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K YUATATEJIAM

25 nexabpst 2005 roga 0AHOMY U3 BBIAAIOIMXCS ClIENHATHCTOB Poccun B
TeXHUKE BEHTUJISIIMN U KOHAUIIMOHHPOBAHUSI BO3yXa, TOKTOPY TeXHU-
4YecKHX Hayk, npodeccopy, 3aC/ayKeHHOMY IeATeNI0 HayKH M TeXHUKH
Poccuiickoit Qenepanuu Eprenuio BacuibeBuuy CredaHOBY HCIOTHHU-
Ja0ck 661 92 rona.

TananTnusslii yuenstit u nexaror, E. B. CredaHnoB 3a rogbi cBoeit fesi-
TEJIbHOCTH NOTOTOBHI TBICSIYY MH)KEHEPOB, IECSITKN KAHAUIATOB U TOK-
TOpoB HayK. Ilox ero HernocpeacTBeHHBIM PYKOBOJICTBOM CO3/IaHO Hayy-
HOE HarpaBJeHHE B 06IaCTH MCCIIEMOBAHUS, pacyeTa U MOIeTMPOBaHUS
MPOLIECCOB TETIO- H MaCCOMEPEHO A B annapaTaX U CHCTEMax KOH AUIIHO-
HUPOBaHMA Bo3ayxa. HammcaHubiii uM u uznauusii B 1970 rogy yue6-
HUK «BeHTHIAnus 1 KOHAUIMOHUPOBAHKUE BO3yXa» SABJSETCS CEro/Hs
KJIACCHYECKHUM H, 110 MHEHHUIO CTeUAIHUCTOB, OCTAETCS OJHUM U3 JyY-
IIUX U3 BCETO HAMMCAHHOTO Ha 3Ty TeMY.

Yyactauk Benukoit OtedectBenHoi BoiiHsl, EBrenuit BacunbeBud B
19411942 rogax HenoCpeACTBEHHO 3AHUMAJICS CTPOHTEBCTBOM 060PO-
HUTeJbHBIX pybexeil Ha moAacTynax k Jlenunrpaay u Ha CeBepHoM chiio-
Te. Best mpodeccronasnbhas aesitenpHocts nosikoBHUKa E. B. Credano-
Ba Obisa cBs3aHa ¢ Boopyxennpmu CHlaMH, a NIOTOMY PELIEHHIO
aKTyaJIbHBIX 337144, UMEBLINX [IPSIMOe OTHOLIEHHEe K 000pOHOCNocO6HOC
TH CTPaHbl, NOCBsIEeHo GOBIUHCTBO ero HayuHbIX paboT. He cayuaiino
B rof 60-1etust Benukoit [Tobenbr apTopUTeTHE LK WieH Accolanyiy
HHKEHEPOB 110 OTOIJIEHUIO, BEHTUJ/ISIIIUHN, KOHAUIIMOHUPOBAHKIO BO3/TY-
Xa, TeMnJA0CHABKEeHHIO U CTPOUTEIbHOM Terumodusrke hupMa « ApKTHKa»
pelivia nepersaaTh MaCCOBBIM THPAXKOM I10-TIPEXKHEMY BOCTpebOBaHHBIH
TPyZ TamaHTJIHBOIO YYEHOTO.

Kuura ny6sikyertcs B cepurt «HmKeHEPHbIE CHCTEMBI 3aHUI» , KOTO-
PYI0 3agyMasii ¥ NJIAaHOMEPHO Peann3yiOT PyKOBOACTBO M CHEIMATHCTEI
«ApkTrku». OTKpbIa cepHio MOHOrpadusi HEIHE 3PaBCTBYIONIETO YYaCcT-
HUuKa Benukoii OredecTBeHHOMN BOIHBI, OJKOBHMKA B OTCTaBKE, IOKTO~
Pa Texnuyeckux Hayk, npodeccopa Anonbda Anamosuya PriMreBuya



K uumamenam

«CHCTeMHBII aHAJIM3 ONITUMHU3ALUK 06TIIEOOMEHHOI BeHTH/ISIIIMK U KOH-
IHMIHOHKHPOBaHKS Bo3ayxa» (2003 r.). Cnegom Beiien B cBeT dyH/iaMeH-
TaJbHBIH TPy «Pacnpe/iesieHHe BO3yxa B IOMENIEHHSIX» M3BECTHOTO y4e-
HOTO B 06J1aCTH NNPOMBIILIEHHON BEHTHJIALIMH, TOKTOPa TEXHUYECKUX HayK,
npotheccopa Muxanna UocudoBuua Ipumutiuna (2004 r.).

Hert comuenust B oM, yTo nepensfantbiil yuebnug E. B. Credanosa
Oy/ieT HHTEPeCeH U NoJie3eH He TOJIbKO CTY/JACHTaM npoduabHbIX kKadenp
TEXHHYECKHX BY30B, HO  BCEM CHELHATUCTAM OTPACIIH.

A. M. I'pumurtaus, [Tpesugent HIT «<ABOK Cesepo-3anan»,
1. T. H., ipoeccop



OT U3JAATE/IBCTBA

JlanHasi KHMTa B HBIHELIHEM ee U3IaHWH BPST JiK OBl BBIIILIA B CBET, €CJIH
6l He MopasibHasi U HHHAHCOBAS MOAAEPKKA 3TOTO U APYTHX HAYYHO-
TEXHHYECKHX HU3MaTEeJbCKUX MPOEKTOB hUPMO « ADKTHKA».

O6u1ecTBEHHO 3HAYUMAS IESITEIbHOCTh « APKTHKH» — SIBJIEHHE 3HA-
KoBoe. ITo GeccropHbId NPU3HAK HOBOTO |, 63 npeyBesnyeHus, ro-
CyMapCcTBEHHOTO MBIIIJIEHHS! AeJ0BbIX KpyroB Poccuy, kotopeie B
YCJIOBHSX HETPeKpauaomerocs peopMUPOBaHHS SKOHOMUKH, HEyC-
TOMYMBOCTH PHIHKA M JajleKUX TOKa OT COBEPIIEHCTBA CAMUX PBIHOY-
HBIX OTHOIIEHUI He TOJIBKO MOTHUMAIOT UMUK W [PECTHX OTPAC/H, B
KOTOPOii paboTaloT, HO ¥ NPHHUMAIOT Ha cebsi OTBETCTBEHHOCTD 32 e
Gynyuiee.

«ADKTHKa» — KPYNHEHIIH WHXKEHEePHO-CTPOHTENbHBIA XOJTHHT,
BBIITYCKAION[UH COBPEMEHHYIO KOHKYPEHTOCMOCOOHYIO MPOAYKIHIO.
ABasisicb OTHUM U3 BEIYHMIMX POCCHACKUX MPOU3BOAUTENEH 060pyI0-
BaHUS CUCTEM BEHTHJISIIIUN ¥ KOHHIIHOHUPOBAHM S, XOJIMHT BCeMep-
HO cNOCOBCTBYET NPOABUKEHUIO TEXHOJOTHUECKH NEPE0BOro, JHEP-
rocbeperaolero 1 akojgorudecku 6esomnacHoro obopymosanus. 4o B
KOHEYHOM cueTe B MHTepecaX KaK 3KOHOMUKH CTpaHbl, TaKk M OT/eJb-
Horo notpeburens. HenoaneabHBI HHTEPEC CEUANHCTH «APKTH-
KU» MPOSIBISIOT K 06yYeHHI0 U BOCIIHTAHMIO MOJOBIX KaJPOB OTpac-
Jid, HX NpodhecCHOHAIbHONR OPHEHTAIMH Ha KJMMAaTHYECKOM PBIHKE U
B IIe€PeIOBBIX HAyYyHO-TEXHUYECKHX pa3paboTKax. ITo, Npexsae Bcero,
KacaeTcsi CTyIeHTOB NPoGhuabHbIX KadeAp POCCHICKUX TeXHUYECKHX
By30B. ¢ ¢eKTUBHA U MHOTOILJIAHOBA CIIOHCODPCKAs NeSTEIbHOCTD
«ApKTHKHW», HalpaBJjeHHasi Ha MOJAEPXKKY NepeXuBaonieil He mpo-
CThIe BpEMEHa OTEUECTBEHHOI HayKH, a TalKe pa3paboTUHKOB HOBE -
IIMX TEXHUKO-TEXHOJOTHYECKUX HACH U KOHKPETHBIX HayKOEeMKHX
NIPOEKTOB.

[IpuMeuaTenbHO, YTO ¥ CaM XOJIUHT BeJIeT HEMPEPBHIBHYIO | I1eJIeHa-
PaB/ieHHYI0 HayYHO-TIPAKTHYECKYI0 PaboTy, HMEIOIYI0 MAKCHMAIBHOE
IIPHKJIaiHOe 3HaYeHue. K npuMepy, Ha OJTHOM U3 KPYITHEHIIHX €ro Io/-



Om usdamenscmsa

pasjieJienuii, 3aBoie «APKTOC», ycremHo GyHKIMOHUPYET HayYHO-HC-
caienoBaTebCKast J1Iab0paTOpUsl a9POAMHAMUKN U aKYCTHKH, KOTOPasi
paspabaThIBaeT U UCIBITHIBAET HOBbE BUIBI NMPOAYKIMH, AKTUBHO B3au-
MOJEACTBYS IPH 5TOM C IPOEKTHBIMU Opraru3arusMu. [Ipoaykiuio Xoi-
JIMHTa AaBHO yXe N0 JOCTOMHCTBY OLIEHHMJIH HE TOJBKO Ha OGIIMPHBIX
POCTOpax POCCHIICKOro pbiHka, Ho u B cTpatax CHT, Baxruu, unnsn-
auu, lepmanuu, M piadamn...

Nsnanue « ApKTHKOI» hyHIaMEHTATIBHBIX, MMEIONUX HelpeXofsiiiee
TEOPETUYECKOE U MPAKTHYECKOE 3HAYeHNe TPYZOB 3aMedaTe/IbHOIA 1Jiesi-
JIbl OTE€YECTBEHHBIX YYEHBIX 3aCJTyKMBAeT MPU3HAHUST HE TOJBKO Hay4-
HOM O6LIECTBEHHOCTH, HO H MHOTOTBICSIYHOH KOTODPTBI CMEMaliCTOB-
npakTHkoB. W, npexme Bcero, Halero npothecCHOHANIBHOTO 6y IyIero:
CTY/IEHTOB ¥ MOJIO/IBIX HHXKEHEPOB.



INPEAUCJ/IOBHE

Kuura E. B. CredanoBa «BeHTHASIMS U KOHAHIIHOHMPOBAaHKE BO3-
AyXa» HanucaHa Kak ydeOGHUK JUis cayliaTeseil Boicniero BoeHHOro
HHXEHEPHO-TeXHHUYECKOro yunanila (HblHe — BoeHHbIH WHXeHEePHO-
TeXHUYECKUH YHUBEPCUTET).

B yue6HuKe pacCMOTPEHbI BOIIPOCHL, SIBJISIONMECS 00IIMMHE IS CH-
CTEeM BEHTHJISIIIMM M KOHAHIIMOHNPOBAHUS BO3/[yXa Pa3JIHYHBIX 110 CBO-
eMy Ha3HA4YeHHWIO COOPYKEeHHH. SGHAYHTEJbHOE MECTO B HEM OTBE/IEHO
TePMOAMHAMHUKe BJaKHOTO BO3/yXa, nMpolieccaM M3MeHEHUs TelJso-
BJIQXKHOCTHOTO COCTOSTHUS BO3/lyXa M €ro KOHAUIIMOHUPOBAHHsI, a TaK-
e CHCTeMaM BO3yXOBOJOB U BEHTUJIATOPAM.

IIpu n3noxeHUH Marepuala OCHOBHOe BHUMaHMe YI€JIAI0Ch BbI-
SICHEHH 10 pU3MYecKoii CyHHOCTH H3yYyaeMbIX poneccoB. TexHuyeckue
¥ KOHCTPYKTHBHBIE XapaKTEPHCTHKH JJaXKe COBPEMEHHOTO 110 TOMY Bpe-
MEHHM, KOT/[a u3JaBajicsi yueOHUK, 060py/10BaHUs PacCMaTPHBAIOTCS B
HEeM BecbMa KpaTKo.

Cremyer 3aMETUTb, YTO, HECMOTPSI HAa BHICOKHIT YPOBEHb H3JI0XEHHUS
MaTtepHaJia ¥ OTCYTCTBHE CBEJICHHH B JIUTEPAType O LIEJIOM PsJIE H3Jarae-
MBIX B y4eGHKKe BOMPOCOB, TIOCTEHUI He 0y91/I B CBOE BPEMST IHPO-
KOTO PaclpoCTPaHeHusl, TaK Kak Obu1 udilaH MMHHCTEPCTBOM 060POHBI
MAJIBIM THPaXKOM H B IPoaXy He noctynai. Tem Gosee nenecoobpasubiM
NPEICTABJISIETCS €T0 Nepen3laHue, KOTOPOE, [0 HANEMY MHEHHIO, SIBJISET-
CS1 aKTyaJIbHBIM U TIOJIE3HBIM Kak JUIST yoKe c()OPMMPOBABUIMXCS CIIEIIHa-
JIWICTOB, TaK U AJISI Tex, KTo obydaercs mpoheCcCuu MIKeHepa 1o OToTLIe-
HUIO, BEHTWISINH ¥ KOHAHIIMOHUPOBAHHIO BO3/yXa.

E. B. CredanoB 6bi1 0fHHUM U3 KPYIIHEALIHX OTEYECTBEHHBIX yye-
HBIX B 06JaCTH BEHTUISIIMK U KOHAWIIHOHUPOBaHUS BO3ayxa. UTo Xxe
KacaeTcs 9TUX CHCTEM CHEIHAIbHBIX MOA3EMHBIX COOPYXKEHHH, TO eMy
3/1eCh He ObLI0 PaBHBIX.

3a rogst CBOEH HayYHO-UCCIEN0BATENbCKOH U neJarornueckoi je-
siresnbHocTH E. B, CtedhaHoB NOATOTOBUI THICSYM WHXKEHEPOB, ECSAT-



IIpeducrosue

KM KaHJHJATOB M JOKTOPOB HayK. Ilox ero pyKoBOACTBOM CO3[aHO
1eJioe HayyHOE HanpasJieHHe B 06JacTH HCCIeTOBaHKSI, MOJIEIHPOBa-
HUS M pacyeTa MPoLEecCcoB TEII0- U MaccoOOMeHa B anmnapaTax CHCTEM
KOHJIMIIMOHUPOBAHHUSI BO3/[yXa.

B reuenue 15 set E. B. CredranoB Bo3riaBiisil CEKIMIO OTOIIEHUS,
BEHTUJISIIIUU U KOHAUIIHOHUPOBaHKs BO3ayXa JIEHHHTPAACKOTO OT/e-
aenust HTO Crpoitunaycrpuu, 6511 nipecefaTesieM peryJsipHo npo-
BOAMBLIKXCS B JIECHHHTPaJICKOM IOMe HayYHO-TEXHUYECKOH nponaraH-
asl (JIAHTII) ceMuHapoB 110 KOHAUIMOHUPOBAHUIO BO3/yXa, BXOIUJ
B coctaB yueHbix cosetoB BUTY, IMCHU, BHUUOT BUCIIC, Tex-
HHYeCcKHX coBeToB Boenno-Mequuunckoii akagemun uM. C. M. Kupo-
Ba, BHUUTC, Ipo6aemuoro cosera npu BIICIIC, Texuuueckoro co-
BeTa 1no KoHaunuoHepoctpoenuio B CCCP, 6611 KOHCYIbTaHTOM
MHOTHX MPOEKTHBIX OpraHu3aniuii MuHuCTEpCTBa OGOPOHBI H IPYTHX
BEJIOMCTB.

[epeusnasaemas kuura E. B. CredanoBa HanucaHa u u3fgana 6oJiee
30 steT Ha3a/1, HO OCHOBHBIE TEOPETHYECKKE TTOJI0XKEHUsI, U3JI0)KEeHHbIE B
Hel, 10 CHX NMOP COBPEMEHHBI M M0JIe3HbI Ui paboTalonux HhHe crie-
uanucToB. OcobeHHo 3TO KacaeTcss GU3MYECKHX OCHOB PACCMaTPUBA-
€MBIX B KHUTE IporieccoB u cucteM. K coxxaneHuo, MHOre BBIXOASIIIHE
HBIHE U3 [e4aTH KHUTH B 3TOM OTHOILNEHWH OCTABJISIIOT XeJATh JIyulIe-
r0, XOTSI ¥ TIepeHAChIIEHbl TEXHUYECKMMH U MaCIOPTHBIMHU XapaKTepH-
CTHKAMH BIIOJHE COBPEMEHHbBIX 060PYIOBAHHI U CHCTEM.

B nepeusgaBaeMoit KHHMTE, K COXaJIEHUIO, HE YIA€TCSI COXPaHUTh
BCe TyaBbl opuriHaaa. CBSI3aHO 3TO C OrpaHUYEHHBIM 00beMoOM H37a-
Hus1. VICKJIIOYeHB!, Ha Haml B3MJIsiA, Aubo ycrapesline riaBb, aubo Te,
4TO noApobHee U3M0XKeHbl B HETaBHO BHILIEIIHX W3MaHusX. [JeTanb-
Hee Ha 3TOM OCTAHOBHMCS [PH KPATKOil XapaKTePUCTHKE KaX [0l riia-
BBl OPUTHHAJIA.

B rnase 1 «TepMoauHaMuKa BJIXKHOTO BO3ayXay [OCAEI0BATENb-
HO, JIOTHYHO ¥ IOCTaTOYHO I1yO60oKo husndecku 060CHOBAHHO M3Jara-
I0TCSI CBOMCTBA CYXOTro BO3/yXa, BOJASHOTO [lapa U UX CMECH — BJIaX-
HOTO BO31yXa, noctpoenue I-d pumarpaMmel BJaXXHOTO BO3AyXa,
OTBICKAaHHE C €€ MOMONIBIO [1APaMETPOB BO3AYyXa U HAXOXK/IEHHE TOUEK,
XapakTepU3yoILIUX TO WIH HHOe ero cocTosiHue. PaccMaTpuBalorcs
pa3JIMYHbIe IPOLECCH U3MEHEHUSI COCTOSIHUS BO3ayxa. B 3akaouenue
HPUBOISTCS 3a/1a4M C IPUMepaMH PellieHUs psja U3 HHX.

3aMeTHM, YTO B COBPEMEHHOH JIMTEPAType O BEHTHJISIIUH H KOH-
JQUIMOHHPOBAHHIO BO3/IyXa TaKKe 060CHOBAaHHOCTD U MOCAEI0BATE b~
HOCTb YaCTO He MPOCMATPHBAIOTCS.

I'naBa 2 «Tpe6oBaHus K BO3AYXY 3aKPbIThIX MOMENICHUT» BKIIOYa-
eT oburue noJoxxeHus u TpebOBaHUs K ra30BOMY COCTaBY, YHCTOTE BO3-



IIpeducrosue

AyXa U ero MeTeopoJIoTHYeCKUM rapaMerpaM. M3noxeHue 3Toro Ma-
Te€pHaja OTJIMYAETCSI OPUTHHAJIBHOCTBIO, (hpU3MUEeCKON U TUTHEHHYe-
CKO# 060CHOBAaHHOCTBIO. VI3BECTHOE BHUMAaHHE ye/eH0 B 3TOH TJiaBe
KOMILJIEKCHOMY HOPMHPOBAaHUIO METEOPOJIOTHYECKHX [TapAMETPOB: 3K-
BUBAJEeHTHO-3(GDEKTUBHOM U Pe3yJbTHPYIONIEN 3HAYECHUSIM TeMIepa-
TYPHL.

EcTecTBeHHO, 4To B 3T0ii r/1aBe He HAIUIH TIPEACTABIECHUSI COBPEMEH-
Hble TUTHEHWYECKHe NPe/ICTaBIeHHs 00 oulyllaeMOM KayecTBe BO3IyXa,
wKupoko nponarauapyemste I[1. Q. QaHrepoM u eBponedcKUMH HopMa-
THUBHBIMH JJOKYMEHTaMU, KOTOpBIE, TIPaB/ia, OJIHOCTHIO HTHOPUPYIOT pe-
3yJbTaThl HCCJIEIOBaHUI oTeuecTBeHHbIx crienuanuctos (B. H. Tere-
peBHukoBa, JI. B. [lasayxuna u zap.). [Ipu atom 3apybexusie uccae-
AOBaTeNH U Pa3paboTYMKU COOTBETCTBYIOIIMX CTAHAAPTOB 00bACHS-
10T Takoe MoJoXeRrue TeM, yto B Mupe (B EBpone, B yacTHocTH) Majio
U3/1aHO Hallleil OTeYeCTBEHHOMH JTUTEPATYPHI Ha AaHTJIUHCKOM H IPYTHX
€BPOIENCKHUX S3BIKaAX.

B rnaBe 3 «Knaccudukanus cucreM BEHTUISIIHA W KOHIUIIHOHM -
pOBaHMSA BO3/lyXa» IIPHBOJSITCS, MIOXKaAyii, BecbMa JIOTHYHBIE U JOCTa-
TOYHO NMPOCTHiC MPU3HAKYU KJacCUDUKAIUY 3THX CHCTEM. 3aMETHM, 4TO
MONBITKY yueCThb B KinaccuGUKAIUK BCe PA3HOBUIHOCTH CHCTEM, KaK
NPaBUJIO, IPUBOAAT K HACTOJIBKO CJOXKHOH CHCTEME pachpeaesieHust
MOCJIeTHUX, KOTOpasi YacTo 3aTPy/AHSIET HOHUMAHKE POJIH U MECTa Psifia
U3 HUX. BaxxHO H TO OBCTOSITENBCTBO, YTO TeXHUYECKAS JIUTEPATypa
ROJDKHA OBITH OPUEHTHPOBAHA Ha CHELUATHCTOB ONPENETeHHOTO YPOBHS
U KB UKaIMy, HO npodecCHOHANbHAS, GU3NYeCKass U JOTHYeCKas ee
OPHEHTHPOBARHOCTD HE JO/KHBI [TPUBOIUTS K [I€PEYCIOXKHEH IO U3Jiara-
emoro Matepuana. B atom orHowenuu kuura E. B. CredanoBa moxer
CJYXXHUTb IPUMEPOM JIOTHUHOI, husHuuecKkr 060CHOBaHHOI U npodec-
CHOHAJIBHO AOCTYIIHOW MaHEPBl M3JI0KEHUS PACCMAaTPUBAEMbIX TEM H
BOTIPOCOB.

Tak, HanpuMep, KaK CHCTEMBI BEHTHJISIIIAH, TaK U KOHAUIIHOHHPO-
BaHHsI BO3LyXa KJacCU(DUIUPYIOTCS 110 TPEM-UETBIPEM OCHOBHBIM I1PH-
3HaKaM:

—  BEHTHJISIHUMH:

a) 1o crnocoby MOGYXAeHMs IBUXKEHHS BO3LYXa;

6) 10 cnocoby cHabX)eHUsT NOMEMEHUST BO3YXOM;

B) 10 METO/y OPraHU3alUH BEHTHJISIUH TOMENICHHUS;

—  KOHJAMIIMOHUPOBAHHUS BO3TyXa:

a) 1O CTElEeHH HCMO0JAb30BaHUs HAPYXXHOTO BO3/YXa;

6) no crenenu UEHTpaNU3AIMHY;

B) [0 CTeNeHH aBTOHOMHOCTH;

r) 1o cnocoby KOMILIEKTaUH y3/a 06paboTku Bo3ayxa.



IIpeducnosue

I'naBa 4 «OnpefeneHue BO3LyX000MEHOB» COMEPKHUT (KpoMe obnux
MOJIOXKEHHH) KOJMYeCTBEHHYIO OIIeHKY BBIIEASIOLMXCST BpeHOCTeH OT
PasIUYHBIX HCTOMHUKOB (TEJIOTHI, BIATOBBIAEACHHUI M HOCTYILIEHHS B
noMenieHsI Pa3TMYHbIX Ta30BbIX BpenHOCTeH ). B 310l rylaBe paccMaTpu-
BalOTCS Pa3/MYHBIE METO/IbI OTIPe/ieJIEHUST BO3AyX000MEHOB Kak B obie-
0OMEHHBIX, TAK ¥ B MECTHBIX CUCTEMAX BEHTHASAIMH U KOHJAUIIMOHHPOBA-
HUSI BO3/TyXa.

Omnako B HACTOSIIIEE BPeMsI OUEHb aKTyalbHa MpobiieMa opraHu3amiu
BO3lyx006MeHa B KBAPTHPAX MHOTO3TAXKHBIX JKWIBIX JOMOB 1 0(hHCOB, UTO
He HaILJIO OTPaXKeHUs B ryiaBe 4. Kak coBpeMeHHOE IONOIHEHWE 3TOTO Ma-
TeprasIa, MOKHO PaCCMATPHBATH Psil TEXHUYECKUX PEKOMEH/TIAIWI 1 CTaH-
JapToB, paspaboTaHHbIX HEKOMMepUeCKMM naptHepetBoM «ABOK» (mipo-
dbeccuoHanbHOE 00BEUHEHIE CIENUATHUCTOB B 06JACTH OTOMIEHUS,
BEHTUJISILIUH, KOHIUIIMOHUPOBAHKS BO3yXa, TEILIO- H XOJONOCHAGKEHUS ).
Cranpapt «ABOK» «3panus xusie 1 obitecTseHHble. HopMbI Bo3ayxo-
obMeHa» pacCMOTPeH YTPaBJICHHEM CTAHIAPTH3ANMY, TEXHHYECKOTO HOP-
muposanust ¥ cepriudukarnuu Tocerpost PO B 2002 romy, koTopoe cunutaer
BO3MOXXHBIM HCIIOJBb30BaTh JaHHbIE CTAHIAPTA JJIs1 [IPUMEHEHHS TPOEK-
THPOBIIMKAMU ¥ BCEMH OPTaHU3alHUSIMU, 32eH{CTBOBAHHBIMU B CTPOH-
TebHOM 1porecce. Kpome Toro, B kauecTBe peKOMeHIAaTeIbHOTO CTaTyca
B 2004 roxy 6bU1n paspaboTansl U pactipocTpanenbt « TexHuyeckue peKo-
MEHJIAIIMK 10 OPraHU3aIMH BO3yX006MeHa B KBADPTHPAX MHOTO3TAXKHOrO
sxuioro gomay — TP «ABOK» — 4-2004 1. A B 2005 rony usgana MOHOTpa-
dust Y. ®. Jlusuaka u A. JI. HaymoBa «BeHTHIISIIMST MHOTOSTAXKHBIX XK1~
JIBIX 3JaHUi». VCrioib30BaHHE TaHHBIX MATEPHAJIOB TI0O3BOJHT MOBBICHTH
YPOBEHb [MPOEKTHPOBAHUSI, CTPOUTENIbCTBA M HKCIUIYaTaluy ¢ OPHEHTAIH-
el Ha WCIOJb30BaHHE COBPEMEHHBIX TEXHOJOTUU B OTONHTENIbHO-BEHTH-
JISIUOHHOM TeXHUKe, YIy4IIeHHI0 KaueCTBA MUKPOKIUMATa 30aHUH, [10-
BBIIIEHHIO SHEPTeTHYECKOH 3 HeKTUBHOCTH 30aHU.

I'nasa 5 «IIporeccsl u anmnaparsl KOHAWIIHORMPOBAHUS BO3AyXa»
SIBJISIETCS] LEHTPAJIbHOU B yueOHKKe, U B Hell BecbMa MOAPO6HO M3Ja-
ralTcs Bompockl 06paboTku Bo3zayxa B arnnapaTax PasjuyHOro THIIA:
KOHTAKTHHIX, TIOBEPXHOCTHBIX TEIIOOGMEHHHUKAX, YCTAHOBKaX Cop6-
IIHOHHOTO THIIA.

Bosbiioe BHUMaHue B 3TOi r1aBe y/IeJleHo alnapataM KOHTaKTHO-
rO THTA: OPOCUTEJNIBHBIM KaMepaM, anilapaTaM ¢ OpolliaeMoi HacaaKoH
v nienHbM annaparaM. He o6enenbl BHHMaHWeM MOBEPXHOCTHBIE TEII-
noo6MeHHUKH. IIpn 3TOM aKmeHT Aenaercss Ha Tak Ha3bIBaeMBIX I10-
BEPXHOCTHBIX BO3AYX00XIaUTENSAXK, PAOOTAIOMHX KAK B CYyXOM PEXH-
Me, TaK U B PeKHMe C BBINaJleHHeM KOHIEeHCaTa.

3HauUTEJIBHOE MECTO B TJlaBe yeJsIeTCSt OCHOBHBIM MOJIOXKEHUSIM
TEOPHH TEIIO- U MAaccoOOMeHa MeXIy BO3AYyXOM W BOAOW M u306pa-
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Mpeducnosue

xenuto Ha I — d nmuarpamme nporieccos 06paboTku Bo3ayxa Bogo#. U3-
JIOEHYE 3TUX BONPOCOB OTIUYAETCA HOCJIEN0BATENBHOCTBIO H COOT-
BETCTBYOIUMHU GU3NYECKUMU U MaTeMaTHYECKUMU 0GOCHOBAHUAMHY.
W ceronHs BbI3bIBae€T UHTEPEC AOKA3aTEIBCTBO CIIPABEATUBOCTH TIpH
pPacCMOTPEHUY HA3BAHHBIX BbIliie TPOIECCOB HOCTOSHCTBA U3BECTHO-
TO COOTHOIIeHUd JIpIoMca, KOTOPOE A0 CErONHSUIHETO AHS PSZOM CIle-
[IMaJMCTOB MOABEPraeTcs CoMHeHN0. B yacTHoCTH, 3T0 0OCOOEHHO Bax-
HO /ISl IIPOIIECCOB OXJIAXKAEHUsI ¥ OCYLIeHUA BO3LyXa.

3HauuTeIbHbIN MHTEpEC NpeACTaBIsaIOT U3JI0XeHHbIe B 3TO! I1aBe
METO/BI TOJydeHus] PaCUeTHBIX 3aBUCUMOCTEH /UL Pa3IMYHBIX THHOB
KOHTaKTHBIX annapaToB:

— IOJIydeHUe PaCYeTHBIX 3aBUCUMOCTEH Ha OCHOBE UCHOJIb30Ba-
HUA K03QPHUIMEHTOB TENIO- U MAacCONEPEHOCa;

— HoJydYeHMe paCyeTHBIX 3aBUCUMOCTel Ha OCHOBE HCII0JIb30BaHUA
yyces eAMHUI] lepeHoCca SBHOM U NOJIHOH TeNJIOTHI (BHEpBbIe Ta-
KOM MoAX0J MTPUMEHHUTEJIBHO K PaCcYeTy alnapaToB KOHANIVOHH-
pOBaHUs Bo3ayxa npensoxeH uMeHHo E. B. CredanoBrim);

— IOJy4YeHUe pacyeTHBIX 3aBUCUMOCTeH, OCHOBAHHbIX Ha Hpen-
CTaBJleHUW 006 uzealbHOM mpoiecce (31ech peub uaet o6 uc-
1oJb30BaHNy K03hPunueHToB 3GPeKTUBHOCTY, NpeNIOKeH-
HBIX pPasJIMYHBIMM aBTOpaMy, Hanpumep b. B. bapkanossim,
E. E. Kapnucowm u ap.).

Janee noapoGHO pacCcMaTpyBAIOTCS Pa3IMYHble THIIBI KOHTaKTHBIX
annapatoB (opocuTesbHble GOPCYHOUHBIE KaMepbl, KaMepHI ¢ Opolia-
eMO¥ Haca/KOM, IeHHBIe anmapaThl) U U3JIaraloTcd MeTolBl pacyeTa
Ka)XJIOTO TUIA 3TUX alNapartoB.

Ha BechMa BBICOKOM YpOBHE ONMHUCHIBAIOTCA B IJlaBe HOBEPXHOCT-
Hble TENJI00OMEHHUKY (B OCHOBHOM BO3IYXOOXJIAAUTENN) U METOADI
HOJTyYeHUs] 3aBUCUMOCTeH [ UX NPOEKTUPOBAHUSA U pacyerTa.

B 3ax/1104eHye riaBs noApoOHO U3JaraloTCsl BOIPOCH, CBSI3aHHbIE
C OCylIeHHeM BO3Jlyxa B MEXaHUYECKUX OCYIIUTENsIX, a TaKxke B ab-
COPOIIMOHHBIX ¥ aACOPOIMOHHBIX OCYIIUTEIbHBIX YCTAHOBKAX.

T'naBa 6 «OuucTka Bo3yxa OT HBIIW» B HacTOsllee W3jaHWe He
BKJII04eHa. ClienyanyucToB, UHTEPECYIOWUXCS 3TUMHA BONPOCAMH, MOXK-
HO OTOCJIaTh K COOTBETCTBYIONIEH JMTeparType:

- TII. A. Koysos, A. JI. Maznbrus, I. M. Ckpsibun. QuncTka oT nsiam

ra3oB M BO3ZlyXa B XUMUYeCKOH npomsbimiieHHocTd. — JI., Xu-
mus, 1982;

- A. Y. Tlupymos. ObecnbiiuBanye Bo3ayxa. — M., Ctpoiinazar, 1981;

- B. W. Tloayuikun, C. M. Auucumos, B. @. Bacunbes, A. M. I'pu-
mutauH. Oxpana BoaaymHoro 6acceitna. — CII6., <ABOK Ce-
Bepo-3anan», 2004;
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Ipeducnosue

— psaga crateii B xypHane «<ABOK» (ocobGeHHO NpUMEHUTENBHO K
YUCTHIM KOMHATaM);

— Cleanroom Design. Edited by W. Whyte John & Sons. — UK,
1995.

TnaBa 7 «CeTH BO31yXOBOJOB CUCTEM BEHTUJIANUM M KOHIUIUO-
HUDPOBaHUA BO3AYXa» COAEPAKHT JOCTATOYHO NOAPOOHBIE CBEJEHUA O
KOHCTPYKTUBHBIX 3JIEMEHTAX BO3JYXOBOAOB, PacOHHBIX 4acTAX U yC-
TPOUCTBAX A1 PETYINPOBAHUS KOJIUYECTBA BO3AYXa, TPAHCTIOPTUDY-
€MOT0 B BEeHTUJIALIUOHHBIX ceTsAX. B Hell Takke paccMarpuBaioTcs Te-
opeTUyecKUe OCHOBBI pacyeTa BO3LyXOBOJIOB, OTIpeie/ieHUe NoTepb Ha
TpeHYe ¥ IPeoAoeHre MECTHBIX CONPOTUBIIEBHI.

B rnaBe taxxke mogpo6HO U3MaraeTcs METOAMKA pacdeTa pa3Bers-
JIEHHBIX CeTeil BO3AYXOBOAOB U NOCTPOEHHE X a3pOAUHAMUYECKHX Xa-
PaKTepHCTHK.

QOueHp Ba)XHBIM Pa3fie/IOM [JIABH SBJsETCS Maparpad, mocBsmeH-
HBIH ollpeie/IeHUI0 3aKOHOMEPDHOCTEH U3MeHEHUs] TeMIepaTyphl BO3-
IyXa IpY ero ABUXeHUY B BO3LYXOBOJAaX. 31eCh e U3JaraloTcs BOH-
POCBHI, CBSI3aHHBIE C 3KOHOMHYECKOH 11e71eCo06PasHOCThIO YCTPOHCTBA
TeNJIOBOH M30JA1IMY BO3JYXOBOJOB.

I'naBa 8 «Pacnpenesienyie BO3Ayxa B BEHTUIMPYEMBIX IOMEUIEH USIX»
10 CBOEMY COJIEPIKAHUIO BeCbMa UHTepecHa (0COOEHHO eCITU yYeCTh Bpe-
M1 U3laHMsI KHUTH, KOTJa JIMTEPATYPhl 0 3TOMY BONPOCY OBLIO SSBHO
He0CTATOYHO). 3aMETUM, YTO U3JIOKEHUE MaTepUalia 3TO I1aBbl Xa-
PaKTepU3yeTcs: KOMILTEKCHBIM ¥ (prsndecku 060CHOBaHHBIM MOJXOI0OM.

B HacTosmem U3gaHuy aTa I71aBa OHYCKAETCs B CBA3M C TEM, UTO CO-
BCEM HeJaBHO BHILIJIa U3 ITeYaTH YHUKAJIbHaS 10 CBOEMY COAEPKaHUIO
mMoHorpabusi M. W. ['pumutiuna «Pacnpezgenenune Bo3fyxa B Iomeuie-
HUsAX». B 3T0#l KHUre, KpOMe HayYHBIX OCHOB ¥ HHXKEHEPHBIX METO0B
pacdera CUCTEM BO3ayXopacHpejesieHUs] NTPUTOYHOTO BO3[yXa B BEH-
TUJIUPYEMBIX U KOHAWINMOHUPYEMBIX IOMeI{eHHsIX, TIPUBOAUTCS OTIH-
CaHWe KOHCTPYKTUBHBIX 0COOGEHHOCTEH COBPEMEHHBIX BO3AyXOpa3aa-
omux ycrpoictB. IlpuBoauTca nepeyeHs M OCHOBHbIE TEeXHUYECKUE
XapaKTepUCTUKHU BO3AYXOpACIpeeNuTeNeil 0TedeCTBEHHBIX (GUpM-
HpousBoauTesei («ApKroc», «IKowopoc-BeHTo» ), 3a9BUBIINX Ha POC-
CUHCKOM DBHIHKE KJIUMaTUYeCKOU TeXHMKU MIUPOKUH CIIEKTP U BBICO-
KO€ KauyeCTBO BBIILyCKaeMbIX U3JleJIUil U 3aBOEBABIIMX B HACTosuiee
BpeMs1 JOBepYe 3aKa3YUKOB ¥ NpodeCCUOHATBHBIX KOMIaHUH.

B rnase 9 «Bentunaropsi» ynop nejiaerca He Ha pa3HooOpa3nu KOH-
CTPYKTUBHOTO UCTIOJHEHNS YCTAHOBOK JJI1 TPAHCIOPTUPOBKHY BO31Y-
Xa, a Ha BO3MOXHBIX IPUHIIUIIHATBHEIX BapUaHTax KOHCTPYKIIVY MOC-
nenaux. Ocoboe e BHUMaHUE B 3TOH rJaBe yAeJ€HO 3JeMeHTaM
a’pOAVHAMUKH BEHTUJIATOPOB U UX a3pOJAUHAMUYECKHM XapaKTepu-
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cTUKaM. 3HaYUTeJIbHOE MECTO B Hell npenocTaByieHO paboTe BEHTUIA-
TOPOB Ha CETh BO3AYX0BOJOB U COBMECTHOM paboTe BEHTUISATOPOB Ha
BEHTUJISIIIMOHHYIO ceTb (Napasi/leJIbHOH ¥ IOC/Ief0BaTe/IbHOI ).

CrexyeT OTMETHTD, YTO 0C000€ Pa3BUTHe M TOJYKOM K NIHPOKOMY
NPUMEHEHUIO IeHTPOOEKHBIX BEHTHIIATOPOB 3a Py6exkom GbijIo HOJI0-
xeHo B 1973 roay T'ancom Octbeprom (IlIBenus), KOTOPHIii IEPBBIM B
MUDPOBOH HpaKTUKe Co3/ajl KaHAJIbHBIN HEHTPOOEKHDI! BEeHTUIATOP —
UCKYCCTBEHHYIO KOHCTPYKLVIO HpU ee 6e3yc/I0BHOM MpocToTe. ITO SABU-
JIOCh HACTOSAMWMUM COOBITHEM U OXHOBPEMEHHO MOWHBIM GyHIaMEHTOM
IUIS HOCJIEAYIOuiero 6YpHOTO UCTIOJIb30BAHUA UX B OTEYECTBEHHOH BEH-
TUAANMOHHOHN TeXHUKe. KaHaNbHbIe BEeHTUISATODH SABJSIOTCA MHXEHEp-
HOU KOHIleNIueH, MpU3HAHHON BO BCEM MUpE.

ToapobHy UHGOPMANKIO O KaHAJIbHbLIX BEHTUIATOPAX Pa3IuyHO-
r0O THIIA U Ha3HAYeHUsl MOXKHO HOYepnHyTh B Katamore (Q6opynosa-
HUe I CUCTEM BEHTUJIAIUY BO3ayXxa, 2005 1., MockBa, «ApKTHKa»).

MHorue poccuiickue OpraHu3aniy, KoTopbie paboTaioT Ha prIHKe
BEHTUJIANUY M KOHAVIIMOHUPOBAHNUsI BO3JyXa, 110 JOCTOUHCTBY OIle-
HWIM IIBEJCKOE KayecTBO NpoAyKiun «QOstberg», uiupouaiiuinii Mo-
JeNBHBII sl ¥ TIPEBOCXOIHBIE TEXHUYECKUE XapaKTePUCTHKH.

B sakiioueHUe riaBH paccMarpuBaercs Gopp0a C HIyMOM BEHTH-
JIATOPHBIX YCTAHOBOK. 3€Ch AOCTATOYHO NoAPOOHO BBIBOAATCS 3aBU-
CUMOCTH JUIS OlIpeJieieHUsl yPOBHe# liymMa (CyMMapHOTO U OKTaBHO-
r0) ¥ IPUBOASTCS XapaKTEPUCTUKU UIYMOTJIYUIMTENEH Pa3jMyHOTO
KOHCTPYKTWUBHOTO HCIIOJTHEHUS.

T'naBa 11 «CucreMbl eCTeCTBEHHOM BEHTUIAIIMY U 3JIeMEHTHI HO/-
3eMHOM a3pOCTaTUKHU» He BKJIOYEHA B HACTOsLEe U3/JaHUe, XOTS B HEH
OpUCYTCTBYeT MH(popManysd, NpeaCcTaBisiomas onpeAeSeHHbI UHTe-
pec, HO PeIIKO NpUMeHsieMast Ha 0O0beKTax TpaXJaHCKOTO Ha3HAYEHUsI.

Wrak, npu uaganuy yyebuuka E. B. CredanoBa ynop caenan Ha
HauboJjiee UHTEpeCHbIe B MHGOPMALlMOHHOM OTHOLIIEHUH, aKTyaJIbHbIE
Y HOJIe3Hble JJIsi COBPEMEHHOTO cllenyanucta Matepuansl. Ilpu atom
COXpaHeH CTUJIb U3JI0KEeHUs, BECbMa XapaKTePHBIN JIJIsl 3TOTO TaJlaHT-
JIMBOTO ¥ BechbMa HeCTaHAApPTHOTO YesioBeKa. XO0TeJOoCh OB TaKkxke OT-
METUTH OJIHY OCOGEHHOCThH €ro TBOPYECTBA: OH HUKOT/a He MHCal TO,
4TO HaMeyas, Cpasy, J0BOJbHO MHOTO Pa3MbILLJISJI, HO BCET/la H3JIara
T0, YTO y Hero GOpMHUPOBaIOCh, 6€3 YEPHOBUKOB. MHOTHX 3TO yAUB-
151710, Ho TakoB 6bun1 EBrennit Bacunabesuy. Ilpuuem kpyr ero npocec-
CHOHAJIbHBIX MHTEpecoB OblJl BECbMa UIMPOK, U 3a YTO Gbl OH HU Opa-
csl, pe3ynbraT BCerfa GBI He3ayPSAAHBIM M BEChMa MOJIE3HBIM U JJIsI
TEOPUH, U JIJIs1 NIPAKTUKHU.

C yueHukam¥u oH Bcerza 65171 1o6poxesaTesieH, UDOHUYEH, HUKOT-
Jla He pa3roBapUBajl C HUMU Ha BBICOKKMX ToHax. K KpuTuke B cBOMH
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afipec OTHOCUJICA C NOHUMAHKWEM U IOMOPOM, HUKOT1a HHKOMY He MCTHUJI
Y 3J1a HE HOMHMIL

BcnomuHaetcst caenyiomuii npumep u3 obuenus co E. B. Creda-
HOBBIM OZHOTO U3 PeaKTOPOB HacTosumero usganus: «B 1964 roay
EBrenuit BacuiabeBuy 3aBepman paGoTy Hax ZOKTOPCKON AMCCepTa-
1Mei, a 9 TOJIBKO IPUGHLI ¢ TPOM3BOACTBA Ha Kadenpy, HayaJbHUKOM
KOTOpOH OH ObLI. VI TeM He MeHee OH TIPE/JIOKIIT MHe IPOYUTATh OHY
U3 rJ1aB CBOeH AMCCepPTanuy U BbICKA3aTh 3aMeYaHnys, eC/IY OHU Y MeHs
HosABATCA. 3aMeyaHUH y MeHsI 0Ka3alioch CYeCTBEHHO GoJlblle, yeM
OH OXHUAAJ, U A HX YECTHO BHICKA3aJlL

— Hy v "Hexopoumii o, Bosnons, yenoBek, — ckasan EBreHuit Ba-
CUJIbeBUY. — 3aBTpa IpUHECY Cleayiomyo raaBy. ToapKo YuTall BHU-
MaTeJbHO U He GOHCS KpUTHKOBATb.

IIpencTasndio, yTo 6p110 6bl, ecu GBI Ha €T0 MECTE OKA3ATICS KTO-
HUGyab Apyroi. A oH Gbia BOT Takoi. I 0 MOUX 3aMeuaHUsIX B CBOM
ajipec MOTOM BCHOMUHAJ ¢ IOMODOM>».

OT penakTopos: JI. 1. Bananawua, k. T. H.

B. 1. Kopkuy, k. T. H., npodeccop



Tnasa 1

TEPMOJINHAMMKA BJIAYKHOIO BO3/IYXA

§ 1.1. CsoiicTBa cyxoro Bo3ayxa

Oxpyxaomuil Hac armMoc(epHBIN Bo3ayx mpeacTaBisger coboil cMech
CYyXOH 4YacTH,cocTaB KOTOPOH cTabujeH MO BHICOTE U MOCTOSIHEH
aast moboit Touxy 3emuoro miapa (Tabn. 1.1), 1 BOASAHOTO mapa,
KOJIMYECTBO KOTOPOTO TiepeMeHHO. Takum o6pa3oM, B cUCTeMaX BEHTH-
JIAIVUY ¥ KOHAMIUOHUPOBaHHA BO3/IyXa TPUXOAUTCS HMETh JIeJI0 € BJIAX-
HBIM BO3yXOM, WJIH BO3ZYHIHO-NapOBOii CMeChIO.

Ta6nuya 1.1
Cocras cyxoit yacTi atMocdepuoro Boagyxa
HanmeHoBaHne Xumnueckoe % Monexyaspubiit
2/eMeHTa oGoanaueHue no oGpeMy BeC

Asor N, 78,08 28
Kucnopon 0, 20,95 32
AproH Ar 0,93 40
Yrnekucasiii ra3 CO, 0,03 48
Boxopoxn H, 0,00005 2

Tenvit He 0,0005 4

Heon Ne 0,0018 20

QO3soH 0, 1-10® 48
Kpunrton Kr 0,0001 84
KceHon Xe 0,000008 131
Pagon Rn 6108 222

MounekyasipHblii Bec cyxoi 4acTu Bo3ayxa paseH 28,98. Temnepatypa
KUIEeHHs xuakoro Bo3xyxa —192 °C (81°K).

B pacueTtax no BeHTUISAIMH U KOHAMIMOHUPOBAHUIO BO3AyXa BJIaX-
HBIH BO3/1yX € IOCTATOYHOH TOUHOCTHIO CYUTAIOT UIEAIbHBIM Ta30M H pac-
IPOCTPaHAIOT Ha HETO COOTBETCTBYONIME (pPU3nyeCKHe 3aKOHBI, CIlpaBe/-
JIUBBIE 7S CMECH UAeabhbiX ra3oB. Kaxipiii ras (B ToM uucie ¥ BosiHON
Hap) 3aHWMaeT TOT ke 0OBEM, UTO M BCSA CMECh, IMEET OIMHAKOBYIO C Hel
TCMIEPATYPY ¥ HAXOAUTCA TIOZ CBOMM TIAPIUAJIbHBIM JAaBJIEHHEM.

15



TI'nasa 1

CormmacBo 3akoBy JlanproHa cyMMa HapiyaJdbHbIX IaBJIeHHH BCEX ra-
30B, COCTaBJIAIOMUX CMECh, paBHa NMoJHOMY (6apoMeTpUYecKOMY) aaB-
JIeHU10 cMecH B:

k
B=P+Pj+Py+..+Pc =3 P.. (1.1)
1

B nanbHeliieM Hac He 6yayT MHTepeCOBaTh NAPIUAIbHEIE [ABIEHNS
OTZIe/IbHBIX Ta30B, BXOAAMUX B CyXyI0 4aCTh CMECH, IO3TOMY HOJIHOE 1aB-
JieHUe CMeCH MpeJCTAaBUM TaK:

B=P +P, (1.2)
rae P - napuuanbHoe naBieHMe Beelt cyxoit yacTu Boazayxa (Mnaexc
«TC» O3HAYAET «I'a3 CyXOM»);

P — mapuuanbHoe JaBJIeHMe BOASHOIO Napa.

BapomeTtpuueckoe aaBjieHYe U3MEHSIETCS TIO BBICOTE A B COOTBETCTBHU
€ 3aBUCUMOCTHIO

B= Boe-o,ooo125h_ (1.3)

BenmyuHbI faBienvii usmepsaiorcs B #/m? (cucrema CH), mm pm. cm.,
xl/M? (MM 600. cm.). Tlepexon ot OfHO#M cUCTEMBI M3MEPEHUIl K APyToH
MOXeET OBITH IPOU3BEieH C MOMOLIBIO CIIEIUAIbHON Tabaumpl (CM. npu-
noxeHue 1.1).

TlnoTHOCTD p, ¥ 06BEeMHBI BEC Y, CYXOTO BO3ZyXa HPEACTABJIAIOT CO-
(0¥ OTHOLIIEHHE MaCChl UJIM BeCa BO3AyXa K 00beMy. Mex /1y IIOTHOCTBIO
U 0GBEMHEBIM BECOM CYHIECTBYET U3BECTHOE COOTHOIIEHHE

p=h 1.4
rc gr (1.4)

T7ie § — yCKopeHue cBoboaHoro nanenus (g = 9,81 m/cex?).

HeTpynHO BUAETD, YTO Pa3MEPHOCTH IJIOTHOCTH B CUCTEME EUHMUIL
CH —~ xz/m® a pasmepHOCTb o6beMHoro Beca B MKI'CC — «xI/»3. TIpu
temneparype 0 °C u GapomerpuueckoM nasyende B = 760 um pm. cm.
Y.~ 1,293 xl/m3 o = 1,293 xe/a. [Ln5A CyXolt yacTH BO3AYXa ypPaBHeHUe
COCTOAHUS MOXKET OBITh 3alMCaHO B OJHOM 3 C/IeyIOLIUX BUAOB:

PV-G.RT; (1.5)
P -y.RT; (1.6)
Pv _-RT, (1.7)

rae G — Bec cyxoil yacTd Bo31yxa;
v.= 1/~ ynenbHbiii 06bem Cyxoi yacTy BO3ayxa;
R, — ra3oBas noctoAaHHast cyxoi 4acTH Bo3zyXa.
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Tepmodunamuxa anaxnozo eo3dyxa

Pa3MmepHocTb Ta30Boi nocrostnoi B cuctreme CH — 0x/%z - 2pad
toraa R_= 287,14 oxc/xz - zpad, B cucreme MKI'CC - m/2pad n Toraa
R = 29,27 m/2pao.

QueHb YaCTO MPUXOAUTCA UMETH AEI0 € TPOIECCaMy, TIPY KOTOPbIX
P ocTaeTcsi OCTOSHHBIM, B 3TOM CJIydae

e _Do 1.8)
T T, (
orciona (ecn T, = 273°Cu T=273 + 1)

T |
= — =1+ —t y 19
v, =5V ( t o )00 (1.9)

rae 1/273 = a — koaddunment 06beMHOro pacuiMpeHys rasa.
MoOXHO HAlTH 3aBUCHMOCTH TUIOTHOCTH WJIH 0OBEMHOTO Beca OT TeM-

nepatypsl. B camom zene, nockossky dopmyana (1.9) Moxer 6biTh Hanu-
CaHa B BHJIE

L e (1.10)

rc, Yreo
Hnogy4yaem
- Yreo - 273'Yrco (1 11)
Yre, = = . .
¢ 1+ot 273+t

Tloncrasnsis BMecTo ¥y, €70 3HAUEHHE (1,293), HaxoauM ya06HY0 17151
HPaKTHYECKOTO MCTOJIb30BaHHs 3aBUCUMOCTD

_353

(1.12)
T

Tre,

YaenpHasi TENJIOEMKOCTb CYXOTO BO3/lyXa NMPW MOCTOSIHHOM jlaBJle-
HUH 3aBMCHT OT TeMuepatypsl. OJIHAKO ec/TH TeMTiepaTypa U3MeHsIeTCs
B CpaBHUTEJIbHO Y3KOM WHTEpPBAJE, TO MOXKHO, He JOTMYyCKas Goyburoi
NOTPENTHOCTH, CYUTATH €, = const. {151 mporeccoB, NPOUCXOAAMHX B
CUCTeMaX BEeHTHJAINWH U KOHAMLMOHHPOBAHUA BO3AYXa, NPeiesbl U3-
MeHeHUs TeMuepaTypsl He npesbiniaoT —30 + +50 °C. B aToM uHTepBa-
aec, = 0,24 xkan/Tk - epad (MKICC) umm ¢ _= 1,005 xdaxc/x2 - epad (CH).

OHTAIBINIO, WK TETUIOCOLEPKAHUE CYXOT0 BO3AYXa, i Oynem otcyu-
ThiBath oT 0 °C, Torpa

i=c.t. (1.13)
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I'nasa 1

§ 1.2. CpoiicTBa BOIAHOTO Napa, HAXOAANIETOC
BO BJIA)KHOM BO3JyXe

BozsiHoli nap HaxomuTCsA B BO3/yXe 0OLIYHO B neperpeToM COCTOSIHHMH.
JIMubs oHO COCTOSIHME BJIAXHOTO BO3yXa MPU AaHHOM TeMmIeparype
XapaKTepH3yeTcsl TeM, YTo BO/SAHOM map siBjseTcd HacblueHHbIM. O6
3TOM COCTOAHHH BJI2XHOTO BO3YXa MOKHO TOBOPHTH KakK O HachIieH-
HOM BJIAXXHOM Bo3/1yXe. UeM Bbllie TeMnepaTypa BIaXKHOIO BO3yXa, TeM
6oJIbllie jaB/IeHHEe HACHIEHHOTO BoAsiHOTO napa. CyiecTByeT 3aBHCH-
MOCTb MeXly iaBJIeHHeM HaChILIEHHOTO BOAAHOTO apa P’ u Temnepa-
Typoii P' = f(T). imetorca ammupuyeckre GOPMYJIb, N03BOJIAIOLIHE
ONpeAeNATs AaBJeHHe HACHIIEHHOTO BOASHOTO TIapa 10 TeMmepaType,
Hanpumep:
7,5t
238+¢ (1.14)
HanexHee onpenensats P!'mo cnenraspHBIM TabIKMIIaM, KOTOPbIE TIPU-
BOJATCS B IUTEPATYPE.
HaBnesne HaCHIEHHOTO BOJASHOTO Tlapa O4eHb GBICTPO pacTeT BMeC-
Te C yBennyeHreM TemnepaTypbl. MnmocTparueit 31oil 3aBucuMocTu cay-
XKMT pHUcC. 1.1, Ha KOTOpOM NoKa3aHa kpupas P” = f (t). U3 paccMoTtpenus
MaHHOM KDHBO#H CleyeT, YTO CHOCOGHOCTH BO3ayxa coaepXath B cebe
BOJSIHO 1ap B 04YeHb CHJIbHOM cTe-
B, TIeHH 3aBHCUT OT TeMIIEPaTyPbl.
S e i I Ecau Bosayx, conepkamuii B
/ TOM HMJIH MHOM KOJIHYECTBE Hepe-
TpeThlii BOASHON Map, oXJaxaaTb
[, NpH TIOCTOSIHHOM JABJIEHHH, TO IPH
BIIOJIHE OIIPefie/IeHHOM TeMmepary-
Pe€ 3TOT Nap CTaHeT HACHINIEHHBIM.
HocTurayroe cocrosiHie Bo3zyxa
HOCHUT Ha3BaHe TOYKH PO CH,
LA%/(t)]  a TemmepaTypa BO3AyXa, COOTBET-
CTBYIOIWasi 3TOMY COCTOSIHMIO, Ha-
“ﬁ'/i‘: 3bIBaeTCSI TeMNepaTypoi
T TOYKH pocCHhl Uobo3Havaercs t”.

lgP, =0,622+

~N

—-/00
—t160
—~—t 140
—t 120,

\\

60 JIns BoAAHOTrO NMapa BO BJaX-
-4 e HOM BO3JiyXe, He3aBHCHMO OT TOTO,
1 2

MeperpeThiii OH UJIM HACHIIIIEHHbIH,
20 0 0 B X % % 60 WOC MOXHO HalmMCaTbh YPaBHEHHS CO-
Puc. 1.1. 3aBHCHMOCTD NaBJIEHHs CTORIHUS, NOAOGHO TOMY, KaK aTo
HaCBIIEHHOTO BOASHOrO napa CHENIaHO JUIsi CYXOii YacTH Boaayxa

OT TeMIepaTyphl (zasucumoctu (1.5) — (1.7)). Besu-
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Tepmodunamura 8aaxcHo20 8030yxa

yMHa ra30BO} NOCTOAHHOM AJisl BOASHOTO napa paBHa R = 47,06 M/2pao =
= 461 0xc/x2 - zpad. Y peibHast TEMJIOEMKOCTD BOAAHOIO Napa MpH NocTo-
SIHHOM ZaBJIEHMH C,, TaK e KaK H CyXOro BO3[lyXa, B CDaBHUTEJIbHO y3-
KOM MHTEpBaJie TeMIEePaTyp MOXeT NPHHUMaThc NOCTOSHHOM, PABHOH
0,46 xxan/«xI - zpad (1,8 x0xc/xe - zpad). B psajge mitepaTypHbIX MCTOYHH-
KoB npuBoasTtcs aApyrie Benvuunst: 0,43 u 0,45 xxan/xI - epao.

DHTANbIMSA, HJIH TENJIOCoAepKaHHe HaChILIeHHOTO BOASHOrO NMapa i/,
HaxOUAIIETOCS B BO3/1yXe IPU aTMOChEePHOM JaBJeHHU H MMEIOIIEro TeM-
neparypy t" °C, cOCTOUT U3 3HTAJIBIIHY BOABI, UMeEIOWel Ty Xe TeMIepa-
TYpY t", ¥ yAeJIbHOH TEIIOThI HCIIaPEHU 7.

i"=ct+r, (1.15)

rie €, — yaenbHas TemaoeMKocTb Boabl (1 xxan/xI - 2pad viau
4,1868 xdxc/xz - epad);
r — yZeJbHas TeIJIOTa UcniapeHust, kkan/xI" (k0w /xz).
Y nenbHas TEMJI0Ta HCTIAPEHHS BOJBI, B CBOIO OYepe/ib, 3aBUCUT OT TEM-
nepaTypbl BOZbI M MOXeT ObITh OlpeieieHa o aMnupuyeckoil popmyiie
r=2595 — 0,54t" (xxan/xI)’ (1.16)
ui
r=2495 - 2,36t" (x0/xz) . (1.16a)

Tax1m 06pa3oM, BIpaKeHHE /IS ONpeeJIeHHs] 9HTATIbIUY HAChIIeH-
HOTO BOZSIHOTO Hapa npuobpeTaer BHA

i"=1t" +595 - 0,54¢" = 595 + 0,46t" (xxan/xl)  (1.17)
W
i"=4,1868" + 2495 — 2,36¢" = 2495 + 1,8268t" (k0xc/x2) .
(1.17a)

IHTANbIIMA TIEPErpeToro BOASIHOTO Napa, HaXOJSAIIerocs B BO3Jyxe
IpH TeMnepaType ¢, MOXKeT ObITh NpecTaBieHa B BUAE CYMMBI HTAJb-
UM HaCHIIEHHOro BOASIHOIO Napa i’ M JONOJHUTENbHOTO Terla, Heob-
XOIMMOTO JIS TIeperpeBa BOASIHOTO Napa:

i =i"+c(t-1")=595+0,46t" + 0,46t — 046" =
=595 +046t (xxan/xI) (1.18)

' MeloTcs u Unble sMIupHyeckue GopMyJsl, Hanpumep 7 = 597,4 - 0,57¢". Pas-
HHIIA B B&JIMUMHAX 7, BHIUUCJICHHBIX 110 1aHHOU hopmyute U o (1.16), B npegenax
Temnepatyp 0-30 °C cocrasaster 0,4-0,25%.
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I'nasa 1

UJIN
i = 2495 + 1,8268¢ (kdc/xz) . (1.18a)

§ 1.3. CnoiictBa cMecH cyXoro Bo3ayxa H BOASIHOTO Mapa

T'a3oBasg mocTosiBHas BO3AYUIHO-TTAPOBOH cMecH (BJIaKHOrO BO3AyXa)
MOKeT GBITD OIpe/IeieHa U3 BBIPAXKEHUsI
G G,

Rm=ch—G£+RnG (1.19)
s s

B ¢opmyne (1.19) G, G, u G, npencrapnsioT coboi Maccy Uy Bec
CMeCH U ee KOMIIOHEHTOB. ECTeCTBEHHO, YTO PasMEPHOCTDH ra3oBoH Ho-
CTOSIHHOH B HEPBOM U BTOPOM CJIy4ae pasjivyHa.

OTHocHTeIbHAS BIAXKHOCTD @ SIBJISIETCS BeCbMa BAXKHOU XapakTepu-
CTHKOH BJIQXHOro Bosjyxa. 1104 oTHOCUTENbHOM BiIaXHOCTHIO OyneM
HOHUMaTh OTHOIIeHHe KOHIIEHTPalMy BOJSIHOTO 1apa, cojep Kauierocs
BO BJIAKHOM BO3/1yXe, K KOHLEHTPAIMH HaChIIIEHHOTO BOASIHOTO Hapa Hpy
TOi1 ke Temneparype. KoHIIEHTpauy MOryT ObITh 3aMeHEHbl OObEMHbI-
MH BeCaMH..

(p=_,y (120)

rae vy, — KoHueHTpauys (xz/m%), umm obvemusiii Bec (kI/M?), Bonsi-
HOTO Hapa, COAEPKAUIErocs B BO3/yXe JAHHOIO COCTOSIHHS;

¥!'— TO e 1715 HaCBILEHHOTO BOASTHOTO 1apa IPH TOH e TeMIepaType.

Jns1 onpeiesie By s OTHOCUTEJIBHOM BIAXKHOCTH MOXKHO HOMYYUTh HHOE
BeIpaxkeHue. Hamyca xapakTepucTUYecKHe ypaBHEHHMS IS Hapa JBYX
PacCMaTPHBAEMBIX COCTOSTHUN

P, =y.R.T; (1.21)
P'=y'RT (1.22)

u nopemus (1.21) ua (1.22), noay4um

B _Ta
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CJIefOBATEJbHO,
P

=in
L,
By

o (1.24)

BrarocozepxaHueM BiIaKHOTO Bo3xyXa d Ha3blBaeTcsl BEC BOASTHOTO
I1apa, NPUXOAAIUIACA Ha eAUHUIY BECa CyXOif 4acTu Boaxyxa. OObIYHO
BJIarOCOAEPKaHUe U3MePSAETCs B IPaMMaX, H03TOMY Pa3MEPHOCTb 3TOr0
napametpa I'/kl. B cucreme CH BMeCTO Beca MCHOMB3YIOTCA €MHULbI
MacCChl.

TakuM 06pa3oM, eciii 3alaHo BJAAroCoiepKaHue Bo3zyxa d, TO BeC
BJIaXKHOTO BO3ZyXa 3TOTO CocTOsiHMA pasen (1 + d/1000) I 3ameTum,
YTO B MPOLECCAX KOHANIMOHUPOBAHUSA NIEPBOE CAaraeMOe OCTAETCA He-
U3MeHHBIM, 8 BTOPOE MOXKET YMEHbIIAThCs (OCYLIKa BO3/lyXa) UJIU YBe-
JMyuBaThes (yBAaxXHeHYe Bo3xyxa). [losyuuM HeKoTopble, HyKHBbIE A7s
IalbHERILETO, COOTHOLICHHUS.

Ecu BraxHblit Bo3gyx B koandecTse (1 + d/1000) kI 3annmMaet Vad,
T0 06’EMHBIH BeC CyXOro BO3yXa U 00beMHDIIA BEC BOASHOTO T1apa COOT-
BETCTBEHHO PaBHBL

1
Yrc =V; (1.25)
"—i— 1.26
T =To00v" (126)
Pazgemus (1.26) na (1.25), noxydum
Yo _ d

KpoMe napameTpa «OTHOCHTENbHAS! BAAKHOCTb» UCIONb3YeTCs OT-
HOILIEHYE BJAroCOAEPKaHUs BO3AyXa K BIArOCOAEPKAaHUIO HACHIIEHHO-
ro Bo3/lyXa NMPH TOM XKe TeMIepaType. ITO OTHOLIEHWE HOCHT Ha3BaHUe
«CTeneHb HaChIUeHUsI BAAKHOTO BO3LyXa» U 00bluHO 0603Hauaercs Oyk-
BOI .

MoXHO TTOKa3aTh, YTO P OAMHAKOBBIX TeMneparype u armocdep-
HOM JiaB/ieHU# 00beMHBI BeC U IJIOTHOCTh BAAXHOFO BO3ZAyXa MEHbIIE
06bEMHOTO Beca U IUTOTHOCTH CYXOFO BO3/IyXa

Yoo =Yrc +¥p (1.28)

BrIpa3uM o6eMHBIH Bec CYyXOro BO3/yXa U BOASIHOTO IIapa 1X 3Haye-
HHUSIMU U3 COOTBETCTBYIOLIMX YPaBHeHU I cocTosinus (cM. dopmyay (1.6)),
a 3aTeM, UCNOJIb30BaB paBeHcTBO (1.2), HaligeM
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_Prc+Pn_ B __Pn +Pn
Tw=R T "RT RJT RJT RT (1.29)

Ecsu 661 BO3yx ObLT COBEPIIEHHO CYXHM, TO P _= B, u noaromy nep-
Boe ciiaraeMoe B cyMMe (1.29) npeacTaBisieT coboii Y, SHAUHUT,

_y Bt
Yo =t TR TR| (1.30)

Hcnonb3zosas (1.24), nosyyum

oP;{ 1 1
Ym=Yrc——T_ EC‘"F : (1.31)

CaenopaTe Iblo, RIRKREH BOGAYX HpH JaHHOR TeMIeparype TeM Jier-
4ye, yeM BEILIE €T0 OTHOCHTe TbHAs BIaXHOCTb. OZHAKO NIPY TeX 3HAYEHUSX
TeMIIepaTypbl, KOTOPble HAOMOAAOTCS TIPH BEHTHISIMU U KOHAUIMOHH-
POBAaHUM BO3/yXa, MOXKHO HE YUHTHIBATH PA3HUIIBI MEXY ILIOTHOCTBIO (1
06eMHBIM BECOM) BJIaXKHOTO U cyXoro Bo3ayxa. Hanpumep, npu t = 20 °C
ne=01y =1205kl/Mnput=20°Cue@=05 y_=12xl/m

BoiBenieM oYeHb BaXKHYIO 3aBHCHMOCTb, CBS3BIBAIOLIYIO BJATOCOAED-
XKaHHe ¥ OTHOCHTEJNbHYIO BJAaXHOCTb BO3xyxa. HanuimeM ypaBheHus
COCTOSTHHUA JI7IsI CyXOl 4acTH BO3ZyXa U BOJASIHOTO Iapa, UMes B BUIY BJIAXK-
HBIi BO31yx B Konuyectse (1 + d/1000) «I*

P.=1R.T; (1.32)
Pv=—2RrT 1.33
"o1000 " (1.33)

IMonesmms (1.32) na (1.33), pelinB oTHOCUTENbHO d ¥ NOACTABUB 3Ha-
YeHUsI Ta30BbIX OCTOSIHHBIX, HAMEM
P P
d=622—"2=622—"—.
P B-P (1.34)

rc n

Bripaxenue (1.34) sanuuiem B ApyroM BUZeE:

¢ .
d—622—'—“ .

I

22



Tepmodunamuxa 8raxcHoz0 6030yxa

M3 (1.34) MoxHO nony4urs 3aBucuMocts P, = f (d):

p__Bd_
622+d

Kak BupnM, napuuaibHoe JaBJIeHHe BOASHOTO N1apa M BO3LyXa NPy
Heu3MeHHOM 6apOMeTPHYECKOM HaBJAEHHH OHO3HAYHO ONpPERERIeTCs]
BJIATOCOAEPKAHUEM M HE 3aBUCHT OT TEMIIEPATYPHI.

SHTaJIbIUS BIAKHOIO BO3/AYXa COCTOUT U3 SHTANLINH (MJIH TEILIo-
cozxepkaHus) CYXo#l 4aCTH ¥ IHTAJIBIIUN BOASHOTO Hapa:

(1.36)

I=i =i

(1.37)

ToacraBus u3 Beipaxenuit (1.13) u (1.18) wau (1.18a) coorsercTBylo-
1[He 3HaYeHusA, HalaeM

n

1=024t +(95+ O,46t)w% (cxan /xI  cyx. Bosxyxa), (1.38)

HJIn

1=1,005¢ + (2495 + 1,82681:)1—0%6(@% /K2 CyX.BO3ZyXa),

(1.38a)

TosyyeHHBlE 3aBUCHUMOCTH NO3BOJISIIOT ONPEAETSITh BCE XapaKTEPH-
CTHKH BJIa)KHOTO BO3AYXa, eCJIM 33/IaHO ero cocTosinMe, [locmexHee nom-
3KHO 33/[aBaThCS ABYMS HE3aBUCHUMBIMH JIPYT OT APYTa napaMeTpaMu (Ha-
npuMep, t U d; t 1 @ U T. 1.).

IIpumep. CocTosinHe Boamyxa 3agano Temmneparypoii ¢ = 10 °C u oTHocu-
TeNbHOM BAAXHOCTBIO @ = 50%. Onpene/nTh ero IHTAIBIHIO, BAArOCOAEPKa-
HHe, TApHHAJIbHOE NaBJleHHe BOASHOIO Napa, TEMIEPATYPY TOYKH POCHI, €C.JH
6apomeTpuyeckoe naBaeHue B = 760 mm pm. cm.

Tlo puc. 1.1 HaxoaMM aB/IeHHE HACBILIEHHOTO BOJLTHOIO IIapa PH TeMIepary-
pet=10°C: " = 9,21 unm pm. cm. C1eOBaTeNbHO, B COOTBETCTBHM C BHIPOKEHH-
eM (1.24) mapuunasbHOe AaBieHue Tmapa paBHo P = @P” = 4,605 mm pm. cm.
[onb3ysch TeM ke PUCYHKOM, ONpeesIsieM TeMIepaTypy, Npu KOTOpOil 3TO [aB-
JIEHHE ABJISIETCA aBJEHHEM HACHILIEHHOTO BOASHOTO Napa, 310 ¥ GyNeT TeMIie-
paTypost Touxu pocsl t” = 0 °C.

Bnarocozepxanue Bo3nyxa o ¢opmye (1.34) nin (1.35):

d= 622%(;1—’_% =3,82T /«I cyx.Bosayxa.
JHTanbnusg Bo3nyxa B coorBeTcTBUH ¢ (1.38):

3.8
)

1=0,24-10+ (595 + 0,46 - 10 1000

= 4,68 xkan/kI” cyx. Bo3ayxa,
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I'nasa 1

pau o (1.38a):
I = 19,57 xdxc/kz cyx. Boamyxa.

Kak BuzuM, xaxe BecbMa NPOCTHIE ONEPaI|H 10 oNpeeieHuIO Napa-
MEeTPOB BIaXKHOTO BO3/[yXa IOBOJBHO TPYA0EMKU. TPYA0EMKOCTh HAMHOTO
YBEJTUYUTCS, ECJTU MOMBITATHCS C NOMOLIBIO NOJYYEHHbBIX 3aBUCUMOCTEH
peunth Gosee CAOXKHbIE 33/1a4H, CBA3aHHbIe ¢ IPOU3BOACTBOM Pas/iuy-
HBIX PacyeTOB NPOLECCOB KOHAUIMOHUPOBAHUS, KOTOPBIE XapaKTepUay-
I0TCA U3MeHeHMeM NapaMeTpoB Bo3ayxa. [loaToMy B HacTosllee BpeMsi
3TH pacyeThl BEAYTCA rpapoaHaTUTHYECKHM METOXOM C UCTIONb30BaHH-
€M crienuaabHoM guarpaMMsl I — d BraKHOTO BO3LyXa.

§ 1.4. ITocrpoenne I — d muarpamMmbl BAAaKHOTO BO3AYXa

Juarpamma BiaxHoro Bosayxa I — d Geiia cosgana B 1918 roay ussecr-
HbIM yueHbIM-TenotexuukoM JI. K. PamaunsiM (1887-1948). On no-
CTPOUI ee, CTONKHYBUIKUCH € BOMbIIMME TPYAHOCTAMY AHAIUHTHYECKOTO
pacyeTa mpoueccoB CyLIKH BJIaXKHOTo TOpga B TONKAX HapOBBIX KOTJIOB.
B nactosiuiee Bpemsi I — d fuarpaMma MIUPOKo IPUMEHSIETCST IIPU pacye-
Te U NPOEKTHPOBAHHU NPOLECCOB CYIIKH PAa3IHYHBIX MaTePHAJIOB, IIPH
KOHAMUMOHUPOBaHNM BO3/AyXa U BO BCEX TeX CAYyYasiX, KOT/a IPUXOAUT-
Cs1 HMeTb A€JI0 ¢ IPOLecCaMH UBMEHEHUSA COCTOSHUSA BJaKHOTO BO3AyXa.
Jisi Gosblleil HAT/SIAHOCTH U B LEISIX PAIMOHAIBHOTO MCIIOMb30BA-
Hus IomAau yeprexa I — d xuarpaMMa CTPOUTCS He B IPSIMOYTOMbHOI,
a B KOCOYTOJIbHOM clcTeMe KOOpAUHAT. BeprukambHast 0Ch SIBAAETCS OCHIO
3HTaIbnuil I, HAKJTOHHOH OCBIO CAYKUT OCh BJIATOCOAEPIKAHMI d.
Hasxauus MacirTab sHTatbnuii, Hanpumep m,, = 1 xkan/xI cyx. Bos-
AyXa I KOM,/Kz CyX. BO3RYXa, OTKJIaJbIBaeM N0 COOTBETCTBYIOLIEH OCH
OT Hyns (HA4aJ0 KOOPMHAT) BBEPX ¥ BHU3 TOJIOKUTEIbHBIE U OTPULA-
TeJbHble 3HAYEHUs 3HTaNbnui, Havamo KoopAMHAT COOTBETCTBYET CO-
CTOSTHHIO aBCOMIOTHO CyXO0TO BO3/yXa, uMeroniero TeMneparypy 0 °C. U3
Hayajla KOOPAWHAT NPOBOAUM NIPSIMYIO FOPU3OHTAIBHYIO IUHHUIO, a TaK-
ke HaKJTOHHYIO JIMHHIO 1o/ YTJIoM o. HakoHHas TVHUS ABIAETCA OCbIO
BJIArOCOePXKaHuH d, OAHAKO ATt NpaKTU4eCKoro yao0cTBa MaciTal Bia-
rocofiepkaHyil Ha3HayaeTcs N0 TOPU3OHTATIBHOMN IMHUY (BCTIOMOTaTe b-
HO# ocw), HanpuMep n = 1 [/kI (puc. 1.2). Benruyuna yrma o Moxer
6bITh BoIOpaHa 3apaHee. Yaie Bcero IpUHUMAIOT & =45°, TOEAA YTO MeX-
ny ocbio I u ocbio d cocraBaseT 135°. MoxHO mog4MHUTH BbIOOD yria o
onpezeieHHOMY TPeOOBaHUIO, CYIHOCTb KOTOPOTO BBISACHUTCA faJee.
ITocae Toro Kak nposezensl ocu I 1 d u BHIGPAaHbI COOTBETCTBYIOLIHE
MaclITaGbl SHTAABNHNM U BJIArOCOAEP)aHUM, HAHOCUM CETKY JIMHUMA
I = const u d = const (puc. 1.2). IMes aTy ceTKy JuHUMH, HAHOCUM JTU-
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HIH, KOTOPble 00beMHAIOT COCTOSTHUA BAaKHOTO BO3/YXa IPU OXHOMN TeM-
nepaType (¢ = const), Wiu H30TepMbl. [L7ist 3Toit Hesiu ucnosrb3yeM ypaBHe-
aue (1.38) win (1.38a). EcrecTBeHHO, uTo B cucreMe KoopauHart I — d u3o-
TepMBI NIPEACTaBASIOT co00N npsiMble uHuu. Jlyylle Bcero HAHOCUTD
KaKAYI0 H30TEepMY 110 ABYM TOUYKaM: /7isi NepBoi TOUKH d = 0, 075 BTO-
poit Touku d = d,. Haunnats mocTpoenne ciexyer ¢ ugorepmsi ¢ = 0.
lnsueenpud=0 I=0;npud=d, I=0,595d xxar/xI cyx. Bosnyxa
wim I = 2,495d, x0sc/ke cyX. Boanyxa.

Tak kak M30TepMBbI SBISIIOTCS NPSMbIMU JHHUSIMH, 4TO BUAHO U3
ypaBHenust (1.38), MOXHO HCIOMB30BaTh B KaYeCTBE U30TepMbl ¢ = 0
rOPU3OHTAIBHYIO NPSMYI0, IPOBEACHHYIO yepe3 Hayalo KOOPAMHAT. DTa
rOPM30HTANIbHASA JUHUS OYAEeT N30TEPMOM B TOM CJIyyae, €CJH OTPE30K
CB mwo6oro tpeyroibauka OBC (puc. 1.2) B BHIGPaHHOM HaMM MacIITa-
6e 6yner pasen 0,595d (unH, ecaiu ucnonbaosana cucrema CH, 2,495d).
JL715i 3TOTO HEOOXOAMMO M ZOCTATOYHO MOAYMHHUTD BBIGOD yria OXHOMY-
e{UHCTBEHHOMY YCJOBHUIO, KOTOPOE 3aKII0YAETCA B TOM, 4TO (U3 TPEy-
roabHuka OBC)

BC 0,595dm

tgo =——

m
= =0,595—,
OB dn n

Win 2,4952, ecnu I B KOxm /e cyX. Bo3pyxa.
n

Ecau xe yrosa BbiOpaH 3apaHee,
JaHHOMY COOTHOIIEHUIO KOJIXK-
HBI OBITH NOFYUHEHDBI MaCIITAObI
SHTAJIbIINIT ¥ BJArocozepKaHuil.

N3sorepma ¢ = 0, Kak yka3aHo
BBILIE, MOXET OBITh UCIIOIb30BA-
Ha B KaYyecTBe BCIOMOTATEIbHOMN

1 .
OCH, Ha KOTOpOil Ha3HayeH Mac- 1-8 movAa usamepss (=0, ”mf’gaw )
mTtab Brarocogepxanuit. Oc- 0 by \;ﬂ 5 \;
TaJbHble H30TepMBbI HAHOCATCS o N |

aHajioruyHo, Hanpnmep, usorep- -/ \\ § N
Ma t, = const (t # 0) crpoutcs no \ 8 \
aByM ToukaM. A6crmcca meppoit <2 fC” "\\ N
Touku no-npexueMy d = 0, abe- , R \} \
I1CCA BTOPOM TOYKY, KK ¥ paHee, "

d=d, (d, #0). Inst onpenenenus \ \ K
3HAYEHHI OPAUHAT MOJb3YEMCS

3aBucuMocTbio (1.38), pesysbra- Puc. 1.2. [Toctpoenue ceTku ImHuMi
Thbi CBe/teHbI B Tabur. 1.2, I'= const, d = const u musnm t =0

L LS




Inasa 1

Tabruya 1.2
KoopAHHaTHI TOYEK H30TEPMBI £, = const
Ne TOUKM A6cuncca d Opauunara I
1 0 0,24t
2 d, 0,241, + (0,595 + 0,461, }1%

NanbHeiiiee yamoxenue GyaeM BECTH, NIPUMEHSS CHCTEMY eAMHUIL
MKT'CC. B npunoxetuu — npusegena I — d guarpaMmMa, nocTpoeHHas ¢
UCIIOJb30BaHueM cucTeMsl epuann CH.

B cooTBercTBuH ¢ faHHBIME Ta0. 1.2 IPOU3BEAEHO IOCTPOECHHUE, IPH-
BegeHHoe Ha puc. 1.3. PaccMoTpeHue PUCYHKA NO3BOJSET CAENATh Clie-
AYIOUIXE BHIBOZBL:

— TOCKOJibKY BCE H30TePMbl HAYMHAIOTCS OT 0CH I, MOCTe {HIO MOX-

HO MCIIOJAb30BATh JUIs HaHeceHUs MacluTaba TeMnepaTyp. Maciu-

Tab TeMneparyp He MoXeT GbITh BHIOPaH NPOU3BOJIBLHO, TaK KakK

sHTasbIusA U TeMneparypa masi d = 0 cBsisaHbl COOTHOIEHHMEM
I=024t,1.e.1°C=024mcm;

— H30TepMBI He MApaJIeibHBl APYT APYTY, a PACXOAATCA Beepool-

pa3Ho, YyTO BUAHO U3 COTMOCTABJIEHUS 3HAYeHUI OPAMHAT H30TEP-

MBIt =0 ut=t, EcimnocTpontsb

H30TEPMY [ = L, IpuieM L, >,

TO B COCTaB OpAVHATH | 17151 BTO-

poit TOUKH u30TepMbI t, = const

(npu d = d,) poiiner orpesok

0,46t, 1(‘)1(1)0, KOTOPpbIit Gobiie

oTpeska (,46¢, I(_‘)l_(l)_o(pnc. 1.3).

OcTaercs HaHecTH TUHUH,
o0beANHAIOLIME COCTOSHMUS BO3-
AYyXa IIPH OAWHAKOBHIX 3HAYEHMU -
AX OTHOCHTENbHOU BIAXKHOCTU
¢ = const. /119 HaHECEHUS 3THX
JUHUH MCIONb3yeM YPaBHEHUE
(1.35), no koropomy Oynem Ha-
XOIXHTb JAaBJIEHUE HACHIEHHOIO
Puc. 1.3. [Toctpoenue usoTepm Ha BOJAHOTO napa. Tak Kak B ypaB-

I - d ruarpamme Hernue (1.35) Bxoaur obuiee Ga-
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TepmoOunamuxa 81axHo20 8030yxa

pOMETpHYECKOe faBiieHue B, To BemmynHa ¢ 3aBUCUT OT 3TOFO JaBIeHUS.
Juarpamma I — d, koTopoit Mbl 6y ieM 0JIb30BaThCS B AaIbHEMILIEM, IOCT-
poeHa aisi 6apoMeTpuyeckoro AassieHust B = 750 mm pm. cm. Ctporo ro-
BODsI, IPH MPOEKTUPOBAHUN CUCTEM BEHTUJISALMH M KOHAMIIMOHUPO-
BaHHSI BO3/yXa 00BEKTOB, PACIIOIOKEHHBIX B Pa3JIHUHBIX MECTHOCTSX,
caexyeT MIPUMEHSTb Pa3jinyHble AUATPAMMEI, IOCTPOEHHBIE /IS COOT~
BETCTBYIOIUX BeJu4yuH aTMoc@eproro aasieHus. OgHako ecau Ko-
nebaHusa 3TOFO0 KaBJaeHUS HE3HAYUTENbHBI, MOXKHO IOMb30BaThCA Ofi-
HO# guarpaMMmoii. Tak, HampyUMep, B COOTBETCTBUY C IIPOU3BELEHHBIMH
HaMU pacueTaMy IOTPEIIHOCTD, MOJy4YaeMasi IPH ONpexeieHUH IH-
TAJbIIMK ¢ IOMOWbIO ofHoM | — d guarpammel (IOoCTPpOEeHHOM st B =
750 MM pm. cm), xapaKTepu3yeTCsi BIOJIHE JOMYCTUMBIMU BEJHYHHA-
MH.

IIpu kosebanusx 6apoMeTPHYECKOTO laBJieHus B ipeAeiax +3% mo-
IPEMIHOCTD B ONIpe/Ie/IeHIUH SHTAIBIIMK BO3/lyXa ¢ HOMOILbI0 ofHO# I — d
JVArpaMMBl He IpeBbIlIaeT JOIyCTUMYIO sl HHKeHEPHBIX PacueToB.

IocTpoenye auHKiA @ = const nerecooGPasHo HAYUHATD C IUHUK @ = 1,
ypasaenue (1.35) B aToM Cyyae npuHUMaeT BUJ

P'
d=6223_—"PH,. (1.35a)

3aznaBasAch pa3mUYHbIMU 3HAYEHUAMH ¢ (L, L), L,), MOXKHO C TIOMO-
mpio popMyasl (1.14) wiam puc. 1.1 HalTH COOTBETCTBYIOIHE 3HAYEHUSA
JaBJIeHHI HACBHIEHHOTO BOASIHOTO mapa P:’ a 3aTeM, MOACTAaBUB B ypaB-
Henue (1.35a) nosyyeHHbie
3HAYEHUS JABJeHUs HAaChILIeH-
HOTO BOASIHOTO mapa, onpeje-
JUTh pa3iuyHbie 3HaYeHus d [N
(d,, d,, d,) nna ycnosuii Hachl-
L{eHUsI BO3ZYyXa. JHasd TeMIiepa-
TypHi (¢,, ¢, t,) ¥ BAarocogepxka-
nus (d,, d,, d,), MOXHO HaHeCTH 4| a
touku 1,2, 3 nal - d nuarpam- 0
My (puc. 1.4). ITu Toukn o6be-
AMHAOTCSA OIHUM 001UM CBO#-
CTBOM — OHM JieXaT HAa JIHHUH
¢ = 1. CoBepllleHHO aHATIOTUY-
o ctposites nuunu ¢ = 0,9;
¢ =0,8 u 1. x. Pasuuna 3axmio-
YAeTCs UL B TOM, YTO B ypaB-~ Puc. 1.4. [Tocrpoenue nmuun o= 1,0
Hene (1.35) mogcTaBAAOTCS u muimn P = f (d)
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I'nasa 1

cooTBercTBYOIME 3HadeHus ¢ < 1 (0,9; 0,8 ut. 1.). Ha I — d auarpamme
HaHOCUTCA TaKXKe JIMHUA, HO3BOMAIONIAs] HAXOAUTh APIUATLHOE ZaBJie-
HUe BOASTHOTO Iapa B 3aBUCHUMOCTH OT BJiarocoaepxanusi. Iloctpoenune
3TO JTMHWUHU NIPOU3BORUTCS C NHOMOIIBIO 3aBucuMocTu (1.36). InaueHust
NapuuaJbHbIX AaBJEHUH mapa uenecoobpasHo HAHOCHTD B BHIOPAHHOM
MaciuTabe He Ha ocu [, 2 B IPaBOM YaCTH AUATPAMMBL.

Ha puc. 1.5 npeacrabnena I — d guarpamMMa BJIaXKHOIo Bo3/lyXa, OCTPO-
€HHasl OIMMCAHHBIM CIOCOO0M ISt aTMOCEPHOTO AaBiieHust 750 mm pm. cm.

PaccMoTpuM, Kak ¢ HOMOLIBIO 3TOM AUArPaMMbI MOTYT ObITh HAHAEHDI
napaMeTpbl BO3Ayxa, HeoOX0AMMBbIE Jisi IPOU3BOACTBA PACYETOB IPOLEC-
COB KOHAMIMOHUPOBAHUS.
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Puc. 1.5. I — d qnarpamMma BIaKHOTO BO3ZyXa
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Tepmodunamuxa 81axnoz0 §030yxa

Ykaxem, uto 4actb I — d AMarpammbl, gexaijas HUXe KPUBOH OTHO-
CHTETbHO BJAXKHOCTU @ = 1, npeacTraBasier coboii 0cobyio 06Jracrb Ty-
MaHa.

TymMman siBasiercs AByxdasHo#l cUCTeMOH, CoCTOsALIEN U3 TOJHOC-
ThIO HACBIMIEHHOTO BOASIHBIM MAapOM BO3AyXa U cBoOoxHOM Bjaru
(MespyalIIuX KanegeK BOABL UJHU JIbAa). EcTecTBenno, yTo pacnpocrt-
paHsATb Ha 3Ty 00JacTh BCE CBOMCTBEHHBIE BIAXHOMY BO3AYXy 3aKO-
HOMEDPHOCTH, NOJIOXKEHHbIE B OCHOBY nocTpoedusi I — d guarpaMMBl,
Hesib3s1. TeM He MeHee, Kak Mbl YBU/IUM JAAJIblIE, ¢ 3TOM 061aCThIO HHOT-
Ia IPUXOZUTCS UMETh JEN0 IPU pellleHUH HEKOTOPBIX NMPAKTHYECKUX
3azad.

§ 1.5. HaxoxaeHue mapaMerpoB BO3ayXa
¢ nomompio I — d auarpammsi

3amaHHOEe COCTOSIHUE BO3AYyXa ONpeAessieTcsi TOYKoi Ha | — d puarpaM-
Me. [lis HaxoXKAeHUsA TOYKY, XapaKTepU3yIolllei 3TO COCTOsIHUE, AOC-
TaTOYHO 3a/1aTh [Ba HE3ABUCHMBIX APYT OT ApYyTa mapaMerpa: Iu ¢t u o;
InP;Ivour. x Hembss 3anasarb napaMeTpbl, OFHO3HAYHO ONPEAEJIs-
Io1He APYT APYTa, HanpuMep P u d.

Honyctum, HeoGXOAUMO ONIPEAETNTDH IaPaMeTPbl BO3YXa, €CIU €ro
cocrosinue 3aj1aHo B Touke A (puc. 1.6). Ilycrb sagansi I, u d,. Iposeas
Yepe3 TOUKy A TUHUU t, = const H @, = CONSt, MOTYYUM COOTBETCTBYIO-
l[{e 3HAYEHUST TEMIIEPATyPbl U OTHOCUTENbHOH BJIAXKHOCTH.

[MapuuanbHoe AaBJieHHEe BOASHOTO Napa HaiigeM ciexyoumM obpa-
3oM. TTocKo/ibKy 3TOT apaMeTp OZHO3HAYHO ONPENEAETCS BETHIHHON
BJIATOCOJIEPKAHHS, Yepe3 TOUKY A 3alaHHOT0 COCTOSIHUS BO3/iyXa IIPOBe-
/ieM JTMHHUIO d, = const, HalifieM TOUKY TiepeceeH s STON IMHMM C THHU-
eit P, = f (d), mocine yero onpeaesuM 3Ha4eHHe P

Takxe npocTo onpeaensiercs no I — d nuarpamme TeMneparypa To4-
k¥ pochl ty. HarmoMuuM, 4To 9T Takas TeMuepaTypa, IPH KOTOPOi Co-
CTOsiHME BOASIHOTO Tapa B Boaayxe Oyzer HacbleHHbIM. CliejoBaTesib-
HO, I HAaXOXAEHUSI TEMIEPATYPbl TOYKU POCHI ZOCTATOYHO MPOBECTU
nunuio P, = const (a 370 Bce paBHO, YTO d, = CONst) U /ISt TOYKHU Ilepece-
YeHUsI 3TOW JIMHUHU ¢ TUHUEHN ¢ = 1 ONpeaesnTh COOTBETCTBYIONIEE 3HA-
YeHue TeMnepatyphl. 1o u Gyner ;.

MoxHo HaiiTH, KOHEYHO, TO AaBJIEHHE BOASHOTO Mapa, KOTOPoe Impu
LNaHHOH TeMIepaType COOTBETCTBYET COCTOSIHUIO HACKILIEHHOTO BAAXKHOTO
BO3/lyXa WM JaBJIEHUIO HACBILIEHHOTO BOISTHOTO napa. [ljist 3Toro u3 To4-
KU A cliefyeT IPOBECTH U30TEPMY [0 IlepeceyeHys ¢ THHHel ¢ = 1 u g5t
TIOy4eHHOM TOYKH ONPe/IeIUTh 1aBJACHUE BOASHOTO apa P" paHee ONM-
caHHBIM cniocoboM (puc. 1.6.)
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TInasa 1

C nomomupio I — d guarpam-
/ MBI MOXET ObITh HalEHO 3HA-
YeHue TEMIIEPATYPhl CMOYEHHO-
9% q TO TEPMOMeTpa.
Jlnsi Toro 4To6bl MOHATH
! (usnyecKuil CMbICJ 3TOTO BeCh-
" E g+  Ma BOXHOTO IapaMeTpa BAax-
. g" HOTO BO3lyXa, NOSCHUM €TO
0 CYIHOCTb.
Vd, IIpencraBuM, 4To B TOM WJIH
HHOM NMOMEMIEHUN HaXOAUTCS
OTKPBITHIH CcOCyl ¢ BOJOIl.
& CTeHKH coCy/ia UMeIOT UAealb-
HYIO TEILTOBYIO H30JISLMIO. ITO
Puc. 1.6. HaxoxaeHne mapamerpos MO3BOJIACT CHUTATD, HTO TENIO-
BO3ayxa Ha I — d nnarpamme obMeH MeXxy BO3AYXOM U BO-
A0 IPOUCXOAUT TONBKO Yepe3
OTKPHITYIO IOBEPXHOCTb BOAbI, YePe3 KOTOPYIO NPOUCXOAUT U Maccoob-
MeH (Braroo6MeH).
JlonycTiM, IT0 BHaYase TEMIIEPATYPHI BOABE M BO3AYXa ofinHakoBsl. Tor-
A3 TOX BIMSIHUEM MaccoobMeHa (MCTIapeHMs) TEMIEpaTypa Bojbl HauHeT
CHIDKAThCS, TaK KaK Ha McliapeHHe TpaTuTcs Telllo. Tak Oyaer Ipoucxo-
ZVTb [0 TeX II0p, TIOKA TEMIIEPATypPa BOAbI He JOCTUTHET Npefesia OXJAaK/Ae-
HMSI, TIOCJTE Yero ee CHUXKeHne npekpaTutes. Terto, HeobxoauMoe I ue-
napenus Bozpl, OyAeT mocTynarh TOALKO U3 Bo3nyxa. Yem Gosblie BOAbE
crocoGHO HCIAPATHCSA B BO3YX, TEM HIXKe TeMilepaTypa, COOTBETCTBYIO-
11251 IpeAiesTy OXJTakK/AeHHs Bozbl. KosrmyecTBo BoZIbl, CIOCOGHOIA HCNapSITHCS
B BO3AYX, TeM Oosbllie, 4eM MeHbIIE ero OTHOCHTEIbHAs BILKHOCTD. Kak
BUJINM, TIO TEMIIEPATYPE UCHAPSIOLIENCs B BO3AYX BOABI, AOCTUTILEH Ipe-
AeNa OXJTKIECHHS, MOXKHO CYAUTH 00 OTHOCHTEABHOIM BIAXKHOCTH BO3AYXaA.
3ameTuM, 4TO YeM Gosibllle OTHOIIEHHE IIOBEPXHOCTH CONPUKOCHOBE-
HUSI BOJIbI C BO3ZYXOM K Macce BOJbI, TEM CKOpee HacTynaeT TeMIlepaTypa
Hpejeia oxiaxieHus. Tak, HapHuMep, JI7isi KaleJAbKU BOZBI, HAXOAsIel-
csi B BO3/{yXe, IPeAebHOe COCTOSIHME HACTyTaeT ObICTPee, YeM AJIsi BOJBL,
HaIMTOH B cocyA. Eie GbicTpee npuobperaioT TeMIeparypy npexesia oxX-
JaKAEHUS TIEHKH BO/bI, IIepeABUTaoluecs B TOHKUX TKaHsx (6aTucr,
KHUCesT) 33 cYeT KAMWLTAPHBIX CUA. ITO 0OCTOATENIBCTBO ¥ HCIIOIb30BAHO
AJIsl 3aMePOB YKa3aHHOH Temmeparypbl. Eciu mapuk tepMomeTpa obep-
HYTb TaKOil TKaHbIO, 3 KOHEI| TKAaHU OILyCTHTD B COCYZ ¢ Bofoi (puc. 1.7),
TO B pe3y/ibTaTe HENPePLIBHOTO MOCTYIJIEHUST BOADI K IAPHKY TePMOMeT-
pa TeMmIepaTypa Boabl ObICTPO JOCTHUTHET MpeJesia OXNKAEHHS, YTO U
Gyzer 3a(pUKCUPOBAHO CMOYEHHBIM TEPMOMETPOM.

-~
~
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Ha I - d auarpamme Jjiu-
HHM, OOBEMMHAIONIME COCTOS-
Hud BO3AyXa C OQMHAKOBOH
TeMIepaTypoi npenena ox-
JIDKIEHHUS, TOCTATOYHO TOYHO
3aMepsIEMOIT CMOYEHHBIM Tep- Nnewna bodn
MOMETPOM, MOTYT OBITh HaHe-
ceHBb! TaK XKe, KaK, HalIpuMep,
JIMHHUM £= const WM ¢ = const.
Jlyi HaHEeCeHUsA JUHHUH
"= const caeayetr pacCMOT-
peTh IPOLIECC, NPOHCXOAIIHI
OKOJI0 IapHKa CMOYEHHOTO
TEPMOMETPa, KOTOPBIN OKpPY-
JK€H TOHKOM TJIEHKOW BOIBI e —
(B cai0e TKaHU: 6aTHCTE MU = T —
kucee). [Lenky Bogst 06BoIa- —_
KMBaeT IOTPaHMYHBIA CI0H N || A
BO3AYXa, NPEACTABIAAIOMIHI —
coboii TAK)Ke TOHKYIO IUICHKY. —
I1u ABa cJlost (BOAA U BO3/YX)
HMEI0T OAMHAKOBYIO TEMIEpa- Puc. 1.7. CxeMa cMOYeHHOI'O
TYPY, PABHYIO NTpeAeJIY OXJIaXK-~ TepMOMeTpa
nexust. Boaayx, Haxozsmuiicst
B HOIPaHHYHOM CJIOE, MOJIHOCTHIO HACKIIHEH BOSIHBIM frapoM (¢ = 1).
TTpoucxoasmee ucnaperue BoAb TpeOYET COOTBETCTBYIOMIETO KOMH-
yecTsa Terya (Tena0Ta HeapeHust ), KOTOPOE, Kak MBI BUMM, 6epeTcsi U3
BO3[yxa. ITO KOJMYECTBO TEIJIA BMECTE C BOASHHIM NTapOM MOCTYNaeT
CHOBa B BO3AyX. II03TOMY MOXHO 6b110 GBI FOBODHTH O PaBEHCTBE 3H-
TaJpNUit BO3ayXa B TOHKOI NJIeHKe, TeMIepaTypa KOTOPOro 3aMepseTcs
CMOYeHHBIM TEPMOMETPOM, U OCTAJIHHOTO BO3AYXa, TEMIEPATypa KOTO-
POTo 3aMepseTcsi CyXUM TepMoMeTpoM. OIHAKO CJAEAYET YYECTh, YTO UC-
NapuBLIAsICS BOAA IIPHHOCHT C Cobolt Komm4ecTBo Temta Q"

Nrenna Bosdyxg
umenweed §=(0

,_ O _Ad, (1.39)
Q' =——tuc,, =——t0c, :
1000 1000

tie Ad/1000 — konudecTBo ucnapsiomeiics soast, kI

t = 1t' - TeMineparypa Hcnapspieiics Bo/pl, paBHas TeMIlleparype
BO31yxa o CMOYEHHOMY TepMoMeTpy, °C;

¢, — TEIJIOEMKOCTb BobL, kkan/xI - gpad.

Takum 06pa3oM, SHTAIbNIUIO BO3AYXa, OKPYKAIOIIETO TOHKOM TJIEH-
KOH mapuk cMoYeHHOro TepmoMeTpa (I'), MOXHO HalTH U3 BBIPKEHHS
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r=r,+2L (140)

1000" o

rae I, — sHTaNBNHUs OKPYXKAIOWIEro BO3AYXa, kxan/xI CyxX. BO3ayxa.
IT10 ypaBHEHHe NO3BOJAET

1t HAHECTH JiMHuM ¢’ = const gy
ad / JIOOBIX 3HaYeHUI TeMITeparTyp.
/17 B camom pese, ecin IpoBecTd

4 [=const q;@ u3orepMy t' = const, a M3 TOu-

, teconst KM NTepeceyeHus 3Toil U30Tep-

£ -mowoe wovenue MBI C JHHuel ¢ = 1 uxmio [ =

const (puc. 1.8), To B moboit
TOYKE 3TOH JTMHHUH MOXXHO Bbi-
NOJHUTH TOCTPOEHHE, HOKa3aH-
0 ad —] Hoe Ha puc. 1.8. Oupenenus 1
Ji1000# TOYKH 3TOH INHHY BEJTH-
4iHy Ad, a sateM Ad/1000¢'c,
U OTJIOXKHB €€ BHM3, OIYyYUM
TOUKY A, 17151 KOTOPOii t' pen-
crasaser coboil TeMIeparypy
CMOY€HHOTO TEPMOMETpa.
Puc. 1.8. Haxoxaedue TeMIlepaTypbl ITocTpoeHue MMHUI CMOYEH-
CMOYEHHOro TEPMOMeETPa HOTO TEPMOMETPA NPOU3BOAAT
A7 BO3yxa abCOMOTHO CyX0-
1¢ ro (d = 0), napamMeTps! KOTOPO-
/f ro JIeXKaT Ha ocH I.
G Ioctpoenue nunuit t; =
10002 ) const H £, = const NOKa3aHO Ha
y puc. 1.9. ] — d quarpaMmsi ¢ Ha-
l(f}jbt'l HECEHHBIMH Ha HUX JIMHUSAMU
‘ 1’ = COnst UCTONB3YIOTCH B CY-
IMHIbHO Texuuke. B pacuerax
/ 110 BEHTHJIALIUH ¥ KOH/IUIIHOHH-
7 POBaHUIO BO3AYyXa C AOCTATOY-
Jz HOM A/ MPaKTHYECKUX Lerneil
CTENEHBI0 TOYHOCTH MOXHO,
npeHebperasi B yPaBHEHUHU
o (1.40) unenom Ad/1000t'c ,
CYMTATh, YTO SHTAIBIUSA BO3AY-
Puc. 1.9. TlocTpoene aunuit Xa B TOHKOH TJIeHKe y mapHKa
TeMIIEpPaTyp CMOYeHHOro TepMOMeTpa CMOYE€HHOTO TEPMOMETpa H

ISUICEHI08 SHOVC-,
e
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SHTaJIBIIMA BCEro OKPYXKalollero Bo3ayxa pasHel. Toraa muuun £’ = const
¥ TUHUH ] = const cOBIAAYT U TeMIepaTypa CMOYEHHOTO TEPMOMETpa
HallieTCs o H30TepMe, IIPOXOASILIEH Yepes TOUKY nepecedeHHsa TMHUI
I=const u ¢ =1 (puc. 1.8).

YkaxeM, 4TO AJIsi pacyeTa POIeCCOB KOHAMIMOHUPOBAaHHSA BO3.Y-
Xa UCNOAb3YI0TCsA, KpoMe I — d AMarpamMMsl, ICHXOMETPHYECKHe Tab-
AMIBI M AuarpaMMmsl. B IcuxoMerpuyeckux AHarpaMMax OCHOBHBIMM
napaMeTpaMHM sIBJISIIOTCS! TEMITEPATYPHI BO3AYXa 110 CYyXOMY M CMOYEH-
HOMY TEPMOMETpPaM, B 3aBHCHMOCTH OT KOTOPBIX MOT'YT GBITh HallIeHBI
BCe OCTaJIbHBIE MAPAMETPhI BaXHOro Bo3Alyxa. OnucaHue TaKux auar-
paMM U NPaBUJIA TTOJI30BAHMS UMM COZIEPXKATCA B CIELUAIBHON JITe-

patype [43].

3ana4n H KoHTpOIbHBIE Bonpocki k § 1.1-1.5

1. Haittu ua I — d nquarpaMme TOYKy COCTOSIHMS Bo3nyxa (Touky A), ecau
U3BECTHO, YTO ero TemllepaTypa pasta +10 °C, a OTHOCUTEIbHAs BAAXKHOCTD
@ = 50%.

Omnpenennrs BCe apaMeTPhbl BO3AYyXa COCTOSAHUS A Y CPaBHUTD UX 3HAYEHUS
C BEJIMUMHAMM, TI0JIY4eHHBIMH [IPY PelleHH [TPUMePa aHATUTHYECKUM METOIOM
(crp. 29).

2. 3anaus! 1Ba cocTosiHuA Bo3nyxa: Touka A (f, = +20°C,d, = 4 I/xI’) ntouxa
B(t,=+22°C, ¢,= 80%).

OnpenennTs, KaK OTAUYAIOTCA SHTANBIUM [, U I; 06BACHUTD, [OYeMy TIDH
He3HaYMTEeJbHOH Pa3sHOCTH TeMIieparyp BO3qyXa MMeeT MeCTO 3HauMTeJbHast
Pa3HMLA SHTATBIIMM.

3. 3amano cocrosinue Bo3nyxa (touka A): t, = +23 °C, d, = 10,5 I /x[.

TIpoBepuTh IPaBHIILHOCTD HAHECEHUsT IHHUM @,, OTIPEAENMB ¢ oMol I — d
AvarpaMMbl Beiuunubl P u P

4. [Ins onHoro U3 paifOHOB CpeHIEe 3HAUEHNUS TEMIIEPATYPhl H OTHOCHTEb-
HOii BJIaXKHOCTH BO3/1yXa CaMOr0 KapKoro MecsA1a B CepelrHe Hs COCTaBIAIoT
t=+28°C, ¢, = 68%.

YcTaHOBUTH, IPOUCXONUT JIM KOHAEHCANMs Ha BHYTPEHHUX NOBEPXHOCTAX
HeOTanIMBaeMOro NOA3EMHOI0 COOPYXKEHHs, ec/IH TeMIiepaTypa IrpyHTa, OKpy-
Jalolero coopyxeHue, coctabiser 14 °C. Ecau xoHIeHCanMsa UMeET MeCTo,
ONpeNeTh, KaKoe KOJIMYeCTBO BOASIHOIO napa HeoGXonuMo oTHATS ot 10 000 xI°
BO3/[yXa YKa3aHHOTO COCTOSIHUSL, YTOObL YCTPaHUTB ee.

§ 1.6. IlIpocreiimue npoueccsl H3MEHEHKS COCTOSHRS BO3AyXa
(narpeBaHue u OXJIaX/I€HKE NPH NOCTOTHHOM
BJIArOCOAEPIKAHKH)

HpP[ NPOCKTUPOBAHUM CHCTEM BEHTHIIALIMA 1 KOHAUIIHOHNPOBAHHA BO3-
AyXa NPpUXOAUTCA BCTPEYATHCA C PA3TUYHBIMU NTPONECCAMH U3MEHEHU S
COCTOSAHMS BO3yXa. I3TH U3MEHEHHA NPpOUCXOAAT NIPU HAXOXIeHUH BO3-
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JyXa KaK B 0OCTYKHBAaeMbIX CHCTeMaMu TOMELIEHHSAX, TaK M B alnapa-
Tax, MpegHA3HAYEHHBIX U3MEHSTh COCTOSIHME BO3AyXa B 3aaHHOM Ha-
[PABJICHUN.

Kax npasuio, Haubosiee mpoCTHIMH TTPOIIECCAMH SIBJIAIOTCS TaKiHe,
KOT/ZIa Py H3MEHEHHH COCTOSiHMSI BO3/yXa OCTACTCSE HEM3MEHHBIM OHH
13 napaMeTpoB. K 4HC/Iy TakuX poI1IeccoB OTHOCATCS HarpeBaHue H OX-
JIAXKIEeHHe TPU MTOCTOSTHHOM BJIaroCOAEPXKaHHH. JTH ITPOIIECCH BeChbMa
pacpocTpaHeHsl u HabnoaaoTCs:

— B IIOMEUIEHUSAX, I€ TPOUCXOAAT JUIb TEIUIOBBIACTCHHS U HET
BJIATOBBIIETIEH T, HHAYE TOBOPS, T/I€ BbIAEISAETCSA TaK HA3BIBAEMOE
«cyxoe» Temno. 3 yncia Takux moMemeHUi Ha30BeM: Au3e/IbHble
MallHHHbIE 327161, TPAHC(HOPMATOPHELE, KOMIIPECCOPHEIE, HEKOTO-
phI€ TOMEUIEHHS Y3JI0B CBS3U C Pa3/MYHOH TEIJIOBBIAETSAIONIEN
annapaTypoi u ap.;
— B KaJOpU(EPHBIX YCTAHOBKAX, TPeIHA3HAYEHHBIX /i HArPEBaH U
BO31YXa;
— B NMOMELIEHHSX, B KOTOPBIX MMEET MECTO OXJIKAEHUE BO3IyXa B
PEe3YJIbTATE TOTEPH TEIIA YEPE3 OTPaXKAAIOLIME KOHCTPY KLUH ( Ter-
JIONIOTEPD ), TPH YCTOBHH, YTO HA BHYTPEHHUX ITOBEPXHOCTAX ITHX
KOHCTPYKUMH He HabmoxaeTcsi KOHACHCALMH BOASIHOTO Mapa M3
BO34YXa, '
— B MOBEPXHOCTHHIX BO3AYXOOXJAMUTENSX, PeIHA3HAYECHHBIX AJIS
OXJIaXJEHHs BO3AYXa, TAKXKE MPU YCIOBUH OTCYTCTBHMS KOHIEH-
Cal{H BOASHOro mapa.
Bo Bcex 4yeTsipex ciy4asix 0CTaeTCsi MOCTOSIHHOM BeJMYMHA BO3AYXa
d, Ho B IIEPBBIX ABYX ITPOLIECC U3 TOYKH HAYAAHHOTO COCTOSIHUS HaIpas-
nieH 1o  — d auarpamMe BEPTHKAJILHO BBEPX, @ BO BTOPBIX ABYX — BHU3.

3aKOHOMEPHOCTH, CBOHCTBEHHBIE 3TOM KaTETOPUHU MPOLECCOB, pac-
CMOTpHMM Ha NPUMEpPe HarpeBaHus Bo3ayxa B Kanopudepax. Kanopude-
Pbl MOTYT BXOAUTH B KOMILJIEKT IEHTPAIBHOr0 KOHAUIMOHEPA, HO MOTYT
NIPUMEHSTBCA U CAMOCTOSITEJILHO B BH/E CNEIUAIBHBIX KAIOPHGBEPHBIX
ycTaHosok. B nepBoMm ciyuae HarpeBaHue COCTaBIISIET YAaCTh 0OHIETO [TPO-
1ecca TenIOBJaXHOCTHOH 06paboTKH BO31yxa, KOTOpask IPOU3BONMTCS
C LIeJIbI0 TPHAAHUS €My HEOOXO0AMMBIX TapaMeTpPOB epe moAadei B 10-
MemeHusi. Bo BTopoM ciiyyae npuxoauTcs uMETh €70 ¢ Gosiee MpocToit
3afia4el, 3aK/II04aONIEHCs B U3MEHEHUH TOJIHKO TEMIIEPATYPhl TOfaBae-
moro so3ayxa. Hepeako kajiopugepHbie yCTaHOBKH SIBJISIOTCS 3JIEMEH-
TOM CHCTeMBl BO3YIITHOTO OTOIVIEHMSI, U TOT/IA BO3AYX HAIPEBaeTCH [0
TaKo#i TeMIepaTypsl, YT0Obl TPH OCTHIBAHUH €TI0 0 TEMIEPATYPHl TOMe-
IIEHMS1 BO3MENIATUCH TENIONOTEPH TOMEIEHHSL.

Bo Bcex ciy4asix 3amaercs temmepaTypa t,, 10 KOTOPOH cieayeT Bec-
TH HarpesaHue. [losTomy eci u3BecTHO HayaIBHOE COCTOSIHUE BO3AYXA,
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TO HOBOE €ro cocTosiHUe (ocie nogorpesa) Ha [ — d gUarpamMme onpeze-
JIeTcA KaK TOYKa [epecedeHus: Tuauil d = dB = const u £, = const (tTou-
xa B), puc. 1.10. {5 310k TOYKM MoryT OBITh HailiieHpl, TaK Xe KaK U
1151 TOYKH A, BCE TapaMeTPhl U, B YaCTHOCTH, HOBOE 3HaY€HUe SHTaIb-
nuu I, 3Has pasHoCTh I, — I, M KO/IMYECTBO BO3Ayxa, KOTOPOE HALO0
HarpeTh B €IMHULly BpeMeHu (nanpumep, G «[/uac), moxuo onpeze-
JMTH KOJIMYECTBO TeIJIa, HAylee Ha HarpeB BO3yXa 3a Ty JKe eAHHHULLY
spemeny Q.

Q=G.(Iz-1,). (1.41)

Heob6xoaumo MOMHHTS, YTO G~ BEC HE BCErO BO3/yXa, a JIMIIb €ro
CyXO# 4aCTH, IPU 3TOM

G =_Cn | (1.42)
re d
1+—
1000

rae G, — Bec BIaXHOro Bo3ayxa, k[ /uac.

C 10CTATOYHOH A1 MPAKTHYECKHUX HEIEH CTENEHBIO TOYHOCTH MOX-
HO cuuTaTh, 4To G_= G, = G M He yYMTHIBATH TPETHETO CIAraéMoro
(c,td/1000) B BpipaxkeHnu dHTAIbIMK. Toraa onpeneneHue norpeGHOro
JUISl HATPEBAHMS BO3MYXa KOIMYECTBA TerJia OyAeT Half1eHO 1o yIIponIeH-
HOU 3aBUCUMOCTH

Q=cG{tz—t4)- (1.43)

Pacuet o gpopmy.ie (1.43) mo-
JXeT MPOM3BoAUTHCs 6€3 TpuMeHe-
wus [ — d quarpammel. Heo6xoau-
MO KMETb B BUZLY, UTO [TOJIb30BAHKE
9Toi1 hopMyI0ii BITOJIHE AOMYCTH-
MO NpH OOBIYHBIX AJISA CUCTEM
BeHTUJISIIIMU U KOHAUIIMOHUPOBA-
HMA BO3AYyXa 3HAUEHHIX BJIaroco-
nepxanusi. IIpu 3HAYUTEABHBIX
BJIarocoAepxKaHusix Bo3ayxa (Ta-
KHX, HalIPUMED, KaK B CYIIUIbHON
TexHuke) Boipaxenue (1.43) mpu-
MEHATH He CEeAYeT.

IIpu oxmaxaeHnu Bo3ayxa B <
NIOBEPXHOCTHBIX BO3AYXO0OXJa[H-~
TeJsAX pacyeT NPOU3BOIUTCA C 110~ Puc. 1.10. Uzo6paxetne npouecca
Mouibio hopmyasl (1.41), o koTo- HarpesaHus BO37yXa
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pOHi B 3TOM cily4yae onpeAe/IseTcsl KOJAMYECTBO Tellja, OTBOAMMOTLO OT
BO3JyXa NPU OXJIaX/eHnu U3 coctosiua B (I, t,) no cocrosuna A (1,
t,). Halinennoe xonuyecTso Tensa COCTaBAsET PacyeTHYIO XOJI0R0NPO-
HU3BOIUTENBHOCTh TOBEPXHOCTHOTO BO3AYXOOXIaAUTEJIA.

TTpu paccMoTpeHuu TPOLECCOB U3MEHEH S COCTOAHMA BO3yXa B I10-
Men[eHHsIX C TenI0u30bITKAMM, KaK IPaBUIO0, IPUXOAUTCS ONPEee/ATh
KOJIM4ECTBO BO3Ayxa G, HEOOXOAMMOE /Il aCCHMUIISAIUN BBIAEISAIO-
HIerocs TenJa Py OAAePKaHUH 3aJaHHBIX B IOMEIeHMH TapaMeTPOB
BO3/yxa (Hanpumep, TeMnepaTypsl t,). B aToM Ciyyae nunus npomecca
umeert ToT ke Bua (puc. 1.10), a pacuer Begetcs no popmysie

Qe (1.44)
IB _IA

MoxHo Tak>ke HCII0Ib30BaTh boiee NPOCTOE BbIpaXKeHUe

Qn 6
G, = (1.45)
crelts —t4)

rae Q. — KOMYECTBO M3OBITOYHOTO TeMa, aCCUMUIMPYEMOE BEHTHJIS-
IIHOHHBIM BO31yXOM B eIUHUILY BPEMEHH B KKA/ 4aC WX OXC/uac.

Koauyectso u36BITOYHOTO TeTia ONpeessieTcs 110 Tena0BoMy OGanan-
Cy MOMEeNIeHUs!

Qnaé = Qm.m _Qnor ’ (146)

rae Q. — CyMMapHble TEIJIOBbIIENEHUS OT 060PYAOBAHHA U OCBE-
HIEHUS, T. €. TaK Ha3BIBAEMOE <CyX0€e» TEILI0, KKa/4ac UM 0X/4ac;
Q . — TemIonoTepH MOMENIEHUs B TEX e eMHUIIaX.

Ecnu B noMellieHHe mogaeTcst BO3AYX He IIs1 aCCUMMJALIMM TeTljia, a
I TOANEPKAHUSA 3aJaHHON TeMIePaTyphl MPH HAJMYHM TEILIONOTEPH
Q,..» TO pacyeT BefieTCs MO aHAIOTHYHOI opmy e

G, = ot (1.47)
Ip-1,

3mecb I, — sHTaNMBIINA OAaBAaEMOTO BO31YXa;

I, — suTanbnMsA BO3NyXa NPH 3aJaHHOM COCTOSIHMHM BO3AYLIHOH cpe-
Ibl B NOMEIIEHUSAX;

I, ~ 1, — paboyas pa3HOCTb SHTANBIKH, CBONCTBEHHAs PoIeCCy OC-
THIBAHMA BO3/lyXa B OMeLIEHUN IPH BO3MEIIEHHM TemionoTepb Q

o1

36



Tepmodunamuxa 61axH020 8030Yxa

§ 1.7. IIpouecc U3MEHEHNS COCTOSIHUSA BO3yXa B NOMELIEHHSX
€ TEILIO- U BJIArOBbIAEICHHAMU

[Ipy NPOEKTHPOBAHUM BEHTHJIAIIMM M KOHAMIMOHMPOBAHHA BO3AYyXa,
KaK IPaBUJIO, IPUXOJAMTCSH UMETH [eJI0 C NOMEUIeHUAMHU, B KOTOPBIX
KpOMe H30BITOYHOTO TeNJia BBIAEAAETCS BOASHOM nap (T. e. UMEIOT Mec-
t0 BJaaropblaeneHus ). McTo4HUKOM BblAeNeHUs1 M30BITOYHOTO TeNaa B
aToM boitee 06IIeM ciydae, HapsAay C Pa3IM4HbIM 000pyJ0BaHHEM H OC-
BellleHKeM, SIBISIIOTCA JIIOM, 4 TAKXKe BOASHOMN Map, BolgenseMbli 060-
PYZAOBaHHEM.

W cTOUYHHKOM BBIACTCHHS BOAAHOTO Napa ABIAKTCA TaKxKe JIOIH,
pasIMuHOe 000PyOBaHKe, 3 UHOTAA U OCTYIJIEHHS Yepe3 Orpaxaao-
uMe KOHCTPYKIIMU MOA3eMHBIX coOpyXeHuit. Ecau npu akcmiyartanuu
CHCTEM BEHTHJISIIIMA M KOHAUITMOHUPOBAHUsA BO3AYXa IPEAyCMaTpUBa-
10TCA TlepepbIBHL B paboTe, BAAromoCTYILIEHHs YePe3 OrPaxIeHHs He-
JOMYCTHMBI.

He ocranaBiuBasch Ha METOJaxX TOACYETA OT/AEIbHBIX COCTABHBIX Ya-
cTell TEII0BOro U BJAAXKHOCTHOTO GAJIaHCOB Pa3IMYHBIX IOMEUIEHUH, Ha-
NUIIEM yPaBHEHUs [l OnpeaeieHus! U3ObITOYHBIX TEMJIOBBIAENEeH UM
(1.48) u Bnarosbigenenuii (1.50):

Qmé = Qcyx.o6 +Qn +Qmolm _Qnor ’ (148)

rie Q. .~ TEIIOBBIAEEHHS OT HATPETHIX IOBEPXHOCTElH 060pyno-
BaHHUA («Cyx0e» Tenso);

Q, - TenJo, mocTynarpliee BMeCTe C BOASHBIM NapOM, BBIIEIAIONIMM-
cs 0T 060pyOBaAHMUS,

Q,0p — TENUIOBBIENEHUSA (TIONHBIE) OT HAXOAAUIMXCA B TOMENIEHUH
mopeit;

Q ., — TeNJIONOTepH NOMEIIeHHs.

Bennuuna QnonpeaemleTca U3 BBIPAXKEHUA

Qn =Gn. o6in ’ (149)

rie G, . — KOJHYECTBO BHIAEAAIOUIErocs OT 000pyA0BaHUS BOASHO-
ro napa, xl /uac;

i — SHTAJBIIUA BOASHOTO apa, KKAL/4ac WK Oxc/Ke.

KonunyecTBo u36bTo4HOM BAaru (BOASHOTO Mapa) HAXOAUTCS U3 YPaB-
HeHus

G, =Gy o6 +G, JIOIH +Gn.0rp ) (1.50)

rie GHMM — BJIATOBBIZEJIEHUS JIIOAEI];

w orp — B/IATOBBLIEIEHHS] OT HOBEPXHOCTeEH OrPaXAAIOMIMX KOHCTPYK-
HUi (kak GbIZIO YKAa3aHO BBIIIE, 0OBIYHO He JOMYCKAIOTCS ).
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Hanumem ypaBHeHus 6anaHCoB 110 TEITY M BJIare AJisi MOMENIEHHS], B
KOTOpoe NOCTyNaeT u U3 Kotoporo yxoaut G Bosayxa, k[/«ac. B no-
MellleHHe BhIIeNAeTCs U30biTouHOe Temno Q  KKal/4ac ¥ BOASHOM nap
G, k[ /uac.

HayanpHoe cocrosinue Bo3ayxa (10AaBaeMoro) 3aaHo, T. €. H3BECT-
HHI ero napameTpst: I, u d,. Koneunoe cocrosiHue Bosayxa (yAa1seMoro)
MOXKET OBbITh ONPEEIEHO JIAINb IOC/IE TOCTPOEHMUS TPOLIECCA UBMEHEHUS
COCTOSHHSA BO3AyXa B moMelleHuu. ByzeM olleHuBaTh 3TO COCTOAHUE 3H-
tasibnueit I ¥ BaarocoaepxxanueM d.

YpasHeHue 6asanca 10 Tery:

GrcIA +Qu36=GrcI ' (151)
YpasHenue Oaanca o siare:
Good 4 +G,1000=G,d . (1.52)

Ilepenecs unensl ¢ G, B J€BYI0 YacTb M ToziesiuB ypassexue (1.51) na
(1.52), nojyuum

[-14 _ Qus (1.53)
d-d, G;-1000
Beanunna GQ—;“(;S()a HMeEET Pa3MepHOCTb kkai/T W moKa3bIBaeT, Kakoe

KOJIM4€ECTBO H30BITOYHOTO TEI/ia IPUXOMTCS Ha €IMHHMILY Beca u30bIToY-
Ho# piard. Kak BuauM, OHa He 3aBMCHT OT KoaM4ecTBa Bosayxa G _u
ABJISIETCS JIMIUb XapPAKTEPHCTUKOI HOMEIIEHUs. JTa BeIMYHHA Onpese-
JieT TPOLeCC U3MEHEHUs! COCTOAHUA BO3/AyXa B IIOMEIIEHHH U HOCHUT
Ha3BaHUe TENJIOBIAXKHOCTHOrO OTHONEHHSI UJIH YTJI0BOrO K03 hHUIMeHTa
npouecca (0603HAYAETCS €, HHOTAA §).

IIpusenem ypasuenue (1.53), apisiiomeecss ypasHEHHEM TIPAMOI, K
HMHOMY BHALY U TOCTPOUM JIMHHUIO Tpoliecca Ha I — d auarpamme:

I=£d+IA_dA£. (154)
Obosnauus nocrosunsie I, — d, & Gyknoit b , moyunm

I=ed+b. (1.55)

YpasHeHue npsAMoit B cucteme koopauHar I - d (1.55) coBepmeHHo
aHAJIOTMYHO YPaBHEHUIO ¥ = ax + b B 1eKapTOBOM CUCTEME KOOPIUHAT.
ITocTpoeHue npamoii mo ypasHeHuio (1.55) B cucTeMe KOOpAMHATHBIX
oceil I u d TPOM3BOAUTCS TaKMM e 06pa3oM, Kak U B OOLIYHOM CHCTEME
koopauHaT. Hak/on npsamoit iunuu (1.55) onpenensieTcss BeIMMMHOI €,
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T. €. OTHOIICHHUEM IIPHPATHECH NS SHTAJILITHMH BO3AyXa K NPUPpanieHHIo BJia-
rocoaepKaHus.

Qu36

MraK, eCiiv U3BECTHEL G——m =€ B€JINYHMHA U HAYAJIBHO€ COCTOA-
.

Hie BO3/yXa, BXOAIIEr0 B TOMEIIEHUE, THHUSA MTPOLECCA JIETKO MOXKeT
6bITH HocTpoeHa Ha I — d auarpamme (puc. 1.11). Henecoo6pasno npu-
HATb TAKOH MOPANOK MOCTPOEHMST:
- HAHOCHM TOYKY Ha4aJbHOTO COCTOSTHHS BO3/AyXa A;
— 3ajilaeMCsi TPOM3BOJILHO BenuuuHol Ad (Hanpumep, 1 uam 2 I/xD);
- OTKJIaAbiBAa€M 3TY BEJIMYUHY OT TOUKH A 10 HaNPaBJICHHIO OCH d
— W3 TOYKH, /I KOTOpo# Baroconepxanue pasHo d, + Ad, nposo-
JUM JMHUIO d = CONSt M OTKJIAABIBAaEM Ha Hell Betnuuny Al = eAd,
nony4dast To4Ky K;

— depe3 TOUKY A M Touky K mpoBoAMM NpsiMyI0, KOTOPast 3a/[aHa ypas-
HeHueM (1.55).

g HarasiaHOCTH Ha puc. 1.11 moka3aHo mocTpoeHKe TPAMO THHHK
y = ax + b B NpAMOYTO/IbHOIN CUCTEME KOOPIHHAT.

IIpu usMeHeHHH napaMeTPOB HA4YJbHOTO COCTOSHHUA BO3yxa Ha-
KJIOH IPSIMOM, XapaKTepU3y0ulei MpoLeCC, OCTAETCS TEM XK€ U JMHHS
polecca MpyH HOBOM Ha4ajib-

HOM COCTOSIHMY TapajijieibHa
nepBoil. IT0 06CTOATEIBCTBO
UICNOJIb30BaHO NPU OCTPOE- ne
Huu I — d nuarpaMMBl, Ha 11o-

74X KOTOPOM AaHbl MCXOASi-

H[Me M3 Hayaja KOOpAHHAT
JUHUM C Pa3iuyHHMH €(q).
CoOBOKYIHOCTb 3THX JMHHUH
Ha3bIBAIOT MHOTAA YTJIOBHIM
MacmraboM.

Bropoit crocob noctpoe-

HHMS JTMHUU [POIIecca CBA3aH 0
C UCMOJIb30BAaHUEM YTJI0BOTO
Macitraba. CymHOCTS BTOpO-
ro crrocoba CBOANTCS K CAERY -
roreMy (puc. 1.12). Ha mosnsix

d
I - d nuarpaMMBbl OTBICKHBa-
€M COOTBETCTBYIOIEe 3HaYe-
HUe € (q): __Qﬁ— Coequ-  Puc. 1.11. Tloctpoenue JMHuy niporecca
G,-1000 U3MeHEHHUs COCTOSIHMS BO3AyXa
HUB HalfIecHHOE 3HaYeHUe € B [IOMEIEHUH
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C HayaJaoM KoopAuHaT (MyHKTUPHAs JTHHUA Ha puc. 1.12), a 3aTeM mpo-

Be/ls Yepe3 TOYKY A JUHUIO, NapallelpHyI0 TYHKTHPHO, TOTYYHUM
HeoHX0/IMOe TOCTPOEHHE NIPOLECCa.

Wmes muHMro0 poliecca u3me-

/ / / Y /légﬂ—ja’m HeHHsl COCTOSTHUS BO3yXa B I10-

It MeNIeHUH, MOXHO ONpENETUTh

KOHEeYHOe COCTOSTHHE 3TOr0 BO3-

ayxa (IIpY BBIXOAE U3 ITOMellle-

Hus1). /L5 aTOr0 HE06X0AUMO

3HaTb NpPUPAUICHHE DHTANbIINU:

AI:IB_IAz%G—' (1.56)

rc

Onpenenvs exnuvHy Al no
¢dopmyne (1.56), naitnem KoHed-
Hoe Terwiocoaepxkanue [, =1, = Al
a Cief0BaTeNbHO, H TOUKY KO-
HEYHOrO COCTOSTHHS BO3AyXa
i (touky B) — ToyKy nepecedeHust

nuuuy I, = const ¥ THHUH TIPO-
Puc. 1.12. Ncnoab3oBatnue yrioBoro necca. ToT e pesyJbTaT MOX-

MacITaba npu NOCTPOEHHH TUHUN HO MOJYYUTh, BLIYHUCIAUB BeJH-
mpoiecca N3MeHEHHsI COCTOAHUS yuHbL Ad 1 dB;
BO37yXa B HOMeHIEHNH

AN NN ANNN

G, 1000
G y

rc

ad=dy—d, = (1.57)

dg=d,+Ad. (1.58)

Ecan xe n3pecTHbI BeTHYHHA & HaYaIBHOE COCTOSIHUE BO31yXa (TOU-
Ka A) ¥ 3ajan OAMH U3 MapaMeTPOB KOHEYHOTO COCTOSAHHUS, HAIPUMED
tp, JIETKO ONMPEAEUTH KOJMMYECTBO TelAa U BiAaru. TOYKa KOHEYHOro Co-
crosnus (Touka B) HafineTcs Kak ToUKa epecevdeHHs! THHUM IPoIecca U
u3oTepMsl £, = const (puc. 1.12), a KoMMyeCcTBO BO3AYyXa BEMUCIHTCS [0
dopmyne

G, -1000
Grc = T ’ (159)
Uin
G, =t . (1.60)
Al
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§ 1.8. XapakTepHCTHKH BO3MOXHbIX NPOLECCOB H3MEHEHHSI
COCTOSIHHA BO3AyXa B 3aBHCUMOCTH OT 3HaY€HUS YII0BOTO
koacd punmenrta

Kak Mbl BUzieH, 1151 u306pakenus: Ha I — d guarpamMme Toro Wix WHOro
ITPOLIECCa U3MEHEHUST COCTOSIHUS BO3/yXa HEOOXOAMMO 3HATH BEJIUYUHY
yraioBoro koadduimenta € = Al/Ad, npefcrasisiowyo co6oil oTHoLe-
fiMe MPUPAIIEHUS SHTATBITHY K NTPUPAIEHHIO BJIArocoAepKaHus, Bemu-
yyHa YII0BOro Ko3(ppuIeHTa XapakTepr3yeT HaNpapJieHUe NPONEeCCca M3-
MeHEHUsI COCTOSIHUST Boa/lyxa. [l/isl OlleHKH XapakTepa npoliecca BechMa
BaKEH 3HAK YUCIUTENIS U 3HAMEHATEIS YIIOBOro KoadduilrenTa.

PaccMOTpHM BCE BO3MOXKHBIE TPOLECCH U3MEHEHHUS COCTOSTHUS BO3-
IyXa U IIPUCYIIHe UM 3HaYeHHs YITI0BOro KoapduuuenTa.

1. TIpouecc HarpeBanusi Bo3ayxa (11oapo6Ho paccMoTpel B § 1.6) mpu
NOCTOSIHHOM BJiarocofiepxauu Al > 0; Ad = 0; & = + . HanpaBienue
JIMHHMH [TPOLIECCA BEPTUKAIBHO BBEDX.

2. IIponecc HarpeBaHus U YBJIaXKHEHUsI BO3xyxa Al > 0; Ad > 0; €> 0.

Kak mokasaHo B § 1.7, npollecc U3MeHEHHs COCTOSIHUS BO3AyXa MPo-
MCXOIUT B TIOMELIEHUSIX ¢ TETIJIO- U BJIArOBLIENEHUSIMU, DTOT IPOLECC
MOKHO OCYILECTBHTDb, HarpeBasi BO3/lyX B KaJOPU(MEPHOH yCTAHOBKE H
VBJI2XKHSISI €70 3aT€M BOJON WU BOASHBIM HapoM. Eciu orpaHuyuThCs
nogayell B BO3/YX TOJLKO BOJSIHOIO Mapa, TO COCTOSIHME BO3LyXa Oyaer
U3MEHSITHCS IO JIMHUY, TPAKTUYECKU COBNAIAIONIEN ¢ U30TEPMOH.

B camoM ziefie, B 3ToM caydae ypaBHeHus: 6aaHCcoOB N0 TENJY M Biare
(eMm. (1.51) u (1.52)), MoryT ObITH HATUCAHBL B BUJIE

Gy +G i =G, I (1.61)
u
G +G,1000=G,.d, (1.62)
OTCI0ia
-1, i
d—d, 1000 ¢

DHTaNbNIUS BOASHOTO Napa i NPH HOPMaJlbHOM 62pOMeTPHYECKOM
naBnenun u Temneparype 100 °C paBHa 639 xxan/xI', noatomy ¢ = 0,639.
CiienoBaTebHO, MpOLECe YBAAKHEHUSI BO3/yXa BOASHBIM mapoM Oyaer
CONPOBOX/JATHCA HUYTOXHBIM ITOBBIIIEHUEM TEMIIEPATYPHI BO3/LyXa, KO-
TOPBIM MOKHO TIpEHe6peYb U CYUTATh, YTO JIUHUA IPOLecca U3MEHEHUS
BO3[yXa B 3TOM CJiy4ae 6yZeT NPaKTHYECKH COBNAAATh C H30TEPMOIL.

3. Ilponecc yBAakHEHUsT BO3LY X2 IIPH IOCTOSIHHOM BEJIMYHHE SHTATb-
tnu (agnabatHoe yBiaaxuenue) Al = 0; Ad > 0; ¢ = 0.

41



TIraea 1

Hampassienue 1MH1Y Tponiecca COBNajiaeT ¢ M309HTAIbIAMY, T. €. Ila-
pajiieIbHO OCH d. ITOT ponecc, Kak 6y/ieT noka3aHo B ri1ape 4, uMeet 60J1b-
II0€ NPaKTUYECKOe 3HAYEHHE Y TIPOVICXOMIUT TPy COOITIOEHUM HEKOTOPHIX
YCJIOBUii B annaparax, HCIIOb3YIOIMUX BoAy Aist 00paboTKy BO3AyXa.

4. TIpouecc oxaxaeHus BO3/LyXa IIPH OHOBPEMEHHOM €ro yBJIaKHe-
Huu Al < 0; A d > 0; ¢ < 0. OcymecTpeHre JaHHOTO TPOIIECCa, TaK XKe
KaK ¥ MPefbiyero, BO3MOXKHO, /M Bo3/lyx o6pabaTbiBaTh BOAOI.

3. TIpoliecc oxaxcieHVsl BO3/IyXa IPH IOCTOSTHHOM BJIaroCoAepXka-
HuHu AI < 0; Ad = 0; &= - . Hanpasiienye 1MHUA TIPOHEcca BEPTHKAIBHO

pum3. IIpouecc «cyxoro» ox-
1le dconst JAXJEHUST BO3AyXa PacCMOT-
"”””“” e sreo pea B § 1.6.
g 6. Ilpouecc oxnaxaeHus
5t>0 BO3/IyXa C OIHOBPEMEHHOI ero
860 y ocymikoit Al <0; Ad <0;e>0.
9 VimeeT Dosbinoe mpakrvvec-
Koe 3HaueHue W BecbMa pac-
HNpOCTPaHeH B CUCTEMax KOH-
AV HOHNPOBAaHUS BO3JYXa.
Emy 6ynet yneneno 6onbiioe
BHUMaH}e B HaCTOSAILEM Kypce.

7. Ilpouecc ocymku Bo3xy-
Xa Npy OCTOTHHOM 3HaYeHUH
sutagbivu Al = 0; Ad < 0;

& & = 0. Jlunus sroro npouecca,

TaK )€ KaKk U OMMcaHHOTO pa-

Hee (1. 3), coBHafaeT ¢ H30-

Puf:. 1.13. Bo3aMoxHsle Apoieccht 3HTaJbNOM, HO HanpaBJeHHe

H3MEHEHUsI COCTOAHUA BO3AYXad nporecca IPOTHBOIIOI0XKHOE,

[I03TOMY €ro MOXKHO Ha3BaTb

annabaTHBIM ocyllleHWeM (UM oCcyLIKoii) poaayxa. IIponecc nponcxo-

JKUT B YCTAaHOBKAaX, MCHOJIb3YIOMMX 0COGBe BELIECTBA — NOTJIOTHTEM
BOJSTHOTO napa (CopOeHTH ).

8. Ipoiiecc HarpesaHusa BO3/IyXa ¢ OJHOBPEMEHHON €r0 OCYNIKO
AI> 0; Ad < 0; & < 0. [TaHHBII IpOLECC, TaK e KaK 1 IPeALIAYLIMIA, OCylile-
CTBJISIETCSI IMILIb B YCTAHOBKAX C IPMEHEHYEM NOrJIOTHTEEH BOISTHOTO Tiapa.

IIpu pacuete cucrem u annaparos KOHAHIMOHHPOBAHUS BO3AYXa JIH-
HUM NPOLECCOB M3MEHEHMsI COCTOSIHHS BO3/lyXa CTPOSITCS C y4€TOM IIPH-
Be/IEHHBIX 3/ieCh 3Ha4eHUH YINIOBBIX KO3 PUIMEHTOB H 3Haka Al U Ad.
ITocTpoenue aTuX MMHNUI TPOU3BOAUTCS cIOCOHaMY, OTCAHHBIMU B § 1.7,

7160 ¢ MCHIONB3OBAHMEM CHEMANBHOTO TPAHCTIOPTHDA, TIPETIOKEHHOTO
A. B. Hecrepenko [21] .

£

x)E<0
I

/

gl=-00 8)E<d
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Ha puc. 1.13 u3o6paxkeHbl TMHWY, BLIXOAALMIME H3 TOUKH A HAYAITBHO-
ro COCTOSIHUSI BO3/yXa ¥ NpejicTaBsiomue coboit nepeyrcienHble Ipo-
11€CChl U3MEHEHHUS COCTOAHUS BIAXKHOTO Bo3ayxa. Ha aTom e puUcyHKe
noKa3aHbl 06J1aCTH 3HaYeHUH Yr10BOro KoaddunyenTa & KOTOpPHIE CBO-
CTBEHHBI TOMY HJIY HHOMY ITPOLECCY.

3apaun x § 1.6-1.8

1. B noMenieHHH MaIIMHHOTO 32712 TeNJOBBIAEJIEHUsI OT ABUraTeNls BHYT-
PEHHETO CTOPaHHsl, S7IeKTPOTEHepaTOPa H OCTANBHOTO 06OPYAOBAHUS COCTAB-
asot 100 000 xxan/uac, Tennonorepu NoMeiteHust paBHs! 10 000 xxanuac. {ns
NOIJIONIEHHST TENJI0M30RITKOB HCHOJIb3YeTCst BO3AyX, HMEOIUH TeMIepaTypy
¢t = 10 °C ¥ OTHOCHTENBHYIO BIIaXXHOCTh @ = 0,65 (Touka A). Ilo Hopmam Temmne-
paTypa BO3/tyXa B MallIMHHOM 3aJle He J0JKHa npesbimaTh 35 °C.

OnpeaenuTh KOJHYECTBO BO3AYyXa, HeOOX0AHMOe /15l TIOTJIOLIEH!S TEfa B
MaIlMHHOM 3aJle.

Pemenue
Haxonum Ha I — d pnarpamme touky A (¢, = 10 °C, ¢, = 0,65). Y13 Toukn A
IIPOBOJAMM JIHHHIO NPOLECCA U3MEHEHHSI COCTOSIHUSL BO3/lyXa B MALIMHHOM 3aJe.

. Al
HOCKOJley BJIArOBbIAEJ/IEHMHA HET. € = —— = 400 , TO JIHHHUS Opollecca 6yne'r co-

Bnagath ¢ d = const. B mMecTe nepecedeHusi TON IMHUHU C H30TEPMOii ¢ = 35 °C
TIOJIy4aeM TOYKY, XaPaKTEPU3YIOUIYI0 KOHEYHOe COCTOsSIHHE BO3/YXa, YXOASANIETO
M3 MalHHHOTO 3a71a (Touka B), ee napamerpsl: t, = 35 °C; ¢, = 0,14; d, = 5 I/x[;
I, - 11,5 kxan/xI'n 1. 1,

Pasnocrb suransnuii I, - I, = 11,5 — 5,5 = 6,0 xxan/xI. Konuuectso Bosnyxa,
HeobxoauMoe /151 HOr/IOIEH s H30BITOYHOTO Telia ¥ IOANEPKAHUs 3aNaHHOM
TeMpeparypsl B MallMHHOM 3ae (1.44), paBHo

Gee =I—Q%—;Qm5 = Quun ~Qror =100000 —90 000 xxan /uac;
BT A

_ 90000

G =15000 I /uac.

KonuuecTBo BAaXHOTO BO3/yxa 33laHHOTO cOCTOSIHHUs (u3 dopMynnl 1.42)
cocraBJisieT

6., =G.. [1+=2-)=15000( 14+ —>— =15 075¢T"/uac .
1000 1000

Kak sunum, pasuuua mexny G_u G HHYTOXKHA, IOSTOMY B NIPAKTHYECKHX
pacyerax elo npeHeSperaloT ¥ CYHTAIOT, YTO

G =Gy =G, -
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Konudectso Bo31yxa, BhipakeHHOe B M3/uac,
Gr

= —
Y

L

rae vy, — Bec 1 M® Bosmyxa.

O6BeMHBIl BeC BO3Iyxa CllefyeT IPUHHUMATh O CpeqHell TeMnepaType U He
y4HMTBIBATh BAMAHMs BraxuocTd. ITo dopmyne (1.12) y = 1,195 «l /M.
ITosTomy

L=290_ 19550 M3 Juac .
1,195

B kauecTBe IpHMeYaHUs YKaXeM, YTO Pa3HOCTh MEX/y TeMIlepaTypPOi Bo3-
Ayxa B [IOMELIEHNH U NPUTOMHOTO BO3IyXa, IPHHATasl B 3TOH 3a/jade paBHOM
35— 10 = 25 °C, MooKeT GbITh AOMyNIEHA JIMIIDb B TEX CyYasiX, KOT/Aa MPUTOUHbLHA
BO3/IyX He [IOMAJAeT B pabo4yIo 30HY, B KOTOPOI HaXOAUTCs IMIUb 06CTyKHUBAIO-
IMI NepcoHalL.

2. B npou3BOACTBEHHOM NIOMeLIeHUH BhiZenseTcs ot ofopyaoBanus 240 000
xxan/uac «cyxoros temna u 300 7 /uac BonsAHOTO Napa (HTANBINS BbIIENAIO-
werocst napa 750 xxan/xI’). Tennonorepu noMeinenus cocrasisor 15 000
Kxar/yac.

Onpenenurb, KaKOe KONHYECTBO BO3AyXa TpeOyeTcst Il ACCUMHIIAIUH Bbi-
eNsIOUMXCA TEMa U BOJSHOrO 11apa, ecIM HadalbHbie 1apaMeTphl BO3AyXa

=10 °C; ¢ = 0,9 (Touka A), nomyckaemasi TeMIepaTypa B IDOU3BOJICTBEHHOM
nomemenuu ¢, = 25 °C.

Pemenue
OnpexnensieM KOMMYeCTBO U3OBITOYHOTO TeEILNa:

Qu6 = Qe o6+ Qup — Q. = 240 000 + 300 - 750 — 15 000 =

= 450 000 xxan/uac .

BhiuucasieM 3HadeHMe YrioBoro KoadpumuenTa mpoiecca USMEHEHHs CO-
CTOSIHHA BO3[yXa B OMELICHUM:

Qs 450000

= =15 wxan/I .
G,1000 300 000

Ha I - d guarpamme Haxozum Touky A (¢t = 10 °C, ¢ = 0,9). Crpoum nunuio
nponecca e = 1,5 kxan/I', onpenensieM Touky B B MecTe HepeceueHHs TUHUM [IPO-
necca ¥ usotepmnt t = 25 °C. KonndyecTBo BO3/yXa, TOTPeGHOTO AJIs ACCHMMIIS -
LMU TEILTa U BJIard, MOXKeT GbiTh BrIUHCIeHO 10 dropMyne (1.59) unn (1.60):

_ Qus _ 450000
Ip-1, 126-66

=75000 «I /uac,

TC
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Ui
_G,-1000 _ 300000
dg—d, 109-69

G =75000 «I /uac.

3. (PemtTh caMOCTOATENBHO.) B 1pousBoACTBEHHOE NOMeEeH e TTOCTyIaeT
poaayX B KonuuecTBe 40 000 »#3/uac ¢ HavanbHBIMH NmapaMeTpamMu (Touka A):
t,=10°Cud, =175 I/xI. Ilapamerpn yxonsmero Bosnyxa (Touka C): £.= 29 °C
nd, = 15 I'/x[. DHTanbAHs BOASAHOTO Napa, BhIIENSAIOMErocsS B MOMEILEHHH,
i =725 xxan/xl. Tennonorepu noMeuienus 10 600 xxaz/uac.

[V |

Onpenenurs:

a) KONHYECTBO BOISHOIO 11apa, BHIIENAIOIErocsl B HOMEIeHHH,

6) KONMH4YecTBO Tellla («CyXOTo»), BeiessieMoro 060pyI0BaHHEM;

B) HeoOXOXMMOe ISl ACCUMMIISILIMY Tella U BIaTd KOJIM4ecTBO BO3AyXa.

§ 1.9. OO6uHe 3aKOHOMEPHOCTH NPOIECCOB CMEIIEHUs ABYX
KOJIMYECTB BJIAXKHOTO BO3AyXa

Ilepen nmosaveii B IOMeLIEHUS BO3/YX, /1 TOJIYYE€HUS 3aJaHHbIX TapaMeT-
POB, HEPEIKO MIOJIBEPTraeTCs Pa3nuIHbIM Iponeccam obpaboriu. C ogHuM
M3 T2aKMX IIPOIIECCOB MBI YK€ MO3HAaKOMUJIUCH B § 1.6, Korza peyb nuia o
HarpeBaHUU BO3/yXa B KaTOPHU(EPHBIX YCTAHOBKAX.

J1s ocymecTBIIeHUST 3TOTO MpOLEcca HEOOXOAUMO JIULIb TENJIO, HO/-
BOJIMMO€ TETJIOHOCUTEIEM K KasopudepHoii yctanoBke. OHaKO B pae
CJIyyaeB IOCTaBJEHHYIO 3a/ja4y N0 06paboTKe BO3/yXa MOXHO PEIIHTDb
emte 6oJiee IKOHOMUYHBIM crioco6oM, He npuberast K 3aTpare Tema. Ta-
KO€ peleHue yA2eTcsa MPUMEHUTD, KOT/Ia €CTh BO3MOXHOCTL HE Harpe-
BaTh 3UMHUI X0OJIOMHBIH BO3/LyX Nepes BBOJAOM B OMeEIEHHE, 2 UCHOJIb-
30BaTh M3OLITOYHOE TENJIO, BBIAE/SIONIEECS] B TAHHOM TIOMEIEHUU U
cofiepKalleecs B yaaaseMoM Bo3fgyxe. /1151 aToro A0CTaToYHO Npexyc-
MOTPETD CMellleHe HapY>KHOT0 X0JI0/{HOTO BO3/IyXa € TEIJIbIM, YXOASIIUM
13 noMemeHus (0TpaboTaHHBIM) BO3/LyXOM. JTO pellleHHe IPUMEHUMO
AU TAKWX TIOMEILEeHMH, I/ie BPEHOCTSIMU SIBJISTIOTCSI TOJIBKO U36HITOY-
HOe TenJo W BOASAHOMN map (HampyMep, MallMHHBIA 3a/1 NapoBOil 3JIeKT-
POCTaHIUM ).

KonctpyktusHoe oopMJeHUE yCTPOHCTB, 0becieYnBAIOIMX CMe-
uieHue, obbIyHO OyeHb mpocroe. JlonycTuM, Tpebyercs: BEHTUIMPOBATh
IIOMewenye ¢ GOMBIIMMY TENJIO- U BJATOU30bITKAMU (UM TONBKO Ten-
Jou36biTKaMK), HO Ge3 BbIIENEHHS APYIUX BPEAHOCTE!, IpU YCIOBHH,
4YTo TeMIepaTypa YXOAsIIero U3 NOMeEIEHUs Bo3fyXa cocrassier 35 °C
(puc. 1.14).

Temneparypa HapyxHoro Bo3fyxa pasHa —20 °C. Ilo caHuTapHbIM HOD-
MaM TeMIIepaTypa II0iaBaeMOro BO3/lyxa He JOJDKHA ObiTh Huxke +10 °C.
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4, ~JI(7 it ¢ e 4
f A
¢, =-0%
| =,
t=-20% '

Puc. 1.14, PcnosnsoBanue npouecca
cMellleHHs [71s1 BEHTHIALNY HOMelleHH |
¢ 6OJIBIIMMH TENJIO- U BIATOBbIIENEHUSIMH:

1 — o60opyn0BaHKe, BhIENSIONIEE TEIJIO H
BOASIHOM Nap; 2 — LeHTPOOEXKHbBIH BEHTHASATOP,
NOAAIUIKI BO3NYX; 3 — LEHTPOGEKHBII
BEeHTWJISITOD, YAQISAIOUIMI BO3AYX;

4 — cMecuTebHAs Kamepa; 5 — Tpy6onpoBox
ATl CIyCKa KOHeHcaTa

la.
lh

ZANS

Puc. 1.15. Cxema kanopubepHoii
YCTaHOBKH:

1 — xanopudep; 2 — BO3LYX0BOA A5
XOJIOZHOTO BO3AYXa; 3 — 0GX0MHOM KaHa;
4 — npoccesb-KianaH; 5 — BO3AYX0BOX
/IS TIOROTPETOro BO3[yXa

EcrecTtBenHo, 4TO B 9TOM
cJly4ae JOCTaTOYHO mpexyc-
MOTPETDb CMellleHHe HapyKHO-
ro ¥ oTpabOTAaHHOIO BO3/yXa,
4TO0BI ONYYUTH 3a/faHHOE
3HaY€HHE TeMIIEPATyphbl HOZA-
BAEMOTO BO3/[yXa.

B coopyxenusix Bcerza
€CTb IIOMEILeHHUs], T/ie yCTa-
HOBJIEHO 000pY/I0BAHKE, BbI-
JeAIee TOJAbKO TENJIO:
KOMITPECCOPHEIE, IIOMEIIEHUsE
y3J1a CBSI3H, CYETHO-PeIlalo-
KX ycTpoiicTB U T. A. Pauu-
OHAJTbHOE pellieHre BEHTWIS-
OWH TaKUX TOMEI[eHUN
BCerja NMpeiyCMaTpUBaeT B
YHCJie IPOYMX NMPOLECCOB U
nponecc cmelieHus. Ho
IpaKTHYeCKOe 3HaYeHHe MPo-
11ecca CMELEHHUs STUM He Or-
PaHUYMBAETCS, TIOTOMY 4TO B
Hponecce dKCnyaTaluiu Jio-
6oro ycrpoiicTsa st 06pa-
6OTKY BO3/IyXa NPUXOAUTCS
npuberaTh K CMeLIEHHIO Kak
cnocoby peryTMpoBKy, Heob-
XO/IMMO#1 B CBSI3U C HM3MeHe-
HHMEM apaMeTPOB BO3/yXa K
PEXHUMOB HCTIONB30BaHUs yC-
TaHOBKH. J115 3T0# neny, Ha-
NpUMEp, YCTPAUBAIOTCA CIie-
LHaIbHbIE 00XO0{HbBIE KAaHAJBI
AJisl PETYJIUPOBKYU HArpDEBa-
HHs BO3/IyXa B Kasopudepax
(puc. 1.15).

Kpome 31011 cBOEII uicTo
NpaKTHYeCKOW CTOPOHBI IIPO-

LECC CMELIEHHUST MHTEPECEH U C TeopeTHYecKol TOUKY 3peHusi. Hekoro-
pble 3aKOHOMEDPHOCTH, NPUCYIIIHE 3TOMY MPOLECCY, B PsIie CAy4aeB I10-
MOTAIOT YACHHTb CYUIHOCTb GoJee CI0XKHBIX NPOLECCOB, HANPUMED

nponeccoB 06paboTKU BO3/yXa BOAOIA.
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PaccMOTPUM NOCTPOEHMe Ipoliecca cMellieHust Ha I — d  gnarpaMMe.
Jlsi BTOro JOJLKHBI GBITh 3aJaHbl /{BE TOUKH, XapaKTePU3YOI1e BO3LYX
OHOTO U AApYTOro cocTosiHust: Touka A (1,, d,) v rouka B (1, d,). JlomxHst
ObITh TAKKE U3BECTHH KOJIMYECTBA OJIHOIO U IPYroro Bo3ayxa B kI /uac:

GI‘CA =—GLA— 51 Gchz_CEﬂ_.
1+ﬂ_ 1+ dB
1000 1000

TpebyeTcst yMeTh OnpeieiSTh NapaMeTphl Pa3IW4HBIX TOYEK CMECH
Bo3ayxa (Touka M) aTux AByX COCTOsIHH (TOuKa A v TouKa B) B 3aBuCH-
MOCTH OT IIPOTIOPLIUH CMECH.

HamuieM ypaBHeHHs1, HeOOXOANMBIE /IS yCTAHOBJIEHUS 3aKOHOMEp-
HOCTel, MPUCYIINX NPoleccy CMeHIeH s,

YpasHeHYe MaTepHaibHOro banaHca:

Gn:A +Gch =GrcM . (1-64)

O6o3naunB 6YKBOIA m MPONOPIMIO cMecH Wik KoaddunnenT cmelne-
HYSI, TOJIY9UM

Grep _ . (1.65)
Gl'CA
Pa3nenvM npaByio M JieBylo YyacTy paBeHcTBa (1.64) Ha GNA:
1+m= —G“"'—M . (1.66)
Gica
YpaBrneHue 6ananca o Tenmuy:
GI‘CAIA +GI‘CBIB =GI‘CMIM' (1.67)
YpaBueHHe 6anaHca 110 Baare (BOJSTHOMY Mapy):
GI‘CAdA +Gl‘chB=Gl‘chM' (168)

PasfiesiUB JeBYIO M MpaBylo yacTy paBeHcTBa (1.67) Ha G’WA U 3aMe-
HUB COOTBETCTBYIOLIKE BRIPAXKEHUS M, HaHAeM

Ly+mlg=@+m),. (1.69)
IIpeo6pasyem 3To ypaBHeHHME B iBa PA3IMYHbIX 110 BHEIIHEMY BU/LY:
Iy-1,=m(z—1Iy); (1.70)
I,-1,
MTEA 1.71
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ITpozenaB Takue e onepanuy ¢ ypaBHeHreM Oajranca no siare (1.68),
HOJIYYMM aHAJOrMYHbIe BBIPAKEHHUSL:

dy-dy=mldy-dy); (1.72)
dM _dA
4= 1.73
dp—dy " (79)

Pasgenus ypasuenue (1.70) Ha (1.72), Haiinem

Iv—14 _Ip-1Iy (1.74)
dM_dA dB"dM

Ypasuenue (1.74) npenacrasisier coGol ypaBHeHUE TPSIMOH, ITPOX0-
Jsiieli yepes /iBe 3aiaHHbIe TOYKU A U B, MMeloiue cOOTBETCTBEHHO KO-
opavHaTH I, d Lul, dB (puc. 1.16). Touka M — Tekymas, ee MECTOHA-
XOX/I€HUE 33aBUCUT TOJIBKO OT Tponopuyu cMecH. IToka TOJMbKO U3BECTHO,
4TO TOuKa M jie;xuT Ha IPSAMON, coefnHsoNIel iBe TOYKH, XapaKTepw-
3YIOIIMEe COCTOSTHHE OXHOTO BO3/iyxa (CocTOsiHME A) U JPyroro Bo3jayXa
(cocrosinve B). Mnu wnaue, npaMasa AB, coepunstiomast Ha I — d guar-
paMMe TOYKH [IBYX 3a7laHHBIX COCTOSTHUN BO3/yXa, SIBJISIETCSI FEOMETPH-
4EeCKUM MECTOM TOYEK CMECH BO3-
ZyXa 9TUX COCTOSIHUH.

Mecronaxoxzaenne Touku M
Ha TpsIMOi A B onipeiensieTCst Ko-
acpunventom cmetiexHust m. Jljist
IIOJIy4YEeHUsl 3aBUCHMOCTEH, MOo-
3BONAIOUIUX HAXOAUTb TOYKY
cMecu (Touka M), mpousBeieM
cJeAyloiiee BCIOMOraTebHOe
HOCTPOEHUE,

IIposenem nunuu I = const u
d = const yepe3 Touku A, B, M (puc.
1.16) 1 paccMOTpUM TO06HBIE
tpeyroasuuku AMC v MBD. U3
10106151 TPEYTOIBHUKOB CIERYET

& MB BD I,-I,
HWMest B BUAy paBeHCTBa
Puc. 1.16. Iloctpoenue nponecca (1.71) u (1.65), MoxkeM OKOHYa-
CMeIIerHs ABYX KOJIUYECTB BO3AYXa TEJIbHO 3aMHCaTh
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AM _Grp (1.76)
MB G

TCA

TaxuM o6pasom, 0TPe30K AM, NIPUMBIKAIOIMIi K TOUKe A, aeT B He-
KOTOPOM MaciuTabe KOITMYECTBO Bo3ayxa G, a oTpe3ok MB, npuMBbIKa-
OIHIT K TOUKe B, 1aeT B HEKOTOPOM MacmTa6e KOJIUYeCTBO BO31yXa G
Bcst iuHus1 AB nponopuuoHaibHa BceMY KOJMYECTBY BO3AYX2a WM Be-
auunze 1 + m.

B »1 B 0 &: Touka M (Touka cmecn) fenuT npsimyio AB Ha oTpesku, 06-
paTHO NPONOPLUOHATbHBIE KOJUYECTBAM BO3AYXa, BXOMSIINUM B CMEChH.
Hanpumep, eciu G’ = 5000 xI /uac u G =10 000 x/uac, m = 2.

Touka cMecu M HaXOJUTCS cnenyloumM obpazoM. Jle MM npaMyIo
ABHa 1 + myacreii (B 1aHHOM ciyyae Ha 3). OT TOUKU A OTKA2/1bIBaEM
OTPE30K, IPONOPUUOHAIBHEIN G (T e. ABe yacT). MoxeM OT TOuKHU
B OT/0XUTH OTPEIOK, HpOHOpIII/IOHaJIbeII/I G. (T €. OHY 4acTh).
B o6oux ciyuasx nonydaeM To4Ky M, kotopast 0 onpeneﬂﬁeT napaMer-
PBL CMECH.

Tak ke IpocTo peliaeTcss ¥ oO6paTHas 3aa4a, CBSI3aHHAsA C HaXOXK/ie-
HHEM [PONOPLUHU CMECH JIBYX 3a/JaHHBIX COCTOSTHUII BO3/1yXa, €CJIU H3Be-
CTHO, 4TO IapaMeTpbl CMECH JOJIKHBI YI0BAETBOPSITH KaKOMY-1u6o Tpe-
6oBanuio. Hanpumep, MoxeT 6bITh 3a/laHa TEMIIEPATYPa CMECH, €€
BJIArOCOZEPKaHue, TEMIIEPATypa TOUKH POCHI M T. .

§ 1.10. IIpoueccs cMemleHns ABYX KOJIHYECTB BO3/AyXa
¢ KOHJIeHCalpell YacTH BOSIHOTO napa

Ha npakTHvKe 4acTO BCTpeYaeTcsi 0coObIil cy4aii mpouecca CMEIIeHs],
KOT/Ia NpsAMas JIMHUS, COeMHSIoNas Touki A 1 B u npejcraBsiiomas
coboii reoMeTprUeCKOe MECTO TOUEK CMeCH BO3JyXa COCTOSIHUA A U co-
crosiHus B, nepecekaeT KPUBYIO @ = 1 M 4YaCTU4HO JIEXUT HUXKE 3TOH KpH-
BOH (puc. 1.17), Takoe monoxenvie TMHUU AB CBUAETENBCTBYET O TOM,
YTO NpU cMelleHuy OyaeT NPOUCXOZUTh KOHAEHCAMs BOASHOIO Hapa,
4aCTh BOASIHOTO Napa, COMEPKAIEIOCS B CMECH, BLIAJIET U3 Hee B BUJE
KOHJ/IeHcarTa,

U3 paccmotpenus puc. 1.17 caenyer, uTo cMemenue 6yaer comnpo-
BOXAAThCSI KOHAEHCallHeli BO BCeX cJydasiX, KOrfia TOYKa cMecu (TouKa
M"), HaiiieHHas OMMCaHHBIM B IpEAbLAYIEM Naparpade cnocobom, oka-
xercs Ha orpeske NL. U Torxa onpelelnTh napaMeTphl cCMecH
HENOCPeACTBEHHO OYAeT HEBO3MOXKHO, TaK Kak Touka M' monasaer B Ty
camyto 061acTh TyMaHa, Ha KOTOPYIO Heslb3si 6e30roBOPOYHO IEPEHOCUTD
NpaBUJIa HAXOXeHUA apaMeTPOB BO3/iyXa, M3joxeHHble B § 1.5. TToaTto-
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Ihasa 1

My HOJYYEHHYIO TOUKY M’, 1o KOTOPOi ¢ NOMOIIBIO OGBIYHBIX NTPaBUI
HeJIb3s1 HaliTU COCTOsTHYE BO3/iyXa B CMECH C KalleJbKaMK BOJBL U JIBJA,

Ha3buBAOT (PUKTUBHOMN TOYKOM.

It
I
K !
ad Ly
ol
b=
tu M ]
A
y ad -
N
d
A

Puc. 1.17. Ilocrpoenue nporecca
CMelleHHUs IByX KOJIM4eCTB BO31yXa
¢ KOHJeHcalHell YacTH BOJsAHOrO Napa

It
,'- L 5
[, =const @0
- M- 108 MECITIONCNONCE
" HUe MOVKY CMecy
0
d~
[}
d
A

Puc. 1.18. Haxoxaenue napaMeTpoB
CMECH B CIIy4ae CMeIleHHs
C KOHJI€HCaIlHeH YaCTH BOISHOTO Mapa
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Tewm ne Menee I — d guar-
paMMa Jia€T BO3MOXXHOCTD
OTIpejie/INTh TapaMeTphl BO3-
Ayxa u B 3TOM cayuyae. Cie-
AYeT UMETH B BUAY, YTO OJHH
napaMeTp CMeCH U3BeCTeH,
TaK KaK U3BECTHO, YTO BO3-
AYX B IpoLiecce CMEIeHHsI €
KOH/IeHCAllUel MOJy4YaeTcs
HOJIHOCTBIO HACHIIEHHBIM U
HO3TOMY €ro OTHOCUTeNbHAas
BJaxkHOCTh @ = 1. Ocraercs
OnpeAeJUTh BTOPOW mapa-
MeTp. Have roBops, OCTaeT-
CsI OTBETUTH Ha BONPOC, Ka-
Kasgl TO4YKa Ha KpUBOH
Hacbimenus (¢ = 1) Gyzaer
HpeACTaBASTb 000t cocTOsI-
HHe BO3/yXa, TOJy4Ye€HHOIro B
npouecce CMeIleHHUsT U Xa-
pakTepuayonierocs GUKTHB-
Hol Toukoii M'.

151 TOro YTO6bI IPABIIIbL-
HO OTIpeZteJIUTh MECTOHAXOX-
JieHWe TOYKYW M, npefcTaBUM
cebe, 4TO MpOM30IZET C BO3-
AYXOM B DE€3YJIbTAaTe KOH/IEH-
Cally¥l YaCTH COEPKAILETOCST
B HEM BOJIsiHOTO Napa. Ilpu
KOH/IEHCAL{MH BBIJEJTUTCS
TEIJIO, 3aTPAaYUBAEMOE Ha T1a-
poobpa3zoBaHue, U 9TO TEILIO
npuobpeter Bo3nyx. OxHaKo
A0 KOHAEHCAIIMU 3TO KOJIHYe-
CTBO TeNJa TaK)e HaXOJu-
JI0ch B Bo3ayxe. OTCIO/1a MOX-
HO 6BLIO cAieaTh BHIBOJ, YTO
SHTANbIINS BO3/yXa IPU KOH-
AEHCAlUY BOJASHOIO Napa He
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uamensieTcsa. Ho BMecTe ¢ KOHIEHCHPOBABIIMMCA BO/AHBIM 112pOM yii-
JIeT 4acTh TeIla, paBHast QK :

OHR"

Ad

Qxonn = th Cxc s

(1.77)

rie Ad/1000 — kosM4ecTBO BbIIEAUBIIETOCA KOHAeHCaTa, K1

t,, — TeMIIEpaTypa BhIEIMBIIETOCS KOHAEHCaTa, °C;

¢, — TeIUIOEMKOCTb KoHjeHcara (Boabl) (ecau B kkan/kl - zpad, To
c,=1).

CiemoBaTebHO, SHTANBIINS BO3AYXa I0CJIe BBINAJICHUS YaCTH BO-
JAHOTO Mapa B BH/IEe KOHeHCaTa MeHbllle, YeM DHTAJIBIIUS TOTO JXKe BO3-
Zyxa JIO BblllafleHus KoHjeHcara [,,, Ha BEJTUYHHY Ad/1000¢,c , unu

Ad

IM=IM'_thC>K-

(1.78)

Unmocrparueit cayxur puc. 1.17. 3amerum, uto orpesox MM' aBjs-
€Tcs1 TPOI0JIKEHHEM JIMHHH TIOCTOSTHHOM TeMIIepaTyphl CMOUEHHOTO Tep-
MomeTpa t', = const. OTpe3ok Ad 1aeT Ipe/ICTaB/IeHUE O KOJTMYECTBE BbI-
NaBLIETO U3 CMeCH KOHAeHcaTa; oTpe3ok Ad/1000t,c =1, -1, —
KOJIMYECTBO Telljla, YHECEHHOTO U3 CMECH BBINABIMM KOHIEHCATOM.

YuureiBasi, 4to BeIMYMHA Ad/ 1000¢,c, Masa, MOXHO €10 /151 IPaKTH-
4eCKUX pacueToB npenebpeun, cuuras, uto I, = I,.. Haxoxpenue
[IapaMeTPOB CMeCHU NPU 3TOM CUJIbHO YIIPOCTUTCA.

3amauy peuraem cieayomuM o6pa3oM. 3Has NPONOPUHMIO CMECH

k0o DHIMEHT cMeweHus m=—B

, HaxoauMm Ha npsamoii AB
TCA

¢bukTUBHYO TOuKy M' 1O MpaBHJIaM, U3JI0XKEHHBIM Bbille. Yepes TOUKy
M’ ipoBoum usoauTanbiy I,, = I,= const ¥ Ha iepeceyeH 1 3TOH NTUHUK
€ KpuBOii @ = 1 nosyyaeM TOYKY M, a 3HAYHUT, Bce TapaMeTPhI CMeCH (pHC.
1.18).

MosxHo nipeanoxuth HHON METO IOCTPOEHUS! /IS HOJIYYEHUS TOUKH
M, xapaxTepusyouieit cocTOSIHUE HACHIEHHOIO BO3/LyXa B CMECH €TI0 CO
cBoboaHo Baroit. ITockosbKy Temnepatypsl Tymana (Touka M') U Ha-
ChIIEHHOro Bo3Ayxa (Touka M) OAMHAKOBLI, 3TH JiBe TOYKH /I0JKHBI Ha-
Xonutbca Ha ofHOM uzorepMe. CiieroBaTeIbHO, 41 HAXOXKIEHHS TOYKH
M Hazo ymeTb cTponTh M30TEPMY 3a IIPEIENaMu KPUBOH @ = 1.

OHTAJIbINA HACHILEHHOTO BO3AyXa ¢ COAEPXKAIMMUCS B HEM Ka-

EIbKaMH BO/IbI (9HTAJIBIIMA TYMaHa) MOJKeT ObITh Onpe/iesieHa U3 ypas-
HeHUs
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» d d-d

[=ct+it 2 _44-4
Gt * T 1000 T 1000

t, (1.79)
rae ¢, ¢ — SHTaJbIUA CYXOH YaCTH HACHIIEHHOIO BO3/YX3;

”
14

' oo ~ JHTA/IBMHS BOJSHOTO Napa, CONCPXAMETOC B HACIUICH-
HOM BO3JIyXe€;
d-d’
1000 Cx ¢ — SHT/IBIIMA KameJeK BOJIBL, HAXO/SIIUKCS B CMECH € Ha-

CBIIEHHBIM BO3/yXOM.

TaHreHc yria Mexay U30TepMO# ¢ = const U ockl0 abciuce d Hali-
AETCs KaK nepsast npou3soaHas 1o d ot I (1.79) npu noctossHHOM 3Ha-
YeHUH :

O\ tox (1.80)
ad | 1000

Kax BumMM, IpH HEBHICOKHX TeMITEPaTYPaX TAHIEHC YI/ia HAKJIOHA
H30TEPMHI K OCcH abciiice BeCbMa MaJl, YTO N03BOJIAET CUUTATD U30TEPMBI
ans obiacty, nexanieil Huxe Kpusoii ¢ = 1 (obaactu TyMaHa), CoBIaja-
IOLIUMH C U303HTasIbaMU. TakuM 06pa3oM, Mbl TIPUILTH K TOMY e BbI-
BOZLY: /U151 HAXOXKAEHU TOYKH M, XapakTepH3yIolei COCTOAHIE BO3AyXa
B CMECH NIPH BHITAJ€HUU KOHJAEHCATa, JOCTAaTOYHO yepe3 (PUKTUBHYIO
TOYKy M’ IIpOBECTH M303HTAJIbIY M HA TlepecedeHnH ee ¢ KpuBoii ¢ = 1
HaWTH HCKOMYIO TOUKY.

B 3axmouenne storo naparpada ykaskeM, 4To €C/Id B TyMaHe COJIep-
JKaTcs He KalleJIbKM BOJbIL, @ YaCTUIBI JIbAA, IPUXOAUTCS UMETH €0 C
JIeTHBIM TYMaHOM.

IHTANBNUS HACBIIIIEHHOTO BO3/IyXa C COAEPHKAIUMUCA B HEM YacTH-
KaMH J1bjJia (3HTaJIBNUS JIEJTHOTO TyMaHa) MOXeT OBbITh OTpefeNieHa U3
ypaBHeHusI, aHajoruyHoro (1.79):

I=c. t+i, 1d—+i d—d

—_— 1.81
000 " 100 (181

rae i - sHTanblus abaa, kkar/xI. Tennorta IJIaBlIeHUS JbIa paBHA
80 xxan/xI, a rernoemkocts abaa — 0,5 kxar/xI-¢pad, nosromy

i, =—(80-05¢). (1.82)
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§ 1.11. Ilonyyenue 3aaHHbIX TAPAMETPOB BO3AYXA C IOMOUILIO
HpOLIECCOB CMEIEeHHsI H HATPeBaHUsA

Paccmorpennsie B § 1.9 u 1.10 3axoHOMepHOCTH, CBOMCTBEHHEIE TIPOTiEC-
caM CMelIeHHs IBYX KOJIMYECTB BJIaXHOI0 BO3/1yXa, 03BO/IAIOT PEIIATh
[Ba pojia 3a/1ay:

1. OnpepensaTh napaMeTpbl CMECH, €CJIH 3aJaHbl COCTOAHUS BO31Y-
xa A u B 1 ux KoJM4ecTna.

2. HaxoauTb Nponopiivu ABYX KOJUYECTB Bo3nyxa A U B, ec/i ua-
BECTHO, YTO [1apaMeTpbl CMECH JOJKHBI yAOBJIETBOPSITH KAKOMY-
au6o TpeboBaHUIO.

Bropas 3ajava pemraerca MpoCTo, ecii HeO6XOAUMO 0OeCceYnTh
TOJIBKO OJUH 33/[2aHHBIH HapaMeTp CMecH, a ApyTHe napaMerpsl He 3a-
npatorcs. Ecnu 3apanbl, HanpuMep, apaMeTpbl BO3IyXa IBYX COCTOS -
nuil (Touek A u B) u TpebyeTcsa NOMYyYUTH CMeCh C TeMIlepaTypoit Ly,
(puc. 1.19), To nponopuusA cMeCH onpeaeadeTcd U3 OTHOLEHUS
G‘_CB/ GrcA= AM /BM,. B cny4ae cMeuweHusl IBYX KOJMYECTB BO3/YyXa
¢ KOHZEHCAalluel YacTH BOASHOTO Ilapa Ta Xe 3a/laYa pelaeTcs C mno-
MOIIBIO IOCTPOEHUS, IPUBEAEHHOTO Ha puc. 1.18. /L nonyyenus cme-

a,,=const Qv

Puc. 1.19. [TonyyeHne 3a1aHHBIX TapaMeTPOB BO3AyXa € OMOILBIO
MPOLIECCOB CMeEIIEHHs M HarpeBaHUs
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Tnasa 1

CH 33/laHHO# TeMIlepaTyphl £,, CJIEAYET B3ATh KOJMYECTBA BO3/yXa CO-
cToAHUI A U B B COOTBETCTBUU ¢ Nponiopuuei

Grep _ AM;
Crn  BM,

B Tex caydasx, Koraa A CMECH 3aZaeTcs He OJUH TIapaMeTp, a IBa,
3aj1a4ya yca0XKHseTcd. PeluThb ee ¢ oMOIIbIo OJHOTO NIPOLEcca cMmelle-
HHUA He BCEr/a BO3MOXKHO U INPUXOAUTCA NPUOEraTh K JBYM MPOIECCAM,
yallle BCero HarpeBaHUIO ¥ CMelleHuA.

HanpuMep, 3a/iaHbl 1Ba COCTOSIHUA BO3ayxa (Touku A u B). Tpebyert-
Cs TIOJIy4UTh CMECh, UMEIOIYIO CTPOTO ONpe/ieIeHHble TeMIIepaTypy &, u
OTHOCUTENbHYIO BAAXHOCTh @,, (Touka M), puc. 1.19. Kak BuguM, Touka
M nexwut Ha npsiMoit AB U, cleI0BaTeNbHO, O HUM IIPOIIECCOM CMelle-
HUS PENIUMTD MMOCTABJIEHHYIO 3ajauy HeJb3s.

B sToM cayuae 3amaya periaetcs caeayoimuM 0Opa3oM: cCHavasa mpo-
M3BOAUTCA CMEUIEHUEe BO3yXa COCTOSIHHI A W B B Takolf nponopiuy,
yTO6BI TOYKA CMecH M| f1exana Ha JTMHUHU dM‘ = d, = const. 3ateM cMeCb
HarpeBaeTCsl B KAIOPH(EPHBIX YCTAHOBKAX TaK, YTOGBI SHTAIBIIUA BO3-
pocia Ha BeauuuHy Al = I, — I, , B pe3ynbTaTe NOLY4AIOTCS 3a/iaHHbIE
napameTpel TOukH M, 1. €. ¢, u ¢, (puc. 1.19).

ATy ke 3a/la4y MOXKHO PElUTh UHBIM IIyTeM: CHaYaJia NO0TPETHh BO3-
IyX COCTOAHUA A, a 3aTeM NpousBectTu cMeulenue. Ilogorpes Bo3ayxa co-
CTOAHHA CJCAYCT IIPOU3BOANUTDL A0 TEX IIOP, IMOKA TOYKAa, COOTBeTCTByIO-
111251 T0 HOBOMY COCTOSIHMIO (TOYKa A, ), He Gy et JIedarb Ha [IPOAOIKEHUH
npsmMoii iuaun BM (puc. 1.20).

B ciyyae cMemenus 63 KOHAEHCAIMHU 3aTpaThl Tela B 060UX cro-
cobax GyayT onvHAKOBHL. B caydae cMeleHust ¢ KOHAeHcanueH yacTy
BOJISIHOTO T1apa 3aTPaTsl TellJIa HA HarpeB BO3yXa 110 TIePBOMY Criocoby
MeHblle, YTO WTIOCTPUpYeTCsl IpUBeeHHbiM puc. 1.21.

CrenyeT yuuTbIBaTh, 4YTO NPU BTOPOM crniocobe TMPOU3BOIUTCA Ha-
rpeB Bo3ayxa Ha 60K TeMIepaTypHBIA nepenaj, YeM [P NepBoM,
4TO TpebyeT N0CIen0BATENBHOTO BKIIOYEHHA KANOPU(EPOB B YCTAHOB-
ke. IIpy Mpouux paBHBIX yCJIOBUSAX TaKas ycTaHOBKa uMeeT GoJibliee
COIIPOTHUBJIEHHUE, A CJIEA0BATENBHO, NoTpebager GoblIe BIeKTPOIHED-
I'MM Ha NIPUBOJ BeHTUAATOPa. OIHAKO KOJIMYeCTBO I1IEPEMEIIAEMOTr0 Ye-
pes xajiopudep BO3yxa P4 BTOPOM CTIOCOOE MEHBIIIE, YTO CIIOCOGCTBY -
eT YMeHblIeHuI0 3aTpaT MomHocTu. [locaeanee 06CTOATENBCTRO,
KOTOpPO€ HEOOXOAUMO OTMETHUTD, 3aKII04AETC B TOM, YTO €CJIH B CMe-
LIEHHUH YYACTBYET BO3YyX, YXOAAUMN U3 TAKOTO IIOMEIIEHH, I/ie UMe-
I0TCS MCTOYHUKH €TO 3alblJIeHus, TO IIPH IIEPBOM criocobe Gyzet 3aco-
pAThCA KajJlopudep U yMeHbUIATHCA Koa(hbunueHT Teronepeaayu. Bee
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Puc. 1.20. KomOGuHanuy nponeccoB HarpeBaHUs W cMEBIeHns s
HOJTyYeHUS 33JJaHHBIX TIApaMeTpPoB Bo3AyXa (cMelneHvie 6e3 KOHAeHCauu
YacTH BOJAHOIO Iapa)

4

Puc. 1.21. KomOGuHatuy nponeccoB HarpeBaHUsA U CMELIeHUS A5
MOJIy4eHns 3aJaHHBIX [TApaMeTpoB BO3yXa
(cMelneHve ¢ KOH/IeHCAHe YacTH BOAAHOIO Tapa)
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Tnasa 1

e, KaK [IPaBUJIO, IPU pelIEHUH KOHKPETHBIX [IPaKTUYECKUX 33/1a4, 0CO-
OeHHO B CIyyasgX CMELIEHUS ¢ KOHeHCAnued, cyeyeT 0TAaBaTh Npej-
II0YTEHHUE TIEPBOMY CLIOCO0Y.

Samaun k § 1.9-1.11

1. Bosayx ¢ mapamerpamu t = —17 °C; 9 = 100% (Touxa A) B KomuecTBe
G,.= 20 000 xI/uac cMemMBAETCS € BO3AYXOM, yXOMAIIMM U3 IIOMEIIEHHS C Na-
pamerpamu t = 30 °C; d = 16 I /xI (1ouka B).

Onpeaenuts, KAKOE KOJIHYECTBO ITOI0 BO3AYXA MCIIOAb3YETCA [l CMEIle-
HuA, ey HeoOxoauMo obecneunth Temnepatypy cMecH t = 10 °C (K oCTanbHBIM
napaMeTpaM ocoObiX TpeOOBaHHIA He MpenbABASeTCs).

Pewenue

Haxoaum ua I — d nuarpamme touku A U B, coeiuHsAeM UX NpsAMOi THHHEH.
Buzaum, uto nsorepmy ¢ = 10 °C nunus AB nepecekaer 3a npeenaMu oHIacTH
BJIAXKHOTO Bo3ayxa. CJIe10BaTe1bHO, TIPOIECC CMEIIEHHUS COIPOBOXIAETCS KOH-
AeHcanueil ¥ napamerpsl cMmecu Oyayt t = 10 °C; ¢ = 100 °C (Touka M). IIpo-
HOPLHIO CMECH HAXOAUM CIAeAyomuM obpasom.

W3 Toukn M npoBoaMM H309HTANILITY I,, = CONSt 10 nepecedeHyst ¢ NpAMOK
AB, nonyyaem GUKTHBHYIO TOUKY cMecH M', IO KOTOpOIi onpeaenseM Iponop-
HHI0 CMeCH:

AM’ _BM’
G

rcB GrcA

Wamepss oTpesku AM' u BM', HaxoauM:

144 _ 137 i
G B 20000
CremoBaresbHo,
_20000-144

Greg = =21000 I /uac .

137
2. HapyxHblit Bo3gyx (Temnepatypat, = —4 °C, oTHOCHTeIbHAs BAXHOCTb ¢ = 90%)
B KOJIHYECTBe G“_A = 6000 «xI'/uac cMemBaeTCsi ¢ BO3yXOM IIOMeIeHHsI GNB = 4000 xl /uac,

KMEIOUIUM TTapaMeTpbL: TeMniepaTypa t, = 19 °C, Bnaroconepxanue d, = 8,2 I/xI.

OnpeeanuTb napaMeTpbl CMECH.

3. Cmecs, noayuenHast B 3agaye Ne 2, npornyckaercs depe3 kanopucdep. Ha narpes
3arpayuBaercs 20 000 xxar/uac.

OnpesenuTs napaMeTpbl BO3Iyxa NOCJE HAarpesa.

4. Cmecn, nonyyennas B 3aade Ne 2, MOCTynaeT B MOMELIEHHKE, B KOTOPOM OT o6opy-
noBanust Bbinenstercs 46 000 xxan/vac 13GeITOUHOrO Tema (3a BbIYETOM TEILIONOTEPD).
Baarosbinenenuii B HOMEIIEHHH HET.

OnpeaenuTd mapaMeTphbl YXOAALIErO W3 TOMELEHUS BO3AYXa.

5. B npouaBoncTBeHHOE IOMENIEHKE IOCTYIIAET BO3AYX COCTOSAHUA M ¢ TemmepaTy-
poit ¢,, = 15 °C (BTopoii napamMeTp HEOGXOIMMO HAHTH), 2 YXOMUT U3 IOMELIEHUS BO3AYX
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coctosiiusi B (t, = 28 °C; ¢, = 0,5). B momemennu soigensiercs 240 000 xxan/uac Tenna
u 200 xI/uac BoasiHOrO napa.

a) OnpenennTh KOJHYECTBO BO3TyXa, HEOGXOMMMOrO JIJIsi ACCHMMUJISILIMHE TeIla i BO-
AsiHOTO Hapa.

6) Hamerursp nmpouece noyyeHust BO3yXa COCTOSIHUSL M, ec/iu H3BECTHO, YTO BO3XYX
3TOrO COCTOSIHMSI NpeaicTaBsieT coboit cMech Hapy KHOro Bo3ayxa (napamerpst: ¢t = —30 °C;
¢ = 100%) 1 Bo3nyxa, yxonsiuiero 13 nomeweHus (Touxa B).

6. B moMmeulenue nozaercst cMech Bosayxa cocTostHust A (¢, = ~20 °C; @, = 100%) u
cmech Boaayxa coctosiusa B (I, = 11 kxan/xl; dy = 10,5 [/xT).

B nomewenuu Boinessietcs 10 000 xxan/4ac Tenna or o6opy0BaHMS ¥ HAXORUTCH
100 yesoBex (kaxcabiit Bbieasier 108 xxan/uac renna u 60 I'/uac Bnarn).

OnpeneauTs obiiee KOJKYECTBO BO3ayxa (CMeck), HEOOGXOAUMOE /st MOT/IOEHHs
TeIlJia H BJIard ¥ KOJIMYECTBa BO3yXa COCTOsTHMIA A U B, ecin H3BECTHO, 4TO TeMImepaTypa
cMecH, TIOaBaeMoji B moMeLienue, paBHa 8 °C, a Temreparypa BO3/[yXa, BbIXOSIIETO U3
joMelileHuss, pasHa 25 °C.

7. B npou3sBoicTBeHHOE MOMeLIeHHe MOCTynaeT Bo3ayx (Touka M) ¢ mapameTpamu:
¢, =10 °C; dM = 7,0 I/xl. Yxoasiuuit u3 MOMELIEHUs] BO3AYX He JO/DKeH HarpeBaThesi
shine 36 °C (¢, < 36 °C). B nomemenuu sbinessiercs oT obopynosanus 210 000 xxan/uac
u 360 xI' BoxsiHOTO Mapa B 4ac (aHranbnus i, = 750 xxar/xI’), TenI0NOTEpH NOMELIEHUs
pastst 30 000 xxaz/uac.

a) Onpenenuts:

— TOYKY B COCTOSIHHSI YXOAALIErO U3 NOMELIEHHUs! BO3AYXa;

— KOJIYECTBO M10/12BaeMOro BO3/lyXa, Heo6XOMMMOe JJIsl TIOT/IOLIeH s TeTIa i BJIarH.

6) Hamerutb cxemy mpocreiiueii 06paGoTku mofansaeMoro Bosayxa (C HCIOIb30Ba-
HHeM YXOISALIEro U3 IOMeELIeHUsI Bo3ayXa).
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TPEGOBAHUA K BO3/1YXY 3AKPBITBIX
IOMEILEHU

§ 2.1. O6ue nNOAOKEHHs

BoanyuHast cpea 3aKpuITOro NOMEIeHUs 1OJIXKHA YI0BJIeTBOPATD Py
Tpe6oBaHUii, KOTOPBIE IPEBIBIAIOTCS, BO-TIEPBHIX, IOAbMHU, HAXOSIIH-
MHCSI B JaHHOM IIOMEII[eHUH, U, BO-BTOPBIX, Pa3MelleHHbIM B IoMenie-
HUHU 060Py/I0BAHUEM WK XPAHSNIUMCS HMYLIECTBOM.

ITepsyio rpynny TpeboBaHUI NPUHSATO HA3BIBATH CAHUTAPHO-TUTHE-
HUYECKUMH, 2 BTOPYIO — TeXHOJIOTHYECKUMH.

B CCCP yposenb Tex u Apyrux tpeGoBaHUi 1718 NOMeIEeHui pas-
JIMYHOTO Ha3HaueHus HernpepblBHO pacteT. C 1930 roaa B crpane usga-
10TCs1 06s13aTesibHbIe 1151 BeeX «CaHUTapHble HOPMBI U IIPaBHJIA IIPOEK-
THPOBAHUS NPOMBILIJIEHHBIX NPEANPUATHIY, B KOTOPHIX OJHUM U3
OCHOBHBIX SIBAd€TCs pa3fles, NOCBSIIEHHbIH HOPMUPOBAHUIO YCIOBMI
BO3/IyLIHOU cpesbl IPOU3BOACTBEHHBIX TOMeEIIEeHUIA.

IoxasareneM Bce BO3pacTalomero yposHs TpeGoBaHu K napamer-
pPaM BO3AYIIHON cpejsl 3JaHHIT U COOPYXKEHUI DPa3JUYHOrO Ha3Haye-
HUS CIYXKUT TOT aKT, YTO NepeYeHb OMEIIeHUH, B KOTOPHIX JOJIXKHBI
HO/AEPKUBATHCSA ONTHMAaJIbHBIE YCJIOBUS BO3ZLYLIHOM CPe/IbI C IOMOIIIBIO
CUCTeM KOHAMIMOHMPOBAHMS BO3/lyXa, HEIIPEPBIBHO PaCIIMPSeTCH.

CaHuTapHO-TUTHEeHHYECKHe TPeOGOBAHUS K BO3AYUIHON Cpefe 3aKphl-
THIX NOMELIeHUH Pa3INYHOrO Ha3HaYeHUs] B OCHOBHOM 3aBUCST OT Xa-
paxTepa feaTeJbHOCTH JII0jei B 1aHHOM noMereHnd. OObIYHO yPOBEHD
aTUX TpeboBaHuit TeM BblLIe, YeM GoJiee OTBETCTBEHHYIO paboTy BBINOJI-
HsieT yestoBeK. Kak npasuno, HanpsikeHHas yMCTBeHHast pabota Tpebyer
CO3JIaHMs HAWIYYIIMX YCTIOBUH BO3YIIHON Cpesibl.

Texnonoruyeckue TpeGOBAHUA NPU TPOEKTUPOBAHIUH CUCTEM KOHMIIM-
OHMPOBAHMS BO3/IyXa POMBILUIEHHBIX NPEANPUSATHH U3 TOJa B IO/ TIOBbI-
WAIOTCS, YTO 0OBSICHAETCS HENPEPHIBHBIM POCTOM TOYHOCTH H3TOTOBJICHHS
Pa3/IMYHBIX BUIOB U3AEHii, 060pynoBaHus U IPUOOPOB, a TaKXKe 0BJIe-
HMEM HOBBIX, 60J1ee COBEPIIEHHBIX BUOB IIPOMBIILIEHHOHN IPOLYKIUM, Tpe-
6yrowueit 17151 CBOETO NPOM3BO/ICTBA BIIOJIHE OTIPE/IEEHHBIIX YCIOBHIA BO3-
MYWIHO# Cpe/ibl. ITO B IIEPBYIO OYEPEh OTHOCHTCS K 11€XaM, BBITIYCKAIOLIUM
PAO3JIEKTPOHHYIO allNapaTypy, ONTHKY, KUHO- U QOTOIIEHKY, HEKOTOPbIE
BU/IbI IPOYKLUH TEKCTIIBHON IPOMBIILIEHHOCTH U T. [,
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Xots Bee HaKTOPBI BO3AYIIHOM CPesbl AeHCTBYIOT Ha JII0Jeld U 060py-
JI0BAaHHE COBMECTHO, KOMILJIEKCHO, Tpe60BaHuUsI K BO3yXY 3aKPBITHIX 110~
MellleHHI MOXHO NOAPa3/eNIUTh Ha CAEAYIOLIHe rPyIIbL:

a) TpeBOBAaHU K Fa30BOMY COCTaBY BO3/IyXa — PerjaMEHTUPYIOT pa3-
JUYHBIE OTKJIOHEHHS B IIPOIIEHTHOM CO/IEPXaHWH OCHOBHBIX Ta30B, CO-
CTaBJIAIONHUX COGCTBEHHO BO3YX;

6) Tpe6oBaHKs K YUCTOTE BO3AyXa — OrPAHHYMBAIOT COZEPKAHHE B
BO3/lyXe Pa3IUYHBIX TOCTOPOHHUX NpUMecel; TAKUMH NPUMECAMU MO-
ryT GBITH TBEP/IbIE HJIU KUAKHE YaCTHYKH (IIbLJIb, IbIM, TYMaH ), Fa3bl, 11apbl
J1 )KMBBIE MHKPOOPTaHU3MBbI (GaKTepun);

B) TpeGoOBAHMS K METEOPOJIOTHYECKUM TIapaMeTpaM Bo3ayxa. ITox me-
TEOPOJIOTUYECKMMHU [IapaMeTPaMHU BO3/lyXa OHMMAETCs €ro TeMIepary-
pa, BJIAXKHOCTD, IOABMXKHOCTh (CKOPOCTh ABHXKEHHMSA).

B nocneanee BpeMsa MHOTHE CHENUAJIUCTDL IPEANaraloT NPUHUMATh
3a KPUTEPHIA OTIeHKHU KauyecTBa BO3AYIIHOHN cpeabl HOHHBIN ciiekTp. Kax
H3BECTHO, YacTh MOJIEKYJI aTMOC(ePHOro BO3LyXa HeceT Ha cebe 1oJo-
UTEJIbHBIN WK OTPUIATEIbHbIH 2/IeKTPUYecKul 3apas. Takue 3apsiKeH-
HbI€ MOJIEKYJIBI BO3/[yXa Ha3bIBAIOTCS JEeTKMMHM MOHAMU WJIHM adpPOUOHa-
mu. OceBlive Ha TBEPABIX WM XKHUAKUX YACTHYKAX a9POUOHBL 06PasyioT
TsOKeJIble MaJIOTIOBUXKHBIE HOHBL. MoHM3amusa arMoc¢epHOro Bo3ayxa
BHI3BIBAETCA PA3TMYHBIMU NIPOIECCAMH U IJIABHBIM 00pa30oM H3JyYeHHs -
MU PaJIMOaKTUBHBIX BElECTB.

Y craHOBIEHO 6JIATOTBOPHOE BJIUSIHUE HA 1€IOBEYECKUN OPraHU3M JIeT-
KHX OTPHLATeIbHBIX A9POHOHOB, IPE/ICTABISIONNX cOO0H, KaK NPaBUIO,
MOHU3UPOBAHHBIE MOJIEKYJIBI KHCJAOPOJa, U OTPHIATE]bHOE AelicTBUE
TIOJIOKHUTENBHBIX a3POHOHOB, KOTOPBIE Yalle Bcero o6pa3yioTcsi 3a cyer
MOJIEKYJI YTJIEKUCIIOrO Ta3a.

B 3aKpBITHIX IIOMEIIEHUSIX MOXKeT HabII0AAThCS KaK HOHU3ANKUS, TaK
M Ie3MOHM3anMs BO3/lyxa. [l NOMENeHH#, 3aHIThIX JIIOABMH, 060py-
JOBAHHBIX CPEeACTBAMH UCKYCCTBEHHOH BEHTHJISIUM U JIMIIEHHBIX €CTe-
CTBEHHOTO NIOCTYILIEHHs1 aTMOChEPHOTO BO3/1yxa, 60Nee xapaKTepeH Mpo-
Uecc n1e3noHU3aliuy, KOTOPbIi BHI3bIBAeTCs (pUAbTPaLKeil BO3ayxa,
MPOXOXKJIEHUEM ero Mo MeTaIJIMYeCKUM BO3AYXOBOAAM U T. 1. BMecTe ¢
TEM psiji IPOLECCOB KOHAWIMOHUPOBaHHUS BO3AyXa criocOOCTBYET MOBBI-
UIEHUIO COAlepXKAHMS B HEM Jierkux HOHOB. K TakuM npolieccaM OTHOCUT-
¢ 06paboTKa BO3/yXa BOJO# B KaMePax OPOIIEHHUS], HaTPEBAaHKHE BO3/IyXa
B djiekTpokaopudepax. I1o-BUIUMOMY, B yMEPEeHHOU! HOHU3AIUU BO3-
AyXa IIPU yCJIOBHH TMpeobialaHust JTerkKUX OTPHIATEIBHBIX a9POHOHOB
3aKT0YaeTCs MOMOKUTENbHBIN addexT.

Nokasana 1e1ecoo6pa3HOCTh MOHU3ALMHU BO3/1YXa B 1e4eOHbIX HETISIX.
VIMerorcst cnienuanbible yeTpoiicTBa — MOHM3ATOPBI, IO3BOJISAIONIME UC-
KYCCTBEHHO CO3/1aBaTh B BO3[YX€ JIETKHE a3POMOHBI TOH WJIM MHOM 1O-
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asapHocTU. HeKoTopble cienuaaucThl Ipeaaaralot 000pyA0BaTs pa3ind-
Hble IOMeLIeHHS yCTaHOBKaMH /U1 HOHU3auH. OTHAKO 10 3TOMY BOII-
POCY HeT elle eMHOTO ¥ ABTOPUTETHOTO MHEHHUS Y4eHbIX-(PU3NOJIOTOB,
[09TOMY B HacTOsilliee BPeMA [/ 3aKPBITHIX IOMEUEHHH HE CYIIeCTBYeT
KakuX-11u60 HOPM COZIepKaHUs a9POUOHOB B BO3YUIHON cpeze.

§ 2.2. TpeGoBanMs K ra30BOMY COCTaBy BO3AyXa

IpuBegenubiit B Taba. 1.1 cocraB aTMOChEPHOTO BO3/IyXa NpeTepIIeBa-
€T B 3aKPBITBHIX MOMEIIEHUSTX Pa3IuYHble U3MEeHEeHUs. Bo-1epBhIX, Me-
HAETCS IPOLEHTHOE COAEPIKAHUE OTAETbHBIX 00513aTeIbHBIX KOMIIOHEH-
TOB, M, BO-BTODHIX, NIOSABJISAIOTCS AOTONHUTEIbHBIE, HE CBONCTBEHHBIE
YKCTOMY BO3ayXy npuMecu. B HacTosieM naparpacde peub noiiger o6
U3MEHEHHSIX Ta30BOTO COCTABA M O JOMYCTUMBIX OTKJIOHEHHSAX €ro OT
HOPMAJIBHOTO.

BaxxueAnmMu 115 )KH3HEAeATEBHOCTH YeI0BEKa ra3saMu SIBJISTIOTCS
KHCJIOPOZL U YIJIEKUCJIbIH Ia3, y4acTBYIOLIHE B ra3000MeHe YeloBeKa ¢
OKpy>Kalolueii cpenoit. 3tor razo00MeH OCYIIECTBISETCS [JIABHBIM ob6pa-
30M B JIETKHMX YelOBEKa B rpomecce ApixaHus. [azo06MeH, npoucxoas-
Uil yepe3 MOBEPXHOCTD KOXY, NpuMepHo B 100 pa3 Menblie, yeM uepe3
JIETKKE, TaK KaK [I0BEPXHOCTD TeJ1a B3POCJIOTO YeI0BEKa COCTaBIg€eT IIPH-
6nusutenbHo 1,75 Mm%, a IOBEPXHOCTD AJIbBEOJI JIeTKUX — 0KoJio 200 M2,
IIpouecc AbIXaHUS COMPOBOXAAETCA 06Pa30BAHHEM B OPraHH3Me YeJio-
BeKa TeIUIOTHI B KosinyecTBe OT 4,69 10 5,047 (B cpennem 4,879) kxan Ha
1 2 norJoIeHHOTO KUcaopoaa (Mepeleaiero B yraekucaory). Cieayer
3aMEeTHTh, YTO MOIJIOIAETCS TONBKO HE3HAUYUTEIbHAS YaCTh COIePIKalile-
rocs BO BABIXaeMOM Bo3gyXe Kuciaopoxaa (npubnusutensno 20%). Tax,
ecau B atTMOcGhepPHOM BO3/IyXe HaXOAUTCS ipuMepHo 21% kucnopoa, To
B BBIBIX2EMOM YeJIOBEKOM Bo3ayxe ero Oyaer okoso 17%. O6pvHO KO-
JINYECTBO BbIIBIXA€MOH1 YTIEKUCIOTHI MeHbILE KOJIMYeCTBa NOTIOIEHHOTO
kucaopoga. OTHoueHHe 06bEMOB BHIIENSAEMOM YETOBEKOM YIJIEKUCIIO-
THl ¥ MOTJIOIEHHOIO KUCJOPOAa HOCUT Ha3BaHHUe JbIXaTeIbHOTO K0ad-
dunuenra (AK), kotopsiii 06b14H0 Koebaercs o1 0,71 g0 1. OxHaxo eciu
YeI0BEeK HAXOAUTCS B COCTOSHUHM CHJIBHOIO BO3GYXIAEHHSI WK BBHINOJ-
HsIeT OYeHb TsXKeyI0 paboty, JIK Moxer 6biTh naxke 60TbILIE eAUHAIIBL.

Kosnmyecrso kuciopoga, Heo6XoauMoe YenoBexy /U NOMIEPKAHUS
HOPMaJIbHOH JKU3HEEsATebHOCTH, B OCHOBHOM 3aBHCHUT OT HHTEHCHBHOC-
TH BBINIOJIHAEMOM UM PaGoTHI U OMPE/eNsieTcsl CTeleHbIOo HEPBHOIO M MYC-
KyJIbHOTO HAIIPSsDKEHHs. Y CBOEHHME KPOBBIO KHCIOPO/AA IPOHCXOAUT JIy4-
1€ BCEro MPH NapLyaibHOM AaBieHHH oKoAo 160 mm pm. cm., uro npu
atMocGepHOM JaBieHHu 760 mm pm. cm. COOTBETCTBYET HOPMATLHOMY
TIPOLEHTHOMY COIEPIKaHMIO KMUCIOPoJa B aTMOchepHOM Bo3ziyxe, T. €. 21%.
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BJaromapsi CIlOCOOHOCTH YEJJOBEYECKOTO OpPraHU3Ma MPUCIIOCOOISATHCS,
HOPMAJIbHOE JIbIXaHUe MOXKET HAabJII0AATHCA U IPU MEHDBIINX KOJIHYECTBaX
kucaopoza. Eciu coxpailieHue conepxkaHus KUCIOPOa B BO3AYXE IPOUC-
XOUT 32 CYeT MHEPTHBIX ra30B (HAIPUMED, 230Ta), TO BO3MOXHO 3HAYU-
TeJbHOE YMEHbINEHHE KOINYECTBAa KHCI0Poaa — BILIOTh A0 12%.

OnHAKO B 3aKPHITHIX TOMEIIEHUSAX YMEHbIIEHUE CONEPKARMS KUCIO-
po/a COMPOBOXKIACTCA He HApACTAHMEM KOHIEHTPAIMY MHEPTHBIX I'a30B,
a HAKOTUIEHUEM YIJIEKHUCJIOTO ra3a. B aTux ycsioBusx npeaenpHo A0IMyC-
THMOE MHHMMAJIbHOE COMEPKAHUE KHCIOPOAA B BO3AYXE AOJKHO OBITH
HaMHOTo Bbile. OOBIYHO B KaYeCTBe HOPMEI TAKOH KOHIEHTpAIMHU IIPH-
HUMAETCS COAEpKaHUe KUCa0poaa, pasaoe 17% 1o o6bemy. Boobie ro-
BOPs, B 3aKPBITHIX IIOMEUIEHUsIX MPOHEHTHOE COJAEPXKAHUe KHCIOPOIa
HUKOI'/[a He CHMKAETCS 10 3TOH HOPMBI, TAK KaK ropa3jio PaHbIle J0CTH-
raeT MPEEIbHOr0 3HAYEHUST KOHIERTPAIU yIreKucaoro raza, Iloatomy
IIPAKTHYECKU Ba)KHEE YCTAHOBUTH HPEAETBHO AOMYCTUMbIE HOPMBI CO-
JE€PXKAHMA B 3aKPBITHIX HOMEIUIEHUSX He KUCJIOPO/A, a YIJIEKUCIOro ra3a.

Yraexucapii raz CO, npencrasiset c060ii becliBeTHBIN a3 co caabbIM
KHCJIBIM BKYCOM U 3aIIlaxXOM; OH B 1,52 pasa Tsaxkesee BO31yXa, CJIerka sajao-
puT. Hakorsenye yriaekucsaoro ra3a B BO3ayXe 3aKpHThIX TOMeNICHIH rpH-
BOJIUT K MOSIBJIEHUIO TOJIOBHOM G0JIH, TOJIOBOKPYKEHHIO, CJIABOCTH, TOTEPE
YyBCTBUTEJIBHOCTU M JIKE NIOTEPE CO3HAHMUSL

CunTaercs, 4TO B aTMOC(HEPHOM BO3AYXE KOJNYECTBO YIJIEKUCIOTO
raza coctapusiet 0,03% o 06beMy. ITO CIPABEAIUBO IJIS CEIBCKUX Me-
cTHOCTel. B Bo3ayxe KpyNHBIX MPOMBINIJIEHHBX HEHTPOB €TI0 COlep-
XKaHue 0OBIYHO OoJiblie. /I pacueTOB MPUHUMAIOT KOHLUEHTPALHUIO,
pasuyio 0,04%. B Bo3ayxe, BHiIBIXaeMOM 4€JI0BEKOM, COAEPIKUTCS TIPH-
MEpHO 4% yrieKucJIoro rasa.

Bes kaxux-n1u6o BpeaHBIX MOCIACACTBUH [1Jis1 YE€IOBEYECKOro opra-
HHM3Ma B BO3JyX€ 3aKPBITHIX MOMEIEHUI MOTYT OBITh AOTMYUIEHB! KOH-
LEeHTPaL UK YIIEKUCIOTr0 Ta3a, 3HaYnTeNbHO 60ee Boicokue, YeM 0,04%.
Besuuuna npenesibHo 10y CTUMOM KOHIIEHTPAIUH YTIJIEKHCJIOTO I'a3a 3a-
BHCHUT OT IPOJOJIKUTENBHOCTH IPeOBIBAHNS JIIOAEH B TOM HIIM HHOM 33K-
PHITOM TIOMEeNIEHHH U OT Poja uX 3aHsTuil. Hanpumep, a1s repmeTusu-
POBAaHHBIX YOEKHII, IIPU PA3MEUIEHNH B HUX 3[0POBbIX JIOAEH HA CPOK
e 60siee 8 4aCOB, MOKET OBITH IPUEATA B KAYECTBE MPEAEIBHO A0y CTH-
Mol xounenTpaiuu CO, HopMa B 2%. IIpu kpaTkoBpeMeHHOM 1pebbiBa-
HHH JII0/€i 9Ta HOPMa MOXKET ObITh yBeanyeHa. Bo3aMoXHOCTb IpebbiBa-
HUS YeJIOBEKA B CPEAIE C MOBBIIEHHBIMY KOHIEHTPAI[UAMHU YIJIEKUCIOTO
raza 00ycaoBJieHa CHOCOGHOCTBIO YEJIOBEYECKOT0 OPraHU3Ma IIPUCITOCab-
JIMBATbCS K Pa3IHIHbIM ycaoBusM. [Ipu xounentpanuu CO, Bbiule, 4eM
1%, yenoBex HayMHaeT BABIXATh 3HAYUTENBHO G0JIbIle Bo3ayxa. Tax, npu
xonuentpauuu CO, B 3% apixanue yNBaUBAETCs faxe B COCTOSHUM TI0-
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KOs, 4TO caMoO 10 ceOe He BHI3BIBAET 3aMETHBIX OTPUIATENbHBIX IOCJIE/-
CTBUI IIPY CPABHUTEILHO KPATKOBPEMEHHOM ITPeOBIBAHUM B TAKOM BO3-
ayxe yeaoseka, Ecim xe yenoBek 6yeT HAXOZMTHCA B IOMELIEHUH C KOH-
nentpanueit CO, B 3% noctatouno xoaro (3 u 6ojee CyTOK), €My IPO3HT
TIOTEPS] CO3HAHUSL.

IIpu AaUTENbHOM NIPeGbIBaHMH JIIOAEH B repMETU3HPOBAHHHBIX TI0-
MEIEHHUSAX ¥ IIPH BHITOJIHEHWH JIIOAbMU TOM WIN MHOM pabOThI BETUIH-
HA TpelebHO AONYCTUMOW KOHIEHTPAUH YIJIEKHCIOro ra3a A0JKHA
OHWThb cyulecTBeHHO Menbine 2%. Jlonyckaercs kosebanue ee ot 0,1 1o
1%. Comepxanne yraekucioro raza 0,1% MoxeT cuMTaThesl 1OINYCTH-
MBIM H 1Jisi OObIYHBIX HErepMETU3UPOBAHHBIX TIOMENIEeHH 31aHuil U
COOpYXEHUH pa3jauYHOro HasHaueHus. Bosee Hu3Kkas KoHHEeHTpauHs
yraekucoro raza (nopsigka 0,07—-0,08) nomxza HasHavaTHCA IHLID 151
MOMELIEHHH Je4eOHbIX H JeTCKHX YUPeXACHUN.

Kax 6ynet sicho U3 nanbheiinero, TpeGoBaHMsl B OTHOIEHHU COXEP-
JKaHUA YIJIEKHUCIIOrO ra3a B BO3yX€ MOMEIICHUH Ha3eMHbIX 37aHui 0OBY-
HO JIETKO YIOBJIETBOPAIOTCS, €CJM HCTOYHMKAMM €T0 BbiIC/IEHUs1 SBJIs-
10Tcs moxu. Have CTOUT BOTIPOC, KOra YIJIEKUCbI a3 HAaKAMIHBAETCS
B IIPOHM3BOJCTBEHHEIX IOMELIEHHSAX B PE3YJIbTaTe T€X HIH MHBIX TEXHOIO-
IHYECKHX TIPOLECCOB, IPOMCXOANINX, HATTPUMED, B IPOXKIKEBbIX, TNBOBA-
PEHHLIX, THAPOJIM3HBIX 1eXaX. B 3ToM ciiydae B KauecTBe MPEREIbHO 10~
NyCTHMON KOHIEHTPAMH YIIEKUCIOro rasa npunumaor 0,5%.

§ 2.3. TpebGoBanus K YHCTOTE BO3AYXA 3AKPLITHIX OMEIIEHHIH

B Bo3xyxe pas/JMYHBIX IO CBOEMY Ha3HAYeHHIO MOMelIeHHH MOTYT Co-
AEPKAThCsl IIOCTOPOHHHE TIPHMECH B BHJE TBEPALIX H XKHAKHX YacCTH-
Y€K, ITapoB M ra3oB. [IpucyTcTBre 3THX TOCTOPOHHMX BEUIECTB HAHOCHT
Bpe/l 4eJI0OBEYEeCKOMY OPTaHM3MY fake ToT/a, KOrja 1o CBOEMY COCTaBy
OHU HeWTpanbHHL. [l03TOMY Takue mpuMecH K BO3AyXy 3aKDBITHIX MO-
MelIeHHH IPUHATO HAa3HBaTh BpeAHOCTsIMH. Hanbonblee KoauuecTBo
BpEeIHOCTEH HaKaIJIMBAeTCs] B MPOM3BOJACTBEHHLIX MIOMENIEHUAX B pe-
3yJbTaTe Pa3/IMMHBIX TEXHOJOTHIECKHX IIPo1ieccoB. IIpu 5ToM MOTyT BHI-
AENAThCS BecbMa TOKCUYHBIE S/IOBHTHIE BEMIECTBa, TaKHe KaK XJIop, cep-
HUCTbIH a3, OKUCH YIJIepoJia, Pa3THYHbIE MEIIbAKOBHCTEIE COCIMHEHHS
u T. . OueHb pacopoCTPaHEeHHON BPeIHOCTHIO B Pa3/IMUHBIX TIPOMBINI-
JIEHHBIX NPEATPUATHSX SIBJISETCS MBUIb, KOTOPAs MOXET OHITh MO CBOE-
MY XHMHMYECKOMY cocTaBy sifioBuToil. Ho u Toraa, xoraa npuis HeHTpasib-
Ha, OHa BPE/IHA, TaK KaK, IPOHUKAs B IETKHeE YeJIOBEKA, MOKET BBI3bIBAaTh
pasnHuHble IpodeccHoHaNbHble 3a60/IeBaHus.

ITonnoe ycrpanenHe 13 BO3/yXa 3aKpbIThIX OMENIEHUI BPEAHBIX JJIst
yesoBeKa IIpUMeECeli He BCerza BO3MOXKHO IJiaBHBIM 06pa3oM H3-3a or-
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POMHBIX TPYZAHOCTEH, CBA3aHHBIX C COBEPUIEHHOH OYMCTKOHN BO3ayXa.
[103TOMY IIPHXOAUTCA AOMYCKATh HEKOTOPOE COEpKAHUE BPEAHOCTEH B
po3ayxe pasnuunbix noMemiennii. B Coserckom Coiose npeaesbHO A0-
IyCTUMbi€ KOHUEHTPAIMU BPEAHOCTEH B BO3YX€ 3aKPHITHIX IOMELIEHHI
ycTaHaBJMBAIOTCs [0CY 1apCTBEHHOM CaHUTapHOM MHCIIEKIMEH Ha OCHO-
Be UCCJIEOBaHHI CIIeLMaIbHBIX yupexaenuit MunucrepcTsa 3a4paBoox-
paHeHMs1 M MHCTHTYTOB oxpanbt Tpyaa BIICIIC.

B kauecTBe HOpPMBbI IPEAEIbHO JOMYCTUMOI KOHIEHTPALUH TOTO MK
WHOTO BU/Ia BpEAHOCTH IIPUHUMAETCS Ta MAKCHMAaJIbHAS €€ KOHIEHTpa-
11, IPY KOTOPOI 1aXke MOcJie BeChbMa JJINTEIbHOrO BO3AeHCTBHSA BpE-
HOCTH HE BO3HHKAET KaKMX-Obl TO HU GbUIO OGBEKTHBHBIX IIPU3HAKOB
yXyAIUEHHS] CAMOYYBCTBUSA H 310pOBbs mozed. IIpu kpaTkoBpeMeHHOM
1peOBIBAHMH JIIOAEH B OMELIEHUAX 0MYCKAIOTcst Goee BBICOKHE KOH-
[EHTPAIUH BPEIHOCTEM.

I[JI?I TEX NIPOU3BOZICTB, B KOTOPbLIX H3BECTHBIMU METOXaMH 06eCHe‘IHTI)
NPENEIbHO HOMYCTUMEIE COAEPKAHUA BpeJHOCTEH HENb3s1 U B KOTOPbIX
paboTalolIHEe MOABEPraloTCsl BO3AEHCTBHIO YBETUYEHHBIX KOHIEHTPAIIUI
BPENHBIX ISl 3I0POBBS BENIECTB, 3aKOHOAATEIbCTBOM TIPELYCMaTpH-
BAIOTCSI MEPOTIPHATHS, 00eCTIeYHBAIOI[HE COXPAHEHUE 310POBbs1 JIOAEH.
K Taxum MeponpUsSTHAM OTHOCATCSA: BBeleHHEe COKpaiieHHoOro paboyero
JaHs (MHOTZA O 4 4acoB B CYTKH), Bhiiada HEHTPAIH3YIOIUX AelCTBHE
BPEIHOCTEH NPOLYKTOB MUTAHHA (HATIPUMED, MOJIOKA ), IPEAOCTaBIEHHE
VIJIMHEHHBIX OTIIYCKOB, OTIIPaB/IeHHE B CIiel{HAJIBHEIE CAHATOPHL.

3HauyeHUs NpeaeIbHO JONYCTUMBIX KOHIIEHTpaui BpeaHOCTeH npH-
BOJATCS B COOTBETCTBYIONIEH uTepatype [26].

He octanaBnuBasich mogpoGHO Ha ONIMCAHWUH BPEAHOCTEH, BCTPEYaio-
UIMXCs B PA3JIMYHBIX 3aKPBITHIX MIOMENIEHHSAX, AaAUM KPaTKyIO Xapakre-
pUCTHKY HauboJIee pacTpOCTPaHEHHBIM M3 HUX.

MunepanpbHass M opraHuvYecKkas NHJIb INPeICTABIAET
co60ii yacTHBIH BUJ a3p030ieit (07 OCIeAHAMU ITOHUMAETCS CMeCh BO3-
AyXa ¥ HAaXOASIIMXCS B HEM TBEPABIX MJIH XKHAKHX yacTH4ek). Eciu TBep-
ki€ YacTHYKH, 0Opa3yiouue MblIb, COCTOAT U3 AXOBHTHIX BENIECTB, TO
IIPENEIbHO JOMYCTUMbIE KOHIIEHTPAIMH cIeAyeT 6paTh U3 YIOMSAHYTOTO
nepeunsi. OyeHb YacTo B MBUIM OTCYTCTBYIOT TOKCHYHbIE IPUMECH, H TOT-
Ila ee TIpeieIbHO ROYCTUMast KOHIEHTpalMs Ha3HayaeTcs B 3aBUCUMOC-
TH OT COAEPKAHUA B Hell CBOGOAHOM KpHCTANIMIECKOM KpeMHHeBOM KHC-
notsi SiO, (HampuMep, kKBapla) u acbecta. Ecim MuHepasIbHas HIH
PaCTUTENIbHAS NBUTHL He HMeeT YKa3aHHBIX NpuMeceit, BeIMUHHA Tipeie/ib-
HO nonycTuMoi KoHleHTpauuu npunuMaercs 10 ml/m3. Ilpu conepxa-
Hyu B bty SiO, 6onee 10% 1 A1 acGecTOBO MBLIH BeIHYMHA COCTABIA-
et 2 ml/m’. Hakouel, AJist IbLTH, Y KOTOPOUM SiO, 6onee 70%, npeaenpHo
AOTIyCcTUMasi KOHUEHTpanus pasHa 1 ml/m?,
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B Taxnx nomenienusix, Kak MallIiHHbIE 3aJ1bI IU3€/IbHBIX ANIEKTPOCTaH-
1(uH, KOTEJIbHbIE U FAPKH, BEChbMA YaCTO HaXOMTCSI OKHCH yIJlepoaa, Hik
yrapHpiid ra3, CO. 3Tot ra3 o6pa3yeTcsi B 60JIbIIMX KOJHIECTBAX IIPH IO~
*apax ¥ HPY MPOU3BOACTBE B3PHIBHBIX PaboT.

Oxkuch yraepoaa— ras6es ipera, BKyca M 3anaxa. YIeIbHbli
Bec (1o oTHoIEHMO K Bo3ayXy) 0,97. Ouens cnabo pacTBOPSETCS B BoAE
(npumepHo 3 obbema rasa pacrBopsiiores B 100 o6pemax Boasr). Bapsi-
BaeTCsl B CMECH C BO3AYX0oM B Konudectse oT 13-16% no 75%. Anosuta
TIOTOMY, YTO TEMOIJIOOMH KPOBH, COAEPIKAIIMHCS B KPACHBX KPOBSHbIX
[IapHKaX YEJI0BEKa, MMEET ropaszio OJIbIIEE CPOACTBO C OKHUCHIO YIIIEPO-
na, yem ¢ kucsaopoaoM (B 250-300 pa3). Ecau Bo BapixacMoM BO3AyXe
ectb CO, To KpOBb €€ YCBAaUBa€T BMECTO KMCJIOPOAA U TI0 TELy YeIoBeKa
uupKynupyet kapbokcuremornobun (H,CO) Bmecto okcureMorobuna
(remornobun + kucnopoa = H,0,); HaunHaeTcs KHCIOpORHOE rojioza-
HUe, KOTOPOE NPH J0CTATOYHOM HAchineHuH KpoBH CO MOXET BBHI3BAaTh
cMepTh. Pasiinyaior TpH cTeneHu ocTporo (T. €. HEXPOHHIECKOT0) OTPaB-
JIEHUST OKHMCBIO yriepoaa: ciaboe (yM B yiliaX, romoBHast 60k, rosio-
BOKDYKEHHE, cepAlleOHeHHE ); CHIIBHOE (KO BCEM BHIINEYKA3aHHbBIM CHM-
nToMaM TpHOaBIAETCS MOTEPA CIIOCOOHOCTH ABHIATHCA H TIPUTYILIEHHE
CO3HAHMA); CMepTeJibHOE (MOTEPS] CO3HAHMS, CYLOPOTH, CMEPTh). DTH
CTEIIEHH OTPABJIEHUs YENOBEKA, HAXOSIIEr OCS B TIOKOE, BH3BIBAIOTCSA CJIE-
L[y!OIHPIMPI JETBIPbMSI KaTETOPUIMH TOKCHYECKHX KOHIIEHTPAIIMIL:

0,2 MI/n (200 mI'/M?) — HUKAKMX MJIH JIHIIb CIAOBIE CHMIITOMbI
OTPaBJICHUS Y€PE3 HECKOJILKO YaCOB;

— 0,6 Ml/a (600 MI/M*) — cnaboe oTpaBIeHHE TIOCIE BO3AECHCTBUS

no 1 4aca;

— 1,6 uI’/n (1600 mI'/M?) — TsIKEJOE OTPABJIEHHE;

~ 5,0 ul/n (5000 MI/M3) — cMepTeIbHOE OTpABIIEHHE.

B xadecTBe HOpMBI IIpEAEIBHO AOITYCTHMOI KouienTpaly CO B BO3-
AyXe 3aKpBIThIX noMeuiekuii npuaumMaercs 0,002 ml'/n (2,00 i /m?). Ipu
AJIMTEIFHOCTH paboThI B BO3/(YXE, COIEPHKAIIIEM OKHCh YTJIEPOAa, He Gonee
1 yaca nPEAEIBHO AOTYCTHMAs KOHHEHTparus nosbintaercs 1o 0,005 mly/x;
npu pautenbHoctu 30 munyTt — 10 0,01 ml/z; 15 munyt — 10 0,02 ml/a.
IIpu 3TOM NOBTOpPHBIE PAGOTH! B BO3AYXE ¢ TIOBbINIEHHBIMH KORIEHTPaIUs~
mu CO MOTYT IIPOU3BOIHUTLCS C NIEPEPHIBOM HE MEHee YeM 2 Jaca,

Axponeun (axpunoswit anpaerng CH =CH - CH = 0) nocry-
TIAT B BO3/LYyX NHM3€JILHOIO MAITHHHOTO 3J1, SIBJLSISCH IPONYKTOM CTopa-
HUSA ¥ Pa3lOXeHHs1 CMA30YHOTO Maca.

Axponeun 6ecBETEH, IMEET 3a1laX IPUTOPEJIbIX XKHUDPOB, TIOYTH B /Ba
pa3a TspKesiee Bo3ayxa (ynesbHbill Bec o OTHOLIEHUIO K Bo3ayxy 1,93);
CHJIbHO Pa3[pa’kaeT CAU3UCTHE 060J0UKH, 00JAJAET HEKOTOPLIM OOIIMM
TOKCHYeCKUM peiicTBreM. [Topor Bocnpusitua 3amaxa oxono 0,04 ml/x.
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[IpenesibHO AONYCTHMAsi KOHIEHTPAIHsi aKpoJicMHa B BO3/(yXe IIOMele-
nust 0,0007 ml/a (0,7 ml/m?).

Tyman cepuoint xucanorts (H,SO,) Bhigenserca B akKyMy-
JISTOPHBIX TOMENIEHHAX NP 3apS/IKe KHCIOTHBIX aKKYMYJISITOPOB, KOT-
/12 Iy3bIPbKH CBOGOZHOTO BOZOPO/A, BHIPBIBAACH M3 3JIEKTPOJIHTA, YHO-
caT ¢ cobolil M Mesbuaiiliine KaelIbKH CEpPHOI KHuCIoThl. Pazapaxaer
BEPXHHE JbIXaTe IbHbIE ITYTH, B 0OCOOEHHOCTH CIM3HCTYIO 060I0YKY HOCA;
3aTPY/AHSET /[BIXaHHE; BHI3bIBAET CIIA3M T'OJIOBHOH NeJIH, XKEHHUE B IJIa-
3ax. IIpu Goree BHICOKMX KOHIIEHTPAUAX MOXKeT IPHBECTH K KPOBABOM
MOKpOTe, pBOTe (HMHOIa C KPOBBIO), 2 TAKXKe TSKEIIBIM BOCTIAIMTENbHbIM
saboneBanusam 6porxos u nerkux. Konuenrpauun 0,003-0,004 ml /2 ne-
npusiTHEL a 0,006-0,008 mI'/n oueHsb Tsroctust. [IpesesibHo gonycTumoit
asasietcst KonneHTpauns 0,001 sl /n (1 ml/m).

Eciu B NpoM3BOACTBEHHOM NOMENIEHNH BBIAEJISIOTCA PAAMOAKTHB-
HBl€ BelIecTBa, TO BEJHYMHBI IIPEJETbHO JOMYCTUMBX KOHIEHTpanui
ITUX BelleCTB HA3HAYAIOTCS B 3aBICHMOCTH OT HX AaKTHBHOCTH B KIODH Ha
1 2 (uan 1 &*) Bosgyxa. ITogpo6uyI0 TabuHIy AONYCTAMbBIX KOHIIEHTpA-
il psisa paInoaKTHBHBIX 3/1eMEHTOB MOXHO HAHTH B CIIEHHMAILHOM JIH-
tepatype [13, 24].

Bce npuBeeHHbIe B HacTosmeM aparpade cBEeHHs OTHOCATCS K ca-
HUTApHO-THTHEHWYeCKUM TpeOOBaHHAM, KOTODbIE, €CJI MMETh B BUAY HC-
TOTY BO3yXa, KaK IIPABIJIO, 3HAUUTENBHO BhIllle TEXHOMorHyeckux. Onna-
KO B Psifie cJiy4aeB K YHCTOTe BO3AYyXa MpeADbABISIOTCS OYeHb BHICOKHE
TexHOJorH4YecKue Tpebopanus. Tax, HampuMep, BeChMa BhICOKHE TpeboBa-
HUSA TIO 3aIIbLIEHHOCTH BO3/IyXa NPEABSIBITIOTCA B 1{eXaX, IPOU3BOASIINX
BRICOKOTOYHOE 000pyA0BaHue, KNHO- ¥ (POTOIUIEHKY, a TAKXKe ONTHYECKHE
NpHOODHI, TaK KaK HaIMYHeE Jake MEJbYaiilinX MbIEBbIX YaCTHYEK CKa3bl-
BAETCS Ha KayecTBe BBIMYCKAaeMOH STHMH MPEANPUATHAMH MPOAYKIHUH.

IToMnMo HOpM KOHUEHTpalMii Pa3IUYHBIX BpeAHOCTEN, Ha3HAYae-
MEIX KaK Npe/ieJIbHO JOMyCTUMBIE TI0 CAHHTAPHO-TUTHEHHYECKHUM C000-
PaXXeHHUAM, /ISt HEKOTOPHIX BeUIeCTB MMEIOTCSI HOPMBI B3PbIBOOTIACHBIX
KoHueHTpannit [34], KoTopble, KOHEYHO, HAaJI0 YYNTHIBATH IPH TPOEK-
TUPOBAaHUM CUCTEM BEeHTHJIAMH M KOHIHIIMOHUPOBaHUs Bo3ayxa. Cie-
AYET, OHAKO, TIOMHHTD, YTO JIs1 BCEX B3PbIBOOHACHLIX BEIlleCTB IIpeaes
AOMyCTUMHEX KOHIEH Tpaiiuil, Ha3HAYEeHHbIX 110 CAHUTAPHO-THTHEHHIec-
KMM cooGpaXKeHusiM, BO MHOTO pa3 (COTHM M THICAYHM) HUXeE, YeM HHXK-
HUH TIpesiesl B3pbIBOONACHBIX KOHIEHTpaLnii.

B saxnouenme atoro maparpacda ocTaHOBHMCS Ha TAKOM ToKa3atesie
YHCTOTHI BO3AYXa, KaK ero 6akTepuaibHasi 3aTPsISHEHHOCTD.

B Bo3myxe 3akpbIThix OMelLIERHH, IpeHa3HAYEHHBIX JIsi AJMTEb-
HOTO npeGrIBaHUA MIOZEH, BCerza MIMEIOTCs Pa3HYHble MHKPOOPTaHU3-
Mbi, BOHHKAIOIIME B Pe3yibTaTe JKHU3HEAEATeIbHOCTH yenosexa. Mnuo-
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THe B3 3THX OPTaHU3MOB OGHMTAIOT B NIOJIOCTH PTa, B HOCOTJIOTKE, BEPXHUX
AbIXaTeJIbHBIX MYTAX, JeTKuX. Bce OHM 1€TKO MonmajanT B BO3LYX BMECTE
¢ MeJIbYANIIMMH KaNeTbKaMH CJIIOHB ¥ MOKPOTDI DY YHXaHHH, Kallljie H
AaXKe PasTOBOpE. JTH KaneabKH SIBJISIOTCS TIePBONPHYMHOM HaKTepHATb-
HOT'o 3arpsisHeHMs Bo3AyXa. B panbHelilleM, onyckasch Ha M0, OLEXLY,
obopynoBanue, OHI OCEAAIOT HA IIbUIMHKAX, HCHAPSIOTCS, A CoAepKaniu-
eca B HuX MHKPOOBI BHOBDL TONIAZAIOT B BO3AYX MOMENIEHHH BMECTE C
NBIIBI0. MHOTHE MHKPOODPraHu3Mbl, HAXOAAIIHECS B BO3AYXE IIOMEIIe-
HHMH, c1yXKaT HCTOYHHKOM 3apa3HblX Gosie3Heit, BOT nodyeMy psx 3aboue-
BaHMH mepesnaercs Yepes Bo3AyX (Takue 3a60JI€BaHMsI HOCAT HA3BAHHE
adpPOreHHbIX, HJIH BO3AYIIHBIX, MHpeKmi1).

B HacTos1ee Bpemsi IPHHSTO OIeHHBATh GaKTepHAIBHYIO 3arPA3HEH-
HOCTb BO3ZyXa 110 ABYM NIOKA3aTeJIsIM: BO-TIE€PBBIX, 110 OGIIEMY YHCILY BCEX
MHKPOOPraHM3MOB, HaxoAaumxcs B 1 M3 BO3yXa; BO-BTOPBIX, 1O YHCILY
TaKMX HanGoJee pacpoCcTPaHEHHbIX $0/1e3HETBOPHBIX MHKPOGOB, KaK re-
MOJIMTHYECKMI CTPENITOKOKK. B noMenenusx Xuisix ¥ ipefiHa3HaveH-
HBIX AJIs JTMTEIBHOTO NpebhIBaHMs JIIOAEH YMCI0 MUKPOOOB IIPSIMO IPo-
TIOPIIMOHAILHO 3aMBUIEHHOCTH BO3AyXa.

Jlo cnx mop MBI He pacirosiaraeM o(pHUHAIbHbIMYA HOPMaMH ISl OlIEH-
KH YHCTOTHI BO3AYXa B OTHOINEHKMH ero GakTepuabHON 3arpA3HEHHOCTH.
Bo3sayx 3aKkpbiTOro MOMenieHUst MOKHO CYHTATh OTHOCHMTENLHO YHCThIM,
ecam obilee YHuCI0 MUKpoOpraiu3MoB B 1 #* ne npespimaer 1500, a uncio
TeMOJIMTHYECKHX CTPENTOKOKKOB He boee 16.

§ 2.4. Tpe6oBaHHA K METEOPOJOrHYECKHM NTAPAMETPaM BO3AyXa

ITox MeTEOPOOTHYECKMMH TIAPAMETPAMM BO3AYXa 3aKPHITHIX MOMENIE-
Huil GyaeM IIOHMMATh ero TeMIIEPaTypPy, OTHOCHTENbHYIO BAAXKHOCTD U
HOABMKHOCTD (CKOpocTh ABuXKeHus). Co3nanne u nojAepkanue onpe-
AeJIeHHbIX Hallepes 3aIaHHbIX METEOPOJIOTHYECKHX IIApAMETPOB BO3/LYIl-
HOH CpeJibl B IIOMEIIEeHHUsIX SABISETCA OJHOM U3 OCHOBHbIX 3a/a4 KOHZH-
IIHOHHMpOBaHus Bo3fyXa. K aTuM mapamerpaM NpexbsiBAAIOTCA KaK
CaHMTapHO-THTHEHMYECKHUE, TAK M TEXHOJOTHYECKHe TpeboBanus.

Paccmorpum BHauase caHuTapHO-rHrreHnyeckue TpeGosanus. Cynr-
HOCTb 3TUX TpeGOBaHMI K METEOPOJIOTHYECKHM TIAPAMeTPaM 3aK/II09aeTCst
B TOM, YTO OKpPY>Kaiouiast 4eJI0BEeKa BO3AYLIHAS CPella KOKHA CO31aBaTh
GraronpuATHbiE YCIOBHA AJIA OTBOJA BHIpabaThIBAEMOTO B ODTAHH3Me Ye-
JIOBEKaA Tera.

Teropoii 6ananc yeaoBeKa MOXKeT OBITD TTPEACTABJIEH B OOIEM BHJIE
CIenyouuM 00pasoM:

M=0 +0,+0,+0,+0,+S, ¢A))
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rae M — Temnso, BIpaGaThiBaEMOE B YEJIOBEUECKOM OpraHu3Me (Ten-
JIONPOAYKIUA);

QK— TEIIO, OTaBaeMOE B OKPYKAIOIIY10 cpely (Miid IoJyJaeMoe U3
Hee) YeJ0BEKOM KOHBEKIHHel;

Q — TO Xe, H3yYEHHEM,

Q,— pacxoj TeIlIa Ha NCTIADEHHE BJIary ¢ IIOBEPXHOCTH KOKH H JIeT-
KUX;

Q,— pacxox TemIa Ha paGoTy, COBEPIIAEMYIO €I0BEKOM, H Ha DYHK-
[HHOHMPOBAHKE BHYTPEHHHUX OPraHOB;

Q- Teno, Heo6XoAMMOE /1 HarPEeBaHHsl HIIH OXJIAX/AECHHNS BbIXae-
MOTO BO3/IyXa;

S — u36BITOK HIIH HEJOCTATOK TEIIa B OPTaHU3ME.

u Q — Bcerza NOJOXHTEIbHBY, OCTAIbHBIE YIECHH! MPABOM YacTH
ypaBueHHs (2.1) MOTYT GbITh IIOJIOKHMTENPHBIMA HIIH OTPULATENbHBIMH
B 3aBHCUMOCTH OT METEOPOJIOTHYECKHX YCIOBHI B IOMEIIEHHH.

Du3N0IOTHYECKOE COCTOSTHHE H CAaMOMYBCTBHE UETIOBEKA 3aBUCHT OT
yCJIOBHii OTBeJeHHs Temia oT opranuama. O6sa3aTebHBM YCI0BHEM
Y/IOBJIETBOPHTENBHOTO CAMOYYBCTBHS SIBJISIETCS PABEHCTBO HYJIIO MOCe-
AHEro wieHa ypaBHeHus. B cnyyasix, korza S # 0, npoucxoaHT Hapacrta-
HY€ WM CHIKEHHE TEMIIEPATYPHI TeJIa 4eI0BEKA, YTO He MOJKET CYMTATh-
ca pomyctumbiM. Ho u Torma, korma S = 0, xopolllee caMoO4yBCcTBHE
HabII0aeTCA THIND TIPH YCIOBHH, €CITH YeJIOBEYECKOMY OPTraHU3My He
NIPUXOAMTCS YPE3MEPHO HANIPATaTh MEXaHH3M TEPMODETyJIsuHH. JTOT
MEXaHHM3M T03BOJISIET MOANEPKHMBATh TeMIIEPATYPY TeJIa IIOCTOSHHOM TpH
JIOCTATOYHO IIMPOKOM AHaNa3oHe KojebaHHil MeTeOPONOrHYeCKHX Tapa-
MeTPOB Bo3ayxa B nomemiesun. OHako He Bce KOMOHHAIMH 3THX napa-
METPOB OTBEYAIOT XOPOLIEMY CaMOUYYBCTBHIO. TenooOMeH YenoBeKa ¢ OK-
pyKarouiei cpeoii IPOUCXOMUT Ha OCHOBAHHH OOIIHX TeTIO(MU3HIECKHX
3aKOHOB, B COOTBETCTBHH € KOTOPHIMH MOTYT ObITh OII€HEHBI Pa3/IHYHbIE
COCTaBHBIE YacTH TEIIOBOro GamaHca.

TennoobMen koHBex1Hei  3aBUCHT OT Pa3HOCTH TEMIIEPATYP MEX-
Ay HapyXXHOU TIOBEPXHOCTBHIO TeJla YesioBeKa (BKMIOYast OOHAKEHHbIE
OJIEThIE YaCTH) H BO3AYXOM, a TaKXKe OT CKOPOCTH ABMXKEHHA (MM MOJ-
BM>KHOCTH) BO3[yXa.

Ecnu cumrath, 4T0 TEeMIepaTypa NMOBEPXHOCTH TeJa NOCTOSIHHA, TO
MOXHO CKA3aTh, YTO HHTEHCHBHOCTD TEIIOOGMEHA KOHBEKIIHENH YeoBe-
Ka ¢ OKpysKalouieil ero cpeoi 3aBHCHT OT TEMIEPATYph! BO3yXa H €ro
MOABUKHOCTH.

TennoobMen usnydennem Q oIpexesserca pasHOCTBIO YeTBEPTHIX
CTeHeHeH TeMIepaTyp NOBEPXHOCTH TeJia YeJI0BEKa M TIOBEPXHOCTEH Or-
paxxaeHuil IOMELEHHUs, a TAKXKe IIPeMEeTOB 1 060pYyI0oBaHMs, HAXOs-
umxcs B HeM. Kpome Toro, Ha BenmunHy Q BIHAET XapaKTep 3THX Tio-
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BEPXHOCTEH, OHEHHBAEMBIl COOTBETCTBYIONUMU KO UIIHEHTaMH U3-
ayyenus. Eciiu cuuTaTh TeMIepaTypy Tesa IIOCTOSTHHOHM, MOXXHO IIDHHH-
MaTh UHTEHCHBHOCTD TeIooOMeHa M3JIyYeHHEeM 3aBHCSLIEN OT 3Have-
HUIl TEMIIEPATYP TIOBEPXHOCTEN OrPKACHHUI B 060pyHOBaHHS.

TennooOMen UcnapeHueM, WIK OTBOJ TEIlJIa OT Y€JI0BEYECKOTO Opra-
HM3Ma 3a CYET MCTIAPEHMs BJIard, TeM HHTEHCHBHEE, YeM MEHDIIIE TIapiy-
aJIbHOE AABJICHUE BOASIHOTO T1apa B OKpyXatouieM Boszxyxe P u yem 60/b-
1Ie TOABHKHOCTD Bo3ayxa. [Tockonbky P, = @P”, To IIpu OfHOIi U TO# ke
TeMITepaType UHTEHCUBHOCTD UCHAPEHHUs GyzeT Tem GoJibllle, YeM HHXe
OTHOCHUTEJIbHAS BJAXKHOCTD BO3AYxa. VI3 3TOro n0cTaTouHO cXeMaTHIHO-
IO PacCMOTPEHHS] CIEAYET, YTO OAMHAKOBOE TEINIOBOE OUIYUIEHHE Y€JI0-
BeKa MOKHO COXPAHHTb IIPH HECKOJIbKHX KOMOHHAIHMAX U3 METEOPOJIO-
IMYecKHX TIapaMeTpoB. Tax, HalpUMeD, NIpH NMOBBINIEHHH TEMIEPATyPhI
BO3/(yXa A1l COXPaHEHHs1 IePBOHAYIHLHOTO TETIJIOBOTO OUIYINEHHS MOX-
HO NIOBBICHTh CKOPOCTb ABHMXEHHS MJIM NIOHH3UTh TEMIIEPATYpy Orpax-
JAIOIMX KOHCTPYKIMiA (IIpUMEHHTH PaJHAIIHOHHOE OXJIKACHHE).

EcTecTBEHHO, 4TO Ha TEIUIOBbIE OIMYNIEHHS YEJOBEKA BIHAIOT OfEXK-
Iia, THTaHME U ApYrue (GakTops!; HO ecJii 3TH (PaKTOPhI OAMHAKOBBI, OlLY-
HIEHHE TEIIa WM X0JI0/ia 3ABHCHT OT KOMOMHAIIHH TIADAMETPOB OKpYsKa-
I01IEH CPEBL.

Taxum 06pa3om, MBI IIPMXOIMM K BHIBOAY O HEOOXOAMMOCTH ydeTra
KOMIIIEKCHOT'O BIUSIHHESA IapaMETPOB, XapaKTEPH3YIOUMX OKPYXaIOUIyI0
yenopeka cpeay’. s unmoctpanuu B Tabi. 2.1 npuBoAATCS HEKOTOPHIE
KOMOHHAIMH TEMTIEPATYPbl, OTHOCHTEIBHON BJXHOCTH H CKOPOCTH ABH-
’KeHMsl BO3IYXa, COOTBETCTBYIOIHE OAMHAKOBOH 3 dexTHBHOHN TeMmIre-
partype, paBhoit 18° (3T=18°).

Tabnuya 2.1

Kom6HHaIMH MeTEOPOTOTHYECKHX NTapaMeTPOB BO3AYXa,
cooTBeTcTByIomHe 3¢ PexkTusHoil Temneparype 18° (3T = 18°)

Temneparypat,°C| 18 | 20189 21,1| 20,0 22,2/ 20,0] 21,1 | 22,2(21,1|23,3]24,0

Ornocuremvnast | 100 | 49| 70| 30| 69 17| 84| 55| 31] 80| 25| 9
BJIAXKHOCTb ¢, %

Crxopocts ol of ol o|lo2slo025 05| 05| 05| 1,0] 1,0] 1,0
ABUXKEHUS

(NOABMXHOCTD
BO3/LyXa) @, M/cex

! Bnepsble k TakoMy BbiBozy eme B 1884 roay npuinen nniaaoomuiics pycckuit
ntxerep . U. Onasuukuii [37], aneko onepeaus yuennix Epponst u CIITA.
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JObdexTuBHON TeMmepaTypoil Ha3bBalOTCA Bee Gecumc-
JIEHHBie KOMOUHAIIMY M3 TEMIEPATYPhl, OTHOCUTEAbHOM BAAMKHOCTH H CKO-
POCTH ABWXKEHHs BO3/IyXa, BbI3bIBAIOUINE OJMHAKOBbIE TEIIJIOBBIE OIIY-
IEHHsA y 4eI0BEKa, IIPUYEM TaKHe, KOTOPbie BO3HMKAIOT B HETIOJABHKHOM,
IIOJIHOCTBIO HACHINIEHHOM BJIaroil BO3AYXe IIPU TeMIeparype, YUCICHHO
paBHoOi}1 3¢pexTHBHOM.

Ha puc. 2.1. npuBeneHa HOMOTpaMMa, TI03BOJISIONAA HAXOAHUTh 3HA-
yerua JT a1 pa3NMIHBIX cOMETaHHI TEMIIEPATYDbI TI0 CYXOMY, MOKPO-
MY T€PMOMETpaM H CKOPOCTH JBHXKEHHS BO3RyXa.

‘T L
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1 ]
R 36
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S 32
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§ 2’55'
NG T
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TeMnepamypo CHovenmaza meamonempe

3

e

Puc. 2.1. Homorpamma a5 onpenenetust a¢eKTHBHBIX
TemuepaTyp (IT)
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Tnaea 2

IlosichuM nosib30BaHHE HOMOTPAMMOH Ha CJIEAYIOUIEM TIpHMEpE.

TpeGyercs onpenennTs 3Hayenne DT Uis BO3AYIIHOM CPeibl IOMEMEHHS,
ecJId TeMIiepaTypa Boaayxa ¢ = 30 °C, a OTHOCHTe IbHas BIAXHOCTb ¢ = 40%, 11st
ABYX CJIy4aeB: IPH HEMOABHIKHOM Boaayxe (w = 0) ¥ mpH CKOPOCTH [BHKEHHS
Bo3ziyXa w = 3,5 m/Cex.

Haxonum Ha I - d iuarpaMMe Temniepatypy cMOueHHOro TepmoMerpa &’ = 20 °C,
CoenunsieM npsimoii iunudeii 3Hadenust ¢ = 30 °C nt’ = 20 °C (ua puc. 2.1 qunus
TIpOBe/ieHa MyHKTHPOM ), OIy4aeM JUTsi HenoABHKHOTO Boaxyxa IT = 25,1°, ansa
BO3/[yXa, UMEIONIETo CKOPOCTh ABIXeHUs @ = 3,5 m/cex, IT = 22,4°,

Ipunsro pasnuuars 3 dekrrsuyio (OT) v 3kBHBaNEHTHO-3( PEKTHB-
Hy©o (IIT) TemMneparypbl. ITO CBA3AHO € TEM, UTO IMIKaIa 3hheKTHB-
HBIX TEMIIEPATYP PaCPOCTPAHSETCS JIHIIb HA HETIOABMXHBIH BO3AYX, T. €.
YUUTHIBAET ABa (hakTOpa, a MIKajda SKBUBAIEHTHO-3D(MEKTUBHBIX TEMIIE-
paTyp YYHTHIBAET €lle U BIAMSHUE CKOPOCTH ABHXEHUA Bo3ayxa. Ho Mbt
HE CTaHEM JeJIaTh 3TOrO pasjiuyus, a 6yAeM MOIb30BAThCs OJHUM ITIOHS-
THeM 3P dexTHBHASA TeMmepaTypa.

Ilo Taba. 2.1 u HoMorpamme (puc. 2.1) JeTKO IPOCACAUTD, KaK OT-
JAEeJbHBIE METEOPOJIOTHYECKHE TTapaMeTPhl BJIHMAIOT Ha TEIJIOBOE OUIY-
ImeHUe YenoBeKa. Hanpumep, ueM Bbillle TEMIIEPATYyPa BO3yXa 1O CY-
XOMY TEPMOMETPY, TEM HHKE JOJKHA ObITh €r0 OTHOCHTEJbHAS
BJIKHOCTD JJI1 CO3JaHHSA OZHOTO U TOTO Xe€ TEILIOBOTO OUIYiIeHHS,
TaK KaK yCUJIEHHOE HcIlapeHHEe TI0Ta KOMIIEHCUPYET yMEHbIIIEHHE TETI-
JIOOTAAYM KOHBeKuued u u3nydeHueM. Eciim TeMnepaTypa Bo3ayxa
MPOAOJIKAET TOBHINATbCS, TO I COXpaHEHHs IOCTOSHCTBA B TEILJIO-
BOM OIIYUIEHUH HEOOXOAMMO YBEIHYHUTh CKOPOCTb IBM)KEHHS BO3AY-
xa. OZHAKO 3TH 3aKOHOMEDHOCTH CIIPABEAJ/MBBI 0 U3BECTHHIX TIPE-
aenos. Kak BHAHO M3 HOMOrpaMMBbl, IPH AOCTATOYHO HU3KHX
TeMnepaTypax Bo3ayxa (Huxke 7+10 °C) oTHocHTeNbHAs BJIAXHOCTh
0Ka3bIBaeT OOPATHOE BIMSHHE HA TEIJIOBOE oulynieHue. IIpy Takux
TeMIlepaTypax NOTOOTAEIeHHE HE3HAYMTEIbHO M OCHOBHAS YacThb TE-
JIa OTZAeTCA YeJI0BEKOM KOHBEKIUEH M M3JIy4YeHHEM, Ha KOTOPBIX KO-
ne6aHusA OTHOCUTENBHOM BIaXKHOCTH HE CKa3bIBaoTCs. B TO ke Bpems
MOBHIILEHHE BIAXXHOCTH BO3ZIyXa BH3BIBAET YBEJIHYECHHE TEIIONIPOBOJ-
HOCTH OJ€XABI, M TEIJIOOTAAYA OT Tela ycuausaeTcs. Iloaromy npu
BBICOKHMX BJIAXHOCTSIX BO3AYX, UMEIONIMI JOBOJBHO HU3KYIO TEMIIE-
paTypy, KaxeTcs XOJo/[Hee, YeM CyXOl BO3AYX IIPH TOH Xe TeMmepa-
Type (HUXKHSIA 4acTh HOMOTPAMMBbi, PACTOJIOKEHHAS JIEBEE HIKAJIBI TEM-
TIEPATYPBI IO CYXOMY TEPMOMETPY).

Bepxnss yacTh HOMOTpaMMBbI ILTIOCTPHUPYET OUEBUAHBIN (PaKT — ecIn
TeMIepaTypa BO3AyXa BHILIE TEMIEPAaTyphl TeJia YenoBeka (T. e. BBILIe
36 °C), To cKOpOCTD ABHKEHHS BO3YXa OKAa3bIBACT HA TEIIOBOE OLIYIIE-
HHe 06paTHOE /IEiCTBHE, TAK KaK YBEJIHYHMBACT TEIJIOOTAAYY KOHBEKIIH-

70



Tpebosanus x 6030yxy 3aKPHIMbLX NOMeEUseHUl

eit oT Bo3yxa K yenoBeky. lllkana adpexTHBHBIX TeMiepaTyp UMeeT He-
COMHEHHbBle JOCTOMHCTBA ¥ UHTEPECHA B TOM OTHOIIEHUH, YTO NIO3BOJIA-
eT KOMILIEKCHO YYUTHIBATH METEOPOJIOrHYECKHE MTapaMeTphl Bosayxa. Ona
cOCTaBJIeHa HA OCHOBaHMM 00pabOTKH CTATHCTHYECKHUX JAHHBIX 1O HC-
HbITAHUAM AOCTATOYHO MHOTOYHMCJIEHHBIX TDYIII JIIOJEH.

OuaHako ciexyer OTMETHTD, YTO 3Ta MIKaAa 00JafaeT CyuIeCTBEHHBI-
MY HefoCTaTKaMHU. [JIaBHBII U3 HUX 3aKJII0Y3€TCS B TOM, YTO 3¢hPpeKkTs-
Has TeMIlepaTypa He OLleHWBAaeT Pa3jIu4uil B YCIOBHAX TelnoobmeHa
U3JIy4eHUEM MeX1y TeJOM YeJOBeKa M OKPYXKAIOHIMMH TIOBEPXHOCTH-
MH, @ TAKXXe He YYUThIBaeT KJINMATHYECKUX 0COOeHHOCTER 1 XapaKTepa
OI€X I JTIOEH.

Hegoyuer pa3inuuii B yc10BUsAX TeIJI000MeHa u3ydeHueM (Uiu pa-
AnaIoHHoro ¢akropa) CyIECTBEHHO CKa3biBaeTcsi Ha TIOTHOTE OI[eH-
KH METeOPOJIOTHYECKHX yCI0BHIi, BO3HMKAIOMMX B 3aKPBITHIX TIOMeTie-
HUAX, TaK KaK J0JIs TEIIa, TEPSEMOrO B TAKUX MOMeIeHUsX paauanyei,
oueHb Benuka. [1o naHHBIM pas3MYHBIX HCClIeqoBaTesell OTHOCUTENb-
HBl€ KOJIMYEeCTBA TEIJIOOTAaYH B3POCJIOTO HOPMaJbHO OJIETOTO YeJIoBe-
Ka B COCTOSIHMM TI0KOS M C XOPOUIMM TETJIOBHIM OIylileHeM COCTaBJIs-
10T: KoHBeKuue# — ot 15 go 33%, paguanueir — or 44 no 59,7%,
ucnapenvem — ot 20,7 5o 29%.

YesioBeK 0O4€Hb TOHKO pearMpyeT naxe Ha HeboJbliie M3MeHEHUs
TeMIIEPATyPhl OTPaXKIEHHUH U IPEIMETOB, PACIIONOXKEHHBIX B [TOMelile-
nuu. Tak, HanpuMep, Bo BpeMs Mcc/eJOBaHMIH OAH, HAXOAUBIINECS B
METEOPOJIOTHYECKON KaMepe, OleHMBAIU YCIOBHUS, IPH KOTOPHIX TeM-
nepaTypa cTeH ¥ Bo3fyxa paBHsnach 22 °C, c0BaMU <«IPUATHO Tell-
510». Ilpu ysenvuenuu temneparypsi crel Ha 1 °C (23 °C Bmecto 22 °C
NpM HEU3MEHHOH TemnepaTtype Bo3iyxa 22 °C) omenka 6blia «xapko»,
<HETIPUATHO TEIIo».

CooTBeTCTBEHHO DU CHUXKEHUHU TeMIIePaTyPhl OrpPaxIeHNH CHJIb-
HO BO3PacTaloT TEIJIONOTepH YejioBeka naaydenueM. IIpu oaxHo n roit
XKe TeMIlepaType BO3AyXa U TeMIlepaType cTeH 17,7° 3T Telonorepu
coctaBuim 56,5 kkan/4ac, npu Temneparype crel 14,3° — 66,5 xxan/uac,
1pu temneparype 12,9° — 71 xxan/uac. B To xe BpeMs U3BECTHO, 4TO
yxe HeGosbllloe NOBLIEHUE TEIUIONOTePDh UanydyeHueM (¢ 2,7 no 3,3
KKan/cM*4ac) BRI3BIBAET y YeJIOBEKA OUIYIIEHYe X0I0Aa U CHUXKEHHe TeM-
niepaTypsl KoXu Ha 1,6—2°.

Wrak, npu oLieHKe METEOPOIOTHYECKHX YCIOBUIA B IOMeLIeHHH HeoO-
XOIMMO YYUTHIBATH PAJMAIIMOHHEIN (aKTOp, ONpe/ie/AI0MMA BeTUYUHY
TenJIonoTeps YejoBeKa uanydeHueM. IToCKOIbKY 3TH TeNomoTepu 3a-
BUCAT OT 4eTBEPTO CTEMEHH TeMIepaTyphl OrpaxaeHnii u o6opynoBa-
HHsl, y4eT paginaniuoHHOro (haKTopa 10KEH MPOM3BOANTLCA C IOMOUIBIO
TaK HasbiBaeMoH cpegHei syyucroit Temnepatyps (CJIT):
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T (2.2)

rae F,— nuomazay orpaxcieHnit i1 06opyn0BaHUs, MMEIOIIHE OIMHA-
KOBYIO CPEAHIOI0 TEMIIEPATYPY;

T, - cpepnss TemIeparypa IIomajel orpaXaeHuit 1 060pyAOBaHUSL.

C nocraToYHO 17151 IPaKTHYeCKOM LeJH CTEEHbIO TOYHOCTU MOXHO
CJIT 3aMeHATDb CpeaHel TeMIepaTypoi NOBePXHOCTEeH OTpaxAeHuil 1

obopynoBanus:

n
Y,
— ——1—— .
QF

1

3 (2.3)

KommekcHoe feficTBhe Ha yelloBeyeCKMit OpraHU3M TeMIlepaTyphl BO3-
AyXa U cpejiHell TeMIepaTyphbl MOBEPXHOCTEH OrpaskieHNil yYNThIBaeTCs
C TIOMOIIIBIO PaananonHo-3¢¢pexTnBHON TemnepaTypsl (PIT). Homor-
paMMa J1s1 oltpeiesieHUs] pafiaIOHHO-3(p¢eKTUBHBIX TEMITEPATyp Ipu-
BezieHa Ha puc. 2.2. Ha ocu abcuuce oT/10KeHbl 3HaYeHUS TeMIePaTyphl
BO3/IyXa, @ Ha OCH OpAMHAT — 3HaYeHUs CPeJHHX TeMIlepaTyp IIOBEPXHO-
cret orpaxaenuii. [IlyHKTHPHBIE MPsAMbIe IUHUM NPEACTABISAIOT CO60M
reoMeTpuyecKre MecTa coueTaHuil TeMIlepaTyp BO3ZAyXa M IIOBEPXHOC-
Teit OrpaXkaeHuiA, faloNIMX OiMHAKOBBIE 3HAYEHHST PagHalluOHHO-3¢dek-
TUBHOH TeMIIEPaTyphl.

Takum obpa3oM, paziManuoHHo-3PpbekTHUBHON TeM-
nepaTypoil MOXHOHa3BaTh Bce KOMOMHAIMM U3 TEMIIEPATY DBl BO3-
AyXa M TeMIIepaTyphl MOBEPXHOCTEH OrpaXKaeHuil, co3faiolme OANHaKO-
Bhble TeIJIOBbIE ONIYIIEHHS Y YesIOBeKa, pUyeM Takue, KOTOphie BO3HH-
KaloT B TOMeLIeHUY ¢ PABHBIMU 3HAYeHUSIMH 3THX TEMITEPATYP, YUCIEeHHO
coBnagaonmu ¢ PIT.

Illxana panuanuoHHo-3¢$EKTUBHBIX TEMIIEPATYP He YUHTHIBAET BAHN-
SIHMS TAKUX CYIIeCTBEHHBLIX KOMIIOHEHTOB MeTeopoJiorudeckoro dakro-
Pa, KaK OTHOCHMTe/IbHAS BAQXHOCTb U CKOPOCTH IBUXKEHHUA BO3yXa. ITOi
HIKAION MOKHO [TONb30BATHCS /71t OUEHKHM YCAOBHH, CO3NAIOMIMKCS B 110~
MEIEHUAX C OTHOCUTEIBHO HEIIOABHXHBIM BO3AYXOM U Pa3MYHBIMH 3Ha -
4eHHAMH TEMIEPATyp BO3AyXa M ITOBEPXHOCTEN OrpaskieHHiA.
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JlJ1s1 mOJTHOTO y4yeTa BCeX MeTeOPOJIOTHYeCKUX NapaMeTpoB Ipeiio-
JKeH KOMILIEKCHBI! 1apaMeTp, Ha3blBaeMblii pe3yJIbTHUDY IO M e |
temnepatypo# (PT).

Ha puc. 2.3 npuBeieHa HOMOTPaMMa, ITO3BOJISAIONIASA ONPeAEIATh pe-
3yJbTHPYIONIYIO Temieparypy. Kak BuaMM, oMa OT/IMYaeTCss OT HOMOT-
pamMMBI 3¢ GEeKTHBHBIX TEMIIEPATyp: BO-TIEPBLIX, B Hee 00aByeHbl /Be
IIKaJbL BJarocofepxxanue Bozayxa B I/xI” cyxoro Bo3gyxa, Miu ynpy-
rocTh BOASHOIO 1apa B Bo3ayXe B M6 (1ukana III), u ckopoCTb ABUXEHUS
BO37iyXa B M/cex (1ikana IV); Bo-BTOPHIX, mikana I ucnosn3yeTcs Asis Ha-
X0X/JeHHUsI BCIIOMOTaTeJIbHON BeJIMYMHBI N, 103BOJISIONIEN BEIYHCIATD
«cyxylo» pesyabtupyioutyio remneparypy (CPT), a na mxase I orkiazmsl-
BaloTCsl aGCOMIOTHDIE 3HAYEHNs! (HE3aBHUCHMO OT 3HaKa) Pa3HOCTH MEXAY
3HauYeHUAMH cpefHeit ayuucToit Temneparypst (CJIT), koropasi MmoxeT
ObITh 3aMeHeHa TEMIIEPaTYPOi OBEPXHOCTEN OrpaXkIeHuii, U TeMieparty-
pbl Bo3yxa 1o cyxomy tepmomerpy (CJIT — ).

TosicHUM TOIb30BaHKE HOMOIPaMMO# Ha CJEAYIOIIUX IPUMepax.

1. Temniepatypa Bo3yXa B IOMelleHHAX ¢ = 26 °C, cpeaHsst 1yYUcTas TEMIIe-
parypa CJIT = 29 °C, oTHOCMTeNbHAas BAAXKHOCTh BO3xyxa ¢ = 63%, cxopocTs
NBYWXeHHA (TIOABHXKHOCTD) Bo3Ayxa w = 0,15 m/cex.

Onpenenuts 3HaUeHNe pe3yJIsTHpPYIoniel TemnepaTypsl. HaiineM no remmepary-
P€ U OTHOCHTEJIbHOM BJIAKHOCTH BoafiyXa Ha I — d auarpamMme BeJIMYMHY BJIAroco-
nepxanusa d = 14 I'/xI". OnpenennM pastocts CJIT — ¢ = 29 — 26 = 3°C. Ot0xuB Ha
mikasie II CJIT — t = 3° u Ha urkasne IV w = 0,15 m/cex, Ha mikase | HailieM BCIIOMO-
ratenpHylo BemauHy N = 1,8 °C. OnpenesnM «Cyxyio» pe3yasTHPYIOIYIO TEM-
neparypy CPT =¢+ N=26 + 1,8 = 27,8°. Otnoxus Ha mkaye ] CPT = 27 8° u Ha
mikane 111 d = 14 I'/xT, npn w = 0,15 m/cex, nonyunm Ha mkase s PT ncxomoe
sHauenne PT = 25°.

CooTBercTByIOIIEE TTOCTPOEHNE BHIIOIHEHO Ha PUC. 2.3 MyHKTHPHBIMHU JIH-
HUAMH.

2. B noMelileHHH COXPaHAIOTCA Te JKe YCJIOBHA, 32 HCKJIIOYeHHeM TeMilepa-
TYP HOBEpXHOCTeH orpaxkaeHu, koropnie cootsercryioT CJIT = 23 °C. B atom
cydae NOPAAOK pellleHns 3a/lay OCTaeTcA MPexHuM, HO BeanuuHa N mosyda-
eT oTpuliarenbHoe 3HadeHne: N = —1.8 nostomy CPT = 26 — 1,8 = 24,2. Orn0-
HB 3Ty BeJIMYHHY Ha mKaje I, 1o TeM ke 3HaYeHusAM d ¥ @ NoyInuM (IITpUX-
MYHKTHPHAst THHUA) Ha mKane Ansg PT Hopoe sHayenue PT = 23°,

TaxoBbI cynecTByonMe METOAbI y4eTa KOMILJIEKCHOrO BO3/IefCTBUS
Ha YyeJIOBeKa MeTeOPOJOrHYeCKUX IapaMeTPOoB BO3JAYUIHOM Cpefibl 3aK-
PBITBIX TIOMELEHWH.

CymHocTb CaHUTapHO-TUIMeHNYeCKMX TPeOOBaHM# K METeOpOJIorHyec-
KUM NlapaMeTpaM BO3/(yXa 3aKJII04aeTCs B TOM, YTO 3TH MapaMeTPhl ZOJIXK-
HbI 06€CIIeYNBaTh HAWJTYYIIME YCIOBUS LIS OTBOJIA TEILIa, BhipabaTbiBae-
MOr0 B 4€n0BEYECKOM opraHusMe. TakuM yCIOBHUSM OTBOJA TelJa
COOTBETCTBYET Hawjlyylilee TEIJIOBOE OILylileHye YyesioBeka. [ToaToMy obbry-

74



Tpebosanus x 6030yxy 3aKpuimblx NOMewenu

HO WX Ha3BIBAIOT KOMOPTHBIMIL. B kombOpTHBIX yc10Busx HabmogaeTcs
XOopolliee cCaMO4yBCTBUe U BBICOKasi paboTocriocobHOCTS yenmoseka. KoM-
(opTHbBIE YCIOBYA PAa3ANYHbI UL TIOAEH, 3aHATHIX TPYAOM Pa3HOM HHTEH-
CUBHOCTH.

Ecnu ucnons3oBars WKany 3(@deKTHBHEIX TeMIIepaTyp, TO, O AaH-
ubniM CIINA, nng monel, He coBepuIaoux ¢pusnyeckoir paboTu, 30Ha
xomdopra nexur B obmactu AT = 17+21°, npu 5TOM Hauayuei apsi-
erca AT = 18°. EcrecrBeHHO, YTO 3TH BeJMYMHBI He MOTYT OBITH pac-
[POCTPaHeH ! /st Beex kiaumaTtudeckux paiioHoB CCCP. [na cpezpneit
nosiocsl EBponeiickoit yactu Coserckoro Coto3a 30Ha koM¢opTa Aus
Jo/leH, 3aHAThIX YMCTBEHHBIM TPYIOM, JIeXXuT B mpefenax IT = 14+18°.
Jlns mozeid, 3aHATHIX (U3UYeCcKOi paboToi, 30Ha KoMpOpTa MHad —
IT = 12+16°.

KomdopTHhe yCI0BYA 3aBUCSIT He TOMBKO OT KJIMMATa, HO U OT Bpe-
MeHH roza. Eciy ucnoib3oBaTh WKaMy pe3yJbTHPYIONIUX TeMIepaTyp,
TO MOXHO PEKOMeHZOBaTh clexylomue sHauenus PT, cooTseTcTBylomue
30He KoM¢opTa: 1is woxHbIX paiionoB CCCP seroMm PT = 24°, sumoit
PT = 20,5° nns yMepeHHBIX HWIUPOT U CeBepa JeToM PT = 22°, aumoii
PT = 19,5°.

IMockonbky npusegennbie Beanuutbl 3T u PT Moryt 6biTh Noyye-
Hbl IPY BeCbMa 3HAYHTEJIbHBIX KOIe6aHUSIX OTAEIbHBIX METEOPOJIOrHYeC-
KUX I1apaMeTPOB, B TOM YHCJle ¥ IIPU TAKUX 3HaUeHMsIX 3TUX [1aPaMETPOB,
KOTOpble caM¥ 10 cebe MOTYT BBI3bIBATb HEMPUSITHBIE ONIYIIEHHUS Y YeJIo-
BeKa, Ha HUX HaKJIaAblBalOTCS HEKOTOPbIE OTPpaHuYeHus. TaK, CYMTaeTcs,
4TO 3HAYEHUE OTHOCUTENBHOMN BJIAKHOCTY BO3AYXa AJs 30HBI kKoMdopTa
JI0JDKHO HAaXOAUTbCA B nipeienax 30—60%. Huskas 0OTHocuTeIbHAsS BJIAX-
HOCTb (4pe3MepHasi CyXOCTh BO3AyXa) YCUIMBaeT MCIAPEHUE BJAru CO
CIMBUCTHIX 000/I0UEK AhIXaTebHBIX MyTel, YTO BbI3bIBAET HEMIPUSTHHIE
CyObEKTUBHBIE OLUIYIEHHSA U YXyAIaeT QUIbTPAliHOHHBIE CBONCTBA CJIHN-
3HCTOH 060M0YKY BEPXHUX ABIXaTEMbHBIX IyTeH 110 OTHOMIEHUIO K IIbLJIN
1 mukpogope. I1pu BeICOKOH OTHOCHTENLHOM BIAKHOCTU BO3yXa Ha-
pyiaercs BaaroobMeH uesoBeka ¢ OKpPYXKalolleil cpeoii; 3aMeTHO yB-
JIAXHSETCA OfeXk/Aa, YTO MOXET BhI3BaTh HeNIPUATHBIE ONIYIIEHUS.

B oTHoieHn Y MOABUXKHOCTH BO3/[yXa TaKxKe ecThb orpaHuueHns. Co-
BeplIeHHO HEIIOABHKHEIN 32CTOMHBIN BO3yX HeyAOBJIETBOPUTENEH, TAK
KaK C1iocoOCTBYeT Pa3BUTHIO MHEPTHOCTH COCY/IMCTHIX PeaKinii Ha Tep-
MWYeCKye PasapakuTeu ¥ 3aTPYyAHSET UCIIapeHue Bjiark C IOBEPXHO-
CTH KOXH. B TakoM Bo3zyXe 4acTO BO3HMKaeT omyueHue obuied mo-
AaBJEHHOCTH.

Bcem usBecTHO pusiTHOE OXJIaXK/aloniee AeHCTBYE, MCIILITHIBAEMOE
4eJ0BEKOM Ha OTKPBITOM BO3/IyXe Aake Toraa, Korxa pu3nyeckyie npu-
GOpBI TIOKA3BIBAIOT NIOJHOE OTCYTCTBHE €T0 ABHXEHHSA, ITO 00bACHSET-
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€1 HaJIYMeM TOKOB BO3/1yXa, IOCTOSTHHO IMPKYIUPYIONIMX B aTMOCc(e-
pe. IloaToMy U [JIs 3aKPHITHX IOMELNIEHUH He0OX0AMMO CTaBUTH Tpe-
GoBanKe O OABWYXHOCTH BO3/yXa, HE JOMYCKass BMECTE C TeM IIPEBbI-
IIEHHA TOH OABHXHOCTDIO OTIPeie/IEHHOro mpesea. TakuM npeiesom
ABHKEHUS BO3AYXA, €CJIU JIION HAXOAATCA B MOKOE U HE 3aHATHI HU3U-
yeckoii pabotoit, cuutaercs ckopocts w = 0,1+0,15 m/cex. Ecnu nionu
3aHATHI TAXKETHM (DU3HYECKNM TPYAOM U BHIHYXAEHH paboTaTh B yc-
JIOBHSAX TIOBHINIEHHEIX TEMIIEPATYP BO3AYIIHOM Cpefbl, MOTYT ObITh Ha-
3HayeHBl 3HAYMTETLHO OONbIINE CKOPOCTH ABHXeHHUs Bo3ayxa. Hako-
Hell, JIsi IOMEMEHHH XWX U MpeAHASHAYEHHBIX A [UIHTEeABHOro
npeOniBaHus o€, HAXOAATMXCS B OTHOCUTEIBHOM MOKO€, pEKOMEH-
AyeTcs OTPAaHUYMBATHL PA3HOCTh MEXY TEMIEPATYPOil BO3AyXa M Cpefi-
Hell TeMIlepaTypoii NOBepXHOCTel HAPYKHBIX Or PaXXieHU U MPUHYMATh
ee He Gonee 5—6 °C.

Noxasoas nror, cneayer ckasats. UTo B HAaCTOSIIIEE BPEMsT HAMETH-
J10Ch fasbHeldlIee Pa3BHTHE 3TOrO pa3zena (PU3HOIOr0-rUrHeHMIeCKUX
HCC/IeIOBaHMIt HA OCHOBE NPHBJIEYEHUS METO0B TeIIOhU3uIeCKoro
ananusa [33]. HoBblii mopxon M03BoAsAET — €CAM UMEIOTCsE 00bheKTUB-
Hble faHHbIe 0 PUBHOIOrMYECKOM COCTOSTHUM OpraHu3Ma 1 cy6beKTHB-
Hasi OIIEHKA CAMOYYBCTBMS Y€JIOBEKa — IIPHU OIpe/ieJIeHHbIX COYETaHH-
SIX METEOPOJIOTHYECKUX MapaMeTPOB BO3AYXa, XapaKTEPU3YIOUNX OTBOJ
Telljia OT IOBEPXHOCTHU Tejia, HAXOMUTh Ha OCHOBE TEILIOPHU3NUIECKOro
pacuera psii APYrUX COUYETaHUH 3TUX TAPAMETPOB [JIs1 OTBEAEHHUS TOrO
e KOJIMYECTBa TeIIa. ITO JiaeT BO3MOXKHOCTD CYIIECTBEHHO COKPATUTh
o6bem ucceioBaHuii 1o pa3paboTke HayYHO 06OCHOBAHHBIX KOMILIEK-
CHBIX METEeOPOJIOTHYECKUX ITapaMeTPOB.

Hapsiay ¢ uMelomuMucs MeToAaMH HOPMHUPOBAHUS HA OCHOBE KOM-
IIJIEKCHBIX METeopOoJOrMuecKUX napaMeTpos, Takux kak 3T, PIT, PT,
LIV POKO TIPUMEHSETCsI MeHee COBEpLiIeH HbIi, HO 60Jiee IPOCTON METO/T HOP-
MHPOBaHUs1 METEOPONOTHYeCKUX YCIOBHIA BO3IYNTHOM CPEXBI 10 OT/ENb-
HBIM [TapaMeTpaM, HallpUMep TI0 TeMITEpaType HJu 1Mo TeMITepaType U OT-
HOCHUTEJNbHOUN BJAAXXHOCTH BO3ayxa. EcTecTBeHHO, YTO Takod MeTOx
NIPUMEHHMM B TEX CIy4asix, KOrZia OCTaJbHbIE MAapaMeTphl (CKOPOCTh BU-
JKEHHs1 BO3ZyXa U TeMIIepaTyphl OBEPXHOCTel orpakAeHui) COXpaHsIoT
NIOCTOSIHHBIE 3HAYEHMS HWJIH U3MEHSIOTCSA B HE3HAYUTEJIbHBIX Impeesiax.

Tak, Hanpumep, B CHull 41-01-2003 gaioTcs onTUManbHble 3HAYEHUS
TEMIIEPATYPHI, OTHOCHTEILHOM BRXXHOCTH M CKOPOCTH JBIDKEHHS BO3MTY-
Xa st paboueil 30HbI PA3/INYHBIX TPOU3BOACTBEHHBIX IOMENIEHHMH, & TaK-
Xe NPUBOJATCS METeOPOJIOrHYeCKUE NIapaMeTPhI AJS TIOMELIeHHi 3faHI#
Y COOPYXeHUM Pas/THIHOTO Ha3HAYeHHS.

Kak ykasbiBasiocs B Hauasie HacTosimiero naparpacda, K MeTeopoJIoru-
YEeCKMM MapaMeTpaM BO3AYUIHOM cpe/ibl PEAbABIAIOTCS, KPOME CaHU-
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TapHO-TUIMeHNYeCKHX, TeXHOJIornuecKue TpeboBaHus. It TpebOBaHHs
yaIie BCero KacaloTcs TEMIEPaTyPH U OTHOCUTEILHOU BJIAXKHOCTH BO3-
Jlyxa Y TI03TOMY HepeaKO Ha3blBAIOTCs TPeOOBaHMAMM K TeMIIepaTypPHO-~
BJI@XXHOCTHBIM YCJIOBHSIM.

B niexax psiia IpOM3BO/CTB I0JKHBI COOIMOAATLCS OTpeieIEHHbIE TEM-
TIepaTypPHO-BIAKHOCTHBIE YCI0BUS, 06ecrieyHBaIoLIKE Ka4eCTBeHHOE IPO-
TeKaHWe TeXHOJOTNYECKOro npouecca. Tak, B 1ieXax HEKOTOPbIX TEKCTHIIb-
HBIX IMPEeANPUATUH He JONYCKAeTCS CIAMLUIKOM HHU3Kash OTHOCUTEbHAs
BJIAXKHOCTb BO3/(yXa, TAK KaK OHa CIOCOOCTBYET 3/IeKTPHU3aliiK BOJIOKOH,
VX B3aUMHOMY OTTaJIKMBaHHUIO M IPHTATMBAHUIO, UTO BefieT K yXyllie-
HHIO KayecTBa TKaHU. M3/1MinHe BbicOKast BIaKHOCTH BO3AYXa MOJKET
HOBa€4b 33 COOON CHIKEHHE IPOYHOCTH BOJOKOH.

Ornpe/ieIeHHbIX TEMIIEPATYPHO-BIAXHOCTHHIX yCIOBHii TpebyeT npo-
W3BOJACTBO TOYHBIX ONITHYECKHMX YCTPOWCTB, IPH 3TOM KoJiebaHus 3Haye-
HUI TEMIEPaTyphbl ¥ BJIKHOCTU AOJKHbI OBITh MUHUMAJIbHBIL,

BecbMa JxecTKHe TpebOBaHUA NPEABABIAIOTCA TAKXE U K YCIOBUAM
XpaHeHUs PasINyHOI TeXHUKH, 0COOEHHO TaKO# 4yBCTBUTEIHHOMN K BHE-
LITHUM BO3JEHCTBUSIM, KaK pafinoaeKTpoHHas annaparypa. Cienyer no-
MHHTb, YTO OT TEMIIEPATYPHI 3aBUCUT CKOPOCTb CTAPEHHsI MATEePUATOB,
IIPUMEHSIEMBIX //IS] €€ U3TOTOBJIEHUs. MeTasibl CTapeloT B MeHbLIEH CTe-
HleHY PN HU3KUX TeMneparypaX. {715 pafa CHHTeTHYeCKUX MaTepHaloB
¥ Pe3MHbI CKOPOCTb CTAPEHUSs PACTeT IIPU TOHWKEHUH TeMIiepaTyphl. Boi-
COKasi OTHOCHUTEJIbHAS BIKHOCTh BO3/IyXa clocobcTByer aTtMocdepHoi
KOPPO3MH, YXy/IIaeT 3J1eKTPON30IAIMOHHbIe CBONCTBA U30JISIIMOHHBIX
MartepuasioB. OueHb HU3Kasl OTHOCHTEIbHAS BIAXHOCTb MOXET BbI3BAaTh
HOTepIO CBA3aHHOM BJIAaru U3 MOJIEKYJI MHOTUX CHHTeTUYeCKUX MaTepua-
JIOB, 4TO HapylIlaeT UX ¢GHU3UKo-XuMHUYecKue cBoiicTBa. [loatomy omTH-
MaJibHble YCIOBHMSI XPaHEHUs [JIsl alNapaTyphbl A0JDKHbI OBITH: TEMIIEPa-
Typa 20-25 °C, oTHOCHTe IbHasA BIAXHOCTb 60-80%.
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KJACCUDPHUKAIIMA CUCTEM BEHTUWIAIINN
U KOHANIIMOHHUPOBAHMSA BO3AYXA

§ 3.1. OOmue nonoxeHus

3anau, peliaeMble ¢ IIOMOIIBIO CHCTEM BEHTHJIAIMHM U KOHAUITUOHUPO-
BaHUs BO3/[yXa, 3aKII04aloTCs (B camoil obuieit hopMyIupoBKe) B €O-
3[AaHUH B [IOMELIEHUAX COOPYKEHUHA PA3JINYHOrO HA3HAYEHUS TAKNX T1a-
paMeTpOB BO3AYIIHOM CPefibl, KOTOPbIE Obl YAOBIETBOPSLIIN U3JI0KEHHBIM
Bbllile TPeOGOBaHMSM.

Metoan! ¥ BO3MOXHOCTH PellIeHHsI 3THX 3a1a4 Pa3IUuHbI 151 CUCTEM
BEHTWJISIIIMM U CUCTEM KOHAUIIMOHUPOBAHUA BO3AyXa.

IIpu 06opynoBaHUN COOPYXKEHHS CHCTEMAMH BEHTHJISIUY pelieHHe
YKa3aHHBIX 327124 B 00111eM C/1y4ae AOCTUTAETCA NIyTeM [O/IayH B IOMeTIe-
HUS OpeZieleHHBIX, Halfi/IeHHBIX PacyeToM KOJMYEeCTB HAPYXKHOro BO3AY-
Xa U yAaJieHUus1 UCTIOPYEHHOTO BO3YXa, HETOAHOrO [UTsl iaJibHeMNIIero uc-
nonb3oBanus. [locTynaomuii B noMenieHue HaPYXKHbIA BO3XYX MOXET
noABepraTbcs 00paboTKe: OUNIMIATHLCS OT TBLIM, HATPEBATHCA 3UMOIA, 0X-
JIAKAAThCA JieToM U T. i, O/iHaKo, Kak MPaBUio, B CUCTEMaX BEHTHIIALIUU
OXJIaXK/eHHe BO3/lyXa He eJIaeTcsi, TOUHO TaK ke, KaK He JejIaeTCsl TeILIo-
BJIQKHOCTHASI 00PabOTKa, MO3BOIAIONIAS CO3[ABATh CTPOTO OTIPeZie/IEHHbIE
TEMIIEPATYPHO-BJIAXKHOCTbIE MApaMeTPhbi 00pabaThIBAEMOro BO3LYXa.

B cucTemax KOHAMITHOHNPOBAHUA IIPELYCMATPUBAETCA OOMBIIOH KOM-
IJIEKC TIPo1ieccoB 06paGOTKH BO3AyXa, C IOMOLIBIO KOTOPHIX MOTYT ObITH
yAOBJIETBOPEHBI CaMble BBICOKME M pasHoobpasHbie TpebOBaHHs K mapa-
METPaM BO3AYLIHOM cpe/ibl 3aKPHITHIX NoMeneHuit. [Ipu atoMm cocTosanue
BO3YIHOU CPe/ibl IOMEIIEHUS IEPECTAET ObITh 3aBUCHMBIM OT MapaMeT-
poB HapyxHoro (aTMocdepHoro) Bo3ayxa. [ToaToMy B cucremax KoHaM-
LIMOHMPOBaHUS IIUPOKO NPUMEHSIOTCS TaKHe CJIO0XHBIE U JOPOroCTOs-
HI€ TIPOLIECCHI TEILIOBIAXKHOCTHOM 00paboTKy BO3/TyXa, KaK OXJIAKIEHHUE,
COIIPOBOXIAEMOE OCYLIKOM, YTO ZOCTUraeTCsi 0OBIYHO ¢ IOMOLIBIO X010~
JAMJIbHBIX YCTaHOBOK. [[7151 cO3/iaHMs 3aJaHHBIX ITapaMeTPOB BO3/lyXa B
[IOMENIEHUAX MHUPOKO UCIONb3yeTcsl KaK MoAaya HapyXHOro BO3AyXa,
clienuaIbHbBIM 06pa3oM IPUTOTOBIEHHOro, Tak M 06paboTka BO3AyXa,
HaXOILIErocs B oMeuwieHUsiX. B cucreMax KOHAUIMOHUPOBAHUS BO3-
JlyXa Bcerja NpegycMaTpUBaeTcs aBTOMAaTHYeCKOe PeryjiupoBaHue AJjs
HOAZEPKAHYSA 3aJaHHBIX NIAPAMETPOB BO3AYIIHOMK CPEbI.
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Crexyer 3aMETUTD, YTO MOHTaX M SKCILIyaTaMsl CUCTEMBI BEHTHJIA-
11M¥, 0COGEHHO CHCTEMBI KOH/IMITMOHUPOBaHUS BO3/IyXa, HEPENKO CBs3a-
HbI C 33aTPaTOH 3HAUUTENbHBIX cpeficTB. [loaTOMY TIpeXie yeM NPHHATD
pelierre 06 yCTPOHCTBE 3THX CHCTEM B TOM MJIH HHOM COOPYXXEHUH, HyXK-
HO O4eHb r1y6OKO M3YyYUTh BO3MOXHOCTH, NIO3BOJISIONINE MJIH COBCEM
0060MTHCD 6€e3 BEHTHJISLIMM ¥ KOHANIIMOHUPOBAHNSA BO3/1yXa, UJIN 3HAaYH-
TeJIbHO COKPAaTUTb 06BEMBI 3THX CHCTEM U MOLIHOCTH yCTaHOBJIEHHOTO B
nux 060pyoBaHusL.

IlepeunciuM HeKOTOpHIE BaXKHej1IMe MEPONIPHATHS, KOTOPHIE AAlOT
BO3MOXKHOCTb CYHIECTBEHHO COKPAaTUTb 00beMBI CUCTEM BEHTHJIALMHU
KOHIMIIMOHMPOBAHHUSA BO3/yXa U 00JIErYaoT pelieHHe OCHOBHbBIX 3a/1ay,
CTOSALINX Tepes HUMM.

1. IIpuMeHenye TeXHOIOTMYECKHX IIPOLIECCOB, IIPH KOTOPHIX B BO3AYX
HOMeNIeHNsl He BhI/ieJIseTCs BPeJHOCTeN WIN UX BbIeJIeHHE CBEJEHO K
MUHHMYMY.

2. YCTpoiCTBO IS BbIAEJSIONIEr0 BPeAHOCTH 000pyA0BaHus repMe-
TU3UPOBAHHBIX YKPHITUH C 11€/IbI0 HEOTYLIEHUA PACIPOCTPAHEHHUS BHI-
neJIsoleNcs: BpeXHOCTH B 00beMe IOMELIEeHHUS].

3. IlpaBusbHbIA BHIOOP CTPOUTENBHBIX (OrpaskAaIoIUX ) KOHCTPYKIHIA.
ITH 4aCTH 34aHHH U COOPYXKEHUIA HOJKHBI OBITH TAKUMH, YTOOBI BIIHS-
HHE HApYXXHOW CPejbl He 3aTPYIHSLIO, a 00Ieryaso pelleHne BEHTUIS-
IMOHHBIX 3a4a4. Tak, HapUMep, B XKaPKOM KJIMMATe HeJIb3s PEKOMEHO-
BATh IPOEKTHPOBAHYE 3aHUH ¢ OOMBUIMMH IIOMAASMY OCTEKAEHUS, TAK
KaK TaKoe OCTeKJIeHHe CIIOCOOCTBYET MOCTYIUIEHMIO U3IHIIHUX KOTNYECTB
TellJla UHCOSALUH,

B oTaenke nofiseMHbIX COOPYKeH Ui HeoOX0TUMO NPeycMaTPHBATh
COBEpPIIEHHYIO [MAPO- M MMAPOU30JISAIHIO, IPENaTCTBYIOIYIO IPOHUK-
HOBEHHIO BJIard M3 OKPyXaioulero rpyHTa. 3To 00BsICHIETCS TeM, 4TO
CO3JaHVie TeMIIEPATYPHO-BIXKHOCTHOTO PeXKKMa B YCIIOBUSX, KOT/a B
BO3JyX IIOMENIEHHH COOPYXXeHMUIt TOCTyMaeT rPyHTOBas BJara, ype3-
BbIYaHHO yCIOXHSAETCS. DKOHOMHMYECKH BbIrOJHEe IPOU3BORUTD [0~
HOJHUTeIbHbIe KAIMTAJbHEIE 3aTPAThl, CBA3aHHBIE C YCTPOHCTBOM Bhi-
COKOKaueCTBeHHOH M30JA1lH, YeM PacXofoBath 60osbliine CpeACTBA Ha
CHCTEeMbI BEHTUJISAIIMH M KOHAMIIMOHHPOBAHYSI BO3/[yXa, KOTOpHIE, BO~
MEPBHIX, JOKHB OBITH PACCYMTAHBL HA HOTJIOHIEHHE BbIAEIAIONUXCA
KOJIMY4ECTB BJaTH M, BO-BTOPBIX, IOJKHBI 3KCILIyaTupoBaThes 6e3 me-
PEPEIBOB.

4. PanMonaibHOe apXUTEKTYPHO-ILJIAHUPOBOYHOE pellleHne CTPOoH-
TeJLHOM YacTH 3JaHUH M COOPYXeHUH, nenecoobpa3Has KOMIOHOBKA
noMernienui o6vexra. TIpy pelleHNH 3THX BOMPOCOB CAEAYET YYUTHI-
BaTb BO3MOXHOCTH MCIIOJb30BAHUSA I BEHTUIHPOBAHHS POU3BOL-
CTBEHHBIX ITOMeNIEHMIi TAKMX €CTeCTBEHHBIX CHJI, KaK Berep. [Tomeme-
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Hus, TpebyoLMe A1 BEHTHIISLUY HanOo bIINX KOJIUYECTB BO3AYXa, He
JOJDKHBI PACIIONAraThesl iajleko OT MecT [uis 3abopa u BrIOpoca BO3ayxa,
yT06BI HE BO3HMKAJIO HEOOXOAMMOCTH YCTPaMBATh NMPOTSKEHHBIE BO3AY-
xoBozbl. IToMenienns, B KOTOPBIX pa3MenieHo 000pyKOBaHye, BbIESIO-
miee 60JblII0E KOJNYECTBO BPEAHOCTE («IPSA3HbIE» [IOMEIIEHNS ), AOJIK-
Hbl OTAEAATHCS OT MOMENIEHUI, HMEIOIUX HeOOo bIlNe BhifeTeHUus
BpefiHOCTEH (<«4MCTBIX» TOMENIeHUH ), U30JUPYIONUMH NIEPEropoaKaMu
JAJIS IpeJOTBPALIEHHUS] PACIIPOCTPaHEHUs BpeAHOCTel B Gonbinx oGbemax.

EcTecTBEHHO, UTO B KaXKAOM KOHKPETHOM CJIy4ae MOTYT ObITh Hakjie-
HbI M APyTHE C1I0COOBI, 061er4atonye BHIIOTHEHHE 3a1a4 CUCTEMaMU BEH-
TUIALMH ¥ KOHAMIMOHUPOBAHUA BO3/YXa WK CIIOCOOCTBYIONMME COKpa-
HIeHUI0 00BEMOB 3TUX CHCTEM.

Hauboee niesiecoobpastoe pelienue, Kak pasuio, MOXeT ObITh Hak-
IeHO TOJIBKO B Pe3yJIbTaTe COBMECTHOM paboThl MHIKEHEPOB Psja CIIeny-
anbHOcTeil. KpoMe yyacTus cenyasycToB N0 BEHTWISIMHA ¥ KOHAMITHO-
HUPOBAHMIO BO3ZyXa, O0BIYHO HEOOXORMMO yYaCTHE TEXHOJOTOB W
crpouteneil. OT nepBbIX 3aBUCUT BBIGOP 060Py/10BaHus, €r0 PalliOHAb-
Has KOMIIOHOBKA ¥ PasMenIeHre, OT BTOPhIX — LeaecooOpasHble KOHCT-
PYKTHBHO-CTPOMTEJIbHbIE ¥ apXUTEKTYPHO-IIJIAHUPOBOYHbIE PellleHuUs
obbekTa.

§ 3.2. Kaaccuduxauusa cucreM BEHTHIALHH

CucTeMbl BeHTHJISIIIAM MOTYT OBITH KJIaCCH(UUMPOBAHDI 110 CJIEAYIOIIHAM
OCHOBHBIM IIPU3HAKAM:

a) 1o crnocoby nobyxaeHus: ABYXEHUS BO3AYXa — CHCTEMbI C ecTe-
CTBEHHBIM MOOYX/IEHHEM, UM CUCTEMbl €CTECTBEHHOM BEHTHUIALMU, U
CHCTEMBI C UCKYCCTBEHHBIM NOOYXKAeHHeM (Yauie BCero MEXaHHYeCKHUM),
WY CUCTEMBI MEXaHUYECKOH BEHTHJIALUHY;

6) no cnocoly cHabXxeHus! MOMENIEHUH BO3IyXOM — CHCTEMBbI, Yepe3
KOTOpHI€ B IOMELIEHHUS IOAETCS BO3AYX, UJIH CHCTEMBI IIPUTOYHOM BeH-
TUAAIMY (IPUTOYHBIE CUCTEMBI ), U CHCTEMBI, C IIOMOIIBIO KOTOPHIX BO3-
AyX yAANsieTCs U3 NOMENIEHUH, MM CUCTEMbl BBITSKHOM BEHTUISALNH
(BBITSXHBIE CHCTEMBI);

B) II0 METO/Y OPraHM3aIui BEHTU ALY OMEIIEHHs — CHCTEMBI, [ieii-
CTBHE KOTOPHIX PACIPOCTPAHSAETCS HAa 4acTh oObeMa IMOMENeHUs, WK
MECTHbIE CHCTEMBI, i CUCTEMBI, IEHCTBHE KOTOPBIX PaCIPOCTPAHSIeTCs HA
BeCb 00heM IIOMeneHns1, UM 0611e06MeHHBIE CHCTEMBL.

B cBol0 0uepe/ib KaX/iast U3 STHX CUCTEM MOXKET HMETh Pa3HOBH/HOCTH.

PaccMOTPHM OCHOBHBIE 0COGEHHOCTH CHCTEM BeHTIISIIIUHI, OTHECEH-
HBIX K Pa3/IM4HBIM IPYIIIaM B COOTBETCTBUM C NIPUBEAEHHLIMH IIPUHIIM-
nnaMu KJjaccuuKaiun.
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Cucmemvl eCmecmeeHHol U MEXAHUYECKOU BENMULAUUY

B cucTeMax ecTeCTBeHHOH BEHTW/ISI{MH BEHTUJIMPOBaHHE MOMENIeHHIt
[IPOM3BOLHUTCS O] IEHCTBHEM eCTeCTBeHHbIX cuit. K upciy ux oTHoCST-
s TeNJIOBOH (MJIM TPaBUTALMOHHBIN) 1 BeTpOBOM Hanopsl. [loa Temnio-
BBIM HAaIlOPOM ITOHUMAETCSI TO aBJeH1e, KOTOPOe BO3HUKAET BCIIEAICTBHE
pa3HOCTH IUIOTHOCTel (I 06beMHBIX BECOB) BO3/lyXa, MMEIONIEro Pas-
HyIO TEMIIepaTypy.

BennunHa rpaBUTAMOHHOTO HATIOPA CUCTEM BEHTHJIALMMU HAaXOLUT-
sl TaK e, KaK M TPAaBUTALIMOHHBIX CUCTEM OTOIUIEHHUS, T. €. TI0 Pa3HOCTH
BECOB CTOIG0B BO3/lyXa HAPYXKHOTO (TeMIepaTypa ¢, ¥ 06beMHBIii BeC Y,)
¥ yJaJIseMoro U3 TloMellleHns (TemnepaTypa ¢, u o6beMHBIi BeC v, ).

BesnuuHa rpaBUTAlMOHHOTO Hamopa H, paainyHa 1/is OMelleHHH,
PACIIOIOKEeHHBIX Ha Pa3HBIX 3TaXax:

Hi=h@,-1,) (3.1)

rae h,— paccTosiHHe OT IeHTPa BeHTUISILIMOKHOTO OTBEPCTHUSA B IIOMellle-
HMH JI0 LIEHTPa BO3yXOBBIITYCKHOTO OTBEPCTHS, M.

BeTpoBB M HamopOM Ha3bIBAeTCs JaBlieHWe, OKa3bIBAEMOe
BETPOM Ha TMOBEPXHOCTH PA3JIMYHBIX IIPeIMETOB (B TOM YHClEe U CTPOM-
Te/IbHbIX KOHCTPYKIMH). Besinuuia BeTpoBoro Hanopa H, OTCYNTHIBAET-
cs1 0T 6apOMeTPHUYECKOTO AaBJIeHMs M HAXOANUTCS U3 BHIPAKEHMS

2
H, =k, 7_2"’:— , 32)
g

rae K, — k03h®dHUIMEHT, MOKa3bIBAIOWMH, KaKasl YacTh KMUHETHYeC-
KOii 9HEPTMHM BeTPA EPEXOMT B IOTEHIMATIBHYIO; Ky MOXKET 6BITh 601b-
1ire HyJist (+), ¥ TOr/ja BO3HHUKAET faBJieHne 60bliie aTMochepHOro, 1 MeHb-
ure HyJisi (—), Toraa HabJIo/laeTcsl pa3peXxeHHue;

¥ — 06beMHBIi BeC ABHXYIETOCS BO3ayxa, kI/m>,

@ — CKOPOCTh BETPA, M/Cex;

& — ycKopeHHe CBOGOAHOTO MafieHusi, M/ cex?.

Boaayx, mocTynamouyii B IOMEINEHUA UK YAAJIieMbli U3 HUX, B CHC-
TEMaxX eCTeCTBeHHOM BEHTHIALMU MOXET IepPeBUTATHCS M0 CIIenallb-
HbIM KaHaJIaM-BO3yX0BOJaM (B 3TOM CIIy4Yae CHCTEMbI Ha3bIBAaIOTCS Ka-
HaJIbHBIMH).

B cucteme ecTecTBeHHOM BeHTHUJISIMH [IOMelleHUH, PACTIOJIOXKEHHbIX
B Pa3HbIX 3TAXKAaX 3-3TaKHOTO JIoMa (puc. 3.1), BeHTUIHPOBAHUE TIPOU3-
BoAUTCA Giiaroziaps yAajeHHIO M3 TIOMeNeHuii BO3/yXa yepe3 BeHTHs-
UHOHHBIE KaHAJIBI, TPOJIOJKEHHBIE B CTEHE.

6 3ax. 390 81
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Puc. 3.1. Cxema ecTecTBeHHOI BEHTUNALMHU [TOMEIEHHI 5-3TaKHOIO KoMa
1noJ; AeHCTBUEM TEIJIOBOrO HAINopa:

1 — BBITSDKHOE OTBEPCTHE; 2 — BEPTUKAIbHBIH kaHat; 3 — c6opHbIi KaHa;
4 — BuITSLKHAS 1IaXTa; 5 — pedekTop

B cucreMe ecTecTBeHHON BeHTHIISIIINU POU3BOACTBEHHOTO 3/1aHHUA
(puc. 3.2) ucniosbayercss BerpoBoi Hamop. Berep o6ayBaer cnenuaibHoe
yCTPONCTBO — nedekTop, 0O3BOAIOIEE CO3/IABATH Pa3pexeHue TPH JIi0-
6bix HampasiieHusix setpa. K otBepeTuio nedeKTopa mprcoeqMHeHa CeTh
BO3/[yXOBOJIOB, Yepe3 KOTOPYIO W3 Pa3jIMYHbIX TOYEK TPOM3BOICTBEHHOTO
TIOMellleHus] yaaJisieTcsl BO3AyX, COiePKalluii Te WIM HHbe BPeIHOCTH.
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Puc. 3.2. Cxema ecTeCTBeHHOM BEHTUJISIIIMK [IPOU3BOACTBEHHOTO 31aHUS
110 AefiCTBUEM BETPOBOTO HAINOpa:

1 — BBRITSLKHOE OTBEPCTHE; 2 — BO3AyX0BoA; 3 — nedneKrop

Panuyc melicTBus (110 TOPU30OHTANIN) KAHAJBHBIX CUCTEM OTrpanM4eH
13-32 HeGOJIBIIMX BeIMYMH AEUCTBYIOUX HAIIOPOB. OGBIYHO OH He TIpe-
BbiaeT 20-25 m.

B GecxaHaNbHBIX CUCTEMAX BO3IYXOBOMIBI OTCYTCTBYIOT U BO3AYX BXO-
JMT B NIOMEINEHUS WIH YXOAUT U3 HUX Yepe3 CHelMabHble OTBEPCTHA B
CTPOUTEJILHBIX OTPAXKACHHAX. TaKy10 CHCTEMY eCTeCTBEHHOM! BEHTHAIIMU
Ha3bIBAIOT aspatyieii. A3panus IMPOKO MPUMEHAETCS IS BEHTUJISLMH TTPO-
M3BOACTBEHHDIX 3[[aHHi ¢ GOMBIIAMH U30bITOYHBIMU TEILIOBBIIETEHUSIMH.

CxeMa aspalliy OIHONPOJIETHOTO MTPOU3BOICTBEHHOrO 311aHust o] 1eH-
CTBHEM TEIJIOBOTO HAMopa mpej-
ctaBneHa Ha puc. 3.3. Kax 6su10
yKa3aHo, TeIIOBOH Hanmop pas-
JIMYeH IS OTBEPCTHH, pacmoJio-
XKEHHDBIX Ha Pa3HbIX OTMETKaX.
IloaToMy B BepXHUX OTBEPCTHSIX
CO3/i2eTCST JaBJICHHUE HHXKE aTMO-
cdepHOro, a B HUKHHUX — BbILIE AT-
MochepPHOTO, B Pe3yJibTaTe YeTO
MOXeT OCYHIECTBJATHCS CXeMa
ABHKEHUS BO3/lyXa, N300paxeH-
Hast Ha pucyHke. C TOMOILLBIO aspa-
L[1H TIPH HCIIOJIb30BAHHY BETPOBO-
IO HANOPa MOXeET ObITh pelieHa U
6osiee coXHas 3a71a4a, HAPUMED
BEHTHIMPOBAHHE MHOTOTIPOJIETHO-

Ry ot
1 [
42 &2 R i g2 fa A £5)

Puc. 3.3. Cxema aspanuu ogHolpo-

JETHOTO IMPOU3BOACTBEHHOTO 3AaHUS
noJ, AeCTBHEM TEIJIOBOTO Haropa

IO TIPOM3BOJCTBEHHOTO 3[AAHHUSA,
KaK 3TO MOKa3aHO Ha puc. 3.4.
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Puc. 3.4. CxeMa aspai MHOTOITPOJIETHOTO ITPOU3BOJACTBEHHOTO 3aHUS

B oT/iMuHe OT CHCTEM eCTeCTBEHHOH BeHTHIALMH, B CHCTEMAaX MeXxa-
HMYeCKOM BEHTHIAILHH JIJIsl TIePe/IBHXKEHHUST BO3/[yXa UCIIOIB3YIOTCS Clie-
[{{abHbIe MALUIMHBI, HA3bIBAEMbIE BEHTH/ISITOPAMH.

CHcTeMbl MEXaHHYECKOM BEHTUIIAIUY TAKXKe MOTYT GbITh KaHATbHBI-
Mu 1 GeckaHanbHbIMH. Yame BCero MpUMEHSIOTCA KaHAJIbHbIE CHCTEMBI.
Pasinyc neficTBUA cUCTEM MEXAHUYECKOM BEHTUIIAIMH MOXKET ObITh BECh-
Ma 6osbinuM. OH 3aBUCHT OT BeJIMYMHDI JaBJIEHHUS, CO3/IaBAEMOTO BEHTH-
1ATOPOM. VI3BECTHBI CHCTEMBI, B KOTOPBIX PACCTOSIHHMS OT BEHTHASITOPA
(06BIYHO IEEHTPOGEXKHOTO) /10 Hanbomee yAIEHHBIX TOYEK CETH BO3/Y-
XOBOJIOB COCTABJSIOT COTHU MeTPOB. O1HAKO IPUMEHSIOTCS U GecKaHa b
HBIE CHCTEMBI, HCIIOIb3YIONIME, KAK PABHIIO, /LIS TIEPeIBHKEHUS BO3/Y-
Xa OCeBble BEHTU/IATOPHI.

CxeMblI CHCTEM MeXaHHYECKOMH BEHTWISALUH, UMEION[UX PA3BETBIEH-
HYIO CETb BO3/1yXOBOJOB, u306paxeHsl Ha puc. 3.5 u 3.6. CxeMa crucTemsl
6e3 ceTH BO31yX0BOAOB (6ecKaHaIbHasA) MOKa3aHa Ha puc. 3.7.

Puc. 3.5. Cxema cucTeMbl TPUTOYHON MEXaHMUECKOH BeHTUISIUH
C pa3BeTBJIEHHOM CETbIO BO3[YXOBOJOB:

1 — Bo3ayx03abop; 2 — BO3AyXOBOABY; 3 — IPUTOUHOE OTBEPCTHE; 4 — BEHTHISATOPD
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Puc. 3.6. Cxema cucTeMBbI BHTSKHOM MeXaHHUECKOH BEHTUASIUU
¢ pa3BeTBAECHHOM CEThIO BO3AYXOBOOB:

1 — BO31yXOBHIGPOCHOE YCTPOHCTBO; 2 — BO3/LYyXOBOAKI;
3 — BBITSI)KHOE OTBEPCTHUE; 4 — BEHTHJIATOP

-l

NS

Puc. 3.7. CxeMa MeXaHH4ecKol OecKaHalbHOM BeHTUIIALUM;

1 - Bo3ayx03a6op; 2 — BEHTHJIATOP; 3 — MPUTOYHBIA MaTPy6OK

Cucmemot nPpumMOUHOU U 6bIMANCHOU BEHMURAYLUY

IomenieHus MOTYT GBITh 0G0PYAOBaHBI TOIBKO CHCTEMAMHU TIPUTOY-
Hoit BeHTHAAMA (puc. 3.5). B 3THX ciyyasix B moMemeHusi OpraHH30-
BAHHBIM ITyTEM MOJAETCS ONpPeJle/ieHHOe PAcYeTOM KOJIMYEeCTBO BO3AyXa.
YnaneHne Bo3pyxa MOXET IPOMCXOAUTH HEOPTaHM3OBAHHO Yepes
HETIOTHOCTH B CTPOUTENBHBIX OTPAXKACHHAX WM YEPES CTIEHATBHO yC-
TpaMBaeMble JIst 3TOM LleH OTBepCTHsi. ECTecTBeHHO, 9TO B yCTaHOBHUB-
eMCsT COCTOSIHUM KOJIMYEeCTBO MPUTOYHOTO Bo3yXa BCEraa PaBHO KO-
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JIMYECTBY YAAISE€MOIo BO3JlyXa He3aBHCHMO OT CyMMapHOi miomaau
HEMJIOTHOCTeH MJIM OTBEPCTHI B CTPOMTENbHBIX OrpaXeHHUsIX,
CyMMapHas 1iolaib HETUIOTHOCTeH OrpaXKAeHil BaUseT Ha BeJIM4U-
Hy JIaBJieHHs1 BO3/lyXa B oMellieHHH. [1py 3TOM CyimecTByeT 3aBUCHUMOCTb,
TIoJIyyaeMasi 110 M3BeCTHOM M3 TMApoaspOMeXaHuKH GopMyJie HCTeUeHHs
XMIKOCTH uyepe3 oTBepcTHe. Ha ocHOBaHMHU 3TOl 3aBHCUMOCTH JaBJie-
Hue Bo3fyxa (Ap B k[/M*) B IOMelWEHHN U YacOBOe KOJUYECTBO MOfa-
Baemoro Boszyxa (G B kI /uac) cBazaHbl cienyomum o6pasom:

2

G

6 (3.3)
3600 ) w,F,
1

1
= %

rae F, - nuomap Toi MM MHOM HETJIOTHOCTH, M7

M, — K03pUIMEHT Pacxo/ia PY IIPOXOXIeHUHM BO3/TyXa Yepe3 HeTUIOTHOCTb.

st 06b1MHOTO B CTPOUTEBHBIX OTPAXK/EHUAX TUIA HETVIOTHOCTEH B
BUJIe miesieif, 3a30POB U T. . MOXeT ObITh NIPUHATA CPeHSS BeJUYMHA
ko3 duienTa pacxona, paBHas H, = 0,7.

Ecnu xonuyectBo Bo3nyxa L BeIpaXkeHO M M?/uac, TO JaHHasi 3aBUCH-
MOCTb NIpHOGpeTaeT BUA

2

ap=|— L 1Y (3.4)

= |2
3600, Y F | 76
1

Ecnu Bo3nyx U3 noMeleHus yaasseTcs Yepes CreldalbHo yCTpau-
BaE€Mble OTBEPCTHSE, TO XapakTep 3asucumocteit (3.3) u (3.4) He mens-
ercsi. Hepenko 3Tu oTBepcTHs 060pyAyIOTCS 0COGBIMU KJIallaHAMHM, HO-
CANMMH Ha3BaHWe KIaNaHoB u30ObnTouHoro aasnenus (KU dbr).

Ha puc. 3.8 noka3saHa cxema ycTpoiicTBa TAKOTO KJIallaHa, U3 KOTOPOi
BUJIHO, YTO yCHJIMsA, HeOOXOAMMble il OTKPHITHS KJAanaHa, 3aBUCAT OT
N0JIOKeHHs TPOTHBOBeca. JTO 1Mo3BoseT ¢ nomoupio KMJos perynu-
POBATH NaBjieHMe B OMEINEHNH (Ap), YTO UCTIOIB3YeETCS VISl TiepeTeKa-
HHS BO3[lyXa M3 O/IHOTO NoMellleHus B gpyroe (puc. 3.9). s aroii xe
esiy, kpome KM /loB, MoryT 6biTh IPUMEHEHDI M APYTUE YCTPOHCTBA.

CucreMaMy npuTOYHOI BeHTUAAIMK 060PYAyIOTCS Haubosee «4uc-
Thle» TIOMEIEHHs], TaK KaK COTIacHO pHC. 3.9 BO3MYX ABMXKETCS M3 ITUX
TIOMEIeH A, a He Hao6oPoT.
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Puc. 3.8. Knanau uabnTouHOro AaBieHHs:

@ — B 3aKPHITOM NOJIOKEHUH; 6 — B OTKPHITOM TIOJIOXKEHHHU:
1 — kopnyc; 2 — Tapenp; 3 — pbiuar; 4 — CTONOPHOE YCTPOHCTBO;
5 — nepeMemaouuiicst rpya

B cayyae 060pynoBaHHs IOMEIEHNI TONBKO CHCTEMAaMU BBITSDKHOM
BeHTUJIsIIMH (pHC. 3.6) OPraHN30BaHHO MPOU3BOLHUTCS yaJleHHe BO3MY-
xa u3 nomemteHuii. [IPUTOK oCyllecTBAsSETCS HEOPTAHU3OBAHHO JHOO
yepes HEIJIOTHOCTH B CTPOMTENBHBIX OTPaXKAEHHUSX, MO0 Yepe3 CIIenu-
aJIpHO yCTpauBaeMblie /1L 9TON Lie/id OTBepCTHA. B OT/iMuHe 0T paccMoT-
PeHHBIX BbIllle CICTEM TIPUTOYHON BEHTH/ISIMH, B IOMELIEHUSX, NMEID-
KX JIUIIH CHCTEMY BBHITSKHOM BEHTHIISILIMY, IaBJI€HHe YCTaHABIINBAETCS
HIKe aTMoc(epHOro (MM HUXKe, YeM B COCEHUX NOMerieHusx ). Bexn-
4YHHa paspeskeHus (M0 OTHOMIEHUIO K aTMOCGHEPHOMY AaBJIEHHIO) MOXET
6bITh ompenenena 1o TeM ke dopmyaam (3.3) u (3.4).

Ipn o6GopynoBaHuK MOMEIEHHI TOMBKO CHCTEMOIT BLITSDKHON BEHTH-
JIAIUH MOXeET GBITh, TAK XK€ KaK M B CJIyvae NPUTOYHOI BEHTHISIMH, HC-
I0JIb30BaHO TlepeTeKaHNe Bo3ayXa. U Torna B moMenieHne, NprucoeauHeH-
HOE€ K CHCTeMe BHITSKHOH BEHTUIALNY, OYAET MOCTYNaTh BO3AYX M3
COCE/IHETO NOMeINEeHHsI. JTUM HUCKJIIOYAETCS WV 3aTPYAHSETCS ABIDKEHHE
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Puc. 3.9. Cxema npUTOUHOH BeHTUASIMH NIOMELIEHHI ¢ npUMeHeHNeM
KJIAMAHOB M30BITOYHOTO AABJIECHUS:

1 — NpUTOYHBIN BO3AYX0BOA; 2 — BLITSDKHOM BO3AYXOBOJ;
3 — kamad K3OBITOYHOTO JaBIeHUs

BO3/lyxa B 06paTHOM HanpasjieHUH. II09TOMY CHCTEMAMH BBITSKHOM BEH-
THIsIMK 060Dy ayI0TCA Haubosiee «rpsA3HbIe» TOMENEHHsT, KOT/IA HAJO TIpe-
JOTBPAaTHTD PACIpoCTpaHeHHe U3 HUX BO3/yXa B COCEIHHE TIOMENIEHUS.
[MoMeiieHust MOTYT ObITh 06OPYIOBAHBI CHCTEMAMH TIPMTOYHOM ¥ BbI-
TsKkHOU BeHTUAs My (puc. 3.10). B aTuX ciiyyasix B IOMeHIeHUAX TaKxKe
MOXeT YCTaHABJIMBATHCS TMOBBILIEHHOE MJIM [TOHWXXEHHOe JaBleHHe BO3-
nyxa coriacHo 3aBucuMocTsiM (3.3) u (3.4). EctecTBeHHo, uTO B 3TH dOp-
My7bl BMeCTO G ¥ L HaZio OCTaBUTH PA3HOCTH KOJIMYECTB MOJABAEMOTO U
yAaas1eMoro Bo3lyXa (Pa3HOCTb MeX/y NPUTOKOM U BHITSDKKOMH). Eciu
HabJI10/1aeTCs1 TIPeBBILIEH e IPHTOKA Hajl BHITSKKOM, yKasaHHasi pa3HOCTD
MMeeT 3HaK IUIOC, H Hao00POT. 3HAKY IIIOC COOTBETCTBYET MPEeBbIllleHHe
nasneHusi (Ap > 0), a 3HaKy MUHYC — NOHMXeHUe naBieHus (Ap < 0) no
CpaBHeHHIO C aTMOCHEPHBIM UM C JIABJIEHHEM B COCEIHUX MOMENIEHHSIX,

Puc. 3.10. Cxema 061meo6MeHHOMH MeXaHHYECKOH BeHTHIAIUH
NPOU3BOACTBEHHOTO 3/]aHUSA
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Mecmubie u 06ueobmenHble CUCTNEeMbL BEHMUNAUUY

MeCTHbIe CHUCTEMbBI BEeHTUISIIIUU MOTYT 6I)ITI) TIPUTOYHBIMHM H BbBITAXHBI-
mu. Ilocnennme Nomy4nin BeCbMa MMPOKOe PacIpocTpaHeH e B IIPOU3-
BOJICTBEHHBIX TIOMEIEHHUSX, TAK KaK MO3BOJISAIOT pelllaTh 3aayu CO3/a-
HYA 33/laHHBIX YCJIOBUH BO3AYIIHOM Cpe/ibl Haubojiee 9KOHOMUIHBIM
HyTeM. MeCTHbIe BBITAXXHbIE CHCTEMbI BEHTHJISIIIUHU, HJIN MeCTHbIE OTCO-
cbl, IpeJiHa3HAYeHbl [UIsl yIaBINBaHHUS BBIAESIONMXCA BPEAHOCTEH B
MecTe MX 06pa3oBaHusi. ITHM MTPeAOTBPAIIAETCS PACIIPOCTPaHeHHE BPEI-
HOCTeli BO BceM 0ObeMe TIOMEIeHHSI.

MecTHble IPUTOUHDBIE CUCTEMbI BEHTHIISILIUK OCYIIECTBISIOT MOAAYY
BO3JLyXa B ONpejieieHHY 0 30HY [IoMelieH st (4alle BCero Ha paGouee Mec-
T0, @ HHOT/Ia B MECTO, OTBeJIeHHOe JIJISl OT/ibiXa ). B 30He qeicTBUs nofaBa-
eMOTO0 BO3/yXa CO3/IAIOTCs YCIOBHSI, OT/IMYAIONIHECS OT YCJIOBHIt BO BCeM
obbeMe OMelleHUs U YOBIETBOPAIONIHE TIOCTABIEHHBIM TPEGOBAHHUSIM.

[Ipu KOHCTPYKTHBHOM OOPMIIEHHH MECTHBIX BBITSDKHBIX M IIPHTOY-
HBIX CHMCTeM BEeHTHJIANMH HeOOXOJHMMO YYNUTHIBATH a3POJMNHAMUYECKHE
CBOMCTBA TOM 30HBI IBHXKYIIETOCS BO3AyXa, KOTOPasi HEMIOCPEACTBEHHO
[PMMBIKAET K BCACHIBAIONIEMY M HaTHeTaTelbHOMY (IIPUTOYHOMY ) OTBeD-
CTHI0. ITH 30HBI HOCSIT COOTBET-

CTBEHHO HA3BAHMSI B C 4 C bl B a- e »
IOUWEero 4 MPUTOYHOTO a w

baxena. Kak W3BECTHO U3 n LN
Kypca a9poAMHAMHKH, CBOMCTBA H
TOTO U JIPYTOTO PE3KO OTIHYHBI. g

Crpykrypa BcacbIBaoIero X A
daxena cxemMaTHuecku u3o6pa- ) i Vsl
skeHa Ha puc. 3.11. 13 pucyHka Py i lew .h&'_w
BHIHO, YTO CKOPOCTH JIBHXKEHHUSI
BO37yXa B 30He 3TOro Gakena
BecbMa GpIcTpO 3aTyxaloT. Ha
PacCTOSIHMM OT TJIOCKOCTH ceye- /]
HUS1 KPYIJIOTO OTBEPCTHUS, PaB- S
HOM O/{HOMY AHAMETPY, CKOPOCTh 4 \|
Bo3lyxa MeHbiile 0,1 BesTMYMHbBI -
CKOPOCTH B HAYaJIbHOM CEYEHHUH. [
Moarexanue Bo3ayxa BOIU3H
BCACHIBAIOIETO OTBEPCTHUS MPO-
HCXOMUT €O BCEX CTOPOH.

CprKTypa HUPHTO‘{HOFO (bax: 1 — JJMHUH NMOCTOSIHHBIX OTHOCUTEIBHBIX
Kesta (CBOGOHO 3aTOIUIEHHOM CkOpOCTEl ABHKCHHS BOSLYXA;
CTPyH) MoKa3aHa Ha puc. 3.12. 2 — MMM TOKA BO3ZYXA
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Puc. 3.11. Crpykrypa BcachBalolIero
(bakesa B 30He AeHCTBUSA
KPYIJIOTO OTBEPCTHSL:
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Puc. 3.12. Crpykrypa npuTtouHoro ¢akena B 30He A€HcTBUS
KPYTJIOTO OTBEPCTUSA

Atot daken rechMa naIbHOG0eH. OceBasi CKOPOCTb YMEHBILAETCS ME/-
JieHHO W 3HayeHus 0,1 OT HaYaJbHOI BEJTMYHHN JJOCTUTAET HA PACCTOS-
HUH TpuMepHO 50d OT IPUTOYHOTO OTBEPCTHS.

MecTHBIE BBHITSKHBIE CHCTEMbl BEHTHISH{MM MV MECTHbIE OTCOCHI
NIO/[PA3/ENAOTCS B 3aBUCUMOCTH OT KOHCTPYKTHBHOTO OOPMJICHHST BO3-
JyXOTIPUEMHOTO YCTPOMCTBA Ha CllefyIONHe OCHOBHbIE Pa3HOBUAHOCTH:
BBITSDKHBIE 30HTHI; BBITSKHbBIE MIKAGDBI M KOXYXH; GOPTOBbIE OTCOCHI.

BB TAXHBM 30HTOM HA3bIBAETCA TaKasd Pa3HOBUAHOCTb Me-
CTHOTO OTCOCA, KOT/Ia BO3AYXOMPHUEMHOe yCTPOMCTBO (TIPHeMHHUK) Haxo-
IWTCA Ha HEKOTODOM PacCTOSHHM OT MCTOYHHKA BbIAECHUS BPELHOCTH
M OKPYXAlomMil BO3lyX MOXeT CBOOOIHO MOCTYNaTh B 30HY A€HCTBUSA
oTcoca.

PasinyHbie THIBI BBITSDKHBIX 30HTOB MPEACTABIEHH Ha puc. 3.13.

3OHTHI He ABJSIOTCS COBEPUIEHHBIMM MECTHBIMHM OTCOCAMH, TaK KaK
Tpe6yIOT yaaJIeH s BMECTE C BbLIEASIONMECa BPEAHOCTHIO GObIUINX KO-
JIMYECTB BO3/yXa U MOTYT MCIOJb30BATHCS M YAANECHUS HE CAMUIKOM
TOKCHYHBIX BpeJIHOCTell IPH 0643aTeIbHOM HAIMYHK COOTBETCTBYIONIE-
T0 KOHBEKTMBHOTO NIOTOKA, T. €. [IPH MOIMYTHHX TEIJIOBbIIeNeHUSAX.
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Puc. 3.13. Tuns BHITSKHBIX 30HTOB:

a — HHANBUAYAIbHBIA 30HT; 6 — 30HT C OTKHAHBIM CBEIUMBAIOWHMCA GapTyKoM;
@ — 30HT (KO3bIpeK) HaJl 3arpy304HbIM OKHOM Me4H; 2 — KOJIbIIeBOH 0TCOC

Bo3MoxHO 1IpMeHeHHe 30HTOB C €CTeCTBEHHOU BBITSKKOH, ecliu y
BBIZEJISIIONIEHICSl BPeTHOCTH MMEETCsl 0CTaTOYHasl ObeMHast Cuiia M
nomeuieHne o6ecrieyeHo OPraHu30BaHHbLIM IPUTOKOM (BO M306exaHune
OIPOKH/BIBAHUS TSTH).

BbicoTa pacniosioxenyst 30HTa Haji ypOBHEM IoJia 10KHa 6biTh 1,8—
2,0 M, yTOGBI O6CYXMBAIOWNIi IEPCOHAN HE 3a/ieBaJl ero ronosoi. s
obecrieyeHus: PaBHOMEPHOCTH BCACBIBAHMS YTOJI IIPU BEPIIMHE 30HTa He
JI0KeH NpeBbiath 60°.

B nocnegHee BpeMsi KpoMe 30HTOB HAILTM JIOBOJIBHO IMMPOKOE NPH-
MeHeHMe TaK HassIBaeMble KoJiblieBble 0TcoChl. CXema KObLEBOTO OTCO-
ca npejcTaBjieHa Ha puc. 3.13, 2.

BoTaxHbMu mkadpaMu M KOXYXaMH Ha3blBalOTCA Ta-
K¥€ MeCTHBIE OTCOCBI, B KOTOPBIX MCTOYHHUK Bbl/Ie/IeHUs1 BPETHOCTH Ha-
XOAUTCSI BHYTPY BO3lyXONPHEMHOTO yCTPOHCTBa (npuemHuKa). Oxpy-
XAIMKUA BO3AYX U3 NMOMEUIeHUSI MOXeT NMOCTynarb K MCTOYHHKY
BbijleJieHHsl BPEIHOCTH JIVIIb YePe3 ClieluaibHble, CDAaBHUTEIbHO HeOoMb-
11Me OTBEPCTHSA, Npe/iHa3HaYeHHble 151 PabOTH WK KOHTPOS.

Pa3znuna Mexay BHITSXHBIMY 1mKachaMy ¥ KOXKYXaMH# 3aKII049aeTCst
B TOM, YTO NOCJEAHNE UMEIT OOBIYHO PUrypHYI0 (GOpMY ¥ IPHMEHS -
10TCst I1aBHBIM 06Pa3oM AJISI OTCOCA BPENHOCTEH, BHIAENSIOMHMXCS OT
Pa3/IMYHBIX CTAHKOB (epeBooOpabaThIBaIOLIMX, ITH(OBAIbHbIX, 3aTOY-
HBIX VI T. 11.).

BorrsokHble mKadbb ¥ KOXKYXH ABAAIOTCS 60/ee COBEPIUIEHHBIM, YeM
30HTBI, BUZAOM MECTHBHIX OTCOCOB. Pa3MelieHue HCTOUYHMKA BblJeJeHHSA
BDPEZIHOCTH BHYTpH IuKada uiaK KoxyXa CIIOCOOCTBYeT JyullieMy y/aje-
HHUIO BPETHOCTH U NPENATCTBYET PACIPOCTPaHEHHIO ee B 0ObeMe rome-
WeHNs.
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Puc. 3.14. KoHcTpyKuuy BBITAXKHBIX HIKa(oB:

a ¥ 6 — ¢ BEDXHHUM OTCOCOM; 6 M1 2 — C HIDKHUM OTCOCOM;
0, e, %, 3, U, K — ¢ KOMGMHUPOBAHHBIM BEDXHUM M HHXKHHUM OTCOCOM

O6bem BO31yXa, OTCACHIBAEMOro Yepe3 paboune oTBEPCTHSA, MEHBIIIE,
yeM 06beM BO3/yXa, y/IaisieMOTO 4€Pe3 30HT, ¥ 3aBUCHT OT KOHCTPYKTHB-
HOTO BHINIOJHEHMA mKada WM KOXKyXa, XapaKTepa 1 ocOOeHHOCTeR BH-
JeSIIOUINXCS BPEIHOCTEMH, a TaK)Ke OT CTeNleHH MX TOKCHYHOCTH.

IToctynnenue BpeanocTeil 3 mkaga HIM KoXyxXa B IIOMelieHHe B
of111eM ciiy4ae BbI3bIBaeTCsI 0Gpa30oBaHyeM TOBbIIEHHOTO IaB/IEHUS] BHYT-
pM NIpMeMHHMKa (Jalne BCEro M3-3a pasHOCTH TeMIepaTyphl IO CpaBHe-
HMIO C TeMIlepaTypoii Bo3/[yXa IOMeleHus ), HMpKyAsiiyel cTpyit BHyT-
pH wKada UK KoXyxa, ABMXKEHMEM BO3/IyXa B IOMeLIeHUH 1, HaKOHell,
Mipdysneit BpeqHOCTH U3 mKada WA KOXKYXa B HOMELIEHUH.

Bce MHOroo6pa3ue 3TMX KOHCTPYKIMH CBOJIUTCSA K TPEM THIIaM: BbI-
TsOKHBIE IKadbl ¢ BepxHUM otcocoM (pHc. 3.14, a, 6), npuMeHsieMble s
YaBJIMBaHHs BOCXOSIUIMX IIOTOKOB (B TOM 4MCJie U TElIOBBIX ); C HHK-
HUM OTCOCOM, MCHOJIb3yeMble IIPH HPOLECCaX, CONPOBOKAAIOIIUXCS BbI-
JieNneHreM MbUIN UK TSDKeNbIX ra3os (puc. 3.14, ¢, 2); ¢ koM6buHMpOBaH-
HBIM OTCOCOM M3 BEPXHell M HIbkHell 30HH (puc. 3.14, d, ¢, i, 3, u, k).
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Puc. 3.15. BuTspkHOM KoXXyX AJsL NIOCKONUIN(OBAIBHOIO CTaHKA:

1 — KOXYX C OTKMIHOM KpbIIKOH; 2 — abpa3nuBHBIA KPYT;
3 — obpabatbiBaeMast feTasb; 4 — KO3bIPEK;
5 — natpy6oK ¢ MeTauTnyecKuM THOKHM LIIAHTOM IS OTCOCA BO3AYXa

Puc. 3.16. 3amuTHo-06ecHBUIMBAIOINMIT BBITSXKHOM KOXKYX JJISI CTAHKOB
PYYHOH 3aTOYKM MHCTPYMEHTA:

1 ~ 3amUTHBIA 3KpaH; 2 — abpa3uBHbIN KPYT; 3 — OTCACLIBAIOWMIT BO3AYXOBOI;
4 — NBIIEOTCTORHNUK-YJIOBUTEND; 5 — 3aABHIKKA
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(DacoHHble TpHEMHUKH, Ha3bIBaeMble KOXKYXaMH, IPUMEeHSIIOTCS [JIaB-
HbIM 00pa3oM JUisl yJiaBIMBaHMs 1bLIM, 0Gpa3yomeiics npu o6paboTke
Pa3JIMYHbIX MATEPHAJIOB NIPU IOMOINH GBICTPO BPAAIOLINXCS PEXKYUINX
VHCTPYMEHTOB. IIpy KOHCTPYHpOBaHUH NIPHEMHUKA CTIEAYeT YYUTHIBAaTh
XapaKTep NbLIeBbIX I0TOKOB, BO3HMKAIOWMX 11pU paboTe Ha TOM WX HHOM
CTaHKe.

HexoTopble THIIbI KOXYXOB, CKOHCTPYHPOBAHHBIE C YYETOM CBOMCTB
NbIEBBIX [HOTOKOB, OOPAa3yIOLMXCs IPH BPAIIEHHH PEXYLIETO UHCTPY-
MeHTa CTaHKa, oKasaHbl Ha puc. 3.15, 3.16 u 3.17.

IIpuBeneHnbIe BO3AyXONpUEMHBIE YCTPOKCTBA NIpeiHa3HaYeH Bl ¥ LIS
[pHMeMa TBEPABIX yacTUL (IIbLIb, ePEBAHHAS CTPYXKKA, ONMJIKK U T. 1.).
ITosToMy CKOPOCTH BO3/TyXa B IOABOSIKX BO3/{yXOBOAAX TOMKHBI ObITh
JOCTaTOYHBI As1 TPAHCTIOPTHPOBaHUA 3THX YacTui. CaMH YCTaHOBKM B
3TOM CJiyYae Ha3blBAIOTCS CMCTEMaMH ITHEBMATHYeCKOro TPaHCIOpTa.
Benuuuna ckopocTu B BO3yX0BOo/1aX NHEBMATHY€CKOrO TPAHCIIOPTA KO-
nebnercst oT 6--8 m/cex nns nerxoii bun 10 30 m/cex n Gonee Ans TsxKe-
JIOM TILIIM M KPYNHBIX YacTHIL.

WHorna He npeAcTaBAsieTCS BO3MOXHBIM IIOMECTUTh HCTOYHUKH
BbiJleieHHsI BpeTHOCTeH B YKPbITHE THHA IIKaha WM KOKYXa U HENb3st
HCHONb30BaTh MeHee COBEpIeH-
HOe YCTPOHCTBO B BHJE 30HMTa.
B takux cayuasx npuberaiot
MeHee 5KOHOMUYHDIM PellieHUsIM
M yCTPauBalOT TaK Ha3bIBaeMble
60opTOBBHE OTCOCHL

BopToBbie oTcoCH NpHMeHs-
IOTCS1 B TIPOMBINIIEHHBIX BaHHAX,
KOTOPBbIe 0JKHBI OBITh OTKPBITHI
CBEPXY ISl MOTPYXXKEHUSA B HUX
JleTajledl ¢ IOMOIIBIO TOABEMHO-
TPaHCIIOPTHBIX CPEJICTB.

ITpoMbrineHibie BaHHBI MC-
HOAB3YIOTCH AJA 3AIMTHOTO
MeTaNIMYeCKOTO HOKPBITHSA
Pa3nUYHBIX AeTajledl TaKUMHU
MeTalIaM1, KaK UMHK, KaJMHuii,
CBHHEIl, ONI0BO, HUKEJIb, MeJb,
anioMuHuii ¥ xpoM. Hame Bcero

4 NOKpbITHE IPOU3BOAMTCS Tajib-

— 3aJHsAs1 CTEHKA OTCOCA;

2  orcacspaoit natpy6ox BaHMYecKkuM crnocobom. Ilpu
ANA NPUCOEANHEHNA OTCOCa 9TOM MOTYT BBIENATLCSI BeCbMa
TPH TIOMOLIH THGKOTO IITaKTa TOKCHYHbBIE BPETHOCTH, SIIOBUTOE

Puc. 3.17. 3amuTHO-06eCcHBLIMBAIOILII
BBITSDKHOH KOXYX JUISl YHHBEPCAIBHO-
1IH(OBAIBHOTO CTaHKA:
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AeMicTBHE KOTOPBIX YCHWIMBAETCS], €C/IH NPOLECC BeJeTCs IPH NOBbIIeH-
HOM TeMIEpaType pacTBopa.

BopToBbie 0TCOCH! MOTyT ObITH I10/IPa3/ieJieHbl Ha TPH IPyYIIIbL: IPOCTHIE,
y KOTOPBIX IJIOCKOCTb BCACHIBAIOLIEr0 OTBepcTHs (IieNn) BePTHKaIbHaA
(puc. 3.18, a); ONPOKHHYTHI€, C MIOCKOCTHIO OTBEPCTUS TOPU3OHTANbHOIA,
obpallleHHo# B CTOPOHY 3epkasla BaHHBbI (puc. 3.18, 6), ¥ ¢ nepesyBKoO#, B
KOTOPbIX IOMHMMO BCAChIBAIOIIETO OTBEPCTUS HMEETCS IIPUTOYHOE, CIyKa-
1ee 71 BbIITyCKa IJIOCKOH CTPyH, CAyBaouieil BpeIHOCTb C IIOBEPXHOCTH
BaHHBI K orcocy (puc. 3.18, 6).

K MeCTHbIM NPUTOYHBIM CHCTEMAaM BEHTHJIALIUM OTHOCATCA B O 3-
JyMHBle AYWH M BO3AYIMIHBIE 3aBeCHL

Bosaymnbiit gy npescTasaser coboi MeCTHBIN, HalpaBAeHHbIH Ha
yenoBeKa NOTOK BO3/yXa. B 30He /elicTBMA BO3AYIIHOTO Ay1Ia CO3/AI0T-
¢S YC/IOBMsA, OTIMYHBIE OT YCAOBHIl BO BceM o6beMe nomemenus. C mo-
MOUIBIO BO3/IYIIHOTO /[ynia MOTyT ObITb M3MeHeHbl CIIeAYIOlHe [TapaMeT-
PBI BO3/[yXa B MECTE HAXOXAeHH Ye0BeKa: TOABHKHOCTD, TEMIIEPATYPa,
BJIAKHOCTD ¥ KOHIIEHTPAIHUs TOM MIH MHOK BpenHocT. OOGLIYHO 30HOK
JeMCTBHSA BO3/TYIIHOTO AyIla ABSIOTCS: (PMKCMpPOBaHHble paboune Mec-
Ta, MeCTa Hauboee AHMTeNbHOTO pebbiBaHMs PabOYMX M MeCTa OT/bIXA,
Ha puc. 3.19 cxematnyecku n300paxkeH BO3AYIIHbIN AyIl, UCIIONb3Ye-
MBI JIIs1 CO3/IaHUs HEOOXOMMMBIX YCIIOBHIt Ha paboueM mecTe.

Haubosee yacTo BO3aymIHble [YIIM IPUMEHAIOTCS B TOPAYMX LEXAX
Ha pabounx MecTax, NOABEPKEHHBIX BAUSAHHIO TEIIOBOTO M3/Ty4EHHS.

B 3aBucMOCTH OT Kateropuu paboTs! (JierKasi, CpeaHeil TIXeCTH, Ts-
Xesast), BpeMEeHH rofla U MHTeHCUBHOCTH obny4eHus (ot 300 xo 1800
KKan/M*uac) CKOpPoCTh BO3/lyXa B IOTOKe Ayina xonebsnercs ot 0,5 o

a) 1]

N T T 1 -
A\ / ) ———

1 [ 1 1 I T T
]
W T T T ﬁ Puc. 3.18. Boprosoit otcoc:
a - npocToi; 6 — ONPOKUHYTHIH;
B % 8 — ¢ nepeayBKOH
CESEESSSS N
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Puc. 3.19. Bo3gyuineiit gyur:

a — BepPTHKANbHbIN; 6 — HAKJIOHHLIN; 8 — IPYNMOBOH

3,0 m/cex, Temneparypa moxeT usmeHsiToes ot 16 no 24 °C. Ecnu BO3-
Ly LEHBIH AYLI MCNIOJIb3YeTCS 4151 60pbObI C NBLIbIO, CKOPOCTb BO3LyXa HE
noskHa 6bITh Bblie 0,5—1,5 M/ cex, 4TOOBI He OIYCKATh NOHSTHSE [IbLAH,
oceBlueil Ha IO

Bospoe Bansinne Ha 3¢¢peKTHBHOCTh paGOTH! BO3AYNUIHOTO AYIIA
OKa3bIBaeT KOHCTPYKIMs BO3AyXOBbillyCKHOTO aTpy6OKa (IpUTOYHAS Ha-
cazxa). enecoo6pasno uMeTh 3TO yCTPOIACTBO TOBOPOTHBIM H TIPH 3TOM
TIPE/LYyCMOTPETb BO3MOXHOCTh U3MEHSTh YroJi HAKJI0HA OCH NIOTOKaA BBe-
NeHHeM IOBOPOTHHIX nonatok. Ha puc. 3.20 u306paxeHbl NIPUTOYHbIE
HacaJKu KoHCTpykuuu B. B. BarypnHa, BHIIONHEHHbIE C YY€TOM 3TUX
AByX TpeboBanuii.
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Puc. 3.20. IIpuroynsle Hacaaku KoHCTpyKiuu B. B. Batypuna:
a — NIPH BepXHEM TOABOAE; 6 — MPH HWKHEM NOABOAE BO3AYXA

Jnst BO3AYIIHOTO AyIIa MOKET MCIIOIb30BATHCS HAPYXKHBIA BO3AYX
WY BO3AYX, 3a61paeMblif 3 noMelnenust. [Tocneanuii, kak IpaBuio, mpo-
XOJWUT COOTBETCTBY0UIYI0 00paboTKy (Yaie Bcero oxiaxaenne). Hapyx-
HBIH BO3AYX Takke MoXeT ObTh 06paboTan /g puaanns eMy HeoGXo-
JMMBIX TTaPaMeTPOB.

JymypynomHe yCTaHOBKHA MOTYT GbITh CTAMOHAPHbIMHU UM IIepe-
JBVKHBIMH. B NlepeBIKHBIX yCTAaHOBKAX MCIIOAb3YETCsl BO3AYX M3 O-
Menienus, o6pabaTbiBaeMblil HEPEAKO C IOMOIIBIO PACTIHIIUBAHMS BOJBI
B ITOTOKe BBIXO/IAALIEro Bo3ayXa. Mcnapsiromasics agabaTHo Boaa 1103Bo-
JISIeT CHIDKATh TeMIiepaTypy Bo3ayxa. Ha puc. 3.21 u 3.22 nokasansl Bo-
JOBO3/ylIHbIE MYIIM 3TOr0 THUIAa KOHCTpykiuu MockoBckoro u Cepa-
JIOBCKOTO MHCTUTYTOB OXPaHbl TPY/a.

B BO3aymHbIX 3aBeCaX, TAK ke KaK U B BO3/AYLUIHBIX AYLIaX, UCTIO/Nb3Y-
€TCs OCHOBHOE CBOMCTBO IPUTOYHOTrO (hakena — ero OTHOCUTEJIbHAS Ja/lb-
HO60IiHOCTD. Bo3yHbie 3aBeChl yCTPaMBAIOTCA ¢ LEJIbIO IPEAOTBPAaTUTD
NOCTYIIeHHe BO3/AyXa uepe3 TeXHOJIOTHYeCcKHe TPOeMbl UM BOPOTa M3
O/IHOM YaCTH 3/1aHKs B APYTYIO UM HAPYXKHOIO BO3/[yXa B IPOM3BO/ICTBEH-
Hble nioMemmenus. Ha puc. 3.23 n306pakeHbl cxeMbl BO3/YIIHbIX 3aBeC,
npeHa3HayeHHbIe JJIsi IPefOTBPalleH!s HAM Pe3KOTo yMEHbILEH U TIPo-
HUKaHMs Yepe3 BOPOTa XOJOJHOTO HapYKHOro BO3AyXa B uex. Bosmyx,
T10/1aBaeMblii [i7isl 3aBECHI, MOXKET IPeIBAPUTEIbHO OAOIPEBaThCs, U TOTAA
3aBeChI Ha3bIBAIOTCA BO3AYIITHO-TEIIOBBIMH.

Bosaymnble 3aBech;, paCCYMTaHHbIE Ha IPENOTBPALIEHNE IPOHH-
KaHHS XONO/HOTO BO3/yXa, CJIEAYET IPEAycMaTPUBaTh y BOPOT, KOTOPbIE
OTKDBIBAIOTCS Yalie IATH Pa3 MM He MeHee YeM Ha 40 MUHYT B CMeHy,
a TaKxKe y TeXHOJOTMYEeCKHX IIPOEMOB OTAIIMBAaeMbIX 3/aHUH, pacio-
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JIOKEHHBIX B paiioHaX ¢ pacueTHON TeMIepaTypoii HapyXHOTO BO3/yXa
JJisl IPOEKTUPOBaHUA cucTeMbl ororteHust — 15 °C 4 HMbKe, Korma muc-

1

L §

8 cananusauuro

Puc. 3.21. Bopososaymseiii aym
tunia MUOT manoit mozenn:
1 — tpy6onpoBox Ans MogaYM BOABI
OT BOAONPOBOAY; 2 — KOXKYX;
3 — anexTpoxBuraTend; 4 — 0CeBOMH
BEHTHJIATOD; 5 — civBHAs Tpy6a;
6 — nojcraBKa

98

KJIIOYeHa BO3MOXKHOCTb YCTPOMCTBa
mmo308. Ecau cHuXeHue TeMmine-
PATYDHI BO3/lyXa B IOMEIEeHUAX (110
TEXHOJIOTHYEeCKUM WM CaHUTapHO-
THTHEHHYECKUM COOOPasKeHUsAM )
HEJOyCTUMO, 3aBeCH MOTYT GBbITh
3allPOEKTHPOBaHbI IPH JoOo# npo-
JOIKMTENBHOCTH OTKPBHIBAHUS U JHO-
60ii pacueTHOIT TEMIIEpATYpE HApyXK-

Puc. 3.22, IlepeaBuxnoil BeepHblit
arperat CUOT-3:

1 — oceBoii BeHTHIATOP; 2 - 3MEKTPO-
ABMratenb; 3 — GOPCYHKY;
4 — Metanandecknit obtexatesnp;
5 — nogcTaBKa Ha KoJjiecax;
6 — Tpy6onpoBOA SIS TIOAAYM BOABI
M3 BOAONPOBOAA
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Puc. 3.23. Boaaylunble 3aBecsl: @ — NPUHIMI JEHCTBUS;
6 — pa3nuuHBIe CHOCOGHI TOAAYM BO3LYXA:

I — mogaya Bosayxa cumsy; II — GoxoBas nogaya BO3AyXa € OAHOMH CTOPOHBI;
III - To %e ¢ ABYx cTOpOH

HOro Bo3zyxa. IIpu 5TOM HeoGXOMUMO TEXHHUKO-IKOHOMHYECKoe 060CHO-
BaHUe JaHHOTO PeIeHHs.

B ciyyae kparkospemennoro (1o 10 MMHYT) OTKpBITHS BOPOT, Kak
IIPaBUIO, IONYCKAeTC CHUXKeHHe TeMIIepaTypbl BO3/yXa Ha pabGouux
MeCTax, 3alMIIeHHbIX OT O0OAyBaHMsI BO3/yXOM, BPbIBAIOIIMMCS Yepes
BOPOTa, MIMPMaMK UM Nleperopokamu. CTeNeHb CHUXKEHHUS 3aBUCHT OT
Xapaktepa BHITIOJAHAEMOM paboThI: IIpH NeTKoi (pusHueckoii pabote — no0
14 °C, pabote cpenneit TsxecTH — 110 12°, Tsxeno# pabore — a0 8°. Ecau
NOCTOSTHHBIX paGOYMX MECT B PaifoHe BOPOT HET, IONYCKAETCs CHIKeHHe
TeMnepatypbl B paboyeii 30He 3TOTo pafiona 1o +5°.

Ouenb GANM3KMMHU K BO3yNIHO-TEIUIOBBIM 3aBECaM 110 CBOEMY Ha3Ha-
YEHMIO BAAIOTCS TaK HasplBaeMble BO3/ylHble Oydepa, cosnaBaeMbie
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nyTeM NoJ1a4H TEIIoro BO3AyXa B TaMOypbl 3/aHNIT 06UIECTBEHHOTO Ha~
3HaYeHHs (Mara3uHel, KiyObl, TEQTPbl U T. [1.).

B HacTosuiee BpeMsi HeO6XOAUMbIE YCAOBMS BO3AYLIHON Cpejbl Ha
paboyeM Mecre JOBOJBHO 4aCTO CO3JAITCs ¢ NOMOUbIO YCTPOHCTBA
ClellMalIbHBIX BEHTHAUPYyeMB X Kab u H. B Takux kabuuax nos-
NIEP)KMBAIOTCS! YCIOBHst, OTIMYHBIE OT YCAOBUH Bo BceM 06beMe NIpoM3BO-
CTBEHHOTO MOMEMIEeHHs. JTO JOCTHIaeTCs Yamie BCEro Mojlauell B KaOHHbI
clieliHaJIbHBIM 06Pa30M NIPUTOTOBNEHHOIO BO3/TyXa: B TOPSYMX I[eXaX — OX-
JKIAEHHOIO, B XONO/HbIX, HEOTAll-
JIMBaeMbIX OMEIEHMSIX — II0/I0TPe-
Toro. BeHTunupyemsie KaGuHbI
MOTYT ObITb OTHECEHBI K MECTHBIM
cCUCTeMaM BeHTHAsuH. Ecrecrt-
i R BEHHO, 4TO MX IIPMMEHEHHE BO3MOX-
HO, Koraa pabGoyee MeCTO CTPOro
(PMKCHPOBAHO, HATIPUMED Y Ty/AbTa
yupasnenusi. Ha puc. 3.24 n3obpa-
)KEHa BEHTHJMpyeMasi KabHHa i
II0CTa yIpaBaeHusi KpaHOM, pa3pa-
6otanHas JIEHMHIPaJCKUM MHCTH-
TYTOM OXpaHbl TPYJa.

O6meobMeHHbIE CHCTEMBI BEH-
TUJISIIIAA MOTYT GBITh TIPUTOYHBIMU
M BHITSKHBIMH (pHc. 3.5, 3.6, 3.9).

Puc. 3.24. Bentunupyemas xabuHa IIpu ncrionb3oBaHnu 06ueobMeH-
HBIX CHCTEM CTaBMTCS 3a/laya Co-
31aTh HeOOXOMMBIE YCIOBUsI BO3AYLIHOM cpenbl Bo BceM obbeme 10-
MeneHns Win B o6beMe paboueit 30Hbl. B 0TiiMuMe OT MECTHBIX CHCTeM,
B JAHHOM CJIy4ae BCe BBLIAESIONMECS B IIOMelleHUH BPeAHOCTH pac-
[IpPOCTPAHSIOTCs BO BceM oObeMe. Clie10BaTeIbHO, OCHOBHAS 3a/1a4a, KO-
TOpast 0JKHA ObITh pellieHa IPH POEKTHPOBAHUH PACCMATPHUBAEMBIX
CHUCTEM, 3aKAI0YaeTCs B TOM, YT0ObI CoiepKaHue B BO3/yXe IOMELIEHUs
TOI MUY UHOM BPEJHOCTH He IPEBOCXOAUIO BeIUYHHBI TIPEAEbHO 0~
NyCTHMOU KOHIEHTpAIluy, a 3HAYCHUs METEOPOJIOTHIECKHX NapaMeT-
POB OTBEYANH COOTBETCTBYIOMMUM TPeOOBAHUAM.

Hepenko nomemenne o6opyayercss MPUTOYHOM ¥ BBITSDKHOIM 06ue-
0OMEHHBIMH cuCTeMaMy BeHTHsmH (puc. 3.10).

O6uieoOMeH bl METO/ CO3MAaHMA 3alaHHbIX YCIAOBHIA BO3MYIIHON
CPE/ibl HMEET NTUPOKOE PACIpPOCTPAHEHHE ¥ B COYETAHMU ¢ CHCTEMAMHU
KOHJMIIMOHUPOBAHHUSA BO3/yXa.

B nacTosmem kypce aTomy Metoay yaeneHo BeCbMa 60/bIoe BHUMA-
HHe€, TaK KaK OH SIBJISIETCS] OCHOBHBIM 1151 06beKToB MO.
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§ 3.3. Knaccuduxauus cucreM KOHAHIHOHHPOBAHHA BO3LyXa

CucreMBl KOHAUIIMOHHUPOBAHUS BO3/yXa TOAPa3AeNAIOTCS HAa HECKO/b-
KO Pa3HOBHHOCTEH:

a) 10 cTeneHH UCTI0/IBb30BAHHSI HAPYKHOTO BO3/yXa — HA CHCTEMBI TIPS~
MOTOYHBIE, B KOTOPBIX BO3YX UCHIOIB3YeTCsl OMHOKPATHO, CHCTEMBI PeLp-
KYJMSIMOHHEIE, TIPEYCMAaTPUBAIOLIIEe MHOTOKPATHOE MCIIO/Ib30BAHUE Of-
HOTO U TOTO e BO3/1yXa, U CHCTEMbI C YacTUYHOH PertupKyJIsiue;

6) MO cTeMeHH NEHTPATU3AMMH — HAa CUCTEMBI HEeHTpaJibHbIE, 06CTy-
KMBAIOIMe U3 OJHOTO leHTPa HeCKOJIBKO MOMellleHuit, 1 MeCTHBIe, yCT-
pauBaeMble IJIs1 OT/Je/IbHBIX TIOMELIeHUl 1 paclosiaraommecs, KaK rnpa-
BIJIO, B CAMHX 00CTY>KHBAaeMBbIX OMeIeHHSIX;

B) 110 aBTOHOMHOCTH — Ha CHCTEMEI, B OOJIblIel WM MeHblllel cTe-
NieHH 3aBUCSINYE OT YCIOBUI CHAGKEHHUS TENJIOM, XOJI0/I0M H 3JIeKTpPO-
SHepruew;

T) 10 cocofy KOMIIEKTaliK y3J1a /st 06paboTKK Bo3/AyXa — Ha CH-
CTeMBI C arperHpOBaHHBIMU KOH/TUIIMOHEPAMH, B KOTOPBIX 3TOT y3€J IIpe-
cTaBIsIeT cofodl OAMH arperat, COCTAB/IeHHBIH W3 HeCKO/IBKMX alnapa-
TOB, ¥ CHCTEMBI, B KOTOPRIX PHMEHSIOTCS CAMOCTOSTEIbHbIE AMNTAPATH
JUISL Pa3INYHEIX TIPOLECCOB 00paboTKH BO3AYyXa.

KpoMme Toro, Bce pasHOBHAHOCTH CHUCTEM KOHAMIMOHUPOBAHMS Ha-
3eMHBIX 31aHMi B COOTBeTCTBUM C feficTBYomumMyu Hopmamu (CHull
41-01-2003) nensATcst Ha TP KJ1acca B 3aBUCMMOCTH OT BO3MOXKHOCTH obec-
neYuBaTh 33IaHHbIE YCIOBHS BO3AYIIHOU CPEBI B IOMEIEHHSX OO beKTa.

CucTeMnl, pacCYUTBIBaeMbIe 110 TTAPAMETPaM HAPYXKHOTO BO3/yxa A,
0671aJa10T HAUMEHBIINMHY BO3MOXHOCTSMU U AOMYCKAIOT OTKIOHEHUS
YKa3aHHLIX YCJIOBUH B JleTHee BPeMs B cpefiHeM B TedeHue 400 yacos.
JL1st cucreM, pacCYMTBIBaeMBIX IO TIapameTpaM b, 91C/I0 YacoB COCTaB-
nset 200, 415 cucteM B oTKAOHEHUS He JOMYCKAIOTCA.

Cucmemnt RPAMOMOURDIE U DEUUPKYIAUUOHHDIE

B npsiMOTOYHBIX cHCcTeMax KOHAWLMOHUPOBAHUSA BO3MyXa, IPUHLUIIHU-
ajJlbHas CXeMa KOTOPHIX MOKa3zaHa Ha puc. 3.25, npeaycMaTpUBAETCS 3a-
60p HapyAKHOTO BO3AyXa, ero 00paboTKa A/IS MOJTy4eHUs HeoOXOAUMBIX
NapaMeTPoB U M0/1a4a B MIOMeIIeHNs OHBeKTA.

U3 nomemennii Bo3ayx oOGBIYHO YAASAETCS ¢ IOMOIIBIO CHCTEM BhI-
TSIDKHOM BeHTHJISALUU.

Kax BuauM, KOMILTEXT armnapaToB jjisi 06paboTKM BO3AyXa AOJKEH
MaBaTh BO3MOXHOCTh 06pabaThiBaTh BO3AYX C Pa3JIUYHBLIMH MapaMeTpa-
MH, 3aBUCSAIMMH OT BpeMeHH TO/1a U KJIMMara.

[IpsiMoTOYHBIE CHCTEMBI KOHANIIHOHMPOBAHUS BO3LyXa OOBIYHO MIPH-
MEHSAIOTCS B TEX CAYYAAX, KOT/A HeJlb3s MPeAyCMOTPETh PELUPKYJIAIMIO
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Puc. 3.25. [IpnnununuanbsHas cxeMa IpAMOTOYHON CUCTEMBI
KOHAUUNOHUPOBAHUS BO3AYXa:

1 — yrensvrenbHbfl knanan; 2 — GuibTp; 3 W 5 ~ nepBas ¥ BTOpasi CTymeHu
KasiopudepoB nepBoro nonorpeBa; 4 u 72 — cBOEHHBIE CTBOPYATHIE KJANAHEL
6 ¥ 7 ~ cTBOpUAaTHIe KalaHkl; 8 — NPOMbIBHAA KaMepa; 9 ~ 00XonHoi KaHa,;
10 — BenTusTOD; 77 — KaKopudep BTOPOro noAorpera; 73 — Hacoc

BO3J[yXa 13 NOMEILEeHHA BCIeICTBHE HEBO3MOKHOCTH UCTIONb30BAHHUSA 3TOTO
Bo3ayxa. Hlocennee MoxeT UMeTh MECTO, eCJTH KOJTMYECTBO TTOAABAEMOTO
B MOMeILEHNe BO3/yXa olpeze/ieH0 U3 YCIOBUS PACTBOPEHUST TOKCUYHON
BPETHOCTH IO BeTUYHMHEI NIPeAeAbHO AOMYCTUMON KOHUEHTPAINH.

Takas e cxeMa npumensieTcs: 471 OMelLeHHi, B BO3AYXe KOTOPBIX
coaepxaTcsi 60Jie3HeTBOPHBIE MUKPOOPFaHN3Mbl, PE3KO BRIPAXKEHHbIE
HENPUATHRIE 3aTlaXH, & TaK)Ke AT TIOMeLIeHUH € BHIeIEHUSIMU B3PhIBO-
OMACHBIX ¥ NOXaPOONACHBIX BEIECTB.

Bo Bcex cryyasx, koraa onycTUMO MHOTOKPATHOE MCIIO/Ib30BaHUE
BO3/yXa, MPUMEHeHHe NPAMOTOYHOH CUCTeMBI HellelecooHpasHo, Tak
KaK OHa, KaK MPaBUJIO, HEOKOHOMHYHA U HEJOCTATOYHO rubKa B 3KCII-
JyaTarum.

PenupKy/IsnMOHHBIE CHCTEMBI KOHAMIMOHUPOBAHUS BO3/yXa, B OT-
JIMYMe OT NMPSAMOTOYHBIX, IPEATIONATal0T MHOTOKPATHOE HCIIONIb30BaHHE
OTHOrO U TOro xe Bo3nyxa. Kax suano us puc. 3.26, usobpaxarmomero
CXeMy TaKOH CHCTeMBI, B alMapaThl /1 06pabOTKH BO3/yXa MOCTYMAeT
BO3tyx M3 nomeuenust. [Ipoitns o6paboTky, OH NogaeTcs cHOBa B oMe-
wenue. Takum 06pa3om ocymecTBseTCS MOMHAS PEMUPKY AL BO3AY-
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Puc. 3.26. Cxema peunpKyJIsuUOHHON CUCTEMBL
KOHAWUMOHMPOBAHNS BO3AYXa:

1 — uabTp; 2 — cTBOpYATHIH KJIanaH; 3 — NPOMBIBHAS KaMepa;
4 ~ cABOEHHBIN CTBOPYATHI Kianan; 5 ~ kasopudep; 6 — BeHTUAATOD; 7 — HacoC

xa, IpUMeHEHHe KOTOPO# MOXeT ORITH 1eJ1ecCO0OPa3HbIM B TAKUX IOMe-
IIEHUSX, B KOTOPBIX OTCYTCTBYIOT BbIJIeJIEHHSI BpeHOCTel B BUze Ta3a,
napa WM IbUIY, 8 HAOII0AAI0TCS TN TEIJIO- U BIaroBblAe/eHHsL.

Ecnu nMerotcs BeIZieTleHUS YKa3aHHBIX BpeJHOCTeH, TO NPUMeHeHue
CUCTeMBI € TOJHOH pelfupKy/siiiei BO31YyXa BO3MOKHO JIUIIb ITPY BKJIIO-
YeHHM B KOMILIEKT YCTPOUCTB Mo 06paboTKe BO3AYXa aNaparos, Mpei-
Ha3HAYEHHBIX /I €T0 OYMCTKU OT COOTBETCTBYIOIIUX BpeAHOCTEH, YTO
BECEMa YC/IOXKHSIET CHCTeMY W OOBIYHO DKOHOMMYECKH Hellesiecoo6pas-
Ho. K TakoMy pelieHuio pHUxoAuTcs NpuberaTs Toraa, Koraa Hesb3s UC-
0/Ib30BATh HAPYXKHBIN BO3AYX.

Hawubonee pacnpocTpaHeHHOM CHCTEMOR KOHAWIMOHUDOBAHUS SIBJIA-
€TC# TaKasl, B KOTOPOi MMEETCs IPSIMOTOK M pelUpKyIsitmst Bo3ayxa. Ha
puc. 3.27 npuBeneHa cxeMa CUCTeMbl KOHAMIMOHUPOBAHUS BO3/AYXa, BbI-
NoTHeHHOH 1o 3TOMY pUHIMIY. Kak Buanm, yacTs Bo3ayxa U3 nomerue-
HHIi BHOBBb Bo3BpallaeTcs /st 06pabOTKH, KOTOPOH Mo/BepraeTcst cMech
HApY>KHOTO M PeliMPKYJISIIIMOHHOTO BO3/IyXa.

[Ipu KMCMO/IB30BAaHMHN PEHUPKY/ISIINM HEOOXOAMMO, YTOOBI MoAaBae-
Mblif B IOMeIeHHsl BO3/IyX CORepKas BPelHBIX IIpuMecell B KOJIHYeCTBE
e Gonee 30% npenesbHO AOMYCTUMBIX KOHeHTpanuid. KonnvecTso no-
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Puc. 3.27. Cxema cucTeMbl KOHAMLMOHUPOBAHUS BO3[yXa ¢ YACTU4HON
peuupKyIsumein:

1 — yTonJIeHHBIH CTBOPYATHI KJIallan /IS PeryJidpoBaHMsl KOJIMYeCTBa HAPYXXHOTO
Bo3ayxa; 2 v 15 ~ nepBas ¥ BTopasi CTyneHH KanopudepoB HepBoro OAOrPesa;
3 - xaBaJ Ui IO/ia4v yBeTHYEHHOrO 06beMa HAPYXKHOTO BO3AYX;

4 — BHITSIKHON BEHTUJISATOP; 5 — BHIXJIONHOj KaHa /s BHIOpOCa BO3AYXa HAPYXKY;
6,7, 10, 14 v 16 — cTROpUaTHIe KNanaHbL 8 — 06XOAHOM KaHAT;

9 — xanopudep BToporo nogorpeea; 17 — duabTp; 12 — Hacoc;

13 ~ UpOMBIBHAsI Kamepa

JaBaeMOT0 HapY>KHOTO BO3/yXa AOJDKHO OMpelessAThCA IO CAHUTAPHO-
TUTHEHHYEeCKHM COOGPaKeHHSIM; BO BCEX CAydYasX 3TO KOJHYECTBO He
JOJIKHO GBITH MeHee CAHNTAPHOW HOPMBIL

Cucmemw: UEHMPATbHYLE U MeCcHbLE

B HeHTpanbHBIX CUCTEMAX KOHANIUOHMPOBAHUS CHAGKEHNEe HECKOJIb-
KUX, MHOTZIa MHOTHX, NOMeNeHUi NIPUTOTOBAEHHKM BO3/YXOM MTPOM3-
BOJIMTCS U3 OJHOTO HEeHTPAJBHOTO y3/a, BHEIIHETO M0 OTHOUIEHUIO K
06CTyXNBaeMbIM ToMemeHusiM. JLIsT TOro YTo6bl UIMEeTh BO3MOYKHOCTD
OCYLIECTBJIATh Pa3AHYHbIe TPOUECCH 06paboTKU BO3AYXa, 3aBUCSLIME
OT BPEMEHH rofia ¥ YCIOBHI MCTIONB30BAHNS NOMEINEH U, K eHTPasIb-
HOMY Y3JIy [IDUrOTOBJIeHMSI BO3AYXa NOAAETCS TEMIO- M XOJAOJOHOCH-
tenb. Ilocneannm vame Bcero sBasieTcss xonmoaHas Boga. K atomy xe
Y31y TIOIBOUTCS 3IEKTPOIHEPTHS.
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CxeMa HEHTPaJIbHON CHUCTeMBI KOHAMIIMOHUPOBAHUS, OGCTYKUBAIO-
el HeCKOJIBKO MoMellleHn#, IpuBefieHa Ha puc. 3.28.

EcTecTBeHHO, YTO TaKHe CHCTEMBI MOTYT MIPUMEHSITECS B TeX Cy4a-
sIX, KOT/I2 BO BCe TIOMeLeHUst 0GbeKTa AOMYCTUMO MOAABATh BO3AYX OH-
HAKOBBIX 1ADAMETPOB, BRITIOMHSIS 001iee PeryTMPOBaHKe Ha BHIXO/IE BO3-
AyXa U3 y371a BO3AYXONPUTOTOBJIEHUSI.

Ecnu Tpe6yeTcsi moaaBaTh B OTAENBHEIE IOMEIIEHHS UK TPYTIILI 10-
MellleHH BO3AYX C Pa3/JUYHBIMHU MMapaMeTpaMH, CO34al0TCS 30HAJIbHbIE
cUCTeMBl. B 30HAIBHBIX CHCTeMax MpeNyCcMaTPpHUBAETCs JOMOTHUTETbHAS
06paboTka Bo3yXa, NOCTYNAIONIEr0 U3 HEHTPATLHOTO Y3/1a IPUTOTOBJIE-
HHS, JTa JOMOJHUTENIbHAs 06paboTKA MOXKeT MPOU3BOAUTECA B OLHOM
KOHAMIIMOHEPE JIJIST HeCKOJBKHUX MOMeINeHNH WIN ISl OTAETBHOTO T0-
MeeHus (puc. 3.29).
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Puc. 3.29. CxeMa cucTeMpl KOHAULMOHUPOBAHUSA BO3yXa
C MECTHBIMH JIOBOJYUKAMM:

1 ~ MPUTOYHBIA BO3XYXOBOJ OT LIEHTPAILHOrO KOHAKIIMOHepa; 2 — Kanopudep;
3 — BO3AYXO0OXJIaluTeNib; 4 ~ CABOEHHBIN CTBOPYATHIN KAaman

YT106BI IMETh BO3MOXXHOCTh CHAGKATE Pas/IMYHBIE TIOMEIEHUS BO3MTY-
XOM C pa3HBIMM NTapaMeTpaMH, HepeaKO YCTPauBaloT IBY XKAHATbHBIE WM
RBYXTPYOHBIE CUCTEMbI KOHTUIIMOHUPOBaHHs Bo3ayxa (puc. 3.30). B atux
CUCTeMAX Yale BCErO MPUTOTABIMBAETCS BO3AYX PA3THYHBIX COCTOSTHU
(Hanpumep, MoAOrpeThii M OXJIAXKAEHHBIN) B ABYX HEHTPaJbHBIX KOH/IH-
L[IOHEPAX, KOTOPAIiA C TOMOLIBIO Pa3fie/IbHBIX ceTeil BO3YXOBO0B MOBO-
AUTCS K TIOMELIEHUSIM. Y CTAHOBUB € IIOMOLIBIO PETYIMPOBOYHBIX YCTPOHCTB
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HeoOXO0[MMBIE MIPOTIOPIIUHU CMe- p
CH, MOXHO TIOJIyYUTh Tpebye-
MBI€ TTAPAMeTPhl BO3AYXA. 3
JIByXKaHAJIBHYIO CUCTEMY ¢
MOHO MPUMEHHUTh M TOTAA,
KOF/Ia K IOMeEIIeHHsAM o0 beKTa
NPEeNBSABISAIOTCS Pa3iHYHBIE
Tpe6GOBAHUS C TOYKH 3PEHUS NX 5
obecriedeHNsT HAPYXKHRIM BO3- 7 & LI LPIIIS (I
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Obl JIBe ITEHTPAIBHEIE CHCTEME fh
KOHAMLMOHUPOBAHUS BO3/YXA:
NPSMOTOYHAST M PELMPKYJISTIU-
OHHasl, ~ LE ‘ /
B pacrosiiee Bpemsi, Kpo- H
Me OOBIYHBIX HEeHTPAJbHBIX
CHCTEM KOHAMIUOHUPOBAHUS -
BO3/lyXa, BBITIOJNHSIOTCS CHUC-
TeMbl BBICOKOTO AABJIEHHS,
HJIA BBICOKOHAMNOpHEIe, JaBJte-
HHMe TlepeMeIaeMoro BO3aAyxa B
Hux npessiiaet 300 xI/M%, yTo
NO3BOJISAET CYIECTBEHHO IMO-

e

Puc. 3.30. [IsyxkaHasibHas cHCTEMA
KOHAUMOHNPOBAHUA BO3AyXa:

1 — BeHTWIATOP; 2 ¥ 3 — KOHAUIIMIOHEDPH]
C Pa3/IMuHBIM TIapaMeTpaMy

BBICHTH CKOPOCTDb ABHXKE€HUS BLIXOAAIIETO BO3yXa; 4 ~ paspoAsIve
Bo3ayxa (110 50 M/cex) ¥ cooT- BO3[yXOBOABL; 5 ~ CMECHTEsIbHblE
ycTpOWCTBa

BETCTBEHHO COKpPAaTHTh cede-
HUSI BO3/LyXONPOBO/IOB.

CucTeMel BHICOKOTO JAaBJIE€HHS IOMTYYHUIH JOBOJTBHO IHUPOKOE Paclipo-
CTpaHeHMe B CyJIOCTPOEHUH; MU 060PYAYIOTCS NMACCAXKUPCKUE H TPY30-
BBle Cy/a.

Haxonat npuMeHeH#e 3TH CUCTEMBI M B OOIECTBEHHBIX 3/[aHHUAX MOBhI-
IieHHO# 3Ta’kHOCTH. TaK, HApUMED, BHCOKOHATIOPHBIMHU CHCTEMaMH 060-
pynoBane HoBoe 3xanre CIB, BEICOTHBIE 30aHNA Ha TpocTiekTe Kajiununa
B Mockse u HexkoTopbie apyrue. OueHb YaCTO IPUMEHSAETCS BAPUAHT CHC-
TEMBI BRICOKOTO AaBjeHHNs ¢ DKEeKLMOHHBIMH JOBOIYMKAMM, YCTAHOBJIEH-
HBIMH B MeCTaX BRITYCKa BO3/yXa U3 CHCTEMBI Y MO3BO/IAIOIINMHU OCYILIE-
CTBJISITh PEUMPKY/IALHUIO 32 CYET MOACOCA BO3/YXa U3 MOMelleHus (pHC.
3.31). DKeK1MOHHKIH JOBOJYHMK KOHBEKTOPHOTO THIIA [IOKa3aH Ha puc. 3.32,
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Puc. 3.31. CxeMa BRICOKOHANOPHO# CUCTEMbI KOHAVIMOHUPOBAHUS BO3AyXa
C MECTHBIMM KEKIIMOHHBIMY JOBOAYHKAMM:
1 — KaHaJl Hapy>XHOTO BO3AyXa; 2 — KOHAUIMOHeD; 3 — BOIOOXNAUTEND;
4 — BojroHarpesaresib; 5 — KOTEN; 6 — X0JOAWIbHAS MaIHHa; 7 — Tpy6onpoBox s
OTBO/A KOHJIeHcaTa; 8 v 9 — Mofaouiuit u o6paTHbIH TpYyOONpPOBOIbI
JLIS XOJIOAHOM WM Teriol Boaby 70 — riylvTesb IyMa;
11 — npuTOYHbIH Kanax; 12 — 3KEeKIMOHHBIH JOBOJYUK KOHBEKTOPHOTO THUIIA;
13 — pacurvpuTesibHbIif cocyn; 14 — rpaavpHs

KpoMe 2KeKuMoHHBIX AOBOAYHKOB, IIPELYCMATPHBAIOLIMX /OTIOTHH-
TeJIbHYI0 00paGOTKY BO3/1yXa, HCIOJIB3YIOTCS 9KEKIMOHHBIEe BO3AyXopac-
TIpe/ie/IUTENN, He MMelonie YCTPOMCTB Ul 06paboTKu Bo3iyXa.
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Puc. 3.32. 3exUMOHHEI [OBOAYHK KOHBEKTOPHOTO THIIA:

1 ~ Ten006MeHHUK; 2 — PETYIUPOBOUHLIN KpaH; 3 U 4 — nojaoumvit
¥ 06paTHBIi TPYOOIPOBOADL /ISl XOAOAHOR U TETLION BOAKL,
5 — MarucTpajbHbIi KaHal BLICOKOro AaBienus; 6 — TpyOa [uid OTBOJA KOHEHCATa;
7 — KaHaJ IS IOABO/JA BO3yXa

Utak, neHTpanbHble CUCTEMbl KOHAMINOHUPOBAHUS BO3AYXa MO-
ryT ObITh NOApa3AesieHbl Ha CAeLYIOIUe PA3HOBUAHOCTH: Oe3 A0MmoI-
HUTETBHOH 06paboTKH BO3AYXA /A OTAeNbHBIX TIOMENIEHUH U TPy
NOMeIeHU# U ¢ JOMOJHUTEARHOM 06paboTKOH B 30HANBHBIX KOHAU-
LHUOHEepax-A0BOAYMKAX M B MECTHBIX AOBOAYHKAX (30HAJbLHBIE CHCTE-
MEI); OZHOKAHAJIbLHBIE M IBYXKAHAJIBHBIE CHCTEMbI, HU3KOHAMOPHEIE U
BBICOKOHAMOPHBIE CUCTEMEL.

B MeCTHBIX cHCTeMaX KOHAMIUOHMPOBAHUS BO3/IyXa CO3/IAHHE B I10-
MeleHHH HeoOXOAMMBIX MapaMeTPOB MPOU3BOAUTCS C MOMOIIBIO all-
napatop (MECTHBIX KOHAMIMOHEPOB), YCTAHABINBAEMBIX, KaK NIPABUIIO,
B camom noMemenny. Ha puc. 3.33 npeacraBiena cxema yCTaHOBKY Me-
CTHOFO KOHAMLUOHEPA, TIO3BOJSIONIEro 3a6UpaTh HAPYXKHbIH BO3AYX U
OCYIIECTB/IATh YACTUYHYIO PEUPKYJ/ISIIIMIO BO3iyXa U3 noMemenus. Ha
puc. 3.34 mokaszaHa yCTaHOBKA MeCTHOTO KOHAMIMOHEPa, paboTaninero
TOJIBKO HA PEUPKYJISIMOHHOM BO3yXe. ITOT BAPMAHT YCTAHOBKH MeCT-
HBIX KOHANIIMOHEPOB YACTO UCTIONB3YETCsI [IPH YCTPOHCTBE HEHTPATBHBIX
CHCTeM KOH/MIIHOHMPOBAHMS BO3YXa /15 IOTIOJHUTEABHON 06paboTKH
BO3/(yXa B OT/Ie/IbHBIX IOMELIEHHSX, HAlIpUMep B C/Iy4ae, KOT/a K LeHT-
PasIbHOM cUCTeMe IPUCOEAUHEH TOMEIEHHS ¢ TPUMEPHO PABHBIMH Tell-
JIOBBI/IEleHUSIMH ¥ OT/leJIbHEIE TIOMEILeHHs ¢ TeIIOBBIeTeHUAMY, 3Ha-
YHUTEJIbHO MPEeBHINAIONMMH CPeIHUH YPOBEHb.
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Puc. 3.33. CxeMa MeCTHOTO KOHIM-
LMOHEPA C YaCTUYHOMN PeUUPKYIAIM-
t f f eli Bo3ayxa:

1 — KnanaH HapYXHOTO BO3AyXa;
2 — wianaH penypKyIAIMOHHOTO
BO31yXa;

3 ~ BentwisiTop; 4 ~ Kanopudep nepeoro
TIOROTPEBa; 5 — KanopU(ep BTOPOTO
nonorpesa; 6 — MPOMBIBHASA KaMepa;

7 — opollaeMble BO3AYXO0OXJIaUTENH,
8 ~ dwibTp; 9 ~ MacaAHBIR
camoouvIaIuics GuibTp

Puc. 3.34. Cxema MECTHOro KOHAU-
UMOHEpa C TOJHON PEUMPKYISUUeH
BO3AYyXa:

1 ~ Bo31yx03a60pHAasl peureTKa;

2 — MacssiHblit GWABTD; 3 — mpoTouHas
pewetka; 4 — UEHTPOOEMHbLI
BEHTHJIATOP; 5 — TelnooOMenHuK U3
JIATYHHBIX TPY6OK;

6 — xopnyc; 7 ~ BOZONOABOALAs TPY6a;
8 — anexTpopBUraTenn
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Cucmemvl KOHOUUUOHUPOBAHUS 6030YXa PA3IUYHOL
cmenenu aBmoHOMHOCTU

Jlna paboThI CHCTEMBI KOHAULHOHKUPOBAHUSA BO3/YXa HE06X01MMO CHAb-
»EeHHUE COOTBETCTBYIOINHUX allllapaToB 3/IeKTPO3HEprueit u TerioM. Kpo-
Me TOTO, OT HEKOTODBIX YCTPOKCTB cJlefyeT MpelyCMOTPeTh OTBEAEHHE
Tera. ITOT OTBOJ Tellsia HEPEKO Ha3bIBalOT CHAOKEHHEM XOJI0/I0M.
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Puc. 3.35. KonaunuoHep ¢ BOASHBIM OXJXAEHHEM:

1 - BoAsiHOIi KoHAEHCaTOP; 2 — (bpecHOBBIIT KoMIpeccop; 3 — Bo3xyxo3abopuast
peileTka; 4 — [OBEPXHOCTHBIA TEIIOOOMEHHUK; 5 — LeHTPOGEXKHBIH BEHTHIATOD;
6 ~ NpHTOYHas pemeTKa; 7 — 3JIEKTPOABUTaTeNh BEHTHIATOPA; 8 — Kopnyc; 9 — nolIoH;
10 — anexTponpuraress KoMupeccopa; 771 — BojonoAawas Tpy6a
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Puc. 3.36. KonaunuoHep ¢ BO3AYUIHBIM OXJIQXKACHHUEM:

1 — Kopiryc; 2 — KanuanspHas Tpy6ka; 3 — ppeotoBhiii komnpeccop; 4 — Bo3ay IIHbI
KOMEHCATOP; 5 — 0CeBO# BENTUJATOP KOHACHCATOPA; 6 — INEKTPOIBUTATEND
BENTHJIATOPA; 7 — LeHTPOGEXKHbIl BEHTHIATOD UCIIADUTENSE
8 — bwibTp; 9 — TEpMOpErYAATOP Bo3ayxa; 10 — Bo3Ayxo3abopHasi peleTka;

11 — npHTOYHAsS pelleTKa; 12 — MIACTUHYATDIH TEIIOOOMEHHUK

ITonHOCTBI0 AaBTOHOMHBIX CHCTEM KOHIMLHOHHUPOBAHUS BO3/[yXa HET,
TaK KaK CHAOXKEeHHE H/IeKTPOSHEPrHel IPOU3BOMTCSA BCET/IA OT BHEIHE-
T0 110 OTHONIEHUIO K CHCTEME MCTOYHHKA.

CHabxeHMe cucTeMbl KOHAHIIHOHUPOBAHUS BO3/yXa TEIJIOM OCY-
IIECTBJIAETCS IBYMsA criocobamu: 1) Temio MogaeTcs BMECTE C TETIOHO-
curtesieM (06bI4HO ropsideil Bojioi) u3BHe — 0T KotenbHoH uau TILL;
2) ucnonb3yeTcs MOJOrpeB BO3AYXa B 3J1€KTPOHATPEBATEAbHBIX 3/IEMEH-
Tax. B mociesiHeM BapuaHTe UMEEM aBTOHOMHYIO 110 TETLTY CHCTEMY KOH-
AUIHOHUPOBAHHUS.

B oTHOIIEHHN aBTOHOMHOCTH CHCTEM KOHIUIHOHHPOBAHUS BO3/IyXA IO
XO0JI0fly CAEAYET CKa3aTh, YTO OHHU JIeIATCA HA CHCTEMBI, HCII0J/Ib3Y IOIIHE
KOH/IMIIHOHEPDI, YKOMILIEKTOBAHHbIE XOJIOAWIGHBIMEA MAIIHHAMHE, KO-
TOpsIe BbIPabaThIBAIOT X0JI0]I, HEOOXOMMBIH 711 OCHOBHBIX IIPOLIECCOB
06paboTKK BO3/lyXa, B CHCTEMBI, CHabX)aeMble CPEIOH, OXJiax AaKomeH
BO31yX (4alie BCEro X0J0AHOMH BOJ0il) H3BHE.

Y4uThIBast 0CO6YI0 BAXKHOCTH MIPONECCOB OXJIAN/IEHHA BO3/yXa, [IPH-
HSTO Ha3bIBATb KOHAMITHOHEPBI, BKIOYAIOLUIME XOJOMUIbHBIE MAILIWHBI,
aBTOHOMHBIMH, XOTS CTelleHb ABTOHOMHOCTH Y Pa3HBIX THIIOB KOHIUIH-
OHEPOB € BCTPOEHHBIME XOJIOIMJIBHBIMH MalIHHAMY Pa3/MYHA.
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Kraccuguxauus cucmem senmursuuu u xonduuuonuposarus e030yxa

Ecnu AnA OTBEREHUS TeIlla OT KOHAEHCATOPA XOJOANIBHON MalTHHBI
HCIIOJIb3YETCA BOJA, aBTOHOMHOCTD KOHAMI[HOHEPA 110 X010y OTpaHHye-
Ha. Jl1s1 paboThI TAKOro KOHAKIIOHEPA HEOOXOMMMO TIPElyCMOTPETD CHAG-
JKEeHHE ETO BOXOH U3 BHEIIHET0 KCTOYHKKA K OTBOJ BOJIbI B KAHAJTHA3AUIO.

Hau6onee moaHoi cTeleHbI0 aBTOHOMHOCTH 10 xojo1y 06aaa10T
MeCTHBIE KOHAMIMOHEPB! OKOHHOTO MJIM IOXOKOHHOTO THIIA, Y KOTOPBIX
KOH/IEHCATOP XONOAMIbHOM MAIlIHHbI PAcIlo/IaraeTcsi CHapyH M OMbIBA-
eTcst aTMOCGHEPHBIM BO3YXOM, CHUMAIOIIHUM TeILTO.

B Hacrosimee BpeMsi MPOMBIIIIEHHOCTBIO BHITYCKAETCSA HECKOJIBKO
TUIIOB MECTHBIX KOHHIIHOHEPOB, YKOMIIEKTOBAHHBIX XOO0HIbHBIMHE
MalliHAMU.

Ha puc. 3.35 npeacraBieH KOHAMLUOHED, UMEIOIHIl KOHAEHCATOP
C BOAAHBIM OXNAKAeHHeM M TpeOyIomuil MoABOAa K 0TBoAA Bonsl. Ha
puc. 3.36 uzobpaxen KoHAUIIKOHED, oOaaga0mMil OoablIel aBTOHOM-
HOCTBI0 6J1arofaps yCTAaHOBJIEHHOMY B HEM KOHIEHCATOPY BO3AYLIHOTO
OXJIAKAECHNSL

Cucmenvt KOHOULUOHUPOBANHUR 8030YXA C AZPELUPOBAHHBIMUL
U HeazpezupoBaNHbIMU KOHOUUUOHEPAMU

CoBpeMeHHbie CHCTEMbI KOHIUIIHOHUPOBAHUs (IIEHTPATIBHBIE ¥ MECTHBIE)
BBITIOJTHSIIOTCS] TPEUMYIIECTBEHHO € KOHIMIJAOHEPAMH, KOTOPbIE YKOMII-
JIEKTOBaHBI BCEMH HeoOX0ANMbIME 151 06pabGOTKK BO3[yXa allllapaTaMH,
cobpanusMu B ogHOM arperate. Ha puc 3.37 nokasan o6muii BUj LEHT-
PabHOrO KOHAHIHOHEPA, BRITIOJHEHHOTO [0 3TOMY IipuHuHny. K uucny
arperupoBaHHBIX KOHAHIUOHEPOB OTHOCSATCS U BCE BHIIIyCKAEMbIE B AAH-
HOE BpeMsi MECTHBIE KOH/IALHOHEPAL.

3 7 489 /4 e m N A

Puc. 3.37. CxeMa neHTpajbHOrO rOPU30OHTANIBHOTO KOHAUIMOHEpa
U3 TUIIOBBIX CEKIUIL:

1 — npueMHwIi KaanaH; 2, 14 u 16 — mpoMeXyTOUHbIe KaMephl; 3 — CABOEHHLIN KJIallaH;
4 — cexuua noAOTPeBa; 5, 8 u 11 — mpoxoAHwe Knamnausl; 6, 9 u 12 — cmecurespHbie
KaMepsbl; 7 — NOBOPOTHasi CeKIust; 710 — MPOMBIBHAs Kamepa; 13 — caMooyHmamomuics
MACAHbIA QUAbTP; 15 — CeKIIMOHHBIN CABOEHHBIH KJaMaH; 17 — NepexoxHas CeKIHs;
18 — BEHTHJIATOPHAsI YCTAHOBKA
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QHAKO BO3MOKHO BBITIOJIHEHHE CUCTEMbI KOHAMIIMOHKUPOBAHKS BO3-
IyXa, Y KOTOpOif IPUTOTOBJIEHHE BO3yXa NIPOU3BOAUTCA B HECKOJBKUX
CaMOCTOSITEJIBHBIX allllapaTax.

Boi60p To# MM WHO# CHCTEMbI KOHAMITMOHMPOBAHHUS 3aBUCHT OT PAA
(hakTOPOB M OIIPENENSETCs, TaK XKe KaK ¥ BBIOOD CHCTEMBI BEHTH/ISLUH,
KOHKPETHBIMH YCJIOBUSIMHU CTPOMTENBCTBA U IKCILTyaTaI[HH.

Kak npaBuiio, Hafio CTPEMUTHCA K NIPHMEHEHHIO LEHTPATIBHBIX CHC-
TeM KOHAWLIMOHKPOBaHuUs Boaayxa. Bee ciryyau, korma puxoauTes mpu-
6eraTb K yCTPOUCTBY MECTHBIX CHCTEM, JO/IKHBI OBITh HazaexXaluM o6-
pa3oM 060CHOBaHbL.

Crenyer, OIHAKO, 3aAMETHTb, YTO MHOIZA HCIIOIb30BAHKE MECTHBIX
CHCTEM 3aBe/loMO MpexpnoyTuTeNbHee, Tak, IpU HAMWYKUK B COOpYXKe-
HHH Pa3JHYHOTO TEXHOJOTHYECKOTO TEIIOBBIAEAsAOnero obopynoBa-
Hus1, pabOTAIOMEr0 Pa3HOBPEMEHHO, 06BIYHO menecoobpasHee MpUMe-
HSATH MECTHBIE CHCTEMBI.

JloBoabHO YacTo HaHGOMbLIHI HPPEKT AAET COBMECTHOE HCHOMB30-
BaHHE HEHTPATIbHBIX CHCTEM KOHAUNHOHHUPOBAHKA X MECTHBIX KOHAMIK-
OHEpPOB, YCTAHABIHBAEMBIX B MOMEIIEHHAX, OTJIHYAOIMXCA crienuduy-
HOCTBIO TEIJIOBJaXXHOCTHBIX HArpy3ok, Tpebopanmii Kk IapaMeTpam
BO3YIIHOM CpeAbl ¥ HHOTAA BPEMEHEM MX HCIOJb30BaHUsA MO OTHOLIE-
HHIO K OCHOBHBIM TIOMEIEHUSM.

B HEKOTOPbIX 3JAHUAX U COOPYKEHHAX CIEAyeT OTAABATD TIPEATIOY-
TEHHE TaK Ha3bIBAEMBIM 30HAJbHBIM CHCTEMAM KOHAWIHOHHPOBAHHA,
B ciy4ae MpUMeHeHHMsT TAKKUX CHCTEM TOMEUIEHUS COOPYKEHHs FPYII-
MUPYIOTCSA 0 30HaM, KaXKasi U3 KOTOPBIX XapaKTePU3yeTCs ONPEAETIEH-
HOH cpeHel BeIWYHHON YAeJpHOH TeIJI0BAaXKHOCTHOH Harpy3Ku (Ko-
JIHYeCTBOM TeTIa, IPUXOASIIErocs Ha eNuHUIY obbeMa Wik MJICIaAn
MOMEIIEHH S ), TEXHOJOTHYECKUME 0COOEHHOCTSIMH ¥ MECTOM PacIloJio-
KeHUs MOMeIleHnH B 061eM 06bEMHO-TIJIAHHPOBOYHOM PELIEHHHU CO-
opyxeHus. B kaxaol u3 Takux 30H IPEZYCMATPUBAETCA Ta KK HHas
M3 paCCMOTPEHHBIX CHCTEM KOHAWIIMOHUPOBAHMs BO3AYyXa.
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IMPOLECCHI U AIITIAPATDBI
KOHANITHMOHHUPOBAHUSA BO31YXA

§ 4.1. Coxnepixanne nponeccoB KOHIHIHOHHPOBAHHUS

Kax Mbl BiJ€E/IH, COCTaB BO3AyXa U €10 MeTeOPOJIOrHYeCKHe TTapaMeTPhl
[0/ BO3JEHCTBHEM Pa3jMUHBIX TIPOLUECCOB, IPOUCXOAIINUX B MIOMEIIE-
HHSIX, IPETEPIIEBAIOT TE UK UHbIE H3MeHEHHA. UT0oOBI 9TH BO3/€iCTRHIA
HE TIPHUBOJAKMIM K HapYIIEHHIO 33/laHHbIX YCJIOBHM, NOJXHA ObITH Opra-
HH30BaHa COOTBETCTBYIOIIAsA 06paboTKa PENUPKYIANHOHHOTO BO3/yXa,
T. €. BO3AYXa, MHOTOKPATHO HCHOMILIYeMOro B noMemienysix. ObpaboTka
NI0JDKHA TIPEACTABAATh 000 COBOKYITHOCTD NPOIECCOB, 0OPaTHBIX TEM,
KOTOpble HMEIOT MECTO B IIOMEIIEHHUAX.

HapyxHbli1 Bo3ayX, MOxaBaeMbli B IOMEIIEHHSI, TOXKE MOXKET He Y/0B-
JIETBOPATH TPeOOBAHUAM M TaKXKe HYXAaTbcsi B 06paboTke.

Onepanuu, HeIb KOTOPbIX 3aKJTIOYAETCS B TOM, YTOOBI IPHAATH BO3-
IyXY 33a/laHHbIE CBOKCTBA KK TI0 COCTABY, TaK ¥ 10 METEOPOJIOTHYECKOMY
(MM TeMIepaTypHO-BAKHOCTHOMY) COCTOSHHIO, ¥ COCTABJIAIOT CYLI-
HOCTb Pa3AMYHbIX MPOLECCOB 00pabOTKH BO3YyXa B CHCTEMAX KOHAULIK-
oHupoBaHus. K 3TuM mporeccaM OTHOCSTCA: HarpeBaHue; OXJIaKACHHE;
yBJIa)KHEHHE, OCYIIKa; OYHCTKA OT MBI, Fa30B, OaKTepHii; yAaJleHue He-
KeJIaTeJIbHbIX 3a11aX0B, 4 HHOT/AA TIPHaHHe HEOOX0AUMOT0 apOMaTa; 030-
HUpoBaHue, HoHu3anus. [l0sToMy epeyrcaeHHbIE BbIIIIE OTIEPAIIKH, BECH-
Ma Pa3JHyHbIE 110 COAEPIKAHUIO M TEXHUKE BbITIOJTHEHUST, MOKHO Ha3bIBATh
HpoIEcCaMy KOHAHIMOHHPOBaHHA Bo3yXa.

OpHako u3 BCEro KOMILIEKCA PE3KO BBIAEJSIIOTCS TIPONECCHI, HEMbIO
KOTOPBIX SIBJISIETCS H3MEHEHHe TeMIlepaTypbl, OTHOCHTEIbHOM BAaXHO-
CTH, BIATOCOAEPKAHNS 1 JIPYTHX METEOPOJIOrMYECKHX TAPaMeTPOB BO3AY-
xa. OHM OT/IMYAIOTCSA OT OCTAIBHBIX TPOLIECCOB 06pabOTKH KAK TEOpeTH-
YECKHMH NOJIOKEHHSMH, Ha KOTOPHIX OHH OCHOBAHbI, TAK ¥ TEXHUYECKHMH
CPENCTBAMH, CIYKAlIMMH JJ1 UX OCYIIECTBJICHUSI.

COBOKyTTHOCTb TAKOFO THIIA ONEpanyii 0ObIHO HA3bIBAIOT TEILTIOBJIAX -
HOCTHO# 06paGOTKOI, I01 KOTOPOH MBI B AaJIbHERIIEM K OyneM MOHU-
MaTh Iponecchkl KOHAUNOHKPOBAaHKS BO3yXa.

3a nocsieHue ro/ibl B HaLIeH CTPaHe MOIYYia 60bIIOe PA3BHTHE Teo-
PHS IPOeCcCOB KOHAMIMOHUPOBAHUS BO3/lyXa. BrlllosHEeHHBIE HAYYHO-
MCcIeRoBaTeIbCKue paboTh MO3BOJIAIOT AOCTATOYHO OGOCHOBAHHO TTPOH3-
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BOJMTb PaCyeThl BECbMA CJIOXKHBIX IPOIIECCOB TEILIOBIAKHOCTHOM 06paboT-
K. B oTeyecTBEHHOI NPOMBILLIEHHOCTH OCBOEH BBIITYCK Psifia alllapaToB
1715 Tako¥ 06pabOTKH, TIpH 3TOM CTENEHb X COBEPIIEHCTBA U3 roaa B TOJL
Bo3pacraeT. BMecTe ¢ TeM TexHuUeCKuii yPoBEHD IIPOM3BOCTBA ANNapaToB
AUIS1 TEIUIOBJIAYKHOCTHOM 06paboTKH Bo3/lyXa, H B YACTHOCTH aBTOHOMHBIX
¥ HEAaBTOHOMHBIX KOHIMTIMOHEPOB, BCE €lile HeA0CTATOYHO BHICOK. /[0 cuX
TIOp MIMEET MECTO OIIPEeJIEHHOE OTCTaBaHUe MPOU3BOACTBA 0O0PYLOBAHMS
AJIS1 KOH/IMIHOHHPOBAHKS BO3/yXa OT TEOPETHYECKUX pa3paboToK.

Bce MHOroyncieHHbIe BUIBI allNapaToB, NIpeHA3HAYEHHBIX I U3-
MEHEHHs TEMIIePaTy PHO-BIAKHOCTHOTO COCTOSTHUS BO3AYXa, MOJKHO pa3-
OUTD Ha TPY OCHOBHBIE TPYIIIIBL:

— anmaparhl KOHTAKTHOTO THIA, B KOTOPHIX TEIJIOBJIAKHOCTHAs

06paboTKa BO3/YXa MPOK3BOAUTCA OJaroaaps HEMOCpPeACTBEHHO-
MY KOHTAaKTy €TO ¢ BOoit. B anmapartax Takoro THIA YAA€TCs MOMY-
YaTbh CaMble PA3JIHYHBIE MPOIECCHI, HO Yalle BCEFO X MCIOIb3YIOT
111 OXJIAKAEHHST BO3ZYXa, CONPOBOXKAAIONIETOCS OCY KO HIH YB-
NaKHEHHEM;

— IOBEPXHOCTHbIE TENIOOOMEHHUKH. B 5THX anmaparax TennooOMeH
Mexy 00pabaThIBaEMbIM BO3AYXOM U TEIUIO- WK XOJI0AOHOCHTE-
NeM TIPOUCXOAMUT YepPe3 PasfessIiomyI0 HX TBepAYIO (06bIYHO Me-
TaJL/TAYECKYI0) CTEHKY. TloBEpXHOCTHBIE TENI00OMEHHHKH IIpHMe-
HAIOTCS A/ HarpeBaHus (Kajopudepsl) 1 OXJIaAEHUSI BO3AYXa.
[Tocnennee HEPENKO COMPOBOKAAETCS BHINIAJIEHHEM KOH/IEHCATA U,
CJIEA0BATENBHO, OCYIIKOM BO3AYXa;

— anmapaThbi, OCHOBaHHBIE HA IPHMEHEHHH XUMHUYECKHUX TIOTJIOTHTE-
Jiell BOASIHOTO Mapa. DTy almapaThl KCIOAb3YIOTCS NSl OCYIIKH
Bo3nyxa. BemecTsa, ciyxamnye /s NONIOMEHHS BOAIHOFO Tapa
U3 BO3/lyXa, 0OBIYHO HA3BIBAIOT COPOEHTAMH.

§ 4.2. OO6mas XxapaKTepPHCTHKA anNapaToB KOHTAKTHOTO THIA

OcHoBHbi€ 32/1a491, BO3HUKAIOLIME [IPK CO3AHUH AllNIapAaTOB KOHTAKTHO-
ro THIA, — 9TO NoJyYeHue HaubOIbIIel TTOBEPXHOCTH B3aMMOAEHCTBHS
MEXy BO3lyXOM ¥ BOZIOH ¥ CO3[@HHE NOCTATOYHO GOBIIUX OTHOCHTETD-
HBIX CKOpPOCTE ABUKEHUS TOM U APYro# Cpepl.

Bonplie MOBepXHOCTH KOHTAKTa BOZBI C BO3AYXOM MOHO 06pa3o-

BaTb, UCIIOB3YS CAEAYIONIHE METOLBI:

— ppobrneHue BOAb HA KATLJTH C IOMOILBIO MEXaHUYECKUX PACIbIIATe-
el Bozp! (06bI4HO 1EHTpobexHBIX HopcyHOK). B aTOM ciiyyae mo-
BEPXHOCTb B3ANMOJEHCTBHA BO3/yXa M BOABI IIpEACTaBIsAET coBO0i
MIOBEPXHOCTb MHOTOYMC/IEHHBIX KalleJIb, BbLIETAIOLINX U3 POpCyHOK
1 IBUFAIOLIHXCA C PA3/IHYHBIMU CKOPOCTSIMM B TIOTOKeE Bo3xyxa. Ha
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JaHHOM METOJE OCHOBAaHO YCTPOMCTBO (POPCYHOUHBIX KaMep, SBJIA-
IOIIMXCSI CAMBIM PACIIPOCTPaHEHHbIM aNlapaToM KOHTAKTHOTO THIIA;

— OpoueHHE BOJOH CJI0S1 MaTepuasa, HMEIONEr0o MHOTOYUCAEHHbIE
H3BHJIMCTBIE KaHAJIBI /1 TPoxoza Bo3ayxa. Ipu aToM moBepxHo-
CTbIO B3aUMOJICHCTBHS BO3/[yXa ¥ BOABI CIYKUT MOBEPXHOCTH ABU-
XKyIIe#dcs TI0 CTEeHKaM KaHaJla TUIEHKH BOJbI, KOTOPYIO OMBIBAIOT
CTPYHKH BO37yXa, POXOAAIIEr0 Y€Pe3 KaHaIbl OPOIIAEMOro BO-
noH cnos MaTepuana. Ha 3ToM MeTOE OCHOBaHO YCTPOHCTBO am-
HapaToB € OPOIIAEMBIM CI0eM HaCalKH;

— o0pa3zoBaHue BOXOBO3YIUHON 3MYJIbCHH WU TIEHBI Iy TEM MIPOILYC-
Ka 110/] JaBJIEHHEM Yepes CJI0H BO/IbI TOTOKA Bo3Ayxa. IloBepXHOCTD
B3aMMOJENUCTBHS BOABI C BO3AYXOM B 3TOM CJIyyae HMeET BeCbMa
CIOXHYI0 hopMy, KOTOPYI0 TPHOOPETAET BOA, HAXOASWIANACS B CO-
BMECTHOM JBIXKEHHH C Pa3ApoOIeHHBIM (HIK AUCTIEPTHPOBAHHBIM )
HOTOKOM Bo3ayxa. Ha sToM IpuHIIKIIE OCHOBAHO YCTPOMCTBO NeH-
HBIX alNaparoB.

OtnyuTe1pHON YePTOH allNapaToB KOHTAKTHOTO TUTA ABJISIETCS BO3-
MO>XHOCTb OCYIIECTBJIATH B HUX CaMble pa3juiyHble IIpolecchl (Halpu-
Mep, IPOLECC OXJIAXJAEHUS C OCYNIKO# BO3AYXa, IpoLecC OXJIKAEHUS 1
YBJIQXKHEHUs], WK IPOLECC YBIaXHEHUs IIPU OCTOSTHHOM SHTaIbIIMK, H,
HaKOHel1, POLEeCC HAalPeBaHUs ¥ YBJIaXHEHUs Boznyxa). Kax 6yzet mo-
kasaHo nasee (§ 5.4), XapakTep Iponecca B 3THX alllapaTax HEJHKOM
onpeznesnsieTcs: TeMIlepaTypoil HCIOIb3YEMONH BOJbI. Y HUBEPCATIbHOCTD
anmaparoB KOHTAKTHOI'O THIIA — BEChMA NOJIOKUTENbHOE WX KAayecTBo,
KOTOpOE co3aaeT HOoIblIke SKCILyaTauOHHbIe yao6CcTBa.

Jpyro#t moJ0XUTENBHON 0COOEHHOCTBIO KOHTAKTHBIX aNnaparoB sB-
JISIeTCsl OUMCTKA BO3AYXa, CONPOBOXKAAIONIAsA TIPOLECC TEILIOBIAYKHOCT-
Ho#l 06paboTku. Boaayx nmocie BaauMoaeHCTBUS ¢ BOXOH 0CBOGOXKaeT-
C51 0T 3HAUMTEIBHOM YacTH HAXOAsALIe CA B HEM IIBUIK ¥ THE3XALIMXCA Ha
nbuIrHKax 6axkrepuii. KpoMe Toro, 4acTh MOCTOPOHHMX ra30BbIX TIPUMe-
ceif pacTBOpsiETCA B BOJE.

Hao oTMETHTSD 1 TaKoe JI0TIOJIHUTENBHOE SIBJIEHHE, HabojaeMoe NPy
06paboTKe BO3/yXa BOJO, KaK HEKOTOPAsk HOHU3AIMA BO3/yXa, TIPOKC-
Xonamas BCIeICTBHE TaK Ha3bIBAEMOTO Ga/LI03IeKTpUuYecKoro addex-
Ta, Ty yMEPEHHYI0 HOHU3AIKIO, BEAYLIYIO K 06Pa30BAHUIO JIETKHX OT-
PULIATENBHBIX MOHOB, CJIeyeT OEHUBATD NOJIOKHTEIBHO.

§ 4.3. OcHoBBI TeOpHH TeILTO- H MacCOOOMeHa
MEKIY BO3AYXOM H BOJOMH

Kaxosa 6b1 Hu 6bi1a hopMa TOBEPXHOCTH MAcChl BOABI, HCIIOJIb3YEMONt
Ans 06paGoTKU BO3AyXa B allllapaTe KOHTAaKTHOTO THIIA, IIPOIECCH] B3au-
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MOIEUCTBUA MEXIY BOAOHM M BO3AYXOM NMOAUHUHSAIOTCS OIHUM U TEM XKe
tpusuueckuM 3akoHaM. [1o cBoeit mpupose 3TH IpoLeCcCH ABIAIOTCS TEI-
n006MeHOM 1 MaccooOMeHoM. OHM IPOMCXOAAT MeXKIY Maccoii obpaba-
THIBAEMOTO BO3/(yXa, HAXOASLIETOCS B CIOXKHOM JABWKEHHH, U TIOBEPXHO-
CTbIO BOABL. B HemocpeNCTBEHHON 61M30CTH OT MOBEPXHOCTH BOABI
pacrosiaraeTcsi MorpaHWYHBIA CNOM BO3AYXa, ABHKYIIUACSA JaMHUHAPHO.
Tipu manpHeiiiieM paccMOTPeHuM 6yxeM UCXOUTD U3 TOTO, YTO COCTOS-
Hue Macchl 00paGaThIBAEMOro BO3AyXa B KXl JaHHBIA MOMEHT BCIO-
Iy OIWHAKOBO ¥ M3MEHEHHS NMPOKCXOAIT BHYTPH MOTPAHHYHOIO CJIOS.
Y1068 MOKHO HbLIO OCYIIECTBUTD IIPOECC TEMI00OMEHA, HEOOXOIH-

Ma pa3HOCTb TEMIIEPATYP MeXay 06pabaThiBa€MbIM BO3/[yXOM ¥ TOBEPX-
HOCTBIO BOAbL /I71s1 MaccooOMeHa Hy)KHa PasHOCTD NapIMaIbHbIX AaBJie-
HMI BOASIHOTO Mapa. B cOOTBETCTBUY C IPHHATON HAMU CXEMOI] SIBJIEHUS
06e 3T pa3HOCTH AOJKHBI IIPHHUMATBCS OTHECEHHBIMUA K TPAHWYHBIM
MOBEPXHOCTSAM Pa3/leNia OrpaHuYHOTO CJI0s BO3/yXa. Vinaye roBopsi, TeM-
HepaTypa BO3/lyxa U IaBJ€HKE BOJSHOTO Iapa Ha IPaHuUIle MEXY Iorpa-
HHUYHbIM CJIOEM M OCTaJbHOM
Maccoil Bo3yXa XapaKkTepH-
3yI0T TEMIIEPATYPY ¢ U fAaBJIE-

HHe BOJSHOTO Tapa P, B 06-

) pabaTbiBaEMOM BO3AYyXE, a

— 0 ¢

— ! -

= \//_:9\[/9/_@/ / TeMmnepaTypa ¥ JaBJieHHe BO
JIAHOTO Tlapa Ha FPaHKLE MEX-

2
_@/—:/C//M\/) Iy IIOrpaHHYHBIM CJOEM H
eSS e J BOJIOH XapaKTEepPHU3YIOT TEM-
5 neparypy ¢, 1 1aBJIeHHE BOAS-
_— HOTO Mapa P’ Ha IOBEPXHOCTH
- —= ==,  som locremnee paso aap-
»

JIEHKIO HACHIIEHHOTO BOJS-
HOTO Tlapa NP TEMIepaType
BOJBI.

TaxuM 06pa3oM, CJI0KHbIE

Puc. 4.1. Cxema B3aumoneiicTsus
BO3AyXa ¥ BOJbL

1 — macca 06pabaTbiBAEMOTO BO3AYXA

(HAaXoAUTCS B TYPOYAEHTHOM JABMXKEHWH, HMEeT
napameTpui ¢, P); 2 - rpaHuuamas
TIOBEPXHOCTD MeXAy 00pabaTbiBaeMbiM
BO3/LYXOM M IIOTPAHHYHBIM CI0EM BO3AYXa
(umeer napaMetpsi ¢, Py;); 3 — norpaHu4HbI
CJ0o# BO3AYyXa (ABMXETCA JAMHHAPHO);

4 — Macca BOzbI (MIMeeT TeMIIepaTypy ¢, );
5 ~ rpanMYanmas OBEPXHOCTb MEXY
[IOTPAHUYHBIM CJIOEM BO3AyXa U BOJOH
(nMeer TeMnepatypy ¢, faBaeHHe BOLTHOTO
1apa COOTBETCTBYET COCTOSHHIO
Hacbllenys npu atoH Temneparype P!)
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ABJeHus, HabIonaeMble TIPU
B3aUMOZIEMCTBHH BOABI ¥ BO3-
IyXa, MOXKHO pacCMaTpHBATh,
MCIIO/IB3YsI CXEMY, TIPECTaB-
JIEHHYIO Ha puc. 4.1.

BHyTpH NOrpaHHYHOIO
CJ1041 TIepe/iaya Tera mpoMc-
XOAHT TEIIONPOBOAHOCTHIO.
MOXHO CU¥TaTb, YTO B 3TOM
cjioe TeMIlepaTypa M3MeHs-



Hpoyeccot u annapam xonOuBUOHUPOBAHUS 6030y

eTca JMHEHHO oT t mo t . [TapuuanbHoe maBreHue BOASIHOTO Tapa
M3MEHSAETCS TakxKe IO 3aKOHY npsAMOi nuHuu ot P g0 P’ . Monexy-
JIIPHBIE TPOIECCHI MEPEHOCA TellJla M MacChl BOASHOTO Mapa, MpOKC-
XOASIIME B MOTPaHWYHOM Clloe, HOAUKHSAIOTCA AaHAJOTHYHBIM (DHU3H-
YeCKHM 3aKOHaM.

IlepeHoc Temia onuckiBaeTcs ypaBHeHieM 3akoHa Dypee:

ot
q=—%5n-,mm q =-\gradt 4.1

r7ie § — YAEbHBIH TEIJIOBOM MOTOK, KKan/M-uac;
A — K03 PUIMEHT TEIIONPOBOAHOCTH BO3yXa B IOTPAHUYHOM CJIOE,
KKkan/M*-uac-epad;
ot

Fw =grad ¢ — rpaaveHT TemnepaTypsl. Ecin npornecc cTanuyoHapeH u

t—t
K3BeCTHA TOJI{HA TIOTPAaHKUYHOrO €0 8 , To gradt = —gl‘- .

MonexynapHsiii nepenoc macenl (auddyans) onycHBaeTCS aHANO-
THYHBIM YpaBHeHueM 3axkoHa Duka:

8n =_ky aaY: ’

win g, =kgrady, , 4.2)

re g, — yAeJbHbIi IOTOK BOASHOTO napa, kI/m*-uac,
K - K03 bunmeHT A dysuu, M2 uac;
y, — KOHIIEHTpallisA BOASHOrO Tlapa B Bo3xyxe, kI /m*

E;Y": ,= grady,, — TPaiMEHT KOHIEHTPalMy BOAsiHOTO Napa. Eciu mpo-
necc CTAalKHOHapeH ¥ M3BECTHA TOJIIMHA MOFPAHUYHOIO CJIOs, TO
»
grad,yn = Yl’l 8'Yl'l .

KoHnieHTpanus BOASHOTO napa ¥ ero MapiuaJbHOE JaBJeHUE CBo-
3aHbl U3BECTHBIM coOoTHOuenneM (1.21), Ha OCHOBAaHHK KOTOPOTO

P,

=0
Tn ~R.T° 4 TO3TOMY ypaBHeHue (4.2) mMoxer ObITh 3amMCAHO
n

HHaye:

gn=—kp%€:'~, Wi g, =k, grad P, (43)
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Trasa 4

B aToM ypaBHeHu# Ko dunueHT n1uddys3un OTHECEH HE K PA3HOCTH
KOHIIEHTPaL#i, a K PAa3HOCTH NMaPIMAIbHHX JABJICHHIA, H I03TOMY Da3-
MEPHOCTb €T0 M/4ac, eciiv naBjieHue BBIpaXKeHo B kI /M2

Juddysus BogsiHOro napa B IOTPAHHYHOM CJIO€ BO3/IyXa COIPOBOXK-
naetcs ¢azoBbiMu peBpamenusamMu. Ecau P > P!, MoJIeKy bl BOASIHOTO
Hapa NepexondT U3 BO3AyXa B BOALY, YTO XapaKTepU3yeT IPorecc KOHAEH-
canun. [Ipu P! > P nabmonaerca o6paTHbli Iepexos MOy, KK HC~
HapeHue BOJBI.

JL71s1 IepBOTO IpoLiecca XapakTePHO BbIAEIEHUE CKPBITOTO TEIlIa, BTO-
poii mporecc, Ha060POT, CBSA3aH C 3aTpaTaMy Telljla Ha UCTIApEHKe.

OTMeyeHHas! aHATIOTHS MEXIY MOJIEKYJISIPHBIME NIPOIECCAMU TEILIO-
¥ MacCOOOMEHA PacIPOCTPAHAETCS HA MOJISIPHBIE IEPEHOCHI, IPOHCXO-
JSIIHE C TOMOIIbI0 KOHEYHbBIX MACC ABHKYUIMXCA cpell (BOBI ¥ BO3AYXA).
MoxHo 3anucars quddepeHnuanbHbe YpaBHEHHS TepeHoca Telia U
BelecTBa B Haubosee IpocToil popMe IsA YCJIOBHI CTALIHOHAPHOFO CO-
CTOSTHUA TIporiecca (IepBbie POM3BOIHBIE OT TEMIIEPATYPH! M KOHIIEHT-
paru# 110 BpEMEHU PAaBHBI HYJIIO):

w, gradt)=aV; 4.4)
8
(@, grady, )=kViy_, (4.5)

TA€ @ — CKOPOCTb NBMXKEHHST ONHOU CPelbl MO OTHOMIEHMIO K IPYroi
(B IaHHOM CJIyYae BO3[yXa IO OTHOLIEHHIO K BOJIE);

a — x03(pdUNEeHT TeMIIEPaTypPOIIPOBOJHOCTH BAYKHOTO BO3AYyXa;

x — x03ddurenT 1uddy3uu BOASTHOrO Mapa B BO3AYXE.

ITH ypaBHEHHs BKJIIOYAOT Qu3MYeCKUe KOHCTAHTHI BO3/AYXa d 4 K,
KOTOPbIE BIMSIOT HA HHTEHCHBHOCTb SBJIEHHH MEPEHOCA ¥ HMEIOT OH-
HakoBYI0 pasMepHocTb. Eciu ypactest peiuTs ypapHenus (4.4) u (4.5)
C COOTBETCTBYION[MMHU TPAHUYHBIMU YCIAOBHAMM, TO MOXKHO HOJYYHTh
I0JIist TEMIIEpaTyp ¥ KoHneHTpanuil. B ciayyae, korna a = k, paccMatpu-
BaeMble 1011 TOAOOHBI, ecii M0A06HB! FpaHuyHble yeaoBus. Kak ussec-
THO, [l UACATbHBIX Fa30B U TOT U APYroi KoagduieHT (TOYHO TaK Xe,
Kak ¥ KO3(QPHUHEHT KAHEMATHYECKOH BSISKOCTH V) HPUOIU3UTEIBHO
paBeH NPoU3BEEHUIO CPENHEN CKOPOCTH JBHKEHHUS Ha CPEIHION AJIHHY
cBoGoHOrO Mpobera Mosiekya. Boaxyx B mpomeccax, ¢ KOTOPbIMK TIpH-
XOJUTCA UMETD eJI0 B CUCTEMaX KOHAUIIMOHHPOBAHNUSA, PACCMATPUBAET-
Cs1 KaK uieanbHsiid ra3. Kak Mbl Buesd, 3Ta xe IPealoChlIKa JEXUT B
ocHoBe noctpoenus [ — d nuarpammbl. Takum 06pa3oM, MOXKHO CUMTATh,
4TO pacnpesieieHus1 TEMIIEPATYpP ¥ KOHIEHTPAHH BOASHOrO Mapa B BO3-
AyXe ¥ IPOLECCH TEIJIO- W MacCOOOMeHa MEXIY BO3AYXOM M BOIOH B
annapaTax KOHTaKTHOrO THIla MOAOOHEL
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IIpoyecco u annapamv. KOHOUUUOHUPOBANUR 6030YXa

YkasaHHbIE IPOILECCH HHTEPECYIOT HAC IJIaBHBIM 06Pa30oM B CBSI3H C
pacyeToM annapatoB KOHAMIMOHUPOBAHUA BO3AYyXa KOHTAKTHOrO THIIA.
OcHoBHO# 3a1aueil TPU 3TOM SBJAETCS HAXOX/AEHHE KOJTMYECTB TeIIa U
BeriecTBa (BOASHOIO Mapa), KOTOPbIMM 0OMEHUBAIOTCS. BO3AYX M BOAA.
ITonyyeHne cOOTBETCTBYIOIHMX KOTHYEC TBEHHBIX 3aBUCMMOCTEN OCHOBA-
HO Ha MCHOJIb30BaHMK KO3(PDUINEHTOB NTEPEHOCA, BXOASIIUX B OCHOB-
Hble YPaBHEHHS TeIJIO- B MaccooOMena. C nmoMoInbio 3THX Koadduin-
€HTOB yIeJbHBbIE KOJHYECTBA TENJA M BOASHOTO Napa, OnpefessieMble
ypaBHeHuaMH (4.1), (4.2) u (4.3), MoryT GbITh HAMIEHB U3 BHIPAKEHUH:

g=ol-t,) (4.6)

gn=B,0n—v"y) wm g,=p,(B —P",), (4.7)

rae o — K03 puIMeHT TenmooOMeHa MEXIY BO3AYXOM M IIOBEPXHO-
¢TI0 Bogbl. B o6meM ciaydae BenynHa koaddunmeHTa TenyioobMeHa o
COCTOMT U3 KOHBEKTHMBHOM LM JIYYHCTOM O, COCTABJISIONMMX: 0L = 0L+ 0L .

JlyumcTeiii Tennoo6MeH B KOHTAKTHBIX anmaparax MIPOHCXOIUT B OC-
HOBHOM M€XJY MOBEPXHOCTSIMHU BOJbI, HAXOMSAMUMHUCS B OZHOM M TOM
e cedeHnH annapaTta (KalliH, JIEHKH, BOJHAA YacTh NeHbl ). DTH HOBEP-
XHOCTH MMEIOT paBHBIE MK BeChMa O/IM3KHe TeMIIEPATYPHI, TOITOMY /10-
Jieit JTyYHCTOTO TenJIa MOXHO npeHebpedb i CYMTATD, UTO O % O, ;

B,, B, — xoadPuumenThI MaccooOMeHa MEXIY BO3MYXOM M IOBEPXHO-
CTBIO BOBL; [IPH 3TOM B, OTHECEH K PasHOCTH KOHLEHTpauuii, a B, -
K Pa3HOCTH NMapuHMaIbHbIX /IaBJIeHUH NMapa Ha PpaHHUYalinX IOBEPXHOC-
TSX TIOTPAHHYHOrO CJIOSL.

Byzaem cumTarh Hapas/ieHHEe NPOIIECCOB TEILIO- B MaccooOMeHa mo-
JIOXHUTETLHBIM, €CJIN HOTOKH TEIJIA M MacChl HAlIPaBAeHBI OT BO3XYyXa K
BOJE.

Jlnst 3neMeHTapHBIX KOJIMYECTB TeIa U BelllecTBa (BOASHOTO mapa)
MOTYT OBITH HAMUCAHBL C/IEYIONINE YPABHEHHMS:

dQ, =al-t, )dF; (4.8)

dGn=ﬁp(Pn—Pn’)dFv (49)

rae dQ, — KOJMYECTBO SBHOTO TENJa, OTAAaBAEMOIO BO3/lyXOM BOJE;
Kxan/uac;

dG_ — KomnyecTBO BOASHOIO Napa, Mepexosiero oT BO3ayxa K
Boxe; kI /uac.

YpasneHue (4.9) MOXHO HaNKCATh B APYTOM BHJE, ECJH HCIIOAb30-
BaTh K03(PUIHEHT MaccooOMeHa, OTHECEHHBIH He K Pa3HOCTH HapuH-
ATbHBIX JaBJIeHMIT BOASHOTO N1apa, a K Pa3HOCTH BJIArocoiepxanuii 4:
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I'nasa 4

1000

rae d — BiaarocopepXanue 06pabaTbIBAEMOro BO3NYXa;

d" — Brarocojiep>kaHue BO3yXa, HAXOASIIETOCs] B IOTPaHUYHOM CJIoe
(Ha rpaHHIle BO3AyX — BOAA),

o — K03¢PunueHT MaccooOMeHa, OTHECEHHDII K Pa3HOCTH BJIAroco-
AepXKaHUuH.

BwmecTe ¢ BoagHbIM MapoM K3 Bo3yXa K BOZe nlepefaeTcs Temlo, 3ar-
payeHHOE Ha MCTiapeHKe napa U Tenepb BhIAEAAIOEeCs B IPoIlecce KOH-
HeHcaln, JTo Temo 0ObIYHO HA3bIBAeTCSA <«CKPBITBIM». KojnuecTBO
CKPBITOrO Tema Q' MOXHO HaliTH M3 PaBEHCTBa

dG, =c[d"d )dF, (4.10)

. (d-d"
dQ’ =1dG, -m[ 000 )a’F, (4.11)

e 7 — TEIJIOTA UCTIAPEHHS, BRIAETAIOMANACS IPH KOHIEHCAIHH BO-
JISTHOTO T1apa.

Tax xak KOHJeHCAIIUs IPOUCXOAMT IIPH TEMIIEPaType BOAMI £ , Ten-
JioTa UCTIapeHHs B cOOTBeTcTBHHU ¢ (1.16) onpenensieTcst B3 BbIpasKeHUs

r=595-0,54¢, . (4.12)

Mmest B BuAY najbHeiine npeobpasosanus, 3ty GopMyay neneco-
06pa3Ho IPeACTaBUTD TaK:
r=595-t¢, —0,46t, . (4.13)
Taxum 06pasoM, TOJHOE KOJMYECTBO TENJIa, KOTOPHIM 0OMEHHBAIOT-
CS1 BO3IYX M BOJA, COCTABJISIET

d-d’

dQ’ =dQ, +dQ =al - t)dF+m(w

)dF (4.14)

BBeneM oyeHp BaXHOE COOTHOIIEHHME, CHPABEANUBOE IJIS YCIAOBUI
nono6Ust POIIECCOB TEMJIO- ¥ MACCONIEPEHOCA, KOTOPOoe OBLIO MOIyueHo
ewme B 1922 r. JIptoucom:

LEPS (4.15)

rae Cp' — yaeabHas TENJIOEMKOCTb BJIaXHOro BO31yxa,

d
~0.24+0,46—2— . 4.16
024+0.46 500 (4.16)

CHpaBelI.TIPIBOCTI) cootHowenus JIptonca HEOMHOKDPATHO NMOJABEPrajiach
COMHEHHIO H3-32a TOTO, YTO IIPH A€JEHHUH NTOJTYYEHHOrO B pe3yiibTate 3KC-
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Ipouecco u annapamv xonduyuonuposanus 603dyxa

NEPUMEHTAILHBIX MCCIeROBaHUH 3HaYeHus ko3dhuIMeHTa IBHOH Ten-
JI0OTAAYU o Ha Ko3(dunmeHT MaccoobmeHa ¢ paBencrso (4.15) He co-
6monanocs. Ha atom ocHoBaHuM nenasicst BHIBOX 06 OTCYTCTBHH TOZIO-
6Hs1 IPOLECCOB TEITO- U MacCOOOMEHA NPH B3AUMOENCTBHH BO3AYXa U
Bo/bl. Kak nokasano B Hamreit pabote [28], nmosyyamommecs B OnbTax OT-
KJIOHEHHs BEJIMYMHBI 0/C OT ¢’ OOBACHSIOTCS He OTCYTCTBHEM NOX00HsT
IIPOLIECCOB, 2 0COBEHHOCTAME METOMKH 00PaGOTKH IKCIIEPUMEHTATILHBIX
nannbix. Ioatomy B nanbHelimeM 6yaeM CYMTATD, UTO IJIA KAXOTO 3Je-
MeHTa dF oBepXHOCTH KOHTAKTa BO3AyXa K BOMABI CIIPaBeTUBO IIPUHS-
toe JIbloncom cooTHomeHwE.

C yueroM Bcero cka3aHHOTO MOXKHO Tpeo6pa3oBaTh paBeHCTBO (4.14),
BBIPA3MB B HEM O yepe3 oC,’ U TIOACTABUB BMECTO €, U ¥ MX 3HAYEHHUS U3
(4.16) n (4.13):

d d-d’
dQ=0]024+0,46—— |(t—¢, +(595-¢, +0,46t, )
’ 71000 (e x *71000
IIponenas HecoXHbIE TPE0OPa3oBaHKsl, HETPYAHO YOEIUTHCS, YTO IO -
HOE KOJINYeCTBO TeTlNa dQ MOXKeT GRITh MpeICTaBaeHo B CENYIOUIEM BHAE:
d-d*
dQ=o|I-1"-t, —— |dF,
1000
rie I — axTambnus o6pabaTbiBaeMOro BO3ayxa;
I" — 3HTANBIMA BO3YXa HA TPAHMIE BOAA — BO3IYX.
Bripakenue, crosmiee B ckobkax, oTIHYAETCS OT PA3HOCTH IHTAJIL-
HMil Ha BEJIMYMHY, HPEACTABAAOMYIO cO60M KOJHMYECTBO SBHOTO TEIIA,
3aKJIIOYEHHOTO B KOHMleHCcaTe. JTa BEJMYMHA B IIPOIIECCAX KOHAUIIMOHH-
POBaHMs BO3AYXA BECbMa MAJA U €10 MOxcHO npeHebpeus. Toraa

]dF . (4.17)

(4.18)

dQ=o(-I")dF . (4.19)

W3 ypaBHenus (4.19) MoxHO caenats BBIBOX, YTO KO3(PPUIUEHT ©
SIBASETCA OTHOBPEMEHHO K03 P dunmeHToOM MaccoobOMeHa,
OTHECEHHBIM K Pa3HOCTH BJIAroCOAEPKaHHUii 06pabaTeiBa€MOro Bo3xyxa
¥ BO3yXa, HAaXOASAILErocs B TOHKOM IjIeHKe HA rPaHHUIle BO3AYX — BOAA, U
KO3pdbuuueHTOM NOAHOrO TEemJ0O00OMeH a, OTHECEHHBIM
K pasHOCTH 3HTAIBIIMK TEX K€ ABYX COCTOSIHUH BO3AyXa.

§ 4.4 MHaobpaxenne na I — d amarpamme npoueccos o6pa6orku
BO34yXa BOAOH

Kak Mb1 Bupenn, anemMeHTapHbie KOTM4ECTBa IOIHOTO TENJIA U BOASHOIO
napa, nepexaBaeMble BO3AYXOM BOJE, ONPENENAIOTCA ¢ IOMOUIBIO 3aBH-
cumocreii (4.10) u (4.19). B pesyabrate Temno- u MaccoobMeHa IPOUC-
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Ihasa 4

XO/UT YMEHDIIEHHE SHTATBIIUN U BAATOCONAEPKAHUS BO3yXa COOTBET-
cTBeHHO Ha dI u d(d). T1oaToMy 3TH e KOJMYECTBa TENJIA U BJIArH MOXK-
HO HalTH U3 BBIPAXKEHHI

dQ =G, dI ; (4.20)

dG, =-G . d{d). (4.21)

Pasnenus (4.10) Ha (4.19), a (4.20) Ha (4.21) u npupaBHsB pe3yabTa-
Thl, IOJYYUM

I-1" _ dI
i-d"_d@)

Otciofa BbITEKAET YPE3BBIYARHO BAKHBIA BBIBOA: €CJIM TEMIIEPaTypa
BOJBI B IPOIIECCE B3aMMOAEUCTBHSI OCTAETCSI HOCTOSIHHOM (a 3HauwmT, 6y~
Ayt moctosHHB! I” 1 d"), To u3MeHeHKHe apaMeTPOB BO3AyXa IIPOMCXO0-
IMT 110 IPSIMOY JIMHUH, CoefuHsAIoniel Ha | — d nuarpaMMe TOYKY COCTO-
sinust Bosnyxa (I, d) ¢ Touxoit, xapakTepusyomieil COCTOSIHHE BO3AyXa B
TOHKOM IJIEHKE HaJ{ IOBEPXHOCTBIO Bozbl (1", d").

Kak #3BeCTHO, BO3LyX B TOHKOM IIJIEHKE HAXOMTCS B COCTOSTHUH TTOJI-
HOTO HaCBIIIEHHS, a €ro TeMIIepaTypa paBHa TeMrmeparype Boasl. Ilo-
3TOMY TeMIepaTypa BOAbl OJHO3HAYHO ONPEJESIET TOUKY C ITapaMeT-
pamu I" u d". CnegoBatenbHo, ecau Ha I — d guarpaMMe COCTOSHHE
BO3/yXa 3alaHO TOYKO# A, nMeroiell mapamerpsl I, d, 1 U3BECTHO, YTO
3TOT BO3/YX B3aUMOAEHCTBYET C BOJIOM, Y KOTOPOU TeMIepaTypa PaBHa
t,, TO IIPOIIECC M3MEHEHHUS COCTOSTHUSA Bo3ayxa OyneT n3obpaxarscst nps-

Moii sunueit AR (puc. 4.2). Ha-

(4.22)

Alld) HpaBjieHKeE NPOIECCA — OT TOYKH
e ’ A x Touke R.
g A0 Takum 06pa3oM, xapakTep 13-

MEHEHHSI BO3/lyXa IAaHHOTO COCTO~
SIHUSL IPH 06paboTKe €ro BOAOM
OnpeJeseTcs TOAbKO TeMIiepa-
TYpO# BOJBI.

Bcs 06/1aCTh BO3MOXKHBIX HM3-
MeHeHH# BO3Ayxa Kakoro-iaubo
COCTOSTHUS, 33JTAHHOTO TOYKOM Ha
I - d puarpamme (Hanpumep, TO4-
KO A), OrpaHUYHMBAETCS MPSIMBbI-
MM, IPOBENEHHBIMH M3 TOYKH A
KacaTeJbHO K IOrPaHUYHOM KPH-

Puc. 4.2. IIpouecc BzaumoseiicTBus

BO3/lyXa U BOJIbI, UMEIOLIEH
HOCTOSIHHYIO TEMIEPATYPY
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IIpoyeccoe u annapamm Konduyuonuposanus eo3oyxa

BOJIbI BCSI 06/1aCTh BO3MOXHBIX H3MEHEHHI COCTOSIHUSA BO3AYXA AETUTCS
Ha CJIEAYIOIHE 30HBL:

1-1 30 Ha. Temneparypa Bogbl HHXe TeMmepaTypbl TOUYKH POCHI
o6pabaTeiBaeMOro Boaayxa: £, < t”. s paccMoTpeHus puc. 4.3 BUAHO,
4TO B Pe3yabTaTe B3aMMOAEHCTBUA BO3AYXA ¢ BOJAOH Takoil remmepa-
TYPbl YMeHbLIAIOTCS: 3HTAAbIKS, TEMIEPATYPa H BJIATOCOAEPKAHUE
Bo3nyxa. Ciel0BaTeIbHO, IPOMCXOASIT HPOIECCH OXTaXIEHAS H OCYII -
KH BO3JyXa.

2-a 3 0#a. Temneparypa Boxbl paBHa TeMIIEPAType TOYKH POCHL
t = t,. EctecTBeHHO, TOX BO3AEMCTBHEM BOABI JAHHOH TEMIIEPATyPhl
yMeHbIIAeTCS SHTAIBINS M TEMIIEPATYPA BO3AYXa, MHAY€ TOBODS, IPO-

HCXOJIUT OXJIAXIECHUE BO3AYyXAa TPH HEUSMEHHOM BJIArOCOAEPKAHNH.

3-1 30 Ha. Temneparypa
BOJIB BBIIIE TEMIEPATYPhI TOY-
KM POCBI BO3[YXa, HO HIXKE €ro
TEMIIEPATYPHI 10 MOKPOMY TEP-
mometpy: )y < £, <t, . [Ipu obpa-
GOTKE BO3AYX2 YBEMHIMBAETCS
ero BJlarocoaepxaHue, HO
yMEHbINAETCS IHTAJIBIHUA H
teMneparypa. Takue nporeccst
HA3BIBAIOTCA HPOILECCAMH OX-~
JIAXKIEHHA ¥ YBIAKHEHHUS,

4-1 3 0 Ha. Temneparypa
BOJIBI PaBHa TeMIIEpaType BO3-
Alyxa 110 MOKPOMY TePMOMETDY:
t.=t. IIponeccm o6paborku
BO3/IyXa B 3TOM 30H€E XapaKTepH-
3YIOTCSI POCTOM BJIarocoJepia-
HHS, HEM3MEHHOM SHTAIBIIHEH K
yMEHBIIEHHEM TEMIIEPATYPHI
(no cyxomy TepMoOMeTpy). ITH
Hpouecch IPUHATO Ha3HBaTh
HpOIECCaMK YBJIaXKHEHUS TIPU
HOCTOSIHHOM 3HTAJBINU, HIH
nponeccamu aguabaTHOro yB-
JKHEHHUSL.

Tax xak sHTaNbIHA BO3LYXa
B TaHHBIX MPOIECCAaX OCTAETCS
HOCTOSIHHOM, HEJIb3si TOBOPUTD
06 oxmaxaeHUH BO3yXa B TEM-
JIOTEXHHYeCKOM cMbicte. OfiHa-

0 a4

Puc. 4.3. BoamosxxHble npoueccs
B3aMMOZIEHCTBUS BO3AYXA M BOABL

1 — 30Ha TIPOLIECCOB OXIAXKAECHHS M OCYIKH
BO3ayxa t, < t); 2 — 30Ha TIpOLIECCOB
OXAAXEHNs BO3AYXA NMPH NOCTOSTHHOM
BJArocofiepkanuu £, = £, 3 - 30Ha MpoleccoB
OXJIK/IEHHS W YBJaXHEeHMs BO3yxa
t/’; < t*< t A'; 4 - 30Ha TponeccoB anuabaTHOrO
YBAQXKHEHUS BO3AyXa £, =t
5 — 30Ha yBiaaKHEHWS BO31yXa NPH
MOBBIIEHUY JHTANLIIMH W NIOHHKEHUH
TeMneparypel £,' <t, <t,; 6 — 30Ha
YBJIOXHEHHS BO3JyXa PH MOBbILIEHUH
3HTAJBIIMH U NOCTOSIHHOM TemIepartype
t,.=t, 7 - 30Ha YBNAXHEHHUS ¥ HATPEBAHMUS
BO3nyxat, > ¢,
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KO B CBSI3H C YMEHbIIEHHEM TEMIIEPATYPhl BO3AyX nocJie obpaborku 6yser
KasaTbes 4€T0BeKY 6ostee xonoanbM. [loaTomy Takue IpoIEeCChl B BEHTH-
JISITIMHA 1 KOHAMIMOHAPOBAHMH WHOI/A HA3bIBAIOT NPOTIECCAMH OXJIaMKAE-
HHSL M YBJIOKHEHMS.

5-s1 3 0 H a. TeMnepaTypa Bofs! Bhllie TEMITEPATYPHL BO3/YXa II0 MOK-
POMY TEPMOMETDY, HO HHXXE €r0 TEMIEPATYPHI IO CYXOMY TEPMOMETDY:
t,' <t, <t,. llpn ucrnonb3oBaHWK Takoil BOAbI IPOMCXOMUT YBETHYEHHE
BJIATOCOAEPKAHHSA U IHTAIBIIHN BO3AYXa ¥ YMEHbIIEHUE €10 TeMIepary-
pb1 (110 CYXOMY TEPMOMETDY ) — IPOIIECC YBAAKHEHHS, CONPOBOXK TAfOIHIA-
€51 POCTOM 3HTAJIBITHH, HO3TOMY B TEIIOTEXHHYECKOM CMBICIIE TaKOH ITPO-
TIECC ABJIAETCA HarpeBaHNeM. YTo jke KacaeTcs BO3/IeHCTBHA Ha 4eJIOBEKa,
TO B HIKHEH yacTH 5-1 30HB 06paboTaHHbBIi BO3AYX OyAET Oy maThCs
6osee XOMOAHBIM, a B BepPXHEH YacTh 6osee TEIIBIM, YeM 10 00paboTKH.

6-s1 3 0 H a. Temneparypa Boabl paBHa TeMHIepaType BO3fyxa IO Cy-
XoMy TepMomeTpy: ¢, =t,. Ilpu o6paboTke Boaxyxa B 3TOM Ciy4yae Habtio-
JaeTcsl POCT BJArocoAepKaHUs M SHTAJIBIINY, TEMHepaTypa Bo3ayxa oc-
TAeTCs MOCTOSSHHOW — Ipoyecc YBJaKHeHHUs, CONPOBOXIaOMUNcs
yBeanyeHueM sHTaabnui. Kak ykassisanoch paxee, 3T0T HPOLECC ITPAK-
THUYECKH JIETKO OCYI[ECTBHTD, €CJIM B BO3AYX BBIIYCKATh HaCHIEHHBIH
BOJSTHOM Iap M3 MapoBOro KOTJia HU3KOTO JaBIE€HHS.

7-s1 3 o H a. TeMmeparypa Bojibl Bbillie TeMIIEPATyPbl BO3Ayxa 110 CY-
XoMy TepMOMeTpy: t_>t,. B 3TOM ciryyae, 0 cpaBHEHHIO ¢ IPEAbITY KM,
TaKe HabJIogaeTca POCT TEMIIEPATYPhl BO3AyXa — IPOTECC yBIaKHeE-
HHS ¥ HATPEBaHUSI.

U3 Bcex nporeccoB 06paboTku BO3xyxa Bofok Hanbosbliee MpaKkTH-
4ecKoe 3HAYEHHE B TEXHHUKE KOHAUIMOHMPOBAHUS MMEIOT JIBa: TIPOIIECC
OXNUKIEHHS BO3yXa, CONPOBOXpaloumitcs ocymkoii (1-51 30Ha), un mpo-
1ecc aquabaTHoro yBraxHeHUs (4-1 30Ha).

Iepsoiit npornece (1-51 30Ha) npumensiercs npu 06paboTKe Hapyx-
HOTO BO3/1yXa (JIETOM) H PEIMPKYJISITHOHHOTO BO3/(yXa, UCHOJIb3YeMOTO JULS
CO3/IaHHUS TEMIIEPATYPHO-BJIAKHOCTHBIX YCJIOBHI B ITOMEIEHHSX C TEMIO-
u Braron3bpiTkaMu. K TAKUM NOMeIeHUsIM OTHOCSATCS. MHOTOUKCIIEHHBIE
PA3HOBUAHOCTH IOMEIEHHIL, B KOTOPbIX PAbOTAIOT JIIOAU M YCTAHOBJECHO
TEIUIOBbIAe/sTioNiee 060pyAOBaHUE (NEKTPOIBUTATENH H 3/IEKTPOTeHepa-
TOPHI, IPUGOPHI PATHOCBSA3H, IMEKTPOHUKH H aBTOMATHKH, CYETHO-PEIAIn-
IHe YCTPOMCTBA, CPEACTBA ANEKTPUIECKOTO OCBEIIEHNS U T. 1.). B a1y Ke
IPYIITY BXOAAT NPOU3BOACTBEHHBIE MIOMEILEHWS], B KOTOPBIX TEILIO U BOIS-
HOM ITap BBIEJISIIOTCS OT TEXHOJIOTHYECKOTO 1 SHEPTETUYECKOTO 000pya0-
BaHus (IIPONIapoyHbIe KaMePbl, TAPOBBI€ KOTABL U T. [L.).

PaccMorpum nepseiit nponecc Gosee noxpo6Ho. [ist ero ocyuiects-
JIEHHs], KaK OBLIIO HOK23aHO BbiILE, HYXKHO, YTOObI TeMITEPATyPa BOIbI Oblia
HMJKE TEMIIEPATYDPhI TOYKH POChl 00pabaThiBaeMOro Bo3ayXa. ITO MOXKET
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OBITh JOCTHTHYTO TIpH 06paboTke BO3IyXa XOJOJHOU IIPOTOYHOM BOIOU
qub0 BOJIOH, 0XMAXKAAEMOI B X0JIOAMIbHBIX yCTaHOBKaX. Boaa B pesyJib-
TaTe B3aMMOJEHCTBHS C BO3YXOM HarpeBaercsl. OHAKO CIeqyeT HMEThb
B BHJLY, YTO /IS HPOIIECCa OXIKAEHUS 1 OCYLIKH BO3yxa HEOOXOXHMO,

4TOOBI B TEYEHHE BCETO B3aHMO-
JEHACTBHS HMEJIO MeCTO YKa3aH-
HO€ HEePaBEeHCTBO: £ <t'.

IIpousBexnem moctpoeHusi,
uanocTpupyomue Ha I — d
AvarpaMMe JaHHbIH nporecc ¢
y4YeTOM U3MEHEHHS TeEMIlepaTy-
PBI BOJBI ¥ COCTOSTHUS BO3/yXa
IIPH NIPOXOXAEHUH YEPE3 TOT
WM UHOU anmapat. byxem cuu-
TaTh, YTO B anmapare HabJoxa-
eTcs apalliesibHbBINA TOK BO3/TY-
xa M BojbI (puc. 4.4).

B camom Hauane mpomecca
(ceuenue H—H) Bo3ayx Ha-
YJaJIbHOTO COCTOSIHUS (T. A) ipu
napajjieJbHOM TOKe BOIB H
BO3/lyXa BCTPEYAET BOAY TaKxKe
HaYaIbHOTO cOCTOSHUA (X, ).
CooTBeTcTBYIOIAst 3TOM CTaiuK
HpoIlecca JNUHUS COeTUHSIET
TOYKH A U R — nuHus AR,
(puc. 4.5). B pesyavrare B3au-
MOZEHCTBHS C BOZOU COCTOSIHUE
BO3/IyXa M3MEHSIETCsI, HOBOE CO-
CTOSIHHE XapaKTepH3yeTcs Tou-
Ko#i B, Ha aroii munuu. O Touke
B, MOXHO rOBOPUTB KaK O TOUKe
CMECH BO3/IyXa Ha4aJIbHOIO CO-
CTOSIHHSL ¥ BO3/yXa, HaXOAsLIe-
TOCS B TOHKOH ILJIEHKe Haj HO-
BEPXHOCTBIO BOJAbI HAYaJIbHOIH
TeMnepatypsl. Temneparypa
BOZIBI yBEJTMYHUTCS, A CHENOBA-
TEJIPHO U3MEHHTCS COCTOSTHHE
BO3/lyXa B TOHKOH IJIEHKE HaJ
HOBEPXHOCTHIO Bozbl. HoBoe co-
crosiHue Gyner xapakTepHu3o-

Hitld X
11 IIL 1 \
R \
030
50_”}” - 52{{4;/5;/ Hasbyz
\ - 800> 8 j
NN ]
T 0 -
Hi2J s

Nodova 80ds:

Puc. 4.4. CxeMa annapara ¢ ABUXKEHHEM
BO3/lyXa M BOJIbI B OTHOM HANpaBJleHUH
(napautenbHbIH TOK)

4

Puc. 4.5. ITocTpoenue npouecca
OXJIAXAEHHS U OCYIIKH BO3AYyXa
IS YCIIOBHU NapaUleIbHOro TOKa
BO3/lyXa M BOb
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BaTbCs TOYKOH R,. [IoBTOpUB 3TH paccyKn€HHs U NEPEHs TOCTENEHHO OT
ceuennst H-H x cedenusm 71-1, 2-2, 3—-3 u, HakoHel, K ceyeHuio K—K,
MOMYYUM ISl HOCTEAYIOMIMX 3TAOB NPOIecca TUHUK BuRv B,R, B.R,
B R . PaccmoTpeB GeckoHeYHO MaJibie IPOMEXXYTKH BPEMEHH M OTpe3-
KM HYTH COBMECTHOTO IBHXKEHHS BO3IyXa U BOJbL, IOJIYYUM BMECTO JIO-
MaHoi tuHun AB B, B.B R_niaBHylo KpuBYio AR, , COETMHSIONLYIO TOY~
Ky HauyaJIbHOTO COCTOSIHMsSI 06pabaThiBaeMoro Bosayxa (T. A) ¥ TOUKy
R, xoTOpas xapaKTepH3yeT COCTOSIHUE BO3JlyXa B TOHKOH IIEHKE HaJ

[-

H Jarx
| Ll

L it

Bo3dyz |~~~ _|B03dyz
8 - - yz | 4
voenuya -
PR .4

o/
- ~ Liill
S N B R A
4P o]

fNodava bodm

]

Puc. 4.6. Cxema annapara ¢ ABIXKEHHEM
BO37lyXa U BOABI B IPOTHUBOMONIOKHOM
HampaBJleHU! (IPOTUBOTOK)

Puc. 4.7. TToctpoenne npouecca

OXJIaXAeHHs U OCYHNIKH BO3AyXa AJIH
yCIIOBHﬁ NMPOTUBOTOKA BO3JyXa U BOAbI
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KanejJbKaMu BOJbl KOHEY-
HoO# Temmeparypsi (£, ).

KoneuHoe cocrosiHue
BO3Jyxa nocjae 06paboTku
6ymeT HAXOAUTHCS HA KPH-
Boit AR . IIpruem ueM coBep-
I[IEeHHEE annapar, TeM 6ixe
TOYKA KOHEYHOTO COCTOSTHUSI
JSIKET K KPUBOW MOJTHOTO
HachinleHus Bo3ayxa (¢ =1).

Ecau B anmapare ocyiite-
CTBJISIETCSI IPOTHUBOTOK BOJBI
U Bo3xyxa (puc. 4.6), To ¢
BO3AYXOM Ha4yaJbHOTO CO-
CTOSIHUSI BCTPEYAETCS BOJA
KOHEYHOTO COCTOSIHUS, H 10-
3TOMY TOCTPOEHHUE MPOIIECcca
HayMHAETCS He C THHUU AR",
a ¢ tunud AR _(puc. 4.7).
B ocrasbHOM criocob noct-
pOeHUs He OTJIUYAETCS OT
MPUBENEHHOTO IJIsI CAy4ast
napajuteibHoro Toka. Jloma-
Has nunus AB B,B.B R,
MoJy4eHHas: B Pe3yJbTaTe
HOCTPOEHHS, 3AMEHSIETCSA
IJIaBHOH KPHUBOM, Ha KOTO-
poit 6yreT HaXOAUTBCS TOY-
Ka KOHEYHOTo COCTOSHHS
BO3/yXa.

IocTpoeHHbie TakuM Cro-
co00M KpHBLIE SBAAIOTCS
rpaduyeckoi UHTEpPNPETA-
11eil NporeccoB OXJaxae-
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HMS M OCYIUKH BO3/lyXa BOJOH M (HU3NYECKH NPaBHIBHO MJUTIOCTPHPYIOT
Ka4yeCTBEHHYIO CTOPOHY 3THX mporieccoB. Ilomyuurs kakue 6bl TO HU ObLI0
KOJIMYECTBEHHBIE XaDaKTEPHUCTUKH C IOMONIbIO JAHHBIX KPUBBIX HEJb3s.
ITosroMy oHH 3aMEHSIOTCS MPSIMBIME JIMHUSMM, YTO BIIOJIHE JOIMYCTHMO,
TaK KaK KPHBH3HA BECbMa HE3HAYUTENbHA W3-32 MAJIBIX T€MIEPATYPHBIX
nepenazioB BOAbL PasHOCTb TeMmepaTyp BoAbl B KOHEYHOM M HAYQIbHOM
COCTOSIHUSAX At JUISl amnapatoB, paboTalomux B PEXKUME OXNKAEHAS U
OCYIIKH BO3[YXa, COCTaBsieT OObIYHO 2—4° [Ist HeHHBIX anmapaToB oHa
MoxeT OBITh Gostbiie. 3aMeHa KpMBOH TMHHIHU NPSIMOMA B JaHHOM cry4ae 060-
CHOBBIBAETCS TEM, YTO BO3AYX B3aMMOJEHCTBYET CO CMECHIO 0TpaboTaHHOH
U CBeJXKell BO/IbL, 2 9Ta CMECh UMEET TEMIIEPATYPY, OIM3KYI0 K KOHEUHOM.

Taxum 06pa3oM, mporecc OXIKIEHHs U OCYLIKH BO3AYXa BOJOH Gy-
neM u300paxkath Ha [ — d quarpamme NpsMoii TMHMEH, HPOBEICHHON U3
TOYKH Ha4yaJIbHOTO COCTOSIHMSA BO3ayXa (T. A) M HanpaB/JeHHO# Ha TOUKY,
XapaKTepH3YIoIYyIo KOHEYHOE cocTossHue Boabl (puc. 4.8). ToT BBIBOA,
MOyYEHHBIH [Jis1 IPOTIecCa OXJIAXKIEHNS X OCYLIKHM BO3yXa, CIIPABEIIUB
IUISL BCEX MOJIMTPOITHBIX IPOIIECCOB, B KOTOPHIX MPETEPIIEBAIOT U3MEHEHHS
BC€ MapaMeTPhI BO3yXa H TEM-
neparypa Boxbl. Mectomno-
JIO)KEHHE TOYKH KOHEYHOTO
COCTOSIHUSA Bo3ayxa (T. B) 3a-
BHCHT OT COBEPLIEHCTBA aIla-
paTa KOHAMI[HOHUDPOBAHUS
Bo3ayxa. Beillle yka3nBasioch,
4TO JIJIsI COBPEMEHHBIX amapa-
TOB 3Ta TOuKa 6/1M3Ka K THHHH
H0HOro Hacklnenust, OObIMHO
OTHOCHUTENbHAS BAAXKHOCTD
BO3[[yXa B KOHEYHOM COCTOSI-
UM He meHee (0,9-0,95.

Kak 6yxer mokaszaHo B
JanbHeHleM, B peaJbHbIX al-
naparax JHHHS POIECCA 0X-
JaXIeHUs W OCYIIKH MOXET Vod
UMEeTb OTKJOHEHUS MO Ha-
NPABJIEHHIO.

Paccmortpum nporecc 06-
paboTkm Boxoi Bo3ayxa, pe-
HHPKEI /IMPYIOWIETO MO 3AMK A — HauanpHoe coctosnue Bo3ayxa (I, d);
HyTOH cxeme. [JonmycTum, 410 B — KOHE4YHOE COCTOAHHE v
Heob6xoaumo o6pabaTrIBaTh soanyxa (I,, d, ¢* = 0,9:0,95);
BO3ayXx, chonbayemmﬁ st £, — KOHEYHas TeMIepaTypa BOAbl

Puc. 4.8. Uso6paxenue Ha I — d
AMarpamme MpoIecca OXAaKACHUs
U OCYIIKH BO3/lyXa BOMOIt:

9 3ak. 390 129
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BEHTUJIAIIMA NOMCIIEHUA, B KOTOPOM HMEETCA I/I36bITO‘[H06 TENJo
Q. ¥ BAarosbieneHust G . EcrecTBeHHO, yTO mpoiecce 06paboTky BO3-
AyXa B 3TOM CJAYy4Ya€ N0/IKEH 3aK/II0YaThCA B €ro OXJTaXICHHHU U OCYLI-
K€. HpI/I IIOMOIIIH BOJABI OT BO3AyXa OTHUMa€eTCsA n30BITOYHOE TENJIO ¥
BJ1ara.

IIprMeM, yTo nmepea HayaaoM paboThl CHCTEMBI apaMeTPhl BO3LYXa
coOTBETCTBYIOT Touke A, (puc 4.9). IlocTynus ¢ TakMMu napamMeTpaMH B
anmapat i1 06paboTKH, BO3yX BCTPEYAET BOAY C PACYETHOM TeMIepa-
Typo#t (6BII0 YKa3aHO, YTO 3TO KOHEYHAst TeMIIEPATypa) ¢, mocJjie 4ero ¢
napaMeTpaMu B1 HaIIPaBJASIETCA B NIOMEILECHUE, II€ ITapaMeTPbl BO31YXa

u36

U3MEHSAIOTCS B COOTBETCTBHHM C BEIMUMHOU € = . I[OCTI/II‘HyB COCTOSI-

1
HHS A,, BO3IYX U3 IOMENEHHS HANPABJIAETCS B alNapar, Iie BeTpeyaer-
Cs C IPOTOYHO BOAOH TOH Xe Temnepatypwl £, (uHKUA A,R ) U BHOBb
HOCTYTIA€T B IOMENIEHKE C TapaMeTPaMHK, OTBEYAlO UMM TouKe B,. B no-
MEIEHNH TTapaMeTPhl BO3yXa U3MEHSIIOTCS NOJ AEUCTBUEM TEILIO- H

Qnaﬁ
G, -1000

cnexyer obpaborka B anmapate (TuHUsA AR ) u T. 1.

HertpynHo BuneTh, YTO yCTAHOBHBILEECS COCTOSTHHUE ITPOIIECCa U300~
pakaercs auHueil AR , napamMeTphl BO3lyXa H3MEHSIOTCS B IOMEIEHHH
OT TOYKH B 10 Toukn A, a B
ammapare — OT TOYkKH B 1o
A touku A. CnenoBaresnbHo,
OfHa W Ta Xe auHUg AB
@=09-495  npexncrasaser coboi mpo-
- 11€CC, TPOMCXOAAIMHA U B
[“V IIOMEIEHUH, ! B alnapare:
J B IEPBOM CJy4yae Halpas-
b JIEHHE HPOILECCA «CHU3Y ~
BBEPX», BO BTOPOM -—

\1 «CBEPXY — BHH3».
KonuuectsBo penupky-
d JTUPYEMOro BO3/yXa, HEOoO-
XOIMMOe JIJIs TOAAEPKAHMS
B NMOMEmEHNUH 3aJaHHBIX
napameTpos (T. B), ecin n3-

BJIaTOBBIJIEJIEHUN | €= JI0 COCTOSTHUS TOYKH Aa' 3areM OIAThL

8 xamepe $

8 nomewernuy

Puc 4.9. Hoctpoenue npouecca 06paGoTku
. BeCTHa pacyeTHas TeMIIe-
PEUMPKYJSIIIHOHHOFO BO3/lyXa BOJAOH
B CJlyYae BeHTHUJIALMH NMOMENleHUs paTypa BOAbI L, OTIPENeA-
C TeIlo- 1 BAArou36bITKaMu ercs Ges Tpyna:
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G, = Lms . (4.23)
Ix _IH

Tak xe erko onpezensieTcsi KOMMYECTBO BO/DI, €CJIM U3BECTHA Pa3-
HOCTb KOHEYHO! M HaYaJIbHOW TeMNepatyp BOAbI AL =L _~t :

G, =—Qus . (4.24)

Lo ~Uxn

AHanoTHYHBIM 06Pa30M MOXKET OBITh TPOU3BEAEHO NOCTPOEHHE MPO-
1iecca 06paboTKHU PEUUPKYIMPYEMOTO BO3AYXa ISl CIyYast BEHTUSALUN
HOMELIEHUH, B KOTOPHIX BBIZEJSETCS] TOMBKO U3OBITOYHOE TEILIO, 4 BJa-
TOBBIIE/IEHHS] OTCYTCTBYIOT. XapaKTEPHBIMHU IS 3TOTO TUHA TOMENEHH I
SBJISLIOTCS MALIMHHbIE 3AJIBI JU3eJIbHBIX 3JIEKTPOCTAaHUUH, TpaHchopmMa-
TOpHBIE OACTAHIMH, KOMIIPECCOPHEIE U T. .

PaccMaTpuBasi, Kak 4 B NPEAbIAYILEM CIy4ae, HEyCTAHOBUBILEECS CO-
crosinue (puc. 4.10), BuamM, YTO ecau B Hayase obpabaThiBaeMbIil BO3-
ZlyX KIMeeT NapaMeTPhI B TOUKe A, To nocyie 06paboTku BOAo# ¢ TeMnepa-
Typo# f_ OH BBIXOAMT U3 aNnapaTa ¢ napameTpamu B,, a npoiinsa yepes
nomeieHue, npuobpeTaeT napaMeTpsl A,, ¢ KOTOPbIMU BHOBb HAlpaB-
JIS€TCA B annapart, rae obpabaTbiBaeTcs BOAO#H TO# Xke TEMIEpaTyphi £, .
Briiina us annapara ¢ napaMetrpamMu B, BO3/yX OISITh MOCTYHAeT B OMe-
1LIeHHE, T€ ero NapaMeTph
M3MEHSIIOTCA N0 IuHUU B A,
U T. A. YcTaHOBHUBIIeecs
COCTOsIHYE TIpollecca W30-
Opaxaercs unueit AB. Ha-
HpaBJIEHHE «CHU3Y — BBEPX»
XapaKTepu3yeT MpoLece U3-
MEHEHHUS COCTOSHMS BO3yXa
B NIOMEIIEHHH, & «CBEPXY —
BHHU3» — B allapare.

KonuuyecTBO peuupky-
JUPYeMOro BO3AyXa U MHO-
TpeGHBIN PacXol BOAbL pac-
CYUTHIBAIOTCS MO TEM Xe
dopmynam (4.23) u (4.24). g

PaccMmotpuMm  Temepb
ZIPYTOi Ipouecc, UMEIOWUH  pye, 4.10. Mocpoenue npomecca 06paboTkn
BaXXHOE NPakTUYECKoe 3Ha- PeHpKYJISIIHOHHOTO BO3AYXa BOAOM
yeHue, — npouecc 06pabor- B cJlyyae BeHTHJISALMH TIOMeIeH s
Kn BO3lIyXa npu peunplcy- C BBLJCJIEHUEM HM36BITOYHOrO TEMAa

131



TI'nasa 4

JISILIAH BOZBL. DTOT MPOLECC MOMYIH/I HAUOOJIbIIEE PACTIPOCTPAHEHHE B CH-
cTeMaX BEHTWISIMA U KOHANIIMOHUPOBAHUS BO3yXa IPOU3BOACTBEHHBIX
AOMEILEHHMH, € N0 XapaKTepy TEXHOJIOTHYECKoro npoiecca tpebyercs yB-
JaKHEHHE BO3/yXa (HAIPUMED, Pa3/INyHble [eXa NMPEeANPUSTUN TeKCTHIIb-
HOM ¥ MUIEeBOI MpoMbILIeHHOCTH ). 1IIpoko npUMEHSIETCS 9TOT IMPOLECC
¥ LISl KOHAUIMOHMPOBAHHUS BO3YXa B CYXOM M ’KapKOM KJIMMaTe.
MocMOTpUM, YTO MPOH3OUAET ¢ BO3AYXOM, ECIIH BBHILIEAUIYIO U3 arfa-
para Boly HampasuTh He Ha cOpocC, a ONsITh B aNIapaT Ajs HOBTOPHBIX
MPOLECCOB B3aUMO/EHCTBHS € BO3AYX0M. /lonyCTHM, YTO BOZa NePe] Ha-
yasioM paGotel UMeeT Temmepatypy ¢ <t (puc. 4.11). Brauane nabmo-
IAETCsI HEYCTAHOBUBLIEECS COCTOSIHHE, B aTOT NEPHOA, 0 TEX NOP MOKa
He HACTYHMT YCTAaHOBHUBILEECS COCTOSIHUE, BOJA MOCTEIIeHHO HarpeBaeT-
¢sl. DTOT HarpeB MPOUCXOAHUT MOA BO3AEHCTBHEM HPOLECCOB ABHOTO U
CKPBITOTO TemI000MeHa B CBSI3Y ¢ KOHAEHCaIuel BOASHOTO napa U3 Bo3-
ayxa. O6a 3Ty npoluecca MAyT B HANPaBJEHNH OT BO3AyXa K BoJe. Bosayx
OXJIAXKAAETCS U OCYHIAETCs, eT0 apaMeTpsl KOHEYHOTO COCTOSIHHSL COOT-
BeTCTBeHHO MeHsiioTcs. Koraa TeMmepartypa BOABI CTAaHOBHTCSI DaBHOM
TOYKe POchl 06pabaThIBaeMOro BO3/yxa £, UMEET MECTO TOJIBKO SIBHBIH
TenI00OMEH, HO BCE €Il€ B TOM XK€ HarpasJieH!H, T. €. OT BO3AyXa K BOAE.
[pu panbHelIeM HCIOAb30BaHUH BOAB! OyeT HabmoaaTbhCst SIBHBIHA
Termno006MeH B HampaBJeHHU OT BO3AYXa K BOJIE U CKPBITHII TEMI000MeH
B 06pPaTHOM HampaBJeHUH
(OT BOAH K BO3AYXY). ITO
MPOU30HAAET MOTOMY, 4YTO
TEMIIEPATYPa BOAbI CTAHET
BbIIIE ¢, C/IEAOBATENbHO,
napiuuansbHoe AaBjeHHE
Hapa B TOHKOH NJIEHKE BO3-
AyXa Hal NOBEPXHOCTHIO
BOZBI HPEBBHICUT NAplMalIb-
HOe JaBjieHue napa B obpa-
6aThIBaEMOM BO3JyXe, a
3HA4YHT, BMECTO KOHIEHCa-
I[MH [apa u3 BO3AyXa Hay-
HETCSI €ro UCHapeHue B BO3-
ayx. Beuay toro uyro Ha
vcnapeHHe TPaTUTCS Tel-

"¢ 10, nosiBAsieTcs: GakTop,
TOPMO3SIHUHA TEMI000MEH
WU HarpeBaHUe BOZDI.
Puc. 4.11. TToctpoenne npouecca o6paboTkn Yepes HekoTopbIi mpo-
BO31lyXa NPH PeMpKYASLHH BOIH MEXYTOK BPEMEHHU (O4YEHb
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1eGoMbIION) TEMIIEPATYPa BOABI NEPECTAET MEHSIThCS, HACTYMAeT yCTa-
HOBHBILIEECS] COCTOSTHHE, /151 KOTOPOTO £,_= const (puc. 4.11). OueBuzHo,
4TO 9Ta YCTaHOBUBINASACH TEMIEPATYPa BOABI BbIILE TEMIEPATYPhl TOYKH
pochi o6pabateBaeMoro Bosayxa ¢, > t). Tak kak ¢,_= const, TO Temo,
3aTpayMBaeMoe Ha HCHapeHue BOMbl, 6ePeTcsl TONbKO U3 BO3AyXa, a He OT
poasl. Temno, B3sToe Ha CHapeHHe U3 BO3JYXa, BO3BPAIIAeTCs OMSITh B
BO3AYX B BUJIE TEILIIOCOAEPKAHHI HCnapHUBLIeiics: BoabL EcTecTBeHHO, uTO
YCTaHOBMBILAsICS] TEMAEPATYPa BOAbI ECTh HE YTO MHOE, KaK TEMIIEPATY-
pa cMOYEeHHOTro TepMoMerpa (cM. . 1).
Bosayx, BCTYynHMBIIMH B KOHTAaKT C BOAOH, UMEONIEH TeMmnepatypy
= t'=const, U3MEHUT CBOE BAArOCOAEPKAHHE HA BeAMuUHy d, — d,
(T. B xapakTepusyer cOCTOsIHME BO3yXa nocie anmnapaTa). Bmecre ¢ uc-
napuBIlelcs BOAOH KX ABIN KAJIOTPaMM BO3AYyXa NOAYIUT AOMOJTHUTEb-
HOE KOJIMYECTBO TENJIa, KOTOPOE COAEPKATOCH B ITOH BOZE, U TOTAA MOXK-
HO HamMCaTb, YTO

-d
Ig=I,+-3 Ay .
B=lat— 000 oxo (4.25)
rae ¢, — TenaoeMKOCTb Boabl. Ecmu ¢, =1 xxan/kI -2pad, To
I-1,=%=%, (4.26)

1000
Kak 6bu10 yxa3aHo pawnee, st OObIYHbIX B TEXHUKE KOHAUIIMOHUPO-

., dg—d
BaHHUS COCTOAHHUH BO3AYyXa BCIHUYHUHA _fﬁ)O—At, HHUYTOXHO MaJa, U
dB _dA t'_
1000

MOXHO MPUHSITh, YTO 0. CnenosatennHo, I, — I, = 0, uin

=1,

’ Ta/;ch o6pa3oM, npouecc 06paboTKu BO3AyXa NPH PELUPKYJIALMA
BOJ(BI MOXET PacCMaTPHBATHCS MPOUCXOAS UM 10 unum I = const. Kak
¥ IS IpeAbIIyLIETo npoliecca, 6yaeM cuuTaTh, 4YTO KOHEYHOE COCTOS-
HHE BO3yXa XapaKTePH3yeTCs] OTHOCUTENbHOM BAAXKHOCTbIO, OIU3KOM
k 90-95%.

Herpyano Haiiti TOT pacXox Boasl G, KOTOPbIi CBsI3aH ¢ HEOOXO-
AYMMOCTBIO MOAMMTKH M3-3a MOCTOSIHHOTO MCNapeHusl. ITOT Pacxon B kI
paBeH

G, =G, =% (4.27)
1000

rae G _— xoamyectBo 06pabaThIBAEMOTO BO3AYXA.
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IpuBeaennbie B naparpade onucaHusg cnoco0oB NOCTPOEHHS Npoliec-
coB 06paboTKu BO3ayXa BoAo# Ha I — d guarpamme ellle He JalOT BO3-
MOKHOCTH NPOU3BOAUTH PaciyeT U NPOEKTUPOBAHHE aNapaToB KOHIU-
HUOHUPOBaHHUS BO3Ayxa. TeM He MEHEE OHH COIEPXKAT BCe HeoOXonMble
JaHHble AJIS PellleHUs Psifia MPaKTHYeCKH BRXKHBIX 33/1a4.

§ 4.5. MerToapl HONYyueHHs PaCYETHBIX 3aBHCHMOCTeH, OCHOBaHHbIe
Ha HCIoJb30BanHH K03 PHITHEHTOB epeHoca

IIpuBeneHHbIE B NPEAbIAYINEM naparpade cBeZleHHsl IOMOTAIOT YSICHUTD
(bHU3UYECKYIO CYIIHOCTD TpolieccoB 06paboTKK BO3LyXa BOAOH, TaK Kak
NO3BOJISIIOT BEChbMA HAIJIAAHO MHTEPNPETHPOBATH MX ¢ MOMoinpio I — d
amarpammbl. Kpome toro, matepuan, comepxammuiics B § 4.4, qaet Bos-
MOXHOCTb OPMEHTHPOBATbCS PH PEIIEHHU BOMPOCOB, CBSI3aHHBIX C BhI-
GopoM cxeMbl 06paboTKH BO3AYXa, B KOTOPOH NPUMEHSIOTCS anmaparbl
KOHTaKTHOTO THIa ¢ B3aUMOJEHCTBHEM BO3Ayxa U Boabl. TeM He MeHee
3THUX JAAHHBIX COBEPIIEHHO HEAOCTATOYHO /151 NPOEKTUPOBAHUS U pacye-
Ta annapaToB KOHAVLUOHUPOBaHHSL. YTOObI MOXHO OBLIO OCYIIECTBIISTH
UX pacyeT ¥ IPOeKTHPOBAHHE, HEOOXOAUMO OCTAHOBHTBCS Ha METOAE
OJIy4eHHs] OCHOBHBIX PacyeTHBIX 3aBUCUMOCTEI.

Vpasuenus (4.8), (4.9) u (4.19) He MOryT GBITh HEMOCPEACTBEHHO
HCTIOB30BAHbL JIS pacyeTa anmnapaToB KOHAWIMOHVUPOBaHHS BO3AyXa,
TaK KaK ¢ MX HOMONIBIO OTIPeAEISIIOTCS JIUIIb 3jIeMEHTapHbIE KOJINYECTBA
Tema ¥ BOASHOTO apa, NPUXOASINUeCsS Ha 3JIeMEHT IOBEPXHOCTH KOH-
takTa dF. Ilpyu aTOM npeamosaraeTcs, 4To NapaMeTPsl BOAbl M BO3AyXa B
TeueHHe KOHTAKTa COXPAHSAIOT NOCTOSTHHOE 3HaYeHHeE.

Yrto6bl TOAYYUTh 3aBUCMMOCTH, ¢ HOMOIIBI0 KOTOPHIX MOXHO ObLIO
6bI PacCUMTHBATb PEANbHBIE annaparel, HeobxoauMo ypaBHeHus (4.8),
(4.9), (4.19) npoMHTErPUPOBATD N0 NOBEPXHOCTH TEMJIO- H MaccooOMeHa.
Jlnst aToro HaAO 3HATh:

a) ¢bopMy U pa3Mepbl HCTHHHOH TTOBEPXHOCTH KOHTaKTa F;

6) napaMeTpbl BO3AyXa H BOAbI LIS KK IOTO 2JI€MEHTa NOBEPXHOCTH,
a TaKXKe COOTBETCTBYoIHe pasHocTu t — ¢ , P — P!, d — d", npexacrapis-
1o11Me co00M JBHXKYINHME CUIIBI TPOLIECCOB.

OO6b1yHO onpeaeauTh 06a aTu (aKTopa HE MPeACTaBISETCS BO3MOK-
HBIM, ¥ TIOITOMY IPUXOAUTCS BBOAUTD Pa3iuuHbIe fonylenus. Tak, BMe-
CTO HCTHHHBIX 3HAYEHHH Pa3HOCTel MapaMeTPOB BO3/yXa H BOAbI UCHOJIb-
3yeTCs BeJIMYHMHA CPeIHEi pacyeTHOH PasHOCTH, KOTOPasi NO3BOJISIET
TIOJYYUTh UHTETPAIbHEIE KOJHYECTBA TelJIa U BOASIHOTO Mapa, ecjiu U3-
BECTHA HCTUHHAS TIOBEPXHOCTD:

Q. =aA F; (4.28)
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G, =cAd,F; (4.29)

Q=0AlF, (4.30)

rae At — CPeHss pacueTHasi Pa3HOCTb TEMIEPATyP BOAbI U BO3/YXa;

Ad_ - cpennsisi pacyeTHas PasHOCTD BAATOCOAEPKaHuit obpabaThiBae-
MOTO BO3lyXa U BO3AYyXa B NOTPAHUYHOM CIIOE;

Al — cpeniHsst paci€THas Pa3HOCTb SHTAIbITHI obpabaThiBaeMoOro Bo3-
AyXa ¥ BO3/lyXa B IOTPAHUYHOM CJIOE.

KosnuyecTBa Tenia u BOASHOTO mapa MOTYT ObiTh HaiileHb U3 pac-
CMOTPEHHS TEIJIOBOTO H BJQKHOCTHOroO 6aIaHCOB anapaTos, HAPUMED
10 BO3LYXY:

Qﬁ = Grc (tl ) )C; ; (431)
G, =Gy(d ~d,); (4.32)
Q=G (- 1) (4.33)

rae t,,d,, I — HayanbHble TEMIEPATYPA, BJATOCOAEPKAHUE H IHTANIb-
IMsI BO3yXa;

t, d,, I, — KOHEYHbIE TEMIEPATypa, BAarOCOAEPKAHUE U DHTAIBIUS
BO37yXa.

N3 (4.28) u (4.31) MoxHO nOAYYUTh KO3 DULHEHT NEPEHOCA SIBHOTO
Tena (Temnootaayn) o, a us (4.29) u (4.32) — xoadduument nepeHoca

BOJSTHOTO Tapa (BJjaroo0MeHa) o:

_ Grc(tl _tZ)C;
= —

; 4.34
e (4.34)
— Grc (dl _d2) 4.35
o= (4.35)

p

Kak 6b110 yxa3aHo, ko3¢ pHUNEHT G OMHOBPEMEHHO SABJISIETCA KOad-
(bHIMEeHTOM MOMHOTO Ten000MeHa 1 MOITOMY MOXET ObITh OnpejeseH
u3 ypasHennit (4.30) u (4.33):

5 Culli=h). (4.36)

FAI,
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Bxogsmue B (4.34), (4.35), (4.36) 3Hayenus cpeIHAX PacYETHBIX Pa3-
HOCTEH TeMIepPaTyp, BJAArocoAepKaHuil U SHTAIBOUHN HalineM, comocTa-
BUB ypaBHeHus (4.28), (4.29), (4.30) ¢ ypapHeHHSIMH, paHee NPUBEAEH-
HBIMH J1JIS1 3JIEMEHTAPHBIX KOJIMYECTB Telia ¥ BoAstHOro napa. Homyyum
BbIpaX€HHe PacyeTHOH pa3HoCcTU Temmepartyp. [lJIsl 3TOro paccCMOTPUM
sapucumocTH (4.8) u (4.28). 13 (4.8)

d
9 _oar . (4.37)
t—t,
WHTerpupys no Bceif MOBEPXHOCTY M OT HAYAMBHOTO COCTOSTHUS TIPO-
1uecca «H» 40 KOHEYHOT'O «K», HO]Iy‘{aeM

K

@, _
j-t—:-t:_aF. (4.38)

H

Ho u3 dopmysnsr (4.28) cneayer, uto

Fefs (4.39)
AtP
Orcoaa
AL, = _2__ . (4.40)
I dQ,
t—t,

H

AHaJIOTHYHBIE BHIPAKEHUS MOTYT OBITh HAlI€HbI /11 PaCYETHBIX Pa3-
HOCTEH BJIaroCOAEP)KaHUi U dHTAJbHHA:

Adp =‘K—G¢— ) (441)
4G,
Jd-d
Al =?_Q_. (442)
{9}
JI-r

3aMeTHM, YTo A1 PeasbHbIX MPOLECCOB ONPENETUTh 3HAUYECHUS Pac-
YETHBIX PAa3HOCTEN ¢ MOMOILbIO NPUBEAEHHBIX BBIPRQKEHHI IOYTH HEBO3-
MOXHO, U 09TOMY Ha MPAKTHKE OOBIYHO MOJB3YIOTCS cpegHenaorapud-
MHYECKUMY Pa3HOCTSIMH.
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Ilepenazbl TeMIIEPATYP BOJADI B anmaparax KOHAUIHOHHPOBAHHUS BO3-
AyXa MaJibl, IO3TOMY NPUMEHEHHE CPeTHENOrapUPMUYECKUX PA3HOCTEH
0GBIYHO faeT HeGOIbIYI0 NOTPEUIHOCTb M B JaAHHOM CJIyyae BIIOJIHE Ofl-
paszano. /L1 MpaBHIBHOTO ONPeAeIEHHs BeTHYHHBI CPefHeTorapudMu-
4yecKO# Pa3HOCTH HEOOXOAUMO 3HATH XapaKTeP COBMECTHOTO JBUKEHHS
BOZbI M BO3yXa B annapare KOHAMUMOHUPoBaHus. Tak, anst popcyHoU-
HO¥ KaMepsblI peo61aaioiiM BUAOM ABUKEHUS Kanleiek BOIbl U BO3AY-
xa SIBJISieTCS Hapa/uie/bHbli TOK, COOTBETCTBYIOIIAs PAacYeTHas! Pa3HOCTD
TeMIepaTyp UMeeT BU/

At, = (tl ~Lcu )—(tz _txﬂc) , (4.43)
In U —lyn
by —Tux

rae i, f  — HayajbHble TEMHOEPATYPbl BO3AYXa H BOAHI,

L, L, — KOHEYHblE TEMIEPATYPBI BO3AYXa H BOABL

B anmaparax co ¢JioeM opoiilaeMoil Hacaaxu HabM0JaeTcs NPOTHBO-
TOK BOJbI M BO31yXa, TIO3TOMY

Af = € —ta - € —to) (4.44)

P In b — by

Ly —luu

B annaparax neHHOTrO THUNA BO3AYX B3aUMOAEHUCTBYET CO CMECHIO
BOJIbl, B KOTOPOH JINIIIb CPABHUTENBHO HEOOIBIIAS YACTh NPEACTABASIET
€060l cBexyio (MOANMTOYHYI0) BOAY. B CBA3U ¢ 3TUM MOKHO CYMTATD,
4TO TEMIEPATYPa BCEH MAcChl BOABI B TEYEHHE HPOLECCA OCTAETCS He-
U3MeHHOH U paBHOH £ . COOTBETCTBYIOIMAs pacyeTHasi Pa3HOCTb NpHU-
HUMAET BUJ

At = G-ty (4.45)
P In tl - t;mc
t2 _txﬂc

AHaJoTHYHBIM 00pa30M HaXOASITCSI PacyeTHbBIE PA3HOCTH APYTHX Na-
PaMeTpoB: MapuuaibHbIX AaBJAEHHH BOASHOTO Hapa, BJAAroCcoAepKaHuu,
SHTAIBIHAN,

[lony4yuB BeMYUHBI PACUYETHBIX PAa3HOCTEH, MOXKHO Ha OCHOBAHUH
PE3YIBTATOB KCHIEPUMEHTATIBHBIX UCC/IEJOBAHMI O PeqeTUTh 3SHAYEHHUS
COOTBETCTBYIOIUX K02 GHUUEHTOB nepeHoca no ¢gopmynam (4.34) —
(4.36). llonbzosanue aTumu GOPMyIaMH NpeanosaraeT 3HaHUE BEINYH-
HbI IOBEPXHOCTH TEMJIO- H MaccOOOMeHa.
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Kak 6b110 yKa3aHo, IJIOIa/b MCTAHHOM MOBEPXHOCTH TEIJIO- M MacCo-
0o0OMeHa B PeajibHbIX anmaparax O0bIYHO HAWTH HEBO3MOXHO, H HOITOMY
TIPUXOAUTCS BBOAUTD B lEPeYMCIIEHHbIE OPMYJIBI BE/TMYHUHY, 3aMEHSIONTYI0
3Ty noBepxHocThb. OT TOro, ¢ KAKOH CTeneHbio NPUOIMKEH s YAAETCS 3a-
MEHHTb IJIOMIa/lb HCTUHHOM NOBEPXHOCTH NPH YCJIOBHMY, YTO 3aMEHSIIONIAst
BeJINYMHA APaBUJIBHO OTpaxaeT (hU3HYecKyio KAPTHHY NPOIECCa, 3aBUCHT
KayecTBO Pe3yJbTaToOB pacyera Ko3dduimeHToB nepeHoca no (GopMyaaM
(4.34), (4.35) u (4.36). OcranbHbie BeJIMYUHDI, BXOISIIIUE B 9T BbIPaXKe-
HUSI, JIETKO TIO/ZIAIOTCS. 3aMepy NPH MPOBeAeHNH IKCEPUMEHTA.

SKCNEPUMEHTATbHbIE UCCIEA0BAHUS JOJIKHbI BBIIIONHATBCS TaK, YTO-
6bl pe3ynbTaThl, HaiiAEHHbIEe NPH UCABITAHUSIX TOTO WIH MHOTO annapara,
MOKHO ObLJI0 paCHPOCTPAaHUTD Ha BCe annaparsl, eMy nogobusie. Kpome
TOTO, 3TY PE3YIbTATH LOKHBE JABATh BO3MOXKHOCTD NOMY4YaTh 06001eH-
Hbl€ 3aBUCUMOCTH, CIPABEJIMBbIE JJISL JOCTATOYHO IMPOKUX TPEAEIoB
YCJIOBMU HCHOIb30BAHMS animapara,

OG6pabaTbiBaTh JAHHBIE ONBITOB 1EIeCO00PA3HO, HCTIONB3Ysl OCHOB-
HBIE MOJIOKEHUS Teopun nogobust. Kak ussecrHo, Teopust momobusi no-
3BOJISIET BBIBECTH 3aBUCUMOCTH HCKOMBIX K03(hdUIMEHTOB neEpeHoca ot
BeJINYUH, UX ONpPeNeSIiONMX, B BU/Ie TaK HA3bIBAEMBIX KPUTEPUAIbHBIX
ypasHeHuit. KputepuanbHble ypaBHEHUS MPEACTABISIIOT cO00# CBSI3H, B
KOTODBIX onpezessieMble KPUTEPHU (B HUX BXOAAT UCKOMBIE K0abduim-
€HTHI HEPEHOCA) JAI0TCSI B 3aBUCHMOCTH OT onpefesstiomuX. Takoro Buaa
yPaBHEHHsI MOJIYYAIOTCS B Pe3yJIbTaTe paccMOTpeHus Beex audpdepen-
[{HATbHBIX YPaBHEHUI, XapaKTepU3yoIuX 00CTAHOBKY, B KOTOPOi# Mpo-
TEKAIOT NPOIIECCH TEMJIO-  MaccooOMeHa. B obitem ciyyae aTo o3HavyaeT
HeoBX01MMOCTh PACCMOTPEHHMSI YPABHEHUH IBVKEHHsI, HEPAa3PbIBHOCTH,
TEIIONPOBOAHOCTY U AuGPY3UH B HOTPAHHYHOM CJIOE, OCTOKHEHHBIX
HEKOTOPBIMH JIOTIOJTHUTEIbHBIMH 3h(eKTaMu, a TAKXKe ypaBHEHUH, Xa-
PaKTePU3YIOIUX TPAHUYHBIE YCIOBHSL,

Kaxk npaBujio, HCHONIB30BAHHE 3TOTO XOPOLIO U3BECTHOTO NPHEMA HE
HO3BOJISIET JOBECTH 33/1a4y A0 KOHLA, Ja B 9TOM M HET HEOOXOAUMOCTH,
TaK Kak U3 o0lIeil TEOPUH TensIo- ¥ MAacCOOOMEHa XOPOLIO U3BECTHHI TE
KPUTEPUH 11010015, KOTOPbIE JOKHbBI BXOJUTb B YPABHEHHUSI.

OnpeznensieMbIMY KPUTEPUSIMH SIBJISIIOTCS:

a) 75 npouecca TenmoobMeHa — TernoBoi kputepuit Hyccenbra

al

Nu=—;
A

6) nxs nporecca MaccoobMena — audxpy3nonHbIt kpuTepuit Hyccensra

, Bl
Nu'=Et.
=7
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BesnnunHa 9TUX KPUTEPHEB 3aBHCUT OT KPUTEPHEB, OHPEAE/ISIOMUX
06CTaHOBKY NPOTEKaHHsI poliecca, KOTopasi XapaKTePU3yeTcsl THAPOAU-
HaMHYECKMMH H TEPMOJUHAMUYECKUMHU ycaoBusmu. Ilpu aToM Hazo
MMETh B BUAY CJIEAYIOIIEE.

1. Boga 1 BO3A4yX B TeT10- U MACCOOOMEHHBIX aNapaTax KOHAULMOHU-
POBaHKsI BO3ZYXa HAXOASITCS B YPE3BBIYAMHO COKHOM ABHKeHHH. OCHOB-
HBIM THIPOAUHAMHUYECKUM KPUTEDHEM, ONpPEE/SIIONMM HHTEHCUBHOCTD
TEII0- U MaccoOOMEHA B 9TUX YCJIOBUSIX, SIBJISIETCSA CKOPOCTh OTHOCHTEIb-
HOTO JBHXKEHUS BO3AYXa 10 OTHOLIEHHIO K ToBepXHocTH BoAbl. [1o cBoeit
HPUPOJE 3TO ABHKEHUE He CBOOOMHOE, a BhIHY:XAeHHoe. IToaToMy, YTobb:
TMOJIy4UTh HCKOMbIE 3aBUCHUMOCTH U UMETb BO3MOXHOCTb PACHPOCTPAHUTD
TIOJTy4EHHBIE B OMbITE PE3yJIbTaThl, THAPOAMHAMIYECKYIO OOCTaHOBKY HpO-
1iecca cieayer olleHMBaTh KputepueM PeliHomnbaca. I1pu aToM B pacueTHble
3aBHCHMOCTH HY>KHO BBOAMTH JBa Kputepusi PeitHombica — Aj1sl BO3Ayxa

wl w.l
Re_u Boapt Rex: Re, =—u Re,_ =—*. OveHp 4acTO Ha NPAKTHKE OTpa-
% v

T x
HUYMBAIOTCSI OAHUM KpuTepreM PeitHobca /ISl BO3IyXa U BBOIAT B ypaB-
HEHWS! YAENbHBIN PacXol BOIBI, T. €. KOJINYECTBO BOJBI, NPUXOAIIEECs Ha
eIMHUILY Macchl (MM Beca) Bo3ayxa, — u=G /G.

2. Xotst rupoguHaMudeckas 06CTaHOBKA Mpoliecca B OCHOBHOM Of-
penesiercs: XapaKTePOM BbIHYKIEHHOTO IBIKEHHS BO3AyXa 110 OTHOLIE-
HHIO K IOBEPXHOCTH BOJIbI, HEIb3S B Psifie CIy4YaeB HE CUUTAThCS ¢ HaJU-
yrHeM cBOOOAHOTO JBUIKEHHS, BOSHMKAIOMIETO HM3-32 Pa3HOCTEH
JI0OTHOCTEH BO3yXa B Pa3jInYHbIX TOYKaX MPOCTPAHCTBA anapara, B Ko-
TOPOM MPOUCXOMAT TEMIO- ¥ MAaCCOOOMEHHBIE HPOIIECCHI.

B Teopun noaobusi CymecTByeT ABA KPUTEPUS /ISl OLEEHKH BIIMSTHHSL

3
. . gl t-t .
cBoGoaHOTO ABM:KeHUs: KpuTepuit I'pacroda Gr = pey . T"‘ H KPHTEPHH
gl ¥ -y
Apxumena Ar==----—-, 1€y ¥ Y' — HIOTHOCTb 06PabaTHIBAEMOTO
v

BO3/yXa U BO3/yXa, HAXOASIErocsl B NOTPAaHMYHOM CJIO€ Hajl TOBEPXHO-
CTBIO BOJIBL. YYHTHIBasA, YTO PA3INUKE B IVIOTHOCTSX BO3AyXa Onpeaess-
€TCsl HE TOJIKO PA3HOCTBIO TEMIEPATYP, HO M PaSHOCTBIO BJIaTOCOAEPXKaA-
HUii BJIRXKHOTO BO3ZYXa, TIPeANOYTHTETbHEE TOIb30BAaThCSI KPUTEPHEM AT.
OxHako, KaK NOKa3ald Hallld UCCAEJOBaHUs, B YCIOBUAX, B KOTOPBIX
06BIYHO MPOTEKAIOT MPOLECCH KOHAUUMOHUPOBAHUS BO3AyXa, PasHHLA
MeX1y 9THMHM [JBYMSI KDUTEPUSIMU BecbMa Maja. IloaToMy npu BHIBOZE
PacyeTHBIX 3aBUCHMOCTEH JJIs1 aMNapaToB KOHAUIMOHUPOBAHMS BO3AY-
Xa MOXKHO NPUMEHATHh KpuTepuil Gr, XO0Td NPUHLMIHAIBLHO BBEACHHE
KpUTEPUST AT IPeANIOYTUTENBHEE.
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Tax o6CcTOMT [EN0 ¢ YYeTOM THAPOAUHAMHYECKHX (PAKTOPOB, KOTO-
pble B 00lieM ciyyae OTPaXkaloT BIUSTHUE BBIHYXKIEHHBIX H CBOOOIHBIX
cui. Mbl OKa He OCTaHABIMBAaEMCS Ha (OPMeE yueTa M XapaKTepe KpuTe-
PHANBHBIX YPaBHEHMI IJIs1 TENIO- U MaccooOMeHa B 0OCTAHOBKE OJHO-
BPEMEHHOTO AEHCTBUS BBIHYKAEHHOMN U CBOOOIHOM KOHBEKIIMH. Y KOKEM,
4TO /151 GONBIUMHCTBA TUIIOB YCTAHOBOK KOHAWI[IOHMPOBaHMsI BO3AyXa
BJIMSTHAEM CBOGOAHOM KOHBEKIIUHM MOXKHO NpeHebpeyb.

3. K daxTopaM, HoqIeKalIMM YYeTy, OTHOCATCS TaKxkKe (pusnyeckue
HnapaMmeTpbl NapOBO3AYLIHOH CMECH, ONpeAesIolue TemaIoBbie U Jud-
(y3uoHHBIE MPOUECCH M OKA3BIBAOIINE COBMECTHO € TUAPOAMHAMMYE-
CKHMH (aKTOpaMu BIUsIHUE Ha KOI(MOUIUEHTHI TEMIO- U MaccoobMeHa.
910 K03QPUINEHTH TENIONPOBOAHOCTH, TEMIOEMKOCTH, BSI3KOCTH H
auddysun 6unaproi cmecu. IIpUHSATO BBOAUTD ABa KpUTEPHS, 00bEH-
HSIIONIME TIepeYrcIeHHbie BhIle TapaMeTpPhl: TeToBoil u Jud¢y3uoH-
ubiit kpurepuu pauaras (Pr = v/a u Pr' = v/k).

Ha ocHoBaHuH IpHBEIEHHOTO AHATIN32 0COOERHOCTEH IPOLECCOB Tell-
J10- ¥ MaccooOMeHa B anmapaTaX KOHAMIMOHHUPOBAHUS BO3AyXa MOKHO
Hanucarh B 0011eM BU/I€ KPUTEPUATIbHbIE YDAaBHEHHS], CBSA3BIBAIOIIHE OTi-
penensiemble kpurepud (Nu u Nu') ¢ onpeaensomumu:

Nu= f(Re,,Re,, Ar, Pr) : (4.46)
Nu’ = f'(Re,, Re,, Ar, Pr’) . (4.47)

Iockonbky mporecchl Tem1oo6MeHa ¥ MaccoobMeHa noROGHBI, BUJ,
$yukuuii f u f' nomxeH 6pITh BIOMHE HaeHTHYeH. OZHAKO 9TO HE BCErAa
ObIBAET TaK, MOTOMY YTO MPU COBMECTHO MPOTEKAIOIHUX MPOIECcax Temn-
J0- 1 MaccooOMeHa HaOIOAAeTCsl X B3AHMHOE BJMSHHUE, B Pe3y/IbTaTe
KOTOPOTO ¥ BO3HMKAIOT AoNoJHUTENbHbIE 3¢ dhexTh. B ¢Bsisu ¢ atM B
HpaBo¥ YacTd ypapHeHnuit (4.46), (4.47) MOryT mogBUTHCS AOMOMHUTEb-
Hble KDHTEPHHU, KOTOPBIE HHOTAA YAAETCS MOJAYyYHTh U3 PACCMOTPEHHUS
COOTBETCTBYIOIUX AHAIMTHYECKHUX 3aBUCUMOCTeH. Yaine AonoaHUTE b-
Hble KDUTEPHH HONYYAIOTCA KaK Pe3yabTaT 00paboTKU 9KCIEPHMEHTAb-
HbIX JaHHBIX.

SIBnenust, cBsi3aHHble ¢ B3AUMHBIM BIMSIHHEM ABYX NPOLECCOB TEpe-
HOCa (Temsa ¥ BelecTBa), MOXKHO Pa3buTh Ha JBE TPYIIbL

a) ABJIEHHs], MPOUCXOSIIUE B NOTPAHUYHOM CJIOE M TAKHM 06pasoM
BAUSONIHE HA (PU3HYECKYIO MPUPOAY NPOLUECCOB TEIMIO- U MacCoobMe-
Ha. Ciof1a npex/e BCero OTHOCATCS Te AONIOTHUTENbHBIE 2 dEKTHI, KO-
TOPBIE ONPEAENAIOTCS HONEPEYHBIM TOTOKOM BENIECTBA B MOTPAHUYHOM
cnoe. MOXHO cyvTaTh, YTO /sl T€X MHTEHCHBHOCTE!H MaccooGMeHa, ¢
KOTOPbIMH NMPUXOAMUTCS UMETh €0 B CUCTEMaX KOHAULUOHUPOBAHUS
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BO3AyXa, BIUsAHUE 3TUX 3DEKTOB HUYTOKHO M OHM MOTYT HE YUUTHI-
BaTbCS;

6) siBNIEHNUs, 06YCJIOBJIEHHbIE MOMAPHBIMU IIPOLIECCAMMU. ITH SABIEHUA
00bIYHO OOHAPYKUBAIOTCS 1Y 06pabOTKe IKCIEPUMEHTANbHBIX IAHHBIX,
B CBSI3U C Y€M U BBOASTCA AOIOJHUTENbHBIE KpuTepuH. VI3 uncia Takux

. t-t

KDUTEPHEB CJIEAYET Ha3BaTh TeMIIEpATyPHbIN HapaMeTp — - Hassau-
ubld kpuTepueM ['yxmana (Gu) ¥ mosy4eHHBIH NIPU U3YYEHUH HCIApE-
HUS XKUKOCTEHN o CBOOOHOM MOBEPXHOCTH B BHIHY K I€HHKIHA ITapora3o-
BbIl oTOK. VI3 BCcex TosKOBaHU# (puanyeckoro cMeicaa kputepus Gu
Haubosee o60cHOBaHHOH sBasAercs runoreza A. B. JIbIKoBa, cornacHo
KOTOpPO# NMPH JIBMXXEHUH BO3AYXa BOJb TOBEPXHOCTH BJIAXKHOTO TENa B
[OTPaHUYHBIH CJI0¥ BMECTE C IAPOM IONAAI0T MeJTbyailiiie CyOMUKpoc-
KOIMUYECKUEe YACTUIBI dKUAKOCTH (MOJISIPHOE AUCTIEPrUPOBAHUE) — UCTIA-
peHye 3THX YacTUIl U BeeT K nosABieHnio Kkpurepus Gu.

B pacueTHBIX 3aBUCUMOCTSIX, HCIIONb3yEMbIX B KOHAUL{HOHUPOBAHHH
BO3/yXa, HAlJIY IPUMEHEHUE TeMiepaTypHble HapaMeTPbl BUJA

t -t

T, = "h (4.48)
ti —txcn

M, =4 (4.49)
L -ty

rie ¢, ¢/, " — TeMneparypa BO3iyxa IO CyXOMYy, MOKDOMY TepMo-
METpaM ¥ TOYKaM pochl B HadaibHOM COCTOSIHUU,

¢, — TEMIIEPATypa BO/bl B HAYUANLHOM COCTOSHUML.

Kax 6yzeT 0Ka3aHo jajiee, I0sBJIEHUE [IAPDaMETPOB 3TOTO THUIIA IIPH
06paboTKe 3KCIIEPUMEHTANBHBIX JaHHBIX 3aKOHOMEDHO H CBSI3aHO He C
B3aMMHBIM BJIMSIHEEM IPOIIECCOB TEMJIO- ¥ MACCOOOMEHA, 4 C Ka4eCTBeH-
HBIMU pPa3/IMYUsIMU B IPOTEKAHUM JaHHBIX MPOLECCOB B Pa3HBIX 4acTsax
pabouero ofbeMa anmapara.

Takum 06pa3oM, KpUTEPHAbHbIE YPaBHEHHS], UCIIOJIB3YEMBIE [1JIs1 Ol

peneneHus KOE)q)q)I/IHI/IeHTOB TENJIO- U Maccoo6MeHa, HpI/[06peTaIOT BUL
Nu= f(Rer’ Re)xv Ar) Prv T()) 5 (450)

Nu':f’(Rer,Rex,Ar, Pr To), (4.51)

rae T, — TeMnepaTypHblii TapaMeTp, 3aBUCAINMA OT XapaKTepa Mpo-
Hecca KOHIMIMOHUPOBAHHSL.
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CpasHutespHO HeOO0IbIINE TIPE/esIbl U3MEHEHUS 1apaMETPOB BO3-
AyXa ¥ BOJbl B IPONECCAX KOHAMIMOHUPOBAHUS 1I03BOJISIOT AJISL KPH-
TEPUAIbHBIX YPaBHEHUI HCIIO/Ib30BATD IPOCThIE CTEITEHHbIE 3aBUCUMO-
ctu. Torga ypaBHeHud (4.50) u (4.51) 3anuceiBaioTcs CIEAYIOMUM
obpaszom:

Nu=ARe[" Re? Pr" Ar* T¢ ; (4.52)
Nu’= A, Re™ ReZ Pr'™ Ark T} (4.53)

Ecsm 651 uMeTo MeCTO NoJIHOE 110A06Ke MPoLECCOB TEIIOoOMeHa U
MaccooOMena, TO KputepuasibHble ypaBHeHus (4.52) u (4.53), Kak yKa-
3bIBAJIOCH BHILLIE, JOJKHBI ObLTH ObITH BIIOJIHE UIeHTUYHBL. A 3TO 03HaYa-
€T, 4TO NOCTOSIHHEIE MHOKUTEIH U II0KA3aTEeIM CTEIIEHH, B KOTOPBIE BO3-
BOZSITCSI KDUTEPHH, I0JDKHBI GbITH YnCTeHHO paBHbl. [loaToMy OTHOIIEHME
OlIPEXENAEMBIX KPUTEPUEB MOXKHO IIPEICTABUTH KAK

n

Nu =( Pr (4.54)

Nu' | Pr

IloxcTaBus B 3ty hopmyty BoipakeHus ans kpurepueB Nu, Nu’/, Pr,
u Pr’, Hatizem

n
ak (kY. (4.55)
M la
Ilony4eHHOe ypaBHEHHE MOXKHO IIPUBECTH K BUAY
n
o_AEY (4.56)
B kla

Ecny ynciuTesnb 1 3HaMeHaTeNb 1IpaBOH YacTH YMHOXKUTD Ha 00beM-
HYI0 TEILI0EMKOCTD BAAXHOTO BO3AyXay, C, =Cy,+C Yy M BMECTO Koad-
bunreHTa TEMIIepaTypPOIPOBOAHOCTH NOACTABUTh €r0 3HaUYeHHE

A
a= Z—’ TO 3aBUCUMOCTD (4.56) 3alUIIETCS TaK:
B i BJX

vl 2| (4.57T)
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Kak yxa3biBasnoch B § 4.3, @ = &, u 1o3TOMy

o

Ecnu ynciuTesn» ¥ 3HaMeHaTe b JIEBOH 4acTU ypaBHEHMsI YMHOXKHUTD
Ha Y, ¥ y4€CTh, YTO ¥ B = 0, TO 110CJIE IOACTAHOBKY 3HAYEHHUS ¥ 3uCox MOXKHO
HAWTH OKOHYATEJIHHO

@ _G¥etanfn o Lo46-2 . (4.59)
o Yr 1000 ?

TakuM 00pa3oM, Mbl IOJTYYHIIN COOTHOIIEHHE, U3BECTHOE KaK YUCIIO
Jlbrouca. Kax suanm, otHommeHue KoadbUIMEHTOB TEMI0- U MaCCOIIEPEHO-
€a PaBHO TEIJIOEMKOCTH BJIayKHOTO BO3ZiyXa B TOM cjiy4ae, Koria Habmona-
€TCA NOJIHOE 1T0A00KE IIPOIECCOB MIEPEHOCA. ITO NOACOHE UMEET MECTO /IS
OTAEJIbHBIX YYACTKOB [IOBEPXHOCTH KOHTAKTa BOZbI M BO3AYXa B KAXK/IhIH
naHHbIA MoMeHT. Ho KoT/ia pedb HleT 0 CPeiHUX 3HAUeHUAX KoaduireH-
Ta IlepeHoca JIJIsi BCEro alfiapaTa U BCero BpeMEHH KOHTAKTa, MOTYT IIPOMC-
XOZUTH OTKJIOHEHHSI, KOTOPBIE IIPUBOAAT K HAPYIIEHUIO COOTHOINEHUS Cpell-
HMX 3HaYeHMH KO3 UIHEHTOB IiepeHoca. 34ech HEOOXOAMMO IOAYEPKHYTD,
4TO HAPYLIEHHUE, BbISIBJIEHHOE B PE3YJIbTATE MHOTHX JKCIIEPMMEHTANBHbIX
UCCIIEAOBAHMH, T/IaBHBIM 00Pa30M I1pOIlecca OXJIAXKAEHHUSI U OCYIIKH BO3-
JlyXa BOLOH, HE CBUAETEILCTBYET 00 OTCYTCTBUM TOZI06HSI POLIECCOB I1epe-
HOCa TeILIa U BEIEeCTBA IIPH B3aUMOJIENCTBUHU BO3/IyXa U BOIbl, @ SIBJISIETCS
Ppe3yJIbTaTOM BbIGOpa METOAUKH 0000IIIEHNSA IKCIIEPUMEHTAIBHBIX JAHHBIX.

3asucumoctu (4.52) u (4.53) MoryT OBITH [IOABEPTHYTHI JATbHEHIIIE-
MY YTPOLIEHHIO.

ITockombKy poJsib CBOGORHON KOHBEKLIMY B alllIapaTaX KOHAUILMOHH-
POBaHHA BO3[yXa HUYTOXKHA, 3aBUCMOCTb OT KpUTEPHUs AT, KaK NpaBH-
JIO, yCTAaHOBUTD He yJAeTCsl.

B GoAbIIMHCTBE CTy4YaeB B KPUTEPUAIbHbIE YpaBHEHUs KpuTepuu Pr
1 Pr’ MOXHO He BBOJMTbD, TaK KaK NPE/e/bl U3MEHEHHS 3THX KPUTEPHEB
B IIpOLECCAX KOHANLMOHAPOBAHYSI BO3/[yXa OOBIYHO BECHMA MaJibl, B CBA3M
¢ 4eM 06a KpUTEPHA MOTYT CUUTATHCSI IOCTOSTHHBIMHA.

B utore nosyyaeM KpurepuaibHble ypaBHEHUst G0Jiee MPOCTOTO BUAA:

Nu=ARe™ Re? T¢ ; (4.60)

Nu’=A; Re™ Re?: T | (4.61)

[lanHbie ypaBHEHUS CIIy>KaT AJis1 ollpeneeHHst Koad@UUMEHTOB Ten-
noo6MeHa M MaccoobMeHa.
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CymecTByeT Apyro#, 6oJee npocroit c11ocob MoTyYeHUs 3aBUCUMO-
cred a1 ko3 bUUMEeHTOB Telo- u MaccooOMeHa. OH 3aK/II04aeTcs B
HEIOCPEACTBEHHOM 3aMepe TOJIIUHBI IIOTPAaHUYHOrO CJI0s, B KOTOPOM
1epeHoC TeIlJIa ¥ MacChl IPOUCXOAUT MOJIEKYIAPHBIM yTeM (TEIIoNpo-
BOIHOCTBIO U s dy3ueil). Pacnipenenenve Temineparyp u NapiuagbHbIX
JaBJIeHUH Tapa B Ipeesax TePMOAUHAMUYECKOro U AU ¢dy3UOHHOTO
MOTPaHUYHBIX CJI0EB NOUUHAETCS TUHEHHOMY 3aKoHy. CienoBaTe/bHo,
B IKCIIEPMMEHTE MOTYT ObITh 3aMEPEHBI TOJIIUHBI TOTO U APYTOT0 CJIOEB:
8, 1 8, 4TO O3BOJIUT HaiiTH 3HAYEHUsI KOIDDUIMEHTOB TEIIO- I MACCO-
ob6meHa. B caMoM zere, HOCKOMbKY

Qﬂ =(X,(t—t*)FI/I G, =Bp(Pn-Pn’)F ,

a ¢ IPYro# CTOPOHHI,

A k ,
Qﬂ =8_(t—t)x)F u Gn =g_(PI'I—PH)F ’
t P

TO
A
=— 5.62
“=3, (5.62)
L (463)
6?

Ha puc. 4.12 nokasano pacnpejiesieHue TeMIlepaTyp 1 MapuuaibHbIX
JaBJIEHUH BOASIHOTO 11apa B IOTPAHUYHOM CJIO€ BO3/yXa, IIOTYYEeHHbIX AJ151
ciydasi anuabaTHOTO MCTIapeHusl.

K coxasienuio, B anmapaTax KOHAWI[MOHMPOBAHHUS BO3[yXa 3aMep TOJI-
I[MHBI TIOTPAHUYHOTO CJI0SI OOBIYHO CBsI3aH ¢ OOJIBIIUMU TPYAHOCTSAMHU,
B CBSI3M C Y€M Ha IIPAaKTHKE He YAAETCs Peai30BaTh TAKOMU ITPOCTOH CI10-
co6 rosyyeHust KoapbUIUEHTOB TEIUIO- U MaCCOOOMEHA.

B 3aksoueHne HEOGXOAMMO YKa3aTh, YTO 1IPU MCCIENOBAHUU Psfia
COBPEMEHHBIX aMIIapaToOB 04€Hb TPYAHO, 2 UHOTZIA HEBO3MOXKHO MJIM BO3-
MOXKHO B O4€Hb OTPaHU4EHHOIT CTelleHH, IPUMEHUTD NIOIOKEHUS TEOPUH
noxo6usi. Cie0BaTe/IbHO, HEJb3S IONTYYUTh KPUTEPUATbHBIE yDABHEHUS
BuAa (4.60) u (4.61), xoTopble 1103BOIMIH ObI CO31aTh HauGoJIee HATEXK-
HbIH METOx pacyeTa, OCHOBAHHbIH Ha MCI10JIb30BAHUY 3aBUCUMOCTEH 71
K03 PHUIUEHTOB Tello- 1 Maccoo6MeHa.

ITepBast ¥ ocHOBHAast TPYAHOCTD 3aKJIIOYAETCSI B TOM, YTO B PAAAE CIIY-
4aeB HEBO3MOXKHO ONPEAETUTh UCTHHHYIO IOBEPXHOCTb KOHTAKTA MEX-
AY BO3XYXOM U BOZO. B cBA3M ¢ 3TUM OYEHD TPYAHO BHIOpPATh U Xapak-

144



IIpoueccoL u annapamvt KoHOUYUONRUPOBAHUSA 8030YXa

du érr |
6 16

N Y ad NN
~a NI D

ts‘L
)
&

g “t 95 10 195 b, mapmen.

Puc. 4.12. Paciipesenieine TemiiepaTyp ¥ HapUUaJbHBIX JaBJeHUH BOASHOro
napa B OrpaHM4YHOM CJIoe BO3/yXa

TepHbII TUHENRHBIN pa3Mep, HEOOXOAUMBIH /JIS1 OlpeneIeH s KPUTEPUEB
nogo6us, BXOASmMX B ypaBHerus THIA (4.60) u (4.61). [TosTomy Hepen-
KO PEKOMEH/yEMBbI€ [JIs1 pacyeTa IMIIMPHIECKHEe 3aBUCUMOCTHU HOCAT Ya-
CTHBIN XapakTep, HallpUMep:

a=flw n T); (4.64)
o= fi (Yw’ u, TO) . (465)

KoadduuueHTsl HepeHoca B 3TUX (GOpMysax dyamnie BCEro OTHOCATCS
K IJIONIAM 1I0IIEPEYHOro ceueHusl anmnapara. EcrecTBenHo, uro obmacTb
npumeHeHus 3THX HopMy orpaHHdeHa. Vix MOXKHO UCII0/Ib30BATh AJIst
pacuera aniaparoB BIIOJIHE ONIPEAEIEHHON KOHCTPYKUHMK U B CIyYasXx,
COOTBETCTBYIOIIUX YCIOBUAM IIPOBEACHHS SKCIIEPHMEHTA.

§ 4.6. Mertoa nosryyenus: pac4eTHbIX 3aBHCHMOCTe, 0CHOBaHHbII
Ha MOHATHH O YHCJIaX eJMHHIL IepeHoca

Kak ykasbiBasioch, BecbMa TPyAHO, @ HHOIIa HEBO3MOXKHO 110JTYYHTb 3aBU-
CUMOCTH 7151 K03¢hHUIEHTOB IEPEHOCA IIPUMEHUTEBHO K pacyeTy all-
I1apaTOB KOHAUIIMOHUPOBAHMSI BO3/[yXa C KCIIO/Ib30BAHUEM HETIOCPEACTBEH-
HOTO KOHTAKTa BOZbI U BO3ayXa. TPYAHOCTH BO3HHKAIOT FIaBHBIM 06pa3oM
13-3a TOTO, YTO B GOJIBINMHCTBE CIYYAEB HE MPECTABIISAETCS BOSMOXKHBIM
HalTH YKCJIEHHOE 3HAYeHHE 1)1 TOBEPXHOCTH KOHTAKTa MEXKAY BO3yXOM
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u pono#. [loaroMy BO3HHMK/IA UAes 10b30BaHMs He KO3 ULleHTaMu
repeHoca, a YKPyIIHEHHBIM 1I0Ka3aTesieM, B KOTOPOM IIPOU3BEAEHUE COOT-
BETCTBYIOIETO KoaduileHTa IepeHoca Ha IUIOmAb KOHTAKTa OTHECEHO
K TeIlTy UJIM Macce OAHOH U3 cpex (Halpumep, BO3Ayxa), y4aCTBYIOUIUX B
npolecce Tewio- 1 Maccoobmeta. IlonmydeHHbIM TakuM 06pa3oM BeTMgH-
HaM IIPHCBOEHO HAMMEHOBAHME YUCJIA €MHULL IIEPEHOCA.

ITOT METOJ, IIPUMEHSIEMBII JI51 pacyeTa IIPONEeCCOB | AllapaToB XU-
MHYeCKO# TEXHOJIOFUH, AOBOJBHO IHPOKO ucnoas3yercs B CIHIA. B cu-
CTeMax KOHAUIIMOHMPOBAHHs BO3[(yXa OH He HallleJI [I0Ka IIMPOKOTO I1pH-
MEHEHUs, XOTsA, KaK 1okasanu rnposeaettbie B BBUTKY uccnenoBanus,
B pAZie C1y4aes 3T0 ObUIO GBI BeChMa 11e1ec000pasHo.

B kauecTBe unces efUHUIL IEPEHOCA ITPEAJIATAETCA UCIIOTIb30BATh BA:
YHCJIO €AMHUIL TiepeHoca siBHOTO Telwia (NTU ) 1 4uCiIo eAMHMUIL IIePeHo-
ca nosHoro rera (NTU):

nru, =2 (4.66)
Grccp
nztu =°E, (4.67)
G[‘C

rae F — uCTUHHAS OBEPXHOCTL TEILIO- M MaccooOMeHa.

Kak 6bu10 m0Ka3aHo, KO3 PHUUUEHT IIEPEHOCA G ABJISETCS OMHOBDE-
MeHHO K03(h(HUIMEeHTOM TI0JTHOTO TellnoobMeHa U K03 umeHToM Mac-
coo6mena. [Toatomy NTU MOKeT pacCMATPUBATHCS M KAK YUCITIO €AMHUIL
MepeHoca 1OJIHOTO TEIIa, U KaK YKCIIO €IMHUI 1I€PEeHOCa MAcChl (BOAS-
Horo Iapa). Microsib30Bas BbIBeieHHbIE paHee 3aBucHMOCTH (4.8) 1 (4.19)
ISl DJIEMEHTAPHbIX KOJIMYECTB TEILIa, 110ay4uM Bbipaxkenusi it NTU, u
NTU. 311 xe 3neMeHTapHblE KOJIUYECTBA ABHOTO U II0JIHOTO TEILJIa MO-
IYT GbITh BHIpaXKeHbl MHBIM 00pPa3soM — Yepe3 Te U3MEHEHUs TeMIlepaTy-
PBl U SHTAIBIIHYU BO3YXa, KOTOPHIE IPOUCXOASAT B CBSI3U C TEILJIO- U Mac-
coo6MeroM. CunTast HAITpaBJIEHHE [TPOIIECCOB IIEPEHOCA OT BO3yXa K BOJE
IJIs TIOJIHOTO KOJIM4ecTBa Tefia, Mbl I0/y4uin ypaBHeHue (4.20). AHa-
JIOTHYHBIH BUJ UMEET BHPaXeHHe /ISt IBHOTO Tellia;

dQ, =~Gy.¢,dt . (4.68)

IIpupasHsB npassie yacTu ypaBHenuii (4.8) 1 (4.68), MoxHo HaiiTu cie-
AYIOIYIO 3aBUCAMOCTD:

odf ___d | (4.69)
Gy t—ty
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OTKYyZa

K

aF _J‘ dt =j‘ dt (4.70)

GreCp  Tt=t, ity

B dopmyse (4.70) «H» — HauabHOE COCTOSIHHE IIPOIIECCA, <K> — KO-
HEeYHoe.

Eciu B nopbiHTErpasibHOM BhIpAaXkeHNH ypaBHeHus (4.70) smecTo mie-
peMEHHOH BeIMuKHBI PA3HOCTH TEMIIEpaTyp BO3/iyXa U BOAbI BBECTH I10-
CTOSIHHYIO BE/INYMHY Cpe/iHeil paCueTHOH PA3HOCTH 3THX TeMIlepatyp AL,
TO TOTY4YUM

'cgfc'_=tlAt_t2=NTU"’ (4.71)
rcvp ¥4

rie t, M ¢, — HadyaabHas ¥ KOHEYHas TeMIlepaTyphbl BO3AyXa. AHaso-
rudHbIM 00pasoM u3 (4.19) u (4.20) MOXKHO HANTH BhIpAXKEHHUE [JIS1 UC-
Jla eIMHUI] TlepeHoca II0THOTO Tella:

g£=__——11A112=NTU, (4.72)
re P

B KkadecTBe cpefHMX pacueTHBIX Pa3HOCTEH TeMIlepaTyp Al ¥ IHTa/b-
muit Al MCTIONB3YIOTCS. IPUBEAEHHBIE B IIPEAbIAYIIEM lTaparpade Bbipa-
KEHUsl CpeHeorapuMUIECKUX Pa3HOCTEMH.

Hamnuimem oTHoOmeHYe YUCEN €UHUIL IEPEHOCA IBHOTO U IIOJHOTO
TeIa;

NTU, _ @ | (4.73)
NTU c;,

Q

YuurtbiBaa HOJIYYEHHYIO paHee 3aBUCHMOCTD (4.59), MOxkeM 3aKIio-
YHTH, 4TO ecJIM OBl cooTHOmEHHe JIbionca COOI0AAN0CH A1 CPEIHUX
3HaueHUi K03 GHUIMEHTOB TEILIO- U MACCOOOMEHA, TO OTHONIEHUE YH-
ceJ1 efHMIL epeHoca Beeraa 65110 6b1 paBHO exuHuie. OZHAKO, KaK yKa-
3bIBAJIOCH BBIIIE, IIPH UCCIeZOBaHHMHU ITPOLIECCOB, IIPOMCXOAAIIMX B anlia-
paTax KOHAMIMOHMPOBAHUS BO3AYXa, OBLIO BBISIBJIEHO HapylleHue
cooTHoweHus JIstouca. Jlagum 0ObsiICHEHNE ITOMY HADYIHEHUIO, MMes B
BUAY HauboJiee BaXKHBIN IpolecC KOHAUIMOHUPOBAHHS BO3AYXa — €ro
OXJIAXKIEHUE U OCYIIKY.

OTK/IOHeHNS B BeJIMYMHEe OTHOLIEHUs KO3(dHIlHeHTa TeIIo06MeHa
o K K03 buIHeRTy MaccooOMeHa G, BbISIBJIEHHBIE 110 Pe3yIbTaTaM IKC-
NEPUMEHTOB, OTPaXaiT HabGMIoAaeMble B PEaIbHBIX allifapaTax Kojuye-
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Ihaea 4

CTBEHHbIE M KAY€CTBEHHBIE PA3TMYHNs MOBEPXHOCTH TEMIOOGMEHA 110 CPaB-
HEHUIO C [I0BEPXHOCTbI0 MacCcoObMeEHa. DTH OTKIOHEHUS 3aKOHOMEPHEI
U MOTYT ABJIATHCS XapaKTEPUCTUKON COBEpIIeHCTBa Ipoliecca 06paboT-
KU BO3/yXa (OXKAEHUsA U OCYIUKH), IPOUCXOAAIIETO B PeasbHOM all-
napare. [ToaTOMYy 1J1s 1IOJIHOM OUEHKH TEIUIo- 1 MaccoofMeHa B peaib-
HBIX alapaTaX KOHAWI[MOHUPOBAHUS, KPOME YHCEST €NUHHUI] 11ePEeHOCa,
CJIEAYET BBECTH AOIOJHUTENBHYIO XapAaKTEPUCTHKY, HA3BaHHYI0 HaMM
KpUTEPHEM COBEPIIEHCTBA IIPOLIECCa:

(=NIUys (4.74)
BaMeTI/IM, 4TO 3Ta XapaKTEPUCTUKA BHEINHEC UACHTHYHA KPUTEPHUIO

JIbtouca Le=¥‘,— , IPpUMEHSIEMOMY TIPH KCCIeJOBAHWHU IIPOLIECCOB
6C)

CYIIKHM BJIaXHDbIX MaTepuanioB B Bodayxe. OnHako, 4ToObl HOA4EPKHYTh

pasyinune B (PU3MIECKOM CMBICTIE, Mbl Ha3BaJIU €€ MHaye, TaK Kak BCTpe-

4aloTCsl CJydYau, KOT/a JIOKabHble BenduHbl Le Bcioxy paBHBI 1 U TeM

He MeHee § # 1. B nanbuyeiimeM GyseM CUMTaTh MPOUECC OXJTAKAECHUS 1

OCYIIKY BO3ZAYyXa B allllapaTax COBEpIIEHHBIM, ecy BeMUduHa § = 1.

PaccmoTpum, 1o kakuM IIpuUYKMHaAM 11pu paboTe aniapara CO3Aal0TCs
YCJIOBUs, BEAYNIUE K OTKJIOHEHUIO OTHOIEHHA KO3(PDUIMEHTOB TEILIO-
1 MaccooOMeHa, ONIpefe/IEHHBIX IKCIIEPUMEHTANBHO, OT BEJIMYNHbI 3TOTO
otHomeHus 1o Jlbwoucy.

OcHoBHas 1IPUYKMHA BO3HUKHOBEHUS PACCMaTPUBAEMOTO SIBIIEHUS 3aK-
JIFOYAETCS B TOM, YTO B allllapate, NpefHa3HAYEHHOM AJISl OCYECTBIICHUS
[IPOLIECCOB OXJIKIEHUS BO3AYXa M €70 OCYINKH, BOHUKAIOT MHbIE, Kade-
CTBEHHO OTJIMYHBbIE 1poiiecchl. Bo BpeMsi 0XTaxkaeHHUs ¥ OCYIIKH BO3AyXa
MIPOUCXOAUT IIEPEHOC TellIa ¥ BENIECTBA B OHOM HAIIPABJIEHUH — OT BO3-
nyxa K Boze. Ho 3To HatlpaBieHue, Kak Mbl BU€/IM, COXPAHSETCS A0 TeX
Top, 110Ka TEMHEPATypa TOBEPXHOCTH BO/bl He IIPEBBIIIAET TEMIIEPATYPbI
TOYKH POCHI BO3/lyXa, [10CJI€ YETO SIBJIEHHE KayeCTBEHHO BUAOU3MEHSET-
cs1. I1pu 3TOM 11polLIecce TIepeHoca TEIIa IPOJOJIXKAETCS B IIPEXKHEM HallpaB-
JIEHWH, a NIepEHOC BENIeCTBA IIPOUCXOAUAT B APYTOM — OT BOJBI K BO3AYXY.

B anmnapartax KOHAUIIMOHMPOBaHHS BO3YXa CO3AKTCS YCIIOBHUS, KOT-
7ia 4aCTh BOZbI, IOCTYMAOLIEH B allapaT, 06pasyeT OBEPXHOCTD, Ha KO-
TOPO¥ M3MEHSIETCS HAlIPaBJIEHHUE [lepEHOCa BOJISIHOTO 11apa, B pe3yJIbTaTte
4ero Ha OCHOBHOM YacTU IIOBEPXHOCTH TEILIO U BOASIHOM map IepefaoT-
cs1 Bo3ayxom Boze. Ha HekoTOpoii ke YacTH TIOBEPXHOCTH TEILIO 1IEPEHO-
CHTCS B IIPEXKHEM HAIIPaBIeHUHM, 2 BOASIHOU nap — B 00paTHOM (McIIapsi-
€TCd, a He KOHAEHCUPYeTCs).

148



IIpoueccot u annapamot xoRGuyUOHUPOBaHUS 6030YXa

OueHb X0pOIIO 3TO MOXHO HaOm0AaTh B (POPCYHOUHOM KaMepe, Tie
Boja pasbpoi3ruBaercd $HopcyHKkaMu ¢ o6pa3oBaHHEM Kallelb Pa3HbIX
pa3MepoB. Mebuaiimue KaneabKy BecbMa ObICTPO eperpeBaTcs U €o-
371210T IIOBEPXHOCTD HCIIapeHust. IIOBEPXHOCTD UCapeHrs MOXeT 00pa-
30BBIBATBHCA 32 CYET TAaKUX YYACTKOB IIOBEPXHOCTEH orpajkaeHui amma-
paTa, Ha KOTOpble BO/a MONAAAET IMU30AUIECCKH (CIIOPATUYECKH ).

Haxowern, cyniecTByer u TpeTuit MyTh o0pa3oBaHMsl paccMaTpy-
BaeMOi NOBEPXHOCTH, 0 KOTOPOM YIIOMHHAJOCh Bbline. Ilpu oMbiBa-
HUU BO3[yXOM [IBIKylecd [LJIEHKU BOABI 1I0Jy4ai0T BOJHOOGpa3Hoe
JBUIKEHHE, YTO IIPUBOAUT K CPbIBY MeJbUalfIiNX YaCTUYEK BOJBI C N0~
BEPXHOCTH, DTH YaCTHUYKHU IIPAKTUYECKU MTHOBEHHO IPHOODETAT
TEMIEPATYPY CMOYEHHOTO TEPMOMETPA U NOJHOCTBIO UCIAPSIOTCS B
BO3IYX.

Wrak, B annapatax KOHAUUMOHMNPOBAHUS, [IpEfHA3HAYEHHBIX /IS OX-~
JIAKAECHUS ¥ OCYIIKHU BO3yXa, BOSHUKAIOT /{Ba KaY€CTBEHHO Pa3JTUYHbIX
BU/Ia II0BEPXHOCTH TelIO- U Maccoobmena. IloBepxHocTb 1-ro Buza F,
ofeciieynBaeT [POTEKaHHE OCHOBHOTO [IPOIIECCA OXJIAKACHUS U OCYIIKH
Bo3ayxa. Jlsa nmopepxHocTu 2-ro Buzia F, XapakTepeH HHOM IPoLecc: OX-
JIAKAEHWE U yBIaKHEHUE BO3LyXa.

Bo Bcex cirydasix TeMIiepaTypa Bojbl, 06pasyIole [I0BepXHOCTb 2-T0
BUZA, JOCTHTAET IIpe/eIbHOTO 3HaUeHN 1, PABHOTO TEMIIEPaType MOKPOTo
TEepMOMeETDA.

Ananus ocob6eHHOCTel 11pOoTeKaHus IIPOLECCOB TEIUIO- U MaccoobMe-
Ha B YCJOBMAX Pa3fBOEHHUs IIOBEPXHOCTU KOHTAKTA II03BOJIMJI HaliTu
($akTOpBI, OlIpeAeAionHe 3HayeHre KPUTepusi cosepiuieHcTBa. Oxa-
3aJI0Ch, YTO 3TOT KPUTEPHUil 3aBUCUT OT TeMIlepaTypHOro ¢axkropa

t -t
T, =4

U YAEJBHOTO pacxoza Boabl (koadduuuedTa opomeHns)
4 —t)KH

u: § = f (T, p). Ilpu atom yem Gosbiue pasHOCTD £, — ¢, W yAEAbHBIHA
Pacxoz BOZibl, TEM B O0IIEM CITydyae TpyAHee BOZHUKHYTh IIPOLECCY Mac-
coo6Mena o6paTHOTO 3HaKa U TeM Giuxke BesuyuHa £ K 1.

Il pacuyeta annapaToB KOHAMLIIMOHUPOBAHUSA BO3AYXa C IIPHMEHe-
HMEM MeTOZOB, OCHOBAHHbIX Ha YMCJIaX eJUHUIL IIePEHOCA, UCTIONb3YIOT-
cs 3aucumocti NTU , NTU, u € ot dhakTOpOB, Onpenessionux ruApOIu-
HaMMYECKYI0 M TEPMOAMHAMUYECKYI0 OOCTAHOBKY IIpolecca TeIvo- U
MaccoobmeHa. B unciio aTux GakTopoB MOTYT BXOZUTH PACCMOTPEHHbBIE
B IIpebiaynieM laparpade KpUTEPUH, U TOT/IA PACYETHBIE 3aBUCUMOCTH
npuobperanT 0606LIeHHbIA XapaKTep, HO MOTYT MCIIOJb30BaThCA M Ta-
KHe NapaMeTpbl, KAK OTHOCHTEJbHAsI CKOPOCTh ABUMXKEHHS BO3/YXa U
YAENbHBIH PacXo BOAbI, U TOTAA pacyeTHbIe 3aBUCUMOCTH HOCAT 4acT-
HBI# XapakTep.
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Ihaea 4

§ 4.7. MeTtoap NOAyYeHHA PACUETHHX 3aBHCHMOCTEI,
OCHOBaHHbie Ha PEACTaBIeHHAX 00 HAeATbHOM npouecce

Bo Bcex MeTozax, OCHOBaHHBIX Ha TIPEACTABAEHUSAX 00 MAEAIBHOM IIPO-
1ecce, UCHoab3yloTcs 1octpoenus Ha I — d guarpamme. [lostomy 3Ti
METO/bl MOXHO Ha3BaTb rpad)0aHaTUTHIECKUMU.

B ocHoBy rpagoaHanMTHYECKUX METOJOB I10JIOXKEH II0Jy4eHHbIH B
§ 4.4 BBIBOJ, CIIPAaBEJIMBBIA I BCEX NIOJMTPOIHBIX IpoLeccoB obpa-
60TKM BO3AyXa BO/IOI. B COOTBETCTBHM € 3TUM BBIBOZOM IIPONECC B3au-
MOIEMCTBUSA BO3yXa M BOAbI n300paxaercs Ha I — d auarpamMme npsiMoit
JIMHUEMH, IPOBEAEHHOM U3 TOUKHM Ha4aJbHOTO COCTOSIHMS BO3yXa K TOY-
K€, XapaKTepHu3yiolieil KOHeYHOe COCTOSTHHE BOJBL.

B kauecTBe MjeasbHOro npolecca MPUHUMAETCSI TAKOH pe3yJbTaT
06paboTKM Bo3yXa, IpH KOTOPOM KOHEYHOE €r0 COCTOSTHUE COBIIAJAET C
IIapaMeTpaMy BO3/yXa, HAXOAAIIETOCs B TOHKOH IJIeHKe Hajl IIOBEPXHO-
CTbIO BOzibl. VIHaye roBopsi, IIpeAIosIaraercsi, YTo B UAE€abHOM IIpoLecce
BO3/yX, IOKMAAIONIMI anmapar Mocjie TEMIOBJaXHOCTHOH o0paboTKy,
UMeeT TEMIIEPATYPY, PaBHYI0 KOHEYHOH TeMIlepaType BOZbl, U OTHOCH-
TEJIBHYIO BJIaXHOCTDb, paBHylo 1 (wiu 100%).

Ecnu nipeniionoxuTs, Kak 310 Mbl fesaiu B § 4.4, 4To peanbHblii 11po-
1IECC HalIpaBJIeH Ha KOHEYHYIO TEMIIEPATYPY BOJBI, TO [Isi IIPOU3BO/ICTBA

pacyeToB annapaToB HYXHO

OIIpEeAEUTb TOYKY KOHEYHOTO

e L] A COCTOSIHHS BO3AyXa HA JIMHUHU

AR (puc. 4.13). [Ina Haxoxne-

HUS 3TOM TOUKH HeoOXOAUMO

¢ b MMETDH 110Ka3aTesIb, BbIsIBJIECH-

- HBIN U3 IKCIIEpUMEHTANbHbIX

¢, /] <’ X uccaenoaduit. TakuM 1okasa-

N A b N TejleM OOBIYHO CJIYKUT KO3(-

dbunuent adppexkTuBHoctu E,

X nokassiBaomuil (puc. 4.13),

q o KaK [ajieko Ha 1uHuu AR T0Y-

5 Ka KOHEYHOTO COCTOSIHMS BO3-

> AiyXa B peallbHOM Tpoilecce

(1. B) orcTouT OT TOUKH R, Xa-

PaKTEpPU3YIOIEH TO K€ COCTO-
sIHME B UACATIbHOM IIpOliecce.

CnegoBaTeabHoO, ecau Ha-
MpaBJICHUSl UAEANbHOTO U pe-
AR — mieansupiii npoecc; aJpHOro npoueccos Ha I — d

AB — peanbHIit mpowecc auarpaMMe COBIIagaloT, A1 Ha-

Puc. 4.13. TlocTpoenue peanbHOro
npolecca Npy YCJIOBHH COBRa/leHUs
€T0 HarpapJieHHs ¢ HJeaTbHBIM:
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Ipoyeccot u annapamow konduyuoHUposanus 6030yxa

XOX/ICHUSI TOYKH KOHEYHOTO COCTOSIHMST AOCTATOYHO MMETh OJIUH KO3(-
dumenT 5PPeKTHBHOCTH, KOTOPEIM MOXKET OBITH OHO U3 CJAEAYIOUIMX
OTHOINEHHUI:

_AB_ 11—12 _ di—d2 . (475)

AR Li-1, d,-d

KK

Hetpyano Buzets, uto koaddunment shpekTuBHOCTH NpeACTaBs-
eT coboil OTHOILIEHHe KOMMYECTBA TEJIa MW BJIary, nepeJaBaeMblx Bo3-
AYXOM BOJie B PEaJbHOM Mpolecce, K MaKCUMaIbHO BO3MOXKHOMY KOJIU-
YecTBY TellIa WJIM BJard, KOTOpble MOTYT OBITh NMepeianbl B UACATBHOM
npoiiecce.

JIunun I= const u ¢' = const npakTiuuecku coBnagawr. Kpome toro,
B /IManadoHe CPaBHUTENBHO HEOOIBIINX M3MEHEHHMH MapaMeTpoB BO3-
Ayxa, KoTopbie 0OBIYHO HMEIOT MECTO B YCTAaHOBKAX KOHAWIIMOHMPOBA-
HUSI, SHTANBIMA BO3yXa YMCIEHHO MOXET OBITh BRIPaXKeHa YEPE3 TEM-
nepaTypy CMOYE€HHOTO TePMOMETPa, IpHYeM oKa3riBaetcst, uto I=0,7¢'.
IMoatomy kxoadpuiument sppexTnBHOCTH E MOXeT ObITh IpeiCTaBIeH
M KaK OTHOIlleHHe pa3HoCTel TeMIlepaTyp Bo3zyXa 10 CMOYEHHOMY Tep-
MoMeTpy (B HAEANBHOM Npoliecce TeMilepaTypa Bo3lyXa o CMOYEHHO-
My T€PMOMETpPY B KOHEYHOM COCTOSIHMM DaBHa KOHEYHOH TeMIlepaType
BOABI L, ):

Sttt (4.76)
tl =Lk

A. A. Toromun u E. E. Kapnuc npeaioxun/in WHOe BBIpaXKEHHE AJIsI
Koaduiventa 3pheKTUBHOCTH:

E=1_f§_ﬁk_. (4.77)
U~ lun

Ouanuecknii CMbICT 3TOTO COOTHOMIEHHS JIy4Yllle YCTAHOBUTH, €CJIH
npenactasuth E B Apyrom Buje:

E= (ti —t; )+ (txclc e ) . (4.773)
t—t

XH

W3 puc. 4.13 crenyer, yTo cyMMa pasHOCTel TeMnepaTyp PealbHOTO
fpolecca, CTosIas B YuCaKuTee, IpeBpailaeTcs B HealbHOM Mpolecce
B PasHOCTb £~ {,_, T. €. B 3HaMeHaTeb. B ciryyae annabaTHoro yBaxHe-
HHUS BO3/[yXa HallpaBJIEHHKeE TIPOLiecca COBNAaeT ¢ M309HTaIbNOM. [1oaTo-
My B KauecTBe Koa¢puuuenta 3pGeKTHBHOCTH NPHMEHSIETCS OTHOIIe-

HMe TIepenajia TeMIepaTyp BO3Ayxa Mo CyXoMy TePMOMETPY B PEJIbBHOM
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1poliecce K 1pe/ieJbHO BO3MOXKHOMY II€penaay 3Tux TeMieparyp, A0CTH-

ti—t
raeMoMy B MeaibHOM Hpouecce (Korxat,=t, =t/), T.e. E= t‘—t—",’
1=4
BbruuTast u pu6aBasis B UUCAUTENE &, IOTyHaeM
ty—t]
Foqfemti (4.78)

t -t

Jlns1 ipolieccoB M30TEPMHOrO YBIAKHEHHUS BO3/yXa U YBIaXHEHUS C
narpesanveM E. E. Kapnnc npeanoxun cnenyiollee BrpaxeHHe Koag-
¢dunmenra adpexTHBHOCTH (anasoruynoe 4.77):

Foy lul (4.776)
t)[(H —t;

YTo6 Bl IPON3BECTH PACYETHI AMNAPATOB KOHANIIHOHUPOBAHN BO3-
ayxa ¢ noMmombslo kodddunnentoB sapgexTnBHOCTH E, HY>XHO MOMy-
YUTHh 3aBUCHMOCTH NOCHEJHUX OT XapaKTePUCTHK anIapaToB M Iipo-
MCXOASIINX B HUX MpoileccoB (I (OPCYHOUHHIX KaMep, HallpUMeD,

Halifienbl 3aBucuMoctn E ot ya,
W, 4Ucsia psaaoB (PopCyHOK, AaB-

/e . J/ P JIeHUs BOJbI NepeXl GOpCyHKa-
MU, AnaMeTpa comia ¢opcy-
HOK).

) Onnako Bce METOJBI pacyeTa,
] 4 OCHOBaHHEIE HA HCTIOJIb30BAaHUHU
I~ oxHoro koadduimenta spdex-
TUBHOCTH W MCXOJs1INe W3 NpeN-
ty ™~ TI0JI0KeHHs, YTO UIEATLHBII 1 pe-
”\ aJIBHBIA TPOLIECCH] COBNA/AIOT I10
O HanpaBJeHUIO (HanpaBieHb HA
\\< 4, 44 KOHEYHYIO TEMIIEPATYPy BOJHI),
~ 00naa10T CyIECTBEHHEIM Hefo-
‘\K CTaTKOM, TaK KaK He YYUTHIBAIOT
OTKJIOHEHHWS] IUHUHU PeajbHOTO

rpoiiecca.
Puc. 4.14. Tloctpoenne peaasHOro JIunus peansHOro npouecca
TPOLIECCA C YIETOM OTKIOHEHHs! HanpapJieHa He TOYHO HA KOHeY-
€ro HanpaBJieHUsd OT WIEeaJbHOro: HYIO TeMIlepaTypy Boasl. st ox-
AR - uneanbhbiit npotiecc; AB - peanpnpit  JIAXKAEHNWS M OCYIIKH BO3/lyXa OHA
nporece 00BIYHO OTKJOHSETCS BIIPaBo,
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T. €. B CTOPOHY HEKOTODPOTO yBAaXHEHUst BO3AyXa 10 CPABHEHUIO C M]ie-
aJbHbIM NporieccoM. JIunus AB na puc. 4.14 u3obpaskaeT peasibHBIii I1po-
1ecc. YKaxeM, 9TO JIMHWH MeaJIbHOrO H PeasIbHOTO NIPOIECCOB COBMA-
JalOT 110 HANIPaBJICHHUIO JIMIIE /71 aAHabaTHOro YBIasKHEHHS M [I03TOMY
B JaHHOM CJTy4Yae JOCTaTOYHO UCMOJb30BaTh B pacyeTe OZHY 3aBUCH-
MocTb (4.78). Bo Bcex ocTanbHBIX cyyasx KpoMe KoadunuenTa 3¢-
(exTUBHOCTH, OLIEHUBAIOLIETO PEAIHEIH Mpoliecc 06paboTKH BO3myXa
110 TeN1006MeHY M SIBASIOUETOCS O3TOMY KOJMYECTBEHHBIM T0OKa3a-
TeJIeM Ipolecca, HeoOX0AUMO BBOIMTh JONOTHUTENbHBIH KOd(D UIIU-
€HT, MO3BOJSAIONIMA OLIEeHUBATh OTKJIOHEHHe, MJIU KayeCTBEHHYIO CTO-
pOHY.

Taxoi#i koadpuimenT HaMu Ha3BaH KoadpHLHEeHTOM 3DPEeKTHBHO-
cTH Iporiecca 06paboTKy BO3/yXa 110 HANpaBieHU1o. JI7is1 NoJyYeHus co-
OTBETCTBYIOLIle}] 3aBUCUMOCTH MOKHO MCIIONB30BaTh OTHOLIEHHE YIJIO-
BBIX KO3((PHUIIMEHTOB peasIbHOTO ¥ WeaJIbHOIO MpPOIECCOB:

Ee=8_P=AIP/AdP=11—I2 .di_dx(lc=Ed1_d>[<K . (479)
€y AIn/Adn I—Imc di_d2 dl—d2
di —dmc 1
3aecs ——= He paBHO —, Kak 310 cjenyet u3 dhopmynst (4.75),
dl "d2 E

crpaBel/IMBoH st ocTpoenust puc. 4.13, no He puc. 4.14.

[ns Tex Ke 1eJieil MOXKHO UCIIOJIb30BaTh OTHOIEHNe Koa(Pduinen-
TOB BJIarOBBINAJAHUA B PeaibHOM M WIeaTbHOM Mpoleccax U MOJyYnTh
UHOe BhIpaxKeHHe 17151 KoaduienTa 3(p(heKTHBHOCTH 10 HaNpaBICHUIO:

_;E.b_p:(Il—IZ)C;J(ti-t)KK): tl—txﬂc . (480)
& ¢t -t)Ui L)  t-ty
HaKOHeH, cJielyeT IIpUBECTH BbIpaXXeHHE JIJIs1 YHUBEPCAJIBHOT'O KO3(1)'

¢dunnenta s dexTuBHOCTH, Npenaoxennoro E. E. KapnucoM u Beinon-
HSIIOUIETO Ty Xe poJib, uto E u E:

E,

’
p=1-27 (4.81)

t -t
EcrectBenHo, 4To AJis IPOM3BOACTBA PACYETOB aNapaToB KOHAUIIHN-
OHMPOBAHHs BO3/IyXa 3HAUEHHsI MPHBEIEHHBIX K03dPHiinenToB adpex-
TMBHOCTH E,, Eé u E'nosxnel ObITh OAy4YeHBl B 3aBUCUMOCTH OT TeX XKe
BesuKH, uTo U E. O6p14n0 yKa3aHHbIE 3aBUCHMOCTH B METOZAX C HCIIONb-
30BaHMeM K03(pduIHenToB 3 HEKTUBHOCTH HOCAT YACTHBIM XapakTep,
OHH NMPUMEHKMEI /IJIf anfapaTa KOHKPETHOTO THIa W AJisA GoJiee WIH Me-

Hee oflpeJIe/IeHHbIX YCJIOBMIA Ipollecca.
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B 3axmouenue sToro naparpa(ba YKaXeM Ha BO3BMOXHOCTb YTOUHSTD
HallpaBJICHHUE IIpOIIECCa Ha I1-d AruarpaMMe C IIOMO1UIbIO BEJIHYUHBI KDU-
TEPHUs1 COBEPILEHCTBA Npoliecca.

§ 4.8. DopcyHounbie kamMepsl

I3 Bcex CyliecTBYIOUIMX annapaToB KOHTaKTHOTO THIA IS TETJIOBIIAXK-
HOCTHOH 06paboTKH Bo3jyxa HaubGoJIblee pacipocTpaHeHHe B HACTOsIIee
BpeMs ONYy4YHIH (POPCYHOUHBlE OPOCHTEIbHbIE (MM IPOMbIBHEIE) Ka-
Mepbl. Ha ocnoBe aTix kamep B CoBeTckom Coroae BBINYCKAIOTCS 11€HT-
paJibHble KOHAMITMOHEPBI pa3iuyYHOli Npou3BoanTexbrocTH (oT 10 10
240 Thic. M3/uac), MIMPOKO PUMEHsIEMbIE B IPAXIAHCKOM M TIPOMBIIIJIEH-
HOM CTPOMTEJIECTBE, & TAKKE B CNEIIHAIIBHOM cTponTesibcTBe MO.
IIpunnunuansHasa cxeMa (OPCYHOUHOH KaMepsl IpelcTaBjeHa Ha
pHc. 4.15, a cxeMaTuyeckoe U3oOpakeHUe KOHCTPYKIUH KaMephl JaHO
Ha pHc. 4.16. Boaayx, nocrynalouimii B KaMepy 110 CTpeJike A, BCTpedaeT B
OpOCHUTENIBHOM NPOCTpaHCTBe 7 KAl BOAbl, pa3bpbiaruBaeMoit hopcyH-
kaMu 8. DopcyHKK yKpeneHH Ha cTosikax 2. Boza k cTosikaM mopaetcst
1eHTpo6eXXHBIM HacocoM 6. B 3aBucHMocTH oT nporecca 06paboTku Boxa

8 !
] Dty
? k/f{ > / f ?
~N s / T
= <= | & =T
SRS
- ———
mn Y U1 P
J —
\J
]
ranam/soqu \<
unu K Tengduns- 6 ‘a’,’nﬁ%ﬂ’fzﬂ”
HOU MOWLHE MOUrune

Puc, 4.15. [Ipuniunnanpias cxeMa GOPCYHOYHOH KaMephl: A — BXOJ BO3AyXa;
B - Boixos 06pa6oTaHHOrO Bo3myxa:
1 — opocuTesbHOe IPOCTPAHCTBO; 2 — TPYOHBIE cTOAKM; 3 ~ BXOXHOM cemapaTop;
4 ~ nonzon; 5 — GUABTP ATA OYMCTKH BOABL; 6 — LIEHTPOGEXHBII Hacoc;
7 — BhIXOAHOM cenapaTop; 8 — 1eHTpobexHble GopCyHKH
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B KaMepy MOXET IOCTYNATh C MOCTOSHHOM TeMIEPaTypPOil W3 apTe3HaHC-
KoM CKBaXXWHHI, BOAONPOBOJA MK TIOCJIE OXJAXK/IEHHMS B XOJIO[H/IbHBIX
matnHax. Boaa MoXeT pertMpKyIMpoBaTh U 6e3 oXJIakAeHus — TOr/a nocJie
B3aUMOJIEMCTBUS C BO3LYXOM OHa BHOBb 3a0MpaeTCsl HACOCOM M3 MOAAOHA
4. B 3TOM ciryyae Boja 0uMLIAETCA B GUIbTPax 5. ITH GUABTPHL B opcy-
HOYHBIX KaMepaX COBpeMeHHBIX KOHAUIINOHEPOB YCTaHABIMBAIOTCA HENOC-
PeICTBEHHO B Mozyione. UTo6bl NPENOTBPATUTD YHOC TIOTOKOM BO3AyXa
MeJIbuaiiiiX Karnesek Bo/ibl, Ha BLIXOJIe 3 OPOCHTENbHOTO NPOCTPaHCTBA
yCcTaHaBINBaeTCs KanjieoTeMTelb UK cenapatop 7. Ha Bxoze B opocn-
TeJIbHOE MPOCTPAHCTBO TAKXe YCTaHABIMBAeTCs cenaparop 3, Ha3HauyeHue
KOTOPOTO 3aK/II0YAETCs B TOM, YTO0bI HCK/TIOYUTE TIONAaHUE Kalle/Th BOJbI
Ha YCTPOMCTBA, YCTAHOBJIEHHbIE JI0 OPOCUTeIbHOH KaMepsl. Kpome Toro,
BXOJHOI cenapatop obeclieunBaeT PaBHOMEPHOCTDb paclpelefieHusi BO3-
AyXa, NOCTYNAIOIIETO B OPOCUTENbHOE IPOCTPAHCTBO.

PaccMOTpHM ocHOBHBIE 3JleMeHTHI (hopcyHOUHO KaMephl (pHc. 4.16).
Kopnyc 1 kamepbt ¥3roTaBaMBaeTCs U3 CTaAbHBIX JIMCTOB TOJHIMHON 1—
2 MM, COelMHsIeMBIX MeXay coboil Ha ¢uianax. PeGpamMu sxxecTkocTH
cayxat yroaku 30x30x4 mm. Ilonnon 4 kaMmepsl JesiaeTcst U3 TUCTOBOH
crasu TouHoi 3—4 Mm. B xopnyce ¢opcyHouHOH KaMepsl UMeeTCst

Puc. 4.16. KoHctpykuns GhopcyHOYHOH KaMephl:

1 ~ Kopryc KaMepbl; 2 — TepMeTHYeCKas Bepb; 3 — NPUCOEANHHTeIbHblE NaTpy6Kis;
4 - oANoN; 5 ~ UL A OYUCTKH BOZbY; 6 ~ neHTpobexHble GopcynKy;
7 — TpyOnble CTOAKH

155



I'nasa 4

repMeTHiecKasi Bepb 2 cO CMOTPOBEIM OKHOM, Yepe3 KOTOPYIO ocyIe-
CTBJIAETCS IOCTYH K OPOCUTENBHOMY IIpocTpancTBy. K outony kamepsl
[pHCOEIUHSIOTCA MaTpyOKK 3 1715 TOABOAA W OTBOZA BOJIBL.

B opocHTensHOM IIPOCTPAHCTBE PasMENIAIOTCS PSIIBI CTOSIKOB U3 TpYO 7
nuametpoM 50 mm, CTYKAIIMX JUIS KPEILTeHHS 1IeHTPoGexHbIX (POpCYHOK 6.

ITo xosMuecTBY pSILOB CTOSIKOB, PACTIONIOXKEHHBIX B (DOPCYHOYHOI
KaMepe, pa3JiMyaloT KaMephl ABYXpsiiHble U Tpexpsiauble. Ha kaxaoM
cTosIKe [eHTpodexHble (POPCYHKH MOHTHPYIOTCS B MIAXMATHOM HOPSIKE
(puc. 4.17) na paccrossuum Apyr ot apyra ot 200 o 450 mm. B TUNOBBIX
(hopCYyHOUHBIX KaMepax MJIOTHOCTh PaclosoKeHus: (GopcyHok — 18 u
24 mt. Ha 1 M? nonepeyHoro cedeHus Kamepsl. Boixoinol U BxoiHoI ce-
HapaTophl B TUHOBBIX (POPCYHOUHBIX KaMepax NPUMEHSIOTCS] HHEPITMOH-
HOTO THIIa ¥ [IPECTABAIOT cO00# CTasbHbIE JIUCTDI, yCTAHOBJIEHHBIE TaK,
uT06BI 06Pa30OBHIBATH H3BUAUCTHIE MPpoXo/nl (puc. 4.18). Kariu, oceBmme
Ha MOBEPXHOCTSAX NUCTOB, COCTABIAIONIAX
ceraparop, CTEKaioT B OJIOH.

HenTpobexusle GOPCYHKH, NCTIONIB3Y-
eMble 171 Pachbljia BOABI B KaMepaX, Mo-
ryT ObITh HECKONBbKMX THIIOB (pHC. 4.19).
B nacrositee Bpems npumensieTcs 1outn
- B=10)- HCKJIIOYUTENBHO yraoBas ¢hopcynka Hayy-
HO-UCCJIEI0OBATENbCKOTO MHCTUTYTA CAHM-
TapHOU TEXHUKHU.
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Puc. 4.17. Crosik
C ueHTPobeRHHMH Puc. 4.18. Cenapatop U3 cTaJbHBIX JUCTOB:

QJOPCyHKaMI/I 1 — nnacTHHBL 2 — Hecywlast IVIaHKa; 3 — WTHIpU
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Puc. 4.19. Tuns neHTpobexHbIX POPCYHOK:

a — IpAMOTOYHAsT; 6 — yrjioBast:
1 — Kopryc; 2 — KpbliiKa; 3 — BKJAaAbill

JlaBenune Bojsl nepes GopcyHKaMM HazHayaeTcs TeM OoJiblle, YeM
MeJibye JOJIKHBI OBITh KM, KOTOpble HEOOX0MMO [I0TyYUTD B Pe3YJib-

tare Apobienns Boxsl. Beu-
YHMHA JaBJIEHUsI MOXKET KoJie-
GaTbcs B mpegenax oT 0,5 mo
4 amm. Yaie Bcero B THIIO-
BBIX KaMepax JaBJieHHe CO-
crapasieT 1,5-2,0 amm.
IIpunuun paGoTs! UEHT-
pobexnoit GopCyHKH 3aK-
JI0YAEeTCS B CHeAYIOLeM.
Bopaa, noctynuBmas B no-
nocTh (OPCYHKM IO Kaca-
TeJbHON K BHyTpeHHell un-
JIMHAPUYECKO TOBEPXHOCTH,
npuobpeTaeT BpaliaTeNbHOE
IBWKEHWNE M BBIXOAUT U3 OT-
BepcTus (WK COMa) B BHIe
nosuoro Konyca (puc. 4.20).
Konyc obpazoBan Bpauaio-
Hiefcst 11enkoil BOAHI, [IPH
3TOM TOJII[MHA NJEHKHN IO

/i
"~

Puc. 4.20. CxeMa pacnblieHHst BOJBI
B 1ieHTpobexcHoit hopcyHke:
1 — kopnyc dopeynky; 2 — obnacts ApobieRHs
IUIHKH Ha Kariy; 3 — BOAsARAst IJIEHKa;
4 - tpy6a; 5 — obnactb BUXpeoHpasHOro
IBKOKEHUs BOAbI, 6 — BO3LYLIHBIH BUXDb
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Mepe pacuiMpeHusi Konyca 6sicTpo y6niBaer. Ha BecbMa MasioM paccros-
HHHU OT BBIXOAHOTO oTBepcTHA (Ccomna) GOpCYHKHU IVIEHKA pa3phiBaeTcst
Ha KaIlJId pa3/IMYHbIX pa3MepOB.

Crnenyer 3aMeTHTh, 4TO He BCe CeueHHe COMNJia 3all0JIHEHO BEIXOAS-
ureit n3 popcynku Bogoii. LleHTpanbsHyIo YacTh 3TOrO ceyeHUs 3aHUMaeT
BO3/(yIIHEIH BUXDb, IPOHUKAIONMI BHYTPb OJIOCTH (POPCYHKH.

Teopust aBHKEHHUS MeaIbHOM JKUAKOCTH B IIEHTPoOesxHOi hopcynke
Obiia coznana I H. A6pamoBuyeM. Ona mosyyusia fajibHeillnee pa3Bu-

THe U yTOYHEHHe B paboTax psaa

~ COBETCKMX U 3apy6OeKHBIX YUEHBIX.

i\ i HeobGxoauMo ykasaTs, 4TO
!
|
|
f
|

npobyeMa pacnbljia pa3JAMYHBIX
XKUAKocTeN popcyHKaMu HHTepe-
CyeT MccliefioBaTesiei, 3aHSTHIX B
CaMBIX Pa3JIMYHBIX 06JIACTAX TeX-
HUKH: B TETUIOOHEPTETHKE, PAKETO-
CTPOEHUH, XUMUYECKOH TEXHOJIO-
THH, BoenHoH XxuMuu. BecsMa
[IOJIHO 3aKOHOMEPHOCTH, CBSI3an-
HBIE ¢ APOONEHUEM SKUAKOCTH Ha
KalUii B LeHTPOOEeXHbIX (OPCYH-
a o 05 4 [:/l,’,, KaX, oCBelleHbl B pabore KoJuiek-
Puc. 4.21. Pacnpesenenue pacxofa  THBa aBTopoB Bo riaBe ¢ M. U. Ta-
BOJIbl B ceyeHHH (akesa pacIblia neeBeIM [22].

LEeHTPOGEXKHOA POPCYHKH Haun6onee BaXHBIMA XapakTe-
PUCTHKaMM HeHTpoGexHoi ¢op-
CYHKH SBJIAIOTCS: €€ MPOM3BOAUTENBHOCTh (MM pacxof pa3bpblariuBae-
Moii Boasl) B kI /uac (WM n/uac), pacnpelleieHHe pacxoAa BoJbl MO
cedeHN10 (hakesa M N0 pa3MepaM Kamesb (WIH AUCIEPCHOCTD PAcibLia).
IIpoussoxuTenbHOCTS (g, B kI /4ac) nenTpobexHoit yrioBoii Gopcyn-

ku HU W canutapHOil TEXHUKH MOKET ONpeAeNsAThCs 1o hopMyJie

&x =38,5d8 P08 (4.82)

rae d — nuamerp comnna, my; P — masnenne Boxsl nepen dopcyn-
KOH, amu.

Pacnpenenenune pacxona BoAsl B cedeHUM (haKesa paciblia HA OC-
HOBAHMM HAIIMX MCCJIEAOBAaHMNA MOXeT ObITh OlleHeHOo Mo rpaduKam
puc. 4.21. Ha s3Tux rpadmkax no ocu abcuucc oTI0XKeHbl OTHOCUTEIb-
HBIE PACCTOSHUSA OT ocH (haxena pacnuinal /I (I — paccrosinue or mioc-
KOCTH CoILIa )OPCYHKH [0 IJIOCKOCTH paccMaTpHBaeMoro ceyenus da-
KeJa pacmsuia; [ — paccrosinne oT ocH (hakesa 0 pacCMaTpUBAEMOi
TOUKM), [0 OCH OPAMHAT — OTHOCHTE/IbHbIe PACXO/HI g, /8., (8, — pacxon

!
{
|
|
i
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BOZIBI B IaHHOH TOYKe (hakesia paciblia; &, — CPEIHHI1 10 CEYEHHIO da-
KeJIa pacxoj{ BOJHI).

W3 paccMoTpenus rpaduKoB puc. 4.21 BUAHO, YTO pacxoy BOAH B
(bakene pacnpeaensiercs BecbMa HepasHoMepHo. Hanboasiee konmnue-
CTBO BOJBI Hab/MIOKaeTCsl Ha OTHOCHTeNbHOM paccTostnuu 0,33-0,5 ot
ocy ¢akesa pacibiyia, rue oHo npuMepHo B 10 pa3 npeBHIIaeT pacxof
BOJIBI IO OCH.

HAncnepcHOCTs OGBIYHO OLIEHWBAETCS CPEIXHHUM [HAMETPOM Kallejb
pa36pm3ruBaeM0ﬁ BOJ(bI, KOTOPbI MOXeT ObITh ONpeesie Mo OAHON U3
[IPUBOJAMMBIX HUXE (HOPMYJL:

cpeaneapuMeTUUYeCKH HaMeTp — HO (hopMyne

2 n;d;
dy =S (4.83)
CpEeHEMACCOBBIH AuaMeTp — 1o GopMyJie
d= 2.8 (4.84)
G)K

Cpennuii anamerp o 3ayTepy — 5T0 pa3Mep KaillH, OTHoOLIeHHe 06be-
Ma KOTOpOif K ee IIOBEPXHOCTH PaBHO OTHOLIEHMIO CyMMapHOTO obbeMa
BCEX KaneJb K NX NOBEPXHOCTH:

3
d, = Z% , (4.85)
Z”i i

e n,— YMCTIO Kanesb, MMEIOIINX HaMeTp d,;

N — cyMMapHO€ YHCIIo BCeX Kanels;

G, — BeC BCEX KamneJb.

Hcnons3yioT Takxe Tak Ha3bIBaeMbIH MeJUaHHBIH JuaMeTp, T. €. Ta-
KO}, KOTOPEII AeauT Bech 06beM (MJIM Maccy) BOJIbI Ha J{Be DaBHBIE Yac-
TH. B 0/1Hy YacTh BXOAAT KAIjm, JUaMeTp KOTOPHIX MeHbllie MeJMaHHOTO,
a BO BTODYIO — KaILTH ¢ iHaMeTpoM G0Jiblile Me{UaHHOTO.

Yaire apyrux npumensiercst gopmyna (4.84), ¢ moMoubio KoTopoit
oIpelieisIeTCA CPeHEMACCOBEI AuaMeTp Kaienb. OmHaKo AJisi NOJHON
OIIEHKH JIMCIEPCHOCTH HEJOCTATOYHO 3HATh TOJBKO CPeAHMI JnaMeTp
KaIlJIM, TaK KaK IPY OHOM H TOM Ke CDe/lHEM JinaMeTpe BO3MOXKHO pas-
JIMYHOE pacrpesieienHe Kaneb 1o pa3Mepam. ITo paciipeaesienye obbrd-
HO YCTaHaBJIUBAETCS C OMOUIbIO PA3INYHBIX SIMIMPUYECKUX POPMYJL
Tax, nanpuMep, ec/in UCIIOABL3YETCsI CPEAHEMACCOBBII JHaMeTp, ITHPOKO
npuMeHnsiercst popmyia
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R, = (14 L)% 1, (4.86)
md

rae R, — BecoBast 07151 BOJIBI, COCTOSIIASA M3 Karle/lb, Pa3Mepbl KOTo-
psix 6ospme d, ;
m — SMIIMpHYecKasl KOHCTAHTa;

. -
Iy 1+; ~ ramma-Pymus; T)= je_tt *dt, npux > 0.
0

Haub6onee Touno pacnpe/ieende Karesxb 10 pasMepaM MOXHO oIlpe-
JIeJIUTh, €CJIM UCXOAUTh U3 JIoTapU(PMHUUECKH-HOPMaJIBHOIO 3aKOHA pac-
HpegeieHns, NMPOKO [IPUMEHAEMOTO B TEODHH BepOsATHOCTEH U B MaTe-
Marudeckoi cratuctuke. [Ipn 5TOM B KayecTBe CpefIHETO TPMHUMAETCS
MeIUaHHbINA AuaMeTp Kamneb.

OT pa3MepoB KafeJib 3aBUCHT XapakTep UX JIBH)KeHUSI B ODOCHTE b~
HOM TIPoCTpaHcTBe POPCYHOUHOM KaMepbl. A Tak KaK Terio- ¥ Maccoob-
MEeH MEX/y KalJisiMH BOJABI U BO3/[yXOM B OCHOBHOM OIIpEAE/SIETCS CKO-
POCTBIO OTHOCUTEIBHOTO JIBUKEHUS BOJBI M BO3/[yxa, TOUYHBIE CBEJICHUS
0 pasMepax Kame/ib HMeIOT BeCbMa 00JIbIIIoe 3HAYEHHE,

He paccMatpuBas noapoOHO XapaKTepa ABHKEHHUs Kallesb PasHBIX
pasMepoB, 3aMeTHM, 4To HabonaeMas B npefiefiax (hOpCyHOUHOI KaMe-
pBl KapTHHA BeCbMa CJIOXKHA, TaK KaK KamJM JBMXKYTCS 110 CaMbIM pas-
JIMYHBIM TPAEKTOPUAM M C PasHbiMu ckopocTsiMu. Heobxomumo noguep-
KHYTb, YTO Ha ABMXeHMNe Gosiee KPYMHBIX Kanejb BOJABl CKOPOCTb
BO3/[yLITHOTO MMOTOKA BJINAET B MEHbIIIeH CTeNIeHN, TaK KaK NX KHHeTHYeC-
Kasl DHeprusi [0CTATOYHO BeauKa. YeM Mesibue Kalliy, TeM B Gosbiieil
CTeNeHN UX ABMXKeHWe 3aBUCUT OT CKOPOCTH BO3AYIIHOTO NOTOKA.

OueHb BaXHOI XapaKTepUCTHKOI, NO3BOJIsIIONIEH OLleHUTD I0Beje-
HHe KalJIM B BO3/lyXe, ABJsieTCA CKOPOCTb BUTaHUs Kaniu. Bo Bcex ciy-
Yasax, Korja CKOPOCTh BUTAHUS MEHBINIE CKOPOCTH JABUAKYIIETOCs B KaMe-
pe BO3IyIHOTO NIOTOKA, Kaljy YHOCATCS BO3JyXOM.

B 1a621. 4.1 npuBoasiTCA 3HAYEHUMs CKOPOCTEH BUTAHWSA B BO3JAYX€ Ka-
I[1e/1b BOZEI B 3aBUCHMOCTH OT UX Pa3MepOB.

Takum 06pa3oM, B TUTIOBBIX (POPCYHOYHBIX KaMepax Mpu CKOPOCTH
ABUXKEHMS BO3Ayxa nopslika 2,5 m/cex BCe KaIlay, AMAMETP KOTOPHIX
Menblie 0,3 MM, yHOCATCA 1OTOKOM Bo3iyxa. OTHOCHTENBHAS Macca Hau-
6oJiee MeIKMX WM MeJbuYaifMX Kareldb UMeeT BecbMa GoJibloe 3HaYe-
HHeE JIJIst OLleHKHU M XapaKTepa MPOoIlecCoB Teio- 1 MaccoobMeHa, mpouc-
XOJAUINX B KaMepe.
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Tabnuya 4.1
CxopocTn BUTaHNs B BO3/IyXe Kanelb BOAbI pA3JIHUYHBIX PA3MEPOB

e

d, um W, , M/cex d, mm w,_, M/cex
0,01 0,47 2 6,62
0,05 1,06 3 8,12
0,10 1,48 4 935
0,20 2,10 5 10,50
0,30 2,57 7 12,40
0,50 3,32 8 13,30
0,80 4,20 9 14,10
1,00 4,70 10 14,80

Ha ocHoBanuy Hamux UccaefoBaHuil draken pacnblia caMoi pacipo-
CTpaHeHHO# YIJI0Boi GOPCYHKH ¢ 1uameTpoM connia d, = 4 u 5 MM Xapak-
TepU3yeTcs AaHHBIMYU, IPUBENEeHHBIMU B Tab. 4.2.

Tabruya 4.2

XapaxTepHCTHKa pacbLIa BoJbl YII0BOi neHTpobexHo# dopcynkoii
(3 % MO OTHOIWIEHHIO K Macce pacnbuIgeMoil Boabl)

Hnametp conna d, Pasmep xanean, mm
u nasaenne P |0,04-0,1/0,12-0,2(0,21-0,3|0,31-0,4(0,41-0,5|6onee 0,5
d =4 mm 2 6,2 8,5 9,6 9.4 64,3
P-20amm
d.=5mm; 0,5 23 4,7 59 6,7 79,9
P-15amm

Kaxk BuayM, oTHOCUTENBHAA Macca MEIbYAHIINX Kalle/Ib CPaBHUTEb-
HO BeJIMKa, IPMY€EM OHa PACTET C yBeJIMYeHeM JaBJieHys M yMeHblIeHH -
€M JuaMeTpa CoILIa.

Ionaras, 4To Kanau, AMaMeTp KOTopuix MeHsbile (0,3 MM, ABIKYTCS B
KaMepe BMeCTe ¢ IOTOKOM BO3/[yXa U MIMEIOT Ty e CKOPOCTh, ONpefenM
BpeMs npeObIBaHMSA ITUX Kalleab B Kamepe (1):

l
T=—, (5.87)
w
rae |- amvHa OpoCUTEeNBHOTO IPOCTPaHCTBA KaMepH, M;
@ — CKOPOCTb JBVIKEHUs BO3AYXa, M/ Cex.
JL71s1 TATIOBBIX KAMeP 3TO BpeMs cocTasiisier npumepHo 1,8/2,5 = 0,72 cex.
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TTockonbKy Mesb4aiiiie Kariy IBUKYTCS BMECTE C BO3AYXOM, MOX-
HO IIOJIAraTh, YTO MPOLECCH TEIJIO- U MaccOOOMEHA MEXY BO3IYXOM H
KaIIsIMA BOZBI MIPOMCXOAAT B 0OCTAaHOBKE €CTECTBEHHONW KOHBEKLUH.
CaenoBatenbHo, K03bUIUEHTb TEPEHOCA TOKHBI OTIPEAEIATbCA U3
KpHuTepHaibHbX ypaBHeHuit Buna Nu = f (Ar, Pr) wiu Nu = f (Gr, Pr).
U3 uncna takux ypaBHeHuit, IMEIOINXCS B ony0IMKOBaHHBIX pabotax,
B HauboJblelt cTeneHn A7 PACCMaTPUBAEMBIX YCI0BUH moaxoast ¢op-
MyJibl, monyyenHoie B 1960 r. anonckum ydyernm IOre. Otu hopmynn
crpaseussl npu 1 < Gr < 105

Nu=2+0,392Gr*% (4.88)

g yenosuit, korga Gr <<1, yro HabaiofaeTca B CIyyae B3auMOIEH-
CTBHS BO3/IyXa M CAMBIX MEJIKVX Kallejib, MOKHO CYMTaTh Nu = 2.

PaccMOTpUM TpoLece OXJIaXAeHS 1 OCYLIKY BO3AyXa B POPCYHOU-
HOM Kamepe i IOCTATOYHO XapaKTEPHHIX B YCTAHOBKAX KOHAMIMOHM-
poBaHus Bo3Ayxa ycaoBuil. [Ipumem HayanbHBIE TapaMeTphl BO3AyXa:
t=25-28 °C, ¢ = 60~55%; xoHeunsi€: t = 14 °C; ¢ = 95%; HayaabHAsA U
KoHeuHas temneparypa soasl 9 u 11,5 °C,

C nomoursio ypaBHeHus (4.88) unu ucxonas w3 IpeanosoxeHus, YTo
Nu = 2, /15 caMbIX MeJIKMX Kamelb MOKHO HalTH 3HaueHusa K03 duiy-
eHtoB temnootnaun o. Koapduuuenrn maccoobMena MOXKHO onpene-
JINTh, IOJIATasl CTIPABEIJIMBBIM COOTHOIIEHKE JIbloKCa.

Hanuiem ypasHeHue TeNI0BOro Hananca Kamiu, AuaMerp KOTopoi
d, a mepeMeHHas BO BpeMeHU Temmnepatypa ¢,. [lockonbky Haiu aHamu3
Kacaercst JIMIb CAMBIX MEJIKUX Kamnelb, Oy1eM CYUTATh, 4TO TEMIIEPATY-
pa BO BceM oObeMe Kamim onvHaKoBa. B Hauyase nponecca Kamis B3au-
MOZENCTBYET C BO3AYXOM HaYaIbHOTO COCTOSHUS, IPUYEM 1 UHTEpe-
CYIOIIETO HAC TPONEcca OXJIAXKIEHUS ¥ OCYIIKM BO3[yXa B Ha4a bHbIi
MOMEHT TeMIepaTypa Kalau HUXKe TOYKH POCchl 00pabaThBaeMOro Bo3-
nyxa (t, <t").

Omnpenenum Bpems, OTpeGHOE /119 HarpeBaHus KAy BOABI 10 TeM-
IepaTyphl, COOTBETCTBYIOLIEN TOUYKe pochl Bo3ayxa. Bee kamim, Temme-
parypa KOTOPbIX IIPEBOCXOAUT 3Ty BeIN4YMHY, OyayT He ocyliaTh, a yB-
naxHsaTh obpabarbiBaembiii BO3AyX. ITocKoIBKY JaHHYIO TeMIEpaTypy
CaMele MeJIKYEe KaIljii IPUOOPETAIOT BeCbMa OBICTPO, MOXKHO CYHUTATD, YTO
BO3/lyX 32 9TO BpeMs He ycneBaeT M3SMEHUTb CBOM IapaMeTphl.

He Gynem crpeMuThCsl IONy4UTH TOYHOE peltenue. Mimes B BULY Ka-
YecTBEHHDIH XapaKTep JaHHOTO aHa/IM3a, HanulleM cleaylolee ypaBHe-
HYe 17151 6eCKOHEYHO MAJIOro IIPOMEXYTKA BPEMEHM:

nd?

= Yxlty =ond?([-1")dr . (4.89)
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Wcnonp3ys koaddunuenrt praropuinazenus & U 3aBUCUMOCTH

I-r
Eep = —(t " ) ¢ » IPEICTABUM ITO ypaBHeHUE HHave:
x/%p

nd?
6

IIpuasAB BO BHMMaHHe cooTHomeHue JIbonca 1 IPOU3BEs HEKOTO-
pbie Ipeo6pasoBaHus, TOJIYYNM

= Co Yol = cndzécp o (t-t,)dr. (4.90)

dt__S60%e . (4.91)
t-t d

K C)KYX(

Cunrast, Ha OCHOBaHMH CAIETaHHOTO JONYINEHNS, £ = CONSt U MHTErPu-
pysa ot no t", HaiifleM BBIpaXKeHue [J1s Olipe/ieJieHusi BpeMeHH, TOTpe6-
HOTO JI/Is HATPEBAHU S KAIJIM BOJIbI IO TEMIIEPATYPHI TOYKHU POCh 06paba-
THIBA€MOTO BO3/yXa:

”

6 1
_dt_ =£;’ J' d; (4.92)
f L=ty Vx 0
t—t" _ Gu&cp (4.93)
t =Ly —eP Y)xd !

IIpuHUMas BO3AYX M BOAY C HpUBEJeHHBIMY Bhillle HA4YaTbHRIMU T1a-
paMeTpaMy, MOXKHO OIPeNenTh BpeMs, HeOOXOAMOe 1Sl HarpeBaHus
kanm ot ¢ =9 °C 1o TeMnepaTypbl TOYKH POChI BO3/yXa B HAYaTbHOM
cocrosiauu (¢" = 18 °C). Ecin kanns umeer pasmep d = 0,05 mm, 0
T =2,9-10% yac uam 1 = 10,4-10" cex. B aTOM ciryyae mpu CKOPOCTH BO3LY-
Xa B KaMepe @ = 2,5 M/cex yxe nociue 2,6 cM YT COBMECTHOTO JIBUXKEHMS
C BO3/IYIIHKIM IIOTOKOM KAIUIS JOCTUTHET TEMIIEPATyPhl TOYKH pOCH 00pa-
6aTeiBaemoro Bosnyxa. IIpu nanpHeifliieM ABIXKEHUH HyIeT IPONCXOINTh
vcriapeHve Kaluly M YBJIaXKHeHe Bo3ayxa. EcrecTBeHHO, 4TO 3a BpeMs IIpo-
XOKAEHUS TaKHX He3HAUYMTENbHBIX PAacCTOAHMN, Kak 2,6 cM, TapaMeTpni
BO3/yXa He CMOTYT CKOJIbKO-HUOY b 3AMETHO U3MEHUTHCS, U TI03TOMY IPU-
BeJIEHHBIH PacyeT MOXKET CYUTATHCS JOCTATOYHO TOYHBIM.

IIponenas aHanOrMyYHbIE PacYeTh A7 APYTUX MEJIKUX Kariesb, YHO-
CHMBIX IOTOKOM BO3/yXa, IIOJIy4¥M COOTBETCTBYIOLIYE IPOMEKYTKH Bpe-
MEHU ¥ OTPe3KU NMYTH B KaMepe, NOTpeOHbIe [/ HarpeBaHUs 3THX Ka-
Helb [0 MPeAETbHON TeMNEPATYPhl, IOCHE YET0 HaYMHaeTCsA IMPOLEece HX
ucnapenus (tabn. 4.3). PeaynbraTel pacyeTra MOTYT CYUTATbCA BIIOJIHE
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IOCTOBEPHBIMM /I/IS1 KaTlejIb ¢ JUAMETPOM, He MpeBbimaomuM 1,5-10 x,
¥ KOTOPBIX IIyTh COBMECTHOTO ABWXEHS C BO3AYXOM HEBEJIUK U TIPE/TIO-
CBIJIKA O HEM3MEHHOCTY TApaMeTPOB BO31YXa OCTAETCs AOTMYCTUMOM. [ls1
6oJree KPYIHBIX Kameib Pe3yJibTaThl PacyeTa NPaBUibHO YLTIOCTPUPYIOT
JIMIIb KaYyecTBEHHYIO KapTUHY IIpolecca.

Tabruya 4.3

IIpoMeXyTKH BpeMeHM KOHTAKTa C BO3/[yXOM H OTPE3KH ITyTH
COBMECTHOIO JABMXEHMs1, TOTPeOHbIe 115 IpeieNbHOro HarpeBaHHst
MEJIKMX KaneJjb BObl pa3JH4HbIX pa3MepoB B (hopCyHOUHO# kamepe

Junamerp Bpemsa Ortpe3skn IIpumeyanue
xawin d, m T, cex IyTH, CM
5,0-10° 1,04-102 2,6 HauaspHbie mapaMerps
Bo3ayxa: t= 28 °C;
8,0-10°° 2,7-102 6,75 p=0,55;t"=18°C
1,0-104 4,05-10 10,1 HauanbHast TeMneparypa
Boabi £, =9 °C

1,5-104 9,3-102 23,2

2,0-10 1,62-10! 40,5

2,5-10 2,52-10* 63,0

3,0-10+ 3,56-10"! 89,0

Cnenyer uMeTh B BUAY, YTO NPOLECC UCHapeHNsT MEJIKUX Kanelb B
dopcyHOUHOI KaMepe HauMHAeTcs ¥ pH 6osiee HU3KUX TEMIEPaTypax.
ITO IPOUCXOAUT TIO IBYyM 0OCTOSITEIbCTBAM:

a) JaBjieHUe HACHILIEHHOrO Tapa HaJl BBIMYKJION NMOBEPXHOCTHIO Ka-
Iesib Bhillle, YeM JiaBjieHre Haj IIOCKOW moBepxHOCThiO. Bo3dpacraHue
nasyienus onpeziensierca dpopmynor ToMcona (KenbprHa)

Pn': =exp _&!’Y_E . (494)
Py Y xPa

Ilnsa kanmens d = 5 - 10°° m Bo3pactaHue JaBJI€HUS HACHILIEHHOTO BO-
asiHoro mapa cocrasiser 0,6 kI/m? 1. e. Bennuuny mManylo. OnHako, Kak
HOKa3aJIy Hally UCCIeJOBAaHUS VICIEPCHOCTY, IPH pacibiie Boabl Gop-
CyHKamyt 06pasyioTcs Kaniy 3HaY4UTENbHO MEHBIIVX Pa3MEPOB, He YIaB-
ZIMBaeMbl€ [IPY MCTIBITAHUAX B BO3Ayxe. [lig 3TUX KameJsib BAMSHME pac-
cMarpuBaeMoro addexra MOXKeT OKa3aThCs CYUIECTBEHHBIM;
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TTpoyeccor u annapamen konduyuonuposanus 6030yxa

6) 110 Mepe IBMKeHHUs BO3/lyXa B KaMepe IPOUCXOIUT €ro OCYIIKA MOz
BO3JIEHCTBHEM KOHTAKTa C OCHOBHOW Macco¥ 6ojiee KPYIHBIX Kallelib.
Ocyimka BefleT K CHWKEHUIO TeMIIePaTypbl TOYKU POCHI BO3AYXa, YTO U
BHI3BIBAET MCNIAPEHHeE Kamesib IpH 60/lee HU3KKX TeMIepaTypax.

Hapuc. 4.22 npencrapnieHn rpadyKu MaMeHEHVS TeMIIEPaTyPhl Kanesib
soznsl ¢ guamerpamu ot 0,05 1o 0,3 MM B 3aBUCHMOCTH OT HPOLOKUTENb-
HOCTH MX KOHTaKTa ¢ BO3AyIIHbIM I0TOkOM. HauasbHbie mapamMeTphbl BO3-
AlyXa ¥ BOZIbI IPUHUMAJIMCH TAKUMU Ke, KaK yKa3aHo B Tabu. 4.3. Kak pu-
I¥M, MeJlbyaiillide Kaniau BOAB «PaboTaioT» B PeXHME OXJaKAeHUS U
OCYIIKH JIMIIb B CPaBHUTEIBHO HeG0Ib1ION yacTh 06beMa GopcyHOUHOM

-.w./o ,
2, (040 e qu dy = Lomm

5 -
8/ o
///‘//
/

g4 82 43 &% & &% 47 43 gile

Puc. 4.22. ViameHeHue TeMIiepaTypsl Kanenb BOAbl B 3aBUCHMOCTH
OT BPEMEHH MX KOHTAKTa C BO3/yIIHBIM TIOTOKOM

KaMmepsi. B 6oblireii e yactu KaMepsl B pe3yJbTate KOHTAKTa ¢ 3THMU
KaIJIAIMY BO3AYX YBIAXKHAETCS, YTO M HAXOINT CBOE OTPayKeHME B Peasib-
HHIX TIPOIECCAX OXJIAKIEHUs U OCYUIKH Bo3nyxa. Hanecennsie Ha I — d
[AvarpaMMe JIMHUY TaKUX IPOLECCOB OKA3BIBAIOTCS HANPaBJIeHHBIMY HE
Ha KOHEYHYI0 TeMmeparypy BOZBL, a Ha 6oJiee BHICOKYIO, T. €. TIOJy4aioT
CIOBUT B CTOPOHY yBIIaKHEHHS BO3[yXa.

B pe3ysbTate paccMOTPEHMS IPOLIECCOB TEIJIO- U MACCOOOMEHa MeX-
LY BO3AYXOM U Gojiee KPYIHBIMH KAIIISIMU MOXKHO CIENAaTh Cleaylolee
3aKyTiouenye. XapakTep ABWKeHHs KPYIHHX Kaness B o6beMe GopcyHou-
HO# KaMePBI PE3KO OTAMYAeTcs] OT XapaKTepa NOBeAEHUS MeJIKUX Kalelb,
YHOCHMBIX BO3[YLIHBIM IIOTOKOM. Bozlee KpyTHbIe Kanmy ABMXKYTCA B Ka-
Mepe ¢ Gobllei uiay MeHbiel CKOPOCTBIO IO OTHOLIEHUIO K BO3AYILIHOMY
IOTOKY, ¥ TIO3TOMY TeILO- ¥ MacCOOOMEeH MeXX 1y HUMH OlpefiefiSeTcs yc-
JIOBMSIMH BHIHYXZIEHHO#M KoHBeKIMH. CKODOCTH JBIDKEHUS 3THX Kamelb
H3MEHSIOTCS BO BpEMEHM KaK 10 BEJIMUIHe, TaK 1 0 Hanpasienuio. Ecau
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B Ha4a/IbHbIA MOMEHT (110 BbIXO/le U3 (DOPCYHKH ) 312 CKOPOCTb MAKCUMAJIBHA
/IS BCeX KaneJIb, TO 3aTeM OHa yMeHbIIaeTcs Io-pasHoMy: 1uist fosee Kpym-
HBIX Kanejb u3MeHeHUs mpoucxonsat menneHHee. KpoMe toro, xapakrep
M3MeHeHHs CKOPOCTY Pa3/indeH /IS Kameilb, IPUHaIIexamux dakenam,
HampasJieHHbIM HABCTPEYY ZBUXEHIIO BO3/YIIHOIO MOTOKA Y IO HAIpaB-
JIEHHI0 3TOTO ABMKeHUs. Bce 3To IPUBOAUT K TOMY, YTO HOJIYYUTh TOYHBIE
KOJINYECTBEHHbIE COOTHOIIEHYSI M3 PACCMOTPEHUS YCIOBHIA TEILIO- ¥ Mac-
c006MeHa BO3/IyXa ¢ OLMHOYHBIMY KaTJISAMU He TIPECTABIISETCS BO3MOX-
HeiM. OHaKO Ha OCHOBE 3KCIIEPUMEHTATBHBIX UCCIIEOBAHMI 1 aHAIN3a
u3rYecKnx 3aKOHOMEPHOCTEN ITPOLIECCOB, MPOUCXOAANNX B (POPCYHOU-
HBIX KaMepax, MOXHO OTMETUTb, 4TO:

— ppems npeObiBaHus B KamMepe 6oJee KPyIHbIX Kaneb BeChbMa Or-
panuyeHo. [ Kanuiy, auaMerp Kotopoit d = 0,6 mm, OHO cocTas-
asiet 0,17 cex, nas karmm ¢ d = 1,0 mm — 0,15 cex, Ang kanmm c
d=15mm~ 0,14 cex;

— ompeaensomuil rTUApoaHaMIYeckuii Kputepuii Re iMeet Besu-
YUHY MepeMEeHHY10 BO BpEMEHU, Pa3IM4HyIo /151 KalleJb PasHoro
pasMepa, ¥ 3aBUCUT OT HalpasjieHus ¢aKena Pacmublia 10 OTHO-
UIEHUIO K HAlIPaBJIeHUIO ABIKEHUS BO3IYyXa,

— [Js IPUBEJEHHHX Bhillle HAYAJbHBIX IaPaMeTPOB BOJBI ¥ BO3IYXa
xawm ¢ d = 0,6 mx 33 BpeMsl KOHTAKTa Harpesaloted Ha 3,9°, kamm ¢
d=1,0 mm ~ 1a 1,8° a xanam c d = 1,5 mm — Ha 0,9° (3111 mprMeEpHBIE
nepenazsl TeMIEPaTyp, XapakTepU3yIolyie HarpeBaHye KPyIHbIX Ka-
TieJib, OTPEETIEHBI ¢ TIOMOIIIBIO 3aBucuMocT Nu = 2 + 0,4 Re).

TakuM o6pasoM, Mesibuaiilnye Kanjiu BOAH B Pe3yJibTaTe KOHTAKTA C
BO37yxoM B (hOPCYHOUHOM KaMepe HarpeBaloTcs 10 pesiesIbHOM TeMIie-
parypsl CMOYEHHOro TepMOMerpa o6pabarsiBaeMOro BO3/YXa; MENKHE
Karu, umetomgvie auaMetp d < 3,0 mu, HarpeBaloTCa 10 TEMIEPaTyphl
BbIlllE TOYKM POCHI 3TOTO BO3/lyXa; KPYHMHbIE KAILIK HarpeBaloTcs He3Ha-
YUTENLHO, YTO BefleT K HEeJOUCIIONb30BaHYIO X OXJIAANTENbHOM! 1 OCy-
MIUTENbHOM cIIOCOGHOCTH.

PacueTHs1il nepenaj rTeMnepatypsi Bceit MacChl BOABI B GOPCYHOUHO#
KaMepe He npesninaet 3—4 °C, a 06b14HO AaXe MeHbIIE, ITO IPUBOAUT K
ZOBOJIbHO 3HAYUTEIBHOMY PAcXoy BOAB! B (POPCYHOUHBIX KaMepaXx, IpH-
YeM Ka4eCTBO IPOLECcCca OXJIAXAEHNSA U OCYIIKM BO3[yXa OKa3bIBAETCH
HEBBICOKHM, YTO HAXOAUT CBOE OTPa’KeHUe B YIIOMSHYTOM CIBUTE JIUHUN
npouecca Ha I ~ d guarpamMme B cTopoHy yBaaxxHeHusi. OTMedeHHas 0co-
GEHHOCTb CBUZIETEILCTBYET O HEJOCTATOYHOM TETLIIOTEXHUYECKOM COBEP-
meHcTBe PopcyHOUHON KaMepsl.

BTopbiM HEOCTATKOM NaHHOIO anmapara ABAAIOTCA ero 6oJbllye ra-
6apuThl, BhI3BaHHbiE OTPAHIYEHHOM TIPe/IEIbHO 0Ny CTUMOI BeTHYMHOMN
CKOPOCTH BO3LYIIHOTO MOTOKa (He Oonee 2,5 m/cex).
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YBenuueHue cKOPOCTH BefieT K yHOcy GoJiee KpYIHBIX Kamnellb, 8 3T0
3aTPyAHSET CENMAPALNIO ¥ HECKOIBKO YCHIVBAET YIOMSHYTOe JONONHH-
TEeJIbHOE YBJIAKHEHUe.

§ 4.9. Pacuyer THNOBBIX (hOPCYHOUHBIX KamMep

Kak ykaswiBaiocs B § 4.5, 11 pacyera psiia COBPeMEHHBIX alllapaTos KOH-
TaKTHOTO THIIA UCTIOJIb30BAaTh pacyeTHBIE 3aBUCUMOCTH, OCHOBAHHBIE HA
npuMeHeHny Teopuu nofobusi, He ynaercst. DopcyHouHas kamepa npuHa-
JIEXUT K YKCTYy UMEHHO TaKux anmapatos, [y Hee HEBO3MOXHO Omperie-
JIUTh UCTUHHYIO BEJIMYMHY TIOBEPXHOCTH KOHTaKTa. OTciofa HeonpeneneH-
HOCTb B HaXOX/EHMM XapaKTepHOro JuHeHHOro pa3mepa. Kpome roro, B
OpOCHTEIbHOM TIPOCTPAaHCTBE HabIonaetcs OYeHb CIOKHBIN HEYTIopsIo-
YyeHHHIH XapaKTep NABIDKEHM Kareslb Boabl. Bce 3To mpuBoauT K TOMY, YTO
1151 pacyera GopcyHOUHbIX KAMepP UCTIOIB3YIOTCSA 3aBUCUMOCTH, KOTOPbIE
MOTYT OBITH CTIPaBE/IU BB, BO-TIEPBBIX, /IS IOCTATOYHO y3KUX MHTEPBAJIOB
M3MEHEHUsI TeMIIEPATYPbl U OTHOCUTENBHOMN BIAXKHOCTH, XapaKTepu3yio-
IMX HAYaJbHOE COCTOSIHUE BO3AyXa, U TeMIEPaTyphl pa3Ophi3aruBaeMoi
BOJIbI, BO-BTOPBIX, [U/is1 KAMEP BIIOJIHE OTIPeieIeHHON KOHCTPYKIIMU.

B HacTosiiee BpeMsi pacyeT pa3MIHbIX POLECCOB 00pabOTKY BO3HyXa,
IPOHCXOASIIUX B TUNOBBIX (OpCyHOUHBIX Kamepax (XapaKTepuCTUKU MX
110ApoOHO paccMOTPeHbI B § 4.8), MOXKHO BBITIOJIHSTD JOCTATOYHO HAJIEXHO.

CyiiecTByeT HECKOIBKO METOAOB pacyera TakUX KaMep, KaKIbli U3
KOTOPBIX 001a/1aeT onpeieeHHBIMY JOCTOMHCTBAMY ¥ HEZIOCTATKAMU U
MOXeT OBITh MCTIOIb30BAH /15 Pacyera TeX MM UHBIX pomeccos obpa-
OOTKM BO3AyXa.

IIpu TemnoTexHUYeCKUX pacyerax GOPCYHOYHBIX KaMep yalle BCero
IIPUXOAUTCS MMETH JeNI0 C IByMs TUMaMu 33flay. 3a/layyl IIepBOTO THUIIA
(X WHOTAA HA3BIBAIOT MPSAMBIMYU 33/[a4aM1) TIPEANOIATalOT U3BECTHHI-
mu HavasbHoe (I, t,) u Koneunoe (I,, ¢,) coctrosnus Boznyxa. Onpenena-
10Tcst: HeobxonUMbi KoadduiyeHT opomerus (|), HayalbHas U KOHed-
Hasi Temnepartypa Boaw (Z,, ¢, ). B 3ajauax Broporo Tuma (06paTHBIX
3a/ayax) U3BECTHHI HaYaJbHOE COCTOSIHUE BO3AyXa, KoahduuueHT opo-
HIeHUs M HayaJdbHas TEMIEPATypa BOAbL MICKOMBIMHU ABJISIOTCA KOHEY-
HOEe COCTOAHME BO3AyXa M KOHEYHAs TeMIeparypa BOJBI.

Pacuem gopcynounvix xamep ¢ UCnonv3osanuem Ko3gduyuenmos
apppexmusnocmu npoyecca no b. B. Bapranosy

Hanusiii Meton 6a3upyeTcs HAa MONOXEHUSX, JEKAIMX B OCHOBE BCEX
rpadoaHaIUTHYECKUX METOJOB, KOTOPHie, KaK U3BECTHO, UCIOJIb3YIOT
npescraBienns o6 uaeasbHoM mponecce (cM. § 4.7).
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b. B. bapkaios obpabotan sKcnepriMeHTaIbHblE JaHHbIE, TONYYeH-
HbIE PAOM HCCAE0BATE e, ¥ /I TUIIOBHIX (POPCYHOUHBIX KaMep Ipe-
JIOXKWUI cNEAYIOWMYIO 3aBUCUMOCTb Ko3dduiyenTta apdexrusrocT! E,
omnpenenexHoro no dpopmyne (4.75):

1,175
he 2,925(yw)_0’535(ln1—1—b:] . (4.95)

Tomnpasounstii koahduiment S 3aBUcUT OT JUaMeTpa cona GOPCyH-
K{ ¥ IpUHUMaeTcs 1o tabu. 4.4.

Tabruya 4.4
Beauuuunl nonpasouHoro ko> dHnueHTa
B 3aPHCHMOCTH OT JHAMETPa comla GOPCYHKH
d, mm 3 35 4 4,5 5 6
S 0,833 0,893 0,948 1 1,048 1,138

Pacuer kamep ¢ dbopcynkamut d = 3 MM IIpH OCyIIeCTBIEHMH Npoiec-
COB OXJIAXKAEHUS ¥ OCYLIKH BO3AyXa MOKHO MPOU3BOAUTD 110 GopMy.ie

- 0,371 1 1,61
p=1,565(lp—) (1g1_-EJ , (4.96)

rae S = 1,281 nnsa nByx psanos GopcyHOK;

S = 1,0 ans tpex psAnos GopPCyHOK;

P — naBnenne soan nepen dhopcyHkamu, xf/cm’.

Ecin npoucxoaat mponeccH aguabaTHOro yBAaKHEHUS, PAaCXOfbl
BOJbI HECKOJIBKO yMeHbinalotcss. OHu MOTyT OBITH OlpeesieHbl ¢ IOMO-
1o popmyn (4.95) u (4.96), Ho ¢ BBeeHHEM NONPAaBOYHLIX K03bdu-
nuenrtos 0,44 u 0,7 cOOTBETCTBEHHO.

PacueTt KaMep ¢ IOMOIIBIO U3I0KEHHOTO METO/IA IOCTATOYHO TIPOCT U
HAT/IA/IeH, OHAKO 00/1aJaeT HeOCTaTKOM, 3aKJII0YAIONMMCS, KaK OBLIO
OTMEUYEHO BhIlllE, B HefoyYeTe HabA01aeMOTo B AEHCTBUTENLHOCTH OT-
KJIOHEHHU S PEaJbHOrO MPOLECCa OT TOTO HAnmpaBleHUs], KOTOpoe /s HEero
BbIOMpaeTcs npH pacdete. [I03TOMy Takoi MeTox pacueta popCyHOUHBIX
KaMep MOXHO PEKOMEHIOBATH B KayecTe npubnmkerHoro. MHorna npu
HCTIO/b30BaHUH 3TOTO METOAa KOHEUHYIO TeMIIEPATYPY BOIBI IPUHUMA-
IOT OTIUYHOH OT TOH, Ha KOTOPYIO HamnpapJslOT UAealpHBIN mpoilecc:
b = et 1° (3HAK 33BUCHT OT TOrO, KAK pOUCXOAUT 06paboTKa BO3AY-
Xa: ¢ yBJIaXHEHNeM WK OCYIIKOii ). Takast molpaBKa, OJHAKO, He IOBbI-
1IaeT TOYHOCTH 3TOr0 MeTo/ia.
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Pacuem gopcynounvix xamep ¢ ucnonviosanuem xoapduyuenmos
agppexmuenocmu, npedroncennvix E. E. Kapnucom

Pacuet npounssoautcs mo dopmynam ans koabduuveHtos apHexTuB-
HoctH ~ dopmynsl (4.77), (4.776), (4.78) n (4.81), npuBenennnimM B § 4.7.
C nomouisio koaddunmenta ahdeKTUBHOCTH, OnpeeneHHoro o Gop-
my.ie (4.78), ROBOJILHO IIPOCTO paccYUTaTh POPCYHOUHBIE KAMEPDI, B KO-
TOPBIX IPOMCXOMUT TPOLece aAUabaTHOrO YBIAKHEHH,

s pacdera TMNOBbIX GOPCYHOYHBIX KaMep, paboTaoumx mpu I0-
JUTPONHBIX IIPOLECCAX, HCIOAb3YIoTcs Bupaxenus (4.77), (4.776) u
(4.81).

Ha ocHoBanuu ucciegopanuii, nposenennsix E. E. Kapnucowm, ans
TUNOBBIX POPCYHOUHBIX Kamep, 000PyAOBaHHBIX HEHTPOOEKHBIMH YIIIO-
BbIMU (OpPCYHKaMH, TOJy4yeHs! 3aBUCUMOCTH Koadduurentos addek-
TUBHOCTH OT MacCOBOM CKOPOCTH BO3/yXa U K03¢hUIHEHTA OPOIIEHNUS,
Bce 3TH ypaBHeHUs CIpaBe/UTUBHI AJIi TUMOBBIX KaMep, paboTalonmx B
CJleAYIONMX TpefieaX: Koan4ectTBo (OPCYHOK B psany 13 wm/m?, nasne-
Hue Boxwl iepen dopeyakamu P ot 1 10 2,5 kI /cm?, MaccoBast CKOPOCTh
ot 1,5 110 3,0 xI'/m*-cex, nnamerp cornna ¢popcyHku d = 5 mm.

Hcnonsays apa koab¢uuuenta apdekrusHocTn tennoodMena (£ u
E"), MOXXHO 1OCTaTOYHO HaJeKHO IPOU3BOAUTL pacyeT KaMep C U3BecT-
HBIMHM KOHCTDYKTHBHBIMHM XapaKTepPHCTHKaMH.

Pacuem gopcynounvix kamep no Gopmyram, npeororcennbim
J. M. 3ycmanosuuem

Ipencrasum ¢ yueroM ypasHennii (4.8) u (4.9) nonHoe kosudyecTso Ten-
713, KOTOPbIM 0OMEHUBAIOTCA BOAA M BO3AYX 4epe3 3NeMeHT NOBEPXHO-
cru dF:

dQ=[a(t°t)K)+rﬁp(Pn—Pn’)]dF- (497)
PasHoCTs (¢ — ¢,) BBIpa3suM cliefyomuM obpasom:
t—t, =@t W@ -t,). (4.98)

PasnocTs mapuyanpHbix fapienuit P — P" MOXHO cUMTaTh IPONOP-
HMOHAJIbHOW pa3sHOCTH TemnepaTyp t” — ¢, T. €.

P -P =al’-t,). (4.99)

KoadpduuueHt nponopuroHalibHOCTH @ He SBJIAETCS IIOCTOSHHBIM,
a 3aBUCUT OT TEMIIEPATYPH BOJbI ¥ TEMIIEPATYPHl HACHIEHNA BO3AYXa
UJIY TEMIIEPATYPbl TOYKU POCHI.
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s mpoueccoB ¢ HOHIKEHUEM JHTAJbIUYU B AOCTATOYHO MIUPO-
Ko# obsactu Ge3 6ONBLIOH TMOrpelIHOCTH MOXHO IPUHUMATH
a = 0,8 mm pm. cm/zpad.

HanbHeiie npeobpa3oBanusi CBA3aHbI C HCNIOIb30BAHUEM YPaBHE-
HMS TensioBoro HamaHca

Yo, dI = [a@ -t} alt”—t, )+ raB , € -1, )] dF , (4.100)
rae F, — nomepeyHoe ceyeHue KaMepsl, M2
Y@ — MaccoBasi CKOPOCTb BO3/yXa B cedeHuH KaMepsl, kI /M>uac.

U3 oipaxkenus (4.100) crenyet, uro

ra

d1={(t—t’)+(t’—t,x)+ Py (t’—tm)}FdF;- (4.101)

o K

Paspenvis npasylo 1 JI€BYIO 4acTH paBeHCTBa Ha ¢ (¢ — ), MOXKHO TI0-
nyyutsb ypasHenve (4.102), cocrosimee u3 Ge3pasMepHbIX KOMILIEKCOB:

_dar | Uty 1B ||dF e (4.102)
¢, -1t") t—-t* a J|F ywc,

JI. M. 3ycMaHOBHY TIpeJIaraeT IPUHIMATh IOBEPXHOCTh KOHTAKTa B
(GOPCYHOUYHBIX KaMepPax IMPONMOPIHOHANBHON KOJAMYECTBY PACTIbLIMBAE-
Moii Bozsl, T. e. dF = ldG , rne | — KoabduupenT nponopuroHaIbHOCTH,
KOTODPBIA B 001IEM C/IyYae IOCTOSTHHBM CYMTaTh Heb3s, TaK KaK Ha ca-
MOM JieJie IPONIOPIUOHATBHOCTb Mexay Fu G, moxer 6bITh MMIIb IPHU
OlpefieIeHHbIX yCIOBHSIX.

[loacrasus BMecTo dF B mocienHee ypaBHeHue Beauuuny ldG,,
Haiinem

dI e (1+'“BPJ dCy ol (4.103)

—=[1+
cpt-ty) t—t" a« ||Fye

ITonyyennoe Bripaxkenue pano ocosanue JI. M. 3ycmanosuuy cuu-
Tarb, 4TO 7151 BCEro Npoliecca, NPoucXoasuiero B GOpcyHOUHOM KaMepe,
cnpasesuBa crefyomas GyHKIUOHANIbHAS 3aBUCHMOCTD:

—*,I’_Iz, —ol| 1+ 4 b 1+70p ) Gl _a 1. (4.104)
¢t —t7) t-t a F, yuwc,
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B 3T0¥ 3aBUCMMOCTH, KOTOPasi B AajbHeineM Gbula TIOATBEPHKAEHA
9KCIIEPMMEHTaIbHO, HHZIEKC 1 OTHOCHTCS K COCTOSIHUIO BO3AYXa 110 06pa-
6otku, nuzexc 2 — nocse 06paborky, a K03 dUIMEHTH IepeHoca o U B,
ABJAIOTCA CPEAHUMH JJIs Ipouecca o6paboTKu BO34yXa U OTHECEHBI K
MCTUHHOY TIOIIA/N B3AUMOJAENHCTBUS BOJIBI U BO3/yXa.

Tak kax ¢, (t - t") =1, - I}, obosnauum 3ty Benuuuny Al

Kpowme Toro, BBenem obosnauenus; H = — IVIOTHOCTb OPONIEHHUS;

B~y
21 _ti
cuMocTb (4.104) Gyner BBITISETD TaK:

M=

al=AL o lf+nn FL 2L (4.105)
Al YW Cp
H G,
Mockoasky ywF, =G., TO ——-=—é—-=u (xoaddbunuent opomre-
r

Hus). MoXXHO 3aMeTUTB, YTO BEJIMYHHA al/c 3aBUCUT B OCHOBHOM OT KO-
s¢dunmenta opoumenus. Uto kacaercst KOMILIeKca 7,, TO, KaK 3TO IIOKa3a-
HO B § 4.6, OTHOLIEHUE CPEHUX 3HAYEHUH Koad)d)nuHeHTOB TeIao- U
MaccooOMeHa (B JaHHOM CJIy4ae o U B,) onpezessieT COBEPLICHCTBO PO-
I[ECCa ¥ 3aBUCHT OT runpoauHaMuquKon Y TeMIIEPATYPHOI 06CTaHOBOK,
B KOTOPBIX IPoTeKaeT 310t npouecc. IToaroMy 7, MOXHO 65110 651 HCKITIO-
YHTb.

Opnaxo JI. M. 3ycManoBHY B OKOHYATETBHOM BUAE IIPEAIOXUT GOp-

MYNY ISt AJ, KyJa BXOJMT 7,

AT =0+ My ] (4.106)
PaCCMOTpeB TIPOLIECC MEPEHOCA ABHOIO TEILIA, HAa OCHOBAHUM aHAJIO-
- -t
TMYHBIX PacCyXAeHHWHA IOJYyYHUM 3aBUCUMOCTD IS AT = t1 t‘2' :
174
AT=%[(+M,)u]- (4.107)

JI. M. 3ycMaHoBu4€eM GBLIM TIPOBE/IEHbI IOCTATOYHO OOIIUPHDIE 3KC-
IIepUMEeHTa/IbHbIE UCCNIEJOBAaHUA, B pe3yJIbTaTe KOTOPBIX Haﬁ[{eHbI 3aBH-
CHMOCTH 7711 pacueTa (POpPCYHOUYHBIX KaMep NP PasjM4HbIX IPoLeccax
06paboTku BO3AYyXa:
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JJIs TIPOLECCOB C ITOHHI)XEHHUEM SHTAJIbITUH

Al =0.67(1+ M7y ) p"37, 02 . (4.108)

AT = (0,73+0,49M,) n*% . (4.109)

/LIS TIPOIIECCOB aMabaTHOTO yBJIAXKHEHUS

AT =0,304%70% . (4.110)

®opmyabi (4.108) — (4.110) MoryT 6bITh UCTIOIb30BaHbI IPU CJIEAYIO-
IMX YCJAOBUSX OCYIECTBJEHUS TIPOLECCOB 0OpabGOTKH BO3AyXa B TH-
NOBbIX (POPCYHOUHBIX Kamepax: d = 4,5—5 mm; uuciio psanos GopcyHoK
2-3; maotHocTb pacnoioxeHus popcyHok 12—-18 wm/m? B pany;
P=1-25amu; p = 0,8-2,0; y w = 1,6-2,8 xI'/m*cex; t, — t'=3-3,5°

§ 4.10. Tunosbie eHTPAJIbHBIE KOHAMIHOHEPDI
¢ dopcyHoYHBIMH KaMepaMH

JIns enTpaM30BaHHOI 06pabOTKH BO3/yXa B COBPEMEHHBIX OTE€4ECTBEH-
HBIX CHCTEMaX KOHAMIIMOHUPOBAHUSA NIMPOKO IIPHUMEHSIOTCSA TUIIOBBIE
LHeHTPaJibHbIe KOHIHUIUOHEDH pa3inyHOi IIpousBoauTeapHOCTH. OHM
BBIITYCKAIOTCSA CePUIHO PSOM 3aBOIIOB (OCHOBHBIM TIPEATIPUATHEM SIB-
JsieTcs XapbKOBCKHi 3aBOJ, KOHAMIIMOHEDOB).

Ilpunsra caenyomas rpajanus HeHTPaJbHbBIX KOHIUIIUOHEPOB TIO
npoussoautensuocTH: 10, 20, 40, 60, 80, 120, 160, 200 u 240 tbic. M3 /uac.

Konauimoneps ipousBoauteabHoctsio ot 10 no 80 teic. M3 /uac ns-
TOTOBJISIIOTCA B METAIIMYECKOM UCTIOJHEHUH. KOHAMIIMOHEPH TIPOM3-
soaurtenbHocTbio 120, 160, 200 1 240 Thic. M3 /uac — B xkene3o6eTOHHOM.
Konpuimonep na 120 teic. M*/uac Moxer ObITh M3TOTOBJIEH TaKkKe U3
MeTajLja.

B cocrtaB HeHTpaJbHbIX KOHAMIIMOHEPOB KpoMe HOPCYHOUHOH Ka-
MEDBI BXOUT DS/l 31IEMEHTOB (CEeKIMil), HAGOD KOTOPHIX B KAX/OM CJIy-
yae onpejesercs NPoeKToM. Bo3MoxHas KOMIIOHOBKA 1[EHTPaJIbHOTO
KOHAMI[MOHEPa U3 METAJIMYECKUX CEKUMH NpuBeJeHa Ha puc. 4.23.
Cexuuu nenstcs Ha paboune 1 BcioMoraTesbHbie: pabouue cyKaT s
OCYIECTBJIEHHS] B HUX NTPOLECCOB TEILIOBIAAXHOCTHOMH 06paboTKu BO3-
AyXa, CMeIIeHHus, pas/ieIeHUA U €ro NepPeMeIIeHUs; BCTIOMOraTe/ibHbie
Tpe/Ha3HayeHbi 17151 YA0OCTBA MOHTaXa M IKCILTyaTallMH KOHIUI[HO-
HepoB. CeKIMAM KOHAUIMOHEPOB NPUCBOEH UHAEKC, COCTOSIUNA U3
6yke Kz, coxpamenso 0603Hayaiomuii CJI0BO KOHAMIMOHEpP, U 1P,
U3 KOTOPbIX TIEPBbI€ B MM TPU 0603HAYAIOT IPOU3BOLUTEIBHOCTD
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KOHAUIUOHEDPA TI0 BO3JAYXY, a MOCJeAHHE JBE — HOMEHKJIATyPHBIH
HoMep. bykBa B KOH1le uH/IEKCaA OTPaKaeT 3aBOACKHE U3MEHEHHS B Yep-
TEXKax.

Bce cexuum eHTpaibHbIX KOHAUIMOHEPOB UMEIOT HOPMaIM30BaHHbIE
MPUCOETUHUTEIbHbIE M TabapUTHBIE PasMEPhl. ITO TTO3BOJISIET KOMIIOHO-
BaTh MX B COOTBETCTBHHU CO CXeMO# 06PabOTKHN BO3MyXa, IPeyCMOTPEH-
HOY IIPOEKTOM, T. €. B COOTBETCTBUHU C TaK Ha3bIBAEMOM TEXHOJIOTMYEC-
KO CXeMOH KOHAMIMOHEDA.

CeK1uM U KaMepbl KOHAMIHOHEPOB B METAIMYECKOM HMCIIOTHEHUH
COeNVHSIOTCS MeX Ay coboi ¢aannamu Ha Gorrax. Mexny daannamu
TIOMENAI0T YIVIOTHUTEIbHBIE IPOKIAAKH U3 MIATKOH pe3unbl. CeKuuu
KOHIMIHOHEPOB B JKeNe3006 TOHHOM MCIIOTHEHUH YKOMILIEKTOBBIBAIOT-
cs OTBETHBIMU (pIaHIIAMH, C TIOMOLbIO KOTOPBIX OHU TTPUCOEANHSIOTCS K
CTPOUTENbHBIM KOHCTPYKIUSIM,

B cnyyae HeoGxoaumocTn yCTpOHCTBA TENTOBOH M30JISILMM KOHU-
IIMOHEPA €ro 37IEMEHTBI MOTYT TIOCTABISITHCS € 3aBOJA C IPHBAPEHHBIMU
K HUM LIMIIaMM JJIST KPETIIEHUST U30SIIIMU IIPY MOHTaxxe. BHYTpH U cHa-
PYXKM OHM OKPalIMBAKOTCA BJIATOCTOMKMMHU KpackaMmu. BxonHbie U BbI-
XOJHbI€ CenapaTopbl GOPCYHOUHBIX KaMep U HarpeBaTe/IbHbIC 3JI€MEHThI
CEKLHii MOJOIPeBa OIMHKOBLIBAIOTCA. (/151 pPabOThL B YCIOBHSAX TPOTIU-
4YeCKOTo KJIMMaTa CEKI[UH HEHTPATbHBIX KOHAULIMOHEPOB M3TOTOBJIAIOT-
Cs1 U3 HEPXKaBEIOIIMX CTaJIeil.

IIpombIBHBIE KaMmephl, BO3Ay1iHbIE (GUIBTPB U KJIalaHbl KOHAHIHO-
HEPOB MOTryT GBITH JIEBHIMM M TIpaBbiMu. TIpaBoil CYMTAETCS CEKIUST WU
Kamepa, B KOTOPOH BO3/yX ABMKETCS BIIPaBO, 1€BOH — B KOTOPOH BO3AYX
JBUXKETCS BJIEBO, €CJIM CMOTPETh Ha KOHJUIMOHED CO CTOPOHBI OPTaHOB
ynpasaeHus (aBepeil, pykostox). st ceKuMH J1€BOro HCHOTHEHHS B
KOHIle uHAeKca cTaButcs 6yxsa JI.

@opcyuounas KamMepa SBJSETCS OCHOBHBIM 3JIEMEHTOM KOHAMIHO-
Hepa M CIYXKHUT JJIS1 OCYIECTBIEHUS TPOLECCOB TETIOBIAKHOCTHOH 06-
pabotku Bo3ayxa Bouoi. Ee ycrpoiictBo oapo6HO paccMOTPEHO B 1pe-
abigyiem naparpade.

OTevecTBEHHON NMPOMBIIIJIEHHOCThIO BBINTYCKAIOTCS TaK Ha3biBae-
Mbie TUTOBBIE OPCYHOUHBIE KaMepbl. B HUX, Kak IpaBUIO, JBa WX
TpH psina ¢opcyHoK. [[uaMeTp BBIXOAHOTO OTBePCTHS coma ¢opcey-
HOK MOXET COCTaBaATh 3; 3,3; 4; 4,5; 5; 5,5 mu. Daxenbl nepBoOro psiga
dopcyHOK HalipaBjieHbl 10 JBHXEHUIO BO3[yXa, OCTATbHBIE — IIPOTUB
ABIDKEHUS.

[IByXpsingHbie KaMepbl UMEIOT OIHY I'€PMETHYECKYIO ABEPKY U OJUH
CBETHJIBHUK, TPEXPS/IHEIE — JIBE ABEPKH U /1Ba CBeTUIbHMKA. Kameps! 115t
KOHIMI[MOHEPOB IIPOU3BOANTENIbHOCTBIO 10 80 ThIC. M3 /Uac OCTABASIOTCA
TIPOMBINLIEHHOCTBIO B COGPAHHOM BHJE, OCTAbHbiE — B Pa306PaHHOM.
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Puc. 4.24. QopcyHouHas KaMepa
TUIOBBIX LEHTPAIbHBIX
KOHAHUIMOHEPOB: @ — GHPOHTAIBHHEILI
BUR; 6 — IONEpeYHoe CEYEeHue;

6 — BUA CBEpXY:

776-4027 - n

1 — kopmyc; 2 — repMeTHYECKas JBepLa;

3 — cenapatop; 4 —~ HOUIOH; 5 — KOJLIEKTOp CO
CTOSIKAMH Jist TOAauH BOAK K HOpCyHKam;
6 — dopcyskH; 7 — GUIBTP I OUHCTKH
BOJNY; 8 — NepesMBHOE YCTPOHCTBO,

9 — ycTpOMCTBO RISt MOAEPKAHUSA YPOBHSI

®opcyHnounbie kamepbl kouauiuonepos K 10 u Ka 20 usobpaxeHsr Ha
puc. 4.24.

Cexumn nogorpesa (puc. 4.25) nipeHa3HaYeHBI AJIs [IOAOTPeBa 06-
pabaThIBaeMOTO BO3AyXa ropsiueit UM neperpeToit BOAOH ¢ Temunepa-
Typoii 10 150° unu napom aasaenueM 10 6 amu. Cekuus COCTOMT U3
Temnoo6MeHHHKA B HHXKHEH 4acTU U 06BOAHOTO KaHala B BepxHeil
vacTu (B cexuusax kouauuuonepos Ka 160, Ka 200 u t. a. 06BoHOTrO
KaHaia HeT). Tenn00TAaI0IIy0 TOBEPXHOCTD TeN1006MeHHNKa 06pa-
3YI0T cTanbHble TPyOKH CO CIIUPAJIbHO-HABUBHBIM OpebpeHueM, 3azie-
NaHHbe B Tpy6HbIe pelieTku. TpyOKH paciio/iokeHbl FOPH3OHTANBHO.
K Tpy6ubiM pemerxaM npuBapeHbl: KPBIUKY CO INTYLE€PaMHU JJisl IPU-
CoeiHeHUs] TPyGOIPOBO/IOB, TPAHCTIOPTUPYIOIIUX TETIIOHOCHTEb, H
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HEPEroposiKy, obecrieYnBAIONIME MHOTOXO0J0BOE IIPOXOXKAEHHE TETJIO0-
HOCHUTES.

Cek1LMH 1100TPEBA BBIIYCKAIOTCS OAHOPSAHBIMY, ABYXPSIHBIMU U
TPEXPSIAHBIMU COOTBETCTBEHHO C OZHUM, IBYMsI WJIM TPEMs PSiaMH TDY-
GOoK 110 X0y ABMIKEHHST BO3/IyXa.

Tennonpor3BOAUTEIBHOCTb CEKIIMU PeTyaupyercs M60 u3MeHeHHeM
pacxoza Bo3fiyxa (TPoITyCKaHUueM YacTH eTo Yepe3 06BOAHOM KaHa ), iubo
M3MEHEHHEM PACcX0/a TEIJIOHOCHTes (C TIOMOIbIO apMaTyphl, YCTaHaB-
JUBaeMOii Ha TPyOONPOBOZAX).

Cexuun xouaunmonepos Ka 10, Ka 20, Kn 40 nocrasssiorcs ¢ 3aBoga B
coGpaHHOM BHJiE, OCTaJbHbIe — B pasobGpannoM. Cexiuu noporpesa K 120,
Kn 160, Ka 200 u Kx 240 KOMILIEKTYIOTCS TIPHCOEAUHMTENbHBIMU TPYOO-
IIPOBO/IAMH.

Cexkupn MacasHbIX GHABTPOB IIPefHA3HAYEHBI IJisl OYUCTKH BO3YXa
OT TIbUIM TIPY HaYaIbHOH eTo 3ambuieHHOCTH no 10 MI/»m. B nenrtpasb-
HBbIX KOHZHIHOHEPAX HCHONB3YIOTCA, KaK IIPABHIIO, CAMOOYHINAIOITHECS
Macsinpie GuabTpbi. OaHaKo IPH
aToM ana kouaunuonepos Ka 10,
Kn 20 u Kn 40 He uckaoueHa Bo3-
MOXKHOCTb TIPUMEHEHUS CeKIU
MacC/SHbIX (GUIBTPOB CTEJLIAXKHO-
IO THIa,

Cexuun GUmbTPOB CTEIAKHO-
'O THIA COCTOSAT U3 KapkKaca, B KO-
TOPBIH BCTABJASIIOTCA A4elKOBbIE
ceryarbie pUABTPH KOHCTPYKIMH
E. B. Pexxka, nogpoGHo paccMartpu-
BaeMble B T71. 5 (puc. 5.20, 5.22,
5.24). CMeHa s1ueex MOXKET TIPOU3-
BOJUTBCS C 11000# CTOPOHBI KOH-
aunuonepa. HavanbHoe compo-
TuBeHue GuabTpoB — 2-3 xI/M?,
KOHEYHOe He JI0JDKHO IIPEBBIIIATDH
10-12 xI'/m?. Ylpu poctuxeHuu
3TOT0 CONPOTUBJIEHUS AueiiKu
CJIeAyeT MOABEPTaTh IIPOMbIBKE M
BHOBb 3apsikaTh Mac/ioM. Bo3aymi-
Has Harpyska 3THx QUIbTPOB CO-

Puc. 4.25. Cexuusl HOfOrpeBa crasisier 4000-6000 /M2,
THIIOBEIX LIeHTPANbHBIX CaMoouumaommecss Macis-
KOHJNIMOHEPOB! Hble (PUIBTPBI /IsI KOHUIHOHE-
1 — Kanopudep; 2 — obBoxHOI KaBan POB TIPOH3BOJHTENbHOCTHIO 10—
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40 ThiC. M*/uac UBTOTOBISIIOTCS B BUAE OT/ENbHBIX CEKIIMH, a A/ KOHAH-
[[IOHEPOB TIPOM3BOAUTENBHOCTBIO 60-240 Thic. M%/uac cobupaiorcs B
pujie 610Ka U3 ABYX WM Tpex cexnuit. CaMOOYHINAIOIMECS MACTSHBIE
(bUIBTPBI TaKKe PacCMaTPUBAIOTCA B 1. 5 (puc. 5.25).

Pacnpege/mremible cexuun (puc. 4.26) npeHasHa4YeHbI /151 PacIipe-
JieJIeHNs1 TIOTOKA BO3/1yXa B KOHJMI[UOHEPe 0 €T0 OCH U BBEPX, a TaKXKe IS
00CTyKUBAHUS COCEHUX CEKIMIA. /(151 KOHAMIIMOHEPOB B kee300€TOH-
HOM HCIIONHEHMH Paclpesie/IMTeIbHbIE CEKIMU COOMPalOT U3 OTebHBIX
yHUGDHIUPOBAHHBIX Y3/I0B.

Cex1usi COCTOMT U3 IIePeAHe 1 3a/1Hel CTEHOK, BEPXHETO aTpy6Ka ¢
HPUCOEMHUTEBHBIM (bIaHIIEM, KOPHITOOOPA3HOTO HMINA C TIPUBAPEH-
HBIM K HEMy C/IMBHBIM IAaTPyOKOM, CHabxkeHHbIM Pe3bGOo# U mpobkoit a1
yZAaJeHysi KOHJeHCaTa, ¥ HapapJsioniei neperoponku. Ha nepenneii cren-
K€ HMEIOTCS: repMeruyeckast iepka pasmepom 900x400 amu, miryuepa ¢ 5x-
PaHUPYIOIHMH KO3bIPbKaMH 1JIS1 yCTAHOBKH KOHTPOJIbHO-U3MEPUTENbHBIX

1+
+
+
+
+
)
4+
+
+
+}

Puc. 4.26. PacnpenenurensHasl CEKIMsi THIOBBIX 11eHTPAJIbHBIX
KOHAMI[VIOHEPOB:

1 — Kopryc; 2 — FUIB3H A7t TEPMOMETPOB; 3 — OCBETHTE/IBHOE YCTPOHCTBO;
4 — repMeTHYECKasl XBepLa

12 3ak. 390 177
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pUOOPOB U TEPMETHYECKUI MIEKTPOCBETIIBHUK. B pactipenevrenpHbix
cexisax xouauuuonepos Kn 10 u Ka 20 nBepku ¥ cBeTu/IbHHKA HET.
IIpoMexkyTouHbIE U CMECHTETRHBIE CEKIMU 00/1aZ1a10T TEMU XK€ Ta-
GapuTaMu, YTO ¥ pacnipe/ieTMTEbHbIE, HO OTIMYAIOTCS OT HUX OTCYTCTBU-
€M HalpaBJIsiiolell IePeropoaXy U HECKOJIbKO HWHBIM PaCIiOIOKEHHEM JK-
paHUPYIOIIMX KO3bIPbKOB (Ha pHC. 4.26 OHM yKa3aHbl TyHKTUPOM). JTH
cekinM 060PyAYIOTCS IBEPKAMHK M CBETUIbHUKAMU. TIpoMexyTouHast cek-
ISl TIEPEKPDITA CBEPXY.
IIpoMexyTOuHbIE CEXITHU TIPeJHA3HAYEHBI A1 0GCIYKUBAHUS COCEI-
HUX CEKI[HiA, 2 CMECUTE/IbHAS, KPOME TOTO, M JIJI1 CMEITUBAHUS TIOTOKOB.
Knanaust casoennsie (puc. 4.27) npeqHasHauyeHbi A/ IPOIOPIHO-
HaJIBHOTO MM ABYXTIO3UIMOHHOTO PETYJIMPOBAHMUS KOJHYECTBA BO3/IYyXa,
IPOXOMSLIETO Yepe3 TEMIO0GMEHHYIO IOBEPXHOCTD ¥ 00BOAHOM KaHaJI CEX-
1M1 IOJ0TPeBa, C KOTOPBIMM OHHU YCTaHABJIUBAIOTCS COBMECTHO.
Knanans xonauuuonepos K 10, KT 20, Kn 40 npencrasasior coboit
Hepa3beMHY0 KOHCTPyKImIo. CeKIuio KianaHa KOHAMIIMOHePa 601bIoi
TIPOM3BO/IUTE/ILHOCTH 0OPA3yIOT iBA CAMOCTOSITE/IbHBIX KJIaniaHa: IIPaBbIii
U JIEBDIH, COEINHEHHBIE MEX Y COOOH.

aj

=}
: = A4 .ﬂluxenue

N 03dyxa

!—~_ . — -

. N

—- -]

f———e s —— iy
¥

Puc. 4.27. CaBoeHHbIi K/IanlaH TUIOBBIX EHTPAIBHBIX KOHAMIMOHE POB:

a) bpoHTanbublit BUE; 6) BrA CHOKY:
1 — MHeBMATUYECKHIA IPUBOJ; 2 — 3NeKTPUYECKHIl TIPUBOX
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Kinanan cocrout U3 xopnyca, pasjiesieHHOTO IIEPETOPOAKON Ha JBa
KaHa/la: OCHOBHOI M 06Bo/iHOM. B 0CHOBHOM KaHale ycTaHOB/IEHBI Kall-
neBuHbIE 06TEKATENH, MEXY KOTOPHIMM HAXOAATCS OBOPAYHBAIOIIH-
ecsi IONaTKH, B 06BOAHOM ~ TOBKO OAAHH jonaTku. OCHOBHOM KaHa KJia-
TIaHa MPOIYCKAeT BO3AYX Y€Pe3 TEII00OMEHHYIO OBEPXHOCTh CEKIMH
nozorpeBa, 06BoHO# — B 06BOJ CEKIMM IOOrPEBa.

Kiananb! ynpas/siorcst P TIOMOIM 91EKTPUYECKOTO WM TIHEBMa-
THYECKOTO TIPMBO/IOB Y€PE3 CHCTEMY PbI4aroB TaKkuM 06pa3oM, YTo TI0 Mepe
OTKDHITHA (3AKPBITHA ) CE4E€HH ST OCHOBHOT'O KaHAJIA 3aKPBIBAETCS (OTKPHI-
BaeTcs) cedeHHe 0OBOAHOTO KaHanma. IIpy MOMHOM OTKPBITHM cevyeHHs
OCHOBHOTO KaHaJla cevyeHHe 06BOJHOTO MOJHOCTBIO 3aKPhiTO.

ConporuBieHye KlanaHa B OTKPBITOM IOJIOXKEHHH TIPU HOMHHAJIb-
HO¥ TIPOM3BOUTENBHOCTH PaBHO 2 kI /M2,

KianaHb! npueMHbIe ¢ yTEIIEHHBIMH JonaTtkamu (puc. 4.28) mpea-
Ha3HAYeHBI /IS 3alIMTh KOHAUIMOHEPOB OT BIMSIHUS HApyKHOTO BO3-
AlyXa B TIEPHOJL MX BPEMEHHOH OCTaHOBKH.

Kianan cocrout u3 xopiyca, BHyTPH KOTOPOTO YCTaHOBJIEHBI IIOBO-
POTHBIE YTETUIEHHbIE IONATKH, H IPUBO/IA, OCYIIECTBIISIONIETO IIOBOPOT

a) R/
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Hluxesue N fi,
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{ o (077-132)—

Puc. 4.28. IIpuemHblii KJIanaH C yTENIeHHBIMH JOTIATKAMH:

@) GbpoHTaNBHbI BUL; 6) BUA cOoKy:
1 ~ MHeBMaTHYECKMii MPUBOX; 2 — JIONATKH; 3 ~ TATH
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JIOIIATOK Yepe3 cucteMy pbidaros. [IpuBoa Moxker ObITh PYyYHbBIM, TTHEB-
MaTHYECKUM U 3JIeKTpudeckuM. Kianmanbl ¢ THeBMONPHUBOIOM U3TOTOB-
Jstorest o cxeme BO (Bo3ayx oTkpbiBaet) u 1o cxeme B3 (Bo3ayx 3akpbl-
Baet). Kianassl ¢ s/eKTpHYECKMM U THEBMAaTHYECKUM TIPHBOZIaMU MOTYT
6I0KMPOBATHCS € MyCKOBBIM YCTPOHCTBOM BeHTUASTOpa. COTIPOTUB/IEHHE
KJIallaHa B OTKPBITOM TOJIO)KEHUU TIPU HOMMHAJIBHOM TIPOU3BOJHTEIb-
HOCTH paBHO 2 «l/m%

Hpoxoausie k1anausl (puc. 4.29) npenHa3HadeHbl A1 PeryJaupoBa-
HUSA KOJUYECTBA BO3/yXa, HOCTYHAIOUIETO B CMECHTE/IbHbBIE U PAaCIpeie-
JINTEJIbHBIE CEKIIUM MU BO3AYX0BOAb. X pasMeps corsiacylorcs ¢ pas-
MepaM{ BEPXHUX OTBEPCTUH 3TUX CeKIHH.

Kiananet MOryT UMETh PYYHOIH, THEBMATUYECKHUI MJIH 3I€KTPUIECKUA
TIPUBOJ.

Comnportusienue KjianaHa B OTKPHITOM IIOJI0KEHUM TIPM HOMUHAJIb-
HOH TIPOU3BOAUTENBHOCTH cocTaBaser 2 xkI'/m?.

Hosopornsie cexuuu (puc. 4.30) npeanasHaYeHbl /151 COCIUHEHUS
ApYTHX cexuuii oz yraom 90° B ToM ciiy4dae, €cii Heo6X0AHMOCTb B ITOM
JUKTYETCS pasMePaMH TIOMEIEHUsT WM ApyTruMH coobpaxeHusiMu. Ilo-
BOPOTHBIMM CEKIMAMHU 000PYAYIOTCSA TOJBKO KOHMIUOHEPHI B METAJI-
JIMYECKOM UCTIONIHEHUM. /17151 BHIpaBHUBaHUS MOTOKA BO3/yXa BHYTPHU

d)

i
|}

)

S

1374~ 0657

850~ 3152

Puc. 4.29. TIpoxoaHo# KIanaH Ajs 1eHTPATbHOr0 KOHAMIMOHEpPA:

a) Buz c6oKy; 6) HpOHTATLHBIH BHR:
1 — nonactu; 2 — TArY; 3 — MHeBMaTHYECKHH PHBOLK
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CEKIIMH YCTAHABJIMBAIOTCSI HAIPaB-
Jsiioniye Jonatku. Boanyx ugepes
CEKIWIO MOXKET OBITh HallpaBJeH 110
mobOMy U3 Y4eThIpex HallpaBJeHHiA,
yKasaHHbIX Ha cxeme (puc. 4.30).
Cexunn nepexonbie K BEHTHIA-
TOpy (pHc. 4.31) cayxar ays1 IpUCo-
€IMHEHHUS CEeKIUI KOHAUIMOHEPA K
BCAaChIBaloIIEMY NaTPyOKy BEHTHIS-
TOPHOH YCTaHOBKH KOHIUIIMOHEPA.
Ceknuusi COCTOUT U3 CTEHKH, IIPH-
coeqMHHUTENBHOrO (haaHua, narpy6-
Ka ¥ MSITKOM BCTaBKH, KOTOpas Ipe-
NOTBpALIaeT nepeaady BUGpanuii ot
BEHTUJISITOPA K CEKIUSIM KOHIUI[U-
onepa. ColnpoTHBIeHHE CEKIIMU PaB-
HO npuMepHO 2 k[ /M2,
BeHTHIATOPHEIE yCTAHOBKH, KaK
IIPaBUJIO, BXOMASIT B COCTAaB L[EHT-
PAJBHOTO KOHAUIMOHEPA, TOCTABJISI-
€MOro npomsiiieHHocThio. OHU

Npaboe dbunenve

\—;'LJ
‘\

NG
/' \/Moe buxenve

Puc. 4.30. IloBopoTHas cekius
[EHTPAJILHOTO KOHIUI[UOHEPA:

1 — KOpIIyC CeKUHY; 2 — HANPABJIAIOIHE

M E R EEEE R EE XN

L O O R

+ 4+ + + ¢+ + ¢+ + Fp+ t ¥+t 4+ + 4

]
$ + 3+ + P+ A F e

A
~

JIOHacTu

Puc. 4.31. TepexopHast CEKIUsA K HEHTPOOEIKHOMY BEHTUIATOPY:

1 — npHUcoeRMHUTENbHBI (raHel; 2 - CTeHKa; 3 — natpy6ok; 4 — MArKasi BCTaBKa;
5 — CTsKHBIE XOMYTHI
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IPEACTABJISIIOT COO0M BEHTHIISITOP C JIEKTPOIBUTaTe/IeM, CMOHTHPOBaH-
HBIM Ha o0Lelt pame. /IBuratesib COeqUHSIETCS C BEHTUJISITOPOM TTOCPe-
CTBOM KJIMHODEMEHHOH INepenauu. Pama ycTaHaBiIMBaeTCsl Ha NPYXXHH-
HbIX aMopTu3aTopax. OOmuKi BUI BEHTH/ISITOPHOM YCTAHOBKH NOKa3aH
Ha pHc. 4.23.

Bentuasitopusie ycraHoBkH Konnunuonepos Ki 10 u Kn 20 komn-
JIEKTYIOTCS KJIallaHaMU ¢ [TOBOPOTHBIMU JIONIATKaMM, KOTOphIE Ipen-
Ha3Ha4€HbI AJIs1 PETYJIMPOBaHHs POU3BOAUTEIbHOCTH BEHTHJSATOPA.
TIpou3BoaNTENBHOCTS BEHTHISITOPHBIX YCTAHOBOK OCTAJ/IbHBIX KOH/IM-
HHMOHEDPOB PEryjaupyercs IHpH MOMOLIM HANpaBJASAOLUIMX alNapaToB
IlyTeM M3MEHEHUs YIjia BXOJa MOTOKA BO3[yXa Ha JIONaTku paboyero
KOJIECA BEHTHJISITOPA M yMEHbLIEHHSI CEYEHHsI BXOTHOIO natpybKa BeH-
tunsitopa. Hanpasasiiomuii annapat — aTo Xopnyc, B KOTOPOM CMOH-
THPOBaHbI IOBOPOTHbIE JIOIATKH, IIPUBOJUMBIE B IEHCTBHE C IOMOMIbIO
PYYHOTO MJIY 3JIEKTPHYIECKOTO IPUBO/A. ¥ CTAHABJIMBAETCS anllapar Ie-
pel BcachlBaliOLINM OTBEPCTHEM BeHTHIsATOPa. KpoMme Toro, B cocTaB
LUEHTPAJIbHBIX KOHAMIIMOHEPOB BXOMST IOJACTABKH, IIPEACTaBASAIOLIKE
co60¥ cTajbHbIE KO3JIbl, Ha KOTOPbIE YCTAHABIHBAIOTCS CEKIIMU H JIPY-
rue fetanu (nogpobHee 0 HUX MOXHO IIPOYECTD B CIIEIIHANbHON U CIipa-
BOYHOM JHTEpaType).

§ 4.11. Kamepnl ¢ opomaemoli HacaJkoii

KaMepsl ¢ opoliiaeMbIM cj10eM HacaAKU (MM OPOLIIaeMOi HacaIKoi ) BeChb-
Ma MHPOKO UCHOJB3YIOTCA B XMMUYECKOH NMPOMBIIIJIEHHOCTH AJIS OCy-
LIECTBJICHUS. Pa3NIUYHBIX [IPOLECCOB B3aUMONEHCTBUSA MEXKAY Ia30M H
XHUAKOCTHI0. IX Hepenko Ha3plBalOT allllapaTaMH HacaJO4HOIO THIIA.
Jpyroe 10BOJIbHO PAacHPOCTPaHEHHOE HA3BAHKE ATHX aNIapaToB — CKPy6-
6epbl, II03TOMY IPOLIECCH, POMCXOASIIME B HUX, Ha3bIBAIOT CKPyOOep-
HBIMU [IPOLIECCAMH.

B BeHTHASIMK annapaThl HACAZOYHOrO TMNA BIEPBhIE ObLIM HpUMe-
HEHbl B KOHLe 20-X ro0B ABalIaTOTO CTOJIETHS, T. €. B IEPHO], 3apOXKIe-
HMS KOHAMIIMOHMPOBaHMs Bo3ayxa. Kamepsl ¢ opollaeMOi Hacankoii B
CHUCTEMaX KOHAMIHOHMUPOBaHUS BO3/lyXa IIOTY4YHIN MEHbIlIee pacIpoCT-
paHeHue, 4eM PopcyHOUHbIE KaMepBhl.

IIpuHuMIIMaIbHAST CXeMa KaMephl C OpOLIaeMOii HacaiKoi H3obpaxe-
Ha Ha puc. 4.32. Boaayx nocrynaer B kamepy /151 06paGOTKH 1O CTpeJiKe
A. B xamepe ¢ opomaeMoii Hacanko#, B oT/in4due 0T GOPCYHOUHOM KaMe-
Pbl, TOTOK BO3/IyXa BCTPEYAET He MOBEPXHOCTDb KalleJieK BOADL, a [IOBEpX-
HOCTb ILJIEHOK BOJIbl, OMBIBAIONINX IIOPUCTHII MaTepHasl, COCTABJISIIOLIHH
cyi0ii opolllaeMo# Hacaaku 7. Boma monaercst Ha opomiaeMblif CJIOM Ha-
ca/ikH yepe3 TpyOHy 1o peleTky 3, MMEIONIyI0 OTBEPCTHS, i (POPCYHKHM.
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B 3aBrcuMocCTH OT nponecca 06paboTku Bo3/lyXa, B KaMepe ¢ Opoiiia-
€MOii HAaCaIKOM, TaK Xe KaK H B (POPCYHOYHOIM KaMepe, MOIyT OCYLIECTB-
JISITHCSL PA3/IMYHble CXEMBI IIMTAHHUS BOJIOMA.

Ur06bl NPOMCXONM IPOLECC OXMAXKAEHHS. U OCYIIKU BO3/yXa, BOA
MOJDKHA IOCTYNaTh B KAMEPY C MIOCTOSHHON TeMIlepaTypoi Mocjae OX-
JIaXKIEHHsI B XOMOAMIbHBIX MalllMHAX WJIH U3 apTe3MaHCKOH CKBAXKHHBI,
a 3aTeM HaNpPaBJSATHCS 117151 OX/IaXKAE€HHs WK Ha BeiOpoc. I1pu atoM kpa-

R

(2
/|

ba Ny
66
Yﬁ mm;waqwq unu
X ZONOGUNSHOU
Mawure Us bodonpoboda
uny om IOR0CUNGHOY

MaUWUHN

Puc. 4.32. [IpusiunuanpHasi CXeMa KaMephl ¢ OpoInaeMoil HacagKoit:

A - Bxox Boanyxa; B — Bbixox 06paGoTaHHOro Bo3ayxa:
1 - cnoii opomaeMoi Hacaiky; 2 —~ cetiapartop; 3 — Tpy6Hl Ul HORaYH BOJABL
Ha opolienne; 4 — HeHTPOGEKHBIA HAcOC; 5 — GUABTD I BOAHI;
6 a, 6, 8 — BeHTUNY; 7 — IOANOH
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Hbl 6a U 68 TOMKHB OBITH OTKPHITHI, a KpaH 66 — 3akpbit (puc. 4.32).
Jlyist mponecca aaquabaTHOrO yBIaXKHEHUS BO3/yXa UCITOJIb3YETCS OfIHA U
Ta Xe Boza. B aTOM ciyuae 3aKpbIBAIOTCSI KpaHbI 6a U 68, OTKPbIBAETCs
KpaH 66, BO/Ia PEUUPKYAMPYET MO 3aMKHYTOMY KOHTypy. Ilpomeammit
Yyepe3 opolllaeMblif CJI0H HACAZIKKM BO3LYX 3aXBaTbIBaeT MeJbYaillive Ka-
HeAbKH BOABI, U TIO3TOMy B KaMepe HeoOXO0IHMO NpeLycMaTpUBaTh ce-
HapaTop WK KallieoTaeauTteab 2. B kauecTBe cemapatopa MoxkeT OGbITh
HCIIONIb30BAaH CJOW U3 TOrO Xe MaTepuasa, YTO H OpolllaeMasi HacafKa.
B aroM cayyae ero Ha3biBaioT oTGONWHBIM cioeM. OnHAKO B KaMepe C
opollaeMoi HacaJKo# NpeaNoYTUTeIbHee YyCTPauBaTh cellapaTop TaKkoro
e THIIa, Kak 4 B (GOPCYHOYHOI KaMepe, T. €. U3 TOHKUX CTalbHbIX JIHC-
TOB, UMEIOLIMX U3TUOHI AJIs1 CO3IaHUST M3BUJIMCTOIO MYTH JBUXKEHHUS
BO3/IyXa.

OCHOBHBIM 2JIEMEHTOM PacCMaTpHUBAeMOil KaMephl sIBJSETCs CI0H
opoliraeMoit Hacanku. MaTepuast 3Toro cJ10st J0/KeH ObITh TAKMM, YTOOBI
IJ1st IPOX0/1a BO3/IyXa B HEM CO3AaBAMCh H3BHAUCTDIE KaHalbl. [1pu opo-
IIEHHH CJI0sI [IOBEPXHOCTh CTEHOK KAHATOB IIOKPBIBAETCS ILIEHKOI BOJIbI,
IBIKYIIENCS] HABCTPEYY BO3IYXY.

K Hacake npexbsBIsioTCs cenyioiye TpeboBaHus:

1. Hacazaxka nonsHa uMeTb 60MIBbIIYIO yIEAbHYIO IOBEPXHOCTh fyﬂ. Ion
yIeTbHOM MOBEPXHOCTBIO 6y/leM TTOHUMATh NIOBEPXHOCTD, PUXO-
ASILYIOCS Ha eMHUILY 00'beMa CJI0ST HACAIKH.

2. Cioit Hacazky HoJkeH ob6aagath O0abIIMM CBOOOAHBIM 06be-
moM V. u GobinM xuBbM cedenneM f . CBobomHublil 06beM
npexncrasisieT coboit 06veM mycror Ha 1 Mm% KuBbIM ceyenuneM
Ha3bIBaeTCs IIOINA/Ab /s IIPOX0/a BO3/LyXa, IPUXOIIAsIcs Ha
IJTOM[a/b TTOTIEPEYHOTO ceueHus cyiosl. /KuBoe ceyenne MHOrIa
Ha3bIBAOT CBOOOAHON TMOBepxHOCTHI0. HeTpynHo 3aMeTuTs, 4TO
BEJHYUHB! CBOOOAHOTO 06bEMa M KUBOTO CEYEHUS YHCTEHHO
COBIA/AIOT.

3. Hacaznka mo/pkHa uMeTh Majioe a3poAWHAMHUYECKOe COIPOTHBIIe-
HHE BO3/YILIIHOMY OTOKY.

4. Hacanxa nomkHa 061a1aTh 10CTATOYHON MEXaHMYECKOH TIPOYHO-
CTHIO U IOATOBEYHOCTHIO. JKenateapHo, 4T0OB MaTepHas HacaIKK
He TI0/IBEPTAJICS KOPPO3H1H O/ BO3/I€HCTBHEM IOTOKOB BOJBL U BO3-
ayxa.

5. CTOMMOCTb HaCaAKH IOJKHA ObITh 110 BO3MOXXHOCTHU HEGOJIBILOH,
a M3aroTOBJIEHHE €€ — O0CTATOYHO [POCTHIM.

Kak Bunum, dactb atux Tpe6GoBaHMii HAXOAUTCS B IIPOTHBOPEYNH
ApYT ¢ apyroM. Tak, Halpumep, HacafO4YHbIN MaTepuas ¢ GOJAbIION
YAEIbHOU IOBEPXHOCTHIO 06.1aaeT, KaK IPaBUII0, MEHbIIHM CBOGOIHBIM
06BEMOM M MEHBIIMM XUBBIM cedeHHeM, U Haobopor. Touno Tax xe
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HaXOJATCS B IPOTUBOpeYHH 1-e u 3-e TpeboBaHuUs, TaK Kak OOBIYHO Ha-
cafiku ¢ 6oJbIueii ynenbHO MOBEPXHOCTHI0 061afa0T U GOMBUIMM
a9pOAMHAMHYECKMM CONPOTHB/IeHMEM. B HacTosiiee BpeMst caMbIM pac-
IIPOCTPAHEHHBIM MaTE€PHAIOM JJIsl HACAAKH SIBJSIOTCS KepaMUyeckue u
cTajJbHble KObia Palnra, BeIlycKaeMble nMpPOMBIIITEHHOCTbIO B 6OJIb-
IIMX KOJTMYECTBAX.

W3 Bcex BpinyckaeMbIxX TUIIOB KoJel[ Pairura Haubosbliee pacrpoc-
TpaHeHue NOJyYHIH KepaMUYECKHe KOJbIA C PasMepaMu 25x25x3 mum,
IIMPOKO MCHOJb3yeMble B XUMHYECKOH IpoMblllieHHOCcTH. Hacaaka
U3 3TUX KOJiell He OTJANYAeTCsl BLICOKMMHU OCHOBHBIMHU TOKa3aTeNsIMU:
fyn =195 M*/M3, V_ = 0,75. BMecTe ¢ TeM faHHBIH MaTepuan obsagaer
HECOMHEHHbBIMHU IOCTOMHCTBAMHU (CTOMKOCTH IPOTHB XMMHUYECKHUX BO3-
neicTuil, crrocobHOCT 61aT0NAPS 3aChIIIKE CO3/1aBaTh CJIOH 060 TO-
IIMHBI), YTO OIIpenesieT ero paclipoCTPAHEHHOCTb B XMMUYECKOH TPO-
MBILIJIEHHOCTH, Te ¢ TOMOINIbI0 KoJjen Pamura co3naiorcs MOMIIHbIE
HACa0OYHbIE KOJOHHBL. DTH KOJIbIa I03BOJISAIOT OCYIECTBJISITh Pa3ainy-
Hble TIPOLIECCHI, XapaKTepusyoiuecs: 60JbIIMMHA IOTOKAMU Tellla U
Macchbl, KOTOpHIE IIEPEHOCSITCS OT OHOM cpefibl K aApyroit. Hexotoprle
JOCTOMHCTBA 3TOTO MaTepHaJia He MMEIOT CYIeCTBEHHOTO 3HAYEeH U /151
YCTaHOBOK KOHHIIHOHMPOBAaHKS BO3yXa, a TAKHE €70 HEIOCTAaTKH, KaK
Majible BeJIMMMHBI Y/IETbHON TIOBEPXHOCTH M CBOGOIHOTO 06beMa (KH-
BOTO CeYeHHs1), [eaioT Koybla Palura He BIOJHE MOAXOISIMM 3a-
[OJHUTEJIEM /sl CI0SI HacaAKK B KaMepaX oOpaboTku Bo3ayxa. M3-3a
MaJIoH yae/JbHOMH IOBEPXHOCTH NIPUXOAUTCS AE€AATh TOMIIUHY CI0s 10-
BOJIbHO 3HauuTeabHOM — 30—40 cm, uTo BezeT K GOJBUIKM adpOAMHA-
MHYECKMM COTIPOTUBJIEHUSIM U OTPaHHYEHHI0 CKOPOCTH Boaayxa a0 0,8—
1,2 m/cex.

Heb6onbinaa BeanurHa cBo60ogHOTO 06beMa (KHBOTO CeYeHMUsT) TIPH-
BOJAMT K 3HAYUTESTHBHOMY YBEJMYEHUIO TJIONAIM TIONEPEYHOro ceueHus,
a CIe[0BaTENbHO, U rabapUTOB anmnapara.

Kamepsi ¢ opolaeMsIM ci0eM u3 kosen Pammnra uccie10Baiuch eure
B 1940 r. s HUXWU A. A. ToronmuusiM u P. Y. Pynomerkunsim. s k03g-
dbunuenTa TEIIOOTAAYH, OTHECEHHOTO K 1 M2 IIO1aay HOIepeyHoro ce-
YeHUsI HACAKH, AaBTOPAMH THOJY4Y€Ha 3aBUCHMOCTDb BUAA

a=f[H,3 @,0)], (4.111)

Ifie YW — BECOBas CKOPOCTDb BO3ayXa, I, '/ M*-cex;

H — naotHOCTH opollleHUs Ha 1 M2 nomepedHoro cedyeHusl HaCaAKH,
M/uac;

0 — To/MIIMHA CI0S1 HACAKH, M;

@ — CKOPOCTb BO3/yXa TePe/ HacanKoH, M/cex.
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MOHO MOAYYUTH CBSI3b MEXAY INIOTHOCTHIO OPOLIEHHSI, KOTOPYIO
MHOI/a Ha3bIBAIOT BBICOTOM J0KAA, U KOPDUIIMEHTOM OPOLLEHUS .

G %
Hockonpky H=—2, a H=—"~ no G, =wFy, 3600, cienosa-
Gr Y)KF

TEJbHO,

H=36001pw . (4.112)
¥x
Jlnst adponvHaMI4ecKoro conporusienust Ap B kI/m? opoiraeMoro
cosi mosrydeHa (opmysia Buza

Ap=f(H, 5 w). (4.113)

B xamepax ¢ opoliaeMoil HacaJKoi B Ka4ecTBE PacYeTHON IPUHMMA-
€Tcs cpenHenaorapubMudecKast pa3HOCTh TEMIIEPATYP IIPH IPOTHBOTOKE.

3asucuMocty, noayvennbie B HUXW, nocsAT yacTHBIN XapakTep H
CNpaBe/INBbIL JUIIb B CAy4ae IPHMEHEeHUs BIIOJHE OIIpeieIeHHOro Ma-
TepHaia I CJI0sl OpollaeMoit Hacaaky — koJjiell Pammra ¢ pasmepaMu
25%25x3 MM, YIOXKEHHBIX Ha PELIETKy C XKHUBBIM cedenneMm 85%. Coor-
BEeTCTBYIOLIME HOPMYJIBI M HOMOTPAaMMbl MOKHO HalTH B CHELMANbHOM
auteparype [35].

Bonee obmime 3aaBucuMocTu uist pacyeTa NOAOOHBIX alNapaToB Haif-
nensl akageMukoM H. M. JKaBopoHKOBbIM 11pu u3ydeHuu cKpy66epHOro
nporecca. Tak, [Jisi OnpeseseH s a3POJUHAMHIECKOTO COIPOTHB/IEHHSL
C/10s1 HACaZIKH TOJMINUHON 1 M HA OCHOBAHMH TIPUMEHEHHs TEOPUH MOLO-
6y UM NIONy4eHO BrIpaXKeHNe, IPeACTapAiouee coboil ypapHEHHe, CBA-
3bIBajolliee OIPEsEsieMble U ONpPeeNsIolHe KPHTEPUH NoR06us:

Eu=f(Re,,Re, ), (4.114)
ApgV;
rae Eu — xpurepuit Jitaepa, Eu =———r;
Y. w0
Re, — xpurepuii Peitnonbzica 1o Boazgyxy (rasy), Re, = wd, ;
c'T
Re,— xpurepuii PeitHonbaca 10 Boze (KMAKOCTH), Re, = H—da :
3600v, V,

@ — CKOPOCTb B CEYEHHH amniapara, m/cex (w/V, — CkopocTh B KaHa-
71aX, 06pPa30BaHHBIX MTyCTOTAMU HACAIKH);

V, V- xoaddunuents kuHeMaTHaeckoil BA3KOCTH BO37yxa (rasa)
¥ BOZIbL (3KMIIKOCTH), M/Cex’;
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d, — SKBUBAJEHTHBIH [HAMETP HACAJKM, UTPAIOIIMH POJIb XapaKTep-
HOTO JINHEHHOTO PasMepa.

Bmecto xputepus Jiisepa MOXHO NPUMEHATH Ge3pa3MepHblit koad-
bunueHT TpeHUs

2
A, = gApg_ch . (4.115)
Yw
Kak Bunum,
A, =2Eu. (4.116)

HMoayuuTs BbIpaXeHHe JJIs1 IKBUBAJEHTHOTO AMaMETPa MOXHO CJie-
ayommM obpazoM. PaccMoTpuM cJi0it Hacamku TOMIMHON 1 M, HMEIO-
el ob6beM BMecte ¢ mycrotamu V u®. Torna ynenpHasi IIOBEPXHOCTD,
BhIpaXKeHHAs Yepe3 OKBHBAJIEHTHBIA JHaMeETP, COCTaBHT

£y (4.117)
ya %4
3ateM HaiizeM 3HaYeHHe CBOOOAHOr0 00beMa, BRIPAKEHHOT0 Yepe3 TOT
ke 3KBUBAJEHTHBIA IuaMeTp:
2
y =1 (4.118)
4V

Honenus (4.117) Ha (4.118) U pewINB OTHOCHTENBHO d,, IOMTYIUM

4v,
d =Y. (4.119)
fia

Jls onpenenenust koahduuEeHToB TeloobMena H MaccoobMeHa
MOTyT 6BITh HCIOIb30BaHbl 3aBUCHMOCTH THIa (4.60) u (4.61), npuse-
neHnble B § 4.5.

Kak oTMeyasoch Bhillle, Ko/iblia Palliira He siBJSIIOTCS COBEPILIEHHBIM
3aIlOTHUTEIEM JJISL CJIOS HACAaKU B KaMepaX KOHAMIIMOHHPOBaHHUsI BO3-
nyxa. Hau6onee a¢dbexTHBHBIMU CIE€AYET CYUUTATD 3AMOTHUTENH, Y KO-
TODPBIX BeJMYMHbI YAENbHON IOBEPXHOCTH M cBOGOLHOrO o6peMa 3Ha-
unTenpHO GoJbllie, YeM y koser Pamura. K yucay ux oTHOCSTCS CETKY,
W3rOTOBJIEHHBIE U3 Pa3IMYHBIX CHHTETHYECKHX MaTepHAJIOB,

KaMepbl C OPOUWLAEMbIM COEM U3 KANPOHOBLIX CEMOK

Ha ocroBanuu nccaenopanuii HaMu ObLIM IPEIOKEHBI CETKH U3 T1J10C-
KHX KallPOHOBBIX HUTEH ¢ pasmepaMu: mupuHa — 1,1-1,3 mm, TOA-
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muHa — 0,1 mm; pa3mepsl stueitku 2x2 mm. CeTKH U3 KallPOHOBBIX HU-
Tel MMeoT CJAeAYIONIMe XapaKTEPUCTUKH: YIAEJbHYIO I0BEPXHOCTh
fyn.= 1950 m2/m3; cBobonnbiit 06beM V. = 0,85; sxBUBAaJEHTHBIN IUa-
merp d, = 1,75 - 10 M.

OKBUBAJIEHTHBIM [0 CO31aBAaEMOi1 [IOBEPXHOCTU KOHTaKTa CIOEM U3
xouser; Parura tosuuoi 400 mm oka3biBaeTCst CJI0M ceT4aTol HAcaaKH
u3 32 ceTok TOMUUHOU MeHee 40 mu. AdpoaHHAMUYECKOE CONPOTUBIIE-
HHEe TAKOT'O CJIOSI 3BHAYMTEbHO MeHbLIIE, ueM ciost u3 Koser| Pamura. Co-
IIPOTUBJIEHHE HEOPOIIAEMOTO CJI0sI HAcaaKu M3 Kosen Pamiura tommu-
Hoit 400 mm HaxoxuTes o hopmy.ie Ap = 12,5w%'8. Conporusienue ciiost
cetyaToif HacaAKu u3 32 CeTOK ompejesseTcs IO NOJTYyYeHHOMY HaMU
BhIpaXKeHHio Ap = 6,15w'%,

TakuM 06pasoM, NpU CKOPOCTH BO3/AyXa B CEYEeHMH allllapaTa
w = 1,5 m/cex cONPOTHBJIEHUE CJI0S1 HEOPOITaeMO HacaZKu U3 KoJer|
Paiura coctaBisieT 26 mm 600. cm., a CONPOTHBJIEHHE 3KBUBAJIEHTHOIO
O ILJIOLIAIH CIOS CeTYaTON Hacanku paBHO 10 mm 600. cm.

Mpu opoluenny BoLON pa3HHIA B BeJMYHHAX CONPOTUBJAEHUN IBYX
COIOCTaBJISIEMbIX TUIIOB HaCaZOK MOJyYaeTcs eie 6oibile. 3HAYUTe b-
Hasl BeJIMYMHA a9POAMHAMUYECKOT0 COIIPOTUBJIER S OPOIIaeMOii Hacall-
KM M3 KoJjier Palinra peako OrpaHMYMBAET, KaK Mbl BUAEH, BO3MOXHYIO
CKOpPOCTb BO3IyXa, a CJEI0BATENbHO, M BO3MOXKHbIE a9PDOAMHAMUYECKUE
pexkuMbl paboThl Hacazku. B cilyyae npuMeHeHHs OPOIIAeMBIX HACAIOK
HOBOTO THIIa (M3 CETYATHIX MAaTEPUATOB) MOXHO Iepexoauth Ha Gosee
BBICOKHE CKOPOCTH BO3fyXa. [loatoMy HeoOGXOOMMO PacCMOTPETH COOT-
BETCTBYIOHIHE IPOLIECCH COBMECTHOTO ABM)KEHMS BOAbL H BO3/LyXa B CJIO-
SIX OPOIIIA€MOM HACAIKH.

Opormaromas Hacagky Bofa o6pa3yeT MOABIXHYIO ILIEHKY, IBUXKY-
LIYIOCSI HABCTPeUy MOTOKY BO3/lyXa. JTO BbI3BIBAET CYUIECTBEHHbIE H3-
MeHeHMsI B XapaKTepe [BV)KeHHsI BO3AyIIHOro II0TOKA Yepes3 C/I0H Hacal-
KU [0 CPaBHEHHIO CO CIy4aeM, Koraa opollieHue oTcytcrayeT. Ilpu atom
He TOJIBKO yBeJIMYMBaeTcs (pakTHUeCKass CKOPOCTh ABMXEHHs BO3/yXa
4yepe3 HacaJKy M3-3a Cy)KeHHsI KAHAJIOB, HO M U3MEHSIIOTCs (DaKTODBHI, BJIU-
SIOII[Me Ha CONMPOTHBJIEHWE HACANKU TIOTOKY Bo3nyxa (6maromapsi Baau-
MOJIECTBHIO IBIMXYIHIMXCS HAaBCTPedy APYT APYTY MOTOKOB BO3IyXa M
wienku Bobl). [loatomy, 4To6BI OLIEHUTD Te KAYECTBEHHBIE U3MEHEHUS,
KOTOPble TPOMCXOASIT B a3pOJMHAMUKE BO3AYIIHOIO IIOTOKA, NPOXOAS-
IIEro yepes cJ0i opollaeMoil HacalKH, HAZI0 OTYETJIHBO HPEACTABISITH
XapakTep IBHXXEHUsI BOASIHON MJIEHKH.

TeopetuueckuM u aKCTIEPUMEHTAIbHBIM H3YYEHUEM BOIIPOCOB THIPO-
AVHAMUKY TITEHOK JKMAKOCTH, IBMXKYIIUXCS B TPY6ax U cJI0SX HACaKH
HPU BO3/IEHCTBUH I'a30BHIX IOTOKOB, 3aHMMAJIMCh MHOTHE HCC/IE0BATE-
au. Buiepsrle Bbipaxcenue sl onpeeeHus TOMIMHbBL CTeKalolled 1o
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cTeHKaM TPyObI ILIEHKH XUAKOCTH [PH OTCYTCTBMU HJIM MalOd CKOpPO-
CTH T'a30BOrO INOTOKa Teopetnuecku BhiBeneHo Hycceambrom. Briocmen-
crBUM 6BLIO yCTaHOBIIEHO, YTO hopmyna HyccenbTa cripaBesmiBa TOMb-
KO /ISl JAMMHADHOTO peskHMa. VI3ydeHuneM pas3jM4HbIX acleKTOB 3TOH
upobaemsl 3anuMaiuch I1. A. Cemenos, I1. JI. Kanuna, H. M. XapopoH-
xoB, b. 1. Konobees u psix npyrux y4ennix xak B Coperckom Coiose, Tak
1 3a pyGexom.

B cBsi3u ¢ HccsienoBaHMEM IIPOLECCOB, HPOUCXOAAIMX B Pa3IMIHBIX
annapaTax HacaJO4YHOrO THIIa, BOIIPOCHI COBMECTHOI'O TE€YEHUS IKUIKO-
CTH U Ta3a PaCCMATPUBAIOTCS B psiie paboT IO MacCOOOMEHHDBIM HPOLEC-
caM XuMH4eckoi Texnosoruu. OGHINit BEIBOMI, KOTOPBIiA CIELyeT ce/aTh
13 aHaM3a paboT, NOCBAIIEHHBIX JAHHOMY BOIIPOCY, 3aKJII0YAETCS B TOM,
4TO BBHAY CJOXHOCTH NPOMCXOASIINX SIBJCHUH HeJb3sl UCII0Ab30BaTh
aHAIMTHYECKHE METOMIbL /ISt TIOJyIEHMs] PacYeTHBIX 3aBUCHUMOCTEM, a
pa3paboTka 060OLIEHHBIX IKCIIEPUMEHTANBHBIX CBsI3ell B Psijie CJIydaeB
HATAJKMBAETCS HA BeChbMa Cephe3Hble TPYHOCTU.

Jast BeIGOpa HauboJiee paniMOHANBHOrO peXXHMa paboThl KaMephl ©
OpOIIAEMBIM CJI0EM HEOOXOAMMO YeTKO MPEACTABASITh (PU3MIECKYIO Kap-
TUHY IBWXKEHHUsI BOJHI U BO3AYXa.

Bce BO3MOXXHBIE pEsKMMBI MOXKHO IIPEICTABUTh B BU/IE TPEX OCHOBHBIX.

MepBbiil OCHOBHO!M peXXUM CieLyeT HAa3BaTh PEXKUMOM pasfiesib-
HOTO IBIKeHUsI ha3 (BOIBL M BO3MyXa); OH HabJMI0AaeTCsT IIPH MATIBIX IIOT-
HOCTSIX OPOLIEHUS] U CPABHUTENbHO HEOOMBIINX CKOPOCTSX ABHIKEHUS
BO3/YIIHOTO HOTOKA. B 3TOM peskuMe Boja IBUXKETCS 1O CTEHKaM, 06pa-
3yeMbIM 3JIEMEHTAMH Hacaiku (sTYeKaMK CETKH), a BO3LYX HPOXOIUT B
LEHTPAIbHON YacTH siueek. Boaayx v Boga B3aMMOEICTBYIOT Ha HOBEP-
XHOCTH JIBMXKYIEHCs: IEHKH BOJIBL

Ilepexon OT 3TOro peXKuMa K CIeNYIoIeMy, BT O D O MY, MOXeT IIpo-
n3oiTH G1arogaps yBeJIMIeHUIO PacXoa Bo3/yXa IIPU HEeM3MEHHOM pac-
Xo/ie BOZIBI M, Hao60poT, 6/1aroaapsl yBeTHYEHHIO PACX0/Ia BOMIbI IPH He-
M3MEHHOM pacxoje Bo3ayxa. Y1 B TOM M B ApYyTOM cjyyae BHayaJe
HACTYNAeT TaK Ha3bIBaEMOE TODMOXEHHeE, a TIOTOM HO/BUCAHHE BOJBI,
KOI7Ia IBWKEHMUE ee 3aMe/IsSieTCsl. Y IEPXKUBAeTCs BOMa IBIKYIIUMCS BO3-
nyxoM. Tlpu aTom npoucxoaut TypOyIM3auus ABHXYIIEHCS IIEHKH U
HaOIONAIOTCS CPBIBBI YaCTHYEK JKMAKOCTH C TypOyIM3HPOBaHHOM MOBEP-
XHOCTH. UKCJI0 yB/IeKaeMBIX BO3YXOM YacTHYeK IIOCTENEHHO YBETNIUBa-
eTCsl, M BO3/IyX HauMHaeT B3aUMOJEHCTBOBATh CO BceM 06EMOM XKUIKOH
IJIEHKH, 9TO IIPUMBOIMT K HHBEPCHU JBWXEHHsl BOJbI, €€ dMY/IbIMPOBa-
HUIO ¥ BOSHHKHOBEHMI0O TPEThEeTr 0 OCHOBHOIO PEXHMA.

PexuM sMyabrMpOBaHHUs SIBJSETCS PEXKUMOM COBMECTHOTO JIBUIKE-
Hus pas. ITOT PexkrM KOHYAeTCs 3axJieOpBaHKeM allliapaTa, KOrja CBepxy
CJIOSL HAaCaAKM HaKamauBaercsi 6apboTUpyeMbiit CIOi BOIBL
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IIpu nepexozne OT OAHOTO pexuMa K APYrOMy MEHSIETCS XapakKTep
3aBUCHMOCTH 2a3POIMHAMHYECKOTO COHNPOTHBJIEHUsS CJI0S HACAAKH OT
CKODOCTH JIBMKEHHUS BO3ayXa (IIPU IOCTOSIHHOM NJIOTHOCTH OPOIUEHHMS ).
Toatomy rpadmk dyskuuu Ap = f (w) B 10rapuMUIECKHX KOOPIHHA-
Tax HpeTepleBaeT nepesom (puc. 4.33).

Ecau B Te4eHue 1epBo-
ro pexxMMa XapaxTep 3aBH-

7 40 CHMOCTH OCTAeTcs TpH-
MEDHO TAKMM XK€, KAKUM OH
ObL1 B c1ydae Cyxoit Hacaj-
=1y >, J-d ﬂeam;-;;;yh KH, TO [IPH [IEPEXOJIE K IIPO-
rupobanue(cobuecm- YHOM eXHM
w02 Gbudcenus @as) EXYTO y p y
, ap=a,w yroj HakJIOHA JTUHUK Ap =
2-u peACUM -y olyMI3aLUs, f (w) ysenuuusaercs. B
nneAsu (MpoMeEymoy-
Hoitl) ap=a,w pexuMe 3MYJIbrHPOBAaHHS
3Ta JIMHUS CTAHOBUTCSA 110~
YTH BEPTUKANbHOM.
f-U peofeun - NeHAYHoWU Takum obpasoM, B ci0e
(pasdensnasa dbudfeenun @as) M }I{) ’
ap=a,W" gy OpOIIaeMOM HacalK¥ MMe

10T MECTO TPH OCHOBHBIX pe-
JKHMa JBUXKEHHUs BOAB U
BO3/yXa: PeKUM pa3nesb-
HOro TeuyeHus ¢das (Uau
TJIEHOYHBIN ), IPOMEXKYTOU-
HBIM PEeXHM (MK PexXuM
TypOyIM3anyy IIEHKH) U PEXUM COBMECTHOTO ABIKeHHst $a3 (Miiu pe-
JKUM 3MYJIbTUPOBaHUA ).

Hexkoropbie HccneoBaTenu MpeJiaraloT HHYIO TPAKTOBKY BO3MOXHBIX
pexxumos. Tak, Hanpumep, B. B. KadapoB roBopur o yeTsipex pexxumax:
IJIEHOYHOM, IIPOMEXYTOYHOM, PesKuMe TYPOYIH3alHu H SMYJIbITUPOBaHUS.

BecbMa cylecTBEHHBIM SIBJISIETCSI BOIIPOC 0 Bhibope Hanbosee nee-
coo6pa3sHoOro pexxuMa paGoThl KaMephl C OPOIIIAEMBIM CJIOEM, UCIIOJIb3Ye-
MOIl 711 TEeITOBAaXHOCTHOU 06paboTkH BO3fyxa. MakcHMasbHAs HH-
TeHCH(UKaAIMs Ipoliecca IOCTUIAeTCsI B PEXUME SMYJIbIMPOBaHHs, HO
TIpH 3TOM HAabMOAAI0TCS HauOOJIbIIe a3POIMHAMUYIECKHE CONIPOTHBIIE-
HUs CI0s1 Hacafiku. Masrble ConpoTHBIEHHSI XapaKTePHbI /IS IZIEHOYHO-
ro pexuma. OHAKO 3TOT PEXUM OTIHYAETCS] HESHAYUTETBHON TEILIO-
BOH HaIpsKeHHOCTbIO. B peaysibraTe uccienoBanuil Hamu OBl CeaH
BBIBO/] O 1{€/1eCO00Pa3HOCTH IPUMEHEHHS IIPOMEXYTOYHOTO PEKUMA, UJTH
pexxuMa TypOyansaluu wieHKH. [l 3Toro pexnma aspoJAHHaMHuYecKoe
COMPOTHUBJIEHHE CJIOS1 OPOLIaeMON HaCAKU U3 32 CETOK, YIOXKEeHHbIX ro-
PH30HTATBLHO, MOXKET PaCCYHTHIBATHCS 0 Popmyie

Puc. 4.33. AaponuxaMuyeckoe
CONIPOTHBJIEHHE CJIOSl OpPOLIaeMoit CETYaTOM
HACA/IKU TIpU Pa3/IMYHBIX peXUMaX paboThl

190



Tpoyeccor u annapamw xonduyuonuposanus 6030yxa

Ap=632w" O3 (4.120)

Jins pexuma sMyJIbrUPOBAHUS A3POAMHAMMYECKOE CONPOTHBIIEHHUE
TAKOTO XK€ CJIOS ONPEAEHASIETCS C MIOMOLIBIO MHOM 3aBUCHMOCTH:

Ap=0,106w* HY8 (4.121)

Boipaxenus (4.120) u (4.121) monyyeHbl 13 SKCIEPUMEHTOB.

Heo6X0a1M0 OTMETHUTD PE3KOE PA3AMUME MEXKAY BAUSHHEM OpOLle-
HUS B peXuMe TypOyau3auuy IIEHKH U B PEXHMME SMYJbIHPOBAHHUS.
Ecau B pexxuMe TypOyin3auuu 3To BAMSHHE CPABHUTENABHO HEBEAUKO —
COIIPOTHUBNIEHHE CAOS HacaAku Npu yseanuennu H ¢ 4,8 no 10 m®/m2
BO3pACcTaeT NPHUMEPHO Ha 25%, TO B PEXXUME IMYAbIMPOBAHMS OHO 3Ha-
YUTERBHO — CONPOTHBJIEHHE CJi0s yBenuuBaercs B 3,4 pasa. OueHb Bax-
HBIM BOIIPOCOM SIBASIETCS TOJyYEHHE BEAMYMHABI KPUTHYECKOM CKOpOC-
TH BO3AYIIHOTO MOTOKA, COOTBETCTBYIOLIEH TOYKE JIEPEX0AA OT OAHOTO
pEXHMa K JPYroMy (MM KPUTHYECKOH TOUKE) MPH AAHHOM MIOTHOCTH
OPOIIEHHS.

H. M. ’)KaBOpOHKOBEIM NpPEAIOKEH METO/, NO3BOJAUBIIAN HAMTH
COOTHOIIEHHE, OTBEYAIOLIEE TOYKE 3aX1ebObIBanus CKpyOOepa, ImyTeM Mo-
CTPOEHMS KPHBOIl B CHAEAYIOMMX JAOTapuPMUYECKUX KoopauHaTax: abe-

G W w?
hcca — —= Y—r; opAMHaTa — il L 63

r ¥Vx 805 x

KoMOuMHaIuMIO ha3 BoJa — BO3AYX M IPUHATH QUIMIECKHE KOHCTAHTHI AJIst
CPERHMX TEMIIEPATYPHBIX YCAOBHIA, CBOMCTBEHHBIX TIPOI[ECCAM KOHIMIIH-
OHHMpOBaHMs (YTO O3HAYAET: Y, = COnst, y,_ = const), TO A/isk OAHOTO U TOro
e MaTepHaJia Hacaaku f, = const, fw1 = const, d, = const, a A,_0HO3HAYHO
onpenensieTcs peanunnoi Re . [losTomy kpHBad [Us HaXOXAECHUS KpPH-
THYECKHMX COCTOSTHUI MOXET OBITh IIOCTPOEHA B CHCTEME KOOPAMHAT: a6-
cuucea - G, /G, = p (k03 PUUMEHT OpoLieHus ); opAuHaTa — Re_ (econ
NPUHSATH v, = cOnst, TO 175 NAHHOTO MaTepuasa Ciosl HacaKu BMECTO Re,
MOXHO HMCIIOAb30BaTh W),

J{ns oLeHKY a3pOAMHAMIYECKMX KAYECTB CETYATOM HACAKK U3 TLIOC-
KUX HUTel MTOKYyYEHBI KPUTEPHAIBHbIE 3aBUCHMOCTH TI0 TUITY YPaBHEHHS
(4.114), a anst pacyeTa NPoLECCOB TETIO- U MACCOOOMEHA BRIBEAEHDI YPaB-
HeHUs1 BHAA

. Kak Buanm, eciu uMeTh oqHy

Nu=f(Re,Re,T) (4.122)

E=f(WT). (4.123)
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HesxaynrenpHad TOJIIIXHA OpoLIAEMOTo CJios CETYaToi HacCaaAKH U3
TDIOCKHUX KallpoOHOBBIX HHUTEH [T03BOJISIET CO3AaTh KOHCTPYKIHMIO KaMe-
PBbI C HECKOJBKHUMM OpOINAcMbIMU CJI0SIMH, PaCIIOJOXEHHBIMHU TTapaJl-
JIeJIbHO 110 OTHOIIEHHIO K HalIpaBJCHHIO ABMIKEHUSA BO3AYyXa. Onna u3

2
L

y =

Puc. 4.34. Cxema anmapaTa C TOPH30OHTAIBHBIMH CJIOSIMH OpOIIaeMOM
CeTYaTON HaCaIKH:

1 — xopryc; 2 — opowaioniee ycTpoiicTBo; 3 — opomaemast ceryaTas HacaaKa;
4 —~ cenaparop; 5 — NOANOH

BO3MOXHBIX KOHCTPYKTHBHBIX CXEM TAKOTO PELIeHHs NMPUBOAMTCH Ha
puc. 4.34.

Kak BusiHO ¥3 3TO# CXxeMbl, IPH IIOAXOAE K aNTapaTy FOpHU3OHTA/Ih-
HEBEIN BO3AYIIHBIA MOTOK Pa3/e/seTcsi M IPOHU3BIBAET CJIOU HaCAAKH B
BEPTHKAJbHOM HampaBjeHud (CHHU3Y BBepX). Boxa nozmaercs Ha cioun
HACAJKH ¢ TIOMOILIbIO TPy6 |, IPoiias yepe3 Hacaaky, COOHPAETCs B po-
MEeXYTOYHBIX BOAOCOOPHHMKAX, OTKYZAA YEPe3 THAPABJIMYECKHIA 3aTBOP
HalpaBJISIETCs B Bojiocboprbie TpyOs! 1 3aTeM B 001t noanon. VI noa-
JIOHA YaCTh BOABI MOXKET MOCTYATh HA PEHUPKYJISILHUIO.

JlaHHasd KOHCTPpYyKTHBHAA CXeMa OTJIMYAETCS KOMIAKTHOCTHIO M CO-
XPaHsieT ropr3oHTAIbHBIN IIPHHIMI KOMIOHOBKH Y3Jia TEIJIOB/IAXHOCT-
HOM 06paBOTKH BO3yXa B CHCTEMAX KOHANIIMOHUPOBanus. [IpoexTupo-
BATh KaMepy 3TOTO THIIA CIERYET UCXOS U3 YCIOBHUI ee paboThl B pexHME
TYpOyIM3aIuH [IeHKH.

B zakmouenue YKaxeM, 4TO OXHOM 13 MoAnbUKaIHii anmapara ¢ CeT-
KaMH M3 KaIPOHOBHIX HUTEH MOXeT ObITh KaMepa, B KOTOPOH CETKHU yc-
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PHuc. 4.35. Cxema anmapara co CJIOSSMH OPOLIAEMOM HacaJKH,
PACTOIOKEHHBIMH TIOJ, YTJIOM APYT K APYTY:

1 - xopryc; 2 ~ marpy6ok s BbIX0Aa 06paboTaHHOTO BO3AyXa; 3 ~— cemapatop;
4 — opomwaioniee yCTPOHCTBO; 5 — opoluaeMasi HacaKa; 6 — OJLOH;
7 — natpy6oK A5t BXOA2 BO3AyXa

TaHOBJIEHBI IO OCTPHIM YTJIOM (NIPUMEPHO 7°) APYT K APYTY M K HaIlpaB-
JIEHUIO ABIXKEHHS Bo3xyxa (puc. 4.35).

KG.MEPbt C OPpOWAEMOIM CNIOEM U3 BUHUNIACTMOBHIX CeMOK

IIpuBeseHHbIE BBIlIE CBEAEHUS OTHOCITCSA K KaMepaM ¢ OpoLliaeMoi Ha-
CaJKOM B BUAE CIIEIIHATHHBIX CETOK M3 TVIOCKMX KaIIPOHOBRIX HUTEM. [{aH-
HBlE CETKH MMEIOT BeChbMa XODOIIMe XapaKTEPUCTHKH, HO TeXHOJOTHs
H3rOTOBJIEHHUSA UX JJOBOJILHO CJIOXHAA.

MoryT UCIoNB30BATHCS CETKH, TIPOM3BOACTBO KOTOPHIX HANAKEHO B
OTEYECTBEHHO! XMMUYeCKON NPOMBINIIEHHOCTH. VI3 4MC/ia TaKuX CeTok
HaWIy4IMe MOKA3aTeMM Y IITaMIIOBaHHBIX Nep¢OpHUPOBAHHBIX U rodpu-
POBAHHBIX CETOX K3 IIACTUYECKUX MACC, BbIPAOaTHIBAEMBIX HA OCHOBE 1O~
JIMXJIOPBUHUXOBBIX CMOJ TT0 TexHuyeckuM ycoBusiM TY 30-12423-62.
ITOT MaTepual, LIHPOKO IPUMEHSIEMbIN B TEXHIKE, HAa3bIBAETCs OOBIYHO
BHHHILJIACTOM. BUHUIINAaCTOBASA TIJIEHKA U3TOTaBAUBAETCS U3 TOXUBUHMII-
XJIOPHAA IyTeM TEPMUYECKOM MIACTHOUKALMH C TOCAERYIOMEH Hepdo-
panmeit 1 roppupopanneM Ha CEHUANbHEIX cTaHKaX. llupuna seimyc-
KaeMoii nienku cocrassier 400-650 mm.

Kak u3sBecTHO, BUHHILIACT KOPPO3HIHHO-yCTONYMB, TPOYEH, THOOK, CTO-
€K K KMCAOTaM M iexoyaM. To¢pprpoBaHHbIE BUHHILKACTOBLIE CETKH MIPHU-
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Puc. 4.36. Cxema yxaaxu robprpoBaHHBIX CETOK B CJIO€ HACAIKH

MEHSIOTCS B KAYeCTBE TIPOKAANOK B KUCAOTHBIX akKymyAsTopax. Hamm-
yie Todp NMO3BOAAET MPOU3BOAMUTH YKIAAKY HECKOALKUX CETOK B CROE
Hacazaxu (puc. 4.36).

ITpuBeneM oCHOBHbBIE XapaKTEPUCTHUKH 1€PGOPHUPOBARHBIX BUHUIIAA-
CTOBBIX CETOK: TONIIMHA IIJIEHKY MaTeprana 0,5 mum; 1uaMeTp oTBEpCTHiH
2,85 mm; BoicoTa Todpa 1,0 mm; 1mar rodpa 5 mm; KoadduimesTt roppu-
poBkH 1,25; ckBaxkHOCTh 54—55%; Bec 1 m? cetku 380400 I; uena 1 xI
cetky 90 xoun.; 1 xI ceTKM HMOKpbIBaeT oxoho 2,5 Mm% cToumocTs 1 M2
40 xor. CroumocTs 1 M? IHPOKO MPUMEHSEMBIX MEAHBIX CETOK COCTAB-
asieT 5-8 py6.

VMest 3TH JaHHbBIE, MOXHO HAaHTH HeoOXOQUMbIE a3pPOXNHAMUYECKUE
XapaKTEpUCTUKH Nep¢opPHPOBAHHRIX BUHHIIKACTOBBIX CETOK. ¥ AeNbHASA
nosepxHocTs f, (1o pacyetam B. B. Tlonenuerko) cocrassier 1200 a? /.
CsoboaHbii 06BbEM V,, onpeneneHHsI# KaK OTHONIEHHE obbeMa BhITEC-
HEHHOM BOABI IIPH TTOTPYXKEHUH CETOK K 00BbEMY, 3aHATOMY CETKAMH, pa-
Ber 0,907 m3/xd. OTciona sKBUBATEHTHLIA AMAMETDP B COOTBETCTBUM C
BeipaxenyeM (4.119) oxaspiBaercs paBHBIM 3,09-107 a.

Takum 06pasoM, /s CO3AAHMS HACAAKY U3 BUHHUIIKACTOBEIX CETOK,
SKBHBAJIEHTHOI IO HOBEPXHOCTH CIOI0 Kojiel Pamtura tonmpsoii 400 mm,
HEeoOX0AUMO UMETH CROM TOAIMHOM 65 MM, 4TO COOTBETCTBYET 43 CeT-
KaM (CYMTas, YTO TOJIMIMHA CETKY PaBHA TOJILMHE MaTepHasa, yBeXuYeH-
HOH Ha BHICOTY rodp). ASpoANHAMHMYECKOE CONPOTHBAEHIE TAKOTO CROS
TIPY OTCYTCTBHHM OPOLIEHHs BOROM coctasisier Ap = 6,0 @', Caenosa-
TEJIbHO, TP CKOPOCTH BO3AyXa B ce4eHMH KaMeph! @ = 1,5 m/cex conpo-
THBJEHME cios paBho 11 mm 600. cm., T. €. IPaKTUYECKH He OTJIMYAETCS
OT CONPOTHBAEHUSA CIIOS KATIPOHOBRIX CETOK. ]103TOMY Ha OCHOBE CETOK
13 NMepHOPHPOBAHHBIX U TOPPUPOBAHHBIX MJIACTHH BHHMIINACTA MOTYT
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Puc. 4.37. Cxema annapaTa ¢ HAKJIOHHBIM PACTIOJIOKEHHEM CJIOEB CETYATOM
HacaJK¥ ¥ OPOIIEHHEM Yepe3 BOAOpACIpe/le/IMTEbHbIH JIOTOK:

1~ xopmyc; 2 — cenaparop; 3 — cloi ceT4aToi Hacaaku; 4 — MOJION;
5 ~ BogOpacnpeneauTeabHBIN JOTOK

OBbITh CO3AaHBI KAMEPHI TAKOTO e THUIIA, KaK ¥ HAa OCHOBE KATIPOHOBBIX
ceTok. KOHCTpyKTHBHBIE CXeMBI, M300paXkeHHbIE Ha puc. 4.34, 4.35, B oa-
HOI MEpe OTHOCATCS ¥ K 3TOMY cayyalo. Kpome Toro, uccaenoBaHusIMK
B. B. TlonenueHko 6biia yCTAHOBEHA 11E/N1€CO0OPAa3HOCTh MPUMEHEHHUS
APYToM KOHCTPYKTHBHOM CXEMBI allllapaTa, KoTopas HCIIOIb3YeT COBEp-
IIEHHO MHOH CMoco6 OPOIIEHNS] ¥ OTAMYAETCH HAKIOHHBIM PACIONOKE-
HueM Hacagxu (puc. 4.37). OpolueHue ciog HaCaZKH, COCTABACHHOTO U3
BHHHIIJIACTOBBIX CETOK, POHCXOANT He CBepxy (KaK B PaCCMOTPEHHBIX
paHee cxemax), a cOOKy 4epe3 BOAOpacCIpeAeUTENbHbIN JT0TOK. JIoTOK
PacIoNoXeH BAOJKL OAHON U3 CTOPOH NONEPEYHOro CeyeHus arniapara,
OTKPBIT CBEPXY AJisi CBOOOAHOTO M3AMBA BO/BDI.

W3 puc. 4.37 suaso, YTO OpoOLIaOMAA HACAAKY BOAA MONAAAET CHAYa-
JIa Ha BEPXHUM CNOM (MAM TAKET) CETOK, a 3aTeM Ha HIDKHHUHU. PaBHoMep-
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P o HOE paclipefeNeHHe BOAbI, CTe-
320 A Kaouiei Mo BEpXHEMY CJAOI0
HaCaaKH, NOCTHUTACTCA TIYTEM
/] 1/2*2 YCTaHOBKH CETOK TOJ COOTBET-

2
40 1Y/, CTBYIOLMM YTJIOM Hak/IOHa. [Ins
/ y CKOPOCTE# BO3YyLIHOTO NMOTOKA
00 ! B mpegenax 1-2,5 m/cex ontu-
aw A -/ MaJIbHBIN YTON HAKKOHA TaKeTa
a0 ceTok coctasaseT 30° k ropu-
Vi 30HTaxbHOM NaockocTH. [Ipu
w y TAKOM YTJie HAKJIOHA BCS TTOBEP-
B, XHOCTh OPOIIAEMOTO CAOS paB-
/ HOMEPHO MOKPBIBAETCSA BOAOH
21 6¢3 3aMETHOTO IPOBAJIA €€ YEPE3S
/ oTBepcTua. Ha HuxHMHE cioil
vo| |4 | |e20 ppap jwo, se0 [ CETOK BO/A IIOCTYIIAET C HUKHE-
WB WU W i ITw e ro Kpas BEPXHETO CJ0SI TaKUM

xe 00pa3oM, KaK U3 JOTKa Ha
BEPXHHUI cnoi. /[aHHad cxema
Puc. 4.38. AspoxunaMuiecxoe p A

COIPOTHUBJIEHHE CYXOi M opollaeMoi CYWMECTBEHHO OTﬂHquaeTCﬂ oT
HACA/IKM B 3aBMCHMOCTH OT ckopoctn ~ PAHEE pACCMOTPEHHOM, B KOTO-
BO3AYXa: pO¥ opollaeMbIA CAOU pacro-

1 - cyxas Hacaaka; 2 — IUIOTHOCTb OpOLIEHHUS] JIOKEH TOPU3OHTANBHO, a BOAA
H=36Mm3-H=-525m4-H=8Txn nocTynajia cBepxy u3 nepgopu-
POBAHHBIX TPYH, YTO CO3RABAIO

NPOTHBOTOYHBIN XapaKTep ABMXXEHUS BOAB! H BO3AyXa. B cxeme ¢ 6oxo-
BBIM IIOABOJOM BOJBl M HAKAOHHBIM PACIOJOKEHHEM HACAAKH ABIDKE-
HHE BOZIbI ¥ BO3AYXA IpeACTaBiaeT coboit B Gosbliieii CTENEHH epekpec-
THBII TOK, XOTsI HAGAI0/]A€TCA M MMPOTHBOTOK M3-3a YaCTHYHOTO [TpoBajia
BOJBI CKBO3b NepGOPHUPOBAHHBIE CETKH. ECTECTBEHHO, YTO CYIIECTBEH-
HBIE U3MEHEHHS B XapaKTepe COBMECTHOTO ABIIKEHHS BOABI M BO3JyXa
CKA3aJIMCh ¥ Ha BUAE 3aBHCHMOCTEH aspoJHHAMHYECKOTO COMPOTHBJRE-
HHUS OPOIIAEMOrO CAOSI OT CKOPOCTH BO3AYXa M MAOTHOCTH OPOLIEHHS.
Ha puc. 4.38 nzobpaxen rpadMk aspoAMHAMUYECKOTO COIPOTUBAECHUA
CYXoii ¥ opollaeMoi HACAIKH B 3aBUCMMOCTH OT CKOPOCTH Bo3ayXxa. Ilpu
HEOOMBIIMX CKOPOCTAX BO3AYXa HAONIONAETCst, KAK M PAHEe, TIAeHOYHbIH
PeXXHUM JBHXEHHsI BOJABI M BO3yXa, WIH PEXHM cMadnBanust. OH numeer
MECTO JMIND MPU MAJIBIX CKOPOCTSX BO3AYXa, KOTAA MocaeaHui ceoboa-
HO IIPOXO/IUT YEPE3 CEYEHUS OTBEPCTHH, CONPHUKACAACH C TOBEPXHOCTHIO
ReHKK BOABL [locKoMbKY YacTh CeyeHMi OTBEPCTHH 3aHsTa BOAOH, Co-
HNPOTHBJAEHHE OPOIIAEMOTO CJIOA NPHU TOM e CKOPOCTH BO3AYyXa BHIIIE,
yeMm y cyxoli Hacagku. OxHAKO M3-3a TOTO YTO CyXad HacajgKa B Gonpmeit
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CTeNeHH IIepoX0BaTa, AMHUs Ap = f (w) ANt cCMOYEHHOM HaCaAKH B Jiora-
prMUYECKOH CETKE KOOPAUHAT HECKOXBKO IIOJIOKE,

PexnM cmMauMBaHUA HAOAIOAAETCS IO HEKOTOPOH BERMYMHBI CKOPOCTH
BO3/yXa, IPH XOCTHXKCHUHN KOTOPOH BOZHMKAET HACTOJIBKO CHJIBHOE TOp-
MOXKEHHE CTeKAIONIEH BOARI, YTO OHA KaK ObI MOABHCAET Ha ceTKaX. JTO CO-
CTOsiHMe HOCHUT Ha3BaHMeE NOABUCAHHA. BhIpakaeTcsi OHO B Pe3KOM CKAuKe
a3poauHaMIYecKoro conpoTunieHys. IIpu ranpHelnemM pocTe CKOPOCTH
BO3JYLIHOIO MOTOKA BEXMYMHA KNHETHYECKOH SHEPTUH CTAHOBUTCSA JOCTA-
TOYHOM IS IPEOAOAEHHUS COCTOSHHUS TIOABHCAHUSA, ¥ BMECTE C ITHM HAYH-
HaeTCst CAEAYIOLIMIA PEXUM, HasbBAOIIHICH GapboTaxubM. B GapboTtax-
HOM PEKMMe CJION BOJBI PasphIBAETCS U YEPe3 HEero NPOXoIAT My3bIphKH
Bo3yXa. B oTaiyme oT cxeM ¢ TOpU30HTAILHON HACaIKOU B JAHHOM CXeME
13-3a HAKJIOHHOTO PACIIONOXKEHHST HAaCAIKK 6apOOTHPYEMBIH CITOM BOABI HE
Hakarnnausaercst. [loaToMy AUHMS, XapaKTepU3YION[asd a3pOJHHAMITYECKOE
COTPOTHBJIEHHE HACAKH, B CHCTEME KOOPAWHAT % — Ap B Jiorapudmuyiec-
KOM MacInTabe pacroiaraercs A0BOJABHO MOJO0TO. ITO OOCTOATERABCTRO MO-
3BOAMJO CAE/IaTh BBIBO/I © BO3MOKHOCTH HCIIOJIE30BAHMS KaMephl ¢ HAKJIOH-
HbIM PACIION0KEHHEM CETOK NP PEXIME 6ap6GOTaKHOM, 2 HE CMAYMBAHVS.
Brina monyyena 3aBUCHMOCTb, MIO3BOJISIIONIAS PACCYUTHIBATD a3POAUHAMU-
YeCKOE CONIPOTHBIEHHE 0 OPOLIAEMOi HACAIKY U3 BUHUILIACTOBRIX IIep-
(hopHpOBaHHBIX CETOK:

Ap = 0,8wH"n , (4.124)

TZ€ 71 ~ KOXMYECTBO CETOK B CJIOE.

Heobxoaumo o6paTUTh BHUMAHHE Ha CPaBHUTENbHO HEGOIBINOE BJIH-
SIHME, KOTOPOE OKa3biBaeT MAOTHOCTH OPOLIEHHS Ha BEAMYUHY adPOAM-
HAMHMYECKOTO COTPOTHBJICHHS CJIOS HACAAKH. ITO POMCXOAMUT IIOTOMY,
YTO HA HAKJIOHHOM HaCaAKe MOXKET HAKAIUBATHC 6apOoTHPyeMbIH oM
BoAbI GoJiee UM MEHEe TIOCTOSHHOM TOJIIMHBL

3ameTHM, uTo GapHoTaxkHBIA pexuM paboThl HAKAOHHON CeT4aToit
Haca/K¥ HaGAIOAETCs B BEChMA IMPOKOM HHTEpPBaje CKOPOCTEMN BO3y-
Xa ¥ NAOTHOCTeH opomenus. [loaToMy Bribop nenecoobpaszHoil kKoM6u-
Hal[UM 3THX ABYX (HAKTOPOB CAEAYET NPOU3BOAUTDL MCXOMS U3 HEAOIMYC-
TUMOCTH TIPEBBILIEHHS OIPEAEAEHHOTO 3HAYEHHS A3POAMHAMHYECKOTO
CONPOTUBAEHUS Hacagku. B xauecTBe MpeneibHOM BEANYNHBI CONPOTHB-
TeHue MoXKeT ObITh npuHsATO 25-30 MM 600. Cm.

Ha puc. 4.39 nokasaubl AuHUH, OGBEAVHSAIONME TAKHME KOMOUHAIIUN
YAEJIbHBIX PAcXoXoB BoJb (K03 GhHUIMEHTOB OpOIIEHHsI) U CKOPOCTed
BO3/yxa, TIPH KOTOPHIX HAGRIOAAETCS PEAEABHOE COMPOTHBAEHHE NIPH
n=7,12u 22 ceTkn.

BbI60p onTUMaIbHOTO KOJMYECTBA CETOK B OPOIIAEMOM CJOE TIPO-
M3BOAMTCS Ha OCHOBAHMM OLEHKH 3¢GPEKTUBHOCTH MPOLECCOB TEMNO-
1 Maccoobmena. OKasbIBAETCs, YTO MOCHKE YBETMYEHHUS] KOJIMYECTBA CETOK
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Puc. 4.39. Kom6HHaNH yaeJbEBIX PAacX0JI0B BOJBI ¥ CKOPOCTel BO3yXa,
CO3AIIMHUX npe/eIbHble CONPOTHRIEHHS annapara ¢ CeTyaToil Hacalkoi,
PAcTOI0XKEHHOH HaKJIOHHO
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Puc. 4.40. Cxema anmapaTta
C OMHOSIPYCHBIM PacrioNoXKeHNneM
HacaIKu:

1 — kopuyc; 2 — narpy6oK 1Jis BLIXOAa
obpaboranHoro Bo3ayxa, 3 — cenaparop;
4 - opowalomuii 10TOK; 5 — opowaeMas

Hacajka; 6 — noaaoH; 7 — natpy6ok
IJIs BXO/I3 BO3AYyXa
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Puc. 4.41. Cxema anmapara
C IBYXbAPYCHBIM pacroJIoKeHneM
HaCa/IKH:
1 — xopnyc; 2 — OpOWACIIHii TOTOK;
3 — cenaparop; 4 — OLNOH



IIpoyeccor u annapamv KonOuyuoHUPOBAHUS 6030Yxa

B coe cBepX 20 POCT MOBEPXHOCTH TEIAO- M MACCOOOMEHA IIPAKTUYECKH
He npoucxoxuT. OTciona 6bli CAENaH BBIBOL O TOM, YTO ONTHMAIBHOE
KOJIMYECTBO CETOK B CHOE paBHO NATH. IIpy Takoil ToMMHE CRost HAaCcAk-
KM HabJII0AAIOTCS JOCTATOYHO BHICOKAsS 3HEKTHBHOCTD MO TEILIO- U
MaccoOOMEHY M CPAaBHHUTEABHO HEGONBIIME JHEPro3aTPAThl HA MPEORO-
JIEHHE CONPOTHUBJIEHHS CIOS HACATKHL

Ha ocHoBe BBIIOXHEHHBIX UCCAENOBAHMI IPEITATAIOTCS IBE CXEMBI Ka-
MEPbI C OPOILIAEMOM HACAAKOM, B KOTOPBIX UCIOJB3YeTCs HAKJIOHHOE pac-
IOJIOXKEHNE O PUPOBAHHBIX BUHHUILIIACTOBBIX CETOK: CXEMA C OAHOSAPYC-
HBIM PACTIONIOXKEHMEM HACZKH MOXET OBITh PEKOMEHA0BAHA ik KAMep,
paccYMTaHHBIX Ha npousBoAuTerbHOCTH 5000 1 10 000 M3/uac Bo3nyxa
(puc. 4.40); cxema C AByXbSIPYCHBIM PacTiOOKEHHEM CETYATON HACATKH —
s Kamep npoussoauTenpHocTsio 20 000 /uac Bosnyxa (puc. 4.41).

§ 4.12. Annaparbl NEHHOTO THIA

Kak yxaswisanocs B § 4.2, yCTPo#HCTBO NEHHBIX ANMAPATOB OCHOBAHO Ha
00pa30BaHUH BOAOBO3AYIIHON SMYABCHH HYTEM MPOIMYCKa MO AABjie-
HHeM Yepe3 Coi BOAbI MOTOKA BO3AyXa. IIpu 9ToM BO3HHMKAET BECbMa
COXKHOE TYpOYAEHTHOE ABHKEHHE MACC BOAbI M BO3/LyXa C HENPEPHIB-
HO OOHOBASEMOM XOPOIIO PA3BUTOM IOBEPXHOCTHIO KOHTAKTA, YTO CIIO-
cobCcTBYET MATEHCH(MUKALUH TIPOLECCOB TEINO- M MACCOOOMEHA.

B meHHBIX anmapaTax, INPOKO HCIOJb3YEMBIX B XMMHUYECKOM MPo-
MBI AEHHOCTH, OCYIIECTBASIETCS B3aUMOJEICTBHE PAa3iUYHBIX Ta30B U
KUAKOCTEHN.

B HacTosiliee BpeMsi HAXOAAT IPUMEHEHHE TPY PA3HOBUIHOCTH 3TUX
anmapaTos: alllaparT IOXOYHOTO TN, HUKJIOHHO-TIEHHBIH alllapar, pea-
noxerHpli C. A. BoraTsix, 1 yaapHO-TIeHHbIH anmapaT, pa3paGoTaHHbIN
B BBUTKY.

Hennwiii annapam noaounozo muna

ITennbie anmapaTsl MOJAOYHOIO THIA MOTYT OGBITh OHONMOJOYHBIMH
(puc. 4.42) u MHOTOMOROYHBIMU (pHC. 4.43). OHM IUPOKO NPUMEHSIOT-
Cs B XHMHYECKOH TEXHOJOTHH U BEChMA AETATBHO MCCHeA0Banbl [23].
[IpuHLMI paGoThl O AHO MO K 0 Y H O ro MEHHOrO ANapaTa 3aKiio-
vaerca B caenyiomeM. IlocTynaomuii CHU3y Yepe3 OTBEPCTHS B PELIETKE
BO3/LYIIHbIH TIOTOK BCTPEYAET CROM BOARI, KOTOPast MOAETCS HA PEHIETKY
yepes CNeUATbHYI0 BOAOPACIPEAENUTEBbHYIO KOpoOKy. Boixoasimue u3
OTBEPCTHH PELIETKHM BO3AYLIHBIE CTPYH NPOHU3BIBAIOT CJIOH BOBI, 4TO
BeeT K 06pa30BaHMIO BECHMA TOABHIKHOM BOAOBO3AYIIHON SMYAbCHH,
VUM TIEHBI, B KOTOPOi ¥ IPOUCXOIST IIPOIECCH! B3auMOJEHCTBUA BO3 Y-
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Puc. 4.42. Mennpiii anmapat
TIOJIOYHOTO THTA (OJHOIOJIOYHBII):

1 — naTpy6oK 111 yAANEHHS] BOIbI;
2 ~ BO3AYXOMOAAIONIMIA MaTPy6OK;

3 — nopnon; 4 — BOAOPacTpeaeauTeNbHAS
KopoOKa; 5 ~ pemetka; 6 — natpybok st
BbIX0Ja 06paboTaHHOTO BO3AYyXa;

7 — KOPIYC annapara; 8 — NepejuBHON
nopor; 9 — kopobka A/1s1 CIMBa BOABL
10 — natpy6Gox AJst 0TBOJA BOJIbL

xa ¥ Bogsl. Bo3ayx nocne BeIXoqa
U3 CI0s TIEHBI IPHOOpPETaeT HyX-
HbI€ TIAPAMETPBI M HATIPABJISETCS
BBEPX.

BoaoBo3ayiHas aMyAbCHS
(TeHa) yRaaseTcs: ¢ peleTKH ye-
pe3 CHeqHalbHO YCTPAMBAEMBIH
HOPOT B CAMBHOE OTBEPCTHE, pac-
HONOXKEHHOE Ha HEKOTOPOH BEI-
COTE OT TIOBEPXHOCTH PEINETKH.
BrIcOTa PacNoNOXKEHNS CAMBHO-
IO OTBEPCTHS U €T0 Pa3MEp yCTa-
HABRAMBAIOTCA U PETyAHPYIOTCA
IIOPOTOM M 3aCAOHKOM, 4YTO TO-
3BOJSET IOANEPXKHMBATH OINpEaE-
JCHHBIH yPOBEHb [IEHbI HAa pe-
meTke. [TepenuBmasica yepes
HOPOT II€Ha Pa3pylIAeTcs B MEH-
HO#l KaMepe, UCIOAB30BaHHAA
BOJA IIOCTYIIAET B OTBOAHYIO TPY-
6y. YacTh BOAB (BECHMA Majas
HPH XOPOIIO OTPETYNUPOBAHHOM
npolecce) TPOBATHBAETCH Yepes
OTBEPCTHUSA B PELIETKE B HUKHIOIO
YacTh MEHHOTO aNmaparta, OTKyAa

OTBOAUTCS B KAHAIM3AIMIO MM UAET Ha 00paboTKy (HapUMEp, Ha OX-
JNAXAECHHNE B XOROANALHOM MAIIHHE).

Jlns BHIPaBHUBAHMSA TOCTYTAIOILETO HA PEIIETKY BO3AYIIHOTO MOTO-
KA YaCTO YCTAHABAMBAIOTCH AOTIONHUTENbHASA PEIIETKA MM HALIPABASIO-
IIHEe JOTATKH.

MHuoronmoXo4YHB# anmmaparT UpeACTaBAseT OO0 KOMOH-
HY C HECKOBKHMMH PACTIOJIOXEHHBIMHU OHA IO APYToii peneTkamu. Bos-
AYX MOCTYIIAET CHU3Y U MIPOXOAMT HOCAEAOBATENBHO BCE PEIIETKH, HAYH-
Hasi ¢ caMoit HipkHel. Boza mogaeTest OTACABHO Ha KAKAYIO PEINETKY MM
TOJILKO Ha BEPXHIOIO C TTOCTEAYIONMM MEPETEKAHMEM HA OCTAJIbHBIE.

OCHOBHBIM PabOYNM 37EMEHTOM HEHHOTO aNTapaTa MOXOYHOTO THIIA
SIBJISIETCS PEUIETKA, OTBEPCTHS B KOTOPOUl ObIBAIOT NMPSMOYTOABHBIMH,
KPYIRBIMH UM TPEYTOXbHBIMH,

Ot npaBunbHOro BH60PA PeIIeTKH 3aBUCUT KAYeCTBO neHbl. [1pu 6odib-
IIOM PACCTOSTHUM MEXAY OTBEPCTHSAMH U MAJIOH BEMYMHE KHMBOTO Ceye-
HUS pemeTKH ra3 (BO3AYX) MOJKET HPOPHIBATHCH YEPEs CROM MHAKOCTH
(Bombi) oTAEAbHBIMU CTPYsSiMHU 6e3 06pa3OBaHMs MEHbI.
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B cayuae 60mb110i BeIMYUHEL
KHBOTO CevyeHust 06Pa3yeTcsi MaJio-
HOJBUXKHAS KPYITHOSIYEUCTas IieHa.

Xopourasd neHa nojayyaercs
P4 KHBOM CEYeHUM PELIETKH B
npezenax 10-8%. Ckopocts BO3-
ZyXa B OTBEPCTUSIX PELIeTKH J0J-
xHa 6bITh He MeHee 9-10 M/cex
¥ OOBIYHO He mpeBbimaer 18-
20 m/cex. Ecim ckopocTb Bo3fyXa
B OTBEPCTUSIX PelleTKU CHHXaeTcst
HMJKe YKA3aHHBIX IIpeieJIbHBIX 3Ha-
YeHHH, ITO IPUBOUT K CYUIECTBEH-
HOMY yBeJIMYEHUIO KOJHYeCTBa
IIPOBaJUBIIeHcs Yepe3 pelleTKy
BOJbl, YTO CHHUKaeT NOJHOTY ee
ucnoab3oBaHus. [lpeBpimenue
CKOPOCTH BO3/lyXa BeJlET K BO3pa-
CTaHUIO a9POIMHAMUYECKOTO CO-
[IPOTUBJIEHUSI AITIAPATa.

Hapsiny co ckopocTsio B OTBep-
CTHSIX PelleTKU BaKHBIM (haKTOPOM
SIBJISIETCS] CKOPOCTD BO3/IYyXa B IOJI-
HOM cevyeHUH ammapara. Ot Benu-
YUHBI 9TOU CKOPOCTH 3aBUCUT TTO/I-
BUXKHOCTH IIeHbI U ee CTPYKTypa.
ITena HauuHaeT 06PA3OBHIBATHCS
IIPH CKOPOCTH BO3/lyXa IOpsiKa
0,5 m/cex. C yBenuueHneM cKOpoc-
TH PaCTeT IOJBUKHOCTD IIEHBI, KO-
Topasi npuobperaeT KpyIHOAYEHUC-
TyIo cTpyKTypy. IIpu ckopoctu
BO3/yXa B CEYEHMH aIlapara Io-

Bstbod
2030

Buibod
yeudnocmm

Puc. 4.43. [lennniii annapat
I0JIOYHOTO THIIA (MHOTONOJIOYHBIN):
1- KOPO6K8 JJIs1 IOAAYH BOJBI HA
HIXKHIOIO peleTky; 2 — kopoGka st ciuBa
BOJIBI CO CPefHEH pelleTKH;

3 - peuteTka

psanka 3,5 M/cex HauMHAETCsl SHAYUTESILHBINA OPbI3rOYyHOC, IOITOMY €ee CJie-
IyeT orpaHM4MBath BeauHOi 3,0 M/cex. BricoTa neHbI B amiiaparax Iio-
JIOYHOTO THIIA OOBIYHO KosebaeTcs B npexesax 150-300 mm, npu sTOM
OTHOCHTEJIbHASA BAAKHOCTD BO3/1yXa, IOKU/IAIOLIEro annapar, papHa 90-95%.

Huxnonno-nennvui annapam

IIpuHnMnuanbHas cxeMa IMKJIOHHO-MEHHOTO allapara, Ipei/IoXKeHHOro
C. A. BorarbiX, u3o6paXeHa Ha PHC. 4.44. B stoM annaparte o6pa3soBanue
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BOIOBO3/1yILIHOM 9MYIbCHH WM MEHBI AOCTUTAETCS MyTEM II0/[aud B pe-
aKTHBHYIO KaMepy 3aKpy4eHHOro (Bpallaionierocsi) IoToKa BO3/yXa,
IOBUXYLIErOCs CO CKOPOCTHIO 110 20 M/cex. Bpauarouuiicss BO3yHbIH

[IOTOK IIOZIHUMAET BOAY, He-

KOTOPO€e KOJHYEeCTBO KOTO-
6 ! 7 Bubod  POH MOCTOSHHO HAXOANTCS B
HHXHeH 4YacTH almapara.

g@i{ﬁ-ﬁi "~ fasdaa O6pasoBaBmascs 13011([))1303-
004 y ‘ borBod AYIIHAS SMYIbCHS JBHXKETCS
J—— Godst 0 CTeHKe CHU3Y BBEpX CIIH-

2 _ paneobpasto. Bricora cios
IeHbl B IIMKJIOHHO-IIEHHOM

anmapare gocturaet 600 mm.

3akpyyHnBaHHe BO3LYII-
HOFO II0TOKA 1epeJi OCTyILie-
HUEM B PEaKTUBHYIO Kamepy
MPOUCXOAUT B CIEI{HAIbHOM

3jleMeHTe alnapara, Ha3blBa-
Puc. 4.44. IluknonHO-NIeHHBIN anmapat €MOM YTUTKOH.
xoHcTpyxumnu C. A. Boratbix:

CBexue nopuun BOJHI C

1 — mopnoN; 2 — yauTKA IS 3aKPYYHBAHHUS TMOMOIIBIO (bOprHKI/I noja-
o .3 .
BO3[YIUHOTO OTOKA; 3 — PEaKTHBHAsL KAMEDA; I0TCS HETIOCPEJICTBEHHO B pe-
4 ~ opcyyka qs pa3GpbIBTHBAHHS BOABL;
5 — TpybonpoBoz [Ist TOAaYHM BoAw, 6 — yiutka ~— AKTHBHYIO KaMepy, CKOPOCTb

ISl PaCKPYYHBaHHS BO3AYITHOTO NIOTOKA; BO39yXa B KOTOpOﬁ MOXET
7 — cenaparop nocturatb 3—6 m/cex.

B BepxHell yacTu amnmna-
para pa3mMelliaeTcsi BTOpasi yAMTKa — B Hell IPOUCXOAHUT BpaljeHHe BORO-
BO3/IyIIHOFO NOTOKAa B POTUBONOJIOXXHOM HampaBjieHMU (pacKpy4yHBa-
HHe), YTO CIIOCOOCTBYET YaCTHYHOMY OTZIeJIeHHIO KalleJib BO/IbI OT BO3ZyXa.
OxoHyaTesnbHOE OT/IE/IeHHe Kalleb BOAbI IIPOMCXOAUT B Cellaparope.

Kak BuauM, B IHUKJIOHHO-TIEHHOM anmnapare HabAIOAaeTCs crupa-
Jeobpa3Hoe JBUKEHHE BOJOBO3/YMIHONH 3MYJAbCHH. JTO BHI3BIBAET
HUKJOHHBIA 3¢ deKT, 6aarofaps KOTOPOMY KalleJbKH BOJBI CTPEMSIT-
Cs IIPUXKATHCs K CTeHKaM. B 1ieHTpaibHOH YacTH annaparta BO3MOXeH
IPOCKOK Heo6pabOTaHHBIX Macc BO3/yXa, UTO SIBISETCS HeJ0CTATKOM
almnapara.

Yoapno-nennwviii annapam BBUTKY

Ipunimnuanbaas cxema yaapHo-nenHoro anmapara BBUTKY u3o6-
paxeHa Ha puc. 4.45. B aTOM anmnapate BO3/IyUIHbIi [OTOK ¢ GOABIIOH
CKOpPOCThIO (15-25 M/cex) nonaeTcs Ha MOBepPXHOCTD BOAHL. [Ipoucxo-
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Ilpoyeccot u annapamer xonduyuonuposanus 6030yxa

IMT npeoGpa3oBaHde KHHeTHYeC-
KOW 3HEPrHH B AaBJeHHE, NIpH
5TOM 4YacTh BOJIbI BBITECHSETCH,
NOAHUMAaeTCs] B PeaKTHBHOE I1Po-
CTPAHCTBO, IIEPEMEIIAETCSI C BO31Y-
XOM — TaKUM 06pa3oM 06pasyeTcs
BOJOBO3YIIHAs 3MyJbcHs. [lon-
BIHJKHAS BOJIOBO3/LYIIHAS OMYJIbCUS
(meHa) MOXeT 3aHOJHUTDL Bech
obbeM peakTHBHOI KaMepbl. Brico-
Ta MeHb! ONpeAessieTcs: BeTUMUHON
CKOPOCTH BO3/lyXa Ha BBIXOjle U3
HACAJK{ M B CeYeHUU PEaKTHBHOIA
kamepslL [lofaua cBexxel BB MO-
JKeT MPOUCXOAUTH B HUKHIOK UJIH
BEPXHIOIO YacTh ammapara c Io-
MOUIBIO TPYOHI 6e3 Kakoro-aubo 5
pa3bpoiaruBanusi. CrenuasibHoe
HepesiHBHOE YCTPOHCTBO IIO3BOJS - 1] o 'ﬁ
€T HOAJAEPXKUBATH NMOCTOSHHHI I !
YPOBeHb B KaMepe M ITPOU3BOIUTD 4
oTBoA oTpaboTaHHO# BOABL Ycr- A
POUCTBO HMeeT TUApaBAHYECKUI
3aTBOp, NPENsATCTBYIOIIUH 1IpPO-
XOXKJIEHHIO BO3/lyXa. Puc. 4.43. Y japHo-neHHbIH anmnapat
Ecnu Heo6XoauMoO ocyie- xoncrpyrumu BBUTKY:
CTBJIATH B KaMepe aanabaTHbIi 1~ peakTuBHas KaMepa; 2 — Tpyba s
npornecc 06pa60TKnuBoanyxa, p fiﬁi;?;:#iai;;nzz:gggx;
NOCTyIJIeHUE cBexell u cHpoc 5 — nepeamBROe yeTpoHcTBO
orpaboTaHHO BOABI He IPOU3BO-
autcs. B aTom ciiyuae TpebyeTcs
JIVIIb IOTIOJHEHHe KOJUYeCTBa BO/bl, NOTPAYEHHOTO Ha MCIApeHHue.
O6paboTaHHbI B yAaPHO-TIEHHOM allnapare BO3JyX 0cBOOOXKAAeTcst
OT 3aXBaYyeHHbIX KameJab BOJBI B CENlapaTope, PacliooKeHHOM CBEPXY pe-
AKTHBHOTO NPOCTPAHCTBA.

ﬂuigol_
bo3dyza

s

Ocobennocmu npoueccos obpabomxu 030yxa ¢ annapamax
newnrozo muna

PaccMoTpenHbIe THIIBI IEHHBIX alIapaTOB CYNIECTBEHHO OTJIHYAIOTCS
APYT oT apyra. XapakTep IPOTEKAIOMUX B HUX MPOIECCOB B3aHMOZeH-
CTBUS BO3/(yXa U BOJBI TaKxKe Pasiaryed. OzfHaKo BceM MeHHBIM allnapa-
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TaM CBOMCTBEHHBI HEKOTOPbIE 06uHe 0COGEHHOCTH TIPoLiEccoB 06paboT-
KH BO3/[yXa BOZIOH.

OO6bIYHO B KOHTAKTHBIX anmnaparax o6pabaTbiBaeMBbiii BO3/yX B3au-
MOJIEMCTBYET ¢ BOJoH, ocTynamulei U yxoasuiei U3 peakTHBHOIO IIPO-
CTPAHCTBa, U IO3TOMY BeJAUYHMHA KO3 PUIMeHTa OPOLIEHUS | SIBJIAETCSA
0ObeKTHBHBIM TI0Ka3aTesieM Macchl BOJIbL, NpuUXosiieHcs: Ha eqMHHULY
Macchl BO3/tyXa B IIporiecce KOHTaKTa.

B annaparax nensoro Tuna o6paGarbiBaeMblii BO31lyX BCTYTIA€T B KOH-
TaKT He TOJIBKO ¢ BOJOH, KOTOPas HelpPePbIBHO NOCTYIAeT B PeaKTHBHOE
POCTPAHCTBO, HO M C BOJIOM, KOTOpas IOCTOSTHHO HaXOAMTCS B 3TOM
IpOCTPaHCTBe (B IOJIOYHBIX aNapaTax — 3TO BOjA B cJI0e IEeHbI Hajl pe-
wetkoit). [Ipu mocTymieHuu cBeXeil BOBI IPOMCXOAUT JTULIb OGHOBJIE-
HHe YacTH BOJBIL, COCTaBAsIIONIel BOJOBO3AYLIHYIO 3MYJIbCHUIO.

B 1{UKJIOHHO-TIeHHBIX ammapaTax repe/| HayajioM paGoTh BOJa 3a/1MBa-
€TCsI B HYXKHIOIO YacTh anmnapara. 3aTteM OHa IOAHUMAeTCs BpaIlaloUMCs
BO3/IyUIHBIM IIOTOKOM B PeaKTHBHOE TPOCTPAHCTBO, Ky/a IOCTyIaeT CBe-
xast Bosa. CriezioBaresibHO, U 3eCh BPALIAIOIIASACS BOAOBO3/ Iy LIHAS IMY Jib-
CHSI COCTOUT M3 CMEeCH IIPOTOYHOM BOBI M BOJIbI, TOCTOSTHHO HaX oZisiuIeHcst
B alapare.

B yaapHo-nieHHOM annapare NpOHCXOAUT aHAJOTUYHASA KaPTUHA C TOU
pa3HHIiel, YTO BO/ly, TOCTOSTHHO HaXOASIIYIOCS B alnliapare, IOAHUMaeT
He BpalaloUIMicsi BO3IyIUHBIN IIOTOK, a IIOTOK, HallpaBieHHBIA BepTH-
KaJIbHO BHU3 Ha IIOBEPXHOCTD IOKOSIIEHCST BOABL.

Taxkum 06pa3oM, B IEHHBIX aNNapaTaX B BOJOBO3AYIIHON 3MYAbCUH
COJIEPXUTCS BOJbI 3HAYMTENABHO OOJIbIIE TOTO ee KOJHYECTBa, KOTOPOe
orieHHBaeTcsa K03 uiueHToM opomeHua. BogoBo3ayiHasA aMyAbCHA
obpasyercs Gsarosapsi AefiCTBUIO BO3AYINHOTO 1TOTOKA, MO IEPXKUBAI0-
LIero BOAY BO B3BEHIEHHOM COCTOSTHUM U CO3AAIOLIer0 COOTBETCTBYIO-
UIYI0 IOABHXHOCTH TleHBI. [IoCKOMbKY IPH 3TOM Macca BOJBI, KaK Mbf
BU/IENIH, IOJKHA OBITH yBeJWYEHA 32 CYET BOJBI, IIOCTOSTHHO HaXO/s-
Imelics B annapare, IPOUCXOAUT COOTBETCTBYIOINEE YBeJHUeHHE 3aTPaT
SHepruH BO3AYWIHOTO MOTOKA. Ecau B annapaTtax APyruxX THIIOB 3Hep-
TMSl BO3/[yIIHOTO MOTOKAa PacXOAyeTcs JUIIb Ha CO3JlaHHe CKOPOCTH,
HEO6XOAUMOM 1711 MHTeHCU(PUKAIIMH KOHBEKTHBHOTO TEILIOOOMeEHa
MexK1y BO3ZLyXOM U BOJOH, TO 3/lech 3HEPTUs 3aTPaunBaeTcs Ha 06pa3o-
BaHHe BOAOBO31yLIHON 3MYJIbCHH, BKIIOYaOuIel Gosblne, 4eM B Apy-
THX annapaTax, Kojnyectsa Bozsl. [loaToMy nepBoii oco6eHHOCTHIO ar-
napaToB IEHHOro THIIA ABISIOTCA CPAaBHUTETbHO 60sbLINE 3aTPAThI

- DHepI'MH Ha IIPHBejieHUE B IBUXKEHIE BO/bl, YTO CJIeyeT OTHECTH K He-
AOCTaTKaM 3THX alnaparos.

Bmecre ¢ Tem B cBoeoGpasun B3auMoIeiicTBUS BO3/lyXa U BO/IbI B IIeH-

HBIX alnaparax 3akji04aioTcs U IOJ0XUTebHbIe cBolcTBa. To, 4TO Mo-
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IIpoyeccol u annapamvi xonduyuonuposanus 6030yxa

CTyHnaouiasi B allliapaTt Bo/ia He IMOKKUIAET €ro Cpa3y Iocje KOHTAKTa ¢
[IOTOKOM BO3]1yXa, a OCTaeTcsl B HeM M IIPOJOJDKAET B CMECU €O CBeXei
BOJIOM B3aMMO/EHCTBOBATh C HOBBIMH YaCTUYKAMM IIPOXO/SAILNELO Yepe3
aniapar BO3/yXa, [I03BOJsieT 3HAUYUTENbHO I0JIHee UCIONb30BaTh BOLY
(3TO 0COGEHHO BaXKHO /IS ITPOLIECCOB OXaXAeHHsI BO3/YXa, CONMPOBOX-
JAIOIIHXCST ocy1TKoit). KpoMe TOro, NOBHIIIIAeTCS KAYeCTBO IIPOLIECCa, YTOo
BBIpajKaeTcs B MEHbINeM c/iBure Ha I — d iuarpaMme JaHHOTO IIpoIiecca B
cTOpoHy yBaaxxHeHus1. [locyeiHee 06BbSICHAETCA TEM, YTO B TIEHHBIX all-
maparax Garofaps 6obioi Macce BObI, B3auMoiefcTByIOLIEl ¢ Bo3-
JyXOM, BeIMYMHA IOBEPXHOCTH BTOPOTO BU/Ia 3HAYHTEJIbHO MEHBIIIE, YeM
B OCTJIbHBIX aniaparax. JTO MOryT OBITb JAMIIb T€ YyYaCTKU KOHCTPYK-
TUBHBIX JleTajielt anmapara, Ha KOTOpble BoJa IONajaer HeperyJsipHo
(criopaguyecku).

Hakomeri, To 06CTOATENBCTBO, YTO RO3AYX, IPOXOAAIIMI Yyepes arnna-
paT, BCTpeyaeT BO/Y, COCTOSIULYIO U3 CMeCH cBexeil (IIPOTOYHOI) BOABI U
BOJIBI, IIOCTOSTHHO Haxojisimeiics B anmnapare (perjupKyJIsiI{HOHHOI ), BJIU-
seT Ha TeMIepaTypHyIo OGCTAHOBKY TIpoiecca. PaccMOTpUM 3TOT Boil-
poc Gosee nopo6HO.

YuutsiBast cBoeo6pasue CTPYKTYPbI Macchl BoJibl, TPUXOASIIECS Ha
e/IMHUIYY MacChl BO3/lyXa WiIH KoaddHIieHTa OPOILIeHUs, MOXHO FOBO-
puth 06 0bmeM koadduipente opouenus (),), 0 KoahdHiueHTE Opo-
LIEHHUS TI0 IPOTOYHOM, HENPEPBIBHO TIOCTyNaioLied B annapar Boze (|, )
u 0 Ko3¢dHIHEeHTe OPOIIEHHUsI TIO BO/Ie, TIOCTOSIHHO Haxo/smecs B an-
napare, Wi peLMpKyasitoHHO# (p ). Ilpu aTom

Bo= B, * K, (4.125)

KoagddunureHT opolleHHs 0 IPOTOYHOM BoJE, HENPEPHIBHO IOC-
Tynajoieil B annapar, BBIYUCAsIETCS TI0 0OBIYHOMY COOTHOILEHHIO

u,=G./G,

rne G, G, ~ KoJu4ecTBa Bo/bl U BO3/yXa, IPOXO/ALIME Yepe3 annapar
3a e[MHHUILY BpeMeHH (yaure Bcero 3a 1 gac).

Onpenensis obuiuit KoadGuumueHT opoueHns, Heo6XoaUMO pac-
CYX/IaTh TaK: KaX/asi YaCTHYKA BO3/[yX4 B allllapaTe peObIBaeT B KOH-
TaKTe C BOJIOW T cex. 3a 3TO BpeMs B KOHTAKT C BO3JIyXOM BCTYIIaeT
CyMMapHOe KOJHYEeCTBO BOJbL: POTOYHAs G, T M PelUPKYJISIIMOHHAS
G, mocTosiHHO HaxofsuIascs B annapate. O6mui KoadGpHIMEHT Opo-
IICHUS] paBeH

G*T+G G 4.126
" G "G
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Ko/MyecTBO NOCTOSIHHO HAXO/SAIIEHCS B anmapare BOABI MOXeT GBITh
HaiiZieHO U3 BbIPaXKeHus

G=y,Fh3,, (4.127)

rae F, — niomaap peakTMBHOTO POCTPAHCTBA anllapara;

h - BBICOTa CJIOSI 3MY.TbCHH;

83 — OTHOCHUTEJIbHOE KOJIMYECTBO BO/IbI B 3MYJIbCHH (06BI9HO 83 =0,6).

Bpemst kOHTaKTa BOJbl U BO3/lyXa ONpeliessseTcsl U3 TIPOCTOTO COOT-
HOLIEHHST

ez, (4.128)
wr

rae S - ANMHA IyTH ABHXeHHs BO3/yXa yepe3 PeakTMBHOE IIPOCTPaH-
CTBO;

@, — CKOPOCTb JIBIDKEHHUSI BO3/lyXa B PeaKTHBHOM IIPOCTPAHCTBE.

Cxopoctb @, MOXeT OBITh TIpe/ICTaBeHa B BH/IE

w =S, (4.129)
¥ F
rae F — niomaab ceyeHus BO3AYIIHOTO TIOTOKA MPH HPOXOXIEHUH
€ro yepe3 peaKTUBHOE [IPOCTPAHCTBO.
CrenoBaresibHO, 3HaueHUEe KO3 dULiHeHTa OPOLIEeHHS 10 PEIUPKY-
JAIUOHHOU BOJIE MOXHO TOJIYYUTh U3 BbipaKeHUs

_ YxFahn8s (4.130)
P YrSrFr

J1/151 IeHHBIX aNNapaToB Pa3IHYHbIX THIIOB OTpe/ie/ieHUe BXO/SIINX B 3Ty
(GopMy iy BEIMYMH JIOJKHO IPOM3BOAUTHLCS PasmiuHO. QOIHAKO OOBIYHO

S >h,F <F.

Ecnu npunsats 3, = 0,6, Fh /F.S = 1, To oKaxeTcs, 4TO M, ~ 500. ITo
HAUIMM JIaHHBIM, BEIMYMHA [ JUIsl Pa3/IMYHBIX CJlyYaeB U Pa3HbIX TUIIOB
annapatoB Kosebsercs B npeniesax 300-1000, 1. e. B COTHH pa3 npeBbI-
1IaeT OObIYHBIE BeJTMYUHBI KO3 (IIiHeHTa OPOLeHUs] IT0 TPOTOYHOI Bojie
(u, = 1,0:2,0).

ITO CBOMCTBO IEHHBIX aNIIAPaTOB ONpejieAsieT psij ocobeHHocTeR
NPOUCXOMSAUIHX B HUX IIPOIECCOB Telo- u MaccoobmeHa. ITockonsky
BO3AYX B KKIbIH NaHHBIM MOMEHT B3aUMOAEHCTBYET CO CMECHIO, COCTO-
ALIEA B OCHOBHOM U3 PENUPKYJIAIMOHHOM BOJBI, TO TEMIIEPATYPa BOIbI B
TeYEHHe MPOECCa MPAKTHYECKH OCTAETCS MOCTOSHHOM. ITO MOXHO 110-
Ka3aTb caedyiouum obpasoM. Ecin 0603HaunTh: Yepes Af,_— pasHOCTD
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Ilpoyeccot u annapamut xonduyuonuposanus 6030yxa

MEXK/ly TEMIIEPATYPO BO/IbI, TOKUAAIONIEH anmapaT (), ¥ Temmepary-
po¥ BOABI, NOCTYIAIOINIEH B HEFO (t.) adepes AL, — PasHOCTb MeXJy
KOHEYHOU TEMIIEPATYPOii BO/IbI, HOKU/IAIOMmei anmapar (t,), u Temnepa-
TYpOH BO/bl, HaXo/siimelicst B anmapare (¢,,) ¥ cocrosimeii U3 cMecu Ipo-
TOYHOH M PELUPKY ASILIUOHHOMN BOJIBI, TO MOXKHO HAIIMCATb COOTHOILIEHHS:

At =t —t_; (4.131)
_ YuFalyB, (4.132)
P S F
1.5 F,

Tax kak —p ~300p +1000p,, To Az ~0,001 A, +0,003Az , a Tak xak 06bIy-
HOAt =3+5°C, oA, <0,01°T.e.t_ ~t, . DTO O3HAYAET, YTO TEMIIEpaTypa
BO/Ibl, HAXOAAUIEHACS B anmaparax, NIpakKTHYecKH PaBHAa KOHEYHOH Temmepa-
Type BO/ibl, IOKKAAIONIeii annmapar. JTOT OYeHb BAKHBII BBIBOJI [IO3BOJISIET
000CHOBAHHO IOAIOUTH K BEIGOPY pacyeTHO# pasHOCTH TEMIIEPATYP H SHTa/Ib-
Mt U1t IIporieccoB 0OpaGOTKH BO3/YXa B IIeHHBIX allfiaparax.

Kaxk MbI BUZieTH, cOBMeCTHOe pellieHHe ypaBHEHHI sIBHOTO Tel1006-
MeHa Mex/[y BO3/lyXOM M BOZOH U TeIlJIoBoro Gasanca i mo6oro anma-
para KOHTaKTHOTO THIIA IaeT 3aBUCUMOCTD

2
_J dt __oF (4.133)
L=t Gy

x

3aMeHUB /Uil BCETO Npoliecca NePeMEHHYI0 BeTHYMHY PasHOCTH ¢ — £,
ee Cpe/IHUM 3Ha4eHHeM A , IPUHUMAEMBIM U3 IIPEATIOJIOKEHHS CYHIECTBO-
BaHHs BIIOJIHE ONPeIeleHHOTO XapaKTepa IBHXeHUsT BOJBI U BO3/lyXa (11a-
pasLIeJIbHOTO TOKA MJIM IIPOTUBOTOKA ), OIy4YUM PAacYETHYIO 3aBUCHMOCTb

Lhob  oF (4.134)
At, G,

B arom BbIpaXkeHUH BeMYHHA Af [ TAKKX aNIapaTos, Kak ¢opcy-
HOYHas KaMepa, ABjsieTcs He COBCEM TOYHOH M3-3a CJIOXKHOTO U Heompe-
ZleleHHOTO XapaKTepa ABHKEHHS BOABI M BO3/yXa.

Jisi neHHBIX aNnapaToB 3HaYeHHe PacYeTHOM PasHOCTH MOXHO onpe-
JeJIUTD BIOJIHE TOYHO, TaK KAaK UHTerpupoBaHue BbIpaxeHHs (4.133) c
YU€ETOM ¢/IeTTaHHOT'O BBIBO/IA B OTHOLIEHH I TEMIIEPATyPh BOIBI B arnapa-
T€ CTAHOBHTCS dJIeMeHTAPHO IPOCThIM. B camoM ze1e, IOCKOIBKY TeMite-
parypa BOJbI 32 BpeMsI IIPOLIECCA OCTAETCA NIOCTOSTHHOM M PaBHO# £, TO

nh b _ OF (4.135)
tz —t)l(l( GI'C[,)
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M3 conocraBiaenust (4.134) u (4.135) monyuyum BeipakeHHe pacyer-
HOIl pa3HOCTH TeMIlepaTyp BOJbI 1 BO3jiyXa /sl HEHHbIX anlapaToB, UC-
MOJb3YEMBIX B YCTAaHOBKaX KOHAMIIHOHUPOBAHMUS BO3jyXa:

A, b7t (4.136)!
In tl _tm
t2 _tmc

JlaHHBIM BBIpaKeHHEM HeJib3sl 110Jb30BaThCs BO BeeX ciydasax. [Ipu
pacyeTe HEKOTOPHIX MPOLECCOB XMMIYEeCKOH TeXHOJIOrHH, HATIPUMep, U3-
3a GosbLIKX a6COMOTHBIX 3HAYEHUH PA3HOCTH TEMIIEPATYP CAe/YeT MpH-
MeHATh GoJiee TouHOoe BeipaxeHue, notyueHHoe M. E. [losunbiM [23].

AHaJIOTHYHO MOXeT ObITh II0JIyYeHa 3aBUCUMOCTD JIIs PacdeTHOH pa3-
HOCTY 3HTaJIbIINIA

A[p=_11.'_12__. (4.137)
In Il _IJKK
IZ _Im(

BripaxceHus ajis 4ucell eMHMI] nepeHoca sHoro NTU, v moanoro
NTU tenna npuo6peTaioT BH]

NTU = In 51" (4.138)
2 ~la

NTU = 1n Jt = D (4.139)
I2 — Lxk

§ 4.13. TexHnko-3KOHOMHYECKHE NOKA3ATENH H CPaBHATEIbHAS
OLIEHKA aNnapaToB KOHTAKTHOIO THNR 1A
KOHAMIMOHHPOBAHHA BO3/lyXa

Mertozbi TOTyYeHHsS TEXHUKO-9KOHOMUYECKUX TTOKa3aTeseil u crocobsl
CpaBHEHUsi Pa3/IMYHBIX aNNapaToB KOHTAKTHOrO TUIA B HACTOSLIEE Bpe-
Ms1 pa3paboTaHbi HeJOCTATOYHO.

BaskHeHIIMMH TEXHUKO-3KOHOMHYECKHMH XapakTePHCTUKAMU allma-
DaToB /ISl KOHAMIIMOHUPOBAHHS BO3/[yXa SIBJSIIOTCS:

! Ota 3aBMCHMOCTDL TPHBOAMAAch €3 BHIBOAA B Hayalle TaBhl — CM. GOpMy.Ty

(4.45).
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~ rabapuThl annapara 4 norpebGHoOCTb B IOMAAH H 06bEMe TIoMe-
HIEHHUS], HEOOXOAUMBIX /sl Pa3MelleHHs anlapara;

— BHEpro3arparbi AJsl NepeMelleH|s] BO3lyXa Yepe3 alnnapar u s
TIOZiauH BOABI K allmapary;

~ BeC anmnapara ¥ 3aTparbl MeTaJLIa;

— TOTPeGHBI pacX0/l BOABI 1715 OCYECTBJIEHHS PACYETHOTO IIPOIec-

ca o6paboTku Bo3ayxa.

TabapuThl anmapara 3aBUCAT, [JIaBHBIM 00pPa3oM, OT CTeneHH Hanps-
JKEeHHOCTH ero pabouero npocrpaHetsa. o HanpsxeHHOCTHIO paboyero
IPOCTPAHCTBA clie/lyeT TIOHUMATh KOJIMYECTBA Telia M Macchl, IEPeHo-
CHMBbIE OT BO3ZIyXa K BOJIE 32 e/IMHUILY BpeMEeHHU U IIPUXO/ISIIIHECS HA e/IH-
Huly o6beMa paboyero NpOCTPAHCTBA.

HanpsxeHHOCTh paboyero npocrpaHcTBa annapara yaobHee Bcero
OIIEHHMBATD C MOMOUIBI0 06bEMHBIX KOA(D(MHUIIMEHTOB TEIJIO- 1 Maccooh-
MeHa. B xavecTBe TakuX KoaduiiMeHTOB BBOASTC /iBa; KoabduitenT

siBHOTO Teioo6Mena K ,, yaUThIBAIOMHE U3MeHEHHs! TeMIIEPaTy Pbi BO3-

lyXa ¥ BOJIbl, H KO3(p(UIIHEHT NOHOro TeioobMena K ,',” ;» BKJIIOYat0-
LIMiE KpoMe SIBHOTO Telljia ¥ TO, KOTOpPOe NePEHOCUTCS BMECTe C BOASIHBIM
napom. [Toatomy ator koapuumeHT XapakTepH3yeT TakXKe U Maccoob-
MeH. COOTBeTCTBYIOLIUE BBIPAXEHUSI UMEIOT BUIL

Q _
Kb , =—=2— xxan/m*- uac - zpao; (4.140)
AtyV,
K‘BI:——Q— xl/M - uac. (4.141)
ALY,

YpcneHHble 3HaYeHHs 00beMHBIX K03 QHIHEHTOB TelIooOMeHa 3a-
BHCSAT HE TOABKO OT TEIIOTeXHUYEeCKUX CBOMCTB ammapara, HO M OT Xa-
PAKTEePHCTUKH COBEPLIAEMOro B HEM Tipoliecca 06paboTku Bo3zyxa. Ilo-
3TOMY Ollpe/iesieHue AAHHbIX KO3 GHIMEHTOB /15 pa3IMYHbIX alllapaToB
cllefyeT MPOU3BOAUTD U3 YCJIOBUI IPOTEKAaHUsI KaKOTO-TO O/IHOFO HaM-
Gonee xapakTepHoro (3TaAJIOHHOIO) IPOLECCa.

I[Ipeo6GpasyeM BbipakeHUs JI1s1 00 beMHBIX KO3(h(PUIIEHTOB, ITPUHSIB
Bo BHUMaHue, uto Q = aAt F, Q = cAIpF (rne F — ucTHHHAA 110BepX-

HoCTb Temoobmena), a V. = LF, =1 m
T™r

ro npocTpaHcTBa annapara; F, — 1onas nonepeynoro cedeHus anma-
paTa; w, — CKOpOCTb BO3AyXa, OTHECEHHas K IJIOUIa/X 110NEePETHOro
CEYeHHs ):

(rne lp — nuuHa paboye-

14 3ak. 390 209
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oF oF 3600y @
K, =% 007, %, (4.142)

V 1,G,

Tak xak NTU, NTU; = aF, , TO
G.c,

NTU y,w, -3600c;,
l

P

Kp, = (4.143)

AHaNoruyHbIM 06Pa3oM MOXeT OBITh IONRYYEHO BhIpakeHHe s
o6beMHOro K03 duiMeHTa OJHOTO TEIIOOOMeHa:

NTUy w, -3600
l

p

KE , = (4.144)

OueBHHO, YTO €CJIM U3BECTHA Y/l IbHAs TOBEPXHOCTD f =F/V,, xak,
HanpuMep, i1 KaMep cO CJI0eM OpOoIaeMoii HacaJKH, TO 06'bEMHbIe KO-
adduiMeHTs ONpeensoTcs o hopMyiaM:

K}, <af,; (4.145)

ya’

KV"’,=cf

. (4.146)
YA

Ecnu Bmecto o6bema pa6odero npoctpancTsa annapara V BBeCTH
o6beM Beero anmapara V, o6beMHble K03¢hHUIHEHTDI Temnoo6MeHa MOX-
HO IIOJIyYHTh B HHOM BUJI€:

Q
K, =—=%_. 4.147
YA @149
Q
Ky, = . (4.148)
V1 ”DV

To Bernunte o6bemubix koapuuuentos Kp u K |, moxHo cy-
IINTDb O COBEPUIEHCTBE HPUHIUIIOB, MOJOXEHHBIX B OCHOBY CO3/IaHUSI KOH-
TaKTa Mexy BO3/lyxoM U Bogioi. Koaduuments: K, u K, | xapakrepu-
3YIOT COBepIIEeHCTBO KOHCTPYKTUBHOTO PellieHUs] allnapaTa U o3BOJIAI0T
HeIocpeICTBeHHO OlIEHUBATH €ro rabapuThL.
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JHepreTHyeCcKne NOKA3ATE ! J0/DKHb XapaKTePU30BATh SHEPreTHYECKoe
COBEPIIEHCTBO alMapara, T. €. IPeACTABIATh COO0I OTHOCUTEIbHEIE 3aTPaThl
oueprun. OBbIYHO B KAYECTBE 3HEPTETHYECKOTO TIOKA3aTeIs J/Is1 TEfI000MeH-
HBIX allTIAPATOB KCTIOIb3YETCs IHepreTHyecKuit KoadpUIeHT, SIBISTIONTHHC
OTHOIIICHHEM TEIUTOBON SHEPIHH, TIEpe/JaHHOM B anmapare OT OJIHO#M Cpe/pl K
JIPYTOi, K 3HEPIHH, 3aTPAaYEHHON Ha OCYIIECTR/IEHHE TIPOLIECCA TEIUIOOOMEHA.

[Ivpoko npumensieTcs sHepreTuyecKuil K0ad UIMEHT Biaa

E =X, (4.149)

N,

rae K — xoaduumeHT Teruionepesayn aniapara;

N, - aHeprus, 3aTpayeHHask B TeYEHHe Yaca Ha TepeMeleHie obMeH -
BAIOIUXCSI TETLIOM CpeJ, OTHeceHHas K 1 mM? oBepXHOCTH TemoobMeHa.

K v N, nomxubl 66ITh BhIpaXKeHBl B OXHUX eaununax. Ecau tenone-
pelaya BHIPAXKAETCS B KKAJ, 3 3aTPaThl SHEPTHUM Ha ABMXKeHue B kIm, TO
N, Heob6xonuMo yMHOXHUTD Ha 1/427 xxan/xIm.

dueprerryeckuil koapdumment E, 115 oueHKH 60JbIIMHCTBA KOH-
TaKTHBIX annapaTOB HCTIOJb30BaH 6bITb HE MOXET M3-3a HEBO3MOXKHOC-
TH OTIPENEHTh MCTHHHBIE Pa3MEPHI TIOBEPXHOCTH TemioobMena. [Toato-
MY I OLIEHKU 3HePTeTHYECKOTO COBEPLICHCTBA ATIIApaTOB KOHTAaKTHOI'O
TUMA CIeAYeT MPUMEHSTh dHepreTudecKuit KoapUIHEHT HHOTO BUA:

=9 | (4.150)
N, +N,

rae N - 3Heprus, 3aTpauynBaeMasi B TeYeHHME OHOTO Yaca Ha fepe-
MeIleHHE BO3AYXa;

N_ — aueprus, 3aTpayiBaeMas B TedeHUe yaca Ha nofady Heobxonu-
MOT'O KOJTMYECTBA BOJBL.

OHeprus, 3aTpauMBaeMas B TedyeHue yaca (B k) Ha mepeMeieHye
Bo3zlyXa, MOeT ObITh HallieHa o popmy.e

N, =%cap, (4.151)
Y,

rae G, - pacxon Bo3zmyXa, kI /uac;

Ap — aspoavHaMUYeCcKoe COTPOTUBIIEHNUE anmnapara, kI /m?.

Ecnu ussectHo nasiaeHue P, (8 amu win kI/cm?), ¢ KOTOPBIM Heob-
XOAMMO TIO/IaBaTh BOAY B paboyee NPOCTPaHCTRO anapaTa, TO BeTHYHHA
3aTpayMBaEMOii IHEPrUM OMPENENHUTCS Cleayolum o6pa3om:

N, -G, -10P,, (4.152)

rae G, — pacxon Boawl, k[ /uac.
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Boipaxkenue (4.152) MOXKHO TIpEICTABHTD WHaye, BBEAS yAENbHBbI
pacxox BoAbL, Wik K03 duureHT opoleHns p:

N, =uG,- 10P,. (4.153)

Honcrasur B 3aBucumoctb (4.150) semuuuny Q= G (I, - I,) u 3Have-
Hus s N u N, Haitnem

poli-1,)427 (4.154)

APe 4 10P,0
Tr

Bec 1 3aTpaThi METaLIA /151 KOHTAKTHBIX AllfIapaToB He OTHOCSITCS K YHC-
Jly BOKHEHMIINX TeXHUKO-9KOHOMMYECKHUX TOKasaresnell. 3aTparbl METaJLIA
JL7iS U3TOTOBJIEHUS AITIAPATOB KOHTAKTHOIO THITA MAJIBI, 2 BECOBBIE XapaKTe-
DUCTHKY Pa3/IAYHbIX KOHTAKTHBIX AMIAPATOB IPUMEPHO OIHHAKOBBI.

Pacxon BOAbI, HEOGXoMMBIi It 0becTiedeHnsi 3a1aHHOTO MPOIec-
ca, ABJIAETCA BEChbMa BaKHBIM TEXHUKO-3KOHOMUYECKHM TTOKa3aTeeM.
IIpu BBIABIEHMA 3TOTO TIOKa3aTElsi HEOOXOAUMO HMETh B BHAY, 4TO B
J060M anmapare KOHTAKTHOTO THITa BO3MOXHO HECKOJIBKO PeLIeHuiH, 0T-
JIMYAIONUXCS PA3IHYHBIME PACXOAAMHU U TEMIIEPATYPOil BOIBI.

Cormocrasisiss anmaparsl, CJIefyeT MPUHHEMATh OAUHAKOBYIO JUISt BCEX
anmnaparoB HAYaIbHYIO TEMIMEPATYPY BOABL. JTa TEMIEPATypa MpHU UC-
T0/Ib30BaHUK aPTE€3MAHCKOTO BOXOUCTOYHHKA 3aBHCHUT OT NPHPOXHBIX
ycaosuii. B cilyyae npumeHeHUs: XOJOAMIBHBIX YCTAHOBOK €€ 3HAYEHHE
OTIPENEJISIETCS XapAKTEPUCTHKAMHU TIOCTEHUX.

Boibupast B KauecTBe ataoHa mpouecc 06paboTKy BO3/yXa, HAMPH-
Mep NIPOLECC OXJIAKAEHHS U OCYLIKH, MOXHO OTIPEEATD HEOOXOAMMYIO
KOHEYHYIO TEMIIEPATYPy BOZbI, 06ECTIEYHBAIONIYIO IIPOTEKAHKE 33/IaHHO-
ro npouecca. 3Hasi HAYAIbHYIO ¥ KOHEYHYIO TEMITEPATYDPY BOABI, MOXHO
HaiiTH MOTpeGHbIA pacxoz ee AJs JT060ro annapara:

. -n) (4.155)

p=
Cx (txcx - txn

ITpuseseM A/ pa3jUYHBIX ANTAPATOB KOHTAKTHOrO THIA TEXHHMKO-
3KOHOMHYECKHE TIOKA3aTeJH, BHISBJIEHHEIE B TPEANOJ0XKEHUH OCY IECTR-
JIEHUS OZIHOTO U TOTO Ke Mpouecca OXJIaXKACHHs ¥ OCYIIKH BO3ayXa:

— Ttunosas dopcynouynas kamepa (gw = 3,0 xI'/m*-cex, P = 1,5 amu,

d =5 mm): Kﬁ,, =13 500; Ky, ;= 6750; E = 47,7; p=1,72;
— KaMmepa c OpoliaeMoil ceryaToif HacagKo# K3 NMIOCKUX HuTEH
(yw=2,1xl/m*cex): K,I,’ ;= 184 000; KV,, =18 400, E=36,2; n= 1,16;
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Ipoyeccor u annapamo. KonOULUONUPOBAHUS B030YXQ

~ yZAapHoO-TIeHHBIH ammapar (yw = 5,0 xI/m*cex): K,I,” ; = 83700;

Ky ;= 67000; E=10,9; p = 1,13.

§ 4.14. IloBepXHOCTHbIE TEIIOOGMEHHbIE aNNapaThl
11 06paBoTKH BO3AyXa

[ToBepXHOCTHBIMHE TETUIOOOMEHHBIMH aNllIapaTaMy, WJIH TOBEPXHOCTHBI-
MH TeTI000MeHHUKaMH, Ha3bIBAIOTCA TAKUE YCTPOMCTBA, B KOTOPHIX M3-
MEHEHHE TeMIlepaTypHO-BIaKHOCTHOIO COCTOSIHUS BO3/IyXa JOCTHUTACT-
csi B pe3yJibTaTe OMBIBAHUSA BO3AYLIHBIM IIOTOKOM TBepAOil (06BIYHO
METALTHYeCKOH ) MOBEPXHOCTH, MMEIOLLEii TeMilepaTypy, OTJIHYAIONYIO-
€51 OT TeMIIepaTypol Bo3Ayxa. [Ipu TemmepaTypax noBepXHOCTH BHIILE, YEM
TEMIIEpaTypa BO3/yXa, IPOMCXOAUT €r0 HarpeBaHUe — TeMI00OMEeHHbIE
annapaThl B 9TOM CJy4ae Ha3bIBaIOTCA Kalopudepamu.

ITosepxHOCTHBIE TETUIOOOMEHHBIE aNNapaThl HAXOAAT BECbMA IIMPO-
KO€ MpUMeHEeHHE B PA3THYHBIX OTPACJIAX MPOMBIIIEHHOCTH M HCIIOb-
3YIOTCS LISl pellleHus MIUPOKOTO KPYTa 3a/1a4 1O HarPeBAHUIO U OXJIaX-
JIEHHUIO BO3/IyXa U ra3os.

B Hacrosinee Bpemst (1o ranneM B. E. Mununa) 8 CCCP shimycka-
eTca Gonee 200 pa3NUYHBIX M2DPOK TTOBEPXHOCTHBIX TEIVIOOOMEHHUKOR
s 06paboTku Bo3ayXa, U3 HUX 6ostee 100 TPHMEHSAIOTCS B YCTAHOBKAX
BEHTWISIIIMY ¥ KOHAUIIMOHUPOBAHKS BO3ZYXa MPOMBILLIEHHBIX, 061Ie-
CTBEHHBIX W XKHJIBIX 3/12aHHI.

Ionpo6Ho xanopudepsl paccMarpusaiotcst B Kypce «OTomaenue u
TeTIOCHAGKEeHHE .

Cexuuu nofiorpesa HeHTPaJIbHBIX KOHAUIUOHEPOB SBJISIOTCS 1O CY-
IIECTBY MHOrOXOZIOBBIMHU KasToprbepaMu, HO OTIMYAIOTCSH OT HUX HAJIH-
yreM 06BOAHOIO KaHala.

B nanbHeiiiieM 6yzeM paccMaTpHBaTh IIaBHBIM 00pa3oM MOBEDX-
HOCTHHIE TEIJIOOGMEHHDIE aITapaThl, TpefHa3HavYe HHbIE JJI OXJIaXe-
HMs BO3AyXa, WK [IOBEPXHOCTHbIE BO3yX0OXIauTenn. B nosepxHoc-
THBIX TEIJIOOOMEHHHUKAX, B OTJIHYHE OT KOHTAKTHHIX, HETIOCPECTBEHHOE
COTPUKOCHOBEHUE MEXAY BO3NYXOM M OXJIAXAAomeH cpeaoi ucKio-
yeHo. X01010HOCHTETb OOBIMHO UPKYINPYET BHYTPH TPYOOK, OMBIBA-
eMbIX CHApyH 06pabaTbIBREMbIM BO3JTyXOM.

Oxaaxpamuei Cpeod B TTOBEPXHOCTHBIX BO3AYXO0OXJIaNUTENSX
MOXKeT OHITh X0JI0HAsA BOAR, PACTBOP KakoH-1ub0 cou (paccor) uin
NCNIapAIONHMHiCcs X0JMOAMIbHBIH arenT. B nocaeaneM cayyae Tennoob-
MEHHHK SBJISETCS ONHOBPEMEHHO U HCTIapUTeNeM XOJONHIbHOI Ma-
IIMHBI ¥ Ha3bIBAETCA BO3AYX0OXJIafUTeleM HENOCPEACTBEHHOTO HCTIa-
pexus.
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Ilo Tunmy HapyXHOH MOBEPXHOCTH, KOTOpast CONPHUKACAETCS C BO3AY-
XOM, TIOBEPXHOCTHBIE TETULIOOOMEHHUKH NIOPa3/IeIaI0TCsA Ha MIanKoTPy6-
Hble U pebpucTbie.

Inankorpy6HbIe TOBEPXHOCTHDBIE TEMIOOOMEHHHKH B YCTRHOBKAX
KOH/IMIIMOHUPOBAHUS BO3YXa celiyac MOYTH He IIPMMEHAIOTCS, TaK KaK
HMEIOT MAJIOPa3BUTYIO NIOBEPXHOCTh KOHTAKTA, YTO MPUBOANT K YBEIH-
yeH1Io rabaputoB. Bo3aMOXXHOCTH COKpailleHns rabapHTHBIX TOKa3aTesel
TIaAKOTPYOHBIX BO3ZYXOOXJIANUTeNeH BeCbMa OIrPaHIYeHbl M3-32 OTHO-
CUTEIbHO HU3KHUX NTPEEIOB MOBHIIEHHs 00beMHOr0 K03 PUIHEHTA TE-
JIOOTZIaYH OT BO3/lyXa K Hapy>KHOI niogepXHOCTH. B CBA3U ¢ 3TMM NpUXxo0-
JMTCS Pa3BHBATh MOBEPXHOCTD TEILIOOTAAYM, YTO MIPH TJIAAKKX TPYOKax
BO3MOJKHO TOJILKO B PE3YJIbTATe YBEJHYEHHS X JIHHBI M YHCI, 2 TAKXKE
B pe3yJIbTaTe U3MEHEHHUs JUaMeTpa.

B peGpHCTBIX TTOBEPXHOCTHBIX TEIIOOOMEHHUKAX Pa3BUTHE TOBEPX-
HOCTH JOCTHT2eTCA IIyTeM YCTPOIcTBa pebep, YTO O3BOJISET CYIECTBEH-
HO cONM3UTH BO3MOXHOCTH TI0 TETIOOGMEHY BHY T p € H H € /i moBepx-
HOCTH TPYBOK, MMEIOIUX HEBOJIBLIYIO MIOMA/lb, OMBIBAEMYIO XOJIOIHOM
BOZIOM, PPEOHOM HIIH PACCOJIOM, TIPH GOJIBIIOM 3HAYEHHH KOa(UIHEHTA
TETJIOOT/IaYM, M Pa3BUTOH HaPY K H o il pebPUCTOll MOBEPXHOCTH, OMBbI-
BaeMoii BO3yX0OM, NP1 3HAYUTENbHO MEHBIINX 3HAYEHUSIX KO3 PULueH-
Ta TEIUIOOTAAYH.

Cxema ycrpoiicTBa peGPHCTOrO OBEPXHOCTHOTO TEMIO0OMEHHOTO
ammapara mokKa3aHa Ha puc. 4.46.

A-4

AL Tk
NI — TR
NI [T

=
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P
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Pre. 4.46. Cxema pe6pHCTOro OBEPXHOCTHOTO TETLIOO6MEHHOTO aNmapara:

e N e ap
g TR

3 T

7 — Tpy6ku TennoobMensnKa; 2 — pebpa; 3 — Tpy6Hast 1ocka; 4 — KpHIIKA;
5 — nonepeunbie neperopoaky; 6 — MaTpy6oK A MOAYM H OTBOLA XONOAOHOCHTES
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PaccMorpum 6osee oapo6HO OCHOBHYIO YaCTh MOBEPXHOCTHOTO TeT-
7I006MEHHKKA, @ HIMEHHO TOT €r0 3JIEMEHT, B KOTOPOM IIPOMCXOAHT Iepe-
7laya TeT1a OT BO3/lyXa K XOJIOXOHOCUTENIO (B BO3yXOOXIaiUTENEe) MK
OT TETJIOHOCUTEJISA K BO3AYXY (B Kasopudepe). ITOT ajeMEHT NPeACTaB-
nsieT coboi myyox opebGpeHHBIX TPy6OK. MaTepuasoM uist MX H3rOTOB-
JIeHHSE CJIYXKaT CTajIb, ATIOMUHUIA, JTaTyHb, MEJlb, METBXMOP.

B 3aBHcuMOCTH OT HCIIO/IB30BAHHOTO CIOCO6GA OpebpeHHst BCE MHO-
rooGpa3sue NPHMEHSIIOIMXCS] PeOPUCTBIX TPYOOK MOXKHO CBECTH K TPEM
GOJbUINM TPYTITIAM:

~ TIOTIEPEYHO-PEOPUCTHIM;

— CHHpaJIbHO-PEOPUCTHIM;

~  TIPOBOJIOYHO-CITUPAJIBHBIM.

CxeMmariyeckoe u300paKeHHE BCEX TPEX TUIOB PEOPUCTHIX TPYOOK
TMOKa3aHOo Ha puc. 4.47, a Gojlee monHast KJIaccUuKauus peOPHUCTHIX T10-
BEPXHOCTEN COBPEMEHHBIX TETUIOOOMEHHHUKOB TpUBEAEHa B TabI. 4.5.

9

Puc. 4.47. Tunsl pe6pucTHIX TPYOOK COBPEMEHHbBIX IOBEPXHOCTHBIX
TenJM1000MEeHHHKOB:

a — cnupanpHO-pebpucThie; 6 — HoNepeyHo-peGpUCTbie; 6 — IPOBOJIOYHO-CIMpaJIbHble
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CaMbIM CTapBIM U BECD-
Ma PacTpOCTPaHeHHBIM TH~ ﬂ} 1 & )
oM pe6pHUCTBIX TPYGOK
SABJISIOTCS TIOTIEPEYHO-ped-
pucrble. K 3T1oit rpymme ot-
HOCSITCSt BCE MIOBEPXHOCTH
TUIACTHHYATHIX Kanopude-
POB ¥ MHOTHX BH/IOB BO3JLY~
XOOXJIaUTe IeH.

ITorepeuso-pebpucToie —
TIOBEPXHOCTH MOTYT 06pa-
30BBIBAaTBCS TIPH TTIOMOILH |
KPYTJBIX, KBaAPATHBIX U
NIPAMOYTOJBHEIX pebep.

B 6osbluMHCTBE COBpEMEH- Puc. 4.48. Ope6penue nacTuHamH,
HBIX TEII00OMEHHHUKOB, HMEIOIMMHI BOPOTHHK:
npeaHa3HaYeHHBIX JJIsA CH- a — wacTvnbl HacaxeHbl Ha Tpy6y;
CTeM BEHTHJISLMM W KOH- 6 — IIacTHHA C BOPOTHUKOM

IULMOHUPOBAHNSA BO3NY-

Xa, TeMI000MeHHas IOBEPXHOCTh 06pa3yeTca U3 KPYTAbX TPy6OK, Ha
KOTOPBIe HaCaXKMBAIOTCA IMJIACTHHBI, ABAAONIKECS OOLMMM /s He-
ckonbKux (4-8, unoraa 10) Tpy6ok. B HEKOTOPBIX KOHCTPYKLHAX (Ha-
NpHUMep, B IVTAaCTHHYATHIX KajJopudepax) Kpasi OTBEPCTHIH B IIaCTHH-
KaxX 0T60PTOBBIBAIOTCS U TIOIYYAETCA TaK Ha3blBAEMBI BOPOTHHUK (PHC.
4.48), KOTODBIN MO3BOJIAET YCTAHABJIUBATDH ONpEAeNEeHHOE PACCTOSTHUE
MeXy TacTuHKamMu (pebpamu ). OueHb BaXXHO 06€CTIEYUTh BECHMA TLIOT-
HbIl KOHTAKT MeXny pebpamu (miaactuHKamm) U TpyGkamu. Hanwuue
XoTsi OBl HUYTOXHOrO 3a30pa Hexomyctumo. [1oaToMy 6O OUMH-
KOBBIBAIOT MAKEThI TPYO € HACAKEHHBIMHU TUIACTHHAMH, JMOO TIPOU3BO-
It ayxeHue pebep (TW1aCTHH) U TPYOOK.

Hpyroit cniocob obecrieyeHus Hajexamen IIOTHOCTH HaCalKU 3aK-
JII0YaeTcs B CJeYIOieM: TIOC/Ie HACAKUBaHH TUIACTHH Ha TPYOKH, BHYT-
PU NOCJIEAHUX MPOTACKUBAETCS KOHYC, MOC/Ie YeT0 OHU HECKOJIBKO pa3-
AaoTCs, YTO U obecnednBaeT XOpoluii KoHTakT (puc. 4.49). Hyxnoe
paccTosiHHe MeXAY IAACTUHAMH MPH 3TOM CrIocobe CO31aeTcsi ¢ MOMO-
I[bIO 3aKJIa/IbIBAEMBIX MEXKAY HUMH Ha BpeMsi IPOTAaCKUBaHHUs KOHyCa
CTELHANbHBIX TIPOKIANOK.

Ha puc. 4.50 nokasaHo pacnipeaesieue Temneparyp B TpyOke u pebpe
IIPK XOPOLLIEM U MIOXOM KOHTAaKTe.

CnupanbHo-pebpUCThie TOBEPXHOCTH MOTYT NOAYYaThesl 6O my-
TeM HaBHBaHUs HA TPYOKY JIEHTBI B rOpsiyeM COCTOsiHUM (puc. 4.51),
160 myTeM crneuuanbHON HakaTku TpyOKH, B pe3yJIbTaTe Yero pebpa
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Puc. 4.49. Criocob6 obecneyenusi NIOTHOTO
KOHTaKTa MeXZy pebpamu
1 Tpy6KOil ¢ HOMOIBIO KOHYCa:
1 - WITOK HEBMATHYECKOTO yCTPONCTBA,
IPOTA/IKUBAIOLINH KOHYC;
2 - xoHyc; 3 — pebpa; 4 — Tpybxa

17 a)

SRR

in

|
ab |
i | i
e
Puc. 4.50. Pacnipeaenenne TeMnepaTyphi
TPH XOPOLIEM H [LJI0XOM KOHTaKTe Tpybku
u pebpa:

a — IIpY IJIOXOM KOHTaKTe;
6 — TIPH XOpOIIEM KOHTAKTE
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BHITATUBAIOTCS U3 MaTepHa-
Ja TpyOKH M COCTaBISIOT C
Hel eauHoe nenoe. Ilocae-
IHuH crnocob co3aanusi ped-
PHCTOl NMOBEPXHOCTH HaHU-
6o7ee coBeplIeHHBL.
Pa3HOBUIHOCTHIO TAKOTO
THINIA CIIMPAIbHO-pebpUcTOi
NOBEPXHOCTH SIBJSAIOTCS TaK
HasbplBaeMble GUMeTaLIHyYe-
cKue TpyOHbIe TyYKU. Y HUX
BHYTPEHHSI YaCThb TPYOKH
MOXKET JENAThCA U3 MEJTbXU-
opa WiH crenuajJbHON naTy-
HM, 2 Hapy»XHasi (13 KOTopoit
BHITATMBAIOTCS pebpa) — u3
Meau WV aJIIOMUAHUSA.
ITpososouHO-CcTIMPATb-
Hoe opebpeHue MOJNYYUIO
LIKPOKOE PACTPOCTPaHEHUE
B TEIJIOOOMEHHBIX aMTapa-
Tax, UCIOJIb3YEMEBIX B JIEKT-
POTEeXHHUYECKOH NPOMBILI-
AeHHocTd. Takoe opefpeHne
CO312€TCSI HAaBUBAaHUEM U
TOCAEAYIOUIMM TIPHUTIAHBAHH-
€M IIPOBOJIOYHO CIIMPAIH Ha
TpyOKy. Tennoo6MeHHUKH C
MOBEPXHOCTBIO Ha OCHOBE
IPOBOJIOYHO-CITUPAABHOTO
opebpeHrs OTJIMYAIOTCS BhHI-
cokuMu Koadppunuenramu
TefIonepeaay, Ho Tpedyior
B GONBITMHCTBE CAYYAEs 115
CBOETO M3rOTOBJEHHS JIOPO-
FOCTOSILIMX METAJLJIOB U MME-
10T 60JIBIIOE 33POAUHAMHU-
YeCKOe CONMPOTHBJIEHHE,
Kpowme roro, 3acopsiiorcs B
IpoIiecce 3KCTIAYATANUN U
MaJIO TIPUTO/IHEI TIPH BBIZIEAE-
HUH U3 BO3ZlyXa KOH/EHCATA.



Ipoueccor u annapamot KOHOULUOHUPOBAHUS B030YXA

B Hacrosimee Bpems
TPYOKH C NIPOBOJIOYHO-CIIH-
pajlbHBIM OpebpeHueM s
TEMI00OMEHHUKOB CUCTEM
KOHAMUUOHHPOBAHUS BO3-
AyXa MPUMEHSAIOTCSA PeKo.
OHH yCcTaHOBJIEHB B BO3-
AYXOOXJIaAUTENSIX TUIIOB
Kn 28 — Kn 35.

C uesnbio ymeHbleHUS
A9POAMHAMMYECKOTO COMPO-
THBJIEHUS TPEANAraIOTCsA
TPYOKHM TUIOCKOTO M Karlje-
06pa3Horo cedeHust ¢ mps-
MOYTOJIbHBIMH TIOTIEDEYHBI-  g) =
mu pebpamu (puc. 4.52).

OueHb BaXXKHO NPaBU/Ib-
HO BHIOpaTh paccrosiHue ‘ :
Mexay pebpamu, OHO 1OTX- +H—: —3
HO OBITH BO BCSKOM CJly4yae

60J1b11IE CyMMApHOM TOJIIH- 6 | .
HBI IOTPAHUYHBIX CJIOEB BO3- E IEE !
JYIIHOTO TIOTOK2, OMBIBAIO-
IETO ABa COCEAHMX pebpa. @
YYuTHIBasA BO3MOXHOCTH BHI-
TaieHMs KOHZIEHCATa U3 BO3-
LyX2 U 3aCOPEHMS IPOCTPAH-
CTBa Mexay pebpamu, He Puc. 4.52. Tennoo6MeHHble IOBEPXHOCTH
CJIENyeT pEKOMEHI0BATD 1€~ ¢ TpyOKaMu HEKpYTJIOro CedeHHUsI:
JIaTh 3TO PacCTOsiHHE MEHb- a - wiockwe Tpy6iH; 6 — TpybiH
me 3—5 mm. KaiLTeo6pasHOro ceveHus
OnTHMaIbHAast TONIMHA
pebpa, Kak 9TO AOKA3bIBAETCS B TEOPUH TEILIONEPENauH, JOKHA ObITh
IepeMeHHO# — y OCHOBaHUS TOJIIIE, YeM 110 KpasiM. Takyio ¢hopMmy peb-
pa yaaercs MOJy4UTh IPU U3TOTOBJIEHUH PeOPICTHIX TPYOOK HAKATHBIM
cniocobom, koraa pebpa 06pa3yloTcs 13 Metasiaa Tpy6ku. B ocTaapHBIX
KOHCTPYKIMsX pebpa nenanTcs MIocKkuMu ToamuHoi ot 0,2 10 0,5 mum.
B pesyabrare ucciaenopantii, BemonneHHbiXx B. E. MunnnbiM, ycra-
HOBJIEHO, YTO Hanbosee cOBEPILIEHHYIO peOPUCTYIO MOBEPXHOCTh UMe-
10T Tpy6KM HeGOMBIIOr0 JUAMETPA C HAKATHBIM CIIMPaJbHBIM Opebpe-
HHEM, a TaKXe BO3XYXOOXJaAUTENH, Y KOTOPBIX TUIaCTHHYaThle pebpa
TONHHOM 0,2 MM ABAAIOTCSA OOIMMHE /15t HECKOJIBKHX TPYOOK.
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I'nasa 4

Kak suzpHo n3 puc. 4.51, mpu HaBUBAaHKM MeTANIMYECKOH JIEHTH Ha
TpyOKy 06pa3ylotcst ro¢psi, KOTOPbIE CO3AAIOT HEKOTOPYIO AOMOTHU-
TebHYIO TYPOYIM3AMIO BO3AYLIHOTO TIOTOKA, YTO JOIXKHO HIArOTBOPHO
CKa3bIBATBHCA Ha TEIUIOOTAAYE OT BO3AYXa K pebprcToii mosepxHocT. Ho

Tabruya 4.6

HpﬂHllHlﬂlaJleble CX€Mbl IBHIKECHHA BO31yXa H BOJAbl
B HOBEPXHOCTHBIX TEILIO0OMEHHHKAX

HauMeHnoranune Bua cxeMbl Tunb
CcXeMbI TeII00OMEHHHKOB

OnHoxonoBoit 00384z Kanopudepsr:
TENnI006MEHHHK - K®OC, KOB,
K®DCO, KDBO,

§ CTAB

Ilepekpectnas

Kanopuodepsr:
KMC, KMB,
bosdyx CTA3010B;
CEeKITNH
monorpesa K/;
TeIIo-
obmennuku OB;
BO3/1YXOOXJIaIUTEH,
BYII 16x6x2500-2,
BVYII 22%x6x2500-2

MHOroxon08B0I
TemI006MEeHHUK

8o0da

ITepexpectho-

NPOTHUBOTOYHAS % tostyr | TemmooOMeHHUKH

(npssMoToyHas) |dode OBII
Boaayxooxnanurenu

ITocnenosarenn- tosdyx Ay BYHM €

Hasi epeKpecTHO- (kpoMe 2-x0, "

- BI
ITPOTHBOTOYHAS p ZOBBIX)
(TpAMOTOYHAsT ) g

prueuauue. Bo Bcex MHOroxXoJZ0BBIX Ten1000MeHHMKaX OKa3aHo TNpHUHIN-
NHaJIbHOE pacCnojioXKeHnEe X0A0B no BoJe. WX TouHoe KONIMYecTBO B Pa3sauYHMX
anmnaparax He oZMHAKOBO.
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358 s
o606 090

Puc. 4.53. Pacnonoxenue Tpy6ok B IyYKe TeIIOOGMEHHON MOBEPXHOCTH:

@ — KOPH/IOPHOE; 6 — NIaXMaTHoe

ro(phbl yBEeJIMYMBAIOT a3POAUHAMUYECKOE CONPOTHBIIEHHE IPOXOY BO3-
AyXa yepe3 BO3/yX00XJIauTe b, KpoMe Toro, no xauusiM E. E. Kapnuca,
HECKOJIBKO yXyAIIAIOT YCJIOBUSI OMBIBAHHS BO3/LyXOM OCHOBaHHH pelep,
4TO AOJIKHO yXyAllath Temnonepenayy. [loatoMy nenats crmelinanbHO
rodbpHpoBanHbie pebpa HeleaecoodpasHo.

Tpy6Gku B peGpHUCTOM BO3AYXOOXTANKTele, TAaK XK€ KAaK U B IJIAAKO-
TpYOHOM, MOTYT HMeTh KOPHAOPHOE U IIAXMATHOE PacrosoxeHHe (pHC.
4.53) mo oTHOMEHMIO K IOTOKY BO3ayXa.

TloBepxHOCTHBIE TENIOOOMEHHUKH MOXHO TOAPa3/eIATh HE TOJIBKO
1O THIy X OpeOpeHHs, HO ¥ IO PUHATOHN CXeMe B3aMMHOI0O ABUKEHHS
XOTIOLOHOCUTeIS U BodayXa (Tabu. 4.6). Jlyuueit fs ycaoBui KOHAH-
[MOHUPOBAHMS BO3AyXa CleyeT CYHTATh MepeKpPeCTHO-MPOTHBOTOYHYIO
CXEMY C WIAXMaTHBIM pa3MellieHneM TpyGok. [Io OTHOEHHIO K ABUXKY-
EMYCS] XOJIOZOHOCHTENIO COeAMHEHHEe TPYOOK TPOU3BOAUTCS Pasiiuy-
HO. MoXeT ObITh IPUHATO MapajiyiesibHOE Yepe3 BCe TPYOKU JBUXKeHue
XOJIOZIOHOCHTEJISI, TOT/i2 pacupenenete HocjaelHero MPOUCXOAUT Yepes
pacnpeze/uTebHble KOPOOKH, Y KOTOPBIX HET BHYTPEHHHX II€PETOPOAOK.
Yaue X0J040HOCUTEND TPOXOAUT MOC/IeA0BATENBHO Yepe3 HECKOJIbKO
Iy4yKoB TpyOOK (a€es1ast HeCKOJIbKO X0/10B). B aToM ciyyae pacnpeaenu-
TeJbHbIe KOPOOKH HMeIoT neperopoaku (pHc. 4.46), uHoraa BMecTo me-
PEropoAoK MPUMEHSIIOTCS] COEAMHUTENIbHBIE KaTayH.

Ha ocHoBe moBepxHOCTHBIX BO3AYyXOOX/IaJUTeJlell B HACTOSIIIEE Bpe-
MsI CO3MAI0TCS Pa3/IMYHBIE THIIBl MECTHBIX KOHAMIMOHEPOB, KOTOpHlE
MOryT ObiTh B GoJbLIeH MM MEHbIIeH cTenenu aBToHOMHBIMH. Kpome
[OBEPXHOCTHOTO BO3/[yXOOXJIA[IHTE/IS] B COCTAB MECTHOTO KOHAWLHOHe-
pa BXOIAT: KaJiopH(ep, BEHTHIIATOD C 371eKTPOBUTaTe €M, GUIBTD AN
OYMCTKH BO3JyXa W KOHTPOJIbHO-U3MepHTe/IbHAs annapartypa. B coctas
KOHAMIIMOHEPA MOXET BXOAUTD U XonozunbHas (06s14HO ¢peoHoBas)
ycTaHoBKa. B 3TOM ciiyyae IPHXOAUTCS HMETS J1eJ10 C BO3AYXOOXIa/IuTe-
JIEM HEemoCPeACTBEHHOTO HCTAPEHH.
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Puc. 4.54. Cxema ycTpocTBa MECTHOTO aBTOHOMHOTO KoHAHonepa IKC-12:

1 — KoMmIpeccop; 2 — pefie AaBjekust; 3 — cojleHoU/IHbIN BeHTHIb; 4 ~ GHILTP dpeoHo-
BHIT, 5 — KOHAEHCATOp KOXyXOTpYOuHiA, 6 — BOKOPETy IMPYIOLIMii BEHTIIIb,
7 — perynsrrop TeMmepatypsl; 8 — BaarocGopHHk; 9 — BO3/yX00OXIaTHTeND;
10 - 3nextpokanopudep; 17 — BentumsiTop; 72 — >1eKTPOBHTATE D,
13 — TepMOperyAMpYIOLINil BeHTHIIb; 14 — GUABTP BO3AYMNbIH; 15 — KamwaH,
76 — temnoobMenHuk; 77 — BuGponorionawiias BCTaBka

Ha puc. 4.54 npeacrapreHa NpUHIMIHATIPHAS CXEMA MECTHOTO KOHJIH-
mMoHepa Tuna IKC-12 ¢ HoMMHATbHOH TPOU3BOAUTEIBHOCTBIO HO XOJIOXY
12 000 xxan/uac v no posayxy 2400 M3 /uac.

222



Ipoyeccor u annapam KonOuyUOHUPOBAHUR 6030YXa

§ 4.15. Ipoueccr 06paborku BO3AyXa B IOBEPXHOCTHBIX
BO3YXOOXNAUTENAX

B noBepXHOCTHBIX BO3ZYXOOXJIaAMTEISIX MOTYT POMCXOAUTD Ba THIa
HPOLECCOB OXJIANACHUS BO3AYXa:
- 6e3 M3MEHEHHS BJIArOCOLEPKAHMUS, HIIM NPOIIECC CYXOTO OXJIaXK-
JNEHUS;
— ¢ U3MEHEHHEM BJIATOCOAEPKAHUS, HIIH MPOLIECC MOKPOI'O OXJIAX-
IeHHs, SBJISIONMHACS NPOLECCOM OXJaXKIeHHsl U OCYLIKH.

g ocymecTBieHHs CyXOro OXJakAeHUs TEMIePaTypa MOBEPXHO-
CTH, OMbIBAEMO} BO3/LyXOM, JOJKHA OBITh He HUXE TEMIEPATyPhl TOY-
KM pocsl Bo3nyxa. Eciiu TeMnepaTypa TBepAOH HOBEPXHOCTH HUXE TEM-
nepatypsl TOYKM POCHI BO3/lyXa, HabiogaeTcsi KOHAEHCAlus BJaryu u3
BO3/1yXa, KOTOPbIH B pe3yjbTaTe 3TOTO He TOJIBKO OXJIaXXJaeTcs, HO U
ocyliiaeTcs.

TBepaas n0BepXHOCTh BO3XYXOOXIAAUTeA XapaKTEPU3YETCS TeMIe-
patypoii 9, u nnomansio F. PaccMoTpuM Mmpouecc cyXoro OXJIaxAeHHs
BO31yXa, HPOUCXOMSIIUIA B pe3yJibTaTe TEJI00OMeHa KOHBEKIHEH Mex-
Ay ABHXYUIUMCS Yepe3 BO3yX00XIafuTeNlb BO3AYXOM U TIOBEPXHOCTHIO
BO3yx0o0XNaauTens. IlpumeM TeMnepaTypy HOBEpXHOCTH MOCTOSIHHOH,
YTO MOKET HaOJOAATHCS, HAPUMED, B [JIafIKOTPYOHBIX TETI00OMEHHH-
KaX HEeNOCPeACTBEHHOTO MCNAPEHHs, Te OHa OonpeZessieTcsl TeMIlepary-
PO KUTIEHHSI XOTOIUIBHOTO areHTa. B 3ToM Jierko yOeauThest, eciiu pac-
CMOTPETD BECH TIPOIIECC TENIONEPeaYy OT BO3XyXa K XOJI0AOHOCHTEJIIO.
Tensopoii NOTOK OT BO3xyxa, HMEIOIETO TEMNIEPATYPY ¢, K HapyKHOH
NOBEPXHOCTH C TeMnepaTypoi §, MOXHO IPEJCTAaBUTD B BuZe

g=1"% (4.156)
R,

rae R, - compoTHBIEHME TEMIC0TAaYe OT BO3AyXa K HAPYXKHOi NOBepX-
HOCTH.

Tor e TenjaoBoH NOTOK MOXHO BBIPa3HUTh UHAYe, €CJIH PACCMOTPETh
fpouecc Mepesayy Tenja OT HAPYKHOH MOBEPXHOCTH Yepe3 MeTajljinye-
CKYIO CTEHKY K BHYTPEHHEH MOBEPXHOCTH TPYOOK, a OT Hee K KHIIAuIeMy
XOJNIOAMABHOMY areHTy € TeMIIEPATypoH ¢,

q=%;_x, (4.157)
+ B

rae R, — TepMuyeckoe cOMPOTHBIIEHHE METALINYECKOH CTEHKH;
R - compoTtupnenue Tenn00TAaYe OT BHyTPEHHeH OBEPXHOCTH TPy-
60K K XONIOAUIBHOMY ATEHTY.
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TIhasa 4

TeMnepaTypa Hapy>KHOM NMOBEPXHOCTH BO3/yXOOXJIAAUTENs OTpee-
asercst u3 ypasHenuit (4.156) u (4.157):

R

t+——8 ¢t
ﬂﬂ=_RTJiRRB_, (4.158)

1+ H

R +R,

Bripaxenne (4.158) MOXHO npeACTaBUTD U TaK:

tm+Mt
- R
H
14 Rt Ry
R,

9 (4.159)

W3 xypca Tennonepenayu H3BECTHO, YTO BeMYUHBl R u R, st pac-
CMATPHUBAEMOTO CJIyYasl BeCbMa Majbl. B MH)XKeHEpDHBIX pacyeTaXx UMHU
MOXHO TIpeHeOperaTh ¥ MPUHUMATD IS TTaAKOTPYOHBIX BO3AYXOOX/ia-
AuTeNeH HEMOCPeACTBEHHOTO Ucnapenns J,~t = const.

Ecnn snement nosepxnoctu dF ¢ Temnepatypoii 9, oMbIBaeTCsl IOTO-
KoM Boaayxa G xl/uac ¢ temnepatypoit t (¢t > 9,), To aneMeHTapHOEe
KOJIMYECTBO TEPEIaHHOTO OBEPXHOCTH Tella OyAeT paBHO

dQ=a,-9,)dF, (4.160)

rae o — K03 DHIMEHT TEIIOOTAAYH OT BO3yXa K HapyXKHOH MOBEP-
XHOCTH BO3ZYXOOXJANUTENs, kKkan/M*uac-zpad. Ha Takoe KOAMYeCTBO Ter-
Jla YMEHBIIUTCS TENJIO, COAEPXKalleecs] B BO31yXe, YTO BBHI3OBET COOT-
BETCTBYIOIIEE YMEHbILEHNE TEMIIEPATYPHI dt:

dQ=-Gc,dt . (4.161)
Ilpupasuss (4.160) u (4.161) u pasnenuB nepeMeHHbIE, TOTYYHM

dt a

- 8_dF
o, G (4.162)

Bo3anyx B peayibrare B3aMMOZEHCTBUS CO BCel MOBEPXHOCTHIO BO3-
Ayxooxjaaautens F U3BMEHHT CBOIO TeMnepatypy ot ¢, 10 t,. interpupys
B 3TUX npegenax (4.162), wainem

t2 - ﬂH U.HF

2"V _

Zu, (4.163)
tl - ﬂH G]'C;)
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NI

a,F

L0 _, G (4.164)
tl —ﬂu

OTciona KoHeyHasl TeMIepaTypa Bo3ayXa

a,F

ty=9, +¢ -0,)e . (4.165)

o, F
JlanHoe BHpaxenue | HOCKONbKY —2—=NIU, | moxeT 6uITb 3a-
l'cp
ITHCAHO U TaK:

ty=9,+(t; -9, )e MV (4.166)

W3 paccMoTpennst 3Toit 3aBHCHMOCTH MOXKHO CZIeJIaTh BRIBOJ, YTO KO-
HEYHas! TEMIIEPATYpa OXJIXAEHHOTO BO3ZyXa TeM Huxke (OJMXKe K 1O-
BEPXHOCTH BO3/lyXOOXJagUTENs), YeM COBepIIeHHee TeIIO0OMEHHHK,
Ecmu NTU, — o, To t, » 3. Tlpn ganHoM KommdyecTBe 06pabaTbiBaeMOro
BO3xyXa t, TeM Oimxke K 3, ueM Gosblle OXNAKAAEMAS TIOBEPXHOCTD H
koapduMenT Tennootaauu (o, F — o, T0 £, > 8 ). U3 3aBucumoctn
(4.166) mosy4uM BhIpaXKeHHe JUIA TaK Ha3HBaeMoro Koadduimenta ox-
JlaXK/leHHd, KOTOPbIi UCHOJb3yeTCsl HHOTAA B pacyeTax MOBEPXHOCTHBIX
TemnooOMeHHHKOB. OTHSIB OT JIeBOM M TpaBOH yacTe ypaBHeHus (4.166)
t, ¥ yMHOXUB 00e YyacTH paBeHCTBa Ha — 1, HalizeM

Loty _y_ a0, (4.167)
4y - ﬂﬂ

Yem 6os1bine Bennurta NTU , TeM moJiHee NCTOb3YeTCS OXNaiHTe Ib-
Hast cnocobHocTh Teroobmennuxka. Ipu NTU, —» o (¢,—t,) = (¢,— 8),
T. €. NCTIOJIb3YETCST BCS OXJIaIMTENIbHASI CIOCOOHOCTD. [[J151 MaeanbHOrO
TensooOMeHHNKa KoadhbHIMEHT oxnaxxeHus paseH 1.

Hpouecc H3MEHEHHUS COCTOSAHUS Boaayxa IIpHu CYXOM OXJIaX/J€HUU
10 Mepe MPOXOKAEHHUA Yepe3 BO3AYXO0XNaluTeNb, MMEeIOUMH noBep-
xHocTb F ¢ nocrosinuo# Temneparypoit & rpaduyeckn npencraieH
Ha puc. 4.55.

N306pa3umM npouecc Cyxoro OXJIaxienust Bo3ayxa Ha I — d anarpamme
(puc. 4.56). Hayanpnoe coctosinye BO3ayXa 3ajiaHo Toukoit A (¢, I, d,),
TeMrepaTypa IOBEPXHOCTH BO3AYXOOXJIAAUTENsA §, BbIIIE TeMIEPATypPbl
TOYKH POCBI BO3/lyXa MJIH B KpaineM ciyvae paBHa eit (9 >t7). IIpouecc

15 3ax. 390 225



TInasa 4

W3MEHEHHUST COCTOSTHUSI BO3AyXa M300pakaeTcsl BePTHKaNbHOW IPAMOii
(d,=const), npoBexenHo# yepe3 Touky A. KOHEYHOMY COCTOSIHMIO BO3-
ayxa GyneT coOTBETCTBOBATh TOYKA II€PECeYEHUS] U30TEPMEL ¢, U JIMHUM
npouecca d, = const (1. B na puc. 4.56). CocTosiHue Bo3zyxa B Touke B
MOXXHO TIPEACTABJIATH KAK PE3yJbTaT CMelteHnsl 0OpabaTeIBaeMoro Bo3-
ayxa (1. A) ¥ Bo31yXa, HaXoZs1erocsl B TOHKOH IJIEHKe Y MOBEPXHOCTH
Bospyxooxnanutens (1. H). Touka B 6yznet Tem O6mmke K Touke H, yeM
coBepllIeHHee TennooOMeHHuK (At =¢, — 8 = (¢,— 3,) eV™).

Bo Bcex Hammx paccy»aeHusIX npeAnoaaraloch, 4To TEMIepaTypa no-
BEPXHOCTH BO3yXOOXJIaJUTeNs MOCTOSHHA U OJMHAKOBA B PA3THUYHBIX
TOYKAX MMOBEPXHOCTH, YTO CIIPABEIIHBO A1 cJ1yYast IIafKOTPyOHOTO BO3-
AYyX0OXJlaiuTeNnd HelocpeACTBeHHOTo ucnapenua. Ecan a1s oxnaxae-
HHS HCIOJNB3YeTCs X0JI0HAsl BO/a, TeMnepaTypa KOTOpod MeHSeTCs OT
t. not _,0yner uameHsTLCS U 8 . Kpome roro, 9, Moxer OBITH He OAMHA-
KOBOH 1O NJIOIAIH TOBEPXHOCTH BO3xyXooxAaauTtens. Tak, Hanpumep, B
peOPUCTBIX TEMIOOBMEHHUKAX TEMIEPATypa OBEPXHOCTH pebep Bbllle
TeMIepaTypbl HeOpeOPEHHOH yacTu TPYOOK, a IO TOBEPXHOCTH peGpa TeM-
TnepaTypa pacTeT 0T OCHOBaHHs K KDOMKe peOpa.

3ameTHM, YTO gaxke B BO3AYXOOXIAUTENAX HETIOCPEICTBEHHOTO UC-
HapeHus], HO He [NaAKOTPYOHBIX, a peOPUCTHIX, BETHYHHA 3, He ABJIAeTCs
IIOCTOSIHHOH 110 BCel IJIOMAAH.

Iockonbky a1t pe6PUCTHIX TEMIOOOMEHHUKOB Heslb351 MPHHUMATh
R_+ R =0 (xpoMme Toro, 3Ta BeJIMYMHA Pa3NMYHa VIS Pa3HBIX YacTed Ha-
PYXHO# MOBEPXHOCTH ), TO Ha ocHOBaHUM popMysl (4.158) cnexyet, yTo
$, M3MEHSETCs N0 IJIONAAH BO3AYX00XAaJUTEIS BMECTE C TeMIlepaTypoi
Bosxayxa. IloaTomy puc. 4.57, rpaduyeckn usobpaxaiouit nmpouecc u3-
MEHEHHMSI COCTOSHUS BO3/lyXa IIPH MPOXOXKIEHUH €ro Yyepe3 peOpHCTHIN

BO3/lyXOOXJIa/IUTENb HEMNoC-

PeACTBEHHOTO Hemapenus, Oy-
t, J€T OTAMYATHCA OT PaHee pac-
CMOTPEHHOTO pHc. 4.55.

YyeT Bcex 3THX XOMOJHHU-
TeJIbHBIX 00CTOSITENLCTB HE

t,-8) % BiusieT Ha XapakTep npolecca
4, . ' M3MEHEHHS COCTOSIHHUS BO3/Y-
£ {/  XaIpH CyXOM OXJIaX/IEHHUH Ha
ero usofpaxenne Ha I- d tna-

f rpamme.

MoxHo paccMaTpuBaTh
Puc. 4.55. UsMenenue cocToAnus Bosayxa TOYKY KOHEYHOTO COCTOSHMS
IPH CyxoM OXJIaX/JEeHHH B TeTUIoOOMEHHUKe — BO3XYXa KaK Pe3yJIsTaT MHOTO-
C MOCTOSTHHOM TeMMeparypoi MOBEPXHOCTH KpaTHOTO CMeIeHHsT o6pa6a-
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TBIBAEMOTO BO3JyXa M BO31YXa M3 TOHKHX ILJIEHOK, OKPYXAIOIUX YYaCTKH
TIOBEPXHOCTH C Pa3/TMYHON Temmnepatypoit. OxHaKo BCe 3TH MPOIECCH CMe-
LIEHUs] IPOMCXOMIAT O JTHHUM d = const, ¥ TI03TOMY MOXHO BMECTO pas-

JIMYHBIX TeMIEpPATyp HOBEpX-
HOCTH IPHHUMATb €€ CPEIHION0
Temnepatypy 3, (puc. 4.58).
bBonee cnoxueM sBIseTCS
NPOIIECC MOKPOTO OXJIAX/IEHUS
BO371yXa, IpH KOTOPOM U3 BO3-
IyXa BBIIEJIAETCS YaCcTh BOMSI-
HOTO napa B BUJEe KOHIEHCATa.

Bxavane paccMoTpum
ciayvyall, Korga TeMneparypa
HapY>XXHOH MOBEPXHOCTH BO3-
Ryxooxnaaurtens J, nocTosH-
Ha ¥ OIMHAKOBA O BCeil Mo-
BEPXHOCTH.

Ecim 8, nuxe Temneparyphl
TOYKH POCH 06padaTHBAEMOro
Bo3ayxa (¢} Ha puc. 4.59), To M3
YACTHYEK OXJIAXKAEMOTO BO3IY-
Xa, COIMPUKACAIOIUXCSI C TIOBEP-
XHOCTBIO, BBIIEJIAETCS KOHAEH-
€ar, a BO3[yX B TOHKOH IUIEHKe
Y IOBEPXHOCTH NPHXOAMT B CO-
cTosHpe HachiueHus. Bosayx
U3 TOHKOH ILJIEHKH, CMellNBa-
SICh ¢ OCTANILHON Maccol obpa-
6aTHIBAEMOTO BO3IYXA, OTIpeNe-
JISI€T HATNpaBJieHHe TIpolecca
W3MEHEHHSI COCTOSHMS BO3/yXa
(ot 1. A 2o 1. H). Koneunoe co-
CTOSIHHE BO3/lyXa, KaK H Mpex-
e, oupezensieTcs nepeceye-
HHEM U30TepMbl Z, C Jinned AH
(1. B Ha puc. 4.59). Kak puayum
U3 puc. 4.59, Ipyu MOKPOM IIpo-
llecce BCE NapaMeTpsl BO3AYXa
HpeTepreBaloT U3MEHEHUS B OT-
JIMYHe OT CYXOro OXJIAXKJIEHMS],
KOIZia BJIArocoIEPIKaHHe OCTa-
€TCS1 TIOCTOSTHHBIM.

It
Aft, d,1,)
(t,—8)enNm
25
AN il dl)
A K{ H /
ty
0
d

&

Puc. 4.56. Usobpaxenue Ha I — d
AMarpaMMe IPoLIEcca CyXOTo OXIaXK/IECHHUS
BO3/yXa B TEIVIOOGMEHHHKE C HOCTOSHHO

TeMIlepaTypoil MOBEPXHOCTH

%

17

Puc. 4.57. iaMeHenue cOCTOSHHS BO3/yXa

TIPH CYXOM OXJIaXKAEHUH BO3/TyXa
B peOPUCTOM TENIO06MEHHHKE
HEMmoCPeACTBEHHOTO MCIapeHUs:

K - temmeparypa kpomku peGep;

T - TeMmepatypa HeopeSpeHHBIX YacTeil
Tpy6ok; H — cpennsisi Temmepatypa peGpHcToit

TOBEPXHOCTH
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Puc. 4.58. Usobpaxenne Ha [ — d
AUATpaMMe MPOLECCa CyXOro OxIax/e-
HUsI BO3ayXa B pebpUCTOM Tenso06MeH-

HUKE HelOCPeACTBEHHOTO HCHAPEHHs]

4 A(t,,[,,ﬂ;)

2N

Y

Lo,

g-0

Puc. 4.59. Usobpaxenne Ha [ — d

AMarpaMMe npoijecca OXJaXAeHHs

Bo3/lyXa c BpInaficHUeM KOHzieHcaTa
{MOKpOro oxJaxIeHHs)
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HpousBenem mnocTpoeHue
npoliecca U3MEHEHHS COCTOSTHHS
BO3JyXa DU IMPOXOXIEHUHU €TO
yepes peOpHCTHIH BO3AYX00XIa-
IHTE/Ib, Y KOTOPOTO TEMIIEPATy-
Pa PasHBIX y4aCTKOB HOBEPXHOC-
TH pa3jin4yHa M, KpOMe TOro,
WU3MEHSIETCS B COOTBETCTBUH C 3a-
BucuMocThi0 (4.158), Kak aTo HO-
ka3aHo Ha pHc. 4.60.

HonycruM, YTo B HayaJbHOH
30HE MOBEPXHOCTH BO3LYXOO0X-
nanuTend (3oHa F,) TeMnepary-
pPa Bcex yuacTKOB PeOPHCTHIX
pybok (3, , 3, 8,,) BbiLe Tem-
neparypsl TOYKH pPocbl o6paba-
TBIB2€MOr0 BO3/yXa U JHINb B
KOHL(e 30HH 10 TeMHepPaTypbl
TOYKH POCHI CHHMKAETCS TeMIle-
paTypa HeopeGpeHHOH yacTH
Tpy6oK. B 3TO# 30H€E NOBEPXHO-
CTH BO3[yXOOXJIauTeNsl CHaya-
Jia HabJII0ZAETCS CYXO€e OXTIANIE-
HUe BO3/lyXa — COOTBETCTBYIOUWMH
npolecc U3MEHEHHS €T0 COCTOS-
HUs uzoOpaxaercst Ha I — d nua-
rpamme (puc. 4.61) npsiMoit m-
Hueit AB, (d = const). 3atem
HAaYNHAeTCS KOHIEHCAlHs Ha
HeopeOpeHHON yacTu TpyboK u
Ha YaCTH MOBEPXHOCTH pebep.
Jlume Ha y4acTkax, IpHJeraio-
IUX K KpOMKaM pefep, KOHACH-
caunu He Gyzer. Takum o6pasom,
JaHHYIO 30HY TIOBEPXHOCTH BO3-
ayxooxnanutens (3oHa F,) Mox-
HO Ha3BaThb 30HOM YacTHYHOU
KoHjercauuH. [Iponecc uamene-
HUS COCTOSTHUS 06pabaTbiBaeMo-
TO BO31yXa NIPHU NMPOXOXKAEHUH
3onbi F, crieflyet paccMaTpHBaTh
KaK TIPOIIecC CMeLIEHHsT BO3xy-
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Xa COCTOSIHUA B, ¢ BO3/lyXOM M3 TOHKHX ILJIEHOK, OKPBIBAIOIHX YIACTKH
MOBEPXHOCTU C Pa3JIMYHOM TEMIIEPaTyPOH, B TOM YHCJie U TaKHe, TIE TPo-
HCXOZUT KOHZEHCAuMA. B KoHIIe 30HbBI CDe/IHSS TeMIepaTypa BO3/1yXa B

TOHKO# TU/IeHKe Y IOBEPXHOCTH PaBHa 8, ;. , & COCTOSIHUE XapaKTepH3yeTcs]

HOJIHBEIM HacellleHHeM. Ilpo-
11eCC U3MEHEHHS COCTOSTHHSA
BO3lyXa B KOH1[e 30HbI F, n306-
paxaercs Ha I — d qnarpamme
npsiMo# innnei B B,

Crexyiorrast yacTb NOBEpX-
HOCTH BO3zyxooxnaaurens F,
SIBJISIETCS] 30HOM CIJIOMIHOU
KOHzeHcalMy. B KoHue 30HBI
HPOLECC UIMEHEHUSI COCTOSI-
HYS BO3/(yXa HPEeJCTABJISET CO-
6ot poIIeCC CMENIeHUsT HACHI-
IEHHOTO BO3JyXa C TEMIIe-
patypoit 8, (1. Hual - d ma-
arpaMMe) 1 BO3ZLyXa COCTOSTHUSI
B,. Koneynoe cocrosnue Bo3-
JyXa ornpezensieTcss TOYkou B.

Ecnn 651 MBI paccMaTpH-
BaJIM [JaHHBIN NPOLIECC KAK
HeNpepHBHBIH, yTo dakTu-
YEeCKH U HMEET MECTO, U Npo-
U3BOAUIN MOCTPOEHHUS JJISI
6ECKOHEYHO MaJIbIX YYACTKOB
HOBEPXHOCTH, TO JIOMaHas
nuuus AB B,BH npeBpatu-
nach OBl B IJIABHYIO KPUBYIO,
aHAJIOTHYHYIO TOMH, KOTOpas
HaMH CTPOWIACh JUI1 KOHTaK-
THBIX AITHAPATOB C IIPOTHBOTO-
KOM BO3xyxa ¥ Boxsl. Bosuu-
KaeT BOIIPOC: KakoW NMpsMOH
JUHMEH 3aMEHMTH KPUBYIO?
Ecnau npeanonoxuthb, 4YTO
pacyeTHOH TeMepaTypo mo-
BEPXHOCTH ABjsieTcsa 8,,, TO
nuHMel mponecca Oyaer AH,
a TOYKOH KOHEYHOTO COCTOSI-
HUSI BO3/yXa — TOyKa B'.

t,

; ,,
"5',’ (t)'
4 4, 2

£ A 4 8

Puc. 4.60. VIamenenue cocTosiHUA BO3ayxa
NPH MOKPOM OXJI2KIEHUH
B peGpUCTOM TEIIOOGMEHHUKE

Puc. 4.61. Vso6paxenue na I — d
AMarpamMMe nporecca MOKporo
OXJIak/IeHUs BO3/yXa B peOpHCTOM
TenJI006MeHHHKe
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Ecau 3a pacyeTHY0 TpPUHATH CPeRHIO0 TeMIeparypy
ﬁﬂl+ﬂH2

ﬂn.cp =—2_’

TO JAMHMed TmTpoyecca Oxkaxerca AH

H TOYKa KOHEYHOTO COCTOSIHUS BO3lyXa Oy et JiexaTs Ha 3TOH NpsSIMO.
IlepBoe mpeanonoxenue JaeT pe3yJbTaTH HECKOJbKO Jydlle AeHCTBU-
TeJIbHBIX, IPU BTOPOM MPEATNON0XKEHHH Pe3ybTaThl MOJIYy4aIOTCS XyXKe.

OcHOBBIBasICh Ha ONBITHBIX A3HHBIX, MOXHO OIpeeIsTh KOHEUHOE
COCTOSIHHE BO3AYyXa B 3aBUCUMOCTH OT TemnepaTyphl TOYKH pOCHI BO3-
ZyXa B KOHEYHOM COCTOSIHUH (puc. 4.61):

£ =t +AL. (4.168)

Benuunna At 3aBHCHT OT NPHUHATON CXeMBI IBUXKeHUS XOJI0AOHOCH-
TeJsisl M Bo3#yxa H KonieGetcs B npegenax 1-3 °C.

Bosee Tounoe onpeeseHne napaMeTpoB BO3LyXa B KOHEYHOM COCTO-
SHUM B 3aBUCHMOCTH OT TEMIEPATyPbl XOJOAOHOCHTENST MOXeET ObITH
HPOU3BE/IEHO C IPUBJIeYEHHEM PacueTHHX PoPMyJI, IDUBENEHHEIX B Clle-
aymooulem naparpage.

Kak BugumM, OTHOCHTEIBHAS BJAKHOCTH BO3/yXa, YXOASIETO U3 BO3-
AYXOOXJIafHUTeIs], BCETa HeCKOJIbKO MeHbinie 1, T. e. BO3AyX He JOCTHUTaeT
MOJIHOTO HAaCHILeHUs. JIUIb 47151 MAEeaTbHOIO BO3AYX00XIaAuTeNs, y KO-
TOpOro KO3¢hdHUIHEHT OXIax-
JIeHUs1 paBeH 1, KOHEYHas OTHO-
CHTeJIbHAs BJIAXXHOCTh BO3XyXa
paena 1. Opnako npu HeKoTO-
PBIX COUETAHHSIX TTapaMeTpOB
o6pabaTbiBaeMOro Bo3ayxa M
TeMIIEPATYPbl XOJIOAOHOCUTES
BO3/1yX B KOHEYHOM COCTOSTHUU
MOXET UMeTh ¢ = 1.

Ecnm, xak 3T0 nokasano Ha
puc. 4.62, Bo3ayxX HayanbHOTO
cocrosHus (T. A) IPOXOMT ye-
pe3 BO3XYXOOXJaJuTeNb, y KO-
TOPOTO TeMIepaTypa Hapy KHOU

d HOBEPXHOCTH &, TO KOHEYHOE
COCTOSITHHE BO31yXa CKopee BCe-

IO ABJSETCS HACHIIEHHBIM, &

Puc. 4.62. Uzo6paxenue Ha [ — d Touka B, ero onpegensomas,
ZmarpaMme MpoLiecca MOKPOTo HaxXOAUTCS JieBee Bnm. Mecro-
OXJIXKICHHSA C KOHACHCALMEH BONAHOTO  paxox/eHHe TOYKH B MeXIy
napa B o6beMe 06pabaThIBAEMOro Bo3ayxa tTouxkamu H u B"Wl CBUIETEb-
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CTBYET O BbijIe/IeHHH KOHIEHCaTa He TOJIbKO B TOHKOH ILTEHKe Y BO3/YX0-
OXJIAZMTEIbHOM TIOBEPXHOCTH, HO H B 0GbeMe NPOXoAsilieii yepe3 BO3Y-
X0OXJIaJIuTeIb MACChi BO3ayXa. Beixoasnmii H3 BO3AyX0ooxIainuTeNs BO3-
JyX B 9TOM CJIydae COIEPKHT MeJIbYaiiilve KareJbKH BObI, KOTOPbIE 3aTeM
HCTIAPAIOTCA B IOMEINEHHH H CHIKAIOT OCYILaIomee JeiicTBHe BO3IyXO-
OXJIAZAHUTE/IbHON YCTAaHOBKH.

Briensionmiicst 13 06pabaThBAEMOro BO3/lyXa B Pe3yJIBTaTe MOKPBIX
IPOLIECCOB KOHEHCAT [I0JKEH GECIPENsITCTBEHHO CTEKATh C IOBEPXHOCTH
pebep. [1s1 cbopa 1 NOCAeAYIOMET0 yAaIeH!S KOH/IeHCaTa B BO3yX00XJ/1a-
JIATENISIX TIpeyCMaTPHBAETCs TIOJUIOH.

Ecsiu BayTpH Tpy6OK UHPKYIHPYET XOJ0IO0HOCHTENE C OTPHIIATEIb-
HOl TeMIlepaTypoi MK eCJIH TEMITEPATyPa UCTIAPEH S XJIafiareHTa HHKe
HyJisl, BO3MOXHO 3aMep3aHue KOHZleHcaTa H 06pa3oBaHHe Ha NOBepX-
HOCTH peOpUCTHIX TPYGOK TaK HasnBaeMOit «cHeroBoi my6bi». [loce-
JIHSIs 3AMETHO yBeHYHBAET a3POIHHAMHUECKOE CONPOTHBIIEHHE U Xy /I~
maet Temyionepenady. CHeropywo my6y HEOOGXOAHMO IepHOAHIECKH
yIAIsATh, YTO OGBIYHO A€TaeTCs MyTeM NPeKpaileHHs MoJa4d XoJo-
JIOHOCHTEIA.

§ 4.16. PacueTHblie 3aBHCHMOCTH Jil TIOBEPXHOCTHBIX
BO3yX0oOXJaaureel

Paccmarpusas puc. 4.59 1 4.61, MOXHO ClIe/1aTh 3aKJII0YEHHE, YTO COIIPO-
BOXKAAIOMIMHCA OCYLIKOI NMPOLece H3MEHEHHS. COCTOSTHMS BO3/IyXa IPH
OXJIAXIEHHHU B MOBEPXHOCTHBIX BO3AYXOOXJaJgHTE/ASIX COBEPIUIEHHO
aHaJOTHYeH TaKOMY JKe B KOHTaKTHBIX anmapartax. [losromy Bce mouay-
YeHHBIE AJis] KOHTAKTHBIX allnapaToB NPeICTaBJIEHHs OCTAIOTCS ClipaBe/l-
JIHBBIMHU H JI/I TIOBEPXHOCTHBIX BO3AYX00XIaJUTe IEM.

Tak e Kak u paHee, BBeJIeM NOHSATHE 00 HIeaJbHOM IPOLECCE, B Ka-
YecTBe KOToporo OyZieM NoHuMaTh THHUIO Ha I — d nnarpamme, coeauns-
IOIYIO TOYKY HayaJIbHOTO COCTOSIHMS BO3/yXa ¢ TOYKOM, JeXKallel Ha
KpHBOH @ = 1 1 uMelonIeH TeMIepaTypy Hapy>KHOU TeMI0BOCIPHHHMA-
1oMeH NOBEPXHOCTH (31€Ch NOHATHE 06 HAEATHLHOM IPOLECCE MOXKHO 3a-
MEHHUTD MOHATHEM 00 HAEAIBHOM BO3IyXOOXJIAJHUTEIE).

B noBepxHOCTHBIX BO3AYXOOX/JIaguTeNsX B CJydyae OXJaXKAcHHA U
OCYHIKH TaKXe IIPOUCXOIAT OJIHOBPEMEHHO IIPOIECCHl TEILIO- M Macco-
o6MeHa, KOTOpBIE, B CUJY CAETAHHOTO B § 4.3 3aKm0YeHHs1, COBEPIIEHHO
aHaIorHuHbL. [l HHX, KaK H IS [IPOLECCOB B KOHTAKTHBIX allapaTax,
CrpaBeJIMBO OTHOIIEeHKe JIbloHcCa,

Hakonen, npu 06paboTke BO3/1yxa B IOBEPXHOCTHEIX BO3LYXOOX/Ia-
IUTeNIX HabII0AAeTCA CABUT TMPOIecca OXIaXKAeHUsI U OCYLIKH B CTO-
POHY yBJIaXHeHHs1, KOTOPbIH IPOHCXOAUT H3-3a TAKOTO Xe Pa3[BOeHHUs

231



I'nasa 4

MOBEPXHOCTH, YTO ¥ B KOHTAaKTHHX ammapaTax. CilefoBaTesnbHo, 151
NI0BEPXHOCTHBIX BO3AYXOOXJI[UTENEH MOTYT OBITh CO3AaHBI METO/BI
pacuera, HoA06HblE TEM, KOTOPHIE OBUIN PacCMOTPEHBI IIPH H3Yy4YeHHH
KOHTaKTHBIX allmapaToB. PasHu1a 3aK1049aeTCsi B TOM, YTO JJISI KOHTaK-
THEIX alllIapaToB [TPOLIECCOM [TepeHOoca TellJia SIBJIsAeTCs TeNI00TAa4a OT
BO3/lyXa K [OBEPXHOCTH BOJASHON IJIeHKH. B NOBEPXHOCTHBIX BO31Y-
XOOXJAMTENSAX 9TOT MPOLECC COCTABIsAET YacTh 6oiee obiiero mpouec-
ca Tel1006MeHa MeX /Iy BO3IyXOM M XOJI0J0HOCHTEJIEM, T. €. YacTh Tell-
nonepegauu. [103TOMy Ha NpaKTHKE HIMPOKO HUCIOIB3YIOTCS METOIBI
pacyeTa, OCHOBaHHBIE Ha MCIO/Ib30BaHHM KOIGh(HLIHEHTOB TeNJomNe-
penayu.

BaxHeiiniel 3alaueli pacyeTa IOBEPXHOCTHBIX BO3AYXOOXIaAHTENEH,
BO3HHKAIOIEH NIPY MPOEKTHPOBAHMH CHCTEM KOHHIIMOHUPOBaHH s BO3-
Ayxa, SIBJISIeTCS OIpefiesieHNe BeJTHYHHbBI HX BO3/[yX00XJIaiUTeIbHOI o~
BepxHOCTH. Ec/in BBIGOp THIIA BO3NYXOOXTAaAHTENS H BHIA XOJOLOHO-
CHTeJisl IPOH3Be/leH 3apaHee, TO MOBEPXHOCTh BO3AYXOOXJaAHTe/s
MOKHO HalTH 0 06bIYHOM (opmyJie

=2 (4.169)
KAL

P

rie Q — KOJMYECTBO TeIJia, OTBOAMMOE M3 BO3AYXa B [IOBEPXHOCT-
HOM BO3lyXOOXJIa/luTele B €AHHULLY BDEMEHH, KKAL/4ac;

At — pacyeTHasi Pa3HOCTb TeMIIEPATYp BO3/yXa H Xonof10HocHTeNs, °C;

K - koaduipeHT Temonepeadl MeX 1y BO3IyXOM M XOJIOAOHOCH-
TeJIeM, KKa/M*-4ac-2pao.

IIpu ncnosb3oBaHuu 3T0H HOPMYJIH ISl pacyeTa TOBEPXHOCTHHIX
BO3JyXO0OXJIaguTeNeil IPHXOAUTCS BCTPEYAThCsl C PAZIOM TPYIHOCTEH,
06BACHAIOMHKXCS TJIaBHBIM 0GPa30M TeM, 4TO BeJTHYHHA BXOISIIETO B
$bopMyny koadunHenTa Telmaonepejauy B 3HAYUTEIbHOH CTElleHH CBS-
3aHa C HCKOMOU ITOBEPXHOCTHIO Bo3flyXooxnaaurens F. EcrectsenHo, uto
HauboIblilie PACUETHbIE TPYAHOCTH BO3HHKAIOT B CJIy4ae PEOPHCTHIX I10-
BepXHOCTeH, [71s1 KOTOPBIX 3aBUCHMOCTh K OT pAja XapaKTEePHCTHK I10-
BEPXHOCTH BO3AYXOOXJanuTensi F 10CTaTOYHO CI0XKHAsL.

Pacemorpum Bxozsne B dopmyy (4.169) sBenrunnsr. Komuectso
Tenua ) onpenessieTcs MPOCTO, eC/IM H3BECTHH Macca (WM Bec) OXJIak-
AaeMoTo B Yac Bo3ayxa G (pacxoj Bo3yxa) 1 TapaMeTPhi €10 10 U 0cTe
oxnaxnenus I n I

Q=6.(-1). (4.170)

3ameTnM, 4T He BCe Telio Q MepenaeTcsi X0JIOIOHOCHTENIO; YacTh
€ro BMecTe ¢ 06pa30BaBIUINMCS KOH/IEHCATOM YAJISETCS H3 BO3YXO0X-
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NaguTessl. ITa YacTh TeN,1a paBHa AQ = 4 00d02 9, ¢, (1€ ¢, — TenoeM-
1

KOCTb KOH/IeHCaTa; ¢, =1; § — TeMmIlepaTypa Hapy>KHOIi IOBEPXHOCTH BO3-
AYXOOXJIaNUTeNIst). YUUTEIBasA, 4TO BeInyuHa AQ Majla M MJET B 3a1ac,
€10 MOXHO NIpeHe6bpeys.

B kauecTBe pacueTHOI Pa3HOCTH TeMIEPATyp BO3xyXa H X0JI0J0HO-
cHTeNs At ClIefyeT HCTO/b30BaTh CPEAHENIOTapHGMHYECKYIO Pa3HOCTD
B COOTBETCTBHHM CO cXeMOMH
B3aMMHOFO [BHXeHHsI 0OMe-

HUBAIOIIHXCSA TEILUIOM Cpefl. Loex ~ Lvew
Kax usBectHo, 17151 nepekpe- 17"

CTHOI'O TOKa H 60]166 CJIOXK-
\ \ b\ §§
s()

HBIX CXEM [IBHOKEHHS BO3/TyXa
M XOJIOMOHOCHTE/ IS Heob-
XOJHMO 6path CpezpHeJiora-
pubMHUYIECKYIO PA3HOCTD /115
NPOTHBOTOKAa M BHOCHTD
HOMOpaBKy COTJACHO CXeMe
ABHXXEHHSA. DTa MONpaBKa
olpee/sieTcs: o rpadHKam,
comepX)amumMcsa B JI060M
CTIPaBOYHHKE H B yueOHHKAX
1o Tervionepenade. B npakru-

a2

I

8 § 3 §
s _—
__...1_?_4
—

4YEeCKHX pacyeTax BO3IyXO- [ w & t’ b
OXJIAAUTEJIEH MOKHO HCITOJIb- 4~ tﬂ
30BaTh rpadHK, Ipeacras-
JleHHbI Ha puc. 4.63. Puc. 4.63. Iornpaska

Bo MHOrHX Ciryuasix pac- K cpeaxenorapudMuyeckoil passocTd

TEMHEPATYP /I CXEM C NepeKPecTHbIM

YeTa BO3/yXOOXJafuTesIer
ABUXEHHUEM Bosuyxa H XOJOAOHOCUTEIA

BMECTO cpeaHeorapudmu-
Yeckol MoxeT ObITh ¢ 0CTa-
TOYHOI1 1Sl IPAKTHKH CTere-
HBIO TOYHOCTH NpPHHSATA cpeaHeapH(MeTHYECKass PasHOCTD TeMIepaTyp
BO3yxa 1 XooaoHocuTens. Ecimi 0603Haunth yepes At 6onp1iyIo, a yepe3
At MeHBIIYIO PasHOCTb TEMIIEPATyD BO3/(yXa H XONOZOHOCHTES. H TOJTY-

A, (A,
9YUTh 3aBHCHMOCTH —— "f
Atg | Atg

AN cpenHesiorapudMiyeckoit (AL )
U cpefHeapH(pMeTHUECKOH (Atpa) pa3HOCTelH, TO OKaXeTCs, YTO NIPpHU

At / At> 0,4 pasnnna Mexay AL 1 Al He IPEBBILUAET 5%, & 3TO IOMYCTH-
MO B HH)KEHEPHBIX pacyerax.
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B cayuae At, /At, < 0,4 B pacyere Heo6X0HMO HCIIOIB30BATH CPE/-
HeJlorapH(PMHYECKYIO Pa3HOCTD, KOTOPYIO JIETKO HalTH 10 cpexHeaphd-
MeTH4YeCKOH pa3HOCTH € NOMOIIBIO IpadyKa, IPHBEIEHHOTO Ha puc. 4.64.

Koadduument Tenmonepenaun K npoie BCero onpeaesisieTcs A1 raj-
KkHx Tpy6. Kak 3BeCTHO, KOJIMYECTBO Tellsia, epefiaBaeMoe B 1 yac Boaay-
XOM XOJIOZIOHOCHTETIO YePe3 PaseIAonIyIo TBEP/IyIO CTEHKY TPyOs! [JIH-
HO# 1 M C BHYTpEHHHMM d, 1 HAPYXHBIM d, THAMETPOM, PaBHO

_ €=t )n 4171
T +ilnd—"+ t D
ad, 2» d, o d,

ITO KOJHYECTBO TeljIa MOXHO OTHeCTH K 1 M? miomaan HapyXHOM
nosepxHocTH Tpy6bI, s yero Bhipaxenue (4.171) cienyer noaeauTh
Ha ntd,. YTo6br HaliTH KO3 GbHIHEHT TelIoepeauH B KKaL/M>-uac-2pao,
IIOJIy4€eHHOE BhIpaXXeHHe HY)KHO Pa3/ie/IUTh elle Ha ¢t — ¢, IOCJIE YETOo

1
= ) 4172
Ko 1 _dﬂ+dﬂlndﬂ+ 1 ( )
a d, 20 d, «a,

[Tocko/bKy B BO3IYXOOXTAAHTENAX IPHMEHAIOTCS TOHKOCTEHHBIE
Tpy6xH, 3Hauenne d, 6ausko k d,, a In d_ /d, 6amu3Ko k Hymo U cpen-
HHUM CJIaraeMbiM B 3HaMeHaTe-

o, Je (4.172) Bcerna MoxHoO Iipe-
at, Hebpeub.
Y IIpu onpenenennu koapdu-
7 // UHEHTA TeMUIOOTAAH OT BHYT-
@ peHHelt IOBEPXHOCTH K XO0JI0/I0-
e HocHTea0 (0,) HeobxoauMo
. / pasjiMyath 1Ba CIyvas:
1/ a) BHYTPH TPY6OK ABHXKeT-
el / Csl XOJIOIOHOCHTEJIb, He H3Me-
@ HAIOIHI CBOETO arperaTHoro
a cocTosHKsA (BOJI, Pacco);
6) B TpyOKax ABHXKETCH KH-

a5 7] a7 a 49 aly, . o
7;7 MSIIMUH XOJOAMIbHBIM areHT.

Puc. 4.64. 3aBucHMOCTD Mexay B nepsom ca1yyae si1st ompe-

cpenneorapudMuIecKoii AeNeHUs o CAYXUT XOPOUIOo

U cpeateapudmerudeckoil pasHocTamMy ~— H3BECTHAs H3 Kypca TeIlIolne-
TEMIEPATY Db penauu ¢opmyna
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Nu = 0,023Re"8Pr4, (4.173)

W3 sTokt dhopMyJIsl MoACTaHOBKOH 3HaYeHHH (DH3HYECKMX KOHCTAHT
XOJIOIOHOCHTEJISl HETPYAHO MOJyYHTh BeJIMYHHY O B 3aBHCHMOCTHU OT
CKOPOCTH XOJIOJOHOCHTEJISA @, H ONPe/Ie/IAIONIero pasmMepa, KaKOBbIM SIB-
JIIeTCA BHYTPeHHMH nuamerp TpyGku. Eciiu xos1010HOCHTeIEM CIYXHUT
BOZIa pH Temnepatype nopsaka 10 °C, sHauenHe o, MOXeT ObITh ONpe-
ZeJ1eHo 1o Gopmyiie

w0,8
u, =140 (4.174)

Heabxommmo 3aMeTuTh, uro opmya (4.173) cripaBeninsa s AJHH-
Hpix Tpy6 (I/d, 2 50) u passuToro TypOyNeHTHOTro ABHXeHHS
(Re > 10 000). B ganHOM ciiyyae NPHXOIHTCS UMETh A€JI0 ¢ HaYaJbHbIM
yuactkoM (//d < 50). Tem He menee npumenenne bopmy (4.173) u (4.174)
BITOJIHE IOMYCTHMO, €C/Ti HabJmoaeTcst pa3suToe TYpOy IEHTHOE ABHXKEHHE.

Ecrecrsenno, uTo onpejeenne K03 GpHIMeHTa TENIOOTIaYH OT BHYT-
PEHHEN TOBEPXHOCTH K XOJOI0HOCHTEIO IIPOHU3BOHTCS OJHHAKOBO IS
rAaaKux u pebpHcThix Tpybok. Pasnuna 3akmoyaercs B BHIGOpe BeIUYH-
HBI CKOPOCTH. [IJIs IIagKkuX TpyGOK CKOPOCTh XOJOAOHOCHTENS T0JKHA
6BITh BecbMa HEOOIBIION, TaK KaK IUIOIA/IH BHYTPEHHER H HAPYXKHOM MTo-
BEPXHOCTH TIPAKTHYECKH OIHHAKOBHI, 2 KOADDHIMEHT TEIIOOTAAYH OT BO3-
AyXa K HapyXXHOH MOBEpPXHOCTH OTHOCHTeIbHO Mall. Iloatomy BemmynHa
TEILIOBOTO MOTOKA, IOCTYIAIONIETO OT HAPY’KHO# [IOBEPXHOCTH K BHYTPEH-
Hel, oTpaHH4EHA.

B peGpucTHX BO31yXO0OXMaqUTENSIX HapYyXKHasi IOBEPXHOCTb Pa3BH-
BaeTcs OYeHb CHIIBHO H COOTBETCTBEHHO € 3THM PACTeT BeJIMYHHA TEIUIO-
BOTO [IOTOKA, XOTS KO3 (PHIHEHT TEMIOOTAAYH HECKOTbKO MEHBLIIE, YeM
AJIsL TIAAKHX TPYO.

PeKoMeHIyI0TCSL CiIeIyI01He CKOPOCTH XOJI0ICHOCHTeJISL: B CIyYae IVIaj-
kX Tpy6 — He Gonee 0,3 m/cex; B cydae opeGpeHHBIX IOBEPXHOCTER — OT
0,5 10 1,5 M/cex B 3aBHCHMOCTH OT CTeIleHH OpeOpeHHsI.

3Havenue K03¢HIHEHTA TEIIOOTAAYH IPH KHUITEHHHN XOJIOJHIBHO-
O areHTa 3aBHCHT OT BH/Ia XOJOAHJIBHOTO areHTa, TEMIIEPATYPhI €r0 Ku-
TIeHHs1, BeJIMYHHDI yeIbHOMH TellJIOBOH HArpy3KH, OTHECEHHOH K BHYT-
PeHHell MOBEPXHOCTH TPYOKH, H OT BECOBON CKOPOCTH XOJIOIOHOCHTE/ISI
B TpyOKax.

i rpynnsr Hanbo/iee pacIPOCTPaHeHHHX HPEOHOB MOXKHO ITOJIb30-
BaThCS IMITHPHIECKoi dopMyJIoH, npeaioxennoi C. H. Borganossim:

0,6,-0,2
_97°6™
a, =T——K,

=g (4.175)

’
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HIH
a, =0954" [?) 02K, (4.176)

TZle ¢ — yAeJbHbIA TEIIOBOM OTOK, KKaa/M*4ac;

G — pacxop XoJoAHJIbHOIO arenTa, kI /uac;

Y@ — BecoBasi CKOPOCTH areHTa, kI /m>cex;

d — muametp TpyGHI, M;

K . K03GbOULHEHT, YYHTHIBAIONMIA CBolicTBa (hpeoHOB.

Koabduuments! Tentooraaun ot Bosayxa k rnagkoi Tpybe o ompe-
JEJIAI0TCSA C TTOMOILBIO JOCTATOYHO HAZIEKHBIX 000OLIEHHBIX 3aBUCHUMO-
cTel, clIpaBe/IMBHIX NIPH MoNepeYHoM 00TeKaHWH OTHHOYHON LWJIHHA-
PHYECKOH TPYOH:

Nu = cRe", (4.177)

TJie ¢ ¥ 1 3aBHCAT oT KpuTtepus Re (pu Re = 5 - 10%+5 - 104 ¢ = 0,197,
n= 0,6, mpu Re > 5-10* ¢ = 0,023, n = 0,8).

Ecau npoucxoaut o6TeKkanHe Myyka TpyOOK, He0OGX0HMO YIUTHIBATD
CBSI3aHHBIE C ITHM MU3MEHEHHS YCIOBUM TEILUIOOTAAYN U BBOAUTH B ¢op-
myay (4.177) nonpaBounble K03 bHuMeHTH, pa3/IMIHbIE /151 Pa3HBIX 10
XOlly ABHXKEHHs BO3/lyXa PAAOB TpyGOK M pasHbIX C1I0CO60B PacoIoxKe-
HHs TPYOOK (KOpHAOPHOE, IaxmMaTHoe) — pHc. 4.53.

Cpennue 3HaueHHs1 K03 QHIMEHTOB TEIJIOOTAaYH OT BO3AyXa K Ha-
PY3KHOI IIOBEPXHOCTH TJIIKOTPYGHOTO BO3YXOOXIAAHTES MOXHO OII-
peneasTh No caeayomuM GhopMyiam:

— IIpH KOPHIOPHOM PaclOJIOKEHH!

o =13K,d %% (rw)*%; (4.178)
— IIpH HIaXMATHOM DACIIOJIOKEHHH

a, =148K,d, " (yw)*® (4.179)

IZie Y@ — BecoBast CKOPOCTh B )KHBOM CedeHHH BO3AyXO0XJIalUTe s,
K, — xoapuumeHT, yunTHIBAIOLLHIA YHCI0 PAIOB TPYOOK 10 Xony 1BH-
JKEeHHs BO3/yXa.
Hanunilem BripakeHnue 1151 onpenestenus koahdHIHEHTa Tenonepe-
Jla4H OT BO3/[YXa K XOJIOJOHOCHTEIIO B CTy4ae IJIafKOTPYOHBIX BO3yX0-
OXJIaJIUTEIEH:

1
I T 4.180
14 1 (150
a, d, «
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B aroit hopmyie sHauenus o, ¥ 0. BBIYHCJIAIOTCSA € IOMOILBIO IPUBE-
JIEHHBIX Bbillle 3aBUCHMOCTEIA.

Eciu mponecc oxyaxaenus Bo3/lyxa CONpoOBOXIAETCA KOHIEHCAlH-
el BOIAHOTO Mapa, TO Ha Hapy KHOU ITOBEPXHOCTH BO3/YXO0OXJIAJUTENS
MPOHCXOJUT TiePejiaya He TOJNBKO SIBHOTO TellIa (3a CYeT PasHOCTH TEM-
IepaTtyp BO3/yXa ¥ IOBEPXHOCTH ), HO M CKPBITOrO TETLIa, BhIZIEIAIOIETO-
Csl IPH KOHAEHCAIMU. YYeT 9TOro Npoliecca IPOH3BOAMTCA BBeIeHHEM B
pacyeTHYIO 3aBHCHMOCTh K03 dHIHeHTa BJIATOBHINTaIeH s £, Ha BeJIH-
YHHY KOTOPOTO YMHOXaeTcA K03GhOHIHEHT TeNI00TIayl OT BO3AYyXa K
HapyXHo# mosepxHocTy a, . Torna ¢popmya 115 KoaddHuueHTa Terno-
nepejauk IAaAKOTPYOHBIX BO3AyX00XaaauTe ed puobperaeT B

Kee 1 . (4.181)
1 d, 1
aB dB éa}{

Bo MHOrHX npakTHYeCKH BaXHBIX ciydasix o, << « . Hampumep, ecu
XOJI0/IOHOCHTEIEM SIBJISETCS BOJIA, €€ CKOPOCTb B TPyOKax w, = 0,5 m/cex,
d, = 10 mm, T0 0 = 2000 xxar/m*uac - zpad. IIpuHsAB cKOpOCTh BO3/yXa
10 m/cex, o = 12 mm, nonyuum o, = 60 xxan/m? - wac - zpad. 3nech MOX-
HO ITePBHIM CJIaraeMbIM B 3HaMeHaTele ¢opmyJ (4.180) u (4.181) npene-
6peus U CYMTATB, YTO B CJIyyae CyXOro oxiaxieHus K = a , a B ciyyae
oxnaxaenus ¢ Kougencanueit K = &a“.

3HauYHTEJIBHO CJIoXKHee onpeneisieTcss K03 bHLMEHT TellIoNepesa-
4H [719 peBGPUCTHIX BO3/1YX00XIafuTe e

Iockosbky yc/lOBUSI TEMIOOTAAYH OT BHYTPEHHUX OBEPXHOCTEH K
XOJIOJIOHOCHUTENTIO OCTAIOTCA 6e3 H3MeHeHHs], [lepBoe caraeMoe B (op-
myJe (4.181) BuousMeHsieTcsl He3HauuTeIbHO. BMecTo OTHOMIEHHA
d, /d_ssonutcs muoxurens F, /F, npeacrapusiomuii coboit oTHolle-
HHUe ILIOMAAH BCel HapyKHOM peOPHCTON MOBEPXHOCTH K IJIOINALH BHYT-
PEHHel MOBEPXHOCTH. JTO OTHOLIEHHE MOXHO Ha3BaTh K03ghGduimeH-
ToM opebpenus K

=£= F, +F,
op FB F

K , (4.182)

rae F, — miomanas Hapy>KHON MOBepXHOCTH HeOpeOPEeHHBIX JacTel
TpyOOoK, M%;

F - nnomans MoBepxHOCTH pebep, M.

B pesysrare ope6penHsi KOpeHHBIM 06pa3oM H3MEHSIIOTCS YCIOBHS Tell-
JIOOT/IaYH HA HAPY>KHOM ITOBEPXHOCTH, a TAK)Ke YCJIOBYS JBHYKEHHS TEILTA OT
HapyKHOH opebpeHHOl MOBEPXHOCTH K BHyTPEHHEN TOBEPXHOCTH TPYOOK.
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YcnoBust TenIooTAaH Ha Hapy’KHOW TOBEPXHOCTH PeOPHCTHIX TpPY-
GOK OTIpenesioTCs 3aKOHOMEPHOCTAMH 06TeKaH s BO3/YILHBIM TOTOKOM
opeOpeHHOI TOBEPXHOCTH, KOTOPble 3HAYHTEJIBHO CJIOXKHEE, YeM B CIIy-
Yae IJIafIkuxX TpyboK.

JLnst tiaikOTPYGHBIX BO3IYX00XIAAUTE e KOMDGDHIMEHT TENIO0TIAYH
0, HaXOJMTCs C IIOMOHIBIO XOPOIIO U3BECTHONO KPHTEPHAIBHOIO yDaBHEHMS,
TO/Ty4€HHOTO IIPH 0OTEKAHNH IUTHHAPUYECKOM TOBEPXHOCTH. B pebpHcThIiX
BO3/IYXOOXJIAAUTEISIX IIHHAPHIECKYIO IOBEPXHOCTD MPE/ICTABIISIOT COB0M
HeopeGpeHHBIE YYacTKH TPy, Ha JOMI0 KOTOpbIX npuxoxuTes 5—10% Beeit
Hapy>kKHOI MoBepXHOCTH. OCHOBHYIO e YacTh IOBEPXHOCTH COCTABJISIeT Opeh-
penue Tpy6oK. Ousuyeckas KapTHHa 06TeKaHNs TAKOW TOBEPXHOCTH OIiKe
BCETO K TOM, KOTOpasi NoyyaeTcst IIPH JBHKEHUH BO3AyXa B HMIEJEBHAHBIX
Kanazax. IToaroMy (kak ato npensioxmn A. A. Foromn) onpezesnerue Koad-
¢uLHeHTA TEIVIOOTAAYH OT BO3IYyXa K HapyKHOU PeOPHCTOM NMOBEPXHOCTH
cJIeflyeT IIPOM3BOJHTE C TOMOUIBIO YPABHEHUST

1Y
Nu=cRe"| — | » (4.183)
d,

rae |- pivHa miesleBUIHOTO KaHAA, CYMTAsI OT BXOAHOMH KPOMKH peb-
pa MepBoro psiia TpyOOK 10 BHIXOAHOM KPOMKH pebpa MoC/IeIHero psijia, M;

d, — SKBHBAJeHTHBIN AMaMeTP, NpeCTaBsIIONHIt co6oit xapaKTep-
HBIN /17151 peOPHCTON TOBEPXHOCTH JIMHEHHbIH Pa3Mep, M.

Onpenenenue d, mpou3BoauTCA Mo hopmyJie

_ AS, -4, )8, -8)
3 - ’
(ST - dH )+(Sp —8)
rie S, - war Tpy6si B IIOCKOCTH, NepIeHHKY/IPHO HallpaB/IeHHIO
IBUXXeHHS! BO3/IyXa, M;
S, — war pebep, »;
d — HapyXHBIl {HAMETp TPYOKH, »;

d (4.184)

8 — Tommuna pebpa, M.

Jln1s1 Toro 4To6BI HAMTH Q. , MOXKHO BOCIIOJIB30BATHCS H CIEAYIOLMMA
3KCIIEPHMEHTANBHBIMH 3aBUCHMOCTSIMH:

TIPH KOPHJIOPHOM PacIoNoXeHHH TPyOOK

@, =6,46d%%% 4 05() 070 . (4.185)
NPY 1aXMaTHOM PacIoIoKeHHH TPYGOK

a, = 4,16d>%%5 d 05 (y1p) 0% | (4.186)
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BemriiHa BecoBod CKOPOCTH BO3yXa Y W OTPaHHYMBAETCS B CBSI3H C
BO3MOXHOCTBIO CPBIBA H YHOCA KalleJIb KOHJIeHCaTa ¢ [OBEPXHOCTH peGpy-
crbix Tpy6ok. Ilo nanneM A. A. Forosinna, yHoca Kare/Ib He IPOHCXOIHT [0
BeJTMYHHBI Y @ = 5+6 xI'/m?- cex. Tlpn y w = 8 xI/M?- cex yHOC CTAHOBHTCS
UHTEHCHBHBIM H, IpHY @ = 10 %I’/ M? - cex NpaKTUYECKH BECh KOHEHCAT YHO-
CHTCSI C HOBEPXHOCTH BO3ayxXooxanutess. [1oaToMy B poneccax oxJax-
JE€HHSI # OCYHIKH BO3ZyXa He cJenyeT NPUHUMATh ¥ w > 6 xI/M?- cex, Tak
KaK YHECEHHBIE U3 BO3/YXOOXJIATHTEJISI KaNeJAbKH KOHJIeHCATa, HATpeBasiCh
B IOMEIEHHH, UCITAPSIOTCS U YBIKHSIOT BO3/IYX.

115 y4eTa TelIoTeXHHIECKHX 0COOEHHOCTEH Mpolecca lepefauH Tell-
JIa OT HapyXHOM ITOBePXHOCTH pebep K BHyTPEHHEN NOBEPXHOCTH TPY-
60K BBOAMTCA CHENMATBHBIA KO3hGHIHEHT 3 PEKTHBHOCTH PebPHCTON
nosepxuoctd K. Ha Besimuuny 3T0ro KoadpuiiMeHTa OKa3pIBaeT BIIHA-
HUE TeIUIOBOE COMPOTHBJEHHE pepa H MeCTa KOHTAKTa MeXIy pebpoM K
Hapy’KHOI IOBEPXHOCTHIO TPYOKHU. 3HaueHMe KoadduienTa apdeKTHB-
HOCTH OLIEHHBAETCS [0 BeJIMUHHE H3MEHEHHI TeMIIepaTyphl Beel pebpu-
CTOi1 IOBEPXHOCTH 10 CPABHEHHIO C TEMITEPATyPOi Ha HApYKHOI MoBep-
XHOCTH HeopeGpeHHO yacTi TpyGoK:

K, =%, (4.187)
Ty

rie & — cpenusis TeMIepaTypa Bceil peGpHCTOl TOBEPXHOCTH;
8, — TemmepaTypa OBEPXHOCTH HeopeOPeHHOIT YacTH TPY6OK;

_ (t-0,)F,+(-9,)F,

t-9, =
F,+F,

, (4.188)

rie & — CpeHsis TeMIepaTypa IOBEPXHOCTH pebpa F.

dddpexTHBHOCTD Beelt pEOPHCTOl TOBEpXHOCTH 3aBHCHT OT nByX ax-
TopoB: adhdexTuBHOCTH pebpa 1 KoaddHIenTa opebpeHHs.

AddexruBHOCTH pebpa OLEHHBAETCS ¢ TIOMOLIBIO CIIENHATBHOTO KO-
adpuumenta apdexrusroctn K, KOTOpbI XapakTepusyeT H3MeHeHHe
TeMIIepaTypbi Ha MOBEPXHOCTH pe6pa

Benuunna koadduimenta addexTusnocTH pebpa K,, mo anamoru#
koaddunuenTom 3¢ PeKTHBHOCTH BCell pebpuCTOi nosepxnocm olpe-
Aensiercs o opmynie

K= (% (4.189)
t-9,

s koabduunenta apdextuBHOCTH pebpHcToil noBepxHocTH (K)
uMeeTcs cnefyomas 3apucumocts ot K n K ¢
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1_‘_53_& )

R (4.190)

op

Y3 popmy.st (4.190) Buamo, uro npu 60/1b1mnx 3HaveHnsx K, (6IIH3-
kux K 1) u 6osb1uoi cTeneny opeGpenus K ~ K .

TakuM 06pazom, hopmy.ist 7151 onpeseTeH s KOB(b(bHHHEHTa TeIIo-
nepesavyl OT BO3AyXa K XOJ0I0HOCHTEIO B CIydae peGpHCTOrO BO3/yX0-
OXJIaHTe s IprHobpeTaloT BUL:

—~ TIPH CYyXOM OXJXIeHHH BO3AyXa

1
K =—— 4.191
K, 1 (4.191)

Top
a, oK,

— IPH OXJIAXIEHHH BO3/yXa ¢ KOHeHcalHel BOAsTHOTO Tapa

Ke— L . (4.192)

—%® 4
a, &, K,

Jnst HeKoTOpBIX THIIOB pebep BenuduHa K , MOXET ObITb 1071y YeHa aHa-
JINTHYECKH. BBIBO/IBI COOTBETCTBYIOMIMX 3aBUCHMOCTei NpHBEAEHBI B Kyp-
cax 110 Tenyionepenave. Tak, [jisl IPSIMBIX H CIIMPAJbHO-HABHBHBIX pebep

t-9, th(h\/—)
?Tt-9 VB

rae th - runepbonnyeckuit TaHTEHC;
h, — BricoTa pebpa;

K (4.193)

B= 2a,

A8
20,8 .
B= TIpH OXJIAX/EHHH C KOH/eHCalHe.

Ad

Kak BHAHO M3 NPHBeEHHBIX PACYETHBIX 3aBHCHMMOCTEH, IIOCTaBJIEH-
Has 3a/1aya M0 ONpeeJIeHHI0 HeOGX0AMMO TOBEPXHOCTH BO3YXO00X/Ia-
AUTENIA MOXeT OBITh pellieHa JHLID C IIOMOLIBIO TOC/Ie0BaTeIbHbBIX IPH-
GIKeHMIL.

Haunnate pacuer cienyer ¢ usobpaxenus npouecca na I — d aua-
rpamme (puc. 4.64). IIpunnmas B hopmyste (4.168) (o E. E. Kapnucy)
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At =1°C a5 1€peKPECTHO-TPOTUBOTOYHOM CXEMbI IBHKEHHS BO3yXa U
xoJiofoHOcHTeNsA U At = 3 °C 171 mepeKPeCTHO-NIPAMOTOYHOH CXeMbl, OIl-
peienisieM KOHEYHYIO TeMIIepaTypy XONMOAOHOCHTeNd ¢, . 3aTeM, 3a/aB-
IIKCh MEPENajioM TeMIIEPaTyp X0A040HOCHTeNA B Tpenenax 2—4 °C, Ha-
XOAHMM €T0 HaYaJIbHYIO TeMIepatypy ¢, ,, OCJie 4€T0 NPOU3BOAUM pacyer
¢ TIpUBJieYECHHEM NIPUBEECHHbIX BbIllle 3aBUCHUMOCTEHM.

Bonee monpobroe U3sokeHHe pasnuYHbIX CIOCOGOB Pacyera, OCHO-
BaHHbIX HA MeToxe NMPUBIEYEHUS PACUETHHIX 3aBUCUMOCTEH 7is1 KO-
(duiMenTa Temnonepenays, MOXKHO HaiiTH B CIielHaIbHOU JIMTepaType Mo
KOHAMIMOHMPOBAHMIO Bo3xyxa [5, 10, 14, 43].

AsponnHaMmudeckoe conporusienue (B kI'/m?*), Bo3HHKaOUIee TPU
11IPOX0Jie BO3yXa Yepe3 MOBEPXHOCTHBIE BO3AYXOOXIaAUTENH, 0ObIYHO
OIIPENENsAeTCa ¢ MOMOUIbIO AKCIIEPUMEHTAIBHBIX 3aBUCUMOCTEH BUAA

Ap, = Az(w)" (4.194)

rie A — NMOCTOAHHBIA MHOXHUTEb, BEIHYHHA KOTOPOTO 3aBUCHT OT
THIa BO3LyX0oxnanuTens. [ mpoueccoB ¢ KOHAeHCAUHeH BOASHOTO
n1apa aToT Ko3bPUIUEHT CAeNyeT yMHOXUTH Ha 1,5;

Z — YHCIIO pAOB TPYOOK, PacoNOXKEeHHBIX TOCAEAOBATENbHO 110 XORY
ABYKEHUs1 BO3YXa;

n — 3KCIEpUMEHTaNbHas KOHCTaHTa, 06bI4HO 1 > 1,5.

Conporusnenue Boaayxooxaanutenedi HUU canrexauku ¢ pebpu-
CTHIMM QJIIOMHHUEBbIMY TPyGKaM#, UMEIOIMMH T/Ia/IKue HaKaTHbIe pebpa,
no gannbiM E. E. Kaprnca, onpenensiercs no popmynie Ap, = 0,062z (y w)'7.
J17is1 BO3MyXOOXJIaAMTEIEH, y KOTOPBIX HaBUTasl pebpHCTast TIOBEPXHOCTD €
ropam, cripaBeinBa 3aBucumMocts Ap_ = 0,11 z (y w)'®.

TMapoANHAMUYECKOE COTIPOTHBIIEHNE TIPOXOAY BOABI B KI'/M* MOXeT
BoruMcrsThCa 1o popmyne JI. D. KpacHowekosa

0,8,~1,85
nm°G"
Ap, =64,5————-"‘d " ) (4.195)

A

TI€ 7 — KOJIMYECTBO 3/1EMEHTOB BO3AYX00XJIa[UTeNsA, UMEIOUIHX C06-
CTBEHHbIE MIPUCOEUHUTEbHBIE IITYLEPA U COEXMHEHHBIX IOCIeI0Ba-
TEJIBHO T10 X0JOLOHOCHTENIO;

G — pacxon BO3IyXOOXJaluTeNs, M*/uac;

d — BHYTpeHHMil IMAMETP MEHDILETO M3 MPHCOEAMHEHHBIX TYIle-
POB B giolMax;

M, — 4UCJI0 XO[O0B XONOROHOCHUTENS B BIEMEHTE.

Kak 6b110 yKasaHo B Hadalle JaHHOTO maparpaga, pacyery IoBepx-
HOCTHOTO TeII006MeHHUKa IPeanIecTByeT Bpi6op ero Tuna. Kpome toro,

16 3ax. 390 241
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B OIIMCaHHOM METO/i¢ pacyeTa TaKUMHU BeJiMYMHAMHU, KaK CKOpOCTb ABM-
XKeHHUs Bo3/yXa ¥ XOIOAOHOCUTEIS, MPUXOAUTCs 3afasarbca. Ilpu atom
HeT OOBbEKTHBHBIX OCHOBAHMi OLEHUTD TOJYyYHUBIIHIACA B UTOrE TAKOTO
pacyeTa pe3yJibTar.

KoHeyHo, ec/in pacyeT BbIIIOJHEH MPaBHUIbHO, 2 BBIGOD YIIOMSIHYTHIX
BEJIMYMH He IPOTHUBOPEYNT PEKOMEHJOBAHHBIM OIIBITOM NpEResiaM, MOX-
HO yTBEPXATh, YTO C IIOMOUIBIO 3aIIpOEKTHPOBAHHOTO TEILI00OMEHHH-
Ka GyzieT obecniedeH cOOTBETCTBYIOmMUIA npouecc 06paboTku Bo3ayxa ¢
6onee unu MeHee IpUEMIIEMbIMH IoKa3aTensaMu. OLHAKO CYHHTH O TOM,
SBJISIETCA JiM [AHHOE pellieHHe ONTUMAJIbHbBIM, He MPEeCTaBAsEeTCs BO3-
MOXHbBIM.

JInist oy 4eHMs ONTUMANBHOTO pellleHHs KaK B OTHOILEHKUH Bbibopa
THIIa BO3AyXO0XJIQATENsA, TAK U B OTHOIIEHUH HAX0XIEHHS 11€1€C006-
Pa3HOTO peXMMa ero UCTI0NIb30BaHKs [OMKEH OBITh IPUMEHEH MHOM Me-
ToA pacyera. B 3TOM MeTome MPUXOAUTCA OUEHUBATH HE TOJIBKO BEJH-
YUHBI, XapaKTepH3ymouipe Npollecc Tenjollepefayd OT BO3AyXa K
XOJIOAOHOCUTENIO U AloMe BO3MOXXHOCTD ONIPEAENATh He06X0qUMYIO
peOPHUCTYIO MOBEPXHOCTh BO3AYXOOXAA[UTENs, HO U SHEPreTHYECKHE
3aTparsl, CBA3aHHBIE C OCYLIECTBIECHUEM 3a/laHHOTO Ipoliecca 06pabor-
KM BO3IyXa.

B. E. MunuabM [17] nipeaioxeHn MeToq ONTHMaNbHOTO TEILIOTEX-
HUYECKOTO pacyeTa MOBEPXHOCTHBIX TEILIOOOMEHHMKOB, II03BOJAI0-
M HaxoaUTh HanboJslee SKOHOMUYHBIHN B KCIUTyaTallMy pesxuM. Pac-
4eT MOBEPXHOCTHBIX TEINOOOMEHHUKOB MPOU3BOJUTCA ¢ IMOMOLIBIO
CIeNNaNbHbIX /HarPaMM COBMEIEHHBIX XaPaKTEPUCTHK, CBA3BIBAIO-
LMX TEMIOTEXHUYECKNE H HKOHOMHUYECKHE XapaKTEPUCTUKH TEILI000-
MEHHUKOB. '

§ 4.17. TloBepxHOCTHBIE OpOLIaeMblie BO3AYXO0O0XIAUTEH
H TeIUIOOGMEeHHbIE aNnnapaThl HeHHO-HCHAPHTEIbHOTO
THOA

IloBepxHOCTHDBIE OpOLIaeMble BO3[yXOOXIaAUTENH OTINYAIOTCS OT pac-
CMOTDEHHBIX B § 4.14—4.16 TeM, 4TO B HUX IIPOU3BOLUTCSA OPOIIEHHE BO-
IOH TEIIOBOCTIPUHUMaONIEi TOBEPXHOCTH. B KauecTBe nocesHeit 00b1y-
HO MCIIONb3YETCA HapyKHasi MOBEPXHOCTb OPEeOPEHHBIX TPYOOK.
Opourenne Mpou3BOANTCS 1EHTPOGEKHBIMU DOPCYHKAMH, K KOTOPHIM
TIOABOAMTCA PEUMPKYAsIiOHHASI Boga. CxeMaTH4eckoe U3obpaxeHue
OpOINaeMOT0 MTOBEPXHOCTHOTO BO3AYX00X AU TENs MOKAa3aHO Ha pUcC. 4.65.

B 10BepXHOCTHBIX OPOIIAEMBIX BO3AYXOOXJIATUTENSAX OCHOBHAS T10-
BEPXHOCTb TEIJIO- U MacCooOMeHa IpecTaBasieT CO60M ILIEHKY BObL, KO-
TOpas IOKpbIBaeT pebpHCTYIo noBepxHoCcTb. OTAMYHE STOH IIEHKH OT
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N0y YaloeHcs B pe3yJIbTaTe KOHIEHCAIIMHY BOASIHOTO Iapa IIPH MOKPOM
Tpollecce OXMXAeHUA 3aK/TI0YaETCA B TOM, YTO oHa GoJiee MoABHXKHA (3TO
0OBSICHSIETCS] HENPEPHIBHBIM BO3AEHCTBHEM (baxcenon pacmblia) H, cie-
JI0BATEJIbHO, IIPOIIECC TEILIO- U MacCoOOMEHa HECKONBKO HoJiee MHTEHCH-
¢pupoBaH.

KpomMe 310i1 0cHOBHOMH 117IEHOYHOI ITOBEPXHOCTH B OPOIHAEMbBIX BO3-
NYXOOXJTATUTENAX HMEETCS TaKXKe MOBEPXHOCTD TEILIO- M MaccooOMeHa
B BH/I€ KaIleJIEK BO/IbI, II0JIYYaIOIUXCS B pedy ibTare paboTsl POPCYHOK.
Kak BMIuM, B OpolHaeMbIX TIOBEPXHOCTHBIX BO3NYyXOOXIaAHUTENAX CO-
€VHEHbI MPUHIIMITB, TI0JI0KEHHbIE B OCHOBY YCTPOHCTBA KOHTAKTHBIX
¥ HEKOHTaKTHBIX anmapaToB. Ilo3ToMy maHHOMy THIIY BO3AyXooXjia-
auTeNell CBONCTBEHHBI JOCTOMHCTBA M HEAOCTaTKH OOOHMX THIIOB all-
maparosB.

K 4ucny ocHOBHBIX JOCTOMHCTB OPOINAEMBIX BO3ZYX0OXJaauTeneH
CJieflyeT OTHECTH MX CPAaBHUTENbHO GOJIBIION AHANa3OH NMPUMeEHeHHUS,
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Puc. 4.65. Cxema opolIaeMOro 1oBepXHOCTHOFO BO3/YXOOXJIaIMTeES:

1 ~ NOBEPXHOCTHBLH TEMI000MeHHHK; 2 — cenaparop; 3 ~ MOIOH;
4 ~ PeuMpKyJISAMOHHDIA HACOC; 5 — OPOCHTENbHOE IPOCTPAHCTRO; 6 — GopCyHKH
1UIst pa3OpuLI3TUBaHMs BOJIBL, 7 — MaTpybokK ZJIsl BXOAA X0JI0A0HOCHTeNA
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lIpoyeccor u annapamvl xonduyuonuposanus 603dyxa

BBIpA’KaIOUIMHCsA B BO3MOKHOCTH OCYIIECTB/IATH Pa3JUUHbBIE MPOIECCH
00pabOTKH BO3AYXa, B TOM YHCIie U C yBJaXXHEHHEM, 4ero Hesib3st Moy -
4YMTh B TOBEPXHOCTHBIX BO3Ayxooxjaautensx. HemocraTkoM opomrae-
MbIX BO3LYX00XJAaguTe el OMUCAHHOTO TUIA SBAAIOTCA 3HAUUTENbHBIE
rabapuThL.

B HacTosiuiee BpeMs IMMPOKOE paclpOCTPAaHEHHE IMOJIYYUIH OPO-
IIaeMble IOBEPXHOCTHbIE Bo3AyxooxaaauTenn HUM cantexunk, Beuyc-
Kaemble [IOMOiefOBCKHM 3aBO/IOM Ha PasjiMyHYIO POU3BOIUTEABHOCTD
10 Bo3ayxy (40, 60 u 80 TbIc. M°/uac). B cocTaB TaKOro BO31yX00Xa/H-
TeIsl BXOAHUT IIOBEPXHOCTHBIH PeOpHCTBIl TENNO0OMEHHHMK, KaMepa Opo-
HIeHUs ¢ pa3MenIeHHBIMY B Hell Tpy6amu 1 HopcyHKamMH, OAAOH, 1ieHT-
POGEXHBIN HAcOC € 3JEKTPOABUTATENiEM M KallieyJaBiauBaTelib (MU
cemapartop).

OpouraeMbrit TOBEPXHOCTHBIN Bo3ayxooxianuTesb Ha 10 Toic. #®/uac
BO3/lyxa u3obpasxeH Ha puc. 4.66. CkopocTs Bo3yxa npH Bxoze B ¢Gop-
CYHOYHYIO 4aCcTh OPOUIAEMOr0 BO3AYXOOXJAAUTENSA HE HOJKHA Ipe-
BbIIATh 3 M/cex. JlaBneHue Bojbl nepea GOpcyHKaMd, UMEIOIUMHA
d, = 4+5 mm, nomxno 6vith 1,2-1,5 kI'/cad.

Pacuer opoiaeMbIX MOBEPXHOCTHBIX BO3AYX00XJIaJUTENEH TPOU3BO-
ASIT TEMHU JKe METOlaMHM, 4To M HeopoluaeMblX. I1pu aToM yBenndenne
IIOBEPXHOCTH TENI000MEHa M HEKOTOPYIO €r0 HHTEHCH(PHKAIUIO YYUThHI-
BAIOT BBe[eHHEM CIIEIMAIbHbIX MOMPABOYHBIX MHOXHTENEN 7Sl yBEH-
yeHns koadpdunrenton Temnonepenayd. Camu xe K03 GUIUEHTH OT-
HOCST K TOH Ke IIOBEPXHOCTH, YTO Y HEOPOILIIAEMbIX BO3IyX00XTaflUTENEH.

BenmuuMHbB! OTPABOYHBIX MHOXUTENEH 3aBUCAT OT CKOPOCTH BO3AY-
Xa, CKOPOCTH XOJIOAOHOCHTENS ¥ KOJIMYECTBA PALOB OpeGpeHHBIX Tpy6
10 HalpaBJi€HUIO ABM)KEHKS BO3NyXa.

o onbrrtam HUU caHTexHMKH 3HAY€HHSI TOTIPABOYHOTO MHOXKHUTENS
A5 K03 dHUIMeHTa TeNJionepeaayy KonebmioTcs B Ciydae JOCTaTOYHO
riy6OKOTo 110 X0y /IBUXKEHHs BO3 1y Xa TennoobMeHHKKa (8 psagoB Tpyl)
ot 1,15 o 1,20. [lns Tensnoo6MeHHMKa ¢ MEHbINMM YHCIOM DPALOB TPYO
3TOT MHOXHUTeb Oosbite, [l A-psagHbIX TEMNO0OMEHHUKOB €T0 BEJIH-
ynHa pasHa 1,5-1,75.

TennoobMeHHble annmapatsl MEHHO-UCIAPUTENAbHOIO THIIA, Npe/-
J0xeHHble ¥ paspaboranHbie A. A. PriMkesndem, B. A. Bpocannnbiv,
M. A. Bapckum-30pHHbBIM, 3HaYNTENbHO 3¢ PpeKTHBHEE OPOIIAEMBIX TTO-
BEPXHOCTHBIX TENIOOOMEHHUKOB.

U3 pe3ynbTaTOB CpaBHEHUs PA3NMYHBIX KOHTAKTHBIX alNapatoB
(§ 4.13) cneayer, yto HawboAbIIEH UHTEHCMBHOCTH TIPOLECC TEWNO- U
MaccooOMeHa [OCTUTAeT B TIEHHBIX aliiapaTax, 4To 0ObsACHSeTCA BeChbMa
BBICOKOM ITOABHKHOCTHIO BOLOBO3AYILIHOM aMYAbCUH, UM nieHsl. I1oaTo-
MY TIOBEPXHOCTHbIH TeNI00OMEHHHUK 11€JIeCO0OPa3HO Pa3MECTHTD B CI0E
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HEHDI, IIOJIYYUB TAKUM 00pa30oM KOMOMHMPOBAHHbI KOHTAKTHO-TIOBEPX-
HOCTHBIH arimapaT HOBOTO TiIa (puc. 4.67). B kauecTBe I0BEpXHOCTHOTO
Tenn006MeHHMKa MOXHO HCII0Ib30BaTh HCIApUTelb X0MOAUAbHOH Ma-
wuHbl. OAHAKO yCJI0BUS PaboThl BO3LYXOOXAAUTENsl HEIOCPEACTBEH-
HOTO MCIMapeHHsi, OMBIBAEMOTO TIOTOKOM BO3[yXa U MCIIapHTeNd, ITOMe-
LIEHHOTO B CJI0€ TIeHB!, CYIeCTBEHHO Pa3finyHbIL.

Kak yxassipanoch, 3Hadenue KoagpdHiHeHTa TENI00TAAYH OT BHYT-
PeHHeil TOBEPXHOCTH TPYOOK K KHIIALEMY XONOANILHOMY areHTy (06b14-
HO ¢peony-12) Becbma Bennko. KoadduimenT Tennooradn oT Bo3ayxa
K HapyXHOH MOBEPXHOCTH TPY6OK cpaBHUTENbHO Mai. IlosTomy ana
BbIpaBHMBaHUs YCIOBUH TEIJIOOTAAYH B CAy4Yae BO3AYXOOXIAAUTE s He-
NOCpeCTBEHHOTO MCIIapeHUsT IPUXOAUTCA Pa3BUBaTh ILIOWALD HapyX-
HOW TOBEPXHOCTH 3a CYeT opebpeHHs.

CoBceM nHast KapTHHA HabJIOAAETCsI TPH Pa3MELCHUH UCTIapUTeNs B
pabo4yeM IPOCTpaHCTBe YAAPHO-TIIeHHOTo anmapara. BecbMa Boicokast moz-
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Puc. 4.67. Cxema Tennoo6MeHHOro alllapaTa [eHHO-NCTIAPUTEIHHOTO THIIA:

1 — Boanyxononaromuii matpy6ox; 2 — 6ak a1st OATMTKY allapata BOAOW; 3 ~ BOAa,
HaxoZslasicsa B ammapare; 4 — Mcrnapurellb XOJIOAUIbHOH YCTAaHOBKH; 5 — CelapaTop
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BHXXHOCTb BOJOBO3AYIHHOH 3MYJIbCHH, UIIH TIEHBI, CO3/Ia€T XOPOILHE YC-
JIOBMSL [/ TETUIOOTAA4H K Hapy KHOM IMOBEPXHOCTH TPYBOK MCIIAPUTESNS,
KOTOpast XapaKTepU3yeTCs BLICOKMMH 3HAa4EHUAMH K03 puumenTa Ter-
J00TAAYHM 0., AocTuTaloumMy Beanunnbl 1000 xxaz/m?- wac - zpad. Tlo-
CKONIbKY 3Ha4eHuA o (K KunsaumeMy ¢peoHy) u o (x BOROBO3ayIIHOM
3MYJbCHH) CTAHOBSITCSI COM3MEPHMbIMH, HET HEOGXOAMMOCTH B pebpHc-
ToM ucnapurerne. [loaTomy B neHHO-HCTIApUTENPHOM KOHAMIIMOHEDPE HC-
NapUTeNb AeNaeTcsl TAAAKNUM, YTO CHHXKAET adpOAHHAMUYECKOEe COIPO-
THBJIEHUE,

B pe3yasTare uccienoBanuii, BeinoneHHsIx B. A. Bpocanuupim, B -
amasoHe OMTHMATHHBIX PEXKUMOB paboThI IIPH OXJIAKIEHUH U o'cyunce BO3-
JlyXa MOJy4eHbI CIAeNYyoLe XapaKTepUCTHKH NeHHO-UCTIAPHTEIbHOTO
KOHAMIMOHEPA: KOAPDHUIMEHT TEIUTOOTAAYH K HAPY>KHOUN MOBEPXHOCTH
ucnapuress o, = 600800 xxar/m? - uac - zpad; koaduumenT TeMIONEpE-
IaYM OT BO3/IyXa K X0N0AuIbHOMY areHty K = 400+600 xxan/m? - uac - zpao,
a3pOAUHAMHYECKOE COTIPOTHBIIeHMe anmapata Ap = 100+160 xI'/m2.

ITOT e MPUHIMIT MOXET OBITh UCTIOIH30BAH B AMMApaTe, CAYKALEM
He /17151 06pabOTKH BO3/LyXa, a 17isl OXaaxaeHus Boabl. Torzxa Bce ycTpoit-
CTBO MoJy4yaeT HaszBaHue «lleHHO-UcmapuTenbHBIN BOAOOXIAAUTENDY
(IINB).

WccnenoBanus, nposenennsie M. A. Bapckum-30pHHBIM, MOKa3aIH,
4TO TPUMEHEHHE NEHHO-UCTIAPUTENbHBIX TEMNO0OMEHHBIX allapaToB
0c06eHHO 1em1eco06pa3HOo B YCIOBHUSIX, KOTAA CTaBSITCS TpeboBanus 0 Mak-
CHMAJIbHOM COKpPaleHHH TabapUTOB BCEX YCTPOMCTB, BXOASAIMX B CUC-
TeMy KOHAMIIMOHUPOBAHHS BO3AYyXa.

§ 4.18. Ocymika Bo3ayxa

OnmHUM U3 CaMbIX PaclipOCTPAHEHHBIX MTPOIIECCOB TEILNOBAAXKHOCTHON 06-
paboTKH BO34yXa B CHCTeMaX KOHAMIMOHHPOBAHUSA, KaK YKa3blBAIOCH
BBIIHE, SIBSIETCS €70 OXJIAXKIEHHE C OAHOBPEMEHHBIM TIOHMXEHHEM BJia-
rocoepXaHus. ITOT MPOUECC OOBIYHO MPUMEHSIETCS BO BCEX CAyYasiX,
KOT/[a KOHAMI[MOHUPOBAHHE CO3AAETCS 7 TIOMELEHHH ¢ TEIIo- U Blia-
rou3beITKaMy. 3aech OCYINKA BO3AYXa He SABSAETCA CAMOLENBIO, 4 COMyT-
CTBYET OXJIAKAECHUIO.

OnHaKo MHOTAA OCYlKa BO3AYXa MPHMEHAETCH KaK OCHOBHOM H Ca-
MOCTOATENbHBIN mponecc. ClielyanbHble BO3[yX00CyHTENbHbIE YCTa-
HOBKHM He0o6X0quMbl, HAaTlpUMep, [Jisl CO3[AaHUs 3aJaHHbIX YCAOBHH B
CKIAACKUX TIOMELIEHHAX, 8 TAKXKEe B HEKOTOPBIX MPOU3BOACTBEHHBIX IO-
MeIeHHAX, MMEIOUINX BAarOBBIIENEHNs 6€3 TeINOBbILENCHHH.

BosayxoocyiuresnibHble YCTAaHOBKH MOAPA3AENOTCA Ha JBa OCHOB-
HbIX THIIA:
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a) BO3AYXOOCYUIMTENH, B KOTOPBIX OCYIIKa BO3[yXa JOCTHTAeTCA
€ MOMOIBIO OXJAXAECHHUS HHUXKe TeMIlepaTypbl TOYKH DOCH
(BO34YXOOCYIIUTENN TOTO THIIA OOBIYHO HA3bIBAIOT MEXaHHMYe-
CKHMH);

6) BO3MYX0OCYINMTENH, OCHOBAHHbBIE Ha MPHMEHEHUH TIOTIOTHTENEeH
BOASIHOTO Tapa 13 Bo3ayxa (CopOeHToB).

Mexanuueckue ocywumenu 8030yxa

OcCHOBY MEXaHHYECKOTO BO3/yXOOCYILIUTEsA COCTABAET MOBEPXHOCTHBIN
pe6GpHCTDIN BO3/YyX00XIaAUTENDb, TEMIIEPATypa Hapy KHOH NMOBEPXHOCTH
pebpHCTBIX TPYOOK KOTOPOTO CYIIECTBEHHO HUXE TEMIIEPATYPhl TOYKH
pocbl o6pabaTbiBaeMoro Bo3ayxa. TONbKO MpH 3TOM YCIOBUH MPOLECC
OXJIaXIEeHM I BO3/[yXa CONPOBOXAAETCS MOHMKEHHEM BIIATOCOIEPKAHUA,
T. €. ocYIIKOH. Yaie Bcero B MexaHNYECKNX OCYIIMTENAX HCIIONb3YeTCA
BO3[{yXOOXJIAANTEH HETIOCPEACTBEHHOTO MCTTApPEHUS, B TPYOKaX KOTOPOTO
MPOUCXOAUT HcTIapeHue (KHIIEHHE) XOMO0NUAbHOTO areHTa ((ppeoHa-12,
¢peona-22).

Ecnu moBepXHOCTHBIN TEIIO0OMEHHUK HEIIOCPEACTBEHHOTO MCIIape-
HUA TIpefHa3HayeH AN OCYIHKY BO3AYyXa, K HEMY IPEIbABAAITCA HEKO-
Topble CequaTbHble TpeboBaHHA.

Kaxk Mbl BUienin, TeMIlepatTypa HapyXXHO# IIOBEPXHOCTH BO3AYX00XJIa-
AUTENs MOXeT ObITh onpenesiena no ¢opmyse (4.158). Orciona crenyer,

410 4eM 6oJiblle OTHONIEHHE —I—i“—, TeM OMIKe TeMIlepaTypa MoBepX-
T B

HOCTH §, K TEMIIEpaType X0N0R0HOCUTENA ¢, . IIOCKOJIBKY 9TO OTHOIIEHHE

¢ poctoM Koaduimenrta opebpenns Kop = F /F, ymenbuiaercs, B Mexa-

HMYECKUX BO3AYXOOCYIUMTENAX HEXEMATENbHO AOMYCKaTh BBICOKHE CTe-

niexu opebpeHusi. MoxHO peKoMeHI0BaTh K,= 8+10, uto cooTBeTCTBYET

Koapduunenty apgexrupHOCTH pebpuctoit nosepxHoctu K, > 0,85.

3aMeTHM, YTO YeM HHXe TeMIlepaTypa HapyXHOH OBEPXHOCTH Me-
XaHHYeCKOTO BO3AyXoocymuTens (oXaaxpaoliell MOBEPpXHOCTH), TEM
BbIIlle OCYIHUTEIbHOE JeHCTBHE M HHXe OXafuTeNlbHoe. JTO O3HaYaerT,
4YTO €C/iM 3a[aHO KOJIMYECTBO BOASAHOTO I1apa, IMOANEXaero y/alieHHIo
M3 BO31yXa, TO Ipu HoJiee HU3KUX TEMIlEpaTypax MOBEPXHOCTH OCYIIKa
BO3AyXa OYAET CONMpPOBOXKAATHCA MeHbIIMM OXJaxneHueM. Cienosa-
TeJIbHO, TeMIIEPaTypa BO3AyXa Mocjie ocymkH Oyaer Gosnee BbICOKOM
(puc. 4.68). I109TOMy MOXHO 3aK/II0YUTh, YTO Y€M BbIllIE JOKHA ObITh
TEMIIepaTypa OCYILEHHOTO BO3AYyXa IIpH 3a/]aHHOM YMEHbINEHUH BJIaro-

CO/iepKaHus, TEM HHXe JOXKHA OBITh TeMIlepaTypa oxAaxzaamiieil mo-
BEPXHOCTH.
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Ipu oaHo# u TOM Xe Ko-
HEYHOI TeMIIepaType Bo3/ay- Il L,
xa HanGoJIbIIeH €r0 OCYIKH
yaaercs NOCTUTHYTH IpPH
6oee HU3KUX TeMIlepaTy-
pax oxJaXkaamouiel nosepx-
Hoctd (puc. 4.69). Oxqnaxo
Ype3MepHOe IOHHKEHHE
JTOH TEMIIEPATYphl B HEKO-
TOpBIX CNy4asX HE MOXKET
651Th onpaspano. Tak, Ha- 0
[IPUMeEp, €CIH TEMIIEpPATypa
OXJIaXJaIoled TTOBEPXHO- '
CTH paBHa §, KaK 9T0 I0Ka-
3aHo Ha puc. 4.62, cocros-

HHe BO3AYXa, IOKHJAIOIETO
BO34YXOOXNAAUTENb, MO- Puc. 4.68. N3o6paxenue NpolLeccos OCyHIKU
BO3/IyXa B MEXaHMYECKUX BO3MyXOOCYHIHTe-
JIAX C Pa3JIMYHOH TeMIIepaTypoi
TIOBEPXHOCTH M OJMHAKOBOH
CTEIeHbIO OCYHIKU

JKET OKa3daThCs MEXIY TOY-
kKamu H n B. KongeHcanua
BOZSHOTO I1apa IPOUCXOAUT
HE TOJIBKO Ha OXJIAXKAalomeH
MIOBEPXHOCTH, HO U B 00be-
Me BO3ayXa. JTO 03Hayaer,
4YTO BO3AYX, BBIXOASAMIMMH t
U3 OCYIHUTENS, COREPKHUT It
Menbyaliue Kamau BOLH
WM YaCTHUBI JIbJA, UCTIape- i/ [r
HHE KOTOPBIX B 00CIyXHBa- t,

eMOM IOMEIIEHHH PE3KO M /
CHHIKAET ocyllaioiee gei- .
CTBHE MEXaHNYECKOTO BO3-
AYXOOCYIIUTEIA.

Kax Mb1 Bugenu (puc. 0 d, |4,
4.68), Boibupast 6oaee HU3-
KyI0 TEMIIEPATyPY OXJIaKAa-
IOlLiEH ITOBEPXHOCTH, MOXKHO 4
TIpH OZHOM U TOH ke ocyll-
Ke TMonyyuTh Gosiee BhICO-

S

2N

KyIO TeMIlepaTypy BO3[yXa, Puc. 4.69. Maobpaxenue npoueccos
TIOKHAAIOLIETO BO3AYX00CY- OCYUIKH BO3/lyXa B MeXaHHYeCKHX BO3IyXO-
murensb. OqHako apdext OCYHIMTEJISIX TIPH YCIOBHYU OJMHAKOBOI
OCyIIeHHs BCETHA COIPO- KOHEYHO# TeMIlepaTypbl
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Puc. 4.70. 306paxenue rponecca oCyiku
BO3/lyXa I1PU COXpaHEHHU TIOCTOSIHHON
TEMIIEPATYPHI IO U TIOC/IE OCYLIKHU:

AB - mponecc ocymiku; BA, — nponecc
HarpeBaHHs

BOXKIAETCSI HEKOTOPbIM OX-
naxaenneM. Ecin tpebyercs
COXpaHAThH TeMIEpaTypy I1o-
CTOSIHHOW WJIM ec/ii HeoOxo-
AMMO TIOAJIEPXKUBATD TEMIle-
patypy Bo3ayxa Bblie TOH,
KOTOPYIO MOXHO MOJYYHTh
TOCJI€ TIPOLIECCa OXJIAKAEHUS
M OCYUIKH, HY>KHO IIPOM3BO-
AMTH HarpeBaHHe BO3AyXa.
Ha puc. 4.70 noxa3aH npo-
riecc 06paboTKH BO3LyXa IIpU
YCJIOBUH COXpaHEHHUS TOCTO-
sHHOU TeMimeparypbl ¢,. Ko-
JAMYECTBO OTBENEHHOTO U3
Bo3ayxa Tenia Q . 6Gonbie
Telljia, IOABENeHHOTO K BO3-
AYXY B IPOLIECCE HAaT PEBaHUS
(Qﬂarp)'

B mexanuyeckux BO3Ry-
XOOCYIHUTENAX i HarpeBa-
HHUS 0OBIYHO HCTIOJIB3YETCS
TO TEIUI0, KOTOPOE BBIAEIs-
ercs B KOHzeHcaTope. s

!
!

Puc. 4.71. IlpunnynuansHast cxeMa MEXaHHYECKOTO BO3/LYXOOCYHIUTENS
C MICTIOJIb30BAHUEM I/l HArPeBaHUs TEILUTOTHI KOHAEHCAIMH
XOJIOAUIABHOIO areHTa:

A — BIaXHBIA BO3IYX; B — oxXJIaX/IeHHBIA H OCYLIEHHBIA BO3MYX; B, — narpernrit
BO3ayx: 1 — KoMnpeccop; 2 — vcHapuTelb; 3 — PeryIupyOlIniA BEHTHID;

4 — KOHIeHCaTOp
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IIpoueccor u annapamovl KoHOUUUOHUPOBAHUS 8030YXA

3TOTO OCYLIEHHbIN U OXJIaX-

JEeHHBIN BO3/{yX IIPONYyCKa- Jit
eTcs yepe3 KOH/IeHCATOP X0-
JOANJbHON MAUIMHBI, KaK

3TO MOKa3aHO Ha puc. 3.71.
EcTecTBenHoO, 4TO BHIXOASA-

M 1ocjie OXJaxAeHus
KOHJIEHCATOpa BO31yX OyzeT

MMeTb TeMIlepaTypy H 9H-
TaJIBIIVIIO Bhillle HAYaIbHBIX

(puc. 4.72), IOCKOJBKY B 0
KOHJIeHCATOPE BbIjIeNsSIeTCs,

KpoMe TelJa KOHAEeHCAuU P
XOJIOAWJIBHOTO areHTa, eile
Y TeIIo, cBsI3aHHOe ¢ pabo-
Toi#t xkoMmnpeccopa. Pabora

XOJNOAUNbHON MalIVHbI B Puc. 4.72. N3obpaxenne npouecca
JaHHOM CJ1y4ae IPONUCXOAUT HM3MEHEHUS COCTOSHUS BO3AyXa
110 LINKJIY TEIIOBOTO HACOCA B MEXaHUYECKOM BO3AYXOOCYLIMTEJNe

pr UCIIOJAb30BaHUM JJIA Harpe€BaHUA

Ha stom IIpyHIAIIE OCHOBA-
TellJla KOHACHCAUU:

HO YCTPOIHCTBO BHIIIyCKae-
AB — npouecc oCylIKH H OXJIaXAeHHsA

MBIX B HACTOSIIEE BPEMA (IIpH TIPOXOXKIEHHHN depes UCTIAPHUTENb);
MEXAHUYECKUX BO3AYXOOCY- BB, — npouecc narpeBatus (I[P MPOXOXKAEHAH
UTENeN. Yepe3 KOHIEHCATOP)

Ocywumeﬂu, OCHOBAHHbLE HA NPUMEHEHUU nozromumeneii en1azu

Ocyika Bo3yXa MOXET ITPOU3BOAUTLCS XKUAKVMY U TBEP/ABIMU BJaro-
norsiotTureasiMu. B kadecTBe JKUAKVX BJIarolorJIOTUTENEH IPUMEHSIIOTCS
BOZIHbIE PACTBOPDI Pa3inyHbix coseil. IIpu 9ToM ucnonb3yercst cBORCTBO
YKa3aHHbIX PACTBODOB, 3aKTI0YAIOIeecs: B TOM, YTO [IPY PaBHBIX TEMIIEpa-
Typax JaBjieHUe HacbIIEHHOTO BOSIHOTO ITapa B MMOTPAHMYHOM CJIOE HaJ|
IOBEPXHOCTBIO pacTBopa (P ) HYKe 1aBleHUs HACHILIEHHOIO BOASIHOIO
Hapa Hajl II0OBEPXHOCTHIO BO[[]:I (P!"). 91a pa3HOCTb faBleHUi HaCHILEH-
HOTO BOASIHOTO IIapa HaJl IIOBEPXHOCTBIO BOAL M pacTBopa (P — P; )
HaspiBaeTca Aenpeccreii. OueHb BaXHBIM MOKa3aTeNeM s JaHHOTO Pa-
CTBODA SIB/ISIETCS OTHOIIEHYE YKA3aHHBIX laBJIeHNi, 06003HAYaeMOe TaK XKe,
KaK OTHOCUTEJbHast BAAKHOCTDb BO3AYXa, — @ :
»
Q= % . (4.196)

n
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Kax BuauM, 5To OTHOUIEHHE WAEHTHYHO IIOHATUIO OTHOCUTEIBHOU
BJIAYKHOCTHY BO3/1yXa.

CsoifcTBa pacTBOPOB coJjiell IIPUHATO oLeHuBarh o $hasoBoit quar-
pamMMe, IMPEACTABISIONIEH cO60 3aBUCUMOCTD COCTOSIHUMS PACTBOPA OT
€ro TeMIlepaTypsi ¥ KoHueHTpaumy K :

8.
K, =—8c__100% (4197
PG tE )

rne G, g — COOTBETCTBEHHO BEC BOJbI M PacTBOPEHHOH B Hell conu.

HosicHuM npefcTaBAeHAYIO Ha pHC. 4.73 dasopyio iarpaMmy pacTBo-
pa. JlonycTuMm, 4TO B HAYaJIbHOM COCTOSIHMU PAcTBOP MIMeeT KOHLeHTpa-
umio K | v TeMiiepaTypy ¢, u, cnieloBaTesIbHO, €TO COCTOSTHUE Ha Anarpam-
Me xapakTepusyeTcs: Toukoil A. IIpu oxaaxpeHuu pacTBopa ero
cOCTOsIHYE U3MeHSeTcs o muHuY AB; o ToYkn B HUKaKUX U3MeHeHUH
(3a UCKII0UEeHNEM YMEHbIIEHWS TeMIIEPaTyphl) B pacTBOPE He 1IPOUCXO-
T, Touka B iexkUT Ha KPUBOI KPUOCKOIIMYeCKUX cocTosiHUM. IIpu nains-
HelieM OXJIaXAeHHY COCTOSTHYE PAacTBOPA USMEHSETCS He 110 BePTHKa-
JIY4, a MO 3TOU KPUBOHM. ITO 03HAYAeT, UTO CHUXKEHUE TeMIIepaTyphi
COIIPOBOXK/IAeTCS BbITAJIEHWEM U3 PACcTBOPA Jibia.

PaccMarpuBas KpuocKolnueckyo Kpusylo BC, T. e. Takye COCTOSHUSA
PacTBOpa, IPU KOTOPLIX HAUMHAET BHIIAJATD JIell, MOKHO 3aKJII0YUTDh, YTO
KaX/10i KOHLIEHTPALUN COOTBETCTBYET OlIPe/leNIeHHOe MMOHMKEHHE TEM-
neparyphbi 3aMep3atus pacTBopa Tp 110 CPAaBHEHUIO ¢ TEMIIEPATYPOH 3a-

Mep3anua Boasl T . ITo
HOHUKEHUe TEMIIEPATYPh

¢ At =T, —T)rembonb-
AL, X,) L 1lle, 4eM BBilIIE KOHIIEHTpa-

10 + f(t,,/(,‘) 74 LIMs pacTBOpa.
01/’”*@(”’ / Ecau HavanbHOE coO-
N // CTOSIHME PACTBOPA Xapak-
Tepusyercst Toukon E, To
-5 MPOLECC OXJIAKACHUS N300~
0 8 ﬂum@nﬂ PAKAETCST CHAYAMA TIPSIMOM
T com ED, a 3atem xpusoit DC.
-1 _ﬂu’ﬂ’ggs””” N Kpusast DC npencrasisieT
-7 \/ €000ii TOYKH COCTOSTHHS Ha-
L (ned+com) chimeHHoTo pacTeopa. Ox-
W45 7'0—7; 7% A naxnenuie 1o kpusoit DC

CONIPOBOXKJA€TCST BhINIAZE-
HHEeM KPUCTAJIOB PacTBO-
Puc. 4.73. ®azoBas auarpamMma pacTsopa PeHHOH conu.
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Ipoueccet u annapamo. KOHOUUUOHUPOBAHUR 6030yxa

B touxe C, Ha3biBaeMoil 9BTeKTHYECKOM, OTCYTCTBYET xukasd dasa,
a pacTBOP SIBJSIETCSI CMECDHIO JIbIa ¥ KPUCTAJLIOB COJIM.

CHuxenne JaBleHNs HACBIEHHOrO BOASHOTO Mapa Hajl OBEPXHO-
cThi0 pacTBopa byzieT Tem 6onblire, 4eM Bhilile KOHIEHTPALUs PacTBOpa.
Kak nokasanm uccnenoBanus, BeTMYMHA @ = Py /P 1ipn NOCTOSHHOM
6apoMeTpUYECKOM J1aB/IeHUH MaJIO 3aBUCHUT OT TeMmIiepatypai. [1oaTomy
MOXKHO CUUTATD, UTO @ = f (K)). Tax, nanpumep, 1Ist pacTBOPa XJI0pHC-
Toro kanpuus npu temueparype 20 °C K = 8%, ¢ = 0,95;

K, =10%, (p—0,93,K 15%, ¢ =087 K, —20% ¢ =078 K =25%,
¢ =0,7.

PacTBop XJ10pUCTOTO IUTHS XAPAKTEPU3YETCS CAEAYIOIMMH AAHHBI-
mu: K = 4%, ¢ = 0,85; K =6% ¢=08 K =8% ¢ =068 K=10%,
¢ =0, 55 K=12%, ¢ =0, 45 K =14%, ¢ = 035; K =16%, ¢ =02

K BemeCTBaM BOJIHbiE pacmopm KOTOPBIX MOTYT GBITh UCIIOJIB30-
BaHBI /11 OCYLIKH BO3/IyXa, OTHOCSTCS TJIABHHIM 00Pa30M XJIOPUCTHIe
u 6pomucTeie conu Jerkux metannos: NaCl, MgCl, CaCl,, LiCI, LiBr
U p.

IIpu sribOpe pacTBoOpa /sl BO3MYXOOXIAAUTENBHON YCTAHOBKY Clle-
AyeT yYUTHIBATD, KDOME ero BO3YXOOCYIIUTEILHBIX CBOWCTB, eIle U CTo-
UMOCTbD, 2 TAKXe TaKue ero CBoicTBa, KaKk XMMWUYECKYIO CTOMKOCTD, TOK-
CHYHOCTD ¥ CIIOCOBGHOCTS BHISBIBATH KOPPOIHIO,

K uncny addekTrBHbIX BO3yX00oCcyIIUTe el IPUHAANEXKAT XJTOPUC-
THIit U OGPOMUCTBIN NMUTHH, OTHAKO STH COIM UMEIOT BHICOKYIO CTONMOCTb.

B kauecTse BO3MYyXOOCYIIUTENBHON YCTAHOBKY, UCTIONb3YIOMEH st
00paboTKY BO3yXa BJIATOINOIOINAIOIIHAN PACTBOP, MOXKET OBIThH IIPAME-
HeH 110601 13 PACCMOTPEHHBX KOHTAKTHBIX aniapatos. Jlydine Apyrux
IJisE 9TOH 1eJIN IIOIXOAAT annaparhi HeHHOIo THIIA.

B Bo3ayxooCcymuTeNbHOH YCTAHOBKE B IIpolecce B3auMOeiicTBust
BO3/IyXa U pacTBOpa U3MeHseTCs COCTOsIHMe Toro U apyroro. PacTeop
OTHUMAET OT BO3/IyXa TEILIO ¥ BJAry, U II03TOMY HeCKOJIBKO HarpeBaeTcst
Y pa30aBJisieTcsl BOTOMH.

YBennueHne TeMNepaTyphl pacTBoOpa 1e1eco00Pa3HO OrpaHuUNTD 2—
3 °C, a ymenninenue koxnenrpanuu - 0,2-0,3%.

TTockobKy KOHLIEHTPalust pacTBopa B Iipoliecce paboThl YCTAHOBKY
CHIKAeTcs1, ee HeoOX0MMO HETPEPHIBHO BOCCTAHABIUBATL 0 HAYAJIb-
HOTO 3HadeHus. JTOT IIPOLECC HA3bIBAETCSI PEKOHIEHTPaLVei.

CymecTByeT HeCKOJBKO METOI0B PeKOHILIEHTpanuy pacteopa. Hau-
6oJiee 4acTO MIPUMEHSETCS BHITADUBAHUE BJIAard U3 KUIISIEro pacTBopa
WY McIapeHYe ee U3 HarpeToro PacTBOpa.

Ha puc. 4.74 npencrarjiieHa cxeMa yCTaHOBKY C UCIIOJIb30BAHUEM Me-
TO/1a, OCHOBAHHOTO Ha BbIIADUBAHWH BJIalM U3 pacTBopa.
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Puc. 4.74. PexonuenTpamusi pacTBopa BhIIapUBaHHWEM BIATH:

BO - Boagyxoocymntennb; O — oxnagutesib pacTsopa; T — TeII006MeHHUK;
B — ycTpoiictBo fns BeinapuBanus Baary; [T — pbixoj napa; A — BXOJ BJaXXHOTO
BO3/1yXa; B — BBIXOJ OCYLIEHHOTO BO3AYXA

A

- oy

(--- = Pemleoid

It o T b n

Puc, 4.75. PexoHIeHTpanus pacTBopa 1IPK MOMOLIN UCIAPEHNA BJATK:

BO - sosmyxoocywmurens; M — ucnapurens; K — xaropudep; IT — nogorpesaTens
pacrBopa; T — teroobMennnK; O — oXJIaauTeNb pacTBopa; A — BXOA BAXKHOTO BO3AYyXa;
B - BHIXOK OCYIIEHHOTO BO3KYXa; A, — BXO/ HAPYKHOTO BO3/yXa;

B, - BrIGpOC B arMocdiepy YBAaXHEHHOTO BO3/YXa
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Ipoyeccor u annapamot xonduyuonuposanus so3oyxa

B ciydae npuMeHeHus He BbillapMBaHuUs, a McnapeHusi clenyer obec-
IIeYUTh ucnapenye abcopbupoBanHoi pacTBopoM Baaru. [{Jist aT0rO0 A0OC-
TATOYHO HarpeTh PaCTBOP IO TAKO TeMIepaTypbl, 4ToOb JiaBleHNe BOJS-
HOTO T1apa HaJl TOBEPXHOCTHIO PAacTBOPa OKA3AJI0CH BhHillE TAPIUAIBHOIO
NABJIEHNS I1apa B BO3/iyXe, IPeHA3HAYEHHOM i1 TIOTTIOMEHHsT M3OHITOY-
HOT0 KoJiv4ecTBa Baaru. Torna 6yaeT HabMoNaThCS vclapeHue IToce Hei
¥ Hpon3olizieT HeobXonuMas pekoHIeHT patys pacteopa. O6biuHo B Kade-
CTBE YCTAHOBKY, IIPe/IHA3HAYEHHON JUIsT UCIIADEHYISI, UCIIOJIB3YEeTCs alllia-
paT Toro Xe THIIa, 4TO U [/ OCYIIKU Bo3jiyxa (puc. 4.75).

Ocyuwika 6030yxa meepObiMu NOZAOMUMENAMYU 81A2Y

Ocy1ika Bo3yXa TBEPABIMY IOTJIOTUTE/ISIMA BJIATH 3HAYMTENbHO s dek-
TUBHEE OCYIIKH C OMOIIBIO BOAHBIX PACTBOPOB coJieil. B KauecTse TBep-
IBIX HOTIOTUTeNe! BJIAryd U3 BO3/YXa UCIIOJB3YIOTCS BENIECTBA, HA3bIBAE-
msie copberTamu. Hatrie Apyrux copGeHTOB IPUMEHSIETCS IeJTb KPeMHUEBOI
KUCTIOTHI, WY CuMKaresb, CUIMKaresb BbHIYCKAETCS [IPOMBIILIEHHOCTHIO
B BU/le 3epeH AuaMeTpoM oT 2 jio 6 mm. 3epHaM cUUKaressi CBOMCTBEHHA
BeCbMa IIOPUCTast CTPYKTYPa, KOTOPask CO3/1aeT Pa3BUTYIO NIOBEPXHOCTD
BHYTPeHHUX KanwuisipoB. CyMMapHas 1/101a/ib BHYTpEHHeN [OBEPXHOC-
TH CTeHOK KanujuisipoB gocturaer 400 000 a2 ua 1 «I" copbenTa. Ilnot-
HOCTb CAMOTO TBEPIIOTO BelllecTBA cUnuKarens y, = 2,2+2,3 I'/cxu? a 1unot-
HOCTb cOpOGEHTA B HAacKIHOM cocTostivn y = 0,45+0,7 I'/cm?.

B Coserckom Corose BoimyckaeTest ape Mapku cvivkaresis: KCM n
KCK. Cunurarens Mapxu KCK umeer 6osiee kpynHbie 3epHa ¥ ero opu-
crocTsb Boimie. Eciu y cunuxarens mapkn KCM o6bem KanMLispoB co-
CTaBJIsIeT OKOJIO 42% 00beMa, TO 06bEM KalU/UISIPOB Y CUIMKATENIST MADKH
KCK pageH 61%. BiaronorioturesibHas cliocOOHOCTb CUTMKATeIst MADKH
KCK npu Gosiee soicokux (Boiue 0,65) 3HaueHUSIX OTHOCHTENBHO BIaX-
HOCTH BO3/IyXa BhilIIe, 4eM y cusnkaresist Mapky KCM. IoatoMy ast ocyti-
K¥ Boaayxa ueiecoobpa3Hee NpuMeHsTh cuukareab Mapkun KCK.

B ocHOBe MexaHM3Ma IIPOIIECCa OCYIIKY BO3/LyXa JIeXaT SBAeHW ajl-
copOuMy U KanwiidpHoi KoHneHcaluu. MosieKysisl BOASHOTO napa, aj-
copbupoBanHbie ITOBEPXHOCTIO KAlUJUISIPOB M CKOHIEHCUPOBABLIMECS
Ha Heif, 06pa3yI0T BOrHYTBHIX MEHUCK SKUAKOCTH (Boast). MapecTHo, uTo
JaBJeHHe HaCBUIEHHOTO Hapa *KUAKOCTH Hajl ee BOTHYTOM IOBEPXHOC-
TBIO HUXKeE, YeM Hajl iockoi. IIprdeM sTo NoHMWKeHre o6paTHO IIPOIOP-
IIMOHAJILHO PaJMyCy Kanwiaspa.

Takum 06pasom, eciii JaBJieHYe BOJSTHOTO Iapa B BO3/lyXe ByaeT 60J1b-
1e, YeM JaBJieHne HacbHIIEHHOTO 1apa Hajl BOTHYTOM IIOBEPXHOCTbIO BOJIbI
B KanuwuIspax, To nap u3 Bosayxa 6yneT nuddynauposaTs B NoaI0CTDH
KalWIISIPOB Y 3aTeM KOH/IEHCUPOBaThCAL.

255



Tnasa 4

CriocobHOCTD CUNMUKA-
] ) reJist TOIJIOUIATL BOASTHOM
Iap u3 BO3AYXa 3aBUCUT
20 OT TeMIIEPaTy Pbl 1 HapIy-
200 / /) W aJlbHOTO AaBJeHUS WU

B
/|
/ / BJIATOCOAEPKAHUS BO3MY-
150 / e xa. MakcuMasbHOe KOJIu-
/ / /4/_1.__1} 4ecTBO BOASHOrO Napa, 110-

190 ] ] rJIoIaeMoe CUIuKareaeM
/‘ g “ U3 BO3/1yXa, COOTBETCTBY-
43’——‘ g —] eT PaBHOBECHOMY COCTOSI-
— HHIO, KOTOPOE HACTyHaeT
$ 0 15w 5 dim nocJjie TPOAOIKNUTENBHOTO

npeOLIBAaHUS CHIVKATENs
B JaHHOM BO3ZyXe.

g,
7 &
/

Puc. 4.76. 3aBUCHMMOCTH PABHOBECHOI'O

COZIEPKAHHUs BJIaTM B CHJIMKArene OT temIepa- Ecnu o603naunTh pas-
TYPbI M BJIATOCOAEPKAHUSA BIaru HOBECHOE COCTOSIHUEe CU-

B CHJIMKaresie OT TeMIleparypsl 1 Brarocofep-  jaukarens a I'/xl cyxoro
JKaHus BO3yxa CUJIMKares, TO B 3aBUCH-

MOCTHU OT BIArocojiepxKa-
HUS ¥ TEMIIEPATYDPbI BO3/IyXa KPUBBIE PABHOBECHOM BIAXXHOCTH GYAYyT
H3006pakaTbhCsl KPUBLIMY B COOTBETCTBHH C pHC. 4.76.

B ycTaHOBKaX, MCIIONb3YEMbIX J7151 OCYIIKHM BO3AYXa, CUIUKATeIb Ha-
chINaeTCs C0eM, UMEOIUM onpefieleHHYIo TosxmuHy. IIpy aTom cpea-
HsI9 BJaXKHOCTb CUJIMKares B CJ0e MeHbllle PaBHOBECHOH.

Ecii 1o ocu abeiyice 0TI0KUM TOJNIIHHY €108 CUMKATes [, a 1o ocu
OPJVIHAT — OTHOILIEHUE BJIaXKHOCTH B JAHHOH TOUKe CJIOS CUJIUKAreJisi K PaB-
HOBECHOH X/a, TO NOJY4YVM KPUBBIE PACIIPe/ieIeH sl BIAXKHOCTH CHJTUKare-
JIsi 17151 PA3/INYHbIX OTPE3KOB BpeMeHn (T, T, ..., T ), IOKA3aHHbIE HA PHC.
4.77. Tlo ucTedyeHUM OTpPe3Ka BpeMeHH T, PABHOBECHAS BJIKHOCTD JOCTUTA~
€TCs1 INIID HA OBEPXHOCTH C0SI CUJIMKATeIs, T. €. TOJIIINHA CI0SI ¢ PABHO-
BECHO# BIJKHOCTBIO paBHa Hymo (Az, = 0), ToiuHa Cnos cuMKarens, He
HavaBiero paboTars, pasHa Ay,. [locne oTpe3ka BpeMeHH T, PABHOBECHYIO
BJIaYKHOCTb TIPUOGPETAET YaCTh CJI0S CUJIMKare/is, paBHas Az,, a TOJIIIMHA
cnos, He Habpasiero BIary, cocrapnsieT Ay,. M numb nocse orpeska spe-
MeHH T, BCs TOJNIMHA CJIOSL CHIMKAreNs BCTynaeT B pabory (Ay, = 0),
a Ha TOMIMHe A2z, CUIMKare/b IpuobpeTaeT PABHOBECHYO BIAXKHOCTb.

Taxnm o6pa3oM, B KaX/bil JaHHBIH MOMEHT BPEMeHH T, eCTb CI0H
CUJIMKarens, BAaXHOCTh KOTOPOTO X MeHee paBHOBecHoi. B coorer-
CTBUH € puc. 4.77 ToMmuHa Takoro ciios paBHa [ — Az,— Ay, Cioit Ton1-
IMHOM Az ¥MeeT PABHOBECHYIO BJIQXKHOCTD, T. €. X = @, JUIsl CJI0st TOJIILH-
HOH Ay, BIaxHOCTh X = 0 (MM NEePBOHAYAILHOM BETHUMHE, KOTOPYIO
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Puc. 4.77. Kpusnie pacnpesiesiennsi BA2XXHOCTH CHJIMKAresis B PasanyHble
MOMEHTBI BpeMeH!

CHJTMKATe/Ib MMeJl 10 Havasa paboTel yeranoskn). Ilo ucredennu T, Yacos
CHJIVIKATEIb BO BCEH TONIMHE CJI0SI IPUOOPETAET TY WJIH HHYIO BAAXKHOCTD.
IIpu 3TOM CpefiHsIsI BJaXKHOCTb CHJIMKATEJIS TeM BLiLIIE, 4eM Toiue caoil. Mc-
H0/1b30BAHYE CJIOSI CUJIMKATe IS B TedeHYe IlepHO/a BPEMEHHY, TIPEBLIILAIoNIe-
IO T, 4acoB, Herleslecoo0pasHo, Tak KaK CTelleHb OCYLIKY BO3AyXa HAYHeT No-
CTENIeHHO CHUYKAThCS.

C HoMOoIBIo CHIMKAreasi MOKHO AOCTUTHYThH IITYGOKOTO OCyIeHus
BO3/IyXa, KOHEYHOe BJIAroco/iepXaHue KOTOPOro MOXKET JOCTUTaTh BEIn-
unHp d_= 0,025 I/, 410 COOTBETCTBYET TEMIepaType TOYKU POChi IPU-
mepHo —50 °C.

CornpoTunente cnos cuavkareast Ak B mu 600. cm. MOXeT GbITb OII-
penenexo o npubmbkenHoit bopmyne

Ak = (3500--4000) l?, (4.198)

rae [l — ToJuuHa Ciod, M;

® — CKOPOCTb BO3/IyXa IIPU TIOXOAE K CJIOI0 CYJIIKATEsS, M/ CeK.

PexoMeHtyeTcst IpuHMMaTh @ B npefenax 0,15-0,5 u/cex.

Ilornomnienue cuavkareieM BOJASHOTO [apa U3 BO3yXa COCTOUT, KaK
YKa3hBaloCh Bbillle, H3 JBYX HPOLECCOB: aficOpOLUN M KaluIASIPHOH
KouzeHcanun. Oba aTu IIpollecca COMPOBOXK/AIOTCS BHIECIEHNEM Tell-
aa. Ipu agcopbuun BoAeNsieTCs TEMJIOTA CMauMBaHUA, KOTOpas s
PAa3INYHBIX YCIOBHH cocTaBaseT Beauuuny Menee 100 xxan na 1 xl
TIOT/IOIEHHOHN BJary.
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B npouecce KanuansipHoit koHAeHcANKu ocBOGOXKAAETCSA TENJIOTa
napoobpazosanust, ipubausurtensho pasnas 600 xxas na 1 I snaru. Cre-
MOBATENBLHO, NOJIHBIE TEIJIOBLIEJEHYS JOCTUTAIOT BEIUYUHbI, 6113K0l
K 700 xxar Ha 1 kI ancopbuposannoil Bnaru.

Mo3KHO CUUTATS, UTO TEILI0, COCTABJISIIONIEE TEIJIOTY CMauyUBaHUS, Te-
psieTCsl Ha HarpeBaHvVe 3JIEMEHTOB YCTAHOBKY M OTAAETCS. OKPYKAOIIei
cpenie. Teriota napoo6pa3oBaHus, COfepKaBIasicsi paHee B BO3/IyXe BMe-
CTe C BOASHLIM IIapoM, TOCTYNaeT BHOBb B BO3AYX B BUME IBHOTO TellNa,
YTO BBIPAKAETCSA B POCTE €TI0 TEMIIEPATYPBL.

IIponecc u3MeHeHWsT COCTOSTHUA BO3AYXa IIPU MPOXOXKAECHUH UM CJI0ST
cuKarestst nusobpaxaercs Ha I — d auarpamme u3osHTaNbION (puc. 4.78).

Iocne Toro Kak c/ioit CUAMKAresss JOCTUraeT pacyeTHOH BIAXKHO-
CTH, er0 UCTIONb30BaHWe /IS OCYIITKY BO3/yXa Npekpaiaercs. C 1enpio

BO3BpAIleHUs CUIMKA-
rejl0 MepBOHAYATbHBIX
He o CBOMCTB NIPOU3BOAUTCS
\ I=const N €T0 pereHeparyisi, 3aKJII0-
YAOIAACS B HArPEBAHUU
70 TeMIlepaTyphl Bbillle
100 °C (obvrusio nyTem
IIpoIlycKa Yepe3 CJioU cH-
JIMIKAresIsl BO3JIyXa, UMero-
0 wero Temieparypy 150-
180 °C) ¢ nocaemyoumm
oxnaxkaeHveM. B npouec-
re ce HarpeBaHUs (UJIH aK-
THBALVHN) NPOUCXOAUT
UcIapeHue Bjarv B Ka-
NIWUISIpaX CHJIKAre/Isi, a B
npolecce OXJaXACHUS
MUHHMaNbHOE KOJHYe-
CTBO BOZISTHOTO IAPa BHOBb
KOH/ieHcUpyeTcsi, bnaronaps 4eMy B KallWisipax o6pa3yloTcss MEHUCKH
BOJIBI, CIIOCOOCTBYONIME JATBbHENIINM IIPOLIECCAM OCYIIKY BO3yXa.

Takum o6pasom, pa6oTa cunukaresieBoi BO3yX00CYIIUTENbHOlM yc-
TAHOBKY COCTOUT M3 JIBYX LIMKJIOB: TIUKJIA afAcopOIMY M [MK/IA aKTHBa-
mmn. st obecniedeHus: HENPePBHIBHOCTY JIEHCTBYSL BO3YXOOCYITHTE b=
HOM YCTAaHOBKY CJIOM CUJIMKAreJsi AyOAUpYIOT, U TOT1a BO BpeMst paBGoThl
OJTHOTO CJIOSL B LIMKJIE A/ICOPOLMH JIPYroif NIPOXOAUT AaKTUBALMIO, ¥ Ha-
060poT.

IIpuHIMnuanbHast cxeMa yCTAHOBKM ¢ AYOaMpyoOIMMy ApYT APyra
CIIOSIMU CHUJIMKATeJIs1 IPeicTaBjieHa Ha puc. 4.79. B nosioxenun, n3obpa-

Puc. 4.78. Usobpaxenue Ha I — d guarpamme
Ipolecca OCYLIKH BO3AYXA B cJI0e cOPOenTa
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Puc. 4.79. CxeMa yCTAaHOBKHM C ZYOIUPYIOIIMMY CTOSMU CHITMKATENS:

BO - cnoit Boagyxoocyiaoniero Tepioro copbenta; K — kanopudep,
B — ueHTpoGexublit BEeHTUIATOP:
1 — peryupyiotee yCTPOHCTBO Ha NOlaue BO3/MyXa B MOMEIIEHHE; 2 — PeryIUpyIolue
yCTpoiicTBa Ha BbIGpPOCe Bo3fyxa B aTMocdepy; 3 — KilallaH, PeryIpyIOnii porycK
BO3/yXa Yepe3 Kanopudep WIK IIOMHMO HETO

KeHHOM Ha PUCYHKE, B JIEBOM YaCTU YCTAHOBKH IIPOMCXOMUT AKTHBALIYS
CWJIMKAreis, a B IPABO YaCTH — OCYIIIKA BO3/lyXa.

EcTecTsenHo, YTO B yCTAaHOBKAX € ABYMsL Iy O PYIOIVIMY CIIOSIMY CH~
JIMKATeNsl TPONOJIKUTENBHOCTS IIUKAOB I0/KHA ObiTh ofvHakoBa. Che-
AyeT UMeTb B BUAY, YTO TOJIIUHA CJIOS CUJIUKATENS M IPOAOJIKUTE b~
HOCTb IIpoIiecca aAcopOLUY CBA3AHbI IPYT C IPYTOM.

KonmuuecTso Baaru G, noasiexaniee yanenuio U3 Bo3iyXa, paBHO

- Gr (di _dZ)
* 1000

rae d,,d, - HavanbHOe ¥ KOHeYHoe Baarocojiepxanve Bosayxa, I/«l;

T — IINTEebHOCTD IUKJIA aJcopOLUY, ¥ac.

IIpenenbHyo BARKHOCTS CHIMKATENS @ CNefyeT HA3HAYATH MOPsIKa
0,1 Beca cyxoro cunukarens (y,). Cnenosarensto, Tpebyomuiics s
normomenust G, o6beM CUIMKaresist COCTaBUT

vCx _Gi(d-dy)t (4.200)
ay, 1000ay,

Ecan NPHUHATL CKOPOCTb NEPENT BXOAOM BO3/lyXa B CJIOH cuTuKaresst
@, TO MOXKHO OIIpeIeIUTH IJIOIaAb 1060B0OI TIOBEPXHOCTHU CJI0A.

G.|1+ d
1000

v, 3600w

e y, — obbeMublil BeC BO3AYXa, kI/m’. OTciona ToMUMHA €105 CU-
JIMKaresisi OKasbiBaeTcst paBHOM
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1=Y _ 3600 @i=d2) v (4.201)

F (1000 +4d,) ay,

Hpunsisy = 1,2 «I/m’,y = 600 xI/»* v a = 0,1, MOXHO Oy 4T TIPU-
6IM3UTETBHYIO (POPMYITY [JISt ONIPeAeTIEHUsT TOMIMHBL CTOS CUTUKAresIsi:

1=0,007tw(d, —d,). (4.202)

KpoMe ycTanoBok, paboTa KOTOPBIX 0/DKHA GBITH HEITPePLIBHOM, B psifie
Cy4yaeB BO3HUKAET HEOOXOAMMOCTD B arperatax nepuogudeckoro jaei-
ctBust. [ocmennvie nesecoo6pasHo UMETH lTEPeIBYIKHBIMMY, TaK Kak 3T0 10~
3BOJIsIET [IPOU3BOAUTD, HATIPUMED, UHTEHCUBHYIO OCYHIKY Pa3TUYHEIX [0~
MEIIEHUH CTPOSIUXCSI 3AAHUN TTepel HAYaIOM OTAETOMHBIX PaboT.

B. U. CoimukossiM pazpaoTana NepeaBUXKHasi CUIMKaresieBas ycTa-
HOBKa, COCTOSIIasA U3 YeThIPEX MaTPOHOB. B Kaxaom MaTpoHe ABa ropu-
30HTAJIBHBIX CJIOS CUIMKATeNsi TOMIMUHON 1Mo 125 MM, PacnoIoXeHHBIX
HapajlebHO HarpaBIeHUIO ABUXeHUs Bo3ayxa (puc. 4.80).

B KOMIJIEKT yCTAHOBKY BXOAMT TEIEXKA, Ha KOTOPOl CMOHTHPOBAHE!
JiBe KOJIOHKY IaTPOHOB, BEHTUJISITOP U 3meKTpoasurateib. OcyiaeMbrit
Bo3ayX B Komuuectse 1000 M3/uac 3abupaercst U3 NOMEIEHUS U pasfe-
JISIETCSI HA ABA MMOTOKA, KAXKABIH U3 HUX NPOXOAUT NOCIE0BaTeNbHO Ye-
pes IBa NaTpoHa.

OO6mas MakcuMajibHasl BIAaroeMKOCTb yCTaHoBKM cocTapisieT 50 x1.
ITaTpoHsl, AOCTUTIIAE TOTHOTO BJIATOHACHIIIEHUS, CHUMAIOTCS U O/IBEP-
raloTcsi pereHepanyy, a UX MeCTo 3aHUMAIOT HOBLIE.

KpoMe cusimkaresisi, B KaueCTBe TBEPAOTO COPOEHTA MOXKHO UCITONb-
30BaTh ATIOMOreNb, WIW aKTHUBUPOBAHHBIM AMIOMUHWHN, COAepXKamuii B
ocnosroM Al,O,. Cop6uuontbie cnocoOHOCTH 3TOr0 COpOenTa HixKe,
YyeM CUJIUKaressi, a 06JacTb ero MPUMEHEHUs OrpaHUYeHa TeMIepary-
poi mopsiaka 25 °C. IIoaToMy anioMore/ib UCIIONL3YETCA Pexe, 4YeM CH-
mukare s, OfHAKO ¢ TTOMOIIBIO aJIIOMOTeJIsi MOXHO MOJY4YUTH 60oJIee BhI-
COKYIO CTelleHb OCYLIKH BO3YXa, XaPaKTePU3yIOIyOCs: TeMIIepPaTypoil
tTouku pocel —60 °C.

Ocyuxa 8030yxa 6 YyCMAaHOBKAX, UCNONbIYIOUUX XIOPUCTIbIL KALLUULL

[IpumMenenue XJOpUCTOTO KAJBIUSA B YCTAHOBKaAX 51 OCYIIKYM BO3AyXa
OCHOBAHO Ha ero CNIOCOOHOCTU B TBEPAOM U XKUIKOM COCTOSIHUM TIOTJIO-
IIATh BOASIHOM Map U3 BO3AYyXa.

Du3suyeckast KapTHHA MOTJIOINEHUST XIOPUCTHM KaJIbIieM BOASHOTO
napa M3 BO3/lyxa MOXeT OBITh IIpe/icTaBIena cefyolum oGpasom. Ilpu
KOHTaKTe BO3/IyXa C TBEPABIM COPOEHTOM MPOMCXOAUT HOTIOIEHYe BO-
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ASTHOTO Mapa Ha rpaHuile KOHTAKTa, CJIeICTBUEM Yero SIBISETCH XUMU-
yeckoe cBsisbiBanue Monekynm H,O u BunousMenenue noBepXHOCTHOTO
ciost TBepaioro Bemectsa — nepexoa CaCl, B CaCl,nH,O (nponecc rua-
paranuu). [lo Mepe yBeJUYeHUsT YMClIa MOTJIOMIEHHBIX MOJIEKY BOIBI
na nosepxnoctu TBeproro CaCl, o6pasyercst nuenka xuakocru (pa-
CTBOpA), B KOTOPOH MPOAOJIKAETCS MPOLECC MOTJIOLEHUS] BOLSIHOTO
napa. Iloruaomennas U3 Bo3ayXa IJIeHKOM pacTBopa Bjara Npo/JBUraer-
51 B [y6b CJIOS TBEPAOTO XJAOPUCTOrO KaabLusi, Y CTAHOBIEHO, YT0 AU~
Ha YYacTKa Cnosi copOeHTa, Ha KOTOPOM IPOMCXOAUT AKTUBHOE [IOTJI0NIE-
HUe BOJSHOTO Iapa U3 Bo3AyXa, paBHa 450—600 s

BiraronoroTutesHas CHoCOOHOCTD XJIOPUCTOrO KaJIBIIUS XapaKTepU-
3yercst nocrpoenHbiMu B. Y. CpInuKoBBIM KPUBBIMU, KOTOPBIE ITOKa3a-
HBI Ha puc. 4.81.

Kak BUAHO U3 PUCYHKA, BJATONOTIOTUTETbHAsA CTOCOOHOCTE XTOPUC-
TOTO KajIbl{hisi TeM GOJplile, YeM BbIllie OTHOCUTEIbHAS BJIAKHOCTL BO3-
ayxa. Bropo BeIBOA, KOTOPBIM MOXHO CeIaTh B Pe3yabTaTe PAcCMOTPe-
HUSI KPUBBIX puc. .81, 3aKii0uaercs B 1es1ecoo06pasHoCTH UCTIOIb30BaHUS
BCell BraronoraotuTensHol croco6roctu CaCl,, koTopas cocTout us
G =G, + G, «I/«I copbenTa.
Ecnu He npexycmarpupath no-

7‘%@”_‘ 1] TJIOIEHUs] BIATd PacTBOPOM,

xi"copoenma 7 MOIJIOTUTENbHAS CIIOCOOHOCTD
J

4 yMeHbUIaeTCs Ha Benuuuny G, .

J # ITosaToMy BO BceX yCTaHOBKaX,

7 /7 npeayaoxennsix B. Y. Ceiinuko-

BbIM, OCYIIECTBJIeH IPUHIUII, B-

/ 2 COOTBETCTBUHK € KOTOPBIM IIPO-

] /’9 ecc MOrJoueHUs BOASHOTO

ol napa npouCXOAUT He TOJBKO

a 60 0 4 X Q'/a MPY OMBIBAHUH BO31YXOM CJIOSI

TBEPAOTO XJIOPUCTOTO KAJbIIHA,

Puc. 4.81. Biaronorinorurenstas KOHEYHBIM Pe3yJbTaTOM 4ero

CHOCOGHOCTD XAOPHCTOTO KaJIbLMsI SiBJIsIeTCs. 0OPa30BAHME PaCcTBO-

B BaBHCI/IMOCT‘I‘/I OT €ro COCTOAHUA U pa, HO U NpU BBHHMOHCﬁCTBHM
OTHOCI/ITeJlbeOYI BJla)K}‘IJOCTM BO?llyva BO3LYXa C 9TUM PACTBOPOM.

CaCl,nH,0; 3 — KOHIEHTPUPOBAHHIH NTOB NIEPECHAPSTKAEMBIX XJIOPUC-
pacTBop TOKaJIBIMEBBIX BO3AYXOOCY HIH-

TeJIbHBIX YCTAHOBOK, KOTOPbIE IO
Coco6y UCTIOMB3OBAHMST MOXXHO NOIPA3/IETUTD Ha IEPEHOCHBIE, ePeIBUX-
HEI€ ¥ CTAlIMOHAPHbIE, A 110 HAMPABIEHUIO JBUXKeHUs BO3yXa DU OMbIBa-
HHUY CTOSt COPOENTA ~ Ha BEPTUKAIbHbIE U TOPU30OHTANBHEIE.
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[TpunnunuansHasg cxeMayc-
TAHOBKU HePEHOCHOI'0 THIIA C
BEPTUKANBEHBIMU CIOSIMM XJI0-
PHCTOro KajIbIUsi MOKa3aHa Ha
puc. 4.82. Bo3nyx nocrymaer
CHU3Y U NPOXOJUT BBEPX MEXK-
Ny BEPTUKAIBHO PaCIOJIOXKEH-
HBIMU TOHKUMM CJIOSIMU XJIO-
PUCTOro Kaabuusi (TOIUIUHON
10-20 mm). Tonkue cioun xI0-
PUCTOTO KaJbIUsi MOTYT OBITH
CO371aHBI B BUJIe apMUPOBAHHbIX
MeTalTuyecKoll ceTKO#N mJac-
THUH WM TOHKUX KacceT (PHUC.
4.83). B pesyabTaTe norJolle-
HUS BOISHOTO Hapa TBepAblH
COPOEHT TMEPEXOAUT B KUAKOE
COCTOSIHUE M CTeKaeT BHuU3. Ta-
Kasi cxeMa IO03BOJIsIET ocylile-
CTBJISITH KOHTAKT [TOCTYaiolie-
ro Hauforee BIaXXHOTO BO3AyXa
HpeXxje BCero coO CTeKaloluM
PacTBOpoM, KOTOPOro GoJrblie
BCEro B HIDKHeH YacTy, a 3aTeM
y3Ke C TBepAbIM copherToM. ITO,
KakK Buano 3 puc. 4.81, B Hau-
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Puc. 4.82. CxeMa ycTaHOBKY TIePEHOCHO-
ro THIIA C BEPTUKATbHBIMYA COAMU

XJAOPHCTOTO KaabLuA:

1 — BeHTWIATOP; 2 — CJIOM XJIOPHCTOTO
Kanbius; 3 — pacTBOPOCGOPHUK

Puc. 4.83. TInacTvHBI ¥ KacceTsl XJA0PUCTOrO KaJbIUsA:

a — nAaCTHHaE, 6 — mAacTHHa C KacceToH
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60Jbiell CTeneHy COOT-
00ywe””ﬂ”' J03iy$ BETCTBYET XapaKTepy Kpu-

BBIX MOIJIONIEHUSL.

- YKaxeM, 4TO B YHUCIE

pa3patorantsix B. Y. Coi-

? IIMKOBBIM YCTAaHOBOK UMe-
{ /.’1%

eTcsi MoAUdUKanusi, B KO-

] TOPOI HUKHSIS YacThb (CM.

puc. 4.84) sanoausiercst

L He IJIaCTUHKaMU, a TKaHe-

BOU HacajgKou U3 TOHKO-

|3 BOJIOKHUCTOTO MaTepuaia

C Pa3BUTBIMH KanuJLIspa-

7 MU (MapJIsi, CTEKIIOBOIOK-

HO), OpOLIaeMoii cTeKaio-
[IUM PacTBOPOM.

Ha puc. 4.85 npeacras-
Jiena IepeaBUKHas ycTa-
HOBKA C TOPU3OHTAJIbHBI-
MH CIO0SAMH XJIOPUCTOTO

Kanbuus. B Bepxneit vactu
Puc. 4.84. BosayxoocyuurenbHas 5TOH yCTAHOBKY KACCEThI-
YCTAHOBKA C MCIONb30BAHMEM TOHKOKA- POTUBHHU C XTOPHCTHIM

MUANSIPHOrO MaTepHasia (TKaHeBOM KaJIBITMEM PACITOTATAIOTCS
HacaaKu): o
OTKPBITOU I10BEPXHOCTHIO,

- ATIBIIH -
1 - NAACTHHBI € TBEPABIM XJIOPHCTEIM Kbl BHH3, YTO MO3BOJSieT 006~
eM; 2 — BEHTWIALMOHHBIN arperar;

—X
—

Broxecnbrd

3 - TkaHeBas Hacanka; 4 — pacTBOPOCGODPHHK; pa3oBaBleMycsi paCTBOPY
5- OTBEPCTHE JJisl BXOJA BJiaXKHOTO BO3JyXa, 6eC1'Ipel'IHTCTBeHHO cTe-
6 — Hacoc; 7 — pacTBOPOIIPOBOL katb. [IpexycMaTpuBaer-

Cs1 IOCTIEeN0BaTENbHOE Te-
pereKaHHe PacTBOPA C BEPXHUX MPOTHBHEH Ha HYKHHUE. B HUXKHION
YaCTh PACTBOP MepeTeKaeT Yepe3 CliequabHble OKHa, yCTPOEHHBIE B pa3-
nemuTeNbHON AuadparMe, ¥ MONANaeT B KacceTnl, PaCloN0XeHHbIe OT-
KPBITOMH MOBEPXHOCTBIO BBepX. IIpU 3TOM B HUXKHEH YacTH MOTYT 6BITh
YCTaHOBJIEHDI ITyCThIe KACCETHI, 3aM0HsIeMble PACTBOPOM U3 BepxHeil
4acTH B Iponecce pabOTH YCTaHOBKY.

Bo Bcex ciyyasix paccTOsTHHE MEXKTY IIIACTMHAMY UM KacceTaMu ycTa-
HOBKY JI0JKHO GBITH 15-20 MM, a cKopocTs Bo3ayxa He 6otee 2,0 M/ cex.

Hpouecc usmenenust cocTosiHMs BO3ayXa NPU NPOXOXKAEHUH Yepes
XJIOPUCTOKA/IbIIUEBBIE YCTAHOBKM TaKoOH e, KakK M B Cllyyae pUMeHe-
HUS1 CUJIVKaresIsi, ¥ uzobpaxcaercsi va I — d quarpaMme sunueii I = const.
Homy4aioleecsi Npu 3TOM MOBbIlIEHYE TEMITEPATYPH BO3AyXa MO3BOJS-
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Ocywennsiu 6033yx

Puc. 4.83. TlepensuxHasi BO3yX0OCYILUTENbHAS YCTAHOBKA
€ TOPU3OHTANBHBEIMH CJIOSAMHU XJIOPUCTOTO KAJIbIUSL:

1— abcopbep; 2 — Tonkue ciioun copberTa; 3 — nuacdparma;
4 — oTBepcTHE il CTOKA PACTBOPA; 5 — BEHTHJISIIIMOHHMIN arperat;
6 — pacTBOpOCOOPHUK

€T NOJIE3HO UCNOAB30BATL PHUHIUI BEPTUKAIBHONH KOMIOHOBKY. [{puU-
XKeHMe BO3/[yXa B YCTAHOBKAX BEPTUKAIBHOIO THIIA MOXeET OBITh OCyIile-
CTBJIEHO 32 CYeT eCTECTBEHHOM KonpeKuu 6e3 NMpuMeHeHUs: BeHTHIISITO-
poB. OIHAKO YCTAHOBKH C FOPU3OHTAIBHBIM PACIONOXEHUEM CIOEDB
copbenTa 6oee KOMIAKTHEL

BoccTanoB/IeHHE BIATONOTIOTUTENBHOM CIOCOOHOCTH XIOPUCTOrO
KaJIbIUST, UM €TO PereHepanuio, MOXKHO OCYIIECTBIISITh BhIMapyUBaHUueM
¥3 pacTBOPA TBEPAOTO BellecTa. Brimapupanue nesecoobpastee mpous-
BOAUTH He C HOMOIIBIO KUIISTYEHHUS,  TyTeM 06 yBaHUsI TOPSTYUM BO3LY-
xoM (¢ temneparypoii 70—110 °C).

Bonee nogpobuble CBeEHUS O XTOPUCTOKATBIMEBBIX YCTAHOBKAX MOX-
HO HAliTH B CHIENHAIBHOM MOCOOUH AJTsi IPOEKTUPOBAHUSL, Pa3pabOTaHHOM
B. 1. Ceimukosemm [31].
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CETH BO3AYXO0BO10B CUCTEM BEHTUJIAIIUN
U KOHINITMOHUPOBAHUSA BO3/1YXA

§ 5.1. Bo3aayxoBoapl

Bo3ayxoBoaaMu Ha3bIBAIOTCS ClleNUajibHble KaHAJBI, CAyXalye IS
nepeMelllenust Bo3yxa B CUCTeMaX BEHTHIBIUY Y KOHAUIMOHUPOBAHUS.
C moMolIIBI0 BO3AYXOBOAOB HADYXHBIN (aTMochepHDIH) BO3AYX B IPUTOY-
HBIX CUCTEMAX BEHTUJISIIUY TOABOAUTCS K Pa3/TUHBIM anapaTaM st 06-
PaboTKH, a 3aTeM PaclpedeIsieTcst [0 MoMeIIeHUsIM CoOpyxenus. B BhI-
TSDKHBIX CUCTEMAaX, HA0O0POT, BO3AYX U3 MOMEMIEH IPY MOMOLEY BO3-
JyXOBOJIOB HATIPABJSETCS K BHITSDKHON 11aXTe U BRIOPACHBAETCS HAPYIKY.

JIBuoKeHpe BO3AyXa B BO3AYXOBOAAX MPOHCXOAUT Graromaps padore
BEHTHUJISITOPA, KOTOPbIH CO3/1a€eT B OMHOM 4aCTU CETU BO3AYXOBOOB JaBie-
Hue BEIIIe AaTMOCGHEPHOTO, a B APYTOii — Huxe aTMocdepHoro. ITostoMy ceTh
BO3/IyXOBOJIOB IETUTCSI HA JIBE YACTU: HarHeTaTeNAbHYIO U BCACBIBAIONLYIO.
B npUTOYHBIX CHCTeMax BeHTWIANUY 60jee pa3BeTBIEHHOM SIBJSIETCS Ha-
rHeTaTe/lbHas YaCTh, a B BHITSKHBIX CHCTeMaX — 0OBIYHO BeackiBaolast. Kpo-
Me TOro, KaKk Mbl Bujenu (I 3), B cCUCTeMax KOHAWIMOHUPOBAHUS TIPELYC-
MOTPEHBL BO3YXOBO/BI, UCTIOJIB3yeMbIE JiJIsi PEIMPKYJISIIUY YACTH BO3AYXA.

KraccuhunuposaTh BO3IyXOBOAE MOXHO 10 psigy HOpusnakos. Io
MaTepuasly, U3 KOTOPOro OHYV U3rOTOBJIEHbl, BO3IYXOBOIHI IE/IATCSA Ha (B
GosblIMe IPYNINbL MeTALIRYeCKUE U HeMeTalIu4eckKue.

K MeTajmuyeckum Bo3AyXOBOAAM OTHOCATCS HauboJiee pacopocTpa-
HeHHbIE CTaJbHble BO3AYXOBOAbl U3 MAJOYTIEPOAUCTON YepHOU U
OLMHKOBAHHOM JHUCTOBOM cranu. MajloyriepoaucTeie CTaiu MapoK
Cr. 1, Cr. 2 1 Cr. 3, comepaxanye He3HAYHTEIBHBII MIPOIEHT yriepoaa
(mo 0,2%), SIBISIOTCST MSITKUMU, O0IAAI0T AOCTATOMHOM MPOYHOCTDHIO U
HEOOXOAUMON MAACTHYHOCTBHIO U BSI3KOCTLIO. [IPUMEHSIOTCS 1Ba THmA
TOHKOJHUCTOBOH CTaMu: KPOBEJbHASI M OLMHKOBAaHHAs B BUe JHCTOB
710x1420 mm u 1000x2000 mm ¢ Tonmuuon aucra 0,5-2,0 mm u umeio-
mas rosuuny mucra 0,8—4,0 mum, mupuny 600-1400 mm u giuny 1200-
1400 mm.

CoenuHenue OTAeMBHBIX CTABHBIX JTUCTOB /IS IONyYeHUsi AeTajleit
BO3/lyXOBO/I0B TPOM3BOAUTCS € ITIOMOLIBIO (hasibiteB (PUc. 5.1) umm capku.

Caapnble coeanHenusi IPUMEHSIIOTCST TPY TOJIIUHE JTUCTOBOH CTa-
v He meHee 0,8 My, mpu 3TOM AYroBas cBapKa AOMYCKAETCS, eCIU TOJ-
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L[XHA CBAPHBIX JIUCTOB He Me-

nee 1,5 mm. st cBapKu Gosree a)
TOHKHMX JTUCTOB UCIOIB3YIOT-
51 TA30BBIE CBAPHbIE COEMHe-
HUSL.

B HacTosee BpeMsl pa3pa-
60TaHbl MeTalIU4eCKUe BO3-
AYXOBOJH BeCchbMa COBEpUieH-
HOTO TUIA — TaK Ha3blBaeMble

CIUPAIBbHO-HAaBUBHBIE BO3AY-  Puc. 3.1. Tunsl (panbueBsX cOeqMHEHMI:

4)

XOBOABL JTU BO34yXOBO/HI, B @ — OIMHAPHBIA CTOAYNIL, § — ABOWHOM
OTJINYUE OT BO3AYXOBOJOB C CTOSIYMIA; 8 — OJITHAPHBIN JieXKauuii,
(raHIEBBIMY COENHHEHHSIMH, 2 — IBOMHOM Jiexaunit; 0 — MOAYTOPHBLIA

KOMOMHUPOBAHHBIN, ¢ — OMHAPHHII YI/I0BOI;
9 — KOMOMHUPOBAaHHEIH YII0BOl

061a1a10T 6OIBHINMY IIJIOTHO-
CTBIO U 5KeCTKOCTBIO.

B 3aBHCHMOCTHU OT CBOKCTB
TPaHCIIOPTUPYEMOTO B BO3Y-
XOBOZAX BO3[yXa IPUMEHSIOT-
¢s1 00plYHble WM 3aUIUTHBIE
MNOKPACKU U MOKPHITUS BHYT-
peHHEN MOBEPXHOCTU CTANb-
HBIX BO31yxoBoaos. [Ipu Hanu-
YUY B [IePEMEIAEMOM BO3yXe
0c000 arpecCUBHBIX IpUMeceit
UCIIOJIb3YIOTCS BO3IYXOBOBI
U3 HepIKaBeolllei cTau ¥ ajio- y 5§ g i 5
MUHMUSL. e

W3 ymcia HeMeTaTuyecKux
BO3yXOBOAOB HAaHOObIIIEE Pac-
TipocTpanenue TOJTYYII BO3/1Y-
XOBO/bBI, UTOTOBJIEHHBIE U3 BU-

HUILTacTa, acbecToreMeHTHBIE SS
2R IR Y DTN : EOAEYAREL TN
BO3yXOBO/IbI ¥ BO3AYXOBOAKI U3 e e e

JPYTUX CTPOUTEALHBIX MaTepua-
J08. BoznyxoBoasl nocienHeii
DasHOBUIHOCTY MOTYT OBITh BoI-  Puc. 5.2. [IpicTaBHble LTAKOTHITCOBbIE
TOJTHEHBI B BUJIE CAMOCTOSATEb- BO3/yXOBOIBI:

HBIX KOHCTpyKuui. Hpumepom @ — Y ACPEBAHHLIX KOHCTPYKIME,

WX SIBJISOTCS PUBEleHHble Ha 0 Y KAMEHHbIX KOHCTpyKuui; ¢ — 1BoiiHoit

59 yepaauHbiit KOpo6: 1 — epeBAHHAs CTEHKA;
puc. 5.2 npucTaBHble NJIAKOTUIT- 2 - wryKaTypKa; 3 - naveunas Cra;

COBHIEe BO3AyX0BoABL. Kpome 4 — KMPNMYHAS CTeHa; 5 — IVINTA,
TOrO, K 3TOH e Pa3sHOBUIHOCTH 6 — BO3YIHAas NPOCJIONKA; 7 — HACTMA
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BO3/LyXOBO/IOB OTHOCSITCSI Pa3/INYHble KAHAJIEL, IPEACTAB/IIONIHE COO0H 4acThb
CTpOUTETBbHEIX OrpaXkAenuil. Ha puc. 5.3 nokasaHn! BO3AYXOBO/bI B IIOA3EM-
HOM COODYKEHWM, COCTABJISIONIME YacTh BHIPaOOTKU (ee MOACBOAHOE TIPO-
CTPaHCTBO).

B nociientee BpeMsi GbUTH IIPEIOKEHBI BO3AyXOBObI U3 HOBOTO KOH-
CTPYKIUOHHOTO MaTepHala — MeTAJLIONIACTA, 10Ty YaeMOro HaHeCeHU -
€M Pa3TUYHBIX ITACTMACCOBLIX IJIEHOK HAa METAIIMYECKUe JTUCTHL DTU
BO3[yXOBO/JbI SIBISIOTCSI BECbMA MePCneKTUBHBIMY, TaK KaK IO3BOJIS-
10T 3aMEHUTH AOPOTOCTOALLYIO ¥ Ae(UIMTHYIO HEPXKABEIOIYIO CTallb.

BBI6OD TOro WM WHOTO MaTepuasa [JIs U3TOTOBJIEHHUs BO3AYXOBO-
[I0B OJKeH NPOU3BOAUTHCS B 3aBUCUMOCTH OT CBOICTB NepeMellae-
MOH cpeanl Ha OCHOBAaHWH PeKoMenpanuii, cogepxaniuxcss 8 CHull
41-01-2003.

Bo3ayxoBoasl MOTYT OT/MYATHCS He TOMBKO MO0 MaTepyaily, HO ¥ MO
(hopMe HonepeyHoTo cevenusi. ECU BO3AyXOBOABI IPEACTABASIOT COOOM
CAMOCTOSITENBHYIO KOHCTPYKIIUIO, OHU Yaliie BCer0 U3TOTOBISIIOTCS KPyT-
JIBIMM MJTH TIPSIMOYTOJIbHBIMU. Kpyriiste Bo3ayxoBosl TpeOyiOT MeHbliie
Marepuana, onu 6oJiee XXeCTKHe ¥ I0MycKaioT GGIbLIYIO CTenenb MHAYCT-

pUAIU3ANUY [IPU U3TOTOBJIEHUU.
[ToaTomy BO Bcex ciydasix ciaeny-
’ €T CTPEMHUTHLCS MPUMEHSITh KpyT-
JiBle BO3AyXOBOIEL
B coOpyxeHUSIX IPOU3BOMACT-
J BEHHOTO Ha3HAYeHUs], KaK MpaBu-
JIO, UCHIOB3YIOTCSI BO3YXOBOABI
KpPYyTJIOTO MOMEPEYHOTO CeYeHUsI.

N
g

}»(\
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%,
',f,,,,,,,,,,,,,,,,.,,,,,,,,,m,,,,,,,,,,,,,,,,,.,% Ho kpyriisie BO3AYXOBOABI MOTYT
% ‘;: l'IpI;IMeHHTbCH He Bcerga. [Ipwuu-
;‘ r; HOU TOMY, BO-IEPBLIX, ABIAIOTCS
? g APXUTEKTYPHO-3CTETUYECKKE CO00-
;" ;.; paxxenust. IIpsMoyrombnas gopma
; 2 5 BO3AYXOBOAOB B GOMbIlel cTelne-
;ﬁ 7 HU, 4eM KpyI.Ias, MO3BOJsieT Pas-
5 'é MeEIIATh UX B MOMEIEHUSIX, He Ha-
é ?; pylIasi apXuTeKTYPHOTO 06JIMKa
ZY'Z(IM%YMM’I)’A% nocjaeanux. BTOpOC 06CTOSTEb-

CTBO, KOTOPOE 3aCTaBJIsieT epexo-
Puc. 5.3. Bentunsaunonsnsie kanampt ~— AUTD Ha IPAMOYTO/IbHbBIE BO3AYX0-

B II0J3eMHBIX COOPYXKeHHSIX: BOJBI, — OTPDAHUYEHHAS BHICOTA

1 - caysebuoe nomelexme; 2 — Yact nomeltenuil, Tak, eciu BHICOTA 10~
BHIPaGOTKH /i MHKEHEPHBIX MellleHUst cocTaBisier 2,4 M, TO
KoMMyHHKaumit; 3 — Bosayxoson OGBIYHO HEMb3sT IPUMEHSITD KPYyT-
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Jible BO3AYXOBO/BI C AMAMETPOM HOIEPEYHOro ceyenus Goaee 0,5 M, Tak
KaK 3TO 3aTPyAHUT NPOXOA mofel. B 3ToM ciyvae HeoOXOAUMO Iiepe-
XOAMTH HAa MPSIMOYTOJbHbIE BO3AYXOBO/B!, PABHOBEIMUKHUE T10 ILICHIAIN
IONEPEYHOTO CEeYeHUs KPYTIBIM.

Ha camble pacnpocTpanennble METAIINYECKUE BO3IYXOBOAL U3
TOHKO#M JTUCTOBOM CTajiu pa3pabOTaHBI HOPMBI, PeAyCMaTPUBAIOLIHE
TaKue pa3Mephl CeYeHU KPYTJIBIX U MPSMOYTONBHBIX BO3AYXOBOAOB,
KOTOpble 06eCceYyuBal0T MUHUMAJIbHBIE KOTUYECTBA OTXOA0B NpPHU
packpoe cTangaprHoro gucrta. CrpoutenbinMu Hopmamu BCH 353-86
npexycmorpensl 22 nuamerpa ot 100 zo 2000 MM 1715t BO3LyXOBOIOB KPyT-
soro cedenusi 1 33 pasMepa ot 100x150 1o 1600x2000 MM BO3AyX0BOAOE
IPSIMOYTOJIBHOTO CeYeHMsI.

17151 BBIMOTHEHUSI pa3BETBIEHHOM CeTU BO3[yX0OBOAOB TOM UMY UHON
KOH(HUTYPanuy HeOOXOAUMBI TIPSIMbIe 3BeHbst U (HACOHHBIE YACTH.

[Ipu usroroBeHUY KPYTIIBIX U NPSIMOYTOJIBHBIX MeTAIMYECKUX BO3-
[yXOBOJOB IPUMEHSIIOTCST CIeAyIolve (acoHnbie YacTH:

a) Ilepexonsl c oaHOro cevyenusi Ha Apyroe. CeyeHusi MOTYT OTIHYATH-

csi HGOpMOii, pa3zMepamy, a TaKXKe TeM ¥ ApyruM. Pasiauvalor nepe-
XOJIBI ¢ KPYIJIOTO CEYeHUs Ha KPYTJioe, C MPSIMOYTOJIbHOTO Ha Mpsi-
MOYTOJIBHOE U C IPSIMOYTOJIBHOTO cedenusi na kpyriaoe. [lepexonst
MOTYT OBITh IIPSIMbIE, KOT/Ia LEHTPHI CEYeH Uit Jiexat Ha OJHOM ocH,
Y KOCBbI€, KOr/ja IIeHTPhI CMELIEHEL.

6) OTtBoxw! ¥ KoTena. ITu (HaCOHHBIE YACTH CIIYXKAT JJIS OCYIIECTBIIE-
HUSI TIOBOPOTOB TPACCHI BO3YXOBOAOB IO TEM UJIU HHBIM YIIOM,
OTBOABI OTIMYAIOTCS OT KOJIEH 60JIee IIaBHBIM oYepTanueM. Yem
6oJTbliie paguyC 3aKPyTAeHUsi OTBOJA, TEM MeHpIIE ero CONPOTHB-
nenpe. CompoTUBieHust KOJIEH 3HAYHTEIBHO O0JIbIIIE, Y€M OTBOOB.
st yMeHbUIEHUST COTIPOTUBJIEHUSI KOJEHa B HEM MOJXET OBITH
IpeayCMOTPEHA CliedaIbHAsT a9POIUHaMUYeCcKas pelieTka B BUje
HaNpaBJISIOIKX Jonatok (puc. 5.4). Cieayer 3aMeTHTh, YTO Ha
oTBoAbl oA yriom 90° ¢ KPyrapiM U IPSMOYTOJbHBIM 110~
HepeYHbiM cedyeHueM
UMEIOTCSI HOPMAJIY.

B) Tpoitnuku. OHU ABIS-

I0TCsl, TaK JKe KaK 4 OTBO- Bz0d
b1, BecbMa PaclpocTpa- dosdyxa
HEeHHBIMU (haCOHHBIMU

YACTSIMU U yCTaHaBJIH- )
BalOTCSI B TaKMX MeCTax
CeTH BO3/[yXOBO/IOB, B KO-
TOpbIX HeoOxoaumer oT-  PHe. 5.4. Koneto ¢ npodunnpoBaHHEIMU
BeTBJIEHUS. BTpOﬁHI/IKaX HarnpaBAAKIIMMHA AONIaTKaMu

\

D

|t
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IPOUCXOUT PasfeTeHye UITH CIUSHYE BO3AYITHLIX TOTOKOB. Pa3-
JIMYAIOT NPsIMBIE W ITaHooOpa3Hpie TpoitHuku. ['eoMeTpudecku
TPOMHUKM XapaKTEPU3YyIOTCS YIIOM NPUMBIKAHUS OTBETBIECHUS
O ¥ OTHOLIeHUEM ILTOM[afel TONepeYHbIX CeYeHUM OTBETBIEHUS
¥ IPOXOAHON YaCTH K TLIOLIafU Cedenusi cGopHOil yacTy, T. e. f/f
uf/f.

B HacTosliee BpeMsi Ha MPSIMbIE U MITAHOOGPA3HEE TPOMHUKY KPYTJIO-
IO U TIPAMOYTOILHOTO IOMEPEYHOTO cedeHusi uMeioTcsi Hopmasu. Ha puc.
5.5 mpeacTap/ieHa CXeMa HOPMaTU30BAHHOTO MPSIMOIO TPOMHUKA 1St KPYT-
JIBIX BO3IYXOBOJOB. YTOJ IPUMBIKAHUS OTBETBIEHHS o AJI51 3TOTO TPOH-
nuka cocrasmsieT 30° npu auamerpe Bo3ayxoBonos d < 440 mm v 45°
npu d > 440 mm. Kak BUAHO U3 pHUC. 5.5, yCTAHOBKA 3TOTO HOPMAIU30-
BaHHOTO TPOMHUKA HPEIyCMATPUBAETCS C TOIYOTBOAOM.

Kpome paccMOTpeHHBIX (PaCOHHEIX YacTel, 1JIs1 Tex e 1esei (1oBopo-
TOB TPACCHl BO3AyXOBOJIOB U MIPUCOETUHEHUS OTBETBIIEHUIT ) IPUMEHSTIOTCSE
KPECTOBMHBI M YTKH.

Crenyer BraenuTh GaCOHHbBIE YACTH, SBISIIONIKECS [0 CYIIECTBY Ile-
pexogaMy, HO Ha3siBaeMble [uddy3opamu u kondysopamu. B nuddy-
30pe NPOUCXOAUT PACHI¥PEHUe ABUXKYLIErOCsi MOTOKA BO3/lyXa, 4 B KOH-
tbysope — cyxenue, ITH (hacoHHBIE YACTH OOBIYHO yCTAHABIUBAIOTCS
nepes o0opyAOBaHUEM, TPeIHAZHAYEHHBIM JJTs1 06PabOTKY BO3ayXa (Ka-
nopudepsl, MacTsiHble (GUIBTPHI ) ¥ UMEIOLIUM IIOTEPEYHOE CEYEHHE 3HA-
YUTENBbHO OOMBIIUX Pa3MEPOB, YeM CeYeHUe BO3YXOBOOB.

CoenvHenue OTAENILHBIX
3BeHBeB U (JaCOHHBIX YacTeil BO3-
AyXOBOOB MexXAy coOOi, a Tak-
XKe UxX mpucoequHenue K 000-
PYAOBAHUIO OCYIIECTBISIETCS C
MOMOIIBIO (IaHIleB.

DaHIBl MOTYT BBINOMHATh-
€51 U3 TIOJTOCOBOH CTATH (0OBIYHO
25x4 MM) WY YTIOBOH CTamlu
(coptameHTOM OT 25%25%3 MM 10
50x30x4 mm).

L7151 BO3ZLyXOBOIIOB IHAMETPOB
10 375 MM ¥ COOTBETCTBYIOIUX
IPSIMOYT'OJIBHBIX BO3JYXOBOJAOB C
dbanbueBBIMU COeAWHEHUSIMU
MOTYT IPUMEHSITBCS DraHIbl U3
HOJIOCOBOH cTany. 3BeHbs hab-
Puc. 5.5. HopmManm3oBanHbIil psaMoii  1[eBBIX BO3AYXOBOAOB C Gonee

TPOWHHUK KPYTJIOTO CeYeHust KDYIHBIMU [ONEPEYHBIMU Ceve-
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HUAMU U CBAPHBIX BO3YXOBOAOB A0JIKHBI COSIMHATHCS HA (IIaHIax U3
yIJI0BOH CTaiu.

B 3aBHCHMMOCTH OT CBOHCTB ABMKYILErOCS BO3AYXa POKIAAKHA MEX-
1y (J1aHIaMH BO3AYXOBOAOB PEKOMEHYETCS BBIIOJIHATD U3 CJAEAYIOUINX
MarTepHasioB:

— /s BO3/lyXa HOPMaJIbHOH BIaXKHOCTH npu TeMneparype a0 70 °C —

U3 (P CMOJIIHOTO KaHATa WK IMHYPOBOTO achecTa;

— AJis BO3JyXa C NOBBIILIEHHOH BIAKHOCTHIO — U3 JINCTOBOH PE3HHBI;

— i1 BO3ayXa ¢ Temireparypoii 6oee 70 °C — 13 acOeCcTOBOrO KapToHa;

— AJIs1 BO3AYXa, CoAeprKallero napsl KUCAOT, — U3 KHCJIOTOCTOMKOM
PE3HHBL.

Il B3MeHeHUsT KOMUYECTBA NEPEMELIAEMOr0 B CETH BO3AYXOBOIOB
BO3/IyXa M /IS OTKJIOYEHHUs OTAENbHBIX BeTBeil Wi BCEH CETH BO3AYX0-
BOZOB IIPHMEHSIOTCS Pa3IiYHbIE PEryJTMPOBOYHBIE H 3AIOPHbBIE YCTPOM-
crea. K Haubosiee pacipocTpaHeHHBIM U3 HUX OTHOCATCS:

a) mubep, NO3BOAALIMI
WU3MEHSITh BEJIMYUHY NPO-
XOAHOTO CeYeHUs BO3-
AYXOBOJA MyTeM Iiepe-
MEN[eHUS 3aCJ0HKH B
HallpaBJIeHUH, [TOHepey-
HOM ABIXEHUIO BO3AYXa.
Bo usbexaHve U3TUIIHAX
yTeueK BO3AyXa CIeAyeT
PEKOMEHI0BaTh yCTpau-
BaTh IWKHOEp B KOHBEPTE
(puc. 5.6). O6bIYHBIM Me-
CTOM YCTaHOBK#H Linbepa
SIBJIAETCS CeYeHHe BO3-
AYX0BOAA B HEIOCpeN-
CTBEHHO# 6JU30CTH OT
BBIXJIOITHOFO OTBEPCTUS
BeHTHAATOpa. C MoMo-
wbio mubepa peryaupy-
€TCS1 CyMMapHBII pacxoj
BO3/1yXa, lePeMelAeMOr0o

BEHTHJIITOPOM,;
6) ApoccenbHBIM KaalaH, B
KOTOpOM, B OTJIHYKE OT Puc. 5.6. IllnGeprl B KOHBepTax:
mnbepa, M3MEHEHHE cede- P ————
HUS APOUCXOAMUT 6Jaro- 6 — ¢ noTatHOH PyUKOM:
Ziapsi BPalleHUIO 3aCTIOHKH 1 - BoanyxoBox; 2 —~ KoHBepT; 3 — pyuka
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BOKpYT ocu (puc. 3.7). EctectBeHHO, uTO (hopMa U pa3meph! 3ac-
JIOHKH JAOJDKHBI COOTBETCTBOBATH IPOXOJHOMY CEYEHHIO BO3AYXO-
BOZIa B MeCTe YCTaHOBKH Apoccenb-kaanaHa. O6bIMHO 0Ch, BOKPYT
KOTOpO# BpaniaeTcs 3acJIOHKA, COEIUHSIETCS C DyKOSATKOH, BhIBEACH-
HOM Hapyxy. 110 11010XeHHI0 PYKOSITKH MOKHO CyAUTD O CTEIIeHH
OTKPBITHA 3aCTOHKH. [/ PUKCUPOBaHUA 3aCJIOHKH B HYXKHOM I10-
JIOXKEHHH Ha CEKTOpE IIpeAAyCMOTPEHB! CIelIMAIbHbIE THE3/1, B HUX
MO>KeT BXOJMThD INIIUJIbKa, UMEIomAsics Ha pyKosaTKe. [l poccesibHbie
KJIAllaHbl, KaK [IPaBUJIO, YCTAHABIMBAIOTCA Ha OTBETBJIECHUSX CETH
BO3/1yX0BOJOB U CJIyXaT AJis1 PeTyJIHpOBaHHs KOJIUYECTBa IepeMe-

} A o .7
J 1
J
V‘
E
ﬂ 4 5
4 , . 5
¢ @'/ sro o N
K
-4 ’ 7
Tabauna paamepos
Jlpoccenn A, a, a H H, Bec, kr
kaanana 1y
200 224 240 294 174 130 4,6
300 324 340 394 184 140 6,25
400 424 440 494 214 140 9,1
500 540 564 627 280 210 226
600 640 664 727 310 240 25,44
800 840 864 927 370 380 41,25

Puc. 5.7. JlpoccenpHblii KaamaH:

1 - xopnyc; 2 — ¢hnaHusr, 3— NOJOTHO KNanaua; 4 — ock; 5 — pyuka;
6 — Guxcupyomui CEKTOP; 7 — BO3AYXOBOX
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I[@EMOro BO3AyXa. ITH PeTyIMPOBOYHBIE YCTPOICTBA He OTIHYA-
10TCs1 BBICOKOM repMEeTHYHOCTBIO, UTO OT HUX U He Tpebyercs;

B) ZpOCCebHBIN KJIANAH C 3MEeKTPUYECKUM U ITHEBMATHUECKUM [IPUBO-
AOM. DTOT TUII PETYIUPOBOYHONO YCTPOHCTBA OT/IMYAETCS OT IIpelbl-
AYUIEro TeM, UTO 3acIOHKA B ABIDKEHNE IIPUBOAUTCA He BPYYHYIO, a C
TIOMOILBIO MCTIONHUTEILHOTO MeXaHuaMa, JTO H03BOJISieT OCYHIECTB-
JISITh AVICTAHIIMOHHOE YIIPaBJIeHUe APOCCETbHBIMHI KJIanaHaMU, KOTO-
phle HepeaKo Ha3hIBAIOTCS TAKXKE BO3AYIHHBIMH 3aCTIOHKAMH,

3acyI0HKaM¥ 3TOro THila 0OOPYAYIOTCS aBTOMATH3MPOBaHHbIE CHCTE-

MBI BEHTHJIAIMU ¥ KOHAMUIIMOHMPOBAHUS Bo3AyXa. MI3BECTHO HECKOIBKO
Da3HOBHUAHOCTEN BO3AYIIHBIX 3aCJIOHOK C 3JIEKTPUUYECKMM ¥ ITHEBMATH-
YeCKMM APHBOIOM;

r) repmetudeckuii knanas. IIpeactaBiser coboit 6osee cioxHoe yc-

TpolcTBO (puc. 5.8). OH npeAHa3HayeH AJIA MOJHOIO OTKJIIOYE-

Ta6auua pasmepos

Tun knanaua Ay a B r x 3 Bec, kr
Kna- can. ¢ pyu.
nana NPHBOA. | NPHBOA.

0117200 KB | 200 | 270 | 250 | 118 ) 494 |[168 51,35 12,4

0117.300 M3 | 300 | 385 | 360 [1945 | 530 |228 63,6 22,0

0118.400 Kb | 400 | 508 | 480 | 210 | 586 | 288 75,5 358

0118.500 Kb | 500 | 615 | 580 | 240 | 630 358 94,0 53,6

0118.600 Kb | 600 [ 780 | 680 | 250 | 685 {408 108,5 ~68

0118800 Kb | 800 | 965 | 920 | 294 | 855 | 533 168,0 -

Puc. 5.8. lepMeTuuecktil K1amaH ¢ 371€KTPOIPUBOIOM:

1 — kopnyc; 2 — ¢naHer;; 3 — ock; 4 — Tapens; 5 — 371eKTPONPUBOA

18 3ak. 390
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HUA BCell ceTH BO3AYXOBOJAOB MJIM OTAEJbHBIX OTBETBJEHHUH.
I'epMeTHYHOCTE ZOCTUTAETCS IUTOTHBIM TIPIKATHEM MOABKHOI Ya-
CTH KJIallaHa, Ha3bIBAEMOH TapeJiblo, K BBICTYIAOMM GOPTHKAM.
Jlna yBeTnyeHUs IIIOTHOCTH NIPUMEHSIETCS PE3UHOBOE YILTOTHEHHE.
I'epMeTHyecKre Kamalsl BEILYCKAIOTCA C PYYHBIM U 3JEKTPHYECKAM
npuBoAoM. B Kimananax ¢ a71€KTpUYECKUM IPHUBOLOM JUIS [IepeMEILeHUs
Tapesd UCIOMb3YeTcs 3/J1eKTPoABUTaTe b, KianaH ¢ 31eKTpoIpuBoAOM
AOIIyCKaeT AUCTAHIIMOHHOE YNpaBJIeHUe U MPUMEHSETCS] B aBTOMaTHU3HU-
POBaHHBIX CHCTeMaX BEHTUJISINAN U KOHAMITHOHMPOBAHHUS BO3AYXa;
n) obpaTHble knanadbl. [IpeAHA3HAYAIOTCA AJIS ABTOMATHYECKOTO
3aKPBITHA BO3AYX0OBOAA B liesx 0OeclieyeHUs [BIKEHUS BO3AY-
Xa TOJBKO B KAaKOM-JH60 OAHOM HaNpaBJIeHUU U IIpeJOTBpalie-
HMS JBWKEHUA B IPOTHBOMNONOKHOM Hanpasienun (puc. 5.9).
Pa6ouast yacTh k1anaHa COCTOUT U3 ABYX CTBOPOK, KOTOPbIE Bpalla-
I0TCS1 BOKDPYT OCH, IPOXOASIE Yepe3 [EHTP NOTIEPEYHOI0 CeYeHHs BO3-
AayxoBoza. IIpH ABrkeHUH BO3AYXa B HY>KHOM HallDaBJIeHUH CTBODKH IO
AeHCTBHEM AMHAMUYECKOTO AABJAEHUS BO3AYIIHOTO NOTOKA HAXOAATCS B
OTKPHITOM MOJIOXKeHnH. ECIU MOTOK BO3AYXa OTCYTCTBYET, CTBOPKH IOJ
AEUCTBYIEM IPY3a U NPYKUHBI PACXOAATCS B CTOPOHB! H 32KPHIBAIOT Ceve-
HUEe BO31yXOBOAA.
OO6paTHbie KJIanaHbl Yale BCEro YCTaHABIMBAIOTCA AJIA OTKJIIOYEHUS
BEHTIIAIIUOHHBIX KaMep OT B3PbIBOONACHMIX [OMENIEHUI B CiyYae OcTa-
HOBKH BEHTHJIATODA,

b
T

Puc. 5.9. ABToMaTuueckuit o6paTHsiil KIamaH:

1 - kopmyc; 2 — cTBopky; 3 — npykuHa; 4 — PHIYAT C TPY3OM
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€) MHOTOCTBOpYaTHIE KJara-
gu (puc. 5.10). TIpeacras-
JS10T cO60H HECKOJIBKO
COBMECTHO paboTaoumux
JAPOCCEbHBIX KJIAllaHOB U
IIPUMEHSIIOTCS AJIS TeX XKe
eJieil, ¥To 1 nocaeaHue. Yc-
TAHABJIMBAIOTCS B BO3AYXO-
BOZIax 60JIBIIOrO CeYeHus.
OueHb YACTO ABIAAIOTCS
COCTaBHOM YaCTbIO I[€HT-
PaNbHOTO KOHAMIIMOHEDA,
B KOTOPOM CJIyAT /IS pe-
IyJIMPOBaHUS NIPOLIECCA CME-
IIeHUs HAPY’KHOTO U PeLiUp-
KyJAIMOHHOTO BO3AyXa, U
[I03BOJIAIOT BHIPABHUBATD
CKOPOCTH BO3AYILIHOTO HO-
TOKa, HOCTYNAIOmero AJas Puc. 5.10. MHorocTBOpuaTHIii KJamaH:
06pabOTKK Ha Te MM UHBIE 1 - xopnyc; 2 — duianer; 3 — ocs;
5MEMEHTBl KOHIUIMOHEpA. 4 — arn; 5 — npusox; 6 — cTBOpKa

1}
0|

A\ -

g g

§ 5.2. OcHOBBI a3pOMHAMHYECKOrO pacyera
BO3yXOBOJAOB

IIpu aspogHAMUYECKOM pacyeTe BO3AYXOBOAOB CTaBSITCA CIEAYIOMIME
3ailauyi: BO-IIEPBBIX, HAUTH TaKhe PasMephl MOMEePEYHBIX CeYEHUH BCeX
YYacTKOB CETH BO34yXOBOJOB, KOTOPbIe 06eCiieunBasi Obl [IepeMelleH e
HeoGXOAMMBIX KOJMYECTB BO34YyXa, U BO-BTODBIX, ONPEAEIUTh CyMMap-
HOe CONPOTHBJIEHHE, BO3HUKAIOLIEE [IPU ABHKEHUH BO3AyXa B CETH BO3-
AYXOBOZOB.

Pacuer 6a3upyercs Ha oOWHX 3aKOHAX MMAPOAIPOMEXAHNUKH, BO3LYX
paccMaTpuBaeTCs KaK HEC)KMMAeMasl KUKOCTh. JTO BNOJHE AONYCTH-
MO, TaK KaK BeJMYMHA JaBJIEHUS, JEHCTBYIOIETO B CETSAX BO3AYXOBOAOB
CHCTEM BEHTHJIANMK ¥ KOHAUIIMOHUPOBAHHUA BO3AYXa, HE3HAUUTETbHA.
B camoM gesie, CpaBHHM YCJIOBUS PaGoThl TPYyOONPOBOAA, CIYXKAIIEro
IUIS IepeMENIeHUs BOAbI, KOTOpasi CYATAETCsI IIPAaKTHYECKH HeCKUMAae-
Moit, ¥ BO3AyX0BoAa. K03 HULHEHT CXXKHMAEMOCTH BOABL, T. €. BeJIMYH-
Ha, II0Ka3bIBaIONIas, Ha KaKylo A0JI0 AV yMeHbIIAeTCa [epBOHAYATb-
HbIi1 06beM V ipu yBesnueHun JaBJeHus Ha 1 amm, MOXKeT GbITh NPUHAT
paBubIM 5 - 107, TloaToMmy 1pH yBeIM4YeHHH NAaBJeHUS B TpyOGONPOBOAE
Ha 10 amm otrOmenue AV/V ans Bogst coctaBut 5 - 107 uau 0,05%. s
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BO3nyxa Koadduument cxuMaeMoctu npuMepHo B 1000 pasz Gonbiue,
a BO3MOXKHbIe yBeJIMUEHNS JaBJIeHUs B BO3yX0BoAax npuMepHo B 1000
pa3 Menblie, yeM 10 amn. IlosTomy oTHOmenune AV/V niia Bo3ayxa, ne-
PEMEIAEMOr0 B CETSX BO3AYXOBOJOB, cocTaBuT Te xe 0,05%.

IIpu ABMXKEHMHU BO3AyXa B BO3AYXOBOAAX AaBJIeHHE PAaCXOAyeTCs Ha
TPeHHe BO3/lyXa O NOBEPXHOCTH CTEHOK BO3yXOBOJA M HA IIpeojoJie-
HHe MeCTHBIX conpoTuBieHuil. ConpoTusienus TpeHHs1 HellpePbIBHBI
1 HabmoaoTes 1o Beeil AMMHe BO3AyX0BOAOB. MeCTHBIE CONPOTUBIIE-
HUA BO3HMKAIOT B TAKMX MECTaX BO3yXOBOJOB, I/ie IPOUCXOAT BHe3all-
Hbl€ M3MEHEHH CKOPOCTH BO3AYIIHOrO NOTOKA MO BeJIMYHHE UJIH 110 Ha-
npasneduo. [lo coeil ¢pusnyeckoit npupose 3TU CONPOTUBIEHHUS
ABJIAIOTCA 1I0TEPSMY dHEPriH Ha Heylpyrue yAapbl BO3LyXa.

MecTHble CONpOTHUBIIE-
HUs1 MOKHO TTOJPa3AeNnTh
Ha /Be TPYIIIBL B IIepBOH
TPYIIIe PacXoA BO3AyXa 10 U
II0CJIE COIIPOTHBJIEHHS OCTa-
eTCsl IOCTOSIHHBIM, BO BTO-
pOii rpyIliie OH H3MEHSIeTCSI.

Puc. 5.11. K onpexnesneHuo noteps BoipaxxeHue aJs onpe-
IABJIEHUs HA MpeojoJieHue JeJIeHUS N0Tepb AABJIeHUS
CONPOTUB/IEHUN TPEHUS BO3JlyXa Ha NpeojoJeHue

CONMPOTHUBJEHUNA TpeHHUs
JIETKO MOYKHO NOJIyYMTb U3 PacCMOTpeHHs1 ypaBHeHus bBepuysnu. [[na
IABYX ceyeHuii Bo3gyxoBoaa (puc. 5.11) ypasaenue Bepuymm

2
P+72+%=const (5.1)

MOXeT OHITh HallUCAHO B BUAE

2 2
YW YW,
P +yzy+——=P) +yzy + —= + A
1+72 2% 2 +72 28 P, (5.2)

rae P, P, — naBiienus B cedeHusix 1—1u 2-2;

2, 2, — IbE30METPUYECKHUE OTMETKH LIEHTPOB cedeHuit 1—1u 2-2,

Ap — 110TepH AaBJIEeHUA HA NPEOJoIeHre TPEHUS IIPH ABHKEHUH BO3-
Ayxa oT cevyeHus1 1—1 o ceuenus 2-2,

Ecnu Bo3ayxoBoz ropu30HTAIEH 1 MMEET IIOCTOSTHHOE CEeYeHHe, ypaB-
HeHue (5.2) NPUBOAUTCA K BUAY

P-P,=Ap. (5.3)
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3necs P, P, u Ap, Kak u BOOOLIE JaBICHNUS BO3/lyXa B BO3AyX0OBOJ2X,
varue Bcero uaMepsTcs B xkI'/m?* (Mm 600. cm.).

Jlis ycTaHOBMBIIETOCS BO BDEMEHH peXHMa ABMKEHMsS BO3AyXa
MOJKHO HallMCaTh yCIOBHE PaBHOBECHS, KOT/a CUJIa, AeHCTBYIOmAs B Ha-
1IpaBJIeHNH ABIKEHUS ¥ BBI3BAHHAA PAa3HOCTHIO AaBlenuit (P, — PZ)F,
YPaBHOBEIIMBAETCSI CHJIAMU TPEHUS y CTEHOK Bo3ayxosoaa t Ul

(P, - P, )F ==,UI, (5.4)

T, — HalpsKeHHe TPeHHs y CTeHOK Bo3ayxoBoaa, kI'/m?,
U-niepuMeTp ceveH#s1 BO3AYXOBOAA, M;

| — pnuHa MEXAY pacCMaTPUBAEMBIMU CEYEHUSIMH, M.
HamnpsikeHue TpeHust HallieM U3 BBIPasKeH s

T =y, (5.5)

rae v — K03 UIUEHT COIPOTUBJIEHMS. TPEHUS.
Ioacrasus B (5.4) sHavenue P, — P, u3 (5.3) u 1, u3 (5.5), nosyuum
BbIpaXKeHHe JJIs ONpeesieHns 1I0TePb AABIeHHS Ha TPEHUE:

2
Ap= \,,U?’.% . (5.6)

Ecnnatu OTEpH OTHECTHU K e AMHUIIE IJTHHBI, HaliaeM BeJIMYUHY yAE/Ib-
HbBIX ITOTEPb AABJIEHHUA Ha TPEHHUE!

2
R=yL. X (5.7)
F 2g

Jlia Bo3xyxoBonoB kpyrioro cedenns U = nd u F = nd?/4. Tloatomy
BhIpaskeHue (5.7) MOXeT ObITh NPEACTABIEHO B TAKOM BUJIE:

2
R =4\,,%.77"”g_ . (5.8)

Benuuuna 4y MoXeT OHITh Ha3BaHa Takke KO3(QPHIMEHTOM COMpPO-
THUBJIEHUsI TPEHNUA AJI KPYTJIBIX BO31yX0BOJOB; NpuHUMAIOT 4y = A. Ko-
3¢ GUIUEHT COMPOTUBIEHUS TPEHUS 3aBUCHUT OT PeXKHMA TeYeHUs BO3-
AyXa u CTEINEHW NIePOXOBATOCTU BHYTPEHHEH IMOBEPXHOCTH CTEHOK
BO31yX0BOJOB. JlJIs1 TaMUHAPHOTO PesKUMa OH HaXOAUTCHA TEOPETHYECKHU
Ha OCHOBAHMUU IOJI0XKEHUHI adpOrHAPOMeXaHUKH;

2284 (5.9)
Re
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3nech 1uis onpeneieHus Kputepus PeltHoibaca uCnosbayercs 06b1g-
HOe BblpaxxeHue Re = wd/v; Ipi 3TOM A/ BO3AyXOBOLOB HEKPYIJIOTO
cevenus d = d .

HeTpyaHo BHAETH, YTO yAeJbHbIE NOTEPH AABJIEHHS Ha TPeHME IpH
JaMHHADHOM DEXKMME 3aBUCAT JTMHEHHO OT CKOPOCTH BO3AYIIHOIO II0TO-
Ka, T.e. R = av.

JlaMuHapHBIH peXXiM ABHKEHHS BO3yXa B BO3AYXOBO/IaX CUCTEM BeH-
TUJIANMA 1 KOHAUIMOHUDOBAHUS BCTPEYAETCS UPE3BBIYANHO PEAKO.
O6biyHO HabmoRaeTCs TYPOYIEHTHBIN PEXXKUM, AJIs1 KOTOPOTO BeTHYHHA
K03¢buIeHTa COPOTHBIEHUS TPEHUS YCTAHABIUBAETCS IKCIIePUMEH-
TaJIbHO.

Jlns xoadduireHTa CONPOTUBIEHNS TPEHUS CYIIECTBYET HECKOIBKO
sMIIMpHYecKuX HopMysI. ITi (POPMyJIBI OXBATHIBAIOT TPH BO3MOXKHBIE
o6act TypOyIeHTHOTO PeXKKuMa:

a) 006JacTh IMAPABINYECKH IJIANKOM BHYTPEHHEN IOBEPXHOCTH BO3-
AYXOBOJOB, KOTOpAsi XapaKTepU3yeTCcs TeM, YTO TOJIIUHA JaMH-
HApHOTO MOTPaHUYHOTO CJIOS, ABIXKYIIErocss HEIOCPEACTBEHHO Y
[I0BEPXHOCTH, OOJIibllie BEJTUYMHBI BHICTYNOB IIEPOXOBATOCTH II0-
BEPXHOCTH;

6) nepexoaHyo 06J1aCTh, B KOTOPOI BBHICTYIIB IIEPOXOBATOCTH Ya-
CTHYHO BBIXOAST U3 IIOTPAaHUYHOTO CJI0s | IIOIAAAIOT B AP0 HO-
TOKA,;

B) 06/acTh 1IEPOX0BATOil BHYTPEHHEH NOBEPXHOCTH BO3AYXOBOJOB.
TosmuuHa NOrpaHMYHOTO CJIOS B 3TO# 06J1aCTH MEHBIIE BBHICTYIIOB
IEPOX0BATOCTH, NONAAAOINX B AAPO TeUEHUs BO3AYIIHOFO II0-
TOKa.

Jlst 06 1acTy ruApaBIMYECKH FIAKON BHYTPEHHEH TOBEPXHOCTH KO-
3¢ dUIMEHT CONPOTUBIEHUS TPEHUS He 3aBUCHUT OT IIEPOXOBATOCTH BHYT-
peHHeil MOBEePXHOCTH BO3AYXOBOAA U ABJIAETCS QYHKIIMeH TOJMbKO Yic/a
PeitHonbaca, T. e. A = f (Re).

Jlns1 onipesenieHus A B 3T0#t 06.,1aCTH ITMPOKO NPUMEHSIETCS BBIPAXKEHME

A=0316Re %% (5.10)
a Taxxe ¢opmya, noayyenHas I. A. MypuHsM,
;~=(_11.{£;Ts. (5.11)
gRe)™

Y nenpHBIE TOTEPU AABJIEHNs HA TPEHUE B 06JJaCTH PEXKMMA TEYEHHs,
KOT/[a BHYTPEHHss [OBEPXHOCTb BO3AYXOBOAA MOXKET CYMTATbCA THJA-

PaBIMYeCKH IIafKOM, MPONOPIMOHAIbHBI CKOPOCTH B cTenenu 1,75, T. e.
R =a @'
. .
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Ilpu onpenenesun xosddumeHTa CONPOTUBIEHNUS TPEHUS B niepe-
XOHO#1 061aCTH CJIeAyeT NMETH B BUITY, YTO OH 3aBUCHT Kak OT yncia Re,
TaK U OT BEJIMYMHBI OTHOCHTEbHOH mepoxoBaroctu € = k/d (rae k —
abcomoTHas mepoxoBaTocTs), T. e. A = f (Re, €). Oana u3 npeasokeH-
Hoix b. H. JIo6aeBoim [15] popmy nMeeT Bua

142

A= 55

(5.12)
Re
lg—
£

€CJI1 MOACTaBUTh BMeCTO Re ero 3HayeHue u BbIpa3nuThb CKOPOCTh yepe3
pacxoj BO3AyXa M MJIOAAD IIOIIEPEYHOro CeyeHus, IOJIy4uM

A= 1,42 . (5.13)
2

L
1g 1,274 —

kv
B roit o61acTi TypOyIEHTHOTO PEXXUMA, Iie Ha TeYeHHe BO3AYyXa OKa-
3BIBAET BJIMSAHYE JIMIID IIEPOXOBATOCTh BHYTPEHHE II0BEPXHOCTH CTe-
HOK B03AyX0BOJa, K03 PUUUEHT CONPOTHBIEHUS TPEHUS HE 3aBUCHUT
oT yucna Re u siBnserca mump GyHKiue OTHOCUTENBHOM LIepOXOBa-
TOCTH, T. €. A = f (g). [I/1s1 onpeaesenus A IMPOKO APUMEHSIETCS BbIPA-

XKeHue

N S (5.14)
d 2
1,74+21g =

uiu 6osiee ipocrast dopmyJa, npegmoxentas b. JI. Illudpunconom,

A=0,111 - €02 (5.15)

YnenbHbIe NOTEpH ABJIeHKs] HA TPeHHe B 3TOM 06acT TypGOyeHT-
HOTO peKHMa IPOIIOPIMOHAIBHBI KBaPaTy CKOPOCTH ABMXKEHUS BO3AY-
xa R = a,w’.

[lepexon oT ogHo# o6aacTy TypOYJIEHTHOTO PeXKMa K APYroi 3aBu-
CMT OT 3HAaueHHi KpuTepHs PeifHOIbACAa M OTHOCUTE/IBHOM 1epOX0OBa-
TOCTH.

Besmunna abcomoTHOM LIEPOXOBATOCTH AJIST BHYTPEHHEH NOBEPXHO-
CTH CTEHOK BO3lyXOBOJAOB W3 Pa3JMYHBIX MaTePHAJOB MOXET NpPUHH-
MaTbcs 1o tabu. 5.1.
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Tabruua 5.1

BesmynHbl a6COMOTHO EPOX0BATOCTH MOBEPXHOCTH CTEHOK
BO3yXOBO/IOB H3 Pa3IMYHbIX MATEPHAJIOB

Martepuan crenkn |  AGcomorsas | Marepuan creuxu | A6comornas

BO3/LyX0BOJAA IIePOX0BATOCTh | BO3AYX0BOAA | IEPOXOBATOCThH
k, Mm k, mm

Jlucrosas crans 0,1 HityxaTypka 1o 10

naxo- MeTaLTHYeCcKon

anebacTpoBbie ceTkKe

TLTATBI 1,0 KupnnyHas 3-6

Inakobeton- KJIajKa

HBIE TIJIUTHI 1,5 Danepa 1,0

I'panuniy Mexny 061acTpi0 rMAPABIMYECKH [NIAJKUX BO3LYXOBOAOB
1 TIepeX0AHOM MOXKHO OIIPE/IE/IUTD 110 BBIPAXEHUIO

d

R61 =11% ’ (516)

WM, noActaBuB B (5.16) saHaueHune kputepus Re, no popmyse

w =112 (5.17)

TIIpu aTOM 1151 O6ACTH TJIAKKMX BO3AYyXOBOAOB BeMUYMHA d/k A0JIKHA
6bITh Gostbiie 600.

I'panuna Mexay rnepexomHoi 061acThi0 ¥ 06JACTHIO MIEPOXOBATHIX
BO3YXOBOZOB OMPEAE/ISIETCS 10 BHIPAXKEHUIO

Re, =445% (5.18)

nimm

w, =4452. (5.19)
k

C nomouisio npuBeaeHHbIX Gopmys, nonydenssx b. H. Jlo6Gaesbim,

MOXKHO HallTH 3HaYeHUs1 CKOPOCTH BO3AYIMHOFO IIOTOKA, COOTBETCTBYIO-

e HIDKHeil ¥ BepXHeil rpaHuI[aM [epexoAHoN 06IacTH AJIsi pa3IHYHbIX

BO3/(yX0BOZOB. Tax, A7 HanboJiee pacNPOCTPaHEHHBIX CTAIBHBIX BO3IY-

XOBOJIOB 1IpH TeMmilepaType Boaayxa t = +20 °C (v = 15,7-10 »?/cex) Be-
JIMYAHBI CKOPOCTH BO3AyXa OyAyT PaBHBL:
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Ha HIDKHEN rpaHulle

15,7
w, =11————— =172 m/cex;
Y777 10500001 4
Ha BepXHel rpaHuile
15,7
w, =445————— =70 m/cex.
2 10%.0,0001 4

Ha npakTuke CKOpOCTh BO3/lyXa B CTaJbHBIX BO3/[yXOBOJaX CHCTEM
BEHTH/IALMH U KOHIHUOHUPOBaHUA Beeraa Goabie 1,72 m/cex u MeHb-
me 70 m/cex. lloatomy K03 PUUUEHTHI CONPOTUBIEHUS TPEHUSA TIPH
a3pOAMHAMHUYEeCKOM pacyere BO3/yXOBO/JOB JOJKHBI OIPEJEAAThCA 110
(opMmyaM 15 IepexonHOi obnactu. Ecau uMets B BUZY CTAJIbHBIE BO3-
nyxoBozpbl (k= 0,1 Mm) 4 Tak Ha3bIBaEMBIA CTaHAADTHBIM BO3AYX (TeMIle-
patypa 20 °C, oTHOCcHTENbHAS BAAXKHOCTL 50% M gaBieHHe, IPUMEPHO
paBHOe aTMOC(EPHOMY ), TO MOXKHO IIOTYYUTh BHIPAXKEHHE 115 YAEIbHBIX
IOTeph AaBieHUs Ha TpeHue. C TOCTATOYHOH CTEIIEHBIO TOUHOCTH MOX-
HO T0JIb30BaThCS OAHOMH U3 cAenyomux GopMy.r:

Gl,g
R=23 20075— : (5.20)

rae G — pacxon Bosnyxa, kI /uac, Wiy, 3aMeHUB pacxo]| Yepe3 CKo-
pPOCTh BO3AYLIHOTO IIOTOKA M JIMAMETP BO3AYXOBO/IA,

wl,g

o (5.21)

R=45

Jlns 06sierdyeHus NPaKTHYECKUX PACYETOB COCTABJIEHHI CHEHANBHbIE
HOMOTPaMMBl, [IO3BOJISIIONINE HAX0AUTH Y/IeAbHbIE IIOTEPH JaBJeHHs Ha
TpEHHE.

B psine poeKTHBIX OpraHU3annii KpOMe HOMOTPaMM MCTIOB3YIOT clle-
MaIbHbIE TabAUIb, COCTABIEHHbIE [/If CTaHAAPTHOTO BO3yXa M HOp-
MaJIM30BaHHBIX CTAJIbHBIX BO3LYXOBO/IOB.

Korzaa Temnepatypa nepeMenjaemMoro BO3yXa 3HaYMTENbHO OTJIMYa-
etcs ot 20 °C, To NoTepH AaBIEHUA Ha TPEHHE U3MEHSIOTCS; B 9TOM JIeT-
Ko ybenuthes, ecu B hopmyIre 1uis koadbdulineHTa CONpoTUBIEHUS Tpe-
Hus (5.13) pacxox Boipa3uTh B kI /uac:
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po_ 142 (5.22)
G 2

lg 1,274~

kyo

KuHeMaTHyeckast BA3KOCTb C POCTOM TeMIlepaTyPbl BO3DACTaeT, a
06BEMHBIN BEC YMEHBIIAETCA HE3HAYUTENLHO, II03TOMY IIPOH3BEJIEHHE ¥ V
pacrteT u K03Q HULHEHT CONPOTUBIEHUS TPEHHS HECKOJIbKO YBeINYHBa-
ercsA. 3aBUCUMOCTb KO3(PDUIIMEHTA CONPOTHBIEHUS TPEHHUA OT TeMIIe-
paTypbl MOXeT OBbITh BhIpaxeHa GOpMyoit

A, =Ago(1+0,00012¢) . (5.23)

Y nenbHble I0TEPH iaBieHUs HA TPEHHE B Cyvae ABMKEHHsI BO3LyXa
¢ TeMniepatypoi, orauunoit ot 20 °C, pacCUHUTHIBAIOTCA MO BEIPAXKEHHIO

(HO'OOO;;;)@BH) , (5.24)

Ecu naBneHue Bo3nyxa, epeMENaEMOTO B CETH BO3ILYXOBOJIOB, Ha-
MHOTO OTJHYAETCS OT aTMOCGHEPHOTO, HEOGXO MO BBOAHUTE MOIPaBKY
IIPH ONIpPe/IEIEHIH YIlebHBIX TOTEPD JaBJeHUs Ha TPEHHe, KOTOpPhIe 06-
PaTHO MPOIOPIHOHAIBHHE AaBAeHu0. YTo Kacaercs KoaddunueHTa co-
[IPOTUBJIEHUSA TPEHHS A, TO €r0 BETHYMHA MOKeT MPUHUMATBCH II0CTO-
AHHOM 710 NaBaeHus 60 ama, u nuuib NpU 60je€ BHICOKUX JaBAEHUAX
cJe/yeT yIMTBIBaTh HEKOTOPOE yBeauyeH e KoahPHUIIMEeHTA COIPOTHB-
JIEHUA TpEHUS.

R, =Ry

§ 5.3. Onpeaenende cONpPOTHBIECHUIT TPEHHA B BO3AYX0BOJaX
NpsAMOYTOJIbHOTO CEYEHHS

Y nenbHble IOTEPH JaBleHUs Ha TPEHHE B BO3/yX0BO/aX IIPSMOYTOJIBHO-
ro ceyeHus MOXHO HaiiTé 1o ¢dopmyse (5.7). OnHaKO HeNoCpenCTBEH-
HO€ UCIIOJIb30BaHue 3T0i (HOpMyJIbl B IIPDAKTUYECKUX PacyeTax Helese-
c006pa3Ho, TaK Kak HeoOXogruMOoe IIPAMOYTOIbHOE CEYEHHE BO3/IyXOBO/Ia
olpeziesieTCs He OAHOU BEJTMYHHON — IHaMeTpoM d, a IByMS — BHICOTOM
a v mupuHoi b. IlostoMy paspaboTka HYXHBIX JJIs1 pacyera Tabaui ¥
HoMorpamM 1o ¢opMmyiie (5.7) HaTalKHBaeTcss Ha GOIBIINE TPYMHOCTH.
3anaqy MOXXHO CYLIECTBEHHO 00JI€TYHTD, €CJIH MPH ONPE/ETCHHH YAeIb-
HBIX TIOTEph JaBieHHsA Ha TPEHHE B NPSAMOYTOJbHBIX BO3/LyX0OBO/aX HC-
11071b30BaTh TabJIMLBI U HOMOTPaMMBbI, COCTaBJIEHHbIE ISl KPYTJILIX BO3-
AyxoBonos. [l 3TOr0 MpsAMOYTONbHOE CeyeHre BO3AYX0BOJa HYXHO
3aMEHHTb IKBUBAJICHTHBIM KDYTJIBIM CEYEHHEM.
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OKBMBaJEHTHBIH [UaMeTD MOXXHO HaWTH JByMs pa3TUYHbIMU Me-
TOMAMH.

a) W3 ycnoBuii paBeHCTBa CKOpOCTEl BO3yXa B MPSAMOYTOJbHOM
BO3lyXOBOZle U 3KBUBAJEHTHOM KDYTJIOM. Y e/ibHBIE TTOTEPH
JaBjeHMs Ha TpeHHe B IIPIMOYIOJbHOM Rnp ¥ KpyrioM R Bo3-
AYXOBOJAX JOJKHBI OBITh PaBHBI PH PaBEHCTBE CKOPOCTEN,
T. €. Rnp = R, ipu w_= w, = w. Ucnone3ys 3aBucumocts (3.7),
Hamumem

2 2
yo2ard) ' ad 4 yo' (5.25)
ab 28 " nd® 28

U3 storo paBeHcTBa MOXKHO HAlTH 3HaY€HHe IKBUBAJIEHTHOTO /IHa-
MeTpa TaKoro KPYTJIOro BO3/lyXOBOZa, 3aMEHHUB KOTODBIM NPSAMOYTOJib-
HOe, TIOTyYUM PaBEeHCTBO NOTEpb JaBJieHUs Ha TpeHUe IpU YCJIOBHUH,
YTO CKOPOCTH [BUXKEHHUS BO3/lyXa B TOM ¥ JPYIOM BO3IYXOBOJE OJU-
HaKOBBI:

_ 2ab (5.26)

 a+b
Cnenyer #MeTh B BHLY, YTO PaCXO/bl BO3/(yXa B IIPSIMOYTOJIbHOM BO3-
NyX0BOJie ¥ IKBHBAJEHTHOM KDYTJIOM OTJIMYAIOTCA JAPYT OT APYTa, Tak
KaK CeYeHHst PIMOYTOIBHOrO BO3JyX0Boja axb u Kpyriaoro, uMeroIe-
ro gHaMeTp, ompeneneHHbil mo popmye (5.26), He paBHBL

Tabruya 5.2

Onpenenemle YACIAbHLIX NOTEPH NABJICHHA HA TPCHUE
B KPYIJbIX BO31yX0BOJaxX

d
d, d, ce. d, d d,
N ]

7%

@
4
» |:\4
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Crpenku MOKa3bIBalOT, KaK [PaBUJIbHO 110/1b30BaTheA Tabmunei. I1o
MCTHHHOI{ CKOPOCTH @, B IPSIMOYTOJIbHOM BO3YXOBO/IE H 9KBUBAJIEHT-
HOMy nuameTpy d,, = d_ ONpeiensioTcsi yze/bHbIE TIOTEPU NaBJEHUs
Ha Tpenue R. BenmunHa pacxona, pacrnonoxeHHas B Tabmuue cBepxy
YAeAbHBIX TIOTEPh Ha TPeHHe, He 6yJieT COOTBETCTBOBATh UCTUHHOMY
pacxoay, 4 Ha Hee He caenyer obpamars BuuMaHus. CKOpPoCTh B 1psi-
MOYTOJIbHOM BO3/LyXOBO/I€ OTIpeiesieTCs U3 0YEBUIHOTO COOTHOIEHHUS

L
__L (5.27)
© = 3600ab

6) U3 ycnosuii paBeHCTBa pacxo/a BO3yXa B IPAMOYTOJIbHOM BO3-
LyXOBOJE M 3KBHBAJIEHTHOM KpYrjioM. B aToM ciayuae ynennHbie 10O-
TepM /IaBJieHHs Ha TPEHKE B lIpMoyronsHoM R 1 kpyriom R, Bosny-
X0BOJax JOJXHB ObITh PaBHLI IIPDH PaBEHCTBE NEePeMeaeMbIX
pacxo7ioB, T. €. R"p = R, upu an = L, = L. Torna, BbIpa3uB B 3aBUCHMO-
ctu (5.7) 3HayeHUSI CKOPOCTH Yepe3 pacxofi BO3AyXa, MOXKHO Halld-
catb GopMyIy

ab(3600ab)?  zd”(3600x)%d*

IpousBens cokpaieH st ¥ pemuB paBeHCTBO (5.28) OTHOCHTENBHO d, -
HaiizeM BhIpaKeHHe JUisl AUaMeTpa TaKOTO KPYTJIOro BO3AYX0BoAa, NIPH
3aMeHe KOTOPBIM IPSIMOYTOJLHOTO BO3LyX0BOZA MOJYy4Y¥M PaBEHCTBO
HOTEPH aBJeHUd HAa TPEHUE B CJIy4ae, eCJIH PACXOM BO3AYX4 B TOM U ApY-
rOM BO3IYXOBOJie OZIMHAKOB:

324%13

32a°0° (5.29)
n? @+b)

d:-)L =3

EcTecTBeHHO, YTO CKOPOCTH BO3yXa B KPYTJIOM BO3/lyX0BOJle, Me-
IOI[EM JHAMETD, ONIpeeaeHHbI 110 Popmyte (5.29), U IPAMOYTOIBHOM,
y KOTOpOTO ceuenue axb, He pasHbl. [103TOMY [1071b30BaThCsi HOMOTPaM-
MaM¥ ¥ TabaunamMu 37eCh HYXXHO MHaye, YeM OINHCAHO Bhime, s Ha-
XO0XJEeHHUsI BEJTMYUHBI Y/IeJbHBIX OTEph [aBJeHUs Ha TpeHUue B Ips-
MOYTOJIBHOM BO31yX0BOJle Heo6xo/iMO onpenentTh d ; no dhopmyne
(5.29) u 3areM, omycKasick BHH3 110 COOTBETCTBYIOMIEMY cToAbIy Tab.
5.2 (d, = d,,), raiiTi 3RaYeRHe yAEAbHBIX IOTEPb AABICHHS HA TPEHHE.
Ha Benmuuny cxopoctu, crosiiyio B KpailHeil JieBoii rpade, BHUMaHUsA
ofpamars He ciexyer.
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§ 5.4. MecTHble CONPOTHRICHUA B BO3AYX0BOJaX

Kaxk 6b1710 yKa3aHo, MECTHBIE COTTPOTHB/IEHUS BOSHMKAIOT TaM, [71€ TIPO-
HCXO/AT HapylleHUs] HOPMAJIbHOTO TeYeHUs BO3AYLUIHOTO MOTOKA. ITU
HapylleHHsl OOBIYHO CBSI3aHBI C OTPbIBOM MIOTOKA OT TOBEPXHOCTH CTEH-
K#1 BO3/lyXOBOJIa M BUXpeoOpa30BaHUEM B MECTaX U3MEHEHM KOHGUry-
palld¥ BO3JyXOBOJa U BCTpe4yH IpensTcTBHi. Haunbosee pacmpoctpa-
HeHHBIMM HapyleHUSIMU BO3JLYIIHOTO IOTOKa B CETH BO3YXOBOJOB
ABJSIOTCS: BXOJl BO3/lyXa B BO3/LyXOBO/, M BbIXOJl BO3/lyXa U3 Hero, pac-
IIMPEHHE, Cy’)KeHre U U3THO II0TOKA, IPOTEKaHKe TMOTOKA YePe3 3a1op-
HbIe WJIM ZpocCebHble YCTPOUCTBA, pa3BeTBIeHHE OJHOTO IIOTOKa Ha
HECKOJIbKO (uaiie BCEro /iBa) U cJANsHNe HECKOJbKHUX TIOTOKOB B O/[MH.

HerpyaHo BUAETD, YTO MECTHBIE COTIPOTUBJIEHUS B CETH BO3AYXOBO-
noB GynyT HabMIOAATHCS BO BCEX MECTAaX YCTAHOBKU (hDaCOHHBIX YacTei,
3allOPHBIX U PETYIUPOBOYHBIX YCTPOKCTB, a TaKXKe B MecTax 3a6opa Bo3-
JyXa ¥ BbIXOZla BO3/yXa B BeHTUJIHpPyeMble MoMeieHusi. Bo Bcex mepe-
YHCTEHHBIX CAyYassX MPOUCXOIUT NEPECTPOMKA 1051 CKOPOCTel U 06pa-
30BaHMe Ha TpaHMIle BO3AYIIHOTO MOTOKa Buxpeil. Ha 3T0 TpaTuTCs
3HEpPTHs, II03TOMY TEYEHHUE BO3yXa Yepe3 MECTHBIE COIIPOTHBICHHS Bce-
I71a CBA3aHO C TOTEPEN JaBJieHHs.

Iotepu paBsienust Ha Npeosi0JieHHE MECTHBIX COITPOTHBIEHUI, 32 HC-
KJII0YeHUEM MOTepH NMHAMMYECKOTO [JaBJIeHHsI [IPH BbIXO[ie BO3MyXa U3
CeTH, HabMIO[A0TCS Ha OTPe3Ke BO3/(yX0BOJa TOM unu UHO# AuHEL [lo-
3TOMY OHM He MOryT OBITb OT/IEJIEHBI OT IOTEPh AaBJEHHs Ha TPEHHE.
OnHako ¢ uenpio yno6cTBa aspogHHaMUYECKOTO PacyeTa CEeTH BO3YXO-
BOJIOB MECTHBIE CONTPOTUBIIEHH S CYUTAIOTCS COCPEAOTOYEHHBIMH B OJTHOM
CeyeHUH BO3YXOBOJAA.

TeopeTuyecku paccuuTaTh IOTEPH AaBACHHS Ha MECTHBIE COIIPOTHB-
JIEHUSI BO3MOXHO JIMIIb JJI BeCbMa OTpaHMYeHHOT0 YMcia ciiydaes. Ha
MpaKTHKE UX OOBIYHO OTpe/eNIAI0T SKCIIEPUMEHTANBHO; TIPH 3TOM OKa-
3bIBaeTCs, YTO IIOTEPH JaBjieHus 1PONIOPLUHMOHATbHBI KBaIpaTy CKOpPOC-
TH. JTO JIa€T OCHOBaHUE BHIPaXXaTh MECTHHIE COIIPOTUBJIEHUS B €IUHU-
I[aX AMHAMWUYECKOTO JaBJeHUsI BO3AYLIHOTO IIOTOKa B BO3AYXOBOJE H
TIPUMEHSITh [JIS1 pacyeTa MEeCTHBIX COTIPOTHBJIEHUI clenyouyo ¢op-

MyJIy:

2
ADye =Cﬂ, (5.30)
28
rae { — K03 UIMEeHT MECTHOTO CONIPOTUBIIEHUS.
Koadpdunuent { npu TypOyIeHTHOM peXUME NBHXKEHHS 3aBHCHUT
OT reOMeTPUYECKOH (DOPMbI MECTHOTO COTTPOTUB/IEHHS U HE 3aBUCHUT OT
yrcaa PeiiHonbaca.
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PaccMOTpUM XapaKTep ABUKEHUA BO3IYIIHOTO [I0TOKA B HEKOTOPBIX
HanboJiee YaCTO BCTPEYAIONIMXCSA JEMEHTAX CeTeil BO3IyXOBOJIOB.

Hpsamoii BXoa Bo3ayXa B BO3AYX0BOJ. A3poAMHaMHUeCKash KapTHHA
JIBYDKEHHS BO3/lyXa B BO3/yX0Boae BOIM3M BXORHOTO cedenus (puc. 5.12)
32BHCUT OT JIBYX ()aKTOPOB: OT OTHOCUTEIBHOH TOIIUHbI CTEHKH BXOJHOM
KPOMKH BO3JlyxoBoza §_ /d ¥ oT Toro, 3a/ie/laH BO3/lyX0OBOZ B OTPaK/ieHHe
uu Het. Eciii Bo31yX0BOJI 3a/ie/1ad B Orpak/ieHue, adpoAMHaMHUKa IOTOKa
BO3JlyXa Ha BXoJe OIIPE/IeJIeTCsA OTHOCUTENbHbIM PacCTOSIHHEM BXOJHOH
KPOMKH [I0 IOBePXHOCTH Orpaxcaenus b, / d.

IIpu BxoJie BO3fyxa B BO31yXOBOJ MO/l BJAMSHUEM LEHTPOGEXKHBIX
CHJ1 TIPOMCXOJHUT OTPHIB 1I0TOKA OT BHYTPEHHEI IOBEPXHOCTH CTEHKHU U
Ha HEKOTOPOM DAaCCTOSHHH OT BXOJHOTO cedeHus o6pasyeTcs HauMeHb-
Ilee CeYEHHE TI0TOKA, HJIM €ro CXKaTHe. 3aTeM IMOTOK CHOBA PaCliHps-
€TCst 10 [IOJTHOTO CeYeH s Bo3ayxoBoa. OTPbIB NOTOKA OT CTEHOK BO3-
IyX0BO/ia BEI3bIBaeT BHUXpeoOpa3oBaHue, ABAAIOMEECT OCHOBHOM
npUYMHOH TIOTEPh AaBJAeHUS BO3AYIHOIO NIOTOKa Ha Bxone. Hanbomnb-
Ilee 3HaYeHue KoahPUIHeHTa MECTHOTO COIIPOTHUB/IEHHUSA PAMOTO BXO-
Ja HaGaro1aeTcst TIPU COBEPIIEHHO OCTPOI KPOMKe CTEHKH BO3/1yX0OBOJA
(8,,/d = 0) u beckoHeuHO 6OBIIOM yANIEHHH BXOAHOTO CEYEHHS OT 110-
BepxXHOCTH orpaxxaeHus (b, /d = ). B atoM ciaydae = 1, a oTHOCHTEIDb-
HOe paccTosiHue 10 Hanbosiee cxxaToro cevenust, paHoro d, = 0,5d, co-
craBiasier b, = 0, 4d. BiausiHue MOBEPXHOCTH OTpaXkI€HUS II€peCTaeT
cKasbIBaThes 1pu b,/d > 5. Eciint BXOAHAst KPOMKa CTEHKH BO3/YX0BO/A He

Ne//

Puc. 5.12. AspoauHaMuyecKas KapTHHA JIBHXEHUS BO3LyXa
BOIHU3U BXOZHOIO CEYEHHS
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CIMIIKOM TOHKAs MJIH 3aK-
pyriaeHa, koapdunueHT §
pe3Ko yMeHsbinaetcs. Taxk,
yxenpud_/d=0,05,=0,5,
TIpH 3aKPYTIEHUN KPOMKH C
pamuycom r =01 d £ = 0,1,
npu r = 0,2d ¢ = 0,04. IIpu
33/IeJIKe BO3IyX0BO/IA 3a110/-
JIMIO ¢ TOBEPXHOCTBIO OT-
paxaenuss (b,/d = 0)
K03 (PHIIUEHT MECTHOTO CO-
nporusjiedus § = 0,5.

Bxoa Bo3ayxa B BO3ay-
X0BoJ uepe3 KOHPY30p.
Yr1o6Bl yMEHBIIHTH COMPO-
THBJIEHHE BX0/Ia, BHI3BaH-
HOTO BHE3aITHBIM Cy)XEHHMEM II0TOKa U BHXpeoOpa3oBaHueM, yCTpauBa-
10T IIaBHBIH Tlepexofl oT 60NbIIEr0 CeYEHHS K MEHBbIIEMY B BHJE
koHdysopa (puc. 5.13). KoacbduuueHT MecTHOrO CONPOTHBAECHUS Ta-
KOTO BXOjja 3aBMCHT OT YTJIa CyXeHus KOH(PY30pa o U €ro OTHOCUTEb-
Hol smuHb! b /d. Kaxnoi jivne koHdy30pa COOTBETCTBYET TaKO€ 3Ha-
4YeHHE yTJa CY’XEHHUs1, NP KOTOPOM K03(p@PHIUEHT CONPOTUBIEHHS (
[pUHHUMaeT MUHUMaJIbHOE 3HayeHie. [IpakTHYecKH MOXHO CYUTaTh, YTO
JJs JOCTATOYHO IMIMPOKOTO JIala3oHa bK/d = = (,1+1,0 onTUMaNBHBIE
3HAYEeHMs yTJa Cy>XeHust jexar B npeznenax 40—60°. I1pu takom yrie u
¥ OTHOCHTENbHOH fuHe b /d = 0,2 ko3(hdUIMEHT CONPOTUBAECHHUS 110~
Jyqaercsa paBHEM 0,2.

Buesannoe pacupenue Bo3ayxosoaa (puc. 5.14). [Ipu BHe3anHoM
pacuIMpeHMH TOIIEPEYHOTO CeyeH sl BO3AYX0BOa HabI0naeTCs pesKoe
mafgeHye CKOPOCTH TIOTOKA, YTO BBHI3bIBAET TakK Ha3bIBaeMbIE NMOTEPU Ha
ynap. Ilpu 3TOM B MecTe nepexojia K IIHPOKOMY CEYEHUMIO BO3/lyX0BOJA

Puc. 5.13. Bxon Bo3ayxa B BO3AyXOBO
yepe3 KOHGY30D

Puc. 5.14. Bre3zannoe pacirupense Bo31yXoBoja
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ofpa3syercsi CTpPyS, OT/I€JIEHHAsI OT OCTaJbHOTO MPOCTPAHCTBA MOBEPX-
HocThio paszena. IloBepxHOCTh pacnazaercs 1 3aKpYYUBaeTCs B OCTa-
TOYHO MOIIIHBIE BUXPH, Ha YTO H TPATUTCS 3HEPTHUs MOTOKa. /lnuHa oT-
pesKa BO3/yX0BO/Ja, Ha KOTOPOM TIPOMUCXOJMT BHXPeobpa3oBaHHE U
IIOCTelleHHOe paccachlBaHMe BUXpeil, cocTaBaseT npuMepHo 8—12d
(3nech d — TMAPaBANYECKHIt JaMeTp U poKoro cedenus ). Koadpdum-
€HT MECTHOTO COIPOTHBJEHUs BHE3allHOTO pacCIlMPEHHs BO31yX0BO/a
(OTHeceHHBIH K CKOPOCTH B y3KOM yacTH) npu R > 3500 3aBUCHT TOIBKO
OT CTelleHH! paClIMPEHHs CedeHusi BosnyxoBoa n = F,/F, u moxeT 6biTh
ornpezneneH no dhopmyne bopna-Kapno:
2
c=(1-1]. (531)
n

B obnactu MeHbuux yuces PeifHosbaca, CBOHCTBEHHBIX JJaMHHap-
HOMY ¥ 1nepexonHoMy pexumaM (10 < Re < 3500), xoadpdunuent co-
MPOTUBJIEHHS BHE3AITHOTO PacIlMPeHUsI 3aBUCUT HE TOJIBKO OT CTEIeHH
paciipeH#s, Ho u ot Kpurepus Re, a nmpu Re < 10 — ToapKO OT 3TOTO
Kputepus. B nocienaneM ciaydae MoxeT ObITh UCIIOIb30BaHA 3aBUCH-
MOCTh

_26 (5.32)

Re
Iln1aBHOe pacumMpenHe Bo3ayxoBoja B BHAe auddysopa (puc.
5.15). Iucddysop ycTpauBaeTcs A Tex xe 1esei, YTo U KoHYy30p —
obecnevnTh IIABHBIA TIEPEX0/ OT MEHbINEro CeYeHus K GonpimeMy u
3TUM CaMbIM CHHU3UTh [1OTepH AaBjeHus. [Ipu MIaBHOM yBeTMYEHUH Ce-
yeHus pacteT TypOYJeHTHOCTb OTOKA, HO BeJIMYHHA CPEAHEH CKOPOCTH

Puc. 5.15. I11aBHOe paciunpende Bo3ayxoBo/ia B Busie AHGb dy3sopa:

a — ¢ 6O/BIINM YrJIOM PACIIMPERUst; 6 — ¢ MaJibIM YIJIOM DacIlKpeRHst
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ymeHnbmaercs. Bce 3To Bezet k ToMy, 4TO IIpH yBeIMUEHMH O ONpeAe-
JIEHHBIX IIpe/leIOB YTia pacuipenus (o < 8+10°) obmuit kKoaddunu-
€HT CONPOTHBJeHHS nuddy3opa, IPUBENEHHDBIH K CKOPOCTH B Y3KOM
(HavaJIbHOM) CeYeHUH, MEHbIIe, YeM /I TAKOI e AJIMHBI OTPe3Ka BO3-
JIYXOBOZIa, MIMEIOTIETO ILAOIA/Ib [TOTIEPEYHOTO CEYEHHM S, PABHYIO ILIOIIA-
J¥ HauaJabHOTO ceveHus auddysopa. HaunHas ¢ HeKOTOPOTO 3HaYeHHA,
JajbHelllee YBeIMYEHHE YTla PACIIMPEHUS BHI3HIBAET 3HAYMTEIbHBIH
pocT KoaduIMenTa conpoTusaeHus 1ud¢y3opa, KOTOPHIH CTaHOBUT-
€51 BO MHOTO Pa3 601bIIIe, YeM COIPOTUBJIEHHE OTPE3Ka BO3/1YX0BOza TOH
XKe AJMuHbL. YBenauvyenue koapdunrenTa conpoTusaenus nuddysopa
00BACHAETCS HE CTONBKO YCUIeHHEM TYPOYJEHTHOCTH II0TOKA, CKOJIb-
KO OTPHIBOM ITOrPaHMYHOTO CJ105 OT CTeHOK A1 dy30pa U CBA3aHHBIM C
3TUM BUxpeobpasoBanuem. Kosdduument conporusaenus aucddyso-
Pa 3aBHCHT OT TaKHX (paKTOPOB, KaK Yroll pacIIMpeHUs o, CTelleHb pac-
HIMpeHHs n, PopMa MonepevyHOro CeYeHHs, YCIAOBUA BX0O/a, DEXUM Te-
yeHus (uucjao Re).

ITocKOMBKY 7151 MHOTHX C/Ty4aeB (0COOGEHHO 1P MAJIBIX YTJIaX Paciiiy-
pEeHust) MOTePH AaBIEHMs Ha TpeHUe COCTABJSIIOT 3HAYUTENBbHYIO ZI0JI0 B
CYMMapHBIX TIOTEPSIX JaBjeHuss, K03hOUIHEHT MECTHOTO COIIPOTUBJIEHHS
nubdysopa npencrasser coboit cymmy = € yacw T Gy B KOTOPOW C
siBJsteTCA K03 (PHUIIMEHTOM MECTHOTO CONPOTHUBJIEHHUS H3-3a PAaCcIIHPeHH,
a C IOMOMIBIO {_ OLIEHUBAIOTCS IOTEPH JABJIEHHS Ha CONPOTHBJIEHME TPe-
Hus. [Ipu HepaBHOMepPHOCTH 1107181 cKopocTel tiepen nuddysopom §
CceayeT yMHOXaTh Ha koadduimeHT 601blite €quHALBL

. E. Unenpyuk MpeasioxXua pacCYMTHIBATD IIOTEPH Ha ILIaBHOE pac-
mupenue 1o GopMye 115 BHe3anHoro pacmupenus (5.31), BBoad B Hee
KO3(DhHIMEHTH CMSITYEHHS WK TIONHOTH YAapa (¢ ), KOTOpbIe onpe-
JeJSI0TCS. U3 BbIpaKeHUs

pacu

pacu

o 1,25
Opac =Rp| 87 | (5.33)
rae k, — ko3 dunment, sasucamuil ot dopmel auddysopa. Aas

KOHMYEeCKHUX U IIocKux nuddysopos k A 3,2; 1 nMpaMUIANBHBIX 1HD-
(py30pOB C pacmiuperueM B ABYX ILIOCKOCTAX k, = 4

KoadduimeHt conpoTUBIeHUs TPEHNA au$¢)y30pa KpyrJjoro ceve-
HHUS ¥ NPAMOYTOJILHOTO C OJMHAKOBBIMH YTJIAMH PACUIMPEHUSI B 06eHMX
IJIOCKOCTSAX BRIYUCAsieTcs: 110 hopMye

o=—* (-1} (5.34)
83in§ n

19 3ak. 390 289
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Puc. 5.16. ameHeHHe ckopocTeii U AaBieHUH B KOJIeHe:

1 — BuXxpeBasi 00/1aCTh y BHYTPEHHEH CTeHKH; 2 — TO XKe y BHellIHed CTeHKH

HzornyTsie (hacoumHble YaCTH BO3AyX0BoAA (K0JeHa, oTBO/bI). B Mec-
Te u3rnba BO3IYXOBOJA TIOSBJISIOTCS LIEHTPOOEXKHBIE CHJIbI, HAIIPaBJIEHHbIE
OT 1IeHTPa KPUBU3HBI K BHEIIHEH CTEHKe, DTH CWIbI BBI3bIBAIOT IIOBBIIIIEHYE

Puc. 5.17. /IBuxeHHe nOTOKa BO3/IyXa
B Koslere (a) u orBoze (6)

290

JaBJIEHUST Y TIOBEPXHOCTH BHEII-
Heil CTeHKHU U TIOHWKEeHHe — Y T10-
BEPXHOCTH BHYTpEeHHeN CTEHKH.
CKOpoCTh TIOTOKa TMPH 3TOM
YMEHBIIAETCS Y BHEIHEH CTEHKH
U yBEJUYUBAETCS y BHYTPEHHeH
(puc. 5.16), 4TO 1103BOJISIET TOBO-
pUTh 0 NosiBAeHHH AU DYy30pHO-
10 a¢xpeKTa y BHEIIHEH CTEHKH H
KOH}yY30pHOTO y BHYTDeHHeil
CTEeHKH /10 IoBopoTa notoka. IToc-
Jie TIOBOPOTA TI0TOKA MECTa TIOSAB-
JieHUs 3THX 3DPEKTOB MEHAIOTCA.

duddysopHbie BAEHUS BbI-
3bIBAIOT OTPHIB MOTOKa M
BUXpeoGpa3oBaHie Y BHEIIHEH 1
BHyTpeHHeil creHok (puc. 5.16).
IpuuyeM BUXpeobpa3oBaHue y
BHyTpEHHeH CTEHKH UHTEHCHB-
Hel, TAK KaK OTPBIB MOTOKA B
3TOM MeECTe YCHUIMBAETCS UHEp-
L[HOHHBIMHU CUJIAMH, 3aCTaBJISI0-
UMY TTOTOK ABUTATHCS 1O Ha-
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Cevenue no 1-1
a) L] ] L]
Q)]

W

Puc. 5.18. ITapHbIii BUXPb B OTBOZE:

@ — TPOJOJIbHBIA pa3pe3 OTBoJA; 6 — MoMepeyHoe cedeHHe NPSIMOYTOJIbHOTO OTBO/3;
6 — TO XKE KPYrAOro OTBOAR

1paBJIeHHIO K BHEIIHEH cTenke. VI3 puc. 5.17 suano, uto Buxpeobpazosa-
HHE B Kojienax Gojiblie, 4eM B OTBOJAX, NOITOMY U MOTEPH JaBjieHus B
MECTaX YCTRHOBKH KOJieH GoJbIie.

Hanuuue mentpobexyoiil /Bl H IOTPAaHUYHOTO C104 BefeT K 06pa-
30BaHHIO BTOPHYHOIO TEYEHMSI BO3yXa B [IONEPEYHOM HarlPaBleHUH, HIH
TaK Ha3blBaeMoro napuoro suxps (puc. 5.18). Hanoxenue storo suxps
Ha OCHOBHOM NOTOK BAOJIL OCH BO3LYX0BOJIA CO34aeT BUHTOOOPA3IHOE IBU-
XEHHE BO3ZyXa B MeCTe M3arnba BO3AyxoBoaa (B KoJeHe HJIH OTBOAE).
O6umit Ko3hHUIHMEHT CONPOTHBICHUA KOJIEH H OTBOIOB COCTOUT M3
IBYX 4yacTeit: ko3¢ ¢huiueHTa MECTHOIO CONPOTURJIEHUS TIOBOPOTA H CO-
NPOTHBJIEHUA TPEHUA.

CymecTBenHOe yMenblIeHne COTPOTUBIIERNA KoJleHa MOXeT GBITh
MOCTHTHYTO CKPYyTJIEHHEM OCTPOU BHYTpeHHEH KpoMkH. CKpyrieHue
BHELIHEM CTEHKHM [IPU COXPRHEHUH OCTPOM BHYTPEHHEH KPOMKH He faeT
3aMETHOTO YMEHDIIEHHS COMPOTUBIeHNA Konena. ConpoTuBieHHEe KO-
JIEHA MOKET OBITh CHUXKEHO TaKKe YCTAHOBKOM Hanpas/IAoIIMX Jona-
ToK (pHc. 5.19).

Macounbie YacTH 15 pas3/ieJiCHHsA WIH CHMAHUS MoToKoB, K 5THM ya-
CTAM OTHOCATCSA TPOWHHKH M KPECTOBMHbI. TPORHHKM ABAAIOTCA OXHUM
U3 CaMbiX PAaCTPOCTPAHEHHBIX 3/IEMEHTOB CETH BO3LyXOBOJOB, [IO3TOMY
TOYHBIE 3HAYEHMS UX KOIDGDHUIIMEHTOB MECTHBIX COTIPOTHBIECHHIA COBEP-
[IEHHO HeOOXOMUMBI AJIS BBIIIOTHEHHS a3POJMHAMHUYECKOTO PacyeTa BO3/Ly-
XOBOZIOB. AHATTUTHYECKOMY M 3KCTIEPUMEHTATBHOMY OIIPEIETEHHIO CONPO-
THMBJIEHMI TPOMHHKOB MOCBANIEHO MHOTO pabot. OqHAKO 10 HACTOALIEro
BPEMEHY elife He CO3AAHO AOCTATOYHO HANEKHOIO W yA0OHOTO ANA MpaK-
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TUYECKOIO MCIIOJIb30BaHHUA aHa-

a) é JIMTUYECKOTO METOJA Pacuera, a
f Y L" MMeIoNMeCs B CIIPABOYHMKAX KO-
w_s N w % 3pGUIMEHTH He 0XBaTHIBAOT
5 Bcero MHOroo6pasusi BCTpeYaro-

IMXCS HA TIPAKTUKE CIy4yaes.

Kaxapiit Tpoitanx (puc. 5.20)

cJleflyeT XapaKTepu3oBarh YIJIOM

ﬁ o5 OTBETRIIEHHS QL OTHOIIEHHNEM TIJIO-

A TOIMNEePeYHOro Ce4eH!s OT-

& BETBJIEHNS] Y IPOXOAHOTO Y4acT-

Ka K IJIOMa/i¥ cedeHust cG0pHOro

BO3/yX0BO, T. €. f./f, u f,/f,, o1-

HomrexneM pacxonos L /L, L /L u

‘\\ cxopocrel w,/w, u w, /©. Bece

TPOUHUKH MoryT paboTarh Ha

BCAacbIBAHUU, U TOIZa2 B HUX NPO-

MCXOIUT CAUSIHUE TIOTOKOB, U Ha

HarHeTaHWy, U TOrna B HUX Ha-

Puc. 5.19. Hanpasasiolye sonaTky OatofaeTcs pasgeneHme TOTOKa,

B KOJleHaX ¥ O0TBOJax: Ilpu cnusiHuM B TPOUHHUKeE

a — npounMpOBaHHbIE; 6 — TOHKME ABYX MOTOKOB BO3[yXa, ABHXKY-

no gyre 95° @ — KOHUEHTPHYECKHE IUXCSL C P23/THYHBIMH CKOPOCTS-

MM, IPOMCXOIUT TypOYIEHTHOE

cmemenue (ynap), YTo CBA3aHO ¢ NOTePsAMH gasieHusA. KpomMe sToro, Jas-

JIEHME TEPSETCA Ha TIOBOPOTE BO3AYIIHOTO NOTOKa M3 OTBETBJIEHHSA B CO0p-

HbLI BO34YX0BOZ,. 3eCh Hab101aeTCs OTPHIB MOTOKA OT IOBEPXHOCTH CTEH-

Ku, Buxpeobpaszopatie, CkaThe CTPYH U TOCTeAyIolee paciiupenie (puc.

5.20, 6). Kax BuauM, CONPOTHBJIEHHSA, BO3HUKAIOI[HE B TPOMHUKE, CKa3bi-
BAIOTCA HE TOJBKO B OTBETBJIEHHH, HO U B [IPSAMBIX YYaCTKaX.

IIpu pa3pesieHuH MOTOKa B HarHeTaTeJbHOM TPOMHHMKE MOTEPH 1as-
JIEHHSI COCTOAT M3 MOTEPh Ha yAap NPH BHE3aTHOM PaCIIMPEeHNH NOTOKa
B MECTe €ro pa3je/ieHHs U MOTEPb HA MOBOPOT IOTOKa B OTBETBJEHHE.
10 siBJleHUE BLI3BIBAET yJap B PSIMOM IIPOXOE.

OcobeHHOCTbIO TPOMHUKOB ABJAETCH TO, YTO MX KO3DMUIMEHTH MeCT-
HBIX COIPOTHBJIEHNI MOTYT NOJTY4YaTh OTPUIATENILHOE 3HaueHue. Tak, npu
w,< w_3HaK «MHHYC» UMeeT KO3(D(DHUIMEHT MECTHOTO CONPOTHBJIEHHSA B
OTBETBJIEHKH, a IPU @, < ), — KO3(HUIMEHT NPOXONHON YACTH TPOMHUKA.
OTO 03HAYAET, YTO B TPOMHHKAX MOKET HOLYYHTHCS] 3XKEKIHSI, CTPEMSANIAS -
CA N3MEHMTH HanpaBJeHNe JBHKEHMSI IOTOKa Bo3ayXa. B asponunaMuyec-
KOM OTHOLIEHHH CAMBIMH BBITOIHBIMH CJIEyET CUUTATh TPOUHHUKH, Y KOTO-
pex f=fi+ fnw =w=w,

R
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6 Cxcamue

Puc. 5.20. Cxema ABMXKEHHs BO3LyXa B TPOMHUKE:

a — CJMsiHYMe WJIM pasjieJieHde IOTOKOB MOJl YIJIOM; 6 — Buxpeobpa3oBaHue
TIPH C/IMSIHAM [IOTOKOB

Becbma nozpobubie cBeIeHHS O BCEX BO3MOMXHBIX a3pOAHHAMMYEC-
KUX CONPOTHBIEHUAX MOXKHO HalTu B kKanutaibHoM Tpyze V. E. Unens-
yuxa [7].

§ 5.5. MeToauka pacyera pa3BeTBIECHHOMH CETH BO3IyXOBOAOB

B navasie raasbi 6bumM chOPMyIMPOBAHBL 33/134H a3 POTUHAMHYECKOTO
pacyeTa BO3LyXOBOJOB B caMoM o0meM Buge. Ho kakosbl 6b1 HU GbLIH
3TH 3a7a4y, NEPEL PACYETOM NOJIKHEI ObITh M3BECTHBI KOTUYECTBA Tie-
peMenaeMoro Bo3yxa, Uto Kacaercsi HCKOMBIX BeTHYHH (IUIomazei
NONEPEYHBIX CeYEHHI BO3MYXOBONOB M HEOGXOIMMOTrO JIsl IepeMele-
HMS BO3yXa [aBJIEHUS), TO Ha IPAKTHKE MOTYT BCTPETUTHCS CIeLYI0-
Li[{e CyYau:
1) nasnenue 3amaHo, TpeOYeTCsl ONPENENUTD IUTOWALU MONEPEYHBIX
CeueHH# BO3/yXOBOJOB,;
2) M3BECTHBI NIOTIEPEYHbIE CEYECHUS BO3YXOBOOB, HA/IO ONPEAEIIUTD
HeobXOIMMOE 1aBJIEHHE;
3) tpebyercs Haiitu 06€ HCKOMbIE BEJIMUMHBL
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Puc. 5.21. [Inan (@) u paspes (6) coopykeHHs1 ¢ HAHECEHHbBIMHM Ha HUX
3JIeMEHTAMHU TIPUTOUHOM CHCTEMbl BEHTHIIALUH:

1 — xano3uiiHas peweTka; 2 — MPUTOYHAsT KaMePa; 3 ~ POTHBOINbLIbHbIE (HHUIIBTPHL;
4 - xanopudep; 5 — BEHTUAATOD; 6 — BO3AYXOBOIBL; 7 — IPUTOYHbIE OTBEPCTHS
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[lepBbiit cayyail XapakTepeH AJs cereil BO3IyXOBOLOB CHCTEM eCTe-
CTBEHHOU BEHTHJISILIUH, KOT/]a PacyeTHasl BeJIMYMHA JeHCTBYIONETO AaB-
JIEeHUS. HE MOXeT ObITh H3MeHEHA. BTopoit MoXxeTt uMeTh MecTo, KOraa
CeYeHUs BO3AYXOBOJOB 327al0TCA N0 KOHCTPYKTUBHBIM HJIH apXUTEK-
TYPHHIM CooOpaxeHusM. TpeTHit — campliil pacCpOCTpaHEHHbIH B TIPaK-
THKE€ TPOEKTHPOBAHHUSA CUCTEM BEHTHJISAUMU U KOHAULHMOHHPOBAHUS
Bo3ayxa. C KakuM OBl CTy4aeM U3 YMCJIa NEPEYUCIEHHBIX HU IIPUXOAH-
JI0Ch UMETh JIEJIO, IPUHIMITHATbHBIE OCHOBBI a3POIUHAMHYECKOTO Pac-
yeTa CeTH BO3LYXOBOAOB coxpansiorcsa. Haubosiee CioxHbIM gBaseTCS
TPETUH, IPUMEHHTENBHO K KOTOPOMY M M3JIaraloTCsi OCHOBHbBIE I1OJIO-
JKEHUSA METOIUKH Pacyera.

Ilepes MpoOM3BOACTBOM a3POIMHAMHYECKOIO Pacyera CeTH BO3AYXO-
BOZIOB /I0JH2 ObITh TIpOJEIana HEKOTOpPask NOArOTOBUTENbHas paborTa.
Ita pabora OOBYHO COCTOUT M3 CJENYIONNX ONEPALMIA:

1. Tpaccupoexa cemu. Ha nnansl aTakeil U pa3pes3bl COOPYKEHHS Ha-
HOCHTCA BCe 000PYA0BAHHE CHCTEM BEHTHIISILIMYU M KOHIUI{HOHU-
pPOBaHUS BO30yXa, HAMEUYAIOTCS MECTa IS BHIIIYCKa BO3/yXa B
NIPUTOYHBIX U 3260pa BO3/IyXa B BHITSKHBIX CHCTEMAX, @ TAKOKE OI-
pemesisieTcss MECTOIOJIOKEHHE BCeX Bo3qyxosonos. Ha puc. 5.21
TIOKa3aHbI MJIAHBI H Pa3pe3bl COOPYKEHUS C HAHECEHHbIMH Ha HMX
dJleMEHTaMH TIPUTOYHOU CHCTEMBI BEHTHIISII[MH.

2. Paspabomxa axconomempuuecxoti cxemnt. Ilocie TOro Kak yrodse-
HO PacToJIOKeHHe BCeli CHCTEMBI B 0ObEMe COOPYIKEHHS, BEIYEPYH-
BaeTCA ee aKCOHOMeTpUYecKasi CXeMa, KOTopasi aeT BO3MOXKHOCTD
TIOJIYYUTDb BCe HEOOXOMUMBIE JIJISt pacyeTa CETH BO3yXOBOAOB pa3-
MephI U BEIABUTb MECTa YCTAHOBKH (DaCOHHKIX YacTell U MX KOHDHU-

Puc. 5.22. AxcoHoMmeTpHUYecKas CxeMa PUTOYHOH BEHTHIISILIMM
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rypaio. Ha puc. 5.22 npuBOIUTCA aKCOHOMETPUYECKAs CXeMa NPU-
TOYHOH CHCTEMBI BEHTUJIAINH, BbINOJHEHHAST HA OCHOBE MIAHOB U
pa3pe30B COOPYKEHMS.
3. Hazpy3xa axcoHOMempuuecKot cxemot u pa3buexa ee Ha yyacmgu.
ITon Harpysxoit cxeMbl IOHUMAETCA OTIpeaeTeHHE KOJIMYECTB BO3-
IyXa, NepeMeNaIoUIMXCA BO BCEX BO3IyX0Boaax cucteMsl. Kon-
YecTBO BO3MYyXa B €IHHHIY BPEMEHH, WU PACXOJ, Yal[e BCEro
BBIPaXKaeTCs B M /uac.,
Iockonbky aspoaMHAMHYECKHI pacyeT BO3MYXOBOIOB BHIMOJIHSET-
CA NOCcje TAKMX STaNoOB NPOEKTHPOBAHUS, KAK OIpejiesieHHe BO3IYXO-
06MeHOB, pa3paboTKa NPUHIMNHAILHON cxeMbl M noabop obopynosa-
HUA, HaUTH KOJIMYECTBA BO3yXa He npeacTaBaser ocoboro Tpyaa. 3aech
cledyeT ykas3arb, UTO B psjie ClyyaeB Nepej Harpy3Koil aKCOHOMETPH-
YecKoit cXeMbl HeOOXOAMMO NMPOM3BECTH PACUET BO3AYXOPacHpenesu-
TEJbHBIX YCTPOMCTB, TaK KaK KOJMYECTBO BO3IYXa, MOABOJUMOTO K
BO3yXOPACIPENENNTENIO, 0OBYHO 3aBHCHUT OT CO3JaBAEMBIX TEMIIE-
PaTypHOTO M CKOPOCTHOTO MOJENH.
Tlocne Toro kak akCoHOMETPHYECKAs CXeMa HarpyeHa, OHa pa3busa-
€TCs Ha yYaCTKM. Y YaCTKOM CYMTAETCS YacThb BO3yX0BO/a, B KOTOPO OC-

Puc. 5.23. AkcoHoMeTpuuecKasi CXema TIPUTOYHON BEHTH/ISILINK ¢ Pa3GUBKOM
Ha YYACTKH U pacrpeaesieHHeM Harpy3okK:

1-9 — HoMepa yyacTkos; L,—L, — pacXojisl Boajlyxa IO yYaCTKaM, &’/ uac;
[, -1, — nnunbl yuacTkoB, M; A, B — y3/oBble Touku
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TAIOTCS HEM3MEHHBIMH PAcXoJl M CKOPOCTh Bo3nyxa. Ha puc. 5.23 n3obpa-
MKEeHa Ta )K€ aKCOHOMETPHYECKas! CXeMa, YTO M Ha NPEJILIAYIIEM PUCYHKE,
HO C YKa3aHMEM PacXOJIOB BO3Ayxa u Pa3buBKoIl Ha yyacTku. Kpome HO-
MEPOB y4YaCTKOB Ha cxeMe 0603HaYeHb! BCE TOYKH, B KOTOPHIX UMEIOTCS
OTBETBJICHUS, WJIH TaK HA3bIBAEMbIE Y3JI0BbIE TOUKH.

Pacuyert ceTH BO3yX0BOZIOB HAUMHaeTCA ¢ BEIGOPa MarkcTpaiu. B ka-
YecTBE MarMCTpa/Iu Ha3HauaeTcsl Haubollee HAMPSIKEHHAS TPacca CETH,
HAXOISLIASICS B CAMBIX HEBBITOHBIX YCIOBHAX B OTHOIIEHHH NOTEPD J128-
JIEHHS Ha TPEOJOJIEHHE COIIPOTUBJIEHH M. DTOMY TPEGOBAHMIO OTBEYAIOT
TIOCTIe[0BaTe IbHO BKJIIOYEHHbIE YyacTku (0T 3abopa 1o BubGpoca), ume-
I0L[HE B COBOKYMHOCTH HaubOJIbIINE TIPOTSKEHHOCTh M HATpy3Ky. Mo-
JKET 0Ka3aThCsl, YTO ITH 1Ba MoKa3atens He Oyayt Habmonatecs y omHoMK
M TOM Xe TPACCHL, T. €. HauboJjiee MPOTSKEHHAsE TPACCca OKaXETCS MEHee
HarpyKeHHOMH, 1 Hao60pOoT. B 3TOM ciryuae BrIG0Op MAaruCTpaJjiy POU3BEC-
TH TPYAHee, HO OOBIYHO B KAUECTBE TAKOBOH cJiefyet HazHavyaTh bonee Ha-
TPYKEHHYIO TPAcCy CETH BO3IYXOBOJOB.

Tlocse BribOpa MaruCTPaIM BHIMOJIHSAETCS a3POAUHAMHYECKHI pac-
YeT CeTH BO3AYyXOBOAOB. ECTECTBEHHO, YTO TPEXIE BCETO JOJIKHBI OBITH
onpeeneHbl JTHaMETPhI YYACTKOB, COCTaBASIONMX MarkucTpalis, CyMmap-
HbIE COTIPOTHBJIEHHS BCEX ITHX YYACTKOB Ja10T BETUUYHHY JaBJICHUSA, He-
06X0IMMOro 17151 epeEMELIEHUsT PACYETHOTO KOMMYECTBA BO3AyXa B CETH
Bo3nyxosonos. Ilocie pacuera Marucrpaseit IPOM3BOTUTCH pacyer OT-
BETBJIEHHH.

CyumecTsyer MHOTO Pa3lIMYHbIX METOIOB a3POJHHAMHYECKOTO pacue-
Ta, U3JI0XKEHHE CYIECTBA KOTOPHIX MOXKHO HAHTH B suTeparype [15].

B paccmarpuBaeMOM ciyyae, KOTja CyMMapHble OTePH AaBJeHUs U
CeTH He 3aJ]aHbl, Yyallle BCEro UCIOJIb3yeTCsl METOT, B COOTBETCTBUH C KO-
TOPHIM BRIGHPAIOTCA 3HAYEHUA CKOPOCTH BO3yxa Ha yyacTke. Buibop 3Ha-
YEHU CKOPOCTH MOXET GbITh MOMYHHEH IKOHOMHYECKHM COOOpaKeHH-
aM. MeToabl 3KOHOMUYECKOTO pacyera M3JlaraloTca B CIelHalbHOM
JUTEparype.

YeMm nMKe Ha3HAYEHHAA BEJIHUYHHA CKOPOCTH, TEM MEHbIIIE [aBJie-
HYE [J19 IPEOLONEHHS COIPOTHBIEHHH CeTH, HO TeM Goblie pacxon
MaTepUajioB Ha BO3AYXOBOABL. JTO IPHBOIMUT, ECTECTBEHHO, K COKpPa-
HIEHMIO 3KCIUIyaTauMOHHBIX PACX0[08 (B CBA3M C MeHbIIEH 3aTpaToit
9HEPTHH) ¥ YBeJIHYEHHIO KanuTtasnosiaoxenuil. Kpome roro, Bo3myxo-
BOZBI ¢ 6OABIIMMH CEUEHHSAMU 3arPOMOXK/IAIOT NOMELIEHHS, UX YCTa-
HOBKa B CjlyYae OTPAaHHYEHHOH BBICOTHI OMeU[eHUH U GonpIIol Ha-
CHLIMEHHOCTH MX BHYTPEHHNM 060pyn0BanneM oObYHO HETIpHEMIIEMA.
ITo3TOMY OYEHD YacTO BBIGHPAIOTCA MRKCHMAJILHO IOMYCTHMBIE CKOPOCTH
BO3/IyXa B OTAEJbHBIX YYACTKAX CETH BO3AYXOBOJOB. ITH CKOPOCTH He-
PelIKO OrpaHM4MBaIOTCs TPeboBaHNAMK GecuryMHOCTH PabOTHI CHCTEM
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BEHTUJIAUMH ¥ KOHIMIIMOHUPOBAaHUA Bo3lyxa. Haubonbiine Bennyu-
HBL CKOPOCTEN Ha3Ha4yaloTCA B yyacTkax BOIM3M BEHTHJIATOPA. 3I€ECh
3HAaYEHMS CKOPOCTEi BO3lyxa Moryt Kojebarbcs ot 10 mo 15 m/cex.
HauMmensblilne CKOPOCTH IOJIKHBI OBITH B yYaCTKax, HMEIOMIUX BO3-
OYXONMYCKHBIE OTBEPCTHA B noMmeuieHuu. [Ipu 5TOM HonycTumas Be-
JIMYMHA CKOPOCTH 3aBUCHT OT Ha3HayeHHs noMmenehns. O6nuHO CKO-
POCTH B yKa3aHHBIX yYacTKax He JOJIKHBI IpeBHIIATh 4 M/cex. B npo-
MEXYTOUHBIX YYaCTKaxX CETH BO3IYXOBOJOB Ha3HAyalOTCH IPOMENKY-
TOYHbIE 3HAYEHUSA CKOPOCTH, KOTOPbIE€ YBEJTHYUBAIOTCS MO Iy TH K BEH-
TUJISITOPY.

[Tocsie Toro kak HaMeueHa BeJIMYMHA CKOPOCTH Ha yYacTKe w, M/Cex,
oIpeeIeTCsl oAb CeYEHUs BO3MYX0BO/A!

Fo_L . (5.35)
3600

Eciu Heo6xoauMo MMETh BO3MYXOBO/ IIPSAMOYTOJILHOTO CEYEHHS, TO
TI0 HAIEHHOU BEJMYMHE TIIOIAIU CEYEHUST MOKHO ONpeIe/IUTh pa3Me-
Phl BO3AYX0BOAA a X b. ITH pasMephl JOJKHBI OBITh TIPUBEIEHBI B COOT-
BETCTBHE C CYMIECTBYOIEH HOpMabio. [locne 3TOro ciexyer yTOUHUTH
3HaYeHHEe CKOPOCTH.

Ouenb YacTo ceyeHHE BLIOMPAETCA MIPSIMOYTOJIbHBIM H3-32 OTPaHH-
YeHHOU BHICOTH MOMeueHUus. Torna oauH U3 pasmMepos (a) Ha3Haya-
€TCs TaKMM, YTOOBI BEPTHKAMBHOE PACCTOAHME OT MOJA IOMEI[EHUS
10 BO3AyX0BOa ObLIO JOCTATOYHBIM A NPOX0/a yenosexa. Hanpu-
Mep, ecJid BeicoTa noMentenus 2,4 m, to a < 0,5 m. Ilocie onpepenenus
I BO3IYXOBOJA C pa3MEPaMH TIOTIEPEYHOrO CEYEHHs @ X b IKBHUBa-
JIEHTHOTO AuameTpa no dhopmyrne (5.26) HaxoAATCH yaeAbHbIE IOTEPH
naBJieHUA Ha TPeHHe R, a 3aTeM [MOTepH JaBjieHUS Ha TPEHHE Ha yYacT-
ke RI

J17151 onipe fesieHHs IOTEPh JaBIEH U Ha MECTHbIE CONPOTUBJIEHUSA N OJI-
XKHbI OBITH TOYHO YCTAHOBAEHH KOIh(PUIMEHTH BCEX MECTHBIX COMPO-
THUBJIEHMH Ha yyacTKax. [Ipu 5ToM conpoTHBIIEHUA TPOHHKOB H KPECTO-
BUH CJ€AYyeT YYUTHIBATh JIMIIb B TEX y4YacTKax, e IPOXOJHUT He
CyMMapHBIH TIOTOK, & €r0 YaCTH.

Tlorepu paBnenust Ha MecTHbIE CONPOTUBIEHHUS Z PaCCYNTHIBAIOTCS
no popmyse

z=2gﬂ, (5.36)

e X — cymma K03 HUIMEHTOB BCeX MECTHBIX COTIPOTUBJIEHMI Ha yya-
CTKe.
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[onubie noTepH naBjieHUA Ha NPEOLOJEHHE CONPOTURICHMIA TIPH IBH-
JKEHMH BO3/[yXa B YYacTKaX COCTABJIAIOT

Ah=RI+Z (5.37)

a IIOTEPH JaBJIEHHUA B MaruCTpajy M, CJea0oBate/ibHO, BO BCe# ceTu BO3-
OYXOBOJOB PaBHbI

H =2(R,-l,- +Z;). (5.38)
1

Pacuer Bcex OTBeTBIIEHNI 3aKTIOYAETCS B TAKOM TIOAO0OPE Ceye uit yua-
CTKOB, COCTaBJISION[HX OTBETBJIEHHS, TIPH KOTOPOM TOTEPH JaBJICHHS Ha
NPeoJONIEHHE CONPOTHBIIEHHI GbLTH ObI PaBHBI COOTBETCTBYIOIMM Y3710~
BbiM gasaeHusaM, Hanpumep, 1is cucremsl, u3o6paxeHHoM Ha puc. 5.23,
IIPH pacyeTe OTBETBJIEHHIL ClieyeT TOOHMBATHCS PABEHCTB

Ab, =RI+Z)+RI+2Z), (5.40)

UT. I

JloniycTHMOe pacxoXIeHne He MOJKHO TPEBhIIIaTh 5% OT COOTBET-
CTBYIOIIETO y3JI0BOTO JaBjieHus. ECau ¢ NOMOmbio HOPMATH30BaHHBIX
Pa3MepoB CEYEHUH BO3MYXOBOMOB ITOrO NOOUTHCS HEJb3S, HEOOXOIMMO
YCTaHOBUTb APOCCENbHYIO AuadparmMy ajist MOralieHUs YacTH H3OBITOY-
HOTO JaBJIEHUSL.

§ 5.6. AspoauHaMHyecKHe XapaKTEepHUCTHKH ceTeil BO3IyX0BOI0B

Jlns xax ol ceTH BO3MYXOBOIOB MOXKET OBITh MOCTPOEHa rpaduuecKast
3aBUCHMOCTb MEXY AaBICeHHEM, HEOOXOMUMBIM /1715 TiePeMELIEHUS BO3-
nyxa, u pacxonoM Bosnyxa. Eciu B popmyse (5.38) Bbipasuts sxogsanive
B Hee BEJIMYMHBI C IOMOIIbIO BeIpaxenHit (5.7) u (5.36), To HerpyaHo

ybequThCs, 4TO A JAHHOU CeTH TaKue BeJUYHHBI, KaK \|1—Uz'—- H ZC,

F2g
SBJISIIOTCS TIOCTOSIHHLIMH, @ 3HAYHT, IaBICHHE 3aBUCUT OT KBaJpaTta CKo-
poctd. Ho nockoJibky CKOPOCTb IMHEIHO CBA3aHA C PACXO0M, IOLYYUM
CEMYION[EE BRIPAKEHNE 71T XaDAKTEPUCTHKH CETH!

H=al®. (5.41)
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Ita Gopmyia cipaBennNBa /A TaKUX CeTell BO3AYXOBOAOB BEHTH-
JAUMK M KOHAUIIMOHHPOBAHHUSA, B KOTOPHIX OCHOBHBLIMH SIBJISIIOTCSI COTIPO-
THUBJIEHUS BO3AYX0BOA0B. EC/N B ceTH ycTanOoB/IeHO MHOTO (GUIIBTPOB IJISA
TOHKO#T M CBEPXTOHKON OYMCTKH BO3/(yXa, 3aBUCHUMOCTh /I XaPaKTepu-
CTUKU ceTH nprobperaer Bup

H=al’ +bL, (5.42)

rme bL — comportuBienHe PUIBTPOB B MPEAION0KEHHH, UTO NBIKEHHUE
BO37IyXa yepe3 3T (HILTPHI IPOMCXOIUT JTaMUHAPHO.

Buipaxenns (5.41) u (5.42) cnpasennusnl 15 yCJIOBHM, KOTAa 1aB-
JIEHHNS BO3/lyXa B MECTe NOCTYTIJIEHHUS B CETh BO3IYXOBOJOB U BHIXO/Ia U3
cetTu onqMHaKoBHl. Eciiu IaBjieHne B MeCTE BBIXOA U3 CETH BBIIIE TaBlie-

Q) ot b H, aljut %_('
I for
8 VHniput 9 | Halym’
o
] L lwoe & mlvoe
3] /

Puc. 5.24. I'paduxu 3aBHCHMOCTH MEXLY JaBJIEHUEM U PACXOIOM
BO3/yXa B CETH:
a — s 3asucumoctd H=al? 6 — 14 3apucumoct H = al2+ bL;
6 — 114 3aBucuMocTH H = aL? 1py HaiMuuu B IIOMelleHUH OJI0pa BelHYMHOK Ap,;
2 — anst 3aBucumocTd H = al? py Hanuduu eCTECTBEHHOM TSTH BETUUMHON Ap,
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HUsL B MecTe 3a060pa, BEHTUIATOPY NIPUXOAUTCH TPeof0JieBaTh IOATIOP
Ap , ¥ TOTZIa XapaKTePUCTUKA CETH UMEET BUJL

H=al? +bL+Ap, . (5.43)

B ciyyae xorza fassienue B Mecte 3abopa Boaayxa Goubiie, yeM B Me-
cTe BbIXofa, Habmonaercs TAra Ap , momoraiouiast BeHtunastopy. Toraa
XapakKTePUCTUKA CETH MOXET ObITh BhIpaxkeHa hopmyioi

H=al?+bL-Ah,_. (5.44)

Ha puc. 5.24 uzobpaxenn rpaduky, unaiOCTpUPyONNe TPUBEIEH-
Hble B 3TOM TIaparpacde 3aBUCUMOCTH IJIsi XapaKTePUCTHK CeTell B3y~
XOBOJIOB.

§ 5.7. 3axoHOMEpHOCTH U3MEHEHHS TEMNEpaTyphl BO3yXa
TIPH €r0 ABMXKEHUH B BO3AYXOBO/IaX

B psige caydyaes Temmepatypa ABUXYIIEToCs B BO3AYXOBOJE BO3ayXa
CHJIBHO OTJIMYAETCS OT TEMIIEPATYPHI CPENBI, OKPYXKAIOIEN BO3TyXOBOX
cuapyxu. IIpu 3ToM HepesKO BO3HUKAET HEOOXOIUMOCTH OI[EHUTH U3Me-
HeHUe TeMIIEPATYPHI ABMXKYUIETOCS BO3AyXa, IPOUCXOslIee BCIeICTBHE
Temnoo0MeHa ¢ OKpyXatoei cpenod. 1ol cpesoit MoxeT OHITH BO3AYX
HOMel[eHNH, B KOTOPBIX HAXOAUTCS BO3YXOBOX, UJI¥ MAaCCHB TDYHTAa, €CJIH
BO3/1yXOBOJ SIBJISIETCS TIOA3€MHBIM.

Haubonpmuil npakTaueckuit MHTEPeC IpeACTaBseT cCaydait, koraa
TpebyeTcs onpeleiuTh HarpeBaHue OXJIaXAeHHOTO B IIEHTPATbHOM KOH-
JUIHOHEPE BO3/1yXa, MOAAaBaeMOro ¢ 3aJaHHBIMU TapaMeTpamMHu B 0OCaTy-
JKUBaeMble [IOMEIeHUsI C TTOMOIIBI0 CUCTEMB! OTKPBITO IIPOJIOXKEHHBIX
B03ayX0Bon0B. [locTymieHus Tensia IpyU 3HAYUTEIbHOW PAa3HOCTH TEM-
HEepaTyp MOTYT CYUIeCTBEHHO U3MEHUTD COCTOSHUE TT0laBaeMOTo B TIO-
MellleHHe BO31yXa, 4TO MOTPeOyeT JOTOMHUTENBHOTO OXJIAXKIEHUS TIPH
o6paboTke Bo3/yXa B LieHTPaIbHOM KoHauiuoHepe. Eciu BoaayxoBo-
Ibl HE UMEIOT TETLIOBOW M30JSAIUH, TPeOYeTCs 3HAYUTENbHO Goliblee
NOTIOJIHUTENIbHOE OXJIAXKeHNE BO3/[yXa, YeM B cJydae BO3IYXOBOMAOB C
TeIIoBoil usongnueit. OnHAKO YCTPOWCTBO TEILJIOBOM H30JISIUHU CBSI-
3aHO C JOIOJHUTEIbHBIMY KallUTaJbHBIMU 3aTpataMi. B HexoTOpBIX
ChielanbHbIX ClydasX HEOOXOANMO TakXKe YYNThIBATh CTOMMOCTb A0-
HOJHUTENLHOTO 00beMa TIOMeIlleHUs, 3aHNMAEeMOTr0 TEILIOBOM N30J5-
e, Pemense o 1me1ecoo6pa3HOCTH YCTPOUCTBA TEIUIOBOU HU30SIAH
WM 0TKa3a OT Hee [JOKHO TIPUHUMATHCS Ha OCHOBE TEXHUKO-IKOHO-
MUYeCKOTO aHalu3a.
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IMonyuenue HeoOXOAUMBIX 3aBUCUMOCTEH [Jisl COOTBETCTBYIOLIHX pac-
4EeTOB BO3MOXKHO B pe3y/ibTate pellieHns 3a1a4yl 0 3aKOHOMEPHOCTAX U3-
MeHeHHU sl TeMIIEPaTyPbl BO3/1yXa, ABYXYIIETOCA B BO3AYXOBOJE.

JlomycTuM, YTO B KPYT/IOM BO3IYXOBOZE C IUaMeTPoM d B M JIBHXKET-
€5 BO3[IyX C TOCTOSTHHOM CKOPOCTHIO @ B M/uac u pacxonom G B «kl /uac.
Temnepatypa oxpysxatoneil BO3AyX0BO BO3AYNIHOW Cpeibi TOCTOSIHHA
¥ BCIOAy oiMHaKoBa: £, = const. 3HayeHue K0a(pPUIIUEHTA TETLIoTIepe-
Jlau¥l OT ABUXKYIIerocs BO3Zlyxa K BO3yXy [TOMeleHHsI TAaKXe TOCTOSH-
Ho (k = const) 1/ NaHHOM BeIMYUHBI CKOPOCTH.

Homyctum TaxXKe, 4T0 TOCTYNAIOLHIA B BO3[yXOBOJ BO3AYX HMeeT B
HayaJIbHOM CEYE€HUHN TEMTIEPATYPY ¢, TOCTOSHHYIO BO BpeMeHH (TIPH 9TOM
t, # L, ipuMeM, 4TO £, < t_). 3aTeM IO BAUSHHEM TEILIOOOMEHA C OKDY-
XKatolle# cpefoi TemMnepaTypa Bo3ayxa uamenurca. Ecau ¢ > £, T0 Tem-
nepaTypa Bo3yxa OyleT pacTH II0 J/iMHe BO3AYXOBOJA.

Tpebyetcs HaliTH 3aKOHOMEPHOCTH U3MEHEHUST TEMITEPATY DI IBU-
XKYLIETOCS B BO3[YXOBOJIE BO3AyXa, HHAYE TOBOPS, ONIPeAeNUTb QYHK-
nu  (x).

Ecau npeHeGpedb KOJMYECTBOM TEILIA, BHIEASIONMMCS B PE3Y/IbTa-
Te TPEHHUS BO3AYyXa O CTEHKH BO3JYXOBO/A, TO I 3ieMEHTa AJTUHBI BO3-
NYXOBOJIa dX MOXKHO COCTaBUTH TAKOE PABEHCTBO:

knd[t, —t(x)] dx =Gedt (x) . (5.45)

B 2TOM paBeHCTBe JieBasg 4acTh — KOJMYECTBO TeILAa, OCTYIIAIoNee
B JIBHXKYIHICS BO3[[yX BCAEACTBUE TEMAO0OMeHa ¢ OKPYyKatouei cpe-
noii. IlpaBast 4acTh — TO e KOUIECTBO TEILA, TIOYYEHHOE JBIXYIHUM-
€5 BO3ZYXOM, YTO BHIPA3UIOCh B TIOBBIIIEHUY €r0 TEMIIEPATYPHl Ha Be-
auuuHy di(x).

PaspnenuB nepemeHHble, TONYYUM

_dtlx) _knd (5.46)
t.-tlx) ¢G

Wnrerpupys B ipenenax ot x = 0, xoraa reMneparypa HOCTyAIOLIETO
B BO3/lyXOBOJ BO3AyXa PaBHa t, [0 X, KOT/la TEMIIEPaTyPa ABUXKYIerocs
BO3Zyxa t(x), Haiinem

i Lot @) _knd

P oG (5.47)
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Ortciona nosy4uM HCKOMYIO 3aBUCHMOCTD /ISl OTtpenesieHust ((x):

knd
to~t t(x)z oG (5.48)
t' _

c o

Ecnu 6bl B BO3/[yX0BO/I€ TIePeMeIAJICs CHIBHO HarpeThil Bo3ayX (Ha-
HpUMED, 1Jisl BO3NYIIHOTO OTOTLUIEHUS ), IPH 9TOM £(X) > £, TO /1A OTIpe-
JieJieHUsT 3aKOHOMEPHOCTEHN €r0 OCThIBaHUSA MOXHO ObLTO MCIIO/NB30BaTh
aHANIOTUYHYIO 3aBUCHMOCTH

L)t _ (-M x) . (5.49)
to—t. cG

Dopmyay (5.48) MOXKHO IIPEACTABATH B UHOM BHJIE, €C/IM BBIPA3UTDH
Pacxoz B COOTBETCTBUHU C PABEHCTBOM

2
G =yw£§—— ) (5.50)

rhae 7y - oObeMHBIIN BeCc mepeMelaemMoro Bo3nyxa, kI /e,
Torna

&"f_(i)zexp[_ix). (5.51)
t dwcy

c_to

Wy, uto To Xe caMoe,

tetk)_ [_2_ka . (5.52)
L, - rwcy

C tO

Ecnu BO31yXOBO/l He KPYIJIOTO CedeHus, a 0o Apyroil ¢hopMsl, To
COOTBETCTBYIOHIASI 3aBUCHMOCTb IPUHUMAET BUJL

tc_t(x)_ _
¢ ~t _eXP(

L x] , (5.53)
Ye

c o

rae S u F — nepuMeTp ¥ IIOUAAh OMEPEYHOTO CeYeHUsI BO3AY-
X0BOJA.

3uavenue K0ahHUIUEHTa TeIUIonepenayu & B Cry4ae HEU30TUPOBAHHBIX
(TO/IBIX) CTAJIbHBIX BO3AYXOBOIOB MOXET ObITH OIpesiesIeHO Mo popMyie A7
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TUIOCKOH CTeHKH. B caMoM Jiene, KOJIMYECTBO TETLIa, TT0/iy4aeMOe BO3ITYXOM,
IBIDKYLUMCS BHYTPY KPYTJAOrO BO3yX0Boza (HA €VHULYY JJTHHbI), PABHO

t.—t
_ e~y , 5.54
O™ T Ty, .
a1nd1 27(}\, d1 (1275(12

rae d,, d, — cOOTBETCTBEHHO BHYTPeHHUIl M HAPYXXHBIH UaMeTpPBI
BO3ayXoBofa, d, = d, + 28;

o, — k03 buIMenT TemnooTaaYu (KOHBeKIel) oT BHyTpeHHeil mo-
BEPXHOCTH CTEHKH BO3AYXOBOJAA K ABUXKYLIEMYCSA BO3AYXY;

0., — K03 PUIMEHT TeNNOOTAAYM (KOHBEKI[HeH U JTy4encnyCcKaHueM )
K Hapy>XHOil TIOBEPXHOCTH BO3YXOBOJZ;

8 — TOMIUMHA CTEHKH BO3AYX0BOZA;

A — k02 dUIIHEHT TEIIOTPOBOAHOCTH MaTePHalia CTEHKH.

Jlna xonndecTBa TeIlIa, IEpPeaBaeMoOro B TeX Ke YCIAOBUSIX depe3
TLTOCKYIO CTEHKY,

_ ndy . —ty 555
Q=571 (5.55)
(11 A a9

ITockonpKy ToAmKMHA CTEHKH § B CTAJBHBIX BO31yXOBOZAX Mala, a
3HaveHue Ko3bduiueHTa TEILIONPOBOAHOCTH A CPABHUTENBHO BEJUKO,
cpefHuil YieH B 3HameHatese Gopmy (5.54) 1 (5.55) MOXKHO OTYyCTUTD

d d,+28
In=2 =[p—L==7
d 1

630K K HYJTIO (. Yro e KacaeTcst KoapPUIHeHTOB

TENAOOTAAYH O, U 0L, TO OHU MOTYT ObITh COM3MEPUMBI, TAK KaK IPH OIi-
peziesieHNH 0., HeoOXOMMO YYUTHIBATH, KPOME KOHBEKTUBHOTO TeILIo-
obmMeHa, elle ¥ JyYUCTHIH (OT IOBEPXHOCTEH OTPAXKIeHWH K HAPYXKHOI
TIOBEPXHOCTH BO3AYXOBO/A).

[Monenus (5.54) na (5.55) v IpousBeas HEKOTOPbIe IPeoOPa3oBaHus,
HOTYYHM

Qo __oitoy (5.56)
d
Q"" —(ﬁ(y +a,

Tax xak d,/d,= 1, konudecTBa Teruia, HOACYUTAHHbIE TIO PopMyiam
(5.54) u (5.55), oxa3bIBAIOTCS PaBHBIMU (QKp = Q) u, cIenoBaTeNbHO, B
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cAy4ae HeU30JUPOBaHHBIX (TOJIBIX) BO3ZYXOBO/IOB 3HadeH#e Koapduny-
€HTa Telionepesadyyd MoKeT IPUHUMATBCA KaK sl IUIOCKOH CTEHKH.

C yuetoMm BechbMa MaJIOTO TEPMUYECKOTO CONPOTHUBJIEHUS CTATBHOM
cTeHku popmyna npuobperaer BUj

1
e . (5.57)
1 1
—_ + ——
o 0Oy
O1ieHNM BeIMYUHY £ 21751 00bIYHbIX CTy4YaeB IPAKTUKH, KOTA TEMIIe-
paTypa oxJaxAeHHoro Bo3ayxa pasHa 10~15 °C, a remniepaTypa Bo3nyxa
noMenienus — 25-30 °C.
Koagdunuent tennooTaayu K JBUXYIEMYCsT BO3AYXY OT BHYTPeH-
Hell TOBEPXHOCTH BO3AYXOBOZA MOXeT ObITH onpeiesied 1o GhopMysie

Nu=0,023Re®® prf4 (5.58)

Torga ass pasiMYHBIX AXAMETPOB BO3/IyXOBOZA ¥ CKOPOCTEH BIXKE-
HUS BO3/(yXa BeIM4UHA 0., IPUHUMAeT Cefyolne 3Hadenus (taba. 5.3).

Tabnuua 5.3

3unauenus ko3 PUUHEHTOR TEIIOOTAAYH OT BHYTPEHHEH
MOBEPXHOCTH BO3[yXOBOJA K BO3AYXY

w, M/cex d,=03m d=05n d=10m
5(10{15]20(5 {10 {1520 5 [10]15{20
ey KAT__ 147 |25 |34 |42 |15 |22 |31 (37|13 ]19|27 |34
M2uaczpad

TemnooTaa4a K HapyXHOH NOBEPXHOCTH BO3[[yXOBOAA TPOUCXOAHUT
HyTeM CBOGOIHOM KOHBEKIIMH OT BO3/yXa MOMELIEHUS U JydencIycKa-
HUS 0T IoBepxHocTeil orpaxaenuit. Koaddunuent Temsmooraayu KoH-
BEKIeH BHIYUCASIETCS 110 BEIPAKEHUIO

Nu=0,135(GrPr). (5.59)

B ciiyyae HeN30IUPOBAHHBIX BO3yXOBOIOB Pa3HOCTH TEMIIEPATYP
HapyXHOM HOBEPXHOCTH U OKPYXKAIOUIEro BO31yXa OMEN[eHUS MOXKET
nocturayTh 10—15 °C, 4eMy COOTBETCTBYeT 3HadeHue Koapduimenra
TEIIooTAaYN KoHBekuuel o, = 3,34 ~ 3,26 xxar/m?- uac - epad (B
cpeanem 3,3 xxan/m?- uac - zpad). Konvdectso ayyuctoro Temna, Ie-
peJaBaeMoro OT II0BEPXHOCTEH OTpaXeHuit moMeneHus (cyMMapHast

20 3ax. 390 305



I'nasa 5

nrowmans F, cpenuss remneparypa T, ) x HapyXHO} HOBEPXHOCTH BO3-
AyxoBojia (TLIO0aAb ,» TEMIIEPATypa T2), MOET OBITH OIIPeNeieHO TI0
dbopmyne

.Y (5, Y
- =8’C F B — _2 y (560)
Qo =6l (100] (100)
, 1
rae € =——— - — OpHBeJeHHAasl CTeNieHb YEPHOTHI CUCTE-
1B
€ FH Ey

Mbl IOBEPXHOCTH OTPaXKIeHU# — OBEPXHOCTH BO3YXOBO/a,;

¢, — koahurment ussydenus abcomoTHo yepHoro Tena (c, = 4,96).
CuwurTast, 4T0 BO3YXOBOJ OKpAllieH Mac/iIsTHOH KPAackoH, a TOBEPXHOCTD
CTPOUTE/IbHBIX OTPXEHU T OIITyKaTypeHa, noaydumM e, = 0,92, =0,91;

TIPUHUMAsI §= 0,25, natinem &' = 0,9.

H
CaenoBatesibHO, K03bUIMEHT TEIIOOTAAYH TydeUCITyCKaHeM paBeH

4 4
09496 Ln | (T2
100 100

2a = (TH—TZ)

(5.61)

Jl7ist TeMniepaTyp, 0ObIYHO BCTPEYAIOINXCS Ha TIPAKTHKE, TEMIIEPATyp-
Hbli1 pakTOp

=1,07+4,08,

noatomy a.,, - = 4,8 kxan/m*-uac-zpad.

Taxum o6pasom, 06umit KoadpUITHEHT TEITO0TAAYH K HAPY)XXHO TIOBEP-
XHOCTH HEM30IMPOBAHHOTO BO3lyX0BOza o, = 8,0~8,5 xxan/m* - uac - zpao.
Cpennve 3nayenus: koapunuenra remnonepenadu o dopmyne (5.57)
IJIS Pa3NIKYHBIX IUAMETPOB BO3AYX0BOJA ¥ CKOPOCTEH NBHXEH U BO3/Y-
Xa MOTYT ObITb HalifieHbI 110 TaOu. 5.4.
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Tabruua 5.4
3uavenus K03 (PPHIHEHTOB TEILIOOTIAYH s BO3/IyXORO/IOB
w, M/cex d=03nm d=05xn d=10xm
511011512015 11011512015 [10(15]20
KKaT 5616,316,71|7,0(5,416,0(6,516,8(5,1|5816,3|6,7
Mm>uac-zpad

3unavenvie xoadpunMeHTa TEMNONepeaayd, OTHECEHHOTO K eUHHUIe
TLAOIAAY BHyTPeHHeH TOBePXHOCTH KPYT/AOTO BO3IyXOBOJA, UMEIOUIETO
TEIVIOBYIO U30/SAIUI0 (TomuHa 8, K0ah(pUIIUEHT TEMIOIPOBOAHOCTH
A.,.), omipeniensercs o popmyne

ua’

ky

p =
1 1 1
nd
and, 1 dy apndy | (5.62)
27{)\."3 d1

(TOMMMHOM ¥ TePMUYECKUM COTIPOTUBJIEHHEM CTABHOM CTEHKH [TpeHed-
peraem).

Koaddunuent Tennonepenadyu 11 mA0CKo#H CTEHKH ¢ TaKOH XKe Tell-
JIOBO# M30AsA1Ued paBeH

ho=— L . (5.63)

i+8ﬁ+i
o4 )“Ha oy

IMonyuuM oTHOIIeHHEe K03PDUIMEHTOB, onpeneneHHpix no (5.62)
u (5.63):

) o
1+ g, 4L

ko _ m_ Oy : (5.64)
km 1+ aidi In di + 28143 + aidi
2)“143 di 02 (di + 281{3 )

JL7ist BO3/[yX0BOJOB, UMEIOUMX TEILIOBYIO M30JISIIHUIO, PA3HOCTH TEMIIe-
paTyp MeX[y BO3LYXOM LIOMENIEHHS U HAPyXHOM NOBEPXHOCTHIO BO3JLY-
XOBOJZIa MOXeT OHTb IPUHATA 0KOJIO 1°, 1 Tora B coorsercTsud ¢ (5.59) u
(5.60) BenuuuHa o, OKa3bIBAETCSA TIPUMEPHO PaBHOH 6,0 Kxan/M*-uac-zpad.
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3nayenue kosbduurenta TenI00TAAYH o, CAefyeT IPUHIMATD TI0
Tabn. 5.3.

Ry

Hamu TIPOBENEHbI PacyeThl 110 Onpee/ieHUI0 = @ 0J 10CTAaTO4YHO

1181
WHPOKOTO AWana3oHa U3MeHeHUH CKOPOCTH IBUXKEHUS BO3-
nyxa (8—15 m/cex), nuamerpa Boszayxosoaa (0,3—1,0 ») u xoapdunu-
€HTa TeNJTONPOBOAHOCTH MaTtepuana TennaoBor usonsiuu (0,03—
0,05 xxan/m - uac - zpad). Okazanoch, YTO C JOCTATOYHOM JJISI IPAKTH-
4ecKuXx Iieied CTEeneHblo TOYHOCTH BEAMYHMHY () MOXKHO BRYHCJATH IO
npoctoit popmyie

q,J% . (5.65)
1

CrepoBatenibHo, K0a(hbULiMeHT Telionepeaayy oT BO3/[yXa oMellie-
HHS K BO3YXY, ABIXKYILEMYCS B BO3ZYXOBOJIE, UMEIOIIIEM TETIOBYIO U30-
JISIIIUIO, MOXKeET ObITh OTipefieJieH 110 BHIPAXEHUI0

k=Fk 0. (5.66)

3Hast BeT4uHbl K03 DUIUEHTOB TeIUToNepeiadi, MOXXHO PaCCUUTATh
U3MeHEHUs] TEMIIEPATyPhl BO3AYXa, ABIKYILEroCs B HEU3OIUPOBAHHBIX
M U30JIMPOBAHHBIX BO3lyXOBOJIaX.

Yro6bl IOKa3aTh, YTO B Psijie CJAyYaeB TEIIOBasg H30JSIHS COBEp-
eHHO HeoOXozuMma, IIpou3BesieM pacyeT TeMIepaTyphbl BO3AyXa B He-
U30JUPOBAaHHOM BO3/[yXOBOZE IS CAEAYIONINX YCAOBUI: UAMETD BO3-
nyxosona d = 0,3 M, cxopocts Bo3nyxa @ = 5 m/cex = 18 000 m/uac,
HayajibHas TEMIiepaTypa Bodayxa £,=15 °C, Temnepatypa Bo3ayxa B 1o-
mentenuu ¢, = 25 °C.

Koaddunuent rennonepegayu k 145 naHHbIX ycaoBuit (1aba. 5.3)
OKa3bIBA€TCsI PaBHBIM 5,6 kxai/m?- uac - ¢pao.

[TopcraBus B GopMyy (5.51) 3HAYEeHUSI COOTBETCTBYIOUINX BEJTHUHH,
HayzneM

25-t(x) 4-56
= =exp| - x
25-15 0,3:0,24-1,2-18000

OTCIO/la

t(x) = 25— (25 - 15) exp (—0,0145x) .

Ha puc. 5.25 npencraB/ieda ata 3aBUCUMOCTb, U3 KOTOPOi BUJIHO,
410 Npy 6ONBWIOH TPOTAXREHHOCTH BO3AYXOBOAA, paboTarouero B aaH-
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HBIX YCAOBUAX, IPOUCXOAUT CUIbHOE HAarPeBaHUe OXAaXKI€HHOTO BO3[yXa
B HEM30JMPOBaHHOM BO3IyXOBOJIE. TaK, IPU POTSIIKEHHOCTH BO3IYXO-
Boma x = 100,0 » #(x) = 22,7 °C, 1. e. BO3ayX Harpepaetcst Ha 7,7 °C.
EcrectBenHo, 4To B 9TOM ciydae nefecoobpasHee IOKpHIBaTh BO3LYXO-
BOZIbI TEILIOBOU U30MsA11MeN, YeM IIpe/lyCMaTpPHBATh JIOTIOIHUTEIbHOE OX-
JaxieHue Bo3ayxa. OaHako, kak IpaBu/io, HeoOX0UMO COTIOCTABASITH
pacxonpl Ha yKasaHHOe NONOJTHHUTENbHOE OXMaXK[IEeHUe C 3aTpaTaMy Ha
YCTPOHUCTBO TEMLAOBOHN U30SAIUH.

Ecau HyxHO obecrieduTh IOCTYIIEHUE BO3AyXA B IIOMENEHUE C TEM-
nepaTypoit ¢, KOTOpAasl HUXKe TeMIIepaTyphl £, TO U3 KOHAMIMOHEPa BO3-
AYX JOJXEH BBIXOAUTD C TeMHepaTypoﬁ to < t“.

ITony4um BhIpaXkeHue AJMs ONpellefieHUs] PA3HOCTH TEeMIEpPaTyp -
At =t — t, T03BOAIAIONIEE OLIEHUBATD 3ATPATHI HA ZOTOJIHUTENBHOE OXAAXK-
ZleHue BO3/lyXa B KOHIUITUOHEDE.

PasnocTs ¢,- £, IpeficTaBuM B BHIE

to~t,=t, —t; +At. (5.67)

Ioncrasus (5.67) B (5.51), Haiinem

ﬁ_zexp - 4k x| (568)
to—~ty +AL ycwd

W= Inen L% |
e, Td=Gom
4,-15%
t —t,=const

T

Q
S8

=T

3
84
/
o
y

/e
\w

15

W— 70 W % & 04wz

Puc. 5.25. I'paduk naMeHeHVs TEMIIEPATYPhl ABMKYLIETOCH BO3LYXa
B 3aBUCHMOCTH OT AJHHE! HEH30IHPOBAHHOIO BO3LyXOBOAA
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TI'nasa 5

HOCJIG}IHIOIO 3aBUCHUMOCTD 3aliviieM UHade:

t.—t, +At - ex 4k .l (5.69)
t.—t, yewd

c

Orciona MOXHO HaiiTH BBIPOKEHHUE JIJIs1 HICKOMOH pasHOCTH TeMIiepa-
TYP, TPEACTaBAsIONER Co00H TOTPeGHOE AOTIONHUTENBHOE OXAAXKEHUE
B KOHIUIIUOHEDE;

Ak
A=, —t ) e™ 1] (5.70)

Bu 3aBUCHMOCTH 7151 TOTPEOHOTO IOTIO/THUTEIIBHOTO OXJIKIeHus Oy et
ORXUMHAKOB /LI HEM30JHPOBAHHbIX (TOMbIX) BO3ZAYXOBOAOB Af" U /I BO3/LYXO-
BOZIOB, UMEIOIMX TEIUIOBYIO M30JSMIO, At". Ho HOCKOMbKY /17151 COOTBETCTBY-
101X KoahUIEHTOB TeIvIoTepeIadi MOXeT ObITh 3alIUCAHO COOTHOLIEHHE
k" > k*, maiizem A¢* > Ar*, DopMyna 1y OTipenesieHUs] BEIMMHHDI JOTOIHH-
TENIHHOTO OXJIK/IEHHS BO3/(YXa B TOJTBIX BO3LYXOBO/AX MOIYYUT BHJL

4k" AR"
—x —x
AT A" =t D=, -t ) e —e™® | (5.71)

H r u
Pasnoctb t0 — I, TO3BOJisIeT HAMTH CYMMApPHYIO 9KOHOMHIO X002
3 ipu 06paboTKe Bo3AyXa B IIEHTPATIbHOM KOHANIIMOHEDE:

9= -1t ¢, G, | (5.72)

Tlle ¢, — TEMIOEMKOCTH BAKHOIO BO3/yXa, 06pabaThIBaeMOTO B KOH-
IULHOHEPE;

& ~ xoahdUIMEHT BIaroBbIe/ieHUs, XapaKTePU3yIOUIUH yroJ Hak/Io-
Ha npoliecca 06paboTKU BO3AYXa B KOHAUIHOHEDE;

1 — 9¥CJIO YaCcOoB, HA KOTOPOE PacCUYUTAHA TIPOJAOIKUTENBHOCTD JKCII-
JiyaTalliy TeNI0BON U30AAIUY;

P_— ctouMocTb eIMHUIIBI XOK0/1a C YYeTOM SKCILTyaTalluOHHBIX U Ka-
UTAJIBHBIX 3aTpar.

Hononuutesnpusle pacxoasl K, cBsi3aHHBIE C YCTPOHCTBOM TEILIOBOM
U30JSIIMH O, Ha BO3AYXOBOAE AJMUHOM X, UMelouleM nuaMetp d, paBHbL
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K=n(d+8,,)8:%VsPra (5.73)

rae y,,P - 06BbeMHBI Bec ¥ cTouMocTb 1 kI TenmoBoil H30sI1uH.
Eciu yuecTb TakKe YBeJIMYEHHE CTOMMOCTHU COOpYKenusi AK B cBsisu
¢ Bo3pacTaHueM 00beMa, 3aHMMAeMOro BO3/[yXOBOJAAMH, TO CJIEAYET K

pesmunne K npubasurb AK:

AK =7 (d +8,, )8,,27 1, Ps . (5.74)

rae P, — CTOMMOCTb CTDOHMTEJbHOH YaCTH COOPYXKEHHMs, IIPUXO/S-
mgasicst Ha 1 #% BHyTpennero obbeMa.

TakuM 06pa3doM, YCTPOICTBO TEMIOBON H30MALAN BO3AYXOBOJOB,
HpeiHa3HAYEHHDBIX JiJis1 TDAHCIIOPTUPOBKHU OXJIKACHHOTO BO3/IyXa, 9KO-
HOMUWYECKHU onpaBjibiBaercst, eciu K+ AK < 3,



I'maBa 6

BEHTHUJIATOPDI

§ 6.1. Knaccupuxanus BEHTHIATOPOB

BeHTHASITOPaMH HA3bIBAIOTCS BO3/[yXOAYBHbIE MAIIUHBI, CJIY KaIUe 1JIs
nepeMeIeHs Bo3/lyXa U pasBUBAIOIUeE TIpH 3TOM [aBJICHHE HE BbIlle
1500 xI/m?. BeHTHIISITODBI SIBJISTIOTCS. PAa3HOBU/IHOCTBIO HarHETaTe bHbIX
IU/IPaBINYECKUX MAIIMH- HarHeTaTe e, mpelHa3HaueHHbIX I epeme-
HIEHUS] JKUAKOCTH.

Bce Harnerarenu MoryT ObiTh MOZipa3/ieieHbl Ha TPH KJlacca:

a) o0beMHBIe, B KOTOPbIX SHEPIHSI MEPERAETCS XKUAKOCTH B Pe3yJib-
TaTe CKaTus ee pabouuM opraHoM. K yuciy Takux HarHetarenei
OTHOCATCS OPUIHEBbIe, 3y0uaThie ¥ NJIACTHHYATHIE;

6) cTpyiiHble, B KOTOPbIX SHEPIHUs, HEOOXOAMMAS /1151 IBHXKEHUST KU/ -
KOCTH, IOJIy4aeTCs BCJIe/ICTBUE CMENIMBAHUS ee CO CTpyeil akTUB-
Hoit uin paboueit xxuaxoctu. IlpefcTaBuTesnemM CTPYHHbIX HarHe-
TaTesell MOXeT CIY’KUTb BOAOCTPYHHBINH HACOC UM 5A€BATOD;

B) JIOMATOYHbIE HATHETATEJH, HCIOJIb3Y01IHe 3D (eKT 3aKpyYHBaHUs
1 CXKATHUS JKUIKOCTH BPAIAIONIAMCST pabounM KosecoM. Jlomaroy-
Hbi€ HarHETAaTeIM MOTYT ObITh HEHTPOOEKHBIMH, OCEBBIMH U BUX-
peBbIMH. Ecsin nepeMeiiaeTcst KanesbHast XKUIAKOCTb, JIOMATOUHbI
HarseTare/ib Ha3bIBaeTCS HACOCOM. B ciyyae nepeMenieHus ra3on
B KayeCTBe HaTHeTaTeJeH UCIOJIb3YIOTCST BEHTUIIATOPbI, BO3AYXO0-
AYBKH M KOMIPECCOPbI, KOTOpblE OTIUYAIOTCA JIPYT OT Apyra Be-
JINYMHOH Pa3BUBAeMOrO JIaBJIEHUS: iJisl BO3AYXOAYBOK 3TO /iaBJie-
Hue He npeBbitnaet 3 amum (30 000 xI'/m?), Anst KOMIIPECCOPOB OHO,
KaK [PaBUJIO, 3HauuTe IbHO GobIne.

IIpumensieMble B HacTosiniee BpeMsl BEHTUIATOPH Pas3/ieNsioTCs 1o
NPUHIUIY JeHCTBYS Ha LeHTPobeXHbIe U oceBbie. B cicTeMax BeHTHIIS-
MU ¥ KOHAMIUOHUPOBAHHUS BO3/yXa 00JIbIIoe pacIpocTpaHeHHe MoJy-
ynu nepBbie. OceBble BEHTUIATOPbE UCTIOJIb3YIOTCS TIAaBHbIM 00pazom
B TeX CJIyyYasiX, KOr/Zia Hafo nepeMeniaTh BoaayX Oe3 ceTH BO3/yXOBOJIOB,
TaK KaK OpH OOBIYHBIX /IJIS1 CHCTEM BEHTHJIAUMU U KOHAMLMOHUPOBAHHUS
pacxofiaX Bo3/lyXa pa3BUBAaEMOE OCEBBIMU BEHTHJIATOPDAMH JaBJIcHHE He-
JOCTaTOYHO AJISI IPEOJIOJIEHUSI COMIPOTUBJIEHUH CIIOXKHBIX CETE€H BO3AY-
XOBOJOB (CTeAyeT yKa3aTh, YTO B HEKOTOPBIX THIIAX OCEBBIX BEHTHJISTO-
POB, CO3/IaHHBIX B NMOCJEJHHUE rOfibl, YAAJIOCh HECKOJBKO MOBBICHUTH
JaBJIEHHE BO3JyXa).
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BeHTHATOPbI, KaK H BCE JIOMATOYHbIE MATIHHbI, IPHHATO K1acCHPH-
UMPOBATh 110 KPHTEPUIO OBICTPOXOMHOCTH, KOTOPbIH HAa3bIBAETCS TAKKe
yZieTIbHBIM 4HCIIoM 060poToB. KpurepHit GbICTPOXOHOCTH onpesenser-
CS1 JI7Is1 ONITHMAJIBHOTO PeXKMa PaboThl BEHTUIIATOPA, COOTBETCTBYIOME-
ro 3HauenuIo Makcumanbroro KII/l, no caeaywomeit popmyae:

%
ny=c—L—r:/—, (6.1)
B 4

p

rie L — npou3BoAMTeNbHOCTD (PACcXO/) BEHTUIIATODA, M3/ cex;

P — pa3BuBaeMoe BEHTU/ISITODOM JiaBJieHue, kI/m?;

7 — 4nCyI0 0B6OPOTOB B MUHYTY;

p — TUIOTHOCTH Bo3xayxa, I - cex?/m* (p = v/8);

¢ — 4KMCA0BO Koo DHIHMEHT MPONOPHUOHANBHOCTH.

®uanueckuil cMBICT, KpuTepHsi OBICTPOXOAHOCTH MOXKHO MPEACTAB-
JISITh KaK 4YHUCJI0 0O0POTOB BEHTUJIATOPA, KOTOPHIHM TPU ONTHMAJIbHOM
pexxume nogaeT 1 43 Bo3fiyxa B CEKYH/Iy, PAa3BUBas NIPU 3TOM JIaBJICHUE
P = pc'/A. BemunHa 4ucioBoro koaddunueHTa mponopHOHatbHOCTH
¢ = 0,87, v mo3TOMY JI/IS IVIOTHOCTH BO3/IyXa MPH CTAHAAPTHBIX YCIOBUSIX
p = 0,122 T - cex*/m*:

L}én L}én n‘\/z (62)
n, =087 == : :
p Y P* |pJp
0,122

EcTecTBeHHO, 4TO eCJH, TIPH IPOYUX PABHbIX YCJIOBHSX, OAHUM BEH-
THJISITOPOM BO3/IyX TIOAAETCS DU 3HAYMTEIbHBIX JABICHUSX, a JPYTUM
npu HeGONbLINX, KPUTEPHUiT GHICTPOXOHOCTH BO BTOPOM ciydae Oyzer
Gobiie. [T03TOMY /1151 OCEBBIX BEHTHUIISITOPOB KPUTEPHA ObICTPOXOAHOC-
TH HAMHOTO BBIIIE, YeM JJIsl {eHTPoOeKHbIX. OBBIYHO IpH n, > 100 cne-
AyeT BHIOMpaTh OCEBble BEHTU/ISITOPBI, a TIPH n,<100 - 1IeHTPOOEKHbIE.

§ 6.2. IlentpobesxxHble BEHTHIATOPHI

HCHTpO6e}KHbIe BEHTHUJISITODDI SIBJISIIOTCSL B HACTOSIILIEE BpEMsT BECbMa pac-
MMPOCTPAaHEHHbIMH MAIlITHAMM. Onu MCIMOJIb3YIOTCA AJISI EpeMEIIEHUs HE
TOJIbKO BO3/{yXa B CHCTEMaX BECHTWJISAUWUM U KOHAULHUOHHUDOBaHHA, HO U
JIbIMOBBIX Ta30B (B 39TOM CJIy4a€ OHHU Ha3bIBalOTCSI lIbIMOCOC&MI/I), a TaKXe
BO3/1yXa, CHJIbHO 3aCOPECHHOIO MEXaHUYE€CKUMHU IIPUMECSAMHA (B 3TOM CJIy-
Jae IMPUMEHAIOTCA TaK HAa3bIBA€MbI€ I1bIJIEBbIE BeHTI/IJIHTopr).
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Cos/ianne HeHTPOOEKHOr0 BEHTH/ISATOPA IPOMBIIVIEHHOTO THIIA MPH-
HAJIJIEKUT BbIIAIONIEMYCSI PYCCKOMY HH)KEHepy reHepali-maiiopy A. A. Cab-
nykoBy (1833 r.). lepBbie BenTrsiTopbl CabnykoBa ObUIH C yCTIEXOM TIpH-
MEHEHHB! JUIsl BeHTWISIMM CaXapHOro 3aBofa. 3ateM (HauuHast ¢ 1835 r.)
BeCbMa LIMPOKOE PAaclpPOCTPAHEHHE OHM TIOJMYYMJIM JUIsl TIPOBETPUBAHHUS
IIAXT ¥ PYJIHUKOB.

B konue XIX u navane XX BekoB pacTymast HOTPeOHOCTb TIPOMBINI-
JIEHHOCTH IOPEBOJIIOLOHHO# Poccuu B BeHTUISITOPaX YAOBJIETBOPSIIach
BBO30M MX M3-3a rpanuubl. JIuumb nocie Okrsabpbckoit counanucTuyec-
koii peBomouru B CCCP 66110 co3iaHo cBoe COOCTBEHHOE BEHTUIISITO-
POCTpOEHHE, OMMPAIOIEeCs Ha HayuHble Pa3pabOTKM PasIMYHBIX Hayy-
HO-MCCJIE/[OBATEIbCKUX OPTaHM3alliii, OT/AeJbHbIX YYeOHbIX 3aBeieHHi
¥ B NEPBYIO o4epelb LIeHTPasbHOrO asporu/ipOAMHAMUYECKOT0 HHCTH-
tyra (IIATW). B HacTosimee Bpemst B CoerckoM Co1o3e BbITyCKaeTcst
3HAYMTEJIbHOE YUCJIO TUMOB HEHTPOOEKHBIX BEHTHIISTOPOB, YAOBIETBO-
PAIONINX CaMbie Pa3NHYHbiEe HYXAbl. BMecTe ¢ TEM Bece BO3pacTaomue
TpeboBaHusl, IPebABIISIEMbIE K HEHTPOOEKHBIM BEHTUIISITOPAM Pa3jIiny-
HBIMH NIOTpebUTeISIMH, 3aCTaBASIOT HEMPEPHIBHO paboTaTh HAA yiryyine-
HMEM KOHCTPYKIMU BEHTUJISITOPOB U COBEPIEHCTBOBAHUEM TEXHOJIOTH-
YECKOI0 MPOLECCa MX U3TOTOBJIEHUSI HA BEHTHJIATOPOCTPOUTEIbHBIX
3aBOJiax.

Tlo BesIMuKHE MOIHOTO iaBJIEHHUS], KOTOPOE CIIOCOOHbBI CO3/1aBaTh LEHT-
pOBEKHbIE BEHTUJISITOPDI, UX MOAPA3EIAIOT HA BEHTHIISITOPB HU3KOTO
naBienus (menee 100 xI/m?), Bentussitopsl cpefHero gasnerus (or 100
10 300 xI'/M*) ¥ BEHTHJISTODPBI BbiCOKOTro AaBneHus (Bbime 300 xI/m?).
Takoe fiesleHre BEeHTHASTOPOB HECKOJIKO YCJIOBHO, TaK KaK OAMH U TOT
’Ke BEHTHJISITOP MOXKET Pa3BUBATh Pa3jIHuHble BEJHYHHDI JABIECHMS B 3a-
BHCHMOCTH OT YncJia 000poTOB pabouero Kosieca. Y Ka3aHHbIE 3/IeCh 3Ha-
YEHUSI Cle[iyeT MOHUMATh KaK MAaKCHMAJbHO BO3MOMKHbIE JJIs1 JAHHOTO
THMA BEHTUJISATOPOB.

PaccMOTpHM cxeMy W NPHHUMI paboThi HEHTPOOEKHOrO BEHTUIISATO-
pa (puc. 6.1).

TIpu Bpamennu paboyero Kosieca BEHTUAATOPA BO3/LYX, HAXO/ISIIIHIA-
Cs1 MEX/Ly JIOMaTKaMH KoJieca, Mo/ eHCTBreM LEeHTPOOeXKHOM CUIIbI ne-
peMeniaercst B koxyx. Ha MecTo nepeMecTuBIIErOCsl BO3AyXa yepe3
BXOJIHOE OTBEPCTHE MOCTYNAIOT HoBble nopuuu. Cobupatommiics B cnu-
PaJIbHOM KOXyX€ BO3/[yX HalPaBJseTCs K BHIXOAHOMY OTBEPCTHIO IO
HENpPEePbIBHO PaCIIMPSIIOIIEMYCsl KaHaTy Mexy PAO0OUMM KOJIECOM 1 CIIu-
panbHBIM KOXKyxoM. CrirpastbHast popMa KosKyXa pacCYMTaHa Ha OCTyII-
JIeHHe U3 MEeXJIONIATOYHbIX KaHaJI0B Bce HOBBIX NOPLUH BO3/iyXa M CHO-
coberByer, 6aaronaps nuddysopruomy adpdexry, popmuposanuio
CTaTUYECKOTO JIaBJIEHMUSI.
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Pabouee koseco JOKHO BPAMaThCs MO HAPaBJIEHUIO Pa3BOPOTA
CIIHPAJIbHOro KOXYXa, KaK 3TO MOKa3aHo cTpeskoil Ha puc. 6.1. Ecau
paGouee koseco 6yner Bpamarbcsi B 0OpaTHOM HalpaBieHHH, TPOU3-
BOAUTEJNBHOCTh BEHTHJIATOPA PE3KO YMEHBUINTCS, HO U3MEHEHHs Ha-
[paBJIeHUs TOa4M BO3/[yxa (PeBEPCUPOBAHUs1) TIPDY 3TOM HE TIPOU30i-
neT.

Pa3Bopor cniupanbHOro KOXKyXa MOXKET BBITOJIHATBCS BJIEBO M BIIpa-
BO. COOTBETCTBEHHO UMEIOTCSL BEHTHJIATOPBI TPAaBOro BpamieHus (mpa-
BbIE) M JIEBOTO BpaleHust (JieBble). Ecau cMOTpeTh CO CTOPOHBI, IPOTH-
BOMONOXKHO BCAChIBAIOIIEMY OTBEDCTHIO (CO CTOPOHBI MPHUBOJA), TO B
BEHTWJIATOpaX MpaBheix pabouee kojeco Gyaer BpamaThbCs Mo 4acoBOM
CTpeJIKe, 3 B BEHTUJSITOPAaXx JIEBBIX — IPOTHB YaCOBOH CTPEJIKH.

BaxkHeitmas 4acTh eHTPoOEKHOro BEHTHIIATOPA — ero pabouee ko-
neco — MoxeT ObITh pas3nuuHoil KoHcTpykiuu. ObbiuHo pabouee kose-
CO COCTOUT M3 IUCKOB: 3a/iHEr0 (4alle BCEro CIJIOMHOTO) U MepeHEro
(c oTBepCcTHEM JIJISI TIOCTYIVIEHMS BO3/IyXa U NIOITOMY BBITIOJHEHHOTO B
Bu/ie Kombua). K fiyickaM mpUKJenbiBaloT (peXke MPUBapHBAlOT) JIONAT-
KH, KOTODHIE /IJIS1 TOH LEJIM UMEIOT YTOJIKU Wiu oTOopToBKy. K 3annemy
JMCKY TPHUKJIENbIBAIOT, KPenaT GONTaMHU WM NPHBApUBAIOT CTYIMILY,
npefHa3HAYEHHYIO i/ HacaXXUBaHuA pabouero KoJsieca Ha Bait.

Puc. 6.1. AsporuHaMudecKasi cxeMa HEHTPOGEKXHOrO BeHTHIISITOPA:

1 — nepeaHuii AUCK; 2 ~ BXoAHOe (BcackiBalollee) OTBePCTHE; 3 — 33U AUCK;
4 — Bam; 5 - cTynuug; 6 — paboyee K0JeCo ¢ JIONaTKaMy; 7 — CHIMPaJIbHBIH KOXYX;
8 — BrIxoAHOE (HarHeTaTeNbHOE) OTBEPCTHE
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KpoMe onycanHoN KOHCTPYKL#H Pabouero Koeca, HMIHHAPHYECKO-
ro o cBoeil jopMe, B BEHTUATOPAX HEKOTOPHIX THIIOB MIPUMEHSIIOTCS
KOHHMYecKue paboure Koseca.

BecbMa sierkue u iemeBbie paboure Koseca, M3roTOBJIsieMble IITaMIIOB-
KO, MCHO/Ib3YIOTCS B IMMPOKO PACIPOCTPAHEHHBIX BEHTUIATOPAX KOHCT-
pykuuu C. A. Peicuna. TTponecc usrorosienus Takoro paboyero Kojieca
OYEHb TIPOCT: B MOJIOCE JIMCTOBOM CTA/IU AEIAtOTCS BHICEUKH, KOTODbIE OT-
rubaloTCs CIELHMANbHBIM ITAMIIOM 110 (DOpME JIONATOK, OCJIE Yero CBep-
HYTasl O OKPY’KHOCTH II0JIOCA YKDEIUIAETCS MeXAY JAUCKaMHu. BenTuns-
topaM C. A. PbiciHa CBOHCTBEHHa NIPOCTOTA U3rOTOBIEHUSI U [eIIIeBU3HA.
Ho napsiny ¢ 1M oM 001aIa10T HEIOCTATOYHO BHICOKMMH a3PO/IHHAMHU-
YECKUMU KaueCTBAMU U HE OTJIHYAIOTCS TPOUYHOCTBIO.

Yrobbl npusaTh WMPOKUM pabourM KoJiecaM HEOOXONUMYIO TIPOY-
HOCTb, IIPH TIOMOIIIH CTIEI{HATBHBIX TST AEJA€TCSI JOMOJHUTEIbHOE Kperll-
JIEHWEe HepeTHUX KOJel CO CTYHMIAMHU.

Pabouee KOJ1eCO NBLIEBOrO BEHTUISITOPA BBITIOHSIETCSI C KOHCOJIbHBIM
PachosiokKeHHeM JonaTok oObIuHOo Ge3 nepesiHero, a HHorAa 1 6e3 3aiHe-
ro JINCKA.

3a3op Mexay pabounMM KOJECOM M maTpyOKoM, COeHHSIONIUMCS C
BXOJHBIM OTBEPCTHEM, He JOJKEH IpeBhimath 1% ot guaMerpa pabouero
KoJjieca.

CoupanbHbI KOXKYX HEHTPOOEKHOTO BEHTUJIATOPA TAKXKE BEChbMa
OTBETCTBEHHAs ero 4acTh., Kak mpaBuio, KOXKYXH M3TOTOBJISIIOT U3 JIHC-
TOBOM CTaJjti, COEUHSIS OT/IE/IbHbIE JINCTBI C TIOMOIIBIO CBAapKU WJIH Ha
3aksenkax. VIHorna crajibHbie JIMCTHI COENMHSIOT HA Ganbuax. Y HEeKo-
TOPBIX HEHTPOOEKHBIX BEHTUJIATOPOB CIIMPAJIbHbIA KOXKYX MPE/iCTaBJIs-
eT coboit Ty KOHCTpyknu. VI3-3a 60sbIIOro Beca TAaKOro KOXKyxa
BEHTHUJIATOPBI JAHHOTO THIIA BBITYCKAIOTCS JIUIb CPABHUTEIBHO HEOOIb-
LIMX Pa3MepPOB.

CrnupanbHbiil KOKYX UMeeT JiBa pabounux OTBEpPCTHS: BXOJHOE, Uepe3
KOTOpPOE BO3/YX MOCTYIaeT K JonaTkam pabouyero xosmeca, ¥ BHIXOAHOE
(HarHeTaresibHOE), IPEeiHA3HAYEHHOE [ BBINYCKA BO3/IyXa U3 KOXKYXa.
KpoMe Toro, B KOKyXe BEHTHISITOPA €CTh KOHCTPYKTUBHOE OTBEPCTHE /15T
Bajla, HA KOTODBIi HacakuBaeTcst paboyee KOJECO, YKPEIIsIeMOe IIMOH-
KO# 1 cTonopHbiM GontoM. Yame Bcero pabouee kojeco HacaxkuBaeTcs
Ha BaJl KOHCoJbHO. ONOpo# Bajia CIyKaT MOAMMIIHUKY CTAHUHDI; K HEel
IIPHKPEIISETCS U KOXKYX BEHTUJATOpa. [Ipr oueHb GoJbIUKX pa3Mepax
BEHTUJISITOPA CIIMPANbHBIA KOXKYX YCTaHABIHBAETCSI HA CAMOCTOSITEb-
HOW onope. 1Ipu MaJbIX ke pa3Mepax BEHTUISITOPA KPeIlJIeHHe CIIPaib-
HOro KOKyXa K CTAaHMHE MOXET OTCYTCTBOBaTh — B 9TOM CJlydyae Ha Bajl
3JIEKTPOJIBUraTe sl KOHCOJIbHO HACaKUBAeTCsl He TOJIbKO pabouee KoJe-
CO, HO ¥ KOXKYX HEHTPOOEKHOTO BEHTUIIATOPA.
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Puc 6.2. Ciiocobbl coeiMHEHUS HeHTPOOEKHBIX BEHTUIATOPOB
C JIEKTPOABUTATEIISIMU:

a — Ha 06uieM Bauy; 6, 6 — ¢ HoMOuIBIO MYdT; 2, 0, €, % — C IOMOIIBIO PEMEHHOM
nepefauu: 7 — BeHTHIATOD; 2 — MybTa; 3 — 351eKTpoABUTaTeNb; 4 — IIKHB BEHTHIATOPA

Ha puc. 6.2 nokasaHbl pasjiMuHbie cioco0bl coefuHeHus 11eHTpobex-
HbIX BEHTHJISITOPOB C 9JIEKTPOABHIATEISIMH, TIPU 3TOM CXeMbl 6 U 8 UMe-
10T 061LyI0 OCch Basa pabouero Kojieca BEHTHIISITOPA U BAJa 3JIEKTPOBH-
raTeJisi, CAMM BaJjibl COeJTHEHbI MEKAY coboii ¢ momompbio MydThi. Takoe
COe/ITHEHNE PEKOMEH/IYETCS JiJisi KPYIHbIX BEHTUJIATODPOB, 1751 Gosee
MeJIKHX Bajl MOXKeET ObITh 06mmM (cxeMa a).

Ha cxemax ¢, 0, e # 2 Ipe/ICTaBJIeHbl BO3MOXHbIE BADHAHTBI YCTaHOB-
KH LEHTPOOEXKHBIX BEHTH/ISITOPOB € MCIIO/Ib30BAaHHEM PEMEHHOM mepesia-
YM MEK/AY NIKHBAMH BEHTHJISITOPA U 3JIEKTPONBHTATENIS.

W3 paccMOTpeHUst BCeX NPUBEIEHHBIX CXEM YCTAHOBKM BHM/HO, YTO
pabouee KoJeCO BEHTHISATOPA, KAK MPABUJIO, YKPEIJISIETCS HA Bajly KOH-
COJIbHO (CX€MBI @, 8, d U ¢). Takast yCTaHOBKa, eCTeCTBEHHO, HEIIPUMEHH-
Ma B C/Iy4yae BeHTHJISITOPA IBYCTOPOHHETO BCAchIBaHUS (CXeMa X ), KOrfia
pabouee KOJIECO YCTAHABIMBAETCSI MEX/Y AByMst onopaMu. JJaHHbIH Me-
TOJI yCTAaHOBKM MCII0JIb3YETCS U IPH BEHTUJIATOPAX O/THOCTOPOHHETO BCa-
cbiBaHus (CXeMbl 6 U 2); IpH 3TOM obecreunBaeTcs: Oosiee CIIOKORHBIIM
peXuM paboThl BEHTH/ISITOPA, HO YCJIOKHSIETCSI KOHCTPYKL(VSI, MOHTaX U
NIpHCOeaYHEHHE BEHTUISITOPA K BO3[IyXOBO/Y.
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KOXYXa HEHTPOOEKHOTO BEHTH-
JISITOPa B OTHOIUEHUU HAIpPaB-
JIEHUS! BBIXOZIa BO3[[yXa MOXeT
Neboe 6bITh pasmmanbM (puc. 6.3).
@ @ BBIXO/{HOT'O OTBEPCTHUSI BBEPX
0bosHauaercs 6ykBoi B, BHU3 —
Puc. 6.3. Pasnnunsle nonoxenuns koxyxa Kpome Toro, BO3MOKHbI TIPO-
I_[eHTp06e)KHOF0 BEHTUJIISATOPA! MEXYTOYHbIE [MOJIO)KEHUST KO-
BO3/lyXa M3 CIHUPaJbHOrO KO-
KYXa OCYNIECTBJSIETCS MOJ YIA0M 45° K TODU3OHTANBHON NIOCKOCTH
Y106bI HIMETh BO3MOKHOCTD [IEPEMENIATh PA3IHYHbIE PACXO/IbI BO3/YXa,
HEHTPOOEKHBIE BEHTH/ISITOPbI OHOTO THITA TIPOEKTUPYIOT cepusiMu. Cepust
BEHTHJIITOPOB, KOTOPBIM NIPHCBAUBalOTCs pa3Hble Homepa. HoMmep uenTpo-
6EeXKHOro BEHTHIIATOPA OMpeEeISIETCS HAPYKHBIM IMaMeTpoM pabouero Ko-
metp pabouero koneca paBen 400 ma, y BerTrisitopa Ne 12 — 1200 mm.
Onucanue KOHCTPYKTHBHBIX 0COOEHHOCTEH OT/EJbHBIX THIIOB BbI-
HalTH B CIEUUaNbHBIX CIIPABOYHUKAX U KaTanorax. OcHOBHbIE Tpebo-
BaHMs, KOTOPHIM JIOJKEH YAOBJIETBOPSATb BEHTUISITOD, U3JIOKEHBI B
Bosbioe pacnpocTpaHeHHe IOJAYYUIU TaKKe BEHTH/ISITOPH THIIOB
117-40, 114-76, 119-57, 1113-50 1 uexoropsie apyrue. KpoMe Toro, B mocie-
TIOJIB3YI0TCS1 BeCbMa HajieKHble B paboTe BeHTH/IATOpSI cyzioBoro Tuna (1IC).
B sakmouenue aToro naparpada ykaxeM, 4To eCJid BEHTHIISITOP Npe/i-
NPUMECH, WK €CJTH OH JIoJKeH ObITh YCTAHOBJIEH BO B3PBIBOONACHOM
TIOMEII[EHHH, K €70 KOHCTPYKTHUBHOMY HCTIOTHEHHUIO IPEABSIBISIIOTCS OCO-
pabore BeHTHJIATOPa JOJUKHA UCKIIOYAThCST BO3SMOXKHOCTb 00pasoBaHus
HCKDBHI B CJIy4ae COTPUKOCHOBEHHS pabouero Koseca ¥ KOXKyxa. 1o 00bru-
IOTCSI U3 AMTIOMUHUSL. /17151 IPUBO/Ia TAKUX BEHTHIISITOPOB {OJIKHbI MCIIOJIb-
30BaThbCsI 3JIEKTPO/IBUTATENH BO B3pHiBOOE30TIACHOM HCTIOJIHEHHM THIIOB

Mpabue Honoxenue cnupaabHOTO
@ Koxyx ¢ pacnonoxeHueM
H, Bupaso - 11, Baeso — JL
B — Beepx; H — Buus3,; Il — Bupaso; JI — Bieso JKyXa, MPpU KOTOPHIX BBIXOJ
(nmonoxenust HJI, BJI, HII, BII).
COCTOUT U3 HECKOJIBKHX Pa3IM4HbIX [0 PAa3MePaM reOMETPHYECKH TTOA00HbIX
Jleca, ©I3MEepeHHbIM B ietuMetpax. Takum 00pasoM, y Bentussitopa Ne 4 ina-
MyCKaeMbIX B HACTOSIIIEE BPEMS IEHTPOOEIKHBIX BEHTHJIATOPOB MOXKHO
TOCT 5976-90.
JiHee BpeMsi B CUCTEMAX BEHTWIILUMM M KOHAULMOHUPOBAHWS BO3/yXa MC-
Ha3HaYeH /iJisi ePEeMEINeHUs] BO3/iyXa, COAEPXKAIETO B3PbIBOOMACHbIE
Obie TpeboBanus. CymecTBo 3THX TpeOOBAHUH CBOAMTCS K TOMY, 4TO IIpH
HO JOCTHTAETCS TEM, YTO YKA3aHHbIE YACTH BEHTWIATOPA U3TOTABIUBA-
KO, KOM, BAO.
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§ 6.3. OceBble BEeHTUIATOPDI

B oceBoM BeHTHIIATODE, B OTJIMYHE OT HEHTPOGEKHOTO, HE TPOUCXOUT
U3MEHEHHs] HallPaBJEeHUs ABMXKEHUST Bo3AyXa (BO3/LYX B HEM BXOJHT M
BBIXOJIUT IO OCH BpamieHus pabouero koseca).

Cxema oceBOro BEeHTWIATOpa MoKa3aHa Ha puc. 6.4. [Ipunuun ero
paboThl 3aKIII0YaETCSL B TOM, YTO NIPU BpaIleHHH JIONATOYHOrO KoJleca
BO3/IyX NEePEMEIAeTCsI MEX/Y JIOMaTKaMH, a iaBJI€HHE ero YBeIH4H-
BaeTCs.

B ocHoBy Teopuu 1 pacyera 0CeBbIX BEHTHJIATOPOB MOJIOXKEeHA 3HaMe-
HWTasl BUXpeBas Teopust rpebHoro BunTa 1 TeopeMa H. E. )Kykosckoro o
HOABEMHOM cuie. ITUM MOXKHO OOBACHUTH TOT BakKT, 4To pa3paboTaH-
Hele B Hactosiee BpeMs B CoBerckoM Cotoze (B LIATW) ocesbie BenTH-
JIATOPbI OTJIMYAIOTCS BHICOKUMM MOKA3aTesIMH. 3aMeTUM, YTO TEPBbIii
TPOMBIIILJIEHHbIH OCEBOH BeHTHATOP ObL1 CO3/1aH 3HAYUTENBHO NI03/IHEE
uenrpobexnoro — B 1926 roxy B LIATH.

OCHOBHBIM 3JIEMEHTOM OCEBOr0 BEHTHJISITOPA, TaK K€ KaK U LeHTPOo-
HesxHoTO, ABsIETCS ero pabodee KoJeco, KOTOPOE COCTOMT U3 BTYJIKU H
YKPEIUIEHHBIX Ha Heil onaTok. Brysiku 0ObYHO H3TOTOBJISIIOT CBapHbI-
MU WM JUTHIMU. JIOTIaTKH OCEeBBIX KOJIeC IeIaloT U3 JIMCTOBOrO MeTalljia
WM oT/MBaT. Paboune Kojieca 0CEeBbIX BEHTHIISITOPOB U3rOTABIMBAIOT
TaKKe OyTeM IUTAMIOBKH LEJIOro Kojeca (BTYJIKH M JIONATOK) M3 JIMCTO-
BOTO MeTaJjljIa MM 11acTMacchl. IlenbHble KOJleca MOryT, KpOME TOrO, U3-
rOTaBJIMBATbhCS U OTJIUBKOH.

N
123 y 5

Puc. 6.4. Cxema oceBoro BeHTHJIATODA:

1 — BX0oAHOE OTBepcTHe; 2 — HWIMHAPHIECKHH KOXYX; 3 — JIONATOYHOE KOJIECO;
4 — anddysop; 5 — BEIXOAHOE OTBEPCTHE
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Puc. 6.5. TIpocTeiimas ycranoska

OCEBOr0 BEHTUJISITODA

Puc. 6.6. OceBoit BeHTUASATOD
C BbIHECEHHBIM U3 II0TOKA JBUTATENIEM:

1 — nonatoynoe Kojleco; 2 — OMOPHLIH
MOAUIMIHUK; 3 — caJbHUK, 4 — JBUIATE]ID;

5 —Ban

Yucno J0oNaTOK MOXKeT
OBbITb Pa3JIMYHBIM, OHO KOJeD-
nercs ot 2 o 50. K Brynkam
JIOTATKM NPUKJAETIBIBAIOT, TPH-
BapUBAIOT HJIH KPETISIT C IOMO-
LIBIO cTepXKHed. B mocnesnem
CJly4ae MX MOXHO YCTaHaBJIH-
BaTh 110/ Pa3HBIMHU YrJIaMH K
IJIOCKOCTH BpAICHHMSL.

Koxkyx oceBoro BEHTUILATO-
pa umeer 00bIYHO HUTUHADHU-
yeckywo ¢opmy U cHabx)aercs
n1uddysopoM, MO3BOJIA-
nuM peoOpa3oBbIBATh 4acTh
KHUHETUYECKOUN SHEPTUU BO3-
AYIIHOTO MOTOKa B CTaTUyec-
Koe naBjenue. Y mpocreil-
IIMX YCTAHOBOK C OCEBBIMHU
BEHTUJISITOPAMH MOKET U He
obith uddysopa (puc. 6.5).
3a30p MeXAy BHYTDEHHUM
AMAaMeTPOM KoXyxa u pabo-
YHM KOJIECOM JIOJKEH ObiTb
MHHuMalbHbIM. Bo BcsikoMm
CJlyyae OH He JJOJIKEH [TPEeBbI-
mate 1,5% ANHHBI JIOMATOK.
Y XOopomo BHMIOJHEHHBIX
OCEBHIX BEHTUJISITOPOB 3a30pD
cocrasJsiet 0,5% AMHMHBI J10O-
NaToK,

Hepenxo pabouee xoneco
HaCa)KeHo MPSIMO Ha BaJl 3JIeK-
TPOABUTATENS], H IIO3TOMY
nocjefHUN pacnoJjaraercs
HEMOCPEICTBEHHO B BO3AYII-

HoM moToke (puc. 6.4 u 6.5). B oT/enbHBIX ciyyasx (HaOpuUMmep, npu
HepeMeIeHHH arpeCCUBHON Cpefibl) ABUTaTelb BBIHOCHTCS M3 IOTOKA

(puc. 6.6).

Haxonut Takxke mpuMeHeHHe YCTAHOBKA OCEBBIX BEHTH/ISITOPOB Oe3
KaKoro-aubo KoXyxa, 4TO UCIOIb3YeTCs! B HEKOTOPHIX YU PYIOUIMX
1M o6AyBalmKMX ycTaHOBKaX. K aToMy THIy OTHOCATCS M HAacTOJIb-

Hbl€ BEHTHJATOPDI.
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Heo6xo#MO OTMETHTB, YTO NIpH U3MEHEHMH HalpaBjieHus Bpallle-
HUs1 paboYero KoJieca B 0CEBOM BEHTUIIATOPE, B OT/IMYHE OT IIeHTPOOEXK-
HOTO, HaNpaBJieHVe ABUXXeHVsl BO3AyXa U3MeHsiercs Ha obpatHoe. Ilo-
9TOMY, BoOOIe TOBOps, BCe OCEeBbie BEHTUJSITOPHl OTHOCSTCS K
peBepcHBHBIM. OHAKO peBepPCUBHBIMU ITPUHSTO Ha3bIBAaTh TaKKe, ¥ KO-
TODBIX HPOU3BOAUTEIHLHOCTD IPU U3MEHEHUH HAIIDABJAEHUA BpalIEHUS
COXpaHsAeTCs HeM3MEeHHOU. Y TaKHMX OCeBBIX KOJIEC JIONATKU MMEIOT CHM-
MeTpuyHbIi npoduas. Ho B aspoamHamudeckoM oTHolrenuu 6oee co-
BEPIIEHHBIMU SBJISIIOTCS JIONATKU ¢ HECUMMETPUYHBIM ITpoduieM. tu
JIONIATKY NpM BpamieHMH BCTPEYAloT BO3AYX cllepBa TyNOH KPOMKOHM.
3aTeM OHU paCIIMPSIOTCS M0 HAIIPABJIEHMIO OT KOHIIOB K BTYJIKe U, KO-
Me TOTO, 3aKpy4uBaioTcs. [locreHee 03HaYaeT, YTO MX yToJl yCTAaHOBKU
YBeJIMYUBAETCS OT KOHIIOB K BTYJIKE.

§ 6.4. JeMeHTHI a3pOAHHAMHKH LHEHTPOGEKHOFO BEHTHIATOPA

B BenTusnATopax o6oro TIa lepeaya SHEPrMy OT ABUraTeNsl BO3-
JYXy OCYUIECTBJSETCS C IeJIbIO NOJIyYeHus AaBieHus. JTa lepenaya
NPOMCXORUT 1IpU Bpamenuu pabodyero Kojeca B NpOLecce ABYXKEHHS
BO3ZyXa B MEXJIONATOYHBIX IPOCTPAHCTBAaX. Bo Bcex OCTa/bHBIX Yac-
TAX BEHTUJISATOPA, B TOM YUCJie H B CIIUPAJIbHOM KOXYX€E, JHEPIUs Te-
pAeTcsL.

TMonyuyum BeIpaKeHHWe [Jis OlpeneieH s JaBJIeHUs, Pa3BUBAEMOrO
1eHTPOGEKHBIM BEHTUAATOPOM. PaccMOTDYM ABUMXKeHUE BO3yXa B IIPO-
CTPaHCTBe MeXAY JonaTkaMu. AGCOMIOTHAS CKOPOCTh €TO JBVKEHUS ¢
MOXeT ObITh Pa3JioKeHa Ha ABE COCTABIISIONINE:

— CKOpDOCTb [IEPEHOCHOrO [ABUXEHUs, WM IIePEHOCHYIO CKODOCTS,

TpeACTaBAIYI0 co60ii OKPYXHYI0 CKOPOCTH Bpauenus pabo-
Yero KoJieca u:

—1 (6.3)
60

rae r,d — PaaMycC v MaMeTp OKPYXKHOCTH B JaHHOMN TouKe paboyero
KOJIECA, M;

W — yIJIoBast CKOPOCTb, cex

n — 4ucs0 060poTOB, 06/ MuH.

Hanpassiena sta CKOPOCTb 110 KaCaTeIbHOH K AaHHOH OKPYXHOCTH;

— CKOPOCTb OTHOCHTEJIBHOTO JBVMXKEHHSI, MM OTHOCUTEIBHYIO CKO-
POCTb, @.

Hanpas/iena aTa cKOpoCTb 110 KacaTelbHOM K jionaTke paboyero xo-
Jieca B JaHHOM TOuKe.
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Ha puc. 6.7 npeacrap/iedbl aGCOMOTHBIE, IEPEHOCHBIE X OTHOCHTEb-
HBIE CKOPOCTH JBVJKEHHSI BO3[yXa HENOCPEACTBEHHO NEpes BXOLOM Ha
JIONaTKy (c,, ¥, ¥ @,) ¥ Cpa3y MOCJE BRIXO/A C JIONATKY (Cy, U, ¥ W, ).

W3 TpeyroJibHUKOB CKOpPOCTeNl Ha OCHOBaHUM TeOPeMBl KOCHHYCOB
noJjrydaem

w? =c? +u? - 2cu, cosay; (6.4)
w3 = c3 +u? —2c,uy cosa, - (6.5)

Ecyi npennonoxuts, 4To ABMKEHUE BO3AYyXa B MEXJIONATOYHOM Ka-
HaJle IPOUCXOUT 6e3 KaKNX-I160 1oTeph, TO MpUpanieHye MOJHOTO aB-
JIEHUA B CTy4ae llepeMeleHus Bo3xyXa U3 Touku 7 10 Touku 2 6yaeT paBHO
CYMMe IIpHpaIeHMil CTaTHYeCKOT0 Y JUHAMUYeCKOTO KaBJieHUH:

PT=(PCT1_PC'1'1)+%(C%_612)‘ (66)

VBeauuenye CTaTMHECKOTO iaBieHHsi Ha MYTH ABWXKEHMsI BO3/LyXa OT
ToukH 1 1o Touky 2 Gyner HaboaaTHCS, BO-MEpBbIX, Onaroaaps pabote
1EHTPOGEXHOI CHITBI M, BO-BTOPBIX, 6J1aTOAPST HEKOTOPOMY YMEHBIIEHUIO
CKOPOCTH OTHOCHMTEIBHOTO JBVKEHHS B PACIIMPSIOEMCS MEXJIONATOY-
HOM KaHaJje (TaK Ha3piBaeMoro audypysopHoro addexra).

Puc. 6.7. CxopocTu Bo3fyxa NpH €ro ABIKEHUH B MEXKJIONATOYHOM
IpOCTPAHCTBE
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Paccmorpum npupaiesye cTaTuuecKoro AaBjieHus, Ipoucxozasulee
B pe3ybTaTe paboTsl eHTpobexHoit cuinl (P_ ).

cr. 1

Pa6ota nenTpobesxHol CIbI Ha TYTH ABVKEHMsI BO3ZyXa Yepes Mex-
JIOTIATOYHBIHA KaHAJ paBHA

R= Immzdr , (6.7)

rRe mrw? — ueHTpobexHas cuna, kI

m — Macca Bo3znyxa, kI - cex?/m.

JLJist osryueHvisi BeJIM4MHBI IaBJIeHUs1 HeOOX0AMMO paboTy NOAETHTD
Ha 00beM, Tak KaK aBjieHye Bo3yXa NpeficTaBisieT coboit 3Hepruio, ot-
HECEHHYI0 K eAuHuIe obbeMa:

n
P, = j Lj:-rwzdr . (6.8)

Wmes B Buay, uto m/v = p (IJIOTHOCTH BO3yXa), U UHTETPUDYS, 10-
JiydaeM

_P(zz 22)_P(2 2)
Pcr.u_z wry-—wn “5 Uz —ug ). (6.9)
YBemueHve CTaTHYECKOTO aB/IeH s IIPH ABUKEHHM BO3/YXa B pac-

I PAIOIIEMCS MEXKIIONIATOYHOM KaHaJIe (Pcr A) IIPOUCXOAUT 34 CYET YMEHD-
HI€eHUA TMHAMHW4Y€CKOIO NaBJIEHHUA:

Pc'r.n =%(w12 _w% ) (610)

Takum 06pa3oM, yBesnyeHHe CTATHIECKOTO aBieHHs BO3AyXa TpH
€ro ABWXKEHVH B KaHasle 6yaeT paBHO

= _P(,2_,2 ) P ( 2_ 2 )
PCTz—PCT1_PCT.I.[+PCT.Ll—§ Uy~ +§ wy ~wy ). (6.11)
CyMMapHOC yBeauuieHve IOTHOTO AaB/IeHUsI COCTaBUT

P=8 (3 -uf)+ 5 (wf-w3) + 5 (F-ct).  (o12)

Hcnonb3ya paBencrsa (6.4) u (6.5) ¥ BbINOHMB HECIOXKHBIE TIPE06-
pa3oBaHus, MOTYINM

P.=p {uyc, cosay —ucy cosay ) . (6.13)
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Tpoexuusa abCcoMOTHON CKOPOCTY HA HANpPaBJIeHVe OKPYXHOIl CKO-
POCTHM HOCUT Ha3BaHHe CKODOCTH HaKpy4MBaHUSL:

c,=ccosa. (6.14)
KoadduimenToM 3akpy4uBaHys Ha3blBaeTCs OTHOLIEHHe
c
Qp=-%. (6.15)
u

IloacraBuB ary Beanuuny B dopMyay (6.13), nomxyduM OKoHYaTe b=
HOE BbIDa’KeHHUe /ISl AABJIEHVs], Pa3BMBAEMOTO PabOYMM KOJIECOM LIEHT-
POGEKHOTO BEHTUIIATOPA:

P, =pujq, - puje; - . (6.16)

B TakoM Buzie ypaBHeHUe JaBJeHMs, pa3BHBaeMoe JIOATOYHbIM KO-
JiecoM Ji1060ro HarHeTaTesis Npy YCAOBUU GECKOHEYHOro KOJMyecTBa
JIOTIATOK ¥ PaBHOMEPHOTO PACIpeAeTeHu s CKOPOCTeH, ObITIO BbIBEZEHO B
1755 r. JI. didnepoMm.

B peanbHBIX ycnoBUsX B paboyeM Kojiece U KOXYXe YacThb AaBIeHUs
TepseTcs Ha MpeojioieHUe TPEHUS, ¥ TI0ITOMY IelCTBUTEIbHOE AaBJie-
Hue P, pa3sBuBaemoe ileHTPOOEKHBIM BEHTUIATOPOM, OyieT MeHbliile Teo-
PETHYECKOTO Ha BEJIMYMHY I10TEPh:

P=P - Ap. (6.17)

OrHo1eHye AeiiCTBUTENBHOTO KAaBIeHMS K TEOPETHYECKOMY Ha3hIBa~
ercs tugapasandeckuM KITJ] uenrpo6exnoro BeHTUAATOpA:

P_P-D (6.18)

Bripaxkenue 1is1 onpe/iesieHUsA IaB/ieHus1, pa3sBUBAEMOr0 LEHTPOOEXK-
HbIM BEHTWJIATOPOM, NproOpeTaer Buz

P=pn, (¢2u§ ~ g} ) : (6.19)

B 06bIYHBIX BEHTHJISITOPAX OTCYTCTBYIOT YCTPOHCTBA /sl 3aKpy4YHBa-
HUS TIOTOKA Ilepes; paboyrM KOJIECOM BEHTW/IATOPA M NIO3TOMY HallpaB-
JieHue aOCOJIIOTHOH CKOPOCTH BXOZA BO3/yXa NPAKTHYECKY COBIAZAET C
KacaTeJbHOM K JIONATKe, a 3TO 3HAYMT, 4To @, = 0, crefoBarTebHO,

P, =pnyoqu; . (6.20)
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[Iponssenenve 1,¢, HOCUT Ha3BaHue KO3bduUUMEHTA FABIEHHUS .
Hoxcrasus ero B dopmyay (6.20), HailieM B OKOHYATEIbHOM BUJE
yPaBHEHME [UIs1 OTIPeAe/IeHUs] BEIMYMHbBI PAa3BMBAEMOTO LEHTPOGEKHBIM
BEHTUJIITOPOM JIaBJIEHUS:

P=pyul. (6.21)

IIpoananusupoBaB NosyYeHHOe YpaBHEHME, MOXKHO CAEJATh BBIBOJ,
4TO Pa3BUBAEMOE BEHTHIATODOM AaBJieHHE 3aBUCHT OT:

— IJIOTHOCTH [I€PEMEIAEMOT0 BO3YXa p;

— Ko3ddunuenTa ZaBIeHHs ¥, BeJIMYMHA KOTOPOTO OMpene/ifeTcs

rJaBHbBIM 06pa3oM reoMeTpuYecKoil POpMoii JIoaToK;

— OKPYXHOH CKOPOCTH Ha BHEIIHHX KOHIAX JIONATOK .

Paccmotpum daxTopel, Bausonme Ha BeJuiuHy KoadbuimeHTa nas-
JIeHM 1.

1. Qucao ronamox. TIpu GOMbIIOM YMCIE JONATOK NPOUCXOAHUT boJiee ak-
TUBHOE BO3ZieficTBUe paboyYero KoJieca Ha BO3KYIIHBIA IOTOK, YTO PUBOUT
K YBeJIM4eHUIO CKOPOCTH 3aKDY4YMBAHHSI HA BBIXOZIe BO3AYXA U3 MEXKJIOMNaA-
TOYHOTO TIPOCTPaHCTBa. 11pu yMeHbiileHUM YMCA JIOHATOK 3TO BO3EHCTBIE
MeHee akTHBHO. TT03TOMy IPY HEH3MEHHOM OKDPYXHOI CKOPOCTH U, Y pabo-
YMX KOJIeC C GOMBIIMM YUCIOM JIONIATOK BETMYMHA Koa(HpHUIIMEHTa 3aKpyYu-
BaHHA @, & CIEIOBATEBHO, U KoadipyimenTa AaB/eHus , Gosbiie.

2. Yzon evixoda 6030yxa ¢ 1onamox B,. 10T akrop BiusieT emte B 60Tb-
11ei cTeNeHy, YeM YHCIOo JonaTok. Yem Goiblie 5TOT yrod, T. €. 4eM 60Jib-
1le JIOTIATKHM 3aTHYTHI BIiepesi, TeM GObille BeJIMYUHA CKOPOCTH C, IIPU
HeH3MEeHHOM 3Ha4YeHHM OKPY)XHOH CKOPOCTH u,,  3HAUMT, Goblle ¢, ; ¢,
U B KOHEYHOM CYeTe \.

Jlonarky LeHTPo6GEKHBIX BEHTHIISITOPOB BBITIOJHSIIOTCS C PA3/INYHBIM
yrriom B,: ot 5-10° o 150°, a 370 BeseT K ToMy, YTO K03DPUIUEHT J1aB-
JIeHUs u3MeHseTcs B npexenax 1,2—0,4.

Ha puc. 6.8 mpexncrapJiens! jionarky pabouero Kosieca HeHTpobexHo-
rO BEHTWIATOPa, 3arHyThie Biepen (B < 90°), paguansusie (f = 90°) u
sarnyTsle Ha3az (B > 90°). Kazanocs 651, 4TO HauboJiee BBITOAHO BHINOJ-
HATH JONATKU paGoyero Koseca 3arHyThIMM BIIEpe], TaK KaK 3TO BefeT
K yBEJIMYE€HUIO @,, a CJIEAOBATENbHO, U Y. Onnako IIpY TaKHX JIONIaTKaX
noJiyyaercst 60IbIION N3TMO MEXKJIONATOYHOTO KaHaa, YTO BMECTE C yBe-
JIMYeHNEM CKOPOCTH BBIXOZA BO3/yXa C JIONATOK CrIocoGCTBYeET yBenye-
HHIO IOTEPb JIaBJieHys H yMeHblenHIo ruapasanyeckoio KII/ 7, a 3xHa-
4uT, ¥ . Kpome Toro, py 3arHyThIX Bllepe Jonarkax or paboraiomero
BEHTWIATOpa Bo3uukaeT Gosbiiuit myM. Ilosromy B HacTosiiee Bpems
HeHTpobexHble BEHTUIATOPHI Hale BHINOJHAIOTCA ¢ pabGoYuMM KoJieca-
MM, UMEIOLIMMU JIONIaTKY, 3aTHyThle Ha3af, HeCMOTpS Ha TO YTO BEHTH-
JIATODHI, ¥ KOTOPBIX JIONATKY paGouyx KoJiec 3aruyTsl Biepen, obana-
10T MEHBIIMMH rabapuTamMiu.
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Puc. 6.8. Paznyunble THIIBI yCTAHOBKY JIONATOK paboYMX KOjieC
HEHTPOOEKHBX BEHTHIISITOPOB:

a — JIOTIaTKH, 3arHyThie Briepell; 6 — paaMaibHBIe JIONATKY;
@ — JIONIATKH, 3arHyThie Hasaa

Yo BXoza BO3/yXa Ha JIONaTKu paboyero Kojieca A0oKeH ObITh 60Jib-
e 90° (B, > 90°). Ito obecneunBaer HeaynapHbIi BXOZ, TAK KaK IIPH OT-
CYTCTBMH IIPE/{BapUTEIbHOTO 3aKpy4yuBanus (¢, = 0) abcosoTHas cCKopocTh
HAMpaBJIeHa Pa/IMajibHO, A CIE0BATENbHO, YTOJI MEXKAY OTHOCUTEIBHOM 1
OKDYKHOU CKODOCTBIO I0JIy4aeTCsl TYIIBIM.

B 3akiioyeHue yKajkeM, YTO ypaBHEHHE JABJIEHMS [Jisl OCEBOTO BeH-
TUJIATOPA UMEET TOT K€ BU/L.

3aech MBI He OCTaHABJIMBAEMCS HA a3POUHAMMYECKOM pacdere M pac-
YeTe Ha MPOYHOCTb BEHTHJ/ISATOPOB, TAK KaK 3THM 3aHUMAIOTCS Clielua-
JIICTBHI 110 BEHTUIATOpOCTpoeH 0. U3/oxeHMe ZaHHBIX BONIPOCOB CQAep-
JKHMTCS B CIIENHATBHOM JIMTEPATYPE.

§ 6.5. AspoauHaMHueCKHe XapaKTEPHCTMKH BEHTHJIATOPOB

AsponuHaMuyecKHMH XapaKTepUCTUKAMH BEHTUISITOPA HA3RIBAIOTCA IPa-
(udeckue 3aBUCHMOCTH, KOTOPbIE BBIPAXKAIOT CBA3b MEKAY OCHOBHBIMU
IlapaMeTpaMy BeHTWISITOpa. JTH KPUBLIe BEChbMa HarISAHBL, ¥ POJib UX B
[IPOEKTUPOBAHMM CUCTEM BEHTUJIALMM M KOHIUIIMOHVMPOBAHUS BO3LyXa
Beauka. C vX MOMOmbIO MOXeT ObITh BRIOpaH HauGojiee SKOHOMUYHBIM
BEHTUASATOP J/11 KOHKPETHBIX YCIOBUH paGoThl B TON MJIM MHOI ceTH BO3-
AYXOBOJOB.

326



Benmunamopw

JLjia nosTHOTO NpeACTaB/ieHys O IapaMeTPax BeHTUIATOpa JOCTaToy-
HO 3HATh, KaK IIp1 NOCTOSIHHOM YHCie 060pOTOB paboyero Kojieca BEHTH-
JIATOpa B 3aBUCHMOCTH OT IIPOM3BOXUTETBHOCTH M3MEHsIeTCs pasBUBae-
MO€e BeHTUJIATOpOM AaBJienue P, MomHocTh N ¥ K03 pUMeHT 110/1€3HOT0
JeHCTBYS.

CoBpeMeHHO€e COCTOSIHYME a3 POJMHAMUKY BEHTUISATOPA He I103BOJISIET
HOJIy4aTh XapaKTEPUCTHKY BEHTUIATOPOB AaHATNTHYECKUM ITyTeM, I109TO-
My HOCTPOEHHe a3POJUHAMMYECKUX XapPAKTEPUCTHK IIPOM3BOLUTCS HA
OCHOBE Pe3y/IhTATOB CHELUANTBHBIX MCILITAHHI BEeHTHJIATOPOB.

Xapaxmepucmuxi, Ompaxcarousie 3a8UcUMOCmy c030A8aeM020
BEHMUNAMOPOM 0ABAEHUS OM NPOUIBOOUMENLHOCTIU

Baskneiiieil aspogvHaMu4ecKoi XapakTepUCTUKONH BEHTHJISITOPA SABJISA-
eTcs rpaduyecKast 3aBUCMMOCTb MeXAY [OJMHBIM JaBJeHHEM BEHTHJIS-
TOPA Y €r0 [POU3BOJUTEILHOCTHIO IIPU [IOCTOAHHOM Yuciie 060pOTOB,
KOTOpYIO HEpEAKO Ha3bIBAalOT HAIIODHON XapaKTepUCTUKOH. JTa Xapak-
TePUCTHKA BEHTUIATOPA CTPOUTCA B KOOpAUHATHOI cucteme P (och op-
nuuart) ¥ L (och abeuucc).

PaccMatpuBasi ocHOBHOe YpaBHeHue fnaBienus (6.21) u nosaras, 4to
K03 dUIMEHT JaBAEHUA \y 3aBUCHT OT HOPMHI M YHCJIA JIoNaToK paboye-
ro KoJjieca (MHaYe TOBOPs, OT THIIA BEHTWISATOPA ), MOXKHO MOJIy4HTh Ha-
[IOPHYIO XapaKTepUCTHKY BeH-
TUJISITOpA.

IIockobKy IJIOTHOCTH BO3-
IyXa p ¥ OKpYXXHasi CKOPOCTh
u, OT NIPOU3BOAUTEIHHOCTH
BEHTHJIITOPA HE 3aBUCHT, Ha-
[OpHAasl XapaKTepHCTHKaA MpH
NOCTOSIHHOM YMCJsie 060pOTOB
B KoopauHatax P—-L moJyixHa
6nla 6B IpeACTaBAATE COBOl
HIPAMYIO JUHUIO, TTapajiiesb-
Hy10 ocu abcimuce (puc. 6.9).
Yem Gospine yucio 060poTos,

TeM BhIlle JOJXHA ObLIa pac- @ .
noJjsiaraTbCs 3Ta npsaMasd, Tak
ndyn
KaK #y = 2 Puc. 6.9. Xapakxrepuctiika P—L
60 npu n = const:

OI[HaKO B I[CI/ICTBI/ITCJII)HO' a — XapaKTepUCTUKA TIpH OTCYTCTBUU
CTH I1pH U3MEHEHVIN ITPOU3BO/IM - IMADPABIMECKHX TIOTED;
TeJbHOCTHU U3MEHAIOTCA CKO- 6, ¢ — JeficTBUTEIbHbIE XapaKTepHCTHKU
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POCTH BO3/tyXa Ha BBIXoZe M3 pabotero koleca, B TOM uucie u ¢, Cre-
JOBaTeJIbHO, M3MEHSIOTCS BEIMYMHbI TEOPETHYeCcKoro AaBenys (P) u
ruapaBiIHYECKUX noteps (ZAp). Bee arto Beser k naMenenuo Koagdu-
[{MEeHTA KABJICHVS \,  3HAYNT, BeTMYUHBI JaBieH s, PA3BBAEMOrO BeH-
TWIsATOpoM. XapakTep 3aBucuMocTH P = f (L) ycraHaBmBaeTcs sKcIe-
PHUMEHTANbHO C NIOMOIIBIO CIEIHUANBHONH ycTaHOBKU. s cHATHSA
HauGo,iee MOJHOH HANOPHOIN XapaKTEPUCTUKU ¢ HaHeCeHHeM KPHUBOH
P = f(L) ue Toxbko B I, Ho u Bo II u IV xBazipanTax NpyMeHAETCS KaMe-
pa ¢ HagayBoMm (pHc. 6.10). Cratuyeckoe napienye, CO3JABAEMOE HC-
NBITEIBaEMBIM BEHTHIATODOM, 3aMepsieTcsl 110 pa3pekeHHIO, co3/iaBae-
MOMy B Kamepe. /lMHaMHYecKoe KaBjieHHe PACCUMTHIBAETCsl 10 cpexHei
CKOPOCTH BO3/yXa, BBIXOSIIEr0 U3 MCIBITHIBAeMOT0 BeHTuIsITopa. CyM-
Ma 3TUX ABYX AaBji€HUil U NpencTaBaseT coGoi N0MHOE 1aBieHUe BeH-
TuasTOpa. Pacxon Bo3ayxa uaMepsiercss OGbIYHBIMM METOAAMM.
YKa3aHHble 3aMephl IPOU3BOASTCS NIPU HECKOJBKUX NOJOXKEHUX
IpOCCeabHOM 3a/BMXKKY, B TOM YUCJIE M [IPH MOJIHOCTBIO OTKPRITOIL.
Jlnsa noxy4eHus XapaKTepUCTUKY BeHTU IsSTOpa B [V xBafpanTe Heob-
XOIMMO BKJIIOHATh BEHTUJISITOP HAJUTyBa TaK, YTOOBI OH NOABAJ BO3AYX K
BCAaCHIBAIONIEMY OTBEPCTUIO UCIIBITBIBAEMOIO BeHTWIATOPA. [is ostyde-
HUS XapaKTepUCTUKH BO I KBaJjpaHTe HYXKHO C OMOIIBIO BCTIOMOTATE Th-
HOTO BEHTWJIATOpA CO3LaBaTh ABKEHHE BO3AYXa 4Yepe3 MCIBIThIBAEMbIH
BEHTHJIATOP B HAMPaBJieHUH, IPOTHBOIOIOKHOM HOPMAJIBHOMY.

Puc. 6.10. Kamepa ¢ HaxnyBoM: 1 — BEHTHIATOD HaJLyBa;
2 — HCNBITHIBAEMbIil BEHTHJIATOP
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Ecau craBUTCA 3af1a4a MOJYyYUTh HAIIOPDHYIO XapaKT€PUCTUKY BeH-
TWJATOPA TOJILKO B I KBaJpaHTe, UCIOAb3yeTca Oosiee NPOCTO METOR.
K BeHTWIATOPY IPHCOEANHAIOTCA: KOPOTKMIA BCACHIBAIOIHIA BO3LYXOBO/,
KOTOPbIH MMeeT BXOXHON KOJLIEKTOP, 00€CIeYHBAOIMIA MUHMMATbHbIE
NIOTEPY Ha BXOJE, ¥ HATHETATeIbHBIN BO3/LYXOBOJ C Peryupyonei 3ax-
BHKKOH (puc. 6.11). IloTepu naBsieHus: B ydacTKaxX BO3ZYXOBO/OB OT MECT
3aMepa 10 BCACHIBAIOMIETO U HATHETATENBHOIO OTBEPCTHIl BEHTUISATOpA
MOXKHO 3apaHee OIPeRe/IUTh, Hanpumep Ap.

MukpoManoMeTpoM, IPUCOEAMHEHHBIM K THEBMOMETPUYECKUM TPyG-
KaM TaK, KaK 3TO NOKa3aHo Ha puc. 6.11, MoxkeT GuITh H3MEPEHO N0JIHOe
NaBJieHue, pa3BUBaeMOe BEHTHJISITODOM U PaBHOE CyMMe aBGCOJIOTHBIX
BEJIMYUH JaBJeHUN BeHTUAATOpPA Ha BCACLIBAHMM M HarHeTaHuu. s
3TOFO K BeJIMYMHE JlaBieHust P, OTCUMTHIBAEMOM 110 MUKDOMaHOMETDY,
JOJIXKHBI OBITH TpHOABAEHBI [TOTEPY B YKA3aHHBIX YYACTKAX BO3LYXOBO-
1o Ap. Torga

P=P_+Ap. (6.22)

w
N

F
u‘
-~

9

b2 whe— 4

Puc. 6.11. YcranoBka i HCNBITAaHUSI BEHTHIATOPA:

1 — BeHTHAATOP; 2 — MUKPOMaHOMeTp; 3 — mubep; 4 — nHeBMOMeTpHYecKas Tpybka
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Pacxox Bo3zmyxa n3aMepsieTcst OfHUM U3 H3BECTHEIX METOJOB, B YacT-
HOCTH C NIOMOIUBI0 ITHEBMOMETPUYECKOH TPyOKHU.

Mensis nonoxenye 3aBIKKY, HANIPUMED OT IOJIHOCTHIO 3aAKPHITOrO
TIOJIOXKeHHA A0 NOJHOCTHIO OTKPHITOrO, MOXKHO NOJIy4YHMTh 3HauYeHus L u
P, Heo6XoanMBIe /151 IOCTPOEHHS HATIOPHO#M XapaKTepucTHKH P = f (L)
LeHTPOOEXKHOTO BeHTHIISITOPA B | KBajpaHTe.

[pu L = 0 (1osiHOCTBIO 3aKpbiTasi 33{(BUKKa) BCe aBJieHYe, pa3BHBa-
eMOoe BEeHTIJISITODOM, IIpefCTaBseT coboil craTuyeckoe Aapierne. Co-
OTBETCTBYIOIIASt TOYKA HATIODHOI XapaKTEPUCTUKHY JIEKHT HA OCH ODJIM-
HaT. ITa TOYKa SBJseTcA oOmei s AeliCTBUTENLHOMN XapaKTePHUCTUKU
M LISl XapaKTePUCTHKH, [IOCTPOEHHOM [IPU YCI0BMHM, YTO Koadbuiment
JaBJIeHUsA ¥ DY HEU3SMEHHOH OKPY)KHOM CKOPOCTU eCTh BeJIMYMHA I10-
crosinHas. Bce ocTanbHble TOYKY He COBNAAAIOT C NIpAMO JIMHMeEH a, Ipu
STOM BUJ KPUBOH P = f (L) 3aBUCHT I/IaBHBIM 06pPa3oM OT TOTO, KaK M3-
MEHSIOTCA I0TEPYU KABJEHHS BHYTpU BeHTWIATOpa Y Ap. Eciiu ath nore-
DY YBEIMYMBAIOTCS PABHOMEDHO BMECTE € POCTOM HPOU3BONMUTEIBHOC-
TH, HalIOPHAsI XapaKTePUCTHKA IIpUoGpeTaeT BUA HellpephIBHO Najaonieii
KpUBoii (kpuBas 6 Ha puc. 6.9).

B HeKOTOPBIX KOHCTPYKLMSIX [EHTPOGEKHBIX BEHTHISATOPOB IOTe-
PH B 3aBUCHMOCTH OT IPOU3BOAUTENBHOCTH MOTYT U3MEHITHCS BeCchMa
HepaBHOMepHO. Tak, yacTo HabOAAIOTCS OYeHb GObILME IOTEPH AB--
JIEHHSI HA BXOJIE BO3/tyXa B MeXKJIONIaTOYHBIE KaHAJbI DY MAJbIX [IPO-
M3BORUTEIBHOCTSX BEHTWIATOPA. Y 3TUX BEHTUIATOPOB HAIOPHAS Xa-
PAKTEPUCTHKA MMeeT BIafiMHy B o6iacTy Maibix L (KpUBas 6 Ha pHC.
6.9) u nasbiBaercs Hepenako «ropGaroit». BeHTunasTopaM ¢ TakKUMM Xa-
PaKTEePUCTUKAMM CBOHCTBEHHA HEYCTOWYMBOCTH B paboTe B OTIMYME OT
BEHTWIATOPOB C HENPEPLIBHO H KPYTO NafaoIUMH XapaKTEPHCTHKa-
My, obrafaoumx HanbobIIel yCTOHYMBOCTHIO.

Touxa xpupoii P = f (L), COOTBETCTBYIOMAsi MAKCUMAJIBHOM TIPOM3-
BOZUTETbHOCTH 1IeHTPOOEKHOTO BEHTH/IATOPA, He JeXUT Ha ocH L, Tak
KaK IPH [OJHOCTBIO OTKPHITOR 3a/{BYKKe ¥ OTCYTCTBUM CETH BO3JYXO-
BOZIOB BEHTUJIATOD JOJIKEH Pa3BUBATD J1aBjieHUE, HEOOXOAMMOE Il CO-
3/IlaHMSI CKOPOCTH Ha BBIXOJle BO3/[yXa M3 HATHETATEJIbHOTO OTBEPCTHSL.
ITO nMHAMUYECKOe JABJIeHME ONpeesisAeTcs 10 hopMyie

P2
Pmm - "2' Whix (6.23)
L
TIE Wyyy = ——————— — CPeaHsAs CKOPOCTh BO3/LyXa, BRIXOASLIErO
F,.. -3600
W3 HarHeTarejabHOro OTBEpPCTUS BEHTUJIATOPA, M/CeK;
F,.. — Iolazs ceyeHns HarHeTaTeIbHOTO OTBEPCTHS, M.
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Ecau ¢ noMomibio peryimpoBoYHOi 3a/{BMXKKA NU3MEHSITh PacXo/ BO3-
nyxa L, To 6ynet uaMeHAThCS ¥ CPENHSS CKOPOCTh BBIXOJA W, , @ BMECTE
C 9THM M IMHAaMHMYeCKoe faBJienue. Y paBHenne kpusoii P = f, (L) ume-
€T BHJ KBaApaTU4HOii napabossl (pHc. 6.12):

p r
p 0L (6.24)
o 2 (FBBIX : 3600) 2

EcrecTBeHHO, YTO NPH MaKCMMAJBLHOM pacXofe TUHAMHYECKOE JaB-
JieH}e MaKCHMaJIbHO H PaBHO MOJHOMY [aBJIEHHIO BEHTUISATOPA, UTO OT-
paxkeHo Ha puc. 6.12.

BriunTas 43 NOMHBIX JaB/eHuil JTHHAMUYECKHWE NaBJIEHUS NPHU BCex
3HAYEHHSX TPOU3BOIUTENBHOCTH BEHTH/ISATOPA M TOMyYasi TAKUM obpa-
30M BEJIMYHHBI CTAaTHYECKOrOo JaBJICHWS, HaXOAWUM e€Lle OXHY
XapaKTepUCTHKY Bentunsropa P_ = f, (L) (puc. 6.12).

Baxueiinielt sIBJIsieTCs MepBasi M3 PacCCMOTPEHHBIX XapaKTepHCTHKA
BEHTHIISITOPA, PECTABAsAONIAast cO00# rpaduuecKyio 3aBUCMMOCTDb MEX-
Iy TPOM3BOAMTENLHOCTBIO BEHTHISATOPA U Pa3BHBAaeMbIM MM ITOJHBIM
laBJIEHHEM BO3YXa, TaK Kak P . a C/Ie0BaTeNbHo, M P 3aBUCST OT 11710~
A/ CEeYeHHsI HaTHEeTaTeJbHOTO OTBEPCTHSI.

M= paccMoTpeny HanopHylo xapakrepuctuky P = f (L), momyyeH-
Hylo 1ipH pacxone L > 0 u nasnennn P> 0. Ito npakTuyecku Hanbosee

Puc. 6.12. XapakTepuCTHXH EHTPOOEKHOTO BEHTHUIATOPA,
OTPa’kalolie 3aBUCUMOCTH TIOJIHOTO, IMHAMHYECKOTO U CTaTHYeCKOro
ZaBJIeHHsl OT MMPOM3BOAUTENIPHOCTH
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BAXKHBIA cayvait paGote BenTuasTopa. OnHako, ecau neHTpobeXHbIi
BEHTUJIATOP pabOTaeT COBMECTHO C JPYTHM, MOXET OKa3aThCsl, YTO TIPH
NONI0XKHTENbHOW BennuKHe pasneHus (P> 0) Gyxer cosnaBaThCs OTPH-
uarenbubiil pacxon (L < 0). ITo 3HaUMT, YTO Yepe3 BEHTHISITOP, Pa3BH-
BAIOIUI IaBJIeHHE, BO3AYX OyeT IPOXONUTh B 06paTHOM HANPaBIEHHH.
Taxkoe siBneHne HabMOKAETCS] MHOT/A TIPH TapaJiyieibHOM paboTe BeHTH-
JIATOPOB, UMEIONX PAa3HbIE XapaKTEPHUCTHKH.

Moxer NIpOM30ATH M APYTO# Ciay4ail, KOrxa MPU NOJOXUTEIbHOU
NPOM3BOIMTENLHOCTU BeHTHIsATOpa (L > 0) naBneHHe OKaXeTcsl OTpH-
narenasubM (P < 0). ITo o3Hava-
€T, YTO BeHTHIATOp OyNeT He co-
311aBaTh, a, HA06OPOT, TOTPEBIATH
\ JaBieHue, HIU, HHA4Ye roBops,

NPEXCTABIAATh COOOM CONMPOTHE-
nenue. EcTecTBeHHO, UYTO JaH-
HBIHl TIPOLEeCC BO3MOXEH TPH

P

I P NoCJIeIoBaTe/bHOM paboTe 1BYX

£ +f{ BEHTHJIATOPOB C Pa3HBIMU Xa-
7 paxrepucrukamu. Torna oauu u3

x I BEHTHJISITOPOB MOXET SIBAATBLCS

a9POAMHAMHYECKHM CONTPOTHBIIE-
HueM 418 apyroro. Hanopuas xa-
PaKTEePHCTHKA, OCTPOEHHAS C
YUETOM OIUCAHHKIX CJy4YaeB, OX-

Puc. 6.13. Haropras xapakTepucruka o1 PIBAE€T HE TOJIBKO I, vom II'n
HeHTpo6eXHOTO BeHTUsATOpa B I, 11 IV xBanpauThl ¥ CTPOMTCS Ha OC-
ulv KBaJIpaHTax HOBE pe3yJbTaTOB UCNBLITAaHHH,

MPOU3BEICHHBIX Ha YTIOMSHYTOM
BhIIIIe ycTaHOBKe (puc. 6.10).
[IpumepHBIA BHJ HANOPHON XapaKTEPUCTHKH LEHTPOOEKHOro
BEHTHJIATOPA, NocTpoeHHoi B I, I u IV xBagpaHTax, NPUBOAMTCS Ha
puc. 6.13.

-P

Xapaxmepucmwcu, ompaxcawujue 3a6UCUMOCMY 3ampauueaeM0d
BEHMUNAMOPOM MOWHOCIMU Om npouseoaumeﬂbuocmu

Mounocts N B k6m, xoTOpast Tpebyercs ays paboThl BeHTHISTOpa (BPa-
eHust ero paboyero komeca), CKIaAbIBAETCS U3 TIEPEIABAEMOil BO3IYXY
noJyie3HOM MOMHOCTH N__ , pacCunThiBaeMOi 1o opmye

N - LP (6.25)
mo1 = 1023600
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Ecnau u3obpasurs KpuByio N ]
N_. = o (L) B cucreme Koopxu-
Hat N—L, T0o HeTpyaHo ybeaurn-
co,ywronpu L =0 N _ =0. [lo-
TOM KpHUBas OAHUMAETCS BBEPX,
a 3aTeM OISITb CHUJKAETCS, TaK
KaK []aBJICHHE ITPH BO3pacTaHUH 6
MPOU3BOJIUTENBHOCTH JOCTATOU-
HO pe3Ko najxaeTr (KpUBas a Ha
puc. 6.14).

IlonBenennass kx BEHTUISITO- a
Py MOLIHOCThH PAaCXORyeTcsl He

TOJIBKO Ha 110J1e3Hy10 paboTy, Ho

M Ha ruapaBnuueckue notepu L
BHYTpH BeHTHAATOpa (N ), a

TaK)Xe Ha IepeTeKaHue 4acTH Puc. 6.14. Xapaxrepuctuxu
BO3/1yXa Yepe3 3a30p MEXAY pa- HEHTPOGEKHOrO BEHTHAATOPA,
60"II/IM KOJeCOM MU BCaChIBaIO- OTpaXXai(ue 3aBUCUMOCTh MOI{HOCTH
M Hany6KOM (Nma). KpOMe OT MpOU3BOAUTEIBHOCTH:
TOI'0, MOILHOCTh PAaCXORyeTCs Ha @ — 3aBHCHMOCTD TIOJIE3HOH MOLIHOCTH;

6 — CTh MOIIHOCTH
TPEHHE INCKOB P 2604ero Kome- 3aBHCHMOCTb MOIIHOCTH BEHTHJISITOPA
¢ JIOaTKaMu, 3aTHYTHIMU BIiEpes;

Ca 0 BO311YX, HAXOUSIMHMHUCA B KO- 4 _ 3a54cHMOCTD MOUIHOCTH BEHTHIATODA,
Xyxe (3T0 TaK Ha3nlBaeMast HY- C JIOTIATKaMH, 3arHYThIMH Ha3aJl
neBast MOIUHOCTD N,).

Taxum 06})330M, MOXHO 3a1TMCaTb

N=N_+N, +N_+N,. (6.26)

noJja nor

CyMMa nepBhHIX Tpex C/IaraeéMbIX HOCUT Ha3BaHMeE THAPaBINYeCKOU
MomHOCTH N, Tak KaK 5Ta 4acTh 3aTPayMBaEMOM MOLHOCTH CBSI3aHa C
JBHKEHHEM BO3IyXa.

[lepenuiueM pasencrso (6.26) crexyionum obpasom:

N=N, +N,. (6.27)

Kax BuauM, KpuBasi 3aTpayMBaeMoii MOUTHOCTH, B OTJIHYHE OT KPH-
Boi N =@ (L), naunHaeTcs He U3 Hayasia koopaunar. Ilpu L = 0 vacrs
MOI[HOCTH PacXOAYeTCs Ha MOTEPH, CBSI3aHHbIE C JBMXKEHHEM BO3AYXa
BHYTPHU BEHTHJIATOPA, & TAKXKE Ha HYJIEBYIO MOIHOCTb, 3aMETHM, YTO B
BeJIMYMHY MOIIHOCTH, 3aTPAYMBAEMOl Ha BpamieHue pabodero Kosueca,
HE BXOAAT MeXaHUYeCKHe TTOTEPH B MOJIIMNHHKAX U Iepefave.

Ha puc. 6.14, xpome xpuBoil N IpUBOASITCS XapPaKTEPHCTHKH, T10-

Ka3bIBalOnue 3aBUCHMOCTb 3anaanaeM0ﬁ MOLIHOCTH AJIA I_[eHTp06e)K-
HBIX BEHTHJISATOPORB C pa6o'mM KOJIECOM, HMEIONIHUM JIONATKH, 3alHy Thie
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Brepen (kpuBasi 6), U JonaTKu, 3aTHyThie Hasan (kpusas 6). [leppas
KpuBas 6osee KpyTast U HENPEPHIBHO NOJHUMAETCsI BBEPX, BTOpasi Me-
Hee KpyTas M JOCTHraeT MaKCHMYMa HECKOJILKO paHblIe, YeM IIPOH3BO-

JAUTEJbHOCTS.

Bame'mM, UTO XapaKTEPHUCTUKH MOIU[HOCTH OCeBLIX BEHTHISATOPOB
CYIECTBEHHO OTJIUYAIOTCS OT XapaKTEPUCTHK I.[CHTp06e)KHbIX BEHTHUJIA-

N

Puc. 6.15. Bo3moxHsie
XapaKTEePUCTHKH OCEBBIX
BEHTHJIATOPOB, OTPAXKAIOI(HE
3aBHCUMOCTh MOILHOCTH OT
MPOU3BOUTENBHOCTH

Topos (puc. 6.15). ¥ MHorux tu-
I0B OCEBbIX BEHTHUJISITOPOR BEJIH-
yHHa noTpebnsieMOl MONIHOCTH
NPaKTHYECKH HE 3aBHCHUT OT TPO-
H3BOJUTEILHOCTH (KpUBas a),
WHOT/IA Ia)Ke CHI)KAETCSI BMECTe C
POCTOM TNIPOU3BOAUTETBHOCTH
(xpuBast 6), a HHOTa MMeeT BUI
KkpuBoii 6 (puc. 6.13). [lanHas oco-
6EHHOCTD OCEBHIX BEHTUJISITOPOB
npeacTaBser coboit LieHHoe IKC-
NJyaTaioOHHOE CBOUCTBO, TakK
KaK Harpy3Ka 3JIeKTpOJBUraTeeit
IIPH 3TOM Majio 3aBMCHT OT U3Me-
HEeHUH BEJIMYHUHB POU3BOIHU-
TEJIbHOCTH.

3uavenuss norpebasemoit

BEHTHJISITOPOM MOLIHOCTH, HeOOXOMMBbIE /7SI TOCTPOEHHSI COOTBETCTBY-
IOIMX XapaKTEPUCTHK, Yalle BCEro moay4yaloT ¢ MOMOIIBIO TaK Ha3bIBae-
Moro GalaHCHPHOTO cTaHKa (puc. 6.16). CTaTop amexTpoaBUraTens, Bpa-

Puc. 6.16. Cxema GaslaHCMPHOro cTaHKa I 3aMePa MOMHOCTH,
noTpebasieMoi BEHTHIATOPOM
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1aiontero paboyee KOI€CO UCTILITHIBAEMOTO BEHTUIISATOPA, HE 3aKPETUIEH
¥ MoXeT cBOOOHO BPallaThCsl BOKPYT poTopa. Ero BpameHuio poTH-
BOZLEMCTBYET MOMEHT, MONYYAIONHICS KaK NpousBefeHre Harpysku G
(B xI') Ha nuHy neva kopoMsicia [ (B M), yKPENJIEHHOTO Ha CTaTOPeE.
EcrecTBeHHO, 4TO MOMIHOCTE, 3aTPAYHBaeMast BPAILAIOIUMCS] BMECTE C
poTOpOM pabourM KOJIECOM BEHTHJISITOPA, M MOL[HOCTS, TIOJIyYaIOILAsICS
oT paboThl yIOMSIHYTOTO TPy3a, PaBHHI.
ITosromy eciu MOMEHT paBeH

M=aGl, (6.28)

a yIJI0Basi CKOPOCTh BpalleHus1 npu 7 060poTax B MUHYTY COCTaBJseT

w=2t, (6.29)
30
TO UCKOMas MOIIIHOCTb (B KHJ]OBaTTaX) MOXeT OHTb BbIYHCJIEHA 110 (bop-
MyJae
- M w Gl nn (6.30)

“102 10230

U3 Besrnunn bl HaliieHHOM TaKUM 06Pa30M MOI[HOCTH IOJIKHBI ObITh BHIY-
TEHKI MeXaHMYEeCKHE TIOTEPH, CBA3aHHbIE ¢ paboToil 6aaHCHPHOTO cTaH-
Ka ¥ onpeesseMble IPU TAPNPOBAHUH.

Kpowme sroro criocoba aist onpenesienust 3aTpaunBaemoii npu pabore
BEHTUJIITOPA MOLIIHOCTH MOXKHO MCIIO/Ib30BaTh 3aMepP MOIIHOCTH, TIOTPed-
nsieMoit anexkTponsurareneM us cetu (N.). Torna

N=Nn,, (6.31)

rae m, — KII/I snexTponsuraresisi, yduThIBAIOUIMI Pa3IMYHbIE MHOTOYHC-
JIEHHBIE HJIEKTPUYECKHE U MEXaHUYECKHE IOTEPH IEKTPOBUIATESL.

Ilockonbky TouHOE ONpenesneHue M AOCTaTOYHO CJIOXKHO, JOJDKEH
ObITh pEKOMEH/IOBAH TIEPBHIN C110C00.

Xapaxmepucmuxu, ompaxcaioujue 3asucumocms K03guyuenma
none3H020 Oelicmeus 0Mm NPoU3600UMeENLHOCU

KoapdumenToM noe3Horo AeicTBrs BEHTUIATOPA Ha3hiBAeTCsI OTHO-
HIeHHE [10JIE3HON MOIHOCTH K MOLIHOCTH, 3aTPayeHHON Ha BpPall[eHue
pabouero koseca:

p=oor __ LP (6.32)
N 102-3600N
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4 Kpusas n = y (L), otpaxa-

_______ Ioliasl 3Ty 3aBUCUMOCTh, Ha4YH-
U mox HaeTcs B Hayajle KOODJAHHAT, TaK
kakmpu L=0u P =0n =0.
3aTteM ¢ pocTOM IPOH3BOAH-
TEJILHOCTH OHA NOJXHUMAETCs
BBEPX, JOCTUraeT MaKCHMaJk-
HOTO 3HaYeHUs 1, TIOCJIE Yero

ap?max [~ -

!
|
| nax’
| HayuHaeT nazaath (puc. 6.17).
| ITa XapaKTepUCTHKa CTPOUTCS
| C MOMOWbIO YK€ HAaHECEHHBIX
| Ha rpaduyK XapaKTepUCTHK: Ha-
II NMOPHO#M, COOTBETCTBYIOLEH
3HAYEHHUIO TOJIHOrO JaBJIEHUS
0 7 L BeHTUAATOpa P nns pAaHHOM
Lpas MPOU3BOIUTEILHOCTH, M XapaK-
TEPHCTUKU MOUIHOCTH, NO3BO-
OTpANAIOIAS 3ABHCHMOCTS Jsonei NOJIYHTh 3HAYEHHE
x03¢puiHeHTa T0JIE3HOTO AEHCTBHA sal;pallnBaeMon MOIHOCTH 71
LeHTPOGEKHOTO BEHTHIATOPA TOW JX€ NMPOU3BOAUTENbHOCTH.
OT MPOM3BOAUTENHBHOCTH HNmesn Bce atn BE€JIMYHUHBI, MOX-
HO PacCYHUTaTh COOTBETCTBYIO-
II¥€ 3HaYeHHsI | 1 HAHECTH UX

—— —— ————— .

Puc. 6.17. Xapaxrepucruxa,

Ha rpaduK B BEIGPaHHOM MaciuTabe.

Ormerum, uTo BeauunHa MakcuMasibsHoro KIIJ asasierca BaxkHeii-
[IMM NapaMeTPoM, TaK KaK OT Hero 3aBUCHT IKOHOMHYHOCTb BEHTHIIS-
Topa. Pexxum pabotsl Bentunsropa npu MakcumaibsuoM KI1J[ HaswiBa-
€TCs ONTHMAJIBHBIM, TPOU3BOAUTEIBHOCTS IIPU TAKOM PEXUME TaK e
Ha3bIBaeTCsl ONTUMasbHOM. [Tonbop BEHTHUIISITOPOB MOMXKEH MPOU3BO-
RUTBCS UCXONISI U3 YCIIOBUIA pabOTH B ONTMMATIBLHOM pexxuMe. I1pu aTom
nonyckaercst, 4to6s1 KII/[ nonobpantoro BeHTHasTOpa Obi 6B HE Me-
uee 0,9 __(puc. 6.17).

Wnorna ucnonssyercs nousitue o crarnueckom KIIJI, xoropwiit on-
pelensiercs: OTHOLEHHEM

_ LB, (6.33)

et =702-3600N

EcrectsenHo, yto n_ <7, Tak Kak P_=P- Pm. ITocne Toro kax Haii-
JIEHbI BCe OCHOBHbIE XapaKTEPUCTUKH BEHTHJISTOPA, MX CBOIAT Ha ONUH
rpadMK ¥ NOJIYYAIOT NOJHYIO XapaKTEPUCTUKY BEHTHJISITOPA TIPH NOCTO-
SIHHOM yvucJie 060poToB (puc. 6.18). Takast XapaKTepUCTHKa SBJISETCS
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BECbMA HAIJISIAHON U TO3BOJISET g 7
OTIpENEISTh BCe HeOOXOMHMBIE T1a- 7 7 4
paMeTpbl JaHHOTO BEHTHJIATOPA,
paboTaoiero npu MNOCTOSHHOM
yucye o6OPOTOR M MepeMenan-
HIEr0 BO3AYX OJMHAKOBOM ILJIOT-
HOCTH.

3Hast NOJHYIO XapaKTepUCTH- N
Ky BEHTWIATOPA JAHHOTO THIA H
JNQHHOTO pa3Mepa NpH NOCTOSIH- 2,
HOM uwmcjie 060pOTOB, MOXHO T1O-
JIYYUTb XaPAKTEPUCTHKH HE TOJIb-
KO 9TOTO Xe BEHTHJIATOpA NPpU L
JIPYrux yrcaax o60pPoOTOB, HO U
Bceil cepvM BEHTHIATOPOB JaHHO- Puc. 6.18. Ilonnas xapakTepucTiuka
ro tuna. /g aToro 10CTaTo4Ho IEHTPOOEXKHOTO BEHTHIATOpA IPH
IIPOM3BECTH TIePeCYeT M TIEPECTPO- MOCTOAHHOM YuCIe 060pOTOB
HTb XapaKTEPHCTHUKH HCXOIHOIO
BeHTH/IATOpA. IIpH TaKOM nepecueTe UCIIOIb3YIOTCH 3aKOHKI TORXOOHS, UK
TeopeMhl IIPONOPLHOHALHOCTH, Ha OCHOBE KOTOPKIX YCTAHOBJIEHbI pac-
cMaTpHBaeMble HUXKe TIpaBUJa Iiepecyera.

)

IIpasuna nepecuema aspodunamuueckux Xapaxmepucmux
seHmuRAMOpPQ

B pesysbTaTe nepecyera JJIsl KaXXIXOH TOYKH HCXOTHOM XapaKTePUCTH-
KM JIOJDKHBI ObITH 1TOyYeHb! KOOPAMHATHL TOYKH HOBOH XapaKTepHCTH-
k. O6si3aTe/IbHBIM YCIOBHEM IepecyeTa sIBJIseTCS HEM3MEHHOCTD pe-
XuMa paboThl BEHTUIATOPA, XapaKTepU3yeMasi TOUKON Ha HCXONHOM
XapaKTepHCTHKE M TOYKON HOBOM xapakTepHMCTHKH. Tosbko npu onu-
HAaKOBHIX peXXHMax paboTh MMeeT MeCTO reoMeTpuyeckoe noxobue
TPEYrOJbHUKOB CKOPOCTEH B pabor =M KoJlece BEHTHIISTOPA, A 9TO O3Ha-
yaerT, UTo y = const ¥ n = const.

1. Ilepecuem xapaxmepucmux npu usmMeHeHUw wucia 060pomoe 00H0z0
u mozo e eenmunamopa. B aToM ciydae oCTaloTCs OfHHAKOBBHIMH BCE
reoMeTpu4ecKre pa3Mephl BEHTUISATOPA, U3MEHSIETCS JIHilb OKPYXKHAsS
ckopoctb. Eciu peskum paboThl He u3MeHsieTcs1, TO G1arofiaps reOMeTpH-
uecKoMy NMoo6HIo TPEYTOJIbHAKOB CKOPOCTeli CKOPOCTh BXOAa W, M3Me-
HSIETCS B TOM )K€ CTENeHH, YTO ¥ OKPYXHAasi CKOPOCTh, a TaK KaK

2
L=w, % -3600 , (6.34)
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NOIyYHM
aD?
BX . 3600
L T d 7T wy _u_mDnf0 (G35
L Dn, -60
t wai ngnx 3600 wnxi ul T nl
HIIH
L _n,
Ly n

ITockosbKy NPH OJTHOM H TOM K€ PeXXHMe \y = const, TO IIpH Heus-
MEHHOH IJIOTHOCTH BO3JyXa (p = CONSt) 0THOLIEHHE Pa3BUBAEMOTO BEH-
THJISTOPOM JaBJICHHs IPH H3MEHEHHH yucaa o6opoTos ¢ n Ha n, Gyner
PaBHO

2 2 2
P _pyuy (u)| _(mDn-60 | (n]) (6.36)

P p\yul2 7 - 7 Dn, -60 n

Tak kak npyu HeM3SMEHHOM PeXXHME T = CONst, TO OTHOUIEHHE MOI[HO-
CTeH COCTAaBUT

LpP 3
N _102:3600n _LP _(n ) (6.37)
N, LP, Lp \n
102-3600n

Ha puc. 6.19 uzobpaxena XxapaKTepucTHKa BEHTUISITOPA, II€PECYH-
TAHHAS B CBSA3H C M3MEHEHHeM Yhcia 060pOoToB.

2. lepecuem xapaxmepucmux 015 6eHMUAAMOPOE 0001 cepuis. B aToM
CIyvae 4ucio 000POTOB U IJIOTHOCTh BO3yXa OCTAIOTCS MOCTOSIHHBIMH.
l'eomeTpuueckue pa3Meps! XOTS U U3MEHSIIOTCS, HO COXPaHAIOTCS TOf06-
HRIMH (MX M3MeHEeHMsI IPOUCXOST NPOIIOPIMOHANLHO). EcTeCTBEHHO, UTO
OKPY’KHbBI€ CKODOCTH IpH 3TOM MU3MEHSIOTCA B TOH K€ NMpPONOPHUHK

Dn

n
TOCKOTBRY ==~ | Tak kak pexuM paGOTHI BEHTUIIATOPOB He U3Me-

HAETCS, TO HOBbIE TPEYTOJIbHUKH CKOpOCTeI'/JI IIOI[06HbI CTapbIM, a TIO3TOMY
CKOpPOCTb BX0/1a U3BMEHAETCS TaK XK€, KaK U OKpYXXHasA CKOpPOCTb. CJICI[O‘
BaTEJIbHO,

D_n_x (6.38)
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OTCIOI[a MOXHO NOJIYYUTb TaKoe OTHOLLIEHHE pacXxO0B:

nD?
[ s —*-3600 [DT

|2 (6.39)
Ll T Dl

Dl
Wy, -3600

ITpn HeM3MeHHOM peXxuMe Y =const, HO3TOMY OTHOIIIEHHE JJaBIeHUui

COCTaBHUT
2 2
P vy (u) (D) (6.40)
Py P\l’u12 Uy Dy

Tak kak B YKa3aHHbIX YCJIOBHAX N = const, TO OTHOIIEHHE MOIIHOCTEeN
OKaXXeTCs paBHbIM

LP
ﬁwﬂﬂi[ﬂ.} (6.41)
Ny _LP  LP | D
102-3600 n

Puc. 6.19. XapaxTepucTrKa IeHTPOOEKHOTO BEHTUAATOPA, NOCTPOEHHas!
MyTeM TepecyeTa MPH U3MeHEHHH YHcaa 060pOTOB

339



I'asa 6

Ha puc. 6.20 npencrasieHa xapaKTepHUCTUKA BEHTHIATOPA, [10OCTPO-
eHHasl IyTeM IlepecyeTa XapaKTepUCTHKH JPYTOro BeHTHIATOPA TOH Xe
CepHH.

3. Hepecuem xapaxmepucmux 00HOZO U MOZ0 HCe BEHMUNAMOPA NPU
uamenenuy niomuocmu 6030yxa. I1pu U3MeHEHHH TUIOTHOCTH BO3IYyXa
OCTaeTCs HeM3MeHHOH OKPYXXHAs CKOPOCTh BEHTHIISITOPA, a CJIe[I0BaTe b~
HO (TIpH OZTHOM W TOM Xe peXHMe), U BCe ocTalbHbie ckopoctH. I1pous-
BOJMTEIBHOCTb BEHTHIITOPA BRIPAYKAETCS B €AHHHI[aX 00 beMa, TIPE/ICTaB-
Ag0muUx coboi pousseeHHe CKOPOCTH Ha IIOIAb COOTBETCTBYIOIETO

nD?
4

ceyeHUs | HalpuMep,BXOAHOTO,T0IAKa L=, -3600 {. TlosTomy

NpH U3MEHEHUH P
L=L,. (6.42)
JlaBjieHue IpONOPIHOHAIBHO NIOTHOCTH, KaK 3TO BUAHO U3 ypaBHe-

Hus (6.21), 3Hauur,

p_pv o, (6.43)

L

Puc. 6.20. XapakrepucTika neHTpOGEKHOIO BEHTHISTOPA, HOCTPOEHHAS
IlyTeM TepecyeTa XapaKTePUCTHK APYroro BEHTHIITOPA TOH Xe cepuu
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Takum xe 06pa30M U3MCHACTCA U BEJINYHHA MOIL{HOCTU:

LP
N _3600-102n _P _p (6.44)
Ny _L P opy
3600102 1

4. Ilepecuem xapaxmepucmux 6eHMUNAMOPOB NPU 0OHOBPEMEHHOM U3~
Menenuu yucaa obopomos n, pasmepos D u nnommocmu 603dyxa p. Ha oc-
HOBAHMH U3JIOKEHHBIX BBILIE IPABUJI IIepeCcyeTa HETPYAHO OMYUUTD 06-
uivie HOpMYJIbl s MepecyeTa adpoAUMHAMUAYECKUX XapaKTEPUCTHK
BEHTHJISITOPA TIPH OJHOBPEMEHHOM M3MEHEHUH YHCIA 000POTOB, pasMe-
POB ¥ IUIOTHOCTH BO3AYXa:

L n(D
—=— =1 6.4
Ly nm\ D (6.43)
2 2
Plrl|2le, (6.46)
P ny D, | py
3 5
N_[r)[D])_». (6.47)

N, - ny D, P1

O6osuauuB n/n, =i, D/D =iy, p/p,= 1, TOKaXeM, YTO ObIcTpOXO1-
HOCTh BEHTHUJISITOPA HE 3aBUCUT OT M3MEHEHUS BCEX DTHX BEJINYMH H OC-
TaeTcs [OCTOSTHHOM.

Ecu 6bICTPOXOAHOCTD JaHHOTO BEHTHJISITOPa B cOOTBeTCTBHUH C (6.1)

i

n LY
paBHa M, =C—~, TO GbICTPOXOAHOCTD BEHTHIISITOPA TOH JKe CEPHU P
4
p
u3MeHeHuu n, D U p ONPEAECTUTCS U3 PaBEHCTBA
W45
.3 . . 2;72:72 1
" _C(ngln)%mn e L %ip*i*n e L/ - (6.48)
v1°= 2.2, - 3/3/3/ 3/ Y
PlDlnlp % B /410414 B A
Pi p " p

p
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B saxoueHue OTMETHM, 4YTO, KaK ITOKA3aJId MCCIe0BaHNS, BMECTE C
yBeJUYEHUEM Pa3MepOB, YUCIa 000POTOB BEHTHUIATOPOB U INIOTHOCTH
BO3/IyXa ITPOMCXOAUT HEKOTOPOE yJIyullieHne paboThl BEHTUISITOPOB, YTO
CKa3blBaeTCsA Ha YIYYlIeHHH €T0 NTOKa3aTesei 110 CpaBHEHUIO C IOy YeH-
HbIMH HiepecyeToM. Ilo-BUANMOMY, 3TO 0OBSICHAETCS TEM, UTO BO BCEX
YIIOMAHYTHIX CIy4asx pacTeT 4Yucjo Re, 4To MOXET BbI3BaTh yMEHbINe-
Hue k03 PuuMeHTa TPEHH A, a CJIeI0BATENbHO, BEJINYMHBI TOTEPb 2 Ap
u Hyesoit MmomnoctH N, Bece ato npusoaurt k ysennuenuio KI1/1 Bentu-
asTopa. ONHAKO 3TO yBeIMUEHUE CPaBHUTEIBHO HEBEJIMKO, M PACYETHBIM
IIyTEM €r0 OLECHUTDH HENb3S.

Yuusepcanvuvie xapaxmepucmuxyu seHmuramopos

Ecay 151 OAHOTO M TOTO K€ BEHTUIATOPA ITyTEM Iepecyera MOCTPOUTD
HallOPHbIE XaPAKTEPUCTUKH, OTPAKAIOIME 3aBUCUMOCTD [IABICHUS OT pac-
XO/1a TIDY PA3INYHbIX YHCAaX 06OpOTOB 1, TO TEOJyYuM HanboJree pacpo-
CTPAHEHHYIO U3 YMCJIa YHUBEPCANBHKIX XapakTepucTUK (puc. 6.21). Bepx-
sist kpusast P = f (L) 06b14HO cTponTCs 151 HanGobIIEro YUCa 060pOTOB,

J LA
"M =950
240

260 %% 5 Y
wo A Vd.io/ S
220~ 1{:@ # : Y
200~ ’ — /N
180 - /
(60 2
4
120

100 55

4 (74
60

/
40 B ”

=430,
40

22\
N

N

([
=i
\(,
\Y
N
N

20

g 10000 20000 J00a0 40000 0000 60000 L, w3voc

Prec. 6.21. Yuusepcanbhan xapakTepucTHKa LeHTPOGEKHOro BeHTHIATOPA
cpeznHero aasjenus ceput BPC No 8 nipu pa3iyHBIX Yucaax o60poTos
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KOTOpOE NpUHUMaeTcst b0 110 coobpaXkeHUSM POYHOCTH, MO0 11O c006-
PaXKEHUSIM JIOIYCTUMOCTH CO3/IaBaeMOro nryMa. HrokHue KOHLBI KXo
kpuBoit P = f (L) oTpaxaiot paboTty BeHTHIATOPa 6€3 CeTH BO3AYXOBOJOB,
KOIZ[a BCE CO3/IaBaEMOe JaBJieHUe PABHO JUHAMUYECKOMY, a IIPOU3BOAU-
TEJbHOCTb MakcuMaibHa, Kpome kpusbix P = f (L) Ha xapaKTepHCTUKY
HaHocATCs MuHUHU paBHbiX KILJ[. STy AuMHUY TPOBOAATCA YEPE3 TOUKH,
Jexxanive Ha KpuBbiX P = f (L) u oTBeyalonye OAMHAKOBbIM 3HAYEHUAM
KIIZ (n = const). Kak Mbl yBU/I1M, IaHHbIE XaDAKTEPUCTUKU BECbMa Y100-
HbI TIpH 1oA60pe BEHTUJIATOPA /1St PAGOTH B 33JaHHBIX YCJIOBUSX.
Brinenus Ha kax0ii XpuBoii P = f (L) BIIPaBo ¥ BIEBO OT JUHUH N
Y4aCTOK, COOTBETCTBYIOLIHUI yCI0BUAM paboTbl, Koraa 12 0,9, MOX-
HO TMOJYYUTh 30HY, OTBEYAIO-
myo Hanbojiee 3IKOHOMHUYHOH
pabote BeHTUNATOpa. Bbibpas 7
13 XapaKTEPHUCTHK Pa3HbIX BEH-
TUJIATOPOB 30HBI UX Hauboiee

DKOHOMHYHOH paboThi, MOXKHO
IIOCTPOUTH €l1i€ OJHY Pa3HOBH/I-
HOCTb YHUBEPCANBHOM XapaKTe-
PUCTHKU — COBMELIEHHYIO Xa- 0 b

PAKTEPUCTUKY BEHTHJISITOPOB %b b

(puc. 6.22). C noMollpio TAaKOH
XapaKTEPUCTHKH, €CJIM 3a/IaHbl b'

[IPON3BOJMUTENLHOCTD U ITONTHOE b/”
nasienue (L u P), MOXHO OTIpe-
JIeIUTh HanboJee NOAXOAAIUT

BEHTHUJIATOD, a TAKXKE 3HAYEHU
1 U M, IPY KOTOPBIX OH JAOJIKEH

(=1
~

Puc. 6.22. CosmelienHas

pabotarb. XapaKTEPUCTHKA LEHTPOBEIKHBIX
[\/1si BEHTUIISITOPOB OAHOM BEHTWJISATOPOB

cepuu (TeOMETPHYECKH TO00-

HBIX) TIPUMEHSETCS ApYyrasi Pa3HOBUIHOCTb YHUBEPCAJIbHBIX XapaKTe-

PHCTHK — TaK Ha3blBaeMble 00e3/IMYEHHbIC XaDaKTEPUCTUKU. ITH Xa-

DaKTEPUCTUKH JJII TEOMETPUUECKH TTOZOOHBIX BEHTHISATOPOB CTPOSITCS
1

B cucteMe KoopaAMHaT P —Wouy| @y =—_—3600 F , 3aTeM HaHOCATCS
BRIX

n
JIVHUM 1) = const M u = const | ¥ = . Obe3mnyeHHas XapaKTepuc-

60

THKa cHabxaercst TabnHueil, B KOTOPOi AJsI HOMEPOB BEHTUJISTOPOB
[aHHOI CepuH YKa3bIBAIOTCSI 3HAYEHUS HApYXXHOTO HaMeTpa paboyero
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kosieca D ¥ nowanu cevyeHuns BuxoAnoro orsepctus F, (puc. 6.23).
IIpu nonb3oBanuu 06€31MIEHHON XaPAKTEPUCTUKON IIPUXOAUTCS OII-
penensiTh IPOU3BOANTEIbHOCTh Y YUCJIO 0O0POTOB Ha OCHOBAHHUH CJie-
AVION[MX COOTHOIIEHUH:

L=w,,, -3600F,,; (6.49)
_60Yu (6.50)
nD

CyuiectByer HHOH BapuaHT 06€3TMYEHHON XapaKTEPUCTHKH, Ha KO-
TOPOif BMECTO KPHBbLIX % = CONSt HaHeceHbl KpuBbie A = n - Ne = const
(rne Ne — HOMep BEeHTHJIATOPA JaHHOM cepuH ), a BMECTO TabsuLbl AaHa
crienuasbHas HOMOTpaMMa, MOCTPoeHHasl B koopauHaTax w, ¥ L (puc.
6.24). TIpu UCIIOIb30BAHMY ITOU XaPAKTEPUCTUKH OTTafaeT HeoOXoau-
MOCTb TIpUMeHSITb cooTHONIeHus (6.49) 1 (6.50). Yucno 060poToB onpe-
ACJIIETCS U3 BbIDAXKEHUA

A
= 6.51
n=\a (6.51)
P
! o 9.F,
™ L /% AR R § Jeslo.ail
= o )&& § 6
3 - / A< L p700e
IE BVl
7 0 ooy
al 2 11Ygl0.053
mf 1220065
— 4 4
7,’_‘; yﬁz y,
17% // ™

W=

(/7 ) X 80 U 00 Wy

Puc 6.23. OGeanmuennas xapaKTepUCTHKA IeHTPOBEKHEIX BEHTHIIATOPOB
BBICOKOFO AaBJIeHUA
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Kpome onucaHHbx 06€3-
JIMYEHHBIX XapPaKTEPHUCTUK
A BEHTUISITOPOB OJHOTO
THII2 MOXET OBITh ITOCTPOEHA
TakK HasbiBaeMasi Gespasmep-
Hasl XapaKTEePUCTHKA, PEKO-
Menayemast TOCT 5976-90.
IJTa XapaKTEPUCTHUKA CTPOUT-
cs1 B 6e3pasMepHOIl cucTeMe
KOODJAMHAT TIPH MOCTOSTHHOM
uncae 06opotoB. B kauectse
6e3pa3MepHBIX TTapaMETpPOB
um KoddpuuKeHToB BeIOHpa-
I0TCSL:

k03 GUUHEHT IPOU3BOIU-
TEJHOCTH

k03 puuueHT naBaeHns

;_ P
)
puz
(xaK BUAUM, ;) =y);
K03(pPUUMEHT MOIIHOCTH

N-—%
Ttd 3
4 2

Puc. 6.24. Obesnnyennas
XapaKTepUCTHKAa BEHTUJIATOPOB
C HOMOTPaMMOMH:

P, — 3ajaHHoOe JaBJieHVe BEHTHJIATODE;
L, - 3apaHHas MPOM3BOANTENBHOCTD
BEHTUJIATOPA; A, — XapaKTePHCTHKA,

NoJTy4€HHas MO 3afalHbM P, U M,
No — HOMep BEHTHJIATOPA, NOJy4eHHbIH
¢ MOMoILBI0 rpaHIECKOro MOCTPOCHUSA
MO 3a4aHHBIM P1, le n

[Tyrem ymMHOXeHUsT Ge3pa3MEPHbIX NapaMETPOB Ha MHOXHTEH, B
KOTOpbIE€ BXOJAT pasMepsl BeHTUAsITopa D u uucao ero o60poTOB

_nDn

U = 60 ) MOXXHO ITOJYYUTb UHANBUAYAJIbHBIC XaDAaKTEPUCTUKH BE€H-

TUIATOPOB 1aHHOTO THIIA.

Bce onucaHHbie 00e3nuuyeHHbIE XapaKTEPUCTUKH YCTYMAIOT B Ha-
[JISIAHOCTY YHUBEPCAJIbHBIM XapaKTepUCTHKaM BEHTUJIATODOB, IOCT-
POEHHBIM B OOBIYHOH CHCTEME KOOPAMHAT ITPH Pa3JINYHbIX YUCaax 060-

pOTOB.
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§ 6.6. PaGoTa BeHTHIATOpPA B CETH BO3AYXOBOAOB

InropvL dasreruti 8 6030Yx0800ax

Pa3sBrBaeMoe BEHTU/IITOPOM JIaBJIEHUE PACXOAYETCS P ABUXKEHUH BO3-
AyXa B NMPHUCOEIMHEHHON K BEHTUJISTOPY CETH BO3AyxoBoAoB. Cymmap-
HbI€ TOTEPHU JaBJieHusI B ceTu (CM. TJL 5, [pM pacyeTe BO3AYXOBOAOB 3TH
norepu 00bI9HO 0603HavatoTca H) npeactapsior coboi oTepy Aasie-
HUA BO BeacbiBawluleit P v HarHeraTenbHOM P, IMHUAX; KPOME TOTO, B
BEJIMYMHY CYMMapHBIX NTOTEPh BXOAUT UMEIOMIASICS Pa3HOCTh JaBJeHUI
B MecTax 3a60pa u Beibpoca Bosayxa (Ah):

P=pP +P +Ah. (6.52)
B P__ BKJTIOYaeTCs ¥ TO JlaBJIeHue, KOTOPoe HeOOXOIMMO CO3aBaTh, 4TO-

6b1 Bosgzx BBIXO/IUJI U3 CETH C OIIpe/IEJICHHOM CKOPOCThI0. Pa3HOCTS faBJie-
Huit Ah > 0, ecriu JaBieHKe BO34yXa B MECTE €T0 BbIITYCKa IIpEBbIIIAET JaB-
JieHue y BO3Ayx03abopa, u Ah < () — 1ipyt 06paTHOM COOTHOLIEHUH.

Ilepsbrii cayyail xapakTepeH AJist yCIOBHH, KOT/IAa B COOPYXXEHUH UMe-
€TcsT TOATIOP, 3aTPYAHAIONMHA paboTy BeHTUWIATOpa. Bropoii ciyyvait Ha-
OaronaeTcst OOBIYHO MPY HAJTMYUM ECTECTBEHHOM TSTH, MoMOramuiei pa-
60Te BEHTHIATODA.

Mo>XHO IOCTPOUTH 3IOPY pacipeie/ieHusT JaBIeHUs B CETH BO3AY-
XOBOJIOB UIST HECKOJIbKUX XapaKTEPHBIX CJIy4aesB.

a) BcachiBatomiast ¥ HaTHeTaTe/IbHAS TMHUM BO3LYXOBO/A IIOCTOSIHHOTO
JMaMeTpPa; BO3AyXOBOJl HE UMEET Pa3BEeTBJICHHI ¥ ITOBOPOTOB (pHc. 6.25).

B aTOoM ciyyae faBiieHue, CO3AaBAEMOE BEHTUIATOPOM, PACXOAYET-
Cs1 Ha IIPEOJI0JIEHUE CONIPOTHUBJIeHUH TpeHus. byneM oTknagbIBaTh AaB-
JieHWs1, IPEBbINIAIOIHE aTMOCEPHbIE, BBEDX OT HYJIEBOH JUHHUH, a 1aB-
JieHus1, MeHbllle aTMocdepHoro (pa3peskeHus ), BHU3. OTpuuaTeTbHBIMU
MOTYT OBITD MOJHBIE U CTATHYECKHE AABJICHUS BO BCACHIBAIOLIEH JIMHUN
BO3yx0BOoJa. [JJuHaMUYecKHe JaBIeHUs BCerAa mojomkuTeabubl. He-
TPYAHO BUAETD, YTO O aOCONMIOTHOM BelMYMHE BO BCACHIBAOILEH JH-
uuu P_>P . Takkaky P_u P oGpatusie sHakn (P, =—-P +P ),
a B HarHeTaTeNbHOH P, > P, Tak KaK 3HaK{ Y CTaTUYECKOTO ¥ MHa-
MUYECKOTO faBjeHus ofuHakossl (P =P _+P ).

Bo BcacbiBaoieM ceueHun Bo3ayxoBoga 7— 7 HOJIHOE aBJIeHNeE CKJla-
AbIBAETCS U3 AUHAMUUECKOTO JAABJIEHUS], KOTOPOE MOMIOXKHUTENbHO U PaB-
HO p®?/2, ¥ CTATUYECKOTO faBjieHus (OTPHIATENBHOTO), HEOOXOAUMOTO
JU1SI TIPEOZIOJIEHHSI COTIPOTUBJICHHH BXOZIA.

Jlnst cnyyast, u306paxeHHOro Ha puc. 6.25, koadduumnent mectaoro
COIPOTUBJICHUS BXOJIa € = 1, ¥ MO3TOMY NOJTHOE JaBJeHHE OKA3bIBAET-
Cs1 paBHBIM HYJII0. B BBIXOJJHOM ceueHUH BO3AyX0BOjAa 2—2 ANHaMHYeE-
CKO€ JIaBJIEHME UCIOJb3YETCS A NPEOAOJCHUS CONPOTUBJIEHUS BbI-

346



Benmunamopwt

X0/1a, ¥ TI03TOMY TTOJTHOE JaBJeHHE PABHO AMHAMHYECKOMY, a CTaTHYeC-
KOe JiaBjieHHe paBHO HyJ10. B cedennu 0-0 1MokasaHo IOJHOE JaBJie-
HHe, pa3BiBaeMoe BeHTUIATOpoM. OHO CKJIa/IBIBACTCS U3 JaBJIeHHsI BO
BCAaChIBAIOIIEM OTBEPCTUH (3TO JaBJICHUE PABHO ITOTEPSIM JaBJIeHUS HA
BCAChIBAlOMIEA TMHHUU) ¥ JJaBJIeHUs B HarHETATEJbHOM OTBEPCTHH, KO-
TOpOE PacxoiyeTcs Ha IIPEONOJIEHHE CONPOTUBICHUI B HarHeTaTe IbHOM
muany. Ha puc. 6.25, a n306pakeHbl 3MOPHL AaBAEHUI B IIPEATIONIONKE-
HUY, 4yTO B MecTe 3ab0pa ¥ BhIOpOCA Bo3/yXa JAaBjieHHsA oAuHakoBbl. Ha

a)
f
1
[r——
{
1
&S qs
q’h
5)

- P -ah—

§)

-prah—

Puc. 6.25. 3niops! gaBieHuii B BO3AYX0BOA€E TIOCTOSIHHOIO CeYeHHs.:
a-Ah=0;6—-Ah<0;6—-AR>0
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puc. 6.25, 6 npeAcTaBieHa 3MOPa AaBJIEHUIA /I TOTO XK€ BO3LYXOBO/Ia,
HO TTpH yCJ0BUH, Koraa Ak < 0 (uMeeTcs ectecTBeHHas Tsara). [Ipu aTom
noTpe6HOE 1aBIeHUE BEHTHIIATOPA OKA3bIBAETCS MEHbIIIE HA BETHYHMHY
Ah. Ha puc. 6.25, 6 usobpaxkeHa a1opa JaBjeHuUil B BO3LYXOBOJIE, KOTAa
ecTb noanop (Ak > 0). B aTom ci1yyae BeHTHIATOD A0/DKEH PAa3BMBATh
noJiHoe AasjeHve P + Ah.

6) Ilnouaay MomepevyHoro ceyeHus: BO3AYyXOBOAA MIEPEMEHHbI; HMe-
I0TCSl BHE3AITHbIE U IIJIABHbIE CYXXEHUS U paciupenust (puc. 6.26).

ITpaBuJia OCTPOEHHST 3TOM IMOPHI OCTAIOTCS TEMH K€, YTO U B Ipe-
AbiayuieM cayyae. Crenyer Juib 06paTUTh BHUMaHHE Ha BOSMOXKHOCTD
HOSABJIEHUSA OTPULATEIbHbIX CTAaTUYECKUX ABJICHUI Ha HarHeTaTeIbHOM
JIMHUY BO3yX0Boza. Takye AaBJICHUS MOTYT BOSHUKHYTb B MECTaxX 3Ha-
YUTEIbHOTO CYXEHUS BO3AyX0oBoJa (B KOH(DY30pax), Tak KaK AMHAMHU-
YeCcKoe JaBJIEHUE B 3TOM MECTE PE3KO BO3PaCTa€eT, a BEJIUYUHA 00UIEro
NaBJICHUS B Pe3YJIbTaTe NTPEOJIOJIEHUSI COPOTUBIIEHUST YMEHbIIAETCS HE
TaK CUJIbHO.

B) Bosnyxosoa umeer pa3eTBIeHUS.

A

Puc. 6.26. Jmopa AapieHuit B BO3AyX0BO€e NePEMEHHOIO CEUEHHS
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11—

Puc. 6.27. Jmopa aaBieHH B Pa3BETBIEHHOM BO34YXOBOZE

3Mmiopa B 3TOM cyyae puobpeTaet Buj, n306paxeHHbIH Ha puc. 6.27.
B pasBeTBIeHUSAX BO3AYXOBOJA JaBJCHUE UM DA3PEXEHUE NPEACTAB-
Jsiet coOOM JaBJIeHUE B Y3I0BOW TOYKE.

Hanoscenue xapaxmepucmuxu cemu na xapaxmepucmuxy
seHmunsImopa

AHanu3 U3yyeHHbIX B NIpeAbIAYINEM TTaparpade XapaKTepuCTHK BEHTH-
JIATOPOB IIO3BOJIAET 3aKII0YUTh, YTO OJJUH U TOT XK€ BEHTUJIATOD IIPH Of1-
HOM M TOM e YHrciie 000POTOB MOXET UMETh CaMble Pa3JIU4YHbIE TIPOM3-
BOAMTEJBHOCTH ¥ Pa3BUBATh Pa3IM4HbIE JAABICHUS.

BeuunHbl IpOHM3BOAUTEIBHOCTY BEHTUISATOPA M PAa3BUBAEMbIE UM J[AB-
JIEHHST 3aBHUCST OT TOTO, Ha KaKyI0 CETh PaboTaeT AaHHbIH BEHTHIIATOP.

Kax mMb1 Bujiesu (§ 5.6), 3aBUCUMOCTbD, CBSI3bIBAIOLLAS 3aTPAThI JIaBJIe-
HUS Ha TPeoJIoJIEHHe CONPOTUBJICHUH CETH BO3AYXOBOAOB C PACXOAOM
MepeMenaeMoro Bo3Ayxa, NPEACTaBaAeT coboil XapaKTepHCTHKY CETH.
Jl7ist OOBIYHBIX CTy4YaeB NMPAKTHKY XaPaKTEPUCTHKA CETH ABJISIETCS KBa/l-
paruyHo# napaboyoit. OHa MOXKET repecekaTh HauaIo KOOPAMHAT (ecJIu
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P

r———————

g L

Puc. 6.28. Hanoxenune xapakTepucTuku
CeTH Ha XapaKTePUCTUKY BeHTHJIATODA:
1 ~ xapaKTepHCTHKa BEHTHJIATOPA;

2 - XapaKTepPHCTHKa CeTH BO3AYyX0BOJ0B;
PT — paboyas TouKa

p 7y
A TS b1 W
e e 4
VAN
—— 4 -
0 T

Puc. 6.29. Haxoxzaenue napaMeTpos
BEHTHJIATOPA NPK ero paboTe B CeTH:

1 — naBsnieHWe BeHTHAATOpPA; 2 — KIIJL
BEHTUJIATOPA; 3 — MOIHOCTS BEHTHJIATOPA

350

JlaBJeHHST BO3yXa B MecTax
3abopa u BHIOPOCA OMHAKO-
BbI) M MOXET HE IIEPEXOJUTh
yepe3 Hero (eCiu 3TH [aBJie-
HUs He paBHbI).

Ba)xHO OTMeTHUTBH, 4TO Xa-
PaKTEPUCTUKA CETH CTPOUTCS B
TOU K€ cCUCTEME KOODAMHAT,
4TO ¥ BaXKHEHIIAs (HAllOpHast )
XapaKTePHUCTHKA BEHTHISITOPA.

Ecnu Ha HanopHyo xapax-
TEPUCTUKY BEHTHISITOPA HAJIO-
XXUTHh XapaKTEPUCTUKY CETH,
ITOCTPOEHHYIO B TEX )K€ KOOP-
JIMHaTaXx ¥ B TOM e MacliTabe,
IOIYYUTCS TOYKa Nepeceye-
HUsE, KOTOPas ¥ OTIPEZIE/IUT Tia-
pameTpsl paboThl BEHTHIATOPA
B YCJIOBUSIX JAHHOU ceTH. 3JTta
TOYKA HOCHUT HassaHue paboueit
Touk# (puc. 6.28). Mmes nos-
HYI0 XapaKTEPUCTUKY BEHTH-
JAsiTOpa, Mo paboyei Touke
MOXHO HailTW Bce IapaMeTphl
BEHTUJSATODA 1pU paboTe Ha
JaHHYIO ceThb (puc. 6.29).

B cnyuae npoekTupoBaHus
CHCTEM BEHTHJISIIINH ¥ KOH/IH-
UHOHHUPOBaHUS BO3yxa pabo-
Yy TOYKY HeaecoobpasHo
UCIOJIb30BaTh AJIs PEUIeHUs
06paTHON 3afiauy, CBA3AHHOM
¢ BI6OpOM HEOOXOAMMOTrO
BeHTHAATOpA. [ns BBIGOpa
BEHTHUJIATODPA JIYYIlle BCETO
HPUMEHATh YHUBEPCATBHYIO
XapaKTEPUCTUKY, TOCTPOEH-
HYI0 A7 Pa3ANYHBIX YHCE
060pOTOB.

3Has U3 NpeAbIAYIINX pac-
4YeTOB Pacxof Bo3ayxa L u He-
06x01¥MOe laBieHUe BEHTH-
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asaropa P, HaxoAMM Ha XapakTepUCTHKe BEHTHIATOPA TOUKY C JAHHBIMHA
KOODAMHATAMH, YTO [O3BOJSET ONpPEeNsATh YncIo 06opoToB pabodero
KOJIeCa BEeHTWJISITOPa ¥ K03 @HUIIUEHT T10JIe3HOro aeiictBus. Eciu To4ka
¢ koopauHatamu L u P momagaet Mexay aByMs junusamu P = f (L), o-
CTPOEHHBIMH I YUCIaX 060POTOB, 0003HAYEHHBIX Ha XapaKTEPHCTHUKE,
HCTHHHOE YHCJI0 0O0POTOB HAXOAWUTCSl MHTEPIOsUeil. ITO XKe OTHO-
CHUTCS U K olipe/ieJIeHUI0 ucTUHHOTO 3Hadenust KIT/T.

IIpu BeIGOpE BEHTHISITOPA CJIEAYET CTPEMUThCS K TOMY, YT0ObI pabo-
4ast TOYKa [ONafalla Ha JIMHUIO 1 WK GJIM3KYIO K Heil (He nanbie 4eM
0,9n,, ). Kpome Toro, Heo6Xx011MO OPMEHTHPOBATBCS Ha TAKUe YKCIa 060-
poToB ero paboyero Kojeca, KOTOPbI€ TO3BOJKIN Obl OCYILECTBUTh HAM-
GoJiee HaZIEKHOE, TIPOCTOE ¥ IKOHOMHUYHOE COEIMHEHHE BEHTWIATOpA H
anexTpogBuraress. TakoBeIM GyzieT coeinHeHE Ha OJHOM BaJly HJIH OCH.
IMockonbKy M IPUBOJA BEHTHJSITOPA MCTIONB3YIOTCS AaCUHXPOHHBIE
3JIEKTPOJBHUTaTeNH TPex(a3HOTO TOKA ¢ KOPOTKO3AMKHYTHIM POTOPOM,
COOTBETCTBYIOLIMMH YHMCIaMu 000poToB siBjsoTcs: 480, 570, 720, 960,
1440 u 2890 06,/ mun.

Ha puc. 6.30 BeHTUIATOD BHIOPAaH COTJIACHO H3JIOXKEHHBIM 3/IECh CO-
obpaxenusM. [Tomoxenue paboyeil TOYKH, IOKA3aHHOE HA 3TOM PHUCYH-

4
o fut
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/
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Puc. 6.30. BoiGop BEeHTHAATOPA ¢ MOMOLIbIO YHUBEPCATbHOH XapaKTEPHCTHKM:

PT - pabouas Touka; L — pacueTHBIif pacxon Bo3ayxa; P — pacuyeTHOe [JaBjieHye
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Ke, OTBe4aeT [IPOeKTHOMY. MoryT BCTPeTUThCS cliyyau, Koraa AeHCTBU-
TesbHas paboyasi TOYKa He COBNAJAET C IPOEKTHOM.

OcTaHOBMMCSI HA BO3MOXKHBIX M3MEHEHHSX B MECTOIIOJOKEHUH e~
CTBUTEJIbHOI paboyeil TOUKH 10 CPABHEHHIO ¢ TPOEKTHOM, a TAKXKe pac-
CMOTPHMM HEKOTOpBbIe NIPaKTUYeCKH BasKHbple CJIyYad, KOTZa aHa/lu3 Mec-
TOTIOJIOXKEHUSI NeHCTBUTENbHOM pabodell ToOuKM NO3BOJISIET BCKPHIBATH
OUIMOKH, 0Ny IeHHbIE TIPH TIPOCKTUPOBAHNH ¥ MOHTAX€ BEHTUJISILMOH~
HbIX YCTAaHOBOK. JTOT XK€ aHAJIHU3 MO3BOJIsdeT 00HAPYXUBATh AedeKThl
3aBOJICKOTO M3TOTOBJIEHHS BEHTHJISITOPOB.

1-ii cmyyaii. B pesysbTate pacuera ceTH BO3[IyXOBO/IOB OIPE/I€IEHbI
noTpebHble IPOU3BOAUTEIBHOCTD U IIONHOE JaBJIeHKHe BEHTUIsITopa L 1
P,. CoracHO 3THM JaHHBIM BEIGPaH BEHTUJIATOP ¥ HaiiieHa paboyast Tou-
Ka 1 (puc. 6.31). U3BecTHO, 4TO ceTh pabOTAET B YCJIOBUSAX, KOTAA HET
TIOATIOpA U €CTeCTBeHHOM Tsiru (AL = 0).

IIpy ucnBITAaHUAX BEHTWISITOPA OKa3aJI0Ch, YTO €r0 PONU3BOIUTEb-
HOCTb U IaBJieHHe COCTaBAAIOT Ly P, 4eMy COOTBETCTBYET pabouas Tou-
ka 2. TpeGyercsi onpeaeMTh NpUIMHY N0y YMBIIErocs CMenleHus pabo-

4ell TOUKH.

IIpexne Bcero ciexyer cka-
) 3aTh, YTO ITO HE MOIJIO ITPOU3OM-
6 TH M3-3a IIOCTABKH HEKAYeCTBEH-
a HOTO BEeHTHJIATOPA, TaK Kak obe
pabousie TOYKH JIeKAT Ha HAMIOP-
HOY XapaKTepHCTHKe BEHTHJISITO-
~ = pa NpH JaHHOM YKcjie 000pOTOB.
A [IpoBens yepe3 TO4KU 1 u 2
\ JUMHUM XApPaKTEpPUCTHUK CETH,
npescTaBIsiomue coboil KBajpa-
[ THYHbIE TapaboJibl, yOexaaeMcs,
>4 4TO efICTBUTE/IbHAS XaPAKTEPUC-
THKa, 10 CPAaBHEHHIO C IPOEKTHOH,
0 - L Gyner bosee xpyToit. ITO U3Me-
i - HEHHe MOXKET SIBUThCS CJIENCTBH-
€M OTKJIIOYeHHsI YaCTH OTBETBJIe-
HHH B CeTHM WJIM 4YaCTUYHOTO
3aKPHITHSL T€X PEryJIMPOBOYHBIX
3aJiBUXKEK, KOTOPbIE JOJIKHBI
ObLnu GBITH OTKPBITHL. U TO M ApY-
roe Jierko ycrpauumo. OtMerum,

1 - npoekTHas paboyas TOYKa; o
2 — nmelicTBUTeNbHAA paboyas TouKa; TO mepeMenIeHne pa60‘{eI/I TOIKH
@ — IPOEKTHAS XaPaKTePUCTUKA CETH; W3 TIOJIOKeHMs1 7 B 1oJIoXKeHue 2 U
6 — neicTBUTENbHAS XaPAKTEPUCTHKA CETH COOTBETCTBYIOIIIee U3MEHEHHUE Xa-

2

Q-

Puc. 6.31. IlepBslit Bo3MOXHBII ciyyaii
HECOOTBETCTBHSA MECTOIOJIOKEHUS
TIPOEKTHOM ¥ eHcTBUTENbHON pabouux
TOYEK:
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PaKTEPUCTHKH CETH BO3[YXOBOAOB Ha3bIBAETCSI APOCCETUPOBAHUEM CETH.
JlocrHraercst OHO, Kak Mbl BUZIE/TH, YACTHYHDBIM 3aKpPbITHEM PeryJIHpPOBOY-
HBIX 3a/IBHXKEK.

IIpy Ipou3BOACTBE APOCCEAUPOBAHHUS MOILHOCTb, HOTPeb IsieMast ieH-
TPOOEXKHBIMHM BEHTHSATODAMH, yMeHbImaeTcs, [Ipy OTHOM 3aKPHITHU
3a[BHXXKH y BEHTWJIATOpA BeJuuuHA noTpebisieMoit MonrHocT Oyner
MHHUMAJIbHOM.

Orciona cnenyer BaxkHOe TIPABUIIO SKCILTYaTalMK LIEHTPOOeKHBIX BEH-
THISITOPOB: MX IIyCK HEOOXOAMMO IPOU3BOAMTD IIPH 3aKPBITOM 3a/IBUXKKE.
DTO MPaBUJIO HE BCETZa JIETKO BBIIOJHUTD (HANIDHUMED, B aBTOMATH3HUPO-
BaHHBIX CHCTEMAX U TPU AMCTAHIMOHHOM YIIpABJEeHUH BEHTarperataMu).
B raxux cnydasx creayer npoBEepHTb, JOCTATOYHA JIM MOLIHOCTh yCTa-
HOBJIEHHOTO 3JIEKTPOIBUTATEJs C YIETOM BO3HUKAIOIIEH TTeperpy3Ku.

KpoMe paccMoTpeHHOI TIPHYMHBI HECOOTBETCTBHSL IPOEKTY TOJIO-
XKEHUsl eWCTBUTENbHON paboyeil TOUKH, CylecTByeT elle ogHa. Mo-
XKeT OKAa3aThCsl, YTO PACCMATPUBAEMOE U3MEHEHHE XapaKTEPHUCTHKH CETH
BO3/1yXOBOJOB U CMellieHVe B CBSI3U ¢ 5TUM paboueil TOUKH MPOH30LLIO
¥3-33 HEKAYeCTBEHHOTO MOHTAXa CHUCTeMbl. B 4acTHOCTH, B pe3yJibTare
HH3KOTO KauecTBa BHITOJHEHHs! (DACOHHBIX YACTell, MECT COeIMHEHHsI BO3-
IyX0BOJOB ¢ 0bOpynOBaHMEM,
¢raHIeBBIX COeJHHEHNI], OT-
JeJbHBIX 3BEHbEB U T. Jl. MOTYT
Pe3KO BO3PAacTH MOTEPH JaBJie- 6
HMS B CETH, YTO Y IPYIBEJIET K U3~
MEHEHHIO XapaKTePUCTHUKU CETH
M CMenIeHuI0 pabouedl TOUKH.  _ ~ 4
YcTpanuTh 3Ty NpUYMHy ropas- 1 ~ "
JI0 TpY/Hee, TaK KaK sl 3TOro
noTpebyeTcsl IeMOHTAX OTAeNb- ~
HBIX Y4aCTKOB CeTH BO3]yXOBO- o

5

JIOB. >
2-it cayyqaii. [leiicTBuTenHas
Y NIpoeKTHasi paboyue TOUKM Kak L
OBl MOMEHAIMCH MECTAMM I10 CPaB- L,
Henuio ¢ 1-M cyyaeM (puc. 6.32). 3 )
Kax u B 1-M ci1yuae, 06e paboune Puc. 6.32. Bropoii Bo3MOXXHBIH Clyyaif
b

TOYKM MpMHA/IENAT OAHOH Ha- HECOOTBETCTBHSI MECTOIONOXEHNS

. IPOEKTHON U AEHCTBUTEIBHON Pabounx
nopHo# xapakrepuctuke. Iloaro- ToueK:
M MaTpHB HECOOTBET-

Y paceMatp aehéoe 1 - npoexTHas paboyas Touka;
CTBYE HE MOXET OBITh BBI3BAHO 2 ~ meiictBuTeNbHAs paboyas TOYKa,
IMOCTAaBKOHY HEKa4YeCTBEHHOI'O BEH- a — 1pPOEeKTHAsA XapaKTEPUCTHKA CETH;
THJISITODA. Kak BuguM, neiicTBu- 6 — nedicTBUTEbHAS XapaKTePUCTUKA CETH
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I'naga 6

TeJIbHAs IPOM3BOJMTENbHOCTh BEHTHJISATOPA OKa3bIBaeTCs OoJbIle Npo-
exTHo# (L, > L,), neficTBUTe/IbHAs XapaKTePUCTHKA CETH BO3/1yXOBOIOB
60J1ee OOTOl, 4eM TPOEKTHAsA. ITO ¥ IPUBOAMT K CMEIIEHUIO paboyeit
TOYKH.

[IpuunHoil Takoro 3MeHeHUs1 XapaKTePUCTHKU CEeTH Yaile BCero siB-
JIE€TCSI HEOCTAaTOYHASI TePMETHYHOCTh BEHTUIAIIMOHHOU ceTH. Hanuuue
HETJIOTHOCTEH B CETH BO3IYXOBOJOB PABHOLIEHHO HEOTKJIIOYEHHBIM OT-
BeTBaeHnAM. YeM GoJiblle TaKUX HeTAIOTHOCTeH B ceTH, TeM GoJiee Tojo-
ra ee xapakTepucTuxa. YTo6bl yOeauThcsi B TOM, 4TO IPUYKHA PACCMAT-
PHBAEMOTO CMelleHus pabodell TOUKH 3aKII09aeTCs B HETePMETUYHOCTH
CeTH, cIenyeT CPaBHUTH IIPOM3BOAMTEIbHOCTh BEHTHIISATOpa L, ompezne-
JIEHHYIO 110 Pe3yJIbTATaM 3aMepPOB B HENOCPEACTBEHHOM OIM30CTH OT BeH-

n

THJISITOPA, ¢ CYMMapHBIM PacxoioM BO31yXa ZL,-, NOCTYNANIUM B 06-
1

CIIy’HUBaeMble MOMeIneHus1 (/s BRITSDKHOM CHCTeMBl yJaisieMbIM U3

n
noMeulenuit). B ciyuae HerepmeTnuHocTH L > ZL,-.
1

EcTecTBeHHO, 4TO HETePMETUYHOCTD AOJDKHA ObITh yCTpaHeHa, ocje
9er0 AeHCTBUTENbHAN XapaKTePUCTHKa ceTd OyZIeT COOTBETCTBOBATD MTPO-
€KTHOM.

Heo6x0onuMo OTMETHTD, 4TO NIpH paboTe BEHTHISATOPA B YCAOBHSAX,
omnpezessieMplx paboueit Toukoil 2, eHTpOOeX bl BEHTHISATOP Pacxo-
IlyeT 3HaYMTEAbHO OOJBIIYI0 MOIHOCTD, & 3TO MOXeT NPUBECTH K Tiepe-
Tpy3KaM 3JIeKTPOABUTATENIS.

CymectByer ¥ BTOpast IPUYMHA PACCMATPUBAEMOTO M3MEHEHHSI Xa-
pakTepucTUKH ceTH. OHa 3aKII0YAETCsi B TOM, YTO IIPH IIPOEKTHPOBAHHHU
BEeHTUJISIIIUOHHBIX CETe MHOTHE COIIPOTUBJIEHHUST PACCYMTHIBAIOTCA C 3a-
BBIIIEHHEM. ITO MOXKHO OOBSICHUTD XKeJaHWEM MMeTh HEKOTOPBII 3a1ac.
Ycrpanuts co3maBiieecs pacxoXaeHue MexXAy AeiCTBUTENbHON U Ipo-
€KTHOI XapaKTepUCTHKaMHK JOCTATOYHO TIpocTO. 11 3TOro Hafio BBITIOJ-
HWTb APOCCEAVPOBAHHNE U IPUBECTH AEHCTBUTEIBHYIO PaboUyIo TOYKY 2
B ee TIPOEKTHOe T1oJIoXKeHue 7.

3-it cayuaii. PacueToM ceTH BO31yXOBOJOB OIpe/eIeHb MOTpeOHbIe
IIPOU3BOIMTEIBHOCTD M 1I0JIHOE aBJeHue BenTuistopa L, u P, B coot-
BETCTBHH C YeM BhIOPaH BEHTHJISITOP, KOTOPBI [0 JAHHBIM KAaTaaora HMe-
€T HAMOPHYIO XapaKTEePUCTUKY IIPH IIPOEKTHOM YUCie 060poToB 7 = -
npoxonsuryio yepes Touxy 7 (L,, P)).

Bo BpeMs1 HCIIBITAHMIT BEHTHJISITOpA OKA3aJI0Ch, YTO €r0 IPOM3BOAM-
TeJIbHOCTD H J1aBJieHue cocTaBnsioT L, u P, yeMy oTBeyaer paboyast Touka
2 (puc. 6.33). IIposens yepes Touku 1 u 2 kBaApaTUYHYO Napabo.y, yoex-
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Benmunsmopu

JaeMcsi, 4To 06e TOYKH JIEKAT Ha OHOM XapaKTePUCTHKE CETH BO3/LyX0OBO-
OB. DTO 3HAYMT, YTO B JAHHOM CJIyYae NPHYiHa HECOOTBETCTBHS He CBsl-
3aHa C pac4eTOM MJIM MOHTAXOM CeTH. B T0 ke BpeMsi Mbl BUIUM, YTO TOY~
Ka 2 He JIXUT HA HANOPHOM XAPAKTEPHCTUKE BEHTHIATOPA IPU N =1, .

Ecnu npoBepka (¢ MOMOIIBIO TAXOMETPa) MOKaXKeT, 4TO IUCH0 060po-
TOB pabo4ero Kosieca BEHTHJISITOPA COOTBETCTBYeT NPOEKTHOMY, 3T0 Oy-
JleT 03Ha4yaTh, 4TO JeMCTBUTENbHAs XapaKTePUCTHKA BEHTUJISITOPA HE CO-
OTBETCTBYET macnopTHoi (yKa3aHHO B KaTajore).

TaxuM 06pa3oM, B 3TOM CJydae [IPUYHHA HECOBIAJACHH 1eHCTBUTE b~
HOU M MPOEKTHOM paboYuX TOYEK 3aKJII0YAETCsI B HeKadyeCTBEHHOM H3T0-
TOBJIEHWH Ha 3aBOJie JAHHOTO BEHTUJISATOPA.

Heo6x0a1Mo yKa3aTh, YTO, COTJIACHO HCCTegoBaHusaM B. 1. JIMurpu-
€Ba, MaCNOPTHAsI XapaKTePUCTUKA BEHTUILSITOPA IpPeTepIeBaeT u3MeHe-
HYs, eCJay BOJIKM3W BCACHIBAIONIETO OTBEPCTHSl YCTAHOBJEHb (PACOHHBIE
JaCTH.

Ipu ycTanoBKe 0TBOAA B HEMOCPEACTBEHHOM GJIM30CTH OT BCachlBa-
ION[ETO OTBEPCTHSA BEHTHJISITOPA MIMEET MECTO CHIKEHME TPOU3BOUTEIb-
HoctH. CHibkeHue 3HauuTeIbHEE 71 H0JIee KPyThIX OTBOIOB M [JIS pe-
JKUMOB, OTJIHYAIMNUXCSA OT
ONTHUMAJIBHOTO B CTOPOHY
GobI1Ieii IPOU3BOAUTENBHOC- p|
TU. IIpH cTeCHEeHHBIX YCIOBU- a
SIX TIPUCOEAMHEHUsT BEeHTHJISI-
TOpa K CeTH BO3AYXOBOIOB,
KOT/la HEBO3MOXHO BBIAED- ~3
JaThb JJIMHY IPAMOTO y4acTKa S S
nepes; BCaCHIBAIOIUM OTBEp- =< N N
cTueM He Mmenee 6d, cinenyer A Y
PEKOMEHJI0BAaTh YCTAHOBKY g~
HaIpaBJSIIONIUX ANIapaToB. a \
ITpu HanW4uy HarIpaBJsIONIe-
TO afiapara MOXHO TIOJIb30-
BaThCs MMACIIOPTHON XapaKTe-
PUCTHKOM BEHTHJISITOPA. L,

KpoMe aTHX Tpex OCHOB-
HBIX CJIy4aeB HECOOTBETCTBHs
MEeCTOMOJI0KeHHH TPOeKTHOH
U [eACTBUTEILHON pabounx

L

(

Puc. 6.33. Tperuit BosMOXHBIH crryyaii
HECOOTBETCTBHA MeCTOIMOJIOKEHHA
HPOEKTHOM M A CTBUTENBHON pabounx

TOYEK BEHTHJISITOPA, MOTYT ToueK:
BCTPETHUThCS pa3jiMiHble UX 1 - npoexTHAs pabouas TOK;
KOM6I/IH?1[II/II/I, Korja oaHoBpe- 2 — neficTBuTeNbHAS paboyast TOUKa;
MEHHO HeﬁCTBymT HECKOJbKO a — XapaKTEpUCTHKA CETH
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TI'hasa 6

TIPUYKH U3 YHCJIa PACCMOTPEHHBIX. B KaXkIOM KOHKpeTHOM CJiydae aHa-
13 QUINYECKON CYUIHOCTH SBAeHYMS, TOA0OHBIH IPUBEJEHHOMY BHIILE,
IIOMOXET YCTAHOBUTb UCTUHHYIO IPHYUHY TOTO UM MHOTO HECOOTBET-
CTBHSI U HAMETHUTD ITyTH er0 yCTPaHeHHus.

§ 6.7. CoBmecrHas paGoTa BEHTHJIATOPOB B CETH BO3AYXOBOJOB

B Tex cAy4asx, KOraa Heab3si Togo0parh OIMH BEHTHISITOP, KOTOPBII
obecnieunBast Obl 3a1aHHBIE PACXO] M IaBJieHKe BO3/lyXa B CETH BO31yXO-
BOJIOB, IPHOETAIOT K YCTAHOBKE HECKOJIbKHX COBMECTHO PabOTAIOIIMX BEH-
THIsTOpOB. Heo6xonuMocTh TaKoro pemMeHus: MoXeT BO3HUKHYTD, Ha-
IIPUMED, eCJIH BeJTUYNHBL TPEOYIONIMXCS PACX0/a HIIH JABAEHUS BO3AyXa
NOABep)XeHbl 3HAYHUTEIbHBIM KOJEOAHMIM.

Kak npasumio, coBMecTHasi yCTaHOBKA BEHTHUJISITOPOB MeHee SKOHO-
MHUYHA, HaJle)KHa ¥ YCTOMUYMBA B 9KCIIJIyaTalliy U TTO3TOMY K TAaKOMY pe-
HIEHHIO CJIelyeT IprUOeraTh JMIUb TOT/a, KOTAa YCTAaHOBKA OHOTO BEHTH-
JISITOpPA MCKJIIOYAETCS.

CoBMecTHasl yCTaHOBKA BEHTHJIATOPOB MOXeT ObITh TapaliebHOM U
oCcAe JOBATEABHOM.,

IlapannenpHoe COeAHEHUE BEHTWISITOPOB JAET BO3MOXHOCTD 3Ha-
YUTEJBHO YBEJIMYNBATh IPOU3BOJUTEIBHOCTD [IPDH COXPAHEHUH BEJIHYU-
HBI IOJTHOTO JIaBJjieHN s [IPUMEPHO TAaKOH XKe, KaK y OZIHOTO BEHTHJISITOPA.

IocnenoBaresnbHOE COEMHEHNE BEHTHIISITOPOB ITO3BOJISIET PE3KO yBe-
JIMYMBATH AaBJIEHHE, OCTABJSAS [TPOM3BOAMTENbHOCTD IPUOAUIUTEIBHO
TaKOH e, KaK y OJIHOTO BEHTUJIATOpA.

Ha puc. 6.34 npuBeeHa cxeMa 1apajuieIbHOTO COEIMHEHHUS 1By X BEH-
THUJISATOPOB. VI3 CXeMBI BUAHO, YTO Yepe3 KaXK/(blif BEHTHJISITOP IIPOXOJUT
9acTh CyMMAapHOTO Pacxoja, a Ha4iHasi OT MecTa COeHEeHUs1 BO3yX0-

L

L L

_—A«_

Puc. 6.34. CxeMa mapa/uieJbHOTO COEMHEHHS ABYX BEHTHJIATOPOB
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Benmunsmoput
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Puc. 6.35. [MapasnenbHasi paboTa AByX OnNMHAKOBBIX BEHTUJIATOPOB
C paBHOMEPHO MAJAI0IIMMU XapaKTEPUCTHKAMU:

1 1 2 — XapaKTepPUCTHKH ABYX OMMHAKOBBIX BEHTHISTOPOB;
1+ 2 — coBMecTHasl XapaKTePUCTHKa 3THX JKe BEHTHISATOPOB NPH Napajiie bHON
pabore; AL~ yBennueHue NIPOM3BOAMTEBHOCTH NPH paboTe BEHTHIATOPOB
Ha ceTb a; AL, ~ yBeuyenvie NpoM3BOAUTENLHOCTH IPU paboTe BEHTUIATOPOB
Ha CceThb 6

BOJIOB B CETH TIepeMeNIaeTCsi pacXo/] BO3AyXa, PABHBIN CyMMe TIPOM3BO-
JWTeIbHOCTEH 1By X BeHTWIsITopoB. [laBieHue Bo3nyxa GyaeT obwee, npu-
4eM TaKoe Xe, KaK y Kax0ro BeHTwsATopa. [losToMy npu mocTpoeHuu
CyMMapHO# XapaKTePUCTHKM [ByX TapaJljieJbHO pabOTaONMX BEHTHIS-
TOPOB Ha/I0 CKJIAABIBATh MX [IPOM3BOAUTEIBHOCTH IIPH OUHAKOBBIX AaB-
JIEHUSIX.

MaxkcuManbHbIi 3¢ (eKT OT mapayieIbHOTO COeAUHEH U IBYX BEH-
THasTOpOB (pHC. 6.35) HaboaaeTcsi pu paboTe BEHTUISITOPOB HA CETh
BO3/IyXOBOJIOB C TIOJIOr0i1 xapakTepucTHKOIL. [Ipu aTom Hanbonbieil Ha-
JEKHOCTHIO OTJIMYAIOTCS CXeMBI C OIMHAKOBBIMH BEHTHJISITOPAMH, UMe-
IOIMH PABHOMEPHO TaJIAI0NINe HAallOPHbIe XapaKkTepucTuKu. Ecau co-
eV HeHbl pa3Hble BEHTWISTOPBI, TO YaCTO BO3HUKAET HEOOXOAUMOCTD
oTpejieJieHHsl UX XapaKTePHCTUK He TOJbKO B I, HO u Bo Il kxBajipaHTe.
Kak BuauM, 1axke Ipy paBHOMEDHO TAIAI0IUX XapaKTePUCTHKAX B 9TOM
CJIyyae MOXXET OKa3aThCsl, YTO IPOU3BOAMTENBHOCTh JBYX BEHTHASATO-
POB IIPH KPYThIX XapaKTePUCTHKAX ceTH OyaeT MeHblle IPOM3BO-
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TInasa 6

IMTEeNbHOCTH OAHOTO BeHTHJIsiTOpa (pHc. 6.36). IIpn napannensHoM co-
eIUHEHUH JABYX OJMHAKOBEIX BEHTUJSITOPOB, HO MMEONUX ropbarnie
cens1000pa3HbIe XapaKTePUCTUKH, MOXKET HaGJIFO[aThCs TAKoe XKe sIBJle-
uMe (puc. 6.37).

EcJiv Ipu apasieIbHOM COeIMHEH U BEHTUISITOPBI HA 3HAYUTETh-
Hble YYaCTKK CETH BO3AyXOBOIOB Pab0oTA0T HE COBMECTHO, 3 CaMOCTO-
ATeJBHO, 3TO HEOOXOAMMO YUUTBIBATH ITPU ITOCTPOCHUH CyMMApPHOHM Xa-
PaKTEPUCTUKH COBMeCTHO paboTaromux BeHTHASATOPOB. Ilepen
CyMMHPOBaHHEM XapaKTePUCTHK JByX TaAKHUX BEHTHISATOPOB CJELyeT
M3 OPJMHAT, IPeCTABIISIOMUX COOOH ONHBIE TaBAeHUs IPH COOTBET-

/l 4 =

Puc. 6.36. IapannensHas
pabora JByX BEHTHIATOPOB
C pa3MYHBIMH
XapaKTEPHCTHKAMH:

11 2 — unauBUAYAIbHBIE
XapaKTepUCTHKM BEHTHJIATOPOB;
1+ 2 - coBMecTHas
XapaKTepUCTHKa 3TUX
BEHTHJIATODPOB;

@ ~ XapaKTePUCTHKa CETH;

L,,, — 1pou3BOAMTENBHOCTD IPH
paboTe Ha ceTb ABYX BEHTUIATODPOB;
L, — npousBoauTenbHOCTD IpH

1+2

._L"z—_

—L, —

L caMocrosiTelbHOH pabote Ha ceTh
BTOporo BeHTHAsATOpa; AL, —
YMeHblieHiE TIPOU3BOLUTENBHOCTH
Npu coBMecTHOH _pabote
ReHTHJIITOPOB HA CETh

Puc, 6.37. TlapauensHas
pabora aBYX OMMHAKOBBIX
BEHTHJIATOPOB
¢ ropbaTeIMK
1+2 XapaKkTepUCTHKAMM:

11 2 — XapaKTepUCTUKU ABYX
ONMHAKOBBIX BEHTUJIATODOB;
1+ 2 — coBmecTHasA
XapaKTepUCTHKA BEHTHIATOPOB
fu2 NPy napastenbHoit pabote;
L,,, ~ nIpou3BOAMTENBHOCTD TIPU
COBMECTHOIT pabote;
DL, - ymenbinenve
NPOUIBOAUTENBHOCTH 1IPU
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Benmunamopu

CTBYIONIMX PACXOJaXx, BBIYECTDb MTOTEPH AABJEHUS B yIIOMAHYTBHIX yda-
CTKaX CeTH, WJIH, HHaYe TOBODA, H3 XaPaKTePUCTHUK BEHTU/ISATOPOB Bbl-
4eCTh XapaKTEPUCTUKH TeX y4aCTKOB, Ha KOTODHX BEHTUISATOPHI pa-
60Tal0T CaMOCTOATEIBHO, NONYYHTh TAK HA3BIBaEMble TIpUBeeHHblE
XapaKTEPUCTUKY BEHTHJISTOPOB, A 3aTeM y>Ke IIOCTPOUTh CYyMMapHY10
xapaktepucTiky. Ha puc. 6.38 npusesnena cxeMa Takoi yCcTaHOBKH H

V- A\
0
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p I
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Puc. 6.38. [locTpoeHue cyMMapHoii XapakTepUCTHKH ABYX MapajllelbHO
paboTaloIKX BEHTHISATOPOB, MMEIOUIUX CAMOCTOSTENbHbIE yUaCTKH CETH
BO3JlyXOBOZOB:

I — cxema ycTaHOBKY: 04 — Y4acTOK CeTH, Ha KOTOPOM CAMOCTOATENNbHO paboTaeT
BEHTUJIATOP 7; 00 — y4ACTOK CETH, HA KOTOPOM CAMOCTOATENbHO PaboTaeT BEHTHAATOD 2;
02 - y4acTok ob1ed ceT BO3MYXOBOXOB; I — nocTpoeHue cyMMapHON XapaKTepUCTHKY;

11 2 ~ nacnopTHble XapaKTePUCTUKU BeHTWIATOPOB T u 2; 0a ¥ 06 — XapaKTepUCTHKU
Y4aCTKOB CETH OT a 10 0 U OT b JI0 0; 02 ~ XapakTepucTHKa 0OLIeH YacTH BO3AYXOBO/OR;
1 - (oa) 1 2 —(06) - NpUBENEHHbIE XapaKTEPUCTHKN BEUTUNSATOPOB;
1+ 2 - (ao + 06) — cyMMapHasl XapaKkTepUCTHKa BEHTUIATOPOB C YUETOM
€aMOCTOATE/TbHON PabOTHI Ha ydacTKax ao 4 o6
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Trasa 6

TI0Ka3aH ITOP$ 10K IOCTPOEHUs1 CYMMapHO! XapaKTePHUCTHKH BEHTHIIS-
TOPOB € y4eToM PaboThl KaXK/0r0 U3 HMX HA CAMOCTOSITEeIbHbIE yyacT-
KU CeTH BO3/[yX0BOZOB. 3/1ecbh pacCMOTpeH HauboJlee NPOCTOii ciryyait,
KOT/1a CAMOCTOSITe/IbHbIe YYaCTKH CETH JJIsi ABYX OJAMHAKOBBIX BEHTH-
JIATOPOB COBEPUIEHHO MAEHTUYHBEIL, & IOTEePHU AABJIEHUA B HUX CDABHH-
TEJBHO HEBEJHKH.

Ha npakTHKe IPUMEHSIIOTCS CXeMB, B KOTOPBIX OMH HJIi 062 BEHTHIS1-
TOpa paGoTaIOT CAMOCTOATENBHO HA YYACTKAX CETH, MMEIONHX 3HAYHTE b-
Hble colpoThBienysi. [Ipy aTOM 1IPOU3BOANTEIEHOCTH BEHTH/IATOPOB MO~
TYT CynIeCTBEHHO OTJIMYaThcsi ApYT oT apyra. Ha puc. 6.39 npusoasrcs
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Puc. 6.39. CoBMecTHast paGoTa BEHTHIATOPOB B CETH BO3AYXOBOJOB
¢ GOJBIINMH CAMOCTOSTENbHEIMU Y4acTKaMH:

I - cxema ycranosku; Ah, — naBienue B Touke 0, paBHOE IIOTEPSM [aBJeHHS B 0OLIMX
yuactkax; II — HaxoxneHue paboyeit TOUKY st BenTrisTopa 1; III — Haxoxaenue
paboueit Touku 15 BentTunATOpa 2; IV — mocTpoenue CYMMapHOH XapaKTepUCTUKHU
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Benmunamopuv

CXeMa U TIOCTPOEHHE a3po-
OUHAMHYECKHX XapaKTe-
PHUCTHK, WIJIIOCTPHPYIO-
IIKX 3TOT CJIyyall.

IIpu nocnexoBaresb-
HOM COEJIMHEHHH BEHTH-
JsTopoB (puc. 6.40), B o1-
JINYKE OT NapasijieIbHOTO,
yepe3 KKAbIH BEHTHJI-
TOp NMPOXOIMT BECH BO3-
IyX, IepeMEalON{HICS B
ceTu BO3AyxoBojoB. Ilo-
3TOMY NDH NOCTPOEHUH
CYMMAapHOH XapaKTepH-
CTHKH BEHTWISATOPOB He-
06X0HMMO CyMMHPOBATh
CO3/1aBa€Mble UMHU J1aB-
JIEHHS] TIPH OJMHAKOBBIX
NpOU3BONUTEIBHOCTSIX
(puc. 6.41).

Kax Mbl Buziesn, nipu
HapalieJIbHOM COelnHe-
HHUH BEHTW/ISITOPOB Cy1iie-
CTBEHHOE YyBeJUYEHHE
NPOM3BOMTEIFHOCTH Ha-
OJIoIaeTCA B Clydae Npu-
COEIMHEHUST K CETSM BO3-
IYXOBOJOB C TOJOTUMH
XapakKTEpUCTUKAMHU.
3necy, HaobopoT, yBe-
JIMYEHHE CO37aBAEMOTO
naBJjeHus TeM GoJblie,
4YeM Kpyde XapaKTepUCTU-
Ka cetu (puc. 6.42). Ecu
COEIMHSAIOTCS pa3Hble BEH-
THJISATOPBI, HEOBXOAUMO
3HATh UX XapaKTePHCTUKH
He Toabko B [, o u B IV
KBaJIpaHTe, TaK KaK JaBJie-
HHeE, CO3aBaeMOe IBYMS
BEHTHJIATOPAMH, MOJKET
HHOT/IA OKA3aThCSsl MEHbILIE

Puc. 6.40. IlocneaoBaTteabHOE coeUHEHME
IBYX BEHTUJISTOPOB

pn,
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Puc. 6.41. TToctpoense cymmapHoit
XapaKTEPUCTUKHU JIBYX Pa3HbIX
BEHTHUJIATOPOB [IPH MOCJEA0BaTENbHOM
pabore:

1 ¥ 2 — UHAMBUAYAIbHBIE XADAKTEPUCTHKH
BEHTHJIATOPOB; 1 + 2 — cOBMECTHas
XapaKTepUCTHKa 3TUX BEHTHIATOPOB
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Puc. 6.43. ITocnenosarenbuas pabora gByx
BEHTUJIATOPOB C pa3HbIMU
XapaKTEPUCTHKaMH:

a — cayyai, xorga Ap > 0;

6 — cayyai,

Koraa Ap = 0;

8 — ciyyall, korga Ap < 0
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Puc. 6.42. Pabora asyx
MOCJEeA0BATENbHO COEJUHEHHBIX
BEHTHJIATOPOB
C Pa3TUYHBbIMHA
XapaKTEePUCTUKaMH CETH
BO3IyXOBOJIOB:

1 ¥ 2 — XapaKTepUCTHKH IBYX
OIMHAKOBBIX BEHTUJISITOPOB;

1 + 2 — COBMECTHA% XapaKTEePUCTHKA
3TUX BEHTHJISATODOB;

a Vi 6 — XapaKTepUCTUKU CeTH;
Ap, — yBe/MYenHe AaBJeHU IPU
nocJie10BaTeLHON paboTe
BEHTW/ISTOPOB Ha CeTh a;

Ap; — yBEIWueHHe JIABJIenns
npu 1ocen0BaTeIbHOH paGore
BEHTHJISITOPOB Ha CETh §

RaBJIEHUS] OJHOTO BEHTUAATO-
pa (puc. 6.43).

Y4er y4acTKOB CE€TH BO3-
AYXOBOJOB, Ha KOTOPHIX
BEHTHJIATOPH PaboTAIOT Ca-
MOCTOSITEIbHO NPH HOCJIENO0-
BaTeJIbHOM COEJIMHEHUH, TIPO-
M3BOJIUTCS C NIOMOIIBIO TEX K€
NPHEMOB, YTO K NP Napaj-
JIEJIBHOM COEUHEHUH.

Jns coBmecTHo paborarn-
IIUX BEHTHASTODOB MOTYT
6BITH IOCTPOEHBI CYMMapHbIE
XapaKTePHCTHKH MOLHOCTH B
3aBHCHMOCTH OT 00111ei pous3-
BOIVTEILHOCTH BEHTWISITOPOB,
OanHako B NpaKTHYECKHX IiE-
NsiX HeoOXOIUMO 3HATh MOUI-
HOCTH, 3aTpPaudBaEMbie KakK-
IbIM BEHTIWISITOPOM B OT/ZI€]Tb-
HOCTH. ITH MOIHOCTH MOTYT
ObITE ONpeeneHs! ¢ HOMOLIBIO
TIOJTHOM XapaKTEPHCTHKH []aH-
HOTO BEHTWISATOPA B 3aBHCHMO-
CTH OT €r'0 WHAWBHAYAIbHOM
IIPOU3BOIHUTENTBHOCTH.



Benmunamopui

§ 6.8. Bopnba c HIyMOM BEHTHIATOPHBIX yCTARHOBOK

Hepenko B moMenieHusx 06beKTa, TPUCOEINHEHHBIX K CUCTEMAM BEHTH-
JISIIMK U KOHAKLHOHUPOBAHMS BO3/[yXa, BOSHUKAET IIYM, MEIIAIOUIHH HX
HOpMasIbHOMY (YHKIIHOHHPOBaHHIO. B Hanbosbiueit crenenu 3To OTHO-
CHTCSi K TAKUM TIOMELIEHHAM, I7ie TpeGOBaHHs K JONYCTHMbIM yPOBHAM
nryMa 0COGEHHO JKeCTKHE (TOMELEHIS PaIHOIIEHTPOB, KOHLIEPTHbIE 3a/Ibl,
O0JIbHHYHbIE TTAIATHL H IP. ).

Bopbby ¢ myMoM cHCTEM BEHTHIAINH U KOHIHLUHMOHUPOBAHUS BO3-
AyXa cJieflyeT HaYMHATb B IPOIleCCe NPOEKTHPOBAHMUS OOBEKTA, TAK KaK B
psie CTy4aes ¢ HOMOIIBIO PALHOHATbHBIX 00HEMHO-TINIAHHPOBOYHBIX Pe-
mieHuit, nog6opa 1 KOMIIOHOBKK 060DYIOBAHMS YIAETCS CO3/1aBaTh yC-
JI0BHsl, CNOCOOCTBYIONHE CHIKEHMIO IIyMa NPH SKCIUIyaTailul CHCTEM.
TIpaBUIbHOMY U SKOHOMHYHOMY DEIIEHHUIO 3TON 1TPOBIEMBI MOXKET CNO-
coOCTBOBaTh KOMILJIEKCHBIN TTOAXO/l M COBMeCTHast paboTa pa3iuyHbIX clie-
[[HAIHCTOB (MHXEHEPOB-CTPOUTEElH, AKYCTHKOB U CIIELIHAJHCTOB 110 BEH-
TisAun). Heobx0oauMo 3aMeTHTh, YTO HUKOTZIA HE YAAETCSI IOJHOCTBIO
JIMKBHIHPOBATH UIyM, BO3HUKAIONIKI NIPH 3KCIITyaTallMy CHCTEM BEHTH-
JISIUMK M KOHJUIHOHNPOBAHNUS BO3IyXa, IO3TOMY 33/{a4ya CBOAMTCS JIMIIb
K MakCHMaJbHOMY YMEHBIIEHHIO €r0 YPOBHSL.

PaccMoTpuM HEKOTOPbIE OCHOBHbIE IOJIOKEHH S, KOTOPbIE HYXKHO Y4H-
THIBaTh [pH pa3paboTke MeponpusiTHii o 60pbde ¢ MyMOM BEHTUJISITOD-
HBIX YCTaHOBOK.

IITymMoM NpuHATO HA3bIBATh BCAKUI HEXeNaTeIbHbIN 3BYK. ITockob-
Ky Ha3HAYEHHE CHCTEM BEHTIWISIUN ¥ KOHAHIHOHHPOBAHHS 3aKII0YaeT-
51 B CHabKeHHH TIOMEIEHHIT 00beKTa ONpe/IeIEHHBIMU PACUy€eTOM KOJIH-
YeCTBAMH BO3yXa JJIS CO3/aHus 3afaHHBIX YCIOBHH BO3AYIIHOH CpebL,
BCE 3BYKH, CONPOBOXJAIONIME [lepeMelieHHe BO3/lyXa, SBJIAIOTCS HexXe-
JIaTebHBIMHU.

ITyM, co3naBaemblit B CHCTEMAX BEHTHIISIIMK M KOHTMLIMOHHPOBAHHS
BO3/yXa, Npe/ICTaBJIsieT coboi GecnopsiIoYHOe COYeTaHHE 3BYKOB Pa3iHy-
HOU HHTEHCUBHOCTH K YaCTOTBL

VnrencuBHOCTBIO 3ByKa J Ha3bIBaeTCs CPEJHMIl TOTOK IHEPIMH,
POXOAAIMiT Yepe3 eIHHHIlYy TOBEPXHOCTH, NEPNEHAUKYISIPHOH 1O OT-
HOIIEHHIO K HAlPABJIEHHIO 3BYKOBOM BOJIHBI, 3a €HHHUILY BDEMEHH.
O1leHnBaeTcsi HHTEHCHBHOCTD ¢ NOMOMIBIO JIorapH(MUYECKOH BEJH-
YMHBI 0 OTHOIIEHHIO K BHIOPanHOM (IOPOTOBON) MHTEHCUBHOCTH
Jy (J,=1012 gm/m* #10°2 xI'- m/cex - M%). DTa BeIMUMHA HA3BIBAETCS
YDOBHEM HHTEHCHBHOCTH 3ByKa L, u namepsiercs B neuubenax:

J
L, =10lg—~. (6.53)
1 8J0
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HOCKOJIbe YeJIOBEIECKOE YXO U MHOTHE HpH60pr YyBCTBHTEJIbHBI HE

K HHTEHCHBHOCTH, a K CPETHEMY KBaAPaTy 3ByKOBOTO JaBlIeHHsI p°, BBO-
OWTCS BEJIMYMHA YPOBHS 3BYKOBOTO JlaBjeHus L:

— Y]
L= 101g‘”—2 =20 lg—‘/z- , (6.54)
Po Po

1€ p, — MOPOroBOE 3BYKOBOE aBJEHHUE, CBA3AHHOE C IIOPOTOBOM
=pn2 .
MHTEHCHBHOCTBIO COOTHOWIEHUEM ], = p 2/pC;;
P,C, — TIIIOTHOCTH Cpe/bl (BO3AyXa) U CKOPOCTb 3BYKA NIPH HOPMaJib-
HBIX aTMOC(EPHbIX YCJIOBHSX.
Iosromy

P, =2-10" Oun/cm? = 2-10-° u/m? = 2- 105 &I/

VI3 3THX COOTHOUIEHHIT MOXKET ObITh MOTyYeHa (POPMYJIa, CBA3BIBAIO-
1masi YpOBHH MHTEHCHUBHOCTH M 3BYKOBOTO JIaBJIEHUSI:

L, =L+10lgP% . (6.55)
pc

IIpu HopManbHbIX aTMocdeprbix ycaoBusix L, = L.

3amepsis 3ByKOBOE [IaBJIEHHE, MOXKHO HANTH BeJIMYHHY YDOBHS 3BY-
KOBOTO [aBJIeHHS, KOTOPBIH B HOPMATbHBIX aTMOC(EPHBIX YCIOBUSIX
SBJISIETCS OJHOBPEMEHHO ¥ YDOBHEM WHTEHCHBHOCTH 3BYKa.

3BYKH XapaKTepH3YIOTCS HE TOJIbKO HHTEHCHBHOCTDIO M 1aBJIEHHEM,
HO M YacTOTO (T. €. YHCJIOM NOJIHBIX KoJieGaHHIi B OZIHY CEKYH]TY ), H3Me-
psieMoii B repuax. EC/ii 3ByK COCTOMT U3 HECKOJIBKUX KoJsiebaHuit, Ipel-
CTaBJIAIOIIMX €r0 CIEKTPANbHBIN COCTaB, TO KOJIeOaHHE, HMEIOIIEE HAH-
MEHBIYIO YACTOTY, HAa3bIBA€TCS OCHOBHBIM TOHOM, a BCE OCTIbHBIE HOCAT
Ha3BaHHUA 0GEPTOHOB.

CrnexTp 3ByKa onpefieNisieT pacnpeieJieHHe SJHEPTHH B COCTaBe JIaHHO-
ro 3ByKa 110 4acTOTaM M M300pPaXaeTcs /i 3ByKa, COCTOSILIETO M3 YKC-
TBIX TOHOB, BEPTHKAJIbHBIMH NPAMBIMH. PacIioioxeHue 3THX IPSIMBIX 11O
ocH abCLHCC COOTBETCTBYET YaCTOTaM KojsebaHHM, a IO OCH OpAMHAT —
YPOBHIO HHTEHCUBHOCTH (pHC. 6.44). Tak Kak urym cocTout us Gecnops-
JOYHOTO COYETaHMs 3ByKOB Pa3/INYHONM HHTEHCUBHOCTH U Pa3IMYHOM Ya-
CTOTHI, OTAEJbHbIE JIHHUU CIUBAIOTCS, U CIIEKTD LIyMa NpeACTaBiAser
coboit cnisomnyio 06:1acTh. MOXHO XapaKTePH30BaTh UIYM ¢ TIOMOIIbIO
YPOBHS CPeIHEKBAIPATHYHOTO 3BYKOBOI'O JABJICHUS B Pa3/IMYHBIX [IOJIO-
CaX 4acToT (OT KaKO#-TO HaYaNbHOM YACTOTHI f, 110 KOHEYHOH /), OTHOCS
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a) 5) &)

1y pAL fu

Puc. 6.44. CniekTpbl IyMOB:

a — JMHeNHyaThii; 6 — CIUIOIHOM; 6 — CMEeIIaHHbIH

9TH yDOBHH JIaBJIEHHs] K CDE/IHEKBanpaTHUHOIt yacTote ( f, ) paccMarpu-
BaeMOIt TIOJIOCHL '

Jop =St (6.56)

Ecnu f /f, = 2, To mmupuna nonockl paBHa Oktase, np f /f, = 1,26
LIMPHHA NOJIOCHI PaBHA '/, OKTaBblL, 11 oyokTas f, /f, = 1,41.

Bech ciyxoBoit uana3od pa3fensioT Ha BOCEMb OKTaBHbIX MOJIOC.
CpennereoMeTpHyYeCKye YaCTOThI cOOTBETCTBYIOIUX OKTaBHBIX MOJIOC
paBuui 63, 125, 500, 1000, 2000, 4000, 8000 2.

TakoBbl XapaKTEPUCTUKM 3BYKa Kak (PU3NYECKOTO SIBJIEHHS. DTH
0ObEKTHBHBIE XaDaKTEPUCTHKH BOCTIPHHHMAIOTCS Y€JIOBEKOM C IIOMOILbIO
3BYKOBBIX OIIYLIEHWIT: OilEHKOW MHTEHCUBHOCTH SIBJISETCA IPOMKOCTD,
YaCTOTHI — BHICOTA 3ByKa, COCTAB 3BYKOB XapaKTepH3yeTcsl TeMOpOM.

Yx0 4yenoBeka cNocOGHO BOCHPUHUMATD AKAINA30H 4acToT OT 16 10
20 000 2y u ob6nanaer HanGoNbIIIEH YYBCTBHTENbHOCTBIO B 001aCTH yac-
tot ot 800 no 6000-7000 2zu.

CyGbexTHBHOE BOCTIPHSTHE 3BYKa WK IIyMa C TOYKH 3PEHHSI IPOMKO-
CTH 3aBHCHT HE TOJIBKO OT YPOBHS 3BYKOBOTO JIaBJIEHHMSI, HO ¥ OT CIIEKT-
PaIBHOTO CocTaBa. /IBa 3ByKa € O[IMHAKOBBLIM YPOBHEM 3BYKOBOTO J[aBJie-
HUS, HO C pa3Ho# yactotoii (Hanpumep, 100 u 1000 24) BocnpunuMaroTcs
4€eJIOBEKOM KaK Pa3HbIe [0 rpoMKocTH. [103TOMY 1O BEJIMYKMHE Yy POBHS 3BY-
KOBOTO f1aBJieHus (KOTOPO# OIeHMBaeTCsA BRKHeHIIas (pusnyeckas xapak-
TEPUCTHKA 3ByKa — MHTEHCUBHOCTD) HEMOCPENCTBEHHO CYIUTh O TPOMKO-
CTH BOCTIDMSITHS 3ByKa yXOM 4YejioBeKa Heslbast. JITsi Toro 4To6bl HMETh
BO3MOYXHOCTD TIPUOJIHIKEHHO OleHMBATh TPOMKOCTH BOCHIPHSTHSI M CPaB-
HHUBaTb Ha 3TOH OCHOBE PA3JIMYHbIE 3BYKH, BBOAKUTCS OHATHE YPOBHS TPOM-
KOCTH 3BYKA, €[MHULIA H3MEPEHHS KOTOPOTO Ha3biBaeTCsl (POHOM.

B ¢usnonornyeckoit akycTuke KOJHYECTBEHHYIO OLEHKY YDOBHSA
TPOMKOCTH TIPOM3BO/AT C MOMOIIbIO METO/Ia CyOBEKTHBHOTO CPaBHEHMSI
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JAHHOTO 3BYKa C 3TA/IOHHBIM 3ByKoM 9acToThl 1000 2. YpoBeHs 3TanoH-
HOTO 3ByKa M3MEHSIOT JI0 TeX II0P, TOKa 06a 3ByKa (u3MepsieMbIil U 3Ta-
JIOHHBIN) He GyayT BOCHPHHHUMATHCS Kak paBHOrpoMkue. ClenoBarenn-
HO, YPOBHEM rPOMKOCTH JAHHOTO 3BYKa, HJIH 1IyMa, Ha3bIBAeTCsl yPOBEHD
3BYKOBOTO /IaBJIEHHsI PABHOIPOMKOTO Ha CJIyX 3ByKa ¢ yacToToi 1000 2u.
Takum 06pa3oM, ecIH YPOBeHb [aBJIEHHS 3TAIOHHOTO 3BYKa (C 4acTOTOM
1000 214), mMeromIEro Ty e TPOMKOCTB, YTO U u3MepsieMblit, pasen 100 06,
TO YPOBEHD 'POMKOCTH H3MEPSEMOTO0 3ByKa paBen 100 gown.

YcranoBena crenyomas kaia ypoBHeil rpoMkocTy. 3a 0 ¢pow npu-
HST YPOBEHb TPOMKOCTH 3TAJIOHHOrO 3ByKa ¢ wyacrotoil 1000 zu, 3sByko-
BOE JIaBJIEHKe KOTOPOTO PaBHO NoporoBoMy p, = 2-10° /M2 Y poBHH rpoM-
KocT L 3TaloHHOrO 3ByKa, MMEIOIIETO aBjienue P, onperensiores no
¢opmyne

L, =20lg2 . (6.57)
Po

Obuiee KOJMMYECTBO 3BYKOBOI BHEPTHH, BbIIEJISIEMOE TEM WA MHbIM
HCTOYHHMKOM B e[IMHHULY BpeMeHH (B I - M/cex wuu em ), Ha3bIBAETCSI 3BY-
KoBO# MomgHocTbio (W). [I/151 IpaKTHYeCKUX pacyeToB yaobHee UCTOIb30-
BaTh JIOTapU(PMHIECKYIO BETMUHHY — YPOBEHD 3BYKOBOW MOLIHOCTH (B 00):

W
L, =10lg—, 6.58
w=10l85- (6.58)

rae W, — KOJHYECTBO 3BYKOBOW 3HEPTHH C HHTEHCHBHOCTBIO
Jo =105 em/cm? = 103 «I'm/m - cex, npoxopsimieit Yepes mromans 1 %,
Torna W, = 102 gm = 10"° xIm/cex.

K HCTOYHHMKaM IIyMa B CUCTEMAX BEHTWISIUU ¥ KOHIHIHOHHPOBA-
HUSL BO3/lyXa OTHOCATCS BEHTHJISITOPBI, HACOCHI, KOMIIPECCOPbI XOTIOIMIIb-
HbIX YCTaHOBOK M 3J€KTpoaBurateau. Kpome Toro, urym o6pasyercs npu
JIBHJKEHHH BO3/IyXa B BO3/[yXOBO/AX, & TAKXKE NP UCTEYEHHH YEPES TIPHU-
TOYHbBIE OTBEPCTHSA U TIPH MOCTYIJIEHHH B BbITSKHEIE,

Bosuukaromuit 1pu paboTe pasIUYHBIX YCTAHOBOK UIYM MOXET pac-
HPOCTPaHATHCA B 00BEKTE Yepe3 BO3AYX IOMEUIEHWH M BO3YX, HAXOA-
1MiCS B BO31yXOBOJAX, a B BUJe BUOpauuil — mepefaBaTbCsi IO CTPOM-
TEJIbHBIM KOHCTPYKUMSIM M Da3THYHBIM KOMMYHUKAIUSAM (II0 CTEHKaM
TPy, BO3AyX0OBOIOB M T. 1.).

Cpenu Bcex 3THX HCTOYHUKOB IIyMa OCHOBHBIM fIBJiseTcs paboTralo-
asd BEHTHWIATOPHAA YCTAHOBKA, TaK KAaK YPOBEHb IIYMa, CO3/aBaEMbIi
BEHTHIAATOPOM, OOLIYHO HAMHOTO [IPEBLINIAET Y POBHH, CO3/laBaEMbIE [Py~
THMH MCTOYHMKaMU 1ryMa. [109TOMy ri1aBHbIE YCHIIUSA TOTKHBI GBITH Ha-
TPABJIEHB HA BCEMEPHOE CHIDKEHHE 3TOTO BHIa IIyMa.
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Ipu paboTe BEHTUIATOPA BOZHUKAIOT MIYMbI a3POMHAMUYECKOTO U
MEXAHHYECKOTO MPOMCXOKIEHHUSL.

IIpryrHaMu MeXaHMYECKOTO IyMa BEHTHJISITOPOB OObIYHO CIIYKUT
IIyM NOAUIMITHHKOB M IEPHOIMYECKHE CHIIOBbIE BO3/IEHCTBHS HEypaBHO-
BEUIEHHBIX BPALIAIOIMXCS Macc. [IJIs1 yMEHbLIEHHS 3TOro BUja IIyMa
HeoOX0IuMO TIpexie BCero 0becneynTsb TATENPHOE M3TOTOBIEHHE BEH-
THJISITOPOB Ha 3aBOJIAX M BHICOKOKAYECTBEHHBIH MOHTaX HX Ha 0OBEKTE.
Oco60€e BHUMaHHE HYIKHO yIeIuTh JMHaMUYecKoi GataHcuposke pabo-
4ero KOJIECA BEHTHIIATOPA,

MOXHO peKOMEHI0BaTh YCTAHOBKY BEHTHJIATOPA Ha OJHOM Bajy ¢
3JieKTpozBHraTesieM. Eciu ucnonbaylores ajacTudnbie MyQThl, crenyer
obecneynTb COOCHOCTb BAJIOB BEHTHIATOPA U 3JIEKTPOIBUTATESA, & TaK-
XKe N06uThCS TOTo, 4TOOb B MyhTax He 6biJIO GHEHHI.

Koxyx BeHTHIATOPA NOJKEH OBITH xkecTKuM. Iloqmunanku HyKHO
YKDEIUIATb HE Ha KOJKYyXe, a Ha CHeLlMaIbHOM paMe, HMEoLIel OT KOXKyXa
Bubpousonauuio. IIpu atoM cienyer cTpeMUTLCS IIPUMEHSTD He MIADW-
KOBbI€ NTOJIITHITHUAKY, a TOJUIMITHIKH CKOJIbKEHHS, YDOBEHD IyMa KOTO-
pbix Ha 15-20 06 Huxe.

B nponecce akcnyaranuu Heo6xoquMo 06eCceynTh Haaexaluii
TEXHHYECKHIH yX0/ 32 BEHTHJISTOPHON YCTaHOBKOH: CBOEBPEMEHHYIO
CMa3Ky, 3aMeHYy W3HOCHUBIINXCS [eTanell HOBLIMH, OATSDKKY GOJTOBBIX
COEIUHEHHH H T. [I.

Bropoii Bua uiymMa oT paborarouiero BEHTHIATOPA — a3pOIHHAMM-
YecKui — IO CBOEMY YPOBHIO 00BIYHO 3HAYNTENbHO IPEBOCXONUT MeXa-
HUYeCKUH. A3DOIMHAMHYECKHI IIyM BEeHTHJISATOPA BbI3bBA€TCS KOJIe-
GaHUsAMH (IyJIbCALUSIMH) CKODOCTH M JIaBJIEHHS B IOTOKE BO3[yXa,
nporekaomieM Yepes Hero. Ilo cBoeil ¢pusnueckod CymHOCTH 3TOT BHA
IIyMa npezcTaBisieT co60it BUXPEBOH MWyM U IUYM TNIOTPaHHYHOTO CIIOSL.
Y poBeHD €T0 3aBHCHT OT a3POIMHAMMYECKHMX U KOHCTPYKTHBHBIX OCOGEH-
HOCTEll BEHTHJISITOPA, YKC/a 060poTOB €ro pabouero kojeca U pexuMa
pabothl (OIleHHBAEMOTO K03 UIHEHTOM HOMIE3HOTO EHCTBHN).

Y poBeHb 3BYKOBOH MOU{HOCTH a3pOJHHAMHYECKOr0 IIyMa MOXKHO
onpeneauTs Mo cieaymomen hopmye:

L, =L+60lgu+20lgD~6, (6.59)

TE€ U — OKPYXHAasi CKOPOCTb pabouero Koseca, M/cex;
D — nmametp pabodero Koseca, M;

L - orBieyeHHbIN ypOBEHDb LIIyMa BEHTHIATOPA, 3ABUCHT TOJBKO OT
THIIA BEHTHUJIATOPA, pEXUMa ero paboThl U (U3HYECKHX XaPaKTEPHCTHK

cpembi ( L= 10lg

4k "
3 p , k — pyHKuA TeoMeTpHYECKO# (hopMbI 06TEKaE-
¢ Jo
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MbIX 3JIEMEHTOB B BEHTHJIATODE M HallpaBJjieHHs o0TeKaHHUS, a TaKikKe
a3poAMHaAMUYeCKUX KpuTepueB noaobust Peitnonbaca Re = uD /v u Maxa
M = u/c; ¢ — cKOpPOCTb 3ByKa).

Benuumna, xapakTepusyiomias ¢pusnyeckue cBOMCTBA Cpeabl —

10lg%, B OOBIYHBIX YCJIOBHSIX M3MEHSETCS HE3HAYMTENBHO, U TI03TOMY
c

ee BJIUSTHUEM MOXHO TIpeHebpeub.
Yro6bI HE BLIMUCIIATD BEJMYHHY OKPYIKHOH CKOPOCTH, OICTaBUM B

D
dbopMmyy (6.59) 3HaYeHHE OKPYKHOM CKOPOCTH U =%; TOora NOJy-
4YUM HHOM BHJ 3aBUCUMOCTH:
L, =L+60lgn+80lgD-83. (6.60)

Hakonell, ecjin BbIpa3suM OKPYXHYIO CKOPOCTDb U JaMeTp pabouero

KoJieca yepe3s K03 hHuIMeHThl IpOou3BoAMTEAbHOCTH L ¥ TosiHOrO AaB-

JIEHHSI P BEHTWISATODA, HalizieM elie ofHy GOpMyJy IS ONpeNeJeHus
YPOBHS 3BYKOBOH MOII[HOCTH:

L,=L+25lgP+10lgL+18, (6.61)

cie [=L-25lg p—10lgL — Tak Ha3LIBaeMblii KpUTEPHIT LIyMHOCTH,
TIO3BOJISIOLINI CPaBHHBATbh YPOBHU 3ByKOBOM MONIHOCTH BEHTHISITOPOB
Pa3JIMYHbIX THIIOB NIPH paboTe UX Ha OHY U TY XKe ceTb. Kpurepuit mym-
HOCTH TIO3BOJISIET TAKXKe NP ONUHAKOBBIX 3HaueHusx L u P BriOMpatTh
BEHTHJISITOPHI C HAMMEHBUINM IIYMOM.

Besnuuunp oTBIE4EHHOTO YPOBHS uiyMa L u xpurepus mymuocTu L
PA3MUYHBIX TUIIOB BEHTHJISTOPOB NPHBOATCA B CIIELHANBHON JUTEPa-
type [41] ans ycnoBuit paboThl B ONTHMAIBHOM peXMME (DU MAKCH-
MajbHOM 3Havenun KIIM).

®opmyay (6.61) MOXKHO IPeoOPA30BaTh M PACIIPOCTPAHHUTE AJIS JIO-
6bIX yc0BHiT pabOTHI BEHTHISITODA:

L, =Ly +25lgP+80lgL+AL , (6.62)

rae L, — NOCTOAHHAs [JIsl JAHHOTO THIIA BEHTHIATOPA (CEPHH MO-
ROOHBIX BEHTHJISATOPOB);

AL, ~ monpaBka Ha OTK/JOHEHHE PeXUMa PabOTHI BEHTHJSITOPA OT
OIITUMANbHOTO.

Ecsu Ha BeHTH/IAUMOHHYIO CeTh PaGOTAET HECKONBLKO BEHTHJISATOPOB
N, ¢ ORMHAKOBBIM YPOBHEM 3BYKOBOW MOIHOCTH a3pOJHHAMHYECKOTO
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uryMa L, To CyMMapHBIi ypoBeHb 3BYKOBO# MongHocTs L_onpenensiercs
B COOTBETCTBHH C 3aBHCUMOCTBIO

L. =L, +10lgN, . (6.63)

B cnyyae xorzna npa BEHTHIATOPA HMEIOT Pa3/MYHBIE YDOBHHU 3BYKO-
BOM MOILITHOCTH, CyMMapHBIH YPOBeHb HaXOIMTCS 1O hopmyne

L. =L, +AL,, (6.64)

rme L, - 60JIbIIHI yPOBEHDb 3BYKOBOH MOIHOCTH;

AL — nobaska k 60sblIeMy U3 ypOBHEH.

ITH K€ 3aBUCHMOCTH MOTYT OBITh MCIOB30BaHBI NIPH ONpEEIEHUH
CYMMapHOTO YPOBHsI 3ByKOBOH MOLHOCTH TP YCTaHOBKE B OTHOM NOMe-
IEHNH PasnyHoro obopynoBanus. Kak BuauM, IIyM OT BHOBb yCTaHaB-
JIHBaeMoro 060py0BaHHsI IPAKTHYECKH He Gy/IeT yBeIMYNBaTh CyLIECTBY-
IOIL[ETO YPOBHSI, €CJIH YPOBEHD LITyMa 3TOr0 060py10BaHus Ha 5—7 06 HuKe
YPOBHS IITyMa B IOMELEHHH.

B nacrosiiee BpeMsi IpUHATO HOPMUPOBATh He OOIIKIT YPOBEHD 3BY-
KOBOTO [JaBJIEHHs], 2 YDOBHM 3ByKOBOTO [[aBJIEHHs] B OKTaBHBIX YaCTOTaX.

OnenuBaTh a3pOANHAMHYECKHI IIYM, CO3[1aBa€MbIH BEHTHIISITOPOM,
cJeflyeT He TOJbKO MO 001eMy YPOBHIO 3ByKOBOW MOLIHOCTH, HO H N0
OKTaBHBIM YPOBHSAM. [lJif onpene/iennst OKTaBHBIX YDOBHEH 3BYKOBOMH
MOIIfHOCTH a3POAMHAMMYECKOTO IIyMa BEHTHJISTOPOB CIYXKHT CJENYIO-
mas gopmya:

L

=L, +AL (6.65)

W OKT OKT

rie AL — OTHOCHTENbHbIH CNIEKTP 3BYKOBOM MOIIHOCTH, PaBHBIH
Pas’HOCTH OOIEro ¥ OKTaBHOTO yPOBHSI, 3ABUCSALINIA OT THIIA BEHTHJISATO-
pa ¥ CKOPOCTH BpauleHus ero pabouero xoJeca, 06.

Bopbba ¢ aspoarHaMHYeCKUM ITyMOM BEHTHJISITOPOB 3aKJII0YAETCS,
BO-IIEPBBIX, B IPOBEIEHUY MEPONIPHATHH, CIIOCOOCTBYIONIMX CHIKEHHUIO
3TOro HIyMa B CAMOM HCTOYHHKE, H, BO-BTOPbIX, B IDUMEHEHHUH Pa3jIny-
HBIX UIyMOTJIYIIMTENbHBIX YCTPOMCTB B CETH BO3yX0BonoB. HanoMuuMm,
YTO AIPONMHAMMYECKHI IIYM BEHTHJIATOPA PAaCHPOCTPAHAETCS 1O BO3-
NYXOBOJaM HE3aBUCHMO OT HallpaBJIEHUs ABWXKEHHS B HUX BO3/YyXa.
YMEHPIIUTD A3PONUHAMHYECKHI IIYM B CAMOM HCTOYHHKE MOXHO Iy-
TeM NPaBHJABHOrO BbIGOpa THINA BEHTHJIATOPA M PEXHMa €ro PaboThI.
HauMmenbmuii nyM co37ai0T UeHTPOOEKHBIE BEHTHISATODH C JIONATKa-
MM, 3aTHYTBIMH Ha3aj, a JJIsl OQHOTO K TOTQ e THIa BEHTUJISITOPOB YPo-
BEHb CO3/1aBAEMOTO MMH 3BYKOBOTO [IaBJIEHHS TEM HIXKE, YEM MEHbIIle
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IMaMeTP M yucio o60poTOB paBouero Koneca, uto caeayer us GopMy.ast
(6.60). HeneslecooOpa3HO IPUMEHSITh BEHTHISTOPBL ¢ OKPYXHO# CKOPO-
cTbio pabouero Koseca 6omblue 30 M/ cex. Bo scex cayuasx BEHTWISTOD
HeoOXonMo noxbupars Tak, uyrobsl ero KIT/{ cocrasnsn He Menblire 0,9
0T MaKCUMAJIbHO BO3MOXHOTO. K 3TOMY CBORSITCS MepONpusTHsl, Cllo-
coOCTBYIONIME YMEHbIIEHUIO a3POANHAMUYECKOIO illyMa BEHTUSTOpA B
CaMOM HCTOUHUKE.

[lnst yMeHblIEHNS IIyMa, IePealoIerocs oT BEHTU/ISITOPA 110 BO3MY-
X0BoJlaM, UCIIOJIb3YIOTCS Pa3/InYHOTO PO IAyUIMTE M HIyMa.

Ho npex e yem IpMMEHATD Te MJIU UHbIE yCTPOICTBA IS TNy IIeHUsL
uIyMa, CIeRYeT onpe/le/IMTh BeIMYMHY HeoOX0AUMOro 3arylenus AL

ALy=L,-(L,+AL,.), (6.66)

rie L — nomycTuMblil ypoBeHb 3ByKOBOH MOUIHOCTH y NPHUTOYHOTO
WUIu Bmmxcnoro oTBepcTHs (peilieTKH) B moMenieHun. Besnunna L, 6nm3-
Ka K yPOBHIO, AONYCTUMOMY 110 HOpMaM Jjisi AAHHOTO IIOMeIHeHI/IH

AL_— cyMMapHble IOTEPH 3BYKOBOM MOIIHOCTH B CETH BO3/lyXOBOAOB
OT BeHTUJISITOPa 0 OTBEPCTUs.. B xadecTse pacueTHOH Tpacchl clefyer
MIPUHUMATH TPACCY ¢ HAUMEHBLIMMHU MOTEPSIMU 3BYKOBOM MOILHOCTH.

®opmyna (6.66) cipaBeninsa, Koriga HOPMUPYIOTCS] OKTaBHbIE YPOB-
HU 3BYKOBOTO JaBjieHUsl. JTa e (POPMyJIa UCMOAb3YeTCs U B CIay4dasnx,
KorZia HopMupyeTcs 0Bl ypoBeHs.

Pacuer cyMMapHBIX 1IOTEPb 3BYKOBOI MOIHOCTH B CETH BO31YXOBO-
JIOB IIPOM3BOIUTCSI 110 HKCIIEPUMEHTAJIBHBIM AaHHbIM, UMEIOTIIMMCSI B CTIe-
UUa/IbHOM HOPMaTHBHOM JuTepatype. Ecin okaxercst, urto L+ AL =L,
HUKaKUX JIOTIOJIHUTEJIbHBIX [JIyLIMTelel IllyMa yCTaHABIWBATD He CJie-
ayet. Korma L + AL < L, Heo6X0RMMO NpelycMOTPETb CHelHaIbHbIE [I1y-
MIUTEH myMa HpocTeHan YCTPOMCTBOM TAKOTO poza siBASETCS 0611-
[[0BKa BHyTPeHHel MOBEPXHOCTU BO3YXOBO/a 3BYKOIOTIOUAIIUMHI
matepuanamu. [lonyuatonieecs: npu 3TOM 3arryieHue IyMa MOXeT GbITh
IHoJcYMTaHo TIo NpHbIMsKeHHOM hopMye

IRe S — mMepuUMeTp HOIEPEYHOro CeYeHUs BO3AYXOBOA, M,

F — nnomaznp nonepevHoro ceyeHus BO3LyX0Boa, M2

[ — pymua 06MIIOBAHHOTO y4aCTKa, M,

o — Ko3(PPUIHMEHT 3BYKOIOLIOMEHHS 06IUIIOBKY BO31yX0BO/a, 3a-
BUCHUT 1151 AaHHOTO MaTepuasa o0JIMIIOBKH OT YaCTOThI 3BYKA.
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Kax BugHo u3 gopmynst (6.67), ueM 6osbme orHomenue S/F, TeM
cunpHee addekr raymenus myma. [loatomy HaxonaT npuMeHeHue mia-
crunyarsie (puc. 6.45) u cotossie (pHC. 6.46) wymoraymurenn. Pacuer
3aryuIeHus BeJeTCs B 3TOM Cydae ISl O/(HOH STYefKy UIyMOrTyuuTe-
js1. BecbMa apeKTHBHBI IIYMOTAYIINTENN C KOJBLEBBIMM KaHalaMy
(puc. 6.47).

[pu pazpaborke MeponpusaTHii 10 60psOE C AAPOAMTHAMUYECKIM 1Y -
MOM, MepefaoIMMcs Mo BO3/[yX0BOAaM OT BEHTUASTOPA, HEOOX0AMMO
MMETH B BUMY, UTO P OY€HH OOJIBIINX CKOPOCTSAX JIBYKEHYS BO3/[yXa B
BO3/[yXORO/IaX, a TAK)XE YE€PE3 IPUTOUHbIE U BLITSXKHBIE OTBEPCTUA (pe-
HIETKY ) MOXKET BOSHUKHYTH /IOTOJHUTETbHBIH a9POJHHAMUYECKHI Iy M.

Puc. 6.45. TlnacTuHYATBIE MIYMOITYIUTENN:

1 — BO31yX0BOA; 2 — IUIACTUHEI U3 3BYKOMOIJIONIAIOILErO MaTepyana; 3 — Kopnyc

AA Z) iy
Ea'-'
v v v 2 )

Puc. 6.46. CoToBble HIyMOITYIIUTETN:

7 — npoBOJIOYHDIA Kapkac; 2 — €Joit 3BYKOIOTJIONAIONIETO MaTepUaia
TOMMHOMK 2-2,5 cM; 3 — CeKIHsI COTOBOTO LIyHIUTEJIsI
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ITOT 1UyM MOXeT CO3/laBaTh-
cs1 ¥ myMoraymureneM, [lo-
3TOMY CJe/lyeT OrpaHuYnBarTh
CKOPOCTH J{BUXKeHUsI BO3/yXa
B BO3/yxoBojax. Hanpumep,
JUISL TIOMENIEHU#A C YPOBHEM
mwyma 70 d6 pekomeHyIOTCA
Takue MaKCUMalbHbIe CKO-
POCTH BO3/lyXa: B HAUAJIBHBIX
y4acTKax BO3/yXOBOJOB 7—
9 M/cex, B OTBETBACHUAX 53—
7 Mm/cex, B KOHEYHBIX yyacT-
Kax, B pelleTkax v TAyIuTe-
JISIX IWyMa 3—4 M/ cex.

Ecau BeHTMIATOPHL yCTa-
HaBJIMBAIOTCS B COOPYKEHUH,
TJie eCTh HOMEIEeH U C OBBI-
IEHHbIMYU TPeOGOBAHUAMM B
OTHOIIEHUM IIyma, HeoOXo-
JIMIMO BBIILOJTHUTD PSLJL IONOJI-
HHTEJIbHBIX MEPONPUSITHIL:
BEHTHJSIMMOHHYIO KaMepy
PACIOMOXKUTE 0 BO3MOXKHO-
CTY B/IAJIM OT yKa3aHHBIX TIO-
MellleHU i, CTPOUTENBHBIE OT-
paXk/ieHUs1 BeHTUJISALMOHHOMH
KaMepsl CHabauTh HeOOX0/U-
MOi1 3ByKOBOH M30JAUMEN, B
Kamepe yCTpouts TaMOyp uin
JIBOVHbBIE /[BEDH.
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a - ¢ IByMsl KaHaaMH; 6 — C OIHUM
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7 — xopnyc; 2 — 3ByKONOIIOWAOIIMH
MaTepHal
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IIYCK, HAJIAAKA, UCIIBITAHUA
H OKCIIIYATAIIUA CUCTEM BEHTUJIAITUU
U KOHAUIIMOHUPOBAHUSA BO3AYXA

§ 7.1. Cocrap HcnbiTandi B NX NOArOTOBKA

Ilocne okoH4YaHUA MOHTAXA W Tiepe/ IPUEMKOH CUCTEM BEHTHIALMHU U
KOH/IMIIMOHUDPOBAHUSA BO3/1yXa IPOU3BOAATCS MPEZIYCKOBBIE UCTIHITAHUS,
B MIPOLECCE KOTOPBIX OCYLLECTBSETCS U PErYJIUPOBKA CUCTEM.

[IpeanyckoBsle ucnbITaHus HEOOXOAVMMEL /IS BCEX CAHUTAPHO-TEX-
HUYeckux cuctem. [Lis cucreM BeHTHIISILIMY ¥ KOH/IMITMOHMPOBAHMS BO3-
JiyXa oHU 1iprobperaioT ocoboe 3HaueHme, a ux 0GbeM 1 CIOXKHOCTD G0JIb-
e, 4eM B JPYIMX CUCTEMaX. JT0 OOBSCHAETCS TPEMS OCHOBHBIMU
NPUYMHAMMU:

~ 60JBIIKMM KOJTUYECTBOM DA3IMYHOTO, MHOT/@A /I0BOJBHO CI0XKHO-
ro, 000py/I0BaHUA, yCTaHOBJIEHHOTO B JaHHBIX CHCTEMaX, U PasHO-
o6pasueM IPOUCXO/ANIUMX B HUX (PU3NUECKUX TTPOLECCOB;

—~ HEeTOYHOCTbIO HEKOTOPBIX MHIKEHEPHBIX METO/IOB pacuera, UCHOJMb-
3yeMbIX B HacTosIee BpeMs [TPH IPOeKTUPOBAHUY CHCTEM BEHTH-
JALMU Y KOH/IMIIMOHUPOBAHMUA BO3IyXa;

—  HeoOXO/MMOCTBIO HANA/[KM U PETYJIVPOBKM CUCTEM M3 yCIOBUIA
paboTHI B peXXUMax, OTJIMYHBIX OT TIPUHATOLO B pacyeTe TIpH Tpo-
eKTUPOBaHUU.

Kpowme Toro, cieiyer cuurarbesi ¢ yacTo BeTpevarouieiicsi Heorpesie-
JIEHHOCTBIO B MCXO/IHBIX JIAHHBIX, TPUHSATHIX B [IPOEKTE, U, HAKOHET, 000-
CHOBaHHBIMH OTCTYIUIEHWSIMU OT TIPOEKTA, C/ETAHHBIMMU [0 TEM MY MHBIM
[IpPHYMHAM B TIpoIlecce MOHTaXa.

CocraB 1 XapaKkTep MCIBITAHUIL, 8 TAKXKeE PETYJIMPOBKM CUCTEM BEH-
TWISIIMY U KOH/MLMOHMPOBAHUSA BO3/IyXa OMpe/ieisiercst MHOrMMH (ak-
TOPaMHU, 3aBUCAIVIMU KaK OT CAMUX BBITIOJHEHHBIX CUCTEM BEHTUIAIN
M KOH/[MI[MOHVPOBAaHMsI BO3/[yXa, TAK M OT Ha3HaYeHus 0ObeKra, ero CTpo-
UTEJHBHBIX U TEXHOJOIMYECKUX xapakTepucTuk. IloaroMy B KaX/IOM OT-
JIEIBHOM CJlyyae OpraHu3aliusa UCIBITaHUI U MeTO/iMKa UX MPOBEIEHMs
MOXET UMETH T€ WY MHBIE OTIHUNTEIBHEIE 0COOEHHOCTH.

MBI oCTaHOBUMCS 3/1€Ch Ha TEX NOJOXEHUSX, KOTOPbIE SBJISIOTCA
06s13aTeIBHBIMY TS BCEX CyYaeB MPOBeieHus UCHBITAHUH M COCTaB-
JIAIOT OCHOBY 3TUX MCHBITAHUM. (Y Ka3aHWs 110 MPOBEJEHNIO MCTIbITa-
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HUI CHCTEM BEHTWISILUY Y KOH/[MIMOHMPOBAHMS BO3/lyXa CO/EpXKaTCs
B CHull 41-01-2003.)

O6mas uens ncnpiTaunii — npoBepka addexruBHOCTH paboOTH HE
TOJHKO CUCTEM BEHTUJISLUU M KOHAWIIMOHMPOBAHUS BO3/lyXa B IEJIOM,
HO ¥ BCEro yCTAHOBJEHHOTO B 3TUX cuCTeMax oOopy/oBaHUs, a Takxke
BCEX CPECTB aBTOMATHKHU ¥ ylpaBjaeHus cucteMamu. Ilopsanok npose-
JleHUs1 MCITbITaHM aBTOMATHKY PAacCMaTpUBAETCsi B Kypce «ABTOMAaTH-
3anusl CAHUTAPHO-TEXHUYECKUX CUCTEM». I TUMU UCIBITAaHUAMU PYKOBO-
JIAT CEUATUCTHI 10 ABTOMATHKE.,

B urore 10/mkHO 6BITH YCTAHOBAEHO COOTBETCTBUE BBIMOTHEHHBIX
CHCTEM MPOEKTY Y CBOEMY OCHOBHOMY Ha3Hayenwio. [[yist Toro urobsl /10-
6UTHCS TAKOTO COOTBETCTBUSA, B OONBIIMHCTBE CTy4YaeB IPUXOANUTCA IIPO-
M3BOAUTD HAJIA/IKY Y PETYJUPOBKY CUCTEM B 1[€JIOM ¥ yCTAaHOBJIEHHOTO B
cucremax obopyznosanms. [loaromy HalaouHble paboTH MBI CYMTAEM
COCTABHOM ¥ BaXXHEWIUEHN YacThIO MCIBITAHUIL

Wcnbltanus caexyer pasiesuTs Ha 1Ba OCHOBHBIX 3Tala.

[ atan — ucnsltanusi 060py10BaHKS M OT/IEJBLHBIX 3I€MEHTOB CUCTEM
BEHTUIANMHU Y KOH/IMIMOHUPOBAHUS BO3/iyXa (MH/MBU/yalbHble UCIIbI-
TaHus).

II aTanm — vcnbITaHWS HA CAaHUTAPHO-TUTMeHndeckuil addekT cucrem
B I[€JIOM, a eCJIY Ha 0GBbeKTe HECKONBKO CHCTEM U He MCKJTIOYeHO NPy pa-
6ote BAMSIHYE OJIHOM CHCTEMBI HA APYTYIO, — TO ¥ COBMECTHBIE UCTIBITA-
HMS1 O/IHOBPEMEHHO paboTAIOMMX CUCTEM (KOMILIEKCHBIE UCTIBITAHMS ).

Wcnpitanus, orHocsivecs k [ atamy, MoXHO Ha3Bath Npe/nyCcKOBHI-
Mu, WY NIpe/IyCKOBOH Hanmaikoi, a ko Il arany — vcnsiranuamu Ha ag-
(exr neficTBUA CUCTEMBL

Paborsl 10 Hanazke Ha I aTane npousBozaTcsa 0OBIYHO CUIAMU MOH-
TAXKHOH OPTAHU3AMUM, XOTS /ISl BHITIOJHEHUS HEKOTOPBIX BUAOB 0C000
C/IOXKHBIX HAJaZO4HBIX PaboT MOTYT NPUBMEKATHCS CMENUATIM3NpPOBaH-
HEbIe HAJIA/I0YHBIE OPraHU3alUU.

I arany ucHBITaHMIT JO/KHO NPEAIIECTBOBATD MpeBapUTEIsHOE 06-
ce10BaHe CMOHTHPOBAHHBIX CUCTEM BEHTUJISIIMY M KOH/IMITMOHUPOBA-
HMS BO3/1yXa C 1IeJIbI0 BEISIB/IeHUs Beex ziedekroB MOHTaxka. B npomecce
ob6ce[oBaHusA JOJIXKHO ObITh Taloke OMPE/EIEHO COOTBETCTBUE NPOEKTY
OCHOBHBIX 3JIEMEHTOB CHCTEM.

YkaxkeM, Ha YyTo HyXHO obpamars 0co00oe BHUMAaHUE NP [poBeje-
Huu obcaenoBaHuA.

CeTb BO31yX0BOAO0B. IIpoBepsieTcsi COOTBETCTBUE IPOEKTY TPACCHPOB-
KM M OCHOBHBIX Pa3MepOB BO3/[yXOBO/IOB, HaJu4ye U NPaBUILHOCTD pac-
NIOJIOEHUA JIOKOB /T YCTAHOBKM M3MEPUTEIBHBIX MPubOpPOB, COOTBET-
CTBYE NPOEKTY KOHCTPYKIUY, PaclloNOXEHUA Y Pa3MePOB YCTPOHCTB 71151
pacrpesieJieHUA U BBITAKKY BO3/iyXa (BKJIIOYasi AyIIMPYIOUINE HACATKH U
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Ilyck, Hanaoxa, ucnblmanus u SKCNAYamayus CUCIEM 6EHMUNAUUY

MecTHBIE 0TCOCH). KpoMe Toro, nmpoBepsieTcs mI0THOCTb BCEX COSANHEHMIT
BO3/[yXOBO/IOB, YCTAHABIMBAETCS HATTMYHE UM OTCYTCTBHE MEXAHUIECKHMX
NoBpeXieHuil u 3acopeHuil. boiplioe BHUMaHue obpaniaercs Ha COOTBeT-
CTBME TIPOEKTY MECT PACTOJIONKEHN Ha BO3/YXOBO/IAX 3allOPHO-Pery/u-
PYIOIINX YCTPOUCTB (repMETUYECKMX KIAMAHOB, HIMOepoB, [pocceb-Ka-
TaHOB, 0OpaTHBIX KJIANaHoB u /ip.). IIposepsiercs gocTynHOCTS M yI06CTBO
YIPaBIECHUs] ATUMHU YCTPOACTBAMH, & TAKXKE BO3MOXKHOCTH KOHTPOJIA 33 MX
NoMoXKeHeM (OTKPHITO, 3aKPHITO, HETIOJHOCTBIO OTKPBITO).

KanopudepHbie yCTaHOBKH H OBEPXHOCTHbIE BO3yX0OXJAaluTe-
au. Ilposepsiercs cooTBETCTBYE MPOERTY TUIOB YCTAHOBIEHHOTO 000DPY-
JIOBAHUSI M CXEM IPUCOEUHEHHBIX TPYGONPOBOAOB C TEILIO- U XOJ00-
HOCUTEeM, Y CTaHaBIMBAETCS COCTOsIHNE opebpeHnst u 06BO/IHBIX
KaHAJIOB, INIOTHOCTH COEIMHEH S KaIoprdepoB 1 BO3/LyXooXJaauTene
C BO3/[yXOBO/[aMH, HATMYYE HEOOXOIMMBIX KOHTPOTbHO-U3MEPHTENIBHBIX
11pubOPOB, HATTMYKE WK OTCYTCTBUE 3arpsi3HEHUI.

Benruastopubie yCTaHOBKH ( BEHTHJISIIHOHHBbIEe arperatsi). IIpose-
PAETCS COOTBETCTBHUE MPOEKTY YCTAHOBKY BEHTHU/ISATOPOB U 31€KTPO/IBU-
ratesieit, a Takxke cnocoba nx coeHeHus. [IpoBepsiercst Takxke Hajex-
HOCTh 3aKpeIieHus] BEHTUIATOPA U 3JeKTPo/BUTATENsl K OCHOBAHUIO,
IPaBUIBHOCTH HAMPaBJIeHus BpalieHusl pabovero KoJeca ¥ KauecTBO ero
GanaHcupoBKku. Bosbinoe BHUMaHe 0OpalAeTCsi HA COCTOSIHME Jonac-
Teil paboyero Kojieca, BETMUMHY 3a30pa MeX/1y pabounum KOJECOM TeHT-
pOGEXKHOTO BEHTHISATOPA M BCACHIBAIONIUM TarpybKoM, a Takxke Jjonar-
Kamul pabovero komeca u obeuailkoil oceBoro BeHTusiTopa. B ciyuae
KJIMHOPEMEHHOMH TTepeauy npoBepseTcs NapajielsHoCTh 0cel IUKNBOB,
KOJIUYeCTBO Y HaTsDKEeHUe peMHeil.

LleHTpanbHbie B MeCTHbIe KOHAHUHOHepDL [IpoBepsaeTcs IpaBUIbHOCTD
YCTaHOBKM OCHOBHOTO 000PYIOBaHUS, a TAKXKE CXeMBl TPUCOe/IMHEeHHBIX
BO3yX0BOZOB M TpyGonposogos. B ¢opeyHounBIX Kamepax ocoboe BHU-
MaH7e o0palaeTcs Ha YACIO YCTAaHOBIEHHBIX (DOPCYHOK U Ha yCTPaHeHue
3aCOPEHUs, eCTM OHO uMeeT MecTo. IIpoBepsercs cocTosiHue cenapaTopos,
HaJIMYe U UCTIPaBHOCTD (pusIbTPOB /1151 BOJIBI U TEPETMBHOTO yCTPOHCTBA.

Macasnepie uwabTpbl. B camoounaonuxcess Macasiapix (puabTpax
MpoBepsIeTCA COCTOSTHUE CEeTYATBIX IITOPOK, HaJIM4Yye Macia B BaHHe, Tpa-
BUJIBHOCTb PabOThl 2JEKTPONPUBO/IA, HANIPABJIEHNE U CKOPOCTH JBUXKE-
HY#A IITOPOK, TEPMETUYHOCTE Pa3fIeKU MeX/Ty MaHe MM, a TaKKe MeX-
[y TIaHEJSIMH ¥ CTPOUTENbHBIMU KOHCTPYKI[USAML.

B MacasaHbIX A4eHKOBBIX (hUabTpax MpoBepsieTcs MJIOTHOCTD 3anoj-
HEeHUs!, CMOYEHHOCTH 3aTIOTHUTEs1 MacjIoM, ILIOTHOCTD CONPSIXKEH VS sTie-
ek GIIbTpPa C YCTAHOBOYHOH PaMKOH.

IIbLieoTaemuTenH (IMKJIOHDbI, HHEPLMOHHbIE MbL1eoTAe HTeNH ). Tura-
TeJIHO NPOBEPAETCA TEPMETUMHOCTH BCEX OCHOBHBIX YaCTed NbLIeOT/ienu-
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Tesiell. B MHEPIMOHHBIX MBLIEOTAEIUTENAX OO0 BHUMAHYE Y/IEISIeTCs
Ka4yecTBY M3TOTOBJIEHMS M TIPABUIBHOCTH YCTAHOBKYM KOHYCHBIX KOJIIL.

Ha Bce BoigBneHHBIE pY O6C/IEI0BAHMN OTCTYIIEHYS OT TIPOEKTA U
BCe iepeKThl MOHTAXa CoCTaBJIsIOTCS fedexTHble BesioMocTa. K Havamy
IpoBeIeHYIs TIPE/ITIYCKOBBIX UCTIBITAHUH Bee edpekThl JOMKHBI OBITD yC-
TpaHeHbl. KpoMe Toro, Tiepes HauaioM MCnbiTaHUi 0JKHBL ObITH Hame-
YyeHbl MECTA YCTAaHOBKHM PUOOPOB | BIOpaH TUI MPUbOPOB /7ist 3aMepPoOB
Pa3INYHBIX BeJWMYHH B TIPOLECCEe TPOBEIEHNS UCTIBITAHUE.

§ 7.2. HUcnbitanus, HajlagKa 0G0pyA0BaHUA H OTAEIbHbIX
3JIeMeHTOB cucTeM (IpenyCKoBbie HCMbITAHUSA)

B npoiiecce atoro arana vicneltaHuil pelaoTcs caeAyomme 3anadu.

a) IpOBEpPSIeTCS], B IOTIONHEHNE K TPeiBapUTEIHHOMY 00CIe/[0BaHHUIO,
TEeXHUYECKOE COCTOSIHME 3IEMEHTOB CUCTEM IyTeM MpOBEJEHUA
COOTBETCTBYIOIIUX YACTHBIX UCMILITAHUK,

6) penaorcs HeoOXO/AMMBbIE 3aMEPbl BeJIUYHH, XapaKTepPU3yIOLHUX
paboTy yCTAaHOBJIEHHOTO B cUCTEME 060PY/IOBAHMS;

B) OCYyLIECTBJISIETCS HaJaka 0O0PYA0BaHWsI C LEIBIO NOJTy4eH s IPo-
€KTHBIX XapaKTepUCTHUK.

OcTaHOBMMCS Ha UCTIBITAHVSIX M HaJla/Ike OCHOBHBIX BU/I0B 000pYy 10-
BaHUs U 3JIEMEHTOB CUCTEM BEHTWISIIIUY ¥ KOHAUIVIOHUPOBAHUS BO3LLY-
xa. Bce naMepenusi, ocyuiectsisieMble B IPOLECCe UCTIBITaHUH, HAJIa KU
¥ PEryJIMPOBKY 3TUX CUCTEM IIPOU3BOAATCS IPUOOPaMHU M 110 IPaBIIaM,
U3BeCTHBIM U3 Kypca «KOHTposIbHO-n3MepUTeIbHBIE TTPUOOPDI».

Benmunsamopusie ycmanosxu (6eHmursyuontvie azpezamot)

B pesyabrare MCbITAHUS BEHTUISTOPHOH YCTAHOBKY JIOJDKHO OBITB OII-
pezieJieHO KOJUYECTBO MepeMelaeMoro Bo3ziayxa (pacxoj) U /aBJeHue,
Co3laBaeMO€e BEHTWJIATOPOM mpu pabore Ha naHHYIO ceth. Bo Bpems uc-
NbITaHWs BCE YCTAaHOBJIEHHBIE HA CETH 3allOPHO-PEryaupylonye yCTpou-
CTBa, a TaKXe IPUTOYHBIE 1 BBITSIXKHBIE OTBEPCTHSI OXKHBI HAXO/UThCS
B TIGJIHOCTDIO OTKPBITOM COCTOSTHHM.

KpoMe BeanyuHbl pacxosa Bo3/yxa ¥ /[aBjeHus, CO3/{aBaeéMOT0 BEH-
TUISATOPOM, 3aMepsieTcsl hakTuyeckoe Yucao o60poToB paboyero koseca
BEHTHUJIATOPA.

YkaxeM, 4TO pacxo/i BO3/[yXa, epeMeIIaeMoro BEHTUIATOPOM, A0/DKEH
OTIpesieIAThCs BO BCAchIBaIoOLeH (0 BEHTWISITOPA) M HarHeTarTebHOH (Toc-
Jie BeHTuasiTopa) muHusX. [lpu atoM pacxoxaenue B pacxoziax BO3/yxa io
¥ TOCjIe BEHTUIATOPA HE JI0JDKHO TIPEBBIIATh 5%. [IpousBoauTe sHOCTD
BEHTUJISITOPA IPUHUMAETCS PaBHOM TIOJYCYyMMe 3TUX PACXOMOB.
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3amepeHHasi BeJIMYWHA [OJTHOTO AAaBJIEHUS, CO3/1aBAEMOTO BEHTUJIA-
TOPOM, NIPUBO/IUTCSA K CTaH/APTHBIM YCJIOBUSM 110 hopmyJie

760 273+1¢)
w9938

rzie P'g u P~ dakruueckoe v 3aMEPEHHOE TIOJTHOE /[aBJieHne BO3-
nyxa, kI /m?%

B - 3amepennoe 6apoMerpuyecKoe /iaBjieHue BO3AyXa, MM pm. CM.;

t — 3aMepeHHas TeMrepaTypa Bo3ayxa, °C.

Ecay okaxercs, 4To MoJyuyeHHas BeJUMYUHA IPOU3BOIUTENBHOCTH
BEHTUISATOPA COOTBETCTBYET MPOEKTHON VI HECKOJIBKO ee TIPEBbIIIAET,
UCTIBITAHUS BEHTATPeraTa MOXHO CUUTATh 3aKOHYEHHBIMHU.

B cayyae ecin dakTuyeckuit pacxo/ Bosayxa OyaeT npeBbILaTh Ipo-
eKTHBIH, CJleyeT ONpeReauTh BEIUYHHY NoTpebIsieMoil aaeKTpoaBrra-
TeNAMY MoUHOCTH (HENocpe/[CTBEHHBIMYI 3aMepaMyl YJTU 110 U3BeCTHOH
u3 1. 6 Gopmysne). lorpebasemasi MOMHOCTD He KOKHA TPEBHINIATH
HOMUHAJBHYIO MOLIHOCTD 37ekTpoBuraTens Gosbine yeM Ha 10%. Ecin
npesrienye okaxercs Gonpue 10%, He0OX0/MMO TPOU3BECTH JIpOCCe-
JIMpoBaHYE CETH BO3/IyXOBO/OB, Ha KOTOPYI0 paboraer BeHTUAsATOp. B TeX
cayvasx, korja paKT4eckas poUM3BOAUTENBHOCTD BeHTUAATOpA Oy Aer
MeHbIIIE IIPOEKTHOM, HYXKHO C/ieJIaTh aHAIN3 C [eJIbIO BBIIBIEHUS U yCT-
paHeHus IPUYUH pacxoxaeHus. [{s 3Toro clie/iyer mocTpouThb aspoin-
HaMHYeCKUe XapaKTePHCTUKN BEHTHJISITOPA M CETH BO3/1yXOBOJAOB, MOC-
Jie 4ero MCIOJb30BaTh METOJ HAJOXEHUs XapaKTepUCTUK (JaHHBIH
BOIIPOC MOAPOGHO PaCCMOTpeH B I 6).

B pesysbrare aHanv3a 4oKeH OBITH Czes1aH BBIBOJL O HEOOGXOAMMOC-
TY UCIIPABJIEHUSI CETY BO3/YXOBO/IOB, 3aMEHBI OT/[ENbHBIX 2JIEMEHTOB HJIN
BCETo BEHTUJIATOPA.

Py= (7.1)

Cembv 8030yx060006

3azayaMyl a3pO/ITHAMUYECKUAX UCTIBITAHUH, PETyJIMPOBKY U HAJIAKU CETH
BO3/1yXOBOJIOB SIBJISIOTCS:

a) HIpoBepKa IJIOTHOCTH BO3AYXOBO/OB, BbIABJIEHHE M1OICOCOB U yTe-

yeK BO3AyXa C I10CAe/[yIOUIUM UX YCTpaHeHUeM;

6) mposepKa GaKTUIECKOTO PaclpeziesieHust Bo3qyxa Mo NPUTOYHBIM

Y BBITSDKHBIM OTBEPCTUSIM U PeTYJINPOBKA pacpeneseHus ¢ Ieabio
ROCTHXKEHWS IPOEKTHBIX 3HAYEHU pacXo/oB.

J{ns npoBepKu TJIOTHOCTH CETH BO3yXOBOAOB HEOOXOAUMO NPON3-
BECTY 3aMEPBI KOJIMYECTB BO3/yXa, MOCTYMAIONIHX Yepe3 BCE OTBEPCTUS B
cety (IIPUTOYHBIE WM BBITSKHBIE), KOTOPBIE JUISl 3TOTO [OJDKHBL OBITH
HOJTHOCTBIO OTKPBITHI.
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[MonyuenHoe 3HaYEHME CYMMApPHOTO PACX0/a BO3/AyXa CPABHMBAETCS C
(paxTrueckoll NPOM3BOAUTEIBHOCTDIO BeHTHASTOpa. ECM okaxkercs, 4To
Pa3HOCTH ITUX /IBYX BeJIMYMH He npesbiinaer 10% ot dakruueckoil npous-
BO/IATEIHOCTY BEHTUJIATOPA, MOKHO CUMTATH CETh BO3/[yXOBO/IOB [I0CTa-
TOYHO TUIOTHOMH. B cilydae 60JBILETO PacXox/ieHUs CeyeT BbISIBUTH BCE
MeCTa yTevyeK MJIM MOAICOCOB Y YCTPAHUTh COOTBETCTBYIONIYE HEMIJIOTHOCTH.

Merospl 06HapyKeHUSI MECT yTeuek WM MO/COCOB OMMCBHIBAIOTCS B
mucuunauHe «TexHoMorus NPON3BOACTBA, OPraHU3AVsT ¥ IKOHOMUKA
CaHUTAPHO-TEXHUYECKUX PabOT».

Pesynbrarpl 3aMepoB KOIHYECTB BO3/LyXa, OCTYTIAIOX Yepe3 IPUTOoY-
HbI€ WY BBITSKHBIE OTBEPCTUS, 03BOJISIOT TIOAYYUTH IAHHBIE O PACXO/aX
BO3/[yXa, TO/[aBaeMbiX B MTOMENIEHUS] MJIM y/AaIsieMbiX U3 HUX, a TaKXe O
pacxo/iax Bo3/iyXa B OT/IENbHBIX yYaCTKaX 1 BeTBSIX BO3/[yX0Bo/ioB. B mpak-
THKE, Kak [paBUIo, UMEIOT MECTC OTKJIOHEHHS (MHOT/[a 3HAYUTENBHBIE)
(haxTHveCcKHX pacxo/0B BO3/yXa OT MpoekTHbIX. [ToatoMy B npouecce ato-
O 3Tama UCIbITaHUN MPOU3BOIUTCS PETYJNPOBKA CETH BO3/[yXOBO/IOB C
HEJIBIO [IOJIyYEHUs] TIPOEKTHOTO PACTIpe/ieNieHUs PaCX0/0B BO3/IyXa.

PeryaupoBky cery BO3/iyXOBO/IOB J1y4Ille BCETO POU3BO/IUTD, UCTIO b
3y CJleiyIomni MEeToI.

Ilepes peryMpoBKOil HECKOIBKO OPUKPBIBAETCS IMOED Y BEHTUAATOPA,
¢ TeM 4ToOBI 00ILME pacxoz1 B ceTd coctasisii 70—75% ot mpoexTHoro. Pery-
JIMPOBKA HAYMHAETCS € /IBYX Haubosee yanieHHBIX (KpaiHHUX) OTBEpCTHH
kaKoi-mbo Bersu. V13MeHsd onoXeHYe PeryIMpPOBOYHOTO YCTPOICTBA Yy
TOTO VIX IPYTOTO OTBEPCTHS, HA/IO /I0OMBATHCS O/IMHAKOBOTO COOTHOIEHHS
axrirgeckoro (L) v IPOEKTHOrO (an) PacxooB JUist 000UX OTBEPCTHIL

L L

22.1_ =% _,. (7.2)
pq Ll'lp2

anee npousBouTCA PEryJupoBKa ClAeAyomero (TpeTbero) OTBepCTus
Ha To Xe camoe oTHoleHue 7. [Ipu aToM f0/MKHO OBITH JOCTUTHYTO OT-
HOIIEeHue

Loy _ Lo +Lyy

L“P3 L”Pl M LHPZ

=n- (7.3)

B pesysabrare BCe TpM OTBEpCTHS OKa3bIBAIOTCS OTPETYJIMPOBAHHbBI-
MU Ha O/IHO ¥ TO K€ OTHOIIeHUE (PAKTIYECKOTO Y IPOEKTHOTO PACXO/10B
BO3/yXa:

Ldn — L¢2 - Lq>3 - L¢1+L¢2+L¢3 =n. (7.4)
Lopy  Lupy Lupg Lupy + Lupy + Lupy
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Takum xe oOpaszoM PeryaupyIoTcs BCe OTBEPCTUSA JaHHOH BeTBU. 3a-
TEM B TOH Xe MOCJe0BaTeNbHOCTH (HauuHasA ¢ KpalHUX OTBEpCTHil) M
UCXO/Is1 U3 IPUHSITOTO OTHOILEHNS PETYJIUPYIOTCS BCE OTBEPCTHUS OCTAb-
HBIX BeTBeH.

[locse peryaupoBky OT/€IbHBIX BeTBeH NPOU3BOMTCS PETYyIMPOB-
Ka caMMX BeTBel Mexay coboil. B mpomecce atoro pocruraercsi oTHO-
1IeHue

L L L
br_ b Tk (7.5)

L”PI L“Pll L“Pk

rie L¢1’ L¢n" =, Lq, , — dakTudeckue pacxo/sl BO3/yXa B OT/Eb-

ubix (I, 11, ... k) BeTBAX ceTH BO3/{yXOBO/IOB;

Lopys Lupys*> Lugy
(I 11, ..., k) BerBsx.

B urore mo BceM BeTBSIM M BCeM OTBepCTUSIM 06eCIeYnBAETCS O/fHO
OTHOIUEHME 7 (PAaKTUYECKNX U TMPOEKTHBIX PACXO/I0B, OCTAETCS TOJBKO
YCTAaHOBUTHL WKOEP Y BEHTUJISATOPA B TAKOE MOJOXKEHUe, YToOb 06mui
pacxoy ObL1 paBeH POEKTHOMY. D10 Oy/IET 03HAYATH, YTO PACXO/ibl BO3-
JIyXa 4epe3 BCe OTBEPCTHS JJOCTUTHYT MPOEKTHHIX 3HAYEHMIA, a CJIe/10Ba-
TENBHO, PETYJIMPOBKY MOXKHO CUHATATh 3aKOHYEHHOH.

Jonycrtumasi pasHHia Mex/ay (pakTUIeCKNMH U TPOEKTHBIMA pacxo-
JIaMY BO3/tyXa He /I0/XKHa NpeBblmarh +10%.

Pesyibrarsl 3aMepoB JaBJieHMH ¥ pacXo/0B BO3/1yXa JI0 Y T0CJje Hala/l-
KU 3aHOCATCA B CHENUAIBHYIO TabauLy.

— NPOEKTHBIE PACXObl BO3JyXa B TeX XKe

Kanopugepnvie ycmanosxu

IIpu ucobiTanum KanopudepHoil yCTaHOBKY JIOJKHBI OBIT OTPeeNleHbI:
a) a’pOoAMHAMUYECKOE COMPOTUBIEHNE yCTaHOBKM U 6) ee akrmueckast
TEIJIONPOU3BOAUTETHHOCTS.

AspoavHamMuyeckoe CONPOTHBIEHHE Kalopudepa Haxouresa oOby-
HBIM crocoboM MO PasHOCTH AABJEHWH BO3/yXa B BO3AyXOBOJAX /io U
nocJe kanopudepa. [Ipu aroM, eciin ceyeHHs BO3/YXOBO/OB O/IMHAKOBHI,
JIOCTATOYHO 3aMepATH JUIUG CTaTHYECKue /aBJIEHUs], a eCIu Pa3jIA4HblL,
Heo0X0/[UMO U3MEPSTH NOJTHBIE aBaeHus. Pacxo  Bosayxa fo/keH ObITh
PaBeH MPOEKTHOMY.

B npouecce uamepeHnil a3poMTHAMUYECKOTO COTIPOTHBIECHUSA KaJo-
prdepa 1 pacxosa Bo3ayXa HYXXHO MOJHOCTBIO 3aKpbiBaTh 0OBOIHOM Ka-
HaJl, ¢ TeM 4TOOBI BeCh BO3/LYX MPOXO/MJI Yepe3 Kanmopudep.

IIpu vcnpiTanuy kanopudepHoH yCTaHOBKM Ha TEIIoOoTAAdy Cie-
ayer obecrieunTs pacueTHbI PACX0/] BO/BI, a €CIY TEILIOHOCUTEEM SB-
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JaseTcs BOAAHOHN 1ap, — To pacueTHoe jaBjaenue napa. Kpome roro, npu
UCHOJIb30BaHNK BO/bl HeobXoanmo fobuThbes, YToOBI ee TemmepaTypa
COOTBETCTBOBAIA PAaCYETHOMY 3HAYEHUIO MO TeMIlepaTypHOMY rpadu-
Ky, COCTaBJIEHHOMY B 3aBHCMMOCTH OT TeMilepaTypbl Hapy>KHOTO BO3-
ayxa.

B xoze mctsrranuit mpou3BoATCS M3MepeHNs CIeAYIOIMNX BeTUYHH:

— pacxoza Bo3fiyxa L, npoxo/simiero yepes kanopudep, m>/uac;

— TeMIleparypsl Bo3/lyXa nepes KajopudepoM t, u mocie Kaaopu-

Gbepat, °C;

— Temieparypsl Topsueii £ ¥ 06paTHOl ¢ BO/BI UM TEMIIEPaTypbl

napat, °C.

Bce atn usmepeHust JOMXKHEL BHIMOIHATLCS IPY YCTaHOBUBIUEMCH
TeToBoM pexume. O0 yCTaHOBIEHUY TEIIOBOIO PeXMa Cy/IAT 110 TeM-
mepaTypaM Bo/Bl M BO3/iyXa, KOTOPBIE [IOJXKHBL OCTAaBaThCA MOCTOSTHHBI-
MU B Teyenue 30 MUHYT /10 HAYAJIa UCTILITAHMI Y BO BpeMsl UCTIBITaHUH.

KosnudecTno remia, hakTuueck wayilee 1na narpeBanune BO3/YyXa,
Olpe/ieNIsieTcs B COOTBETCTBUHN C U3BECTHOU 3apucumMocTsio (1.43), koTo-
pyI0, Kak OBLUIO yKa3aHO, MOXKHO 3aMeHsITh OoJiee IPOCTOH:

Q® =024Ly, (¢¥-¢2). (76)

B aroit u apyrux popmynax uHAEKC «p» yKkasblBaeT, YTo peys UzieT O
BeJIMYMHaX, HaKTUYECKH TMOTYTEHHBIX B IPOLECCE UCTIBITAaHWH.

BasB u3 3aBo/ickoro nacnopTa IIonmaab TEMAoOTAaIoneH HOBEPXHO-
ctH kanopudepa F, MOXKHO onpeeuTs (pakTUIecKyIo BenuyuHy Koad-
(vnmenTa remonepeayy UCIBITHIBAEMOTO kKasopudepa:

¢
ko= (1.7
Fat,

B kauectse pacuerHoll pazHOCTH At MOXHO C U3BECTHOIi CTENEHBIO
TOYHOCTH NIPUHUMATH Cpe/Heapu(pMeTHIeCKyio Pa3HOCTh, M TOT/A:

a) IJIA TEIIJIOHOCUTEA «TopAYas Bojga»

_tPred e aed

At : 7.8
P 2 2 (7.8)
0) AJs1 TENIOHOCUTES «BOASHOM map»
b, b
ty +t
At, = g S S (7.9)
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C yueroM (7.8) u (7.9) nepenuinem seipakernue (7.7) s TemioHO-
CUTEJIS «TOPSYas BOIA»:
K? = 2Q¢
F(tf" +td—? —t,?) (7.10)

U V151 TETIJIOHOCHTEISI «BOISHON map»:

K® = 2Q° : (7.11)
F(2t,‘}’ —t® —tf}’)

Ionyuennoe no dopmye (7.10) nan (7.11) daxkrudeckoe 3HaueHHE
Koa¢pHUIKeHTa TeIonepelaut caeyeT CPABHUTL ¢ KO3(DHUIIMEHTOM
TeIUIoNEepeIauH, ONpe/ieleHHbIM IS JaHHOTO TUIA Kanopudepa mpH
(hakTHUECKUX CKOPOCTAX BO3/yXa U BOjbI 110 (popMy1aM uau rpaduxam,
HMMEIOMNMCS B KaTaJore.

Kpome Toro, no HalizieHHOMY IIPH UCIIBITAHUAX 3HAYCHUIO TETIJIOOT-
naun Q% He0OXONMMO PaCCUNTATh TY BENUUMHY TEIJIOOT/IAuN KaJl0pHU-
(epa, xoTopasi 6b1a Gbl B PACYETHBIX YCJAOBUSX ([IPH Pacu€eTHOM TeM-
Tnepatype BO3/yXa { U PAaCUETHbIX TEMIEPATYPAX TEIVIOHOCUTENS L, T,
unut ).

a) JUIs TeIUVIOHOCHUTEJISI «TOpsyasl Bojas»

tr+to_t1<_tu . (712)

Q=Q* ;
A

6) 1J1s1 TeIOHOCHUTENS «BOJSHOM ap»

Q=Q¢?n_:_tx_‘%. (7.13)
by =t —ly

Ec/i1t 0KaKeTesl, yTo pacCUMTaHHAs BETMUMHA OY/IeT MEHBIIIE TPOEKT-
HOW, C/1e/1yeT IIPUHATb MEPHI /IS YBEJAHUEHHs TEIUVIOOTAAYM: YBEANYUTh
IIOBEPXHOCTb KaJOpH(EPHON yCTAHOBKYM UM U3MEHHTb CXeMy MOJauyy
TEIIOHOCUTEIS.

Pe3yabTarsl HCHBITAHNS! KaJIOpH(EPHOH YCTAHOBKH 3aIIUCHIBAIOTCS B
CHEHMAIbHYI0 TaOIHLL.

Opocumejzbubte Kamepvbt UeHmpailbHblx xou&uuuouepoe

I_ICJII)IO HUCTIBITAHUN OpPOCHUTEJIBHBIX KaMep SIBJSIETCS OINpPe/]e/ICHNE pac-
XOJ0B BO3/lyXa U BOJBI, 4 TAKKE BEJIMUNHbDI A9POJMHAMHYECKOIO COIIPO-
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THBJIeHHUS. X0J10/I0POH3BOINTE/ILHOCTD, OCYINTENbHAS M YBAKHUTE b-
Hasi CIOCOOHOCTD KAMEPHI HA 3TOM JTale UCIIBITAHUI OTIpeie/IeHbl ObITh
He MOTYT, TaK KaK IIPOBE/ICHUE 3TUX UCIIBITAHUI TpeGyeT COOTBETCTBYIO-
1ei TeMoBIAXHOCTHO! HATPY3KH, a CO3/]aHMe TAKOH HArPY3KH BEChMa
3aTPYHUTENBHO B HEIKCIIYATHPYEMOM 00BEKTE.

Ilepen nposeneEVeM 3aMepOB ClieflyeT IPOBEPUTh OCHOBHBIE Y3J1bI
OpPOCUTENBHOI KaMephl, TAaKUe Kak:

— ¢opcyHku (IPU 3TOM He0OX0aUMO 0OpaTHTh BAUMAHKUE Ha Kade-

cTBO (pakesia paclblia BOAbL);

— TOIIaBKOBBIM KPaH M IepPeUBHOE YCTPOHCTBO (M0/KHA ObITh

obecredeHa X paBuIbHAs pabora);

— cemaparopsl B GOPCYHOYHOH KaMepe (HIDKHSASA KPOMKA MX JIO/DKHA

ObITh 3araybseHa B BOMLY).

Pacxon Bozmyxa 0/KeH 3aMepSThCS JI0 M [IOCJe KaMepPbl, Pa3HOCTh
3aMepeHHBIX PacXofIoB He JC/KHA IPeBLILATh 5%.

Wamepstiorcsi: aBiieHus] BOJbl fepef POPCYHKAMH H PACXO BOBL.
ITocaennuii potite BCEro ONpPeAEaUTD II0 BOJOMEPY, YCTAHOBICHHOMY Ha
nojamLel MaricTpaan. Eciu BojoMepa HeT, pacxo]] BOABI MOXKHO Haii-
TH IIyTEM 3aMepa BPEMEHH HAIIOJHEHHS NOJJIOHA KaMePhl M H3MEPEHHUS
ero ofbema.

A3poaMHAMUYECKOE COIPOTUBACHUE OPOCUTELHONM KAMEPHI OIIpe-
nensiercsi mpy paboTe OpOLIA0IMX YCTPOHCTB. CONPOTHBACHHEM SBJIS-
€TCs 3aMepeHHas Pa3sHOCTb HOJIHBIX JIABJCHUH BO3/IyXa B CEUEHUAX BO3-
JYXOBOJIa I0 M mocJie KaMepsl. B ciiyuae ecan ceuenus Bo3nyxosoja
OJIMHAKOBbie, MOXXHO 3aMePSTh JINIIb CTATUYECKHE ABJICHMS.

ITvineynasnuearowue ycmpoticmsa

XapakTep UCIOBITAHUI Pa3/NYHBIX IBIICY/IABIUBAIOIIMX YCTPORCTB 3a-
BUCHT OT THNA ycTpoiicTB. OCHOBHASA Lie/1b STUX McnbITanuii Ha I aTame —
OIpPeJIe/INTh PACXO/Ibl IPOXOJIALIECTO BO3/IyXa, CKOPOCTH BO3/IyXa Ha BXO-
JIe B yCTPOMCTBO U a3POIMHAMUYECKOE COPOTHBJICHHUE.,

IIpu onpenenennn pacxoza Bo3/yXa HeOOXONMMO IPOU3BECTH 3aMe-
pbl 10 yCTPOHCTBA U TIOCJIE HETO, YTO IO3BOJIMT YCTAHOBUTH BEJUUUHY
yTeueK WK HOJCOCOB (3Ta BeIMUMHA He JI0JDKHA IpeBbInaTh 5% OT Be-
JINYMHBI PacxXo/ia BO3/yXa).

AspojHaMHY€eCcKOe CONPOTHUBACHNE YCTPOHCTBA BHIMKC/ISETCH 0ObIY-
HbIM CIIOCOOOM 110 Pa3HOCTH HOJIHBIX IABJEHUH BO3/yXa B CEUCHUAX BO3-
IyXOBOJIa IO W mocyie yCTpoiicTBa. Ec/in moce mplaeouyncTHOro yeTpoii-
CTBa BO3/IyX BBIXOJHT B [IOMEIIEHUS UAU aTMOC(Epy, CONPOTHB/IEHHEM
YCTPOMCTBa SABJISIETCS [JaB/IeHHE BO3/yXa, 3AMEPEHHOE B CEUEHUH [IPUCO-
€IMHEHHOTO BO3yXOBO/JA.
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Mecmuwie omcocnbi

HcnbiTanns MeCTHBIX OTCOCOB B IepHoZ I sTana cBoasTes k 3aMepam 11015
CKOpocTeit B paboueM OTBEPCTHH MECTHOTO OTCOCA U OTIPE/IE/IEHUIO Pac-
XOJ/Ia yAAJI1€EMOTO BO3JyXa.

Jlo Hauana MCITBITAHWIA MECTHOrO OTCOCA HEOOXOMNMO BHIIONHUTD
CJleflyI0IKe TIOArOTOBUTENbHbIE PAaOOTHL:

— TPOBEPUTH MPABUJBHOCTh PACIIONCGKEHUS MECTHOTO OTCOCA IO
OTHOMLICHWIO K MCTOYHMKY BPEJHOCTH U YCTPAHUTD AOIYIIeHHbie
HETOUHOCTU B PACIOJIOKEHHH;

— TPOBEPUTh TEPMETHYHOCTb YKPHITHS W B CJyuae OOHAPYKEHUs
HEIJIOTHOCTeH YCTPAHUTb MX.

Pacxon Boznmyxa, yaaasieMOro yepe3 MECTHBIe OTCOCHI, U3MepsieTcs
1160 B ceueHNH paboYero oTBEPCTHS, AUO0 B CeUeHUH BO3YXOBOAA, IPH-
COEIIMHEHHOTO K MECTHOMY oTcocy. B nepBoM ciyyae yaile BCero HCHOb-
3YIOTCS KPbLAbUATHIE W 4allleUHblE AHEMOMETPbI, BO BTOPOM OGBIYHO
IIPUMEHSIOTCS TTHEBMOMETPHUECKHE TPYOKH U MUKPOMAHOMETDHI.

IIpy uCIBITAHNYM TAKUX MECTHBIX OTCOCOB, KaK BHITSDKHBbIE IIKadmI,
Tepes| CHITHEM HOJISI CKOpOCTel B paboueM HpoeMe IPOM3BOJUTCS BU3Y-
ajbHas IpoBepKa YCTOMYMBOCTH I0JICOCA BO3[yXa M3 MOoMeLieHns (Ha-
TIpuMep, ¢ TIOMOIIBIO 33/IbIMJIEHUS! BO3/1yXa BOIM3KM pabouero npoema ye-
THIPEXXJIOPUCTHIM TUTAHOM). O YCTORUMBOCTH MOCOCA MOXKHO CYAUTh
I10 IBYKEHMIO 1EJIKOBUHOK, IPUKPEIJIEHHBIX K KpasiM paboyero oTsep-
crust. Ecm okaxeTcest, 4To 0TCOC BO3/1yXa yepe3 pabounii IPOeM BBITSK-
Horo mkada He OTIUYAETCS YCTOHYMBOCTHIO, HEOOXOAUMO YBEJIHYHTh
pacxojl 0TCachIBaeMOTO BO3/IyXa.

Wi3Mepenne CKOPOCTH JBHKEHHS BO3/LyXa CJleJlyeT IIPOU3BOAMTD B Ce-
"yeHMU pabOUEro OTBEPCTHSI HE MEHEE YEM I10 TPEM FOPU30HTAIISIM (Y HUX-
Hell 1 BepXHeil KPOMOK U TI0 cepefinHe).

B cayuae ec/im cKOpocTh BO3/IyXa [0 KaKoi-11u60 ropusonTrasu 6yaer
HUkEe HOPMATHBHOU MM TPOEKTHOM, HEOOXOIMMO YBEAUUUTD PACX0]
BO3/IyXa.

Bosdywmnvie dyuwu

B pesyJibTaTe HCIBITAHMI BO3/YILIHOTO YA JOKHBI ObITh OIPE/eIEHbI
IPaHMITBI IPUTOYHON CTPYH, CKOPOCTh BO3yXa Ha paboueil IUIoIaiKe 1
pacxoj1 BO3/yxa uepe3 JyIUpyoNui naTpyoox.

I'panyisl NPUTOYHOM CTPYH YCTAHABAMBAKTCS ¢ TIOMOIIBIO 3a/bIM-
JIeHUS] WM eaKoBUHOK. CKOPOCTh BBIXO/]a BO3/yXa M3 MAaTpyOKa, a
TaKkKe CKOpOCTH Ha paboueil maomaake 3aMepsaoTcs OObIYHO aHEMO-
MeTpoM. HeobxoauMo 4To6b1 0Ch IPUTOUHOH CTPyH IepeceKala miaac-
xocTh paboueit maomanku B nenarpe. Ecau atoro He Habmoaaercs, Cie-
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JIyeT TMOBEPHYTh HA HYXHbIN yroJ NOBOPOTHBI AYIIMPYOIUA NaTPy-

6OK uaM mepejieiaTh yCTAHOBKY HEMIOBOPOTHOTO MaTpyobKa.
3aMepeHHble BEJUYMHBI PACXO/JI0OB M CKOPOCTEH BO3/yXa JOJIKHbI

COOTBETCTBOBATb ITPOEKTHLIM M HOPMAaTUBHBIM 3HAYEHUSIM.

Ecnu Ha paboueli IonaKe BeJIMYMHA CKOPOCTH BO3yXa OKaKETCs
HIKe HOPMATUBHOM, HEOOXOIMMO TIOBBICUTH CKOPOCTb, YMEHbBIIUB Bbl-
XOJIHO€E CeueHHe JAYIHMPYIONUEero naTpybka uau yBeJHYUB PAcXoj BO3-
myxa. MOXHO TakKe COKpPaTHTh PacCTOsIHME OT matpybxa o paboueit
NJIOIIAJIKH.

§ 7.3. HcnbiTaHus ¥ HAJAAKA CUCTEM (KOMILIEKCHbIE HCTILITAHUSA)

ITocsie TOro Kax MpoBePEHbI M UCTILITAHBI BCE 3JIEMEHTBI CUCTEMbI BEHTH-
JSIUKM U KOHIAWIIMOHUPOBAHUS BO3/1yXa, CUCTEMA HCIIBITBIBAETCS B Ii€-
J0M. Ecniu Ha 06bexTe MMeeTcsl HECKOIBKO CHCTEM, IPOBOJATCS COBMEC-
THbIE UCITBITAHMSI IPU O/IHOBPEMEHHOM UX paboTe.

Tepen mpoBeieHNeM KOMILIEKCHBIX UCIIBITAHUI HeOOX0AMMO yOeITh-
cs1 B TIOHOK MCIIPABHOCTH BCETO YCTAHOBJIEHHOTO B CUCTEMAaX 060pylo-
BaHMS, a TAKKE B TOM, YTO BCe JiepeKThl MOHTAXa, BbIsABJICHHbIC Ha I aTa-
1€ UCIbITAHUM, ycrpaneHsl. KpoMe Toro, ciieflyeT IpOU3BECTH IPOBEPKY
TEXHOJIOTUYECKOT0 000PYI0BaHUS, BhIe/s01Iero BpeiHocTH. Bee nedek-
ThI, KOTOPbIE€ MOTYT MPUBECTH K HAPYILEHUIO PACYETHBIX YCJIOBHUH, 0K~
HbI OBITh yeTpaHeHbl. Hanboibliee YnuCI0 TakUX JeeKTOB BO3MOXKHO B
MPOU3BOJICTBEHHBIX MOMEIMEHUSIX. K HUM OTHOCATCSI: HEIOCTaTOYHA rep-
METHYHOCTb YKPBITHIX 000Dy I0BaHSI, BbIIE/ISIONIET0 Ta3000pasHble BPe/l-
HOCTH, IJIOXasl TEIUIOBash M30/ISIMs HATPETHIX [IOBEPXHOCTEH, HEIJIOTHO-
CTH B MECTaX COEJIMHEHUI TeEXHONOTHUeCKUX TpyGonposoos. K nedexram,
KOTOPBIE BJIMSIIOT HA YCJIOBUS BO3/LYIIHOMN Cpeibl IOMELeHMH, TIpHHae-
KAT HETJIOTHOCTH B IPUTBOPAX OKOH, IBEPEiA, BOPOT U IPYTHE, IO00HbIE
UM, HeJIOCTATKU CTPOUTEIbHBIX KOHCTPYKIUN COOPY)KEHHSI.

3asaueil KOMIUIEKCHBIX MCIIBITAHUN CUCTEM BEHTMJISIMH U KOH/H-
IMOHUPOBAHMS BO3/LyXa SIBJSETCS IIPOBEPKA CIIOCOOHOCTH CHCTEM CO3/1a-
BaTh B IOMELIEHUAX OOBEKTA 3aIaHHBIE YCJIOBUS BO3IYIIHOM cpensl. Ec-
TECTBEHHO, YTO 3TH HCIBITAHMS JOJUKHBI IIPOBO/IUTHCS B YCIAOBHAX, KOIIa
BCE TEXHOJIOTUYECKOe 000pyNoBaHKe pabOTaeT B PACUETHOM PEKHMeE H
0OBEKT TOIHOCTHIO 3AMOJIHEH PACYETHBIM KOJUUECTBOM JIOJICH.

OcHOBHOE cojiep)KaHKe KOMIUIEKCHBIX UCIIBITAHUH COCTOUT B IIPOU3-
BOJICTBE 3aMePOB NMAPaMETPOB BO3IYIUHOM Cpe/ibl NOMeEeHU 0ObeKTa.
Bce 3aMepeHHble mapaMeTpbl JI0/UKHBI COOTBETCTBOBATh IPOCKTHBIM 3Ha-
YEHUSIM T10 JIEHCTBYIONMM HOPMaM.

B o6mem ciyyae B pe3y/ibTaTe 3aMEPOB JIOJUKHBI OBITH ONpe/ie/IeHbl
CJIeYIONME BEJIMYMHbL ’
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— TEMIEepaTypa, CKOPOCTb JBHMKEHMUS, OTHOCUTENbHAS BJAAKHOCTD
BO3/yXa;

— KOHIEHTpAIusA YIJEKUCIOTO ra3a M COAEPKAHUE KHUCAOPOIA;

— KOHIEHTpAIUs BCEX BBIIEJSIONUXCS B IOMENIEHUH BPeJHbIX Ia-

30B U IIBLIK;

—  3arps3HEHHOCTh BO3IYXa GAKTEPUOJIOTUYECKUMH IIPAMECSMIL

Ecau B noMerueHun MMEI0TCSI HCTOUHUKH TEIJIOBOTO U3JIyYEHUs!, J10J1-
’KHa OBITh YCTAHOBJIEHA €70 HHTEHCUBHOCTD.

Bec namepenus 715 MoyueHNst IAHHBIX G COCTOSTHUM BO3/IYLIHOMR Cpelibl
BBILIOJIHIOTCS IPHOOPaMH, H3y4aeMbIMH B Kypce « KOHTposibHO- maMepuTeib-
Hble IPUGOPBI». 3aMETHM, YTO BCE 3aMephl HY KHO JIeN1aTh B pabovei 30HE 1 B
MECTax IEPUOINYECKOro IpebbiBanus moseit. Ilpu aTom ot60p npob Bosmy-
Xa [UIsI OTIpe/ie/IEHHS] €70 COCTABA U COJIEPKAHMS IIPUMeceit HeOOXOIMMO TIpo-
M3BO/IUTD U3 30HbI ILIXaHUSI, & METEOPOJIOTHYECKHE IIapaMETPhl M3MEPATD Ha
Beicote 1,5 m ot mona. Cnenyer 6path He MeHee IBYX IpoB, YTOGHI UCKITIO-
YUTb 3JIEMEHTHI CY4AHHOCTU U OTPELIHOCTH [IPH U3MepEHUsX.

3aMepbl METEOPOJIOTUUECKUX ITAPAMETPOB IOJIKHBI IPOM3BOAUTHCS
He MeHee Tpex pa3 3a pabouwnii neHb. TIpy HePABHOMEPHBIX MO BEJTHYH-
He TeIJIO- ¥ BJIATOBbIIeJICHUAX 3aMepbl HY)KHO JIe1aTh B IEPHOJ TUKO-
BbIX HArPy30K U MEX/Y HUMHU.

Mecra 3aMepOB METEOPOJIOTHYECKMX TIAPAMETPOB U 0TOOPA IpPob BO3-
JlyXa HaHOCSTCS Ha IIaHbl 00C/IelyeMbIX IoMereHuit. PesyibTaTsl 3aMe-
POB 3aMMCHIBAIOTCS B OT/E/IbHbIE TAOTUIBL

B pesynbTate npoBe/ieHNs BCeX 3aMEePOB MOXKET 0Ka3aThCs, YTO CO3/1a-
BAaeMbIe B TIOMEILEHUAX 0ObEKTA MAPaMETPhl BO3AYIIHOMN Cpelbl OTIHYAI0T-
CS1 OT TIPOEKTHBIX M HEe COOTBETCTBYIOT IEHCTBYIONMIMM HOPMaM. ITo 0Obsic-
HsI€TCA TEM, YTO [IPY BHINOJIHEHNH | aTara UCIbITaHU i OT/Ie/1bHBIE 371EMEHTH
CHCTEM BEHTH/ISLMU M KOH/MIMOHUPOBAHHS BO3/lyXa HE MOTJH ObITh UC-
npitasbl Ha 3 dekTUBHOCTD PABOTHI (K TAKMM 2JileMEeHTaM OTHOCSITCS, Ha-
IpUMeD, KOH/MIIMOHEPHI U IIbUICOUUCTHBIE yeTpoiicTBa). [loaToMy, a Takxke
JU1s TIOJIy4eHHs] [TOJIHBIX TeXHHUYECKUX XapPaKTePUCTHK, B COCTAB KOMILIEK-
CHBIX UCTIBITAHUI BXOAAT MCTIbITAaHUS Ha 9 DEKTUBHOCTD PabOTHI psijia yC-
TPOMCTB CUCTEM BEHTU/SIIMU U KOHIUIMOHUPOBAHUS BO3/IyXa.

Wcnbitanus Ha 3QHEKTUBHOCTD PabOThI TIPelyCMATPUBAIOT OKOHYA-
TEABHYIO HAJIAJKY 9THX YCTPOHCTB.

WHorma npuxoauTes NPoBONUTH JONOIHAUTE/IbHbIE a3POJANHAMHIEC-
KM€ VCIBITAHUSA U HAJIAJKy CETH BO3JYXOBOJOB CHUCTEM BEHTH/ISALUU U
KOHAMUMOHUPOBAHUS BO3AyXa. I1oTpeOGHOCTD B 5TOM BO3HUKAET B TEX
CJIYyYasX, KOT/Ia BO3MOKHO BJIMISTHUE OJIHON CUCTEMbI HA JPYTYyIO (B Hau-
6ombIneit cTeNenn Takoe BAMSHNE IPOSBSETCs IIPH COBMECTHOM paboTe
HA OJIHY CEThb HECKOJbKHUX BEHTHJIITOPOB), a TaK)Ke KOrJa Ha OJTHO [moMe-
IeHre paboTaeT HECKOJIBKO CUCTEM U B 9TOM IIOMELEHUU CO3/IAETCH TI0/1-
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HOP MY paspeXxeHue, He TPelycMOTpeHHoe B pacueTe. 1losToMy mpu
IOPOBEIEHUM KOMILJIEKCHBIX UCIIBITAHUH HEe0OX0JHMMa HpOBEpKa MpOH3-
BOJIMTENbHOCTH KaX/I0M CUCTEMBI B YCJIOBHAX PAOOTHI BCEX CUCTEM BEH-
TUASIUU U KOHIMIMOHUPOBAHUS BO3/IyXa.
Ucnsiranus Ha 3¢ GeKTHBHOCTD PabOTHI OT/IE/IbHBIX 9J1IEMEHTOB U yC-
TPOMCTB OOBIYHO BKIKYAIOT B Cebst:
— TpoBepKy 3PEKTUBHOCTH yAaBAMBAHKS BPEIHOCTEH B MECTHBIX
0TCOCAX;
— OIIpelieieHUe CTeIleHU OYMCTKH BO3/IyXa OT IbUIN B IIbLJIEYNaBIIH-
BaIOLINX yCTPOHCTBAX;
— WCIBITaHUS Ha 3PEKTUBHOCTH MPOLECCOB TEMJIOBAAXKHOCTHOM
06paboTKH BO3/lyXa B IEHTPAILHBIX U MECTHBIX KOHMIINOHEPAX.
Bo Bcex cayyasx, koraa 6yet obHapyxeHo, uTo 3 dexTHBHOCTH pado-
ThI TOTO WJIY HHOTO YCTPOMCTBA OT/IMYaeTCs OT IPOEKTHOI U He obecte-
4YMBAeT CO3/IaHUS 3alaHHBIX YC/I0BUIl BO3MYIIHON Cpelbl B IOMEIEHHH,
HeOOXOIMMO TIPOU3BECTU HAJIAAKY COOTBETCTBYIOLIETO YCTPOUCTBA.
IdPekTUBHOCTL MECTHBIX OTCOCOB ONPE/EJISETCS YyTEM 0TGOpA U3
30HBI JIbIXaHUs 00CAYKUBAIOIIETO epcoHasia mpob Bozayxa. Ecan pe-
3yJIbTaThl aHAIM3a OPOOBI HOKAXKYT HPEBbIILIEHHe 3HAYEHUS IIPE/leIbHO
JIOIyCTUMO KOHIIEHTPALMH, TO CJIEIYET YBEJAUUUTH PACX0]1 BO3/yXa Ye-
pe3 MECTHBIH OTCOC M CHOBA TIPOM3BECTH 0TOOP MPo6. ITO HAZO IeNaTh
JI0 T€X TOP, IOKAa KOHIIEHTPAIUsl BPEJHOCTH B 30HE IbIXaHus He Oyzmer
CHIDKEHA /IO JIONyCTUMOI BEJTMYHHBL
I dexTHBHOCTD NbLUIEYIABIHBAIOLIETO YCTPOUCTRA OIIPEIEseTCs
HAa OCHOBAHUM PE3YJIbTATOB 3aMEPOB KOHLEHTPALUH IIBIJIK B BO3/IyXe [0
ycrpoiictsa P n nocne ycrpoiicrsa P

_PH_PK

1 -100% . (7.14)

H

Ot6op npo6 Bo3jyxa 110 U MOCAE YCTPOUCTBA HEOGXOAMMO IIPOU3BO-
JMTh OTHOBpeMeHHO. KosmecTso Takux orGoOpOB OMAKHO ObITh He Me-
see 3—-5. IlonyyeHHOe IIPH UCIILITAHUSX 3HaYeHHe 3 b EKTUBHOCTH € 10J1-
JKHO COOTBETCTBOBATh IIPUHSTOMY B IIPOEKTE.

HcnbITanusi EHTPaJbHbIX U MECTHBIX KOHAMIMOHEPOB SBJISIOTCS
Hanbosiee CI0XKHBIMA U BKAKOYAKOT B ce6s 6oapllioe yncao 3amMepos. OHU
HPOBOJISITCS B YCJAOBHAX HPOEKTHOM TEIIOBAaXHOCTHON HATPY3KHU.

HcnbiTanus U HaJlajika MECTHBIX KOHJNIMOHEPOB C MOBEPXHOCTHBI-
MU BO3/1yX00XJIaIUTEISIMU IIPOU3BOISTCS AHAJIOTMYHO OITMCAHHBIM BhIILE
UCIBITAaHUSAM KaJlopHdepoB.

B npomecce ucnbiTaHUS NEHTPATbHBIX KOHAULIMOHEPOB, H B YaCTHO-
CTH OCHOBHOTO 9JIEMEHTA — OPOCUTENIbHOIN KaMepbl, 3aMepsioTCs Cely-
I01L[HEe BEJIUYNHDL
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— PacXo/bl BO3/IyXa U BOJBI,
— TeMIlepaTypa BOJbI [lepel NOCTYIJIEHNEM B GPOCUTEIbHOE IPO-
CTPAHCTBO U nocsie 06paboTku Bo3yXa (B IOMIOHE);
~ TeMIepaTypa BO3IyXa [0 CyXOMYy U CMOYEHHOMY TePMOMeTpaM JI0
u nocsie 06paboTKy;

— J1aBJieHHe BOJIbI II€Pe]T MOCTYIIJIEHWEM Ha OpOLIeHHe.

C noMomupio BeIMYNH, 3aMEPEHHBIX B UCMBITAHUAX, ONPEe0TCs
IapaMeTphl BO3/yXa J0 U I0cj1e 00paboTKy, KoTOpbIe HaHOCsTCS Ha [-d
nuarpammy. TlpoussoanTcs NOCTpoeHME IMHNY [IPOIIECCA, a TAKKe MO/
CUMTHIBAETCS (pakTHUECKAA BeAMUMHA KOoapdunmenTa adPpekTHBHOCTH
no ¢opmyae (4.76).

Ha ocHoBanum cpaBHEHHS ¢ IIPOEKTHHIMHU JJAHHBIMH JIENAETCS BHIBOJL
0 COOTBETCTBUM TIOJy4EHHBIX Pe3y/IbTaTOB pacueTHbIM. Ecan Habmona-
I0TCSI CYIECTBEHHbIE Pa3nyns GaKTHYECKOTo ponecca 06paboTky BO3-
JlyXa TI0 CPaBHEHUIO C IPOEKTHBIM (UTO MOKeT BBIPAXaThCsl B OTKJIOHE-
HUY JIMHUM TIPOIECcca 10 HANPABAEHUIO UM B OTKJIOHEHMYW BEJITUUMHbI
ko9 duumenTa 3¢ HeKTHBHOCTH ), IPOU3BOJUTCA HAJIa[Ika OPOCHTENbHON
kamepsl. Hasazka 3axiouaeTcsi OGbIYHO B MBMEHEHUHN PeXKMMa paboThl
KaMephl IIyTeM:

— IO0Ja4M BOJBI B OPOCHUTENHHOE MPOCTPAHCTBO ¢ MHON HauaabHOH

TEMIIEpaTyPOH:

— HW3MeHEHHUS Pacx0/a BOJbL

B ciydae GopcyHOUHBIX KaMep ObiBaeT HEOOXOJMMO H3MEHHUTH J1aB-
JieHUe BOjIbI fiepel] pOPCYHKAMHM, a MHOT A U IMaMeTp collia pOpCyHOK.

Bce maHHbie 3aMepOoB, [0JIy4€HHbIe IPH MCIILITAHUH SJIEMEHTOB 1 YCTPOLCTB
CHUCTEM BEHTWISILUU M KOHJNIIMOHUPOBAHUSA BO3IYX4, 3aHOCATCS B OTIE/b-
Hbl€e TabIMIbL.

B utore nposepenus Bcex uchpiTanuii no I stamy (mpeamnyckosbie
UCIILITAHUS U Haslaaka) u 11 aranmy (KOMIIJIEKCHBIE MM 9KCIIyaTalMOH-
Hble MCTIBITAHUS) TPEACTABUTENAMK CYKObI SKCILIYyaTallUH COCTaB/SA-
eTCs TEXHUYECKUI MaciopT CUCTEMBl BEHTHISIIIMK U KOHAMIIMOHUPOBA-~
Hus BO3AYXa. B macnopre yka3slBaloTCsl OCHOBHBIE TEXHMYECKUE JJAaHHbIE
CHCTEMBI, IaeTCs OAPOOHOE €€ OTUCAHUE M TIPUBOJISITCS PE3YAbTaThI BCEX
BbINOJIHEHHBIX MCIIBITAHWM.

§ 7.4. IAxcuryaTtanus CHCTEM BEeHTHISIIUMM
¥ KOHAHIMOHHPOBAHHS BO3XyXa

JIns pelleHus Tex 3a/1a4, KOTOPbie BO3/AralTcsl Ha CUCTeMbl BEHTHIS-
[IMU ¥ KOHIULIUOHHPOBAHUS BO3/[yXa, KPOMe BbICOKOTO KayecTBa IIPoeK-
Ta, MOHTAXA, MCIILITAHUE U HANa Ky, HeoOX0qUMO 00€CTIeYUTh BBICOKHI
YPOBEHb UX IKCILTyaTALNMN.
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Hepeako MOKHO HAG/IOAATH CYYaH, KOTIA B IOMENIEHUSIX 00beKTa
C XOPOINO BBHIIOJHEHHBIMU U OTPETYJMPOBAHHBIMU CHCTEMAMU BEHTH-
JISITMM U KOHAMITMOHUPOBAHUS BO3/1yXa C TEYEHHEM BPEMEHH YCJIOBHUS
BO3/yIIHON CPejlbl HAYMHAIOT BCe 6oJible U GOJbIIE OTAUYATHCS OT
npoekTHbIX. IPHEKTHBHOCTH PAGOTHI CHCTEMBI B IIE€JIOM U €€ OT/IENbHbIX
9/IEMEHTOB CHIDKAETCS, 4 TEXHUYECKOE COCTOAHME 000PYIOBAHUS CTAHO-
BUTCS HEYIOBJIETBOPUTENbHBIM. Bee 5T0 mpoucXonuT Torna, Koraa Haj-
JexamuM 06pa3soM He OPTaHM30BaHA CJyK0a IKCIUIYATAIMM, B 3a/[aUM
KoTopoii BXoauT obecmeuenue Gecnepeboittoit n apdekTuBHON paboThi
CHCTEM BEHTH/SIIUM U KOHANIUOHUPOBAHMS BO3/yXa.

B mpouecce akciayaranuy He0GXOAMMO PETYASIPHO OCYLIECTBASTh
KOHTPOJIb IIAPAMETPOB BO3AYILHOM Cpe/lbl B MOMEIEHUSIX, O YeM JIeIaTh
COOTBETCTBYIOLIME 3AIUCH B )KypHase. Kpome Toro, B Lie9X nonepxa-
HUS HaJIIEKAMETO TEXHUYECKOTO YPOBHS CJIEyeT CHCTEMATHYECKH TIPO-
H3BOJINTH OCMOTP U PEMOHT 000PYI0OBAHUS CHCTEM BEHTU/ISLUHN U KOH-
JMIIMOHMPOBAHHSI BO3/lyXa.

OcCHOBHBIMY 33/]a9aMH, KOTOPble BOBHUKAOT [IPU IKCIIYATALIMH CH-
CTeM BEeHTWISIIMH M KOHANIMOHUPOBAHUS BO3/IYXA, SBJSIOTCS:

— OpraHM3anys OPaBUJIBHOTO TOBCEIHEBHOTO OOCTY)KUBAHHS BCEX

cucteM U 060pyI0BaHUS;

— OpraHM3alUs U IPOBEJEHUE BCEX BUJIOB PEMOHTA;

— [pOBEJIEHHE PEKOHCTPYKIUK CUCTEM BEHTH/ISIMI M KOHIUIIMOHHU-

POBAHMS BO3[yXa U 3aME€Ha CTaporo 060PYI0BAHHS;

— yJaydlleHue ¥ PaMOHAIM3AIHS OT/IEAbHBIX 2JIEMEHTOB U CHCTEM.

B 0653aHHOCTH JINII, 3aHATHIX IKCIIyaTalueid, BXOJIUT YUaCTHE BO
BCEX MCIIBITAHUAX CHCTEM M HAJIAJIKE, & TAK)KE COCTABICHNE TEXHUUECKUX
TACIIOPTOB Ha CUCTEMBI M 06ODPYIOBAHHE.

SKCIUTyaTaLyst CHCTEM BEHTWISIIMKM Y KOHMITMOHUPOBAHKST BO3IyXa OCY-
IECTBJSIETCS CTIENMAIBHBIMK SKCILTYaTAlMOHHBIMU TTonpasnieteHusiMu. Co-
CTaB 9KCIUTYaTALMOHHBIX TIOIPA3/IEJIEHHIT M X YMCJIO 3aBUCSIT OT HA3HAYEHUS
Y pa3MepoB 0OBEKTA, KOJMYECTBA CHCTEM BEHTUISIMK U KOHMITMOHUPOBA-
HUSI BO3IYXa, & TAKXKE OT CJIOKHOCTH YCTAHOBJIEHHOTO 000PYIOBAHHUS.

B cayuasx xorzna Ha 00beKTe CMOHTUPOBAHBI CJIOKHBIE CHCTEMBI BEH-
THISIIHY ¥ KOHIMIMOHUPOBAHUS BO3/yXa, 0060PYI0BAHHBIE X0JI0U/Ib-
HBIMHM YCTAHOBKAMH, M MMEIOTCS MHOIOYMC/IEHHbIE MECTHBIE aBTOHOM-
Hble Y HEABTOHOMHbIE KOH/IMIMOHEPDI, 2 TAKXKE YCTPOUCTBA JI/Is1 O4MCTKU
BO3/1yXa, I0/LKHA OBITh OPraHM30BaHa CHIEMAJIBHAS C1yKOA.

3ameTyM, 4TO PaGOTHUKM IKCIUIYATANMOHHbBIX MOAPA3JeNeHUH 1101-
’KHBI IPUHUMATD YYACTHE BO BCEX MCIIBITAHUAX 110 HAJIAJIKE CHCTEM BEH-
TUISIHMY U KOHIMITMOHUPOBAHUS BO3/yXa.

J11s1 KpYIHBIX 0OBEKTOB 1€1€CO00PA3HO B OPTaHU3ALMOHHON CTPYK-
Type Ci1yKObI IKCIUIYaTALMH IPEAYCMOTPETD CJIENYIONIHE TO/Pa3IeeHHSL:
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— TpyIIy 3KCILTyaTaluy;

— HaJIAJIOYHYIO TPYNILY;

— MacTepCcKywo.

B HEKOTOPBIX Cayuasx KPOMe 3TUX TPEX MO/IpasfieeHIit MOXET ObITh
co3nana ocobasi MPOEKTHO-KOHCTPYKTOPCKAs TPyIa, B 0643aHHOCTH
KOTOpPOI1 BXOAUT pa3paboTka MPOeKTOB 110 PEKOHCTPYKLUM CUCTEM M 3a-
MeHe 000pyIoBakus. JTa ke TPy 3aHUMAETCs pa3paboTKoit yepTe-
JKeH, CBA3AHHBIX ¢ palMOHAIM3AIMEH, U YIyUIIeHHeM OTAENbHBIX 3Jie-
MEHTOB CHCTEM, a TaKXKe 3allaCHBIX JeTaJleil.

PaccMOTpUM, U3 KAaKMX BUIOB pabOT CKIAABIBAETCS MPOLECC IKCILLY-
aTalMy CUCTE€M BEHTU/SIIIUU U KOHANIMOHNDPOBaHUA BO3[yXa.

ITocsie Toro kak cucTeMbl IPUHSATHL B IKCILIyaTallNIo, clleayeT pa3pa-
6oTaTh MHCTPYKUMHU U MPABHIA IKCILIYaTAIlUU CHCTEM BEHTHASLUH
KOHJJUITUOHUPOBAHUS BO3/1yXa, a TaKKe BCEro yCTAHOBJEHHOIO B HUX
obopynosanus. [Ins pa3paboTKH JOKYMEHTALUK H JUIS JlaJlbHeRIIeH 9K-
CILTyaTaluH HEOOXOAMMO, KPOME TEXHUYECKMX MACIOPTOB, MMETb IPO-
€KThI BCEX CHUCTEM C pabOYMMH M MOHTAKHBIMU YePTEKAMU U PACUETHO-
HOSICHUTEJBHBIMU 3aIIMCKaMU, MPOTOKOJIbI COIIACOBAaHUS IPOEKTOB C
COOTBETCTBYIOIIMMY OPTaHU3AIMSIMH, aKThl HA CKPbITble PabOTHI U HA
OTCTYILICHUSA OT IIPOEKTOB, JOMYIUEHHbIE IPH MOHTAXE.

IIpu coctaBiaenuu MHCTPYKIUH IO 3KCIyaTal MM CAEAYEeT TaK-
’Ke yYUTBHIBATH T€ TPeGOBAHMS, KOTOPbIE CBA3aHbI C PEXUMOM PaboThI
YCTaHOBJIEHHOTO B IIOMELIEHUAX OOBEKTA TEXHOIOTHYECKOTO 060pyI0-
BaHMA.

B ofieM cayvae B MHCTPYKUMHU [0 IKCILIYATALUH JIOJKHB HAHTH
OTpa’keHHe:

— MPOU3BOJUTENBHOCTb CUCTEMBI IIPU PA3JIMYHBIX PEXKHMAX ee pa-

60TH;

— TMapaMeTpsl BO3AYLIHOH cpe/ibl B MOMEMIEHUAX, 00CYKUBAEMbIX

CUCTEMOH BEHTUSIMU U KOHAUIIMOHUPOBAaHNSA BO3/lyXa;

— mapaMeTpsl Bo3/yXa IocJ/le Pa3JMyHbIX IPOLECCOB €ro 06paboTKy;

— I[paBUjia U TOPSJOK BK/IIOUEHHS Y BBIKIIOUEHUS 000pyNOBaHNS,
YCTAHOBJIEHHOTO B CHCTEME;

— MeTO/bl PETYJNPOBAHUS CUCTEMBI [I0 OCHOBHBIM €€ [OKa3aTesIM
(IpOU3BOANTEILHOCTD 10 BO3/AYXY, TEIJIOHOCHTE/IO, XOJI0I0HOCH-
TeJI0, METEOPOJIOTHYECKHM [TapaMeTpaM );

— HepedeHb YCTAHOBJIECHHBIX B CUCTEMe M IEPEHOCHBIX KOHTPOJIBHO-
M3MEPUTEIbHBIX TPUOOPOB, KOTOPBIMU HA/JIEXKUT HOJb30BATHCH,
a TaKKe KpaTKue yKasaHUsl 0 IPOU3BOJICTBE 3aMEPOB;

—  BEJIMYMHBI JOMYCTUMBIX A9POJIMHAMMYECKUX COTIPOTHBJIEHU I NIPO-
X0y BO3/[yXa uepe3 yCTPOHCTBA ¢ M3MEHSIOIIMMUCSA BO BDEMEHU
CONPOTUBAEHUAMH (HATIPUMED, IPOTHBOILLIbHBIE GUABTPHL);
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— CPOKH YHCTKH, OCMOTDA, PEBU3UHU U PEMOHTA 000DYI0BaHHUS;
— yKa3aHMs O JleHCTBHAX 00C/Iy)KUBAIOLIETO IIEPCOHANA B OCOOBIX
yCJAOBMAX (aBapUIHBIC YCIOBUS, TIOKAp Y /P.);

—  ¢aMuIKA JNLA, OTBETCTBEHHOTO 3a 0OCIYKMBAHUE CUCTEMBI.

K MHCTPYKUNY [I0JKHBI OBITh TIPUIOKEHDI: IPHHINIHAIbHAS CXeMa
cUCTeMbl BEHTWISIIUN U KOHIMIMOHMPOBAHUA BO3/yXa U CXeMbl CHab-
AKEHMs CHCTEMBI TEIJIOM, X0JIOIOM U BOJIOH.

st yno6cTBa 00CIyKMBaHMS BCEM CUCTEMAM BEHTUIISILIMK U KOHJU-
MOHKUPOBAHUS BO3/1yXa Ha 00bEKTe MPHUCBAUBAIOTCS YCAOBHBIE 0603HA-
yenusi. CCTEMaM IPUTOYHOM BEHTH/ISAUN 0OBIMHO JaeTcst 0603HAYeHUE
IT: T1-1, 11-2, II-3 u 7. & (mm 111, 211, 31T). CucTeMBl BBITSKHOM BEHTH-
asuu obo3Havawres 6yksoit B: B-1, B-2, B-3 u . 1. (wu 1B, 2B, 3B).
Peuupky/IsSMOHHbBIE CUCTEMBI UMEIOT 0603HaYeHHe P.

Bce 9T 0603Hau€eHHS JIOKHBI ObITh HA NPHHIUIHAILHBIX CXEMaX.
OHu ke HaHOCATCA APKOH HeCMbIBAEMOH KPacKOi Ha BUJIHbIE MECTA CO-
OTBETCTBYIOIUX CHCTEM 0ObekTa. TaKMMU MECTaMU OObIMHO SBJSIOTCS
KO)KyXa BEHTHJIATOPOB WM KOpIyca KOHAMUMOHepoB. Ecau B cucreme
YCTAHOBJIEHO HECKOJIbKO OJIHOTHUITHBIX arperaros, TO UM JJaeTcsi CBOS Hy-
Mepanus (HarpuMep, 1112 — Benrunsrop Ne 2 Ha cucteMe Ne 1 puTou-
HOU BEHTU/ISAIUU).

Ha kaXuyio cucTeMy 3aBOIMTCS JKyPHAJ SKCILIYATALMH, B KOTOPOM
buKCHpYIOTCs Bce 0OCTOSITENBCTBA, CBA3aHHbIE C PAOOTOM CUCTEMBI, M yKa-
3bIBAIOTCS haMUIIMH JIeXYPHbIX U3 YMCAa 06C/TyKUBAIOIIETO IEPCOHAIA.

B xypHaJie IIPOM3BOJSATCS 3aMCH O BCEX BOSHUKAINMX B IIPOIECCE
paboTs1 HencnpaBHOCTAX U 00 ux ycrpanenun. GUKcHUpyoTCs BCe Cay-
YaM mpeKpalieHUs PaboOThl B CBSI3M C PEMOHTOM, aBapHeil, OTCyTCTBUEM
aJiexTposHeprun u T. 1. OTMeuaoTcs nepe6oy B CHAOKEHUM CHCTEMBbI
TETJIOHOCUTENIEM U XOJIOJOHOCUTEIEM.

B xypHase 00513aTe/IbHO OTMEYAIOTCS TakKe BCe CyYan HapyllieHus
YCI0BHI BO3/LYLIIHO CPeibl B 00C/YKMBAEMbIX TOMEIUEHMUSIX, KOTOPbIE CBH-
IETeNbCTBYIOT O HElOCTATOYHOM 3¢ ¢hEeKTUBHOCTH PABOTHI CHCTEM BEHTH-
JSIUU ¥ KOHIMIIMOHMPOBAHMNS BO3/yXa. B KaX/IOM TaKoM Cilyyae JO/KHbI
OBITH YCTAHOBJIEHBI M YCTPAHEHbI IPUYNHBI CHHKEHUST P HEKTUBHOCTH.

Becnepeboiinas un abextrpHas paboTa CHCTEM BEHTUISAIMU M KOHH-
IIMOHMPOBAHHS BO3/lyXa B OCHOBHOM 3aBHUCHT OT IIPABUIbHOM 9KCILIyaTa-
ITMH yCTAHOBJIEHHOTO B 3THX CHCTEMAX pasJM4HoOro obopynosanus. [loaro-
My o6cayKUBAOWKUI MepcoHan J0/KeH XOPOLIo 3HATh yCTPOMCTBO,
TIIPUHIMIT AEACTBUS, IPaBI/IA OOCIYKUBaHHSI 9TOTO 00OPYIOBaHMS, a TaK-
K€ CBOEBPEMEHHO OCYIIECTBIISATD [IAHOBO-MPEIYy TIPEIUTENbHBIE PEMOHTBL

MoxHO npuBecTH 061IHe pEKOMEHAAIMH, KOTOPBIMU JIOJKEH PYKO-
BOJICTBOBATLCA SKCILTyaTAIMOHHBIH [IepCoHaJ IIPU 00CIYKMBaHUM OCHOB-
HBIX BUJ0B 000PY10BaHS:
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npu o6czty9:cu6auuu BEHMUNAMOPOL.

CJIEANTD 32 Ka4eCTBOM OafiaHCUPOBKY pabovero KoJeca;
KOHTPOJIMPOBATH COCTOSIHNE CMA3KM ITOIINITHUKOB;

IIPOBEPSITH HANEKHOCTH BJIEMEHTOB COEJMHEHWs BEHTUJISITOpA C
3NeKTPOABUTATENIEM;

CJIEZIUTD 32 NPABUILHBIM HATPABJeHVEM BpauleHus pabouero Ko-
Jieca;

npu 06CAYHCUBAHUU NOBEPXHOCTIHBIX 8030YX00XIA0UMENEH
u Karopugepos:

CTPOTO BbIAEP/KUBATH 3HAYEHNS [IADAMETPOB BO3/LYXa, XOJNOA0HO-
CUTeJisl I TETUIOHOCUTEJLS;

CHCTEMATUYECKU 3aMepPSTh KOJNUeCTBO 0OpabaThiBAEMOro BO3-
nyXa;

CJIEIATH 32 UCNIPABHOCTBIO U G€30TKA3HOCTHIO PabOThI BCEX dJie-
MEHTOB CUCTEMBI Pery¥POBaHUs;

YAEAATh 0co00e BHUMAaHME MePaM, IIPEAOTBPALIAIOIIMM 3aMopa-
XKUBaHWe KaJopu(epos;

EPUOINYECKH IPOU3BOANTD YUCTKY MexTPyOHOro n Mexpebep-
HOTO NPOCTPAHCTBA;

npu oﬁcﬂywcueauuu OpOCUMENBHBIX KAMED UEHMPATOHBIX Kouauuuouepoe:

CHCTEMATHYECKY C/IEIWTD 32 TapaMeTpaMu 06paboTaHHOTO BO3IyXa
¥ BOZIBI, HE JOMyCKATh NX OTKJIOHEHUS OT PaCyeTHHIX 3HaYeHUH,
KOHTPOJIMPOBaTh KAY€CTBO PACIBIIA BO/b LIEeHTPOOEKHBIMHU (hOD-
CYHKaMU;

IPOBEPSITH COCTOSIHNE 1 HAIEKHOCTh PAOOTHI 3JIEMEHTOB CHCTEMBI
PEryivipoOBaHUs;

HMEPUOANYECKH MTPOU3BOANTD YACTKY (POPCYHOK;

CJIEJATD 32 COCTOSIHUEM CHCTEMBI BOJOCHAOKEHUS KOHAUINOHE-
pa, OYUIIATD OT 3arpsA3HEeHUH BOASHOM (bUABTD AT PELUDPKYJis-
LWOHHOM BOALL;

1pU 06CIYHCUBAHUU NBLICOYUCTIHBIX YCPOLicME:

MPOBEPSITH FEPMETHYHOCTD BCEX BJIEMEHTOB yCTPOHCTBa;
MPOW3BOAMTH CUCTEMATHYECKYIO OUMCTKY OT HAKAIUIVBAIOIEHCA
MBI,

CJIEAUTD 32 A9POAMHAMUYECKUM CONPOTUBJIEHHEM U CBOEBPEMEH-
HO CMEHSATDb KacCEThl B STYEHKOBBIX MACHSIHBIX (DUIBTPAX;
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— CBOEBPEMEHHO IIPOM3BONTH CMEHY MacJia B CAMOOYMILAIOIINXCS
MacJisIHpIX PUIbTPaX.

IToMuMo 06IHX, HEOOXOAMMO YYUTHIBATH U HEKOTOPHIE celUpudec-
Kue 0COOEHHOCTH, CBONCTBEHHbIE JAHHOMY OOBEKTY M TEXHOJIOTMYECKO-
MY HpOLECCY, B HeM NPONCXOIALIEMY.

3anorom 6ecriepeboiiHoii M apeKTHBHOM paboThl YCTAHOBIEHHOTO B
CHCTEMAaX BEHTWISIIIUKA ¥ KOHAMIIMOHUPOBaHUS BO3AYXa 000pyAOBaHHUs
SIBASIETCS NMPaBUIbLHO OPraHU30BaHHBIN MJIAHOBO-TIPENYIPeAUTENbHBIN
peMoHT. XOpollo NpoJyMaHHast ¥ HEYKJIOHHO BHIIOJHseMas CUCTeMa
ITAHOBO-TIPEYIPEINTENILHOTO PEMOHTA [103BOJIUT 3HAYNTENILHO TTOBbI-
CHTDb HAJIEKHOCTb U 10JTOBEYHOCTh 000pY/0BAHUSL

CrielyeT IOMHUTD, 4TO 000PyI0BaHMe HAZ0 PEMOHTUPOBATb HE TOr-
713, KOr/Ia OHO BBIIIET M3 CTPOS], a 3a0J1aroBpeMEHHO ¥ B CPOKH, IIPEAyC-
MOTpeHHbIe 3apaHee pa3paboTaHHBIM NITaHOM. Takoil PEMOHT UCKIIIOUUT
HEOXXMIAHHBIHA BBIXOJ U3 CTPOS 000PYAOBAHUS ¥ CYIIECTBEHHO CHU3UT
KOJIMYECTBO BCEBO3MOXHLIX HapylieHuil B ero pabore. IIpu aToM 3amer-
HO YMEHBILIATCS 3aTPaThl CPe/ACTB Ha IPOVU3BOACTBO PEMOHTA.

EcrecTBeHHO, 4TO CHCTEMA IJIAHOBO-IIPEAYNIPEAUTENBHBIX PEMOHTOB
HPEeAN0NAraeT He TONBKO MEPUOANIECKNE PEMOHTHI, HO ¥ MEXXPEMOHTHOE
obcnyxnBanue. Clozia BXOZISIT TaKKe BaKHbIE BUIbI INIAHUPYEMBIX paboT,
K4K I1ePUOJINYECKUE YNCTKY 0DOPYIOBAHMSI M OCMOTPBI, 2 TAKXKE TEXHH-
YECKHE UCIBITAHWS.

MesxpeMouTHOe 00CTy)KMBaHNE BKJIOYAET yCTPAHEHHWE MEJIKAX He-
MCIIPaBHOCTEH, a ecliv TPeOYETCs, TO M HAJIAZKY U PErYIUPOBKY.

OCHOBHBIMY BU/[aMH TIJIAaHOBO-[IPeAYIPEANTENBHBIX PEMOHTOB SIBJISI-
I0TCSl MEPUOINYECKUl MaJTBIN M cCpeiHUN PEMOHTHL.

Ipm MasioM peMOHTe yCcTPaHsIOTCS AePEKTHI ¥ TOBPEXKAEHHUSL, 2 UHOTZA
3aMEeHSIIOTCSI MI3HOCUBLIIMECS 3IEMEHTHI. JTOT BHJI PEMOHTA TPeOYeT BHIK-
Jo4YeHUs 13 paboThi 0060PYAOBAHMUS HA CPABHUTEILHO KOPOTKHMMH CPOK.

CpeIHMi PEMOHT OTIINYAETCS OT Masloro HobIIM 06BbeMoM pabor,
a TaKXke TeM, YTO [I0CJie HEro IPOM3BOANTCS TpoBepKa paboThl cUCTEMBI
Y ee HaJIafIKa.

KamuranbHelil peMOHT 060PY/I0BAHUA TIPE/NOJATaeT €10 TEMOHTAX,
CMEeHY ¥ BOCCTAHOBJIEHHE BCEX M3HOIIEHHBIX YacTel u petaneil. Takoi
PEMOHT OCYILIECTBJISIETCS. B MAaCTEPCKO# MM Ha 3asoze. [locne kanuTans-
HOTO PEMOHTA IPOV3BOANTCS NCIILITAHUE M PETYINPOBKA 060Dy IOBAHUS
1 Bceil cucTeMbl. Pe3ynibTaTsl, HONTYYEHHBIE TPU UCIBITAHUSIX [IOCTE Ka-
HMUTATLHOTO PEMOHTA, 00A3aTeILHO 3AHOCATCS B TEXHUYECKUI MACHOOPT
CHCTEMBI.

Ilepuox Bpemenn paboTel 060pyaOBaHHST OT MOMEHTa BBOJA B IKCII-
JiyaTaIuIo 10 HEPBOTO KAMMTAIBHOTO PEMOHTA ¥ OT O/IHOTO KATIMTa/IbHO-
r0 PEMOHTA Ji0 CieAYIOIIEro Ha3hIBAETCs PEMOHTHBIM LukJioM. [1poxo-
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AWTEJBHOCTh PEMOHTHHX IMKJIOB, TaK K€ KaK MEXXPEMOHTHBIX U MeX-
CMOTDOBHIX IEPUOJIOB, YCTAHABIMBAETCA B 32aBUCHMOCTH OT YCJIOBHIA pa-
60THI CUCTEM BEHTWJISII[MM ¥ KOHAUIIMOHHUPOBAHNS BO3AYX2, B YaCTHOCTH
KOJIMYECTBA 4acOB PaboThl B CYTKH.

B 3aK/II0YeHHE OTMETHM, YTO ILIAHMPOBAaHNe PeMOHTa 060pYAOBaHMs
CJleflyeT IPOM3BOIATS TAK, 4TOGB BPEMEHHBIH BEIBOZ U3 paGoThl obopy-
JIOBAHMS 77l PEMOHTa 110 BO3MOXKHOCTH B MEHbIIIe! CTENeHH OTPAXANICS
Ha paboTocmoco6HOCTH Bee CHCTEMBI BEHTHIIALINY U KOHANIMOHUPOBA-
HUS BO3AyXa.
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EBFEHWIA BACUNLEBIY CTEDAHOB

(1913-1998) oanH 13 BhIgaOLWMXCH OTE-
YECTBEHHBIX CELUANUCTOB B TEXHUKE BEHTH-
NAUAM U KOHOWLMOHMPOBAHMA BO3ayXa. 3a-
CNYXEHHLIN OeaTenb HAYKW M TEXHUKM
Poccuickoi Penepaumm, AOKTOP TEXHUYECKMX
HayK, npogeccop.

E. B. CtedanoB poguncs B HoBouepkac-
CKe B CeMbE Kasaka, 0 YeM HUKOraa He 3abbl-
Ban u yeM Bcerpa ropauncs. B 1941 rony
E B. CredaHos bnecrsiue 3akon4un Boicwee
MHXEHEPHO-TEXHMYeckoe yuunuue BMO
(HbiHe — BOEHHbIA MHXEHEPHO-TEXHUYECKUH
yHUBEPCUTET).

MonkoBHuk E. B. CtedaHoB — yyacTHUK
Benukoin OTeYecTBEHHOI BOWHLI, MpUHMMA
HEMoCPeaCTBEHHOE Y4acTHE B COOPYXEHUM
06apoHUTENbHLIX pybexei JleHuHrpana v Ha
CeBepHom ¢rnoTe.

B 1946 rogy E. B. CredaHoB 3awutun
KaHaupaTckylo auccepraumio, a B 1965 roay
CTan [JOKTOPOM TEXHUYECcKMX Hayk. B cBoei
Jokropckoit aucceptaumm E. B. Ctedano He
TO/NLKO NOABEN UTOTW UCCNIEROBAHMI B 0bnac-
TI COBEpLUEHCTBOBAHWS NPOLLECCOB, annapa-
TOB M CACTEM KOHAMLIMOHWPOBAHNS BO3ayXa B
CreumanbHbIX COOPYXeHNSX BOBHHOTO BEAOM-
CTBa, HO ¥ cHOPMYAMPOBAS NPOrpammy pas-
BUTUS CUCTEM ODECTIEYEHNS YCNOBUI BO3AYLL-
HOW Cpefbt B STUX COOPYXEHMSX.

C 1954 no 1966 ron E. B. CredaHoB —
Ha4anbHuK Kadeapk! BEHTUASLMM U KOHBULK-
OHMpPOBaHMe Bo3ayxa BUTY. B 1966—1977 ro-
Jiax OH 3aMeCTUTENb HavansHuka BUTY no Ha-
Y4HOM 1 yuebHOM pabote.

B teuenve 15 net E. B. CrehaHoB BO3-
rNaBnan CeKuMIo OTOMNEHNS, BEHTUAALUM
1 KOHOMLMOHWMPOBAKKMS Bo3ayxa JIeHuHrpas-
ckoro oraenenmns HTO CpoimHayctpuu, Buin
npeacenartenem peryispHo NPOBOAMBLUMXCS
B TO Bpems B JIGHWHrpanckoM AoMe Hayu-
HO-TEXHW4YECKOW MponaraHfasl CeMMHapoB
N0 KOHAWLMOHWUPOBAHUIO BO3AYXA, BXOAMUN
B COCTaB y4eHbIX coBeToB BUTY, JIUCH,
BHUKNOT BUCTIC, TexHuyecknux COBETOB
BoeHHO-MeaMuMHCKON akagemun uMm. Kupo-
Ba, BHWUUIC, MpobnemHoro coseta npu
BLICNC, TexHW4eckoro coBeTa no KOHAMLMO-
HepocTpoeuuio B CCCP, aBnSncs KOHCYNbTaH-
TOM MHOTUX NPOEKTHBIX U HAyYHo-MCCNenoBa-
TeNnbCKMx opraHusaunii MunmuctepcTea
oO0pOHbI 1 APYTUX BEAOMCTB.
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