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BBEJAEHHUE

Kypcogas pabora (KP) no teme: «O0ecneuenne 0€30MacHOCTH OTIACHBIX MPOU3-
BOJICTBEHHBIX 00BEKTOBY» COCTOUT M3 CEMH Pa3/IeioB, BKIIOUYAIOMINX B CE€0sI TEOPHIO U
pacueT mapaMeTpa WM TEXHHUYECKOrOo CpEeACTBa UIsi oOecrieueHus: 0e30MacHOCTH
OMacHOTO MPOou3BOJICTBEHHOTO 00BekTa (OI10).

1 AJITOPUTM BBIEOPA BAPUAHTA K KYPCOBOM PABOTE

HOMep BapHaHTa JId BBIITOJIHCHUA KOHTpOJIBHOﬁ pa6OTBI COOTBCTCTBYCT IIO-
PAOAKOBOMY HOMCPY B TPYHIIOBOM JKYpHAJIC. Coz[epmaHHe 3aJaHUA WU YHCJIICHHBIC
SHAYCHU UCXOJHBIX NAHHBIX JJIA PCIICHUA ITPUBCICHBI ITPHUIIOKCHUAX 1-2.

2 COAEP)KAHUE U O®OMJIEHUE KYPCOBOM PABOTHI

Kypcosas pabota odopmisierca B coorBeTcTBUM ¢ [Ipuxazamu JAI'TY Ne 227 ot
30.12.2015

r. o BBeAeHUM NokymeHTa «lIpaBuia opopmienus u TpeboBaHUS K cojlepxka-
HUIO KYPCOBBIX MPOEKTOB (paboT) M BBIMYCKHBIX KBATU(DHUKAIIMOHHBIX paboT» B JCH-
ctBue U Ne 102 ot 11.04.2017 1. 0 BBeaeHHM U3MEHEHUsSI K JOKymMeHTYy «lIpaBuna
oopMieHUS U TpeOOBaHUS K COAECPKAHUIO KYPCOBBIX MPOEKTOB (paboT) M BBIMYCK-
HBIX KBAIM(PUKALMOHHBIX paboT» B AciCTBHE.

OO0beM MOSICHUTEIBHOM 3aMUCKU KYpPCOBOM pabOThl pEKOMEHIYETCSl BBIMOJIHATh
B npe-Aenax 30 neyaTHbIX CTPaHHII.

KypcoBas paboTa 10oKHa COAEpKaTh:

- TUTYJbHBIN JIUCT;

— OnaHk 3aganusa Ha KP;

- COJIEpKaHUE;

— BBEJICHUE;

— pa3zesibl OCHOBHOM YacCTH;

— 3aKJIIOUYEHUE;

— CIIUCOK UCIOJIb30BaHHBIX UICTOYHHUKOB;

— IpWIOXKEeHHUS (MMPU HEOOXOIUMOCTHU MOSICHEHUHN Pa3/IesioB).

OT13b1B pykoBoautensa Ha KP u Benomocts KP He nmonmmBaioTcst B HOSICHUTENb-
HYIO 3a-ITUCKY.

TuTynbHBIN TUCT ycTaHOBIEHHOTO oOpasia (cM. [Ipunoxenue).

JlucT 3amanue, KOTOpoe CTYJIEHT MUIIET B COOTBETCTBUU CO CBOMM BapUaHTOM
(cm. [punnoxenue).

Copnepxxanne KP — otpaxaercsi nmepedeHb BOINPOCOB, COJEPKAIIUXCSA B KypCo-
BOH pabore.

O6o03HaueHHe TOKYMEHTa Ha TUTYJIBHOM JIUCTE JJII KypCOBOM pabOThl MMeeT
Bl YYYY.XXZZFF.RRR KP.

Jlist KypcoBoil paOoThl mepBble YeThipe 3Haka YYVYY NODKHBI BKIIOYATH 3a-
rJIaBHbIE OYKBBI, COOTBETCTBYIOLME HAUMEHOBaHUIO nucuuriuHbl (116).
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Kon xnaccudpuxanumonnoit xapakrepuctuku XXZZFF, cocrosimii U3 mectu
3HAKOB, BKJIIOYAET:

— nepBble J1Be tuppel XX — nocinennue Mudpsl HOMepa 3a4€THON KHIDKKHU CTY-
JICHTA.

IIpumepsr:

— XX — 11 nna Homepa 3aueTHOM KHMKKH 0910611.

— BTOpbIE J1Be LU(Dpbl ZZ — NOPSAKOBBIA HOMEP COOPOYHOTO YepTeXa WIH Yep-
Texa 00-mero Buaa. Jlanusie Hupsl UCIONB3YIOTCS TOABKO NpH MUGPOBAHUU Yep-
texert Cb u BO, nns nosicaurensHol 3anucku ZZ — 00.

— tpethu 1Be nudpel FF — nopsakoBeiii HoMep cOOpOYHON €IMHUIIBI IO YepTe-
Ky obiero Buaa. [ns noscuurensroit 3anucku FF — 00.

Hudpet kona XXZZFF untepBajiaMu U TOYKaMU HE Pa3eisiOTCA.

ITopsakoBeiii peructpanuonHbli HoMep RRR, cocrosmuii U3 Tpex 3HAKOB,
BKJIIOYAET HOMEP uepTexka JEeTalId, BXOAAIIEH B cOCTaB COOPOYHOU enuHuIlbl. J{iis
nosicautenbHOM 3anucku RRR — 000.

Texct nomxen ObITh opopmieH B TekcToBoM penaktope Word for Windows
Bepcuu He Huxe 6.0. Tun mpudra: Times New Roman Cyr. lllpudt ocHoBHOTO TEk-
cta: o0bIuHbIN, pasmep 14 nt. HlpudT 3arosoBKOB pa3aeioB: MOIY>KUPHBIA, pazMep
14 nt. pudt 3aroioBKOB MOJpa3aeiaoB: NOMYKUPHBIN, pasmep 14 nT. Mexcum-
BOJIbHBIA MHTEPBAI: OOBIYHBINA. MEXCTPOUHBIA HHTEPBAI: MOTYTOPHBIMA.

Wnnroctpaniu 10KHBI ObITH BCTABJIEHBI B TEKCT. TEKCT OTYETa BBIMOJIHSAETCS
Ha juctax popmata A4 (210x297 mm) ¢ pamkoil. CTpaHuULbl cieayeT HyMepOBaTh
apaOckumu 1 pamu, coOItoas CKBO3HYIO HyMEpAIUIO 10 BCEMY TEKCTY.



3. PACYET TEIIJIOTBI CTOPAHUSA ITPUPOJTHOI'O I'A3A

[To cnocoOy monydeHus pas3iinyaloT NPUPOAHBIE U UCKYyCCTBEHHBIEC rasbl. Ilep-
BbI€ MPEACTABIIAIOT COOON ra3bl YUCTO T'a30BbIX MECTOPOKIECHUN M MOIMYTHBIE Ta3bl
ra3oHeTSAHbIX MECTOPOKICHUH.

JloObIBaeTCsl MPUPOAHBINA ra3 Yepe3 CKBAXKUHBI, TPOOYPEHHBIE B TOJIIE MOPO.
BbIxo/s Ha TOBEPXHOCTH 3€MJIU IO CHEIUaIbHBIM TPyOaM 00yCTPOCHHOM CKBaYKUHBI,
ra3 UMeeT B CpelHEM aaBiieHue nopsaka 50—70 Kre/cm” (5—7 MIla) Cnauana oH oc-
BOOOKIAeTCs OT MbUIM B MBUICYJIOBUTENSAX, 3aTEM OT BJIard B cenapaTopax u Mo KoJj-
JIEKTOPY, COCIUHSIONIEMY HECKOJIBKO CKBa)XHH, MOCTYNAET B CIELHUANIbHBIE YCTPOU-
CTBa JJIsl OKOHYATENIbHON OYMCTKU U OCYIIKU. OUYUIIEHHBIA U OCYUIEHHBIN Ta3, KOTO-
PBIii TOJTHOCTHIO OTBEYAET TPEOOBAHMSIM IOCTA, MOJAETCS Yepe3 TOJIOBHYIO CTAHIUIO
B CUCTEMY MarucTpajibHbIX ra30MpOBOIOB.

OcHOBHOM KOMIIOHEHT npupoHoro raza — metad (CH4). UMenno xayectBa me-
TaHa SIBJSIOTCA ONPECISIOUMMHU [l CBOMCTB MPUPOJHOTO raza B IEJIOM IOTOMY,
YTO COJEp’KaHWe METaHa B MPUPOJHOM Ta3e pa3IMyHbIX MECTOPOXKACHHUH, Kak mpa-
BUJIO, KoJieOeTcs B npezenax 92-98 %. Meran — O6ecliBeTHBIN ra3 6e3 BKyca u 3ama-
xa. [ImoTHOCTH ero npu HopMasbHBIX yenoBusx (273,16 Ku 1,01 6ap, T. €. 0 °C u 760 mm
pT. c1.) paBHa 0,717 kr/m°. MeTaH jerde Bo3ayxa IPUMEPHO B 2 pas3a, OTHOCHTEIbHAS
IUIOTHOCTH €ro no Bo3ayxy 0,55. Temneparypa, npu KOTOPOl METaH BOCIIJIAMEHSET-
cs, paBHa 913 K (640 °C). Ilpenen BocriiaMeHeHUs METaHa MIPU CTaHAAPTHBIX YCIIO-
Busix 293 K u 1,01 6ap (20 °C u 760 MM pT. CT.) — JeKUT Mexay 5,3 u 15 06. % co-
JEpKaHUsl €ro B CMECU C BO3AyXOM. JKaponmpou3BOIUTENIBHOCTh METaHa paBHa 2313
K (2040 °C). MakcumanbHasi CKOPOCTh pacIpOCTPAHEHHUS TIJIAMEHH TPH COJICP>KaHUU
ero B Bo3ayxe Ha ypoBHe 9,8 % — 0,67 m/c. Husmas temnora cropanus — 35757
kJk/M° . TIpH TIOJTHOM CrOpaHHMM MeTaHa 0OPa3yIOTCS YIICKUCIBIH ra3 ¥ maphl BOJIBI.
Peakiiust moJHOTO TOpeHsl MeTaHa:

CH4+202=C02+2H20.

s monmHoro cropanms 1 M’ MeTaHa npu kKodhduIMeHTe pacxojia BO3ayXa,
paBHOM 1, HE0OXOaUMO 2 M KHMCJIOPO/Ia WJIK COOTBETCTBEHHO 9,52 M BO3/yXa.

JIns mpumaHus XapakTEpHOTO 3amaxa MPUPOAHBIN ra3 oJopupyroT. B kadectse
0JI0paHTa OOBIYHO HCIIONB3YIOT STHIMEPKANTAH B Komuecte 16 r Ha 1000 M rasa.
DTOro KOJIMYECTBA BIIOJIHE XBaTaeT JIJIsl TOT0, YTOOBI 3arax rasa B cliydae yTeUKU Ha-
YaJ1 OIIYIIAThCS MPU COJIEPKAHUU €TO B aTMochepe Ha ypoBHE 1/5 HIDKHETO mpesena
BOCILJIAMEHEHUS (B3PBIBAEMOCTH), T. €. IPUMEPHO Ha ypoBHE 1 % OT 3aMOJHEHHOTO
o0beMa.

Paccmotpum Gosiee moapoOHO KOMIIOHEHTHBIN cocTaB (%) MPUPOAHOrO raza Ha
KOHKpeTHOM nipumepe: Mmetan CHy — 91,69; stan C,Hg — 3,74; nponan C3;Hg — 0,99;
oyran C4Ho— 0,18; uzo6yran C4H;o— 0,19; mentran CsH;, — 0,05; nuzonenran CsH;,—
0,06; yrnekucnasiit raz CO, — 0,50; azot N, — 2,60. [IpuBeaeHHbIN COCTaB TPUPOTHOTO
rasza XapakTepeH JJIsl CUCTEM ra30MpOBOJIOB CPEIHEEBPOINECIHCKONM YacTH HaIlIeH CTpa-
HbI, B KOTOPBIX HCMOJB3yeTcsi Ta3 OpeHOYpPrcKOro MeCTOPOXKACHHUS, MOaMEIInBac-
MBIM K NpUpoAHOMY Tra3zy mectopoxaeHuid Crasponons u Cpenneit Azuu. Ilpexne
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BCETO B COCTaBE JJAHHOTO T'a3a BBIJEIUM TOPIOUYIO U HEroprouyw dactu. K roproueit
yactu otHocatca CHy, C,Hg, CsHg, C4Hyg, CsHyp, x Heroptoueit — CO, u N,. Uem
OoJIbIlle Macca HETOPrOYEH YacTH, TeM HUXKE TeIUIoTa cropanus rasa. Temiora cropa-
HUS TOIUITMBA XapaKTEPU3YeTCs KOJIMYECTBOM TEIIa, BBIICISAIONIETOCS MPU MOJTHOM
CrOpaHUM €IUHUIIBI €ro 00beMa MM Macchl. Ha mpakTuke mpuxoauTCcs UMETh JIET0,
KaK MPaBUJIO, C HU3IIEH TEIJIOTOM CropaHus MPUPOIHOTO raza, Tak Kak UMEHHO ATO
TEIJI0 MOXKET OBITh MOJIYYEHO B YCTAHOBKAX COKMTAHMS Tras3a JJis JajdbHEHIIero uc-
MOJIb30BaHMUS.

B pacuerax wuim crnpaBOYHON JIMUTEpaType NPUXOIUTCA JTOCTATOYHO YacTo
BCTpEYaAETh MOHSITUE YCIOBHOTO TOIUIMBA, TEIUIOTA CTOpPaHUs KOTOPOTO MpHpaBHEHA
K 29309 x/>x/kr (7000 kkamu/kr).

TemIora CropaHus IPHPOIHOro rasa (kK/M’) KOHKPETHOTO COCTaBa MOXKET
OBITH MOJICYMTAHA ITPU HEOOXOAUMOCTH 1O (popmyie

Oy =0coCO + 0Oy, Hy + Oy, CH, + Oy, sHoS + Z(QCmHn c,H,), @D

r1e Oco.On, Ocny - nos-Oc, 1, — TEIIOTA CTOPAHMS TOPIOYMX KOMIIOHCHTOB,

kb, CO,H,,CHy, H,S ,C,,H, — o0beMHas 10515 ropro4ero KOMIOHEHTA B IpH-

poaHoOM raze, % (I BBITIOJHEHUS pacueToB TPeOYyeTCs MEPEBECTH COIEPKaHNUE TOproUe-
T'0 KOMIIOHEHTA ra3a U3 MPOIIEHTOB B €MHUIIBI 00bEMA).

3aoanue. HaliT HUBIIYIO TEIUIOTY CTOpaHUs MPHUPOTHOTO Ta3a MPHUBEICHHOTO
BBIIIIE COCTaBA.

Jlano. KommnioneHTHbIN cocTaB (%) NMpUPOAHOro raza Ha KOHKPETHOM MpPUMEPE:
Metan CHy — 91,69; stan C,Hg— 3,74; mponan CsHg— 0,99; 6yran C4H;o— 0,18; u3o-
oyran C4H;o— 0,19; nentan CsH;,; — 0,05; uzonenran CsHj, — 0,06; yriexkucisiii ras
CO,—-0,50; azoTr N, — 2,60

Pewenue.
Oy =0cn,CHy + Oc,ns CoHe + Ocing C3Hg + Oc 1, Catlio + Oc g1, CaHio(130) +

+Ocsy, CsHip ++0c.n,, CsHip(m30).

0. =35840 0,9169 + 63730 0,0374 + 93370 0,0099 + 123770 0,0018 +
+ 121840 0,0019 + 146340 0,0005 + 145822 0,0006 = 36784,5 K}1>1</M3.
Omesem. O, = 36784,5 xJ[x/M°

Huzmras temnora cropaHust OTAEIbHBIX Ta30B, BXOMSIINX B COCTaB MIPUPOTHOTO
rasa, npupejicHa B Ta0. 1.



Termnora CTOpaHu: ra30B

Taobmuna 3.1

Tabmuma 3.2

A3 Xumnueckas | TermoTta cropanus, kJx/ M
dbopmyna BBICILIAS HU3IIast
Mertan CH,4 39860 35840
Otan C,H¢ 70420 63730
[Iponan CsHg 101740 93370
N300yTan C4Hjo 131890 121840
byran CsHyo 133980 123770
IlenTan CsHi» 158480 146340
N3onenran CsHi» 168550 145822
Bonopon H, 12770 10800
Oxkuce yriaepona CO 12640 12640
CepoBoaopon H>S 25460 23490
I/ICXOIIHBIC JAHHBIC
o
Bapuant.  MecTopox- Cocras rasa, % 1o o0bemy s
JICHUEC rasa CH4 C2H6 C3Hg C4H1() C5H12 COZ st KI:C ra3p:1
1. CtenaHOBCKOE 95,1 2,3 0,7 0,4 0,8 0,2 HET 0,5
2. Jlenunrpajackoe 86,9 6 1,6 1 0,5 1,2 HET 2,8
3. CesepocraBpormnonb- | 98,7 0,33 0,12 0,04 0,01 0,1 HET 0,7
CKOE
4. TlyHrunckoe 86,1 2 0,6 0,34 0,35 8,5 HET 2
5. MenBexne 99 0,1 0,005 | - - 0,09 | Her 0,8
5
6. OpeHoOyprckoe 85 4.9 1,6 0,75 0,55 0,6 1,3 5
7. BykTblickoe 74,8 8,8 3,9 1,8 6,4 - HET 43
8. Yrepckoe 98,3 0,45 0,25 0,3 HET 0,1 HET 0,6
9. IlleGenunckoe 93,3 4 0,6 0,4 0,3 0,1 HET 1,3
10. I'aznuHCKOE 93 3,1 0,7 0,6 HET 0,1 HET 2,5
11. Kapagarckoe 93,2 2,1 1,2 1 1,2 0,8 HET 0,5
12. Agakckoe 93 3,6 0,95 0,25 0,31 0,4 HET 1,3
13. Tenrenckoe 89,4 6 2 0,7 0,4 1 HET 0,5
14. BaneiiBuckoe 89,59 | 2,42 0,70 0,27 1,16 1,68 | 0,25 3,93
15. JlastBOXK 80,23 | 2,64 1,15 0,70 0,71 0,73 | =er 13,8
16. BacunkoBckoe 93,1 2 0,4 0,2 0,3 - HET 4
17. SImGypr 95,2 0,04 0,006 | 0,001 | 0,1 0,3 HET 4,5
18. boBuHEHKOBCKOE 87,19 | 3,98 1,34 0,75 0,23 1,73 | Her 4,77
19. SIman 78,97 | 4,53 2,34 1,02 0,27 1,02 | =er 11,84
20. 3anonsipHoe 98,5 0,2 0,05 0,012 | 0,001 | 0,5 HET 0,7
21. Ypenroiickoe 97,64 | 0,1 0,01 - - 0,3 HET 1,95
22. XupHoBCcKOe 81,6 6,5 3 1,9 1,4 4 0,1 1,5
23. PoManikuHCKOE 40 19,5 18 7,5 4.9 0,1 HET 10
24. TyitMa3uHCKOe 39,5 20 18,5 7,7 4,2 0,1 HET 10
25. IlIxanoBckoe 37,5 18,2 16,8 6,8 3,8 0,1 HET 16,8
26. KimroueBckoe 78,5 6 6,5 4.8 3,6 0,2 HET 0,4
27. IMUTpUEBCKOE 69,2 10 10 5 5 0,7 HET 0,1
28. Hebwur-/arckoe 3a- | 91 3 2,3 1,3 1,8 0,5 HET 0,1
MagHoe
29. BepxHeoMpHHCKOE 82,7 6 3 1 0,2 0,1 HET 7




4. PACCYET BEPXHEI'O 1 HUKHET O ITPEJIEJIA BOCINIAMEHEHMUSA
INPUPOIHOI'O I'A3A

[Tpomecc ropeHus (CXKUTAHKS) Ta30B HAYMHACTCS JIMIIB TOT/Ia, KOT/Ia T'a30BO3-
AyIIHAsE cMeCh OyJeT MOAO0XKEeHa, T. €. Harpera JI0 OIMpeaeleHHONW TeMIepaTyphl,
KOTOPYIO Ha3bIBAIOT TEMIIEpaTypoOil BOCIIaMEHEHHUs. Temmeparypa BOCIIAMEHEHUS
3aBUCHUT OT COOTHOIIICHHSI 00bEMOB ra3a W BO3/IyXa B CMECH, CTCIICHU X MEPEMEIITH-
BaHWs, JIaBJICHUS CMECH, CIIOcO0a M MeCTa 3aKHMraHus W IPyrux (HakTopoB (Hampw-
Mep, croco0a UCTeueHus: CMecH, GOpPMBI, pazMepa U 00beMa TOIOYHOTO TPOCTPAHCT-
Ba, 3aHMMaeMOT0 T'a30BO3YyIITHONW CMeChIo, 1 T. 11.). [Iporiecc ropenus mpoaomkaercs
TOJIBKO JIO T€X IOp, MOKa KOJIMYECTBA TEIIA, BBIJACISIIONICTOCS MPU TOPSHUU, OYIeT
JO0CTaTOYHO, YTOOBI MIOCTOSTHHO BOCIUIAMEHSTH MOCTYHAIONIYI0 K MECTY TOPCHUS Ta-
30BO3IYIIHYIO CMeCh. MUHUMAJIbHBIC © MaKCUMaJIbHbIC KOJUYECTBA ra3a B ra30B03-
TYITHOW CMECH, TIPU KOTOPBIX MPOIECC TOPESHUS UACT HEIPEPHIBHO, HAa3bIBAIOT COOT-
BETCTBCHHO HIKHUM HJIM BEPXHHUM IIPEICIIOM BOCIUIAMEHCHHS JAHHOTO Ta3a B CMECH
C BO37yXOM. B3pBIBOM ra30BO3YIIHOW CMECH HA3BIBAIOT SIBICHUE MTHOBEHHOTO CTrO-
paHus Bcero o0beMa CMECH, KOTOpOE MTPOUCXOINUT IMPU BHECCHUH B TaKYI0 CMECh, Ha-
XOJSIIIYIOCS B KAaKOM-TTHOO OoJiee MM MeHee 3aMKHYTOM oO0beMe (IOMEUICHUH | T.
71.), ICTOYHHMKA OTHS WJIM BBICOKOHArpeToro teja. C TOYKW 3peHUS] XUMHUYECKOU CYIII-
HOCTH SIBJICHHE B3pbIBA HE OTJIMYAETCS OT IMpOIecca TOPEHHUS, U PacUeT €ro BeIeTCs
0 TEM € YpaBHCHHUSIM, YTO W JUIA peakiuu ropeHus. [Ipenensl BoCIIaMeHEHUS
cMecell ra30B, HE MMEIOMINX OaJUIaCTHBIX MPUMECEH WM COAEpXKaIluX UX B MHUHH-
MaJIbHOM KOJINUECTBE, ONPECISIOT (MpUOIU3UTEIBHO) MO clieayromei Gpopmyre

V| +Vy +D3 +rt+ VU,

Y v v V. 4.2
v Yy V3 Uy (4.2)

I 1 I3 [

rjae /1 — copeprkaHue raa B CMECH C BO3yXOM, JAIOIISe BEPXHUN WIIM HYDKHHM
Ipeiesl BOCIUIAMEHSIEMOCTH (B3PBIBAEMOCTH) MM 00€CIICUNBAOIICe MAKCUMAIIBHYIO
CKOPOCTb PaclpOCTPAHCHUS TUIAMEHH Ta30BOM CMECH;

V1, Ly, L3,... Uy — 00BEMHOE COJIepKaHNEe KOMIIOHCHTOB Ta30BOM ceTH B %o;

L, b, b,... I, — 3HAYCHUS] HWOKHUX WM BEPXHUX MPEJIEIIOB B3PhIBAEMOCTH (BOCILIAME-
HSEMOCTH) COOTBETCTBYOIIIMX KOMITOHCHTOB I'a30BOM CMECH, IPUHMMaeMbIe 1o Tadi. 4. 1.

3aoanue. OnpenenuTh BEPXHUN U HWKHUM Mpeebl BOCIIAMEHEHUST TIPUPO/I-
HOT'O rasa.

Jlano (Bapuant 1). CocraB raza (%) metan CHy— 51; atunen C,Hy — 23; mpomnan
CsHg— 7; 6yran C4H;o— 4; nenran CsH;,—8; anerunen C,H,-2; cepoBogopon H,S —
1,5; Bogopon H, — 3,5.



Taonuna 4.1

TeMnepaTprI BOCINNIAMCHCHUM U IMPCACIIbI HCKOTOPHIX I'OPIHOYUX I'da30B

Xumunye- Temneparypa | IIpenenst B3pbiBacMocty mpu 20
HaumeHnoBanue N
rasa ckag (Qop- | BocIIaMeHe- Cu JABVICHHH 760 MM PI. CT.
MyJia HUS HUKHUN BEPXHUU

AnetnieH CH, 305 -500 2,3 82
byran CsHyo 430 — 569 1,9 8,5
Bonopon H, 510 - 590 4,2 75
Mertan CH,4 537 — 850 5,3 15
Oxkuce yruepo- | CO 610 — 658 12,5 75
aa
ITponan C;Hg 466 — 588 2,1 9,5
CepoBoaopon H>S 290 — 487 4.3 45,5
IlenTan CsHi, 530 -610 1,4 7,8
OtaH C,Hg 510 — 594 3 14
Bonopon H, 530 - 590 4 75
OTUIIEH C,Hy 450 — 550 3 30

Pewenue.

1. PaccuuthiBaeM BepXHHUI Ipejiea BOCIIIAMEHEHHUS

2.

7 - 100 _
° CPBI4 N C2i14 N C3]Ijs +C4I];110 L CsHip szz N H§S+ HBz
) | 2 ) 3 ) A ) y 15 Ig
100 100 _1537%.

4 8

51 23 2 15 35 65036
e Tttt + =
15 30 95 85 78 82 455 75

2. PaccuuTeiBaeM HIDKHUH npeaci BOCINIAaMCHCHU A

100
H = =
" CHy +C2H4 +C3H8 +C4H10 +C5H12 +C2H2 +H23+H2
T T T IR
100 100 _3274 9,

51,23 7 4 8 2 15 35 305345

—+ t—t—+—+-=
53 3 21 19 14 23 43 4

Omeem. 11, =3274 %, I, =15,37 %.
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Taonuna 4.2

HcxonHble NaHHBIE U1l pacyeTa BEPXHETO U HMXKHETO MPEEIOB BOCIIAMEHE-
HUSI IPUPOAHOTO raza 0e3 NpUMeCH MHEPTHOTO ras3a

Bapu- |CocraB rasa, % 1mo oobemy

aHT CH4 C2H4 C3Hg C4H10 C5H12 C2H2 HQS H2

1 51 23 7 4 8 2 1,5 3,5
2 64 6 6 10 5,5 1,2 4,5 2,8
3 67,7 10,33 |5,12 3,0 2,01 6,1 3,04 2,7
4 78,5 2 3,4 4,34 2,35 6,5 0,91 2

5 65 17,5 5 4 3 2,5 1,2 1,8
6 85 4,9 1,6 0,75 0,55 0,6 1,3 5

7 72,8 7,8 3,9 1,8 6,4 2,0 1,0 4,3
8 76 5,45 2,25 1,3 3,0 2,1 8,3 1,6
9 70 8,5 3,6 2,4 1,3 2,1 10,8 1,3
10 45 21 7,0 6,0 4,0 11 4,0 2

11 60 13 11 1 1,2 6 1,8 6

12 90 3,6 0,95 0,25 0,31 0,4 3,19 1,3
13 79,4 6 2 1,7 1,4 1 5 3,5
14 89,59 (2,42 0,70 0,27 1,16 1,68 0,25 3,93
15 80,23 2,64 1,15 0,74 0,71 0,73 3,0 10,8
16 83,1 2 2,4 3,2 0,3 1 3,0 4

17 85,2 5 3,6 1 0,1 0,3 0,3 4,5
18 85 3,98 1,34 1,75 0,23 1,73 1,2 4,77
19 78,97 4,53 2,34 1,02 0,27 1,02 2,01 9,84
20 94,5 0,2 0,15 0,812 |1 0,5 2,138 0,7
21 87,5 3,1 0,91 2,3 3,2 0,3 0,74 1,95
22 81,6 6,5 3 1,9 1,4 4 0,1 1,5
23 40 15,5 18 7,5 4,9 0,1 4,0 10
24 39,5 10 18,5 7,7 4,2 0,1 10 10
25 37,5 16,2 16,8 6,8 3,8 0,1 2,0 16,8
26 75,5 6 6,5 4,8 3,6 0,2 3,0 0,4
27 69,2 5,9 10 5 5 0,7 4,1 0,1
28 83 3 5,3 2,3 1,8 2,5 2,0 0,1
29 80 6 3 1 0,2 0,1 2,7 7

30 65 10 2 3 10 5 4 1
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5. HAABEMHBIE I'A30ITPOBO/1bI

Tpacca Hax3eMHBIX Ta30IIPOBOJAOB HA TEPPUTOPUU NPEANPUITUN MPOKIIAIbIBA-
€TCs 10 OMOopaM, KOJIOHHAM M 3CTAKaJaM M3 HECTOPAEMBIX MAaTEpUAJIOB, & TAKXKE MO
KpBIIIaM ¥ Hapy>XKHbIM (KenareabHo TiiyxuMm) cteHam 3aanuil [ u Il crenenu orne-
CTOMKOCTH Tpou3BoACTB Kateropuil I' u /| cormacHo “IIpoTmBONOXapHbIM HOpMaM
CTPOUTEIBHOIO TPOECKTUPOBAHUS MPOMBIIIJIEHHBIX MPEANPUATHI U HACEJIEHHBIX
MecT”’, B TOM YHCJIE 31aHUH, B KOTOPBIX I'a3 HE UCIIOJIb3YETCS.

KosoHHBI, 3cTakabl ¥ OMOPHI O] Fa30MPOBObI BBIOJIHIIOTCS U3 MPOYHBIX HE-
CropaeMbIX MaTepHasioB, 0OECIEUMBAIOIINX HA/JECKHOE KPEIUIEHHE U YCTOWYHMBOCTH
ra3oIlpoBOJIOB IPH SKCITyaTallUH.

HanzemHble ra30mpoBO/bl BIAXKHOTO ra3a NOKPBIBAIOTCS TEIIOM30JISILUEN U YKIIa-
IpIBatoTCsl ¢ yKiIoHOM He MeHee 0,003; B HU)KHUX TOUKaxX ra3onpoBO/ia YCTaHABIMBA-
IOTCS LITYLEpPa C KpaHOM JJIs1 BBIIIYCKa KOHJeHcaTa. B palioHax ¢ CypOBBIMM KJIMMa-
TAUYECKUMHU YCJIOBHUSMH 3TH Ta30IpOBOJBI PEKOMEHIYETCS YKIAIbIBATh C NMAapPOBBIM
CITyTHUKOM M COBMECTHO NOKPBIBATh TEILNIOBOW U30JIALIUEN.

[IpoayBouHbIe TPYOOITPOBOABI OT OTBETBICHUN MEKIEXOBBIX ra30MIPOBOJIOB BeE-
IOyTCsl IO HAPYKHBIM CT€HAM 3[1aHMI U BBIBOASATCSA HAa 1 M BbIlIE KapHHW3a KPBILIU B
MecTa, o0ecreunBarone 0e30MacHbIe YCIOBUS pacCeMBaHUs rasa.

HanzemHas yknaaka ra3onpoBOJIOB IPEAYCMATPUBAET CIEHUAIbHBIE KOMIIEHCH-
pYIOIIME YCTPOWCTBA MM Takyl UX KOH(UIYpaluio, KOTOpas 00ecrneyrBaeT KOM-
MIEHCALNIO JTUHEWHBIX YIJIMHEHUI Ta301IPOBOIOB PU U3MEHEHUH UX TEMIIEPATYPBHI.

[Ipu He0OXOIUMOCTH HA Ta30MPOBOAAX YCTAHABIUBAIOTCS CIIELUATIbHbIE JTHUH30-
Bble KoMIieHcaTopsl iu0o0 [1- unu Z-o0pa3Hbie KOMIIEHCATOPHI U3 TPYO OJMHAKOBOIO
C Ta30IIPOBOJIOM JIHAMETPA.

Bo uz0exxanue HapyuieHUss F€pPMETHUYHOCTH COCIMHEHUN apMaTypbl U (acoH-
HBIX YacCTEH ra3onpoBOJIOB, MOSBJICHHS B HUX OMACHBIX HAIPSIKEHHUI Ta30MpOBOIBI
YKJIAJbIBAIOTCSI HA HEMOJBHUKHBIE ONOPBI, KOTOPHIE OIPAHMYMBAIOT HAIIPABICHHUE U
BEJINYMHY IepeMelleHns. Mexay HENOABMKHBIMHM OIOpPaMU ra3o0NpOBOJ yKIaJbIBa-
€TCSl Ha MOJBHKHBIE CKOJIB3SIUE OMOPBHI.

[To coBpeMeHHON METOAMKE JOMYCTUMOE PACCTOSIHUE (TPOJIET) MEXKIY ONMOPAMHU
IIOJ] HaJI3EMHBIE Ta30MPOBOABI, YKIaAbIBAEMBIE HA OJMHOYHBIE ONOPHI, ONPEIEIAECTCS
U3 YCJIOBUA MPOYHOCTH M JTIOMYCTUMOI'O MpoBUCaHUs (mporuda) ra3onpoBoja B Mpo-
JeTe.

CornacHo “YKa3zaHMIO M0 ONPEACIICHUI0 HATPY30K, JECHCTBYIOIIUX, HA OIOPBI
TpyOOIIPOBOAOB, U JIOMYCKAEMBIX MPOJETOB MEXAY MX OMopaMu’’, pa3pabOTaHHOMY
BHUUCT I'nasraza npu Coere MunuctpoB CCCP, nomnyckaeMblii TpoJIET ra30mpo-
BOJIa OIpEAeIIIeTCs MO CIAeAYIIUM (hopmyiam.

L N3 ycnosus npo4yHOCTH
1) IIPY THEBMATUYECKOM MCIBITAHUU Ta30IIPOBOIA
D
R- % 4
[= ; (5.1)
11,459

2) IIpu TUAPABIINYCCKOM HCIBITAHUU I'a30IIPpOBOAA
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(R - pHDjW
/= 4 ) (5.2)
7,58¢q

rje [ — nomycKkaeMblil PoJeT, M; R — pacueTHOE CONPOTUBIICHHE CTav, PAaBHOE
2000 kr/cm*; W — MOMEHT COTIPOTUBJICHUS] CEYEHUS TPYOHI, oM g — BEC OJHOIO TI0-
TOHHOTO MeTpa TPyObI C y4ETOM BOJbI MPH THAPABIMUECKOM HUCIIBITAHUUA M 0€3 ydeTa
BOJIbI TIPY ITHEBMATHUYECKOM HCIBITAHUH, KI/M; p — paboudee JTaBJIeHUE U Ta30IpOBO/IE,
kr/em” (MIa); p, — HCIBITATEIBHOE JABICHUE B rasompoBoje, kr/em” (MITa); D — cpen-
HUU IUaMeTp Ta30ImpoBoJia, CM; O — TOJIIMHA CTEHKU TPYOBI, CM.

II. Y3 ycrnoBus gomyckaeMoro nporuoda

24EID N 24Elix 4

+ X
50¢g 2q

x3

[=2x+ [x?- 24EID - o)
50x2q

rae EI — ecTKocTh TpyOOmpoBO/a, Kr/M; g — BEC OJHOr0 MOTOHHOTO MeTpa
TpyOBl 6€3 yueTa BOAbI IPU TUAPABINYECKOM MCTIBITAHUM; [ — YKJIIOH Ta30IPOBOJIA; X
— pacCTOsSIHUE OT OTOPHI 10 CEYEHUsI TPYObI, MEIOILEro MaKCUMAITLHBIN MPOTHO, M.

Cuctemy ypaBHEHUM clieyeT peniaTh mog00poM X 10 TeX Mop, Moka 3HaUYeHUs [
0 KaXXJ10M U3 GopMysI HE COBIATYT.

3aoanue. OnpenenuTb ITOMYCTUMOE PACCTOSHUE MEX]Y OMOpaMH HaJA3€MHOIO
ra3oIpoBOo/ia CPEIHETO JaBJICHUS.

Jano. p< 3 Kr/cm> (0,3 MIla) nuametp razompoBoga D=100 MM u TOJIIMHA
cTeHKU 0=4 MM. YKIJI0H MecTHOCTH i=0.

Pewenue.

W3 ycnoBus IpOYHOCTH MPU THEBMATUYECKOM HCIIBITAHUY T'a301POBOIA

( —ijW (2000— 1’5(')14?}32,7
4 ) _ 0, ~236 u.

l:

11,45¢ 11,45-10,26
N3 ycnoBus NpOYHOCTH IIPU TUAPABIMYECKOM UCIIBITAHUU Ia30IpOBOIa

( ' PHDJW (2000 - ‘ZS ' 10}32,7
o ) _ ~21,6 M.

b

l:

758¢ 7,58-18,11

W3 ycrmoBus pomyckaemMoro mporuba ra3onpoBojia npu ykioHe i=0.
[Ipu yxnone razompooja i=0 mepBas 4acTh Gopmyibl (5) nmpuodOpeTaeT cie-
YOI BUJT

13



24EID 24.2-10%-176,55-107*-0,1
[= T tx= 3 +x.
50gx 50-10,26x
[= 162’1 +x;upui=0 [=2x. Torma 2x = 2’1 +x:x =165,1;x=3,58 M
X X

[=2x=2-3,58="7,1 m.
Bropas yacts popmyisl (7) B 3TOM ciiydae UMEET BUT

1=2x+\/x2—i2-165,1=2x+ /x2—162’1=2-3,58+ 3,582—165’; =71
X X 3,58

YTO YIOBJETBOPSICT YCIOBHUIM.
Omeem. | =71 m

Tabmwmma 5.1
HMcxonHble JaHHBIC
Pasmephl, My HaBne- Bec TpyOs! kr,
Howmep ’ MowmeHT Hue B [MomeHT IIPU UCIIBITAHUU
BapuaH- WHEPIHH, |Ta30- COIIPOTHB-
Ta JIMAMETP TONILHMHA )\ 4 IpOBO-  |TICHHS, ey’ |THEBMATH-  THJPaBIIH-
CTCHKH YECKOM YECKOM
ne, Mlla
1 50 4 27,75 0.3 9,24 5,52 7,64
2 70 4 61 ’ 15,47 7,1 10,73
3 80 4 96,65 1,2 21,7 8,38 13,53
4 100 4 176,55 32,7 10,26 18,11
5 125 4 338,3 50,8 12,73 25
6 150 4,5 651,9 0.3 82 17,15 34,8
7 200 7 2623 ’ 240 36,6 69,6
8 250 7 5177 379 45,92 98
9 300 8 10010 616 62,5 137,5
10 350 9 17550 930 81,6 182,8
11 400 10 28290 0.6 1328 102,6 232
12 500 7 41550 ’ 1477 90,11 298.5
13 600 8 77500 2398 122,7 418,6
14 700 8 113000 0,3 3189 140,5 529,5
15 800 8 161000 4300 160,2 667,6
16 50 4 27,75 9,24 5,52 7,64
17 70 4 61 0.6 15,47 7,1 10,73
18 80 4 96,65 ’ 21,7 8,38 13,53
19 100 4 176,55 32,7 10,26 18,11
20 125 4 338,3 50,8 12,73 25
21 150 4,5 651,9 82 17,15 34,8
22 200 7 2623 240 36,6 69,6
23 250 7 5177 379 45,92 98
24 300 8 10010 616 62,5 137,5
25 350 9 17550 12 930 81,6 182,8
26 400 10 28290 ’ 1328 102,6 232
27 500 7 41550 1477 90,11 298.5
28 600 8 77500 2398 122,7 418,6
29 700 8 113000 3189 140,5 529,5
30 800 8 161000 4300 160,2 667,60
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6. BBIOP KAHATOB JJIA I'PY30OIIOABEMHBIX KPAHOB

Bce kaHathl mepen NMpEMEHCHHEM HMX Ha KpaHE JOJDKHBI OBITh MPOBEPEHBI IO
dbopmye

P
Stax = E , (6.1)
rjae S — HauOosblllee HATSHKEHUE KaHaTa IoJ] ACHCTBUEM TPY3a;
P — neictBUTENBHOE pa3pbIBHOE YCUJIME KAHATA;
K — ko3¢ dunmeHT 3amaca NpoYHOCTH, 3HAUCHHE KOTOPOTO 3aBUCHUT OT PEXUMa
pa6otsl MammHbl (JI - 5; C—5,5; T — 6; BT —6,5).
JI71 rpy30110ABEMHBIX KPAHOB

g Q(l_n6n) 6.2
max
al—ng}I 9 ( ¢ )

rae O — rpy30noabeMHOCTb KPaHa;

@ — TUI TIOJIMCIIACTA;

M — KPaTHOCTb IMOJIUCTIACTA;

1 — KII/] noamunuuka, ycTaHOBIEHHOTO B 0Jioke moiucnacTa (kauenust — 0,97-
0,98; ckompxenus — 0,95-0,96).

3aoanue. IlonoOpath KaHAT AJIs TPY30T0IbEMHOTO KpaHa.

Jlano (Bapuanrt 1). I'py3onogbemuocts O=10 T, paGoTaromuii B CpeTHEM PEKH-
M€ Ha KOTOPOM C IIEJIbI0 O0ECIeUCHUsI BEPTHKAIBHOTO MOAbEMa I'py3a M CO3JTaHUs
PaBHOMEPHOW HAarpy3KH Ha XOJOBBIC Kojieca MPUMEHSETCS CIBOCHHBIN (a=2) MOJu-
CIacT ¢ KpaTHOCThIO m=3. B 0Jokax moymcnacTa UCIOJIb3YIOTCS MOIITUITHUKN Kade-
HUSL.

Pewenue.

1. OnpenensieM MakCUMaJIbHOE HATSKEHUE KaHAaTa CIBOCHHOTO IMOJIMCTIACTA TIPH
oJIbeMe Tpy3a Mo Gopmyrie

Smax = Q(l _n6ﬂ) = 10(1 — 0)97) =1,74 T=1740 kr .
ali-n2 ) 2li-0973)

OTCrOda
P P

Smax :E:1740:§

2. OHpeI[CJ'ISICM HCO6XOI[I/IMOC Pa3pbIBHOC YCWIJINEC C YUCTOM 3altaca IIpOYHOCTHU

P=5,.,K=1740x55=9570 kr

max
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3 ['OCT 3066-80 BweiOupaem kaHaT jaBoiiHOW cBuBkM Tuma JIK-O
6x7(1+6)+1x7(1+6) nuamerpom 13 MM, UMEIOIINI IPU PACYETHOM MpeJiee TPOYHO-
cTH npu pacTsbkeHuu paBHoM 1470 Mlla, paspeiBHoe ycunue P=96150 H (9615 kr).

Omeem. Kanat JIK-O 6x7(1+6)+1x7(1+6) nuamerpom 13 Mm.

Tabnuma 6.1
HcxonHbie JaHHbIE
Ne 0,1 | m | a|Pexum | Tun Ne O, 1 | m|a|Pexum | Tun
BapuaHTa pabo- | mon- BapuaHTa pabo- | moa-
TBI [IMITHH- TBI [IMITHH-
Ka Ka
1 10 |3 ]2]|C K 16 35 |3 |1 |BT C
2 0,5 [2]1]C C 17 12 |3 |2|T K
3 1 311|C K 18 0,852 |1 |JI C
4 1,25 12 [2|J1 K 19 35 |3 |1]C K
5 LS |2 |2 K 20 22512 |1|C C
6 2 3 11|C C 21 15513 |1 |T K
7 25 |3 |1]|C K 22 11 |3 |2|T K
8 5 2 |1 |T C 23 13 |3 ]2]C K
9 10 |3 |1]|T K 24 20 |3 |2 | T C
10 15 |3 |1]|T C 25 22 |3 |2 |BT C
11 32 |3 |2|BT K 26 25 |2 |2 |BT C
12 16 |3 |2|BT C 27 26 |2 |2|T K
13 0,8 [2 ]|1]|C K 28 30 |3 |2|T C
14 3 311|C C 29 29 |3 |1|BT C
15 4 311 |T K 30 27 |3 |2 |BT K

16



7. MOAOBOP KAHATA JJI5s1 U3TOTOBJIEHUA CTPOITA
C YETBIPbMS BETBAMU JIA IIOABEMA I'PY3A

Bce kaHathl mepen MpUMEHCHHEM HMX Ha KpaHE JTOJDKHBI OBITh MPOBEPEHBI IO
bopmye
P

Smax ZE

rae S — HauOoublllee HAaTsSHKEHUE KaHaTta MoJl IeUCTBUEM IPy3a;

P — nelictBuTenbHOE pa3pbIBHOE YCUIME KAHATA,;

K — xoaddunmenT 3anaca npoyHOCTH, 3HAYEHUE KOTOPOTO 3aBUCUT OT PEeXHMa
pa6otsl MammHbl (JI - 5; C—5,5; T — 6; BT —6,5).

Jlns ctporos

G

ncosa’

rae G — Macca IoJIHUMaeMOoro Ipy3a;

1 — 9UCJIO BETBEH CTPOIIA;

0L — yTOJI HAKJIOHA BETBH cTpora (He Gombire 45 'C).

(7.1)

Smax =

3aoanue. TlonoOpaTh KaHAT JJI1 U3TOTOBJICHUS CTPOIIA C YETHIPEMS BETBSIMU IS
nojbLeMa rpysa.

Jlano (BapuanT 1). Macca 5 T, yroi HakJIoOHa BETBU CTpoTia IPUHSTH 45 oC.

Pewenue.

1. OnpenensgeM MakCUMaIbHOE HATS)KEHUE KaHATa MpU OAbEME Ipy3a

G 5
S = = =1,775 T =1775 kr .
maX pcoso 4cosds

2. OHpCI[CHSICM HCO6XOI[I/IMOC Pa3pbIBHOC YCWIJIMEC C YUCTOM 3allaca IIpOYHOCTHU

P=S_..K=1775x6=10650 kr .

max
3 T['OCT 3066-80 BweiOupaem kaHaT jaBoiiHOW cBuBkM Tumna JIK-O
6x7(1+6)+1x7(1+6) nuamerpom 14 MM, UMEIOIINI IPU PACYETHOM MpeJieie TPOYHO-
CTH TIpu pacTsikeHun paBHoM 1470 MlIla, paspsiBHoe ycunue P=109600 H (10960
KT).
Omeem. Kanar JIK-O 6x7(1+6)+1x7(1+6) nuamerpom 14 Mm.
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I/ICXOIIHBIC JaHHBIC

Taomuna 7.1

No Macca Uucno Ber- | Yron  Ha- | Ne Macca Uwcno VYron  Ha-

BAPUAHTA | IOJHAMAe- | BEH CTpOIa | KJIOHA BET- | BapHaHTa | MOJHUMAac- | BETBEU KJIOHA BETBU
MOIO TPy3a, BU CTpOIIa, MOIO IPy3a, | CTpoIia CIpora,
T o T

1 5 4 45 16 8,5 4 10

2 1,5 4 35 17 9 4 45

3 2 2 40 18 9,5 2 40

4 2,5 2 45 19 10 4 20

5 3 2 10 20 10,5 4 15

6 3,5 4 35 21 11 4 20

7 4 4 30 22 12 2 45

8 4,5 2 40 23 13 4 40

9 5 1 0 24 14 4 35

10 5,5 4 45 25 15 4 30

11 6 2 45 26 16 2 25

12 6,5 2 30 27 17 4 15

13 7 4 25 28 18 4 30

14 7,5 4 20 29 20 2 45

15 8 4 15 30 30 4 40
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8. ONIPEAEJIEHUE JABJEHHUA U MOIIIHOCTHU B3PBIBA
BO31YXOCBOPHUKA KOMITPECCOPA

OCHOBHOM OMACHOCTBHIO AJII COCYZOB BO3IYIIHO-KOMIIPECCOPHBIX YCTAaHOBOK U
BO3/IyXOIIPOBOJIOB SIBJISIETCS 00pa3oBaHUE, B3PHIBOOIMACHBIX CMECel MapoB Macjia U
BO3/lyXa, a Takke oOpa3oBaHHE Ha BHYTPEHHEH, MOBEPXHOCTU BO3AYXOIPOBOJIOB
OKHUCHOM IUVIEHKU Maca.

Ecnu xoHUIEHTpalys napoB Macia B Cpeie CoKaToro Bo3ayxa gocturaetr 6—11 %,
3Ta CMECh MOXKET B30pBaThcs Npu Temieparype okojio 200 °C u gaxe mpu Goiee
HU3KOM TemmepaTrype, KOrja HpUMEHSeTCs HHU3KOKAUYeCTBEHHOE KOMIIPECCOPHOE,
Maclo.

Ecnu B Bo3nyxomnpoBoiaM o0Opa3yroTcs NepeKUCHbIE COETUHEHUS, B3PhIB MOXKET
IPOM30UTH TP TeMIiepaType nmpumepHo + 60 °C, a Takke OT yaapa U COTPSCEHUSL.

PaccnenoBanus aBapuii ¢ cocyilaMH BO3YIIHO-KOMITPECCOPHBIX YCTAaHOBOK IO-
Ka3aJiM, YTO MPaBUJIa O KOMIIPECCOPHBIX YCTAHOBKAX Ha TeX MPEANPUATHUSAX, T]Ie PO-
MCXOJIWJIN aBapUH HE BBITIOJIHUINCH, @ UMEHHO:

a) cMasKa IWIKHIPOB KOMIIPECCOPOB IIPOU3BOAMIACH MACJIOM C HU3KOHM TeMrie-
parypoii Benbimikd (190 °C u ke BMecTo HOpManbHOM +240 °C), a B OTAENBHBIX
ClIydasiX Ja)ke HEMPOBEPEHHBIM MAaclioM, HECMOTPS Ha MpPsIMOE yKa3aHUE MPaBUI O
HEOOXOJIMMOCTHU Tepe]] MPUMEHEHHEM KOMIIPECCOPHOTO MaMa MpOBEPSTh €ro B Ja-
O0opaTopuu U NPEIOXPAHATh OT 3arpsI3HEHU;

0) mpoayBKa OT Macia BO3JyXOCOOPHUKOB M MAacJOOTAENIUTENeH MPOU3BOIM-
Jach HEPEryJIIpHO, XOTA MpaBujia 00sA3bIBAJIM MPOU3BOIUTH MPOJIYBKY BCEX COCY/IOB
KOMITPECCOPHBIX YCTAHOBOK KaXKyIO0 CMEHY;

B) M3-32 OTCYTCTBHSI OOBOJHBIX JIMHUWA U TIO TIPOU3BOJICTBEHHBIM YCIOBHSIM BO3-
TyXOCOOPHMKHM HE OCTAHABIMBAINUCH U HE OYMIIAINCH NMEPUOJIUYECKH OT Macia, 4To
JOJIKHO MPOU3BOJAUTHCS HE PEXKE OAHOTO pas3a B MOJIF0/1a; TAK)KE HE MPOYUILATIUCH OT
MacCJSHbIX HACJIOEHUH BO3IYyXOIMPOBOJbI U HE MPOM3BOJMUIACH IMPOMBIBKA BO31YXO-
MIPOBOJIOB, PACTIOIOXKEHHBIX MEXIYy KOMIIpECCOpaMU W PECHUBEpaMH, 4YTO TaKkKe
JOJIKHO MPOU3BOIUTHCS HE PEXKE OAHOTO paza B 6 MeCAIICB;

I') B HEKOTOPBIX CIydasxX TeMIlepaTypa CxKaToro BO3JyXa BCIEICTBUE HENOCTa-
TOYHOTO OXJIAXKIEHHUsS B OJHOCTYIIEHYATHIX KOMITpeccopax mpesbimaia 160 °C u B
mrorocrynendaTeix +140 °C. Takum o6pa3oM, TeMIepaTypa CKaToro BO3ayXa B
BO3JIyXOIPOBOJIE MAJIO OTIHWYANIACh OT TEMIEPATyphl BCIBIIIKKA Macja, XOTs coryac-
HO MpaBUJIaM 3Ta pa3HUIla J0KHA ObITh He MeHble 75°C;

1) BOCIUIAMEHEHHUIO CMECH MapOB Macia ¢ BO3AYXOM B KOMIIPECCOPHBIX yCTa-
HOBKaX MHOTJIa CIIOCOOCTBOBAJIa HEUCIIPABHOCTD (PUIIBTPOB, MPOITYCKABIINX C BO3/Y-
XOM IbUIb U PKaBUMHY U3 TPYO MOJCcOoca BO3AyXa B KOMIIPECCOP.

3aoanue. OnpenenanTs ONMAacHOE JaBJIEHUE W MOIIHOCTH B3pbhIBa BO31yX0OCOOp-
HUKa KoMIipeccopa. Crenarh 3aKJII0UeHUE O BO3MOXKHBIX MPUYUHAX B3PHIBA.

Jlano (Bapuant 1). o6beMoM Bo3myxocOGopHHKAa 0,9 M°, H3TOTOBJICHHOTO U3
OecrioBHOM TPyObI ¢ BHYTpeHHUM AuaMeTpoM Dg = 0,3 M U TOJIIEHHON CTEHKHU O, =
3 mMm. M3BecTHO, 4TO KOMIpeccoM co3aaeT aasineHue Px = 0,8 Mlla, cma3bpiBaeTcs
KOMIIpeccOopHbIM MacioM M12 ¢ temnepatypHoi Bcibiiku 7 = 489 K. IIpu ocmoT-
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pe BO31yXOCOOpHHKA YCTAaHOBJIEHO, YTO B3pbIB IPOU3OLIECN HE H3-3a OCJIa0JIeHUs
AJIIEMEHTOB KOHCTPYKIHUHU.

[Ipu pacuerax AJisg BCeX BapUaHTOB IPUHSATH: BpeMs B3phbIBa £, = 0,1 c; maTepu-
an Bozayxocoopuuka C120; o, = 400 MIla; Temnepatypa Hapy>KHOTO Bo3ayxa 293
K.

Pewenue.

1. Ompenensiem npeaesbHO TOMYCTUMOE JaBleHue AJi 0aka BO3AyX0COOpHHUKA

_ 20,00®8 _ 2-400-10° 0,003
Aot D, 0,3

MPUHSIB MUHUMAJIBHOE JIaBii€HUE B3pbIBA Py, = 1,25P,,, nonyuum P.= 8-1,25 =
10 MIla.

2. PaccuuTbiBaeM MOIITHOCTH B3pbIBa, MPHHSB, YTO BCS PHEPIHS PACXOIyeTCs Ha
paboTy B3pbIBa

P

—8.10%TTa = 8,0 MIla, (8.1)

Agr3
NB3 =
B3 ’ 8-2)
rae
m-1
m PO m
Az =— Pp3 - V| 1-
> m-1 » (PB3J ’ (8.3)
1,41-1
6 ) 1,41
L4 6 0,1-10 ’ _ 6
10-10
6
Nus =22 B33107 55033 10081 2231330 kB,

B3 0,1
rae Ay, — DHEpPrus cxxaToro rasa, [[x;

t — BpeMsl B3pbIBa, C;

m — ToKa3aTesib aanabdatsl, 1715 Bo3ayxa m = 1,41;

P,, — naBnenue B3pbiBa, Mlla;

J— 06bem BO31yX0cOOpHUKA, M

Py — atmocdepnoe nasnenue, 0,1013 MIla = 0,1 MIla.

Bo3MoXHBIMU TPUYMHAMU B3phIBA MOT'YT OBITh:

— 3aBBIIIEHUE MPEIEIIHBHO JOMYCTUMOTO JaBJIEHUS B COCYJI€ OT UCTOYHHUKA IHU-
TaHUS.

B Hamiem ciiyyae naHHO€ NPEANOJIOKEHUE HE MOXKET CIYKUTh MPUUYMHOW aBa-
pHUH, TaK KaK pacCYUTaHO, 4yTo P, = 8,0 Mlla, a uCTOYHUK NMUTaHUS CO3AET JaBIie-
Hue Bcero 0,8 Mlla, 1.e. B 10 pa3 MeHbII€ JOITyCTUMOTIO;

— TIOBBIIICHWE JABJICHUS 3a CYET BOCIJIAMEHEHUS MAacCJIOBO3JIYIIHOW CMECH,
BBI3BAHHOTO MOBBIIIEHUEM TEMIIEPATYPhl CPEABI, B CBSI3U C HEHCIPABHOCTHIO CUCTE-
MBI OXJIAKJICHUSI KoMIipeccopa. [Jig mMpoBEpKU JaHHOTO MPEJI0KEHUS HYKHO OIpe-
JENUTh TEMIIEPATYPY BO3AyXa MOCJE CHKATUS B KOMIIPECCOPE
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m-1 1,41-1
m 6 | 1,41
P 0,8-10
T=Ty — =293 — = 535K

P 0.1-10°

T'= 535 K, uro 60mb111e TEMHIepaTypbl Benblky Macia T, = 489 K.

Omeem. Jlanenue B3pbiBa 10 MIla, mommaocTts — 231330 kBt1. Haub6omnee Bepo-
ATHOW NMPUYMHON B3pbIBA BO31YXOCOOPHHKA SIBISETCS OTKA3 CUCTEMbl OXJIaXKJICHUS
KOMIIPECCOpa U MOBBIIIEHUE TEMIIEPATYpPbl CPE/Ibl BO3AYXO0COOpPHHKA CBHIIIE 7, Mac-
JIOBO3YIIHON CMECH.

Tabnuua 8.1
Hcxomuble TaHHBIE

BapuaHTbl
1 2 B3 W 5 6 (7 B8 9 ({10 |11 |12 {13 |14 |15

cxonaple JaHHBIE

Pabouee JIaBJICHHE
BO3TYyXOCOOPHUKA, 0,8 0,5 0,6 070901 pp,10,21,31,411,5/1,6 1,7 (1,8 1,9
MIIa

O0beM  BO3IyX0COOp-
HUKa, M

0,9 4,53,9 3,8 3,53,23,1292,82,512,62,111,911,2]1,2

BapuaHTbl
16 |17 18 |19 PO 21 P2 P3 24 25 26 27 28 29 30

cxonHple JaHHBIE

Pabouce JIaBJICHHE
BO3TyXO0COOPHHKA, 2 2 09p51 1,208 |1 10,610510,7 082 |1
MIIa

O0beM  BO3IYyX0OCOOp-
HUKA, M

0,6 0,510,9 0,8 1,3 1,4 1,54135B3 2 R2,62,72233
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9. OITPEJIEJIEHUE OXJIAKJIAIOIEN IOBEPXHOCTHU TPYBUYATOI'O
TEILJIOOEMEHHHUKA KOMITIPECCOPHOH YCTAHOBKH

3aoanue. Onpenenutb 0€30MaCHYIO IJIUHY TPYO TEITIO0OOMEHHHMKA KOMITPECCOp-
HOU YCTaHOBKHU.

Jlano (Bapuant 1). [IpousBogurenbHocth Ny = 10 M3/MI/IH, nasnenue P, = 0,5
Mlla, oxnaxnaromuid teronocurens — Boja (7, = 283 K, T, = 298 K); HapyxHbIi
nuaMeTp Tpyo TerooOMeHHuka Dy = 18 MM, Tonmunaa cteHku 6 = 0,5 MM, Temnepa-
Typa Bo3ayxa mociie cxatus 77 = 493 K, temrneparypa Bo3ayxa Mociie OXJIaKICHHS
T, = 303 K, Termmoemkocth Boawsl Cy = 4,2 kJ[x/(kr-K), Temmoemkocts Bo3ayxa Cg;
=1,01 xdx/(xr-K), koadduruent remionpoBognoctu cramu A = 50,1 Bt/(M-K), xo-
s PuIMeHTHl TeIulonepeauyd Ha BHYTPEHHEH M HApYKHOUM MOBEPXHOCTU O, = 740
Br/(M>K), oy = 1160 Br/(m*K); miotHoCTb Bo3gyxa p = 1,293 kxr/ .

Pewenue.

1. Onpenenum Maccy oxyiaxaaeMoro Bo3ayxasa l ¢

NP, 10-0,5-10°
Gy =p—2=1293—"""" =108 gr. 9.1
¥ n 0,1-10° - 60 G-

2. PaccunteiBaeM KOJIMYECTBO M30BITOYHOM TEIJIOTHI

0 =Gy, Cop (T) =T )=1,08-1,01(493-303)=207,25 xJlx. (9.2)

3. HaxoauMm oxJakaemMyro JJIMHY TPyO TeTI00OMEHHHKA

= L . 9.3)
K -Atg,
3.1. OnpenensieM cpelHUM TETJIOBOM HAIMOP TEIJI000OMEHHUKA
Atg — Aty
Algp =————— (9.4)
231g 206
tM
Atg =T{—-T, =493-283=210K, 9.5)
At, =T,-T,=303-298=5K, (9.6)
210-5
Atep = 210 =491y (9.7)
2,3lg—
5
3.2. Boruucnsiem BHYTpeHHUHN AuaMeTp TPyObl TEIII000MEHHUKA
D =Du—20=18-2-0,5=17 mm. (9.8)

3.3. PaccuutbiBaeM K03(ppuIIMEHT Teruionepeaauu Tpyos! (JIuHoM 1 m)
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! 1

1

K =
l&+&lnDH + !

—+—+
ol 2v Dy @

(9.9)

1 0018 0018, 0018
+ In

11600,017 2-501

0,017

+1351.107

=29098

4. HaxoauMm oxJIaXIaemMyto JUIMHY TpyO TerI000MEHHUKA

0

207,25-10°

l = = =
K-Atg, 29098-5491

s

M.

Bt1/(m-K).

(9.10)

Omeem. Jlns Ge3omacHO pabOTHI KOMIIpeccopa HEOOXOAUM TETIO0OMEHHHK

JUTHHHOU 25 M.

Hcxoaubie J1aHHBIE

Hcxonapie n1aHHBIE BapranThl

JUIBIC A 1 12 [3 (4 |5 06 |7 [8 [9 J10]11 [12]13]14 |15
TpoussomutenshocTs |y 13 |4 s g |7 |8 |9 |10 |12 [13 |15 |19 |20 |25
KOMIIpeccopa, M /MHH
Masnenme  xommpecco- o 5|1y s 116 |16 (1.1 |11 05 |05 0.6 |1 |1 1 106 (0,7 1,3
pa, MlIla
Tewmepatypa - BO3AYXa | 193 | 670|621 (650 |580 |573 493 |493 |623 |573 |570 |580 |90 600 |588
rocie cxatus, K 0
HapyxHublii  nuamerp
Tpy® TermooOMeHHwuka, |18 |15 15 |16 18 |18 |20 |20 |20 |25 |25 |30 |30 (16 |16
MM
Tomuuna crenxn 1py- |5 165 05 |06 (0,65 (06508 |1 |1 |13 |13 |2 |16 |09 |1
ObI, MM
Mcxonabie naHubIe BapuanThr

AIHBIC A 16 [17 |18 [19 120 |21 [22 [23 |24 [25 [26 127 |28 |29 [30
TIpOMSBOMMTENLHOCTE |3 1y |11 |14 |16 |28 |29 |21 |17 |18 |23 |24 |26 |27 |31
KOMIIpeccopa, M /MHH
Masnenme xommpecco- |y 31y s 11 |19 (12 lo6 (04 |08 0.8 (07 |1 |16 [13 |13 |12
pa, MIla
Tewmepatypa  BosayxXa | c1o 1595 490 (480 |480 |615 |605 |605 |621 |630 |625 630 |92 |s65 |595
rocie cxatus, K 8
HapyxHublii  nuamerp
TpyO TemiooOMeHHuka, |18 |18 (20 (20 |25 (25 (30 (30 (32 (32 (22 |24 (22 |14 |12
MM
g;”ﬁﬁ}‘a CTCHKH TDY" 10 7 10,7 10,9 |1 L1 (1,1 1,6 |1,6 |1,8 |18 0,95 0,85 |1,25 0,55 |0,45

IIpumeuanue. [lpu periennn 3aaHust MIPUHATH OAMHAKOBBIMU ISl BCEX BapUaH-
TOB CJHEAYIOIINE 3HAYCHHUS IAPAMETPOB: B KAUECTBE OXJIAKIAIOIIETO TEMIOHOCUTENS
UCIIONb3YyEeTCsl BOJa ¢ HadalbHOUW Temmneparypoil 7,=283 K u xoneunon 7,=298 K;
CpelHsAs ynenbHas TemnoeMKocTb BoAbl Cg,=4,2 kJIx/krK; TemmoeMKocTs BO3myxa
Ci:=1,01 x/x/xrK; Temneparypa Bo3ayxa nocie oxnaxaenus 7,=303 K; temmnepa-
Typa BcacbsiBaeMoro Bo3ayxa 71¢,=293K; ko3 ¢uuueHT Tenonepeayi BHyTpeHHEH U
Hapy>KHO moBepxHOCTH 0;=1160 BT/M’K; 0,=440 Br/M°K; k0o duIMenT Termiore-
penauu cranu A=50,1 B1/MK; Tepmuueckoe cOnpoTUBIECHUE OT 3arps3HEHUs sl HO-
BBIX TPYO R,=0, P;=0,1-10°-60 ITa.
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1. TPEBOBAHMS K ITIOPAKY BBIITOJTHEHUSA 1 O®@OPMJIEHUIO
JIABOPATOPHBIX PABOT

OTueTsI 10 Ta00PaTOPHBIM pabOTaM CJIEAYET BHITIOIHITH B OTJACITBHON TETPAIH,
Ha TUTYJBHOM JINCTE KOTOPOU YKa3bIBAIOTCS: MHCTUTYT; TPyMMa; GaMuiIns, UMs, OT-
4ecTBO OOydaroImuiicsi, HOMEp 3aueTHOW KHIDKKH. Kaxmas mocnemyromas nabopa-
TopHasi paboTa JOJKHA HAYMHATHCS C HOBOW CTpaHUIIbl. KaxpIii OT4eT MOIKEH CO-
JepKaTh:

1. HaumeHnoBanue abopaTopHON pabOTHI.

2. llenb paboTHI.

3. OOurue cBefeHus (KpaTtkasi TEOpuUs BOIIpOca U MPUMEHsSEMbIe TPUOOPHI).

4. HopmaTuBHbIe TpeOOBaHUS K TapaMeTpaMm (akTopoB, OIICHUBAEMBIX B pabo-
TE.

5. DKkcnepuMeHTanbHas 9acTh (HEOOXOAUMBIE TaOIUIBI M PUCYHKH YKa3bIBacT
MPernoaBaTep).

6. BBIBOZIBI O COOTBETCTBHM M3MEPEHHBIX MapaMeTPOB HOPMATHUBHBIM TpeOOBa-
HUSIM.

7. Pexomenpanmu (00IIMe MEPOTPUATHS MO CHIDKEHUIO BO3JICHCTBHUS BPEIHBIX
MIPOU3BOACTBCHHBIX (PAKTOPOB M MHIAMBHUAYAIbHBIC CPECTBA 3AIIUTH PAOOTHUKOB).

2. TPEBOBAHUA BE3OITACHOCTH IIPU TIPOBEAEHUU PABOT

OOyyaroluiicss 10MyCKalTCs K BBIOJHEHHIO J1a00paTOPHBIX pabOT TOJBKO MO-
CcJie MPOXOXKACHUS MHCTPYKTaXKa M0 OXpaHe TpyAa Ha pabodynx MecTax JabopaTOpUH.
[IpoBenenne MHCTpyKTa)xka (PUKCHUPYETCS B KypHale, Iie JAOKHBI ObITh MOJMUCH
MPOUHCTPYKTUPOBAHHBIX O0YYAIOMINXCA U UHCTPYKTOPA.

K BbmmosnHeHuto nabopaTopHOM paboThl oOydYaromipecss MOTYT MPUCTYNHTh
TOJIBKO TOCJI€ U3YHYEHHS] METOJIMYECKUX yKa3aHUi, 0O3HAKOMIICHHUS C YCTPOMCTBOM U
MpaBUJIAMH MCHOJB30BaHMS 000pyAOBaHUs, TPUOOPOB, MOCIE MPOXOXKICHUS TOMYC-
KOBOT'O KOHTPOJISl 3HAHUI Ha MPaBO BHITIOJIHEHHS pabOThI.

[Ipu pabore Ha SKCHEPUMEHTAIBbHBIX YCTAHOBKAaX BO3MOKHO BO3HUKHOBEHHE
CJIEIYIOIINX OMACHBIX M BPEAHBIX MPOU3BOJCTBEHHBIX (PAKTOPOB: BHICOKOE HAMpsKe-
HUE MUTAHUS JIEKTPOYCTAHOBOK, 3ara30BaHHOCTh M 3aIbUIEHHOCTb BO3/1yXa, MOBBI-
IIIEHHBIN YPOBEHb IIyMa ¥ BUOpaIliy, HATMYUE OTKPHITOTO TIaMEHHU.

Jlist ycTpaHeHus: WM JI0BEJICHUS 3HAYEHUM OMAcHBIX M BPEAHBIX MPOU3BOACT-
BEHHBIX ()aKTOPOB /10 0€30MaCHBIX YPOBHEN Ha SKCIIEPUMEHTAIbHBIX YCTAHOBKAX U B
1ab0paTOpUU JOJDKHBI OBITh MPETYCMOTPEHBI CIEAYIOLIME CPEJCTBA U CIOCOOBI 3a-
IIUTHL: 3aHYJICHUE U aBTOMATHYECKOE OTKJIIOUEHHUE AJIEKTPOYCTAHOBOK; 3BYKOM3OJISI-
1Sl IIYMOBOM KaMephbl; 3al[UTHBIE KOKYXU Ha BUOPOCTEHIE.

JlabopaTopusi oKkHA OBITH OCHAILIEHA ANTEUKOW JJIsi OKa3aHUsl MepBOM Meau-
IIMHCKOM TTOMOIIH, U orHeTymuTtelsMu OY-5 (13 pacuera 0JJHO CPEACTBO HA KaXIbIe
50 M” mwIomaau 1abopaTopun).

[Ipu HEecyacTHOM cilydae HaJO YMETh OKa3aThb MOCTpaJaBIIeMy NEPBYIO MeEIu-
LIUHCKYIO TIOMOIIb.



OO0yuaronuicspl HECYT OTBETCTBEHHOCTD 3a HApyIIEHUE M3JI0KEHHBIX TpeOoBa-
HUH 0€30MaCHOCTH.

2.1. TpeOoBaHus 0€30MACHOCTH IEepe] HAYAJIOM PAdOThI

[TpOKOHTPOIMPOBATH HATMYUE U MCIIPABHOCTH BCEX MPEIYCMOTPECHHBIX CPEJICTB
3aIIUTHI U MOKAPOTYIICHUS, HAJEKHOCTh KpEIICHUS nucOaiaHca W 3allUTHBIX KO-
KYXOB.

[TpoBepuTh, CBOOOICH JIN TOCTYI K O0OIIEMY 3IEKTPOPYOMIBHHUKY JTa00paTOPUHU
Y BBIKJTIOYATEIISIM 3JIEKTPOYCTAHOBOK Ha pa0OYNX MECTax.

Ybpath ¢ pabouero Mecta MOCTOPOHHHE MPEIMETHl U HEUCIONb3yeMbIC B JlaH-
HOI paboTe MpuOOpPHI.

2.2. TpeOoBaHus 0€30IACHOCTH BO BpeMsl padoThI

BEITIOJTHATE TOTBKO Ty paboTy, KOTOpas MpeaycCMOTpPEHa MPOrpaMMOil dKCIIe-
PUMEHTA WM 3a/IaHa TIPETo1aBaTesieM.

Paspemaercs paboTaTh TOJBKO Ha UCIIPABHBIX AKCIIEPUMEHTAIBHBIX YCTAaHOB-
KaX, C HICTIPaBHBIMU N3MEPUTEIBHBIMU IPHOOPAaMHU U MHCTPYMEHTAMHU.

DIEKTPUIECKUE CXEMBI CJICTyeT MOHTHPOBATh TOJIBKO MPU 00€CTOUCHHOMN armma-
paType. MOHTa)KHBIE MTPOBOJIA IOJDKHBI UMETh HAJIC)KHYIO M30JIAIHIO U XOPOIIIO MPO-
NasiHHbIC HAKOHCYHHKH.

[TomaBaTh HampspKEHUE MOXHO TOJBKO Ha 3aHYJICHHOE WM 3a3€MIJICHHOE DJICK-
TpooOOpyIOBaHNE.

Bo u30exkaHue MmopakeHHs 3JCKTPUICCKUM TOKOM 3allpeliacTcsl KacaThCs py-
KaMH KJIEMM H JIPYTUX TOKOBEIYIINX JETaICH.

[Ipy BOBHUKHOBEHUU KaKUX-TMOO HEUCIIPABHOCTEH B paboTe mMpuOOPOB U 000-
PYIOBaHUS HAJI0 HEMEIJICHHO X BBIKITIOYHTb.

2.3. TpeOoBaHus 0€30MACHOCTH B ABAPUIHBIX CUTYallUAX

[Tpu momamaHnuy HANPSHKEHUST HA KOPIYC AJIEKTPOYCTAHOBKH CIEAYET €€ HeMe/I-
JIEHHO OTKJIIOYUTH U COOOIIUTH 00 3TOM IMPENO/1aBaATEITIO.

[Ipu HecuacTHOM ciydae (RJIEKTPUUYECKO TpaBme, ymube, mopese, 0kKore  T.
I1.) HaJl0 OKa3aTh MOCTPAJABIIEMY MEPBYIO MEIUIIMHCKYIO TIOMOIIIb.

2.4. TpeOoBaHus 0€30MACHOCTH 110 OKOHYAHMH PAadOTHI

BBIKITIOUUTD 37€KTPONUTaHHE IPUOOPOB U 000PYAOBAHUS.

HaBectu nopsiiok Ha pabounx MecTax.

Crnatp mpenojaBaTesio Wil JIabOpaHTy CIPABOYHYIO, METOIMUYECKYIO U IPYTYIO
JUTEPATypy, a TakxKe TprUOOpPbl U UHCTPYMEHTHI.



3. JABOPATOPHAS PABOTA «OIIPEJIEJJEHUE KOPPO3HUIHOM
AKTUBHOCTHU I'PYHTA»

Lenb paboThl: yayuyuThcs ONPEAEISATh KOPPOIUMHYIO aKTUBHOCTh TPYHTA HA KOHKpET-
HBIX MPUMEPAX: B 3aBUCUMOCTHU OT €r0 YAEIBHOIO 3JIEKTPOCONPOTUBIICHHS U B 3aBUCH-
MOCTH OT IIOTEPH BeCa STAJIOHHOTO 00pa31a METANIMUYECKON TPYOKH.

3.1. Oo0ume cBexeHud

Koppo3ueli MeTamioB Ha3bIBa€TCS pa3pylICHHE METAJUIMYECKUX MMOBEPXHOCTEU
IO/ BIIUSIHUEM XUMHMYECKOIO HIIA DJIEKTPOXUMHUYECKOTO BO3LAEHUCTBUS OKPYKAIOLIEH
cpeabl. Koppo3nn MOryT moaBepraTtbcsi HapyKHbIE M BHYTPEHHHE MOBEPXHOCTH
Tpy6. Koppo3usi BHyTpeHHHX MOBEPXHOCTEN MPOUCXOAMUT B PE3yJIbTaTe B3aUMOJCH-
CTBMSI METajula B IIPUCYTCTBUU BJIard C TAKUMH arpeCCUBHBIMM KOMIIOHEHTaMH KakK
cepoBoAOpOa U Kuciopod. OdncTKa raza OT cepoBOIOPOAA U KUCIOPOAA IPAKTHYE-
CKU YCTpPaHSET KOPPO3UI0 BHYTPEHHUX MMOBEPXHOCTEN TPYO.

Haubonpuryto onacHOCTh MpPEACTAaBISET KOPPO3UsS BHEIIHMX IOBEPXHOCTEM
MOJI3€MHBIX ra30MPOBOJIOB. B 3aBUCMMOCTH OT KOPPO3UOHHBIX (DAKTOPOB pa3InyaroT
MOYBEHHYIO KOPPO3UIO U KOPPO3HUIO Oy aaromuMu Tokamu. [TouBeHHass koppo3ust —
AIEKTPOXUMHUYECKOE Pa3pyLICHUE CTAIBbHBIX Ia30IIPOBOJOB, BbI3BAHHOE JIEUCTBUEM
MOYBbI, TPYHTOB U I'PYHTOBBIX BoJ. Koppo3us OiyXIaomUMHi TOKAMU — JJIEKTPOXH-
MHMUYECKOE pa3pylLICHUE MMOJ3EMHBIX a30IPOBOJOB, BEI3BAHHOE JCHCTBUEM IOCTOSIH-
HOTO U MEPEMEHHOI0 TOKOB, HCTOYHHKAMH KOTOPBIX SBIISIETCS AJIEKTPUPUIIUPOBAH-
HBI PENIbCOBBIN TpaHCHOPT (MarucTpalibHbIA, MPUTOPOJHBINA, TOPOACKOM U Mpo-
MBIIIJICHHBIN ).

ITouBeHHON KOPPO3UM MOABEPrarOTCs HE3AIUILEHHBIE HAPYKHbIE TIOBEPXHOCTH
cTasIbHBIX TPYO. CKOpPOCTh KOPPO3UHU METaJljIa 3aBUCUT OT CBOMCTB IpyHTa: BIAXHO-
CTH, TEMIIEPATYPbl, FJEKTPOIPOBOJHOCTH, BO3AYXOIIPOHULIAEMOCTH, HATUYUS COJICH.
Yem Oonblie BIAKHOCTh M IMPOHUILIAEMOCTh BO3/yXa, TEM ObICTpee MPOTEKAET IMpo-
recc Kopposuu. IIpu nmoHMkXEeHHON TemIlieparype I'pyHTa U IIPpU 3aMEP3AHUU €r0 BO
BJI&JKHOM COCTOSIHUH ITPOLECC KOPPO3UU 3aMEIAETCS.

DNeKTpOXUMUYECKasi KOPPO3Usl B IMOYBE OOYCIOBJIEHA B3aUMOJCHCTBUEM Me-
Tajuia TpyObl C arpecCMBHBIMU pacTBOopaMu TpyHTa. [Ipum 3TOM MeTamn BBINOJHSET
POJIb AIEKTPOJIOB, @ arPECCUBHBIE PACTBOPHI — POJIb AIEKTPOIUTOB. BOIM3M yuacTKOB
ra3onpoBojia, e MeTalyl pacTBOPSAETCS C BBIXOJOM HOHOB, 00pa3yloTCs aHOIHBIC
30HBI, & TaM, IIe¢ PaCTBOPECHUE IIPOUCXOAUT MEHEE MHTEHCUBHO,— KAaTOJHBIC 30HBI.
Takum 00pa3oM Ha MOBEPXHOCTU TPYObI 0Opa3yeTcs rajbBaHUYecKas mapa, B KOTO-
pOil TOK MO MeTajly TpyObl T€YEeT OT KaTOAHOW K aHOAHOW 30HE, a B DJIEKTPOJIUTE
(rpyHTE€) — OT aHOJHOM K KaToAHOW. B mMecTax BbIX0Ja TOKa (aHOJHAsI 30HA) METall
OyZeT pacTBOPATHCS, T. €. pa3pylIaThes ra3onpoBo. B Tpybe o6pa3yrorcs KaBepHbI
Y CKBO3HBIE OTBEPCTHS.

JIiist nuTanus 30eKTpUGUIUPOBAHHOTO TPAHCIIOPTA MPUMEHSIETCS] TOCTOSHHBIH
TOK, IIPUYEM B KaU€CTBE BTOPOTr0 IIPOBOJIA CIIYXKAT PeIIbChl. XOTs PEIBLCHI ABIISIIOTCS
XOPOILKM MPOBOJJHUKOM, HO YaCTh TOKa, OCOOCHHO B MECTaX COEAUHEHUN PENbCOB,
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MOMaaeT B IPyHT. JIBUTasICh B TPYHTE, 3T TOKU BO3BPALIAIOTCA K CBOMM HUCTOYHU-
KaM 10 pa3jIu4HbIM MyTSIM HAUMEHBIIET0 CONpOTUBICHU. OAHUM U3 TaKUX MyTeH
ABJIAIOTCS Ta30MPOBO/IbI, UMEIOIIME MTOBPEXKICHHYIO H30J1IMI0. B MecTax moBpex-
JEHUS U30JISIUU OJTyKIalolle TOKY MONaAatoT Ha Ta30MpOBO/I U BEIXOJST U3 HETO
BOJIM3M TATOBOM MOACTAHIIMK. YYaCTKHU BXOJa TOKa B Ta30MPOBOJI HA3bIBAIOT KAaTOI-
HBIMH, a YYaCTKH BbIXOJa — aHOAHBIMH.

AHOZIHBIE 30HBI OMACHEE, TaK KaK TOKU BBIXOJAT Ha ra3olpoBOJl B BUAE IOJIO-
KUTEJIbHBIX HOHOB, YTO COIIPOBOXAACTCSI MHTEHCUBHBIM BEIHOCOM YacCTHYEK MeTaslia
1 00pa3oBaHMEM CKBO3HBIX OTBEpCTHIl. B aHOIHOI 30HE MPOMCXOAUT UHTEHCUBHAS
KOPpO3HUs ra30MpOBOJIOB, IPUUEM 3Ta KOPPO3Hs BO MHOT'O pa3 onacHee Mo4YBeHHO. B
KPYIHBIX TOPOJAX 3TOT BUJ KOPPO3UU Hanboliee pacipoCTpaHeH.

3.2 OnpenesieHre KOPPO3UHHON AKTUBHOCTb TPYHTA B 3aBUCMMOCTH OT €r0
Y1eJIbHOI0 3JIEKTPOCONPOTHBJIEHUS

CTpouTenbHBIMH HOPMaMH M MPaBUJIAMH YCTAaHOBJICHA KJIACCH(UKAIIUI KOPPO-
3MHHOW aKTHBHOCTH TPYHTa B 3aBUCHMOCTH OT €r0 YACIBHOTO 3JIEKTPOCOIPOTHBIIC-
Hus (Tadm. 3.1).

Ta6muma 3.1
VY aenbpHOE DIEKTPOCONPOTUBIICHUE TPYHTA

VY nenpHO€ 37E€KTPOCOnpo-
THBIICHHE TpyHTa, OM-M 6onee 100| ot 20 7o 100 | or 10 1o 20 | ot 5 go 10 MeHee 5

Koppo3suiinas akTHBHOCTB OYCHb
HU3Kas CpelHsAsl |IOBBIIICHHAs | BBICOKas
rpyHTa BBICOKAs

VY nenpHOE 2JIEKTPUYECKOE CONPOTUBIIEHUE TPYHTOB U3MEPSETCS YETBIPEXDIIEK-
TponHOW yctaHoBkod Tthuna MC-08, B BHAE MarHWTORIEKTPUYECKOTO JIOTOMETPA,
n300pakeHHoM Ha puc. 3.1. Ha pucyHke mokasaHa cxema U3MepeHUs YJeIbHOro CO-
MPOTUBJICHUS TPYHTA.

OpnHa paMka JIOTOMETpa BKIIKOYAETCA KaK aMIEpMETpP B LEIb, TUTAIOIIYIO YEThI-
PEXAIEKTPOJIHYIO YCTAHOBKY, Apyrasi — Kak BOJIBTMETpP B IpHeMHYyto enb. [Ipu Ta-
KON cXeMe BKIIIOUEHHMsI PUOOp B MPOIECCe U3MEPEHUN MOKA3bIBAET BEJIMUYUHY, MIPO-
nopuuoHanbHyto U/l T. €. BeIUYUHY, POTOPIUOHAIBHYIO U3MEPSIEMOMY COMPOTUB-
neHno. ICTOYHUKOM TOKa MpU U3MEPEHUAX CIYKUT F€HEPaTOp MOCTOSSHHOIO TOKA C
PYUYHBIM IPUBOJIOM, BCTPOCHHBIN B mpubop. Ha Baity reHepaTopa CMOHTHPOBAHBI J1BA
CUHXPOHHBIX KOMMYTATOpa, MpeoO0pa3yloluX MOCTOSHHBIA TOK B NMEpPEMEHHBIN (B
MUTAIOLIEH LIeTIH) W MEePEMEHHBIN B MOCTOSHHBIN (B mpreMHoM 1enu). Cxema BKIIO-
YEHUSI U3MEPUTENS 3a3€MJICHUN B LENb JJIS U3MEPEHHS YIEIBHOrO 3JIEKTPOCOIPO-
TUBJICHUS TPYHTA Mpe/cTaBlIeHa Ha puc. 3.1, rae 1—-pydka renepartopa; 2 — nepexto-
YyaTenb NPeIesIoB U3MEPEHHUS], 3 — PETYIUPOBOUYHBIN PEOCTAT.



Puc. 3.1. [Ipu6op MC-08 B cxeme u3mMepeHus yAeIbHOro COPOTUBICHUS TPYHTA

VY nenpHOe COMPOTUBICHUE TPYHTA OMNPENEseTCs] C TMOMOIIbI0 CUMMETPUYHOM
YETBIPEXANEKTPOAHON YCTaHOBKHU (pHC. 3.2), pa3MelIeHHON B OJHY JUHUIO, KOTOpas
J0JI’KHA COBMAZATh C OChIO TPACChl MPOEKTUPYEMOTO Ta30IpoOBOa, a JIJIs YIOKEHHO-
ro B 3¢MJII0 — IIPOXOJIUTh MapaJljieibHO Ta30npoBoay B 2—4 M oT Hero. Paccrosinue
(AB) 10J5KHO HaXOAUTKCS B CJICIYIOMIMUX Mpeaesax:

2h < AB < 4h, 3.1
rje s — riyouHa IPOKIaJKU ra30MpoBo/a.

Puc. 3.2. Cxema onpeieneHus yAeIbHOTO CONPOTUBIICHHS TPYHTa

VY nenwHoe conpoTtuiieHre rpyHTa p (OM-M), onpeaenstor no Gopmyiie:
AU
p=K—, (3.2)
1
rae AU — pa3HOCTbh TOTEHIIUAIOB, U3MEPSEMasi MEXKIY TPUEMHBIMU AJICKTPOIa-
mu MN, B; [ — cuna Toka, IpOTEKAIOIIET0 Yepe3 LEeNb MUTAONINX JIEKTPOJI0B AB, A;

K — xoadduruent, onpeaensieMblit o ¢popmyie:

T 1113(11 +1, )(lz +l3) -
hl, [(11 + Zz)+l3(lz +l3)]

3necs [y, [, [5—paccTosTHUSL MKy JICKTPOIaAMHU, M.

3Has y/AelbHOE CONMPOTUBIIEHUE TPYHTA, MO Tabj. 1 OIEHUBAIOT KOPPO3UIHYIO
aKTUBHOCTB T'PYHTA.



3.4. Koppo3uiiHasi AKTHBHOCTb ITPYHTA B 3aBMCHMMOCTH OT IIOTEPH Beca 3Ta-
JIOHHOT0 00pa3ua MeTa/NINYecKoil TpyOKu

Jlns onpeneneHus KOPPO3UITHOM aKTHUBHOCTH TPyHTa IO METOAY IMOTEPH Beca
CTaHJAPTHOTO 00pasla HCIHoJb3yeTcs suerka (puc. 3.3), cocrosiias U3 CTaIbHOIO
cocyaa auameTpoMm 80 MM, BbicoTol 110 MM U cTanbHOM TpyOKH ¢ BHYTPEHHUM JHa-
MetpoM 19 mm u qunoit 100 MM. K sAuelike Ha mepuoa UCHBITAHUS TOAKIOYAETCS
HMCTOYHUK IMOCTOSIHHOTO TOKa HarpshkeHueM 6 B.

[Ipo6el rpyHTa B KOnuyecTBe 1,5—2 Kr orOuparorcs B mypdax, CKBaXHHAX WIH
TpaHILEsIX U3 CJIOEB, PACTIOIOKEHHBIX Ha YPOBHE MPOKIIAIKU TpyOompoBoaa. [TyHKTEI
oTOopa Mmpob pacroiararTcs BIoJIb Tpacchl TpybonpoBoaa ¢ uatepsanom 50—100 m
B 3aBUCHMOCTH OT CTENIEHU OJHOPOJAHOCTH TPYHTA.

T : Y :/

Puc. 3.3. O6mmii Bua ssuerku 175 onpeeseHus] KOppOo3UHHOCTH TPYHTA

['pyHT, BBIOpaHHBIA JUIsi TPOOBI, MOACYUIMBAIOT MPU TEMIIEpaType HE BHIIIE
105 °C, pazMenp4aroT 10 MOPOIIKOOOPA3HOTO0 COCTOSIHUS, TPOCEUBAIOT YEPE3 CUTO C
orBepcTusiMH OT 0,5 10 1 MM M yBIaXHSIOT 10 TOSIBJIEHUS HA €r0 TOBEPXHOCTH HE-
IIOTJIONIAEMOM BOJBI.

CrannapTHbiii 00pasel] — CTalIbHYIO0 TPYOKY, NMpeIBapUTEeIbHO OUUIIICHHYIO U B3Be-
HIEHHYIO C TOYHOCTHIO 110 0,1 T, MOMEIIAIoT B COCY/ M U30JIUPYIOT OT JIHA MPOOKOH Tak,
4yT00bI KOHEIl MPOOKH BhICTyNall U3 Tpyoku Ha 10—12 mm. Benen 3a ycraHOBKO#M TpyOKu
COCY/[1 3alIOJHAETCS YBIAKHEHHBIM UCCIIENYEMBIM IPYHTOM Ha 5 MM HHUKE MOBEPXHOCTH
ee KpOMKHU. ['pyHT JOJDKEH MIOTHO MpUJIeraTh K MOBEPXHOCTU TPYOKH U cocyaa. [locie
3aIlOJTHEHUS TYEHKU UCCIIelyeMbIM IPYHTOM K TPyOKe M COCYyIly MOJKIIOYAeTCs UCTOU-
HUK TOCTOSIHHOTO TOKa HampsbkeHueMm 6 B. B 1ienu mocTtosHHOro Toka TpyOKa CITy>KUT
aHoJoM, a cocya — KaronoMm. [omsapuzanus ssueiiku npogoipkaercs 24 yaca, mocie 4ero
TpyOKa BHIHUMAETCS U3 TPYHTA, THIATEIbHO OYUIIAETCS OT MPOAYKTOB KOPPO3HU U B3BE-
mmBaeTcs ¢ TouHOCThIO 110 0,1 1. Koppo3uiiHas akTHBHOCTh I'PyHTa OLIEHUBAETCS B COOT-

BETCTBHUU C JaHHBIMH Ta01. 3.2.
Tabnuma 3.2

[ToTeps maccel TpyOKH, T no 1 ot 1 102 ot 2 j10 3 ot 3 10 6 6onee 6

Koppo3uiinas akTHBHOCTb

HU3Kas | CpeAHss | NOBBIIICHHAs | BBICOKAs | OYE€Hb BBICOKAs
rpyHTa




3.5. KoHTpoJIbHBIE BONIPOCHI

1. ITouBeHHast KOPPO3USI.

2. Koppo3sus 6:1y>K1arommuMu TOKaMH.

3. HapucyiiTe cxemy yCTaHOBKM [Jisi ONPEACICHUS] KOPPO3UiiHAsI aKTUBHOCTD
IpyHTa B 3aBUCUMOCTHU OT MOTEPH BECa ATATOHHOTO 00pa3lia METAJUTMUYECKON TPyOKH.

4. YcTpoicTBO JIoroMeTpa.

5. Kakas OyaeTr koppo3uiiHasi aKTUBHOCTb T'PYHTa €CJIM €r0 YIEIbHOE 3JIEKTPO-
conpotusiieHre 50 OM-M.

6. Kakas Oyner koppo3uiiHas aKTUBHOCTbh TPYHTA €CJIM €r0 YJEIbHOE 3JIEKTPO-
conpoTtuBiieHre 15 OM-M.

7. 1IpOoOMAKUTEIBHOCTD MOJAPU3AUS STYEUKU TIPU ONPEICIICHUN KOPPO3UMHOU
aKTUBHOCTH TPYHTA.



4. JABOPATOPHAA PABOTA «OIIPEJAEJIEHUE PACXOJATA3A U
PEXXUMA EI'O IBUKEHUA B TPYBOIIPOBOJAX»

Heab padoTbl: MpruoOpPECTH HABBIKK U3MEPEHUS PACX0/ia T'a3a C BhISBICHUEM pe-
KHMa JABMKEHUS TP MIOMOLIH TUapparmabl.

4.1. Oo0ume cBeaeHud

KonudecTBo rasza, npoxoAsmiero B €IMHUILY BPEMEHH 10 TPyOOIpoOBOY, HAa3bI-
BAETCs PacXOOM ra3a, a U3MEPAIOIINE €ro NPUOOPBI HA3bIBAIOTCS PACXOIOMEPAMU.

Pacxon »xuakocTH, rasa, mapa M ChbIIIyduX T€JI U3MEPAETCS CIEAYIOIIHUMHU METO-
JaMu: IPOCCENbHBIM, CKOPOCTHBIM, 0ObEMHBIM U BECOBBIM.

ﬂm
i
LT

Y

| CTT T

Puc. 4.1. Cxema ycTaHOBKH AuadparMbl
Y 3II0pa paclpeiesieHus 1aBIeHUI B1OIb TpyOonpoBoaa

JlpoccenbHblii MeToA. Pacxos KHIKOCTU MpU €e TEeYEHUH Mo TPyOoOoNnpoBOaaM
MOCTOSIHHOTO CEYEHUSI U3MEPSAETCS IPOCCENIbHBIMU pHUOOpamMu, CO31a0IUMH MECT-
HbIE CYy)KEHHs ceueHUui TpyOoomnpoBooB. CykeHHe MpHU MOMOIIM JuadparmMbl JOCTH-
raeTcsi yCTaHOBKOM B TpyOompoBoje AuameTpa DD TOHKOTO JUCKa ¢ KOHUEHTPUYECKUM
OTBEPCTUEM CTPOTO OIPENEICHHOr0 quamerpa dy u npoduns. Juadparmsl U3roToBs-
IOTCSI U3 aHTUKOPPO3UIHBIX MaTEpUAJIOB, Yallle BCEro OpOH3bI WIIM HEep KaBerollel cTa-
m. OtHomeHne m=d, /D’ HasbIBaeTCS MOAyNIeM AHabparMel; B BHIOOPE M pacueTax
auadparM OHO UIPaeT BayKHYIO POJIb.

B kauectBe qpyrux apocceabHbIX TpUOOPOB MOT'YT MPUMEHSTHCS COIIa U TPY-
ob1 Bentypu. JlpoccenbHble MPpUOOPHI UCIIONB3YIOTCS COBMECTHO C U pepeHraib-
HBIMU MaHOMETPAMHU, 3aMOJHEHHBIMU PTYThIO, BOJOW, CIUPTOM U AP.

B cyxeHHOM CeYeHHM YBEJIMYMBAETCS CKOPOCTb M Ma/laeT CTaTUYECKOe JaBJe-
Hue noroka. [lo u3MepeHHOMY Mepemnagy CTaTUYECKOro AaBieHust Ap MOTyT OBIThH
OTIpeJIEIeHbl CKOPOCTh KUJKOCTH U €€ PacXo/l.

Cxema ycTtaHoBKH nuadparmel U rpaduk pacrpeaesieHus AaBieHUN BIOIb TPY-
OorpoBojia nokasansl Ha puc. 1. Kak BUIHO U3 pUCYHKa, yCTaHOBKA AuadparMbl CBs-
3aHa C HEKOTOpPOH HEOOpaTHMOM moTepel JaBlieHHs Op, BhI3BAaHHYIO 3aTpaTod dHEP-
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MM MOTOKa Ha BUXpeoOpa3zoBaHuE 10 U mnocie nuadparmel. Bennuuny dp ansg opu-
E€HTUPOBOYHBIX PACYETOB MOKHO HANTHU U3 BBIPAKECHHUS:

Sp=Ap(1—1,1m). 4.1)

dopmyIibl Ui IOJIcUeTa pacxoda 000N KUIKOCTU BBIBOJATCA U3 YpaBHEHUS
bepHynnu 1 UMEIOT BU:

G= AkeasdgqlpAp , Kr/4,
V = Ak, oed? Ap , Kr/4, (4.2)
070 D

rne A — Ko3QPUIMEHT, 3aBUCAIIUN OT TEMIIEPATYPhl CPEbl; o — KOIPPUITUSHT
pacxona; kg— k03(p(UIUEHT TemaoBod Aedopmanuu auapparmsl; €—K0d3(QOUIUCHT
cKaThs; d, — TMaMeTp OTBEpPCTHs AuadparMsl, MM; Ap — Mepenaj JaBieHus, Krc/M;
p — IIOTHOCTH paboueit KHIKOCTH, KI/M .

[Tpu w3mepenun nepenana napineHuil Ap nuddepeHuanbHEIMH MaHOMETPaMHu
HEOOXOAMMO 3HATh HE TOJBKO YACIbHBIM BeC paboueil KUAKOCTH, HO M yICITbHBIN
BEC 3arOJHUTENSI MAaHOMETpa. ITa 0COOEHHOCTh YUUThIBaeTCS KOdhGUirmeHToM 4.

[lepenan naBieHWI B 3TOM cllydae M3MEPSIOT Pa3HOCTHIO BBICOT YpOBHEH 3a-
MOJIHUTENS A, 1ociie yero popmynsl 4.2 npuoOpeTaroT CleyIOINi BUA:

G= Akeasdg\/pih , kr/4,

WIn
2 |h

V =Akyoedy  |—, xr/4, (4.3)
p

rje s — nepenaj AaBlieHUs, U3MEPSEMbI B MUJUIMMETPAX BBICOTHI CTOJI0A KU-
KOCTH, 3anonHstomen nupmanomerp. Kosadpunuenr rerosoit nedpopmanuu kg on-
penensiercs no popMmyie

kg=1+204 (©® —20),

rae og— Kod(Q(UIUEHT JTUHEHHOro paclIpeHus MaTepuana nuadpparmsl; © —
TeMIeparypa usmepsieMoi KuIkocTH, °C.

Taxum 00pa3om, n3MepeHHe pacxoa ¢ IOMOLIBIO JUa(parMbl CBOAUTCS K H3MEPEHUIO
niepenaza JaBJlIeHus TM(PMaHOMETPOM C MOCIEAYIOLIUM MOACYETOM 110 (hopmynam (4.3).

CxopocTHOli MeTOoA. B €ro oCHOBY NOJIOKEHO M3MEPEHUE CPEAHEN CKOPOCTH
IIOTOKA, KOTOPasi CBsI3aHa C pacX0A0M M3BECTHOH 3aBUCUMOCTHIO:

V =oF (4.4)

2
rac @ — CpCaHgasd CKOPOCTHb ITOTOKaA M/C; F— IMOIICPCYHOC CCUCHUC IIOTOKA, M .
Takum 06pa30M, 3Hasg MCTOJIbI OIIPCACICHUA O IIPU ITOMOIIKU HAITIOPHBIX TI)Y6OK
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WM aHEeMOMETPOB, HETPYIHO IMOJCYHUTATH PACXOJ B COOTBETCTBYIOIIMX CCUCHUSX
TpyOOIpoBoa.

4.2. OnpenesieHne 0CeBOIl U CPpeIHeil CKOPOCTH

Crnenyer UMETh B BUNlY, UTO JUHAMHUYECKOE JaBJIEHUE MTOTOKA, U3MEPSIEMOE Ha-
MOPHOM TPYOKOM, COOTBETCTBYET CKOPOCTU TOJIBKO B JAHHOW TOYKe moToka. [[is on-
peneneHuss CpeJHEe CKOPOCTH MOKHO IOJb30BaThCA OJHUM U3 MPUBEIAECHHBIX HUXKE
METOJIOB.

1. TpyOKy ycTaHaBIMBAIOT MO OCU TPYyOONPOBOAA U U3MEPSIOT TUHAMHUYECKOE
JABJICHUE P, , @ 3aTEM HaXOAAT OCEBYIO CKOPOCTh IIOTOKA:

Pr
p
3HaueHHne CpCIIHCﬁ CKOpPOCTH OIIPCACIIAIOT UCXOOA M3 PCIKUMA ABUKCHUA KU -

KOCTH, KOTOpBIﬁ XaPaKTCPU3YCTCA BEJIMUMHOM 6e3pa3MepH0r0 KpuTecpusa PeﬁHOHBH-
ca.

0y =1,41 (4.4)

Re =4 (4.5)
AY%

rIe ®, — 0ceBas CKOPOCThb, M/C; d —BHYTPEHHHUH THaMe OompoBoa, M;
0 P yIp Tp TpYyOOIIp

2
V — KHUHeMaTU4eCcKasl BSI3KOCTh, M*/C.
JJ1st BO3/1yXa MOKHO MOJIB30BATHCS (POPMYIIOM:

Re=67000 0 d.

. ®
[Tonb3ysick rpaduueckoid 3aBUCUMOCTBIO — = f (Re) (puc. 4.2), MOXHO TIO
©g
yucy PeliHosbica 1 0CEBOM CKOPOCTH ONPEAENINTh CPEAHIOI0 CKOPOCTh

0O=ao. 4.5)

[Ipaktuuecku Ay TypOYJEHTHOTO peXUMa C JOCTATOYHON CTENEHBbI0 TOYHOCTH

MOXXHO MpPUHUMATh K03 duuueHt nomus ckopoctedt a = 0,816-0,850 — (2320<Re<
10%), mu1st naMuHApHOTO peskuMa — a = 0,5.

a

a7

06

a5

d

35 40 45 50 1gRe

Puc. 4.2. 3aBUCUMOCTb MEX1y PEKHUMOM JBHUIKESHUSI )KHJIKOCTH U CKOPOCTSIMH B
TpyOONpoOBOAaX KPYIJIOrO CEYEHUS
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[IpeuMyIieCTBEHHBIM TIPH BBHITIOJIHEHUU psifia padOT B JIaboOpaTOpuUu SIBISETCS
croco0 ¢ MPUMEHEHUEM HANOPHBIX TPYOOK, METOJMKA U TMOCIE0BATEILHOCTD OIle-
panuii KOTOPOro 3aKJII0YaeTCs B CIEAYIOIIEM:

1) B Hy’)KHOM CEYEHUHU TPYyOONPOBOJIa YyCTaHABIMBACTCS HANOpHAas TpyoOKa, mpu-
coeIMHEHHAs K JU()MaHOMETPY, KOTOPHIM U3MEPSIOT JUHAMHYECKOE JTaBICHUE P y;

2) no gpopmyie (4.4) HaXOAAT OCEBYIO CKOPOCTh () ;

3) BBIABJISIIOT C MIOMOIIBIO KpuTepus PeitHombaca peskuM ABUIKEHUS TIOTOKA,;

4) no Homorpamme (puc. 4.2) HaXOaAT HEOOXOIUMBINA KOIPHUIIMEHT MOJII CKO-
pocTeit a;

5) BBIUUCTSIOT CPEIHIOI0 CKOPOCTH ;]

6) u3MepAIoT ceueHue Tpyoonposoja F;

7) MOACYUTHIBAIOT PACcXO/ )KUIKOCTH WJIU T'a3a MO BhIpaxeHUo (4.4).

O0beMHBIN M BecOBO# MeToabI. [Ipeanonaraercss HCOIB30BAHUE MEPHBIX COCY-
10B Win BecoB. C UX MOMOIIBI0 HAXOIAT CYMMapHOE KOJMYECTBO BEUIECTBA C OTCYETOM
MOKa3aHU B HaYajIe U KOHIIE TIEPUO/Ia U3MEPEHHUS.

[Tpu sTOM BO3MOXKHA pa3auyHas METoAuKa. MOXXHO B3BEIIUBATh KUJIKOCTh, BbI-
TEKIIYI0 3a (PUKCUpOBaHHOE BPEeMs B MPOU3BOJIBHYIO €MKOCTb, JTUOO UMETh MPOU3-
BOJILHOE BPEMS M MCIOJIb30BAaTh MEPHBINA COCY/I.

YacTo pacxomomMepsl CHA0XKAIOTCS CYMMUPYIOIIUM CYETHBIM MEXaHHU3MOM WIIH
3aMUCHIBAIOIINM YCTPOHCTBOM, C MOMOIIBIO KOTOPBIX MOKHO CIICIUTh 3a XOJIOM U3-
MEHEHHUS pacxo/a.

4.3. U3mepeHne pacxoa ra3a u BbIsiBJIeHHE PeKUMA IBUKEHU S

Pacxon rasa, ABMKYIIErocs MO ra3omnpoBOLy, U3MEpsieTCsl Ha ycTaHoBKe (puc. 4.3.).

CkaTslif ra3 (BO3/1yX) U3 BO3AYXOYBKH MOCTYIAET B ra30MpoBO/ S.

Jlnis monnep:kaHusi TpeOyeMoro JaBJICHHs MPEAYyCMaTPUBAETCS YCTPONCTBO Ha
BBIXOZIE U3 TpyOoIpoBoja MeTainyeckor anadparmsl 10 ¢ SKBUBaJICHTHBIM OTBEP-
CTHEM ILIOMAAbIO F,.

Metoauka v HOpsAI0K MPOU3BOICTBA U3MEPEHNN 3aKIIFOUYAETCS B CIETYIOLIEM.

U-o0pa3HbIM NOKa3bIBAIOIIMM MaHOMETPOM 7 M3MepsieTcsl AaBjieHHe raza (Bo3-
1yXa) p., HOCTYNAIOLIEro B TpyOONpoBOA 5, M MHEBMOMETPUYECKON TpyOKoil 6 ¢ U-
00pa3HbIM MMOKa3bIBAIOIIMM MAaHOMETPOM & B TPYOOIIPOBOJIE ONPEACIIAIOT JUHAMUYE-
CKOE€ JIaBJICHHE P, IO KOTOPOMY BBIYUCIISIOT CKOPOCTh IBHXKEHUS raza o.

Texanueckum manomeTpoM 4 tuma M-100 ¢ 0OTHOBUTKOBOM TpyOUaTOM MIPYKH-
HOH ompenelsieTcsl JaBJIeHHE BO3JlyXa B BO3AyXoBoae 5. BmecTo TexHMYeCcKoro ma-
HomeTpa M-100 MOXeT OBITh YCTAHOBJICH MAHOMETP KOJIBIIEBOM CAaMOTUIITYIIIUHA (THIT
JIK-TCu-B), 3anuceiBaronyii Ha AMarpaMme JaBjieHUE BO3/Iyxa B TPyOOIPOBO/IE.

CamonumrynuMm pacxogomepom 1 (tun JIK-PCu-B unu JIK-PC»r-B) B komriek-
Te ¢ AnadparmMoit 9 u KOJIbLIEBBIMU KaMepaMu 3 ¢ TpyOKaMu 2 CHUMAETCs JuarpaMma
4acoBOro pacxojaa Boznayxa. Ilepen paGoToil M3MepsiOTCS BEJIMYMHA BHYTPEHHErO
JYaMeTpa ra3ornpoBoja U AuaMeTpa SKBUBAJICHTHOTO OTBEPCTUS D.
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Puc. 4.3. Ctenp juis u3sMepeHus pacxojia raza (Bo3ayxa), JBHKYILETocs 1O ra30lpoBOIY

%
&

[To m3MEpeHHOW BEIUUYUHE p, OMPEICIACTCS 0CEBasi CKOPOCTh ABM)KCHHUS BO3IY-
Xa B TpyOOIpoBoOIE.

CrnoxxeHneM BEIUYHH p. U p; HAXOIAT CyMMapHOE JIaBJICHHE B Ta30mMpoBOJIE D;
nepes; CyMMHUPOBaHHUEM BEJIMUUHEI P U P, IPUBOJASAT K OJMHAKOBON pa3MEPHOCTH.

KoadpduimeHT kuHEMaTHUECKOH BA3KOCTH BO3/AyXa BBIYHCISETCS IO BEIHYH-
HAM p U V:

Po
vV, =Vo—. (4.6)
p
[To 3HaueHUsIM ), Dyy U Vp BBISBISETCS PEXHUM JBIKCHHUS raza (Bo3dyxa) B
TpyOonpoBoe 1o Gopmynam:

D D
Re = 2w u Re'=100—2, 4.7)
S

rJ7ie § — BeJIMYMHA aOCOJIFOTHOM IIEpOXOBaTOCTH, S = 0,1 MM.

B xputepuit Re nomxkHa BXOAUTH CpefHsis MO CEUYEHHIO TPYyOOMpOBOJA CKO-
POCTb, KOTOpasi HEM3BECTHA, TAK KaK HEU3BECTEH PEKUM JIBUKECHUSI BO3JyXa B TPY-
6omnpoBoje. [loaToMy cHauana BeIYUCISIIOT KpuTepuid Re’ u Re mist oceBoii ckopo-
ctu. Conocrasnenue Re' u Re naet npeacraBieHne o pexxuMe JBUKEHUS, KOTOPBIA U
OTpeJIeNsIeT BEIMYMHY CpEIHEN TTO CEUEHUIO TPYObl CKOPOCTHU .

[To BenmmunHaM ®, Dy, BEIYKCISIFOT KOJTMYECTBO JBDKYILIETOCS 10 TPYOE BO3TyXa

2
V= 360000%10‘6. (4.8)

[To 3HaueHusIM V U p onpenensioT TpedyemMoe cedeHrne SKBUBAJICHTHOTO OTBEP-
4 .
crus F, no popmyue:

v
Fl=—<_
©150p
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U COIOCTABJISIIOT BeIUYUHBI F, U F, JlaHHbIe U3MEpPEeHUI U pe3ylabTaThl UX 00-
pabOTKH CBOJAT B MPOTOKOJ.

JlaHHBIE U3MEpEHN Pe3ynbrarsl 00pabOTKH AAHHBIX U3MEPEHUI

t, OC DBHa D33 pc, pﬂ, pMaHa Vp, Fv3 R (,00’ VP’ P, 5 (D’ Re I:{, F!’
MM | mm | H/M? | H/M | H/M? | M /a > | m/c | me |H/M™ | m/c M /9 2

4.4. KoHTpOJIbHBIE BONIPOCHI

. Uto noHMMaeTcs o pacxoaoM rasa?

. O0BbEeMHBII METOA OIIPENIETICHHs pacxo/ia rasa.

. BecoBoil MeToz onpeneneHns pacxoza rasa.

. PexuMbl 1BUKEHUS KUIKOCTH.

. JApoccenbHblii METO ONIPEAECICHUS pacxoaa rasa.
. CKOpOCTHOM METOJ| ONIPEEIICHMS pacXxo1a rasa.

. Haznauenue manomerpa.

. Onpenenenus kpurepus PeitHonbaca.

01N DNk~ Wi~
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5. JABOPATOPHAS PABOTA «OIIPEAEJIEHUE
INPOU3BOAUTEJIBHOCTHU U ITPEJAEJOB PEI'YJIMPOBAHUA
PET'YJATOPOB JABJIEHUS»

Ieab padorbr:O3HAKOMIIEHHE C YCTPONWCTBOM M IIOJYyYEHUE HABBIKOB OIpeje-
JIEHUS MPOU3BOJAUTEIBHOCTH PETYIATOPA AABIEHUS MPSIMOTO AEHUCTBHUS.

5.1. O0mue cBexeHus

Perynsaropsl napineHus KiacCUGUIMPYIOT MO Ha3HAYEHUIO, XapaKTepy peryiu-
PYIOIIETO BO3JEHUCTBUSA, CBSI3U MEX]y BXOJHOW M BBIXOJIHOM BEIMYMHAMH, CIIOCOOY
BO3JIEHCTBUS Ha perynupytouiuii kinanad. KpoMe Toro, peryisTopsl JaBIeHUs pa3in-
YaloTCsl MO YCTPOMCTBY, AMAna3zoHaM BXOJHOTO U BBIXOJHOTO AaBJICHUS, Coco0am
HACTPOWKH, PEryJIUPOBKHU.

ITo xapakrepy peryaupyrouero BO3AECHCTBUs PETYISATOPbl MOAPA3ACIAIOT Ha
MPOIOPLMOHATBEHBIE (CTATUYECKUE) U ACTATUUYECKUE.

MembOpaHa 2 acTaTMUECKOIO perynisaropa AaBieHus rasza (puc. 5.1, a) mmeer
NopuIHEBYI0 (opMy M €€ aKTHUBHAs IUIONIA/b, BOCIPUHUMAIOIIAs JaBJCHUE rasa,
MPAKTUYECKA HE MEHSETCS MpHU JOOBIX MOJOKEHUAX PEryIupylolero kianaHa 6.
CrnenoBaTesbHO, €CIIM CHJIA 1aBJICHUS ra3a ypaBHOBEUIMBAECT CUILY TSKECTH MeMOpa-
HBI 2 CTepkHA 7 M KianaHa 6, To MeMOpaHHOM MOJBECKE COOTBETCTBYET COCTOSIHUE
actatudyeckoro (0e3pa3nuuHOro) paBHoBecus. llpouecc perynupoBaHMsl IaBICHUS
rasa OyJeT npoTeKkaTs cienyouum odpasom. IlpeanonoxkuM, 4yTo pacxos rasa uepes
PETYJATOpP PAaBEH €ro MPUTOKY U KJanaH 6 3aHUMAET KaKoe-TO ONPEJEIIEHHOE I0JI0-
xeHue. Ecnu pacxoj rasza yBeIMYMUTCS, TO JABJICHUE YMEHBIIUTCS U MeMOpaHHOE
YCTPOMCTBO OIYCTUTCS, YTO MPUBEAET K JAOMOJIHUTEIIBHOMY OTKPBITUIO PEryIUpPYIO-
miero kiaanasa. [locie TOro kak BOCCTAHOBUTCSL paBEHCTBO MEXKAY IIPUTOKOM U pac-
X0/I0M, JTaBJIE€HME Ta3a yBEJIWYUTCS IO 3aJaHHOM BenumuuHbl. Eciim ke pacxop rasza
YMEHBIIUTCS U COOTBETCTBEHHO YBEIMYUTCS €r0 JIaBJIEHUE, MPOIECC PETYIMPOBAHUS
OyZeT mpoTekaTh B 00OpaTHOM HalpaBieHUU. Perynstop HacTpauBaeTcs Ha HEOOXO-
JMMOE JIaBJIEHUE Ta3a ¢ MOMOIIBIO CIEHUAIBHBIX TPY30B 3, MPUYEM C YBEIUYECHUEM
MX MaccChl BEIXOJHOE JIaBJICHUE a3a BO3pPacCTaeT.

AcTaTudeckue perysiTopbl Mocjie BO3MYILIEHHUS NPUBOJAT PEryIupyeMoe J1aB-
JIEHUE K 33JJaHHOMY 3HAUYEHUIO HE3aBUCHMO OT BEJIMYMHBI HArPY3KU M MOJIOKEHUS
pEryaupymoLero KiamnaHa. PaBHoBecHe CUCTEMBI BO3MOKHO TOJIBKO IIPU 3aJJaHHOM
3HAUEHUHU PETYIHPYEMOro IMapamMeTpa, PEryIHpYyIOIUNA KianaH MOXET 3aHUMAaTb
ar000¢e noJiokeHne. B HacTosiee BpeMst acTaTUYECKUE PETYIIATOPHI YaCTO 3aMEHSIOT
MPONOPLMOHATLHBIMH.

B nponopruoHaibHbIX (CTaTUYECKHUX) perynaropax (puc. 5.1, 0) B oTiuyue ot
acTaTUYECKUX MoAMEMOpaHHasl MOJIOCTh OTIAEIEHA OT KOJUIEKTOpAa CAJIbHUKOM U CO-
€ANHSIETCS ¢ HUM MMIYJIBCHOM TpYOKOH, T. €. y3/1bl 0OpaTHOM CBA3U PACHOJI0KEHbI
BHE 00bekTa. BMecTo rpy30B Ha MeMOpaHy IeMCTBYET cujia cxxaTus npy>kunsl 2. Ec-
JU B aCTaTUYECKOM pEryisiTope Majeillliee M3MEHEHHE BBIXOJHOIO JIaBJICHUs rasa
MOXXET MPUBECTU K MEPEMEIIECHUIO PETYIUPYIOLIEro KilalmaHa U3 OJHOTO KpalHero
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MIOJIOKEHUST B APYroe, TO B CTATUYECKOM IIOJIHOE MepeMeIleHre Kilamana U3 OJHOTO
KpaiHero MOJI0KEHHSI B IPYroe MPOMCXOAUT TOJBKO IPH COOTBETCTBYIOIIEM COKATHH
TIPY)KUHBI.

Kak acrarnueckme, Tak W TPOMOPIIMOHAIBHBIE PETYISATOPHI MPU padoTax ¢
OYeHb Y3KMMH TIpeJesiaMU IPOMOPIIMOHAIIEHOCTH 00J1aal0T CBOHCTBAMH CHCTEM,
paboTaIOMIKX 0 MPUHIIUITY “OTKPBITO — 3aKPBITO”, T. €. P HE3HAYUTEIHLHOM H3Me-
HEHUU TapaMeTpa Ta3a KjamaH IMepeMeliacTcss MIHOBEHHO. UTOOBI yCTpaHUThH 3TO
SIBIICHUE, YCTAaHABIMBAIOT CIEIHAbHBIC JPOCCENN B IITYIEPE, COSAMHSIONMEM pado-
9yI0 MOJIOCTh MEMOPAHHOTO YCTPOWCTBA C Ta30MpOBOJIOM WM CBEYOH. Y CTaHOBKA
Jpoccescii O3BOJSICT YMEHBIIIUTh CKOPOCTh NMEPEMEIICHHS KIIANaHOB M JOOUTHCS
OoJiee yCTOMYMBOM pabOTHI PeTyssiTopa.

[To cmocoOy BO3AEHCTBUS Ha PETYIHPYIONIMA KJIamaH pa3ludaroT PeryasTOpbI
MPSMOTO ¥ HETIPSIMOTO JIUCTBHS. B perymsropax npsaMoro ASHCTBUS PETyIupYIOIIHMA
KJIallaH HaXOJIUTCS TOJ JICMCTBUEM PETYIHPYIOIIETO MapaMeTpa MpsSMO HIH 4Yepes
3aBUCUMBIC IMapaMeTpbl W MPH H3MEHEHHWHM BEIMYUHBI PETYIUPYEMOTO IapameTpa
MPUBOJIUTCS B JACHCTBUE YCHIIMEM, BOSHHKAIOIIMM B YYBCTBHUTCIBHOM 3JIEMEHTE pe-
TYJISITOpa, JOCTATOYHBIM JUISI TIEPECTAaHOBKM PETYIHMPYIOMIETO KiamaHa 0e3 MmocTo-
POHHETO MCTOYHUKA SHEPTHH.

Puc. 5.1. Cxema actatnueckoro (@) u MponopIHOHAIBHOTO (6) PEryasaTopoB
JaBJICHUS:

a —acTaTUYeCKoro: 1—crepkeHn, 2—MeMOpaHa, 3—Tpy3bl, 4—oaMeMOpaHHas 1o-
JOCTh, 5 — BBIXOJ rasza, 6 — KjiamaH; 6 — IPOMOPLHUOHATIBLHOTO: 1 — CTEepKeHb, 2 —
npyxuHa, 3 — memOpaHna, 4 — nogMeMOpaHHasi MoJIOCTh, 5 — UMIYJIbCHAs TpyOKa, 6 —
caJbHMK, 7 — KJIalaH

B perynsaropax HenmpsMOro AeMCTBHUS YyBCTBUTEIBHBIM 3JIEMEHT BO3ACHCTBYET
Ha PEryJIUpYyIOIUi KiIanmaH MOCTOPOHHUM HCTOYHHUKOM JHEpPruM (CoKaThblii BO3IYX,
BOJIa WJIM AJIEKTPUUECKHI TOK).

[Ipy n3MeHeHN BEMYMHBI PETYIHUPYIOUIETO MapaMeTpa yCuine, BO3HUKAOIIee
B UYBCTBUTEJIHLHOM 3JIEMEHTE PEryjsiTopa, NPUBOJUT B JACHCTBUE BCIIOMOTaTelIbHOE
YCTPOICTBO, OTKPBIBAIOIIEE JOCTYIl SHEPTrUU OT MOCTOPOHHEr0 MCTOYHUKA B MeXa-
HU3M, NTepEMEIIAIOIINN PETYIUPYIOUIUHN KIIanaH.

Perynsaropbl naBiieHus PSMOTo ACHCTBUS MEHEE UyBCTBHUTEIbHBI, YEM PETyIIs-
TOpPBI HEMpsAMOro AeicTBUsA. OTHOCUTENBHO MPOCTasi KOHCTPYKIMS U BBICOKAsl Ha-
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J€KHOCTh PEryIsiTOPOB JABJICHUS IPAMOTO JeUCTBUS 00YCIOBHUIIA X IIUPOKOE MPH-
MEHEHHE B Fa30BOM XO3SICTBE.
5.2. OnpeseieHne NMPON3BOAUTEILHOCTH PEryJ/isiTOpa JaBJIeHUS MPSIMOIO AeiiCTBUS

B nagane naboparopHoil pabOThl OOydYarOUIUNCS 3HAKOMUTCS C YCTPONCTBOM
peryisTopa AaBlIeHUs, aHAJIOTMYHOTO YCTAHOBJIEHHOMY Ha TaOOPaTOPHOM CTEHJE.

B skcnepuMeHTanbHO# ycTaHOBKE (puC. 5.2) CKaThll BO3AYX U3 BO3AYXOJYBKH
MOCTYMAET B ra30npoBoj 6 ¢ MHEBMOMETpUYecKoil Tpyokon 7, U-00pa3HbIM MOKa3bl-
BaIOIIUM MaHOMETpoM 8 (BojasiHOE 3amoyiHeHue), U-00pa3HbIM MOKa3bIBAIOIIUM Ma-
HOMETPOM 5 (PTYTHOE 3aMOIHEHUE), PETYISTOPOM AaBICHUS 4, THEBMOMETPHUUECKOM
TpyOKkoit 3, U-00pa3HbIM MOKa3bIBAIOIIMM MaHOMETpoM | (BOISIHOE 3aIOJIHEHHE) U
MeTauInyecKon auadparmMoi 2 ¢ 3KBUBAJIECHTHBIM OTBEPCTUEM F,.

fosgyx u3
loféﬁadyﬁm

Puc. 5.2. CTCHI[ IJIA OIIPEACIICHUS IMTPOU3BOAUTCIBbHOCTH PCTYJIATOPA AABJICHUS I'a3a.

Metonuka 1 MOpSA0K U3MEPEHUH JJIs OTpe/IeTICHUsI OCEBOM CKOPOCTH (D) TAKHE
ke, Kak U B JabopaTtopHoil pabote “OmnpezneneHue pacxojaa ra3a U pexuma ero JBH-
KEHUS B TpyOompoBoaax’.

N3mepsatoTcst BEIMYKUHBI BHYTPEHHETO AMaMeTpa ra3onpoBojia Dy, AHAMETP K-
BUBAJICHTHOTO OTBepCcTUs D,, a TuaMeTp d KiamnaHa peryisiTopa JaBjieHus NpUHUMa-
€TCsl 110 TAHHBIM KaTaJjiora AJisl yCTaHOBJIEHHOTO PEryJsiTOpa 1aBICHUS.

pr
Benmuuunsl onpeaensitoress —— u k, o popmyiie
P

ko
Po _[_2

- > 5.1
)2 k+1 G-l

rje k — nokasareib aanadathl, ONMpeaeIseMbli IO BHIPAXKEHHUIO
i+2

k =—

i
rZie { — YUCJIO CTeNeHeil CBOOOABI MOJICKY (AJIs1 IBYXaTOMHBIX Ta30B i=5, Tpex-

1 MHOT'OQTOMHBIX — [ =0); p, — KpUTUYECKOE JIaBJIICHUE.

b
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[lo naBneHusM Bo3ayXa p; Mepej peryasaTopoM JABIEHUSI U P, MOCIE HETo Ofl-

peI[eJISIeTCSI 3HAUYCHHUEC BCIIMYHNHBI & .
P

IIo AUaAMCETPY d TapeabdaToro ABYXCCACIBHOI'O KJIallaHa PCryjriTopa AaBJICHHUA
ONIPCACIIACTCA CyMMapHas Iiomaab OTBEPCTHA,

f=nd’/4.

[IponyckHyl0 CIOCOOHOCTH PETYNIATOPOB JABJICHUS MPSMOTO JNEWUCTBUA M TH-
JIOTHBIX PEryJSTOPOB HEMPSMOIO IEUCTBUS ISl YCIOBUH, OTJIMYHBIX OT YKa3aHHBIX B
UX 3aBOJICKUX XapaKTEPUCTHKAX, B 00bEMHBIX €IMHUIIAX, PUBEJICHHBIX K HOPMaJlb-
HBIM YCJIOBHUSIM, IIPH JIaBlIeHUs rasa mepej peryistopoM 6osee 1000 mm Boa. CT.
MO’KHO OIPEIEINUTD 0 popmyIie

1
0=95Fp,o | — (5.2)

Po
rae O — o0ObEeMHBIN pacxoj Ta3a 4epe3 PeryJMpYyIONIi KialaH Mpyu HOPMalhb-
HOM COCTOSIHHH, M"/4; F — IUIOIIAb IPOXOJHOTO CEYEHHs KiIamaHa, M p — abco-
JIOTHOC HAYAJIBHOC (BXOI[HOC) HaBJICHUC IICPCI APOCCCIbHBIM KJIAIIAHOM, Ha, O — KO-

s PuiMenT, 3aBUCSIINN OT OTHOIICHUS Pr oy onpenenseMsiil o rpaduky (puc. 5.3);

P
P> — a0CONIOTHOE KOHEYHOE (BBIXOJHOE) JaBJiCHHE 3a IPOCCENbHBIM KianaHow, lla;
3
p, — IoTHOCTH rasza npu 0° C u 760 MM pT. CT., KI/M".

@ T T ‘
0.4 1
LN
02| | | A
0,1 |

0

! p2
0,5 0,55 0,6 0,65 0,7 0,750,8 0,850,9 0,95 Tt

Puc. 5.3. I'paduk 3aBUCUMOCTH ¢ OT 2
Py
3nauenus kodpdunuenrta pacxona k
KoHcTpyKius peryampyromero KianaHa Koaddumment pacxona k
OpHocenenbHbIH Ki1anaH ¢ HeOJaronpusaTHBIM BXOJIOM Ta3a U 0.4-0.5
JIBYXCEJICJIbHBIN KJIalaH T
OnHocCeneNnbHBIN KIIamaH, TP KOTOPOM HadalbHOE JaBJICHUE Jla- 0.6-0.65

BUT Ha KjanaH (KjanaH OTKpPbhIBA€TCS IPOTUB JaBJICHUS)
OpHocenenbHbIN Ki1anaH, Ipyu KOTOPOM HayaJIbHOE J1aBJICHUE J1a-
BHT I10J] KJIallaH B HANPaBJICHUU MTOTOKA (KOPITYC peryasaTopa ume- 0,7-0,75
€T XOpolllyto o0TeKaeMyto Gopmy)

OnHocenenbHBIN KIIaaH, B KOTOPOM KJIallaH OTKJIOHSETCS OT celyia
1 ra3 NpoxoJuT Yepe3 ceyio NoUTy 0e3 CONPOTUBIICHUS KilaraHa
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IIpu naBnenuu raza nepen peryaaropom A0 1000 MM BOI. CT. IPOMYCKHYIO CHO-
COOHOCTB PETYJIATOPOB MOYKHO PaCCUUTaTh, UCIONb3Ys CIEAYIOIIEE YPAaBHEHHE:

0=3600Fk ﬂ (5.3)
P
rae O — o0ObeMHBIM pacxoj rasa 4epes perylupyrouil Kianad Ipy HOpMallb-
HOM COCTOSIHHHM, M’/4; F — IIOMmMab MPOXOJHOTO CeUCHHs KiamaHa, M*; k - Koddu-
IIMEHT Pacxojla, XapaKTePHU3YIOUIMI MOTEPIO JaBJIeHHs b Cy)KEHHe CTPYH PH IIpo-
XOXKIOCHUHN I'a30BOI'0 IOTOKA 49CPC3 APOCCCIIBHOC YCTPOﬁCTBO; g — YCKOPCHHC CHIIbI
TspKecTH, paBHoe 9,81 M/c’; Ap — Tepenaj JaBIeHHs Ha PeryisTope, paBHblil p; — pa,
MM BOA. CT.; p1 — HA4YaJIbHOC (BXOI[HOC) HAaBJICHUC IICpCa APOCCCIBbHBIM KJIIAIIaHOM,
[la, p, — KOHeuHOE (BBIXOIHOE) JABJIEHHE 3a IPOCCENBbHBIM Kiamanowm, Ila; p, —

. 3
IUIOTHOCTb I'a3a Ha BXOJIE B PETYJIUPYIOIUI KIIalaH, KI/M’;
273p,

(273 +¢)B,
31ech P, — IWIOTHOCTH cMmecH rasa npu 0° C u 760 mm pr. crT., kr/cm’; By — at-

P, =p (5.4)

MocdepHoe nasienue, paBHoe 10333 MM BOJ. CT.; f — HaUaJIbHAs TEMIIEpaTypa CMECH
rasa, °C.

IIo I/ISMepeHHOﬁ BCJINYHHC p; HaXOJUTCs CKOPOCTh IBHMIKCHUA BO3/1yXad B pr6e 6

Y BbIUHcCIIsieTcs ero pacxon Q'

[Ipu conocrtapnennu BenuurH Q U (° UX 3HAYUTEIBLHOE PACXOXKJICHHUE CBUJIC-
TEJIBCTBYET O JOMYIIEHHBIX OOJBIIUX MOTPEITHOCTIX MPU U3MEPEHUAX U BBIUUCIIE-
HUSX.

[To 3HaueHusM BeauduH Q° U p, ONPEACISIIOT TpeOyeMoe ceueHrne IKBUBAJICHT-
HOTO OTBEpCTHUS F', IO BBIPAXKEHUIO:

o e (5.4)

VAN
M COIIOCTaBIAIOT BEJIMUMHEL F, U F,.
JlaHHbIE U3MEPEHUHN U PE3yIbTaThl UX 00PaOOTKH CBOJSAT B MPOTOKOJ.
JlaHHbIE N3MEPEHUI Pe3ynbTaThl 00pabOTKH JaHHBIX

U3MEpEeHUN
C| .n c
< pl p2 p2 2 < Q E E N Q|
: N D D = < : ﬁ & = mz ME 2‘\ 2-*
o ) o o « OO
Q| T1I 1T | TI 2‘\ Q = = & P P 80 d} Q) LL [z,
a|a|aldl |5 &

5.3. KonTpoJbHbIe BONPOCHI

1. Ha3HaueHue perynsatopa JaBiIcHUS.
2. YCTpOWCTBO pEryasaTopa JaBJICHHUS.
3. IlpuHUMD AEUCTBUS PETYIATOPA JABJICHUS MIPSMOIO IEUCTBUS.
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4. TlpuHIMT JEHCTBHS PETYISATOPA IaBJICHUS HE MPSAMOTO JACHCTBUS.

5. OCHOBHBIC OTJWYUS PETYIATOPA AABICHUS IPSIMOTO JEUCTBUS OT HE TIPSMOTO
JEVCTBUS.

6. Knaccudukaims peryisiTopoB J1aBJICHHUS.

7. IlocnenoBaTeIbHOCTD OMPEACICHUS MMPOMYCKHON CIIOCOOHOCTH PETyYIsATOpa
JTaBJICHUSI.
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6. JABOPATOPHASI PABOTA «OIPEJIEJEHUE ITPOITY CKHOM
CHHOCOBHOCTHU U THAPABJIMYECKOI'O COITPOTUBJIEHUA
I'A30OBOI'O CHETUUKA»

Heab padoTbl: 03HAKOMUTHCS ¢ KOHCTPYKIIMEH ra30BOr0 cueTyrka u rnpuoope-
CTH HaBBIKU B OIPEACIICHUH €TI0 TEXHUYECKUX XapaKTEPUCTHUK: MPOMYCKHOMN Croco0-
HOCTH, TUIPABIMYECKOTO COITPOTUBIIEHUS.

6.1. O01mue cBeaeHus

Jlis yuerta rasza, moTpeOasieMOro LEJIbIM FOpOJOM HIIM HACEJICHHBIM MYHKTOM,
OTJEJIbHBIMU MPOMBIIUIEHHBIMA U OBITOBBIMU MOTPEOUTENSIMU WA OTAEIBbHBIMU Ta-
30BBIMHU TPUOOPAMH, MPUMEHSIOT CYETYMKH ra3a (ra30Mephl) U PaCX0I0MEPHI.

Kak cuerunku, Tak 1 pacxoJlOMephbl YUUTHIBAIOT ra3 B KyOoMeTpax npu pabovux yc-
noBUsX (pabodeM JaBlIeHUU U padouelt TeMIieparype), B TO BpeMsl Kak pacdeT C MmoTpeou-
TEJISIMU TIPOM3BOAST B KyOOMETpax MpH CTaHJAPTHBIX YCIOBUSX — MpU AaBiieHHH 760 MM
pt. cT. u nipu +20 °C. [loaTOMy OTCUMTaHHOE MPUOOPAMU KOJIMYECTBO raza HEOOXOIMMO
MPUBOJIUTH K CTaHAAPTHBIM ycioBUsM. KonmmuecTBo rasa, MpoMIEIIEro 4epe3 CYETUHK,
OTCUMTHIBAETCSA B HEM CUETHBIM MEXaHU3MOM.

Pacxomomepsl MOKa3bIBaIOT WM 3aMKCHIBAIOT Ha KapTOrpaMMme KOJIMYeCTBO ra-
3a, MPOXOAIIEro Yepe3 HUX B AaHHBIM MOMeHT. HekoTopele pacxomomepsl cHabxe-
Hbl CUETHBIM MEXaHU3MOM (MHTErpaTopoM), KOTOPbIA OTCUMTHIBAET BECh IPOUIEH-
muil ra3. TakuMm 0o0pa3oM, B 3TUX MPUOOpax CTUPAETCS NMPUHLMIHAIIbHAS Pa3HULIA
MEXIY CUETYUKOM M pacxoJoMepoM. Pacxogomep ¢ HHTErpaTopoM COEIUHSET CUET-
YUK U PacX0J0Mep.

["a30BbIe CUETUMKU JIETAT HA JBE TPYMIBI: CYETYUKHU JIJIi HEOOMBIIMX PACXO/I0B
(;1abopaTopHble U OBITOBBIE) U CUETYUKH MPOMBIIUICHHBIE ISl OOJBIINX PACXO/I0B.
[IpOMBIIINIEHHOCTh B HACTOSIIIIEE BPEMs BBIITYCKAET CIEAYIOIIME CUETUMKH: J1abopa-
topHbie MOKpbie ['Ch, ObiToBBIe cyxue 'K® n 'K, npomsliiieHHbIE pOTAllMOHHBIE
PC.

CueTurkamMu Ha3bIBAIOTCS MPUOOPHI, U3MEPSIOIINE CYMMApHBIN Pacxo/l rasa 3a orl-
pelieNieHHbIN MPOMEXYTOK BpeMeHH. O0beM H3MepsieTcsl B CUETYMKAX BpaIllEHHEM JIBYX
POTOPOB 3a CYET pa3HOCTH JABJICHHS T'a3a Ha BXoje M Bbixoje. Heobxoaumblil uist Bpa-
HICHUSI POTOPOB Mepenaj AaBieHus: B cuetunke coctasiser 10 300 Ila, uto mo3Bossier
MCMOJIb30BaTh 3TH CYETYUKH JIaXke MPU HU3KOM JaBiieHHH. OTeyecTBEHHAs! TPOMBIIILICH-
HOCTh BblTyckaeT cuetunku PI'-40-1, PI-100-1, PI'-250-1, PI'-400-1, PT'-600-1 u PT-
1000-1 na HomMuHaNbHBIE pacxoiabl raza ot 40 go 1000 M/d H naBienue He Oonee 0,1
MIIa. (B cucreme exmmuun CH pacxox 1 m/a=2,78-10" m/c) TIpu HeoOXOmMMMOCTH
MO>KHO IIPUMEHATH MapaUIEIbHYIO0 YCTAHOBKY CUETYMKOB.
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B
Puc. 6.1. Cxema poranimonHoro cuetuuka PI':
l-kopnyc cuerunka, 2—potopbl, 3—auddepeHnnanbubii MaHOMeTp, 4— yKasa-

T€JIb CYETHOTO MEXaHU3MA.

Potatmonnsiii cuerunk PI' (puc. 6.1) coctout u3 kopmyca 1, nByx npoduimpo-
BaHHBIX POTOPOB 2, KOPOOKH 3yOUaThIX KOJIEC, PEIYKTOpa, CUETHOTO MEXaHWU3Ma W
muddepenimanbHoro MaHomerpa 3. I'a3 yepe3 BXoAHOM NaTpyOOK MOCTyMaeT B pabo-
gyr0 kKamepy. B mpocTtpaHcTBe paboueil kamephl pa3MelleHbl pOTOPBI, KOTOPHIE TOJ
JNENUCTBUEM JIABIIEHUS MTPOTEKAIOIIETO ra3a MPUBOASATCS BO BPAILICHHE.

[Tpu BpamieHun poTOPOB MEXKY OJTHUM M3 HUX M CTEHKOW KaMephl 00pa3yercs
3aMKHYTOE IPOCTPAHCTBO, KOTOPOE 3aIMIOJIHEHO Ta30M. Bpamiasch, poTop BbITAJIKHBA-
€T ra3 B razonpoBoji. Kaxxip1ii moBopoT poTopa nepenaercs yepe3 KopoOKH 3yO0uaThiX
KOJIEC ¥ PEYKTOP CUYETHOMY MEeXaHU3MYy. TakuMm 0Opa3oM YUHUTHIBAETCS KOJIHMYECTBO
rasa, poXOJsILIEro 4epe3 CYUETUHK.

Jlaboparopusie cuetunku ['Chb mpenHazHaueHbl JJis1 TOYHBIX M3MEPEHUM He-
OOJIBIIIMX KOJIMYECTB Ta3a B JJAOOPATOPHBIX M MPOU3BOACTBEHHBIX Iexax. CUeTUHK
paboTaeT Npy HATUYUHU B HEM >KUJIKOCTHOTO 3aIOJHUTENS (YMCTOM BOJIbI); TOYHOCTh
€ro MoKa3aHWU 3aBUCUT OT COOJIIOJICHHS BBICOTHI YPOBHS 3TOU KUAKOCTU. JleiicTBHe
Mpubopa OCHOBAHO HA MPUHIIUIIE BHITECHEHUS KUIKOCTHIO PaBHBIX OOBEMOB Ta3a U3
M3MEpUTEIbHBIX KaMmep OapabaHa, Bpallarolierocs: moj JeHCTBUEM Pa3HOCTH JaBiie-
HUH.

I'a3 yepe3 BXOAHOW WITYyLEP MOCTYIMAET B ra30paclpelleIUTEIbHYI0 Kamepy, a
OTTyJla — B U3MEPUTEIbHBIE KaMepbl, OTACJICHHbIC Neperopoakamu. OTBEpCTUS U3-
MEpUTETBHBIX KaMep COOOIIAI0TCS ¢ IMUIMHIPUIECKON Kamepoil. BeiencTBue moBbl-
IIEHHOTO JIaBJICHUs Ha MEeperopoAku 6apadaHa co CTOpPOHBI BXOJa ras3a, o CpaBHe-
HUIO C JaBJICHHWEM CO CTOPOHBI €0 BbIXOJa, OapabaH mpuxoAuT BO BpamieHue. [Ipu
ATOM U3MEPUTEIBHBIE KAMEPHI IOTPYKAIOTCSI B BOJY, U I'a3 BHITECHAECTCS B MIPOCTPAH-
CTBO KopItyca Haj 6apabaHOM, CBSI3aHHBIM C BBIXOJHBIM IITYIIEPOM. 3a OJIUH 000POT
OapabaHa BBITECHSETCS KOJWYECTBO raza, paBHOE 00bEMY YETBHIPEX M3MEPUTEIBHBIX
Kamep.

Ha 3anHelt Kkpblllike KOpIyca pachoJiOKeHbl BXOAHON IITYLIEp M BEPTUKAIbHAS
TpyOKa ¢ BOPOHKOM JJIs 3aJIMBKHU ra30BBIX 4acoB BojioM. Ha BepxHeil yactu kopiyca
pa3MelleHbl BBIXOAHON WITYLIEP, MAHOMETP U TEPMOMETP JJIsi U3MEPEHUS TeMIlepa-
Typsl BoJibl. Ha miepeiHell CTEHKE YKPEIUIEHBI: CUETHBIM MEXaHU3M C POJIMKOBBIM U
CTPEJIOYHBIM CYETHBIMM YKa3aTEJIIMHU, BOJIOMEPHOE YCTPOMCTB U CIIMBHOM KpaH.
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6.2. U3mepenne pacxoaa raza

OrtedecTBeHHas: TPOMBIIIUIEHHOCTD JIJI1 U3MEPEHUS pacxojia ra3a BhIITYCKAaeT ra-
30BbIC CUETYMKH: KaMepHbIe (KJIalaHHbIE) JJIS OBITOBBIX M POTAIlMOHHBIE JJIS MPO-
MBIIIJIEHHBIX YCTAHOBOK.

Ha puc. 6.2 npencraBineHa ycTaHOBKA I UCTIBITAHUS CYETUHUKA.

=
'} ll 5 6 8
; \ o
ke S

Puc. 6.2. Crenn ais onpeaesieHus NPOMyCKHONW CIIOCOOHOCTH U THpaBIHye-
CKOT'O COMPOTHUBIIEHUS Ta30BOr0 KJIAMAHHOTO CYETUYHKA

Bo3nyx HU3KOTO AaBieHHs MOCTyNaeT B TpyOompoBo 1, Ha KOTOPOM YyCTaHOB-
JIEHBI: THEBMOMETpUYECKast TpyOKa 2, COeIMHEHHAs PE3UHOBBIMU IIIJIAHTAMU C MHUK-
poMaHOMETpOM 3; Ta30BbIi Ki1anaHHbIM cueTuuk 4 thuna ['K-6 co mkanoil nmokazanuii
Ha nudepOaaTe 5; mMHEBMOMETpUYECKast TpyOKa 6, COeIMHEHHAs] PE3UHOBLIMU IIIaH-
raMmu ¢ MUKpPOMaHOMETPOM 7; MeTrajuinyeckas nuadparma 8 ¢ SKBUBaJCHTHBIM OT-
BEpCTUEM F,.

[TneBMOMeTpUYeckol TpyOKOH 2 ¢ MHKPOMaHOMETPOM 3 HM3MEPSAIOT JaBIICHUE
BO3/lyXa p; U p’| TEPE]l CUCTIYNKOM B TOUKE A, a ITHEBMOMETPHUYECKON TPYOKOH 6 ¢
MHKPOMAaHOMETPOM 7 M3MEPSIIOT JaBIICHUE Ta3a BO3AyXa p, W p'| MOCIE CYETYMKA B
touke b. [lepen n3mMepeHns MU MUKPOMaHOMETPHI TIIATEIBHO YCTAaHABIUBAIOT IO YPOB-
HSIM.

[Tokazanust OTCUNTHIBaIOTCA Ha nudepdiate 5 ra3oBoro cyeTunka 4 3a HEKOTO-
PBI IPOMEKYTOK BPEMEHU (.

N3mepsroTcs BENMYKMHBI BHYTPEHHETO AUAMETpPa Ta3onpoBonaa Dy, U 1uameTpa
HKBHUBAJIEHTHOI'O OTBEPCTHUS D, MeTaminyeckon quadparmsl 8.

Pa3HOCTBIO U3MEPEHHBIX AABJIECHUW p; U p; ONPENEIACTCS BEINYMHA THAPABIU-
YECKOI'0 CONPOTUBIIEHUSI TA30BOr'0 KJIAIIAHHOI'O CYETYMKaA

Ap = p1—p2.

B BenmnuuHy Ap BXOIUT rHApPABIMYECKOE COMPOTUBIICHUE TTOIBOIAIIETO pr60-
HpOBOIIa OT TOYKH A A0 BXOo4a B FaSOBBIﬁ CUHCTUHUK U OTBOAALICTO pr60np0130)1a oT
BbIXOJA4d U3 I'a30BOI'0 CHCTYHUKA A0 TOUKH B.

HO I/IBMepeHHBIM AAaBJICHUAM p1 nu p2 OHpeI[eJ'ISIIOTCSI CKOpOCTI/I ABUXCHUA T'a3a
®A B IOABOAAIIIEM pr6onp0B0z[e U Oy B OTBOJAIIICM. PaBeHCTBO I[I/IaMeTPOB I1O0ABO-
A0 U OTBOAALICTO pr601'[p0B0)10B U OTCYTCTBHUC pa36opa ra3sa MCxay TOYKaMHn
A u b npuBOIUT K paBEHCTBY: WA=®5. HEPaBEHCTBO WA # 05 CBUAECTEIBCTBYET O J0-
HYH_ICHHBIX HOI‘peI_HHOCTSIX HpI/I I/ISMepeHI/IHX N BBIYUCIICHUIX.
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I1o CKOpPOCTH ABHIKXCHHA T'a3d (MO=WA=®p U BCIHMYUHC BHYTPCHHCTO AWaMCTpa
TPY6OHPOBOII3 DBH OIIPEACIIACTCA IPOIIYyCKHAasA CITOCOOHOCTh Ta30BOT0 KJIAITAHHOTO
CUCTUHUKA

2
D _ 3
V=36OOTB“10 o M/ (6.1)

Ilo pa3sHoOCTH Am ToKa3zaHUuU HI/I(bep6J]aTa JaCOBOT'0O KJIAIIAHHOTO CUCTUHKA 3a T

MHHYT Ha6HIOHeHHﬁ II0 CCKYHAOMEPY OINPEACIIACTCA IIPOIIyCKHasA CITOCOOHOCTH

CUCTUYHKA, KOTOpas O0JIDKHA COCTABUTDH

V=60 2 i (6.2)
T

3HauUUTEIBbHOE PACXOXKICHHUE V' U J” CBUAECTENBCTBYET O AOMYIICHHBIX OOJIBIINX
MOTPELIHOCTAX MIPU UBMEPEHUSAX U BBIYUCIIEHUSAX.

[lo 3HaueHusIM BeNMYUH V U p, onpenensioT TpedyeMoe cedyeHrue HKBHUBAICHT-
HOT'O OTBEPCTHS

>

V,
_ C
F,=—=
1,54 p
M COIIOCTaBJIAIOT BEJIMUUHEL F, 1 F” ..
JlaHHbBIE U3MEPEHUH U PE3YIIBTATHI CBOIAT B MPOTOKOJI

(6.3)

JlaHHBIC N3MEpPEHUN Pe3ynbTaThl 00paboTKHU AaH-
HBIX U3MEPEHUI
A
pl s pl s pf s | S s an) Ap, (OJN E E e
M | B | Hw | 5 2| 5| 2| Hi 05, |75 |75 | 2| 2
M M o -0 s R ) )
) ) 2 Q Q iy 2 M/c m/c N N o, | R

6.3. KonTpoJsbHbIC BONIPOCHI

1. HazHaueHue cueTunka rasa.

2. YCTpOKCTBO pOTAIMOHHOTO CYETYMKA rasa.

3. YCTpoiiCcTBO CTEHA [ UCCIEOBAHUS CUECTUMKA.

4. EnvHuIa u3MEpEeHus pacxo/a rasa.

5. HazHaueHue MHEBMOMETPUUYECKOM TPYOKH B YCTAaHOBKE.

6. IIpyuHIMD AEHCTBUS pOTALIMOHHOI'O CYETYHMKA ra3a.

7. Onpeenenuie NponyCcKHONW CIOCOOHOCTH Ta30BOro KjlanaHHOTO CUETYUKA.
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7. JABOPATOPHASI PABOTA «OIIPEJIEJIEHUE
TEIJIONMPON3BOANTEJBHOCTHU U TOJIE3HO NCIIOJIB30BAHHOT O
TEILIA TA30BOUM I'OPEJIKHW»

Ieab padoThl: SKCIEPUMEHTAIIBHO ONPEAEIUTH TEIIONPONU3BOAUTEIBHOCTD Ia-
30BOM TOPEJIKU U CPABHUTH MOJTYUYEHHBIE PE3YJIbTAThl C TECOPETUUECKUMU PacyeTaMHu.

7.1. O01mue cBeaeHus

O} heKTUBHOCTh HCIOIB30BaHUS Ta30BOI'0 TOIUIMBA BO MHOIOM 3aBHCUT OT
MPaBUWIBHOCTU €ro BbiOOpa. Tak, 1Jisi BRICOKOTEMIIEPAaTYPHBIX MPOLECCOB IEIECO00-
pa3HO MPUMEHSTH ra3 ¢ MaJIbIM COJIepXKaHUEM Oaiacta U BHICOKOH KapOnporu3BOIH-
TETBLHOCTHIO. B 3TOM ciyuae cHMXaeTcs yJIenbHbIN pacXxo/1 TOIUIUBA HA €IUHUITY BbI-
MyCKaeMOM MPOAYKIIMU, TOBBIIIAETCS MPOU3BOIUTEIBHOCTh T'a30BBIX YCTAaHOBOK H
OJlarosiapsi yMEHBIICHHUIO MPOJIOJKUTENbHOCTH MIPOLIECCa CrOPaHUs ra3a YMEHbIIAET-
Csl IOTEPsl TOTUIMBA B OKPYXAIOIIYIO CPENy.

Pe3epBom moBeimieHUsT 3P(HEKTUBHOCTH UCTOJIb30BAHUS TA30BOr0 TOIJIMBA SIB-
JISI€TCSI CKUTaHKME Ta3a B TOPEJIOYHBIX YCTPOUCTBAX MPU OOJBIIUX TETUIOBBIX HAIPsi-
KEHUSAX, YTO MO3BOJISIET MOTyYaTh OOJIbIIIee KOJTUISCTBO SYHEPTUH B MaJioM 00beMeE.

MHoOrue TEeXHOJIOTHYECKHE MPOIECChl MPOTEKAIOT MPU BBHICOKOW TeMmIepaType
yXOASAIIUX Ta30B. D(PGHEeKTUBHOCTH UCIIOIH30BAHMS T'a3a B 9TOM ClIy4yae MOBBIIIACTCS,
€CJIM MPUMEHSATh TEIUIOTY YXOJSIIMX Ta30B JIs MPOU3BOJICTBA IMapa, HarpeBa BOJIbI
niu Bosnyxa. Kaxknas kanopusi, BHOCHUMasi B Ie€Ub C MOJOTPETHIM BO3YXOM, 3KOHO-
MUT 60Jiee OJTHOM KaJOpUU TEIUIOThI CKUTAEMOTO0 Ta3a.

3amura BO3YyIIHOTO OacceliHa OT 3arpA3HEHUN — OJTHA U3 BAXKHEUIINX MpoOsieM
COBPEMEHHOCTU. BBICTpO paszBuBaromuecs: MPOMBIILICHHOCTh U TPAHCIOPT 3arpsis-
HAIOT aTMoc(epy Ta3oM, ABIMOM, YIJIEKMCIOTOH, mapaMH XJiopa, MbUIbI0 METallyp-
THYECKUX W JPYTUX MPOU3BOJCTB. BBIXJIOMHBIC ra3sl aBTOMOOMIICH BHIOpACHIBAIOT B
aTMoc(epy CBUHELl M OKCcHJ yriepoja. Tak, OlMH JUTP 3THIMPOBAHHOTO OCH3MHA
coaepxut 200 — 500 mr cBuHIIA.

[lepeBoa aBTOMOOMIIEH Ha CHKMXKEHHBIN ra3 BO MHOTOM CIOCOOCTBYET OYMIIIE-
HUIO BO3YIITHOTO OacceiHa KPYIHBIX TOPOIOB.

Jlpyroii MCTOYHMK 3arps3HEHUs BO3JYIIHOIO OacceilHa — BCe BO3pACTAOIIME
TEeMIbl TOTPEOJICHUS PAa3IUYHOTO TOIUIMBA: YBEIUYMBAETCS KOJWYECTBO BBHIOpACHI-
BaeMbIX B aTMOC(hepy TOKCHYHBIX M KaHIIEPOTE€HHBIX BEIIeCTB. M3BeCTHO, UTO MpH
C)KMTaHUU TOIUIMBA 00pa3yloTcsl BpeAHbIE JUIsl 30POBbs UEJIOBEKa BEIECTBA: CaXa,
30714, OKCHJI YTIEPOa, OKCUABI a30Ta U AP.

Oxcujl a30Ta — OJMH U3 HAaMOOJIEEe OMACHBIX 3arpsA3HUTENEH BO3AYIIHOro Oac-
ceiina. OH oOpa3yercs B IUIAMEHU, B 30HE BBICOKUX TEMIIEPATYp, yTeM COCAUHEHUS
azora ¢ kucjopoaom. [Ipu Temneparypax 1500 — 1800 °C nabmtogaercss HauboJIbIIas
koHueHTpamus NO. BriOpacbiBaembie B aTMOC(hepy ropsiarie ra3bl OXJIaKIArOTCs, U
okcuj mpeBpaimaerca B quokcun azora (NO,). OH, monajasi B OpraHu3M 4YeJOBEKa,
MIOTJIONIAETCS KPOBBIO M OKA3bhIBAIOT BPEAHOE JCHCTBHE Ha OpraHbl JbixaHus. B Ha-
el cTpaHe YCTaHOBJIEHBI MPECIbHO JOMYCTUMbIE HOPMBI KOHIICHTPAIIUU OKCHJIOB
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asora B arMochepe HacelneHHbIX MyHKTOB (0,085 Mr/m’). TIPOXYKTHI CrOPaHHS TOIIK-
HBI yIAJISATHCS Yepe3 AIMOBBIC TPYOBI.

[Ipy coxUTaHUM TBEPIOTO W YKUAKOTO TOIUIMBA MOTYT 00pa30BaThCsl KaHIIEPOTESH-
HbIE BEILIECTBA, KOTOPHIE CIIOCOOCTBYIOT BOSHUMKHOBEHUIO PaKOBBIX 3a0oseBanuil. Oco-
OEHHO OIacHa TOHKas MbLIb, aICOPOUPYIONIAs XUMUUECKUE BEILIECTBA BO3/1yXa U Tepe-
HocsIIast UX B Jierkue yenoBeka. Caxka, oOpasyromascs B Mpoleccax ropeHust U Hecy-
1asi MeTbUaINe YaCTHUIIBl YTJIs, MOKET ObITh HOCHTEIIEM apOMAaTHYECKUX BEIIECTB,
BBI3BIBAIOIUX Pa3IMYHbIC TsDKEJbIEe 3a0051eBaHus. B CBS3U ¢ 3TUM mepes] YesioBedecT-
BOM CTOMT BaKHEMIIas mpobsieMa 60phObI ¢ 3arpsi3HEHNEM BO3AYIITHOTO OacceiHa.

Opnnum u3 Hanbosee 3(hPEKTUBHBIX CPECTB OOPHOBI ABISETCS 3aMEHa TBEPAOTO
¥ JKUJKOTO TOTTUBA MPUPOIHBIM razoM. C KaXKIbIM TOJOM THICSIYX MPOMBIIUICHHBIX
¥ KOMMYHQJIBHBIX MPEATNPHUATHI MIEPEBOASTCS HAa TA30BOE TOTLIUBO.

3HAYUTENBHBIM MPEUMYIIECTBOM IMPHUPOJHOTO Ta3a SBISAETCS TO, YTO MPHU €ro
C)KUTaHUH He 00pa3yroTcs TBEpAbIe YacTUIIBl. ECTu MeCTOpOKIeHUS! IPUPOTHBIX Ta-
30B COZIEPKAT CEPOBOJOPOMA, TO €ro 005A3aTeNbHO YIAJSAI0T, YTOObI UCKIIOYUTH BO3-
MO>KHOCTb 00pa30BaHMs OKCUIOB CEpPHI.

OTtedecTBEHHBIE Ta30TOPENIOYHBIE YCTPOICTBA 0OECIIEUMBAIOT MOJIHOTY CXKUTa-
HUS Ta3a ¥ yMEHBIIAIOT KOHIIEHTPAIMIO OKCUIA YIIIepoa B MPOAYKTAaX CrOpPaHHs 10
JOMyCTUMBIX TipefenioB. CyIecTBYIOIMNUE METOAbI CKMTAaHUS ra3a M KOHIEHTpALUs
rOpesioK 00eCreYnBaloT CHIDKEHHE KOJIMYECTBa OOpa3yIoUIUXCs OKCHUIOB a30Ta A0
MHUHHAMYMa.

Jist cokpareHrs: BBIOPOCOB BPE/IHBIX BEIIECTB B OKPYXKAIOIIYIO CPEIy U YIIyullie-
HUSI OYMCTKU OTXO/IAIINX T'a30B OT BPEAHBIX MPUMECEH MTOBCEMECTHO COBEPILICHCTBYIOTCSI
TEXHOJIOTHUECKHE TIPOLIECCHl U TPAHCTIOPTHBIE CPE/ICTBA, YBEIMUMBACTCS BBITYCK BBICO-
K03(D(PEKTUBHBIX ra30MbUICYIABIMBAIOIIUX AMNAPATOB, BOJOOYMCTHOTO 000pY/I0BaHUS, a
TaKke MPUOOPOB M aBTOMATHMUECKUX CTaHIMH KOHTPOJIS 32 COCTOSIHUEM OKpPY>KaroIIeH
IIPUPOIHOU CPELIBIL.

["az0Boii TOpenKoil Ha3bIBa€TCS YCTPOMCTBO, OOECIEUMBAIOIIEE YCTOWYHMBOE
C)KMTaHue ra3000pa3HOro TOILIMBA U PEryIHpoBaHue mpouecca ropeHusi. OCHOBHbIE
(GyHKUMU Ta30BBIX TOPEJIOK: MOjayua ra3a U Bo3yxa K ()pOHTY TOpeHHs rasa, cMece-
oOpa3oBaHue, crabunuzaius ppoHTa BoCIUIaMEHEHHUsI, o0ecreueHre TpedyeMon uH-
TEHCHUBHOCTH Ipoliecca TOpPEeHHUs rasa.

[To MeToy C’)KMUTaHMS ra3a TOPEIKH MOXKHO Pa3IelUuTh Ha TPU TPYIIIIHL:

— 0€e3 npeABapUTEIHLHOr0 CMEIIEHHS Ta3a ¢ BO3AyXoM — MU Py3MOHHBIE;

— C HEMOJHBIM MpEABAPUTEIHHBIM CMEIICHHEM Ta3a C BO3AyxXoM — nuddy3u-
OHHO-KUHETHUYECKHUE;

— C TOJIHBIM TIPEBAPUTEITHLHBIM CMEIICHUEM Ta3a C BO3TyXOM — KHHETUYECKHE.

Kpome Toro, ropeiaku MOKHO KJIacCU(PHUIIMPOBATH IO CIIOCO0Y MOJIavu BO3/AyXa,
PacIoIOKEHHUIO TOPEJIKK B TOIOYHOM MPOCTPAHCTBE, €€ M3JIydarollei CroCOOHOCTH,
nasieHuto rasa. lllupoko pacmpocTpaHeHue KiaccCH(PpUKalUs TOPENIOK MO Croco0y
M0/Ia4u BO3JyXa:

— 0€31IyThEeBBIE Y KOTOPBIX BO3/AYX IMOCTYIAET B TOIKY 33 CUET Pa3peKEeHUsl B HEl;

— MHXEKIIMOHHBIE B KOTOPBIX BO3/IyX 3aCaChIBACTCS 32 CUET SHEPTUH CTPYH Ta3a;
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— JNYTBEBBIC Y KOTOPBIX BO3AYX MOJAETCS B FOPEJIKY WM TOINKY C MOMOIIBIO
BEHTHJISITOPA.

["openxu MoryT paboTaTh npH pa3iIMyHbIX JaBlIeHHUIX ra3a: Hu3koM — a0 5000 [la,
cpennem — ot 5000 ITa mo 0,3 MIla u Beicokom — 6osee 0,3 MIla. HauGomnbinee pac-
MIPOCTPAHEHUE UMEIOT TOPEIIKH, Pa0OTAIOIINE Ha HU3KOM U CPETHEM JIaBJICHUSX ras3a.

BaxxHOW XapaKTepUCTUKON TOPENIKU SIBISETCS €€ TEIUIOBask MOIIHOCTh, paBHAs
MIPOU3BEICHUIO TEIUIOTHI CTOpPaHUs ra3a Ha €ro 4acoBOM pacxo/, T. €.

Q. =Qy -V, (7.1)

rae Qr — TemuoBasi MOLIHOCThH ropenku, MBT (kkan/u); Qg — HU3MIAs Temo-
TBOpHAas CLIOCOOHOCTH Ta3a, kJk/M ; Vy — 9acoBoif pacxo rasa ropeikou, M/

Pa3nu4aroT MakCMMallbHYI0, MUHUMAJIBHYI0O 1 HOMUHAJIbHYIO TEILUIOBBIE MOII-
HOCTH T'a30BbIX TOpenoK. MakcumanbHasi TEIIOBasi MOIIHOCTh JOCTUTAETCS MIPU -
TeJIbHOU paboTe ropeniku ¢ OONBIINM PACX0J0M ra3a u 6e3 oTpbiBa IuiaMeHu. MuHu-
MajbHas TEIJIoBash MOIIHOCTh BO3HUKAET MPU YCTOMUMBOM paboTe TOpenKd Mpu
HAaMMEHBIIUX pacxojax raza 0e3 mpockoka riaMeHnd. HomuHanbHas TemioBas MoOII-
HOCTb T'OPEJIKK COOTBETCTBYET PEKUMY PabOThl C HOMUHAIBHBIM PACX0JIOM ra3a, T. €.
pacxonay, o0ecreynBaeMy HauOOIbIINKI K.1.JI. TPU HAaUOOJbIIEH MOJIHOTE CXKUTa-
HUA rasa. B macnoprax ropenok ykas3plBatOT HOMUHAIbHYIO TEIUIOBYIO MOIIIHOCTb.

MakcuMalibHasi TEIUIOBasi MOUIHOCTh FOPEJIKU JOJKHA MPEBBIIATh HOMUHAIb-
Hyto He Oonee yem Ha 20 %. Ecinu HOMHHanbHAs TEIIOBask MOIIHOCTh TOPENKH IO
nacropty 10 000 x/I>x/4, To MakcuManbHas 1oikHA ObITh 12000 K /{xK/4.

BaxxHOU XapaKTEpUCTUKON TOPEIKH SBISETCA TaKXKE MPENesl PEryIupOBaHUs
TEIJIOBOM MOIIHOCTH, T. €. OTHOLICHHE €€ MHHHMAJIbHOM TEIIOBOW MOIIHOCTH K
MaKCUMAaJIbHOW:

n= Qrmin , (72)
Qrmax

r7ie N — Npejen peryaupoBaHus TerioBoid MomHocTu. [Ipenen peryiaupoBaHus
TEIJIOBOM MOIIHOCTH KOJIEOJETCS OT JABYX N0 MATH. B skcmutyaTanuu HaxXoauTcs
0O0JIBIIOE KOJIMYECTBO TOPEIOK Pa3IMYHBIX KOHCTpYKUMH. OO1mue TpeOoBaHUs s
BCEX rOpesioK: oOecredeHne MoJHOThl CrOpaHus ra3a, yCTOMUYUBOCTh MPU U3MEHEHH-
X TEIJIOBOM MOIIHOCTH, HAJIEKHOCTh B AKCIUTyaTallid, KOMIIAKTHOCTb, yI0OCTBO
pHU 0O0CITYKUBAaHUU.

PaccMoTpuM cnefyrolme TUIbI Ta30BbIX ropesiok: nu(¢y3noHHbIE HU3KOTO U
CPEIIHETO JaBJICHMS; MHKEKIIMOHHBIE HU3KOTO W CPEIHEro NaBJE€HHUS;, C MPUHYIU-
TeJIBHOM Mojaveil Bo3ayxa HU3KOrO M CPEHEro NaBJeHUs; KOMOMHUPOBAaHHBIE HU3-
KOT'O U CPEIHETO JIaBJICHHUS.

7.2 OnpenesneHue TeMJIONPON3BOAUTEIBHOCTH M MOJIE€3HO HCI0JIb30BAHHOIO
TeIia ra3o0Boil ropejKu

OHpCIICJIeHI/IC pacxoga rasa Vq, CXKHUTaCMOI'O FOpCJ’IKOfI, IMPOU3BOAUTCA IO T'a30-
BOMY CUYCTUHUKY.
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TCHJIOTBOpHOCTB F33006p33HOF0 TOIUIMBA TIpU U3BCCTHOM COCTAaBC €Iro B 00Bb-
CMHBIX ITPOLCHTAX JOCTATOYHO TOYHO OIIPCACIIACTCS IO BBIPAKCHHUIO

QH = 30,5CO + 85,5CH4 + 152C2H6 + 217C3Hg + ... ...+145,6C2H4 +
+208,5C;Hg + 25,7H, , kmox/am’.  (7.3)

rae CO, CHy, C,Hg, CsHg, C,Hy, C3Hg, H, — coneprkanue B mpUpOIHOM Ta3e yrapHO-
ro ra3a, MeTaHa, 9TaHa, pornaHa, OyTraHa u J.p. ra30B B MpoleHTax no oowemy. L{udpo-
BbI€ 3HaUE€HUE 0003HAYAET HU3UIYIO TEIJIOTY CTOPAHHUs 3TUX ra30B.

TennoTBOPHOCTH MPUPOJTHOTO U CHKHUKEHHOTO T'aza MPU U3BECTHOM COCTABE €T0
B 00OBEMHBIX MPOIEHTaX MOXKET OBITh TAKXKE OINpe/IeieHa M0 BEIPAXKCHUIO

Qu =6600n" + 1950, KmK/HM, (7.4)

rJie N~ —YIVIEPOJIHOE YMCIIO JIJIi CMECH METaHOBOro psna u 6amacra b= CO, +
N, onpeniensseMoe 1Mo BbIPAXKEHHUIO

IxCH+2xC,Hg +3xCHg +....
100-b - (73)

Jlist nabopaTopHOM yCTaHOBKH, U300pakeHHOM Ha puc. 1, npu Haliuyuu Oasuio-

Ha 10 c xugkum mpomaHoM TeroTBOpHOCTh Cs;Hg Haxomutcs mo ¢gopmyne (4) u
3
paBHa 90911 xmx/HM”.

n=

Puc. 8.1 I'azo06annonnas nabopaTopHas yCTaHOBKA.
| — razoBas mimra; 2 — razonpoBOJ, COEAUHSAIOIIMNI CUETUHK C TITUTOM; 3 —
PTYTHBIM TEPMOMETP, U3MEPSIOIINI TEMIIEPATYPY raza; 4 — ra3oBblil CYETUHK; 5 —
€MKOCTb C BOJIOW; 6 — PTYTHBII TEPMOMETP, U3MEPSIOLIIMN TEMIIEPATYPY BOABL;, 7 —
ra3onpoBO/l, COSIUHSIONINN OAJIOH C Ta30BbIM CYETUUKOM; 8 — 0aJuIoHa C )KUIKUM
razoMm (nponal — CsHg); 9 — peaykTopa a1t CHU>KEHUS JTaBJICHUS Ta30BbIi CUETUHK.

Cocya ¢ BOJION, YCTAaHOBJICHHBIM Ha Ta30BOM IUIUTE, BOCIIPUHUMAET TEILJIO T'O-
PEJIKU TPH CKUTAHUU Ta3000pa3HOr0 TOIIMBA. DTO MOJIE3HO UCIIOIL30BaHHOE TEILIO
ropenku Q¢ pacxoyeTcs Ha HarpeB BOJbI 32 BpeMs OIbITa, cocyna Qc u oTaauy Ten-
Jla COCY/IOM B OKpY»Karomiyto cpeny Qc, T. €.

Qr=Qs * Qc *+ Qo. (7.5)
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Temno Ha HarpeB BOIbI QB IIOACUYHUTBIBACTCA 11O 3aBUCUMOCTHU

Qg = Gpxex(te — ty), JIK, (7.6)

rae Gg — Macca BOJIbl, HArpeBaeMoOM B COCYJIE, KT; C — TEIUIOEMKOCTh BOJIBI; t,; U
t, — TeMrepaTypa BOJbl COOTBETCTBEHHO B HavaJie U B KOHIIE OMBITA, TPal.
Temo Ha HarpeB cocyjia COCTaBUT

QC = chccx(tK — tH), I[)K, (77)

rie G, — Macca cocyaa, KI; Cc — TEIDIOEMKOCTb Marepuala Ccocyza,
k/x/krxrpan; t, — HauaabHasl TEMIIepaTypa MaTepuana cocyza, KoTopas MOXKET ObITh
IIPUHATA PABHOM HAayaJlbHOW TEMIIEpAType BOJBI, Ipal; t, — KOHEUHas TeMIleparypa
COCyJla, paBHas TEMIIEpAType BOJBI B KOHIE ONBITA, TPa.

Temto, oTnaBaeMoe NOBEPXHOCTBIO COCY/Ia B OKPYKAIOIIYIO CPENy, COCTaBUT

Qo= Q%% + Q%, Ik, (7.8)

rae QY — Temno, oTIaBaeMoe KOHBEKTUBHBIM IIyTEM; 9TO TEIUIO HE YYMTHLIBAET-
Csl, TaK KaK CTOSIIUH HA Ta30BOM KOH(POPKE COCY] OMBIBAETCS OTXOJSIIUMH T'a3aMu;
QPy — Temso, OTAaBaEMOE MOBEPXHOCTHIO COCYAA PaaUallueii, ONpeaeisaeTcs M0 BbI-
PaKCHHIO
4 4
T T
QP =exCyxFx St S R (e
100 100
IJIe € — CTENEHb YEPHOTHI MIOJTHOTO HOPMaJIbHOTO M3nydeHus; Co—KodpHUITHCHT
JTy4YEHCITyCKaHUs a0COFOTHO YEPHOTO TeJa:

Co=15,7 BT/M° xrpaﬂ4;

T
x —, Jbx, (7.9
50 Mk, (7.9)

F — nmoBepxHOCTh TEMII000MEHA, Mz;

T,—Temneparypa noBepxXHOCTHU cocyna, rpai, K:

Ty = (ty + te) /2 +273, (7.10)

T,—Temmeparypa OKpyKarolero Bo3ayxa, rpai. K;

T — BpCMs OIIbITA, MUH.

I[aHHBIe I/I3MepeHI/II71 " PC3YyJIbTAThI UX 06pa6OTKI/I CBOISAT B IIPOTOKOJI

IIpoTokon
JlaHHbIE U3MEpEeHn Pe3ynbTarsl 00pabOTKU AAHHBIX U3MEPEHUI
tHa tKa OC GBa GCa QE S VHa T, Qra QBa QCa QOa Ql‘la
°C K[ | KT | vum | [ JIx JIox JIx JIox
ZbK - K
A q
M
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N3mepenus ¢ nmoaydeHueM pe3ysibTaTOB UX OOPaOOTKH BBITIOJIHSIOTCS HE MEHEe
JIBYX pas.

6.3. KonTpoJsbHbIC BONIPOCHI

1. [IpeumytiecTBO ra3000pa3HOro TOIIIMBA MEPE]l TBEPABIM.

2. Ha CKOJBKO MPOLEHTOB MAKCUMAJIbHAS TEIJIOBAsl MOLIHOCTh FOPEJIKU JOJIKHA
MPEBBIIATH HOMUHATBHYIO?

3. YcTpoicTBO 1a00paTOpHOM yCTaHOBKH.

4. Kak onpenensiercs TEIMIIOTBOPHOCTh ra3000pa3HOro TOIUIMBA MTPU U3BECTHOM
COCTaBe €ro B 00bEMHBIX MPOLIEHTaX ?

5. Ha 4To pacxomyeTcs moJIe3HO UCIIOIb30BAaHHOE TEIJIO TOPETIKH ?

6. OCHOBHBIE XapaKTEPUCTUKH Ia30BOM TOPEIKH.

7. YCTpOWCTBO ra30BOM TOPEIKH.
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8. JABOPATOPHAS PABOTA «OIIPEJAEJIEHUE
PETI'YJIUPOBOYHbBIX XAPAKTEPUCTHUK JPOCCEJIBHBIX
PETI'YJIUPYIOLINX OPI'AHOB»

Ilenb padoThI: 03HAKOMIIEHHE C YCTPOMCTBOM U IIOJy4YEHHE HAaBBIKOB OIpeje-
JIEHUS MPOU3BOJAUTENBHOCTH PETYIATOPA AABIEHUS MPSIMOTO AEHCTBHUS.

8.1. O0mme cBexeHus

be3onacHOCTh 3KCITyaTallud CUCTEM, PaOOTAIOIINX MO/ AaBJICHUEM, 00eCTIeyu-
BaeTCs KaK COOJIFOJICHUEM MPaBHJI AKCIUTyaTallud U TEXHUKH O€30MacHOCTH, TaK U
BBEJICHUEM B COCTAaB CHUCTEM CIIELHUAIBHBIX YCTPOMCTB, HE JOIYCKAIOIIHUX ITOBBIIIE-
HUE€ JAaBJICHHUI B CUCTEMax BBIIIE MPENEIbHO JONMYCTUMbIX 3HaueHuH, K Takum yct-
POKCTBAM OTHOCSITCS MPEAOXPAHUTEIBHBIC KIIATIAHBI.

Jlnst obecrieueHHs] HAJIE)KHOCTH PaOOTHl MPEAOXPAHUTEIBHBIX KJIAMaHOB IIO-
CJIeIHUE JOJDKHBI OTBEYATh CISAYIONIUM TPEOOBAHUSIM:

1. o6namaTh BBICOKOW YYBCTBUTEIBHOCTBIO, IMOJI KOTOPOUM MOHUMAETCS TTOJIHOE
OTCYTCTBHUE WM JOCTATOYHO MAJO€ IPEBBILICHUE JIaBJICHUS B CUCTEME HAJl €ro pac-
YETHBIM 3HAYEHUEM B MOMEHT OTKPBITHS KJlallaHa;

2. ¥METh MUHUMAJIbHYIO Pa3HOCTh JABJICHUI OTKPBITAS U 3aKPbITHS KIIAlaHOB;

3. B 3aKpBITOM COCTOSIHMM KJIamnaH JOJDKEH o0ecreyrBaTh répMETUYHOCTh pa-
00UYMX MOJOCTEH, MEXKAY KOTOPHIMH OH YycTaHOBJIeH. HapylieHue repMeTHYHOCTH
MIPUBOIUT K CHIDKCHUIO UYBCTBUTEILHOCTH PAa0OTHI KJIaraHa;

4. wmatepuanbl, TPUMEHSAEMbIC JJIsi W3TOTOBJICHMS KJIAMaHOB, JTOJDKHBI OBITH
CTOMKHMU K XMMHUUYECKOMY BO3JECUCTBUIO arpECCUBHBIX CPE;

5. mpu OOJBIIMX CKOPOCTSAX XKUIKOCTH B JPOCCETUPYIONIUX CEUCHUSIX Kilara-
HOB HEOOXOJIUMO HUCTIOIB30BaTh MaTepUAJIbl, CTOMKHE K IPO3MOHHOMY BO3/IEHCTBUIO;

6. HEOOXOIUMO MOAOUpPaTh TaKyI0 KOHCTPYKIIMIO KjlaraHa, yToObl IPHU €ro 3a-
KPBITUU U OTKPBITUU HE BOSHUKAIM KOJICOAHUS MOBMKHBIX YacTel KJlalaHa;

7. TIpU NPOEKTUPOBAHUM KJAIMAHA CIIEAYET MPEAYCMOTPETh BO3MOKHOCTD IMPHU-
MEHEHUS JaHHOU KOHCTPYKIUUH B PA3JIMYHBIX THEBMOTUAPABINYECKUX CUCTEMAX;

8. KOHCTPYKIIMSA KJamaHa JOJDKHA ObITh TEXHOJIOTHYHON M IKOHOMUYHOM.

Hapsiny ¢ ykazaHHbIMH TpeOOBaHUSAMH KOHCTPYKIMS TPEIOXPAHUTEIBHOIO
KJIalaHa J0J’KHA OTBEUATh KOMIUIEKCY OOIIMX TpeOOBaHUM, MPEAbSIBISIEMbIX K y3JIaM
U JIETAJIAM COBPEMEHHOIO MAaIIMHOCTPOEHHUS.

[IpenoxpanurtenbHbie KiIamaHbl, paboTalOIIME B Pa3IUYHBIX MHEBMOTHAPABIH-
YECKUX CHUCTEMAX, SIBIISIFOTCA ABTOMATHYECKHU JIEHMCTBYIOUIMMHU YCTPOMCTBAMH, IIO-
3TOMY, MOJIB3YSCh TEPMUHOJIOTUEN TEOPUU ABTOMATUYECKOTO PETYJIUPOBAHUSA, MOK-
HO BCE€ MNPENOXPAHUTEIbHBIE KJIAMAHbI JIEJIUTh HA KJAMAaHbl MPSIMOTO U HEMPSIMOTO
JICUCTBUA.

OCHOBHOE pa3uyue KJIaraHoB MPSIMOTO U HEMPSIMOTO JIEUCTBUSI COCTOUT B TOM,
YTO B KJIallaHaxX MpsAMoro jaeictBus (puc. 8.1) mepemenieHne 3aMbIKaloIIero opraa
OCYIIECTBIIAECTCS YCUINEM, BOZHUKAIOIINM OT BO3JCHCTBUS JABJICHUS CPEIbl HA YyB-
CTBUTEJIbHBIN DJIEMEHT, a B KJIallaHaX HEMPSMOro JeUcTBus (puc. 8.2) moa BO3ICUCT-
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BHCM OAaBJICHHUA CPCIAbl Ha tIYBCTBI/ITCJ'IBHBII\/JI 9JICMCHT IICpEMCIIACTCA YCUIINTCIIb, KO-

TOpBIﬁ YHPaBJACT HOII&‘*ICfI BCIIOMOTaTEJILHOM OHCPTUU B MPUBOI HJIA IMCPCMCUICHUA
3aMbIKAaOIICro OopraHa.
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Puc. 8.2 Knanansl He NPsMOTo I€UCTBUS

HpeIIOXpaHI/ITCJIBHBIC KJIaIlaHbl IIPAMOTO ﬂCﬁCTBHH KJ'IaCCI/I(bI/ILII/IPYIOT 10 Clic-
AYIOIIUM IIPHU3HAKAM,

- TI0 HaIpaBJICHUIO BO3JCHCTBUS pab0OYero AaBJCHUS B CUCTEME Ha 3aMbIKalo-
AN OpTaH;

- IO BUAY YYBCTBUTEIBHOTO 3JIEMEHTA;

- 10 CMOCO0Y CO3/IaHus YIIPABISIONICH HArPY3KU;

- TIO XapakTepy NEePEMEILCHUS 3aMbIKAIOILEr0 OpPraHa;

- TIO BBICOTE TOIbEMA 3aMBIKAIOIIET0 OPraHa;

- 110 BUJY COOOILIEHUS BBIXOITHOM MOJOCTH MPEJOXPAHUTEIHHOIO KIIallaHa ¢ OK-
pyXaroleu cpenon
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8.2. Onpenenenue Npou3BOAMTEIbHOCTHH BpeMEHH CpadaThIBAHUA IPeao-
XPaHHUTEJIBLHOI0 KJanaHa

B nauane nmaGopatopHoil paOOThl 00YYaIOIIMICS 3HAKOMHUTCS C MPEIoXpaHH-
TEJLHOT0 KJIalaHa, aHaJIOTMYHOT'0 YCTAHOBJICHHOMY Ha JIaOOpaTOPHOM CTEH/IE.

[Ipu ycTaHOBKE MpEeIOXpPaHUTEIBHBIX KJIAMAHOB B COCYJAX JAaBICHUS MX KOJIH-
YECTBO, pa3Mephl U MPOIMYCKHAsI CIIOCOOHOCTh JOJDKHBI OBITh BBIOPAHBI TAaKUM OOpa-
30M, 4TOOBI B COCYJI€ HE MOTJO0 00pa3oBaThCs JaBJICHUE, MpPEBBINIalolIee pabouee
nasienue 6osee ueM Ha 0,5 Kre/em® st COCYJIOB C JIaBJICHHEM 110 3 kre/em’; Ha 15 %
- 171 COCYIOB C naBieHueM 3-60 kre/em® v ma 10 % - mois COCYZOB C JaBJICHUEM
cbinie 60 Kre/cm; Mpu paboTaIOIMKUX MPEAOXPAHUTEIBHBIX KJIaMaHax JIOMYCKaeTCs
MIPEBLIIIICHUE JJaBJICHUsI B coCcyie He Oosiee yeM Ha 25 % pabouero, mpu yCIoBUHU, YTO
ATO MPEBBIIICHUE TTPETYCMOTPEHO TPOCKTOM U OTPAXKEHO B MAcMopTe cocya. Tak ke
YUHUTHIBAETCS 3aBUCUMOCTh UYBCTBUTEIBHOCTU MPEIOXPAHUTEIBHBIX KJIAMaHOB OT
JaBJICHUS.

[IponyckHasi CHOCOOHOCTD NMPEOXPAHUTEITHLHOTO KIIalmaHa OnpeessaeTcs mo

bopmyie:
G =0,00014-a-F,,'B/p(R - P) , xr/C,

rje a - ko3pUIMEeHT pacxoaa KUJIKOCTH, MPOXOISIINeH yepe3 KiamaH, onpee-
JSI€TCSI IKCIEPUMEHTATBHO ISl KaKI0W KOHCTPYKIIMU KjlanaHa W 3aluChIBaeTCs B
€ro MacropT;

Fx: - TIomans cedyeHus KiialaHa, paBHass HaMMEHBIEH TIJIONMIAJM CEYEHUS B
MPOTOYHOM YaCTH KJIaraHa (JIpocceTupyroliee ceueHue), MM

P, - MakcumanbHOE M30BITOUYHOE JABJICHUE MEpPe] MPeJOXPAHUTEIIBHBIM Kilama-
HOM, KIc/cM’;

P, - n306pITOUHOE aBlIeHHE 32 MIPEJOXPAHUTEIIBHBIM KJIallaHOM, Kre/cm’;

p - TUIOTHOCTh pabodyeil cpeabl NMpU JABICHUU U TeMIlepaTtype pabouel cpeisl
nepe KiarnaHow, Kr/cM’;

B - ko3¢ dunment, onpenensemMpiii B 3aBUCUMOCTH OT TOKa3aTess ainabaTHOCTH
npouecca. s xxuakoctu B=1.

8.4. Pacuer BpemeHu cpadaTbIBaHHA NMPeJOXPAHUTEIbHBIX KIANIAHOB

Pacuer BpemeHu cpabarbiBaHUsI MPENOXPaHUTEIBHBIX KJIallaHOB OCHOBAaH Ha
pemieHnd cucTeMbl AuddepeHIMaIbHbIX YPaBHEHUHN, OMUCHIBAIOIINX MEPEXOTHbBIE
MIPOIIECCHI B KJIAMlaHe TIPH ero OTKPBITHH. [[puHUMas NBH)KEHUE 3aMBIKAIOIIETO opra-
Ha PaBHOYCKOPEHHBIM C HYJICBOM HayaJdbHOW CKOPOCTBIO, BPEMSI OTKPBITHS KJlarmaHa
MOKHO ONPENIETUTH 10 popmyiie

2 m ki H max
’
(PH _132).Fm _R
TAC My, - MaCCa 3aMbIKAIOLICT O OpFaHa C HpI/ICOCI[I/IHeHHBIMI/I ACTAaJIsIMH, KI',
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Hiax - MAKCUMaJIBHBIN X0/ 3aMBIKAIOIIETO OPraHa, CM;

Fy - IUiomans npoxoaHOro Ce4YeHus KilarnaHa, CM2;

R - cymmapHast criiia COIpOTHUBIICHUS IBUKEHHUIO 3aMBIKAIOIIEr0 OpraHa, Kre;
P, - naBienne HacTpOMKH, Kre/cMm”.

I[JISI HpaKTI/IquKI/IX pacquOB HpI/IHI/IMaIOT:
(P, - P3)-Fy, - R= (i—%) (P~ P)F,

IMpU4YeM MCHBIICC 3HAYCHHUC OTHOCHUTCA K KildllaHaM, I KOTOPBIX XdPAKTCPHBI
MMOBBIICHHBIC CHUJIbI COIIPOTHUBIICHWA, HAIIpUMCP B KJIAIIAHAX C 30JIOTHHUKAMM. Pacuer
BPCMCHU Cpa6aTBIBaHI/I$I MPCOAOXPAHUTCIIBHOI'O KJIallaHa HCO6XOI[I/IMO BBIIIOJIHATH TIpH
€TI0 YCTAHOBKC B CHCTCMaAX, I'’IC BO3MOKHO PC3KOC IMOBBINICHHUC AABJICHHA, HAIIPUMCEPD
IIpHU CKHUI'daHUU TBCPABIX TOIUIMB B 3aKPBITBIX COCYyAaX, a TAKIKC IIPpU pa60Te HAaCOCOB
OOJIBIIION IMPONU3BOAUTCIBHOCTH B COCTABC THAPOCUCTEM.

[Ipu pabore Hacoca MUK JaBJIEHUS B THIPOCUCTEME BO3HHMKATh HE OyleT IpH
YCIIOBUH tl Stz, Trac tz-BpCMH, 3d KOTOPOC HACOC MTOAHNUMACT JABJICHHUC B TUAPOCUCTC-
MC Ha BCIIMYHHY AP , PAaBHYIO YYBCTBUTCIBHOCTU IIPCHAOXPAHUTCIBHOI'O KJIAIIaHA.
Bpewms t, npubamkeHHO MOXKHO ONpeeauTh 1o hopmylie

I B -AP ,
Q - sz - QVO

rae Vy - 00beM npegoXpaHuTeNbHON eMKOCTH, M;

B - K03 PUIIUEHT MOJATIUBOCTU CUCTEMBI;

Q - CeKyHAHBIN pacxol )KUAKOCTH OT HACOCa B CUCTEMY, M/c,

Okx - CEKYHAHBIN pacxo/l KUAKOCTU 4Yepe3 MPEAOXPaHUTEIbHbINA KIanaH B MO-
MCHT OTKPBITHUA 3aMBIKAOIICTO OpraHa. B pacucTax NIpuHUMArOT

0= 0,5g

QVO - 4aCTb CCKYHAHOI'O pacxoJa XUAKOCTHU, nAyIlasa Ha 3alI0OJJHCHUC 06’[>CM8,,
0c3060>1<naeM0r0 IIpHU IOABEME 3aMBIKAIOIICTO OpraHa. OOBIYHO B pacueTax MpuHH-
MaroT QVOZO.

8.5. KonTpoJsbHbIe BONPOCHI

1. HazHaueHne npe1oXpaHUTENBHOTO KJlalaHa.

2. 13 KakuX 3JI€MEHTOB COCTOUT MPEAOXPAHUTEIBHBIN Ki1anaH?

3. ®opmyna s pacuera BpeMeHU cpabaTbIBaHUs MPEAOXPAHUTENbHBIX Kiama-
HOB.

4. TpeboBanusi 1o o0OECNEUEHUIO HAAECKHOCTU PabOTHI MPEAOXPAHUTEIBHBIX
KJIAIIaHOB.

5. OcobeHHOoCTh PabOThl MPEJOXPAHUTENBHOTO KJIallaHa HE MPSMOT0 JEHCTBUS.

6. Ocob6eHHOCTh PaboThl MPETOXPAHUTENBHOTO KiIaaHa He MPSMOTo JeHCTBUS.

7. Ha pemiennn kakoit cuctembl qudPpepeHnnanbHbIX ypaBHEHUH OCHOBAH pac-
YeT BPEMEHH cpadaThIBAHUS MPEIOXPAHUTEIbHBIX KJIaaHOB?
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BBEJAEHHUE

[lon npombluieHHON O0€30MacHOCTh WJIM MPOMBIIUIEHHONH 0€30MacHOCThIO
OMACHBIX  TMPOU3BOJICTBEHHBIX  OOBEKTOB  MPHUHATO MOHUMAaTh  COCTOSIHUE
3aIMIIEHHOCTH KU3HEHHO BaXXHBIX MHTEPECOB JTUYHOCTU U OOIIECTBA OT aBapuil Ha
OTACHBIX MPOU3BOJCTBEHHBIX 00BEKTAX U MOCIEACTBUI yKa3aHHBIX aBapuii [1].

[IpomblnieHHast 6€30MacCHOCTh HE SIBISIETCS COCTABHOM YacThIO OXpaHbl TPynAa
MOTOMY, 4YTO €€ OCHOBHas LeJdb — TMPeJOTBpAlICHUE W/WIM MUHUMM3ALUS
MOCJIEICTBUN aBapuil Ha OMACHBIX MPOU3BOJCTBEHHBIX O0BEKTaX. A 1IEJIbI0 OXPaHbI
TpyJda SBISETCS COXpaHEHUE MXU3HU M 3]I0pOBbS paOOTHUKOB. B coBpemeHHOI
MPOU3BOJICTBEHHOM JIESTENIbHOCTH YEJIOBEKa BO3MOXKHBI aBapuH, KOTOpPHIE HE
MPUYUHSAIOT Bped KU3HU U 3JI0POBBI0 PAaOOTHUKOB, M, HA0OOPOT, BpEHd U3HU U
310pOBbIO pAOOTHUKOB MOKET ObITh MPUUMHEH 0€3 aBapHuid.

be3omacHocTh — 3TO KOMIUIEKCHas cuctema (0T JIp.-rped. cUGTNUA — LEeJoe,
COCTaBJICHHOE W3 YacTeH; COEJUHEHUE — MHOXECTBO AJIEMEHTOB, HAXOISIIUXCS B
OTHOIICHUSIX M CBSI3IX JPYr C JPYyroMm, KOTOpoe 00pa3yeT oOmnpeaesiEéHHYIO
LEJI0CTHOCTh, E€AMHCTBO) MEp IO 3alluTe YeIoBEeKa M Cpeabl OOUTaHHS OT
ormacHocTed, (opMUPYEMbIX KOHKPETHOM JeATEeNbHOCThIO. YeM CcloXHee BH]
NEeSTENbHOCTH, TeM O0oJiee KOMIUIEKCHAa CHUCTeMa 3aluThl (0€30IacHOCTh JTOU
nesTenbHoCTH). KOMIUIEKCHYI0 CHCTEMY B YCIOBHSIX TPOM3BOJICTBA COCTABJISIOT
CIelyIOIIMe Mephbl 3allUThl: MPABOBbIC, OPraHU3ALMOHHBIC, SKOHOMUYECKHUE,
TEXHUYECKHE, CAHUTAPHO-TUTUEHUYECKUE, JJeueOHO-poduIakTuueckue [2].

OCHOBHBIMM NMPUHLIUIIAMH OOecTIeYeHHs] 0€30MacHOCTH SBJISIOTCS:

— COOJII0/IEHUE U 3allUTa IPaB U CBOOO/I YeI0BEKa U TPaXIaHUHA,

- 3aKOHHOCTB;

— CUCTEMHOCTbh U KOMIUIEKCHOCTh NMPUMEHEHHUs (eliepaibHbIMU OpraHamMu
rOCyIapCTBEHHOM  BJIAaCTH, OpraHaMu TOCYJAapCTBEHHOM BJIacTH CYOBEKTOB
Poccuiickoit ®enepanuu, ApYyruMH TOCYAApCTBEHHBIMU OpraHamMH, oOpraHaMu
MECTHOTO CaMOYMIPABJICHHUS] MOJUTHYECKUX, OPraHU3allMOHHBIX, COLHUAIBHO-
HSKOHOMHYECKUX, HWH(POPMALMOHHBIX, TMPAaBOBBIX U HHBIX Mep o0ecrneyeHus
0e30I1aCHOCTH;

— OPUOPUTET  MPEAyNpeIUTENbHBIX Mep B  LelsIx olecreueHus
0e30I1aCHOCTH;

— B3aUMOJIeiCTBHE (eAepalibHbIX OPraHoB TOCYJapCTBEHHOM BIACTH,
OpraHoOB TOCYAapCTBEHHOM BiIacTH CyObekToB Poccuiickoit denepauuu, Apyrux
rOCy/IapCTBEHHBIX OPraHOB C OOLIECTBEHHBIMU OOBEIUHEHUSMH, MEKIYHAPOIHBIMU
OpraHu3alysIMH U Tpak/laHaMHU B LIeJIAX o0ecreueHus: 6€30MacHOCTH.



1. IPAKTHYECKASA PABOTA «PACYET TEIIJIOTBI CTOPAHUSA
HHPUPOJHOI'O I'A3A»

He.]'lb paﬁoTbI: IMOJTYUYCHUC HABBIKOB pacdCTa OCHOBHBLIX XApPAKTCPUCTHUK
I‘33006p33HOI‘0 TOIIJIMBA.

[lo crnocoOy mnony4yeHUs pa3iaMvyarOT OPUPOAHBIE W HCKYCCTBEHHbBIE TIa3bl.
[lepBbie mpencTaBisiiOT cOOOM Ta3bl YMCTO Ta30BbIX MECTOPOXKIECHUN W TOIMYTHBIC
ra3bl ra30He(PTIHBIX MECTOPOXKICHUIA.

JloObIBaeTCsl MPUPOAHBINA ra3 yepe3 CKBaKUHBI, TPOOYPEHHBIE B TOJIIE MOPO.
BbIxo/1s1 Ha MOBEPXHOCTH 3€MJIU 10 CHEIUaIbHBIM TPyOaM 00yCTPOEHHOM CKBaXKUHBI,
ra3 MMeeT B CpelHeM aaBieHue nopsjaka 50—70 Kre/cm” (5—7 MlIlIa) Cnauana on
OCBOOOXKJ1a€TCA OT MbUIM B MBUICYJIOBUTENSIX, 3aTEM OT BJIard B CerapaTopax U Io
KOJUIEKTOPY, COEIUHSIONIEMY HECKOJIbKO CKBa)XMH, IOCTYNAeT B CHeIHalIbHbIC
YCTPOMCTBA I OKOHYATENbHONM OYMCTKH U OCYIIKH. OYHUIIEHHBIA U OCYIICHHBIN
ra3, KOTOpPbIM MOJHOCTHIO OTBEYAET TPEOOBAHUSIM I'OCTa, MOJAETCS Yepe3 FOJIOBHYIO
CTaHIMIO B CUCTEMY MarucTpajbHbIX ra30IPOBOIOB.

OcHoBHOU KOMIOHEHT npupoaHoro raza — metaH (CHy). ImMenHo kauectBa
MeTaHa SBJIAIOTCS ONPEESIOIMMU JIJIsi CBOMCTB MPUPOJIHOTO ra3a B LEJIOM IOTOMY,
4YTO COJAEp’KaHWE METaHa B MPUPOJHOM Ta3e Pa3IMYHBIX MECTOPOXKIECHUU, Kak
paBuiio, Kosieobsercs B npeaenax 92—98 %. Metan — OeciiBeTHbIN ra3 6€3 BKyca U
3anaxa. [[moTHOCTh ero nmpu HOpMabHBIX ycioBusax (273,16 K u 1,01 6ap, T. e. 0 °C u
760 MM pr. cr.) paBHa 0,717 kr/m’. MertaH Jerde Bo3IyXa HMPHUMEpPHO B 2 pasa,
OTHOCHTEJIbHAS TUIOTHOCTH €ro 1o Bo3nyxy 0,55. Temmnepatypa, npu KOTOpOd METaH
Bociutamensiercsi, papHa 913 K (640 °C). Ilpegen BociamMmeHeHUsT MeTaHa MpU
ctangapTHbIX ycioBusax 293 K u 1,01 6ap (20 °C u 760 MM PT. CT.) — JISKUT MEKITY
5,3 u 15 06. % coxaepxaHusi ero B cMecH ¢ BO31yXoM. JKapompou3BOAUTEIbHOCTh
meraHa paBHa 2313 K (2040 °C). MakcumanbHas CKOPOCTb paclpoCTpaHEHUs
MJIaMEHM TIPU COJICP’KaHMHM €ro B Bo3ayxe Ha ypoBHe 9,8 % — 0,67 m/c. Huzmas
TemioTra cropanusa — 35757 kDKM [Ipu momHOM cropaHuu MeTaHa oOpa3yroTCs
YIJIIEKUCIBIN a3 U napsl BOAbI. Peakius moiHoro ropeHust MeTaHa:

CH4+202=C02+2H20.

Jlnst monmHoro cropanus | M° MeraHa mpu Kod(hdHIHMEHTE pacxoa BO3LyXa,
paBHOM 1, HEOGXOIMMO 2 M’ KHCIOPOJIA HIIM COOTBETCTBEHHO 9,52 M° BO3IyXa.

Jlist ipyuaHus XapakTepHOro 3amaxa MpUPOJHBIN raz omopupyior. B kadectse
0ZIOpaHTa OOBIYHO HCIOIB3YIOT STHIMEPKANTAH B KommdectBe 16 T Ha 1000 M rasa.
DTOro KOJIMYECTBa BIIOJIHE XBAaTaeT JUIsl TOrO, 4TOOBI 3alax ra3a B Clly4ae YTEUKU
HayaJl ONIYLIAThCSA MPHU COJEpKaHUU €ro B armocepe Ha ypoBHe 1/5 HUMKHEro
npejaesia BOCIUIAMEHEHHs (B3pbIBAEMOCTH), T. €. IpUMEpHO Ha ypoBHe 1 % ot
3aMoJIHEHHOT0 00BbeMa.

PaccmoTpum Gosiee moipoOHO KOMIOHEHTHBIN cocTaB (%) MPUPOIHOTO ra3a Ha
KOHKpeTHOM mpuMmepe: metan CHy — 91,69; stan C,Hg — 3,74; nponan C;Hg —
0,99; 6yran C4H;,(, — 0,18; uzod6yran C4H;y — 0,19; mentan CsH;; — 0,05;

4



m3onentan CsH;; — 0,06; yrnexkucnsiii raz3 CO, — 0,50; azor N, — 2,60.
[IpuBeneHHBI COCTaB MPHUPOJHOTO Taza XapaKTepeH IS CUCTEM Ta30lpOBOJOB
CpEeIHEEBPONEHCKOM YacTH Haleld CTpaHbl, B KOTOPBIX HCHOJB3yeTCS Tra3
OpeHOyprckoro  MeCTOPOXKIEHHUS, TMOJMEIIMBAEMbId K  MPUPOAHOMY  raszy
MecTopoxkaenuit CraBpononst u Cpegneid Azuu. [Ipexe Bcero B cOCTaBe TaHHOTO
raza BBIJICJIUM TOPIOUYI0 M Heroprouyr udacth. K roproueit yactu otHocsitcs CHy,
C,Hs, C5Hg, C4Hyo, CsHs, x Heroproueit — CO; u N,. UeM Gosbllie Macca HEroprouei
4acTd, TEM HIDKE TeIUIoTa CropaHusi Ta3a. TemuoTa CropaHuds TOIUIMBA
XapaKTEepU3yeTCsl KOJIUYECTBOM TEIUIA, BBIACIISIIONIETOCS IMPU TOJHOM CrOpaHUM
eIUHUIIBI ero o0beMa WM Macchl. Ha mpakThke TpUXOIUTCS HUMETh 1710, Kak
MPaBUJIO, C HU3IIEH TEIJIOTOM CropaHusi MPUPOJHOIO raza, TaKk KaKk MMEHHO 3TO
TEIJI0 MOXKET OBITh MOJYYEHO B YCTAHOBKaX CXKMTAaHHUS Ta3a sl JalIbHEHIIEero
HCIIOJIb30BaHUS.

B pacuerax wuinm crnpaBOYHON JIMTEpaType NPUXOIUTCA JOCTATOYHO YacTO
BCTpEYaAETh MOHSTUE YCIOBHOTO TOIUIMBA, TETUIOTA CTOPAHUS KOTOPOTO MpHUpaBHEHA
K 29309 x/x/kr (7000 kkamn/kr).

TemIora CropaHus IPHPOIHOro rasa (kK/M’) KOHKPETHOTO COCTaBa MOXKET
OBITH MMOJICYUTAHA IPU HEOOXOIUMOCTH IO (hopMyJie

Oy =0c0CO+ 0y, Hy +Ocpy,, CHy + Oy ,sH, S+ Z(QCmHn c,H,). @D

rie Oco.On, Ocny - uos Oc, 1, — TEINIOTA CTOPAHMS TOPIOYMX KOMIIOHCHTOB,

xJbxv; CO,H,,CH,,H,S,C, H, — o6beMHas 10N TOPIOYETO KOMIIOHEHTA B

MPUPOTHOM Ta3ze, % (I BBHINOJHEHHUS PacueToB TpeOyeTcsl MEPeBECTH COACP)KaHHE
rOpIOYEro KOMIIOHEHTA I'a3a U3 MPOIIEHTOB B €IMHUIIBI 00BEMa).

3aoanue. HaliTn HUBIIYIO TEIUIOTY CTOpaHUs MPHUPOTHOTO Ta3a MPHUBEIESHHOTO
BBIIIIE COCTaBA.

Jlano. KommnioneHTHbIN cocTaB (%) MpUPOIHOro raza Ha KOHKPETHOM MpPUMEPE:
metran CHy — 91,69; satan C,Hg — 3,74; nponan C;Hg— 0,99; 6yran C4H,9p— 0,18;
nzooyran C4H;,p — 0,19; mentan CsH;;, — 0,05; uzonentan CsH;, — 0,06;
yraekucibiid raz3 CO, — 0,50; azor N, — 2,60

Pewenue.

Oy =0cn,CHy + Oc,ns CoHe + Ocing C3Hg + Oc 1, Catlio + Oc g1, CaHio(130) +

+Ocsy, CsHip ++0c.n,, CsHip(m30).

0. =35840 0,9169 + 63730 0,0374 + 93370 0,0099 + 123770 0,0018 +
+ 121840 0,0019 + 146340 0,0005 + 145822 0,0006 = 36784,5 KI[)K/M3.
Omesem. O, = 36784,5 kJ[x/M°

Husmas Teriora cropanusi OTAEIbHBIX Ta30B, BXOASAIIMX B COCTaB MPUPOIHOTO
raza, npuBejaeHa B Ta0m. 1.1.



Termnora CTOpaHu: ra30B

Tabmwuua 1.1

A3 Xumunueckass |Temnora cropanus, KJK/M
dbopmyna BEICIITAs HU3IIAas

Mertan CH,4 39860 35840

OTaH C,Hs 70420 63730

[Iponan C;Hg 101740 93370

I/I306yTaH C4H10 131890 121840

Bbyran CsHyo 133980 123770

IlenTan CsHi, 158480 146340

W3omenTan CsHi, 168550 145822

Bonopon H, 12770 10800

Oxwucs yriepona CO 12640 12640

CepoBogopoa H,S 25460 23490

Tabnuma 1.2
I/ICXOIIHBIC JAHHBIC
CocraB rasza, % 1o oobsemy
Bapuanr. N, + peme
MCCTOPO)KZ[CHI/IC rasa CH4 C2H6 C3Hg C4H]o C5H]2 C02 st ——
1. CtenanoBckoe 95,1 2,3 0,7 0,4 0,8 0,2 HET 0,5
2. JlenuHrpaackoe 86,9 6 1,6 1 0,5 1,2 HET 2,8
3. CeBepocraBpomnonbckoe | 98,7 0,33 | 0,12 | 0,04 0,01 0,1 HET 0,7
4. Tlynruuckoe 86,1 2 0,6 0,34 0,35 8,5 HET 2
5. MenBexnbe 99 0,1 0,00 | - - 0,095 | mer 0,8
5
6. OpeHOyprckoe 85 49 1,6 0,75 0,55 0,6 1,3 5
7. BykTBIICKOE 74,8 8,8 3,9 1,8 6,4 - HET 43
8. Yrepckoe 98,3 0,45 1025 (0,3 HET 0,1 HET 0,6
9. Illebenuuckoe 93,3 4 0,6 0,4 0,3 0,1 HET 1,3
10. I"aznuHCKOE 93 3,1 0,7 0,6 HET 0,1 HET 2,5
11. Kapanarckoe 93,2 2,1 1,2 1 1,2 0,8 HET 0,5
12. Agakckoe 93 3,6 0,95 | 0,25 0,31 0,4 HET 1,3
13. Tenrenckoe 89,4 6 2 0,7 0,4 1 HET 0,5
14. BanetiBuckoe 89,59 |242 |0,70 | 0,27 1,16 1,68 0,25 3,93
15. JlastBOXK 80,23 | 2,64 | 1,15 | 0,70 0,71 0,73 HET 13,8
16. BacunkoBckoe 93,1 2 0,4 0,2 0,3 - HET 4
17. SAmOypr 95,2 0,04 | 0,00 |0,001 |0,1 0,3 HET 4.5
6

18. BOBHHEHKOBCKOE 87,19 | 3,98 | 1,34 | 0,75 0,23 1,73 HET 4,77
19. SIman 78,97 | 4,53 |2,34 | 1,02 0,27 1,02 HET 11,84
20). 3anonspHoe 98,5 0,2 0,05 | 0,012 | 0,001 |05 HET 0,7
21. Ypenroiickoe 97,64 | 0,1 0,01 |- - 0,3 HET 1,95
22. XXupHOBCKOE 81,6 6,5 3 1,9 1,4 4 0,1 1,5
23. PoMalikuHCcKoe 40 19,5 | 18 7,5 49 0,1 HET 10
24, TyiiMa3uHCKOE 39,5 20 18,5 | 7,7 4.2 0,1 HET 10
25. IlIxanoBckoe 37,5 18,2 | 16,8 | 6,8 3.8 0,1 HET 16,8
26. KimtoueBckoe 78,5 6 6,5 4.8 3,6 0,2 HET 0,4
27. ImutpueBckoe 69,2 10 10 5 5 0,7 HET 0,1
28. He6ut-/larckoe | 91 3 2,3 1,3 1,8 0,5 HET 0,1
3amagHoe
29. BepxHeoMpHHCKOE 82,7 6 3 1 0,2 0,1 HET 7




2. TIPAKTHYECKASA PABOTA «PACYET BEPXHEI'O 1 HUKHEI'O
HPEAEJIA BOCIVNIAMEHEHUA ITPUPOTHOI'O T'A3A»

He.]'lb paﬁon: IMOJTYYCHUC YMCHI/Iﬁ N HAaBBIKOB paCcdCTa OCHOBHBIX MoKas3arejeu
B3PBIBOOITACHOCTD I‘a3006p213HBIX BCIICCTB.

[Ipomecc rTopeHus (CKUTAaHWS) Ta30B HAYWHAETCSA JIMIIbL TOTAQ, KOTAa
ra3oBO3NyIIHAs CMeCh OyIeT TMOJOXOKEHa, T. €. Harpera 0 OINpeAelieHHON
TEeMITepaTyphbl, KOTOPYIO Ha3BIBAIOT TEMIIEPATypOH BOCIIaMEHEHHs. TemrepaTrypa
BOCIUJITAMEHEHHSI 3aBHCHT OT COOTHOIICHHS OOBEMOB ra3a M BO3JlyXa B CMECH,
CTCTIICHU WX IEpPEMENIMBAaHUs, JABJICHHUS CMECH, CIOoco0a W MecTa 3aKUTaHUS U
npyrux (axktopoB (Hampumep, crocoda HCTeUeHHUs cMmecH, (PopMmbl, pasmepa H
o0BeMa TOMOYHOTO MPOCTPAHCTBA, 3aHUMAEMOTO Ta30BO3IYIIHON CMECHIO, U T. II.).
[Iporiecc TOpeHHsI TPOAOIKAETCSA TOJBKO JO TEX TOp, MOKa KOJIMYECTBA TEIUIa,
BBIJICIISFOIICTOCS TTPH TOPEHUH, OYJET JOCTATOYHO, YTOOBI TOCTOSTHHO BOCIIAMCHSTH
MOCTYMAMIIYI0 K MECTy TOPEHHUS Ta30BO3AYIIHYI0 CMeCh. MUHHUMAIbHBIC U
MaKCHUMaJIbHBIE KOJMYECTBA Ta3a B Ta30BO3IYIIHOH CMECH, IPH KOTOPBIX IPOIECC
TOPEHUSI WICT HENPEPHIBHO, HA3BIBAIOT COOTBETCTBEHHO HIDKHUM WM BEPXHUM
IpeIeoM BOCIUIAMEHEHHWS JaHHOTO ra3a B CMECH C BO3IyXOM. B3pwiBoM
ra30BO3JyIIHON CMECH Ha3bIBAIOT SIBJICHUE MTHOBEHHOT'O CTOpaHHs Bcero oObeMa
CMeCH, KOTOPOE MTPOUCXONT MPHU BHECEHUHU B TAKYIO CMECh, HAXOASAIIYIOCS B KAKOM-
6o OoJiee WM MEHEE 3aMKHYTOM oObeMe (IOMEIIEHUU U T. [I.), UICTOYHUKA OTHS
WK BBICOKOHArperoro tena. C TOYKH 3PEHHMS XHMHYECKOW CYIIHOCTH SIBJICHHUC
B3phIBa HE OTJIMYACTCS OT TpoIlecca TOPEHHS, M PAacueT €ro BEAETCS MO TEeM JKe
YPaBHECHHSIM, UTO W JJIA peakiuu ropeHus. [Ipenensl BOCIUIaMEHEHUS CMECEH ra3oB,
HE HMCIOIMX Oa/UTaCTHBIX NpPUMECEH WU COACpKAIIUX HMX B MHHHMAaJIbHOM
KOJIMYECTBE, ONPEAEAtoT (MPUOTUZUTENIHHO) 1O cleayromiel hopmye

V] +Vy +D3 +rt+ VU,

Y v v V. 2.2
v Yy V3 Vg (2.2)

I 1 I3 [

rne /1 — coaepkaHue ra3a B CMECH C BO3AYXOM, JIaf0IIee BEPXHUN WM HUKHUN
npejen BOCIUIAMEHSIEMOCTH (B3PBIBAEMOCTH) WIIH 00ECTIEUMBAIOIee MAaKCUMAIBHYIO
CKOpPOCTh paclpOCTpaHEHUS TNIAMEHU Ta30BOi CMECH;

V1, Ly, L3,... Uy — 00BEMHOE COZIep’KaHNEe KOMIIOHEHTOB ra30Boii ceTH B %0;

L, b, b,... [, — 3HaueHHUS HIDKHUX WM BEPXHUX IIPEIEIOB B3PHIBAEMOCTU
(BOCIITAMEHSIEMOCTH) COOTBETCTBYIOIIMX KOMITOHEHTOB TA30BOM CMECH, TPUHUMAEMBbIE TIO
Tabm. 2.1.



Tabnunoa 2.1

Temnepatypbl BOCILUIaMEHEHHUS M NIPe/ieJibl HEKOTOPbIX FTOPHOYHX I'a30B

Xunmaeck | Temmepatypa OHpeIIeJIBI B3pbIBacMocTd npu 20
Haumenosanue C
ast BOCILUIAMEHEHH
raza u fapjaeHnn 760 MM pT. CT.
dbopmyna s > v
HIKHUNA BEPXHUU
AnetnieH CH, 305 -500 2,3 82
byran CsHyo 430 — 569 1,9 8,5
Bonopon H, 510 - 590 4,2 75
Mertan CH,4 537 — 850 5,3 15
Oxuco CO 610 — 658 12,5 75
yriiepoja
ITponan C;Hg 466 — 588 2,1 9,5
CepoBoaopo H>S 290 — 487 4.3 45,5
IlenTan CsHi» 530 -610 1,4 7,8
OtaH C,Hs 510 - 594 3 14
Bonopon H, 530 - 590 4 75
OTUIIEH C,Hy 450 — 550 3 30
3aoanue. OnpenenuTb BEPXHUM W HWKHUM Tpeaesabl  BOCIUIAMEHEHUS

MPUPOAHOTO rasa.

Jlano (Bapuant 1). CocrtaB raza (%) meran CH; — 51; stunen C,Hy — 23;

npornan C;Hg — 7; 6yran C4Hjy — 4;

cepoBogopon H,S — 1,5; Bogopon H, — 3,5.

nentan CsH;, —8; amermnen C,H,—2;

Pewenue.
1. PaCC‘{I/ITBIBaeM BerHI/Iﬁ Hpez[en BOCIINIAMCHCHUA
2.
7o 100 B
B CH, C,H; C:He CyuH C<H c,H, H-S H,
B4+ 2B4+ 3B8+ 4B10+ 5B12+ 2B2+§+B2
11 2 13 14 15 16 I 1§
100 100 _1537%

TS50 23 7 4 8 2 15 35 65036
e o T o e S e S
15 30 95 85 78 8 455 75

3. PaccumThIBacM HMKHUI npeacia BOCINIaMCHCHU A
4.



100

I, = _
CH C,H C:H C,H C:H H H H
4+24+38+410+512+C22+2S+2
I 5 13 Iy I5 lg 17 Ig'
100 100
= = =3274 %.
il é l i+£+i+l’75+3’75 30’5345
53 3 21 19 14 23 43 4
Omeem. 11, =3274 %, I, =15,37 %.
Tabnunoa 2.2

I/ICXOIIHBIC HAaHHBIC JIA pacducTa BECPXHCTO U HUKHCTO ITPCACIIOB BOCIINIAMCHCHU S
IIPUPOIHOTO Irada oe3 MMPUMCCH MHCPTHOTO Ira3a

Bapuan | Cocras rasa, % no oobemy

T CH,4 CoHy CsHg C4Hio CsHiz CHy H,S H,

1 51 23 7 4 8 2 1,5 3,5
2 64 6 6 10 5,5 1,2 4,5 2,8
3 67,7 10,33 5,12 3,0 2,01 6,1 3,04 2,7
4 78,5 2 3.4 4,34 2,35 6.5 0,91 2

5 65 17,5 5 4 3 2,5 1,2 1,8
6 85 4,9 1,6 0,75 0,55 0,6 1,3 5

7 72,8 7,8 39 1,8 6.4 2,0 1,0 4,3
8 76 5.45 2,25 1,3 3,0 2,1 8,3 1,6
9 70 8,5 3,6 2.4 1,3 2,1 10,8 1,3
10 45 21 7,0 6.0 4,0 11 4,0 2

11 60 13 11 1 1,2 6 1,8 6

12 90 3,6 0,95 0,25 0,31 0.4 3,19 1,3
13 79.4 6 2 1,7 1.4 1 5 3,5
14 89,59 2,42 0,70 0,27 1,16 1,68 0,25 3,93
15 80,23 2,64 1,15 0,74 0,71 0,73 3,0 10,8
16 83,1 2 2.4 32 0,3 1 3,0 4

17 85,2 5 3,6 1 0,1 0,3 0,3 4,5
18 85 3,98 1,34 1,75 0,23 1,73 1,2 4,77
19 78,97 4,53 2,34 1,02 0,27 1,02 2,01 9,84
20 94,5 0,2 0,15 0,812 1 0,5 2,138 0,7
21 87,5 3,1 0,91 2,3 32 0,3 0,74 1,95
22 81,6 6.5 3 1.9 1.4 4 0,1 1,5
23 40 15,5 18 7,5 4,9 0,1 4,0 10
24 39,5 10 18,5 7,7 4,2 0,1 10 10
25 37,5 16,2 16,8 6.8 3.8 0,1 2,0 16,8
26 75,5 6 6.5 4,8 3,6 0,2 3,0 0.4
27 69,2 5.9 10 5 5 0,7 4,1 0,1
28 83 3 5.3 2,3 1,8 2,5 2,0 0,1
29 80 6 3 1 0,2 0,1 2,7 7

30 65 10 2 3 10 5 4 1




3. IPAKTUYECKAS PABOTA «<HAJBEMHBIE I'A30ITPOBO/IbI»

He.]'lb paﬁoTbI: IMOJTYYCHHUC YMCHI/Iﬁ N HABBIKOB pacdcTa IapaMcTpOB
O6CCHC"II/IBaIOH_II/IX 0e30IMacHOCTh OKCILTyaTallu HAZA3CMHBIX Ta30IIPOBOAOB.

Tpacca Hag3eMHBIX ra30MpOBOJOB HA TEPPUTOPUM NPEANPUATUN NPOKIIAIbIBACTCS
10 ONopaMm, KOJIOHHAM U 3CTaKaJaM U3 HECTOPAEMbIX MaTEpUAJIOB, a TAKKE MO KPbILIaM U
Hapy>KHbIM (3KeNaTesibHO TIIyxuM) crteHam 3aanuil | m Il cremenu oruecroikocTu
npon3BoAcTB Kareropuid I' u | cornacHo “lIpoTHBONOMXKapHBIM HOPMaMm CTPOUTEIBLHOIO
IIPOEKTUPOBAHUS TMPOMBIIIIEHHBIX NPEANPUATHI U HACENEHHBIX MECT , B TOM YHUCIIE
3[IaHUH, B KOTOPBIX I'a3 HE UCIIOJIb3YETCH.

KosnoHHBI, 3cTakansl U OMOPHI MOJ Ta30MpPOBOAbLI BBIIOIHSAIOTCS U3 MPOYHBIX
HECropaeMbIX MaTepUaoOB, 00ECIeUNBAIONIUX HAJIEKHOE KPETJIEHUE U YCTOMYHUBOCTD
ra3oIlpoBOJIOB IIPH SKCILTyaTallUH.

HanzemHbple Ta30mpoBOABI BJIAKHOIO Ta3a IMOKPBIBAIOTCSA TEIUIOM3OJSLMEN U
yKIanapiBaloTca ¢ ykiIoHoM He MeHee 0,003; B HWKHHMX TOYKax TIa3olpoBOAa
YCTaHABIIMBAIOTCS IITyLlEpa C KPaHOM [JIsl BbIIYCKa KOHAEHcaTa. B palioHax c
CYpOBBIMH  KJIMMAaTHYECKUMH YCIOBHSIMH 3TH Ta300pOBOJBI PEKOMEHIYETCS
YKJIAJbIBaTh C MAPOBBIM CIIyTHUKOM M COBMECTHO IOKPBIBAThH TEMIOBOM U30ISLUECH.

[IpoayBouHblE TPYOONPOBOABI OT OTBETBICHUNA MEKIEXOBBIX TI'a30MpPOBOOB
BEJIYTCS M0 HAPYKHBIM CTEHAM 3/1aHUM U BBIBOJASTCS HA 1 M BbIIIE KAPHU3a KPBHILIU B
MecTa, o0ecreunBarone 0e30MacHbIe YCIOBUS pacCeMBaHUs ra3a.

HanzemHas  ykiagka  ra3onmpoBOJOB — NIPEAYCMATPUBAET  CIEHHMAJIbHBIC
KOMIICHCHUPYIOIIME YyCTPOMCTBA WM TaKyld HUX KOH(Urypauuio, KoTopas
oOecreynBaeT KOMIICHCALMIO JIMHEHHBIX YAJIMHEHUN Ta30IpOBOJOB IPU U3MEHEHUU
UX TEMIIEPATYypPHI.

[Ipy HeoOXOIMMOCTM Ha Ta30MpPOBOJAX YCTAaHABIMBAIOTCS CIIELUAJIbHBIC
JUH30Bble KommeHcaTopbl Jmbo II- wnu Z-o0pa3Hble KOMIIEHCATOPBI U3 TPYO
OJIMHAKOBOTI'O C ra30MpOBOJIOM JUAMETPA.

Bo wu30exaHue HapylleHHs] TE€pPMETUYHOCTH COEJAMHEHHM apMmarypel H
(dacoHHBIX YacTell Tra30NpOBOJOB, TMOSBICHUS B HUX OINACHBIX HANPSKEHUN
ra3onpoBOJbl YKJIAAbIBAIOTCS HA HEMOABUKHBIE OINOPBI, KOTOPBIE OTPAaHUYMBAIOT
HalpaBJICHWE W BEJIUMYMHY NepeMelieHus. Mexay HEeNoABKHbIMU OIOpPaMHU
ra3oIpoBO/I YKJIa/IbIBAE€TCS HA MOABUKHBIE CKOJIB3SIIUE ONOPHI.

[To coBpeMeHHON METOAMKE JOMYCTUMOE PACCTOSIHUE (TPOJIET) MEXKIY OMOPaAMHU
II0J] HaJI3EMHBIE Ta30MPOBOABL, YKIAJAbIBAEMBIE HA OJMHOYHBIE OIMOPBI, ONPEAEIACTCA
U3 YCJIOBUS TMPOYHOCTH M JOMYCTUMOTO NpoBUcaHMs (mporuba) rasornpoBoja B
IIPOJIETE.

CornacHo “Yka3zaHuIO 1O OINPEIEIICHUI0 HAarpy3oK, ACHCTBYIOIIMX, HA OIOPBI
TpyOONPOBOAOB, U JOIMYCKAEMBIX MPOJIETOB MEXIY MX Omopamu’’, pa3paboTaHHOMY
BHUUCT TInapraza npu Cosere MunuctpoB CCCP, pomyckaemslil MpoOJIET
ra3onpoBo/ia OINpeAesaeTcs Mo cieayouuM Gopmysam.

L N3 ycnosus npo4yHOCTH

1) IIPY THEBMATUYECKOM MCIBITAHUU Ta30IIPOBOIA
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)
43

[= ; 3.1
11,45¢g G-1)

2) IIpu TUAPABIINYCCKOM HCIIBITAHUU I'a30IIpOBOAA

(R D jW
43

[ = , 3.2
7,58¢q (3:2)

rjae [ — JommycKaeMblid MposeT, M; R — pacyeTHOE CONPOTUBJICHUE CTalH, PaBHOE
2000 kr/cm’; W — MOMEHT CONMPOTHBICHHS CCUCHHS TPYOBI, CM’; ¢ — BEC OJHOIO
MIOTOHHOTO MeTpa TPYObI C y4ETOM BObI MPU TUAPABIUYECKOM MCIIBITAHUU U 0€3 ydeTa
BOJIbI NIPY ITHEBMATUYECKOM HCIIBITAaHUM, KI/M; p — paboyee JaBI€HUE U Ta30IpPOBOJE,
kr/em” (MIIa); p, — WCIBITATENBHOE IaBicHHE B rasompopoxe, kr/em” (MIla); D —
CpeIHUM THUaMEeTp ra30npoBoja, CM; O — TOJIHUHA CTEHKU TPYObI, CM.

II. Y3 ycioBus gomyckaeMoro nporuoa

24EID 24Elix 4
+ +x

50¢g 2q

x3

[=2x+ [x?- 24EID - o)
50x2q

rae EI — 5)KecTKOCTh TpyOOIpoBoja, Kr/M; g — BEC OJHOTO MOTOHHOTO METpa
TpyOBI O€3 ydeTa BOJIbI IIPH TUAPABINYESCKOM UCIIBITAHUH; [ — YKJIOH Ta30MPOBOJIA; X
— PacCTOSIHUE OT OTIOPHI JI0 CEUCHHUS TPYOBI, HMEIOIIEr0 MAaKCUMAITLHBIHN TIPOTHO, M.

CucreMy ypaBHCHHUH CJIEIYyET PeIIaTh MOJ00pOM X JI0 T€X IMOp, MMOKa 3HAYCHUS [
0 KaX101 U3 GopMyJT1 HE COBIAAYT.

3aoanue. OnpenenuTh TOMYCTHMOE PACCTOSTHUE MEXKIY OMOPaMH HaJI3eMHOTO
ra3omnpoBo/ia CPEIHETO JaBICHUS.

Jano. p< 3 Kr/cm> (0,3 MIla) nuametp razompoBoga D=100 MM u TOJIIMHA
cTeHKU 0=4 MM. YKIJI0H MecTHOCTH i=0.

l:

Pewenue.
N3 ycnoBus NpoYHOCTH IIPU MTHEBMATHYECKOM MCIIBITAHUM Ta30IPOBOJIA

(R - ijW (2000 - 1’5(')14?}32,7
4 ) -9, =236 wm.

11,45¢q 11,45-10,26
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U3 YCIIOBUA IPOYHOCTH IMPHU THAPABINYCCKOM HCIIBITAHUHW I'a30IIPOBOJA

( ' PHDJW (2000 - ‘ZS ' 10)32,7
4 ) ~216 u.

b

758¢ 7,58-18,11

W3 ycrmoBus pomyckaemMoro mporuba ra3omnpoBoja npyu ykioHe i=0.
IIpu yxnone razompoBonma i=0 mepBas 4acth Qopmyinsl (5) mpuobperaet

CIEIYIOIIMUN BUJI

24EID 24.2-10%-176,55-107*-0,1
= +x= +x

[ = ;7 tX 3
50gx 50-10,26x

| = 162’1 +x;mpui=0 [=2x. Torma 2x = 16271 +x;x'=1651;x=3,58m
X X

[=2x=2-3,58=7,1 m.

Bropas yactb popmyisl (7) B 3TOM ciiydae UMEET BUT

1=2x+\/x2—i2-165,1=2x+ /x2—162’1 =2-358+ 3,582—165’; =71 M,
X X 3,58

YTO YIOBJIETBOPSCT YCIOBHUIM.
Omeem. | =71 m

12



I/ICXOIIHBIC JaHHBIC

Taobmuna 3.1

Pasmephl, My JaBneH Bec TpyOs! kr,
Howmep ’ MowmeHT ue B | MomeHT IIPU UCIIBITAHUU
BapuaH MHEPLMH, | ra3oIpo | COMPOTUBI
a MAMET | TOMIUHA | 4 BOC, erms, opf | THCBMATHIC | THIADABITHY

p CTEHKH MIa CKOM €CKOM
1 50 4 27,75 0.3 9,24 5,52 7,64
2 70 4 61 ’ 15,47 7,1 10,73
3 80 4 96,65 1,2 21,7 8,38 13,53
4 100 4 176,55 32,7 10,26 18,11
5 125 4 338,3 50,8 12,73 25
6 150 4,5 651,9 0.3 82 17,15 34,8
7 200 7 2623 ’ 240 36,6 69,6
8 250 7 5177 379 45,92 98
9 300 8 10010 616 62,5 137,5
10 350 9 17550 930 81,6 182,8
11 400 10 28290 0.6 1328 102,6 232
12 500 7 41550 ’ 1477 90,11 298,5
13 600 8 77500 2398 122,7 418,6
14 700 8 113000 0,3 3189 140,5 529,5
15 800 8 161000 4300 160,2 667,6
16 50 4 27,75 9,24 5,52 7,64
17 70 4 61 0.6 15,47 7,1 10,73
18 80 4 96,65 ’ 21,7 8,38 13,53
19 100 4 176,55 32,7 10,26 18,11
20 125 4 338,3 50,8 12,73 25
21 150 4,5 651,9 82 17,15 34,8
22 200 7 2623 240 36,6 69,6
23 250 7 5177 379 45,92 98
24 300 8 10010 616 62,5 137,5
25 350 9 17550 12 930 81,6 182,8
26 400 10 28290 ’ 1328 102,6 232
27 500 7 41550 1477 90,11 298,5
28 600 8 77500 2398 122,7 418,6
29 700 8 113000 3189 140,5 529,5
30 800 8 161000 4300 160,2 667,6
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4. IPAKTUYECKAS PABOTA «BBIBOP KAHATOB IS
I'PY30IIOABEMHBIX KPAHOB»

Heab padoThbl: monyyeHUe yMEHUN M HABBIKOB pacyeTa MmapaMeTpoB T'MOKUX
IPY30BBIX  DJIEMEHTOB, o0ecreunBaOIUX  OE€30MACHOCTh  AKCIUTyaTaluH
IPY30MOIBEMHBIX COOPYKEHU.

Bce kaHathl mepen MpUMEHEHHUEM WX Ha KpaHE JOJDKHBI ObITh MPOBEPECHBI IO
bopmyie

P
Stax = K> 4.1)
rjae S — HauOoJiblliee HATSKEHNE KaHaTa o ICHCTBUEM TPY3a;
P — neiictBUTENBHOE pa3pbIBHOE YCUJIME KAHATA;
K — xoaddunmeHT 3amnaca npoyHOCTH, 3HAUCHUE KOTOPOTO 3aBUCHUT OT PEKUMa
pabotsl MammHbl (JI - 5; C—5,5; T — 6; BT —6,5).
J171 rpy30110ABEMHBIX KPAHOB

g _Q(l_n6n) 4o
max
al—ng}I o ( * )

rae O — rpy3olnoabeMHOCTh KpaHa;

a — THII TIOJIUCIIACTA;

m — KPaTHOCTh TOJUCIIACTa;

n — KIIJ] moxmunHuka, yCTaHOBJIEHHOTO B OJIOKE MonmcrnacTa (KauyeHUs —
0,97-0,98; ckonbxenus — 0,95-0,96).

3aoanue. llonoOpath KaHAT IJIs TPY30T0IbEMHOTO KpaHa.

Jlano (Bapuant 1). I'pyzonmogbemuocts Q=10 T, paboTaromuii B CpeaHEM
pSKMME Ha KOTOPOM C IIEbI0 OOCCICUCHHMs] BEPTHKAIBHOTO TOIbEMa TIpy3a H
CO37aHUsl PAaBHOMEPHOW HArpy3Kd Ha XOJIOBBIC KoJyieca MPUMEHSETCS CIBOCHHBIN
(a=2) mommcmact ¢ KpaTHOCThIO m=3. B 00Kax moJaucracTa HCHOIB3YIOTCS
MOIIIUAITHAKY KauCHUSI.

Pewenue.

1. OnpenensieM MakCUMaJIbHOE HATSHKEHUE KaHATa CIBOCHHOTO IMOJIMCTIACTA ITPU
oJIbeMe Tpy3a Mo Gopmyre

Ol - ng,) _ 10(1-0,97)

o - —1,74 1=1740 kr_
ez ) 2li-097%)
OTCrOda
P P
S =—=1740=—
max K 5’5 .

2. OHpeI[CJ'ISICM HCO6XOI[I/IMOC Pa3pbIBHOC YCWIJIMEC C YUCTOM 3allaca IIpOYHOCTHU

14



P=S

max

K =1740x5,5=9570 kr

3 ['OCT 3066—80 BbiOMpaeM kaHaT ABoMHON cBuBKM Tumna JIK-O
6x7(1+6)+1x7(1+6) nuamerpom 13 MM, UMEWOIIMUNA MNpPU PACUETHOM IMpejelie
IIPOYHOCTH TpHU pacTskeHun paBHOM 1470 Mlla, paspsiBHOEe ycunue P=96150 H

(9615 kr).
Omeem. Kanat JIK-O 6x7(1+6)+1x7(1+6) nuamerpom 13 Mm.

Tabnuua 4.1
Hcxoanbie JaHHbIE

Ne ,T | m|a|Pexum | Tun Ne O, 1 | m|a|Pexum | Tun
BapHaHTa paboThl | MOJIIMIIHUKA | BApHAHTa paboThl | MOAMIMITHUKA
1 10 |3 ]2]C K 16 35 |3 |1|BT C

2 0,5 12 ]1]C C 17 12 |3 ]|2|T K

3 1 311|C K 18 0,852 | 1]JI C

4 1,252 |21 K 19 35 |3 ]1]C K

5 1,5 |2 2] K 20 22512 |1|C C

6 2 311|C C 21 15513 |1|T K

7 25 |3 11]|C K 22 11 |3 ]2]|T K

8 5 2 1T C 23 13 |3]12|C K

9 10 |3 ]1|T K 24 20 |3 12| T C

10 15 |3 ]|1|T C 25 22 |3 |2 | BT C

11 32 |3 ]|2|BT K 26 25 |2 |2 | BT C

12 16 |3 |2|BT C 27 26 |2 12| T K

13 08 |12 ]1]C K 28 30 |3 12T C

14 3 311|C C 29 29 |3 |1]|BT C

15 4 3(1|T K 30 27 |3 |2|BT K
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5. HPAKTHYECKAS PABOTA «IIOABOP KAHATA JIJIA
N3TI'OTOBJIEHUS CTPOIIA C UYETBIPBMS BETBAMMUM IJISA IIOABEMA
I'PY3A»

eanb padoThi: MOTy4YeHUE YMEHUNM U HaBBIKOB pacueTa MmapaMeTpOB ChEMHBIX
Ipy303aXBaTHBIX MPHUCTIOCOOJICHH, 00eCIeuynBaOIINX 0€30MaCHOCTh 3KCIUTyaTalluu
I'PY30MOIEEMHBIX COOPYKEHUH.

Bce xanHathl nepeca MpuMCHCHUCM HMX Had KPAaHC ITOJIKHBLI OBITH IMPOBCPCHBI 110

bopmyie
P

Smax E

rae S — HauOoJblIee HaTSHKEHUE KaHaTa MoJl IEHCTBUEM IPy3a;

P — nelictBuTENbHOE pa3pbIBHOE YCUIIUE KAHATA;

K — ko3 punuenT 3amnaca npoyHOCTH, 3HAUEHUE KOTOPOTO 3aBUCUT OT PEKUMa
pabotsl MammHbl (JI - 5; C—5,5; T - 6; BT —6,5).

Jlns ctporos

G
Stax = , (5.1
ncosa
Tac G — Macca MOJAHHUMACMOTO I'py34a,
1 — YMCIIO BETBEU CTpoIia,

0
0L — yTOJI HaKJIOHa BeTBU cTpomna (He 6oibiie 45 "C).

3aoanue. TlogoOpath KaHAT N7 U3TOTOBJICHHS CTPOIIA C YETHIPHMS BETBIMHU JJIsI
nojbLeMa rpysa.

Jlano (BapuanT 1). Macca 5 T, yroi HakJIoHa BETBU CTpoTa IPUHSATH 45 oC.

Pewenue.

1. OnpenensgeM MakCUMaJbHOE HATS)KEHUE KaHATa MPU OAbEME Ipy3a

G 5
ncosa.  4cos45

=1,775 T=1775 kr .

Smax =

2. OHpCI[CHSICM HCO6XOI[I/IMOC Pa3pbIBHOC YCWIJIMEC C YUCTOM 3allaca IIpOYHOCTHU

P=S_..K=1775x6=10650 kr .

max
3 T['OCT 3066-80 BweiOupaem kaHaT jaBoiMHOW cBuBkM Tumna JIK-O
6x7(1+6)+1x7(1+6) nuamerpom 14 MM, HMEIOMUA NpPU PACUCTHOM TIpejeIie
IIPOYHOCTH TpU pacTskeHuu paBHoM 1470 Mlla, paspeiBHOE ycuine P=109600 H
(10960 kr).
Omeem. Kanat JIK-O 6x7(1+6)+1x7(1+6) nuamerpom 14 Mm.
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I/ICXOIIHBIC JaHHBIC

Taobmuna 5.1

Ne Macca Yucmo Vron Ne Macca Yucmo Vron

BapUaHTa | MOJHUMAEMOTO | BETBEH HAKIOHA | BapWaHTa | MMOJHUMAEMOTO | BETBEH HAKJIOHA
py3a, T cTpora BETBU py3a, T cTporna BETBU

CTpora, o CTpoIIa, o

1 4 45 16 8,5 4 10

2 1,5 4 35 17 9 4 45

3 2 2 40 18 9,5 2 40

4 2,5 2 45 19 10 4 20

5 3 2 10 20 10,5 4 15

6 3,5 4 35 21 11 4 20

7 4 4 30 22 12 2 45

8 4,5 2 40 23 13 4 40

9 5 1 0 24 14 4 35

10 5,5 4 45 25 15 4 30

11 6 2 45 26 16 2 25

12 6.5 2 30 27 17 4 15

13 7 4 25 28 18 4 30

14 7.5 4 20 29 20 2 45

15 8 4 15 30 30 4 40
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6. IPAKTUYECKASA PABOTA «OIIPEJAEJIEHUE JABJIEHUA U
MOIIHOCTH B3PBIBA BO31YXOCBOPHUKA KOMIIPECCOPA»

He.]'lb paﬁoTbI: IMOJTYUCHHUC YMeHI/Iﬁ N HaBBIKOB OIIPCACIICHHUA BO3MOKHBIX
IIpUYIrH COCYyIa, pa6OTaIOH_ICFO 101, M30BITOYHBIM JaBJICHUCM.

OCHOBHOW OMACHOCTBIO JJII COCYJIOB BO3IYIIHO-KOMIIPECCOPHBIX YCTaHOBOK U
BO3/TyXOIIPOBOJIOB SIBJISIETCS 00Opa3oBaHUE, B3PHIBOONACHBIX CMECEH MapoB Macia U
BO3/lyXa, a Takke 0oOpa3oBaHHE Ha BHYTPEHHEH, MOBEPXHOCTU BO31YXOINPOBOJIOB
OKHUCHOM IUVIEHKU Maca.

Ecnam koHLEHTpaus mapoB mMacia B Cpelie CKaToro Bo3ayxa gocturaet 6—I11
%, 9Ta CMECh MOXET B30pBaThcs Ipu Temieparype okono 200 °C u maxe mnpu Goiee
HU3KOM TemmepaType, KOorja IPUMEHSETCS HHU3KOKAYECTBEHHOE KOMIIPECCOPHOE,
MacJo.

Ecnu B Bo3nyxomnpoBoaaM o0pa3yloTcs NEpPEeKUCHBIE COCIMHEHUS, B3PhIB MOXKET
IPOM30UTH TIPH TeMIiepaType nmpumepHo + 60 °C, a Takke OT yaapa U COTPSCEHUS.

PaccienoBanuss aBapuil ¢ coCylaMHu BO3AYLIHO-KOMIIPECCOPHBIX YCTaHOBOK
MOKa3aJ, YTO MpaBuia O KOMIIPECCOPHBIX YCTAHOBKAX Ha TEX MPENNPUATHUAX, TIE
MIPOUCXONIIN aBAPUH HE BBINOJHSIINCH, @ UMEHHO:

a) CMas3Ka IIWIMHIPOB KOMIIPECCOPOB MPOU3BOAMIACH MACJIOM C HHU3KOU
temrneparypoii Bembiiku (190 °C u Hmke BMecto HOopMmaibHou +240 °C), a B
OTZIEJIBHBIX CIIy4asiX J1aK€ HEMPOBEPEHHBIM MACIIOM, HECMOTPS Ha MPAMOE YKa3aHHE
MpaBuWJI O HEOOXOAMMOCTU TEpe]l MPUMEHEHUEM KOMIIPECCOPHOIO0 MaMa IpPOBEPSTH
€ro B J1ab0OpaToOpuu U NPeOXPaHsATh OT 3arpA3HEHUMN;

0) nmpoayBka OT Macia BO3AYXOCOOPHHMKOB W  MAacCIOOTIEIUTENEH
MPOU3BOJIUIIACH HEPETYJIIPHO, XOTS MpaBUia OO0S3bIBAIU MPOU3BOAUTH MPOIYBKY
BCEX COCYIOB KOMIIPECCOPHBIX YCTAHOBOK KaXKIyIO0 CMEHY;

B) U3-3a OTCYTCTBUS OOBOJHBIX JIMHMM M TIO NPOU3BOJCTBEHHBIM YCIIOBUAM
BO3/IyXOCOOPHUKH HE OCTaHABIMBAJIUCh U HE OUUIIAIUCH MEPUOJUYECKH OT Macia,
YTO JOJDKHO IIPOM3BOJUTBCS HE pEXKE OJHOrO pa3za B IMONT0Aa; TAKKE HE
MPOYUILIAIIUCH OT MACISHBIX HACIOEHUN BO3AYXONPOBOABI M HE MPOU3BOAMIIACH
IIPOMBIBKA  BO3IYXONPOBOJIOB, PACHOJIOKEHHBIX MEXIY KOMIIPECCOpAMHU U
pPECUBEPAMH, UTO TAKKE TOJHKHO MPOU3BOAUTHCS HE PEKE OJHOTO pa3a B 6 MECSLEB;

) B HEKOTOPBIX Clly4asX TeMIepaTypa CKaToro BO3JyXa BCIEICTBHE
HEJIOCTaTOYHOTO OXJIAXKJIEHHUS B OJHOCTYIIEHUYAThIX KOMIpeccopax mpebimana 160
°C u B mHOroctynenuaTeix +140 °C. Takum 06pa3oM, TEMIIEPATYPa CKATOIO BO3IyXa
B BO3IYXONPOBOJE Maj0 OTIMYAIACH OT TEMIEpaTypbl BCIBIIIKH Maclia, XOTd
COrJacHO MpaBujlaM 3Ta pa3HHIlA T0JKHA ObITh HEe MeHblie 75°C;

1) BOCIUIAMEHEHHMIO CMECH TMapoB Macja C BO3AYXOM B KOMIIPECCOPHBIX
YCTAaHOBKaxX MHOTJA CIOCOOCTBOBAaJa HEUCHPABHOCTH (DUIBTPOB, MPOIYCKABIIUX C
BO3/IyXOM TbLIb U P3KaBUUHY U3 TPYO MOJCOCA BO3/IyXa B KOMIIPECCOP.

3aoanue.  OmpenenuTh  OMNAacHOE  JaBJIEHHWE W MOIIHOCTh  B3pbIBa
BO31yXocOopHUKa KomIpeccopa. CrenaTh 3aKJIIOYEHHE O BO3MOXKHBIX MPUUYHUHAX
B3pbIBA.
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Jlano (Bapuant 1). o6beMoM Bo3myxocGopHHKAa 0,9 M°, H3TOTOBJICHHOTO U3
OeclI0BHOM TpyObl ¢ BHYTpeHHUM auaMeTrpoM Dg = 0,3 M U TOJIIEHHOW CTEHKU O, =
3 Mm. M3BecTHO, 4TO KOMIpeccoM co3naeT nasineHue Px = 0,8 Mlla, cma3biBaercs
KoMIIpeccOopHbIM MaciioM M12 ¢ temneparypHoir Bcnbliku I = 489 K. Ilpu
OCMOTpE BO3yXOCOOpHHMKA YCTAaHOBJIEHO, YTO B3pbhIB MPOM3OIIET HE H3-32
OCJIa0JIeHHsI JIEMEHTOB KOHCTPYKIIUH.

[Ipu pacuetax [js BCeX BapHaHTOB MPUHATH: BpeMs B3pbiBa f,; = 0,1 c;
Marepuasn BosayxocOopuuka Ct120; G, = 400 Mlla; TemnepaTypa Hapy>KHOTO
Bo3nyxa 293 K.

Pewenue.

1. Onpenensiem npeneabHO TONYyCTUMOE JaBieHue A 6aka BO31yXocOOpHUKa

26,00 ®8 _2-400-10° - 0,003
Dy 0,3
MPUHIB MUHUMAJIBHOE JIaBJI€HUE B3pbIBA Py, = 1,25P,,, nonyuum P.= 8-1,25 =

10 MITa.

2. PaccuuThiBaeM MOIITHOCTH B3pbIBa, MIPHUHSB, YTO BCS DHEPTHUS PAaCXOAyeTcs Ha
paboTy B3pbIBa

6
Pron =8-10"I1a =8,0 MITa, (6.1)

Aps
Ng3 =
B3 ’ ©.2)
rae
m-1
m PO m
Agzs =—Pp3 - V| 1-
> m-1 » (PB3J > (63)
1,41-1
6 ) 1.41
1,41 6 0,1-10 ’ 6
= -10-107 -09|1-| =—— =23133-10 .
B3 > > K. 6.4
1,41-1 10-10° A 6.4)
6
Np3 = As3 = 23133-10 2231,33-106BT=231330KBT,

B3 0,1

rae Ay, — DHEPrust cxxaToro rasa, [[x;

{ — BpeMs B3pbIBA, C;

m — ToKa3aTesib aanabdatsl, 1715 Bo3ayxa m = 1,41;

P,, — naBnenue B3pbiBa, Mlla;

J — 06bem BO31yXocOOpHUKA, M

Py — atmocdepnoe nasnenue, 0,1013 MIla = 0,1 MIla.

Bo3MoXHBIMU TPUYMHAMU B3phIBA MOT'YT OBITh:

— 3aBBILICHUE MPENEIbHO JOMYCTUMOTO JIaBJIEHUS B COCYJ€ OT MCTOYHHKA
MTHTaHMS.

B namem ciydae maHHOE MPEINONOKEHHE HE MOXKET CIYXUTh MPUUYUHOU
aBapuHy, TaK KaK paccyuTaHo, 4to P, = 8,0 Mlla, a UCTOYHMK NMHUTAHUS CO3/IaET
nasiieHue Bcero 0,8 Mlla, T.e. B 10 pa3 MeHbllI€ 10MMYyCTUMOTO;
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— TIOBBIIICHUE JIaBJICHUS 32 CUET BOCIUIAMEHEHHS MaCIOBO3YIIHOW CMECH,
BBI3BAHHOT'O TIOBBIIIIEHUEM TEMIEpaTypbl CpeAbl, B CBSI3M C HEUCIPABHOCTHIO
CHUCTEMBI OXJIAKJICHHS KoMmIpeccopa. i mpoBepKH JaHHOTO MPEJIOKEHUS HYXHO
OTIPEJICNIUTh TEMIIEPATYPyY BO3yXa MOCIIE CKATUSL B KOMIIPECCOPE

m-1 1,41-1
m 6 | 1,41

P 0,8-10

T=Ty — =293 — = 535K

P 0.1-10°

T'= 535 K, uro 60mb111e TEMIepaTypbl Benblky Macia T, = 489 K.

Omeem. JlaBnenue B3pbiBa 10 MIla, momocts — 231330 xBt. HaubGonee
BEPOSITHOM TPUYMHON B3pbIBA BO3AYXOCOOpHUKA SIBISETCS OTKAa3 CHCTEMBbI
OXJIAXKJICHHUS KOMIIPECCOpa M TOBBILIEHUE TEMIEPATyphbl CPElbl BO3AYXOCOOPHHKA
CBbIIIE T}, MAacJIOBO3AYIIHONW CMECH.

Tabnuua 6.1
Hcxomuble TaHHBIE

BapuanTbl
1 12 (3 14 |5 |6 |7 |8 |9 (10 |11 (12 |13 |14 |15

Ucxonupie maHabIE

Paboree JABJICHAC | ¢ 105 10.60,7 (0,9 |1 [1,1 [1,2 1.3 (1,4 (1,5 1,6 [1,7[1,8 1.9
BO3yX0cOopHuKa, MIla
Oo0beM

0,9 14,5 (3,9(3,8 13,5(3,2 3,1 12,9 (2,8 {2,5 (2,6 |2,1 |1,9 |1,2 |1,2

BO3IYXOCOOPHHUKA, M’

BapuanTbl
16 |17 |18 |19 |20 |21 |22 |23 |24 |25 |26 |27 |28 |29 |30

PaGouee JABJICHHC | 515 109 (0,5 (1 |1,208]2 |1 ]0,6]05(0,7(0,8 |2 |1
Bo3IyXxocOopHuka, Mlla
O0BeM

BO3IYXOCOOPHHUKA, M

WUcxonupie naHabIe

0,6 10,509 (0,8 [1,3 1,4 |1,5]4,1 |3,5(3 |2 |2,6(2,7|2,2|33
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7. MIPAKTUYECKAS PABOTA «OIPEJIEJEHUE OXJIAKIAIOIIEN
MOBEPXHOCTHU TPYBUYATOI'O TEILIOOBMEHHUKA
KOMIIPECCOPHOM YCTAHOBKHN»

Iear pabdoTbl: TONyYyeHHWE YMEHUM M HaBBIKOB pacyeTa IapaMeTpoB
000OpyAOBaHUSI KOMIIPECCOPHOM YCTaHOBKHM, OO€CIEeUMBaIOMIMX €€ Oe30MacHyIo
AKCILTyaTalHIo.

3aoanue. Omnpenenutb  Oe3omacHyr0  JJIMHY  TpyO  TemIooOMEHHUKa
KOMIIPECCOPHOU YCTaHOBKH.

Jlano (Bapuant 1). [IpousBogurenbHocth Ny = 10 M3/MI/IH, nasnenue P, = 0,5
Mlla, oxnaxnaromuid termonocutens — Boja (7, = 283 K, T, = 298 K); HapyxHbIi
auametp TpyO TemooOMeHHuka Dy = 18 MM, TommuHa ctreHku O = 0,5 Mw,
TeMmneparypa Bo3ayxa mocie cxkatus 17 = 493 K, temneparypa Bo3myxa Mocie
oxnaxaenus 1, = 303 K, remnoemkocts Boabl Cy = 4,2 xJx/(kr-K), TerminoemMkocTh
Bo3ayxa C,z =1,01 xJx/(xr-K), koaddumuent remnonpoBogHoctu cramu A = 50,1
Bt/(M'K), xoapduumentsr Temmonepenadyd Ha BHYTPEHHEM U HapyKHOU
MOBEPXHOCTH O = 740 Br/(M>K), a; = 1160 Br/(M*K); mioTHOCTs BO3AyXa p =
1,293 kr/ m’.

Pewenue.

1. Onpenenum maccy oxia)xaaeMoro Bo3ayxaisa l ¢

NP, 10-0,5-10°
Gy, =p—==1,293——"—=1,08 gr. 7.1
TR 0,1-10° - 60 7.1

2. PaccunTeiBaeM KOJUYECTBO H36I:>ITO‘IHOI>1 TCIIJIOTHI
0 =Gy, Cop (T} — T )=1,08-1,01(493-303)=207,25 ®JTx.(7.2)

3. HaxoauMm oxJaxkaemMyro JJIMHY TpyO TeTI00OMEHHHKA

l=,L. (7.3)
K -Atg,
3.1. OnpenensieM cpeTHUM TETJIOBOM HAIMOP TEMJI000OMEHHUKA

Atg — Aty

Algp ==~ (7.4

2,3 1g% ’ :
At,,

Atg =T{—-T, =493-283=210K, (7.5)

At, =T,-T,=303-298=5K, (7.6)
210-5

Atep = 210 5491 (7.7)
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3.2. BeluucnsieM BHYTpeHHUI AUaMeTp TpyObl TEII000MEHHUKA

D =Du—20=18-2-0,5=17 mm. (7.8)

3.3. PaccuutsiBaeM k03(ppuiimeHT Terionepeaaun Tpyos! (JauHoM 1 m)

/ 1 1
K = - =29098 B1/(Mm-K).
1 1 ’
1D, Dy By 1 L 0018, 0018 0018 13511074
uDs 2. Dy 02 11600017 2:501 0,017
(7.9)

4. HaxoauMm oxJIakJ1aeMyto JUTMHY TPYyO TeII000MEeHHHUKA

0 207,25-10°
K-Aty, 290985491

12,94, (7.10)

Omeem. Jlns Ge3omacHOM pabOTHI KOMIIpeccopa HEOOXOAMM TEIIO0OMEHHUK
JUTUHHOU 25 M.

I/ICXOIIHBIC JaHHBIC

BapuanTbl

Vicxomubie JauHEIe 1 2 3 14 [5 16 |7 [8 9 J[10 11 [12 113 |14 [15

[IponsBoauTENBEHOCTD

3 10 |3 4 5 6 7 8 19 10 (12 |13 15 (19 |20 |25
KoMIIpeccopa, M /MHH

JaBnenue

0,5 (1,5 (1,6 (1,6 |1,1 1,1 (0,5 (0,5 [0,6 |1 1 1 0,6 10,7 |1,3
kommpeccopa, Mlla

Temmneparypa BoO3ayXa

493 1620 621 |650 (580 |573 |493 (493 |623 (573 |570 |580 |600 [600 |588
rocie cxatus, K

HapyxHnbiii  nuamerp
Tpy® Temnoobmennuka, |18 (15 |15 |16 |18 (18 |20 |20 |20 |25 |25 30 |30 |16 |16

MM

Tonmuua CTEHKH
TpyObL, MM

0,5 10,5 (0,5 (0,6 |0,65 |0,65 (0,8 |1 1 1,3 (1,3 |2 1,6 10,9 |1

BapuanTbl

HcxonHble TaHHBIE 16 (17 (18 |19 |20 |21 |22 |23 |24 |25 |26 |27 |28 (29 |30

[IponsBoauTENBEHOCTD

3 30 |22 (11 |14 |16 |28 (29 |21 (17 |18 |23 |24 (26 |27 |31
KOMIIpeccopa, M /MHH

JaBnenue

1,3 {1,5 |1 L2 (1,2 |0,6 |04 (0,8 |0,8 [0,7 |1 L6 |1,3 |1,3 |1,2
kommpeccopa, Mlla

Temnepatypa - BOsAyXa | ¢\ 1595 490 480 |480 |615 |605 |605 |621 630 |625 |630 628 |565 |595
rocie cxatus, K

HapyxHnbiii  nuamerp
TpyO TemiooOMeHHuka, |18 |18 |20 |20 |25 |25 |30 |30 |32 |32 |22 |24 |22 |14 |12

MM

Tonmuua CTEHKH
TpyObI, MM

0,710,7 109 |1 L,r)1,116|1,61,8|1,8 0,95 10,85 (1,2510,55 (0,45

Ilpumeuanue. Ilpu pemeHun 3aaHus TPUHATHL OJWHAKOBBIMU [IJI1 BCEX
BAPMAHTOB CJICAYIONIME 3HAYEHHMS TApaMEeTPOB: B KAyECTBE OXJIAXKIAIOIIETO
TEIJIOHOCUTENS HCIIOJB3yeTCsl BOJAA € HadalnbHOW Ttemneparypoud 1,=283 K u
xoHeyHo 7,=298 K; cpennas ynenpHas TemnoeMKocTh Boabl Cop=4,2 kJIK/KTK;
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teroeMkocTh  Bo3ayxa Cy=1,01  x/Dx/krK; Ttemmepatypa Bo3ayxa mocie
oxnaxnaenus 71,=303 K; Ttemmeparypa BcacbiBaeMoro Bo3ayxa 1¢=293K;
kod(ppuLMEeHT Teruionepenayd BHYTPEHHEH M HapyKHOM MmoBepxHOcTH o=1160
Bt/M’K; 0,=440 Br/M’K; xoodoumment temmonepenaun cramun A=50,1 Br/MK;

TEPMHYECKOE CONPOTUBICHHE OT 3arpsA3HEHUs Ui HOBBIX Tpy6 R,=0, P;=0,1-10°-60
I1a.
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