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CozepkaHue AUCIUILINHEI

Tema 1. 001Me NPUHIMIBI IOCTPOEHUS CUCTEM 3alUTHI.
MeTobl U MOieJIU CUCTEMbBI 3alUTHI.

Tema 2. PacyéT v IpOeKTUPOBAHHE CUCTEM MeXaHUYECKOTI0
000pyJOBaHMA.

Tema 3. PacyéT ¥ IpoeKTUPOBAHME 3aLIUTHI OT HIyMa.

Tema 4. PacyéT U IpOeKTUPOBAHUE 3ALUThI OT BUOPALIUU.
Tema 5. Pac4€T ¥ IpOEeKTUPOBAHUE CUCTEM 3alUThI OT
3JIEKTPOMArHUTHBIX IOJIEH.

Tema 6. PacyéT v IpoOeKTUPOBAHHE CUCTEM 3aALUTHI OT
[IPOU3BOJCTBEHHOU MbLJIA U XUMHUYECKHUX BEECTB.

Tema 7. Pac4€T v IpoeKTUPOBAHUE CUCTEM 3AIMUTHI OT IMOXKapa.
PacyeTHO-rpadguyeckas pabora (38 yacos).



[IpakTU4YecKHe 3aHATUA

1. PacuéTt n IIPOEKTHUPOBAHHUE ITPEAOXPAHUTEJ/IbBHBIX K/IAIIdHOB.

2. Pac4yéT v npoeKTUpOBaHHE OTPAHUYUTEJIEN IPY30ONIOABEMHOCTH
KpPaHOB.

3. Pac4yéT v npoeKTUpOBaHUE ONOP I'PY30I0AbEMHBIX KPAHOB.
4. PacyéT U NpOEKTUPOBAHUE IIIYMOU30JUPYIOIHUX IKPAHOB.
5. PacyéT v npoeKTUpOBaHKE CUCTEM LIYMOOTPAKEHUS.

6. PacyéT ¥ npoeKTHpOBaHHE CUCTEM BUOPOU3OJISLIUH.

7. PacyéT v npoeKTUpOBaHKE CUCTEM JEMIIPUPOBAHMUA.

8. PacyéT ¥ nmpoeKTUpPOBaHKE CUCTEM 3alUThI 0T IMIL.

9. PacyeT v npoeKTUpoOBaHUE 3alIUThbl OT HOHU3UPYIOILETrO
M3JIyYEeHUS.

10. PacyéT ¥ npoeKTUpPOBaHHE CUCTEM €CTECTBEHHOU BEHTUJISLUM.

11. PacyéT ¥ npoeKTHUpOBaHHE CUCTEM NIPUHYAUTENbHON
BEHTUJISILIUH.

12. PacyéT ¥ npoeKTHpOBaHHE CUCTEM OINOBEIIEHHUS.

13. PacyéT 1 npoeKTUpPOBaHUE CUCTEM ABTOMATHUYECKOTO
M0XKapOTYyILIEeHU.

14. PacyéT 1 npoeKTHUPOBaHUE CUCTEM II0KAapPHOT0 BOJOCHAOXKEHUS.



Tema Nel

OBIIYE MTPUHIIUAIILI [IOCTPOEHUA CUCTEM
3AIATHL. METO/IbI

Y4yeOHbBIE BONPOCHI:
1. O61Me NpUHIMIIBI IOCTPOEHUS CUCTEM 3alIMThI. BUbI
CUCTEM 3all|MTHhI.

2. Monesy cucteM 3alUTHI.

Jlutepartypa:
be3omacHOCTb KHU3HENESATEJbHOCTH: Y4YEOHHWK / 10k pef.
B.A. TpedunoBa. - M.: Academia, 2011.



1. O61e NIPpUHIUIIBI IOCTPOEHUS CUCTEM
3alUThL. BUABI cCTEeM 3alUThI

CucteMa 3allMThl - 3TO KOMIIJIEKC TEeXHUYECKHUX
CpPeJICTB, OpraHU3allMOHHO-TEXHUYECKUX H OpraHu-
3aI[MOHHBIX MEPONPHUSTUN, He JONyCKAIIIUX, MTPey-
NpeXxallux BO3A4eHCTBHEe Ha 4YeJOBEKa OMNAaCHBIX U
Bpe/IHbIX IPOU3BOACTBEHHBIX GAKTOPOB.



DyYHKIMH CUCTEMBI 3alIUThI Ha paboyeM MecTe

. He AOIIYCKAaTb ITPOABJIEHHUA MOIIIHOCTH NCTOYHHKA
OITIaCHOCTH BbIIIE€ JOITYCTUMOI'O 3HAYECHHA.

. [IpepoTBpaiaTh yMeHbllIeHHE PACCTOSIHHS ONACHOT'O
BO3/]EMCTBUS MEHBIIIE JOIMMYCTUMOIO 3HaUEHMUH.

. He monyckaTh BpeMeHH OMMacHOr0 BO3/IEMUCTBUS
00Jibllle JONYCTUMOTO.

.I[IpepgoTBpaiiaTs yBeJIMYEHHE MOILIHOCTU HCTOYHHKA
OIIACHOCTH BBIIIE JONYCTUMOTIO O/ BO3JEMCTBUEM
JPYTUX HCTOYHHUKOB OAaCHOCTH.



.[IpepoTBpalaTh yMeHbllleHHE PAaCCTOSHUS
OIIACHOI'0 BO3/1eMCTBHUS MeHbIIIe JONYCTUMOTO
BCJIE[,CTBUE BO3/1€UCTBUS JPYTUX UCTOYHHUKOB
OIIACHOCTH.

. [IpegoTBpanaTh yBeJIJM4EHUE BPEMEHU ONACHOTO
BO3/eMCTBUS BhIlIE JIOMYCTUMOTO BCJAEICTBUE
BO3eNCTBUSA JPYTUX HCTOYHUKOB OMACHOCTH.

.IIpegoTBpamaTh yBeJIMUeHHE MOIIHOCTH HCTOYHHUKA
BhIIIE JONYCTUMOIO BCJI€EACTBHE COOCTBEHHBIX
CBOMCTB 4YeJI0OBeKa.

. [IpepoTBpaiaTh yMeHbllIeHHE PACCTOSAHUS
OIIACHOTI'0 BO3/1eUCTBHUS MEHbIIIE AONYCTUMOTO
BCJIE[,CTBUE COOCTBEHHBIX CBOMCTB Y€eJIOBEKA.



9. lpegoTBpalllaTh YBeJIMYEHUE BpeMEHHU OMMACHOTO
BO3/eMCTBUS 00JIbllIe 4ONYCTUMOTO BCJIEACTBUE
COOCTBEHHBIX CBOMCTB UeJIOBEeKa.

10. IlpegoTBpalliaTh yBeJUYEHUE MOIIIHOCTH UCTOYHUKA
OIIACHOCTH BBIIIIE JJONYCTHUMOTI'0 U3-3a BJAUSAHUS
[PUPOAHBIX PAKTOPOB.

11. [IpegoTBpaIaTh yMeHbIlIeHHUE PACCTOAHUA OIIACHOTO
BO3/I€eMCTBHUS U3-3a BJAUSHHUSA NIPUPOAHBIX PAKTOPOB.

12. [IpegoTBpaIiath yBeJIMYEeHWE BpEMEHU OITACHOTO
BO3/1EMCTBUSA U3-3a IPUPOJHBIX GPAKTOPOB.



JlJ1s1 TEXHOJIOTMYECKOro Mpoliecca JONOJHUTENbHO
GYHKI MMM 3alUTHI ABJSIOTCA:

13. [IpegoTBpaTUTH NpPOSABJIEHUE MOIHOCTU UCTOYHUKA
OINACHOCTH BbIIIIe JONYCTUMOTO IIPHU Iepexojie OT
OJIHOT'0 paboyero Mecra K Ipyromy.

14. [IpegoTBpaTUTh YMeHbIIIeHHE PACCTOAHUA OIIACHOTO
BO3/IeCTBUA MeHbIIIEe JJONYCTUMOTO TP Iepexojie OT
OJIHOT'0 paboyero Mecrta K ipyromy.

15. [IpegoTBpaTUTh YMeHbIlIeHHE BPEMEHH OIIACHOTO
BO3/IEMCTBUS MEHbIIIE JOMMYCTUMOIO IIPU IIEPEXOE OT
OJIHOI'0 paboyero MecrTa K pyromy.



16. [IpegoTBpaTUTH BO3pacTaHHUE MOIHOCTH
MCTOYHUKA OMACHOCTH BhIIlIe JONYCTUMOTO
BCJIENCTBUE BJIUAHUA APYTUX UICTOYHHUKOB OMTACHOCTU
[IpY nepexojie OT OJJHOr0 paboyero Mecrta K ipyromy.

17. [IpegoTBpaTUTH YMeHbIlIeHUE PACCTOAHUA
OIIACHOTO BO3/1€UCTBUA MeHbIlIe JONYCTUMOIO
BCJIENCTBUE BJIUAHUA APYTUX UCTOYHHUKOB OMTACHOCTHU
[IpY Iepexo/ie OT OJHOro paboyero MecTa K ipyromy.

18. [IpegoTBpaTUTH YBeJIMYEHHE BpEMEHU OIIACHOTO
BO3JIEMCTBHS 00JIbIIE AONYCTUMOIO BCJIEICTBHE
BJIMAHUA APYTUX UCTOYHUKOB OITACHOCTHU IIPH
epexo/jie OT OJHOr0 paboyero MecTa K ipyromy.



19. [IlpegoTBpaTUTH YBeJIMYEHUE MOIHOCTU UCTOYHUKA
OITACHOCTH BhbIIIIE JJOMYCTUMOTO BCJIEACTBUE
COOCTBEHHBIX CBOMCTB 4YeJIOBEKA IIPHU Iepexo/ie OT
OJIHOT'O paboyero MecTta K Ipyromy.

20. [IpegoTBpaTUTL YMeHbIIIEHHUEe PACCTOAHUA
OIIACHOTO BO3/1€UCTBUA MeHbIIe JONYCTUMOIO
BCJIeJICTBHE COOCTBEHHBIX CBOUCTB YeJIOBeKa IIpH
repexo/jie OT OJHOr0 paboyero Mecra K ipyromy.



21. IlpefoTBpaTUTh YBEeJIMUEHUE BPEMEHHU OITACHOTO
BO31eMCTBUA O0JIblile JONYCTUMOTO BCJIEACTBUE
COOCTBEHHBIX CBOMCTB 4YeJIOBEKA IIPHU Iepexo/ie OT
OJIHOT'O paboyero MecTta K Ipyromy.

22. IlpeqoTBpaTUThL U3MEHEHHWE ITapaMeTPOB
MCTOYHHKOB OITACHOCTH Bblllle (HUXe) JONYyCTUMbIX
3HAYEeHUU BCJIeJICTBUE ITAPpaMeTPOB IIPUPO/ibI IIPU
mepexozie OT OJJHOr0 paboyero Mecrta K ipyromy.



OpraHu3aiiMOHHBIY BU/] 3alUThI

1. OGydyeHHe pyKOBOAUTEJIEN U CIIELUAJIUCTOB.
2. UHCTpYKTaXHu.



OpI‘aHI/IBaHHOHHO-TEXHI/I‘-IECKI/IE BHU /bl 3dllINTHI.

Z.(9(1), Zu(p(1),  Z.(2(7)).
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Tema Ne2

PACYET U ITIPOEKTUPOBAHHUE CUCTEM 3AIUTHI
OT MEXAHHUYECKOI'O ObOPY 10BAHHUA

Y4eOHbIE BONIPOCHI:

1. O61Ke BONPOCHI NPOEKTUPOBAHUS CUCTEM 3aILAThI OT MEXaHU-
4eCKOro 060py/10BaHMUA.

2. PacyéT 1 npoeKkTHpoBaHUE NIPeJJOXPAaHUTENbHBIX KJIAllaHOB
000pyJOBaHUS, pabOTAIOIIETO 10/] JABJIEHHUEM.

3. PacyéT 1 npoeKTHUpoOBaHHE OTPAHUYUTEJIEU TPY30MI0JbEMHOCTH
KpaHOB.

4. PacyéT U NpOEKTUPOBAHUE OIOP I'Py30N0 4 bEMHBIX KPAHOB.

Cnucok iuTepaTyphl
1. CpeacTBa 3allMThl B MALIKMHOCTPOEHUU. PacyeT U NIpOEeKTUPOBAHUE:
cnpaBo4yHUK / cocT. C.B. besioB [u ap.|; nox pen. C.B. besnoBa. — M.:
MamurHocTpoeHue, 1989. — 365 c.

2.Jlo6oB H.A. /luHaMuKa rpy30n04beMHBIX KpaHOB. — M.:
MamurHocTpoenue, 1987. — 157 c.
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1. O61He BONpOCHI NPOEKTUPOBAHUA CUCTEM
3allUThl OT MEXaHUYECKOI'0 000pYy/I0BaHUA

MexaHn4yeckasd KOHCTPYKLUA

[logBU>XXHBIE YaCTHU MAllIMH, CTAHKOB,
000pyJ0BaHUA, pabOTAIOLIETO O/ JaBJIEHHUEM,
rpy30N04bEMHbIE MEXaHHU3MBI U T.II.

XapaKTepUu3yloTcsa Harpy3koi R u HecyeH
CIIOCOGHOCTBIO ..

JlJ1s1 nx 6e30nacHON paboThl HEOOXOAHMMO, YTOObI

R<S.



[TpuuuHbL, 10 KOTOpbIM R>S:

* 0TKa3 3JIEMEHTOB KOHCTPYKIHH U
nepepacnpejejieHrue Harpy3kKuy;

* yeJIOBeYECKUM PaKTOp (NMpeBbIlIEHUE JaBJIEHUS],
OJ’bEM I'Py33a, IPEBBIIIAIIETr0 HOPMAaTUBHbIM, B TOM
YU CJIe HEU3BECTHOW MACChl, OIIMOKH B IIEPEKJIIO-
4YeHHWH, pa3BeJleHUe OTHs OKO0JIO COCY/I0B, TPYO,
EMKOCTEN);

* MIpUPOJHbIE PAKTOPBI — HArpEeBaHHE COJTHEYHOU
paJivalnMen, packayMBaHue BeTpoM (BeTpoBas

Harpyska) u ap.



JI11 UCKJIIOYEeHUS JIeUCTBUS IPUYUH — CUCTEMA
3alllUThI TaKas, YTOObI COOJII0a0Ch NPABUJIO

Z.R<S.

CucreMa 3alllUThI B CAy4Yasix MPeBbILIEHHUS
Harpy3KH CBbIllle HOMWHAJIbHOM (pacy€éTHOU,
paboyer) [0JI2KHA €€ CHUXKATh JJO HOMUHAJIbHOH
(pacyeTHOH, paboyen ). TaKOU NPUHIMII 3ALUThI
pa3JIMYHbIMU CIOCOOAMU peaiu3yeTcCss Ha BCEM
MeXaHU4YeCKOM 000pYy/I0BAHUH.



PaccmoTpuM 060pyj0BaHKe, paboTaloIee MO/
naBjieHreM. KoHCTpyKIss 0600py0BaHUA U BBIOOP
MaTepHaJIoB 00YC/JI0BJIEHbl paCYETAMHM HA IPOYHOCTDb U
YCTOMYHUBOCTb C COOTBETCTBYIOILIHUM 3alacOM
IIPOYHOCTHU. BMecTe ¢ TeM flaBJIeHHE ra3os, napa,
*KUJKOCTEN MOXKET NPEBbICUTh PACYETHOE U CO34ATh
aBapHUUHYI0 CUTYALUIO:

o(1)> ¢,
p(#)=const.

Ecsiu 3a Bpemda T He yMEHBILIUTD (p(f) ,
o(1)<¢’,

TO IPOU30UIET pas3pylleHHue CoCy/a.



2. PacyéT ¥ npoeKTUpPOBaHUE
IpelOXpaHUTEJIbHBIX KJIAllaHOB 000pYy/10BaHUS,
paboTarolero noJ aBjieHueM

UTak, Z; ecTb yCTPOWCTBO /J1s1 YyMeHbLIEHUS

JlaBJIEH US.
JTO — MpeAOXpaHUTEJIbHbIE KJIallaHbl.

B ocHOBe NPOEKTUPOBAHUA JEKHUT PACUET

IIPOXOAHOI'O C€YCHHA NTPEeJOXPAHHUTEJIBHOT'O KJ/ldlldHA.
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McxoaHBIM IYHKT — ONlpeJieJieHre JaBJeHUs, IpU
KOTOPOM INpeloOXpaHUTENbHbIN KJIallaH [OJIXKEeH
OTKPbIBATbCS.

[IpeBriNIeHMEe AaBJ/ieHUs HAJ, pab04rM:

<0,5kr/cm*  mpu P <3 kr/cm’
15 % nmpu P s =3...60 xr/cm?

10 % nmpu P> 60 kr/cm?



[IponyckHas criocOOHOCTH NpefOXPAaHUTENIBHOTO KJlallaHa
(B Kr)

G=0,00014-aF,B\[p(P, - F,).

rae  a- Ko3@pQUIHMEHT pacxo/a *KUAKOCTH UJIU rasa,
omnpeessaeTcs UCXOAA U3 KOHCTPYKIIUU KJIallaHa;

Fyy — Ioa/ib Ce4eHu s, paBHasl HAMMEHbIIeH IO
IMPOTOYHOH YacTH, MM?;

P, - MakcuMa/ibHOe U30BITOYHOE aBJIeHUe Iepes
npeJoXpaHUTENbHbIM KJallaHOM;

P, - paboyee faBJieHHE, 0 KOTOPOTO I0/DKHO OBITh
CHU>KEHO JaBJIEHUE;

B - k03QpuLeHT, onpe/esisieMbld U3 P, /P;;

p - IJIOTHOCTb pabo4yeH cpebl IPU JJAHHOW TeMIlepaType
Y JIaBJIEHHUH.



b/ By

1,135

1,24

1,3

1,4

1,66

2,5

10

0,429

0,449

0,464

0,472

0,484

0,513

0,544

0,582

0,612

0,659

0,721

0,789

0,16

0,486

0,490

0,506

0,515

0,528

0,559

0,594

0,635

0,668

0,719

0,786

0,861

0,32

0,520

0,545

0,563

0,572

0,587

0,622

0,660

0,706

0,743

0,798

0,860

0,913

0,48

0,594

0,648

0,643

0,654

0,671

0,711

0,753

0,797

0,827

0,867

0,909

0,944
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PacyéT BpeMeHHM cpabaTbhIBaHUS NPeJOXPAHUTE/IbHBIX KJIAllaHOB
IPOU3BOAUTBCS IIPU NPHUHATUHU CAEAYIOIUX YCIOBUM:

" IBUPKEHHE 3aMbIKaIOIIero OpraHa paBHOYCKOPEHHOE;

" HayaJIbHasl CKOPOCTb 3aMbIKalIIero oprada pasHa 0.

2sz['Hmax
(Pa _})pa6).FK _R,

My — Macca 3aMbIKaIOIEro OpraHa ¢ IpUCcoeIMHEHHbIMU
JleTaJISIMU, KT;

H_ . —MaKCUMaJIbHbIN X0/, 3aMbIKaIOILEero OpPraHa, CM;

Fyy - IJI01aib IPOXO/IHOTO CEYEHUA KlanaHa, CM?;

R — cymMapHag cuJjia CONPOTHUBJIEHHUS JBUXEHHNIO 3aMbIKaIOIEr0O
OpraHa, Kr;

P, - naBjieHUe HACTPOMKH, KT'/cM?.

Torpa [ =



[I[py nNpoOEeKTUPOBAaHMHM HEOOXOJAHWMO BpeMs
cpabaTbiBaHUA U IJIONIQ[lb MPOXOJHOI'0 CEYeHHUS
UTEePAaTUBHBIM MPOIECCOM BbIpaBHUBATbH [AJid TOTrO,
4YTOOBI YOBJIETBOPUTL BpeMs COpoca JlaBJIeHHs], He
[IpeBbIMIAIOIIEr0 BpeMs PpOCTa /[JaBJIeHUA CBepX

JOMYyCTHUMOTO.



[Io KOHCTPYKLUU NIpeIOXpaHUTE/IbHbIE KJIAallaHbI
MOTYT ObITh:
* IPY30Bbl€ U PHIYA’KHO-T'PY30BbIE,
* IPY>KHUHHBIE,

* MeMOpaHHBIE.

KpoMe Toro, ux eisT Ha KJalaHbl:
* IPpAMOTO JIEUCTBUS,

* HENPSIMOTO e CTBUSA (0OpaTHbIE).



Buabl KOHCTPYKIMI pPa3IMYHbIX TUIIOB KJIAIaHOB

- L -
— /’\ .
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7 By i s SRR
5 Bl —]
L |
2
pesoXpaHUTEIbHBIN PBIYA’KHO-TPY30BOi IPY>XHHHOTO
NpYHMHHbIA THIA caJIbHUKOBBIN 112-25x1 KJaliaHa

CIIITK4 ¢ po 450 °C
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3. Pac4yéT ¥ npoeKTUpPOBaHHE OrPAaHHUYUTEJIEN
rpy3onoAbLeMHOCTU KPaHOB

Kaxxabl rpy30n04bEMHbBIM MEXaHU3M MIPEJ-
CTaBJISIET OMACHOCTD [JIf YesJ0BeKa, TaK KakK MaJleHue
rpy3a C BbICOTHI O bEMA MOXKET IPHUBECTHU K TPaB-
MHPOBAaHHIO 4YeJsioBeKa. [lafeHue rpy3a MOXeT Ipo-
M30WTHU BCJEACTBUE pa3pylleHUs KpoKa, 00pbiBa
TPOCOBOM CUCTEMbI UJIH Pa3pylIeHUs CTpesbl (/4
CTPEJIOBBIX KPAaHOB). Bce pa3pylieHus IPpOUCXOSAT I10
[IPpUYHHE II0’/bEMA IPy3a 00JIblIE paboyero
pacyeTHOro.



11 UCKJIIOYEeHUA 3TUX IBJIEHUU KaXKbIU
rpy30I10 4 bEMHBIN KPaH 000pyAyeTCS CUCTEMOH
3all[MThl — OrPAaHUYUTEJIEM I'PYy30I0bEMHOCTH.

Z:G<G

pab

rne (G - Macca nogHUMaeMOro rpy3a;

Gpa6 — pa3spellleHHasd rpy30004beMHOCTb KpaHa



OrpaHUYHTEJIb IPY30INO0 A bEMHOCTH JI0JIKEH
Y/IOBJIETBOPSATD IBYM TPEOOBAHUSIM:

1. [lorpemiHOCTb O OTHOIIEHWIO K HOMUHAJIbHOM
Macce He J0J>KHa npeBbiaTh 15 %.

2. beicTpoJieiCTBUE JOJIXKHO ObITh TAKHUM, YTOObI
[IpeJOTBPATHUTh POCT ONACHBIX IIeperpy30K AJ1sd
CUJIOBBIX 3JIEMEHTOB KpaHa.



HecMmoTps Ha TO, 4YTO IpHU IPOEKTUPOBAHUH
3aKJ1abIBalOTCA 3aMachbl IPOYHOCTU U KPIOKA, U
rpy30BOT0 KaHaTa, U KOHCTPYKIMU OCHOBAHUS, U
CTpeJibl KpaHa, PocTexHaZi30p onpeesisieT, 4To
OTrPaHUYHUTEJIb IPY30N0JBEMHOCTH JOJKEH
BBINIOJIHATh CBOM PYHKILUU IIPH

ZrG = 1,15 G,

OnpejesieHHble HAarpy3KU Ha 3JIEMEHThI KpaHa
MOTYT ObITh MpSAAMbIE U KOCBEHHBIE.



Y KpaHOB CTapbIX KOHCTPYKIUHU — Yallle BCETO —

KOCBEHHDIE.

Y KpaHOB C rUZpaBJNYECKUM MPHUBOJOM — 110
BeJIMYMHE JlaBJIEHUS XKHUJKOCTH I0CJie TUAPOMOTOPA.

Y KpaHOB C 3JIEKTPUYECKHUM IIPUBOAOM — I10
BeJIMYMHE TOKA, IOTPEO/ISIEMOTO 3JIEKTPHUYECKUM

NBUraTeJIeM.

CoBpeMeHHbIe KpaHbl, KaK IIPpaBUJI0, OCHAIIEHbI
OTrPaHUYUTENSIMHU I'PY30I0 A bEMHOCTH NMPSIMOTO
e CTBUS, T.€. U3MEPSIOIME HAarPy3Ky JIMOO Ha KPIOKE,

JINOO B TPOCOBOM CHCTEME.



[lorpemiHOCTb OrPaHUYMUTEJIS O OIPEACIIACTCS MO

dbopmyiie

6: (Qmax o min)
Oc

rae  (J- — Becrpysa, IpU KOTOPOM cpabaTbiBaeT
OrpaHUYUTEJIb;

O o Oy — MAKCUMAJIBHBIA, MUHUMAJIbHbBIN BeC
rpy3a, Ip4 KOTOPOM CpabaTbiBaeT OTPAaHUYUTEIb.

p



CyMMapHas IMOTPEMHOCTD O CKJIAAbIBAETCS U3

CTaTUYECKOU U AUHAMUYECKOHU IOTrPEIIHOCTEM.

CTaTHU4ecKasi IOrPelIHOCTb 00y C/I0BJIEHA CUJIaMHU
TPEHHS B IOJIMCIIACTe MeXaHHW3Ma obeMa U B
nepelaTOYHOM MeXaHU3Me OrpaHUYUTe s

rpy3onoabeMHOCTH



JlnHaMu4ecKasi MOrpenrHoCTb 00yCJ/IOBJ/IeHA TEM, UTO
NPy pa3JUYHbIX peKUMax NoJbeMa C OCHOBAHUS JaxKe
OJJMHAKOBbIX I'PY30B BO3HUKAIOT pa3JiIMuHble MaKCU-
MaJIbHble JUHAMHWYECKHE YCUJIHS B KaHaTaX.

A




QC — Qmax .kmin — min .kmaxﬂ

k —k_
8 :( max mln)

Tk k

max min

b

k. =1,05; ko =12...1,5.

max



CxeMbl OFpaHH‘IHTeJIEﬁ rpy3onogbeMHOCTH

B

L +—

yiu— A

L t¢—

NAH N%W » |on| P




PaccMoTpuM pacyeéT TOKOB, MPOTEKaIoLIUX 4Yyepes
3JIEKTPOABUTraTeJIb, BpalllaloL M JIe6EAKY.

MexaHWYeCKUM MOMEHT Ha BaJjly [JBUraTeJsd
3aBHCUT OT HArpy3KHd Ha IpPy30BOU KaHAT U pajuyca
Jeo€aku. IIpu sToM 3amacoBKa Ipy30BOro KaHaTa B
OJIMCNACT CHHWXKaeT Harpysky Ha 1/2, eciau
[OJIUCIIACT OJAMHAPHbIM, WM B 4 pasa, eCJU IO0JIU-
CIacT JBOHMHOM.

C/ienoBaTe/IbHO, HECJIOXKHO OIpelleJIUTh MeXa-
HUYEeCKMU MOMEHT, HeOoOXOJAWMbIM /g IOJAbEMA

pacyéTHoro rpysa, kak W AM, cBA3aHHBIA C
[OBBIILIEHUEM 3TOU HArPY3KH CBEPX PACYETHOM.



JJIeKTPOHHEBIE OTPaHUYHTEN
rpy30noABHEMHOCTHU

JlaTYUK Harpys3kKu JJid
YCTAaHOBKH Ha TPOC

JlaTYMK Harpy3KH /iJisi YCTAaHOBKHU
Ha HENMOABUWXXHbIW KOHelL| Tpoca.
JlaTYMK Harpy3kKH JIeuCTBYeT 110
NPUHIUITY TEH30METPA,
MCII0JIb3YETCH, B YaCTHOCTH, MJIf
OrpaHUYEHUS U OTOOpaAKEHUA
Harpy3kKu

NHTennekTyabHbIN

MOHUTOP NMeperpysKu
80
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P — 4HCJI0 Tap IOJII0COB;
f—4acToTa o/jBOAMMOTI0 HaNPSXKEHHS;

1, —4acTOTa BpallleHUs pOTOopa 3JIEKTPOABUraTEJIs.



Takum 06pa3oM, poCT BEJIUYHMHBI TOKA CBHU/IETEJ b-
CTBYET O POCTe rpy3a, Y IPU JOCTHUKEHUU PACYETHOU
BeJIMYKMHbI 000pYy/IOBaHUE KPpaHa OTKJII0YAETCH.



CyiiecTByeT 1es1asd JUHEWKa Ipy30N04bEMHBIX
KpaHOB, pab0Ta KOTOPbIX OCHOBAaHA Ha
rUZpaBJIUYECKOM IIPUBOJE.

['MapOMOTOp OCYILEeCTBJASAET BpallleHHE JIeOENKH,
4YTO 06€ecCreyrBaeT BbICOKYH TOYHOCTD U IJIABHOCTD
paboThl KpaHOBOI'0 060PY/JOBAHUS.

B 3TOM Cilyyae orpaHAYUTEJIb IPY30II0 A bEMHOCTHU
paboTaeT 10 NIPUHIMITY IOBBILLIEHUSA JaBJEHUS B

rUJPOCUCTEME.



Y2Ke 00CYyK/1a/10Ch, KaK oNpeAe/IMTh MeXaHU4eCKUU

MOMEHT Ha JiebeaKe Mrmp-
EMy cOOTBETCTBYEeT MOMEHT, CO3/jaBaeMbIl

TUAPOMAIIUHON,

1

MHOT —
P 2110

V- Ap®,

rae V- pabouyuil 06'beM KHUAKOCTH, IPOXOAAIINH
yepes3 ruApomMallrHy 3a 1 060poT BaJia;

Ap" — pa3HOCTb J1aBJIEHUH B THIPOCUCTEME
MEX/1y BBIXOIOM U BXOZOM.



Ecsiv BO3HMKaeT NOTPEeOHOCTh B 00JIbIIIEM
MOMEHTE, TO, COOTBETCTBEHHO, [JJOJDKHO BO3PACTH

Ap'. Tlpu npeBblennuy Harpy3ku Ha 6oJiee 9eMm 1,15,

cpabaThIBaeT NepenyCKHOM KJlallaH, U ABUXXeHHe

JIeOEIKH OCTaHaBJIUBaeTCH.



CyliecTBYeT lieJias Cepysi OTpaHUYHTEJIEN
rpy30no0A4bEMHOCTH MexaHnyeckoro tuna OI'll, OI'b-2,
OI'b-3. IIpuHIMEO pabOTHI TAKOTO0 OrPAaHUYHUTEJISA
COCTOMT B U3BMEPEHUU HATAXKEHUA TPOCOBOU CUCTEMBI
JaTYUKOM YCUJIHH.

M3MeHeHUe HaTAXKe-
HUA GU3UYECKH U3MEHS-
eT MOJIOXKEHHUE TT0JI3YHKA
Ha IMOTEHIMOMETPE, YTO
[IPUBOJUT K pa3baJsiaH-
CUPOBKH MOCTA.

86



4. Pac4yéT ¥ IpoeKTUpPOBaHHUE OIIOP
rpy30noAbEMHBIX KPAaHOB

O4eBUIHO, YTO JIOOOW KPAaH MOXKET OIPOKHU-
HYTbCA MO, IEUCTBUEM I'Py3a U JPYTUX PaKTOPOB.
JlJ1g peIoTBpallleHUs 3TOT0 ABJEHUA KPaHbl
000pYAYIOTCA ONIOPAMH KaK CpeJCTBOM 3alUThI.



PacyeTHas cxeMa

ZF’onp * ZFBOC ZF:)n
S Ah

2F‘BOC

i - i
Ycs10BHUSA paBHOBECUA:

MBOC > MO

np

aIZF BOC > aZZF orp



I\I\I\I

rae (- KeCTKOCTb i-H OIOpBL.
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U3 Beipakenust it M, ciiefyet, 9To 4eM

OoJIbllle pa3Mep OIOp, TeM OOJbIIHNKM MOMEHT
BbIJ€P>KHUBAIOT ONOPEI.

C/ieqoBaTe/bHO, aHAJIOTUYHO 3TOMY, YEM OOJIbIIIE
*KECTKOCTb OIOPHI, T.€. 60Jiee IJIOTHbIU I'PYHT HUJIU
0oJiee MPOYHbIE MOJAKJIALKH IO, OMOPY, TEM

OO0JIBLIMK MOMEHT BbIZIEP>KMBAET OIOPa.



Tema N2e3
PACUYET U ITIPOEKTUPOBAHME 3AIIUTHI
OT IYMA

Y4eOHbIe BONPOCHI:
1. O61Me NPUHIMITBI 3aIUThI OT IPOXU3BOACTBEHHOIO IITyMa.
2. PacyeT v mpoeKTUPOBaHUE CUCTEM 3BYKOU3OJISILIHH.

3. PacyeT U npoeKTUpPOBAHUE CUCTEM 3BYKOIOTJIOIEHUA.

Jluteparypa:
CpeacTBa 3alllMThl B MAlIMHOCTPOEeHUH. PacyeT U

pOEKTUPOBAHMUE : ClIPpaBOYHMK / cocT. C. B. beJsioB [u ap.] ; mon
pea. C. B. besoBa .— M.: MamuHocTtpoeHue, 1989 .— 365 c.
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McTO4YHMKY 1lIyMa U3BECTHEL. B pe3ysibTaTe ux

AE€ATEJIbHOCTHU BOSHHUKAET HpOHBBOﬂCTBeHHbIﬁ IyM

pas/IMYHOM YaCTOThI f ¥ pa3/IMYHOM HHTEHCHBHOCTH

L p, Ipy 3TOM BecCh 1IyM N0/|pa3/iessaoT:

* HA UHOPA3BYK, KOTOPbIU MbI HE CJIBILIHUM, HO

KOTOPBIX JIEUCTBYET HAa OPraHU3M 4YeJIOBEKa, f<20 [

* 3BYK, KOTOPbIX MbI CJIBIIIUM, fOT 20 'y o 20 kI';

* YJIbTPA3BYK, KOTOPBIU MbI He CJIBILIUM, HO KOTOPbIU

NefdCcTBYeT Ha OpraHu3M yesoBeka, f>20 I,



1. O6mue NPUHIUIIBI 3ALUThI
OT NPOU3BOACTBEHHOIO IIIyMa

1. CHM>KeHMEe MOIIHOCTHU B UCTOYHHKE OMMACHOCTHU @ (£).
2. 3BYKOU30JIA1Ms pab04YHX MECT.

3. 3BYKOIIOIJIOIEHHWEe Ha IYTU PacIIpOCTPaHEHUA
3BYKa.

4. 3BYKOOTpaKeHHUe.



I/IBBeCTHO, 9TO AOIMIYCTHUMOE€ 3HAYCHHE

[IPOU3BOICTBEHHOTO 1IyMa cocTtaJisieT 50-60 ab.

Pa3HocTb onpepesisieTca NIpeuMylieCTBEHHbIMU

M0JI0CaMU IIyMa.



Pa3paboTka cucTeMbl 3allMThI OT IIyMa IIPOHU3-
BOJIUTCS HA OCHOBAHHUHU aKyCTHUYECKOT0 pacyeTa:

* BJIMsSIHUE pacuyeTHbIX Touek (PT);

* onipe/iesieHre 0XKUlaeMbIX YPOBHEMN 3BYKOBOT'O
nasyenud (Y3/) ab;

* onipejieJieHue TpedyemMoro cHukeHus Y3/ B PT.



PT BbiOUpaeTcda Ha paboyeM MeCTe Ha BbICOTE
1,2...1,5 M o1 noJ1a.

Eciiv B noMellleHUH HECKOJIBKO pabo4yux MecCT, TO PT
BbIOMPAETCH B 30HE NMPAMOTO0 3BYKa, a ipyrasi — B 30HE
OTPaXEHHOT0 3BYKa.

OKTaBHBbIE MOJIOCHI:
63:125; 250; 500; 1000; 2000; 4000; 8000.

J1J1g OTHOTO UCTOYHHUKA IIIYMa OKTaBHbIe Y3 /|
OIpeesIlOTCA 110 GOpMYJIE:

L=L, —I—IOIg(x9 ij
S B



rae Lp- akTUBHBIN ypOBEeHb 3BYKOBOUM MOLIHOCTH IO
[IaCIOPTHBLIM JaHHBIM 000pYy/10BaHUS;

X — KOOQQUIHMEHT, YYUThIBAKOILIWU BJIUSIHHE
OJIM>KHero HoJisd. OnpesiensieTcss Kak OTHOLIEHUE
PacCTOAHUA MeX1y pacCieTHON TOYKOU U UCTOYHHUKOM
[IyMa ¥ U MAaKCUMaJIbHOMY rabapUTHOMY pa3Mepy

UCTOYHUKa myMma /.. — ¥/l ..;
X

3,0

2,0

1,0

1,0 20 3,0 40 rl

max



® - pakTOp HanpaBJIEHHOCTH. /1)1 UCTOYHHUKA C
pPaBHOMEPHBIM HU3Jiy4yeHHWeM 3ByKa &=1,0;

S - m1o1aAb MPaBUJILHOM reOMeTPUYECKOH
GOpPMBI, OKpYKarIlasi UCTOYHHUK 3BYKa U PaCYETHYIO

i S=Qr,

() _nmpocTpaHCTBEHHBIH YroJ U3J1y4eHHus,
r — paccrodHue ot U go PT.




B=S§"a(1+0) - nocrossHHas nomelieHus,

TI€ 00 — KOAPPHUIHEHT 3BYKOIIOIJIOIEHHS B
nomeleHUU. HaxoauTcst U3 TabJIUIBI.

TU noMmenieHUs

CpeagHereoMeTpu4yecKHe 4acTOTHI, I'1]

63 | 125 | 250 | 500 | 1000|2000 (4000|8000
[TomenieHue
00JIMIIOBAHO 0,07 0,08 1| 0,08 | 008|008/ 0,08] 0,09 | 0,09
MOMOILeHCS NJIUTKOH
Heobusiu1ioBaHHBIE
cTeHbl MexaHudyeckux | 0,1 0,1 o1 (011 0,12 | 0,12 | 0,12 | 0,12
IIPOU3BO/ICTB
Kb
Jlaboparopuit, KB, 1 111011 | 0,12 | 013 | 0,14 | 0,14 | 0.14 | 0,14

ITIOCTHI YIIPpAaBJIEHUA




Ecyii HeCKOJIbKO UCTOYHHUKOB IIyMa, TO OKTaBHbIE
Y3/l onpesieiA0OTCA TaK:

[ m n
L=10lg ZAX(D ZA :
\_i=l i

0,1Lp,

rie A =10



Beruucius BesinuuHy L B kKaxkgou PT u cono-
CTaBHUB C JOIYCTUMOM BEJINYUHOH, [IOJIYYHUM Tpe-
6yeMyI0 BeJIMYHHY cHWKeHusa AL fjs Kaxkom us

OKTAdBHDBIX ITOJIOC.



2. PacyeT ¥ IpOEKTHPOBaHUE CUCTEM
3BYKOHU3O0JISIUU

CpeacTBa 3ByKOHU3O0JIALIUU:

* aKYCTHUYECKHE 3KPaHBHI,
* 3BYKOU30JINPYIOIIHE OTpaKAeHUs (IepeKpPhbITHS,
[IeperopoJKu, OKHa, IBEPH ),

* 3BYKOU3O0JIMPYIOILIHE KOXYXH,

* 3BYKOU30JIMPYIOIe KAaOWHBI.



AKycTU4YeCKHe 3KpaHbl IPUMEHATCA
npu Z;=AL<20 nb u ecniv npsiMo¥ 3BYK 60JblIIE

oTpakeHHoro Ha 10 gb.

PasMepbl 3kpaHa 1o Beicote H v mupune [

JI0JDKHBI OBITh CYIleCTBEHHO (B 3—4 pa3a) 60Jiblile
3KPAaHUPYEMOTr0 UCTOYHHKA.



9dPEKTUBHOCTb NJIOCKMX 3KPAHOB

7. =ML
Pasmepsl CpeagHereoMeTpuyeckasd 4aCTOTa OKTaBHOU
3KpaHa 10JIOCHI, 11
H / 63 125 250 500 | 1000 | 2000 | 4000 | 8000
2,4 1,0 0 0 5,7 7,0 8,5 9,0 11,5 | 15,0
2,4 2,0 3,0 7,0 10,0 | 13,0 | 14,0 | 15,0 | 21,0 | 23,0
2,4 5,0 8,0 11,0 | 13,0 | 16,0 | 21,5 | 24,0 | 25,0 | 27,0

104




OrpaxaeHus

JPPEKTUBHOCTD OTPaAKAEHMS B 001IEM CIydae
BBIYMCJISIETCS KaK

(p

Z, =AL=10lg| == |,

\Pﬂp)

rae P, - 3ByKOBas MOIHOCTb, Ia/jaolias Ha
OTrpak/IEHUE;

P, - 3ByKOBasi MOLHOCTb, NPOLIeAIIAst Yepe3
OrpakJIeHue, T.e. 32 HUM.




[Ipy NIPOHWUKHOBEHUH ILlIyMa U3 OJHOTO IOMEIeHHUS
B ipyroe

Z,=AL=L, —L, —10lgB+10lgS, ,

rjae Sorp — JIOLLLAJb OTPAXKAeHUs, pa3/esollero

[OMeLIeHUd, M2.



3BYKOM3O0JISIUA CTEH U IEPETOPOOK, Ab

Konctpykiuu | Tommuna, | IToBepxnocTHas | CpenHercoMeTpuyecKas 4acToTa OKTaBHOM IOJIOCHI,
MM IJIOTHOCTD, I
Kr/m? 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
Kupnnunas 140 220 32 39 | 40 | 42 48 54 60 60
KIazKa, 270 420 36 | 41 | 44 | 51 | 58 | 64 | 65 | 65
OLLITyKaTy-
peHHas ¢ 410 620 41| 44 | 48 | 55| 61 | 65 | 65 | 65
ABYX 680 1000 45 | 47 | 55 | 60 67 70 70 70
CTOpPOH
KenezobetoH- 100 250 38 | 38 | 38 | 44 50 58 60 60
Had MaHCIb |40 1000 45147 155 61| 67 | 70 | 70 | 70
['urco6eToH- 80 115 32 | 32 | 33 | 39 | 47 54 60 60
Hai ITaHCJIb
JlpesecHo- 30 12 23 | 23 | 26 | 26 | 26 26 26 26
CTpyXKeu-
Hai I1JIUTAa




3BYKOU30JIUPYIOLIHE KOXKYXHU

O HUM K3 BaXXHbIX METOI0B O60PHOBI C IIYMOM
SIBJISIETCS 3BYKOU30JISILIUS UCTOYHHKA 1lIyMa 3BYKO-
MU30JIMPYIOIIUM KOKYXOM.

3alyTa CIJIOLIIHbIM FePpMETHYHBIM KOXXYXOM pac-
CYUTBIBAETCA 110 GOPMYJIE

=27 —10lgog,

rae O s — peBepoepallMOHHbIA KO3PPUIIUEHT
3BYKOMNOTJIOLEHHS 00JIMIIOBKY BHYTPEHHEU
OBEPXHOCTH KOXKyXa.



3BYKOU3O0JIALIUA CTEHOK KOXyXa, Ab

MarepuaJ Pas- Tommum- CpenHereomeTpuuyecKasi 4acToTa
Mep Ha OKTAaBHOM M0J10ChI, I'IX
CTeH- | CTCHKH,  T'g3 17125 [250 [500 [1000 [ 2000 [ 4000 [ 8000
KH, M MM
Craab 4x4 1,5-2 21 26 32 36 42 47 50 30
4x2 27 | 25 30 35 40 46 48 31
4x4 3-4 24 | 29 35 30 45 47 33 42
4x2 29 | 26 33 37 42 45 34 43
4x4 5-6 27 | 32 37 42 44 35 44 53
4x2 30 | 28 35 40 42 35 44 53
Al-Mg cniiaBel | 4x4 1,5-2 14 | 19 24 28 33 38 42 24
4x4 3-4 15 | 20 25 30 36 38 23 31
4x4 5-6 18 | 23 28 33 36 24 32 42
Oprannyec- 4x4 3—4 11 16 22 27 33 39 43 21
KOC CTEKRJIO 4x4 5-6 16 | 21 26 31 36 38 21 30
4x4 12-15 19 | 24 28 34 36 24 32 42




BHyTpeHHHE MOBEPXHOCTHU CTEHOK KOXKyXa
00JIMIIOBBIBAKOT 3BYKOIOIJIOIAOIIMM MaTEPHAIOM.
JIns1 06JIMIIOBKHY MCIIOJIb3yEeTCS MUHepaJibHasl BaTa B
BU/I€ IIJIUT, MaThbl U3 CTEKJIOBOJIOKHA, 6a3aJIbTOBOTO

BOJIOKHA U JIP.

Mcxoss1 U3 BblJleIsiEMOTI0 MICTOYHUKOM IlIyMa
TeIlJIa, B KOXKyXaX MHOT/1a BbIHYK/IeHbI J1eJ1aTh
OTBEPCTUS AJi1 0OTBoAA Telia. Torza cpeaHss
3al[MTa TAKOT0 KOXKyXa olpeaessaeTcs KaK AJsl
OTpaXKJieHHUsl.



3BYKOHU3O0JIUPYIOIHEe KAOUHBI
MHorpa npolie U y1o0Hee c/ies1aTb 3BYKOHU30JIUPYIO-

I[y}0 KAOMHY, B KOTOPOU Pa3sMeCTUTb NyJIbThI JUCTaH-
[JMOHHOTI'O YIIPaBJIEHUS U OollepaTopa:

Z, =L,—101gB+101gS—L,, +101gn,

rae # - KOJUYECTBO OJIMHAKOBBIX 3JIEMEHTOB KAOWHBI
(OKHa, IBEPH, CTEHDI, IOTOJIOK).



OnpepesieHbl KJIacChl KAOUH 10 3BYKOHU3O0JISALIHU.

N3osguus kabvH oT 1yma, ab

Kiace Cpennereomerpryueckas 4aCToTa OKTAaBHOU MOJOCHI, [ 11

Ei?“' 63 125 250 500 1000 2000 4000 8000
1 25 30 35 40 45 50 50 45
2 15-24 | 20-29 | 25-34 | 30-39 | 35-44 | 40-49 | 40-49 | 35-44
3 5-14 10-19 | 15-24 | 20-29 | 25-34 | 30-39 | 30-39 | 25-34
4 0-4 0-9 5-14 10-19 | 15-24 | 20-29 | 20-29 | 15-24
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3. PacyeT 1 npoeKTHpPOBaHNE CUCTEM
3BYKOIIOTJIOII[EHHUS

CpeacTBa 3BYKOIIOIJIOIEHUSI IPUMEHSIOT [JIs]
CHH>KEHHMS 1IyMa Ha pabo4yrX MecTax, Korjia TpedyemMoe

cHmkeHue AL B PT 1...3 b B Tpex oKTaBHBIX 10JI0CAX
Uau 5 1b xoTs1 6bI B 0OHOH MOJIOCE.

,[[JIH 3TOI'O CHUTAKT dKYyCTHY€CKOE€ OTHOIICHHE

1

oTp
] 2

mp
3BYKOIIOTJIOTUTEJIU CHUXKAIOT I'JIaBHBIM 00pa3oM
OTpPaXeHHbIN 3BYK.




Torna _

7, =AL=10lg| —¥

(Bv,)

rae B u B, - akycruyeckue k03pPULIUEHTHI 10 U
IMOCJIe YCTAaHOBKHU 3BYKOIOIJIOTHUTEJIEH;
Y U Y, - KO3QPULIMEHTHI, ollpejeideMble 110

rpaQukKy. Wy

0,8

0,6

0,4

0,1 0,5 0,9 1,3 B/S



CpeacTBa 3BYKOIIOTJIOI[EHUS

v
s, »
A0

1rte it

L2 D
LI KOO
A #?0?0""’4‘-.'4

X Y]

¥

A

h 4

KoHW4YeCKHUU LITYYHBIU
3BYKOIIOTJIOTHUTEJIb

KybryecKkuy IITy4YHbIN
3BYKOIIOTJIOTUTEJIb




nywutenu wyma

[AywmnTenn ycTaHaB/AMBAIOTCA B KaHAIaxX ABUXKEHMUS
3BYKa MM HA MecCTe ero Bbibpoca.

OHM moryT bbITb:

® a6copbUNOHHDbIE,
® DEaKTMBHbIE,

® KOMBOMHUPOBAHHDIE.



A6CcOpObUUNOHHDIE FAYLIUTENU CHUKALIOT LUYM 33 cYeT
NOrNOLWEHUA 3BYKOBOM 3HEPTUU MOTNOLLLAKOLWMMMU

maTepuanamm.

B PEAKTHBHBIX INMIYIIUTEJIAX DOHEPI'UAd OTPa»>KaeTCA

OOpPATHO K UCTOYHHUKY.

KoM6rHMpOBaHHBIE IVIYIIMTENN KaK MOTJIOIIALOT,

TdAK W OTPa>KalOT SHEPTI'UIO.



Tema Ne4
PACYET U ITIPOEKTUPOBAHME 3AIIIUTHI
OT BUBPAIIUU

YuyebHble BONpOCHI:
1. Obwume noaxoabl K bopbbe c BUbpaumen.
2. PacyeT n npoeKktnpoBaHune cuctem subpounsonauymm.

3. PacueT 1 npoeKkTMpoBaHMe cucTem BMbporaeHus.

Jluteparypa:

CpeactBa 3aWUTbl B MALLMHOCTPOEHUU. PacyeT un
npoeKTnpoBaHue: cnpaBoyHukK / coct. C.B. Benos [ ap.]; noa pea.
C.B. benosa .— M.: MawunHocTpoeHune, 1989 .— 365 c.
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1. Obwme noaxoabl K 6opbbe c BUbpaumen

HeypaBHOBeLLEHHble YacTn 0bopyaoBaHUA

NPUBOAAT K BO3HUKHOBEHUIO KONebaHUn, UMeroLLUX

amnautypy A, , ckopocTb Bubponepemeluerua V', u

4acToTy Kone6aHm‘/’|fm. [TocKkoNbKy BMbpauus asnaertca
BpeaHbIM $aKTOPOM NPOU3BOACTBEHHOW AEATENBHOCTM
019 Ye/I0BEeKa, KOTOpPas MOXET MPUBECTU K
BMbpaunmoHHon 6one3Hn, HeobxoaAMMO 3aLLUNTUTD

4yenoBeKa OoT BMbpauyum.



Kak ussectHo, Zy—310 £, u L, n L.

[lonbITaeMcs co3/1aTh CUCTEMY 3AIUTHI OT ( — T.€.

Z

0"

Cyw,ecTBYIOT 2 NPUHLMUNMANbHO Pa3HbIX Noaxoaa K

3almTe OoT BMbpauuu:
1-i nyTh — 3awWmMTa B MecTe obpasoBaHmA BUbpaumu;

2-i IyTh — 3alLMUTa YeNOBEKA Ha NYTU pacnpoCcTpaHeHUA

BMbpauun.



B nepBOM C/ly4yae OCHOBHOE BHUMaHUeE yaenseTcs

3aWwmTe oT Bbpaunmn dyHaamMeHTOB, NONOB, T.€. TOT0, YTO
nepenaeT BMbpauunto paboTatowemy.

Cxembl cuctem BUbpomnsonaumm malumH

> E
ﬂ%?ﬂ L i

a | ]

\\\K\\\.§

W xxxxx‘g
LR S ﬂ
%

. ff{ffffffffffffff«’f’ff.a’fff!
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2. PacyeT u npoeKTUpPOBaHHE CUCTEM
BHOPOM3O0JISIUU
MeToamKa pacyeTa No3BoAAET onpeaenTb YUCA0 U

TMN BUOPOU30NATOPOB ANA CHUMXKEHUA BUOpaAL MM A0 HOPM
rOCTP 12.1.012.

UcxopaHble gaHHble:

®* MaCCa MalllHBI 11,

* MOMEHTbI MHepuuu /, , [my, [ _moocaMyx,y, z

NPOXOJSIIMM Yepe3 [EeHTP Macc;
* rabapUTHbIE pa3Mepbl 000PYI0BAHUS;

* Y11CJIO 00OPOTOB IIPpHUBOJA 11~ ;
00p

* HeypaBHOBellleHHas [leHTpo6exxHasa cuia [,



[lopagok pacyéTta
1. Ber6upaerca cxeMa pasMelljeHHA BHOPOH30JIATOPOB.
Kak npaBuJ0, cxema npejioJiaraeT ux CAHMMETPHUYHOE
pacnoJioXeHHe BOKPYT I'JIaBHOM OCH BUOpAIMU YCTaHOBKH.

2. OnpegejqarTca KOOPAHHATHI EHTPA MaCC CHCTEMBI
«MalllMHa — ONOPHAdA IJIUTA» X, ¥y, Ty HA4aJI0 KOTOPBIX
ocpeinHe ONIOPHOM MJIUTHI.

rge m,—Maccai-ro 3JieMeHTa B CUCTEME;
m — Macca MallluHbI;
M — macca OnoOpHOM NJIUTHI.



3. Ilo mo/1y9eHHbIM 3HaAY€HHAM KOODJHHAT
ONpefeJTI0TCI MOMEHTHI HHEDIJHH CHCTEMBL.

/. =Z{1xi +ml.(y§i +x§i )J ;
Ly =21, +m (o +2 )|
L. =Y|1, +m(z5 + 2 )|

4. PaccunrbeiBaeTcsa 3HA9YE€HHE YC/IOBHOH 9aCTOTHI
BO3MYIAIOL[€H CHJIB,



5. Onpejge/igeTca BO3MyIaroIee BO3JeHCTBHE 110
Ka)K/JOH KOODJHHATE.

3aJlaHHad LeHTPOoOeXHas CUJia 3aMeHsIeTCS
BEpPTUKAJIbHOH

b . =F-sinwt
YU TOPU30HTAJILHOU

F_=F-cosmwt.

BO3.X

Bo3myuaroimas cuja 006yc/J0BJIMBaeT BOBHUKHOBEHHUE

M,,,

KPYTSIIUX MOMEHTOB BOKPYT ocen X, y, z - M

mx’
M

mz*



6. OnpesenaroTcd 3HaYeHHA aMILINTY/] KOJIe6aHHA A,

A,y Ay, H YTIOBBIX KOJIEOAHHH P, , @, O, .

m)”’
F M
a,, = = (me=Z s
(m+M)o I, ®
M
amy = O, (Pmy — Z ’;y ;
[y, ®
F M,.
amx — = (sz — Z 2




7. [losryyeHHbIE pacYeTHbBIE 3HAYEHHA CPDABHHBAKTCA C
TpeboBaHuamu I'OCT 12.1.012

Ecauv 3HayeHUs aMILJIUTY/, UJIU YIJIOBBIX KOJIEOAHUH HE

COOTBETCTBYET AOITYCTUMbBIM HOPMaM, TO.

*  HWJIM UBMEHSIOT NapaMeTpbl GYHJAMEHTA,

* W/ UBMEHAIOT KOJINYE€CTBO N PACIIOJIOZKEHHE

BUOPOX30JISTOPOB.



8. Berunuciigercsa moTpebHasa >KECTKOCTb CHCTEMBbI
BHODOH3OJIALHH,

q:(m+M)(x)§.

9. Onpegengerca NOTpebHAdA JHHAMHYECKAA KECTKOCTh
Ka)KJOro BHOPOH30JIATOPA,

q, _ﬁ'

10. Onpegengerca pacieTHas Harpy3ka Ha

BHODOH30JIATOP,
F =F_+15F

i TAH

11. A3 cnpaBoYHHKOB H IIPAHCOB 110 O0UPAOTCA
BBIITYCKaeMbI€ BHOPOH3O0JIATODAL



Ecau no KakuM-/1M60 NpUYMHAM He yaeTCs
OCYIILeCTBUTh BUOPOU30JIAALIUIO UCTOYHHKA
KOJIeOaHUM (HalpuMep B CAMOXO/AHbIM MalllMHAX,
TPAKTOpax, rper/iepax u ip.), TO Zy, MOXKET OBITH
OCylleCTBJIEHA B MeCTe paboThI YeJIOBEKA.



Bubpousossius paboyero Mmecrta
1. 3azal0T YKCI0 BUOPOOIIOP U UX pa3MelleHHeE.

2. Onpeziesi10T XECTKOCTh BUOPOU30JISATOPOB (.

3. OnpenensioT cTerleHb BUOpogeMNIPUPOBaHUS

ng\/qmz

rae € —Ko3QpQUIUMEHT TPEHUS Bnépoonop,
My — Mg +mq+M+m069
m. — Macca cuaeHus,
m,, - Macca 4YenoBeka,
m.g — Macca obopyaoBaHua Ha paboyem MecTe,
M - macca onopHOW KOHCTPYKLINN.



4. BeI9HCAAIOT 3HAY€HHA YTJIOBBIX YaCTOT BO30OVKJEHHA

®, =21f, .
1
rjae fk = —T0 9- :
2 )\m,
. 0
H OTHOILIIeHH -
0



5. OnpeseadaT KO3QPHIHEHTHI IePEfJAYH




ona D=20; 0,05; 0,1; 0,2; 0,5; 0,7; 1,0 3aBucumocTu
KM, v KMN_ oT w,/w, npuBeaeHbl Ha pUCYHKaX.

KIlx KIIz
10 10 T HH—
7 D=0 7 D=0
] 0,05 5 T 0,05 A
5 0,1 0,1
; 0.2 3 0,2
0,5 2 0,5
o) b 0,7 1,0
1,0
1,0 J = ' 0,1 S
0,7 = ;3
y 4
0.5 AN o D-1,0
03 19 0 <J T
. NS N
0,2 Y : 0,1 . e
0,07F= 1 : 0,2 1 A
0,1 / e 0.05] —t 006154
01 02 05 L0 2 5 10 20 oo, 0.03 " —+—L N
d 0,02 \\7\ ‘
N
0,01 ' \ N
0,1 02 05 1,0 2 5 10 20 o/,



6. Onpese/ITloT BEPTHKAJIbHbIE CKODOCTH H YCKOPDEHHSA

rmepeMenjeHHT

Cnoco6 onmucaHud
JIBIXKEHHS KpecJa

@

/d2Z\
dt”

[lepemelieHreM

CKOpPOCTBIO

YckopeHUueM

KIl oy

KII (dy
dt

J

KII_(d*y
® \ dt

J

KIT o y
dy
dt

Kn{d Y
dt

KII 0)(

3

|



7. OnpegensaroT CPEJHEKBAAPATHIECKHE 3HAYECHHUSA
CKOPDOCTH, YCKODEHHA

2
CK 1,41 At ’ 1,41 dt

Jl/11 3HaYeHUH, IOMNABIIXUX B OJJHY CTAaHJAAPTHYIO
OKTAaBHYIO I10JIOCY, BBIYHCJISIOT CYMMapHOe 3HaYeHHe:

k k
_ 2 _ 2
DZ o ZDCKi ’ (DZ o Z(DCKi .
l i



FpaHI/I‘{HbIe YaCTOTbI CTAHAAPTHBIX OKTABHBIX ITOJIOC

Cpennereo- 2 4 8 16 31,5 63
METpHUYECKasI
yacToTa
OKTaBHOU
mojocskl, ['11

3HaueHUA 1,4-2,8 | 2,8-5,6 | 5,6-11,25 | 11,25-22,5 | 22,5-45 | 45-90
rPaHUYHBIX

qaCTOT

8. [lo/1y4yeHHbIe 3HAYEHHS 1aPpaAMETPOB BHODAIJHH
CpaBHHBAIOT ¢ gornyctuMmbIMu 110 [OCT 12.1.012.

Ecau XoTs Obl B OJHOM I10JIOCE YaCTOT 3alllMTa He
0b6ecrneYyrBaeTCs, UBMEHAIOT KOJMYECTBO UJIU
NapaMeTpPbl BUOPOH30JIITOPOB, U pacyeT OBTOPSIOT.




[Ipumep BUOpoOHU30JALMYU paboyero Mmecra

| i
ZOL \ )
14 15 12 {0 8|©182223 T.,
§ \ i ‘ \ \\\& 3

AN




3. PacueT 1 npoeKTHUpPOBaHHE CUCTEM
BHOpoOraiieHus

Ecsiv BUb6pousossinuen JOOUTHCA HEOOXOJUMOH
3aIUTHI ZT(P He yIa€Tcsl, TO MOXKHO CO3/1aTh
JIOMOJIHUTEJIbHYIO KOJIeOaTeJbHYI0 CUCTEMY C MaCCOU M
1 )KECTKOCTBIO ¢, COOCTBEHHAsI 4aCTOTa KOTOPOH f,
HaCTpOeHa Ha OCHOBHYIO YaCTOTY arperara f, BUGpanus
KOTOPOI'0 CHHXKAEeTCsl.

[Tog6opoM Macchl 71 ¥ )KeCTKOCThIO ¢ o6ecrieYuBaeTC

BBINIOJIHEHHE YCIOBUA 1 q
fi=l—||L=r
21 )\ m



[lopsaaok pacuera
1. OnpesiesiAIOT 3HAYEHHW S YaCTOT HA rpaHUIaxX

pabo4yel 30HbI 110 YaCTOTE BpallleHUS:

frem = f+An/100,

2. OnpeiesII0T A0NYyCTUMbIe 3HAYEHUA aMIIJIUTY [

BubponepeMeIeHus [ Y | ey ¥ Y]y OCHOBaHUS 1O
'OCT 12.1.012.



3. BbIYUCJIAIOT 3Ha4YeHHe IlapaMmeTpa d :

a=yly, :
[ )i I

a, =
Ver Yer

rae Y. — CTaTU4eCKUU IPOrud CUCTEMBI, M:

g .
(2nf, )

Yer =



4. OnpezensOT 3HaYeHUe napaMetpa . = f/ f, Ha
rpaHULiax padboyeu SOH[I:

B i An |
oo\ L)

o= e,

5. PaccyuThIBaKOT 3Ha4eHUE ITapaMeTpa
Bubporacurens W= m/M,

(%3 —xf)[lw(l—xf)]_l—az(l—xi)].

Xf)é |:a1 Ta, Taa, [X§ _Xlz )]



6. PaccunThIiBalOT 3HAaYEeHMWeE ITapaMeTpa
BUGporacurens f_=f,/f,,

a +a, +aqa, (X§ _XIz)

S = A5

\axi +axd +aa, (6 -x)

7. IlpoBepseTcs BbINIOJHEHHE YCIOBUS

1 <0,05...0,08.



8. Ecaiu yciioBue |l He BBIIIOJIHAETCH, IU00

M3MEHSIOT pab0Ty CUCTEMBI, JINOO U3MEHSIOT

[apaMeTpbl BUOpOracUTeJisd, U pacyeT IIOBTOPSIETCA.

9. Ecaiv yciioBUe BBINIOJIHAETCS, TO I10

[IOJIY4EHHOMY |l OlpeJeiAi0T MacCy BUOPOracUTeIA:
m = uM.
10. Onipenesisl0OT COOCTBEHHYIO YaCTOTY

BuGporacurenst: f,. =f. 1,

11. OnpenensoT NOTPEOHYIO XKECTKOCTb

Bubporacures: g = (27f, )*m.



Cxema Bmbporacutens

-

s 151 1
{H ol HB
h\_ /

L

~ — T ]

CxeMa Typboarperara c JUHAMHU4YECKHUM
BUOpOracuTesieM



Tema Ne5

PACYET U IIPOEKTUPOBAHHUE CUCTEM 3ALINUTDI
OT 3JIEKTPOMATHUTHBIX ITOJIEH

Y4yebHEbIe BOIIPOCHI:

1.0611e npyuHL UMbl 3a10UThI 0T IMII.
2.PacuyeT 1 npoeKkTUpoBaHUe 3a1UThI OT IMII.
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1. O6mue npuHLUUNBI 3alUTHI OT IMII

HUcToyHuku JMII: MHIYKTOPBHI,
TpaHCPOPMaATOPHI,
AHTEHHBI,
buZepHbIE JIMHUH,
JIDII Bcex BUJIOB,
reHeparopsl CBY.

IMII B MaTepHaJIbHOU Cpeie UMeeT 30Hbl UHAYKIIUU

(r<M/27) u uznyyenus (¥r>A\/2m).

IMII B MaTepHaIbHOU CpeJie XapaKTePU3yeTC s
napamerpamu Y(®), z(®) u Z.



B 30He uHayKiuu IMII 3aBUCUT OT TUIIA UCTOYHUKA
M3JIYYEHHS U MOXKET ObITh IIPEUMYILLECTBEHHO

IJIEKTPHUIECKHUM C UMIIE€EJaHCOM ZE - Z
Jkr
U MAl'HUTHDBIM C UMIIE€JdHCOM
4
H -
4 —,
Jkr

rfae 7 - pacCTOSTHHE,
j=~-1  k=\—-zy .
[Ipu yBeIM4eHUU PacCTOAHHSA OT UCTOYHHKA

uMmneaaHc ZF ymenbiaeTcs, a uMnefanc Z pacrer.

OcHoBY 3a1uThl 0T IMII cocTaBJIAIOT ABJIEHUA
OTpaXXeHHUA U MOTIJIOILEeHUA BOJIHbL. TeXHuYecKad
peasii3aliud 3TUX IBJIEHUU COCTOUT B 3KpPaHax.



2. PacyeT v npoeKTUpPOBaHUe 3alUThI OT IMII

OueHka 3¢pGeKTHUBHOCTHU 3KPAaHUPOBAHMUS, a 3HAYUT, U
BbIOOP 3KPAHOB COCTOSIT B BEIYUCJAEHUU PYHKIIUU

SKpaHUpOBaHMs I M GYHKIUH 06paTHOH (OTpaKeHHOM )
BOJIHEI R.

[Ipu 3TOM NPpUMEHAKTCSA 06003HAYEHUS:
F™ — cocraBigwomasn Hanps»KEHHOCTH PSIMOU BOJIHBI,

I~ — cocraBasromasg HanpsKEHHOCTH 06paTHOMU
(oTpaXeHHOM ) BOJIHBI B pacCCMaTpUBAeMOM TOYKE.



42,25

T = _ -
(Z,+2,)z, +Z3)6Xp(kh)_ (Z,-2,)z, —Z3)exp(— kh)
R (Zz +Z3)(Z2 _Zl)exp( Ah)"‘(Zl +Zz)(Z3 —Zz)GXp —lgh)
( 1T 2)(Z2+ 3)exp(Ah)—(Z2— 1)(Z2_ 3)6XP —kh),
roe k= —jk  — K03} QUIMEHT pacIpOoCTPaHEHMUH],

exp(— kh) — 3aTyxaHHUe BOJIHOBOTO M10JISI B Cpejie
Ha AJINHE .



tpedaZ:namepuan

Cpeda 1 do axpana \ P¥PaHa. Cpeda
P g 4 m CﬂedaJﬂZa&m anpana Mamepuan "°%1€ INpara
- I ' Jamyxanue
' < Ey P fﬁ"”z 5/ Gonne 8
X . pana oy axpane
¥ Ey Nadarwuas Mpowedwan
dorna =~ XA
an ’04”0
Dm,gg,wmﬂaﬁ < Ompaxennas S o
Ha - e
% borna woo empaxennas
I veriom Bmopou
i ' - apanuyy pasdere
- cped
a 4]

JKpaHUPOBAHUE 3JIEKTPOMATrHUTHBIX BOJIH [IJIOCKUM
3KPaHOM: a — IPOXO0XK/IeHHEe BOJIHbI CKBO3b 3KpaH; 0 -
[IPYUMEPHbIK aMIIJIMTYAHbIM O6a1aHC.



OYHKUMKM 3KpaHUPOBaHUA U 0OpaTHOro AencTeums

Tun 3KpaHa: ToACTeHHble 060/104KK

— MOCTOsIHHbIE DMIT: 2141\
L. "
]-;1 = R 2n+1
(1+p.7) (W +7)— (1. —l)zﬁ[lj
R2
— HU3KOYaCTOTHble DMI
2n+1R:+2
T, = 7

n

(7R, +1)ch(oth)+ (7P~ + PR.)sh(ouh)



Tun skpana: cepuyueckue 000I0YKU
— noctossHHbIe DMII

(W —1)7 (ITHH —1_ (n. —7)

R, = - - 2n+l
(1+wa) (W +7) — (W —1)’ ﬁ[lj

— HU3K0o4YacTOTHBIE DMII

) | (PR~ P )sh(ah)—(R. ~1)ch(ah)]

" (mR.+1)ch(ah)+ (7P + PR.)sh (o)

A 1
R*:(Rl-l-h)/Rl; P= . R; OCI\/k2+n(n+)
w.n



OueHKa 3 PeKTUBHOCTM 3KPAHMPOBAHMNA MOKET ObITb

OLEeHEeHa 1 No rpaduKky gna oTHoweHun A/A, (B AnanasoHe OT
0,1 no 10). e, 08 |

ot

9

-"'————-'-"'T“"_' I . N 1 1 1 L1 1 L LJ

a1 42 0,3 440506 08 1 2 3 £ 556 ”/i:w
y

IPDEKTUBHOCTb 3KPAHWUPOBAHUA MAarHUTHOTO I10JISI HAXOAUTCS
B 3aBUCHMOCTH OT OTHOIIEHUS TOJILIHMHBI 3KpaHa K IJIyOuHE
IIPOHUKHOBEHMS IIPU Pa3HbIX 3HAYEHUSIX P,



MaTepuaJibl J1 3allUTHLIX 3KPAaHOB
o CIIJIOLIHBIE METAJI/IHYECKHE JIUCTHI.
e [IpOBOJIOYHBIE CETKH.
IPDEKTUBHOCTb SKPAHUPOBAHUS NIPH HCII0JIb-
30BaHHH CETOK:
ZE
/

% 6
rae Azzolg(@j (l—lklj,

e =10lg + A+ 8,686C",

kr 2

¥ — DKBUBAJICHTHBIN paJilyC YKPaHa,
[ — HanOOJIBIIINKM pa3MeEP OTBEPCTUSA B DKPAHE,

k = m\/LE.



d — nnaMeTp NMPOBOJIOKH,
S — 11ar CeTKH.

7=
ch

b

O — yJA€JIbHas1 MIPpOBOAMMOCTD CPCAbI.

2
Ttd
]’l = 4— -~ 3KBHUBAJICHTHAA TOJILIMHA CETKH.
S



e QoJjibra

JTO AMaMarHUTHbIe MaTepHraJibl — AJFOMUHHUH,
JIaTyHb, UMHK ToJuHOM 0,01 - 0,05 Mm.
JPbEKTUBHOCTb SKPAaHUPOBAHUS (POJIbIOM:

e =10lq

ZE
zZ

+A4+11,9 .

e Mareprajibl ¢ METAJ/IH3HPOBAHHOH [I0BEPXHOCThIO
IPPEeKTUBHOCTb 3KPAaHUPOBAHUA METAJJIM3UPO-
BaHHOU IITUHKOM IIOBEPXHOCTH

e=97+51gQ-201g f .

rae () - yoenbHBIN pacxo/l MaTepHana, Kr/M2;

f - yacrora B MI'L.



Tema Ne6

PACYET U NPOEKTUPOBAHUE CUCTEM 3ALLUTDI
OT NPOU3BOACTBEHHOM MNblI/IN
U XUMUYECKUX BELLIECTB

YuyebHble Bonpocol:

1. O6wme npnHUMNbI 3aLWKUTbI OT AbIIU U XMMUYECKUX BELLLECTB.

2. PacyeT 1 IpOEKTHUPOBAHUE CUCTEM MECTHOTO MblJIe-
rasoyajieHus.

3. PacyeT ¥ npoeKTUPOBAaHUE CUCTEM IblJIEyIaBJIUBaAHUA.
JlutepaTypa:

CpencTBa 3alllMThl B MAIIMHOCTPOEHHUH. PacueT u
IPOEKTUPOBAHMUE : ClIPpaBOYHMK / cocT. C. B. beJsioB [u ap.] ; nmon
pen. C. B. besioBa. — M.: MamnHocTtpoenue, 1989. — 365 c.
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1. O6wme NpUHLUMUNDbI 3aLLUTbI OT NbIAU
U XMMHUYECKHX BellleCTB

3amura ZT(p 10 MOIIIHOCTH MCTOYHHKA OIIaCHOCTH I10

IIbUIA U XUMHUYECKUM BellleCTBaM — 3TO IIPYUMEHEHHE
OecIbI-JIeBbIX TEXHOJOTMYECKHX IPOLECCOB M MPOLECCOB,
06ecrnevyrBalIIUX OTCYTCTBHE XMMHUYECKUX BEIECTB B
aTMocoepe.

OnHako 60JibllIasl 4acThb CeroAHAMHUX
TEXHOJIOTUYECKHUX MTPOLeCCOB 3TUMU CBOMCTBAMHU
HE OBJIAZJAET. IloaTOMy HEOOXOAMMa 3allMTa 110
PacCCTOAHUIO ZTp — T.e. yJlaJieHUe IbLJIU U XUMUYEeCKHUX
BellleCTB OT 4YeJIOBEKa.

Peasinzanus 3TOro NpyUHIMIIA BO3MOKHA IIyTEM
MeCTHOU BEHTHJISLIUH HENOCPeICTBEHHO OT UCTOYHUKOB
IIbIJIU U T'a30BbIJleJIEHHS.



Mpu NnpoeKTUpoBaHUU MECTHOMU BEHTUAALUU Heobxoanmo
PYKOBOACTBOBATbLCA C/1IeAYIOLLMMU NONOXKEHUAMM:

® 3JIEMEHTHBI MECTHOU BEHTHUJ/IALHWHX AOJIZKHbBI COCTABJIATD
eJrHOE 11eJioe C KOHCTpYKL[I/Ieﬁ TEXHOJIOTHYECKOrI'O allllapaTa
N HE MeIaThb ITPOBEAEHHNIO TEXHOJOI'MYECKOI'O ITPOLEeCCa,

® BCAChIBAROIIlee€ OTBEPCTHE [JO/DPKHO OBITh MAKCHMAaJIbHO
IIpH OJIH)KEHO K HCTO YHHKY BbI/[C/ICHHA BPDE/HbBIX BEI[ECTB,

® pa3Mephbl IPUEMHOI'0 OTBEPCTHUS JOJXKHbI ObITh PABHBIMHU
WJIM YYTh 00JIbIlle pa3Mepa MoATEKAIIEeN CTPYH;

® 30HY JJEHCTBHA MECTHOH BEHTHJ/IALJHH HEOOXOJHMO
MAaKCHMAaJIbHO OrPAHHYHUTH IKPAHAMH, ITHPMAMH H T.11.;

e [IpU ONpeJieieHUU IIOTOKA BblJleJIeHUsI BpeIHbIX BEIECTB
noJ AeCTBUEM BEHTUJISALMH HEOOXOMMO CJIeAUTh, YTOObI
OHA He NMPOoX0/AuJia Yyepe3 30HY JbIXaHUS pabOoTaloIIEero.



2. PacueTt n npoeKTMpoBaHue cMCTeEM MeCTHOro
nbine- ¥ ra3oyaajeHus

PacuyeT BBITS>KHBIX 30HTOB.
McxoHbIEe JaHHBbIE:

* pa3Mepbl HCTOYHHKA BbIJleJIEHUS] BpeJHbIX BEIleCTB
r, M, UJ1U 2ax2b;

* CKOpPOCTb pa3pseHHou ctpyu Uy, M/C;

* BBICOTA PACIIOJIOKEHHS 30HTA /1, M;

*  IPOU3BOJHTEJIbHOCTb UCTOYHUKA I10 Ta30BbIM
BbiOpocaM G, Mr/c.



[locsiegoBaTEe/IBHOCTD:
1. BeruuciisieTcss oceBast CKOPOCTb

0,5
U =mU, 2b
h

2. Pacxof Bo3Ziyxa B CTpye Ha YpOBHe BCACbIBaHUA
L., =0205U,hl

3. OnpegensieTcsa NOMpPaBOYHbIA KO3GPULIMEHT, YU ThIBAIOIAN
IIOABHUXKHOCTDb BO3/1yXad B IOMEIIEHHUH,

F::Tp Um

rae  [F—miomanb BCachblBalOIEr0 OTBEPCTHS,

FCTp — IJIOIA/Ib CEYEHUH CTPYH,

® — CKOpPOCTb ABHUIKEHHUA BO3/1yXa B IIOMELIEHHNH.



4. ITo rpaduKaM OnpeaeaioT OTHOCUTEIbHbIN
npejeJibHbIN pacxos oTcoca L

np. OT"
L]'Ip.UT/L cTp Lﬂp.OT/LCTp
2,4 2,4

2 2

1,6

1,6

1,2 1,2

0,8 0,8
0 0,04 0,08 0,12 0,16 0,2 B/ 0 0,04 0,08 0,12 0,16 0,2 R/l

a O

OTHOCUTENIBHBIN NPEACITBHBIM PACX0J OTCOCA, YJIABJIUBAIOIIETO
[PUTOYHYIO CTPYIO:
a — 1eJIeBON OTCOC; 6 — KPYTJIbIKM OTCOC.



L

3,2

2,8

2,4

1,6

1,2

0,8

/L

np.ot’ ~cTp

0,2

0,4

0,6 R/, B/l

OTHOCHUTENIBHBIN NPEACIBHBIN PACXO
0TCOCA, YJIaBJIUBAIOLLET O

KOHBEKTHUBHYIO CTPYIO:
[ — KpyTJIbIK OTCOC B BUJIE
naTpyoka; 2 - 1ejieBOu 0TCOC B
CTeHKe; 53— KPYIJIbIK OTCOC B
CTEHKe.



5. BeIyMcIIl0T npeAeabHbIN pacxo 0TCOCa,
ob6ecrneyrBaKIMY IIOJIHOE YJIaBJMBAHUE CTPYH,
anez[ R kLCTp an OT

6. HaxonaT npeAenbHyo (MakcuMaibHyo) Cpo. 1

OTHOCHTEJILHYIO Ipeie/ibHYI0 H36bITouHYI0 AC

pen
KOHOEHTpAI U BpeJHbIX BEIIECTB B y,L[aJIéHHOM
BO3/1YXE€E, G
Cnpeﬂ — Cnp ?
anez[
AC _ Cnpez[ o Cnp

"t IK -C,,

rjae Cnp — KOHLIeHTpaLus BpeJHbIX BENECTB B

IIPUTOYHOM BO3AYyXE.



7. BoIUMC/IAI0T 3HaYeHHe 6e3pa3MepHOro KOMIJIEKCa
M no ¢popmyiie
G L
M :—G10 AC, . — 7 :

p OT

rjae Gp — KOJIMYECTBO IIPHUMECEN, BBIJEJNAIIIUXCA OT
JPYTUX pacCcpelOTOYEHHbIX UCTOYHUKOB,;

L —pacxoj Bo3ayxa, yAaasgeMoro obueo6MeHHON
BEHTUJISILIUEN.

8. [lo rpaduKy HaXoAAT ONTUMAJIbHYIO
3QPEeKTUBHOCTD yJIaBJUBaHUA BPeJHbIX Bel|eCTB 1 U
3HaYeHue K, .



a

Jlunun Ha rpaduke (1-11) nokasbiBatoT 3HavyeHus AC, . .

9. Onpenenda0T TpebyeMyr0 NPOU3BOAUTENbHOCTD

30HTA. L _ L k

npor nm°



3. PacueT u npoeKkTupoBaHue cuctem
nblaeyaaneHus

CrucTeMbl NblIeyaJIeHUs] OYHIAI0T pab04yyo 30HY,
HO 3arpsI3HSIOT BO3/1yX OKPY»Kalollel cpe/ibl BO3Jie

[exa, npeanpudaTus. B cBasu ¢ 3TuM LenecoobpasHo

OCHACTUTb Ka)'l-(,ﬂ,bllz BbITAXXHOW 30HT nblaieyanaBjinBaTeIEM.



Tpebyemasa 3pPpeKTUBHOCTb OUUCTKHU 1

PELUPKYJISLMOHHOTIO BO3/1yXa ONpelesisieTCA U3
YCJIOBMS, YTO KOHIIEHTPALMA KaK0r0o BU1a MIpUMeceHr
Ha BbIXO/I€ U3 NbLJIEYJIOBUTEJIS J0J>)KHA ObITh He O0oJiee
0,3 I1/1IK B pabouel 30He:

0 (C,, —0,3 TIIK) |
- C

BX

rge CBX — KOHIICHTpALUA IPUMECEH IIEPE]T BXOIOM B
IBUIEYJIOBUTEIb, MI' /M3,



BeHTHISAIIMOHHBIN
NbLICYJIABJIUBAIOINUN arperar
31JI-900:

1 — mpUIECOOPHUK; 2 — IIUKIIOH;

3 — pykaB; 4 — Kopnyc; 5 — MEXaHU3M
BCTPSAXUBAHUS PYKaBOB; 6 —
BEHTWIATOP; 7 — DJIEKTPOABUTATEINb;
8 — PYKOSITKa BCTPSIXABAIOIIETO
MEXaHU3Ma; 9 — KPEIUICHUE PYKAaBOB

s 08 smemcetres 3 ]

0

Cxema HUHIANBUAYAJIbHBIX HABCCHBIX
INbLJICCTPYRKKOOTCACBIBAKOIIUX arperaroB AJs1
CBCPJIHJ/IBHBIX CTAHKOB:

a — arperart ¢ MPUBOJIOM OT JABHUTaTeNIs CTaHKa; O —
arperar ¢ UHAUBUAYAJIIbHBIM JBUTATEIEM; [ — MIEIEBOU
MBUIECTPYKKONPUEMHUK; 2 — THOKUN MEeTa/IopyKaB; 3 —
KOXYX; 4 — BEHTUJISATOP; 5 — IIIYIIUTEINb 1IyMa; 6 — LHUKJIOH;
7 — KpOHIITENH; 8§ — pyKaBHbIA QPuiibTp; 9 — natpyook; 10 —
TeJIeKKa; /] — 3eKTpoABUTaTEND; /2 — KOHBEHEP



476

Cxema MHAMBHUAYAJIBHOTO
00ecnbLIMBAKIIET0 arperara:

[ — IUKJIOH; 2 — BXOJIHOM MaTpyOoK;
3 — BEHTWIATOP; 4 — BIEKTPO-
JBUTATENb; ) — MaTepyaTblii PUIbTP;
6 — Kajw3u; 7 — OyHKEp

3
-
-».*.

N N Y
BiBIN
R
. L ) IV} 2

Cxema ¢puabTpoarperara IJjisi OUMCTKH
BO3/1yXa OT CBAPOYHOI0 a3P030JIsl:

I — uckporacurens; 2 — BXOJAHON NaTpyO0oK;
3 — natpy0OOoK BX0Ja OXJIAKIAIOIIETO
BO3/1yXa; 4 — BBIXOJIHOM NaTpyOoK; J —
BEHTUJIATOP; 6 — QUIBTPYIOUIUN 2JIEMEHT



L~ 6

~ 2337

T\E'

HuskockopocTHOM
TtymaHoyJgosuteab H-2000:

[ — IpsAMOYTOJILHBIN KOPITYC; 2 —
YCTPOMCTBO ISl KPETJICHUS
IATPOHOB B PEIIETKE; 3 — PEIIETKA;
4 — matpoH; J — Kaccera

Cxema arperara AJ2-12 nuist orcoca u
OYHMCTKH MACJSHOI0 TYMAHA:

[ — cmMBHOWM KpaH; 2 — MaTpoHbI; 3 — BXOJ
BO3/yXa; 4 — MOPOJIOHOBBIA (PUIBTP-
IIyMOTaCUTEIb; 5 — BBIXOJ BO31yXa; 6 —
BEHTWJISITOD; 7 — KOPIYC



Tema No7/

PACHET U MPOEKTUPOBAHUE CUCTEM 3ALLUUTDI
OT NOXKAPA

YuyebHble Bonpochbl:

1. Obwme NpUHLKMALI 3aWMUTbI OT NOXKapa.
MeToamKa NPOEKTUPOBAHUA CUCTEM MOXKAPHOM CUTHANIN3ALUMN.

2. PacyeT 1 NnpoeKTMpoOBaHME aBTOMATUUYECKNX CUCTEM
NOXKapoTyLLUEHUS.

3. PacuyeT 1 npoeKkTMpoBaHUE CUCTEM rA30BOT0 M NOPOLLKOBOIO
NOXKapoTyLLUEHUS.

Jluteparypa:

CMN 5.13130.2009. YcTaHOBKM NOX¥apPHOM CUTHANN3ALUN U
NOXapPOTYLIEHNA aBTOMaTUYECKne. Hopmbl U NpaBuna
npoeKkTuposaHua. — M., 20009.
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MoXKap — HEKOHTPOIMPYEMOE FTOPEHMNE BELLLECTB B
NPUCYTCTBUU OKUCAUTENSA.

1. O6bwme nprnHUMNDI 3aLLLUTbI OT NOXapa

He ponyctnTb BO3HMKHOBEHMA NOXKapa, T.e. COeAMHEHMNA B
OZHOM TOYKe

[optoyero BellecTBa,
_|_
OKucnauntens,

_|_
NCTOUYHMKA 3aXKUTaHUA.



CnepoBaTeNbHO, 3alimTa OT NoXapa Z; A0MKHA
npeaycmaTpmBaTh:

* Ly, — HeJonylleHWe coeIMHEHNA FrOPIOYero BeLLecTsa,
OKUCAUTENA U UCTOYHUKA 3aXKUTaHUS;

* L7, —HejonyleHne pacnpocTpaHeHWA Noxapa;

* /. —CBOEBpeMeHHoe yaaneHune noaemn us 30Hbl

NOoXdpa, cBoeEBpPEMEHHOE TYLLUEHWNE MOXKapa.



[OploUMe BeLleCTBa XapaKTepusyrTCca:

— TemnepaTypoi BChblWKK &, C,

— TemnepaTypoi camosocniameHeHus £, C,
— HUXHUM KOHLLeHTPaLMOHHbIM Npeae/siom

BocnnameHeHunAa — HKIB,

— BEPXHUM KOHLLeHTPaLUMOHHbIM Npeae/iom

BocnaameHeHusa — BKIB.



[loka3aTesu [MO2KapPOB3PbIBOOIIACHOCTH XUMHUYECKHUX

BelleCTB

XHuMHYeCKHe M Xapakrepucruka | ¢ °C t.,, °C HKIIB, BKIIB,

BetliecTsa soomacrocrit % %
AKpoJieuH 56,06 JIBXK -26 234 2,8 31
Ammiaoenszoa | 148,25 K -18 273 1,49 8,7
AMMHAK 17,03 I'T - 650 15 28
AneruiieH 26,04 Bl ' ulTl — 335 2,5 81
Byran 58,12 I'T -69 405 1,8 8,5
IekcaHn 86,177 JIB2K -23 243 1,24 6.9
I'manepun 92,1 7K 198 400 2,6 11,3
Meran 16,04 I'T -181 537 5,28 14,1
IIponan 44,096 I'T - 470 2,3 9.4
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[loka3aTeJsiu M0KapoB3PbIBOONACHOCTH HEKOTOPHIX
rOpPIOYUX IblJIEeH

I'oproyee BemecTBo HKIIB, r/m3 | W, ., MJIK t.,, °C P .., xlla
CMmoua popmMaibaeruaHas 55 10 420 650
IoaucTupoa 25 15 488 720
IoaudTHIEH 12 30 440 560
Marnmii 25 10 490 500
AJTIOMHHHIA 10 0,025 470 660
Kene3o BoccTaHOBJIEHHOE 66 80 475 250
®docdop KpacHbIii 14 0,05 305 700
Cepa 17 - 190 460
Kazeun 45 60 - 750
JlroMuHO(pOp 3e/1eHbIi 103 — 385 800

/4

m

in — MUHHUMAJIbHAA SHCPI'UA 3aKUT'aAHNA,

P .. — MakCUMaJIbHOU JaBJIECHUE B3pbIBA TOPIOYUX ITBUICH.

m
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PassinyHblie TEXHONOrMYECKUe NpoLeccbl He MOTYT He
MCMONb30BaTb roptoymne Bellectsa. [losaTomy TEXHONO-
ruyeckue cpeabl noapasaenstorcs (O3 Ne123.
TexHosOrMYEeCKUH perjiaMeHT O TPeOOBAHUAX
MOXKapHOW 0e30IaCHOCTH| Ha ClleJYIOIIUE:

* I102KapPOOIIaCHBIE,

* NOXapoB3pPbIBOOMACHbIE,

* B3PbIBOOMNMACHbIE,

* nomapo6e3onaCHble.



B 3aBMCMMOCTK OT COOTBETCTBYIOLWMUX Cpen Bce
noOMeLLeHNA NPOU3BOACTBEHHBIC U CKJIAJCKUE AeJIATCS
Ha:

— MOBbILWEHHOW B3PbIBOMNOXapoOonacHOCTH — A;
— B3PbIBOMOKAPOONACHOCTU — b;

— noxapoonacHoctu (B1, B2, B3, B4),

— YMEpPEHHOM MNOXKAapoonacHOCTH — |

— MOHWXXEHHOU NoXapoonacHocTtu — /1.



2. MeToaMKa IPOEKTUPOBAHUS CUCTEM II0OKapHOH

CUTrHaJIN3alluu

Peanu3arus ZTp IIPOU3BOIUTCS IPU MPOCKTUPOBAHUU
000pyI0OBaHMS M TEXHOJOTMYECKOr 0 Mpoliecca.

Jnst peanuzaunu £, HOOXOAMMO IPOEKTUPOBATD
IPOTHBONOKAPHBIC Iperpaanl. IX mpoeKTupoBaHue
OCHOBKIBACTCS Ha 3HAHUU MPEJICIOB OTHECTOMKOCTH
KOHCTPYKIIUM, T.€ TOr'0, UTO B TEUCHUE ONPEICICHHOIO
BPEMCHHU NP CTAHIAPTHBIX UCIILITAHUSIX HE HACTYIIUT
CIEIYIOILIEr0 COOBITHS:

1) morte
2) moTe)

OH HECYIIIEH CIOCOOHOCTH KOHCTPYKIIUM K,
DU 1IEJIOCTHOCTH £,

3) note;

O TEIUTOM30IUPYIOLLEH criocoOHocTH (),

4) DOCTHXKEHUS IIPEASIbHON BEIMYNHEI TEIJIOBOTO OTOKA
Ha HOPMHPYEMOM PACCTOSTHUH 3a IPETrpaion.



CTpouTe/ibHble KOHCTPYKIUHU 3/1aHUH, COOPYKEHUHN U
CTPOEHUU B 3aBUCUMOCTHU OT UX CIIOCOOHOCTH
COIIPOTUBJIATBLCA BO3JIEUCTBUIO I10Kapa UMEIOT

caeJlylolye npeaesbl OrHECTONKOCTHU:

Henopmupyemsbliii; He meHee 15 MmuH; He meHee 30 MuH;
He medee 45 mun; He menee 60 muH; He MeHee 90 MUH;
He meuee 120 mun; He meHee 150 MmuH; He MeHee

180 mun; ue medee 240 muH; He MeHee 360 MUH.



IIpoTuBoONIOKaApPHBIE PErpaabl MOAPA3ACIISAIOTCS HA
CJICAYIOIIHE BU/IbI:

* IPOTHUBOINOKAPHBIC CTCHBHI,

* IPOTUBONOXKAPHBIE TTEPETOPOJIKH,

* IPOTHUBONOKAPHBIE TIEPEKPHITUS,

* IPOTHUBOIIOKAPHBIE PA3PbIBHI,

* IPOTUBOIIOKAPHBIE 3aHABECHI, LIITOPHI U SKPAHBI,

* IPOTUBONOXKAPHBIE BOAAHBIC 3aBECHI,

* IPOTUBOMNOXKAPHBIE MUHEPATIU30BAHHBIE MMOJIOCHI.



Br160p NpOTHUBONOKAapHOM Nperpazbl 3aBUCUT OT
TeMIlepaTyphbl B 30HEe 0apa. TeMrepaTypa IJlaMeHH!
(°C) HEKOTOPHBIX BENIECTB U M0OKAaPOONaCHBIX
olnepanuu:

JIBX K u I'K — 880
JlpeBecrHa — 1000
[IpupogHbie U CXKUXKeHHble ra3bl 1200
['azoBasi cBapka MeTaJlja — 3150
['a3oBas pe3ka MeTaJljia — 1350
['opdiada cinyka —  620-640

Curapera —  420-460



3Has TeMIlepaTypy JIaMEHU U pa3Mep NepeKpPhbI-
BAaeMOI'0 MeCTa, MOXXKHO OIlpeJleJIUTh, U3 KAKOT0 MaTe-
puaJia He00X0AUMO CAeJ1aTh Mperpaay.

Ecau B pe3ysibTaTe noxapa BO3MOXEH B3pPbIB, T.€.
B IOMEILeHUH HaXOASATCS B3PbIBOOINACHBIE BEIECTBA,
HEe00XO0MMO PacCYUTATh JaBJIEeHHE B3PbIBQ,

mHP,Z 1
Vap,c Ty k

AP =

re m — Macca rOprYero BellecTBa; H — Temiora cropanus, J[k/Kr;
p, — INIOTHOCTh BO3/yXa JI0 B3pbIBA MPHU HAYaJIbHOU Temreparype 7,;
V., — CBOOOAHBIN (OT 000pyA0BaHMs) O0OBEM OMELIEHNUS; C,, —
yJAeNbHas TEMIOEMKOCTh Bo3ayxa, Jx/(kr-K); P, — HauanbHOE
napienue, klla; Z — koaphuumeHT yqactus roprodyer Cpeibl BO B3pbI-
B€; kK — KOO (PUIIUEHT, YUYUTHIBAIOIINK HETEPMETUYHOCTD TOMEIICHHUS.



[IpoTHBOIIOXapHBIEC IPErpajibl HEOOXOIUMO
BBIOpATh U3 YCIOBUM IPOYHOCTH U YCTOM-
YUBOCTU K NeUCTBUIO AP.



Jlns peanmsanun Z ;. HEOOXOAMMO HMETh CUTHAIM3AIIHIO,

CucreMbl CHTHAJIM3AIMH MOTYT OBITh:

* COBMEIIEHHBIMHU C aBTOMAaTUYECKUMHU CUCTEMAMU
OXKAPOTYILICHUS,

* HU C Y€M HE COBMEIIEHHBIMY,

e 00mmMu (151 BCEro 3JaHusl):

— MCCTHBIMHA (TOHBKO IS KOHKPCTHOI'O HOMGH_IGHI/I}I) )

— C KOHTPOJIEM O COCTOSIHUH 000PYAOBAHUS CUTHAJIM3ALIN,

— 0€3 KOHTPOJISI 000pYAOBaHUS CUTHAIW3ALIMH.



YyBCTBUTEIBHBIM 3JIEMEHTOM ITOKAPHOU CUTHA-
nu3anuu aBisAercsd u3seniarens. lloxkapHsiin usse-

IaTeJab — YCTPOUCTBO AJ11 OPMHUPOBAHUS CUTHAJIA
0 MoXkape.

M3Bemarenn MOTyT OBITh:

* ILIMOBEIE,
* TCIJIOBHIC,
* [JIAMEHU,
* Ta30BHbIC.



ToueuHbIl ABIMOBOM H3BENIATEIIbL BLIOUPACTCS, €CIIH
BO3HHKHOBECHHE ITOKapa XapaKTePU3yeTCs NOSIBICHUEM JbIMA.

M3Bemaresins niiaMeHu IIPUMEHSIOT, €CJIU B 30HE
KOHTPOJIS HA4aJIo I10Kapa CBSI3aHO C MOSBICHUEM OTKPBITOTO
OTHSA , TIIaMeHu wiK neperpersix (ceime 600 °C)
noBepxHocTel. CrieKkTpanabHasi YyBCTBUTEIbHOCTD
M3BEIIATEIS JOKHA COOTBETCTBOBATh CIIEKTPY IJIaMEHH.

TemnoBble U3BEIIATEIN NPUMEHSIOT, €CJIM B 30HE KOHT-
pOJI HAa HAYaJIbHOM CTaJUM I10Kapa npeamnojaraeTcs 00b-
III0€ TEIJIOBBIJECIICHUE.

I'a30BbIe MOKAPHBIC U3BEIIATEIIN IPUMEHSIOT, €CJIU B
30H€ KOHTPOJISI HA HAYAJILHOW CTaJuH IOXKapa IpeaIoaa-
raceTcs BbIACIICHUE ONPEACICHHOIO BH/1a T'a3a B KOHIICHTpa-
I[IUSIX, CIOCOOHBIX BBI3BATh CpadAThIBAHUE U3BEIIATEIIS.



Bo3MoyxHa koMOWHAIINA NU3BENIATEIIEH, JIH KOMOWHU-
POBAHHBIC U3BEIIATE]IH.

CyMMapHOeE BpeMsl OOHApYKEHMS oXKapa U pacueTHOE
BpEMSI DBAKYaLMH JIIOACH HE JOJKHO IIPEBHIIIATh BPEMEHHU
MOCTYIUICHHUS IIPEACIbHO JOMYCTUMBIX 3HAUCHHUH OIMAaCHBIX
(hakTOPOB IOXKapa.

TodeuHbIe NOKapHBIC N3BEIIATEIIN YCTAHABIMBAOT MO/
[IEPEKPBITUEM.

B ka)X10M NOMEIICHUH YCTAHABIMBAIOT HE MEHEE

2 n3Benlareiey, BKIIroyaeMbIX Mo cxeme « JIN .



B cucreme mmoxxapHou CUrHaJIU3anum, Kpome
U3Belareac, UMEIOTCS:
* TIpUOOPHI IpHUEMA-KOHTPOJILHBIC,
* IIpUOOPHI YIIPABJICHUS,

* JIMHUH CBS3U U yIIpaBJiieHUs (IIerds).

B kadecTBe nUI1eH (OB B MOKapHOW CUTHAJIN3ALUU
MOT'YT IIPUMEHSTCS KaK IIPOBOJHBIC, TaK U O€CIIPOBOIHBIC

KaHaJIbl CBA3H.



Ecnu nuieridbl CUrHam3anui HE COBMECTHMBI C
VIIPABJICHUEM ABTOMATHYECKUMHU CUCTEMAMHU
IOKApOTYIICHUS, TO OHA MOT'YT OBITh BBIIIOJIHCHBI
IpoBoAaMHM CBs3H (¢ HanpskeHueM J10 60 B) ¢

paguaibHOU Pa3BOIKOM.

Ecny cucreMa CUrHajJn3andy COBMEIIEHA C CUCTEMOM
VIIPABJICHUS AaBTOMATHYECKUMH YCTPOMCTBAMH
MOYKApPOTYILICHHUS, TO €€ HEOOXOAUMO BBIIOIHATH

OTJICJIbHBIMU JJUHUAMM, KaK MPABUIIO, C HANIPSIKEHUEM
220 B.



3. Pacuer ¥ IPOEKTHPOBAHHE ABTOMATHYECKHUX
CHCTEM I10KAPOTYLIEHHUS

MeToauka pacyeta napameTpoB AYII npu NOBepXHOCTHOM
MOXKapOTYLIEHUY BOAOU U IEeHOM HU3KOM KPaTHOCTH

1. llog6op napametpos AVII1

Bri0upaemblii napamerp:

Yro yunThIBaeTCs Mpu BbIOOpE:

BHA OHETYHIAIIIECI'0 BEIIECCTBA

KJIaCC II0ZKapa

TUI YCTAHOBKH MOKAPOTYLIEHUS
(CipUHKJIEpHas, IpeHYepHasl,
CIIPUHKJIEPHO-ApEHYEPHAs, )

M0KapOONacHOCTb, CKOPOCTh PACIPOCTPAHECHUS INTAMEHU

TUI CIPUHKJIEPHOH YCTAHOBKH
MOKapoTyIeHus (BOI03ar0IHEHHAS
WJIA BO3YIIIHASA )

Temrieparypa 3kcruryatanuu AYII

TeMIlepaTtypa cpadaTbIBaHUS
CIIPMHKJICPHBIX OPOCHUTEJIEH

TEMIIEpaTypa OKPY>KaroIIe CPEAbl B 30HE PACTIOIOKECHUS
CIIPUHKJIEPHBIX OPOCUTEIIEN

THII OPOCHUTEJIA

pacxop orHetymamiero Bemiectsa (OTB), ”HTEHCUBHOCTB
OPOIIIEHUS, MAKCUMAJIbHAS TIJI0IA]Ib OPOLICHUS,
ApXUTEKTYPHO-IUIAHUPOBOYHBIC PEIICHUS 3aIMUIIIaeMOTO
00BEKTa
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2. Hamewarorca tpaccupoBka Tpy60IIpOBOJHOH CETH H
IIJIAH pa3MeljeHHS OPOCHTEIEH

3. [IpoBogHTCA pacyeT pacnpeqejIHTeIbHOH CeTH

KoMnoHOBKa opocuTeJied Ha pacnpeeuTe/ibHOM
Tpyo6oI1poBoie AYII BbINOJIHAETCS 10 CHMMETPUYHOM,
HECUMMETPUYHOU, CHMMETPHUYHOM KOJIbLIEBOU UJIH
HECUMMETPUYHOU KOJIbIIEBOH CXeME (CM. PUCYHOK).



CxeMbI pacrnpeZieJIMTEJbHOU CETU CIPUHKJIEPHOU
WM ApeH4epHoOU AYII

4 §a3123/348 / 1 2a/3 - /
v b 32 Qﬁﬂ/ﬂ/ﬂiﬁbyﬁ 4
WY Ty d FTedFe & 50
szm 7Y TR TT LYYV

__ !
I

A — CeKlysi C CHMMEeTPHUYHBIM PacCIlOJIOKEHUEM OpPOCUTENEeN; b — CEKLIYSA
C HECHMMETPUYHBIM PaCIIOJIOKEHHEM OPOCUTEJIEN; B — CEKIIUA C
CUMMETPUYHBIM KOJIbLIEBbIM ITUTAKIUM TPYOOIIPOBOJAOM; [ — CEKLIHUS C
HECUMMETPUYHBIM KOJIbLIEBbIM UTAKIUM TpyoonpoBoaowM; I, II, IT1 —
PAJKHY pacnpenesiuTeJIbHOTO TPYOOIIpOBO/a; 4, b, ..
pacyeTHbIe TOUYKU

v

v
v

K

KK

., 1, M — yY3JIOBbIE



e OnpeiesIsitOT pacyeTHBIN pacxoh Bo bl (pacTBopa
IeHoobOpasoBaTeJisi) Yyepes3 JUKTYIOILUMHA OPOCHUTEJIb

g, = 10K~/ P,

rae g —pacxon OTB yepe3s JUKTYIOLIUN OPOCUTED,
Jn/c;

K —K03dpOULUEHT NIPOU3BOAUTENBHOCTH
OpOCUTEJId, IPUHUMAEMbIHN 10 TEXHUYECKOU
JOKyMeHTaluu Ha usgenue, j/(c-MIla0,5);

P — naBsieHue nepes opocutesieM, Mlla.

Pacxom nmepBOro JUKTYHOIEro opocuTend 1 ABJid-
eTCA pacyeTHBLIM 3HaYyeHueM (), , Ha y4yacTKe
L,_, Mexay nepBbIM U BTOPbIM OPOCUTEJISIMU.



e OnpenensOT AUaMeTP TPyOONMPOBOAA HA YYaCTKe L, _,:

4
d._ =1ooo\/ Os |

LY

roe  d, ,— AuaMeTp MexXAy nepBbIM U BTOPbIM
OPOCUTEJIIMU TPYOOIIPOBOA, MM;

0, ,—pacxox OTB, i1/c;

L — KO3(QQUIHMEHT pacxo/a;

Vv — CKOPOCTb JIBUKEHHS BOJbI, M/C (He J0JI>KHA
npesbiiath 10 M/c).

JlvaMeTp yBeJIMYMBAKT A0 OJIMKAMIIErO

HOMHWHaJIbHOTO 3HaYeHud 1o 'OCT 28338.



e Onpesie/IAIOT MOTEPHU AABJEHUA P,_, HA y4acTKe L, _,:

5

Q12—2L1—2 5805 P = AQ12—2L1—2
b, = -2 —
100K, 100

roe  (, ,— cyMMapHbiu pacxos OTB nepBoro u BToporo
OpPOCHUTEJIEN, J1/C;

K. — ynenbHas XapaKTepUCTHUKA TPYOONPOBO/A,
n%/c?;

A —ypneysbHOE CONPOTHUBJIEHUE TPYOOIMPOBO/A,
3aBHCAIIee OT AUaMeTpa U epPOX0BATOCTU CTEHOK, ¢4 /J1°
(cM. TabJIMIBI).



Y ienbHOE CONPOTUBJIEHHE NTPU PA3JIMYHOM CTEINIEHU
IIIEPOX0OBATOCTU TPYO

Huamerp V niensHOE conpoTuienue A, ¢2/n®
HoMmuHanbHbIN PacueTHsIi, MM HaunGopmras Cpennsis Haunmensbiast
DN IepOXOBa- IepOXOBa- IepOXOBa-

TOCTb TOCTh TOCTb

20 20,25 1,643 1,15 0,98

25 26 0,4367 0,036 0,261

32 34,75 0,09386 0,0656 0,059

40 40 0,04453 0,0312 0,0277

50 52 0,01108 0,0078 0,00698

70 67 0,002893 0,00202 0,00187

80 79,5 0,001168 0,00082 0,000755

100 105 0,0002674 0,000187 -
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Y nenbHad ruApaBandecKasi XapaKTepUCTHUKA TPYOOMPOBO/IOB

Tun TpyobI HomuHabHBIN Hapy:xubiii Toamuna YaeabHast xapakre-
auametp DN aAuaMeTp, MM CTeHKH, MM | PUCTHKA TPYOO-
nposoaa Kr,x107616/¢c?

CrajbHbIe 15 18 2,0 0,0755
JIEKTPOCBAPHbIE 20 25 2,0 0,75
(I'OCT 10704—91) 40 45 2,2 28,7

50 57 2,5 110

100 114 2,8 5872

125 140 3,2 18 070

150 152 3,2 28 690

200 219* 4,0* 209 900

300 325*% 4,0* 1 856 000
CralbHLIe 15 21,3 2,5 0,18
BOJ0ra30NpoBOAHbIC 20 26,8 2,5 0,926
(I'OCT 3262—-75) 40 48 3,0 34,5

50 60 3,0 135

100 114 4,0 5205

125 140 4,0 16 940

150 165 4,0 43 000
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e OnipesiesIAIOT AABJIEHHUE Y OPOCUTEJIA £ U PACXOL
opocuTeJis Z:

P,=P+P_ . ¢, =10K[P, .

4. I'mapasiinyeckuu pacaer AVIT

e PacyeT cnpuHKJepHBIX AYII npoBOAUTCA U3 YCJI0BUA

0, =0, .

roe (., — HOPMATUBHBIN pacxo/ CupUHKIepHOU AYII

corJiacHo CII 5.13130;
Q.— daKkTU4eCcKuu pacxos cupuHkaepHou AYII.



» KosinuecTBO opocuTesiei, 00eCrieyrMBarolnuX
dakTUYeckuu pacxoz Q. cupuHkiaepHou AYII:

S

n=>—

Q

rie »n— MHHUMaJbHOE KOJIMYECTBO CIIPUHKJIEPHBIX
opocuTeJiel, odecneyrBarIX GaKTUIYeCKU pacxon Q.;
S — MUHHUMaJIbHAA IJIONAAb OPOILIEeHHS;
() — ycJI0BHasd pacyeTHas IJjouajb, 3aluiaeMas
OJTHUM OPOCHTEJIEM: Q-
;

L — paccTosiHUE MeX/y OPOCUTEJSIMH.

b

e luaMeTphl OT/ieJIbHBIX YYAaCTKOB pacupezeuTe/lbHbIX
TPYyOOIIPOBOLOB MOXHO BbIOUPATH 110 YUCITY
YCTAHOBJIEHHBIX HA HEM OpocuTesier (CM. TabJIULLY).



OpUeHTHPOBOYHAA B3aUMOCBSI3b MEX/y Haubo0Jiee 4acTo
MCII0JIb3YEMbIMH JUAMETPaMU TPYO
pacrnpe/ieJIMTeJbHbIX PAAKOB, JaBJIeHUEM U YUCJIOM
YCTAaHOBJIEHHBIX CIPUHKJIEPHBIX UJIU JipeHYePHbIX
OpoCcUTeJIer

HomunanbHbIN
nuameTp Tpyosl, DN

20

25

32

40

50

70

80

100

125

150

KonnuecTBo
OPOCHUTETIEN TIPH
naBiaenuu 0,5 Mlla u
ooee

18

28

46

80

150

>150

KonnuecTBO
OPOCUTEJIEU TTPH
nasyenuu 10 0,5 Mlla

10

20

36

75

140

>140

202




[TocKo/IbKY iaBJIEHUE Y KX 0T0 OPOCUTEJIS Pa3JIUMYHO
(camoe HM3KOe JaBJIeHUE Y JUKTYIOIIEr0 OPOCUTEIS),
He00X0 MO YYUThIBATh Pacxo/, KaXKJ0T0o U3 001 ero
KoJInyecTBa /N OpOCUTEJIEN.

 CyMMapHbIU pacxo[ BoAbl ApeHYepHOU AYII

0,=>4,.
n=I

rae (O, — pacyeTHbId pacxoj apeHyepHou AVYIL, i1/c;
g, — pacxoj n-ro opocuTes, Ji/c;
1 — KOJIMYECTBO OPOCHUTEJIEN, PACIIOJIOXKEHHBIX B
OpollIaeMOU 30HE.



e Pacxon cipuHkiepHou AYII ¢ BogssHOU 3aBeCOM:

Ouyn =0, +0, |

rae Q. — pacxof cipuHkjaepHou AVII;
Q, — pacxo BOJITHOU 3aBECHI.

» Pacxoz /1151 COBMellleHHbIX MPOTHUBOIIOXKAPHbIX
BOZOIIPOBOAOB (BHYTPEHHET O MPOTUBOIIOKAPHOTO
BosonpoBoa (BIIB) n aBToMaTUYeCKUX YCTAaHOBOK
noxkaportyueHus (AYII):

Q= QAVH T QBHB -



e Tpebyemoe AaBJieHHe II0KAapHOT'0 HAacoca:
P=P+P +ZPM +P +P +Z-P, =P —P_

rjae P_—Tpebyemoe faBJieHHe 0XKapHOTo Hacoca, Mlla;

P_—1noTepu AaBjieHUd Ha TOPU30HTaJbHOM y4acTKe
TpyoonpoBoga Ab, Mlla;

P, —noTepu JaB/eHUd Ha BepTHUKAJbHOM y4acTKe TpyOooIpoBoOa
b/l, MIla;

P —1noTepu JaBJeHNUA B MECTHBIX CONIPOTUBJIEHUAX (PaCOHHBIX
netansax b u /), Mlla;

P, — MeCTHble CONPOTUBJIEHU B y3Jie ylIpaB/IeHU (cCUrHaJIbHOM
KJIallaHe, 3aJ]BUXKKaX, 3aTBopax), Mlla;

P — laBJjieHue y AUKTYtoLiero opocuredis, Mlla;

/ — Ibe30MeTPUYECKOE AaBJieHUe (reoMeTpUYeCcKas BbICOTA
JUKTYIOIIEr0 OPOCUTEJIS HaJ, OCbIO MOXKapHOro Hacoca), Mlla;
Z=H/100;

P, — JaBJieHHe Ha BXo/e nmoxkapHoro Hacoca, Mlla,

P, — AaBjieHue TpebyeMoe, Mlla.



e 'MpaB/IMYeCcKre NOTEPHU AABJIEHUSA B JUKTYIOIEM
[UTaloIEeM TPYOOIIPOBO/E ONpeesISIeTCs 110 POopMYyJiaM:

2 2

AP — Q Li , A})l — AQ Li
" 100K, 100
rae AP, —ruapaB/ndecKue IOTepy JaBJeHUs Ha Y4acTKe
L, MIla;

QO —pacxon OTB, n1/c;

K_—ypenbHad XxapaKTepUCTHKa TpyOOIIpoBO/a Ha
yyactke L, j1°/c?;

A — yzeJbHOE CONPOTUBJIEHHE TPYOOIIPOBO/ia Ha

y4acTke L, 3aBuUcsillee OT JMaMeTpa U LIepoX0BaTOCTH
CTEHOK, c*/J°.

)



e [loTepu AaBJIeHUA B y3/1aX yIpaBJEeHUs YCTAaHOBOK:

— B CIIPUHKJIEPHOM Pyyc = E,,yyc’k(Q2 = (E,.KC + E,.g)YQz,

— B IPEHTIEPHOM })nyJL — E)ny[’YQ2 — (gKI[ T 2&3 )YQz >

rie  Syvyes ayy;p Cres im? &, — K0a)PULHMEHTBI IOTEPH JABJIEHHS]
COOTBETCTBEHHO B CIIPUHKJIEPHOM U J[peHYEPHOM y3Jie YIIpaBJIeHHs, B
CIIPUHKJIEPHOM M JIpEHYEPHOM CHUTHAJbHOM KJIallaHe U B 3alI0PHOM
ycTpoiicTBe (IPUHUMAETCH 110 TEXHUYECKOH JJOKYMEHTALIMY Ha y3eJl
yIIpaBJIeHUS B 1[eJIOM MJIM Ha KaK/IbIi CUIHA/IbHBIH KJ1allaH, 3aTBOP UJIH
3a/IBMKKY MHJUBUYAJIbHO);

Y — IJIOTHOCTb BO/bI, KT'/M3;

O — pacyeTHBIH pacxo, BObI HJIK pacTBOpa IIeHoo6pa30BaTe/Is
yepes y3eJl yIpaBJeHUs, M3 /4.



B npubJiM:KEeHHBIX pacyeTax MeCTHbIE
CONPOTUBJIEHUA MIPUHUMAKOT paBHbIMU 20 Y%
CONPOTHUBJIEHUS CETU TPYOOINPOBOLOB; B TIeHHbIX AYII
IPY KOHLeHTpauuu neHooobpasoBaresd 10 10 %
BA3KOCTb PAaCTBOpPA HE YYUTHIBAIOT.

PacueT BeiyT TaKHM 00pa30M, YTOObI JJaBJIEHUE
y y3Jia yripaBJieHUd He npeBbiiaao 1 Mlla, eciin nHoe
He OrOBOPEHO B TEXHUYECKUX YCJIO0BHUSX.

C yyeTOM BbIOpPAHHOM I'PYIIIbl 00’ beKTa 3alUThI
[IPUHUMAKOT ITPOSOJIKUTEJIbHOCTD 10Ia4YU
OrHeTylIalero BemnecTna.

[Ipo0/I2KMTEJIBHOCTD Pab0Thl BHYTPEHHET O
[IPOTHUBOIOXXAaPHOT'0 BOJIOIIPOBO/Ja, COBMEILEHHOIO C
AVII, cienyeT nprHUMaTh paBHOM BPEMEHH PAOOThHI
AVIL



MeToMKa pacyeTa napaMeTpPOB YCTAaHOBOK
[102KapOTYILlIeHUsI BBICOKOKPAaTHOM IIeHOU

1. OnpegensieTcs pacyeTHbIN 00'beM V, M3, 3a1iIIaeMOT0
OMeILeHUS WU 00'beM JIOKAJIbHOTO MOXKapPOTYIIEeHHS.

2. BbiOMparwTCca TUI U MapKa reHepaTopa BhICOKO-
KpaTHOM MEeHbI U YCTAaHABJIUBAETCS €ro POHU3BO/U-
TEJIbHOCTb 10 PaCTBOPY IIeHOOOpa3oBaTes ¢, M3 /MUH.

3. OnpejsengeTcd pacyieTHOe KOJIMYECTBO F'eHeEpPaTOPOB
BbICOKOKPATHOM MEHBHI:

B aVv -10°
gtk

n



rjae a — K0O3QPULIMEHT pa3pyIlleHH s NEHBDI;

T — MaKCMMaJIbHO€e BpeMs 3all0JIHEHHUSI IeHOH 00'beMa
3al[MIIAeMOro noMeleHus, MUH (He 6oJsiee 10 MUH);

K — KpaTHOCTH IeHBI.

3HayeHUe KO3QpPUIIMEHTA a omnpeaciaseTcs o popmyiie

a=KK,K,
rie K, — K03 PUIUEHT, YYUTHIBAIOIUHN YCaKY II€Hb], IPUHUMAETCH
paBHBIM 1,2 Ipy BbICOTE NOMellleHuda 10 4 M 1 1,5 - npu BeicoTe
noMmenieHusa 40 10 M; mpu BeIcOTe NOoMelleHus CBblie 10 M
olpeJiessieTCs 3KCIIepUMEHTAJIbHO;

K, — y4YUTBIBAET YTEUKH IIEHB], IPU OTCYTCTBUU OTKPBITBIX
IIPOEMOB NIPUHHUMAETCS PaBHbIM 1,2, MpH HAJIUYUU OTKPBITHIX IPOEMOB
oIpeJieasieTCs SKCIIepUMEHTAJbHO;

K, —y4uTbIBaeT BJIMAHUE AbIMOBBIX [a30B Ha pa3pylleHUe MeHbl,
JlUISl ydeTa BJIWSHUSA IPOAYKTOB IOPEHUs YIJIEBOLOPOAHbBIX XKUKOCTEU
3HaYeHUe KO3 PUIMeHTa IPUHUMAETCA PaBHbIM 1,5, /i APYTUX BUJOB
[10>KapHOU HAarpy3KH oIpe/iessieTCs SKCIIepUMEHTAJIbHO.



4. OnpepensieTcss IPOU3BOAUTENbHOCTb CUCTEMBI
10 paCTBOPY NeHooOpa3oBaTesis, M3c 1

0=—
o 3
60-10
5.Ilo TeXHMYeCKOH AOKYMeHTalluH yCTaHaBJIMBaAETCS
00'beMHas KOHLIeHTpalMs NeHooObpa3oBaTeis
B pacTBope c, %.

6. OnpenesisgeTcd pacieTHOE KOJIMYECTBO
neHoobpa3oBaTeJis, M3, 1o GpopMyJie

V =c01-107-60.



4. PacyeT M IpoeKTUpPOBaHUE CUCTEM ra3oBOro
M IIOPOIIKOBOI'0 MOXKapOTYILIEeHHS

MeTorKa pacyeTa MacChl ra30BOro OrHETYIIALEero
BemectBa (I'OTB) a5 ycTaHOBOK ra30BOro
[10XKApOTYIIEeHUs IIPU TYILIeHUHU 00’ bEMHbBIM CIIOCOOOM:

* Onpepenenue pacyeTHou Maccel 'OTB M, koTopasd
JI0JI>)KHA XPaHUTbCS B YCTAHOBKE:

M, =K M, +M, +Mpn|

rane M. —wmacca I'OTB, npegHasHayeHHada 4Jid CO34aHUA
B 00'beMe IOMEIlleHUsI OTHETYIAIlel KOHLleHTPaLUuU
[IPU OTCYTCTBUU UCKYCCTBEHHOH BEHTUJISILIMU BO3/YXa,
onpeaesisieTcda no GopMyJiaM:



— 114 I'OTB — cokM>KeHHbIX ra30B, 3a UCKJIIDYEHHEM
JIBYOKUCH yTJiepo/Ja:

CH b
— 114 'OTB — cxkaThIX ra30B U IBYOKHCH yTIJepo/a:
CH
Mp = V;)pl (1+K2)IHIOO_CH ,

rae V, — pacueTHbId 06'beM 3al[UIIIAEMOTr0 IOMEIEHUS, M?;
K, — K03pQUIIMEHT, YYUThIBAIOIIMH YTEYKH ra30BOr0
OTHeTYIIalllero BellecTBa U3 COCY10B;

K, — K03 QUIIMEeHT, YYUTHIBAIOIIMH [I0TEPU ra30BOr0
OTHeTYIIalllero BellleCcTBa Yepe3 NpoeMbl [IOMeIlleHHU;



p; — IVIOTHOCTb Ira30BOT'0 OTHETYLIALEro BelecTBa
C y4€TOM BbICOTHI 3al[MIAEMOr0 00’b€KTAa OTHOCHUTEJIBHO
YPOBHS MOPA AJIs1 MUHUMaJIbHOU TeMIIEPATyphl B
noMmenieHuu 7, Kr/m3, onpejenseTcs no popmyJie
T
P =Po T_OKs :
M
Py — IVIOTHOCTH MApPOB ra30BOI'0 OTHETYIIAIETO
BellecTBa pu temieparype 7, = 293 K (20 °C) u
atMocpepHoM gasyaeHuu 101,3 klla;
7, — MMHUMaJIbHadA TeMIlepaTypa BO3/yxa B
3alyiaeMoM nomenleHuy, K;
K; —monpaBOYHbBIW KO3QPUIUEHT, YYUTHIBAOLUU
BbICOTY PACHOJIOKEHUA 00 b€KTA OTHOCUTEJIBHO
ypoBHA Mops (cMm. npusaoxeHue /| CI1 5.13130 );



C,—HOpMaTUBHasd 00 beMHasd KoHLeHTpanus, %
(cM. npusioxkenue /1 CIT 5.13130).

Macca octatka I'OTB B TpybomnpoBojax M., K,
ornpezensaeTcs 1o ¢popMmyJie

M. =V, p

rOTB

rae JV —o6beM BCcer TPpyOOIIPOBOJHOU Pa3BOJKHU
YCTaHOBKH, M3;

Protg — IIOTHOCTL ocTtaTKa 'OTB npu gassieHuy,
KOTOpPO€E UMeeTCs B TPYOOIPOBO/IE MOCJE OKOHYAHHUS
HCTeYeHUs MacChl ra30BOT0 OrHETYIIALIEro BelecTBa M,
B 3all[UI[aeMOe TOMellleHUE;

M — npousBegenue octatka 'OTB B MmozgyJsie M6,
KOTOPBIY NIprUHUMaeTcd no T/l Ha MoayJib, KT, Ha
KOJIMYECTBO MOJ1yJIEU B YCTAHOBKE 7.



» OnpesesieHrue KO3PUIIMEHTOB
KoadpduuueHT, y4UTHIBAKIUN YTEYKH Ia30BOT0
OTHeTYyIlallero Beujectsa u3 cocyos K; = 1,05.

KoagduiveHT, y4UTHIBAKIUU IOTEPHU TAa30BOTO
OTHETYIIAlero BellecTBa Yyepe3 MNpoeMbl IIOMEILLEHHS],

K, :HSTM\/E,

rage /H —BbIcoTa IOMeEIEeHUd, M;

T, — HOpMaTHUBHOe BpeMs noaayu 'OTB B
3allMIllaeMoe IoMelleHue, C;

I — mapameTp, Y4UTHIBAIOLIMN PACIIOJIOXKEHUE

IPOEMOB I10 BbICOTE 3aluiljaeMoro nomeinenus, Mm% c1L:



3HadyeHus napameTpos 11

0,65

PY PACHOJIOKEHUH TPOEMOB OHOBpeMeHHO B HUkHEH (0 —0,2) H u
BepxHel 30He nomemenus (0,8 — 1,0) V', unm oqHOBpeMEHHO Ha
MOTOJIKE ¥ HA MOJIy MOMEIIECHUS, IPUYEM IUIOIIAI1 MPOEMOB

B HOKHEUW U BEPXHEW YaCTH MPUMEPHO PABHBI U COCTABJISIFOT
MOJIOBUHY CYMMAapHOM IUIOMIAN TPOEMOB

0,1

IIPU PACIIOJIOKEHUM ITIPOEMOB TOJIBLKO B BepxHen 30He (0,8 — 1,0) H
3aIUIIAaEMOT0 MOMEIICHUS (MJIM Ha TTOTOJIKE)

0,25

IIPU PACIIOJIOKEHUU TPOEMOB TOJIBKO B HMKHEN 30HE (0 — 0,2) V,
3aIUIIAEMOT0 OMEIICHUS (MJIU Ha MOJTY)

0,4

IpY MPUMEPHO PABHOMEPHOM paCHpPEACICHUH TLIOMIAIN
MPOEMOB IO BCEW BHICOTE 3ALIUIIAEMOT0 MMOMENIEHUS U BO BCEX
OCTaJIbHBIX CITy4asix

52l
”

p

— IIapaMeTp HErepMeTUIHOCTHU IIOMEIEHN, M_l,

rae X F,—cyMMapHas IJolla/Jb NPOeMOB, M2,
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Tymenune noxxkapoB nojksacca Al (KpoMe TJelONUX MaTEPHUAJIOB)
cJielyeT OCYLeCTBJATh B IOMeENeHUAX C TapaMeTpPOM
HerepMeTHYHOCTH He 6osee 0,001 m~1,

Onpefe/sieTcs 3Ha4eHHe MacChl M) LIS TyIIeHUS T10XKapoB

noaksacca Al:
M, =KM

rme M — 3HA4YeHHe MacCChl Mp JlJIsS1 HOPMaTUBHOW 00’ b€MHOU

p-Tent

KOHLleHTpauuu C IpU TYILIeHUU H-TelITaHa;
K, — K03 PUIHUEHT, YYUTBHIBAOIIMY BU/ TOPHOYEro MaTepUara.

p-TenT °

Suauenus | 1,3 | s TymieHus Oymaru, roppupoBaHHOW OyMaru, KapToHa, TKaHel

;03(1" U T.II. B KMITaX, PyJOHAX MJIH MMamKax
WIIMCHTA
K4 2,25 | JuIs MOMEILEHUH C STUMH e MaTepHallaMi, B KOTOPBIE JOCTYII

MOXapPHBIX Mocyie okoH4YaHus padoTel AYITI ucknroueH

1,2 | ans ocTaldbHBIX MOXKAPOB MoKIacca Al, Kpome TICIOIIUX
MaTepHuaJioB




MeToauka ruApaBJINYECKOr0 pac4eTa YCTAHOBOK
YIJIEKHCJIOTHOI0 MOKAPOTYIHEHUSA
HU3KOI'0 1aBJICHUSA
1. Onpenemnsercsd cpeaHee 3a Bpems IoJa4u JIBYOKUCH
yIJIEpOJia NaBJICHUE B U30TEPMUUECKOM pe3epByape P, ,

Mita; Pm — 095(})1 +})2) R

rage P, — JaBJeHUE B pe3epByape Npy XpaHEHUU IBYOKUCH
yriiepoaa, Mlla;

P, — naBiieHue B pe3epByape B KOHIIE BBIyCKa
PACUYETHOI'O KOJIMYECTBA JABYOKHUCH yriiepoaa, Mlla,
OIIPEACIISACTCS 10 PUCYHKY.



p,, MNa 1
- [ — ipm P1 = 2.4 MlIlIa;
T 2 2 —1pu P, = 2,1 MlIla;
20 | — : 3 —npu P, = 1,8 Mlla;
,// 14 4-mpuP=16Mlly
1512 i — M’t 5_HpHP1:1’4MHa;
7 _ ’__r_.—-—"'“f'—'-_—— 6—HpI/IP1:192MHa
] = g
T
1,0 ,// ——
]
05

4

0 0,2 0,4 0,6 0,8 1,0
3aBUCUMOCTbD JIaBJIEHHUS P, B U30TEPMUUECKOM PE3EPBYAPE B KOHIIE

BBIITYCKA PACYCTHOI'O KOJINYCCTBA ABYOKHCH YIJICPOLdA m OT OTHOCH-

TECIbHOU MAaCCHI ABYOKHCH YIJICpOAa my 290



2. OnpenensieTcst CpeaHUM pacXo ABYOKHCH yIJIepoa

Q. Kr/c:
m

Qm:_,

[
T71€ M — PaCYETHOE KOJIMYECTBO JIBYOKUCH YIJI€POa, KT

[ - HOpMaTHBHOC BpeM I10Ja4Yu ABYOKUCH yTriiepoaa, C.

3. Onpenensercs BHYTPEHHUNM JUaMETp IMTAIOIIEro
(MarucTpanapHOro) TpyOomnposoaa d;, m:

B 4 5 5 .19
di —996'10 h(k4) (Qm) 11]0 )
rae Kk, - MHOKUTEIb, OIIPEIACIISIETCS 110 TAOJIUIIE;

[, - nMHA MUTarmEero (MarucTpaabHOTO)
TpyOONIpPOBOJIa 110 IPOCKTY, M.




P, Mlla 1,2 1,4 1,6 1,8 2,0 2,4

MHOXUTEID 0,68 0,79 0,85 0,92 1,0 1,9
ky

4. PacCUMTBIBAECTCS CPEIHEE NABJICHUE B UTAOIIEM
(MarucTpajibHOM) TpyOOIIPOBOAE B TOUKE BBOJA €T0 B 3aIIUIIAEMOE
MTOMEIICHHUE: _ _

11 2
P(P,)=2+0,568In|1- 2 105 25(Qm)2l2 ,
@) *®)
rae [, — SKBUBAJIEHTHAs JJIMHA TPYOONPOBOJOB OT
M30TEPMHUYECKOr0 pe3epByapa /10 TOUYKH, B KOTOPOH OINPEAEIACTCA
JTABJICHUE, M:

I =1 +69d">¢,

rae € — cymma Ko3((UIIMEHTOB CONPOTUBIICHUS (DACOHHBIX
gacTel TpyOOnpoBOIOB.




5. Cpennee I[aBJICHI/If: PaCCUMTHIBAIOT 110 (hOPMYIJIE:
P, =05(P+P,),
rae P, — gaBieHHE B TOYKE BBOJA MUTAIOLIETO
(MaruCTpaJibHOr0) TPYOOIIPOBO/IA B 3AIIMIIAEMOE ITOMEIICHHUE,
MllIa;
P, — naBneHne B KOHIIE IUTAIOLIErO (MarucTpaibHOIO)

TpyOonpoBoja, MlI]a.

JlaBneHre Ha HacaJaKax JOJIKHO COCTABIISAThL HE MECHEE
1,0 MlIIa.

6. Ompenensercs: cpenHuil pacxon uepes3 Hacaaok O’ , Krc !,

0, =4,1-10°uk, 4, \Jexp(1,76P,),

m

rae U — KodhPUIMEHT pacxoja yepe3 Hacaa0k;
A, — TJI0Imab BEITYCKHOTO OTBEPCTHS HacaaKa, M?;
ks — KOO(PGULMEHT, ONpeNeIAeMBIN 110 PopMyJie



0,03
1,025 0,5

7. Onpenensercst KOJIMYeCTBO HACAIKOB G :

ky=0,93 +

_ 0.
2 o,

8. PaccunTheiBaeTCs BHyTPEHHUU JUAMETP
pacmpenenuTeasHoro Tpyoomnposona d’;, M:

/4
d’>1,4d JE
rae d — AuaMeTp BBITYCKHOIO OTBEPCTHS HAcaakKa, M.

OTHOCHTENBHASA Macca JBYOKUCH YTIEPOJA 11, ONPEACIIAETCS
o opmyiie

rae  ms— HadyaJabHasg Macca IBYOKHCH YIJIEPOJa, KI.



O01ue mMoJI0KEHM 10 PacyeTy YCTAHOBOK MOPOIIKOBOI0
[MOKAPOTYILIEHUSA MOAYJbHOI0 THIIA

1. cxogHble nJaHHBIE JI1 pacyeTa v IIPOSKTUPOBAHUS:
— Fr€OMETPUYECKHE PA3MEPHI IOMEIICHMS;
— IUIOIIA/Ib OTKPBITHIX MPOEMOB B OIPakKIal0IINX KOHCTPYKIMUAX;
— TEeMIIEpaTypa, JaBJICHHUE U BJIA)KHOCTh B IOMEIICHUM;
— MOKAa3aTeJIM MOKAPHOM OMMACHOCTH BEIIECTB, MATCPHUAJIOB,
HAXOJSIINXCS B IIOMEIICHUH, 1 COOTBETCTBYIOIIMM UM KJIACC I10Kapa
no I'OCT 27331;
— pacIpeaeiICHUE MOKapHON HAarpy3KH;
— HaJINYHE U XapaKTEPUCTHKA CUCTEM BEHTHIISIINH,
KOHJIUIIMOHAPOBAHUS BO3AyXa, BO3AYITHOI'O OTOILICHMS;
— XapaKTEePUCTHUKA U PACCTAaHOBKA TEXHOJIOTHYECKOr0 000pYyA0BaHM;
— KaTeropusi MOMEIICHUM U KJIACChI 30H IO MOKAPHON OMACHOCTH;
— HaJA4MeE JIIOACH U MyTH UX dBaKyalluH.



2. MeToayka pacueTa KOJIM4YECTBA MOJYJICH 11 MOJIYJIbHBIX
YCTAaHOBOK MOPOIIKOBOI'O MOKAPOTYIICHUS
Tywenue 3amumuiaemozo oovema
OnpeaensieTcss KOIU4eCTBO MOIYJIEH IS 3aIIUThl 00beMa
IIOMEIECHUA: 1%
o

N =
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ke k.k,

rae¢ N — KOJIMYeCTBO MOJYJIEH, HECOOXOAUMOE /1Sl 3aIUThI
MOMEIICHUS, IIIT.;

V. — 00beM 3aIuInaeMoro MOMEIIeHUs, M>;

V. — 00beM, 3alHIIaeMbId OJJHUM MOJYJIEM BBIOPAHHOTO THUIIA;

k, —K0>(PULMEHT HEPABHOMEPHOCTH PACIIBLICHUS MTOPOIIKA,
k,=1..12;

k, — k03 (PpULHUEHT 3amaca, yYUTHIBAIOMINN 3aTEHEHHOCTh
BO3MOKHOT'O O4ara 3aropaHus, onpeensieTcs Kak



k, =1+1,33% pu S, <0,15
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S, — IUIOIIaAb 3aTEHEHHUS,
S

—>0.15
npu S ’ PEKOMEHIYETCSA YCTAHOBKA JOMOJHUTEIIbHBIX

Moz[yneﬁyHeHOCpGLLCTBeHHO B 3aTEHEHHOW 30HE, TOraa k,
IIPUHUMAETCS PABHBIM 1

k; — KOD()(PULIMEHT, yUUTHIBAKOIINN U3MEHEHUE OTHETYIIALIECH
3(P(OEKTUBHOCTH UCIIOJIB3YEMOIr0 MOPOIIKA IO OTHOIICHHIO K
rOprOYE€MY BEIIECTBY B 3alIAIIAEMOM 30HE 110 CPABHEHUIO C OCH3MHOM
AI-92 (BTOpOro kmnacca), onpeaesieTcs mo TaduIe;

k, — KO3(P(PULMEHT, YUUTHIBAKOIIAN CTENIEHb HETEPMETUYHOCTH

IIOMEIICHUS,



k,=1+10f,tne f=F, . /F_, — OTHOIIEHHE CyMMAPHOU IIOLIAJH

MOCTOSIHHO OTKPBITBIX MPOEMOB [ . K OOIIEH MOBEPXHOCTH
[IOMEIIEHUs [, .

KoadduiipmeHTsl cpaBHUTEIBHOM 3(P(HEKTUBHOCTH
OTHETYUIAIMUX MOPOIIKOB A,

Ne | I'oprouee BeniecTBo [Topowku qys tymenus | [lopomku aiia TymeHus
/1 MOXapOB Kiiacca A, MoXkapoB Kiacca B,
B, C C
1 benszun AN-92 (BTOporo kiacca) 1,0 0,9
2 Jln3enpHOE TOIIMBO 0,9 0,8
3 TpancdopmaTopHoe Macio 0,8 0,8
4 benson 1,1 1,10
5 N3onponanon 1,2 1,1
6 HpeBecuna 1,0 (2,0) —
7 Pe3una 1,0 (1,5) —
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Hoowcapomyuienue no naouiaou

_ 5 y
H
rae N — KOJIUYEeCTBO MOIYJIEH, IIT.;
Sy — IUIOIIAb 3aIlHUIaeMOro OMEIIeHNS,
OrpaHMYE€HHAas OTPaKIAIONIMMH KOHCTPYKIMSIMH, M2;
S, — IUIOIIA/Ib, 3AIMIIAEMAS OJHUM MOIYJIEM,
OIIpENEIISICTCS 0 JOKYMEHTAIIMKM HA MOJYb, M.





