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BBEJEHHE

B Hacrosimee BpeMs IOCTEHNEHHO PaCIIMpSETCs NPUMEHCHHE pas-
JIMYHOIO POJia MPOrPaMMHBIX KOMIUIEKCOB M aBTOMAaTH3UPOBAHHBIX CHC-
TEM Ul KOHCTPYHUPOBAHMs M pacyeTa WHXKCHEPHBIX CHUCTEM 3JaHUH U
noabopa Heobxoaumoro obopynoBanus. OfHAKO MareMaTHYeCKHe MO-
JIC/IM, TIOJIOJKEHHBIE B OCHOBY TaKMX MPOrpaMM, HE BCETAa OTAMYAIOTCS
JIOCTATOYHOM TOYHOCTBIO M YYETOM BCEX OCHOBHBIX (DaKTOPOB, BIIHMSIO-
IMX Ha pe3yJbTaT pacdeTa, a TakKe HE BCEr[a M3BECTHA HEIOCpeNCT-
BEHHO MaTeMaTHUYeCKas OCHOBA THUX MOjEeJeHl, 4To 3aTPyAHSET IpOBep-
Ky MX COOTBETCTBUS JCHCTBUTENBHOMY XapakKTepy IpOLIECCOB, MpoTe-
KAIOIMX B MHXEHEPHBIX cucTeMax. Kpome Toro, B psije ciyyaeB HeoO-
XOZMMO OBICTPOE MPOBEJICHUE OPHEHTUPOBOYHBIX PACUETOB IO Pa3any-
HBIM BapUMaHTaM IIpeJBapUTEIbHBIX MPOEKTHBIX peleHuid. Hakonen, mo-
TpebHoCTH y4eOHOro mpoiecca Mo MOArOTOBKE KBalM(pUIMPOBAHHBIX
GakaaBpOB-MHKEHEPOB 10 HANpPaBJIeHUIO « CTPOUTENLCTBO» TAKKE Mpe-
JlyCMaTpUBAIOT YMEHHE CTYJICHTOB OCYILECTBIIATh PY4YHbIe PACUEThl MH-
JKEHEPHBIX cucTeM. [Ipu 3TOM, MOCKONBKY TMAPABIMYECKHE WU adPOAu-
HAMHMYECKHE pacyeThl OOBIYHO OCYLIECTBISIOTCS B TabauuHOW (opme,
HauboJee 1Lenecoo0pa3Hoil ABIsSeTCs pa3paboTka METOAMK, OPUEHTHPO-
BAHHBIX HA MCIIOJIb30BAHKE CTAHJAPTHOrO TAOJMYHOIO IMpoleccopa
Excel.

B TO e Bpems Ui CO3JaHMs 3aKOHOIATEIbHOM 0a3bl, MO3BOJISIO-
1iei pemars Ipo0JieMbl 10 ONEPaTUBHOMY BHEIPEHHMIO HOBBIX HHXKEHEP-
HBIX PELIEHUI U TEXHOJIOTHil, B TOM YHCIIe ¥ B 00/1aCTH NPOEKTHPOBAHUS
VHKEHEPHBIX CHCTEM 3/1aHHi, a TaloKe IJIs yCTpaHEHHs 3aKOHOJATellb-
HBIX MPEMSTCTBUI s Ou3Heca, peanu3yrolero MHHOBAlMOHHBIE IIPOEK-
oI, 27 nexabps 2002 r. Ipesunenrom PP Obun yrBepikaeH Penepais-
ueiii 3akoH Ne 184-®03 «O TexHuueckom perynupoanum» (3TP) ¢
nocneayoummu namereHusmu ot 2007 u 2009 rr.

Bo HCroNHEHHE NPaBUTEILCTBEHHOM MPOrpaMMBI MO pa3paboTke
TEXHMYECKHX perjameHToB Ha ocHoBe 3TP Obu1 mpunaT DenepanbHbli
3akon Ne 384-®3 «Texuuueckuii pernameHT «O 6e30MacHOCTH 3/1a-
HUM 1 coopyxeHui»» (TP B3C). On 6but noanucan Ipesuaentom PO
30 nexabps 2009 r. u Berymwt B cwity ¢ 1 mrons 2010 r. B coorBercTBun
¢ 3akoHOM 0 TexHHYeckoM peryiuposanus, TP B3C oTHOCcHTCA K 00s3a-
TeJIbHBIM JOKYMEHTaM, COIAEPIKAIMM MCKIIOUUTENbHO TpeboBanus 6e30-
[aCHOCTH, 3ALUTHI )XU3HH U 370POBbS JIIOJEH, PACTEHUH M XXHMBOTHBIX,
OXpaHbl OKPY’KaIOLIeH Cpe/bl M MPEAOTBPALEHHs BBEICHU NOTpebuTe-
nei B 3a0myxaenne. Takue JOKYMEHTBI «C YYETOM CTEIIEHM PHCKa Ipu-
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YMHeHMs BpeJa YCTAHABIMBAIOT MMHHMMAJIBHO HEOOXOAMMbIE TpeboBa-
Hus, obecrieunBaomye 0e30MacHOCTh (IPOMBIIUIEHHYO, T0XapHYIO,
MEXaHMYECKYIO ¥ T.JL.), @ TAKKE ETMHCTBO M3MEPEHUID) (ct. 7 3TP). IIpn
3TOM TepedeHs JECTBYIONNX HAlMOHAIBHBIX CTaHIApTOB M CBOJOB
TpaBMI, a TAKXKE UX YacTeH, B pe3ysbTaTe MPUMEHEHHS KOTOPBIX Ha 00s-
3aTeNbHOI OcHOBe obecreunBaercs cobmonenue TpeGosanmidt TP B3C, B
cooTBeTcTBHH ¢ 4. 3 cT. 42 TP B3C yTtBepxaaercs pacnopsbkenuem [1pa-
surenscrea P®. Takoe nocraropnenue Ne 1047-p Gbuio npuHaTo 21 wio-
Hs 2010 1. Bee octanbHble JOKYMEHTHI (HAallMOHAIbHBIE CTaHIAPTHI, YT-
BepIKJaeMble HALMOHAIBHBIM OPraHOM CTaHJApTU3ALNA — Poccrannap-
TOM; CBOJIbI ITPaBUJI, YTBEPIKIaeMble NHBIMU OpraHaMu UCIIOJHUTENLHOM
BJIACTH, NIPU OTCYTCTBUM HALMOHAIBHBIX CTAHJAPTOB, a TAKXKE CTaHIAp-
Th1 Opranm3aimit). OHU ABISIOTCS IOKYMEHTaMH 100POBOJILHOO MpHUMe-
HEHUSL.

Takum 06pa3oM, OCHOBHY0 KoHIENuio 3TP MOKHO CBECTH K TOMY,
4TO OCHOBHAS 33/1a4a TEXHNYECKUX HOpM — IoKasath, kak HEJIb3 mpo-
eKTHPOBATH, CTPOUTb M IKCIUTyaTHPOBATh 31aHMs (TEXHMYECKUE peria-
menTsl) 1 kak MOYXKHO st0 jenats (Bce OCTalbHbIE nokymentsl). Ilo-
3TOMY B HACTOSIIIEe BPEMs IPOU3BOAUTCS IIEPECMOTP HOPMaTHBHOM 6a3bl
B 06/ACTH CTPOMTENBCTBA JUI NPUBENCHUS €€ B COOTBETCTBHE C M3ME-
HUBIIMMHUCS TpeGOBAHUSIMM 3aKOHOJATENBCTBA, & MMEHHO BO HMCIIONHE-
Hue 4. 6 cr. 6 TP B3C, e colepuTcs yKazaHue 0 HeoOXOAMMOCTH Ta-
KOTO [1EPECMOTpa JUlsl IOKyMEHTOB, COTEPXAIMX 00s3aTeIbHbIC Tpebdo-
BaHUs, He pexe ueM pas B 1aTh Jet. [ToapoGuee 06 sToM Oy/eT CKa3aHo
B fanbHeiimeM. OJJHOBPEMEHHO B IIPOLIECCE MEPECMOTpa il peann3aiuu
xounenimu 3TP nu TP B3C w3 HOpMAaTHBOB MCKIIIOUAIOTCS MOIOKCHMA,
KOTOpBIE [0 CBOEMY CMBICIY HE MOTYT SIBJIATHCS 00s13aTeNIbHBIMU, @ HO-
CAT TOJBKO CIIPABOYHBIM XapaKTep WM COAEpKaT METOIMKH TeX I
MHBIX PACYETOB, KOTOPHIE B MPHHLMIE MOTYT MMETh PA3IMIHbIC BAPHAH-
ThI, TIpe/IIaraeMble pa3HbIMU aBTOPAMH.

Crnemyer UMeTh, OJIHAKO, B BUIY, 4YTO B CHullax 1 I'OCTax, eciu
OHM pa3paboTaHbl Y[ayHO W COOTBETCTBYIOT COBPEMCHHOMY YPOBHIO
pasBUTUsS HAYKU M TEXHHMKH, HUYEro IUIOXOTO HET, 160 OHM coJepKar
HaJleKHbIe, alpoOUPOBAHHBIC PEINEHUS] ¥ PEKOMEH/IAlMH, OCHOBAHHbIE
Ha OMNBITE MPOM3BOJACTBA W crpomrenbcTBa. Ho 5TO He O3HAYaeT, HTo
HeJb3s M KAK-TO IO-APYyromy, €ciii KOMY-TO YAacTCs MPEUIOKHUTh Iy~
v BapHaHT, pasyMeeTcsi, B paMKax COOJII0ICHUs TpeGoBaHuii 6e3omnac-
Hoctu. JIpyroe zieio, 4TO 3TO MOBBIIAET OTBETCTBEHHOCTH pa3paboTum-
KOB HAYYHBIX, IPOEKTHBIX M IPOM3BOJICTBEHHBIX pelieHnii, a cxema
CTPaxXOBaHMs PUCKOB OT TAKOrO POJia AEATEIbHOCTH y HAC B CTPAHE €IIe
JIOJKHBIM 00pa3oM He oTpaborana [1].
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B 9T0ii CBA3HM CYLIECTBEHHO PACIIUPSAIOTCS BO3MOXKHOCTH IO pa3pa-
6OTKe, MPUHATHIO M HCIOJNB30BAHUIO JOKYMEHTOB, COOTBETCTBYIOIIMX
KOHLIEMIMY ONTUMAJILHOTO HOPMHUPOBaHMS, OCOOEHHO €CIIHM y4eCTb, YTO
B coorBercTBHH ¢ 3TP 106pOBOJIbHBIE HOPMBI MOTYT ObITH NPHU3HAHBI
06s13aTebHBIMK JIJIi KOHTPAreHTOB IO JOTOBOPY MEXKIY 3aKa3YHMKOM M
noapsaYukoM. I[lepedncieHHbie 00CTOATENBCTBA MO3BOJAIOT MOMNB30-
BaThCs IOOBIMU METOIaMH U JaHHbIMU, He nporuBopedamumu TP B3C
M TpeGOBaHUAM JOKYMEHTOB, BXOMSIIMX B 00A3aTesbHbIA [EPEYCHb.
T0 pacuMpsieT BO3MOXHOCTH NPUMEHEHHMS albTePHATUBHBIX METOJMK,
yTO MpAMO JoIycKaercs yxe ynomsuyTtoi 1. 6 TP B3C u cymecrsen-
HBIM 00Pa30M HCIOJIb3yeTCs B PEKOMEHIALMSAX, U3I0XKEHHBIX B JAHHON
KHHT€.

Astop Gnaropapur peuersentos O.H. Jlopomenko u B.B. Bopomnae-
BA, A TAKKE CTApIIEro mpenoaasaresis Kadeapbl HHKeHepHOTo 06opy1o-
panns MApxU H.A. [llonuHy 3a neHHbIE 3aM€YaHusl, BbICKa3aHHbIE UMU
B IPOLIECCE MOArOTOBKH PYKOIHCH.




'JIABA 1. FI/II[PABJII/I‘IECKI/II?‘I PACYUET
CUCTEMBI BOJJSAHOTI'O OTOIVIEHUA

1.1. Onpenesenne NOTeph JABJIEHUS HA TPEHUE
1 K03()PMIMEHTOB MECTHBIX CONPOTHB/IEHMUI

B npakThke MPOEKTUPOBAHMS CHCTEM BOJSHOTO OTOTUIEHHS Y/CIb-
Hble MOTEpH NaBieHuss Ha Tpenne R, Ila/m, mms JOCTAaTOMHO 4acTo
NPYMEHAEMBIX 10 HACTOSIIEro BPEMEHM TPYOONPOBOJIOB M3 CTAIBHBIX
BozorasonposonHbix Tpy6 mo TOCT 3262 [2] ompenenstorcs no Beiu-
YHHE CKOPOCTH BOJIBI W, M/C, 1 TI0 YCIOBHOMY JIMaMeTpy Tpybonpososa
Dy, MmM. DTO MOXHO CJenaTk IO tabn. II.1 [3] wim mo HOMOrpamme
(puc. 1), pa3paGOTaHHON 1O JIAHHBIM OTOH tabmuupl. Cienyer TOJIBKO
MMeTh B BUJLY, YTO 10 (PU3MUIECKUM COOOPaXKEHNSIM HOMOrpaMMa JI0JKHA
COCTABJIATHCS OTHOCUTENIHHO BHYTPEHHETO AHAMeTpa dy, KOTOPBIA MOKHO
onpenenuTh Mo BenuuuHe Dy W TONMHE CTEHKM C HCIONBE30BAHMEM
JaHHBIX [2], 4TO M cenaHo Ha puc. 1.

R, Ta/m nmamerp d,, Mm, cBepxy BHE3: 15,7; 21,25 27,1; 35,9; 41; 53
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Puc. 1. VenpHble OTEPH AaBIeHus Ha Tpenue R, ITa/m, 11 CTaibHBIX
OGBIKHOBEHHBIX BOJOra30npoBoansIx Tpy6 mo F'OCT 3262
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Coorsercreue Mexay Dy U d, MOXKHO OnipeaenuTsb no mabn. 1.
Tabnauya 1

TpyOui cranbubie Bogorazonposoaubie no F'OCT 3262 (00bIKHOBEHHbIE)

Yenopusiit aua- HapyxHbIii TosmuHA BuyTpenHmit
merp Dy, Mm auametp dy, MM | CTeHKH 8, MM | jAHaMeTp dy, MM
10 17 22 12,6
15 21,3 2,8 15,7
20 26,8 2,8 21,2
25 33,5 32 27,1
32 42,3 3,2 35,9
40 48 3.5 41
50 60 3,5 53
65 75,5 4 67,5

B Ta6n. 1.1 [3] 3HaueHus R npuBeneHsbl C AOCTATOYHO MOAPOOHBIM
arom mo w, B cpeadem 0,01 m/c, a Ha npu w < 0,2 M/c gaxe Hike. Tem
HEe MEHEe MOKET IOTpeOOBaThCs BBIYMCICHHE YAENBHBIX IOTEPh VLA
POMEXYTOYHBIX cKopocTeil. [list aToro Tpebyercs MHTEpHossuus Tad-
Jmuel. OIHAKO €cIM pacyeT HIpOBOAUTCS ¢ mpuMmeHeHneM OBM, nanpu-
MEp C HCIIONB30BaHKUEM DIIEKTPOHHBIX Tabiun Excel, uTo ouenb yno0Ho,
TaK KaK TUIPABIMYECKHUA pacyeT TpyOOIMpOBOAOB BCET/Ia 3aIMCHIBAETCS B
Tabau4yHOM (GopMe, menecooOpasHO MMETh NMPOCTYI0 M B TO XK€ BpeMs
JIOCTaTOYHO TOUHYIO Gopmyiy s R.

HerpyaHo BHIETH, YTO M300pa)keHHas B JIOrapu(pMUUECKHUX KOOp-
JMHATaX HOMOTPaMMa IpeACTaBiIAeT co00i Habop MPAMBIX NUHMH. OTO
03HAYaeT, YTO BEJMYMHA R J0JDKHA HAXOAUTHCS B CTENIEHHOW 3aBUCHMO-
CTH OT mapaMeTpoB w U d,. Tabiuua xopomo anmpokcumupyercs hop-
mysoii (1) [4, 5], naromieid aist HauGosee yNoTpeOUTENBHOIO B IPAKTUKE
NPOEKTUPOBaHus aAuanaszoHa ckopocreit 0,1-1,25 m/c u nuamerpos B
npenenax 10-50 mm morpemHocTs He Gonee 1-3 %, a nmpu KpaliHUX 3Ha-
YEHMSX JaHHBIX MapaMeTpoB — He Gojee 4-5 %, UTO TaKKe 3aBEIOMO
HAXOIUTCS B 001aCTH OOBIYHOM MMOTPEUIHOCTH MHKEHEPHBIX Pacy€eTOB.

1,32
B

1,9
R=5-104-§—— TMa/m. (1)

HerpynHo 3amernTh, uTO BhIpa)keHue (1) BecbMa HAIOMMHAET KaK IO
(dopMe, Tak ¥ MO YPOBHIO TOKa3areseil CTENeH! NPU W U dy M3BECTHBIE
3aBHCHMOCTH [6] [UIst TOTeph JIaBjieHus B TPyOax, UCHOIb3YEMbIX B CHCTE-
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Max BHYTPEHHETO BOJONPOBOJA. DTO TOBOPHUT O NPUHIMIMAILHOM cX0l-
CTBE PEXUMA TeUEHHS BO/IbI B CHCTEMAX OTOIUICHHS U BOJOCHA0KEHUS — B
0GOVX CITyuasX OH SIBIIETCS MEPEXOHBIM MEXNly PEKUMOM THIpaBIMIC-
CKOIi TJIAAKOCTH M 30HOW KBaJpaTUYHOTO CONPOTHBJICHHA. IToaTomy, B
4ACTHOCTH, NOKa3aTeNh CTEMEH! IPK W, PaBHbIi 1,9, HMeeT MPOMERKYTO!-
HOE 3HAUEeHHe MEeXIy BemmuuHo# 1,75, XapaKTepHOM JUisl ITIafKuX TpyO
(no Bumasuycy), u 2.0, COOTBETCTBYIONIEH KBajpaTH4HOH 0ONacTH.
B npuammre Gopmyity (1) MOXKHO IPUMEHSTE HE TOILKO L 0OBIKHOBEH-
HBIX, HO M JUIs JIFOOBIX JIPYTUX BOZOTa30MPOBOAHBIX TpyO, TOJIBKO HY>KHO
[O/ICTABIATE B HEe COOTBETCTBYIOILYIO BEIUYHHY d, mo TOCT 3262 [2].
CoorsercTBytomas mabn. I1.1 npuBeeHa B NPAUIOKECHHH.

Tpu u3BecTHOM pacxone Boasl G, Kr/4, Ha ydacTke TpyOorpoBoza
HanboJee 1eecoo0pasHblil uamMeTp y4acTka MOXHO OLECHHUTD Kak

d,, =0,75\G , mm. (1a)

TO COOTBETCTBYET CKOpOCTH BOBI 0k0110 0,6 m/c. TTo 3HaYeHUIO dop
MPUHAMAETCs GKadmi CTaHJApTHBIA AuaMeTp Dy U COOTBETCTBYIO-
it emy d, mo maébn. 1.

Kpome moTteph Ha TpeHHE B CHCTEMaxX BOJAHOTO oToruieHus 6oJb-
LIYIO POJIb UTPAIOT MECTHBIE TIOTEPH JaBICHHUS. Kak #3BeCTHO, OHU IMPO-
MOPIMOHATBHBI IMHAMUYECKOMY JIaBJICHUIO P, = pw’/2, T p — IUIOT-
HOCTB BOJIBI, PaBHAs MPUMEPHO 972 Kr/M’ TIPY XapaKTEepHO! JJisi CHCTEM
BOASHOTO OTOIUIeHust Temmneparype +80 °C [3]. KoadpdunmeHtst mpo-
MOPILMOHANBHOCTH (, Ha3bIBAEMbIC K02 PUIMEHTAMH MECTHOTO COMPO-
tupsenns (KMC), uist pasiu4HbIX SJIEMEHTOB CHCTEM OTOTLICHHA 00bI4-
HO ONpEENAIOTCS MO TabnuuaM, UMEIOIMMCs, B JACTHOCTH, B[3]us
psijie ApYruX HCTOUHMKOB. HanGonbilyto CIOKHOCTE TpH 9TOM BBI3bIBAET
mouck KMC fuisi TPOWHHMKOB, TMOCKOJIBKY B 3TOM CIIyHac HEOOXOIUMO
[PUHAMATH BO BHUMAHUE BHJ| TPOHHMKA (Ha MPOX0J1, Ha OTBETBIICHHUE, HA
pacTeKaHye WM Ha NPOTMBOTOK), & TAKXKE OTHOUICHHE pacxozoB BOJIbI,
Kr/c, Ha poxofe Grpox WM B OTBETBICHUH Gors K PACXOy B CTBOJIE &
JUist TPOMHMKOB HA OTBETBJIEHHE HYKHO YUHTBIBATH CIUE M HarpaBJiIcHHE
[OTOKA BOJBI (JIeICHHE WM CIHSHUE MOTOKOB) M OTHOUICHUE MAaMeTpa
OTBETBJIEHUS dyrs, MM, K JIMAMETPY CTBOJIA ders. B PYKOBOJICTBE [3] coot-
BETCTBYIOLINE JIAHHBIE NIPUBE/ICHBI B ta6m. 11.15 pist TPOMHUKOB Ha IPO-
xon # Tabn. I1.13 — nns BCeX OCTaJbHBIX. Cnegyer MMeTh B BUJY, 4UTO
KaK/IBIi{ TPOMHMK MIM KPECTOBMHA COCJMHSAIOT JIBa COCEIHMX y4acTKa,

HO OTHOCSTCSL OHM K TOMY M3 3THX YYacTKOB, y KOTOPOr0 pacXoll BOZbI
MEHBIIIE.

Cxema OBIDKEHHS BOJBI BO BCEX THUIIAX TpOﬁHHKOB n COOTBETCT-
BYIOIIXE yCIIOBHBIC 0003HaYEHHUs NIPUBEACHBI HA puc. 2

Tpoiinuk Ha Tpoiinuk Ha
pacTeKaHuu MPOTHBOTOKE
€ > > <
OtBeTBICHHE OTBeTBICHHE
Gors.’ dcyra. Gura} d(rrn.
CtBon
G d
CTBo_rl cTB.? “CTB.
GUTB.’ dc‘m
OTBeTBICHHE
G i OtBeTBICHUE
Ha OTBETBJICHHH ots.> “ors. G d,
ors.? “ors. Ha OTBCTBJICHHH
g'rsond TTpoxost gpoxon CrBon
crB.? “crB. d npox.? A
R n\pox.’ TPOX. P T)ox Gm: dz:rs.

Cd 7

> Ha npoxone

> Ha Npoxoae

TpoiiHuk Ha npoxozne U
Ha OTBETBJICHUH TIPH
JIENIEHHH TIOTOKa

TpoiHuK Ha MPOXOAE
Ha OTBETBJICHUH MPH
CIIUAHMM NOTOKA

Puc. 2. Cxema JBUKEHHs BOABI B TpoiHHKaX Juist Beidopa KMC
¥ YCJIOBHBIE 0003HAYEHUS

OnHaKo MpHM MajbIX OTHOCHUTEJbHBIX PAcXoJaX Ha IPOXOJE WM B
oreTBieHMM KMC MeHAIOTCS BECbMa PE3KO, I03TOMY B 3TOH 001acTh
paccMaTpuBaeMble TaOJIHUIIbI BPYYHYIO HHTEPIIONUPYIOTCS C TPYJIOM U CO
3HAYMTEJILHOM MOrpeurHocThio. KpoMe Toro, B cilydae MCIOJIB30BaHHS
57€KTPOHHBIX Tabnui Excel onsiTb-Taku jKenaTenbHO MMETh (opMyJibi
Juist HerocpeacTBenHoro BeruuciieHnss KMC yepes OTHOIIEHMS! PACX0I0B
1 quamerpos. [Ipu 9ToM Takue HOPMYIIbI JOIDKHBI OBITh, C OIHOM CTOpPO-
HBI, JOCTaTOYHO MPOCTHIMH M yHOOHBIMU Uil MPOCKTUPOBAHMSA M HC-
T0JIb30BaHUs B y4eOHOM IpOLIECcCe, HO B TO YK€ BpPeMsl HE JIOJDKHBI JIaBaTh
[IOIPELIHOCTD, IPEBHIMIAIIYI0 OOBIYHYI0 TOYHOCTH MHXKEHEPHOIO pac-
qera.

B ma6n. 2 [4, 5] upuselneHbl pe3yibTaThl armpoKCHUManuu Tabi.
11.13 u 11.15 [3] MeTogOM HauMeHbLIMX KBaapaToB. OO B 3aBHCH-
MOCTe BBIOMpaJICSs MCXOAs M3 (U3NYECKHX COOOpPaKEHHH C y4eTOM
ya06CTBa MOJIb30BAHKS MOJYYEHHBIMU BHIPOKEHUSAMU NPU 00€CTIEYEeHUH
JIOILYCTHMOT'O OTKJIOHEHHSI OT TAOJIMYHBIX JaHHBIX.
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Tabnuya 2

OcuosnbIie popmyJnl Aist pacuera KMC 3/1eMeHTOB CHCTEM BOJSIHOTO

OTOTLJICHHS
0Oo603Ha- OobJaacTb NpH-
Ne | Ha3panue o ®opmyna MeHeHHsI
IEMC _ 0.6 Zopax = 0s 10,8,
| | TPoiiHNXOB Zupox Gopos. = o TP Zrpox > 0,9
#a PoX0- | = Gipox/Gers mpox Gupox= 0,7
ae =
K“MC 2 Zors=0,1...0,9;
TPOHHUKOB 8om = Corg = —— TIPA gors > 0,9
2 | ma mpoth- | = Gor/Ger ! gl pg,i =23
BOTOKE
KMC 21
3 | TPOMHMKOB To xe Gors = ;/3 To xe
Ha pacrte- OTB
KaHUU
KMC
TPOIHUKOB 2
D D=0,3...1;
Ha OTBETB- b =4 —- ’ ¢
4 JICHUH TIPU D =lgailes o gg;?,(D”) Sore =0,1...0,7
JIETICHIH
IOTOKA
D=0,3...1;
5 To xe To xe Gors = 2,1 D2 Zors > 0,7
KMC
TPOWHHUKOB 2-1,8-D
¢ | maorsers- L Sors = 2,3~ (3,33-D-0,7) D031
JICHUH TIPH otB gm=0,1...1
CIIUSTHAT
[TOTOKOB
203 D=03...1;
7, To xe To xe Cors = 2,25-D Zors = 0,7

IMorpemmocts Gpopmysn as KMC cocrasisier 5...10 % (MakcuMaib-
10 10 15). Heckosibko Gonee BHICOKHE OTKIOHEHNSI MOXKET JaBaTh BbIpa-
JKeHue M. 6 JU1s TPOMHKUKOB Ha OTBETBJICHHUH NPU CIIMAHNH MOTOKOB, HO 1
3716Ch 9TO MOXKHO CUMTATh YJOBJIETBOPUTENIBHBIM C y4CTOM CIOXKHOCTH
M3MEHEHWs! CONPOTHBJIEHMS B TaKUX dJleMeHTaX. Bo BCAKOM ciydae, Xa-
paktep 3asucumoctd KMC OT BIMAIOUMX HA HETO (axTOpOB 3JIECH OT-

10

paxkaeTcs oueHb xopouro. [Tpy 3TOM HOy4eHHBIE COOTHOILEHHUS He Tpe-
OyIOT HUKAaKUX MHBIX HCXO/HBIX JAHHBIX, KPOME YK€ UMEOIIUXCs B Tab-
JIMLIe THAPABJIMYECKOro pacdera. B camom Jene, B Hell B SBHOM BH[E
JIOJDKHBI OBITh YKa3aHbl M PacXojbl BOABI, U AMAMETPhl HA TEKyLIEM H
COCEJIHEM Y4YacTKax, BXOsLIME B nepedncientsie Gopmynbl. OcobeHHO
9TO YHPOIIAET BBIMMCIIEHUS NPU MCIOJIBb30BAHUU DJEKTPOHHBIX TaOJIMULL
Excel. O TOYHOCTHM IMOJIYYEHHBIX 3aBUCHMMOCTEH MOXHO CYyIUTh IO
puc. 3. Toukamu nokasausl 3Hadenus no tabn. I1.15 [3], a crutowHo#
nuHUelH — annpokcuManus no Gopmyne 1. 1 maén. 2 [4, 5].

100

-
10 I~

KMC

0,1

& gnpox 1

Puc. 3. 3aBucumocts KMC TpoHHHKOB Ha IPOXOJE OT BETMYHHBI npox

[TpuMeHeHHEe PacCMOTPEHHBIX ()OPMYJI IO3BOJIET OTKAa3aThCsl OT
MHTEPHOJIALMKE TAbJIML] [IPU COXPAHEHHH TOYHOCTH, TpeOyeMOol s uH-
JKEHEPHBIX PACUeTOB, U HEMOCPEICTBEHHO BBIYMCILATH YIEIbHOE CONpO-
THBJIEHHE TPYOOIPOBOIOB MIPH CKOPOCTSX BoApl B mpeaenax 0,1-1,25 m/c
1 mobbIx Juamerpax Bioth a0 Dy 50. Kpome Toro, ¢popmyisl aai0T
BO3MOXKHOCTb JieTKo ompenessats Takke KMC TpOWHMKOB BCEX THUIIOB
I[IPH CaMbIX Pa3HOOOPA3HBIX COOTHOLIEHMSX JMaMETPOB U PacX0/10B BOABI
B CTBOJIE ¥ OTBETBJIEHHSX. DTOrO BIIOJIHE JJOCTATOYHO JJIs IIPOCKTHPOBa-
HUsl CHCTEM BOJISHOIO OTOIUIEHHs B GOJIBIIMHCTBE XUIBIX M OOIIECTBEH-
HBIX 3JaHUK.

OpuentrpoBounblie 3HadeHus: KMC 11 HEKOTOPBIX JAPYrUX MecT-
HBIX ConpoTHBiIeHHI 1o maHHbiM Tabu. I11.11 u I1.12 [3] npuBexeHsl B
mabn. 3.
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Tabnuya 3

Ycpeanennsie 3Hauenus KMC 115t HEKOTOPBIX CONMPOTHUBJICHHIA

Compo- EMC Comnpo-
THBJIEHHE Dy | Dy | Dy | Dy | Dy | Dy | Dy | ryppenme I
10 | 15 | 20 | 25 | 32 | 40 | 50
Ortsox90° | 09 [ 0,806 (05]05]04]03 I'psi3eBUK 10
Ckoba 180° | 2,5 12,0 | 1,2 | 0,6 0,4 3aaBIKKA 0,5
Bneszannoe
BenTuib 20 | 16 | 10 | 9 9 8 f; pacumpe- 1
HHE
UyryHHBIH 12131415 - E _ | Bnesannoe 0.5
paauaTop Cy)KeHHUe
Panuatop
Pagunarop CTabHOI Or
CTaJIbHOU OrLE 055 MaHeNnpHe | 7,5 1
TpyOua- Tuna «EB- BHI-
THIA pocTan- me”
napm»

* TTo nanusiM OO0 «Butarepm» 1 B.M. Cacuna.
** 26,47 — ns OMHOPSAAHBIX; 9...14 — Juist ABYXPAMHBIX; 7,5...11 — nna
TPEXpAIHBIX.

Hwke npuseeHa ¢popma Tabauibl MHAPABIMYECKOro paciera Cuc-
TeMbl BOJISIHOTO OTOIUIEHUst (mabn. 4), COCTaBIeHHas C y4eTOM HCIOJb-
30BaHUs MEPEUNCIIEHHBIX 3aBUCUMOCTEN s dop, R 1 KMC TpoiiHHKOB U
NpUCNOCO0ICHHAs K BHIYMCICHHSIM € OMOLIBIO Excel, a Tak)ke KOMMEH-
TapHH 110 €€ 3aI0JTHEHHIO.

Pacxo Bojbl (KonoHKa 4) BeIYHCISeTcs o Gopmye

0,860
t.—t,

G= BB, @)

rae O HAXOAMTCS B KOJNOHKE 2; f; M f, — TeMIepaTypa BOJBI COOTBETCT-
BEHHO B IIOJAioNIeil ¥ 00paTHON MarucTpajsix CUCTEMbI OTOILICHHUA, °C.
Jlyist pe/IBApHUTENbHBIX PACUETOB, OCOOSHHO MPH MPOCKTHPOBAHUH JIBYX-
TPYGHBIX CHCTEM OTOILIEHHS, MOXKHO MPUHATE 7o = 70 °C npu 3aBUCIMOM
WM 65° IPH HE3aBUCHMOM TOJIKIIOYEHHH CHCTEMBI OTOIUICHUS K TEIIO-
Boit cetu, a 4. =95 °C, KpoMe NETCKHX CajoB, gacieil ¥ OOJBHMUIL, T1e
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Tabauya 4

(I)opma Ta0HIbI THAPABJIHYECKOr0 pacyera CHCTEMbI OTOIVICHHUSA

B[ ‘Z + 1} 3MLIehA

eH uda.Lou J19HIrOT] = S1 B 0} HPAPERAD
e[l ‘Z ndoLou AMHLI | 2 "d-3X
E\]J‘ =+ €] U 7] IO BIWWAD
Q
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= @ .IT ¢ . .
= E = 79 =) 6 ¥ ¢ ‘1o ‘genod]]
8E3
E 5
28
B W/ell ‘Y o (1) erdAwdog
/N ‘s 19709 9L30dod) ) (¢) ewdAwdogp
2 é < ~ [ ‘IQeL of]
Eg
=T > .
£ S Q © [ ‘Irgel Off
s o
g g
=2 g 2o
) = My = |>
h/I ‘D 19704 YoXdeJ < () erAmdod
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~ OWOX9 O[]

eieAdaeH BeIOIrI I,
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HyXHO TipuHMMaTh ¢, = 85 °C. [TocKONBKY JUTsl KXI0! KOHKPETHO#H CHC-
TeMbl PasHOCTb (f: — f,) TIOCTOSIHHA JUIsl BCEX yHACTKOB, a B JPYTUX CHC-
TeMax OHA MOXET OTIMYATBCH, 11eIecOo00pasHo JUId BEIHIHUHBI (t— to)
BBIIEUTD OTJEIbHYIO SYEHKY B raGmume Excel, 4To6bl mipy HeoOxoau-
MOCTH MOYKHO OBLIO 3aMEHHTD €€ 3HaueHue — Torfa G aBTOMaTHuecKH
Gy/LyT MePeBBIYNCIATHCS BO BCEH KOIOHKE. By — ko3 PUIMEHT, YIUThHI-
BAKOIMIA 00ABOYHBIE TIOTEPH TEIUIOTHI YEPE3 OrPAKIACHHA, B, — x03-
(uupeHT yuera OKpYTJICHHUs TEIUIOBOM MOIIHOCTH OTONMTENIBHBIX IPH-
60poB.

AKTyanu3upoBaHHash PelaKius CHull «OrormieHue, BEHTHIILUA U
xonauimonuposanuey — CII 60.13330.2012 [7] He pernaMeHTUPYET OTl-
peneneHHble 3HaueHus Bi ¥ o, MOITOMY CPABOTHO MX MOXHO NpPHHU-
Marh, KaKk ¥ paHee, HalpuMmep, Mo JaHHBIM [3] (cm. Taoxe mabn. 112 n
I12a npuIIOKeHus).

CxopocTh BO/bI (KOJIOHKa 8) OMpeseNseTcs uepes pacxo]i (KonoHKa
4) ¥ BHYTPEHHMI ANaMETP TpyGonposoza (KooHka 7):

weG 1ot zpaf o ()
3600nd, p Qo009 30" P

6 —

31ech MHOXHMTEND 10° nosiBasieTcs, TOCKONBKY dp W3Mepsercs B
MUJUIAMETPAX.

Takum 06pa3oM, OOJNBUIMHCTBO KOJIOHOK TaOIUIBI CBA3AHBI MEXIY
c060ii ompeieIeHHBIMU (POPMYJIaMH, YTO MO3BOJIAET IPH UCIIOJIb30BaHUHI
Excel nmonyuuTh 3HaYEHUs Cpa3y LEJIOro cronbua. IT0 OTHOCUTCS U K
dopmynam s KMC u3 ma6n. 2, NOCKOIbKY MCXOIHbIC JaHHBIC JUIA
UCIIONIB3YEMBIX B HHX OTHOWEHUH Zrpox = Grpox/Gerss ot = Gor/Gers M
D = dyry/densy TOXKE CONIEPIKATCS B TAOIHIIE THIPABIMYECKOTO pacuera: G —
B KoNoHKe 4, a d — B KOJOHKE 7, MpU4eM, MOCKOJIBKY IO OTIpEIENIEHUIO
TPOIHMK OTHOCHTCS K Y4acTKy ¢ MEHBLIMM pacXoloM, Gpoxs Gors ¥ doms
GepyTcs JUIsl PacCMaTpUBAEeMOro yyacTka, a Gers M derp — JUIA TIPEABIIY-
mero (Ha y4acTKax JI0 pacyeTHOro OTOMHUTEILHOIr0 npubopa, T.e. Ha Io-
JAIONIMX TPYOONMpOBOAAX) MM JUIsL CIEJYIOLEro — Ha yuacTkax nocle
pacueTHOro mpubopa, T.e. Ha 0OPaTHBIX tpy6onpoBozax. ITpu sTom Tpe-
Gyercss NpPUBIEUEHHE MUHMMATBHOTO HHMCIA CTPABOHHBIX JAHHBIX —
IIPAKTMYECKHM TOJBKO IO CTAaHJIAPTHBIM AHAMETPaM TpyOOIPOBOIOB U
KMC npoumx COHPOTHBIEHHH, KpOME TPOITHUKOB.

3nauenus () ONPENENMIOTCS TAK: HA MEPBOM M TOCIEIHEM y1acTKax
cucteMbl (OT paclpeeNuTeIbHOro KOJICKTOpa PKCO u mo c6opHOro
xonnexropa CKCO) Harpy3ka paBHa Harpy3ske BCell CHCTEMBI — CyMMeE

14

[eIJI0BBIX HATPY30K BCEX CTOSIKOB HJIM BeTBed. Byionb mojaroumen Maru-
¢TpAIM B BEPTHKAJIBHBIX CUCTEMAX HArpy3Ka KaJIoro Cle[yIoLIero y4a-
¢TKA ToJydYaeTcss M3 Harpy3kd NpPEeAbIIYLIEro BHIYMTAHHEM HArpy3Ku
OMepEeIHOTO CTOSAKA, @ BIOJb 0OpaTHON — Ha060pOT, NprOaBIeHHEM (CM.
i1, 1.4). JIna 3TaXHbIX BETBEH TIOPH30HTAIBHBIX JBYXTPYOHBIX CHCTEM
BLIYMTAETCS WM MPUOaBIIseTCs HAarpy3ka MpHOOPOB, PaCIONOKEHHbBIX Ha
persy (cm. m. 1.5). Takum 0Opa3om, BIONb MOJAIOLIEH Marucrpaid Ha-
I'PY3KH M JHAMETPbl YMEHBLIAIOTCS, a B/10JIb 00paTHON — BO3PACTAIOT.

3nagenns KMC Ha yuyacTkax 3anuceiBaioTcs 1o (opme, MmpeicTas-
JICHHOW B mabn. 5.

Tabnuya 5
Benomocts KMC cucTeMbl BOASIHOIO OTOIJIEHUS
Ne yu-ka MecTHbIe CONPOTUBJIEHUS & 2

1

1 y
2.
1

) .
2.

.4

1.2. Oco0eHHOCTH pacyeTa CUCTEM BOJASHOI0 OTOIIEHHS
¢ MpUMeHeHHeM aBTOMAaTHYeCKHX TePMOPery jasiropos,
NOJIMMEPHBIX TPYO U aHTH(PU30B

B coBpeMeHHBIX CHCTEMax BOJISHOIO OTOILIEHMsS Ha MOJBOJKAaX K
OTONUTEJILHBIM IIPHOOpPaM OOBIYHO YCTAHABIMBAIOTCS ABTOMATHYECKUE
TEPMOPETyJISITOPbI (TepMOKIIAIaHbl) AJ1s MHAMBUYAJILHOTO peryjnpoBa-
HUS TEIIOOTAAa4M MPMOOPOB B 3aBUCUMOCTH OT KOJIeOaHMii TeMIIepaTypbl
BO3/yXa B MOMELIEHHUH 107 JEHCTBUEM TeIUIoNoCcTymieHuit. [IpuHuunnu-
anbHas cXxeMa KOHCTPYKIMH KJIaliaHa rmoka3aHa Ha puc. 4. bojbimMHCTBO
TEPMOKJIAIAHOB MMEIOT MPE/BAPUTEILHYIO HACTPOIKY Ha HECKOJIBKO I10-
SHIHH, YTO TO3BOJISET MCIIONB30BATH MX JUIs NePBUYHON HAJAAKU U M-
PaBIMYECKON YBA3KU cucTeMbl. KOHEYHO, Ipu 3TOM B npouecce (yHk-
[MOHMPOBAHHSI CUCTEMBI U PAOOTHI TEPMOPETYJIATOPOB PACXOA BOJIbI Ye-
pe3 npu6op HenpepbIBHO OY/IET MEHSTBLCS, @ BMECTE C 9TUM OyIeT Koue-
0aTbCs U COMPOTHUBIICHHE peryisiTopoB. Ho pacyer cucrembl BeneTcs A
HauGoJjiee HEOIArONPUATHOIO PEXUMA, T.e. Ha HAMOOJIBLIMK pacxo npu

MaKCHMaJIbHO OTKPBITOM KJallaHe, HACKOJIBKO 3TO IO3BOJISET IPHHATAs
HACTpOMKa.
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TepMOCTaTHICCKasd

TOJIOBKA

cuIb(OH

KJ1anaH

KOpIyc

CeUI0 KiarnaHa

Puc. 4. [IpuHIMNHAANbHAS CXeMa KOHCTPYKIMHM aBTOMATHYECKOr0 TepMOpEry -
TOpa IyIsl CUCTEM BOJSHOTO OTOILICHHUS

Takoii peryisTop SBISETCS NPONOPLHUOHATBHBIM, HMPIMOTro neicT-
BHsI, YCTAHABIMBAETCS HA Nojiatoleii noasoske. B cuiab(oHEe HAXOIUTCA
BEIECTBO, 3HAYMTEIIBHO PACIIMPSIONIEECs NPU HEOONBIIOM HArpEBaHHH,
KaK [PaBMJIO, TO JIETKOKUIIAIAsA XuAKOCTh. Eciu Temneparypa Bo3yXa
B [IOMEIICHMH TOBBILIAETCS, KHUJKOCTh 3aKHMIaeT, 00beM cuiibdoHa yBe-
JMYMBAETCS, M €ro JHO BMECTE CO IUTOKOM IEPEMEMIAETCs] BHUS. 3to
NPUBOIMT K MPUKPBITHIO KiaNlaHa ¥ YMEHBIICHUIO pacxojia BOJIbL Uepes
OTONMUTENBHBIHA MPUOOP, YTO CHUIKAET €ro TEII00T/Aa4y 10 TeX Iop, Moka
TeMIIepaTypa BO3/lyXa HE CHU3UTCS JO MCXOJIHOTO YPOBHS. ITpu oxnax-
JIeHMH NIOMEIIEHUs napbl’ B CHIb(MOHE KOHACHCHPYIOTCS, OH CXKUMACTCA,
LITOK TOJHMMAETCS ¥ KIIalaH MPUOTKpbIBaeTCs. Pacxo TEMIOHOCHTEI
yepe3 mpUGOP BO3PACTAET, €TO TEILIOOT/[a4a YBEIMIMBACTCH, ¥ NIOMEIIE-
HY€ BHOBb HarpeBaeTCsl.

YT006bI KOHBEKTHBHAs CTPYs HArpeToro BO3ayXa, BO3HHKAIOMasd Hall
TOJIBOJKOM, HE MCKaxkana paboTy peryJsropa, ero yCTaHaBIHBAIOT Tak,
4TOGBI TEPMOCTATUUECKAs TOIOBKA ObUIa HAaNpaBlieHa He BBEPX, a BIEPE/ —
B cTOpoHy moMerienus. CymecTByOT M PEryJsTOpbl HENPAMOTo JeHCT-
BHsi C BBIHOCHBIM JaTYMKOM TEMIEpATypbl, KOTOPBIA B AHHOM Cily4yae
MOXKHO pacrojararh B JI000M HY)XHOM MeCTe MOMELICHNs, C JNEKTPOH-
HBIM KOHTPOJUIEPOM M MEXaHMYECKUM IIPHBOJIOM KilanaHa. Hannune
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WIMINHOB YYUTBIBAaeTCs B TaONMIE THAPABIMYECKOrO pacuera Cleaylo-
M o6pasom. Ha OCHOBHOM HMPKYJISILIMOHHOM KOJIBLE IOC/IE YYacTKa,
LOOTHETCTBYIOIEN0 PAcYETHOMY OTONHMTENBHOMY HpUOOpY, B Cleayo-

el crpoke ykasbiBaroTcst motepH B kinanane APy, I1a. Onu onpenerns-
JOTCH 110 €ro TUAPABIMYECKOW XapaKTepUCTHKE MCXOIs M3 PacyeTHOro
pacxosa Boapl yepes mpubop G, Kr/d, IpH HEKOTOPOH MPOMEKYTOUHOM
HhcTpoiike (00bI4HO 3—5) Tak, yTOObI BenuunHa APy, Jiexaia B mpejenax
4 10 xIla (puc. 5, cnea), U y4UTBIBAIOTCS B OOLICH CyMMe IOTEph I10
woibiy. [Ipy yBsi3ke BTOPOCTENICHHBIX KOJIEI] HOMEP HACTPOMKHU omnpe/ie-
JMETCS TI0 XapAaKTEPUCTHKE MCXOMs U3 TPeOyeMBIX Uil TOJIHOW YBS3KH
noreps Ha Kianade u pacxoxa G. IIpuHMMaeTcs HacTPOKKa, COOTBETCT-
WyI0LIast JTMHAX HA XapaKTepUCTHKe, Ommkaiiei K noxyyaemMoin paboueit
youke (puc. 5, cipasa). PaccTosiHue 10 BepTHKAIM OT paboueld TOUKHU /10
NPUHATOM JIMHUM COCTABUT OCTaTOYHYIO HEBA3KY, KOTOpas JO/DKHA Jie-
JATH B JIOIMYCTHMBIX Ul JAHHOTO THIA CHCTEMBI mpejenax (+5 % s
HONYTHBIX cucTeM U £15 % [uis TynukoBbIX). IIpuMephl XapakTepUCTUKH
Juis Haubonee yrnorpedurenbHbix KinanaHoB Danfoss Dy 10 u 15 nokasa-
1Bl Ha puc. 6, a Juisi GoJiee COBPEMEHHBIX — Ha puc. 6.1.

AP o klla A P, klla
A ﬂ‘

HacTpoiika wist

HauTy yiei

<4— TpHHATAs YBSA3KH
HacTpoika
AP, ocTaro4yHas
Kt
(Tpebyembie) * HEBsI3KA
AP, 1€ /
G, xr/4 G, kr/4a

Puc. 5. [IpaBuia noJabp30BaHus THAPABINYECKOH XapaKTePHUCTHKOM
TepMOKJIanaHa

Hcnonb3oBaHue TE€PMOKJIAIIAHOB IIOBBILIACT I'MAPABINYCCKYIO YCTOﬁ-
YABOCTH CHUCTEMbI OTOILICHHS, ITOCKOJILKY IIPHU 3TOM YBEIUYHUBACTCA NOJIA
[1I0Teph JABJICHHUS B CTOSKaxX II0 CPABHEHMIO C IOTEPSAMH B MaruCTpasix.
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B ByXTpyOHBIX CHCTEMaX 3TO NPUBOJMT €Ile U K YCTPAHEHUIO ONAaCHO-
CTH BO3HHKHOBEHHMS OOPATHON LUPKYJISALMY B POMEKYTOUHBIX CTOSKAX.

I'paduyeckn 3TO OTPAXKAETCS MOBBIILEHNEM PACCTOSHHA MEXY JHHHS- -
MH, M300paXKaloONMMHU JaBJICHHs B MOJAloNIed 1 00paTHON MarucTpasix |

Ha COOTBETCTBYIOIIEH smiope (cM. mpumep pacdera B 1. 1.4). B oxno-
TpYOHBIX CHCTEMAX TaKoil OMACHOCTH HET, HO OTHOCHTEJBHBIN POCT MO-
Teph B CTOAKAX 00JEryaeT rMAPaBIMYECKYIO YBSA3KY U IO3BOJIAET HE Or-
PaHMYMBATH MAaKCHMAIIHOE YHCIIO CTOSKOB B OJIHOW BETBH YHCIIOM 5-17,
KaK 5TO PeKOMEHITyeTcs B cucTeMax Ge3 Tepmokiananos [8]. Tem He me-
Hee B HEKOTOPBIX CIIyYasx MoAOOPOM HACTPOWKH TEPMOKIIANIAHOB YBA3KY

IOJTHOCTBIO OCYHIIECTBUTH BCE XK€ HE YIacTCH. Torpnpa oxkoHuarenbHas

yBA3KA TIPOU3BOIMTCS YTOUHEHHUEM JMAMETPOB TPYyOONPOBOAOB, KaK U B
0OBIUHBIX cUcTeMax ororutenus [3, 8].

B MHOroSTaXHbIX 31aHusAX (Oojiee 4YeThIpeX STaKeW) JUIsi MaKCH-
MAaJIbHOM cTaOMIN3alMU THAPABIMYECKOTO PeXKMMa U BhIpaBHUBAHMS I10-
Teph BO BCEX CTOSKAX HA HUX MOTYT yCTaHABIMBAaThCs JOMOJHUTENLHO
GaJlJaHCUPOBOYHBIE KJIAMaHbl. JTO TOXE MPONOPLMOHATBHBIE PETYIATOPBI
psAMOTo JeiicTBUs. Polb YyBCTBHTENBHOTO dJleMeHTa (JaT4uka) Urpaet
CaM CTOSIK, TIOCKONIBKY MEK/Iy TMEpenajioM JaBieHuii Ha croske (6e3 y4e-
Ta 10TEph B caMOM peryisitope) AP = Py — P, 1 pacxoioM BOJIbI Y€pe3
Hero (a 3HauMT, ¥ yepe3 Bech Peryynsarop) Ger CyLWIECTBYET OJHO3HAYHAS
CBSI3b!

AP, =SG:

cT?

rje S — XapakTepuCTHKa CONPOTHBJIEHUS CTOSIKA, [a/(kr/4)’, aBasiomas-
¢Sl U3BECTHOM MOCTOSHHON BennuuHoW. J[aBnenue P nepegaercs B BepX-
HIOIO YacTh KaMepbl, B KOTOPOW HAXOJMTCs MOPIICHb, YEPe3 MMITYJIbC-
HyI0 TPYOKy, MPHCOEIMHSIOUYIOC K MOjaromeMy cTosky (puc. 7), a
naBieHue P, NEHCTBYeT Ha MOpIIEHb CHU3Y HEMOCPEICTBEHHO 4YE€pe3
IIPOCTPAHCTBO BOKPYT LITOKA KJIarnaHa.

Takum 06pa3om, Ha TOPLIEHb JEHCTBYET EPECTAaHOBOYHAS CHIA

F,, =(P,—P,) 4, =AP,- 4., H,

nep

rae A, — mnomazae nopuiHs. [Tockoneky Py > P, 3Ta cuiia HampabjeHa
cBepXy BHM3. B CTalMOHApHBIX YCIIOBUSX OHA YPaBHOBEIUMBAETCA PeaK-
uuen npys>KUHbI
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Fyp =k,

IJie k — XKecTKOCTh MpyKKuHbL, H/M; X — cMelleHre NOPIIHA OTHOCUTEIBHO
H1MAJIBHOTO TIOJIOKEHHUS, M.

HUMITyJIbCHAA

/ TpyOKa

/ NOpUICHb

-]
-
P 1 b il
) npy>XnuHa
OT MOJAIOLIEr0o IITOK
TpyOomnpoBozaa
—> Py Y P,

0T 00parHoro
TpyOonpoBozaa

KJianaH

cemno
KJiarnaHa

Puc. 7. [IpuHUMTHATBHAS CXeMa KOHCTPYKIMU 6anaHCUPOBOYHOTO KiIaraHa
JUIsl CUCTEMBI BOJSIHOI'O OTOILIEHHS

Eciu 1o Kakoi-nub0 nmpruuuHe pacxoj BOJbl YEPE3 CTOAK, a 3HAYMT,
M 4Yepe3 peryJjsaTop yBeIMYMBaeTCs II0 CPABHEHMIO C 3aJaHHBIM, Cpasy
[OBBIIAETCS U BennunHa AP, MOCKOIbKy oHa paBHa SG. . Cienosa-
TENLHO, PaCTET W MEPECTAaHOBOYHAs CHJIA, KOTOpas OoJiblle He ypaBHO-
BEILMBAETCS peaKiuei npysxuHbl. [109TOMy MOJ BIMSHUEM MX PaBHOJEH-
CTBYIOIIEH TMOPIIEHb CO MITOKOM IEPeMELIaeTcs BHM3, M KiaraH [pH-
KpBIBaeTCsl, yMeHbIast BeUUNHY Ger. B KOHLIE KOHIIOB yCTaHABJIMBACTCS
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HOBOE TOJIOYKEHHE PABHOBECHS, MOTOMY YTO NP CMEIIEHHH TOPUIHS.
BHM3 MPOUCXOMHUT CKATHUE MPYXXUHBI M €€ Peakiys BO3pacTaeT A0 TeX
0P, MOKa He yPaBHOBECHUT NE€PECTAHOBOYHYIO CHUITY. ‘

IMon6op perynsaTopa OCYLIECTBISETCS M0 ero COOCTBEHHOM pacxoji-
HOM XapakTepucTHKe k,, CBSA3bIBaIOIIEH BenuuuHy G ¢ TepenagoMm
JaBJIEHHs] HA PEryjsTope B LeJoM (T.e. HAa CTOSKE C Y4ETOM IOTEPH B

perynsrope), APpe. = Py — Ps: k, =G/ 1/APlDer . Hacrpoiika peryinsaropa

Ha KOHKpeTHOe 3HaueHue G OCYIIECTBIIIETCS HAYaJIbHLIM CXKaTHEM Mpy-
JKHHBI.

Creyer Takke 3aMETHTh, YTO B HACTOSIIEE BpeMs B CUCTEMaX OTO-
IUIEHUS TPAXKJAHCKHUX 3/1aHUN 4acTO NPUMEHSIOT NOJIMMEPHbIE M METal-
JomIacTuKoBbele TpyObl. B ncrounuke [3] cBepeHus o BenuunHe R uis
HHX OTCYTCTBYIOT, O3TOMY TpeOyeTcs UCIoNIb30BaHKE Oosiee COBPEMEH-
HBIX MyOJNUKAUMid. AHAIN3 JAHHBIX, NPUBEJICHHBIX B [9], U BBHINOIHEH-
HBII TAKMM K€ CIIOcoOOM, Kak M it ¢popmydsl (1), MOKa3bIBaeT, YTO €€

06111]/1]‘/'1 BHJI OCTAETCs CIIPAaBEJIMBBIM, HO C HEMHOT'O MHBIMH 4YHCJIOBBIMH

ko3 puumenramu [37]:

1,79
w

R=A'd1,29 )

dopmyna cripaBe/jiuBa B Harna3oHe ckopocreit npumepHo ot 0,2 10
2,5 mM/c B pegenax auamerpo oT 10 1o 50 mm. Heo6xoaumo oTMETHUTS,

YTO MOKa3aTeNlb CTENEHH NP W 3/1ech ere Ommke Kk 1,75, yeM y craib- |

HBIX TPYOOIIPOBOJIOB, T.€. PEXKHM TEUEHHs BOJBI B JJAHHOM Clly4ae IpaK-
THYECKM COOTBETCTBYET YCJOBHMSAM THPABINYECKON TIIafKOCTH. OTO
BIIOJIHE OOBICHMMO MEHBIIEH BEJIMYMHON IIEPOXOBATOCTH MOIMMEPHBIX
Tpy6 [4]. TTapamerp A HECKOJBKO OTIMYAETCSA Ul PasIUYHBIX THIIOB
IJIACTUKOBLIX TpyOompoBonoB. Ero cpenHee 3HaueHHME COCTaBSET
3,2:10* ¢ Bo3smMoXHbIME oTKIOHeHHAMHU £12,5 %. Takum 00pa3oM, npu
MPOYMX PABHBIX YCJIOBHSIX I'MAPABIMYECKOE CONPOTUBIIEHHE IUIACTHKO-
BBIX ¥ METAJIOILUIACTUKOBBIX TPYO MEHBIIE, YeM y CTAIBHBIX, IPUMEPHO

Ha TpeTh (ToYHee, Ha BeauunHy ot 28 1o 44 %). HyHO TONbKO UMETH B |

BHJIy, YTO CTAHIApTHbIE 3HAYEHUS d; Y TAKUX TPYO IPU OJHOM M TOM XKe
Hapy)KHOM JIMaMETPe 3aMEeTHO OTJIMYAIOTCS y Pa3sHBIX MPOM3BOJMTENIEH
[9], moaTOMy IpHM pacueTax UX ciemayeT NPUHUMATh HEMOCPEACTBEHHO I10
katayioram. Ilo aHanoruu ¢ puc. 1 1 cpeqHero 3HaueHus 4 MOXHO CO-
CTaBUTH HOMOTrpammy (puc. 8).
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Ta/m. (1b)

M, Ha/m

auamerp d, MM, cBepxy Buu3: 11,6; 14,4; 18,0; 23,0; 36,2; 45,6

1600 B
S -
'/
/,
- - 50" i I, —
= - = 1 = .
s e =
B s P it e il
o] W C e e o
10 R ,/ ~_ l/ /’
- ——
: = g T
! ]
R
|
02 025 032 04 0,5 064 08 1 1,25 1,6 2 2,5
w, M/c

Puc. 8. YensHble IOTEPH NaBieHns Ha Tpenue R, ITa/m,
JUISL TIOJIMMEPHBIX TPYO (CpeiHre 3HAYCHHU)

COOTBETCTBME BHYTPEHHEr0 M HAPY)KHOTO IHMaMETPOB (KOTOpPbIH
4/leCh MTPaeT pojib YCIIOBHOIO) Uil JaHHOH HOMOIPaMMbI TOKa3aHO B
Mabs. 6, COCTaBICHHOI MO TaHHBIM [9].

Tabauya 6

CooTHomeHnue mexkay d, u d, AJisi HOMOrpaMMbl Ha puc. 8

l d:: MM 11,6 14,4 18,0 23,0 28,8 36,2 45,6
d,

MM 16 20 23 32 40 50 63

[ToguepkHeM Bce *ke, 4TO VISl Pa3iIMYHBIX TUIIOB IIOJMMEPHBIX U Me-
TAJUIOTIONIMMEPHBIX TPYO MPH paBHBIX dy, 3HAYEHMS dy MOTYT OBITH He
BIIOJIHE OIMHAKOBBIMH, TJIABHBIM 00pa3oM H3-3a pa3jIMuuid B TOJIIMHE
CTeHKH.

[Ipy HCMONB30BAHMK HHM3KO3aMEP3AIOIINX HKUAKOCTEH (aHTU(pH-
40B), 4TO XapaKTEPHO B OCHOBHOM JUISi CHCTEM XOJOJOCHAOXKEHHMs, HO
BCTpEYaeTCs U B CHUCTEMaxX OTOIUICHWs, W3MEHEHHUE YIEbHBIX IMOTEPh
JIABJIEHHS HA TPEHHE MOXXHO OLEHHTh UCXOIS U3 COOTHOLIEHMS IJIOTHO-
CTell M KMHEMAaTHYECKUX BS3KOCTEH COOTBETCTBYIOIIEH JKUIKOCTH U BO-
Jbi [38]. Kak ormeuainocs B 1. 1.1, mI0THOCTH BOZBI p MPH XapaKTEPHOM

25



JUIsl CUCTEM BOJSHOTO OTOoIUieHus Temneparype +80 °C paBHa NpUMEpHO
972 kr/m’ [3], a KuHemaTHuecKas BaskocTs v = 0,365-107° m*/c [10]. B 10
K€ BpeMs Il STHIIEH- U TPOIMJIEHIJIMKOIEBBIX aHTH(PHU30B COOTBETCT=
BYIOIIME 3HAYEHMS] MOJKHO 3aIMcaTh B BUJE clienyromeil mabn. 6a [11]
(c mepecyerom).

Tabnuya 6a

@u3uyecKkHe CBOHCTBA HU3K03aMep3al0IUX KHAKOCTei

. iy . KHHeMATHYeCKast BS3KOCTD V,,
8 - oy 107 m*/c, npu TemnepaTypax, °C:
=X r = [ en
AHTH- =z |8 = o =
Sd5aY St
bpws | B2 |E S E< | +20 | +10 | 0 | —10 | 20
g L & =
£ 5 =
Ortu- 19,8 -10 1025 1,63 2.2 3,08 | 3,83
JICHIJIU- 35 21 1045 2,34 46 | 7,32 | 11,3
KOJIb 46,4 -33 1060 3,24 6,47 | 10,2 | 17,3
[Ipomnu- 25 -10 1038 2,42 3,43 5,25 | 8,86
JICHTJIH- 39 —20 1048 4,07 6,11 10,3 | 20,1 | 43,9
KOJIb 54 —40 1070 7,01 11,7 21,2 | 43,9 | 103

OueBH/IHO, MOMPABOYHBIA KOI(PGUIMEHT K BeluuuHe R, naBaeMoi
22—
¢dopmynamu (1) mwm (1b), Oyaer paBeH OTHOLIEHUIO (p,, /p)(va /v) ™

rjae n — Iokasareib CTENEHH NMPH CKOpocTH B Beipaxenusx (1) u (1b).
3HaueHus 3Toro Ko3(GHULHEHTA PUBENEHBI B mabn. 6b.

Tabruya 6b

Monpagounbie kodpPUIHEHTHI K GopMyJiaM Ajsi R NpH HCNOAL30BAHUH

aHTH(PPHU30B
Kon- | ITonmpaBounslii ko3puuu- | [lonpaBounbiii kod¢du-
AHTH- LeH- eHT K (1) mpu Temnepary- umeHT K (1b) npu Tem-
¢pus | Tpauus, ax, °C: neparypax, ‘C:
% +20 |[+10| 0 |-10|-20|+20|+10f O |-10|-20
1 2 3 4 5 6 7 | 89 10|11 |12
OrH- 19,8 | 1,22 1,26 1,31 1,33 1,4411,54]1,65]|1,73
JICHTJIH- 35 1,29 11,39 [1,45[1,52[1,59 1,8312,02(2,21
KOJIb 46,4 | 1,36 1,45 {1,5211,60|1,72 1,99(2,19(2,45
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Oxonuanue mabn. 6b

1 2 3 4 5 6 7 1 819 101112
Hponu- 25 1,29 1 1,34] 1,39 | 1,47 1,5911,711,87|2,09
Jenru- 39 1,37 1,43 ] 1,51 | 1,61 [1,74]1,79 2,17{2,50]2,95
-~ KOJIb 54 1,48 11,56 ] 1,65 | 1,78 |1,94]2,05 2,58]3,01]3,60

JInst moTepb Ha MECTHBIX CONPOTHMBIECHHUSX K03((dUIMEHTOM mepe-
viera OyIer CIyXHTh TOJIBKO OTHOLIeHHE p,/p. Kak BugHO U3 maba. 6a,
410 OTHOULIEHHUE TaloKe Beerna Oonbiie 1, HO U R CyIIECTBEHHYIO POJIb
HI'PaeT ewe U pocT BSI3KOCTH aHTHU(pHU3a 10 CPAaBHEHHUIO C BOJIOM, UTO B
(o/IbIIMHCTBE CyyaeB 3aMeTHee, YeM IMOBBIIIeHHe TUIOTHOCTH. JlaHHbIi
5 ekt 0coOeHHO SIPKO BBIpaXKEH IS IIOJIMMEPHBIX TPYO, Tie 7 CyIIecT-
NCHHO MEHBIIE 2, U NPaKTHYECKU HAOMIOAAeTCs PEXUM IHApaBINIECKON
11aJIKOCTH, T.€. IPEUMYILIECTBEHHO BA3KOCTHBIN PEXXUM TEUCHHU.

1.3. Onpeaesienne onTUMAJIbHOMN CKOPOCTH BOABI
U MaMeTpa Tpy0onpoBoaoB

®opmyna (1a) ans onTUMaIBHOTO aUaMeTpa TPyOOIpoOBOAOB MOIY-
eHa rmpu Hanboiee LesiecooOpa3Hoil CKOPOCTH BOJIbI, PAaBHOM IPHMEPHO
0,6 M/c. DT0 3HaYEHHE MOJYYAETCS U3 TEXHHUKO-9KOHOMUYECKOrO pacye-
Ta. OH OCHOBaH Ha TOM, YTO IIPH YMEHbIICHUU TUAMETPOB COKpPAIIAeTCsI
MX cTOMMOCTh (Kirp) M3-32 YMEHBILIEHHs] MAacChl METaJlla, HO yBEJIMYHBa-
I0TCSI 3aTPaThl HA IEKTPOIHEPTHUio (3,,) Ik IPUBOIa HACOCOB BCIIEICT-
BHE BO3pAaCTaHUs MOTEPh JABJIEHHUS MpPH ABIKEHUU TeruioHocutens. [lo-
HTOMY CYILECTBYET HEKOTODPBI ONTHMAJbHBIA TUAMETP U COOTBETCT-
BYIOIAsi €My CKOPOCTb BOJBI, IIPH KOTOPBIX BEIMYHMHA COBOKYIHBIX JTHC-
koHTUpoBaHHbIX 3arpar (C/I3) 3a pacueTHbBI CPOK OKa3bIBAETCS HaW-
menbIew [12].

VYnenbHas MOIIHOCTh, HEOOXOqUMAs JUIsl TIEPEMEICHUS TEeINIOHOCH-
Tens yepe3 1 mor. M TpyGomnpoBo/a, onpenenseTcs mno cienyomen ¢op-
myie [8]:

e Eg(ljo.Rp_f] 1073, kBr/m. 4)
Hac
31ech, HOMHMO YK€ MCIIOJIb30BaHHBIX 0003Ha4YeHH, k — Koa(duim-
€HT y4eTa MOTepb Ha MECTHBIX CONMPOTHUBIICHUSIX, KOTOPBIA IPU MX JI0JIE B
obmeit cymme, pasHoit 0,35, cocraBut 1/(1 — 0,35) = 1,54; Nyac — KO3D-
(hULIMEeHT MOJIEe3HOro NeCTBUS MPKYJISIMOHHOr0 Hacoca. J{jisi HacoCoB C
«MOKpPBIM POTOPOM» €ro cpeHee 3HaueHue 6mu3ko k 0,2—0,25.
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I §

3aTpaThl, CBA3aHHBIE C TOTPEOIEHHEM SNEKTPOIHEPrHH CHCTEMOU
OTOIUIEHMS], BEHTWISALMK WM KOHIWIMOHUPOBAHUS BO3/TyXa (B u KB),
BBIYMCIISIFOTCS TIO BBIPOKEHHUIO [8], ¢ HEKOTOPBIMH N3MEHEHUSIMH:

=2, N o =M -C,,, pyb./r.; 5)

pab
rae Zp — NpOAOJDKUTEIbHOCTD pa6OTBI OTOIMUTEIFHOI0 WX BEHTWISLU-
OHHOI'O 060pyHOBaHI/Iﬂ B T€UEHUE CYTOK, 4, Npaﬁ — YHUCJI0 pa60qnx JHEU B

rofly, ONpe/ieNIeMoe 10 PeXHUMy paboThl 00BEKTa; Nyer — ycTaHOBOYHAS
MOILIHOCTH 00OpYI0BaHMs (MEKTPOJABUraTENeii HACOCOB, BEHTHIATOPOB

1 komnpeccopoB), KBT; C,; — CTOMMOCTB 3JIEKTPOIHEPIUH, py6./(xBt4),

NpUHMMaeMas B 3aBMCUMOCTH OT THIIA norpebuTens Mo JaHHBIM IO-
CTaBIIMKA.
Ecim Tenepb BbIPa3HTh CKOPOCTb BOJIBI Y€pe3 ee PacxXo/l 1 AMaMeTp Tpy-

GonpoBoya 1o hopmyiie (3) ¥ MOJCTaBUTh B COOTHOLICHUE JUIA Ny, € yUETOM

sasucumocteii (1) u (5) nomydaem (popMysty U1t SKCILTyaTAlMOHHBIX 3aTpar
Ha SIIEKTPOPHEPTHIO JU1sl PUBOJIA HACOCA, OTHECEHHBIX K 1 moT. M:

G* -C
e R 4 pyo./r., (6)

Hac BH

re B = 7,4+Zo; 107 — kod(duimenT, Nomyyaiommics 13 NOCTOSHHBIX Be-
JIMYMH, BXOJSIIMX B BHIPAKEHUS 11 Dy, R U Ny, 110CKONBKY CHCTEMA OTO-
[uIeHus paboTaeT KPYIJIOCYyTOYHO B TEYCHHE OTONUTEILHOTO NEPHoNa, B Bbl-
pakernu (5) IpUHAMAEM Z, = 24 4 U Nya = Zor, TAE Zor — HPOAOIDKUTEIILHOCTE
OTOMHUTEBLHOrO MEPUO/IA B PAiiOHE CTPOUTENBCTBA II0 IaHHBIM [13].
KanurasnbHble 3aTpaThl Ha TPyGOIPOBOIBI M apmatypy OyayT mpo-
TMOPIMOHAIBHBl MAacce PAacXOyeMOro Meraia, a 3HauuT, TOXKE OynyT
3aBUCeTh OT auaMerpa Tpybomposoja. B maHHOM cilyyae 3Ta 3aBHCH-
MOCTb OTSTB-TAKK Gy/eT HENMHEHHOM, IIOCKONBKY C POCTOM dy HECKOIb-

KO yBCIMYHMBACTCA U TOJIIUHA CTCHKH pr6BI. Al'IHpOKCI/IMaHI/IH JAHHBIX

[2] naer ais maccst 1 1mor. M OOBIKHOBEHHBIX BOJIOTA30MPOBOHBIX TpyO
17 - F
COOTHOLIEHUE M, = 0,046 - al‘i;l , KI/M, OTKyJa [OJy4aeM:

K,,=C,,0,046-d," -107, py6., (7

rae C,, — cToNMOCTh TPY6 B pacdere Ha 1 T Macchl MeTaluia € yHETOM |

OBBIIAIONIEr0 Ko3((UIMeHTa Ha MOHTaX W HaJaJKy, paBHOro MpH-
mepHo 1,5-1,6.
28

('oBOKyNHBIE TUCKOHTHPOBAHHbIE 3aTPAThl, MIPUBEJECHHBIE K KOHILY
pictersoro cpoka 7T, T., BBIMUCIIAIOTCS 10 BeIpaxkeHwuto [12, 14]:

CI3=K-(1+ p/100)" +

(®)
+9-[(1+ p/100)" —1]-(100/ ), py6.,

rie K — xanuTanbHbIe eqUHOBpPEMEHHbIE 3aTpaThl, py0., 1 D — cyMmap-
lble TOJIOBbIE DKCIUTyaTallMOHHbIE 3aTpathl, pyo0./T., A paccMaTrphBae-
MOro BapHaHTa; p — HOpMa JUCKOHTa, %. OHa y4HThIBaeT YITyILEHHYIO
BLITOLY OT TOTrO, YTO CPEACTBa B pa3mepe K BIOKEHBI B yCTPOWCTBO UH-
JKEHEPHBIX CUCTEM BMECTO pa3MEIleHHs O] MPOLeHTH B OaHke. B pac-
yerax ee MOXKHO NPUHUMATh Ha YPOBHE HE HIDKE CTaBKU pedrHaHCUPO-
panus LlenrpansHoro 6anka Poccuu. Ilo cocrosinuro Ha cepenuny 2013 r.
oHa paBHa 8,25 % roznoBbix. BenuuuHa p cBsizaHa ¢ TeKyleil BeITMYNHOM
HTOH CTaBKH, a TAKXKe C KOMMEPYECKMUMH PUCKAMK KaITUTaJIOBIO)KEHHUH.
[oncrasnsem coorHomenus 1 Ky, 1 9, B (8), BBIUUCIAEM IIPOM3-
ponHyto d(CI13)/d(d,) v npupaBHHBaeM ee HyIIO, OTKY/1a [OCIe HEKOTO-
PbIX IPeoOpa3oBaHMii Il ONITUMAJIBHOTO 3HaYCHUS dy HaxoauMm [12]:

0,16
Zor*Co [ 1+ p/100)" ~1]-(100/ p)

d . =137-G%¢. -
Nyae * Crp - (14 p/100)

B.ONT

,MM. (9)

IIpunumas z,, = 205 cyr mo pauueM [13] mus Mocksel, Cp, =
= 50000-1,5 = 75000 py6./r mo cpemHepsiHOYHBIM IieHam 2013 r.,
Nuac = 0,22, C,; = 4 py6./(kB1-4) 1o nporaosy OAO «MocaHEeprocObIT
JUIsL HEperyJIMpyeMOoro phiHKa 3J1eKTpodHepruu u p = 10 % romoBbIx 1o
pexomenmauuu [15], mis 7 = 5 ner (npeaenbHBINA CPOK A Majlo3aTpar-

HBIX ¥ GBICTPOOKYIAeMbIX MeporpusThii) Haxomum: d, =1,05-G"*,

B.ONT
yto, Harpumep, i1 G = 100 kr/4 paer 3Hayenue 8,73 MM (IpUMEPHO
Dy10 nmu naxke Dy8). Jlnst cpaBHEHHs OTMETHM, 4T0 pacxoz 100 kr/4 npu
fiepenaje TeMneparypsl B cucreme otorieHus B 95 — 65 = 30 °C coor-
BETCTBYeT TeruioBoi Harpy3ke O = 1,163-100-30 = 3490 Br.

Ananmu3 ¢opmyiisl (9) MOKa3bIBaeT, YTO CTOMMOCTD IHEPreTHYECKUX
PEcypcoB M CypOBOCTb KIMMAaTHYECKUX YCJIOBHI OKa3bIBAalOT MOBBIIIAIO-
1ee BO3ElCTBME Ha ONTUMAJIbHBIM IHaMeTp, & CTOUMOCTbh MaTepHaia —
noHmkaromee. J[ns naHHOM 3a7auil K YBETUYEHHIO dyony NPUBOJHUT €LIE
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u cawkenue KIIJI Hacoca, IOTOMY 4TO 3TO BBI3BIBAET POCT (PaKTHIECKO- -

ro motpe6ieHus 3IeKTPOIHEPTHH, & STO PABHOCHILHO yBEINICHUIO Ta-
puda C,;.

Bhlpaxkas ONTUMAIBHYIO CKOPOCTb BOJBI 4epe3 €€ pacxoj W ONTH-
MaJIbHBIN AHaMeTp Tpy6OmpoBO/a, MOMlydaeM ClIeyOLlyI0 3aBUCHMOCT!

0,32

.C..-(1+ p/100)"
Mo *Cop -1+ P/100) . m/c, (10)

By B -l:(l+p/100)T —1]-(100/p)

Wy, = 0,194- G -

0!
Wi Juis . Mocksbl ipu T = 5 JIET Wy, =0,31-G*®, uro B ycnoBusx

paccMaTpHBaeMoro nmpuMepa Jaet 3nayenue okono 0,44 m/c. B npyrux
paifoHax CTPOUTE/BCTBA PA3HUIA C MOTYYEHHBIM PE3YJILTATOM Oyner He
CJIMIIKOM 3HAYUTEIIbHA, IOCKOJIBKY MPOJOIKUTEIBHOCTh OTONUTEIBHOTO

neproaa Bxoaut B (10) B Manoii creneHu, paBHO! TONBKO 0,32. Takum
06pa3oM, Npy yBeJIMYEHHH TEMIOBOH HArpy3kd yyacTka M COOTBETCT- .

BYIOIIIEM BO3PACTAHUHM PACX0jia BOJBI €€ ONTHMAIbHAS CKOPOCTH TOXKE
JoJbKHA ToBBaThes 1 npu G = 1 000 kr/4 (Q = 35 kBt) 6yzer cocTas-
aath yxe 0,52 m/c.

3aMeTUM, YTO B KBAJPATHYHOM PEXHMME COIPOTUBICHMS, KOT/A
yJle/IbHBIE TIOTePH JABIEHUs HA TPEHHE CBA3AHbI C w’, a He w'’, KaK B Ha-
1IeM ciydae, ONTHMANbHAS CKOPOCTh yike He Oyser 3asucers ot G, a Be-

JIMYHHA dy oy OYZET CTPOTO TIpoNIOpLyoHabHa /G . PopMyJia, Mpe/ICcTaB-
nennas B 1. 1.1, a umenno d, . =0,75-4/G , nomyueHa IMEHHO U3 TaKHX

COOOPAKEHMHA TIPH Worr OKOTIO 0,6 M/c. Kak BUIHO U3 MPOBEACHHBIX pacte-
TOB, JIAHHAs CKOPOCTh OKA3BIBAETCS HECKOIBKO 3aBBILECHHOM, a IMAMETP —
3aHIDKEHHBIM, BO BCSIKOM CITy4ae, ITPY MaJIbIX TEIUIOBBIX HarpysKax.

Ha puc. 9 npejicTaBieHa 3aBUCHMOCTb Worr 0T G ipn T'= 5 ner. Bun-

HO, 4TO TIPH POCTE PACXOZIA BEMINHA Wory JEHCTBUTENIEHO npHOJIDKaeTCs

k 0,6 M/C M1 3aTeM J@Xe HAYMHAET MPEBIIATH €€, TaK YTO TaKOe 3HAUCHHEC
MOJKHO PacCMaTpHBATh KaK HEKOTOPOE CPejiHee Mpu GOMbIINX G.

1.4. ITpumMep rupaBJINYeCcKOro paciera BEPTUKAJILHOM
JABYXTPYOHOH CHCTEMbI BOISIHOI'0 OTONJICHHUS

PaccMOTpMM TIPUMEP THAPABIMYECKOTO pacyera ¢ MCMOJb30BaHUEM

nepeuncienssix B m. 1.1 1 1.2 dopmyn u peKOMEeHIAIMI I CUCTEMBI BO-

JSHOrO OTOILIEHMS, CXeMa KOTopoil mpuBezena Ha puc. 10. Cucrema Bep-
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Puc. 9. 3aBiHcuMOCTh ONTHMAJIBHON CKOPOCTH BOABI B TPyOOIpOBOIaX
CHCTEMBI OTOIUIEHHS Woy; OT pacxofa Bojsl G

TUKaJIbHasl IBYXTPYOHasi C HIDKHEH pa3BOAKOM Marucrpaneil u mnoryrt-
HbIM JIBW)KEHHEM TEIUIOHOCUTENsI B HHUX. B KayecTBe OTONMTENIbHBIX
npubOpPOB HUCMONIB30BAHBI CTAIbHBIE ITaHEJIbHbIE PaIUaTOPbl C OOKOBBIM
noakmoyenreM. Temnosas Harpyska npubopoB QOp,, BT, ykaszana nan
npubopamu, a Harpyska cToskoB O, (Cymma 3Ha4eHHH Oy, HA CTOsIKE) —
0], HOMepaMH CTOAKOB. B cucteme mpeaycMOTpeHsl aABe BETBH, 00CITy-
)KUBAIOLIE BEPXHIOI0 M HIDKHIOI 4YacTu 3aaHus. PacyeTHo# sBisiercs
HWKHSS BETBb KaK MMerolas Oosiee BBICOKYIO TEILUIOBYIO Harpysky. [lo-
HTOMY OCHOBHOE€ LIUPKYJISILIMOHHOE KOJIbLIO IMPOBOJUM MMEHHO Yepe3 3Ty
BETBb — CHaYasa I10 NOoAAIOIIei MarucTpaiiy, 3aTeM yepe3 CTosK 5 (cpea-
HUI B BETBM), IIOCIIE Y€ro BAOJb 0OpaTHOW. PacyeT OCHOBHOrO KoibLia
lpelcTaBlieH B maba. 7 1 8, mepBOro BTOPOCTEIIEHHOTO yepe3 cTosK 11
(mepBbIit B BETBU) — B mabn. 7a 1 8a, a BTOPOTO BTOPOCTENEHHOTO Yepes
crosk 1 (mocnenuuii B BeTBM) — B ma6n. 7b u 8b. B nepBbIX ABYX Cirydasx
IMPKYJISILMOHHbIE KOJIbLIA MPOBEJICHBI Yepe3 HIKHUE MPUOOPHI CTOSKOB,
[10CKOJIBKY TaM BO3HMKAaeT MUHHMaJIbHOE TPaBUTALIMOHHOE JaBieHue. Ha
CTOSIKE 5 NpPHCOEAMHEHHE IMPUOOPOB ABYCTOPOHHEE, II0O3TOMY KOJIBLIO
[[POBOAMTCA 4epe3 TOT M3 HIKHUX HpUOOpPOB, y KOTOPOro Harpyska
Gonbme. Ha crosike 1 mpubop uMeercst TOJIBKO Ha 2-M 3Taxe, U 3TO 00-
CTOSITEIILCTBO YYUTHIBAETCS PACUETOM Pa3sHOCTH €CTECTBEHHBIX IPaBUTa-
IIMOHHBIX JTaBJICHUI NIPU yBS3KeE.
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PaccTosiHHE BIOJIb MAaruCcTpaJjieH, M

Buano, 4ro nmuHMY, n300paxaroiiye 1aBjieHre B Moarolieil u oopar-

HOI MarucTpasix, MPOXOAAT NPAaKTHYECKU MapajulelbHO Ha JOCTaTOYHOM
PACCTOSHUM IPYT OT APYra, 3a UCKIIOYEHHEM YYacTKOB, IPHJIETAOIHX K
erosky 1. Takum obpazoM, oOpaTHOW LMPKYJSLMH B IPOMEXKYTOUHbBIX
eroskax He OyJIeT, a pacroJiaraeMble nepenabl 1aBIeH! BO BCEX CIydasx
JIOBOJILHO OJIM3KY, YTO 00/I€ryaeT HaCTPOMKy TEPMOKIIAIAaHOB.

mabn. 7-7b
Puc. 11. Drmropa 1aB/iennii B MaruCTpaisix CHCTEMBI OTOTUIEHHA 1O pe3ynBTaTaM IHAPaBIHYECKOro pactera ( )

Tabnuya 8
Benomocts KMC k Ta6. 7
Ne yy-
n MecTHbIE CONPOTHBJICHUS 13 b2
1 2 3 4
1 1. [ITapoBoii kpaH 0,5 15
2. JIBa otsoza 90° D,32 2x0,5 i
2 1. TpoitHHMK Ha pacTeKaHuH, gor, = 598/1203 = 0,5
2. IllapoBoii kpaH 0,5
3 Tpoiinuk Ha IPOXOJiE, Zupox = 535/598 = 0,89 0,75 0,75
4 To xe, gupox = 502/535 = 0,94 0,7 0,7
5 To ke, Zupox = 474/502 = 0,94 0,7 0,7
6 1. TpoitHUK HA IPOXOJIE, Supox = 461/474 = 0,97 0,7 13
2. OtBox 90° D,20 0,6 ’
7 TpoHHKMK Ha IPOXOJE, upox = 369/461 = 0,8 0,94 0,94
8 To xe, gupox = 294/369 = 0,79 0,95 0,95
1. TpoitHUK Ha OTBETBJIEHMH HPH JEJIEHUH IIOTO- 10.99
9 Ka, Zors = 99/294 =0,34; D=15/15=1 4 13.49
2. IllapoBoii KpaH 0,5 ’
3. Cxoba D15 2,0
1. KpecToBHHA Ha OTBETBICHHMH IPH JCTCHHH 769
MOTOKA, Zors = 41/99=0,41; D=15/15=1 2
10 2. Pagnarop cransHoi Tiia PCB 3,0 11.58
3. IllapoBoii KpaH Ha 0OpaTHOM MOABOIKE 0,5 ?
4. KpecTOBMHA Ha OTBETBJICHHH [PH CIHAHUMA 0.39
MIOTOKOB, o = 41/99=0,41; D=15/15=1 !
1. TpolfHMK Ha OTBETBJICHHUH IIPU CIMSHUHU ITOTO- 552
1 KOB, Zors = 99/294 =0,34; D=15/15=1 i 23.02
2. IllapoBoii kpaH 0,5 .
3. Cxoba D,15 2,0
12 TpoiiHUK Ha IPOXOJIE, Zupox = 404/522 = 0,77 1,0 1,0
13 1. TpoiiHUK Ha IPOXOJIE, Zupox = 522/543 = 0,96 0,7 13
2. OtBox 90° D,20 0,6 ;
14 TpoiHHK Ha MPOXOJIE, Cupox = 943/580 = 0,94 0,7 0,7
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Oxonuanue mabn. 8

1 2 3 4
15 To Ke, Zupox = 580/598 = 0,97 0,7 0,7
1. TpoHHKK Ha TIPOTUBOTOKE, Zors = 598/1203=0,5 5,7
16 v 6,2
2. [llapoBoii KpaH 0,5
17 1. Istb otBOA0B 90° Dy 32 5%0,5 3.0

2. llTapoBoii kpaH 0,5 ;

* KpecTOBHMHBI pACCMATPHBAIOTCS KaK COOTBETCTBYIOLIHE TPONHHUKH.

Tabnuya 8a
Benomocts KMC k Ta6a. 72
Ne yu-ka MecTHBIE CONPOTHBJIEHUS € >E
1. TpOHHUK Ha OTBETBJICHUHA IIPH ACTICHUH T10- 3214
20 TOKA, Zors = 64/598" =0,11; D =15/20 = 0,75 ’ 34.64
2. lllapoBoii kpaH 0,5 e
3. Ckoba Dy15 2,0
1. I(peCTOBIzmaM Ha OTBETBJIEHUH P JIEICHUH 9.49
[I0TOKA, Zors = 23/64 =0,36; D=15/15=1 ?
2. PagmaTop cransHoii THna PCB 3,0
21 = = 12,66
3. [1lapoBoii KpaH Ha 0OpPaTHOM MOBOJKE 0,5
4. erCTOBHHa" Ha OTBETBJIEHUH IPU CIUSHUM 033
IOTOKOB, Zors = 23/64 =0,36; D=15/15=1 2
1. [1lapoBoii kpaH 0,5
2. Ckoba Dy15 2,0
22 3. OrBox 90° Dy15 0,8 67
4. TpoiHUK Ha POXOIE, Zupox = 64/96 = 0,67 1,37
23 TpoiHUK Ha IIPOXOIE, Znpox = 96/125 =0,77 1,01 1,01
24 To e, Zupox = 125/137 = 0,91 0,73 0,73
25 1. TpoIfHMK Ha POXONE, Zupox = 137/229 = 0,6 1,67 247
2. OtBox 90° Dy15 0,8 ’
26 TpoitHMK Ha IPOXOJEe, Lupox = 229/305 = 0,76 1,06 1,06
217 To Xe, Zupox = 305/404 = 0,75 1,05 1,05

* 598 Kr/4 — pacxoj| Ha yuactke 2 (cM. mabn. 7), HOCKOJIBKY MO CXeme (cm. puc. 10
peIBIIYIIHM BIONb MOJAMOLIEH MArHCTPAIIM NIEPEN y9acTKOM 20, OTHOCAIIMMCSH
TIEpBOMY BTOPOCTENEHHOMY KOJIBILY, SIBISETCA y4aCTOK 2 OCHOBHOTO KOJIbIIA.

** KpeCTOBMHBI PAacCMaTPUBAIOTCA KaK COOTBETCTBYIOLIME TPONHUKH, KaK H
mabn. 8.

*%k 404 Kr/d — pacxoy| Ha yyacTke 12 (cM. mabn. 7), IOCKOIBKY 10 CXeME (cm. puc. 10
CJIE/LYIOLMM BJIOJb 0OPAaTHON MAarkCTpajm mocje yacrka 27, OTHOCSILIETOCs K I1e
BOMY BTOPOCTEIIEHHOMY KOJBIL, ABIISETCS y4acTOK 12 OCHOBHOIO KOJIBLIA.
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Tabnuya 8b
Begomocts KMC k Ta6. 7b
Ni yu-
ol MecTHbIE CONPOTHBJIEHHUS 13 >k
28 TpoHHHUK HA NPOXOJE, Zupox = 194/305" = 0,68 1,3% 1,37
29 To xe, gupox = 77/194 = 0,4 3,85 475
Otsox 90° D,10 0,0 d
30 TpoHHHMK Ha POXOAE, Zupox = 56/77 = 0,73 1,14 1,14
1. To xe, gnpox = 18/56 = 0,32 5,53
2. lllapoBoii kpaH 0,5
31 3. Tpu orBoga 90° D,10 3x0,9
4. TpoHHHUK Ha OTBETBJIEHUH IIPU JETICHUH II0- s
TOKa (Y CITyCKHOTO BEHTHJIA), Zory=18/18 = 1; 2,3
D=10/10=1
1. TpoliHMK Ha OTBETBICHUH NPH IEJIECHHH I10-
TOKa (Y BO3LYXOOTBOJUHKA), Zorp = 18/18 = 1; 2,3
32 D=10/10=1 5,8
2. Paguarop cransHo# Tia PCB 3,0
3. IllapoBo#i KpaH Ha 0OpaTHOM IMOABOAKE 0,5
1. IllapoBoii KpaH 0,5
2. Cxoba Dy15 2,0
33 3. Tpu otBOma 90° D,10 3x0,9 | -10,0
4. TpolHMK Ha OTBETBJIEHHH NPHU CIMSIHUH I10-
TOKOB, @0 = 18/598""" = 0,03; D= 10/20=0,5 | 1>

* 284 xr/u — pacxoa Ha yyacTke 8 (CM. mabu. 7), HOCKOJIBKY 10 cxeMe (cM. puc. 10)
lIpebI Ty MM BJIOJIb TIOJAIOMIEH MarucTpai nepes yyactkoM 20, OTHOCAIMMCS
K IIepBOMY BTOPOCTEIIEHHOMY KOJIBIIY, SBJISICTCS Y4aCTOK 2 OCHOBHOT'O KOJIBIIA.

** KpecTOBMHBI pPacCMaTpUBAIOTCA KaK COOTBETCTBYIOLIME TPOMHMKH, KaKk M B
maén. 8.

#¥* 508 kr/u — pacxox Ha yyacTke 16 (cM. ma6n. 7), HOCKONBKY 1o cxeme (eMm. puc. 10)
QJICyIOIMM BJIOJIb OOpaTHONH MarMcTpaiy Mocie ydacTka 33, OTHOCALIErocs Ko
WTOPOMY BTOPOCTENIEHHOMY KOJbITy, SBJIS€TCA y4acToK 16 ocHoBHOro koibla. ITo-
CKOJIBKY Zors < 0,1, B hopMyity 1. 6 Tab1. 2 HoacTaBIseM gom = 0, 1.

1.5. IIpumep rugpaBIn4ecKOro pacyeTa ropu3oHTAIbHOM
ABYXTPYOHOH cHCTEMbI BOASITHOI0 OTONJICHHUS

Jns cpaBHeHus ¢ 1. 1.4 paccMOTpUM TaKoKe MPUMEp THIpaBIINYe-
CKOTro pacyera rOPU30HTAIBHON OBYXTPYOHOH CHCTEMBI BOISHOTO OTO-
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i e

[UIeHHsI, cxema KOTopoil mpuBeeHa Ha puc. 12. CucTeMa ¢ HIDKHEH pas-
BOJIKO Marucrpajeil ¥ NOIyTHBIM JBWKEHHEM TEIUIOHOCUTEISl B HUX B
Tpejenax STaXHBIX BETBEH U ¢ 00BEIMHEHHEM YacTell cucTeMbl, 00CITy-
JMBAIOIIMX pa3Hble (acajpl 31aHUs, 1O TynukoBoil cxeme. [losTomy
JIAHHYIO CUCTEMY HeJlb3sl OTHECTH OJHO3HAYHO K TYNHKOBOH MIIM IOMYT-
HO¥1, BCJIECTBHE Y€Ero, B YaCTHOCTH, 3IMOPa LUPKYJISAHOHHOIO IaBICHUS
JUIS CUCTEM TAKOro THIIA OOBIYHO HE CTPOMTCS, IIOCKOJIBKY MMEET CIIOXK-
HBII BHJ] ¥ B TO e BpeMsi MajionHdopMaTHBHa. B KayecTBe OTONMUTENb-
HBIX TPUOGOPOB UCIIOIB30BAHBI CTAJIbHBIE MTAHENBHBIC PAJMATOPBI C HHK-
HUM IOAKITIOYCHUEM. :

OCHOBHOE LMPKYJISLMOHHOE KOIBLO IPOBOJUM Yepe3 4acTh CHCTE-
MBI, 00CITY’KMBAIOILY!O JIEBBIH MO IaHy (acaj, MOCKOJIBKY OHA MMEET.
HauGONBIIYIO TETJIOBYI0 HArpy3Ky. B OT/IMuMe OT BEPTUKAIBHOW JIBYX-
TpyOHOI CHCTEMBI 3[€Ch 32 PAaCUETHOE BHIOMpAEM HAMpaBlICHUE qepea
sraxuyio BetBb BEPXHEI'O (B JaHHOM cllydae TpeTbero) staxa. B npe- 1
JieNlax TO BETBM OCHOBHOE KOJIBLIO MJET CHayaja I10 MoJaromeMy pr-*
GONpoOBOJTY, 3aTEM Yepe3 pacueTHbIH cpeiHuii Npubop, a Mocie Hero — no.
o6parHoii MarucTpamu. B paccMarpuBaeMoil cucteme Bce NpHOOpE! B
npezenax 3TaXHOW BETBM HAXOJAATCS B OJHOM IOMELICHHUH (I/IMCHHOV
JUISL 37aHUK ¢ GOJIBIIMMHE MO IUIOIAAU IIOMEUICHUAMHU U nesnecoobpasHa
rOPU30HTAJILHASL CUCTEMA), TOITOMY NPUOOPHI MMEIOT OJIMHAKOBYIO TET 4
JNIOBYI0 HArpy3ky (CM. CXeMy), a 3HAuYWT, ¥ OJMHAKOBbIE HACTPOMKH.
TepMokJiananoB. ['uapasinyeckas yBsa3Ka B TAKUX CHCTEMaX MOXKET Tpo-

in)

13.5%

A 11556
e .

*
X

220x2.8,

W3BOIUTHCS JIMOO JUIs 3TAXKHBIX BETBEH Ha PyTUX dTaXkaxX C y4eTOM BO3- N

% o o QN
HMKAIOLIEH Pa3sHOCTH €CTECTBEHHBIX I'PaBUTALMOHHBIX JaBJICHWH, 6o 3
IS dacTeil cUCTeMbl, oOcmyxuBarommx apyrue ¢acanel. B 0601/1)6’ s %% "

Cllydasix yBsi3Ka OCYIIECTBIISETCS HA YCIOBHAX, MPUHATBIX YISl TYIHKO=
BBIX CHCTEM M C COOTBETCTBYIOIIEH TOIMYyCTUMOI OTHOCHTEIBHOM HeBﬂs-f
kot =15 %. ]
B naHHOM npuMepe s YBSI3KM BhIOpaHa BETBb, chnyxana}o .
mas HWKHUA 1o miany ¢dacan. bonee JeranbHO ee cxema NokasaHa Ha
puc. 13. PesympTaThl pacyera OCHOBHOTIO LHMPKYJSLMOHHOIO KOJIBIIA
| npencrapiensl B mabn. 9 u 10, a BropocTenenHoro — B mabn. 9a v 10a.
B paccMaTpvBaeMbIX YCIOBHAX CONPOTHBIICHHE TEPMOKJIanaHa pH
yBAI3Ke HEOOXOMMO yCTAHABIMBATh HA 3HAYMTENHHO GONbLIEM YPOBHE,
i 4eM y pacueTHOro MpubOpa OCHOBHOTO KOJIBIIA, H3-32 TOPA3/I0 MEHbLICH
NPOTSHKEHHOCTH YBSI3bIBAEMOM BETBH M, CJIE/IOBATEIbHO, CYLIECTBEHHO
Gonee HU3KMX MOTEPh JaBieHUs B TpyOompoBojax. B To ke Bpems, MO
CKOJIBKY BETBH MEXIy CO0Oi COeIUHAIOTCS MO TYNUKOBOM cXeme, 10
IyCTMMasi HEBS3KA OKA3bIBAETCS BBILIE, a MPOLECC MOJ00pa HACTPONKE

KJIarnaHa — IpoLIe.
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Puc. 12. ®parMesT cXeMsl TOPH3OHTATBHOMN JBYXTPYOHON CHCTEMBI OTOILIEHHS (K IPUMEPY pacyeTa)




7'€6 66 780 | 00°0 | z8°0 | SI'TI | €8 LT [8S10| Tz | oz [8¥0I| S61 | €1°C | 00€9 01
67Tl 0°cl 8.0 | 000 | 8.0 | €591 | zi1 | 9¢ [#81°0| T'1T | 0T [CTETI| 82T [ €1°€ | 0SEL 6
Ll 6 | 96T | 090 | 9.0 | 651z | 8% | 9F [11Z°0| TIz | 0T |0ITI| 09C | SO'T | 008 8
0°cST 8C8 vIe | ov'c | #L°0 | €€z | L91 | 8S [LeT’o| Tz | oT [#8°TI| €6C | 6C 0S¥6 L
S61T ST €L°0 | 000 | €£°0 | vL€€ [ s61 | oL [€9z°0| T1T | 0T [€SE€T| STE | LL'T | 00S 0T 9
1°€56 S01C | 91'S | 011 | 90% | 280v | €vL | 8 [06T°0]| T1T | 0T [61%1| 8SE€ [ 88 | 0SSII S
£61C 9L | ¥L°0 | 000 | ¥L°0 [ s€€or | €v1 | L¥1 [ 19¥°0| 14T | ST [88TT| 1€6 | L60 | 0£0 O€ 14
L'L6Y 0°6L 16T | 00T | 160 | 1y | 61v | € [ 162°0] 6°'SE | T€ [60%T | 20T | $8°6 | 06T €€ 3
0°8L8 T'LT¥ | €99 | 050 | €19 | 6879 | 19V | €9 [09€0| 6°S€ | T€ [LL9T| LTI | 9TL | OIL I¥ (4
£ Epee 6°€LT | 0ET | 0T | 00°0 | LL€€T [691€]| 601 [STS'0| 1¥ | OF |26°9€]| ¥T¥T | SO'6T| 00T 8L I
91 SI 14} €1 (4! 11 01 6 8 L 9 S 14 € (4 1
v
if < = | % |Em|=|®| £ | |58 N
g E S| | |F|EE|S | 8| B|?|‘a|“| 8|58 |58 | «
s | NE BB 82 |8 | 3 g =S| < | B8 | Z
X = H ® z == 27 & 2 5 B -
RE | 2 | 8% s A\ E [gE | ¥
g .08 =8 S Bl'd 'R [ B
N = 3" & | omHadi eH = g | = QB Y
=z < )\ | 2 8 | sumoraer £ | W saiasy Q| =~ | =%
m H = W & o e = -Ad1 drowenyy N z = ¢

ZI *ond vH HOHHArgRLOYIdH ‘IIWILIND BT LXIFI'0M OIOHHOMNBI AN 010HE0HI0 1ohded HINIIKHIraedIH |

6 bhnuop]

€l

w.red, o) !
(emmaxrrorod ‘eronoed Adowudin ) EUHAIIOLO IINLOUD HOHQAdLIXASY HOHIIrBLHOEUdOT ITNAXI LHD 16} d

0@




1916 | eWnAD
o,.mvi 679~ [L¥e—| o1 |L16—| 1L°81 [8OTT| Ot |[961°0| TIT | 0T |89°IT| THT |9S'LT| 0TSL JA1
mwmm 1'oc | 1e [ or‘t | 11°c | vT11 | 912 | ST |TS10| 1T | 0T [8TOT| 881 | IL8 | 0909 01
MMX L9 [ 980000980 08L | 8 | 81 |[Lzi0| TIT | 0T | 8€%6 | LST | 91 050S 6
om: 961 | v60 | 000 | ¥60 | 1991 | 101 | €5 |S81°0| L°ST | ST | 6€8 | STI | 61 ovor | .8
cwm OHS L0T | 000 | LOT | ¥E€6 | 06 | 1€ [6€1°0| L°ST | ST | LTL | ¥6 | 6T | 0f0€ L
9°0 90— [09°0—| 0S0 [OT°T—| +0°1 I ¥ [9v0°0 | L°ST | ST [ 0T | IE | T€0 | OIOI 9
owou ¢ exyodioeH ‘1 N-QLY HelrerondaJ, L'ST | ST [ 0TH | 1€ + 0101 uS
mvm v'€T | 0S‘TT| 00°€ [0S°6T| +0°T I v | 9¥0°0| L°ST | ST | 0C% | 1€ | TO | OT0I .S
ow: qw; #6°0 | 00°0 | ¥6°0 | 1991 | 96 | €S |SST0O| L°ST | ST | 6€8 | STI | 8°1 0v0t ¥
moq mo 980 | 000 | 98°0 | 08°L | €€ | 81 |LTI'O| TIC | 0T | 8€6 | LST | 6T 0S50S €
m.wom 8Ty | 18°€ | 09°% | 17°€ | vT11 | Stz | st |zTs10| T1T | 0T |8C01| 881 | I'6 0909 4
9°691 szl | oL9 | 0s‘0 | 0Z9 | TL'8T | v¥ | OF |961°0| TIT | 0T |89°11| ThT | I'T 0Z8L Al

91 ST 41 £l (4! 11 (118 6 8 L 9 S v € 7 I M
-«
H g = = | 2 5 Q X -
= & = = = = | g o
g g S x| B | & |88 |8 | a| 2| 9 |a|™ £ IE Fa2E
(]
8 s : : | E |EE |z |E|_ 8| 7|9 7| B|lE |56
-] = [ A o = 2 = = = [ N ie
S e -] = ~ ” = <" = A X <
o z = 2 ® z =S| & ® o= =
NS e =R = = = Q8 =
NE K] 5 m auHdL eH = NEBIIE N o g z R =
= = ﬂ DI E | sunoraer = SHOHONTIOg Q| ~ M
S ; ndorogy 3 -AdyL drowenyy z %

. £I1-Z1 ond eH HoHHIIrdRLITIdL
I9WALOMD BIY BIIGIr0NM 0I0HHOMNBIAMduN 010HHIIILd0doLd oJ0adau Landed unmddonuraedry |

e6 IRl | 07—€
%) 10L6 | BWWAD

77991 | BWWAD
L°00LT 6€L1 | 0ST | 0T | 0070 | LL°EET | LTST| 601 SZS0| 1v | oF |269¢€| ¥TvT [91°€T| 00T8L | TC

1765 676 | S29 [ 00°T | sT’s | 687T9 | 10T | €9 0950 6°5¢ | ¢€ |LL9z|vLTt | L1e | OITT¥ | 1T
TIPSIT 966 | 1rc | 0ST | 160 | vTIv [Thhl| ¥ 1620 | 65 | ¢€ |60FT| 01 [16°€E| 06T €E | 0T
LY8T C°8L1 | €L°T | 00°0 | €L°1 [ s€'€0l | 901 | L¥1 19v°0 | 1°Lc | sz |88Tc| 1€6 | L0 | 0€00€ | 6l
SLLET 0Scz | 9L [ OL°T | 907 | z8°0v | EvIT| ¥8 0620 | 12 | 0T |61¥1| 85€ [pS'€l| 0SS TL | 8I
9°¢81 P | €40 | 000 | €L°0 | vL°€E | 6ST | OL €970 | T1c | 0z |€ser]| sze | 9T | 00S 01 L1

TILT 707 | vL°0 | 00°0 | ¥L0 | €€°LT | IST | 8S €20 T | 0T [¥8TI| €6T | 79T | 0S¥6 91
Y11 | 9 | 1120]| ¢1c | 0C |0TCl| 09C | 8¥'C | 00¥8 S1

46

L°OET $91 | 9270 | 00°0 | 9L°0 | 6S°1T

088 0°CT_| 8L°0 | 000 | 8L°0 | €591 | SL | 9¢ ¥81°0 | ¢1c | 0z |ceTL] 8z | 1T 0S€L ¥1
L18 66 780 1 000 | ¢80 | Siel | ¢, | LT |8ST0 12 | oz |svo1| s61 | 69T | 00€9 €l
0°€l— cpI- |8<CI—| 050 |€€I-| TI'l 1 % 800 L'ST | St | 8Cv | €€ | T€0 | 0S0T 4
0082 4 enod1oeH ‘¢ N-( LY HeLUEBIDONAI ], LST | st | 8Ty | €€ = 0501 1
e $0c |1281] 00€ [1TSI] TI'T I v [8v00| LSt | S1 |8ty | €€ | ©0 | 0501 1
91 S1 pL | €1 4 1 01 6 8 L 9 S [Z € 4 1

6 LQDUL QNHDRHON()




CyMMapHbIe ToTepH JaBieHust APy.i- Ha y4acTKax BTOPOCTENEHHOT0

Okonuanue mabn. 10

kombua 1’ — 11’ cpaBHMBaEM ¢ CyMMapHBIMU TIOTEPSIMHU AP; 5 napauieiib- 2 3 4
HO BKJTIOUEHHBIX YYaCTKOB OCHOBHOTO Koibia 3-20 (cM. puc. 12-13). Tlo 13 TpolHKK Ha IPOXOJE, Zupox = 195/228 = 0,86 0,86 | 0,86
ma6n. 9 BenuuunHa APsoo pasna 10701 ITa. Torma ocraTouHas HeEBs3Ka 14 To xe, Zupox = 228/260 = 0,88 0,78 0,78
cocrasysier 100-(APy.y — AP3.0)/AP320 = 100:(9161 — 9701)/9701 = 15 To %e, Zupox = 260/293 = 0,89 0,76 0,76
=-5,6 %. D10 110 a6COMOTHOM BENMYNHE MEHBLIE JIOMYCTUMOrO 3HAUCHHA 16 To xe, Zupox = 293/325 =0,9 0,74 0,74
15 % pmst TYIMKOBOM CXEMBI COCIMHEHNS BETBEll, [I03TOMY yBSI3Ka BTOPO- 17 To xe, upox = 325/358 = 0,91 0,73 0,73
CTETICHHOTO KOJIbLIa OCYILECTBIICHA. 1. TpoiiHHUK Ha MPOXOAE, Zupox = 358/931 = 0,38 4,06
18 2. J1Ba otBoza 90° D,20 2x0,6 | 5,76
3. IllapoBo#i KpaH 0,5
19 TpoHHHMK Ha OTBETBIICHUH IIPU CIMAHUU [IOTO- 173 173
Bexomocts KMC k Ta6inue 9 KOB, Zory = 93 1/1032=0,9; D=25/32=0,78 : ’
1. TpolHMK Ha IIPOXOJE, Zupox = 1032/1274 = 0,81 0,91
20 2. J1Ba otBoxa 90° D,32 2x0,5 2,41
My MecTHbIe CONPOTUBJIEHHS & 3. IllapoBoii kpaH 0,5
Ka 1. TpoiiHHK Ha IPOTHBOTOKE, Zors = 1274/2424 =
1 ; 2 3 21 | =053 63k
1 1. IIlapoBoii KpaH 0.5 2. JIpa IapOBBIX KpaHa 2x0,5
2. Jla otBoza 90° D40 2x0,4 }, [TTapasof oat 7 5’
- 1.(;1"153;1‘&11141( Ha PACTEKaHUN, o = 1274/2424 = 6.13 22 2. Jipa otsora 90° DAD 2><’O y 13
2. IllapoBoii kpan 0,5
1. IllapoBoii KpaH 0,5 S
3 2. TpoiHYUK Ha TIPOXOAE, Znpox = 1032/1274 = 0,91
3.0(’)81'13011 90° D,32 0,5 Beaomocts KMC k Ta6J1. 9a
4 TpOifHHUK Ha POXONE, Zipox = 931/1032 = 0,9 0,74
i Zupox = 358/931 = 0,38 4,06 © yu-
5 ; ]C;I;(:;ZP;:)? aDilng XOLE: £npos = 338 0.6 NK); MecTHbIE CONPOTUBJIEHHS 13 &
3. llapoBoii kpaH 0,5 1. TpolHHK Ha OTBETBICHUHM TIPH JEICHUH TIOTO-
6 TpORHHMK HA POXOJE, Znpox = 325/358 = 0,91 0,73 1 Ka, Zom = 242/1274° = 0,19; D = 20/32 = 0,63 6,2 6.7
7 1. TpoHHHUK HA IPOXONE, Znpox = 293/325=10,9 0,74 2. IllapoBoii kpau 0,5
2. Yersipe otsoza 90° D,20 4x0,6 5 | L. Tpoiinyk na pacrexatmu, go, = 188/242=0,78 | 3,21
g | L TDOFHVK Ha MPOXOAE, Zupox = 260/293 = 0,89 | 076 2. OtBoxt 90° D,20 0,6 jaiatis
2. Otson 90° D,20 0,6 3' | TpolHMK Ha IPOXOJIE, Zupox = 157/188 = 0,84 0,86 | 0,86
TpOWHAK HA IPOXOJE, Znpox = 228/260 = 0,88 0,78 4 To xe, Zupox = 125/157 = 0,8 0,94 0,94
10 TPOMHMK Ha TPOXOE, Zupox = 195/228 = 0,86 0,82 1. TpoliHKK Ha OTBETBIEHUHM TIPU JIENIEHUH TIOTO-
1. TpoliHKK Ha OTBETBIEHUH MPH JCNICHAN [OTO- | 5 5} 5" Ka, o = 31/125 = 0,25; D = 15/20 = 0,75 0 22,5
11 K2, Zors = 33/195=0,17; D = 15/20 = 0,75 ’ 2. Paguarop crambHoi Tuna PCB 3,0
2. Panmarop cranpHoi THna PCB 3,0 1. TpofHHK Ha OTBETBICHUH NPU CIUSHUH IIOTO-
1. TpoliHyK HA OTBETBIEHNH IIPH CIIMSHUU TOTO- | ;3 4 6 KOB, gors = 31/125 =0,25; D = 15/20 = 0,75 =4l -0,6
12 KOB, Zors = 33/195 = 0,17; D = 15/20 = 0,75 ’ 2. 11lapoBoii kpau 0,5
2. lllaposoii Kpax 0.5 7" | Tpo¥inuk Ha mpoxozie, Zupex = 94/125 = 0,75 1,07 | 1,07
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Oxonuanue mabn. 10a

1 2 3 4
8 To xe, gupox = 125/157=0,8 0,94 0,94
9’ To xe, Zupox = 157/188 = 0,84 0,86 0,86 |
1. TpoifHHK Ha OTBETBIECHUH IIPH CIUAHUH ITOTO- 211 ~
10" KOB, Zors = 188/242 = 0,78, D =20/20 =1 2 321
2. OrBoz 90° D,20 0,6 ’
3. [lTapoBoii kpan 0,5
1. Tpoiinuk Ha OTBETBJICHUH NPH CIMAHAM NIOTO- | ¢
1 KOB, Zorp = 242/1274 = 0,19; D =20/32 = 0,63 ’ 347
2. Jlpa otBozta 90° D,20 2%0,6 ’
3. IllapoBoii KpaH 0,5

* 1274 xr/u — pacxox Ha ydactke 2 (cM. mabn. 9), TOCKOIBKY IO CXeM€

(cM. puc. 12—13) npenbIayIuM BIONb MOJAIOIIEH MAarucTpaiu Iepej ydacrT=

KOM 1, OTHOCAIIMMCS K TIEPBOMY BTOPOCTEIIEHHOMY KOJbILY, SIBJIIETCS yqaz
CTOK 2 OCHOBHOI'O KOJIBLIA. 4
** 1274 xr/u — pacxox Ha ywactke 21 (cM. mabn. 9), IOCKOIBKY IO CXEME
(eM. puc. 12—13) cnemyroumuM BAONb OOpaTHOH MarucTpaiad IOCIE y4acTKa
11', oTHOCsIETrOCA K NEPBOMY BTOPOCTENIEHHOMY KOJBbILy, SABISAETCSA y4acTOK
21 OCHOBHOTO KOJIBLA. i
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['JTABA 2. TUAPABJIMYECKHAM PACYET
BHYTPEHHEI'O BOJOIIPOBOJA

2.1. PacyeT pacxoaoB BOAbI U NOTEPD AABJIEHHUS
B TpyOonpoBoaax

[Ipn onpeneneHnu pacxos0B BOJbI B CUCTEMAX XOJIOJJHOTO U ropsiue-
10 1BOJIOCHAOXKEHUS C LENbI0 MX THAPABIMYECKOro pacyera M Hombopa
O0HOBHOrO 000pPYAOBaHMs, B NEPBYI0 OuYepe/b MOBBICHTEIBHBIX H IIHP-
KYJISILIMOHHBIX HAaCOCOB, a TAKKe BOAOIMOJOrPeBATeNei, TOJIb3YOTCS Be-
POATHOCTHO-CTATUCTHYECKUM NoaxonoM [12-13]. Ot1o HemsGexHo, IO-
UKOJIbKY BOAONOTpeOIeHne, OCOOEHHO B CHUCTEeMaX XO3SHCTBEHHO-
IIHTHEBOTO BOJOIPOBOJA, HOCUT SIPKO BBIPOKEHHBIH CTOXACTHUYECKHIA
ANpaKTep CO 3HAYUTENBHBIMU KOJICOAHUSMH B TEYEHUE CYTOK U IO JHAM
Hejenu. B neiictBoBaBiieM paHee mokymeHTte [18] uMenoch mpuiioxe-
Hie 4, B KOTOPOM IpHBeAEHbI TaONMIBI 3HAYCHUI KOIpPULIMEeHTa O K

- CCKYHOHOMY MJIM YaCOBOMY pacxoAy BOJbI Ui JUKTYIOILETO npn60pa B

JABMCUMOCTH OT 4YHMCJAa BOAOPa30OpPHBIX yCTPOWCTB N, YCTQHOBJIEHHBIX
il PACCUMTHIBAEMOM YYacTKe BOJOIMPOBOAHON CETH, U BEPOSTHOCTH HX
JieiictBus P. B GonbIIMHCTBE CilyyaeB 3HaueHUs1 P OKa3bIBAIOTCS MEHbLIIE
0,1, mo3TOMy HEOOXOAMMO KCIIOJB30BaTh TA0. 2 ITOrO MPHIIOKEHHMS, T/IE
Il KauecTBe OCHOBHOTO MapaMmeTpa sl ONpPEeAEIeHHs O IPHHATO MPOU3-
nenenue NP.

C TOYKHM 3peHHUs TEOPUH BEPOSITHOCTH 3TO MpPEICTaBIsIETCS Hanboee
000CHOBaHHBIM, ITOCKOJIBKY [0 CBOEMY CMBICIY BeianduHa NP npeicras-
Jisier coboil He YTO MHOE, KaK MaTeMaTH4YeCKOe OXKHIOAHHe YMCIa OIHO-
WPEMEHHO BKJIFOUYEHHBIX MPHOOPOB, T.e. €ro cpeaHee 3HaueHue [18].
B sToM ciydyae obecrneuyeHHOCTh pacxona BOJbl, COOTBETCTBYIOIIEro Ta-
KOMY KOJIMYECTBY BKIIIOUEHHH, T.€. BEPOSITHOCTD TOTO, YTO (haKTUYECKUI
PACXOZ He TPEBBICUT IPOU3BEIEHHS PACX0Aa BOJBI OJHUM MPUOOPOM Ha

~ llapametp NP, pasna 0,5. B 10 e Bpems KO3(Q(HIUMEHT 0. MOKA3bIBACT
- MMCJIO OJHOBPEMEHHO JCHCTBYIOIMX BOJOPA30OOpPHBIX YCTPOMCTB m (ze-

JleHHoe Ha 5) ¢ obecrieyeHHOCThIO 0,9973 MO OTKIOHEHHIO OT CPEIHEro
[17], T.e. (1 +0,9973)/2 = 0,99865 110 aGCOMOTHOMN MPOJOIKUATENBHOCTH
BO3MOXKHOTO TepepbiBa B BOJOCHAOKEHHU (CM. MOSICHEHUS K (opmyre
(14). ScHo, uto Torga m > NP, 4TO ¥ MOATBEPIKAAETCS TIPH aHAJIM3€E IPH-
Noxenus 4 [18].

OnHako KCMOJIb30BaHKME CIPABOYHBIX TAOIMI] U HOMOIPAaMM KaK HC-
TOYHMKA JAHHBIX JOCTATOYHO YAOOHO JIMIIb IPU PY4YHBIX pacdeTax.
B Hacrosiiiee jxe Bpemsi B CBSI3M CO BCe GOJBIIMM pPACIpOCTPaHEHHEM
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BBIUMC/INTENBHOM TEXHUKMA CTAHOBUTCS LEIECOOOPa3sHbIM TOTyYCHHE
dopMy1, MO3BOJSIOLIMX ONPEJENATh HEOOXOAUMBIE TapaMeTphbl aHaIH- |
Truueck. OcoBEHHO 3TO KAacaeTcs pacueToB, BHIIOIHIEMBIX B TaOIMIHOM
dopMe, K KOTOPBIM KaK pa3 ¥ OTHOCHTCS [M/PABIMYECKHH pacueT BOJO-
IIPOBOMIHBIX ceTell. B 9TOM cirydae Npy MPUMEHEHHHM, HaNpUMep, SJIeK- |
TPOHHBIX TGNl Excel ymaercsi OIHOBPEMEHHO obpaboTaTh MaccHB
JAHHBIX, PA3MEIIEHHBIX B LEJIOH KOMOHKE TabnuIibl. 910 ObLIO OBl BECh- |
Ma TOJIE3HO KAaK B MPAKTHKE MPOSKTUPOBAHMS, TaK U C TOUKH 3pEHUS yII-
pouenus yueGHOro mnpomuecca. Jleno B ToM, 4TO, KaK IMOKa3bIBaeT Npak-
THKA NPENO/IaBaHKs, B COBPEMEHHBIX YCIOBUSX C yUETOM MMEIOLIETocs y
CTYJIEHTOB OIIBITA M0JIB30BaHKus IBM HMEHHO paceT 1o (hbopMynam oka- |
3pIBaeTCs Gosee JOCTYIHBIM JUISl TIOHMMAHWs U Pealn3alyu B KypCOBBIX
¥ IMIUIOMHBIX TPOEKTAX, HeKeny oOpamieHne K Tabnuuam 13 HopMaTHB-
HBIX ¥ CIIPABOYHBIX JOKYMEHTOB.

CTpyKTypy QHAJIUTHYECKOTO BBIPKEHHUs I O B 3aBUCHMOCTH OT.
NP MOXHO TIOy4HUTh U3 CIEYOMMX cooOpaxenuii. B camom ziene, mo-|
CKONBKY HA MPOLECC BKIIOYEHHS M BBIKIIOYEHHS BOAOPA30OPHBIX TpH-=
GOpOB BJIMSET MHOXKECTBO Pa3sHOOOpa3HBIX HE3aBUCHMBbIX (akTopoB, 10
LEHTPAJILHOMN TPE/IEIbHON TeopeMe TEOPHH BEPOSITHOCTH [19] uucro ox-
HOBPEMEHHO JIEHCTBYIOMMUX YCTPOUCTB, 110 KpaiiHeil Mepe npH OO0JIBIIOM
MX KOJIMYECTBE, AOJDKHO MMETh pacrpe/iesnenue, OIM3koe K HOpMalbHO-
My. D10 GyzeT AeHCTBUTENHHO TaK, [ake HECMOTPs Ha TO, YTO caMa BE-
POSTHOCTb BKJIFOUEHHS OTJEIBHOrO NprOopa P, Kak Mbl yKe OTMEHaIIH, |
00buHO jgocTaTouHo Mana — menee 0,1. OnHako mpousBeneHHe NP B
TMIPUHIMIE MOXeT OBITh CKOIb YroJHO GOJBIINM, MO3TOMY IyacCOHOB-
CcKOe TIPHOIIKEHHE B TAHHOM Cllydae He COOTBETCTBYET HabIo1aeMomy
XapakTepy pacnpeie/leHisi HCKOMOW CIy4aiHON BEJIMYMHBI M, TaK KaK |
OHO crpaBeyIUBO ToNbKO 1pu NP < 10.

B 1efCTBUTEILHOCTH, XOTS YKMCIO MPUOOPOB B CUCTEME U BEJIHKO,
BCE e OHO OCTaeTcs KOHeuHbIM. [I03TOMY Ha CaMOM JieJie B pacCMaTpH-.
BAaEMOM CJlydae UMeeT MecTo OMHOMManbHas cxema. Tem He MeHee B CO-
OTBETCTBUH C JIOKaJIbHOM Teopemoii Myaspa—Jlamnaca [19] Takas cxema
B TIpeleNbHOM ciiydae Oy/er JaBaTh pPaclpeeNicHHe, SKBMBAICHTHOS
HOPMaJILHOMY C MaTeMaTH4ecKuM oxuanreM NP 1 cpefHeKBajipaTiie-

ui neniauby 3o. [Moatomy, npuHiMasi BO BHUMAHKeE, 4TO M = 50, HOJY-
HAEM BbIp2XKEHHE

a=0,2-(NP+3/NP). (11)

JlaHHO€ paBEHCTBO JOJDKHO BBIMIOJHATHCS TEM TOYHEE, YeM OoJiblie
sinuenne NP. ComocraBiieHHe pe3ysibTaTOB BhIYHMCICHHH 1O (opmyiie
(11) ¢ nanHpIMH Tabn. 2 mpunoxenus 4 [18] nokaspIBaeT, 4TO0 OTHOCH-
1e/ibHas norpemwrHocTh (11) B o6mactu NP > 100 e mpessitnaer 0,5 %,
Y10 3aBEIOMO JIEKHUT B Ipe/ieiax TOYHOCTY MHXKEHEpPHOro pacuera. Ecnu
NP < 100, HauMHaeT CKa3bIBATHCA BJIMAHUE (PAKTUYECKOW KOHEYHOCTH
YHC/Ia UCTIBITaHUM, TPUBOJMAIIEE K OTKIOHEHUIO BEPOSTHOCTH, PacCyu-
1hiBaeMoi sl OMHOMUANIBHON CXEMBI, OT €€ MPEIeIbHOr0 YPOBHS, COOT-
WeTCTBYIOILIETO HOPMAaJbHOMY pacipeie/ieHnto. TOYHBIA y4YeT TaKoro
O1KJIOHEHHS CBSI3aH C HUCIIONb30BaHHEM OYEHB CIIOXKHBIX (HopMyJI, BKIIIO-
MAIOLIMX, B YaCTHOCTH, CIELUAbHYI0 raMMa-QyHKIHMIO OT HELEJO4HC-
JICHHOTO apryMeHTa, BO3HMKAIOUIYI0 B OMHOMHAJIBHOM paclpeiesieHUN
IIpY TIOMBITKE NPUAATh €My HenpepbIBHOCTB. [locnennee HE0OX0auMO,
HIOCKOJIBKY I10 cBOeMY (PU3MUYECKOMY CMBICITYy PacXo BOAbI B TpyOOIpo-
H0/laX HEe MOXET ObITh MOJHOCTBIO TUCKPETHBIM: OH CIIOCOOEH Herpe-
PLIBHO MEHSATBCS OT HyJIs 10 HEKOTOPON MAaKCHMAJIbHOW BEJIMUMHBI, CBSI-
JuHHOM ¢ mapameTpoM NP, KOTOpBIH TaKkKe, B MPHHLIKIE, MOXKET UMETh
Io6Goe 3HayeHnue. [103TOMy 3TO OTKJIOHEHHE IMPOILE BCErO YYeCThb, €CIIU
npectu B cooTHomeHnue (11) 1OmOMHUTENbHBIA MOMPAaBOYHBI MHOXH-
feib A. 3nauenne A momydvaercs JiejieHHeM JaHHbIX Tabiu. 2 [18] Ha Be-
JIMYKMHY, BBIYUACISIEMYIO ¢ toMolibto (11) mpu ToM e npousBeaeHun NP.
Fenv Teneps moctpouts rpadguk 3aBucumoctd A = f(NP), MOXKHO 3ame-
TUTh, YTO €€ aHAJIMTHYECKOE BBIPAXKEHHME NOJDKHO HAMIydlIMM 00pa3om

olinceiBatees GyHKIMe Buga A= B+ C/ JNP . Koadpdunmentst B u C
OlIpesensIoTesl METO/IOM HAaMMEHBUIMX KBAJApaTOB C HEKOTOPOH Imocie-
Jlylomeil koppeknuen, HeoOxomumMoi it Toro, 4ytodsl mpu NP = 100
1HoJyautb 4 = 1, T.e. 4T0OBI 06ECTIEYUTh B ITOM TOYKE CTHIKOBKY PE3yJib-
TaroB, naBaeMblx Gopmynoii (11) ¢ ydyerom u 6e3 ydera mompaBKu A.
Ilpy 5TOM MOrpemHOCTh anmpPOKCUMAIIMK HECKOJIBKO BO3PACTAET, HO BCE
Je oHa He mpeBblmaeT +2 %, YTO TaK)Ke 3aBEIOMO COOTBETCTBYET TOY-

HOCTH MHXXEHEPHOro pacdera. B aToM ciy4ae 3aBUCUMOCTD A1 A Oyner
UMETh CIIeAYIOIINI BU:

CKMM OTKJIOHEHHEM O = NP(I—P). ITockoJIBKY MBI paccMaTpuBaeM

cnyuaii, korna P < 0,1, npaktuyecku 6e3 noTepH TOYHOCTH, HO € CyLue-
CTBEHHBIM YIPOILIEHHEM BBIMMCIEHHMIT MOXHO Nonokuth (1 — P) — 1

oTKyfa G ~+/NP . Jlns Takoil ciy4alHOW BETNYNHBI 00€CIIe4eHHOCTh

0,9973 pocTuraercs MpH MpPEBBHINEHAM €€ MaTeMaTHYeCKOro OXKMIaHHs ;21

A=0,979+—7—. 11a
NP (11a)
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®opmyist (11)—(11a) Gt OnyGIMKOBAHbEI ABTOPOM B pabore [20].

[Ipu NP < 0,015 HyXHO NpUHUMATb M = 1 u coorBercTBeHHO O = 0,2,
IOTOMY 4TO 10 (PU3MYECKOMY CMBICITY B paboTaroleM BOJOTPOBOAE MU=
HUMAJIBHOE KOJMYECTBO AEMCTBYIOIMX BOJOPa3OOpHBIX MPUOOPOB HE
MOJKeT GbITh Menbiie 1. O KauecTse anmpokcumanuu Gpopmynamu (11)-

(11a) MOXHO CyauTh 10 puc. 14u 15 [20].

100

0,1
0,01 0,1
NP

Puc. 14. 3aprcuMocTs KoddduumenTa o oT npoussenenus NP (ytHMS —

1o Ta6y1. 2) [18], Touku — o dopmyne (11) nonpaskoii A o popmye (11a) -

28 »
2,6
24 —F
22
A2
1.8
1.6
1,4
12
1
0 1 7] 3 6 7 8

4 5
INNP

Puc. 15. 3aBHCHMOCTb [IONPaBOYHOr0 Kod(huumenta 4 B popmyiie (11a) or

1/ /NP (T0uKu — pacter, IMHHUs — alllPOKCHMALHS 10 BEIPAKCHHIO (11a))

OnHAKO HA NPAKTHUKE MOXKET OKa3aThCs, YTO Ha CaMOM JIEIIC P> 0,
u oxHoBpeMeHHO N < 200. OcoGeHHO TO XapakTepHO Ajid MHOTMX 00
IIIECTBEHHBIX W MPOU3BOJCTBEHHBIX 3/[aHHIl C MAlbIM BOJIONOTPEOICHH:
€M, T.€. TaM, TJie CUCTEMBI XOJIO/HOTO U rOpsAYero BOJIOCHA0)KEHUST UTPA
JOT He TeXHOIOTHYecKyIo (Kak, Hanpumep, B Gasx, 6acceiinax 1 T.1L.), :

MCKIIFOUMTENHHO CAHUTAPHO-TUTMEHNYECKYIO poJib. B Takom pexnme 1
ompenesieHusi 0. AOKyMmeHT [18] mpeamuchiBacT moIb30BaTRCA Tab.
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npuioxeHus 4. AHanuzupys 5Ty TaOiuily, MOXXHO IIOJYy4YMTh 3aBHUCH-

MocTb a1t moripaBku 4 B Buzie (12a), a B 0CHOBHO# (opmyie Juist o yxe
HeJib3s cuuTaTh, uro (1-P) — 1:

a=0,2(NP+3 NP(l—P))-A, (12)

A=1,04-B-In(N)/N,

(12a)
rie B=0,9-In(P)+1,27.

JlaHHbIE BBIpAXKEHUS JAIOT XOPOIIylo TOYHOCTh npu N = 4...100 u
P =0,1...0,5 u ObuH TaKoKe omy6IMKOBaHbI aBTOpOM B pabore [20].

Ecnu npoananu3upoBaTh moBeneHne kodpdunuenta 4 B popmyie
(12a) npu N — oo, JIerK0 BUAETh, YTO 3/1€Ch A U3MEHSAETCS MOHOTOHHO
i B npenene crpemurcs K 1,04. Takoil MHOXKHUTEIb MOXHO paccMaTpu-
BATH KaK IONpPaBKY, KOMIIEHCHPYIOUIYIO Cpe/Hee Ul HCIIO0JIb3yeMOro
JiManaszoHa P OTKJIOHEHHE BEIMYHMHBI OL OT 3HAYEHUS, BHIUMCIIIEMOIO B
lipeanonoxenny, 4ro (1 — P) — 1, korza noj 3HakoM KBaJpaTHOIO KOp-
s B hopmyiie (12) ocraercs Tonbko npousseneHne NP. DTo Kak pa3 yxe
COOTBETCTBYET yCNIOBHAM Tabn. 2 mpusoxenus 4 [18], oTHocsmelcs K
obnactu N > 200. CrnenoBatesibHO, BbIpaXkeHHe Uit A OTpaXkaeT peajb-
HbI XapakTep BIMSHHS YHCIA BKIIOYEHHBIX MPUOOPOB HA PacXoJl BOJBI.
B 70 5xe Bpemst cooTHowenue s B ipu P — 0 hopmansHo qaet B — —oo,
T0, KOHEYHO, JIMIIEHO (u3uueckoro cmeicaa. [1oaToMy naHHyIO 3aBH-
CHMOCTb ClEIyeT OLEHMBaTh KaK YUCTO amMpOKCUMALMOHHYIO, XOTS U
JIOCTaTOYHO afIeKBaTHO OTPaXAOLIYI0 U3MEHEeHHe B B 3aBucuMoctu oT P

1ipu P ot 0,1 no 0,5. Ee rpaduk mpezacrasiieH Ha puc. 16 [21].

0,8

0,6
0,4

0,2

- ]
=0,2
~0,4
~0,6 il
084

=1

0,1 0,15 02 025 03, 03 04 0,45 0,5

Puc. 16. 3aBucumocts ko3 duuuenta B B popmyiie (12a) oT BepoSTHOCTH Hei-
01BUst TpU6OPOB P (TOUKM — YMCICHHBII pacyeT, KpHBas — [0 BhIpaXkeHHIo (12a))
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Takum 00pa3oM, MbI TIOJYYHIA JOCTATOYHO HPOCTBIE U TOYHBIE C
OTHOIIEHHs A Kod(hdHUUeHTa o, He0OXOAUMOro TpH OINpeleIcHHU
CEKYHJIHBIX M YaCOBBIX PACXO/IOB BOIBI HA Y4aCTKaX CUCTEM XOJIOJHOTO Ui
rops4ero BojpocHa0xerus. CoorercTByIOmMe (HopMyIbl 000CHOBAHEI €
TOYKM 3PEHHS] TEOPUU BEPOSTHOCTH M IPHUIOAHBI ISl MHXKEHEPHBIX pac-
4eTOB, a TAKXKe yJAO0OHBI /I MPUMEHEeHHs B y4eOHOM mporiecce, 0COOeH=
HO € MCIIOJIb30BaHUEM DIIEKTPOHHBIX Tabnuy Excel.

CaM pacueTHbIi pacxoj BOJbI Ha y4acTKe BOJONPOBOIHON ceTH mpu
3TOM BBIYMCIISIETCS 110 cieayromen popmyne [18]:

q=504, (13)

rJIe ¢, — MAaKCUMAJIbHBII CEKYH/IHBII MM YaCOBOM Pacxoj, BOIbI (xonon-
HOM, TOpsYel WIM CyMMapHbIii) JUKTYIOUIUM BOZOPa30OOpHBIM MpHOO-
pom, 1i/c wmu /4. KoabduupeHT oo MOXKHO BBIYUCIATH 1O BBIPAKEHUAM
(11)—(11a) unu (12)—(12a) B 3aBucuMOCTH OT P. 3aMeTHM, 4YTO B aKTya-
nu3upoBanHoi Bepcuu [18] — CIT 30.13330.2012 [22] pacuer BEIUYUHBL
o ¥ BOOOIIIe MPUHLIMI pacyeTa g JKECTKO HE PErIaMEHTHPYETCs, YTO U
J1aeT BO3MOXKHOCTbH TI0JIb30BAThCS TTOJyYEHHBIMH 3/1ECh 3aBUCHMOCTAMH.

PaccMoTpuM Tereps, 4To OyAeT, eciy MPHHSTH JApYryro obecredeH-
HOCTh PacueTHOr0 pacxosa. B Hacrosiee BpeMs 3TO BECbMa aKTyalbHO,
TIOCKOJIbKY BIIOJIHE OOGOCHOBAHHOM IIPEICTABISETCS TOYKA 3PEHHs, YTO
9Ta 00€ECIEUYEHHOCTh JIOJDKHA 3aBHUCETh OT Kjacca XWibsi (3KOHOMHUYE-
CKO€e, OM3HEC, JIMTHOE U T.J.) U BBITEKAIOIUX U3 TOTO Pa3JIMYHBIX Tpe-
0OBaHMI K HAJEKHOCTH BOIOCHAOXKEHUs. V3 Teopuu BEpOSTHOCTH Clle-
ayer [19], 4To B 3TOM citydae H0KEH MEHATBCS YHUCIOBOH KOG uument

niepeji KBaJpaTHbIM KOpHeM u3 + NP wiu JNP(I—P) . B obmem ciy-

yae BMecTO 3 3T0T Kod(durmenT OynetT paBeH HEKOTOpoil Bennuune D,
BBIPQXKEHHUE ISl KOTOPOH 3aIUIIeTcs TaK:

D =2ierf (1-2P,). (14)

3necw P, — npuHsTas HeOGEeCIeueHHOCTh MOlauM BOJIBI, ierf — crie-
nuanbHas GyHkius (o6paTHbIi HHTErpan BeposiTHocTH). Ecnu cunrars,
4yTO Z, — YKCIIO YaCOB B MECSII, B TEYEHUE KOTOPOro JOIyCKaeTcs Iepe-
PBHIB B BOJOCHA0KEHNH, Py, O4EBHIHO, B JOJAX €MHHULBI OyJeT paBHa
Z,/720, nin B iporieHTax Z,/7,2. JlaHHBII BONpoc ObLI paCCMOTPEH aBTO-
pom takxe B pabore [20]. IIpu aTOoM, otHAKO, Ays onpezeneHus D Heob-
XOIMMO TIOJB30BAaThCsl TaOIMIAaMU MHTErpajla BEpPOSTHOCTH, HAIPHMED,
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i1 | 19]: B peanbHO npeacrasistoieM uHTepec auanazone P, ot 0,075 1o
0,44 %, uTro cooTBETCTBYET BO3MOXHOU Heobecreuennoctu ot 0,55 10
1,2 yaca B Mecsill, MOXHO IPEICTaBUTh pe3yibTaT B Buje rpaduxa [20],
1Ipe/ICTaBIEHHOTrO Ha puc. 17.

»

2,6 T

0 0,05 0,1 0,15 02 025 03 035 04 045 05
P,%

Puc. 17. 3aBucumocts koapuumenta D B hpopmyie (14) oT HeobecrneueHHOCTH
MoJIauM BOAHI Py

OpHaKO OCHOBHOM 1IETBIO JF000T0 MMAPaBINYECKOTO pacuera, B TOM
Yyciie U BOJOIPOBOIHOM CETH, SIBJISIETCS ONpPEAEIEeHHE I0TEPh JABICHUS
WM Haropa ¢ LeNblo 1Moadopa Hacoca, a 3HA4YEHHsl PacXo]0B BOJbI HA
y4acTKax SBISIOTCS JHIIb UCXOMHBIMU JaHHBIMU. C MOMOLIBIO YIIpOLIEe-
Hust GopMyJbl, MPUBEICHHON B PyKOBOACTBE [6], A1l yAEIBHBIX IIOTEPD
Haropa Ha TPEHHUE, T.€. THAPABIMYECKOr0 YKJIOHA, B CTaJbHBIX OOBIKHO-
BEHHBIX BOJIOTa30IPOBOIHBIX TPYOaX MOMKHO MOIYUUTh BBIPAXKECHHUE

1,76

v
i=8,41-—, M/m. 15
= (13)

1,377
B

31ech v — CKOpPOCTh BOJbI B TPyOOMpoBOJiE, M/C; dy — BHYTPEHHUH
JirameTp TpyObl, MM, MPUHUMaeMbIi 110 coprameHTy [2]. JlanHas Gopmy-
Jla O4€Hb I0X0)Ka Ha BBIPAKEHHUE YISl yIeJIbHBIX [IOTEPh JaBJIE€HUS B CHC-
TeMax BOJASHOro ororuieHus (1) 1 OTIMYaeTCsl TOJBKO YUCIOBBIMU KO3(b-
(huLMeHTaMu U3-32 HECKOJIBKO HHOT'O PEXKUMa JABWKEHHS BOJIBI, OJIM3KOT0
K obnacTu rumpaBiaMdeckoit rinaakoctu Tpy6. Ha puc. 18 nokazana Homo-
rpamMma Jiisi OnpeseNieHus i, cocTaBjeHHas o ¢popmyie (15).

Tak ke Kak U JJIsi CUCTEMbI OTOIUIEHHS, OPUEHTHPOBOYHBINA JHaMeTp
MOYXHO BBIOpATh UCXO/Is U3 PEKOMEHIyEMOI CKOPOCTH BOApI 10 1 M/c:
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d,, =364/q , MM. (15

Crnenyer TONBKO UMETH B BHJLY, YTO C KOHCTPYKTMBHON TOYKH 3pe
HUS B TIpe/ienax Tpy6onpoBoia ¢ MOCTOSHHBIM (yHKIMOHAIBHBIM HA3HA
YeHHeM (HarlpuMep, 3TaXKHOTO OTBETBIICHHS, CTOSKA WJIM BHYTPHIOMO:
BOil MarucTpam) 1MameTp JOMKeH ObITh IIOCTOSIHHBIM, J1a)e HeCMOTPS
Ha TO, YTO PACXOJ BOJBI BOJIb 9TOr0 TPyGOMPOBOJA MOXKET MEHSTHCH,
[ToaTomy nmpakTuyecky quamMeTp BHIGHPAETCS 0 BEIMYMHE ¢ HA YYACTK(

Tpy6ONnpoBoaa ¢ HAUOOJIBIIMM PACXOIOM.

i, M/m Juametp d,, MM, cBepxy BHM3: 15,7; 21,2; 27,1; 35,9; 41; 53
1
Zz 4
7
s
L
0,1 A0 27
7 ol 7 7 7
P 7z P
. 7 P
s I\ A7
A A A A
'/ //;1,//;4
A
0,01 ¥ a5y }/ ,/,/
. 7 7 7
G AR N 285 4 A1
7 7717
AT A al $7 ol
S A7
o
0,001
0,1 v, M/c 1 2

Puc. 18. I'mppaBnuyeckuii YKIOH i, M/M, 71l CTATBHBIX OOBIKHOBEHHBIX HEHO-
BBIX BOJOra3onpoBoAHbIX Tpy6 mo 'OCT 3262

Hwxe npusesiena hopma Tabiulibl THAPABIMYECKOTO PAcYeTa BHYT
PEHHEr0 BOJONPOBOJIA, COCTABJIEHHAS C YYETOM HCIIONB30BAHUS IIEpPe-
YUCJICHHBIX 3aBUCHUMOCTEN IS dop, O U § M IPUCIIOCOOIECHHAS K BBIYMC-

neHusM ¢ nomouibto Excel (mab6n. 11), a Takxe KOMMEHTapuM 10 ee 3a-
MIOJIHEHHUIO.
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Tabauya 11

®opma Ta0JIHIBI THAPABIMYECKOr0 PacieTa BHYTPEHHEr0 BOAONPOBOAA
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CkopocTb BOIbI (KOJOHKa 11) BRIMMCISETCS Yepe3 pacxon BOIBI Ha‘}
yuacTke (KOJIOHKa 7) ¥ BHYTpEeHHHUI auaMeTp Tpyoonpososa (kosnoHka 10):

V=4—qz'103,M/C.

nd,

(16)

Tak e KaKk M B CHCTEME OTOIUICHMS, 37ech MHOXHMTeTh 10° =
= 1051000 nosBisieTcs, MOCKONbKY d, M3MEpSETCS B MMILIMMETPAX.
3nech 1000 — k03 GUIMEHT U IepeBoa Pacxoa u3 Ji/c B M°/c.

BeposTHOCTH IeHiCTBUSL BOJOPa300PHBIX NPUOOPOB BBIYUCISAETCS IO

¢bopmyne [18]

Qhr U

Poolr (17)
3600g, N

3neck U — obmiee uncno norpebureneii; N — obuiee uucio Boaopas-
GopHbIX npu6bopoB; Q) (MK g, , ) — PACXO] BOJIBI (XOJOMHOM, Topsiuei

WM CyMMAapHbIil) OJJHMM MOTpeduTeNneM B 4ac MaKCMMAJIbHOTO BOJIOIIO-
Tpebnenus, 1/4. IIoCKONIBKY BHYTPEHHUH BOJOIPOBOJ] PAaCCUUTHIBAETCS
HA CEKYHJIHbIE PAcXOJbl BOJIBI, B JAHHOM CJIyyae B KayeCTBE ¢, HYKHO
TMOJICTABJIATH UMEHHO CEKYH/IHBIH, a HE 4YaCOBO Pacxo/| BOJbI IPUOOPOM.
To e camoe xacaercs 1 popmyust (13) Ut pacueTHOro pacxoza Ha y4ya-
CTKe. j;

Takum oOpa3oM, Kak W IUIsi CHCTEMBI BOJISTHOI'O OTOIUICHUS, OOJIb-
IMIMHCTBO KOJIOHOK TaOJNHMIBI CBSI3aHO MEXIy cO0OOW OrpeneseHHbBIMA
(bopMynamu, 4TO MO3BOJISLET MPH HCTONB30BaHMK Excel monyunts 3Have-
HUs cpa3y uenoro cronbua. [Ipu 3ToM TpeGyercsi MpuUBIeUEHHE MIHHU-
MaJILHOTO YHCJIa CIPABOYHBIX NAHHBIX — MPAKTHYECKH TOJIBKO IO CTaH-
JAPTHBIM JHaMeTpaM TpyOOIpOBOJOB M MCXOJHBIM JaHHBIM ISl pacyera.
BEJIMYUHEI P.

2.2. OnpesesieHue ONTUMAJILHON CKOPOCTH BOJbI H 1MaMeTpa
TpyOOnpoBoaOB

Tak e kaKk u JJIsl CHCTEM BOJSHOTO OTOIUIEHHS, MTOKAXEM, YTO OIl-
TUMAJbHOE 3HAYEHHE TUaMeTpa TPyOOIPOBOJOB, BBHIUUCISIEMOE IO BBI-
paxenuto (15a) 1 COOTBETCTBYIOIIEE CKOPOCTH BOABI 0K0JI0 1 M/c, moy-
9aeTcs MyTeM TEXHUKO-3KOHOMIYECKOro pacuera [12].
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Kax u B m. 1.3, ynenpHass MOUIHOCTb, HEOOXOAUMAsSL JJIsl TIEpEMeILe-
Hns Bogpel yepe3 1 mor. M TpyOonpoBoaa, ONpEeAeNsIeTCs Mo CIeXy e
(popmyie [8], ¢ ydeToM HECKOJIBKO UHBIX 0003HAYSHHU, IIPHHATHIX B BO-
JIoCHAOKEHUH:

=9,81k-z-q.10_3
nHaC

N,

ya

, KBT/M. (18)

3nech g — pacxon Boael B TpybompoBope, J/c; k — kodhduimeHt
yuera MoTepb Ha MECTHBIX CONPOTHBIICHHSX, KOTOPBIMA MpH KX J0J€ B
obuieii cymme, pasHoit npumepso 0,2, coctaBut 1/(1 — 0,2) = 1,25; Nyac —
K05 OUIMEHT NOJIE3HOr0 IeHCTBHS MOBBICUTEIBHOTO Hacoca; 9,81 m/c’ —
yckopeHue cBOoOOIHOTro majeHus. J[jisi HacOCOB CHCTEM BOJOCHAOXKEHUS
€I'0 MOKHO IIPUHATH puMepHoO 0,7.

Ecnu Tenepb BbIpa3suTh CKOPOCTH BOJBI YEPE3 €€ PACXO U AUAMETP
Tpy6onpoBoza 1o BeipaxeHHo (16) U NOACTaBUTh B COOTHOILEHHE I
Ny, ¢ ydeToM (5) nonydaem Gopmyiy Ui SKCILTyaTallMOHHBIX 3aTpaT Ha
H/IEKTPOIHEPTHIO JJIsl IPUBOJIA HACOCA, OTHECCHHBIX K 1 mor. m:

7.
T = B s PY Ol s

BH

(19)

e B = 9,03-10° — ko3 dHUImeHT, NoTyYaIOMMIiCs U3 MOCTOSHHBIX BEJH-
YMH, BXOAAIIMX B BRIPOKEHUS 11 D,y (5), i M Nyg; Cy — Tapud Ha sy1ex-
TposHepruto, py6./(kBr-u). Cuumraem, YTO CcHcTeMa BOIOCHAOXKEHMS
(DyHKIMOHHUPYET KpPYTJIOCYTOYHO B TEYEHHE BCEro roja, MO3TOMY IpH
pacuere D,, MpuHUMaeM pabouee Bpems 000pyaoBaHHs B pa3mepe 24 ya-
COB B CYTKH U TOJIOBYIO MPOAOJIKHUTENILHOCTh pabOThI, paBHYI0 365 CyT.
JlanHOE BBIpaXKEHUE aHAJIOTUYHO MCIOJIb30BAHHOMY VISl CHCTEM BOZISHO-
1o otorieHus (6) ¥ OTIMYaeTcsl TONBKO YHUCIOBBIMU KO3 GUIIMEHTaMHU.

KanuranbHele 3aTpaThl Ha TPyOONPOBOIBI U apMaTypy OyayT BbIpa-
JKATHCSI TAKUM e 00pa3oM, Kak M JJIsl CHCTEMBI OToIuIeHus (cM. 1. 1.2).

[Moncrapnsem cootHomenus misa Ko, u 3,; BMecro K u 3 B hopmyiy
it CO3 (8), Beraucisiem npousBonuyto d(CH3)/d(d,) m npupaBHUBaeM
ee HyJII0, OTKY/ia 110CJIe HEKOTOPhIX MpeoOpa30oBaHUi JJIsi ONTHUMAILHOIO
3HaueHus dy Haxonum [12]:

0,167
o -[(l+p/100)T —1]-(100/p)
NuacCrp - (14 p/100)"

d .=152-g"%.

B.ONT ’ MM.

(20)
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[puaumas 11s yenosuit Mocksst Crp = 50 000-1,5 = 75 000 py6./1
no cpeanepbiHounbM neram 2013 r., C,, = 4 py6./(xBT-4) no nporHosy
OAO «MocanHeprocObIT» sl HEPETYIUPYEMOr0 PhIHKA JIIEKTPOIHEPTUH, -
Muae = 0,7 u p = 10 %, xax u B m. 1.3, nus T = 5 5eT HaXoOuM:

d.=39-¢"* uro, manpumep, nst ¢ = 1 n/c naer 3nauenue 39 MM

B.OMNT

(npumepHo Dy40). Tlony4eHHOe BBIpaXeHHE J0CTAaTOYHO GIM3KO K (hop- '

myne (15a).
Amnanus popmynst (20) HOKa3bIBA€T, 4TO, KaK ¥ B CUCTEMaX OTOILIE-

HUSI, CTOMMOCTh JHEPIeTHYECKHX DPECYPCOB OKA3bIBAECT TOBBINIAIOLIEE |
BO3/IHCTBHE HA ONTHUMAJIBHBIN JMAaMETP BOJOMPOBOIHBIX TPYO, a CTOU- |

MOCTh MaTepuaja — MoHwkaromee. Jlns JaHHOM 3a71aun K yBENUYCHHUIO
dy onr ipuBOMT eriie 1 cHinkenne KITJI nacoca, oTOMy 4YTO 3TO BHI3BIBA-
€T pocT (HaKTUYECKOro MOTPEOIeHHs dIEKTPOIHEPIUH, @ 3TO PAaBHOCHIIb- ‘
Ho yBenmdenuto tapuda C,,.

Bblpa)l(aﬂ ONTUMAJIBHYI0 CKOPOCTh BOJBI 4Y€pe3 €€ pacxod M OITH-

MaJIbHBIA IuaMerp TpyOOmpoBOja, MOydaeM s g B 71/C CIEXYIOLYI0
3aBUCUMOCTb: ‘

0,333

C.-(1+ p/100)"
MaeCrp (L + P/100) ,Mle, (21)

o -[(1+p/100)7 —1]-(100/,))

Vore = 0,0551-¢%% .

wm is 1. Mocksst nipu 7= 5 net v, =0,83- g%, uro B ycnoBusX pac-

cMaTpuBaemoro npumepa naer 3uauenue 0,83 m/c. Ilpu apyrux pacxonax
pasHHIIA C TONYYEHHBIM Pe3yNbTaToM OyJeT He CIMIIKOM 3HAa4MTeNbHA,

TIOCKONBEKY pacxoj BxoawT B (21) B mMaoii crenenu, papHo# Tosbko 0,08.
Takum 06pa3oM, NpH yBEIMYEHHH PACYETHOrO YKCHIA /1 OJHOBPEMEHHO
JelCTBYIOMMX BOJOPa36OPHBIX MPHOOPOB Ha y4acTKe M COOTBETCTBYIO-

IIEM BO3PACTaHUU PACcXOia BOJIBI €€ ONTHMANIbHAs CKOPOCTh TOXKE J0JDKHA
IOBBIMIATECS ¥ NPU ¢ = 36 Ji/c (410 cOOTBETCTBYET nMpuMepHO m = 200)
Oyner cocrasisTh yxe 1,11 m/c.

3aMeTHM, 4TO B KBAJPATHYHOM PEXHME COIPOTHUBIIECHHMS, KOT/A .
ylebHbIe NOTepH IABJICHUS HA TPEHUE CBS3aHbI C V’, a ne v""°, xak B
HallleM CJlyyae, ONTHMaJibHas CKOPOCTh YK€ He OyJeT 3aBHCEThb OT ¢, a

BEJIMYUHA dyony OYIET CTPOTO MPONOPLIUOHAIBHA \/; . Ha puc. 19 npen- 7,

CTaBJI€HA 3aBUCHMOCTb Vo OT ¢ IpH T =5 JIeT.

BuHO, 4TO IPU POCTE PAcXoja BEIMYMHA Voyr AEHCTBUTENIBHO CO-
craBnser okoso 1 M/c. To 06CTOSATENHCTBO, YTO AL BOAONPOBOJR Vonr
HECKOJIBKO BBIIIIE, YEM JUIS CHCTEM OTOIUIEHHS, B OCHOBHOM CBSI3aHO CO
3gayuTensHo 60mpmmM KITJ[ ncnonb3yeMsIx HaCOCOB.
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Puc. 19. 3aBucuMocTs onTHMAIBHON CKOPOCTH BOJBI B TPYGONPOBOAAX
BHYTPEHHET0 BOAOIPOBOJIA Voyy OT PACXOAA BOJBI g

2.3. llpumep rupaBIM4ecKoOro pacyera BHYTPEHHEro
BOJONPOBOJA X0JI0AHOI BOABI

PaccMOTpuM mpuMep ruapaBIMYecKOro pacyera ¢ MCMoJb30BaHHEM
NepeYrCcIeHHbIX B M. 2.1 GopMyn M pekOMEHAALMid Ui BHYTPEHHETO
BOJIONPOBOJIA, CXeMa KOTOpOro mpuseneHa Ha puc. 20. Cucrema 3armpo-
CKTHpOBaHa i 8-3TaXHOTO OJHOCEKI[MOHHOTO JKMJIONO JO0Ma THMA
«OauHa» ¢ obwumM yuciom xuteneit U = 108 yen. Ha kaxaom staxe
MMEEeTCsl 10 YeThIPe KBapTUPBI, 000pYIOBaHHbIE YMbIBAIbHUKAMH, MOIi-
KaMH ¥ BaHHaMU C JIyIleEM, a TaKke yHUTazamu (cM. puc. 20). Takum 06-
pasom, obuiee 4ucio Bogopas6opHsix npubopos N = 8-4-4 = 128. Ilo-
MHMO XOJIONHOTO B 3[aHMM NPENyCMATPUBACTCS M LEHTPAIM30BAHHOE
ropstaee BoJocHabeHue. [l Takoro THIA 3[aHUii U CAHUTAPHOTO 060-
pynosanus Tabin. 2.1 u 2.2 [16] u npunoxenus 2 u 3 [18] garor (cM. Tak-

ke mabn. 113 v I14 npunoxennsi): g; = 0,18 1/c ans AMKTYIOWIErO TIPH-

Gopa — BaHHOI Ha BepxHeM staxe; OF = 5,6 /4.
5,6-108

Torna no gopmyne (17) P=————

) 3600-0,18-128

< 0,1, nosromy s pacuera o ucronszyem (opmyist (11)—(11a). Pe-
3yJIbTaThl pacyeTa IpUBeIeHbI B mabn. 12.

=0,00729. 3necs P <
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Taxum 00pa3oM, CyMMapHbIe IIOTEPH HAIopa Ha TPEHUE COCTABIISI)
3,53 M, a ¢ y4eTOM TMOTEPh HA MECTHBIE CONPOTHUBIIEHHUS, IPUHUMAEME
VTS XO3SMCTBEHHO-TIUTHEBBIX BOAOMPOBOAOB paBHbIMU 30 % OT moTep
Ha TpeHue, obume norepu Harnopa paBHbl AH = 1,3:3,53 = 4,59 m.

Jlnst cpaBHEHHSI PACCMOTPUM, Kakue IOJY4alTcs Pe3ysbTaThbl
3JJaHUS C aHAJOTMYHOW IUIAHUPOBKOW, HO 16-3TaxkHOro. B sToM ciryua

U=2-108 =216 uen., N = 2-128 = 256, Q;, = 9,1 1/4, HOCKOIBKY T
nephb B 31aHuu Gonee 12 staxeit [16, 18] unm no mabn. 114 npuinoxeHus.
Ortciona o popmye (17)

9,1-216

=————=0,0118.
3600-0,18-256

3nech no-npexxHemy P < 0,1, mostomy misi pacyeTa oL UCIHOJIb3ye\
dopmyist (11)—(11a). Pesynbrarsl pacuera npuBeJeHsI B mabn. 12a.

C y4eTom noTeps Ha MECTHBIE CONPOTHUBJIEHUS O0IIHE NOTEPU HaTO
pa pasusl AH = 1,3:4,62 = 6,01 M. Ho 311ech yxe HeoO0X0auMO NpoBe
pATH BENIMYKMHY HAmopa y BOJ0pa30opHbIX npuOopoB 1-ro sraxa. O
CKJIaJBIBAETCSA U3 T€OMETPHYECKOM BoICOTHI H; = 3,3-15 + 1,5 =51 ™, ru
1,5 — pa3HOCTh OTMETOK JUKTYIOLIETO M Haubojiee HU3KO PACIIOJIONKE
HOro Tpubopa B Mpejiesiax KBapTUpbl, M; 3,3 — BHICOTA 3Ta)ka OT I10J1a JI
nona, M; BelMunHbl AH ¥ ¢cBOGOAHOTO HANopa y JUKTYIOLIEro Ipuoop.
H.,. Jlnst Banns! ¢ gymeM He, =3 M mo 1a6i1. 2.1 [16] wim npuioxeHuio .
[18] (mns GonplIMHCTBA JAPYTrMX BOAOPA30OPHBIX MPHOOPOB B KHIIBI
snanusx He, = 2 m). B xauectBe AH B JaHHOM Cilydae HEOOXOAMMO YUM:
TBIBATh MOTEPH HA ydacTkax ¢ 1 mo 18, T.e. neXalux BbIILE MPUCOEIH:
HEHMsI KBAPTUPHOI pa3Boiku 1-ro sraxa. [To mabn. 12a ¢ yuetom mect:
HBIX conporusienuit nonyyaem AH = 3,41 m. Torna Y H = 51 + 3,41 A
+3 =57,41 <60 M — npeenbHON BETUYHMHBI 110 YCIOBUSAM HOPMAaJILHOK

60 M, 1 ecam Takoe 00OpYyJOBaHME MpelyCMaTpPUBAETCs B NPOEKTE,
MoskeT ObITh Bbile. Eciu Obl cTosk Obul npunat Dy 25, xak B mabn. 1.
IUTSL 8-9Ta)KHOro 37aHusi, To BenmunHa AH) g Obla Obl paBHa 8,64 M, ‘_
YH = 62,64 m > 60. Takum o06pa3oMm, 3/1eCb HEOOXOAUMO NPUHUMATE
JMaMeTp cToska Gosbine Haubonee LeNecooOpa3sHOro € TEXHUKO-DKO:
HOMUYECKOH TOYKH 3PEHHS, & CKOPOCTh BOJIBI — COOTBETCTBEHHO MEHBIIIE
ONTHMAJIBHOM MO YCIIOBUSM NMPOYHOCTH BOJOPA30OpHbIX MprOopoB. Js
Gollee BBICOKHX 3[aHHil moTpefyeTcsi yke BEPTUKAILHOE 30HHPOBAHHUE
Bojonposoxa [16].

T'uapaBinYecKuil pacyeT BHyTPEHHEro BOJONPOBOAA A/Is 3AaHus B 16 3Taxed
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2.4. Ilpumep ruapaBIM4ecKOro paciera BHyTPeHHEro
BOJIONIPOBO/A ropsiyeil BoAbI

Pacuer Bomopa3z0opHBIX TpyOOIPOBOAOB B NMPHHIUIIE BHIIOIHSIETCS

TaK e, KaK U JJIsl XOJOJHOTO BOJOIPOBOJIA, 32 UCKIIOYSHHUEM CIIEAYIO-
el 0COOEHHOCTH, CBSI3aHHON C HAJIMYMEM LUPKYJISILUOHHOMN JINHUM, B

CBSI3U C YEM B IIEpHOJI HANOOIBIETO BOIOPa300pa U3 AUKTYIOLIErO CTOS-
Ka 4acTh BOJBI B HEr0 MOJXET MOCTYMAaTh M3 JPYTUX CTOSKOB MO KOJIb-
nyrouei mnepemeiuke (puc. 21). 3TO MO3BOJSET, MIOMHUMO MPOYEro, CO-
KpaTUTh JHaMeTpbl BOAOPa300pHBIX CTOSKOB. OJHAKO M3-3a 3TOr0 00OBIU-
HO cumuTaercs [16], uro Bech Bomopa3doOp OCYMECTBISIETCS U3 TOYKH, Ha-
xonduleics Ha BeicoTe npuMmepHo 0,4 or Hawana croska. [Ipu 3ToM Bed
HYDKHSISL 9acTh CTOSIKA CUMTAETCSl OJHMM YYacTKOM, pacXoj B KOTOPOM

cocrasiser 0,7 OT MaKCMMAJIBLHOIO PacXo/ia, BBIYMCIEHHOTO UCXOMS M3
BenmauHBl NP 1o popmynam (11)—(13) s N, oTHOCSIIErocst KO BCeMy
cTosiky (y4dactok 11 mabn. 12). Kpome TOro, HEOOXOIUMO YYHUTHIBATH

3apacTaHue TPyOOIPOBOJOB OTIOXKEHWMSIMH, 33 CUET Yero yMEHbIIAETCS
BEJIMYMHA dy. DTO YMEHBIIIEHNE MOXKHO TIPUHATH N0 mabn. 13 [16].

acHeTHAs TOUKa
opa3bopa

Puc. 21. IIpumep cxeMbl BHyTPEHHETO BOAOIPOBOJIA ropsUeii BOJBI
(x mpuMepy pacuera)
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Tabruya 13

CHurkeHHe BHyTpeHHero quamerpa tpy6onposoaos no 'OCT 3262
3a cyeT 3apacTaHus

YcnoBublid nuamerp | Buyrpennwmii nuamerp | CHuskeHHe JMamMeTpa
Dy, MM dy, MM Ady, MM
15 15,7 3,6
20 21,2 3,8
25 27,1 4,0
32 35,9 4,2
40 41 4,3
50 53 4,5
65 67,5 4,6

Takum 06pa3zoM, Ipu pacyere CKOpOCTH BOAbI Mo ¢opmyie (16) u
yJEJbHBIX MMOTEPh JaBJeHHs MO BbipaxkeHuio (15) BMecTo BeIMYUHBI d,
CIIeyeT MOJACTABIIATh pa3HOCTh (dy — Ad;). Kpome Toro, ecnu, Kak 310
yale BCEro ObIBAET, MOJOTEHLECYIUTENH MIPUCOETUHAIOTCS K BOJOpa3-
GopHOMY cTOsIKY (CM. puc. 21), HEOOXOAUMO YHUTHIBATh UX JUIMHY BMe-
CTe C MO/BOJKaMH IIPH OIPE/EIEHMH PacyeTHOM JUIMHBI y4acTKa B Ipe-
Jenax croska. B GonbuIMHCTBE KOHCTPYKLMIA B IpeliesiaX OQHOrO dTaxa
TIPH 3TOM JI00ABIISIETCS OKOJIO 2 M.

PaccMoTpuM mipuMep pacdera Jyisl 37aHus, UCIOIb30BaHHOIO B II. 2.3.
Cxema cHCTEMBI BOJIOIPOBO/IA ropsiueii BOJIbI Mpe/icTaBlieHa Ha puc. 21. Jlns
TAKOr0 THMNA 3[aHMI M CaHUTapHOro 06opyaoBanus Tabi. 2.1 u 2.2 [18] na-

10T (cM. Taxxe mabn. I12 v 113 npunoxeHus): qf,’ = 0,18 n/c i1 QUKTYIO-

IIero mpubopa — BAHHOM Ha BEPXHEM 3TaXe; Q:, = 10 s1/u. 3navyenue U no-
npexxHeMy paBHo 108, a umcio mpuOopoB 31eck OyneT MeHbIIE, YeM i
xonoaHoro BogonpoBona: N = 8-4-3 = 96, moCKOJIbKy ropsiyasi BOAa IoJBo-
JIATCS TOJIBKO K MOWKaM, BAHHAM M YMBIBAIBHHUKAM, T.€. B KaXKI0H KBapTHPE
HpeIyCMaTPUBAIOTCS 0 TPH NpUOOpa 11t ropsiueii BOADI.

Tornma mo popmyne (17)

10-108

=——=0,0174,
3600-0,18-96

T.€. 3HAYMTEILHO BBIIIE, YEM IS XOJIOAHOM BOJBI, HO Bee jxe MeHbie 0,1.
COOTBETCTBEHHO AMAMETPHI BOAOPa30OPHBIX CTOSKOB M Marucrpa-
nieit ropsiueit BOpl, KaK MPaBHIIO, JO/DKHBI ObITH OOJIBIIIE, YEM XOIOJHOM,
HO JUIs CTOSIKOB 3TO YaCTHYHO KOMIIEHCHPYETCSl UX KOJblieBaHUEM. Pe-
3yJbTaThl pacueTa MPUBEACHBI B mabn. 14.
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Tabnuya 14
M
2,542
0,366
0,538
0,884
4,33

21

IMoTepu Hanopa, M
0,1228
0,0915
0,1345
0,0884

Cymma H

<

poBoOa ISl CHCTEMbI, IPEICTABJIEHHO Ha puc.
v, M/¢C

0,9210
0,9845
1,2252
1,0758

31,7
31,7
36,7

23,1

25
32
32
40

JuameTtp TpyOo-
npoBoJa, MM

26,75
31,73
35,40
38,40

q, a/c
0,386
0,777
0,967
1,138

0,614
0,864
1,074
1,265

NP
0,417
0,833

1,25
1,667

0,0174
0,0174
0,0174
0,0174

24
48
72
96

I'napaBandecknii pacyeT BHyTPeHHeEro BOAOI

20,7
10

* C yueTOoM moHmKarmero ko3dduuuenta 0,7.

** C yyeTOM 3apacTaHus 1o mabn. 13.

y4-Ka

Taxum 0OpazoM, AEHCTBUTENBHO IUAMETp CTOsKa Tpebyercs Takoif
JKe, KaK M JJIs XOJIOAHOro Bojgonposoza (cM. maébn. 12), 1.e. Dy25. Cym-
MapHble TMOTEPU HAIlOpa Ha TPeHHe COCTaBiAIoT 4,33 M, a ¢ y4eToM Io-
Tepb HAa MECTHBIE CONPOTHUBIICHUS, IPUHUMAEMbIE IJIsI CUCTEM C I10JIO-
TeHUECYIIUTENSIMHA Ha BOAOPa30OpHBIX CTOsKax B pasmepe 50 % ot mo-
Tepb Ha TpeHHe, ob1ye norepu Haropa pasusl AH = 1,5-4,33 = 6,495 m.

Yacro Taxke HCHONb3yeTcs NOHATHE KOd(dHUIMEeHTa 4acoBOil He-
paBHOMEpPHOCTH MOTpedneHus ropsiueii Boapl K, [16], ¢ momMoleo KoTo-
pOro MOXKHO OIPEAEINUTH TpeOyeMBbIil pacxoj uepe3 HOPMATUBHOE Cpel-
HECYTOYHOE BOJOMNOTpeOieHne. D10 ObIBAE€T HYXKHO TJIaBHBIM 00pazom
HE CTOJILKO JJIsl pacyeTa BOJOINPOBOJHOM CETH, CKOJIBKO IpU nonxdope
rermoodmenHoro obopynoanus B LITTI wiu UTII, nostomy 31eck peusb
MIET B OCHOBHOM HE O CEKyHIHBIX, a O YacOBBIX pacxojax. Jlus mapa-
meTpa Kj HETpYJHO 3alucaTh BBIpOXKEHUE, UCXOAS M3 NPAaBUII BBIYHCIIE-
HUsI PaCXOOB BOJBI B cOOTBeTCTBHHM C [16, 18] ¢ yuerom dopmyn (12)—
(12a):

h
th,u
np_h 2
hr,m

rae K, = 4| 1+3 /1—]\%

3nech q,',’,’u — pacxoj| ropa4eil Bobl Ha OJJHOrO NOTpeOUTENs B Yac

K,=K

(21a)

HarOOJIBIIEro BOIONOTpeOeH s, JI/4; q,’,’,’m — CpelHHUH pacxoll ropsuei
BOJIbI B 4aC Ha OJIHOTO NOTPEOUTEIs 32 HEEIIO OTONUTENBHOTO NEPHOJIA,
/4, q,',',,m =q!' /24, tne g’ - cpenHmii 3a HENEIO OTOMHUTEIBHOTO Tie-
proJa pacxoj ropsuyei BoAbl B CYTKM Ha OJHOTO MOTpeOHTENs, JI/CYT.

Bennunna 4 B 9TOM ciay4ae Bbruucisercs no ¢popmyde (11a) nnm (12a) B
3aBUCUMOCTH OT BEJIMYUHEI P.

B xauectBe mpumepa HmpUMEHEHHs MMOJyYSHHBIX 3aBHCHMOCTEH pac-
CMOTPHMM pacyeT pacxozoB Bojbl B cuctemMe I'BC mist 3maHus aqMuHUCT-
PaTUBHOI'O HazHaueHMs ¢ 4uciioMm cotpyaHukoB U = 100. B coorBercTBUM

¢ naHHbIMH [16, 18] 31€ech q,’,',,u =20/, ¢" =5 n/cyr, otkyna q,’,’,’m =
=5/24 = 0,2083 /4. I1pu 5TOM Npou3BeeHNE q;,',,uU =2-100 =200 n/4, a

4acoBOM pacxoj| ropsuei BOJBI OJHUM CAaHUTAPHO-TEXHHUUYECKUM IpUOO-
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POM (IMKTYIOLMM) ¢, 5 = 60 11/u. Tlycte N = 15 — nexur B npezpenax ot
10 100. Toraa yacoBasi BEPOSATHOCTh A€HCTBUS JUKTYIOIIETO BOAOPa3Oop:

Horo mpubopa Phr=6];},'r,uU/(‘Io,h,N)= 200/(60-15)=O,222 [16, 18]

Haxoautcs B quanazone ot 0,1 o 0,5. CiemoBarenbHO, MOXKHO BOCIIOJNB3 "‘
BaThes BeipakeHusimu (12)—(12a). Torga naxogum NP =15-0,222=3,33,

B=0,9-In(0,222)+1,27 =-0,0837,
A=1,04+0,0837-1In(15)/15=1,055,

OTKY/Jla B KOHEYHOM CUETE ONpeacisieM

0.=0,2-1,055-(3,33+3,/3,33-(1-0,222) )= 1,72.

Tabn. 1 npunoxenus 4 [18] naer ans STUX yCIOBUI BEIMYHHY O HA
ypoBHe okouio 1,74, uTo ¢ y4eroM OIIMOKHM MHTEPIOIALUN TaOINUHBIX
3HAYEHHUI MOXKHO CUMTATh OUY€Hb XOPOIINM COBIMAJEHHEM — OTHOCHTE b=
Hasi TIOrPEIHOCTh cocTaisieT Beero 1 %. Tenepp Bbrumcisiem koddhu-
LUEHT YaCOBOI HEPAaBHOMEPHOCTH:

K, =1,055-|1+3 leladl’ o =2,58-9,6=24,77;
3,33 | 0,2083

4acOBOM pacxoj| ropsiueii BOJIbI:

O, =504,,, =K,y ,U =51,723-60 =

=24,77-0,2083-100 =516 n/u [16, 18], man 0,516 m*/u.

3aMeTMM, 4YTO MONy4eHHBIH pe3ynbTaT B Ky, = 2,58 pasa Gonbue
MPEAENIbHOIO yPOBHS quU = 200 51/4, KOTOpBIN UMeN Obl MECTO IPH -
HEOrpaHMYEHHOM yBesimueHnu N. B camoM Jiefe, o CBOeMy CMBICIY HPH
N — oo coorBercTBytomuii ko3pduIMeHT HepaBHOMepHOCTH K, =

h h !
Dhra! Dhpw WIM B YCIOBHSX DPAccMaTpuBaeMoOro mpumepa K, =

Il

2/0,2083 = 9,6, a MmHOXwuUTENb Kyyp B popMmynie (21a) kak pas u mpen-
craBiseT co0oil MONpaBKy, YUMTHIBAIOLLYI0 KOHEYHOE YUCIIO MPUOGOPOB.
PaccMmotpenHsIii npuMmep Takxke ObUT ony0OnarkoBan B padote [20].
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TJIABA 3. ASPOJIMHAMUWYECKHUA
PACUYET CUCTEM BEHTWJIAIIUHU

3.1. Onpeaenenue noTepsb JaBJIeHUsI HA TPEHHE

B npakTHKe MpPOEKTUPOBAaHMS BEHTWISALMOHHBIX CETEH yJElNbHBIE
norepu aaBjeHus Ha TpeHue R, [Ta/m, nyist Hambosiee 4acTo NpPHMEHsE-
MbIX CTaJbHBIX BO3IYyXOBOJIOB OIPEAENSAIOTCA MO BENMYMHE CKOPOCTH
BO31yXa v, M/C, ¥ 110 ANAMETPy BO3IyXoBozAa d (WX Al IPAMOYTOIBHBIX
KaHAJIOB — MO0 KBUBAJIEHTHOMY JAUAMETPY dogs), MM. DTO MOXHO CHIENATh
no tabm. 22.15 [23] wim no Homorpamme (puc. 22), COCTaBIEHHOH IO
JIAHHBIM 3TOH TaOJIMIIBI.

10

———
= \\\\§§
~—1 —
2 P ——
2 e ~8
“O l ~—— —~_ —— — \\6/

0,01 ——

Vi m/c

0,001°—+ | i el R — f F—
100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000
d, Mm

Puc. 22. Homorpamma /i1 a3poJJMHAMMYECKOT0 pacyeTa KpyribiX
BO3/[yXOBOJIOB U3 CTaJIH

TeM He MeHee MOXKET MOTPeOOBaTHCS BHIUKCIIEHUE YAEIbHBIX II0TEPh
JUIs IPOMEXYTOYHBIX CKopocTeid. [ 3Toro Tpebyercs MHTEpIOsALms
tabnumpl. Boobuie roBopsi, ee mar no cKOpoCTH JOCTaTOYHO MEIKHM, B
cpeadem 0,5 m/c, a Ha pu v < 2 M/c naxe Huke. OHAKO €ciiv pacyer
MPOBOJMTCS ¢ MpUMeHeHHeM OBM, HanpuMmep ¢ UCIOJIb30BAHUEM JJIeK-
TpoHHbIX Tabuui Excel, 4to oueHb yno6HO, TaK KaK adpoAMHAMUYECKHUI
pacueT BO31yXOBOJOB BCerJa 3alichiBaeTcs B TaOMM4HOM dopme, Lerne-
c006pa3HO MMETh MPOCTYIO M B TO XK€ BPEMsl JOCTaTOYHO TOYHYIO (op-
MyJty s R.
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HerpyaHo BuaeTs, 4TO, KaKk ¥ AJs MOTEph B TPYOONPOBOAX CUCTE
OTOIUICHUS, HM300paKeHHAss B JIOrapu(PMHUUYECKHX KOOpIMHATAaX HOMO-
rpaMma mpejcTaBiser co6oil HaGop MPAMBIX JHHUN. DTO O3HAYAET, YTO
BeNMYMHA R JIOJDKHA HAXOJAWTHCS B CTENEHHOH 3aBUCHMOCTHM OT Tapa
MeTpoB v U d. Tabnuua xopouio anmpokcumupyercsi dopmyioid (22),
Jlaromen Uit Hanbosiee yHnoTpeOUTEIBHOr0 B OOMIECTBEHHBIX 3JIaHUSX
JManazoHa ckopocteit 3—6 M/c u auameTpoB B mpenenax 315-800 M
norpeutHocTs He Gonee 1-2 %, a mpu KpalHUX 3HAYEHUSAX NAHHBIX Ma=
pametrpoB — He Oonee 4—5 %, 4TO TaKKe 3aBEJOMO HAXOAMUTCS B 00IACTH
OOBIYHOM MOTPENIHOCTH MHKEHEPHBIX PaCUeTOB.

0,195y

——, Tla/m. (22)
(d/100)"

Hannas ¢opMyiia Brepsble OblUia OIMyOJMKOBaHa aBTOPOM B paboTe
[24]. Tam e ObUIO MOKA3aHO, YTO, MOCKOJIBKY KMHEMAaTH4ecKasi BI3KOCTh
BO3/yXa MPM CTAHAApTHOI Temneparype +20 °C cocrasmsier v = 1,51-107
m?/c [19], BeIpakenne (22) 1erko NPHBECTH K KPUTEPHATLHOMY BHILY:

A=0,1888/Re"?, (23)
rae Re = v-d/v — Gespa3mepHslii kpuTepuii PeifHonbaca, MpU BBIYMCITE
HUM KOTOPOTO BEJNMYUHA d TMOJCTABJIAETCS B METPax; A — ONATH-TAKH.
Oe3pa3mepHbIii K03 GUIMEHT THAPABINYECKOTO TpeHus [19], uncieHHo
PaBHBIi n0Tep;1M Ha TPEHWE, BBIPAKEHHBIM B JOJSX JIMHAMHUYECKOTIO:
naBnenus P, = pv’/2, Ha y4acTke BO3IyXOBOJA C JUTHHOIA, COBIIA/IAIOIIEH

C AMaMETPOM. 311e01> p — TUIOTHOCTH BO3JlyXa, paBHas MpH CTaHJIapTHBIX
yenosusix 1,2 kr/m’® [25].

B cootHomenue (23) B IBHOM BHJIE HE BXOIWT IEPOXOBATOCTh CTeE-
HOK. DTO 3aCTaBJIi€T CUUTATh, YTO CTAJbHBIE BO3JLYyXOBOBI MPU OOBIY-
HBIX JIMaMEeTpax M CKOPOCTSIX BO3JyXa SIBJISIOTCS THIPABIMYECKH Iiajl-
kuMu. MHaue roBops, Xots B [23] 1 yKa3aHO KOHKPETHOE 3Ha4YeHHe ab-
COJIIOTHOW SKBUBAJICHTHOW IIEPOXOBaTocTH k, = 0,1 MM, MpaKTHYECKH
HUKAKOM POJM B a’POJAMHAMHMYECKOM CONPOTUBJIEHMM OHA HE WMIpaeT.
B T0 e BpeMs uncna PeifHonbaca Mpu 3TOM MOTYT OBITh 3HAYHUTENIbHBI-
Mu, Harpumep, s v = 6 M/c u d = 0,5 M noyuaem Re = 2-10°. Dro se-
XKUT 32 TpejieNlaMi [IPUMEHUMOCTH M3BECTHOU (GopMyibl Brasuyca s
rnaaxux Tpy6 [25] (Re < 10°): ‘

A=0,3164/Re"> |

24)
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CoBcTBeHHO TOBOpS, BUA BbipaxkeHus (23) npu cpaBHennu ¢ (24) 1o-
KA3bIBAET, YTO 3aBUCHMOCTh KO3GduimeHTa TpeHus oT uucna Re juii
CTJIbHBIX BO3MyXOBOZIOB Oonee crnabas, yem no briasuycy, NocKoJbKYy ¢1e-
fieqs ipu Benmanae Re mensie. Ha puc. 23 npuBenenst rpaduku usmene-
Jivsi A B paccMaTpruBaeMoM jauamnazone Re no Brasuycy (crutomHast iuHus),
1o Gomnee Tounoit opmyne [panarns—Hukypanze [25], npuroaHoii, B o1-
nnune ot (24), ans Beeit obnacTu ABIKEHUS B TIANKUX Tpy6ax (IyHKTHP-
Hast JIMHKSA), ¥ 110 COOTHOLIEHUIO (23) — IITPUXITyHKTUPHAs JINHHUS.

0,021

0,02

0,019

0,018

no opmyjie (23)
0,017

0,016

Koo PummenT Tpesns

0,015

no bngzuycy /
no ITpafiatmo—
Hukypa‘use

0,014

0,013
75000

100000 125000 150000 175000 200000

Re

225000 250000 275000

Puc. 23. 3aBucHMOCTb KO3 GULIHEHTa THIPABIMYECKOT0 TPeHHs OT Yncia Re

®opmyna [Mpaunris—Hukypaaze oObIYHO 3aMMCBIBAETCSA B ClIETYIO-
LIEM BHJIE:

1/vA =2-1g(Revi ) -

(25)

BuaHo, uTO ¢ pocToM uucia PeitHosbICca pacXoxIeHHE MEXKIY 3Ha-
YEHUSIMH, TTOJIY4aeMbIMU 110 BbIpaxkeHusIM (24) u (25), mocTeneHHo Bo3-
pacraer u gocturaer 12 %. Takoro ke mopsiaka OyAeT MOrpelHOCTb,
€CJIM MCII0JIb30BaTh YHUBEpCAJIbHYI0 popMyiy Anbruryss [23]:

A=0,11(k,/d + 68/Re (26)

)0,25

3aMeTuM, 4TO BhIpaxKeHHE (26) B SBHOM BHJE COJAEPKMT BEIUYMHY
9KBHMBAJIEHTHOW IlIepoXoBaTocTH k,. OpHako, Kak MmokaszaHo B [26], mpu
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Re:(k/d) < 10 nmeer mMecto 06IacTh TMAPABIMYECKON TIAAKOCTH. JIETKE
BBIUUCIIUTh, YTO JJIsl CTAIbHBIX BO3/YXOBOIOB 3TO OyJeT HAaGIIONAThC
npu v < 1,5 M/c, HO M NIPY CKOPOCTSIX MOPsiJKa 5—7 M/C, XapaKTEepPHBIX 1
CHCTEM MEXaHHYECKOW BEHTHIIALMH, JAHHOE COOTHOIIEHUE OKA3bIBACTCS
npezenax Bcero 35-45, 4To OTAMYAETCS OT IPAHMYHOTO 3HAYEHHUS, PABHO-
ro 10, MeHee yeM Ha MOPAIOK, IOITOMY (PAKTUYECKHU BIIMSAHHE IIEPOXOBA:
TOCTH HE BBIXOJMT 3a MpeJIEeIbl TOYHOCTH MHKEHEPHOro pacyera. B ta
K€ npejiesiaX HaXOAUTCs U MOTPEIHOCTh caMoit Tabu. 22.15 [23]. ‘

B To e Bpems nuuum, coorBercTBytomme popmynam (23) u (25)
UIYT NPAKTHYECKU HA OJIMHAKOBOM PACCTOSIHMK. DTO 03HAYAET, YTO CO=
OTHOWICHHE (23) NPaBWILHO ONMMCHIBAET PEXKUM ABHIKEHMS BO3/yXa
CTaJIbHBIX BO3JYXOBOJAX /Ul PAacCMaTpUBAEMON OOJNACTH CKOpOCTEit
nuametpoB. HeOonblioe MOCTOSHHOE TIpeBBINIEHHE (mopsiaxka 5 %)
JlaBaeMbIX €0 3HAYCHUH A OOBACHAETCS, MO-BHAUMOMY, BBEJCHHBIM
B Ta01. 22.15 [23] 3amacoM Ha BIMSHHE CTHIKOB M IPYTHX MECTHBIX 0CO=
Gennocreid. B 1o ke Bpems Gopmyust (23) u Tem Gonee (22), u3 KOTOPOM.
OHa ObU1a MOJTyYeHa, OYeHb MPOCTHI, HATVIAAHBL U JIETKOZOCTYIHBI IS
UHKCHEPHBIX PACYETOB, OCOOEHHO IPH MCIOJIB30BAHUH 3J1eKTp0Hme
Tabumn Excel, a Taioke B yueGHoM npouecce. Mx npuMeHeHue no3Bojiser
OTKa3aThCs OT MHTEPIOJSALNM TabJMIl IPU COXPAHEHHH TOYHOCTH, TPe-
OyeMoil /I MHKCHEPHBIX PACYETOB, M HEMOCPEJCTBEHHO BBIYMCIATH
YAENBHOE CONPOTHBIICHUE BO3yXOBOJOB IPH JIFOOBIX MAMETPAX U CKO-
POCTSX BO3/yXa B mpejenax 1-8 m/c. DToro BHomHe 10CTATOYHO IUIS HKH-
JIBIX, OOIECTBEHHBIX U OOJIBIIMHCTBA NPOMBIIIIEHHBIX 3aHMI.

IonHble moTepH naBienus Ha TPEHHE JUIA BCErO YdacTKa, MOJIydas-
I0TCsl YMHOXEHHEM YAENIbHBIX MMOTEPh R Ha JutMHY yvacTka |, R/, [1a. Ec-
JI¥ [IPUMEHSIOTCS BO3/TyXOBO/IBI HIIM KaHAIIBI U3 JIPYTHX MaTePHAIOB, He-
00X0ZIMMO BBECTH MONpPABKy HA IIEPOXOBATOCTH Bw 0 mabn. 15. Ona
3aBUCHT OT albCOMIOTHOM JKBMBAJIEHTHOH MIEPOXOBATOCTH MaTepHala
BO3JlyX0BOA@ k, (mabn. 16) n BEIMYMHBI Vg, |

Tabnuya 15

3navenus nonpasku B, [23]

Bw py 3HAYEHMAX k,, MM
Vg, M/C 1 ——11,)5 . =
3 1,32 1,43 1,77 2,2
4 1,37 1,49 1,86 2,32
D 1,41 1,54 1,93 2,41
6 1,44 1,58 1,98 2,48
7 1,47 1,61 2,03 2,54
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Tabnuya 16

AGCOTIOTHAS IKBHBAJICHTHASI IEPOXOBATOCTh MATEPHAJIA BO3XYX0BOOB [23]

na- ITyka-
Mare- Cran, lnako- * Kup- TyKa
BuHH- | Panepa 6 KO- . TYp
puai naacT BICOACTR 0eToH 1o CeTKe
k,, MM 0,1 0,12 1 1,5 4 10

Jlnst cranbHBIX BO3IyXxoBoAoB By, = 1. boree OApOOHBIE 3HAYECHHMS
B, MoxHO Haiitu B Tabu. 22.12 [23]. C yyeTom JaHHOH NONpPaBKM yTOY-
HeHHbIE TIOTEPHU JaBlieHus Ha TpeHue RIB,, I1a, momy4aroT yMHOXKEHHEM
Rl wa Ben4uHy Py

JlnameTp BO31yX0BOAA,
MM

CKOpOCTh BO3/lyXa JUIs JIMHHH, CBEPXY BHH3: 3,4,5,6,7,8 m/c

10000

1000

\
\

100

1000 10000 100000

3
Pacxoa Bo3ayxa, M /4

10 100

Puc. 24. Homorpamma j1isi BEIOOpa OPHEHTHPOBOYHOTO JHaMETpa BO3/yX0BOJ0B
IUIs pa3iMYHBIX CKOpOCTel Bo3ayXxa

3.2. [locaenoBaTeIbHOCTH pacyeTa, Bbrunciaenne KMC
U 0A0OP BEHTHJIATOPA

Hwmxke npuseneHa ¢opma TabIMLbl a’pOAMHAMHYECKOro pacyera
CHUCTEMBbl BEHTWISALIMM, COCTABJIEHHAs C YYETOM HCIIOJIB30BaHMs Mepe-
YHCIIEHHBIX 3aBUCHMOCTeE U dop, R 1 KMC TpOiiHIKOB M npuCnocos-
JieHHas K BBIUMCICHUSIM ¢ riomolnbio Excel (maba. 17), a Takke KOMMEH-
TapHUH M0 €€ 3aM0JHEHHUIO.
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Tabnuya 17

AjpoanHAMHYECKHIl pacyeT CHCTeMbl BeHTHIISIIUH
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TakuMm 00pa3oM, Kak U Uil CUCTEMBI BOASHOIO OTOILICHHUS, OOMb-
IIMHCTBO KOJIOHOK TaOJIMIBI CBSI3aHBI MEXIy c000# omnpeneaeHHBIMU
(hopMyiamu, 4TO MO3BOJIIET MPH UCTIONb30BaHMK Excel momy4uTs 3Haue-
Hust cpa3y uenoro croyioua. [Ipu 3Tom TpeGyeTcs mpuBieHeHHE MUHU-
MaJIBHOT'O 4HCJia CITPABOYHBIX NAHHBIX — IPAKTHYECKH TOJIBKO I1O CTaH-
JIapTHBIM auameTpaM Bo3ayxoBojoB M1 KMC HekoTophIX MECTHBIX CO-
[IPOTUBJIEHUH, KPOME TPOMHUKOB.

Pacxompl L Ha KaKIOM y4acTKe CHCTEMBI OIMpPENEIIAIOTCA OT KOHEU-
HbIX TOYEK CHUCTEMBI IIOCJEIOBATENbHBIM CYMMHMPOBAHHEM HABCTPEUy
JIBIOKEHHIO Bo3ayxa. Jlanee sl KaXAoro y4acTka repBOHa4albHO OIpe-
JISJISIETCSl OPUEHTHPOBOYHAS TUIOMIAAb CEUYEHMS BO3LyXOBOAA HA y4acCTKe
fop MCXOIS M3 PEKOMEHIyeMOM CKOPOCTH BO3/yXa V,p, KOTOpasi B CHCTe-
MaxX MEXaHHYECKON BEHTHISALIHMU OOLIECTBEHHBIX 3[aHHWI B CPEIHEM CO-
CTaBJIIET OKOJIO 6 M/C (Ha TOJOBHBIX YYacTKaX Y BEHTHJISATOPOB — JAXe
110 8 M/c, a Ha HEOOJBIIMX OTBETBJICHUIX — HA00OPOT, HECKOJIBKO MEHb-
1e, nopsaka 4—5 m/c). 3To MOXKHO CIENaTh 110 BBIPAXKEHHIO

L 2

= —— 5 M
To 3600v,,

27

ITo BenuumHe fy, BBIYUCIAETCA JMAMETP KpPYIJIOro BO3AyXOBOJA
d =1000 4f0p /n , MM, U OpUHHAMAETCs ONKaliuuii craHIapTHBIA IO

ma6n. 18, win NoaAOUpPAIOTCS pa3Mepsl CEYCHHs MPSIMOYTOJIBHOTO BO3/Y-
xoBojaa axb, MM, Tak, 4ToObl (hakTHYeCKas IUIOLaAb cedyeHus f ObLia
Onmkaiiuei K fop.

Tabauya 18

CraHaapTHbIe JHAMEeTPbI KPYIJbIX BO31yX0Boa0B [23]

OcHOB-
HBIE, MM
[Tpome-
KYTOY- 110 | 140 | 180 | 225 | 280 | 355|450 | 560 | 710|900 | 1120
HbIE, MM

100 | 125 | 160 | 200 | 250 | 315 | 400 | 500 |630| 800 | 1000

IIpooonacenue mabn. 18

OCHOBHBIE, MM 1250 1600 2000
TIpoMexyTouHblE, MM 1120 1400 1800
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B wacTHOCTH, TIPU Vo, = 6 M/C MOXKHO MOJTyYHUTh BhIPAXKEHHE

d=17,7\L , mm. (27a)

MOoXHO TaK)Xe BOCIOIB30BaTHCS HOMOTPAMMOIA JiIsl OBICTPOro MOJI-
Oopa nmmamerpoB, mokazaHHON Ha puc. 24. Ilocne BeIOOpa nmamerpa
KPYIJIOTO WJIM Pa3MepoB CEUEHMs NPAMOYTOJIBHOTO BO3TYXOBOJAA yTOY-
HSIETCSl CKOPOCTH BO3TyXa:

L

AT e LT, 28)
?73600- £, @8

Jins xpyrasix BosayxoBomos f; =(d/1 OOO)2 % =0,78-(d/1 000)2 ]

UL IIPSIMOYTONIBHBIX  ff, =(a/1 000)-(b/1 000) m’. JIast IpAMOYTONBHBIX.
BO3/[yXOBOJIOB BBIYHCIISICTCS SKBUBAJICHTHBII JMaMETpP MO CKOPOCTH, MM:

_ 2ab
a+b’

ks (28a)
Janee no BenuuuHe vy U d (WIH dyys) ONPEACIAIOTCS yEIbHBIE T10-
Tepu AaBleHus Ha Tpenue R, [la/m, mo HOMorpamme Ha puc. 22 WiIH 1O
bopmyne (22). '
3areM  onpenensoT

2

v,
P =p, 74’ , MMa. 3xeck p, — MIOTHOCTH BO3yXa MPU CTAHAAPTHBIX YCIIO-

JAAHAMHUYECKOC  NaBJICHUE Ha  Yy4YacCTKeE

BHAX Py = 1,2 KI/M.

Jlanee Ha y4acTKe BBUIBISIOT MECTHBIE COTPOTUBIICHUSI, OPEIENISAIOT
ko3 uimentsl MectHoro conporusieHus (KMC) & u Bbrumcnsercs
cymma KMC Ha nanHoM yuactke (X&). Bce mMecTHbIE cONpOTHBIEHHS
3aHOCAT B BEIOMOCTH 10 ciiefytoteii popme (mabn. 19).

Tabnuya 19

Benomocts KMC cucTeMbl BEHTHISIIMHA

Ne yy-ka MecTHbI€ COPOTUBJICHHS € p2a
| 1.
2.
1
% 2
Ur.n.
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B xONOHKY «MECTHBIE COIpPOTHBIIEHUS» 3alMChIBAIOT HAa3BaHUA CO-
IIpOTUBJIEHHH (OTBOJ, TPOMHMK, KPECTOBHHA, KOJEHO, PELIETKa, BO3MIY-
XOpacIpeieNuTellb, 30HT U T.1.), HIMEIOIIUXCs Ha JaHHOM ydacTke. Kpo-
Me TOro, OTMEYAIOTCsl UX KOJHMYECTBO U XAPAKTEPHCTHKH, IO KOTOPHIM
JUIsl 3THX 3JIeMeHTOB onpenessitor 3Hauenuss KMC. Hanpumep, aist kpyr-
JIOTO OTBOZIA TO YroJl MOBOPOTa U OTHOILIEHUE Pajuyca IOBOpOTa K Jua-
MeTpy BO3IyXOBOJA #/d, AJIsl IPSMOYTOJBHOTO OTBO/IA — YTOJI IOBOPOTa U
pa3Mepbl CTOPOH BO3/1yx0oBoJa a U b. JIjisi GOKOBBIX OTBEPCTHI B BO3.Y-
XOBOJIE WJIM KaHae (Harmpumep, B MeCTe YCTAHOBKH BO3yX03a00pHOM
peLIeTKH) — OTHOILIEHHE IUIOUIAZM OTBEPCTHS K CEYEHHIO BO3IYXO0BOJA

fors/fo. st TPOMHKMKOB ¥ KPECTOBMH Ha MPOXOJE YUHTHIBAETCS OTHOIIIE-

HHE IO CEUSHUs IPOXO/a U CTBOJNA fy/f; U pacxoza B OTBETBICHUH
1 B cTBOJIe Lo/Lc, 111 TPOMHUKOB M KPECTOBUH HA OTBETBJIEHUHM — OTHO-
lIIeHHe TUIOLIAJAM CEYEHHUS] OTBETBIEHHS M CTBOJA fy/fc U ONATb-TaKU Be-
nnyuHa Lo/L.. Cnenyer uMeTh B BUIY, YTO Ka)XIbli TPOWHHUK MIIM Kpe-
CTOBHMHA COE/IMHSIOT JIBA COCEHUX Y4aCTKa, HO OTHOCSATCS OHHM K TOMY M3
3TUX Y4acCTKOB, y KOTOpOro pacxo| Bo3ayxa L MeHblue. Paznuune Mex iy
TPOMHMKAMH U KPECTOBHHAMM Ha MPOXOJIE X HA OTBETBJICHUHU CBSA3aHO C
TEM, KaK MMPOXOJMT PacuyeTHOE HalpaBiieHHe. JTO MOKa3aHO Ha puc. 25.
31ech pacueTHOE HarpaBlIeHHE M300paXKeHO XXUPHOM JIMHKEH, a Harpas-
JIeHHs TIOTOKOB BO3/yXa — TOHKMMH cTpesikamu. Kpome Toro, nozamnuca-
HO, TJie IMEHHO B Ka)KJJOM BapUaHTe HaXOIWUTCS CTBOJI, IPOXOJ, U OTBETB-
JIEHHE TPOMHHUKA /sl IPABHJILHOTO BHIOOpA OTHOLUCHHH fulfe, fo/fe U Lo/Lc.

MPOXO. CTBOJ MPOXO0J CTBOJI
>
o
N
< > > pexHuM
BCaCbIBaHUA
T T (BBITSXKHBIE
4 CHCTEMBI)
OTBETBJICHUE OTBETBJIEHUE
CTBOJI IPOXOJ >
> :
< <€ pexum
l . V CTBOJ l NPOXOA | yargetaHus
(npuTOYHBIE
ol CHCTEMbI)
OTBETBJICHUE OTBETBJICHUE

TpoiiHuKH Ha poxoae TpoitHUKM Ha OTBETBICHUH

Puc. 25. Cxema pacuera TPOMHUKOB

OTMCTI/IM, 4YTO B IMPUTOYHLIX CUCTEMAX BEHTUIALMHU PacdeT BEACTCA
0OBIYHO MPOTUB IBHXKCHUA BO34YyXa, @ B BBITSDKHBIX — BIOJIb 3TOI'0 ABHKC-
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HUA. YYACTKH, K KOTOPBIM OTHOCSTCS paccMarpuBaeMble TPOMHHUKH, O
3Ha4eHsI rasoukamu. To ke camoe OTHOCHTCS U K KpecroBuHam. Kak
BHIIO, XOTs M HE BCEr/ia, TPOHHUKY U KPECTOBHHBI Ha HPOXOJIe HOSIBJIS
TIPH PAaCueTe OCHOBHOIO HANPABIIEHHS], @ HA OTBETBIEHMH BO3HHUKAKOT
a5POJIMHAMHMYECKOH YBSI3KE BTOPOCTENEHHBIX Y4acTkoB (cM. Huke). IT
9TOM OJIMH M TOT K€ TPOHHHMK Ha OCHOBHOM HAlpaBJICHUM MOXET y4uT
BAThCSl KaK TPOHHKK HA NMPOXOZL, & HA BTOPOCTENEHHOM — KaK Ha OTBETBI
HHE C npyrum kospduumentom. KMC mst KPECTOBUH NMpPHHUMAIOTCS
TAKOM JKe pasmepe, Kak U JUIsi COOTBETCTBYIONIMX TPOHHHKOB.

[pumepHsbie 3Hauenus € [23] ans yacto BCTPEYAIOIIMXCS CONPOTH,
JIEHUH NPUBEJIEHBI B mabin. 2().

Tabnuya 2
3Hauenus & HEKOTOPBIX MECTHBIX CONPOTHBJIEHNI] i
fHaumeHOBaﬂue co- KMC (&) Haumenosanmue co- KMC
NPOTHBJICHUS NPOTHBJICHUS ©)
OtBon kpyrusiii 90°, Pewerka neperymu-
0,21
r/d=1 pyemast PC-T" (BbITsik- 29
OTtBoO[ NIPSIMOYTOJIbHBIH Has WM BO31yx03a- ’ ]
o 0,3...0,6 A g
90 GopHas)
Tpoiiank Ha poxone 0,25...0.4 BHezannoe pacumpe- 1
(HarHeranmue) HUe
Tpoiiruk a otsersire- 0,65...1,9 Buesannoe cysxenue 0,5
HUY (HarHeTaHue)
Tpoitrnk na npoxoze 0,5...1 IlepBoe 6oxoBoe oT- i
(BcachiBanme)
e BepcTHe (BXOM B BO3my- | 2.5.. 4,5
Tpolinuk na orseTse- ~0,5°...025 x03aGopHyio maxty)
HUH (BCachlBaHue) gt ,
ITnaon (anemocrar) Koneno npsamoyrosns- j
CT-KP, CT-KB"* 56 Hoe 90°/4,5° 1.2/08
Pewerxa perynupyemas 30HT Ha/| BEITSKHOM
P 3,8 . 1,3
PC-BI (nputoynas) LI1aXTOM ,

* Otpunarensusiii KMC moxker BO3HUKATh NpPU Manbix L,/L. 3a cyer IKEKIHA
(moncackiBanmus) BO3/1yXa U3 OTBETBIEHHS OCHOBHBIM MIOTOKOM. 1

** KMC paccyurans o a9POZTMHAMUYECKUM XapaKTEPHUCTHKAM TIPOU3BOANTEIS
— Gupmbl «ITT'Cy. ]

Bonee moxpo6usie Aannbie i KMC ykasansr B a6, 22.16-22.43

[23]. JTna nanGonee wacro BCTPCYAIOLIMXCSl MECTHBIX CONPOTHBIEHHI —
TPOHHUKOB Ha mpoxone (yHudummpoBanubix Y3JI0B OTBETBICHMI) —

KMC mosxuo npubmmxenso BBIMHCIIUTE TaKoKe 1O hopMytam:
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Snpox

mm=QM+ﬁ{%(%~0£y_Q%}WHQ£Q7HﬂZQ5(M)

— Tl TPOMHUKOB IIPU HArHETAHUH (IIPUTOYHBIX);

npu 5S0,4 MOXXHO IIOJIb30BAaThCS YHPOIICHHOH (opMyIIoi
L
c

gnlwn - 0,425 _ 0,25f|‘1' :

1pox

WT=(Q2+L7_ﬂ){m35_qzsj;+z4(L;—sz/ﬂ] (30)

G npox

— IJIsl TPOWHUKOB NPH BCACHIBAHMM (BBITSKHBIX ).

Joypota

I '
3nech L0=L—‘C’,f,,=fc 7

Ilepeuncnennsie popmyibl GblIH BlepBbie OMy6IMKOBAHB ABTOPOM
B pabore [27]. Kpome Toro, B 1aHHOM pasjene UCIOIb30BaHbI MaTegua-
Jisl pykoBozcTBa [28]. Kak u B cilyyae cucTeMbl OTOILIEHHUS, BCE HEO xo-'
AuMble naHHbie it pacyera KMC Takke umerorcst B Tabiimie pacyera:
Lo, fo (w11 f;) — Ha paccMaTpuUBaeMoM y4acTke, a L. U f; — Ha ClIeIyoleM
(MMEHHO Ha ClIeJyIOIeM, IOCKOJIbKY B CHCTeMaX BEHTHIISLHN Hylljlaepg-
LlUsl yYaCTKOB BCET/Ja BEETCSl B CTOPOHY YBEIMYEHHUS pacxc?');la). ego-
XOMMMOCTh M LIEIECO00pa3sHOCTh mosyueHus 3aBucumoctei (29)-(30)
00DBACHSAETCS TaK e, KaK M B Cllyyae CHCTEM BOJSHOIO OTOILIEHHMs (CM.
1. 1.1): mpu GoNBIIMX OTHOCHTENBHBIX pacxogax B oTBerBiaeHMH KMC
MEHSIOTCS BECbMa PE3KO, MO3TOMY B 3TO# 00JacTh TﬁﬁJIfILIbI u3 [23]
BPYYHYIO HHTEPIIOJHMPYIOTCA C TPYAOM M CO 3HAYUTENILHOM MOrpeNIHO-
crbio. Kpome Toro, BelpaxkeHus s HETMOCPE/ICTBEHHOTO BBIMHCIICHHS
KMC uepe3 oTHOIIEHUS PACXOIOB U CEYEHHIA JKETATENLHO HMETh OMSTh-
TaKd B Cily4yae MCIOJIb30BaHMs IEKTPOHHBIX Tabmuy Excel. [Ipu sTom
TaKue (GOpMyJibl I0JKHBI ObITh, C OJHON CTOPOHBI, OCTATOYHO MPOCThI-
MU M yJOOHBIMH JUIS MaccOBOTO MPOEKTUPOBAHMS M MCIOJIB30BAHMS B
y4eOHOM IIpoLiecce, HO B TO JKe BPeMs He J0JDKHbI IaBaTh MOTPENIHOCTD,
NPEBBIIIAIOLLYI0 OOBIYHYIO TOYHOCTh MIDKEHEPHOTO pacHeTa. -

[IpencraBienye o cTeneH: COOTBETCTBMS HAMIEHHBIX COOTHOLICHMI
1 ucxoausix 3HayeHuit KMC naer puc. 26 [27], rae nokazassl pesyJibTa-
Tbl 06paboTku Tabn. 22.37 [23] aas KMC yHUpUIMPOBAHHBIX TPOIHH-
KOB (Y3JI0B OTBETBJICHHMII) HA TIPOXOJ] KPYIJIOTO U NPSIMOYTOILHOTO Ceye-
HUs OpH HarHetanuu. IIpuMepHO Takas ke KapTHHa IOJy4aerca W s
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armpokcumanuy Tabn. 22.38 [23] ¢ momomsio Gopmyinst (30). 3amernm, |
4TO, XOTS B IMOCJIEIHEM CTydae peub HIAET O KPyIJioM CeUYeHUH, HETPYAHO
y6enuThes, uTo BhipaxkeHue (30) IOCTATOYHO yJa4HO ONMKMCHIBACT M JIaH-
Hble Tabn. 22.39, oTHOCAIIUECS YXKE K IPAMOYTOJIbHBIM y3JIaM.

KMC
NN
N
D

038
0,6
0,4
0,2
0 " % X * !
0 0,1 02 03 0,4 0,5 0,6 0,7 038
[+ 1 m 03 ® 065 o _06 A 05 \
L=LJL,

Puc. 26. 3aucumocts KMC yHUGHUIHPOBAHHBIX IPUTOYHBIX TPOHMHUKOB OT
semuunust L) = L, /L, npu pasnuuubx sHavennsx napaverpa f, = f /f.

(yxazamsl y Mapkepos). CILIOIIHbIE TMHAHK — annpoKcuMarus 1o popmyae (29), ‘
MapKepsl — faHHbIe [23] ]

Torpeuocts hpopmya mis KMC B ocHoBHOM cocrapisieT S...10 %
(makcumanbHo 10 15). Heckonbko Gosiee BBICOKHE OTKIOHEHHS MOJKET
nasath BeipaxkeHue (30) Uit TPOMHUKOB NPH BCACHIBAHMH, HO U 3/1€CH 3TO.
MOYHO CUUTATh yJIOBJETBOPUTEIBHBIM C YYETOM CJIOKHOCTH M3MEHEHHS
CONpPOTHBJIEHUs B TaKMX d/eMeHTax. Bo BCAKOM ciryuae, XapakTep 3aBH-
cumoctt KMC oT BimMsiomMx Ha Hero (akTopoB 31€Ch OTpaKaeTcs
OYEHb XOPOIIIO. !

[Mocne pacuera BeNUUYMHBI L& BBIYMCIIAIOTCS NOTEPH JABICHHS Ha
MeCTHBIX conporuBiaennsx Z =2X&- P, , Ila, u cymmapHbie noTepu JaBJIe-

Hus Ha yyactke RIBy, + Z, Ila.

Korja pacyer BceX YYacTKOB OCHOBHOIO HarlpaBJICHHS 3aKOHYEH,
3HaueHus RiPy + Z A8 HUX CyMMHpYIOT M ONpEAENsioT obmmee Ccompo- -
TuBieHue cetu APy = Z(RIPy + Z). 1
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[loene pacueTa OCHOBHOrO HanpaBjeHHsi TPOM3BOIAT YBA3KY OJIHO-
ro-AByX OTBeTBJEeHHH. Eciu cucrema o6CIIyKMBaeT HECKOJIBKO JTaXKeH,
AU YBSI3KM MOXKHO BBIOpATh MO3TaXKHBIE OTBETBIEHHS HA IIPOMEXKYTOY-
HBIX 3TaXaX. Eciu cucrema oOcimyxuBaeT oM 9Tax, yBA3bIBAIOTCA OT-
BETBJICHMSI OT MAarkCTpalli, HE BXOJSIIHE B OCHOBHOE HampasJjieHue. Pac-
YET yBSI3bIBAEMBIX YYaCTKOB MPOU3BOMIAT B TOM e IOCIIEN0BATENLHOCTH,
YTO M JJ151 OCHOBHOTO HAaIpaBJIEHUs, U 3alIMCBHIBAIOT B TaOJMILY T10 TOM XKe
(opme. YBsi3ka CUMTAETCs BBINOJIHEHHOM, €CJIM CyMMa MOTEPh JABICHUS
Z(RIBy + Z) BHONBL yBA3BIBAEMBIX YYaCTKOB OTKIOHSETCS OT CYMMBI
Z(RIBy + Z) Bnonb napajuienbHO MPUCOEANHEHHBIX YYaCTKOB OCHOBHOTO
HanpaBJIeHUs Ha BeJMYMHy He Oonee yem +10 %. [NapanensHo mpucoe-
JIMHEHHBIMH CYUTAIOTCS y4aCTKH BJIOJIb OCHOBHOTO M yBS3bIBAEMOrO Ha-
IPaBJIEHUH OT TOYKU WX Pa3BETBIEHHS 10 KOHLEBBIX BO3yXOpacrpeje-
nuTenei. Eciu cxema BBINISIANT Tak, Kak MOKa3aHO Ha puc. 27 (OCHOBHOE
HalpaBJICHUE BBIJCTICHO JXUPHOM JIMHUEH), TO yBs3Ka HalpaBieHUs 2
Tpelyer, 4To6bl BennunHa RIP,, + Z 11s yuactka 2 paBHsIACH BETHUHHE
RIBw + Z nns yyacTka 1, nosry4eHHoil U3 pacdyeTa OCHOBHOTO HaIpaBjie-
HUs, ¢ TOYHOCTBIO +10 %. VBsA3ka mocturaercs moaGoOpoM AWAMETPOB
KPYTJIbIX WA Pa3MEpPOB CEYEHUH MPSAMOYTOJIbHBIX BO3yXOBOJIOB Ha yBS-
3bIBAEMBIX YHaCTKaX, a €CIIM 3TO HEBO3MOXHO, YCTAHOBKOW Ha OTBETBIIE-
HUSIX JIPOCCeIb-KIIanaHoB WK quadparm.

TOYKa pa3BCTBIICHUA

|

Puc. 27. ®parMeHT cXeMBI CHCTEMBI BEHTHIISILIMK C BHIOOPOM
OTBETBIIEHUS /IS YBA3KU

[lop6op BeHTHNIATOpA CleyeT MPOBOAUTH 110 KaTajJoraM MpOU3BO-
aurens. [laBnenue BeHTUNAATOpA Py, [1a, paBHO CyMMe TIOTEph JaBJICHNS B
BEHTHJISILIMOHHOM CETH MO OCHOBHOMY HAIIPaBJIEHUIO, ONPEIeJIEHHOMN MU
a3POJIMHAMUYECKOM pacyeTe CHCTEMbl BEHTHJISLUH, U CyMMe II0Teph
JIaBJICHUS B DJICMEHTaX BEHTHJIALIMOHHOW YCTAHOBKM (BO3/YLIHOM Kiia-
naxe, GuibTpe, BO3MyXOHArpeBareie, IyMOTIyIINTeIe U T.1.), ¢ 3ama-
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coM 10 %. [TpoM3BOANTENHHOCTS BEHTHIIATOPA TI0 BO3AYXY Ly, M/4, pa
Ha pacxolly BO3[QyXa HA TOJIOBHOM Yy4acTKe BEHTWIALMOHHOW ceTH (H
BBIXJIOTIE U3 BEHTWIATOpa) Cc 3amacoM 5 %. OpHEeHTHPOBOYHO BHIOQ
MOXHO cZIenaTh 1o Oe3pa3MepHbIM Mapamerpam — rabapuTHOCTH U OBICT
poxoaHoctH [29]. J{nst 3TOro MOXHO TOJIB30BATHCS CIEIYIOMIMM aJIrg
PUTMOM, MPEACTABIISIFOIIM cO00i MOIM(MUKAIIIIO METO/Ia, M3JI0KESHHOI
B [30]:

— HaXxoJIuM napameTp O (IuaMeTp OTHOCHUTEIBHOIO OTBEPCTHS)

— BBIUMCIISIEM JIUaMeTp pabouero koneca D, MM, 1o hopmyiie
D=D, 3, mm,

rae nmapamerp D, mpencrapiser coGoil MokasaTeqh raGapUTHOCTH Bbl-
OpaHHOro THIIAa BEHTWIATOpA. J[JIs 9acTO MPUMEHSEMBIX BEHTHUIISATOPOB,
pa3sMelaeMbIX B KapKaCHO-IIAHENIbHBIX YCTAaHOBKAX, B MEPBYIO OYepeilb
trna KILKII, 3nauenuss D, Obutn paccuurtaHbl mo JaHHbIM [31], w0 M3
MOXHO NPUHATB 1O mabn. 21. B naHHOM pasjielie MCIOIb30BaHbI TAKKE
YACTUYHO MaTepualbl pykoBoacTBa [32]. Bee nepeuncnentsie B mabn. 21
BeHTUIATOPBI, kpome BCKY, nmeror aBycTopoHHee BcachlBaHHE M pac-
T0JIaraloTCs B KOPIyCE BEHTUIIATOPHOM CEKLMM BIOJb OCH YCTAHOBKHM.
ITpu BEIGOpE THNA BEHTWIISITOPA CieAyeT UMETh B BUIY, YTO BEHTHJISATO-.
pbl C JIONATKaMM, 3arHYyTBIMH BIIEPEN, IPH IPOYMX PABHBIX YCIOBHSIX
UMEIOT MEHBIINK TUAMETpP W YacTOTy BpalleHus, HO Oosiee Huskuit KITJT
M COOTBETCTBEHHO (O0JIee BBICOKYIO MOTPEDIISEMYIO MOIHOCTh, @ TAKKE.
OoJiee BBICOKMI YpOBEHb LIyMa, YeM BEHTHISATOPHI C JIOMAaTKaMH, 3arHy-
ThIMH HazajJ. Bentwisropsl Tuna «cBoboanoe koneco» (BCK9) nmeror
OTHOCUTENBHO OoJiee BBICOKUI nuameTp u O6onee Huskmii KITJI, Ho u3-3a
pacrosioxeHns paboyero Kojeca NepneHANKYISPHO OCH yCTAHOBKH CO-
OTBETCTBYIOIAsl BEHTUIISITOPHAs CeKLMs OyJeT MMETh MEHBILYIO JUIMHY.
ITocne aToro BHIOMpaeTCsl BEHTWISATOP C ONMOKAWIIMM CTaHAAPTHHIM
JraMeTpoM Kosieca Dy B COOTBETCTBHUHU C mabn. 22 ¢ y4eTOM AMana3oHa
JIMAMETPOB, JUIsi KOTOPOTO BBIMYCKAIOTCSl BEHTHIISITOPHI BBIOPAHHOTO TH-
na. Ecny BeHTUNATOP ¢ MPUHATHIM 3HaYeHHueM D, He MPOU3BOIUTCS, He-
06x0uMo BeIGpaTh apyroit Tum. [Tpu Manbix quamerpax (250 MM 1 Me-
Hee) cileyeT NpUHUMATh OJvbKamii GoNbIIni qruaMeTp; i
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Tabnuya 21

IMapameTtpsl D U ng BEHTHJIATOPOB

Tun sent- |y | poH | GXLF | GXLB | TLZ | THLZ | BCK9
JIATOpA
Jlonatku B | Ha- | Bre Haszax Hoe- Hazan | Hasan
pea 3an pea pea

Auanason | o0 | ye0 | 40— | 220- | 160- | 180 | 355-
”“alﬁp"‘“’ 1000 | 1000 | 710 | 1250 | 1000 | 450 | 1400
D, 191 | 248 | 203 | 25,83 | 22,84 | 25,17 | 319

n, 735 | 99 69 91 63 99 85

Tabnuya 22

Bo3MoKHBIE CTAHAAPTHbIE JHAMETPbI BEHTHJISTOPOB Dy, MM

160 | 180 | 200 | 225 | 250 | 280 | 315 355 400 450

1400

500 | 560 | 630 | 710 | 800 | 900 | 1000 | 1120 | 1250

— ompezenseM HeOOXOAMMYIO YacTOTY BpalleHHs pabodero koseca
n, MHH ', 110 hopmyIie

10,83-n,D,\/P,
-

n (32)

H

[Tapamerp n; npezcTaBisier coboi Mmokaszaresb OBICTPOXOAHOCTH H
TaKKe NPUHAMAETCS B 3aBUCMMOCTU OT BBIOPAHHOI'O THIIA BEHTHJIATOPA

no mabéan. 21,
— BbIUMCIIIEM MoInHOCTh N, KBT, TpeOyemyro it IpUBOAA BEHTHIISA-

TOpa, 1o popmyiie

-6
yolo £r107 (33)
3,6MyNuep

rae M, — KIIJI BeHTMIsITOpa, NPUHUMAEMbIH B 3aBUCMMOCTH OT TUIA U
JuameTpa no mabn. 23, TakKe pacCYMTaHHOW MO AAHHBIM [31]; Muep —
KIIJ] nepenaun. B 3HaueHus 1), BBEIEH HEKOTOPBIN 3amac, T.€. yKa3aHbl
3HAa4YEHMsI, CHIDKCHHBIE IPUMEPHO Ha 2 % 10 CPaBHEHMIO C MAKCHMMAaJIbHO
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BO3MOKHBIMHM JIJISl COOTBETCTBYIOIIEr0 JTUAMETPA, Ul ydeTa BO3MOXKHO
CTH HEKOTOPOro HecoBmaneHust D u Dy ¥, ClefoBaTelIbHO, OTKJIOHEHUS
pexxuMa paboThl BEHTHIATOpPa OT onTuManbHoro. I[lockonbky mnpemy
CMAaTpUBAETCs KIIMHOPEMEHHas! Mepesiaya, Muep = 0,95, KpoMe BEHTUIIATO=
poB BCK9, koTOpbIe yCTaHABIMBAIOTCS HAa OJHON OCH C BHCKTpO,uBI/IFaTC-;
JIeM, TIO3TOMY 3/IECh Tnep = 1, @ TpeGyemas yacToTa BpAlEHHs] OCTHI A
€TCSl YaCTOTHBIM PETYJIUPOBAHUEM; f

— Moa0HMpaeM JIEKTPOABUIATEIb 110 BEIWYKMHE YCTAHOBOYHOW MO~
Hoctn N, = kN, xBr, rae k — xoadduument 3anaca, NpUHUMAEMbIA 110

ma6n. 24 [23]. TIpu 5ToM HeoOGXOAMMO, YTOOBI CHHXPOHHAS YACTOTA BpPa~
LIEHUS BUTATENs ObUIa HE MEHEe BEJINYMHBI 71. f

Tabnuya 23

KIII BeHTHASATOPOB

JAuamerp KIIJ{ 1
xoneca,mm | ADH | RDH | GXLF | GXLB | TLZ | THLZ | BCK9 |
' 630 v BBIIIE 0,66 | 0,81 0,69 0,82 | 0,69 = 0,63
450-560 0,64 | 0,78 0,67 0,8 0,65 | 0,77 0,61
315400 0,62 | 0,75 0,64 0,77 10,63 | 0,75 0,58
225-280 0,57 | 0,73 0,6 0,73 0,60 | 0,72 —
200 1 MmeHee 0,49 0,64 0,57 - 0,54 0,69 -
Tabnuya 24
Kos¢PpuuuenTs! 3anaca MOIHOCTH
N, kBt k
Ho 0,5 1,5
0,51-1 1,3
1,01-2 1,2
2,01-5 1,15
bonee 5 1,1

3.3. Onpenesienre ONTHMAIBHON CKOPOCTH BO31yXa
U IMaMeTpa BO3yX0BO/10B

Tak e Kak U JUIsi CUCTEM BOJASHOIO OTOIUIEHUs, NOKaXXEM, YTO OIl-
THUMaJIbHOE 3HAYEHWE JUaMeTpa TPYOONpPOBOJOB, BBHIYHCISIEMOE IO BBI-
paxenuio (27a) ¥ COOTBETCTBYIOLIEE CKOPOCTH BO3IyXa OKOJIO 6 M/C, -
MOJTy4aeTCsl IyTeM TEXHUKO-9KOHOMHUYEcKoro pacyera [12]. !
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Kaku B 1. 1.3, yaenbHasi MOUIHOCTb, HEOOXOAMMasl JIJIs IEepeMere-
HUs BO3MyXxa 4epe3 | mor. M BO3AyXOBOJA, MOXKET OBbIThH OIpEIENeHa 10

TaKOH kKe (bopMyne, Kak M B CIy4ae TeIuIoNnpOBOJOB CUCTEM OTOIICHHUA U

TerIOCHa0XeHUs, ¢ COOTBETCTBYIOLIMMH IONpPaBKaMH, CBA3aHHBIMH C
H3MEHEHHEM IMEPEMENIAEMON Cpelibl U ¢ KOHCTPYKTHBHBIMU OCOOEHHO-
CTSIMUA CUCTEMBI:

k-R-L

R e 107, kB/m.
3600 M,

(34

311ech, KPOME yXKe MCIOJIb30BaHHBIX 0003HaueHUH, kK — Koapduum-
€HT yueTa MoTepb Ha MECTHBIX CONMPOTUBIICHUSAX, KOTOPbIi MPU KX J10JI€ B
o6meit cymme, paBHoii mpumepHo 0,75, coctaut 1/(1 — 0,75) = 4; Npeur —
K03((HULMEHT MOJIE3HOrO ASHCTBHS BeHTWIATOPA. [[isi 0OBIMHO MCIIOINb-
3yeMBIX paJMaJIbHBIX BEHTUIISITOPOB HU3KOTO M CPEJHErO JaBJIEHHs Of-
HOCTOPOHHET0 M JBYCTOPDOHHEIrO BCachIBaHMsl CPEIHEE 3HAUCHUE Tsenr
MOJKHO TIPMHUMATH B pazmepe oxouo 0,7.

Ecnu Terneps BbIpa3uTh CKOPOCTh BO3yXa UYEPE3 €ro pacxoj M Jua-
METp BO31yX0Boza 1o ¢opmyie (28) u noACTaBUTh B COOTHOIICHHUE s
Ny, © ydeToM 3aBHCHMOCTH (5) mosydaem (GopMyity Julsl SKCILTyaTalu-
OHHBIX 3aTpaT Ha AJIEKTPOIHEPTHIO I NPUBO/A BEHTUIATOPA, OTHECEH-
HBIX K 1 mor. m:

2,8 H .
LY oG z, NpaG

4,8
rlBeHT ’ daxn

an

, pyo./r., (35)

rae B = 3,92 — k03 GHULIHEHT, TOy4atoMUACA U3 IMOCTOSHHBIX BEJINYHH,
BXOIAIIMX B BBIpWKEHUS IS Oy, R U Ny, B oTimuue oT cucTeMbl 0TO-
rieHns cucremsl B u KB, kak mpaBuiio, J€MCTBYIOT HE KPYTJIOCYTOYHO,
HO 4Yallle BCEro KPYIJIOTOANYHO WM MO KpaHel Mepe 3a HCKIIIOYCHUEM
Hepabounx [HEi, MO3TOMY 3HA4YeHMS Z, U Ny JODKHBI NPUHAMATBCA
UCXOJA M3 JEHCTBUTENBHOrO pexumMa paboTsl cucTeM. JlaHHas 3aBUCH-
MOCTB TaKXKe aHaJoTM4Ha cooTHoweHusM (6) u (19) ms Tpy6onpoBoaoB
CHCTEM OTOIUIEHHMS M BOJONpPOBOJAA, HO C JPYTMMU YHCJIOBBIMHU
ko3 punresTamu.

KanurtanbHble 3aTpaThl Ha BO3/LyX0BO/Ibl C KOMIUIEKTYIOIMMH Oy 1y T
IPONOPLMOHAJILHEI TIOBEPXHOCTH BO3[yXOBOJA, a 3HAYMT, TOXKe OyayT
3aBUCETh OT JHaMeTpa. B JaHHOM cityyae, B OTJIMYHUE OT CUCTEM OTOILIe-
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HHs, 3Ta 3aBHCUMOCTH B MEPBOM NPUOIIDKEHUH OYIeT BCe-TaKM JTHHEH=
HOM, MOCKOJIBKY yJeIbHasi MOBEPXHOCTh | TMOT. M CBS3aHA C dogy JUISA
KpYTJIbIX BO3JyXOBOJOB OYEBMIHBIM COOTHOIIeHHeM Fy, = m-d 107 (B
JIAHHOM CITy4ae dog = d). OTCIONA JUIS KAIIMTANBHEIX 3aTPAT TOTydaeM:

i

K, =C, -n-d-107, py6., (35

rie Cy, — CTOMMOCTB BO3JYXOBOIOB C KOMILIEKTYIOUIMMH B pacyere Ha
1 M* noBepxHoOCTH BO3J[yXOBO/Ia C YYETOM IOBBILIAIOLIETO KOG PUIMEH-

Ta HA MOHTAX W HaaJKy, PABHOrO MpUMepHO 1,5-1,6.
INoncrasnsem cooTHOmEHus must Ky v 3., B Beipaxcenue s CI[3

(8), Bbrumcnsem npoussoanyio d(CJ13)/d(d) n npupasuuBaem ee HYJIIO,
OTKyJ1a 110CJIE HEKOTOPBIX NPE0OPa30BaHUI It ONTUMAIILHOTO 3HAYCHHUS

d Haxomum [12]:

dom =3 4, 25- L0’482 X

,1

0
2N, - Cyp-[ 1+ p/100) ~1]-(100/ p)
Neenr 'CBB (1+ p/IOO)T

X

[Ipunnmasn N, = 365 cyr, z, = 12 4, Cy, = 500-1,5 = 750 py6./m° ro
CPEIHEPLIHOYHOM LIEHE JUISl CITUPAIBHBIX BO3yXOBOAOB MO COCTOSHHIO

Ha 2013 1., Nyeyr = 0,7, C,, = 4 py6./(xkBT-4) — nporao3 OAO «Mocanuep-

rocOBIT» 171sl HEPEryINPYEMOro PhIHKA 3EKTPOSHEPIUH, U p =10 % ro-
AOBBIX, KaK B TpeibIIyLIHX NpuUMepax, M 7 = 5 jeT HaXomum:

Ao =9,77 - L%** | JTanmoe BoIpasceHme 10CTATOUHO GIH3KO K NpUBEIEH-

HO# B 11. 3.1 opmyse (27a).

AHanu3 3aBUCUMOCTH (37) NPUBOANT K aHAJIOTHYHBIM Pe3y/bTaTaM,
4TO M 11 BhipaxkeHn# (9) u (20), oTHOCAIMXCS K CUCTEMAM BOJSHOTO

OTOIUIEHUSI 1 BHYTPEHHETO BOAOIIPOBO/IA, TOJIBKO ITOKa3aTejib CTEIIEHU

TIpH pacxofie BO3yXa 3HauMTeNbHO Gmmxke k 0,5, 4T MO3BONSET Mpeamo-
JIOXHUTh TOpa3o Gonee cinabyr 3aBUCHMOCTb ONTHMAJIBLHOMN CKOPOCTH
BO3/lyXa OT BO3/[yXONpPOU3BOJUTENLHOCTH, Y€M B CHCTEMaX OTOMJICHHS U |
TEIUIOCHAOXKEHHS, YTO M OYJIET MOKa3aHO HIKeE. Jns nauHOM 3amaum k
TOBBILIEHUIO dopn; TIPUBOJIT €LIIE U YBEIUYEHHE 3HAYEHMI N, ¥ zp, noTo-

My 4TO 3TO TOXE BBI3BIBACT POCT (haKTHUECKOTO IOTPeGIeHH s IeKTPo-
SHEPTHH.
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&F)

Bmpa)Kax OIITUMAJIBHYIO CKOPOCTH BO3JyXa 4Y€pe3 €ro pacxon u
ONTHUMAJILHBIN AUaMETPp BO3AYyXO0BOJa, MOJIy4YacM CJICAYIOLIYI0 3aBUCH-
MOCTb:

Vour =19,6- L% x
(38)

0,344

Nyeur - o - (1+ p/100)”

, M/c
Zy Nygg - Cy <[ (1+ p/100)" ~1]-(100/ p)

X

0,037
win 1 r. Mocksel npu 7= 5 net v, =3,71- L', 4r0, Hanpumep, Ajis

L = 5000 M’/4 maeT BenmumHy okono 5,1 m/c. IIpu yBenmuenun pacxosa
ONTHUMAJIbHAsl CKOPOCTH TAKXKe MMOCTENEHHO BO3PACTAET U NMpPUOIMKaeTCs
K peKOMEHZ0BaHHOMY B II. 3.1 ypoBHIO B 6 M/C, TaK 4TO €ro MOXKHO pac-
CMAaTpUBaTh KaK HEKOTOPBIN NpeNeNbHbI Ui OOJBIION BO3TyXOMpPOM3-
BOAUTENBHOCTH. 3aMETHUM, OJJHAKO, YTO MPH HUCIIOJIb30BAHUHU JAPYTHX 3HA-
YeHUI mapaMeTpoB, Bxonsamux B ¢opmyny (38), momydaemslie JaHHbIE
OyayT BapbHUpOBAThCS B JIOCTATOYHO Y3KMX IpeJieNiaX, MOCKONIbKY IOKa-
3aTeJM CTENEeHU MPH MEePEeMEHHBIX U MX KOMIUIEKCAaX HEBENMKH, TaK YTO
HOPSIZIOK pe3yJibTaTa COXPaHseTCs.
Ha puc. 28 npencraBieHa 3aBUCUMOCTb Vopr OT L Tipu T =5 J1€T.

58

5.6

54

52 o

3 5

i/
48 /

4,6

44

42

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
Ly’

Puc. 28. 3aBHCHMOCTb ONTHMAIIBHOH CKOPOCTH BOJIBI B BO3/1yX0OBOIaX
CHCTEM MEXaHHYECKOH BEHTHIIALMH Vo OT PACX0Zia BO3LyXa L
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3.4. llpumep a3poAMHAMHUYECKOr0 PAcYeTa CHCTEMbI
NMPUTOYHON BEHTHISIINH

PaccMOTpUM MpUMep aspOJUMHAMUYECKOTO pacyeTa ¢ UCTOIb30BaHU=
€M NEPEYHCIIEHHbIX B M. 3.1-3.2 GopMya ¥ peKOMEHIAIMIA [JIsi CUCTEMbI
IIPUTOYHON MEXaHMYeCKOH BEHTHIALMH, OOCIYKHBAIOIIEH 3pUTENbHBIN
3a]l KUHOTeaTpa, CXeMa KOTOpoi mnpuBezieHa Ha puc. 29. Pacxon Bo3ayxa
Ha Ka)KJI0OM yYacTKe yKa3aH HaJl BEIHOCKOM ¢ HOMEPOM ydacTka, a JIMHa
ydacTka — 10/l BBIHOCKOM. Pe3ysibraTsl pacuera cBoguM B maba. 25-26.

U3 mabn. 25 cnemyer, 9T0 CyMMapHbI€ IIOTEPHU JABIIEHUS 110 OCHOB- |
HOMY HAMpPaBJEHHI0 BEHTHWJIALMOHHON ceTH (OT Hambonee yAaJieHHOTO
BO3yXxopacnpenenurens) paBust AP, = Y (Rl + Z) = 211,48 Ila. Ilo pe-
3yJIbTaTaM [07100pa BEHTUISILIHOHHOTO 000py/10BaHKs CyMMapHBIE MOTE- |
pu JaBieHusi B HeM paBHbI APy = 605 Ila, Toraa nasnenue BEHTHJIATOPA
P, = 1LI(AP, + APy) = 1,1(211,48 + 605) = 898 Ila. TIpoussoaurens:
HOCTh BeHTWIATOpa mo Bo3ayxy L, = 1,05L; (#a 4-m yuwactke) =
=1,05-5820 = 6111 m*/4. Torma no dopmyne (31) auamerp OTHOCHTENb=

HOTo OTBEpCTHs O = \/A— \[611 /398 =14,28.

Bri6bupaem tun Bentwisitopa RDH, st Hero no mabn. 21 Dy = 24 8
n, = 99. Orcrona no Beipaxkenuto (31a) TpeOyemslit 1uameTp koneca D =
= D,-8 = 24,8-14,28 = 354 mm. [To mabn. 22 eMy COOTBETCTBYET G-
xalmmii craugapTHeiii quamerp D, = 355 mm. IIpakrudecku I0JTHOE
coBnagenre D u D, CBUIETENILCTBYET O TOM, YTO BEHTHIATOp OyneT pa-
6orate B pexume MakcumaiabHoro KIIJI. ITo mabn. 23 nns Takoro nua-
metpa KI1JI pasen 0,75. Teneps no dpopmyine (32) naxoaum Tpebyemyto.
4aCTOTy BpAICHUS: 1

10,83-n,D,\/P, 10,83-99-24,8/898
D, 355

H

n= = 2244 mun".

OyeMyIo JUIsi IPUBOJIa BEHTHIIATOPA, 10 (opmyiie

_L,-P,-10° 6111-898-10°
36NNy 3,6:0,75-0,95

= 3,21 xBrT.

o mabn. 24 nna takoit N ko ¢uuumeHt 3anaca pased 1,15, OTKy/Ia
mouHocTh neurarens Ny = 1,15-3,21 = 3,7 kBr. 1
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(x mpu-

MPUTOYHOM BEHTHIIIHA
Mepy pacdeTa)

2-0,8.

CTByeT PEKOMEHIYEeMOMY Ppacrio-

JIOKEHHIO DEIIETKH BO3IyX03a-
6opa Ha BBICOTE 2 M HaJl ypPOBHEM
3eMIIH, [IOCKOJIbKY B JAHHOM CITy-
yae BBICOTA IoNa 1-ro 3Taxka Haj
rpyaToM cocrtasiuser 0,8 M, OTKy-

BO3MyX03a00opa +1,200 coorser-
mal2

Puc. 29. IIpuMep cXeMBI CHCTEMEI
IIpumeuanue. OTMETKA pEMIETKH

APH 500x400

1940

2355
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Tabnuya 2
Beaomoctr KMC k Ta6.. 25

Ne yy-ka MecTHbIE CONPOTHBJIEHHUSI & b3 -
OCHOBHOE HaIlpaBJIeHHE
la Bosnyxopacnpenenurens 4AITP 600x600 1,4 14
1. OtBog 90° mrramMmnoBaHHbli r/d = 1 0,21 ‘
1 2. Tpoitnuk Ha npoxone (HarHetanue) L,/L. = 0.4 0,61
=970/1940 = 0,5; f/f. = 0,078/0,099 = 0,79 g
1. Tpoitnuk Ha npoxone (Harneraunue) Lo/L, = 035
) =1940/3880 = 0,5; fu/f. = 0,099/0,196 = 0,51 ’ 1.66 |
2. OtBox 90° mraMnoBaHHEIH #/d = 1 0,21 g
3. Jpoccenb-knanan n =1, o = 20° 1,1
3 TpolHuK Ha OTBETBJIEHUH (HarHeTanue) L,/L. = 13 13
= 3880/5 820 = 0,67, f/f. = 0,196/0,246 = 0,8 ’ :
4 OtBox 90° mrramnoBadHsli r/d = 1; 5 it 5x0,21 | 1,05 |
ITepBoe 6okoBoe oTBepcTHE For/F,, = 0,4/0,3 2,28 A
5 3,48
Koneno npsimoyronsroe 90° 1.2
5a Bosnyxo3abopHas penierka 2,9 2,9
OrtgerBnenue 1
6a Bosnyxopacnpenenutens 4ATIP 600x600 1,4 1,4
1. OtBox 90° mrramnoBaHHbIN 7/d = 1 0,21
6 2. Tpoiinuk Ha npoxoxe (HarHeranue) Lo/L. = 0.4 0,61
=970/1940 = 0,5; fi/f. = 0,078/0,099 = 0,79 ’
1. TpoitHuk Ha oTBeTBIeHNH (HarHeTanue) Lo/L, = 136
7 =1940/5820 = 0,33; f/f. = 0,099/0,246 = 0,4 ’ 1,61
2. lpoccens-knanan n = 4, o. = 10° 0,25

=-1,76 %, cnenoBaTenbHO, OTBETBJIEHUE CYUTAETCS YBIA3aHHBIM.

3.5. UnxeHepHBI METO/ pacyeTa BO3yXopacnpeae/ieHust
B [IOMELeHUn

IMon6op Bo3ayxopacHpenenuTeNbHbIX YCTPOUCTB, OMNpE/EIEHHE UX
TUINA U KOJIMYECTBA HEOOXOAMMO HE TOJILKO IJIsl 00eCleyeHuss HeoOXo-
JMMBIX IapaMEeTPOB BHYTPEHHErO MUKPOKJIMMATa (TEMINepaTypsl U Moj-

BI’I)KHOCTI/I) B OGCﬂyX(HBaeMOﬁ 30HC IIOMEIICHUA M B TOYKaxX BX0Ja B HEE

NPUTOYHBIX CTPYM, HO M AJIsl KOHCTPYHUPOBAHUS BEHTHUIIALIMOHHBIX CETEH
U UX a3pOJIMHAMUYECKOTrO pacyera. JIeqo B TOM, YTO OT YKclia U pa3Me-

IIEHKST BO3JyXOpacnpesenuTenell 3aBUCUT KOH(UIypanus BEHTHJISALU-
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Hesszka no orsetBnenuto 1 cocrasnsier 100-(49,26 — 50,14)/50,14 = .\

OHHOM CEeTH, a OT UX THUIIOPA3MEPOB — AdPOJIMHAMUYECKOE COIIPOTHUBIIC-

HHUE. H03TOMy, B006I_He rOBOps, pacyeT BO3AyXOopaclpeaeiCHUs N1OJDKEH
MpeAUICCTBOBATh a3pOANHAMUYECKOMY. B panbHeiileM M3JI0)KEHUU HC-

[10JIb30BaHbl MaTepuabl u3ganus [33].

Hacruaawomuecsi crpym

Hacrunatowmascs CTpys pacOopOCTpaHACTCSA BIOJb IIOBEPXHOCTH, €€

OCh HapajjicjibHa MOBEPXHOCTU M HAXOAMTCA OT HEE€ Ha PaCCTOSAHMH,

PUMEPHO PABHOM PaJinyCy BO3IYyXOBBIIYCKHOIO OTBEPCTHSL.

noM

T T,

B }qm

¢ 1

Puc. 30. PacuerHas cxema BO3MyXopa3ayd HaCTHIIAIOMIEH s CTpye

OGBIYHO MpeHeOPeraT HECOBIAaAEHHEM OCH HACTHIIAIOIIEHCS CTPYH
C TIOBEPXHOCTBIO U OMPENeIIIOT pacueTHYIO JIMHY IIyTH CTPYH J0 TOYKU
BX0/1a B pabouyio 30Hy Kak x =B+ (H,, —h,), T Hyow — BBICOTA 1O-

MEILEHHs], M; /1, — BbICOTA paboueil 30HbI, paBHas 2 M, €CJIU JIKOJH B 110~
MEUIEHHH CTOAT, U 1,5 M, eciti cuadar; B — ryOMHA MOMEIEHHUs OT CTEHbI
JIO CTEHBI B HANPaBJICHUH pa3BUTHUS CTPYHU, M. [Ipu BBIIyCKe CTpYH B I10-
MEIleHHE MPUIMIAHKE K MOTOJKY HACTyIaeT He TOJIBKO IIPH pasMmelle-
HUM BBIYCKa HETMOCPEACTBEHHO Yy IOTOJIKA, HO M HAa HEKOTOPOM pac-
CTOSIHMM OT HErO, €CIIM BBIIOJIHAETCS YCI0BUE fyy > 0,65H 0w, TAE hgp —
BBICOTA BO3/yXOpacipeaeaunresis Ha noioM, M (puc. 30). Ucnone3yroTes
HACTHJIAIOIIMECS CTPYH TJIABHBIM 0Opa3oM Julsi BEHTHIALMU HEOOJbIINX
[IOMELIEHUI B O0LIECTBEHHBIX 3AaHHIX.

Beepnble cTpyn

BeepHbie cTpyu SBISIIOTCS pa3HOBHIHOCTBIO HACTHIIAIONIMXCS, HO
OHM PACTEKalOTCs BJOJIb MOBEPXHOCTH B Pa3HbIX HAIpPaBICHUAX OT BbI-
nmycka. Kak npaBuiio, Bo3gyxopacnpee/ureia B 3TOM Cllydae pa3Mela-
10Tcs y notosika. CTpys pacTeKkaercs 1o MOTOJKY, BCTPEYaeTcsi ¢ Cocel-
HUMH, CMBIKA€TCSl C HUMH U OITycKaeTcs B pabouylo 30Hy.
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Puc. 31. PacueTHbIe cXeMBl BO3yX0Opa3aul BEEPHBIMHI
U KOMITAaKTHBIMH CTPYSMH

B 3TOM Clydae JJIMHY IyTH CTPYH O TOYKH BXOJA B pabovyro 30HY
MO’KHO OIPeENsTh 10 BhIpaXennio x = B/2+(H,,, —h,), rae B — pac-

CTOSIHME MEXAY COCCIHUMHU BO3AyXOpacHpeaeInTC/IIMU (CTOpOHa STIeH-

ku), M (puc. 31). Tlpumensiercst Takasi cxema OOBIYHO JUISl BEHTHJISLAN

OMeIIeHMI GONBIION MIOIMAAH ¢ NOBLIINEHHBIMK TPEOOBAHUAMH K paB-

HOMEPHOCTH BO3/1yXOpaclpeieeHusl.
KoMnakrTHbIe CTPpYH

IMonaya BO3/iyxa KOMITAKTHBIMH CTPYSIMHM MCIIONB3YETCS, KaK mpa--
BHJIO, B BHICOKHX TOMEIIEHUSX MPU Hyoy = 5...15 M, TIIaBHBIM 00pa3oM B
NPOMBINUICHHBIX 3[JaHUsX. Torja JUIMHA IyTU CTPYH 10 TOYKH BXOJa B

x=H,, —h, (cM. puc. 31).

ANropuTM pacyera
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1.-Boibupaem cxemy nomauu Bosayxa (cM. puc. 30—31) u Tun Bo3y-
XOpacHpeaeTUTeIs.

2. Haxonum umucno Bosmyxopacnpenenuteneit N. I[Ipu nopaue kom-
TIaKTHBIMHU ¥ BEEPHBIMH CTPYAMU N = A/Ap,, THE Ay — TUIOLWIAAB MO,
NPUXOJAIAACS Ha OAHY CTPyIo (miowmank sueiiku). Bennunna A, Bbi-

2
YHCIIAETCA Kak B” (IOCKONBKY 10 ONpee]eHnio B =, |4,, ), npuyem or-

TUMaJbHOE 3HAaYCHHE B:C’(HIIOM —hpg). Koadpduument C pasen

1,25...3,3 nns BeepHBIX cTpyii u 1,25...2 ans komnaktHeix. [Ipu nomaue
BO3/lyXa HAaCTHJIAIOWIMMHUCS CTPYSIMH YHCIIO BO3AyXOpacrpejenunTese
BBIOMpAeTCs 0ObIYHO 10 KOHCTPYKTHBHBIM COOOPAKEHHSAM, B HEGOIBIIMX
nomenieHusax N = 1.

3. BerumciisieM x — IUIMHY ITyTH CTPYH JI0 TOYKU BXOJa B paGouyio 30-
HY, M, B 3aBUCHMOCTH OT IIPUHATON CXEMBI [0/IauH BO3/yXa (CM. BBILIE).

4. OnpezienseM pacxos Bo3/lyXa 4epe3 OJIMH BO3/yXOpacrpeaeTuTel b
Lo = L/N, M*/4, rie L, — Bo31yXx006MeH HOMEIEHHUS 110 TIPUTOKY, M/4.

5. OcymiecTsnisieM NMpeaBapUTebHbIA BHIOOP THIIOPA3MEPOB BO3Y-
XOpacCNpeeauTeIed M0 BeINYNHEe OPUEHTHPOBOYHOIO JKUBOIO CEUCHHMS

A mpoxoja Bosayxa A, = , M. 31ech Vop — PEKOMEHyeMas

0
3600v,,
CKOpPOCTh BO3/yXa B )KMBOM ceueHuu, M/C. [l HeOOIbIINX MOMEIEHUI
€e MOXXHO IPMHHMMAaTh B mpezenax 1,5-2 m/c, [ BBICOKMX OHA MOXKET
ObITh M Gonble. 3aTeM IO KaTalory MoAGUpaeTcs BO3AyXOpacipe/en-
TeJlb PacCMaTPMBAEMOI0 THMA C ONpKaimuM (PaKTHYECKUM CEYEHHEM
A paxr M ONPENEIIAIOTCS JUISL HETO MApaMeTphl m ¥ 1 (CKOPOCTHOM M TeMIle-
paTypHblii  KOO(p(HULUEHTBI), MOCIE 4Yero YTOYHSETCSs BEIHYMHA

L

T | R
° " 36004y,

6. [IpoBepsieM CKOPOCTL Ha OCH CTPYH V, B TOYKE BXOJa B pabouyro
30HY, OTKJIOHEHHE TEMIIEPATYPhl OT TEMIIEpATyphl pabouei 30HbI Af, B
3TOM K€ TOYKE M yCIOBHE NPHITMIIAHUS CTPYH K MOTOJKY M0 CIIEAYOIHUM
(dopmynam:

— (aKkTHYeCKasi CKOPOCTh BO3/IyXa Ha BBITYCKE, M/C.

V.=

MV, [ Apaer Aty [ Apue
—A*;knkm »Mc; At = ————kk—"
¥ X

con

s

[MTapametp At, npencraBusier co6oii aGCOMOTHYIO BEIMYUHY Pa3HO-
CTH TEMIIEpaTypsl BO3dyXa B paboyeil 30HE M TeMIepaTypsl MPUTOKA:
Aty = |t~ t, |
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k, =31 (x/H )2 —  K0O()(UUMEHT HEM30TEPMUYHOCTH. 31eCh

5,45myv /
H= ———A—AE“— — reOMEeTpUYECcKasi XapaKTEpUCTHKA CTPYH, M. 3Hak
nAt,

o
«» B hopmyie 1ist ko, IPUHAMACTCS [JIsl HATPETHIX CTPYH, HANpPaB/IeH-
HBIX BHH3, U JJIS OXJaXIEHHBIX, HAIPaBIECHHBIX BBEPX, KOT/a rpaBUTa-
[OHHBIE CUJIbI NPENSTCTBYIOT Pa3BUTHIO CTPYH, a 3HAK «+» — JUId Ha-
IPETHIX CTPYH, HAIPABJIEHHBIX BBEPX, U JUIS OXJIAKJCHHBIX, HAMPABIICH-
HBIX BHM3, KOI/Ia FPABUTAllMOHHBIE CUJIBI PA3TOHSIOT CTPYIO.

X
m, /Aps
CIIPaBOYHBIM JAHHBIM).

BbluncieHHbIE 3HAYEHUS V, ¥ Af, CDABHUBAIOT C MakCHMaJbHO JI0-
NyCTUMBIMA. ECIH Vi > Vyon, YBETUUUBAKOT Agpaxr, noadupas Ipyrou Tu-
T0pa3Mep BO3/LyXOpacIpeIeuTeNs, a el Aty > Atyon, HEOOXOAMMO Agaxr
YMEHBIIHTB.

7. TIpoepsieM ycliOBHE MPHIMNAHUA CTpyH. Jisi HAaCTHIAIOIMXCSA
cTpyii oHO coGmonaetcs, eciu x < 0,5H, a juist Beepubix npu C/2 < 0,4H.

on=f

— ko>({puuMeHT cTecHeHUs (IPUHUMAETCS MO

IlpuMep pacdera JUisl OMELICHMS, OOCTY)XMBAEMOIO CHCTEMOH,
paccMoTpeHHOH B 1. 3.4.

Hcxoouvie oannvie:

L, = 5820 M’/4 — 1o pacuery Bo3ayxooOMeHa; Hpoy = 10,3 M — 10 {
paspesy 31aHus; hy, = 1,5 M (IIOCKOJIBKY JIIOIH B TOMEIIECHUM CUIAT);

m=15,22-9,9 = 150,7 M’ — 110 TUTaHy dTaX<a.

I[TpenycMmarpuBaeM 1ojady BO3yXa BEEPHBIMH CTPYSMH HY€pes pe- '

rynupyembie MHOTO(dy30pHbIe MIadOHBI KBaJAPaTHOIO CEUCHHUS.
Beruncisiem TpeGyemslii pasmep B nipu Muaumansiom C = 1,25:

B=C(H,q, —hy,)=1,25(10,3-15)=11 m;

torna N = An,/B* = 150,7/ 112 = 1,25 = 1, HO U3 KOHCTPYKTHBHBIX COO0- ]
paxenuit npuaumaem N = 6 (Tpu psja 1o aa). OTo GyAeT NoATBepX/e-

HO lIﬁIILHCﬁHII/IM pacyeToM.

TTOTONOK TMOMEIIeHHs pa3buBaeM HA MNpPSAMOYTOJbHbIC SYEHKH, B
LEHTpe KaXIO0H M3 KOTOPBIX Pa3MellaeTcst Bo3ayxopacnpenenurens. Ta-
KMM 00pa3oM, JyIMHa siueiiku paBHa 15,22/3 = 5,07 M, mmipuHa — 9,9/2 =

100

= 4,95 CnenoBatebHO, 32 PACUETHYI0 LWIMPUHY SAYEHKH MPHHMMaeM
MEHBIIYI0 U3 9TUX BEJIMYMH, T.€. 4,95 M.

Pacyernas niuHa crpyu:

x=B[2+(H,,, —h,) =495/2+(103 - 1,5)=11,28 m.

Pacxon Bo3ayxa Ha omuH Bo3ayxopacnpenenutenb: L, = Ly/N =
=5820/6 = 970 m*/u.

[IpuHrMaeM peKOMEHIYEMYIO CKOPOCTh BO3yXa B )KMBOM CEUYEHHH
Vop = 3 M/C, IOCKOJIBKY BBICOTA NIOMEMIEHUS Hyoy > 6 M.

OpPICHTPIpOBO‘{HOC JKMBO€ CEUYECHHUE U1l MPOX0oJa BO3yXa

onsaly 970
Op) 7+ =
3600v,, 3600-3

=0,089 m’.

Bri6upaem rma(bonm mapku 4AITH 600x600 («Apkroc»). x xapakre-
PUCTUKH: A par = 0,086 M’ — 10 Katajiory; m =2,5; n =13 no tabn. 17.6 [23].
daxTuyeckasi CKOPOCTh Ha BBIITYCKe

AR .
36004,,, 3600-0,086

=3,1 M/c.

=

Bennuuny Af, npuHMMaeMm IJis XOJIOAHOTO [EPHOMA, TOCKOIbKY
IPOBEPKY YCIOBHUS Vy < Vo TAKXKE CIIEAYET HPOBOAUTD ISl 3TOTO HEPHO-
Jla, MOCKOJIbKY Vo, & 3HAYMUT, U V, B TEYEHUE IojJja MOCTOSHHBI, @ Vyo; 110
I'OCT 30494 [35] B X0nOHbINA MepUos MEHbIIE, U YCIIOBHE Vy < Vyon B

3TOM Cily4yae BBIIOJIHUTH CiokHee. Torga Az, = 1 °C no pacuery Bo3my-
X000MeHa B [IOMEIEHHH.

['eomeTpuueckas XapaKTepHCTHKA CTPYH:

_ 5,45my, \4/A¢m 5,45-2,5-3,1-4/0,086
JnAt, V31

=13,2 m

Koapouuuent HEHU30TEPMUYHOCTH

= 1+(11,28/13,2)°
rnepaTypa MpUTOKa B XOJIOJHBIN TIEPUOJ| HYXKE TEMIIEPaTyphl BHyTPEHHE-
101

ke 31+(x/H)2=

= 1,2. IIpuHrMaeM 3HaK «ILUTIOC», MOCKOJIBKY TEM-




ro BO3AyXa, a M0Jaya OCYLIECTBIAETCA CBEPXY BHUS. Koaddunuent
CTECHEHUS K on B JAHHOM CIIy4ae MOXXHO CUUTATh PABHbIM 1[23].
CKOpOCTh Ha OCU CTPYH B TOYKE BXOJ/ia €€ B pabouy:o 30HYy:

my, JA .
v, o2 vi. i 3 3 =w1’1.1 = 0,22 M/c < Vyon =
X 11,28

=0,2-1,2=0,24 m/c.

31ech Vyopw = 0,2 M/C — ONITUMANIBHOE 3HAUEHNE MOJIBUIKHOCTH BO3JTY-
Xa sl XOJOJHOTO Nepuojia B LENOM II0 pa6oueit 30ne no F'OCT 30494
[35]; 1,2 — noBbILAOIMI K02 PULHMEHT JUIS TIEPEXOAA OT Viopw K Vyon TIPH
ONTHMANIGHBIX YcIoBUsX 1o npui. b [7], koraa crpys BXOAHUT B pabouyo
30Hy OCHOBHBIM Y4acTKOM. B JOIMyCTHMBIX yCIOBHSX 3HAHUCHME 9TOr0
K09 pHIIEHTa COCTABIIACT 1,4, ecy B IOMELIEHUH JIFOJIA 3aHATHI JIETKOH
paGoToit, u 1,8 — mpy paGoTe cpeHei TAHKECTH NI Tsoxenoit. Ecnu cTpyst
BXOJUT B pabouyi0 30Hy HadaJbHBIM y4aCTKOM, TO BO BCEX CIyHasX JaH-
et koaduument no npun. b [7] pasen 1. B Hamem npumepe JUTMHA

HAYATBHOTO yYacTKa PaBHA M| A =2,54/0,089 = 0,73 M << x =

z;
-
L
1
. 3
i
2
-
{‘
]

= 11,28 M, CleI0BATENLHO, CTPYS BXOJUT B pabotdyIo 30HY JIENCTBUTENb-

HO OCHOBHBIM YYaCTKOM.
3HaueHne Vyopw = 0,2 M/C NPUHUMAETCA Ui BCEX 0011IECTBEHHBIX

3/1aHKii, KPOME MOMELIEHHIA, T/Ie JII0/IM HAXOJATCS B TOJIypas/IcTOM BUAS
(5-5 xareropus 1o [35] — pasjieBanku, NpOLEAYPHBIC KaOuHeTHI, KaOWuHe-
THI Bpa4eil W T.I.), BaHH, JYIIEBBIX M XXHIJIBIX 3JaHUM, TI€ Vyopw = 0,135
m/c. JIomyCTUMBIE 3HAYEHUS Vyopu VIS YKA3aHHBIX THUTIOB 3panui 1o [35]
cocraBnsioT coorserctBenno 0,3 u 0,2 m/c.

OTKJIOHEHHE TeMIIEPaTypPhi B CTPYe OT TEMIIepaTypbl B paboueii 30He

Aty Apa k, _3-140,086 1,1
Y 1,28 1

con

= 0,086 °C < Atyon = At = 1,5 °C (no npui. B [14] qunst sxunbrx, oOmiecT-
BEHHBIX ¥ 3IMHHUCTPATHBHO-OBITOBBIX 31aHHUI, €CIU fy < 1y). |
[TpoBepsieM yCIOBUE TIPUITHITIAHUSA CTPYH B/2 <0,4H: 4,95/2 =228 <

< 0,4-13,2 = 5,28 — ycnoBue 6€30TPHIBHOrO TEUECHUS CTPYH BBINOJIHEHO,
CJIeI0BATENBHO, BHIOPAHHBIA THIT BO3yXOPACIPEEIUTEIBLHOT0 ycTpoit-
CTBA M CXeMa MX pa3MelleHHs] 00ecreunBatOT HOPMUPYEMbIC MTapaMeTphl
BO3/yXa B 00CIIyKMBAaEMOIi 30HE TOMELICHUS.
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B TOYUKE BXOja B Hee CTpyun Af =

MPUJIOKEHHUE

Tabnruya [ 1

Tpy0sI cranbubie Bogorazonposoxubie mo FOCT 3262 [2] (merkue H yCHIEHHbIE)
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Ipumeuanue. HapyKHbli InamMeTp 3aBUCHT TOIBKO OT Dy (cM. Tabm. 1).

Tabauya I12

Ko3(puunenT ydyera T0NO0JHHTEILHOIO TEMIOBOI0 0TOKA YCTAHABIHBAEMbIX OTONHMTENLHBIX PHOOPOB 32 cYeT

1 [36] (cmpaBo4HO)

OKpYIJIEHHUS] CBEPX pac4eTHOH BEJIHYHHD

Illar HOMEHKJIATYPHOIO PSiiA OTONMHTEJIbHBIX NPHOOPOB, KBT
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