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Jlekuusil. OCHOBBI TEXHUYECKOM TEPMOJIMHAMUKH.

1.1. OcHoBHbBIE OHATHUS U 3aKOHBI TEXHUYECKON TEPMOAUHAMUKH.
1.2. Tepmoaunamuueckue napamerpsol. Temi0eMKoCTb.
1.3. Boasinoii nap. BaaxHbiii BO31yX.

1.1. OcHOBHBbIE MOHATHS ¥ 3aKOHBI TEXHUYECKOI TEPMOAMHAMHUKH.

TexHunyeckass TepMmMoauHamuKa (T/A) paccMaTpuBaeT 3aKOHOMEPHOCTH
B3aMMHOI'O IPEBPALLEHUS TEIUIOTHl B padoTy. OHa ycTaHaBIMBAET B3aUMOCBS3b
MEXAY TEIUIOBBIMM, MEXAaHWYECKHMMH M XUMHUYECKMMH MPOLECCAMHU, KOTOpPBIE
COBEPILAIOTCS B TEIUIOBBIX M XOJOJMJBHBIX MAalIMHAX, HW3y4aeT IPOLECCHI,
IPOUCXOAIIME B ra3ax M Mapax, a TaKKe CBOMCTBAa 3THX Te€J IPU Pa3IMYHBIX
(U3NYECKUX YCIOBUSX.

TepmoauHaMuka Oa3upyeTrcsi Ha [JBYX OCHOBHBIX 3aKOHaxX (Hayasax)

TEPMOJNHAMUKH:
I 3aKOH TEPMOIMHAMUKM - 3aKOH IPEBPALLIECHNUS U COXPAHEHUS DHEPTHH;
II 3akOH TEpPMOAMHAMHMKMA — YCTAHABIMBAECT YCIOBUS MPOTEKaHUS U

HaIIPaBJICHHOCTh MAaKpPOCKOIMYECKUX IPOLECCOB B CHUCTEMAX, COCTOSIIIUX W3
0O0JILIIIOrO KOJIUYECTBA YACTHUII.

TexHuueckas T/1, IPUMEHSA OCHOBHBIE 3aKOHBI K IIpOLIECCaM IPEBPALCHMUS
TEIUIOThl B MEXAHUYECKYIO paboTy U 00paTHO, 1ae€T BO3MOXHOCTh pa3padaThiBaTh
TEOPHUH TEILIOBBIX JBUTATENIEH, MCCIEAOBATh IPOLECCHI, MPOTEKAOIINE B HUX U
T.IL.

Tepmoounamuueckas cucmema.

Tepmoaunamuueckass (T/1) cucteMa SBISETCS OOBEKTOM HCCIIEIOBAHMS
TEPMOJIMHAMHKH, B Kau€CTBE KOTOPOW pacCMaTpPHUBAIOTCS TPYIIA TEJ, TEJIO WA
4acTh Teya. BC€ TO, YTO HAXOAMTCS BHE CHUCTEMBI, HA3bIBAECTCS OKPYKAIOLIEH
cpemoit. T/m cuctema - 3TO COBOKYNHOCTH MAaKpPOCKONHUYECKUX  Tel,
0OMEHMBAIOIMXCS SHEPTUEN APYT ¢ APYroM M OKpykarouieil cpenoil. Hanpumep,
T/I CUCTEMA — ra3, HAXOASIIUNICS B IMJIMHJIPE C TIOPUIHEM, a OKpYXKalollas cpeaa —
UWIMHAP, TOPUIEHB, BO3YX, CTEHBI TIOMEIICHUS.

W3onupoBanHas cucremMa - T/ CUCTEMA, HE B3aUMOJEHCTBYIOLIAs C
OKPYIKaroIIEH CPEOM.

AnmnabatHas (TEMJIOU30JUPOBaHHAs) CUCTEMA — CUCTEMA MMEET aauadaTHYIo
000JI04Ky, KOTOpasi UCKJII04aeT OOMEH TEIUIOTOH (TEeII000MEH) ¢ OKpy Karollen
Cpelou.

OpHoponHass cucTtemMa — CHCTEMa, HMMEKNas BO BCEX CBOMX YacTAX
OJIMHAKOBBIA cOCTaB M (PM3UICCKHE CBONCTBA.

['oMorenHass cucreMa — OJAHOPOJHAs CHUCTEMA IO COCTaBY M (PU3UUECKOMY
CTPOCHHIO, BHYTPU KOTOpPOW HET MOBEpXHOCTEH (a3zoBoro paszgena (Jea, Boja,
rasbl).



['eTeporennasi cucTeMa — CHCTEMa, COCTOSAIIAS U3 HECKOJBKHUX TOMOTEHHBIX
gactei (pa3) ¢ pasnuUHbBIMH (PU3MUECKHMMH CBOMCTBAMHM, OTICIIEHHBIX OJHA OT
JIpyroil BUIMMBIMU MOBEPXHOCTAMHU pazjiena ¢a3 (Jien u Boga, BoJa U map).

B TemyioBbIx MalmHax (ABUTATENSAX) MEXaHMYECKas paboTa COBEpIIAETCS C
MOMOILBIO padoyuX Tell — ras, mnap.

1.2. TepmoaumHamu4yeckue napamerpsl. Temi0eMKoCTb.

Tepmoounamuueckue napamempul (napamempsvt COCMOAHUSA).

BenuuuHbl, KOTOpble XapakTepus3yloT (HU3MUECKOE COCTOSIHHE —Teja
HA3bIBAIOTCS  TEPMOAMHAMHUYECKMMH  MapaMeTpamMH  COCTOSIHHMS.  |aKuMu
napamMeTpaMH SIBJISIOTCS YIEIbHBIM 00BbeM, aOCOMIOTHOE AaBieHHE, aOCONOTHAs
TEMIEepaTypa, BHYTPEHHSS OJHEPrHs, OSHTAIBIHS, SHTPONUS, KOHIICHTPAIHS,
TEIUIOEMKOCTh M T.J. Ilpy  OTCYTCTBUM  BHEHIHMX  CHJIOBBIX  IOJIEH
(TpaBUTALIMOHHOTO, 3JEKTPOMArHUTHOTO U Jp.) TEPMOJMHAMHUYECKOE COCTOSHHUE
0JIHO(A3HOTO Tejla MOYKHO OJHO3HAYHO ONPENEeNUTh 3-Ms MapameTpaMu — Y.
o0bemoM (v), Temmiepatypoii (T), naBiaenuem (P).

Yoenvuwiii 0bvem — BenWYWHA, ONpeaeisieMas OTHOIIEHHEeM oObeMa

BCHICCTBA K €I'0 MacCcCeE.
v=V/m, [M/kr], (1.1)

IInomnocmos eewecmea — BCIIMYMWHA, ollpcacsiCMas OTHOIMCHHUCM MACCHI K

00bEeMy BEIIICCTBA.
p=m/V,[xr/v’], (1.2)

v=1/p;p=1/v;vep=1. (1.3)
/lagnenue — C TOYKH 3PCHHS] MOJICKYJISIPHO-KHHETHYECKOW TEOPHH €CTh

CpeIHMI pe3yibTaT YJIAapoB MOJEKYJ] Tra3a, HaxOHAIIUXCS B HEMPEPHIBHOM
Xa0TUYECKOM JIBHXKEHUH, O CTEHKY COCY/1a, B KOTOPOM 3aKJIFOUEH ra3.

P=F/S, [[Ia] = [H/™]. (1.4)

BHecucTeMHBIC €AUMHMIIBI IABJICHUS

1 kre/m® = 9,81 ITa = 1 MM.BOJIH.CT.

1 ar. (texa.armocdepa) = 1 kre/em” = 98,1 kIla.

1 at™. (busudaeckas atmocdepa) = 101,325 xlla = 760 Mm.pT.CT.
I at. = 0,968 aT™m.

1 mm.pr.cT. = 133,32 I]a.

1 6ap = 0,1 MITa = 100 ITa = 10’ ITa.



Paznmuuarot uzbowimournoe u abconomuoe naBjieHUE.

H36e1mounoe nasnenue (P,) — pa3HOCTh MEXIy AaBICHUEM >XKUJIKOCTH WM
rasa v JaBJICHUEM OKPYKaIOIel CPe/Ibl.

Abcontomnoe nasnenue (P) — maBieHue, OTCUYMTHIBAEMOE OT aOCOJIOTHOTO
HYJIS JaBJCHUS WIM OT aOCOJIOTHOTO BaKyyMa. JTO JaBJICHHUE SIBJIICTCS T/JT
napaMeTpoOM COCTOSTHUS.

AOCOIIOTHOE JIaBJICHHUE ONPEICIISCTCS:

1). IIpu naBennu B cocyae 0oibie aTMOCHEpHOTO:

P=P,+tP,; (1.5)
2). Ilpu naByieHUU B COCYy€ MEHbIIIE aTMOC(EPHOTO:
P=P,+P,; (1.6)

rae P, — armocdepnoe nasienue; P, — naBnenue Bakyyma.

Temnepamypa — XapakTE€pU3yeT CTENEHb HATPETOCTH TEI WU IPEACTABIISIET
co0oil Mepy H3MepeHHus: U3MEHEHUs BHYTpEHHeHl sHepruum pabouero tena (T.e.
CpeHEe KMHETHYECKOW YHEPruu MOCTYyNaTEIbHOTO JBUKEHUS €ro MoJeKyn). Yem
OOJIbIIE CPENHSISl CKOPOCTh JBMXKEHHUS MOJIEKYJ paboyero Teja, TEM BBIIIE €ro
TeMIeparypa.

3a T/ mapaMmeTrp COCTOSIHUS CUCTEMbl NPUHUMAIOT MEPMOOUHAMUYECKYVIO
memnepamypy (T), T.e. abcomomnyro tTemnepatypy. OHa Bcerja moJioKUTEIbHA.
[Tpu Temmniepatype abcomtotHoro Hyns (T=0) TernoBble NBMKEHHS MTPEKPAIIAIOTCS
U 3Ta TeMIlepaTypa sBJISETCS Ha4yaJloM OTCYeTa a0COIIOTHON TEMIIEpaTyphl.

Ypasuenue cocmoanusn u mepmoounamuueckuii npovecc.

OcHoBHbBIC T/1 mapaMmeTpbl coctosiHUs P, v, T OIHOpPOAHOrO Teja 3aBHUCST
Ipyr OT Jpyra MW B3aUMHO CBSI3aHBl MEXIY CO0OM  OmpeaesIeHHBIM
MaTeMaTU4YECKUM YPaBHEHUEM, KOTOPOE HA3bIBACTCS YPABHEHUEM COCMOAHUA:

f(P,v, T)=0. (1.7)

Pasnosecuvim _cocmosinuem Ha3bIBACTCSA TAaKOE COCTOSHHE pa6oqero TCIa,

py KOTOPOM BO Bcex Touykax ero oobema P, v, T m Bce apyrue dusmdeckue
CBOMCTBA OJIMHAKOBBI.

CoOBOKYITHOCTh U3MEHEHHI COCTOSHUS T/J] CUCTEMBI TIPH MEPEeX0/ie U3 OJHOTO
COCTOSIHUS B Jpyroe HasbIBaeTcsi m/0 npoyeccom. T/a mporecchl ObIBAIOT

PaBHOBCCHBIC W HCPABHOBCCHLIC. Ecan IIpoLcc IPOXOoAUT 4YCPC3 PABHOBCCHBLIC
COCTOAHHA, TO OH HA3bIBACTCA pad6HOBECHLIM. B PCAJIBHBIX ClIy4dasaX BCC IIPOLCCChI

SABIAIOTCA HEPABHOBECHbLIMU.

Ecnn npu m060M T/ iporiecce U3MEHEHHE NTapaMeTpa COCTOSIHUS HE 3aBUCUT
OT BHJA Mpoliecca, a OMNpPeNeseTcss HaYaJbHbIM M KOHEYHBIM COCTOSIHUEM, TO



napaMeTpbl COCTOSHUA HA3BIBAIOTCS d)VHKuued cocmosnus. Takumu napamMeTpamMmun

ABJIAIOTCA BHYTPCHHAA DOHCPIUA, OHTAJIBIINA, SOHTPOIIUA U T.A.
Hnmencusnvie napamempsl — 3TO napamMeTpbl HC 3aBUCAIIHUC OT MACCBI

CUCTEMBI (JIaBJICHHE, TEMIIEPATypa).
Addumushbie (3xcmencusHble) napamempsvl — NapaMeTpbl, 3HAUYSHUSI KOTOPHIX

POIOPIIMOHATIEHEI Macce cucTeMbl (OO0beM, SHEPTHs, SHTPOMHS H T.1T.).

Tennoma u paboma.

Tema, ywacTByromwue npu NPOTEKAHWH T/ TMporiecca, OOMEHUBAIOTCS
sHepruent. llepenada >HEpruuM OT OAHOIO TeJA K APYrOMYy HIPOUCXOAUT IABYMs
crocobamu:

1-ii cnoco0® peanu3yeTcsi MPU HENOCPEICTBEHHOM KOHTAaKTE TeJl, UMEIOIIUX
pa3IMyYHyl0 TeMIepaTtypy, HyTeM oOMeHa KHHETUYECKOM DJHEpPrue MexaIy
MOJIEKYJIAaMHU CONPUKACAIOIMIMXCSA Ted JIMOO JIyYHCTHIM IEPEHOCOM BHYTPEHHEU
SHEPTUH M3IIyYaIOIIUX TeNl MmyTeM 3/M BoiH. llpu 3TOM sHeprusi mepemaeTcst OT
Oosee HarpeToro K MeHee Harperomy. KojaumyecTBO 3Hepruu, nepegaHHon 1-m
Croco0OM OT OJIHOTO TeJla K IPYromy, Ha3bIBaeTCsl koiuuecmeom meniomel — Q

[[Ix], a cmoco0 — nepenayda SHEPTUU B popme menionivl.
2-ii coco0 CBs3aH ¢ HAJIMYUEM CHJIOBBIX ITOJICH WM BHEIIHETO JaBIICHUS.

Jlig mepenayu SHEPruu 3TUM CHOCOOOM TeJI0 JIOJDKHO JMOO NepeABUraThCs B
CHJIOBOM I10JI€, TUOO U3MEHATh CBOM 00BEM IO ACHCTBUEM BHEIIHETO JaBJICHUS,
To ecTp, mepenaya >HEPIUM NPOUCXOIUT MPU YCIOBUHU IEPEMEIIECHUS BCETO TEJA
WM €ro 4acTu B IpocTpaHCTBE. [Ipy 3TOM KOIMYECTBO MNEpEeNTaHHOW SHEPTUU

Ha3bIBaeTcs pabomou — L [JIk], a cmoco0 - nepenaya SHEpruu B gpopme pabomui.
KonuuecTBo sHEpruu, noaydeHHoe TesioM B opme paboThl Ha3bIBACTCS pabomoiu
COBEePULeHHOU HA) MeloM, & OTAAHHYIO SHEPTUIO — 3aMPAYeHHOU melomM pabomoi.
KonudecTBo TEmnoThl, MOJIy4eHHOE (OTJAHHOE) TEJIOM M paboTa, COBEplLICHHAs

(3aTpayeHHas) HaJ TEJIOM, 3aBUCSAT OT YCIIOBHI IepexoAa Tela U3 HayalbHOTO
COCTOSTHHUS B KOHEUHOE, T.€. 3aBUCST OT XapakTepa T/J mpoiecca.

Buympennaa snepzus.

B oOuiem ciyuyae BHYTpeHHEH SHEpruei Ha3bIBa€TCs COBOKYIHOCTH BCEX
BUJIOB DHEPIHWi, 3aKIIOYCHHOW B TEJIE€ WM CHUCTEME Tell. DTy DHEPTUI0 MOKHO
IIPEICTaBUTh KaK CyMMY OTJACJBHBIX BHJIOB DHEPIUi: KMHETHYECKOW DHEPruu
MOJIEKYJT ~ (HOCTYIAaTEIbHOTO M BPAIATEIBHOTO  JABWXKEHHUS  MOJIEKYJ);
K0JIEOATEeIbHOTO JBM)KEHHS aTOMOB B CaMOW MOJIEKYJIE; HHEPIHMM 3JIEKTPOHOB;
BHYTPHUSAICPHON DHEPIUM; YHEPTUM B3aMMOJEUCTBUS MEXAY SIPOM MOJIEKYJBI U
3JIEKTPOHAMHM; IOTEHIMAJILHON YHEPTUU MOJIEKYII.



B TexHMuecKoi TEpMOJUHAMUKE PACCMATPUBAIOTCS TOJIBKO TAKUE MPOLECCHI,
B KOTOPBIX HW3MEHSIOTCS KHUHETHYeCKass W MOTEHUHWalbHAas COCTAaBJISIOLINE
BHYTpeHHel sHepruu. IIpu 3TOM 3HaHME aOCONIOTHBIX 3HAYEHUN BHYTpPEHHEU
sHeprun He Tpedyercs. [loaTromy BHyTpeHHEH sHeprueit s UicalbHBIX Ta30B
Ha3bIBAlOT KUHETUYECKYK) DHEPIUI0  JBWKECHHS  MOJIEKYJ] U DHEPIUI0
KOJIeOaTeNIbHBIX JIBIJKEHUH aTOMOB B MOJIEKyJe, a JUId peajbHbIX Ta30B
JOTIOJHUTENIBHO BKJIFOYAKOT NOTEHIMAIIBHYIO SHEPTHIO MOJIEKY.I.

Buytpennsis sueprus (U) aBnsercs QpyHKIHMEH IByX OCHOBHBIX MapaMeTpOB
coctosiHus raza, t.e. U = f (P,T), U =f (v ,T) U= f (P,v). Kaxxnomy coctosHuto
pabouero Tena (CHUCTEMBbI) COOTBETCTBYET BIIOJIHE OMNPEICICHHOE 3HAYCHUE
apamMeTpoOB COCTOSIHMS, TO JJIsi KaKJOTO COCTOSIHUA ra3a OyJleT XapaKTepHa CBOS
OJIHO3HAYHas, BIIOJIHE ONpE/IeJICHHAas BeanunHa BHyTpeHHel sHeprun U. To ects,
U sBasiercss QyHKIuenH cocTosiHusl raza. M pa3HOCTh BHYTPEHHUX DHEPTUid s
JIBYX KaKUX-THOO COCTOSIHUN pabodvero Teja Wiu CUCTEMbI Tell He OyJeT 3aBUCETh
OT IIyTH NIEPEXO0/A OT IEPBOTO COCTOSIHUS BO BTOPOE.

Ilepeoiit 3aK0n mepmoouHamuxu.

IlepBBIil 3aKOH TEPMOAMHAMHUKHU SBJISAECTCA OCHOBOM TEPMOAMHAMUYECKOU
TEOPUM M HMEET OrPOMHOE IPUKIATHOEC 3HAYCHHUE IIPU HUCCIEAOBAHUU
TEPMOJIMHAMHUYECKUX MPOLECCOB. DTOT 3aKOH SBISAETCS 3aKOHOM COXPAHEHUS U
IIPEBPALLEHUs SJHEPTUH:

\"Onepeuss me ucuezaem u He BO3HUKAEM 6HOB8b, OHA JUWbL NEPexooum
U3 00H020 8UOA 8 OPY2OlUl 8 PAIUUHBIX PusUdecKux npoyeccax".

Jlnst TepMOJMHAMUYECKUX MPOLIECCOB 3aKOH YCTAHABIMBAET B3aHMMOCBS3b
MEXAY TeIrI0TOH, paboTON U U3BMEHEHHEM BHYTPEHHEW SHEPTUH T/IT CUCTEMBI:

\"Tennoma, noosedenHas K cucmeme, pacxooyemcsi HA USMEHeHUe JSHepuu
lcucmemvl u coseputerue pabomot".

YpaBHeHUE NEPBOro 3aKOHA TEPMOJIMHAMUKHI UMEET CISAYIOITUN BUI:
Q=U-U)+L, (1.8)
rae Q - KoJuMyecTBa TEIUIOTHI MOJBEICHHAs (OTBEIEHHas) K cucreme; L -

paborta, coBepuieHHas cucrtemoi (Ham cucremoit); (U,—U;) - wu3smeHeHue
BHYTPEHHEH DHEPIUU B JaHHOM IIpoLecce.



Ecnu:
Q > 0 — TerioTa MOJABOAUTCS K CUCTEME;
Q <0 — TerioTa OTBOJAUTCS OT CUCTEMBI;
L > 0 —paboTa coBepIiaeTcs CUCTEMOI;
L <0 — paboTa coBepIiaeTcsi HaJl CHCTEMOM.

Z[J'I?I CANMHHUIILI MACChl BCIICCTBA YPABHCHHC IICPBOI'O 3aKOHA TCPMOJNHAMHKHN

HUMECT BU:

q=Q/m=(u;—uy) +1L (1.9)

B oanvuetiwem ece gopmynvl u ypagnenusi 6yoym Oanvl, 8 OCHOBHOM, O
OUHUYBI MACCHL BeUyeCmEa.

1-ii 3aKOH T/A yKa3bIBaeT, 4TO IJsl MOJydeHus moyiesHou paboter (L) B
HEIPEPHIBHO JICHCTBYIOIIEM TEIIOBOM JIBUTATENI€ HAJIO MOABOAUTH (3aTpauynBaTh)

TermnoTy (Q).

\"/[eucamenv, NOCMOSAHHO NPOU3BOOAWUL PadOOMY U He NOMPeONAIOUWUL | HUKAKOLL
SHepaul, Hazvleaemcs éeynvim ogucamenem I pooa.”

N3 »TOro MOXHO BBICKA3aTh cilcayromee  OIpCACICHUC I-ro 3akoHa
TCPMOINHAMUKU

\"" Beunwlii 08ucamens nepeoco pooa Hego3modxcen”.

Tennoemkocmo 2aza.

HNctuHHAas TEIUIOEMKOCTh pabodero Teja ONpeAeNseTcss OTHOIICHUEM
KOJIMYECTBA TMOJBEICHHON (OTBEJIEHHOMN) K pabodyeMy Telly TeIUIOTHl B TaHHOM T/]T
MPOIECCE K BRI3BAHHOMY 3TUM M3MEHEHHUSIM TeMIIepaTyphl Tea.

C =dQ/ dT, [JIx /K]; (1.10)

TeroeMKoCTh 3aBUCUT OT BHEIIHMX YCJIOBUH WM XapakTepa mporiecca, pu
KOTOPOM MPOUCXOIUT MOJABO UJIU OTBOJI TEIJIOTHI.

Paznuyator cnenyromye yaenbHbIe TEMI0EMKOCTHU

- MacCOBYIO: c=C/m, [dx/xr]; (1.11)

- MOJISIPHYIO: c,=C/v, [Ix/Mons], (1.12)
I7Ie V - KOJIMYE€CTBA BEIIeCTBA [MOJIb] ;

- 00BEMHYI0: c/=C/V=c-p , [Mox/v], (1.13)



rae - p=m/ V - INIOTHOCTH BEIIECTBA.
CBsI3b MKy 3TUMH TEIJIOEMKOCTSIMU CJICTYIOIIAS

c=c/'u=cu/u,[ﬂ>1</1<r]; (1.14)

rme - v = V/m - yuenbHbI 00beM BemiecTBa, [M/Kr]; B = m /V — MOJISIpHAs
(MonekysipHasi) Macca, [Kr/MoJb .

TemoeMkocTh Ta30B B OOJIBIION CTETIEHW 3aBUCHT OT TeX YCJIOBHM, MPHU
KOTOPBIX TPOUMCXOAWT IMPOIECC WX HATPEeBaHUS WM OXJIXKICHUs. Paszmuyaror
TEIJIOEMKOCTH TIPU TOCTOSSHHOM JaBJeHUU (M300apHbBI) W TpPU MOCTOSHHOM
o0beMe (m30xopHbIf). Takum 00pa3oM pa3IMvaOT CIEAYIONIUE YICIbHbIC
TEIMJI0EMKOCTH:

Cp , Cy — MAcCCOBBIE H300apHbIE U H30XOPHBIE TEIIOEMKOCTH;

Cpu » Cyy — MOJIIPHBIE N300apHBIE U U30XOPHBIE TEMIOEMKOCTH;

¢ - ¢y — 06BbeMHBIC H300apHBIE W H30XOPHBIE TEITOEMKOCTH.

Mexny w300apHBIMH ¥ HW30XOPHBIMH  TEIJIOEMKOCTSIMH  CYIIECTBYET
CIIEyIOIast 3aBUCUMOCTb:

Cp - ¢v= R - ypaBHenune Maiiepa; (1.15)

Cpu - Cyp =R, . (1.16)

TemoeMKOCTh 3aBUCUT OT TEMIlEpaTypbl M €€ 3HAYeHUs NPHUBEACHBI B
CIPaBOYHOM JUTEpaType B BHAE TaOMULbBI CO CPEIHUMU 3HAYEHUSIMU
TEIJIOEMKOCTH B MHTEpBaje temreparyp ot 0 no t,. [ns onpenenenust cpenHei
TEIUIOEMKOCTH B HWHTEpBAJIE TeMmmeparyp OT t; 10 t, MOXHO HCIOJIb30BaTh

cieayromny GopMymy:

C|t2t1 = (C|t20 t - C|ﬂo t) / (tz - ty). (1.17)

Yuueepcanwvnoe ypasnenue cocmoanua uoeanvnozo 2asa.
UoeanbHbim 2a3om HA3BIBAETCA TAKOW Ta3, Yy KOTOPOTO OTCYTCTBYIOT CHJIBI

B3aMMHOI'O NPUTSKEHUS U OTTAJIKUBAHUS MEXIy MOJEKyJIaMU U IpeHeOperaror
pa3Mepamu MoJieKyll. Bece peanbHble Ta3bl IPU BBICOKMX TEMIEPATypax U MajbIX
JABICHUAX  MOXHO  TNPAKTUYECKH  CUMTaTh  KAaK  WJCANbHBIE  Ta3bl.
VYpaBHeHHE COCTOSHUS KakK [UIsl WICANbHBIX, KaK W JUIA pealbHBIX Ta30B
OMUCBIBAIOTCS TPEMSI apaMeTpaMu o ypaBHeHuo (1.7).

VYpaBHEHUE COCTOSIHUS HJICAIILHOTO Ta3a MOXXHO BBIBECTH M3 MOJEKYJSPHO-
KWHETHYECKOW TEOpUU WIM M3 COBMECTHOI'O pAacCMOTpPEHHs] 3aKOHOB boiins-



Mapuorra u [I'eii-JIroccaka. OTo ypaBHeHHe ObUTIO BbIBEeHO B 1834 T.
¢bpaniy3kum gusnkom Kinaneiponom u st 1 KT Macchbl ra3a UMEET BU:

P-v=R-T, (1.18)
rae: R - razoBas mocTositHHas W npeacTaBisieT paboTy 1 Kr rasza B mporecce

IIPU IOCTOSIHHOM JAaBJIEHUH U MPU U3MEHEHUU TEMIIepaTyphl Ha 1 rpanmyc.
VpaBuenue (1.18) Ha3bIBAIOT Tepmuyeckum ypagHeHuem CcOCHOAHUS WU

Xapaxkmepucmuieckum ypasHenuem. JIjis Ipou3BOJIBHOTO KOJIMYECTBA T'a3a MACCON
m ypaBHEHHE COCTOSIHUS IPUMET BUJ:

PV=mRT. (1.19)

B 1874 r. I.1Ai.MenneneeB, ocHOBbIBasiCh Ha 3akoHe [anpToHa ("B pasHuvix
00beMax  pasHulX — UOEANbHbIX — 2a308,  HAXOOAWUXCS  NpU  OOUHAKOBLIX
memnepamypax u O0aeNeHUsX, CO0epIHCUMCs 00UHAKOBoe Koaudecmeo moexkyn"”),
NPEUIOKIIT YHUBEPCATBHOE YpaBHEHHE COCTOSHUSA A1 | Kr rasza, KOTOpoe
Ha3bIBAIOT ypasHeHuem Knanetipona-Menoeneesa:

P-v =R, T/, (1.20)

r7ie: | - MoJisipHas (MOJIeKyJIIpHasi) Macca ras3a, (KIr/KMoJib);

R, = 8314,20 [Ix/kmonb (8,3142 k/IXK/KMONb) - VHUsepcaibHas 2az06as

HOCMoAHHAs, KOTOpas peCTaBisieT padboTy 1 KMo nealbHOTO ra3a B mpoiecce

IIPU TOCTOSHHOM JaBJIEHMM W TNPHU H3MEHEHMM TemuepaTypsl Ha 1 rpanyc.
3nas R, MOxHO HaliTu razoBylo noctossHHyo R = R,/p. J{ng npon3sBoabHOM MaccChl
ra3a ypaBHenue Knaneiipona-MenjeneeBa OyJeT UMETh BU/:

P-V=mR, T/ (1.21)

Cmech uoeanvnvix 2a3oe.

[lon eazosou cmecbto MOHUMAETCS CMECh OTIEIBHBIX Ta30B, BCTYMAIOIIMX
MEXIy CcOOOM HU B Kakue XMMHUYECKHe peakiuu. Kaxapii ra3 (KOMIIOHEHT) B
CMECH HE3aBUCUMO OT APYIHX ra30B MOJHOCTHIO COXPAHAET BCE CBOU CBOMCTBA U
BEIET ce0sA Tak, Kak ecid Obl OH OJUH 3aHMMal BeChb OOBEM CMECH.
llapyuanvroe oOasneHue — 3TO HAaBICHUE, KOTOpPOE HMeEN Obl KaXKIbI Tas,
BXOJSAIIANA B COCTAaB CMECH, €CIU OBl ATOT Tra3 HAXOAWICA OAWH B TOM K€
KOJIMYECTBE, B TOM e O0OBheME W TpH TOH XK€ TeMmIeparype, 9YTO U B CMECH.
["a3zoBast cMech MOTUUHSCTCS 3aKOH) /]aibmona:



|| Obwee Oasnenue cmecu 2a308 pABHO CyMMe NAPYUANbHBIX OABAEHUl
|| OMOENbHBIX 2308, COCMABIAIOUIUX CMECD.

P:P1+P2+P3+...Pn:zpi, (122)
roe P, , P, , P;...P,— mapuuanbsHbie naBiIeHUS.

CoctaB cmecu 3amaeTcsi 0OBEMHBIMU, MAaCCOBBIMH M MOJIBHBIMH JOJSIMH,
KOTOPBIE OMPEACIIAIOTCA COOTBETCTBEHHO IO CIEAYIOMUM (hopMyiam:

n=Vi/Veu:1=V2/Veu:...1n.=Vo/ Veu (1.23)

g =M/ Mey; =M/ Mey ;... En =M,/ Mgy, (1.24)

I =V / Vey i T2 =V [ Vew s ovv Tn = Vo / Veu » (1.25)
rae Vi; Vo ... Vo Veu —00beMBI KOMIIOHEHTOB M CMECH;, M; ; My ; ... M, ;
Mg, — MacChl KOMIIOHEHTOB U CMECH; V| | V2 ; ... Vy ; Veu — KOJIMYECTBO BEIECTBA

(KUII0MOJIEH ) KOMITIOHEHTOB U CMECH.

1 maeanbHOro rasa 1o 3akony /lanbToHa:

r=r ;Hh=I;..I,=I, . (1.26)
Tak kak Vi +V,+ ...+ V, =V, um; +m, + ... + m, =m,, , TO:
nt+on+..+trp=1, (1.27)

gitgt...tg,=1 (1.28)

CBs3b MCKIY 00BEMHBIMHM I MACCOBBIMH A0JISAMU CIICAYIOIIAA:

g1 = rl'ul/MCM » 2= I'ln /“CM soee &n T In"Un /”’CM > (129)
rae: WUy , Mo 5 ... My » Hew — MOJIEKYJISIPHBIE MAcChbl KOMIIOHEHTOB U CMECH.
MonekyigapHas Macca CMECH:
Hen = Ha r+nn H2+-~+rnun- (130)

["'a3oBasg mocTOAHHAA CMECH:
Ruv=giRi+t &Ryt ...+ g, Ry=
=Ry (gi/i + @/t ..+ gilpn) =




=1 /(I'l/Rl + I'z/R2+ ...t I'n/Rn) . (131)
VY 1eJIbHbIC MAacCOBBIC TEINIOEMKOCTH CMECH:

CpCM.=glcpl+g2Cp2+---+gncpn- (132)

Cvem. =81 Cp1 T &2 Cyat ... + 8y Cyn. (1.33)
Y nenbHbIe MOJISIPHBIC (MOJIGKVJ]SIDHLIG) TCIIJIOCMKOCTH CMCCH:

Cpuem. = T1 Cpu1 T2 Cpua T o + 10 Cpun - (1.34)

CV].LCM.:rl Cvp1+r2cvp2+---+rncvun- (135)

OcHo6HbIE NON10JICEHUA 6MOPO20 3AKOHA MEPMOOUHAMUKIU.

[lepBblii 3aKOH TEPMOAMHAMHUKHA YTBEPXKAAET, YTO TEIJIOTA MOXET
npeBpaiatbest B paboTy, a paboTa B TEIUIOTY M HE YCTAaHABIMBAET YCJIOBHH, MpU
KOTOPBIX BO3MO>KHBI 3TH MPEBPAICHUSI.

[TpeBpamenre paboThl B TEIUIOTY MPOMCXOAMUT BCErAa IOJHOCTBIO MU
6e3ycinoBHo. OOpaTHBI TIpOLIECC TPEBpAIICHUS TEIUIOTHI B paboTy mpu
HENPEPBIBHOM €€ NEPEX0E€ BOZMOMKEH TOJBKO MPHU ONPEIECICHHBIX YCIOBHUIX U HE
noJHOCThI0. TernoTa cama coboil MOXKET MepexoAuT OT Oojiee HArpeThiX Tel K
xoJoaHbIM. [lepexosl TemnoTsl OT XOJIOAHBIX TEJI K HarpeTbiM caMm coOoil He
IpOUCX0aUT. JlJis 3TOTO HYKHO 3aTPaTUTh AOMOIHUTENIbHYIO SHEPTHIO.

Takum oOpazoM, aJisi OJHOTO aHANW3a SBJICHHUS U MPOLIECCOB HEOOXOIUMO
KpOME MEPBOr0 3aKOHAa TEPMOAMHAMUKHM 3HATh €HI€ JIONOJHHUTEIbHYIO
3aKOHOMEPHOCTh. B KauecTBe TakoM 3aKOHOMEPHOCTH BBICTYIIAET GMOPOU 3AKOH

mepmodunamuku. On YCTaHABJIMBACT: BO3MOXKCH MJIM HCBO3MOKCH TOT WJIA UHOM

mporecc, B KaKOM HaIpaBJICHUU TPOTEKAET TMPOIecC, KOraa JOCTUTAeTCs
TEPMOJIMHAMHYECKOEC PABHOBECHEC W TIPH KaKHUX YCIOBUSAX MOXKHO TIOJYYUTH
MaKCHUMAaJIbHYIO paboTy.

DopmyaupoeKku 6mopozo 3aK0OHa mepmMoOUHAMUKU.
Jlnst cymiecTBOBaHUSI TEIUIOBOTO JIBUTaTessi HEOOXOIUMBI 2 HUCTOYHHKA —

20pAYUL UCMOYHUK U XOJI0OHbIU ucmounuk (OKpyskaromias cpeaa). Eciau temnoBoi
JBUTATENh PAbOTAET TOJBKO OT OJHOTO MCTOYHHMKA, TO OH HA3BIBACTCS GEYHLIM
osuzcamenem 2-20 pooa.

1-a popmynupoBka (OcTBanbpaa):

| «Beunwiit 0sucamenv 2-20 pooa He6O3MONHCEH ).

Beunsiii gurarens 1-ro pojga 3To TEMJIOBOM ABUratesb, Y Kotoporo L>Q,
rae Q; - moaBeneHHas Termiota. IlepBbIii 3aKOH TepMOJWHAMHUKH '"MO3BOJISIET"
o0ecreuynTh BO3MOXHOCTh  CO3/IaHUS  TEIJIOBOTO  JIBUTATENS  MOJHOCTHIO
npeBpalaIni noaseaeHHyo Temiory Q; B padoty L, T.e. L = Q,. Bropoii 3akon
HaKJIaJIbIBaeT 0oJiee JKECTKUE OTpaHUUYCHUs] U YTBEpPKIaeT, uTo padoTa JOJKHA



ObITh MEHbIIE TTOABEACHHON TeroThl (L<Q;) Ha BeIMYMHY OTBEACHHOMN TEIJIOTHI

—Q,, T.C.:

L=0Q:- Q. (1.36)

Beunblii nBuratens 2-ro pojia MOXKHO OCYIIECTBUTh, €CiIu Termaotry Q,
nepenarb OT XOJIOAHOIO HCTOYHHMKA K ropsuemy. Ho s 3toro Teruiora
CaMONPOU3BOJIBHO JIOJDKHA NEPEUTH OT XOJIOJAHOIO Tela K TIOpsSs4eMy, YTO
HEBO3MOYKHO.

Ortcrona cienyer 2-s1 hopmynuposka (Knaysuyca):
|| «Tennoma ne mosrcem camonpouseoivbHo nepexooum om oo.1ee
|| x0n00H020 mena k 601ee nacpemomy».

Jlnst paboThl TEIJIOBOIO JABUTATENsE HEOOXOIMMBI 2 MCTOYHHMKA — FOPAYUN U
XOJIOIHBIM.

3-a popmynuposka (Kapno):
|| «Tam 20e ecmov pasnuya memnepamyp, 603mM0I}CHO cosepuieHUE
|| pabomory.

Bce st (opMynupoBKM B3aMMOCBSI3aHbl, M3 OJHOM (HOPMYJTUPOBKH MOKHO
HOJIYYUTh JIPYTYIO.

Sumponus.
Onnoit u3 (QYHKIUN COCTOSHUS TEPMOJMHAMUYECKOM CHUCTEMBI SBISETCA
9HmMponus. JHTPONUEN HA3BIBACTCS BEIIMUYNHA, ONIPEAEIsAeMAast BBIPAXKECHUEM:

dS =dQ/ T, [Ix/K]. (1.37)

Jl1d yienbHOM SHTPOINUU:
ds=dq /T, [dx/(xr-K)]. (1.38)

OHTponus €CTh OJIHO3HAYHAsA (PYHKIIUSI COCTOSIHUS Teja, IpUHUMAroIas s
KOKJIOT0 COCTOSIHUSL ~ BIIOJIHE  OmpeneieHHoe 3HaueHue. OHa  sBuseTcs
SKCTEHCUBHBIM (3aBUCUT OT MAacChl BEILECTBA) MapaMETPOM COCTOSIHUSI, B JIFOOOM
TEPMOJIMHAMMYECKOM  TPOIECCE TOJHOCTBIO ONpPENEeNsieTCs HayalbHbIM U
KOHEYHBIM COCTOSIHUSIMHM TeJla, a TaKXe HE 3aBUCUT OT IyTH MPOTEKaHUs
nporecca.

OHTPONHMIO MOXXHO ONPENETUTh Kak (YHKIHMIO OCHOBHBIX TapaMeTpOB
COCTOSIHUSL:

S=1£(P,V); S=1£,(P,T); S=1£(V,T), (1.39)

a JUIs yJIeJIbHON SHTPOIMHU MOYKHO 3aIUCaTh:



s=fi(P,v) ; s=£(P,T) ; S =1f5(v,T). (1.40)
Taxk kak OSHTpomws HE 3aBUCUT OT BHIA TMIpPoIEcCa M OMPEICISICTCS
HAYaJbHBIMA M KOHEYHBIMH COCTOSIHUSIMH Pa00Yero Tejia, TO HaXOAAT TOJIBKO €e
U3MCHEHHE B JIaHHOM TMpoIlecce, KOTOPOE€ MOXKHO OMpPEIeIUTh, HCIOIb3Ys
CJIeyIOINE YPAaBHCHHUS:

Ds = ¢, In(T»/T;) + R-In(v /v ); (1.41)
Ds = ¢, In(T2/T)) - R-In(P»/P)); (1.42)
Ds = ¢, In(P»/Py) + ¢, In(v o/v ). (1.43)

Ecou sutponusa cuctemsl Bo3pactaer (Ds > 0), To cucreme MOABOAUTCS
TEILIO.
Ecnmu sHTponus cucteMbl ymensblnaercs (Ds < 0), TO OT cucTeMbl OTBOJIUTCA
TEILIO.
Ecnau surponust cucremsl He uzmensercs (Ds = 0, s=const), TO OTHOCHUTEIBHO
CUCTEMBI TEIIO HE MOJBOAUTCS U HE OTBOAMUTCS (a1nabaTHBIN MPOIIECC).

1.3. Boasinoii nap. BiaxxkHblid BO31YX.

Honamus o 600anom nape.

OgHUM U3 pacmpoCTpaHEHHBIM pPAa0OYMM TEJIOM B MApPOBHIX TYpOHWHAX,
MapoBBIX MAaIllMHAX, B AaTOMHBIX YCTAaHOBKAaX, TEIUIOHOCHTEIIEM B Pa3IMYHBIX
TEIIOOOMEHHHKAX SIBIISIETCS 6005HOU nap.

Ilap - ra3000pa3HoOE TEJIO B COCTOSIHUU, OJIM3KOE K KUTIAIIEH KUIKOCTH.
llapoobpaszosanue — TpollecC TPEBpAIICHUS BEIIECTBA U3 KHUIKOTO

COCTOSIHUSA B IapooOpazHoe.
Ucnapenue — mnapooOpazoBaHue, NPOUCXOJAINEE BCerna IMpu Jr000it

TEMIEPaType C MOBEPXHOCTH KUIKOCTH.

IIpy HEKOTOPON ONpPENEIIEHHONW TeMIeparype, 3aBUCILICH OT NPUPOIbI
KUJAKOCTH W JABJIEHUS, TMOJ KOTOPHIM OHA HaXOJUTCS, HAYMHAETCA
napooOpa3oBaHue BO BCEH Macce KUAKOCTH. ITOT MPOIECC HA3BIBACTCS KUNCHUEM.
OOpatHbI# TIporiecc MapooOpa3oBaHUs HA3BIBACTCS KOHOEHCcayuell, KOTOpas TaKKe

MPOTEKAET MPY MOCTOSHHON TeMIIepaType.

[Iporecc mepexoaa TBEPIOTO BEIMIECCTBA HETIOCPEACTBEHHO B Map HA3bIBACTCS
cvonumayueri. OOpaTHBI TIpollecC TMepexoja Mmapa B TBEPJIOE COCTOSHUE
Ha3bIBaETCA decyorumayuel.




[Ipy ucnapeHU >KUJIKOCTH B OrPAHMYEHHOM IPOCTPAHCTBE (B MAPOBBIX
KOTJIaX) OJAHOBPEMEHHO MPOMCXOAMUT OOpaTHOE SBJICHHE — KOHJIEHCAlUs Mapa.
Ecnu ckopocTh KOHAEHCALIMKM CTaHET PaBHOM CKOPOCTH MCHAPEHHUs, TO HACTYNAET
JUHAMU4ecKoe paBHoBecue. [1ap B 3TOM cityyae MMeeT MaKCUMAaJbHYO IIJIOTHOCTh
Y Ha3bIBACTCS HACHIUEHHbIM NAPOM.

Ecnun temnieparypa mapa BbIIIE TEMIIEPATYPHI HACBIIMIEHHOIO I1apa TOTO ke
JaBJICHUs, TO TakOM Tap Ha3bplBaeTcs hepecpemvim. Pa3HOCTH Mexay

TEMIIEpaTypOil MEPErpeToro napa U TEMIEPaTypoil HACBILIEHHOrO Mapa TOro e
JIaBJICHUs] HAa3bIBACTCSl cmeneHvio nepeepesa. Tak Kak YIelbHbIH 00beEM

neperpeToro napa 0osblie yAeJbHOro 00béMa HAChIILIEHHOIO Napa, TO MJIOTHOCTh
MEpPerpeToro rnapa MeHblle MIOTHOCTU HachllleHHOTo napa. [ToaTomy neperpeTsiii
nap SIBJISICTCS] HeHACLIUCHHbLM NAPOM.

B MOMeEHT wucnapeHus MOCIEIHEN Kaluld >KUAKOCTH B OrPaHUYCHHOM
POCTPAaHCTBE 0€3 W3MEHEHHWs TEeMIIepaTypbl M JaBJICHHUs OOpa3yeTcs cyxou
Hacvluennviti nap. COCTOSHHE TAaKOro Iapa ONpelessieTcss OJHUM MapaMeTpoM -

JIABJICHUEM.
Mexanuyeckas CMECh CyXOTro M MEJIbHYaNIINX KaIleJIeK KUJAKOCTH Ha3bIBACTCS
BIIANCHBIM NAPOM.

MaccoBasi 70Jis1 CyXOro mapa BO BJIQXXHOM I1ape€ Ha3bIBACTCS CHIENeHblo
cyxocmu x, KOTOpas onpeaensercs mo popmyiie:

X = Mgy / Mgy, (1.44)

r7ie: Mg, - Macca Cyxoro napa BoO BJIaXXHOM; Mg, - Macca BJIAXHOr0 napa.
MaccoBass A0as JKMAKOCTM BO BJIQKHOM Iape HbBI3BACTCS CHIENEHbIO
8l1a2CHOCMU ), KOTOpas onpeensiercs no Gopmyie:

y=1-n. (1.45)

JItst KUTsIIe KUAKOCTH TPU TeMIiepaType HackimeHus #n = 0, a Juist cyXoro mapa
-n=1.

Xapaxkmepucmuku 61ax3cHozo 6030yxa.

ATMochepHbIii BO3yX, B OCHOBHOM COCTOSIIMM M3 KHCIOpOJa, a30Ta,
VIJIEKUCIIOTO Ta3a, COAEPKUT BCErJa HEKOTOPOE KOJIMYECTBO BOJSHOrO Mapa.
CMech CyXxoro BO3JyXa M BOJSIHOTO Mapa HAa3bIBACTCS GIAHCHLIM B030VXOM.

Bnaxuelii BO3MyX Ipy JaHHOM JABICHUHM M TEMIIEPATYPE MOXKET COJEPKATh
pa3HOE KOJMYECTBO BOASHOIO mapa. Eciam cMech COCTOMUT M3 CyXOro BO3AyXa H
HACBIIIEHHOTO BOJSHOIO Mapa, TO €ro HAa3bIBAIOT HACHLIUEHHbIM BAAICHLIM




6030yxom. B 3TOM cilydyae BO BIQXHOM BO3QyX€ HAXOAHUTCS MaKCHUMAJIbHO
BO3MOXHOE€ I JAaHHOW TeMIIepaTypbl KOJMYECTBO BoAsiHOro mnapa. Ilpu
OXJIQXKJIEHUHU 3TOr0 BO31yXa, OyJET MPOUCXOJIUTHh KOHACHCAIUSI BOASHOTO Mapa.
[TapunanbHO€ JAaBJIEHHWE BOASHOIO Iapa B OTOM CMECH PABHO JIaBJICHUIO
HACBILIEHUS [P JAHHOW TeMIepaType.

Ecnu BnaxxHb1ii BO3yX COAEPKUT MPU TAHHOM TEMIIEpAaType BOASHOU Iap B
MEPETPETOM COCTOSIHUM, TO OH OyJeT Ha3bIBAThCS HEHACblUeHHbIM. TaK KaKk B HEM

HaXOJWUTCS HE MAaKCUMAaJIbHO BO3MOYKHOE Ul JAHHOM TEMIIEPATypbl KOJWYECTBO
BOJSIHOTO T1apa, TO OH CIMOCOOCH K JanbHeWmemMy yBnaxHeHHio. [loatomy Takoii
BO3JIyX HCIIOJB3YIOT B KAa4ECTBE CYLIMJIBHOIO areHTa B Pa3JIMYHbIX CYIIWJIbHBIX
YCTaHOBKax.

ITo 3axony Jlanbmowna oOuiee NaBl€HHE BIAXXKHOIO BO3AyXa PaBHO CyMMeE

MapUMaIbHBIX JIABJIECHUM CYXOTrO BO3JyXa M BOJSHOIO Iapa, BXOIAIIMX B €ro
COCTaB:

P =P+ Py, (1.43)
rae: Pg — mapuuanpHOE JaBiieHUE CyXOro BO3ayxa; Pr - mapuuanbHOE HaBiICHHE
BOJISIHOTO I1apa.

MaxkcumanpHO€E 3HaueHue P mpu JaHHOM TeMIlepaType BIIAXKHOIO BO3AyXxa t

MIPEACTABIISACT 000U 0aseHUe HACLIUWEHHO20 8005H020 napa - Py.

JIns HaxOXKACHUS MapIHAIBHOTO JABJICHHS Iapa IMOJb3YIOTCS CHCIHaIbHBIM
puOoopoM — rurpomMeTpoM. C MOMOIIBI0 3TOT0 MPUOOpa ONPEACIISIIOT MOUYKY POCHL,
T.e. Temreparypy (t,), 10 KOTOpPOil Hy>KHO OXJaJUTh IIPU IIOCTOSHHOM JIABICHUU
BO3MIyX, YTOOBI OH CTaJI HACHIICHHBIM. 3HAS TOYKY POCHI, MOXHO IO TabIuIlaM
OTIpEICINTh MapIHUaILHOE JaBJIICHUE Tapa B BO3IyXe KaK JABICHUEC HACBIIICHUS
(Py), COOTBETCTBYIOIIEE TOUKH POCHI t,.

Abconomuou__ 61ad)CHOCMbIO _6030yXa HA3LIBAETCSI KOJIWYECTBO BOJISHBIX
1apoB, HAXOAAIIUXCSA B 1 M® BI&KHOTO BO3/lyXa IMPH 3aJaHHBIX TeMIIepaType U

naBieHud. AOGCOIIOTHAS BIaKHOCTh paBHA IUIOTHOCTH Mapa MpH €ro napuuaibHOM
JIaBJICHUHU U TEMIIEpaType Bo3ayxa — .

OTHolIeHHEe a0COMIOTHOW BJIAXKHOCTH HEHACBILIEHHOIO BO3AyXa IPH JTaHHON
TeMIiepaType K aOCOJIOTHON BIJIaXKHOCTH HACBIIIEHHOTO BO3JAyXa IMpU TOH K€
TEeMIIepaType Ha3bIBACTCA OMHOCUMENbHOU B1AHCHOCbIO BO3LyXa:

j=cu/cyummj=cy/c, -100%, (1.44)

s cyxoro Bo3ayxa j = 0, I HEHACBIIIEHHOTO | < 1, IJI1 HACBIIMICHHOTO | =
1(100%).



Ecam BomstHOM map cyuTaTh WACAIBHBIM Ta30M, TO IO 3aKOHY bous-
MapuoTrra OTHOIIEHHWE IJIOTHOCTEW MOKHO 3aMEHUTh OTHOLIEHUEM JIABJICHUU,
TOTJa:

j=1n/Pyumur=Py/ Py -100% . (1.45)

3
Ilnomnocms _61a24cHO20 GOSOVXCI claracTtcia U3 MacC, COACPKAIIUXCA B I m

CyXOr'0o BO3JlyXa U BOJSHOI'O I1apa:
r=r,+r1,=Pp/(Rg-T)+jn. (1.46)

Monexynapnas macca BIaXXHOTO BO3/lyXa ONPENENSIOT 110 hopMyJie:

m = 28,95 — 10,934j Py/P. (1.47)

3nauenus Py u n mpu temnepartype Bozayxa t 6epyTcs U3 TaOJIUIbI BOJISHOTO
napa, j — Mo JaHHBIM MICUXpoMeTpa, P - mo 6apomeTpy.
Bnacocodeporcanue — npencrapisier coboil OTHOLIEHHE Macchl Iapa K Macce

CyXO0ro BO3ayxa:
d:MH/MB, (148)

rae: Mp, Mp — COOTBETCTBEHHO MacChl Hapa M CyXOro BO3JyXa BO BIIAXXHOM
BO3JIyXe€.
CBs3b MEXY BIArOCOAECPKAHUEM C OTHOCUTEIIBHOM BIIAXKHOCTBIO:

d=0,622 j-Py-/(P - j-Py). (1.49)
FCIS’OGCZ}I NOCMOSHHAA.

R = 8314/m = 8314/(28,95 — 10,934-m-Py,/P). (1.50)

Obvem sradcno20 8030yxa, IPUXOIALIErocs Ha 1 Kr cyxoro Bo3ayxa:

VBH.B=R‘T/P. (151)

Yoenvuviti 00vem s1axcro2o 6030yxa:

n-= VBJ’I_B/(I + d) (152)

Yoenvnas maccosas menioemxocms H&pOBOBI{ymHOﬁ CMCCHU:

Cau=Cp Tt dcp. (1.53)



Jleknusa 2. OCHOBBI TEILJIO- MACCOOOMEHA.

2.1. Buasl TemionepeHoca.

2.2. TenJionpoBOAHOCTb.

2.3. KoHBeKTUBHBIH TEMJI000MEH.
2.4. Tensioo0MeH U3JIydeHHEM.
2.4. Tensionepenaua.

2.5. Termui000MeHHbIE ANINAPATHI.

2.1. Buasl TemionepeHoca.
OcHo6HOIl 3aK0H meopuu menionpoeooHocmu. 3akon (cunomesa) Dypuove.

B 1807 rony dpaniysckuii yuenoii ®@ypoe (Fourier) mpeasioxun cuuTarh,
YTO B KaXOM TOUKe Tena (BEIIeCTBa) B MPOLIECCE TEMIONPOBOJHOCTU CYLIECTBYET
OJIHO3HAYHAA CBSI3b MEXY TEIUIOBBIM MIOTOKOM M I'PAJUEHTOM TEMIIEPATYPHI:

Q=—A-grad(T)-F, 2.1)

rae: Q — remoBoit motok, Bt; grad(T) — rpaguent Temnepartypuoro noss, K/m; F—

2
IJIOMIAalb  TOBEPXHOCTH  TEIUIOOOMEHa, M; A, —  Koaghpuyuenm

Bt Bt Bt

MenionposooOHOCmuU = = ,
M-tpar M-°C wm-K

— BCJIMYMHA, XapaKTCPHU3YyrOoIIad

dbu3uYecKre CBONCTBA BEIIECTBA.
2.2. TensionpoBOAHOCTD.

Koadhdumment TemmonpoBOgHOCTH OMPENENSIOT AKCIEPUMEHTAIBLHO W
IPUBOJAT B CIIPABOYHOM JIUTEPATYPE.

3akoH Dypbe MJIsI HOBEPXHOCTHOW IUIOTHOCTH TEIJIOBOIO MOTOKA 3aIUILIETCS
B BUJIE

a =—)\-grad(T). (2.2)

Du3nUeCcKuil CMBICT K03gGuyuenma menionpogoonocmu (A) 3aKi04aeTCs B
TOM, YTO OH XapaKTEPHU3YEeT CIIOCOOHOCTh JAHHOT'O BEIIECTBA MPOBOJIUTH TEILIOTY.

KoadduimeHT TennonpoBoJHOCTH A HAXOIAT SKCIIEPUMEHTAIBHO, UCTIOIb3YS
BeIpakeHus (2.1) u (2.2), pemenueM, Tak Ha3bIBaeMOM, 0OpaTHOM 3a/Ja4uu TEOPUHU
TEIJIONPOBOIHOCTH.

3HaK «-» TMOKa3bIBAE€T, YTO BEKTOPHl TEIUIOBOIO IOTOKA W TpaJueHTa
TEMIIEpAaTypbl  HANpaBlIEHbl B  MPOTUBOIOJOXKHBIE  CTOPOHBI.  ['pajgueHt



TEMIIEPATYPHOTO MOJI HAIIPABJIEH MO0 HOPMAJIU K U30TEPMUUYECKON TOBEPXHOCTH B
CTOPOHY BO3pacTaHUs TeMIEepaTypbl, TEIJIOBOM MOTOK — B CTOPOHY YyObIBaHUS
temneparypbl. Beipaxkenus (2.1) u (2.2) npeacTaBiasitoT coO0M JIMHEHHBIN 3aKOH
TEIJIONPOBOJAHOCTH, T.K. B 3TOM 3aKOHE KOA(DPHUIMEHT TErIonpOBOJAHOCTH €CTh
Benu4MHa mnoctosiHHasg (A=const). [Ipu sKkcrnepuMeHTaIbHON NpPOBEpPKE 3aKOHA
dypre 00HAPYKUBAETCS OTKJIOHEHHE pacyeTa U IKCIIEPUMEHTa, KOTOPOE B IEPBOM
IPUOITMKEHUN MOXKHO YYECTh, COXpaHHMB (OpPMY 3alUCH 3aKOHA, HO TPHUHSB
3aBucuMocTth A = f(T). B aToM ciyuae noinydaem HeluMHENHHbIN 3aK0H Dypbe:

q=-MT) grad(T). (2.3)

Jlist  pasHbIX BemeCTB W WX (a30BOrO COCTOSIHHSI A MOXKET, Kak
YBEIIMYUBAThCSA, TaK YMEHBIIATHCS C POCTOM TemmepaTypbl. s HmOpUCTBIX U
CHIMYyYUX MaTepHaNoB KOA((HUIMEHT TEIMIOMPOBOTHOCTH A TaKXKE 3aBUCUT OT
MOPO3HOCTH (BEIWMYMHA TOP) U OT BiaXHOCTH. C yBeIWYEHHUEM MOPO3HOCTH A
YMEHBIIAETCS, TaK KaK MOPHI 3aMOJIHAIOTCS Ta30M, a A ra3oB mai. [Ipu yBennuenuu
BJIQXKHOCTHU TIOPHI 3aMOJIHAIOTCS BJIAroil, U Ko3(G@UIMEHT TEerIOoNpOBOJAHOCTH A
yBenuuuBaeTcs. [lpumecu ymeHbmaoT KO3(POUIMEHT TEIIONPOBOIHOCTH.
KoadpummeHT TermmonpoBogHOCTH ra30B TAK)KE 3aBUCUT U OT JaBJICHUSI.

[IpuBenem mnpumepHble 3HA4YeHUs Kod(pduureHta A pa3HbIX BEHIECTB.

[Tockonpky A (hyHKIMS TeMIepaTyphl, TO 3TH JaHHBIC B3SATHI U3 CIIPABOYHUKA TIPU
0
t=0"C.

BemectBo A, Bt/(M-K)
Cu, meanp 390
Cranapb 1050
Orneynopsi 0,25+3
TenyioBast H30JAIUS 0,05+0,25
I'a3bl 0,005+0,4
Kuaxocrn 0,08+0,7

ugppepenyuanvnoe ypasnenue menaonposoonocmu (Ouggepenyuanvroe
ypasnenue @Dypoe).

Ecnu momecTtuth TENO, HapuMep, OECKOHEUHYIO TUIACTUHKY TOJIIMHOW O U
HavyasibHOU TemmepaTypoil Ty B ropsiuyio cpeny ¢ temneparypoi T¢(puc. 2.1), To
IUIACTUHKA, MOJIyyas HSHEPrUI0 OT ropsiueil cpenbl, OyneT HarpeBaThCs, U €€
TeMIIepaTypa U3MEHSETCS C TECUEHUEM BPEMEHH B KaX 101 TOUKE.

Temneparyproe mnoneT =f(x;,7), T.€. paclIpeiciicHHe TEMIEPaTyp B
IOPOCTPAHCTBE © BO BpPEMEHH, HAXOAAT peuieHueM AudQepeHnanbHOro
ypaBHeHus (1Y) temnonpoBogHocTH, koTopoe B 1814 rogy BeIBen (ppaHily3cKuid
yueHbli Dypbe U IOITOMY 3TO YpaBHEHME HOCHUT ero wumsi. BseBox Y



TEIUIONPOBOJHOCTH OCHOBAH HA 3aKOHE COXPAHEHUS DHEPIUU U UCIIOIB3YET 3aKOH
dypeoe.

Puc. 2.1. HarpeB miacTussl B cpese ¢ temnepatypou T

YpaBuenne @Dypbe MOIEIUpPYET MPOUECCHl, KOTOPhIE B  MPOLECCE
TEIJIONPOBOJAHOCTH MPOTEKAIOT B KAXKJIOM 3JIEMEHTAPHOM O0BEME Tea:

1) morjioiieHWe TEIIOBOM HSHEPrUM MPU HATPEeBE WIM BBIACICHUE TIPU
OXJIaXKJICHUH;

2) NPOXOKJICHUE TEIJIOTHI Yepe3 dJIEMEHTAPHBIA 00bEM TPAH3UTOM;

3) BbIAEJICHHE WIM TOTJIONIEHUE TEIUIOThI 3a CUET JEWCTBUS BHYTPEHHUX
HMCTOYHUKOB WJIM CTOKOB TEIJIOTHI MOLTHOCTBIO qy.

B BektopHoit  Qopme  3amucu  muddepeHIManNbHOe — YpaBHECHHE
TEIJIONPOBOAHOCTH UMEET BU/I:

c'aa—T = div(Agrad(T))+q, , (2.4)
T

3 3
IJIe ¢'=p-c— yJelbHas 00beMHas TermnoeMKkocTb, Jx/(M™-K); p — IIIOTHOCTB, KI/M;

¢ — yJenbHas MaccoBas TeII0eMKOCTh, JIx/(kr-K).
Hammomuum, 4To 1151 TBEPIBIX TEI cp,RCy RC.

Pemass 3T0 ypaBHeHue, Mbl MoiaydyuM TemiepatypHoe noiae: T(x;, t). T.o.
g epeHnnaIbHOe ypaBHEHNE TEIIONPOBOIHOCTH YCTAHABIUBACT C853b MEHCOY
NPOCMPAHCMBEHHBIM U 6PEMEHHbIM USMEHEHUAMU TEMIIEPATYPBI.

Buna dopmyn nist oneparopoB auepreniuu (div) u rpaguenta (grad) 3aBucsr
oT BbIOOpa cuctembl KoopauHat. Hampumep, B JekapToOBOil cucTteMe KOOpAMHAT
JY TennonpoBOAHOCTH NPUMET BUA:

c'a—T=i[xa—Tj+i(xa—T]+i(ka—Tj+qv, (2.5)
ot oOx\ 0Ox) oOy\ oy) 0z\ o0z



WIH, IPUHUMAs JOIYIIEHUE O HE3aBUCUMOCTH (PU3UUYECKUX CBOMCTB BEIIECTBA OT
TeMIepaTypsl {c',A,p = f(T) }, MOXKHO 3aIIUCaTh:

; (2.6)

aT [62T 82T 62Tj qy
=a + + +—'

o ox 2 6y2 oz? c

A A
rae a=—=—— — KO3()GUUMEHT TEMIIEPATyPOIIPOBOJHOCTH, m/c.
¢ p-c

B namem kpatkom kypce TMO Oynem pemats auddepeHianbHoe
ypaBHeHue @Dypbe s Ten mnpocteimieil ¢opmbl (OeCKOHEYHas IUTACTHHA,
OCCKOHEUHBIH IWIMHAP W Imap wuiu cdepa) C TMOCTOSHHBIMH (PU3HUECKUMU
KO3 PUIIUECHTAMH:

oT o’T k-1 0T | q,
—=a ) + . +—'
ot ox, X; OX c

: (2.7)

r7ie X; — MepBas KOOpJAWHATAa B OPTOTOHAIBHOW CHUCTEME KOOpIAMHAT: X; = X B
JICKapTOBOH cHUCTEME KOOPAWHAT, X; = I B HIWIMHIPUYECKOH M chepuueckoit
cucremax koopauHat; k = 1, 2 wiu 3 — kodpdunmuent popmer tema: k = 1 —
OeckoHeuHas macThHa; kK = 2 — 6eCKOHEeUHbBIH MUIUHP; K = 3 — map.

[Ipu oTCYTCTBHM B CHCTEME BHYTPEHHHX UCTOYHUKOB CTOKOB TETUIOTHI (q,=0)
mudpdepennnanbapie  ypaBHeHus @Dyppe and  Ten  mpocTermeil  popmbl
3aIMCHIBAIOTCS CIEAYIOMUM 00pa3oM:

oT  o°T
k=1:2-39_. 2.8
2
k=2 5_T:a(5_T+l.a_T]; (2.9)
ot ot r or

2
k=3:90_ 0T 20T} (2.10)
ot arz r or

[Ipy HEu3MEHHBIX YCIOBMSIX TemIooOMeHa (TIOCTOSIHHBIX TEMIEpaTypax
IIOTOKA, OMBIBAIOIIETO TEJIO C Pa3HbIX CTOPOH, M IOCTOSHHBIX KO3 (uImeHTax
TEIUIOOTAA4YM) Ha FpaHULaX TeJla €ro TEMIEPATYPHOE MOJIE C HEKOTOPOI0 MOMEHTA
BPEMEHU MEPECTAECT U3MEHATHCS BO BPEMEHU M HACTYNAET CMAYUOHAPHBIU PEKUM
TEIUIONPOBOJAHOCTH, KOTOPBIM 11 Ten mpocTeimeli ¢GopMbl OMUCHIBACTCS
ypaBHeHHeM llyaccona nmpu neMCTBUM BHYTPEHHUX UCTOYHUKOB TEIUIOTHI:



2 —
el d g, 2.11)
dx, x; dx; A

win ypaBHenueM Jlamnaca, ecnu qy =0:

2 —
S S L' (2.13)
Xm Xl Xm

B pesynbrare pemenus onHoMepHOro AU(GEepeHINaIbHOTO YPaBHEHUS IS
CTAMOHAPHOI'0 Ipolecca TEIIONPOBOJHOCTH HAaXOAAT TEMIEpPATypHOE IOJE B
Bujie T(X;) unu B siBHOM Bujie T(X) — B JeKapTOBOM cucTeMe KoopauHat u T(r) — B
HUIMHAPUYECKON U chepruuecKoi cucTeMax KOOpIUHaAT.

2.3. KOHBeKTMBHBIN TEINJI000MEH.

OcHogHble NOHAMUA U OnpedeleHUA

Konesexyus meniomul OCYIIECTBIISIETCS 32 CUET MEPEMEIEHUS MAaKpPOOOHEMOB
Cpensl M3 00JIACTH C OJHOM TeMIepaTypoil B 00JacTh ¢ JPYrod TemrepaTypoi.
KoHBekIus mpoTeKaeT COBMECTHO C MPOIECCOM TeruionpoBogHoCcTH. CoueraHue
KOHBEKIIMU M TEIUIONPOBOJIHOCTH, HAOIIOJaeMOE B TEKY4YHX CpElax, Ha3bIBAIOT
KOHBEKMUBHbIM meniooomenom. 1103TOMY IUIOTHOCTH TEIUIOBOTO TMOTOKA MpHU
KOHBEKTUBHOM TETUIOOOMEHE PacCUUTHIBACTCS IO PopMyIie:

=—\-VT+p-w-h, (2.14)

Qxro = Qkonn + Axons

2
TJI€ (., — IVIOTHOCTh TETJIOBOTO MOTOKA MPHU KOHBEKTUBHOM TeIsIooOMeHe, BT/M™;

d koun INIOTHOCTh  TCIJIOBOTO IIOTOKAa IIpU KOHAYKTHBHOM (33, CUcT

2
TEIJIONPOBOIHOCTH) TeriooOMeHe, BT/M™; q,,,; — IVIOTHOCTh TEIUIOBOT'O MOTOKA

3a CcueT KOHBEKIMU TeKyueil cpemsl, BT/M”; A — K03Q(HIHEHT TeIIONPOBOIHOCTH
dmonna, Br/(m*-K); VT — rpaauent temmeparyp, K/m; p — miotHocTs Giionna,

; —
KI/M’; w — CKOPOCTh ABWXEHHUS (iouaa, m/c; h=c, T — yAellbHas SHTAJBIINS

dmronna, Jx/kr; T — remneparypa, °C nim K.

Takum o00pa3om, sl pacdera TEIJIOBOTO IIOTOKA, IEpeIaBaeMoro B
HEHM30TEPMHUYECKON TEKydel cpelie HEeoOXOIUMO IMPEIBAPUTEIIBHO PacCYUTATh
TEMIIEPATYPHOE MOJIE U MOJIE CKOPOCTH.

B 3asucumocmu om mnpuuunsl, BBI3BIBAOIIECH IBUXECHUE TEKYYEH CpEHbI,
pa3IMYaOT KOHBEKIMIO IPU BBIHYXKJISHHOM JIBMDKCHUU WJIH  BbIHYHCOCHH)YIO
KOHGeKYU W KOHBEKIINIO MPU CBOOOTHOM JBIKCHHUH UM C80000HYI0 KOHBEKYUIO.
[Ipu ewinyscOenHOl KOHBeKyuu IBUKEHUE TEKy4ded Cpeibl MPOUCXOAUT MO
JIEUCTBUEM BHEIIHEW CHWJIBI — PA3HOCTHU JABJICHUN B MOTOKE, KOTOPYIO CO3JAeT



Kakoe-mu0o TpaHcmopTUupymomee ¢GIIoNa yCTPOMCTBO, HANpUMEp, BEHTHIIATOD,
Hacoc U T.. llpu ceoboonol KoHGekyuu IBUKEHUE CpeAbl MPOUCXOAUT Oe3
NPWIOKEHUS! BHEIIHEH CUJbl, @ BCJIEACTBUE PA3HOCTH IJIOTHOCTEH pa3IMYHBIX
00BEMOB  Cpelbl, KOTOpass MOXET BO3HUKATh U3-32 IEPEMEHHOI0 IO
TeMIIepaTyphbl, T.K. INIOTHOCTH p=f(T). IlepemenHoe moje TemnepaTyp BbI3bIBAET
NEPEMEHHOE I10JI€ TUIOTHOCTH M, BCIEICTBHUE 3TOr0, B IOJIE 36MHOI'O TITOTEHUS
IPOUCXOJUT MEPEMEIIEHUE MacC C pPa3sHOM IUIOTHOCTbIO ( JIETKUE CJOHU
NOJIHUMAIOTCSl BBEPX, TKEJbIE OMYCKAlTCs BHU3). B 3TOM ciyyae roBopsT O
C80000HOU Menio6ol U ecmecmeeHHOU KOHBEKIMU. 3aMETUM, YTO NepeMEHHas
no o0beMy IUIOTHOCTh TEKyued cpeabl MOXKeT OBbITh co3faHa H  IyTeM
MEXaHUYECKOTO MEePEMELINBAaHUS CPE/l C PA3IMYHON MJIOTHOCTHIO (Hampumep, npu
MPOAYBKE KHUJIKOM CTAIbHOW BaHHBI KUCJIOPOIOM).

[To unmencusnocmu osudicenus: pa3InyaroT ABa OCHOBHBIX PEXHMa TEUEHUS:
JamuHapHuolii u mypoyaenmusii. J{ns 6onpmmmHCTBA (IIOUIOB CYIIECTBYET
nepexooHblil OT JIJAMUHAPHOTO K TYpOYJIEHTHOMY PEKUM TEUEHUSI.

[Ipu3Haku 1amunapro2o pedxcuma TEUECHUS:

— YacTHUIbl Cpebl IBUXKYTCS MO IUIABHBIM B3aUMHO HENEPECEKAIOIIUMCS
TPACKTOPHUSIM;

— IapameTpbl TeUeHUs (TeMIeparypa, CKOpOCTb, JABICHUE U KOHLICHTPALIHS
npuMeceit) sIBISIFOTCS TIaAKUMH (PYHKIUSAMUA KOOPJIUHAT U BPEMEHH;

— m§polecc TMepeHoca CcyOcTaHIMM (TEIUIOThI, HMMIYyJIbCa U  MAaccChl)
OCYLIECTBJISIETCS 3a CUeT B3aUMOJACUCTBUS Mukpouacmuy cpenbl (aTOMOB,
MOJIEKYJ], MOHOB H T. 1.). IlosTomy Ko3(umenTsl nepeHoca cyOcTaHUUU
(k03P dULIMEHT TEeMNepaTyporpPOBOJAHOCTH, KOIPPUIMEHT KUHEMATHYECKON
BSI3KOCTH u kod(pbunmreHT muddy3un) SIBJISTIOTCSI bU3UIECKUMU
XapakTepucTukamu Bemecta. KoagunueHTs! nepenoca cyoCTaHIIMU [Tl pa3HbIX
BEIIECTB OMNPECINIAIOT FKCIIEPUMEHTAIBLHO U MPUBOJASIT B CIPABOYHBIX TAaOIUIAX B
3aBUCUMOCTH OT TEMIIEPATYpHI.

[Ipu3Haku mypoynenmnozo pesicuma TEUCHUS:

— YacTHIbl CpeAbl JABWXKYTCA MO CIIOXHBIM, JIOMaHBIM, B3aMMHO
NEPECEKAIOIIUMCS TPACKTOPHUSIM;

— TapameTpbl TeueHus (TeMIeparypa, CKOpoCTb, JABICHUE U KOHIICHTPALIHS
npuMeceit) sIBISIFOTCS My IbCUPYIOIMMH (PYHKIUAMU KOOPIUHAT U BPEMEHH;

— TMporecc TMepeHoca CyOCTaHIUH (TeIJIOThl, HMMITYJhCa M MaccChl)
OCYLIECTBJISIETCS 32 CUET B3aUMOJEUCTBUS MAaKpOOOBEMOB Cpelibl (TypOYJIEHTHBIX
mouei). Iloatomy koadduumMeHTsl nEpeHoca cyOocTaHmuM (KO3 QPUUIUEHT
TEMIIEPaTypONPOBOJHOCTH,  KOIPPUUIMEHT KUHEMATUYECKOHM  BS3KOCTU U
kodppunment guddy3un) 3aBUCAT OT CaMOr0 pPEeXKHUMa U HE SBISIOTCS
busznueckumMu xapakTepuctukamu BemecTBa. KoadduuueHntsl TypOyJIEeHTHOTO



nepeHoca CyOCTaHIIMM PacCUMTHIBAIOT MO, TaK HA3BIBAEMBIM, HOJYIMAUPULECKUM
Mooenam mypOyieHmHOCmuU, W3YyYE€HUE KOTOPBIX BBIXOJUT 3a PaMKHU HAIIEro
KpaTKOro Kypca.

CylecTBOBaHUE JIAMUHAPHO20 WA mypOYIeHmHo20 PEKUMA TEUEHMS
3aBUCUT OT COOTHOLICHMS JBYX CHWI, ACHCTBYIOUIMX B TEKy4Ye€d Cpele: CHUIIbI
unepiun  (f,, )u cuibl Tpenust (f,,). Ilpu ycnoBum f,, <<f,, uMeeT MeCTO

JAMUHAPHBIA PEXKUM TEUYEHHUS U, COOTBETCTBEHHO, HA0OOpOT, mpu f,, >> frp

TypOYyJICHTHBIN PEKUM.

Jlugppepenyuansvhovie ypasnenus KOH6EKMUEHO20 MeENi1000MmeHa.

B oOmem cnyuyae ogHOo(asHass XMMHUYECKH OIHOPOIHAS TeKydas cpena
XapaKTepU3yeTCs:
1. monem temneparypsl T(x;,T) — CKaJsIpHOE IOJIE;

2. moNeM CKOPOCTH w(x;,T)=W,i+W,]j+w,k —BEKTOPHOE 110JI¢;
3. mojem JaBieHHs p(X;,T) — CKaJISAPHOE MOJe,

A€ X; — OpTOrOHajbHAasl CHUCTEMa KOOpAWHAT (HAmpumep, Uisl JEeKapTOBOM
CUCTEMbI KOOPAMHAT X; =X, X, =Y, X3=2); T — BpeMa. [Ipu stom ¢uznueckue

CBOMCTBa cpenbl (IJIOTHOCTh, KOA(POUIUHMEHTHl  BA3KOCTH, KOI(PPUIUEHT
TEIUIONPOBOAHOCTH) JOJKHBI OBITh U3BECTHBI.

Jlia  pacuera TemmepaTypsl, JaBl€eHUS U, B O0OLIEM ciydae, Tpex
COCTABJISIFOLIUX BEKTOpa CKOpOCTH HEO0XO0IMMO pelInTh ISTh
g depeHInaIbHbIX YPaBHEHHI:

— muddepeHnmanbHOe ypaBHEHHE TEPEHOCA DHEPIHMHM B TEKydeu cpene —
ypaBHeHue Oypre-Kupxroda;

— Tpu JIud@epeHIHaTbHBIX YpPaBHEHUS IEpEeHOca UMITYJIbca B TEKydeu
cpene — ypaBHeHus: HaBbe-Crokca;

— muddepeHINaTbHOE YPaBHEHNE HEPA3PhIBHOCTH WIIM CIUIOUTHOCTH.

Jugppepenyuanvroe ypasnenue @ypve-Kupxeoga.
B BekTOpHOM BHE ypaBHEHHE IMEpPEHOCA DHEPTHUH B TEKy4eH Cpelne hMeeT
BT

p-c-(Z—T+;-VTJ :div[k-grad(T)]+qV+u-®—p-divg, (2.15)
T

rae  p-c-0T/0t — cllaraeMoe B IPAaBOM YaCTU YPABHEHUS JHEPrUM, KOTOPOE

OTpaXKacT HCCTAIUOHAPHOCTD Imponecca TGHHOO6M€H&; p-c-w-VT -

KOHBEKTHUBHBIN YICH YPaBHEHUs DHEPIUU — YUUTHIBACT IIEPEHOC TEILIOTHI 34 CUET
JBUKEHUs cpelibl; div[h - grad(T)] — 1M dy3UOHHBIN WIEH YPAaBHEHUS — YUUTHIBACT



IEPCHOC TCIIOTHI TCIUIOIIPOBOJHOCTBIO; q, — WCTOYHUKOBBIN YJICH YPaBHCHUSA —

YUYUTBIBACT IIOCTYIJICHUC WJIN Y6BIJIL OHCPrun 3a CHUCT HCﬁCTBHH BHYTPCHHHX
HUCTOYHUKOB HJIHM CTOKOB TCIUIOTBHI, p-® — CJjlaraéMoO¢ YpaBHCHUS DHEPruu,

YUYUTBIBAIOIIEE HArpPEB CPElbl BCIEACTBUE AUCCHUNALNN KHHETHUYECKOW SHEPTHU
JBYDKEHUS 32 CUYET TPEHUS, | — JUHAMHYECKUN KOd(PGUIUEHT BA3KOCTH; O —

JUCCUTIATUBHASL (PYHKIMS; — p-div@ — cjlaraéMoe YpaBHEHUS, YUMTHIBAIOIIEE
M3MEHEHHE dHEepruu (PIirouga mpu ero CxKaTUu WiK pacCuIupeHUN.

[Tocneqnue nBa ciiaraeMbiX B YpaBHEHUU MEPEHOCA SHEPTUU B 3HAYUTEIbHOU
CTENEeHU 3aBUCSAT OT CKOPOCTH JBHXEHUS M i ckopocter meHee 100 m/c,
XapaKTePHBIX JUISI DHEPreTUYECKUX M TEIJIOTEXHOJIOTMYECKUX arperaTtoB, B
pacuerax TeII0oOOMEHa HE  YYUThIBalOTCA. [IpuHuUMas — jgomymieHue o
HE3aBUCHUMOCTH (DU3WYECKUX CBOWCTB CpeAbl OT TEeMIIepaTypbl M OTCYTCTBUU
BHYTPEHHHUX HCTOYHUKOB TEIUIOTH ypaBHeHHEe Dyphe-Kupxroda npuaumaet BHI:

‘Z—TJFQ.VT:a-vZT, (2.16)
T

rae a=A/(p-c) — KOOPOUIIMEHT TEMIIEPATYPONPOBOIHOCTU TEKYUEH Cpeibl.

3aMeTHM, dTO JUIS HEMOIBIKHOH cpembl (w=0) ypaBHeHne Dypbe-
Kupxroda nepexoanut B ypaBHEHHE TETIONPOBOAHOCTH — ypaBHeHHE Dyphe.

Hnsa pemenus ypasHenuss Pypwe-Kupxroda HeoOXoaumo mMpenBapUTENbHO
paccuuTarh 1oJjie CKOpoCTH, pemnB ypaBHeHus HaBbe-CTokca.

Hugpepenyuanvnvle ypasnenus osudicenus mexyueu cpeowvi (ypasnenus Haeve-
Cmoxca).

BbIBOJ| ypaBHEHHs OCHOBaH Ha 3aKOHE COXPAHEHUS KOJIMYECTBA JBUKEHUS:
i (GUKCUPOBAHHOM Macchl M Tekyueil cpeibl, COTJIacCHO KOTOPOMY HM3MEHEHHE
UMITYJIbCa PaBHO CyMME BHEIIHHUX CHJI, ICUCTBYIONINX Ha 00beM Maccoit M:

dK =
—_— = fBHeLLlH ’ 2.17
) @.17)

-

e K=M-w - UMIOYIbC, fesems — BHCIIHHE CHIbI, JACHCTBYIOLME HA
3JIEMEHTAPHBIN 00BEM NOTOKA.

3anumeMm ypaBHeHuss Habbe-CTokca naisi TEKydyuX cpell € IOCTOSHHOM
IUIOTHOCTBIO B BEKTOPHOH (hopMe:

—

W N .Vw =5 Vp+v.Viw. (2.18)
ot p



B sTOM citydyae ypaBHEHHE HEPAa3pPBIBHOCTH IPUHUMAET BUJL:
divw =0. (2.19)

B YPaBHCHUU ABHUIKCHUA TGKy‘ICﬁ Cpcabl BCC CJIaraCMbIC NUMCIOT Pa3SMCPHOCTDb

[H/xr] m npexacraBiastoT coOOM MAacCOBYH IUIOTHOCTh CHIIBL: Ow/dt=f

JIOK

HECTALlMOHAPHBIA WIEH YyPAaBHEHUS, HMEKOILIAM CMBICI JIOKAJIbHOM  CHJIBL;

w-Vw =f,, — KOHBEKTUBHBI WIECH YPaBHEHHUS — XapaKTEPU3yET CUILYy MHEPLHH;

g=f, — ciaraeMoe, MMEIOIIEE CMBICI OOBEMHON MM MacCOBOM CHIIbI (CHIIBI

g

1 : 22 .
TSKECTH); Eszfp — cwna jgaieHus; v-Vow=f — AuQy3HOHHBIA HieH

YPaBHEHUS — XapaKTEPU3yET CUILY TPEHHUS.
2.4. Termsi000MeH M3JIy4eHHEM.

Jyuucmolit mennooomen: OCHOGHbIE NOHAMUA U OnpedeeHUs. 3aKOHbl
mMenji06020 U3nyueHus.

TemmooOMeHn Mexay TBEPABIMHU, XUAKUMH W Ta3000pa3HbIMU TelaMU
BO3MOXKEH M B TOM CiIy4ae, KOTJa OHH OTCTOSAT APYr OT JApyra Ha OoJbline
paccTostHUSL W UX pasfenser Tiyookuil BakyyM. [lpumepom sTOMy sBiISeTCS
teriooomMen Mexay ConHiemM U 3emiieil, OTCTOSIIMMHU Apyr OT Jpyra Ha
paccrosiHre npuMepHo B 150 muH. kM. B 3TOM ciydae HOcUTENnEM Teruia MExXIy
TEJaMU BBICTYIIAa€T HE BEIIECTBO, a JJIEKTPOMAarHUTHOE MW3JIy4YEHUE Tena,
HaxXoJsIerocs npu remmeparype, 6omnpiieit 0 K. Mb1 6ynem paccMatpuBarth JIMIIb
TEIJIOBOE 3JIEKTPOMAarHUTHOE W3JIyYEHHE Te€J, KOTOPOE BO3HUKAET BCIIEICTBUE
Xa0TUYECKOr0 TEIUIOBOI'O JIBM)KEHHUSI MOJEKYJ (aTOMOB), y3JIOB PELIETOK U T.IL
[Tpu >TOM OBUYKEHUU MOJEKYJIbI (ATOMBI WJIM Y3JIbl PELIETOK) BO30YKIat0TCs U B
HUX TPOUCXOJAT MEPEXO0Jbl IEKTPOHOB C OJHOTO HHEPreTUYECKOro YPOBHS Ha
JPYTOM € M3IIyYeHUEM HIIH MOTJIOIEeHHEM (POTOHOB (KBAHTOB SHEPIHH).

Takum oOpa3om, reHepUpOBaHHUE 3IEKTPOMArHUTHOM SHEPIUU BCIEACTBHE
TEIUIOBOTO JBMKEHHS MOJIEKY] (aTOMOB) M y3JI0B PELIETOK MPOUCXOIUT B 00bEME
KOKJIOro Tejla HE3aBUCUMO OT (pakTa CyLIECTBOBaHMSA Apyrux Ten. TemnoBoe
AIIEKTPOMArHUTHOE U3TyYEHUE XAPAKTEPU3YETCS MPU ITOM:

1. cBOMiCTBAaMM HEMPEPHIBHOCTU (IIPU 3TOM TOBOPAT O TAKUX XapaKTEPUCTHKAX
U3NIy4EeHMs, KaK JJWMHA BOJIHBI, YacTOTa, CHEKTp) U CBOMCTBaMHU
JUCKPETHOCTH (TIPU 3TOM FOBOPAT O MOTOKE (POTOHOB);

2. CBOMCTBOM IMPEIOMIATHCS TMPU MPOXOKIAECHUHU YEPE3 HEKOTOPHIE BELIECTBA
(Hamp., KaMeHHasl COJib);



3. CBOICTBOM OTpaxKeHwusl, uHTepPepeHun, TUPaKIUA U T. 1.

OtmeTuM, 4TO MBI OyJeM H3y4yaThb PaBHOBECHOE TEIUIOBOE H3IIyYEHHE Tell,
T.€. H3JyYECHHE TeJl, TEMIIEparypa KOTOPBIX MOIIEPKUBAECTCS BO BPEMEHHU
NOCTOSSHHOW. Bce u3naraemble HUXKE pacCyXICHHUS U 3aKOHOMEPHOCTH OyayT
OTHOCHUTBHCS TOJIBKO K HEMY.

Tennosoe uznyuenue (paouayuoHuvili menioodmeHn) — CIOcod TmepeHoca
TEILUIOTBl B IIPOCTPAHCTBE, OCYILECTBISIEMBI B pE3YyJIbTATE PaCIpPOCTPAHEHUS
AJIIEKTPOMArHUTHBIX BOJIH, HEPTUs KOTOPBIX MPHU B3aWUMOJCHCTBUU C BEIIECTBOM
NepexoJuT B Temio. PaauanMoHHBIM TEMmIooOMEH CBsi3aH C  JBOWHBIM
npeoOpa3zoBaHUEM SHEPTUH U IPOUCXOAUT B TPU ATaNa:

— MEPBOHAYAIBHO BHYTPEHHSS DHEpPrus TeJla IPEeBPallacTCsl B JIHEPIUIO
AJIEKTPOMArHUTHOTO U3Ty4eHHUs (SHEPTUI0 (OTOHOB MJIM KBAHTOB);

— 3aTeM, JIYYHCTasl SHEPIUs IMEPEHOCUTCS JJIEKTPOMArHUTHBIMU BOJIHAMU B
IIPOCTPAHCTBE, KOTOPBIE B OJHOPOJHOM M H30TPOIIHOM CpENEe U B BaKyyMe
pacupoCTpaHsOTCA MPSAMOIMHENHO CO CKOPOCTBbIO CBETa (B BaKyyMe€ CKOpPOCTh
cBeTa paBHa 3-10° M/C) NOMYMHASCH ONTHYECKAM 3aKOHAM IIPEIOMIIEHMS,
MOTJIOUIEHUS U OTPAXKEHNUS,

— TIOCJIE TEPEHOCAa DHEPrUM JJIEKTPOMArHUTHBIMU BOJIHAMH, IMPOUCXOJUT
BTOPOM IME€PEXOJ JYyYUCTOM HHEPrMU BO BHYTPEHHIOK DJHEPrUI0 Tela IyTeM
MOTJIONIEHUS (POTOHOB.

TemnoBoMy U3TyYEHHIO COOTBETCTBYET MHTEPBAJ JUIUH BOJH A = 0,4 +25 MkM (1
MKM = 10" M), HOCKOJIBKY OCHOBHASI JIOJISl JIy49HCTOM SHEPIHH B TEIUIOTEXHHUECKHX
arperarax INepeNaceTcss MMEHHO B JTOM JMala3OHE JUIMH BOJIH. 3aMETUM, 4YTO
BUJUMBIC CBCETOBBIC JIydd HMEIOT JIWMHY BOJHBI A=0,4+0,8 MKM, a K

uH(pPaKpaCHOMY WJIM TEIUIOBOMY H3JIYYEHHUIO B OOIIEM Cllydae OTHOCST TUaIa3oH
JUIMH BOJIH A = 0,8 +1000 MKM.

Oco06eHHOCTH paAualMOHHOTO TEeII000MEeHa:!

— Bce Tena ¢ temnepatrypoit Boiie 0 K 061anatoT coOCTBEHHBIM TETUIOBBIM
U3ITy4eHUEM, TO €CTh DHEPrUI0 U3IydaloT Bce Teja (TBEpAble Tena, KUIAKOCTH U
Jy4EeHENPO3pavHbI€ rasbl);

— JJIA Tepeladd TEIUIOThI U3NTydeHHeM He TpeOyeTcsl TeIo-MOCPEIHHUK, T.€.
Jy4HCTasi SHEPTUSI MOXKET MEPEIABATHCS U B BAKYYME;

— npu Temneparypax 10 100 °C myuncras U1 KOHBEKTUBHAS (IIpH CBOOOIHOM
KOHBEKI[MM)  COCTABJISIOIIME  TEIJ0OOMEHa MMEIT OAMH TOopsanoK. B
BBICOKOTEMIIEPATYPHBIX ~ SHEPreTUYecKux (Hampumep, NaporeHeparopax) u
BBICOKOTEMIIEPATYPHBIX TEIUIOTEXHOJOTUYECKUX (HApUMEpP, METaJUTypruueCKuX
neyax) amnraparax Jy4uCThIi TEII000MeH siBiisieTcsa nfoMuHupyomum (1o 100%) B
CyMMapHOM TEIIOTIEPEHOCE OT TOPSYEro TEIUIOHOCUTENS K MOTPEeOUTEIO
TEIUIOBOM SHEPIUH;



— pa3IMyYyalT MOBEPXHOCTHOE U3JydeHUE (TBEpAble Tena) U OObEeMHOE
U3NTydeHue (JIy4yeHenpo3payHble rasbl).

Cnexmpom u3ny4enus HA3bIBAIOT PACHPEICIICHUE JIyYHCTOW DHEPIUU 110 TUHE
BoiHbI E, =f(A), roe E,, Br/m’ CIIEKTpaJIbHAsl UHTEHCUBHOCTb U3JIy4YEHUs Tena. Y

OOJNBIIMHCTBA TBEPIBIX TEJ CIHCKTPHI CIUIONIHBIE. Y Ta30B W TOJUPOBAHHBIX
METAJUIOB CTIEKTPHI JINHEHYAThIC WU CeleKMUGHble.

C TOYKM 3peHHs paJUaAllMOHHOTO TEIUIOOOMEHA pa3iuYaroT JBa THUIIA
MOBEPXHOCTEN:  Oughgysuvie U  3eprkarvHvle TOBepXHOCTH. [uddy3Hbie
MOBEPXHOCTH pasjiaraloT BCE IMAJIal0llee Ha HHUX W3JIyYeHHWe B Mpejenax
nosrychepsl. Y 3epKalbHBIX MOBEPXHOCTEH YroJy MajieHUus Jyda PaBeH YIIIy €ro
OTpaKEHUSI.

Ilapamempol u xapaxmepucmuKku meni08020 u3ny4eHus.

Kak u nro6oit apyroi#t crnocod nmepeHoca TeIoThl, TEIMI0O00MEH U3Ty4eHUEM
XapaKTEePU3yeTCS MeMnepamypHovlM nojem CUCTEMBbl Tell, YYacTBYIONIUX B
panuanronHoM Tteriooomene (T), u mennosvimu nomoxamu wznyuenus (Q, BT)
HIIA TIOBEPXHOCTHBIMH IUIOTHOCTSIMU TEIUIOBBIX MOTOKOB m3myueHus (E, Bt/m?).
Kpome »aToro, Temam, y4YacTBYIOIIMM B PAJAMAIMOHHOM  TEIJIOOOMEHE,
MPUMHCHIBAIOT HEKOTOPHIE cnerupuIecKue CBOICTBA, Ha3bIBACMBIC
PAOUAYUOHHBIMU XAPAKMEPUCMUKAMY T pAOUAYUOHHBIMU CEOUCMBAMU TeTa.

Ilomoxom uznyuenuss (Q, BT) Ha3pIBaIOT KOJIMYECTBO JIyYUCTOW DHEPIHH,
NIPOXOJIsIIee Yepe3 3alaHHy 0 MTOBEPXHOCTh IUIOMaAbio F B edunuyy BpemeHu.

[T0BepXHOCTHOH niomuocmwio nomoka usiyuenus (E, Br/M®) Ha3bBaioT
KOJIMYECTBO JIyYHCTOM DOHEPTHH, TMPOXOJIIee dYepe3 3alaHHYI0 eOUHUUHYIO
MOBEPXHOCTh 8 €OUHUYY BPEMEHHU.

B pacderax pamuanmoOHHOTO  TEIJIOOOMEHAa TPHHSTHI  CJIEIYIONINE
0003HauEHUS:

— Quax ¥ Ep; TOTOK W TUIOTHOCTh TIOTOKA HW3JIYYCHHS IMaalolue Ha
MIOBEPXHOCThH TEJa;

— Qorp U Eorp MOTOK M IJIOTHOCTH IOTOKA M3JIy4€HHs OTPAaKCHHBIE OT
MOBEPXHOCTH TEIA;

— Quorn ¥ Erory TOTOK M TNIOTHOCTH MOTOKA U3JIYYESHUS TIOTJIOMIEHHBIE TEJIOM;

— Qupon U Ejpon MOTOK M IJIOTHOCTH MOTOKA M3IIyYEHHs IPOIyCKaeMble
TEJIOM;

— Qo6 ¥ Ecog TOTOK ¥ TITOTHOCTH IMOTOKA COOCTBEHHOTO M3TYUYSHUS TEa,

— Q,¢ 4 E, HOTOK ¥ INIOTHOCTB MOTOKA 3((PEKTUBHOIO U3ITyUECHUS TEla;

— Qpes ¥ E¢; IOTOK U MIOTHOCTB OTOKA PE3YIbTUPYIOIEr0 N3Ty4eHHUs Tena



K paguanuoHHBIM XapakTEpUCTHUKaM Tela OTHOCAT HO2I0WAMENbHYIO,
ompax)camenvHylo U HpPONYCKAMeENbHYl0 CIHOCOOHOCTH Tela, CHEKTPAIbHYIO U
UHTETPAJIbHYIO CIMeneHu 4YepHomul 1 y2i108y10 CheneHb YepHOmbl.

Iloznowamenvnan, ompasxiamenvHas u NPONYCKaAmMenbHaA:A CHOCOOHOCHIU.

Jlnst paccMoTpenust PU3NYECKOTO CMBICIIA TOTIIOMATEILHOM, OTpaXKaTeIbHOM
U TIPOITYCKATEeIbHON CIMOCOOHOCTEH Tella pacCMOTPUM MOJIYIIPO3PAYHOE TEJIO Ha
MOBEPXHOCTh KOTOPOTO MAJaeT MOTOK U3inydeHus: Qu,, (puc. 8.1). OueBUHO, YTO
JUTs1 JTF0OOTO MOJIYITPO3PAYHOTO TENa U3 3aKOHA COXPAHEHUS SHEPTUH CIEAYET:

Qnorn + QOTp + anon = Qnaz{ . (220)

Ql‘[&ﬂ
Qo Qo

T FEATTT]

QHDI‘J’I QHDI‘J’I

annn
Puc. 2.2. Cxema paananiiOHHOTO TEIIO0OMEHA JIJIs TOJIYITPO3PAYHOTO Tea

Pa3nenuB neByro mnpaByro 4dacTh paBeHcTBa (8.1) Ha MOTOK MaJaroLIEro
U3TTYUYEHUS, TTIOTYIHM:

Qnorn n QOTp + anon — Qnaz[ Wit A+R+D :1’ (221)

Q nan Q mamg Q man Q manm

rie A=Q,.,/Q.., — no2iowamenrbHas CcnocooHocmb Tella, PaBHAsA JI0JE

MaJAI0IIEeT0 U3JIyYEHHUS MOTJIOIIEHHOTO TEIOM;
R=Q,,/Qu. — ompadcamenvhas Ccnocoonocms Tela, paBHas JIOJI€

ajarouiero U3J1y4yeHHUs OTPaXKCHHOT'O TECJIOM,;
D=Qpon /Quyx — HNpONycKkamenvbHas cnocobHocms TENa, paBHAs JI0JIe

Naaaromero U3J1y4CHUA NPOXO AICTO YCPE3 TCIIO.



B 3aBucumocTu ot umcioBoro 3HaueHus A, R u D paznuuator abcorromno
uepHoe, abconomHo benoe N yyenpo3pavroe Ui ouamepmuyHoe Telna.

Teno, kKoTopoe moriouiaeT Bce Najaroliee Ha HEro M3JIy4YyeHUe, Ha3bIBaroT
abcontomno uyepnvim Tenom (AUYT). [IoTok W TIIOTHOCTH MOTOKAa COOCTBEHHOI'O
uznydyenust AUT obOo3znauvaor Q, u E, COOTBETCTBEHHO. Y aOCOJIIOTHO YEPHOTO

Teaa: A=1, R=D=0.
Teno, kotopoe ouggysno otpakaer Bce IMajaroliee Ha HETO HU3JIyYeHHUE
Ha3BIBAIOT abcoitomno beavim TeaoM. Y a0coiroTHO Oetoro tena: R=1, A=D=0.

Teno, KOTOpoEe IMPOMYCKAaeT BCE MANAIOUIEE HA HETO W3JIyYEHHE, HA3bIBAIOT
JIyY4enpo3payrbiM Ui ouamepmuynsim. JIJisi muatepMudHoro tena: D=1, A=R =0.

Brlllleyka3zaHHBIX HIEANBHBIX TEJI B Ipupojae He cyuiectByer. OmHako
HEKOTOpbIE pealbHble Tella IO CBOMM paJUAIMOHHBIM CBONCTBAM OJIM3KU K
yuJacalbHbIM. Hampumep, y caku M OKHUCIIEHHOM LIEPOXOBATOW CTalu A —1, y
IOJIMPOBAHHBIX METAIOB R —1, y JABYXarTOMHBIX Ta30B C CHUMMETPUYHBIMU
Mosekyinamu (N,, O, ), B TOM UHCIIe, U y CyXOro Bo3ayxa D — 1.

VY Henpo3pauHbIX Tell: D=0, A+R=1. Y ra3oB: R=0, A+D=1.

Buowt aiyuucmuix nomokoe.

W3nydenne Tena, OOYCIOBJICHHOE €Tr0 TEIUIOBBIM COCTOSHUEM (CTETICHBIO
HArpEeTOCTH) HAa3BIBAIOT COOCMBEHHbIM — U3iyyeHuem HToro Tena. IloTok
COOCTBEHHOI0 M3JIyueHusi 0003Ha4YaroT Q.6 Wi OykBoi Q 0€3 HUXKHETrO MHJICKCA.
IInomuocms nomoka cobcmeenno20 uzyyeruss 0003HaAYaIOT:

E s _ Qe wm E=—7, e (2.22)

¥ Ha3BIBAIOT JIYUEUCHYCKAmeNbHOU chnocoonocmvto Tema. B BemwumHe E o5
3aKJIFOYEHA BCS YHEPIusl, U3TydaeMasi TeJIOM B JIANa30He JJIMH BOJIH A =0+oo, T.€.
DHEPrusl W3Iy4YeHHs] Bcero crekrpa. Joiro JydeucnyckaTeabHOM CIOCOOHOCTH,
3aKJIIOYEHHYI0 B OECKOHEYHO MajOM CIEKTPajJbHOM JMANa3oHe JJIMH BOJH d\
HA3BIBAIOT CHEKMPALbHOU NIOMHOCHbIO NOMOKA COOCMBEHHO20 U3NYYeHuss WIN
CHeKMPANbHOU TYUeUucnycKameibHol CHOCOOHOCMbIO Tella U 0003HAYAIOT:

°Q _dE - Br (2.23)
S dF-dhv dhT o om ’

A

3Has GyHKIHUIO — pacrpeesieHus E, =f(»), JIy4€HUCIIYyCKATCJIbHY 1O

CIIOCOOHOCTH TeJa MOXKHO pacCUUTaTh, IPOUHTETPUPOBAB ATY QYHKIIMIO IO BCEMY
CHEKTPY U3ITYUYCHUS:



E=[E,d.. (2.24)
0

[ToaTOMy JyyeuclyCKaTelbHYI0 CIOCOOHOCTh TeJa TakKe HAa3bIBaIOT
uUHmMe2panbHOU TOTHOCTHIO MOTOKA COOCTBEHHOI'O U3JTYYEHHUS.

Jlanee paccMOTpUM cXeMy pPaJMaIlMOHHOIO TEeII000MEeHa, N300paKEHHYIO Ha
puc.6.2. Ha nHenpo3payHoe TenO MaaaeT JYyYUCThIM MOTOK Q... OaHa 4acTh
TEIJIOBOIO MOTOKAa B KOJIMYECTBE Qpor; IOIVIONIAETCA TEJIOM, a JApyras — B
Koym4ecTBe Qorp TEIOM OTpakaercs. Temo obsagaeT U COOCTBEHHBIM H3ITy4EHHEM
Qco6 N Q

PagnanoHHBIN TEIUIOBOM IMOTOK, YXOISIIUNA C IIOBEPXHOCTU TEJla, PABHBIN
CyMM€ COOCTBEHHOTO U  OTPaXEHHOIO0 TEIUIOBBIX TIOTOKOB  HAa3bIBAIOT
a¢ppexmusHbiM TEIIOBBIM OTOKOM U 0003HAYAIOT Q,4. D(M(MEKTHBHBIN TEIIOBON
MOTOK T10 ONPEJIETICHUIO PaBEH:

Qup = Quog + Qurp - (2.25)

TermoBol IOTOK, MAyIMA Ha W3MEHECHHE TEIJIOBOIO COCTOSHUS TeENa,
Ha3bIBAIOT Pe3yIbMupyrowuM TEIUIOBBIM IOTOKOM M 0003HA4al0T Que; MM C
Henplo  yHu(UKanuu 0003HAUYEHHWH B pacyeTax CJIOXKHOTO (pagualMoOHHO-
KOHBEKTHUBHOTO) TeruiooomeHa Q. B pesynmpraTe paamanvoHHOTO TEIIooOMeHa
TEJI0 MOJy4YaeT WM OTJIaeT KOJIMUECTBO dHEPruu (cM. puc.2.3):

QW = Qpe3 = Qnorn _Qco6 = A'Qnaa _Q006 9 (226)
i
Qw = Qpe3 = (Qnom + QOTp)_ (QcoG + QOTp) = Qnazl - Qa(b . (227)
Qnaﬂ

QOTp
QcoG

Puc. 2.3. Cxema paaraiiiOHHOTO TEIII0O0OMEHA /TSI HEMTPO3PAvYHOro Tea



Ecnu pacder paavallMOHHOTO TEIIOOOMEHAa MPOBOJAT, HCHIOJIb3YS B
IUIOTHOCTH COOTBETCTBYIOUIMX PAJUALMOHHBIX IIOTOKOB, TO B 3TOM CJyuae
dbopmyisl (8.6) - (8.8) mpumyT BUA:

By = Eeg +E (2.28)
cob 5 (229)
)=Bpy —E,.  (2.30)

[IpuBenem  ¢GopMyiny CBS3M  COOCTBEHHOTO, pE3YJIbTUPYIOIICTO U
3 PEKTUBHOTO ITOTOKOB U3TyYCHHS:

oTp

quEpe3:E _ECOGZA'Enau_E

TIorJI

qw = Epe3 = (Enom +E0Tp)_(Ec06 +E

oTp

1-A Quus
=— . co 2.31
Q3(1) A Qw+ A ( )
20) 041
E,=—": —=. 2.32
¢ A qy A ( )

OcHognble 3aKOHbl MENn106020 U3TYYEHUSL.

3akon ITnanka. VIHTEHCUBHOCTH U3Iy4YeHHUs aOCOJIOTHO depHoro tena Iy u
J000T0 peampbHOTO Tena I 3aBUCAT OT TeMIepaTypbl M JJTMHBI BOJIHBIL
AOGCOTIOTHO YEepHOE TENO MPH JAHHON TEeMIepaType MCIyCKaeT Jy4Yd BCEX IHH
BoiH oT 1 = 0 go 1 = ¥. Ecnu xakuM-1u60 00pa3oM OTHIENUTh Jy4d C pa3HbIMU
JUTMHAMH BOJIH JAPYT OT JIpyra U U3MEPUTh DHEPTHUIO0 KAKIOTO JIyda, TO OKaKETCs,
YTO pacupenesieHue YHEPTUU BIOJIb CIIEKTPa Pa3IudHO.

[To mepe yBemuueHUs UIMHBI BOJHBI SHEPTHs JIydedl BO3pacTaeT, Mpu
HEKOTOPOH JUITMHE BOJIHBI JIOCTHTAaeT MakCMMyMa, 3ateM yObiBaeT. Kpome Toro,
JUISL Jyda OJAHOW W TOW K€ JUIMHBI BOJIHBI JHEPTUS €Tr0 YBEIMYMBACTCS C
BO3pacTaHWEM TeMIIepaTyphl Tea, UCIyCKaromero ayuu (puc.2.4).
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Puc.2.4.



[InmaHK yCTaHOBHJI CIEIYIOIINNA 3aKOH N3MEHEHHS] NHTEHCUBHOCTH U3JIy4eHUS
aOCOJIIOTHO YEPHOTO TeJla B 3aBUCUMOCTH OT TEMIIEPATypPbl U ITTUHBI BOJIHBI:

Lg=c 17/ M-1), (2.33)

IJIC € - OCHOBAHHUE HATYPaIbHBIX JIorapudMoB; ¢; = 3,74-107'° Br/m*; ¢, = 1,44-107
m-rpan; | - nmuHa Bonnsl, M; T - TemnepaTypa usnyydaroiero tena, K.

U3 puc.2.4 BuaHO, 4TO Il 000N TeMIepaTypbl HHTEHCUBHOCTh M3MydeHus Iy
Bo3pactaeT oT HyJhsa (npu |=0) mo cBoero HamOOJIbIIEr0 3HAYECHUS, a 3aTEM
yobiBaer a0 Hyns (npu |=¥). [lpu mnoBblIeHUM TeMIiiepaTypbl MHTEHCHUBHOCTH
U3JTYUYEHUS 7151 KaX/10HM JIMHBI BOJIHBI BO3PACTAET.

3axkon cmeuwienuna Buna. Kpome Toro, u3 puc.2.4 cienyer, 4TO0 MaKCHUMYyMBbI
KPUBBIX C TOBBIIICHUEM TEMIIEPATYphl CMEIAIOTCS B CTOPOHY 00Jiee KOPOTKHUX
BoiH. Jlnuna BoaHBI |, OTBedaromas MaKCUMaJbHOMY 3Ha4YeHUIO Iy,
ONPEIENSIETCS 3aKOHOM cMeujeHus Buna:

lns=2.9/T. (2.34)

C yBenuueHueM TeMIeparypsl l,s yMEHbIIAeTCs, YTO U CIEAyeT M3 3aKOHA.
[Tonp3ysich 3aKOHOM cMmelleHHs BuHa, MOKHO U3MEPATH BBICOKHE TEMIIEPATyPhI
TEJI HA PAcCTOSHUU, HANPUMEpP, PACILUIABICHHBIX METAJJIOB, KOCMHUYECKHX TEJN U

Ap.

3akon Cmegana-bonrvymana. 11naHK yCTAaHOBWIJ, UTO KaXJOW JJIMHE BOJIHBI
COOTBETCTBYET ompeiesIeHHas WHTCHCUBHOCTh U3ITyYCHUS, KOTOpas
YBEIIMYUBACTCSI C BO3pAaCTaHMEM TeMIepaTypbl. TernaoBoil IMOTOK, HM3TydaeMbIi
CAVHUIICH TOBEPXHOCTH YEPHOI'O TeJla B MHTEpBaJe JUIMH BOJH oT 1 o 1 + dl,
MOJKET OBITh OTIIPECIICH U3 YPaBHCHUS:

dE, = Idl . (2.35)

OnemeHTapHas IUIOIIAJKa Ha puc.2.4, orpaHudyeHHas KpuBol T=const,
ocHoBanueM dl 1 opaunaramu 1 u 1 + dl (Iy) ompenenser KoIU4YeCTBO JTyUYUCTOU
sHeprun dE; u Ha3wpIBaeTCs JyueucnyckamenbHOU CHOCOOHOCMbIO AOCONIOMHO
yeprno2o mena g JMH BojH di. Bes ke mmomans Mexay Jro0oi kpuBort T =
const U OChbIO abCHMCC paBHA HMHTErPATIbHOMY H3JIYYEHHUIO UYEPHOrO Teja B
npeaenax ot 1 =0 go | = ¥ npu nanHo# Temmneparype.



[Toxcrasmsis B ypaBaenwue (2.35) 3akon [Imanka u uaTerpupys or 1 =0 g0 1 =
¥, HaliieM, YTO uHmezpaibHoe uziyyeHue (meniogot nomok) abcoIomHO 4ePHO2O
mena TPSIMO TMPONOPUUOHAIBHO YETBEPTOM CTEMEHHM €ro adCOJOTHOU
TeMrneparypsl (3akon Cmegana-borvymana):

E, = C, (T/100)*, (2.36)

rae C, = 5,67 Br/(M*K") - koodpurmenT nsmyuerns aGCoqOTHO YePHOTO Tea.

OrMmeuas Ha puc.2.4 KOJMYECTBO JHEPIHUH, OTBEYAIOLIEW CBETOBOW YACTH
cnekrpa (0,4—0,8 mx), HETPYAHO 3aMETUTb, UTO OHO ISl HEBBICOKUX TEMIIEPATyp
OYEHb MAJIO MO CPABHEHMIO C SHEPrUEH MHTETPAIbHOrO M3JIy4yeHHus. ToJIbKO Npu
temneparype Connua ~ 6000 K sHeprust cBETOBBIX Jydeil cocTaBiisieT okosio 50%
OT BCEU SHEPIUM YEPHOT'O U3ITYyUECHUS.

Bce peanbHble Tena, UCMONBb3yeMble B TE€XHHUKE, HE SIBISIFOTCSI aOCOJIIOTHO
YEpHBIMU U MPU OJHOM W TOM K€ TeMIIepaType M3JIy4yaroT MEHbIIE SHEPIHH, YEM
abCOMIOTHO 4epHoe Teno. M3nmydeHuwe peanbHBIX Tel TaKXKE 3aBHCUT OT
TEeMIIepaTypbl U JUIMHBI BOJHBI. UTOOBI 3aKOHBI MU3JyYEHHUS YEPHOTO TEJa MOXKHO
ObUIO MPUMEHUTH ISl PEAbHBIX TE€JI, BBOJUTCS MOHATHE O CEPOM TEJE U CEpOM
u3iyyeHud. Ilog cepbIM U3IIy4EeHHWEM MOHHUMAIOT TaKO€, KOTOPOE aHAJIOTMYHO
U3ITyYEHHUIO YEPHOT'O Tela UMEET CIUIOIIHON CIIEKTP, HO MHTEHCUBHOCTB JIy4Yel s
KaXKJI0¥ JJTMHBI BOJTHBI || Ipu 110001 TemMmneparype CoCTaBIsieT HEM3MEHHYIO JI0JTIO
OT UHTEHCUBHOCTH HU3JIy4€HUS YEPHOTO Tena Iy, T.€. CyllecTByeT OTHOLIEHUE:

I,/ I = e = const. (2.37)

Benuuuny e Ha3bIBalOT cmenenvio yepHomul. OHA 3aBUCUT OT (PU3MUYECKHUX
cBoricTB Tena. CremeHb YEPHOTHI CEpPhIX TEJI BCErJa MEHbILIE E€IUHHUIIBL.
BONBIIMHCTBO peanbHBIX TBEPABIX TEJI C OMNPEIEIECHHOW CTENEHBIO TOYHOCTHU
MOXHO CUMTATh CEpPbIMH TE€JIaMH, a HMX HU3JIyYEHHE — CEPbIM H3IYyUYEHHUEM.
DHeprus THTErpajibHOr0 U3JIYyYEHHUs CEPOro Teljla paBHa:

E = eE, = C(T/100)" . (2.38)

JlyueuncrnyckarenbHas ClIOCOOHOCTb CEpOro Tejla COCTABIISET AOJI0, PABHYIO €
OT JIy4EHCIYCKaTeIbHOW CMmocoOHOCTH uyepHoro Tena. Bemumunny C=e-E;
HA3BIBAIOT KO2uyuenmom uznyyenus cepoco mena. Bennunna C peanbHBIX Tell
B 0O0IIEM clydae 3aBUCUT HE TOJBKO OT (PU3UUYECKUX CBOWCTB Tejla, HO M OT
COCTOSIHMSI IOBEPXHOCTH WJIM OT €€ IMIEPOXOBATOCTH, a TAKXKE OT TEMIIEPATYPhI U



JUTMHBI BOJTHBI. 3HaueHUS KOA(D(PHUIIMEHTOB M3Iy4YeHUS M CTEICHEW YepHOTHI Tell
OepyT 13 TabJIHIl.

3axon Kupxzeoga. ]l BCAKOro Tejla W3JIy4yaTeldbHass M IOMVIOLIATEIbHAS
CIIOCOOHOCTH 3aBUCAT OT TEMIIEpATyphbl U JJIMHBI BOJIHBI. Pa3inyHbie Teaa UMEIOT
paznuuHble 3HaueHuss E um A. 3aBUCUMOCTh MEXKIy HUMHU YCTaHABJIMBAETCS

3axonom Kupxeoga:
E=EyA wm E /A = E, = E/A, = Cy(T/100)" . (2.39)

Omnowenue nyyeucnyckamenvrnou cnocoonocmu mena (E) k eco noeno-
wamenvHol cnocoonocmu (A) 00UHAK0B0 OJis1 6Cex cepblX mel, HAX00AWUXC NPU
O0OUHAKOBLIX MEMNepamypax U paeHO JYYEUCHYCKAmenbHOU CnocoOHOCmU
abCoNOMHO YepHo20 mena npu mot dHce memnepamype.

N3 3akonma Kupxrodha caegyer, d9ro ecid TeIo 0O0NamaeT Malion
HOTJIONIATENIFHOM CIOCOOHOCTBIO, TO OHO OJHOBPEMEHHO OO0JalaeT W Majou
JY4YEUCITyCKATEIbHON CIIOCOOHOCTHIO (IOJIMPOBAaHHBIE MeETalIbl). AOCOJIOTHO
gepHoe TeJo, oOjamaroniee MaKCUMalIbHOW MOTJIOMIATENFHOW CIIOCOOHOCTHIO,
UMEET U HauOOJIBIIYIO U3Ty4YaTeIbHYI0 CIOCOOHOCTD.

3akoH Kupxroda ocraercs crpaBeyIMBBIM W JIJII MOHOXPOMATHYECKOTO
usnydennsi. OTHOIIEHWE WHTEHCHUBHOCTH U3IyYCHMsI Tella TMPH OINpPECIICHHOU
JUTMHE BOJIHBI K €TO MOTJIOMIATEIbHON CITOCOOHOCTH TIPH TOM YK€ JJIMHE BOJHBI JIJIS
BCEX TEJI OJHO M TO K€, €CIIM OHM HAXOSATCS MPH OJWHAKOBBIX TeMIIEparypax, u
YUCJICHHO PaBHO WHTEHCHUBHOCTU W3IyYCHHsI aOCOJIFOTHO YEPHOTO Tejia MPU TOU
K€ JUTMHE BOJHBI M TEMITEpaType, T.€. ABIAETCS (PYHKIMEH TOIbKO JJTMHBI BOJTHBI U
TEeMITepaTyphI:

E]/ A] = Il/ Al = Eslz Isl = f(l ,T) (240)

HOBTOMY TCJIO, KOTOPOC M3JIYy4a€T OHCPIrUuro IIpHu K&KOﬁ-HH6y,Z[B JIINHE
BOJIHBI, CIIOCOOHO norjiomarb €€ Ipu STON K€ JJINHEC BOJIHBI. Ecimu Tteno ne
[morjiomacT SHCPrur0 B KaKOM-TO YacCTHU CIICKTpa, TO OHO B 9TON YacTH CIICKTpa 1
HE U3J1y4acrT.

M3 3akona KI/IpXFO(l)a TaKXKE CICAYET, UTO CTCIICHb YCPHOTHI CCPOro 1c€jiia €
IIpHu OJIHOM M TOM XK€ TEMIIEPATYPEC YHUCIICHHO PAaBHO KOB(i)(bI/IHI/IGHTy IIOTJIOIICHU A
A:

e=Il/151=E/E51=C/C31=A. (241)

3akon Jlamobepma. V3nmydyaemas TEJIOM JIy4UCTash SHEPIUs paclupoCTpaHseTCs B
IPOCTPAHCTBE IO PA3JIMYHBIM HAIPABICHUSM C Pa3IMYHON HHTEHCUBHOCTBIO.
3aKOH, YCTAaHABIMBAKOLIMN 3aBUCHUMOCTb HMHTEHCUBHOCTH  M3JIY4YEHHsS OT



HaMpaBleHUs, HAa3bIBACTCS 3akoHoM Jlambepma. 3akon Jlambepra ycTaHaBIMBAET,
YTO KOJMYECTBO JYUYHCTOM DHEPTrUU, U3TydaeMoe dJIeMeHTOM moBepxHocTu dF; B
HarnpaBiieHun 23yemeHta dF,, mpomopuuoHambHO MNPOU3BEACHUIO KOJIUYECTBA
PHEPruu, u3iaydaeMoi nmo HopManu dQ,, Ha BEIUYUHY MPOCTPAHCTBEHHOrO yrIiia
dw # cos ¢, COCTaBIEHHOTO HAIPABJICHUEM H3IYyUYEHUsI C HOpMaJibio (puc.2.5):

d*Q,= dQ, dw- cos ¢. (2.42)
daa,}
af
n
ViV i
Puc.2.5.

CnepnoBatenbHO, HaUOOJIbILIEE KOJIUYECTBO JTYYUCTOM SHEPIHMM U3ITydaeTcs B
NEPIEHIUKYJIIPHOM HAINPaBICHUU K OBEPXHOCTHU U3IyueHus, T. €. npu (¢ = 0). C
YBEIUYECHUEM (@ KOJMYECTBO JIyYHCTOM SHEPrMM yMEHbLIAeTCs W Ipu ¢ = 90°
paBHO Hy:0. 3akoH JlamOepTa MOJTHOCTBIO CIPABEAJIUB I aOCOIIOTHO YEPHOTO
Tena u s Teu, obnagaronux nuddy3asM uznydenueM mpu @ = 0 - 60°.

JI1st nonupoBaHHBIX MOBEPXHOCTEN 3akoH JlamOepra HenpuMmenum. /[ Hux
JYy4YEUCITyCKaHHE MPH yrie @ OyeT OOJbIINM, YEM B HANPABICHUH, HOPMAJILHOM K
MIOBEPXHOCTH.

2.4. Tensionepenaya.

Tennonepeodaueit  Ha3bIBAacTCsl  Nepegada  TEIUIOTBI  OT  TOPSYETO
TEIUIOHOCUTENSA K XOJIOJHOMY TEIUIOHOCUTENIO YEPE3 CTEHKY, Pa3IeAIOUIyI0 3TH
TerioHocuTend. [lpuMepamu Temonepenayn SBISAIOTCS: Mepegadya TEraoThl OT
rperolieil BOAbl HArpeBaTEIbHbIX 3JIEMEHTOB (OTOMHUTENIbHBIX CUCTEM) K BO3AYXY
NOMEIIICHM; Tepeaya TEeIUIOThl OT JbIMOBBIX Ta30B K BOJIE€ 4Yepe3 CTEHKHU
KUITSITWIIBHBIX TPYO B MapOBBIX KOTJIAX; Mepeaadya TEIUIOThl OT pacKaJICHHBIX Ta30B
K OXJaxzaaroueidn Boae (KUAKOCTH) 4Yepe3 CTEHKY LWIMHIpAa JBUraresis
BHYTPEHHETO CTOPAHMSI; Mepeadya TEIIOThl OT BHYTPEHHETO BO3AyXa MOMEIEHUS
K Hapy»XHOMy BO3ayxy Hu T. A. [Ipm 3ToM orpaxkparomias CTEHKa SBISETCA
IPOBOJHUKOM TEIJIOTHI, yepes KOTOPYIO TEII0Ta nepenaeTcs
TEIUIONIPOBOJHOCTBIO, & OT CTEHKH K OKpYXaloUled cpelae KOHBEKIUEH U
u3iyyenueM. [loaToMy mporecc Temionepesayu SBISETCS CIOKHBIM MPOLECCOM
TEMI000MeHa.



Tennonepeoaua uepes niocKyw CmeHK).

[Ipn nepenaye TEmIOThl OT CTEHKM K OKPYXKAIOIIEW cpele B OCHOBHOM
npeo0nasaeT KOHBEKTUBHBIA TEIJIOOOMEH, MO3TOMYy OyJeM paccMaTpUBaTh
CJIEIYIOIINE 3aJaUH.

1). Teronepegaya yepe3 MIOCKYIO CTEHKY.
PaccMoTpuM  ONHOCHOWHYIO  IUIOCKYIO ~ CTEHKY  ToimmHoW d u
TETJIONMPOBOAHOCTEIO | (puc.2.6).
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Puc.2.6. Cxema tenonepenadnd MEXAy AByMs KUAKOCTSIMH Y€pPE3 IIOCKYIO
CTEHKY (a) ¥ Tpaduyeckuii cnocod onpeeeHus TeMIEPaTypHOTO MOJIs
B cTeHKe (0)

Ecnu temnepatypy ropsiueit xKugkocTu (Cpelibl) 0003HAYUTH ty, XOJIOJIHOU
KUIAKOCTH (Cpelbl) t,, TO KOJWYECTBO TEIUIOTHI, IEpEJaHHON om zopaueil
JcuoKocmu (cpeowt) kK cmenke 1o 3akony Hprorona-Puxmana umeer Bu:

Q=a; (tx—1t) - F, (2.43)

rae a; — k03hUIMEHT TEeIIO0TAa4u OT ropsiyeil cpellbl ¢ TeMIlepaTypoi th K
MIOBEPXHOCTU CTEHKU C TEMIIEpaTypou t;; F — pacyeTHass mOBEpXHOCTh IJIOCKOU
CTCHKHU.

TemnnoBoi NOTOK, NEPEIAHHBIN Uepe3 CMmeHKy ONPENCIISIETCS 110 YPABHEHUIO:



TernmoBoil MOTOK om 6mopoii NOBEPXHOCMU CHMEHKU K X0JI00HOU cpede
ompenensiercs no Gopmyiie:

Q=65 (ta-t,) - F, (2.45)
r7ie a;, — KO3 (OUIMEHT TEIUIO0TAaur OT BTOPOM MOBEPXHOCTH CTEHKHU K XOJIOJAHOU
cpelie ¢ TeMIepaTrypou .

Petiast 5Tv Tpu ypaBHEHHS TOJTYyYaEM:

Q = (tvm - t”m) ‘F K, (246)

rne K=1/(1/a; + /1 + 1/ay) — xosgpgpuyuenm mennonepeoauu, 1/a;, 1/a, —
TEPMUYECKUE CONMPOTHUBJICHUSI  TEIUIOOTIAaYud  TMOBEPXHOCTEH CTCHKH.
[Ipnuem:

1/K==(1/a; + d/1 + 1/ay), (2.47)

rae: Ry~ nonnoe mepmuueckoe conpomuenenue mennionepedayu  4epes
OJTHOCJIOMHYIO TIOCKYIO CTEHKY; d/] - TepMHUUecKOe COMPOTUBIICHUE CTEHKH.

711 MHOTOCJIOWHOM TUIOCKOW CTEHKH MOJHOE TEPMHUYECKOE CONPOTUBIICHUE
OyJzeT onpeAeIsThCSA 1Mo ciaeayoIei hdopmyne:

Ro=(1/a; + dy/l; + do/l, + ... + dy/l, +1/ay), (2.48)
a Ko PuIMeHT Terionepeaadu:
K=1//a;+di/1; +dy/l, + ... + d/I, +1/ay). (2.49)
2.5. Termsi000MeHHBbIE ANNAPATHI.

Bo MHoOrux oTpacisix NpOMBIIUIEHHOCTH HCHOJB3YIOT YCTpPOWCTBa, B
KOTOPBIX OCYIUECTBISIETCA TEINIOOOMEH MEXAy JABYMS WM HECKOJIbKUMHU
TEIJIOHOCUTENISIMU UM MEXAY TEIJIOHOCUTENSIMUA U TBEPJIbIMU TeJIaMH (CTEHKOM,
Hacaakoi)io Takue ycTpoicTBa Ha3bIBAIOTCS TEIJIOOOMEHHBIMU arnnapaTamH.

Tennooomennwviti  annapam  (Meni00OMeHHUK) - ITO  YCTPOMCTBO,
IPEIHA3HAYEHHOE Ul HAarpeBaHMs, OXJAXICHHsS WIM W3MEHEHUS arperaTHoro
COCTOSIHHSI TEINTIOHOCHUTEIIS.

VYerpoiicTBa, B KOTOPBIX OCYILIECTBISIETCS IMpoliecC maccooOmeHa (T.e.
UMEET MECTO B3aMHOE NMPOHUKHOBEHHUE BEUIECTB), HA3BIBAIOT MACCOOMEHHbIMU



annapamamvu. B mennomaccoobmennvix annapamax TPOLECCHI Macco- U
TEIUI000MEHA IIPOTEKAIOT OJTHOBPEMEHHO.

Yame Bcero B TemnooOMeHHbix ammapatax (TOA) ocymectBisercs
nepegaya TemjaoThl OT OAHOIO TEIUIOHOCUTENS K IPYTrOMY, T.€. HArPEBAHUE OJHOIO
TEIUIOHOCUTEJS IPOUCXO/IUT 3a CUET OXJIaXKIEHUS APYroro.

Knaccuguxayua mennooomennvix annapamoe.

TennooOMEHHUKH € JBYMSI TEIUIOHOCUTEISIMH [0 NPUHIUIY ACHCTBUS
NOAPA3EISAIOTCS HA TPU OCHOBHBIEC TPYIIIBI:

1) pexynepaTuBHbIE;
2) pereHepaTuBHbIE;
3) cMecHTeIbHBIE.

1) Pexynepamuenvie TOA - anmapaTbl, B KOTOPBIX TEIUIOTA OT OJHOTO
TEIJIOHOCUTENS K APYroMy NEPENAETCS Yepe3 pa3aessitloIly 0 UX CTEHKY.

Crenka, KoTOpas OMBIBaeTci C OOEMX CTOPOH TEIJIOHOCUTENSIMH,
Ha3bIBACTCA paboueli nosepxHocmvio menioodmennuxa. OHA BBIIOJNHIETCS W3
MaTepuajia C XOpOoIIed TerIoNpOBOAHOCThIO ( MW, CTajlH, JIATYHHU, CILJIaBOB
ATFIOMHUHUS U T.J1.).

Haubomnee pacnpoctpaneHsl TpyOUYaThie TEMIIOOOMEHHUKH, B KOTOPBIX OJUH
TEIUTIOHOCUTENh JBUKETCS B TpyOax, a Apyroil B MexXTpyOHOM MpocTpaHCTBe. B
TakuXx TOA ropsunii ¥ XOJOAHBIM TEIUIOHOCUTEIN HE KOHTAKTHUPYIOT, MTOAITOMY
MO>KHO UCIOJIb30BaTh CaMbl€ pa3HOOOPa3HbIE UX COUETAHUS.
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Puc.2.7. - Cxema mpoCTeHIIero KoxyxXoTpyoOHOTO peKyIepaTUBHOTO
TEIUI000MEHHUKA JJIsl Iepelaud TeIUIOThI OT OAHOTO TeroHocuTes (1)

K npyromy (11)

PexyneparvuBHble TEMJIOOOMEHHUKH B 3aBUCHUMOCTH OT HalpaBleHUS
JBKEHUS TETJIOHOCUTENeH (puc.2.8) moapa3aensitoTes Ha:



a) NpAMOMOYHble - €CIIH TEIUIOHOCUTENH JBUXKYTCS B OJMHAKOBOM
HaIpPaBJICHUH;

0) npomusomouynvie - €Clii TEIJIOHOCUTEIN JIBUXKYTCS B IPOTUBOIIOIOKHOM
HaIlpaBJICHUH;

B) C nepekpecmHulM MOKOM - €CIIA TEIUIOHOCUTENU JBUXKYTCS BO B3aWMHO
MEPIIEHAUKYJISIPHBIX HAIIPABIICHUSX;

I') BO3MOKE€H MHOTOKPATHBIN MEPEKPECTHBIN TOK.

—
_— —_— > \
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=
a) 0) B) r)
Pucynok 2.8. CxeMbl JBHKEHUS TEIUIOHOCUTENEH : =< - TOpsAYnN
TEIJIOHOCUTEb; =~ - XOJIOAHBI! TEIIOHOCUTEIIb.

Ha npaktuke BcTpeuaroTcs Oojee  CIOXKHBIE  CXEMbl  JIBUXKEHHS
TEIJIOHOCUTENEH, BKIIOYAIOLIUE Pa3IMYHble KOMOMHAIIMU OCHOBHBIX.

K  pekynepaTuBHBIM  TEIJIOOOMEHHUKAM  MOKHO  OTHECTH  TaKxke
TEMJI000OMEHHUKH C MMPOMEKYTOUYHBIM TEIIIOHOCUTEIIEM.

2) Pecenepamuenvie TOA- anmapatbl, B KOTOPBIX MOBEPXHOCTh HarpeBa
NEPUOJNYECKHA OMBIBAETCS TO TOPSIYUM, TO XOJIOJHBIM TeruioHocuTeneM. [Ipu atom
TEIUI0Ta, OTHUMaeMasi OT TIPEOIEro TEIJIOHOCUTENS, NEPUOANYECKU MepeaeTcs
HarpeBaeMoi cpejie. B kadecTBe MOBEPXHOCTH HArpeBa B TaKHUX TEIUIOOOMEHHBIX
amraparax MCIIOIB3YEeTCA TBEPAbIM, JOCTATOYHBIA MACCUBHBIM MaTepual
(KUpIUYM, pa3IuyHbIE 3aCBINKH, JUCTHI MeTajia). PexuM paboThl reHepaTOpoB B
OTJIMYHH OT PEKYIEPATOPOB HECTALIMOHAPHBIN, IEPUOANUECKUMN.

Fopﬂqme‘ ‘ HarpeTbliit
BO34YX
>

rasbl

XonogHol OxnaxgeHHble

rasbl
—

! \
Pucynok 2.9 PerenepaTuBHBIN 1TOJOTPEBATEIb BO3AYyXa MEPUOANIECKOTO

BO34YX

HGﬁCTBHH C MICPCKITOYCHUEM ITOTOKOB, JIBMXXYIIHUXCA YCPEC3 HACAIKY



Pereneparopsl U pekynepaTopsl 1Mo crnocoly nepeaadu TermIoThl OTHOCITCS K
MOBEPXHOCTHBIM TEIIIOOOMEHHHUKAM.

3) Cmecumenvuvie TOA - ammapaTbl, B KOTOPBIX TEIUIOTa IepeaaeTcs Mpu
HEIMOCPEACTBEHHOM CMEIICHUH OXJIaXKJaeMOW U HarpeBaeMou cpeibl (KOHTAaKTHbIE
TerI000MeHHUKH ). OHU MTPOCTHI U KOMIIAKTHBI.

Hcnonw3yroTcs CMECUTEIIbHbBIC TEII000OMEHHUKHU ISt JIETKO
pa3eNAoNMXcsl TEIUIOHOCUTENEH MX TIIATEIbHO NEPEeMENINBAIOT, MKUJIKOCTH
pa3OpBI3TUBAIOT UK Pa30UBAIOT HA MEJIKUE CTPYH.

W3 Bcex THUMOB TEMIOOOMEHHUKOB HamOoJiee MIUPOKOE PacIpoCTpaHEHUE
MOJIYYHIIA PEKYIIEPaTUBHBIE.

Pacuem mennooomennvix annapamos. Cpeonuil memnepamypHwlii HANop.
Pacuem koneunvix memnepamyp padouux xcuoKocmelil.

Ypasnenue mennosozo banauca. Ypasnenue bananca maccol.

PaccmoTpum anmapatsl ¢ AByMs TeIUIOHOCHTENAMHU. HrokHne unaekcsl «1»
U «2» OygyT XapakTepu3oBaTh IapaMeTpbl TOpPSYEro MW XOJOJHOIO
TeIsIoHocuTeNnel. BepxHuil WMHAEKC «OAUH IITPUX» OYIET COOTBETCTBOBATH
YCJIOBHSIM HA BXOJIE, @ «JIBa LUTPUXaA» - HA BBIXOJE.

PaccmaTtpuBasi KOHTpOJBHBIH 00BEM, IpaHMYHAs MOBEPXHOCTh KOTOPOIO
COBMAJaeT C TIPaHUYHOM MOBEPXHOCTHIO TEIUIOOOMEHHOrO amnmapara, Ha
OCHOBAHHH IIEPBOr0 3aKOHA TEPMOAMHAMUKN MOXKHO 3aIIMCaTh:

G, (h =h)+G,(hy —1y) =0, (2.50)

rae: G,,G,-MaccoBble pacxoibl TEIIOHOCUTENEH, KI/C; h- yAelibHas SHTaJbIINS,
JIx/KT.

VYpasuenue (2.50) mpenctaBiseT coOoOi ypaBHEHHE TEIJIOBOTO OanaHca.
OHO crnpaBeIMBO B Cllyyae CTAllMOHAPHOTO pekuMma paboThl ammapara U B TOM
cilydae, €Cclidi MOXKHO TIpeHeOpeub MOTEPSIMU TEIJIOThl B OKPYXKAIOIIYIO Cpeay U
U3MEHEHUEM KHHETUYECKON YHEPTUU TEIJIOHOCUTENEH.

KonudecTBo TemioThl, mepegaBaeMoe uepe3 €AUHHUILY BpPEMEHU 4epes
MOBEPXHOCTh TEIUIOOOMEHA OT TOPSYETO TEIIOHOCUTENSI K XOJOHOMY (TeTioBas
MOIIIHOCTb ammapara), paBHO H3MEHEHHIO YHTAJIBIIUY TEIJIOHOCUTENIEH, T.€.:

Q=G,(h —h); (2.51)
Q=G,(h, —h)). (2.52)



Ecmu ¢, = const u ¢, = const, T0 BMecTO (2.51) 1 (2.52) momyuunm:
0=Gc, (T, -T)); (2.53)
0=G,c,,(Ty -Ty), (2.54)

rae T - cpeaHss MaccoBas TeMIIepaTypa.
st ynoOctBa mnpumeM: C, = G, Hu C,=G,,. Bemmuunsl C,,C, uHOrIa

Ha3bIBAOT BOJASIHBIMHU JKBHUBAJICHTaAMMU.
Ecau B arIapare nNpoucCxoauT MaccooOMeH MCXKY TCIUIOHOCUTCIIIMU, TO
COIrIaCHO 3aKOHY COXpaHCHHUA MaCChI:

G +G, =G +GJ. (2.55)

CootHomienue  (2.55)  sBuserca ~ ypaBHEHHMEM  OajlaHca  MacChl
TersioHocuTesst. OHO CIIPaBeNTMBO M B TOM Cllydyae, €CJIM B armapaTe MPOUCXOIIT
XUMUYECKHE PEAKIINU.

Crefyer OTMETHUTh, YTO MPU HAJIMYHH MaccooOMeHa: G| =G| ,G, # G, , HO

CIIpaBE€IJINBO PaBEHCTBO:
G +G/ =G/ +G,=).G,,, (2.56)

riae G,- macca i-ro KOMIOHEHTa, Mepelieas B eAMHUIy BPEMEHH U3 MEPBOIO

TEIJIOHOCUTENS BO BTOPOil (uepe3 Mex(a3Hyro MOBEPXHOCTD).
VYpaBHeHue GajilaHca MacChl AJIsl IEPBOTO U BTOPOI'O TETJIOHOCUTEIIS:

Gl// +ZG1‘172 = G{ 5 (257)
G, +).G,,=G). (2.58)

ITyctb ¢,c,- MaccoBble KOHIICHTPAIMU i-TO KOMIIOHEHTa B IEPBOM
TETIOHOCUTEJIECOOTBETCTBEHHO HA BXOJIE M BBIXOJE ammapara, a cj,,c), - TO XKe ,

HO JIJI BTOPOTO TEIJIOHOCUTENs. Torga ypaBHeHUE OanaHca Macchl OyJIeT MMEeTh
BUJ:
Gic| +Gjch, =G/ el +Gle),, (2.59)



Beipaxxenue (2.59) cipaBeisiuBO IPpH OTCYTCTBUM XUMHYECKUX PEAKIIMIA.

Cpeonuii memnepamyphbiii HANOP.
Ha puc.2.10 moka3zana pacdeTHasi cxema K BBIBOAY (OPMYIIbI YCPEIHEHHOTO
M0 TOBEPXHOCTH TEMIIEPATypHOr0 HANopa Jijisi MPSIMOTOKA.

Puc. 2.10
Breinenum Ha paccTosinuu F, 3JIeMEHT MOBEPXHOCTH dF .. 3aluilieM JJisl HEro

YPaBHEHHUE TEIUIONEPENAYN:
dQ =k(T, - T,)dF, = kATdF, (2.60)

¥ YpaBHEHHE TEIJIOBOTO OanaHca:
dQ = ~Gc,dT, = G,c,,dT,, (2.61)

rae: dQ- KOJIWYECTBO TEIUIOTHI, IEPENABAEMOE OT TOPSAYErO TEMIOHOCHUTEIIS
XOJIOZIHOMY B €IMHUILY BPEMEHU Yepe3 MIEMEHT dF ..

N3 (2.61) cnenyer:

ar, =42 __d9. (2.62)
Glcpl Cl

ar, - 92 __d9 (2.63)
Gchz G,

Torna HN3MCHCHHUC TCMIICPATYPHOI'O HAIIOpa:

d(T, - T,) = d(AT) = dT, —dT, = —(Ci + Ci)dQ = -mdQ, (2.64)

1 2

rne m=1/C, +1/C,.



[ToncraBinsas B (2.64) 3Hauenust dQ u3 (2.60), nomyyum:

dAT) _ _kar . (2.65)

HpI/IHI/IMaH YIIPOHICHUA, YTO BAOJIb ITIOBECPXHOCTHU TEeIJI000MeHa k = const,m = const ,

U uHTEerpupys (2.65), nomyuyum:

AT Fx
| % = —mk [ dF, .
AT 0
Otkyna:
In AA;/ — (2.66)
nJIn
AT = AT e, (2.67)

N3 (2.67) BUAHO, YTO BAOJb MHOBEPXHOCTH TeIIooOMeHa F, TeMmmeparypHbIi

HaIlop YMEHBILIAETCA 110 SKCIOHEHINAIbBHOMY 3aKOHY .
Y cpenHEeHHBIN TeEMITEpaTypPHbBIA HATIOP

— 1k AT’
T = —J-ATdF -
F

0

(e -1). (2.68)

—mkF

HpI/I MOACTAHOBKC IMOJTYYHM:

— AT"—AT" AT -AT’

T= = , 2.69
AT’ AT’ ( )
ln / n 1/
AT AT
HJIN:
_ (T/ _T/)_(T// _T//)
AT =~ Z(T/ _T‘/) 22, (2.70)
n 1 2
Vi Vs
(Tl _Tz )

rae: AT - cpefHenorapupMUUecKuii TeMIepaTypHbIi HaIop.
Jlnst npoTuBOTOKA ypaBHeHHUE (2.64) numeer BUA:

d(T, ~T,) = d(AT) = dT, - T, = —(Ci—ci)dQ =-mdQ,  (2.71)

1 2
rae: m=1/C,-1/C,.
I[Ipu »sTtom  dopmyna (2.67) coxpaHser CcBOM Bua, a s
cpeaHenorapupMUIECKOro TEMIIEPaTypPHOTrO HANopa MOJTyYuM:



(T —T"Y—(T" -T!
T=4 a}f;“ ). (2.72)
(Tl// _Tz/)

Ecmu C, =C,, T0 B ciiyyae MpOTUBOTOKA m =0, TO AT =AT’, T.e. CpenHuit

TEMIIEPATyPHBIA HAITOp MOCTOSHEH B/IOJb MIOBEPXHOCTH TEIUIOOOMEHA.
®opmynbl (2.68) u (2.72) MOXHO CBECTH B OJHY, €CJIM HE3aBUCHMO OT
HaTpaBJICHUS] JIBIDKEHUS TEIJIOHOCUTENI M KOHIA TEIUIOOOMEHHHKA uepe3 AT,

0003HaYUTH OOJIBIIIYIO Pa3HOCTH TEMIIEPATYP, a uepe3 AT, - MEHBIIYIO0, TOT1a:

7 AT, - AT,
AT,
AT,

(2.73)

In

B psage cioydaeB TemmepaTrypbl TEIDIOHOCUTENEH BIOJb IOBEPXHOCTU
HarpeBa M3MCHSAIOTCA HE3HAYUTENIbHO. Torma cpeaHuld TEeMIIEpaTypHBIM HAIop
MOKHO BBIYMCIIUTH KaK CPEIHETE€OMETPUUECKOE:

— 1 AT AT
T=—(AT, +AT )=—2(1+—2). 2.74
2 ( 6 M) 2 ( AT6 ) ( )
CpenneapudpmeTHuecKuii TEeMIIepaTypHbII HaIop OosbIe

cpeaHereomerpuueckoro. Onuako npu AT, /AT, >0,6 OHU OTIWYAIOTCS MEHBIIIE,
yeM Ha 3%, YTO AOMYCTUMO B IPUOIMKEHHBIX TEXHUUECKUX pacyeTax.

JUIst  CHOXKHBIX CXEM TEMIIEpAaTypHBbIM HAallOp MOKHO BBIPAa3uThb Kak
cpenHenorapu()MUUECKUil TEMIEPAaTypHBIA HAMOP Ul HPOTHBOTOKA AT wom ,
COOTBETCTBYIOIIMIA Hambosiee 3p(PEeKTUBHOMY TEIUIONEPEHOCY, YMHOXKEHHOMY Ha
MOTIPaBOYHBIN KOA()PULIUEHT &,, , ABIAIOMUNACS QYHKIUEH mapaMeTpoB R, P, T.€.:

— AT, — AT
AT = EAT AT'n om gAT #7 (2'75)
, In(AT, /AT)
rJe: e =f(P,R), (2.76)
V.
p=b Tl (2.77)
AT, T/ -T)
Y
R=S0 T =T (2.78)
AT, T!-T,

AHauThueckoe BbIpaxkeHue (2.76) i pa3HBIX CXE€M  JBUXKCHHS
TEIUIOHOCUTENIEN TOBOJIBHO CIIOXKHOE. [103TOMY Ha MpakTUKe I HAXOXKIACHUS &,



UCTONIB3YIOT Tpaduk &,, =f(P,R), mpu 3ToM R OepyT B KauecTBe mapamerpa. Ha
puc. 2.11 u3obpaxen rpaduk ¢,, = f(P,R) 11l TEIIIO0OOMEHHHKA.
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Jleknus 3. OCHOBBI TeNJIOTEXHUKH.
3.1. Buabl MCTOYHHMKOB TEIVIOBOM JHEPIHH.
3.2. TomiuBo, ero BUbI M1 OCHOBHBIC XapaKTepucTUKH. ['opeHue Tomiusa.

3.3. KoreabHble ycTaHOBKH. TOmo4YHbIe yCTPOMCTBA.

3.1. Buabl HICTOYHUKOB TEINJI0BOH IHEPIUM.

TemuioBas sHEprust — 3T0 OJJMH U3 OCHOBHBIX BUJIOB SHEPIUH, UCIOJIb3YEMbIN
YEJIOBEKOM J1Jisi 00ecreueHrs HeOOXOAUMBIX €EMY YCIOBHUH KU3HEAEATENbHOCTH.
Tennorenepupyromas ycTaHOBKa — 3TO COBOKYIIHOCTb YCTPOICTB H

MEXaHU3MOB JUI1 IIPOM3BOJACTBA TEIUIOBOM HSHEPrUM B BUJAE BOJSHOIO Iapa,
ropsi4ey BOJbI UM NIOAOTPETOTO BO3AyXa.

BonsHoM nap MCHONIB3YIOT JJIsl IOJIYUYEHUS 3JEKTPUUECKON YHEPIUU WIIU IS
TEXHOJIOTUYECKUX HYKJ IPOMBILIJICHHBIX MPEAUPUATANA, a TAKXKe Uil TOAOTrpeBa
BOABl B TEIJIOOOMEHHUKaX, KOTOpas 3aTEM HaIpaBiseTcs I OTOIUIEHUS U
ropsiyero BOJOCHA0XKEHHUS Pa3IuYHbIX OOBEKTOB.

Tennorenepupyromue yCTaHOBKM IPEJHA3HAYEHBl I [POM3BOJCTBA
TEIJIOBOM SHEPTUH U3 Pa3HbIX UCTOUYHUKOB SHEPIUH.

Hcroynukamu DSHEpruyM, B TOM 4YHUCJIE M TEIUIOBOM, CIIy)KaT BEIIECTBA,
HHEPreTUYECKUN TMOTEHIMal KOTOPBIX JOCTaTOYEH s NpeoOpa3oBaHUS HX
DHEPIUM B APYTHE BUJBI SHEPTUH C LENBIO MOCIEYIOMEr0 UCIIOJIb30BAHMS.

OHEPreTUYeCKU MOTEHNHUANI BEMIECTBA — 3TO KOJWYECTBO 3HEPTUU, KOTOPOE

MOXXET OBITh BBIJICJICHO W3 CAWHHUIIBI MAacChl M SBJSETCA IapaMeTPOM,
MO3BOJIAIONIMM OILIGHUTh BO3MOXKHOCTh M I€1€CO00pPa3HOCTh HCIOJIb30BaHUS
BEIICCTB KaK HCTOYHUKOB DHEPTHH, U BBIpAKAETCs B JDKOYISIX (LK) Wi KUIoBaTT
yacax (kBt-4)
Bce nctounnky sHEprun yCIOBHO JCNAT HA IEPBUYHBIE U BTOPUYHBIC.
[lepBUYHBIC WCTOYHHUKU SHEPTHUH — BEIIECTBA, SHEPTCTHUUSCKHUMN IMOTEHITHA

KOTOPBIX SIBJISIETCSI CJIEACTBUEM IMPUPOAHBIX MPOIECCOB (HUCKOMAEMBbIE TOpIOYUE
BEILIECTBA, TEPMaJIbHBIE BOJBI U JIP.)
BTopuuHble HMCTOYHHUKH DHEPrUM — BEIIECTBA, KOTOpbIe 001agaroT

OTPE/ICICHHBIM DHEPreTHYECKUM TOTEHIUAJIOM H  SIBISIOTCS MOOOYHBIMU
MPOJYKTaMHU JIEITCIHHOCTH YelOoBeKa. IJTO OTpabOTaHHBIC TOPIOYHE BEIECTBA,
TOPOJICKHE OTXOJbI, TOPSYUil OTpaOOTAaHHBINA TEIJIOHOCHTENb, OTXOJBI CEIIBCKOTO
XO35MCTBa.

[lepBuyHbIE WCTOYHWUKH DHEPTHHM YCIOBHO pa3leisiOT Ha TPU BHJA:
HEBO300HOBJIIEMBIE, BO3OOHOBIISIEMBIE U HEMCUEPIAEMEIE.

K‘Jlaccud)ukauu}l UCMOYHUKOB8 IHepcuu.:



HcTounuku 3HEprun

— o

—IlepBUYHbIC HICTOYHUKHU YHEPTUU BTopuuHbIE HCTOYHUKU SHEPTUU:
——»HeBo300HOBIsIEMBIE: - OTpaboTaHHbIE TOPIOYHE

- YroJb OpPraHUYECKUE BEIIECTBA

- Hedtn - 'opoackue u MpOMBIILIIICHHBIE

- [Tpupoansiit ra3 OTXOJIbI

- Cnanen - 'opsaunii orpaboTaHHbBIN

- Topd TEIUIOHOCUTEIh

- SAAnepHoe roproyee( ypaH v TOpHil) - OTXO[IbI CENBCKOrO X035IMCTBA
L »Bo3oOHoBasieMble:

- Berep

- ConHue

- Bogneie pecypcel pex

- OkeaHsbl

- Mops

- JlpeBecuna

Ly Heucuepnaemele:

- TepmanbHbIE BOJIBI
- TepmosinepHO€e TOILUIMBO

3.2. TonauBo, ero BUbI M OCHOBHbIE XapaKTepucTuku. 'opeHue Torinsa.

TormmBo — BemecTBa, CIIOCOOHBIE B MPOIECcCEe KaKUX-JIMOO MpeoOpa3oBaHUit
BBIJICIISATh SHEPTHIO, KOTOPas MOXKET ObITh TEXHUYSCKH MCII0JIb30BaHA.

TommmBo MOXHO pa3AeIUTh HA CICIYIONTUE TPYIIIBI: XUMUYIECKOE, SITCPHOE U
TEPMOSIIEPHOE.

XuMuUueckoe (roprodee) — KOTJa BBIICTSETCS HEOOXOIMMOE KOJUYECTBO

TEIUIOTBl TIPU  B3aUMOJACHCTBUM C OKHUCIMTENIEM. XHUMHUYECKOE JENAT Ha
OpraHU4eCKOE U HEOPTaHUUYECKOE.

SnepHoe M paciierustoneecs — KOraa TeIioTa BhIACISETCA NIPU IEICHUN
anep aroMoB. TakuM TOIUIMBOM SIBJISIIOTCS TPU DJIEMEHTA: TOPUH, YpaH H
IUTyTOHHM.

TepmosaepHoEe TOIIMBO — DJHEPIUs BBIAEIAECTCS B PE3yibTaTe pPEaKLUN

CHUHTe3a. B Takux peakuusx y4acTBYIOT NEUTEpUN, TPUTUH, JINTUH, a B PE3YJIbTATE
o0pazyeTcs Teynil.

[Ipu mpom3BOJCTBE TEIUIOBOM SHEPruu s TeruiocHaOkenuss Ha TOIl u
KOTEJIBHBIX UCIIOJIB3YIOT B OCHOBHOM IIPUPOJIHOE OPTraHUYECKOE TOIUIUBO.



()praHqucxoe TOINIMBO ACJIAT IO arperaTHOMy COCTOSAHHMIO Ha TBEPAOC,
KHNIKOE H ra3oo6pa3Hoe U 1o cnoco0y TDoJydeHHsl Ha €CTECTBCHHOE H
HCKYCCTBCHHOC.

Ta6mumna 3.1 Kimaccudukanusi opraHn4ecKkoro ToIiMBa

ArperaTtHoe Bun ToruBa no cnoco0y noiayyeHus
COCTOSAHHUC
EcrectBennoe HckyccrBeHHOE
TOIIMBA
Teepnoe JlpoBa, Top(, cranibl, Oypblil yroiab, bpUKeThl, APEBECHBIH yTOJb, KOKC,
KaMEHHBIN yrojib, aHTPaLUT yTOJIbHAS MbUIb
Kunnkoe Hed1b beH31H, KEpOCUH, JINTPOUH, Ma3yT,

COJISIp, CHUPT, CHHTETUYECKOE
KHUJIKOE  TOIUTUBO  (TIPOYKTHI
THJIPOTEHU3AIUN TBEPAOTO
TOIUIMBA  CJAHIBI ~ —OEH3MH),
CJIAHIIEBOE MACJIO

I'azoo0pa3noe | [Ipuponubiii  ra3, mnomyTHbIM ra3 | CKMKEHHBIN ras, ouoras,
(He P TETIPOMBICITOBBII) TE€HEPaTOPHBII KOKCOBBI,
JTOMEHHEBIN ras

B cocraB nmo0oro TomivBa B BUJE OCHOBHBIX TOPIOYUX 3JIEMEHTOB BXOJISAT
[T OCHOBHBIX 3JIEMEHTOB M WX coequHeHus: yriepoa C, Bomopon H, cepa S,
kuciopoa O u a3or N. B TormnuBe comepkutcs Biara W u MuHepanabHasl 4acTb,
KOTOpas MPHU CrOpaHuM 00pa3yroT 3011y A.

[Ipu coxuranum TBEpAOro TOIUIMBA MUHEpANIbHbIC MPUMECH, HAXOJSIIHECs B
HEM, 00pa3yloT 30Jly B BHJI€ CHIITy4YE€l MacChl WM CIUIABJICHHBIE KYCKH 30JIbl,
Ha3bIBAEMBbIE IIJIAKOM.

307101 TOIJIMBA HA3bIBAKOT TBEPABIA OCTATOK, MOJYUYEHHBIN MOCIE CKUTAHMS
npoObl TorumBa npu t= 800°C B MydenbHON meur B BO3AYIIHOW cpeae. 301y
XapaKTEPHU3YIOT TUIABKOCTHIO U a0Pa3uBHOCTHIO.

TBeproe OpraHMYecKOe TOIUIMBO SIBJISICTCSI TEPMHYECKM HECTOWKUM. llpum
HarpeBaHUM TBEPAOro TomiMBa 0e3 Jjoctyna Boszayxa npu t=850°C oHo
pacrajiaeTcsi Ha JIB€ 4acCTH: JIETy4YHe BEIIECTBA U TBEPAbIA OCTaTOK — KOKC.

Jletyune — 3T0 mapo- u razoo0pasHble MPOIYKTHI PA3JIOKEHUS TOTUIMBA MPU
BBICOKOW TemrmiepaType 0e3 JocTymna Bo3Ayxa. B jeTyuue BemiecTBa MepexojuT
ucrapsmponasica u3 TomiuBa Biara W, kucnopoa O, a30T B BHUAE CIOXKHBIX
COEAMHEHUM, JIeTy4as cepa, Boaopoa H.

B kokce ocraercs yriepon C u 301a A, T.0. KOKC — 3TO OCTaTOK IIOCIE
OTTOHKHU JICTYYHX.



JlaGopaTopHoe ompeneneHHEe JIETyYHX TMPOBOAST B CTPOTO CTaHAAPTHBIX
YCIOBUSIX.

['opeHueM Ha3zbIBaeTCs OBICTPBIN MPOIECC OKUCIICHUSI TOPHOYEro BElIecTBa C
BBIJICJIEHUEM 3HAYUTEIBHOIO KOJIMYECTBA TEIUIOBOM 3Heprun. OCHOBOM Mpouecca
TOPEHHUSI SABJISIETCA XUMHUYECKash peaklUMs MEXAY OKHUCIAEMBbIM TOPHOYUM
BEIIECTBOM U oOkuciauTeraeM. OOpa3oBaBIIuecs B pe3yJibTaTe TOPEHUS HOBbBIC
BEIIIECTBA HA3BIBAIOT MPOAYKTAMHU CropaHus. Temiora CropaHus TOIUIMBA - 3TO
HHEPreTHUYECKasi XapaKTEPUCTUKA JIFDOOTO TOILINBA.

TeroToil cropaHus WIM TEIUIOTBOPHOM  CHOCOOHOCTBIO — HAa3bIBAIOT
KOJIMYECTBO TEIIA, KOTOPOE BBIACIISIETCS MPHU IMOJHOM CrOpaHUM |1 Kr TBEpIOro
WM SKUIKOTO TOIUTMBA Wian 1 M° ra3006pasHoro Tommmea. Temmora cropanus —
yJelibHas XapaKTepUCTHKA, €€ OTHOCAT K €IMHULIE 00beMa UM MACChl U U3MEPSIOT
B KJDK/KT; KJ[K/M° HITH B KKAJI/KT; KKAI/M'.

Paznuuator Huzmyo Q; (Qy) u Beiciyto Qg (Qg) TEMIOTY CropaHus TOILIMBA.

Bpiciass  Teriora  cropaHuss IOJy4daeTcs B TOM  Cllydae, Korjaa
o0pa3oBaBIlIMECs B MPOAYKTaX CropaHHsl BOJSHbIE Mapbl KOHIECHCUPYIOTCS U
OTJIAIOT TEILIO0, 3aTPAYE€HHOE Ha UX 00pa30BaHHUeE.

KoJIM4ecTBO TEmIoThl, BbygenseMoe | kr mim | M’ TOIUIHBA MpU TIOJTHOM
CTOpaHHMH C YYETOM TEIUIOTHI, BBIACIUBUIEHCS MPU KOHJICHCAIIMU BOASHBIX MAPOB,
Ha3bIBAIOT BBICIIEH TeruioTon cropanus Qg (Qy).

Husmeit temnoroit cropanust Q; (Qy) Ha3bIBalOT KOJUYECTBO TEIUIOTHI,
BBIJIC/ISIEMOE TPU TMOJHOM CrOpPaHUM EIWHUIBI MacCchl WIM O0beMa TOIUIMBA 32
BBEIYETOM TEIUIOTHI, 3aTPAYeHHONW Ha 00pa3OBaHHME BOJSHBIX MApOB B MPOAYKTaX
CropaHus.

DKCNEPUMEHTAIBHO TEIJIOTa CrOpaHus TBEPAOTO M KUAKOIO TOILUIMBA
omnpenensieTcss MyTeM  KaJOpUMETpUpOBaHMs B  TIpuOOpe, Ha3bIBAEMOM
KaJIOpUMETPUUYECKON O0MOOM. DTO - CTAIbHOM TeépMETUYHBIN COCY/I, 3aIIOJTHEHHBIN
KuciopoaoM noxa aasieHuem 3 Mlla. B Hem npoucxonut cxkuranue 1 rpamma
MeNbUYalIIel, TIIATENbHO OTOOpaHHOW mpoObl TorumBa. Kamopumerpuueckas
O6oM0a moMmermaeTcs B COCYJI C BOJOW M MO MPHUPAMEHUIO TEMIIEPaTypbl BOJBI
BCJICJICTBHE BBIJICICHHOTO TEIUIa MPU COKUTAaHWM YAaCTHUILbl TOIUIMBA OINPEACIISIIOT
TEIUIOTY CTOPAHUS YaCTHUIIbI TBEPAOTO WIIH KUAKOTO TOTUIMBA.

Teroty cropanusi ra3000pa3HOrO TOIUIMBA OINPEACNSIIOT B KaJOpUMETpax
IOnkepca. B kanopumeTrpax B BO3AYIIHOM Cpele B TEUYEHUE OIPEAEICHHOTO
BPEMEHU C)KUTaeTCsl HMCClenyembll ra3. Pacxon rasa u3Mepsercs CUETYHMKOM.
BrigensieMoe npu 3TOM TEIUIO MEPEAACTCS MOTOKY IPUTOYHOM BOJBI, Pacxon
KOTOPOM  OMNpENENIeTCS B3BCIIMBAHWEM, a IMPHUPALICHUE TEMIIEPATypbl —
TEPMOMETPAMH.



B citydae oTCyTCTBUSA JaHHBIX TEIUIOTY CrOPAaHUS Uil TBEPIOrO U KUJKOTO
TOIUIMBA MOJCYUTHIBAIOT 1o Gopmyne .M. Menneneena:

Q! =340C" +1030H" —109(0" —S!, )~ 24,42W' /e, (3.1)

3
Jlis ra3000pa3HOro TOIUIMBA TEIUIOTa cropaHus 1| M~ rasa nmpu HOpMajbHBIX
YCIIOBUSIX MOJACYUTHIBACTCA MO (POPMYyJIE CMEIICHUS:

Q' =0,01(Qy5-H,;S+Qc -CO+Qy, -H, +2Qc i, -C, . H,), s, (3.2)

r7ie KaXJ0€e cilaraeMoe B CKOOKax IpelcTaBisieT co0oil Mpou3BeACHHUE TEIUIOThI
CrOpaHMs COOTBETCTBYIOIIEIO KOMIOHEHTa, KJDK/M’, Ha €ro cojepkaHue B
TOIUIMBE, BBIPAXKEHHOE B MPOLEHTAX 110 00BEMY.

JlJis cpaBHEHUST pa3IMYHbBIX BUJOB TOIUIMBA MPU Pa3pabOTKE SHEPreTHUECKUX
0alaHCOB, OLIEHKE PECYpPCOB, COCTABJICHHUS IUIAHOB TEIJIOCHAOKEHHUS BCE BHJIbI
TOIUIMBA IO TEIUIOTE CrOPAHUS NPUBOIAT K €IMHOMY 3KBUBajeHTy. B Poccun u B
pslle APYTUX CTPaH TAaKUM 3KBUBAJIEHTOM CITYKHUT «YCIOBHOE TOILIUBOY.

Y cll0BHOE TOIUIMBO — 3TO HEKOTOPOE TOILJIMBO, TEIJIOTA CTOPAHUs KOTOPOTO
coctasisieT 29300 xJIx/kr (7000 kkay/kr).

J{nst cpaBHUTENBHON OLIEHKH KOJIMYECTBA 30JIbl, BJIard U CEPbl, BHOCUMBIX C
TOIUIMBOM B KOTJIOArperar, MpUMEHSIOT MPUBEACHHBIC XapaKTEPUCTUKHU TOTLJIUBA —
30JIbHOCTb, BJIAJKHOCTh, CEPHUCTOCTh, (Yokr/MJIX), T.. KOJIMYECTBO 30JIbl, BJIArH,
cepbl Ha 1 MK Tem10ThI, BBIICJICHHOM CTOPEBILIMM TOIIJIMBOM.

TermioByr0 PHEPryI0 3aJJaHHOTO MOTEHIMAJIA MOJYYal0T METOJO0M CXKUTAaHUS
OpPraHMYeCKOTO TOIUIMBAa B OKHUCIUTEIbHOH cpene. Ilpm stoM oOpasyrorcs
MPOAYKTHI CTOPaHUs C BBICOKON TeMIepaTypol, TEeIIOTa OT KOTOPBIX MEpeaacTCs
TEIUIOHOCUTEINIO, T.€. BOAE WU BOJISHOMY Tapy.

3.3. KoreabHublie ycTaHOBKH. Tonmo4Hsbie ycTpoicTBa.
JUnst mpeBpalleHuss XMMHYECKOW SHEPruM TOIUIMBA B TEIUIOBYIO CIIY>KHT

KOTCJIbHAs] YCTAaHOBKA.
KotenpHas YCTAHOBKAa — 3TO KOMIIJICKC YCTpOﬁCTB Hn MCXAaHHM3MOB JJIAd

IIOJIyYEHHsI Mapa WM TOpsYed BOJBI MOBBIIMIEHHOTO JABJIEHUS 34 CUET TEILIOTHI,
BBIJICIIMBILIEHCS IPU CTOPAaHUU TOIUIUBA.

OCHOBOW KOTEJIbHOW YCTAHOBKH SIBJISIETCS MIAPOBOW WMJIM BOAOTPEMHBINA KOTEI
— YCTPOWCTBO, B KOTOPOM C)KUI'aeTCs TOIUIMBO M OT BBICOKOTEMIIEPATYPHBIX



IPOAYKTOB CrOpaHHUs TEIUIOTa MepeacTcsl BOJAe, LUPKYyIUpYyIoLeld mo Tpybam
TEMI000MEHHOM YacTu KOTJa.
B mapoBoMm koTie BOja mpeBpallacTcs B BOASHOM map, B BOJOTPEUHOM —
MOAOTPEBAETCS A0 3aJaHHON TEMIIEPATYPHI.
KorenpHbpie ycTaHOBKM paboTaroT Ha pailoHHbiXx korenbHbIX (PK), Ha
tertoanekTpoueHTpaisix (TIOL), Ha TernoBeixX 3nekTpocTanuusix (TIC).
OCHOBHBIM 3JIEMEHTOM IIaPOBOI'0 WJIU BOJOIPEUHOI0 KOTJIA SIBJSETCS TOMKA.
Tonka KOTENbHOW YCTAHOBKM MNpEJHA3HAYEHA [UJIsl CHKUTAHUS TOIUIMBA U

IIOJIyYEHHsI TIPOAYKTOB CrOpPaHHsI C BBICOKOW TEMIIEpATYpOH, a Takxke s
OpraHu3alMi  TEIIoOOOMEHa  MEXIy  BBICOKOTEMIEPATYpPHOM  Cpelod U
IIOBEPXHOCTSIMUA HAarpeBa, pPacIlOJIOKEHHBIMU B TOIIKE. B KOTEINBHBIX arperarax
IIPUMEHSIOT 1B OCHOBHBIX THUIIA TOIIOYHBIX YCTPOWCTB: Ul CJIOEBOIO COKUI'aHUS
TOTUIMBA U JIJIsl KaMEepHOTO (WH (pakeapHOTO).

CrnoeBoil cnoco® — 3TO CXKHraHWe€ KyCKOB TBEPJIOTO TOIUIMBA HAa
KOJIOCHHKOBOW PEIIeTKE, pa3MEIICHHOW B 00beMe TOTIKH, a BO3AYX, HEOOXOAMMBIN
JUIS TOPEHUS, IOCTYNAET MO PEUIETKY.

KamepHoe ckuranme TOIUIMBA MPOUCXOAUT BO B3BEUICHHOM COCTOSIHUU B

MOTOKE BO3ayxa. Bo3myx, HEOOXOAUMBIN JIJIsi TOPEHHUs, MOJAI0T B 3TOT KE O0BEM.
Tak MOYXHO CXUTaTh TBEPAOE TOILIMBO — B IBUIEBUIHOM COCTOSIHUH, KHJIKOE - B
pacmbUIEHHOM, a Ta3000pa3Hoe — 0e3 MOATOTOBKUA. B COOTBETCTBUU CO CIIOCOOOM
CYKUTaHMS TOIKU HA3bIBAKOTCS CJIOEBBIMU MM KAMEPHBIMM.

B kaudecTBe ra3o00pa3HOro TOIIMBA B OCHOBHOM HMCIOJIB3YETCS MPUPOIHBIN
ra3. l'opeHne ra3za NOpPOUCXOAWT MO LEMHOW peakuuu. HHTEHCHUBHOCTH U
YCTOMYMBOCTh TOPEHHUSI Ta30B, B IMEPBYIO OYEepeab, 3aBUCUT OT (U3UYECKHUX
(GhaKTOpOB — TEMIIEPATYPHI U YCIOBUM CMEIICHUS TOPIOYETO C OKUCIUTEIIEM.

OcHOBHBIM (aKkTOpOM MpPH 3TOM SBISETCA MPOILIECC CMeceoOpa3oBaHus,
KOTOpPBI ONpeleNsieT METOJ| CXKUTaHus TorumBa — JU((PY3MOHHBIA WU
KUHETHUYECKUM.

KuHetnueckoe ropeHue NporucXOoUT B TOM CIIy4dae, €CIU CMECh TOIUIMBA C

BO3/yXOM 3apaHee MOArOTOBJIEHA U TOILUIMBO FOPUT MO 3aKOHAM KUHETUKH, T.€. IO
3aKOHaM JBI)KEHHs MOJIEKyJd. B 3ToM ciydae ¢aken moiayyaercst KOpOTKUM, HE
CBETALLMMCS, HEBUJIMMBIM. 3HAUYUTEIbHO YMEHbIIAETCd HU30BITOK BO3AyXa U
HOBBILIAETCS [TOJIHOTA TOPEHUSI.

Judpdy3suoHHoe ropeHue — CMeCh TOIUIMBA C BO3JYXOM 3apaHee He

IIOArOTOBJIEHA, A MOSIBIAETCA JIMIIb B YCTbE TOPEIKM U CKOPOCTh TOPEHUSA
onpenensiercss nuddy3uei OKUCIUTENs B MOJEKYJbl Toptodero. ['openne B 3ToM
ClTy4dae IPOUCXOJIUT B PACTAHYTOM (hakelie o Mepe CMEIIEeHUs ¢ Bo3ayxoM. Daken
IIPY 3TOM YaCTO MOJYYaeTCsl CBETSALUMCH.



Cwmemannoe ropeaue. B aTom ClIydac 4aCTb BO3yXa 3apaHcC CMCHINBACTCA

C TOILTMBOM, 00pa3ysi CMeCh, B KOTOPOW Majo BO3Ayxa. DTOT BO3AYyX Ha3bIBaETCs

nepBUYHbIM. Ha BBIXOJie M3 TOpENKU MOAAIOT BTOPUYHBIA BO3ayx. CMelIaHHOE

rOpeHUe MPUMEHSIETCS HaubOoJIee YacTO B IPOMBIIIUIEHHBIX U OBITOBBIX TOpEJIKax.
[TpupoaHbIM >KUAKUM TOIUIMBOM SIBIIsIETCS HE(PTh, HO OHA B KadyecTBE

TOIUIMBA HE MCHOJIb3yeTCs. B KauecTBe 3HEPreTUYECKOro TOIUIMBA MCIOJIb3YETCS

TOJIBKO OTXOJ HedTenepepaboTKku — Ma3yT. TOMOYHBIN Ma3yT MO CBOEMY COCTaBY

MaJjio OTJIMYAeTCs OT Chipoid HepTr. OCHOBHBIE XapaKTEPUCTUKH Ma3yTa:

- colepkaHue cepsl (MO CoAepKaHUIO cephl HeTh M Ma3yT JENAT Ha 3 Kiacca:

MaJIOCEPHUCTHIE, CEPHUCTHIE U BELICOKOCEPHUCTHIE);

- IUVIOTHOCTH (TJIOTHOCTH MasyTa cocrapiisieT ot 0,85 r/em® 10 0,98 r/em?);

- BSI3KOCTBH (BSA3KOCTh Ma3yTa OIpEAeNIeT BO3MOXKHOCTh TPAaHCIOPTHPOBAHHUS 10

TpyOOMIpOBOaM, a TAK)KE €T0 PACIIBUICHHE);

- TeMIlepaTypa 3acTbIBaHHMs — 3TO MaKCHMajbHas TeMIleparypa, MpU KOTOPOU

MazyT TEepSIET CBOIO MOJIBUKHOCT;

- TeMmrepaTypa BCHBIIIKKM — ATO Takas TeMIeparypa, Ipu KOTOpOM maphl Ma3yTa

MIpU HarpeBaHUU O00Pa3yIOT C BO3YXOM CMECh, BCIIBIXMBAIOIIYIO NMPU MOJAHECEHUU

OTKPBITOTO TUIAMEHHU;

- TeMIiepaTypa BOCIUIAMEHEHHS - 3TO MUHUMAaJlbHAsg TeMIlepaTypa, Mpu KOTOpOH

BCIIBIXHYBILKE MAPHI TOPSAT HE MEHEE 5 CEKYHI.

['opeHne XKUIKOTO TOIJIMBA COCTOMT M3 HECKOJBKUX ASTalloOB: PaCIbLICHUE,
pOrpeB Kareiab, UCIApeHHe U 00pa3oBaHUE TOpIOYEl CMECH U TOPEHUE CMECH.
[losTOMYy IS XMMHUYECKH TOJHOTO COKUTaHUSI Ma3yTa HEOOXOJAUMO BO3MOXKHO
TOHKOE €ro pachblIMBaHME, I[0Jada BO3JyXa B KOpeHb ¢akesa, Xopollee
nepeMelivBaHue.

Ma3zyTHas ropeika — 3T0 yCTPOHCTBO, COCTOSIIEE U3 IBYX YacTed hOpCyHKH
(mpucnocobneHue A1 pacibUICHUs )KUIKOTO TOIUIMBA) U BO3AYXOHAMPABIISIOIIETO

anmnapara. MasyT, Kak IpaBWiIo, Mepel Nojadel Uil CKUTaHUs MOAOIPEBAIOT 10
temrepatyp 90-150 C° B 3aBHCUMOCTH OT MapKH TOILJIMBA.

TBepmoe TommBo 1Mo coco0y MOOBIYM IETUTCS Ha UCKomaeMoe (Topd, Oypsie
yIid, KAaMEHHbIE YIUVIM, T[OJIYaHTPaUWThl, AaHTPALUTHI, TOPIOYEE CIaHIbl) U
HerckomnaeMoe (ApeBeCrHHa U OTXO/Ibl CEJTLCKOTO X035HUCTBA).

[Ipoiuiecc ropeHusi TBEpAOTrO TOIUIMBA COCTOMT M3 pAJia MOCIEA0BATEIbHbBIX
ATaMoB:

1-ii aTanm — TemioBas NOAroTOBKa TomMBa. Ha 3TOM 3Tane nmpoucxoauT Iporpes
YacTHUILIbI TOIUIMBA, UCIIAPEHUE BJIary, BbIICICHHE JIETYYNX, 00pa30BaHUE KOKCA.
Ha 2-Mm sTane neryunii 1 KOKCOBBIM OCTATOK CrOPAET B IPUCYTCTBUE OKUCIIUATEISA C
00pa30BaHMEM JIBIMOBBIX T'a30B U TBEPAOI0 HEFOPIOUEro OCTATKA (30J1bI U IIUIAKH).

OcHOBHBIE CTIOCOOBI CKUTAHMS TBEPJIOTO TOILINBA:



- B IJIOTHOM CJ10€ (CJIOEBOM UM (PMKCHPOBAHHBIH );
- B KUIISILIEM cJ10€ (TICEBIOCKUKEHHBIN WIIH My3bIPbKOBBIN);
- (pakeabHBIN MPIMOTOYHBIN (IPAMOCTPYUHBIN);
- BUXPEBOU (ITUKJIOHHBIN).
B nocnennue roael Obul pazpaboTaH €€ oAuH crnocod — HUPKYJISALUOHHBIN
kunsmuii cioit (IIKC).



Jleknus 4. I'a3ocHa0keHNE TOPOA0B U HACEJIEHHBIX IYHKTOB.

4.1. CBoiicTBa NPUPOJAHOIO rasa.

4.2. I'a3opacnpenejuTe/ibHbIE CETH.

4.3. I'a3operyjsiTOpHbIE MYHKTHI H YCTAHOBKH.

4.4. 'napaBianyveckuii pacuer ra3onpoBoaoB.

4.5. @akesabHoOE , OecIIAMEHHOE TOPeHHe, KHHeTHYeCKNH, TU(PPYy3HOHHBIN H
MPOMEKYTOYHbIA MPUHIMIIBI C;KUTAHUSA Ta30B.

4.6. Th B razoBom xo3siiicTBe.

4.1. CBoiicTBa NPUPOTHOIO rasa.

Knaccugpurkayusa zoprouux 2azoe. Tpebosanusa k kauecmey.

["a3oBOo€e TOMMIMBO TMpeACTaBIsieT COOOW CMECh NPOCTHIX TOPIYUX W
OayutacTHBIX Ta30B. ['oproune ra3pl ObIBalOT HCKYCCTBEHHBIE U IPUPO/IHBIE.

K ucckycmeennvim OTHOCST rasbl, BblpaOaThIBAEMbIE Ha ra30BbIX 3aBOJAaX B
poLecce TEPMHUYECKOW NepepadOTKM TBEPIABIX M JKUJAKHX TOIUIMB, a TaKXKe
BBIJICJISIOIINXCS B KauyeCTBE BTOPUYHBIX IPOJYKTOB HEKOTOPBIX IPOU3BOJCTB,
HanpuMep B JOMEHHOM IIpoIlecce, MpU MOIYyYEHUU KOKca, nepepadoTku HedTU U
T.J.

K npupoomsim oTHOCAT ra3pl: J00BIBa€MbIE W3 YUCTO Ta30BbIX
MECTOPOXKACHUI; TOMyTHbIE HEe(PTAHbIE, BhIIEISAIONINECS U3 100bIBaeMoil He(TH;
N0JIy4aeMbl€ W3 Ta30KOHJIEHCATHBIX MECTOPOXKIAEHUHN (COCTOST M3 CMECU CYyXOro
ra3a ¢ mapamu KOHJIEHCATa TSKEJBIX YIIE€BOAOPOIOB).

CBoiicTBa Tra3oBOTO TOIUIMBA OMNPEIEIAIOTCA CBOMCTBAMHM OTACIIBHBIX
TOPIOYMX M HETOPHOYHUX Ta30B, €r0 COCTABIIIOIINX, U NpuMmecel. ['oproyas 4acThb
ra3oBOro TOIUIMBA COCTOMT M3 YIJIEBOJOPOJOB, BOJOPOJA M OKUCHU yriepona. B
HErOpIOYYH0 4YacThb BXOAAT YTJIEKUCHBIM Tra3, a30T U Kuciopon. K mnpumecsm
OTHOCST CEpPOBOAOPOJ, AMMHAK, LHMAHUCTBIE COECAMHEHUSA, BOJSHBIE IapBbI,
Ha(TaauH, CMOJIBI, ITbUTH U Ap. Heroprouue ra3pl U npumecu SBISIFOTCS 0amiacToM
ra3oBOr0 TOIUIMBA, YXYAIIAIOIUM €ro TEeIIO()U3NYECKUE M SKCIUTyaTallMOHHbIE
Ka4ecTBa.

KauectBo mpupomnoro raza goimkHo cootBerctBoBaTh ['OCT 5542-2014
«l"a3pl roprourie TPUPOAHBIC MJIi MPOMBIIIJIEHHOTO U KOMMYHaJIbHO-OBITOBOTO
Ha3HaueHud. TeXHUYecKue yCIoBU», CKUKEHHOTO YTIEBOJOPOJAHOIO Ta3a (aaiee
- CVYT) - T'OCT 20448-2018 «I"a3bl yrieBogopOHbIE CKUKEHHbBIEC TOIJIUBHBIC JIJIsI
KOMMYHaJIbHO-OBITOBOTO TIOTpeOneHus. Texuuueckue yciousi» u ['OCT 27578-
2018 «l'a3bl yrieBOJOPOJHBIE CHKUKEHHBIE AJII aBTOMOOWUJIBHOTO TPAHCIOPTA.
TexHuueckue ycnoBus. TeXHUYECKUE YCIOBU.



Yanes000poowr npedenvrnoco psoa COCTaBISAIOT OCHOBHYIO FOPIOUYIO YaCTh
OPUPOAHBIX Ta30B U UMEIOT 0011yI0 XuMHuueckyro popmyny C,Hoqio. [lepBblil B ux
psy MeTaH, Jlajee 3TaH, NponaH, OyTaH, NeHTaH u T.4. Hu umeror uBera u 3amnaxa,
HE TOKCHUYHBI, HO OKa3bIBAIOT cJla00€ HAPKOTUYECKOE ICHCTBUE MPHU OOJIBbIION
KOHIIEHTpAIUH.

Henpeoenvrvle yeneeo0opoovl BXOAST B 3HAYUTEIBHBIX KOJ-BaX B
UCKyccTBeHHBIC Ta3bl. X obmas dopmyna C,H,,. IlepBbie Tpu: 3THIICH, OyTHIICH,
nponuieH. CB-Ba CXOHBI C MPEACIbHBIMH.

Booopoo. Nmeetcs BO Bcex UCKYCCTBEHHBIX Ta3ax. ['oprounii ra3 0e3 1., 3. 1
B., HE T. AKTUBEH B PEaKIUSIX TOPECHHUS.

Okucs yenepooa. I'oprountii ra3 6e3 11., 3. ¥ B., T. COIEpXUTCS B UCK. Ta3ax B
OOJIBIIMX KOJ-BaX, a TakKe 00pazyercs Mpu HEMOJIHOTE CTOPAHMS.

Venexucnouii 2a3 He umeeT 1., 3. cO ciaaObIM KHUCIOBaTbIM B., HE T. NpHU
CKOIUICHUSX BBI3BIBAET YIyIIbE, XUMUYECKU HHEPTEH.

Aszom —ra3 6e3 11., 3. U B., He T. He ropuTt u He nmoanepxxuBaet roperus. [Ipu
BBICOKOl ~ TeMIlepaType BO3MOXHO OOpa30BaHHE OKHUCIOB, SIBIISIOIIMXCS
BBICOKOTOKCHYHBIMH MPOTYKTaMHU CTOPAHUSI.

Kucnopoo - ra3 6e3 1., 3. u B., He T. He roput, HO MoIepKUBAET FTOPEHUE.
CopepKuTcsl B MCK. razax B HEOONBIINX KOJ-Bax. B mpucyTCTBUU Biarm akTUBHO
CIOCOOCTBYET KOPPO3HHU.

Cepo6o0opo0 — OeCLIBETHBIN FOPIOYMH ra3 ¢ XapaKTEPHBIM 3aM1aX0M TYXJIbIX
aull. MOXeT coaepKaTbCsl B UCK. U IJIOXO OYMIIEHHBIX NPUPOAHBIX Ta3ax. M cam u
OPOAYKT €ro cropanusi (cepHUCThIM raz) SO, — BeCbMa TOKCUYHBI U pa3pyliatoT
MeTamibl, o00pa3ys C JKele3oM NUPO(OpHBIE COEIMHEHHUS, CHOCOOHBIE
BOCIUIAMEHSTHCS B BO3/IyXE€.

Ammuax (NH3) - GecriBeTHBIN ra3 ¢ OCTPBIM 3aMlaXOM HAIIaTBIPHOTO CIUPTA,
BpeAHasi TOKCUYHAs MPUMECh HEKOTOPBIX UCK. Fa30B.

Luanucmele coeounenus, B nepByro ouepeab cuHuibHas kuciora (HCN),
MOTYT 00pa3oBaThCsi B KOKCOBBIX ra3ax B pPE€3-T€ B3aUMOJCHCTBHUS yriepojna
TOIIMBA C amMMmHuakoM. llpu H.y. CHHHIbHAs KHUCIOTa — OeclBEeTHas Jierkas
KHUAKOCTh (KUOUT mpu 26 rpaaycax) ¢ BeCbMa TOKCUYHBIMH M KOPPO3HOHHBIMU
CBOWCTBAMU.

Ilapwi 60061 MOTYT OBITH B HEJJOCTATOYHO OCYILIEHHBIX Ta3ax. [Ipu BhICOKHMX
JMABJICHUSAX O0pa3yloT ¢ TSXKEIBIMUA YIJIEBOJOPOAAMH  KPUCTAILIOTUIpATHBIC
COEMHEHMS, BHEIIHE HANOMUHAIOIIME YacTHUIIBl CHEra WM JIbJa, KOTOpBIE
3aKyNopUBarOT razonpoBoabl. Kpome toro, Biara cnoco0CTBYET KOPPO3HH.

Hagmanun, cmonvl u neinb, OTKIAABIBAsCh HAa BHYTPEHHHUX CTEHKax
ra3onpoBOJIOB, YMEHbBIIAIOT MX CEYEHHUsA, a IMpPU IUIOXOM OYUCTKE raza —



3aKyNOPHUBAIOT OTHEIBHBIE YYAaCTKH Ta30IPOBOJOB, MPEKIAECBPEMEHHO 3aCOPSIOT
(GuUIBTPHI, apMaTypy U APYyrUe yCTPOUCTBA.

4.2. I'azopacnpeae/uTe/IbHbIE CETH.

Knaccuguxayua zazonpoeoooes.

CucreMbl Ta30CHA0KEHHUS COCTOSIT U3 PACIPEICIUTEIbHBIX Ta30MPOBOIOB,
razopacnpenenutenbubix cranuuii (I'PC), razoperynsropusix nyHktoB (I'PII) u
ra3operyysiTopHeix ycranoBok (I'PY).

["a30mpoBOBI B CUCTEMAX ra30CHA0KEHUS TOPOJOB U HACEJIEHHBIX IMyHKTOB
B 3aBUCHMOCTH OT JIaBJICHUS TPAHCIIOPTUPYEMOTO I'a3a pa3inyaroT:

- Ta3oIpoBOJIbI BBICOKOTO JaBiieHus | kareropuu (maBnenue raza or 0,6 mo 1,2
MIla);

- ra3ompoBOjbl BeICOKOrO aaBieHus Il kareropuu (maBnenue raza ot 0,3 mo 0,6
MIla);

- Ta30MPOBO/IbI CPEeIHETO AaBieHus (JaBneHue ra3a cpoiie 0,005 go 0,3 Mlla);

- Ta30MPOBO/IbI HU3KOTO AaBiieHus (nasieHue raza g0 0,005 MIla).

["azompoBO/ SIBIISIETCS BaXKHBIM SJIEMEHTOM CHUCTEMbI Ta30paclpe/iesiCHus,
TaKk KaK Ha ero coopyxeHue pacxonayercs oT 70 mo 80% Bcex KamuTaldbHBIX
Binoxkenuit. Ilpu stom 80% or o0O0mEel NPOTSHKEHHOCTH MPUXOAUTCS Ha
razonpoBoAbl HU3KOro AaBiieHus U 20% — Ha Tra30npoBOIbI CPEHETO U BEICOKOTO
naBiieHnil. ['a30mpoBObI HU3KOTO JIABJICHUS CIIYyXKaT JJIsl MOJayu ra3a K >KUJIbIM
JoMaM, OOIIECTBEHHBIM 3/IJaHUSIM M KOMMYHaJIbHO-OBITOBBIM IPEANPUSITHUSIM.
["azonpoBoabl cpennero nasineHusi yepe3 ['PII cHaGxkarT razoMm ra3onpoBOAbI
HU3KOTO JaBJEHHUS, a TakKXKe TMPOMBIIUICHHbIE W KOMMYHaJIbHO-OBITOBBIC
npeanpustud. [lo razompoBojaM BBICOKOTO JaBiieHHs ra3 mnocrymaer B ['PII
MPOMBILLJICHHBIX NPEANPUATHN U ra30MpPOBOAbI CPEAHETO NaBieHUSA. CBA3b MEXKIY
ra3onpoBOJAaMHU Pa3INyHbIX AaBiieHUH ocyuiectsiusercs yepe3 ['PI1 u I'PY.

B 3aBucuMOCTH OT pacnoyiOKEHUsI Ta30MPOBOJLI MOAPA3ACTAIOTCS Ha
HapycHvle (yJIU4YHbIC, BHYTPUKBapTaJbHbIE, JBOPOBBIE, MEXKIEXOBbIE) U
sHympeHnHnue (pacrloJIOKEHHbIE BHYTPU 3/IaHMM M TMOMEIICHUM), a TakXe Ha
noozemHvle W Had3emHvle. BHYmMpeHHuM 2a3onpo8odom CUHMTAIOT Y4YaCTOK OT

ra3omnpoBoJa-BBOAa OO0 MCECTa IOAKINOYCHHA Ida30BOTO HpH6opa WK TCIIJIOBOI'O
arperara.

B 3aBHCHMOCTH OT Ha3HAUYECHMUS B CUCTEME pacipCaciIiCHuA ra3a ra3orpoBOAbl
moApasaciAr0OTCA  Ha: pacnpe()eﬂume/zbﬂbze, 2a30np0800bl—8800bl, 8800Hbl€,

I’ll?OdVBOllele, C6DOCHbl€ U MEAHCNOCENIKOBbIE.

Pacnpederumenvrvimu ABIIAIOTCS Hapy>KHbIE ra3onpoBO/IbI,

06€CH€‘II/IB3,IOH_II/IC rnoaady rasa OT MCTOYHHUKOB ra3ocHa0XeHUS A0 ra3onpoBoOa0B-



BBOJOB, a TaKKC ra3onpoBOAbI BBICOKOI'O u cpeaHero I[aBJIeHI/If/'I,
MNPpCAHA3HAYCHHBIC I ITOJa4YU Ira3a K OAHOMY O6T)CKTy.
FCIS’OI’IDOGOOOM-GBOOOM CUUTACTCA YYAaCTOK OT MCCTa IMPHCOCAMHCHUSA K

pacnpenenuTeIbHOMY ra30IPOBOTY /10 OTKIIIOYAIOIIET0 YCTPOMCTBA HA BBOJIE.
Bsoouwim 2azonposodom cUUTAETCS YUaCTOK OT OTKIIIOYAIOIIEr0 yCTPOMUCTBA

Ha BBOJIE B 3/JaHHE J0 BHYTPEHHETO ra30npoBOA.
IIpodysounviii _2azonpoeod TpeaHA3HAYEH [JIsi TIPOJYBKU  CHUCTEMBI

pacripeiesieHus ra3a arperaTa rnepej BBOJIOM €ro B JICHCTBHE.

Copocubim__2azonposodom cuutaetcss Tpyba s aBapuitHOoro cOpoca
JIaBJICHUS Ta3a.
Meorcnocenkogbimu SIBASIOTCS paclpe/leIuTeNbHbIE Ta30MpOBOAbI, MPOKJIa-

JIbIBa€MbI€ BHE TEPPUTOPUHU HACEIICHHBIX TyHKTOB.
B 3aBucumocTu oT Marepuana TpyO ra3ompoBObI MOAPA3NEISIOTCS Ha:

Memannuyeckue (CTallbHbIE, MEJHbIC) U Hememaiiuyeckue (MOJTUITUIICHOBBIC).
Paznuuarot Taxxe TpyOOIpoOBOIbI ¢ MPUPOIHBIM razom u CYT.

[To mpuHIKITY TOCTPOCHUSI CUCTEMBI paclpe/ieNieHUsl ra3a NoApa3AesoTCs
Ha: KoJblesble, MYNUKOBbLE U CMEULAHHBLE.

B mynuxosvix cucremax ras IoCTymnacT HOTpC6I/ITeJ'IIO B OJHOM

HaIpaBJICHUH, T.€. MOTPEOUTENIM UMEIOT OAHOCTOpPOHHEE MUTaHue. B oTiuuue ot
TYIUKOBBIX, KO/Iblegble CETU COCTOSIT U3 3aMKHYTBIX KOHTYPOB, B PE3YJIbTATE YETO
ra3 MOXET TMOCTynaTh K TMOTPEOUTENSIM IO JBYM WIH HECKOJBKUM JIMHUSIM.
Haoeorcnocms konvyesvix cemeul eviuie mynuxoguvix. [1pu npoBeeHUN PEMOHTHBIX
paboT Ha KOJBLEBBIX CETSAX OTKJIIOYAeTCAd TOJBKO 4YacTh MOTpeOUTenei,
MPUCOEAUHEHHBIX K JAHHOMY y4acTKY.

B cucrtemy pacnpeneneHus raza BXOAST: pacipeleIuTebHbIe Ia30pOBO/IbI
BCEX JaBiieHH, razopacnpenenutenbHbie craHuuu (I'PC) u razoperynstopHbie
nyHkTel (['PII). Bce anemeHTBl cucTeM ra3ocHaOXeHUsi JODKHBI 00ecreyruBaTh
HAJCKHOCTh M 0€30MacHOCTh MOJa4yM Ta3a moTpedutensM. B 3aBucumoctu OT
YuCiia CTyNEHEH MaBJICHWsS Tra3a B Ta30MPOBOJAX CHCTEMBI Ta30CHA0XKEHUS
TOPOJIOB M HACEJICHHBIX MYHKTOB MOJPa3JECNsOTCS HA OJIHO-, JIBYX-, TPEX- H
MHOroctyneHuarbie.  OIHOCTyIEHUYaThle  CHUCTEMBbl  paclpelesieHus  Trasza
o0ecreynBaoT Mojavy ra3a MOTPEeOUTENssM MO ra3onpoBOJAaM TOJBKO OJIHOTO
JaBJeHUs, Kak TMpaBuio, Hu3koro (puc. 4.1). JIByxcrymeH4yaTble CHCTEMbI
pacnpenenenus raza (puc. 4.2) oOecrneyuBalOT paclpeiesieHue W Mojady rasa
NOTPEOUTENSIM 0 Ta30MPOBOJIaM CPETHEr0 M HU3KOTO WM BBICOKOTO M HU3KOTO
napieHuil.  TpexcTymeH4aTas CUCTEMa paclpelesieHusi Ta3a  O03BOJISET
OCYLIECTBJIATh pacHpeiesieHne M 1oJady ra3a MOTpeOUTEeIsIM IO ra3olpoBOJaM
HU3KOTO, CPEIHEr0 U BBICOKOTO JaBjieHUU. MHoOrocrymneHyaras cucTeMa
ra3ocHa0XKeHMsl TpeaycCMaTpUBaeT paclpejesieHue rasa [0 Tra3onpoBOJam
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1- MarucTpanpHbIil ra3onpoBos; 2 — razopacnpeaenurensias cranuusa (I'PC); 3 —
KOJIBIIEBOM Ta3ompoBOja; 4 — OTBETBJICHUS K MNOTPEeOUTENsIM; 5 — TYIUKOBBIN
ra3onpoBOJ

Puc.4.1. CxeMa 0qHOCTYIEHYATON CUCTEMBI pacpeIeICHUS ra3a
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1- MarucTpanbpHbIi Ta300POBOJ BHICOKOTO JIaBJICHUS; 2 — ra30pacipeaenuTeNbHas
cranuus (I'PC); 3 — kpynHbie notpebutenu raza; 4 — ropoackue ['PII, nuraroniue
ra3onpoBOAbl HHU3KOTO [JAaBJIEHHUA; 5 — Tra3olpOBOABI BBICOKOIO M CPEOHETO
JABJIEHUM; 6 - KOJIBLIEBBIE I'a30IIPOBOJbI HU3KOIO JABJICHMS; 7 — OTBETBIECHUS K
noTpeduTesnsiM; 8 — TYNHUKOBBIN ra30IpoBOJ HU3KOIO AABJIECHUS; 9 - TyHMUKOBBIN
ra3onpoBOJ] CPEIHETO JaBICHHUS

Puc.4.2. Cxema qByXcTyneH4YaTOW CUCTEMBI PACIIPEIECIICHHS ra3a



Bbicokoro I kareropuu (mo 1,2 MlIla), Beicokoro II kareropuu (mo 0,6 MlIla),
cpeanero (mo 0,3 MIla) u Huskoro (mo 500 malla) naBnenuii. Beibop cuctemsl
ra3oCHa0KEeHMSI 3aBUCHUT OT XapakTepa IUJIAHUPOBKUM U IUIOTHOCTU 3aCTPONKH
HACEJICHHOTO MMyHKTA.

Yempoiicmeo nodzemnvix, Hadzemnvix u HazeMHBIX 2a30NPOB0OO0VE.
Ycempoticmeo — nodzemnwix  2azonpoodos.  MuHuManbHas — ri1yOuHa

3aJI0XKEHHUS Ta30MpPOBOAOB JOJKHA ObiTh He Menee 0,8 M. B mecrax, rae He
npeaycMaTpUBaeTCsl JIBUKEHUE TpaHCIOpTa, IIyOMHA 3aJ0KEeHHsS Ta30MpoBOjia
MoOxkeT cocTaBisiTh 0,6 M. PacctossHue oT razomnpoBoja 0 Hapy>KHOM CTEHBI
KOJIOJIIEB M Kamep MOJ3EMHBIX COOpPYXKEHUH IOJKHO ObITh He Menee 0,3 M.
Jlomyckaetcst ykiaaka JByX M 0oJiee ra3orpoBOJIOB B OJIHOM TpaHIIee Ha OJHOM
WM pa3HblX ypoBHsX. IIpu 3TOM paccTosiHMEe MEXAy Tra3onpoBOJIaMH B CBETY
JOJKHO OBITh JIOCTATOYHBIM IS UX MOHTa)Ka U PEMOHTA.

PacctosiHue mo BepTUKaNM MEXAY TMOJ3EMHBIMUA Tra30MpOBOJIaMH  BCEX
JABJICHUM M JAPYTUMU MOJ3EMHBIMU COOPYKEHUSIMU U KOMMYHUKALUSIMHU JTOJKHO
COCTaBJIATh:

- TpU TEpPEeceYeHHWH BOAOINPOBOJA, KaHAIM3ALMH, BOJOCTOKA, KaHAJOB
TenedOHHBIX U TerioceTd — He MeHee 0,2 M;
- aJIeKTpoKabeneil u TernedOHHBIX OPOHUPOBAHHBIX Kabene — He Menee 0,5M;
- anekTpokabdeneit macnoHanogHeHHbIX (Ha 110...220 kB) — #e menee 1,0 m.
Jonyckaercsi  yMEHbIIaTh  PACCTOSIHUE  MEXKIY  Tra3ompoBOJIOM U
JIeKTpokabeneM INpu npokiaake ux B ¢ymiapax. Ilpu 3Tom KoHUBI QyTigpa
AJIEKTpOKAOeNsi JOKHBI BBIXOJUTH Ha |1 M MO 00€ CTOpPOHBI OT CTEHOK
nepecekaeMoro  raszompoBoga. Ilpu  mepecedeHMM — KaHAJOB  TEIUIOCETH,
KOJUIEKTOPOB, TYHHEJIEM C TEpexoJoM HaJ WIM [OJ HUMHU CJIEAyeT
IpeaycMaTpuBaTh MPOKIANKY Ta30MpoBoja B PyTisipe, BHIXOAAIIEM Ha 2 M B 00e
CTOPOHBI OT HAPYXHBIX CTEHOK IMEPECEKAEMbIX COOPYKEHHUH, a TakKe MPOBEPKY
(GU3MYECKUMU METOJIaMM KOHTPOJSI BCEX CBAapHBIX CTBHIKOB B IIpejeliax
MEpPeCceyeHuss U Ha PACCTOSHUU 5 M B CTOPOHBI OT HApPy>XHBIX CTEHOK 3THUX
COOpYXeHUU. 3arnopHyl apMarypy M KOHJEHCATOCOOPHUKH Ha Ta30MpoBOAaX
YCTAaHABJIMBAIOT HA PACCTOSSHUM HE MEHee 2 M OT Kpas IepeceKaeMoi
KOMMYHHMKAIIUM WJIM COOpYKEHHUs. ['a3ompoBoabl B MeCTax MpOXOJa 4Yepes
Hapy>KHbIE CTEHBI 3JaHUI 3aKI04YaloT B QyTISApbl TUaMETPOM HE MEHEEe YeM Ha
100...200 MM GoJibllie TUaMeTpa ra3ompoBo/Ia.

Yempoticmeo — nHaodzemublX U HA3BEMHBIX 2A30NPOBOO0S. Hanzemubie

ra3onpoBOJbl IMPOKIAABIBAIOT Ha OTACIABHO CTOAIIMX OIIopax, OJCTaKalaX Hu



KOJIOHHaX. ['a3onpoBonbl ¢ pabounm aasieHuem a0 0,6 Mlla nonmyckaercs Takxke
MPOKJIAJABIBATh [0 CTEHAM MPOU3BOACTBEHHBIX 3IaHUI C TOMEUIEHUSIMU KaTEerOpUr
o6e3zonacunoctu B, JI; razompoBoawsl ¢ npasieHueM jao 0,3 MlIla — mno creHam
OOIIeCTBEHHBIX 37aHui © kwiblx jgomoB He Huwxke III, Ill(a) crenenei
OTHECTOMKOCTH, a Ta30IPOBO/IbI HU3KOT'O JaBJICHUS — IO CT€HaM OOIIECTBEHHBIX
3MaHui M KWIBIX JoMoB IV m V' cremeHeit orHecroiikocTtu. Han3zemubie
ra3onpoBOJbl MPOSKTUPYIOT C YYETOM KOMIICHCAIMU TPOAOIBHBIX AedopManuii
1m0 (GaKTHIECKH BO3MOXKHBIM TEMIIEPATYPHBIM YCIOBHSIM pabOTHI, a B cilydae,
Korga He oO0eclneuuBaeTCs CaMOKOMIIEHCAlus, — C YY€TOM YCTaHOBKHU
KoMIieHcaTopa. BeICOTy MpoOKIagky NPUHUMAIOT C YYE€TOM BO3MOKHOCTH €ro
ocMoTpa M pemoHTa. [lojg OKOHHBIMM TpoeMaMH W OalKOHaMM KWIbIX U
0OIIIECTBEHHBIX 37aHUI Ta30MPOBO/IbI HE JTOHKHBI UMETh PA3bEMHBIX COSIMHEHUM.

Paccrosinus MexIy HaA3eMHBIMU Ta30MpoBOJaMU U TPyOOMpoBOIaMU
JPYroro Ha3HA4eHUs MPU UX COBMECTHOU MPOKJIAJIKE U MEPECEUCHUH MPUHUMAIOT
CIEAYIOIMUMHA: TpU AuUaMeTpe razomnposoaa a0 300 MM — He MEHee aAuaMeTpa
razornpoBoja, Ho He MeHee 100 mm; ipu guamerpe 6osee 300 Mmm — He menee 300
MM. [Ipu nepeceuennu ¢ JIDII paccTossHUASI IO BEPTUKAIIU:

Hanpsixenue JIDII, kB....no 1 20 35 150 220 330 500
PaccrostHuEe, M ................ 1 3 4 4,5 5 6 6,5

[Ipoknmanka ra3ompoBOJOB MO /A W  aBTOMOOWIBHBIM  MOCTam
OCYILIECTBIISIETCA TaKUM O0pa3oM, 4YTOObl HUCKIIOUYHUTH BO3MOXKHOCTb CKOIUICHUS
rasza B cIy4dae €ro yTe4kd B KOHCTPYKIMSIX MOCTa. ['a30mpoBO/Ibl, TOABEIITUBAEMbIC
K MOCTaM, JIOJKHBI BBITIOJTHSTHCS M3 CTaJbHBIX OCCIIOBHBIX WJIM MPSIMOIIOBHBIX
TpyO, H3TOTOBJICHHBIX JJIEKTPOAYTOBOM CBapKOW, M HMETh KOMIIEHCHUPYIOIIHE
ycTpoicTBa. ['a30mpoBO/IbI, MPOJIOKEHHBIE MO METALIUYECKUM M /0 MocTam,
IUIOTUHAM W JPYTUM TUIPOTEXHUYECKUM COOPYKCHHSIM, JIOJDKHBI ~ OBITh
AJIIEKTPOU30JIUPOBAHBI OT METAUIMYECKUX 4acTeil. PaccTosiHue Mexay ornopamu
HAJ3E€MHBIX Ta30MpPOBOJIOB ONPENESAETCS PAacUeTOM. Y3JIbl M JAETAIN KpEIJIECHUs
ra3oNnpoOBOOB BHITIOJHSIOTCS IO pa00YUM YEPTEKaM TUTIOBBIX KOHCTPYKIIHUMA.

4.3. I'azoperyasiTOpHble MYHKTHI U YCTAHOBKH.

[logaya ra3za k ra3uuIMpPOBAHHBIM TOpPOJaM, HACEJIICHHBIM MyHKTaM WU
IPOMBIIICHHBIM 00BEKTaM MPOU3BOJUTCS OT MArUCTPAJIbHBIX Ta30MPOBOJIOB
yepe3 Ta3opaclpee/iuTeNIbHble CTaHIMU WM KPYMHbIE ra3opacipeieuTebHbIe
nyHKTbI (KPII).



I'PC wu KPII sBastoTcs KOHEYHBIMH OOBEKTAMH MAarucTPagbHOTO
ra3ornpoBOJa U BBINOJIHAIOT CIEAYIONIME 3aa4M: OUYHUCTKA ra3a OT MEXaHUYECKUX
IIPUMECEN; CHIYKEHHE JABJIEHHUS Ta3a 10 3aJaHHOTO 3HAYEHUs U aBTOMATHYECKOE
NOJAJICp’)KaHUE HTOTO 3HAYEHUSA; MOAOTPEB ras3a Iepell CHUKEHUEM JaBJICHUS,
NPENSATCTBYIOUIMN BBIJEICHUIO TBEPABIX KPUCTAJUIOTMAPATOB U OOMEp3aHHIO
TpyOONIPOBOJIOB W apMaTyphl; 3amura TPyOOMpPOBOJOB OT HEIAOMYCTUMBIX
MOBBIIICHUM JIABJICHMS; OJOpHU3alMs Tras3a; YydeT pacxoJa M KOJIMYECTBA
IIPOXOALIETO rasa.

Ot I'PC nimm KPII ra3z tpancnoptupyercs o CETH CPEAHEro WA BBICOKOTO
naBiieHust A0 raszoperyistopHbix nyHKTOB (I'PII) u raszopacnpenenuTenbHbIX
yctanoBok (I'PY), pacnonaraembix B OTaluIMBaE€MbIX OTJEIBHO CTOSIIIUX 3AaHUSX,
/i€ IaBJIEHUE ra3a CHUYKAETCS U OH MOJAETCS B PACIPEAECIUTENbHBIE Ta30IIPOBOIBI
pa3HbIX KaTeropuil nasienus. Haumbosee pa3BeTBICHHBIMH W, CJIEIOBATEILHO,
MPOTSHKEHHBIMU U IOPOTOCTOSIIIIUMH SIBJISIFOTCSL PACIIPEACTIUTEIIBHBIE Ta30IIPOBOIBI
HU3KOr'O JIaBJICHHSI, KOTOPbIE CHA0XKAIOT MAcCOBOr0 MOTPeOUTENss (KWIbIE A0MA,
MEJIKHE POMBIIIJIEHHBIE U KOMMYHAJIbHO-OBITOBBIE TOTPEOUTEIIN).

Hanexxnoe u ycroiumBoe (YHKIMOHHPOBAHUE CHUCTEM Ta30CHA0KEHUS
HEBO3MOKHO 0€3 HaJeKHOW pabOThl PEryIupyoIiell W MNpeaoXpaHUTEIbHO-
3amopHOM apmarypsl W oOopynoBaHUsi. [lepBbIM W OCHOBHBIM YCIOBHUEM
yCTOWYMBOW W 0Oe3omacHOM pabOThl CHCTEMBl Ta30CHAOKEHHS  SBISETCA
oOecrieyeHre IMOCTOSHHOTO [JABJICHUS; BTOPOE YCJIOBHE — MPEIOXPAHEHUE OT
BO3MOYXHOT'O TMOBBIIICHUS WA TOHWKEHUS HABJICHUS Ta3a B KOHTPOJUPYEMOU
TOYKE Ta30MPOBO/IA WK NEPE] Ta30UCTOJIb3YIOIIEN YCTAHOBKOM.

Cucrembl Tra3ocHaOXeHHsI pabOTAIOT KPYTJIOCYTOYHO C MEPEMEHHBIMU
pexXuMaMu,  3aBUCSIIMMHM  OT  Xapakrtepa  mnotpeOnenus. HauOonbmas
HEPABHOMEPHOCTH MOTPEOICHUS MPUCYIIIa METKUM OBITOBBIM MOTPEOUTENSIM, HO U
OHa UWMEET OIpPEACNICHHYI0O 3aKOHOMEPHOCTb, OOYCJIOBIMBAEMYIO OOJIBIIUM
YUCIOM (DaKTOPOB, TJIABHBIMU M3 KOTOPBIX SIBIISIOTCS: KIMMATHYECKUE YCIIOBUS,
yKJIaJ ’KU3HU HACEJICHUs, BpeMsl paOdOThI MPEANPUATHIA U YUPEKACHHM, COCTOSHUE
XKUIOro (poHa, CTENEHb ra3u(pUKalMK pa3HbIX KATETOpU MOTpeOUTENEH, CTENEHb
WHIYCTpUAIU3alMU peruoHa u T.1n. HepaBHOMEpHOCTh MOTpeOIEHUS U ONpeneseT
PEXHMMBbI JABJIICHUM B PACHPEACIUTEIBHON TIa30BOM CETU I'OPOAOB, IIOCEIKOB U
CEJIbCKOW MECTHOCTH.

OcuoBHoe wHazHauenue [PII u I'PY — cHmKxeHue naBlIeHUA Ta3za U
MOAJEPKAHUE €r0 MOCTOSTHHBIM HE3aBUCUMO OT U3MEHEHUS BXOJIHOTO JIaBJIECHUS U
pacxoma raza morpeoutensmu. I[PII wmw TPY ocHamarwTcs  CXOXHUM
TEXHOJOTUYECKHUM OOOpYJOBaHMEM U OTJIMYAIOTCS B OCHOBHOM  TOJIBKO
pacnionoxenueMm. ['PY pacronarator HENOCPEACTBEHHO B IOMEIICHUAX, TJI€
HaXOJISITCSl arperaThl, UCIOJIL3YIOIUE Ta30BOE TOIUIMBO (11eXaxX, KoTeabHbIX). ['PI1



B 3aBUCMMOCTU OT HA3HAYEHHS U TEXHUYECKOH 11eJIeCO00Pa3HOCTU pa3MEIaloT B
MPUCTPOMKAX K 3[aHUSIM, BCTpauBasi B OJJHOATAXHBIC MPOU3BOJICTBEHHBIE 3aHUS
WJIU KOTEJbHBIE, B OTACIBHO CTOSIIMX 3AaHUSX.

B 3aBucumocTtu oT HaboOpa TEXHOJOTMYECKOro OOOPYIOBaHUS Pa3IUNYaIOT
razoperyistopubsie myHKTHI (I'PII), razoperynstopusie mynkrsl 60unbie (I'PIIB),
mkadubie perynstopusie myHKTH (IIPIT) u mkadubie peryiasTopHble yCTaHOBKU
(IIPY).

["a3operyaaTopHbIi MyHKT, KOTOPBIi CMOHTHPOBAaH B KOHTCHHEpPE 0JI0YHOTO
THUIIa, COOMPAIOT U UCTBITHIBAIOT B 3aBOJICKUX YCIIOBUSIX.

Jns  mkadHBIX Ta30peryJATOPHBIX TYHKTOB XapaKTEpPHO pa3MEIIeHUE
TEXHOJIOTUYECKOro 000pYyI0BaHMs B KOHTEIHEpaxX MIKa(HOIro THUIIA.

['PIT u I'PIIb paznuuaror ¢ BXOAHBIM pAaBiieHMeM rasza no 0,6 Mlla u
BXOJIHBIM JaBJieHHeM rasa csaiire 0,6 1o 1,2 MIla.

LIPIT un IIPY paznuuaroT ¢ BXOAHBIM JaBiieHreM rasza 1o 0,3 Mlla; cBbie
0,3 7o 0,6 MIIa u cBemme 0,6 o 1,2 Ml1a.

['PII mo cBoeMy Ha3HAYEHHIO MOAPA3IACIAIOTCS HA CETEBBIC, KOTOPHIC
00ecrneynBalOT Mojjauy raza B paclpeae/IUTeNIbHbIe CETH HU3KOTO, CPEIHETO WU
BBICOKOTO JIaBJICHUN, U OOBEKTOBBIC, CIIyXalllie MCTOYHUKAMU Ta30CHAOXKEHUS
JUIsL OTIEIbHBIX MOTpedutTeneil. B cocTtaB TEXHONIOrMYECKOro 000pyI0BaHUS
PETYyJISITOPHBIX MYHKTOB BXOJST CIAEAYIOLINE 3JIEMEHTHI:

- pEryjiasiTop MAaBJ€HUs, MOHIXAIOWUA WIM TOAACPKUBAIOIINN MOCTOSHHBIM
JABJICHUE T'a3a HE3aBUCUMO OT €0 pacxo/a;

- mpeaoxpanutenbHblid 3anopHbiil kinanan (I13K), npekpamaromumii mogauy rasa
NpU TOBBIIIEHUHA WIM TOHWXEHUU €ro JaBJICHUS IIOCJE PEryJjsaropa CBepx
3aJIaHHBIX 3HAYCHUM;

- TMpeaoXpaHUTEIbHOE COPOCHOE YCTPOMCTBO, NpeIHa3HaueHHOe s cOpoca
U3JIMIIKOB Ta3a, 4YTOObI JAaBJICHUE HE MPEBBICUIIO 33JJaHHOE B CXEME PETYIISTOPHOTO
MyHKTA;

- puabTp raza, CIyKailuii 1751 €ro OYUCTKU OT MEXAaHUYECKUX MPUMECEH;

- KOHTposibHO-u3MeputenbHble npubdopsl (KUII), koTopsie GUKCUPYIOT naBieHUE
ra3a /10 U MOCJe peryisTopa, a Takke Ha OOBOAHOM TrazompoBoje (Oaiimace) -
MaHOMETp; Tepenajl AaBjieHu Ha GUIbTpe, MO3BOJSIONINN CYIUTh O CTEIIEHU €Tr0
3arps3HeHHOCTH — qudPepeHImanbpHbpIii MaHoMeTp (nTudmanomMeTp); pacxo rasa -
pacxosoMep; TeMIEpaTypy rasa rnepe pacxoJI0MepoM - TEPMOMETD;

- HUMIIYJbCHbIE TPYOONpPOBOMBI, CIIyXallue g NPUCOCAUHEHUS PEryJaropa
JABJICHHS,  MPEJOXPAHUTENbHO-3AIIOPHOTO  KjamaHa, MPeAoOXPaHUTEIbHOIO
COpPOCHOT0 YCTPOMCTBA U KOHTPOJIbHO-U3MEPUTEIbHBIX

Texnonornyeckue cxembl odopynoanust ['PIT (IIPII), I'PY (IIPY) moryT
OBITh CAaMBIMU PA3HOOOPA3HBIMU: YUCIO TEXHOJOTMYECKUX JUHUN B 3aBUCUMOCTH



OT pacxojia raza u peKruMa MmoTpedJIeHUs ero MOKET ObITh OT ofHOU 10 msatu. ['PIT
MOTYT OBITh  OJHO- W  JABYXCTYNEHYaThiMH. [IpuHIMNMANBbHAs  cxeMma
onnocrynenuaroro I'PII (I'PY) nokazana Ha puc. 4.3.
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1,10 — cOpocHblli TpyOOIIpOBOA; 2 — TIOKAa3bIBAIOUIMKA MaHOMETp;, 3 -—
CaMOMUINYIIUA MaHOMETp; 4 — CaMONUINYIIUNA TEPMOMETP; 5 — TEXHUUYECKHUU
TepmomeTp; 6 — ¢unsTp peBuzuu; 7,9,12 — 3aABWKKH; 8 — PpOTAIMOHHBIC
cuetunku; 11 — 3anopHoe ycTpoicTBO; 13 - 3amopHOE yCTPOMCTBO Ha BBIXOAE U3
['PIT; 14 — ummynbcHBINA TpyOOTpoBOA; 15 — moBopoTHBIE KoeHa; 16 — 3amopHoe
YCTPONCTBO B KOHIIE OCHOBHOM paboueiil nuuuu; 17 — perynstop naBieHus; 18 —
nuiot; 19 — ¢puneTp; 20 — Kpan Ha cOpocHOM TpyOompoBose; 21 — 3aABUKKA B
Hayaje TEXHOJOIMYECKON JIUHNN; 22 — 3an1opHOoe ycTponcTso nepen I PII

Puc.4.3. Cxema I'PII (I'PY) ¢ perynsitopom PIIYK-2 u usmepenuem pacxonaa

raza IByMs pOTallMOHHBIMU CHCTYHUKaAMU

Pacnonoxcenue 'PII u I'PY. Tpeboeanus Kk nomewienuam.
I'PII cnenyer pacnojiaraTb B CBETJBIX W HECTOPAEMBIX OJHOITAXHBIX

MOMEIICHHUSIX C JIETKO COpachIBAEMBIMU MOKPBITUSAMH TIOJ JACHCTBUEM B3PBHIBHOU
BONHBI He Gonee 120 kr/m”. MHade o6lmas miomanb MPOEMOB HOKHA OBITh HE
meree 500 cM’® Ha | M’ BHYTpPeHHEro oObEMa MOMENICHHS. J[BEpH JOJDKHBI
oTKpbIBaTbcsi HapyxKy. Eciu T'PII B mpuctpoliike, TO OT 3[aHHsl JOJKHO OBITh
OTJEJIEHO TJIYXOW CTEHOW M HMMETh CaMOCTOATENbHBIM BXOH. He paspemaercs
ycrpauBath [ PIT u I'PY B moaBasiax v mosayrojiBajgax, a TAakKe B KOJIOLaX.



Ororutenne ['PII ycTpanBaroT B 3aBUCHMOCTH OT KJIMMATUYECKUX YCIOBUM U
KOHCTPYKIMHU IpUMEHsieMoro o0opyaoBanusi. Temneparypa Bo3ayxa JOJKHA ObITh
He Hmwke 5 °C. BeHTwisuus I0OJDKHA OOECIEYUTh HE MEHee 4YeM 3 KpaTHbIN
BO3/lyxooOMeH.  OcBelleHue CIeayeT UMETh ECTECTBEHHOE. ODIJIEKTPUYECKOe
OCBEIICHUE JOHKHO HMMETh B3PHIBOOE30MACHOE HCIOJHEHUE WJIM HapY>KHBIM B
00b1uHOM HctiojiHeHuu. Ecan Beicota I'PIT Gosbiiie BBICOTHI OJIMIKAMIIIETO 3aHUs,
TO MOMEIIEHUE 000PYTyETCSI MOJTHUEOTBOIAMH.

['PY pa3smemniator B CBOOOAHBIX JJIsl JOCTyNHa OOCIYyKUBAIOLIETO MEpCcOHAlIa
MECTaxX C €CTECTBEHHBIM /WM UCKYCCTBEHHBIM OcBelleHneM. OCHOBHOM MPOX0.l
MEXAY BBICTYyHArOUMMU orpaxaeHusMu U I'PY nomxen ObITh He MeHee 1 M.

Ha mnpoMbIIUIEHHBIX MOPENNpUsSTUSAX MNpPU HATUYUM B HUX COOCTBEHHBIX
ra3oBbIX CIIy’)KO JOIMyCKaeTcs Iojaya rasa OJWHAKoBOoro namsieHusi ot [PV,
PACIIONIOKEHHOTO B OJHOM 3JIaHUM, K IPYTHM OTAEJIBHO CTOSIIMM 3aaHusaM. [Ipu
pasmemenun ['PY Ha miomaakax, pacroioKEHHBIX BBIIIE YPOBHS monia oomnee 1,5
M, Ha IUIOMIA/IKy 00€CIeUnBatOT JOCTYII C IBYX CTOPOH MO OTAEJIbHBIM JIECTHULIAM.

O6opynoBanue, pasmemiaemoe B mnomemeHusix ['PII, momkHO OBITH
JOCTYITHO JIJIi PEMOHTa W OOCIY>KMBAHMS, IIMPUHA OCHOBHBIX MPOXOJ0B MEKIY
000opyI0BaHUEM UM JIPYTUMHU NIpeIMeTaMH JoJKHA ObITh He MeHee 0,8 M, a Mexay
napajyieIbHbIMU psiaMu 000pyioBanus — He MeHee 0,4 M.

B mnomemenusx kareropunm A TOJBI JIOJDKHBI OBITH 0€3BICKPOBBIMU,
KOHCTPYKIIMM OKOH M JBEped JOJIKHBI HCKIIOYaTh oOpazoBaHue HUCKp. CTeHBI,
paszaensaromue [IOMEILICHUS I'PII, HE00XO0AMMO IIpeyCMaTPUBATh
IPOTUBONOKAPHBIMU | THITa, ra30HENPOHUIIAEMBIMH, OHU JOJIKHBI ONUPATHCS HA
dbynnament. IIBbl compsikeHust cTeH U (QyHIaMeHTOB Bcex nomernenuit ['PII
NEPEBS3bIBAIOTCH. BcnomorarenbHbie MTOMEILIEHHUS o0opyayroTcs
CaMOCTOSITENIbHBIM ~ BBIXOJIOM  Hapy»Ky M3 3/1aHMs, HE CBS3aHHBIM C
texHojornyeckuM nomemenueM. Jlsepu I'PII u I'PIIb npegycmarpusarorT
IIPOTUBONOXKAPHBIMU U OTKPBIBAIOLIMMUCS HAPYKY.

YCTpOMCTBO JABIMOBBIX M BEHTWIALMOHHBIX KAaHAJIOB B Pa3AeiIAIOLIMX
CTEHaX, a TAK)K€ B CTEHax 3/JaHMi, K KOTopeIM npucTtpauBatotcs I'PII (B mpegemnax
npumbikanus ['PI1), ve qomyckaercs.

Heo6xomumocTs otomnenus nmomemenuii I'PI1, I'PIIBb u Bua Terionocureis
omnpenensoTcs B cooTBeTcTBUU ¢ TpeboBanusmu CHull 2.04.05 ¢ yuerom
KIIMMAaTUYECKOTO HCHOJHEHUST W KAaTeTOpUM IPUMEHSEMBIX U3ACIUN WU
obopynoBanus no I'OCT 15150.

[Ipn yctporictBe wmectHoro oromneHus [PII u I'PIIb or ra3oBbeix
BOJIOHArpeBaTener y3el peAyUUpOBaHUsS HAa  OTONHUTEIBHYIO  YCTaHOBKY
pa3meniaeTcs B OCHOBHOM TEXHOJOTHYECKOM ITOMEIEHHH.



Bcnomozamenwvnoe ooopyoosarue I'PII u I'PY.
IlIpedoxpanumenvuble  3anopuvle  Kianawsvl. Jg  OpegoTBpallleHUs

HEJOMyCTUMOro u3MeHeHusi napineHuss raza B [PII (I'PY) ycranaBmuBarot
npenoxpanurensHblie 3anopHsie kinanansl (I13K) u npenoxpanurensHbie cOpOCHbBIE
kiananbl (IICK). [IpenoxpanutenbHble 3alOpHbIE KilanaHbl MOTYT OBITh HU3KOTO
(tun IIKH) u Beicokoro (tum [1KB) napnenui.

[Ipon3BoaATCS YW TPUMEHAIOTCA TAaKXKE MPEAOXPAHUTEIIbHBIE 3allOpPHBIE
kiananbl Tina KITH u KIIB cOOTBETCTBEHHO HHM3KOTO M BBICOKOTO JIABJIECHUMU.
Ecnu no ycioBusiM pou3BOACTBA MEPEPHIB B 1I0/1aU€ ra3a HEJOMYyCTUM, TO BMECTO
[13K JIOJKHA OBITH Ipe1yCMOTpEHa CUTHAIU3alUs OIIOBELICHUSA
00CITyKHBAIOIIEro MepCOHAIA.

Cornacno «lIpaBunam 0e30macHOCTM B Ta30BOM XO3SMCTBE» BEPXHUM
npeaesn cpabaThIBaHUSI TMPEJOXPAHUTENIBHBIX 3aMOPHBIX KJIAMAHOB HE JOJIKEH
IPEBBIIIATh MAKCUMaJIbHOE pabodee J1aBlieHUE ra3a mocliie perysstopa 0osiee yeM
Ha 25 %. Hactpoiika [I3K Ha cpabarbiBanue 3aBucuT oT HazHauenust [PII,
KOTOpPBI MOXET oOecrneunBaTh IMOJa4y ra3a B TYNMHKOBYIO WIH KOJIBIICBYIO
ra3opacrpeAeuTeNbHYyI0 CETh.

[Ipy TynukoBOMl cucCTeMe pa3BOJKH Ta30MPOBOJIOB BBIKIIOUCHHE U
OTKJIFOUCHHE 4YacTh TOTpeOuTesiel MOXKET BbI3BaTh KPAaTKOBPEMEHHOE, HO
3HAUYMUTEJIbHOE TOHWXKEHHUE WJIM TOBBIIICHUE JABJICHUSI Ta3a B KOHTPOJIUPYEMOU
TOYKE JaKe MpHU UCHpaBHOM perynsarope. Bo uzbexanue cpabateiBanus [13K B
CJyyae TMOBBIIICHUS JIaBJICHUS U OTKIIIOUYEHUS BCEX MOTpeduTeneld B 0ObIYHOM (HE
aBapUitHOM) peXUMe KJIallaH HACTPAaWBAaIOT Ha JABJICHUE, HECKOJBKO OoJIbiee
TOTO, Ha KOTOPOE HACTPOEHO MpeaoXpaHuTeNbHOEe cOpocHOe ycTporicTBo (IICV).
DTO yCTpOMCTBO, cOpachiBas HEOONbIIME KOJWYECTBAa raza B aTMocdepy, He
MO3BOJIICT MMOJHUMATHCA JABJICHUIO B KOHTPOJHMPYEMOW TOYKE A0 3HAYCHUS
cpabateiBanus [13K.

[Ipu weucmpaBHOM  peryisitope cOpoc uepes IICY  oxaxercs
HEJ0CTaTOYHBIM, JIABJIEHUE B KOHTpOJIUpyeMoi Touke noBwicutcs, [13K cpaboraer
U TIEPEKPOET TMOAauy Tra3a MOoTPEOUTEISIM.

KonbleBas cucrtemMa ra3onpoBoja 3alUTHIBAETCS Ta30M OT HECKOJBKUX
I'PII, noaTroMy m3MeHeHHe 0TOOpa raza MOTPEOUTENIMU CKa)KETCS Ha MX padore.
HeucnpaBHOCTh OJHOrO M3 PEryJSITOPOB M CBSI3aHHOE C JTUM YBEIUYCHUE
JIaBJICHUS BBI3BIBAIOT YMEHBIIICHUE IMOJa4u ra3a B KOJBIIEBYIO CETh ra3ompoBOjia
perynstopamu apyrux ['PII. B atom ciryuae cOpoc B atmocdepy raza uepes [ICY B
['PII ¢ HeucnpaBHBIM pErYyJIATOPOM HEAOMYCTHUM, TaK KaK OH MOJKET
MPOJIOKAThCA JJIUTEIBHOE BpPEMsl, CHUKasl JaBJICHHE ra3a B Ta30MpOBOJIE, YTO
HEBBIFOJIHO C YKOHOMHUYECKOM TOUYKHM 3peHHs] W Bpenut s3kosoruu. [losTomy B
KoJbleBbiX cucteMax [I3K HacTpamBaioT Ha AaBieHUe cpabaThiBaHUs, MEHBIIIEE,



yeM pgaiieHue HavdanbHOro OtkpeiTua [ICY. Ilpm stom IICY npenoxpanser
KOJIBLIEBYKO CHCTEMY Ta3OlpPOBOJOB OT MOBBIIMIEHUS B HEW [NaBJIEHUS CBEPX
JOMYCTUMBIX mpenenoB B ciydae, korga B I'PII cpaboran II3K, HO wu3-3a
HErepMETUYHOCTH 3aTBOPA JIaBJICHUE B CUCTEME YBEIUUMBACTCS.

HpedoxpaHumeﬂbeze C6DO0Hbl€ Kldnarbol. IIJ'I?I MpCaAOTBPAICHUA ITOBLIIMICHUA

JABJICHHUSI Ta3a BbIIE JIOMYCTUMOIO 3HAYEHUS TMOCIE PEryjisiTopa AaBJICHUS
YCTaHAaBJIMBAIOT MPEAOXPAHUTEIBHOE COPOCHOE YCTPOMCTBO, KOTOPOE COPACHIBAET
B arMoc(hepy u30bITOuHBIM 00BeM Ta3a. CormacHo «[IpaBuiam Ge3omacHOCTH B
ra3oBOM XO3SUCTBE» MPEJOXPAHUTEIIbHBIE COPOCHBIC KJIAlaHbl, B TOM YHCIIE
BCTPOCHHBIE B PETYJISTOP JAABJICHMS, TOJDKHBI OOecnedyuBaTh cOpOC rasa mnpu
MPEBBIIICHUH MaKCUMAaJIbHOTO pabouero AaBJICHHs TOCIE peryiaropa He Ooliee
yeMm Ha 15%. 1o KOHCTPYKTUBHOMY yCTPONCTBY MpEAOXpaHUTEIbHbIE COPOCHBIC
KJIATMIaHbl TIOIPA3/IEISIIOTCS Ha IPY)KUHHBIE, MEMOpPaHHBIE U KUIKOCTHBIE.

BpiOop  KOHCTPYKIIMM  TIPEAOXPAHUTEIBHOTO  COPOCHOTO  KJIaraHa
MPOU3BOJIUTCSI B COOTBETCTBUU C TPeOyeMOM MPOMYCKHON CIIOCOOHOCTBIO.

Omnpenenenue npomyckHoil crnoco6HocT. KonnuecTBo rasa, mojyiexaniee
copocy IICK mpu nanmuuum nepen peryistopom [I3K, mnomxHO yaoBIETBOPSTH
ycioButo: Q > 0,0005 Qq, rme Q — xonmuecTBO Ta3za, nojiexaniee copocy IICK B
teueHue yaca npu t = 0°C u p = 0,10132 Mlla; Q4 — pacueTHass mpOMyCKHas
CIIOCOBHOCTD PEryJISTOpa AABICHHUS [PH TEX JKE YCIOBHSX, M /d.

[Ipn orcyrcrBum mepen perynsaropom nasienus [I3K kommdecTBo rasa,
nojjexartiee copocy, ONnpeaeIIsroT:

- IS PEryJIATOPOB JABJIEHHUS C 30JIOTHUKOBBIM KitaniaHoM — Q > 0,01 Qg
- perynupyrommx 3acioHoK — Q > 0,02Qq.

[Ipu HeoOXxomuMocTH mnapauienbHOM ycTtaHOBKM B I'PII  Heckoidbkux
PEryJsiTOpOB JIaBJICHUs CYMMapHOE KOJIMYECTBO rasa, nojuiexaiiee copocy I1CK B
TEUEeHHME Yaca, JOJDKHO YJIOBJIETBOPATH ycioBuio: Q' > Q,, rae Q — KOJIUYECTBO
rasa, momiexamee copocy IICK B Tedenue yaca I KaXIOTO PEryssitopa, M n
— YKCJIO PETYJSATOPOB JABICHUS, IIT.

Monotounsie, MemOpanHbie u npyxkuHHbie [ICK wumeror HeOobIIyIO
IPOITYCKHYIO CIIOCOOHOCTb.

st obecrieueHus yCTOWYMBOM pabOThl CHUCTEMbl Tra3opacipeieleHus
nporyckHas criocooHocts [ICY nomkHa Bo3pacTaTh IJIABHO 10 MEpPE MOBBIIIECHUS
JABJICHUSI B KOHTPOJIMPYEMOI TOYKE Ta30MpOBOIa TAKUM 00pa3oM, YTOOBI HayajIo
cOpoca ra3a MPOMCXOAMIIO TIPH MPEBBIIEHUU 3aJIaHHOTO JIaBJICHUs HE Ooyiee ueM
Ha 5 %, a nonHoe oTKpbiTUE [ICY — npu npeBsbiliennu ero Ha 15 %.



Lasosvie urvmpol. ITH GUABTPHI MPEIHAZHAYCHBI I OYUCTKH Ta3a OT IMbLIH,

pKaBUMHBI, CMOJIUCTBIX BEIIECTB M JPYrux TBEpAbIX dYacTull. KauecTBeHHas
OYMCTKA ra3a MO3BOJISIET MMOBBICUTh T€PMETUYHOCTH 3alIOPHBIX YCTPOUCTB, a TaKkKe
YBEIIMYUTh MEKPEMOHTHOE BPEMs UX IKCIUTyaTallUM 3a CUET YMEHBIIICHHUS U3HOCA
VIUIOTHSIOMUX TOBepXHOCTeH. [lpm 9STOM Takke yMEHBINACTCS HW3HOC U
MOBBIIIAETCA TOYHOCTH PAOOTHI PACX0JIOMEpPOB (CUYSTUYMKOB M H3MEPHUTEIBHBIX
nuadparm), 0cCOOEHHO YyBCTBUTENIBHBIX K 3po3uu. [IpaBunbHbIi BBIOOp GUIBTPOB
U WX KBATH(UIIMPOBAHHAS OSKCIUTyaTaIusl SIBISIIOTCS BaKHEHIMMH (akTopaMu
obOecrieueHrsT  HAIEKHOTO ©  0Oe30mMacHOro  (DYHKIIMOHMPOBAHUS  CHUCTEM
ra3ocHa0OKeHus.

MakcuMallbHO JIOMyCTHUMBIN Teperajl JaBJICHUN Ha ceTyaThiX (UIbTpax He
nomkeH npeBbimateh S 000 ITa, Ha Bosmocansix — 10 000 Ila, a mo Hawana
AKCIUTyaTallMy WU MOCTe OYHUCTKH U TMPOMBIBKH (UIIBTPA 3TOT Mepenaa A0JKEH
coctaBiaTh coorBeTcTBeHHO 2000...2 500 I1a u 4000...5 000 Ila.

B koHCTpyKIUsAX PUIBTPOB MPEAYCMOTPEHBI IITYLEPHI ISl IPUCOSTUHECHUS
npuOOpoOB, C TMOMONIBIO KOTOPBIX OIpEeNesieTcsl IMaJieHhe JaBJICHUs Ha
GUIABTPYIOLIEM AJIEMEHTE.

[lo HampaBiieHMIO JBIKCHHMS Ta3za uepe3 (QUIbTPYIOUIUMNA DJIEMEHT BCe
GUIABTPEI  MOXHO TOAPA3ACINThL Ha MPSIMOTOYHBIE W TOBOPOTHBIC;, IO
KOHCTPYKTHBHOMY HCITOJTHEHHUIO — Ha JIMHEWHBIC W YCJIOBHBIC; IO MaTepHaTy
KOpITyCa U METOJIy €ro M3rOTOBJICHUS — Ha YyT'YHHBIC (QJTIOMUHUEBBIC) JIUTHIE U
CTaJbHbIE CBApPHBIE.

[IponyckHast cnocoOHOCTh (UIBTPOB YKa3bIBAETCSI B TEXHUYECKOM
NacrnopTe 3aBOAA-U3FOTOBUTENS JUIsl Tra3a OMNPEACICHHOTO CcocTaBa W IMpHU
M3BECTHHIX HA4YaJIbHOM M KOHEYHOM JaBlIeHMsX. s ompeaeneHus: NpomycKHON
CIOCOOHOCTH (UIBTPOB MPH HUCIIOIB30BAaHUU JIPYTOro rasa u padbore B JIpyrom
peXKUME MPUMEHSIOT GOPMYITY:

A
Q = Ql Por P2

PoAP; Pay | (4.1)

riae: Qr — HPONYCKHAs CIIOCOGHOCTh (DHMIIBTPA NMPU TAGIHUHBIX YCIOBHSX, M /d;
Por — IUIOTHOCT ra3a TabnmuHas, Kr/M’; Ap — mnepenas naBieHuil Ha GUIBTPE
npu pabore B pexuMe, OTIMYHOM OT TabiuyHoro, Mlla; p, — naBneHue rasza
nociie punbTpa mpu padboTe B pexuMe, OTIMYHOM OT TabmuuHoro, MIla; py —
IUTOTHOCTh Ta3a NPH MCIONB30BAHHH JPYTOTo Tasa, Kr/M’; Ap, — mepenaj
JaBiIeHU Ha (QUIbTpe MpU TaOMWYHBIX ycnoBusix, MIla; Ap,, — naBnenue rasa
nocye ¢puiabTpa Tabnuunoe, MIla.



4.4. 'mapaBanyeckuii pacyeT ra3onpoBo/i0B.

Onpeoenenue nomepv 0a61eHUA 8 2A30NPOEOOAX.

IIpu pacuere ABWXKEHHS Ta3za B TPyOONpPOBOJAX CIEAYET YUYUTHIBATH
W3MEHEHUE €ro IUIOTHOCTH. JTO CBSI3aHO C TEM, YTO JaBJCHUE IO [IJIMHE
TpyOOIIpOBOa TMa/laeT U COOTBETCTBEHHO YMEHBIIAETCS TUIOTHOCTH Ta3a. ToJbKo
ra3onpoBOAbl HU3KO20 0AdGNeHUs MOXKHO PacCUMTHIBATh, Iojaras, 4ro MO0 HUM

JBUKETCS] HECKUMAEMash KUJIKOCTb.
B o0mem cnydyae JBH)KEHHME Tra3a B Ta3olNpoOBOJAaxX  SBIISIETCS
HECTAIlMOHAPHBIM. HecTarmoHapHOCTh  O0YCIIOBIMBAETCA KaK TEPEMEHHBIM
PEXKUMOM pabOThl Ta30BBIX IPOMBICIOB, TEPEMEHHBIM PEXKUMOM PaOOTHI
KOMIIPECCOPHBIX CTaHIU/, TaK U IEPEMEHHBIM PEKUMOM MOTPEOJICHUS Ta3a.

BwmecTe ¢ TeM npu mpoeKTUPOBAHUH Ta30MPOBOJIOB B OOJILIINHCTBE CITy4aeB
MOHO HE YUYWUTHIBATh HECTAIMOHAPHOCTh TEUYEHMsI Ta3a W PacCUUTHIBATH
JMaMETpbl Ta30lpPOBOJAOB Ha IOCTOSHHBIA pacxoJ B TEUEHUE OIPEAEIEHHOIO
OTpe3Ka BpEMEHH (4aca, CyTOK)

JUis OonbIIMHCTBA 3a7a4 pacyeTa ra3olnpoBOJOB JBHKEHHE ra3a MOXHO
CUMTATh U30TEPMHUUECKHM, a €ro TeMIlepaTypy paBHON TemIepaType I'pyHTa, B
KOTOpPOM  yJOXKeH razonpoBoa. C y4yeToM OTMEYEHHOro oOCTOSTENbCTBA
napameTpamH, OTpeesIONMMU TIOTOKU Ta3a, OyayT: naBienue P, miIoTHOCT p U
ckopocTh W.

OcHOBHOE ypaBHEHME JJIsI pacueTra Tra3onpoBOJIOB B MPEANOJI0KEHUU
M30TEPMUUECKOTO TEUEHHUS rasa:

2
P -p = 1,62/1% o.P, %1 , 4.2)
0

rjae: A - koaduiment tpenusi, Q — 00bEMHBIN pacxoa pu H.y., T — TeMieparypa
B K.

[Ipn naBnenuwm rasza Oosee 1,2 Mlla cienyer y4yuThIBaTh OTKJIOHEHHS B
MOBEICHUU TPUPOJHBIX Ta30B OT 3aKOHOB HJCANbHBIX Ta3oB. g 3Toro B
YpaBHEHUE BBOJAT IMIUPHUECKUN KOIPPUUUEHT Z, KOTOPBIM YUWUTHIBAET 3THU
oTkiaoHeHus (ypaBHeHue (4.2) x Z). Ero eme Ha3bBaioT ko3ddduimeHToM
CKMMAEMOCTH rasa.

JUJ1s1 Ta30MpPOBOIOB HU3KOTO JIaBJICHUS, ypaBHEHHE 3aUILETCs TaK:

QZ
P, =P =0812=5pl (4.3)

Yucno Peiinonvoca: Re = (Wd)/v.




DopmyJibl 119 HAX0XKAeHUs A, pekomeHnaoBanubie CHull:
1) B o6actu mamuHapHoro pexxuma npu Re < 2000:
A =64/ Re; (4.4)
2) B nepexogHoM pexume mpu 2000 < Re < 4000:

A =0.00253/Re ; (4.5)

3) npu TypOyneHTHOM pexume ripu Re > 4000
0.25

k
A=0.1124+68 ] (4.6)
d Re
[To mpuBeeHHBIM YPAaBHEHHUSM ITOCTPOSHBI HOMOTPAMMBbI NPU aOCOIIOTHOU
AKBUBAJICHTHOM miepoxoBatocth k, = 0,01 cm.

Ilocmanogka 3adauu pacuema. Ocobdennocmu pacuema 2a306blX cemeil
PAa3uduHON KOHPuzypayuu u 0asieHus.

["a3oBbie ceTu OBIBAIOT JABYX THWIIOB: PA3BETBICHHBIE W KOJIbLIEBBIE. Y
Pa3BETBJICHHBIX CETEH a3 MOCTYIAET K Y37y MOTPEOJICHUS 110 OTHOMY Y4YacTKy (110
OJIHOMY HANpaBJEHUIO), TO3TOMY OHHU SIBISIOTCS TYNHUKOBBIMU CETSIMHU.
[ToTpeOuTennn B ATUX CETAX, MMEIOT OJAHOCTOPOHHEE NHUTAHUE U HE HMEIOT
PE3EPBHBIX YYaCTKOB, IO KOTOPBIM T'a3 MOT ObI TTOCTYIIATh MIPU OTKa3€ OCHOBHBIX.
Ecnmu y pa3BeTBIeHHON ceTH OyIEeT BBIKIIOYECH DJIEMEHT W3 paboThl (Hampumep,
Y4acTOK Tra30MpoBoja), TOrAa BCe NOTPEOUTENH, KOTOPbIE MIPUCOECIUHEHBI 32 3TUM
AJIEMEHTOM, HE moJiyyaT ra3a. [IoBBICUTH HAIEKHOCTh PA3BETBICHHOM CETH
MO>KHO, HarpuMmep, 1yOaupoBaHreM BceX 3J1eMeHTOB. OJIHaKO ATOT MyTh CBSA3aH C
OOJBIIMMH JOTIOTHUTEIIbHBIMU KAIBJIOKEHUSAMH W SIBJISIETCS HEOOOCHOBAHHBIM.
[loBblllIEHME HANEKHOCTUA  PA3BETBJIEHHBIX CETEM JIOCTHTAlOT IIYTEM MX
KOJIBLICBAHUS.

OCHOBHOE OTJIMYME KOJBLEBBIX CETEW OT PA3BETBICHHBIX 3aKIIFOYACTCS B
TOM, UYTO OHHM COCTOSIT M3 3aMKHYTBIX KOHTYPOB, B PE3YJbTAaT€ YEro ra3 MOXKET
MOCTYNaTh K MOTPEOUTEIISIM 10 ABYM WJIM HECKOJIbKUM JIMHUSM, T.€. TOTPEOUTEIn
MMEIOT JIBYyCTOPOHHEE WJIM MHOIOCTOpOHHee nutaHue. [Ipum oTkaze sjneMeHTa B
pacyeTHOM TMYTH ra3a K MOTPEOUTENI0 BO3HHMKAET IPYroll MyTh ABUKCHHUS rasa
yepes pe3epBUPYIOLINT DIIEMEHT.

[pyroe paszinuve TYNMUKOBOM M KOJIBIIEBOW CETEHM COCTOUT B TOM, YTO Yy
MIEPBOM TPAH3UTHBIE PACXOJbl PACOPEACISAIOTCA IO Y4YacTKaM OJHO3HAa4YHO, a
BTOPOM  MOXXHO HAaMETUTh OECUMUCICHHOE KOJMUYECTBO  BApUAHTOB  HX
pacrpeneneHus.



Tperbe oTau4Ke B TOM, YTO U3MEHEHHE JUAMETpPa KaKOro-HUOYb y4acTKa y
Pa3BETBIICHHOW CETH HE BIIMSET HAa PacXoidbl 10 APYTHM Y4YacTKaM U HPHUBOJUT
JUIIb K U3MEHEHUIO JABJICHUS B HAYAJIbHOM TOUYKE CETU. AHAJIOTMYHOE JIEMCTBUE
JUI  KOJIBLIEBOW CETU IIPUBEIET K IIepepacIpelieIeHUI0 pPacxodoB y BCexX
OCTaJIbHBIX YYaCTKOB, TaK KAaK BETBU KOJIBLIEBOW CETHU BKJIFOYEHBI MapajuIesIbHO.
Kpome Toro, U3MEHHTCS U AABJICHUE B TOYKE IIUTAHUS CETH.

Ilopaooxk pacuema mynukogoit cemu.

Jlnst cetm cpegHero (MM BBICOKOTO) JaBIEHUS HEOOXOIUMO HAWTH
CpEIHEKBAJpaTUYHbIC yAENbHBIC NMOTEPH JaBiieHHA (Ag,) Ha yd4acTKax IO BCEM
HAIIPABJICHUS [IOTOKOB ra3a OT HCTOYHMKA 0 YIATCHHOro moTpeduTes, [1a’/M:

2 2
B P, - P
= T 4.7)
L1-L
rae: 1,1 — xoahduImMeHT, y4YUTHIBAIOIIMN TIOTEPH JIaBJICHUS HAa MECTHBIC

conpoTtuBieHus, B pazmepe 10% nuHeHbIX notepp; L - cymma JJIMH y4acTKOB 110
TJIaBHBIM HaIIPaBIICHUSIM [TIOTOKOB, M.

Hanee nns mepBoro yudactka oT I'PC mo usBectHbiM Py, Vp, L, Acp 1
HOMOTpamMMe WM TaOluIle I pacdera CeTe BBICOKOTO JABJICHHS MOJOUPArOT
TMaMeTp U JielcTBUTENbHYI0 BenuunHy A;. C yueTom A, ompenesnsieM JaBJieHHUE B
KOHIIE 1-TO yuacTka:

P =P —A:L1-L, ,Ta (4.8)

DTO KOHEYHOE JaBjeHue 1-ro yyactka OyJ1eT Ha4aJIbHbIM UIsI 2-TO U T.1I.

JIns cetm HU3KOrO JaBJIEHUs CIIEAYET HAUTU CPEIHUE YJIECIbHBIE MOTEPU
nasieHus (h) Ha yyacTkax 1Mo TJIaBHBIM HarpaBieHUsSM MOTOKOB ra3za ot ['PII mo
HYJIEBBIX TOUYEK cxofa, [Ta/m:

hzlfz. 4.9)

Hanee nnsa mepBoro ydactka oT ['PII mo wusBectHiMm Py, Vp, L, h u
HOMOTpaMMe [IJIsi pacueTra CeTed HHU3KOIro JaBleHUS MOAOUPAIOT AUAMETP U
JedCTBUTENBHYIO BenunHy h. Jlamee pacdet moBTopsieTcs yxKe s CICAYIOIIEro
yyacTka.



4.5. ®akeabHOe, ecIIaMEHHOE TOPeHNe, KHHeTHYeCKHid, 1M(PPy3nOHHBII U
MPOMEKYTOUYHbIN MPUHIMIIBI C)KUTAHUS FA30B.

Opranuzanusi mpoliecca CKUTraHus Traza B JIIOOOM TOMOYHOM YCTPOMCTBE
JNIOCTUTACTC C TIOMOIIBKD TEX WIM MHBIX a’pPOAUHAMHUYECKUX IIPUEMOB,
onpeaeNsonux (GopMy B3aUMOJCHCTBUS Ta3a M OKUCIUTENS U 00YCIIOBIMBAOIINX
TAN TOMOYHOro tponecca. CKUraHue Ta30B IPOUZBOAUTCS B OCHOBHOM
bakenbHbIM MeToAOM. [lpu gakenvrom corcueanuu ra3 BHOCUTCS Ta30BO3AYIIHBIM

IIOTOKOM M CropacTt Ha JICTY, I[IOYTU HC BbIIIagasd U3 IMOTOKaA. HpI/IMeHﬂeTCﬂ TAaKXKC
becniamennoe (I’lOG@DXHOCWlHOG) CorcucaHue 2a3os, XapakKTCpusyromeecsa TeM, 4TO

rOpEHUE TOpIoYeld CMECH IPOUCXOJUT B HEMOCPEJICTBEHHOW OJM30CTH C
pacKaJI€HHbIMU [TOBEPXHOCTSIMH.

[Tpu cxxuranuu ra3oB B OOJIBIIMHCTBE CIy4aeB MCTEUYECHUE ra3a WM BO3AyXa
MPOUCXONUT Yepe3 Mallble OTBEpCTUsS B OOJBIION TOMOYHBIN 00BeMm. Ilpu
BOCIUIAMEHEHUN CTPYH TOPIOYETO rasa WIM TOPIYEN CMECH, MCTEKAIOUIEH M3
TpyOKHM WM COIUIA, Ha TOPEJKe BO3HUKAeT miamsa. CTallMOHApHOE IUIaMsl 3TOTO
TUIA SIBJISETCSI OCHOBHBIM 3JIEMEHTOM YCTaHOBOK HENPEPBIBHOTO ropeHus. Ha
IIPAaKTUKE TAaKOW BUJ CKUTaHUS ra3a Ha3bIBAIOT Takke cmpyunvim. CmenieHue
ra30BbIX MOTOKOB WM CTPYH SBJSETCS BaKHOM NIPOOJIEMOii TP KOHCTPYUPOBAHUU
Y JKCIUTyaTalluy KaMep CrOpaHus M TOIOYHBIX yCTPOHCTB. OT cMeIEeHus BO3ayXa
¥ Ta3a, MoJJaBaeMbIX B TOIIKY, 3aBUCHUT TetioBoi 3¢ ekt u KIIl Tonmkw.

Opranuzanuss MpPOLECCOB CKHUIAHMS Ta30B B IIOTOKE C  BO3IYXOM
OCHOBBIBAETCSI HA PA3JIMYHBIX NPUHLUIIAX, NPEACIbHBIMA U3 KOTOPBIX SIBISIOTCS

KuHeTHueckuil 1 nuddy3nonnsiid. [lpu kunemuueckom npunyune npeaBapUTEILHO
JI0 HavaJia Mpouecca rOpeHusl NOATOTABIMBAETCA OJHOPOAHAs rOprovas CMeECh C
colepKaHMEM  BO3JyXa  HECKOJbKO  OOJbIIMM, 4YeM  Tpedyercs i
CTEXMOMETPUYECKOTO0 COOTHOHIEHUA. CMech MOATrOTABIMBAETCS B CIELHAIBHBIX
CMECHUTEIISIX WM C TOMOINBK) MHXXEKTOPOB B HHMKEKLIHOHHBIX TIOpEJKax.
Koaddumument uzbbiTka mepBuanoro Bozayxa o; = 1,02... 1,05. IIpu mMeHbmem
COZEP/KAHUH BO3/1yXa 10 KHHETUYECKOMY ITPUHLIMITY IPOTEKAET TOJIBKO HadaJIbHAas
CTajausl TOPEHMs, 10 UCIIOJIB30BAHUS KHCIOPOJA, HaXOoAsUIerocs B cmecu. Takoe
CrOpaHu€ CMECH MPOUCXOJUT B KECTKOM Mpo3payHoM (akene 0e3 BUAMMBIX
MUPOJTUTUYECKUX MPOLECCOB, MPUBOJAIIMX K OOpPa30BaHMUIO CAXKHUCTHIX YACTHIL.
[Ipu Juggysuonnom npunyune coicueanus raz U BO3IYX MOJAIOTCS pa3AeibHO U

MPOLIECCH CMEIICHUSI W TOPEHHS Pa3BUBAIOTCS MapasuienbHo. [oprouas cmech
oOpa3yeTcss HEIMOCPEICTBEHHO B Tporecce ropenus Omaromaps muddysuu
KHCJIOPOJIa U3 OKPYXKAIOIIET0 BO3AyXa WJIM Ha TPaHHUIE pa3jena MOTOKOB raza u
Bo3ayxa o = 0. [IpuHiun cxxuranus raza npu o < | SBISETCS nPOMEHCYIMOUHBIM

mexncoy Kuhemudeckum u oughgysuonnviv. C yd4eTOM OTOTO MPUHIIUIA



KOHCTPYUPYIOTCS BCE€ Ta30Bble ammaparbl, OOOPY/IOBAHHBIC HWHKEKIMOHHBIMU
ropenkamMu. B Takux ropenkax cojaep:kaHu€ NEPBUYHOrO BO3JyXa B CMECHU
NPUHUMAETCS B 3aBUCMMOCTH OT BHJA Tra3a TakuM, 4YTOObl B IUIAMEHU
OTCYTCTBOBAJIM CAXKUCThIE YACTUIIBI U YTOOBI 00ECTeUnTh CTAOUILHOCTh TOPEHUS
IPY U3MEHEHUHU TEIJIOBOM MOITHOCTH B HEOOXOUMBIX Ipeeiax.

4.6. TH B razoBoM xo3giicTBe.

be3omacHOCTh TpyZla B Ta30BOM XO3SIMCTBE UMEET MCKIIOUYNUTEIBHO BAXKHOE
3HAYEHUE, KOTOPOE ONPEAENSETCS  B3pPBIBOONACHOCTBIO TOPIOYMX  TIa3o0B,
OTPABJISIFOIIMMHU  CBOMCTBAMHM HEKOTOPBIX KOMIIOHEHTOB TOPIOUHMX Ta30B U
IIPOAYKTOB UX HEMIOJIHOT'O CTOPaHUSI.

3arazoBaHHOCTh MMOMEILIEHUN MOXET MPOU30UTH BCIEICTBUE YTEUEK raza u3
COEIMHEHUI Tra3ompoBOAOB, Ta30BOM apMarypbl W HOpuOOpPOB, uepe3 HX
HEIUIOTHOCTH, U3 3allOPHOM apMaTyphbl, CIy4ailHO OCTaBJIEHHON OTKPBITOM 0e€3
IPUCMOTPA; B CIy4yae COKUTAHMS ra3a Npyu HEJOCTATOYHOM HJIM CIMUILKOM OOJBIIOM
pa3pexeHuu, a TakKe MpU IJIOXOW BEHTWISLMM MOMELIEHUs, 0e3 A0CTaTOYHOIro
yAaJleHus TPOAYKTOB CrOpaHus; NpH pa3pblB€ CBAPHBIX COEJUHEHUH Ha
ra3onpoBoJI€.

Jlnst  oOHapy»XeHusT MECT YTE€uUeK raza W3 BHYTPEHHUX Ta30MpOBOJIOB
MPOU3BOAIT OOMBIIMBAHUE CBApHBIX, PE3bOOBBIX W (DIAHIIEBBIX COEIUHECHUI.
[Tpu3Hak yTeuku rasa B 3TOM Clly4ae — HaJU4He My3bIPbKOB MBLIBHOTO PacTBOpA.
OOHapyKeHHBbIE YTEUKM raza YCTPAHSIOT CIEAYIOIIMMHU CIOocOo0aMU: CMEHOMU
INPOKJIAJIOK WM TOATSKKOW O0JITOB BO (DJIAHUEBBIX COEJUHEHUSX; 3aMEHOU
NEHbKOBOW HAaOMBKU B PE3bOOBBIX COEIMHEHMSIX; 3aBApKON WM 3aMEHOW IIBa C
nedekramMu Ha rasornpoBojie. JIMKBUIAIMIO MECT yTEYeK Ta3a U3 HapY>KHbIX U
MO/I3EMHBIX Ta30IIPOBOJIOB MIPOM3BOIUT aBapuiiHas Cyk0a ra30BOro X03siCTRa.

Bo Bcex ciyyasix 10 yCTpaHEHHsI yTEUEK Tra3a 3alpeliaercs BKIOYaTh U
BBIKJIIOYATh 3JIEKTPOOCBEIICHHUE; MOJIb30BATHCS 3BOHKAMHU, IUIMTKAMU U JIPYTUMU
AIEKTPUUYECKUMU MPUOOpPaMU; BHOCUTH OTKPBITHIA OTOHb W MPUMEHSTH €ro s
OTBICKAHMS YTE€UEK ra3a.

OdeHb BaXXHOE 3HAYCHHE HWMEIOT  BEHTWIALMS  TMOMEIICHUH U
OpraHM30BaHHbIA OTBOJ MPOAYKTOB TopeHHs Tra3a. HeynosierBopurenbHOE
JNEUCTBUE BEHTWIALIMM MOYKET MPUBECTH K HAKOIUICHHIO B TIOMEUIEHWU BPEIHBIX
npuMeceil 1 00pa30BaHUIO B3PHIBOOMACHBIX KOHIICHTPAIUH Ta3a.

PaGoTbl, BBITIONIHAEMbBIC B 3ara30BaHHOM Cpejie, Wi paboThl, TPU KOTOPBIX
BO3MO>KEH BBIXOJI I'a3a U3 Ta30IIPOBOAOB U arperaToB, Ha3bIBaIOT ra300MaCHBIMU. B
[IpaBuiax Oe3omacHocTy ['ocroprexHajg3opa JaH CICAYIONIMNA  TepedyeHb
ra3oomnacHbIX padoT:



- IPUCOEIMHEHUE BHOBB MIPOJIOKEHHBIX Ta30MPOBOJIOB K JICHCTBYIOIINM;

- BBOJI B DKCILTyaTallUI0 ra30MpPOBOJIOB, Ia30pETyJISITOPHBIX ITYHKTOB, arperaTtoB u
pUOOPOB MPOMBIIICHHBIX, KOMMYHQJIBHBIX U OBITOBBIX MTOTPEOUTENECH;

- pEBU3HS U PEMOHT ACHCTBYIONIMX Ta30MpPOBOAOB, Ta30BOT0 OOOPYAOBAHMS U
apMaTypbl;

- IPOYUCTKA U 3aJMBKa B Ta30MPOBOJ PACTBOPUTENCH ISl yAAICHUS TUAPATHBIX
00pa3oBaHMii; yCTAHOBKA M CHSTHE 3arJIyIIeK Ha Ta30MpOBOaX, HAXOIAIIUXCS 10T
JABJICHUEM T'a3a;

- pa3bopka ra30mpoBOAOB, OTKIIOUEHHBIX OT ICUCTBYIOIINX CETEH;

- OCMOTp ¥ TMPOBETPUBAHUE KOJOMAILEB, a TaKXe OTKayka KOHJAEHcaTa Wu3
KOHJICHCATOCOOPHUKOB U  HEHCHApUBIIMXCA OCTAaTKOB M3  pe3epBYapHBIX
IPYIIIOBBIX YCTAHOBOK CKMKEHHBIX T'a30B;

- mpodumakTHdeckoe OOCTY>KMBAaHHE JACHCTBYIONIMX Ta30BBIX MPUOOPOB U
BHYTPEHHETO Ta30000py/10BaHMS;

- CIMB raza U3 3>XEJIE3HOJAOPOKHBIX IIMCTEPH, 3aMOJHEHHE PE3epByapoB Ha
CTaHIIMIX CXKUKEHHBIX Ta30B U TPYIIIOBBIX YCTAHOBKAX, 3alI0JHEHUE aBTOIMCTEPH
1 OaJJIOHOB.

['a3oomacHbie pabOTHl JOJDKHBI  BBHITIOJNHATH  CHEIHUATBHO OOYyYEHHBIE
pabouue, Mpu4eM B cocTaBe Opurajbl JOJKHO OBITh HE MEHEe JIByX ciecapei, a
npu paboTax B KOJOJIAX, TOHHEISX WIA TTyOOKHUX TPAHIIESX — HE MEHEe Tpex
ciecapei.

Ha BbimonHeHue ra3o0macHbIX padOT [OJKHBI BbIAABATHCS  HAPSJIbI
yCTaHOBJIEHHOU (opMbl. JIul, MUMEIOMUX NpaBO BbIJAYM HApPSAOB, OMPEACISIIOT
MPUKA30M I10 Ta30BOMY XO3SUCTBY.

Ha mnaubonee OTBETCTBEHHBIE pPaOOTHl KpOME Hapsiga COCTaBJISIOT
CHeNUaIbHBIM TUIAH, YTBEPXIACHHBIA TJABHBIM HHXXEHEPOM TpecTa (KOHTOPHI,
npeanpusatus). K stum paboram OTHOCST paboThl MO BBOAY B IKCILTyaTalUIO U
MyCKy Ta3a B Ta30MpOBObl BHOBb Ta3u(pUIIMPYEMbIX TOPOJOB U MOCEITKOB, MYyCKY
raza B rasonpoBoAnl c pgaBineHueM Beime 0,6 Mlla, npucoenunenuto K
JEUCTBYIOIIUM Ta30MpOBOJIaM CPETHETO M BBICOKOro AaBieHuid; padbotel B ['PII ¢
NPUMEHEHUEM CBAapKU M Ta30BOM PE3KH; PEMOHTHBIE PabOThl Ha Ta30MPOBOAAX
CpPEOHEro M BBICOKOTO JaBJICHUN C MNPUMEHEHHEM CBAapKU W Ta30BOM PE3KH;
CHIKEHHE Y BOCCTAHOBJICHUE JIaBJICHUH I'a3a B ra30MpoBOJAX U T..I.

B Hapsine yka3pIBaloT OCHOBHBIE Mepbl O€30MACHOCTH MPHU BBHIOJIHEHUU
paboT, a B IJIaHE — TOCIE0BATEIILHOCTh MPOBENCHUS PadoT, MOTPEOHOCTHh B
MPUCTIOCOOJICHUSIX W MEXaHW3Max, pPAacCTaHOBKY WICHOB OpHUTajbl, JIWII,
OTBETCTBEHHBIX 32 MPOBEJCHUE U KOOPAUHALIUIO PadoOT.

K sTuM noxkyMeHTam mpuiiaraloT UCTIOJHUTENIbHBIM YepTeX C yKa3aHHEM
MecTa U XapakTepa MpoBOAUMON paboThl. J[0 Hauanma BBIMOJHEHUS padoT



MIPOBOJISAT BCIO HEOOXOIUMYIO TIOITOTOBUTEIHLHYIO PAabOTy: HHCTPYKTaX padOvmX,
opraHuzanuio pabodero Mecra, oOecredeHre pabdoyux HMHCTPYMEHTaMH,
3alIUTHBIMU CPEJCTBAMU M mpucnocoOieHusMu. ['azoonmacHeie pabOThI, Kak
MPaBUJIO, BBIMIOJHSIOT B JHEBHOe Bpems. Eciaum paboTel BeAyT B IUIOXO
OCBCIIICHHBIX TIOMEHICHUAX, TO TMPUMEHSIOT TEPEHOCHBIC DJICKTPOJAMIIbl BO
B3PBIBOOC30MIACHOM  WCTIOJHEHWW WM aKKyMYJISITOPHBIE  CBETHWJIBHUKU
HIaXTEPCKOr0 THUIIA.

[Ipu BhIMOJSHEHUH PabOT B KOJOJIAX, KOTJIOBaHaX W JIPYTHX MOJ3EMHBIX
COOPYXKEHHUSX U 3aKPBITHIX MOMENICHUSAX padoTalIe MOTKHBI OBbITh B
MPOTUBOTa3ax M cracaTeIbHbIX Moscax, B 00yBU 0€3 MOJAKOBOK U I'BO3JICH WM Ha
00yBb HAJIEBAIOT TAJIONIH.

B konoamax, TOHHENISIX M KOJUIGKTOpax He JOMYCKArTCS CBapKa M ra3oBas
pe3ka Ha JEHCTBYIOIIMX Ta30MpoBOAaX O€3 OTKIIYEHHS U MPOIYyBKH HX
BO3JyXOM. Y 3allOpHOTO YCTPOMCTBA JOMOJHUTEIBHO YCTAaHABIMBAIOT 3ariyIlIKy,
KOTOPYIO YIQISIOT TMOCiEe OKOHYaHusi padot. Ecim paboThl mpemycMaTpuBaroT
CHIDKEHME JIaBJICHUSI, TO €ro CHIDKAIOT J0 Hauyaja paboT, OJHAKO NOaxKe MpHU
CHIDKCHHOM JIaBJICHUUM MOTYT OBITh CJIydad BOCIUIAMEHEHHUsSI BBIXOJSIIETO B
atMocepy rasza, MO3TOMY HEOOXOJMMO HMMETh Ha MECT€ CpEeJCTBa TYIICHUS
amend.  [lmamsg  Tymar  3amMa3blBaHMEM — TJIMHOW,  3aCBIIIKOM  3€MJIEH,
HaOpachIBaHHEM OPE3E€HTOBBIX MJIM aCOSCTOBBIX OJICSII, a TAKKE CTPYEH MHEPTHOTO
rasa.

Bce ykazanus u  pacnopstbkeHus — paboTalollUM  JIOJDKHBI  J1aBaTh
OTBETCTBEHHBIC JIMI[a, HA3HAYEHHBIE M3 YHUCJIA HWHXKXEHEPHO-TEXHUYECKHUX
pabOTHUKOB.



Jleknud 5. TentocHa0keHue.

5.1. TensiocHa0:keHHe TOPOJAOB M HaceJeHHbIX NYHKTOB. Kiaaccupuxanms
CHUCTEM TeIJIOCHADKeHU .

5.2. TensionorpedJieHue.

5.3. TenjioBbIe CeTH.

5.4. TenjioMexaHUYeCKHE IJIEMEHTDI.

5.5. TensioBbIE MYHKTHI.

5.6. TemsiornapaBJIn4ecKni pacyeT U pPeKUM.

5.1. TeruiocHa0keHUE TOPOAOB U HACeJIeHHBIX NYHKTOB. Kiaccupukanus
CHUCTEM TeIUIOCHAOKECHUS.

Llenmpanuzosantvim meniocHabceHuem Ha3bIBAETCS nporecc
o0OecrieueHns TEIUIOBOM JHEprueil OONBIIOr0 KONWYECTBA MOTpeOUTeNnei OoT
OJIHOTO WJIM HECKOJIbKMX MCTOYHUKOB. TemaocHa0XeHHe OT KPYMHBIX ParlOHHBIX
KOTEIbHBIX WJIA TEIUIOAJIEKTPOLIEHTPANIEe B CPABHEHUU C MECTHBIM MEUYHBIM WIIU
TEIJIOCHA0KEHUEM OT JIOMOBBIX KOTEJIbHBIX HMEET psii HPEeUMYLIECTB:
YMEHBIIIAETCS PACX0/l TOIJIMBA, COKPAIIAOTCS KallUTAIbHBIE U SKCIUTYyaTallMOHHbBIE
3aTpaThl, CHW)KAETCS 3arpsi3HEHHWE BO3IYyIIHOro OacceliHa. LleHTpamu3zoBaHHOE
TerslocHaOkeHne Ha 0a3e KOMOWHHUPOBAaHHOM BBIPAOOTKM  TEIUIOBOW U
AIIEKTPUUECKOU SHEPTUH HA3BIBACTCS TETUIO(UKAITUEH.

B cucremy TtemnocHaOXeHHUs BXOAST TEIUIONPUTOTOBUTEIBHBIE YCTAHOBKH,
TpyOONpPOBOABI, HACOCHI, TEIUIONOTPEONSAIONIUE TPUOOPEI W 00OpyIOBaHMUE,
peryJIMpyomas, CHTHAJIM3UPYIoNasi U perucTpUpyrolas anmnaparypa, ycrpomucraa
aBTOMAaTHKHU.

Pa3znuuaror  JeUEHTpanv30BaHHBIE W LEHTPAJU30BAaHHBIE  CUCTEMBI
TeruiocHaOkeHusi.  Cucrema  JEIEHTPAIU30BAHHOIO TEIUIOCHA0KEHUS
0o0CITy’)KMBaeT OJHO 3JaHUE, CHCTEMa LEHTPAJU30BAHHOIO TEIJIOCHAOKEHUS —
IPYIILY 31aHUH, KUJIOW WM MPOMBIIUICHHBIN PaliOH.

Knaccuguxauyua cucmem mennocnadicenusn:
1) Ilo eudy mennonocumens:

- BOJASHBIE CHCTEMbl TEIUIOCHAOXKEHHs, HCIOJb3YIOIIME B  KadyecTBe
TEIUIOHOCUTENs. Boay. BpiOOp TemmepaTypbl W JaBi€HHS B CHUCTEMax
TEMI0CHAOKEHUS ONIPENEIIACTCS TpeOOBAHUSIMU noTpeduTeneu 17}
HKOHOMHUYECKUMU COOOpPAKEHUSAMH. C YBEIUYECHUEM JaNbHOCTH
TPAaHCHOPTUPOBAHUS  TEMJIa HKOHOMHYECKH  I1€JIeCOOOpa3HO  MOBBILIECHUE
apaMeTpOB TEIUIOHOCUTES;



- TapoBBIC CHUCTEMBI TemiocHaOkeHus. [IpUMEHSIOTCS, B OCHOBHOM, Ha
MIPOMBITIUICHHBIX MPEANPHUITHAX IS MOKPBITHS TEXHOJOTMYECKUX HArpy3ok, a
TaKXKe ISl 00ECTeYeHUs] TEIUIOBOW DHEPTrHel CHUCTEM OTOIUICHUS W BEHTHUIISAIIUU
ITHX TPEIIPHUSITHHA.

2)  Ilo konuuecmsy napannenbHo pabomarnwux mpyoonpo8ooos:

- OJIHOTPYOHBIE — TEIUIOHOCUTENb MOJHOCTHIO MCIOJIB3YETCS MOTPEOUTENISIMU U
o0paTHO He Bo3Bpamaercss (mMpUMep: TMapoBble CHUCTEMBI 03 BO3Bpara
KOHJICHCATa);

- IBYXTpYOHbIE — TEIUIOHOCUTENb MOJTHOCTBhIO WJIM YaCTHYHO BO3BpAIIaeTCs K
MCTOYHUKY TEIUIA, T/I€ OH MOJOTPEBAETCS U BOCIIOIHAETCS;

- MHOTOTPYOHBIE — IPU HEOOXOAMMOCTH BBIJICJICHUS OTAEIBHBIX BUIOB TEIIJIOBOM
Harpy3KH, 4TO YIpOUIAET PEryJIUPOBAHUE OTITyCKa TeIUla, PEKUM IKCILTyaTallUu.
3)  Ilo cxemam npucoedureHus yCmaHo80K OMONIeHUS:

- 3aBUCUMBbIE — TEIJIOHOCUTEIh U3 TEIJIOBOM CETH MOCTYNAET HEMOCPEICTBEHHO B
OTOIUTEIbHBIE YCTAHOBKU MOTpEeOUTENEH;

- HE3aBHUCUMBIE — TEIUIOHOCUTENb W3 TEIUIOBOM CETH IMOCTYyNaeT B
MIPOMEKYTOUHBIN TETNIOOOMEHHHK, YCTAaHOBJICHHBIM B TEIUIOBOM ITYHKTE, T OH
HarpeBaeT BTOPUYHBIN TEIUIOHOCUTEND, UUPKYIUPYIOMINMA B MECTHOM YCTaHOBKE
OTPEOUTES.

4) B 3asucumocmu om cxembvl NpUcCOeOUHeHUs YCMAHOBOK  20pPAYe20
8000CHADIICEHU!

- 3aKpBIThIE — HA TOpsiuee BOJAOCHA0XKEHUE MOCTYNAET XOJIOAHAS BOJONPOBOAHAS
BOJa, HarpeTas n0 TpeOyemoit Temmnepatypsl (60°C) BogoW U3 TEIJIOBOW CETH B
TEMJI000MEHHUKAX, YCTAHOBIIEHHBIX B TETJIOBBIX MyHKTAaX;

- OTKpBITBIE — Ha HYXIbl TOPSYErO BOJOCHAOXKEHHS TMOCTyMaeT BoOja
HEIMOCPECTBEHHO U3 TEIJIOBOM CETH.

5.2. TenuionorpedeHue.
Tennogvie nazpysxu.

B cucremax 1eHTpanM30BaHHOIO TEIIOCHAOKEHMS TEIUIO PacXoyeTcs Ha
OTOIUJIEHUE 3/IaHWW, HarpeBaHUE MPUTOYHOIO BO3/yXa B yCTAHOBKAaxX BEHTUJISLUU
U KOHJIULMOHUPOBAHMS, TOpsYEe BOJOCHAOKEHHME, a TAKXKE TEXHOJIOTMYECKUE
IPOLIECCHI IPOMBIIUIEHHBIX MPEAIPHIITHIA.

TernuoBble Harpy3Ku Ha OTOIUIEHHE M BEHTWIISILIMIO 3aBUCST OT TEMIIEPATypPhl
HapY>KHOTO BO3/yXa U JIPYTrUX KIMMATHUYECKUX YCIOBUHN palioHa TEMI0CHA0KEHUs
(conHeuyHOW pajualu, CKOPOCTH BETPA, BIAXKHOCTH BOo3ayxa). Eciau Temneparypa
Hapy>KHOI'O BO3JyXa paBHA WJIM BbIIIE HOPMUPYEMOH TeMIlepaTypbl BO3ayXa B
OTaIUIMBAEMOM IIOMELIEHUH, TO TEIUIOBAsl SHEPIUs I OTOIUIEHUS U BEHTHUJISLUN
He TpeOyeTcs.



Takum 00pa3zoM, B cUCTeMaX OTOIUIEHUS U BEHTWISILUU TEIUIO PacXOyeTCs
HE HENpephIBHO B TEYEHUE TIOAa, a TOJBKO NPU CPABHUTEIBHO HHU3KHUX
TeMIiepaTypax HapyXHoro Bosayxa. [loaTomy Takux mnorpedurteneidl TEmiIoBOU
OHEPTUU MPUHSITO HA3bIBATh CE30HHLIMU, & UX TEIUIOBBIE HATPY3KHU - CE30HHbIMU
TEIJIOBBIMU Harpy3KaMHu.

TemsoBass oHeprus B cHUCTEMax TIOpSYEro BOJAOCHAOXKEHUS U B
TEXHOJIOTUYECKUX TMPOILECCaX [MPOMBIIUICHHBIX MPEANPUATHII  PacXoayercs
HENPEPHIBHO B TEUYEHUE T0JIa U MAJIO 3aBUCUT OT TEMIIEPaTypbl HapY>KHOTO
Bo3yxa. IlodTomMy TeruioBblE Harpy3kd Ha Topsiuee BOJAOCHAOXKEHUE U
TEXHOJIOTUYECKHE HYXKJbl CUMTAIOTCS KPY2l1020006biMU TEIJIOBBIMU HArpy3KaMHU.
TonbkO HEKOTOpbIE TEXHOJOTHYECKHUE Tpolecchl (Cylika 3epHa, (QpyKTOB,
KOHCEPBUPOBAHUE CEJIHCKOXO3SMCTBEHHBIX MPOAYKTOB U T. [.) CBSI3aHBI C
CE30HHBIM NOTPEOIECHUEM TETIJIOBON YHEPTHUH.

Omonumenvhas Haspy3Ka SIBISIETCS OCHOBHOM Ha BCEW TEPPUTOPUU CTPaHBI.
CormacHO AEUCTBYIOIIMM HOPMaM pAacyETHbIE PAacXOAbpl TEIUIa HA OTOIUICHUE
3aHUM NPUHUMAIOTCS 10 MHIAWBHUIYAJIbHBIM IIPOEKTAaM 3JaHUU U COOPYKEHUHU.
[Ipy OTCYTCTBHM NPOEKTHBIX AAHHBIX JOIYCKAETCs ONPENENATh pacxoj TeIla Ha
OTOIUICHUE MO YKPYITHEHHBIM MTOKA3aTENSAM.

Benmunayuonnasa mnacpyska ne npesbimaer 10-15% ot otonurensHoil. Ee
BEJIMYMHA OMNpPEAENSIETCS MO MPOEKTaM Ha BEHTWISILUIO KOHKPETHBIX 3JaHUN U
coopyxeHuid. Ecnu TakoBbl€ TaHHBIE OTCYTCTBYIOT, TO JOIYCKA€TCsl ONpPENEATh
HArpy3Ky Ha BEHTWISIMIO IO YKPYITHEHHBIM MTOKa3aTEesIM.

Benuunna Harpy3ku ropsiuero BojocHaOkeHusi MoxeT gocturatb 40-50%
OT oTonuTeabHOM. Harpy3ka ropsuero BOJOCHAOXXEHUS SIBISETCS BeChMa
HEYJOOHOW C TOYKHM 3pPEHHS PEryJMpOBaHUS OTIyCKa TeIJia: €€ BelWYhHa
U3MEHSIETCS TI0 YacaM CYTOK, 110 JHSM HEJENIU U B TE€YEHHUE Toa.

TeroBble  HAarpy3kd Ha  OTOIUIGHHE, BEHTWISAIMIO MW ropsuee
BoJI0OCHAOXKeHHEe onpenesaoT corjacHo meroauke CHulla 2.04.07-86 «TermioBeie
ceTm».

Pezynuposanue mennogoit nazpy3xu.

Cuctembl TEIUIOCHAOXKEHHUS TPEACTABISIOT COOOM  B3aMMOCBSI3aHHBIM
KOMIUJIEKC TMOTpeOuTenel Teruia, OTIMYAIOIIUXCA KaK XapaKTepoM, Tak u
BEJIMYMHON TeruionoTpedyienusi. Pexxumbl pacxolloB Terjia MHOTOYHMCICHHBIMU
aOOHEeHTaMM HEOJAMHAKOBBI. TemyoBas Harpy3ka OTONUTENIbHBIX YCTaHOBOK
U3MEHSETCS B 3aBUCUMOCTH OT TEMIIEpaTypbl HApy»HOIO BO3JyXa, OCTAaBasCh
IPaKTUYECKH CTaOWIBHOM B TeueHue CyTok. Pacxon Temna Ha ropsuee
BOJOCHAOXKEHUE M [UIsl psAa TEXHOJOTMYECKUX TMPOIECCOB HE 3aBUCUT OT



TEMIIEpaTypbl HAPYKHOTO BO3AYyXa, HO U3MEHAETCS KakK IO 4acaM CYTOK, TaK U IO
JTHSIM HEJICIIN.

B 3Tux ycnoBusX HEOOXOJMMO MCKYCCTBEHHOE M3MEHEHUE MapameTpoB U
pPacxoJI0OB TEIUIOHOCUTENSI B COOTBETCTBUU C (DaKTHUYECKON MOTPEOHOCTHIO
aboHeHTOB. PerynupoBaHue MOBBINIAET KAYECTBO TEIUIOCHAOXKEHMSI, COKpAIAeT
Iepepacxo/l TEIIOBOM IHEPTUU U TOILIUBA.

B 3asucumocmu om mecma ocywecmenenus pe2yiuposanus PaziIAdaArOT
LHEHTPAIBHOE, TPYNIIOBOE, MECTHOE Y HHANUBHAYAIBHOE PETYJIMPOBAHUE.
Llenmpanvnoe pecynuposanue BbINONHACTCS Ha TOIL[ MM B KOTEJIBHOU IO

npeoOiafammiel Harpyske, XapakTepHOWl s OoJbIIMHCTBA a0OHEHTOB. B
TOPOJICKMX TEIUIOBBIX CETSAX TaKOW Harpy3kod MOKET ObITh OTOIUICHWE WU
COBMECTHAsI Harpy3Ka OTOIUJICHUS U TOPSYETO BOJIOCHAOKCHHUS.

I'pynnosoe pezyruposanue nnpousBoautcs B LITII qs rpynmsl 0qHOPOIHBIX
notpebuteneii. B I[TII mommepkmBaeTcss TpeOyemblii pacxom W TeMmIeparypa
TEIUIOHOCUTEJS, MOCTYIIAIOIIETO B pACHPEACIUTEIBHBIE CETH.

Mecmmnoe pezynuposanue nipeaycMaTpuBaeTcsi Ha a0OHEHTCKOM BBOJE IS

JOTIOJTHUTEIPHOW KOPPEKTHPOBKH MAPAMETPOB TEILUIOHOCHUTEIIS C YYETOM MECTHBIX
(dhakTOpOB.
HUnousudyanvrnoe pezyiuposanue OCYIIECTBISCTCA HEMOCPEJICTBEHHO Y

TEIJIONOTPEOIAIOMUX MPUOOPOB, HAIIPUMED, Y HATPEBATEIBHBIX MPUOOPOB CUCTEM
OTOIUJICHUS, ¥ IOMIOJTHSIECT JIPYTHUE BUBI PETYIUPOBAHUS.

Ilo cnocoby pecynupogarust meniogou Hazpy3Ku pasiuyaom.
Kauecmeennoe pecynuposanue, KOTOpOE OCYILECTBISIETCS W3MEHEHUEM

TEMIIEpaTypbl TEIUIOHOCUTENS B 3aBUCUMOCTH OT TEIUIOBOM HArpy3Kh IIpU
MOCTOSIHHOM ~ pacxojie. SIBisgercss Haubojee paclpOCTPAaHEHHBIM  BHIOM
peryIupOBaHUsL.

Konuuecmeennoe pezyruposanue, KOTOpPOE NPOU3BOAUTCS WU3MEHEHUEM

pacxojia TEIIOHOCHUTEIS IIPU IIOCTOSIHHOM €ro TeMIeparype.
Kauecmeenno-xonuuecmsennoe _pecynuposanue, KOTOPOE BBIIIOJIHAETCA

MyTEM COBMECTHOTO MU3MEHEHHUsI TEMIIEPaTyphbl U Pacxo/ia TeTIOHOCUTEIIS.
LIpepvisucmoe pezynuposanue, KOTOPOE JOCTUTACTCS MEPUOIUYECKUM

OTKJIFOYEHUEM CHUCTEM, T.€. MPOIYCKAMH IIOJAYU TEINIOHOCUTEIIS, B CBS3U C YEM
ATOT METOJI PETYJIMPOBAHUS HA3bIBAECTCS PETYIMPOBAHUE ITPOITYCKAMHU.

Pezynuposanue 00HOpOOHOIl HaAZpy3KU.
CyIHOCTh METOJIOB DPETYJIMPOBAHUS BBITCKACT W3 YPaBHEHHUS TEILIOBOTO
Oanauca:
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Q 3600

n=kFAm , (5.1)

rae: Q — KOJMYECTBO TEIUIA, MOJYYEHHOE IPUOOPOM OT TEIUIOHOCHUTEN U
OTJaHHOE HarpeBaeMoil cpene, kBt-u; G — pacxon TemjgoHOCUTENs, KI/4; C —
TEIUIOEMKOCTh TeruioHocuTenst, KJk/kr-°C; 1y, T, — TeMIeparypa TEeIJIOHOCUTENs
Ha BXOJI€ M BBIXOJIe M3 TemooOMeHHuka, °C; n — Bpems, 4; k — koaddurment
Teruonepenaun, kKBT/M> -°C; F — IOBEpXHOCTh HArpeBa TEMIOOOMEHHUKA, M5 At —
TEMIIEPATYPHBIN HAIIOP MEXAY IPEIOIIEH U HarpeBaeMon cpenou, °C.

N3 ypaBuenus (5.1) cremyer, 4TO peryjaupoBaHHE TEIJIOBOW Harpys3Ku
BO3MOXHO HECKOJIbBKUMHU METOAAMM:
- U3MEHEHHUEM TeMIIEPATypbl TEMJIOHOCUTENS — KAUECTBEHHBIA METO/;
- U3MEHEHHUEM PacX0/1a TEIUIOHOCUTENS — KOJIMYECTBEHHBIN METO/;
- IEPUOANYECKUM OTKJIIFOUEHUEM CUCTEM — IIPEPBIBUCTOE PETYINPOBAHNUE;
- U3MEHEHHUEM MTOBEPXHOCTU HarpeBa TeIJI000OMEHHHUKA.

Pacuer pexxuMOB peryjivpoBaHUsi OCHOBaH Ha YpPaBHEHUSX TEIJIOBOIO
OanmaHca, COCTaBJICHHBIX JJIsi JIOOOTO BUAA HArpy3Kd IPH HEPACUETHBIX U
pPacUYeTHBIX YCIOBUSX:

0=G,c(r,~7,)=Glt, —t,)=kFAt ; (5.2)
0" =Glo(r/—7})=Gle(t, - 1)) = kK’FAL > (5-3)
rae G, — pacxox mnepBuyHOTO (Tperoniero) TtemnoHocutens; G, — pacxon
BTOpUYHON (HarpeBaemoil) cpenabl; t;,t, — COOTBETCTBEHHO, TeMIepaTypa

HarpeBaeMoi Cpelibl Ha BX0JI€ B TEINIOOOMEHHUK W Ha BbIX0JI€ U3 Hero. MHaexkcoM
MITPUX 0003HAYEHBI BCE BEJIMUMUHBI, OTHOCSIIIUECS K PACUETHBIM yCIOBUSIM.

W3 otHomenus paeHctB (5.2) u (5.3) momyuum oOmiee ypaBHEHHE
peryJIMpOBaHUS:

0 _ Gn(z-l _72)_ Ge(tl _tz)_ kAt

0 Gy(i-n) Gilti-n) wKar G4

6

PaccMOTpuM 1LeHTpalIbHOE KauecmeeHHoe PETYIUPOBAHUE OTONMMUTEIbHON
Harpy3KHu.

[Ipn KayecTBEHHOM pETyJIMPOBAHMM 3a7aya COCTOMT B ONpEIEICHUU
TEMIIEPATYpPbl BOJBI B 3aBUCHUMOCTH OT TEIUIOBOM Harpy3ku. Pacxom Bofbl
OCTaeTCs MOCTOSIHHBIM B TEYEHUE BCETO OTOMUTEIHLHOTO CE30HA.

VYpaBuenue (5.4) A peryJiMpoBaHUsl OTOMUTEIBHON HATPY3KU MOXKET OBbITh
IPEICTABIICHO B BU/IE:



Q_—%— ti_tu _TI_TZ,O_kAt()
) = — =
QO ti_tpo

rae: (Jp- OTHOCHUTENbHBIM pacxoj Temla Ha oToruleHue; Qp — pacxon Temia Ha

(5.5)

1

] - f} ] M
T, — Ty k At

OTOIUICHWE TIPU TEKYyIICH TeMIeparype HapyKHOTO BO3ayXa t.; Ti,To0 —
TEMIIEpaTypa CETEBOW BOABI B IOJAIOIIEM W 0OpaTHOM TpyOompoBomax; k —
k0o duIMeHT Teronepenayn; Aty — TeMIepaTypHbIi HAIOp B HAarpeBaTEIbHOM
npubope NpH Tex e yCIOoBHAX; K, Aty — Te e BEIHYMHBI NPU PACUCTHOH
TEMITEPaType HAPYKHOTO BO3yXa JJISl IPOCKTUPOBAHUS OTOILICHHUS.

3aMcHMB B ypaBHEHHUH OTHOLICHHE KOI(P(PHUIIMEHTOB TEIUIONepeIaun
3aBUCUMOCTBIO k=A(Aty)" =A(1¢, —t;)" , Tae A, N — KOHCTAHTBI, 3aBUCSAIIHE OT TUIIA
npubdopa u cXeMbl ero ycTanoBkH (n=0,25), moaydnm:

1+n

— T Ty At,

1 20 ' . (5.6)
‘ T, -7, At,
TemrepaTypHblii HAIIOpP IPK CMENICHHH BOJbI B y3JI€ BBOJIA:
At, = O,S(r3 + rz’o)— t, > (5.7)
rae: S T, FUT,, | (5.8)
’ I+u

Tornma:

— -1,y | 4, +20)=2e(1+u) |

Qy=—7+-= (5.9

T, -7, | T+ (14 2u)-2t,(1+u)

Koapduument cMmemenus u ONpenenstoT W3 ypaBHEHHUS TEIUIOBOro OanaHca
CMECUTEJILHOTO YCTPOMCTBA:

Gz, + Gzz"z,o =(G,+G,)r, (5.10)

T —T. or,
u = '1 '3 = ,0 _1 2
,-7,, O

(5.11)

riae: 8Ty — Pa3HOCTh TEMIIEPATyp CETeBOil BOABI, @ - mepernaj TeMmepaTyp B
OTOIUTEIBHOM CUCTEME.

[ToncraBum 3HaueHue koddunmeHTa cMmemeHus u B ypaBHeHue (5.9) npu
n=0,25 1 mocne npeodpa3zoBaHUs MOIYIHM:



- [mogaronias MaFI/ICTpaJ'IBI
v —0,8 ' ,
T,=t+Al-Q, + (07,-0,56)0, (5.12)

- oOpaTHasi MarucTpas:
Ty, 271—52'5@0 =ti+At5~§2’8—0,5¢9'-§0 . (5.13)

>

TemmepaTtypa BOJIbI HOCJIE CMECUTEIIBHOTO YCTPOMUCTBA:

t,=1,,+0'0,=t,+Al,-0, +0,50-0, (5.14)

5.3. TemsioBBIE CETH.

Cmpoumenvuvle KoHcmpykuyuu mennoevix cemei. IIpoknadka mennogvlx
cemeu.

TennoceTpr0 HA3bIBaC€TCsl KOMIUIEKC 3IaHUN, COOPYXKEHUMH, YCTaHOBOK,
IpEeIHA3HAYEHHBIX JJI1 TPAHCHOPTUPOBKU TEIJIOTHl OT TEIUIOMCTOYHUKA K
TerionoTpedurento. OCHOBHONW YacThIO TEIUIOHOCHUTENS SBISIETCS TPyOONpPOBOJ,
KOTOpPBIN B OOLIEM CITyyae COCTOUT U3 TPEX AIEMEHTOB:

TpyOONpPOBOJ, 10 KOTOPOMY TPAHCIIOPTHPYETCS TEIIOHOCUTEb;
TEIJIO- W TUAPOU3OJSAUMSA, NpeIHAa3HAuYeHHAsl [UIs 3allMThl TPyOONpoBOAa OT
HapY>KHON KOPPO3UHU U YMEHBIIEHUS OTEPh TEIIOTHI;
CTPOUTENbHBIE KOHCTPYKIMH, BOCHPUHHUMAIOIIME HArpy3Ky TpyOOIIpOBOJOB U
TEIJIOHOCUTENS, HArpy3KH OT TPYHTa, ABWXKYILErocs TPaHCIOpPTa, BETpa U T.A.
Croa ke OTHOCATCS MOJ3EMHbIE M HAJA3E€MHBIE COOPY’KEHHS TEIUIOBBIX CETEH,
KOTOPBIE MOKHO NOJIpa3JI€IUTh Ha:

a) — TOHHEJIH;

0) — IPOXOIHBIE KaHAJIBI;

B) — IIOJIYTIPOXO/IHbIE KaHAJIbI;

I') — HEIIPOXO/IHbIE KAHAJIBL;

1) — OecKkaHaJIbHO MPOJIOKEHHBIE TEIUIOMPOBOABI C HEMOCPEACTBEHHOMN YKIIaIKON
TpyOOmnpoBOja B TPYHT.

Hanzemnas mpoknaznka OCYIIECTBISIETCS HA OTIAEIBHO CTOSILUX CTOMKax
(e,x,3) 1 actakanax (u) (puc.5.1).
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Puc.5.1. BapuaHTbl cxeM HaJ3¢MHOM ITPOKJIAJKH TEIUIONPOBOAOB Ha
OTZEJIBHO CTOSAIINX CTOMKAX U DCTAKAJAX.

Ha  rteppuropumn IIPOMBIIIICHHBIX peaNpUATAN MEXILEXOBbIE
KOMMYHUKAIIUM MHOTAA MPOKJIAABIBAIOT HAa KPOHIUTEHHAX, 3aJCJIaHHBIX B CTECHBI
3nanus.  CTOWKM  MOTYT  OBITb  JEPEBSAHHBIMH,  METANIMYECKUMH U
XKeJNe300€TOHHBIMY; 110 BOCIPUHHMAEMOW HAarpy3ke MOApa3AesaoTCs Ha
IPOMEXYTOUHbIE U aHKepHbIE. J[aHHbIE cmOCO0 MPOKIAAKK PACIPOCTPAHEH Ha
TEPPUTOPUSIX MPOMBIIIIEHHBIX MNPEANPUATH M Ha IUIOMIAJKaX, CBOOOAHBIX OT
3acTpoek. OCOOEHHO HMIMPOKO OHA NMPUMEHSETCS B paiioHAX C BBICOKUM YPOBHEM
I'PYHTOBBIX BOJ WIM Ha CWIBHO IIEPECEUYEHHONM MECTHOCTH. CTpOUTENBCTBO
TEIUIOBBIX CETe B pallOHAaX C CEHCMHUYHOCTBIO 8 M 9 GaiioB B MPOCAZAOUYHBIX U
BEYHOMEP3JIbIX TPYHTAX, @ TAK)KE B pallOHAX FOPHBIX BHIPAOOTOK OCYLIECTBIIAETCS
C YYETOM JOTOJIHUTENIbHBIX TpeOoBaHMil, n3noxeHHbIX B CII «TemnoBslie ceTuy.
[lepeceueHne TeEIUIOTPAcChl € HAA3EMHBIMM M TOJI3EMHBIMH COOPYXXEHHUHW B
KOKJIOM KOHKPETHOM CIIy4ae ONPEAEISIETCS MECTHBIMHU YCJIOBHUSMH. 3aKPBITHIN
NEPEXO] MOXKET MPOU3BOAUTHCS IPOKOJIOM WIM MPOAABIMBAHUEM CTaJIbHOIO
¢yTaspa, a MpyU COBMECTHOM MPOKJIaJKE HECKOJbKUX KOMMYHMKAIMI — METOIOM
IIUTOBOM MPOXOJKU. Eciau HEBO3MOXKHO oOecrneunTh HE0OXOAUMOE 3ariayOieHue
IO/l TEPECEKAEMBIM COOPYKEHHMEM, IE€PEX0] BBINOJIHACTCS HAA3€MHBIM (darle
BCEro HaJl aBTOMOOMJIBHBIMU U K€JIE€3HBIMU JI0POraMH, peKaMH, OBparamu u T.1.).
[logBonHbIE mTEpeX0abl BBINOJHAIOTCS B CTAIbHBIX (yTiaspax (Arokepax),
MPEACTABISIONIMX COOOM CBapHOW HWJIMHIP JUAMETPOM JO0 3M C TOJIIHUHOU
cTeHku ¢ = 12+16MmMm.

Ha CMP wu 3emisHble pabOThl NpHU COOPYKEHHHM TEIUIOBBIX CETeH
pacxoayetcs ot 45 10 80% o011eli CTOMMOCTH CTPOUTENIBCTBA, TOITOMY C IEJBIO
YMEHBILIEHUSI KaIlBJIOKEHUN INpopadaThiBalOTCd HECKOJBKO BAapUAHTOB TPACCHI.
Bei6op Tpaccel mpou3BOAST Ha pabodeM TeHIUIaHe, TJ€ YKa3bIBalOTCS BCe
Ha/J3€MHbIE U TIOJ3€MHBIE COOPY)KEHHS, a TaKkKe OOBEKTbl MNEPCIEKTUBHOIO
CTPOMTENBCTBA. B MOSCHUTENBHOMN 3aIIMCKE K I'€HIUIAHY YKa3bIBAIOTCS TEIUIOBBIC



Harpy3Kd pailoHOB, TIyOMHA 3aJI0)KEHHUS U BBICOTA IMOCTPOEK, XapaKTEpUCTHKA
TPYHTOB, YPOBEHb TPYHTOBBIX BOJ, T'€0JI€3UNUECKHE OTMETKH OBEPXHOCTH 3€MJIU U
T.J.

IIpu mocTpoeHuu NpoAOJIBLHOrO MPOQUIST OCHOBHOE BHUMAaHME YJIENIAETCA

PACCTOSIHUIO TI0 BEPTUKAIM JI0 CYIIECTBYIOIIMX WHKEHEPHBIX COOPYKCHHM
(puc.5.2).
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Puc.5.2. IIpoonbHbIi TPOPHUIIb yHaCTKA TEIIOTPACCHI.

K ucnonHeHuio nmpuHUMAaETCs BapUaHT C MaKCHMAJIbHBIM TPUOMKECHUEM
MPOJIOJABLHOTO MPOdHIISI K MPSIMON JIMHUU C COOTBETCTBYIOIIMM YKJIOHOM €€ K
ropu3oHTy (s BOAsSHBIX TeroBbIX ceteit 0,002). Eciim HEBO3MOXKHO H30eKaTh
MEepeceUYeHrs] TpacChl C CYIIECTBYIOIIMMH KOMMYHHUKAIUSIMA W JIUHUSIMHU
TOPOACKOTO TPAHCIIOPTA, TO OHM HOJDKHBI BBINONHAThCA mox yriaom 90° u B
MCKITFOUMTENBHBIX CITydasix — I0J] yIIIoM He MeHee 45°.



TpyObl, mHpuUMEHsE€Mble NpPH COOPYKEHUU TEIUIOBBIX CETEH, JOJIKHBI
o0yagats:
- BBICOKOW MEXaHUYECKOW TPOYHOCTHIO;
- YCTOMYUBOCTBIO IIPOTUB KOPPO3HUH;
- MaJIOW LIEPOXOBATOCTHIO BHYTPEHHEN TOBEPXHOCTH;
- MaJIbIM KO3 (HULUEHTOM TEMIIEPATYPHBIX yATUHEHUH;
- IPOCTOTOM U HAJIEKHOCTHIO COEIMHEHUS OTJENIBbHBIX YUaCTKOB TPyOOIIPOBO/IA.

IIpn ycraHoBieHnu TpyO wyamie BCEro MCHOJB3YIOTCS TaK Ha3bIBAEMbIE
«CTIOKOMHBIe» CTaNH; mpu mapamerpax P > 0,7 MITa u t >115°C ucnons3yrotcs
CTalnu C JierupyomumMu go0aBkaMu. [lo TeXHOJOTMM U3roTOBIEHUS TPYObI
paznensitorcs: npu d > 400MM  — D3JIEKTPOCBApHBIE C MPOJOJBHBIM HIIH
cnupayieBUIHbIM  1mBOM. [locnennuit nomkeH — noaseprarbea  100%
HEpa3pyLIAIIEM, KOHTPOJIO CBAapHBIX MIBOB. [Ipyn COOpYKEHHH TEIUIONPOBOJIOB
xenareneH 100% KOHTPOJIb CTHIKOB MEXAaHWYECKH WM KPUCTAIIOTPapUYECKUM
METO/IOM.

OCHOBHBIMM BHJAMH 3allOPHOW apMarypbl, NPHUMEHAEMOW B TEIUIOBBIX
CeTSAX, SBJIAIOTCS BEHTWIM W 3aJBWXKKHU. BEHTWUIb — 3alOpHOE YCTPOMCTBO, B
KOTOPOM TMEpEMENICHUE PEryJUpyouleil opraHa NPOUCXOJUT B IUIOCKOCTH,
NEPHNEHINKYJIIPHOW OCH IOTOKA; B 3aJBUXKKE IEPEMEIICHUE MPOUCXOIUIIN
napajjIeNbHO OCH NOTOKa. Ilo nelcTByrommM HOpMaTUBaM 3allOpHasl apMarypa B
TEIUIOBBIX CETAX JIOJKHA OBITh YCTAHOBJIEHA HAa BCEX OTBETBJICHMSIX OT IJIaBHOU
MarucTpajiy; YCTaHOBKA €€ Ha TJIABHOM MAarucTpai ONpPEIENsieTCsl MPUHLUIIOM
CEeKLIMOHUPOBAHUS CETU W 3aBUCUT OT JUaMeTpa MarucTpaibHbIX ydacTkoB. K
apMarype TEIUJIOBBIX CETEH OTHOCATCSA Takke (hIaHIpbl, 3ariaylIKd U (DacOHHBIE
YacTH.

5.4. TenjaoMexaHM4YeCKHeE DJIEMEHTHI.

Ornopsl TEMIONPOBOJOB MOAPA3ACSAIOTCS HA MOJIBUKHBIE U HEMOJBUKHBIC.
HenonBuxHbie OMOphl BOCHPUHUMAIOT Ha C€€0s YCWUJIMS, BO3HUKAIOIIHE MpPU
TEIUIOBOM YJUIMHEHUH TpyOONpOBOAOB U OBIBAIOT IIUTOBBIC, JOOOBBIE W
XOMYTOBBIC; NTPUMEHEHUE TOTO WJIM MHOTO BHJIAa OMOp 3aBHCUT B OCHOBHOM OT
BapuaHTa Npokigagku. [loABWKHBIE  OMOpPHI  BOCIPUHUMAIOT  HArpy3Ky
TpyOOmnpoBoZa C TEIUIOHOCUTENIeM M OO0ECHeYrBalOT €ro IMepeMelleHue Ha
CTPOUTEIBHBIX KOHCTPYKIUAX. OHU MOTYT OBITh CKOJB3SIIIUMH, KATKOBBIMU
(pOJTMKOBBIMH) U TOJBECHBIMU. ['0BOPst 00 omopax HEOOXOUMO TOTYEPKHYTh, UTO
KOMIICHCAIlUSI TEeMIEpaTypHbIX YJJIMHEHUM Ha3HayaeTcsl MpU TeMImeparype
teronocutens +50°C M Bblle, a TEIUIOBOE YIMHEHHE OMNpPENEISETCS IO
u3BecTHOU (hopmyiie:



Al=a-L-(t—-t)) m (5.15)

Bce ycTporicTBa, KOMIIEHCUPYIOIIUE TEMIIEPATYPHBIE YIAIUHEHUS, ACIATCA

Ha JIB€ OCHOBHBIE T'PYIIIIbI:
- OCEBBIE KOMIIEHCATOPHI;
- paiMaJIbHbIE KOMIIEHCATOPBI.

Ocesvle KoMneHcamopsbl KOMIICHCUPYIOT TeMIIEpaTypHbIE YJIMHEHHUS,
BO3HHKAIONINE TOJBKO IO OCH TPyOONpOBOJa W MOTYT OBITH JIBYX OCHOBHBIX
BHUJIOB: CAaJJbHUKOBBIC U JIMH30BHIE.

K paouanvnvim xomnencamopam oTHOCSTCS YTriabl OBOPOTOB, 11, Z, V —
oOpa3Hble BCTaBKU, pa3JIMYHbIE OJJIACTUYHBIC TMPOKJIAAKH U T.4. JlaHHBIE
KOMIIEHCATOPHI TTO3BOJISIIOT HEYPAaBHOBEIIEHHBIE CUJIBI BHYTPEHHETO JIABJICHUS HE
IIEPEHOCHUTh HAa HEMOJBHUHBIC OINOPHI. Y CTAaHOBKA PAJUKAIbHBIX KOMIIEHCATOPOB
OCYIIECTBIISIETCS C MPEABAPUTEIBHOM PACTSIKKOW, pacyeT BEIETCA MO METOIY
«YNPYroro ULEHTpa TshKeCTW». K JOCTOMHCTBAM paaHalbHBIX KOMIIEHCATOPOB
CIeAyeT OTHECTH MPOCTOTY, HAACKHOCTh U OTCYTCTBUE HEOOXOAMMOCTH B
nocTOosTHHOM yxoJie. K HepocTatkaM — 00Jibliie pa3Mepsl B IIIOCKOCTH.

5.5. TenioBbI€E MYHKTHI.

Tennosvle  nynkmovl  TPEACTABISIOT  COOOH  y3ibl  TMOIKIIOYCHUS
NOTpeOUTENe TEMIOBOW SHEPrUU K TEIJIOBBIM CETAM U MpeJHa3HAYEHBI s
MOArOTOBKU TEIUIOHOCHUTEINS, PETYJIUMPOBAHKS €ro MapaMmMeTpoB IeEpea NoAadyed B
MECTHBIC CHCTEMbI, a TaKXke JJis ydera MoTpebsieHus Teria. Paznuyaror
unauBuayanbubie (UTID) u uentpansusie (L[TII) TemioBbie MyHKTHI.

B UTII  xaxporo 3aaHus YCTAHABJIMBAIOT IIOJIOTPEBATENIM TOPSYETO
BOJIOCHAOXKEHUSI, 2JIEBATOPBI, Hacockl, apMmarypy, KWII s perynmupoBaHus
nmapaMeTpoB M PacXOJOB TEIUIOHOCHUTENS IO OTONMUTEIbHBIM W BOJAOPa300pPHBIM
npubdopam.
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Yenosnvie ob6o3nauenus: B — BoznymHbiil kpaH; O — OTONUTENBHBIA TMPUOOD;

P— pacmmupurensHubiit 6ax; | — usmepurensHas auadparma; D — sneBarop; H —
nupKyassuuoHHbd Hacoc; IIK — mumkoBwni korten; TII — rtermmodukannoHHBIN
nogorpesarenb; CH, ITH — cereBoit u moanurounsii Hacocel; PII, PP, PT —
PEryJISITOpBI MOJMUTKYU, pacXojia U TEMIIEPATypPhl; Ti, T, — HOJAOIIUNA U 0OpATHBIMI
TpyOOIPOBOBI.

a — 3aBUCHMMas cxema 0e3 cMmeleHus, 0 — 3aBUCUMas cXeMa C 3JI€BaTOPHBIM
CMEILICHHEM; B — 3aBHUCHUMAas CX€Ma C HAaCOCHBIM CMEIIEHUEM; I' — HE3aBHUCUMAs
CXEMa OTONUTEIBHON CUCTEMBI

Puc. 5.3. CxeMbl IpuUCOEAMHEHNSI MECTHBIX CUCTEM OTOIICHUS

Cxemy (a) NpUMEHSIIOT B CHUCTEMax TEIJIOCHAOXKEHUS MPOMBIILICHHBIX
MPEANPUATHN, a €CJI TeMIIEpaTypa CETEBON BOJBI B IMOAIONIEM TPyOOIIPOBOIE HE
npesbimaer 95+105 °C, To 1 411 OTOTUICHUS KWJIBIX M OOIIIECTBEHHBIX 37aHuil. B
TaKMX CHCTeMax ceTeBas BoJa W3 IMOJAAIONIero TPyOOIpoBOJa TEIUIOBOM CeTH
MOCTyIaeT B HarpeBaTelibHble MpuOOphl. OCThIBIIAS BOAA W3 HarpeBaTeIbHBIX
npuOOpPOB BO3BpaIIaeTCs B 0OpaTHBINA TPyOOIIPOBO/] TETNIOBOM CETH.

Ecmu Temmeparypa cereBol BOJBI B TOJAIOIIEM TPYyOONpPOBOE OOJIbIIe
95+105°C u pa3HOCTh JaBl€eHWH B MOJAKOIIEM M OOpaTHOM TpPyOOIpOBOIaX
0,08+0,15 MIla, TO OTONMHUTENBHBIE CUCTEMBI MPUCOEAUHSAIOTCA 1O cxeme (0) ¢
AJIEBAaTOPHBIM cMmelieHneM. HeoOxonumas TemmepaTypa BOJbl, MOCTYyNAroEeld B
HarpeBaTelibHble  MPUOOPBI,  MOAJNEPKUBACTCA  BJEBATOPHBIM  CMEIIEHUEM
OCTBIBIIEH OOpaTHOW BOJBI W3 CHUCTEMbI OTOILICHUS K TOpSYEH CETEeBOM BOJIE U3



NOJIAIOIIEro TPyOOIpoBoaa. DTy CXEMY HMPUMEHSIOT Il OTOIUIEHUS >KWIBIX U
0OIIECTBEHHBIX 3JaHUM.

Cxema (B) HUCHOJIb3yeTCsl B Te€X CiyyasiX, KOrjJa pa3HOCTh JIaBJICHUW B
MOJIaloIIeM U 00paTHOM TpyOOmpoBojax Ha aOOHEHTCKOM BBOJIE HEJOCTaTOYHA
JUTsl HOpMaJIbHOM paboThl AsieBaTopa. [Ipu 3ToM IprUMeHsIeTCs HACOCHOE CMEILIEHUE
BMECTO 3JIEBATOPHOTO.

Cxemy (T) TpPUMEHSIOT ISl MOAKIIOYEHUST aOOHEHTOB K TEIUIOBOM CETH C
HEJOIyCTUMO BBICOKMM  JlaBjieHHeM TemloHocurensd. [lo Takoi cxeme
NOJKIIOYAIOTCS  BBICOTHBIE  3AaHMA. MecTHas  cuctemMa  00opyayercs
pacUIMPUTETBLHBIM 0aKOM, CO3JAIOIMM COOCTBEHHOE HE3aBUCUMOE AABJICHHE OT
HapY>KHBIX CETeM THUJIPOCTATHUYECKOE JIaBlIEHHE. DTO MPEIOXPaHSET CUCTEMY OT
MOBBIIICHHBIX WM aBAPUNUHBIX KOJIeOaHUM JaBiICHUSI B HAPY>KHOW TEIJIOBOM CETH.
[upkymnsuust BObI B cUCTEME CO3/1aeTcsi pabOTON IIUPKYJIISILMOHHOTO HAacoca.

5.6. TerutoruapaBInYecKUil pacyeT U PeKUM.

[Ipu mpoeKTUPOBAHMM TEIUIOBBIX CETEW OCHOBHAs 3ajaya THJIPABINYECKOTO
pacuera COCTOMT B OIpEJCICHUU ITUaMETPOB TPyO IO 3aJaHHBIM pacxojiam
TEIUIOHOCUTENSI U paclojaraéMbIM IE€penajaM AaBJICHUW BO BCEW CETH WU B
OTJEJIbHBIX €€ ydacTKax. Pe3ynbTaThl TMAPABIMYECKOIO pacyeTa UCIHOIb3YIOTCS
Py TIOCTPOCHUH TMbE30METPUUYECKUX T'PaPUKOB, BBIOOpEe cXeM aOOHEHTCKHX
BBOJIOB, MOA00pa HACOCHOTO 00OPYAOBaHUs, OMPEIEICHUS] CTOUMOCTH TEILIOBOM
CETH U JAPYTUX LIEIIEH.

OCHOBHBIMM TIpUHIMIAMU (OPMHUPOBAHUS TEIJIOBBIX CETEH SIBISIOTCS:
MPOCTOTA, HAJIE)KHOCTh, SKOHOMUYHOCTh, MUHUMAJIbHASI TPOTSHKEHHOCTh TPACCHI.
I'mapaBnuyeckuii pacyeT CTPOUTCS Ha HW3BECTHBIX YPABHEHHUSX IOTEPh
JABJICHUSI TIPU JBUKEHUU TEIUIOHOCUTEINS MO TpyOaMm B 3aBUCHMOCTH OT HOTEph
JaBJICHUSA MO JyiMHE AP ¥ B MECTHBIX CONPOTHUBIICHUAX APM:

_ | M2 M2
AP—AP+APM—X-H-T-&Z@T-z‘; Ma. (5.16)

Pacuer HaumBHaeTcd C BBIOEJIEHUS HA CXEME TEIUIOBOM CETH TJIABHOU
MAarucTpajv U COCTABJICHUS ISl HEE YPABHECHUS MAJACHUS AABICHUS C YYETOM
MaJICHUsI Ha KOKJIOM U3 N YYaCTKOB

APC:Z[RA-I-(HOL)],Ha. (5.17)
1



I'unpaBnuyeckuid pacyeT UMeeT psiJl OCOOEHHOCTEN B 3aBUCUMOCTH OT BHUJA
TEIJIOHOCUTENS, YTO OCOOEHHO KacaeTcsl MapoOBBIX CUCTEM, IJI€ NPHU JIBUKEHUU
napa 1o Tpy0aM JaBJI€HHE U IUIOTHOCTH TEIUIOHOCUTENS U3MEHSAIOTCS, T.€. CpEAHEE
yZ€IbHOE NaJICHUE JaBJICHUS €CTh (PYHKIIUS:

R, =f(G;d;¢). (5.18)

Kpome Toro, nmns mnpemynpexacHuss KOHACHCAlMM Iapa 3a CYeT
TEIUIOOT/IA4YMd B OKPYXAIOIIYIO CPely U Ji YTOUHEHUS MJIOTHOCTH HEOOXOJMMO
MPOBEPSITH TEMIIEPATYPY Napa B YIIIOBBIX TOUKAX.

PacuetHbiM  y4aCTKOM  pa3BETBIICHHOW CETH  MPUHATO  Ha3bIBaTh
TpyOONpOBO, B KOTOPOM pPacXoj TEIUIOHOCUTENsSI HE H3MeHseTcs. PacyeTHbIN
Y4aCTOK pacliojaraercsi, Kak MPaBWIO, MEXAY COCEOJHUMHU OTBETBICHUSMM.
['mapaBnuueckuii pacuer BeAyT MO YyYacTKaM B HAIPaBICHUU TIJIABHOU

MarucTpalii, COCIUHSIONICH HCTOYHUK TEeIla ¢ HanOoyiee yAAICHHBIM a0OHEHTOM
(puc. 5.4).
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Puc. 5.4. I'paduk naBneHuii B TEIJIIOBOM CETH.

B cratnueckoM pexxkume SKCrutyaTanuu Tpaduk MaBlICHUNH W300pakaeTcs

JuHMEHR S-S, B TMHAMHYECKOM Ipu BKItoueHHOM Hacoce 1 nunueit Ky A; By C; G,
B, K.
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Puc. 5.5. I'padux naBneHuii B npsiMoil 1 0OpaTHOM MarucTpassix TEIJIOBOM CETH C
YY4ETOM T€0JIe3UNYECKUX BBICOT KaXK10r0 nojkirodeHHoro adonenta (I, 11, II1, V).

Hcxons w3 mnpuBeneHHOrO u3o0paxkeHus (puc. 5.5) paccmarpuBaroTcs
yCJIOBUSI pa0OTHI KaXJ0ro ab0OHEHTa W JAIOTCS PEKOMEHJAIMU MO0 KOHCTPYKIUU

aDOHEHTCKOTr0 BBOJIA.



Jleknusa 6. Oromienue.

6.1. Cucrembl OTOILUICHUS: HA3HAYECHUE, KiIaccupukanus 4 00J1aCTh
NPUMEHEHNS .

Haznauenue.

OmonnieHue - TEXHOJIOTUYECKHUM MPOIIeCC HCKYCCTBEHHOTO 000TrpeBa MOMEIICHHH C
LEJbI0 BO3MEIICHUS B HUX TEIUIONOTEPh U MOJJACPXKAHUS HA 3aJaHHOM
YpOBHE TEMITepaTyphbl, OTBEYAIONIEH YCIOBUSM TEIUIOBOTO KoMdopTa wu/mim
TpeOOBAHUSIM TEXHOJOTHYECKOTO MpoIlecca.

Cucmema OMonieHus - COBOKYITHOCTb TEXHHUYECKHNX 2JIEMEHTOB,
npeaHa3HAYCHHBIX JIUIS TOJIyYeHHUsI, TIepeHoca M Tmepeayu Bo Bce oOorpeBaeMbie
IMOMEIICHUS KOJIMUECTBA TEIUIOTHI, HEOOXOIMMOT0 JUIS
MOJIJIEp>KaHMS TEMIIEPATyPhl HA 3aITaHHOM YPOBHE.

OcHogHble KOHCMPYKMUGHDbBLE ITIEMEHNIbL CUCHEMbl OMONIeHU L.

Cucrema otoruieHust (puc.6.1) coCTOMT U3 TpeX OCHOBHBIX AJIEMEHTOB:
TEIIOTeHepaTopa, CIyXallero JJIs MOJydeHHUsl TEIJIOTH U Tepeaadyn CE€ TeIIoHO-
CUTCIIIO, T.€. MaTePUAIBHON Cpejie, MEPEHOCIIICH TEIUIOTY; CHCTEMBI TEIIONPO-
BOJIOB; OTOIUTEIILHBIX PUOOPOB, MEPEIAOIINX TEIIOTY MOMEIISHHUIO.

1- Teroreneparop; 2 - TEIIONPOBO/IBL; 3 - OTOIMUTENIBHBIN PHOOP
Puc. 6.1. IIpyHiMnuaisHas cxema CUCTEMbI OTOILICHHS:

B kauecTBe TeIJIOHOCHUTENST HCMOIB3YIOT JKUIKYIO (OOBIUHO BOAQ) WIIHU
razoo0paszHyo (map, BO3aAyX, MIPOIYKThl CTOPAHUS) CPELLY.

K cuctemam oTormsieHUs NpeabsIBISIIOTCS CIEAYIOLUE TPEOOBAHUS:

- caHumapHo-cucueHuyeckue, KOTOPbIE 3aKIIOYAIOTCA B NOJACpPKaHUU
TEMIIEpaTypbl BO3JyXa, BHYTPEHHHUX IMOBEPXHOCTEH HAPYKHBIX OTPAXIACHUN B
OTAIUTMBAEMbIX IOMEUICHUSIX W TOBEPXHOCTEH OTOMUTEIbHBIX NPUOOPOB B
COOTBETCTBHMH C CAHUTAPHBIMH HOPMaMU;



- JKOoHOMUYecKue, KOTOpbIE HampaBleHbl Ha O00OecleyeHne HEBBICOKUX
KalUTAJIbHBIX 3aTpaT, MUHUMAJIbHOIO pacxoja MEeTajula, 3KOHOMHOI'O pacxojia
TEIJIOBOM SHEPTUU MPU IKCILTYaTaALUU;

- CmpoumenbHO-apXumeKmypHvle, KOTOpbIE HalpaBJeHbl Ha OOecredeHue
KOMITAKTHOCTH 3JIEMEHTOB CHCTEM OTOIUICHUS M YBSI3KY HMX CO CTPOUTEIHHBIMU
KOHCTPYKLHUSAMH 3/1aHUs, COOTBETCTBUE UHTEPHEPY NTOMEILECHHUI;

- Mommadichvle, 00ECIEUUBAIONIME BO3MOXXHOCTh MOHTaXa C MaKCHUMaJbHBIM
UCIOJb30BaHUEM  YHU(DHUIMPOBAHHBIX  Y3JIOB  3aBOJICKOIO  W3IOTOBJICHHUS,
COKpAILEHUE TPYAOBbIX 3aTPAT IIPU MOHTAKE;

- JKCHIyamayuoHHvle, KOTOPbIE HAIpaBlIeHbl Ha obOecrnieueHue 3(HPEeKTUBHOCTH,
HAJECKHOCTH, O€30MacHOCTH U OECIIyMHOCTH JEHCTBHUS, NPOCTOTHI, YI00CTBa
00CITy>KMBaHMS U PEMOHTA.

Knaccugpukayus.
CucreMbl OTOIUIEHUS KIaccuguyupyrom CIEIyOIUM 00pa3oM:

- MO PACNONOJICEHUIO OCHOBHBIX 1eMEHMO6 CUCTEMBI OTOIUICHUS MOIPA3IEIAIOT
Ha MecmHuble U yeHmpaivhble. B mecmuvix cuCTEMax BCE TPU OCHOBHBIX 3JIEMEHTA
KOHCTPYKTUBHO OOBEIWHEHBl B OJHOM YyCTPOMCTBE, YCTAaHOBJICHHOM B
obOorpeBaeMoM nomenieHn. K MecTHbIM cuctemMam (OTONMUTENbHBIM YCTPOUCTBAM)
OTHOCUTCS KOMHATHasi OTONMTENbHAsI I1€4b. MECTHBIM SBIETCS OTOIUJICHUE
ra3oBBIMM W DJEKTPUYECKUMHU  NpUOOpaMu,  BO3AYITHO-OTOMHUTEIbHBIMU
arperatamu u ap. [lenmpanbHvie CACTEMBI IPEIHA3HAYEHBI ISl OTOIJICHUS TPYIIIIbI
NOMEIIEHNA W3 OJHOrO0 TEIUIOBOrO LeHTpa. Temiora, BbIpabaTbiBacMas
TEIJIOTEHEPATOPOM, C ITOMOIIBIO TEIUIOHOCUTENIS MO TEIUIONPOBOAAM MEPEIACTCS K
OTOIUTEIBHBIM MpPUOOpaM, a OXJIAXKACHHBIA TEIUIOHOCUTENIb BO3BpAILAECTCA B
TEIJIOBOM LIEHTP;

- NO 6UOY OCHOBHO20 MENIOHOCUMENs MECTHbIE W IIEHTPAIbHBIE CHCTEMBI
OTOIUICHHS TIOAPA3NIEISAIOT Ha B600sAHble, NAPOBble, B030VUIHbIE, 2A308ble U
KOMOUHUpoGaHnHvle (HapuMep, NapOBOSHbIE, BOAOBO3IYIIHbIE U JIP.);

- N0 cnoco6y YupKyIAYuU MmenjioHocumesiss MECTHbIE U IIEHTPAJIbHBIE CHCTEMBI
BOJSHOTO ¥ BO3IYIIHOI'O OTOIUICHHS MOJAPA3JEISAOT Ha CUCTEMBI C eCmecmeenHou
HUPKYJSILMEH W CHUCTEMBl €  uckyccmeenHou  (MIPUHYIUTEILHONW WU
MEXaHUYeCKOW) HMpKyJsiuen. Ecmecmeennas yupxyaayus oOecrieunBaeTcs 3a
CYET PA3HOCTH IUIOTHOCTEW OXJIAXKJEHHOTO W TOpSYEro TersoHocutens. Tak, B
LCHTPAJIIBHBIX CUCTEMax IIapoOBOr0 OTOIUIEHUS Map IEPEeMEINAeTCs IMO0J
COOCTBEHHBIM H30BITOYHBIM JABIICHUEM. MCKYCCMBeHHAs YUPKYIAYUs OCYyIIIe-
CTBIISICTCSI TOJ JABJICHUEM, CO3JaBa€MbIM HACOCOM WM NOOYAUTENEM TATU
(HampuMep, BEHTUIISITOPOM).



OcHoBHble npeumyu,ecmea cucmem 600AH020 OMONICHUA:

- BO3MOXXHOCTh TOJJICPKAHUSI YMEPEHHON TeMIlepaTypbl Ha IOBEPXHOCTHU
HarpeBaTeNIbHbIX TPUOOPOB, UCKITFOYAIOIIECH MPUTrOpaHue Ha HUX MBUTH U OKOTH;

- TPOCTOTa IEHTPAJIBHOTO PEryJupoOBaHUs TEIUIOOTAAUYd HarpeBaTeIbHBIX
npuOOpPOB MyTeM M3MEHEHHUsI TEMIEPATyphl BOJbI B 3aBUCMMOCTH OT MapaMeTpoB
Hapy>KHOT'0 BO3/lyXa (KaueCTBEHHOE PETyJIUPOBAHUE);

- OeciIyMHOCTh pabOThI ¥ MPOCTOTA OOCITYKIUBAHUS.

OcHosHble HedoCmamKu cucmem 600AHO20 OMONTICHUA:

- OonpIIOEe THUAPOCTATHYCCKOE JAaBICHUE B HIDKHEW YacTH  CHCTEM,
00yCIIOBJIEHHOE UX BBICOTOM (OrpaHUYMBAET BHICOTY CUCTEM);

- ONacHOCTh 3aMep3aHusi BOAbBI B  TpyOOmpoBOJE, MPOJIOKEHHOM B
HEOTAIIMBA€MOM ITOMEIICHUU.

OcHo8Hble NpeUMyuiecnmea cucmem napo8o2o ONMONIeHUA:

- OoJiee BBICOKAS TEIIOOTa4a HarpeBaTeIbHBIX TPHOOPOB;

- MEHBIIIUH, YeM y CHUCTEM BOJSIHOTO OTOILICHUS, PAacXoJl METauia Ha TPYObl U
HarpeBaTelIbHbIC TPUOOPHI;

- MEHBIIIasl, YEM Y CHCTEM BOJSTHOTO OTOILJICHUS, OITACHOCTh 3aMEpP3aHUS;

- BO3MOXKHOCTb TEPEMEIICHUS Tlapa Ha OOJIbIIUE PACCTOSAHHS O3 NMPUMEHEHUS
HCKYCCTBEHHOT'O MOOYXKICHUS.

OcHoBHblEe HEOOCMAMKU CUCMEM RAP0BO20 OMONICHUA:

a) BBICOKas TeMIlepaTypa Ha MOBEPXHOCTH TPyO M HArpeBaTesbHbIX NpPHOOpPOB,
BBI3BIBAIOIIAS TPUTOPAHWE MBUIM W CO3MA0IIasi aHTHUCAHWTApHBIC YCIOBUS B
ITOMEIEHHUH;
0) HEBO3MOXXHOCTh THOKOTO IICHTPAJbHOTO KAadYeCTBEHHOTO PpEryJHPOBAHUS
TEIJIOOT/IAYd HarpeBaTebHBIX NPUOOPOB, B CBSA3M C 4YeM MPUMEHSCTCS
peryJMpoBaHre TMPOMyCKaMH, T. €. IyTeM MEePHOJUYECKOTO BKIIOUYCHHUS W
BBIKJIFOUCHHS CUCTEMEI;
B) Oosiee COKHAs SKCIUTyatamusi U 0ojiee BBICOKME OECIOJIe3HbIe TEIUIONOTEepU
TpyOOTIPOBOaMH, MPOKJIABIBAEMBIMHI B HEOTAITUBAEMBIX TIOMEIIICHUSX;
I') 3HAYMTEJILHBIC TETUIOBBIC HANIPSDKCHHS B Te(hopMaIiuu CUCTEMBI,
1) MCHBIIIHIA, YEM JIJISI CHCTEM BOJSTHOTO OTOIUICHUS, CPOK IKCIUTyaTaIluu
13-3a TIOBBIIIICHHON KOPPO3UH TPYO.

OcHogHbie npeumyuiecmea YeHmpaibHbIX CUCIEM 030YUIHO20 OMONICHU:

a) BO3MOKHOCTb COBMEULIEHUS C CUCTEMOI BEHTUIISILINY;

0) OTCYyTCTBME B OTAIUIMBAEMOM IIOMEIICHUH KaKUX-JTMOO HarpeBaTeIbHBIX
npuOOpoB:



B) OTCYTCTBHE TEIJIOBOM HMHEPIMH, T. €. HEMEUICHHBIM TETuioBOW 3¢ ekt mpu
BKJIFOUEHUH CHCTEMBI,

') BO3MOXHOCTH IICHTPAIBHOTO KaYECTBEHHOT'O PETYINPOBAHUS.

OcHognble HedocmamKu YEeHMPAIbHBIX CUCIEM 6030YUIHO20 OMONTEHUA:

a) OoJIpIIINEe CeueHUs KaHaJIOB (BO3YXOBOIOB);

0) Oomnpmme Oecroyie3HbIe TEIUIONOTEPH TPH MPOKIAJAKE MarucTpaibHBIX
BO3/[yXOBOJIOB B HEOTAIJINBAEMbIX TOMEIIEHUSIX.

Oobnacmov npumeneHnus.

CHcTeMbl 860051020 OTOTUICHHSI HAllUTM HauOoJiee IUPOKOE NMPUMEHEHHE B
TPOKJIAHCKUX M TPOU3BOJCTBEHHBIX 3JMaHMAX. Paauyc NeWCTBUS ATHUX CHUCTEM
OTOIUICHHS TI0 BEPTUKAJIU OTPAHUYCH BEIMYMHOMN JOMYCTHUMOTO THAPOCTATHYEC-
KOT'O JIABJICHHS M3-32 BO3MOKHOCTH Pa3pylICHHs] OTOMUTEIBHBIX MPHOOPOB, pac-
MOJIOKEHHBIX Ha MIEPBBIX ITAKaX BBHICOTHBIX 37aHUM).

CucrteMbl napogozo  OTOIUICHWS  JOMYCKAIOTCA K TPUMEHEHUIO B
IIPOMBITIUICHHBIX W PsJe OOIIECTBEHHBIX 3JaHWA TPH KPAaTKOBPEMEHHOM (HE
MIOCTOSTHHOM) TIPEOBIBAaHUM B HHX JItOoJeH. VICOIB3YIOT M MEPUOIUYECKOTO U
JIEKYPHOTO OTOIUICHHS. B HacTosimiee BpeMsl MapoOBbIE CHCTEMBI OTOILICHUS
MOBCEMECTHO 3aMEHSIOTCS Ha BOJSHBIC ISl )KUJIBIX U OOIIECTBEHHBIX TTOMEIIECHUN
¥ Ha BO3JYIIHOE JJisi MTPOMBIIIUICHHBIX U YaCTUYHO OOIIECTBEHHBIX MOMEIECHUN
(Hampumep, KHHOTEATPBhl).

Cucrembl 6030yuwiHo20 OTOIUICHHS TIONYYHJIA IMTUPOKOE PACIPOCTPAHCHHUE,
MPEXIe BCEro, B TMPOW3BOACTBEHHBIX 3[IaHUSAX C BBIACICHUEM 3arps3HSIONINX
dbakTopoB W Biaru. Bo3aylIHOE OTOIUICHHE II€J€CO00pa3HO HCIOJIB30BaTh B
KauyecTBE JICKYPHOTO M TEPUOJMYECKOTO0 OTOIUICHHS TPOU3BOJCTBEHHBIX U
OOIIIECTBEHHBIX 3JJaHUNA WJIM B BUAEC MECTHBIX CHCTEM C BBICOKOTEMIIEPATYPHBIM
MEePBUYHBIM TEIUIOHOCUTEJIEM 11 OTOIUICHUS TOMEIICHUH OOJbIIoro o0bheMa
MIPOU3BOICTBEHHOTO Ha3HAYCHHUSI.

6.2. TeruioBast HArpy3Ka Ha CUCTEMY OTOIJICHUS.

Jnsa pemieHust 3agadd O HEOOXOJUMOCTH YCTPOWCTBA U OIpEeICHHS
MOIITHOCTH CHCTEMBI OTOIUICHHSI COIOCTABIISIFOT BEIUYHMHBI TEIUIONOTEPh U
TEIUIONOCTYTUICHUH MPU MaKCHMaJIbHOM AcPUIMTE TeIUoThl. Eciu Temnonorepu
OKa3bIBAIOTCS  OOJbINE  TEIJIOMOCTYIUICHHH, TO HEOOXOJUMO  OTOIUICHUE
nomemennii. Ecnu mMeercs M30BITOK TEIMJIOTHI, TO dallle BCEro MPUMEHSIOT
JEKYpHOE OTOIICHHUE, TOICPKUBAIOIIEE TMOHIKCHHYIO TEMIIEPAaTypy BO3IyXa B
MOMENIEHUSAX B Hepabouee Bpemsi.

TerutoBass MOITHOCTH CHCTEMBI OTOIUICHHS OIPEACISAETCS COCTABICHHEM Te-



IJIOBOTO OajlaHca 4acOBBIX pPaCX0oa0B TCIUIOTHI AJId paCUCTHOI'O 3UMHCTO IIEpHUoaa

0,-9,9,,.*0,, .Br, (6.1)

rie Qorp -IOTEPU TEIUIOTHI YEpe3 HAPYKHBIC OorpakiaeHus1, BT; Ogeyr - pacxon Temn-

B BHUJIIE:

JIOTHI Ha HArpeB BO3/yXa, MOCTYMNAIOMIEro B MOMEIICHHE ¢ 0oyiee HU3KOW TeMmrie-
patypoii, Bt; Qrp - NOCTyIJIEHME WM PACXOJl TEIUIOTHl OT TEXHOJIOTMYECKUX M
OBITOBBIX HICTOYHUKOB, BT.

TerutoBoit OalaHC COCTABISIFOT ISl YCJIOBWHM, KOT/Ia BO3HWUKAET HAMOOJBITUIN
neUuIUT TeraoThl. JIJist AKUIbIX U OOIIECTBEHHBIX 3/IaHUM YUUTHIBAIOT PETYJISPHBIC
TEIJIOBbIE TTOTOKH, MOCTYIAIOIINE B MOMEILIEHNUE OT JIIOJEH, OCBEIIECHUS U JAPYTIUX
OBITOBBIX HCTOYHUKOB TEIJIOTH. JlJii TMOMENIEHUH MpPOMBINUICHHBIX 3JaHUMN
NPUHUMAIOT B pacyeT MEepUOJ] TEXHOJOTMYECKOTO IUKIA C HAauMEHbIIUMU
TEIUTOBBIJCICHUSAMM.

Cornacno nonoxennssm CHull 41-01-2003 npu pacuere TEIIOBOM MOIIHOCTH
CUCTEMBI OTOTUICHHSI TPEOYETCsl YIUTHIBATh CIICTYIOIIEE:

- IOTEPH TEIUIOTHI YePEe3 OrPaKIAIOIINE KOHCTPYKIIUU;

- pacxojl TEIJIOThl Ha HarpeBaHue HHQPUIBTPYIOLIETOCS HAPYKHOTO BO3/yXa,
MPOHUKAKOUIETO B IIOMEUICHUE YEPE3 MOpbl M HEIUIOTHOCTH B HAapyKHBIX
OTpaXKJICHUSIX;

- pacxojl TEIIOThl HAa HArpEBaHHWE MATEPUATIOB, 0OOPYIOBAaHUS U TPAHCIOPTHBIX
CPEACTB;

- TEIUIOBOWM TOTOK, PEryJSIPHO MOCTYHAOLIMKA OT JJIEKTPUUECKUX MpHOOpPOB,
OCBEIICHUS, TEXHOJOTUYECKOr0 000pyI0BaHUs, TPYOOIPOBOIOB, JIOJEH U IPYTHUX
HMCTOYHUKOB. TeraoBoil MOTOK, MOCTYNAIOIINI B )KWJIbIE KOMHATHI U KYXHU JKUJTBIX
JIOMOB, CJIeAyeT npuHuMaTh He MeHee 10 BT Ha 1mM* mona;

- OTpaKJAOIINE KOHCTPYKIMH IMOMEIIECHUS JEIAT Ha HAPYKHBIE OIPAXKICHUS U
OTpaXACHUSI MEXAy MoMeleHussMu. K Hapyoxcnvim OTHOCAT HApPYKHBIE CTEHBI,
OKHa U JIBEpHU, MEPEKPbITUS HAJl HEOTAIJIMBAEMBbIMH TOJIBAJIAMH, YEpJayHbIC Tie-
PEKPBITUSL U JPYTUE CTPOUTENIbHbIE KOHCTPYKIIMU, KOTOpPbIE OTACNSIOT OTaIlIM-
BaeMoe MoMeleHre oT Apyrux. Pacuer temonoreps yepe3 HapyKHbIE OrPaKICHUS
MPOU3BOAUTCS TMPU TEMIIEpaType HapPy>KHOIO BO3AyXa, PaBHOW TeMIiepaType
HambOoJee XOJIOAHOW MATUAHEBKU. DTy TEMIIEpaTypy Ha3bIBalOT pACUETHOM MJis
oToIUIeHHs. Temnonorepu uepe3 BHYTPEHHUE OrPaXKICHHS ONPEACINAIOT, €CIU
Pa3HOCTh TEMIIEpaTyp BO3yXxa Mexay nomenenusmu pasaa 3°C u 6ornee;

- TIPU pacyeTe TeIJIONOTEPhUEPE3 OTPaKICHUS UCTIONIB3YIOT PopmMyITy:

QO = A(ty —t,,)1+>_B)-n/R, ,Br, (6.2)



rae: Ry - mpuBeJeHHOE COMPOTHUBIICHUE TEIUIONEPEaue HAPY>KHOTO OTPAXKICHHUS,
(M*-°C)/BT; A - miomaap Orpaxaaiomeil KOHCTPYKIHH, M, f;, - HOPMHpyeMas
TeMrepaTypa Bo3ayxa B nmomenienuu, °C; f,,, - pacueTHasi TeMIeparypa Hapy>KHOTO
BO3/lyXa JJIsi OTOIUICHMS MPU pacyeTe HapYKHBIX OrPKICHUN WU TeMIepaTrypa
BO3/lyXa CMEXHOIO MOMEIIEHUsI MPU pacyeTe BHYTPEHHUX orpaxaeHuil, °C; f -
KOA(h(OUIUEHT, YYUTHIBAIOMINN T0OABOYHBIC TEIUIONOTEPH Yepe3 OTPAKICHUS; 1 -
KOO(QPUIMEHT, YYUTHIBAIOIIUN PACIOJIOKEHNUE OTPAXKIACHUS 10 OTHOIICHHIO K
Hapy>XKHOMY BO3JIyXY.

6.3. OTonuTe/ibHbIC MPUOOPHI, X THIILI U Pa3MeLIeHHE.

OmonumenbHbili npubOp - yCTPOUCTBO i 000rpeBa MOMELIECHUS MYyTEM
nepesadyy TeIUIOThl OT TEIIOHOCUTENS, MOCTYMAOIIEr0 OT UCTOYHUKA TEIUIOTHI, B
OKpYy’Karomiyro  cpeny. Bce  otonurensHble  mpuOOpPHI KIACCUDUIHPYIOT
CIEAYIOIUM 00pa3oMm:

- no npeobaadarowemy cnocoby menioomoayy ANAT Ha TPU TPYIIIIbL:

- paaualMoHHbIe TPUOOPHI, Nepenarone unydyenuem He Mmenee 50 % oOiero
TEIUIOBOTO MOTOKA (MTOTOJI0YHBIC OTOMUTENbHBIC MMAHETH U N3TyYaTeNn);

- KOHBEKTHUBHO-paJIMallMOHHBIE TIPUOOPHI, Mepenaroiue Koupekiuen or 50 1o
75 % o0mero TEIUIOBOIO TMOTOKa (paavaTtopbl CEKIMOHHBICE W IaHENbHBIE,
INIaJKOTPyOHbIE MPUOOPHI, HATIOIbHBIE OTOMHUTEIbHBIC TAHEH);

- KOHBEKTHBHBIC MPUOOPHI, Tepeaaronre KOHBEKIe ne meHee 75 % ooOiero
TEIJIOBOTO MOTOKA (KOHBEKTOPHI U PEOPUCTHIE TPYO;

- NO UCNONIL3YEMOMY MAMePUay:

- METAJUTMYECKHUE (M3 CEPOro YyryHa, CTajiv, allOMUHUS, OMMETAININYECKUE);

- KOMOMHHpOBaHHBIE  (UCHOJIb3YyeTCS  TEIUIONPOBOAHBIA  MaTepHall -
0ETOH, KepaMUKa - B KOTOPBIM 3aJ€JIbIBAIOT CTAJIbHBIE WJIM YYTYHHBIE TpEIoIlne
AJIEMEHTHI);

- HeMmeTaJuimueckue (OCTOHHBIC MaHENbHBIE PAJAMATOPbI, TOTOJIOYHBIE U
HaIOJIbHbIE TAHETN);

- N0 @eudUHe MEeNn1080U UHEPYUU:

- MaJol MHEPIUHU (MMEIOT HEOOJIBIIIYI0O MAacCy Marepuajga U BMEIIaeMON BOJIbI:
TEIJI0OTAa4Ya OBICTPO M3MEHSAETCS NpPU HM3MEHEHMHM pacxoja I0JaBaeMOro
TEIJIOHOCUTENS);

- 00JbIION MHEPUUU (MAaCCUBHBIE PUOOPHI, BMEIIAIOIINE O0IBIIOE KOJTUYECTBO
BOJIBI: TEIJIOOTAa4a U3MEHSETCS] CPABHUTEIBHO MEJICHHO).



OcHogHble 6UObL U XAPAKMEPUCMUKU OMONUMETbHBIX NPUOOPOE.

Paouamop -  KOHBEKTUBHO-PAJMALMOHHBI  OTONUTENbHBIA  MpPUOOP,
COCTOSIIMU OO U3 OTAEIBHBIX KOJOHYATBIX DJIEMEHTOB - CEKIMW C KaHajlaMu
KPYTJION WK 3/UIMIICO00pa3Hoi GopMbl, MO0 U3 TUIOCKMX OJIOKOB C KaHallaMu
KOJIOHYATOM WJIM 3MEEBUKOBOM (hOPMBL:

- paouamopsl uycyHHble ceKyuoHuvie (puc.6.2a) - MHUPOKO NPUMEHSIEMBbIC
OTOIUTEIbHBIE TMPUOOPHI - OTIUBAIOTCS W3 CEPOr0 UYyTyHa B BHJIE OTJEIbHBIX
CEeKIIMA W MOTYT KOMIIOHOBAThCS B MPUOOPHI paznuyHoi romanu. OCHOBHbBIC
JIOCTOMHCTBA YYTYHHBIX CEKIMOHHBIX PaJuaTOPOB - XOpollash TeIuiooTnaya Hu
BBIJICP)KMBAIOT OTHOCUTEIBLHO BBICOKOE JaBlieHHE TeroHocuTens. Hemocrarku
YYT'YHHBIX PaguaTOpPOB - TPYJOEMKOCTh MOHTa)Ka, HE CaMblil NPUBJIEKATEIbHbBIN
BHEITHUM BUJ U OOJIbIIAs TEIUIOBAs MHEPIUS;

- paouamopvl anomMuHuesvle cekyuorHvle (puc.6.20) MMEIOT OYeHb XOPOIIYIO
TEIUIOOTa4vy, HU3KYI0 MacCy U IPUBJICKATENIbHbIN qu3aiH. K HegocTaTkaM MOXKHO
OTHECTH TO, UYTO OHU AaKTUBHO MOABEPKEHBI KOPPO3UHU;

- paouamopyel bumemaniuieckue cekyuonHvle (MMEIUEe ATFOMUHUEBBIN KOPITYC
U CTalbHYIO TpyOy, MO KOTOPOH ABMKETCS TEIJIOHOCUTENb) COYETAlOT B cele
JIOCTOMHCTBA QJIIOMUHHUEBBIX PaJUaTOPOB - BBICOKAs TEIUIOOTJadya, HU3Kas Macca,
XOpOIIMM BHEIIHUW BHUJ W, KPOME TOrO, MPU ONPEAEICHHBIX YCIOBHUSAX HMEIOT
0oJiee BBICOKYIO KOPPO3HHHYIO CTOMKOCTh M OOBIYHO pacCuMTaHbl Ha OOJblee
JABJICHHE B CUCTEME OTOIUIEHUA. VIX OCHOBHOM HEJIOCTATOK - BHICOKAS IIEHA.

i
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Puc. 6.2. Paguatopsl CEKIIMOHHbIE

- paouamopuvl cmalbHble narevHvle (puc.6.3) Hanboyee YacTO HCIOIb3YIOTCS
IpU UHJIMBUAYaJIbHOM OTOIUIEHHH. CTallbHbIE MaHENbHbIE PaHaTOPbl 00JaatoT
HEOOJBIION TEIJIOBON MHEPLMEH, a 3HAUUT, C UX MOMOUIBIO JIErYye OCYIIECTBISATh
aBTOMAaTHUYECKOE PEryJMPOBaHUE TEMIIEPATYPHI B IOMEUICHUU.



Puc. 6.3. CranbHOl NaHENbHBIN paguaTop

B cucremax oTomieHus HCHONB3YIOT TakKe M APYrHe€ BUJBI OTONMUTEIHHBIX
IpUOOPOB:

- enaokompyouwil omonumenvhuiil npudop (puc.6.4), COCTOSAIINI U3 HECKOIBKUX
COCIMHCHHBIX BMECTE CTaJbHBIX TpPyO, OOpasylomux KaHajdbl KOJOHYATOU
(peructp) WK 3MEeEBUIHOM (3MEEBUK) POPMBI JJIsl TEMJIOHOCUTEIS;

Puc.6.4. I'magkoTpyOHBII OTOMUTEIBHBIA TPUOOP (PETUCTPHI U3 TIIAIKUX TPYO)

- xoHeexmop (puc.6.5) - NpuOOp KOHBEKTUBHOIO THIA, COCTOSIIMN U3 JABYX
AJIEMEHTOB - peOpUCTOro HarpeBarenst U Koxyxa. KoHBekTop mnepenaer B
IIOMEIIICHNE KOHBEKIMEN He MeHee 75 % noJiHOro KojudecTBa Tera. Koxyx
JIEKOpUpPYET HarpeBaTeslb U CIIOCOOCTBYET IMOBBIIIEHUIO CKOPOCTH €CTECTBEHHOU
KOHBEKIIMY BO3/lyXa Y BHEIIHEH MOBEPXHOCTH HArpeBaTes;



Puc.6.5. KonBektop

- pebpucmas mpyoa (pecucmp) (puc.6.6) - OTKPBITO YCTaHABIMBACMBIN
OTONUTEILHBIA TPUOOpP KOHBEKTHBHOI'O THIIA, Y KOTOPOTO IUIONIAJb BHEIIHEH
TEIUIOOTAIONICH IMOBEPXHOCTH HE MEHee 4YeM B 9 pa3 NpeBbIIacT IUIONIANb
BHYTPEHHEW TEIIOBOCTIPUHUMAIOIIEH.

ﬂ'— L L e ]

Puc.6.6. PeGpuctas tpyOa (peructp)

Bun oronutenbHbIX NpUOOPOB HEOOXOAUMO BBIOMPATh B COOTBETCTBUU C
XapaKTepoM M Ha3HAYEHHWEM OTAIIMBAEMbIX 3JaHUN, COOPYKEHUH U MOMEIICHUH.
IIpy >TOM HYXHO YYMTHIBaTh THUII CHCTEMbl OTOIUIEHHS, BHUJA U IapaMmeTpsl
TEIUIOHOCUTENS], TEXHUKO-3KOHOMHYECKHUE COOOpaXKEeHHUS.

OtomnuTenbHble MPUOOPHI  CIELYEeT pachojiaraTb Yy HAapyKHBIX CTEH,
IPEUMYILECTBEHHO I0J OKHamu. I[Ipu TakoM pa3MelleHHuH [BHKEHHUE TEILIOTO
BO3/lyXa OT  HarpeBaTeJIbHOrO  MpuUOOpa  MPEMSITCTBYEeT  0Opa30BaHUIO
HUCHAJAIOUX XOJIOAHBIX MOTOKOB OT OKOH M XOJIOJHBIX MOBEPXHOCTEW CTEH.



Ecnu mox okHamu pa3MecTUTh NpUOOpPHI HE MPEICTABISAETCS BO3MOXKHBIM, TO
JOITyCKAeTCsl UX YCTAHOBKA Y HAPYKHBIX UM BHYTPEHHUX CTEH.

OtonuTtenbHble TPUOOPHI CIEIYET YCTAaHABIMBATH TaK, YTOObI OHU HE
BBICTYIIAJIM U3 IJIOCKOCTU CTEH. B JKMIIBIX MOMEUIEHUSIX OTONUTENIbHBIE MPUOOPHI
YCTaHABJIMBAIOT B HUIIAX WJIU MOJIyHUILAX. B 1e4eOHBIX yUpexAEHUIX — OTKPBITO
y CTEH WJIU 110/ OKHOM.

Temnooraaya OTONUTENBHBIX MPUOOPOB BO MHOIOM 3aBHCHUT OT MPHUHSITON
CXEMbl MPUCOEAUHEHUS OTOMMUTENIbHBIX NPUOOPOB K TPyOOIpPOBOJAM M CXEMbI
NUTAHHS OTOMUTEIBHBIX MPUOOPOB TEIUIOHOCUTETIEM.

Cxembl npucoeOunHeHus OmonumeabHvlX NPUOOPo8 K mpyoonpoeooam:
- 0OHOCMOpPOHHAA NOO0B0OKA, KOTOpas IO CXeMe NHUTaHUS OTOMHUTEILHOTO
npubdopa ObIBaeT:
- CBEpXY-BHM3 OJIHO- WJIM JIBYXCTOPOHHSISI C BEPXHEN Pa3BOJKOM;
- CHU3Y-BBEPX B OJJHOCTOPOHHEUN C HMKHEN Pa3BOJIKOM.
Hocmouncmea: OOHOCTOPOHHSSI MOJABOAKA HMEET JYy4YlIMd BUJ U Tpedyer
MEHBIIIETO pacxojia MeTaJla.
Heoocmamxu: Ecmu xommdecTtBOo cexkumii Benmuko (mo 20 cekmuii) Oojee
yAaJICHHBIE OT CTOSIKA CEKIMH IJI0X0 MPOrpeBaOTCs;
- Pa3HOCTOPOHHSSI MOJIBOJIKA, KOTOpass IO CXEME IUTaHHs OTOMUTEIbHOIO
npubdopa ObIBaeT:
- CBEpXY-BHU3;
- CHU3Y-BBEPX;
- CHU3Y-BHM3 B TOPU30HTAIBHBIX OJJTHOCTOPOHHHUX CUCTEMaX.

Pa3Melienre moaBOAKU, T.€. COCAMHUTEILHON TPYObl MEXKIY CTOSKOM WJIU
rOPU30HTAIBHOW BETBBIO U MPUOOPOM, 3aBUCUT OT BHA OTOMHUTEIBHOIO Mpubopa
U TIOJIOKEHUS TPYO B CUCTEME OTOIUICHUS

Jlnst 60apIIMHCTBA TPUOOPOB MOAAIOIIYIO ITOJBOJKY, IO KOTOPOW MOAACTCS
ropsiuasi Bojia WM map, u oOpaTHYIO MOABOAKY, MO KOTOPOM OXJIaXKJI€HHAsl BOJa
WM KOHJIEHCAT OTBOJSITCS M3 NPUOOPOB, MPOKIAJLIBAIOT TOPU3OHTAIBHO (MpHU
quHe 10 S00MM) UM ¢ HEKOTOPBIM YKJIOHOM (5—10 MM Ha BClO JUIMHY). DTH
MOABOJAKA B 3aBUCHUMOCTH OT TIOJOXKEHHUS TPOJOJIBHON ocu mnpudopa Mo
OTHOLIEHUIO K OCH TPyO MOTYT OBITh MPSIMBIMH M C OTCTYIIOM, Ha3bIBa€MbIM
«yTkoi». Ilpenmnourenre oTnalOT NPSIMON MPOKIAIKE MOABOAOK, TaK KaK «yTKH»
OCIIOKHSIIOT 3arOTOBKY M MOHTaX TpyO, YBEIUYMBAIOT THUAPABIMYECKOE
CONIPOTHUBJIEHUE MTOABOOK.

CxeMbl yCTAaHOBKM U TOAKIIOUECHHS OCHOBHBIX BHJOB OTOINUTEIBbHBIX
npuOOpOB MpUBEIEHbI Ha puc.6.7.
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a - C IPUOKOHHBIM Pa3MEILEHUEM CTOSIKAa U pauaTOpPOM (BEpTUKAJIbHBIE OCU OKHA
U paauaTtopa COBMAJA0T); O - C 3aMOHOJIMYEHHBIM CTOSKOM M KOHBEKTOPOM
(KOHBEKTOp CMEIIEH K CTOSKY OT BEpPTHUKaJIbHOW OCH OKHA); | — MpPUOKOHHBIN
CTOSIK; 2 — paanuarop; 3 - 3aMOHOJIMYEHHBIN CTOSIK; 4 — KOHBEKTOP.
Puc.6.7. DtaxecTosiku BEpTUKAIbHONW OJTHOTPYOHOM CUCTEMBI BOJSHOTO
OTOIUICHHS C TPeXX0A0BbIMU KpaHamu (KPT) y mpubopos

6.4. TpeOyemasi nJ10a1b NOBEPXHOCTH HArpeBa.

TemoBoit pacuer npuOOPOB 3aKIOYACTCAd B OMNPEACICHUU IUIOMIAIN
BHEIIIHEl HarpeBaTelbHOM MMOBEPXHOCTU KaXKJOr0 OMORUmMEIbHO020 npudopa,
oOecrieunBamIIe HEOOXOAMMBIA TEIJIOBOW TOTOK OT TEIJIOHOCHUTENS B
noMeuieHue.  Pacuer  mpoBoauTcs  mpu TeMmepaType  TEIJIOHOCHTEI,
yCTaHaBJIMBAEMOM JUIsl YCJIOBUM BBIOOpa TEIJIOBOM MOIIHOCTH MpuOopoB. s
TEIJIOHOCUTENST BOJIBI - MaKCHMaJIbHasi CpeIHssI TeMmIlepaTypa BOJIbI B Npuodope,
CBSI3aHHAsI C €€ PACXOJI0M.

TennoBas MoWHOCTB npubopa, T.e. €ro pacdeTHas Temnooraada O,
ompenensieTcs, KaKk W3BECTHO, TEIUIONMOTPEOHOCTHI0O TOMEIIEHUS 3a BBIYETOM
TEIUIOOTJA4Yd  TEIUIONPOBOJOB,  NPOJIOKEHHBIX B 3TOM  IOMELICHHM.
[Inomanp TEMI00TAAIOIICH MOBEPXHOCTH 3aBUCUT OT MPUHATOTO BHUAA NpUOOpa,
€ro pacroJjOXKEHUS B TMOMEIICHUU W CXEMbl NPUCOEAMHEHUS K TpyOam. OTu
(baKkTOpbl OTPaXKAIOTCA HAa 3HAYCHUU TOBEPXHOCTHOM TIUIOTHOCTH TEILJIOBOTO
MOTOKa Mpuoopa.

Ecny noBepXHOCTHas IJIOTHOCTh TEIUIOBOIO IIOTOKA HPUOOPA Gy, BTV,
U3BECTHA, TO TEIUIOOTa4a OTONUTENbHOro npudopa Q,, , BT, nomkHa OBITH
MPONOPUMOHAIIbHA TIONIAJI €r0 HarpeBaTeIbHON NOBEPXHOCTH:



an = an'Ap 5 Br. (63)

2
Orcroga pacueTHas Imiaomanb A, M°, OTOIUTEIBHOIO NPUOOPA HE3aBUCUMO OT
BUJIa TEIJIOHOCUTENS OyAeT onpeeseHa no gopmyiie:

Ay = Q0p/Gups M, (6.4)

rae: 0,, - TpedyeMas TemI00TAa4a Ipudopa B paccMaTpuBaeMoe IoMelleHue, BT,
ompenensiemas mo Gpopmyiie:

an = Qn - nmp'Qmpa Br, (65)

riae: O, - TeIIONOTPEeOHOCTh NoMelleHus, Br; n,,, - HonpaBouHbIl KO3 PHULUEHT,
YYHUTHIBAIOIINH JOJTI0 TETUIOOTaYH TEIJIONPOBOJIOB, MOJIE3HYIO JIJIS MOICPKAHUS
3aJJAHHOM TeMIIEpaTypbl BO31yXa B MOMEINEHUH; (,, - CyMMapHas TEILIOO0TAa4a
MPOJIOKEHHBIX B Mpelesiax MOMENIEHUS HarpeThix TpyO cTosika (BETBH) U
MOABOJOK, K KOTOPBIM HEMOCPEICTBEHHO MPUCOCIUHEH OTOMUTEIIbHBIN MpUoop,
Bt, onpenensiemast no popmyiie:

Owp = kpnedyl-(t.- t,), BT, (6.6)

2 .
rae: ky, - koddduuuenr remnonepenauu, Br/(m -°C); d, - HapyXKHBIH quameTp
OTZIETHHBIX TEIJIOMPOBOAOB, M; [ - JUIMHA OTACIBHBIX TEIUIONPOBOIOB, M; £, U #, -
COOTBETCTBEHHO TEMITEpaTyphl TETUIOHOCHUTEIIS U BO3ayXa B moMemnieHuu, °C.

TemmooTaady TEIUIONPOBOJOB MOXKHO TakKe OMPENSIUTh MPUOIMIKEHHO T10
bopmyiie:

Omp = qs'ls + g1, BT, (6.7)

IJie: ¢, - TeIooTaa4a 1 M BepTUKaIbHO MPOJIOKEHHBIX TpyO, BT/M, onpenensemas
no TabivlaM B CIPAaBOYHOM JMTEpaType, UCXOAS W3 UX JUaMeTpa U Pa3HOCTU
temriepatyp (4, -t;); ¢. - Temnoornadya | M TOPU30HTAIBHO MPOJIOKEHHBIX TPYO,
Bt/m, Takke ompenensemast mo TabiviiaM B CIIPABOYHOW JIUTEpaType, UCXOMs U3
UX JWMaMeTpa W pasHocTH Temmeparyp (4 -1,); ;- InHHA BEPTHKAIBHBIX
TEIJIONPOBOIOB B TMpeleiax TIOMENIeHus, M;/,- JJIMHa TOPU30HTAJIbHBIX
TEIJIONPOBO/IOB B MPEEIAX NOMEIICHHUS, M.



6.5. 'mapaBanyecknii pacyeT CHCTEMbI OTOIJICHUS.

C mnoMoulpl THAPABIMYECKOIO pacyeTa MOXKHO MPaBUIBHO MOA0OpaTh
JUaMeTpbl U JUIMHY TpyO, MPaBWIBHO U OBICTPO cOAIaHCHPOBATH CHUCTEMY C
MIOMOIIbIO PAJIMATOPHBIX KJIaMaHOB. Pe3ynbTaThl 3TOr0 pacdera TAKXKE MOMOTYT
MPaBUJIBHO MO00paTh MUPKYJISIIIMOHHBINA HACOC JJISI CACTEMBI OTOTICHHS.

['unpaBnuueckuii pacder TpyOOINPOBOJOB CHCTEM BOASHOTO OTOILICHUS
OCHOBBIBAETCSI HA TEOPETUYECKUX IMOJIOKEHHSIX AUCUUIUIAHBL «['mapaBiukay u
CBOAMTCS K TMOAOOpPY JMAMETPOB YYACTKOB TPYOOIIPOBOJOB ITUPKYJISIIMOHHBIX
KOJIEI[ CUCTEMbI OTOIUICHUSI TAKUM 00pa3oM, 4TOObl CyMMapHbIE MOTEPU JaBICHUS
B HUX HE€ MPEBBIIIAIN PACIOIAraéMoro pacueTHOro AaBiieHus 4Pp npu 3aJaHHOU
TEIJIOBOM Harpys3Ke.

N3 xypca «l'uapaBiuka» U3BECTHO, YTO MPU JBUKEHUHU PEATBHOU JKUIKOCTH
o Tpybam HaOJIOIAIOTCS OTEPU JABJICHUSI HA MPEOJ0JICHUE TPEHUS M MECTHBIX
conpotuBieHnd. K MECTHBIM CONPOTHBIIEHUSIM OTHOCSTCS OTBOJBI, TPONHUKH,
KPECTOBHHBI, PA3JIUYHBIE KPAHbI, OTONUTEIBHBIE IPUOOPHI U T.1I.

[ToTepu naBneHus Ha npeojoieHue TpeHus Ry, Ila, Ha yyactke TpyOoIpoBoja ¢
MOCTOSIHHBIM ~ PacXxoOJIOM  JIBHXKYIIEWCS Cpelbl W HEU3MEHHBIM JUaMETPOM
paccuuThIBaeTCs 1o Ghopmylie:

A
Rng.Tp'lzR.l ,Ha, (6.8)

rae: A- kodhPUIMEHT TUAPABIMYECKOTO TPEHUS; d- AMaMeTp ydacTka TpyOo-
IpOBOJA M; V - CKOPOCTh JBUKEHUU BOABI B TPYOONPOBOAE, M/C; p - MJIOTHOCTh
BOJBI, KI/M? ; [ - 1MHA y4yacTka TpyOorpoBoja, M; R - yJelbHbIe MOTEPH J1aBlie-
HUS, T.€. Ha OIHOM MeTpe TpybonpoBoaa, I1a/m.

ITorepu naBneHMst Ha MPEOJOJIEHUE MECTHBIX colpoTuBieHuid Z, Ila, ompe-
TEJS0T 10 popmyie:

Z:Zf%p, Ma, 6.9)

rae: 2& - cymma Ko3((HUIIMEHTOB MECTHBIX CONPOTHUBIICHUN HA y4yacTke TpyOo-
IPOBOJIA.



Jlekuusa 7. BenTuasamnusa.

7.1. CucremMmbl BeHTWISLIUN: HA3HAYECHHE, KIaccupukanus 1 00J1aCTh
NPUMEHEHNS.

Benmunayuonnou  cucmemoii  Ha3bIBAIOT  COBOKYIIHOCTh  YCTPOWCTB,
peIHa3HAYCHHBIX JIT 00paOOTKH, TPAaHCHIOPTUPOBAHUS, TOJAYU U yJIaJCHUS
BO3/lyXa. BenmunayuonHou cemvio HA3bIBAIOT CHCTEMY BO3IyXOBOJIOB M JIPYTHX
AIIEMEHTOB 8030VUIHO20 MpPAKma, Ha KOTOPbIE MOJAET BO3AyX BeHTUATOp. CeThb
MOXXET COCTOATh M3 OJJIEMEHTOB TpPaKTa, COEJUHEHHBIX IMOCIEA0BAaTENbHO,
napajuiesIbHO U CMEIIAHO.

Hasznauenue cucmem eenmunayuu.

Canumapmo-eucuenudyeckoe Ha3HAYEHUE CHUCTEM BEHTUJISILUU COCTOUT B TOM,
yTo Osaromaps uX paboTe B MOMELIEHUSX  PA3IMYHOIO  HA3HAYEHUS
NOJJIEP)KUBAETCS PEXKUM BO3AYIIHOM cpefpl, OJIaronpuATHBIA IS JIIOACH, C
Y4ETOM XapaKTepa UxX AESITeIbHOCTH.

Texnonoeuueckoe Ha3HAYEHUE CHUCTEM BEHTWIALMA W KOHJIMLIMOHUPOBAHUS
BO3/lyXa 3aKJIKYacTCs B TOM, YTO OHM CO3JAIOT U IOAJIEPKUBAIOT ONPEICICHHBIC
napaMeTpbl BO3AYIIHOM cpeabl, HEOOXOAWMBbIE JUIsl BBIOJHEHUS MHOTIHX
IIPOU3BOJICTBEHHO-TEXHOJIOTMYECKHUX ITpoLieccoB. IIpu 3TOM cUCTEMBI BEHTWISLIUN
o0ecnieunBarOT donycmumvle napamempuvl BO3AYLIHOW Cpedpl, a CUCTEMBI
KOHJUIMOHUPOBAHUS BO3AYXa — ONMMUMAIbHbIE NAPAMEMPDL.

OKOHOMUYecKoe Ha3HAYEHHE CHUCTEM BEHTWILALMM OIpPENESAETCSl TEM, 4TO
Onmarojgapst ux paboTe AOCTUTaeTcs 3HAYUTENbHBIM 3KOHOMUYECKUH 3(P(dEKT B
pe3ysbTaTe CHIKEHUS 3a00JIeBa€MOCTH, YMEHBILEHUS TEKy4ecTH pabouux,
yJIydlIeHHs KayecTBa Npoaykiuu. KpoMe Toro, psa 3arps3HsAOLUX BEUIECTB (Kak
IPOAYKTOB B BUJE BTOPHUYHOT'O CBIPbsI), IPEABAPUTEIBHO YAAIIEMBIX IIPH OUUCTKE
BBIOPOCOB B aTMOC(epy, NPEACTABISAET ONPEACIIEHHYI0 YJKOHOMHYECKYIO LIEHHOCTb.

CoyuanvHoe Ha3HAYEHUE CUCTEM BEHTWISILMU 3aKJIIOYACTCS B YJIy4YLIEHUU
YCIOBUW TpyAa, >KWIAIIHO-OBITOBBIX YCJIOBHM, T.€. B PEIIEHUH Ba)KHbIX
colMalibHbIX TpoOseM. TpyaHO Ha3BaTh APYryr0 OTpacib TEXHUKH, KOTOpas
urpasa 6b! OOJIBLIYIO COLUANIBHYIO POJIb, Y4EM BEHTUIISILIMSL.

Takum o0Opa3oM, cucTeMaM BEHTWIALUU NPUHAMISKUT BaXkHas poJib B
YJIYYILIEHUM KauyecTBa BO3AYIIHOM cpeabl. OHAKO HE CIIEAyeT IoJiararb, 4To BCE
3aJa4d B 3TOM HAIPaBJIEHUH MOTYT OBITh PELIEHbl MCKIIOYUTEIHHO C ITOMOIIBIO
BEHTWISIMU. ONBIT MNOKa3bIBa€T, YTO CYIIECTBEHHOE YJy4YIIEHUE KayecTBa
BO3JIyIIIHOM CpeAbl JOCTUraeTCsi JHIIb HAa OCHOBE IIPOBEICHUSI KOMIUIEKCA
MEPOIPUATUNA, K KOTOPBIM OTHOCSITCS: COBEPUICHCTBOBAHHE TEXHOJOTHMYECKOTO



nporecca (repMmernsanusi OOOpPYIOBaHMS; MPUMEHEHHE «MOKPBIX» IPOIIECCOB,
UCKJIIOYAIOIIMX MbIEOOpa3oBaHUe; TEIUIOM30JSLUA HArpeThiX MOBEPXHOCTEM;
BHEJIPEHHE AaBTOMATUKU M JUCTAHIIMOHHOIO YIMpPAaBIEHUS W T.JA.); NPUMEHEHHE
3(pPEKTUBHON BEHTWISILIMM COBMECTHO C KOHJAUIIMOHUPOBAHUEM BO3/yXa.

Knaccuguxkayusa u oonacmo npumenenus.
CucreMbl BEHTWISIIUN KIACCUDUIIMPYIOTCSA IO CIICTYIONTUM TPU3HAKAM:

- 0 crocoOy CO3/1aHus JABJICHUS U MEPEMEIICHUSI BO3AyXa: C €CTECTBEHHBIM U
HCKYCCTBEHHBIM (MEXaHUUECKUM ) MOOYKICHUEM;

- 10 HampaBJIE€HUIO JBIDKCHHUS  OPraHU3yeMOro  BO3IYIIHOTO  IOTOKa
OTHOCHUTEJIBHO TIOMEIICHUS W BHEIIHEW OKpPYXaIIel Cpenbl: NPUTOYHBIE,
BBITSKHBIE U IPUTOYHO-BBITSKHBIE;

- 10 CImoco0y OpraHM3allid BO3JyX000OMEHa: OOIICOOMEHHBIC, MECTHBIC,
aBapuiiHbIe, TPOTUBOABIMHBIC;

- 10 KOHCTPYKTUBHOMY MCIIOJHEHHUIO: KaHAJIbHbIE U O€CKaHAJIbHbIE.

Ilo cnocoby co3zoanus OasneHus u nepemeujeruss (NoOyxicoeHus) 6030yxa

OCHOBHBIE THUIbl BEHTUJISIIUOHHBIX CHCTEM XapaKTEPU3YIOTCSA CIEAYIOIIUM
obOpazom.
Ecmecmeennas eenmunayusa. 1Ipy €CTECTBEHHOM BEHTWISIUMU W3-32 Pa3HULIBI
JABJICHUSI CHApYXU W BHYTPH 3JIaHHs OCYIIECTBIAECTCS BO31YXO0OMEH, KOTOPHIU
MOXKET OBITh Heop2aHUu308aAHHbIM u OpP2AHU308AHHBIM. [Ton
Heop2aHUu3068aHHOLU €CTECTBEHHON CUCTEMOU BEHTWISIIIUU MOHUMAIOT
OpraHU3aIMI0 BO3MyXO00OMEHAa B TIOMEIICHWH 3a CYET pPa3HOCTH JIaBIICHUU
BHYTPEHHETO U HApy>XHOTO BO3JyXa MpHU JCHCTBUM BeTpa 4Yepe3 HEIUIOTHOCTHU
OTPAXJAOIINX KOHCTPYKIIMH, a TakKe MpU OTKpbIBaHUM (opTouek, ppamyr u
IBepell u apyrux npoemoB. Ilon opeanuzosannoti €CTECTBEHHON BEHTWIISLIUCH
MOHUMAIOT OPraHU3alMI0 BO3yXOO0OMeHa B TOMEIIEHHWH 32 CYET pa3HOCTU
JABJICHUI BHYTPEHHErO0 W HApY’>KHOrO BO3[yXa YEpe3 CIEUHAIbHO YCTPOCHHBIE
MPUTOYHBIC U BBITSIKHBIE MPOEMbI, CTENEHb OTKPBITUS KOTOPBIX PEryJHUPYETCH.
Tak, Hampumep, JUIsi CO3JaHUS TOHWKEHHOTO JaBJICHUS B BEHTWISIIUOHHOM
KaHaJie MOXKET MCIOJIb30BaThCs aAediektop (puc.7.1).

Puc.7.1. BeHTUISIIMOHHBIN 1ePIEKTOP



Mexanuueckaa eenmunayus. [lpm MexaHMUECKONW BEHTHJISIIUU BO31yXOOOMEH B
NOMEIICHUH o0ecreunBaercs 3a cyer pa3HOCTH JaBJICHUMH,
co3zlaBaeMou nooyoumenem mseu (6enmunsimopom) (puc.7.2).

a) — oceBoil (akcualibHbIN); O0) - I[EHTPOOSKHBIH (paguanbHBIA); B) —
JTMaMeTPaJIbHBINA (TaHTeHIIMAIBHBIN); T) - 6€37101acTHOMN
Puc.7.2. BeHTUIATOpBI

Mexannueckasi BeHTHISALUS Oosee 3QpdeKkTuBHA, TaK KaK BO3AyX MPEIBAPUTEIHHO
MOKET OBITh OYHMIIEH OT 3arpsA3HSAIOMIMX BEIIECTB U JOBEACH A0 TpeOyeMbIX
TEeMIIepaTypbl U BIAXHOCTHU. B cucreMax MexaHM4YeCKON BEHTUJISILUU UCTIOIb3YIOT
Takhue MpuOOpel U O00O0pYAOBAHME KaK: BEHTUJISTOPHI, AJIEKTPOJBUTATENH,
BO3/lyXOHAarpeBaTesu, yMOTIYIIUTEIH, allapaTbl OYUCTKU BO3yXa, aBTOMATUKY
U Jp., TMO3BOJSIOUIME TepeMelniaTh BO3AyX B OOJBIIMX MPOCTPAHCTBaX. Takue
CUCTEMBI MOTYT II0JIaBaThb M yAAJIATH BO3AYX W3 JIOKAJIBHBIX 30H IOMEILECHUS B
HEOOXOJMMOM  KOJMYECTBE, HE3aBHUCHUMO OT  HM3MEHSIOUIMXCA  YCJIOBUU
OKpy>Kartole BoO3AyIIHOW cpeabl. [Ipu HeoOXoauMocTH BO3AyX MOABEPraroT
pazIMYHBIM BUJIaM 00pabOTKHU (OYMCTKE, HArpEBaHUIO, YBIIAXKHEHUIO U T.J.), YTO
PAKTUYECKA HEBO3MOXHO B CUCTEMAX €CTECTBEHHOW BEHTWJISIUMU. XOTS 3aTpaThl
AJIEKTPOPHEPTUH Ha pPabOTy CUCTEM MEXAHWYECKOW BEHTUJISIUM MOTYT OBIThH
BEChbMa 3HAYUTEIbHBIMU.

Ilo manpaenenuro  08uUdICEHUs  OP2AHU3YEMO20  B030YUWIHO20 — NOMOKA
OMHOCUMENbHO NOMeWjeHUsl U GHeu el OKpydcarouieti cpedbl OCHOBHBIE THIIbI
BEHTUJISILIUOHHBIX CUCTEM XAPAKTEPU3YIOTCS CIEIYIOLUM 00pa3oM.

- NpUMOYHAs 6eHMUNAYUs, KOTOPOM HA3bIBACTCSI BEHTUJISILMOHHAS CHCTEMA,
NO/Ial0IIasi B MOMEIIEHUE OIpPEACIICHHOE KOJMYECTBO BO3/lyXa, KOTOPBIM Takxke
MO’KET IOJOTPEBATHCS B 3UMHUI IEPUOL;

- GLIMAMNCHASL GEHMUNAYUA, KOTOpasl CIYXUT JUIsl YJAJIEHUS W3 TOMEUICHMS
0TpabOTaHHOI'O BO3/yXa, a TAaKXE MPOAYKTOB CrOpPaHHUsS HPUPOJHOTO rasza oT
ra3oBbIX IUIUT.



Ilo  cnocoby  opeanuzayuu  6030yX000MeHa  OCHOBHBIE  THIIbI
BEHTUJISIIIUOHHBIX CUCTEM XapaKTEPU3YIOTCS CICIYIOMIUM 00pa3oM:

- 00weobmenHas GeHmMunAYUs, KOTOpas TPETyCMATPUBACTCS I CO3JAHHS
OJIMHAKOBBIX YCJIOBHMM M TapamMeTpoB BO3AYILIHOM cpenbl (TeMIeparyphl,
BJIQKHOCTH U TOABMKHOCTH BO3AyXa) BO BCEM 0OBEME IMOMENICHUS, TJIABHBIM
obpazom B ero paboueit 3ome (1,5—2,0 M oOT momna), Korga 3arps3HSIONINE
BEIIECTBA PACTIPOCTPAHSIIOTCS MO BCEMY 00beMy MOMEIICHUS U HET BO3MOXKHOCTHU
(unu HeT He0OXOIMMOCTH) MX yJIOBUTH B MeCTe€ 00pa30BaHUS;

- MecmHas 6eHMuIAYUs, KOTOPOM HA3BIBAIOT TaKyH BEHTHJIALMIO, IPU KOTOPOM
BO3MIyX T0JIaeTCS B OMNpEJCIICHHBIC MecTa (MECTHas NMPHUTOYHAs BEHTHILSIIUSA) U
3arpsi3HEHHBIA BO3AYX YAQIAETCS TOJBKO OT MECT 00pa3oBaHMs 3arpsi3HAIOIIMX
(bakTOopoB (MECTHAs BBITSDKHAS BEHTHIISIIUSA):

- MeCcmHas NpumovHas GeHMuisAYus MOXKET 00eCleurnBaTh MPUTOK YHUCTOTO
BO3/lyXa (MpEeABApPUTEIIPHO OYHUIIEHHOTO M TOJOTPETOT0) K OINPeeICHHBIM
MecTaM;

- MecmHas GbIMANCHAS BeHMUIAYUsA, HA0O0POT, yHadseT BO3AYyX OT
OTIPEICTICHHBIX MECT ¢ HAuOOJBIICH KOHIIGHTpAIMeld B BO3MyXE 3arps3HSIOIIAX
dakropoB. IlpuMepomM Takoil MECTHOM BBITSHKHOM BEHTWISIIIAM  MOJKET
CIIY)KUTh BBITSKKa Ha KyxHe (puc.7.3), KoTopas yCTaHaBJIMBAETCS HaJ Tra30BOMU
WM DJIEKTPUYECKOM IUIMTOW. Yaiie BCEro TakWe CHUCTEMBI HCHOJIB3YHOT B
MIPOMBIIIICHHBIX YCIOBUSX;

Puc. 7.3. BeITSKHOM 30HT Ha KyXHE

- aeapuunas GeHMUNAYUs OPTAaHU3YEeTCd B IIOMEIICHUSX, [JI€ BO3MOXEH
HEOXKUJAHHBIA BBHIOPOC YPE3BBIUAMHO OMACHBIX 3arpsi3HSIONIMX BEIIECTB B
KOJIM4YecTBaX, 3HauuTelbHO mpeBbimatomux [[JIK, ¢ uenpto wux ObIcTporo



ynaneHus. ABapuiiHas BEHTWISAIMS HeoOXoauma MJisd yAaJeHus rasa B
MOMEIIEHUSIX C Ta30BOBBIM MOKAPOTYIIEHUEM, ISl yIaJeHus ra3za rnocie padoThl
CUCTEMBI;

- NPOMUBOOLIMHASA GEHMUNAYUSA OPTaHU3YEeTCs] B IPOU3BOJACTBEHHBIX 3/aHUSX,
IJle NPUMEHSIOTCS TEXHOJOTUHU C IOBBIIIEHHOW MOYKapOOMACHOCTBIO, U CIIYKUT
g obecrieueHus: sBakyanuu joaed. C HOMOIIBIO 3TOM CHUCTEMBI IOAAETCA
HEO0XO0MMOE KOJIMYECTBO BO3/lyXa, MPEMATCTBYIOIIET0 pacCIpOCTPaHEHUIO JbIMa B
nomenieHnn. Cucrema paboTaeT Ha HA4aJIbHOW CTaJANH MOXKapa.

7.2. OcHOBHBIC TapaMeTpPbI BO31yXa.

Bo3ayx sBusercss o0bekToM  00paboOTKH, TIepeMenieHus, 3abopa U
pacnpe/eieHus B CUCTEMaX BEHTUJISIIUU.

ATMochepHBIi BO3IyX MOKHO paccMaTpUBaTh COCTOSIIIMM U3 CYXOU 4acTh U
BOASHBIX TTapoB. Cyxasi 4aCTh BO3/yXa SBIISETCS CMECHIO Ta30B, B KOTOPYIO BXOJIST
(% mo obOwvemy): azor - 78,03, xucmopon - 20,95, uHepTHBIE ra3bl (IJIaBHBIM
obpazom, aproH) - 0,94, a Taxke, B HEOOJBIIOM KOJIMYECTBE, JUOKCUJI Yriepoa
(Yriekucibli ra3) U Jpyrue rasol.

Copepxanue ykKa3aHHBIX KOMIIOHEHTOB B CyXOM BO3JyXe 0OoJjiee WU MEHee
ctabmibHO. KonmnyecTBo ke BOASHBIX MapOB B aTMOCPEPHOM BO3AYXE U3MEHSETCS
B IIUPOKHUX Mpeesiax U 3aBUCUT OT KIMMATUYECKHX YCJIOBHM M BPEMEHH TOja.
[TockobKy B aTMOC(EpHOM BO3IIyXe BCETJa MMEETCS TO WJIM HWHOE KOJUYECTBO
BOJISTHBIX TIAPOB, OH MOXKET PacCMaTPUBATHCS KK BIIAXKHBINA BO3TyX.

Bce KOMIOHEHTHI BIaXKHOTO BO3/JyXa HaXOAATCS MPAKTUYCCKU B MEPETPETOM
COCTOSIHMH, T.€. MpPU TeMIlepaType OoJjiee BBICOKOM, ueM TeMIieparypa Mapo-
oOpazoBanus. [1o3ToMy Ha BIaXXHBIA BO3AYX MOTYT OBITh PacHpOCTpaHEHBI 3a-
KOHBI HJI€aJIbHBIX a30B.

Cornacuo 3akony JlambroHa, armochepHoe (OapoMeTpUYecKoe) TaBICHUE
MOXXET OBITh TPEACTABICHO KaK CyMMa JaBJICHUH CYXOro BO3JyXa W BOISHBIX
MapoB:

P6 :Pce —|—P6n , MM. PT. CT. , (7.1)

rne: P, - mapuuaigbHOE JTaBIEHUE CyXOro BO3IyXa, MM. PT. CT.; P, - mapluuaibHoe
JIaBJICHUE BOJSIHBIX [1APOB, MM PT. CT.
Cyxast yacTh BO3AyXa M BOJSHBIC Mapbl, BXOIAIINE B COCTaB BIAXHOTO BO3IyXa,
3aHUMAIOT BECh 00bEM U UMEIOT OJIMHAKOBYIO TEMIIEPATYPY.

Hcnonb3yoT cienyonue XxapakTepuCTUKH BIaKHOTO BO3/LyXa.
Abcomomnas énascnocms D (1/M°) - KOIMYECTBO BOASHBIX MAPOB, COACPIKALIUXCS
B eIMHUIIE 00bEMa BO3yXa.



OmnocumenvHas enraxchocms ¢ (%) - TMOKa3bIBA€T CTENEHb HACBIIICHUS BO3AyXa
BOASHBIMM MapamMu. OHa BBIpaXkaeT OTHOIICHHE aOCOJNIOTHOW BIaXHOCTH D mipu
JTAHHOM COCTOSIHMHM K a0COJIFOTHOHM BJIQYKHOCTH TIPH €O IOJTHOM HACHIIICHUU TIPH
TEX )K€ 3HAYCHHSIX TEMITepaTyphl M TaBICHUS D, .

D
§0=D71 00 R % . (72)

max

[Tpu 00OpaboOTKE BIAKHOTO BO3/yXa B CHUCTEMAX BEHTWISLMU U KOHIUIHO-
HUPOBAHUS M3MEHSAETCS KOJMYECTBO BOISHBIX IAPOB, CONEPKALIUXCS B BO3IyXE,
COJIEpKAaHUE KE CYXOro BO3JyXa OCTAETCS MOCTOSHHBIM. [lo3TOMY mpm pacuerax
IPOILIECCOB, CBA3AHHBIX C YBIAKHEHMEM M OCYLIECHHEM BO3AyXa, YIOOHO MOJb30-
BaThCsl €IUHUIIEH W3MEpPEHMs BIAXKHOCTH, KOTOpas Obl BbIpakajla OTHOLIEHHE
IIEPEMEHHOI0 KOJIMYECTBA BOJISHOIO Iapa K HEM3MEHHOM Macce CyXOro BO31yXa.
Takass enuHuUIla Ha3bIBAeTCs 61acocooepicanuem d W BBIPAXKAET KOJIUYECTBO
BOJISIHBIX NIAPOB, MPUXOAsIIEecs Ha | KT CyXoro Bo3ayxa, I/KT.

OTHOCUTENbHAS BIAXHOCTh BO3AyXa C JOCTaTOYHOM TOYHOCTHIO (2-3% B
CTOPOHY YMEHBILIEHUS) MOKET ObITh BBIYMCIIEHA KAK OTHOILIEHHUE JEHCTBUTEILHOTO
BJIArOCOZEPKaHUS BO3/1yXa d K BIIarOCOJAEP>KAHUIO TIPU MOJTHOM HACBIIECHUU dj; -

d
p=——100 ,%. (7.3)

H

Tennocooepoicanue (3Hmanvnusi) BAAKHOTO BO3yXa - KOJUYECTBO TEIUIOTHI,
HeoOxoaumoe 1t HarpeBanust oT 0°C 10 TaHHOM TeMIiepaTypbl TAKOTO KOJIMYECTBA
BJIQYKHOTO BO3/yXa, CyXas 4acTh KOTOPOTO UMEET Maccy | Kr:

[=1,00 - ¢+ (2500 +1,81t)- 0,001 - d, kJ[>x/ kT cyxoro Bo3ayxa, (7.4)
rae; 1,00 - ynmenpHash MaccoBas TEINIOEMKOCTh Bosayxa, KJx/(xr-°C); ¢ -
TeMIeparypa Bo3ayxa, rpam; 2500 - ckpbITas TemioTa mapooopa3zoBanus, KJ[x/Kr;
1,81 - ynenpHas MaccoBas TEIIIOEMKOCTh BOJSHBIX mapoB, KJx/(kr-°C).

7.3. 3arpsisHsomme (pakTopsl BO3AyXa B IOMELICHUH.

OCHOBHOE Ha3HAYCHHE BCHTUJIAILINU - 6opb6a C 3arpA3HAOINMHA (I)aKTOpaMI/I
B IOMCIHICHUH, K KOTOPBIM OTHOCAT:



- U30BITOYHOE TEILIO;

- N30BITOYHYIO BJIAry;

- pa3JIMYHBIE Ta3bl U MAPHI 3arPSI3HSIONIUX BEIIECTB;

- TIbLJIb.

KuzHenesaTenpHOCTh JIFOACH W KMBOTHBIX, TEXHOJOTMYECKHE IPOLIECCHI CO-
MIPOBOKJIAOTCSL BBIJCJICHUEM TEIUIOTHI, BJArv, 3arps3HAIONIMX Ta30B U MapoB,
ObUTM, a TaKKe PATUOAKTUBHBIX M MHUKPOOHMOJOTMYECKUX 3arps3HEHUl B
OKPY’KAIOLLYIO CpEAy.

PaccMoTpuM OCHOBHBIE BHJBI 3arps3HSIONIMX BEIIECTB M UX HEraTUBHOE
BO3J/ICHCTBHE.

H360imounas menioma siBASETCS OTHUM U3 OCHOBHBIX BPEJIHBIX BBIJICICHHUI BO
MHOTUX TIOMEUIEHUSX TPOMBIIUICHHBIX, XWIbBIX M OOIIECTBEHHBIX 3JIaHUM.
PaznuyaroT KOHBEKTUBHYIO U JIYYUCTYIO TEIUIOTY:

- KOHBEKMUBHAsL menaioma TOCTYNAeT B IMOMEUIEHUS OT JIOAEH, a Takke OT
MIPOM3BOJICTBEHHOTO 000PYIOBaHMS, UMEIOIIETO TEMIIEPATYPY BBIIIE TEMIIEPATYPHI
BO3/lyXa B MOMEIIEHUHU (Teueid, anmapaToB, KaMep, aBTOKJIABOB U Jp.), HarpeThIX
MaTepUaJiOB U FOTOBOM MPOMYKIMU. TeroTa, pacnpoCTpaHssiCh KOHBEKTHUBHBIMU
CTPYSIMH, BBI3BIBACT TIOBBIINICHUE TEMIIEPATyphl BO3JyXa B TOMEIICHUHU.
[IpeObiBanne U paboTa yenoBEKa B YCIOBHSIX BBICOKON TeMmepaTypbl yXyAIIAeT
TEIUIOOTAAauyy  OpraHu3Ma, a I[pU  [PEBBILEHUH  TEPMOPETYIUPYIOIINX
BO3MOXXHOCTEH TPUBOJAUT K HAPYIICHUIO BOJHO-COJIEBOTO PEXKMMA, OEIKOBOTO
oOMeHa U JJaxke K TeIIOBOMY yAapy;

- Jyyucmas menioma TPEICTaBIseT COO0H KOPOTKOBOJHOBOE H3IIyUYEHHE,
KOTOpPO€ MCXOJUT OT TE€J C BBICOKOH TemriepaTypoil, obsagaeT OOJIbIION MPOHU-
KaloIlle CIOCOOHOCTBIO W yrHETalolle JACMCTBYeT Ha KIETKA OpraHu3Ma.
HcTouHnkamMu TEIJIOBOIO M3JyYEHHUS SIBIISIOTCS HarpeTbie Tela: o0OpyAOBaHHE,
Marepuaisbl U T.J.

B pacuerax TemionocTyruieHUs MPUHUMAKOT IO CHPABOYHOM JIUTEpaType, MO
JAHHBIM TEXHOJIOTOB, a TIPH HEOOXOIUMOCTH — OMPENIETISIOT IO (POpMyJIaM TEOPUU
TEIJIONEPEAAYH.

Bnaea (8o0smbie napwvi) noctynaer B BO3AyX MOMEIICHUS OT JIFOJIEH, C OTKPBITHIX
BOJIHBIX MMOBEPXHOCTEU, MPU OTKPBITHIX «MOKPBIX» MPOIECCax, MPOHUKAET B BUJIC
BOJISIHOTO T1apa 4Yepe3 HeIUIOTHOCTH TPpyOOoIpoBOAOB U T.1. [oBbIlIeHHEe BIaX)HOCTH
BO3[lyXa B TIOMEUICHUH 3aTpyAHSET TEIIOOOMEH OpraHu3Ma 4YelloBeKa ¢
OKPYIKaroIIEH CPEOH.

Ilapwvl u 2a3bl TOCTYNAKOT B BO3/IyX IMTOMEIICHUN IPAXIAHCKUX 3[IaHUN OT JIFOAEH,
B BO3/IyX MPOMU3BOJICTBEHHBIX IMOMEIIEHUH, B OCHOBHOM, OT OOOpYJOBaHMS TMpHU
pa3IMYHBIX TEXHOJIOTMUECKMX mpoueccax. Haubonee pacnpocTpaHeHHBIMU
ABJISIOTCA CJIEAYIOLIME BUJIBI IAPOB U ra30B:



- oxucw yenepooda (yeapuuiti 2az) CO - NPOAYKT HEMOJIHOTO CrOpaHUS yriiepoja.
becuBernblii ra3z 0e3 3amaxa. BricokoTokcuuHoe BeniecTBo. CoeauHssACh ¢
reMorjao0uHoM kpoBu, CO OTHUMAET y HEro KUciopo. B pesynpraTe Hapyaercs
CHAOXKEHHE OpraHU3M KHUCJIOPOJOM, a MPHU THKEIBIX (Popmax HACTYMaeT yIyIIbe.
Boinenenne CO mpoucXOauT B JIMTEWHBIX, TEPMHUUYECKHX, Ky3HEUHBIX lI€XaX, B
KoTenbHBIX, CO COAEPIKUTCS B BHIXJIOMHBIX ra3ax aBTOMOOUJIEH, TPAaKTOPOB | T.1I.;

- YUaHUuowvl, K KOTOPHIM OTHOCATCA: IMaHucTas (cunwibHas) kucinora (HCN), ee
comu (KCN, NaCN, CN3) u ap. HCN - 6ecuBeTHast )KHIKOCTh € 3aI1aXOM TOPHKOTO
muHAas. [{manuael HaTpUs U Kaus - OECIBETHBIC KPUCTAILIBI, C1a00 MaxHyIInue
CUHMJIBHOM KHCJIOTOU;

- xn0p C1 - ra3 *enTo-3eJeHoro 1BeTa, B 2,5 pasa Tsbkesnee Bo3ayxa. B ocHoBHOM,
NIEHUCTBYET Ha BEPXHUE JbIXaTEIbHBIC My TH;

- Ouoxcuo cepbwi (ceprucmolii 2az) §(),- OECUBETHBIA ra3 ¢ PE3KUM 3allaxOM.

Boigensiercss npu CKUTaHUM CEPHUCTOrO TOIUIMBA U Ap. Paznpaxkaer causucTyro
000JI0UKY TJ1a3 U BEPXHUX JIbIXaTEIbHBIX MMyTEH;

- ammuax NH; - OecuBETHBIA ra3 C Pe3KO pasapakaroniuM 3amaxoM. MOoxkeT
IPOHUKATh B BO3AYyX IOMEIICHUN, B YAaCTHOCTH, B XOJOJWJIbHBIX YCTaHOBKaXx.
BrI3bIBaeT pazipakeHre BEPXHUX JIbIXATEIbHBIX ITYTEH;

- pmymo Hg - xunkuii metaiul. Mcnonp3yeTcsi, B 4aCTHOCTH, B U3MEPUTEIbHBIX
npubopax, B mabopatopusax. PTyTs nerko ucnapsiercs npu remneparype Hiwke 0°C.
[Tapbl pTyTH MOCTYyHAIOT B OPraHu3M, B OCHOBHOM, YEPE3 OpraHbl JIbIxaHus. PTyTh
CHOCOOHA HaKalUIMBaTbCSl B OpPraHM3ME M TOPAXAeT OpraHbl MHUIIEBAPEHUS,
HEPBHYIO CUCTEMY;

- mapeaney Mn - cepeOpHUCTBI METaT C KpacHbIM OTTEHKOM. Temmeparypa
mnasieHua 1210 - 1260°C. PacnpocTpaHeHbl COECIMHEHUS] MapraHiia: OKCH]
Maprasia, JUOKCHJI MapraHia, XJOpUCThIM Mapraden. C MapraHueM NpUXOOUTCS
CTaJIKUBATBHCS B METALUTYPTUUECKOU, CTEKOJIBHOM, XUMUYECKOU MPOMBIIIJIEHHOCTH,
npu J00bIYe MapraHIEBbIX pya. MapraHen, ¥ ero COeJMHEHHUsS MOCTYyHalT B
OpraHu3M 4epe3 KeTyIOYHO-KUIICUYHbIA TPAKT B BUJAE MbUIM U BO3JICUCTBYIOT Ha
LHEHTPAJIbHYI0 HEPBHYIO CUCTEMY;

- yunk Zn - O€Nbli PBIXJbIA MOPOIIOK, KOTOPBIM MOXET ObITh IMOJYYEH MpH
OKHCJICHUHM LMHKA B IPOIIECCE €r0 HAarpeBaHUs BBIIIE TEMIIEPATYpPhl IUIABICHUS
939°C. O6pa3yrTcst mapbl IIUHKA, KOTOPBIE, COSAUHSSACH C KUCIOPOI0OM, 00pa3yroT
okcuJ nuHKa. OKCHUJl IIMHKA MOCTYIMAET B OPraHW3M 4epe3 JbIXaTelIbHbIE MYTH,
BBI3BIBACT JINXOPAJIKH;

- xpom Cr - TBepablii Onectamuii Metamwl. Temneparypa miuasienus 2200°C.
[TpuMeHSIOTCS COEIMHEHUs XpOMa: OKCHJ XpPOMa, JHOKCHJ XpOMa, XPOMOBBIE
KBacllbl U JIp. XpOM M €ro COEAUHEHHsI MPUMEHSIOT B METALTyprHYeCKOM, XUMHU-
YECKOM, KOKEBEHHOW, TEKCTWIIBHOW U JIPYTUX OTPACISAX MPOMBILIIEHHOCTH. XPOM



U €T0 COCIUHEHUS MOPAXKAIOT CIU3UCTYIO0 00OJIOUKY OPTaHOB JBIXaHUS, JKEITYy104-
HO-KUIIIEYHBIM TPAKT, BHI3BIBAIOT S3BbI HA KOXKE, 3a00JIeBaHUS TUIA OPOHXUAIBHOU
aCTMBI;

- Huxenb Ni - epeOpUCTBII MeTalll C KOPUYHEBBIM OTTEHKOM. Temmeparypa
mnasieHusa 1425°C. IIpumensieTcst B MPOU3BOJICTBE HUKEIEBOM, XPOMOHUKEIEBOM
CTaJlM, CIUIABOB C MEJIbI0, B T'aJIbBAHUYECKOM IPOU3BOACTBE U Ap. B pesynbrare
BO3JICUCTBUSL HHKEIS W €ro COEJAMHEHUN MPOUCXOJUT MOPaKEHUE OpPraHoB
JIbIXaHUSI, KOXKHOT'O IMOKPOBA;

- opeaHuveckue pacmeopumenu, K KOTOPbIM OTHOCATCS yIJIEBOJOPObI OpraHnye-
CKOI'0 M KHPHOTO psjia. PacTBopuTenu mmpoko NpUMEHSIOTCS AJis 00€3KUpUBaHUs
U pacTBOpEHHUs OpraHMyeckux BemiecTB. Haumbomnee pacmnpocTpaHeHbl: OEH30.1,
TOJIyOJ, KCUJION, O€H3uH, YyaWT-cnuputr. OHM JEHCTBYIOT Ha LEHTPAIbHYIO
HEPBHYIO CHCTEMY, & HEKOTOPbIE U3 HUX TAK)KE Ha OpraHbl KPOBOOOPAIIIEHUS;

- nullb — MeEJIbYaillie 4YacTUllbl TBEpJOTo BemiecTBa (pazmepom 10 300 MKm),
CIIOCOOHBIE HAXOJIUTHCSI B Ta30BOM, B YaCTHOCTH, B BO3JYIIHOW Cpele BO
B3BEIICHHOM COCTOSIHUUM JJuTeNbHOE BpeMs. [IbUb MOXKET CyllecTBOBaTh Kak B
COCTOSIHMM a’3p030Jis, TAaK U B COCTOSIHMM TBUIEBOIO MaTepuala, MpeaCcTaBICHHOTO
COBOKYITHOCTBIO ~ OCEBIIMX  YacTWIl.  Pa3nuyaloT 0ObUIb  €CTECTBEHHOTO
MPOUCXOKACHUS M MNPOMBIIUICHHYI. [IblIb €CTECTBEHHOIO MMPOUCXOXKIACHUS
oOpa3yeTcsi B pe3yJibTaTe 3pO3WU TMOYBBI, NPHU BHIBETPUBAHUU TOPHBIX TOPOI,
W3BEP)KEHUU BYJIKAHOB | T.J. [IpoMblIlyieHHas TbUTh BOZHUKACT OOJBIICH YacThIO
npu oOpaboTke, APOOJCHUH, U3MEIbUYCHUM M TPAHCIOPTUPOBAHUHU Pa3IUUYHBIX
MarepuaioB. [IbuIb MOXKET ObITH OpraHUYECKON (JIpeBecHasi, XJIOMKOBas, My4Has,
3€pHOBasi, caxapHas M Jp.) U HEOPraHuYecKou (MHUHEpaJIbHOW - KBapleBas,
IEMEHTHAas U JAp. M METAIMYECKOW - CTajbHas, 4YyryHHas, MeJHas W Jp.).
3HauuTeNbHAA ~ YacThb  BHUJIOB  NPOMBINUIEHHOM  MBUIM -  CMELIAHHOIO
IIPOUCXO0XKICHHUS, T.€. COCTOSIT U3 OPraHWYECKUX U HEOpraHM4yeckux yactul. lIbuib
MPUYUHSIET BPEJ OPraHU3My YEJIOBEKA B PE3yJIbTaTe MEXaHUYECKOI0, XUMHYECKOTO
1 OAKTEPHOJOTHYECKOro BO3AeCTBUA. HacTULbI 10 5 MKM CIIOCOOHBI IPOHUKATh B
JIETKUE BIUIOTH JI0 aJbBEOJI, YaCTUIbI 5-10 MKM, B OCHOBHOM, 3aJ€PKUBAIOTCS B
BEPXHUX JbIXaTEIbHBIX MYTSX, 00Jiee KPYIHbIC YACTHUIILI B JIETKUE HE MPOHUKAIOT U
JIOBOJIBHO OBICTPO OCaXJaroTcs. YacTuilbl € OCTPHIMU KpasMu TPaBMHUPYIOT
CIIM3UCTYIO 000JI0UKY (IIBUTM METAIMYECKUE, CTEKJISIHHAs, KBapleBas U Jp.)-
Bnpixanue mbuid, coaepikaieil cBoOOIHBIN AuoKcH KpeMHus Si0,, NpUBOAUT K
cuiInko3y. MyuHasi, 3epHOBasi U APYrue BUJbl MbUIM BbI3BIBAIOT XPOHUYECKHUE
Oponxuthl. Bo3aeiicTBrE MBI HAa OpraHbl 3pEHUS BHI3bIBAET KOHBIOHKTUBHTHI, HA
KOXY - JepMaTuTbl. TOKCHUYHBIE TMbBUIM, OOJAJAI0IINEe PAaCTBOPUMOCTHIO,
OTPABJISIOT  opraHu3M.  HekoTopele  BellecTBa  CIOCOOHBI  BBI3BIBATH
3JIOKAQYECTBEHHBIE OIMYXOJHM, HampuMep XpOM, MBIIIbSIK, caxa, CMoja U Jp.



OpraHunyeckasi Nblib, HAIPUMEpP, My4Has - OJaronpusiTHas cpena Juisl pa3BUTHS
MUKPOOPraHu3MOB. Bce BHIIBI OpraHM4eCKOM NbUIA I0KApOONAacHbl, MHOTHE W3
HUX (caxapHasi, My4yHas, KpaxMaJibHasl, yroJibHasl U Jp.) - B3pbIBOOMNACHBIL;

- paduoaxmuenvie Gewjecmea KaK BHUJl 3arpsS3HEHHS BO3yXa IMOSBUIUCH B IO-
CJIEIHUE JCCATWIETHUS B CBA3M C PA3BUTUEM AaTOMHOM AHEPreTUKH. DTHU BELIECTBA
OTJIMYAIOTCS. OOJIBLIIMM pa3HOOOpa3veM B OTHOIICHHWH BO3ACUCTBUS Ha OpPraHU3M
YEJI0BEKAa U OKPYKAIOLIYI CpEly, @ TaKXKE BPEMEHM CBOErO CYIIECTBOBAHUSA - OT
JIOJIEN CEKYH/IBI O ThICSYEIICTH;

- Muxpopzanusmul (bakmepuu u 6upycwvl) NIPUCYTCTBYIOT B Bo3ayxe. X Buabl u
KOHLEHTpAUUsl 3aBUCAT O HAJIWYMUSA NUTATENbHOW CpEAbl, PACCTOAHMS OT IIO-
BEPXHOCTHU 3€MJIU U psiia IpYTUX PaKkTopoB;

- Henpusimuvle 3anaxu, UICTOYHUKAMH KOTOPBIX SIBJIAFOTCS Ta3bl U MENbYAMIINE
YacCTHLBl TBEPABIX M KUJKHUX BELIECTB, TAKKE MOTYT HaXOIUTHCS B BO3IYIIHOW
cpele JUIMTENIbHOE BpeMs. 3amaxy BbI3BIBAIOT y YEJIOBEKA IOBBILIEHHYIO
yTOMJISIEMOCTh, HEpPBHOE BO30YyKIE€HHE HIIM, HA000poT, Aenpeccuro. C 3amaxamu
IIPUXOJUTCS BCTPEYATHCS B PAaliOHE PACIOJIOKEHUS XUMHUYECKUX NPEANPUATHN, a
TaKXKe MPEANpUATHA, TepepadaThIBAIOIIUX CEIbCKOXO3SIMICTBEHHOE CBIPbE -
MSCOKOMOMHATOB, TaOaYHBIX (PabpUK U APYTHUX.

CaHuTapHBIMH HOPMAaMH yCTaHOBJIEHBI MPEJIETBHO JOMYCTUMbIE KOHIEHTPAIIUU
(ITAK,,) 3arpsA3sHAOMMUX ra3oB, MApOB U IBUIA B BO3MyXE IIOMEILEHMH, MI/M.
[Ipumeps! 3Hauennii 111K, npuBenens! B Tad1.7.1.

Tabmuna 7.1. 3navenns 111K, HEKOTOPBIX BUOB 3arpsA3HAIONIMX BEIIECTB

HaumenoBanue K, K,
3 HaumeHoBaHue BeliecTsa 3
BellecTBa Mr/M MIr/M
AMMUaK 20 | AHninH 3
bensun 100 | AcbectoBas MbUTh U TIBLIb
Okwuch yriepojaa 20 | cMmewianHas, coaeprkamas
6onee 15 % acbecra 2
PryTp MeTamumueckas 0,01 | ITpu1e EMEHTA, TJINH, MUHEPAJIOB
Y UX CMECEH, HE COJIePKAIIUX
cBoOogHou S10, 6
CepoBoaopon 10 | CBuHEl U €ro HEOPTraHUYECKUE 0,01
Xiop 1 | coenuHeHus

7.4. PacyeT BO31yX000MeHA.
Tpebyemviti 6030yxX000MeH - KOIMYECTBO YUCTOTO BO3TyXa, HEOOXOIMMOTO IS
3aMEHBI BO3[yXa B MOMEILICHHM, M /4, IS OIPEHCICHHS KOTOPOrO HEoOXOIUMO
3HATh:




- KOJIMYECTBO 3arps3HSIONINX BEIIECTB, MOCTYIAIONMINX B MOMEIICHNE B TCUCHHUE
OJTHOTO Yaca;

- JIOTYCTHMOE COZICPIKAHIE 3arPsI3HSIONINX BEIIECTB B 1 M’ BO3/LyXa MOMEIICHHS;

- Comep)KaHHe 3arpsA3HAIONMX BEIECTB B | M’ II0aBaeMOr0 B MOMEIICHHE
BO3/yXa.

Bo3nyxoo0MeH ompeaenstoT OTAeIbHO MO Tra3000pa3HbIM KOMIIOHEHTaM,
BOJSIHBIM TapaM ¥ W30BITOYHOW TeIioTe. B KadecTBe pacueTHOrO 3HAYCHUS
BO3TyX000OMEHA MPUHUMAIOT HAUOOJIBIITYIO BETUINHY.

Ilo «kasicoomy 2az000pasHomy KOMNOHEHMY HeoOX00UMblll B8030YX000MeH
OMPENEIAIOT 10 PopMyJIe:

K

L= K sM/d (7.5)
oon “‘np

rae: K - KOJIW4ecTBO rasa, BBIJCIAIONIETOCs B IOMEIICHHUH, MT/4; K, - IPEIeIbHO

JIOTTYCTHMAs KOHIIEHTpAIWsA ra3a, Mr/M; K, - KOHIEHTpAIHs Ta3a B IPUTOYHOM
BOBLYXE, MI/M .

Hcxo0s u3 roauuecmea BOOSHLIX NAPOB, COOEPHCAUUXCA 6  BO30YXe,
HeoOxX00UMbllL 8030YX000MeH, OTIPENIETSIOT 10 popmMyTie:

= G M/, (7.6)
(dyd _dnp)'p

rae: G - KOJWYECTBO BOJSHBIX MAPOB, BBIICISIONIUXCS B MOMENICHUH, T/4; d,y -
BJIAr0COJIEP>KaHUE BO3/yXa, yIaIseMOro U3 MOMENIEHUs, I/KI' CyX0ro BO31yXa; d,,
- BJIAroco/iepKaHue MPUTOYHOTO BO3MyXa, I/KI CyXOro BO3AyXa; p - IJIOTHOCTH
MPUTOYHOTO BO3IYXa, KI/M’.

Ilo uzbvimounoti meniome He0OXOOUMbBIL 6030YX000MeH ONPENCIIOT II0

dbopmyue : I 3,60, .
/O'C'(tyd _tnp)

3
rae: Q. - U30bITOUHAS TeIuioTa, BT; p - MIOTHOCTH BO31yXa, KI/M°, ¢ - TEIIO-

s M/, (7.7)

eMKOCTh Bo3ayxa, k/Lk/(kr-°C); t,, - Temmeparypa yaansgeMmoro Bo3nyxa,’C; t,, -
TeMIiepaTypa NpuTo4YHoro Bo3ayxa, °C; 3,6 - koadduimeHT neperoaa eauHuil, Br
B KJ[x/4.

Kpamunocms  6030yx006mena - BaxHBIA TIOKa3aTelb, XapaKTEPU3YIOUTUI
WHTEHCUBHOCTH BO3/lyX000MeHa BO3AyXa B TOMEIICHHH.
tn=—, 1/, (7.8)

v

n



rae: L - KOMM4ecTBO BO3MyXa, MOAABAEMOTO WM YIAISIEMOTO M3 MOMEIICHUS B
Teyenue vaca, M>/4; V,, - 06beM TTIOMELICHHS, M.
3HakoM (+) o603HaYaeTCsl BO3yXOOOMEH 10 IPUTOKY, 3HAKOM (-) - TIO BBITSDKKE.

Bo31yx000MeH B MOMEMICHHUAX XWIBIX W OOIISCTBEHHBIX 3JaHUNA OOBIYHO
ONPEACISAIOT TIO KPAaTHOCTH BO3AYyXOOOMEHa, WCXOAs U3 HOPMBI 00beMa
MOMEIICHWsI Ha OJIHOTO YeJOBEKa B JKWJIOM IOMENIEHWH, B  KIACCe,
aJIMUHUCTPATUBHOM MTOMEIICHUH U T.]I.

Ilo npumoxy unu vimsadxicKe HeoOX00UMbll 8030YX000MeH OTMPEACHSIOT 0
dbopmyiie:

L=n-V,. (7.9)

7.5. A3poauHAMHUYECKHUI pacyer.

Llens pacuera - onpeaesieHHe pa3MepPOB MONEPEYHOr0 CEYEHUS BO31yXOBOJOB
U UX THIPABIMYECKOIO CONPOTUBJICHHS. Ty 3ajady pelaloT Ha OCHOBAaHUU
METO/IOB U 3aKOHOB a3pOJAMHAMUKHU.

Jlo Hayasia pacuera HEOOXOUMO:

- ONpelNeauTh O00bEeMbl BEHTWISILMOHHOIO BO3JyXa M MeCTa €ro IMoAayu H
yaJIeHUS;

- HAMETUTh TPACcCy BO3yXOBOJIOB;

- HAMETUTh MECTA YCTAHOBKU BEHTWISALIMOHHOTO 00OPYIOBAHUS;

- ONpPEAENIUTh NPOU3BOJUTEIBHOCTh BEHTWISILIMOHHON YCTaHOBKH (MOOyAMTENS
TATH).

Jljis pacueTa BBINOJHAIOT aKCOHOMETPUUECKYIO CXEMY CUCTEMbI BEHTHIISLINH,
KOTOPYIO pPa30MBAOT HAa pAaCUYETHbIE YYACTKHU - OTPE3KH BO3JYyXOBOJA C IOCTO-
SIHHBIM PacXxoJIOM U CKOPOCTBIO. 3aTeM ONpPEICNIAIOT PacXoAbl BO3AyXa Ha Kaxa0M
y4acTKe U HAaHOCST Ha PACUETHYIO CXeMY, YKa3bIBasl TakxKe JJIMHY YYaCTKOB.

Ha cxeme BbIOMparoT pacueTHOe (MarucTpalibHOE) HarpaBlIeHHE ¢ Haubolee
HArpy>KCHHbIMU M yJAJEHHBIMH ydacTKamMu. HymepyroT ydacTku Maructpaiu u
orBeTBieHU. CHavyana pacCYMTHIBAIOT YYaCTKH MarvucTpajibHOrO HalpaBlICHUs, a
3aTe€M YBS3bIBAIOT C HUMHU OTBETBJICHUS CUCTEMBI.

Pacuetsl 00bIYHO BeayT NO TabddaWIaM M HOMOIpaMMaM B CIPAaBOYHOM
JauTepaType. 3aJlaBIIUCh CKOPOCTHIO B PEKOMEHIYEMbIX Ipejesiax, OMpeaessioT
JTMaMETp BO3AYX0BOJIa (IPUHUMAIOT CTAaHAAPTHBIN) U YJIEIbHYIO OTEPIO JIaBIICHUS
Ha TpeHHeE (T.€. MOTEPIO AaBJIEHUS Ha | MOTOHHBIN METP BO3yXOBO/Ia).

CkopocTH BO3/1yXa B BO3yXOBOJE ONPEIEISAIOT IO TEXHUKO-3KOHOMUYECKUM
COOOpaKeHUsIM (KAalMTEIbHBbIE 3aTPAThl, PAaCXOJl METajula, SKCILTyaTalluOHHBIE
3aTparhl U T. [.), U3 YCIOBUM HaJIe)KHOM M O€CITYMHOM pabOThl CUCTEM BEHTUIISILIUH.
Hcxons u3 3TOro, CKOpOCTh BO3/lyXa B BO3JyXOBOJIE€ PEKOMEHIYETCS MPUHUMATh:



JUTSI TIPOMBINIUICHHBIX 37aHuil - He Oonee (10-15) m/c, mamsa oOIMIECTBEHHBIX - HE
oonee 8 ™/c. Ha mnepudepuilHblx yyacTKax OOBIYHO NPUHHUMAIOT MEHBIIYIO
CKOpPOCTh M TMIOCTETIEHHO MJIET C€ HapacTaHWE€ Ha NOCIEAYIOIIMX YydacTKax
MarucTpaiy.

[Ipy nmepemenieHud BO3AyXa CO 3HAYUTENIBHON KOHIIGHTpAIMEH MbUIM MPH-
HUMAIOT TOBBIIICHHYIO CKOPOCTh B BO3AyXoBojax - j0 10-15 m/c Bo u3bexanue
OCQXK]ICHUS B3BEIIEHHBIX YaCTHII.

[Totepu naBieHUS B MECTHBIX COTIPOTHBIICHUSX CUCTEM BEHTWISIIIAKA (OTBOJIAX,
TPOMHUKAX U JIp.) cocTaBisitoT 80 % u Oojiee OT CyMMAapHBIX MOTEPh JABJICHUS B
cucreme. [lo cyMMapHbIM TIOTEpsIM J1aBJIeHUsI B cCUCTeME (Ha TPEHHE U B MECTHBIX
COTMPOTHUBJICHUSX ) MOA0UpatoT BeHTUIsiTop. [Ipu s3ToM npunumatot 3anac +10%.

Ceuenue KaHAJOB CUCTEM E€CTECTBEHHON BEHTWJISIIIUU OIPEICISIIOT, UCXOMIs
u3 pacnojaraemoro naieHusi. [[OCKONIbKY 3TO J1aBjieHWE HEBEIMKO, CKOPOCTH B
KaHaJjaX dTUX CHCTEM MPUHUMAIOT 3HAYUTENbHO 00Jee HU3KUMHU, YEM B CHCTEMax
MexXaHH4JecKoi BeHTmsanuu (ot 1 go 1,5 m/c).



Jleknus 8. AnbTepHAaTHBHAsI SJHEPreTHKA.

8.1. Ucnosib30BaHNe aJIbTEPHATHBHON JHEPIHU.

8.2. BerpoBblie JHEProyCTAHOBKH.

8.3. CostHeunbie TemI0BbIE U (GOTOIIEKTPHUUECCKHE IHEPIrOYCTAHOBKH.
8.4. HuzkonoreHuajibHble JHEPrOyCTAHOBKH.

8.5. buorasoBblie 3 HEProyCTAHOBKH.

8.6. ITosryueHune 3Heprum U3 TBEpAbIX KOMMYHAJIbHBIX OTXO0/10B.

8.1. Ucnosib30BaHNe aJIbTEPHATHBHOMN JHEPIHH.

OCHOBHBIM HAaNpPAaBJICHUEM AJbTEPHATUBHON YHEPTETUKH SIBIISIETCS TIOUCK U
MCII0JIb30BaHUE aJIbTEPHATUBHBIX (HETPAIULIMOHHBIX) ICTOYHUKOB SHEPTHUU.

Anomepnamuenviii UCMOYHUK SHepeuu ~ —  CIIOCO0,  yCTPOWCTBO WM
COOPY’)KE€HHE, IMO3BOJSIOIIEE IOIy4YaTh AJIEKTPHUUECKYIO IHEPIUI0 (WU Apyrou
TpeOyeMbIii  BUJ 3HEPrMU) W  3aMCHSIONIMH  CcO0OM  TpaguIMOHHBIC
HCTOYHMKM 3Hepruu, QyHKIUOHUPYIOIIME HA HEPTH, 1OOBIBAEMOM MPUPOJIHOM
ra3e u yrie.

AJNbTEpHATUBHBIN MCTOYHUK SHEPIHH SIBISIETCS BO30OHOBIIIEMBIM PECYPCOM,
OH 3aMEHseT COOOM TpaJAULMOHHBIE MCTOYHUKH SHEPruM, (HyHKIUOHHUPYIOIINE
Ha HEPTH, JOOBIBAEMOM MPUPOJHOM Ta3e U yIie, KOTOpble MPU CTrOpPaHUU
BBIICTISIIOT B aTMOc(epy YIIeKUCTBIN ra3, COCOOCTBYIOUINI pOCTY TApHUKOBOTO
apdexkra u THoOambHOMY mOTeIUieHH0. [IpuunMHa ToHMCKa ambTEePHATUBHBIX
MCTOYHUKOB HEPIUM - MOTPEOHOCTh MOJNyYaTh €€ W3 SHEPIHMH BO300HOBISEMBIX
WIM TPAKTUYECKH HEHCUEpPHaeMbIX MPUPOIHBIX PECYPCOB U siBJIIEHUW. Tak ke BO
BHHMAaHUE MPUHUMAIOTCS SKOJIOTUYHOCTh U SKOHOMHYHOCTb.

OCHOBHBIE TEXHOJIOTUU:

BeTrpoBble 3HEProyCcTaHOBKH.
ConHeuHbIe TEIIOBbIE U (POTOINEKTPUUECKUE IHEPTrOYCTAHOBKH.
HuskonoreHMaibHbIe YHEPTOYCTAHOBKH.
buora3oBbie 3HEProyCcTaHOBKH.

Nk v =

[TonyyeHue 3Hepruu U3 TBEPABIX KOMMYHAIbHBIX OTXO/IOB.
8.2. BerpoBbie JHEProyCTaHOBKH

B nocnenHee BpeMss MHOrM€ CTpaHbl pPACIIMPSAIOT  HMCIOJb30BAHUE
BETpOdHEpreTuYeckux ycraHoBok (BDY). bonbiie Bcero ux uUCHONb3YIOT B
ctpanax 3amagHod Espomnbl ([lanus, ®PI', BenukoOpurtanus, Huaepnannael), B
CIIIA, Nannn, Kurtae. CornacHo Acconpanyuu BETpOIHEPTeTUKN EBpOIIBI



Bempoeas snepeemuueckas ycmanoexa (BOY) npencrarisier co0oit yCTpOMCTBO
JUIsl IpeoOpa3oBaHusl KHHETUYECKOW IHEPTUU BETPOBOr0 MOTOKA B MEXAHUYECKYIO
DHEPTHIO BpalIEHUs pOTOpA C NOCJIE Y FOIIUM eé npeoOpa3zoBaHUEM
B DJIEKTPUUYECKYIO SHEPTHIO.

[To mpunnumy dyskuuonupoBanusi BOY Moryt ObITh aBTOHOMHBIMH H
paboTaIOLIMMU NapaJlJIeNIbHO C CETHIO.

B 3aBucumoctu ot cdepsl ucnonapzoBanuss BOY mMoxHO paznenuts Ha Tpu
KaTerOpUU: TMPOMBIIUIEHHbIE, KOMMEpYECKHE M OBITOBbIE (M1 YaCTHOIO
HCIIOJIb30BAHUA).

[IpoMBbIlUIEHHBIE ~ YCTAaHABIMBAIOTCA TOCYJApPCTBOM WM  KPYIHBIMU
HEpreTHYecKuMu KopropamusiMu. Kak mnpaBuio, ux OOBEAMHSIOT B CETH, B
pe3yibTaTe IOIY4YaeTcsl BETPOBas 3JIEKTPOCTaHUMA. PaHplie cunMTanoch, YTO OHM
IIOJIHOCTBIO DKOJIOTUYHBI, YEM OTJIMYAKOTCS OT TPAAULMOHHBIX. OJIHAKO JIONACTH
BETpOreHepaTopa  CAEJNaHbl U3 [OJMMEPHOrO0 KOMIIO3UTa,  BTOPUYHOE
UCTIOJIb30BaHUE U TepepaboTKa KOTOPOTO HEBBITOJHBI C TOUKH 3PEHHUS PACXOIOB.
Celiuac Bonpoc o nepepaboTKe JIONacTeil sIBIASETCS OTKPBITHIM.

EnuHcTBEeHHOE BakHOE TpeOoBaHHWe Jyisi npuMeHeHus BDOY — Bwicokwmii
CPEOHErOJIOBOM ypOBEHb BeTpa. MOIIHOCTH COBPEMEHHBIX BETPOI€HEPATOPOB
nocturaet 8 MBT.

B3OV moboro nHazHaueHus 1enecooOpa3HO pa3Mmemiarh B pailoHax Co
CPEIHETOZOBBIMU CKOPOCTSIMU BeTpaoT 6 M/c u Bwime. I[IpoextupoBanue
BETPOIHEPIeTUUECKUX CHUCTEM JUIsI PAlOHOB CO CPEIHErOJJOBBIMU CKOPOCTSIMU
BeTpa HIDKE 6 M/c TpeOyeT JOMOJIHUTEIHHOTO OOOCHOBAaHHMS C pPacueToM
0’KHMJIa€MOM BBIPAOOTKHU SHEPIUH U €€ CONOCTABJICHUS C JAaHHBIMU MOTPEOHOCTH U
OLIEHKM IPUEMJIEMOCTH  TIOJIYYEHHBIX PE3YJbTATOB MO HKOHOMHUYECKUM
MOKAa3aTeJsIM JIJIsl KOHKPETHBIX MOTpeOuTeNeil.

KoHcTpykiuun — BeTposHepretuueckux ycraHoBok (BJY)  ormnmmuarorcs
MIUPOKUM pazHooOpasueM. CyIeCTBYIOT YCTaHOBKH, pabOTaloOUIMe Ha OCHOBE
pa3HULIBI MOMEHTOB Ha MX JIOMACTSX, MOABEMHON CHJIE, BUXPEBBIX KOJIEOAHUSIX U
T.J.

OcHOBHBIMM HauOoyiee pacHpOCTPAaHEHHBIMM B MHPE KOHCTPYKLUSMU
SBJISIFOTCSI JIONIACTHBIE 20PU3OHMAILHO-0Ce8ble N 8epMUKalbHO-0cegble BOY.

['opu3oHTaIBHO-OCEBasi YCTAHOBKA — BETPOIHEPIreTHYECKAss KOHCTPYKLUS C
JIOTIACTHBIM POTOPOM, OCh BpAallleHHs KOTOPOrO IOPU3OHTAJbHA M IapajuieiibHa
MJIOCKOCTH 3€MJIM (KacaTelbHOW B JaHHOM TOYKE 3€MHOM MOBEPXHOCTH), a TaKkKe
KOJUIMHEAapHa BeKTopy Haleraromero mortoka Berpa (puc. 8.1). OHu ObIBaroT
OBICTPOXOJHBIMU ~ C  MajblM  YHUCIOM  JIOHAacTed U  TUXOXOJHBIMHU
MHOTOJIOTIACTHBIMHU.



Puc. 8.1 I'opu3oHTaIbHO-0CEBBIE BETPOIHEPTETUUECKUE YCTAHOBKU

BeprukanbHo-0oceBasi yCTaHOBKAa — BETPOIHEPreTHUecKass KOHCTPYKIHS C
JIOTIACTHBIM  POTOPOM  («KapyCeIbHBIE» U «JIOMACTHBIE» OPTOTOHAJBHBIE), OCh
BpAIIeHUS KOTOPOTO MEPICHINKYIISIpHA TIIOCKOCTH 3eMJTH (KacaTelbHON B TAHHOU
TOYKE 36MHOM MOBEPXHOCTH) U BEKTOPY Haberaroiero notoka Berpa (puc. 8.2).

Puc. 8.2 BepTukalibHO-0CEBbIE BETPOIHEPTETUUECKUE YCTAHOBKU

HaunbGonee OmaronmpusTHIMM MecTaMH [Jisi yCTaHOBKM BDY sBustorcs
BO3BBILIEHHBIE U PABHUHHBIE YYaCTKU: Oepera pek, Mopei, o3ep.

BDY nomxusl pacnonaratecss Ha 10 METpOB BBIIIE, YeM BBICHIUNA OOBEKT B
pamuyce 100 metpoB (Bkmtouas JIOII). Ilostomy cnenyer wuzderaTb MeECT C
BOTHYTOH opMoil penbeda (yuienbs, KaHbOHBI U T.I1.), TJ€ MOTOK BO3yXa UMEET
CBOMCTBa CXKUMAThCSI, B PE3YJbTAaTE YETO YBEIUYMUBAETCA CKOPOCTh BO3AYIIHOIO
T€4eHHUsd. A Takke MecT BOJM3M XOJIMOB, TIOp, Jieca, XWIbIX JOMOB U
IPOU3BOJCTBEHHBIX OOBEKTOB, KOTOpPbIE MOTYT MOMEIIaTh OECHpEensiTCTBEHHOMY
NOJIXO/1y BO3YIIHBIX MAaCC K BETPOYCTaHOBKE.

B3OV nomkHBl pazMemaTbCs Ha OTPakKI€HHOM TEPPUTOPHUH, HEAOCTYIHOM
JUIsl IOCTOPOHHMX M. B mpoTHBHOM cilydae, JAOKHO OBITh MPEAYyCMOTPEHO



BO3BEJICHUE OTpaXkJACHUS BOKPYT BETPOYCTAHOBKHU. J[OMKHBI OBITH YCTAHOBIICHBI
npeAyNpeKIalNINe TIaKaThl TEXHUKU 0€30TTaCHOCTH.

B3V nomxHa ObITH y1alieHa OT JKUIIBIX TTOMEIIEHUM, JIEYEOHBIX YUPEKICHUH,
IIKOJI ¥ IOMOB OT/bIXa Ha paccTOsiHKE, 00ECTIeUnBaIOIIee CHIKEHUE YPOBHS IIyMa
10 ypoBH# 45 1b.

MecTo [ COOpPYKEHUS BETPOYCTAHOBOK JIOJDKHO HAXOJUTHCS BHE
OTBEJICHHOM TEPPUTOPHUM PACIIOJOKEHHS IKEJIE3HBIX JOPOr, BO3AYILIHBIX H
aBTOMOOMJIBHBIX Tpacc, JUHUM 3JIEKTpoIepeiad, MaruCTpajibHbIX ra30MpoOBOJIOB,
KaOeJIbHBIX W  BOJONPOBOJHBIX Tpacc. BeTpoycTaHOBKM HE  JIOJKHBI
YCTAHABIUBATbCS HA IYTH OCHOBHBIX TpPAacC IEPEJIETHBIX MTHUI, a TaKXe
pa3mMerarbest BOJIM3U UX MACCOBOTO THE30BHIA.

Ecnu BerpoycTaHOBKAa OKa3blBAET ILIYMOBOE, BH3yalbHOE WIH JIPyroe
BO3JICHCTBHE, TO BBHIOPAHHOE MECTO JUIsI COOPYKEHHUS BETPOYCTAHOBOK JIOJKHO
OBITh  COTJIACOBAHO C MECTHOM aJMUHUCTpaIlMell pailoHa pa3MernieHUs
BETPOIJICKTPUUECKON CTAHIWH.

Yempoiicmeo BIY.
Koncrpyktusao BOY Bkitouaer (puc. 8.3):
DyHIaMEHT.
CuioBoit mKad, BKIIOYAIOIMNN CUIIOBbIE KOHTAKTOPHI U LIETIH YIIPABICHHUS.
bamnro.
JlectHuny.
[1oBOpPOTHBIN MEXAHU3M.
['ongony.
DIIEKTPUYECKUN T€HEPATOP.

© NNk W=

CucremMa cneXeHus 3a HaIllpaBJICHUEM U CKOPOCThIO BeTpa (AaHEMOMETD).
9. TopMo3HYyIO CUCTEMY.
10. Tpancmuccuto.
11. Jlonactu (Kak MOpaBWIO, TPH, IIOCKOJBKY POTOPHl C JBYMsS JIONACTAMHU
MOJBEpPraloTcs OOJIBIIMM Harpy3kamMm B MOMEHT, KOrja TMapa JionacTen
BEpTUKaJIbHA, a OoJblIe TPEX JOMacTed CO3Jal0T H30BITOYHOE CONPOTUBIICHUE
BO3/1yXa).
12. CucTteMy U3MEHEHHUS yTJIa aTaku JIOMACTH.
13. OGTekaresns.

Kpome Toro, ¢ynknuonupoanne BDOY HeBO3MOXHO 0€3 CHCTEMBI
MOKapOTyLIEHUs, TEIEKOMMYHHKAIIMOHHOW CHUCTEMbl JJIsl NEpeJayd JIaHHBbIX O
paboTe BETpOreHepaTopa u CUCTEMbl MOJTHUE3AIUTHI.
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Puc. 8.3. YcrpoiicTBo (a) u ctpoutensctso (0) BOY.

OCHOBHBIMM IPEUMYIIIECTBAMH HCII0JIb30BaHus BOVY sBisitoTcs

- DJHeprusi BeTpa, Hcmoib3dyemas st BOY sBisercs OecruiaTHOW W, caMoe
rJaBHOE, BO3OOHOBIISIEMOM;

Ha OKPYKaroIIyIo Cpeay,

- B IIPOLECCCC IKCILTyaTallur IMPAKTUYCCKH OTCYTCTBYCT HCITraTUBHOC BO3ACHUCTBUC

CHMIKACTCA 3aBUCHUMOCTD G)JIGKTpOCHa6)KeHI/Iﬂ
OJICKTPHUYCCKHEC CCTHU;

yepe3  IEHTpabHbIC

- IOCTaTOYHO BBICOKHM CpoK dkcruryaTaruu (20-30 ner)

K ocHOBHBIM HenocTaTkaMm npuMeHnenus BOY cienyer otHecTH

- CYIICCTBCHHBIC MHBCCTUIIMOHHBIC BJIOKCHUA HA IICPBOHAYAJILHOM OTAIIC

HEMOCTOSIHCTBO M HEMPEACKAa3yeMOCTh CHJIbI M HalpaBJEeHUs BETPOBBIX
ITIOTOKOB;

ABMKYHIHUECS OJICMCHTbBI BCTPAHBIX

YCTaHOBOK
IMPOoJICTAIOIHUX PAAOM IITHUI U JICTYUYHUX MBIIICU

Hepenko  yOuBaroT

- paboTa BETPOTeHEPATOPOB COMPOBOMKIAACTCS MOCTOSHHBIMH IIyMamMu HHU3KON
YaCTOTHI M MIPAKTUYECKU HECIBIITHBIM HHPPA3BYKOM

- BBICOKHEC 3aTpaThl HA Pa3MCIICHUC 13-3a I[OpOFOﬁ ApCHAbI 3EMJIN

[IpyHIMD 1EeWCTBUA BETPOYCTAHOBKHU 3aKJIIOYAETCS B cieayronieM. Berposoi
IIOTOK, ACUCTBYS Ha JIONACTH POTOPA, CO3JAET 3a CUET HAIlOpa IMOABEMHYIO CUILY U



KaK CJICICTBHE, KPYTAIIAM MOMEHT, KOTOpPBIM BpamlaeT pOTOp, NPHUBOAS B
JNBIDKCHUE BaJl dJIEKTporeHeparopa. 3a CYeT BpalleHUsT BUTKOB OOMOTKH
F€HEepaTOpa B MATHUTHOM TOJIE BO3HUKAET JIEKTPUUECKUN TOK, B 3aBUCUMOCTH OT
CKOpPOCTH BeTpa mepeMeHHbId 1o (paze, yacrore u amrmutynae. [Ipeodpa3zoBanue
HaIpsDKEHHUST TIEPEMEHHOIO0 TOKa C IEPEMEHHOM YacTOTOM B HaNpsHKEHUE
IIEPEMEHHOIO TOKA C MOCTOSIHHOW YaCTOTOM WJIM B HAIPSYKEHUE IMOCTOSIHHOTO TOKA
OCYIIECTBIISIETCS C TMOMOIIBIO peryssitopa momHocTH. [Ipu HeoOxomumocTu u3
HAMPsHKCHUST TIOCTOSIHHOTO TOKa JalibHEWIIee mpeoOpa3oBaHWE B HAMPSHKEHUE
MEPEMEHHOT0 TOKa OMPEICIICHHON YacTOThl IPOU3BOUTCS UHBEPTOPOM (puc. 8.4).

CHIIA BETPA MOMEHT VAC VD
Betep » Potop Temepatop Perymatop

hJ
L

Huseptop

Puc. 8.4 Cxema npeoOpa3oBaHus SHEPTUH BETPOIHEPTETUUECKON YCTaHOBKOM

Pabora BOY Bo3MoOkHa Ha  aBTOHOMHOTO  MOTpeOUTENsT  W/WIH
MarucTpajibHY0 JIEeKTpoceTh (puc. 8.5).

Marucipannaas

Cueruux obpaTaoi
OOCACOCEATCITBHO CTH

CueTuns npssolt
MOCHCA0BATCIERG CTH

Perynsrop » sesepTop, nogmoteRERE X
MATHCTPATEHOH CCTH H BEHYTPCHHECH CCTH J0MAa

Puc. 8.5 Cxema sHepronotrpe6ieHuss aBTOHOMHOI'O U CETEBOI0 MOTpeOUTENs

Pacuem u npoekmuposanue BJIY.

[lpuamun = pacyera  mapaMeTpPOB  KOMIIOHEHTOB  adpPOJUHAMHKH |
AIIEKTPOOOOPYIOBAHUS, TPUMEHSIEMOTO B CETEBOM M aBTOHOMHOM CXeMax,
SBISICTCS. B I1I€JIOM OJWHAKOBBIM, 33 HCKJIIOYCHHEM OKOHCYHBIX BBIXOJIOB
PETYIATOPOB MOIIHOCTH W/WJIM UHBEPTOPOB. [Ipr aBTOHOMHOM SHEProCHAOKCHHUH
BBIXOJ] HHBEPTOpA SBISAETCS CTAaHAAPTHBIM TEPEMEHHBIM HAMNpPSHKEHUEM C
noctosstHHOM dvactotoir (220B/50I'm mnmu 110B/50I'11), KOTOpBIA MNpU KeTaHUU
MOXHO CHHXPOHHM3UPOBATh C MAarucTpajdbHON ceThi0 1o (a3e, dYactore u



amruiutye. [Ipu ceTeBoM COMPSHKEHUH YCTaHOBKU BBIXOJ PETYJISATOPA MOITHOCTH
HOJKJTIOYAETCSI HEMOCPEACTBEHHO K CETH C IOMOUIbI0 COOTBETCTBYIOIIETO
npeoOpazoBaTes.

Ilocneoosamenvnocme pacuemos.
1. Pacuem nuxogoti MOWHOCMU U YOENbHOU NOMPEONLeMOlU IHEPSUU ABMOHOMHO20
0bvexkma.

Omnpenenenne THKA  APOMbIULIEHHO20 — nompedOumens  dHepauu  He
NPEACTABISACTCS CJIOXKHBIM, T.K. HM3HAYaJbHO M3BECTHHI MOIIHOCTh U Tpaduk
paboThI KaXI0M €IMHUIBI 000PYI0BAHMUS.

Boruncnenne rpaduka nTOTpeONieHMST W NUKA MOIIHOCTH  YaCMHO20
nompebumerss Hepeuu MOXKET OBITb MPOBEJACHO C TOM WM WHON BEPOSTHOCTHIO
WM TIPOTHO3UPOBAHUEM B CBSI3M C HEMPENICKa3yeMOCThIO rpaduka dHEepro3aTpar.
B cBs3u ¢ 3THM 3a1ayda pemiaercs Bcerja MHANBUIYAIbHO C COOTBETCTBYIOIIMMU
TOMYIIEHUSMA U TTPUOJIMIKEHUSIMH.

Memoouka pacuema nuxogou MOuWHOCMU.

1.1. Onpenenstor B COOTBETCTBUM C PYKOBOJCTBOM IO IKCIUTyaTallMM MOIIHOCTh
Kaxxgaoro npuodopa Pi (BT), KoTopblii MOXET OBITh MCHOJB30BaH Ha HUCCIEAYEMOM
0o0BeKTe U cocTaBistoT Tabnuily. [Ipumep nokazan B Tabnuie 8.1.

1.2. Onpenensitor ¢ COOTBETCTBYIOIIMMU AOIMYIIEHUSIMU TPOCTYIO BEPOSITHOCTh
BKJIFOUECHHSI TIpUOOpa B PA3IMYHOE BpPEMs CYTOK M OTMEYAIOT 3TO B TabIuIE,
MIPOCTABIISASI MTHOBEHHYIO TMOTPEOIIEMYI0 MOITHOCTH YTPOM, ITHEM, BEYEPOM U
HOYBIO.

1.3. CymMMupyloT AaHHbIE CTOJIOLIOB MTHOBEHHOW MOIIHOCTH Pi M MOJy4aroT
MUKOBYIO MOIIHOCTh dHEPronoTpedieHust P, B KOHKPETHOE BpeMs CYTOK — YTPOM,
JTHEM, Be4epoM, HOUbIO (Py, Po, Ps, Py).



Tabnuma 8.1 MomHOCTb 31eKTpOonprOOpPOB M MTHOBEHHAS TOTpedisieMast
MOIIHOCTb (ITPUMED)

DxexTpompHGOp ;cuiﬂ;ﬁe;f; MruoBeHHAS HOTEEZ?{;TEM&[ MOIODHOCTE
Y1po | JeHn | Beuep | Hous
TeneBH3op | 300 | 300 | o | 300 [ o
BrIeoMarEATO(OH | 120 | | o | 120 | o
KommsioTep | 400 | | o | 400 | o
DVD-mreep | 120 | | o | 120 | o
Aymmo-Tineep | 100 | 100 | o | 100 | 0
Ilocymomoika 1500 0 0 1500 0
m“ 500 0 0 500 0
fIeKTpoILHTA 1500 1500 | 0 | 1500 | 0
I;?ipm’“mmm 1500 1500 0 0 0
IIsimecoc 1300 0 0 1300 0
daxc-anmapart 100 100 0 0 100
ﬁm 1000 1000 | 1000 | 1000 | 1000
Jhioctpa 400 400 0 400 0
CHHTe3aTOp 100 0 0 100 0
DnexTpouafinmK | 2000 | 2000 | o [ 2000 [ o0
Vrior | 1800 o | o [ 1800 [ o
Kodepapka 300 300 0 300 0
Mukcep 200 0 0 200 0
Toctep 300 300 0 0 0
Der 200 0 0 200 0
Tenegommsui 20 20 20 20 20
ammapat
CHIrHATTH3AITHA 20 0 20 0 0
Tlpyrue mpm6ops: | 1000 | 1000 | 1000 | 1000 | 1000
Crcrena oorpesa | 300 | 300 | 300 [ 300 | 300
E:_Dro B MiRe 15080 8820 | 2340 | 13160 | 2420
| | P | P | P. | P




1.4. OnpenensitoT HOMUHAJIBHYIO MOIIHOCTh HHBEPTOPA P, U3 yCIIOBUSA:
P,>MAX (Py, Po, Ps, Pu), BT. (8.1)

Ha mpakTuke peanbHasi MUKOBas MOUIHOCTb IMOJABJISIONIEIO OOJIBIIMHCTBA
O0OBEKTOB B KOHKPETHOE BpeMsi CYTOK MEHbIIE CYMMBbl BCEX MOIIHOCTEN
HAXOJAIUXCSI Ha OOBEKTe MPHUOOPOB, IMOCKOJBKY BCE 3JIEKTPONPUOOPHI, Kak
NpaBWJIO, HE BKIIOYAIOTCA OJHOBPEMEHHO. TeM He MeHee, MOryT ObITh
UCKJIIOYCHHSI, KOTOPBIE JODKHBI IPUHUMATHCA BO BHUMaHHE pa3padorunkom. [Ipu
NPOBEJCHUH PAcyeToB JOMycKaeTcs (¢GopMaibHOE yBEIMYEHHE TMHKOBOU
MOIIIHOCTH B KOHKPETHOE BPEMS CYTOK C ILI€JIbI0 CO3JaHMS «3araca» Mo MOIIHOCTH
Y IPOTHO3UPOBAHMS YBEIIMUEHUS YHEPTONOTPEOICHHS B Oy IyILIEM.

1.5. OnpenensitoT ¢ COOTBETCTBYIOIIMMH JOMYIIEHUSIMHA BpeMsi pabOThl KaXK0T0
npubopa B KOHKPETHOE BpEeMsl CYTOK M 3aHOCAT JaHHble B Tabmuiy. [Ipumep
NoKa3aH B Tabmuue 8.2.

1.6. CyMMHpYIOT JaHHBIE CTOJIOLOB «YyTpPO-IE€Hb-BEUEP-HOUB» IS KaxKIOro
ANEKTpONpUOOpa M YMHOXKAIOT TMOJYYEHHOE 3HAYCHHE Ha MOIIHOCTH MPUOOpa,
MOJIYYHMB SHEPronoTpedIeHrne KaKI0ro npudopa 3a CyTKH.

Ta6numa 8.2 DHepromnoTpebdiieHre nprudopoB

YeTaHOBIeHHAA B
- peMd HCIOoOb30BAaHHT T,
DIeKTpolIpHOOpD MOIDHOCTE Py, aac TloTpebaerne
Bt 3MeKTPHYSCKOH
IeHn Hous SHEePIHH,
Y1po 10 Beuep 3 Br_uac
1 gac 4 gaca
qacoB TacoB
TenesH30p 300 0.5 0 2 0 750
BHOeoMarHHTOQOH 120 0 0 2 (] 240
KommeroTep 400 0 0 1 0 400
DVD-mwreep | 120 l o | o | 1 [ o | 120
AyaHo-TiIeep | 100 | 1t | o | 1 [ o | 200
Tocyrmomofika | 1500 |l o | o | o5 | o | 750
CTHpanbHAas
MalTHHA >00 0 0 1 0 500




[Tpomomkenue Tadmuip 8.2

Y CTaHOBISHHAL
SnexTponpHOOP MOIODHOCTE P, Bpexs HCH?::SDBM T TToTpeb.renne
Bt ITeKTpHIeCKOH
vrpo [ AP | Benep (1O | "5 X e
L mac qacoB 4 aca qacoB
DIeKTPOILIHTA 1500 0.3 0 0,5 0 1200
E::;POBGJH{GBM 1300 0,2 0 0 0 300
ITermecoc 1300 0 0 1 0 1300
PaKc-anmapar 100 0.1 0 0 0,1 20
ii]:;rl;lnamm 1000 1 0,5 3 1 5500
JIrocTpa 400 0,3 0 2 0 920
CHHTe3aTOp 100 0 0 1 1] 100
DIeKTpoYaiiHHK 2000 0.1 0 0,2 0 600
YTror 1800 0 0 0,5 0 900
Kodepapra 300 0.1 0 0,1 0 60
Muaxcep 200 0 0 0,1 0 20
Toctep 300 0,2 0 0 0 60
den 200 0 0 0,1 0 20
TenedoHHBIH 20
ammapar 6 6 6 6 480
CHIrHATH3aIIHT 20 ] G 0 0 120
Hpyrae npHOOPEI 1000 0.5 0,5 0,5 0,5 2000
CHcTeMa oborpesa 300 2 2 2 2 2400
HTOTO: 15080 133 16 26,5 | 10,6 18960

Cymma sHepronoTpedieHus: Bcex npudbopoB Ecyr OyAeT SBIATHCS KOJIUYECTBOM
SHEPruu, NoTpedsieMOil 00BEKTOM B CYTKHU:

Ecyr = BZTZ',BT"I- (3.2)

OTH NaHHBIE UCHOJB3YIOTCS BIOCIEACTBUY JUJISl pacyeTa HOMUHAIbHOW MOIIHOCTH
BETPOIHEPTeTHUECKON YCTAHOBKU M aKKyMYJISITOPHBIX OaTapeil.



2. Onpeoenenue HOMUHATLHOU MOWHOCU 8EMPOIHEPEMUYECKOU YCIMAHOBKU.

2.1. OnpenensroT CPEIHIOI CKOPOCTh BETPa B PACUCTHOM PETMOHE Ha
OCHOBAaHMM JAHHBIX HAOJIOJCHUN MeTeoposiornyeckux ciayx06. Ilpu sTom
HEOOXOIMMO UWMETh B  BHJY, UTO JIaHHBIE METCOCTAHIIMM  SBIISIFOTCS
YCPEAHEHHbIMU. B CBSi3M ¢ 3TUM B JONOJHEHHWE K 3THUM JAaHHBIM MOKHO
PYKOBOJICTBOBATHCSl TPUBSI3KOW K MECTHOMY JaHamadrty (adpoauHaMUYECKHe
KOPUIOpPbl JIECHBIX MAacCMBOB W TOPHBIX IENel, MHOWMMBI PEK, IPOJyBHbIC
ypOaHU3UPOBAHHBIE pAWOHBI), COOTBETCTBYIOIIUM WM3MEHEHUEM KiIMMaTa B
peruoHe (M3MEHEHUE HAIIPABIICHUS U CUJIbI BETPa, KOJICOAHUSI TEMIIEPATYPhI) U T.1.

CpeaHioro CKOpOCTh BETPa Vep BRBIOUPAIOT HA OCHOBE KapThl CKOPOCTEN BETPOB
Poccuitickonn @enepaunu. bojsiee TOYHBIE HAHHBIE MOXHO IIOJIYYUTh B

COOTBETCTBYIOIIMX MECTHBIX Opranu3auusx. KpoMme 3Toro, cymecrByeT METOAUKA
pacdyeTa CKOpOCTEH BEeTpa MO BEPOSTHOMY WX TMOSBICHHUIO. DTO 0OJIee CIIOXKHBIM
yTh, HO PE3yJIbTAT, KaK MPABUJIO0, OTIAMYAETCS OT mpeabiayniero Ha 10-15%.

2.2. OmnpenensioT CpeAHEYacoBOE SHEPronoTpedneHne oObEeKTa Ha OCHOBE
JaHHBIX, TOJyYEeHHBIX 10 (hopmyiie (8.2):

E
e = % , BT'u. (8.3)
2.3. OmnpenensitoT HOMUHAIBHYIO MOIMHOCTH BOY, koTOopas MoOXeT OBbITh
IpPUMEHEHA Ui SHEProcHa0KeHus: AaHHoro oowvekra. [Ipu 3ToM MOWHOCTE Py,
pasBuBaemas BOY, cocraBiser:

Pcneu =—= . Br. (84)

2.4. 1o cpenHeil CKOPOCTH BETPA HAXOAAT MIHOBEHHYIO MOIIHOCTh KOHKPETHOMN
B3V PueuBoy, pazBUBaeMyr0 Ha 3TOM CKOpocTHU BeTpa. [Iouck oCylIecTBISIOT MO
CTOJIOIAM CpeiHEN CKOPOCTH BETpa C OMPESICHUEM JAaHHBIX, YIOBIECTBOPSIOMINX
YCIIOBHIO:

PMZHBSV ZPcneu 5 BT. (85)

B pszge ciydaeB MOXKHO 3alpOEKTUPOBAaTh HE OJIHY, a HECKOJIBKO
BETPOIHEPreTUUECKUX YCTAaHOBOK (BeTponapk). Takoe perieHne o0ycaoBINBAETCS
TEM, YTO, YEM MEHbBIIE YCTAHOBKA, TEM HAa MEHBIIMX 3HAYEHUSAX CKOPOCTH BETPA
OHAa CTapTyeT M, COOTBETCTBEHHO, HAa MEHBIIMX 3HAYEHUSAX CKOPOCTH BeETpa
HAYMHAETCs BBIPA0OTKA JIEKTPOIHEPTUH.

ITocne »TOro NpPUHMMAIOT 3a OCHOBY Ul JaJbHEMIIMX pacyeToB
HOMUHAJIbHYIO MOILHOCTh BbIOpaHHO# BOY.



3. Onpedenenue 3anumaemoti niowaou BIY.

3.1.  OmnpenensdrOT IJIOWAAb, 3aHUMAEMyl0  HEMOCPEJICTBEHHO  CaMOM
BETPOIHEPIETHUECKON YCTAaHOBKOM, KOTOPAasi CKJIAbIBACTCSA W3 TUIOIIATN CCUCHUS
MayThl S, U MJIOIIAAU, 3aHUMAaeMOH PacTsKKaMu S),.

[Inomans ceueHust MauThl S, )
s, =4, (8.6)

rae S, — IUIOIIaJib CEYEHUS HUXKHETO OCHOBAHUSI MauThl, d — JUAMETpP TPYOBI
MauThI.
3.2. OnpezpensoT miomanb S, 3aHUMAEMyl0 PAacTSHKKaMU (PacdeT BBIIIOJIHSIOT
TOJIBKO JJISI MA4T C PacTsDKKaMM, a JUJIsi MadT 0e3 pacTsiKeK 3Ta IUIOLAJb paBHA
HYJIIO).

PacTskky MauThl HATATUBAIOT 1O YIJIoM €2 K ocu MauThl (puc. 8.6).

Hp

2R=D,
Puc. 8.6. PacTsikka HaTsAHyTa 1OJ YoM {2 K OCH MauThl.

JlnameTtp, Ha KOTOPOM PACOIO0KEHBI (PYHAAMEHTHI PACTSHKEK (IUAMETP PACTIKEK)
D, naxonart 4yepes JUIMHY MauThl /1 (puc. 8.6):

D, = 2-h-sin(Q), m. (8.7)
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Puc. 8.7 Cxema pacrnonoxxeHus: (yHIaMEHTOB MOl MauTy (B LIEHTPE) U PACTSKKHU



[Tnomwanps, 3aHMMaeMasl pacTsHKKaMH, NPEJICTaBIsA€T COOOW TPEYroJbHUK (B
cilydae, KOrja pacTsKKU TPH) WM KBajpar (KOT/a PacTsSKKU YEThIPE) COIJIACHO
CXeMe pacroyiokeHusi GyHIaMEeHTa MadThl U PACTIKEK (puc. 8.7) U BBIYUCISIETCS
KaK IUIOIIA/lb BIIMCAHHOI'O B OKPYIKHOCTB Sy, KBAZIPATA Sy CO CTOPOHAMU Ly
2 2
SOKp T-D P DP 2

Sp =Sy =Ly = = = , M. 8.8
T 05 05704 2 59

4. Pacuem napamempog pomopa eemposHepeemudeckou ycmanosku. Pacuem
yucna onacmei pomopa 8empoIHepPeemuyecKoll YCmMaHo8KY, GeUYUHbl XOPObl U
YCMAHOBOYHO20 Y2id.

4.1. BpUHCISIOT a’3pOAMHAMUYECKYI0 MOIIHOCTH C IOMOIIBIO AJIEKTPUUYECKOU
MOIIHOCTH.

DnekTpudeckass MoIHOCTh BOY P, Bbluncisgercss uepe3 a’poAMHAMUYECKYIO
MOIITHOCTH P, uepe3 ko3¢ dumueHT ucroiab3oBanus sueprun Berpa (KMOB) &:

P3 = éPA ) Br. (89)

PeanbHble 3HauYeHUs & IS TOPU3OHTAIBHO-OCEBBIX YCTAHOBOK HU3MEHSIOTCS B
npenenax 0,25...0,47, a mis BEPTUKAJIbHO-OCEBBIX YCTAHOBOK - B IMpejaenax
0,09...0,48.

Teopernueckuit mMakcumanbHblii KMOB sBisercs uaeanbHbIM M Ha IPaKTHKE
HEJOCTIKUMBIM B CBSI3U C HEM30SKHBIM HATMINEM TIOTEPh:

- &x= 0,593 no XKykoBckomy-berny (Haubosnee ynmorpeOuM B BHIUUCICHUSX ),

- &= 0,687 no Cabununy.

4.2. OnpenensitoT OMETaEMYIO0 IUIONIA[b POTOpPa S MPU MOCTOSHHOM CKOPOCTH
BETpa v B JAMUHAPHOM MOTOKE.

AbspoJiMHaMHUYecKasi MOUTHOCTh SIBJIIETCSI SHEPruel HaOeraruiero moToka BETpa,
nepeaBaemMoit poropy (Berpokosiecy) BOVY 3a 1 cekynuay:

M |! N |! - & P _|j # - |3
Pd_mm Vv peSeveyt oSy . Brm, (8.10)
2 2 2 2
rae P4 — adpoauHaMHM4YecKas MOIIHOCTb, BT, p — IUIOTHOCTE BO3ayXa,

npoxondiiero yepe3 porop (mpunumaercs 1,2041 kpM® B cyxoMm BO3ayxe npu
temriepatype 20°C u maBnenuu 101,325 Klla), x/M*; v — CKOpOCTh BETPOBOTO
MOTOKa 70 BCTPEYHU C POTOPOM, M/C; m — Macca BO3IyXa, MPOXOJAIIETO uepes3
potop 3a 1 cexyHmay, kr; V' — o0beM BO3IyXxa, MPOXOIAIINI depe3 potop 3a 1
CeKyHLy, M’; S — oMmeraeMmas IUIONIAgb pPOTOpa (Y TOPU3OHTAILHO-OCEBBIX
YCTAHOBOK 3TO - IUIOIIAJb MPOEKIIMHA POTOpA HA IJIOCKOCTh, MEPHEHIUKYISIPHYIO



OCH BpAILICHUS, Y BEPTUKAIBbHO-OCEBBIX YCTAHOBOK 3TO IUIOLIA/Ib TPOECKIIUU POTOPA
Ha IJIOCKOCTh, MapajuieIbHYI0 OCU BpaIleHHUs ), M

Takum oOpazom, omeTaemas IIIOLIAIbL POTOpa S omnpenensiercs OJHO3HAYHO
u3 (8.10).
4.3. OnpeaensitoT OUaMETp poTOpa Jisi TOPU3OHTAIBHO-OCEBBIX YCTAHOBOK
(IMaMeTp U BBICOTY POTOpA I BEPTUKATIbHO-OCEBBIX YCTAaHOBOK).
J1J11 TOpU30HTaIbHO-OCEBBIX POTOPOB:

2
s:”f Y 8.11)
rae: D — nuamerp portopa.
JI1s1 BEpTUKaIbHO-0CEBBIX POTOPOB:
S=DH,wuw, (8.12)

rae: D — nuamerp poropa; H — BbIcOTa poTOpa.
Ha ocHoBe Boipaxkennii (8.11) u (8.12) moxkHo HaiiTu auamerp BOY.

HeoOxogmmo oOTMETHTH, YTO TMapaMeTpbl pOTOpa BEPTUKAIBHO-OCEBOM
BETPOIHEPTIOYCTAHOBKHU OMPEAEIISIIOTCS HEOAHO3HAYHO, TO3TOMY JIJIsl ONIpECICHUs
COOTHOIIICHUS AuameTpa D 1 BbICOThI H HE0OXOUMBI JaIbHEHIITNE BHIYUCICHUS.

Ha npakTtuke HEOOXOIMMO YBETUYHUTH OMEeTaeMylo miomanb Ha 33-35% c
y4eToM nonpasBku Ha peasibhblidi KUDB, cocraBisttomuii 65-67% 0T naeaabHOro:

Spear = S-1,33, M. (8.13)

4.4. [lenaroT BBIBOJ O TEXHHUYECKOM M HKOHOMHUYECKON I1€J€cO00pa3HOCTH
M3TOTOBJIEHUSI POTOPA U €r0 MPUMEHUMOCTA B KOHKPETHBIX YCIOBHUSIX Ha OCHOBE
rabapuTHBIX pa3MEPOB.

5. Pacuem napamempos nonacmeii pomopa BIY.

Yucno sonacrerd poTopa BETPOIHEPTETUUECKON YCTAHOBKHU 71 ONIPEEIISIET €r0
OBICTPOXOHOCTh Z — OTHOILIEHHE JIMHEMHOW CKOPOCTH KOHLA JIONACTH K CKOPOCTH
BeTpa. bricTpoxogHOCTh BBIOMpaeTcss pa3pabOTYMKOM HAa OCHOBE TpeOOBaHHM K
KOHCTPYKIIMU U onbiTa. JlJI1 CHIBHBIX BETPOB YBEIUYEHHE OBICTPOXOAHOCTU
poTOpa SABISIETCS B LEJIOM IOJIOKUTEIBHBIM MEpPONPHUATHEM B CBSA3U C
YBEJIMYEHUEM YacTOThl BpallCHUs, a JI1 MajblX BETPOB IAapaMETpPbl BBICOKOU
OBICTPOXOJHOCTH OTPULIATENIBHO BIMSIOT Ha BBIPAOOTKY JHEPIMH B CBS3H CO
CHIDKEHMEM  KpyTAwero MoMeHTa poropa. [losroMy  yHHMBEpCaabHOrO
ONTHUMAJIBHOIO PpEIIEHUs MO CBS3M YHCIA JIomacTeil, OBICTPOXOJHOCTH U
KpYyTAIIEr0 MOMEHTA HE CyHIECTBYyeT. B CBA3M ¢ 3TMM 3ajaya BCerjga pemaeTcs



UCXOJs U3 TpeOOBaHUM, NPEIBSIBISIEMbIX KOHKPETHON YCTAaHOBKE, HaXOAILEHCS B
ONIPENIEIICHHBIX BETPOBBIX YCIOBHSIX.

5.1. OnpenensitoT Yncio JIONacTe npu 3aJJaHHON OBICTPOXOHOCTH.

W3 mpakTUKM M3BECTHO, 4YTO ONTUMalbHas OBICTPOXOJHOCTh Z CBs3aHa C
KOJIMYECTBOM JIONACTEN BBIPAKEHUEM:

- U1 TOPU30HTAIbHO-OCEBBIX POTOPOB:

80
n= ?, IIT.; (8.14)
- JUTsl BEpTUKAITbHO-OCEBBIX POTOPOB:
4.7
h z7,1111, (8.15)

IJIC: 1 — YUCJIO JIONACTeH, MT.; Z — OBICTPOXOIHOCTh, MOIYJIH.
Yucno nonacteil okpyrisierca 40 Onmkaiiuero uenoro 3HadeHus. [lpumepHsie
COOTHOWLIEHHUS Z U 1 MOKa3aHbl Ha puc. 8.8.

1 nonactb.2=9 2 nonacth. Z2=6

¥Yrnbl YCTAHOBKMU
NONACTEN B KAXAOM
CNY4YAE PA3SNHUYHEL
®OPMA NONACTEM
B NNAHE
OOWHAKOBA

Inonactm. Z2=5 10 nonacten, Z2=3

Puc. 8.8. CBsi3b OBICTPOXOIHOCTH U KOJUYECTBA JIOMACTEH

5.2. OnpenensitoT 4acTOTy BpallleHUsS POTOpPa, KOTOpas BhIpakaeTcsl B 0O/MUH U
omnpeaenseTcs mo Gopmyiie:

60-Z-v

WOrpyy = 7Z'—D , 00/MuH, (8.16)

TJI€: ey — YACTOTA BPAILIEHUS pOTOpa B 00/MUH; D — AMaMeTp poTopa.
Yacrory Bpaiienus B 'l onpenenstor no gopmyiie:

(4]
— RPM T

oy, =22 T, (8.17)

TJIC: Wy — 9ACTOTA BpAIICHHS poTOpa, 1.



5.3. OnpenensOT AIUHY XOPJIbI JIOMACTH, T.€. HAMOOJBIIEE PACCTOSHHUE MEXKTY
HOCOM W KOHIIOM TorepeyHoro npoduiis jionactu. JyimHa Xopasl b siBisercs 11do
NEPEMEHHOM, MO0 MOCTOSHHOW BEIWYMHON B 3aBUCHUMOCTH OT KOHCTPYKIIMU
JIOTIACTH.

B ciywae mnepemeHHOro BapuaHTa [UIMHA XOpAbl OyAeT 3aBHCETh OT
pacCTOSIHMSL MEXIYy MECTOM 3aKpeIUIeHUsl JIOMacTH Ha cTynuue (Wi
PUOIU3UTENHHO OChIO BPAIICHHS) U PACYETHON TOUKOW Ha JIOTIACTH:

R

16-7-R-| —
”_[] M, (8.18)

9.Z%.n

re: ¥ — PAcCTOSIHUE OT OCH Bpall€HUs 10 TOYKM Ha JIONACTH, U3MEHSETCS B
npenenax 0 <r <R.

JlnuHy mepeMeHHOW XOopAbl b Ha pacCTOSHHHM OT OCH BpalieHusi, paBHOM 75%
JUTHHBI JIOTIACTH, OTIPEIEISIOT 10 hopMyJie:

p16-7z-R-13 (8.19)
9.Z%.n

JnuHy Xopasl b, Ha KOHIIE JIONACTH ONPEAENISIOT 0 popMyIie:

_16-7-R

b,=———— ™
¥ 9.7%.n

(8.20)

[IpoBepuTh  IMHY  XOpABl  JIOIACTH  POTOpPA  TOPU30HTAIBHO-OCEBOU
BETPOIHEPTETHUECKON YCTAHOBKH MOXKHO MO 3MIHpUYeckoin ¢opmyine. inna
XOpAbl b, Ha KOHIIE JIONACTU COOTHOCHUTCA C JUAMETPOM pOTOpa CIIEAYIOIIUM

obpazom:
b.=0,038D. (8.21)

5.4. OnpenensatoT yucio PeliHonbaca 711 XOpAbl HA KOHIIE JIONACTH M XOpJbl Ha
paccrosiuuu 1=0,75-R OoT ocu BpailleHHsl (i1 MEePEMEHHON XOpjbl), MOJy4aroT
MHUHUMAIBHYIO JUIMHY XOPJbl U KOPPEKTUPYIOT MOJIYUYECHHBIN PE3YJIbTaT.

[lepexoa OT JaMMHAPHOTO K TYpOYJEHTHOMY JABUKEHUIO MPOUCXOAUT MpHU
3HauYeHUU uyuciia PenHosbACa Re,, KOTOPOE HA3BIBAOT KPUTHYECKUM. MeHblie
OTOr0 3HAYEHHUs CONPOTHUBIICHHE Kpbula X BEIMKO, a MOAbEMHas cwia Y maina.
Bpiiie aToro 3HadueHus conpoTusiieHUE X B HECKOJIBKO pa3 Majaer, a MoJAbeMHas
cuia Y B HECKOJIBKO pa3 Bo3pactaer. Yucno Pelinonbica B 001ieM ciayyae:

Re= Y08 (8.22)

rae: Vo— OKpysKHast CKOPOCTb JIONACTH (JIMHEWHAask CKOPOCTh TOUYKH JIONACTH); b —



XapakTepHbId pa3Mep (Hampumep, AJMHA XOPJbl), M; V — KUHEMaThdecKas
2
BSI3KOCTh CPEJIbl, M/C.
Jlns Tena, MBHOKYIIErOoCs B JaMHUHAPHOM HECKMMAEMOM IOTOKE BO31yXa C
10THOCTRIO 1,2041 kp/M? uncno PeitHomnbaca onpenenstor no gopmyiie:
Re = 68500-V,b . (8.23)

s ycroitunBoit pabotel BOY neobxoaumo ycnosue: Re > 200000. Torma xopaa
JIOTIACTH JOJIKHA HE MEHEe:

Re

- u (8.24)
68500-F

[Tonygyennsie B popmynax (8.19) u (8.20) nanHbIe MPOBEPUTH HA YOBICTBOPEHUE
ycinoBuio (8.24) U OTKOPPEKTHPOBATH PE3YJIbTAT COOTBETCTBYIOIIMM 00pPa3oM,
MEHSS JIMHY XOP/bI.

5.5. Omnpenenstor JIIUHY JIONACTH, KOTOpas BbIOMpaeTcss U3 COOOpa)KeHUM

MPOYHOCTA  KOMIOHEHTOB W  MHWHUMM3AIMA  BIUSHUS ~ HUHAYKTUBHOIO
COIPOTHUBIICHUS:

1,5’R>1L,,,>4b, m, (8.25)
rae: L,,, — JJuHa JIOIIacTH.

5.6. OmnpenenstoT yYCTaHOBOYHBIA Yroy Jonactd f, KOTOpbIA SIBISIETCS
NIEPEMEHHBIM TI0 BCE €€ JUIMHE, T.K. 3aBUCHT OT OBICTPOXOJHOCTH WIJIH YTJIa aTaku
MOTOKa:

= [ + a, Tpan, (8.26)
IJie: . — YroJl aTaku, 10J KOTOPbIM MOTOK BO3AECHCTBYET HA JIONACTh, IPajl.
Takum 00pa3oMm, YCTAaHOBOYHBIM Yyroyl KaKJOW TOYKHM JIONACTH 3aBUCUT OT

PACCTOSIHHSA ¥ U PACCUUTHIBACTCS TI0 CIICIyIOMmeH Gpopmyrie:

ER\
3-r-Z)

§ = are] 22 (8.27)
[IpakTuuecku Bce npoduyivn jomacTed WMEIT HaWBBICIIEE adPOJUHAMUYECKOE
KauecTBO TP yIJIe aTakKh o paBHOM 5 rpajaycaM, 4TO MOXKHO OpaTh 3a OCHOBY B
pacuerax.

5.7. Ilony4yeHHbBIC JaHHBIC 3aHOCAT B Ta0IHUITy 8.3:

Ta6mumna 8.3 Cognas Tabiuia nmapamerpos BOY

bricTpo- Yacmo HomMmHATEHAR JmHa JmHa JmeHa Ycraso-

XOAHOCTE | JIOTIAcTeH TACTOTA XOPIEI XOPOEI MOMACTH | BOTHLIH

i n, BpallleHHA Ory, | (KOHEI), (0,75-R). | — yroua B,
MOIyITH IIT. I'm M M M rpajg.




6. Pacuem u 6bl60p muna cenepamopa.

3ajaya pacuera mapameTpoB TI'€HEpaTopa BETPOIHEPreTUUYECKON YCTaHOBKH
SBJISIETCS OJTHOU U3 CJIOKHEHIINX AJEKTPOTEXHUYECKHUX 3aJ1ayu, TECHO CBSI3aHHOM C
MEXaHUYECKUMU M a’pPOJMHAMUYECKUMH [apaMeTpaMH YCTAaHOBKH, a TaKKe
HEMOCPEJICTBEHHO  3aBUCMMOM OT TMapaMeTpOB CHUCTEMBbl  PEryJIUpPOBaHUS
MOIIHOCTH.
Kpome 3Toro, cios>kHOCTh MpECTaBIsSET BEIOOP TUIIA TEHEPATOpa, €r0 TadapUTHBIX
pa3MepoB M pacyeTa napameTrpoB oOMoOTkH. bonee Toro, pacuer reHeparopa Ha
MPaKTUKE JOJDKEH IMOJIBEPraThCsl MPOBEPKE HA TEIJIOBBIE PEKHUMBI B Pa3TMUYHBIX
KJIUMAaTUYECKUX YCJIOBHUSX. Pacduer MarHUTHOro TMOJsi TPOBOJAST Ha OCHOBE
nporpaMmMHoro komriekca Ansys. [loBepodHbIii pacyeT mapaMeTpoB reHeparopa
OCYIIIECTBIISIETCA B JI0OOH BBIUMCIUTENBbHO nporpamme — MathLab, MathCAD,
MS Excel.

7. Bolbop muna pe2ynisamopa MOWHOCMU.

Pa3zpaboTka 3JEKTPOHHOIO  pEryysiTopa MOIIHOCTA  BETPOIHEPreTUUYECKOU
YCTAHOBKH, HE WMEIONIe O0a/laCTHOTO COMPOTHUBJIEHUS, XapaKTEepPU3yeTCs
CIEAYIOIIUMU OCOOCHHOCTSIMHU:

- TOJJIEp’KaHWE MaKCUMaJbHOW MoIIHOCTH BDOY B ompeneneHHOM auamna3zoHe
4acTOT BpalleHUsl pOTOpa;

- OrpaHMYEHUE YacCTOThl BpAIEHUS POTOPA Ha HOMHUHAIBHOW (MaKCHMAJIbHOM)
YaCTOTE BpPalIECHHUS 32 CUET adPOJIUHAMUYECKUX PETYJISITOPOB;

- OTCYTCTBHE OaJJIaCTHOW HArpy3KH.

Tun perynsaropa MOXeT ObITh BEIOPaH Ha OCHOBE COBPEMEHHBIX JIEKTPOHHBIX
KOMITOHEHTOB: TMOBBIIIAIONIETO0 HMITYJbCHOTO MPeoOpa3oBaTelis; MOHMKAIOIIETO
UMITYJIbCHOTO MPeoOpa3oBaTers.

3aayedt ONTUMU3AIUY SIBISIETCSl CHIDKEHHME TOTEph MPHU MPeoOpa3oBaHUM U
MaKCMMaJIbHO TOJIHOE€ HCIOJIb30BaHWE JHEpruv Berpa. [nsg mnomydeHus
MakCMMyMa MOIIHOCTA TMpPU PEryJUpPOBaHUM TpeOyeTcs MNPUNIePKUBATHCS
ONTUMAJILHOW OBICTPOXOAHOCTH Z, KOTOpasi U BBICTYNAET B KAaYECTBE HMCXOIHBIX
JAHHBIX TIPU pa3pabOoTKe aIropuT™Ma IEKTPOHHOTO MPeodpa3oBaTesisi SHEPTUH.

PazpaboTuuk goKeH BBIOpaTh CXEMY PETysiTOpa Ha OCHOBE CBOETO OIbITA,
UMEIOIIUXCS HA pPHIHKE KOMIIOHEHTOB U TpeOOBaHMII COOTBETCTBYIOUIETO
TEXHUYECKOT0 3aJIaHHs.

[IpoextpoBanue cucteMbl ymopaBiaeHus BOY, Ha3piBaemoil Takxke
KOHTPOJUIEPOM, PEryJIsiTOpOM WIH MpeoOpazoBarenieM, HEPa3phIBHO CBS3aHO C
paboroit BDY B uenom, reomerpuei potopa (BETpPOKOJECA), APXUTEKTYypOu
(B3aMMHBIM PACIOJ0KEHUEM) KOMIIOHEHTOB, NMPUHIMIIOM TEpeAadyd SHEPruu OT
MEXAaHUYECKOM K DJJIEKTPUYECKOW YacTu U T.A. B CBSI3M C ITUM DIECKTPOHHBIM



KOHTPOJUIEp, KaK MPaBUJIO, HE SIBJISIETCSl YHUBEPCAJIbHBIM, @ HA00OPOT, KECTKO
MPUBS3aH K ONPEAECICHHOMY T'eHepaTtopy u tunopasmepy BOY. Onnako, ¢ apyroi
CTOPOHBI, OTHOCHUTEJIbHAsI YHUBEPCAIBHOCTh KOHTpOJIIEpa MOXET  ObITh
JOCTUTHYTA 32 CYET MOAYJIBHOTO UCIIOJIHEHUS €r0 KOMITIOHEHTOB.

8. Buvibop muna uneepmopa u pacuem napamempos.

Bribop wuHBepTOpa SBISETCA HECJIOXKHOW MPOIEAYpPO, OJHAKO HMEET
MHO>KECTBO TOHKOCTEH, KOTOpbIE HEOOXOJMMO MPUHUMATh BO BHUMaHue. OaHuU
WHBEPTOPbl HA BBIXOJI€ BBIPA0ATHIBAIOT YHMCTYIO CHHYCOHMJY, KakK 3TO JENaroT
sHepreruyeckue komnaHuu. OtkinoHeHue ¢aszpl +/- 2%. CTOMMOCTH TakKoro
npubopa JOCTaTOYHO BbICOKas. [lpyrue MHBEPTOpPBHI MOTYT BbIpaOaThIBATh KBA3U-
cuHycouay. OHu JenieBiie NpuoOpoOB, BbIpadATHIBAIOLINX YUCTYIO CUHYCOUAY B 3-
6 pa3. B aTom ciyuae rpadguk Toka HallOMHUHAET TPANELUIO, IPSIMOYTOIbHUK WU
CUHYCOHJly C Napa3sUTHbIMM TAapMOHMKAMHM, HCKaxaromumu ee. PasHuna B
IUIOLIAAN TaKUX (PUTYp U YACTON CUHYCOUJIBI SIBJSIETCS COBOKYITHOCTBIO TEIJIOBBIX
OTEPb.

OTU mapa3uTHblE TAPMOHUKU NMPUBHOCAT MOTEPU TEIIa, HO aOCOJIOTHO HE
BJIUSIOT Ha OOJBIIMHCTBO OBITOBBIX NpUOOPOB  (HarpeBaTelld, JIAMIIbI
HaKaJIUBaHUs, DJEKTPONPUOOpPHl ¢ (UIbTpaMU U T.I.), OAHAKO MOTYT OKa3aTb
HENpeICcKa3yeMo€e BO3JIEHCTBHE HA YCTPOMCTBA, COJEp KAIHUE 3JIEKTPOJBUIATEID
(XOJIONWIBHMK, CTUPAJIbHASI MAallWHAa, KONUPOBAJIBHBIN amnmapar, 3JEKTPOAPEIb,
BEHTUJISITOPHI U T.J1.) B CBSA3M C TEM, YTO MAPA3UTHBIE TAPMOHUKH, COACPHKAIINECS B
CUHYCOHUJIE, HArpeBalOT OOMOTKH 3JEKTPOABUIATENS U MOTYT BbI3BaTh IEPErpPEB
3JeKTponpuodopa.

9. Pacuem emkocmu akKyMynisamopHbuIX Oamapel.

OnekTpodHeprusi, OyAydd TNPOU3BEACHHOM, JOJKHA OBITh HEMEJICHHO
orpebnena. T.o. ecmu BDY BreIpabaThiBaeT SHEpPruro, a MOTPEOJICHUS HET, €e
HEe0O0XouMO 3amnacatb. Kpome 3TOro Jyisi MOKPBHITHUS KPaTKOBPEMEHHBIX MHKOB
HHEPronoTPeOsCHUsT HEOOXOJMM HAKOMHTENIb JHEPTUM, KOTOPHIA 3amacaer
W3JIUIIKU SHEPTUU BO BPEMSI MUHUMAJIBLHOTO MOTPEOJIEHUS U OTAACT 3almaceHHYIo
SHEPrUI0 BO BpeMs MaKCUMAaJbHOIO TMOTPEOJICHUST B KOPOTKUM MPOMEXKYTOK
BPEMEHU.

Hakonurenu »HepruuM MNpeACTABISIIOT COOOM IIMPOKOE pa3HooOpasue.
HakannuBarh 3HEpPrur0 MOXHO B MEXaHMUYECKUX YCTPOWCTBaxX (pacKpyuHWBaHUE
MaxOBHUKa, MOABEM TSKEIIBIX IUIUT), THAPABIMUYECKUX CUCTEMaXxX (3aKauka BOJBI C
MOCJEAYIONIMM CIIyCKOM 4epe3 THAPOTYpOHHY), BOJOPOJHBIX HAKOMUTEIAX
(BpIpabOTKa BOJOPOJA DJIEKTPOJIM3EPOM, 3alacaHue U JalIbHEHIlee OKUCICHUE B



TOIUIMBHBIX 3JIEMEHTAX ), XUMHUYECKOE aKKyMYJIUPOBAHHUE (KHUCIOTHBIE, IEIOYHBIE,
HUKEJIb-KaIMUEBBIC, TUTUI-UOHHBIE U IPYyTUe aKKyMYJIATOPbI) U T.[.

[IpumepoM mpocTeiiiero akKyMyJIHUPOBAaHHSI  DJIEKTPOIHEPTUU  MOXKET
CIIyKUTh OObIYHAsI aBTOMOOWJIbHASL aKKYyMYJIITOpHAst OaTapesi.
9.1. OnpenenstoT NoTpedaIeMyI0 MOIIHOCTh 0OBEKTA B MEPUOJIBI MAKCUMATBHOTO
DHEPronoTpedsieHnsl ¢ yderoM AaHHBIX M. 1 (tabmumer 8.1 m 8.2) u Bpems
notrpebnenus 7.

Kaxnpiii yac B TeueHue BpeMeHM 1 MOTpeOJAeTCs JHEpPrus, paBHas
MOILIHOCTH, IOTPEOIISIEMON B €IMHULLY BPEMEHHU:

P, =Lm | Br. (8.28)
T
9.2. YuurteiBas Hanpspkenue Upgr M3 M. 5 W MOTPEOISIEMYI0 MOIIMHOCTh Ppry,
HaXOJIST BEJIMYMHY TOKA MOTpeOIeHUsI [pgr. DTH BEIMUMHBI CBS3aHBI MEXKIY COOOM
bopmynoii:

Pgey = Upgr * Ipgr, BT. (8.29)
9.3. OmnpenenstoT O0ITyI0 eMKOCTh 0JIOKa aKKyMYJISITOPOB:
CAKE = ]PEF'Ts A-gac. (830)

OpnHako 310 - o01Ias eMKOCTh OJI0Ka aKKyMYJISITOPOB, KOTOpasi TOJKHA OBITh
oTmaHa moTpebuTento. TeM He MeHee, XHUMHUYECKHA aKKyMyIsAToOp He
pekoMeHayeTcs paspsbkath Oonee, yeM Ha 50%. Ilostomy Benuuuny Cyxp
HEOOXOZMMO yJIBOUTB, YTOOBI OJYYHUTh PEAIbHYI0 €MKOCTD Cxppeqs:

CA[(Epeaﬂ = CAKE 2 ) A-4ac. (831)

9.4. OnpenenstoT eMKOCTh €AMHUYHON aKKyMYJISITOpHOU Oatapen C; , UCXOIs U3
TOTO, YTO OOIIAsi €MKOCTb MOXET OBbITh MNpEJCTaBleHAa KaK CyMMa €MKOCTel
NapajuleIbHO  BKJIFOYEHHBIX  KACKaJOB  IOCIEIOBATEIIBHO  COEIMHEHHBIX
aKKyMYJIITOPHBIX OaTapeil:

CA[(Epeaﬂ = Cl-'m ) A-Jac. (832)

[Tpu stom C; nonbupaercs, UCXOJS U3 €MKOCTHOIO psJa MMEIOLIUXCS Ha PbIHKE
akKymyJsITopoB. Kak npaBuio, 3ToT psj npeacrasiieH eMkocTsaMu: S50, 55, 60, 65,
70, 75, 90, 120, 190, 200, 400 u 1.n1. A-u. Pa3zpabotuuk BbIOMpaeT HauboJiee
yA0OHBII BapUaHT.



9.5. Tlocne mpoBeneHusi pacuera HEOOXOTUMO CIENaTh MPOBEPKY HA MPEIAMET

TOrO, CMOXKET JIU BETPOIHEPreTHYECKas YCTAaHOBKA 3a MPEAbIAYLUIUNA TEpPUO

3apsIANTh 3TU aKKyMYJISITOPHI 10 TpeOyeMoro ypoBHs. C 3Toi 11eJIbI0 HEOOX0AUMO

ONPENEIIUTh, KAKOE KOJUYECTBO SHEPTUU JNOJHKHO NOCTYnuTh 0T BOY 3a mepuon
BpeMeHU 7;;, TPENLIECTBYIOIMUA ucciaeayemoMy nepuony 1;. Ilpu sTom

JUTUTEIILHOCTD TIPEAIIECTBYIONIETO nepruoaa 7; ; MOXKHO MOaydnuTh u3 Tabmuisr 8.2,

MpUBEJECHHON B 1. 1, a MOWMHOCTL P,.,55y, BbIIaBAEMYIO0 BETPOIHEPTrEeTHUUYECKOU

YCTaHOBKOM Ha KOHKPETHOW CKOPOCTH BETPA, MOKHO OIPEAEIUTh U3 Tabnul 8.4 u

8.5.

Tabmuma 8.4 3aBUCMMOCTh MOIIHOCTH U BBIPAOOTKHU

HOMMHAJIILHONM MOIITHOCTBIO Pgry.5s = 5 KBT

sHepruu BOVY-5 ¢

Cropocts
BEeTpa v, 3
Micex

10 11 12

MraopenHas
MOITHOCTE 150
Purmpav, BT

300

500

900

1500

2300

3300

4500 | 3500 | 5700

CyTousHas
BEIPAOOTKA | 3 g
Eqnaav.
EBT-3ac

12

12

21.6

36

552

792

108 132 136.8

Tabmuna 8.5 3aBUCUMOCTH MOIIHOCTH WU

HOMHUHAJIBHOM MOIITHOCTEIO Pgyy.30 = 30 KBT

BbIpaboTkn s3Hepruu BOVY-30 ¢

Cropocts 3
BeTpa vV, M/CeK

4

7

10 11 12

MreopeHHAS
MOIDHOCTE 0.6
Purwray, KBT

2.0

4,0

7.0

11.0

=

17.0

El

250

290 44.0 57.0

=

CyTousan
BEIPalOTEA 14
Eqn:ﬂ IV EBT-
Hac

95

168

408

600

696 1056 1368

Torpa sneprus Egsy.r, noctynusmas ot BOY 3a nepuon 7;.; cocTtaBur:

Epsy.r = Poupoy' T, Brrdac.

(8.33)

[TonyyeHnnass BeaMYMHA TMOJICKUT CPABHEHHIO C MOTPEOIsieMOl HSHepruel u

A0JKHA IMPCBBINIATH €C:

Epoy.r = Epgy , BTyac.

(8.34)



9.6. Cpaenate BBIBOA O NPUMEHHMOCTH AaKKyMYJISATOpHBIX Oartapeid mams
uccienyeMoro oobekra. Ilpu mosyuyeHuMm HEyAOBIETBOPUTENIBHOIO pe3yJsbTara
HEO0OXOMMO MPOU3BECTH COOTBETCTBYIOIIME NEPEpacyeThl, HAPUMED, YBEIUUUB
MOIIIHOCTb W/WiM KojudecTBo BOY, cHU3UB sHEpronoTpebieHye u 1. 1.

10. xonomuueckuu pacuem.

Pacuer cebecrommocT BeTpOIHEPreTHUECKOM YCTAaHOBKU Cpry.y BBITIOJNHSIOT Ha
OCHOBE TEKYIIIHUX 1I€H Ha KOMILUIEKTYIOIME 0€3 yueTa CTOMMOCTU aKKyMYJISITOPHBIX
Oatapeil, OOCTaBKM M MOHTa)xka. ba3oBble CTOMMOCTH (IO COCTOSIHMIO Ha
01.01.2021 r.) KOMIOHEHTOB Ha CPEAHECTATUCTHUYECKYI0 BETPOIHEPIOYCTAHOBKY
HOMUHAJIbHOU MoIIHOCTBRIO 1 KBT (BOVY-1) u ycranoku BOVY-1 B nienom Cpry.;
NpUBEICHBI B TabuIIE 8.6.

Tabnuma 8.6
Kommnonent BOY Croumocts, pyo.
Maura, 12 M 30 600
Crynuua 48 000
Cucrema a3poIMHAMUYECKOTO PETYJIMPOBAHUS 15 600
JlonomHUTEIbHBIE MEXaHU3MBbI (MYJITUIUITMKATOP WIIH KOJIBIIA) 12 000
JlonmacTu, 3 mr. 12 000
KonTpomnnep 18 000
WuBeptop 36 000
Kpenex, nmorpyska 6 000
HUTOI'O: 178 200

OKynaeMoCTh BETPOIHEPIeTUYECKONM YCTAHOBKM pPACCUUTATh YpPE3BbIYAWHO
CJIOXHO, T.K. 3Ta BEJIMYMHA 3aBUCUT OT MHOTUX OOCTOSITENHCTB — HAYAJIBHON 1IEHbBI
(T.. LIEeHbl BETPO3HEPrOYCTAHOBKH C YUYETOM JIOCTABKM M MOHTaXa), pPEabHON
CKOPOCTH B€Tpa B PETrHOHE, CTOMMOCTH | KuioBarT-4aca, MNEPUOJUYHOCTU
oOcimyXuBaHUsI, HEOOXOAMMOCTH pPEMOHTa W T. 1. Kpome »Toro, HeoOXOIUMO
NOHUMAaTh, YTO MPU OTCYTCTBUM SHEPrOCHAOKEHUS HAa 00BEKTE, HAXOAAUIEMCS Ha
OOJBIIOM yJaJeHUW OT JUHUKA snekTponepenau (JIOII), Buenpenne BIY
000CHOBBIBAETCSI CKOPEE COLMATBHBIMU YIIYUIICHUSIMU, HEXKEIN YKOHOMUYECKUMU
MOKAa3aTeNs MU, TOCKOJIbKY CTOMMOCTh MoOHTaxa JIDII Hemzmepumo Oosiblie
pa3MelleHus] BETPOIHEPrOyCTAaHOBKH JUId Mayloro mnotpedurens. OgHako MpH
Hamuyuu JIOII pacuerbl OMKHBI TPOU3BOJIUTHCS C TOW WM HMHOW CTEINEHbIO
NOTPEIIHOCTH U JOITYLIEHUSMHU.

Cpoxk okynaemoctu BOVY Tp5y. v BBIUUCIAIOT MO PopMyie:



+U,+U
T, =dovw oty ey, (8.35)

E

200B2Y CKBm-'—l

rae: E.,opsy — rojioBasi BbIpaOOTKA 3JIEKTPOIHEPTHH, KOTOPYIO MOXXHO HAWTH W3
tabmuiy 8.4 w 8.5 1O COOTBETCTBYIOIIEH HOMHHAIBHOM MomtHOCTH BOY,
noJiyueHHoi B 1. 2, kBt-uac; My — uznepxku Ha obcimyxuBanue BOY, koropsie
COCTaBJIAIOT, KaK mpaBmio, He 6omee 20% ot I{z5y.y 32 BECh CPOK IKCILIyaTaIldu
B3Y, py6.; Up - Wsznepxku Ha pemoHT BDY, koTophie NOSBISIOTCA C
ONpEJEICHHON J0J€il BEPOSTHOCTH, XOTS Ha MPAKTHKE, MPU dKcIuryaTauuu BOY
W3BECTHBIX MPOM3BOAUTENCH paBHBI HYIIO, PYyO.; Cyp,.y — CTOUMOCTH 1 kBT 4aca,
py6/kBT-yac.

8.3. Couaneunble TemIoBbIe U (GOTOIIEKTPUYECCKHE IHEPrOYCTAHOBKH.

Conneuynass »JHeproycraHoBka (CDOY)-— wuHXEHEPHOE COOpYKECHHE,
npeoOpasyroniee COMHEYHYI0 pagualiio B TEIUIOBYI0 WU 3JICKTPUUYECKYIO
sHepruro. CrmocoOs! mpeoOpa3oBaHus COJIHEUYHON paJWaliyl PAa3INYHbI U 3aBUCST
OT KOHCTPYKIIUHU TeTUOCTAHIIUH.

B nHacrosimee Bpemsl CylIeCTBYIOT J1Ba OCHOBHBIX Buaa COVY: TemioBble
(puc. 8.9) u porornexkrpuueckue (puc. 8.10).

a) 0) B)
a) — pabodee MoOMeIICHUE CTAaHIIUK; 0) — TETUIOBBIE COJTHEYHBIE KOJUIEKTOPHI; B) —
CETEeBO HACOC IIEHTPATBHOW CUCTEMBI OTOTUICHHUS

Puc.8.9. TeroBas cTaHIys COTHEYHOTO TETUIOCHAOKEHHUSI



=
N
Ll
==
ey
=
-
-
-
E
=
—_—
—
—
—_
—_—
—
==

0)
a) — cojHeuyHble (OTORICKTPUUECKHUE MaHeIu; 0) — OJOK ympaBJjeHUS CTaHIUen
(MHBEpTOP, KOHTPOJLIEP, AKKYMYJIISTOPHI)

Puc.8.10. dorosnexkTpruyueckast CoTHEYHasi CTaHIIMS

[IpuHnunuanbHas cxema HaumOoJee TUNUYHOU mennogoi CIY (cucmema
conneunozo meniaocnaoncenus — CCT) npusBegeHa Ha puc.8.11 wu
npeaycMaTpuBaeT paboTy YCTaHOBKH B PEeKUMAX:

- OTOILJICHUSI U TOPSYETO BOJOCHAOKEHHUS,
- TOPSYETO BOJIOCHAOKEHUS.
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Puc.8.11. [IpunnunuansHas cxema cucTeMbl coiHeuHoro TerocHadxkenus (CCT),
BKJIFOUAsi OTOTVICHUE U TOpsYee BOJOCHA0KCHHE

CCT BkJIIOYAET TPU KOHTYpa LHUPKYISALUU:

- IIEPBBIA KOHTYP, COCTOSIUIMI U3 COJHEYHBIX KOJUIEKTOPOB 1, HUPKYJIALMOHHOIO
Hacoca 8 M )KMJAKOCTHOIO TEIJIOOOMEHHHUKA 3;

- BTOpPOHM KOHTYp, COCTOSALIMU M3 Oaka-akKyMyssiTopa 2, HUPKYJIALHOHHOIO
Hacoca 8 ¥ TCINI00OOMEHHHKA 3;

- TPETUH KOHTYp, COCTOSIIMK U3 Oaka-akKKyMyssiTopa 2, LHUPKYJISALHOHHOIO
Hacoca 8, BOJIOBO3AYIIIHOTO TeII0O0OMeHHUKa (Kamopudepa) 5.

Oynkuuonnpyer CCT cnexyromumM o0pa3oM.

Temnonocurens  (aHTU(dpuU3) TEIJIONPUEMHOIO KOHTYpa, HarpeBasch B
COJIHEYHBIX KOJUIeKTOpax |, mocTtymaeT B TEIJIOOOMEHHUK 3, TJe TeroTa
aHTU(pHU3a TepenaeTcs BOAE, LUPKYJIHPYIOLIEH B MEXKTPYOHOM HpPOCTPAHCTBE
TerI000MeHHUKa 3 moJ AeiicTBMEeM Hacoca 8 BTOporo KoHtypa. Harperas Bona
MOCTYIAET B 0aK-aKKyMyJAaTop 2.

Jl1st ropsiuero BogocHa0 eHuUsl BoJia 3a0upaeTcs u3 0aka-aKKyMyJsiTopa HaCOCOM
I'BC 8, noBoautcst mpu HEOOXOJIMMOCTH 10 TpeOyemoil Temrneparypsl B AyOiepe
(BHemrHeM HarpeBatene) 7 u nmoctymnaer B cuctemy ' BC 3manms. [lTognuTka 6aka-
aKKyMYJISITOpa OCYILECTBIISIETCSA U3 BOJIOIPOBOJA.

Jns otomneHuss Boja M3 0aka-akKKyMyJssiTopa 2 IMOAAETCS HACOCOM TPETHEro
KOHTYpa 8 B Kajopudep 5, yepe3 KOTOPBIM C MMOMONIbIO BEHTWISATOpa 9
IPOITYCKAETCS BO3AYX M, HArPEBUIUCH, TOCTYNAET B 3/1aHuE 4.

B ciyuyae oTcyTCTBUS COJIHEUHOW paauvalliy UM HEXBATKW TETUIOBOM HEPIuH,
BbIpa0aThIBAEMON COJHEYHBIMU KOJUIEKTOpaMHU, B paboTy BKIOouYaercs ayOsep
(BHELIHUI HarpeBaTenb) 6.

[MpunuunuansHas cxema CCT ToONbKO N1l TOpSYEro BOAOCHAOXKEHUSI MpUBECHA

Ha puc.8.12.
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Puc.8.12. IlpunnunuanbHas cxeMa cucTeMbl cofHedHoro TertocHaoxkenus (CCT)
(TOJBKO TOPSYETO BOJAOCHAOKEHUS)

Pa6ora CI'BC ocymiecTBiseTcs ClIeayOIMM 00pa3om.

[{upKyISIIMOHHBIA HACOC 5 MPOKAYMBAET TEIJIOHOCUTENh YEpe3 COJIHEUHBIC
KOJUIEKTOPHI 1, T OH, HarpeBasich, OT/IAET B TETUIOOOMEHHHKE 2 TEIUIOTY BOJIE
BTOPOTO0 KOHTypa. BTopol KOHTyp oOpa3oBaH TEIOOOMEHHHKOM 2, 0OaKoM-
aKKyMYJISITOPOM 3 ¥ HAacOCOM 5, COCMHEHHBIMH MEXJy COOON TpyOOIpPOBOJIOM.
XonogHass Boma (#,) Uil TIOAMMTKMA TOCTyHMaeT B HUXKHIOKD 4YacTh Oaka-
akkymyJssitopa 3 w3 BojomnpoBoja. ['opsuas Boja () u3 Oaka-akkymyJsaropa 3
yepe3 AyOnep (BHENIHUN HarpeBaTesb) 4 MOCTyNaeT B CUCTEMY TOpsiued BOJIbI
3/1aHUS.

Pacuem cucmembul conneunozo menaocrnadicenun (omonienus).
OcHoBabIM mapamerpom otonutenbHOM CCT sBnsercs ronoBas yneiabHas
TEIIONPOU3BOANUTEIBHOCTD, ONIPEALISIEMast U3 YPABHEHHUS:

g =a+ b (H - 1000), kBt ua/m’, (8.36)

rae: H - cpenHeronoBas CyMMapHas COJHEYHAs pajJHamus Ha TOPU30HTAIbHYIO
MTOBEPXHOCTb, kBr'u/M’; maxomurcs w3 Tabmuusl 8.7; a, b - napameTphl,
onpenensembie u3 ypaBuenuii (3.4) u (3.5):

a= (o + oor + (x3r2) + (04 + asr + a6r2) f+ (o7 + agr + agrz) fz; (8.37)

b= (Bi+ Bor + Bsr”) + (Ba+ Psr + Ber”) S+ (Br + Ber + Bor’) S5 (8.38)

A€ 7 - XapakTEepUCTHMKA TEIUIOM30JUPYIOUIUX CBOWCTB  OTIPAKIAIOIIUX
KOHCTPYKIIMN 37MaHUs Tpu  (PUKCHUpOBAHHOM 3HaueHuu Harpysku ['BC,
npeacTaBisier  co00il  OTHOLIEHHE CYTOYHOW HAarpy3Kd OTOIUICHHS TpHU
TeMIeparype HapykHoro Bosayxa paBHod 0°C k cyrounoi Harpyske ['BC. Uem
OosbiIe 7, TeM OOJbILIE J10Js1 OTONMUTEIBHON HArpy3Kd MO CPaBHEHHUIO C AOJeH



Harpy3ku ' BC 1 TeM MeHee COBEpIIEHHOM SIBISETCS KOHCTPYKLUS 3/1aHUSI C TOUKU
3pEHHMs TEIUIOBBIX NOTEPh; ¥ = ) MpUHUMAETCs IPU pacyeTe ToIbKO cuctemsl I'BC.
Ora XapaKTepUCTUKaA 7' OIpeaeIsercs 1o GpopmyJe:

r=(A-m+k-p,-c)V-i,/l-S, (8.39)

rie: A - yAenbHbIE TEIUIOBbIC ITOTepH 3aaHus, B1/(M’-°C); m - KOIHYECTBO YaCOB B
CyTKax; k - KpaTHOCTh BEHTWJISIIUOHHOTO BO3AyX000MeHa, 1/CyT; p, - TUIOTHOCTD
Bo3ayxa npu 0 °C, kr/™m’; ¢,” - TeII0eMKocTh Bo3ayxa mpu 0°C M HOCTOSIHHOM
nasiennn, Br-u/(kr-°C); V - 06beM 31aHus, M*; £, - TEMIIEPAaTypa BO31yXa BHYTPH
3nanms, °C; [ - cyrounas Harpyska [BC, paHas 517 Br-u/M*; S - sKiuTas LIommais
3MIaHUS, M7, O... O Pi... Po - KOd(bdULHEHTDI, HAXOMITCS M3 Tab1.8.8 U 8.9; f -
KodhpUIMEHT 3amMeneH s, OpueHTUPOBOYHO npuHuMaetcs ot 0,2 mo 0,4.

Tabmuma 8.7. T'ogoBoe moOCTyIuieHHE CyMMapHOM COJHEYHOW pajuanud Ha
ropH30HTAIIBHYI0 HoBepxHOCTh (H), KBT-uac/m”

Hacenenmsi myEeT H
PCECP
AnTaiicrmil xpait
baarosemenka 1284
AcTpaxaBckad oGIacTE
AcTpaxaEs 1365
Bonrorpancras o6nacTs
Eonrorpan 1314
B opoHes®EcKad 00macTh
Boporex 1039
Kaumennan cTems 1111
K pacmomapcems Kpait
Coun 1365
KyHOnmesckad 00macTs
Kyitrimes 1172
Kypcras oGnacTe
Kypcr 1029
Monmasceas CCP
KHmuees 1304
Operfyprexas ofmacTs
Byayaye 1182
PocroBcras ofnacTs
Limaancy 1284
['mranT 1314
CaparoBcKad o6IacTs
Epmos 1263
Caparos 1233

Tabnuma 8.8. 3nauenus ko3pdunmenta o s conHeunbix koswiektopos II u I Tunos

Ten xoanexTopa 3maucERs Ko3bHONEETOR
o g i3 04 a3 g 7 g fig
I 607.0 -80.0 ] -1340.0 4373 2235 1900,0 11230 5.0
I 2080 1485 615 1500 11120 3375 -100.0 17250 1750
Tabnura 8.9. 3nauenns koaddunnenta B st comrednpix komiektopos I1 u 111 Tumos
Trm xoanexTopa JHaueHns Ko3GdHIMEATOR
B Bz By By Bs Bs Bt Bs Bs
I 1177 | -0.495 0,140 26 EX] -0.995 3,330 505 1.400
I 1062 | -0434 0,158 -2 465 2058 -1.088 3,550 4475 75




VYpaBHenue (8.36) mpUMEHMMO IPU HCIOJIB30BAHUM CXEMBbI, NMPUBEICHHON Ha
puc.8.11. 3nauenus A, k, V, t,, S 3aknaasiBatorcst npu mnpoektupoBanuu CCT.
VYpaBuenue (8.36) npuMEHUMO NPH CAEAYIOIIMNX 3HAUYCHUSX:

1050 < H < 1900;

1 <r<3;
0,2<f<04.
OO61y*o MI011a1h TOBEPXHOCTH COHEYHBIX KOJUIEKTOPOB HAXOAT 1O opMyIIe:
F=0f/q, W (8.40)

Pacuem cucmemwt conrneunozo zopavezo eooocnaovycenus (CCI'BC).
VnensHast romoBas TermtonpousBoautenbHocTh CCI'BC (cxema Ha puc.8.12)
omnpeaensercs mo popmyiie:

g=a+b(H-1050), kBr-u/m". (8.41)

3naueHus KO3PPUINEHTOB a U b HaxoATcs U3 Tabmuis 8.10.

Ta6muma 8.10 3Hauenus kodPGUIMEHTOB a U b B 3aBUCUMOCTH OT THIIA
COJTHEYHOTO KOJIJICKTOpa

IHaveHNA KO3 HHIERETOR
a b
I 235 0,735
il 355 0,80

Ten komnexTopa

VYpaBuenue (8.41) cnpasemmuBo npu f = 0,5 u 1050< H< 1900. Ilpu npyrux

3HauUeHUAX Kod(duuuenta 3amemieHuss [ Uil paccMaTPUBAEMbIX THUIIOB
KOJUIEKTOpOB | m Il 3HaueHWE yAEIbHOM TOJI0BOM TEIUIONPOU3BOAUTEIBLHOCTH (¢
JTOJIKHO OBITh YBEJIMYEHO (YMEHBIIIEHO) B COOTBETCTBUU C JaHHBIMH TaOmuIb! 8.11
U ompeenseTcs mo popmyiie:
gi = q (1 + Ag / 100), kBr-u/M’, (8.42)

rAe ¢; - yaelbHas rojoBas TemionpousoautenbHocth CI'BC npu 3HaueHusx f,
oTn4HbIX OT 0,5; Ag - U3BMEHEHUE roJJ0BOM YI€JIbHON TEIIONPOU3BOIUTEIILHOCTH
CI'BC, %.

Tabmuna 8.11 N3menenne 3HAYECHUS yAEIbHOU rOJ0BOM
TETUIONPOU3BOIUTEIILHOCTH Ag OT TOJIOBOTO MOCTYIJICHHS! COJIHEYHON pagualvu
Ha TOPU30HTAIBHYIO MOBEpXHOCTh H 1 kodpdurmenTa [

3mavenns H, sBrow

7=03

7=106

Memes 1500
Bonee 1500

+17
+10

-10
-6




Obocnosanue 3IKOHOMUUECKOU UENECO0OPAZHOCMU NPUMEHEHUA COJIHEYHOU
cucmembsl menioCHAdICeHU.
[Tpumenenue CCT cunrtaercs 1enecooOpa3HbIM, €CIIU BBIIOJIHIETCS YCIOBHE:

3.< 3, (8.43)
rae: 3. - yHAeNbHbIE MPUBEIEHHBIE 3aTpaThl HA E€IWHUILY BbIpabaThIBaeMOU
terioBoir sHeprun CCT, py6./T'JIx; 3; - ynenbHble TpHUBEIACHHBIC 3aTpaThl HA
eIMHUITY BhIpabaThiBaeMOM TEIIOBOM dHEPTrUn 0a30BoOM ycTaHOBKOM, py0./T" k.
VYienbHble TPUBEJICHHBIC 3aTpaThl HA €AUHUILY BbIpaOATHIBAEMON JHEPTrUU
(CTOMMOCTh ~ €IMHMIIBI  TEIUIOBOM SHEPruu) Uil COJHEYHOM  yCTAaHOBKHU
omnpeaensoTes no Gopmyie:

3.=C./0, (8.44)
rae: C. - npuBenennsie 3arpatel Ha CCT u xy6nep, py0./rox;

C.= (k. + k) E, + Doko + Dyky+ I[Ny -k, - Ky (8.45)

rae: k. - xanuraneHble 3aTpatbl Ha CCT, py0; k, - KanuTaibHbIE 3aTpaThl Ha
nyonep, py0; E, - HOpMaTUBHBIA KO3(DPUUIMEHT CpaBHUTEIbHON 3(PPEKTUBHOCTH
KanuTaidbHbIX Bioxenuit (0,1); 3. - m0dsS SKCIUTyaTallUOHHBIX PACXOJOB OT
kanutanbHbiX 3aTrpar Ha CCT; O, - nmons 3KCIUlyaTallMOHHBIX pacxoioB OT
KallUTaJbHBIX 3aTpaT Ha Jayoiep; [/ - CTOMMOCTbh €IMHHULBI TEIUIOBOW 3HEPTHUH,
BbIpabaTeiBaeMoit myosepom, pyo./I'J[x; N, - KOIMUECTBO TEIUIOBOM HSHEPTHUH,
BbIpabaTbiBaeMoil ayOnepom B Teuenue roxa, ['JIx; k, - apdext oT cHmkeHus
3arps3HEHHS] OKpYJKalouieil cpenbl, pyo; k, - conuanbHbil 3QPEKT OT IKOHOMUU
3apIuiaThl IEpcoHaia, 00CIyKuBaroIiero ayomnep, pyo.

VYnenbHble TpUBEACHHBIE 3aTpaThl A 0Aa30BOM yCTAaHOBKU OINPEAENSIOTCS IO

bopmyiie:

35 = C5 / Q, (846)
rae: Cy - mMpUBEJCHHBIC 3aTPaThl HA 0A30BYI0 YCTAHOBKY, py0./TOI;
C@ = kgEH + 35'](6, (847)

rae: kg - KanuTalbHbIE 3aTpaThl HA 0a30BbIM UCTOYHUK TEIIOBOU 3HEpPTUu, pyo.; IJp
- JIOJsl OKCIUTYyaTallMOHHBIX PAacXOJ0B OT KalUTAJIbHBIX 3aTparT Ha O0a30BbIN
HMCTOYHUK TETJIOBOW SHEPTHUHU.

OKoHOMUYECKUH 3(PPEKT OT CHUKEHUS 3arps3HEHHS] OKPYXKaIollehd cpeibl
YUUTBIBAETCA ISl IPUBEACHUS K COMOCTABUMOMY BUY CPAaBHMBAE€MbIX BAPUAHTOB
U PpACCUMTBHIBAETCA B COOTBETCTBUU C JEUCTBYyrOUIEH «BpeMeHHON THUIIOBOU
METOJMKON OIpeAeNieHUs HSKOHOMUYECKOW d((PEKTUBHOCTH OCYIIECTBICHUS
OPUPOJIOOXPAHHBIX  MEPONPUSATUM UM  OIEHKM 3IKOHOMHUYECKOro  yimiepoa,
NPUYUHSAEMOTO HApOJAHOMY XO3SUCTBY 3arpsi3HEHUEM OKPYKAIOIIEH Cpebl»
(I'ocrman  CCCP, T'occtpoit CCCP, AH CCCP, 1983) u «PykoBOACTBOM IO



pacyeTy KOJIMYECTBAa M YJEIbHBIX IOKa3aTeliel BbIOPOCOB BPEIHBIX BEUIECTB B
atmochepy» (M.: BIITUTpanccTpoit, 1982).

CounanbHbiii 3QPEKT 0T IKOHOMHUHU 3apIUIaThl IEpCOHaNa, 0OCITYKUBAIOIIIETO
nyonep k, mpu OTKIIOUEHHH JyOjiepa B MEPUOJ TMOJHOIO TMOKPBITHS TEIIOBOU
narpyskoit CCT, onpenensiercst mo gpopmyiie:

3

_ O (8.48)
n 12 nH

k
r7ie: 3, - CpeIHETOI0BAs yAebHAS 3apIliaTa ¢ HAYUCICHUSIMU DKCILTYyaTallHOHHOTO
nepcoHana nayonepa, pyo./Ton; t,, - TNEPUOJ TOJHOTO TMOKPBITHS TEIIOBOM
Harpy3ku CCT, mec.

Pacuer »skoHOMHMM TOIUIMBA B TMepecueTe Ha YCIoBHOe (T) 3a CUer
UCIIOJIb30BAHUS COJIHEUHOM SHEPTHH CIIEYET OMPEAEATh 1Mo hopMmyJie:

B Qép , (8.49)
. " .77

rae: O,F - Hu3MmIAs TEIIoTa CropaHUs YCIOBHOrO TomiuBa, KBr-u/kr; 7 - KIIJI
3aMENIaeMOro UCTOYHUKA YHEPTUH.

Pekomenoayuu no npoeKmuposanuio cucmem COJAHEUH020 Meni10CHAOICEHUA.
1. Pa3MelieHre COMHEUYHBIX KOJUJIEKTOPOB MPOU3BOJUTCS HA KPOBJE 3JaHUN WIU
TUTOMIAKAX C YUETOM JIaHamadTa U 3aCTPOUKH MECTHOCTH.

2. Ilpyu TpOEKTUPOBAHMM YCTAHOBKU TEIJIOCHAOKEHUS CJEAYEeT MPOU3BECTU
pacueT ONOPHBIX KOHCTPYKLMH C YyYETOM BETPOBOM U CHETOBOM HArpy3oK, a IIpHU
HEOOXOJIMMOCTH - C YUETOM CEHCMUUYECKUX BO3JICUCTBUM.

3. OnrtumanbHas OpUEHTAlUsl COTHEYHBIX KOJUIEKTOPOB - F0KHasA. OTKIIOHEHHE OT
I0O)KHOW OpHEHTAMM Ha BOCTOK 10 15° BBeOEeT K YMEHBUICHUIO IPUX0Ja
coTHEeUHOM paauaruu Ha 5%, a Ha 3anan 10 30° - Ha 10%.

4. Yroam HakJIOHA COJIHEYHBIX KOJUIEKTOPOB K TOPU30HTY IMPHU KPYTJIOTOJAUYHOMN
paboTe YCTAaHOBKM JOJKEH NPUHUMATHCS PABHBIM I[IUPOTE MECTHOCTU IS
coneunoro I'BC u ¢=+15° myisa CCT.

5. PaccrosiHme Mexay psaaMud  COJHEYHBIX KOJUIEKTOPOB MO TOPU30HTAIU
paccMaTpuBaeTCa U3 YCJIOBUS HE3aTEHEHUS 110 HAMMEHBIIEMY 3HAYEHUIO BBICOTHI
COJIHIIA HaJl TOPU30HTOM, IPUBEACHHON B NPWIOKEHHH 6, B 3aBUCUMOCTU OT
reorpadu4eCcKoi MHUPOTHI MECTOHAXOXKICHUSI 00BEKTA.

6. [ns oOecreuenus BBICOKOW S()PEKTUBHOCTH CONTHEYHBIX KOJUIEKTOPOB U
BBHIOOpA HUPKYJAIMOHHOTO HAacoca MPOU3BOAMUTCS THAPABIMYECKUNA pacyeT Io
obmenpuHsaTON Metouke. COMpOTUBIICHUE COTHEYHOTO KOJIJIEKTOpA MPU Pacxo/ie
50 kr/(m2-4) He nipeBbimaeT 500 [1a.



7. Jlis paBHOMEPHOTO pacCIpeleseHns IOTOKA TEIJIOHOCUTENST B CHUCTEMAax
COJIHEUHBIE KOJUIEKTOPBl COEIUHSAIOTCA B IOCIEA0BATEIbHO-NIAPAJUICIIBHBIE U
napajijiebHO-IOCIEI0OBATEIbHbIE TPYNIBl C YYETOM YJI00CTBA TEXHUYECKOTO
00CITyKUBaHUS U PEMOHTA.

8. B ycraHOBKax COJHEYHOrO TEIUIOCHAOXKEHUSI € OONBIION IJIOLIAAbIO
IIOBEPXHOCTH COJHEYHBIX KOJUIEKTOPOB CIELYET IPELyCMaTpUBaTh BO3MOXKHOCTh
OTKJIFOUEHUSI OTJENIbHBIX CEKLUH B Cilydae BBIXOJAa HUX M3 CTpos 0Oe3 BbIBOJA U3
DKCIUTyaTalluy BCEH YCTaHOBKHU.

9. Hnsa ynaneHuss BO3AyXa W3 CHUCTEMBl HEOOXOAUMO MpelycMaTpUBaTh
BO3AYIIHBIM KJallaH, YCTAHAaBJIMBAEMBbIH B HAUBBICIIEWM TOYKE CHUCTEMBI.
JlomyckaeTcss  ynajgeHMe BO3AyXa C IIOMOIIbIO pPacIIMpUTENbHOro 0Oaka,
YCTaHOBJICHHOI'O BBILIE YPOBHS CTATUYECKOTO JABJICHUS B T€IIMOKOHTYpE.

10. B cucrteme TeriocHaOXeHUs HEOOXOIUMO MpeaycMaTpuBaTh apMarypy s
3aI0JHEHUS CUCTEMBI, @ B HUKHEN 4acTH — JUIS CITyCKa TEIJIOHOCUTENS C YKIOHOM
Tpybonposoza 0,002.

11. Pexomennyercss npenycmarpuBaTh 10%-HBIM 3amac IUIOMIAAA MOBEPXHOCTH
COJIHEYHBIX KOJUIEKTOPOB Ha CIy4Yail BBIXOJA YacTH €€ M3 CTPOs, YXYAILICHUs
TEIUIONEPEAAIOIINX CBOWCTB U 3arpsAI3HEHUS IOBEPXHOCTU OCTEKIICHUS.

12.  JIBW)KEHHE TEIUIOHOCUTEJIIEM B KOHTypax cleAyeT NpUHUMAaTh II0
IIPOTUBOTOYHOU CXEME.

13. TerytoBbIE MOTEPU YEpE3 U3OIALUIO OaKa-aKKyMyJISITOpa, TEMJI0O0OMEHHUKOB U
TpyOONpPOBOAOB HE JOMKHBI TMpeBblaTh 5%  TEIIONPOU3BOIUTEIBHOCTH
COJIHEYHOT'O KOJUIEKTOPA.

14. Jlna nonnepaHusi MOCTOSSHHOW TEMITEPATypPbl TOPSYEN BOJBI, MOJIaBAEMOM K
NOTPEOUTENI0, YCTAHOBKM  JOJDKHBI ~ OOECIEYMBATHCS ~ aBTOMATHYECKUMU
pEryasaTOpaMy TEMIIEPATYyPBHI.

15. Ilpm wncnonp30BaHMM B TIEIMOKOHTYPE B KayeCTBE TEIUIOHOCHUTENS BOJbI
HEOO0XOMMO MPEAYCMOTPETh €€ XUMUUECKYI0 00pabOTKy U Jea3pupoBaHue mepes
3aI0JJHEHUEM CHUCTEMBI.

16. IIpu kpyrnorogumunou nskcmuryarauuu CCT B TemonpueMHOM KOHTYpe
peKoMeHayeTcsl NpuUMeHsATh aHTuGpu3. CBoiicTBa aHTHU(PPU30B NPHUBEACHBI B
tabnuue 8.12. JlaBneHue aHtu(dpusa B TEMJIONPUEMHOM KOHTYpE BO HM30€KaHUE
NOMaJaHusl €ro B O0aKk-akKKyMyJsTOp TpU HApyLIEHMH TIE€pPMETHYHOCTU
TEIUIOOOMEHHUKAa  JOJDKHO ~ OBITh ~ HMXKE, 4YeM  JIaBJieHME  BOJbl B
TEIIOBOCITPUHUMAIOIIEM KOHTYPE.

17. Cucrema TeIIOCHaOXKEHUSI JODKHA BKJIOYaTh ayOnep, paboTaroniuit
COBMECTHO C COJIHEYHOM YCTAHOBKOW IPH JUJIMTEIBHOM OTCYTCTBHUM COJIHEUHOU
paauainuu, odecneuynBaromiuii 10%-Hoe NOKpbITHE TEMIIOBOW HArpy3KHU 3/IaHUS.



Tabmuua 8.12 CsolicTBa aHTU(PHU30B, MPUMEHSEMBIX B COJHEYHBIX CHCTEMax

TEIIOCHA0KEHUs
] ] e—— N N
H e HATPHH | EATBIEH (60% Fmi TIHEONE | Y ITIEKHCIBH
(23.1%-mno (29 9%-HED ) (60°%o-HBDT EATH
pacrsop) | pactsop) | PFTRP) | pactsop)
Texmeparypa sadepsammEs,| -21.2 -35.0 -32 -33 -57
°C
Texmeparypa EEmesms, “C 106,0 1100 1075 103,0 1130
Bmxocrs, 107 [Ta-c:
npe Tenmeparype 3 “C 256 5,15 - 6,38 -
npu Temmeparype 20 °C - - - - 7,65
npE Tenmeparype 40 °C 175 353 - 2845 -
[TrotEOCTS, BT/M° - - - 1077 1433-1490
TemtoenmzocTs ELE (W °C):
mpE Tenmeparype 3 “C 3900 354 - - -
npH Temmeparype 20 °C - - - 3340 3436
Kopposmonmas coocofrocts| Camaas | Cpemmas Caabas Cnafar | Camaas
ToxcsEoCTE Het Cpenmaz Het Craban Het
Ipmeramne TenToHKCHTEIR HY 0CHOBS YTISEHCIOTD EATHE BMenT CISTVEVIEE COCTAEER (Ma3CCOBAE TOUIE):
Penerrypa 1 Pemerrrypa 2
Kammi yraesscmegi, 1,5-sommsni 516 429
Harpei dochopsosmcmni 12-so086m 43 3,57
Harpemi xpesBesHOTREL 9-B0IHED 26 2.16
Harpegi TerpatopacsmcTsn, 10-sommsg 20 1,66
$yopecnoEs 0,01 0,01
Boma Jdo 100 Jdo 100

Haubonee tunuunas gpomosrnekmpuueckas CIY coctout u3 4-x OCHOBHBIX
KOMITIOHEHTOB (puc.8.13): conHeuHoil nmanenu 1 (CBeTONpUEMHHUKA); KOHTPOJUIepa
3apsna 2; MHBEPTOpa 3 ¥ akKymyJisitopa 4.

1. ConHe4yHana naHenb

3. UHBEpTOp

2. KoHTponnep
3apaga

"""""""

4, AKKYMYNATOP

Puc.8.13. OcHoBHBIE 271eMeHTHI PoTornekTpudeckoit COY



ConHeuHBIC TIAHENIW WK €IIe WX Ha3bIBAIOT COJHEYHBIMU OaTapesiMu — 3TO
KITIOYEBOW KOMIIOHEHT ycTaHOBKM. (OCHOBHas 3aja4a COJHCYHBIX TMaHEIeH —
peoOpa3oBaHNEe COTHEYHON SHEPTUN B DJIEKTPUICCKYIO.

ConHevHas maHeNlb COCTOUT U3 SIY€EK KPUCTALTMYECKOTO KPEMHHS, KOTOPhIC
HA3bIBAIOT COJTHEYHBIMU JIEMEHTaMH. KOJIMYeCTBOM TaKMX COJTHEYHBIX 3JIEMEHTOB
OTIpE/ICNIICTCS. HOMUHAIBbHAS MOIIHOCTh COJIHEYHOW MaHenu. Tak, COJIHEYHBIC
naHenan ObBaroT MomHocThio 100, 150, 200, 250, 300 Bt. Ecte u npyrue
HOMMHAJTBI, HO 3TO - CAMbIE TIOIYJISIPHBIE.

BripaOoTka AJIEKTPOIHEPTUH COJTHEYHOW TAHENBI0 3aBUCUT OT BHEITHUX
dakTopoB. 3asABICHHYI0O HOMUHAIBHYIO MOIIHOCTH ITaHETh MOXKET OOCCIICUUTh
TOJIBKO B MJICAJIbHBIX YCIIOBUSX, KOTJa COJIHEUHBIC JyYd IMaJIal0T Ha IMMOBEPXHOCTH
COJIHEUHON MaHeNM TMOoj MpsAMBIM yrioM. Takke BbIpaOOTKA 3JICKTPOIHEPTUU
3aBHCHUT OT MHTEHCUBHOCTH COJTHEYHOTO M3NyueHus. B Poccum nuk MHTEHCUBHOCTH
COJTHEYHOTO W3IyYeHHUs MPHUXOJAUTCS Ha HIOHb-UIONb. [Ipu HeOmarompusTHBIX
MOTOJIHBIX YCJIOBUSAX, HAmpuUMeEp, OO0JaYyHOCTh, JOXKIh WM TPOCTO MacMypHas
1oro/ia, BBHIPAOOTKA DJICKTPOIHEPTHH CHUXKACTCS. MEHBIIIE COJNHIIA — MCHbIIE
BbIpa0OTKA.

ConHeunble  (DOTORJICKTPUYECKHE  YCTAHOBKM C  HCIIOJIb30BAaHHEM
HAHOTETEPOCTPYKTYPHBIX MpeoOpa3oBaTesie MpeaHa3sHadeHbl JJii BBIPAOOTKHU
IIEKTPOIHEPTUU 3a cUeT (HOTOIIEKTPUUYECKOTO MPEeoOpa3oBaHUS  MPSMOTO
COJIHEYHOrOo wu3iydeHus. Takue ycraHoBku (puc.8.14) cocrost u3 Habopa
KOHIIEHTPATOPHBIX (DOTOTEKTPUUECKUX MOAYJICH, PACIIONOKEHHBIX CTyNEHYATHIM
o0pa3zoM Ha DIEKTPOHHO-MEXaHWYECKOW cucTeme ciexkenns 3a CoiHieM,
CHAOXEHHON JaTYUKOM noJiokenus: CoHIa.

Puc. 8.14. Conneunast ¢oTO3JIEKTPUUECKAs] YCTAHOBKA C CUCTEMOM CIICKEHUS
3a CosHiIEM



OTaenbHbI KOHLIEHTPATOPHBINA (DOTOIIEKTPUUECKUA MOIYJIb, U3 KOTOPBIX
coOupaeTcsi yCTaHOBKA, COCTOUT W3 (POHTAIBHON KOHUEHTPATOPHOU IaHEeNH,
npeAcTaBismonierd  coboit  martpurly w3 auH3  DpeHens, W ThUIbHOU
AJIEKTPOreHEPUPYIOUIEH TUIaThl, Ha KOTOPOHM B (POKycax JIMH3 pPacHoJIOKEeHbI
dboTodIEKTpUUECKUE TPeoOpa3oBaTeN, MPUKPBITHIE  3JIEMEHTAaMU BTOPUYHOMN
KOHLEHTPUPYIOLIEN OITHKH.

Takum o00pa3oM, cosiHeuHass (OTORIEKTpUUECKasi YCTaHOBKAa B CBOEM
COCTABE MCIOJIb3YET COJIHEYHBIE 3JIEMEHTHI HOBOTO IOKOJIEHUSI — KacKaJHbIe
doTornekTpuuecke mpeodpazoBaTeid HAa OCHOBE HAHOTETEPOCTPYKTYpP HJs
($OTORIIEKTPUYECKOr0 MpeoOpa3oBaHusi KOHIIEHTpUpoBaHHOTO u3inyueHust ¢ KITJ]
1o 37-45%.

DOTORNEKTPUUECKHE npeoOpazoBaTeu U3TOTABJIMBAIOTCSA u3
MOJYyIPOBOAHUKOBBIX (coenuHeHus A3BS) MHOTOCIOMHBIX HAHOTETEPOCTPYKTYP C
TPEMSA-IATHIO KacKaJaMu (OTORIIEKTPUIECKOTO npeobpazoBaHus,
ONTUMHU3UPOBAHHBIMU IS 3(PPEKTUBHOTO MPeoOpa30BaHUsl Pa3IMUHBIX y4aCTKOB
COJIHEYHOI'O CIIEKTpa.

HanorerepocTtpyktypsl hoTonpeodpazoBaTeneid pOpMUPYIOTCS C MOMOLIBIO:

- ra30(pa3HoM MUTAKCUU U3 METAJUIOPTAHUUYECKUX COEAMHEHUI;

- Qokycupytomei cuctembl — TuH3bI OpeHenss U BTOpUYHAs KOHIICHTPUPYIOIIas
ontuka (ontuueckuit KITJ 1o 90%, kpatHocTh KoHIIeHTpUpoBaHus 10 1000 pa3);

— BBICOKOTOYHBIX (+/- 0,1 yri.rpam) 2-Xx KOOPAMHATHBIX CHUCTEM CIICKEHHUS 32
Connuem.

MonenbHBIN Psii COMHEYHBIX (DOTOINEKTPUUECKUX YCTAaHOBOK MPECTABICH
cepueit or 0,5 mo 5 kBtr. JlaHHble YCTaHOBKM MOTYT OBITb CHa0XEHBI
MHBEPTOpPaMHU, MPeoOpa3yOIMMU MOCTOSIHHBIM TOK B MEPEMEHHbINA, U CUCTEMaMU
HAKOIUJICHUS AJIEKTPOIHEPTUH.

Pacuem conneunwvix inekmpuueckux ycmanogok (CCIY).
Pacyet BbIpaOOTKHU 3JIEKTPOIHEPTUU COTHEUHBIMH SJCKTPUUECKUMHU yCTaHOBKAMU
(COY) npoBoauTcs IO aHAJIOTMHU C BETPOIHEPreTUYECKUMH ycTaHoBKamu (BOY)
Ha OCHOBE psijia OOUIEAOCTYTHBIX TOKa3aTeNen.

Pacuetnass momuocth U BbipaboTka COY mouiHocThio 3 kBT mpuBeneHa B
tabiuie 8.13 (Ha mpumepe r.Openodypra).



Tabmuma 8.13 Pacuet BeipaboTKu 35ekTpodHeprun COY-3

Ilena CB, pyo0. 160000
Cpok cIIy:k0bl 000pyIOBAHHASL, 1T 20
CpelHAA OCBEIEeHHOCTE B perroHe (Openoypr), Br/m™ 700
Momsocte Cb Ha cpeHeH oCBelIeHHOCTH, KBT 2.1
Pacuer:

Cpengeii cpok padotsl Cb B cyTKH, 9acoB 8
Bripabotka Cb B roj Ha cpegHe# ocBelleHHOCTH, KBT-9acoB 6132
Bripabotka CB 3a cpoK cIy:KOBI Ha cpell. OcBellleHHOCTH, KBT-gacoB | 122640
ITena 3a kBT-49ac ot BOV, pyo.

(merHa obopynoBaHH4 / BEIpaDOTKA 33 CPOK CAY#OBI) 1.3

Ilpumeuanue: Cb — conneunas 6amapest.

Pexomenoayuu no npoeKmuposanuio CONHEeYHbIX 31eKMPULECKUX YCIAHOBOK.
IIpu monTaxke CDOY HE0O0XOAUMO 00s3aTEIBLHO YUYUTHIBATH 5 (HaKTOPOB,
COUYETaHHEM KOTOPBIX, B KOHEYHOM MWTOT€ OIpeAesieTcs MEeCTO U Ccrocod
YCTaHOBKH:
- He0OXOIMMOCTh OTBO/Ia TETLIIa;
- OTCYTCTBHE WJIM MUHUMU3AIUS TCHH,
- obecrieueHune opueHranuu Ha CoJHIIE;
- BOBMOXHOCTb HaKJIOHA NaHEJeH;
- TOCTYIHOCTb AJis1 00CTYKUBAHUSI.
OTBOn TeIia UTPAaeT BAXKHYIO POJb B MOAJAEPKAaHUU PabOTOCIOCOOHOCTH
COY. Mexay naHenblo U INIOCKOCThIO YCTAHOBKHU 0053aTEIbHO HYXKHO OCTaBJISTh
BEHTWISILIMOHHBIN 3a30p, ¥ YeM OH Oousbiiie — TeM Jyuine. OOBIYHO MPU MOHTaXKE
pamMbl WM Kapkaca sl KpeIJIeHHsl MOAYJEeH MEXIy MaHENIbI0 H MJIOCKOCTHIO
octaBisitoT 5—10 caHTUMETpOB. MakcuMalbHasi BEHTWISALUS 00ECIIeunBaeTCs IpU
YCTaHOBKE Ha OTJEJIbHOM pame wiu 1ranre. JIrobas TeHp, najgaronias Ha 6aTapero
OT JICPEBbEB WJIM CTPOCHUH, «OTKIHOYAET» 3aTEHEHHYIO SYEWKy, YTO YCKOpSET
JeTPaJaliiio TOPOTUX MOHOKPUCTAIUTMUYECKUX MOJIYJIEH U MOJHOCTHIO MpeKpariaet
BBIPA0OTKY PHEPTHH B MOJIUKPUCTATIINIESCKHUX.

Obocnoeanue  yenecoodOpasHocmu  NPUMEHEHUA  CUCHIEM  COJIHEYHbIX
INNEKMPUYECKUX YCHAHOBOK.

OCHOBHBIMM  npeumyujecmeamy WCIOJIb30BAHUS COJIHEUHBIX JHEProyCTaHOBOK
SBIIAETCS:

- HaJIMYME OrPOMHOIO 3araca COJIHEYHOW SHEPIuH, ucnoisbzyemoi st COY;

- B MpoIlecce IKCIUTyaTallid TpU BBIPAOOTKE DJIEKTPOIHEPTUU MPAKTHUECKU
OTCYTCTBYET HEraTHMBHOE BO3JCHCTBHE Ha OKpYXalollyl cpeay (OTCyTCTBUE



BBIOPOCOB  3arps3HSIONIMX BEUIECTB, IIyMa, BUOpalWu, pPaguOaKTHBHOTO
U3ITyYEHHUS;

- JOCTAaTOYHO JUIMTENIbHBIN CpOK 3KcIuTyaTanuu (20-25 ner).
K OCHOBHBIM Hedocmamkam TPUMEHEHUSI COJTHEYHBIX SHEPrOYyCTAHOBOK CIEAYET
OTHECTH:

- HEBO3MOKHOCThH TOJIHOIIEHHOTO MCIMOJb30BAHUSI YCTAaHOBOK B MAaCMYypPHYIO U
JOK]IJTUBYIO TIOTO/TY;

- OTHOCHUTEIBHO BBICOKAsI cTOUMOCTE COY;

- TEHEPUPOBAHUE DJIEKTPOIHEPIMU BO3MOYKHO TOJIBKO B JHEBHBIE 4Yachl (s
TEMHOI'0 BPEMEHHU CYTOK HEOOXOJIMMO IPHOOPETATh AKKYMYJISITOPHI).

8.4. HI/I3KOIIOTeHIII/laJIbH])Ie IHEPTOYCTAHOBKH

B omimune oT «mpsAMOro» MCHoJIb30BAHUS BBICOKOIOTEHIIMAIBHOTO TEILIA
(ruipoTepMalbHbIE PECYpPChl), HUCHOJIb30BAHUE HUZKONOMEHUUAIbHO20 menda
3eMiid TOCPENCTBOM TEIJIOBBIX HACOCOB - 3TO OJHO M3 HambOoJIee TUHAMHUYHO
Pa3BUBAIONIMXCS HAMpaBJICHUM MPUMEHEHUSI BO30OHOBISEMBIX HCTOYHUKOB
SHEPIUU U BO3ZMOKHO MPAKTUYECKHU MTOBCEMECTHO.

BoNbIIMHCTBO TEMIOBBIX HACOCOB, MPEIHA3HAYCHHBIX JUISI UCIIOIb30BaHUS
HU3KOMOTEHLIUAIBLHOTO Teruia 3eMJIM WM OKPY’KaIoIIEero BO3ayxa, 000pya0BaHO
KOMIIPECCOPAMH C JIEKTPUUECKUM IPUBOIOM.

HuskonoreHnuanbHOE TEMIO 3€MIIM MOKET MCIOJIb30BAThCS B PA3IUYHBIX
TUTIAX 3JIaHUA U COOPYKCHHH MHOTHMH CIIOCOOaMHU: JJIS OTOIUICHUS, TOPSYETrO
BOJOCHA0XEHUS, KOHAWIIMOHUPOBAHUS (OXJIAKIEHHUS) BO3Ayxa, oOorpena
JIOPOXKEK B 3UMHEE Bpems roja, JUisl MpeloTBpalleHus] 00eeHEeH s, TOA0TpEBa
MOJIeH Ha OTKPBITHIX CTAAUOHAX U T. II.

HauGonbiee yucno takux cucrem ucnoisb3yercss B CIIA. 3HauuTenbHas
4acTh TaKUX cHUCTeM (GYHKUUOHUPYIOT B KaHajme u cTpaHax UEHTpaJbHOW U
Cesepnoit EBponbl: ABctpun, ['epmanuu, [IBeruu u llIBeiinapun. B Poccun 3a
MOCJIETHUE JECATh JIET TIOCTPOCHBI JUIIh EAMHUYHBbIE OOBEKTHI, HamboIee
WHTEPECHbIC U3 KOTOPBIX MpecTaBieHbl B MOCKBe.

B kayecTBe HM3KOMOTEHIMAIHHOTO HMCTOYHUKA TEIUIOBOM HHEPTUM s
UCIIapuTeNied TEeIJIOBBIX HACOCOB MCHOJIB3YETCS TEIJIO TMOJ3EMHBIX BOJA C
OTHOCUTEJILHO HHU3KOM TeMIepaTypod, TeIJI0 TPyHTa MOBEPXHOCTHBIX CIIOEB
(rmyounoit 1o 400 m) 3emiu, a Takke TEIUIO YAAISIEMOro BEHTHJISIIMOHHOTO
BO3/1yXa.

Tennoconepxanue TPYHTOBOIO MacCHBa B OOIIEM cilydae BbImIe. TernaoBoit
pPEXKUM IPYHTA MOBEPXHOCTHBIX CIOEB 3eMJIM (OPMUPYETCS MO JACHUCTBUEM JBYX
OCHOBHBIX (DaKTOPOB — TMANAIOIICH Ha TOBEPXHOCTh COJHEYHOW pagualiud u



MOTOKOM PaJMOTEHHOr0 TeImia U3 3eMHbIX Henp (puc. 8.15a). Ce3onHbie u
CYTOYHbIE M3MEHEHMSI MHTEHCUBHOCTU COJHEYHOW pajualuud U TeMIepaTypbl
HapY>KHOTO BO3/lyXa BBI3bIBAIOT KOJIEOAHUSI TEMIIEPATYPhl BEPXHUX CIOEB IPYHTA.
I'myOuHa NPOHUKHOBEHUS CYTOUHBIX KOJEOAHMH TeMIEpaTypbl Hapy>KHOI'O
BO3/lyXa M MHTEHCHUBHOCTU NAJAOLIEH COJHEYHOW pajuanuy B 3aBUCUMOCTH OT
KOHKPETHBIX IOYBEHHO-KJIIMMAaTHYECKUX YCJIOBHM KoyieOyieTcss B Ipenenax oOT
HECKOJIbKMX  JIECSITKOB ~ CAaHTUMETPOB 0 TMoixyTopa MeTpoB. ['myOuna
NPOHUKHOBEHUSI CE30HHBIX KOJIEOaHWI TeMIepaTypbl HApy»KHOTO BO3AyXa H
WHTEHCUBHOCTU NAaJAIOLIEH COJHEYHOW pajHallMi HE IMPEBBIIIAET, KaK IPABUIIO,
15-20 m (puc. 8.156). TemneparypHblii peXHUM CIOEB IPYHTa, PaCHOJOKEHHBIX
HIKE 3TOHN TiyOuHBI («HEHTpaibHON 30HBI»), (GOPMUPYETCS IMOJ BO3AECHCTBUEM
TEIJIOBOW DHEPIUH, IOCTYIAIIEH U3 HEAP 36MIIM, U MPAKTUYECKU HE 3aBUCUT OT
CE30HHBIX, a, TeM Oo0Jiee, CYTOUHBIX U3MEHEHUI MapaMeTpoB HAPY>KHOTO KJIMMaTa
(puc.8.15a, 8.156). C yBenuueHneM TIIyOMHBI TeMIEpaTypa IpyHTa BO3pacTaeT B
COOTBETCTBHUH C T€O0TEPMUUECKUM rpagueHToM (mpumepHo 3°C Ha kaxasie 100 m).
BennunHa motoka paJMOreHHOIr0 TEIUla, MOCTYNAOLIEro M3 3€MHBIX HEAp, s
pasHbIXx MecTHOocTeW pasimuaerca. g LlenTpansHor EBpombl dTa BenndnHa
cocrasisier 0,05-0,12 Br/m’.
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Puc.8.15. I'paduk usmeHeHus reMiepaTypbl FpyHTa B 3aBUCUMOCTH OT ITyOUHBI
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BcriencTBue Ce30HHOTO HW3MEHEHHsI MapaMeTpOB HAPYKHOTO KiIuUMara, a
TaK)Ke 0]l BO3JACHCTBUEM 3KCIUTyaTallMOHHBIX Harpy3oK Ha CHCTEMY Teruiocbopa
TPYHT, Kak [MpaBWJIO, IIOJBEPraeTcsi MHOTOKPaTHOMY 3aMOpPaXUBAaHUIO U
ortauBanuio. Ilpu 3TOM, €CTECTBEHHO, MPOUCXOIUT HM3MEHEHHE arperaTHoro
COCTOSTHUSI BJIarW, 3aKJIIOUYEHHON B MOpax TpyHTa M HaXOAsIIEWcs, B 00IIeM
cilyyae, KaK B >KMJKOM, Tak U B TBEpJOl M razoo0pazHoi (a3zax OAHOBPEMEHHO.



WNHuaue roBOps, TPYHTOBBIN MacCUB CHCTEMBI TEIUIOCOOpA, HE3aBHCUMO OT TOTO, B
KaKOM COCTOSSHUM OH HaXOAMUTCS (B MEP3JIOM WJIM TajoM), MPEJICTaBIsAET COOOU
CIOXHYI0 Tpex(da3Hyl0 MOJHIUCIEPCHYI0 TE€TEPOTr€HHYI0 CHCTEMY, «CKEJIET»
KOTOpOM 00pa3oBaH OTPOMHBIM KOJMYECTBOM TBEPABIX YaCTUIl Pa3HOOOpa3HOU
GbopMbl ¥ BEIWYUHBI W MOXET ObITh KaK JKECTKHM, TaK W TOJBHKHBIM, B
3aBUCUMOCTH OT TOTO, MPOYHO JIU CBSA3aHBI MEXKTY COOON YACTHUIBI WIIM K€ OHU
OTZIETICHBI JIPYT OT Jpyra BEHIECTBOM B MOJABIKHOU (aze. [IpomMexyTku Mexmy
TBEPBIMH YaCTUIIAMHA MOTYT OBITh 3aIIOJITHCHBI MUHEPAIIM30BAHHOW BJIAr0H, Ta30M,
apoM U JIbJOM WM TEM U JIPYTUM OJHOBPEMEHHO. MojelupoBaHue MPOIECCOB
TETIJIOMACCOIIEPEHOCA, bopmMupyronmx TETIOBOM peXUM TaKOMH
MHOTOKOMITOHEHTHOM CHCTEMBI, MPEACTABISIET COOOM Ype3BBIYANHO CIIOXKHYIO
3a/1auy, MOCKOJIbKY TpeOyeT ydeTa U MaTeMaTU4eCKOT0 OMUCAaHUs pa3HOOOpa3HbIX
MEXaHU3MOB HX OCYIIECTBIEHHUS: TEIUIONMPOBOJHOCTA B OTIEIBHOM YacTHULE,
TEIUIONEepeaayu OT OJHOM YACTHIIBl K JPYrOW IPU MX KOHTAKTE, MOJEKYJISIPHON
TEIUIONPOBOJHOCTH B CpeJie, 3aMOJHSIONIEH MPOMEKYTKH MEXKAY YaCTUIAMH,
KOHBEKIIMM Tlapa M BJAarv, COJAEPKAIUXCSd B MOPOBOM IMPOCTPAHCTBE, U MHOTHX
JPYTHUX.

HuskonoreHnuanbHas yCTaHOBKA TOPSYErO0 BOJOCHAOKEHHUS PACIOJIOKEHA,
KaK MpaBUJIO, B TOJBAjJEC 3/aHMS W BKIIOYAET B ce0s CIEAYIOIIMEe OCHOBHbBIC
aJeMeHThI (puc.8.16): MapoKOMIPECCUOHHYIO TeTUIOHACOCHYI0 ycTaHoBKy (THY)
1; Gak-akKyMyIaTop 2 ropsued BOJIbI; cucTeMy cOopa 3 HHU3KOMOTEHIIMAIBHOU
TEIUIOBOM DHHEPrMM TIPyHTA U HUBKOMOTEHIUAJIBHOrO TeIUia YJaIsieMOro
BEHTUJISIIIUOHHOTO BO3/yXa, BKIIOYAIONINE TETUIOOOMEHHHKH; IUPKYISIMOHHBIC
HACOCHI 4 U KOHTPOJBHO-U3MEPUTENBHYIO allapaTypy.

Puc.8.16. HuzkonoteHImaabHasi yCTaHOBKA rOpsiuero BOAOCHAOKEHUS



['pyHTOBBIE TEMJIOOOMEHHHKH SIBISIOTCS OCHOBHBIM  TETNIOOOMEHHBIM
AJIEMEHTOM CHUCTEMBI cOOpa HHU3KOMOTEHIIMAIBLHOTO TeIla TPYHTa, CBSA3BIBAIOT
TEIUIOHACOCHOE 000pYy0BaHNE C TPYHTOBBIM MAaCCHBOM U PACIIOJIOKEHBI CHAPYKU
no mnepuMmerpy 3naHus. Kpome «u3BiedeHHs» Teruia 3eMId  TPYHTOBBIC
TETUIOOOMEHHUKH MOTYT HMCIIOJIB30BAaThCS U JJI HAKOIUICHHUS Teruia (WM X0J0/a)
B TpPYHTOBOM MaccuBe. [lOCKONbKYy pexuM paboThl TEIUIOBBIX HACOCOB,
UCTIOJIBb3YIOUINX TEIJIO 3€MJIM U TEIUIO YAAJseMOro BO3/yXa, IOCTOSHHBIN, a
noTpebieHne ropsyeil BOABI MEPEMEHHOE, CHUCTeMa TOpSYero BOAOCHAOKEHUs
o0opyI0oBaHa OaKaMHU-aKKyMYJIITOPAMH.

B o0meMm ciydae MOXHO BBIACIUTH JBa BUAA CHCTEM HCIOJIb30BAHUSA
HU3KOIOTCHIINAIHHON TETUIOBOM SHEPTUU 3eMITH:

- OmKpvImble cucmemvl. B KAYeCTBE UCTOYHUKA HU3KOMOTCHIIMATBHON TETLIOBOM
SHEPrUM HCIOJIB3YIOTCSA TPYHTOBBIE BObl, IMOJBOJMMBIE HEMOCPEACTBEHHO K
TEIUIOBBIM HacoCaM;

- 3aMKHYymuvle cucmembl: TEINIOOOMEHHUKHU PACIIOJI0KEHBI B TPYHTOBOM MAaCCHBE,
OpU TUPKYJSIUN 110 HUM TETUIOHOCUTENSI ¢ TOHMKEHHONW OTHOCHUTEIBHO TPyHTa
TEMIEPATYyPOi MPOUCXOAUT «OTOOP» TEIIIOBOM YHEPTUH OT TPYyHTA U MEPEHOC €€ K
UCTIAPUTEIIO TeTJIOBOTO Hacoca (Wid, MPU HCIOJBb30BAHUM TETUIOHOCUTENS C
TIOBBIIIICHHON OTHOCHTEIIFHO IPyHTa TEMIIEPATypoOi, €ro OXJIaXkKICHUE).

OcCHOBHasl 4YacTh OTKPBITBIX CUCTEM — CKBA)KUHBI, TTO3BOJISAIOIINE U3BJICKATh
IPYHTOBBIE BOJBI U3 BOJOHOCHBIX CJIOEB IPYHTa W BO3BpAIATh BOAY OOpaTHO B T€
e BOJOHOCHBIE ci0M. OOBIYHO AJIi ATOTO YCTPAMBAIOTCS MApHbBIC CKBAKHHBI:
HarHeTaTelbHYIO0 U SKCILTyaTalluOHHYO (puc. 8.17).

SKCNNYATAUMOHHOA KEOMMHO

[OPHIOHT rPYHTOBLX BO,
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HarnetatensHaa ckBaxuMHa

Puc. 8.17. CxeMa OTKpBITON BEPTUKAIBHON CUCTEMBI UCIIOJIb30BAHUS
HU3KOIMOTEHIIUAIBHOM TETJIOBOM SHEPTUU IPYHTOBBIX BOJT



JIOCTOMHCTBOM OTKPBITBIX CHUCTEM SIBISICTCS BOZMOYKHOCTH MOJy4EHHUsI OOJIBIIOTO
KOJIMYECTBA TEIUIOBOM HHEPTHHM TPU OTHOCUTEIBHO HU3KMX 3aTparax. OmHako
CKBKUHBI TPEOYIOT 00cmykuBanus. Kpome 3Toro, MCmoiap30BaHUE TAKUX CHCTEM
BO3MOKHO HE BO BCEX MECTHOCTSX. [ 1aBHBbIE TpeOOBAHUS K TPYHTY U T'PYHTOBBIM
BOJIaM TaKOBBI:

- JIOCTaTOYHas BOJONPOHMIIAEMOCTh TPYHTA, MO3BOJIAIOIIAS IOMOJHATHCS
3aracaMm BOJIbI;

- OJarompusATHBIA XUMHUYECKHI COCTaB TPYHTOBBIX BOJA (Hampumep, HHU3KOE
KEJIe30CoIep)KaHne), TMO3BOJSIONMKM  n30exaTh MpoOieM, CBA3AHHBIX C
00pa30BaHUEM OTJIOKEHUE HA CTEHKAX TPYO U KOPPO3HUEH.

OTKpBITBIE CHUCTEMBI Yallleé MCIOJIL3YIOTCS ISl TEIUIO- WM XOJIOAOCHAOXKEHUS
KPYIHBIX 3JJaHUH.

3aMKHYTbI€ CHCTEMBI, B CBOIO OYE€pEllb, ACNATCA HA 2OPU3OHMANbHbIE W
8epMUKANbHbIE.

T'opuzonmanvuwlit  2pyHmoeoil  meni1000MEHHUK yCTPAUBACTCS,  Kak
MPaBUJIO, PSAZOM C JOMOM Ha HEOONbIION riTyOuHe (HO HMXKE YPOBHS MMPOMEP3aHUs
TpyHTa B 3UMHee Bpewms). FVcmonbp3oBaHHE TOPHU3OHTAIBHBIX TPYHTOBBIX
TEIUIOOOMEHHUKOB ~ OTPaHMYEHO  pa3MepaMd  HMEIOMIEHCS  TUIOIIAJKH.
['opusoHTanbHBIE TPYHTOBBIE TEIMJIOOOMEHHUKH OOBIYHO MPEACTABISIIOT COOOM
OTJeNbHbIE TPYOBI, MOJOKEHHbIE OTHOCUTENIBHO IUIOTHO M COEMHEHHBIE MEXIY
co0ol mocneoBaTeNbHO WM mapasuienbHo (puc.8.18a u 8.186). ns skoHOMUU
IUIOIIAIM  y4yacTKa ObulM  pa3paboTaHbl  yCOBEPIICHCTBOBAHHBIE  THUIIBI
TEIUIOOOMEHHUKOB,  HAalpuMep, TEIJIOOOMEHHUKHM B  ¢dopMe  CHupai,
PacCIoJI0KEHHOM TOPU3OHTAIIBHO UIT BepTHUKaIbHO (puc 8.181, 8.18e).

6

-

a — TEIMII00OMEHHUK U3 MOCIEA0BATEIbHO COEIMHEHHBIX TPYO; O — TEII000MEHHUK
U3 TMapajiebHO COEIUWHEHHBIX TpyO; B — TOPU3OHTAIBHBIA KOJUIEKTOP,
YJIOKEHHBIN B TPaHIIIEE; T — TEIUIOOOMEHHUK B (hOpMe METIIH; J — TEIUIO0OMEHHUK
B (popMe crimpaiu, pacrloI0KeHHON TOPU30HTAIIBHO; € — TeIJIO00OMEHHUK B popMme
CIIMpaJy, PACIIOJIOKEHHON BEPTUKAIBLHO

Pucynok 8.18. Buabl ropu30HTaNbHBIX TPYHTOBBIX TEMIIOOOMEHHUKOB



Ecnu cuctema ¢ ropu3OHTAJIbHBIMH TEIJIOOOMEHHUKAMH HCIIONB3YETCS TOJBKO
JUIA TIONyYeHHUsl TeIia, €€ HOpMaldbHOE (PYHKIIMOHHPOBAHHWE BO3MOXKHO TOJIBKO
IPU YCIOBUHM JOCTATOYHBIX TEIUIOMOCTYIUICHUN C MOBEPXHOCTH 3€MJIM 33 CUET
coJiHeyHOU paauanuu. [lo 3TON nmpuyMHE MOBEPXHOCTH BBIIIE TEMNIOOOMEHHHKOB
JIOJIKHA OBITH MO/IBEP>KEHA BO3/ICUCTBHUIO COJTHEYHBIX JTyUeH.

Bepmukanonulii  2pynmoewtii.  menioo00MeHHUK TO3BOJISIET HCIIOJIb30BATh
HU3KOIMOTEHIIUAJIbHYIO TEIUIOBYIO SHEPIHIO TPYHTOBOTO MAacCHUBA, JIEKAILETO HIKE
«HeuTpanbHoi 30HB (10-20 M oT ypoBHS 3eMiM). CUCTEMBI ¢ BEPTHUKAJIbHBIMU
TPYHTOBBIMH TEIIOOOMEHHUKAMH HE TPeOYIOT y4acTKOB OOJBIION TUIOMIAAN U HE
3aBHCAT OT MHTEHCHUBHOCTH COJHEUHOW pajualyy, Majarolie Ha MOBEPXHOCTb.
BepTtukanbHple  TpyHTOBBIE  TeIJIOOOMEHHUKH  3(P(dEKTHUBHO  paboTaroT
MIPAKTUYECKA BO BCEX BHJIaX T'€OJOTMYECKUX CPEJ, 3a MCKIIOYEHHUEM T'PYHTOB C
HU3KOW TEIUIONPOBOAHOCTHIO, HAIMPUMEp, CYyXOro IecKa MM CyXOro TIpaBHUi.
Cucrtembl ¢ BEPTUKAJIbHBIMH IPYHTOBBIMHU TEIJIOOOMEHHUKAMU IMOJTYYHIA OYEHb
HIMPOKOE pacnpocTpaHeHue (puc.8.19).
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Puc.8.19. BepTukanbHblil TpyHTOBBIN TEIIIOOOMEHHUK

OOBIYHO CKBaXXMHBI TAKOTO THUIIA MCIOJB3YIOTCS M JUId CHAOXEHUs 30aHUs
NUTHeBOM BOAOM. OJTHAKO Takas cucTeMa MOXKET paboTaTh 3(PPEKTUBHO TOJIBKO B
1oYBax, KOTOpPbIE 00ECNEYMBAIOT MOCTOSIHHYIO MOJMUTKY CKBa)KUHBI BOJIOW, YTO
IIPEIOTBpAIIACT €€ 3aMep3aHue. Eciin BOMOHOCHBIM TOPHU30HT 3aJI€TaeT CIUIIKOM
ri1y00Ko, JUIsl HOPMAJIBHOTO (PYHKIIMOHUPOBAHUS CUCTEMBI TOTPEOYETCSI MOIIHBIN
Hacoc, TpeOyroINK MOBBILIEHHBIX 3aTPaT dHEPruu. bonpmas rioyOuHa CKBaKUHBI
00yCIJIOBIMBAET JOCTaTOYHO BBICOKYIO CTOMMOCTb IMOJOOHBIX CHCTEM, MOITOMY
OHHU HE UCHOJIb3YIOTCS JIs TEIJIO- U XOJIOA0CHA0XKEHNS HEOOIbIINX 3AaHUMH.



Pacuem HuszkonomeHUuanbHovIX IHEP2eMuUUecKux ycmanoeox (HJIY).
Jlst cOopa HU3KOMOTEHIIMATBHOM TEIUIOTHI TPYHTA CJIEAYET BHIOpPATh Y4aCTOK
Terocoopa Jjis 3aJI0KEHUs TpyO TPyHTOBOTO TerioooMeHHuKa (puc. 8.20).

2 iV

K ucnapuremnio

:

L W3 ncnnaputens

I - rpaHuma ywacTka TemiocOopa; 2 - peructp TpyO  TpPyHTOBOTO
TEII000MEHHUKA; 3 - HUPKYJISLUUOHHBIA HAcoc; 4 - COCIUHUTENBHBIN Yy4acTOK
TEIJI0TPACCHI

Puc. 8.20. Cucrema cOopa HU3KONMOTEHIIUAILHON TETUIOTHI TPyHTA

Peructp Tpy® rpyHTOBOTO TEIUIOOOMEHHMKA WM3TOTaBIMBAETCS W3 CTaIbHBIX
WM 1actMaccoBbix rpy0 auamerpom 30...50 mM. ['myOuHa 3anoxeHus perucrpa
TpyO IPYHTOBOTrO TemiooOMeHHMKA (/) U mar Mexay Tpyoamu (s) BRIOMpaAIOTCS B
npegenax 1.2 M (B 3aBUCUMOCTH OT TOYBEHHO-KJIMMATHYECKUX YCJIOBHI), a
obmiasi Tpedyemas JuiMiHa TpyO TPYHTOBOTO TEIUIOOOMEHHMKA ONPENENseTCs IO
bopmyie:

L'rp =0 /(‘?}'.T 5). M, (8.50)

rae Or - HeoOXoauMmas MOIIHOCTb CHCTEMBl TeIulocHaOxeHus, KBT; gy,

o 2
yAETbHBINA TEIJIOCHEM C €IMHUIIBI IIIOMAIN yJacTka Termaocoopa, BT/m”; s — mar
Mexay TpyOamu, M.



JUIs TEXHHUYECKOro IpOeKTHpoBaHus qy.= 10; 20; 25 Br/m°. Illar Tpy6
BBIOMpAETCA U3 YCIOBUS MCKIIIOUEHMSI B3aMMHOI'O TEIUIOBOI'O BIUSIHUS COCEIHHUX
TpyO. JlnmHa TpyO, 3aphIThIX Ha TIIyOuHy npomep3anus, coctaiset 200...800 m (B
3aBUCUMOCTH OT MOIIIHOCTH BBIOPAHHOI'O TEIJIOBOTO HACOCA).

CHumaeMasi MOITHOCTh KOHTYPOB I'PYHTOBOT'O TEIUIOOOMEHHHKA TETIOBOTO
Hacoca  BBIYUCIISIETCS ~ OTHOCUTEIBHO  MOIIHOCTH M Kod(dduiueHra
npeobpazoBanus (COP) BeIOpaHHOTO TETIOBOTO Hacoca 1mo Gopmyre:

P,=P,-(1-1/COP), kBr, (8.51)

rae: P, - HOMUHAJIbHAs MOIIIHOCTh TeII0BOTO Hacoca, KBT; COP - koadpduiment
npeoOpa3zoBaHUs YHEPTUU.

Pacuer BBINOJHAKOT [UIsI OAHOIO M3 PEXKUMOB cOrjacHo crangapry EN
14511 (oObryno mpunHumaior Touky BO/W35, rme 0°C - Ttemmeparypa
TEIJIOHOCUTEJISI Ha BXOJe B wucnapurenb, 35°C - TteMmeparypa IOJa4u
TEIMJIOHOCUTEJISI B CUCTEMY OTOILICHUS).

O6mryro Tpedyemyto IIuHy TpyO IPyHTOBOTO TEIJIOOOMEHHUKA OMPEACIISIOT
au6o mno dopmyne (8.50), nubo mo ¢dopmyne, CBI3bIBaIOUIEH CHUMAaEMYIO
MOIIIHOCTh CHCTEMBbI TEIIOCHAOXeHUsI P, U MOIIHOCTh, CHUMaeMyI C OJHOTO

MeTpa TpyObl TEIII000MEHHUKA ¢:
L=PJg, M, (8.52)

rle: ¢ - MOIIHOCTh, CHUMaeMas C OJHOT0 MeTpa TpyObl TerooOMeHHUKa
(npuaumarT paBHbIM 20 BT/M Kak cpenHee 3HAUYE€HHE ISl TOPU30HTAJIbHBIX
KOJUIEKTOPOB), BT/M.

YTo0Bl oOmnpenenuTb CyMMapHyl IUIOLIaJb, KOTOpPYI OyAeT 3aHUMATh
TOPU30HTAJIbHBII IPYHTOBBIA TEMIOOOMEHHUK, HEOOXOUMO OOIIYI0 TpeOyeMyto
JUIMHY TpYO L yMHOXKUTH Ha BEJIMUUHY LIara yKJIaJaku Tpyo s :

Fs=Ls, ™. (8.53)

Pacyer nnuHBI BEpTUKAIBHOTO IPYHTOBOTO TETIIO0OOMEHHHUKA MTPOU3BOIUTCS
aHAJIOTUYHO TrOpU30HTAlIbHOMY. OJHAKO HEOOXOAMMO YUYMUTHIBaTh, 4YTO
YACNBbHBI TEIMIOChEM C BEPTUKAIBHOTO TEMJIO0OOOMEHHUKA BBINIE, YEM Y
rOpu30HTAIBLHOTO W mpuHUMaercs B cpeanem 50 Bt/m. Ho peanbHOe 3HaueHue
MOKET CHUJIBbHO OTJIHMYATHCSA, W 3aBUCUT OT BJIAXHOCTA NOPOAbl U HAIUYUS
TPYHTOBBIX BOJ.



[Ipy ucmonp30BaHWU HECKOJIBKHX 30HJIOB HEOOXOAMMO OYyPHUTH CKBAKHWHBI
Ha MaKCUMaJIbHO BO3MOXXHOM OTJaJ€HUu APYr OT Apyra (He meHee 6 Mm). [lns
oosiee A(pdhexTuBHON PAObOTHI PEKOMEHAYETCS OYpHUTh MEHbIIEE KOJIUYECTBO
CKBaKHH.

[Tpu onienke 3 PEeKTUBHOCTH CUCTEMBI cOOpa HU3KOMIOTCHIIMATLHOM TETIIIOTHI
TPYHTa U TETJIOHACOCHOW CHCTEMBI TEIJIOXJIaJI0CHA0KEHHS B IIEJIOM JOJKHO OBITh
Y4TEHO TaJieHUE TeMIepaTypbl TPyHTa B Mpolecce oTOOpa M3 HEro TeIioThl. B
ATOM ClTy4ae pealibHbIi KO PUIMeHT mpeodpa3oBaHus TEIUIOTHI ¢, ONIPEACIAETCS
o gopmyie:
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T, — (T, —At—AT,)’

Q=M (8.54)
riae 1M, - kodpdumuent sddexTuBHOCTH 000PYIOBAHUS TEIJIOBOTO HAcoca,
YUYUTHIBAIOIIMK HeoOpaTUMble TOTEpU TMPU CKATUM pabodero areHra B
KOMIIpECCOpE M NpH pacIIMpEeHWHd B JeTaHiepe (Ha CTaguud TEXHUYECKOTO
npoektupoBanus 1, = 0,7...0,8; npu paboueM NPOEKTUPOBAHUU 3HAYEHUE T1|;
JOJKHO OBITh YTOYHEHO MO MACHOPTHBIM JaHHBIM HCIOJIb3yEMOro TEIIOBOIO
Hacoca); T, - TemnepaTrypa KOHJEHCAllMKi MapoB paboyero Tena B KOHAEHCATOpe
TEIJIOBOrO Hacoca,; 71, - CpeIHEMHTETpalibHasi 3a OTOMHUTENIbHBIA MEepUo.l
TEeMIlepaTypa CJIOA TpyHTa Ha TIyOWHE 3aJI0KEeHHsI perucTpa TpyO TPyHTOBOTO
TEIJI0O0OMEHHUKA TIPH OTCYTCTBUM OTOOpa TemIoThl U3 rpyHTa, K;Af-
TEMIIEpAaTypHbII  Hamop  MEXAy  TEIUIOHOCUTEIEM  CUCTeMbl  cOopa
HU3KOTIOTCHIIMAILHON TEIUIOTHI TPYyHTa H pabdOuyuM TEJIOM B HCHApHUTEIe
TerioBoro Hacoca, K; AT, - naneHue TeMneparypsl rpyHTa 3a T JIET dKCIUTyaTaluu
TETJIOHACOCHOM CHUCTEMEI TeIioxXnagocHaoxenus, K.

Temneparypa kunenuss pabGodero Tena 7 BeIOMpaeTcs U3  YCIOBUS
oOecrieueHrs B HCMApUTEE TEIUIOBOIO HAcOca JOCTATOYHOIO TEMIIEpaTypHOTO
Haropa 1 JoJKHA ObITh Ha 5 °C HIKE TeMrepaTypbl TEIMIIOHOCUTEIS Ha BBIXOE U3
cucTeMbl cOOpa HU3KOIIOTEH[UAIBHON TEIJIOTHI TPYHTA.

[Tagenune temmepatypsl ciosi rpyHTa A7, Ha TIIyOMHE 3aJI0)KEHHUS pPErucTpa
rpy0 TpPYHTOBOIO TEIJIOOOMEHHHMKA 3a BpEeMsl HKCIUTyaTallid TEIIOHACOCHOU
CUCTEMBI TEIUTOXJIaJOCHA0XKEHUS ONPEIEAETCS MO CIPABOYHBIM JIaHHBIM.

Ouenky 3(@EeKTUBHOCTH CHUCTEMbI COOpa HU3KOMOTEHIIMAIBHOW TEIIOThI
CJIelyeT BBIMOJIHATH MO TEMIEPATYPHOMY PEKUMY T'PYyHTA, YCTaHABIMBAIOIIEMYCS
HA TATHIN TOJ KCIUTyaTally, TaK KaK K 3TOMY BPEMEHU TEMIIEPATYPHBIN PEKUM
ero OJM30K K TOJJ0OBOMY - IEPUOAUYECKOMY.



Pexomenoayuu no npoeKkmupo8anur) HUKONOMEHUUATbHBIX IHEPZEMUUECKUX
ycmanogoxk (HIY).

B kauecTBe TEIMJIOHOCUTENS TPYHTOBOIO TEIUIOOOMEHHHMKA  CIIEyeT
MPUMEHSITh JACadpPUPOBAHHYIO BOJIY MJIM HETOKCUYHBINA aHTU(PU3.

HomenknaTypHblil psll TEIJIOBBIX HACOCOB ISl KOTTemxkew: 6, 8, 10, 12, 15,
17,22, 30, 40, 60 xBT.

Moumaosic 2opuzormanvHo2o menioo0OMeHHUKa CaMblii TIPOCTOM W HE
TpeOyeT 3HAYMTENBHBIX JICHE)KHBIX 3arpar. HemocTaTkom sBisieTcss OobImas
3aHUMaeMas IJI0IIa/lb, Ha KOTOPOH HE MOJKHO OBITH BIOCJEACTBHH CTPOSCHUM U
JIEPEBBEB.

Packiagka Takoro TemIOOOMEHHHMKA OCYIIECTBISETCS Ha TIyOWHE HMXKE
YPOBHsSI TIpOMEp3aHusi TpyHTa, OObIYHO OT 1 10 3 M B 3aBUCHUMOCTH OT
reorpaguyeckoii MECTHOCTM W THna rpyHTa. [lpumepsl mpokmaaku

TOPU30HTATIBHBIX TEMI000OMEHHUKOB MIPUBEICHBI Ha puc.8.21.

Puc.8.21. IIpumMepsl npoKIagKu FTOPU30HTAIBHBIX TEII00OMEHHUKOB

CbeM Teria ¢ KaxJa0ro METpa TPYHTOBOT'O KOJUIEKTOpPA 3aBUCUT OT TaKUX
dbakTOpOoB Kak: TIyOMHA YyKIAIK{, THUIO ¥ BJIAKHOCTh TPYHTA, 3aTECHCHHE
IJIOMIAIKK TI0J] TeIIOOOMEHHUK W T.I. B cpemHem 3HaueHnme coctaBiser 20
Br/m. Ins 6onee moapoOHBIX pacueToB CleyeT 0OpaTUTHCS K CIIEHUATNCTaM 32
JeTaJbHbIM I€0JOTMYECKUM aHAIU30M MOYBBI.

[Mar yknagku Tpyd He goimkeH ObiTh MeHbiie 0,7 M s 3¢dekTuBHOM
paboThl KoJIIEKTOpa. PexomMeHiyercs Mcrnoiab30BaTh KOHTYp OOLIEH JJIMHOW He
oonmee 150 M wm3-3a OOJBIIOrO THUAPABIMYECKOTO comnpoTuBieHus. Illpu
OPUMEHEHUN HECKOJIBKUX KOHTYPOB HEOOXOJUMO CTPEMUTHCS K TOMY, UTOOBI
KK U3 HUX OBLI MPUMEPHO OJJMHAKOBOM JIJTUHBI.

Monmadsic sepmuxanvHo2o meniooomennuxa 601ee CIOXKHBIM U OCHOBaH Ha
y4eTe TOro, 4To TemmepaTypa TIpyHTa riyoxke 20 meTpoB craOuibHa Ha
NpOTsHKEHUU Bcero rojga u paBHa 8-10°C, ona mnoajepkuBaeTcs Onarogaps



reoTepMalbHOM dHeprun Henp 3emud. JUIsT MOIy4YeHHsT OTOW DHEPruu
UCIIOJIB3YIOT UMEHHO BEPTUKAJIbHBIE TPYHTOBbIE TEIIOOOMEHHUKH Ha3bIBA€MbIE
«30HIaMM», KOTOpbIE TMOTPYXalOT B CKBaXHHBI rinyOounoi 20-300 M wu
aramerpoM 120-200 mM. [Ipu 3TOM OOBIYHO HCIMOJB3YIOT IJIACTUKOBYIO TPYOy
arameTrpoM oT 32 MM. B 0JIHy CKBaXMHY MOMENIAIOT OJHY WJIM JIBE METIU 30Ha
¥ TIPOCTPAHCTBO MEXKIAY TPYHTOM U TPYOOIl 3aMOTHAIOT OEHTOHUTOM WA IPYTUM
pPacTBOPOM € BBICOKOH TEIJIONPOBOJAHOCTBIO.

Tenno Henp 3emiii XOTb M SBJSETCS BO300HOBJISEMBIM HCTOYHHUKOM
PHEPIruM, BCE XK€ TEIUIOBas pereHepauus (BOCHOJHEHUE) NMPOMCXOIUT HE TaK
OBICTPO, KaK MbI pacxoayeM Temioty rpyHTa. I[loaToMy éce oOamnnvie no
menjocvemy npuseoensl ¢ yuemom 1800 uacoe pabomvr mennosozo nacoca é
200. CornacHo ucclieIOBaHUsIM, B IIEPBBIE 2-3 rofa TeMIEpaTypa rpyHTa BOKPYT
TEMJIOOOMEHHUKOB PE3KO CHUXKAETCA, OJHAKO C KaXIblM TOJOM TEMII
NOHWKEHHSI TeMIepaTypbl CHHXKaeTcs. Bce 3TO NpUBOAUT K CHUKEHHIO
3¢ PEeKTUBHOCTH TETUIOBOTO HAcoCa.

Ecnu xe ucnonb3oBaTh TemiaoBoid Hacoc Oonee 1800 wacoB B romy, TO
CYIIECTBYE€T pHUCK TMpPOMEp3aHus HEKOTOPhIX YYaCTKOB TpyHTa BOKpPYT
CKBa)KHUHBI. DTO MOXET MPUBECTU K MPOCEAAHUIO CIOEB IPYHTA U Pa3pyLICHUIO
TpyO TermnooOMEHHHKAa WJIM K 0oJiee ONAacHBIM MOCHEACTBUSIM IS
MUKPOKJIMMAaTa TpPyHTa W CTPOCHUN BOJM3UM CKBaXuHbl. [Jlnsg syumnei
pere’Hepaudy  MOYBbI  PEKOMEHJyeTcs B  JIETHMH  IEepHOJ  I0J1aBaTh
JOTIOJIHUTEIBHOE TEIJIO B 30HJ], HAIPUMEP OT COJIHEYHBIX KOJUJIEKTOPOB WIIU
UCIIOJIb30BaTh TEIVIOBOM HACOC JUISl OXJIAXKIEHUS, TEM CaMbIM, I10JI0IPEeBast TPYHT
BOKPYT 30H/1a.

Obocnosanue  yenecoodOpasHocmu  NPpUMEHEHUA  HU3KONOMEHUUATbHBIX
IHepzemuueckux ycmanosok (HJIY).

K npeumywecmeam npuMeHEHHs HU3KOIOTEHUMAIBHBIX 3IHEPrOyCTaHOBOK
CJIelyeT OTHECTH:

- IIUMPOKUH CHEKTp MpUMEHEHHs (aBTOHOMHBIA 00OrpeB U Tropsyee
BOJOCHA0XEHUE  KWIbIX, OQUCHBIX U MPOU3BOJACTBEHHBIX IOMEUICHUM;
TEIUIOCHA0XKEHUE M Topsyee BOJOCHAOKEHHWE HMHAMBUAYAJIBHOTO  JKUJIbA
(KOTTEIXKH, T0Ma, Taun);

- BO3MOKHOCTh HE TOJIbKO HArpeBa, HO W OXJIAXKIEHHUA, a TAKXKe MOJAJIePKaHUs
IIOCTOSSHHOM TEMIIEpaTypbl BOJbl B TEXHOJOIMYECKUX LEISIX: Ha 3aBOJAX,
MPOU3BOJCTBAX U T.1.);

- BBICOKYIO 3(D()EKTUBHOCTh U CHUKEHUE OTPEOICHHS JIEKTPOIHEPTUH;

- MPAKTHYECKOE OTCYTCTBHE HETaTUBHOI'O BO3/IEUCTBUS HA OKPYKAIOLIYIO CpPeay.



K OCHOBHBIM  Hedocmamkam  TPUMEHEHUS  HU3KONOTEHIIMAIBHBIX
HEProyCTaHOBOK CJIENYET OTHECTH:
- IOTEPIO TEIUIOBOM HEPTUHU B IIPOLIECCE €€ TPAHCIIOPTUPOBKHU;
- OTHOCUTEJIBHO BBICOKYIO CTOUMOCTb.

8.5. buorasosbie JHEProyCTAHOBKH

buozaz - nponykrt, mojiydaeMblii B pe3yJbTaTe Pa3joKeHUsT OPraHuYECKHUX
BelllecTB (Hampumep, HaBo3a). Korna npoucxoaut mnpouecc OpoxkeHus: (THUEHHUS),
BBIJICJISIIOTCS Ta3bl. WX HepaluoHAIbHO «IIyCKaTh HA CaMOTEK»: UX MOXHO
coOpaTh, a TOTOM I[IOHEMHOTY pPAacXoA0BaThb Ha COOCTBEHHbIE HYXIbl. To
o0opy0BaHHE, B KOTOPOM 3TOT €CTECTBEHHBIM MPOLIECC OCYUIECTBISETCS, U
Ha3BIBAIOT «OU02A30601 yCMAHOGKOIY (pHC.8.22).

Puc.8.22. OcHOBHBIE TEXHOJIOTUYECKHE Y3JIbl OMOTa30BOI YCTAHOBKH 110

IPOM3BOJICTBY IIPHPOIHOro raza (xo 1000 m°/cyT)

O6pazoBanue Ouoraza NPOUCXOIUT, Oyarogapst KU3HEICSITEIHLHOCTH
pa3zHOOOpa3HbIX OaKTEpUl, MPUCYTCTBYIOIIMX B OPraHUYECKUX OTXOJaX. UTOOBI



ux paboTa OblIa MakCcUMalbHO 3()()EKTHUBHONW, MHUKpPOOpraHM3MaM HEOOXOAMMO
o0ecrneunTh HAeaJIbHbIE «YCIOBUS TpyJa» - OIpPENEeNEHHYI0 TeMIeparypy Hu
BIXHOCTh. WX rapaHTupyeT co3gaHue OMOra3oBOM  yCTAHOBKH. ITO
000py10BaHNE BKIIOYAaET KOMIUIEKC YCTPOWCTB, TTIaBHOE U3 HUX - Ouopeakmop. B
HEM IMIPOUCXOIUT Pa3IOKEHHE MAcChl, OHO COMIPOBOKAAETCS Ta3000pa30BaHUEM.

Memoowt nonyuenusn duozasa.

Nx cymectByer Ttpu. OTiaM4aroTcss pPEXUMBI TEMIEPATYpPOH, KOTOpas
HAIpPsIMYIO BIUSET HA KAYECTBO U KOJIMYECTBO KOHEYHOIO MPOIYKTA.

lcuxpogunoneiii (He «ncuxo@uiibHbINY). Tlcuxpodpunsl unm Kpuopuiasl —
OaKkTepuu, KOTOpbIE MOTYT Pa3MHOXAThCS TOJIBKO IPU OTHOCHUTEIBHO HHU3KOM
temneparype. OHa B OMOra3oBoi yCTaHOBKE B 3TOM Cllydae MUHUMaJlbHa — OT 5
1o 25°. YcnoBus 3T HEOJIaronpUsATHBI: Pa3joKEHUE MPOUCXOAUT MEAJIEHHBIMU
TeMIaMH, rasa oOpasyercs Majo, a caM OH IIOJy4yaeTcsl JOBOJIBHO HHU3KOIO
Ka4yecTBa.

Mezoghunvnoui. Ilpu 3TOM pexume Temneparypa B KamMepe 3HAYMTENIbHO
BBIIIIC: OHA COCTaBJSIET OT 25 110 45°. DTU yCIIOBUS WACATbHBI JJI1 Pa3MHOKECHUSA
Me30(pHIIbHBIX OaKTepuil, MNPEANOYUTAIOIIUX YMEPEHHYI0 TeMIeparypy: HHU
XKapKyro, HU xojonaHytro. [Ipouecc nepepaOOTKM OTHUMAeT Tropa3fo MEHbILE
BpeMenH (10-20 queit), a KOJIMYECTBO ra3a YBEJINYNBAECTCS.

Tepmogpunvnviti. bakrtepuu, I0OSALIIME BBICOKYIO TEMIIEpaTypy, aKTHBHO
pasmHoxarorca mpu 45-50° wim Beime. B 3TOM ciydae mpOU3BOJICTBO 3aHUMAET
BCero 3-5 nHeW, a BBIXOJ ra3a MakCUMaJIbHbIA. Ecim co3paTe MHKpOOpraHu3MaM
ujiealibHbIE YCIIOBUA, TO 1 KT HaBO3a CMOXKET MpeBpaTuThes B 4,5 nutpa Ouorasa.
[Tpouiecc akTUBHOro ra3zoo0pa3oBaHus MpU TEPMODUILHOM METOJE HAYMHAETCS
cnycts 12 nueil. Ho nake He3HauuTeNbHbBIE NEpenajbpl TEMIIEPATypbl (CHUKEHUE
Ha 2°) NpUBOAAT K YMEHBIIEHHOMY BbIXoay Tra3a. IIpu ncuxpoduibHoM crniocode
CKOPOCTh TepepaboTKu HeOobInas: 00pa3oBaHue OOJBIIOr0 KOJIMYECTBA OHorasa
HaunHaetcs cmycts 30-80 gueit. UToObl co3maTh Takylo OMOTa30BYIO YCTaHOBKY,
HE00X0/1MMa KaueCTBEHHAsl TEIJIOM30JIALMS KOMIUIEKCA, OCTOSHHBIN MOJ0TPEB U
npuOopsl  JUisl KOHTposst Temneparypbl. OOopynoBaHHe O0ECHEYUT CaMblid
OOJNBIION BBIXOJ Ta3000pa3HOTO MPOJAYKTA, OJHAKO HEOOJBIION MHHYC Y
TEPMO(UIBHOTO METOJA €CTh: 3TO - HEBO3MOYKHOCTH J00aBIATb OTXOJbI, €CIH
nepepaboTKa yke Hayajaach.

Ecnn Guonoruueckoro rasa mojiyd4aercsi CIMIIKOM MHOTO, TO €ro XpaHsT B
2azzonvodepax, 4dTOOBI HWCHONB30BaTh 1O Mepe HeobxomumocTu. Jlpyras
BO3MOXKHOCTb - Mpojiaxa TormBa. [[060YHBIM MPOIYKTOM TAaKOTO MPOW3BOJICTBA
sBsieTcs: Oe3omnacHoe, 3PeKkTUBHOE YI00peHue - rnepedpoauBIre octatku. mu



X03s51eBa MOJNB3YIOTCS U yIOOPEHUSI CBOMX yYaCTKOB, WIIH, €CIH €r0 KOJIUYECTBO
CJIMILIKOM OOJIbILIOE, MPOAAOT.

Yempoiicmeo 6uozazoevix ycmanogok.

[Ipocreiitrass ycTtaHOBKa JJisi TOJy4YeHHs Ouoraza Biirodaer (puc.8.23)
CJIEyIOIINE€ OCHOBHBIE TEXHOJOIMYECKHE 3JIEMEHTHI: BOAOIpeWHBbIM KoTen 1 B
KOMIUJIEKTE C TEIJI000MEHHUKOM, OoOecrednBaronue TpedyeMyro TeMIepaTypy B
30HE OpOXEHHUS OTXOAO0B; OyHKEp 2 3arpy3Kd OTXOJOB B 30HY OpOXKEHUS;
nepeMenInBaioniee yCcTpoicTBo 3, obecrneunBaromiee pPaBHOMEPHBIM Ipolecc
OposkeHus 1Mo BceMy 00beMy 30HBI OpOKEHHsI; peakTop 4, OrpaHUYUBAIOIIHA 30HY
OpO’KeHUsI; BOASHON 3aTBOP 5, M3OJUPYIOUINI 30HY OpOXEHHsS B peakTope 4 OT
BHEIIHEW Cpelibl; ra300TBOJ] 6, 00ECTICUNBAOIINN yIaIeHHE TPOU3BOIUMOTO ra3a
K TIOTPEOUTENISIM U Ha COOCTBEHHBIE HYXIbI (K KOy 1); pa3rpy304HbIii OyHKep 7,
OpeJHa3HAYeHHbIH Il MEePUOJUYECKOro yaajeHus COpOXKEHHOro ocajka
(bnoymoOpenwmii) U3 peakropa 4; XpaHunuiie 8 ajisa Onoya1o0peHuit; BRITPpy309Has

TpyOa 9.
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Puc.8.23. YcrpoiicTBO mpocTeiiiieil yCTaHOBKH ISl TIOJydeHUs Ouorasa

CoBpeMeHHbIE  OMOra3oBbIE  DHEPreTUYECKHE  YCTAHOBKH (BI'2Y)
NPAaKTHYECKU TMPEACTABISAIOT COO0 KPYIHbIE CTaHUWMU U TO3BOJISAIOT HE TOJBKO
nojiyyarb OMOra3 M OTIPaBJISATh €ro MOTPEOUTENAM, HO TaKXKe MPOU3BOJUTH
TEIJIOBYIO U JIEKTPUUECKYI0 dHEepruu (puc.8.24).



| Cuctema Cen. TR Meranossi assymyneTop

ﬁﬂﬂﬂl! OXIEMALHIR

3
HGPIR

Cuctema ynpannesen
LEC G

buorasoean
FEHERATOPH AR
yeranoska Caterpillar

Tonnusran cheTema
NOAZYM W HEIONACHICTA

Clx orxngu
LN

= i - ‘\Q
- .

Peawrop Groraza
NEPEAA W BTO0AA
CTynesm

Tennoofmesum Xononnar sona

L
NN

Topmianeona -

Puc.8.23. Cxema 6morazoBoii Teruio- snekrpoctaniuu (TOC)

Ilpunyun pabomul 6u02a30601 ycmanogKu.

[IpoekTupoBanre OHMOTra30BBIX YCTAHOBOK - MPOIECC, KOTOPBIA Tpedyer
NpeIBapUTEILHOTO  M3ydeHuss ux paborel. [loaToMy cHawyama  HYXKHO
MO3HAKOMUTBCSI €  BO3MOXHBIMU ~ peKUMaMH  paOOThl  OMOJOTHYECKOTO
000pyT0BaHUS.

Kak yxe ObuIO cka3zaHo, Omoras moyy4aroT, Onarojaps BO3JIEHCTBHIO Ha
OpTraHWYECKHWE OTXOABl PA3TUYHBIX OaKTepUi: THAPONHU3HBIX, KHCIOTO- WA
MeTaHoOpasyromux. KoHeuHbI MpoayKT - Ouoras, B KOTOPOM IPUCYTCTBYIOT
METaH, YIJIeKUCIbIA ra3 U pa3Hble NpuMecH (a30T, aMMHUaK, CEpOBOIOPOT U T.1.).

PaGoTtaet OnorazoBasi ycTaHOBKA CJIEIYIOIIUM 00pa30M.

B HakonmuTenbHblE €MKOCTH MOMEMIAIOT Pa3jIudyHble OPraHUuYeCKUE OTXOJbI:
MPOIYKTHI KU3HEJACATEILHOCTH JOMAITHErO0 CKOTAa M NTHIIBI, MUIIEBBIE OTXOIbI,
OTXOJIbl PACTEHHEBOJICTBA, JIECOTIEPEPAOOTKH.

KpymnHoe chipbe CHadasia M3MENbYaloT, a 3aTeM KUIKUE (MX MEPEeKaurBaOT
HAcOCaMM) U TBEpAbIC MPOAYKTHI (IEpeMeIlaloT TpaHCHOpTEepaMu) MONaJarT B
NEPEXOAHYI0 €MKOCTh, TJ€ WX Tepea  JadbHEHUIIUM  HCITOJIb30BaHUEM
JOTIOJTHUTEJIBHO HArPEBAtoT.

[TonHOCTRIO MOATOTOBIIEHHAsI OMOMAacca MOCTYNaeT B IVIABHYI0 €MKOCTh - B
OMopeaKTop, KOTOPBIN JOJDKEH OBITh a0COTIOTHO TeéPMETUYHBIM, KUCIIOTOCTONKHM,
HAJCKHBIM, YTO JIACT BO3MOKHOCTH MOJIYYUTh Ka4€CTBEHHBIN MPOIYKT - Ouoras. B
onopeakTope, 000PYIOBAaHHOM yCTPONCTBAMU TSI TIOJOTPEBA U TIEPEMEIIUBAHUS,
OnmoMacca HauWHaeT OpoauTh W pasnaraThCsa. ONTUMATBHONW  CYUTACTCS



temriepatypa 40°C. Uepe3 HEKOTOpoe BpeMsi B OYHKEpe HAUYMHAIOT CKAITUTHBATHCS
ra3 u o0pa3oBbIBATHCS YAO0OPEHUSI.

['oToBBIN OMOTa3 MOCTYMAaeT B OTIAEIBLHO CTOSIIIMN WJIM BBINOJHEHHBIA B
OJIHOM KOpIyCE€ C pEeaKTOpOM Ta3rojipJep, H3 KOTOpPOro OH, Oiaromaps
CO371aBa€MOMY JIaBJICHUIO, TMOCTYyNaeT B CUCTEMY OYHCTKH, a IIOClie Hee - K
OTpeOUTEINIO.

['oToBBIE OMOYMOOpEHUs HANPABISIIOT B Pa3Tpy304HbId OyHKEp, 3aTeM - B
cemapaTop IS pa3AelieHus Ha TBEpPAbIE W JKUIKHE TMPOIYKTHI, KOTOPHIC
MOCTYMAIOT B HaKomuTenu (XpaHuiuiia). beul mpoBedeH psim HWCCIIeIOBAaHUMH,
JIOKa3aBIlIUX, YTO TMEPeOpPOAUBIINE TaKuM (aHAdpPOOHBIM, O€3 JOCTyma BO31yXa)
CrocoboM yao0peHHs 3HAUUTENbHO d(PdeKTUBHEE NPYyTrHX BHUAOB, OOeCleunBas
noBblIeHUE ypoxkaiiHocTh Ha 20-30%.

Pacuem u npoexmuposanue 6uo02azo6vix InepzemuuecKux ycmanoeok (b3Y).
Pacuyer Onora3oBoii yCTaHOBKHM - Ba)KHEWIIMH 3JIEMEHT MPOEKTUPOBAHUSA H
BCErjJa TpeaBapsieT BHIOOP TEXHOJOTMHM W TeM 0ojiee KOHCTPYKTHBHOIO
UCIIOJTHEHUS 000PY/I0BaHMUS.
B kauecTBe OCHOBHBIX 33724 TPeOyeTCsS OMPEICIUTH:

- croco0 3arpy3ku cyocTpara;

- TUII TIporiecca OpokeHus (TepMoPIIbHBIN, JTHO0 Me30(UITBHBII);

- INTUTEIILHOCTh OPOYKCHUS;

- TEXHOJIOTHIO OpraHu3aluuu coopa Ouorasa;

- TEXHOJIOTHIO 3aIMlOJIHEHUSI METAHTEHKA;

- TEXHOJIOTHIO OPTaHU3AINH TEIUIOCHAOKEHUSI METAaHTECHKA,

- cioco0 yaayieHus nuiama (6noy100peHuin).
[Tpu 3TOM HEOOXOAMMO MTPOU3BECTU PACUETHI:

- CyTOYHOT0 00beMa OMOMACChI, PeAHA3HAYECHHOM 7151 COpaKUBAHMS;

- CYTOYHOTO 00beMa OMOMACChI, BKIIFOYAIOIICH MPUMECH;

- coziep KaHUs CyXOTo BeIlecTBa B OromMacce;

- COZIep KaHMS CyXHUX OPTaHUYECKUX BEIECTB B Oromacce;

- TEOPETHYECKOTro BBIXOJa OMOra3a mpu YCJIOBUM TOJHOTO  Pa3liOKEHUs
cyocTpara;

- TEOPETHUUECKOTO BhIX0/1a OMOTras3a npu HEMoJIHOM COpakMBaHUY;

- IPOEKTUPYEMOro 00beMa METAaHTEHKA, PACCUUTAHHOIO Ha MOJIHYIO 3arpy3KYy;

- KOJMYECTBa TEIUIOThI, TpeOyeMo#l il HarpeBa €XeCyTOYHO 3arpyxaemoin
OroMacchl 10 He0OXOAMMON TeMITepaTypbl OPOKEHHUS;

- TEIUIOBBIX MOTEPh OMOra30BOW CTaHIINH;

- He0OXOIMMOTO KOJTMYECTBA YHEPTUH JIJIs TIEpEMEIIMBAHMS OMOMACCHI;

- CYTOYHOM BbIpaOOTKH OMOra30BbIM 000PYI0BAHUEM I0JIE3HOMN SHEPTUH;



- 5KOHOMUH yCIIOBHOTO TOTUIMBA 3a CUYET BHIPAaOOTAHHOTO OHorasa.

Crnenyer MOMHHTB, YTO B MPOIIECCE MTPOCKTUPOBAHKS OMOTA30BBIX YCTAHOBOK
MPUMEHSIOTCS AMITUPUICCKUE JaHHBIC, TIOJYUYCHHBIC B JJAOOPATOPHBIX YCIIOBHSIX.
[Tono6Has undopmanus noasepraercsi 00paboTKe U TPYNIHUPOBKE B CHCIIHAIBHBIC
Ta0JIMIIBI TAPAMETPOB TEXHOJIOIMYECKUX MporeccoB. Ho 3HaueHne norpenHocTy B
tabmmiax wmoxketr pgocturath 50%. IloaTomMy chnporHo3upoBaTh CyTOYHBIC
mokaszarein OOBEMOB M COCTaBa IMOJIy4aeMoro Ouorasza ajii MTPOCKTHPYEMOTO
000pyI0BaHUSI MOKHO JIMIIh C HEBBICOKOW TOYHOCTHIO. HapammBaHue TOYHOCTH
pacdera TpeOyeT mpoBeaeHHsI COOCTBEHHBIX SKCTICPUMEHTOB. TeM He MEHee, TaKe
caMbl¢ TIPUMHUTHBHBIC PACUYEThI IMMO3BOJIAT OIEHUTH MPUOIU3UTEIBHBIC MTapaMeTPhI
BbIXOJ1a OHorasa.

B mporecce mnpoekTHpoBaHUs KIIOUYEBOE 3HAUYEHHE HMEET OIpelesieHue
ONTHUMAJIBHOTO 00beMa OMOMACCHhI, 3arpykaemMoit Jij1s mepepadotku. [Ipu MeHbImx
o0beMax OpraHMYEecKOro marepuaja HapyllaeTcsl PaBHOBECHE CHUCTEMBI, IpU
YBEIIMUEHHBIX 3arpy3kax HaOJIOJaeTCs MEePEOKUCICHUE OMOJIOTHYECKOM Macchl,
YTO 00YCTIOBIMBAET 3aMe/IJICHUE BIICIICHUS Onorasa.

Pacuer BBIMOJHAIOT CleAyOMMM 00pa3oM (Ha MpUMEpPe HaBo3a B KaueCTBE
Oromacchl).
1. Onpedensitom cymounwvili 00vem OUOMACCHl, KOMOpAs npeoHazHavaemcs OJis
copasicusanus:

M, = ZKI. “m; , Kr/cyT , (8.55)
i=1

IJI€ n - YHACIEHHOCTh JKUBOTHBIX; M; - €KECYTOUHBIH O00BEM HaBO3a OT KaXJOIro
JKUBOTHOTO K.

B pesynbTaTte aHamm3za KOMIIOHEHTHOTO COCTaBa HaBO3a, YCTAHOBJIEHO, UYTO B
HEM cojiepKuTcs: okono 25-83% Boawl, 13-17% mnoactunku, 7-11% xopma, 10
17% rpyHTOBOM Macchl M UHbIX nOpumeceid. Hannunme 5>THUX KOMIIOHEHTOB
OKa3bIBAa€T BO3JICHCTBUE HAa OOBEMBI CYXHUX OPraHUYECKUX KOMIIOHEHTOB B
cyOcTpare, KpoMe TOro, 00ObEM BOJIbI OMpPEACNSIET BIAXHOCTh OuoMacchl. Jms
OTPE/CIICHUSI COJECPKUMOTO CYXHMX KOMIIOHEHTOB, a TaKXe IapaMeTpoB
BJIQYKHOCTHU MCIIONB3YIOT CHIEIUAIbHbIE TAOIUIIBI U MTOMPABOYHBIE KOI(P(HUIIUESHTHI.
2. Onpeodensaom cymouHwlli 00beM OUOMACCHL, KII0UAOWell NPUMECU.

M ym o6y = k"M , KT/CYT (8.56)
rae: k, - 3Ha4eHHEe MOMpaBOYHOrO Kod(duimenta (u3MeHseTcss B auamnasone 1,3-
1,6); M.y, - execyTO4HBI 00bEM HABO3a OT BCEX JKUBOTHBIX, ONPEIEIIAEMBIH 110
dbopmyiie (8.55), kr/cyT.



3. Onpeodensiiom codepaicanue cyxoeo seujecmaa 6 buomacce:
Mo = My 061 (1= @omn/100), xr/CYT , (8.57)
TJI€: Qom,; — OTHOCUTEIbHAS BIAXKHOCTH OMOMAacChI,%.

4. Onpeoensiiom cooepiicanue CyxXux Op2anudecKux eeuecms 8 buomacce:
M o6 = M 5" (R.06/100), kT/CYT (8.58)

riae: R..s - OJISI CyXUX OpraHMYecKUx BeliecTB B Ouomacce, %; M., - comepxkanue
CyXOro BelecTBa B bmomacce, onpenaensemoe no Gopmyie (8.57), Kr/cyT.

Jnst momydenust OoJjiee JOCTOBEPHBIX TMapaMeTPOB COACPIKAHUSA CYXHUX
OpraHUYEeCKUX BEIIECTB B OWoMacce TpeOyeTrcss MOMy4YHTh NPOOBI CHIPhS U
BBITIOJTHATH aHAJU3bI B Ta0OPATOPHBIX yCIOBHUSX.

5. Onpeoensitom meopemuyeckull 6vlX00 0uUO2A3a NpPU  YCAOBUU  NOJIHO20
pasznodicenust cyocmpama:
B = Meos - Reos, KT/CYT (8.59)

rae: R.,s - 10JI CyXMX OpraHUYeCKUX BEIIeCTB B Omomacce, %; M- CollepiKaHue
CyXHX OpPraHWYECKHUX BEIIECTB B OWoMacce, ompenenseMoe 1o dopmyre (8.58),
KI/CyT.

6. Onpedensatom meopemuyeckuil 8b1x00 6U02a3a NPU HENOJHOM COPANCUBAHUL:
b, = By <(F/100), xt/cyT (8.60)

rae: F - ypoBeHb cOpakuBaHusi OMOMAacChl, MPUHUMAETCS paBHBIM B Tuamna3zoHe 60-
70%; b, - TEOpEeTHYECKHI BBIXOJ OMOrasa Mpu YCJIOBHH IOJIHOTO Pa3JIOKEHHS
cybcTpara, onpenensieMblit o hopmyie (8.59), kr/cyT.

7. Onpedeﬂﬂiom l’lpOQKWll/tpyeMbZZZ o0bvem MemaHmeHKa, paccqumaHHblﬁ HA NOJIHYHO
3A2pPY3Ky.
— 3
Vn3 - Mcym.oﬁm /(qcym °p6uo)a M, (861)

rae:  Mmosy - CYTOUHBIH 00BEM  OMOMACCHI, BKIIOYAIOIIEH IPHUMECH,

ompenenseMbli o Qopmyne (8.56), kr/cyt; Y., - KOIMYECTBO €KECYTOUHBIX
. 3

3arpy30Kk OMOra30BOM YCTaHOBKH, IIT.; Pg,0 - ITIOTHOCTH OMOMACCHI, KI'/M”.



8. Onpedensirom KoIUueCmso mMenioml, mpeoyemou 0 HA2pesa edcecymoyHo
3azpyacaemoit buomaccot 00 HeoOX00UMOU memnepamypvl OPONCEHUSL:

On = My Couo (t6-15c), MILK/CyT (8.62)

rae: M.y, - CyTOYHBIH 00BEM OHMOMACCHI, IPEAHA3HAYEHHON Ui COpaKUBaHM,
ompenensieMbli 1o Qgopmyne (8.55), Kr/cyT; Csp - CpPEAHSS TEIIOEMKOCTH
Guomacchl, TpHHMMalT paBHOil  4,18-10° MJIx/(xrK); ;- TemmepaTypa
Opo’keHusi, 3aBUCAIIAS OT TUIIOB OpPOIMIBHBIX MPOIECCOB: UISI ME30(HIBHOTO
+32...434°C, nns tepmoduibHoro +52...+54°C); t,. - Temneparypa 3arpy>XKeHHOU
OroMacchbl, MPUHUMAIOT PaBHOM JIMOO Temmeparype BO3[yXa B OMEIICHUH, OO
TeMIlepaType OKPY>KaloIIel cpebl).

9. Onpedensaiom menyogvie nomepu 6U02a30801 YCMAHOBKU:
O, = k'S (t-1,), Bt (8.63)

rae: k - xodpduumMeHT TerIonepenadd OT OuUOMacChl OKpYXalolleu cpene,
Br/(M*K); S - mIomane IOBEPXHOCTH METAHTEHKA, M’ f;- TeMIeparypa
opoxenus, °C; t, - Temneparypa Bo3ayxa, °C.

10. Onpeoensaiom HeoOX00UMYIO IHEPIUIO OJis1 NepeMeUUBAHUSL OUOMACCHL:
0,=HV,"Y, Br, (8.64)

rae: H - 3HaueHWE YNEIbHOW Harpy3KM Ha CMENIMBAIOUIEE YCTPOWCTBO,
MPUHUMAIOT paBHBIM 50 Br/M’4; V,, - 06beM METAHTCHKA, OIPEICIISIEMBIN 10
dopmyie (8.61), M°; ¥ — uHTEpBaN BpeMeHH (yHKIHOHMPOBAHHS CMELIMBAIOIIETO
YCTPOMCTBA B TEYEHUE CYTOK, Y.

11. Cymounas evipabomka 6u02azo8bim 000py008aHueM NoJe3HOU IHePeUl, :

Q6: EMH' Qm - Qy' Qn: MI[}K/CYT s (865)

rae: b, - TEOpPEeTHUYSCKH BBIXOJ OHOrasza IIpd HEMOJHOM COpakKHMBaHHH,
onpenensemeiii 1o gopmyne (8.60), MJDx/cyt; O,,— KOJIHMYECTBO TEILIOTHI,
TpeOyeMoit NIl HarpeBa €XECYTOYHO 3arpyaeMoil OMOMacChl JO HEOOXOAMMON
TEMIIEPaTypbl OposkeHMs, ompenaendemoe mo ¢opmyne (8.62), MJIx/cyr; O,—
TEIJIOBbIE MOTEpU OMOra3oBOM YCTaHOBKH, ompezensembie 1mo ¢gopmyne (8.62),



MJlx/cyT; Q,- HeoOxomumasi »SHEprusi [Uisl TEpeMelIMBaHus OHOMAaCCHI,
onpeaensemas o popmye (8.64), Mx/cyT.

Obocnosanue IKOHOMUYECKOU UeE1eCO0OPAZHOCIU NPUMEHEHUA COJIHEYHOU
cucmembsl menioCHaAdIceHU.

[IpuHsiTO CuMTaTh, YTO OMOTra30BbIE YCTAHOBKU BhIpaOaTHIBAIOT OWoOras B
tedeHue 350 CyTOK €KeroJiHo, eimie 15 CyToKk OTBOAUTCS Ha WX MPOQUIAKTHIECKOE
obOcmyxxuBaHue. Torga SKOHOMHIO YCIIOBHOTO TOIUIMBA 32 CYET BBHIPAOOTAHHOTO
onorasa MOXHO OIIpeIeTTUuTh TI0 popmyiie:

Dym = 05°350/29,3 , MJTx |, (8.66)

rae: Js; — CyTo4yHasi BbIpabOTKa OMOTa30BbIM O0OPYJAOBAHHEM TOJIE3HOW SHEPTUH,
MJIx/cyT.

B tabnuue 8.14 nmpuBeneHbl KamUTAIbHbIE U 3KCIUTyaTallMOHHBIE PAaCXO/Ibl, a
TaK)K€ 3aTpaThl Ha TEXHMYECKOE OOCIYy>KMBAaHHME HamOoJiee pacupoCTpaHEHHBIX
Mojiesiell OMOra30BbIX YCTAHOBOK ME30(DHIIBHOTO U TEPMO(PHIBHOIO THUIIA.

Tabmuua  8.14  DkoHOMHYECKHME  TIOKa3aTeld  OMOTa3oBBIX  YCTAHOBOK
Me30puILHOTO U TepModrIbHOTO THTIA (110 cocTostHUIo Ha 01.01.2021 1.)

BI'Y me3odunbHOTrO bI'y
TEPMO(HITLHOTO
[TapameTpsl tuna (cramo u3 4
tuna (ctago u3 5
KOPOB)
KOpPOB)
O0BeM METAHTEHKA, M 6 6
Kanuranbnsle 3aTpatel Ha 1 M, pyo. 9 600 33 000
OO6mue xkanuTtanbHbie 3aTpatbl, USD 57 600 198 000
3atpaTtbl Ha OOCTY)XMBaHUE W OHKCIUTyaTallMI0 B 700 4000
rox, USD
Yéueanaﬁ execyTouHass  BelpaboTka  Oumorasa, 0.55 6.00
M’/cyT
CyTouHas BRIpabOTKa OHOrasa, M° 33 36
I'onoBas BeipaboTKa OHorasa, M 1155 12600
TennoTBopHas CrIOCOOHOCTH OHMorasa, MJI)K/M3 22,5 22,5
[Ipon3BOANTENHLHOCTh YCTAHOBKH, KBT 0,856 9,360
EsxecyTouHnas BeIpaboTKa TerIo3Hepruu, KBT-u 20,3 226,0
I'ongoBas BeipaOoTKa TerI03HEpruu, KBT-u 7105 79100




Kak Buano wu3 Tabmuipl 8.14, kanuTaidbHble 3aTpaThl Ha CTPOUTEIHCTBO
OMOra3oBoil yCTaHOBKH TEPMO(DUIBLHOIO THUIIA TOYTH B 4 pa3a BbILIE, YEM 3aTPAThI
Ha CO3JaHUE aHAJIOTMYHOM YCTAHOBKU M€30()UIIbHOTO TUIIA.

3arparhl Ha OOCIy)XMBaHHE M OKCIUTyaTaldio OMOTa30BOM YCTaHOBKHU
TEpMOPWIBHOTO THUIA TMOYTH B 6 pa3 BbIlIe, YEM AaHAJIOTHYHBIC 3aTpaThl Ha
YCTaHOBKY Me€30(MIbHOTO THIIA.

OpnHako rozoBasi BEIpabOTKa TEIJIOIHEPTUH TEPMODUIBHBIX YCTAHOBOK OoJiee
gyeM B 10 pa3 mnpeBblIaeT aHAJOTHYHBIM TOKa3aTelb (PYHKIIMOHUPOBAHUS
Me30(pHIIBHOTO 000PYI0BaHU.

8.6. IlosyuyeHue 3HepruM U3 TBEpPAbIX KOMMYHAJIbHBIX 0TX0/10B.

JHepreTuyecKass YTWIN3aUUs OTXOA0B, WIM JHEPrusi U3 OTXOIO0B - 3TO
MPOILIECC BHIPAOOTKH ANEKTPUUECKON U TETJIOBOM SHEPTUU B pE3yJIbTaTe CHKUTaHUs
TBEpIIbIX KOMMYHalIbHBIX 0Tx0/10B (TKO), koTopble paccMaTpuBaroTCsl Kak
WCTOYHUK DSHEPruu, TMPUTOJHOW [JIsi HCIOJb30BaHUS B pa3IUYHBIX cdepax
IIPOU3BO/ICTBA.

B kauectBe TormnuBa ucnosb3yrores TKO, npomenmme npeaBapuTeabHYIO
COPTHPOBKY. OKCIUTyaTalsi 3aBOJIOB [0 MPOU3BOJICTBY 3JIEKTPOIHEPIHUU U3
OTXOJ/IOB DKOJIOTHYECKH 0€30MacHa U SKOHOMUYECKH BbITOJHA. CTPOUTEIHCTBO U
DKCIUTyaTallMK0 TaKUX MPEANPUITAA YacTO PacCMaTPUBAIOT KakK JJIEMEHT
KOMIIJIEKCHOW CHCTEMBI  OOpaimieHus C OTXOJaMH, CIIOCOOHBI CHHU3UTH
SKOJIOTMYECKUE PHUCKHM M YMEHBIIUTh DKOJOTHYECKHUI yIepO, CBSI3aHHBIE C
3axopoHeHueM HernepepadaTbiBaeMbix TKO Ha nmonmronax. CoBpeMeHHbBIEC 3aBOJIbI
no  mnepepaboOTKe  OTXOAOB B  JHEPrUI0  3HAYUTENIBHO  OTIMYAIOTCS
OT MYCOPOCKHUTaTEJIbHBIX YCTaHOBOK, KOTOPBIE MCIIOJIb30BAJIM HECOPTUPOBAHHBIN
MYCOp ¥ KpaiiHe OTpaHMYE€HHO BbIPaOaThIBAIH YJIEKTPOIHEPTHIO.

JInst mpOr3BOICTBA SHEPTUU 3aBOJ IPUHUMAET T€ OTXO/IbI, KOTOPBIE MPOLIIN
COPTUPOBKY M HE MOTYT MCIIOJIb30BATHCA B KAYE€CTBE BTOPUYHOTO ChHIPbs. OTXOABI
B3BEIIMBAIOT, OHU MTPOXOST PaAUallMOHHBIA KOHTPOJIb U CTaBsITCA Ha yueT. [Tocie
NPOXOXKACHUS DJTUX TNPOLEAYp OTXOJbl CKiIaaupyrTcss B OyHkep. Ecnu
oOHapy>KMBaeTCsl TMOBBIIICHHAs CTENEHb paJualid TPUBE3EHHBIX OTXOJIOB,
MyCOpPOBO3 OTHPABISAETCA HA CHEIUATBbHO OTBECHHYIO CTOSIHKY. OMacHble OTXObI
YTWIM3UPYIOTCS  oTnenbHO. [lpu Oonbmmx pa3Mepax MYCOPHBIX OCTaTKOB
POU3BOAMUTCS WX JpoOieHue. M3 mpuemMHOoro OyHKEpa MycOp NEpEMEIarT B
3arpy304HbIii C MOMOIIBIO TpeldepHoro KpaHa. 3aTeM OTXOJbl MOCTYMAKOT B
TOIIKY, TJI€ COKUTAIOTCHI.

TexHOIOrUs CKUTaHUs OTXOIOB 0] Bo3aeicTBreM Temieparyp o 2000°C
npUMEHsIeTCsl B paboTe COBPEMEHHBIX 3aBOJIOB 0 UX NepepaboTke (puc.8.24).



Puc.8.24. CoBpemennslii 3aBoj (Teriosnepreruueckas cranius — TOC) no
tepmudeckoit nepepadorke TKO

TexHonoruueckass cxeMa COBPEMEHHOIO 3aBoja II0  TEPMHUYECKOU
nepepabotke TKO npencrasnena Ha puc.8.25.

" TEXHOMOTMYECKAS CXEMA 3ABOJA

/\/

1. MoMewweHe pasrpysku 6. BeHTUNATOP AyTbEBOW 11. Metannoynaenusarens 16. I'IaponepgrpesaTem.
2. ByHKep-HaKkonuTenb 7. Bosnyxonoporpesarens 12. TpaHcnopTep LwWnaka 17. KoHOMaM3ep

3. Kpa rpeidepHsii 8. PelweTka KONOCHNKOBaA 13. byHkep wnaka 18. Kamepa DCBAHT?HM:;S!
4. BopoHKa 3arpyaovHas 9. TuapocMbiB 14. KpaH rpeiichepHblii 19. LluknoH GatapeiHb

5. MuTarens ruapaBnM4ecKuit 10. Wnakoypanutens 15. Koten napoBo# :2 %b;ggcuc

N

Puc.8.25. Texnonoruueckas cxema 3aBojia o Tepmudeckoi nepepadorke TKO



OCHOBHBIE TEXHOJOTMYECKHE 3Tambl mepepabotku u cxuranus TKO
3aKJIFOYAIOTCS B CIEAYIOILEM.

ToOHHBI TBEPIBIX KOMMYHAJIBHBIX OTXOJIOB TOJIBEPrartOTCsA CHKUTAaHUIO Ha
KOJIOCHUKOBOM pemeTrke § mnapoBoro komia 15, oxiiaxaaeMol BO3AYILIHBIM
IIOTOKOM OT AYThEBOIro BeHTWisATopa 6. TemmepaTypa B 30HE TOpPEHUSI MOKET
nocrturatk 1260°C, xors B cpexneM nopaepskusaercs okosno 900°C. buaromaps
TOYHO PpACIPEICICHHOW B TONKE KOTJIA I0Jaye TEIJIOBOM SHEPTHH OTXOAbI
CXKUTAIOTCS PaBHOMEpPHO 0€3 MPUMEHEHUs JOIMOJHUTENIbHBIX HCTOYHUKOB
TOIUIMBA.

TexHonornyecku mpoiecc padboOThl 3aBoAa MO NEPEepadOTKE M CKUTAHUIO
TKO npakTtuyecku HE OTJIMYAETCS OT Ipoliecca paboThl KOTEIbHOM (TErioBOn
CTaHIMHU) Ha TPATUIIMOHHBIX BUJAX TBEPJIOTO, )KUAKOTO U ra3000pa3HOro TOIIUBA.
OTMuus 3aKJIIOYAIOTCS JUIIb B XAapPAaKTEPUCTHUKAX TOIUIMBA, IPEICTaBIECHHOIO
maccoit TKO.

N3 kortna map mnoctymaer B TypOoreHeparop. IlosnyuenHass sHeprus
HampaBJIsIEeTCSI B CETh M HCIOJIB3YETCSd Ha HYXKIbl Mpou3BoAcTBa. I3
TypOorenepaTopa nap rnonajaeT B KOHJIEHCATOp, € IPeBpalllaeTcsa B BOAY. 3aTeM
NOCTyIaeT 00paTHO B KOTEIL.

B mporecce pabGoThl ¢ OTXOJaMU MPHU CKUTAHUU BBIACISIOTCS JIBIMOBBIC
ra3bl. 3aBoApl no cxkurannio TKO ocHamieHbl COBPEMEHHOW CHUCTEMOM OYHMCTKH
ra3oB, KOTOpasi COCTOUT U3 TPEX ITAIOB:

1.00pa3oBaBuIniicss ra3 NOCTyIIaeT B peakTop HapoBoro koria 15, rxe
BBIJICP)KMBAETCS B  TEUEHHE  HECKOJbKMX CEKyHJ IHpH  TeMIlepaType
okono 850 rpagycoB, a 3aTeM MoOCTymaeT B copOep (mepBas CTyIE€Hb), 4YTO
00€ecreynBaeT uX OYUCTKY OT JMOKCMHOB M HEUTpaNIM3alMI0 a30THBIX OKCHUIOB 32
CYET IPUMEHEHHUS TallleHOW U3BECTH U AKTUBUPOBAHHOIO YIJISI.

2.Ha BropoM »srame (BTOpas CTymHeHb) JABIMOBBIE Ta3bl OYMILNAIOTCS OT
KPYIHOJMCIIEPCHBIX TBEPJBIX NPHUMECEN IOCIECIO0BATENbHO B OCAAUTEIBHON
kamepe 18 u OatapeiiHoM nukIIoHE 19.

3.Ha TpeTheM 3aKkiIOYUTENLHOM 3Tane (TPEThi CTYNEHb) JbIMOBBIE TIa3bl
OUHMIAIOTCS OT TOHKOJMCIEPCHBIX TBEPIBbIX MpuUMeced (Menbyallline YacTHUIIbI
30J1bl, IBUIM U APYTHX) B TOHKOBOJIOKHHUCTOM CUHTETUYECKOM PYKaBHOM (PUIIBTPE.

[Ipu cxxuranuu OT NEPBOHAYAIBLHOTO 00beMa OTX0I0B ocTaeTcs Juiib 10 %.
[Tocne Tepmuueckoit nepepadotkn TKO ocraroTcs mutak v 30ja. OTH AJIEMEHTHI
OTHOCATCA K MOBBILIEHHBIM KJIaccaM OINACHOCTH (MATOMY M TpeTbemy). M3 nuraka
O0TOMPAIOTCS U HAIIPaBIISIFOTCS Ha MepepabOTKy LIBETHBIE U YEPHbIE METAJUIbI, a CaM
[IJIAK MOXKET MPUMEHSATHCS B JTIOPOKHOM CTPOMUTENbCTBE. JleTyuas 3051a — omacHoe
COEIMHEHHE, KOTOPOE HYKHO IepepadaThiBaTh U 00€3BpexuBaTh. M3 HEe MOXKHO



MOJIYYUTh CBHIPbE, TMPUTOMHOE JJISi MPOW3BOACTBA COBPEMEHHBIX CTPOUTEIHHBIX
MaTepuanoB (IUITUTKH, OJIOKOB, OOPAIOPOB, [IEMEHTA).

Ocnoevl pacuema menJjioevlx cmanyuil, padomarouyux Ha
Huszkomemnepamypuom cocuzanuu TKO.

TKO mnpexacrtaBiasioT cob60l MHOTOKOMIIOHCHTHYIO T'€TEPOTCHHYH) CMECh
MaTepUaioB C Pa3JIUYHBIM 3JIEMEHTHBIM COCTaBOM, YJIEJIbHOW TEIJIOTOM CropaHus
U MHUHEPAIIbHOW YacThlo, a Takke (PaKIUOHHBIM U TPaHyJIOMETPUUYECKUM
coctaBoOM. (OCHOBHBIE TOPHOYME KOMIIOHEHTBl 3TOM CMECH H3BECTHBI - 3TO
MUIIEBbIE U OYMa)KHbIE OTXO/IbI, IJIACTUK, TEKCTUJIb, KOXa, ApeBecuHa. OaHaKo,
Jake 3Hasl yJleJbHbIe BECOBBIE IMOKAa3aTesd 3TUX KOMIIOHEHTOB B OOIIell Macce
CMECH, OMNPENEIUTh WHTErpalibHble TEIIoTeXHUUYeCKne xapakrepuctuku TKO,
UCIIOJb3YS IPUHATHIN B TEIJIOTEXHUKE METOJ pacyeTa, O4eHb CI0XKHO. TpyIHOCTh
3aKJII0YAeTCsl B TOM, YTO COJEpP)KaHHE BJIard B KaXIOM U3 NEPEYUCICHHBIX
KOMITOHEHTOB 3aBHUCUT OT CE€30HA, MPUPOJHBIX YCIOBUH, MECTa U MeToaa cOopa,
KyJbTYpbl HAceJleHHs W T.J., U3MEHSSICb B JOCTAaTOYHO IIMPOKOM JHarna3oHe.
KpoMe TOro, cMechb roprouux BHJOB OTXOJOB 3a0alllaCTUpPOBAHA KAaMHSIMH,
METaJIJIOM, CTEKJIOM U JPYTUMH HETOPIOUUMH MaTepuaIaMHu.

Takum  oOpasom, oToOpaHHyl TmpeacTaBuTeNbHy0 npody TKO
MpeABapUTEIBLHO ITyTEM MPOCEUMBAHUS YEpPE3 TPOXOT ¢ pazmepoM stueek 50x50 mm
pa3lensioT Ha MEIKYI W KpymnHyl ¢paknuu. [locrnenHioro copTUpYyOT IO
KOMIIOHEHTHBIM TpynmnaM Ha Oymary, TEKCTWJIb, IUIaCTMAacCy, METall, APYyrue
HEOPraHUYECKHE MATEPHUAJIbl U MUIIEBBIE OTXO0MAbl. ONPENEIIIOT MACCOBYIO JIOJIO
K, xaxmoif M3 3THX KOMITIOHEHTHBIX TPYIII, BKJIIOYas IO MEIKOW (paKiuu.
Jlanee B 1a00OpaTOPHBIX YCAOBHSAX HM3MEPSIOT BIAXHOCTH (W, ) W 30IbHOCTH Ha
CyXyK Maccy (And) ATUX KOMIIOHEHTHBIX TPYIII, a 3aT€éM pPacCUUTHIBAKOT
UHTETpaJbHbIC 3HAUCHHS YAEIbHON TeruoTel cropanus (Q;), BaaxkHoctu (W) u
3onbHOCTH (A") B iemom aist TKO o popmynam:

Q; :E[K;{I—Wn: /100}(1—A:/100}'Q,iqr]—U*OIHI-E{K; -W;},MI[X/KF; (8.67)
W =3 (K, W) %, (8.68)

_Zl A a00-m)] [ T
S |Kzaoo-m)] 100

%, (8.69)

rae 0, - HU3IIas TEmIOTa CrOpaHus Ha CYXYIO0 0E330/IbHYI0 Maccy (IPUHUMAIOT
o Tabmuie 8.15).



Tabnuma 8.15. Ycpennennsle 3HaUYe€HUST HU3IICH yAETbHOW TEIUIOTHI CTOPaHMS Ha
CyXy10 0€330JIbHYI0 MacCy OCHOBHBIX KOMIOHEHTHBIX Tpynn TKO, MJ[x/kr

Menkue oTXo/bl (MeHEee

bymara | Texctunp | [lmactmacca | [IumeBbie 0TXOIbI 50 wv)

16,9 22,6 27,4 18,2 20,1

3HadeHus, TpUBEACHHBIE B Tab0m.8.15, momydeHsl myTeM JIa0OPaTOPHOTO
ONpEeNEeNCHNs] YACIbHOW TEIJIOThl CrOopaHus i KaXAOro BHUAA OTXOJOB,
BXOJIAIIETO B COCTaB KOMIIOHEHTHOW TpYIIbl, U MOCIEAYIOIIEr0 YCpPEIHEHUS
MOJIYYEHHBIX BEJIMYUH ISl TPYIIIbI B LEJIOM.

[Ipu orcyrctBuM gaHHbIX O TeruioTe cropanuss TKO oHa MOXeT OBITH
OPUEHTHUPOBOYHO OTpeiesieHa 1o GopmyIe:

Q" = 4600 - 44" - 51,85W" , xJIK/KT (KKan/kr), (8.70)

daf

rae: Q;, - Hu3mas temiota cropanus TKO, onpenenennas Ha pabodyro maccy,

kJIk/kr (kkan/kr); A" - 3oapH0CTE TKO, %; W' - Biaxxuocts TKO, %.

VYcepennennole Mopdoisiorudeckuii  coctraB u - xapaktepuctuku TKO,
00pa3yIolIKXCcsl B HACTOSIIIEe BPEMSI B KPYITHBIX FOpOJaxX HEHTPAIbHOU U F0KHOU
tepputopuii Poccuiickoit denepannu, npuBeneHsl B Tadauie 8.16, B KOTOPOM AJis
CpaBHEHUSI TPEJCTaBICHB OOOOINECHHBIE CIPABOYHBIC JAHHBICE M PE3YJIbTATHI,
MOJIYYEHHbIE 32 MOCIEIHUE TOJbl AKaJeMHEl KOMMYHAJIbHOTO XO3SHCTBA HUM.
K.A.ITampunosa (AKX).

Tabnuua 8.16. Mopdonorunyeckuii coctaB TKO KkpynHbIX TOPOJIOB HEHTPAIBHON U
105)KHOU Tepputopuilt PO, %

KOMIIOHCHTEL CnpaBqu;)Ie Pe3ynbTaThl 3KCIIEpUMEHTAIIBHOTO
naHHbie, % |ompenenenus mo Mmeroanke AKX*, %
BymakHbie 0TX0b1 40...45 19,7/18,67
Jepeso 1...2 0,88/0,75
[TureBsie 0TXOMBI 26...30 18/7,84
TekcTHin 4...5 4,26/4,26**
Koxa, pe3una 0,5...1 0,81/0,74
MerTann 3,5...5,5 1,83/1,32
Crexio 2...3 16,82/14,29
Kamuu 0,5...1 0,98/0,93




[Tponomxenue Tabmuibl 8.16.

ITnmactmacca 5...6 14,21/12,68***
Koctn 1...2 —
[Tpouee 1...3 12,1/6,69
OtceB (Menkas Gppakuus) 5., 7k 10,4 1%***/0
llpumeuanue:

* - B yuciuTene — o0IIee coiepKaHnue, B 3HaMeHaTe e — 0TX01bI OoJiee 50 MM;
¥ - BKIIFOYAsl HaMIEPChL;

k4% - cymmapnas ¢ [1DTO;

ik _orceB < 15 MMm.

TemoBast MOIIHOCTh YCTAHOBKH, T.€. TEIJIOTA, OTBEJCHHAsl paboyeil cpenoi
(BoIIO¥M W/WiIK TTApOM), U MOTEPH C YXOMASIIUMH ra3aMH, XMMUYECKON HEMOIHOTON
CrOpaHMsi U C TEIUIOM ULUIaKa OMNPENENAIOTCA MPUHATHIMA B TEIJIOIHEPTrEeTHKE
METOJaMHU.

JIns OolleHKM MmOTeEph Teria OT MEXAHMYECKOW HEMOJHOTHI cropanus O,
(x{x/4), npuHUMas BO BHUMaHUE CIeUU(PUYHBIE CBOWCTBA 00pa3yOLIUXCS
30JI0IIJIAKOBBIX OCTATKOB (CM. TJ1.6), UCTIOJIB3YIOT (POpMYITy:

100-T7" e T -
), =B_. Tom[l%oom"‘ (1= 4%) 432700, (C,,,, —0.22C% ) [+ 32700B.C,,, 1/, (8.71)

=4
rae: B,, u B; - pacxonpl 1jIaka u 30J1bl, KI/4; m,,, M, - YACIbHbIE MACCOBBIC JOJIU
MSATKOM W CHUJIMKATHOM 4YacTed IIjIaKa; Amd - 30JbHOCTh MSITKOM YacTH,
ompenensgeMas IIpy UCCICI0BAHUAX NOTEPh NpHU npokanmuBanuu, %; Cy,. 1 Cy, -
COAEpKAaHKUE TOPIOYMX B CUJIMKATHON YaCTH IIAKA U 30JIE-YHOCE Ha CYXYIO Maccy,
OIpeiesIsieMbIe TEPMOTPAaBUMETPUIECKUM MeTOZIoM; W, - BIaXXHOCTD 1Iaka, %o.
[ToTrepu Temia OT HapYyKHOrO OXJIaXIeHUS (Js5, KOTOPBIE JUIsl YCTAHOBOK,
cxurarommx TKO, oco0eHHO HEOOBIITON TPOU3BOAUTEILHOCTH, MOTYT JJOCTHTaTh
10% wu BBIIIIE, ONIPEAEISAIOT O popMyie:

Uy =3.6-4,, (S, +1,0755,) , xJIx/4, (8.72)
rae S, S, — MIoImaau BEpTUKAJIBbHON U TOPU30HTAIBHON HApPY>KHBIX OBEPXHOCTEU

2 . .

KOTJIa, M"; (s, — YJCAbHBIM TEIJIOBOM IMOTOK YepPEe3 BEPTUKAIBHYIO HAPYKHYIO
2 .

MIOBEPXHOCTH, BT/M”, BBIUHCIIIEMBIN IO popmyie:

g;, = 0,043(APr* AT* /v*)+5,39-107(T.: — (T, —AT)"),



rae: A - TtemnonpoBoaHocth, BT/(M'K); Pr - umcmo Ilpamgrms; v -
KMHEMATHIECKask BA3KOCTb, M7/C.

Bemuuunelt A, Pr, v omnpeaensioT MO0 3HAYCHUIO TEMIEPATYpPbl MEXIY
TeMIlepaTypoil Hapy» HOW mnoBepxHocTH KoTia (7,,) U OKpYKArOIIero BO3IyXa
(Tonp)-

Jns  BepTUKaNIbHBIX IIOBEPXHOCTEHM HarpeBa KOTIa C XapaKTEPHBIM
JMHEHHBIM pazMepoM L Ooibiiie 3 M U AJi TOPU3OHTAIBHBIX MOBepXHOCTEH ¢ L >
0,3 M BenM4MHA g5 B MOKET ONPENEIATHCS U3 pUC.8.26 MO TeMIepaType HapyKHOU
noBepxHocTH (7,,,) u TemneparypHoMy nepenany (47) Mexay 3Toil Temneparypou
U TEMIIEpaTypol okpysxaromei cpensl (7,.,). Jnd BepTUKaIbHBIX IOBEPXHOCTEH
XapaKTEPHbIM JIMHEHHBIM pPa3MepoM SBJISIETCA BbicOTa. JlJIsI TOPU30HTaJIbHOMU
MJIOCKOM TTOBEPXHOCTH, OOpaIllEHHOW BBEPX, XapaKTEPHBIM JIMHEHHBIN pa3zMep
PaBEH OTHOLLIEHHUIO IJIOIIAIN IIOBEPXHOCTHU K IIEPUMETPY.

q 5., Bm/m?
1100
1000 __ye——X
900 X" AF=70 |
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Puc.8.26. Y nenpHbIE TEIIOBBIE TOTEPU OT HAPYKHOTO OXJIAKICHUS BEPTUKAIBHBIX
MMOBEPXHOCTEH HarpeBa ¢ BeicoTol Oosee 3 M u Pr 6onee 0,5

KIIZl xorenpHOrOo arperara COOTBETCTBYET COBPEMEHHBIM MHUPOBBIM
MOKa3aTeNsIM [ TAKUX YCTAaHOBOK M AocTuraer 75%.

AHanu3 pe3yJbTaTOB Ta30BbIX HM3MEPEHUM I10Ka3ajd, 4YTO BHIOpPAHHBIE B
IPOLECCE HANAJOYHBIX MCIBITAHUM pPEXUMBbI TepMuueckoil mnepepadborku TKO
HO3BOJIAIOT OOECHEUUTh I0CJE JOMOJHUTEIBHOW Ta300YUCTKU HSKOJIOTMUYECKU
npueMJIeMble BBIOPOCHI 3arps3HSAIONMX BemectB B atMochepy. ComepkaHue
OCTAaTOYHBIX TOPIOYMX BEIIECTB, IO KOTOPBIM CYASAT O KadecTBe Ipolecca
C)KMTaHUS, COOTBETCTBYeT TpeOyeMbIM HOpMaTuBaMm. TakuM  oOpas3om,
TepMuuecKkas yTwinzanusi oredyecTBeHHbIX TKO ¢ ucnosib30BaHUEM TEXHOJOTUU
CJIOEBOI0 CXKMTaHUSI HA MEXaHUYECKON KOJIOCHUKOBOW PEIIETKE MPOUCXOJIUT C



COOJIFOJIEHHEM BCEX COBPEMEHHBIX MHPOBBIX TPEOOBaHUII M HOPMAaTHBOB, B TOM
YUCJIE, YCTAHOBJIEHHBIX IPUPOAOOXPAHHBIMU U CAHUTAPHBIMUA OpraHaMu

Ocho6bl  npoeKmMupo6anus  MenaoévlX CMAHUUU, padomarnwux Ha
mepmuueckoil nepepavomke TKO.

[lmomanka CTpouTeNnbCTBA JOJKHA  pa3sMEIIaTbCsi, KakK MPaBWIO, B
MPOMBIIIUICHHONW 30HE C OpraHu3anued Ui MPEInpHUsITHH 3TOW 30HBI OOIIMX
VH)XEHEPHBIX COOPYKEHUM M KOMMYHHKALIAW, a TAKXE TOJKHA UMETh CAHUTAPHO-
3alMUTHYIO 30HY 500 M.

BOnu3u miomaaky D0MKHBI HAXOAMTHCS, KaK MPAaBUIIO, TAKHE MOTPEOUTENH
TEIJIOTHI, KOTOPbIE MOTYT HCIOJb30BaTh W30BITKU TEIUIOTHI, MOJy4aeMOW Mpu
cxuranun TKO kpyriaoroguyHo v KpyriiocyTO4HO. MeCTOMO0KEHUE TIOMAAKN
CTPOUTENBCTBA JTOJKHO TAKKE OMPEAeNAThCA cxeMoM TpaHcrnoptupoBanus TKO
(cpemnee mieuo moctaBku TKO M0omKHO OBITh MUHUMAIBHBIM TMPU CPAaBHECHUHU
BapHAHTOB IUIOMIAIO0K, pacCMaTpUBAaEMbIX MpH UX BbIOOpe). Buibop mimomanku
CTPOMTENILCTBA  IPOU3BOJAWUTCS HAa  OCHOBAaHHH  TEXHUKO-3KOHOMMYECKOIO
COMOCTAaBJICHUA KOHKYPHUPYIOIIMX BapUaHTOB, pa3pabaTblBAEMbIX C YYETOM
BBILLICIPUBEICHHBIX ITyHKTOB.

[Inomanka st CTPOUTENBCTBA JOJDKHA  YAOBJIETBOPATH  CIEAYOIIUM
YCIIOBUSIM:

- TPYHTBHl IIOJ IUIOIIAJIKYy JOJDKHBI JIOIYCKaThb CTPOUTENIBCTBO 3JaHUN W
COOPY)KEHHMH, a TaKKe YCTAaHOBKY TSDKEJIOro o0opyaoBaHus (KOTJIOB) 0e3
YCTPOMCTBA JOPOrOCTOSIINX OCHOBAHUM;

- YpOBEHb T'PYHTOBBIX BOJ JOJKEH OBbITh HUXke 3ayiokeHus: OyHkepoB TKO u
LUTAKA, ITOABAJIOB 31aHUHN U NOJA3EMHBIX HHKEHEPHBIX KOMMYHHUKALINN;

- TOBEPXHOCTh IUIOIIAJKH JOJKHA OBITh OTHOCHUTEIBHO POBHOM C YKIOHOM,
00ecIeurBaroIMM MOBEPXHOCTHBIA BOJOOTBO/I;

- IUIOLIAJIKa HE JOJDKHA pacmoyiaraTbCsd B MECTax 3aJIeTaHusl ITOJIE3HBIX
UCKOTIAeMBbIX WJIM B 30HE OOpyIIeHUS BBIPAOOTOK, HA 3aKapCTOBAHHBIX WU
OTIOJI3HEBBIX YYaCTKaxX M y4acCTKaX, 3arpsA3HEHHBIX PAaJINOAKTUBHBIMH OTXOJIaMH, a
TaKX€ B OXPAaHHBIX 30HAaX B COOTBETCTBUU C JEHCTBYIOIIUM 3aKOHOAATEIBCTBOM;

- IJTOILAJIKa HE JIOJKHA OBITh MOJBEP)KEHA 3aTOIJICHUIO MMABOIKOBBIMH BOJIAMHU.

[[naHUpOBOYHBIE pELIECHUS IO Pa3MEIICHUIO CTAHIUHU JOJKHBI YYUTHIBATH
npeo0aaolnee HarpaBieHUEe BETPa, a TAK)Ke CYIIECTBYIONIYIO U MEPCIIEKTUBHYIO
KWIYI0 W TOPOMBIIUIEHHYK)  3aCTpOMKU. ['eHepanbHbId IUIaH  CTaHLMHU
paszpabaTbiBaeTcsi B coOTBeTCTBUU ¢ JnedcTBytomuMu CHull Ha renepanbHbIC
IUTaHBbl MPOMBIIUIEHHBIX MNPEANPUITHIL C COOJIFOIEHHEM COOTBETCTBYIOIIHUX
TpeOOBAHMI CaHUTAPHBIX, MPOTHUBOMOXKAPHBIX HOpM u apyrux rinaB CHull,
PErIaMEHTUPYIOIIUX  PACCTOSIHUSA ~ MEXAY 3JaHUSMH, COOPYXKEHUAMH W



VHXCHEPHBIMHA KOMMYHHKALUSIMH. ITpu MPOEKTUPOBAHUU JOJIKHBI
o0ecreunBaTbCsl €AMHOE APXUTEKTYPHOE U KOMIIO3MIMOHHOE pEUIEHUE BCEX
3JaHUNA U COOPYKEHUM, MPOCTOTA M BBIPA3UTENBHOCTH (hacaJoB U UHTEPHEPOB, a
TaKK€ IMpEeAycMaTpUBaThCs IMPUMEHEHUE SKOHOMHMYHBIX KOHCTPYKLIMH U
OTAEJIOYHBIX MarepuasioB. [IpM NPOEKTUPOBAHMM CTAHIUMU B CEUCMHUYECKHX
palioHax pPacyeTHYI0 CEMCMUYHOCTh IJIABHOI'O 3JaHUsA CJIEAyeT Ha3HayaTb B
COOTBETCTBUM C pPAaCYETHOM CEMCMUYHOCTBIO IUIOIIAJKH CTPOUTENILCTBA,
OCTaJIbHBIX 3JJaHUN U COOPYKEHUH - B COOTBETCTBUU ¢ yKazanuamu CHull.

Pazmenienne 3maHM M COOPYKEHUMH HA TEHEPAJIbHOM IUIAHE CTaHIUU
HEOOXOIMMO OCYUIECTBJISITh C YYE€TOM pACIOJIOKEHUS aBTOMOOWMJIBHBIX JOpOT,
BBIBOJIOB TPAcC M JIPYTMX KOMMYHHUKAaIMA MO0 Hanbojee paluoHaIbHOU cxeMe B
YBA3KE C TEHEPAIBHOM CXEMOM pa3BUTHUS paliOHA C YYETOM apXUTEKTYPHBIX
TpeOboOBaHMI W TpPeOOBaHUI MO 30HUPOBAHUIO TEPPUTOPUU. BBIOOpP OTMETOK
IJIABHOTO 3/1aHus U noMenieHus pa3rpy3ku TKO u nenecoobpazHOCTh yCTpoiicTBa
ACTaKaj Julsl Bbe3Ja aBTOMAIIMH Ha IUIOIIAJAKY pas3rpy3o4Horo nomemenus TKO
ONPENEIIAIOTCA HA OCHOBAaHUN TEXHUKO-YKOHOMHUYECKOIO CPABHEHNS BAPUAHTOB.

Bbe3n MycopoBO30B M IPYTrUX aBTOMAILWH HA TEPPUTOPUIO CTAHIUU JOJKEH
peIyCMaTPUBATHCS C MAJIO3arpyKEHHOM (BTOPOCTENIEHHOM) YIIUILIbI, KaK IIPABUIIO,
C MpaBbIM MMOBOPOTOM aBTOTPAHCHOPTA. ABTOMOOWIIbHBIE JOPOTH Ha IUJIOMIAIKE
ClIeyeT 3alpOeKTUPOBAaTh TaKUM 00pa3oM, 4YTOOBI MOJHOCTHIO HCKIIOYHUTH
[IEPECEYEHNE BCTPEUYHBIX IIOTOKOB MYCOPOBO30B, a TAKKE aBTOMAILINH, BBIBO3SIINX
IUIAK U METAJUI C TEPPUTOPHUM CTAHIIMHU U JOCTABJAIOIIMX HA HEE PEAareHTHl U NPU
HEOOXOIMMOCTH Ma3zyT. Y TJAaBHOIO BbE3Ja HAa CTAaHUUIO HEO0OXOAMMO
peaycMaTpuBaTh IJIOIMIAIKH JJI CTOSSHOK OOIIECTBEHHOTO TPAHCIOPTA, a TaKKe
JUYHBIX aBTOMOOWJICH, MOTOLMKIOB. Pa3Mepnl IUIOIIAMOK OMNPEAesioTcs B
3aBUCHUMOCTH OT YUCJIEHHOCTHU JKCIUTYaTallMOHHOTO NIEpCOHAIA.

Pa3zMepbl mponeToB 34aHUN M COOPYKEHHUM CTaHLMHU CIEAYyET MPUHUMATh
kpatHeiMu 6 M. Ilpu crenuanbHOM OOOCHOBaHMM JOITYCKAeTCsl MPUMEHEHUE
IIPOJIETOB  pa3MepaMy, KpaTHbIMM 3 M. Pa3mepsl MpOJETOB BCTPOEHHBIX
«OTAKEPOK» B ITIOMEIEHUH KOTEJIBHOU IIaBHOIO 3aHUs JOIYCKAeTCs PUHUMATh
kpatHbiMH 1,5 M. Illar kosoHH ciienyeTr npuHuMath 6 1 12 M. BeicoTa BCTpOEHHBIX
aHTpecodel WIM IUIOMIAJI0OK JJIsi YCTAHOBKU MU OOCIYyXUBaHUS OOOpPYAOBaHUS
MPUHUMAETCS IO TEXHOJIOTMYECKUM TpeOOBaHUAM U Ha3HavaeTcst kpaTHoi 0,3 M.

31aHUS  KOTEJIIBHOTO W IPUEMHO-Pa3rpy304HOrO OTACJICHUS CTaHLUHU
HEOOXOJMMO MPOEKTUPOBAaTh C MpOJeTaMH OAHOro HampasieHus. OObEeMHO-
IIJIJAHUPOBOYHBIE M KOHCTPYKTHBHBIE PEIUCHHs 34aHUNM U COOPYKEHUH CTaHUUU
JOJDKHBI MpeaycMaTpuBaTh BO3MOXKHOCTh HMX paciuupenus. s oOecnieueHus
BO3MOXXHOCTH KPYIHOOJIOYHOTO MOHTaka 000PY/I0BaHUS B CTEHAX U MEPEKPBITUSIX
3aHUM JOJDKHBI IIPENYyCMATPUBATBCS MOHTaKHbIE NMpoeMbl. [Ipoembl B cTeHax



BBINIOJIHAIOTCS,, Kak NpPaBWJIO, B TOPLEBOM CTEHE 3JaHUS CO CTOPOHBI €ro
pacuupenusd. s yiydiieHus yCiIOBUM TpyJAa NMPOU3BOACTBEHHOTO NEPCOHANA, a
TaKXKe JUIsl MOJa4d HeOOXOAMMBIX HEradapUTHBIX U HETSDKEJIbIX 3alacHbIX yacTen
U MaTepuaJioB IPU PEMOHTE OOOpYAOBaHUS HAa OTMETKHU OOCIYKMBaHUS KOTJIOB
IPOEKTOM ClIeAyeT NPeyCMaTpUBaTh YCTPOHCTBO IPy30-1aCCaXKUPCKOro JTUPTa.

[Inomanes © pasMelleHHWe OKOHHBIX IIPOEMOB B HApyKHbBIX CTEHaX
ONPENENSAIOTCA U3 YCIOBHSI €CTECTBEHHOW OCBEUIEHHOCTH, a TAKXKE C y4ETOM
TpeOoBanmii aspammu. HeoOxogmmass miomEaAb OTKPBHIBAIOIINXCS TMPOEMOB
OTpeeNseTcss pacyeToM al’pauuu. Ilnomans OKOHHBIX MPOEMOB AOHKHA OBITH
MHUHHUMAJIbHOM.

IIpn npoeKkTHpOBaHMM OTOIUIEHMS M BEHTWIALMM 34AHUM U COOPYKECHHM
CTaHLIMM  CJIEJyeT COOJII0JIaTh CTPOUTENbHBIE HOPMBI UM  IpaBWjIa IO
IIPOEKTUPOBAHUIO OTOIUICHMS], BEHTWISILIMM U KOHIUIIMOHUPOBAHUIO BO3/1yXa.

s 3aKpBITOTO IIPUEMHO-PA3rpy304HOTO OTZENIEHUS clenyeT
Ipe1yCcMaTpUBaTh:

- YCTpPOMCTBO OTOIUIEHUS (JOIyCKaeTcs BO3AYLIHOE) I MOIACpPKAHUS
TeMneparypsl He HUxe 5 °C;

- YCTPOMCTBO MPUTOUYHON BEHTHWISIIIUU, OOECIICUUBAIOIICH BO3MEILIEHHE BO3/yXa,
3a0upaeMoro M3 BEpXHEH 30HbI OYHKEPHOIO IOMEUIEHMs, COEIUHEHHOTO
IPOEMAaMM PA3rPy304HBIX ITOCTOB C IMPUEMHO-PA3TPy30YHBIM OTACIICHUEM, IS
NEPBUYHOTO AYThbSI B TOINKH KOTJIOB, U aCCUMWIALMIO 3arps3HSIOIIMX BEIIECTB,
BBIIETISIEMBIX MycopoBo3aMu. [IpuTouHass BEHTWISILMS JOJDKHA OBITH paccuMTaHa
TakuM 00pa3oM, 4yTOObl B MOMEMICHHUAX MPUEMHO-PA3rPy304HOTO OTIACICHUSA U
OYHKEpHOM TOCTOSHHO NOJAJEPKUBAIOCh pa3peKeHUe s NpeaoTBpaICHUsS
pacnpocTpaHEHUsl 3arpsA3HSIONIMX BEUIECTB M HEMPUSATHBIX 3alaxoB 3a MPEIesbl
ITUX NTOMEUICHUN;

- YCTpPOMCTBO BO3AYLIHBIX 3aBEC Y BBE3/HBIX U BBIE3HBIX BOPOT JOJDKHO OBITH
COJIOKUPOBAHO C 3JIEKTPOIPUBOJAMH BOPOT.

Ha HakJIOHHBIX 3CTakazax BbE3/la B MPUEMHO-PA3rPy304YHOE OTACIICHHE H
BBIE3/1a U3 HETO CJIeyeT NPeayCMaTpUBaTh MEPOIPHUITHS IPOTUB UX 00JIEAEHEHUS
B 3IMHEE BpeMsl.

Craunonaphsie kaOuHbl rpeiidepHbix KpaHoB ajs nojgayn TKO HeoOxonumo
o0ecneuynTh NPUTOYHONW CHUCTEMOM BEHTWIISILMU JJIs [10a4U HApyKHOI'O BO3/1yXa €
koMmpopTHO TemnepaTypoil. KaOunHa [oikHa HaXOAMTHCA MOJ HEOONBILIUM
U30BITOUYHBIM JaBieHHeM. M3 Hee noimkHa OBITH MPESyCMOTPEHA €CTECTBEHHAs
BBITSIKKA.



Obocnosanue uenecoodpasHocmu NPUMEHEHUA MEPMUUECKOU nepepadomku
TKO.
Ipeumywecmeamu SHEPreTUYECKON YTUIIU3ALMU OTXOI0B SIBJISFOTCS:

- yMeHbIlIeHHE KonnuyecTBa oopasyromuxcs TKO;

- DKOHOMMSI 3€MEJIbHBIX IUIOIIAJIEH, OTUYKAAEMbIX IS [TOJIUTOHOB;

- CHW)KEHHE 3aTpaT Ha MPOU3BOJICTBO TEIJIOBON U 3JIEKTPUUECKON SHEPTUH;

- CHWKEHHE HEraTUBHOT'O BO3JICHCTBUS Ha OKPY’KAIOLIYIO CPEy;

- COKpalllEHUE 3aTpaT Ha TPAHCIIOPTUPOBKY OTXOJIOB;

- OTCYTCTBHUE HEMPHUATHOTO 3aaxa;

- IpeOTBpalleHne 00pa30BaHMs CBAJIOYHOTO Ira3a (Ouorasza) u puibTpara;

- YHUUTO)KEHHE NATOT€HHBIX MUKPOOPIaHU3MOB;

- OTCYTCTBUE BJMSHMS IOTOJHBIX YCJIOBUH Ha MPOLECC TEPMHUECKOH
nepepadoOTKH OTXOOB.
K nedocmamxam nponecca noixydeHust SHEPruu U3 0OTXO0JI0B CIIEYET OTHECTH:

- 3HAUUTENbHBIC 3aTPAThl HA CTPOUTENHCTBO U IKCILTYaTaIUIO;

- HAIMYUE KBATU(DUIIMPOBAHHOIO 00CITY>KMBAIOLLErO [IEPCOHANIA;

- HEOOXOJUMOCTb PETYJIIPHOTO TEXHUYECKOT0 00CITyKUBaHNUS;

- HEOOXOUMOCTh YTUIIU3ALIMH 30JIbl U 1IJIaKa, XOTS U B HEOOJIBIINX 00BbEMAX.

®enepalibHOE rOCYAAPCTBEHHOE OI0KETHOE 00pa30BaATEIbHOE YUPEKICHUE
«JlOHCKOM rocy1apCTBEHHbIM TEXHUYECKUN YHUBEPCUTET

Kadenpa «Mnxenepnas 3anura okpyKarouieil cpeibn»

KOHCITEKT JIEKIU TT0 JUCLHUTUINHE
«TETIJIOTA3OCHABXEHUE Y BEHTUJISLIS»
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