxuma padotsl '9C B ManoOBOIHBIX YCIOBHX 331aHHON
00eCTIeYeHHOCTH MTPOBOJIATCS BOAHO-3HEPIrEeTUYECKHE PACUETHI.
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9. BOJJHO-DOHEPI'ETUYECKUE PACUETBI PEXXUMA PABOTBI I'SC B MAJIOBOJJHOM I'OLY.

Pacuer padorsl Bogoxpanuianma I'C npousBoauTces KajaeHIAPHBIM METO/I0M Ha
3a/laHHbIN PesKUM CpelHeMeCSYHbIX MOIHOCTel. MeTo 0CHOBAaH HA pelleHHH 110
HHTepBaJIaM BpeMeHH Ati ypaBHeHHs1 BOIHOI0 6aj1aHca

Qaki At| = iAVai = (ani - Qpeei )Atl = |.ani - (Qucni + Qx.cﬁpi + AQ«i )JAtI (91)

rae Qaxi — pacxox aKKyMYJISIIIUH, T.€. PA3HOCTh PUTEKAKIIET0 U 3aperyJIMpOBaHHOIO
pacxoaoB; AVyi — H3MeHeHHe 00'beMa BOIOXPAHMIUINA (ILUTIOC — NP YBeJIMYEHHUH €ro, MUHYC —
npu cpadotke); Qucni, Qx.copi, AQgri — COOTBETCTBEHHO MCIOJIb3YyeMBblii, COPOCHOIM M YXOs LU
pacxoabl HA MOTEPH U3 BOAOXPAHHIIUINA.

Bce pe3yabTaThl pacyeToB cBoasATcs B Ta61.10, rae:

1- BpeMeHl—[Oﬁ HHTEPBAJ OCPECAHECHU S (MeCﬂlI, nekana), 3aBUCAIIMI OT CTeNeHH
HECPABHOMEPHOCTH IIPUTOKA,

2 - OBITOBOI pacxo/1 BOAbl, ONpe/ieseMblii COrJIacHo §2;

3 - 6 - noTepu BOJAbI U3 BOJOXPAHUJIHNIIA, KOTOPbIE 32/1aI0TCSI KAK MCXOAHbIE TaHHbIE K
npoekrty Judo onpeneasaorces no popmyaam (3.1) - (3.7 ): morepu 3 (Ha HLJIIO30BaAHUE)
CYHIeCTBYIOT PH HAJMYHMH CKBO3HOI'0 CYJI0X0/JCTBA HA peKe; moTepu 4 (Ha puiabTpanuio B
HUKHHMH Obed) 115 peKH He ABJIAITCH 0e3BO3BPATHBIMH, OHM 3aBHCAT OT HANOPA; OTEPH
5 (Ha TOMOJIHUTEJbHOE HCIIApPEeHHe CO CPeHel MJI0MAAH BOAOXPAHUIMINA 32 IaHHbIH
HHTEPBAJI BpeMeHH) onpenessorces no popmylie (3.1); morepu 6 (Ha aba000pazoBanue)
00yCJIOBJIEHBI OCe/IaHNEM JIb/Ia HAa 0OPTa BOJAOXPAHUJINIIA, BECHOI JieJ] BO3BpallaeTcs B
BOJOXPAHUJIHILE B BH/E JONOJHUTEJIbHOIO IPUTOKA BOJBI;

7 — moJie3Hblii OLITOBOI MPUTOK
Qnmﬁi = Q6i - (Quwi + Qd)i + Qucni + Qﬂi) (92)

8 — oTOOp n3 BepxHero Obeda Ha HYKIbI BOJ0X03HCTBEHHOT0 KoMILiIekca Qor i;

9 — moJ1e3Hblii OLITOBOW MPUTOK

Qnml.ucm' = Qno,zﬁi - Qom[ (93)

10 - cpaboTka MM HanmoJHEHHE BogoXpauuaniia Qg;
11 - xonocTo#, moMuMoO TypOHH, cOpOC BOJBI M3 BOJOXPAHUJINIIA B HHKHUN Obed);

12 - rypounnsbiii pacxox I'IC Qraci;

13 - pacxoa B HMKHMI Obed ruapoysaa

Qn6i = chl‘ + Qxcapi + an' (9-4)
14 — npupamenue oObeMa BOJOXPAHHUIINIIA;

T AV, =+Q, At (9.5)
15 — mosnie3HbIi 00beM BOBI B BOJOXPAHIIIUIIE HA KOHEI[ PACYETHOTO HHTEPBAa;

V(fi :Ve(i—l) * AV({i (96)

16 - ypoBeHb BOJBI B BOJIOXpaHMIIHUILNE, COOTBETCTBYIOLIUI 00beMy BepxHero Obeda,
ompezensiercss 1o 3aBucumoctd Z,, =Z,,(V, ;) puc.2.;

17 — cpennuit ypoBeHb BepxHero Obeda

2= (Z:m - Z:@.)/Z 9.7)
18 — ypoBeHb HWXHEro Obeda, COOTBETCTBYIOLIMI pacxoay B HIDKHHI Obed ruiapoysia,

omnpenessercs no 3asucumoctu Z,, =2,,(Q,.) puc.3;



19 — nanop HeTTO

Hi=2:—2,, —AH, (9.8)

rae AHi - cymmapHBbIe IOTEpM Hamnopa Ha peEIIeTKax U B BOJOIOABOJAIIHX COOPYKEHMAX
(3amar0TCs B HCXOJIHBIX TaHHBIX);
20 — cpeanenHTEepBaNbHAs MOIIHOCTE [ DC
Nma =Ky Qo - Hi (9.9)
rie Kn - ko3ddumment MouHoCTH ¢ yueTtoM cpenneB3BerienHoro KI1/I rugpoarperara;
21 - pacnonaraemas 1o Hanopy mouiHocTh ['IC, omnpenenseMas 1Mo OrPaHHYCHUSM IPUHITOrO THUIIA

TypOuH; 0 BbIOOpa TypOUWH B KadyecTBE OTPaHHUYCHHUSI MX MOIIHOCTU CJEAyeT NMPHHSATH JMHHUIO, KOTopas
cTpoutcs 1o popmylie

Q= Qe VH, /{H, (9.10)

rae Qmax - MakcuMalibHasi IPOMYCKHAs CIIOCOOHOCTh TYpOHMH TpH pacueTHoM Hamope Hp; Qi -
nponyckHas criocobnocts ['DC nmpu Hanopax Hi<H,;
22 — cpegHEeWHTEpBAIbHAS BRIPaOOTKA dnekTposrepruu ['DC

O =Nma - A (9.11)
Pacuer xoma ypoBHs Boael Bogoxpanuwiuma ['DC Bemercs Ha 3aJaHHBIA  PEXKUM

CPEIHEMECSYHBIX MOIIHOCTEN TMAPO3JIEKTPOCTAHIIMN MPHU W3BECTHON NMPUTOYHOCTH PACUETHOTO
MaJIOBOJAHOTO TOAA.

Tabnuma 10. Pacyet BOAHOAHEPreTUUECKOTO PETYIUPOBaHUs cTOKa BojgoxpanuiumeM ['9C

Pacxopn, m3/c
noTepu Ha
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[Topsimok pacuera pexxuma padboTel ' DC B KypCOBOM MPOCKTE CICTYIONIUN.
1. Be160op UCXOJHBIX JAHHBIX MPOBOJAMUTCS B COOTBETCTBUHU C §1.

2. Pexxum pabotet I'DC 3amaercss B BHJE 3aBUCHMOCTHU N ¢ =Nrgc(t) (cMm. §8).

3. Pacuer HaumHaeTcs C MOMEHTa BPEMEHH, A1 KOTOPOTO HM3BECTEH YPOBEHb BOJBI B
BOJIOXPAaHWIMILE, @ UMEHHO:

— Iepe] HayajJoM BECEHHEro I0JOBOJbS, KOrJa BOJOXpaHUIULIE ObIBaeT, cpaboTaHO 10
MEpTBOT0 00bEMa U, CIIEI0BATEIbHO, YPOBEHb €r0 MOXKET ObITh 3aJ1aH (€CJIM 3TO OTOBOPEHO B
MCXOJHBIX JTAHHBIX);

— [OoCJie OKOHYaHUS BECEHHEro IMO0JOBOJAbS, KOrJa BOJOXPAaHWJIMILE 3al0JHEHO W,
CJIeJI0BaTENIbHO, YPOBEHb BOJb B HeM paBeH oTrMeTke HIIY (ecim B MCXOAHBIX AAaHHBIX
3ajaHa Tojbpko otMeTka HITY).

4. O0s13aTeNnbHBIM YCIOBUEM Ui BOJHO-DHEPreTUYECKUX PACUYETOB SBISETCS PaBEHCTBO
ypoBHEW BOJABI B BOJOXPAaHUJMILE B Hayaje H B KOHIE pacuyeTHOro Imepuojaa
peryiupoBaHus. DTO YyCIOBHE OOYCIOBJIECHO HEOOXOJUMOCTHIO HCIIOJBb30BaHUS BCEU IIO-
JIE3HOW €MKOCTH BOJOXPaHUJIMINA.

5. Pacuer perynupoBaHus CTOKa IMpU 3aJaHHBIX YCJIOBUSX MPOBOJAUTCS METOJIOM
MIOCJIEIOBATEIBLHOTO MPUOIMKEHUS], UCXOA U3 TpeOOBAaHUS MCIOJIb30BaHMS BCEro IMOJIE3HOTO
o0beMa BOJIOXpAaHUIIMINA B PACUYETHOM MajOBOJAHOM roay. Tak Kak MOoTepH OMPEnensioTcs
[0 CpeAHEMY YPOBHIO BOJBI 3a pacueTHbI MHTEpBaj BpeMEeHHU (HCIapeHHe), WIM MO0 Hamopy
(moTepu Ha QUIBTpPALUIO), UM MO NaJEHUIO YPOBHS 3a pacueTHBIM MHTepBay (MOTEpH Ha
oceJaHHe JbJa Ha OopTax BOJOXPaHWIIMILNA), pacyeT IO KaXXJIOMy HHTEpBajly BpPEMEHHU
Tak)Xe MPOBOJUTCSA METOJIOM MoOcCieaoBaTelbHOro npubamxkenus. Ilocne okoHyaHus pacdera
pexuma pabotrsl 'DC B naHHOM HHTEpBaje BPEMEHHM M OIpEACJICHHS TapaHTUPOBAHHOU
MOUIHOCTH TOCJEIHSSI CPaBHUBAETCS CO 3HAUEHHEM MOIIHOCTH, IMOJIyY€HHBIM B pe3yjbTaTe
MOKpeITUsL Tpaduka Harpysku (cMm. §8). Eciam ¢ mpuHATOW TOYHOCTHIO OHHM COBIIAJAIOT,
MPOBEPSACTCS TMPABHIBHOCTh OIEHKH MOTeph (cM. 83), W mpu HEOOXOJAMMOCTH YTOYHEHUS
MoTepb, pacyeT JAaHHOTO MHTepBaja MoBTopseTcs. Eciau ke pa3HuIa MEXIy pacueTHOH u
3aJJaHHOM TrapaHTUPOBAHHOW MOIIHOCTBIO MPEBBIINIAET MPUHATYIO JOMYCTUMYIO MOTPEIIHOCTH,
pexum pabotel I'DC yrouHsieTcss myreM u3MeHeHUs pacxona ['DC B Ty WM UHYIO CTOPOHY.
Jlig  ympolleHusi pacyeToB B KypCOBOM MPOEKTE IMOTEPU MOKHO MPHUHATH CPEIHUMH H
MOCTOSIHHBIMU 32 BECh MEPUOJ] PETYIHPOBAHUS.

Pacuer pexuma pabotel I'DC mns ruzaporpada mnputoka 90% obecredyeHHOCTH s
3aJ1aHHON TapaHTUPOBAHHOW MOIIHOCTH CYMTAETCS 3aKOHUYEHHBIM, €CJIM YCTaHOBJIEHO, YTO IO-
Je3HbII 00bEM BOJOXpAHWIWIIA IOJHOCTHIO MCIOJNb30BaH, T. €. JOCTUTHYTa B IEPUOJ
onopokHeHus: otMeTka YMO u BOJOXpaHMIMINE 3aMOJIHEHO MOCJIE MPOXOKICHUS IMOJOBOAbS
no ormetku HITY. Ecnu ypoBeHb BOABI B BOJOXPAHUIIUIIE K KOHIY PACUETHOTO MEPHOia HUXKE,
yeM B Hauale, TO rapantupoBaHHas MomHOcTh ['DC nomkHa OBITH YMEHBIIEHa, TaK Kak
ucnonb3dyembiii Ha ['DC o00beM cTOka B ATOM ciydae OOJbIlIe, YEM OH MOXET OBITh B
pacueTHOM MaloBOJHOM roay. Ecimu ke B yCIOBHUSX PAacue€THOTO MaJOBOAHOTO Toja (mpu
rOJIOBOM IIUKJIE PETYIUPOBAHUS CTOKA) YPOBEHb BOJBI B KOHIIE IIUKJIA MPEBBIIACT HAYAIbHBINH, TO
rapaHTUPOBAHHAS MOIIHOCTh JOJIKHA OBITh YBEIUYCHA.

Ecnu B MCXOAHBIX JaHHBIX OTCYTCTBYeT oTMeTka YMO, TO mpenenbHas OTMETKa CpabOTKU
NPUHUMAETCA 10 MUHUMAJIbHO JONMYCTMMOMY HAmopy sl HOpPMaJbHON paboThl TYpOMHHOTO
obopynoBaHusa. B kaxJaoM KOHKPETHOM ciydae JOCTHXKEHHE 3TOW OTMETKH HE SIBIISETCS
00s13aTeIbHBIM, MOCKOJbKY MaKCUMAaJIbHOE BBITECHEHNE MOIIHOCTEH MOKET BBIIOJIHATHCS U MPH
MeHblIel cpaboTKe BOIOXPaHMINIIA.

B npuBeneHHoM mpumepe i NMpoBeAeHHs pacuera pexxuma padotsl ['DC B ManoBOAHOM
roJy NpUHUMAETCS 3aJaHHbBIM:

- pacyeTHbIi ruaporpad MaJoBOAHOTO roja (cM. Tabi.4);

- upexaBapuTenbHblil pexum paboTel 'DC B Buge 3aBucuMoctd N e = N (t) (cm.
Ta61.9);

- HayaJIo pacyeTHOIo Mepuojaa NpuHATO X Mecsll, MociIe OKOHYaHUS MOJOBOIbS;

- YpOBEHBb BOJbI B Hauaje pacyeTHOIro Mepuo/ia Ha Hayalo OKTAOpPS NPHUHAT PaBHBIM
VHIIY=225m);



- XapaKTEepUCTUKHU BOJOXPAHMUJIMINA NPHUHATHl COTJAaCHO UCXOJAHBIM JaHHBIM §1.
Pe3ynbTarhl BOAHO-’HEPTETHYECKUX pacueToB paboTel 'D9C B ManoBOAHOM TOIy

npuBeeHbl B Tabm. 11.

CornacHo mpuBeneHHbIM pacueraM oTMeTka YMO mnpunsara paBHoil 211,9M, nockosbky oHa
HHU3IIas 34 PaCYETHBIN EPUO.

Tabnuma 11.  PacueT BOJHO-3HEPreTHYECKOTO PETYIUPOBAHUS B MAJIOBOJHOM TOJTY.
Pacxoa, m3/c
MoTepun
mMecaL, Q6bIT Qd) chn Qne,q Qnon.6 QBXK QFSC QB QH6
X 2443 | 0,5 4 0 239,8 340 443 -203.2 443,5
XI 67,6 0,5 0 30,3 36,8 200 341 -304,3 341,5
Xl 47,5 0,5 0 30,3 16,7 200 501 -484 .4 501,5
I 25,3 0,5 0 30,3 -5,5 200 523 -528,5 523,5
Il 12,2 0,5 0 30,3 -18,6 200 386 -404,6 386,5
11 9,1 0,5 0 30,3 -21,7 200 278 -299,7 278,5
[\ 1254 | 0,5 0 30,3 94,6 200 266 -171,4 266,5
\% 788 0,5 4 -182,0 965,5 340 443 522,5 443,5
VI 659 0,5 4 0 654,5 340 443 2115 443,5
VIl 1246 | 0,5 4 0 12415 340 443 798,5 443,5
VIII 864 0,5 4 0 859,5 340 443 416,5 443,5
IX 860 0,5 4 0 855,5 340 443 4125 443,5
O6beM, kv YpoBeHb, M
BepxHero 6beda Hrac, | N, 3,
AV Vs g Z 6" Zgs Zye M | MBT |MnH.kBTY
-0,54 7,29 225,0 2243 224,6 173,5 50,6 | 193 | 0,143
-0,79 6,50 2243 223,3 223,8 173,7 496 | 145 | 0,105
-1,30 5,21 223,3 221,6 222,4 174,1 47,8 | 206 | 0,153
-1,42 3,79 221,6 2194 220,5 174,2 458 | 206 | 0,153
-0,98 2,81 2194 216,1 217,7 173,8 43,4 | 144 | 0,097
-0,80 2,01 216,1 2134 2147 173,5 40,7 | 97 0,072
-0,44 1,56 213,4 2119 212,6 173,5 38,6 | 88 0,064
1,40 2,97 2119 216,6 2142 173,5 40,2 | 153 | 0,114
0,55 3,51 216,6 218,4 217,5 173,5 43,5 | 166 | 0,119
2,14 5,65 218,4 222,2 220,3 173,5 46,3 | 176 | 0,131
1,12 6,77 222,2 223,6 2229 173,5 48,9 | 186 | 0,138
1,07 7,84 223,6 225,0 2243 173,5 50,3 | 191 | 0,138

9" = 1,428 miH.KBTY

10. ONNPEJEJEHUE YCTAHOBJIEHHOW MOIHOCTHU I'C
N INIVIAHUPOBAHUE KAIIUTAJIBHBIX PEMOHTOB OBOPYJ1OBAHMUA.

yCTaHOBHeHHyIO MOIITHOCTb I'DC o BBIIOTHIEMBIM B CHCTEME q)YHKI_II/ISIM MOKHO
NpeACTaBUTL B BUJIC CYMMBI:

NDC — NDC

yem

8bim. pab

pe3

I2C 12C
+N +NM_7

(10.1)

BLI60p N){C?nc OPOU3BOAUTCA B IMPOLCCCEC TCXHUKO-3KOHOMUYCCKUX pPACUCTOB U HC BXOJUT B

3ala4y JaHHOT'O KYpCOBOTO ITPOCKTA. B mannom MMPOCKTEC BBIYUCIISICTCA OAHO U3 BO3MOXKHBIX 3HA-




YEeHUU 3TOW MOIMHOCTH. BeITecHstomas pabouas momuocTh ['DC ompepensercs U3 yCIOBHS
MaKCHUMyMa BBITECHEHHUSI TEIJIOBBIX MOLIHOCTEH cucTeMbl (cM. §9 ).
IIpu onpenenenun pezepBHoii MoutHOCTH ['DC HEOOXOAMMO YUUTHIBATh CIEAYIOLIEE.

1 Harpy3o0uHbIil pe3epB CHCTEMBI OIpEACNSeTCS W3 YCIOBHUS MOAJACPKAHUS YacCTOTHl U
HalpsDKEHUS B JONYCTHUMBIX Ipejenax. DToT pe3epB kojebiercs ot 1 no 3% 3umHero
MakcuMyMa Harpy3ku. boibpliee 3HaueHHE COOTBETCTBYET M30JIMPOBAHHBIM DHEPTrOCHCTEMAM.
Paznenenne Harpysounoro pesepBa Mmexay TOC m I'OC ocymecTBisieTcs TPHOIMKEHHO:
MPOTIOPIHOHATIBHO X MAaKCHUMAaJIbHBIM pa004YUM MOIITHOCTSIM.

2. ABapmifHBIii pe3epB cucTeMbl BbIOMpaeTrcs B mpexaenax 10% 3uUMHEr0o MakcuMyMa
Harpy3kd, ¥ OH HE JIOJDKEH OBITh MEHbBIIE MAKCHUMaJbHON €JUHUYHOW MOIIHOCTH CaMOro
KpYIHOTO arperara cucTeMbl. JlJIs pacmoJIOKeHUsS YacTH aBaApUMHOTO pe3epBa CHUCTEMBI Ha
I'DC HeoO6xoAMMO COOTBETCTBEHHO MPEAYCMOTPETh JOMOJHUTEIbHBIN TOJE3HBIH 00BheM
BOJIOXpaHWINIIA. B cpeHeBOAHBIX YCIOBUIX aBapuiHbBIN pe3epB, oTHeceHHbIH Ha ['DC, MoxeT
OBITH 0O€EcIIeueH 3a cueT U30BITKOB BOJIBI 10 CPABHEHHIO C MAJIOBOTHBIMHU YCIOBUSMHU.

[InanupoBaHue KamUTAJIBHOTO PEMOHTa OOOPYIAOBAHMSI SHEPrOCUCTEMBI MPOU3BOJIUTCS IO
CJIEIYIOLIUM IPUHIIHUIIAM.

Pemont oGopynoBanus I'DC ocyimiecTBiseTcss B T€ MeCSIbl, KOrJa OHO HE IOJHOCTBHIO
HCTIOB3YyeTCS B dHeprocucteme, T. €. Ha ['DC wmmeercs cBoOoaHass MOMIHOCTH. [Ipu sTOoM
MPOJOJLKUTENBHOCTh peMoHTa arperatoB 'DC npuHuMaeTcss paBHOM 15 nHsM, a yacToTa MX
npoBeaeHus - 1 pa3 B 4 rona.

Kanuraneueiit pemoHT oOopynoBanus TOC MOXHO MJIaHUPOBATh, HCXOJsS U3 pacyeTa
OCTaHOBA KakJI0T'0 arperara B peMOHT B cpeaHeM | pa3 B 2 roxa. [IpexycmoTpens! cienyromue
CpellHue HOPMBI IpocTost o0opynoBanus [ |:

ADC —30 gueit;

K9C c nonepeunsimu cBs3siMu— 15 nHew;

omounsie KOC — 30 mHei.

Pacuer HEOOXOIMMOW pPEMOHTHOW IUIOMIATU TEIJIOBBIX DJIEKTPOCTAHIIMK MPOU3BOIUTCS
YKpYIHEHHO C pas3JeieHueM O0O0OpyAoBaHUS Ha OJIouHOE 00OpymoOBaHWE U OOOpPYIOBAaHHUE C
MONIEPEYHBIMH CBsA3SIMU. PacueTHas peMOHTHas IJIOIIAIb 3a KaXIbld MecCsI] CpaBHUBAETCS C
COOTBETCTBYIOIICH (haKTUYECKON IUIONMaAbl0 CBOOOJHON MOILIHOCTHU 3a TOJ, IMOJy4YeHHOH u3
roJIoBOro rpaduka MakCUMaJbHBIX MOIIIHOCTEH.

dakTuyeckas peMOHTHas IUIOIA (b OLIEHUBAETCS MO0 CyMME CBOOOJIHBIX MOIIIHOCTEH CTaHIIUs
3a roa. CBobOo/HAas MOUIHOCTh IPU 3TOM OIpEAeNseTcs KaK pa3sHOCTh MEXKIY YCTAaHOBJICHHOMN
MOIIHOCTHIO U UCIIOJb3YEMOW B Ka)KJIOM pacueTHOM MHTepBaie. B ciyuae, ecnu gaktuueckas
pEMOHTHasg IUIOIIaAb MeHblIe TpeOyeMol, HEOO0XOJAUMO YCTAaHOBUTH JIOTOJHUTENbHBIH
PEMOHTHBIH pe3epB B CUCTEME.

IIpumep omnpeneneHusi ycraHoBjJeHHON MomHOCTH I'DC M miaHMpoOBaHME KANMTAJbHBIX
PEMOHTOB 000py10BaHMS.

[Ipu coctaBnenun OanaHca y4UTHIBaeM CIEyIOIIee: aBapUHBIN pe3epB cocTaBigeT 8% ot
pabodeil MOIIHOCTH, HArpy304yHBIi pe3epB — 2% oOT pabouelt MomHOCTH. Tak Kak Ha
npoektupyeMoit 'DC He mpeaycMaTpuBaeTcsi JOTOIHUTENFHOT0 00beMa BOJOXpAaHWIHINA, TO Ha
Hel yCTaHaBJIMBAaeM TOJbKO Harpy3ouHsblil pezep (10% oT paboueit MOIITHOCTH).

VYcranoBneHnnyto MmomHocTh ['DC npeacTaBuM B BUAE CYMMBI:

N;C?f = Ni?nfpaﬁ + N]fzc (10.2)

BritecHstoras  pabouass momrHocth ['DC  ompenensieTcss W3 YCIOBUS  MaKCUMyMa
BBITECHEHHSI TEIUIOBBIX MOITHOCTEH CUCTEMBI. Ngyrpas ompenensercs mo 1 wnu 12 mecaiy (cM.

ta6m.1). Jns atux mecsiies N ¢ —1167MBm .

8bim. pab

Peseps mist craniun npuaumaem 10% ot paGoueil MOITHOCTH CTaHIIUH.
N,,=01-N ¢ —01-1167 =117MBm

8bim. pab
Takum oOpa3om, ycTaHOBJIEHHAs MOIIIHOCTH npoektupyeMoit ' 9C paBHa:
NDC =N/ +N2C =1167 +117 =1284MBm

8bim. pab



Ycranosnennyo MouiHocTs KOC npeacTaBuM B BUJIE CYyMMBI:

KOoC KOC KOC KOC
Nycm = Npa6 + Nab’.paf + Nﬁaep.pa'f (103)
N;’;fa onpenensercs o 1 wmu 12 mecsiny (cm. ta6m.12). s atux mecsines N Ilffﬁc =9672MBm .

ABapuiiHBIA pe3epB UIs CTaHIUK cocTaBiser 8% OT paboyeil MOIIMHOCTH CTaHIUH,
Harpy304HbIi pe3eps — 2%:

N¢ =0,08- leff =0,08-9672 = 774MBm

ae.pe3

N =0,02-N& =0,02-9672 =193MBm

naep.pes pab

Takum 0Opa3om, ycTaHOBJICHHAS MOIIHOCTH poekTrpyemoii ['DC paBHa:
Nﬁc =N L NOC L NOC  — 9672+ 774+193 =10639MBm (10.4)

pab as.pes Haep.pe3

[InanupoBaHue KamUTaJIbHOTO PEMOHTA OOOPYIOBAaHUS AHEPrOCHUCTEMBI IPOU3BOJIUTCS IO
CJIEYIOIIUM MPUHIIUIIAM.

PemonT oGopynoBanust I'9C ocymiecTBisieTcss B T€ MeECALbl, KOTJa OHO HE TMOJHOCTBIO
UCIIONB3yeTCcsl B dHeprocucreme, T.e. Ha ['DC uMmeercs cBoOogHAss MOIIHOCTH. [Ipu 3TOM
MIPOJOJKUTENIBHOCTE peMoHTa arperaroB I'DC mpuHMMaeTcs paBHOW 15 1mHAM, a yacToTra uX
npoBenenus — 1 pas B 4 roja.

PemonTHas miiomane cymectByromux ['9C:

1 . N c;fu;f?C
[ onoe =L-l/mec _1arr =160MBm - mec | 200 (10.5)
v 4 2 8
PemonTHas miomane npoektupyemoit I'9C:
e LNPPC 1 1284
Freot = = =161MBm - mec | 200 (10.6)
per 4 2 8

B nanbueiimem, nocie BeIOOpa 000pyA0BaHUS, 3Ta IIOMIAb YTOYHSETCS.

Kanuranpaeiii peMoHT o6GopynoBanus TOC MOXXHO IUIaHMPOBATh, MCXOJs W3 pacuera
OCTaHOBa KaXXJIOTO arperata B peMOHT B cpeaHeM | pa3 B 2 roxa. IIpegycMoTpeHsl ciiefyroniiue
HOPMBI POCTOS1 00OPYIOBAHUS:

K3C c nonepeunbiMu cBs3sIMU — 15 AHEH;

osounsie KOC — 30 nneii .

KoC KoC
F KoC __ yem 1 N yem

10639 10639
o = -— mec + Iuec = +
e 2 2 2 4
CBo0Oonas momrHocTh Ha KOC B cymme 3a rof coctaBiser F K¢ — 9076 MBm - mec | 200 .

600

= 7980MBm - mec | 200 (10.7)

[Tockonbky cBOOOAHON MOILTHOCTH OOJIbIIE, YeM HEOOXOIUMO Ui IPOBEACHUS PEMOHTOB
yCTaHOBKA JOTIOJHUTEIFHOW PEMOHTHOM MOIIHOCTU He TpeOyeTcs. bananc momHocTH
SHEProCUCTEMbI B MAJIOBOJTHOM IOy IpHBe/eH B Ta0ia.12 u Ha puc.8. bananc rogoBoro rpaduka
CpeIHEeMeCsIUHbIX HArpy30K MpUBEIeH Ha puc.9.



Tabnuia 12 bananc MOIIHOCTH SHEPTOCUCTEMBI B MaJIOBOJAHOM TOJTY.

Mees Harpyska cuctemsl Cymectytomas I'OC [Ipoextupyemas ['DC KB2C
P*', MBt|Pap, MBtPup, MBT[Npas, MBTNap, MBTNwp, MBTNpew, MBT[Npag, MBTNap, MBTNgp, MBTNpew, MBTNpas, MBTNap, MBTNp, MBTNpew, MBT|

I 12000 960 240 1161 93 23 - 1167 - 117 - 9672 774 193 -

I 11671 934 233 1161 93 23 - 885 - 88 - 9625 770 193 -

Il 11168 893 223 1161 93 23 - 547 - 55 - 9460 757 189 -
v 10587 847 212 1161 93 23 - 480 - 48 - 8946 716 179 790
\Y 10083 807 202 1125 90 23 - 633 - 63 - 8325 666 167 1420
VI 9793 783 196 1128 90 23 - 656 - 66 - 8009 641 160 1750
VII 9793 783 196 1131 90 23 - 676 - 68 - 7986 639 160 1750
VIII | 10083 807 202 978 78 20 161 695 - 69 - 8410 673 168 1380
IX 10587 847 212 1147 92 23 - 705 - 70 2*128,4 | 8735 699 175 890

X 11168 893 223 1156 92 23 - 707 - 71 1*128,4 | 9305 744 186 -

Xl 11671 934 233 1161 93 23 - 840 - 84 - 9670 774 193 -

X1l | 12000 960 240 1161 93 23 - 1167 - 117 - 9672 774 193 -




11. BOAHO-DPHEPTETUYECKHUE PACYETHI PEKUMA PABOTHI I'IC B
CPEJIHEM MO BOJHOCTHU r'OJ1Y.

BonHo-3Heprerudeckue pacdyersl B CPEIHUX 10 BOJHOCTH YCIOBMSIX NMPOBOAATCS IS OLIEHKU
cpennemHorosetrnet Beipabotku sueprun ['9C. Kpurepuem ouenku padotsr I'IC B roay cpenneit
BOJHOCTH JUI HAa4YaJbHBIX CTAJUA TPOCKTHPOBAHUS MPUHUMAECTCS MaKCHUMallbHas BBIPaOOTKa
AJIEKTPOSHEPTUU IPHU YCIOBUU BBITECHEHUS TEIUIOBBIX MOLHOCTEN, HE MEHBIIMX MOJY4YEHHBIX I10
pabote 'DC B pacueTHBIX MAJIOBOJAHBIX yCIOBHSIX.

C yueToM 3TOro ycioBus cpaboTKy BOJOXpaHUJIHUIIA CIeyeT HAaUMHATh KaK MOXHO MO3XKe€,
4YeM B MaJIOBOJHOM rojy, 4TO IpHUBEJET K yBenudeHuto Hanopa I'9C u BeIpaOOTKH rUIpO3HEP-
T B 3UMHEE BPEMsl.

Hanonnenue BogoxpaHWiIuIia cieAyeT 3aKOHYUTbh KaK MOXHO paHblIe JUIsl YBEIWYCHUS
HanopoB ['DC u, Kak ciecTBHUE, BHIPAOOTKHU 3IEKTPOIHEPTUH.

BonaHo-sHepreTuueckue pacuersl pexknMa padotsl ['DOC B cpeaHeBOJHOM roay MpPOBOAATCS
aHAJIOTMYHO pacueraM, OnUcaHHbIM B § 9 . IIpu aTOM cunTaroTCs 3aJaHHBIM:

— MPUTOYHOCTH K CTBOPY THAPOY3Jia, COOTBETCTBYIOLIAsA oy ¢ 00ECHEYEHHOCThIO p =
50% ;

— rapaHTUpoBaHHas MouiHocTh ['DC u ee pacnpenenenue BHyTpH rojaa (cM. 8 9);

— oOsi3aTenbHasl MPEANOJIOBOHAS cpaboTka Bogoxpanmmmiia 10 Y MO.

[Ipu pacuere pexxuma cpabOTKH B CpeAHEM MO BOJHOCTU IOy HEOOXOAMMO PacCMOTPETh
CJIeAYIOLE€ BO3MOKHbIE BAPUAHTBHI.

1. Paborta ['DC ¢ MOLIHOCTSIMHU, PaBHBIMU MOIIIHOCTSIM, IPUHATHIM B MaJIOBOJAHOM roay. [lpu
TaKOM peXKHMe Hadajao cpabOTKH MOXKET 3aJIepKUBATHCS 110 CPABHEHHUIO ¢ MAJIOBOHBIMU
ycnoBusimu, 1 'DC Oyaet paboTaTh Ha MOBBIMICHHBIX Hanmopax. Ho 1o CKoJabKy IpHHSTO
YCIIOBHE €XKETOTHOM cpaboTKu 10 oTMeTKH Y MO, BeCh HaKOTUICHHBIH 3armac BOAbl cpaboTaeTcs K
Havajy MoJIOBOAbs ( B TTOCIIETHEM MECSIIE TIEpUoia CPabOTKH).

2. Pabota I'DC mo pexuMmy ypoBHS B pacyeTHOM MajoBOoaHOM rony. Ilpm stom, xon
YpOBHS BOJABI B BOJOXpaHWIHIE OyIeT COOTBETCTBOBAaTH XOJAY YpPOBHS B pAacUETHBIX
MaJIOBOJHBIX yCIOBUAX, a MOIIHOCTh 'DC B cpeHeM 1o BOJAHOCTH roy OyneT OoJblie, 4yeM
B MaJOBOJHOM, 32 cYeT 0OJbIIEro MNPUTOKA BOJBI B BOJIOXPaHUIIUIIE;

3. Pabora I'DC mo cruenyromeit cxeMme: a) CpeIHEHHTEpPBAIbHAs MOIIHOCTh B IEPBOM
Mecsie cpaboTKH BOJIOXpaHuUIuIla cuutaeTcs paBHoi mMouHocTu ['DC ManoBoaHOro
roja; 3a cueT OOJbIIEro, Y4eM B MaJOBOJHBIX YCIOBUSIX, IPUTOKA BOJbI, B KOHIIE ATOTO MecsIa
YPOBEHb BOJIbI B BOJOXPAHIINIIE Oy/IET BbIlIE, YeM B MaJOBOJHOM IOy, U B BOJOXPaHUIHUIIE
MOSIBUTCS JOTOJHUTENBHBINA 3amac BOJbI; 0) BO BTOPOM Mecsile cpaboTKu cpeaHeMecsdyHas
MomHocTh ['DC nmpuHumaercs paBHoOU cymme MomuHocTd ['DC B MaioBOgHOM roay (B 3TOM
xKe MecsIie) U MOUIHOCTH, KOTOpas MOXET ObITh MOJydyeHa 3a cueT, cpaboTku 3a-
MMaCeHHOTO B MPEIbIAYIIEM MECAIle AOMOTHUTEILHOTO (110 CPAaBHEHHUIO C MAJIOBOIHBIM T'OJ0M)
o0beMa BOJIbl; B) MOPSJOK pacdera CpeHEeMECIYHON MOIIHOCTU B TPETheM MecAle cpaboTKu
aHAJIOTUYeH TMpenbIaylieMy; Ui T[OCJIeJHEero Mecsdla cpaboTKU  BOJOXpPaHUIUIIA
npuHUMaeTcs oluiee s BCeX BApUAHTOB YCJIOBHE AOCTHXKEHUS oTMeTkH Y MO.

ITo Bcem TpeM BapuaHTaM paccUMUThIBaeTcs BbIpaboTKa snekTpodneprun ['OC u BeiOupaercs
BapUaHT, oOecrieunBarouil OOJIBIIYIO BEIPAOOTKY.

B xypcoBOM mpoekTe paccMaTpHUBarOTCs B PeKUMa HANIOJIHEHU S BOJOXPAHHUIINILA:

1) no ypoBHsSIM HamoJIHEHHUS B MaJOBOJHOM TroAy (mpu TakoMm pexxume mornnoctu ['DC B
3T Mecslbl OyayT Ooiblie, 4yeM B MaJoOBOAHBIX YyciaoBUAX) Ilpu sTomM cpeaHemecsuHas
MOIIIHOCTBH HE MOJKET OBITH OOJIbIIIE YCTaHOBICHHOM, npuHsAToi B §10 .

2) 1O MOIIHOCTSM B IEPUO/I HAMOJIHEHHS B MAJIOBOJIHOM roy (IIpy 3TOM ypOBEHb BOJBI B
BOJIOXpaHMWINIEe OyaeT BhIIIE, YeM B MajJOBOJAHOM TOAY, M BOJOXPAHMJIMILE HAMOJIHUTCS
osicTpee). Cneryer MMeTh B BUJTY, YTO MAKCHMAJIbHBI YPOBEHb BOJBI B BOJIOXPAHHUJIMIIE OIPaHUUYCH
orMerkoit HITY.

ITo kaxxgoMy pexxuMmy nojcuutTeiBaeTcst Beipabotka ['DC 3a mepro] OT Havasia HAMOJIHEHUS
710 Hayaja cpabOTKU U IPUHUMAETCS PEXKUM HAMOJHEHHS ¢ 00JbIIeil BEIpaboTKOM.



Ha ocHOBaHMM MPOBEIEHHBIX PACYETOB CTPOSATCS OajaHC YHEPTUU B CPEAHUX YCIOBHSIX, a
TaKke OajlaHC MOIIIHOCTH SHEPTOCUCTEMBI B CPEHUX MO BOJHOCTH ycinoBusix. Onpenenenue
pabouux morHoctel Bermonasercs no MKH ans 3umaux u netHux cyrok. Kpome padounx
MOIITHOCTEH HaXOAUTCS pacupeesieHue pe3epBHBIX (PYHKIUN MEXKAY EKTPOCTaHIUIMHU, a
Takke miIanupyercs peMoHT obopynoBanus ['DC, TOC u ADC.

I[To pesyapTaTaM pacyeToOB CTPOHWTCSA Takxke Trpaduk cpabOTKM W HAMOITHEHUS
BOJOXpaHUJIMIIA B MAJIOBOJHBIX U CPCAHUX YCIOBHUAX.

BEINOIHUB BOHO-9HEPTreTHYECKOE PEryIUPOBAHUE M ONIPEISIUB TUAa30H KOJIeOaHUs
HaIopoB, HEOOXOUMO TMIEPEUTH K CIICIYIONIEMY 3TaIy: BBIOOPY M 000CHOBAHUIO TApAMETPOB
TypOMHHOTO M reHepaTopHoro obopynosanus I'9C.

IIpumep BoaHO-3HepreTHYecKUX pacyeToB pexxnuma padorsl I'IC B cpeiHeM 110 BOAHOCTH
roay.

Bonno-3Hepreruyeckue pacuersl pesxkuma padotsl [ DC B cpeTHEBOIHOM IOy TPOBOISATCS
AHAJIOTHYHO pacyeTaM, ormucanHsiM B 8§10 .

[Ipu pacuere pexxuma CpabOTKU B CPETHEM TI0 BOJIHOCTHU TOLy PACCMOTPEHBI CIEAYIOINE
BO3MOYHBIC BAPHAHTBI:

1. paborta I'DC c MOIIHOCTSIMU, MPUHATHIM B MAJIOBOJAHOM Tofy (cM. Tabi.13);

2. pabota ['DC mo pexxumy cpabOTKH PacyeTHOTO MAIOBOTHOTO T'0J1a;

3. pabora ['DC mo cienyromei cxeme: a) CpeTHEHHTEPBAIbHAS MOIITHOCTh B TIEPBOM MECSIIE
cpabOTKH BOJOXpAaHUIIHUIIA CUUTAETCS paBHOM MomHOoCcTH ['DC MamoBogHOTO T0/1a; 6) BO
BTOPOM MecSIIe CpabOTKH CPEeTHEMECIIHAS MOIITHOCTh MPUHIUMACTCS PaBHOM CyMMe
MortHocTH ['DC B MasoBOIHOM TOTy (B 3TOM K€ MECSIIE) H MOITHOCTH, KOTOPasi MOKET
OBITH MMOJTyYeHA 3a CYET CPAOOTKH 3aMTACEHHOTO B MIPEABIAYIIIEM MECSIIEC TOTIOJTHUTEITHHOTO
(TI0 cpaBHEHMIO C MAJIOBOTHBIM T'OJIOM) 00beMa BOJIbI; B) TIOPSIOK pacuera
CpeIHEMECSIUHON MOIITHOCTH B TPEThEM MecsIe CpabOTKU aHAIOTUYEH MPEIbIIyIIEeMY; s
MOCJIETHETO Mecsa cpaboTKU BOJAOXpaHUIUIIA IPUHIUMAETCs o011iee Ui BCeX BapUaHTOB
YCJIOBHE OCTHKEHUE OTMETKH Y MO B KOHIIE pacCye€THOIO MEPUOIA.

ITo Bcem Tpem BapmaHTaM pacCUMTHIBAeTCS BhIpaOOTKa AekTposHeprun ['IC u BeiOupaeTcs
BapUaHT, 00€CIIeUYNBAIOIINI OOJIBITYIO0 BRIPAOOTKY. Pe3ynbrarhl pacuera cBeieHbl B Ta0J.15.
Hau6onpmryto BeipaboTky obecrieurBaet BapuanT padoTsl ['DC 1Mo MOITHOCTSM, MPUHSATHIM B
MasioBogHOM roay (9=0,8815 muH.kBTu).

[Ipu pacuere pexrMa HaOJHEHHs BOJOXPAHUIIHUILA B CPETHEM TI0 BOJAHOCTH Oy
paccMaTpuBaroTCs J1Ba BapHaHTa:

1. 1o MOITHOCTSIM B IIEPHO,]T HATIOJIHEHHS B MAJIOBOJTHOM TOTy (cM. Tabi.14);

2. 1O ypOBHSIM HAIOJHEHHs B MaJOBOJHOM oy . Pe3ynbpTaThl pacuera npuBeieHbl B Ta0m.15.

[To xaxaomy pexxuMy noacuuThiBaetcs BeipadoTka ['DC 3a mepuo1 0T Havaa HAMOJIHEHUS 10

Hayaja cpabOTKH U MPUHUMAETCS PEKUM HAMOJIHEHUs ¢ OoJbllel BbIpaOoTKON. Pe3ynbraTel
pacuera cBeieHbl B Taba.15. Haubounbiryro BeipaboTKy ob6ecrieunBaeT BapuaHnt padotsl ['IC mo
MOIIIHOCTSIM B TMIEPUO]I HATIOJHEHHs B MaJoBOJHOM roy (3=1,1278 mun.kBT4)

bananc MOITHOCTH CUCTEMBI B CPEIHEBOIHOM IOy IIPeICTaBiIeH B Ta0u. 16 u Ha puc.10.

[TokpsiTHE TOA0BOTO rpaduKa CpeTHEMECSUHBIX HATPY30K B CPEIHHI 110 BOJHOCTH YCIOBHSIX
npuBeaeHo Ha puc.l1. [To pesynpraTtam pacdeToB CTpoUTCS rpaduK CpabOTKU U HAMIOJTHEHUS
BOJIOXPaHWJIMIIA B MAJIOBOIHBIX U CPETHUX YCIOBHX (cM. puc.12).



Tabnuma 13. Pacyetr BOHO-9HEPTeTHUECKOTO PETYIUPOBAHUS B CPEIHEM 110 BOJHOCTH roy. Pabora 'DC 1o MOIIHOCTSIM MaJIOBOTHOTO TOJIa.

Pacxopa, m3/c O6bem, km® YpoBeHb, M
MoTtepu BepxHero bbeda Hrac, N, 9,

MecsL Qé6eir Qcp Quen | Qnen | Qnons | Qxk | Qrac Qs Que AV Vs Zgs"®™ | Zgs " Zss Zu6 M |MBTMAH.KBTY
X 511,8 |0,5| 4 0 507,3 | 340 | 507 0,00 507,5 | 0,00 | 7,84 | 225,0 | 225,0 | 225,0 | 173,6 |50,9(222| 0,165
Xl 909 |05 O 30,3 | 60,1 200 340 -279,9 | 3405 | -0,73 | 7,11 | 225,0 | 224,1 | 224,5 | 173,7 |50,3|147| 0,106
Xl 50,5 |05 O 30,3 | 19,7 200 495 -475,3 | 4955 | -1,27 | 5,84 | 224,1 | 222,4 | 223,2 | 174,1 |48,6|207| 0,154

I 253 (05| O 30,3 -5,5 200 514 -519,5 | 5145 | -1,39 | 4,44 | 222,4 | 220,6 | 221,5 | 174,1 |46,9|207| 0,154

1 13,7 |0,5 0 30,3 | -17,1 200 427 -4441 | 4275 | -1,07 | 3,37 | 220,6 | 218,0 | 219,3 | 173,9 |44,9|165| 0,111
"l 11,4 |0,5 0 30,3 | -19,4 200 402 -421.4 | 4025 | -1,13 | 2,24 | 218,0 | 214,2 | 216,1 | 173,9 |41,7|144| 0,107
\Y 1254 (05| O 30,3 | 94,6 200 350 -255,4 | 350,5 | -0,66 | 1,58 | 214,2 | 211,9 | 213,1 | 173,7 |38,8|117| 0,084

9=0,8815mH.KBTY

Tabnuma 14. Pacder BOJHO-?HEPreTHYECKOTO PETYIMPOBAHUS B CPETHEM TI0 BOJIHOCTH Toy. HaromHeHne Bo1oXpaHUIUIIa TI0 MOIITHOCTSIM MaJIOBOTHOTO

roja.
Pacxopn, m3/c O6beM, km® YpoBeHb, M
MoTepu BepxHero bbeda Hrac,| N, 9,

MecsL| Q6bIT ch chn Qne.q Qnon.6 QBXK QFSC QB QH6 AV Vs Zes"™ | Zgg"" Zss Zu6 M [MBTMSH.KBTY
V 1263.0 |05 4 -182 | 14405 | 340 | 476 | 9645 | 476,5 | 258 | 4,16 | 211,9 | 220,2 | 216,1 | 173,6 |42,0/172| 0,128
VI 659,0 (05| 4 0 654,50 | 340 | 540 | 114,5 | 540,5 | 0,30 | 4,46 | 220,2 | 220,6 | 220,4 | 173,7 |46,3|215| 0,155
VII 1680,5 |0,5| 4 0 1676,0 | 340 | 950 | 726,0 | 950,5 | 1,94 | 6,41 | 220,6 | 223,1|221,9|174,3 |47,1|385| 0,286
VIII 1466,6 |0,5| 4 0 1462,1 | 340 | 925 | 537,1 | 925,5 | 1,44 | 7,84 | 223,1 | 225,0 | 224,1 | 174,2 |49,3|393| 0,292
IX 860,0 |05 4 0 855,5 340 | 856 0,0 856,5 | 0,00 | 7,84 | 225,0 | 225,0 | 225,0 | 174,1 |50,4|371| 0,267

9=1,1278 miH.xBT4




Tabnuua 15. Pe3ynbpTarhl pacueTa BEIpaOOTKHU 3IEKTPO3HEPruH npoektupyeMoit 'OC npu pa3HbIX npaBuiiaXx Ha3HAUCHHS €€ PeXKUMA.

PesxxumM cpaboTKM BOJIOXpaHWINIIA B CPEAHEM 10 BOJTHOCTH TOJTY

9, maH.kBtu

1. pa6ora I'OC ¢ MOIIHOCTSMH, IPHUHSITHIM B MAJIOBOJTHOM TO/TY 0,8815
2. pabota 'DC mo pexumy cpabOTKH pacyeTHOTO MAJIOBOJIHOTO I'0/1a 0,8803
3. pabota I'DC mo cxeme 0,8751

Pexxum HanomHeHUS BOJOXpaHWJIMIIA B CPEAHEM 11O BOAHOCTHU IOy

9, maH.KBTu

1. 1O MOIIHOCTSIM B MEPHO]T HAMOJHEHUS! B MAJIOBOJTHOM IOy 1,1278
2. 10 YPOBHSIM HAITOJIHCHUS B MAJIOBOJIHOM TOY 1,0681
Tabnuma 16 bamanc MOITHOCTH YHEPTOCUCTEMBI B CPETHEM 110 BOJTHOCTH TOY.
Harpyska cucremsl CymectBytomas ['9C ITpoektupyemas ['2C KB2C
mecsn [P, MBTPap, MBTPHp, MBTNpag, MBTNap, MBTNyp, MBTNpen, MBT[Npas, MBTNap, MBTNyp, MBTNpew, MBT|Npag, MBTNap, MBTNyp, MBTNpew, MBT
| 12000 960 240 1161 93 23 - 1167 94 23 - 9672 774 193 -
1 11671 934 233 1161 93 23 - 988 80 20 - 9522 762 190 -
1 11168 893 223 1161 93 23 - 900 73 18 - 9107 729 182 -
A\ 10587 847 212 1161 93 23 - 743 60 15 - 8683 695 174 790
\Y 10083 807 202 1125 90 23 - 703 57 14 - 8255 660 165 1420
VI 9793 783 196 1128 90 23 - 765 62 15 - 7900 632 158 1750
VIl 9793 783 196 1131 90 23 - 1019 82 20 - 7643 611 153 1750
VIl 10083 807 202 978 78 20 161 1143 92 23 - 7962 637 159 1380
IX 10587 847 212 1147 92 23 - 988 80 20 2*128,4 8452 676 169 890
X 11168 893 223 1156 92 23 - 761 61 15 1*128,4 9251 740 185 -
XI 11671 934 233 1161 93 23 - 844 68 17 - 9666 773 193 -
XIl 12000 960 240 1161 93 23 - 1166 94 23 - 9673 774 193 -
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12. Bb100Op OCHOBHOI'0 3JHEPreTHYECKOro 000pyA0BaHMA.

3amaua BHIOOpa OCHOBHOTO SHEPreTUYECKOTO OOOpPYIOBAHUS COCTOUT B OINPENCICHHH €T
TUTIOB M TApaMeTPOB, KOTOPbIC TNpPU 3aJaHHON HCXOMHOW WH(GOPMAIMHU, BBINOJHEHUU BCEX
TpeOyeMBbIX OrpaHHYEHHMH C Y4EeTOM IEJOYHMCICHHOCTH o0ecmeynBaiii OBl  pa3BUTHE
SHEPTrOCUCTEMBI 3a cueT mpoektupyemoit I'9C ¢ MUHMMaNbHBIMU 3aTpaTaMu Ha CTPOUTENICTBO U
MaKCUMaJIbHOM MPUOBUIBIO TIPH SKCILUTYaTaIUH.

B cBsi3u ¢ oTCYTCTBHEM MHBECTOpa Ha JAHHOM 3Tare KPUTEPUEM PELICHUS TAKOW 3a7audl IIPUHSAT
MHUHUMYM CYMMAapHBIX IIPUBEJEHHBIX 3aTPAT 110 SHEPrOCHCTEME B LIEJIOM.

TexHnKo-3KOHOMUYECKOE OOOCHOBAaHME ONTHMAIBHOTO BapHaHTa OCHOBHOTO OOOpYIOBAaHHUS
BBINIOJIHSIETCSL  ITyTEM aHalW3a BCEX BO3MOXKHBIX BApPUAHTOB OOOpPYIOBAHUS, YAOBJIETBOPSIOLINX
TEXHUYECKUM YCIIOBHSM U PEXKUMHBIM TPEOOBAHUSIM MPOSKTUPYEMOTO THIPOIHEPTeTUIECKOTO OOBEKTA.

HezaBucumo oT MeTo1a BIOOpa OCHOBHOTO dHEpreTudeckoro ooopynoBanus [’ 9C Heobxoaumo
YUYUTHIBATH CJICIYIOIINE OCHOBHBIC MTOJIOKEHUS:

1) BBIOpaHHBIC MapaMeTPbl 00OPYIOBAHUS JOJIKHBI 00ECIICUYMBAThH IKCILTYaTAI[HIO arperaTtoB U
CTaHIIMU B IIEJIOM BO BCEX JOMYCTUMBIX pexuMax padoTel ¢ HanbosbmmmM KI1/I;

2) HEOOXOAMMO CTPEMHUTCS K BbIOOPY MHUHHMAJIbHOTO YHCIA arperatoB IMPH BO3MOXKHO
OoJbIIe MOIIHOCTH KaXJIOTr0 W3 HHUX, 4To mnpuBoauT K YyBenuueHuto KIIJI peakTuBHBIX
TUAPOTYPOMH 3a cueT MacmTaOHOro 3(dekxra, CHIKEHHUI0 CTOMMOCTH OCHOBHOTO O0OpYy/IOBaHMS,
CHIDKEHHIO CTOMMOCTH OCHOBHOTO 00OpYI0OBaHUS, COKPAIIEHUIO CPOKOB U3rOTOBJICHUS, MOHTaXa 1
YUCJICHHOCTH JKCIUTyaTal[MOHHOTO TiepcoHana nmpoektupyemoit ['DC.

[Ipu 3TOM CyIIECTBYIOT ClIEYIOLIME OTPAaHUYEHUS:

1) uucno arperaToB, yctaHaBiuBaeMbiX Ha ['JC, He JOKHO OBITh MEHBINE JBYX, JAKEe €CIIH
Bca TpeOyeMass MOIIHOCTb MOXET OBbITh peajn30oBaHa OJHHM arperaroMm, Tak Kak ero IJIaHOBBIN
PEMOHT WJIM aBapUUHBIM MPOCTOW TPHUBEAYT K NPEKPAIICHHIO pabOThl BCEW CTAHIMH, a TPH
HaIOJIHEHHOM BOJOXpPaHWIHIIE — K HEOOXOJAUMOCTH XOJIOCTOTO cOpoca BOJBI U, CIEIOBATENbHO, K
001IeMy CHIDKEHHUIO YPOBHSI HAIXKHOCTH IKCIuTyaTanuu [ DC B AIEKTPOIHEPTETUUECKOU CUCTEME;

2) ymosnerBopenre TpeboBannii BXK mo mMuHHMamsHOMY pacxojay BOJbI B HHXKHEM Obede
JOJKHO COYeTaTbCcs C HEOOXOAMMOCTBIO MCIIOJIb30BAaHUSL O3TOTO pacxoja s BBIPAOOTKU
AIIEKTPOIHEPTHH, YTO MOXKET MPUBECTU K CHIXKEHHIO MOIIHOCTH arperaTa, yBeJIMYeHHIO MX YHciia
WJIM YCTaHOBKE CIIeLMaIbHOTO arperara HeOoIbIIoil MOITHOCTH;

3) MakcHMallbHBIA qUaMeTp pabodvero Koseca THAPOTYPOMH JOJDKSH BBIOMPATHCS HE TOJIBKO
UCXOJsl U3 BO3MOKHOCTEH €ro M3roTOBJICHUS, HO U C YUETOM YCIIOBUN TPAHCIIOPTUPOBKU K MECTY
MoHTa)ka. OrpaHUYeHHE MO YCIOBUSAM JOCTaBKM paboyero koseca tuna PO mo xene3Hol gopore
COOTBETCTBYET JAUAMETPY, HE MpeBbIIIaoIEMy 6,3M;

4) BBHIOOP OTMETKH BBICOTHOI'O PACIOJOXKEHHS pabodero Kojieca THAPOTYPOUH, OCOOEHHO
MMOBOPOTHO-JIONACTHOTO U IUAarOHAIBHOTO TUIIOB, JOHKEH YUYUTHIBATh 0COOEHHOCTH T'€0JI0rMUeCKO
XapaKTepUCTUKN OCHOBaHUA 31aHus [DC, 4TO MOXKET MPHUBECTH K HEOOXOJUMOCTH yMEHBIICHUS
3ariayOneHusi pabouero kosieca M TMOABOJHOM YacTW 3[JaHHS CTAHIMM, CHIKEHHUIO MOIIHOCTU
TUAPOTYPOMH U YBEJIUYSHHIO YHCTIa arperaTos;

5) wuucno arperatoB npoektupyemoii 'IC, 0co0eHHO TpH OOJIBIIOM HX YHCIIE, YTO XapaKTEPHO
Ui HU3KoHaAnopHbIX ['DC, MOMKHO BEIOMPATHCS KPATHBIM JIBYM WJIHM TPEM, YTO YIPOIAET TJIaBHYIO
CXEMY JJIEKTPUUECKUX COCTMHEHHM, 00ecreynBaeT B3aHMMO3aMEHSIEMOCTh JIEKTPOTEXHUYECKOTO
000pynOBaHus, YITYYIIaeT YCIOBUS M CHUKAET 3aTPaThl IPH MPOBEICHUH €T0 PEMOHTA.

12.1 Bp160op rugpoTypOMH 10 IIABHBIM YHUBEPCAIbHBIM XapPaKTEPHCTHKAM.

ITonbop oGopynoBaHMs € MUCHOJIB30BAaHUEM TJIABHBIX YHUBEPCATBHBIX XapaKTEPUCTUK COCTOMT B
TOM, YTOOBI [T KQXKJIOTO paccMaTpUBaeMOro THIa TypOMH HAMETUTh TaKue BApUAHTHI MaMeTpa paboyero
KoJjieca D1 M CHHXPOHHOM 4acTOTBhI BpalleHus N, TIPU KOTOPBIX B 00JIACTH JIOITYCTUMBIX PEKHMMOB TI0 HArlopy
1 pacxo.ty Bozsl npoektupyemas ' 9C pabortana 661 ¢ HaubonbimmM KIT/{ npu MUHUMAITEHOM 3arayOleHun
Y KOJIMYECTBE YCTaHOBJIEHHBIX arperaroB. OnTuMaibHeli BapuaHT obopynosanus [ IC BeiOupaetcs Ha Oaze
SKOHOMMYECKOTO 000CHOBAHMSL.



OO6nacTh JOMYCTUMBIX PEXXUMOB PaboOThI TpoekTrpyeMoit I IC Ha3bIBACTCS PEKUMHBIM TIOJIEM T10
pacxo.ty ¥ Haropy. BepxHeii rpaHuIIel PeKUMHOTO TIOJIS SIBISIETCS. HATIOPHAS XapaKTepUCTHKA TIPH padoTe
I'SC ¢ Bomoxpanmmiiiem, HaroHeHHbM JI0 otMeTku HITY, minkueit - mpu padote ['IC ¢ BoAOXpaHUIUILIEM,
cpabotanaeiM 10 otMerkn YMO. IlocTpoeHre 3THX XapaKTepHCTHK BBITONHICTCS M0 CIEIYIOIEMY
YPaBHEHUIO:

HI'?C (QI'SC) = 266 cpa6) - ZH6 (QH6) - Ahsc (121)

1€ Zso(Vcpas) — OTMETKA YPOBHSI BOJIbI B BOJIOXPAHUIIHILIE, KOTOPAsi I3MEHSICTCS B 3aBUCUMOCTH OT 00beMa
cpaboTkh Vs 0T HITY 10 YMO; Z6(Qus) - OTMETKA YPOBHS BOIbI B HIDKHEM Obe(e B 3aBUCUMOCTH OT
pacxona Qys; ANy - TOTEpH HANIOPa B BOZIOIPOBOJISIIIX COOPYKCHHSIX.

IMotepu Hamopa Ahs. 10 BbIOOpa MHAPOTYPOMHHOIO OOOPYIOBaHHS MOIYT OBITh YYTCHBI TOJIBKO
NPUOIIMHKEHHO B BHJIE TPEBAPUTEIILHO PUHSTOIO CPSIHEro 3HAYCHHS, MOCKOJIBKY COCTaB, KOMIIOHOBKA M
TapamMeTpbl BOJIOIPOBOLIIMX COOPYKEHUM 3aBUCST OT apaMeTpoB OCHOBHOTO 00opynoBanus [ IC.

OrpaHuyeHHeM CJieBa Ha POKUMHOM TIONE SIBJICTCS MUHUMAIBHBIA PAacXoJl BOIbIL, OTpPEIe/IsieMbIi
3a/]aHHBIM OTPAHUYCHUEM M0 YCIIOBHSM (DYHKIIMOHMPOBAHHS BOJIOXO3SMCTBEHHOTO KOMIUIEKCA, KOTOPBIN

min 3
JUI1 TAaHHOT'O IIpUMeEpa COCTaBIIIET Q mc = 200m° [ ¢, wm murnManbHas MOIIHOCTE, ompeneisieMas

ocobeHHoctH pexxumoB [ IC B rpadukax Harpy3Ku.
YpaBHEHME JTMHUKM OTPaHUYEHUS TI0 PAaCUETHOM YCTaHOBJIEHHOM MOIITHOCTH MIMEET CJIE/ YOI BUJT:

N/, =KyQreH e, (12.2)
e Kn=9,81nn? - Ko3(pHIMEHT MOIIHOCTH, M3MEHSOIIMICS B Mpefieniax or 8.2 /10 8,8 B 3aBUCHMOCTH OT
niprssiToro cpeHero KITJT I'3C N 1 B TaHHOM TprMepe TPUHST paBHBIM 8,0.
Hwxe Toukw pacdeTHOTo Haropa peXXMMHOE TI0JIe OTPAHUYEHO JIMHUEH TPOITYCKHOW CIIOCOOHOCTH
I'2C, xotopas 5o BbIOOpa TYpOMHHOTO OOOPYIOBAHUSI MOKET OBITH TIOCTPOCHA TIO CIIEMYIOIICH

3aBUCUMOCTH.
Qroc = Qi Hoe /HY (12.3)

rie Q5 - MakCHMMAaITbHasI MPOIYCKHasi criocoOHocTh ['IC, COOTBETCTBYFOIIAs paboTe THAPOCTAHIMK MPU

pacueTHOM 110 MotHocTH Harope HeN, paBHOM B 1anHOM nprMepe 40, 7m.

[Ipumep pacuera peKUMHOTO MO MpeacTaBieH B Tabn.17. Tlo momydeHHBIM 3HAYEHUSM
MIOCTPOCHO PEXKUMHOE IOJIE C YYETOM 33JaHHBIX OTpPaHUYEHUN MO PacXoqy, MOIIHOCTH U
MIPOITYCKHOM criocoOHocTH (pHcC.13), U3 KOTOPOTro orpeesseTcs AMana3oH H3MEHEHS HAllopoB U pacxo/ia:

Hmax=51,9 M, Hy=40,7 M, Hmin=32,6 M, Q™. = 2004° /¢ u Q%% =3666x°/c

JInsi M3BECTHOrO [Mana3oHa M3MEHEHHUsS Hamopa jJajiee Mo CIpaBOYHbIM JaHHbIM [ 1 ]
HEOOX0JMMO M0I00paTh BCE BO3MOYKHBIC THUIIBI THAPOTYPOHH, IS KOTOPBIX 3HAYEHHE MPEACTbHOTO
HAropa Mo CIPAaBOYHBIM JAHHBIM ObUIO Obl HE MEHbBIIE MOJYYCHHOTO MAKCHMAJILHOI'O HAmopa H
cootHotreHue Hmin/Hmax 110 CIpaBOYHBIM JTaHHBIM HE MPEBBINIAIO0 Obl aHAJIOTHYHOTO (AKTHIECKOTO
OTHOIIICHHSL.

[osydeHHYFO 10 PSKUMHOMY TIOJIFO 00JIaCTh JIOMYCTUMBIX PEKHUMOB padoThI mpoekTupyemoi [DC
[0 Harmopy M Pacxojy HEOOXOJIMMO HAHECTH Ha IVIAaBHbIC YHHUBEPCAIbHBIC XapaKTEPUCTHKH I BCEX
HAMEUYEHHBIX K PACCMOTPEHHIO THIIOB I'MAPOTYPOMH. [y 3TOro MpeaBapUTeIbHO HEOOXOMMMO TPUHSATH
MaKCHMATbHBIA fuamerp pabodero Di komeca misi KaXIOro THia TYpOHMH, HCXOIS W3 YCIOBHH HX
M3rOTOBJICHUsT W JiocTaBkh Ha [DC, a Ha TIJIaBHBIX YHHUBEPCAIBHBIX XapaKTEPUCTHUKAX 3aJaThCsl
OrpaHMYEHHEM IPOITYCKHOM CTIOCOOHOCTH TYPOHH.

JUi1sl paiaibHO-0CEBBIX U MPOTICIUIEPHBIX THAPOTYPOUH TaKMM OTPaHUUYCHUEM SIBJISCTCS JIMHUS 5%0-
HOTO 3araca MOITHOCTH, KOTOPasi OTHO3HAYHO 33/IaHa Ha TIABHOW YHUBEPCATBHOMN XapaKTepPUCTHKE.

JIis. TIOBOPOTHO-JIOTIACTHBIX M JIMATOHAJBHBIX TYPOWH TaKOE€ OTPAHMYCHHE HA XapaKTePHCTUKE
OTCYTCTBYET. B 3TOM ciTydae B KauecTBe OrpaHIYEHHsI MPOITYCKHON CIIOCOOHOCTH MPHHUMAETCSl HEKOTOPOE
COUYCTAaHHE OTKPBITHSI HAIMpABJIIONIEIO armapara ap M yrjla pa3BopoTa Jiomacteil pabodero koieca (@,
KOTOPOE PEKOMEH/TyeTCsl BBIOMPATh M3 YCIIOBHS 00CCICUCHHSI MAKCUMAIBHOM MPOITYCKHOM CIIOCOOHOCTH 1
JIOMYCTUMBIX ~ YCIIOBHH KaBHTAIIMM THAPOTYpOMHBL. B TmepBoM NpHOMMKEHWH B KAyeCTBE TAKOTO
MPUOTVOKEHHAST MOXKET OBITh TMPUHIT MAKCHMMAIbHBIA Yroj pa3BOpOTa JIOMAcTedl TypOWHBI, KOTOpOE B
JATTBHEHIIHMX pacueTax OyIeT YTOUHSAThCAL.



Puc. 13. PexxumHoe none npoektupyemon NAC no Hanopy 1 pacxoay.
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Tabma 17. Pe3ynbrars! pacueTa peXUMHOTO TI0JIs TipoeKkTrpyemoit [ 9C

KpuBsle cBsi31 HUKHETO

6o I ICTHHX 1 TMHMS OTPAHWHCHHA TIMHUS
> IO PacYeTHOM OrpaHUYEHHs MO
SUMHUX YCJIIOBHUU Harophsie YCTAHOBJICHHOM TIPOMYCKHON
XapaKTEPUCTUKU MOIIHOCTH criocoonoctu ['DC.
QH 6 2™ | Zus™e HEwY HyMo HZB61 H Q H Q
Me/c M M M M M M M/c M me/c
0 1710 | 171 53,5 40,4 49,0 53,5 2789 40,7 3666

300 173,3 [173,6 |51,2 37,8 46,4 52,6 2836 39,8 |3625
600 173,8 [1743 |50,7 37,1 45,7 51,7 2886 38,9 |3584
900 174,2 | 1751 |50,3 36,3 44,9 50,8 2937 38,0 | 3543
1200 174,7 | 1758 |49,8 35,6 44,2 49,9 2990 37,1 | 3500
1500 1751 [176,3 |494 351 43,7 49,0 3045 36,2 3458
1800 175,6 |176,6 |48,9 34,8 43,4 48,1 3102 353 | 3414
2100 176,0 | 177 48,5 34,4 43,0 47,2 3161 34,4 | 3370
2400 176,2 | 1775 |48,3 33,9 42,5 46,3 3222 335 |3326
2700 176,4 1779 [48]1 33,5 42,1 45,4 3286 32,6 |3281
3000 176,6 |178,4 |47,9 33,0 41,6 44,5 3352 31,7 3235
3300 176,9 1788 |47,6 32,6 41,2 43,6 3422 30,8 |3189
3600 177,1 [1792 | 474 32,2 40,8 42,7 3494 29,9 | 3142
3900 1774 | 1795 |47,1 31,9 40,5 41,8 3569 29,0 | 3095
4200 177,6 1798 |46,9 31,6 40,2 40,7 3666 28,1 | 3046

Ha mvavm orpaHndeHusi IPOIMYCKHOM CMOCOOHOCTH TYpOWMHBI HEOOXOMIMO HAMETHTH PAaCcUETHYIO
TOYKY 1 OTIPEAENUTH B HEW MOIITHOCTb arperara Juisi IpeBapUTeIbHO MPUHSATOr0 MAKCUMAIbHOTO IUaMeTpa
pabouero komeca. PacuerHas TOuka JOJDKHA COOTBETCTBOBATh TMPUHSTON B TEPBOM IMPUONMHKEHUH
MaKCUMAaJIbHOM TPOITYCKHOM CIIOCOOHOCTH TYpOWHBI, M HAXOAWTHCS HA JIMHUM TPHUBEICHHOW YacTOTHI
BpallleHus, mpoxodsauierd depe3 onmuMaibHoe — 3HadeHwe KIIJ[ Ha r1iaBHOM  yHUBEpCaTbHOM
XapaKTEPUCTHKE.

MoIHoCTh arperara B pac4eTHOM TOUKe OmpesensieTcs 1o Gpopmysie

N, =9,81Q" DZH" /HY nn? (12.4)

rie Qi p - MPUBECHHBINA PacXojl BOMbI B pacyeTHO# Touke; NP nr — cpemnuii KIIJI reneparopa,
npuHuMaemMbiii paBHbiM  0,96-0,97 u KIIJ HarypHOW THAPOTYPOMHBI, BBIYMCISIEMBIA B
pacueTHOM TouKe 1o hopMmyrie

D H v
7 =1-(L-1,,) (1—e)+e-sJﬂ1 —fsz—H , (125)
D, VH, vy
rie My, Dir, Hy— KIIJ1, mameTp 1 Harop MOJIe/bHO#M TypOMHbL; Dy, Hp\ — muaMeTp 1 pacueTHbIi Harop HaTypHO#
TYPOMHBL, Vv, Vi — KOXPOUIMEHTHI KHMHEMAaTHYEeCKON BSI3KOCTU BOJBI I MOJEIBHOM M HATYpHOM

TUIPOTYPOUHBI, 3aBHUCSIIUE OT TEMIEpaTypbl BOABI Ul HAaTYpHBIX M MOJENBHBIX YCIOBHH t; M ty; € -
KO3(h(UIIMEHT, BBIPKAIOLIMI OTHOLIEHWE MOTEph TPEHUS KO BCEM TIHIPABIMYECKMM TIOTEpSM U
npuHUMaeMblid paBHbIM 0,75 s [U1- u [T -Typ6un, a st PO-TypOuH 1cxoas 13 cieayrouX YelIoBUi

B 0,25+0,5- Q\lp /Q\lo npu _ Q\lp <Q'p
0,75 _npu_Q';,2Q ",
r1ie Q'10 — NPHBEIEHHBIN PACX0/1 BOJIBI B OIITUMYME IVIABHON YHUBEPCATHHOM XapaKTEPHCTHKH.

PazHocTh MeXITy M) M M, sBIIsIETCA nonpaskoi KIT/1 rpu mepexoie oT MoJiesi K HaTypHOM TiipoTypOrHE U
onpeziersiercs 1o (opMmyie
Anp =np =1y (12.7)
Yucno ycranapimmBaeMbix Ha [ C arperaroB paccuuThIBaeTCs 10 Gopmyrie

(12.6)



z, =N’ IN, (12.8)

OueBuHO, B OOIIIEM CITydae YUCIIO arperaToB Z, MOJYYUTCs IPOOHOE, YTO TIOTPEOYyeT OKPYIIICHUs
ero B OOJIBILYIO CTOPOHY JIO IIEJIOT0 YUCIIa H, CIICIOBATEIIBHO, 3aTeM YTOUHEH s MOIIHOCTH arperara Na, 1o
dopmyre (12.8) mocie OKpyrIeHHs YrCia arperaroB Jio IEIoro yrcia. YKClo arperaroB peKOMEHIyeTCs
MPUHIMATh KpaTHOe 2 WM 3 Uil TOro, 4roObl TJIABHAS CXeMa JIICKTPUYECKUX COCIMHEHUH Oblia

CUMMETPUYHOM.
Jlanee HEOOXOAMMO PacCUMTATh YaCTOTY BpaIlIEHHs TYPOUHBI 110 (popMmyIe
n=n", H;‘Api (12.9)
Dl

e N'yp - IPUBEICHHAS YacTOTa BPAILICHHS B PACUETHOM TOUKE TVIABHOW YHUBEPCATLHON XapaKTEPUCTUKU; Ap -
TIOTIPaBKa Ha TIPUBEJICHHYIO YacTOTy BpAIICHUS TMPH MEPeXo/ie OT MOJETM K HaType, paBHAs OTHOIICHHIO
KITJI nmaryproit Typ6ounsl k KIIJ monmemu B pacuerHo# Touke. 1o monydeHHONW CHHXPOHHOM 4acToTe
BpallleHuss HeOOXOMMO TIPUHATH ONFbKaiIee OOJIbIlee CTAHIAPTHOE 3HAUCHHE CHHXPOHHOW YacTOTHI
BpAIIIEHHs 110 U3BECTHOMY CTaHIapTHOMY psity [1].

JUi1s1 BBIOpaHHOTO MaKCUMAJIBHOTO JiaMeTpa TypOrHbI D1 ¥ cTaHIAapTHOTO 3HAYEHHsI CHHXPOHHOM
YacTOTHl BpaIllCHUS HEOOXOAMMO HAHECTH Ha IVIaBHYIO YHUBEPCAIBHYIO XapaKTePHCTUKY JIMHUU
MPUBEIEHHON YacTOThl BPAILIEHHsI, COOTBETCTBYIOLIME M3BECTHBIM Haropam TypOUHbI Hmax, Hp 1 Hmin,
MPEIBAPUTEIIEHO BBIYUCIMB TPHU 3HAYCHHS IMPHBEICHHOW YacTOTHI BpAIICHUS IS YKa3aHHBIX
HaropoB 1o (popmyre

N n ¢’ Dl
n,=-——=, (12.10)
HA

p
rje Ne — CTAaHIaPTHOE 3HAYCHUE CHHXPOHHOW YacTOTHI BPaIlCHUS.

VYka3aHHbIE JIMHUU JOJDKHBI pa3MEIaThCsl Ha TJIaBHOM YHUBEPCAJIbHOM XapaKTepUCTHKE
TakuM 00pasoMm, 4ToObl B jguanazoHe HamopoB oT Hmax g0 Hp\ rumporypbuna pabortana c
HaubompmuM KIIJI, a cinemoBaTenbHO ¢ HAMOOJBIIEH MOUTHOCTHIO W BBIPAOOTKOW JHEPTUU TIO
cpaBHeHnI0 ¢ auana3zonoM HyN- Hmin. Eciu 9T0 ycnoBue He BHIMOTHSETCS, HEOOXOAUMO MPHHSTH
Jpyroe CTaHAapTHOE 3HAYEHHE CUHXPOHHOM 4acTOThI BpallleHHUs, IOBTOPUTh pacueTsl o Gopmysie
(12.10) m B pe3ynbrare MOJYYUTh YIAOBJICTBOPUTEIHLHOE COBMEIICHHE AHMana3oHa HANoOpoB C
IJIABHOM YHHBEPCAIbHON XapaKTePHCTUKO#. B pe3ynapTare HaHeCEHHS yKa3aHHBIX JIMHUA N'| Ha
[JIABHYI0 YHUBEPCAJIBbHYIO XapaKTEPUCTUKY H3MEHHUTCS [MOJIOKEHHE pacyeTHOM Touku. OHa
MEPEMECTUTLCA C JHHHKA Nj, mpoxojmiamieid depe3 ontumyMm KIIJ[ rinaBHOW yHHMBepcalbHOU
XapaKTePUCTHKH, Ha JTUHUIO N jHp, BRIYUCIEHHYIO 110 hopmyrte (12.10 ) s Hp\.

OKOHYATeIbHOE TMOJIOKEHHE pACYeTHOW TOYKM HAa JIMHUM N Hp C YYETOM paHee
OKPYTJICHHOTO YHCJa arperatoB M YTOYHEHHOW MOIIHOCTH arperata Na ocylecTBisieTcs Ha
OCHOBAHUU PEUICHUS CIEAYIOIIET0 YPaBHEHUS

Q, 7, = N (12.11)
981-D; -Hp -\ Hp -nf

IpaBas yacte ypaBHeHust (12.11) sBisieTCsl KOHCTaHTOM P BCEX M3BECTHBIX €ro IapaMeTpax, a
JIeBasi 4acTh OMPEJEISETCs MOI00POM TaKOM TOYKH Ha JIMHUU N |Hp, YTOOBI IPOU3BEICHUE MApaMEeTPOB
Q1 ¥ Mr B 3TOM TOUYKE 00ECIIEUNBAIIO BBIMOJHEHHE YKa3aHHOTO PABEHCTBA.

Jlis MOdy4eHHOW pacyeTHOW TOYKM HEOOXOJAWMO IOCTPOUTHh JMHUIO OTPAHUYEHUS 10
YCTaHOBJICHHOW MOIIHOCTH arperata. J[Js 3TOro Ha JMHUM N |Hmax, COOTBETCTBYIOIIEH HAmopy
Hmax, He00X0AMMO aHAJOTMYHBIM 00pa3oM, moJjcTaBuB B ypaBHeHue (12.11) Bmecto Hp Hamop
Hmax,Hal T TOYKY U COEUHUTH €€ C PACUETHON TOYKOM.

[TonmyyenHnoe coueranue napamerpoB Di, Za U N sABIsieTCS MpUEMIIEMBIM, €CIIM pacyeTHas
TOYKa Ha [VIABHOM YHUBEPCAJIBHOW XapaKTEPUCTUKE HAXOAUTCS B PEKOMEHAYEMOM I10 CIIPAaBOYHBIM
naHHbIM [ 1] anana3zoHe u3MeHeHHs M0 Q imax ¥ G IS IAHHOW TYpOWHBI, M JIMHUS OTPAHHUYCHUS 110
YCTaHOBJICHHOM MOIIIHOCTHU arperara JIXKUT IIpaBee ONTUMYyMa, YTO COOTBETCTBYET 0oJjiee MOJIHOMY
UCTOJIb30BAHUIO TYPOHHBI.

B npotuBHOM cityyae HEOOXOJUMO MEPENTH K IpYroMy CTaHAAPTHOMY 3HAYEHUIO TUaMeTpa
TUIPOTYpPOUHBI D1 1 BBIOJHUTH pacyeThl 10 U3JI0KEHHOMY BBILIE aJTOPUTMY.




B paccmarpuBaeMom npumepe Ajsl K3BECTHOTO Jnana3oHa n3MeHeHus Hanopa Hmin=32,6 M,
Hmax=51,9 M u Hmin/Hmax=0,63 10 crnpaBo4yHbIM gaHHBIM [1] BbIOMpaeM CICAYIOIIAE THUIIBI
runpotypoun: I1JI60 — B, IIJIZ160 - B60°, PO75 — B. OcHOBHBIE mapamMeTpsl BHIOpAaHHBIX THUIIOB
MO/IEIBHBIX TUAPOTYPOUH NpeCTaBICHbI B Ta0M.18 .

Tabnuua 18. [TapameTpsl BEIOpaHHBIX TUIIOB MOJICIBHBIX THAPOTYPOUH

[Tapamerp 1160 — B 1160 — B60° PO75-B
Hupes, M 60 60 75
Hmin/Hmax 0,50 0,50 0,60

N'jo, MUH ™ 116 111 70

Q'1o, /c 1080 1130 1010

Mo 0,913 0,906 0,918

Q imax, J1/C 1160 — 1400 1200 — 1400 1150 — 1220
6 1pHa Q imax 0,35-0,52 0,30 -0,50 0,12 -0,128
Div, M 0,460 0,460 0,460

Hy, M 10-12 12 4

ty, °C 20 20 7

ITo [1] ompenensemM MakCUMaIbHBIN TUaMeTp pabodvero KoJjieca /i KaKI0TO THIa TypOuH,
WCXOJISl U3 YCIIOBHI WX M3TOTOBIICHUSI.

[Ipunumaem, uro gocrtaBka obopymoBanus Ha ['DC oCymecTBISIETCS KEIe3HOIOPOKHBIM
TpancropToM. [lo ycrmoBHsIM TpaHCIIOPTHPOBKH KEIIE3HOJJOPOKHBIM ~ TPAHCIIOPTOM  €CTh
OTpPaHWUYEHUS ISl pauaIbHO-0CeBhIX TypOuH: D1< 6,3 M.

PaccmoTpuMm ganee mpumep BbIOOpa mapamMeTpoB AJs KaXJAO0ro U3 HaMEUYEHHBIX BapHAHTOB
TUAPOTYPOUH.

Tuaporypouna [1JI60 — B. I'maBHas yHUBepcaibHash XapaKTEPUCTHKAa MOJCIH W €€ MPOTOYHAs
4acTh MpecTaBieHa Ha puc.14 u 15.

MakcuManbHBIA TUaMETp 0 YCIOBHUAM HU3roToBieHus: D1=850 cm.

Ha rnaBHO#i yHUBepcanbHOW XapakrtepucTuke (puc.14) HamedaeM pacueTHyr0 TO4YKy Pi,
[IPEIBAPUTEIILHO MTPOBEIS JTHHHIO N 1o uepe3 ontumym KITJ.

OmpenensieM MOIIHOCTh arperara B pacyeTHON TOYKe sl CIEAyromuX mapamerpos: Q ip1) = 1,56
m/c, NP = 0,970.e., Hp = 40,7 m,

nipu 1,=10°C: vi=1,3-10° m?/c,

npu t,=20°C: v;=1,01-10° m?/c. [1]

nw=0,883 o.e.,

6
17, =1-(1-0,883) (1-0,75)+ 0,75 13-10 60'46 .1d 12 =0,9250.c.,
1,01-10°-85 40,7

N =981-156-85%-40,7-,/40,7 -0,925-0,97 10 = 257,56 MBr.
HaXO,[[I/IM YHCJIO YCTAaHABJIMBACMBbBIX Ha F9C arperaTtoB:

oo N _ 1284

"N 25756

azp

=4,99 mr., npuHuMaeM Z, = 6 mT.

YTo4HsI€M MOIITHOCTh arperara:

yem
N, =N 1288514 v,
z, 6
OmpenensieM MoNpaBKy A1 M CHHXPOHHYIO YacTOTY BpallleHHs THAPOTYPOUHBI Nc
_ M 0925y oy

L 77.4100 0’883



C1

- 116, 1’2458 40,7 =89,1106/Mun

[Tpuanmaem o [1] crangapTHOE 3HAYEHUE CHHXPOHHOW 9acTOThl N¢1 = 100 00/MUH., Tak Kak Nc1
=90,9 u 93,8 06/MHUH.HE YIOBIETBOPSIOT BBIIIE CHOPMYINPOBAHHBIM YCIOBHUSIM.
Jls1st yTOYHEHHUs MoJ0KeHus paboyeit Touku BeraucauM N'| npu Hp, Hmax 1 Hmin:

« _ NhyD,  100-85 =130,1 06/muH,

n = =
e JAH, 1048407

. n.,D -8,
n, =-——2-= 100-85 =115,2 06/muH,
o JAH ., 71,048-519
. n.,D -8,
n, =-——"2-= 100-85 =145,4 06/Mun.
"o JAH /1048326
Ha rnaBHOW yHMBEpCANIBHOW XapakTEPUCTHKE — NPOBOIMM JIMHMH Ny, Ny 0 Ny

OmnpenensieM OKOHYATEJIBHO II0JIO)KEHHE PACUY€THOM TOYKM C Y4YETOM OKpYIJIEHHOIO 4YHcia
arperaToB M YTOYHEHHOW MOINHOCTM arperara. J[ns 3TOro Ha TJIaBHOM YHUBEpPCAJIbHOMU
XapakTepPUCTHKE Ha JIMHUU N |Hp MOAOMpaeM Takoe coueranwe Q' U Mr, YTOOBI BBHIMOJIHSIOCH
PaBEHCTBO.

, 214-10°
Q| N =

9,81-8,5% -40,7-,/40,7 -0,97
Koopmmratsl pacdetroit Toukn Q'1=1,30 m/c, N = 0,925 o.e.

s Gosiee 0060CHOBaHHOTO BbIOOpa mapameTpoB ruapoTypOuHbl I[1JI-60 BBINONIHEHBI

pacueTbl IS psAAa  JPYrUX CTAaHJAPTHBIX 3HAYCHWW JMaMETPOB, pPE3YJIbTaThl KOTOPBIX
npeacTaBieHbI B Ta01.19.
N3 ananu3a mojgy4eHHBIX BapHaHTOB BhIOMpaeM TypOuHYy ¢ quamerpom D1=6,3 M, Z=10 u n.=118
00/MUH Kak HanboJee MOJHO YAOBIICTBOPSIONIYIO NMEPEUYHCICHHBIM BBINIC TpeOoBaHUSAM. JIMHUIO
OTPaHMYCHHUS IO TEHEePaTopy CTPOMM AHAIOTHYHBIM MOJ0OPOM TOYKH HAa JHHUH N [Hmax. EE
xoopuHathl Q' =1,0 M%c, n: = 0,91 o.e. JIuHUA OrpaHMYEHHS 110 TYPOMHE COOTBETCTBEHHO
aop1=41,5 mm. (puc.14)

=120m%/c

Tuapotypouna [JIJ160 - B60°. I'maBHasi yHMBEpCcaIbHAS XapaKTEPUCTHUKA MOJCIN M €€ TIPOTOYHAS
4acThb MpelacTaBieHbl Ha puc.16 u 17. Pe3ynprarhl pacdera g psjaa CTaHAAPTHBIX 3HAYEHUM
IMaMeTPOB, HaYMHAsi MAaKCHMaJIbHOIO MO YCIOBHSIM M3roToBieHuss D1=850 cm mpencraBieHbl B
Ta611.20.

W3 ananm3a moJyiydyeHHBIX BapuaHTOB okoHuyaTensHo s IIJIJ] —60 BeiOupaem TypOuHY cC
muamerpom D1=7,1 M, Zs=8 u n~101 o6/muH. KoopauHaThl TOYKH JHUHUU OTPAHHYCHHUS IIO
reneparopy cocraBiusior Q'=0,96 m3/c, My = 0,932 o.e. JluHuA orpaHudeHHs HO TypOUHE
COOTBETCTBYET OTKPBITHIO HAMPABJISIOUIETO anmapara aop1=39,4 mm.(puc.16).

T'unporypouna PO75 — B. (puc.18 u 19)
MakcuManabHBI AMaMeTp N0 YCIOBHMSM H3TOTOBJIEHHS M C Y4ETOM TPAHCIOPTUPOBKU HPUHSAT
paBHbIM D1=630 cm.

PesynpraTthl pacuera s psAAa CTaHJAPTHBIX 3HAUYEHUH JUAMETPOB IMPEJICTABICHBI B
Tabm.21.
W3 ananu3a noaydeHHbIX BapuanToB a1t PO-75 BeiOupaem TypOuny ¢ quamerpom D1=6,3 m, Z,=12
u N=83,3 00/MuH. KoopIuHATHI TOYKU JMHUU OTPAHWYEHHS 10 TeHepaTopy cocraBisitor Q'1=0,82
M%/c, Ne = 0,924 o.e. JluHus OrpaHUYEHKs O TYPOMHE COOTBETCTBYET OTKPHITHIO HAMPABIIAIOIIEr0
anmapara aqp1=32 MM.(puc.18).

Tabnuual9. PesynbraTsl pacuera mapamMeTpoB 000OpyIOBaHUs A pa3IMyHbIX 3HadeHud D1
ruzpoTypounst 11J160-B



D1, m 8,5 8 7,5 7,1 6,3 6 5,6 5
Nr 0,925 0,925 0,924 0,923 0,922 0,922 0,921 0,920
N arp, MBT 257,6 228,0 200,3 179,4 141,1 127,9 111,3 88,6
Zy',mr 4,99 5,63 6,41 7,16 9,10 10,04 11,53 14,49
Za,1IIT 6 6 8 8 10 12 12 15
Narp, MBT 2140 2140 160,5 160,5 128,4 107,0 107,0 85,60
A1 1,048 1,013 1,012 1,011 1,010 1,010 1,009 1,008
Mo, 89,11 93,08 99,26 104,8 118,0 123,9 132,7 148,5
00/MUH
Net, 100 100 107,1 115,4 125 125 136,4 150
00/MUH
NiHmin, 1454 | 1392 139,8 142,6 137,2 130,7 133,1 130,8
00/MUH
N1Hp, 130,1 | 1246 125,1 127,7 122,8 117,0 119,2 117,1
00/MUH
MiHmax, 1152 | 110,3 110,8 113,0 108,8 103,6 105,6 103,7
00/MUH
Tab6numa 20. Pe3ynpTaThl pacuera mapameTpoB 000pyI0BaHUS ISl pa3IMYHBIX 3HaUeHu D1
ruapotyp6unst [1J1J]160-B60°
D1, m 8,5 8 7,5 71 6,3 6 5,6 5
Nr 0,930 0,930 0,929 0,929 0,928 0,927 0,927 0,926
N arp, MBT 260,6 230,8 202,7 181,6 142,8 129,4 112,7 89,7
ZJ, mr 49 5,6 6,3 71 9,0 9,9 11,4 14,3
Za, 1T 6 6 8 8 9 12 12 15
Narp, MBT 214,0 214,0 160,5 160,5 142,7 107,0 107,0 85,6
A1 1,044 1,026 1,026 1,025 1,024 1,023 1,023 1,022
Met, 85,1 89,7 95,6 101,0 113,7 119,4 1279 143,1
00/MuH
Ne1, 93,8 93,8 100 107,1 125 125 136,4 150
00/MuH
N1Hmin, 00/MUH 136,7 129,7 129,7 131,5 136,3 129,8 132,3 130,0
MiHp, 122,3 116,1 116,1 117,7 122,0 116,2 118,4 116,3
00/MuH
N1Hmax, 00/MHH 108,3 102,8 102,8 104,3 108,0 102,9 104,8 103,0




Tabnuua 21. Pe3ynpTarhl pacueTa napaMeTpoB 000pyI0BaHUS ISl Pa3IUUHBIX 3HaUYeHHH Dy
rupoTypounsr PO-75

Di, m 6,3 6 5,6 5 4,5
N1 0,931 0,930 0,930 0,929 0,928
N arp, MBT 111,3 100,9 87,9 70,0 56,6
Zs', it 11,5 12,7 14,6 18,3 22,7
Z,, T 12 14 15 20 24
Narp, MBT 107,0 91,7 85,6 64,2 53,5
A1 1,014 1,014 1,013 1,012 1,011
Nc1', 00/MUH 80,5 84,6 90,6 101,4 112,6
Nc1, 00/MUH 83,3 85,7 100 107,1 115,4
N1Hmin,00/MUH 91,3 89,5 97,4 93,2 90,5
N1Hp, OO/MUH 81,7 80,1 87,2 83,4 81,0
N1Hmax,00/MHUH 72,3 70,9 77,2 73,9 71,7

12.2 IIpoBepka padoThl rHAPOTYPOMHBI NPH OTPAHMYECHHUHU N0 MHUHHUMAJIBHOMY
pacxony

JIy1s GOJIBIIMHCTBA THAPOCTAHIIUMHN B YCIOBHSIX KCIUTyaTalluy MPEIbABISIOTCS
omnpeziesieHHbIe TpeOOBaHMs 110 00ECTIeUeHNI0 MUHUMAIBHOTO Pacxo/ia BO/Ibl B HIXKHUM Obed. JTo,
KaK MpaBUjIo, TM00 CAaHUTAPHBIN MOMYCK B HIDKHUN Obed M0 YCIOBUSIM SKOJIOTHH, 1100 0a30BbIi
MOMYCK MO TPeOOBAHUSAM YYaCTHHUKOB BOJIOXO03SIICTBEHHOTO KOMIUIEKCA. Y Ka3aHHbIE MOMYCKU, KaK
YKa3bIBaJOCh BhIIIIE, SIBJISIOTCS OTPAaHUYEHHEM ClIeBa Ha PeKMMHOM I0JI€ 10 MUHUMAJIbHOMY
pacxonay Bojbl. Bo3MoxkHOCTH pabOThl THIPOTYPOUHBI IPU MUHUMAJIBHBIX pacxo1ax o0ecreynBaeT
YBEITUYCHUE MOIIHOCTH U BbIPaboTKH 3ekTposrnepruu ' IC. [TosTomy npu BEIOOPE OCHOBHOTO
SHEPTeTUUYECKOro 00opynoBanus npoektupyemoit ' 9C HeoOX0AMMO BBITTOTHATH TPOBEPKY
BO3MOXHOCTH pabOThl THAPOTYPOUHBI IIPU OIPaHUUYEHUN [0 MUHUMAaJIbHOMY pacxoay Boabl. J{is
3TOr0 HEOOXOIMMO JIMHUIO OTPAHUYEHUS 10 MUHUMAIBHOMY PacXoAy ¢ PeKHUMHOTO MOJIs
MePECYNTaTh B KOOPIMHATHI IIABHOW YHUBEPCAILHOM XapakTepUCTUKU Q| 1 N'| I ABYX
3HaveHui Harmopa Hmax ¥ Hmin. TToCKOIBKY N’y U151 YKa3aHHBIX HAITOPOB ONPEICSUTUCH paHee, TO
OCTaeTCsl BEIUMCIIUTD IPUBEACHHBIN pacxo 1o Gopmyie

Qm’n
2
Z, DA H
Yucno arperartos, 06CCHC‘II/IBaI-OH_II/IX MHUHUMAJILHBINA IOIIYCK, KaK ITpaBUJIO, paBHO €AMHUIIE.

OjHaKO TMpH OTHOCUTEIBHO OOJIBIIOM TOIYyCKe (HAampUMep, TPAHCIIOPTHOM) YHCIIO arperaros
MOET OBITh OO0JIBbIIE OIHOTO.

Q= (12.12)

Ecnu nuHus orpaHudYeHus HE BBIXOJAWT 3a TNpenensl pabodero auana3oHa TIJIaBHOM
YHHUBEPCATbHONW XapaKTEpPUCTUKU C YYETOM paHee IOJyYeHHBIX OTpaHHuYEHUN Mo TypOuHE U
reHepaTopy, TO THAPOTYpOHHA MOKET padoTaTh MU 33aJaHHBIX OTPAHUYEHHUAX 110 MHHUMAIEHOMY
pacxojly BOJBbI.

B npotuBHOM ciydae, ecinM paccMaTpuBaeMas JIMHUS TONAJaeT B Hepabodyro 30HY Ha
IJIaBHOM YHUBEPCAJIbHOW XapaKTEPUCTHUKE, T.€. TaM, rae oTcyrcTByrOT n3onuauu KII/I, To mpexne
BCEro HEOOXOJIMMO YMEHBIIUTh AMaMeTp pabouero kojeca ruapoTypOuHsl Di, uro mpuBenmer k
YBEJIIMYEHHUIO YHUCJIA arperaroB M CMEIICHHUIO JMHUM OTPAaHUYEHUS N0 MUHMMAIBHOMY pPacxomy
BIIPaBoO.

O‘-IeBI/I,Z[HO, YTO OJHO3HAYHEIA OTBET Ha BOIIPOC HACKOJIBKO I_ICJ'ICCOO6p8.3H0 YMCHBIIATH
AUaMCTp D1 ¥ cOOTBETCTBEHHO YBCINMYHUBATDH YUCIIO arp€raToB MOKET JaTh TOJIbKO SKOHOMHUYCCKOC
O6OCHOBaHI/IC, KOTOPOC BBIXOAUT 3a paMKU o0beMa AaHHOT'O KypCOBOI'O ITPOCKTA.



Yy pcaabHas XapakTepucTHka ruapotyp6unn IJI 60/1075y-B-46
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TMporounas yacte Mopean ruapotypOunsi MJ1 60 1075y-B-46 (k ynnBepcanbnoit Xapakrepuctike M 2512 XT3)
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YHuBepcasbHas XapakTepHCTHKA THAPOTYPOuHb I1J1JL 60/40116-B-60°46
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TpoTounas yacTs mMoneau ruapotyp6uns TJ1J 60/40116-B-60°-46
(x yHuBepcaabHoOil Xapaktepuctnke M 2449 XTI3)
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YHuBepcaabHas XapanTepHCTHKA rHApoTypOuHnl PO 75/841a-B-46

Ne 2625 JIM3
ny mun”’
' O O O O R P ] T
I [T % /o Mmax T T
} 0/
=022 - 17n=76
G=020 2=%4<\\ 6=024 78 || o
110 =72/)1 1T - ?
/ V)= N I
N ﬂi > P IBR I
Prall - 1 L INLIA I\
Pl T8 AT /‘/1// N ‘\!\\ 2
105 g T80 =078 ANTEE f
- ‘ 7 AT A
Moo= o, !
P " i P \ \
. i o /.I"J/' ﬁ‘*)f TE \\.' \ TR B
Lo YT T IRT X1 T \
7 CNATTT N o 2 VAV V)L
// pANRIV4 dll/]% X /‘/ %14,, 1‘\( \ \II Vi
95 YT T — AT AY i RV U
7 T JE=013 /PN ITET ]
AR PN I ;
=012, A NE D (RRVAYANAVEE 2 5L ;
20 / / /) yd N A T !
1 r 11, » ¢ i ] Y ')[([ l, s 4{ | I {
APy e s ALl . i
6=0,10 \' /b NS mY ! | | i
85 NEEFIN /{\ 4 /ﬂ\ IY/I‘:J‘IJI 4 1 'I II[
W ARD AWRVAR ! 92,0/ KTk 1AM AN TN
~009 RNV AV IR VA e T
= Uy N Y I 51 J it
80 S A AR
6=008 AN 7 ATIMULY BTN ERTImIVEr
n / TR B 1y oA
I WA AL VUAT / I
75 ! N Y/ / 11z 7 A
~czasz‘,mn/ ag:?ﬂ aD:ZO/L"afZB /_ag=52 __o=56]_‘ao=40 ao=4l/jj_\ai=45»m:
11 17 17 RN EREEEEEEENNE
[T {11 L1 11 | 11 ERREN IHIL
600 700 oo 900 1000 790 1200 1300 1400 Qs
Hcnuitanist nposelc & upit panope ruapotypGuibt 4 o £=20°C

Pucynok 18.



Mporounas uacrs Mopeau ruapoTypouust PO 75/841a-B-46 (k ynuBepcanvnoii xapaktepuctuke Ne 2625 JIM3)
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JlpyruM BO3MOKHBIM pEIICHHEM YKa3aHHOM MpoOIeMBbl SBISIETCS YCTAaHOBKA CHEIMAIBHOTO
arperata MajoOd MOIIHOCTH, paOOTAIOMIEr0 C 3aaHHBIM MUHHMAJIbHBIM PACXOJIOM, YTO TaKXKe
TpeOyeT CrenuaTbHOTO YIKOHOMUYECKOTO 000CHOBAHMS.

Kpome mnepeuuciieHHbIX BapUaHTOB, BO3MOYKHO PACCMOTPEHUE Ciydas HEKOTOpPOIro
YBEIMYEHUS] MHHMMAJIBHOTO pacxojia /0 BEJIWYMHBI, OOCCIIEYMBAIONIETO JOIMYCTUMBIH PEXUM
paboThI THAPOTYpOHHBL. OTHAKO B ATOM CITydae MOXET MOTpeOOBaThCS YTOUHEHUE pacdeTa BOJIHO-
SHEPreTUYECKOI0 PETyIMPOBAaHUS PEUHOrO CTOKA M OarnaHca MOIIIHOCTH.

PaccmoTpuM mpoBepky pabOTBl THIPOTYPOWHBI JUIS YCIOBUH pPacYeTHOTO MpUMepa IpH
33JJaHHO MHHAMAIBHOM pacxoe Q=200 M>/c ¥ Hmax=51,9 M, Hmin=32,6 M

T'uaporypouna I1JI60 — B —630.

. Qs 200 ,
Q= = = =0,696m°/c=69611/c,
' D?JAH_, 63°101.519 /
Q Qu 200 =0,878M° /¢ =878 1/c.

T DZJAH, 63°.101.326

[Tpu BEIOpanHBIX mapameTpax TypOuHa I1J160-B-630 moxeT paboTath mpu pacxone Qgas, Tak Kak
JUHUS OTPAHWYEHMs, COOTBETCTBYIOIIAs IPHUBEAECHHBIM pacxoJaM HE BBIXOAUT 3a IMpeleibl
palouero auana3oHa rJIaBHON YHUBEPCAIbHOW XapaKTEPUCTUKH.

T'moporypouna IJIJ160 — B — 710.

. Q,. 200 ;

Q= a3 = =0,544m° [ c=544 1/c,
' DZJAH_, 71%,1025-519 /

Q= Qe 200 =0,686M°/c=6861/c.

D2 JAH.  71%,/1025-326

[Ipu BeIOpanHbIX apameTpax Typouna I1J1J160-B-710 moxer padorarh mpu pacxojie Qsas, TAK Kak
JUHUS OrPAHUYEHMs, COOTBETCTBYIOIIAs IPHUBEACHHBIM pacxoJaM HE BBIXOAUT 3a IMpeleibl
paboyero nuanazoHa rjiaBHOW YHUBEpPCAIbHON XapaKTEPUCTUKH.

T'uoporypouna PO75 — B — 630.

. Q... 200 ;

Q = a3 = =0,695m"/c=6951n/c,
' D2 JAH,, 63%,1014-519 /

Q) Qs 200 =0,876M°/c=8761/c.

" DIJAH,. 6321014326

ITpu BBIOpaHHBIX nmapameTpax Typouna PO75-B-630 moxer paboraTh npu pacxone Qeas, Tak Kak
JUHUS OrPAHUYEHMs, COOTBETCTBYIOIIAs IPHUBEAECHHBIM pacXoJaM HE BBIXOAWT 3a MpPeEeibl
pabouero auana3oHa rJaBHON YHUBEpPCAbHOM XapaKTEPUCTUKHU.

12.3. Omnpepesienne 3aruayodjeHuss padoyero Kojgeca THAPOTYPOUHBI JI4
o0ecrieyeHus ee 0eCKABUTALIMOHHOM PadOThI

OTMmeTka pacroyio)keHUs pabodero Koseca THUAPOTYpOMHBI st obecrieyeHus: e€
OeckaBUTAIIMOHHOM paboTHI ompeaesnseTcs mno Gopmyse



vz,.=2,0Q,)+Hs (12.13)

rae Zus(Qus) — OTMETKAa YpOBHSI BOJBI B HIKHEeM Obede mpu pacxone Qus, COOTBETCTBYIOIIEM
pacueTHOMY 3HAYCHHUIO BBICOTHI OTCachiBaHus Hs.

PacuerHoe 3HaueHHE BBICOTHI OTcachiBaHus Hs ompenensercs Haubosee HEOIAronpUsTHBIM
C TOYKM 3pEHHUS KaBUTAIlMH PEXKUMOM pabOThl TUAPOTypOMHHOTO O0OOpynoBanus. IlosHoe
IIPEJICTABICHUE O TAaKUX PEKHUMAX JAeT KaBUTALIMOHHAs XapaKTEPUCTHKA, KOTOpas MpPEACTaBIIsET
co0oit coBMelleHUe KpUBOH CBsi3u HWKHEro Obeda Zus(Qus) u xapakrepuctuku Hs(Qus) mpu
paznuuHOM umucie pabortarommx arperatoB ['DC. AHanu3 KaBUTAIMOHHOW XapaKTEPUCTUKH
MOKa3bIBACT, YTO HaWOoJee OMacHBIMH C TOYKH 3pEHUS KaBHTALMH, T.e. TPEOYIOIUMU
HanOOJIBIIETO 3ariIyOseHusl SBISIOTCS, KaK MPaBWJIO TPH peXuMa: paboTa OJHOTO arperara c
yCTaHOBJIEHHOW MolHocThiO 1pu oTMeTKe HITY, padora ['DC ¢ ycTaHOBIEHHONH MOUIHOCTBIO IIPU
ormetke HIIY u pabGoTta Bcex arperaToB C yCTaHOBJIEHHONW MOIIHOCTBIO TPU PacdeTHOM IO
MOIIIHOCTH HaIope.

BricoTa orcaceiBanus Hs Beraucisiercst mo gopmyie

Z
Hy =B— L%*ﬁ) —K,oH+AZ (12.14)

90

rie B — Gapomerpuueckoe nmaBienue, paBHoe 10,33m Bom.ct; Ks - koaddunment 3amaca mo
KaBUTALIUU MIPH MEPEXOE OT MOJEIbHON ruApOTYpOUHBI K HATYpPHOM, MPUHUMAaEMbIi paBHbIM 1,05-
1,15; o - ko3¢ duLIMEeHT KaBUTALlMH, ONIPENEIsIeMbIi M0 TIaBHOW YHUBEPCAJTIbHON XapaKTepUCTUKE
JUIs pacyeTHbIX ycinoBuil; H — Hamop TypOuHBI, ompezenseMblii ypoBHEM BepxHero Obeda u
Zi6(Qus); AZxns — Pa3HOCTh BBICOTHBIX OTMETOK JIBYX XapaKTepPHBIX IIOCKOCTEH MOEIbHOW U
HaTYpHOH TypOMH, KOTOpas ONIpeAessieTcs CIEIYyIOUMM 00pa3oM: JUIsl OCEBBIX IOPH30HTAJIBHBIX
kancyiabHbIX TypOuH (IIJI-TK) AZxnn= -D1/2; nns oceBbix BepTUKanbHbIX [1JI-TypOuH AZn:=0;
st BepTukanbHbIX [TJI/1 u PO-Typoun AZy i =Bo/2.

BricoTa Hampagsiomero anmapara HaTypHOUW TypOuHbI Bo mepecuuThiBacTCsl ¢ MOJIETH TI0
dhopmyre
Bo:BOMDIH/DlM, (1215)

rae Bow, Div — COOTBETCTBEHHO BBICOTA HAMpABJISIONIETO amnmapara U AuaMerp pabodero koseca
MOJENBHOUN rUAPOTYPOUHBI.

N3 Bcex MNONMy4YeHHBIX pacueTHBIX 3HAUeHUN Hs BBIOMpaAIOT Takoe 3HAUEHUE, KOTOpPOe
obOecrieunBaeT 0ECKaBUTALMOHHYIO pabOTy TYpOUH BO BCEX PacCMaTpPUBAEMBIX PEKHMMax pabOTHI.
Ecnu oxazanoch, 4to TpeOyeTcs CIMIIKOM OOJbIIOE 3ariyOlieHue, KOTOpPO€ OCYIIECTBUTH
TEXHUYECKH CII0KHO WJIM SKOHOMHYECKH HEIeNecoo0pa3Ho, TO BO3MOXKHO HaJIOKEHHE
OTpaHHYEHUs HAa HanboJee HEOMArOMPHUATHBIN PEKUM pabOThI arperaTtoB Mo YCIOBHSIM KaBUTALIUH,
KOTOpO€ MPHUBEAET K YMEHbBILICHUIO 3ariayOIeHus.

PaccmoTpuM a5s ycroBuil pacyeTHOro npumepa onpezesaeHue BbICOThl oTcachiBaHus Hs.
1) PaboTa oHOTO arperata ¢ yCTaHOBJIEHHOM MOIITHOCTBIO Tpu oTMeTke V HITY.

Ha pexumuom mone npoektupyemoit I'DC (puc.13) Haxomum touky 1 Ha xapaktepuctuke H(Q)
pu otMetke V HITY=225 M, COOTBETCTBYIOIIYIO U3BECTHOM BEIMUMHE YCTAHOBJIEHHON MOIHOCTH
arperara N, =8,6-Q_ - H .

T'uoporypouna I1J160 — B —630.

[Moy4uM KOOPIHUHATHI TOUKH 1:
Qarp] = 291,4 MS/C,
Harp] = 51,2 M.

[TepecunTaem 3Ty TOUKY B KOOPAUHATHI N |



=D 12568 095 6mm
JAH,,, 512101

Ha rnaBHOW yHHBepcaiabHOW xapakrtepuctuke TypOouusl I1JI-60 mpoBomum mumamio N 1=109,5
0o0/MUH 110 TIepecedyeHus C JIMHUEH OrpaHHuYeHHs IO TeHepaTopy. B 3Toil Touke ompenemnsiem
0=0,253. I1o kpuBoii cs13u HKHero obeda omnpenensieM Zus(Qarp1)=173,3M.

OHpGZ[GJI?IGM BBICOTY OTCACBIBAHMA:

y
216 Qun) _ KoH,_ +AZ,,, =102 _11.0,253.512+0 =444 u.
900 ” A1 900

T'naporypouna ITJIJ160 — B —710.

H, =10

[Tomyynm KOOpAMHATHI TOYKH 1:
Qurp1 = 365,6M°/c,
Harp1 =51 M.
IMepecuntaem TOUKy | B KOOpAUHATHI N |
n.D,  1071-71

n,= = =105,2 06/Mun
" JAH,,, /511025

AHaJOTMYHO Ha IVIABHOW YHUBEpCAIbHOM XapakrepucTuke onpenensieM 6=0,235. [To kpuBo# cBs3n
HIwkHero Obeda onpenensieM Zus(Qarp1)=173,4Mm

AZx nn. = Bol2.

Bo=BonD1u/D1n

rae Bow=0,162 M, D1y = 0,46 M (cm.puc.17), D1x=7,1 m.
Bo=0,162*7,1/0,46 = 2,5 m.

AZxnn =2,5/2=1,25m.

OmnpepensieM BBICOTY OTCAChIBAaHUS:

ZuG (Qaepl)
900
T'unporypbuna PO75 — B — 630.
[TosmyynM KOOpAMHATHI TOUKH 1:
Qurp1 = 241 Mc,

Harp1 = 51,6 M.

1734

H, =10 KO+ AZ .y, =10-= -5 ~11:0,285-51+1,25 = 213w

aepl

[Tepecuntaem Touky 1 B KOOpAMHATHI N |:
_ n.D, 83363
" JAH,,, +/516-1014

n = 72,6 06/MuH

B oroit Touke ompemensem o6=0,09. Ilo kpuBoil cBsA3M HWXKHero Obeda  ompenenseM
ZHB(Qarpl):l73,2M.

AZx 1n. = Bol2.

Bo=BovD1x#/Diw

rae Bow=0,161 M, D1y = 0,46 M (cm.puc.19), D1x=6,3 m.
B.=0,161%6,3/0,46 = 2,21 m.



AZxnn = 2,21/2 =1,1 m.

Onpe;[emleM BBICOTY OTCAaCBhIBAHUS:

z
M—kao—Hazl+AZXm ~10-12 _11.009.516+11=58m.
900 8 A 900

2) PaboTa Bcex arperaroB ¢ yCTaHOBJICHHOHW MOITHOCTBIO pu otMeTke V HITY.

H, =10-

Ha pexxumnom nosie npoexkrupyemoit 'DC (puc.13) atomy pexxumy coOTBETCTBYET Touka 2. Jlis
HEE:

Q =3123 M’/c,
H=47,8 m.
I'naporypouna I1J160 — B —630.

IMepecunTaem TOYKY 2 B KOOPAUHATHI N |
n.D,  125-6,3
JAH 478101

n,= =113,32 06/Mun

[To rmaBHO# yHUBepcanbHOM XapakrtepucTuke ompenensieM 6=0,31. [Io kpuBOil CBSI3M HUIKHETO
obeda ompenensem Zus(Q)=176,7m

PaccuntriBacMm BBICOTY OTCAaChIBaAHUS:

z
Q) “K.oH +AZ,,, :10_@_1,1-0,31-47,8+0 =—6,5M.
900 o 900

Tunporyp6una [IJIJ160 — B —710.

[lepecunTaem TOUKyY 2 B KOOPAUHATHI N |
n. D, 1071-71

T JAH 4781025

H, =10-

=108,63 00/MuH

B s10ii Touke onpenensiem 6=0,29. ITo kpuBoii cBsi3u HIKHEro Obeda onpenensiem Zus(Q)=176,7m
AZynn = 1,25 m.

PaccunteiBaecMm BBICOTY OTCACbIBaHUS:

H, =10—Z"6—@)—kaaH+Asz _10-1757 _11.029.478+125=—419u.
900 A 900

T'uoporypouna PO75 — B — 630.

[Tepecurtaem TOUYKY 2 B KOOPJMHATHI N |
_n.D, 83363

n, = = = 75,38 06/Mun
' JAH 4781014

B oatoit Touke ompenensem o=0,103. Ilo kpuBoif cBsi3u HWKHero Owbeda  omperessieM
Zus(Q)=176,7m.

AZsnn= 1,1 M.
PaccuutsiBaem BBICOTY OTCACBIBAHUS:
Z
H,=10-22 @Q)_ K oH+AZ, . =10—21%7 _11.0103.47,8+11=1164u .
900 A 900

3) PaGora Bcex arperaToB ¢ yCTaHOBJIEHHOH MoIIHOCTRIO0 [ DC mipu pacueTHOM Harope.



Ha pexxumuom nosie npoekrupyemoit I'OC atomy pexxumy cooTBETCTBYET Touka 3. J[i1s Heé:
Q = 3666 m°/c,

H=40,7 m.

T'uapotyp6una [1J160 — B —630.

[Mepecuntaem TOYKyY 3 B KOOpaAMHATEI Q' 1 N'|:

=P 12963 195 89 06/
JAH  1/40,7-1,01

[To rnaBHO# yHHMBepcalibHOW Xapaktepuctuke ompenensiem 6=0,52. [lo kpuBOW CBA3M HUIKHETO
obea ompenensieM Zus(Q)=177,15m

PaccuuteiBacMm BBICOTY OTCAaChIBAHUS:

H, =1O—Z”5—(Q)—kao-H+AZX,m _10-1115 11,050,407 40= 1347w
900 o 900

T'naporypouna ITJIJ160 — B —710.

[Tepecuntaem TOUKy 3 B KOOPJMHATHI N'|:

_n.D,  1071.71
JAH  /40,7-1,025

=117,74 06/MuH

B oroit Touke ompenensem o6=0,47. [lo xpuBoil cCBs3u HIKHEro Obeda OTIpeIeIIsiEM
Zus(Q)=177,15m

AZyna = 1,25.

BricoTa oTcackIBaHHS COCTABUT:

H, =lO—Z*‘6—(Q)—kGO'H Az, =10-1111° 11.047.407+125 - 008 w.
900 o 900

T'noporypouna PO75 — B — 630.

[Tepecurtaem TOUKy 3 B KOOPMHATHI N |

(O 3669

Q' = = =120m%/c
' D?-Z,-\H, A 63 -12-./40,7-1014
n.D, _ 83363

=817 00/MuH

n | = =
\/Ale \40,7-1,014
B oatoit Touke ompeaensem o6=0,12. Ilo kpuBBIM CBs3M HIKHEro Obeda OIIpenesIeM
Zus(Q)=177,15m.
AZgnn = 1,1 m.

BricoTa oTcackiBaHHS COCTABUT:

H, =10—Z”5—(Q)—kao-H +AZ, . =10-2111011.019.407411-12,68m.
900 o 900

Pesynprathl pacuera cBeseM B Tab1.21



Tabnuua 21. Pe3ynbTarhl pacueTa BHICOTHI OTCACHIBAaHHUS THAPOTYPOUH

Tun Dy, Za, Ne, Na, Ha, Hs2, Hss,
TypOUHBI M T 00/MuH MBrt M M M
I1J160 - B 6,3 10 125 128,4 -3,43 -6,50 -13,47

1160 - B 7,1 8 107,1 160,5 -2,13 -4,19 -9,98
PO75 6,3 12 83,3 107,0 5,80 11,64 12,68

OxoHYaTeTHHO IPUHUMAEM 3arTyOJIeHuE:
st I1J160 — B — 630 HS =-13,47 m,

s [TJIJ160 — B — 710 HS =-9,98 m,

st PO75 — B — 630 HS = 5,80 m.

12.4. BbiGop THIIA cepUIiHOTO THAPOreHepaTopa.

[TonyuenHble mapamMeTpbl TUAPOTYPOUHBI TO3BOJISIOT HAMETUTH COOTBETCTBYIOIINE
BapUaHTHI TAPAMETPOB TUAPOTEHEPAaTOPOB. [T0CKOIBKY MTPOEKTHPOBAHNE THAPOTEHEpATOPA HE
BXOJHT B COCTaB 3a7a4 JAHHOTO KypCOBOTO MPOEKTa, TO BEIOUPAETCS CEPUIHBIN THIT
TUIpOreHepaTopa Mo CIpaBOYHbIM JaHHBIM. [ Haporeneparop noadupaercs no CrpaBOYHbIM
JaHHBIM C@pPIfIHI:IX TUIIOB 11O PACUETHOMY 3HAUYCHHUIO €TO HOMHUHAJILHOU MOIITHOCTHU N CHHXpOHHOﬁ
4acToTe BpaieHus. [4].

N a
S pom =
HomuHanbHas MOIIHOCTS THAPOTEeHEpaTopa: cosg (12.16)
D= 6000
rae COSP= 081-0.9 yycno momocos THIpOreHeparopa e (12.17)

PaccmoTpuM BBIOOD rUpOreHepaTopa sl paCueTHOTO MPUMEpa.
IMaapotypouna I1J160 — B —630.

128,4
oy = 224 159 p=2000 _
0,85 MBA, 125 )
[To cripaBouHbIM naHHBIM [4] BRIOUpaeM ruaporereparop: CB 820/232 —48.
I'uapotypouna I1JIJ160 — B —710.
o =203 _ 169 p= 0000 oo
0,85 MBA, 1071

ITo cnpaBounbIM nanHbIM [4] BeIOUpaem rugporeneparop: CB 1500/175 — 56.

I'unporypouna PO75 — B — 630.

S A
0,85 MBA, 83,3

ITo cripaBouHbIM JaHHBIM [4] BeIOMpaeM ruporenepatop: CB 1500/200 — 72.

Kaxip1ii ruiporenepaTtop MMeeT CBOIO pabouylo XapaKTepUCTUKY, TPEICTABISAIOIYIO
co0oif 3aBUCMMOCTb aKTUBHOW MouTHOCTH reneparopa Nr ot ero KIIJI nr. /lns Toro, 4to6s! yuecTh
nepemenHbIi KI1/] renepatopa nmpu BeiOope 060pynoBaHusl, HEOOX0UMO pabodyIo
XapakTepucTuKy Nr(Nr) nepecyuTaTh B KOOPJMHATH NI OT MOLIHOCTH TYpOUHBI NT ITyTeM J1eeHus
MoIHOCTH reHeparopa Nr Ha ero KII/I.

B pacuetHOM npuMepe nmpuHATa TUIIOBast paboyasi XapaKTepUCTHKA THAPOreHepaTopa
cpeaHei MoutHoCcTH. PacueTs! npeacTaBieHsl B Ta0m.22

48

72




Tabnuua 22. PesynbTarhl pacuera pabounx xapakTepucTuk Nr(NTr) s Tpex BapuaHTOB

THIPOTYpOUH
Tunosas pabowast | pnes B o630 | TUII60-B60-710 | PO75—B— 630
XapaKTePUCTHKA
Nr NT
0
N:,% Nr N:, MBt | N:MBT MB1t MB1 N:MBt | N:MBT
100 98,1 128,40 | 130,89 160,50 163,61 107,00 | 109,07
75 97,8 96,30 98,47 120,38 123,08 80,25 82,06
50 97,1 64,20 66,12 80,25 82,65 53,50 55,10
25 95 32,10 33,79 40,13 42,24 26,75 28,16
Paboune xapakrepuctuku N(Nr) npeacraBnensl Ha puc.20.
12.5. Pacuer Tr010BOii BBIPAOOTKH JJIEKTPOIHEPrHM [UIsi BapPHAHTOB OCHOBHOI'O

JHEPreTH4ecKOro o0opya0BaHUSA

Jlis  SKOHOMMYECKOTO COIOCTABJIEHUS BCEX KOHKYPUPYIOIIUX BapUaHTOB OCHOBHOIO
SHEPreTHYecKOro 000pYyJIOBaHMs, IOMHUMO pPACCMOTPEHHBIX BBIIIE PACUYETHBIX [apaMeTpPOB,
HEO0OXOMMO OTIPECIIUTh CPETHEMHOTOJIETHIO BBIPAOOTKY AJIEKTPOIHEPTHH poekTupyemoit 'C
¢ yuetoM (paktuueckoro nepemenHoro KIIJ[ ocHoBHOrO 0OOpynoBanusi. B nepsoM npuOnmxeHun
BMECTO CPEIIHEMHOTOJIETHEH BBIPAOOTKH MOXKHO OINpPEAETUTh BbIPAOOTKY 3JIEKTPOIHEPIHH IS
YCJIOBHI pacyeTHOTO TO/1a CPEIHEN BOJHOCTH.

B »tom cmydae romoBasi BBIpAOOTKA SJEKTPOIHEPTUHM MOXKET OBITh MPHOIMKEHHO
BBIUHKCIICHA IO (hopmyIie

oo =955 "1, + O -1 (12.18)

rae 97", 0™ - BpIpaOOTKA AJIEKTPOIHEPTUH IS XapaKTEPHBIX CYTOK OCEHHE-3MMHET0 U BECCHHe-

0—31"6-n

6—n!

JIETHETO MEPUOJOB, tos — [UIMTEIBHOCTh OCEHHE-3UMHEIO NEPUOAA, tsn — [UIMTEIBHOCTH BECEHHE-
JIETHETO IEPUOJA.

Jlns ompeneneHnuss CyTOUYHOW BBIPAOOTKU UIEKTPOIHEPTUU HEOOXOIMMO BOCIOJIb30BATHCS
nHpopManueld O XapaKTepHBIX pexuMax paboTel mnpoektupyemord ['DC, mnomydyeHHOH MO
pe3yspTaTaM pPACYETOB BOJHO-3HEPIETUYECKOTO PErylIMpOBaHUsA Uil CPEOHEBOJHOroO roza. B
Ka4yeCcTBE XapaKTEPHbIX CYTOK OCEHHE-3MMHEr0 CE30Ha MOXHO IPUHATH JIeKaOpb WU SIHBAph, a
BECCHHE-JIETHET0 — UIOHb WM HIOJNb Mecsl. V3BecTHbIe 10 OaJlaHCy MOLIHOCTH PEXHUMbI pabOThI
I'SC BrnuchIBarOTCS B yKa3aHHbIE CYTOYHbIE I'paMKH Harpy3KH, 4TO JaeT BO3MOXKHOCTb MOJYYHUTh
uHpopManKoo 00 M3MEHEHUU pPaboyeil MOIIHOCTH BHYTpU CYTOK. [lo 3TMUM JaHHBIM B KaXJ0M
pacyeTHOM HWHTEpBajie, PaBHOM OJHOMY 4acy, IO H3BECTHOW pabouell MOIIHOCTM U paHee
npuHaToMy Kodddunuenty mormnoctH K, T.e. mpu cpexnem KIIJ] I'DC Ha cooTBeTCTBYOLIEH
HAIlOPHOM XapaKTEPUCTUKE PEKUMHOIO IOJIS MOXKHO OIPENENIUTh TOUKY ¢ KoopAauHaraMu Hrac u
Qrac, obecneunBaroLyIo Bbl1auy U3BECTHOM paboyell MOIHOCTU B JAHHOM Pacue€THOM UHTEpBaJIe.
Hanee tpedyercs onpenenuts paxkrnyeckuit KI1J[ TypOuns! u reneparopa. st 3roro Heo0XoaAuMo
nosydeHHbie 3HadeHus Hroc u Qroc mepecumrtars B mpuBeneHHbIe mokazatenn Q' m n'p. s
nepecuera Qrac HEOOXOIUMO MpPENBAPUTENBHO OIPENEIUTh YUCIO BKIIIOYEHHBIX arperaTtoB Kak
4acTHOE OT JeneHust padbouelr MomHoctu 'OC Ha ycTaHOBIEHHYHO MOIIHOCTh OJIHOTO arperarta.
[Tony4yennbie 3HayeHuss Q| U N'| HAHOCATCSI HA TVIABHYIO YHHBEPCAIbHYIO XapaKTEPUCTUKY, U B
Touke mnepeceyeHus: onpeznenserca ¢axruueckuit KIIJ[ MoaenbHON THAPOTYpOMHBI, KOTOPBIH
NIEPEeCUUTHIBAETCS B HATYpHBIE NOKa3aTenu. Beraucnsercs (aktuyeckas MOLUHOCTh TypOUHBI U TIO
xapakrepuctuke Nr(N:) onpenensercs dpaxruyeckuii KI1J] reneparopa. lanee ans u3BectHIX Hrac
1 Qroc npu nonydeHHbIX ¢aktuueckux KIIJ[ TypOuHBI U reHepaTopa pacCUUTHIBAETCS B JJTAaHHOM
uHTepBase (pakTuueckas padoyas MourHocTh ['DC ¢ yueToM 4ncia BKIIOYEHHBIX arperaTos.



98,2

98 _— — "
_— — |
97,8 / - e
97.6 — —
97,4 / — ) -

. A4
P //
b AW
96,2 / / /

96 /
95,8
Ay —— 1160
95,6

/ —=-1060 |
95,4 / / / —4—PO75 |
95,2 /
30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
N,, MBT

Puc. 20. Pabouue xapakrepuctuku Kl reHepaTtopoB oT N; AnsA Tpex BapuaHToB ruapoTypOouH



Taxum 06pa3oM, B KaXKJIOM pac4eTHOM WHTEpBaje yTOUHsAETCS ¢ ydeToM nepemennoro KI1/]
pexxuM paboTsl I'DC, BEIUUCIACTCS CYyTOYHAsS M FOJ0Bast BRIPAOOTKA IEKTPOIHEPT HH.

Ocoboe BHHUMaHME cjenyeT OOpaTUTh Ha PpAcCUCTHBI HHTEpBaJ, B KOTOPOM pabodas
MOILHOCTh SIBJISIETCS MAaKCUMAaJIbHOW, PAaBHOM BBITECHSIOUIEM MOIIHOCTH. Eciu mpu pacuere ¢
nepemeHHbM KII/] B yka3aHHOM MHTEpBaje MOIIHOCTD MOJIydaeTcsi 0O0JIbIe MaKCUMAaIbHOM, TO €€
CJIEyeT OTPAaHUYMUTh BEJIMYMHOMN BBITECHSIOLIEH MOILIHOCTH, TaK KaK HE MOTYT OBbITh IPEBBIIIEHbI
BbIOpaHHBIE HOMUHAJIBHBIE MMapaMeTpbl TypOMHBI M T€HEPaTopa, OMPENCNIIONUe YCTaHOBICHHYIO
MOUIHOCTb arperara.

OueBHIHO, YTO rOJ0Basi BBIPAOOTKA 3JIEKTPOIHEPrUu OYyAET OIpeseseHa TeM TOYHEE, YeM
00JIBIIIE pacCMaTPUBACTCS XapaKTEPHBIX CYTOYHBIX IPa(UKOB HATrPY3KH.

[Ipumep pacuer BbIMONHEH B TabiamuHOW (opme s Bapuanta OOOpYHOBaHUS C
runpotypouno 11J160-B-630 (tabm.23, 24). JIns ocTtanbHBIX BapHaHTOB 00OPYJOBAHUS pacueThI
BBITIOJTHSFOTCS. AHAJIOTUYHO.

OxoHYaTenbHbIE PE3YNbTATHl pacyeTa IOJOBOM BBHIPAOOTKH SJIEKTPOIHEPTHUHU IOTYUEHbI
CIIeyIOIHne

I'maporypouua I1J160 — B — 630.

3,,, =5154,24.184 +8660,83-181 = 2,516 M.kBr - 4
I'maporypouua ITJ1160 — B — 710.

3, =5118,50-184 +8662,19-181 = 2,510 Mi.kBr - 4
I'maporypouua PO75 — B — 630.

3, =5161,24-184 +8548,61-181 = 2,497 Mmin.kBr - 4

12.6. DxoHOMHYECKOE 000CHOBAHME BAPMAHTA OCHOBHOI'0 3JHEPreTUYeCKOro 000py10BaHus
Kak yka3biBasioch BbIlIe, 5KOHOMUYECKOE 000CHOBaHHE OKOHYATEIHHO BEIOUPAEMOTO
BapHaHTa OCHOBHOT'O SHEPreTHUECKOT0 000PYI0BAHUS BBIMOIHSIETCA MO0 KPUTEPUIO MUHUMYMa
CyMMapHbIX MPUBEICHHBIX 3aTpaT. [Ipu 3TOM B cocTaB 3aTpaT BKIIOYAIOTCS TOJIBKO T
COCTaBJIISAIOIIME, KOTOPbIE HETIOCPECTBEHHO 3aBUCAT OT MaPaMETPOB OCHOBHOT'O SHEPTETHUECKOTO
obopynoBanus. Hmke paccMoTpeHa MeTOIMKa pacueTa napauiebHO ¢ IPUMEPOM.
B pacueTtHOM npumepe CTOMMOCTh 000PYI0BaHUS U HOPMATUBHBIE IOKA3aTENU MPUHSATHI HA YPOBHE
1990r.
1) KanuTanoBioXeHHUsS B THAPOTYPOMHBI U THAPOT€HEPATOPHIL.

K,;=Z,(S; +S,), (12.19)
r7ie ST — cyMMapHas CTOUMOCTb OJTHOM TYpOUHBI, Sr — cCyMMapHasi CTOUMOCTb OJJHOIO FeHepaTopa,
Za — 4NUCIIO arperaTos.

St =5,Gr, (12.20)
rae Gt — Bec TypOUHBI, S; — yeIbHAs CTOUMOCTh TYPOUHBI.
VY aenpHas CTOMMOCTh TUAPOTYPOUHBI BBIYUCISETCS ClIeAyIomuM obpaszom [5].

s TT-TypGumst: s = [0,56 + 1’?21 +0,002H J -1,1{M} , (12.21)
1 T
s PO-TypGumer: s, = [0,24 + 1’[)& +0,0016H j 115 {M} , (12.22)
1 T
i TULT-ryp6usse: s2% = K, -5 = Ky (0,24 9 000161 j 115 [M} (12.23)
1 T

rae Ko — kKoadduimeHT mepecuera ¢ pagualibHO-OCEBOM TypOMHBI Ha MOBOPOTHO-JIOMACTHYIO
JMArOHAIBHYIO TYpOUHY, KOTOPBII MPUHUMAETCS PAaBHBIM
Ku=1,25 mpu D1 <5 ™,
Ku=1,21pu D1 > 5™
Sr = $:Gr. (12.24)
rae Gr —  BecC reHeparopa, S - yaenbHAs CTOMMOCTh reHepaTopa.



Tabnuma 23. Pacyet roioBoii BEIpaOOTKH 3JICKTPOIHEPTHH VIS BapuaHTa 00opyaoBaHus ¢ ruapotypounoii [1J160 - B - 630 (oceHHe-3UMHHMIA TTEPHO.T)

t Nract Hract Qract Zat Qat QI\ n’ Nwmt Nt Nt Nrt Nat(p) NFSCt(p)
y MBT M m3/c T m3/c m3/c 06/MVH o.e. o.e. MBT o.e. MBT MBT
1 84 47,2 208 1 208 0,76 114,05 0,900 0,934 90,0 0,976 87,8 88
2 84 47,2 208 1 208 0,76 114,05 0,900 0,934 90,0 0,976 87,8 88
3 84 47,2 208 1 208 0,76 114,05 0,900 0,934 90,0 0,976 87,8 88
4 84 47,2 208 1 208 0,76 114,05 0,900 0,934 90,0 0,976 87,8 88
5 84 47,2 208 1 208 0,76 114,05 0,900 0,934 90,0 0,976 87,8 88
6 84 47,2 208 1 208 0,76 114,05 0,900 0,934 90,0 0,976 87,8 88
7 84 47,2 208 1 208 0,76 114,05 0,900 0,934 90,0 0,976 87,8 88
8 84 47,2 208 1 208 0,76 114,05 0,900 0,934 90,0 0,976 87,8 88
9 84 47,2 208 1 208 0,76 114,05 0,900 0,934 90,0 0,976 87,8 88
10 291 45,3 748 3 249 0,93 116,44 0,909 0,940 104,1 0,979 101,9 306
11 84 47,2 208 1 208 0,76 114,05 0,900 0,934 90,0 0,976 87,8 88
12 84 47,2 208 1 208 0,76 114,05 0,900 0,934 90,0 0,976 87,8 88
13 84 47,2 208 1 208 0,76 114,05 0,900 0,934 90,0 0,976 87,8 88
14 84 47,2 208 1 208 0,76 114,05 0,900 0,934 90,0 0,976 87,8 88
15 84 47,2 208 1 208 0,76 114,05 0,900 0,934 90,0 0,976 87,8 88
16 84 47,2 208 1 208 0,76 114,05 0,900 0,934 90,0 0,976 87,8 88
17 84 47,2 208 1 208 0,76 114,05 0,900 0,934 90,0 0,976 87,8 88
18 867 42,6 2366 7 338 1,30 120,05 0,905 0,937 130,9 0,981 128,4 899
19 1167 41,2 3295 10 330 1,29 122,08 0,904 0,936 124,7 0,980 116,7 1167
20 642 43,5 1718 6 286 1,09 118,86 0,912 0,942 115,0 0,980 112,6 676
21 417 44.4 1091 4 273 1,03 117,55 0,912 0,942 111,9 0,979 109,6 438
22 84 47,2 208 1 208 0,76 114,05 0,900 0,934 90,0 0,976 87,8 88
23 84 47,2 208 1 208 0,76 114,05 0,900 0,934 90,0 0,976 87,8 88
24 84 47,2 208 1 208 0,76 114,05 0,900 0,934 90,0 0,976 87,8 88

5154,244




Ta6auua 24. PacdeT rof0Boii BEIpabOTKH JIEKTPOIHEPIHH ISl BApUaHTa 060pya0BaHus ¢ ruapoTypounoi I1J160 - B - 630 (BecenHe-1eTHuUit mepuo)

t Nract Hract Qract Zat Qat QI\ n’ Nwmt Nt Nt MNrt Nat(p) NFSCt(p)
y MBT M m3/c T m3/c m3/c 06/MVH o.e. o.e. MBT o.e. MBT MBT
1 137 51,2 311 2 156 0,54 109,51 0,895 0,931 72,7 0,972 70,7 141
2 137 51,2 311 2 156 0,54 109,51 0,895 0,931 72,7 0,972 70,7 141
3 137 51,2 311 2 156 0,54 109,51 0,895 0,931 72,7 0,972 70,7 141
4 137 51,2 311 2 156 0,54 109,51 0,895 0,931 72,7 0,972 70,7 141
5 137 51,2 311 2 156 0,54 109,51 0,895 0,931 72,7 0,972 70,7 141
6 137 51,2 311 2 156 0,54 109,51 0,895 0,931 72,7 0,972 70,7 141
7 137 51,2 311 2 156 0,54 109,51 0,895 0,931 72,7 0,972 70,7 141
8 137 51,2 311 2 156 0,54 109,51 0,895 0,931 72,7 0,972 70,7 141
9 137 51,2 311 2 156 0,54 109,51 0,895 0,931 72,7 0,972 70,7 141
10 700 49,2 1656 6 276 0,99 111,74 0,911 0,942 125,3 0,980 122,9 737
11 1017 48,3 2450 8 306 1,11 112,79 0,912 0,942 130,9 0,981 127,1 1017
12 518 49,8 1209 5 242 0,86 110,98 0,905 0,938 110,9 0,979 108,5 543
13 440 50,3 925 4 231 0,82 110,51 0,904 0,937 106,9 0,979 104,6 418
14 440 50,3 925 4 231 0,82 110,51 0,904 0,937 106,9 0,979 104,6 418
15 609 49,5 1430 5 286 1,02 111,36 0,912 0,942 130,8 0,981 128,3 642
16 440 50,3 925 4 231 0,82 110,51 0,904 0,937 106,9 0,979 104,6 418
17 440 50,3 925 4 231 0,82 110,51 0,904 0,937 106,9 0,979 104,6 418
18 440 50,3 925 4 231 0,82 110,51 0,904 0,937 106,9 0,979 104,6 418
19 440 50,3 925 4 231 0,82 110,51 0,904 0,937 106,9 0,979 104,6 418
20 440 50,3 925 4 231 0,82 110,51 0,904 0,937 106,9 0,979 104,6 418
21 440 50,3 925 4 231 0,82 110,51 0,904 0,937 106,9 0,979 104,6 418
22 440 50,3 925 4 231 0,82 110,51 0,904 0,937 106,9 0,979 104,6 418
23 518 49,8 1209 5 242 0,86 110,98 0,905 0,938 110,9 0,979 108,5 543
24 137 51,2 311 2 156 0,54 109,51 0,895 0,931 72,7 0,972 70,7 141

8660,825




Jl71st pacueTHOTO MpUMEpa 1O CIPABOYHBIM JaHHBIM [S] onpeaesnsem:

TCunporyp6una IJI60 — B — 630: Gt =633 1, G, = 1040 1, s = 0,96 meic.pyd
m
TigporypGusa U160 - B60 — 710: Gr = 12257, G, = 1190 1, 5, = 0,964 "2
m
mulc.pyo

Tuaporypouna PO75 — B —630: Gr=690 1, G- =1100 T, s = 0,907

m

2) CTOMMOCTh MOHTaXa OCHOBHOT'O 000PYI0BaHUSI.
Ku= kMOHT'K06, (1225)
rie Kuonr = 0,12 11t PO-typoun u Kyour = 0,17 must TUT u [IUI/I-TypOun
Pe3ynbTathl pacdyera KamuTaaoBIIOKEHUN B 000pyIOBaHUE M €M0 MOHTa)Ka CBEACHBI B Ta01.25

Tabnuma 25. KanuranosioxxeHus B TypOUHBI U THAPOTEHEPATOPHI M CTOMMOCTh UX MOHTaXa.

Tun Za, ST6’/ ST, Sr, KOG, k KM,
TYpOUHEI mT THC'p}; TOHE rhic.py6 TBIC.PYO0 | MIH.pYO MO MHLpy©
I1J160 10 0,917 580,02 998,4 15,78 0,17 2,683
1160 8 0,800 980,13 1147,2 17,02 0,17 2,893
PO75 12 0,707 487,58 997,7 17,82 0,12 2,139

3) KanuTaioBIOXKCHUSI B CTPOMTEIbHYIO YacTh, CBSI3aHHYO C OCHOBHBIM SHEPrEeTHYCCKUM
000pyTIOBaHHUEM.

Ko =V e + K. (12.26)

cmp - Mecmu

T/I€ Qwecrn — CTOUMOCTD €IMHHUIIBI 00beMa padoT C YIETOM MECTHBIX YCIOBUH, puHSATas paBHOH 50
py6/M3, Verp — 00BeM GeTona B 31arne ['DC, onpeaensemslii o Gpopmyie

v, =V, +AV,)Z, +V

emp (12.27)
Vs — 00beM OeToHa OJHOTO 010KA, Vynn — 00beM O€TOHA 101 MOHTAXKHYIO TUIOMIAIKY.
B nepBoM npuOIMKEHHH MOYKHO IPUHSTH CIICTYIONUE PEKOMEHIAINH:
Za<10 - Vi = Vs,
10<Za<15 -Vyum =1,5Vs
Zs >15 -V =2 Vs
AVhHs —00beM O€TOHa, CBSI3aHHBIM C JIOTIOJHUTEIBHBIM 3ariyOJICHMEM OTCACHIBAIOIICH TPYOBI,
omnpenenseMoii o Gopmyie
AV,  =AV-|-H], (12.28)

rae: AV — ynenbHblii 00beM OeTOHA MpU JONOJHUTEIBHOM 3arily0JIeHMHM OTCachIBaIOIIEeH TPyObl Ha
1M,
Ksr. — croumocTh paboT 3a JONOJHUTEIbHYIO BBIEMKY TIPYHTa M €ro TPaHCIOPTHPOBKY,
BBIUUCIIAEMYIO IO (popmyIe

Kir. = HM'VB.rp (1229)
Ily — ynenbHas cTOMMOCTh pabOT Ha JOMOJIHUTEIbHYIO BBIEMKY I'PYHTa M €0 TPaHCIOPTHPOBKY,
NpuHATas paBHOH 45 py6/m°.
Vi.rp. — 00bEM JIONIOJIHUTEIBHONW BBIEMKH I'PYHTA.

—Hg|+h g

omc.mp " omc.mp

M.Nna.

Ly o (12.30)

Vs.ep. = L30.[3C ’ Iomc.mp |
rae: Lsyroc — muna 3panus [19C,

Lome =a-Dy-2Z,, (12.31)
rae: o=3 mst [T u TU1J], 0=3-4,3 nast PO; lorc.rp, Nore.rp. — JVTHHA ¥ BBICOTA OTCACBIBAOIIEH TPYOBHI,
oTpesieNieMble 10 JaHHBIM IMPOTOYHON YaCTH MOJECIBEHON TYpOHHBI.
Pesynbrarhl pacuera KamuTaJOBIOXKEHUH B CTPOUTENBbHYIO YaCTh, CBSI3aHHYIO C OCHOBHBIM
SHEPreTHYEeCKUM 000PYAOBaHUEM CBEJIEHBI B Ta01.26.



Tabnuna 26. KanuTanoBnoXeHHs B CTPOUTENIBHYIO YacTh, CBA3aHHYIO C OCHOBHBIM
SHEPTEeTUYECKUM 000PYyAOBaHUEM

IMokazaTenu Hs, IOTc.Tp, hOTc.Tp, V%’ VM.:I;JI; A\é,
M M M M M M
I1J160 -13,47 30,41 14,28 9500 9500 275
11160 -9,98 34,29 16,17 20400 20400 326
PO75 5,80 28,35 16,35 11800 17700 275
IMokaszarenu Lsz[.l"SC, VB.gp, KB.rp, AV3H5, Vc1'3p, KCTp061
M M MJIH.pYyO M M MJIH.pYyO
11160 207,9 175459 7,896 3705 141550 14,97
11160 191,7 171923 7,737 3254,9 209639 18,22
PO75 286,65 132869 5,979 0 159300 13,94

B pacueTHOM npumepe HE yuT€H JOMOJHUTENbHbBIN 00beM BBIEMKH B OTBOJSALINM KaHall B pa3HbIX
BapUaHTax OCHOBHOTO o0opynoBanus ['IC.
4) Kanwuranosnoxkenus B 3maHue [IC, CBs3aHHbIE C OCHOBHBIM  JHEPreTHUCCKHM
000pyTOBaHUEM.

K% =115(K,, + K, + K ) (12.32)

cmp
PGSYJ'II)TaTI)I pacucTa KaHHTaHOBHO)KeHHﬁ, CBsI3aHHBIC C OCHOBHBIM SHEPTCTUYCCKUM
000pyI0BaHUEM CBeICHbI B Ta0.1.27.
5) Usznepxku npoektupyemoii 'DC, onpenensemsie o hopmyiie
U . =", +HU
AMOpTH3alMOHHAs COCTaBJISIONIAS U3/IEPIKEK
U, =(25+35%K%,. (12.34)
B paccmarpuBaembIx BapuaHTaX OCHOBHOT'O JHEPIETUYECKOTO0 OOOpPYHOBaHHUS AKCILUTyTallMOHHAs
4acTh M3AEPKEK Moken 3aBUCUT OT yCTaHOBIEHHOW MouIHOCTH ['DC, KOoTOpas BO BCEX BapHaHTaX
OJIMHAKOBas, M TMOATOMY YKa3aHHas 4YacThb M3JEPXKEK SBIAETCS MOCTOSHHOW BETMYMHON MU B
JalbHEHIINX pacyeTax MOXKET HE Y4YHThIBaThCsA. Pe3ynbTaThl pacuera U3JEp>KEK MPUBEACHBI B
Tabn.27.
Tabnuma 27. KanuranoBioskeHus U aMOPTH3AIMOHHAs COCTABIISAIONIAS U3JICPKEK

(12.33)

oKCn

Ko6, KM, Kcm06, Kr 9C06, HaMa
[Tokazarenu
MJTH.pYO MJTH.pPYO MJTH.pYO MJTH.pYO MJTH.pYO/TO T
11J160 15,78 2,683 14,97 38,457 1,154
TJI160 17,02 2,893 18,22 43,849 1,315
PO75 17,82 2,139 13,94 38,992 1,170

OxoHYaTeabHbIC PE3YyJIbTaThl pacdyeTa NPCACTABJICHLI B Ta011.28.

Ta6JII/IL[a 28. TeXHUKO-3KOHOMHYECKOE COITIOCTaBJIICHHE BapHuaHTOB Typ6I/IHHOFO O60py,[[OBaHI/IH
I'aC.

Ilokazarenu 11160 I[JIJ160 PO75
Kroc®, MiH.py6 38,457 43,849 38,992
Way, MH.pyO/TOA 1,154 1,315 1,170
D% mapna.kBru 2,516 2,510 2,497
ADr>c™, mitH.KBTY 0 0,006 0,019
A1y, MITH.KBTY 0 0,007 0,0209
A3;, MiH.py0/TOA 0 0,1365 0,4101
3cuer, MITH.pYO/TOJT 5,7685 6,7139 6,2590




B 12611.28 moMuMo paHee BBEIYMCICHHBIX [TOKA3aTeleH MPUBEACHBI CIICTYIOITHUE:
JlononmHuUTENbHAS BEIpAOOTKA 31eKTposHeprun Ha DC

_ 200 2
ADpye =AI7. - (12.35)
re AD:%. - cHWKEHHE BBIPAOOTKH SIEKTPOSHEPTUH TI0 CPABHEHUIO C BADHAHTOM C HauOOJIbIIEi ee

BBIPAOOTKOM; o’ — KOA(PHUIHMEHT ydeTa JONOJHUTENbHON BbIpaboTkn Ha TOC Ha cOOCTBEHHBIE
HYXK/Ibl, IPUHSTHIN paBHBIM 1,1.
JloTIOTHUTEBHBIE 3aTPAThl HAa TOIUIMBO MPH CHI)KEHUH BBIPAOOTKHU 3JIEKTPOIHEPTUN

A3, =AD,. -3, -bromc, (12.36)

rZie 3; — 3aMBIKAIOIIME 3aTPaThl HA TOIUIMBO, TPHHATHIE paBHBIMHU 49 pyO/TyT, D,0rsc - cpenHuii

ynenbHbIi pacxon TorumBa Ha TOC, npunsTeiil paBHbM 0,4 TyT/MBT*4.
CymMapHbIe 3aTpaThl 10 SHEPTOCUCTEME

3em =E. . K. +H, +A3,, (12.37)

cucm HOpM

re Euopw = 0,12 1/roa — HOpMaTHBHBIN KO3PPUITHEHT 3()(HEKTUBHOCTH.

[To pesynpTaTam pacueTroB BbIOMpaeM BapuaHT ¢ Typounout [1JI60 — B — 630, umeromieit
MWHUMAJIBHBIC 3aTPAaThI.

12.7 PacyeT u nmoCTpOeHHE IHEPreTHYECKNX XapakrepucTuk ruapoarperara u 'C B nenom
AJ151 BLIOPAHHOTO THIIA OCHOBHOI'0 000PY10BAHMA

Pacuyer paboueil M pacxogHOW XapaKTEPUCTUK IPOU3BOJUTCS Ha OCHOBAHHUM TJIaBHOU
YHHUBEPCAJIbHOM XapaKTepUCTUKH MOJIENN BbIOPAHHOU THIPOTYpOUHBI U pabodeil XxapaKTepUCTUKHU
ruporeHepropa. Pe3ynpraThl pacuera npeacTaBiieHbl B Ta0n.29 u tabi.30.

B rpadax 1,2,3 u 4 Tabm.29 ykazaHbl 3HAYCHUS OTKPBITHUS HAIMPABIIAIOIIETO arapara
MOJIENH, KIIJI MOJEIH, NMPUBEIECHHOTO pacxo/a M yria pa3BopoTa JIONACTEH, ONpeAessieMble MO
IJIAaBHOM yHUBEPCAJIbHON XapaKTEPUCTHKE MOJCIM B TOYKAaX IMEPECEUYCHHs] JIMHUH N 1,
COOTBeTCTBYIOIMX HamopaM Hmin, Hmax m Hp\ ¢ msomuemsmu a, u ¢. B rpadax 5, 6 u 7
MIPEACTABJICHBl PACYETHBIE 3HAYEHUs OTKPBITUS HANPABIIAIONIETO arrapara arperara HaTypHOU
TUAPOTYPOUHBL, KIIJT M pacxo/a arperara, BBIUMCICHHBIE 110 CIeAYIomuM Gopmynam

a, =ay,, -[[))—0 : ZZL : (12.38)

Om 0

rae Dow ¥ Zow — AMaMETp OKPYXHOCTH PACIIONIOKEHUS OCEH JIONATOK HAIMPABJIAIOIIETO anmnapara u
YHCIIO ATHUX JIONMATOK MOJIeNH (yKa3aHbl Ha MPOTOYHOM YacTH YHUBEPCAIbHOM XapakTepucTuku); Do
u Z, — TO XK€ JUIsl HAaTYpHOW TYpOHMHBI B COOTBETCTBUU CO CTaHmapTom, npuyem s [1JI - u PO —
TypOUH:

Do=1,2D:. (12.39)
st TULJ Do/D1 = 1,33-1,32 (IUTS0-ITJ1[170); Do/D1 = 1,37-1,35 (IIJIA90-I1J1[]140); Do/D; =
1,40-1,42 (IUI170-T1J14220).
Yucno nonatok Zo IpUHUMAETCS B 3aBUCUMOCTH OT 3HadueHus Do cnenyromum obpazom
-upu Do <7m  Zo=20,
-upu 7<Do<10M Zo=24,
-mpu Do > 10m  Zo=28.

n, =" Nr, (12-40)
Q,=Q,-DZ-JH A, (12.41)

B rpade 8 Tabm.29 ykazaHbl pacyeTHblE 3HAUYEHUS MOLIHOCTH HATypHOH TYypOHUHBI,
BbIUHKCIIIEMOH 10 popmyste:
N; =981-n,-Q,-H, (12.42)
B rpade 9 T1a61.29 ykazaHbl 3HaYCHMS KIIJI T€HEpaTopa, ONpeesseMble M0 3aBUCUMOCTH
KITJ] FeHepaTopa OT MOILITHOCTH TypOuHbI (puc.20).
MouHocTs arperara, ykaszanHas B rpade 10, paccuutsiBaeTcs 1o gopmysie
N, =N, 7. (12.43)



Tabmuua 29. Pacuer paboueli 1 pacXoJHON XapaKTEPUCTUK THApoarperara

Hmin= 32,6 ™
alm nm Ql ) a0 na Qa NT nr Na
MM o.e. |Kkyb.m/c| rpag MM o.e. |Kkyb6.m/c| MBT 0.e. MBT
1 2 3 4 5 6 7 8 9 10
30 0,87 0,72 -5 410,87 | 0,913 | 164,00 | 47,86 | 0,959 | 45,90
35 0,891 0,94 -0,5 |479,35| 0,927 | 214,11 | 63,45 | 0,969 | 61,50
40 0,899 1,17 4 547,83 | 0,932 | 266,49 | 79,43 | 0,974 | 77,36
41,5 0,895 1,29 6,2 568,37 | 0,929 | 293,83 | 87,33 | 0,976 | 85,20
Hp= 40,7 M
aOm nm Qr ) a0 na Qa NT nr Na
MM o.e. Kyb6.m/c | rpag MM o.e. Ky6.m/c | MBT o.e. MBT
1 2 3 4 5 6 7 8 9 10
26,1 0,885 0,65 -5 357,46 | 0,924 | 165,41 | 60,99 | 0,968 | 59,02
30 0,899 0,8 -2 410,87 | 0,933 | 203,58 | 75,82 | 0,973 | 73,78
35 0,91 1,02 3 479,35 | 0,940 | 259,57 | 97,43 | 0,978 | 95,26
40 0,904 1,28 8 547,83 | 0,936 | 325,73 | 121,74 | 0,980 | 119,33
41,5 0,897 1,4 11 568,37 | 0,932 | 356,27 | 130,89 | 0,981 | 128,40
Hmax= 519 M
aOm nm Qr ) a0 na Qa NT nr Na
MM o.e. | Kyb.m/c| rpag MM o.e. |kyb.m/c| MBT 0.e. MBT
1 2 3 4 5 6 7 8 9 10
25 0,89 0,64 -4 342,39 | 0,928 | 183,93 | 86,91 | 0,975 | 84,78
30 0,905 0,87 2 410,87 | 0,938 | 250,03 | 119,40 | 0,980 | 117,00
32 0,91 0,96 4 438,26 | 0,941 | 275,90 | 130,89 | 0,981 | 128,40

Pesynbrarhl pacuera xapakrepuctuku Hs = f(Na) mpeacrasiaens B Ta6i1.30 . B rpagax 1, 2 u

3 ykazaHbl 3Ha4YeHUs KOA(D(UIMEHTAa KaBUTAIMU O, KIJI MOJCIHM M MPHUBEICHHOTO pacxoja,
oTpeieNsieMbIe TI0 YHUBEPCAIbHON XapaKTEPUCTUKE B TOYKAX MEPECCUCHHUSI BBIIIE PACCMOTPEHHBIX
JIMHUY N 1 ¢ U30JMHUSAMH G.

B rpadax 4, 7, 8, 9 u 10 npencraBieHbl pacyeTHbIC 3HAYEHHUS PACX0Ja, KIIJ arperara,
MOIITHOCTH HATYPHOUW TypOWHBI, 3HAUCHHE KIJI T€HEpartopa W 3HAUYCHHWE MOIIHOCTH arperara,
paccuuThIBacMblie aHamornyHo Ta0i.28. B rpade 5 ykazano 3uauenue Zup(Qa), ompenensiemMoe 1o
KpHUBOM CBSI3M HIKHETO Obeda .

B rpade 6 3anmceIiBaeTCsl 3HaYeHHE BHICOTHI OTCACBIBAHMSI, BRIYHCIISIEMOE 110 PaHEe PACCMOTPEHHOM
dopmyine (12.14).

PaccMoTpeHHBIe SHEpreTHYEeCKHE XapaKTePUCTUKH MpeACcTaBleHbl Ha puc.21 — 25.

Jlis  mocTpoeHUs OKCITyaTal[MOHHOW XapaKTePUCTHKH arperara HCIOJb3YyIOTCS pabouune
XapaKTEePUCTUKHU arperara u BcroMmoraTeabHbie XapakTepucTuku ao(Na), ¢(Na), Hs(Na) (puc.21-25).
DKcIUTyaTallMOHHAs XapaKTepUCTUKAa CTPOUTCS MyTeM pacceueHus: padodel XapaKTepUCTHKHU
arperata TpU T1a=CONSt, B pe3ynbTare dYero moiydarorcs koopauHaTel w3onuuuil KIIJ Ha
OKCIUTYaTaI[AOHHOW  XapaKTePUCTHKE. AHAJOTUYHO  CTPOSTCS  M3OJMHHM a9, ¢, Hs.
DKcIUTyaTaluoHHAas XapaKTepUCTHKA THIpoarperaTa npeacTaBieHa Ha puc.26.



Ta6nuua 30. Pe3ynbTarsl pacuera xapaktepuctuku Hs (Na)

Hmin= 32,6 M
(&} Nwmo QI\ Qa Zue Hs Na N+ Nr Na
o0.e. | ky6.m/c | KyB.m/C M M 0.e. MBT 0.e. MBT
1 2 3 4 5 6 7 8 9 10
0,2 0,887 0,88 | 200,44 | 173,2 2,6 0,924 59,2 0,967 57,2
0,25 0,892 | 0,965 | 219,80 | 173,2 0,8 0,927 65,2 0,970 63,3
0,3 0,895 1,05 [ 239,16 | 173,2 -1,0 0,929 71,1 0,972 69,1
0,35 0,898 1,13 [ 257,38 | 173,2 -2,7 0,931 76,7 0,973 74,6
0,4 0,898 1,21 | 275,61 | 173,3 -4.5 0,931 82,1 0,974 80,0
0,45 0,896 | 1,285 | 292,69 | 173,3 -6,3 0,930 87,1 0,976 84,9
0,455 | 0,895 1,29 |[293,83 | 173,3 -6,5 0,929 87,3 0,976 85,2
H= 40,7 W™
(0} Nwmo QI‘ Qa Zue Hs Na N+ Nr Na
o0.e. | ky6.m/c | KyB.m/C M M 0.e. MBT 0.e. MBT
1 2 3 4 5 6 7 8 9 10
0,15 0,898 0,8 203,58 | 173,2 3,1 0,932 75,8 0,973 73,7
0,2 0,903 0,88 | 223,94 | 173,2 0,9 0,936 83,6 0,975 81,5
0,25 0,908 0,98 | 249,39 | 173,2 -1,4 0,939 93,5 0,977 91,3
0,3 0,9104 | 1,07 | 272,29 | 173,3 -3,6 0,941 | 102,2 | 0,978 | 100,0
0,35 | 09104 | 1,15 [ 292,65 | 1733 -5,9 0,941 | 109,9 | 0,979 | 107,6
0,4 0,908 1,22 | 310,46 | 173,3 -8,1 0,939 | 116,4 | 0,980 | 114,0
0,45 0,904 1,3 330,82 | 173,3 | -10,3 | 0,936 | 123,6 | 0,980 | 121,2
0,5 0,899 | 1,375 | 34991 | 1734 | -126 | 0,933 | 130,3 | 0,981 | 127,8
0,52 0,897 1,4 356,27 | 1734 | -13,5 | 0,932 | 130,9 | 0,981 | 128,4
H= 519 W™
9 Nmo QI‘ Qa Zio Hs Na N+ Nr Na
o.e. | ky6.m/c | Kyb.m/C M M 0.e. MBT 0.e. MBT
1 2 3 4 5 6 7 8 9 10
0,15 0,899 0,75 | 21555 | 173,2 1,2 0,934 | 102,5 | 0,978 | 100,3
0,2 0,906 0,88 | 25291 | 173,2 -1,6 0,939 | 120,9 | 0,980 | 1184
0,23 0,91 0,96 275,9 | 173,3 -3,3 0,941 | 130,9 | 0,981 | 1284

Jluddepennuansaas xapakrtepuctuka rujpoarperata (,(N,) B oOliem Bujae MOXKeT OBITh
IIPEJICTaBJICHA CIEAYIOIIEH MaTeMaTHYECKONW 3aBUCUMOCTBIO

. dQ
N,) = -2 12.44
d,(N,) aN. (12.44)
3 3TOU (I)OpMyJ'IBI CJICOyCT, qTo TCOPCTUUCCKU OHa MOXET 6LITB oJrydcHa

mddepeHnmpoBanreM pacxoaHoil xapakrepuctuku arperarta Qa(Na). OgHako mpakTHYECKH 3TO
BBITMIOJTHUTh HEBO3MOJKHO, TaK KaK COOCTBEHHO pacXOJHas XapaKTepUCTHKa ONM3Ka K JIMHEHHOMN
3aBHCUMOCTH, U MO3TOMY OTHOCUTENIbHBIA MPUPOCT Pacxojia BOJbI HAa €IMHHUILY MOIIHOCTH OyneT
II0JIy4aThCsl BEJIMUNHOM MOCTOSIHHOM, YTO HE COOTBETCTBYET I€HCTBUTEIBHOCTH.
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[osToMy npakTHuecku xapakrepuctuky (,(N,) MOxHO HmOTyunTsh nupHepeHInpOBAHUEM
paboueil xapaxrepuctuku ruapoarperata 77,(N,) s mocrosHHOro Hamopa arperara H 1o
dbopmyre
102 (_ = dn,

Hz ™" NN,

ala

q = , (12.45)
rne dina, dNa — m3menenne KIIJ u MomIHOCTH arperara Ha pacueTHOM HHTEpBaie MEXIY IBYMS

TOoukamMH paboueil xapakTepucTuku arperara; 77,, N, — cpemanuii KII/I u cpeanss MomHOCTh Ha

a
TOM K€ UHTEpBAJIE.

[ockonbky muddepenumnansuas xapakrepuctuka 0,(N,) MOXKET HMMETh I0CTATOYHO

OOJIBIITYI0 TOTPEIIHOCTh NPH €€ pacyere, TaK KaKk OHa BeChbMa YyBCTBUTEIbHA K TOYHOCTH
[apaMeTpoB, BXOISIIUX B €€ PAcCUeTHYI 3aBHCUMOCTb, TO B CBS3M C 3THM IierecooOpasHee
HCII0JIb30BaTh HE pabouylo XapaKTEpUCTHKY arperara, a XapakT€pUCTHUKY MOTEpPbh €ro MOUIHOCTH
AN, (N,).

B stom cnydae pacuerHas 3aBHCUMOCTH JUIsl Ju(depeHIMaTbHON XapaKTepUCTUKU arperara
OyZeT UMETh CIEeYIOINN BT

. 110 dAN/
g, = 1+

981-H, dN,
rae dANR", dNa — nu3menenne noreps MomrHocTH arperata ANR" u camoit MomHOCTH arperata Na Ha
pacueTHOM MHTEpBAJIE.

[Ipn stom 3Hauenus momHoctu arperata Na m KIIJ] arperata cuumarorcs c paboueit
XapakTepucTuku arperata Na(Na) TpU MOCTOSTHHOM Hamope Ui pa3lIMYHbIX TOYEK B 3aJaHHOM
nuanaszone n3menenus MontHocTu Na u KITJ] .

[ToTepu MolIHOCTH arperara BbIYUCISIOTCS 1O hopMmyrie

, (12.46)

AN/ =£—Na. (12.47)
Ma
IIpumep pacyera muddepeHmanpHoil XapakTepucTuku Ja (Na) [ 0JHOTO HAMoOpa MPeCTaBIeH B
Ta61.31 ¥ 4714 Tpex HAIOPOB MOKa3aH Ha puc.27.

W3 aHanu3a nosyd4eHHbIX Pe3y/IbTaTOB pacueTa CIeAyeT, YTO MPH BBICOKUX HAMOPAX arperat
pabotaet ¢ Gosiee Bbicokumu KIIJ[, uem mpu menpmux Hamopax. [loaromy auddepenunanbHas
xapakTepucTrka arperata ga (Na) Ipu BHICOKUX HAopax U3MeHsSeTcs He TaK CyIIeCTBEHHO, KaK IIpH
MEHBIINX HaNopax.

[Toctpoenune »sHepreTnyeckux xapakTepucTuk ['DC BBINOTHSETCS CIEIYIOIIUM  00pa3oM,
MIpeJInoiaras, 4YTo BCe arperatbl UMEIOT OJMHAKOBBIE XapakTepucTUKU. [y moctpoeHus paboueit
xapakrepuctuku ['DOC mpu NOCTOSHHOM Hamope HeoOXOaMMO CHadaja MOCTPOHUTH pabodyro
XapaKTepUCTUKy Jisi OJHoro arperata. Jlamee, 3amaBasich TOCTOSSHHBIM 3HAQUEHUEM Ma,
ompezensercss MOIHOCTh arperata Na, KOTopas yMHOKAaeTCs Ha YHCIIO arperaToB M OTKJIAIbIBACTCS
Ha rpaduke npu Tom ke 3HaueHuu KIIJ| ma.. B pesynpraTe mosyuyaroTcss KoopauHaThl padoueit
xapakrepuctuku ['DC npu BKIIOYEHUH JIBYX, TpeX U T.J. arperatroB (puc.28).

Pacxonnas xapaxtepuctuka ['DC mnpu TOCTOSHHOM HAmope CTPOUTCA AaHAIOTUYHO paboueit
XapaKTepUCTUKE C TOW JHIIb pPa3HUIICH, YTO HA YHCIO arperatoB yMHOXAaeTcsl HE TOJBKO
MOIIIHOCTb, HO | pacxon (puc.29).
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Tabmuua 31. Pacuer nuddepennuanbHol XapakTepucTuku ruapoarperara npa HpN = 40,7m

dANaI7 Qa’, —
Na,MB ANaH,M dNa,MB dANaH,MB 1+ ,0.€. 3 N a, MBm
Ma,0.€. dN mle
T Bt T T a
MBm
60 0,9245 4,90
70 0,9310 5,19 10 0,29 1,029 2,577 65
80 0,9358 5,49 10 0,30 1,030 2,580 75
90 0,9394 5,81 10 0,31 1,031 2,582 85
100 0,9403 6,34 10 0,53 1,053 2,637 95
110 0,9395 7,08 10 0,74 1,074 2,689 105
120 0,9361 8,19 10 0,98 1,098 2,750 115
128 0,9313 9,44 8 1,25 1,156 2,895 124

IIpn mocrpoeHun ykasaHHBIX XapakTrepucTuk ['DOC ocoboe BHHMMaHuE cjenyeT OoOpaTUTh Ha
oTpe/iesieHue TOYEK BKIIIOUEHUS KaXK0ro arperata. BriroueHne KakJoro Mocieyomero arperata
OTIpEJIeNIIeTCS TOUKOM IepeceyeHus] XapaKTepUCTUK NpPHU TOCTOSIHHOM Hamope uid Za u Za+l
arperatoB. Ecnu ykazaHHOe mepeceueHue MpOUCXOAUT MpaBee JIMHUU OTPaHUUYEHHS MO0 TypOUHE U
reHepaTopy, TO BKIIOUYEHHE arperara mpoucxXoAUT CKaYKOM I10 JIMHUM OTpaHUYEHUsI.

Crnenyet Takke OTMETHTb, YTO OTPAHUYEHUS 110 TypOMHE U T'€HepaTopy HaHECEHHbIE paHee
Ha TJIaBHbIE YHUBEPCAJIbHBIE XapaKTEPUCTHKH KOTOphle CcoOTBEeTCTBOBaNM cpeanuM  KIIJ]
reHepaTopa , OTJIMYAIOTCSI OT OrPAaHMYEHUHM Ha SHEPreTUYECKUX XapaKTEepHUCTUKaX , TaK Kak
MOCJICTHHE SIBIISIIOTCS 00JIee TOYHBIMU, TTOCKOJIBKY YUuThIBatoT niepemenHbiii KI1/] remeparopa.
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