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[NPEIVCJ/IOBHUE

BenTHnsinUA M KOHAMIHOHHPOBAaHME BO3LyXa B NOCJACIHHE AECSATH-
JeTHA IIHPOKO IPHMEHSIOTCS B PAa3jMUHEIX OTPACASAX HAPOJHOIO XO-
35IHCTBA M CJIY3KAaT He TOJbKO AJS YJYYLIEHHS YCJAOBHEH TpPyAa M OblTa
qe/0BeKa, HO H 06ecleyNBaoT TEXHOJIOTHIO MHOTHX NPOH3BOACTB. OCHOB-
HOH 3anavefi chcreM BeHTUJsNMH (CB) M KOHAHLHOHHPOBAHUs BO3LYXa
(CKB) sBasiercsi co3faHue B IOMELIEHUsIX PA3JIHYHBIX N0 HasHAYEHHIO
00BeKTOB 3aJJaHHBIX HOPMHPYEMEIX NapaMeTpPOB BO3JLYIUHON CPeAbl. JTH
CHCTeMbl BKJ/IOYAlOT B ce0si MAIUMHBl U YCTPOMCTBA, NpeiHasHAaUeHHbIE
ona oO6pabOTKH, NOJauM, YAaJeHHs, NepeMelleHUs H pacnpe)J,eJIeH'm{
BO3JiyXa B NOMEIeHUsIX OOBEKTOB.

Cnennduka CB, CKB u 061beKTOB, 06CIYKUBAEMBIX HMH, CTaBHT DAL
CJIOKHBIX a3pOAMHAMHUECKHX 33Ja4d M TpeGyeT HOBOTO 060py;1013a1-mﬂ.
B cBasM ¢ 3TuM B yueGHHKe «A3pOJMHAMHKA U BEHTHJISTOPL Ha 6ase
KJIaCCHUECKOTO NOAX0JAa PACCMOTPEHB! pelieHHs GOJbIIOro KJjacca aspo-
LMHAMHYECKMX 3aJlau M pacyeThl BEHTHJAATOPOB NPHMEHHTENbHO K TeX-
HHKe BEHTH/SLHH U KOHAMIMOHHPOBAHHS BO34yXa. ITO fABJASEICH €ro
OT/JIMYHeM OT paHee BLIMYIIEHHOH YueGHOH Jureparyphl. MMeHHO mo-
3TOMy B YyyeGHHKE IIOCJIENOBATENHHO pPacCMATPHUBAIOTCS OCHOBHHIE 3a-
KOHOMEPHOCTH a3pOJHHAMHKH, pellleHHe KJIacCHUYeCKHX M NpPHKAaAHBIX
3ajlay, TEOPHUA U pacyeT BEHTHASTOPOB H HX a3pOfMHAMHUECKHe H aKyCTHU-
YyecKHe XapaKTepHCTUKH. DOJBbIIMHCTBO pasfesioB CHAaGXKeHO 4YHC/eH-
HBIMH IpHMEpaM{ pPacyeToB, NMOMOLAIOUIUX CTYLEHTY YCBOHTbH NPOHAEH-
HBIH MaTtepuas.

B npuknasHeix pasgenax. yueOHHKA JAlOTCst MHIXKEHEpHBIE MeTOD,PIKH
M aJITOPUTMBI pacyera Takux ajeMeHToB CB n CKB, kak BeHTHISATOPHI,
CEeTH BO3JYXOBOJOB, 3a6OpHBIE U pacrpenesuTenbHbIe yerpotictBa. Pac-
CMOTpPEHH TakKKe OCOOEHHOCTH KOHCTPYKLHH 3THX 3JIEMEHTOB, BOMPOCH
MX HCTBITAHUH, HAJAIKH, MOHTAaXa M 3KCIIyaTallH.

Komnnexcnocm NOAXO0JAa K MaTepHany sBJsercss BTOPOH OTJIHUH-
TeJIbHOH OCOOEHHOCThIO yueGHHKa, pacCUHTAaHHOTO Ha TOATOTOBKY O6YAy-
IMX HHXXEHEPOB-MEXaHUKOB, CIELHAJU3UPYIOUIHXCS B TEXHUKE KOHILH-
L{HOHMPOBAHHA BO34yXa H BEHTHJALKM.

Bosbiuo#t BKNaj B pelieHne EONPOCOB a3pOAHHAMUKH, TEXHHKU BeH-
THJASIHY H KOHAMIHOHHPOBAHHMS BO3JyXa BHECJH TAaKHE YYeHBE, Kak
I'. H. A6pamosny, A. JI. Anpryas, M. U. Tpumuraun, JI. C. Knsauko,
B. H. Tanues, U. A. llenenes u ap.

ITpropuTer co3faHust HEHTPOGEIKHOTO BEHTHASATOPA NPUHANIEKHT 1O
IpaBy PyCCKOMY BOeHHOMYy HHKeHepy A.A. Ca6aykoBy. B manbheiiuem
B HallleH cTpaHe OBUIO CO3JAHO OTEeYeCTBEHHOE BEHTHJSITOPOCTPOEHME,
onupaoleecss Ha pa3paboTKH B OCHOBHOM lleHTpa/sibHOrO a3poruipoau-
Hamuyeckoro uHcrutyta (LJAT'M), opranusatopom Kortoporo Obin
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H. E. )KykoBckuit. Cpeny paGoT oTeyecTBEHHBIX YYEHBIX H CNEIHANHCTOB
cjepyer oTMeTHTh TpyAw M. B. bpycunosckoro,  I'. I'. BaxBaxora,
M. T1. Kanunymgkuua, B. U. TMoaukosckoro, T. C. Cosnomaxopoii,
K. A. Ywaxkosa, A. H. [IlepcTiokKa ¥ MHOTHX APYTHX.

Ilpn H3noXeHWHM MaTepHana B PaBHOH Mepe yIeasJOoCb BHHUMaHHe
BBISICHEHHIO (PH3MYECKOH CYIIHOCTH AABJAEHHH H Pa3BHTHIO PACYETHLIX Me-
TOJIOB, YYHTBHIBAJHCh BO3MOXKHOCTH COBpeMeHHHX DBM u TeHieHuuu
K aBTOMaTH3HPOBAaHHOMY KOHCTPYHPOBAHHUIO.

Tm. 1, 2, 4,7, 10, 11, 12, 13 HanucaHsl J-poM TeXH. HayK mnpodec-
copom MBanoBeiM O. II; ra. 3, 6, 8, 9 — xana. TexH. HayK jou. Mam-
yedko B. O.; . 5 ——KaHIL TexH. Hayk Dypueswm C. U. npu yqac"nm
Visanosa O. TI.

ABTOpH BhIpaxawT 6s1aroAapHOCTb HHKeHepaM I'. B. Hpaymmmon
u JI. U BeHepOBou 3a 60JIbLHy}O nomoub B oQOpMNEHHH ¥ TIOATOTOBKE
PYKOIHCH.



BBEOEHWE

AsposuHaMHKa SBJIsieTCS TEOPETHYECKOH OCHOBOH aBHALHH, METPO-
JIOTHH, BEHTHJISILHH M IPYTHX OTpac/elt HapojHOro Xo3sicTa. Benruis-
TOPBI KaK NOGYIHTENH JBHKEHHS Ia3a HCIOJNb3YIOTCS B SHEPTeTHYECKHUX,
XMMHYECKUX, THIIEBLIX M Jp. CHCTeMaX M YCTaHOBKax. B Hnacroduem
yueGHHKE PacCMOTPEHbl BONPOCH TEXHHKH BEHTHJSILHH H KOHJHIHOHH-
poBaHHs Bozjyxa. [TostoMy npexie Bcero onpenequM OCHOBHBIE NOHS-
THA, YTO TaKoe BEHTHJALHMA H KOHIHIHOHMPOBaHHE BO3AyXa.

Benmuaayus — 310 peryaHpyeMblii BO3JyXO000MEH B INOMELIEHHSX;
cHCTeMa Mep JJsl CO3JaHHsl BO3AYNIHOH cpeAbl, 6JaronpHsTHOH AJA
310pOBbsl Y€JIOBEKa, a TaKKe OTBedaiollefl TpeGOBAHHSM TEXHOJOTHYe:
CKOTO Tpolecca, COXPaHEHHs OGOPYNOBAHHS H crpomenbﬂblx KOH-
CTPYKUHH 3JaHHA, MaTepHaJOB, MPOLYKTOB H T. A.

Bentunsnusa ObBaer obumeoOMeHHO# (0Guieit), cosjaromieil OLHHAKO-
BBIE TEMIEpaTypy, YHCTOTY BO3JyXa H ero MoABHKHOCTb BO BCEM MNOMe-
LIEHHH, MECTHOH M KOMOHHHPOBAaHHOH. PasjHyaioT BeHTHJAALHIO ecTe-
CTBEHHYIO H HCKYCCTBEHHYIO (MeXaHHYECKYI0), OCYIIECTBJSEMYIO Ipe-
MMYIIECTBEHHO BeHTHJATOpOM. [JoGouHble BpefHble NPOH3BOACTBEHHHIE
BHIOPOCHI, TaKHe KaK NbUIb, NMapbl M rasbl, B NPOMBLIIVIEHHBIX 31aHHAX
YAAJISIOTC  bLICOCA/IOYHBIME  KaMepaMHu, (HAbTPaMH, yCTpOHCTBAMH
MECTHOH BHITSIKKH.

Kornduyuonuposarue 8030yxa — 3TO CO3JaHHe U aBTOMAaTHYeCKOE MOJ-
Jep:KaHHe TeMIepaTyphbl, OTHOCHTEIbHOH BJIAXKHOCTH, YHCTOTHI, COCTaBa,
CKOPOCTH JBHXEHHs BO3yXa, HauGoJee GJaronpHsITHHIX MIf CaMO-
YYBCTBHA Jiofell: (KOMGOpTHOe KOHAMIHOHHPOBAHUE) WM BeJeHUs TeX-
HOJIOTHYECKHX NPOIEecCcoB, paGoTh 060pPYyLOBaHHA H NPHGOPOB (TEXHOJO-
ruyeckoe KOH,I[HL[HOHHpOBaHHe) B 32KDHITHIX NOMEIUEHHSX, cpenc'rBax
TPAaHCIOPTa H T. A.

CucreMBl KOHAHIIHOHMPOBAHHSI MOTYT BBHIIONHATb QYHKIHH npmoq-
HOH BeHTUNsiUHM. KOHIHUIMOHUPOBaHHE BO3JyXa OCYIIECTBJSETC CH-
CTeMaMH KOHJMIHOHHPOBaHHS, NPeICTaB/SIOIHUMH COGOH COBOKYIHOCTDb
TEXHUYECKHUX CPEICTB, CAYKAIHX AJIs IPHIOTOBJIEHHS (KOHIHIHOHEDHI),
CMellleHHsl (KaMepbl CMEIIeHHsl) M paclpejeseHus (KaHa/lbl, BO3LYyXO-
pacnpeJejuTeNbHbe yCTPOHCTBA) BO3AyXa, ABTOMAaTHYECKOTO peryJiu-
pOBaHHs €ro napaMeTpoB, JAHCTAHIHOHHOTO KOHTDPOJISE H YIPaBJIeHHS
BCEMH TIPOIIECCaMH.

Konduyuonep — aro arperar jjs 06paGOTKH H NepeMelleHHs! BO3-
JlyXa B CHCTeMaX KOHJHIHOHMPOBAHMS.

Hs mmpoxoro kpyra sajay, pemaeMbX cucreMamu BeHTuasinuu (CB)
H CHCTeMaMH KOHAHIHOHHpoBaHHs Bo3nyxa (CKB), MOXHO BBIIENHTH
crenyouue: ofecnedeHue TpefyeMoi NOABHIKHOCTH BO34yXa B IOMeLle-
HHH; TIPHTOTOBJIEHHE BO3AYyXa IPH NPOXOXKAEHHH €ro yepe3 anmnaparsl
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KOHJMIHOHEPA; CMeLleHHe BO3LYyXa; TPAHCNOPTHPOBKA BO3AYXa MO Ka-
Hanaum; pacrpelle/leHHe BO3/lyXa B IOMEIICHHH; (QHIBTPALHAS BO3AYXa;
-aspauusi 3JaHuH, TeopeTHYeckod Gazoft Aas KOTOPHIX AiB/ISETCS aspo-
MeXaHHKa.

Aspomexarnuka — pasjen MeXaHWKH, U3YYalOUIUil DABHOBECHE H JIBH-
KeHue razoo0pasHHIX Cpej M MeXaHHYeCKHe BO3JEHCTBHS 3THX cpel Ha
-TIOTPYKEHHblE B HHX TBepJble Tesna. ASpoOMeXaHHKa NOAPa3esercs Ha
a3pOCTaTHKY H 383POJHHAMUKY.

Aspocmamuxa — pasiesl a3pOMEeXaHHKH, H3YUAIOWHH YCAOBUS PaB-
‘HOBECHH rasoB W JieHCTBYe HENOABMIKHBIX I'a30B Ha MOTPYKEHHHIE B HUX
TBepAble Tesa. ;

Aspoduramuka — pas3nes a>poMeXaHHKH, M3YUYAIOWIHHA 3aKOHBI JBH-
JXKEHHs ra3o00pasHOil CPeAbl H ee CHJIOBOE B3aUMOJEHCTBHE ¢ HENOoJBHK-
HBIMH WJIM IBMKYLUIMMHCS B Hed o6TeKaeMbIMH TBEpAbIMH TEJIaMH U SIB-
JISTIOIHACS TEOPETHYECKOH OCHOBOH aBMAIMH, METPOJIOTHH, BEHTHJALHH
M KOHAHLHMOHHPOBAHUs BO3Ayxa. OCHOBHbIE 3aJa4H, pelraeMbie 23po-
NUHAMHKOH, — OMNpe/le/ieHHe NOABEeMHON CHJIBI H CHJBI CONPOTUBJICHHS;
pacnpejesente 1aBJeHUs ¥ CKOPOCTell; HanpaBJeHHs CTpY# Ha NOBepX-
HOCTH TBEpIBLIX TeJ, HAaXOASIMXCs B BO3AYILHOM IOTOKe. DTOT pasfen
CBsi3aH C pelleHHEM INHPOKOIrO Kpyra 3ajay, SBJASIOUIMXCS OCHOBHEIMH
TIpH MCCJENOBAHHH, pacyere, KOHCTPYHPOBAaHHH, HajalKe H 3KCILya-
TaUHH OGOPYAOBAHHS M CHCTEM BEHTH/IALHMH H KOHIHLHOHUPOBAHHS
‘BO31yXa.

B ocHOBY pelleHHsi 3THX 3a7ay IOJOXKEHb! CJEeAYIOUlHe ypaBHEHHS
23pOJAMHAMHKH: HEPa3pPBIBHOCTH HJH CIVIOHIHOCTH [OTOKA; 3HEPTHH;
KOJHYecTBA H MOMEHTOB [JBMJKEHHs; TeopuM JedopMauuu; ABHKeE-
HHA U Ap.

B npakruke pacueroB oGopynosanus CB u CKB HHXKEHEpY TpH-
XOJUTCSl pelath 3ajayd C HCIOJIb30BAaHHEM 3THX YpaBHEHHI.

Ilpu pacuere moTeph JaBJleHHsi B BO3LYXOBOAax (KaHalax) H apMa-
Type HCNOJBb3YIOTCS OCHOBHBIE IOJIOKEHHH TEOPHH INOTPaHHYHOTO CJIOs,
06YCJIOBJIEHHOTO CHJIAMH BSI3KOCTH. [IpH peuieHHu BOnpocoBs, CBSA3aHHBIX
C pacnpeneseHHEM BO34yXa B NOMEIEHNH, HeoOXOAHMO 3HaHHe OCOGeH-
HOCTEH CTPYHHBIX TeyeHHil, TaKKe ONHCBLIBAEMBIX C NIOMOLIbIO yPaBHEHHUH
aspoauHaMuku. HauGosee nosHoe HccsefoBaHHe 3TOTO BONPOCa NPHHAT-
aexur I'. H. A6pamoBuuy. CriocoGHl pacrpejieneHHsi BO3AyXa B INOMe-
IeHUH NPeJonpeae/sioT Heo6X0LHMOCTb 3HAHUHSA TEOPHH CBOGOLHBIX H30-
TEDMHUYECKHX H HEH30TepMHUYeCKHX CTPDYH pasiuyHO#l KOHGUTypaLHuH.

Ecnu B NOMeUIEHHH HAXOAATCA INPEIMETHl, TeMIlepaTypa KOTOPHIX
OT/IMYAETCA OT TEMIEepaTyphl BO3LYXa, TO OKOJO HX [IOBEPXHOCTH BO3HH-
KalOT KOHBEKTHBHBIE CTPYH. DTH NOTOKH HCKa)KalOT NOJS TeMIeparyp,
CKopocTeli H BJIa’KHOCTH, B MOMEUIEHHH W JOJKHBI YYHTHIBATLCS NIPH OpTa-
HH32UHUH PRO3LyXopacnpeleseHuss B oObekre. [lis paszzaudm BO3AYXa
‘HCIIOJIb3YIOTCS PA3/HYHbIE YCTPOHCTBA H NPUCHOCOGIEHHS: BO3LYXOBOABI
paBHOMEpHOH pasjiaud, BO3LYXOPacIpelesUTeNH ¢ NPOJOJbHOH LIEbIO
NepeMeHHOH WIMPHHE, KOHYCHbIE BO3NYXOpACIpe/leUTeNH, BO3/yX0pac-
NMpelesHTeNH C OTBEDCTHAMH OJAMHAKOBOM NLIOMALH.

[lpu nokanbHOM cHcTeMe pasjgadu BoO3JyXa HCHOJIbSyeTCﬂ TAKOH
IpueM, KaK BO3AYLIHOE AyWHpoBaHue, Bonbliof BKJaj B pelICHHE BO-
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NpoCOB pacnpeneneHus Boslyxa BHecan M. H. FpnMHmHH H. A. Ile-
neseB U Ap.

B npaktuke paspaGOTKH CHCTEM BEHTHJSIHH IIHPOKOE NpHUMeHeHHe
Hames MeToj MoIenupoBaHus. Ha Mojensix, HampuMep, H3y4yalT BO-
NpoCHl aspaldH 3[4aHHMH A BHIABJIEHHS 3aKOHOB BO3JyXOOOMeHA M HX
TEMIIEPAaTypPHOTO pexHMa.

B pesysbTare sKCIEpHMEHTANbHBIX HCCJAENOBAHHHA MOJAYYalOT 3HaYe-
HHS a3pOJHHAMHUECKHX KO3(DHUIHEHTOB nojbeMHo# cuabl Cy, J0GOBOTO
conporuBiaeHus C, U MOMEHTA a3DOJHHAMHUYECKHX CHJ A5 O6TeKaeMbiX
TeM W UX 4yacTeii. AspoauHaMuuyecKHe KO3(PHIHEHTH 3aBUCAT OT (POPMBL
npodusasi, GopMbl B MJaHe W yria aTakd. AspoiuHaMHUyecKHe KO3(PDH-
IVIEHTB! MPHMEHSIOT IIPH 3KCNEePUMEHTAJIbHBIX ONpeleNeHHsAX I0LbeMHOM
CHJIBI, JIOGOBOTO CONMpPOTHBJ/EHHSA, [IOTEPh JABJEHHS HA TPEHHE, MOMEHTOB
a3pOJHHAMHUYECKHX CHA H Ap., AEHCTBYIOIIHX HA MOAENb, OTIeJNbHbIE
YaCTH HJIH Bce 060pyfLOBaHHe BO BPeMs IIPOAYBKH HX B a>pOJMHAMHYe-
CKOHl TpyOGe.

Aspoduramuteckoe conpomusieHue — aspojuHaMHuecKasi CHla, TOP-
MO3f11lasi JBHXKEHHe Tel B BO3AYyXe H/IH Tase JHOO NpPenATCTBYIOMIAs
JABUKEHHIO BO31yXa HJIH rasa OKoJO Tena. A3poJHHaMHUECKOe COTPOTHB-
JleHHe NPONOPLHOHANBHO KBaJApaTy CKOPOCTH (JO OKOJO3BYKOBHIX CKO-
pocTef), MJIOIALH INONMEPEYHOTO CeUeHHsT H KO3(h(HIHEHTY a3pOojAMHa-
MHYECKOTO CONPOTHBJEHHS, 3aBHcAIleMY OT dopMel (npodunis) Ttena
H yrja araki. ‘

OcHosHbM 3seMenToM CB u CKB siBsiercst BEHTHJIATOP, NpejHasHa-
YEHHBIH JJIS NepeMelleH s BO3AyXa.

Benmuasmop — ycTpOHCTBO, co3jalollee U3OLITOYHOE AaBJeHHE BO3-
Ayxa ¥ Apyrux rasos jo 15 klla ana ux nepeMelieHHst IpH NPOBETPHUBA-
HUH [OMeLIeHU#, TPAHCIOPTHPOBAHHH aspocMeceil 10 Tpy6OnpoBOJaM
H T. . OCHOBBI TEODHH COBPEMEHHOTO pacuera BEHTHJIATOPOB GbLTH pas-
pa6oranbl B 30-e TOAB B BEHTHISTOPHON CEKIHH 3KCIEPHMEHTaJbHOTO
a45pofiMHaMHUecKoro OTAeJa LIeHTpasbHOrO asporuJpoiHHAMHYECKOTO
uHcruryta (LLATH). B paGorax coBpeMeHHBIX YUYEHBEIX 3TH OCHOBBI TOJY-
UMM LaJbHefllllee PasBHUTHe.

BeHTHIATOpH HAXOAAT LIMPOKOE MNPHMEHEHHe BO BCeX , OTpacasix
HapojHoro xossiictBa. Ha ux npuBoj morpeGusiercss OrpoOMHOe KOJHYe-
CTBO 3JEKTPOIHEpPTHH, BhIpabaThiBaeMoil B crpane. [lostoMy cospanune
HOBBIX BBICOKOSKOHOMHUHBIX BEHTHJSTOPOB, HMEIOUNX YCTOHUYHBLIE Xa-
PaKTepHCTHKH, HMeeT GOJbIIOE HAaPOAHOXO3SHCTBEHHOE 3HaueHWe. B Ha-
CTosillee BpeMsi pas3paGoTaHO .H IIPOHU3BOAHTCS GOJIBIIOE KOJHYECTBO
THIIOB H BHAOB BeHTHIATOpOB. M3 Bcero ux pasnooGpasus B Hactosiefl
KHUTe 0ocofoe BHHMAaHHE yJeadeTc BEHTHAATOPAM, HCIOJb3yeMbIM B CH-
(TeMax KOHIMIMOHHMPOBAHWA BO3lyXa M BeHTHAsAnuH. Kak mnpasuio,
T4KHEe CHUCTeMBl pabOoTalT HA IEPEMEHHBIX peXHMaX, HMEHHO [I(.3TOMY
YKOHOMHYHOCTb PabOThl BEHTH/IATOPOB B HUX CYLIECTBEHHO 3aBHCHT OT
1IDaBUJIBHOCTH BBLIGOP3 CcHOCOOA Pery/nHpOBaHHS NPOH3BO/IUTEILHOCTH,
TOYHOCTH COIIACOBAHUA A3DOAHHAMUYECKUX XapaKTEPHCTHK cereil BO3-
AYXOBOJLOB M BEHTHJATOPA.

CeTH BO3JyXOBOJOB CHCTEM BEHTHJISLUMH H KOHIHUIHOHHDPOBAHHS —
3TO CJIOXKHbBIE Pa3BeTBJEHHbIE CX€Mbl, HalaJKa KOTOPHIX NpelcTaB/seT
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co6oii HenpocTyio 3ajauy. DKOHOMHYHOCTb CHUCTEN BEHTHJAILHMH M KOH-
JAMIIHOHHPOBAHUSA BO3JyXa BO MHOIOM OMNpejessieTcs NpaBUIbHON Opra-
HHU3aIHel BC3AyXopacnpejeieHHs B NMOMELleHHH M 3a6opa HapYKHOTO
Bo3ayxa. [losroMy B HacTOsilllefi KHHIe PacCMOTPEHbl OCHOBBHI TEOPHH
‘a3poJMHaMHUKY NPUMEHHTENbHO K 3ajayaM TPaHCIOPTHPOBKH BO3AyXa
110 CeTsIM BO3LYXOBOJOB, pacnpelesleHUs BO3LyXa B oO'beMe TIOMelleHHs],
3a60opa HApYKHOTO BO3AYyXa H JBHJKEHHS BO3AyXa B NPOTOYHOH UacTH
BEHTHJIATOPA, a TaK:Ke MEeTOJHKa pacueTa ceTefl BO3JyXOBOAOB, BO3LYXO-
pacnpefieTHTeIbHBIX H BO31yX03aGOPHBIX YCTPOHCTB, OTHEJIbHBIX BEH-
THJASITOPOB M HX a5pOJHHAMHYECKHX H aKyCTHUECKHX XapaKTepHCTHK.
. OnpeneneHHoe BHHMaHHE YIeJeHO BONPOCAM MCNBITaHUH, HaslaJKH
H MOHTA)a BEHTHJ/IATOPHBIX YCTAaHOBOK, pabOTalolMX B CHCTEMax BeH-
TWISUUY U KOHAHIHOHHPOBaHUs BO3yXa. HeKoTophie pa3/e/bl CHaGKeHbl
'KpaTKHMH NpHMepaMH pacyeToB. B npHioxkeHHH co6paH MHHHMA/IbHO
HEeOOGXOAUMBIl CIPaBOYHBIA MarepHas AJ1f BLINOJHEHHA NPOEKTHHIX pac-
YeTOB - BEHTHJATOPOB M ceTeil BO3AYXOBOJAOB, CHCTeM BEHTHJALMH H
KOHIUIHOHMPOBAHHA BO3LYXa. ’



Ilnasa ] OCHOBHbBIE YPABHEHMH{I
A3SPOJNHAMUKH

Ilnst pacyera BEHTUNSTOPOB 1 3JE€MEHTOB CHCTEM BEHTHJSIMH M KOH-
AMLHOHHPOBAHHUS BO3]YyXa HEOOXOLHMO BCIIOMHHTb HEKOTOPHIE OCHOBHBIE
YPaBHEHHst THAPABJMKH, TEPMOJHHAMHMKH M Tas0JHHAMHKH.

[Ipy paccMOTpeHHH NpPOIECCOB THAPOAIPOMEXAHHKH OTKA3LIBAIOTCSH
OT DPAaCCMOTPEHHS] MOJIEKYJSIPHOTO CTPOEHHsS] BelECTB, a4 NPHHHEMAIOT
KHUIKOCTb H a3 3a CIJIOWHBIE CpPelbl, 3aMOJHSIUHE NPOCTPAHCTBO
KaHa/la Wid pycno. VIMEHHO 3TO MO3BOMHIIO NPUMEHHTH B a9POAHHAMUKE
annapar MaTeMaTHYeCKOro aHaJusa.

1.1. YPABHEHHE HEPA3PBIBHOCTH

Crpyiiky rasa, nomepeunbie pasMepbl KOTOPOH HACTONLKO MaJbl,
YTO B KaXKJOM €€ CEYeHHH MOXKHO NPUHATH MOCTOSIHHBIMU H OJLHHAKOBEIMH
CKOPOCTb ¢, TJIOTHOCTL P, JaBJeHHe p H Temnepatypy T, HasoBeM 3.ze-
MeHnmapHotl cmpyiixkot easq.

PaccMoTpuM ycTaHOBMBIUeeCs: TeueHHe, IPH KOTOPOM B JIIOGOH TOUKe
NPOCTpaHCTBA BCE NIapaMeTphl CPeJbl OCTAIOTCS HEU3SMEHHBIMH BO BPEMEHH.

Tpaekmopuetl wacmuys: Ha3BIBAETCS JIHHUS, MO KOTOPO#H MPOUCXOLHT
NOCJEJOBATENbHOE BO BPEMEHM I[epeMelleHHe YacTHIHL. :

B crpyfike paccMOTpUM 06bEM rasza, 3aK/IOYEHHBIH MEXAY CEYCHHAMU
I—1 w 2—2 (puc. 1.1). 3a BpeMms dt paccMaTpHBaeMbli 06BEM TepeMe-
CTHTCSl M 33HMeT HOBOe NOJOXKEeHHe Mexay ceueHusmu ['—1' n 2'—2',

[Tpu ycranoBuBlLIEMCS TeYeHHH H OTCYTCTBHH Pa3phiBOB CILIOIIHOCTH
B JIBUXKYILIEHACS cpejlie NPUTOK Ta3a NPUHUMAeTCs] PaBHHIM €r0 PacXoAy

dmy; = dmy, = dm. : (1.1

OGosHauuM paccTostHHe Mexay ceueHusmu [—J u 1'—[' uepes
dly = ¢, dv, rae ¢; — ckopocTh rasa B ceyennu /—I. Toraa ¢ yueToM
(1.1) umeem :

01C1F 1 dv = pye,F, dt
U
plFl dl]_ == p2F2 dlg. (1.2)

Bripaxenne (1.2) 1 ecThb ypaBHEHHe pacxXoja M Hepas3pLIBHOCTH A/
€MHUYHOH 3JieMeHTapHO# cTpy#kH. OHO BBIpa)kaer 32KOH COXPaHEeHHs
Macchl s CTPYHKH.

Ecnu ras B crpyiike Hec:KMMaeM H TOTOK H30TEPMHYEH, T. e. p =
= const u T = const, To Bhlpaxenue (1.2) npumer BHA

eFy = ooy, o 3)
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OTKyZa CJENYyeT PaBeHCTBO OOBbEM-
HBIX pacxozos. [IpousBenenue cp =
= M/F=j Ha3bIBaeTCs MJIOTHOCTbIO
TOKa. Maccosbill pacxon M scex
‘3JIEMEHTAPHBIX CTPYeK TaKkKe AOJ-
XKeH ObITb HEH3MEHHbIM

J.plC]_ dF]_ = jngZ dF2 (14)
Fy F,

BBoasi nousitue o cpepHei miaor-
HOCTH TOK& (CP)cp, MOJTyUaeM

(01€1)ep F1 = (Ps€s)cp Faor  (1.5)

OnepHpys 0CeBOH CKOPOCTBIO Co(

U BBels MNOHATHe O KO3pdhHLHeHTe
nois k = Cop/Coc, TOIYUHM

kiF1¢1 06 = kaFaCs oc-

Puc. 1.1. daemenTtapHas cTpyiika

IIpu stom
1
1 - —
k=,60plcoc=—6()_(;—["_ j dF = deF,
F 0
rae _ _
¢ =c/cye 1 dF = dF/F.

Mpumep 1.1. Onpefenurth CpeXHIOD CKOPOCTb BO3AYXa HA BHIXOZE M3 KPYIJoro
KoHDY30pa dpyyx/dpx = 0,5. Cpefisis CKOPOCTh BO3AYXa Ha BXOAE Cpy= 1,0 M/c. TTior-
HOCTb BO3[yXa He MEHsSeTcs.

3anumeM ypaBHeHHe pacxoja

2 2
7 dsx . ndpux
7 ¢ex.cp =~ Cemx. cp:

OTC}OJI& CKOpOCTDL, olpejedsemMas 1o yCJIOBHIO 3aJla4uH, paBHa

2
dyx ) =1,0(2,0) = 4 wjc.
dBLIX‘

Cspix. ¢p = Cmx.Cp (

YpaBHeHYe HepaspbIBHOCTH AJIsi JEMEHTARHOr0 O6beMa rasa MOXKET
ObITb BEIBEEHO CJEAYIOIIUM OGPa3oM.

Ilyers Macca ssnemeHnTa rasa OCTaercsi TOCTOSIHHOH 3a BCE BpEMS
ABUIKEHHS MJIM Ke MeHSeTcsl B c/lyyae W3MEeHeHHsi IJIOTHOCTH rasa. Pac-
CMOTPHM 3JIeMeHTapHBI 00beM rasa ¢ rpasHsMu dx, dy, dz. B obGpem
napaJijieJenunesa yepe3 BXOJAHBIE I'PAaHU 3a BpeMsi dT BTEKAIOT MacChl
rasa, paBHbIE:

dM, = pdydzu dv;
dM, = pdx dzv d; (1.6)
dM; = p dx dyw dr.

i0



3a TOT ke NPOMEKYTOK BpeMeHH dt uefes BbIXOI[HbIé TPAHH BBITEKAIOT
Macchl rasa, paBHBIE:

dM; ='dydz<pu—i— 9Ie4) 4 ) T;

)|

|
dM; = dx dz (pv -+ 252 a‘p”) dy) dr; ! (1.7)
dM; = dx dy (pw + 22 9 “"") dz) dr. l

Bruras u3 (1.6) Bepaxenue (1.7), HafifeM yBelHueHHe MacChl ra3a~
B 061>eMe napajnenenuneia dx dy dz 3a Bpems drt:

AM, = — dxdydz a(pu)

ox | \
AM, = — dxdydz g i (1.8)
AMy = — dxdy dz 52 ‘ |

Kak ykaswBaaoch paHee H3MeHeHHe MacChl BO3MOXKHO JIUIIb BCJEH-
CTBHE H3MeHeHMs IIJIOTHOCTH rasa. B TeueHHe BpeMeHH dt Macca
pdx dy dz usmeHsieTcs Ha BeJmthy :

drdy dz % dr. (1.9)

IIpocyMMHPOBAB BhIpakeHHe (1.8) no OCSM H anpaBHﬁB ero K BhIpa-
xenuto (1.9), noayuum :

2p) | 9) 4 4wy % (1.10)

Ypesuenune (1.10) naspiBaeTcst ypaBHEHHeM HepaspLIBHOCTH B AH(-
tepeHnManbHON opMe.

B cayuae, KOrfa njoTHOCTb rasa He MeHsercs (p = const), ypaBHe-
HHEe HepasphIBHOCTH NMpPHHHUMAeT BHJ

A 2 — 0 nan div ¢ =0, (1.11)

1.2. YPABHEHHE SHEPI‘HH

CocraBuM GanaHC SHEPTHH B HEMOJBHIXKHON CHCTEME KOOPAMHAT MpPH
YCTAHOBHUBIIEMCS JBHIKEHHH, HCIOJb3Ysl 3aKOH COXDaHeHHsi 3HEpPTHH.
Jl1s aToro Hccienyem npeoGpasoBaHME SHEPTHH B OLHOM M TOM XKe Mac-
Ce rasa, NMepBOHAYaJbHO 3aHUMalOIel 06HeM MEeXAY CedeHUAMH [ —I1 +
2—2, a yepe3 GeCKOHEYHO MaJIbIi NPOMEXKYTOK BpeMeHH dt nepeme-
CTHBIIEHCA B MOJIOXKEHHe MexAy cedeHHsimu ['—1'—+2'—2" (puc. 1.1).
Ilpupailenne 3HeprHH PaBHO PA3HOCTH KOJHYECTB SHEPTHH.

Ipupamenne KHHETHYECKOH 3HepPTHH

dE, =dM 254, | (1.12)

[Tpupamenne noTeHHHANbHOR 3HEPrHH
dE; = dMg (2, — 7). (1.13)
11



[Tpupamenue BHyTpeHHefz’x SHEepTHH
dE, = dMc, (T, — T)), (1.14)
Tle Cp, — H30XOPHAA TeNJOEMKOCTb.
[Ipupamenue sHepruH CcuJ JaBJIEHHA
dEp = = (ps — pa)- (1.15)

CorsiacHO TepBOMY 3aKOHY TE€DMOJMHAMHKH, CYMMapHOE KOJIHYECTBO
TOABEAEHHOA K rasy TemJOTH M COBEpLIeHHOH paboThl CHJ HaBJeHHS
paBHO cyMMe paboT TeXHHUeCKO# L, U TpeHusi L,, ¥ H3MEHEHHIO KHHe-
THYECKOH, NOTEHLHAJbHOH M BHYTPCHHEH 3HEpPTrHH rasa

dQ + S (py — pa) = dLy + dLyp +dM A5 L 4

-+ dMg (2, — z) - dMc, (T, ~T1) (1.16)
Ier 1 Kr rasa HMeeM

q+(T—T)T vt Ly A5 D g (s — 2) 6o (Ta — T, (1.17)

~ 3aMeTHM, YTO TEMJIOTA K Ta3y MOXKET GHTh NOJBEJeHd KAK U3BHE hap,
TaK H B pe3yJbTaTe npeofpasoBaHUs PaGOTHl TPEHHUS Gpy = [,p. OblLiee
KOJIMYECTBO TOABENEHHOH TENJIOTH PaBHO CyMMe 3THX COCTABJSIOMHX

q = Quap + G = uap -+ lTp'
U3 ypaBHEeHHS COCTOAHHS HAEAJbHOTO Tasa NOJayYaem
' = pRT,
a us ypaBHeHI/Iﬂ. Méﬁepa — ¢y = €, — R, Torja BLIpaxeHue i
BHYTPEHHEH 3HEPTHH MPUMET BHJ
6o (To—T) = (e — R Ts—T2) = by — iy — (B—2), 1y

a ypaBHeHue (1.17) Moxer 6bITb peACTaBJIEHO c.ne)lwoumM o6pasoM:

‘)

Guap — L = 25 4 gz —2) + (i — ). (1.19)

3aMeruM, 4TO, €CJH npeHeépeqb H3MeHeHHeM TNOTeHIUANbHO 3Hep-
.THH, CKOPOCTH H TeNJOOGMEHOM C OKpYy:Kaiolleil cpefloil, U3 ypaBHEHHS
(1.19) nomyunm

—lT:igﬁil, T. €. iz—_—:il'—lrr.

ITockosbKYy paGoTa BEHTHJASATOPA, KOMIpeccopa M Ta3oqyBKH OTPHU-
narenpHa [, < 0, TO 3HTaNBUHs, a C/I€LOBATENbHO, H TeMrneparypa BO3-
AyXa Ha BBIXOJE W3 HarHeraress JOJ/KHBI NMOBHIIATbCA. EC/IH CKOPOCTb
H3MeHSeTCs CYILIeCTBEHHO, TO

*lT——l2V‘1+62~CI v (1.20)

[Ipu u303HTANBIMHHOM Tipouecce i, = [, TeXHHUecKas pabora Ir
TNOJIHOCTBIO PACXOAYeTCst Ha M3MEHeHHe KHMHETHYeCcKOofl 3HepruM MOTOKa.
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Ecii Guap = 0 u I, = 0, 10 ypasuenne (1.20) mpuHuMaer BuA
i2+_€§_.=il+c_§_—_i_|—£;;=const.

CneoBarenbHO, ecJH CTPYIO BO3[yXa 3aTOPMO3UTb MOJIHOCTBIO,
SHTAJBIIHSl Ta3a AOCTHTaeT 3HAYEHHUS i, (IOJHAs SHTAJbBIHUS)

h=i+5, (1.21)

a COOTBeTCTBYyIOIAsi eli aGCo/IoTHasi TeMIepaTypa, HasblBaeMas TeMmile-
paTypo#l TOpMOxKeHusi, — 3HaueHus T, = iy/c,. ClemoBaTenbH), TeM-
IIepaTypoll TOPMOKEHHUSl HA3BIBAETCS TEMIEpaTypa, KOTOPYIO MpHHUMAeT
ras npu W3MeHEeHHU ero CKOPOCTH OT C O HYJs. «

2 .
To=T+ o (1.22)
Cp
Npumep 1.2. OnpefennTs TeMnepaTypy TOPMOXKEHHS NOTOKa BO3AYXa, ABHKYLie-

rocsi co CcKopocTbio ¢ = 100 M/c u umerwmero Temneparypy T = 300 K

(100)2

T°_T+2“" = 300+ 57500 1000

= 305 K.

Jisi iByX GecKOHeuHO GJH3KHX ceyeHHH CTpYHKH H | Kr rasa ypas-
reHue (1.17) Moxker ObITh 3amHCaHO B BHUJE

dg = d(plp) + dly + du + dly, + d (c*/2) + g dz. (1.23)
Ecu cucTeMa KOOpAMHAT ABHIKETCS CO CKOPOCTBIO T'33a C, TO ra3

MOXKHO CUHMTAThb HENOJABUKHBIM U IJs 1 KT 3TOrO rasa 3al'IPIC8Tb l'lepBbIP[
3aKOH TE€pMOJAHHAMHKH B CJACAYIOINEM BHIE!:

dg = du + pd (1/p). | (1.24)
Bomuras us (1.23) oipaxenne (1.24), nonyyaem

—dly—dlyy =d (5) + gdz+d(pip) — pd(lp).  (1.25)
Wmesi B Buny, uro d (p/p) = pd (1/p) + (1/p) dp, noayuum
— dly = d(2) + g dz + dpp + dly. (1.26)

¥Ypasuenue (1.26) npexacraBnsier cofoii ypaBHeHHe 3HEPTHH B Mexa
nuyeckoit gopme. Ilocne uHTerpupoBanus ypasHeHHs (1.26) nmeeM
9 :

— = (03—0%)/2+g(22—21)—|~ jdp/p+lTp‘ (127)
1

[TonyueHHoe ypaBHEHHe HOCHT Ha3BaHHE OGOGUIEHHOTO YypaBHEHUS
Bepnynan. OHO cBsi3bIBaeT CKOPOCTb ABHXKEHMUSI, IaBJ€HHE U MJOTHOCTb
rasa ¢ yueroM IPOU3BOAHMON ra3oM TeXHHUecKOi paGorhl [/,, paGoTH
CHJI TPEHHs [,p M H3MeHEeHHS NOTEHIHANbHON 3HepruHu g (2, — 2;).

B ciyuae, Koraa Texnuueckas pabora I, = 0 u OTCYTCTBYIOT NOTepH
Ha TpeHWe, ypasHenue (1.27) npuHUMaer BHA
b 2R | gy —z) =0, (1.28)
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B s1OM ypaBHeHHH MepBhUf 4JeH BbIPAXKAeT 3HEPTHIO JaBIEHHS,
BTOPOH — KHHETHUECKYI0 3HEPTHI0, TPeTHHl — 3amac MOTEHIHAJbHOMH
5HepruM mnotroka 1 Kr rasa. [IpH 3TOM pasMepHOCTH CJIaraeMbiX:
[(H-m)/kr] = [(kr-m/c?)-m/kr] = [M?/c?]. ¥YpaBHenne (1.28) MoxHO
nepenucat) B (opme: : ‘

%+5§+gzp=%z~+%%+gzz=const; 129
—Z— —Ff;-—kgz = const. ‘

IIocnenHee BhIpaskeHMe NPEACTABsET COGOH YOpPOIIEeHHYI0 GOpMY
3anucH ypaBHeHHs bBepuyanu. Ecau Bce wiennl ypaBHenus (1.29)
pasjenuTb Ha g, pasMepHocTb HX Gyzer [Mm]

=P 2,
H= 0 + 52 ~+ 2 = const. (1.30)

¥pasuenue (1.29) cocrasneno ans 1 kr, a (1.30) aaa 1 ™3 rasa.
BenuuHHBl p/gp, €*/2g, z HA3BIBAIOT COOTBETCTBEHHO NbE30METPHUECKOH,
CKOPOCTHOH H HHBEJHPHOH BBEICOTaMH.

JleBas wactb ypaBHeHHs DepHy/uIH, 3anmHCaHHOTO B. BHie

‘p+352—+gpz=const (1.31)
2 ’ ’

npejcTaBisieT cO0ON CyMMYy CTaTH4eCKOTO p, JHHAMHYECKOro pc*/2 u
HHBEJHPHOTO gpz AaBJeHHH (pa3MepHOCTb KaxiOro s usieHoB H/m?).

I'paduyeckas uHTephperanus ypaBHeHHsi DepHyJIH npejcTaBieHa
sl sJeMeHTapHO# cTpylku Ha puc. 1.2, Beanuunna H Moxer OHITh

c2
NpeJCTaB/IeHa COBOKYIIHOCTBIO OTPE3KOB 2, —— H p/(pg), KaK 370 H306pa-

JKeHo Ha pucyHKe. CoeIHHHB MexXAy cOCOH KOHIB OTpe3skoB H, moay-
YHM KPHBYIO H INIOCKOCTb, KOTOPbl€ Ha3biBAOTCH COOTBETCTBEHHO JIH-
HHeH H IJIOCKOCTbIO 10JIHOTO Hanopa. COeHHUB KOHIB OTPE3KOB p/(gp),

NOJNYy4YUM JIMHHIO, KOTOPYIO Hasbl-

Z*k BAIOT [be30MeTPHYeCKOl JHHHEH
H WJIH Ibe30MeTPHYECKOH KpUBOH.
i S N M3 puc. 1.2 MOXKHO BHJeTH, KaK
e YN 110 JIIMHE CTPYHKHM MeHsIoTCA CJa-
7 N raeMble, BXOJslHe B ypaBHEHHE
% N S Bepuyanu. Ecnu ceuenue crTpy#iku
* pacuiMpsercsi, TO  YMeHbHIAETCH
\'\\\c’\)\mlg\s T~— CKOpPOCTb € M CKOPOCTHOE JAaBJjie-
\“"02 — HHe pc?/2, OMHAKO NMpPHU 3TOM CyMMa

5

z -+ pl/(gp) BO3pacraer.
a’pojHHaMHUKe Yaile TOJb3y-

. loTcs ynpouleHHO#H (opMoli ypaBHe-
y , i ! X HHg DepHyaau, COOTBETCTBYIOILEH
¢ pexuMy, IpH KOTOPOM OTCYTCTBYIOT

Puc. 1.2. K BmBoay ypasnenns Bep- TeXHHueckas pabora (/;=0), paGora
HYAIH © rtpenua (l,, = 0) u 3amac mnoTeH-
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IIUaJIbHOM dHeprUH He H3MeHsiercs. [lis 3TOro pexxuma ypasHeHnue Bep-
HYJJIM 3aMHLIETCs B CAeAYIOIMHUX hopMax:

% + % = const uJu —%ﬁ + p = const. (1.32)

1.3. YPABHEHUE KOJIMYECTBA [BU)KEHWS

Us Kypca Teope’rmecxo‘ﬁ MEXaHHKH H3BECTHO, YTO 3JIEMCHTApHOE
H3MEHEeHHe KOJIHYeCcTBa JBHXKEHHS paBHO 3JIEMEHTAPDHOMY HMITYJIBCY
CHJIBL U OOBIYHO NpeaCTaBJIACTCA B BHJE

d (mu) = F, dx, ' (1.33)

rie F, — cyMMa npoeKIHMH Ha KaKylo-JHGO OChb BCeX HPHJIOKEeHHBIX
K Tely Macco#i m CHJ; u — TNPOEKIHsS CKOPOCTH Ha Ty K€ 0Cb; dv —
BpeMs JeficTBHA CH/Ibl F. IIpHMeHHTenbHO K 3/eMeHTapHOH CTpyike
KHAKOCTH (rasa) (cM. puc. 1.1) cymMMma npoeKuuit HMIYJIbCOB BCEX CHJT,
NPUIOXKEHHBIX K Macce XKHIKOCTH, 3aKJIOUEHHOH MeX1y ceueHHaMu [ —I
¥ 2—2, paBHfieTCA M3MEHEHMIO NPOEKIUU CYMMapHOTO KOJHYeCTBa IBH-
KeHUst

Fodv=d Y mu. (1.34)

PaccMoOTpHM H3MeHeHHEe CYMMAapHOrO KOJHUeCTBa ABUKEeHHs d Y,mu
3a BpeMsl dt, B TeueHHe KOTOPOT'O BBIIEJIeHHAsi Macca NepeMecTUTCSl U3
obbema [—I[-+2—2 B obwvem ['—['--2"—2'. [lAs1 ycTaHOBHBIIErocs
OBUXKEHUS] CYMMapHBIH INPHPOCT KOJHUECTBa JABIXKEHHsI JOJKeH OBbITh
pPaBeH . Pa3HOCTH KOJIMUECTB NBHKEHHs, B3ATHIX COOTBETCTBEHHO JUJIs
Macc 2—2-+2'—2" wu |—I1=+1"—1',

dYmu = (uy — u) dm, A : (1.35)

rae dm — Macca anaemednra [—I—+1"—1'.
DneMeHTapHasi Macca dm paBHa NPOU3BEIEHUIO CEKYHIHOTO Macco-
BOTO DaCXOia rasa 3a NPOMEXKYTOK BPEMEHH

dm = M dr, (1.36)

rie M — MaccoBbIi pacxoj rasa B €IHHHIY BpemeHH
Oﬁ’beIlHHﬂﬁ (1. 35) u (1.36), umeem

dYmu = (uy — uy) M d, | (1.37)

rAe mu — TIpOU3BEJEeHHe MacCHI, I'[pOTeKaIOU.Leﬁ 3a 1 ¢ yepes HAAHHOE
nonepeyHoe ceuyeHue, Ha CKOpPOCTh [10TOKA, HAa3hiBAEMOE CEKYHIHBIM
KOJIHYECTBOM JBUXKeHHs. Torga YpaBHEHHE KOJHUUECTBA JABHKEHHA IJ
[TOTOKA rasa, COrJiacCHO KOTOpOMYy CyMMa npoexunﬁ BCEX CMJI, MPUJTO0XKEH-
HBIX K CTDpYy€ rasa Ha Jao6oM ee Y4acTKe, paBHa NPHPALICHUIO NPOEKIHH
CEKYHJHOTO KOJIMYEeCTBA ABHXKEHUsI HA 3TOM y4yacTKe HJIH, YTO TO XKe Ca-
MO€, MNPOH3BEACHHIO CEKYHJHOIO MAacCOBOTO pacxoja Ha InpupalieHue
MPOEKUUHN CKOPOCTH, HNPHMET BH],

Fe=M (uy —u). C(1.38)

OTO ypaBHEHHe NOJNOXKEHO B OCHOBY BbIBO}la YPaBHEHUS JBHKEHHUS
Hasre—Croxkca. :
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1.4. YPABHEHHE JABW)XEHHSA

B o6mem cnyuae TeueHHe onpeiesisieTcsi BEKTOPOM CKOPOCTH
¢ =iu + juv + kw, : (1.39)

Tle 4, v 1 @ — NPOEKIHH BEKTOPa CKOPOCTH ra3a ¢ Ha OCH TPSIMOYTOJb-
HON CHCTeMBI KOOpAHMHAT. [Ipu 5TOM ras HMeeT JaBJieHHE p H ILIOT-
'HOCTb p. [lasi ompeneseHHst STHX [siTH HEH3BECTHBIX HMEEM CJEAYIOLIHe
ypaBHEHHs: HEPaspLIBHOCTH (32KOH COXPAaHEHHS MAcChl), JABHKEHHSA
(3aKOH COXpaHEeHHs1 HMMyJbca), COCTOSHHUA.

M3 ocHOBHOTO 32aKOHa MeXaHHKM HM3BECTHO, YTO Macca, YMHO:KEHHas
Ha YCKOpeHHe, paBHa CYMMe BCeX BHEIIHHX CHJ, JAEHCTBYIOIHX Ha
paccMaTtpuBaeMyio Maccy. Ha yacTHUY XHAKOCTH HeHCTBYIOT MAacCOBHIE
M’ IIOBEPXHOCTHBIE CHJBI. ,

O6osnauuM uepes K = pg MaccOBHIE CHJIbI, OTHECEHHbE K eJHHHIE
o6beMa, U yepe3 P — NOBepXHOCTHbIE CHJIBI, TAKIKE OTHECEHHBIE K €U~

uuine o6vema. Tornga ypaBHEHHe JBHKEHHs B BEKTODHOH (opMe nmpumer
BHL : , : oo

p%:K—{-P. (1.40)

MaccoBble M NIOBEPXHOCTHBIE CHJIBI MOTYT ObITh BHIpaxkeHbl uepes
CBOM MpPOEKIUHH HAa COOTBETCTBYIOLHE OCH:

K =iX 1 [Y + kZ;
P =iP.+ jP,+ kP,

MaccoBble CHAB JO/MKHBI GBITh 33JlaHbl; NOBEPXHOCTHBIE CHJBI 3a-
BHCAT OT CKOPOCTH, C KOTOPO# XKHAKOCTb AeOpMHDYercsi B paccMaTpH-
BaeMOM noJje cKopocTefi. B KawecTBe MacCOBEIX CHJI MOTYT BHICTYNATb
rpaBHTAllHOHHLIE, IIEHTPOOEKHEIE U APYTHe CHJBL, O0YCJOBJEHHEIE HaBe-
JeHHeM B rase mojed 3THX cHJI. K NOBEPXHOCTHBIM CHJIaM OTHOCATCS
CHJBI JaBJEHHS H CHJBl TpeHHS.

BriBoz ypaBHeHus nBHKeHHsi wiH ypaBHeHus Haepe—Crokca naxe
JJISl HECKHMaeMO# KHIKOCTH JOBOJILHO TPOMO3JKHH. B ero ocnose Je-
KHT TEOpHS HANpPAXKEHHOTO COCTOSTHHSA 3JIeMEHTapHOro 06beMa KHAKOCTH
HJH ras3a, BbHI3BAHHOI'O JEHCTBHEM MAacCCOBBIX M TOBEPXHOCTHBIX CHJI.

PaccMoTpuM yHpOIIEHHBI BBIBOJ, STOTO YpaBHEHHs AJIs1 OAHOMEPHOTO
. TEUEHHs HECXKHMAeMOH KHAKOCTH rasa. CKOPOCTb B NOTOKEe H3MEHSETCs

(1.41)

az TONBKO TO OCH Y. BbigeanM
P I , > B NOTOKE Iasa /eMEHTapHEIA
| lp | ob6veM dv = dx dy dz. Ha stor
A 06beM B HanpaBieHHH X Jeii-
T = CTBYIOT CHJIBI: MacCOBbIE, JaB-
Tx f Vé’x jf"%f "xzr lt’xz neHus ¥ TtpenHs (puc. 1.3).
——— : MaccoBasi cuma dX npH-
P JOXKEHA B IEHTPE THAKECTH
fp+ ap—dx ssnemerta. Ee npoeknus Ha

2+ 204 X : : OCb X paBHa

ax .

Puc. 1.3. K BbBOLY ypaBHeHMsS! ABHXEHHS dX = pg.dV. (1.42)
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PaBHojeficTBYIOIast CHJ JaBJEHHS ap¥ . AeHCTBYIONMX Ha TJIO-
majaky dy dz, paBHa

dPYP = pdydz — (p —{— dx) dy dz =— -deV (1-43)

PapHOJeHCTBYIOMAS CHA BA3KOCTHOTO - TPeHHs, AeHCTBYIOMUX Ha-
miomanky dx dz, paBHa

dP{P = (v 2% dy) dx dz —vdrde = gy, (149
rzxe' T =0 ‘E _— KaC&TEJIbHQe HaHp&}KeHHe‘ CI’iJIbI TpeHHH, -¢JegoBa-.
TEJbHO, : .

dP{™ — i’zi av. (L 45)

CyMMI/IpYH dX, dP¥ u dP,(,T‘,”, noJsiyqaem npoexumo paBHOII,eHCTBy
IOlIeH BCeX CHJ HA OCh X

dz
L _x4p, -—(pgx ”+p-d-yi;-)dv. (1.46)

Cor/IacHO BTOPOMY 3aKOHY MeXaHUKH 3Ta pPaBHOJEHCTBYIOL(as PAaBHA
NPOM3BENEHHI0 Macchl 3jeMeHTa o dV Ha ero yckopeune Du/dt. Vuu-
THIBASI- CHJIE HHEPIHU

F, .

" HpHpaBHHBaH NIPaBLIE YACTH ypaBHerm (1 46) u (1.47), okoHUaTETBHO
noJiyuaeM -

' D & ’ ’
0 =08, — +u a (1.48)

,HJU{ TPEXMEPHOTO JABHXKEHUS HECXKHUMAaeMOH XKHJKOCTH CKOpOCTHOE
NnoJjie OIHCHIBAETCSI TpeMsl YDBHEHHSIMH JABHMXKEHHUS, KaxKI0€ COOTBET-
CTBEHHO B NMPOCKUHUSAX HA OCH X, y H 2:

Du dp d%u %u u \
PET—ng—a—x+“(axz + et 022>’ i
Dv 0, dzu
pﬁngy__ﬂ+u(dx2+ dyz . 622 ’ i (149)
Dw 0w 0%w
P =08 — +”(ax2'|'ay2‘ a:%) !
rle —4— = — —_ 9 9 oHu (Ha
pi & = B +u % +U —a—y— + w—az— — MOoJIHad IIpOU3BOAHAA

paccMaTpHBaeMOi BeJIHYHHEL.
Hcnonbsys BeKTOpHYIO GOPMY 3aMUCH, ypaBHEHHE JBHKEHHT MOXKET
GLITb TIPEICTAaBJEHO B CJAENYIONEM BHE:

D .
p—— =pg—Vp+uve. (1.50)
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B Takoii opMe ypaBHeHHe HMeET CMBbIC] B CJlydae, KOTJa He YUHUTHI-
BAeTCsl 3aBHCHMOCTb (DH3MUECKHX NApaMeTpOB rasa OT TEMNepartyphl.

JJ1s TeueHHs] HeC:KHMaeMOH JKHUAKOCTH 6e3 TPEHH MOXKHO MOJYYHTH
crporue peuleHusi ypaBHenuss HaBbe—CTOKCa, TaK Kak B 3TOM C/ydae
4eHBl, 3aBHCAIHE OT BSI3KOCTH Tasa, PABHBI HYJIO. TakHe pelleHHs
NoJyueHbl I psija yNpPOIIEHHBIX - cAyYaeB. PaccMOTpUM HEKOTOphie
U3 HHX.

Mpumep 1.3. Pemmts ypasBHenwe HaBbe—CrTokca A5 CTalHOHAPHOrO MJIOCKOrO
TeueHHSl B KaHaje, OTPAHHYEHHOM JABYMS MapajJelbHHIMH IJIOCKHMH CTEHKAMH.

Hlupuna xanama — 2b, ocb X COBMajaeT ¢ OCbI0 XaHana. [lis pacCMaTpHBaeMOTO
cyyasl ypaBHEHHE JABUIKEHHS HMeeT BHJ

dp 02u

ax =V op

NpH FPaHUYHBIX yénoamxx 4 =0wuy = +b. Tak KaK KaHAJ HMeET MOCTOSIHHO® CeueHHe
1 0pldy = 0, us ypaeuenus (1.50) BuaHO, yTo Op/Ox = const, NO3TOMY NPOHHTErPHPO-
BaB. ypaBHeHHe LBHIKEHHS, MOJTYYHM

u:___l_ﬂ(bz_yZ).

2u dx

ClrenioBaTe/lbHO, B Kanajle HMEET MeCTO NMapafoHuecKoe pacnpefeseHue CKOpocTei.
TMpumep 1.4. Pemnth anaNOrHUHYIO 3ajauy NJIsl TEUEHHsI rada B KPYIJIOM KaHaje
paauycom R. ITyctb och Tpy6ul coBnafaer ¢ ochbio X, PagnanpHyio KOOpAHHATY ¥ GyaeM
H3MepATh OT ock Tpy6ul. CocTaBisiomas CKODOCTH B OCEBOM HaNpaBJeHHH PaBHA U H
3aBUMCHT TOJbLKO OT KOOpAMHATH y. JlaBjenne B KaXAOM TOINEPEYHOM CEUEHHH TPYGHL
noc1osiHHO. ITpu BEI6paHHbIX 0603HaUEHHAX ¥ IPHHATHIX JONYIUIeHHsAX ypaBHeHue Hape—
CTOKCca npuMeT BHX - '
d?u 1 du ) _dp
M dy? y dy dx
NpPH TPAHHYHBIX YCJOBHAX U = 0 u y = R. . '
Pewns ypasHenHe, NOJNYYHM paclpefiefieHie CKOPOCTeH MO NMONEPEYHCMY CeueHHIO
TpyOnt
1 dp

u(y)=~4—“—d—;(R2-—y2),’

CnexoBaTesbHO, yepes IomnepeyHoe CeueHue B eAUHUILY BPEMEHH NMPOTEKaeT KoJuye-

CTBO rasa, paBHoOe
. . pas . QR4 ( dp>
LgnRu_-——SH —dx )

Ora dopmyna HaspiBaeTcs 3akoHoM XareHa—Ilyasefsis gnd TeyeHus B KpyrJoi
TpyGe. i
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Kak BHIHO M3 NpHBENEHHBIX NpHMepoB, ypaBHenune Hasbe—Crokca
MOK€eT GBITb T )YHO PELIEHO TOJNBKO JAJIsI OYeHb NMPOCTHIX C/y4aeB TeUEHHS.
[nsi peweHusi 6osee CJAOKHBIX 3day NPHUMEHAIOT YHCJIEHHBIE WJIH TpH-
GJInKEHHBIE peLIeHHUs.

OnHo u3 ympoweHHuil ypaBHeHuss HaBbe—Crokca npuBOAHT X AHG-
(epeHIHaJbHOMY YPaBHEHHIO INIOCKOTO MOTPAHHYHOTO CJOs (CM. IiI. 2).

1.5. YPABHEHHE MOMEHTOB
KOJIMYECTBA JBH)XEHHA

Kak H3BeCTHO M3 MeXaHHKH, H3MeHeHHe CyMMapHOIO MOMeEHTa KO-
JIHYeCTBA JBHXKEHHsI OTHOCHTEJIbHO KaKOH-THCO OCH (Hampumep, y)
paBHO CyMMe MOMEHTOB HMITYJIbCOB BC€X CHJI, NIPHJIOXKEHHBIX K Teay
OTHOCHTEJbHO TOH ke OcH. IIpHMeHHTeNbHO K CTpPYyiiKe rasa uMmeeM

d Yy m(uz — wx) = M, dr, (1.51)

rle mu, mw — TPOEKIHH KOJHYECTBA JBUMKEHUS HEKOTOPO# 3JeMeHTap-
HOH MacChl M Ha OCH X M 2z; m (42 — wx) — MOMEHT KOJIHYEeCTBa JBHXKe-
HHs 3JEMEHTAapHONH MacChl OTHOCHTENBHO OCH Y. ,
Ecau 1BuKeHHe ras3a $IBJASeTC YCTAHOBHBLIMMCS, TO H3MeHEHHe
CYMMapHOTO MOMEHTa KOJHYEeCTBa €ro JABMXKEHHs NpH IepeMelleHHH
n3 obveMa [—I-+2-—2 B obbeM I'—]'+2'—2" (cMm. puc. 1.1) paBHO
Pa3HOCTH MOMEHTOB KOJHUECTBA JBHXKEHHsI B 3JEMEHTapHBIX o0beMax
1—1+2—2 u |I'—1'"+2"—-2".
dY m (uz — wx) = M [(4y2, — Wyxy) —
— (w2 — wyxy) 1 dr,
rie M — cekyHAHBIl pacxoi rasa. _
[TopcraBnsia moJjyyeHHOe ypaBHeHHe B paBeHCTBO (1.51), moayuyum
ypaBHEHHE MOMEHTOB KOJIMYeCTBA JBHXKEHHS B THIPOJAMHAMHYECKOi
(opme ~
My = M [(ug2y — wyxs) — (Ug2) — w1xy) 1,
rie M, — cyMMa MOMEHTOB BceX MNpOEKLUHH CHJI Ha OCb .
ABajsoruuHble ypaBHEHHst MOTYT ObITb NOJYYeHBl H AJis OCeH x Hz.
YpaBHeHHe MOMEHTOB KOJIHYEeCTBAa [BHKEHHs OYyAeT Jajee WCIOJb-

30BaHO NpH BBHIBOJAE ypaBHeHHs Jfiyiepa /s JaBJeHHs, Pa3BHBAEMOro
pajiHaibHBLIM BEHTHJSATOPOM, M B JAPYFHX Cayyasx.



Fhasa 2 SJIEMEHTBI TEOPUM
[IOrPAHMYHOIO CJIOS

Korzna KHAKOCTb ABHIKETCS BAOJL TBepAOH MOBEPXHOCTH, CKOPOCTH
ee IBHKEHHSl Y NOBEPXHOCTH IPHHHMAETC PABHOH HYJ/IO. DTO ABJEHHE
06YCJ/IOBJIEHO CUJIAaMH TPEHHS H HAa3bIBAETCS «YCJAOBHEM HPHJIHNAHHSA
KHAKOCTH». Ha HeKOTOpPOM pACCTOSTHHH ©OT NOBEPXHOCTH KHAKOCTb ABH-
JKEeTCSl C OJIMHAKOBOH CKOPOCTBHIO, HA3bIBAEMO#l CKOPOCTbIO HEBO3MYILEH-
Horo (noTeHnHasbHOro) moroka U. O6aacTe noToKa, B Npejenax KoTo-
poH 3HayeHHE CKOPOCTH MeHsercsi OT HyJas A0 U, HasbiBaeTcd IOTpaHHY-
HBIM cjioeM. TOJIIHHA H XapaKTep NOTPaHHYHOTO CJO0S ONpEeNeNAIoT Npo-
LleCCHl NepeHoca KOJIMYecTBa IBHXKEHNS, SHEPTHHM H MacChl MeX1y Tho-
TOKOM XHJKOCTH B I1€JIOM H OMEIBAEMOH UM NMOBEPXHOCTbIO. TeopHs Tmo-
rpasuyHoOro cjos [34) sexuT B OCHOBE TaKHX KypCOB, KaK TMApABIHKA
H rasoiVHaMHKa, ' TemyomaccoobMeH. IIpeacraBieHHss O NOTpaHHYHBIX
SIBJIEHUSAX HCHOJB3YIOTCS A HOCTPOEHHS] MHOTUX HMHIKEHEPHBIX METOLHK
‘pacyeTa pasNMYHBIX KHAKOCTHHIX M Ia30BHIX MalluH, TIPH pacyere Ka-
HAJIOB VIl TPAHCNOPTHPOBKH mmxocren W rasoB, a Takxke aHJHu3e
CTPYHHBIX TEUEHHH.

2.1. MOTPAHHYHbBIA "cJioR

PaccmoTpuM npoctefimuit cayyaii o6pasoBaHuii NOTPAHHYHOTO CJIOS
NPH JIBHAKEHHH NepBOHAYAJIbHO HEBO3MYIUEHHOTO IIOTOKA KHAKOCTH
OKOJIO IIOCKO# MOBepXHOCTH. [10 YCJIOBHIO NPUIHNAHHSA CKOPOCTb XKHA-
KOCTH Ha NOBEPXHOCTH PaBHA HYJIIO, XapaKTep ee H3MeHeHHUs] H 00pasoBa-
HMsl NOTPaHHYHBIX o6Jjacred nokasaH Ha pHc. 2.1. Ha navanbHOM yua-
CTKe TOJIIIHHA JJaMHHAPHOTO NOrPaHAUYHOrO cJjost (o6aacTb JJ) Bo3pacTaer
BIIOTL 0 ob6siacT# JI, B KOTOPOIl NPOHCXOAHUT NEePexofl OT. IaMUHAPHOTO
NOTPaHHYHOIO ¢Jiosi K TypOynentHoMy (o6maacte. T).

JMeercst HeCKOJIbKO NPHEMOB ONpeJeseHHs TOJIMHBL IOTPAHUYHOTO
cnosi. CorslacHo OAHOMY M3 HMX, TOJIIMHA ero O ompenessercsi Kak
paccTosiHHe OT TBepJoil NOBEPXHOCTH B HAmNpaBJeHWH y 10 CedYeHHs,
B KOTOPOM JIOKaJbHasi CKOpOcTb mortoka u = 0,99U. -

Jpyroii XapakTepUCTHKOH TOTPAHUYHOTO CJIOS ABJSETCH TaK HAa3bl-
BaeMasi «TOJILIHHA BHITeCHeHHs» 0%, KoTOpasi ompejejserca H3 COOTHO-

IIEeHHu A
[}

Judyz(ﬁ——ﬁ*)U;
0

) .
— (1 — %) a. @
0
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Puc. 2.1, Pa3puTHe NOrpaHHYHOro CJOS
Ha MJIOCKOH maacTHHE

Puc. 2.2. JeiicteuTenbHoe  M3MeHeHHe
CKOPOCTH ¥ B NOTOKE C YYETOM NPHCTeH- :
HBIX AIBJEHHi: @ — 6e3 «TOJUKHBI BbI- -
TECHEHHSI» ; 6 — C <«TOJLHHON BbITEC- - [ ]
P 4 14 A L A

DU3HUECKU CMBICJI BBEJEHHOTO IIOHATHS CTAHOBUTCH SICHBIM MpH
pPaccMOTPeHHUH pHC. 2.2, a ¥ 6, Tie NOKa3aHkbl JeHCTBUTe]bHOe H3MeHeHHe
CKOPOCTH £ B IOTOKE C y4eTOM NPHCTEHHLIX ABJIHHI H SM0pa CKOpOCTe
NOTEHIHATbHOTO (a}.],eKBaTHOI‘O [0 pacxopy) IMOTOKa C IOCTOSHHOM
CKopocTblo, paBroi U. ToJsinyHa BhITeCHeHHs §* NpuUMepHO COCTaBsieT
OJHY Tperb TOJILHHEI TOrPAaHHYHOrO cjos 6.

BryTpu TypGyJeHTHOro NOTpPaHHYHOIO CJIOSI HMeeTcss ofsacTb He-
NOCPEICTBEHHO NPHMBIKAIOWAs K TOBEPXHOCTH TBEPAOIO Tesa, B Mpe-
Jle/lax KOTOpPOH JKHUIKOCTb ABHIKETCS JaMHHApHO. JTy 06GJacTb NPHHSATO
HasblBaTh JaMuHapHbM nogcnoeM (JII1). Tlonarasi MsBecTHBIM pacmpe-
JleleHHe CKOPOCTell B JIAMUHAPHO ABHXKYIUEHCH MKUAKOCTH, 3HaYeHHe Ka-
CaTeJbHOTO HANpPsXKEHHs Ha CTEHKE Ty MOXKeT ObiTh PAacCYHTaHO MO ypaB-
HEHHUIO

d
w=nit| | 2.2)

rie W — IMHAMHYECKHil KO3(QQUIHEHT BASKOCTH, Ila-c; T — KacaTesb-
noe HanpsikeHue, Ila. TTonyueHHoe 3HaueHHe T, B AaJbHeHIIeM HCIOJb-
3yercsy AJisi pacyera CWJl TPEHHS U a5POJHHAMHYECKOTO CONpPOTHBJIEHHS.

2.2, YPABHEHHA NOIrPAHHYHOI0 cJjiost
AJi TEYEHUA BAOJib HJIOCKOFI NJACTHHBI

Pemenne ypaBHeHuil IBHKEHHsS B CaMbIX OOIMIHX CyYyasiX MpeacTaB-
Jigercs JOBOJBHO CJOXHOK 3ajauell naxe AJas cjayyas JIaMHHapHOTO.
TeueHns XKuikoctd. B 1904 r. JI. Ilpanaraem 610 HOKa3aHO, YTO BJIHA-
lIHe CHJI BAISKOCTH NPOSIBAsIETCH JHIIb BOJWH3H 0OTEKaeMbIX MNOBEPX-
nocreff. 1y 06.1aCTh OH M Ha3BaJ MOTPAHHYHBIM cjoeM. IIpH 3ToM ToJ-
IMHA STOTO CJIOSI Maja B CDaBHEHHH C XapaKTEPHEIM pa3sMepoM Tesa L.

[lpucrynum Tenepb K ynpomeHHio ypaHeHuit Habbe—Crokca aus
TEYEHHS B MOTPaHHYHOM CJIOe. s 3TOr0 NPOH3Be/IEM OLEHKY OTAEIbHbIX
IJIEHOB ypaBHEHHH ¢ TOYKH 3DeHHs NOpsJKa HX BEeJHYHH. B coorTser-
¢tBHH ¢ (2.1) AnA HeCKHMaeMBIX IIOTOKOB XKHIKOCTH, IIJIOTHOCTDb
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KOTOPBIX CUUTAeTCst NMOCTOSIHHOH, yPaBHEHHsI MOTPAHHUYHOIO CJOS MpPH-
MYT BHJ:

ou ou . Ou 1 dp
T EH Ty T T T 6y2’

=0.

(2.3)
T oy

Cucrema ypaBHenu#t (2.3) HaspiBaeTcs ypaBHeHusMu [lpanarasa asus
MOrPaHUYHOTO CJIOS.

Kak 6p110 nokasano B [11, ypaBuenne HaBbe—Crokca sl m10CKO#
3aJayd NPHMEHHTEJIbHO K TMOTPAHHYHOMY CJIOK MOXKET GBITh NPHBEIEHO

K Buay (2.3). ITOT Nepexoj CnpaBelIuB AJA Clyyas, ecid yucao Re —
2y 2y
BeJHKO, TO —= —r g

ap k, -
ay-—>0 U~’6, -a—x-~6

CkopocTe norteHHasabHOrOo TeueHuss U (x, T) caegyer paccmaTpuBath
KaK H3BecTHYI0 GQYHKIHIO, ONpeessiollyio pacrnpejeseHHe JaBJaeHHs
NOCPEJCTBOM ypDaBHEHHS

U U 1 dp
StV =% (2:4)

Ins crauHoHapHOTrO TeyeHHS CHCTeMa ypaBHeHHH (2.3) mpuHHMaeT
BHA:

ou Ou
whrtogr=——Lpv
ox Zi p dx 2.5)
npuqu TpaHHYHbIMH ycaoBusAMH Oynyr 4 =0, v =0 npu y =0 u
U (x) npu y = oo.
ypaBHeHHH (2.3)—(2.5) coxpanswT cBOW GOPMYJTYy IJs CIydas
HCKDHUBJIEHHBIX CTEHOK, NPH YCJOBHH, YTO PaAHyC KPHBH3HBI CTEHKH
He mpereprieBaeT oueHb GoJsblMX H3MeHeHHH (R > §).
llenpio yMHTErpHpPOBAHHA YpaB-
HEHHH NOTPaHHYHOTO CJI0S1 ABJSETCS
noJiyueHHe TNpoduasT  CKOPOCTEH.
3Hasi pacnpejesieHHe CKOpoCTeH B
MOTPAHHYHOM CJIOE, MOXKHO BBIYH-
CJIHTb CONPOTHBJIEHHE, BO3HHKalOLIIee
BCJIEACTBHE TpPEHHS JABHXKYyLIEHCSH
XKHKOCTH O TIOBEpXHOCTb Testa. [list
3TOro HeoOXOAMMO MPOHHTErPHPO-
BaThb KacaTeJbHOe HanpsKeHHe Ha
Puc. 2.3. K onpefenenmio cuns conpo- CTEHKE I10 BCeH MOBEpXHOCTH TeJa.
THBJECHHS TPeHHS B camom ofem cayvae IS HHIHH-
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JAPHYECKOH IIOBEPXHOCTH CHJIa CONPOTHBJIEHHS Tpeuus (puc. 2.3) ompe-
JensieTcst 1o gopmyJe

Frp=1b Y tocospAs, (2.6)
" s=0

rie b — mWHMpHHA NOBEPXHOCTH; ¢ — YroJ MeXIy KacaTeJbHOH K Io-
BEPXHOCTH. M HalpaBJIeHHEM OCH X; § — KOOpJHMHaTa, u3Mepsemasi BAOJb
TOBEP XHOCTH. -

[Tonoxus As ~ ds, npeinctaBuM dx = ds cos ¢, TOTAa

Frp = bpxio (%)yzo dx. 2.7)

Takum o6pasoM, AJs BEIYHUCAEHHS CHJIB CORPOTHUBJEHHS TPEHHS
HeoOGXOAHMO 3HaTh I'PAJHEHT CKOPOCTH Ha cTeHKe. IIpu 3ToM moJaraercs,
YTO B Npejenax oT nepeiHedl 1o 3ajHeHd KPOMKH He NPOHCXOJHT OTPHIBA
JJaMHHapHOI'O TNOTPAHHYHOTO CJIOSI H €ro Inepexoga B TypOy/eHTHBIH.
B npoTHBHOM c/1yuae pacueT BeieTcs JHILb OT nepenHeldl KPOMKH A0 3THX
XapaKTepHHIX ToueK. [Ipu nasnpHeliieM HHTErPHPOBAHHH CJEAYeT YYHUTHI-
BaThb OCOOEHHOCTH HA3BaHHBIX SIBJIEHHH.

2.3. IPHMEPbI PEWIEHMSl YPABHEHHA
JAMMHAPHOTO MOTPAHHYHOIO CJIOS

Teuenue XKuakocTH BIOJNb OYEHb TOHKOH IJIOCKOH IJIaCTHHBI ObLIO
paccmorpeno I'. Buasuycom. Ilonaras dp/dx = 0, ypaBHeHue (2.5)
MOKHO IIPHBECTH K BHAY:

hd -+ v gy O '
0x oy oy’ 2.8)
a_”+ % _
ox T ox
NPH FPAHUYHBIX YCIOBUAX: 4 = 0 =019y =0unu = U gna y = oo.

Buiasuyc pemwms 3TH ypaBHeHHs, Aomyckas nogoGue npodusei cko-
pocTe#t Boab Beell muactuHbl u/U = f (y/8), npunuMas npu 3TOM, 4TO

8 ~y/ Ux/v. Bbuin monydeHbl C/IeIYIONHE BBIPAXKEHHS:

o 4,96x 4,96x
Vux/V V-Rexk l (2'9)
& — 1,72x __0,332U% I

= —=— H Tg = —F/———
VRex 0 VRex )

Mpumep 2.1. Bo3ayx c temneparypoit 15 °C TeueT BIOJb MJIACTHHBI CO CKOPOCTBIO
U = 5 m/c. Onpegenurs ToAuuHy noTpaHUYHOrO c0s Ha paccrosHuu ¥ = 0,25 u 1 Mot
BXOJHOH KDOMKH, MCHOJb3Yys ypaBHeHHs (2.9):

4,96-0,25

= 2% —0,0013 M;
1/'5-0,25/(1,4-107%)

6= —— 290l 00208 w.
V5 1/(1,4-107%)
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-¥Ynpouenusi, BeeneHHble [Ipanariem: B ypaBuenusi HaBbe—Crokcea,.
HO3BOJISIOT pelIaTh 3aZayd pacyeTa NOrPAHHUYHOrO cjos B HauboJee
npocroif nocraHoBke. ClelyIOmIHH Iuar B peUIeHMH STHX 3ajgay ObuI
cnenan Teonopom KapmanoMm. VM GbliH BBeJEHE! HHTerpajbHble COOTHO-
IeHus AJs norpaHuyHoro caosi. Ilpu Takom toaxone Tpe6oBaloch yI0B-
JIETBOPEHHE YPaBHEHHUSIM [BHXKEHHS JIHLIb B CPeIHEM JJs1 BCero cJiod
H BBHINIOJIHEHHE TPAaHMYHBIX YC/JIOBHH Ha IOBEPXHOCTH U BHeIHEH rpa-
HUIlE CJ0H.

PaccmoTpum KOHTpOJIbem 3JIeMeHT TOTOKA JJMuHON dx. B ero npe-
JleJ1aX KOJHYECTBO ABHIKEHHSI M3MEHSIETCS IPU Iepexojie OT OJHOro ce-
YeHHS K APYrOMY; TOTPaHHYHOMY CJIOK co00Iiaercsi KOJUYeCTBO JABH-
JKEHHS U3 BHelIHero nmoToka. CHJIB TPEHHS ONPENe/SIOTCs KacaTelbHbIM

HanpameﬂneM Ha crenke. Torza mpis 3/IEMEHTa HMeeM fananc cux (a1s
cz=1 M)

[ 6. -
U ;—xjud'y dx = p%—‘]zﬂdy dx + o dx;
0 0

8 ,
%J(%‘*%)dh—v%- | (2.10)

DT0 ypaBHEHHe MOMKeT ObiTh DEILIeHO, €M 3a4aHO paclpejeseHHe
ckopocredit u/U = f (—"é—) AHanpnMep, B BHJE CTENEHHOFO psja

r=ata()+a(L) +a(L)+ @l
OrpannuuBasicb NEPBBLIMH TPeMs UJE€HaMH psja
fmwba(f) ba(d)

H HCIIOJIb3Y$l H3BECTHEIE I'PAHUYHEIE YCJIOBHS, uMeeM pu y =0 u u =0,
@ =0; mpu y =08 u = U; a; + a, = | ¥ TaK Kak 3a npejesamy Io-
TPAHHYHOTO CJI0SI CKOPOCTb OCTaeTCs NOCTOSAHHOH M paBHOH U, To npHu
y = 0 0u/dy = 0; a; + 2a, = 0 mosmyuuM CJIeIyIOlHe 3HAYEHHS KO3(p-
¢unuentos: a, = 0, a;, = 2 u a, = 1. Torga BeipaxkeHune 171 pacrnpe-
LeNeHHsi CKOPOCTH NPHOODETaeT BHA

#-2(4)- ()"

[MoacraBisis mosyueHHBIH TNpoguab CKOpocTH B ypasHenue (2.10),
HMeeM:

5 — 5,48x .
 VRex '

s 0:365U% ‘ (2.12)
0 VRex
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Cuna Tpenusi Ha faaCTHHE AMHHOM [ H umpxmon b moxeT OwIth pac-
CYHTaHa Mo QopmyJie
p ‘
Fup= | btodx = 0,730y Tippl. 2.13)
: 0

I]pmwep 2.2. Jns ycnoBHI, 3ajaHHHIX B NpeAbifyllefl 3ajaue, ONpeflesIATb CHIY

CONPOTHBJICHHA TpeHHiO, €CJIH IUMDHHA IIACTHHLI paBHa 1 M.
Frp=0,73-1 y 53.1,81.107%.1,29.0,25 = 0,0199 H;
Frpp=10,73-1 V' 53.1,81.1075.1,29-1 = 0,0394 H.

Bo Bcex paccMOTpeHHbIX Bbillle CIydyasiX NpPHHHManocb, yto U =
= const u, caenosarenvHo, (dp/dx) = 0. B Gosee ofiem cayyae, Koraa
JKHJIKOCTh TeyeT OKOJIO Tesa NEepeMEeHHOH TOJMIUMHBI MJAH B 3aKPBITOM
KaHa/je TepeMeHHOT0 CeyeHHs, BO3MOXKHBI H3MeHeHHs CcKopocTH U,
torpa (dp/dx) = 0, u, corsiacHO ypaBHeHHIO (2.4),

1 d dau
—?d—f—Uw- (2.14)

[Tonoxum, uTo AJA 3JeMeHTa [OTOKa dx HMeeT MeCTO H3MEeHe-
HHE KOJIMYeCTBa ,[[BI/I)KEHHH OﬁyCJlOBJIEHHOG H3MEHEHHEM [aBJICHHSA

18 (p A T dx) — 18p = 83 o dx. (2.15)
Torna ypaBHEHHE MOMEHTOB anMeT BHIL
8
- d u u? o 8 dp
TJ(U , U2>d — U2p +UZPW’ (216)
0 .
uiaH, coryacHo (2.14), umeeMm -
s ,
d u u? T 8 dU
w G- w=gh-g& @)

0

[lpumenuM Te e aneMbI H K 3TOMy, GoJsiee C/IOXKHOMY, C/ydalo,
nosarasi, 4ro

3 o
;—ao-l—al —l—az< >—[—a3(~g>+...,' (2.18)
NIpH STOM IPaHHYHbIE YCJIOBHS HMEIOT BUA pn y = & u = U, g—z =0;
o2 62 du -
# =0, nipy y=0 u=0; —55/—;’—= ——3——3;— [Tocnennee rpa-

IIHYHOE YCJIOBHE MOJYYEHO W3 ypaBHEHHH norpamuuHoro ciaos (2.5).
[To mpuBeeHHBIM TpaHHYHKIM YCJIOBHSAM OTIPENIIAIOTCS KOHCTAHTHL a;
B nosnHoMe (2.18)

= ()57 (5 (T2 (5)+ =) (%)

(2.19)
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Pewenne ypaBhenus (2.17) mocne mHoACTaHOBKH (DYHKIHH pacmpe-
JeJeHUs1 cKOpoCTH (2.17) MOXKeT OBITh OCYIUECTBJIEHO YHCJEHHBIM METO-
ZOM, TPH 3TOM J0JKHA ObITh 3ajaHa BenuuuHa dU/dx; cuer ocylects-
JisieTcsl 10 BCeH NOBEPXHOCTH TeJa OT BXOJHOH KPOMKH.

2.4, OTPbIB NMOrPAHHYHOrO Clios

sIBnenne oTpbiBa I[OrPAaHHYHOTO CJAOSI JOJKHO YYHUTBIBATbCSl IIPH
pacuyere CHJ CONPOTHBJEHHS TPEHHIO. PacCMOTPHM NPHYHHBI BO3HHKHO-
BeHHSI 3TOro sipJeHusi. Korjza »KHAKOCTb JIBHXKETCSI BHOJb ITIOBEPXHOCTH
TesMla ¢ yYMeHbluamleHcs: ckopocTblo cBoGopHoro noroka U H, cienoBa-
TeJBHO, C YBEJHUHBAIOUIMMCS JHaBJEHHEM, paclpejeneHue CKopocTefl
B MOTPaHHYHOM CJIOE IpeTepreBaeT U3MeHEHHs, NOZOGHbIE NOKa3aHHBIM
Ha puc. 2.4. OueBHAHO, YTO 3aTOPMOXKEHHasl B HOrPAHHYHOM CJIOE KHJ-
KOCTb HMeeT MeHbLIHH 3anac KHHeTHYeCKOH SHeprHH (ecJH CpaBHHBATb
€e C OCHOBHBEIM HEBO3MYILEHHBIM MOTOKOM), IIO3TOMY OHa He MOXKeT Ipo-
ABHHYTbCS B 00J1aCTh MOBBILIEHHOI'O JaBJIEHHS, a OTKJIOHseTcs or obJja-
CTH HOBHIIIEHHOTO IAaBJEHHS H OTTECHSIETCS] OT MOBEPXHOLTH CTEHKH BO
BHEILHIOI YacTbh MOTOKAa. BOIH3U CTEHKH 3aTOPMOXKEHHAs] XKHIKOCTb IOJ,
LeHACTBHeM Nepelnaja JaB/JeHHE HaYHHaeT ABHFAaThCA B MPOTHUBOIOJIOXKHYIO
cTopoHy. B Touke OTpBIBA NOTPAHHYHOTO CJIOS AOJIMKHO BBINOJHATHCA
ycnoBue (du/dy)y—o = 0. Hcnoabsysi dyHKUHI0O pacnpeneneHHsi CKOpo-
cTeit B norpaHuyHoM ciaoe (2.19), MOXKHO OMnMpejeuTh MOJOXKEeHHe TOUKH
OTpHIBA '
“du Uy/C

> 3 (_6- +2) =0, (2.20)

OTKyJla mpefe/bHasi TOJIHHA MOTPAHHYHOTO CJIOS, IIPH KOTOPOH IpoHc-
XOIHT OTpHIB, paBHa

y=0

6:1/(~12v),/(dU/dx), , | (2.21)

npu 3toM dU/dx RO/KHO HMeTh OTpHLATeNBHBIH 3HaK. TakuM o6pasom,
OTPLIB INOTPAHHYHOTO CJIOS MOXKeT HalJiogaTbCsl B 3aTOPMOXKEHHBIX
AOTOKaX (MMeTCsl B BHJAY AO3BYKOBBIE CKOPOCTH). :

OTpBIB NOrPaHHYHOTO CJOsI OT IOBEPXHOCTH TeJa YBEJHYHBAET
CHJIY COTPOTHBJIEHHSI TPEHHIO, YTO NMPHBOAHMT K yBEJHYEHHIO a3pOJHHA-
MHYECKOrO CONpDOTHBJEHHs. B NpOTOYHOH YacTH BEHTHJIATOPA 3TO
sBJIEHHE NPHUBOIUT K cHHXKeHHIO ero KII.

il 1
U
| S
[
l
l——.»x
Puc. 2.4. [IBuKeHHe KHIKOCTH C OTPHIBOM MoO- Puc. 2.5. K npumepy pac-
IPAHHYHOrO CJI0% 4yeTa mpefeabHOH TOMIUHBI

HOrpaHHYHOro CJIos
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Mpumep 2.3. Boagyx c TeMneparypoit 15 °C Asuxkercs B miockom fuddysope ¢ pas-
Mepamu dy = 0,25 M, dy = 0,5 M 0 [ = | M (puc. 2.5). OnpegesuTh MaKCHMaNBbHO AOMY-
CTHMYIO TOJIIUHY MOTPAHHYHOTO CJIOSI, TaDAHTHPYIOUYIO OTCYTCTBHE €T0 OTPHIBA B CPef-
HeM ceueHun nudipysopa. CornacHO ypaBHEHHIO CIUIOMIHOCTH U3dy = Upd,y, TOTAA AJS
AaHHOTO AH(bdy30pa 3aBHCHMOCTb H3MeHeHus CKOpocTH B Anddysope U = 15 [1/(x 4+ 1)],
cJIefioBaTe/bHO,

dUu 1

=—15

dx . (x+1)2"=~15

1
((],5——_+_i_)-2 = — 6,67 (M/C)/M,

corsmacHo (2.21), mpeRenbHas TOMUIMHA NOTPAHHYHOTO CJIOS

8 =9/(—12) (1,4-1075)/(—6,67) = 0,005 M.~

ITosToMy NpH NPEBLIIEHHH TOJNIIHHB NOIPAHHYHONO CJOS B 5 MM NPOH30HZET €ro
OTPHIB OT CTeHKH Auddysopa. :

'2.5. TYPBYJIEHTHOCTb
W TYPBYJEHTHBIA MOTPAHMYHbBIA CJIOA

B n1aMHHapHOM INOTPaHHUWHOM CJI0€ KHAKOCTb IepeMelliaeTcs napasi-
JIeTbHBIMH CJIOSIMH, MEXIY KOTOPBIMH BO3HHKAIOT CHJIBI TPeHUs, 06yCJI0B-
JIUBAWOLIHe TpajUeHTH cKopocTeh B caosx. C yBesnueHueM uucaa Peii-
HOJIbJCA AJsl [IOTOKAa XapakTep ABHKEHHS KHAKOCTH NepecTpanBaercs,
B OTJIHYME OT JIAMHHADHOTO TeYeHHe CTAHOBHTCA HeYyCTOHYHBHIM, HEYIO-
pSIIOYEHHBIM, B HEM IOABJSIOTCS He3aTyXalollHe NONepeyHble MyJabca-
[IMOHHEIE KOMIOHEHTH CKOPOCTH. PeXXHM TeueHHs, NPH KOTOPOM KOMTIO-
HEHTBbI CKOPOCTH B TOYKe H3MEHSIOTCSl IO BeJIHYHHe U HaIpaBJEHHIO OT-
HOCHTE/JIbHO OCPEeJHEHHOIO BO BPEMEHH 3HaueHHs], HasmBaerca myply-
AeHmAbIM. DTO TeueHHe OoJiee XapaKTEPHO I/s 3a/au aspOJHHAMHKH.
Ha puc. 2.6 nokasaHo u3MeHeHHe KOMIIOHEHTHI CKOPOCTH #, 00YCJ/IOBJIEH-
HO€ myJabcauusMH cKOpocTH u#'. CKOPOCTb 4 MOMKHO NpPEACTAaBHTb Kak

We=a+u, (2.22)
< [udr (2.23)
] |

Jnsi ocpefHeHHA CKOPOCTH CJelyeT BHIOHpPaTb TaKOH ITPOMENKYTOK
BpeMeHH AT, IIDH KOTOPOM ee 3HaueHHe COBEPIIEHHO He 3aBHCeNO Obl
OT BPEMEHM, T. €. Korja OYAeT BHINIOJNHSTbCS YCJAOBHE

T
I ’
| wdr=o0. (2.24)

0

rjne

u

I

‘

ITpu 3TOM cpeinee 3HayeHHe &' 32 3TOT Xe NEPHOJ BPEMEHH He PaBHO
nymo. Typ6yJeHTHOe TeueHHe MOKHO NPeICTaBHTb KaK CyMMY OCpeJHeH-
HOTO H NyJIbCAaLHOHHOTO JIBHKeHHA. [lysbcanvoHHOEe ABHXKEHHE CO CKO-
pocTsivi u', v’ W w’ BAHSIET Ha OCPeJHEHHOE IABHXKEHHE CO CKOPOCTSMH i,
U H @, TakuM 06pa3oM, YTO B NOC/EHEM yBEJHUHBAETCS CONPOTHBJIEHHE
BO3HHKHOBEHHIO JeopMaluil, YTo MPOSABJISETCH B YBEIHYEHHH 3(pdek-
THBHOH BSI3KOCTH OCPEIHEHHOro ABHKeHHs. CTeneHblo TypOyJeHTHOCTH €
IIPHHATO Ha3biBaTh OTHOLUEHHE CPeJHEKBAJPaTHYHOTO 3HAYEHHs MyJbca-
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»——f"‘
) - N - u
A A A /l A /3'
IV VVYHY W N
. ~ N &3 g
| T
= 77 //////1
Puc. 2.6. T'paduk nyapcanuum cKopo- Phc. 2.7. Tipopuas ckopocTedr
CTH NOTOKa B 'ryp6y.|1em‘ﬂom NOTOKe

HHOHHOH CKOPOCTH B JaHHOH TOuKe TypéyﬂeHTHoro MOTOKAa K OCpeJHeH-
HOMY 3HAQYeHHIO CKODOCTH

. Vo5t +ot+at) (2,25
: i g .

- Ecav XuaKoCTh ABHIKETCS BIOJb TBEPAOH NMOBEPXHOCTH, TO TOJIIIIHHA
JIAMHHAPHOTO -IIOTPAHHYHOIO CJIOS YBEJIHYHBAETCsl A0 ONpPeleJ]eHHOIo
3HaueHust (cM. puc. 2.1), W Jajee NPOUCXOAHT NEPeXox JaMHHAPHOTO
HOrPaHHYHOTrO CJ1051 B TYPOY/IEHTHBIH. STOT HepeXxof ONpelesseTcss KpH-
THYECKHM 3HaueHHeM uucaa Peifinonbiaca Re, = Ux/v, Koropoe JexuT
B npegenax 3-10%—-3-10%, a x mpu aTOM OmpenessieTcss Kak paccTosiHHe
OT BXOZHOH KPOMKH 10 TOYKH nepexozna. DakropamH, BIHSIOIHMU Ha
Hayajo Iepexoja, SBJSIOTCS IHEPOXOBATOCTb NOBEPXHOCTH, GdopMma
BXOJHOH KPOMKH, CKaYOK J|aBJeHHs U T. ., HO BCerja B HeNocpeACTBeH-
HO# OJIM30CTH K CTEHKe HMeeTCs JiaMHHapHbIH mnoachofi. B xkauectse
nepBOro NPUGIHKEHHS MOXKHO IIOJOXKHTb pacrpejeleHHe CKopocTeH
B JIaMHHApHOM TOJCJO€ JHHEHHBIM, TOrJa pacrnpeles]eHHe cKopocTel
B .TypOyJ/JIeHTHOM HNOTpaHHYHOM cjoe OyZer cooTBercTBoBaThb puc. 2.7,
rae 0; — ToJsIHHA JIAMHHapHOTO IOJAC/IOS; U; — CKOPOCTB Ha €ro rpa-
Huue. Pacnpepenenne ckopocrefi B JIaMHHApHOM TIOACJHO€ B COOTBET-
CTBHH C NPHHSATHIM NPHOGIHXKEHHEM IOXUHHSETCS 3aBHCHMOCTH '

U/Ui = y/ai' (2.26)

Janee pacnpejiesieHHe CKOPOCTEH MO TOJIIHHE HOTPAHHYHOTO CJI0S
3aMeHsieTcsl HauboJiee TpHEMJIEMOH H COOTBETCTBYIOLIEH 3KCIEePHMEH-
TaJbHbHIM JIaHHBIM anNpPOKCHMHPYIOWEH 3aBUCHMOCTbIO. i morpanuy-
HOTO CJI0SI OKOJIO TJIOCKOH mIacTuHBl KapmaHoM Oblia mpefoxkeHa cre-
pyomas dopmysa:

wlU = (y/8)'7. (2.27)

Hcnonbsys ypasHenus (2.26) u (2.27), MOXHO HaHTH NOJOXKEHHE

TOYKH Iepexoja JaMHHapHOro NOACO0s B TypOYJIEHTHBIH CJIOH, KOTOpPOe
onpenensiercs §;

6,/6 = 82,0/(USv)'. | (2.28)
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Hckiouns us . paccmorpenusi §; u U; W COCTBIKOBaB ypaBHEHHSA
pacrpejiesieHHsi CKOpPocTed B mMojcaoe u TypOyJIEHTHOH uacTd cJos,
MOXHO MNOJNYYHTb 3aBUCHMOCTH JIJIsi KacaTeIbHOTO HAaNPSXKEHHS T, H
TOJLIMHBEL cJa0si O:

TO:‘

pu”t o1 )1/4 _0,0227pU2 |
44 ( V2§ T wsm\A
_ 0,376  0,376x
U Ren)

CpaBuuBas Bhipaxkeuusi (2.12) u (2.29), mosyuaeM, yTo AJs JIaMH-
napHoro ciost § ~ x/2, a naa TypGynentHoro 6 ~ x5, MoxHo yTroU-
HHTb H3JIOKEHHOEe 3J]leCh pelleHue, BBeAs napaGo/iHyecKoe pacrpejesie-
HHE CKOpPOCTel B JlaMHHAapHOM mojcnoe. Mwmetores u apyrue npubiamxe-
HHS, KOT?pble NPHBOASITCH B CIENHaJbHOMH JmTepaType HanpnMep[I
3, 17, 33

(2.29)

2.6. CBOBOAHASl TYPBYJIEHTHOCTb

TypOy/ieHTHBIE TeUeHHs, KOTOPblE HE OrpaHHYeHbl KAKUMHU-JHG0 CTEH-
KaMH, HMEIOT MeCTO IIpH paclpelesieHHH BO3AyXa, I0JaBaeMOro BEeHTH-
astopoM B noMemeHda. CBoGopHas TypOyJeHTHOCTb HaGaIogaercs:
Ha cBOOOJHOH rpaHHLle CTPYH, B CBOGOAHOH CTpye H B «CJefe» TeYEHHS
3a JBMIKYILIMMCS TEJIOM. ‘

Ilox cBoGopHol rpanuuedl CTpyH CJeAyeT IOHAMATh [OBEPXHOCTb
COTIPHKOCHOBEHHsI JABYX MOTOKOM BO3AYyXa, JABHXKYWIHMXCA B OJHOM Ha-
NPABJIEHHH, HO C PA3JIMYHBIMH CKODOCTSIMH. Ora rpanula KpaiiHe He-
YCTOHYHMBA, YTO SIBJSIETCS OCHOBHOH NPHYHHOH NOSIBJEHHS 30HBI TypOy-
JIEHTHOI'O IepeMeIllMBaHus, DPa3BUBAIOWErocs BJOJAb [0 TEUEHHIO.

Co cBOGOIHBIMH CTPYSIMH MbI BCTpeYaeMcst NPH HCTEUEHHH BO3AyXa
H3 OTBEPCTHH WM HacafokK. Takas cTpys CTaHOBHTCS TypOyJeHTHOH
110cJIe BBIXOLA H3 OTBEpPCTHS, YTO OOYC/IOBIHBAET YaCTHYHOE IE€pPeMelld-
BaHMe C OKPYXaIoUIUM ee MOKosiuMcsa Bo3nyxoM. CTpys yBieKaeT 3a
co6o# rpanHYamMi ¢ Hell BO3AyX, MO3TOMY Macca Bo3ayXa, NPOXoAsias
yepes ee MONEPEYHOe CeYeHHe, YBETHYHBAETCss [0 Mepe YAaJeHHs OT
OTBEPCTHS, CTPYS PaCIUHPSIETCS, HO NPU 3TOM INOJHBIH HMIYJbC CTPYH
coXpaHsieTcsl MHOCTOSIHHBIM. [lo3aiu HemoJBHXKHOrO Tesna, o6TeKaeMOTo
NIOTOKOM BO3JyXa, obpasyercsi CJef.

Bce TypOyseHTHEIE TEueHHs], HE OrpaHHYEHHBIE CTEHKAaMH, IOXYH-
nsgTes o6lmefl TEOPHH INOTPAHHYHBIX CJIOEB (TOMIIKHA CJOS MHOTO
MEHbLIE ero nporsixkeHHocTH). CeJcTBHEM 3TOrO (aKTa SIBJASETCS HIEH-
THYHOCTh Ju(epeHIHaNbHEIX YPaBHEHHH, ONHCHIBAIOMIUX 3TH [Ba $B-
Jenusa. Jns onHcaHus cBOGOAHOA TypOyJEHTHOCTH Mbl MOXKEM HCIOJb-
30BaTh ypaBHeHHﬂ BHJA:

Ou ou dv 1 or,
Ty T

o p oy’ (2.30)
u U ’
w =0

rie T — BpeMms; T — KacaTeJbHoe Hanpﬂmeﬂne 00yCJ/IOBJIEHHOE TYyp-
Oy/JIEHTHRIM TpPEHHEM.
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Jns uHTerpupoBanus ypaBHeHHH (2.30) Heo6X0AUMO HMETb ypaBHe-
HHSl CBSI3H KacaTeJbHOTO HaNpSIKeHHA C BeJHYHHAMH, XapaKTepusy-
IOMIMMH JBHXKEHHE, KOTOphle, KaK IPaBHJO, HOCAT IOJNYSMITHPHYECKHI
xapakTep. Tak, A/ OJHHBI NYTH NepeMelINBaHus [ MOXKHO HCIIOJIb30BaTh
¢opmyany Ilpanaras

(2.31)

HJIH ee MoAu(pHKaLHIO
oty (&Y (%) 23)

rae /; — nauHA, sBasomascid (QyHKIHeH TOJbKO IOJOXKEHUS TOYKH.
st pacuera KosdduienTa TypOyJeHTHOr0 0OMEHa MOXKHO BOCIIOJIb-
3oBarbcs (GopmyJsolt [lpanaras . :

) L0
T = A '(‘35' = p¥1b (Umax — Umin) "55 ’ (2.33).

rae b — ImHpPHHA 30HBI MEpPEMEIIHBAHHSA; X, — SMIHPUUECKAs NOCTOSIH-
HasA; A = pKyb (Umax — Umin) — KO3dHIMEHT TYypOYyJNEHTHOTO O6MeHa,
NpHHUMAaeMbll TNOCTOSIHHEIM IO BCeHl LIHPHHE 30HHI NepeMeLIHBaHHS.
B03MOXXHO HCIIO/NIB30BaHHE H IPYTHX ypaBHeHHH, HanpuMep Kapmana,
Tefinopa, Bau-pucra, npuBesenubix B [1]. PesynbraThl, moJdydYaembie
TP OPHMEHEHHH 3THX (GOPMYJ, OTIHYAIOTCS HE3HAUHTENbHO, Npefnoy-
TEHHe CJAeNyeT BCE Ke OTAaThb ypaBHeHHIO (2.33).



FnasaO. MTOTEHLUAJIbHBIE TEUEHUY |
HEC)KUMAEMOM JKUIKOCTH

YCTaHOBHBLIHMCSL NAOCKUM NOMEHYUANbHbIM MedeHtem HecXKMUMae-
MOTO rasa (PKHAKOCTH) HAa3bIBAIOT TaKoe [BHXKEHHE YaCTHI[ rasa, IpH
KOTOPOM INpPOEKIHH HX CKODOCTH U, U MOXKHQ BHIPA3HTb B BHJE YaCTHHIX
NPOH3BOJHBIX HEKOTOPOH (PYHKIUHH ¢ HO KOOPAHHATaM X H y. dta QyHK-
UMS Ha3bIBA€TCH MOTEHIHAJJOM CKOPOCTH, a aHAJHTHYECKOE BHIpaXKEHHE
TAKOI'0 TEYEHHS MOXKHO 3aMHCATb B CJAEAYIOIEM BHJE:

=%, % @3.1)

IToTennuanpHoe TeUeHHe MPOHCXOAUT Ge3 BpallleHHs YacTHIL KHAKO-
cTu (rasa), T.e. BO BCeM OOBEMe KHJIKOCTH BEKTOp YIJIOBOH CKOPOCTH
TOXJECTBEHHO paBeH HyJo. IlojuepkHeM, 4TO YacTHUBI B NMOTEHUHaJb-
HOM TNOTOKe MOI'YT ABHIaThCS IO CAMBIM Pa3/JUYHBLIM TPAEKTOPHSAM, B TOM
yHc/ae H 110 3aMKHYTBIM, OFHAaKO NPH 3TOM OHM HE MOTYT Bpallarbes
BOKPYT co6cTBeHHBIX oced. CTporo roBopsi, NOTEHIHAbHOE TEYEHHE —
3TO MJeaTH3HPOBAHHOE TEeUeHHE, IIOCKOJbKY B TEXHHKE OHO B YHCTOM
BHJe He BCTPEUaeTcsi, a CyLecTBYIOLIHe peasbHbEIe TeUEHHS JHIIb B ONpe-
JleleHHOH Mepe MOryT ObITb OTHECeHbl K IOTeHUHaJbHbIM. Mexay Tem
B psZie cJAyyaeB MOHSITHE NMOTEHIHANbHOIO OTOKA HMeeT BaXKHOE NPAaKTH-
yecKoe 3HayeHHe, B YAaCTHOCTH: NPH H3yYeHHH CBOOOJHBIX IIOTOKOB H
CTpYHHBIX TeueHHH; Npu oO6TeKaHUH NIOTOKOM rasa TBepAbIX TeJ, pacuere
loJieit cKopocTell M JaB/eHHH BOKPYT Tesa; NPH ONpEAeJeHHH CHJ, AeH-
CTBYIOLIMX Ha oOTeKaeMoe TeJo, PacyeTe LHPKYJ/ISIHH U HOLABEMHOH CHJIBI
KpbWIOBOrO mpoduJiss U peIeTKH nmpoduaeH H B APYTHX cayyasx.

Teopuss nmoreHLHAJbHBIX TEUeHHH OCHOBHIBAeTCS Ha psfle NpeAno-
CBHITIOK, BaXKHeHIeH H3 KOTODHIX SBJsieTCsi npeHebpekeHHe BA3KOCTHBIMH
CHJIaMH B CPaBHEHHH C HHepPLHOHHbIMU (Gosblune uncaa PefiHonbaca Re).
BBenenne Takoro ZONYyLEHHsI NO3BOJSIET AHAJHTHYECKH ONHCAThb JBH-
EHHe HIeaJbHOH (T. €. He HMelIlell BA3KOCTH) JKHAKOCTH KakK y IHo-
BEDXHOCTH TeJsa, TaK U BIAJH OT Hee. B peasbHBIX XKHJIKOCTAX M rasax
BSI3KOCTb, fABJAOMIAACT UX (H3UUECKHM CBOACTBOM, CTAHOBHTCH, NPHYH-
110d BO3HMKHOBEHHSA H YHHUTOXEHHs BHXDeH y TPaHHI, TBEpAOro TeJa.
Ecan BA3KOCTb XKHIKOCTH JOCTaTOYHO BEJNHKA, TO BHXPEBOe JBHUKEHHE
YacTHL B HeH MaJIOBEPOSATHO, MOCKOJBKY JI0O0H BUXPb, BO3HHKAIOMHH
y TOBEPXHOCTH, MONABJISAETCA CHJIAaMH BHYTPEHHEro TpeHus. Ecau xe
BA3KOCTb MaJna, TO, KakK I0KasaHo B M. 2, caelysa Teopuu llpanaras,
Bechb MOTOK MOXKHO DPasjeduTb Ha JBe 06/1aCTH: TOHKOTO IOTPaHHYHOIO
¢/101 (Y TNOBEPXHOCTH Tes1a), B KOTOPOM CHJBI TPEHHS CYIIECTBEHHHI,
H HeBO3MYIEHHOTO (MOTEHHHANbHOrO) TeueHHs (BAaJd OT TBepAOH
IOBEDPXHOCTH), TJi€ CHJIBI BSI3KOCTH MaJbl B CPABHEHHH C HHEPIHOHHBLIMH.
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[MorpaHnyHeIl CJIOH OKa3biBae€T 3HAYHTEJNbHOE BJHAHHE Ha TEUEHHE
JKHJKOCTH BOJIM3H NOBEPXHOCTH H CONPOTHBJIEHHE TeJa MOTOKY. BosHH-
Kaiolllie y NOBEPXHOCTH Tejla BAXPH IPOHHKAIOT B 06/1aCTh HEBO3MYILEH-
HOTO II0TOKa, BbI3biBasi B HeM TypOyJ/IeHTHEIe Hysbcanud. Teopus mo-
TeHLHAJbHBIX TEUEHHH AJIs1 pacyeTa IoJied CKOPOCTeH M JaBJIeHUH [OTOKA
-B TIOTPAHHYHOM cJioe Henpuem/aeMa. OfHaKo A/1d TeYeHHs BAAAH OT TBEp-
O NOBEPXHOCTH OHA BIIOJIHE YJOBJETBOPHTEJNbHO ONHCHIBAET ABHUKEHHE
JKHJKOCTH H P€3yJbTaThl pacyera IO 3TOH TEOPHH XOPOLIO COTJIACYIOTCH
¢ 3KCIepHMEHTaNAbHbIMH JAHHBIMH. "

PaccMoTpuM Temepb’ HEKOTOpbIE CBOHCTBA NOTEHUHAJIbHBIX TEYEHHH.
Kak wusBectHo, auddepeHuHanbHOe YpaBHEHHE HEPA3pPBIBHOCTH IJIS

IVIOCKOr'0 yCTaHOBUBLIEIOCs IIOTOKA HECXKHMAEMbIX KHAKOCTH HJIK rasa
HMEET BHJ

a 0
| S+ a—;’ =0. (3.2)
[loacrasass (3.1) B (3.2), nonyuaem ypasHenue Jlamaaca

02 02
T = o =0 (3.3)

-CiieoBaresIbHO, -[IOTEHIHMAA CKOPOCTH MNOTEHIHAJIbHOTO IIOTOKA He-
CXKHMaeMOH XKHIKOCTH ABJSETCS rapMOHHYecKOH ¢yHKuUHEH, H 3ajavy
HaXOXJEHHS NOJA CKOPOCTEH MOXKHO CBECTH K OTHLICKAHHIO NOTEHIHAJa
CKOPOCTH @ = @ (X, y) IPH COOTBETCTBYIOIHX IPAHHYHBIX M HauaJbHBIX
YCJOBHSAX, [IOC/E Yero 1o ypaBHeHHAM (3.1) MOXKHO pacCYUTaTh CKOPOCTh
B Ji060H TOYKe MOTOKa.

JJ151 II0CKOro MOTeHIMaJbHOI'0 TEUEHHS CYLIECTBYeT (DYHKIUsI TOKA P,
TIpHYeM H3 YCJOBHS HEPa3pPhIBHOCTH YaCTHBIE NMPOH3BOJHBbIE 3TOH (YHK-
IMH TI0 KOODJAMHATaM paBHBL:

0
Ay %‘%:u. (3.4)

CiI0KHB BTOpHI€ NPOH3BOAHBIE (GYHKIMH TOKa IO KOOpAMHATaM,
HMeeM: ,

~

Ry . @Y

T oE =y T ox (3.9)
I[Ipn ycnoBHM TOTEHLMANbHOTO ABHIKEHHs CIIOMHOH CPeAsl
dv _ Ou du ov

, % — oy Mgy~ =0
H ypaBHeHHe (3.5) MOXHO mepemucaTbh B CJEAYIOLIEM BHIE!

02 02
Lt e W‘Li =0. (3.6)

Cpasuusas (3.5) u (3.6), nesaeM BbIBOJ, 4TO QYHKIHS TOKa { TaKKe
SABJISIETCS. TaPMOHHYECKOH M CONpPSAMKEHHOMH C NMOTEHIHAJOM CKOPOCTH @,
NOCKONbKY 00e (YHKLMH CBsI3aHbl MexJy cobofi ycaoBueMm Komu—
Pumana : .

0 0y, _a(P____ai_ 3.7
=T YT T T S
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Takum o6pasoM, JHHUH TOKA 6)
M SKBHIOTEHLHAJH B nuockom % Y\ v A
MOTEHIHANbHOM IIOTOKE OpTOro-
HaJbHBI (nepneHaUK YIS PHEL)
Apyr Apyry. ' r

ITo ¢u3HyeckoMy  CMBICHY o
GbyHKIMST TOKa ecTb  pacxoj
JKHJIKOCTH (rasa) uepe3 TpYyOKY
ToKa. B co1yuae ugeajbHOH XKHJ-
KOCTH TBeplas HempoHHIaeMasi
IIOBEPXHOCTb  OOTEKAEMOTO TeNA  pyc. 3.1. dusnueckass HHTEPNPETAUHS CKO-
ﬁy,ZIET SABJATHCA IOBEPXHOCTBIO  pocTH NOTOKA B KOMINVIEKCHOH IVIOCKOCTH:
TOKa, a TPAaHHYHOE YC/JIOBHE Ha @ — B NPAMOYIOJILHBIX KOODAMHATAX; 0 —
CTEHKE NPHHHMaeT BHJL VYgp = B NMOAAPHBIX KOOPAMHATAX
= const. B cusy siuHeliHOCTH ypaBHeHHs Jlamaca cyMMa €ro 4acTHBIX
peleHHd @; H @, TOXKEe GyIeT pelleHHEeM 3TOro ypaBHeHHS (¢ = ¢,+@,),
a KOMIIOHEHTHI cxopocm 3TOrO PesyJIbTHPYIOLIEro MOTOKa ONpeesTes
BbIpaXKEHHSAMH:

™~

0 0 0
____(37(p= (P1+ % =t + Uy; 58
=F -y aq)“ =0+ 0.

CrefoBaTeNbHO, 1BAa MOTEHIHAJbHEIX TeueHHs 06JafaloT CBOHCTBOM
CYNMeprno3uliHy (HaJOKEeHHs); 3TO 03HayaeT, 4YTO IOTEeHIHAJbL CKOpOCTeH
H (QYHKIHH TOKa CYMMHPYIOTCS ameépautxecm a BEKTOphI CKOpOCTEH —
reomerpuyecku. IIpHHIMI CyNepHO3HLIMH IO3BOJSET, CYMMHDYST MpO-
crefilnie  MOTEHLHAIbHLIE TeUEHHs, N0JdyYaTh OoJiee CI0XKHbE, MOZOGHBE
TeM, KOoTopble HabJIOfaloTCsl, HallpUMep, NPH BXOAe BO3AyXa B KaHal,
CHa6XKeHHbIA KOJJEeKTOPOM, BBINOJHEHHBIM MO Jyre OKDPYXKHOCTH HJH
JeMHucKaTe, JuO0 NpH CJAUSIHUH HJH pa3lie/leHHH TOTOKOB, WJH IIPH
JIBU2KEHHH Ta3a B NPOTOYHBIX YacTAX HarHeTaTesed.

M3 MareMaTHKH H3BECTHO, YTO NOCKOJIBKY INOTEHIHAT CKOPOCTH @
M (QYHKUMA TOKa { CBSI3aHBI MeXAY c060ii cooTHolueHHeM (3.7), MOXKHO
C LEeJbI0 YNPOLIeHHS aHa/i3a MOTeHUHAJbHBIX TEUeHHWH M COKpalleHUS
YyucJia rnepeMeHHbBIX OOBefHHHTb 3TH (YHKUHH B KOMIIIEKCHYIO BeJH-
yuny. Torna ¢yukuua W = f (z2) KOMIJIEKCHOrO NMEPEMEHHOTO 2 = X +-
|- iy 6ynerT cocTOATb U3 A€HCTBUTENIbHOH MU MHHUMOH BEJHUHH, T. €.

. [ =9 y+ip(x ), (39
e i =1y —1 nmm 2= —1.
KoMrutekcHoe YHC/aI0 2 MOXKeT ObITh MpelCTaBI€HO B TPUTOHOMETDPH-
yeckoit dopme samucu (puc. 3.1, a)

2 =r(cos @+ isina), (3.10)

Ile 7.— MOAYJb KOMILIEKCHOrO TepeMeHHoro z; r =V x* - y% x
“rcosa; y =rsina; o — aprymeHT KOMIUIEKCHOTO YHCJAa 2, o
arctg y/x.
BaxuefiiiM cBoACTBOM (DYHKUHHM KOMILIEKCHOT'O II€PEMEHHOro (ee
I113LIBAIOT TaKKe aHAJHTHYECKOH (PYHKIHEeH WJIH KOMIJIEKCHBIM IIOTEH-

I
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1HAMOM) ABJSIETCS CAEAYIOLiee: MPOH3BOAHAS 3TOH (QYHKUMH Mo KOMIl-
JIEKCHOMY IlepeMEHHOMY He 3aBHCHT OT NYTH, IO KOTOPOMY IPOHCXOJHT
H3MEHEHHC HE3aBHCHUMOI'O KOMINIEKCHOIO IE€PECMEHHOro, T. €.

aw_ W oW
dz = 0x T oy’
oTCroaa
0w Aw w(z+Az)—w(z)

—_—= —-— =1

dz Az~>0 Az Az-0

¢<x+Ax,y)+iw(x+Ax.y)‘ Q*x y)—ip(x,y)
Ax

= lim
Ax->0

=90 N s (3.11)

~Takum o6pa3oM, NPOH3BOXHAS aHaJHTHUECKOH (YHKIMH MO He3a-
BHCHMOH NepPEeMEHHOH NpeACTaBJsieT co00H KOMIJIEKCHYIO IepeMeHHYIO,
JileHCTBHTeIbHAA YacTb KOTOPOH paBHA NPOEKIUHH HEKOTOPOH BEJHUHHBI C
Ha ochb abcuucc — 4, a MHHMas 4acTb — NPOEKUHUs ¢ HAa OCh OpJAHHAT,
B3siTass ¢ oOpaTHeIM 3HaKoM —v (puc. 3.1, 6). Dra BeJuuHHA HOCHT
Ha3BaHHE COMNpPSIKEHHOH CKOPOCTH C.

3epKa/bHble OTOGpaXKeHHS CONPSIKEHHOH CKOPOCTH ¢ OTHOCHTEIbHO
JeHCTBHTEJNBHOH OCH # 00pasyloT B IVIOCKOCTH 40U COBOKYIHOCTb Be-
JIHYHH KOMILIEKCHOM CKOPOCTH ¢ = 4 -~ iU HJIM INIOCKOCTb roforpada.
ckopoctH (puc. 3.1, 6). Kak caenyer U3 pucyHka, MOLy/IH COI‘IpH)KEHHOH
H KOMIUIEKCHOH CKOpOCTeH IIOTOKa OJHHAaKOBHI H DPaBHBI :

| lel=v/ur
Herpynuo yGenutbcsi, uTO ‘

c=u+w=|c|(c<>sa+ism°‘)?} (3.12),

C=u—iv=|c|(cosa — isina).

PackmanbiBast cos & U sin o B CTENEHHBIE PSAbI, NPEICTABHM KOM- '
IVIEKCHYIO H CONpSIXKEHHYIO CKOPOCTH B BHJE N0OKAa3aTeJbHBIX (YHKIHH:-

c=|c|e
c=|c|e i

ITosile3HO TPUBECTH eIille OXHO CBOHCTBO NMOTeHIHaJbHbBIX TeueHHuil. -

Hepr,ZIHO yOenuTbes, YTO INPH HAaJOXKEHHH IIOTEeHUHAJbHEIX TeueHHH

JpYyr Ha Jpyra HX KOMIVIEKCHBEIC IOTEHIMaJbl CYMMHDYIOTCS

=@+ Y= + @+ i (P +s) = @ + Py + @y + P, =

=HL@+LE=W +W,. : (3.14)

BBejeHue MOHATHS KOMILIEKCHOTO IIOTE€HIMAJa MO3BOJISET YNPOCTHTD

KapTHHY TeUeHHs, BBIICTHTb B HeM JEeHCTBHTEJNbHYIO H MHUMYIO HacTH H,
onpeneuB CONPAXKEHHYIO CKOPOCTb Z’, paccyuTaTtb noJasd CKOpOCTeﬁ.

[TpoaHanusupyeM HECKOJbKO NPHUMEPOB MNPOCTEHIIHX IVIOCKHX I10-
TEHHHAJbHBIX TEeYeHHH.
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3.1. MJIOCKONMAPAJJIEJIbHBIE MOTOKH

PaccMOTPUM IIJIOCKOE TMOTEHUHAJbHOE TEUYEHHe, BEKTOP CKOPOCTH
KOTOpPOT'O HanpaBJ/ieH HapajjeNbHO OCH alCHHCC B CTOPOHY €€ MOJIOXKH-
TEJbHOTO 3HAUeHHs1. BeauunHy (MOAyJb) 3TOH CKOPOCTH O0GO3HAUMM C.
OmnpenesuM mnapameTpbl TaKOrO TEUEHHSs.

ComnpsizkeHHast CKOpOCTb II0TOKA

c= gf—u—w | (3.15)

[TockoMbKY HOPOEKIHS CKOPOCTH C, Ha OCh OpPAHHAT (V) paBHa HYJIO,

a Ha ochb abuucc u = Gy, KOMIIVIEKCHBIA HOTEHIMaJ MOXHO 3alHcaTh
B BHIE :

W=¢+i¢=coz=co (x + iy). (3.16

Orciona @ = cex U P = Cpy.

I'paduueckas HHTepnpeTaunﬂ PacCMOTPEHHOro NOTOKA IpHBEJEHA
Ha puc. 3.2, a.

Bosemem apyroi c.nyqan KOr/Jla BeKTOP CKOPOCTH €, NapaJjesieH 0CH
ODAHHAT H HaNpaBJeH B CTOPOHY €€ MOJOXKHTEJIbHOTro 3HaueHHs. [Ipu
3TOM IpOeKLHUs ¢, Ha ocb abcuucc # = 0, a Ha ocb OPAMHAT U = C,.

KoMmnaekcHeIfi mOTeHL KA

W =09+ ip = —icz = —icy, (x + iy) = coy — icex, (3.17)
OTKYylla @ = Cof H P = —CoX.

Bun Takoro TeueHust npuBefeH Ha puc. 3.2, 6.
PacemotrpuM Tenepb (YHKIHIO

W = az, _ - (3.18)
r¢ a — HEKOTOpPO€ MOCTOSHHOC KOMIIVIEKCHOE YHCJIO.
a)
N | |
W=const
Lo " ¢
B ;
'S
3
S|
/) X
)
)3/ | &
I + !
oleonst B
K
3]
Sk

Puc. 3.2. TIpaduueckas HHTepnpeTauus npsMoauHeiiHoro
NJAOCKOT0 MOTEHUHAJILHOr0 MOTOKAa: @ —ot = 90° 6 — o =
= 0; 8 —a=30°
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Tak kak v
W =df/dz =a=const =u—iv=20=|c|(COsa — isina) = |cy| e,
(3.19)

TO-OTCIOZA CJIEAYET, UTO @ €CTh IIOCTOSIHHAS MO BCeH IIOCKOCTH, OXHHa-
KOBasl IO BEJTHYHHE M HANpPaBJEHHIO CONPSIKEHHAs CKOPOCThb Co. KoM-
IJIEKCHAst CKOPOCTh 3TOTO TeYeHHsi, corqaacHo (3.12),

c=u-+ iv=|c| (cos a -+ isin a). (3.20)

[Moc/ieiHee BhIpaxKeHHE MpeACTaBJsAET COGOH KOMIIEKCHYIO CKOPOCTb
OJHOPOXHOTO TOTOKA, HANPABJEHHOTO MOJ YIJOM & K JeHCTBHTEIbHOH
OCH B IIOCKOCTH rogorpada ckopoctu (puc. 3.2, ). Ompenenum pis
AaHHOTO CJyyasi TMOTeHLUHaJ CKOPOCTH ¢ H (YHKLHIO TOKa

W=0¢4ip=(u—iv)(x+iy) = ux + vy + i (uy — vx). (3.21)
Pasnensisi NeHCTBHTENBHYIO H MHHMYIO YacTH, HMeeM ‘ ‘
o = ux +voy; b= uy — vx;

WIu B Apyro# ¢opme

= |Co|(Xx COSL sin a);

¢ =l ‘f—y. ) ] (3.22)
P =|co|(ycosa — xsina).

YuurbiBasi, 4TO BROJb JUHHH TOKa (yHKLIHS TOKa § €CTh BeJIHYHHA

[OCTOSIHHAS, HOJTydaeM:
uy — vx = const.

Ananus ABYX MOCAEJHHUX BbIpaKeHUH NOKa3bIBaeT, 4TO -(DYHKIUSA TOKA
€CTh CEeMeHCTBO HapajiieJibHbIX HPSMBIX, HAKJOHEHHBIX IOL YIJOM O
K ocu abcuuce, npuueM o == arctg v/u, a JHHWM NOCTOSIHHBIX IOTEHLHA-
JIOB CKOpOCT€H (3KBHNOTEHUMANH), OUEBHIHO, TPEACTaBJSIOT COOOH
CeMeHCTBO MNMpPSIMBIX, HOPMAaJbHLIX K JTHHUAM (YHKUHH TOKA.

B uactHoM cayuae, Korga @ = 0, v = 0, nonyyaeMm npsMOJUHEHHBIN
HOTOK, HalpaBJEeHHBIH BIOIb OCH X (mepBbIA H3 PACCMOTPEHHBIX CJAY-
yaeB); npd o = /2 u u = 0 (BTOpOH cayyaf).

3.2, HCTOYHHK H CTOK

JLJ1st HCTOYHWKA JIHHHM TOKa pacroJsaraloTcs B BUAE JydyeH, pagnalbHO
pacXoAsImMXcsT H3 Haya/la KOODJAHHAT. OKBHIIOTEHHHAJbHBIE JHHHH
BCETrfa INEepPNeHIHKYJ/ISPHBl JHHHSIM TOKa, CJeJoBaTelbHO, OHH OyayT
KOHIIEHTPHYECKHMH OKPYXKHOCTSIMH C LEHTPAMH B HayaJjle KOODAMHAT.
ITosToMy mHOTeHIHaJ CKOPOCTH €CTb (PYHKLHS TOJbKO DPAaCCTOSIHUA OT
noJstoca (IE€HTpa MCTOYHHKA) JO COOTBETCTBYIOIEH TOYKH r, a QYHKIHUSA
TOKa — TOJMBKO yIJa o MeXIy JHHHEeHl ToKa H ocklo abcuucc. MHTeH-
CHBHOCTb HJIH * MOIIHOCTb HCTOUHHKA XapaKTepH3yeTcs BeJTHUHHOH
00BEMHOTO pacxojia rasa B €IHHHIY BpPeMeHH L yepes 3aMKHYTHIH KOH-
TYp, OXBaTHIBAIOWHH MCTOYHHK. B c/yyae cTOKa JIHHHM TOKa NpEJCTaB-
As0T cofofl Ny4u, pajiHaJbHO CXOASIMECS B LEHTP CTOKA, a PACXoA
raza OygeT BeJIHYHHOH OTPHIATENbHOH.
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Puc. 3.3. ToyeuHuli HCTOYHUK HA Puc. 3.4. Toueunwii cToxk Ha
MJIOCKOCTH MJIOCKOCTH )

3Hast MOIHOCTL HCTOYHHKA (CTOKA), JIETKO ONPEASNHTb PafHaAbHYIO Cp
H OKPYXKHYIO C, COCTaBJsiioLIHe abCOJIOTHOH CKOPOCTH NMOTOKa Ha pac-
CTOSIHHH r OT moJioca (UeHTpa HCTOYHHKA): ’

¢=c,=L{2nr; ¢,=0.
Henonb3ys (3.10) nau (3.12), Haxonum:

Uu==° COS@"‘—————LJ‘ 5
R CR D | (3.23)
. L
U=C,-Slna=2n(xz—i/|_y2).

YuurbiBasg, urto, cornacHo (3.4), dy = udy — vdx =0, npous-
TerpUpPyeM IOCJeJHEe YpPaBHEHHE H MOJNYYHM:

L y L
= goarctg— = 5-a. (3.24)
ST0 ypaBHeHHe ceMelicTBa Jy4Yel, HCXOASIIMX H3 Hayana KQOPAHHAT.
[IpuHHMas BO BHHMaHHe, YTO B HOJSPHBIX KOOpJAHHATax
0 o
Cp = ar = L/(QTW’),
OCJ€ HHTETPHPOBAHHUS IOJNYyYaeM S
L L : ~ P
¢=5-lnr=-Iny X4 p7, (3.25)

T. €. 3KBHMOTEHUHANbHbIE JHHHH €CTh KOHIEHTPHYECKHE OKPYXKHOCTH
¢ HeHTpoM B moJioce (puc. 3.3, 3.4).

TakuM o6pasoM, JJisi HCTOUHHKOB H CTOKOB ¢yHKuus f (2) Oyzer
HMETb BUJ : '

W=i@=Alnz=-=lInz (3.26)
rjue A — IMOCTOAHHOE IleﬁCTBHTeJIbHoe - YHCJI0.

3.3. JIOCKUA BHUXPb

ITpexnonoxum Tenepb, uto A 4HCTO MHHMMas BeJHYHHA, paBHas iB,
rae B — npefictBurenbuas Beqnunna. Kommiekcublil noreHunan f (2) paBexn

W= {f(@ =iBlna (3.27)
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HerpyzaHo y6GeauTbesi, 4TO B 3TOM cJyyae
CeTKa KPHBHIX OYAeT COOTBETCTBOBATb HCTOY-
HUKY WJIH CTOKY, a SKBHIOTEHLUHAJbHEE JIH-
HUM M JHUHHH TOKa IIOMEHSIOTCS MeCTaMH.
JIuHHH ToKa GYAYT COOTBETCTBOBAaTb LHPKYJISA-
UHOHHOMY [BHXKEHHIO ra3a BOKPYT H30JHPO-
BAHHOT'O TOYEYHOrO INIOCKOTO BHXPS, IEHTp
'KOTOPOTO HAXOAHUTCS Ha OCH KOOPAHHAT B TOYKE
O (puc. 3.5). IIpexzne yeM npoaHaJH3HPOBAThH
Puc. 3.5. Mrockuit BHXPL  cpojierpa mpuBEAEHHON ~(QYHKUHH M HalTH
B Havaje KOOPAWHAT o : .

3HayeHHe TMOCTOSIHHOH B, paccMOTpUM CBOH-
CTBa HHTerpaja ILIOCKOIO KOMILIEKCHOTO moTeHIMana f (z) = ¢ 4 iy
10 3aMKHYTOMY KOHTYpY S. ’ o

Hccnenys pasnuynble ciayyau TedeHHS rasa, B 4aCTHOCTH OGTEKaHHs
TeJl Ppa3auyHOH (OPMBEI, HEOOXOAWMO BBECTH HEKOTOPYID BeJHYHHY,
XapaKTepU3YIOLLYI0 NoJie CKOPOCTeH TeUeHHS] H HAa3BIBAEMYIO YUPKYAS-
yuetl ckopocmu. B craudOHapHOM ITOCKOM TeueHHH aGCOJIIOTHAsi CKO-
pocTb ¢ siBasiercsl (pyHKIHeHd ABYX KOOpAHHAT, T.e. ¢ = ¢ (x, y). [lox
uHpKyJasinued ckopoctd I' mo 3aMKHYTOMY KOHTYpY S NOHHMAKOT HHTe-
rpan : :

56 ¢ Cos (c/,\s) ds,
S

P
rie ¢ — 3HayeHHe BeKTOpa CKOPOCTH; (¢, §) — Yrol MexXAy BEKTOpOM
CKOPOCTH ‘M HalpasJjieHHeM 00X0fa KOHTypa B JaHHOH ToukKe; ds — sJje-
MeHTapHasi JJHHA AYyrH KoHtypa (puc. 3.6). LlupKy.asuusi cKopoCTH
‘TIpeAcTaB/sieT CcoGOH Npefen CYMMbl TPOH3BENEHHH TaHTeHIHAaJIbHOH
K KOHTYPY IpPOEKIHH CKOPOCTH ¢, (pHuc. 3.6) Ha COOTBETCTBYIOUIMH 3Je-
MEHTapHBIH Y4acTOK IJIMHBEI KOHTYpa. 3a MOJNOXKUTEJNbHOE HalpaBljieHue
o6xofa KOHTypa, KaK IpaBH/O, BBIGHPAeTCsi HanpaBsJeHHe IPOTHB
YacoBOH CTPeJKH, 4TOObI 3aMKHYTHIH KOHTYD OCTaBaJCs CJeBa OT Ha-
npasJsienuss o6xona. Llupkyasuusi cKOpocTH 1o JIo60My KOHTYPY MOXKeT
6LITh BbipakeHa B BHJE CYMMbl HUPKYJAALUE N0 JIOGOMY KOJHYECTBY
KJIeTOK CeTKH, Ha KOTOphie pas6uT Becb KOoHTYp S (puc. 3.7). Llupky-
Jsuua 1o BceMy KOoHTYpY ADBC MoxeT GhiThb pa3bura Ha UHPKYAALHU
no xoutypam ABC u ADB, HO NOCKOJbKY HHTErpaJ mno sneMeHty AB
B KOHType NepBOH LUHPKYNALHH YHHYTOXKAeTCs HHTErpajioM 1o TOH XKe
JUHHH BTOPOH LHPKYJAALMH, HMEIOUUM ‘TIPOTHBONOJOXKHEH 3HAaK, TO
Tasc + Taps = Tapsc-
-

cs!

as 7
s \ B /
Puc. 3.6. K onpefeneHHio UHPKYASAUHH Puc. 3.7. K cymMMHpOBaHHIO LHp-
.ckopoctu T KYJasUHi
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Takum o6pasoM, CyMMa UHPKYJASUHH MO KOHTYypaM IABYX CMEXKHBHIX -
KJIETOK IPOU3BOJbHOH CETKH paBHA HUPKYJAINHMH IO BCEMY KOHTYpPY S.

O6paruMcst Tenmepb K HHTErpany IO INPOU3BOJBHOMY 3aMKHYTOMY
KOHTYpy S OT cOnpsikeHHOH CKOPOCTH

§%de= QSdW _ iji(dwtdwx

H pacCMOTPHM €ro CBOHCTBA. ]
HeiicrBurenbuas (Re) yacTe sToro uurerpana

Re (fpdcp - @ (%dx—{—?—jdy) = gﬁ(udxguvdy) —T.1 (3.28)
N $ $
Munmasi (Im) wacTh HHTerpana, KaKk IOKa3aHOo paHee,

Im$ (udy —vdr) = Pp=L.* (3.29)
S S :

Takum o6pasom, JAEHCTBHTENbHAZ 4YaCTb KOHTYPHOrO HHTerpana
KOMIIJIEKCHOTO NOTeHIHaNa NpeACTaBAsieT COG0H LUHPKYJISLHIO CKOPOCTH
10 3aMKHYTOMY KOHTYPY S, a MHHMAas — CeKyHAHBbIH OOBeMHLIH pacxof
 JKHJAKOCTH HJIH rasa 4epe3 STOT KOHTYD.

Bepuemca k wuccaenyemodt ¢yHkmuu (3.27)

W=7f(@ =iBlnz.
LlupKy/As1HA CKOPOCTH 110 3aMKHYTOMY KOHTYDPY, OXBaThIBAIOLIEMY
HayajJo KOOpAHHAT, ) A '
P=ReiBL = iBH L — iBoni = —2nB,
N S

OTKYZa
B=—T/2) u W=f()= —4-lnz=5_Inz.  (3.30)

IlpencraBumM KOMINVIEKCHOE UYHCJIO 2 B MOKa3areabHOH ¢opMme: z =
= re'®*, Torja KOMIJIEKCHBIH [OTEHIHAJ pacCMaTpHBAEMOTrO TEYEHHs
[cm. (3.30) ] MoxkHO 3amucaTh B CAEAYIOILEM BHIE:

W=g+ip=—5-(Inr+ ia).

[TonyueHHOe BhIpa)KeHHE NO3BOJSET pACCYATATh JHHHH Toka (Y=
= const) u skBumoreHuuasu (¢ = const):
T I I
—_— e o e e 2 2.
p=—5—Inr 2nlm/x + o3

_.La——-iarct Y
=gy *=73g €5

1 Re — oT ¢panu. réel — nefiCTBHTENBHEI,
2 Im — ot ¢panu. imaginaire — MHHMBIA.
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21 npoexupm CKOPOCTH B MOJISIPHBIX KOOPIHHATAX:

c~—6$ 1.9p T
r=% =Y = T onr

Takum 06pasom, JHHHH TOKA IPEJCTABASIOT COO0H KOHUEHTPHUECKHE
OKPYKHOCTH C LEHTPOM B Hayaje KOOPAHHAT, a 3KBHIOTEHUHAJIH —
pajuanbHele Npsivble. Takoe TeYeHHE HA3BIBAIOT AAOCKUM 6uxpem (CM.
puc. 3.5). CkopocTb AMsl 3TOr0 TE€UYEHHs OGpaTHO IMPONOPLHOHAIbHA
PACCTOSIHHMIO OT LIEHTPA BHXPsS M HalpaBJ/eHa [0 KacaTeJbHOH K JIMHHAM
ToKa. B Hauase koopauuar (r = 0) ckopocTb OyjieT 6eCKOHEYHO GOJMBILOH.
A10 — ocobas TouKa moJasi cKkopocTeli. Bo Bcex oCTaJbHBEIX TOYKax IJIO-
CKOTO TeUeHHs JBUKEeHHe YacTHl, 6e3BHXpeBOoe; XOTSl YacTHIBI H COBEp-
IIAIOT KPYTOBOE JBHXKEHHE, HO JBHIKYTCS MOCTYNAaTeJNbHO, 6€3 BpalleHHs
BOKPYT CBOEH OCH.

3.4, BUXPEHCTOUHHUK (BHXPECTOK)

PaccmoTpum cayyaft KOMIIEKCHOTO Ko3ddulUueHTa NpH Jjorapudme

= f () = (A 4 Bi) Inz, (3.31)

rie A u B — neHCTBHUTENbHBIE YHCAA.

JaHHyo QYHKLUHIO CJAelyeT pacCMaTPHBATb KAaK Pe3YJbTAT CYyMMH-
poBanus (HaANOXKeHHs1) JBYX NOTOKOB C KOMIIEKCHBIMH NOTEHI[HAJaMH.
[NepBuiit u3 Hux f; (2) = A In 2z, BrOopo#t — f; (2) = Bi In 2. Cymmupo-
BaHue (cynepnosmmﬂ) B 3TOM CJ/lyYae BO3MOKHO, OCKOJIBKY YPaBHEHHs
JBHXKEHHS JHHEHHH. Pe3yJbTHPYIONHHA MOTOK NPEACTABJSET COGOH Te-
YeHHEe BOKDYI BHXDEHCTOYHHKA (BHXPECTOKA) CO CIHPAJbHbIMH JIH-
uusimu Toka. O6beaunss (3.26) u (3.30), noayyaem:

W=f@)=-2=LIn;

20
HJTH
¢+ ip = L5 (Inr - o)
OTKYZa
¢ = (I/2n) (L In r 4 Ta); (3.32)
Y = (1/2a) (Lo — T In r). (3.33)
IlpencraBuMm ypaBHEHHE JHHHH TOKa B BHJE '
La +TInr= —TInC (C — nocrosinuas),
L

orkyia r = Ce T “. Tocnenuee Bblpa}KEHI/Ie — €CTb ypaBHEeHHe JIo-
rapupMHUIeCKHX CchOupased.

[Ipu L >0 310 Oyjer TedeHHe OT BHXPEHCTOYHHKA, npH L < 0—
K Buxpectoky. Ha puc. 3.8 npencrasieH BujJ BHXPEHCTOUHHMKA (BHXpe-
CTOKa), HOJYYEHHOr0 METOIOM CYNEPIO3HIHH BHXPA Ha UCTOYHHUK (CTOK).
[To pHCYHKY MOXHO OINpeleNHTb MEeTOJ NOCTPOEHHS BHXPEHCTOYHHKA.
[Togo6uasi kapTuHA JUHHH ToKa HabJalofdeTcs, HaNpHMEp, NPH HCTeye-
HUH BO3JlyXa yepe3 BpalaioHUACA BO3AYX0paclpeleanTeNb.
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Ananu3 TpHBENEHHBIX 3aBHCHMO-
CTeH M BHUXPS M BHUXPEHCTOYHHKA
NOKa3bIBAET, YTO TEUYEHHE B HHX IOJ-
yHHSETCH 3aKOHY c¢r = const.

OnpenenuM Tenepb 3aKOH pacrpe-
JeJieHUs] IaBJIEHHH B IOJIe 3THX Tede-
Hufi. [Tpumem 3a p, naBiaeHHe B GECKO-
HEUHOCTH, r'fe ¢ — 0 u HanumeMm ypa-
puenue DepHyanu mas Mo60H TOYKH

o2
P+ 22_‘ = Po;
0TCI0a
pc? ocg
P=DPo— 4 =Po— gz (3.34)
rae ¢, = const. Puc. 3.8. Buxpencrounuk (BHX-

[TocKoJIbKY B MAEATBHOH KHUIKO-  PECTOK)
CTH CYLIECTBYIOT TOJBKO MOJIOXKH-
TeNbHLIE BEJHYMHBI JaBJeHHH, To B npeaene p = 0. Toraa us nocien-

HEro BBIpAXKEHUSI HMEEM _
St =0V p/2po) - - (3.35)

CrnejfoBaTenbHO, NMOJYYEHHBIE TeueHHst OyAyT CyllecTBOBaTb TOJBKO
opu r > r*. ‘

[pu r < r* TeueHuwe MOXKHO NPEACTABHTb KAK BpalleHHE KHUNKOCTH
0 3aKOHaM TBEpJOro Teja, T. €. B COOTBETCTBUH C BbIPAxKEHHEM € =
= or. Ha puc. 3.8 npencraBieHn Takxke 3MIOPbl pacnpeieseHus CKoO-
pocTeil BOKPYT BHXPEHCTOUHHKA (BHXPECTOKA).

3.5. JUMOJIb

PacemoTpuM KapTHHY TeueHHsl, KoTopas HabJjiofaercs NpH HaJoxke-
HHM HCTOYHHKA U CTOKA PaBHOH MHTeHCHBHoCTH (pacxopma). Hauano ko-
OPAMHAT IIOMECTHM B TOYKY, JAEJSIIYI0 PacCTOSIHHE MEXKIY NEHTPaMH
HCTOYHHMKA M CTOKa MHOMNOJNaM. - -

[TycTb MCTOYHHK pacrosiaraeTcsi B To4ke X = —&, a CTOK — B TOUKE
x = -+¢. KOMNJIEKCHBIH MOTEHNHaN pE3YJbTHPYIOUIEr0 TEYEHHS
Foe o) =Ebin (et o) — LEbin (v o). (3.36)

ITorennuansl ckopoCTe#l W (QYHKIHH TOKA AJAS HCTOYHHKA H CTOKa
ONPEJENAITC CAeAYIOIUME 3aBHCHMOCTAMHU:

L _—*—_9
Pucr = 5= 10V (x ) + y* (3.87)
L o
Por = -5 arctg (3.38)
L SE—
Gor = — 5= IV (x — &) + 4% (3.39)
L
ber = — goarctg 4o (3.40)
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Bynem Tenepp cOAHKATb HCTOYHHK
H CTOK, T. €. nycTh 28 — 0. B npenene
npu 2e = ( CTOK NOIVIOTHT HCTOYHHK
H BCSKOe JBHKeHHe GyIeT OTCYTCTBO-
Bath. Ec/iu oHOBpeMeHHO co cOmuxe-
HHEM IEHTPOB HCTOUHHKA U CToka Oy-
JIeM yBEJMUYHBATh HX PACXOJ TaK, 4TOObI

2e |L| = const = M,

TO TOJYYHM B Tpelee NOTOK, KOTO-
puiii HasmBaercss aunosaeM, [locTosiH-
Hast M, xapakrepusyiomas 3TOT
MOTOK, Ha3LBaeTcss MOMEHTOM IH-
noJisi, a O0Cb X — OCbi0 AUMOJSA.
OnpesesuM MOTEHIHAA CKOPOCTH H (YHKIHIO TOKA HCCIeLyeMOro Te4eHHU

M Iny@x+e+y—Iny(x—e?+2 _

Puc. 3.9. Iaockuii punoab

P = 57 213_1;% 2¢ :
=22 (nyET ) (3.41)
, y Y .
o — zift_%ir—[)loal_.dg P 28arctg ¢ =2—A;l[-§;<arctg %) (3.42)
- Jluddepenrunpys noJyueHHble BBIPaXKeHUs, HAXOIUM:
| O = g g = (3.43)

Ananus ypasHenu#t (3.43) u (3.44) nokasniBaeT, 4TO JHHHS TOKa
JIMTIONS €CTb OKPYXKHOCTH, NPOXOASIIKE Yepe3 Haualo KOOPAHHAT H HMe-
joliue LeHTPhl Ha ocd y (puc. 3.9). DKBUNOTEHUMANH TaKKe NPEeICTaB-
10T co60f OKPYKHOCTH, NPOXOJsiHe uyepe3 HayasJo KOOPAMHAT, HO
C UeHTPaMM, PacloJiOXeHHBIMH Ha ocH X. JKHUAKOCTb JBHIKETCS H3 Ha-
yajJa KOODAHHAT B CTOPOHY OTpPHLATENLHOrO HAampaBJIeHHs OCH X H,
ONIHCaB OKPYXKHOCTb, CHOBa HoNajaeT B Haualdo KoopauHar. Ecrecr-
BEHHO, YTO DACXOJ XKHAKOCTH 4Yepe3 J0OOH 3aMKHYTHIH KOHTYP, OKpy-
JKAIOWMA JUII0Jb, PaBEeH HYJMO. [IBHXKeHHE KHIKOCTH B JUIIONE — Hjea-
JH3HPOBAHHOE TeueHHe, He BCTpewajolleecss Ha NPAKTHKe, HO H3YyeHHE
€ro NO3BOJSNET NOCTPOHTb KapTHHY peabHbIX NOTOKOB.

3.6. BECLIHPKVYJISLIMOHHOE OBTEKAHME
KPYIVIOr0 LUWJWHIAPA NPSAMOJUHEAHBLIM [0TOKOM

Hafiiem mapamerpbl pe3yJbTHPYIOUIEro NoToKa, 06pasoBaHHOro Ha-
JIOXKeHHEM TIPSIMOJIMHEHHOrO TEeUeHHsl, HMEIOIEero CKOPOCTb u,, Ha MH-
MoJb ¢ MOMEHTOM M, HCNOJNb3ySl NPHHIMN CyNepHo3HLHUH,

M M
® = tox + 3w = rose (U4 550 ) (3.45)
M . M
w:uOy—ﬁ'ﬁFZfSIHG(UO—W>. (346)
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ITpexnonoxum, 4To GYHKUHA TOKA W PaBHA HEKOTOPOH MOCTOSIH-
HOll Beauuune C, T. e. '

M 1 ,
y~<u°_2_n x‘."+yz> =G
TOTAa pelleHHAMH YPaBHEHMs HyJAeBoH JuHuM Toka (C = 0)
M 1
v (=27 ) =0
OyAyT /JBa YypaBHEHHS:
By =

uy=0.

2ﬂu°

[lepsoe — npejacrapiasier co60l ypaBHEHHE OKPYIKHOCTH C paauycoM
ro = vV MJ(2nu,); BTOpoe — ypasHenne ocu Ox y = 0. JIpyrue Ju-
HUH TOKa 1 MOXKHO HOJYYHTb, 3aJaBasicb Pa3/JHYHLIMH 3HAueHHSMH
koHcTauT C B ypaBuHenuu [1 — r?/(x® + y®)]y = const (puc. 3.10).

JBUkKeHHEe KUAKOCTH NMPOHUCXOAHT B ABYX 06JacTsiX: BHYTPH Kpyra
M BHe ero. 3aMeHHB JHHHH TOKa HPH r = r, TBepAOH MOBEPXHOCTBIO
(uTo s HAeaNbHOH KHAKOCTH BIOJIHE KODPEKTHO), MOXKHO IoJaraTh
KapTHHY Te4eHHs! BO BHeIIHeH 0GJacTH pe3yJbTaToM OGTEeKaHHs KpyT-
JIOTO IHUJHHAPA PajuyCcoM r, NJOCKONapaJenbHbiM NOTOKOM, JABHIKY-
IIHMCS CO CKOPOCTBbIO u,. BHyTpeHHss ob6snacTb npeicraB/sieT Cco6oH
JUIONL ¢ MoMeHTOM M, NoMelieHHBIH B Hayajo KoopauHart. [leppas
06/1acTh XapaKTepH3yeTcss r ==Tr,, BTOpag — r < r,.

OcraHoBHMCS NOAPOOHEEe Ha BHEIIHEM NOToKe. B nossipHbIX KOOpIH-
HaTax COCTaBJSIOIHE CKODOCTH OINpeJeNasiTCsl BhIpaXKEHHSAMH:

Uy = —%?—:llocosa(l "—rg/r2);
AN BT
ua':T_aE—:——uoSlna(l_}_rO/r),

rje u, — CKOPOCTb TeueHHMsl Ha GeCKOHEUHOCTH OT MOBEPXHOCTH IH-
JUHIpPA. :

Ha BHemnHe#l OKpy»KHOCTH r,, 00pa3oBaHHOH aunoneMm (Ha NoBepX-
HOCTH IHUJHHJpA), ' '

Ur |r=r° =0u Ug lr:ro = 2”0 sin o;
(3.48)

3HaK MHMHYC YKAashlBaeT, 4YTO CKO-
pOCTb U, HallpaBJ/JeHa B NPOTHBOIIO-
JIOXKHYIO CTOPOHY OT HallpaBJIeHHS
oTcyera KOOPAMHATHOrO yIja .
W3 ypaBHenu#t (3.47) u (3.48) cie-
LyeT, uTO IpH OGTeKaHHH LMUJIHHAPA
TJIOCKUM Oe3BUXDPEBBIM NOTOKOM He-
CKMMACMOH  HACANLHON JKHAKOCTH b0 g 10 Jluuwy Toka mpH Gecumpy-

NpOQu/Ib CKOPOCTeH MO MOBEPXHOCTH  nguuonsom OGTEKAHAH LMAHHADA MAO-
uuauHApa cuHycoujasteH. Ha mo-  ckomapansensubim notokom
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Ay BEPXHOCTH IHJMHADPA CYLIECTBYIOT KPHTH-
A YyeCcKHe TOYKH — mepelusis A (w =m) u
3anusis B (¢ = 0), B KOTOpPHIX MOTOK COOT-
BeTCTBEHHO pasjBauBaeTcs UJAH OObeIHHS-
eTcsi B OJHH, @ CKOPOCTH B 3THX TOYKax
paBHel Hy 0 (puc. 3.11). Maxkcumywm cko-
pocTH HaGJOfaeTcss B MHJEJEBOM (caMoM
LUIHPOKOM) CEUeHHHM NuAUHApa — Toukax C
u D (1a pucyHke He INOKasaHa), B KOTO-
C DPHIX U, paBHa YIBOEHHOH CKOPOCTH Ha-
Geraroluero moToka, T. €.

)
&
S)

=

Ug

L

P -

A < % \B | uoa—_fn/2[ = | Ug—sns2| = 2u,.
0 X Vs ypaBnenu#t (3.47) BHAHO, uYTO IIpH
Puc. 3.11. Pacnpexenerse cko- r — 0o BeJWUYHHA CKOPOCTH CTPEMHTCS
pocteli mpn obrekamum uu- K CKOPOCTH Haberamouero (HeBO3MYILIEHHOTO
JHHAPA MIOCKHM TIOTOKOM notoka). TeopeTHueckass »sMmiopa pacrnpe-
JIeIeHUSl CKOPOCTH B IJIOCKOM GE€3BHXDPEBOM
NOTOKE Npu O6TeKaHHMH NUJINHApA AJIs @ = I1t/2 npuBeeHa Ha puc. 3.11.
HaiineM npoduap [aBieHHH Ha NOBEPXHOCTH LHJIHHAPA pajuyCcOM
re, UCTIONB3Ys N5 3TOH Leid ypaBHeHue.BepHyaan. Brifepem nsa ce-
yeHHS B NOTOKE HJeaJbHOH KHAKOCTH, OJHO H3 KOTOPBHIX HAXOJUTCS B He-
BO3MYILEHHOM HaferamuleM TMOTOKe, ABHIKYIIEMCS CO CKODOCTBIO Uy,

a BTOpOE — HENOCPEACTBEHHO HA OKPYIKHOCTH LMJAMHApA

p - pu*/2 = py ol uo /2,

The p, U, py H Uy — AABJEHHA H CKOPOCTH COOTBETCTBEHHO HA ITOBEPX-
HOCTH UWJIHHIPA M B HEBO3MYIUEHHOM IIOTOKE.
Beenem noHsite kKos(puinueHTa AaBJeHHA P, PABHOTO OTHOLIECHHIO

o 2
PasHOCTH JaBJEHHH p — po K JMHAMHYECKOMY JaBJEHHIO (uo/2, T. €.
= _ P—Do '
P="ogz -
[MoxgcraBasis B nocjefHee Bhipa)keHHe YpaBHEHHe /IS CKOPOCTH Ha
NOBEPXHOCTH LHJMHApa (3.48), mojyuyaem

p=1—4sina. (3.49)

I'paduueckas MHTepHpeTanus peineHus ypasHeHus (3.49) B xoopau-
HaTax p, o npeicraBjeHa Ha puc. 3.12, a. B xpuTnyecko#l To4ke CKo-
pOCTb ABHIKEHUS PaBHA HYJIO Y JaBJeHle MaKCHMaJbHO — 3TO AaBJeHue
TopMOKeHUsi, CKOpPOCTh B- TOUKE B Npu TeueHHH HIeaJbHOH XKHIKOCTH
TakKe paBHA HYJIO, TIO3TOMY P = Pp = Pmax. [lOJHOE JaBJeHHE
B 3THX TOYKaX CKJAaJbIBAETCH H3 CTAaTHYECKOrO JAaBJeHUs B TOTEHUH-
albHOM TEUEHWH p, W AHHAMUUECKOro - JaBjeHusi mortoka pug/2. Ilpm
00TEeKaHWH TOTOKOM HJEaJbHOU MKUAKOCTH LHJIHHAD HMEET CUMMETPHY-
HBId Npoduap AaBjeHHH IO OKPYKHOCTH H, CleAoBaTeJbHO, HE OKa-
3bIBAET CONPOTHUBJIEHHS JBHKYIIEMyCs MOTOKY. MakcuMasnbnoe 1o a6co-
JIOTHOH BeJHuHHE JaBJeHHE HA UUJIMHLD TOTOK OKas3biBaeT B TOUKAX
MHJIEIEBOTO ceyeHus HUAMHApA (Toukax C u D), T.e. npu a = =+r/2
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Puc. 3.12. PacnpepneseHne naBjeHMS] NPH OGTEKAHHH IH-
JMHAPa: @ — npoduab AaBJEHHS NO NOBEPXHOCTH LHAHHADA;
6 — KapTHHBI TEYEHHS HeCKHMAaeMOH KHAKOCTH BOKpYT

HHJIHHIPA;
! — skcrepumeHTanbHoe (npu Re = 6,7.10%); 2 — skcnepumes-
tanbHoe (npu Re = 1,9.10%); 3 — TeopeTHdecKoe

Ha TIOBEPXHOCTSAX LUJAHHJAPA HaOJAIOJaeTcsl pa3pexkeHHe, PaBHOE p =
= —3. DTO yKa3blBaeT Ha TO, YTO abCOJIOTHOE AaBJEHHEe 3JeChb Ha TPH
JMHAMHYECKHX JAaBJeHHs HHXKe, ueM B HEBO3MYIEHHOM IOTOKE.

DKcrepUMeHTa bHble 3HAYEHH S AaBJEeHHH N0 NMOBEPXHOCTH IHJHHADA
COTJIACYIOTCA C TEOPETHUeCKOH KDUBOH TOJBKO JJIsl ero JoGOBOH 4acTH.
B ocranpHO# uyacTH nepuMerpa OKPY2KHOCTH IHMJIHHAPA ONBITHHE AaH-
Hble pe3KO OTJHMYAIOTCH OT TEOPETHYEeCKUX, YTO OObsiCHsEeTCS AeHCTBHEM
CHJl BSI3KOCTH (CHJ BHYTpeHHero TpeHus). HaGerawowmui noToxk peasb-
HOM KHAKOCTH pasje/sieTcss B TepeHell KPUTHUecKoH Touke A Ha JBa
noroka. unanuap, oMeiBaeMplli TOTOKOM, BefeT ce(s Kak Teslo Heypo6o-
ob6rekaeMol (OpPMBI, IJ1s KOTOPOro Ge30TPLIBHOE TedeHHe CYIIECTBYET
Jauirb jgo touek S (puc. 3.12, 6, no3. I u 2), nocjae 4ero NOTOK OTPHI-
BaeTcs OT IIMJIHHAPA, a €ro MEeCTo 3anoJHseT [OTOK, MNOJACAChIBAEMBIH
U3 KOPMOBOH yacTd. B KOpMOBOH uacTH mpuJjerawolue K MOBEPXHOCTH .
IUJAUHAPA CJIOH U3-32 AeHCTBUS CHJ BA3KOCTH HACTOJABKO 3aTOPMOXKEHHI, .
YTO MOTYT H3MEHSITh HaNpaBJeHHe CBOEro JABHIKEHUS, 00pas3oBbIBas
BUXDH, KOTOpLIE GYAYyT CYIIECTBEHHO HCKaXaTb TEOPeTHYECKHH NPOHUIb
JIaBJICHUSI HA TOBEPXHOCTH IUJIHHIPA.

OTpBIB MOTOKA OT MOBEPXHOCTH IUJAHHAPA B €T0 KOPMOBOH HacTH
(Touka B) HauuHaercsi TpU Re = y, d/v &~ 1. C pocrom uncna Re Touka
OTpBIBa CMeIaeTcsl MO MOBEPXHOCTH LMJIHHAPA HPOTHB HanpaBJeHHs
JBHIKEHUS JKUJAKOCTH, IIPHYEM MaKCHMAaJbHBIH YroJ B TOYKE OTDhIBA
(yrosl Mexny HanpaBJeHHEM IOTEHLIHAJbHOTO IOTOKA H PajuyCoM-BeK-
TOPOM, INpOBEJEHHBIM B TOYKYy S) pocturaer a = 4=150°. dra uudpa
COOTBETCTBYET Hayajy Tepexoja OT JaMHHAPHOTO K TypOyJeHTHOMY
MOTPAHHYHOMY CJIOIO, OOpasyloLieMycsi Ha MOBEPXHOCTH LWJIHHAPA.
[Ipu panbHefmeit TypOyJau3aluu NOTPAHHYHOTO CJOS TOYKa OTPhIBA
CMelaeTcsl BHM3 IO MOTOKY (K KOPMOBOH 4acTH 0OTEKaeMoro UHJIHHJIPA)
3a CUeT yBeJIHYEHHs] UHTEHCHBHOCTH IlepeHoca KOJHYECTBA JBHKEHUS
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U BO3PACTAaHHS CKOPOCTH CJIOEB, PACNOJIOKEHHBIX Y TMOBEPXHOCTH IH-
JHHIpa; yroJ o yMeHbluaercst H npH Re = 6,7-10° cocraBasieT npuMepHO
40°. IlporsikeHHOCTb GE3BUXPEBOH 30HBI, NpHJIeramiefl K HHIHHAPY,
yBEeJUYHBAETCS; B KOPMOBOH 4YacTH pacTeT HoJs1 06JIaCTH NOBLIIIEHHOTO
JlaBJeHHsl M pacnpejejeHHe JaBJeHUsI CTAHOBHTCH OJiHKe K TeopeTH-
YeCcKoMYy. :

Cuaa conmpoTHBJEHHSI IIPH OGTEKaHHH UWIHHAPA NPOMNOPIHOHAIbHA
pasHoCTH JaBJjieHHH B J0GOBOH M KOpMOBO# uyactsax. IlostoMy npu yBe-
JAUYEHHH CKOPOCTH 0 3HAYeHWUH, BHI3BIBAIOUIMX Nepexol OT JaMHHap-
HOTO K TypOyJIeHTHOMY NMOTPAaHHYHBIM CJIOSIM, CHJA COMPOTHBJEHUS CHHU-
’KaeTcA. DTo siBJIeHHe IMOJNYYM/I0 Ha3BaHHWE Kpuauca obTekanus. [lpu
JafbHeHIeM BO3pacTaHHH uucjaa Re cuia J060BOTO CONPOTHBJEHHS
pacrer., :

[Ipoananusupyem ¢uanyeckyro KapTHHY (oOpMHpOBaHUS cJaena 3a
LIUJHHAPOM, OOTEKaeMhIM BSI3KOH 2KHJKOCTBIO, '

ITorpannunele CJOH, IONEPEMEHHO OTPHIBASCh OT IIOBEPXHOCTH LH-
JUHIPA, CKPYYUBAIOTCA B BHXPEBOH XKryT, 06pasys 3a LUJIHHAPOM BH-
XpeBy10 JOPOXKKY. BHXpH 3a LMAHHIPOM 3a cyeT NOJIMELIHBAHUS XKHI-
KOCTH M3 NOTOKA YBEJAHYHBAlOTCS B IHAMETPe, HX PACNOJNOXKEHHME HOCHT
IIAXMATHBIH NMOPSAJOK, a BPAallleHHe XKHIKOCTH B BHXDAX HMEET B3aHMHO
IPOTHBONOJIOXKHOE HaNpaBJeHue, o

[lepnonnyHOCTb OTPEIBA BUXPeH C IOBEPXHOCTH UHMJIHHAPA IPUBOJUT
K BO3HUKHOBEHHIO Ko/e6aHHH LMJIMHApA, OTHOCALIMXCH K KJaccy aBTo-
KosneGanuii. Takoro poja aBToKoJeGaHUsI HAGMIONAIOTCH NPH AefCTBHH
BeTpa Ha 3aBOJICKMe TPyObl, NPOBOAA JHUHHH 3JeKTpolepejay, TeJeBH-
3HOHHBIE GalHH H T. 1. .

Xapakrep OTpHIBA BHXPell H KOJHYECTBEHHYIO OLIEHKY Mpoilecca jaaf
B KOHIIe Npolioro Beka yenickuil ¢puszux Crpyxasn. VM Gplio onpezeneto,
4TO YacTOTa OTpPLIBA BUXpell f CBfzaHAa CO CKOPOCTbIO Haleramwlnero
NOTOKA 4 ¥ JMAaMeTPOM LuJHHApa d B Ge3pasMepHOM KoMmekce Sh =
= fd/u, naswBaemoM umciom Crpyxansi. Oxkasaloch, uTO HpH oOTeka-
HMH LMJIHHADPA B IIHPOKOM Juanas3oHe uucea PeftHonppca uucnao Crpy-
Xalns oCTaeTcsi NPUMEPHO MOCTOSIHHBIM M paBHBIM Sh = 0,2--0,22.
DKCrnepuMeHTaNbHEIE HCCIENOBaHHS, NPOBEJEHHbIE CO CTPYHAMM JHa-
metpom or 0,2 o 6 MM, noxasajd, 4to NpH AocTHxeHHH Re = 500
yucsao Crpyxadss npuHumaer 3Hadenume Sh = 0,2 4 npu jAadbHe#ineMm
yBeJHUeHHH uHcla PefiHOJbACa TNPAaKTHYECKH HE H3MeHseTcs BIVIOThb
[0 HACTyTJIeHHs Kpusuca -o6Tekanus. KpuTHueckoe 3HayeHHe yncia Pei-
HOJbACA, OTBeyamllee KPH3HCY OGTeKaHHS LHU/IHHAPOB, HMEET 3Haye-
Hue nopsgka Rey, = 5-10°.

HHTepecHEId, € TOYKH 3peHHUf a’poAuHaMuKH, bakT 6bl O6HApyXeH C TOMOHILIO
xKocMuyeckoll dotorpadun.' B cesepuoft uacty Hopsexckoro mopsi pacnosoxeH OCTPOB
Sn-Maiten. Ha ocTpoBe — 1Be rophl, OfHa W3 HUX uMeeT BricoTy 2300 M M mHpHHY B OC-
HOBaHHH OK0J10 10 KM, Apyras BeicoTOl OKoso 800 M npH mupHHE B ocHOBaHHH 40 KM.
Kocmuyeckoli ¢ororpadueii 6b1a 3aperucTpupoBaHa BHXpeBasi JODOXKKA 3a OCTPOBOM
(TeyeHHe BH3yanU3MPOBANOCh o6Gnakamu). Pacuers noxasanu, uro uncao Crpyxans
JJiSl BO3LYILHOTO MOTOK4, ABHKYILETOCS Hal ocTPoBOM, Sh &2 0,2, xoTa uncio PeiiHonbca
HMeso mopsifok 100, a cam OCTPOB HeNpaBWILHOH QOPMEL
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¢IBneHHe OTPBHIBA BHXpeH 0653aTeIbHO YUYUTHLIBAETCS INPH ITPOEKTH-
POBaHMH BBICOTHBIX COODYIKEHHH, 3KCINIyaTHPyeMBIX NoJ JeHCTBHEM
BETPOBHIX HArpy3ok. [Ipy npoBeleHHH 3KCNepHUMEHTANbHBIX HCCIENO0-
BaHMH B a3pOJHHAMHUYECKHX TPyOaX HCNO/b3YIOT CMEHHBEIE CETKH C pas-
JMYHBIM JIMaMeTPOM CTPYH H LMJIHHADPOB. Mcmosb3oBaHHE TAaKUX CETOK
1103BOJISeT BOCHPOU3BOAUTL TypOYyJIEHTHBIE NMOTOKH C 33JlaHHOH HMHTEH-
CHBHOCTBIO TYpPOYJEHTHOCTH, KOTOpasi, KaK H3BECTHO, SABJsIETCS ORHOM
H3 OCHOBHBIX XapaKTepHCTHK TypOyJNEHTHOrO MOTOKa, CYLIECTBEHHO
BAMAILIEH HA [poLlecchl a9POAHMHAMHKH, TelJo- H Maccoo6MeHa. Kak
BHIHO M3 mpuMepa ¢ ocTpoBoM SH-MaiieH, nepHogHYeCKHH OTPBIB BH-
xpe#l HaGsaonaercss H NpH o6TeKaHHH Tesl ¢ (GOpPMOH, OTJIHYHOH OT IM-
nuHapa. B uacTHOCTH, OTPHIB BHXpeH HabaiofaeTcs M NpH OOTEKaHHH
MIACTHHOK, YCTAaHOBJEHHBIX NOJ HEKOTOPHIM YIVIOM K NOTOKY. B BeH-
THASATOPOCTPOEHHH TaKOFO pPOAa IUIACTHHKAMH SIBJSIOTCH JIONAaTKH
pabounX KOJEeC pajuasbHBIX BEHTHJSTOPoB. OTMETHM, YTO OCHOBHYIO
YacTOTy BHXPEBOTO IIyMa, CO3JaBaeMOr'0 BEHTHJASATOPOM, ONpPeAeNfIoT
N3 COOTHOLIEHHH ’

’

f=Sh—— oo
sin o
rie Sh —uncino Crpyxans (maa qaonatku 0,18-+0,20); # — ckopoctsb.
1notoka; [ -— JJIMHA, JIONATKH; & — YToJ MEXAY JONAaTKOH H TOTOKOM;
[ — HOMepa TapMOHHK KoJebGanuil, { =1, 2, 3.
OTpbIB NMOTOKA B BEHTH/IATOPE NPHBOAHT K IOSBJIEHHIO a3POAMHAMH-
YeCKOro IUyMa, KOTOPBIH, KaK IIPaBHJIO, LEJUKOM onpe,ue.nﬂeT aKyCTH:-
YyecKHe XapaKTepHUCTUKU MAallHHBHI.

3.7. OBTEKAHHE KPYTJIOI0 HHJIUHIAPA
C LHUPKYJSUHUENA

[Tonp3ysicb NPHHIUIOM CYNEpPIO3UILHH, HANOKHUM Ha GecUUpKYJIs-
LUOHHBIH TNOTOK, 06TeKalomuil KPYTJbH LUJAUHAD, OJHHOYHBIH MJIOCKHH
BUXpPb C nupkyasuved I' H ueHTpoM B Hayale KoopauHat. Bribepem
BpauleHHe BUXPA MO YACOBOH CTpPe/KE, B pe3yJbpTaTe Mbl TaKxe INoJy-
UMM TOTOK, 06TeKaomHUil Kpyrap# nuausap. Kaxk 6pl/10 TokasaHo B npe-
IbIAYLIEM pasfene, cJAOXKeHHe HPSMOJHHEHHOro I0ToKa C JUIOJeM Jaer
KapTHHY OGTeKaHHf LUJIHHApPA pajuycoM r,. B BuXpe Bce JIHHMM TOKa
OyAyT OKDYXKHOCTSIMH, OJHA U3 KOTOPBHIX COBMAJaeT C OKPYKHOCTbIO
IMJIMHIpA DAJUYCOM 7. ‘

[oteHuuan ckopocTd U (YHKIMS TOKA Pe3YJIbTUPYIOWET0 TEYEHHSH
OyLyT OMHUCHLIBATHCS YPaBHEHHUSMH:

(I):uorCOS(Z(l—l— )——Ob—uox<l—l—x2+y2>_~.2r_narctg%;
| (3.50)
2 2
P = uorsma<l-rr—';> -+ é%lnrzuoy(l——]—c%y?> + ;—nlny/}z—jr—y_z-
(3.51)
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HPOGKILHH CKOpOCTH B NOJAPHBIX XKOOpAMHATAX:!:

ur = upcos o (1 — r3/r%); (3.52)
Uy = — ugsina (1 - r3/r*) — T/@ar). (3.53)

Ha noBepxHocTH UMJAHHApPA paguycoMm 7, u, = 0, a
Uy = — 2uqsina — I'/(2mry). (3.54)

OnpeneauM NOJIOKEHHE KPHTUYECKHUX TOUEK Ha MOBEPXHOCTH ILMJIHH-
Ipa, JJIS 4ero NPHHHMAEM Uglr—r, = 0 U HMeeM

Sifl oy = — T/(Arttgre). (3.55)
34eck BO3MOXKHLL TPH cJlydasd:
a) I' < 4nuyry rpaduyeckoe u3obpaxkeHHe 3TOTO pelleHHs H ¢opMma

JUHHE TOKa NpuBeleHb Ha puc. 3.13, a; 3TOMy CJay4aio COOTBETCTBYET
HaJguKe JBYX KPUTHUECKHX TOYEK B TPETbEM M UETBEPTOM KBaJpPaHTaX;

6) ' = 4nuyry; npu 3toM sina = —| H eZUHCTBEHHAas KpHTH-
3
yeckas TOYKAa S PpACHONAraercss Ha OKPYKHOCTH MPH o = — 1
(puc. 3.13, 6);

B) I' > 4nuyry; Tak Kak sin o He MOKeT ObiTh 060Jble €IHHHIBL, -
TO Ha IOBEPXHOCTH HMJIMHApPA KPHTHUECKOH TOYKHU He CYIIEeCcTBYeT
[oHa pacnosoxeHa Ha NeTeo0pasHOH JIMHMHM TOKa C 7 > ry, BHYTPH
KOTOPOH MPOHCXOMUT HPKYJIALMOHHOE IBHKeHHe ToToKa (puc. 3.13, 8) 1.

PaccmoTpuM sniopel Ko3(ghULHeHTa JaBJeHHs L5 YKA3aHHBIX CJy-
‘yaeB. YpaBHeHue JJisi pacuera P NpH OGTEKAHHH LHAHHApPA MOTEHIH-
aJpHBIM NOTOKOM ¢ nupkyasnved T' umeer Buj

p=1—[2sina -+ T/(2nro)]* = 1 — 4[sina + T'/(4nrgu)®. (3.56)

I'paguueckaa umHTepnperauus ypaBHEHHs /IS Pas/JHYHBIX OTHOILIE-
nuil I'/(4nryu,) npencrasiena Ha puc. 3.14, a, 6, ¢, Tie OTpHIATEJbHEIE
BeJNUYUHB KOdP(DUIUEHTA JaBJCHHA OTJOXEHbl C BHeUHeH CTOPOHBI
OKPYXKHOCTH UMJIHHIPA, NOJOKHTEIbHBIE BEJHUHHB — C BHYTPEHHeEH.
Omopsl KoahpuuueHTa JaBJEHHS CHMMETPHYHBI OTHOCHUTENbHO OCH Op-
JUHAT M, C1eJ0BATeNbHO, NPOEKIMH [ABJAEHHS HA OChb abCIUCC PABHBI
Hyaw. OgHako BAOAb OCH X YKAa3aHHOH CHMMETDHHM He Hab/lIojaeTcd.
B stoM HerpysHO y6eANTbCs, peliuB ypaBHEHHE ISl NPOEKUHH Pe3yJlb-
THPYIOIEH CHJIBl JaBJeHus p,

27

py = —bJ Polosina da =

0
= — br(,2j‘r {pr}— - {1 — (2 sina+§n—::)%->2;l}sinada. (3.57)
0

[TponnrerpupoBaB 3TO BbIpaxkenue, HMeeM
Py = bpu,Tl', (3.58)
rae b — jIMHAa UHJAMHApPA B HallpaB/JeHHH HOPMaJ/JbHOM IJIOCKOCTH yep-
TeXa.
Cuna p,, HanpasJeHHas HOPMAAbHO CKOPOCTH HEBO3MYIEHHOTO
NnoToKa u,, Ha3biBaercss noaveMHol cumoft H. E. )XKykosckoro. Ona
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S <2

Puc. 3.13. KoHdurypauus JHHHA
TOKA Yy TMOBEPXHOCTH KpYFJIOro
UHJHHAPA, OOGTEKaeMOro mOTeH-
LUHAALHBIM TMOTOKOM C LHPKYJSI-
uueit: a—npn I << 4aroug
6—nopu I = 4urouo, 8 — IpH

Puc. 3.14. Pacnpenenenne paBie-
HYMH N0 mMOBEPXHOCTH LMJHHJIPA
IJs pa3sIMUYHBIX 3HAYeHHH LHp-
KYJSIUHH  CKOPOCTH: @ — TIPH
I' < 4mtroug 0—nmpn I'=
= 4nrouy; 8 — npu I > 4nrou,

I > 4nr.u,

ABJISETCS Pe3yJbTATOM NepepacipefeeHusl JaBJeHHH 110 OBEPXHOCTH
IIMJIMHAPA, 06YCIOBNIEHHOTO CYMMHPOBAHHEM BHXDPSI H ITIOTEHIIHAJBHOTO
IIOTOK&, H XapakTepa He TOJMbKO /sl HUJIHHApPA, HO M JJs Tel APYTroH
¢dopMbI, OOTeKaeMBIX MOTOKOM c BHXpeoOpasopanueMm. [Ipu Haberanuu
1I0TOKa Ha Heynob6ooOTeKaeMoe TelIO (HANpuUMep, MapaJJesenunen)
113-32 CPhiBA €0 C OCTPHIX KPOMOK Te/la 06pasyloTcs BHXPH M 30HHI
paspexenusi. IIpH COBMECTHOM AEHCTBHH HA TeJO CHJ JABJEHHS, Tpe-
HHS M MacCOBHIX CHJI BO3HHMKA€T DPe3yJAbTHPYHOIIAs a3pojHaMHeCKas

CHJIA.
3.8. ASPOJUHAMHYECKASI CHJIA

U A3POJUHAMHYECKHMA MOMEHT

Ha kaxnayo anemenTapHywo miomanky ds (puc. 3.15) o6Texaemoro
II0TOKOM TeJ1a AeHCTBYIOT CHJbl JaBaeHHsl U TpeHusi. OueBUHO, Pe3yilb-
THPYIOWAA 3THX CHJ — a3pOAMHAMHuecKas cuja R OyleT 3aBHCETb OT
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NJIOWALH MHJIEAEBOTO CeYeHHsi Tenaa
F, ¢usnueckux CBOHCTB 0O6TeKaromen
JKHAKOCTH M CKOPOCTH HEBO3MYIIEH-~
HOTO TNOTOKa u,.  [lonp3ysick anmna-
paToM MeToja PpasMepHOCTed, MOKHO
onpeneautb [6], uTo

R = CrFpud/2, (3.59)

Puc. 3.15. O6TekaHue nOTOKOM BO3- . .

AyXa Tea NMPOH3BOMBHOM (OpMBE rae Cp — K03hdHIHEHT a3pOJAHHAMU-
. " YeCKOH CHJIBL.
s aspoavHaMuueckoro MoMeHtra M BripaxkeHue GyHeT HMeTb BHI

M = CyFlpuy/2, (3.60)

rae Cp — KO3(DPHIHEHT a3poAHHAMHYECKOTOo MOMEeHTa; [ — HeKOTo-
pHIfl XapakTepHbIH pa3Mep.

IIpoeknyuy BEKTOPOB a3pPOAHMHAMHYECKHX CHJBI M MOMEHTa Ha OCH
KOOpAMHAT (ec/H 34 HAyaJo KOOPAMHAT BHIOPATb LIEHTDP THAXKECTH Te/a)
6yayT COOTBETCTBEHHO:

Ro=CFE8; R, —C,F 2% R —cro;
Mx:CMxFlpTa%; MZ/=CMyFl“P€—g; MZ=CMZFl—p—;-‘2’—.

Ecan pacnosiokuTh OCH KOOpJAHHAT, KaK MOKa3aHo Ha puc. 3.15,
To R, O6yner cuJoH J060OBOro CONpPOTHBJEHHS, R, — IOQbeMHOH,
a R, — GokoBo# cusoH, a KospduuHeHTs! C — COOTBETCTBEHHO KO3(-
(HIHEHTaMH JIOOOBOTO CONPOTHBJAEHHS, NOXbEMHOH M OGOKOBOH CHJI.

Kak crenyer W3 npHBeJeHHOH paHee KapTHHBI OGTeKaHHS HUJMHIpPA
NOTOKOM BSI3KOH XHAKOCTH (cM. puc. 3.12, 6, nos. 1 u 2), B cayuae
PaBHOMEPHOTO TOJSi CKOPOCTEH BO3HHKAeT CHJa, OGYC/JIOBJEHHAs pas-
HOCTBIO JaBJIeHHH Ha JI060BOH M KOPMOBOH YacTH IUJAHHADA U paBHas
cusie JI0GOBOTO COMPOTHBJEHHS. '

~OfTexanue BpAMAOUHXCA [IHIHHIPUUYECKUX TeNd MOTEHIHAJbHBIM
IIOTOKOM C DPaBHOMEPHBIM NpPOGdHJIEM CKOPOCTEH CONMPOBOXKIAeTCsT BO3-
HHKHOBEHHEM MOTepeyHOoH CHJHL (CM. pHC. 3.14). DT10T 3¢hdeKT HasbBaeTCs
sppexToMm Marnyca.

HaTepecHo oTMeTHTb, yTO 3¢¢deKT MarHyca B HeCKOJbKO BHIOH3MEHCHHOH ¢opme
WCINO/Mb30BAJ H3BeCTHHIA (pannysckuit uccaegosatens Mops Kak-HB Kycro npu mo-
CTpofiKe CyJiHa, IBHXKYIIErocsi 3a cyeT 9Hepruu Berpa. Ha many6e Katamapana JJIHHOIO
22 M 6bl1 YCTAHOBJIEH MeTaJLIHUeCKHH WHAHHADP Maccoft 2,2 T u BricoTolt 13,5 M, KoTophIi
B CEYEHHH NpeACTaB/IAa oBaj ¢ AnuHof Goapurefi ocu 1,5 m. Ha oxwoit u3 cropon opana
BHIIIOJNHEHbl OTBEPCTHs, ueped KOTOphHE C GOJbIIOH CKOPOCThIO BCACHIBAICA BO3AYX.
Ecau TpyGa moBepHyTa TaK, YTO BCachlBalOLIHe OTBEPCTHS pacrosaralotcs NepreHfu-
KyJASiPHO K HamnpaB/eHHIO BeTpa, BO3HHKaeT Takof XKe sddekT, Kak eciu 6u Tpyba Bpa-
manace. IIpn ckopocTi BeTpa 36 KM/u KaTamapaH AOCTHT ckopocTH 15 xm/u. Ha npusoas
KOMIpeccopa, BCachiBaOLIEro BO3AYX, ¥ MeXaHH3Ma IMOBOPOTA TPyObl LOCTATOYHO JABHTa-
TeJslelf CPABHUTENBHO HeGoMbIof MomHocTH. 1o MHeHUIO yueHOro, KpyHHbIe Cy/la, HCMOJb-
3yloulue A5 nepeMellieHHs 3TOT BHAOH3MeHeHHBIH 3ddexT Marnyca, mMoriu Gbl 3KOHO-
Muts 30—40 % Tonsusa. IloMHMO 3TOro0 OHH He 3arpAsHAIOT OKPYXAWULYI0 Cpefy.

50



[Tonepeunas cuna BO3HHKaeT U mpu  y |
liepaBHOMEDHOM IoJie cKopoctel. [Ipen-
1I0JIOXKHM, UYTO B TIOTOK BO3JyXa, Npo-
¢uab CKOpocTedl KOTOpOTo IOKasaH Ha
puc. 3.16, nomemen map. CorjacHo
ypaBHeruto bBepnymanu, nasnieHue Han
wapoM OyJAeT MeHbIlle, 4eM IOJ, IaPOM
H3-3a Pa3JIH4Us CKOPOCTel, B pe3yJib-
TaTe yero NosiBJAsieTcs NojbeMHas cuJa.

CyMMapHass BeJHYMHAa CHJBl JIO-
OBOTO CONPOTHUBJEHHS 3aBUCHT OT Puc. 3.16 K BO3SHHKHOBEHHIO MOAB-
COOTHOLIEHHUS CHJI JaBJEHHsI M Tpe-  EMHOM CHIB H a9POJHHAMHYECKOro
HHSL M ONpENeIUTC ypaBHEHHEM MOMEHTA

R, = Rx,u; + Ryr = (CxJJ,F -+ CxTFT) 91(2)/2’
rie Fp — NOBEPXHOCTb TPEHHS.

CooTHOLIEHHE CHJI JaBJEHHS M TPEHHS JAs DPas3/HYHBIX CJAy4yaeB
1eofHHaKoBO. JIJIsi NJIACTHHBI, IJIOCKOCTH KOTOPOM PaclosioKeHa HOp-
MalbHO K BeKTOPY CKODOCTH u,, OYEBHAHO, R,n > Ryr; A8 mJa-
CTHHBI, DPAaCNOJIOXKEHHOH BJOAb TMOTOKa, Ryxq —0 H  Rer > Ryp.

Koabh¢duunenTs! aspoJUHAMHYECKHX CHUJIBI U MOMEHTa ONpelelsioTCs
ONBITHBIM JTIyTeM B 10JIe C PaBHOMEPHBIM NpoduaeM ckopocreit. laa
wapa npu Re < 1 uX MoxXHO NpuOIHKEHHO paccyuTaTb Ho GopMmyJne

Crokca
C. = 24/Re, : (3.61)
rae Re = pi‘t+d; : ;
npn Re < 2 —mno dopmyne Osuna ; ’
C. = @4Re) (14 Re). (3.62)

HsMenenne xoadduuveHTa CHJABL JOGOBOIO CONPOTHUBJEHHS 1Hapa
okasano Ha puc. 3.17. Tlpu Re > 10° naGmaiosaercss 30Ha pe3KOro
cHuxkeHusi C,, 4TO, KaK OTMEYaJoCh paHee, CBS3aHO C NMEPEXOJIOM Jia-
MHHAPHOTO NOTPAHHUYHOTO CJIOSi B TYPOYJEHTHHIH H yMeHbIEHHEM 30HbI
o6paTHHIX TOKOB B KODMOBOH 4YacTH Iuapa.

& C, 100
o[ NIT S
20
10 —HN 10 |
§ ‘\ N
J \ Su|
B 0 ==
04 N h
02 U I
04'1 ) 2 3 4 5 01 - p

12510 107 10° 10° 10° Re ot o0 o Wt vt fet gt 0t

Re

Puc. 3.17. Bausgnue uHcaa Puc. 3.18. W3smeHenHe KosdduuHeHTa JO-
PeitHonbica HAa KO3pHIMEHT 6GoBOro CONpOTHBJEHHA NPH 00TeKaHHH Gecko-
N0GOBOro CONPOTHBAEHHS Wapa HEYHOro LMJAHHApA
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ARy Auanornunas KapTuHa H3MeHEHHs KoO3(dH-

I[HeHTa CHJbl JIOGOBOTO COTNPOTHBJEHHS OT YHC/Ia
Re nabmonaercss u npu 06TEKAaHHH OGECKOHEUHOIO
P muauugpa (puc. 3.18).

3.9. CKOPOCTb BHMTAHHS
M CKOPOCTb TPOTAHHS

JIns nepeMelieHusi TBEPALIX YAaCTHI, B CHCTe-
Max [HEBMOTPAHCIOpPTAa M acHHpanud Heo6Xo-
JIUMO, 4TOGEI CKOPOCTb TNOTOKAa BO3JyXa Obi1a
6oJIblile CKOPOCTH 8UMAHUA {IPH NBHKEHUH CMECH
BO3JyXa M TBEPJBIX YacTUI[ HAa BePTHKAIbHBIX
y4acTKaX THEBMOTPAHCIOPTHOH CeTH) H mpoea-
, Hua (IJg TOABEMA YAaCTHI[, OCEBIUMX Ha JIHO
Puc. 3.19. K pacueTy ropu3OHTANbHBIX YY4aCTKOB BO3JYXOBOJOB).
CKOPOCTH BHTaHHS [Tyctb Ha Teo maccol M Haferaer IOTOK

BO3JyXa, MABHKYUMACA BEPTHKAJILHO  CHH3Y
BBEpX. yCJIOBHeM JJis. TOro, YTOOBl TEJIO - He IMepeMelianoch BIOJb
oc y (puc. 3.19), T. e. oCTaBajoch HA OXHOM H TOM XKe ypoBHe
(IpH  3TOM OHO, KOHEYHO, MOMKET NePEMemAaThCs B TOPH3OHTAJBHON
IJIOCKOCTH TOJ, AeACTBHEM GOKOBBIX CHJI, He ONYCKasiChb W He MOJHH-
MasCh), SIBJSIETCS] PABEHCTBO CHJI 1060BOTO COIIPOTHBJIEHH S H MaCCOBEIX.
CkopocTb, KoTopasi OfecreynBaeT 3aBHCAHHE TBEPAOH YACTHULI Ha OJ-
HOM ypOBHE, Ha3hIBaeTCsl CKOPOCThIO BHTAHHS Uy, YCJIOBHE PABHOBECHS

2
Pus

3anumercss B BUjAe R, = Mg uan C.F
= f (Re), umeem

= Mg. Tak xak C, ==

d B
F(55) Fo s = Me
uau Anist wapa npu Re < |

24v nd? pvi nd
md 4 38 Pug &

Tae py — IJIOTHOCTh MaTepuana Liapa.
Orciona Jerko HaHTH CKOPOCTb BHUTaHHS
— _Pwgd®
Us = ~Tgoy (3.63)
Ecan ckopocTb NOTOKa U > Uy, TeJNO HAyHET ABHIaTbCsl BBEPX B CO-
OTBETCTBHH C 3aBHCHMOCTBIO ~ .
dv do
Ry—Mg=MZL; CFL@—o)p—Mg=MZL,
Iie Uy — CKOPOCTb TEpeMelleHHs TeJla B HalpaB/JeHHH OCH Y (BEPTH-
KajJlbHO BBEPX) H U > Uy.
Kak u B npenpigymem cayuae C, = f (Re), ongHako 3jecb Re =
= (v —v,) d/v, T.e. 3leCb YUHTBIBAETCH OTHOCHTeJNbHAf CKOPOCTb
JIBHXKCHHS YacTHIH.
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Puc. 3.20. K pacyeTy CKOpPOCTH TPOTaHHSi: @ — B YCJIOBHSIX HOJ B~
€Ma; 0 — B YCJIOBHSAIX FOPH3OHTAJIBHOTO CKOJbXEHHS

Paccunraem Tenepb CKOPOCTb TPOTAHHUS Upp. A yHpolueHHs GyJeM
loJiaraTb, 4TO a3pOAMHAMHUECKHH MOMEHT paBeH HyJ10. CTporo rosops,
3TO JIONyIIeHHEe He COBCEM KOPPEKTHO, NOCKOJBbKY NPH BHIBOAE MHI G-
JIeM 10JIararh, 4TO TeJO NMOKOUTCS Ha TOPH30HTAJNbLHOH MJIOCKOCTH, a NPH
JICACTBUH BSI3KOCTHBIX CHJ CKODOCTb BO3JyXa Ha IIOBEDXHOCTH DaBHa
1y Jio, ‘ :
Ilycte Teso maccoi M HaGeraeT paBHOMEpHBIH MO NPOGHII0 CKO-
poctu noTok Bosayxa (puc. 3.20). CkopocTb BO3ZyXa IpH 3TOM OyJeT
TaKOH, 4TO TeN0 WJM MOJAHHMETCH B BO3JYX, HJAH OYAET CKOJNb3HTb IO
I'ODH3OHTAJLHONH NOBepxHOCTH. B nepsom cayuae (puc. 3.20, a), oue-
BHAHO, TOAbeMHAs cHsaa OyJeT paBHa UJM GOJbLIE MAaCCOBBIX CUJ, T. €.

Urpd
v

2
. v
Ry= Mg i (Z25) P 2% yig,
Il ecJM M3BecTHA 3aBucHMocTb Cy = f (Re), To ckopocTb Tporanus omnpe-
JeJIMTh Hecs10XHO. JIJ1g mojbema Teja HeoOXOAHMO YCJOBHE U > Uyp,
Il TEJIO HauHeT JBHTATbCA CO CKOPOCTBbIO ¥, ONpPelesieMoil H3 YPABHEHHHA
doy . (v—1uy)? doy
Ry — Mg=M—_*; CyFp— —~Mg=Mdt. o
Ecnu macca Tena senmnka Mg > Ry, TO CKOPOCTb TPOTaHHs Ompe-
JIJINTCA M3 YCJIOBHS PABEHCTBA CHJ JIOOOBOTO CONMPOTHBJEHUS U TPEHHS,
T, €.
Ry=T nau R, =f(Mg_ Ry)’

rjae f — Ko3a(pHIMEHT TpeHHs.
ITpeo6pa3oBbiBasi IoC/e[Hee BLIpaXKeHHe, IOJydYaeM

o (S5 ) Fo S = f| g —f, (Z20 ) Fo 2] 364

Ecin BeNMYHHBI fy M f, ONpeIeNnTb ONBLITHBIM NyTeM, TO HaXOXJe-
e vy, He TNpeIcTaBaseT o0coGoro Tpyna.

Korma ckopocTb BO3gyXa v > Upp, Te10 HayHeT CKOJAb3HTb MO II0O-
BCPXHOCTH CO CKODOCTBIO Uy, KOTOPYIO MOXKHO OIpeleNHTh H3 COOTHO-
IICHU ST o

duy
Re=F(Mg —R,) =M%z
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HIH, 1npeoGpas3oBaB TOC/HELHee BbIpaXkKEHHE,

dv,
C.F —g—(v—vT)z—f[Mg——CyF—g—(v—vT)zJ = M2, (3.65)

3.10. MOABEMHAS CHJIA

Panee mbl nmoayunaun dopmyay H. E. )KyroBckoro ans nogabeMHoH
CHJIBl IpH OOTEKaHHH KpYIVIOro LHJAHHApa. Dojiee ofmHM cayuaeMm,
INIHPOKO HCNOJb3yeMbIM B TeXHUKe, siBJIseTcs oOTeKaHHe IOTOKOM He-
CXKHMAEMOH XMAKOCTH Tesa Jw00H Npou3BoapHOH dopMmel (puc. 3.21).
Tlpu obrekanuu H3o6paxkeHHOro NpoduJIA NOTOKOM HIEaJbHON KHJIKO-
CTH TOYKA CXOAA JIMHHH TOKA CTPYH MOIKET HaXOJUThCs B JIOOOM MecTe
no nepumerpy npoguas (puc. 3.21, q). Llupry/Jaauus CKOPOCTH B 3TOM
cnyyae pasHa Hymo (I' = 0), a y BuixogHO# 3aocTpenHo#i KPOMKH
npoduas (C MaJbM pajuycoM 3aKPYIVIEHH$) TeOPETHUECKH MOIYT BO3-
HUKHYTb GeCKOHEUHO GOJbLIHE CKOPOCTH. B peanbno#l (BSI3KOI) XKUIKO-
CTH H3-3a HaJIMYHs TPEHHUS KapTHHA obTeKaHust npoduast OyIeT cooT-.
BeTcTBOBaTh pHc. 3.21, 6. Ee MOXHO NpeACTaBHTb KaK pe3yJbTaT CJIO-
KEHHsT 4uCcTO OecLMpKYJAsALHOHHOTO oOTekaHHsl mpoguas (puc. 3.21, a)
C HHPKYJALHOHHBIM (3.21, 6). LlupKyAAUUOHHBIH NOTOK, KaK yxke GblIo
[I0KA3aHO paHee, H3-3a pa3JIHuHsi CKOPOCTEH Haj BepxHeH M HUXKHEH 06-
pasyiomyMu Npodu/s CHUXKaeT HaBJjeHHe Ha BepxHeH obGpasylouell u
yBEJIHYHBaeT — HAa HHJXKHEH, TeM CaMbIM TNPHBOAS K BO3HHKHOBEHHIO
NOABEMHOH CHJIBL. B pesysapTHPYyIOIlEM TOTOKe MepeHsAs KpUTHUYeCcKas
TOYKa S; CMellaeTcss B CTOPOHY HHIKHEH IIOBEPXHOCTH, a KOpMOBas
KPHTHYECKasd TOYKa S;, T. €. TOYKA CMBIKAHHS JHHHH TOKa, CMeIlaercs
K BBIXOJAHOH KpoMKe (cpaBHHTe puc. 3.21, a u 6).

Paccmorpum, crmenys B. T. EwmueBy, ycraHoBuBIIeecsi MJIOCKOe
NOTeHI[HaJbHOEe OOTeKaHHe Tela MPOU3BOJBHOTO TPO(QHIAS ITOTOKOM
HECXKHMAaeMOH KMIKOCTH HJIHM Tra3a. byjeM_moJgaraTs, YTO BO3MYIIEHHS,
BHOCHMBIE B NIOTOK OOTE€K4E€MBIM TeJoM, OYAYT yOLIBATH C POCTOM pac-

crosigusi oT mero. CropocTb B
a) MoBo# Touke GyAeM CUMTATh MOJ-
YHHSAWIWEHACH YPaBHEHHIM

u=u,+u; v=1v, (3.66)

oec-

“Puc. 3.21. OGrexanne npodHJs NOTOKOM HECKHMAEMOH XKHAKOCTH: @
LMPKYASMOHHOe 00TeKaHue npoduasi NOTOKOM HAeaNbHOH XMAKOCTH; O —
UPKYASLHOHHOe o0TekaHne npoduis; 8 — o6TekanHe nNPopHas BA3KOH KHI-
KOCTBIO
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TIe ¢ ¥ U — COOTBETCTBEHHO IIPOEK-
IIHH BEKTOpa CKOPOCTH U Ha OCH X
U y;, u' U v — CKOPOCTH BO3Mylle-
HHS, KOTOpble BO3HHKAlOT B IIOTOKE
NpH BBEJEHHH B HEro TeJa, IpuueM
B COOTBETCTBHH C NPHUHATHIM JOMylie-
HueM #' ¥ U’ CTpeMATCH K HYJIO C yBe-
JUUYEHHEM PACCTOSHUS OT TeJa.

[Tpodusb Tena (puc. 3.22) Oynem
paccMaTpuBaTb KaK 3aMKHYTYIO JiH-
HHIO TOKa, BHYTPH KOTOPOH IMPKY-
Jupyer XuikocTb. [ToBepxHoCTb mpo-
¢uns  obosnaunm F. TlposereM H3 = 4,9 K BmBony Teopems
Toukn O (Hauasa KOODAMHAT) OK- H, E. )Kykosckoro «0 NOATLeMHOI
PYXKHOCTb S JOCTaTOYHO OGOJIBHIOTO  cuse, HeHCTByloNleit Ha KpHIIOBON
paguyca r,. IlpumeM pasmep HOp- Dpoduib»

Malu K TJIOCKOCTH uYepTexa pPaBHBIM ~
eJHHHIIE W MPUMEHHM YpPaBHEHHE KOJHYECTBA JBHMIKEHHS K XKHAKOCTH,
3aKJIOYEHHOH MeXJy IOBepXHOCThio F U OKpyxkHOCTBIO S.

Onna M3 (GOpMYJNHPOBOK 3aKOHA COXPAHEHHS KOJHUYECTBA JBHIKEHHS
[M4CHT, YTO NPH YCTAHOBHBIUEMCS JBHIKEHHH BBIIEJNEHHOTO. o0beMa
IMIABHBIH BEKTOp AEHCTBYIONIMX Ha HETOo BHEUIHUX CHJ paBeH IOTOKY
KOJIMUECTBa JBUMKEHUS] 4Yepe3 KOHTPOJBHYIO TOBEPXHOCTh S. 3aMeTHM,
yTO Ha BBIENEHHBIH 06beM GyAyT HeHCTBOBATh MAacCOBLIE (APXHMENOBHI)
CHJIBI, KOTOPHIMH IIPH BBIBOAE TEOPEMBl MOXHO npeHeOpeyb. Pesysb-
THpYIOAst CHJI, JeHCTBYIOLIMX Ha INOBEPXHOCTH S u F, onpenenur
IMIaBHBIH BEKTOP TMOBEPXHOCTHBIX cuJ (cus AaBJjeHus). VeTerpanbHas
BEJMYHHA CHJ JaBJIeHUS 110 MMOBEPXHOCTH Tejda NpejcTaBiaseT co6oH
CHIy BO3JEHCTBHA TeJa Ha IIOTOK.

CornacHo TpeTbeMy 3akoHy HbloToHa,

P=_R,

rjge R — cuJsa BO3AeHCTBHSA TeJla Ha HaGeraromui noTok.
PesyabTupylomas cun pgasieduss P Ha nosepxHocts S

Py = jpnds= J.'pnds,
5 5 :
rie ds — sJeMeHTapHasi Ayra OKPYXKHOCTH S; n — OpT BHeIUHeH HOp-
MaJIH. .
C yueroM BBIILEH3/I0XKEHHOTO, ypaBHEHHE KOJHMYECTBA JBHUKEHHSA
IIPUBOJUTCA K BHLY

—P-—@pnds= fﬁ pu,mds—]—@punudl*‘,
N S F

P
e , = ucos (n, u).

Henponunaemocts npoduiass F 1s KHAKOCTH O3HA4aeT, 4TO HOP-
MaJbHasi COCTABJSIOIAs CKOPOCTH XKMJAKOCTH Ha TMOBEPXHOCTH paBHa
nyJo, T.e. up|r = 0. IlpuHuMas Bo BHHMaHHe, 4TO

ds = ryda; n, = cosa; 1, = sina,
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HafileM NPOEKIHH CHJIBl P Ha OCH X M y:

2
Py=— | r,(p cos o+ puyu) do; (3.67)
!

2 .
P,=| ry(psinapum0) da. (3.68)
0 .

YuuteiBas yciosus (3.66), onpenenaum aasjieHHE p B JOGOH TOUKe
Ha KOHTPOJBHOH MOBEPXHOCTH S

2 2 : 2 ,2
p=po+Lgt — g (@ %) = po L — - (i 2uu’ 0" - 07),

rie p, — JAaBJe€HHE HEBO3MYILEHHOIO MOTOKa.

-TlockoJIBKY MbE YCROBHAHCH PAIHYC 7 BHIOpATh JOCTATOYHO GOJIb-
IIAM, BeTHYHHAMH ' M 0', KaK BeIHYHHAMH MaJbiMH BTOPOTO NMOPSJKA,
MOXHO npeHeGpeub, cne,uOBaTebeHo

P = py, —opuu'. ‘ (3.69)
H3 (3.67)—(3.69) umeem:
2n
Py=—r, J [(po — puou’) cOs o 4 pu,u] da; (3.70)
.0
2%
P,=—r, J [(po — puott’) sin o + puyv] dot. (3.71)
0 ) )

Tak kak J pecosada =0 u _[ posinada =0, a u, = un =
= ucosa + vosin o, mpeoGpasyem oOCTaBumec;[ HOJBIHTErPAJIbHBIE BhbI-
pakeHus:

Uyl — Ugld cosa-—(ucosa—f—vsina)u—uou COS o ==
[(to + ') cos o -+ v sin ] (g + ') — upu’ cos a =
= uj cos a -+ 2ugu’ cos a ' cos o+ ugw’ sin o
+ v'u’ sin o — uou’ cos a & ugcos o -+ up (1 cosa 4 v sin &);
UpV — U’ sin o = (w cos @ + vsin &) v — yeu’ sin a =
= [(uy + t') cos o 4+ v' sin ] v' — uyu' sin & &~ uy (v' cos o —
—u’ sin a).

TloxacraBiisist 3TH BhIpaXKEHHsI B MHTErpasbl st NPoeKuu# cuinl P
no ocsaM abcuuce U opauHar (3.70) u (3.71), noayuaem
271

P, = —opru, j (u' cos a + v’ sina) do; (3.72)
0
2n

P, = —oprg, j (v’ cosa — u’ sin @) da. (3.73)

0
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Benuynuw 4’ u v’ moji 3HaKaMH KHTErpasoB MOXKHO 3aMeHHTb Ha
Il ¥ U, 4TO O3HauaeT N0GaBJEHHE K NPABLIM YaCTAM BEJIHYHH
27 27

— 15ty j Uy Ccos a.da U prgly j Uy sin o dot,
0 . 0

KOTODBIE TI0 OTAENBHOCTH pAaBHBI HYJIIO.
3aMeTHM Takke, 4To

rs (v cos o — u sin a) do = (v COS & —
— u sin a) ds = udx + vdy = us,
rge us — TNPOEKUHs CKOPOCTH U Ha OKPYXHOCTh S.

[Tonyuaem
2% ’
P, = —oryu, j (ucoso 4 vsin ) do = —puy gg upds = —pu,l; (3.74)
0 : "~ ¥
2n

P, = —opr.u, j (vcosa — usina)do = — puogﬁ usds = — pugl”, (3.75)
0 S

rie L — pacxon sujakoctH uepes KoHtyp S; IV — UHPKYJISAUHS CKO-
POCTH TIO 3TOMY KOHTYPY € OGXOZOM IPOTHB UYacOBOH CTPEJKH.

Ec/iu BHYTPU OKPYKHOCTH HET MCTOUHHKOB WJH CTOKOB, To L = 0
u P, = 0, a npoexuuss P, = —pul". [TomennB Hanpasienne o6xona
KOHTypa, HMeeM
P, = pu,l. (3.76)

IMonyyenHoe Buipa)keHue — ecTb TeopeMa JKYKOBCKOro A TMOXB-
eMHOM CUJIbI, BO3HUKAIOUIEH NPH 00TeKaHUH LUJIHHAPHYECKOTO Teqa Npo-
H3BOJBHOTO NpOodUIS IJIOCKUM HOTEHIHANbHBIM IIOTOKOM, BBIBEJEHHAs
uMm B 1906 r.

Takum o6pasoMm, Ha KaxkAy0 €IHHHIY JJIHHBL TeJa JeHCTBYeT CHJa,
IIpOTIOPIMOHAJIbHAS TJIOTHOCTH XKHMJAKOCTH, CKOPOCTH HEBO3MYIIEHHOTO
NOTOKA M IHPKYJASLUH N0 KOHTYDY, OXBaThBamoueMy Teqao. [lox anuHol
3/lecb TOHHMAETCS MPOTSKEHHOCTh Teja B HaHpPaBJ/EHHH, NeprneHJHKY-
JSIPHOM K TJIOCKOCTH yepTeka. [JocKoNbpKy HanpapJeHHe 06X0ja KOHTypa
HaMy BHIGpaHO O YacOBOH CTpenke, TO, YTOOB NOJYYHTh HalpaBJeHHe
JIeHCTBUS TOABEMHOH CHJIBI, CJeyeT BEKTOD CKOPOCTH IOTOKa B GecKo-
IleUHOCTH Pa3BepHYTh Ha yroa 90° B HanpaBJ/eHHH, NPOTHBONOJOXKHOM
IUPKYJIANHH.

Ilpu poxasareibcTBe TeopeMbl JKYKOBCKOTO NpEANoJarajoch, uTo
OKDYXKHOCTb S HMeeT J0CTaTouHo Gosbiiod paauyc rg. IlpoBenem BHY-
TPH KOHTYpPa, OTPaHUYEHHOTO MOBEPXHOCTbIO Tesla F U OKPYKHOCTBIO S,
Jo60# KoHYTP f. TTocKoMbKY Mexay KOHTypamu S M f BHXPH OTCYTCT-
BYIOT, TO LUPKYJSLHA [0 3TUM KOHTypaM OyAyT ONMHAKOBBl M YacT-
IIIM CJ1yuaeM MOBEPXHOCTH [ MOXKeT cTaTb IOBEPXHOCTb Npoduas F.

Teopema JKYKOBCKOTrO yKa3blBaeT Ha NPUYHHY BO3HUKHOBEHHS NOLB-
eMHOM CHJIBI. DTOH TPHYHHOH SABJSIOTCS BHXPH, @ MepoH HHTEHCHBHO-
CTH HMX — UHpKyJasuusi ckopoctH I' Bokpyr npo¢uis. B peanbHoi
KUJIKOCTH BUXPH MOSIBJISIIOTCS B PE3yJbTaTe BA3KOCTH, H, CJEJ0OBATEJNBHO,
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CHJl TPEHHSl, KOTOPHIE BOSHHKAIOT B TMOTPAHHYHOM CJIOE, HEMOCpPesCT-
BEHHO MNpPHUMBbIKAIOWEM K MNOBEPXHOCTH Tena. laMeHsis HUpKyJIsLHIO
ckopoctd I', T. e. MeHsAst npoduab, 0OTeKaeMblll KHAKOCTHBIM HOTOKOM,
MOXKHO H3MEHHTb H BeJUYHHY INOLBbEMHOH CHJIBI,

Teopema H. E. )KykoBckoro siBujach OCHOBOH TEOPHH KphbLl1a, IO-
JyuyuJa MHPOKOe NPHMEHEHHE B TEOPHH JIONMACTHHIX (OCEBLIX) BEHTHJA-
TOPOB H Ta30BBIX TypOHH, IPH pacueTe BHHTOB KOpalJeH, IJIHCCHPYIO-
IHX CYAOB H CYAOB Ha TOJBOAHBIX KPBLIbSX, NPH NPOEKTHPOBAHHH Jie-
TATEeJNbHBIX annaparTos.

3.11. TEOPEMA )XYKOBCKOTO O MNMOABEMHOA CHJIE
A1 PEIIETKH MPOPHIIEA

[Ipexpe, uem nepedTH K BHIBOAY TeopeMbl JKyKOBCKOIO O NOABEMHOH
cuJie pelueTkd Npodued, paccMOTPUM OCHOBHHIE leoMeTpPHYecKHe Ia-
paMeTpel eIHHHYHOTO KpPbLJIOBOTO Npodu/Is u pemeTku npoduies,

Kpowrosoti npogure (puc. 3.23) xapakTepusyeTcsl 3aTyIJeHHOH Ie-
penHell 4acTblo M 3a0CTPEHHOH 3ajHell KPOMKOH., Cpeduas aAunus Tpo-
¢uIs — 3TO reOMETPHYECKOE MECTO UEHTPOB BNHCAHHBIX B’ NpPOQH/IbL
OKpyxKHOcTel. Xopdod npogurs Ha3HIBAIOT OTPE30K, COEAUHSIOMHUI ABE
camble yjiaJleHHBle TOYKH OceBoH ANyru npoduas. Ilpoduan xapakrepu-
3yIOTCA OCHOBHBIMH T€OMETPHYECKHMH TapaMeTpaMH: OmHOCUMeAbHOL
moawjurot npoduia ¢ (OTHOIIEHHE MAKCHMAJbHOH TOJLIMHBI NPOPUIs ¢
K IJHHE XOopibl b, T.e. ¢ = c/b); omwnocumervkold 8oenymocmoro | =
= f/b (oTHOLIEHHE MAKCHMaJbHOM CTPesbl NPoru6a oceBol AYTH K JIHHE
xopant). Tlosioxkernsi | u € onpefenisiioTcsi OTHOCHTENbHBIME aGCliMCcCaMu
Xy =X;/b u X, = x,/b. Kpususna npoguss XapakTepusyercss YIJIOM
nporuba cpefHel JHHUH €, T. €. YIJIOM MEXJY KacaTeJAbHBIMH H CcpelHel
JuHHeH npoduns B ero nepefHel "M 3ajHeld yacTAx.

Pewemroii npoguseli Ha3bpBAOT GECKOHEYHOE UYHCIO OJHHAKOBO
pPacrnosloXeHHbIX HAEHTHYHBIX KPBUIOBBIX TNpoduieli, pasMelleHHBIX
C OJHHUM M TeM ke maroM (pHc. 3.24). Takas pemuerka nosyuyaercs, eciu
JIONACTHYIO CHCTEMY OCEBOTO BEHTHJISITOPA HJH KOMIpeccopa pacceub
KPYTOEOH LMJIHHAPHYECKOH IOBEDXHOCTbIO H Ppa3BepHYTh CeuyeHHe Ha
njaockoerd. OueBUAHO, ONpejeseHHe MONbEMHON CHJbI, NeHCTBYIOLIEH
Ha pelueTky npogusel, 1aeT BO3MOXKHOCTh PACCUHTATb CHJBI H MOMEHTHI
B pOTOPax OCEBHIX MallMH,

yA

/ Ve
Brymperrag T —— EN , )
W - opda npopUn,
npopuAs " V7 - BrewHAA X0p0a npop
Xe
Xp
8

Puc. 3.23. lFeoMeTpHuecKkHe XAPaKTEPHCTHKH Kpu.nosoro'npoqm.uﬂ‘
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Puc. 3.24. Pewerka npoduaeii

—
-€
N

Ob6rekanne Bcex npocuJieidl pewmweTkH OyAeT OIHHAKOBBEIM, €CJIH
yuc/ao npogusell 6eckoHeyHo Godbluoe. B3auMHOe pacnososkeHHe INpo-
(unefi B pelleTKe XapaKTepH3YeTCs waz2om peutemku t (paccTosiHHe
M€Ky CXOACTBEHHBIMH TOYKaMH COCeJHHX Hpodusell) ¥ ycmano8o4HoIM
yeaom & (yron Mexay Xopaoit mpodusst H (GpPOHTOM pelIeTKH) MJIH yTI-
JaMH @; H ¢, MEXJY KacaTeJbHBIMH K CpeJHel JHHUH NPOPHUJISt COOTBET-
CTBEHHO B MNEpefHEd H 3ajHeH Toukax npoduss X (GHPOHTOM pEIIETKH.
Oceb pelieTKH HOPMAJIbHA K ee GPoHTY. Omuocumebrbil wiae penieTkd —
eCcTb OTHOILUEeHHe mara ¢ K AAHHe Xopael b, T.e. t = I/b. O6Gparnas
BeJIMYHHA OTHOCHTENBHOFO Iuara — ecTb eycmoma PemeTkH T = 1/f =
= b/t. TlonoxeHue npodu/d pelieTKH MO OTHOLIEHHIO K HaberamouieMy
NOTOKY XapaKTepusyercs yaaom amaxu i (yroJ MeXAY BEKTODOM CKO-
pPOCTH w, H KacaTeAbHOH K CpeiHed JHHHH Npoduaf). Yroja Mexny
BEKTOPOM CKOPOCTH Ha BBIXOAE H3 PEIIeKTH W, H KacaTeJbHOH K Ayre
npoduas B KOPMOBOH YacTH HAa3BIBAETCS yeAoM OMCHasanus nomoka 8.
Yriom BXoAa f; HA3bIBAIOT yroJ MeXIy HampaB/JeHHeM CKOPOCTH Ha
BXOJie B DEILEeTKY M ee (pPOHTOM, YIVIOM BhiXoAa f, — yroJ, o6pasoBaH-
HbIl BEKTOPOM W, H QPOHTOM peueTKH. PasHOCTb 3THX yIJIOB ONpeaessieT
H3MEHEHHE HanpaBJeHHs IOTOKa rasa.
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PaccMmoTpuM ob6TeKaHHe 6eCKOHeUHOH NpsSMONMHEeAHOH PelleTKH KPhi-
JIOBBHIX MNpocHJIell MJIOCKONapaMJeAbHEIM YCTAaHOBUBLIUMCA IOTOKOM
rasza. OnpenenuMm CHJIY BO3JEHCTBHS MOTOKa Ha NpPOQHJIb €JHHHUYHOH
IAWHE B HanpaBJeHHH, MNEepHeHIUKYASPHOM K TNJOCKOCTH YepTexKa.
BuigeniuM B TOTOKe ceueHHsi [ W 2, nmapajfenbHble GPOHTY DEIIETKH H
yIaneHHBIE OT pEIIeTKH Ha TaKoe paccTosiHie, KOTOpoe II03BOJISET
CYUHTATb CKOPOCTb M JaBJIEHHE B KaxK[IOM CEUeHHH NOCTOSIHHBIMH, T. €.
TaM, rie NoTok OyaeT HeBO3MYUEeHHBIM. [IpoBesieM HA PACCTOSIHHH Inara
peuterkd ¢ auHul T0Ka AB u DC. OueBujgHo, oHU OyAyT KOHTPYSHTHEI,
T, €. NPH HANTOXKEHHH COBHAAYT. [IpUMEHUM K BBIIETEHHOMY KOHTPOJb-
HOMY oé’bemy ABCD YPaBHEHHe KOJIMYeCTBa JBHKEHHS, TOTAA TPOEK-
IIMHM paBHOJAEHCTBYIOIEH BCeX CHJ, JNCHCTBYIOUUX B oﬁbeme Ha OCH 2
H 4, T.e. ocb W (POHT pELIETKH

P = M (—wyc08 Bo — w1 08 Br) = M [(— i) — (— )],

rae P, — npoeklUHH paBHONEHCTBYIOLIEH HAa OCb 4 C YYeTOM 3HAKOB
y Tpoekuu# ckopocrefi; M — ceKyHaHas Macca rasa, NPOXOASILEro
yepe3 pelleTKYy C aroM ¢ ¥ AJAHHOH (MepHeHAuKYJASPHOH K INIOCKOCTH
yepTexka), paBHOH efuHuue. M3 ypaBHeHHs HepaspeiBHOCTH M ==
= pwnt X 1 = pw,t X 1. 3aMerum, uTo AAA HECKHUMaeMOH XKHAKO-
CTH P; = Py H Wy = W,3 = W,, TOTJA NpPOEKUHS pPaBHOJEHCTBYIOLIEH
Ha OCb peIIeTKY ONpejeNuTCs U3 ypaBHEHHS

Pid-(pr—p)t X 1 =M@ —ws,); Pi=—(p—p)ixl

Hpoekunu cunpi P, jeficTByomeli Ha KpbUIOBOH NPOQHIL eAHHHY-
HOH JJIHHHEL,

Py = — ptw; (Wa, — Wa,); 3.77)
P, = (py —py)t, (3.78)
TIOCKOJIbKY P, = —P, u P, = —P,, T.e. COCTaBISIOWNE DaBHOJCH-.

CTBleIlleH CPIJH:I HpHJIO}KeHHOI/I K Hpocbmuo H cocTasJdrolye BCEX

. CHJI, NIPHJONKEHHBIX K KOHTPOJBLHOMY 00BeMy, paBHb MO BeJHYHHE H

IPOTHBOINOJ/OKHEL MO HANpPaBJAEHHUIO.
CorstacHo ypaBHeHHio DBepny.uy,

py + pwi/2 = p, + pwi/2.
Tlocneanee BhIpa)keHHe IIPEACTaBHM B BHIE
P
pl’“p2=_2‘(wg_w%)— (w , 2 —
— % (@, +a?) = __ (@, —©?). (3.79)

OnpemenuM Tenepb UHPKYJIALHIO cxopocm no kourtypy ABCD.
3a mosoxuTeNnbHOE HampaBJeHHe 00Xojla NMpHMEM TakKoe, NPH KOTOPOM
OBEPXHOCTb, OTPAHHYEHHAsSI NAHHBIM KOHYTPOM, OCTaeTcs c/iesa, T. e.
IPOTHB 4AaCOBOH CTPEJKH

FABCD=FAB+FBC+FCD+FDA-
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Hocxonbxy aunuu ToKa AB u CD KOHTDYIHTHBI, @ paclpefiesienye
CKODOCT€Hl MO HHM OAMHAKOBO, TO

Tag=—Tc¢p; Tapcp= —tw,, —l— twy, =t (Wy, — wy,). (3.80)

3aMeTHM, UYTO €C/JAH ONpEAENSTb BENTHUUHBl LUPKYJIALMH BOKPYT
npodusas Bpalmamomencs peueTkH 10 alCOMIOTHBIM CKOPOCTSIM, TO

|wul l _Iwuzl = Cu, — Cuy.

[ToacraBnsis naifigennoe no (3.80) snauenme I'jpcp U BEIpAXKEHHSA
g P, (3.77) u P, (3.78) c yuerom (3.79), moayyaem:

—P, = plw,;
—P,= —(p1 — pa)t = — p/2{t (Wu, — Wy,) (Wu, + Wu,)} = (3.81)
| | = o' (W, + @a,)/2.
Peaxknusi motoka uJeanbHOH KHAKOCTH Ha NpPOQHIIb

P =y P+ P; = pT ¥ [(wu, + @u, )2 + w3;
P = plwy, ] (3.82)

YpaBuenue (3.82) — 3T0 MareMaTHUeCKOe BHIPAXKEHHE TEOPEMBI
H. E. )KykoBckoro o moibeMHOH cuile Npodu/si B peleTke, INOJy4YeH-
Hoe uMm B 1912 r.

Cpe/HereoMeTpuyecKuil BEKTOP CKOPOCTH Wy, ONMPEIESAETCs Mo Cie-

Aytolel gopmyne:

m = (W1 wy)/2

[Ipoekiusi aroro BekTOpa Ha OCb 4 paBHA (az)u1 + w,,)/2, a Ha
och z — w,. Hanpasienuwe cpeaHereoMeTpHyeckoil CKODOCTH OIpefe-
asietcss  cootHommenuem (3.24) ctg B, = (ctg By 4 ctgP )/2 '

Teopema H. E. )KykoBckoro mokasniBaeT, 4TO PaBHOAEHCTBYOILAS
BCEeX CHJI, NEHCTBYIOLIMX Ha JIONATKY peIIeTKH CO CTOPOHBI NOTEHIH-
anbHOrO NMOTOKA HECKHUMAaeMOH XKHAKOCTH, pPaBHA NPOH3BENECHHIO MJIOT-
HOCTH 1a3a, CPEIHEreOMEeTPHUECKOH CKOPOCTH M UHMPKYJSLHMH CKOPOCTH
BOKPYT npoq:mna Hanpasnenue JeficTBus 3T0ofi paBHOJAEHCTBYIOLIEH
NEepPIEHIUKYISIPHO BEKTOPY CpeJHEereoMeTpuyeckoii ckopocru. Has om-
pefiesieHuss HaNpaBieHUs CHJBL P HYXHO BEKTOp W,, DPasBEPHYTb Ha
yroa 90° B CTOpOHY, NPOTHBONOJOXKHYIO HAanpaBJEHHI0 LHUDPKYJALUH.

D10 oueBHIAHO M3 cooTHouenui (puc. 3.24):

|P|:|Pu|:[Pz|=wm:wzm:wu ;

€ B = | s, |/] @a,, | = | PPz [ T (@i, + i )2| = | Pu ] P,

B ypaBuenun H. E. )KyKoBCKOro mjIOTHOCTb rasa — BeAHYHHA MO~
croanHasg. B 1944 r. B. C. CreukuH mokasajd, 4TO OHO NPHMEHUMO U
B CJayuae CxKuMaeMmoro rasa. IIpm 3TOM IJIOTHOCTb ONpeje]sieTcsl, Kak
noJycymMMa IUIOTHOCTEH rasa Ha BXOJe B DEIIETKY M BBIXOJE M3 Hee,
T. e pm = (p1 1 02)/2.
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Brnocaenctuu, B 1949 r. O. M. Bepson npemnoxua s [03BYKO-
BHIX IOTOKOB CXKHMM2eMOr0 ras3a HCIOJb30BaTh BHIpaxkeHue l/pn, =
= (l/py + 1/ps)/2 umu pm = 2p,0,/(py + o). 3ameTum, uto ecau wmar
peuweTkn ¢ clenarb OeckoHeyHo GoabiiuM, To mpu I' = idem, w, —
— W; —> W,, = W, TIOCKOJIbKY OTKJIOHEHHE CpeiHeH CKOPOCTH IOTOKa
pemeTkoil npodusell yMenblliaeTcsi (CHHXKAeTCA TaK HasbiBaeMasi CKO-
POCTh NEBHAUHH Wu = Wy — Wy) H TOJTYYEHHOE BEIPAXKEHHE CBOAHTCH
B npefiene K BbiBefieHHOH panee teopeme H. E. JKykoBckoro s o6re-
KaHus ojuHo4HOro npodunas (3.76), t.e. P = puyl.

Teopema H. E. JKykoBckoro npuMeHuMa Kak K HEHNOABHKHOH, TaK
H JABHXKYywelfica pemweTkaM mnpodunei.

Ilpu o6TekaHmH pEIIETKH peaJbHBIM I'a3oM JeHCTBUTE/NbHAs BeJH-
YHHA NOABEMHOH CHJBl GYJET MEHbIUe TeopeTHUeCKo#, uro 0BycaoBIEHO
BIUSIHMEM BSISBKOCTHHIX CHJ (CcM. I, 9).

TeopeTHueckHe MOJIOXKEHHS, H3JIOXKEHHbE B IVMI. 1—3, HEOOXOAUMBI
AJIst MCCJIEJI0BAHHS M aHA/IM33 Pas/IMYHBIX 33724 a9POJHMHAMUKH, B 4acT-
HOCTH JBHXKEHHS TIa3a N0 KaHAJaM CeTell BeHTHJSIHH, KOHIHIHOHU-
POBaHHA BO3JyXa H NHEBMOTPAHCIOPTHLIX CHCTEM, OOTEKAHHS NOTOKOM
PA3HYHBIX TeJ, paccesiHusi BPEeJHBIX BEIIECTB B atMmocdepe, GOPMHPO-
BAaHUA NOJIEH CKOPOCTeH H JaBJEHHH Y BRITSIXKHEIX OTBEPCTHH H B NpH-
TOUHBIX CTPY$X, NepeMeNIeHNs BO3AyXa B pabouyux KoJjecax pafuaNbHBIX
MalHH, B OCEBBHIX BEHTHJASTOPAX M H3YYEHHA LeJoro paja Jpyrax
3ajad.



FTnasa 4. IBUWKEHUE BO3AYXA
B KAHAJIAX

V3 pasnnuHbix TYpOyJEHTHBIX TEeYeHHH, C KOTODHIMH MBI BCTpe-
yaeMcs B TeXHHKe BEHTHJALHH H KOHJIMIMOHHDOBaHHS BO3LyXa, IBH-
JKEHHe B KaHalax HMeeT 0COOEHHO BaKHO€ MPAKTUYECKOe 3HAayeHHe.
Ecau ras nocrynaer B TpyOy ¢ KpyIJbiM ceueHHeM u3 GOJIbIIOro pesep-
Byapa, TO Ha OlpeJieJIeHHOM ee ydYacTKe, HauMHas OT BXojJa B Hee, o6pa-
3yeTCs BXOJHOE TeYeHHe, B KOTODOM pacnpelejeHdHe CKOpocTeHd mo mo-
IIepeYHOMY CEYeHHIO NOYTH paBHOMepHo. C ylaneHHeM OT BXoAa MHpo-
¢unp ckKopocTefl MOX BO3JEHCTBHEM CHJ TpPEeHHS HadyMHAaeT IoOCTe-
NeHHO BBHITATHBATBCS IIOKA, HAKOHEll, Ha HEKOTOPOM pAacCTOSIHHH OT
BX0Ja He NIPHHHUMAET CBOEH OKOHYATeNbHOH, B Ja/nbHelleM HEH3MEHHOH,
(opMHI.

Jdpyrumu cjoBamH, AJa pacyeTa TeYeHHs rasa B KaHajaax OyAyT
NPHMEHHMbl BCE 3aKOHOMEDHOCTH TEODPHUH IOTPAHHYHBIX CJ/IOEB.

OcHoBBI T€OpHH NOTPAHHYHOTO CJIOST GYAyT 3aMMCTBOBAHHL U3 Mpe-
IbIAYIIMX [JIaB, [09TOMY NPH PAaCCMOTPEHHH TEUEHHsI BO3AyXa B KaHa-
Jgax OyfeM CYHTaTb BO3JYX HECKHMaeMbIM, MOCKOJBKY 3TO NONYyLIEHHE
He BLI3BIBAeT GOJBIINX OIIMGOK IPH pacuere ceTell BEHTHUJISLHH H KOH-
IUNHOHHPOBAHUS BO3LyXa U BEHTHJSTOPHHIX YCTaHOBOK.

KoneuHo#l nenbio HCCIELOBAHHSI MPOLECCOB JBUMKEHHS BO3JAyXa
B KaHajax sBJseTCs IOJyYeHHEe PacyeTHbIX 3aBHCHMOCTEH. AJisi BBHIYH-
CJIEHHs adpOAHHAMHYECKHX CONpPOTHBJEHHH CeTell TPaHCIOPTHPOBKH
Bo3ayxa. Ilo mosHOMY CONDOTHBJIEHMIO CeTH BHIOHpAeTcs AaBJEHHE,
pa3BHBaeMOe BEHTHJATOPOM M €ro XapakKTepHCTHKH. Uaie BCero B ce-
TSAX CHCTEM BEHTHUJIALMH, KOHIHIHOHHPOBAHHA W ITHEBMOTPAHCIIOPTA
MBI HMeeM 1eJI0 ¢ TypOYJIEHTHBIM PEXHMOM JBHXKEHHsI BO3LyXa, II03TOMY
3TOMy BHAY TedeHHsi OyJeT yJeJeHO OCHOBHOe BHHMaHUe.

4.1. JIAMUHAPHOE M TYPBVYJIEHTHOE
ABM)KEHHE )KHMIAKOCTH B KAHAJIAX

Ho.naraﬂ YTO IaJeHHE OABJCHUSI B KaHaJe, npnxo;mmeeca Ha eldH-
HHLYy €ro JJIHHHL, 0OBLIUHO SBJASIETCA MOCTOSHHOM BeJIMYHHOH BJOJb
BCEro KahHaJaa, MOXKHO 3alHucarb UTO

dpldl = Ap/Al, | @.1)

raie Ap — majeHue JaBJeHHs Ha BCed JJIHHe KaHaja IJIMHOH [.
Paccmotpum Hpi{MOJII/IHeHHyEO TpyOy KpYyIJIOrO CEUYeHHsi, pafualib-
HYIO KOOpJAuHATY Y’ 6y11eM U3MepATh OT ocH TPyOn. Tak Kak B JaHHOM
c/yuyae paccMaTpUBAEMBIH LHJIMHAD KHAKOCTH OyJeT HaXOAWThCS B pPaB-
HOBECHH MOJ JEHCTBHEM KacaTeJbHBIX HANDAXKEHHH T, NPHJIOXKEHHBIX
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K ero GOKOBOH MOBEPXHOCTH, H PA3HOCTH AABJEHHH, IEHCTBYIOUHX HA
€ro OCHOBAHHS p; — P,, HMEEM

_Ph—p ¥

L 4.2)

T

Ora Qopmy./ia NpUMEHHMA KaK K JJaMHHapHOMY, TaK U K TypGyJeHT-
HoMy TedeHHto. Ha creHke TpyGul HMeeM

=BTk (4.3)

CnefoBaTeibHO, KacaTelbHOe HAMPSIKEHHE T, MOXKET ObITb ONpese-
JEHO II0 3KCIePHMEHTAJbHOMY 3HAUeHHI0 Inepenajga JaBJeHHH.

Kak npaBu/o, cBsi3b MeXIy mNepenagoM JAaBJeHHH H CKOPOCTBIO
YCTaHaBJHBAeTC B BHJE 3aBHCHMOCTH

Lt A (4.4)
rae A — GespasmepHbli Ko3hdUIHEHT conpoTuBaeHus; d = 2r;

i — CpelHssT CKOPOCTb JBHXKEHHS XHIKOCTH B HAaNlpaBJeHUH OCH TPYOhI.
Toraa us (4.3) u (4.4) nmonyuaem

To :—‘-—8— pﬁz. (4&5)

[na namMuHapHOro JBHXKEHHSI BO3JyXa B KpyIVIoH TpyOe, HMEio-
el ruJpaBJHYecKH IJalKHe CTEHKH, anagutuueckum nyrem I'. Xare-
HOM U HecKoabko rosjnee JK. Ilyaseiiniem Opina BeiBegeHa dopMyJia

' [ !
Pr— Py =8 — i = 32u72- i, (4.6)

BIIOCJIEACTBHH Ha3BaHHas 3akKoHOM XareHa—Ilyaseins. Ilogcrasasas
(4.6) B (4.4), monyuaem

64 64
M= g i =R (4.7)

Takum 06pa3oM, NpH JaMHHAPHOM [BHXKEHHH MXHIKOCTH KO03(du-
IIMEHT COIIPOTHBJ/IEHHSI 3aBHCHT TOJBKO OT 3HaueHus uucsaa PefiHosnbica,
paccuuTaHHOro mo Anamerpy TpyOwl. Ilepexon OT JaMHHAPHOrO pexuma
JBUKEHHUsST K TypOYJEHTHOMY INIDH 5TOM HACTyIaeT IPH KPHTHYECKOM
- 3HaueHHH Rey, = 2100=-3000. [Onsa TypOyJIeHTHOro IOTPaHHYHOIO
CJIOsi Ha IJIOCKOH IJIaCTHHE BLIPAXKEHHE KAcaTeJbHOrO HamNpsiKeHHs Ha
CTEHKE HMeeT BHJ

Ty = 0,0227pU? (—U"T)‘“ . 4.8)

OTo ypaBHeHHe NPUMEHHMO U JJIg cjaydas TypOyJeHTHOrO ABHIKEHHUS
KHAKOCTH B TpyOe (puc. 4.1), oAHAKO B JAaHHOM CJydYae OTCYTCTBYeT
HEBO3MYIIEHHBIH II0TOK, & ero TypOyJIeHTHOe sJpo B COOTBETCTBHH
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C MNPUHATHMH B 1. 2 32aBHCHMOCTAMH = ]
HMEET CJIEAYIOUHe pacrpelesieHHsi CKopo- w o
CTeH: - Uima \\ s 4
Cu N(f’i——r)l/ﬂ.> (4.9) ’ //I
Umax To
JlJIst IUIOCKO# IUIACTHHBI GBLIO MOJTY- L=z

yeHo 3HaueHwe n = 1/7. Ciepyer oro- Puc. 4.1. Smopa ckopocreil npm

BOPHTb, 4TO Buo6mbM caydae no sABJA- Typéynéﬂ;nom IBRNERHH mn?o_

ercss ¢yHKuueH uucna PeHHOMBACA H  cru B kanaje

usmensiercs ot 1/6 po 1/10. dns Gonee .

HH3KHMX 3HaueHHH Re 3miopa OTHOCHTENLHOH CKOPOCTH MoJydaercs

Gojiee BBLITAHYTOH, YTO COOTBETCTBYeT O6oJiee HH3KHM 3HAUCHHSAM 1.
Ilnsi npakTHYECKHX pacyeToB OOJMbLIOH HHTEPEC IpPelCTaBJsET He

TeKyilee 3HaueHHe U, a ero cpeausis BeauuyuHa d. M3 (4.9) nmonyuaem

i 2n2
Vo —GFD@TD (4.10)

Huxe npuBoiaTca 3HAUEHHs CPefHEH OTHOCHUTENbHOH cKopoctH #/U
MU Pa3/IMYHBIX 3HAYeHHH 7.

R 1 ;| 1/7 1/8 1/9 1/10
gU ... L LU o791 0817 0837 0852 0865

B 1911 r. I'. Bnasuyc nmomyuns Aist KO3(pHIHEHTA CONPOTUBIEHHS
A B ruapaBiuueckKuxX IVagkux Tpyb6ax ¢opmyay
14

A = 0,3164 (“v—d) ; 4.11)

MOJCTAaB/IsIs €e B ypaBHEHHE JJIs KacaTeJbHOTO HANMpSIXKEHHS Ha CTEHKe
KpyrJoit TpyOnl, B oTau4ue OT (4.8) moayuum

Ty = —- pi? = 0,0395pu? ("‘T")““ 4.12)

(BHIpaxkeHHE HCNOJBL3YIOT IPH pacyeTe IOTePb Ha TPeHHE B THAPABJIH-
YecKH IJIaJKHX TpyDax).

. Ilepenan paBneHH#l NMpH JBHXKEHHH XKHUAKOCTH B TPy6Ge MOKeT ObiTh
HaiigeH no c¢opmyse (4.4). BiusiHue IIEpOXOBaTOCTH CTEHKH YYHThHI-
BaeTcst, HalpuMep, C NOMOIbI (opMyant, noaydeHHod A. . Anst-
mymem [31],

A= 0,117/ 68Re I K/d, (4.13)

rie K — 5KBHBa/JeHTHAsl LIEPOXOBATOCTb, T. €. TaKas HIEPOXOBATOCTb
CTEHOK BO3AyXOBOJA, KOoTopasi NpH AaHHBIX Re u d paer ¢aktuueckoe
3HaueHHe A (115 BO3AYXOBOJAOB W3 CTaJNH, BHHHIJACTa, acGoreMeHTa
u ¢anepsl K = 0,1 mM; muakoanebactpst — K = 1 MM; Kupnuua —
K =4 mM mrykatypku no cetke — K = 10 mm).

Bce BhIlleckasaHHOe CIIPaBeMVIHBO AJs NpsIMBIX TPy6. B kpuBosn-
HeHHHX -Tpy6ax, Ha YaCTHUBI MXHAKOCTH [ONOJHHTEJIbHOE BJIHSHHE
6yLyT OKa3BIBaTh LEHTPOOGEKHBIE CHUJIBI. 3TO MOXKET NPHUBECTH K BO3HHK-

3 Hseanos O. I1. u Ap. . 65



HOBEHHIO PElHPKY/SIMUOHHBIX IOTOKOB. Tak, NmpH 6oJbIIOH KPHBH3HE

Tpy6 npodusib CKOpocTed nehopMHPYETCs — MaKCHMYM CKOPOCTH CMe-

maercs no paauycy. Ilpw JlaMHHADHOM TEYEHHH BJIMSHHE KPHBH3HH

prﬁm MOXKeT ObiThb YYTEHO C TNOMOLLBIO (DOPMYJIEI, NPEAJONKEHHOH
JI. MNpaunaraem [31],

 Mig = 0,37D%%, (4.14)

rae Ay — KO3(pHIHEHT conpomBJleHHﬁ npsamoii Tpy6e;; D = (1/2) X
X Re Y/ d/2R — kpurepuit una; R — pamuyc "KPHBH3HBL TPYOHL.

Hns kospduiuenra conpomBJerm KPHBOJHHEHHOH TpyOul mpH

Typ6yaenTHoM Tedenun K. M. Vaiitom [31] mpensoxeno ypaBHenue

Mho = 1+ 0,075 Rel ()" (4.15)

4.2. PACHET NAJEHHS JABJIEHHMSA
NMPU JBH)XEHHH BO31YXA
B KAHAJIAX HEKPYIJIOFO CEYEHHS

PaccMoTpHM 0COGEHHOCTH TEeYeHHs BO3JyXa B NPSIMOYTOJBHBIX Ka-
HaJax, IOCKOJbKY OHH IPEACTaBJAIOT onpenenenﬂmﬁ HHTEpEeC AJis CH-
CTEM BEHTHISUKH H KOHIAHLUHOHHPOBaHUs Bo3nyxa. O603HAuYUM pas3Mephl
KaHaja OykBaMH a, b, [, Torja 5KBUBaJEHTHbIH JHaMeTpP KaHasa MOXKET
6bITh OnpenesieH Kak

dps = 2abl(a + b). |  (4.16)
Pacuer moTeph [1aBJeHHs TPOH3BOAMTCA M0 (opMyJIe
' BTN S
Ap =M -g— 4 B, 4.17)

rje 3HaueHHe BEJIHYHH, BXOASLIUX B 3Ty (OPMYJY, BHIUHCJISAEM B CAely-
IOIeH MMOCAEN0BATENbHOCTH: doyy, Re (0 cpenHefl ckOpOCTH BO3nyxa
B KaHnane); Kodpduuuent conpotuBiaeHuss A (mo ypaBHenusm (4.11),
(4.13), (4.14) unu (4.15); AP no dopmyae (4.17).

Herounoctd pacueta MoryT OHITb CBA3AHBI C ONpeJle/IEHHEM Cpex- -
Hell CKOPOCTH B KaHaje. BoamoxkeH HHOH IOAXOJ, KOrAa [OTEPH AaBJje-
HHSI PACCUMTHIBAIOTCS He IO CKOPOCTH, a Mo 00BbEMHOMY PacXoiy BO3-
ayxa L. IlycTb KO3(pHUHEHT CONPOTHBJIEHHS PacCUMTHIBAETCS MO (op-
myae

A = C/(Re)"™. - (4.18)
Torpa nmas prmop"i TpyGHl HMeeM
(s27) *
: C I \'nd*/4 '
= — : ; 4.19
Ap (4L dp/ma2p)*® d 2 ( )
IJisi TIPSIMOYTOJIbHOrO KaHana ‘
' (=)e
C l ak ) (4.20)

Ap = ,
p [L <~a2—_7_b-;>/dbﬂ}o,25 <a2_7_bb> 2
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IpupaBHAB 3TH BLIPAXKEHHUS, MONYYHM

< 1 l0,‘25d vn12?14 = < a;‘b>0,25<a2_¢}z-hb > UWE)T

wd
[lpu onHOM M TOM e 3HaueHHH Ap mnomyuaem
Ly = 1,31 @7 4.91
3B T % (a_l_b)0‘263 * ) ( . )

Hcnonb3yst BbipameHue WIS dyym, MOXHO MOXOGpaTh NMPAMOYTOMb-
HBIl KaHal B3aMeH KpPYIJOro NpH 3alaHHeiXx Ap u L.

Bo3nyxoBoasl npsaMoyrosbHoro cedenusi uccaenosan C. C. 3o0.0ToB
[14]. TlonyyeHnass uM 3aBHCHMOCTb NI KO3(dHUIHEHTA CONpPOTHBIIE-
HHSl HMe€eT BHJ:

L 1g107PRe > 1070 ()7 '
= 1g107"Re™* 410 (K) : (4.22)
rme B = 0,25 — 1,76/a; @ = 1,6 + 0,25b/a; 6 = 1,7 — 0,6b/a; yp =
= 1,6 + 0,25b/a.

JIns mJIoCKOOBaJIbHBIX BO3LYXOBOJOB C pa3Mepamu ocefl a H b Mo-
}{Ke'r] ObITh pekoMeHpoBaHa ¢opmyna, noaydeHsas B. M. UepenaHoBriM
291,

1 0,176 694" | K,
= [1,9&1 1g2expcp(——_Rem + X )]+4,3, (4.23) -

S (a/d) — 0,607 — 0,215 Ig (a/d) .
roe ¢ =14 (@/d) = 0,215 i K, — 3KBHBA/IEHTHAS LIEPOXO-

BaTOCTb, MM; d — AMaMmeTp CKpYyIJIeHHs, a — GoJabuuit pasmep Of-
HO#l H3 ocel.

®opmynur (4.22) u (4.23) copaBemuBH AAA AUanasoHa H3MEHe-
uusg Re = 3-103+1-10°. 3aBucumocty A = f (Re) aja kaHajoB pas-
JuyHON KoHdurypauuu npusenessr B [311].

4.3. TEYEHHE B KAHAJIAX
NEPEMEHHOTO CEYEHHS
C U3MEHEHHEM HAMNPABJIEHHS MOTOKOB

. Cern BO3LyX0BOJOB, O0OCTyXKHBaeMbleé BEHTHJISITOPHHIMH YCTAHOB-
KaMu, HabupaioTcs H3 60/IBIIOro KoMHYecTBa YHHOHUIMPOBAHHKX (acoH-
HbIX 4acrefi. TpaccupoBka ce-
Tefi B 00beKTe 3aBUCHT OT €ro
apXHTEKTYPHO- IIAHHPOBOYHO-
ro pelleHus, MO3TOMY YacTo
NPUXOAUTCA MEHATb Hampas-
JIeHHUsl HOTOKOB Bo3ayxa. Te- .
yeHue Bo3gyxa B (PAaCOHHBIX
YacTAX NPH H3MEHEHHH Ha- \

, ¥
NPaBNeHHS  INOTOKA - HMERT 77777777777 777777 0rsres s Wlieqraverssss.

CBOH OCOBEeHHOCTH. B ortaiuuue Puc. 4.2, TeomeTpHueckal HHTEpNpeTaluA
OT  BOAOMPOBORHEIX  CeTedt  ypasHenus Beprynau
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Puc. 4.3. Bue3anHOoe H3MeHeHHe ce4YeHHsl KaHana: @ —
pacuiHpeHHe; 0 — cyXeHHe

B BO3JYXOBOAaX BEHTHJ/SLHOHHBIX, ITHEBMOTPAHCIHOPTHBIX M AYTbeBHIX
YCTaHOBOK NOTEPH Ha NpeojoJieHHe TaK HAa3biBAEMBIX MECTHBIX CONpO-
THUBJICHUH 9aCTO 3HAYHTENBbHO GOJbIle IOTEPh JABJEHHS, 00YCIOBIEHHBIX
TpenueM. B obiem cayyae ceuenne KaHaja MOXKET MEHATbCS 1O ero Xo4y.
JlJ1s mJIocKOro yCTaHOBHBIIEToCs NOTOKA B KaHaJje IE€PEMEHHOTOo ceye-
HHsA (puc. 4.2) MoxeTr GbITb 3alHCaHO ypaBHeHHe DepHYJIH

82101+ p1+ M = gzz.oz + P2 —[— %902 (4'24)

Te U; H Uy — CPelHHE CKOPOCTH B CEUEHHSX (onpenenmo'rc;x KaK OT-
HOLIEHHe pacxofa L M IJIOIaAHu KHBOIO ceyeHHsi KaHana f: v = L/f);
o — KO3(D(HIHEHT KHHETHYECKOH 3HEPrHH, YYHTHIBAIOUIUH HepaBHO-
.MEPHOCTb pacnpefleleHHss CKOPOCTEH M0 JKHBOMY CEYEHHIO ‘

uid
fj f

& = v3f
15 maMHHapHOro TeueHus B KPYIJbIX Tpy6ax a = 2, aus pasBHTOFO

TypOyJaenTHoro Teuenus o =~ 1,1. B wHOM Buae ypaBHenue (4.24) mo-
KeT ObITb MNPEACTABJEHO TakK:

(4.25)

41 4 0‘101 — pz a,v’
2+ g " Tog 2y 2 +—+ . (4.26)

IIpu BHe3amHOM yBeJHYEHHUH CeYeHHs KaHaJza (puc. 4.3, a) B Mecre
paclUIMpeHUs] XUAKOCTb OTPHIBAETCS OT CTEHKH M Jafblie Ha HEKOTOPOM
paccTossHuu [ JBUKeTCST B BHAe CBOOOAHOH cTpyH. [Ipu 3TOM BO3HHKAIOT
BUXDH, CTPYs IOCTENEHHO PACLUUPSIETCH M, HAKOHel, 3aHHMaeT MOJHOE
ceyeHHe KaHaja. Ha yuactke [ NpOHCXOAST 3HAUYHTENbHBIE MNOTEPH
JiaBJjienus, o6ycioBeHHbe Buxpeo6pasoBanueM. [lonaras o; = a, ~ 1
H 2; = 2;, 3andiem ypaBHenue Bepnynaun (4.24) nas cewenuit / u 2
paccMaTpHBaeMoOro MOTOKa

AP=(P£+—~) (pa+———)zm pﬁ-M (4.27)

M3 TeopeMEl MMIyNbCOB AN TeX XKe CeYeHHH MOXHO nonyqu’rb

(pr — pa) fa = Lp (va —vy). . (4. 28)‘
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YuuTbiBasi HeGOJbLIYIO TPOTSIKEHHOCTb Yy4acTKa [/, CHJIaMH TPeHHS
MOKHO npeHeGpeun, TOrna

(Pl — P2) [2 = vafap (Vs — vy), (4.28a)
noxcrasias (4.28a) B (4.27), mnomyvaem
2 2 Uy — Us)?
Ap—p (et —F) —p g @29

M3 ypaBHeHus ‘clellyeT, YTO NOTepH AaBJEHHs NPH BHE3AaIHOM pac-
IIHPEHHH PABHBI NOTEPSIM AHHAMHYECKOTO IABJIEHHS OT H3MEHEHHS CKO-
poctu. Popmyny (4.29) o6biYHO NpPeACTABJASIOT B BHIE

Doy \? R v
ap=p(1—2) o,

Uy

rie § — ko3pdUIHEHT MECTHOro CONPOTHBJAEHHS NPH BHE3AMHOM’pac-
. 1 fl 2 ‘
IIHPEHHH, { = —5)
2

[lpu BHe3amHoM cy:keHuu (puc. 4.3, 6) IOTOK CXKUMaeTCsi H Ha He-
KOTOPOM PAacCTOSIHMH OT NEePeXOJHOro CEeYeHHs NPHOOPeTaeT HaHuMEeHb-
Wyl MIomanb f,. 3aTeM CTPys HayudHAeT IIOCTENEHHO pAacIIHPATbCH,
OKa He 3afMeT Bce ceueHuwe KaHanaa. lMeromue 3jeck MeCTO ITIOTEPH.
NIaBJIEHHs1 CBSI3aHBI C YBeJHUYEHHEM CEYeHHs CTPYH Ha ydyacTKe pacinupe-
HHUS ¥ MOTyT ObITb HalJeHBl no QopmyJe

i 2 2 o 2 f N2
Ap = o L8 02) 2902(0:’ __1> pv2<z 1>.
p=p =2 \ 7, ;
OrHowenye & = fg/fz NPHHATO HA3hIBaTh KO3(DPHUIIHEHTOM CKaTHs CTPYH;
HCIIOJIB3YSl €ro, MHoJyuaem

Ap:pﬂ—<——— 1)2 H §=<,_l__1)2_

B Ttabn. 4.1 npuBeaeHsl 3HAYeHHs Koacpcpnuneﬂra € B 3aBHCHMOCTH
OT OTHOIUIEHHS fyff;.

U3 rabmuupl ciaenyer, 4ro Koadp(.buunembl MECTHOTO CONpPOTHBIEHHS
NpH BHE3ANMHOM CYXKEHHH BO3pacTaloT C yBEIHYEHHEM pasnnuu B IJIO-
MaAsgX »KHUBOTO CEYEHHS KaHaJoB.

B nuddysope miomans KHBOro CeYEHHs YBEJHYHBAETCS MO XOAY
MOTOKA, MO3TOMY TMPH JBHXKEHHH BO3AyXa IPOUCXOAHT IOCTEIEHHOE

Ta6auma 4.1
3Havenus KoappHUHeHTA €

falfa 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0

e 0,624 | 0,632 | 0,643 0},65‘9 0,681 | 0,712 | 0,755 | 0,813 {0,892 | 1,0

<'—;--1> 0,366 | 0,340 | 0,310 | 0,270 | 0,221 {:0;160 | 0,103 | 0,050 | 0,010 | ©
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yMeHbILEHHe CKOPOCTH U YBe-
Jyyenue naBieHus (puc. 4.4).
[Ipu onpejeneHHBIX YCIOBUAX
—= B Ju(dysope MoxKer uabuio-

By — -
e —— — B»%2  patbcsi OTPHIB IOTPaHHUHOTO
~—  ———— -
T —— — —=  CJ0os, 3TO sIBJeHHe o6Cyxnaa-
——— .

Joch B Ia. 2.
Jona ompsiba , I'eomerpusa nugpdysopa xa-
© pakTepu3yeTcsi ABYMs napa-

MeTpaMHu: YIJIOM KOHYCHOCTH
@ U CTEeNeHbIO PpAaCIIHPEeHUs 71, ONpejensieMOH OTHOIIEHHEM n = fo/f;.
dddexTuBHOCTD Au(PDy30pa MOXKHO OUEHHTb BBeJeHHEM KO3(pHIHU-
eHTa 1), IpeicTaBjagmioulero co6ofi OTHOLIEHHe JAeHCTBHTENBHOTO
H3MEHeHHMs JaBJ€HUS B HEM K HJeaJbHOMY 3HAYEHHIO nepenana
npaBnenuii. Ha puc. 4.5 npusenennt gaunnie A. I'. T'n6cona [31] no agp-
(eKTHBHOCTH HeCcKOJbKHX AH(dy30poB ¢ pasnuuneiMH n. Kak BuiHO,
s¢pexTHBHOCTE AHGPY30pOB Majaer ¢ yBenadueHuem yriaa guddysopa.

OnHo#t u3 BakHeHIIHX (AacOHHBIX 4Yacredl cereil BO31yXOBOJOB fB-
JSI€TCSL MOBOPOT. PaccmoTpuM TeueHue Bo3fyxa B moBopote ¢ yriom 90°
(puc. 4.6). v

B pesynbraTe u3MeHEHHS HANpaBJeHHS MMOTOKA BO3HHKAET I'DaJHEHT
JaBJleHHH Ha BHINYKJOH H BOTHYTOH NHOBEPXHOCTSX TOBOpPOTA, B CBA3H
C 3THM BO3HHKAIOT PelHPKYJISLHOHHEE TOKH, YTO IPHUBOJMT K Iedopma-
OHH CTPYH. DTH SIBJIC€HUS MNpPEJCTABJIAIOT OJHY H3 OCHOBHBIX INPHYHH
3HAUHTENbHEIX IOTephL JAaBJeHHS B nosBoporax. Oco6eHHO BEAHKH IO-
TEPH JaBJeHHS B HEe3aKPYIVIEHHBIX MoBopoTax (koaeHsx). HMx moxHo
' OUEHHTb KOS(D(QUIHEHTOM MECTHOrO CONMDOTHBMEHHA Gxon'

-PHc. 4.4. Teuyenue Bo3nyxa B auddysope

02
Apxon = %—' Cxo.rx-

3nauenue Ko3pduuHeHTa Lyo; 3aBHCHT OT yraa nosopora [24]

Cron = 0,946 sin® = 4+ 2,047 sin* =,
) )

08 N
\\‘\\\ ﬂ77=2;45
04 \\\\ 1

ol N

40 80 120 180 o¢

Puc. 4.5, HameHenue éd;q;exmsuocn Puc. 4.8. Teuenue Boaayxa
audidysopa B 3aBHCHMOCTH OT YIia G H NPH H3MEHEHHH Hanpasjes
OTHOMICHHA KOHUEBHX CeYeHHH n! , HHA ABHXEHNA

I ~ Kpyrnioe  ceveHH®! 2 == KBAZAPATHOS
CeqeHHE )

70



[Tpu naBHOM -MOBOPOTE CONMPOTHBIEHHE €r0 MEHbIIE; TAK, MJIsT KPYyr-
Joro moBopoTa c yrjom o = 90°

$;=mmﬁﬂuu%(%f,

rae A — Ko3(ppHUUEHT CONPOTHUBJIECHHS TPEHHIO.

Ilpu noBopote Ha JI060H YroJ MOXKHO NPHOIHKEHHO pEKOMeH,Z[OBaTb
hopmyay ‘
g6 X

gioa = cnoa 90° *

Pacuer moTepb naBjieHHs B apMarype H pasHOOGpasHBIX (AaCOHHBLIX
YaCTAX MOXKeT ObITb BBIIOJNHEH C HCIOMb30BAHHEM DPa3/IHUHOH CIpaBoy-
HOH Juteparypnl, Hampumep [3, 9, 24, 25].

4.4. ASPORUHAMHYECKHA PACYET
PA3BETBJIEHHBIX CETEH BO3AYXOBOAOB

CeTsiMH TpPAHCIOPTHPOBKH BO3LyXa Ha3plBaeTCsl COBOKYIHOCTb Ka-
Ha/loB (BO3JYXOBOAOB) H JAPYFHX 3JIEMEHTOB, IpelHa3HAYeHHBIX MJIS
TPaHCIIOPTHPOBKH BO3AyXa OT Mmecta 3abopa Jo MecTa pasjauu. Ha oc-
HOBe OOILUX MOJOXKEHHH MOXKHO C(HOPMYJHpPOBATb NPHUHIMNBI MPOEKTH-
poBanus cered: 1) HeO6XOLHMO CTPEMHTBCS COKPATHTh -IJIHHY BO3LYXO-
BOJOB H HX a3POJHHAMHYECKOe CONPOTHBJEHHE; 2) HAaJO paccMaTpHBaTh
TaKye BapHaHTBl, IPH KOTOPBIX MOXHO COKpaTUTh OOIIHH pacxoj
BO3JyXa; 3) I/ COKpallleHHs 3KCIIyaTallHOHHBIX 3arpaT NpH pac-
yerax HeoOXOAMMO YYHTHIBaTh [epPeMEeHHbIH pacXol HapyKHOTo
BO3LyXa.

BHINOJIHEHNE KAKIOTO MOJOMEHHS TpeGyeT BCECTOPOHHEr0 aHajJH3a
(HanpuMep, yBeJHYEHHE PACXOfa META/JIOB H O06BEMOB KaHANOB MOXKET
TPUBECTH K COKPALUEHHIO Pacxoja 3HEPrud H HaoGopoT).

B npakTHke NMPOEKTHPOBAHHS BO3HHKAIOT ClAelyIOllHe 3ajauyd: NpH
3aJlaHHBIX Pacxojax BO3JyXa HYXKHO OMNpEeNeNHTb pa3Mepsl BO3LAYXO-
BOJIOB, PAacCUHUTaTh NOTepH AABJIEHHS B CETH H I10J00paTh BEHTHJISATOD
HEO6XONHMOr0 THIIA B ¢ TpeOyeMbIMH XapaKTEPHCTHKaMH (3TO TaK Ha3bl-
BaeMmasi NpsMas 3ajaya pacyera, KOTOpas XapakTepHa IPH NPOEKTHUPO-
BAHHH HOBBIX CeT€it BO3JyXOBOJOB); IPH H3BECTHBIX Pa3Mepax KaHAJOB
AJIsT TPAHCIOPTHPOBKH BO3JyXa H XapaKTepHCTHKAX BEHTHJATOpPA Tpe-
6yercst onpefeuTh BO3AyX00OMeHHI B ceTH (o6paTHas 3ajlaua BO3HHKAeT
NPH pacyeTe CETH C LEJbIO ee PEKOHCTPYKUHH); 3aaHbl paclojaraembie
nepenajsl JaBJeHHH H pacxolpl BO3lyXa B CeTH, IO KOTOPbIM Heo6Xo-
IMMO OIpelleIUTh pasMephl BO3AYyXOBOJOB. Takas 3ajaya BCTpedYaercs
B NIPAKTHKE NPOEKTHPOBAHHS CHUCTEM €CTeCTBEHHOH BEHTHJ/IALMH; IIPH H3-
BECTHBIX Pa3Mepax BO3JYXOBOJOB, pacXoie BO3AyXa B CeTH H IOTepsiX
naBjeHusi B He#l Tpebyercss HaHTH ONTHMANbHOE pEIIeHHE 3ajauH MO
KaKoMYy-IH60 KPHTEpHIO.

Jast Toro uro6el NPH H3BECTHOM pacxoje Bo3AyXa noao6path BeH-
THJISITOP H IIPOM3BECTH YBA3KY OTHEJbHHIX BeTBEH H YYacTKOB CETH
BO3IYyXOBOJOB IO a3pOJHMHAMHYECKHM CONPOTHUBJIEHUSM, HEOOGXOAHMO
3HaTh NOTEPH AABJEHHS HA NepeMElIeHHe BO3AYyXa MO KaXIOMY yd4acTKy
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B oTAéAbHOGTH 1 ¢éTH B iesiom. OBmas rioteps naBaéuust CkAafbiBaérés
H3 NOTePb HAa TPEHHE H MECTHBIE CONPOTHBJIEHHS B 3JIEMEHTAX CETH.
B paccmarpuBaemoM MeTole NOTE€PH Ha TPeHHe BO BCeHl CHCTEMe OTOXK[e-
CTBJIFIOTCS C IOTEPSIMH Ha NPSMBIX yYyacTKax ceTd. /sl BRIBJIEHHS CO-
CTaBJISIIOLMX MOTEPH AABJIEHHS HAa CXEMY BO31yXOBOJOB HALO HAHECTH
BCE /IEMEHTHl CHCTEMbI, KOTODhI€ MOTYT CO31aBaTh aspoJlHHaMHYeCKoe
CONPOTHBJIEHHE.

. Paccmotpum mertoauky pacuera ceredi. [l yCTaHOBHBLIErOCSi ABH-
KEeHHS B KaHale HMeeM

(pe — p1) [ = wU1,
rae T, = tppv2/2 4 — MepHUMETp KaHaja CeyeHHeM [ ILJIHHOH "
[loncraBuB 3HaYeHHe T, MOJTYYHM

Ul
—p) =2 UL (py—p) ==L = R,
rae R = p22 —lff- — yAe/bHEIE TIOTEPH AaBeHHs HA TpeHHe Ha OfHMH

HOrOHHEII MeTD BO3AYyXOBOZA.
Jas KpyrjabX BO3JYyXOBOJAOB HMEEM

_ oo
—d 2

npuauMas 49 = A, 1noJaydyaem

(x03(hduieHT A paccyHThIBaeTCs 10 (opMyJsaM, NMPHBEAEHHLIM BHIILE,
H 3aBHCHT OT 3HaueHHsl KpHTepHs Re).

‘B cocraB ceTH BO3LYXOBOZOB CHCTEM BEHTHJSUMH H KOHAHIIHOHH-
pOBaHHs BO3AyXa BXOAAT PasNHYHbIE JIEMEHTHI, MPECTABJsSIOIME COGOH
MECTHEIE a9POJHHAMHYECKHE COI‘IpOTHBJ‘IeHHﬂ Has onHOro 3meMeHta

Apmec'r = Ci 5

rre G — Kosqxpuuuem MECTHOrO COIPOTHBJIEHHS (-I0O 3JIEMEHTA.
Jlnst yuacTKa CeTH, MMEIOIIEro HEeCKOJNbKO CONPOTHBJAEHHH, MOMYyYHM
BHIpAXKEHHE IS cmeaprlx MECTHBIX IIOTE€Phb JaBJIEHHS

n .
P= Ny
2 ?
. 1
JJIsl TIOJHOTO COMPOTHUBJAEHHS YdacTKa CeTH cbopMy.na HMEET BHL

o Apya = Rl + 2
WM B pasBepHyTo# (opme

' A 16pL 16pL?
Apy‘! = a ' 9n’dr + 2 “i G2

rle L — o6beMHBIH pacxoj BO3LyXa B pacCMaTPHBAEMOM  YUaCTKE.
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Asponunamuueckuit  K03ddu- 7
LUHEHT yYacTKa CETH HAXOMHTCS

no gopmyJae , v - :
' M 8 FD
a= p e Z Ci d4:rtz ’ v 4

a aspofMHAMHUECKas xapa_mepn- n !

CTHKAa yYyacTKa CeTu INpH TypOy-

JICHTHOM JBHXKCHHH BO3AyXa. " ]

Apy‘l = aL — . _D

BBejs NpHHATHE BhIlIE ofo- A

3HAUeHHs, PAaCCMOTPHM IOCIENO0- ,
BaTe/IbHOCTb A3POJHHAMHUECKOTO p. . 4 o Tpaceuposa cered  mosnyxo-
pacueTa  CeTH  BO3JYXOBOAOB, ponop no momemeRHAM:

npeacraBaeHHOH Ha puc. 4.7. I, I, IV— paboune komuatsi; III —
B coorBercTBHH ¢ Tpaccupo- KOpuop; V — malluHHOE OTAeneHue
BKOH  BO3LyXOBOJOB BBHIYEPUH-

BaeTCsl AKCOHOMETDHYECKas CXeMa CeTH (puc 4 8), Ha xoTopo#
NOKa3BIBAIOTCA PaCXOAbl BO3JyXa M JIHHEHHBIC Pa3Mephl y4acTKOB. 3a-
TEM COCTaBJISieTCSl KOMIIEKTOBOYHAS  BEJOMOCTb C YKa3aHHEM BCEX
HAUMEHOBaHHH JeTaell H HX PasMepoB, ONpPEJE/AETCs IPYMNa YUacTKoB,
OoObeNHHSIEMEIX B MAarHCTPalfb.

CeTb cOCTaBJIAETCH M3 YYACTKOB, KAXKAHEH M3 KOTOPHIX HpPELCTABJSIET
co6oii OTpe30K, Ha KOTOPOM HEM3MEHHHI Pacxol H CKOpOCTb, JHOO pac-
XOi M AuameTp. Marucrpanbio Ha3mBaeTcsi coueraHue (IIOC/eI0BaTeNb-
HOCTb)  yYaCTKOB, KOTOPBHIE COCTABJSIOT HAHGOJIBLIYIO NPOTSKEHHOCTD
npH HauGoMblell HATDPYKEHHOCTH 1O ‘BO3NyXy. B Hamem npumepe
(puc. 4.8) maructpanp cocraBasior yyactku I—2—3—4—8. K maru-’
CTpaJH MOJAKMIOYAIOTCS OTBETBJEHHUS, HANpHMEp YYacTKH § u 6. Me-
CTa MOAKJ/IOYEHHS OTBETBJEHUH. HA3bIBAIOTCS Y3JOBHIMH TOYKAMH.

Takum o6pa3om, BeIGHpaerTcss MarucTpalb M OTBETBAGHHS, H Ha'
BCeX Yy4YaCTKax INpOCTABJAIOTCS PacXoJbl U pasMepHl, YTOUHAIOTCH CO-
NPOTHB/ICHHS H MDPOBOAMTCH a9POJHHAMHYECKHH DACUET MArHCTpaIH H
Bcell cetH B neqoM. OCHOBHOH 3ajaveil pacyeTa sIBJISETCS ONpeleneHHe
noTephb AaBJEHHS M AMAaMETPOB BO3LYXOBOZOB NPH ONTHMH3AUHH KaKHX-

1 o\
s 8 F 2 M
1‘1’4 B\ 7 5
L\f

Puc. 4.8. AkcoHOMeTpHYeCKasi CXeMa CeTH:
™ & 1—8 — HoMepa yuacTKOB
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Puc. 4.9. K npumepy pacuera
CeTH: ‘

1, 2, 3 — Homepa y4dacTKOB

- 6o 3arpaT. OXUMH K3 myTeH peLIeHHs 3TOH 3aZauH OCHOBHIBAETCS HA
HCIOJIb30BAHHH PEKOMEHJYEeMbIX CKOPOCTeH BO3AyXa Ha HaYaJbHHX H
KOHEYHBIX ~yYacTKax MarucTpanu. Tak, CKOpPOcTb BHYCKA BO3AyXa
B INMOMEILEHHS XKHJBIX NOMOB, aAMHHHCTPATHBHBIX 3LAHUH CJELyeT NpH-
HHMaTh He 6osee 3 m/c. Ha yuacTkax oxkoJso BeHTHAATOpPA v = 8-+-12 M/c,
'Ha HadaJbHBIX ydacTkax v = 2--4 Mm/c. [Ipu 3TOM HEO6XOJMMO YUMTHI-
BaThb TPeGOBAaHHSA 1O YCJIOBHUSAM a’PONHHAMHYECKOro iuyma. B aaMuHu-
CTPAaTHBHBIX 3JaHHSIX OPHEHTHPYIOTCS Ha HHKHHE NpPejesbl CKOPOCTEH,
a B NPOHM3BOJCTBEHHHIX [OMELIEHUsX — Ha Bepxuue. [Ipu pacuere ot-
BEeTBJIEHHH AOJKHO BBEIIOJNHSATLCS NPABUJIO: NOTEDH AABJEHHS B OTBET-
BJIEHHH DaBHBbl JaBJEHHIO B Yy3J0BOH Touke. IlycTb W3BECTHBI JuaMeTp
Kanana d, NaBJeHHE p; B TOUKE Y; H HMeeT MecTo ycuaoBHe (Ryls +
+ 2;) < p;, B 3TOM CJIyuae Ha OTBETBJEHHH 5 HEOOXOAHMO YCTAHOBHTD
IOTIONHUTEJAbHOE CONPOTHBJIECHHE Znop = p; — (Rsls + 23).

Flpumep 4.1. TpebyeTcs PacCYHTATh CETh CTAJBHHEIX KPYIVIEX BO3AYXOBOHOB, Ipel-
craBnieHHyI0 Ha puc. 4.9. CeTb pafoTaerT Ha ZBa TOMEIHEHHS; BO3LYXODACIpEHeTHTENH
runa BJITM. 3agauuem ycranosiero: Ly = 6000 m3/u, Ly = 4000 m®/u, Ly = 2000 M/,
COOTBETCTBEHHO [y = 14 M, I; = 6 M, I3 = 9 m. To Tabauilam [24] B cooTBeTcTBUH C 33-
JlaHHBIMH 3HauyeHusMH L Bbi6Hpaem: . . .

Ans yuacTka 2 Ly = 6000M%y, Loy = 6005 M%/4, Ry = 1,41 HAm®-nM), dy = 500 mu,

2
v=285 wlbk, P;Jg = 44,9 H/m; o
Ans yyacTka I Ly = 4000 M*/u, L= 4006 %/, Ry = 1,12 H/ (M2 im), d; = 450 MM,
v, = 7 wmle, % = 30 H/m2;
Ta6anupma 4.2

PacuyeTHble AaHHBlE

' . ' @ ]
£ | notmyas’L. FLOF | TRREPT (sl | Y | egx| 252
A g0 | %5 |57 sl
g < 2 a | Ha l M Ha z g 92 | oy B2
o < 2 g AMHHB yyactke |3 = 29 | Bow SRt
g wva | we | Bl 81 3 $ 8y 5t |gEz|isd
£ | & | & R Roow |%'g =| 58 |25%| 5w
1 | 4000 (1,111} 6| 7,0 | 450 1,12 6,72 30,0 2,9 | 87,0 | 93,72
2 | 6000 | 1,666 ) 14 | 8,5 | 500 1,41 19,74 442 1 44,2 | 63,94
3 | 2000 {0,555 9| 5,6 {355 1,00 | .9,00 19,2 | 44 84,5 | 93,50
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Aas ydactxa 3 Lg = 2000 MY/u, Lgg = 1994 m/y, Ry= 1,0 H/(m?-mM), d5 =
«= 355 MM, vg = 5,6 m/c, %ﬁ = 19,2 H/u?®. B yanoBo#t Touke y; yCcTaHaB/IHBaeM Tpoft-
HAK TpHTOYHBIH npsiMoli moA yraoM 30° u onpepensieM {o B OTBETBIEHUH U 3HaueHHe {y
B MpoXoAe Maructpanu. aa BHIGpaHHBIX 3HaueHult dy, do U da BHIGHPaeM TPOfiIHHK, ¥ KO-
TOpOro {yu== 0,1; §{ = 1,4. ' , .

Ha Bbixone us yuacTkoB / H J yCTaHOBJIEHBl BO3LyXOpacnpefenuTeau ¢ nepdopu-.
poBaHHHIMU RuckaMmH Tuna BJITIM, npu sagansoM oTHOWeHHH bo/dy = 0,2 uMeeM {y =
= 2,8. Kpome Toro, Ha yuactke 3 ycTaHOBJIEHO KOJEHO ¢ yrioM nosopora 90° u Hanpa-
BJSIIOIMMY JIOTATKAMH NPH 3HaveHusix r/dy = 0,24; {p = 0,2.

Hanee 3arnosHsieM pacueTHyio TaGJiHILY CeTH BO3LYXOBOZOB (Tabu. 4.2).

laBaenne B Touke y; cocrapasier py = 9,372 Ila, a HeyBsi3Ka ¢ OTBETB/IEHHEM =
(93,72 — 93,45)/9,372 = 0,26 %. CnenoaTesibHO, He TpefyeTcss yCTaHaBIHBAaTh IHa-
dparmer Ha oTBeTBiaeHHH. CyMMapHble NOTepH AaBJIeHMS B Maructpanau ¢ yuerom 10 %
3anaca COCTaBAT! : ’ '

pe = 1,€9 Ia.

DTo 3HayeHHe HCNONbL3YETCH AJif NOAGOPA BEHTHARTOPA.

4.5. BO3AYX0BOJbl H $ACOHHbIE YACTH

Bo31yXOBOAEl COCTOSIT M3 NpPAMBIX Y4acTKOB (70 %) H (acOHHBIX
yactedl (30 %) ueseBoro Ha3HauyeHHs; B CEUEHUH OHH MOTYT OBITb KpYyr-
JILIMH, TIPSAMOYTOJbHBIMH H OBaJibHBIMH. MX CTOHMOCTH MOXKeET HOCTH-
ratb 50—70 % OT CTOMMOCTH BCeH CHCTeMbl BEHTHJISLHH.

Bo031yx0BOAB MOTYT BHIMOJNHATBCH H3 METAJMHYECKHX U HeMeras-
JIMYECKHX MaTepHasoB, Te 3T0 BO3MOXHO, C/IeAyeT IPUMEHSTb BO3AYX0-
BOJIK HemerasauyeckHe. B coorserctBuu co CHull—33—75 ang xu-
JIBIX W aAMHHHUCTPATHBHBIX 3J4aHUH H BCIOMOraTeJbHbIX NPOH3BOJACTBEH-
HEIX TIOMELIEHHH MNpeiyCMaTpMBAIOTCA BO3AYXOBOJBl H3 HEMeTasIHue-
CKHX MaTepHa/oB. B HacTosmee BpeMs BO3LyXOBOAB H (DACOHHBIE YaCTH
H3TOTOBJISIIOTCSL ONpEAEJEHHbIX pPa3MepOB, YCTAaHOBJEHHLIX HOPMaMH.

Kak npasuso, NpsiMbie y4acTKH H3TOTOBJSIOTCA MIMHOH 25 M. [as
BO3[yXOBOJOB YHHU(GHIHDOBAHHBIX pa3MepoB, HAOHpPaeMBIX H3 YHHGH-
IUPOBAHHBIX JeTajiefl, BeINyCKaloTcss ¢UIaHlel, OaHIa)KH, BO3AYXO-
pacnpenesuTent, AedIeKTopHI.

[To crnoco6y repmMeTrnHsanuu MeTaJJHYECKHE BO3IYXOBOLbI IMOApas-
JeNs0TC Ha (IaHLEeBbIE ¥ CBapHEBIE; 10 KOHCTPYKIHH Ha NPSMOIIOBHHIE,
CIOHPaNbHO-3aMKOBEIE, CIIHPAJbHO-CBApHEIE,

CrnupajbHble BO3LYXOBOJEI OTJAHYAIOT OT MNPAMOLIOBHBIX O6jbluas
JKECTKOCTb, OJHAKO Ha HX M3TOTOBJIEHHE pacXojpyercsi GOJIbIe MeTallla.

Hemerannuueckue BO3ZyXOBOALI H3rOTABIHBAKOT H3 CHHTETHYECKHX
MaTepUaJoB (CTEKJOTKAaHb, BHHHIIACT), a TaKXKe H3 CTPOUTEJNbHHIX
MaTepHajoB (6eToH, »xene300eTOH, KepaM3HWTOOeTOH, ljIakoasebacrtp,
UITAKOTHIIC).

4.6. OCOBEHHOCTH PACYETA
CETEM NHEBMOTPAHCIOPTA

[THEeBMOTPAHCIOPTOM HA3BLIBAIOTCS CHCTEMEI, MpeIHA3HAUEHHHIE s
nepeMeleHHH U3MeNbUEHHBIX MaTepHaloOB H OTXOJOB IO BO3JYXOBOAAM
B cMecH ¢ Bo3LyXoM. OH LIHPOKO NPHUMEHSIETCS IJIsl TIepeMEeIeHUs CyXHX
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(GOPMOBOUHBIX MATEPHANOB B METANAYPrHH, XJNONKA B TEKCTHIbHOH
NPOMBILVIEHHOCTH, ONMJIOK B JepeBooOpabaThiBAlOMEH IPOMBILIEHHOCTH
H MHOTHX IPYTHX MaTePHaNOB B Da3JHYHBIX OTPAC/IfX HAPOAHOTO XO-
3sicTBA.

C nomowpio NMHEBMOTPAHCIOPTA YCMEUHO PEIIAloTCs BOMPOCH yAa-
MleHHs MBITH C paBoyux MeCT, YOOpKH NMOMEUIEHHs M BHITSXKHOH BEHTH-
Asuun.. CHCTeMBl NTHEBMOTPAHCNOPTa MOTYT OBITh Hu3KOro (Ap <
< 5000 ITa), cpemuero (5000 < Ap < 20 000 ITa) u BrICOKOrO Ap >
> 20 000 Ila) naBsnenus,

B nHeBMOTpaHCNOPTHBIX BO3AYX0BOAAX, NPeIHA3HAYEHHBIX A/ TPAHC*
HOPTHPOBKH TBEPABIX NpUMEceH, CKOPOCTb BO3AyXa JOoJAxkHA OBITH BHIIIE
€KOpOCTell «BUTAHHS® H «TPOraHuA» (CM. IV, 3) 1Jis TOrO, YTOOE MOXKHO
6bl10 nepeMemiaTh NPHMECH B BEPTHKANBHBIX BO3JyXOBOZAaX BBEpPX,
4 B CiyYae oCel@HHS HX B TOPH3OHTANBHBIX BO3AYXOBOJAX CTPOHYTH
tactuitel ¢ Mecra. IlomsiTus o Cxopocmx «BUTaHHA» H «TpOI‘aHHﬂ» pac-.
EMOTpPeHBl B 1. 3.

paCCMOTpHM ABa cedenusi Fy u F, xanana nuesBmMoTpancmnopra. Iis
smx CeYeHHH HMeeM U, > vy, P02 = pv?/2, F; = F,, Torna Apy, =
=Py — P2 -

Sanuiem ypaBHeHHe Konuqecrsa IlBPI)KeHPIﬂ

pF — PzF"ToHl—ZR =0,

tne [l — nepumetp - ceuenus; R, — p’eaKTnBHaﬂ CHJIA -BCE€X - YACTHI

npHMeced, paBHag CHJe JOG0BOrO CONPOTHBJEHHS, HO HAaNpaBJjeHHas

B NPOTHBOMNOJOKHYIO CTOPOHY; Ty —— KacarenbHoe HaNpsXKeHHe  Ha

CTEHKE. . : '
‘Otkyjna

. . R
Pl*Pz—To”—(I“}‘ 5;0”;)-‘

YuuteiBasi, 4to To/ll//F — ecTb morepu Hamopa Ap TOTO ke y4acTKa,
HO TMpH JIBHXKEHHH B HEM t-IHCTOI'O BOS}IyX& HMEEM

. R,c
TaK Kak
B A{ 2
Rx=CxF%(U—UT)2 H ToszTv’ )

30eCh . U ~— CKOPOCTb BO31YyXa; U, — CKOPOCTb TepeMelleHHs TBepABIX
YacTHII;
« = [ (Re),

f,u,e Re = [(v — vg) dv.
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C yueToM BHIIEH3NOKEHHORO MOTEPs HABAEHUsS B KAHANE MHEBMO:
TPAHCNOPTa MOXKeET ObiTb paccuuTaHa o Qopmyse

Apnn—Ap[l + = ECF _—v-)g].

Ananusupys 3TO ypaBHEHHE 3aMeTHM, 4YTO VYBe/JHYEHHE {loTepb
JlaBJleHU Sl 3aBUCHT OT KOJHMYecTBa NpHMeceH, 3HaueHWH KoadduuueHra
conpotuBienuss vactTul C,, T.e. oT BuAa mpumeceii n kpurepus Re,
CyMMapHO# NJOWAZK MUAENeBOro cedeHus F u OT OTHOLIEHHS TOpH-
30HTa/IbHOM CKOPOCTH Marepuana v, K CKOPOCTH Bo3dyxa v. Yem Tsaxe-
Jee MaTépuas, TeM MeEHbIIE ero CKOPOCTb B CPAaBHEHHH CO CKOPOCTHIO
BO3/yXa. , i

Honyckass, uro xpurepuéi Re wMmensercs cnabo, MOXKHO NPHHATD
JIOTyHIeHHe O TOM, YTO BTOPOE CJaraemoe NponopItHoHaJbHO MACCOBOU
KOHUEHTPALMH TPUMECeH g, = an/MB ‘Torfia ynpoilleHHOE ypaBs
HeHHe NPUMET BH], ' .

Apoy = Ap (1 4 Ktnp),

rie K — x03QQUiUMEHT MPONOPUUOHAJIBLHOCTH, MPUMEHsIEMblil B COOT-
BETCTBHM, HalpHMep, C peKoMeHiauusMu [24].



Fnasa 5 ASPOJIMHAMUKA CTPYH
M BCACBIBAIOIIMX ®AKEJIOB

Crpy#iHble TeueHHs HTPAIOT BAXKHYIO POJb BO MHOIHX HHXKEHEPHBIX
COOpPYXEHHSIX M cHCTeMax. Takue TeuyeHHsT BO3HHKAIOT IPH Mojaye
B NMOMeELIeHHs] BO3/yXa, o6paGoTaHHOTO B CHCTEMaX BEHTHJ/SLUH H KOH-
JMIHOHHPOBAHHS; YCTPOHCTBE J€KOPATHBHBIX (POHTAHOB; CHUTAHHMH XKHI-
KOro M mbl1eo6pasHoro Tonaupa B (akKeIbHBIX Meyax; OpPraHH3aLuH
BO3AYIUHBIX 3aBeC AJs NpejoTBpalleHHsi MPOpPLIBA XOJOJHOTO BO3AyXa
B 3JaHHA H T. I.

CrpyiiHble TeueHnst HaGJIOJAIOTCS TOrja, KOTHA MOTOK KHUAKOCcTH A
€ HeKOTOpOo# ckopccThio U nocTynaeT B NOKOSILYIOCS MM ABHKYLIYIOCS
C MeHblIEH CKOPCCTBIO KHAKOCTh L. Kak BHIHO M3 NPHMEPOB HCHOJb-
30BaHHs CTPYHHBIX TeyeHHH, KUAKOCTh A H B MoryT ObITb OZHOH NpH-
pPOZbl — NOAaYa NPHTOYHOTO BO3AYyXa B IIOMEILEHHS B CHCTeMaXx BEH-
THASLUMH, HJAH Pa3IUYHOH — YCTPOHCTBO JEKOPATHBHBIX (DOHTAHOB.
[Ipu ncreyeHnu OJHOM KHUIAKOCTH B APYIYIO Ha TpaHHIaXx CTPyHHOro
TeyeHHs BO3HHKAIOT KacaTeJbHble HalpsKeHHs U B ciayyae TypOyJeHT-
HOTO pexXHMa TeueHHs Ha I'PaHHIAX CTPyH oOpasyloTcsi BHXPH, NPHBO-
Jsiipe K nepeHocy cy6eTaHUME (TemyioTa, MPUMECH, KOJHUYECTBO ABHKe-
HHSI) M3 CTPYH B OKDY2KAIOILYIO XKHAKOCTb H HapO0pOT. DHEPrus CTpyH
pacxoiyercsi Ha BOBJIEYEHHE B JBHXKEHHE OKDYKAWILeH KHIKOCTH,
TIpH TOM Macca CTPYHM BHH3 11O MOTOKY BO3pAcTaer, a cxopocn; JBUKeE-
HHUSI Tajaer.

ITepBrie unccnenoBaHusl TypOYJNEHTHBIX CTPYH, OCOOEHHO HHTepec-
HBle /11 WHXKEHepHBIX NPUJIOKEHHH, HOCHIM SKCNePHMEHTaJbHBIH Xa-
paKkTep M CJYXKUJH [/ HAaKOIJIEHHS JOCTaTOYHOTO (DaKTHYECKOro Ma-
Tepuana.

B 1913 r. PIH}KeHep B. A. Cnecapes, a B 1915 r. T. Tpionens npo-
BeMH H3y4YeHHE INoJeH CKopocTell CBOGOAHBIX TypOyJeHTHHIX CTpPYH.
Ilocnenywooliue JABa [ecsiITUIETHS Pa3/HUHBIE HCCJAEA0BATEIN BBIMTOJ-
HHJIH SKCNEepPHMEHTalbHEle PaCoThl MO H3YYEHHIO INOTPAHHUYHBIX CJIOEB
CTpY# U Heu3oTepMuuecKuX CTpyH. MiMu Gbl1 ycTaHOBJIEH XapakTep pac-
npejieieHHsl CKOPOCTell B INONEPEYHBIX CeYeHHSIX CTPYH U oOHapyKeHo,
YTO INpH BbI6OpE COOTBETCTBYIOIMX MacliTabGoB 1Jisi CKOPOCTH H TeoMe-
TPHH CTPYH MOXHO MOJYYHTH YHHUBEpCaJbHbIE TpaguyecKHe 3aBHCH-
MOCTH CKOPOCTH OT paccTOSHHS B 0e3pasMepHOM BHJE.

B 1926 r. B. TonamuH pemna psaj 3ajad AJs HAEaJTH30BAHHBIX
c/lyyaeB CTPYHHBIX TE€UEHHH B NPEANOJOXKEHUH, YTO CKOPOCTb HCTeye-
HUST GeCKOHEYHO Be/lHKa, pasMephl OTBepCTHH GecKOHEYHO MaJfbl, a Ko-
JIHYECTBO JBHXKeHHS KoHeuHo. B 1936 r. I'. H. AGpamoBuuem OblaH
MOJIYYEeHBl PELIeHHd, OTBeyalollye peajJbHBIM YCN0BHAM (POPMHPOBAHHS
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crpyii. EMy ke npunamiexut HauGosee obluast Teopusi TypOyJIeHTHBIX
CTPYH, NONOMEHHAs B OCHOBY GOJIbIUMHCTBA IOC/HEAYIOUWMX HCCJIEN0-
BaHHUH.

Janphelmyo paspaGoTKy TEOpHH T. H. A6pamoBiua B NPHJIOXKEHHH
K TexHuke BeHTH/Issuun Besad M. U. Tpumuraun [13]; WU. A. llenenes
{301, B. H. Tanues [25] u gpyrue yueHbie W CHEUHATHUCTH.

5.1. KJIACCHOHKAUHUS CTPYA

-Tlpn nopaue BO37yxXa B BEHTHUJHDYeMble U KOHJAULIHOHHUDYEMBbIE HO-
MellleHHs1 00pa3yIoTCsl 3amonjeHtbie CTPYH (BELIeCTBO CTPYH U OKpYXKa-
roueft cpeibl OAHOH NPHPOABI), NPHYEM B 3aBHCHMOCTH OT KOHKPETHBIX
ocoOGEHHOCTEH NOMEIeHHH U PelleHHH Mo CUCTeMaM BEHTHJISMHH DasBU-
THE M DACNPOCTPAHEHHE CTPYH NOJYMHSETCS PASTHYHBIM 3aKOHOMEPHO-
ctaM. [as ycraHoBieHus ob6nacTi AEHCTBUSA TOH MMM HHOH 3aKOHOMEp-
HOCTH HeoOXOAMMO K3 BCEro MHOroo6pa3usi CTpYHHBIX TeueHH# BbmeJme
obmue KJaaccu(puKanHOHHBIE TIPH3HAKH.

[lepBbIM TakMM NPU3HAKOM SBJSETCS BHJ CTPYyH. B 3aBHCHMOCTH
oT aspo,uHHaMqucxoﬁ CXeMbl BO3JyXOpacNnpeAe/lUTeNbHOTO YCTPOH-
CTBa CTPYHHbIE TEUEHHS MOT'YT cpopMHpoaaTbcsi B BUJIE OCECUMMEMPULHBIX,
NAOCKUX, BeepHbIX WJIH B3aKpPY4eHHblX CTPYH.

OCecuMMemputmbze CTpyH 00pasyloTcsl IPH HCTEUYEHHH BO3AyXa H3
IMJANHAPHYECKHX H KBaJPaTHRIX NarpyOKOB, a TakKkKe HPH HCTEUECHUH
BO3/lyXa U3 KDYIVIEIX M KBaJpAaTHEIX OTBEPCTHH B TOHKHX CTEHKaX,
€CJIH BEKTOD CKOPOCTH IIOTOKAa Ha MOAXOJE K OTBEPCTHIO HOpManeH
K IJIOCKOCTH OTBEpPCTHS.

ITrockue cTpyu o0pasyiloTcs B 3aBUCHMOCTH OT YCJAOBHH MHOAX0ja
BO3lyXa M pfAfa APYrux (akTopoB NpH HCTEUEHHH H3 KaHAJIOB C OT-
HOIIEHHeM CTOpoH a/b > 1015, rae a, b — AJHHA M IUMPHHA KaHana.
Hcreuenne Bo3nyxa M3 TOHKHX NPOJOJNBHBIX OTBEPCTHH, BBITOJHEHHBIX
B CTeHKe TPpyOoIpoBoja BJOJIb €ro OCH, TaKXKe NPHBOAHT K BO3HHKHO-
BEHHIO IJIOCKHX CTPYH, 0COOEHHO B YCJHOBHAX, KOTJLA CTaTHYECKOe
JlaBieHue B TpyGonpoBojax GoJsblle AMHAMHYECKOTO.

Beeprble cTpyH BO3HHMKAIOT IIPH HCTEYEHHH -BO3[yXa Ha IJIACTHHHI,
pacrnoJIoKeHHble TMolepeKk mnoroka. MexaHusm o0pa3oBaHHsi BEEPHBIX
CTPYH cJelyIOMM#A: BO3LYX HCTEKaeT, HAaNMpHUMep, U3 IMJIHHIPUYECKOrO
narpybka Ha KpYIJbIH JHCK, YCTAHOBJIEHHHIA NePHEeHAHKYJSPHO I10--
TOKY H COOCHO C maTpyOGKoM, 3areM CTPys pacrteKaercss 1O JUCKY H,
M3MEHsS CBOe HalpaBJIeHHE, pacnpocTpaHsieTcss Mo pajuycam B ILIOCKO-
ctu gucka (puc. 5.1, a). Bce 3TH cTpyH o6bemuHSIOTCS OOUIMM HasBa-
HHEM — NPAMONOUHbIE.

AsponuHamMuueckHe cxembl yCTPOHCTB, NOKa3aHHble Ha puc. 5.1, 6
H 6, NMPUBOAAT K BO3HUKHOBEHHUIO 3aKpy4erubix cTpy#. B ycTpoiicrse,
uso6pax<eHH0M Ha puc. 5.1, 6, BO3AyX NoJaeTcs TAHIeHLUHAJbHO B LH-
JUHApHYeCKHH naTpyboK H HCTEKaeT U3 Hero, UMes He TOJbKO OCEBYIO
CKOPOCTb 4, HO ¥ TAHTEHIHUANbHYIO U, ¥ pajualbHyI0 w. [IpH ucreueHnu
u3 ycTpoiicTBa, MOKa3aHHOro Ha pHC. 5.1, 8, cTpysa mpuobperaer Bpa-
IaTeJbHOE JBHXKEHHE 3a CUeT Sapr‘{HBaTeJIﬂ, YCTAHOBJIEHHOTO. B na-
TpyOKe. Ecaiu Ha cTpyio IIPH ee pacnpocTPaHEHHH He 0Ka3biBaloT BO3feH-
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Puc. 5.1. 06pasoBanHe BeeDHLIX H 3aKPYYEHHIX CTPYii: @ — BeepHble CTPYH; 6 —
3aKPYTKA BO3JyXa C HCNOJb3OBAHHEM TAHTEHUHAILHOrO MOABOAR; § ——ocenoﬁ
3axpyqnsarenb

CTBHE Orpa)kAamliye KOHCTPYKIHM, MEXaHH3Mbl, BO3BPATHHIE H KOH-
_ BEeKTHBHEIE IOTOKHM BO3AYyXa, TO TakKasi CTPys HasblBaeTcst ¢80000HOI.
Hcreuenne Bo3zyxa BAOJb IJIaAKHX HOBEPXHOCTEH NPUBOAHT K o6pazo-
BaHHIO NOJYOrpaHHYEHHHIX. CTPYH.

CoBpeMeHHbIE NPOMBIIJIEHHbIE, = AIMHHUCTPATHBHbIE u Apyrde nec-
MEILEHHs] HAaCBIEHBl ' Pa3lHYHbIM 060pyﬂ.OBaHHEM BJAUSIOIUM Ha pas-
BUTHE CTPYH, KOTOpbleé B TaKHX YCJIOBHSIX HAa3bIBAIOTCH CTECHEHHBIMH.
Hsmenenne BO BpeMEHH pacxofa HPUTOYHOTO BO3LyXa HA HCTEUEHHH
IIPUBOAUT K 06pa30BaHUIO ITyJbCAUHOHHBIX HWJHM HMIYJAbCHEIX CTpYH.
[lepBbie BO3HHKAIOT, KOTA NOTOK HE NpephLBaeTcs, a-H3MEeHsIeTCs JIMIb
KOJIHYeCTBO BO3JlyXa Ha HCTeYeHHH CTpyH. MmmnynbcHele cTpyu o6pa-
3yloTcs B pesy/bTaTe MOJIHOTO NMEPeKPHITHS NOTOKAa BO3JYyXa ¢ ompele-
JIEHHOH 2acTOTOH, B -3TOM CJy4ae MMeeT MeCTO pa3phiB HayaJbHOH MacChl -
CTPYH (4TO .HE MPOHCXOAUT B NYJbCAUMOHHBIX CTPYSX).

B cnyuae, xorma Temmeparypa BO3LyXa CTPYH paBHa TeMmilepartype
OKPY2KaIOLIEro BO3[yXa, CTPys HaswiBaeTcs usomepmuseckoli. Ilpu ucre-
YeHHH CTPYH{ C TeMmnepaTypoli, OTJAMYHON OT TeMmepaTyphl OKpyXKalo-
1ero BO3JyXa, Ha CTPYH BO3AEHCTBYIOT CHJIBI BLHITECHEHHS, CBSI3aHHEHIE-
C pPa3HOCTHIO NAOTHOCTEH, TaKue CTPYH Ha3bIBAlOTCS Heusomepmuie-
cKumu. B 3aBHCHMOCTH OT COOTHOILEHHS CHJ MHEPUHUU U BBITECHEHHS pas-
NUYA0T: caaGoHeM30oTepMUYECKHe CTPYH, TOAYHMHSIOUIHECS - OCHOBHBIM
3aKOHOMEPHOCTSM HW30TEDMHYECKHX CTPYH, U CHJIbHOHEH30TEPMHUYECKHE,
pasBHTHE U pacmpoCTpaHEeHHEe KOTOPHIX 10 CBOEH NPHPOJAE OKa3blBaercs
6nuXKe K TEIVIOBBIM MJIM KAK HX ellle Ha3BIBalOT KOHBEKTHBHBIM CTPYSM,
BOBHUKAIOWIMM HAJ MCTOUHHKAMH TEIJIOTH. KOoHeeKmusHbie CTpyd oO-
pasyloTcsi B pe3yJibTaTe HarpeBa BO3JyXa HajJ HCTOYHHKOM TEIVIOTHI,
IJMIOTHOCTh BO3[yXa NpPU 3TOM YyMEHbINaeTCsl, OH MOAHHMMAaercsl BBepX,
a X HarpeBaTeNi0 INOATEKAeT OTHOCHTENbHO XOJIOAHBIA OKDYKaloliu i
BO3AyX. B cayuae oxjaaxjieHHs BO3AyXa KOHBEKTHBHAad CTpysd pacnpo-
cTpaHsieTcs: BePTHKaJbHO BHHS3.

Yaanesue Bo3ayXa M3 BEHTHJIHPYEMBIX H ROHJHIMOHHPYEMbIX 00b-
€KTOB NIPOH3BOJSIT C NMOMOLIbIO BHITAXKHBIX YCTPOHCTB, IIPH 3TOM Y BCa-
CBHIBAIOIHX OTBepCTHHl (opMHpYyeTcsl crneud(PUYeCKHH BO3AYIUHBIA MQ-
TOK, Has3blBaeMblH 6CacbIBarouUm  (HaKerom.
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5.2. CBOBOIlHBIE H30TEPMHYECKHE CTPYH

PaCCMOTpnM OCECHMMETDHYHBIE CTPYH, MCTEKAIOIHE H3 KPYIJBIX -
orBepcTHii. [IpHHUMIHANBHOTO PA3JIHYHS B (opmupoBaHHH M PAa3BHTHH
MJIOCKHMX, OCECHMMETPHYHEIX MM BeepHBIX CTPYH He oOHapyxeHo, a pac-
veTHble (OPMYJIBI OKa3hbBalOTCS HAEHTHUHEIMH II0 CTPYKTYpe, OTJH-
4asch TOJNbKO YHCJEHHBIMH 3HayeHHAMU KO3(P(dHIMEHTOB.

IIycTb cTpys Bo3ayxa ¢ HEKOTOPOH CKOPOCTBIO Uy, MCTEKaeT M3 LH-
JUHApPHYECKOro naTpybKa B HEMNOJBHXKHBIH BO3JYX, IpHUEM TemIepa-
TYPBl CTPYH U OKPY2KaIOLIEro BO3LYyXa OJMHAKOBEI, T. €. CTPYsS H30TEp-
Muyeckas. byaem cuuTath, YTO moJe CKOPOCTeH Ha HCTeYEHHH DPaBHO-
MEpHO, a OTBEPCTHE HE 3aTEHEHO PeIIeTKAaMH, CeTKaMH H T. A. YIpOLleH-
Hasi CXeMa TaKoll TypOyJeHTHOH W30TEpPMHUYECKOH CTPyH NOKa3aHa HA
puc. 5.2. B c1pye, Kak NPaBUJIO, BRIICSIOT IBA XaDAKTEPHBIX y4acTKa —
HayaJbHBIA U ocHOBHOH. Ha HayalbHOM ydacTKe CyLIecTBYeT SIIpPO IO-
CTOSIHHBIX CKOPOCTeH, B TPaHHLAX KOTOPOrO # = uy. ¥ KPOMKH BHINYCK-
HOTO OTBEPCTHS HauHHaeT (opMHPOBATLCA HOTPAHUYHBIH CJIOH, €ro BHeII-
Hefl rpaHuUell ABAsAOTCS H3oTaxd u = 0, a BHYTPEHHEH U = u,, TAKHM
06pa3oM, NOrpaHUYHBIH CJA0H Ha HAYaJbHOM YYaCTKE CTPYH OKPYXKaer
SAPO NMOCTOSSHHBIX cKopocrefi. M3 amop ckopocredi (puc. 5.2) BUAHO, 4TO
CKOPOCTb CTPYH B ceueHusix [, [I, II] HayaJbHOrO y4yacTKa H3MEHsIETCs
OT u = Uy Ha ocd B0 4 = 0 Ha rpanHuue CTPyH, IpHYEM B CEUEHUAX
[ n Il makcuma/jbpHble OCEeBble CKOPOCTH HaOJIOAATCsl HAa GOJBIIHX
N0 MJoMaiy ydyacTKax. B KoHIE HayaJbHOrO yuacTKa MHOrpaHHYHbIE
CJOH CMBIKAIOTCSi M CKOPOCTb HA OCH CTPYH HAyHHAET yMEHbILIAThCS
(cevenust IV u V). Orcronia HauMHaeTCs OCHOBHOH y4YacTOK CTPYH, HaH-
6oJiee BaxKHBIH AJIs MHXKEHEPHOH NPAKTHKH BEHTUJISLMOHHOH TEXHHKH.

Ha cxeme (puc. 5.2) rpaHulbl CTPYU NOKa3aHbl MPSAMBIMH JIHHHSIMH.
B neACTBHTENBHOCTH KacaresibHbie HaNpsKEeHUs, AEHCTBYIOLIME Ha rpa-
HHLE CTPYH C HENOABMIKHLIM OKDYKAIOIIAM BO3JYXOM, NOPOXKIAIOT CH-
CTeMy BHXpeH. DTH BUXDU OOECHEUHBAIOT MEPEHOC KOJHUECTBA JBHXKE-
HHSl H IpUMeced (M TEIVIOTHL AJisl HEH30TepMHUECKUX CTpyH) H3 CTpyH
B OKpyxamoumui Bo3LyX M ofpaTHo. Buxpesoe jaBHKeHHE, OCOOGEHHO
Ha rpaHule CTPYH, OTYeTIHBO BHAHO Ha puc. 5.3, a, 6, 8, e. CTpys BO3-
JyXa, BU3yaJu3UpOBaHHas IBIMOM, HCTE€KaeT Ha o0bekTuB. TIpu Manbix
5KCIIO3HLHAX BUAHO, UTO Ha TPaHHIE CTPYH ABHXKEHUE BHXDEBOE, IPH
OOJIbIUMX 3KCHO3ULHUSIX CTPYsS B IONEPEYHOM CEUEHHH NPEACTaBIeHa

Adp0 nocmosmHbix

CKO,DOC”’E” [[:ua _0 lz/
o o\ w2 "
, u
RS — —
2z =
: ,
I Xp \
> HayansHbid yyacmoK OcHoBrod o« —
X .‘/"“_”’"”f 4 v

7
Puc. 5.2. Cxema TypOyJeHTHOH cTpyH
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B BHJE JOCTATOYHO NPaBHJIBHOTO
kpyra. Ilocnennee 06GCTOSITENb-
CTBO U TMo3BOJseT 0603HaYaTh
rpaHuupl TypOyJeHTHOH CTpyH
Ha cxeMme MNPSMBIMA JHHUAMH.
MHorounic/ieHHBIME ~ KCIIEPH-
MEHTAJbHBIMH  HCCJIEOBAHU MU
TOKa3aHo, YTO COCTaBJSOIAs
CKOPOCTH TIO OCH Yy BO MHOTO pas
MEHbIlIe COCTaBjsilollefd 1o x,
NO3TOMY MOXKHO CUHTaTh, UTO
BEKTOD CKOPOCTH B J060# Touke
CTPYH HanpaBjieH BAOJb OCH X.
PaccmoTtpuM pe3y/abTaThl 3KC-
NEePUMEHTANbHOTO HCCAEN0BaHUA
OCEeCHMMETPHYHOH  u30TepMHUec-
KOH CTpyM BO3AYyXa, UCTeKawouleh
H3 OMJIHHAPHYECKOro mnarpybka
dy = 90 MM ¢ HagaJdbHOH CKoO-

pacteio iy, = 87 m/c. Ha puc. 5.4 -

IIOKa3aHbl 3MIOPBHl  CKOpOCTell B
Pas3JNYHBIX CEeYeHUSIX OCHOBHOIO
ydyacTka crpyH. Kak BujHO u3
PHCYHKa, B CEYEHHAX, OJH3KO
PaCMOJIOKEHHBIX K BHITYCKHOMY
OTBEDPCTHIO, HaNpHUMep, NpU X =
= 0,6 M, 3M0pa CKOPOCTH HMeer
SAPKO BBIP@XEHHBIH  MakCUMyM
CKODOCTH Ha OCH, TaK Xe Kak
3MI0pa CKOpOCTH B ceuenuu 111,
puc. 5.2. [lo Mepe ynanenus oT
BBIIYCKHOTO OTBEPCTHSl  3MIOpa
HenpephuiBHO Jedopmupyercs, CKo-
pPOCTb Ha OCH YMEHbIlIaeTcsi, a nc-
nepeuHoe CEeyeHHe CTPYH pacTer.

Tor ke sKcnepUMeHTaNbHBIH
MarepHaJl, NIpeACTaBIeHHbIH B Ge3-
pasMepHBIX KOOpAMHATax (pHC.
5.5), no3BoJifer caenaTh BaxkHHIH
BbIBOJ, 00 addHHHOCTH 3MIOp
CKOPOCTEH HA OCHOBHOM Y4YacTKe
cTpy#i. B kauectBe Gespasmep-
HBIX KOODAWHAT TIPUHATHL: /Uy, —
OTHOLIEHHE CKOPOCTH CTPYH B
CeYEeHHH K O0CEeBOH CKOpOCTH;

Puc. 5.3. ®ororpadun non_epe'-mbro H npo
a, 6 —Majas 9KCNO3HLHA, HA IPAHKUAX CTPYA
JABHXXeHHEe BHXpeAi ocCpefHeHO BO BpEMeHH,

Y/Yo,5 — OTHOLIEHHE KOOPAMHATHI Y K KOODPJIHHATE TOUYKH Yo B KOTOPOU
CKOPCCTh CTPYH paBHa TOJOBHHE oceBOH ckopoctH. M3 addunnocTH
SMIOp CJAELYeT, YTO B CXOJACTBEHHHIX TOYKAaX ABYX JOOHIX ceueHHi
OCHOBHOTO - yyacTKa O0e3pa3MepHbie BeJIHYHHBI CKOPOCTH OJHHAKOBHI.
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Hpyro#t ¢dopmo#t mpencras-
JEHHS 3SKCTIePHMEHTaNbHOH HH-
dopmanuy  CKOPOCTH  CJayKar
rpaduku (puc. 5.6) xoma Jayuen
0e3pa3MepHOM CKODOCTH U/,
M3 KOTODHIX BMJAHO, YTO BCJEN-
CTBHE YHHBEDCAJBHOCTH CKOpO-
CTHHIX mnpodusnes Gespasmepnas
CKOpOCTb  u/uy, B  BHIGpaHHOH
TOUKE 3aBUCHUT TOJLKO OT - 6e3-
pasmepHO#l  KoopAHHaTHl Jyya
y/x, UPOBENEHHOro M3 moJIOCa
CTPYH 4€pe3 3Ty TOYKY, T. e.

—=fH(L) 6

Um

Jast  TeXHHKM  BEHTHJISAUUH
HaHGONbIINA MHTEpeC MpenCcTaB-
JISIIOT MaKCHMaJIbHBIE CCEBBIE CKO-
POCTH M HX H3MEHEHHEe MO JJIWHE
CTpYH. DTO CBSI3aHO C TeM, YTO

B BEHTHJHDYEMBIX M KOHJIULHO-
HUPYEMBIX IIOMEILEHUSX, Kak
NpaBHJIO, MaKCHMaJ/bHEIE CKO-
POCTH BO31YyXa OrPaHHYHBAKTCS
1o CaHUTAPHO-THIHEHNYECKHM
coobpaxenusM. [lepecrpous pau-
HbI€ [0 CKODOCTAIM, MpPUBEIEH-
HblE Ha puc. 5.4 B Koopau-
HaTax Up,fuy, — X/dy, DOIy4UM
puc. 5.7. 3nech u,,/u,— OTHOLIE-
HHME CKOPOCTH Ha OCH CTPYH H
CKODOCTH Ha HCTeYeHHH, X/dy —
OTHOCHTE/bHAs IJIHHA B KanauG-
pax. Kak BuaHo u3 puc. 5.7,
KpHBasg H3MEHEeHUS OTHOCHTENb-
HOH CKOPOCTH Ha OCHOBHOM yya-
CTKE CTPYH uMeeT runepGosnye-
CKHH XapakTep H, BepOSTHO,
MOXeT ObITb aNnpOKCHMHPOBaHA

MOALHOTO  cevenmA  TypGynemTHoli crpyw: (PYHKUHeH Buia

BMAHH BHXpH; 6, 2 — Goabluasi SKCHO3HIHS, ‘
TPAKULE CTPYR ueTKue Um/Uy = const/x.

Cnenyss T. H. A6pamornuy (2], nadinem obmuit 3akoH u3MeHeHHs
0CeBO# CKOPOCTH 110 AJIHHE CTPYH.

Tax kak paBnesue B CTPye HEM3MEHHO M DaBHO OKpY-
KAIOUWIEMY [@BJEHWIO, TO TIOJHOE KOJHYECTBO HABJEHHS CEKYHIHON
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Puc. 5.4. dmopsl cKOpOCTeli B Da3IHYHHX CEYEHHSX -
OCHOBHOTO Y4YacCTKa OCECHMMETDHYHOH CTpYyH:

] —x=06 M; 2—x=08 M 3—x=10M 4—x=
=1,2M 5§ —x=16M .

Macchl BO3JyXa MOJKHO OCTABATbCH MOCTOSIHHBIM M DaBHBEIM Hayajb-.
HOMY KOJHYECTBY ABHXKEHHSA
’ m F

j udm = J pudF = const = 4, (5.2)

0 0 ) ' )
rie dm — macca BO31yXa, NPOTEKAWOUIEro B €AHHMIY BPEMEHH uYepe3s
3JIEMEHT I[ONEPEYHOTO CeYeHHs cTpyH; dF — miomais ssieMeHTa ceye-
HHUSl  CTPYH; O — TJIOTHOCTb BO3JAyXa.

U
= -CG%‘
Um an
oo
0,75 Anx'xnb(
) D,
’*cs%n
050 N,
004:“
025 AR Ang,
Ap
0 025950 075 400 425 150 yfy,,

Puc. 5.5. Be3pasmepHuiit npoduab ckopocreii: O — X =
=08 M A—x=08mM O—x=10mM X —
x=12m @—x=14nm
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Puc. 5.6. Xon ayueit GespasmepHo#i cKOpocTH TypGyneHTHO#M

CTpyH:

1 — up, fuy

=0,1; 2~um/u = 0,1; 3 — up,fuy = 0,3 4~—um/u—

= 0,5; 5 —u iy =07, 6 — m/u—OQ 7—um/u=1,
A — MJIOCKas CcTpys

O — ocecHMMETPHYHAs CTpyH;

Jnst cTpyu KPyrJaoro CeueHus IJIOWAAb SJIEMEHTA 6y11eT dF =

= dny® = 2nydy.

[IpuBoas- Beuunnbl B (5. 2) K 6e3pa3MepH0My BULY, nonyth

rix

e | (Gn)

i

= const,

(5.3)

rie u, — CKOpoCTb Ha OCH paCCMannBaemoro CEUeHHsI; X — paccro-
AHHE 0 CEUEHHUs; y — TEeKYLIHi pajuyc; r — palHyc BHEWHeH IPaHHIbl

paccMaTpHBaeMOTO CeYeHHs! CTPYH.

IMockonbKy GespasmepHas CKOPOCTH u/ty, 33BHCHT TOJIBKO OT 6es-
pasmepHO# koopauHathl (5.1) u/up = [ (y/x), unterpan B (5.3) NpuHuU-
MaeT HeKOTOpPOE MOCTOSIHHOE 3HAayeHHe

rlx

[ (s

4y

X

= const.

'X'~~_

’ . 10

X/dg

Puc. 5.7. Hsmenenue OCEBOA CKOPOCTH 1O JAHHE

OCECHMMETDPHYHOA CTPYH:

© — 3KcnepuMeHTtanbHoe; A — no dopmyae (5.15)

(5.4)
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B pesyabrare us (5.3) nonyuaeM, uro

Up = —C%I‘Et- ,(5-5)“

Hs (5.5) cnenyer, uro oceBasi CKOpPOCTb Ha OCH CTpyH HaMeHsercs
05paTHO NPONOPHHOHAIBHO KOOD/IHHATE PACCMaTPHBACMOTO CEYEHUS X,
3TOT 3aKOH H3MEeHEHHs OCEBOH CKOPOCTH sIBJsieTcsi HauGosee OGLIHM,
a OThICKaHHe KOHKPeTHOH KOJHYeCTBEHHOH CBSI3H, T. €. YCTAaHOBJIEHHE
YHCJIEHHOTO 3HAaueHHsi KOHCTaHTH B (5.5) MOXKeT BeCTHCh Pa3IHYHBLIMH
NYTSAMHU C TOH HJIM HHOH CTENEHbIO TOYHOCTH H CJIOKHOCTH TEOPETHUECKHX
U 3KCIIepHMEHTANbHBIX NOCTPOEHHI.

Jlns1 OThICKaHUSI KOHCTAHTH B (5.5) HCno/ib3yeM NOAXOA, NMpeiJoxKeH-
uuiii B. H. TanueBniM. Tak ke, Kak H paHblle, IPHMeM, YTO KOJIHYECTBO
JBHKEHHUSl B CTpPYye NOCTOSIHHO. B uHTerpanpHO#l dopMe 310 Gyher

Molly = Mylly, (5.6)

rae mg, M, -—— COOTBETCTBEHHO HayaslbHasd Macca CTPYH H B CEUeHHH,
OTCTOSILIEM OT OTBEPCTHS HA PACCTOSIHUH X; Uy, Uy — CPELHHE N0 PaCXOLy
ckopoctd npH x =0 U x = x,.

Crpysa ocecuMMeTpHuYHasi, CJeNOBaTeslbHO, Yyc/aoBHe (5.6) MOKHO
nepenxcaTh B BUIE

p ———”?3 uf = p 2% i
rous = R, (5.7)

'BBeneM OTHOCHTEJbHBIH PagHyC CTpyH

To

ﬁ_—_&:%tgazﬂtga,
D .

rie oo — GOKOBOH yroJ pacKphITHS CTPYH Ha OCHOBHOM yuacTke.
Cpenssis 10 pacxoly CKOPOCTh CBfi3aHa CO CpeRHei CKOPOCTBIO
no miomand yepes kosgpdunuent Byccumecka up = Pul,.
C yueroM sTOrO BHIpaxkeHHe (5.7) NPHBOAHTCS K BHLY
|:'Sl§cp4l2 tg?a = 1.
Orciona
P 1
op 2 tga VP

PaccmorpuMm koadoduinenT Byccunecka nogpo6ree. KBaapar cpenneit
10 pacXoLy CKOPOCTH ONpefensieTcs Kak

: (5.8)

U = - [u dt,

F .
rae u — CKOPOCTh B IIONEPEUYHOM CeUE€HHH SJIEMeHTapHOﬁ CTpYH.
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Ksazpar cpeiunefi no mn/omajnd CKOPOCTH CBSI3aH CO CKOPOCTHIO
Ha OCH 4Yepe3 KO03(pdUIUEHT MNOJsI CKOpocTel

ugp = Kuj,.
Orcroza
1
7 1 Vo[ g g5
B =3, = Fogr | @4 =7 [, (5.9)
F 0

rae @ = uluy; df = df/F.
KosbduuuenT nossi cKopocTeii MOXKHO ONpeeqHTh Kak
1
[udi= |adr, (5.10)

F 0

Uep _

K - Um U-mF
rae & = uluy; df = df/F.

B Beipaxenns (5.9) u (5.10) BXOAHT 3aBHCHMOCTb H3MEHEHHs CKO-

pocTH i B MOTIEDEUHOM CeUeHHH CTDYM, WHTErpHPYeMast Mo MJIOoWalH df.

Jns BbIpaskeHHst 3TOH 3aBHCHMOCTH CYIIECTBYIOT tdopmyan I'. Hlaux-

THHTa
7= =1— (2N, 5.11
[1—(%)"] (5.11)

Um Yep

IIHPOKO Hcmogab3yeMasi B pa6orax I'. H. A6pamosuua;
I'. Pefixapara

\ |
._.0'5 —~
Loe (=) (5.12)

rlle ¢ — IKCNEepHMeHTa]bHasd MNOCTOsHHAfA, Bepomuoe 3HauyeHHe KOTO-
po#t 0,082; :
M. H. I“pmwm.nuﬂa

o (g |
—_— = e- 0,5 . (5.13)
Um .

Bce 3tu ¢opMyJibl 1aloT DpHMEpPHO OINMHAKOBBIH pe3yJbTaT, XOTs
NoJIy4eHHl U3 pasaHuHbIX npeAnochliok. Popmyna I'. lllauxtudra noay-
YeHa B TNpPEANOJIOXKEHHH, YTO Ha- TPaHHIEe CTPYH Yy, CKOPOCTb DAaBHa
HYJI0, T. €. He YUYUTHIBAIOTCSA MNOATEKAIOUHE K CTPYye MacChl OKpy:Ka-
rouero sozayxa. B dopmyne I'. Pefixapara npeanosarasnoch, 4To nepe-
MelLIHBaHHE CTPYH M OKDPY2KAIoIero BO3AyXa MPOHCXOAUT 1O SKCIOHEH-
LlHaJIbHOMY 3aKOHY, T. €. W 3a rpanuueil crpyH, caenys I'. H. AGpamo-
puuy. ®opmysa M. V. TpumutinHa sBAseTcs MaTeMaTHYeCKOfi ammpo-
KCHManuell SKCllepUMEeHTaJbHOTO MaTepHala.

Has BoluncaeHus: Ko3ddHIHEHTOB nNoJs cKopocTelh M Dyccunecka
1la OCHOBHOM YYaCTKe CTpyH HcmosbayeM ¢opmyay I'. Hlnuxrtusra.
HUnrerpuposanne (5.9) u (5.10) semerca no df. Ins ocecHMMeTpHYHOM
CTPYH C KOODAHHATOH T'PAHHIEI Ypp

ny?
a3
s __ 4df (4)__d£~_ dy o -
df = F 7 yrpyrp—dey'
1
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Kostbduunent noas ckopocrei
1 1
K=[adf=2]0- y)”Vyd!/— 21(1 — 25"+ 7°) dg =
0 0

1
=2 [ (g —20°5 + ) dp.
0
HUnTterpupys B npepenax or y = 0 Aoy = 1,-no,ny‘mM
3,5
K=2 (-2 &)~ o051

AHanOTHYHO ONpeseNHM «Koa(i)(bHuHeHT Byccunecka
1

Kz j 2df =K j(l — )t jdg.

Hpeﬂ;CTaBHM NOABIHTErpaJibHOE BhIpAXKEHHE B CJIEIlyIOIHeM BHLE!
) -

2
B=gr [ (1— 701~ g gdg =

1 |

2 JEP _ JE

= g | (1 — 25599 (1 — 29" — ) g dg,
0

packpbiBas CKOOKM H HHTErpHpys B Inpeienax or § =0 go y =1,
NOJTYYUM

2-0,06676
ﬁ_ —k

MHOTOYHC/IEHHBIMH  5KCIIEpHUMEHTAJNbHBIMH  HCCJEOBAaHHSIMH  yCTa-
HOBJIEHO, YTO Ha OCHOBHOM yYacTKe, He3aBHCHMO OT BHjJa cTpy#l (oce-
CHMMEeTpHUHbIE, TJIOCKHE HJIH BeepHble), GOKOBOH YIrosl. HX DacKpHITHA
NPAKTHYECKH INIOCTOSHEH H paBeH o = 12° 25'. Beamuuna tg @, Bxoxaga-
was B Belpaxenue (5.8), 6yzer tg 12° 25’ = 0,218. IloacraBasis yucaeH-
Hble 3Havenust B u tg o B (5.8), NOMyuHM CPEAHIOI NO MJIOMAAH OTHOCH-
TeJBHYIO CKODOCTb

= 2,07.

o 1 1,62,
°? 7 970,218 1V 3,0199 - >’
_ 1,62u,d,
g = —0, ~ (5.14)

CKOpOCTb HA OCH OCHOBHOTO Y4YacTka Gyaer

_ uCp _ 1,62u0d0 __ 6,2u°d0
ul)l - K - x0,258 b X . (5. 15)

Kak BunHOo, Bhpaxende (5.15) oTBeuaer NpOTHO3y O MpPHHAIJIEX-
HOCTH 3aBHCHMOCTH Up/ty = f (¥) K runepGosam. [IJIHHY HayaJbHOTQ
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yuacTka MOMKHO HAWTH W3 YCIOBHA Up/u, = 1,0 n, ucnomsays (5.15),
NOJy4UM xgz = 6,2d,. Ha puc. 5.7 HaHeceHbl TOYKH, pAaCCUHTAHHBIE
no (5.15), U sKcnepHMeHTaNbHbIE AaHHBIE, IIpeACTaBJeHHble Ha pUC. 5.4.
B o6nactu, 61u3Koft K HaYalbHOMY YYacTKY, PacXOxKIeHHe pacueTHBIX
M 3KCIIepHMEHTANbHBIX JaHHBIX, KaK BUAHO, 3HauuTesbHO. Ha ocHOBHOM
y4acTKe COTJIacOBaHHe pe3y/bTaTOB JOCTATOYHO XOpOILEE.

®opmysa (5.15) omuchiBaeT HAEaNH3HPOBAHHYIO CTPYIO B paMKax
IIPHHSTHIX JOMYLIEHHH, OJHAKO OCHOBHBIE PACXOXKJEHHs CBSI3aHHI C He-
TOYHLIM . COTJIACOBAHHEM TIJIOMIAJH CEUeHHsT CTPYH Ha pacCTOSHHH X
¢ HavaabHbIM ceueHHeM x = (. OOBsiCHseTCs 3TO TEM, UTO XapaKTepH-
CTHKH CTPYH Ha HauyaJbHOM yYacTKe (AJIMHA y4yacTKa H yroJ pacKphITHs
CTPYH Ha HeM) He H3BeCTHH. DoJiee TOuHBIEe (GOPMYJBI HOJYYAKOTCA
NpH BBEIEHHH B PAacCMOTpPEHHE IOJIIOCHOTO pAcCTOSiHHUSI, KOTOpoe Ipej-
craBJsieT cOGOH pAacCTOsSIHWE OT cpe3a COIa [0 TOYKH IepeceueHHs
YCJIOBHBIX TpaHHI[ OCHOBHOTO y4acTKa CTPYH BHYTpH comaa (pHc. 5.2).
B sToM cayuae Bo3HHKaeT 3ajjaya OnpejesieHHs NOJIOCHOTO PAcCTOSHHUS,
yTo Tpebyer MpHBJEUEHHS JONOJHUTENBHOIO SKCIepUMEHTAIbHOIO MaTe-
puana. [Ipu sToM, Kak U B NpelbAyIIeM cJydyae, NOJy4yaeMoe pelleHHe
TepsieT CBOIO OOIIHOCTb.

BosnukHOBeHNe HepaBHOMEPHOCTH IIPHBOJHT K HHTEeHCHOHKAIHH
CMELIeHHsT CTPYH C OKPY2KAIOIIHM BO3LYyXOM H, KaK CJeICTBHe, K Gojee
OLICTPOMY 3aTYXaHHIO. DTO CBA3aHO C TEM, YTO IPH HepaBHOMEPHOM MoJIe
CKOpPOCTeH KacaTelbHble HANpPSKEHHS MOPOXKAAT BHXPH HE TOJBKO
Ha TpaHHUaX CTPYH, HO H BHYTPH HAYAJbHOrO y4YacTKa {IPH 3TOM f1pO
MOCTOSIHHBIX CKODOCTeH HJIH OTCYTCTBYeT, HJIH AedopMupoBaHO). ad
yueTa BJHSIHHA HayalbHOH HepPaBHOMEDHOCTH Ha OCEBYIO CKOPOCTb
B JIEBYIO 4aCTh HCXOJHOTO ypaBHEHHSI BBOZAT P, — Koabduiuert Byc-
cHHecKa Ha ucrteueHHH. [locsie mpeo6pasoBaHHA MOXKHO NOJYUUTH

U, = 6.2uids VBo (5.16)

X

Kosddpumuent P, B (5.16) onpenensiercsi, Kak NpaBHJIO, KCIE€pHMEH- -
TaJbHbIM ITyTeM. CTpeMiIeHHe K NOJTyYeHH IO GoJlee TOYHEIX H YHUBEDPCA/Ib-
HBIX 3aBHCHMOCTEH 3aCTaBJISJIO HCC/IefOBaTesell HCKaTb HOBBlE MOJXOJBI
M MareMaTHYecKHe NpUeMBbl JJIsl ONMCAHUA CTPYHHBIX teueHui. HaubGosee
U3BeCTHBIMH B 3TO#l o6smactu cranu paborer M. A. Illenenesa [301].
BBojisi moHsiTHE KHHEMaTHYeCKOH XapaKTepHCTHKH M:

M = (0,565/c) Botto V Fo, (56.17)
M. A. llleneneB pekomeHJyeT CKOPOCTb Ha OCH HaXOJHUTb KaK
' Um = M/x ‘ (5.18)

u, ucnoabsys Gopmyay I'. Pefixapara, nosyuaeT BhIpakeHHe /s ONpe-
JIeJIeHHs CKOPOCTH B JIIOGOH TOYKE H30TEPMHUECKOH CTpYH

um M)
X

(5.19)
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Ta6nuua 5.1
XapakTepHCTHKH Bo3fyXopachnpefenuTeneH

3HaueHus Ko3d-
. E GHUHEHTOB
Tan pacnpeaenHTeNs A3pofuHaMHYeCKas cXeMma -

m n §

Luauaapuyeckas Tpy6a

6,8 1 4,8 1

mo

Pewerky uan nephopHpoBaHHbe Na-
CTHHH C KODDHIMEHTAMH KHBOTO
" ceuennst Kyxc*

N
0,5+0, )
0,2‘:— 0,5 -——J—J

0,05+0,2

I

O o
>oN
——
0000 00

VeTpolicTBa,  cp3fialoliee’  BeepHbie

crpyn (b/dy = 0,05) L1 Lo | 1,9

[Matpy60ox NPSAMOYTOJBHOrO CeyeHHs 25 9 .
(a/by > 10, npr x << bya) ’

I{uanugpryeckuft naTpy6oK c 3aKpy-
yuBaTeseM (B 3aBHCHMOCTH OT pac-

CTOSIHHSA JO CEYeHHs) — '__‘/{
3 x/VFa< 8 = & L9 | 1,7 52
8 < x/VFo< 14 J5dy 2,5 | 2,4 | 52
14 > x/V'F, , 2,8 | 2,7 | 5,2
Zlors

* Kspe = 7"—;; ) TRE Z forg ~— CyMMapHas niowaAb oTsepcTHi; F, . —muomaae nia-
CTHHHI. ' '
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E. U. TloaskoB, HCXOAS un

M3  COXpAHEHHS KOJHUeCTBAa 4o ' )
JBHXEHHS B CTpye M NpHBIe- \ \\\(1 2
Kada 601b1I0H SKCIepUMeHTaNb- 08 <
HBI Martepuas, noaydua ¢op- N \ , ~—_
MyJy AJsl OCEBOH CKOPOCTH 5, %xr\
' VE, . 0 i
Uy =7,88 =, (5.20) % PARNSES
rie E, =(nd5/4) uy — kune-
MaTHYECKHH UMIYJAbC, paBHBIA . 7
KOJIHYeCTBY ABHXKeHHUsi, oTHe- U 4 § % #

CEHHOMY K IIJIOTHOCTH BO3/yXa. ‘

Bce aTH M 1pyTHe H3BeCT- Puc. 5.8. Bausnue HauanbHOH MHTEHCHBHOCTH
"HBle (OPMYJIEL ZRIOT GJIH3KHE ;zgslyl':ienTﬂocTu Ha H3MEHEHHE OCeBOi CKO-
APyr K JpYTy Ppe3yJbTaThl, ; _ ¢~ 1,5 %; 2 —e~3 %;
‘TaK KaK B Oonbmell HAH 4 —e=15%; 5 —e=209%
MeHbIleH CTeNeHH OTPaxKaloT .
O6IYI0 32aKOHOMEPHOCTh CTPYHHBIX TeueHHH. B TeopeTHuecKHX MOCTPO-
EHHSAX NPH MOJYyUYEeHHH DACUeTHHIX (POpMyJ1 HCHOJAL3YIOTCA Pe3yJabTaThl
SKCIepHMEHTAAbHEIX HccaefoBanui, nostomy M. U. Tpummraun [13]

NPENIONKHI AJsi pacyeta OCeBOH CKOPOCTH CTPYH CJIEAYIOIIYIO 3aBHCH-
MOCTb: . ‘

3 —e =293 Y%:

(5.21)

rie F, — niomajb BHITYCKHOTO OTBEpPCTHS; m — KO3pdHUHEHT H3Me-
HEHHS' CKOPOCTH. :

B dopmyay (5.21) Bxogur kosdduuuent m, onpesenseMblfi IKcrie-
PHMEHTAJIbHBIM [IYTEM H 3aBHCAILHH OT a3poJHHaMHYECKOH CXeMbl
yCTpOHCTBa, (GOPMHPYIOLLErO CTPYIO, HAPHMEp AJS KPyrioro narpybxa
C paBHOMEpPHBIM pacrpejejeHHeM CKOPOCTH Ha HeredeHHH m = 6,8
(ra6a. 5.1). )

Ha pasButHe cTpyu OKa3blBaIOT BJAHSIHHE YCJIOBHA NOABOJA BO3AyXa
K natpy6Ky, KOHCTPYKTHBHOEe OOpPM/IEHHE OTBEPCTHS, HAJIHUME CTEHKH,
NepreHIHKYAApHOH K OCH narpy6Ka H 3aTpyAHsIolell NOoATeKaHHe BO3-
dyxa. B BO3LyxoBojax BEHTHISIHOHHBIX CHCTEM YCTaHABJIHBAETCS
NpOXoJHas apMaTypa, a caMH BO3LYXOBOJAbLI HMEIOT (DaCOHHBIE YacTH.
IIpoxoast cKBO3b 3TH MECTHBIE CONpPOTHBJEHHS, CTeNeHb TYpOYyJeHT-
HOCTH NOTOKAa Ha MOAXOAe K OTBEPCTHIO MaTpyOka MoxkeT GrITb MHOIO
BHIIIE NPHPOAHOTO YpOBHs, oueHuBaemoro B 0,5—2 %. Ha puc. 5.8
NI0Ka3aHO H3MEHeHHE OCeBOH CKOPOCTH B 32aBHCHMOCTH OT Haya/JbHOH
crenenu TypOyaentHocTd [11]. ITo nanueM [10] noTok 3a oceBHM BeH-
THIATOPOM HMEeT HHTEHCHBHOCTb TYpGOYyJ/eHTHOro mnopsigka & = 30--
~-35 %, 3a LEHTPOGEKHBIM BEHTUAATOPOM — & = 20-+25 %. Taxue
dacoHHEIe YaCTH Kak OTBOALI, TPORHHKH M Ap. H3-32 3HAUMTE/NbHOMN
HePaBHOMEPHOCTH MOTOKa, NOPOXKAAoleH HHTEHCHBHOE BHXpeobpaso-
BaHue, NOBHILAKT & OT 1 —2 Ha BXoje K 20 15—20 % Ha Bnixoge.
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_gzg . Hcreuenue crpyit u3 OTBep-
(]

‘ CTHH, 3aTeHEHHBLIX peIleTKaMH,

08 \; L/ CeTKaMH,  nep(opUpPOBAHHBIMH
\X : ' JIUCTaMH, MMeeT CBOI0 OCOGeH-

06 S Z Hocth. Takasi CTpysi, B OTJIHUHE
' J OT MOKa3aHHOH Ha cxeMe (CM.
04— ~ ] - puc. 5.2), uMeeT y4acTok ¢op-
MHpOBaHHUS, pacnosoXKeHH bl

0z - 1 MexJ1y. cpe3oM mnaTpy6GKa M rpa-

5 %z »
0 4+ 8 12 0 % R yunell HauanbHOTO y4acTka.

Puc. 5.9. WameHeHue KkomMuecTsa JBuke- [1d STOM YyacTKe. NPOHCXOAHMT
HHS B CTPYSiX, HCTeKalOWHX H3 nepdopu- CJAHSHHE CTPYeK, BHTEKaOIHX
POBHHBIX NAACTHH! M3 OTAEJbHBIX OTBEPCTHH B 00-
Ko K)KO o oy I K)é(%; 0.2 % — uuii notok. [IpH HCTEUEHHH NOTO-
KC ™ KC™ K4 H3 peueToK CTPYHKH BeAyT
ceGsi KaK cBOGOAHbBIE TypOyJeHt-
Hble CTPYH M NOJCACHIBAIOT BO3AYX H3 OKPY:Kaloilero npocrpancrsa. Ha
HEKOTODOM DpacCTOSHUM paclUMpsIOmMecss CTPYHKH CONpHKacalTcs,
3MI0pa CKOpOCTefi B 3TOM CEYEHHH HMeeT YeTKHH NHJI000pa3HbIi XapakTep
C MpPOBaJaM¥ CKOPOCTH Mexay cTpyHkamu. IIpu janbHeifinieM pasBHTHH
CTPYHKH CJIHMBAIOTCSl, @ SMIOpPA CKOLOCTeHl CTAHOBUTCS PaBHOMEPHOH,
KaKoit OHa Oblia OB NPH OTCYTCTBHH 3aTEHSIOWUX OTBEPCTHE CETOK
H nepGOpPHPOBAHHBIX JIHCTOB, OT 3TOTO CEUEHHS] HAUHHAETCs HAYaJbHBIA
yuyactok cTpyu. Ha yuacrke q:opanOBaHm CTPYH TOJTEKaHHE BO34YXa
K OT/leNbHBIM CTpYyHiKaM, OCOCGEHHO K PACIONOXEHHBM B LIEHTPE CTPYH,
3aTpyAHeHo. K LeHTPY CTPYH BO3AYX NOATEKaeT yepe3 JaGHPUHT CTPYEK
U BCJIEACTBHME 3TOTO TaM oOpasyercss HeKOTOpOe paspexeHHe, PaBHOe
notepe JaBJeHHS IIPU JABHKEHHH BO3AYXa K LEHTPAIbHBIM CTPYHKaM.
PasHoCTh cTaTHYeCKHX JaBJEHHA B LEHTPe CTPYH H OKpYKalomeMm
BO3JlyXe CO31aeT HMINYJ/bC CHJI, HANPABIEHHBIX NPOTHB NMOTOKA M BHI3hI-
BAIOLIHX IIOTEPI0 KOJIHYeCcTBA ABHXKeHMd. V3MeHeHHe KOJHWYECTB4 JBH-
JKEHHf 3aBHCUT OT YHCJIA PSANOB OTBEPCTHH n M. KO3bdHIHEeHTa XKUBOTO
ceuenus KC nepbopauun Kyc = Xfors/Fy. Vi3MeHeHHE OTHOIUEHHS
KOJHYecTBa JBHXKEHHS B KOHIE yyacTka (GOpMHpPOBAHHs Jd, K Hayanib-
HOMy J, MOKasaHo Ha puc. 5.9.
~ PasBuTHE 3aKPYUEHHBIX CTPYH CYILECTBEHHO OTJIHYAeTcsi OT MpPsIMO-
TOYHBIX. B 3aBHCHMOCTH OT Haya/JbHOH 3aKPYTKH MOTOKA MOTYT BO3HHK-
HYThb_JB4 BHAa CTpPYyH: cnab0 3aKpyueHHBIC, B KOTOPBHIX aKCHaJibHAsA
CKODOCTE Uy, (CKOPOCTH HA OCH CTPyH) B JI0OOM TNONEPEYHOM CEeYeHHH
HAaMpaB/igHa MO MOTOKY; CHIbHO 3aKpydeHHbe, HMelollHe OOpAaTHbIH
NOTOK B -OCEBOH OOJACTH, aKCHaNbHAsi CKOPOCTh HaNpaBjeHa MPOTHB
NOTOKA: 3aKpyueHHBIE CTPYH B CPABHEHHH C IDPSMOTOUHLIMH HMEIOT
3HAYHTEIbHO -HOIBIUMA YroJl PAacKpHITHA H MEHbIUYI JaJlbHOGOHHOCTD.
OTH CTPYH GHICTpee 3aTyXaloT B OKPY2KAIOLIEM BO31y Xe, 0COGEHHO CHJIbHO
sakpydeHHnle. O6BACHAETCH 3TO TEM, UTO ¥ 3aKPYUEHHBIX CTPYH NJIOMAAb
TYpOy/NeHTHOro ofMeHa Gojblie, 4eM Y NPAMOTOUHBLIX C TeMH Ke Ha-
YANbHBEIMH XapaKTePHUCTHKAMH. Cprﬂ OGMEeHHBAeTCst KOJHYECTBOM JBH-.
KEHHSA He TONbKO Ha BHelHel I'paHHLE C OKpYKalollell CPefoH, HO H Ha
BHYTpeHHeH Tpapuue ¢ o6paTHEIM NOTOKOM. BomjeueHHe B JBHKEHHE
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GOJMBIIMX MacC OKPYKAaIOUIEro BO34yXa MPHUBOLHT, NPH COXPaHEHHU
KOJIHYECTBA JBUKEHHs 110 CTPYe, K YMEHbIUEHHIO CKOPOCTH TeYeHHs.
[Ipu ymepenHO# 3aKpyTKe NOTOKA M GOJBLIHX CKOPOCTSX HCTEUCHHUS
pajuanbHas COCTaBJSIOIAs @ NPeHeOpeKUMO Masia B CpaBHEHHH C aKCH-
AJIbHOH Y TEHTEeHIHa/NbHOM COCTAaBASIOMUMH. [I19 MaKcHMaJIbHOH OceBOH
CKOPOCTH Umax NOJYYEHO BHIpAXK€HHE, CTPYKTYPDHO CXOXee C BhIpaxke-
HHEeM JIJ151 ONpefeNeHHs U, NPAMOTOUYHBIX CTPYH
Cu VE, (5.22)

Umax = —x

MakcuManpHasn TaHreHuHaJbHasi CKOPOCTb Upax ONPEAENAETCS KakK

Cvl/ '&(’)ro
O = ———E—— » (5.23)
B dopmynax (5.22) u (5.23) npUHSATH CAeAYIOUHe OGO3HAYEHUS:
= M, — HayaJbHbI{ MOMEHT KOJINYeCTBa IBHKEHHS; @ — HHTErpajb-
Hasi XapaKTepUCTHKA 3aKPYTKH MoToka; E, = Jy/p — KHHeMaTHYeCcKHi
UMIYJbC CTPYH HA HCTEYCHHH; C., C, — BcrioMoraresbHble (QYHKIHH,
3aBHCALIHE OT ©.
s 3aKpydyeHHBIX CTPYH XapaKTepHO He TOJbKO COXpaHEHHe KOJH-
UecTBa JABHKEHHMs J MO CTPYe, HO H MOMEHTa KOJNHYeCTBA ABHxeHHs M,
ONPEeNIAEMOro Ha WCTEUCHHH H3 Bblpamenuﬂ o

J - j ugvor dr. (5.24)
—00 . <>: : .
KosMuecTBO ABUXKEHHS AJIsl 3aKPYUEHHOH CTPYH OIpeAensieTcs Kak

. 00 .
Jo=2n [ (Ap+oud) rdr, (5.25)
—o .
rae Ap — pasHOCTb JdBJEHHH B CTPye H OKpYKarwowleit cpese.

Benuuuna Ap 3aBuCHT oOT SaprTKH CTPYH M ONpejessieT HHTeHCHB-
HOCTb OGDAaTHOrO IMOTOKA B OCEBOH YaCTH.

MuTerpanibHas XapaKTepUCTHKA KPYTKH INpeACTaBJaseT co6oi

- Jo

B Hactosmee BpeMsi HEJOCTAaTOYHO NAHHBLIX O pAacrpeleNeHHH CKO-
pocTeii B Haya/bHOM CEYEHHH H HX CBSI3M C KOHCTPYKTHBHBIM pelieHHeM
3aKpy4YHBAIOUIHX YCTPOHCTB, NO3TOMY omnpeneneHue Jo # M, U3 BhIpaxe-
HHi (5.24) u (5.25) 3aTpyAHEHO.
" Pesy/sbTaThl 3KCHEPHMEHTAJbHOTO OIpefesieHUst H3MEHEHHS -HOJ-
HOH CKODOCTH H €e COCTaBJSIIOIIHX BIOJb OCH 3aKpyYeHHOH CTPYH TDH
o =2,07 noxasansl Ha pHC. 5.10. Bce ckopocTH OTHeceHHl K cpelHeit
Mo IJOWAAH CKOPOCTH Ha ncreqemm

Uoep = ‘—g &)
rie L, — pacxoj B CTpye HAa HCTEUEHHH.
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reHnuaJibHasi,

10

—— ]

5

0
x/dg 2.

Puc. 5.10. W3smenenue mnonHO# CKOpOCTH
H €e COCTAB/SIIONIHX BJOJb OCH 3aypyueH-
HOW CTPyH mpu @ = 2,07;

! — nonuas CKOPOCTh U/vo e 2 — MaKCH-
MajbHas ocepas u/uo(3 ; 8 — TaHreHULHaJbHas

u/ug o3 4~ pajmanbras w/ug op § — mo och
‘maTpygka um/u0 cl"“ ‘
Y max
uynax
7] —
N
Y\
N
23 4 ~o
05 \\ 5 \\.\‘\‘
0 5 0 15 xJdy '

Puc. 5.11. WiameHeHue OTHOCHTeJAbHOA Ma-
KCHMAJNBHO!M OceBOH CKOPOCTH B 3aBHCHMO-
CTH OT 3aKPYTKH CTPyH:

Il —0=02—0=073—0=1,04 4 —
= 1,84; § — 0 = 2,07 :

Kaxk BHAHO 13 pHCYHKa, pajHa/bHAs cOCTABAAOMASA
CKOPOCTH w@/Uyep, MHOTO MEHBILE, YeM oceBasi M TaH-
H YyXe Ha
OHa NpeHeOPEKHUMO Mana B CDABHEHHH C Uyep.

Crpys ¢ XapaKTepHCTHKOH ® = 2,07 CcUMTaerca
’ CHJIBHO 32KPYYEHHOH, 06 3TOM CBHIETeNbCTBYET H Ha-
JIM4He OOPATHOIrO NOTOKA HA OCH, IPHYEM HA PaccTOA-
HHH OJHOro kanubpa x/dy =~ 1 ckopocts o6paTHOrg
notoka paBHa 0,5u,.,. Ilpu panbHelfieM pasBuTHH
CTPYH HamnpaBJIeHHe OCeBOTO MNOTOKa COBMajaer ¢ 06-

Tpex-yeThipex Kajaubpax

IIHM M HA CeMH — BOCbMH Ka-
Jubpax 4YHCJAEHHble 3HAUCHHH
0CEBOH CKOPOCTH, MaKCHMAaJbHOH
OCEBOH H TIOJHOH CTAHOBATCH
OAMHAKOBHMH. M3 3roro cie-
IyeT, 4TO B 3THX U TNOCAERy-
IOUHX  TIONEPEeYHLIX  CEYeHHAX
CTPYH 3MIOpa CKOPOCTEH npumep-
HO paBHOMEpHAa, T. €. MaKCH-
MyMbl, XapaKTepHHE IPSIMOTOY-
HBIM CTPYSIM, 3l€Cb OTCYTCTBY-
10T. I'padukn, npercraBleHHbIE
Ha puc. 5.11, mnosBoasior cy-
ANTb 00 M3MEHEHHH MaKCHMaJlb-
HBIX OCeBBIX CKOpOCTEH BJIOJb
CTPYH B. 3aBHCHMOCTH OT 3a-
KPDYTKH = DHOTOKa. YBeJHueHHe
3aKPYTKH  MOTOKa  NPHUBOIHT
K HHTEHCH(HKANUH [POLECCcOoB
CMelLIeHHsl .BO3/lyXa CTPYH C OK-
pyXalmolluM BO3LYXOM H GoJee
GLICTPOMY ee 3aTyXaHHIO.
JBrxenue 1P IMOTOYHBIX
CTPYH  BJOJIb . HENPOHHIIAEMBIX
IJIOCKOCTEH HMMeeT CBOH oOcobeH-
HOCTH. Baosap mniockoctH Hapy-
IIaeTcs NMUTAaHHE CTPYH OKpYXKa-
IOULIMM BO3AYXOM, JaBJIeHHE Ha
IJIOCKOCTH TOHHXKAeTCsA H CTPys
HaAJUIIdaeT Ha IUIOCKOCTb. YCTa-
HOBJIEHO, YTO H30TepMHYecKas
CTPYsl BCerja HacTHJIaeTcs Ha
IIOCKOCTb, €CJIH Yyrol MEeXAy
BEKTOPOM CKOPOCTH HCTEYeHHs

Uy M TIUIOCKOCTBIO He npeBblmaer 45°, a mnaTpy6ok, cosaawouui
CTPYIO, YCTAaHOBJIEH HA IJIOCKOCTH Ges 3asopa.

[ BHACHEHHS H3MEHEHHR MaKCHMAaJbHOK OCeBOH CKOpOCTH MO -
INMHe HacTHAaWedcs CTPYH Wm PACCMOTPHM HCTEUEHHe BO3AYXa M3
OTBEPCTHsl yABOeHHOH mnJowanu. Ilo ocu obpasyloulefica CTPYH yCTaHo-
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BJIEHa TOHKAas HeNpOHHLdeMast

niactusa (puc. 5.12). Ha pac- y 0/% 4 Heﬂ,a:/flmc(f(zzimﬂ
CTOSIHHH X CKOPOCTb BO3AYyXa —— L \onoem
no (5.21) Gyzer i ,
: F=2F;| ‘ z
H 1V or. _ -
Em om @-—: my'2 —L/:—" . X

Ug
Puc. 5.12. Cxema Hacraaawomeiics cTpyu:

(526) 1 — smopa  cKopocTeft B HacTHaapmelcss CTpye
npu F = Fyp; 2 — 3nopa CKOpoCTed B CBOGOAHOH

Orciona caenyer, uro B CTpye mpu F=2F,
HACTH/BIOMHXCA CTPYAX MaK- .,
CHMabHEE  CKOPOCTH  Um

B V2 pa3 Oosblie, ueM Yy

Henacrwiaomuxcs.  OpHako IL
B TPHHATOH CXeMe He YuH- = [—— |4 &qe > "¢ ————T¢
THIBAJIUCh TOTEPH KOJNHYECTBA .

[
IBHXKEHHS NPH TpeHHH BO3- *H0|—
LyXa O TJIOCKOCTb, TMO3TOMY
dakTHUECKDe yBeNuueHHE CKO-  gFl : L
POCTH By/eT HECKOJbKO MEHb- c-®w X X W X /g

’ (]

me, ueM B 1/ 2 pas. Pesymbra-
TBl 3XCNEPHMEHTANbHBIX HC-. Puc. 5.13. Tpaduxk conocrasienusi ckopoctei
CJIe,U,OBaHHﬁ HaCTHﬂaIOHlHXCﬂ B HACTHAAWOIHXCA H CBOGOAHBIX CTpyax:
CTPYH NIpHBE/IEHH Ha pHc. 5,13, @ — PKenepHMent ——= — ocpeanenye
Kak BHIHO M3 pHCYHKa, OT-

HOLIEHHE MAaKCHMaJbHBIX CKODOCTeH HACTHJAIUWEACS CTPYH Um
1 cBOGOZHOR 4, paBHO mnpuMepHo 1,33. Omlopsl cKopocTelt HacTH-
Jarmoueficss # CBOGOAHOHA CTpYH MOKa3aHH Ha cxeMe puc. 5.12. Ckopocts
CTPYH Y IJIOCKOCTH paBHA HYJIIO, 3 MaKCHMa/bHble 3HayeHus Habmoaa-
I0TCSl BIOJb JIMHHH, YroJ HaKJOHA KOTOpPOM K IJIOCKOCTH COCTaBJSIET,
npuMepHo, 1°.

HHTepecHoe IBHKEHHEe BO3HHK2eT IIPH HCTEYEHHH TOHKHUX CTPYH
Ha o6pasyouryio uinHapa (puc. 5.14). Eciu cTpys focTaToOyHO TOHKaSA,
T. €. by € R, T0 oHa obrekaer uMIHHAp GesorpriBHO. Kak M B cayuyae
HACTWJIAHHs Ha IJIOCKOCTb, MaKCUMaJbHble CKOPOCTH B T2KOH CTpye
BHILLIE, YeM B CBOGOAHOM. [IpH 3TOM Ha MOBEpXHOCTH LWJIHMHIDPA AaBJIeHHE
TOHMXAETCsA, a CTPYS AKTHBHO 3XKEKTHPYET OKPYKAWIIHA BO3AYX. ITO
fiBJleHne HasbBaercs sdpdexToM KoaHna no uMMeHH PYMBIHCKOIO HHXKe-
Hepa [. Koanpa, o6HapyxuBuiero ero B 1910 r. ¥YBenuuenue Macchl
CTPYH TNpPHBOAHT K CHMKEHHIO CKODOCTH H YBEJHYEHHIO IIONEepeyHoro
CEUEHHs] CTPYH. ITH SIBJEHHS ONpPeReAIOT YCAOBHS BO3HHKHOBEHHS
Ha TMOBEPXHOCTH IHJIHHAPA TOUKH OTpHBa CTpyH. Ilo AaHHBIM paGoOTHI
[35] B oTOpBaBIIMXCS TMOTOKAX PacXof Bo3ayxa noutu B 20 pa3s mpe-
BHILIAET HAYalbHBIH, H €CJAH INPEeANOJOXKHTb, YTO AJsS 3TOTO TeUeHHS
KOJINYECTBO JIBMXKEHHS] COXpPaHEHO, TO CpejHsii NO Pacxojy BO3AyXa -
CKOPOCTb OTOpBABILUEroCcs NOTOKAa AOKHA OHTh npumepHo B 20 pas
MeHblle, YeM HayajbHasi. TaKuM o0pasoM, CTPYH, HacTHUJaloOLlMecs Ha
LUWJIHHAD, AOJKHBI, BEPOATHO, 3aTyXaThb OLICTPee, aKTHBHO 3XKEKTHPYS
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OKpYyXKalolKHl Bo3ayXx. Takoro poga Teue-
HHSl MOTYT YCIEHIHO HCIONb30BAThCS B TeX-
HHKE BEHTWISLMH JJs NOJauHd - BO3LYXd
B IOMeIlEHHe, eC/IH B KauyecTBE LHJIMHIpA
HCIO/Mb30BATh BO3AYXOBOA C MPOLOJABLHBIM
OTBEPCTHEM, a HCTEKAIOWHH U3 TPYGOIpO-
BOJa BO3LYyX HaNpaBHTh HA €ro BHEIIHIOI
TIOBEP XHOCTh. :

Puc. 5. 14.‘ HcTeuenne naockoi

B s3akioyenHe naparpaga paccMOTpPHM:
KaueCTBEHHYIO CTOPOHY Iipouecca (OpMH-.

cTpyn Ha ofpasyiomyio us- POBAHHS  HMIYJBbCHBIX  cTpy#. . Takue.
AunApa cTpyH 00pasyloTcsi, ec/IH HayajbHasi Macca

CTPYH HMeeT DasphbiB, T. €. 0Jauy BO3AyXa:
NepHOAHYECKH H3MeHsATb oT L = Ly 10 L = 0. TexHuyecku 310 peanu-:
3yeTcs MyTeM BpaIllleHHs1 ¢ ONpeleIeHHOH YacTOTOM 3aC/AOHKH B LMJIHMH- .

npuyeckoM narpy6ke. OCOGEHHOCTBIO HMIYJbCHBIX ' CTPYH siBJsiercs |

M3MeHeHHe BO BpPeMEeHM Haya/JbHOTO KOJHYecTBa ABHXKeHHA Jo = f (7).

PaspbiB HauaJbHOro pacxofa BO3AyXa NPHBOJUT K TOMY, UTO Ha YYacTKe :
¢dopMHupOBaHUst  00pasyioTcsl  OTAeNbHBIE  JBHXKYIIHECS]  «OGBEMEI» |
(puc. 5.15). IlpeanosoxkuM, 4TO ABHXKYILHICA «06bEM» HMEeT INpPAaBHJb- -
Hylo GOpMy, a CaMO [BHKEHHE NPOHCXOAHUT B HEMOJBHKHOM BO3IYyXe.

B nepBoM npuG/IMIXKeHHH ABHXKYILYIOCS XKHIKOCTb MOXKHO YHOZLOGHTB

JBHKEHHIO TBeporo Tena. Ha rpanunax «o6bpeMa» KacaTeJbHEE Hanps-
XKeHHs] MPHBEAYT XKHAKOCTb BO BpAIaTeJ]bHOE [BHIKEHHE OT JOGOBOH
4acTH K LIEHTPY KOPMOBOH. B KODMOBOH 4acTH BO3HHKaeT HEKOTOpoe

' paspexeHHe, MNpPONOPIHOHAJbHOE COINPOTHBJAEHHIO JABHXKEHHS. Takum .

o6pasoM, B «cOBeMe» 00pasyeTcsl BUXPEBOe JBUKEHHE U, €C/IH BPpeMeHHAs
naysa Mexn1y OTIeJbHbMH MaccaMH BO3AyXa BeJHKa, TO paccMaTpHBa-
eMbil «0GbeM» TpaHCQOPMHPYeTCS B BHXPEBOE KOJBLO U CIJIOUIHOH

cTpyu He o6pasyeTcs. Eciu BpeMsl BhIIYCKAa BO3JAyXa NPUMEPHO PaBHO .

uay GoJblie Nayspl, TO COCefHHe «06BeMbl» GyAyT B3aHMOAEHCTBOBATHL
H CJUBATbCA B OOIIMHA NOTOK, NpUYEM NEePBHIH «06beM» B KOPMOBOH 4acTH
3XKEKTHpPYeT KaK OKPYXKAIolMH BO3AYyX, TaK U CAEAYIOIHH 3a HHM
«o6neM». PasHocTh naeseHHit B JJOGOBOH M KOPMOBOH 4YacTsX «oObemar

Bpawarowascs
JacnoHKa

Puc. 5.15. Cxema (bopMHpOBaHHS HMIYABCHOH CTPYH
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CO3Ja€T HUMIYJbC CHJ, HANPaBJEHHLIH MPOTHB MOTOKA, YTO BLI3HIBAET
NoTepu KOJIHUeCTBA ABMXKEHHHA.

CdopmupoBaBlIascs UMIYJAbCHAsE CTPYsi HAa OCHOBHOM y4acTKe pas-
BHBaeTcsl Kak CBOOOAHAS, OJAHAKO IMOTEPH - KOJHYECTBA [BHKEHHS Ha
yyacTke (OPMHDOBaHMS MHTEHCHBHee, B CBSI3W C GOJbINOH IOBEpPX-
HOCTbIO OOMeHa MeKJy BO3JYXOM CTPYH H OKPYKAIOMIMM BO3LYXOM, YTO
NPUBOAHUT K GoJiee GLICTPOMY 3aTyXaHHIO HMIYJAbCHBIX CTPYH.

5.3. HEW30TEPMHYECKHE  CTPYH

Hcteuenne Bospyxa C TemmepaTypoH, OTJIHYHOH OT TEMIEPATYpHI -
OKPY¥KalIled Cpejipl, NMPUBOJUT K BO3HUKHOBEHHIO CHJI Apxumena, Mof
LeHCTBHEM KOTOPHIX OCb, CTPYH OTKJIOHSIETCS' OT HA4yaJbHOTO Hanpabie-
HUSl TIOTOKA. Pa3sHocTb TeMmeparyp B CTpye H OKPYXKaIOLEM BO3AyXe
(130BITOYHAS! TEMNIEPATYPA) YMEHBINACTCA IO TEUEHHIO OT Ay = #, — toyp
no At = 0. B nonepeyHbIX CRUEHHSIX OCHOBHOTO yyacTKa HabarofaeTcs
pacnpejiesiende H30BITOYUHBIX TeMIepaTyp, CXOMKee C paclpeleNeHHeM
ckopoct. Ha puc. 5.16 npencraBieHb Pe3yabTaThl 3KCNEPUMEHTAJILHOTO
onpejeeHuss M30LITOYHOH TeMIePaTyphl B PA3MHUHBIX CEUEHHSIX OCHOB-
HOro yyacTka. ONBITE NPOBOAM/IHCH C OCECHMMETPHUHON CTpyel BO3ayXa,
UCTEKAIOMEed B HEMOABUKHEIA BO3LyX, IHAMeTP OTBEPCTHA dy = 93 MM,
uy = 20 wm/c, HavanbHas u3bbiTOyHas Temmeparypa Af, = 15°C. Us
PHCYHKa CJIeIYeT, 4TO SKCIepPHMeHTaNbHbe TOYKH JIOXKATCH TPHMEPHO
Ha OJHY KPHBYIO, XOTSl 3TH TOYKH OTHOCATCS K PA3JHYHLIM CEUEHHSIM,
OTCTOSILUMM OT cpesa Natpy6ka Ha paccTOsiHHH OT 5 1o 35 KaauGposB.
910 ropopHT 06 ahUHHOCTH NPoHUIeH TeMIepaTyp Ha OCHOBHOM yua-
ctke cTpyd. Ha Tom e pHCyHKe HaHeceHa KPHBAasi U3MEHEHHS OTHOCH-
TEeJbHOH CKOPOCTH B TMONEPEYHOM CEUEHHH CTPYH, KOTOpPasi HE COBIAJaeT
¢ GespasMepHOH M30RITOYHOH TeMIepaTypoH.

Cornacuo [1] onpene-

JUM 332KOH HM3MEHeHHs u3- -4t

OBITOYHOH TeMIepaTypul IO At ~

OCH  OCHOBHOTO ydacTKa % \\

cTpyHd. [dasa 3Toro HeoGXo- ° NI
JIMMO TOTpeGOBaTh COXpa- ‘ NN g
HEHHs KOJHYECTBA TEIJIOThI N

B crpye. Onpenensis Konu-
YeCTBO TENJIOTBl B cTpye 0§
yepe3 H3OLITOYHBIE TeMIle-
paTyphl, Jerko ybGemuTbcd,

4TO OKpYy:Kaioulas cpeia He
ABJSAETCS HH MCTOUHHKOM,

HH CTOKOM TeINIOTH, TakK

KakK ee MH30OBITOYHAsl TeMm-
nepatrypa pasHa HyJo0. ITO 0
3HAYUT, 4YTO KOJHYECTBO

TETJIOTDI Bcelf MacChl CTpyH, Puc. 5.16. Beapa3mepHnie npoduJn HA OCHOBHOM
IPOTEKAIOIEH B CRUEHHH HA  yyacrke ocecumMeTpHuHOM CTPYH Masi:
pacCcrossHuH X OT HanyﬁKa, 1 — W3GLITOYHOH TeMmeparyphl; 2 — CKOPOCTH

W3,
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PaBHO KOJHMYECTBY TEIVIOTHI HAYaJbHOH Macchl, HCTeKalollefl H3 Ta-
TpyOKa 3a TOT Ke NPOMEXYTOK BPEMEHH. :

CoxpaHenue KOJMHYECTBA TEINIOTHl B CBOGOJAHOH CTPye BHIPAXKAeTCs
B BHIE

m F
Q= j Atdm = j ou At dF = const. (5.27)

Hasi ctpyn kpyrioro ceuenuss dF = d (ny?) = 2y dy, npusoast u,
Atnyxk 6e3pa3MepH0My BUIY, NOJNYUHM -
F rix.

[ ou AtaF = 20up Aty | L gL — const.  (5.28)
. 0 -

Aty um X
0 }

CnencreueM apduHHOCTH TpodUIe TemMmeparyp B I[OMNEPEYHBIX
CEYEHHSIX OCHOBHOTO yuacTKa sIBJASIETC TO, YTO JIMHHH Ge3pasMepHBbIX
H30TEPM SIBJSIOTCS NPSAMBIMH, HCXOAALIMMH M3 NOJHOCA CTPYH, H 3aBHCAT
TOJILKO OT KOODAMHAT paccMaTpuBaeMoi TOUKH X H Y [aHanoruuno cko-

pocta (5.1)] ,
Atm —0(% ).  (5.29)

Paccmarpusasi paBeHctso (5.28), MOXKHO 3aMETHTb, YTO C YYETOM
(5.29) wuHTerpan sBasieTcsl MOCTOSIHHOH BEeJNHUYMHOH, YYUTHIBAsi 3TO,
a Takxe To, yTo u = const/x, moayuum -

At,, = const/x. | (5.30)

Onpenenente KOHCTAHTHL B OOlIEM 3aKOHE M3MEHEHHS OCeBOH H30bI-
ToyHOH Temmeparypsl (5.30), Tak ke KaK B 3aKOHe H3MEHEHHS OCeBOH
CKOPOCTH, MOXeT ObITb NPOH3BEJEHO Pa3JHUYHBIMH CIIOCO6AaMH, OJHAKO -
BCE OHH JOJIKHBI COJIEPKAThb 3MIIpHUEcKHe KO3(h(UIMEHTH, ONpeaess-
eMble 3KCIepHMEeHTaJbHbIM IyTeM.

ITo mpenpoxenuio M. M. I'puMuTiinHa pacueTHylo dopmyay ans Afp,
MOXKHO IOJYYHTb 3KCIEPHMEHTAJbHEIM IyTeM, Hcnoab3ys (5.30), eciau
ee NpeICTaBHTb B BHJE

At = Aty 2 y/F, (5.31)

rae n — Ko3QdUIIMeHT H3MeHeHHUs TeMIepaTyphl [0 OCH CTPYH, TaK XKe
Kak ¥ m, npejcTasisgeT co60i XapaKTepPUCTHKY BO3LyXOpacnpeneanTesnst
(taba. 5.1).

s ocecuMMeTpanmx CTpyH, MCTEKaIIHX U3 KPYIJIOrO He3aTe-
HEHHOT'O OTBEpCTHSE, n = 4,

AddunHoCTE 3MI0p CKOpOCTeH U npodusel H36b1Tqublx TeMHepaTyp
NI03BOJIsSIET YCTAHOBUTb B3aHMOCBSA3b:

AtjAL, — (7‘;.)“’", (5.32)

TI€e O, — Ko3(duiueHTt TypOyJIeHTHOTO HEPEHOCA KOJIHYECTBA JBHKEHHSA
U TENJIOTEl B CBOGOAHBIX CTPYysX.
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Ilo asHanoruu ¢ (U3HUECKUM
yucaoMm [lpanaras, onpenesieMbiM
OTHOILEHHEM JBYX XapaKTePHUCTHK
MOJIEKYJ/JAPHOTO IlepeHoca: KHHeMa-
THYECKOH BA3KOCTH U KO3(uIHeHTa
TeMIepaTy ponpoBOAHOCTH, K03hdH-
IIMeHT TYpOYJIEHTHOTO IiepeHoca Oy,
Ha3pBAlOT TYPOYJEHTHEIM YHCIOM  pyc, 5.17. K BLBoiy KpHTepus Apxu-
[Ipaupras. Mena

JKcnepHMeHTa/bHbIE HCC/IeL0Ba-

HHSl TIOKa3BIBAIOT, YTO ISl CBOGOAHBIX CJla60HeH30TepMquCKHx CTpy#
Op = 0,66+0,7. [Ins OLEHKH HeH30TepMUYHOCTH BeHTHJSIIMOHHBIX
CTpy# HcmoJb3yercs KpuTepuit Apxumena, XapakTepUSYIOWHH COOT-
HOIlIEHHE CHJI MHEPLMH H BhITecHeHHs (ApxuMesna) Ha HCTeYeHHH CTPYH,

Ar,— &86VFE (5.33)

[TockoJIbKY TeMI H3MEHEHHSI CKOPOCTH H H3GBITOYHOH TeMIepaTyphl
N0 JJIMHE CTPYH pasiuyeH (3TO BHIAHO U3 puc. 5.16), TO pasiMuHO H
COOTHOILIEHHE 'CHJI HHEPUUH H BBITECHEHHS. PaccMOTPUM CXeMy CTPYH
(puc. 5.17) u BeIZeIUM Ha PACCTOSIHMH x OT HCTEYEHHS HEKOTOpoe ceye-
HHe, TJAe XapaKTepHLIMH CKOPOCTSIMH H H30RITOUHOI TeMIepaTypoi
OYIYT Uy U Afp,, a XapaKTepHBIM JHHEHHBIM pazmepoM — x. [lepenuinem
BeIpaxenue (5.33) ;um 3TOTO CEeUueHHusd

Ar, = f—A;l'i— | (5.34)

m’ okp

TaK Kak Atm=At0anF° U Uy = Uy ]/F.,’ to (5.34) npHUBOAUTCA
Kk Buay [13]

AMtVE, [_* \?
Ar, — " 82tV T ( = )
x m2 ugTOKp VFO ’

u ¢ yueroM (5.33) Tekymuit kputepuii Apxumena GyzneTr
X 2
Aty = Arg 1 (W) , (5.35)

rae AI’O — XapPaKTepUCTHKA HECU3OTCPMHUHOCTH HA HCTEYEHHH;, m U n —

XapaKTEPUCTHKH  BO3/]yXOpaclpeesnTels; x/1/ F, — oTHOCHTeNMbHO®
paccrosHue,

U3z (5.35) cne;xyeT 4YTO C YBEJHYCHHEM KOODIMHATHI X JNEACTBUE CHJ
BLITECHEHHSI CTAHOBUTCS GOJIbIIE, YeM JeHCTBHE CUJ HHePIHH. ITO o6bsic-
HsIeTCs TeM, UTO CKOPOCTb CTPYH yMeHbluaeTcsl GuicTpee, yeM H30bITOYHas
Temneparypa. Ilpu HacTHJIAHWHM, HanpuMep, TelJbIX CTPYH BO3AyXxa
Ha TNJOCKOCTh Ha HEKOTOPOM DAacCTOSIHHM OT HCTEYEHHS BO3MOXKEH HX
OTPHIB OT MJIOCKOCTH. [Tocsie oTphiBa NpeBanupyiouel B MOTOKE SBJAAETCH
CHJIa BhITecHeHHs. [IJ11 pacyeTa NOJO0XKEHHA TOYEK OTPHIBA U TPAEKTOPHH
TOPU30HTANIBHO HCTEKAOUWHUX CTPYH HCHOMB3YIOTCs (GOPMYJbl, MNpH-
BeleHHBIe B Taba. 5.2. '
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Ha u3MeHeHue CKOPOCTH IO [IJHHE TOPH30HTAJBLHO HCTEKAIOUIHX
CTPYH HeH30TePMHUYHOCTb IIPAKTHYECKH He BJausieT. OfHAKO NPU BBITYCKe
BEPTHKANBHBIX CTPYH HEH30TEPMHYHOCTb OKA3BLIBAET 3HAUUTEJIbHOE BJIH-
ssHue. Eciu HanpaB/eHHs CHJ MHEPUHH M BLITECHEHHS COBIAJAIoT
(HanmpuMep, NpH HCTEUEHHH OTHOCHTEJNbHO XOJOJHOTO BO3LyXa BHHU3),
TO IOTOK yCKopsieTcsl, a AaJbHOGOHHOCTb CTPYH yBeauuuBaercsi. Korna
CHJIbI HamnpaBJeHbl JPYT NPOTHB JApyra (MCTeYeHHE TEIVIOTO0 BO3AYXa
BEPTHKAJIbHO BHH3) CKOPOCTb B CTPye YMEHbINAETCS] U IPOMCXOLHT pas-
MbIB CTPYH. IIpH 3TOM BO3MOKHO 06pa3oBaHHe BOCXOAAIKX (/151 TENIbIX
CTpy#) MOTOKOB, NIOAHHMAIOUIMXCSl BBEPX MO rpaHulle cTPyH. PacueTHbie
¢GOpMyJIBI AJisi 3THX CJAYYaeB TaKiKe IIPHUBEIEHH B Tabua. 5.2.

DKCIIePHMEHTANLHO ONpejeleHo, YTO HCTeueHHe HEH30TepMHUYECKHX
CTPYH NpHHUMIIHAABHO He OTJHYAEeTCs OT H30TEPMHUYECKHX TeueHHH,
ecd TeKyWud KpuTepuit Apxumena He mpesblmaer 0,2.

5.4. KOHBEKTHBHBIE CTPYH

KoHBeKTHBHBIE CTPYH 3aHHMAIOT ONIpeJieJIeHHOE MeCTO B BEHTHJIS-

[IHOHHOM TeXHHKe, TAK KaK OHH He TOJbKO CO3/aKT TENJIOBbIE U CKOPO-
CTHBIE KOHTPACTHl B MecTaX ()OPMHPOBAHUSI, HO U COBMECTHO C IIPHTOU-
HBIMH CTPYSIMH MOTYT BJHATH Ha TENJIOBYI0 H a3pOJUHAMHUECKyio 00-
CTAHOBKY BO BCEM IIOMEIEeHHH,
"~ KouBekTHBHEBIE CTPYH 06pa3yIOTCSl Y HATPETHIX BEPTHKAJNbHBIX U TOPH-
30HTANbHBIX NOBepXHOcTeli. Bo3ayx y moBepXHOCTH HArpeBaeTcss H €ro
IVIOTHOCTb YMEHBLIAETCS, BOSHUKAIOIIME CHJIbl BHITECHEHHS 3aCTaBJSAIOT
HarpeTbli BO3AYyX HOIHHMATbCA BBepPX, a K IOBEPXHOCTH IOATEKAIOT
HOBbI€ IIOPIUH OTHOCHTEIBHO XOJOZHOTO BO3JyXa, B pe3yJabTaTe 3TOTrO
HaJi MOBEPXHOCTbIO HCTOYHHKA TEMJIOTHl BOSHUKAET KOHBEKTHBHASA CTPYS.
AnanoruyHoe JBHKeHHE HAGJIONAeTCS M Yy XOJOJHBIX BePTHKAJIbHBIX
NOBEpXHOCTeH, ¢ TOH JIUIIb DAa3HHUIEH, YTO BOSHHKAIOWAA CTPYs xodo-
HOTO BO34yXa ONyCKaeTcs BHH3.

KonunuectBo TensoTs @, NepenaBaeMoe BO3AYXY, SABJSETCS OCHOBHBIM
1apaMeTpoM, CYLIECTBEHHO OIpeAeIAIOlIMM IUHAMHYECKHE U TEMNJIOBLHIE
XapaKTEePHCTHKH KOHBEKTHBHOH CTPYH, U ONpeJessieTcs U3 BhIPAXKEHHS:

Q = a At,F, (5.36)

rie o — KO3(pQHUUEHT TeNJNOOTAAYH OT MOBEPXHOCTH K BO3AyXy; Aty —
Pa3HOCTb MeXJAy TeMIepaTypoil NOBEPXHOCTH M OKPYy2KalollUM BO3MY-
xoM; F — mmomanp rpetomell IOBEPXHOCTH.

BenuunHa cHM BBITECHEHMS 3aBHCUT OT PA3HOCTH IVIOTHOCTEH CTPyH
U OKDY2KAalOllero BO3AyXa U TNPOHNOPLUHOHAIbHA PA3sHOCTH TeMIeparyp.

eMIepaTypa CTPyH 3aBHCHT OT TeMIIepaTypbl NOBEDXHOCTH, CJeI0Ba-
TenbHO, Ay B (5.36) BaHsieT HAa cKOpoCTb B cTpye. Ilmomans noBepXHOCTH
HCTOUHHKA TEMNJIOTHl ONpeAe/sieT 30HY paclpoCTPaHeHHs MPoIecca.

B ciyuae gBUKEHHSI CTPYH BJOJIb BEPTHKAJIbHOH rperolledl MoBepx-
HOCTH MOXHO BBIZENHTb TPH XaPAaKTEPHBIX yuacTKa. B ruxHe#l yactu
ABHXKeHHE BO3JyXa HOCHT JIAMHHAPHBIH XapakTep, C/e/10BaTelbHO, TOJ-
IUHHA CTpyH yBesnuuBaercs. Ha BHemHe#d rpaHuie NOTOKa JeHCTBYIOT
KacaTe/lbHble HAMpsXKeHHsA, HanpaBJeHHEIE NMPOTHB NOTOKA, a Ha BHY-
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TPeHHeH NPOMCXOAHT Pa3roH CJ0eB ; x A
y ropsiueli noBepxHOCTH. B pesyan-
Tate B CTPye 3apOKAAIOTCS BHXPH U Sona I
NoToK TypOyJausupyercs. ITOT yya-
CTOK Ha3bIBAeTCH TepexoiHbM. Jlanb-
Hefillee pa3BUTHE CTPYH TPHBOAUT
K TNOJHOH TypOyausaluH IOTOKa. . R W Y
Y rOpH3OHTaJbHBIX  IOBEPXHOCTEH 3oHa Ul

JBHKeHHE BO3JlyXa HOCHT 0oJee CJIOXK-

HBIH XapakTep M 3aBHCHT OT IOJOXKe-. Jona It \
HUsSI HArpeBaTesii H €ro pa3MepoB. : e
PaccMOTpUM Da3BHTHE KOHBEKTHB- N k=£/—y\/ LALZLNNS

HOH cTpyH, ofpasyioleidcs HOx Tro- Joral
PH3OHTANBHOH Tropsiefl IJACTHHOH,

3aMOJJIMIL0 3aJellaHHOH B TOPHU3OH- \
TaJbHYI0. IJOCKOCTb., B Takoil KoH- '
BEeKTHBHOH CTpye pAa3/HYaloT YeThipe Eg:;exg;'ﬁoﬁc’g;;" ‘l:;&"“&'::;‘::
XapakTepHble 30HBI (pHC. 50.18), ) KOM Tenna

3ona [ — morpaHUuHBIA CNOH, CO- : ,
CTOAMA M3 JIAMMHAPHOTO TOACJOSl HENOCPEACTBEHHO Y IUIMTH H
OCHOBHOTO MOTPAaHMYHOrO CJOs. B JamMuHapHOM NOACHOE JBHIKEHHE
IPOMCXOAUT BAOMb INIACTHHBI OT mepudepud K LEHTPY H, TakK
KaK - IePeHoC Tella B JIaMHHapHBIX I0TOKAX HJET 34 CcyeT TeIJIo-
NPOBOAHOCTH BEIleCTBA TIOTOKA, B IOACAOE HaGMIONAeTCs 3HAUHTENb-
HRIH nepenaj TemnepaTyp. B OCHOBHOM NOrpaHHYHOM cJIOE XapakTep
JABMXKEHHSI MOXKeT ObITb pasJH4eH H Olpelesnsiercs: NPOH3BeNCHHEM
kpurepues I'pacropa u Ilpawaras (GrPr). Ecau (GrPr) < 5-10%, To
MOTPaHNYHBIA  C/IOH JIAMHHADHBIA M BO3HHKAWOW(As CTPYsl Ha 3HAYHTENb-
HOM DACCTOSIHUM OT TJIACTHHBI OcTaercs JamuHapHoid. Ilpu (GrPr) >
> 1-10° B OCHOBHOM IIOTPAHHYHOM CJO€ HAGIOAAeTCss PAa3BHTOE
TypOy/ieHTHOe ABHxkeHHe., B nmamasone 5-10% < (GrPr) < 1-108
Ha OTHEJbHBIX Y4YacTKax IJIAaCTHHBI pE}KI/IMbI ABUIKEHHS TlepeMelxa-
orest [33].

B typ6yJeHTHOM l'IOI‘paHH'-IHOM CJI0€ MPOHCXOIHT IIPUMEPHO CHELy-
10lllee JBHXKEHHE: XOJIOJHBIA BO3AYX, NOATEKAIOMKHA K KPasiM IJIaCTHHE,
nonajaer K ee IEeHTPY B BHJE OTAE/IbHBIX CTPYEK, CTPEMSiCb K ILEHTPY
NJIaCTUHEl, CTPYHKH OrH0aioT BOCXOAfIINEe INOTOKH, ONyCKasch K MJa-
CTHHE B TeX MecTax, IJie¢ B JJaHHBIH MOMEHT BIUVIBII AOCTATOUHO GOJbILOH
06beM TOpSIUEro BO3JAYyXa H y MOBEPXHOCTH CO3AAJIOCH HEKOTOpoe pas-
pexkeHHe. B OCHOBHOM IOTDAHHYHOM CJIO€ Ha6I0AAIOTCs TOCTOAHHBIE
BepTHKaJbHbIE JIEPEMELIEHHs] MacC BO3JyXa C XapaKTEPHBIM AJIsi TypOy-
JIEHTHBIX NOTOKOB BHXPEBLIM JBH:KeHHeM. To/luuHa NOrpaHHYHOTO CJOS
paBHa mpumepHo 0,2 aMamerpa mJacTHHBI.

M3 norpaHHyHOro CJIOst BO3AYX BBIXOAUT B BHJE OTJEJbHBIX CTPYEK,
na6JrofaeTcs ABHXKEHHE, aHAJOTHYHOE HCTEUeHHIO U3 INephopHpOBaHHBIX
NJIacTHH, ¢ TOHU JIMIIb PasHHUIleH, YTO JesNeHHe-NIOTOKA Ha CTPYHKH OCy-
LeCTBJ/ISICT He TBepJasd IJIACTHHA, a CTPY KU XOJI0JHOTO BO3AyXa, HAYIIHE
oT nepudepun K UEHTPY TaacTHBH. [opAune cTpyfiku pacumpsiorcs,
U BO3HUKaeT AH(dY30pHbIH 3QhEKT ¢ NOHUKEHHEM CTATHYECKOro AaBJie-
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,  HHSl HaJ IOBEPXHOCTbIO MJIACTHHEL. TO
\J BLISLIBAET HMHTEHCHBHOE MNOJTEKaHHe BO3-

AyXa K IJlaCTHHe,

v ’ 3ona /] — pa3roHHbI y4acToK, 3/ech
§ HayMHaeT YyCTAHABJAUBAThLCS JBHIKEHHe,
L |  XapakTepHoe s CTPYHHBIX TeUeHHH.

Ha pasronnoM yuacrke mpoguan cKo-
pocTedl M H36BITOYHBLIX TeEMIIEpaTyp H3-
MEHsieTCs1 MO JJIHHE CTPYH. YBeJHueHHe
CKOPOCTH BO BTOPOH 30HE TPHBOIMT
K TNOHMXKEHHIO CTaTHYECKOro JABJEHHA H
HEKOTOPOMY CYXKeHHI0 CTpyH. B KoHme
Pa3roHHOro yyacTka Ha6/ojaercs Mak-
CHMaJIbHasl 0CeBasg CKOPOCTh.

% 3ona /Il — mepexonHblii yuacTok,
/ 3/1eCk IPOHCXOAUT (OPMHPOBAHHE CKOPO-

< o4 CTHRIX M TeMIlepaTypHbIX IoJeff, Xa-
&\\\\\\ ~ PakTepPHHIX JJIsi OCHOBHBIX  y4acTKOB
TypOyJeHTHHIX CcTpyH. OQHAKO NPOPUIH 1
Puc. 5.19. Xapakrep npukenns H Al Ha NepeXoqHOM yuacTke He abOUHHEL
BO31yXa B KOHBEKTHBHOA CTpye 3oHa [V — OCHOBHOH y4YacTOK KOH-

‘ : BEeKTUBHOH CTPDyH. OJIMiopa CKOPOCTEH,
NokasaHHass Ha puc. 5.19, Xxapakrepusyercd, Kak BHJAHO, adouH-
HOCTbIO TONEPEYHLIX NMpOodu/Ieii CKOPOCTeH M H3GBLITOUHBIX TeMIepaTyp.

Ha nepexoJiHoM H OCHOBHOM Yy4YacTKaX Ha IpaHHIE CTPYH JeHCTBYIOT
KacaTe/IbHble HaNpsIKEHHUs! W, aHAJOTHYHO CBOGOJHBIM CTPYSM, KOHBEK-
THBHasl CTPys paciuupsiercs ¢ OOKOBbIM yIVIoM a = 12°,

Ha ochnosHOM yuacTke cTpyd us6hIToyHas Temieparypa Af > 0,
C/IeNOBATEJNLHO, CHJIA BHITECHEHHS JeHCTByeT He TOJNbKO y ropsdes
IVIaCTHHEI, HO H 10 JJIHHE CTPYH A0 ceyeHuss Af,, &~ 0. DTO NpPHBOAUT
K TOMY, YTO KOJHYECTBO ABHKEHHUS II0 CTPye YBEJHUHBAETCS [0 CEeueHHs,
B KOTOPOM ILIOTHOCTh BO3JyXa B CTPYye CTAHOBHTCS DAaBHA IJIOTHOCTH
OKpYyKalollero Bo3ayxa. '

QopMHpPOBAHHE CTPYH B 3HAUMTENBHOH Mepe 3aBHCHT OT YCJIOBHE
NoATeKaHHWs BoO3AyXa K IuactuHe. Eciu njacTuHa nojgHsATa Haj MHJo-

Jk .
: Q . bﬁ
T T

W7, T

Prc. 5.20. BapuaHThi pacnoNoxeHHMs TrpeiolHX NJACTHH: @ — IJACTHHA 3ajeiaHa
B MJOCKOCTb 3ANOAJMHIO; 6 — NJACTHHA MOJAHATA HAJ NJOCKOCTHIO; 8 — IVIACTHHA YIVIy-
Grena B IJIOCKOCTH : :
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Ta6auma 5.3
dopMyab s pacyeTa OCHOBHOTO YHACTKA MO OCH KOHBEKTHBHBIX cTpyii [33]

3HaueHue KodbbHuHEH-
TOB NPONOPLHOHAbL-
HOCTH AJifi TJACTHH
ITapameTp ‘(DODMlebI 3a7eaHHBIX TIpumedanue
3aNOAJUIO MOAHATHIX
¢ mio- Haj TJIo-
CKOCTBIO CKOCTbIO
Hosiocioe g = I1d m=10 | n=17 —
paccrosinue o= 0 ’
Aty =
1/3 n
= C 81( ) 5| €= 0,136 — =ty — toxps
CkopocTb rae g — Tem-
neparypa
Um = C1Q3 15 | €, = 0,130 | C;= 0,168 | prnerimn
Maken- ulex — C d 3 AR | ¢y = 0,095 —
MaJibHas —
CKOpOCTh um®* =CQ"%a~1® | €= 0,093 | C3= 0,115
At,, = BALM B = 0,55 —
H36riTou- .
Hast TeM- % (f-) o8 a3, —
neparypa d
/ Aty, = ByQ*3x5/3 B;= 0,53 | B, = 0,415
5 3 .
Pacxon | L, =C,d"3 Ar/® (i> Plc, =9 —
RO3IYyXa d —
B cTpye Ly, = C5Q'/3%/3 Cs= 184 | Cy= 21,2

cxocTblo (puc. 5.20, 6), moaTekaHHe BO3AyXa K IJIacTHHe obiaerdaercs
N0 cpaBHEHHIO C 3ajelaHHOH 3anopnauno (puc. 5.20, a). B atom cayuae
paspexeHMe Haj IJIaCTHHOH OKasblBaeTcsl MeHblle H O60Jbluas 4acTb
CHJI BBHITECHEHHSI DAaCXOjyeTcsl Ha pasroH cTpyH. [Ipu paBHHIX @ cTpysd
uMeeT OoJbLIMI PacXol BO3LyXa M CKODOCTH -B CXOJCTBEHHEIX TOYKax,
HO MeHbIIHEe U30OBITOYHBIE TeMIepaTypel. ¥ CTAHOBKA IJIACTHHEI B yIiy6-
JeHuHd (puc. 5.20, ) NIPUBOJUT K YBENHUEHHIO pPaspexkeHusi Haj NJIacTH-
HOH H3-32 CJOMKHBIX YCJAOBHH IIOATEKAHHS OKPYK2IOUIEro . XOJOJHOrO
Bosfiyxa. CKOpOCTb M pacxoj BO34yXa B KOHBEKTHBHOH cTpye, BO3HHKA-
Iomed Hag yruy6JaeHHOH IJIaCTHHOH, OKa3bIBAlOTCS HHiKe, a U30bLITOUHAA
TeMIlepaTypa Bbllle, YeM JJs IJIACTHH, NMOoKasaHHBIX HA puc. 5.20, a, 6.
PacuerHble 3aBHCUMOCTH /51 onpefieneHust H3OLITOYHOH TeMmepa-
TypBI, PacXoja BO3yXa M CKOPOCTH Ha OCH KOHBEKTHBHHIX CTPYH HOCAT
SMIIMPHYECKHH X4apaKTep ¥ NpHBEAEHH B TabJa. 5.3. " "
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5.5. BCACBIBAIOIIME ®AKEJBI -

[Nox BcacwiBawowuMy- (pakenaMy NOHUMAIOT JBH2KEHHE BO3AYXa Y BHI-
TSKHBIX oTBepcTHl. [lojTekaHHe BO3AyXa K BBITSIKHOMY OTBEPCTHIO
NPOUCXOAUT CO BCeX CTOPOH H3 NPAKTHUYECKH HEINOABHXKHOH aTMocdephl.
[Tocnennee oGCTOSATENBCTBO MO3BOJISIET paccMarpuBaTh NOTOKH Y. OTBEp-
CTHH Kak IOTeHIHaNbHBIE TeueHHusi, BJusiHHe BS3KOCTH BO BCACHIBAIOIIUX
thakesax NMposiBJasieTcsl B O4eHb Y3KHX, TONbKO HauMHaomuxcs GopMupo-
BaTbCsl Y CTEHOK, MOTPAHHYHBIX CJAOSIX, NOITOMY aHaJHTHUECKHE 3aBHCH-
MOCTH JJis1 OCEBOH CKOPOCTH, TOJNYUeHHBIE TEOPETUUECKUM IyTeM, XOPOILO
COTJIacyIOTCSl C pe3yJ/bTaTaMH 3KCHepHMEHTaJbHBIX HCCAENOBaHHH. D10
OTHOCHUTCSI K CJAyyasM, KOrja (opMa OTBEPCTHH TeOMETPUYECKH pallH-
OHa/lbHa, HalpHMep KBaJApaTHOE OTBEPCTHE, KPYIJIoe, KOJbLEeBOe H Jp.
Ha npaxtuke ¢opMy BHITSIZKHBIX OTBEPCTHH BHIOHMPAIOT H3 JPYTHX CO00-
' paxKeHMH, OTBEPCTUS OCHAIAITCS KO3BIPbKAaMH, HanpaBJdIOHUMH JO-
naTKaMd H 3arpoMOXAAIOTCA TEXHOJIOTHYECKHM 000pyJOBaHHEM, IpH-
MEpOM MOKET CJY¥KHTb OTBEPCTHE BCACHIBAIOLIEIO NPHEMHHKA 3JEKTPO-
cBapouHoro mocra. JIJis yCTaHOBJEHHSI XapaKTepa ABUKEHHS BO3LyXa
Yy TaKHX OTBEpPCTHH HEOGXOAMMO IPOBOAUTHL dKCIHEDHMEHTH. PaccMoTpum
‘cayuva#i, Korja Ha IJIOCKOCTH 00pasoBaHO OTBEPCTHE MaJoro paauyca R,
yepe3 KOTOpoe yaajsieTcs BO3AyX B Koauyectse L, m3/c (puc. 5.21).
Tak Kak BO31yX K OTBEPCTHIO IIOATEKAET CO BCeX CTOPOH, T. €. IO NOJY-
cepe ¢ miomanbio 2mr?, TO CKOPOCTb IBHMIKEHHA Ha PACCTOSHHH X OT
OTBEPCTHS ONpeneJuTcs Kak

L
U = 5y - (5.37)

Pacxoj ynansieMoro BO3JyXa MOXKHO BBIPAa3HTb Kak L = Uy Ry,
TIe 4, — CKOPOCTb JIBMXKEHHsS BO3JyXa B OTBepcTHH; Toria (5.37) mpe-
ob6pasyercs K BHIY

= th k- = 0,511 (-‘i—f’)z. (5.38)

W3 (5.38) BHAHO, YTO CKOPOCTb H3MEHSETCHA OOPATHO MPONOPIK-
OHANbHO KBaJpaTy pAacCTOSHHS OT OTBEPCTHA [0 paccMaTpuBaeMOH
TOUKH.

PaccMotpuM Tenepb clyual, KOTZa BO3AyX C OGBEMHBIM PAcXOAOM L
ylansiercss yepes OTBepCTHE DPaaHycoM Ry, BHIIOJHEHHOE B IIOCKOH
creHKe (puc. 5.22). Hauano KOOpAMHAT NMOMECTHM B LEHTPE OTBEPCTHS,

NOJSPHYIO OCb O HalpaBHM BJOJb CTEHKH,

a oCb x pPAacloJIOKMM IO OCH ¢akena. Brige-

JIUM B INIOCKOCTH OTBEPCTHSI HA PacCTOSIHUH

0 OT IeHTpa 3JeMEHTapHyl0 MJIOLALKY

_pdedp. DieMeHTapHBI OOBEMHBIH pacxoj
7/ yepes 3Ty IJOMWEAIKYy Oyner.

dL = u,pdedp,
Puc. [5.21. Cxema croka— [A€ U — CKOPOCTb BO3JyXa, NPOXOASILLErO
Majoe OTBepCTHE yepes 3JeMEHTAPHYIO TJIOMIAKY.
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Puc. 5.22. PacueTHast cxema JBHMeHHS BO3Ayxa Puc. 5.23. CnexTp BcachBaHus
Y KpPYIJIOr0 OTBEPCTHS Y UHJIHHIpDHYECKOTO narpybka
C TOHKHMH CTeHKaMH

DnleMeHTapLEBIH pacxoj BLI3OBET B Touke A Ha mojycdepe HEKOTOPYIO
CKOPOCTh

dL  uypdpdg

du= 5o = “one

rle S — paccTosiHHe OT 3JeMEeHTapHOH IIOMWAKH 10 TOUKH A.
ITpoexkuus 3Toli ckopocTH Ha ocb dakena GyaeT

d .
du,, = ﬂ'—gg—g;i cos ©.
Tak kak S = 2+ x2 acos® = X :—x——w,"ro MOACTABJAS
Ve S Vetre 8
S ¥ cos ©® B mpenpiayllee BLIPAXKEHHE, MOJAYUHM
du. — —_Hoxpdpde
m

TR

VHTerpupyst 3T0 BhIpakeHHe ABaXKJAbl NO () B Tipejeaax OT HYJS
J0 27 ¥ 1O pajuycy p OT HyJd J0 R,, MOJyYyHM 3HAYEHHE CKOPOCTH TO-
TOK& Ha OCH BCACHIBAIOLIETO OTBEPCTHSA

1
Uy = U ] — —————— ). 5.39
" °< V1+(Ro/x)=) Ay
‘Ha paccrosinuun ot oteepetna x > 1,52 kaau6pa ¢opmy.s (5.38)
H (5.39) far0T NPUMEPHO OJIMHAKOBLIA Pe3yJbTaT, B ueM Jerko y6eauThes,

. Um
nojcrasus B (5.38) x = 3,0R, (1,5 Kanu6pa), NoJaydUM ——u’" = (,055,
0
127
a u3 (5.39) u”’ = 0,0516.
0
Onucanue fBHKEeHHSI BO3AyXa BOJM3H BCACHIBAIOUMIKX OTBEPCTHH
IpelcTaBJasier co60H BecbMa CJOXKHYIO 3ajady, MO3TOMY ONpEIe]eHHe
CKOpPOCTeH y OTBepCTHH BeAyT SKCIEPHMEHTANbHBIM NyTeM, NpejcTaB/sas
" pesynbratel B GespasmepHod dopme. Ha puc. 5.23 mokasaH cnextp
BCAChIBAHHA, GOPMUPYIOIIUHCS Y KPYIVIOH TPyObl ¢ OCTPHIMH KPOMKAMH.
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Ta6auuma 54

Popmyan ast pacyeTa CKOGPOCTH Ha OCH BCachiBamulero gaxena [25]

dopma )

. BCaCHIBAIO-~

. 1ero or- )

. BEpCTHS B Cxema dopmyaa
NJIOCKOH
CTEHKe

Um,
uy

-2
. Ilpsamo- a
YIOJbHOE -

| !
ERESTAE Y E

(A1 KBaZpATHOrO OTBEpCTHS @ = b)

prmoé

Kontuesoe

Kpyrawtii Um_ _ 1 — — R
naTpy6ok Uy 2 V —  x N2
T+ ('R‘)

DKcnepHUMeHTaNbHO 06HApPYKEeHO, uTo M3MeHeHHe yucaa PefiHoabpaca Re
B auamasone ot 35 000 mo 100 000 He NMPHBOIMT K H3MEHEHHUSAM B 0e3-
pPa3MepHOM CIIeKTPE BCACHIBAHHSA /Sl TeOMETPHUECKH NOJOGHBIX OTBEp-
CTHH. DTO YKa3bLiBaeT HA ABTOMOJENBHOCTb TEUEHHS BOKPYI OTBEPCTHS
no uncay Re (Re onpesensiercst no xapakTepHEIM pasMepaM H CKOPOCTSIM
BO3/lyXa B OTBEPCTHH), KOTopasi OOBACHSETCS TeM, YTO IOTOK BOKPYT
OTBEPCTHS MOXKHO CYHTATh MNOTEHIHAJALHBIM, TaK KaK CHJBl BSA3KOCTH
B HEM NpeHe6pexXHMO Masibl. BMecTe ¢ TeM B MIOrPaHHYHBIX CJI0AX NOTOKA
BHYTPH TPyObl pasBHBaeTcs TYpPOYJEHTHOCTh U aBTOMOJEJNBHOCTH 10 Re
He Ha6mofaercsi. PacueTHble (GopMyJsl AJs JAPYTHX ClydaeB BCachBa-
IOIHX (aKeJoB NpHBeAEHbl B Taba. 5.4.
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5.6. PACUET MPHTOYHBIX CTPYH

¥ BCACBIBAIOIIIUX &$AKEJIOB

AJig PA3JIMYHBIX CJIYYAEB MCTEYEHHS
U CTOKA

Jl7isi TeXHUKM BEHTHJSLLMH HHTEpeC NpeAcTaBjaser, I[VIaBHBIM o6pa-
30M, OIpejieJieHHe MAaKCHMAaJbHbIX 3HAYeHHH CKOPOCTH H H3OHITOYHOH
TEMIIEPATYPHI, 4 TAKXKe PacXoja BO3AyXa B CEUEHHH CTPYH, OTCTOSILIEM OT
HCTeUeHHs] Ha HEKOTOPOM paccTosiHuH. Kpome 3Toro, BaKHO 3HaTh, KaK
Te WJM HHbE YCAOBHS PA3BUTHSA IOTOKA, HalpHUMep HEH30T€PMHUHOCTD,
HACcTHJaHHE H 1D., BJUSAIOT Ha OlpejeseMble XapaKTePHCTHKH.

B ta6u. 5.1, 5.9 NpHBeJeHbl OCHOBHBEIE PaCyeTHbe GOPMYJIBL /IS 4acTOo
BCTPEYAIOUMXCSl YCIOBHH HCTEUEHHs, LOCTATOYHO XOPOIIO COryacy-
iolHecsl ¢ pesyJbTaTaMH MHOTOYHC/JAEHHBIX 3KCIepHMEHTOB.

Mpumep 5.1. TpeGyerca onmpefeanTh AHaMetp BHINYCKHOro natpyOka (puc. 5.24)
U TIapaMeTpul CTPYH B [eHTpe NOMEMIEHHS, eCJH H3BeCTHO, 9TO PacXoi Bo3Ayxa Ly =
= 0,06 m3/c, usbuTounan Temnepatypa Af, = 8°, a Jonycrumas CKOPOCTb Ha OCH CTPYH
B LEHTPE NOMEIleHHs Ly = 1,0 M/, m = 6,8, n = 4,8, noze cxopocreﬂ Ha HCTeYeHHH
CYHTAaTh PaBHOMEPHBIM.
Vs QopMyasl upm/ue =m/)/ Folx ¢ yuerom Toro, urto Ly = uocho. HafzeM
V['To: mLo 6,8'0,06

i =0,07 M; dg=1,13 )V Fy=0,08 m.

CKopoCTb HCTEUeHHS Wy = Lo —0’06— = 13,0 wm/c. Us6urtouHas Temre-

Fo  1/(0,0679)
patypa B UEHTpe CTPYH

Atm o, VFo . pp 548 %0679 _ ¢ 30,

M, =" 0 Am=8487%
Pacxon Bospyxa B CTpye HpU X =6 M
2 x 6 3
Ln="Lo w F "00668 T,0679 — 1196 m/e.

Tpumep 5.2. Paccuutats ¥ NocTpOUTh NMPOGHIL OCECHMMETPHYHOM prmoﬁ 3aromn-
JIeHHOM CTPYH, HCTeKakomel 13 Tpy6rl Auametpom do = 0,10 M 1 HavanbHOM CKOPOCTHIO
uy = 10 M/c l'IOC'rpomb noJie CKOpOCTell B CTpye MO CeYeHHSM, YAaJeHHBIM OT cpesa
TPyOH Ha paccmmme 1,0 M; 1,5 M; 2 M, 1 onpefiesiuTh pacXxo BO3AYXA B STHX CEUeHHSX.
Havanbueiit npodm.nb cxoj)OCTeﬁ . i
CUMTATh pAaBHOMEPHbLIM, m = 6,8, : Lol
n = 4,8. -

Pewrenne. Tak kKak Ha HavaJb- 7
HOM y4acTKe CKOPOCTb HA OCH CTPYH
MOCTOSHHA W paBHA CKOPOCTH Ha 4o
HUCTEYEeHHH, TO TOJarasi Up/uy = 1,
H3  GOpMYIM  Upfug = m V Folx
HalileM MJIMHY HauajJbHOTO ydacTka — s . E

Xy = mFo == A ;'_t_—.
ERVNGRITEE ;
—=6,8 I/'S’—M(LTO’!O—) = 0,602 w, i 2\74_

cleoBaTeJ]bHO, YyKazaHHeie B uc- Puc. 5.24. Cxema mnojayM H ynaJeHAs BO3-
XOIHBIX JaHHBIX CeYeHH: OTHOCHAT- JyXa H3 NOMEHIeHHS:
Csi K OCHOBHOMY Y4YacCTKy. 1 — BEHTHJATOD; 2 ~ TeNJIOOGMEHHBIH amnapar
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Ta6auuwa 5.5
PacyeTHble 3HA4YeHHsl CKOPOCTEH MO CEYeHHAM

X M ‘y’ M y/x . exp[—-m (%)2]‘ U, M/e u, mjc
0,05 0,05 © 0,839 5,05
— 10 0,1 0,1 0,496 2.99
= b 0,15 0,15 0,207 6,02. 1,246
0,2 0.2 © 0,0608 o 0,366
0,05 0,0333 . 0,925 3,72
0,1 0.0666 0.733 2.95
_ 0.15 0,1 0,496 1,99
%= 15 0.2 01333 09088 -. | 402 116
0,25 0,1666 0,143 0.575
0,3 0.2 0,0608 0,244
0,05 0,025 0,957 2,88
0,1 0,05 . 0,839 2,52
0,15 0,075 0,674 2,03
x3= 2,0 0,2 0.1 0,496 3,01 1,49
0,25 0,125 0,335 1,01
0.3 . 0,15 0,207 0,623
0,35 0,175 0,117 0,352

OnpefesluM CKOPOCTb Ha OCH CTPYH B 33JaHHBIX CeueHUsX, M/C:

m 1.0 =10-6,8 29990 g 09;
Umy,s=10-6,8 0’(1)8586 = 4,02,

¥
Um 2,0 = 10-6,8 Oyg?)&) = 3,01.

Janueie pacuera npocdusiell ckopocTell Iss Pa3HUHBIX 3HAUYeHHH X W Y CBENEHHI -
B Tabu. 5.5. :
Tlo nanHbiM TaGaulEl CTPOMM npoduab cTpyu (puc. 5.25).

—
./
~/‘
= .
N i.w
T — ”
Xy - —
X2 . i T
X3 il

Puc. 5.25. IpodHab cTpyd K nmpumepy pacuera
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Pacxon BO3yXa Ha HCTeYEHHU
L = uyFy = 10- 0 00785 = 0,0785 w¥c,

[0 CeyeHHsM X (3HayeHHs GepeMm M3 Ta61. 5.5) pacxon Bo3ayXa Gyler, M/c:

1,0 _

LlyO = 0 0785 6 8 W = 0,26,
L5 =0,0785 628 0 é8586 =0,39;
Lo =0,0785 o 0%:86 0.52.

MNpamep 5.3. Kak #3MeHNTCS pacxoX BO3ZyXa B CeYeHHH CTPYH, B KOTODOM ee MaK-
CcHMaJIbHasi CKOPOCTb paBHa b M/c, ec/iM HavalbHas CKOpOCTb cocTaBisier 12 m/c, a gua-
MeTp BHIIYCKHOrO OTBepcTHsl paBeH 0,15 M (m = 6,8). ‘

Pacxop Bo3gyxa Ha HCTeYeHHH

3, 14(0 15)2

Ly= quo = 12 = 0,212 M3/c.

Paccrostnue 10 cedenus or}pene.num u3 bopmysst (ec.:m NOTOK JIBHXETCS C MaKCH-
MaJIbHOH CKOPOCTBIO Uy =

12

x—mVFo-———680133——5—_.216 M.
Pacxop Bosnyﬁ{a B 3TOM CEYeHHH
2 2,16 s
Ly = 0,212 = o=mae = 1,01 wi/c,

T. €. pacXxoj BO3pacTeT NPHUMEPHO B IATL pas.



raasa@. ASPOIMHAMHKA 3IAHHIT

Hcnonb3yss OCHOBHBIE TOJIOXKEHHSI TEOPHH TOTPAHHYHOTO CJOST |
NOTEeHUHAJAbHBIX CedeHHH (ra. 2, 3), MOXKHO A4aHAJMUTHUECKH IIOJYUHUTh
KapTHHBI paclpeje/neHdss CKOpPOCTed M JaBJeHUH BOIU3M NOBEPXHOCTH
TeJ1 npocrefiel gopmel. B [5] npusenenn pemenust 415l TEUEHHH Y 1JI0-
CKOH TJIACTHHBI, TOHKOTO NPOQHJSA, XOPOLIO OOTEKAEMbIX CHMMETPHYHBIX
npodunelr JXKYKOBCKOFrO M HeKOTOPHIX JAPYrHX Ted. PacueTsl mnoseit
CKOpocTell W pacnpejie/ieHdsi JAaBJEHUS IO TOBEPXHOCTH OTJENbHBIX
npoguielil npuseneHsl B patote [17].

HecMoTpsi Ha onpeneseHHBE NOCTUKEHHS B 3TOH 06JAacTH HaXoxKJe-
HHE pacyeTHHIM IIyTeM IlapaMeTpoB NOTOKOB, OOTEKAIOWUX TeJa Henpa-
BUJIbHOH (POPMBI, IO CUX IOp NpeACTaBJAseTCs BecbMa CJIOXKHOH, a nojuac
U HepaspewruMoll 3ajadeid. B TO ke BpeMs HEOGXOZUMOCTb OTNpejieseHHs
CKOpOoCTell M JaBJeHHH BOJU3U [OBEPXHOCTH TeJ CJOXKHOH ¢GOpMEL,
0o6TeKaeMblX MOTOKOM KHJIKOCTH HJIM Tasa, MPOAHKTOBaHA PSAAOM Ipak-
THYECKUX 3a7au. K HUM, B 4acTHOCTH, OTHOCATCSH CJelYIOUmHe: H3yYeHHe
BO3JEHCTBHS" BeTpa Ha pacnpefeseHHe IaBJEHHS] CHAPYXH H BHYTPH
3MaHH# pas3IUUHBIX (OpM, OmnpeleeHHe HArpy30K Ha CTPOHTE/]bHBIE
KOHCTPYKIMH 3AaHUH U pacueT HX MPOYHOCTHBIX XAPAKTEPUCTHK; Pacyer
HEOpPTraHHU30BAHHOTO BO31yXOOOMEHA uepe3 OTKPLIThle NPOeMbl H HelJIoT-
HOCTH B HapYIKHBIX OTPaKIEHHSX; pacueT aspaiHlH 3JaHHH H COOpYIKe-
HUMl; onpejieseHHe NMPOTSKEHHOCTH IIUPKYJISIHOHHBIX 30H H 30HBI a3po-
JUHAMHUECKOTO CJefia A/ pacyeTa XapaKTepPHCTHK, BJAHAMIIHNX HA YCJ/0-
BHSI PpAaCCeHBAHUS TEXHOJOTMYECKHX M BEHTU/IALMOHHBIX BEIOPOCOB
B atMocgepe.

HccnenoBannsi napamMeTpoB IOTOKOB NpU OOTEKAHHH Tes CJOXKHOH
(GOpPMEI BBITIOMHAIOTCA, KaK MPAaBHJIO, SKCNIEPHMEHTAJBHEIM NIyTeM, a pe-
3yJbTaThl OOGpPaGOTKM ~ONBITHHIX JaHHBEIX IPUBOAATCS B BHIE YpPas-
HeHu# mnoxoGus. Llenblo asponMHAaMHUECKHX MCCAENOBAHHH 3JaHHS
ABJsieTCA IoJNyueHHe HHGPOPMalUH O CNeKTpax JaB/JeHHA HapyKHOH
HOBEPXHOCTH, NPOTSKEHHOCTH 30H C JAaBJeHHeM, OTJIHYHBIM OT aTMo-
cepHOro u 06 yCAOBUSAX IUDPKYJ/SALUH B 3THX 30HAX.

6.1. OBTEKAHHE 3JAHHMA BO3AYLHBIM IOTOKOM.
PACIIPEAEJIEHHE JABJIEHMA HA TNOBEPXHOCTH
3JAHUA

[Ipr ofrekaHun BO3AYLIHBIM I[OTOKOM Teja J060H (OpMBl Tepen
HUM H 32 HUM 0GPasyloTcsi 3acTofHble 30HbI HAH 06jacTH. OOBIYHO 5TH
30HBl HA3LIBAIOT 30HAMH a3POJMHAMHUECKOTo cjefa. Cxema 'OcpeiHeH-
HBEIX JIMHUE TOKa, GOPMHUPYIOIIHXCS NPH OOGTEKaHHH MJIACTHHBEI TypOy-
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JIGHTHBIM ~ BO3AYIIHBIM  NTOTOKOM,
npexcrasjeHa Ha puc. 6.1. B Touke
A NOTOK INOJHOCTBIO 3aTOPMOKEH
(T. €. CKOPOCTb BO3/lyXa 37€Ch PABHa
HYJI0), @ 0KOJO Hee Habgiofaercs
pasjeneHue MOTOKAa H YIJIOTHeHHe
JMHHHA ToXa. 3a TMJacTHHOH B pe-
3yJbTare IeHCTBUS CHJ BA3KOCTH 06- ,
pasyercsi o6JacTb BUXPEBOTO Teue- P":;Hg-;- gfg‘eg:ﬂ:; MZ;CT;'HBI‘ TYII}GY'

HH#, B KOTOPOH TIOTOK TOPMOSHTCAH, JII; ceqenu: B':-ICBOSM;'IIIYJ:HISOM ﬂ“«cx(a-
SHEPTHsi €ro HACTOJDBKO CHHXKAETCS,  1om» mnoTOke COOTBETCTBEHHO)

UTO HaNpaBJeHHEe €ro JBUXKEHUS

MOKET M3MEHSIThCSl Ha NPOTHBONOJOXKHOE. Touka B JIEXHT Ha rpaHHuIe
30HbI 3aTOPMOKEHHOTO TOTOKAa — 30Hbl a3POJHHAMHUECKOTO CJIENA;
3-32 passuuus B 3HEPreTHUECKHX YPOEHAX Haberamlero u 3aTopmo-
KEHHOTO TOTOKOB Ha TIpaHKle aPOIHHAMUUECKOTO CJefia NOCTOAHHO
NPOUCXOAUT BO3HHKHOBEHHE BHXpeH, NO3TOMY onpezleJme ee MOXKHO
TOJLKO BeCbMa YCJOBHO.

IIpn ofTeKaHUM MOTOKOM BO3JyXa OTIEJbHO CTOSIHIErO 3AaHHs
(puc. 6.2, a 1 6) Ha pPACCTOAHUU NATH — BOCbMH KalduOpPOB (CpeEZHHX
pasMepoB (acaja) OT HaBeTpPeHHOH. CTOPOHBI NPH3EMHBIE CIOH BO3IyXa
NOJTOPMAKUBAIOTCS, YacTh KHHETHUECKOH 3HEPrHH BETPOBOrO IOTOKA
NIEPEXOJUT B NMOTEHIUANbHYIO, B Pe3yJbTaTe Yero CTaTHYeCKoe JaBJeHHe
Per TEpel 3JaHUEeM YyBeJIHuHBaeTcs. -MaKCHMabHOH BENHYHHBl Peq,

‘a) —————— e e T
—— s —m—— — —— ———— — —— —
. /_’a—_--— \\\
—— e — —— e e e

> —a

Puc. 6.2. CxeMa oOTekanusi 3JAHHA BO3AYWHBIM NOTOKOM:
. a— B paspese; 0 — B AKCOHOMETDHH:

1 — o6jacTb HEBO3MYILEHHOIO MOTOKAa; 2 — 30H3 H36BITOYHOTO CTaTH-
4YecKOoro jaBjeHHusd; 3 — 30HA pPa3pexXeHHUsd U BHXPEBOTO ABUXKEHUS BO3~
Ayxa (3oHa a3pOJAHHAMHUYUECKOR TeHH); 4 — 30Ha a3 PORHHAMHYECKOrO
cnena; 5 — o6GpaTHBIE NOTOKH BO3AYyXa, BXOASIIHE B 30HY a3POJAHHAMH-
YECKOro cJeja; § — BHXDPeBble NOTOKH BO3AYXa, NPOHHKAWILIHE B 30HY
paspeKCHUA U3 30HBI NOATOpa
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2 579 ST i 16 1788 kg

Puc. 6.3. AsponuHaMuka noToka, o6Texalouéro y3KOe OJHHOYHOEe 3RaHHe:

I — Henoamymennmﬁ norok; /[ — 30Ha NOBBILIEHHOrO JaBjeHusi; /J// — 30Ha aspojuHa-
MHYecKOH TeHH; [V — 30HA a3 pOJHHAMHYECKOro CJeAa; I'DaHHIBI
1 — HeBO3MYILEHHOH o6sacTH; 2 — 30HBI NOAMOpa; 3 — a3pPORHHAMHYECKOro cJjefa (v/vB

= 0,95); 4 — aspoAMHaMUYECKOH TeHM; 5§ — JIMHHS HYJEBbIX 3HAaYeHHH CKODOCTH B 30HE

O4eBHJHO, JOCTHUTHET Ha IIOBEPXHOCTH HaBeTpeHHoro ¢acaja. HaGera-
IOIUH NMOTOK Bo3AyXa obpasyeT y 3[aHUS BHXDPEBYIO 30HY, dopMa KOTO-
poit Gyner Kak Obl AONOJHSTH (GOpMY 3JaHUS A0 YI06006TeKaeMOoH,
yMeHbIIlasi TeM CaMbIM TOTEPH 3SHEPTHH MOTEHIHANBHOTO (HeBosMymeH-
HOTO) NOTOKA,
3naHue ofTeKaeTcsl CBepXy H COOKOB, NOSTOMY B 3TUX MecTax Ha6Jwo-
JlaeTcsi HEeKOTopoe NMOoJAXKaTHe OCHOBHOI'O IOTOKA H YBEJHYEHHE €ro CKo-
POCTH B CpPaBHEHHH CO CKOpocTbio Berpa. [lo 3Tol npuyHHE BO3AYyX
C 3aBETPEHHOH CTOPOHBI 3JaHHA INOCTOSIHHO 3XKEKTHPYETCS OCHOBHBIM
MOTOKOM, a JaBJieHHe Ha 3aBEeTPEHHOH CTOPOHE CHHIKAETCH.
[TonosiHeHHE 3KEKTHPYEMOTO BO3AyXa IPOHCXOIUT 3a CYET NpH3eM-
HBIX CJO€B, KOTODble 3aTOPMOXKEHBI, MOTYT MEHATh HanpasJieHHe, COo-
BepIIaTh BHXPEBOe ABHIKEHHE H INPOHHKATb M3 00JACTH IOBHIIIEHHOTO
JIaBJIEHHsI pgp (06JacTb Nojnopa) B 30HY paspexkenusi. Ha saBeTpeHHOM
CTOPOHE TAK¥KE CYIIEeCTBYeT 3acTOHHAst 30Ha 4 (30HA a3POJAHHAMHUYECKOTO
cnena). [IpoTsKeHHOCTL 3TOr0 cjaefa NPHHHUMAaeTcd H3 yCAOBHSA, YTOOH!
CKOPOCTb I[OTOKA B HeM cocTaB/sana He Menee 95 % or ckopocTH He-
BO3MYILIEHHOIO TeUeHHs! Ha TOH Ke BBICOTE OT NMOBEPXHOCTH 3eMJH, T. €.
v/vy = 0,95. s 31aHus B GopMe NapaJJesennnena 30Ha aspoAHHaMH-
YeCKOro cJejia OPHEeHTHPOBOYHO MpPOCTHpaeTca 10 X ~ |7Hyy (Hayp —
BBICOTA 3JaHHsA). BHyTpu o6aacTH aspoJMHAMHYECKOTO cJefa Ccylile-
CTBYeT IWPKYJSIIMOHHAs 30HA (UM 30HA adpPOAMHAMUUECKOH TeHH),
B MpefenaXx KOTOpO# y TNOBepXHOCTH HabmofaioTcsl oOpaTHHE TOTOKH
- Bo3ayxa. Jusa oTAenbHO crosllero 3faHusd B QopMe napaJseienunena
NPOTSAKEHHOCTb 3TOH 30HBI COCTaBJsieT NPUMepHO 7Hgy. Ilpu pacceusa-
HHH BpeJHBIX BellleCTB Ha HeGOMbIIOH BLICOTe HAaZ 3JaHHeM MaKCHMaJ/JbHast
HX KOHIIEHTpAIUs Haba0laeTcsl KaK pa3 B 30He a9pOJHHAMHUECKOH TeHH.
Tak, 10 JaHHBIM SKCIEPUMEHTa NPH OTHOLUEHHH BBICOTH yCTbSI TPYOHI
K BBICOTE 3]|aHH#, HaJl KOTOPEIM POH3BOAMTCS BHIOPOC BPEJHBIX BELIECTB,
Tp/HBJI = 1,5, MakCHMyM KOHIIEHTpanuil HaOa0JaeTcs Ha PacCTOSHUU
x =~ 4H,;,. Hpu 5TOM KOHLeHTpauus BOMH3H 3JaHUA OKasbiBaercs IO
30—40 pa3 GoJblued, yeM NpH BEIOPOCE Uyepe3 OTAEAbHO CTOSILYIO TPYOy.
[IpoTsKeHHOCTh a3pOJMHAMHUECKOTO CJela, TEHH I CTaTHYecKoe
JlaBJieHHe Ha HapYXKHbIE€ TMOBEPXHOCTH OTPaXKIAEHHH 3aBHCST OT COOTHO-
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Puc. 6.4. Aapommamma NOTOKA, OOTEKAIoINero MUPOKOoe ORHBOYHOE 371a-
HHe:

I/ — HeBo3MyIIeHHBIH TOTOK; [/ — 30Ha NOBHIUEHHOTO JHaBjenusi; [// — 3oHa
aspoAHHaMuIecKo! TeHH, o6pasyiouelcsd NpPH CpeiBE NMOTOKA ¢ KpoMKu a; IV —
30Ha a3 poOAMHAMHYECKOro cjefia; V — 3o0Ha aspojiuHaMHuyecKof TeHH, o6pasyio-
meRicsi NpH CPHIBe MOTOKA ¢ KPOMKH 6; I paHHUIbI

1 — HeBO3MYINEHHOro NoToKa; 2 — o6JacTH Nojnopa; 3 — 30HH aspoJHHaAMHUe-
CKOro caefja v/vB= 0,95); 4 — UUDPKYJNANMOHHOH 30HBI a3POJAMHAMHUYECKOH Te-

Hu II]; 5§ — UHDKyJNAHHOHHO} 30HH a’poAuHaMHuYecKof TeHum V

IIEHHsl BBICOTHI M IIMPHUHBL 318HUS, PACCTOSIHHUA [0 COCEAHUX 3JaHUH
M HanpapJeHHs BeTpa. 3JaHHe CYMTAeTCs] Y3KHM, eClIH €ero IIHPHHA
b < 2,5Hg;, npu b= 2,5H,; oHO cuuTaeTca mupokuM. Cxema pac-
TNOJIOJKEHHUS] OCHOBHBIX 30H M SIIOPHl AABJEHHH NpH O6TeKaHHH Y3KOTO.
3JlaHisl BO3AYILIHHIM IOTOKOM IPEICTARJEHHl Ha puc. 6.3.
AspoxpHaMiKa NOTOKA JJISl [IMPOKOTO 3JaHUs OTIHYAeTcs OT Xapak-
Tepa ofTekaHusi y3koro 3jaHusi (puc. 6.4). Ha kpeiue spanus o6pa-
3yeTcsl neppasi 30Ha aspoiHHaMHuyeckoH TeHu [//, Bo3HHKaOIas H3-3a
CpriBa NOTOKA C OCTPOH KDOMKHU 3[aHMs @ (OHa 3aKaHUHBAeTCS B IIpe-
nenax kpolwu). [Ipu cphiBe motoka ¢ 3azHedl ocTpol KpoMKU 6 obpa-
3yercs BTOpas 30HA aspojuHamuyeckol TeHu V. OGe 30HBL a3pOIUHAME-
UeCKOH TeHHM BXOJAT -B 30HY aspoiHHAMu4eckoro ciaexa. CxeMel 30H
a3poAHAMHYECKOH TeHH NMpH OO6TeKaHWM BO3AYIIHBIM TIOTOKOM TPYIIbI

aj K 7/3
_7-— ————— —_— ~
by C«—\ \\“____,
ff __/ e \ Ea
/ 1
NS 1\16425Hs Hap < X< 10Hy5
T
9 v
= z 3

=

CS ===
7 | 6250 | _ Hig <% 8Hy

Puc. 6.5. CxeMBl DACTIONOKEHHS 30H A3POJRHHAMHYECKON
TeHH TNpPH OOTEKAHHH Trpynnbl 3[aHHI, CTOSIMX APYr
32 JIPyroM: @— Y3KHX; 0 — IIHPOKHX;

1 - 30Ha MoAMOPA; 2 — HHUPKYJALHOHHAS 30HA Haj IIUDPOKHUM
3AaHHEM; 3 — MEXKODPNyCHas UUPKYJISLUMOHHAS 30HA
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Puc. 6.6. Snlopial JiaBJIeHHS NPH HanpasjeHHH BO3AYIIHOro
NOTOKa HA HApYXHYI0 IIOBEPXHOCTb 3JaHHA NoA yriom 0:
a—0; 6 — 45°% 8 — 90°

V3KHX M IMIMPOKMX 3RaHHH N0 HanpapJdeHHI0 BeTpa NPEeACTARJEHH Ha
puc..6.5, a u 6. Mexny CMexXHLIMH 31aHUAMH BO3HHKAeT MEXKOPNYyCHast
IMUDPKYJASIHOHHAS 30HA NPOTSKeHHOCThIO 10 10H,,, ecad nepBoe 110 To-
TOKy 3JaHue y3Koe, WJH 10 8H,,, ecau InepBoe 3JaHHe — IUHPOKOE..
~ Dmopel ZaBJeHHS Ha HapyXKHBle OTpaxKAeHus 31aHUA B opMe napaJj-;
Jejenunena NPH DPAa3jIMUYHBIX HANpaB/JeHHSX BO3AYIIHOTO IOTOKA IIPH-|
BeJleHl Ha puc. 6.6, a, 6, ¢ [5]. 3oHb H3OHITOUHOrO JaBJeHHs 34ECH
0603HdueHbl 3HAKOM «-», paspexeHHs — 3HaKoM «—». Ha pucyHkax
JlaHa PasBepTKa HAPYKHBIX CTEH 31aHUsA. AHaJMH3 NONyUYeHHBIX NpoduIer
JIABJICHUS T03BOJIsieT OGOCHOBAHHO OPraHu30BaTh yjajleHHe BpPeIHbIX
BeIleCTB M NPaBHJBbHO BhIGpaTh MecTa Bo3ayxosabopa. Tak, ecau oun-
CTKa YJaJsieMOro BO3AyXa HEBO3MOXKHA, TO OCYIeCTBJATL BHIOpOC 3a-
IPSA3HEHHOTO BO3AyXa HEOGXOAMMO Ha BHICOTE, NPEBHILIAIONIEH HHPKY-
JISIIGHOHHbBIE 30HBI, BO H30€kKaHHE YBEJHUEHHs KOHUEHTPAHHU BPEeJHBIX
BELIeCTB HA TEPPHTOPHH paboyell MJOWEAAKH MPEAUPHATHA. 3a60p
BO3JyXa IlesecoobpasHo OCYIIECTBIATE C YYETOM DO3bI BETPOB HA GoKO-
BbIX HJIH TJIABHBIX (acajax 3JaHuil, B MecTaX, NPHUMBIKAIOIHX K TOpL.AM
3JaHHUSI, NOCKOJIBKY HMEHHO 3/leCh NPOXOAUT BUXPEBOH NOTOK, MOANUTHI-
BalOLHi 30HY pa3pexeHHs] HA 3aBeTPEHHOH CTOpOHe 3AaHHA.

6.2. ASPO}lHHAMﬁ‘IECKHE K03¢®HILIHEHTBI

IloBbillenne nap/IeHUsT Ha HABETPEHHOH CTOPOHE HAPYKHBIX Orpaxje-
- HHH 3]1aHHA U pa3pekeHHe — HA 3aBeTPEHHOH NPONOPIUOHAIBHE AHHA-
MHMYECKOMY JAERJIEHHIO BeTpa M a3poJAHHAMUYeCKOMY Ko3(puuuenty k,
T. €. . :

2 /¢
Per=Pi — Po = kpus/2, (6.1)
rje p; — CTaTHYeCcKoe JaBJieHHe B i-f TOYKe Ha HAPYKHOH NOBEPXHOCTH
3JAHHS; p, — CTATHUECKOe JaBJeHHe B HEBO3MYLIEHHOM IIOTOKE; IPH-
HUMas p, 34 YCJOBHBIH HYyJb (UJH YPOBEHb OTCUETA), HMEEM poy = Py}
Uy — CKODOCTb BeTpa BAaJH OT 3JaHHH.
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[Mepenuwenm (6.1) B BUIE

2
k = pe:/(pvi/2). (6.1a)
Orciofa ouyeBHAEH (U3UYECKHI CMBICI a3POJMHAMMYECKOTrO K03(pdu-
ILIEHTa; €ro 3HaueHHe TNOKAa3bBaeT, Kakas A0Js KHHeTHYECKOH SHepTHHU
Haferaoiero Ha 3JaHHe BO3JAYIIHOTO NOTOKAd IEePeXOAHUT B SHEPTHIO
IIOTEHILHATBHYIO, T. €, B H30BITOUHOE CTATHUECKOE AABJEHHE poy. SANULIEM
ypaBHenne bepuynau pas cewemus [—/ wu I[—II (cm. puc. 6.1).
[Ipenebperass norepe#l 5HepTHH MEXIY BLIAEJIEHHLIMH CEUEHHSIMH B 3Je-
MEHTapHOH CTPyHAKe M CXKHUMAeMOCTbIO BO3AyXa, HMeeM
2 2
Py ooy

pr+-——=pu——5- : (6.2)

YuHuTHIBasA, 4TO py = py, T. €. JaBJjeHHe B ceueHud [—J ecTb cTaTH-
yeckoe JaeJieHHe B HEBO3MYLIEHHOM II0TOKe, IepenuiueM ypaBHeHue (6.2)

: 2 2
© Py v
Per = P11 —&71 ——-TI (1 -—-—%)?

U1

OTCIOJId a9POJAMHAMHYECKHH KO3(UIIUEHT

pe1— [l
Yg

CnenoBaTesbHO, 3HAUCHHE H 3HAK a3pOJAHHAMHUYECKOro Ko3GhdHuuenTa
(a 3HauuT, M H36GHITOYHOIO CTAaTHUECKOTO JaBJIEHHA) ONpeAeIAoTes
COOTHOLIEHHEM CKOpPOCTeH BO3AyXa B HEBO3MYLIEHHOM IIOTOKE H y IIO-
BEPXHOCTH NJIacTHHBL. Ecau vy > vrp (HaBeTpeHHAs CTOPOHA IJIACTHHHI),
To k > 0, T. e. U3GHITOUHOE CTATHUECKOE JAaBJeHue MoJgoxurteabho. [Ipu
v; < vyp (3aBeTpeHHasi CTOpOHA MJIacTHHB) B < 0 M B JaHHOM CeYEeHHH
HabaiofaeTcss paspexkenue. B Touke A NOTOK IOJNHOCTbIO 3aTOPMOIKEH
v = 0, Teopernuecku k£ = 1, T. e. BCl KHHeTHUeCKasl SHEPTHSA NOTOKA
NePeXOJUT B NOTEHIMAIbHYIO, H Pop MAKcHMasibHO. OueBHIHO, a3pojuHa-
MHYeCKHE KO3(PHIHEHTh OYAyT Da3JHMuHBI 110 NOBEDXHOCTH HAPYKHBIX
orpaxienuii. Ha HX BelHuMHYy OKasbiBaeT BJMsSHHE HaJuyHe IIPOEMOB
(OKOH, ABepell) B 3JaHHH, CTeNeHb UX OTKPBITHSA, OPTaHH3aLUH CKBO3HOTO
NPOBETPUBAHUSA U ApyTHe (akTophl. AspoanHaMuyeckre Kod(QQHuIHeHTsl
PasMHuUHBIX 3JaHUH M COOPYXKEHMH INONYYaloT, KakK MPaBUJIO, IKCIEPH-
MEHTaNbHbIM TIyTeM, HCHOOJAB3ys JJIsi 3TOTO a’pojMHAMHUYecKHe TPYOBI
¥ THADaABJIMYECKHE JIOTKH. B BO3AYIIHEI MOTOK, CO3jaBaeMblil a3pojuHa-
Muyeckoll TpyOoH, Tomewaercs MoJeNb 3JaHUS, Ha IOBEPXHOCTAX
KOTOPOTO C IIOMOIIbI0 MHKPOMAaHOMETPOB H3MepsieTcsi BeJMYHHA H30bi-
TOYHOTO JABJEHHS HJM pa3pexeHus. B HauaipHOM ceueHnu paboueid

yactH TPYGBl C TOMOUIBI0 MHKPOMAHOMETpa ¥ NHEBMOMETPHUUYECKOH .

TpyOku (Tpy6ku IIuto — Ilpanaras) usMepsercs BeNMUYHHA JUHAMM-
yeckoro aasjenHsi. KauecTBenHas KapTuHA o6TeKaHHs 3]aHUs BO3JLYLI-
HBIM ITIOTOKOM HCC/IEyeTCs ITyTeM NOMellleHH st MoJiesIell B TH/ipaBJ/IHYeCKHE
JOTKH (TJIocKHe n160 oObemuble). C HeJpl0 BH3yaln3allH KapTHHEI
TEYEeHHs] B TOTOK JKHUJKOCTH, OMBIBAIOUIEH MOjeNb 3JaHHsl, BBOLHUTCH.
aJIOMHHHEBHIH NOPOLIOK, KOHGeTTH U Jp. [Ipu nomoly rugpaBiHYecKHX
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JIOTKOB M a3POJAHHAMHYECKHX TPYO [MOJY4aioT NPOTAXKEHHOCTh a3po-
JIMHAMAYECKOTO CJiefa M IUPKYJSAIHOHHBIX 30H, OIpeNensieTcsi KOH-
ILEHTpAIHs BEIGPACKIBAEMBIX BEILECTB B TPEAeIax 3THX 30H.

Vcnone3yst Meron pasmepHocredl [6], MOXKHO moay4uTb QyHKUH-
OHAJIbHYI0 3aBHCHMOCTb :

k = 2Eu = f (Re, Sh, €),

rne Eu — uucno ditnepa, npejacrasasiomee co60f OTHOUIEHHE JABJEHHS
(nav mepenaja JaBJeHH B JBYX XapaKTePHBIX TOYKAX) K HHEPIUOHHOH.
cune moroka, Eu = p/pv?;, Sh —uncno Crpyxansi, xapakrTepHusyollee
HeCcTalHOHapHOCTh npouecca, Sh = [/(vt); & — cTeneHp TypéyJIeHTHocm
NMOTOKA, YUYHTHIBAKOWAs MyJAbCaliHi TNOTOKA.

HpH O6Te€KAaHHH TeJl CJNOKHOH (OPMBI H3-32 HAHYHS OCTPHIX KPOMOK
NPOHCXOASIT CPBIBBI MOTOKA M a3pPOJAHHAMHUYECKHI KO3(pdUIHEHT nid
Re > 103 cTaHoBUTCH aBTOMOJENEH OTHOCUTeNbHO Re (T. €. He 3aBHCHT
or uucna Pefinonpaca) [7]. Bausinue TypGyJeHTHOCTH NOTOKa € Ha R,
KakK NPaBHJO, B SKCIEPHMEHTax He yuHTbiBaercs. Bce 3To mo3soJiger
IpU ONpejeleHHH 2aPOAHHAMHYECKHX KO3(OUIMEHTOB C IIOMOIIbIO
Mojieqiedl 3JlaHHil co6Ma0AaTh JIHIIL TeoMeTpHYecKoe Nojo6GHe U BHIGHpATh
JI00YI0 yJIOOHYIO JJ1s BBIIOJHEHHS HCCIeIOBAHUH CKOPOCTB.

[lo napHBIM ONBITOB AIf 3ZaHHH B GopMe Napajsie/enuiesoB aspo--
JUHAMHYecKHe KO3(QUUUEHTH Ha HABETPEHHOH CTOPOHE Rgap OOBIYHO
u3MeHfI0TCA B fuanasone ot 0,4 1o 0,8; a Ha 3aBeTpeHHOM kyay — 0T —0,3 .
Jo 0,6. OcpenHeHnnie 10 NOBEPXHOCTH 3HAYeHHS NPHHUMAIOT [0 JaH- .
HeiM [7], paBHBIMH kgap = 0,8; kgay = —0,4.

6.3. PACX01 BO3JVYXA,

NMPOXOASAIEI0 4YEPE3 OTBEPCTHH
ONMPEJEJIEHHE JABJIEHUA

HA HAPY)XHOW NOBEPXHOCTH OFPA)XJEHHWHA

MaccoBrifi pacxox rasa, NPOXOAAILEro uepe3 OTBepCcTHE JI06OH
(GopMbI, MOXKeT GBITh ONpPENEJNEH MO yPaBHEHHIO

G = pL = poF. o (6.3)

CpeaHsii CKOpOCTb JIBUMKEHHSI CBs3aHA C IlepenajioM AaBJEeHHH 10
00eHM CTOPOHAM OTBEPCTHS ypaBHEHHeM

Ap = Epd?/2,

o =1/ 2Ap/(Ep), (6.4)
raie § — x03(dUIMEHT MECTHOTO COIDOTHBJEHHS OTBepcTUs (poema).
YuntbiBast, uto § = l/p%, rge p — KoapuuueHT pacxona, HMeeM

oTcroga

0=npny 2Ap/p. ‘ (6.5)
Torpa ypasuenne (6.3) ¢ yuetoM (6.5) mpuHUMaeT BHJ
G=nFy 2 Ap. (6.6)

CJIe,ILOBaTeJIbHO, AJst pacyera KOJHYECTBAa BO3AYyXa, NPOXOAAMIETO
qyepes J06bIE OTBEpPCTHHA, HeoGXO0JAHMO 3HATh MJIOWAAb CEYEHHS 3TOro
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OTBepCTHsl, €ro Ko3hpHUIHEHT MECTHOTO CONPOTHBJIEHHS HJIM Ko3thdu-
HMeHT pacxoja, MJOTHOCTb BO3AyXa H Nepenaj AaBJeHHH 10 06e CTOPOHBL
orBepctus. [Ipu pacuere HeOPraHM30BAaHHOIO BO3AYXOOOMeHa, T. e.
OnpeJesieHHH KOJNUHYeCTBa BO3[yXa, NPOHUKAIOLIEIO Yepes MOPHl B CTPO-
MTEJIbHOM MaTepHaJje OrpaxkKJaloluX KOHCTPYKUHMH HJIH Yepes TPellHHbI
H JpyTrHe HENJIOTHOCTH, MMeIOLiNecs B CT€HAX, CJAeAyeT YUYHTHIBATH, 4TO
JBHKEHHE BO3[yXa B 3THX OTBEPCTHSIX, KaK IpaBuJo, He O6ydeT TypOy-
JEHTHHIM H TOTepH [IaBJeHHs He GyAyT NPONOPIHOHANLHEL KBajparty
ckopoctu. [TosToMy ypaBHeHHe i pacueTa MacCOBOTO pacxoja BO3AyXa
(6.6) Oyzner B oflieM ciyyae HMETb BH[

G = uFy2pAp,

rae n = 1 aas mop # 2 > n > 1 /s HeMJIOTHOCTe! (3HAYEeHHs KO3(du-
IIHEHTOB pacxXoia W MOMKHO HAfTH B CIPaBOYHOH JuTepaTtype [24]).

TakuMm o6pasoMm, NpH M3BECTHOM Mepenaje JaBJeHHH IO 0o0eHM
CTOpOHAM OrpaxJaloliell KOHCTPYKLHH 3JaHHs ONpeleseHHe pacxoia
BO3IyXa uepes Jiro00e OTBEPCTHE OrpaXKJeHHsi He NpPeACTaBJsieT 0COOBIX
TPYJLHOCTEH, TOCKOJbKY, KaK NPABHJIO, IUIOTHOCTb BO34yXa, Ko3dpdu-
IIMeHTH pacxoja U NJOLALH CeueHHs] OTBePCTHH — BeJHUMHEI 3aJaHHbIE.
Orciona BHIHO, KaK BaXKHbI BOIIPOCHl pacuera 1aBJeHHH Ha NOBEPXHOCTH
orpaxkJeHUH 3MaHUH U COOPYXKEHHUH U OCOOEHHO NpU OpraHH3aAlUU ecTe-
CTBEHHOTO BO31yXoo6MeHa. OCHOBHEBIE NPHHIHUNBI pacyeTa €CTeCTBEHHOMH
BEHTHUJISIIIUM H3JIOJKeHBl B pafoTe HaMIero BeIHKOTO COOTeYeCTBEHHHKA
M. B. JlomonocoBa «O BOJIbHOM JIBMKEHHH BO3AyXa B DYAHHMKAX IpH-
MeYeHHOM», ony6/aHKOBaHHOH B 1763 r.

Pasnocte NIOTHOCTEH BO3AYyXa CHAapyXKM M M3HYTpPH 34aHHdA, JUHA-
MHYecKOe JaBJieHHe BeTpa H pabora MeXaHHUYeCcKOH (NPUTOYHOH M BB
TSKHOM) BEHTHJISLHH CO34al0T ONpejeJeHHbIH nepernaj AasjJeHu no obe
CTODOHHBI OTpakAaiollefi KOHCTPYKLUHH 3JaHHS.

CyliecTByeT HeCKOJILKO CIOCOGOB onpejesieHHus NepenajoB NaBleHHH
IJisT  pacyeTa €CTeCTBEHHOTO BO3AYX00OMeHa: «HEHTPAJbHOH .30HBLY,
«M30BITOUHBIX JaBJeHUH» M. «DUKTHBHBIX JaBieHuB». Bce cnoco6el ocHo-
BaHbl Ha OJHHMX M TeX e (H3HUECKHX MPEINOChUIKaX M OTJAHYAITCH
B OCHOBHOM BBHIOODOM YCJOBHOH TOUKHU OTCUeTa HM3OLITOUHBIX AaBJEHHE.

PaccmotpuM, crenys B. H. Borociosckomy [71, cnoco6 noctpoenusi
SMIOp AaBJCHHS BO3AYyXa Ha OTpaxJeHHs 3NaHHs, INpelIoKeHHbLH
B MHUCH, kak nau6osee npocrofi ¥ HarsagHbIH. [Ipexe Bcero nocTpouM
SMIOpPH JAaBJIGHHsI B cJayyae OTCYTcTBHSL BeTpa. lIpH 3TOM jaBjenue
OyJer onpeleisTbcs LeHCTBHEM TOJNbKO T'PaBHUTALMOHHBIX cHJ. Crartu-
yeckoe JaBJeHHE BO34yXa Ha J00H# BBICOTE 3NaHUS ONpelensercs
ypaBHeHHeM

p = pgh,
rie h — BBICOTA TOYKH HaJ, NOBEPXHOCTHIO 3eMJIH.

3aMeruM, uto npu h <C 100 M H3MeHeHHEM IUIOTHOCTH BO3AyXa MO
BLICOTe MOXKHO NpeHeOpeub. EcaM NpHHATb 32 YCJIOBHBIM HYJb CTaTHYE-
CKOe JlaBjieHHe B CaMOH BepXHeH TOUKe 3laHHsi, TAe JaBJeHHe MHHH-
MaJbHO, TO SMIOpa JAaBJEHHs NPH NeHCTBHH TPABHUTALlMOHHBIX CHJI CHa-
pyXKH 31aHHs OyZer uUMeTb (GOpPMY TPEeyToJbHHKa C BLICOTOH h = Hyy
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< : Puc. 6.7. Jmops aspocTaTHYe-
IKC@UnbMPaRUA X CKOro JaBieHHs HA BHYTPEHHIOO

(‘7"’”’””‘”‘7) p ‘H HapyXHyi0 NOBEPXHOCTH Orpax-
HeumpanHas 302 jeuyg” syaHMA: @ — NOCTPOEHHbE
| OTHOCHTENLHO YCJAOBHOTO HYJS;

UHpursmpayus 6 — nocrpoedHele no  cnocoly ..

HBIMH NpOEMaMH: .
'A/O.VHJi , ! — npurounn; 2 — BHITSXKHOM

¥ OCHOBaHHEM — H3OBITOYHHIM JABJCHHEM .y NOBEPXHOCTH 3E€MJH, T. €.
Pu = Pugh (puc. 6.7), rie py — IVIOTHOCTb Hapy¥KHOTO Bo3fyxa. Oue-
BHJ(HO, YTO 3IIOPA CTATHUECKOTO JaBJeHHs Ha BCe BePTHKA/JIbHbIE HAPYK-
Hble NOBEPXHOCTH 3haHUN OyneT OJHOH M TOH xe. IIpH 1IOCTpOEHHH
SHIOPHI CTATHUECKOIO JABJEHHA Ha BHYTPEHHHE IIOBEPXHOCTH 3JaHus
NPHUHATO, YTO TeMmllepaTypa BO3J4yXa BHYTPH NOMelleHHs f; OGoJbiie
TeMIepaTyphl HAPYKHOTO BO3LYX4 fy. DTO XapaKTepHO IJis1 GOJNbLIMHCTBA
31aHUH NPOMBILVICHHBIX NPEINPHUATHH, NOCKOJIBKY B XOJOJAHBIH NEpHO.
BpeMeHM paboTaeT CHCTeMa OTOIVIEHHS 3[aHHs, 4 B JETHHH — TeMIle-
paTypa BHYTPEHHEro BO3/lyXa, KaK NPABHJIO, Bhlllie HAPYKHOrO 34 CYeT
TEIUIOBBIIEEHHH OT Jioflel, paborawliero o6opyAoBaHus U T. A. B cooT-
BeTCTBHH C 3THM JONYyUICHHEM Py > Py,

Oniopa laBJleHHs B INOMelleHUH OylerT HMeTb (GOpPMY TpaNeuHuH,
BEepXHee OCHOBAHHE KOTOPOH p, — €CcTh HEKOTOpOe H30HTOYHOE AaBie-
HHE BO3]yXa, 00yCJOBJEHHOe LeJbM psiioM HaKTOpPOB: TEIJIOHATIPSXKEH-
HOCTBIO NOMEIeHUs; YHCAOM NPHUTOYHHIX H BHITSXKHHIX IIPOEMOB H ILIO-
IaJbI0 UX XKHBOTO CeUeHHs, HAJIHYUEM H MPOH3BOAUTEIbHOCTHIO CHCTEMBI
MeXaHHyecKo# BeHTH/siuuH. CraTHYecKoe NaBJeHHe BO3LYLIHOIO CTo06a
B TOMEILeHHH ONpeJenseTcs NpousBefieHneM pygH,;. Takum oGpasom,
HHJKHEE OCHOBaHHe Tpaneunu 3MIOPH AaBJeHu# ecTb cyMMa

= ppgHgsy + Po-

Ecau npussith Tenepb 3@ YCJOBHYIO TOUKY OTCYeTra )laBJIEHHe Po
B TNIOMEIUEHHH Y BblYECTb H3 SIIOPHl BHEIIHEro CTaTHYECKOTO MABJEHUS .
TPEYTONbHHK, XapaKTEePH3YIOUHH H3MeHeHHe BHYTPEHHEro CTaTHYeCKOro
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Puc: 6.8. Jmiopnl AaBJeHHS HAa HAPYXHYIO NOBEpX-
HOCTb OrpaxjeHHS 3NaHHA TPH JeHCTBHH BeTpa:
@ — C HaBeTPeHHOH M 3aBETPEeHHON CTOPOH 3JAHHS;
6 — coBMelLieHHAA

1, 2, 3, 4 — BO3RYUIHBIE NPOEMH

AaBJEHHUS] N0 BBICOTE IOMeIIeHHS, TO CO BCEX CTOPOH 3JaHHs INOJNYyUHM
3aIITPUXOBAHHEIE NPSIMOYTOJNBHEE TPEYTOJbHUKM (pHC. 6.7, a) ¢ OcHO-
BaHHeM , ‘

P = (Pa — Po) oy = ApgHoy.

Sniopa JaBJjeHHi BO3/yXa Ha BHYTpeHHHe OBEPXHOCTH 3[aHUs OyJeT
HMeTb BHJ, NPSMOYTOJbHHKA CO CTOPOHAMHM p, U Hyy. TlosyueHHbe 3a-
IITPUXOBAHHEIE (UFYpPHl (TPEYrOJTbHHK M NPSIMOYTOJABHHK) SBJSIOTCA
pacueTHbLIMH 3MIOpaMH H30HITOYHOrO JAaBJeHHs B cJydae, Korza nefi-
CTBYIOT TOJIbKO CHJIBI TpaBHTAanUHU. [IpH NOCTPOEHHH 3MIOpP CTATHYECKOTO
JaBJeHUA Ha BHYTPEHHHE [I0BEPXHOCTH OrpaxKJeHHH IJIOTHOCTL BO3AyXa
B TIOMEIUEHHH Py INPHHATA TNOCTOSHHOH (A5 YHPOLIEHHS HU3JOXEHHs
MarepHalia), 4TO 9acTO He COOTBETCTBYeT JelCTBHTEJbHBIM YCIOBHSM.
Kak npaBumo, NpOEKTHPYs CHCTEMBl €CTECTBEHHOH BEHTUJALNH, YUH-
THIBAIOT, YTO TEMIEeparypa YXOASLIEro BO3JyXa fyy BHIIE, UEM TeMIIe-
patypa Bo3iyxa B pabouell 30HE, a Pa3HOCTb STHX TeMIepaTyp TeM
Gosble, yeM BbIIE TeNJIOHANPSKEHHOCTh NOMellleHHsi. B atoM cayyae
SMIOpHl JaBJeHUuH OyAyT HMeTb GoJiee CJAOKHBIR XapakTep.

Ecnu panee cyMMHUpOBaTb reOMETPHUECKH SIIOPH H30BITOUYHOTO Ja-
BJIEHUS Ha HapyXHbe (p = ApgH,;) ¥ BHYTpeHHHE NOBEPXHOCTH (po),
TO pe3yJbTHPYIOILAS 3MIOpa NPHMET (GOPMY JABYX TPEyrOJbHHKOB, MO-
CTPOEHHBIX Ha ofliell BepTHKaau h (pHc. 6.7, 6). Touka mnepeceueHus
BePTHKAJbHOH M HAKJOHHOH JIMHUH IO3BOJSIET CYAHUTb O IIOJIOXKEHHH
TaK HA3hLIBAEMOH «HEHTPaJbHOH 30HEI, T. €, BHICOTE CEUEHHSs NOMeIleHH s,
B KOTOPOM DasHOCTb NaBJIeHUH CHApY>KH U BHYTPHU 3JaHHs paBHa HYJIO.
Huxe HefiTpanbHOM 30HBI py => ps U HADYKHBEIA BO34YX OYAET NPOHH-
KaTb BHYTpPb INOMELIEHHs; Bbllle HEHTPaJbHOH 30HBI py > Py U BO3AYX
Oyler yAaansTbCcs H3 noMelleHHs. TakuM o6pasoM, uepe3 orBepcThe [
(puc. 6.7) 6yner Hab/oAaThCsS NPUTOK BO3JyXa B NOMeleHHH (HHPHJIb-
TpaiHs); uepes OTBepCTHe 2 — BHITAXKKA BO3AyXa (3KChHUIBTpaLUs).

PaccMorpuM Tenepb 3MIOPHL AaBJEHHS HAa HaDYXKHbIE OTPAXKAEHHA
NpH JeHCTBHH TOJBKO BeTpa. Takas CHTyauHsi BOSHHKAeT NPU PABEHCTBE
TeMIepaTyp CHapyKH U BHYTPHU NOMEILIEHHS, C/Ie0BATENbHO, H PABEHCTBE
CTATHYECKOTO JaBJEHHS 110 BHICOTE C 0GEHX CTOPOH OTpaxkIeHus H vy > 0.
Kak oTtmevasioch Bhille, HaGerawuui NoToK GyAeT co34aBaTh H3OLITOUHOE
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Puc. 6.9. CymmapHas_smiopa JaBleHHS NPH COBMECT-
HOM JeHCTBHH IPaBHTALMOHHBIX CHJ H JHHAMHYECKOro
NaBJeHHs Berpa:

1, 2, 3, 4 — BO3AyIUHbBIE TIPOEMBI

JaBJieHHe HAa HABETPEHHOH HAPYXKHOH MOBEDPXHOCTH OTPaXKAEHHS H pas-
pexeHue — Ha 3aBeTPEHHOH. JMOphl JaBJeHHUs DU JeHCTBHH BETPOBOrO
JaBieHusl Ha 3faHMe H300paxeHH Ha puc. 6.8, a. ,

IMpumeM 3a yC/JOBHEIH HY/Jb JaBJeHHe Ha 3aBETPEHHOH CTOPOHE,
TOT/Z@ H30BLITOYHOE (IO OTHOIIEHHIO K BBIODAHHOMY YCJIOBHOMY HYJIIO)
JapjeHHe Ha HaBeTPEHHOH CTOPOHE 3JaHHS MOXKHO DacCUHTaTh
(puc. 6.8, 6) no dopmyne

: Pz = (Ruan — Rsan) Puvi/2,
a Cpe.Z[Hee 3(0] HOBerHOCTH 3JaHUs H365[T0‘IHOe (HO OTHOLUEHHIO K JaBJjie-

HHUIO B HEBO3MYIIEHHOM HOTOKE) CTaTHYECKOEe IaBJICHHE, Oéyc.IIOB.HeHHOG
JAUHAMHYECKHUM BOSIlefICTBHeM BeTpa, OIPELEJINTCA BBbIpaXKEHHEM

Ps = 0,6p,03.

[Ipu pacuere KoJHYecTBa BO3[yXa, UPOHHUKAIOIIEr0 BHYTPb 3NaHHS
WM BBIXOJSINETO M3 HEro uepe3 NpOEMBbl B OFPaKAAIUIHX KOHCTPYK-
nuax (I, 2, 3, 4 na puc. 6.8, a), TpeGyloTcs AaHHBIE AJs pacueTa aspo-
IHHAMHYECKUX K03(h(}UIMEHTOB B MECTaX PACIOJIOKEHHUS 3THX NPOEMOB.
OTH CcBeleHUs] NPUBOAATCS B CIEHAJbHOM < CIPABOYHOH JIUTEPATYpE;
IpH MX OTCYTCTBHM HEOOGXOLUMEI SKCIepUMEHTANbHbIE HCCJAENOBAHUS HA
Mogensax, M36LiTouHOe naB/IeHHE B 3THX CAyUasX HAaXOJUTCA Kak

Ps = (kl - kmin) pﬂvg/Q’

The k; — a3pOAHHAMHYECKHH KO3(hGDHIMEHT B i-f TOUKE HA NOBEPXHOCTH
3AaHUfA; Ry, — MHHHMAJbHOE 3HA4YeHHe &; I/ LAHHOTO 3JlaHHS.
CyMMapHOe BO3/lefiCTBHE HA 3JlaHH€e CTaTHYeCKOrO H BETPOBOrO JaBJe-
HHH NOJIY4AIOT [IyTeM reOMeTPUYECKOTO CJOXKEHMSs 3MIOP 3THUX JAaBJECHHH.
[Ipumep mocTpoeHHs TakoH cyMMapHOMU 3MIOPH! IPEACTABJIeH Ha puc. 6.9.
B Tex cayuasx, Koraa 3faHHe COCTOHT H3 NOMEIIEHHH Da3IHYHOH
BLICOTHI H CPEJIHsAS TeMIlepaTypa BO3AYyXa B 9THX NOMEIIEHHAX HeOJHHa-
KOBa, 3MIOPHL JaBjeHHil OyAyT uMeTp emie Gojee CHOXKHBIA Xapakrep.
Ha puc. 6.10 npuBesensl smopbl JaBaeHUH /15 JBYXIIPOJETHOTO 31aHHUs
C Pa3NHYHOH BBHICOTOH IpPOJIETOR. 32 YCJOBHBIH HYJb NPHHATA caMas
BEPXHAA TOUKA 3/aHHsi, PACNOJOKEHHas Ha YpOBHe BLITSXKHOH IUAXTH
¢ aedpaektopoM 4. OTBepcTHsl B OTPaXKAAOLIHX KOHCTPYKNHMAX 0603HA-
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 Puc. 6.10. PacuerHas anmopa pAaBJeHHSI OJHONPOJETHOrO
Hexa C NOMeUeHHSMH PAa3JMYHOH BHICOTHI H OJWHAKOBOMH
cpeiieil TemmepaTypod BO3JlyXa B HHX:

1, 2, 5, 6, 7 — Bo3AywHBE TIpoeMBl; 3, 4 — JedyeKTopH

yeHbl HOMepaMH. Ha amiopax BulleseHBl AaBJEHHSI Ha YpOBHE 3THX
orBepcTuil. TemnepaTypa BO3JyXa B IOMeIEHHSIX IMPHHSITA OJLHHAKOBOH
1 Bblile TEMIePaTypbl HApy:KHOTO BO3#VXa. BeTpoBoe jaBieHHe IO
BBHICOTE TOMEINIEHHH Da3/JHYHO, TaK KaK Pas3JHYHbl BeJHYHHBI a3pOJHHa-
MHUeCKHX KoadhoduuuenToB. Ha puc. 6.11 npejcrapienst sMopH JaBAEHHH
C HaBETPEHHOH M 3aBETPEHHOH CTOPOH PA3HOBLICOTHOTO TPEXIPOJETHOTO
sianus. [IpH MX TOCTPOEHHH NPHUHATO, YTO TeMIeparypa BO3AyXa IO
BBICOTE IPOJIETOB NOCTOSIHHA. 3a YCJOBHHIH HYJb NPUHSTO JaBJeHHe
Ha YpOBHEe KpOBJH Haubojee BLICOKOro nposera 2. M36biTouHbIe AaBile-
HUS CHAPYXKHU 3[JaHHUA NPEICTABIAIOT CO00H CyMMY CTaTHYeCKOTO AaBJe-
HH$l, PacCYMTHIBAEMOrO MO YPaBHEHHIO p = (pg — P,) gH,, W AuUHAVH-
YeCKOTO JaBJeHHs BETPa (3aMETHM, YTO PasHOCTb IJIOTHOCTEH BO3LyXa
OnpeJie/IsieTCsi OTHOCHTENBHO MPOJIeTa 2 ¢ HauGosiee BEICOKOH TeMmepa-
TYpoO# H, CJIeI0BaTeIbHO, MHHHMAJBHOM IJIOTHOCTBIO BO3AyXa). Tak Kak
aspoJHHaMHUecKHe KO3(MGHIHEHTH JJs HaBeTPeHHBIX IIOBEPXHOCTEH
nposietoB I U 2 pa3nuuHbl, OyAyT OTJIMYAThCS M JAABJEHHS BETPOBOTO
OTOKA py U pPs. 3HAUEHHs p, A HAPYKHBIX CTOpH mpoJseroB 2 U 3
Mo 3TOH e nmpHuKHe OYAYT OTJIHYHBI APYT OT ApYyra.

Ecnu Temmeparypa B pasJMYHBIX NOMeIIeHUSiX HEOLHHAKOBa, TO BO
BHYTPEHHHX NpOeMaX, COeIHHSIOLINX NMOMeIleHHsl, BO3SHHKAET LHPKYJIs-

P . pdilr
:: _____ t Z>t‘?td>t~ ] _1”05;”,/1/
TERTTTR
v, f— g
— T BT =
= 4 P — B
Lb : fi :E[‘vz — | |, _:_-:1'3 I:%’o
=== el — =T |
)! 5 _J7 P | __ﬂg_‘_.‘ l p‘u"“
"2 908 2) Hipp) g Hylpsp)g HelPupa) g

Puc. 6.11. dmopa nasjeHHs s Pa3HOBBICOTHOrO TPeXnpoJer-
HOro 3JlaHHS C Pa3JTHYHBIMH CPeHHMH TeMNePATYPaMH BO3JyXa
B mpoJerax
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LUs BO34yXa, IOCKOJBbKY CYUIECTBYIOT NEpenajnl JaBJeHHH, onpenessi-
eMble ypaBHeHussMH: gH, (01 — ps); gHs (p3s — 0,). [locTosiHEOE H306H-
TOYHOE JaBjieHHe OyJeT B npoJete 2 ¢ HauGoJee BHICOKOH TeMIepaTypoi
Bo3lyxa. 3zech 3mopa JaBjieHusi uMeer (GOpMy NPSIMOYrOJbHHKA CO
CTOpPOHAMH H,, pg,. DMIOPHl CTATHYECKOTO JaBJEHHUS B npoJerax [ u 3
OyAyT HMeTb QOPMY TpalenHuil ¢ BEpXHUM OCHOBAHHEM pPg; M Pos U HUK-
HEM [po1 + Hy (01 — 02) g1 1 pos + Hs (s — po) g1 cooTBercTBeHHO.

[lepeMeluenne BO3LyXa MeXKIAY TPOJETaMH C PasjUyHO# TeMIepary-
PO JOJKHO GBEITh YUTEHO B pacueTax a’palyy NPH COCTABJEHHH BO3AYLI-
HHIX 6a/qaHCOB TNOMeEIEHU.

6.4. ASPALIHS 3JBAHHA

Aspayueli Ha3bBAIOT OPTaHM30BAHHBIH ECTECTBEHHBIH BO3yX00OMEH
B MOMEIUEHUH WJIH 3JaHMU. JIBHXKYIMMH CHJIAMHU NpPH aspanuu (B OT/IH-
Yhe OT CHCTEM MEXAHHYECKOH BeHTHJ/SLHH) SIBJISIOTCS I'DaBUTAllHOHHBIE
CHJBl U BETPOBOE JaBJIEHHE.
. DKOHOMHYECKHH BBIUTDBILI NPH HCIHO/Ib30BaHHH a3palliy HECOMHEHeH.
Aspanusa nosBosiseT nepeMellaTbh 3HAUHTEJIbHBIE KOJHYECTBA BO3AyXa
6e3 crenHajJbHOrO BEHTHJASIHOHHOTO 000DYAOBaHUS H 0e3 3aTpar 3JeK-
TPUYECKOH SHEPTHU Ha OpraHU3auMIo Bo3fyxoofMeHa. Tak, 1m0 JaHHBIM
[9], ans maroroBieH#ss 1 T NMOKOBOK B KYy3HEUHBIX Iiexax Tpefyercs
nofasatb npuMepHo 100 T BEHTHJIAIHOHHOTO BO3AYyXa IS yAaJeHHus
H30BLITKOB TEMJIOTH H BPeHBIX BellecTs. Mcnpiranus, npopeeHHble B KY3-
HEYHOM lieXe OJHOTO M3 aBTOMOGHJBHBIX 3aBOJOB, MOKAa3aJH, 4TO aspa-
LIHOHHBIE BO31yXOOOMEeHBI B JIETHHH NMepHOJ BPEMEHH COCTaBJSIOT 3/1eCh
1o 3 maH. M%/4. O6ecrieyeHHe TaAKUX BO31YX00OMEHOB CHCTEMOH MeXaHH-
yecKOH BEHTHJISIHH NOTpefoBaso OBl YCTAHOBKH 60 OCEBBIX BEHTHJSA-
TopoB Ne 20 ¢ a/JeKTpoABUTraTe sIMH 06lieli MoutHocThio 850 KBT.

Aspauus ocylecTBAsIeTCs Yepes CIenHanbHO NPeLyCMOTPeHHBIE [po-
€Mbl B HapyXKHBIX OlPAXKIAOIUX KOHCTPYKUMAX 3faHudA. [Ipurountie
a’pallMOHHbIE NIPOeMbl B IIPOMBIIVIEHHBIX 3JdHHSX YCTPAHBAalOT B JABA
sspyca. Huxuuit (na Boicote 0,3-+1,8 M or nosa) Hcnonbsyercst jJisi no-
JaYH HapyKHOTO BO3AyXa B pabouyio 30HY B TEIUIBIH NEPHOJ BpEeMEHU
(IpH TeMIepaType HapyxXHOro Bo3nyXa fy == 10 °C). Bepxumii npex-
HasHaueH ]/ OCYILECTBJEHHs a3palUH B XOJOAHHIH NEepHOJ BPEMEHH.
On pacnosaraercss Ha BLICOTe He MeHee 4,5 M OT ypoBHs TmoJja (npH
BHICOTE TOMelleHHsA Gosee 6 M), ¥ XONOLHEI BO34YX, ONyCKasnCh B pado-
Yyl0 30HY IIOMELIEeHHUs], YClNeBaeT CMeIaTbCsl C TelVILIM BHYTPEHHHM
BO3AyXoM. B kauecTBe NpPUTOYHHIX NPOEMOB HHOTAA HCNOJB3YIOT TaK
HasblBaeMble «a3PaAUUHOHHLIE BOPOTA», PASIABIIKHBIE CTEHH U T. 4. ¥ jaJje-
HHe BO3JyXa OCYWeECTBJsieTCd, KakK TNpPaBHJIO, uYepe3 HesalyBaeMble
aspanyoHHble (oHAPH B BepXHefl 4aCTH 3]aHHS WJIHU BHITSKHbIE LIAXTHL
B nomemenusx cO 3HAUMTEAbHBIMHM TENJOBLIAEIEHHAMH aspauys Ocy-
LIECTBAAETCH KPYTVIOTOAUYHO. PeryiupoBka KoHuecTBa BO3LyXa NPOH3-
BOJHTCS COOTBETCTBYIOIIMM BapbHPOBAHHEM ILIOLIAJH a3palHOHHBIX
NpOeMOB HJIH KO3(P(pUIMEHTOB MECTHHIX CONPOTHBJEHHH IyTeM H3Me-
HEeHHUS CTelleHM HX OTKDHITHA (yria). B 3naHusx ¢ GOJBLIMM YHCJIOM
paboTalolMX Ha 3aKpenJieHHbX paGouuX MecTax, a TaKKe B NOMeIeHHAX
CO 3HAYHTEJIbHBIM TOCTYIVIEHHEM BJArH aspaunMio ycTpPauBalT TOAbKO
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Puc. 6.12. Xapakrep IBHKeHHSI BO3JyXa B 3JaHHH
NPH OCYLIECTBJEHHH aspalu: @ — B TeIUIBIH TepHox
Bpemend (f;> 10°C); 66— B XonogHwii mepuop,
BpEMeHH

] — UCTOYHHK TEIVIOBBbIAeJNEHHHA; 2 — HHXHHHA ApyC NpH-
TOYHBIX 43PAallHOHHBIX IPOEMOB; 3 — BEePXHHH spyc npu-
TOYHBIX A43PAlHOHHLIX TIPOeMOB; 4 — BHITSIKHble a’spalu-
OHHBIE TIpoeMhl (HesafyBaemnie ¢GOHApH)i 5§ — BETPOOTOOH-
HBlE IIHTH! :

B TEIJIBIA MepHof BpeMeHH. B xosopHbIH nepuon BpeMenu (4 << 10 °C),
KaK IpPaBHWJIO, INPHMEHSIOT MEXaHHYeCKYI IPHTOYHYIO BEHTHJ/SILHIO.
Aspanuio He NPUMEHSIOT AJIS NOMEIEHHH C HCKYCCTBEHHBIM KJIHMATOM
(B KOHIMIHOHHPYEMEIX IOMELIEHHAX), TNOCKOJbKY HeNocpeiCcTBEeHHas
CBS3b BO3JYyXa IIOMEIIEHHS C HapPYXHBIM BO3JyXOM TOMHMO CHCTEMBI
KOHIMIHOHUPOBaHUA 3Jech He jomyckderca. He pekoMenpyerca mnpH-
MeHeHHe aspalyii ¥ B IIPOHU3BOJACTBEHHBIX IOMEMIEHHSIX ¢ OOJNbLIMM
KOJTHYEeCTBOM BBIJESIONIUXCS BPeJHBIX BelllecTB (IapoB, Ta30B M IBLIH).
B sTOM ciyuae npHMeHeHHe a3palUM BHI3BANO OBl pacHpoCTpPaHEHHE
BpelHBIX NpUMeceil IO BceMy 00beMy NOMeLIeHHSs, I03TOMY 3/eCh Lie1eco-
00pa3HO YCTPAHBATb CHCTEMY MECTHOH MEXaHHYeCKOH BHITSXKHOH BeH-
THJASIIUM (MeCTHBle OTcOcHl). Takasi cucTema MO3BOJISET TaKKe [POH3-
BECTH OYHCTKY YJaJsieMOro BO3LyXa OT BPELHBLIX BeIeCTB, NpeXAie ueM
BEIGPOCUTBL €r0 B OKDYIKAIOIIYIO Cpery. ,

He pekomeHnayeTcst mpUMeHATh aspallHio U B Cjydae, ecaH KOHIEH-
TpalUs NBUIH H Ta30B B IPUTOYHOM BO3AyXxe npesninaer 30 % npenesnpHO
jonyctuMoit  koHueHnTpanuu Cppx B paGoueit 3ome. Hecobmonenue
3TOr0 TPeGOBAHMA MOXKET NPHBECTH K- POCTY KOHUEHTPALMH BPEJHHIX
razoB, IapoB W NBUIM B paboyell 30He.

Aspanus yacTo NpUMEHseTCst COBMECTHO C CHCTEeMaMH MeXaHHYeCKOH
BEHTHJISILUH, KOTOpasi YCTPAHBAeTCsi HA NOCTOSIHHBIX PabOuyuX MecTax.
Mexannyeckasi BEHTHJISALUS MOXKeT ObITb KaK NPHTOYHOH (BO3AYILHBIE
JIYLIM H 0a3HCHI), TaK H BBITSKHON (MECTHBIE OTCOCHl H YKDPBITHS).

Xapakrep ABHXKEHHS a3pDalMOHHBIX INOTOKOB B JIOMEIIeHHH onpe-
JleIsieTCsl HalM4HeM, KOJIHYeCTBOM M MOIIHOCTBIO HCTOYHHKOB TEMJIOTHI.
Hlag HcTOUHHKOM TemaoTH O6pasyercsi KOHBEKTHBHAst CTPYsi, KOTOpas
yCTpeM/sieTcst BBEDX M IOJCACHIBAET OKPYXKAIOlHe CJI0H BO3LyXa, yBe-
JIMYUBAsACh B o0beMe (pHc. 6.12, a u 6). B BepxHeil 30He NOMeILEHHs BO3-
JlymlHas CTPysl pas/BauBaeTcs: 4acTb ee yJassieTcs uyepe3 BHITSIKHEIE
43paLHOHHBIC HpPOEMEH!, Apyras, — OXJaxJasch Y HapyXHHX GoJee
XOJIOZHBIX OTPaXKAeHHH, ONMyCKaeTCss BHU3 H MOANHUTHIBAET KOHBEKTHBHYIO
CTpYIO. : '
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B HexoTOpBIX MeTOAax pacueTa a’spalHH NPHHHMAETCf, YTO CPEAHss
TeMIepaTypa BO3JyXa IO Bcell BBICOTe MOMELIEHHs NOCTOSIHHA; B JApPY-
THX — TpeANoJarapT TeMlepaTypHOe paccJOeHHe BO3AYyXa [0 BHICOTE.
IIpu 3TOM CUHTAIOT, YTO YACTb BO31yXa, HATPETOro y MCTOYHHKOB TEIJIO-
BblIeJEHNH, YAANseTCs Yepe3 GoHApH, a Apyras — CKalJUBaeTCs B BepX-
Hell 30He noMelleHus, o6pasysl «TeMIOBYIO NOAYLKY». HuxHasag rpanuna
«TETJIOBOH TIOAYIIKH» HA3bIBAETCS «TEMIIEPATYPHBIM TIepeKPHITHEMy, BhIIIe
KOTOPOTO DACIOJIOKEHa 30HAa C TeMIlepaTypoil, PaBHOH TeMIepaType
VXOASIEro BO3AyXa, HHXKE — C TeMIeparypofi EBo3iyxa B paGoued
30He. BricoTa pacnosioXKeHHs «TEMNepaTypHOro MepeKPHITHSA» Olpe-
JeJIsIeTCsl 10 HOMOTPaMMaM WJIH YPaBHEHHAM, [TPHBOAMMBIM B CNIPaBOYHON
aureparype [24].

Pacuer aspauus npepnoJiaraer pelleHHe 3a7ad ABYX THHOB: NpAMOR
win ob6patHo#i. IlpsiMas 3ajaua 3akJsiodaercs B ONpeAeJeHHH MNJOLIaLH
OTKPHTBHIX a3PALHOHHBIX MPUTOYHBIX Fp, M BBRITAXKHBIX Fpy, NPOEMOB
NP 3aQ4HHBIX KOJNHMYECTBAX NPUTOYHOTO Lp, ¥ yAanaeMoro Lpgnr
Bo3nyxa. C HeH CTaJKHBAIOTCH, KaK NPABUJIO, NPH NPOEKTHPOBAHWH
HOBBIX 37aHHH. OHa BOBHHKAeT TaKXKe M B TeX C/JIyyasx, KOrja IJouais
OTKPBIBAIOLIMXCS CBETOBBEIX IPOEMOB YXKe CYIIECTBYIOLIET0 3IaHHA He-
JocTaTo4yHa A/ obecrieyeHus TpeOGveMbiX BO3JyX00OMEHOB H HEOOXOIHUMO
YCTPOUCTBO LONONHUTENbHBIX a3DallMOHHBIX NPOEMOB.

Ob6patHas 3ajaua — onpefleeHre GaKTHUCCKHX BO3LYXOOOMEHOB TIO
H3BECTHBIM IIJIOIAASM NPHTCUHBIX M BBITSKHBIX a3palHOHHBIX MPOEMOB,
Takas 3ajaua BO3HHKaeT IIpH onpeeseHHH 5(pHEeKTHBHOCTH €CTeCTBEH-
HOIl BEHTHJ/ISIIUH B yXKe CYLIECTBYIOUIMX 3LaHHUAX U cOOpyxKeHHAX. IIpH
3TOM H3BeCTHBl Fpy U Fyyp M HYXKHO HaWTH Lyp ¥ Lgy,. OOIEH Lebio
pemeHUst 0O0eHX 3ajay siBJSETCS NEPEyCTPOHCTBO CHCTEMBl aspaluu
TAKHM 006pa3oM, 4ToGbl obecrneuutb ycaoBHE Lgaxr.np = Lpaca. np
H Lgawr. sr = Lpacu. prr. B 060HX caydasx HEH3BECTHO JaBJIeHHe
BO31lyX2 BHYTPH NOMEIUEHHS py; OHO 3aJaeTcs HJIH OHpelessiercs Noj-
60pOM M B3aBHCHT OT BHEIIHEero JaBJeHHs, COOTHOIUEHHs IJIowajiel
NDHTOYHBIX H BHITSXKHBIX a9DalHOHHBIX IIPOEMOB, BO3AYLIHOTO M Tel-
JIOBOrO 04aJ/IaHCOB:

Ean"‘ ZGWI:O;
Quas + 2 G]Ipcptl]p — 2 GBLITCptBbIT =0. ‘

TemnepaTypa NpHTOYHOIO a3paLlHOHHOTIO BO3/lyXa NPUHUMAETCs PaB-
HOU TeMIleparype Hapy:KHOTO BO3Ayxa. TeMneparypa yAajsieMoro BO3-
LyXa (a5p2IHOHHON BBITSXKKH) ONpeaeJasercs PsiAoM (aKTOPOB: 4HC/AOM
HCTOUHHKOB, WX PAacroJOXKeHHeM, TeIJIOHANPSKEHHOCTbIO M BBICOTOH
NOMEIUEeHHsl, DACIOJIOXKEHHEM NPHTOUHBIX H BBITSXKHBIX a3DaLHOHHBIX
npoemos. TemnepaTypa yna/nfeMoro BO3JyXa oNpepensercs, Kak Ipa-
BHJIO, SKCIIePHMEHTaJbHO HJH II0 ypPaBHEHHIO

ty = tH + ({‘p.a - H)/m>

The f, , — TeMIepaTypa BO3JyXa B paGoueH 30He; m — 3MIHPHUECKHH
Ko3(puuKeHT, NPHBOAUMEIH B CIPaBOYHOH JHTepaType.
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B paGore [7] temmepatypy yna/nsieMOro BO3AyXa pPeKOMEHAyercs
PACCUHTHIBAThH 110 BHIPAKEHHIO :

Z(y = tp. 3 + a(h’BbIT - 2)’

/1€ (hpyr — 2) — BHICOTA PACIOJOXKEHHS IEHTPA BBHITSXKHOTO IpoeMa
OTHOCHTEJbHO pafouedl 30HbI (BricOTa padouell 30HB, KAK DPABUJIO, TIPU-
IIUMaeTC PaBHOH Ay 5 = 2 M); a — TPajHeHT TeMIEePaTyphl, SMIUPH-
uecKas BeNHYHHA, TPHHHMAEMas JJIsl TOPAYMX 1eX0B paBHOM 0,8--
1,5 °C Ha Kax/Jblii METpP BBICOTHI IieXa.

TeMHepaTypa 0 BBICOTE TOMELUEHHs OTpefensieTcs Kak cpe;m;m U3
TEMIIEPATYP -YAAJsIeMOTO BO3AYyXa H BO3LyXa B pabouell 30He, T. €.

tn=0,5(tp. 5 + o).

Hast pacyera aspanuy OJHONPOJIETHOTO 3JaHHs HeOGXOLUMEL CJely-
I0LIIHE HCXOJHBIE BEJHUHHBL: BhICOTA H,;; OTMETKH LEHTPOB NPHTOUHBIX
M BBLITSKHBIX a3pallHOHHBIX [POEMOB; CpefHHEe 110 NOBEpXHOCTH IPOEMOB
aspojHHaMuyecKHe Ko3Gh(HIHEHTH k;; KO3(QbUIHEHTH pacxoja WU; HIH
MECTHBIX COMPOTHBJIEHHMH §; KaxKJOrO INpoeMa; KOJHYECTBO BPEJHBIX
npuMecel, BLILEJNAIOUINXCA B TNOMeIIEHHH; TeMrepaTypa HapyXKHOTO
BO3AYXa ly;, TEMmeparypa BO3JyXa B pabouell 30me [, ;; CKOPOCTb U
npeo6aajamlinee HalnpaB/leHHe BeTpa B JAaHHON MeCTHOCTH; pacxoinl
BO31yXa, MOJaBAEMOTO M YIANAEMOro CHCTeMOk MeXaHHUeCKOH BEHTH-
JISIILHH.

Crepyer uMerh B BUAY, YTO NpPH paboTe CUCTEMBI Aa3PAUHUH MOXKET
HMETb MECTO TaK Ha3hbiIBAEMOE «ONPOKH/IBIBAHHE BHITAKKH», KOT/Aa BO3AYII-
Hble TOTOKHM He YJANSTCA Yepe3 BHITSKHBIE aspamHOHHble MPOEMBI,
a, Hao6OpOT, NOCTYNAIT yepe3 HUX. DTO siBJeHHEe NPHUBOJUT K pacnpo-
CTPaHEHMIO BpPEeLHEIX BeIleCTB NO 00beMy INOMEILEHHA H YBEIHUYEHHIO
KOHIIeHTpaln UX B paboueli sone. CrenoBaresbHO, 3TO KpaliHe He-
JKeJaTeNbHOE SABJIEHHE U ero caefyeT usberarb. [lyisi ofecnedeHus yCTO#-
4KBOCTH paGoThl aspalud H MpeloTBpalleHHs «ONpPOKUJABIBAhHS BhI-
TSKKH» CJIELyeT PYKOBOACTBOBATHCS CJENYIOIeH peKOMEeHJalueH: cyM-
MapHasi SKBHBA/ICHTHAs MJIOMa/b NPHTOYHEIX NMPOEMOB Zanqu JOJIKHA
6bith Ha 20--30 % Gosbiue CyMMAapHOH SKBHBAJEHTHOH MJOWIALH BbI-
TSKKH TPoeMOB Y Fgyrllpyr, T. €.

ZanP«np = (1:2 - 1:3) ZFBHTMBBIT'

YKasaHHOe YC/IOBHE HHOTAA (OPMYJIHPYETCs HWHauye — DEKOMEH-
ayercst or 10 n0o 30 % ofiero pacnosnaraemoro nepenana AaBJeHUi
Mexk1y MeCTaMH BXOJa M BHIXOJa BO3/yXa pacXoi0BaTb B NpPHTOYHBHIX,
a ocranpHble 90—70 % mnepemnaga — B BHITSKHBIX a3pallHOHHBIX HPO-

eMax [24], T v
Apﬂp - (0’1_0’3) Appacu;
ApBLIT == (0,9—:‘0,7) Appacn-

[Mopsijiok pelueHUss NPSMOH 3ajauH a’palHy 3JaHHUA: [0 H3BECTHBIM
3HAYeHHsIM /M WM @ PAcCUMTHIBAETCA fy; ONPEIEIATCsS CPeAHsAs
TeMrepatypa BO3AyXa B NMOMEINEHUH H IJOTHOCTH Dy, Py, AP = Py — Pg;
PACCUUTBHIBAIOTCS JaB/JEeHHs Ha YPOBHE Kax/J0ro a’spallMOHHOTO MNpoeMa
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Puc. 6.13. CxeMbl OZHONPOJETHOTO LEXA C NMPHTOYHBIMH H BbI-
THXHBIMH A9DALHOHHBIMH NpOEMaMu: @ — B pa3pe3de; (0 — CBA3H
BHYTpeHHEero H HapyXHOro BO3lyXa H XxeJaeMoe HanpaBJleHne
JABHKEHHS A9PAIHOHHBIX NOTOKOB:

-1, 4 — TNPUTOYHBIE a3PallHOHHBIE TIPOEMEI; 2, 3 ~— BBITSXKHBbIE a3 PAallHOH-
Hble IpOeMbl :

H pacyeTHHle pacnoJsiaraeMble pasHOCTH JaBJeHHH B TNPHTOYHBIX H
BRITSIKHBIX 1npoeMax. Ilo ypaBHeHHMsM . TeNJOBOIG OasnaHca OIpe-
JeNAI0T HeoOXOAMMBble aspallMOHHBEIE BO3AYXO0OMEHBI; COCTABJAITCH
pacueTHBIE CXEMBI CBSI3H BO3JyXa IOMEIEHHS C HapYKHBIM BO3LYXOM
U ONpeleJsIoTCs IJIOMIAAH NPHUTOYHBIX U BBITSXKHBIX IIPOEMOB.

OTMerHM, 4uTO pacuer MNJOMajedl NPOEMOB BLINOJHSETCS IepBOHA-
q9anbpHO JJIs HauGosee HeGIAarompHsITHOTO cJaydass — INpPH OTCYTCTBHH
BeTpa. BrluMCINB N/OUIafH [IPOEMOB, YYHTHIBAIOT AeHCTBHE CKOPOCTHOIY:
JlaBJICHHs] BeTpa H ONpefe/asioT CTelNeHb OTKPHITHA CTBOPOK NPHUTOYHBIX.
M BBITSIKHBIX NPOEMOB C YUETOM BETPOBOTO AaBJjieHHs. MHBIMH cl0BaMi,
ONpEeNeNnsiloT, KaK HYXHO H3MEHHTb KO3(P(PHUIIHEHTHl MECTHOTO COIpO-
THBJICHHSI TIDOEMOB JJ151 obecrieyeHns TpeﬁyeMoro a3paIMOHHOTO BO3LYXO-
o6MeHa NpH JeACTBHU BeTpa.

B mnoMemeHnun — BHIeNsIETCS U3GLITOYHASA  TemJaoTa Qus6
(puc. 6.13, a 1 6) u cymecTByer AefalaHC MEXaHHYECKOH BEHTHJSLHMU
=+ AGyex. Pacuer aspanuy OIpoBOAMTCS B HPHBELEHHOH BHILIE NOCJAEI0BA-
TeJIbHOCTH. YpaBHeHHe GajaHca 110 BO3AYXY AJs JAaHHOTO CJyyasi HMeeT
BH[,

3600F 11ty V2 (Pax — Po) P =+ 3600F 4ty V2 (P — o) P —
— 3600F 3o 1/2 (Po — Pﬂz) Psrrr — 3600F 3131 2 (Po — Pus) Perir =
- AGMex = 0.

B stoMm ypaBHeHHH nepBee ABa 4Yji€HA — aapaI.LI/IOHHbe/'{ [IPpHUTOK,
TpETHPI H quBeprm — a3panHuoHHas BbITAXKKA. I/ICXOJ.‘LH H3 CXeMbl CBA3H
BOB}IYIIIH})IX IIOTOKOB, MOXKHO 3anucaTth cJjaeayrouiee yCJIOBHe

7 (pﬂl, pH4) > Po > (Pnza pH3)’

JJ1s1 TIpEIOTBpALlEHUs] «OTIPOKHUIBIBAHUA BbITAZKKH» '

2 an”np ~ (1,2 1,3) Z FyrirMpie-
Ilpn pacuere aspalHu 3a4acTylo NPHHAMAIOT yc.nosmx cuMMerpuu Fy =

= I'y;, I'g = I3.
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K nepeuHc/ieHHBIM ypABHEHHSIM CaelyeT 106aBHTDH CaAelylollie:
Unp = Lup/(SGOO 2 Fup); Upprr == LBBIT/(3600 2 FBBIT);
puanp = pBLITLBLIT'

Pelenue NpuBeIeHHONH CHCTEMbl ypaBHEHHH

F.—F, — LipPup .
! * 3600ptmp v 20ap [v/ Pax — Po -+ V Pua — Pol '
Fy = Fy = Lpyio0prir

3600151y VQPBBIT [v Po — pro + Vpo — Pus) '

Cucrema pemaercsi nogGopoM MM rpadoaHaIUTHUECKHM METOLOM.
Yio6Ho Ajs 3TOH LenH HCHo/ab3oBaTe DBM.

Pacuer MHOTrONpOJIETHHIX H MHOTO3TaXHbIX 3JaHHA C PAa3IHYHBIM
TENJOBBIM DEXHMOM B OTAEJIbHBIX ITOMEIIEHHAX NpeACTaBasieT co6OH
CJIOXKHYIO HHXKeHepHYIO 3a7a4y, B KOTQpPO# TpebyeTcs pelieHue 6anaHco-
BBIX YpaBHEHHMH TEIJIOTBHl H MAaccChl IJIsl KaxJOIO TNOMEUIeHHs ¥ 3HaHHEe
BHYTPEHHHX a3palHOHHBIX BO3JyXooOMeHOB. Pewenne Takux 3ajavy,
KaK MpaBWJO, HEBO3MOXKHO 6e3 npumeHenns IBM.

6.5. KOHCTPYKTHBHOE O0®OPMJIEHHE
A3PALIHOHHBIX YCTPOWUCTB

[IpuTouHble a’panHOHHBIE TNIPOEMBI CJAYKAaT A/ NOAaYH BO3LyXa
B TIOMelleHHe, pa3MellaTcs, KaK yKe OTMeyasioch, B Ba spyca H npej-
CTaBJASAIOT CO06OH, KaK IpaBHJIO, OTKPHIBAIOUIYIOCS YacTh CBETOBBHIX
npoeMoB (0KOH). B sieTHee BpeMsl HMCIO/b3yeTCst HHXKHAS YacTh OKOHHBIX
npoeMoB. B X0/10fHOe BpeMsi HCIOJb3YeTCS BEepXHSISl 4acTb OKOHHBIX
IIPOEMOB HJIH CIleNHaJbHbIe a’panHoHHBe npoeMbl. Ha puc. 6.14 npu-
BEJleHbl OTJe/bHble THIB KOHCTPYKLUHMH NPHUTOYHBIX NPOEMOB.

[ToxBecka cTBOPOK o6ecleuHBaeT DEryJHPOBKY yIya HX OTKDBITHS
(u3MeHeHHe K03(h(HIHEHTOB MECTHOTO CONPOTHBJEHHS NPOXOAY BO3AYXa)
U 3allMTY OT NONajaHHs B NMOMeIeHHe aTMocdepHHIX ocagkoB. Koaddu-
LIMeHTBl MECTHOTO CONPOTHBJIEHHS HEKOTOPBIX THIOB a3palHOHHBIX
poeMOB IpHBefeHH B Taba. 6.1.

Yananenue BO34yXa M3 NOMELIEHHS] OCYLIECTBJSIETCS Yepe3 BePXHIOK
YacThb OKOHHBIX IIPOEMOB, He3ajyBaeMble aspalHOHHblE (OHApH HJIH
BHITSI)KHBIE IAXThl, CHaGKeHHblE AeuIeKTOpaMH.

a) J) 8) YR )]
Puc. 6.14. KOHCTPYKUHSI NPHTOUHBIX A3PALMOH-
HBIX TNPOEMOB: 4 — CTBOPKH B OKHE C JABOHHBIM
OCTEKJCHHEM JIAS TOJAYM BO3AYXA HENOCPEACTBEH -
HO B paGouyld 30HY mNOMELIEHHS B  TeIlIblit
NepHOX BpeMeHH (HHMXHHH SPYC Aa3pAaLHOHHBIX
npoeMoB); 6 — TO Xe, AJis NOAAYH BO3LyXa B BepX-
HIOI0 30HY TOMELIEHHS B XOJOJHbIH NepHon Bpe-
MeHH (BepxHHHl fpyc aspallHOHHBIX NPOEMOB); _
6 — NMPUTOYHbIH A9PAUMOHHBIA NPOEM B OKHE C OJMHAPHBIM OCTeKJeHHeM; 2 H_ 0 —
BepXHENOABeCHass M CPEJHENONBECHAsl CTBOPKH
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Ta6auna 6.1
KoadpHUHeATH MECTHOTO CONPOTHBJEHHS MPHTOUHBIX A3PALUMOHHBKIX MPOEMOB

3HageHHs § mpu yrae
Tun cTBOpKH Kog;;gg}gwﬂ hyb OTKPBITHS (&,
15 30 45 60 90
OnuHapHasi BepXHEMoi- +E 8,5 :2)’82 g:g 2’2 g’g g’g
Bechas jy 1 |16 |57 ]|37]31 ]| —
27
o
OpunapHas CpefHenoA- 7S 0 59 13,6 [ 6,6 3,2 2,7
BecHas ' 1E I | 453|111 ] 52 | 32 | 2.4
'R
Y
JIBofinasi BepXHenoaBec- J '_g ' 0,5| 30,8 | 9,8 5,2 3,5 2,4
Hasg HH 1 1481 49 | 38 | 3,0 | 2,4
('3 ..A./.. \
AsparnHoHHbIE BOPOTA — — — —_ - — 2,4

AhdheKTHBHOCTL PaGOTHl He3anyBaeMoro oHaps OCHOBaHAa Ha TOM,
YTO BETPOOTGOHHLIE ‘LIUTH O6PasylOT B 30HE PACHOJOXKEHHS BBITSAMXKHBIX
a3palHOHHBIX TNIPOEMOB paspexkeHHe, KOTOpOe INPeNOTBpAlldeT  «Onpo-
KHALIBAHHE BBITSIKKH» M CO31aeT YCTOHYUBYIO TATY, CHOCOGCTBYSA JY4-
IeMy yaajeHHio Bosiyxa. Ilpocrefimell KOHCTpYKIHeH He3alyBaeMOro
doHaps siBasieTcss GOHAPb ¢ BETPOOTCGOHHBLIMH LIMTAMH, CXeMa PaGoTH
KOTODOTO IpeAcTaBJjeHa Ha pHc. 6.15. YcoBepuieHCTBOBaHHBIE HE3alyBa-
eMbie (OHapu, IPHMEHsieMble B HacTosfllee BpeMdA, INPEICTABJIEHLl Ha
puc. 6.16, rne A — wmmpuHa npoema; L — paccTosiHHe OT Kajo3el
J0 OTPaKIEHHsi; o — YTOJ PAcKpPLITUSl CTBOPOK; h — BHICOTa (hOHAPA.
KosuuueHTsl MECTHHIX CONpOTUBJEHWH § NpPOEMOB He3aJyBaeMbiX
douapeit npuBeneHbl B Taba. 6.2 (KO3(dHIMEHT MECTHOTO CONpPOTHBJE-
HHSL § cBsiaH ¢ KO3(Q(HUUUEHTOM pacxoja COOTHOmeHHeM p = §0-5),

AspannoHHasi BBHITAXKKAa MOXeT ObIThb OPraHH30BaHA TaKXKe uepes
BLITSDKHbIE LIAXTHI, CHAGXKeHHBIE 30HTOM WM JeduiekTopoM. B saBucu-
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Vs . ®|6 ZI/

g AR

Puc. 6.15. Hesapysaemnlit donapn ¢ Be-
TPOOTGOMHBIMH HHTAMH:

1 —\nepeprn'ue doHaps; 2 — CTBOPKA BHI-
TAXKHOrO Npoema; 3 — BeTPOOTGOHHBHIR ILHHT
(P — 30Ha TOBHIUEHHOrO AaBJeHUA; O —
30HA Ppas3pexeHHs)

Puc. 6.16. Cxema YyCOBepIIEHCTBOBAH-

HbIX He3ajyBaeMbiX (oHapeit: -
a — kouctpykuun  KTHC; 6 — I1-06- | e— IS —_
pasHOro ¢ BETPO3ALMTHLIMH LIHTAMH; M b

8 — 1IeJeBOro L |

Ta6nuua 6.2

KOo3)HUHEHTH MECTHOTO CONPOTHBJIEHHN BBHITSMHBLIX A3PAUHOHHHX NPOEMOB:

Tun donaps A/h L/h o, ° 13
BuirsxkHoit (puc. 6.16, a) 4 1,1 40 4,3
Iputounniit Il-o6pasHmii Ge3 BeTpoOTGOM- 33 35 35 12,2
HBIX 1HTOB (puc. 6.16, 6) ’ . 70 6
e ., " 35 8,9
BruitsikHoit I1-06pasHriii 6e3 BeTpooTGOMHBIX 33 __ 45 59
mutoB (puc. 6.16,-6) ’ 55 38
35 11,5
Britaxsoll IT-06pasubiil ¢ BeTpoOTOOHHBIMH 33 1.5 45 9,2
mutamMi (puc. 6.16, 6) ’ ? 55 7,1
70 5,8
" . 36 9,4
BriTsxkHoft TT-06pasHblii ¢ BeTpoOT6OHHEIMH 3.3 9 15 6.2
muTamu (puc. 6.16, 6) ’ 55 51
’ 45 4,3
BritsikHO# 1meneBofi (puc. 6.16, 6) — — 75 3,0
90 2,8
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Puc. 6.17. Cxema paeduiektopa:

I — yctbe mwaxTte; 2 — Auddysop; 3 — —

Kopnyc; 4 — KphlIKa vaop = f(?5) IS pPasNUUHBLIX KOH-
CTPyKUHH JdeduekTopos:
I — Kpyrabifi; 2 — KBafpaTHbIH;
3 — 3Be3J1006pasHbIfl

Puc. 6.18. 3aBucumocTh p =

MOCTH OT HA3HAUeHHs 3[aHHA, TEXHOJOTHH NPOH3BOACTBA, NApaMeTpoB
BHYTPEHHET0 H HapyXKHOTO BO3JyXad WAXTHl MOr'yT OHTb yTeN/JeHHBIMH
WIH HeyTeIJIEHHBIMH, pasJH4aTbcs IO (OpMe CedyeHHd, MaTepHanly
U3rOTOBJEHHS, BHICOTE H T. J. [IMHaMuueckoe BO3AelcTBMe BeTpa B pAfe
C/yuaeB yXyAmaer paGoTy BHITSKHBIX WAXT H JaKe 3a1yBaeT YIaJsieMblil
BO3JYX BHYTDPb NOMeLIeHHs. DTO XapaKTEpHO AJisi TIOMeIeHHs C He3Ha-
YHTebHBIMH TEIJVIOBLIAEIEHUAMH U pacxojaMH Bosayxa. (B xauectse
npuMepa MOXHO NpPHBECTH CJAy4YaH HENOCTATOYHOH TATH BO3AyXa INpH
HCIOJb30BAHUM TI€YHOTO oToivieHus.) s obecneyeHHsl YCTOHUHBOH
BLITSI2KKH IIpH JIOCOM HanpabJeHUH Berpa 3(QPeKTUBHBIM YCTPOHCTBOM
ca1yKuT gedaekrop. OH Hamesa MHMPOKOe NpUMEHEHHe Ha TPAHCHOPTHBIX
cpelcTBaX, B XMWJIBIX H OOLIeCTBEHHBIX 3JaHHfAX, Ha MNPEANPHATHAX
pPasIHYHBLIX OTpacjell mpoMbluuieHHOCcTH. CxeMma Jeduiekropa, paspa6o-
tanHoro 1IATH, u npuuunun ero pa6oThl nmokasaHs Ha puc. 6.17. Tlpu
J1060M Hanpas/JeHHH Betpa LedJeKTOphl 0fecleuHBaloT YCTOHUYHBYIO
30HY pa3perkeHUs B yCTbe BHITAXKHOH IIAXTHl H, TaKHM o6pa3oM, Hempe-
PHIBHYIO H 3(heKTHBHYI0 paGoTy BHITSKHBIX YCTPOHCTB. DhPeKTHBHOCTD
pa6othl nedexkTopa onpejensieTcsi ero GOpMoi, BHICOTOH pacloNOXKeHHst
1 CKOpPOCThIO BeTpa. Uem Gosbliiee CONMPOTHBJIEHHE OKa3blBaeT AedIeKTop
MOTOKY OOTEeKaIolero ero Bo3ayxa, TeM GoJIbliee paspekeHHe CO3haercs
B YCTbe BBITSXKHOH 1IaXTH — pacTpybe nedaekropa. C 3TOft TOUKH 3pe-
HUs Hautosee 3(pdeKTUBHHIMH KOHCTPYKUHAMHU AedIeKTOPOB HNOJKHBI
OLITh Te, KOTOPhle HMEIOT HeyRoSoo6TekaeMyto ¢OpMy Kopuyca — MpsMO-
YrOJNBHYIO, KBajApaTHYIO, 3Be3j006pasnylo. HauGoapliee xe pacmpo-
CTpPaHeHHe NOJYYHJIH AedIeKTOPH ¢ KPYIJIBIM KOPIYcOM, YTO 06YCo-
BJIEHO NPOCTOTOH MX M3TOTOBJEHHSI H MEHBLIHM BJHAHHEM HalpaB/eHHA
BeTpa Ha CO3JaBaeMOe pa3peikeHue.

3aBHCHMOCTH OTHOCHTENBHOTO paspelkeHHs, CO31aBaeMoro Jneduek-
TOpPAMH Pa3JUYHLIX THIIOB B 3aBHCHMOCTH OT OTHOCHTEJIbHOH CKOPOCTH
JBHXKeHHs Bo3jgyxa B jeduexTope, mpuBeleHbl Ha puc. 6.18. Tlo ocu
OpJAHMHAT OTJIOKEHO OTHOLIEHHE pPaspexkeHHus, CO34aBaeMoro AedaeKTopoM
Pn> K AMHAMUYECKOMY JABJICHHIO BETPA py; 110 OCH abCLHCC — OTHOLIeHHE
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Puc. 6.19. K npumepy 6.1

CKOPOCTH BO3yXa B AeduieKTope v; K CKOPOCTH BeTpa Uz. [1o H3BecTHOMH
CKOPOCTH BeTpa Uy OIpeessioT AHHAMHYECKOE JaBJieHHe, CO3/aBaeMoe
UM, ps = puUs/2. 3aTeM 3a1aloTCsl CKOPOCTBIO JABHKEHHS BO3LyXa B Na-
TpyOKe nediekropa vy = (0,2--0,4) vy ¥ 1O rpaduKy HaXOAAT BeJIH-
YHHY P, O KOTOPOH ONpeNeNsIoT paspexeHHe, cosfaBaeMoe JedleKTo-
poM, S ,
Pr= PPs = PPavz/2.
ITpousBoauTeIbHOCTD neqmex'ropa npu juaMerpe ero natpybka dy
6yaer paBHa

d?
Ly = 36000, A& =

50sd3.

Pacniosiaraemoe aBJeHHe IPU pacueTe BHITSKHBIX [AXT, CHAGKEHHBIX
NeIEKTOPAMH, OTpENeNsieTcs N0 BbIPAXKEHHIO

Apm = po — P
rue p0 — JlaBJIEHHE B HOMemeHHn onpeneasieMoe IO -€ro BosllyI.UHOMy
GajaHcy mpu pacuere aspanuH.

TMpumep 6.1. Paccunrate aspauuio om-tonponemoro 3;1amm nexa TepMH‘leCKOH obpa-
GoTKu (puc. 6.19, @) npu CaeRyIOMHX YCIOBHAX: TEMVIOBLIENEHUS B LleXe COCTaBJISIOT
Q = 1400 KBT, TeMIepaTypa BO3LyXa B paboueil 30He fp, 5 = 24 °C; xosdduunuent m,
YUHTHIBAIOIIKK JOMIO TEMVIOTH, HAYLLYIO Ha NOAOTPEB sosnyxa B paﬁoqeﬁ 30He IOMelle-
HUA OT O6IIKX Tem/10BbijeneHuil, m = 0,65; TeMnepatypa HapyKHOFG Bo3AyXa g = 17 °C;
cxopocn; BeTpa Up = 3,5 M/C aspO/HHAMHYECKHEe KOPHIHEHTH ky = 40,8; kg =

= kg = —0,4; ky = —0,39. Hpmovmou CHCTEMON MeXaHWYEeCKOH BEHTHJSLHH IOJAETCS
BO3LYX B KOJHUECTBE Gn = 35000 kr/u c-Temnepatypoll inp = 18 °C, BHITAXKHOH CH-
CTeMOH MeXaHHUYecKof BeHTHJIﬂIlHH yaansercss Ggpy = 300 000 kr/u BO3ZyXa C TeMme-
patypoli gy paBHOK TemnepaType B paGoueit 30He.

Pemenne. Cxema cBA3eff HapyXKHOrO BO3AyXa C BHYTPEHHHM TNpHBEJeHAa Ha
puc. 6.19, a. Ilpeanonaraercs, u1o uepes a9PALKOHHbIE NIPOEMBI I ¥4, 1eHTPH KOTOPHIX
pacnosoxensl Ha BeicoTe 1,4 M, HapyXHBH BOSAYX GyJ€T Ncc1ynaTe B NOMEINEHUE 1eXa,
a yepes npoemel 2 H 3 — Ha ypoBHe 10 M BO3AYX M3 NOMelenus CyAeT YAaNATLCH B aT-
Mocpepy.

Paccuuraem TemnepaTypy y,uamemoro H3 TIOMeUIeHHs BO3AYyXa

17 oc
ty_tﬂ+—m— = 17+—-()’T=27,8

Cpelnsisi 1O BHICOTe MOMEILEHHs TeMIepaTypa BO3LyXa
t5=0,5 (fp, 5+ ty) = 0,5 (24 + 27,8) = 25,9°C.
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OnpejensieM TMJIOTHOCTH BO3AyXa NpM TeMnepaTypax fy, fy, !5 [O YpPaBHEHHIO

p__'__§%f v py= 1,174 xr/M3; pg=pp= 1,217 xr/mM3, py=1,181 kr/m3.

PaccunrtaeM- BHayane njaomany aspaunoHHBIX IPOEMOB AJs Hanbosee «TAKEIOTO»
pPexXuMa paﬁOTbI CHCTEMbl a3pallud — INPH OTCYTCTBHH BeIpa.

ﬂaBﬂeHHﬂ Ha ypOBHE CepelHHBl KaxKJ0ro u3 a’palHOHHBIX NMPOEMOB ONpPENENHM,
inil'olﬂB 3a yCﬂOBHbIﬁ HyJb JaBJE€HHE HA CepeHHE BEPXHUX IPOEMOB C OTMETKOH A =
= M, :

P1= Py = (pu — Pg) & (hs — k1) = (1,217 — 1,181) 9,81 (10,0 — 1,4) = 3,04 Ila;
py=ps=0.

Halizem neoGXonnMble aspallHOHHblE PacXOAbl, HCXOAS M3 ypaBHeHHH TemyoBOra
GanaHca u GanaHca Macchl BO3JyXa NOMEIIEHHS (C YYeTOM MeXaHHYeCKOH BEeHTWISLHH):
MaccoBBIl PacXoj BO3AYyXa, YHaJsieMOTO uYepe3 a3pallMOHHble [POEMBI

» Q- Gupcp (fnp — ty) — GpriaCp (fouar — tu)
Gy = —
cp (ty —ty)

14oo+§’—2%%-1 (18-17)—?%880-1 (24 — 17)

1(27,8—17) i

_ 1400+ 91,328— 583,33 _ 76,52 xr/c;

KOJIH4E€CTBO BO3AyXa, MNpPOXOAfAINEro 4epe3 [PHTOYHBIE aspallHOHHbIE ITPOEMHI.

300000 35000
Gy = Gy + Gy — Gnp = 76,52 + 3600 3600

= 76,52 -+ 83,33 — 9,72 = 150,13 kr/c.
anMeM CHMﬁeTpHQHoe pacno.nox(eﬂne anTO‘lHHX H BBLITAXKHBEIX aspauuounblx
'npoeMOB, TOrja IJiomaau HpoeMOB onpeneﬂﬂ'rca:
G _ Gy
2V 205 (P —Po) ~ 28u (2pn)'72 (pr— po)'/? |
G (1)
2uy (209)'7% (po — po)'/%

B KauecTBe NPHTOUHHX a3PAllHOBHEIX NPOEMOB NPHHHMaeM CTBOPKH JBOHHLIE BepX-
HenoJBeCHHe ¢ OTHOLIeHHeM h/b = 0,5 u yraom oTkphTus o = €0° (1a6a. 6.1). Koag-
-UILHEHT MEeCTHOTO CONpPOTHBJ/IEHUS JJISl HHX En = 3,5; koadduunent pacxopa

By =E;0% =053

F1=F4=

F2=F3=

Buraxune aspanuornbie npoemul — I1-c6pasHbie BhITSXMHBle (OHapH C BETPOOT-
GOMHLIMH MMTAMH C YIVIOM OTKpHTHS o= 70° (126a1. 6.2); ans HEX &y = 5,8; Py =
=320 =0,42.

Us YCJIOBHA HEJONYCTHMOCTH «ONMPOKHABIBAHNSA BHITAXKKH» HMEEM!:

(F1+ Fo) pn = a (Fa+ Fs) uy;
2F iy = 2aFop . @)
INpuHumaem a = 1,3.
B ypaBHenuu (1) HeusBeCTHOH BeJMUHHOH sABJsieTcsl JaBjleHHE BO3LyXa B MOMe-
WEHHH Pg. v
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ecTHOe petuenve ypastennit (1) u (2) naer:
Gy 1,3Gy ‘ 150,13 _
1/2 (p p0)1/2 1/2 (p —p )1/2 1,2171/2 (3’04_170)1/2
- 1,3-76,52 )
1,174172 (py — 0)1/2°

Pewas 310 ypaBHeHe, nonyuaem py = 0,95 INa. Otciona niomans ceyeHus 1pPHTOY:
HBIX a9PALHOHHEIX NPOEMOB (C OAHOH CTOPOHHI 3JaHHUS)

150,13
2.0,53 (2-1,217)1/2 (3,04 — 0,95)!/2

O6mas MIomanh cedeHHs IPHTOUHBIX Npoemos F o6, Hbm= 125,6 M%. Onpegensiem
NJI0IA/lb CEYeHHS BHITSKHBIX NPOEMOB

Fl:F4:

= 62,8 m2.

F2=F3=‘ 76’5122 172 = 61 m2.
- 2.0,42(2-1,174)172 (0,95)!/

O6mas niomafb CeYeHH BHITAXKHEIX a3PalHOHHBIX NPOEeMOB Fogyy. ppr = 122 M2

U3 ypasHeHHns (2) HAXONuM @ = %‘? 1,299 ~ 1,3, uTo coBmnajaer ¢ npu-

HSTBIM 3HAUYeHHEM.
PaccuutaeM Tenepb HEOGXOAUMEIE NJOMAZH KHBOTO CeUeHHS a’pALMOHHBIX MpOe-
MOB, €ClM CKODOCTb BeTpa Uy = 3,5 M/c, APYyTHMH C/I0OBaMH, ONpeeIHM, KaK HYXHO
H3MEeHHTb MJIOMaNH NPOEeMOB NIPH BeTpe, YTOGH a3paiHOHHbIE NMPUTOK H BHITAXKKA OCTa-
JIMCh HEH3MEeHHBIMH.
OrnpegensieM RaBleHHS Ha YPOBHe CepefHHHI aspallHOHHBIX MPOEMOB C Y4YeTOM HO-
MOMHUTEJBHOTO JaBJeHHS, cosnaaaemoro BETPOM

Pl =y — ko) 2 "+<pn—pg)g(h2—h)—
= (0,8—]»0,4)%—{— 3,04 = 11,98 Ila;
pi = (—0,39 +0,4) 1—2-1—7723—52 + 3,04 = 3,11 Ta;
pa=ps=0.

3anuimeM ypaBHeHHe GajnaHca BO3LYLUIHHIX NOTOKOB B MOMEUIEHHH
Fipy V' 20m (py — po) + FittaV 200 (ps — po) — Fipta V 20y (po — p2) —
— Fgug Vm + AGyex = 0,
rie AGMe‘x — pefanaHc MeXaHHYeCKOH BEHTHJSILHH,
AGyex = Gpp — Gppr = 35000 — 300 000 = —265 000 kr/u = —73,61 kr/c.
Hast ofecneuenusi ycTodunBOCTH paGoThi aspauun Fip; + Fipy = a (Fipy 4 Fipo).

Ipeo6pasyem ypaBHeHue GallaHCa C Y4eTOM I[OC/IEAHErO BblpaXKeHus, NPHHHMAs

BO BHHMaHHe paBeHCTBO KOS(I)Q)HU.HGHTOB pacxona NpUTOYHBIX U BHITAXKHBIX a3pallHOHHBLIX
npoeMOB COOTBETCTBEHHO

= g = Pg; Wo = iz = Wy,
a TakXe B CHIy NpHHATOH cHMMerpuu Fi= Fy u F; = Fj -

Fin o) [(p] — po)'*2 + (0 — po)'"*] —
—Fluy .(297)1/2 (0o — £)'* 4 (po— p3)' ] = — AGyex.
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PasgennB ofe uacTn paBeHCTBa Ha BeJIMYHHY adPalMOHHOTO NPHTOKA

Gn = Fipn 20m)' [(p; — po) 2 + (i — po)'7%1,
NoJNYy4YuM

L (ﬁv_)‘” (Po =P+ (po—pp)'? __ AGuex |
@ \eal (ol —p"? + (P — o) Ga

IMonaras, xak 6buI0 MPHHATO paHee, a == 1,3, MOJACTaB/IseM M3BECTHbIE BEJHYHHBI
B MOCJEeAHee BhIpaKEHHe )

1_L<1,174>1/2 (Po—0'""+ (pp—0'" 73,6l
1,3\1,217 (11,98 — po)172 4 (3,11 — py)1/? - 150,13 °
Briuucass, HaXoaum ‘

2;)6/2

= 0,675.
(11,98 — pg) '/ + (3,11 — py) /2
Byaem pemarsb NOJy4eHHbIE y‘naBHeme MeTofioM mnozp6opa. [laBieHue BO3AyXa
B TIOMEIeHHH ONpeJeqHTCs, OUeBHAHO, H3 YCJIOBHA pg > py > 0.
Ipuuumasn py = 2 Hd HMeeM

21/2

= 0,67 < 0,675.
(11,98 —2 0)1/2-1- @G.11—2)2
I’Ipmmn Po = 2, 1 Ma, TOJTYYHM -
o 11/2 )
22,1 — 0,698 > 0,675.

(11,98 — 2,172 - (3,11 — 2,1)1/2

Unrepnonupys, HaxomuM py = 2,02 Ila.

Jlaﬂee onpejeasieM NaoOmMaAH KHUBOTO CEUEHHUA a3pallMOHHBIX TNPOEMOB:

1) npuTouHBIX

Fi=Fj = - 150,13 _— — 43,23 w¥;
0, 53(2 1,217)1 2 [(11,98 — 2,021/ + (3,11 — 2,02)'/7]

Foﬁm. OpuT = 86,46 m?;

2) BHITSKHBIX
Ff=Fj= 10,52 = 41,83 WY
0,42 (2-1,174)172 12,02 — 0)!/2 + (2,02 — 0)!/?]

F o6, npur= 83,66 »2.

Takum 0o6pa3oM, npu BO3ZEHCTBHH BETPA 4YaCTb NPHUTOUHBIX M BHITAXKHLIX aspa-
IIMOHHBIX TIPOEMOB /1S o6ecriedeHHsI TpeGyeMbIX PacX0L0B BO3YXa AOMKHa GHITh 3aKphITa:
' AF ypar = 125,6 — 86,46 = 39,14 M%
AF ggar = 122 — 83,66 = 38,34 m>.
ITpoBepuM, COOTBETCTBYET JIM NMPHHATOE 3HAYEHHE @ PACUETHOMY:
_2-43,23.0,53 1,304
2-0,42-41,83 — T
OTMernM B 3aK/IIOUEHHe, UTO AHAJOTHUHBIA Pe3yJbTAT MOXKeT GBITH NOCTHTHYT Ge3
H3MeHeHHA MJIOMALH XKHBOTO CeYeHHs aSPalHOHHEIX NPOEMOB, TOJbKO 3a CYeT yMeHblile-
HHUA HX K03p(dHIHEHTOB pacxoja HJIH, YTO TO e CaMoe — YBeJHuYeHHs KO3(DPHIHEHTOB
MECTHOTO COMpOTHBJICHHS NYTeM MPHKPLITHS CTBOPOK a9PaUHOHHEIX NPOEMOB (u3meHe-
HUSL yIJIa @ [POEMOB).
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Puc. 6.20. K npumepy 6.2

OnpefennM cTeneHb NPHKPHITHS npoeMoB. KoadduuuenT pacxona

, G
W= . o

Fy 20" [(0] — p)"? + (i — p)' 7?1 —
B 150,13

T 62,8(2-1,217)1/2 [(11,98 — 2,02)!/2 - (3,11 — 2,02)'/%]
Koa¢dHuneHT MECTHOTO COMPOTHBJIEHUS NPHTOYHOIO NpoeMa
g =u2=0, 365'2=7 51.

W3 Tabx. 6.1, unTepnosupys, HaXOLuM, 410 YroJl OTKPLITHSI CTBOPOK IPHTOYHBIX
1POeMOB JIOJI2KeH 6b1Tb o = 34°

KoatduuuenT pacxoia BbITAKHBIX aapauuoaﬂmx (onapeit

_ Gy : -~ 76,52

Py 209 P L(po — P2 4 (o — p3)' 2l 2:61 (2:1,174)1/2.2,02'/2
KostduiueHT MeCTHOTO CONpPOTHBACHHS ’

= 0,365.

= 0,288, -

g, =, =12,06.

‘To ta6i. 6.2 Haxoxum Yrol OTKpHITHS CTBOPOK (oHaps o = 33°.

Taxum 06pa30M OTKpbIBasi CTBOPKH NPHTOYHOIO MpoeMa Ha yroj o = 34 a do-
Hapu Ha 33°, MOXHO 06eCleuuTb 3ajaHHble adPALHOHHbIE PAaCXOAE BO3AYyXa, He HSMeHﬂﬂ
o6meli IVIOmMAAK MHBOI'O CEYEHHS MPOEMOB.

ITpoBepsiem 3HaueHHe a:

62,8-0,365

QZWS—-: 1,304.

O6a criocoGa UaMeHEHHsT SKBHBAJIEHTHBIX MJOMWaJiel MOTYT GBITh MCIOJb3OBAaHH AJst
PEryJIMpOBaHHUs a’palluOHHBIX BO3JyXOOGMEHOB.

Npumep 6.2. Paccunrats aspanuio TpexmposeTHOro 3JaHis IS TeIJIOro. nepHoAa
TO/la IPH CAeAYIOMUX YCAOBUAX: CTPOHTENbHBIE 06beMbl 1poaeToB Vi = Virp= 20 000 M3;
Vir = 43 000 M®; TensiousGBITKH OT TeXHOJOTMUeCKOro o6opynoeanmns Qp= 350 xBrt;
Q1 = 2500 KBT Qrrr = 320 xBrt; xoapdunments my = 0,47, miyj= 0,16; my1 =
= 0,47, nJomann npoeMoB MexAay nposeramu Fg = Fg = 100 w2, BricoTh pacmoJioxe-

HHSI u,eHTpos a3PALHOHHEIX NIPOEMOB NPHBEJCHE Ha PHC. 6. 20 a. TemnepaTypa HapyxX-
HOTO BO3ayXa fy = 20°C.

Pewenue. PaccuuThBaeM TEIOHANPAKEHHOCT NposteTos ¢ = Q/V:
350-103 2500-103

=T90000 3, = = M3+
g 20 000 17,5 BT/M ’ qII 43000 58113 Br/M3;
_320-108 \
dii1 = 50000 — 16 Br/m3.
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CrnenoBaTennpHO, B npoterax [ u [/ TenyIoHanps:KeHHOCTb HeBEJHKa (MeHee
20 Br/w?), a B nomewenuu // — suauutensna. C yueroM 9TOro ZONYCTHMAs 1O CAHMTAp-
HEIM HODMaM TeMIepaTypa B 3THX NpPOJNeTax ONpPeieJsiercsi COOTBETCTBEHHO [24]:

tp. sp =t + Abpoy =204+ 3=23°C; tp. s =204 5=25°C;
tp. s =20 + 3 =23°C.

TeMﬁépaTypa ynausiemoro u3 / u /1] nposeros Bo3RyXa

tp.a— b
ty=tu+ L3
23— 20 o
tyl = 20+——6,~_4_7— = 26,4 °C; tYlIl = 26,4 °C.

ITockosbKy aspallHOHHEIA NMPHTOK B mposer // ocywlecTsasieTcss B3 paGoveil 30HHI
nposeto I u ///, TeMnepaTypa yXoAslIero BO3ZyXa B HeM.ONpeAeaseTCs BbIpaXKeHHeM
, ; )

—
— 20 AL § O 25 —
tYu =l + myy =2+ 0,16

3 35,5 °C.

CpenHHe MO BHICOTE NpOJETOB TeMIepaTyphl BO3AyXa:
ta =0,5 (tp. 5 +ty) = 0.5 (23 26,4) = 24,7 °C.

tayp = 0,5 (25 + 35,5) = 80,25 °C; tp; = 24,7 °C.
[lroTHOCTD BO3ZyXa NPH COOTBETCTBYIOWIMX TeMIepaTypax

Pu = Pnp = Puppp = 7 = BF0 1,204 KI'/Ma;V

Pr;p = Popyp = 1,186 xr/m3; Py =Py = 1,179 kr/m3;
Py = Pp. ap = Pp. appp = 1,193 kr/m3; Pspp = 1,164 Kr/ms; Pyr = 1,144 xr/m8.

[lpuHnMaeM 3a YCJOBHBHII HYJb JaBjieHHe HA YPOBHE LEHTPOB a3pallHOHHBIX Npoe-
MoB 4 H 5. Onpefennm RaBieHHe C HAapYKHBIX CTOPOH 3AaHHSA Ha YPOBHe IEHTPOB a’pa-
LHOHHBIX NPOEMOB (pacueT BHIOMHSIeM A5 HanGoIee He6AarONPHATHOIO PexXHMa PaGoThl
CHCTEMbI a3palHH, COOTBETCTBYIOLIETO OTCYTCTBHIO BeTpa):

p1= (hs— hy) (P — pogy) € = (18,0 — 2,0) (1,204 — 1,164) 9,81 = 6,28 TTa;
P2 = (hs— h3) (on — Pry;) € = (18,0 — 8,0) (1,204 — 1,164) 9,81 = 3,92 Ma;
Pa=ps=0; p;=py=23,92 Ia; py=p; = 6,28 Ila

(3aMeTHM, 4TO 3JeCh B KadeCTBe PACYeTHOH IJIOTHOCTH BO3JAYXa B NMOMEIIEHHH BHIOpaHa
IJIOTHOCTh TNPH TeMnepaType B npoJete [/, rlie cpefHsisi TeMnepaTypa BO3AyXa Bblille,
YeM B OCTaJIbHHIX). )

. Cxema cBfi3efl BO3LYyXa NOMEIlEHWH M HAapPYKHOTO BO3ZyXa npHBeJeHa Ha
pHc. 6.20, 6. s ofecrieueHust aspauun BO3fyXa B npoeme / Heo6X0AuMO, 4TOGH RaBJe-
HHe BO3AYXa B MOMELIEHHH Po; OblIO MeHbIUe py U Goablie Py, T. €. Py > Poy >~ P2 Jas-

JIeHHe BHYTDPH [OMEIMISHHUS M3MEHSeIcsi OT BEIWYHHH Doy Ha YPOBHe LeHTpa mpoema 2
10 por+ (he — hy) (Pe;—Psy;) & Hast obecneveHHs yCTOHUMBOCTH a9palHH B IOMe-
HIeHHH NIPK @ = 1,3 Heo6XOAHMO BHIZEDPKATb YC/IOBHE

@ Apupn = Apypy
WIH

Apy = 0,59 Ap, L.
pHI ’
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¢ Apyroft CTOPOHHI, .
Apy = py—[po; + (ha — h1) (Pe; — Pry) &1 APz = Poy — p,.

Pemasg cosmecTHO TPH MNOC/JAeJHUX YypaBHEHHS, HaXOAHM

Pyr - ‘
0,59 (po; — P2) p,,I = pr— Poy — (ks — h1} (Po; — Payy) &
1 o
OTKyZla

. 0,578p, + py — (s — 1) (pBI - pBII) g _

Poy = 1,578 a
. 0,578:3,92 46,28 — (8,0 —2,0) (1,186 —1,164)9,81 _ , o [y,
= 1,578 o '

OueBHAHO, Poppy = Pop = 4,59 Ila, orciona
Ap; = Apg = 6,28 — 4,59 — (8,0 — 2,0) (1,186 — 1,164) 9,81 .—_-0,40 a;
Apy = Ap; = po; — P = 4,59 — 3,92 = 0,67 Ila.

Aspanuonnnit nputok B nposer I/ u3 nposeroB / u /] o6ycioBieH U3GHTOUHBIM
LaB/IEHHEM P, = Py Ha yPOBHE LEHTPOB a3PALMOHHBLIX NpoeMoB & u 6 -
Pp = Py = Po; + (ha — hg) (Ps; — Pry;) € =
= 4,59 + (8,0 — 1,5) (1,186 — 1,164) X
X 9,81 = 6,0 ITa.

TpeGyeMmbifi aspauoHHBIH BO3AYX006MeH B mpoJere /7

- Q11 _ 2500
VIiI ¢p (Fypy — toyy) 1 (35,5 —23)

GuII =G = 200 xr/c.

Hapnenne po;y B nposere /1 Ha ypoBHe LEHTPOB a9PaLHOHHHIX TpoeMos 3 H 6, Tpe-

6yeMoe mast ofecrieyeHHsl PacueTHOTO NDHTOKA BO3JyXa B TOMelLIEHHe, ONpPENeNHM H3
ypaBHeHHs .

Gugy = Gygy = Falts 1/ 20p. a1 (Po— Pogy) + Felts v/ 20p. a1 (P — Pory)-
B cuny pasencts Fg = Fg; Pg = We; Pp.sy= Pp.agyr ¥ PA = Pp hmeeM Gp =

= 2F3pq ]/2Pp. 31 (pA - poIII)’ OTKyAa
Pory = P — Gy / (8F330p. op)-

B xauecTBe a3pallHOHHEIX IPOEMOB 3 U 6 IPUHEMaeM a9pallHOHHEIE BOPOTa, 3HAUEHHe

K03(hQHIHEHTa MECTHOI'O CONPOTHBJEHHS JJIsl KOTOPHIX HaXOAMM M3 Tabi. 6.1 § = 2,4.
Koaddunuent pacxoga p = §05 = 0,645;
2002

Por; = 6.0 — 5155570 easz 1,103 — 101 M.

Pacxonel Bo3ayxa uepes aspanuoHHsie Bopora (npoeMsl 3 H 6)

G
Gy = Gg — _;_TI.-_ 100 kr/c. .
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PaccynraeM HeoGXOAUMEIE aspallHOHHEE BO3AYX0o6MeHH B npojerax [ u I11:
Qr — ¢pGs (tp. s — tu) 350 — 1100 (23 — 20)
O = Uyt 1@.a—g) 8l
Gy = Gyy + 0,5Gy;; = 7,81 4 100 = 107,81 kr/c;

Q111 — €0 (?p. 3y — ¢ —1. _
6, — I ptS(D sI1L n):320 11 100 (23 — 20) — 3,13 xr/e:
11 ¢p (tygrp — tu) - (26,4 — 20) A
GH‘IH = 103,13 kr/c.
Onpefenum Tenepb MJOHIAJH BCEX a3palHOHHBIX IIPOEMOB IO YPaBHEHHIO
Fi= 162i 7 fi= 107_,8} i = ol MY
w; (205)72 (Ap;)Y 0,35 (2-1,204)1/2 0,4!/

Fy= 781 = 10,4 uZ;
0,6 (2-1,179)!/2 (0,67)!/

i T = 199
0,33(2-1,144)172 (1,01 — 0)V/

3,13
172 g = 42 M
0,6(2-1,179)*/% (0,67)

F4:F5:

F,=

F, = 103,1132 =30 w2
0,35 (2-1,204)1/2 (0,4)

(npn pacueTe NPHHATO: g = W = 0,35; W = P, = 0,6; My = py = 0,33).
Npumep 6.3. OnpefiesuTs paspexkeHHe, Co3faBaeMoe KPYribIM Aedaextopom LIAFH

MpH CKOPOCTH BeTpa vy = 4 M/c, ecn puamerp Aeduektopa dy = 900 MM, KOMHYECTBO

yRansieMoro Bosnyxa Gy = 4000 KI/4, ero Temmeparypa ty = 35 °C, Temneparypa Ha-

pyX)Horo Bo3ayxa Iy = 10°C.
Pewenne. OnpenensieM CKopocTb Bo3AyXa B maTpy6ke Hedsiektopa

4Gy
Vy = ——————
¥ T3600p %

rue py ~- IJIOTHOCTL YAAJs1€MOro BO3JyXa,

353 383 . _ 4.4000 B
Py =T = gy as — MO K oy = e ge s theer P M
OrHommerne
= Yy 1,52
Vlled) = -I = T = 0,38

Us rpaduka (cM. puc. 6.18) npu Viyep = 0,38 Haxomnm
’ p= pn/(pﬂv§/2) = 0,22,
T110THOCTS HapYIKHOTO BO3AYXa

393 _ 358 1247 ke,

P ="~ 383
Paspexenne, cozfiaBaemoe JedeKTOpOM,
2
v .42
p=7p p"23 :0,221’_2427_4 = 2,92 Ila.
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6.6. HEOPTAHH30BAHHBIA BO31YXO00BMEH

[lepemellieHHe BO3JyXa eCTECTBEHHEIM NYTEM uYepe3 pas3/HYHbIE TPO-
€MBbl H HEIJIOTHOCTH B HapyXHBIX OTPaxkAeHHAX 3JaHHH KpPOMe CBOETO
IOJIOKHUTENBHOTO 3HAYeHHS (AJs OpraHU3allMd NPOBETPHBAHHUS M aspa-
uuu Ge3 NOMOJNHHTEJbHBIX 3aTPAT SHEPIMH) HMeeT H HeraTHBHHIE CTO-
POHEL. '

B siMHee BpeMsl H3-3a NPOHHKHOBEHHS B 3JaHHEe Yepe3 pas/jHuHbE
IeJH W HEIMVIOTHOCTH B OIPaXKIaloWUX KOHCTPYKIMSAX BO3Ayxa Tpedy-
eTcsl B psilie c1ydaeB JONOJHHTE/NbHASl HATPY3Ka HA CHCTEMY OTOMJIEHHS.
Kpowme Toro, HeopraHu30BaHHBEIE BO3JYIUHEE NOTOKH PaCHpOCTpPaHSIOTCS
110 3[aHHI0 U BBHI3HLIBAIOT NepeMellleHHe BPelHbIX I'a30B H3 OJHOTO IOMe-
weHuss B apyroe. ITosToMy npu pacueTe CHCTeM OTOIJIEHHS M BEHTHJIf-
UK CJIeAYyeT YYHTHBATb HHOGUJIBTPALMIO.

HeopranusoBaHnHbl#l B031yX006MeH BO3HHKAeT NpPH IPOHHKHOBEHHH
BO3/yXa uepe3 MOPHl B MarepHase CTeH, HENJOTHOCTH B H30JSALMOHHBIX
KOHCTPYKIHSIX OKOHHBIX IIPOEMOB, TPEUIMHBI B CTHIKOBBIX COEIHHEHHSX
H T A

Bo31yX0onpOHHI@EMOCTE  CTPOHTETBHBIX KOHCprKLLI/IH OLleHHBAETCA
KO3(HIieHTOM BO3AyXOmpoHuumaemMocTu i, kr/(m*-u-Ila). KomanyectBo
BO3AYyXa, (QUIbLTPYIOIETOCS 4Yepe3 Hapy:KHbBle OIPaXK[eHHs B IoMellle-
Hue, G ompezessilOT IO yPaBHEHUIO

G = Api = Ap/R,

rie Ap — mepenaj JaBJeHHH CHapy>XH H BHYTPH CTPOMUTEJLHOH KOH-
CTPYKIHH; R — CONPOTHBJIEHHE BO3NyXONPOHUIAHUIO, BEJHYHHA, OO-
patHast KO3QOhHIHEHTY BO3LYyXONpPOHHIIAeMOCTH, T. e. R = 1/i,
(M2-u.TTa)/kr. s MHOTOCJONHOH CTPOMTENBHOH KOHCTPYKIMH ofLiee
CONPOTHBJIEHHE BO3AYXONPOHULUAHUIO PABHO CYMME CONPOTUBJEHHH BO3-
LYXONPOHUIAHUIO OTHENbHBIX CJOEB CTPOUTENbHBIX MATepPHANOB, T. €.
Roﬁm =Ry + Ry + ... +Rn.

s npubauKeHHOH OLEHKM BO3JYXONPOHUIIAEMOCTH CTPOHTENbHBIX
koHcTpykuuit CHull 11-3—79 «CrpoHTenpHas TENIOTeXHUKA» PEKOMEH-
JIYyeT CJeLYIOUYI0 3aBHCHMOCTb:

Ap = 5,5H oy (ps — ps) + 0,3 (£03) pu,

rje nepBoe c/aaraeMoe NpeACTaBJsieT coGoil CPeAHIO BeIHYHHY TPaBH-
TALHOHHOTO (CTATHYECKOro) JaB/IeHHS; BTOPOE — OCPEIHEHHYIO BeJH-
YHHY AMHAMH4eCKOro AaBJeHHs BeTpa; Ko3PhULUeHT B yIHTHIBAET HECOB-
NajieH’e BO BPEMEHH NPUHATHIX B PaCyeTe CKOPOCTH BETPA H TEMIEPaTy PhI
Hapy»XHOTO BO3AyXa; JJid eBponeucxou yactu CCCP na wmmpote cebep-
Hee 52° ¢. 1. ¥ HeHTpaJbHBIX paiionoB Cubupu f == 0,6; 1 NPHOPEKHBIX
paiionoB [Ipumopckoro kpas B = 1,2; nas ocraibHbiX pallOHOB TeppH-
topun CCCP f = I; v, — cKOopocTb BeTpa, NpHHHMaeMasi COTJIACHO
CHulI1'2.01.01.82, 1o He MeHee 5 m/c. Hocxonbxy MHOUIbTPAIMS BO3-
AyXa B INoMelleHHe BLI3LIBAeT JONOJHHUTEIbHBIN PACXOJ Temnsa, KoJIuue-
CTBO BO3JyXa, (PUJABTPYIOIIETOCs yepe3 HapyXKHble OIDaKJeHus, perJa-
mentupyercs CHull.
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NEeHONOJHYypeTaH
3,6 |0,197] 0,0219
35 |0,203] 0,0227
2,7 10,289 | 0.0308
33 |0.227] 0.0256
2,3 ]0,3¢1] 0,0372

0,011
0,013
0,0202
0,0137

11
3,9 ]0,182

5,2

0,093
0,
0,114

ryGuaTasi peauHa
2,7 |0,289] 00308 | 1,8 0,434 0,0533

3,8 |0,1887 0,0212

6,1
5,5

OKHa ¢ yNJIOTHEHHEM NpHTBOPOB

0,0084
0,0096

0,065 0,0075
0,132 | 0,0158
0,197] 0,0219

NOJYWEPCTAHON IWHYP

8

| 52 |o,114] 0,0137

0,036 | 0,004 | 6,7 |0,081
' | a7

| 36

1) AJsT OKOH C METANIMUECKUMH NEPEeNJeTaMH 3HAYCHUS! Ko3QPHUHEHTOB BO3MyXOUPOHHLAEMOCTH [ CACLYeT YMEHbIIATh HA

20 %: 2) nns GaiaKOHHBIX JIBEPEH NPHHHMATb COOTBETCTBYMOU[HE 3HAYEHHS KodbhhHUHEHTa [ AJs OKOH H YBEJUIHBAThb HX Ha 25 %.

0,001

0,011

HHSsI TIPUTBOPOB
18 |0,017] 0,0023] 7.3 |0,07

OkHa 6e3 ynjoTHe-

27
12

Yucao

psiioB

VIJIOT-

HeHUs
1

KoHcTpyKuMsa nepenJiera
IIpumeuyanuwus.

KosdunmenTn BosnyxonponnnaemMocts #, kr/(mM u- 10 Tla) npu Ap = 10 la 1 napameTpst A ¥ B 219 OKOH C JepeBSHHLIMH nepenJeTamu

Onuuapusii H  XBOHHOM
JIBoiiHON pasjenbHbli

Ta6numa 6.3
CTIapeHHBIH

....
TpoitHoi

>
»N

JlonycTuMbie 3HAYEHUS BO3-
JYXONPOHHLAEMOCTH  Orpax-
AKX  KOHCTPYKIHE  Gpon
3aBUCSIT OT MX THIIAa W pac-
YETHHIX TeMIlepaTyp HapyxX-
Horo Bosayxa. Tak, mjas Ha-
PYXHBIX CTEH XKHJBIX H 0fIle-
CTBEHHHX 3JaHHH Groy - HE
JOJIXKHO TNpeBHIIATb NPH TeM-
nepaTypax Hapy:KHOro BO3LY-
xa ty < —30°C 0,5 gr/(m?-¢).

[lns  pacuera Heoprasu-
30BaHHOTO BO3AYyX00OMeHa dYe-
pe3 ImenH H HeMJIOTHOCTH B
OKHax, TpPHUTBOpPHL  JBepeH

H T. . HCHOJb3YIOT YpaBHeHUe

Ap = X Epvl/2 = SuGi,

rie S;; — XapakTepHCTHKa CO-
TNPOTHBJIEHHS BO3AYXONpPOHH-
IIaHHIO LIe/1eBOro 3asopa; Gy,
Uy — COOTBETCTBEHHO pacXol
H CKOpOCTb BO3AyXa B Ile-
JIEBOM 3asope.

M3 nocaennero ypaBHeHHS
JIETKO TOMYYUTh

Su = Y £/(2-3600°FL0) =
= X &/(26-10°08012),

rae Fy, ly, 6, — coorBerct-
BEHHO IJIOWIAfdb, AIMHA H IIH-
pHHa LIleJIeBOro 3a30pa npoema.
Hnsa  OTKPBITBIX [POEMOB
ypaBHEHHE INPHMET BHI

Sup = 1/(26-10%F 2% 1)

[Ipy Hanuuuu psja moce-
JIOBaTeNbHEIX  CONPOTHBJEHHH
OHHM 3aMeHSIOTCS IpHBEJIEeH-
HeIM  comporuBjieHneM  [7]

n
SnpnB = Zl Si»
=



a HpH 'HapaJI.HEJIbHOM paCHOJIO}KeHHI/I COHpOTHBJIeHPIﬁ B npoeMax——
n " 2
SJKB=1/[;(1/S’)]-

Kosnuectso duaptpytomerocs: yepe3 1 Mm% okon u jaBepeii Bosayxa G
MoxeT GbITb ONpEJeNeHo U MO SMIHPUUYecKoH 3aBHcuMocTH [7]

G=

—A+ VAT, 4BAp
; 2B

rgje A u b 3aBuCST OT KOHCTpYKUMH npoeMa (taba. 6.3).
KosnyecTBo Temsa, HONOJNHHUTENbHO Tpebylolierocst MJs Harpesa
MHOUJIBTPYIOLIErocs BO3JyXa B IOMeIIeHHY,

AQan)'—cp( *tH)Z(GA)

rie A; — K03QQHIHEHT, YIUTHIBAIOMIHI MOJOIPEB BO3AYXa B KOHCTPYK-
IIVH IIeJeBOTO 3a30pa.

TNpumep 6.4. Paccyntats TenJionorepH or HHOHALTPAIMH B NOMELIEHHH OJHOITAXK-
HOTO OJHOMPONETHOTO 3JAHHA NPH CHEAYIOIHX YCHOBHAX! KOHCTDYKIHS OKOHHBHIX me-
pen/eToB — CnapeHHble ABOHHLE C YIVIOTHEHHEM NPHTBOPOB Ty6uaToOH Pe3HHOH; OCTeK-
JIeHHe JIBYCTOPOHHee JICHTOUHOE; BBICOTA OKOH hox= 2,8 M; ILIOWaiK OCTEK/IeHHS C Ha-
BETPEHHOH H 3aBETPEHHOH CTOPOH 3JaHHS OAMHAKOBH H paBHbl Fap = Fyas = 150 m%;
CpelHAs TeMIepaTypa BOsjlyXa BHYTPHU noMellenus {5 = 21 °C; napieHHe BO3AyXa B 1O-
MeIIeHHH, DacCUMTaHHOe H3 0OaJaHCOBHIX COOTHOWeEHHH, py = 2,1 Tla; Temmeparypa
HAPYXHOTrO BO3AyXa fy = —29°C, ckopocTh Betpa vy = 5 M/c.

Pemwenne. OnpejesisieM NJIOTHOCTH BO3AYXa NMpDH TeMrnepaTypax BHYTPeHHEro H Ha-
PYXHOTO BO3AyXa: :

Py = 353/Ty; = 353/(273 — 29) = 1,447 xr/m®;
Py = 353/(273 4 21) = 1,201 xr/m.
IMpunrMas 3a yCJIOBHBIA HYJb JaBjeHUe Ha YDOBHe BepXHell JacTH OKOHHOTO mepe-
TJIeTa W YUHTHIBAS, YTO A5 31aHus B QopMe Napajlie/lennnesa CpeNHss BETHINHA a3PO-

NHHAMHYECKOTO KOaipuiHenTa C HaBeTPEHHOH CTOPOHH Ryap = +O 8,ac 3aBeTpeHHOﬁ
kaap = —0,4, HalineM gaBlieHHe B HHXHeH YacTH OKHA

P
Pory = (Pu — Px) horg + (Ruar — Rzan) —5— u B =

= (1,447 —1,201) 2,8.9,81 4 (0,8 - 0,4) 1,447 T = 28,47 Ila.

PasnoctH paBieHuit BO3AyXa B MOMEINEHHH M HAPYXKHOrO:
Ha ypoBHe BepxHell o6pasyiomiell OKHa

: [ 1,447.52
Apg = (kuap — kaap) “2" — po = (0, 8—|—0 4) ——— —2,1=19,61 Ma;

Ha ypoBHe HHXKHeH o6pasyiouleii:
Apy = pogy; — Po = 28,47 — 2,1 = 26,37 Ila.

Cpenuas pagHocTb AaBieHHil RO nﬁomanu OKHa
(Aps + Apw) hox _ 19,61 - 26,37

pT = 5 = 22,99 Tla.
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OnpenensieM KOMMHECTBO BO3AyXa, ¢uabTpylomerocs gepes 1 M2 okHa,
A+ VT 045 8reg

2b :
ITo ra6a. 6.3 naxonum A = 0,093; b = 0,011.

—0,09 932
Gy 3+V0%o$1()40011 22,99 = 10,83 kr/(m2-u).

GQZ

KosnnuecTBO Temiorsl, HeoGXOAMMOe i NOJOrpeBa BO3AYXa, HHGUNLTPYIOWErocs
B IOMeIeHN)H,

AQung = €pGoFnar (5 — tn) A.
Kosdpduupnent A npusumaercsi celylOIEM IJs OKOH: C pasieJbHLIMH Tepeme-
tamu A = 0,8; co cnapeHHEIMH nepervieramu A = 1.
Taxum oépaaom
__1-10,83-150 (21 4 29)-1
AQug = 3600

= 22,56 kBr.

6.7. BOSAYLIHbIE 3ABEChHI

OdeKTHBHBIM CPeACTBOM GOpbOBI C HEOPTaHH3OBAHHBIM BO3JLYXO-
0OMEHOM 4epe3 OTKPHITHE ABEpHbIE IMPOEMBl ABJSIOTCA BO3AYUIHbIE 3a-
BECBHI, KOTODhle HJH YMEHBIIAIOT, W/JAH NOJHOCTHIO NPEIOTBPAILAIOT MO-
CTyIJIeHHE HAaPYXKHOTO BO3JyXa B IOMelleHHe.

B oraenbHBIX Hexax, aIMUHUCTPAaTHBHEIX 3JaHHSX BOPOTa HJIH
JBepHbIE NPOeMbl JAOJKHBEI OBITh AJIUTENbHOS BPEMsI OTKPBITHI A/ IPO-
nycKa TpaHcmopra WM JroAeH. ITostoMy B XONOAHbIH. NEPHOA BpeMeHH
60J1bIIIOE KOJIHYECTBO HAPYKHOTO BO3AYXa C fy < fp BpHIBAeTCs B IOMe-
LleHHe, BhI3biBAs NONOJHHTENbHBIE 3aTPaThl TEMJIOTH HA ero MOJLOrPEB.
Ha XOJIOUMbHUKAX BO3AYIIHbIE 3aBeChl YCTPAaHBAIOTCA HA BXOAE B HMS3-
KOTeMNepaTypHele OJOKH HJIH MODPO3U/IbHblEe KaMephl /s CHHIKEHHS KO-
JIM4eCTBa NPOHHKAIULEro 6ojiee TeMIOro -OKPYKAKIEro BO3AyXa, 3KO-
HOMHMH X0J10Ja M 3/JeKTPUUYECKOH 3Hepru.

Bosaymsble 3aBechl MOT'YT ObITh C YCeXOM NPHMESHEHBl U A5 MPeloT-
BpallleH!s! NPOHHUKHOBEHHS BpEIHLIX BeUleCTB W3 OJHOIO IOMelLleHHs
B IpYroe, a TakXKe M3 LeXa B TEXHOJIOTHUYeCKOe 05opyLoBaHue U HA0GO-
por. CxeMa JefcTBHS BO3AYIIHBIX 3aBeC M OCHOBHBIE UX 3/JeMEHTHl MpPH-
BefleHbl Ha puc. 6.21, a 1 6. OCHOBHBIM 3/1eMEHTOM BO3LYIIHOH 3aBECH!
ABAseTCS BO3AYXOBOJL paBHOMEDHOH pasfaud C LIeJeBbIM HAECaJKOM,
TIO3BOJISIOIIMM H3MEHATh YTOM & MEXAY OCbI0 CTPYH H IVIOCKOCTBIO MPO-
ema. PasnuyaloT BO3AYyIUHbIE 3aBeChl NEPUOAHYECKOTO U IIOCTOSTHHOIO
neficTBusi. CTpyH MOTYT OBbITh HAlIPABJAEHHBLIMH CBEPXY BHH3, CHH3Y BBEPX
¥ TOPU3OHTAJbHBEIME ¢ 6OKOBOH OJHO- H IBYCTOPOHHeH nojauell Bo3AyXa
yepe3 uieseBbie Hacaaku. MHorza sasech ofopyayrorcesi xasopHpepamu
IJ1s1 TIOAOTPERa N0/jaBaeMOro Bo3AyXa, 3a60p BO3yXa NPH 3TOM OCYIIeCcT-
BJsieTCSl U3 BepXHel 30HBLI NOMELIEHHH B IIeJsX CHHMKEHHs 3aTpar Tel-
JIOTBl Ha MOJOrPeB BO3AyXa B XOJOJHBIH NepHOJ BpeMeHH.

Bosnyiisble 3aBechbl yCTpPauBaloTCs NpU J0OOH pacyeTHOH TeMrepa-
TYype HapyXHOTO BO3JAyXa {y B NpoeMax NOMeLIeHH#l ¢ UCKYCCTBEHHBIM
KJIMMATOM, a TaKKe B NOMelIeHHAX, I/ie HeAONMYCTHMO NOHHXKeHHe TeM-
nepaTypsl 110 yC/JAOBHAM TeXHOJOTHH NPOH3BOACTBA, ¢ OOJBIIMM YHCIOM
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a) % Om Besmu- 7 # omé
J8mopa m Bewmu-

J718mopa

Puc. 6.21. Bo3pymnble 3aBechi: @ — ABYCTOPOHHSAA; 6 —
OJAHOCTOPOHH SISl

1 — npoem B orpaxJeHuH; 2 — BO3JyXOBOJ DPaBHOMepHo#f pas-
Aady; 3 — meJieBoH Hacalok; 4 — BO3JAYXOBOJ

pa6oTaloLUIUX H IPH OTHOCHTENbHOH BJaXKHOCTH ¢ = 70 %. Bo Bcex
OCTAJbHBEIX CHyYasiXx PEKOMEHAyeTcs YCTpaHBaTh 3aBeChl MPU pacyeTHHIX
TeMIeparypax Hapy:KHOTO BO3JyXa B XOJOLHBIH NMEPHOJ BPEMEHH fy <
< —15°C. '

TeMmnepatypa cMecu BO3JyXa 3aBecbl H HApPyXKHOTO JOJKHA OBITb
TakoH, 4TOOLl BO BpeMsl OTKPBHIBAHHS TIPOEMOB B XOJIOZHBHIH MNEPHOA
BpeMeHH 00ecrneylTh CJelYIOUlie TEMIEePaTypsl Ha TMOCTOSTHHBIX pabounx
MecTax B IIOMEIleHHH: NpH Jerkoil pabore — He Menee 14 °C; npu pabote
cpellHe#t TskecTH — He HiXKe 12 °C; npu Tsixkeno#t ¢pusudeckoit padore —
ne Hike 8 °C.

LlenecoobpasHa yCTaHOBKa BO3AYIUIHHIX 3aBec B TamOypax, LIII03aX,
BecTHOMOMsIX OOIIECTBEHHBIX W JPYTHX 3[4aHUH (METpPo, Mara3uHbl, KHHO-
TeaTpsl U T. A.). B Kax1noM KOHKpeTHOM ciyuae oHa ofycJaoBJeHa MNpo-
HOJIXKHTENbHOCTBIO OTKPHIBAHUS TIPOEMOB, KOJHYECTBOM IMPOXOASIIUX
yepe3 HUX JIIOJEH U PACUETHHIMH TeMIepaTypamMHd Hapy:KHOrO BO3AyXa.
Y mpoeMoB, NpefHA3HAYEHHBIX [JI51 TEXHOJOTMYECKUX IleJel, PeKOMeH-
LyeTcs ycTpauBaTh 3aBechl IIHOepYIOIEro THIA, KOTOPhElE YacTHYHO Iie-
PEKPHIBAIOT TIPOEM CBOSHl CTPyeH, yMeHbIlIasi TeM CaMbIM PacXoJf HapyX-
HOTO BO3JyXa, NpPOHHKammero yepe3 Hero. HambGosaee addekTUBHH
B 3TOM cJyuyae ABYCTOPOHHHe GOKOBbie 3aBechl. [IpH 3HAYUTEJBHOM OT-
HOIIIEHHH IIHUPUHBI 1PoeMa B K ero BeicoTe // peKoMeHIyeTcsl yCTPauBaTh
wubepyromde 3aBechl C HIXKHEH MoJadell BO3Ayxa, HO TOJBKO B TeX CJIY-
yasiX, KOrZa 3arpsi3HeHHe pacloJOXKEHHOrO Ha TOBEPXHOCTH I0Ja
eJEeBUJHOTO HacaJika HCKJIKYaeTcsl WM He3HauuTeJbHO. Bosayx
B 3aBecax WHOEPYIOWEro THIa nojgaercs nox yrioM o = 30--45° K mJo-
CKOCTH MpoeMa ¢ HalnpaBJeHHeM HapyXky. YacTb BO3AYIIHOH CTPYyH,
HCTeKalollel M3 Hacaika, OyleT YXOAHTb HapyxXKy, MO3TOMY -C LeJblo
CHYJKEHMS] TOTePb TEeIJIOTHl Iiepel, 3aBeCOH MNPHHATO YCTPauBaTh TaM-
Oypel. Ecan yros BHIXOAA CTPYHM K IJIOCKOCTH NPOEMa COCTaB/IfAET o =
== 75--85°, TO Takue 3aBeChHl HA3LIBAIOT 3MKEKIIHOHHBIMH. 10 JLaHHBEIM,
nonyyeunsiM M. W. Tpumutaunbiv 1 B. M. Dabrepmanom [9], axex-
IIHOHHbIE 3aBeChl CO3/AIOT MPOTHBOJABIEHHE BO3AyXa, paBHOE paspexe-
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HUIO B MOMEIEHHH W, TAaKHM 06pa3oM, pacxof BO3LYXa, NPOHHUKAMILEro
yepe3 3aBecy, NPAKTHYECKH PaBeH HyJI0, T. e. Gy, = 0. Ilogorpes Bos-
AyXa, 1M0jaBaeMOro B 3aBecy, B 3TOM cJyyae MOXKHO He IPOH3BOIMTB,
OIHaKO Ajs Oosbinell 3QPeKTUBHOCTH JEHCTBHS 3KEKUHOHHOH 3aBECH
nepel, NPOEMOM DEKOMEHAYeTCst yCTpauBaTh OTKDHITHIE TaMOGyp, B ue-
Thlpe—T0g9Th pa3 TPEBHIIAOIUN WHPUHY npoeMa B.

3aBechl CMECHTEILHOTO THIA CJIeAYyeT yCcTpauBaTh Yy JBepeH aJMHHH-
CTPaTHBHBIX 31aHHufi. [leficTBue 3aBec TAKOrO THIA OCHOBAHO HA aKTHBHOM
NnepeMenMBAHNE HApPYKHOTO BO3AYyXad, IOCTYNAIOUIETo B 34aHHe, C BO3-
LYyXOM, MOJaBaeMbiM 3aBecofl. BHIMycK BO3JyXa 3aBeChl OCYLIECTBJISETCS
FOPU30HTANBHO B HENOCPENCTBEHHOH GJIM30CTH OT OTKPBLIBAEMBIX JBEpel
TaK, 4ToObl NOTOK BO31yXa 3aBeChl He NepPeKPHIBAJICs OTKPHIBAIOWUMHUCH
ctBopkamu. KoHKpeTHble YKa3aHHS MO YCTPOHCTBY 3aBeC B 3JaHUAX
Pa3JIHYHOTrO THUMA W HAa3HAUEHHS NPHUBOAATCA B CNeNHAIbHOH JHTEpAType
Hanpumep B [24, 34].

JleficTBHe BO3LYIIHEIX 3aBEC OCHOBAHO HA CO3LaHMHU AONOJHHTENBHOLQ
CONPOTHBJ/IEHHS ABHKEHHIO BO3AyXa yepe3 OTKPHITHIH NpoeM, claefoBa-
TeJbHO, 4eM OoJsbliée CONMPOTHBJAEHHE CO3/laeT 3aBeca NPOHHKHOBEHHIO
HapyXHOTO BO31yXa, T. €. ueM MeHblle Ko3QduiHeHT pacxoja npoeMa
(nu 6oapure ero KO3)PHIHEHT MECTHOTO CONPOTHBIIEHHS), TeM 3(hbeKTHB-
Hee JeHCTBHe 3aBechl.

" KoadduuueHrt pacxoia Bo3nyXxa uyepe3 mpoeM npu paboTe 3aBeCH
onpeleIfeTCs YpaBHeHUEeM

VT d4pgDk — 1
Ryp = 2¢2Dk ‘

3lech Wy — Ko3pOuUIKeHT pacxojia NpoeMa NpPU BHIKJIOYEHHOH 3aBece
(Mo = §Y2); g = G/Gyp — OTHOCHTEJLHBIH pPAacXoi (OTHOIUEHHE KOJH-
yecTBa BO3/yXa, NOJaBaeMoro 3asecoil U, K KOJHUECTBY BO3LyXa, Npo-
XONSILEro uepes Npoem npu AeHcTBuH 3aBechl Gyp); k — 3MNHPUYECKHH
K03(pULHEHT, 3aBUCAIIMHA OT THNA 3aBechl (/151 OJHOCTOPOHHHX 3aBeC
npu 0,3<< gy D < 10 k= 1,25~1; a19 ABYCTOPOHHHX 3aBec MNpH
09<qyD<3, k=12+1, ampu 3< gy D <10 k = 1+0,72);
D — 6e3pa3mepHblil KOMIIEKC, 3aBHCAIMIMH OT KOHCTPYKTHBHBIX Mapa-
MEeTpOB 3aBECH!, )

D = (Fypen/Fupp) sina,

rie F, — cyMMapHas NJOWaAb CeYeHUs BO3/AYXOBBINYCKHBIX Mie/Iel
Hacajlka BO3JAYIIHOH 3aBechl; Fp, — IJOmMAAb NpoeMa B HapyXKHOM OT-
pamxaenun, Fyy = HB; pgyu/p — OTHOLIEHHE IJIOTHOCTEH BO3AYyXa, MPO-
XOJSLIEro yepe3 NpoeM (cMech HAPYXKHOI'O BO3AyXa U BO3AyXa, MojaBae-
MOTO 3aBeCOH) H HAapyXKHOTO; O — YTOJ MeXJy OCbI0 BBIXOJa CTPYH
3aBeChl U IJIOCKOCThIO TPOEMa.

OrHowenue F/F,, = F mnupunnvaercst B npegenax F = 0,025+
—=-0,1; mas GokoBeix 3aBec g = 0,6-0,7; A19 HUXKEHMX 3aBec ¢ = l.
KosddumuenTtst pacxona /st HEKOTOPBIX BO3AYIIHBIX 3aBeC WHOep yIOWEro
THNa npHBefeHbl B Taba. 6.4, OOwui pacxold Bo3AyXa, HPOXOAALIErO
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Ta6nuuna 6.4
KoahduuneHTn pacxofia mpH JleiiCTBHH BO3AYLIHHX 3aBel

KosbdbuuuenTsl pacxoja AJsi PasfABHXKHOIO (BepXHSIi CTPOKA)

Tun wube- OTHOCHTEb- | d PacralHoro (HHKHSS CTPOKa) nMpoema NpH
pyIOLU.EI'/’I Hasi HJIO_' N OTHOCHUTEJIbLHOM pacxo,ue q
3aBechl h manb F
, 0,5 0,6 ‘ 0,7 | 0,8 ] 09 | 1o
0.095 0,29 0,29 0,29 | 029 | 029 | 029
, 0.25 | 025 025 | 025 | 025 | 025
0.033 0,31 0,29 029 | 029 | 029 | 029
; 0.27 0.25 025 | 025 | 025 | 025
BoxkoBas
0.050 0,35 0,32 03 | 029 | 029 | 0,29
; 0,30 0,27 0,26 0,25 | 0,25 | 0,25
0.100 0,42 0,38 0,85 | 0,33 | 0,31 0,29
' 0.36 0,33 0,31 028 | 026 | 025
0095 | -0.31 0,27 024 | 021 | 02 | 0,18
: 0,27 0.24 0.21 0.19 | 017 | 0,15
0.033 0,35 0,30 0,27 0,24 0,22 0,20
’ | o3t 0.26 024 | o021 | 02 | 018
Huxnuss - -
0.500 0,40 0,35 0,30 | 0,28 | 025 | 0,23
: 0.30 0.30 028 | 092 | 023 | 021
0 100' 0,50 045 | 040 | 037 | 034 | 0,31
Y 0,42 0,38 0.36 | 032 | 030 | 027

yepe3 npoeM, 0OOPYIOBaHHEIA 3aBecofl MIKHGEPYIOUIErO THIIA, ONMpPERes-
ercst 1o ypaBHEHHIO

Grp = 3600, Frp V' 2 Appey-
Hcnonb3yst TeopHI1o CTPYHHBIX T€UEHHH, MOXKHO PACCUMTaTh MaCCOBBIH

pacxoi Bo3ayxa (Kr/c) B MJIOCKOMAapaJ/elbHOH CTpye 3aBechl B TOUYKe
nepeceyeHHss OCH CTPYH € IJIOCKOCTBIO NpoeMa MO YpaBHEHHIO

Gorp = 1,76 |/ 2 10,205,

rle @ — 3KCNepUMeHTaJbHbIA KO3(PDHUIIHEHT, 3aBUCSIIHA OT THIA CTPYH
(my1s MIIOCKoMapaJJenbHOH cTpyH 3aBech a = 0,09--0,12); by, — mupuna
1eJIeBOTO HacajAKa 3aBechl; S — JJIMHA TMYTH, KOTOPHIH MPOXOJUT IJOC-
Kas CTPy#, HallpaBJjeHHas TOJ YIJIOM O K MJIOCKOCTH NpoeMa, OT BO3AY-
XOBBIYCKHOH IIeJIM Hacafika JO MecTa BXoJa B mpoeM (C yueTOoM HCKpH-
BJIEHHSA ee TPAEKTOPHH). :

Benuunna S npubiv:keHHO onpenensieTcss M3 CAefyIOMUHX COOTHO-
LIeHHH:

JUIST OLHOCTOPOHHEHN HUXKHEH 3aBechl

S ~ 0,01745Ha/sin a;
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I7si ABYCTOPOHHeHl GOKOBOH 3aBeChl
S ~ 0,00873Ba/sin o,

rge H u B — COOTBETCTBEHHO BRICOTA M IUMPHHA IIPOEMa; Yroa o —
B rpagycax.

KosnuectBo BO3lyXa, TOJaBaeMOe B 3aBeCy, pPaBHO G = qGyy,.

Ilepenan naBieHH# cHapyXuH W BHYTPH 3laHus Ap omnpele/sercd
N0 YpaBHEHUsSIM pacyeTa aspauuy. [IpH 3TOM YUUTHIBAIOTCS A€HCTBUTEb-
Hple TJIOIAJM TPUTOYHBIX H BHITSKHBIX a3PALUOHHBIX NPOEMOB H Je-
fasaHc MexaHHYecKOH BeHTHJAUUH. IIpw pacuere BOSAYIIHBIX 3aBec
IIHPOKO HCIOJb3YeTCsl NOHATHE «HEHTPaibHas 30HAa» — YPOBEHb PABHHIX
JaBJeHHH Hapy:KHOrO W BHYTpeHHero. Kak yxe oTMeuasnoch, HHXKe
HeHTpaJIbHOM 30HHI Py > Py ¥ B NOMelleHne Gy1eT NOCTyNaTh HapyAKHbIHA
BO3AYX, BBIIE — Py > py U BO3AYX K3 TnoMelieHusl OyZeT yAalsThCs
B OKpyxkatomyw cpeny. OueBHAHO, uTO Nepenaj JaBJeHHWH Ha YDPOBHe
LEeHTPa NpPOoeMoB, OOOPYIOBAHHBIX 3aBECAMHM, OINpeEJeJsieTcsi Bblpaxe-
HHeM

Ap = (px — Ps) &hu,

rle hy — Pa3HOCTh BBICOT PacnoJOXKeHHs HeHTPa/JbHOH 30HHI U LEHTPa
npoema, CHa6XKeHHOTO BO3AYIIHOH 3aBecofl; Py M QPp —- INIOTHOCTH BO3-
Ayxa TpH TeMIepaTypax CHapyXHd U BHYTpH 3janus. IIpu pacuere BO3-
AyIUHBIX 3aBec BeTPOBOe JaBJeHHe, - KaK NPaBH/IO, He YYHTHIBAETCS.

Bricora HefiTpasibHO 30HBl MOXKET GbITh MOJyYeHa ¢ OMOoLIbIo GasaH-
COBBIX YDaBHEHHH, WCNONb3yEeMbIX NPH pacuere aspauuu. Jas npubuau-
JKEHHOI'0 pacueTa BBICOTHI HeHTPa/lbHOH 30HBI B 3JaHHAX C BHITSKHBLIMH
a3palHOHHBIMU TPOEMaMH, OTKDPLITHIMH B XOJIOJHBIH MEPHOJN BPEMEHH,
B. §1. MeknepoM pekoMeHIOBaHa cJjeiylomas 3aBHCHMOCTD:

By =

herrr — hmp
[(Fuphop/Fees) (1 —q) + Fr/Fepr]® pu/Ps + 1 ’

JA€ Ansir — hup — PasHOCTb BHICOT PACIIOJIOKEHHS LUEHTPOB BBITAKHOIO
npoema ¥ BOPOT, 00OpPYAOBAHHBIX 3aBecoil; Fup, FBm, Fy — cootBeT-
CTBEHHO IUIOI[aJH NpoeMa, 06OPYAOBAHHOrC 3aBeCOH, CyMMapHble IIO-
A0 XHUBOTO CEUEHHS1 BHITSKHOTO npoeMa (GoHaps) W lenel B OKHAX
U JiBepsX.

EcnM npuTOYHEE ¥ BHITSKHBEIE a39DIUHOHHBEIE NPOEMbl B XOJOJHBIH
NepHOJ BPEMEHH 3aKPBITH, TO

(6.7)

— hBhIT
e = G T T — P

rue ln H IBHT — AJIMHA TPUTBOPOB MPHUTOYHBIX M BHITSAXKHBIX a83panHoH-
HBIX TMPOEMOB, OTKPBEIBAEMBIX B TETJIBIH NMepuox BpEMEHH; hn, th’r
n hnp—— COOTBETCTBEHHO pacueTHblie BBICOTHI INPHUTOYHBIX, BBITAXKHBIX
a3pAalHOHHLIX [POEMOB U IMpoOeMa, 060pY,ZLOBaHHOFO 3aBecofi.
TMocnennee YpPaBHECHHE YUUTHIBACT HeopFaHHSOBaHHbIH BOB]J,YXOOﬁMeH
yepe3 KOHCTPYKUHUH 3aKPBITHIX NPUTOYHBIX H BBITSA2KHBIX ITPOEMOB. Ecau
B NOMCHIEHHH HE INpefyCMOTpeHa aspanus, a MeXaHH4YeCKHE BBITS2KKAa
U TOPpHTOK C6aﬂaHCHpOBaHbI, He'llepaJIbHaﬂ 30HA pacnoJaraercsi B Ipe-
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flenax mpoema (Bopotr). B HuxkHel yacTH BOpOT Gyjer HaGm0AaTbCs HMH-
(unpTpanusi BO3Ayxa, a B BepxHeil — sKcohuabtpanud. [A1s 3TOro cay-
yasi hy GepeTcs OpHEHTHPOBOUHO hy = 0,5/ H/IH MoxeT GBITb pacCUHTaHa
10 ypaBHEHHUIO

h, — il
T (10— (oulpn)' R’

rie H -~ BricoTa npoeMa (BOpoT), 060pyAOBAaHHOI'O BO3AYIUHON 3aBECOMH.
B cnyuae, eciiy MexaHHYeCKasl BHITSIXKKa NpPeBHIIIAeT MeXaHHUYECKHUH
NPUTOK, pacxoj Bo3Ayxa G omnpejensieTcss MO YpaBHEHHSM:
npu 3abope BO3AyXa [IJs1 3aBeCchl H3 NOMEIIeHHS

Frplnp
G=AG 6.8
Mex 1 - q }_| (F[[y'l'[) + Z (anp‘np) ( )

€C/JH B 3aBeCy MoJaercs Hap}’)KHbII/I BO3AYX, TO

Frpitn
G= AGmexq 2 i) 7 ’ (69)
Y Fapn) + X (Frphinp)
rie Y (Fylp) — cyMMapHas SKBHBAJEHTHAs IJIOWAAb OTKPBHITHIX IPH-
TOUHLIX TPOeMOB; Y (Frupinp) — CyMMapHasi 3KBHBaJIeHTHas ILIOMIAfb
OTKPBITBIX MpPOEMOB, OGOpPYZOBaHHBIX 3aBECAMH.
3a pacuerHyio BeauunHy G BuibHpaercs 6O/bIIasi H3 ONpeNeJeHHBIX
no ypasHeHuaMm (6.8), (6.9). _
Temnepartypa BO3AyXa, IOAaBaeMOro 3aBecofi, ompelenserca U3
TenJsioBoro GasnaHca
.t - ¢ .
{ =ty —ew T (6.10)
q(1—0Q)
TIe foy —, TEMNEpATypa cMecH BO3AyXa, MPOXOISINEro yepe3 OTKPHITHIHA
IIpoeM; 3a f¢y NPHHHMAaeTcs TeMIepaTypa, HOPMUpyeMass B pPaifoHe Npo-
eKTUPYEMOTO 3JaHUs;  — OTHOUIEHHE KOJHYECTBAa TEIJIOTHI, TepseMOi
C YXOASILIUM HapyKHBIM BC3JyXOM 3aBechl, K TeIJoTe, HAYIIEH Ha MOJ0-
IPeB BO3ZyXa 3aBECHI. ’
3HaueHHe Q AJs pa3MYHLIX THIOB 3aBec oOlipeessieTcs U3 rpadHKoB
(puc. 6.22).
Ofiiee KOMHYECTBO TEMJOTH, TpefyeMoH [OJs1 NOZOTpeBa BO3AyXa,
N0JaBaeMOro B 3aBecy, ONpejessieTCss IO YpaBHEHHIO

Q= ch (t — ts),
IZie f, — TeMieparypa, 3aGHPaeMoro B 3aBecy BO3ZyXa, KOTOPas Ofpe-
JlesieTcsl pacroJioxKeHHeM Mecta 3afopa BO3AyXa.
I[OHOJIHI/ITeJleoe KOJIUUECTBO TenJIOTbI TpeGyEMOﬁ JAJ9 KOMIIeHCa-
IOHH ‘TerlJ'IOrIOTepb, 06yCﬂOBJIeHHbIX prIBaIOHlHMCH B rIpoeM TIOTOKOM BO3-
Ayxa, ompenensiercsi mo (opMmyJie

G .
AQ = ‘7@3 — Low)s

rfie T — NPOAOJIKHTENBHOCTL OTKPHITHSl IIpoeMa.
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Puc. 6.22. Norepn Temia ¢ yacTbio CTPyn 3aBechl IHGepy-
JOllero THNA, BHIXOAsWEd HapyXy: @ — GOKOBas 3aBeca;
0 — HHXHfs 3aBeca

KOJIH‘IGCTBO BO3AyXa, NOJaBaeMoro 3aBecOfl CMeCcHTeJbHOro THNA,
onpenesisiercsa YpaBHEHHEM
3600kpny, (ts — tu) V2 Bppy

- I

t—1g

Tjae kR — nomnpaBoOYHKIH Koa(pcpnunem 3aBHCALMUI OT TUMA BecTHOIOMA,
Mecta 3aCopa BO3JlyXa, IPONYCKHOH CHNOCOGHOCTH CTBOPOK JBepeH M HX
THIIA.

3HaueHus k uaMeHsiiorcsi B mpefesnax ot 0,02 po 0,6 u npusoastes
B CNpaBOYHOH auTeparype [241..

Hekortoprle 3HaueHns Ko>pPUUHEHTOB pacxofa BO3AyXa IJs 3aBec
CMECHTE/IbHOTO THIIA B 3aBUCHMOCTH OT KOHCTPYKLUHMH BXOJHOH ABepH
IpHUBEJEHH .B Tabna. 6.5.

s 3aBec cMecuTenbHOTO THNA Ap onpeensercs no gopmyaam pac-
uera dspanyM, NpHYeM BIHsHHE NHHAMHYECKOTO JaBJeHHs BeTpa B 3TOM
cly4ae Tak ke, Kak M B cJyyae pacuera IIHGepYOWHUX 3aBec, KakK Hpa-
BHJIO; He YYUTHIBAIOT.

PaccuntbiBas Fy, crleiyer uMeTb B BHJY, YTO CKOPOCTb BHIXO/d
BO3jyXa M3 IIeJeBOr0 Hacajika HYXKHO NpHHHMATh He Cojee 5 M/c Aas
HApYKHBIX JBepedl B aJMMHHCTPATHBHBIX 3JaHUSX U BCHOMOTaTENbHBIX

.

Ta6auuwa 6.5
KoapuuneHTH pacxona Mmyp AAs 3aBeC CMECHTENBHOTO THNA

KoHcTpyKuus BXofa “Mmp KoHCTPpyKUUS BXOAa ’ Knp

Onuuapusie aBepH 0,7 | Hpoiiunie aBepu ¢ TamGypom u | 0,55
Pacnawure Bopora 0,25 | 3uraarooGpasHeIM MPOXOXOM

JpoitHele aBepH ¢ TamGypamu 0,65 || Tpoinbie aBepu ¢ TamGypom u | 0,4
Tpoiinbie nBepu ¢ TamMOypoMm H 0,6 || suraarom )

HPSIMBIM T1POXOJOM Bpamjaromyecs ABepH 0,1
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NOMELIEHHSAX MPOMBILIEHHBIX TPELNpHATHH; 8 M/C — A/ HapyXKHBIX
JBepeii MPOMBINVIEHHBIX 3AaHHiH; 10 25 M/C — JJ1s1 BOPOT H TEXHOJOTH-
yecKMX npoemos [24].

Mpumep 6.5. Paccunrtats GOKOBYIO JIBYCTODOHHIOW BO3AYLIHYIO 3aBecy y pacnaui-
HBIX BOPOT-uexa pasMepoM H X B == 4X3 M JJ1s1 ciefylOlUX YCJIOBHI: TeNJIOH3GITKH
B lleXe He3HAUHTeJbHbl; a3palHOHHbIE NPOEMHE B XOJONHBIH NEPHOA BpeMeHH 3aKPHITH;
JJIHHA TMPHUTBOPOB a’panuoHHoro ¢ounapsa 650 M; ofmast AJHHA NMPHTOYHBLIX aAIPalHOH-
HbIX npoemoB — 870 M. TeMnepaTypa Hapy:XHOIO BO3JyXa VIS XOJOJHOTO MEepHOAAa MO
pacueTHHM napaMmerpaM B fy = —25°C, py = 1,423 xr/M®. Temmepatypa Bo3gyxa
B MOMeIenuH £y = 18 °C, mpu aToM Py = 1,213 xr/m3. Bricota LeHTPOB pacnonoxeHHs
[PUTOUYHBIX NPOEMOB Ay == 2,5 M, BEITKHBIX — Ay~ = 10 M. PaGora B 1exe oTHOCHTCH
K KaTeropuu Jerkux (foy = 14 °C; poy= 1,230 xr/m?).

Penienne. [IpuHHMaeM K ycTaHOBKe GOKOBYIO JBYCTOPOHHIOIO 3aBeCy C yI/IOM BBINY-
cka Bosayxa o = 45°. Tlnomane Bopor Fyp = 12 M®. [lnf GOKOBEIX 3aBeC peKOMeH-
JyeTcsi MPUHHMATh F == Fm/lﬁ‘Hp = 0,05+ 0,033; npuuuMaem F = 0,033. Cymmaphas
[/I0I3b BO3JYXOBBIMYCKHBIX INedel

Fy = 0,033-12 = 0,4 M.
[upuna Bo3gyxopasfarouiell menu .
b = Fm/QH = 0,4/24 = 0,05 M= 50 MM.
[Tpunumaem ¢ = 0,6 M u 1o Ta6xn. 6.4 HAXOAUM [ PACNALIHKIX BOPOT Mpp = 0,25,
OnpenensieM BBICOTY pachoNOMeHHS] HEHTpalbHO# 30HH mno dopmyae (6.7)
10—2,5

ha =555 (650/870) + 1

+(25—20 =71 M.

PacuerHasi pa3HOCTb AaB/eHHH
Ap = 9,81-7,1 (1,423 — 1,213) = 14,63 Ila.

KomuuecTo BO3RyXa, MPOXOASUIEro uepes MpoeM,
Grp = 3600-12-0,25 1/ 2-1,423- 14,63 = 69 690 kr/u.
KonuuecTBo BO3AYyXa, rkonasaemoro 3aBecod,
G = Gppq = 69 690-0,6 = 41 810 xr/u.

Ipu F~1 =0,033" = 30 u3 rpa¢uka (puc. 6.22) maxoaum Q = 0,12.

Temnepatypy Bo3fyxa saBechl onpefenuM 1o ¢dopmy.ne (6.10)

_ 14425 oo,

4TO JONYCTHMO, TaK KaK TeMIIepaTypy BO3fyXa 3aBechl NJsl HapyXHHIX JBepell He cle-
aoyer npuHHuMaTh Boimie 50 °C [241]. -
CKOpOCTb BBHIXOfa BO3JyXa M3 BO3NYXOBHITYCKHHX wieneil npu p = 353/(48,9 +
+ 273) = 1,096 kr/m?;
41 810

= T,096-0,4-3600

= 26,5 M/c > vgon = 25 M/c.

s BOpOT NpOH3BOACTBEHHBIX I€XOB CKOPOCTb BO3AyXa He DeKOMeHAyeTcsl NpH-
HEMaTb Gosee 25 M/c, MO3TOMY pacyeT OMKeH OHTh BHITOJNHEH NPH HOBOM 3HAYEHMH F

Hq.
* Koanuecrso TEMJOTH, HeOGXOAMMON AN rnoaorpesa BO3JyXa 3aBECH,

Q = 1-41 810 (48,9 — 14)/3600 = 405 kBr.

3abop Bosayxa LA 3aBechl CelyeT OCYLIECTBAATh H3 BepXHell 30HBI NOMellleHHUS,
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6.8. OBECIEYEHHE YHCTOThI
ATMOC®EPHOTO BO3JIYXA

3ajlauu MPOEKTHPOBAHUSI CHCTEM MeXaHHUECKOH M €CTECTBEHHON BeH-
THAALUY caMbiM HeNocpPejCTBEHHEIM 06pasoM CBfI3aHH C NMpobJjeMoil 3a-
IIUTH "aTMOC(hEepPHOr0 BO3AYyXa OT BHIOpachlBaeMbIX B HEro BPeHBIX
BemecTB. OGEIYHO KOHLEHTPAIHH BPEIHEIX Ta30B U MapoB, a TaKxke MbLTH
B y/Ja/15€MOM BEHTHJISIIHOHHOM BO3/ly Xe HEBeJHKH, OJHAKO 3HAUUTEbHbIE
00beMBI y1a/1€MOTO BO3/lyXa MOTYT CYIIECTBEHHO YBETHYHTh KOJHUYECTBO
BpeJHbIX BEIeCTB B aTMOC(hepHOM BO3AyXe BOJH3H 3aBOACKHX IIOMIA-
JIOK H B Hace/JeHHBIX NyHKTaX. [Tlo3ToMy npaBHJIbHOE NPOTHO3HPOBAHHE
BO3MOKHBIX KOHLEHTpalui BpejHBIX NpHMecell B IPH3EMHOM CJ0O€ BO3-
Jyxa, BHGOD MeCT MX pacCeHBAaHHS H BO3AyX03afopa, cocOGOB OUHCTKH
yJa/aseMoro BO3AyXa OT MNbLIH H BPeLHBIX BelleCTB, [NPUHATHE Mep IO
NPeJOTBPALEHHI0 HX 3HAYHTEJbHEIX BRIOPOCOB B aTMOCepHEIH BO3AYX —
BECb 3TOT KOMILJIEKC Mep Heo0XOAUM NpPU NPOEKTHPOBAHHH H CTPOHTEIb-
CTBE HOBBIX M PEKOHCTPYKUMH JeHCTBYIOMMX NPOMBIIIEHHHIX Npel-
NpHATHH. : »

I'naBHO! 3azavell 03[40pOBJIEHHS BO3AYIIHOTO OaccefiHa sBJsAETCA
NoJiepXKaHHe B HeM KOHLIEHTpaI Uil BpeJHbIX BEleCTB, He NPeBhIIaoIHX
npejleJbHO JONYCTHMBIE, H OCYILIeCTBJEHHe MEPONPHATHH M0 UX CHHXKE-
HHI0. 3a mpejiesibHO JOIyCTHMYIO KOHLEHTPALHIO BPeJHbIX BellecTB NpH-
HHMAIOT TaKylo, KOTOpas TPH €XEeIHEBHOM BO3JEHCTBHHM Ha OPTaHH3M
ues0BeKa B TeUeHHe BCell JKU3HU He OKa3bIBaeT 3aMeTHOIO BPEeJHOTO BJIH-
STHUSL, He CHHIKaeT NPO3payHOCTH aTMocdephl, He oc1abJisieT YPOBHS YJbT-
pacHOJIeTOBOM paJHALHU H He IPHBOAUT K THOENH 3eseHbIX HacaXkAeHHH.
TIpenenbro ponycrumeie konuentpauun (1K) Cryx BpeAHbIX BellecTB
B BO3JYyXe Ha 3aBOACKHX MJOMALKAaX ¥ B HAaceJeHHBIX IyHKTaX Ompeje-
JeHbl CaHUTapHBIMA HOPMAaMH [POCKTHPOBAHHS NPOMBILIIEHHBIX TPes-.
npuatuit CH 245—71. B. cOOTBETCTBMH € 3THMHM HOpPMaMM 3HauyeHHe
Crink p.n B BO3A4yXe pafouMX NJOWWAAOK B MecTax ero safopa He A0J-
HO mpeBblath 30 % npenenbHO LOMYCTHMON KOHUEHTpauuu B paGouel .
sone noMemeHH#t Crpk p. s

Pa3nuuaor TakkKe MaKCHMaJbHblEe DasoBble U CpPeJHeCyTOUHbIe Mpe-
JIeNIbHO JLOTYCTHMbIE KOHIIEHTPAIINH BPeNHBIX BELeCTB HACEIEHHBIX yHK-
TOB. II0J HUMH NOHHMAIOT TaKHe KOHLEHTpPauuH BPeIHBbIX BeLIeCTB, KO-
TOpBIE HE BJHUSIOT HA 4YeJI0BeKa NMPH AJIHTENHHOM HENMpPephIBHOM Npedbi-
BaHHMH €ro B JAHHOH MECTHOCTH.

- IlpenenbHO J1ONYyCTHMbIE KOHIEHTPAllMH HEKOTOPbIX BpEJHBIX Be-
IIeCTB B BO3ayXe paGoueit 30HHI MPOU3BOJCTBEHHHIX NOMEUEeHHU, B NPH-
3eMHOM cJloe atMocepbl Ha I[IPOH3BOJCTBEHHBIX ILIOWIAJKAX H B Hace-
JIEHHBIX NYHKTax npueeleHbl B Taba. 6.6. M3 Tabuanupl BUAHO, 4YTO Ipe-
JIeJIbHO JOMYCTHMbIE KOHIIEHTPAIHH B HACEIEHHBIX NMYHKTaX 3HAUHUTEIbHO
MeHbIIle, YeM Ha 3aBOACKOH miomajzke, UToObl ofecrneuuTb 3TO YCIOBUE,
Heo0X0LHMO HJIH NPOU3BOJLUTh OYHCTKY YAaJIseMOro BO3yXa, HIH yCTpa-
UBAaTh 3alIUTHLIE 30HBl, OTHAJAS KUJIble MACCHBH OT IPOMBILIEHHBIX
pafioHOB, a TakK:Ke NMpaBU/IbHO BHIGMpPATh MecTa yJaJeHHsi Ta30B U [1apOB
BPEIHBIX BELIECTB, He JOIyCKas NOBBILIEHHs MX KOHueHTpauuu. Heob-
XOJUMO OTMETHTB, YTO IIPH COBMECTHOM BHIOpOce B aTMocdepy HeCKOJb-
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Ta6numa 6.6
lTpenenpHo ROMyCTHMblE KOHUEHTPAUMH HEKOTOPHIX BPEAHBIX BeinecTd

TIpenesibHO AOTYCTHMBIE KOHIEHTPaUHH
B UDH3EM- B BO34yX€ HaCeJIeHHBbIX NYHKTOB
B paGoueit HO]\? CAoe
Bemecteo - 30HE Bo3AyXa Ha _Pa3oBhie CpefiRecyTOUHbIE
Ll?eOHM:l;i 3ason:Kog1
' nJao Ke, 0, 0,
Mr/m? Mlll"l/lfs Mr/m® C?In/;( 03T . Mr/m3 C;[’[?Ko: a0
JIByoxkHch asora 5 1,5 0,085 5,7 0,085 5,7
Ammuax 20 6,0 0,2 3,3 0,2 3,3
Aueron 200 60 0,35 0,58 0,35 0,58
Bensun (nedraunon) | 300 90 5,0 5,55 1,5 1,66
Kanponakrau 10 3,0 0,06 2,0 0,06 2,0
CepHHCTHIN aHTHA- 10 3,0 0,5 16,6 0,05 1,66
U

geposonopon 10 3,0 0,008 0,26 0,008 0,26
CosisiHasg KHCJ0Ta 5 1,5 0,2 13,3 0,2 13,3
Yriepoaa OKUChH 20 6,0 3,0 50 1,0 16,6
dropucThie coenu- 1,0 0,3 0,02 6,66 0,005, 1,66
HeHus (ras)
Xanop 1,0 0,3 0,1 33,3 0,03 10,0
ITelre HETOKCHUHAS 10 - 3,0 0,5 17. 0,15 5

KHX BpEJHBIX BelleCcTB OJHOHANpPAaBJEHHOTO NeHCTBUS HA YelOBEKa HY-
XHO, YTOOB CyMMa OTHOLIEHHH KOHIIEHTPalHH KaXKJ0TO BEIeCTBa K €ro
Cnpk B paboueil 3one He mpesbiuasia 0,3, T. e.

Cs Ce
Cnpak 1 + Criax -

Cn
ot T

< 0,3,
rae Cy, C,, ..., C, — NeACTBHTeNbHblE KOHUEHTPALHH BPEIHLIX Be-
IIeCTB B aTMOC(HEPHOM BO3AyXe Ha 3aBOACKOH MJomajgke (MIM B MeCTax
Bo3nyxo3a6opa); Cpax 1, Crak o ---» Cnagk n — NPeLeNbHO JAOMYCTH-
Mble KOHIIEHTpallMHd TeX e BellecTB B paCouell 30He.

Bce HMCTOYHMKH BHIODPOCOB BpeJHBLIX BeILeCTB B atMocdepy YCJIOBHO
NoApa3iesioTcs NO CJAEAYIOIWUM TPH3HAKaM: TeMreparype yAajaseMoi
rasoBO3JYIIHOH CMecH; NPOJO/IXKUTEIbHOCTH BLIOpOCa BpPEeNHOCTeH B aT-
Mocdepy; CTeneHH IEeHTPaJH3alUUd BHOGPOCOB.

Texnosoruueckne HCTOYHMKH 3arpsisHEHHsl, M3 KOTOPHIX IIPOH3BO-
IMTCS yJajseHHe B aTMocdepy BHIGPOCOB, OTpaGOTAaHHBIX TI'a30BbIX Be-
IIeCTB, NPOAYKTOB FOPEHHs HJH NPOLYBOK OGOpYIOBaHHS, XapaKTepH-
3YIOTCS 3HAYUTEJIbHbIMH KOHIEHTPALHSMH BDEJHBIX BEIIECTB H, Kak
NpaBHJ/IO, JOJKHB 06ODPYJIOBATbCS CNENHANbHBIMH YCTPOHCTBAMH AJIS
OUMCTKU T'a30BO3LYIUHBIX CMeceH mepei HX yjiajleHHeM B aTtmocdepy.

IIpu paGore 0OUIEOOMEHHOH BEHTUJISUHMH KOHIUEHTPALHH BPeIHBIX
BEILIeCTB B BHIOPOCAX HEBEJNUKH, OJHAKO O0GBEMBI yaasieMOi ra30B03Ly1-
HOM CMEeCH 3HAUMTeJbHBI H, TAKHM 06Pa3oM, MacCOBHIE PACXOJHl BpeLHBIX

BEIIleCTB, NOCTYMAIOUWMX B aTMOC(epy, AOJ/KHBI YUHUTHIBATBCS HapsiAy
C TEeXHOJIOTHYeCKHMH BLIOPOCAMH.
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Vg Kounentpauuu  Bpeanbx
1 ]! ' BEIeCTB B BO3AyXe, ylajse-
‘ MOM MECTHBIMH OTCOCaMH, MO-
- TyT JAOCTHTAaTb 3HAuYeHHH, Xa-

x / PaKTepHHIX JJISl TEXHOJOTH-
//% YeCcKHX HCTOYHHKOB 3arpssHe-
‘ A Hus. [IoaToMy B 3THX caydasx

BN ~ N Moxker 6bITh peKoMeHj0BaHa yc-
b¢ 2’5"’?,@._ bHa - TaHOBK2 OYHCTHBIX yCTPOHCTB.
Hctounuky BHIOPOCOB BCceX
Puc. 6.23. IpaHMua pacnoJOXeHHs: HH3KOTro BHIOB MOTYT GBbITh, KAK KaHa-
HCTOYHHKA A Y3KOTro OJHMHOYHOTO 3JAHHUA JIHSHPOBaHHbIMH, TaK U Heka-
, HaJM3UpOBaHHBIMH, KaHajuu-
3MPOBaHHbIMH HJIH TOYEYHBIMH HCTOYHHKAMH HAa3BIBAIOT T€, B KOTOPHIX
BHIOpOC BpeAHLIX BEILECTB OCYLIECTBJASETCS Yepe3 BHITSXKHBIE TPYOHI,
maxThl ¥ T. N. OUHCTKA TrasoBO3AYLIHOH CMECH OT BpPEIHBLIX BELIECTB
B TaKHX MCTOYHHKAX MOXKeT GHTb OCcylllecTBAeHa 6e3 0cOObIX TPYLHOCTEH.
B HekaHa/NH3MPOBAaHHBIX HCTOYHHKAX BHIGPOC BPELHBIX BELIECTB NPOH3-
BOAHTCSI uepe3 (OHAPH, OTKPHITHIE BHITAXHLIE NPOEMBI, C OTKPHITHIX
- moBepxHocTe#i M T. A. OuHCTKa BHGPAachiBAEMOTO BO3yXa B 3TOM
ciyyae 3aTpyAHHTeJbHA.
Ilo B3aMMHOMY PacroJIOKEHHIO MeCT YAaJeHHs Ta30B031YILIHON CMECH
H LHPKYJSUHOHHBIX 30H HCTOYHHKH MOAPA3AENAIOTCS HAa HU3KHE U BHI-
cokHe. BHIOpOCH H3 HU3KHX HCTOYHHKOB INOMNAAaOT B 06/1aCTh MOBBIILIEH-
HOro JaBjeHusi (IIOANOpa) HIH B UHPKYJISAUHOHHYIO 30HY (30HY aspo-
JHMHAMHYeCKOH TeHH) M, TAKHM 06pa3oM, HHTEHCHBHO 3arpsisHsIOT 3a-
BOACKYIO IIOMAAKY. VICTOUHHMK BpejHBIX BEIECTB CYHTAETCS HUSKHM,
€CJIH BBICOTA €r0 YCThfl ONpeResiercss Kak

Hy < 0,360, 4 2,6H,,,
s yskoro spamus (b < 2,5H,,),
- Hy < 0,360, + 1,7H,,
onst wHpokoro (b > 2,56H,;) OTAENBbHO CTOSILLErO 3NaHUA, H
HH < 0’36(b3 +x1)+ Han

B cJyuae TPYNNBl PAcMOJNOXKEHHBIX OJHO 3a APYTHM 3/aHHH.

Bo Bcex dopMysax b, — paccTOsiHHE OT HCTOYHHKA, PACHOI0XKEHHOTO
B npenesnax KPBIIH 3JaHHs, 10 3aBeTPEHHOMH CTOPOHHI 3flaHus; X, — pac-
CTOSIHHE MeXKIy COCeAHHMH 31aHuAMHU. [IpubaukeHHO cUHTAOT, UTO Hyy >
> 2,5H;,. Ha puc. 6.23 B kauecTBe nIpuMepa NPHBEJEHO COOTHOLIEHHE
BHICOT pAacnoJIOKEHHsT HU3KOTO HCTOYHHKA Hy U UHPKYJSUHOHHOH
30HB! [JIs1 Y3KOTO OTAEJNBHO CTOALIEr0 3/aHHA. ['paHuubl aspojivuHaMu-
YeCKOTO' CJlefla OfpeJiesieHbl 3alTPHUXOBAHHON 30HO#. [IyHKTHpPOM BHI-
JleleHa 30Ha aspofMHaMHYecKOo# TeHH (UUPKYJASAIHOHHAs 30HA).

HcTounuky, yerbsi KOTOPHIX pacnojiarailTes Ha BblcoTe Hyp > Hyg,
Ha3BIBAIOT BHICOKMMH. FIx BRIGpOCH pacrnosaraiorcs B 06/1aCTH HEBO3MY-
IIEHHOTO MOTOKA H HE 3arPA3HSIOT LUPKYJ/ISUHOHHBIX 30H HaJ 3JaHHEM
U 33 HHM. '
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B 3aBHCHMOCTH OT TeMIepaTyphl yAaaseMOH Tra3OBO3AYIUHOH CMeCH
HCTOUHHMKHU TOAPasiensiiorcss Ha cHabHO Harperbe (At = 100 °C), Ha-
rperbie (20 << At << 100 °C), cna6o Harpersie (0 << Af << 20 °C), uso-
tepmuueckue (At &~ 0°C) u oxnaxzaensse (At <<0), rae At =t —
— !y — DAsHOCTb TEMIeEpaTyp TrasOBO3AYIIHOH CMeCH H HapyXHOTO
BO31YyXa.

Harperbie ¥ CH/IBHO HarpeThle rasoBO3yLUIHbE NOTOKH, KaK NIPABUJIO,
XapaKTepHHl [JIs1 TEXHOJOTHYECKHX BHIGPOCOB. UeM BBILIE Pa3HOCTb TEM-
neparyp At, TeM NpH NPOUHX PABHBIX YCJOBUSIX GOJMBILE PA3HOCTh IJIOT-
HOCTEH HApYKHOTO H yJaJsieMOTO BO3JyXa, MOJbeMHAsi CHJIa H CKOPOCTh
CTPYH M BhIlIe NOABEM BHIOPOCOB HAJ YCTbeM HCTOYHHMKA. DTO NONOXKH-
TEJIbHO CKAa3bIBAETCSl HA PACCEHBaHMM BPEIHLIX BeLIeCTB B aTMocdepe.

Cnabo HarpeTble, H30TepMHYECKHE U OXJaXxKJI€HHbie BHIGPOCH MOTYT
N0NajgaTh B OKPYXKAWOILYI0 atMocepy uepe3 HENJIOTHOCTH B TEXHOJOI'H-
4yecKOM 00OpYLOBaHHH, H3 NOMEHUIEHHH C KOHAMIHOHHPOBAHHBIM BO3JY-
XOM H JPYTrUX HCTOYHHKOB. M30TepMHuecKHe M OXJIaXKAeHHBIe BHIOPOCH,
nonajas B arMocepy, ONyCKAaIOTCsl Ha KpPHIUY 34aHUs WIH TEPPHTOPHIO
3aBOACKOH NJIOWIAJKH, HHTEHCHBHO YBeJHUHBAsl KOHIEHTPALHUIO B HeH
BpeAHLIX BellecTB. AHa/MIOTHYHAs KapTHHA Hab/iofaeTcsi M NMpu BHGpoce
B aTMocdepy rasoBO3LYLIHBIX CMecefl ¢ rasaMu (napamu), HMEIOLHMH
IJIOTHOCTb OO/IbLIYIO, YeM IVIOTHOCTh BO3JyXa.

B 3aBHCHMOCTH OT NMpPOJOJIKHUTENBHOCTH BHIGpPOCA BpEAHBLIX BEILECTB
B aTMoc(epy pasj{uaioT: NOCTOSIHHO JeHCTBYIOlMe HCTOUHHMKH ¢ PaBHO-
MepHBIM HJIM HEDAaBHOMEPHBIM MAacCOBBIM PacXoOJiOM; HepHOAHYECKH Jei-
CTBYIOILHE HCTOYHHKH; 3a/MOBble BHIOPOCHI, KOTrJa 3a KOPOTKOE BpeMs
B aTMocepy yAQISIOTCS 3HAYHTEJIbHbIE KOJHYECTBA NAPOBHIX WJIH raso-
BBIX BpEJHbIX BElIECTB (HalpuMep, NMPH NPOAYBKAX TEXHOJOTHYECKOTO
ofopynoBanus).

[To crenenu HeiTpanusanud BHIGPOCH MOTYT ObIThb MOApa3/e/eHbl
Ha HEeHTPaJH30BaHHbE, OOBeJUHAOUIHEe BHIOPOCH PA3JHYHOTO HJIH OJ-
HOTHITHOTO TEeXHOJIOTHYECKOTO 0G0pYHOBaHHUS; AeleHTPaTH30BaHHbIE BbI-
Opochl, 1J51 KOTOPHIX XapaKTepPHO HaJHuHe BHIOPOCOB H3 KaxKJ0ro OT-
JeJbHOTO arperatra Wi MamuHE. K nocnefiHMM OTHOCATCS TaKke yTe-
YKH BpPeJHLIX BEILECTB Yepe3 HEMJOTHOCTH B 0GOpPYLOBAHHH H BO3LYXOBO-
Jax, BIOPOCH yepe3 GOHAPH H BBIJe/NEHHE U3 OTKPHITHIX eMKOCTeH, HaXo-
IAUKXCA HAa TEPPUTOPHUH IPENNPHATHS.

6.9. PACYET PACCEHBAHHS
B ATMOC®EPE BPEJHbBIX BEWECTB
U3 HU3KHX HCTOUYHHUKOB

Pacuer pacceuBaHHs BpeAHBIX BeLleCTB B aTMocdepe 3aKJIOuaeTcs
B ONpeleJeHHH MX MaKCUMaJbHOH. KOHIIEHTPAUMH B NPH3EMEOM CJO€
BO3JyXa Ha 3aBOACKOH miomanke Cy H, €C/IM HX COJAepIKaHHe NpeBbl-
maer yposenb 11K, 1O NPOBOJATCS MEPONDPHATHS 1O CHHKEHHIO Cy.
B KauecTBe TaKMX MEPONPHATHH MOTYT ObIThb: TPOCKTHPOBAHHE BBITSIK-
HBIX IAXT HEOGXOAHMOH BBICOTH U JHMaMeTpa, NPaBUJIbHBIA BHIGOD MecTa
HX PaCNONIOXKEHHs, COOPYXKEHHE PasJIHYHOTO THIA OYHCTHBIX COOPYIKe-
HHH ¥ T. I
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s anamu3a GakTOpOB, BJIMSIOMMX Ha 3aKOHOMEPHOCTH OCAXKIEHHS
TNBUIEBHIX M JPYTHX BHIOB Ta30BBIX U MAPOBBIX BPEIHHIX BEINECTB, BOC-
nojb3yeMcst ypaBHeHueM CTOKca, YCTaHABJAHBAKOUIMM 3aBMCHMOCTb Me-
JKIY CHJION CONPOTHBJIEHHS CPEIbl NPH OCAXKIEHHH B HEH MENKHX B3Be-
IIEHHBIX YacTHL R M CKOPOCTBIO HX OCAXKIEHHS U,

R = 3mdpo. (6.11y

[Ipu paBeHcTBE CHJIBI CONPOTHBJEHHS CPelbl H MaccOBOH CHUJHI, Jei-
CTBYIOIEH HA YacTHUY WapoBOH GOpMBI, noc/aefHsIs OYLET HAXOLWTbCSA
BO B3BELIEHHOM COCTOSIHMH. IJTO YCJOBHE MOXKHO NpPENCTaBHTh B BHJE
R = mg unu 3ndpuv = (1nd®6) (pyy — p). Takum o6pasoM, mnosyuaem
BbIBEJEHHOE B IV1. 3 BBIpaKeHME JJisi CKOPOCTH BHTAHHsS 4YacTHIbBl [cM.

(3.63) 1

Uppr = (‘)M_—;&Fi)-‘zz'g' ) . (612)

rae (py — P) — PasHOCTb IVIOTHOCTEH B3BEUIEHHLIX YACTHI[ H BO3AYXa;
d — puaMerp wuvacTul; W — AMHAMHYECKMH KO3hD(HIMEHT BSI3KOCTH
BO3LyXa.

ITpyu cKOpOCTSX TA30BO3AYIIHON CMECH U, MEHBIIUX Upyr, OYIET Ha-
6/I0/IaTbCHl  OCAXKJ(EHHEe YaCTHL B3BeCH H3 BO3LYIIHOTO I[I0TOKA; eCaH
U >> Upgy, TO YACTHIE! OYAYT YHOCHTBHCH IIOTOKOM, NPHUYEM 3TH IPOLECCH
NPOUCXOAAT TeM HHTEHCHBHee, yeM GOJ/blle PasHOCTb B CKOPOCTSIX Iaso-
BO3JYIUHOTO MOTOKA ¥ BUTAHUS.

W3 ypasrenui (6.11) u (6.12) cnenyer, 4to AJis1 CHUXKEHHSI KOHIEHTpA-
UM BPEJHBIX BEHIECTB Ha 3aBOJCKOH ILIOMIAJKe U paccessHUs] HX B aTMO-
ciepe, ciaefyer UMeTh GOJbIINE CKOPOCTH B YyCThb€ HCTOYHHKA, MEHBIIHE
JHaMETPhl YacTHULl B3BECH H MEHbLINE PA3HOCTH IJIOTHOCTEH B3BEILEHHOIO
BelecTBA B BO3AyXxe. PocT TeMmeparyphl yjaansieMOH Tra3oBO3AYIIHOM
Cpenbl, ¢ OJHOM CTOPOHBI, yBeJIMYHMBAET pacnojaraeMoe JaBjeHHe NPH
€CTECTBEHHOH TATe (Pg — P) U MPUBOLUT K HEKOTOPOMY POCTY BSI3KOCTH
BO3LyXa W, HO € APYrofl — NpPH IOCTOSTHHOH NJIOTHOCTH B3BELIEHHOTO
BelIeCTBA HECKOJNbKO pAacTeT pasHOCTh (Py — P), UTO OTPHIATENBHO
CKa3biBaeTcsi Ha IIPOLECCe PACCEeHBAHHUS BPEIHLIX IpHUMeced.

st nponeccoB OYMCTKH I'a30BO3AYIIHBIX CMECEH NyTeM OCaXAeHHS
B3Beceil C/IeyeT CTPEMUTBHCH K MEHBHIMM CKOPOCTSIM JABHKEHHs IOTOKA
cMecH, ¥MeTb GoJibliHe pasMephbl YacTHI B3BeCH M KX IJIOTHOCTb (3TH
CIocoGHl OYHCTKY NYTeM OCaKIEHHS HAlUIH ITHPOKOE MPUMEHEHKe B Mbi-
JIEOCAJOYHBIX M JIAOMPHHTHBIX KamepaX, IHMKJOHaX M JPYIHX THIax
nelieyJosutesein [24 ).

MaxkcuMa/ibHas KOHIEHTPAIlHsl BPeAHBIX BelecTB (Kr/M%) B IpHU3eMHOM
ci0e Ha 3aBOACKOH IVIOWafKe NpH BHIGpPOCE M3 HU3KHX 3aTEHEHHHIX
HCTOYHHKOB ONpezessieTcsi N0 YpaBHEHHIO, KOTOpOoe MoxeT ObITb NOJY-
YEeHO METONOM pasMepHOCTed,

Cy = kM/(v,H2p), (6.13)

rie M — KOJHYECTBO BHIGPACHIBAEMOrO BEIIECTBA, KI/C; Us — CKOPOCThb
BeTpa B HEBO3MYILIEHHOM IIOTOKE, M/C; K — SMIUPHUYECKUil KO3DPHIUEHT,
3aBUCSAILIMEA OT pasMepoB 3JaHHMA M COOTHOILIEHHS BBLICOT (pakejaa 3arps-
3HEHHOTO BO3AyXa H yCTbs TpyOHl, T. €. k = Rk
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CoriacHO 3KcmepHMeHTalbHBIM JaHHeIM [9, 331,
k, = 2,0¢7"0!%5 (6.14)

3xech A, — OTHOCHTEAbHAS aq)cpeKTnBHa;{ BeJIUYHHA NpEeBLILIEHHA a-
KeJa Ta30BO3AYIIHOH CMecH, BBHIXOAsiledl H3 TpyObl, HaJ 3JaHHEM
p o= Hoxk 8h
I HBJ.I ’
rae h,, — BbiCOTa TPYOHl HaJ YpoBHeM 3eM/H; Ah — mpeBbliienue ¢a-
KeJa Hajl ycTbeM TpyOHI.

YpaBuenne (6.14) cnpaeenauso npu A, << 1,2. Benwuuna Ak on-
penensercs Ko3(phHUIHEHTOM, 3aBUCSALUM OT CTEHEHH TYpPOYJIEHTHOCTH
aTMOC(epHOro moToKa &, AHaMeTpoM ycTbsi TpyOul D, ckopocTbio BeTpa
U, TIOJIEM CKOPOCTEH Haj 3JaHHeM, 06yBaeMbiM BETPOM H 3aBHCHIIUM OT
OTHOCHMTEJNbHOH BHICOTH YCTbs (hakena i, CKOPOCTbIO OTOKA Ia30BO3AYIL-
HOH CMeCH w M paccuuThlBaercs 1o dopmyJie

Ah aDw
= oon

3aMeTHM, YTO B 3TOM ypaBHEHUH OTCYTCTBYET COMHOXKHTENb, YUYUTHI-
BAIOIIMH H3MeHEeHHe BBICOTH MoJbeMa (akeja OT TeMIepaTyphl yaasse-
MO ra30BO3NyIIHOH cMecH. [l BEHTHASLHCHHBIX BHIGPOCOB 3TO OMNpaB-
JlaHO, TaK KaK Pa3HOCTb TeMneparyp (f — f#y), KaK IPaBUIO, HEBEJIHKA,

Koadduuuent o usMeHsiercss B jAuamnasoHe o = 1,5--1,9, npuuem
MeHbIHE 3HAUeHHs COOTBETCTBYIOT GOJIbLIEH CTeNeHH Typ6y.neHTHocm
atMocephl: TpU v = 2 M/c —a = | 9 npu vy =4 Mc —a =

~ 1,6. 3unavenus ¢ gas h = (hyy, — Hap)/Hyy TpUBENEHBl HHKE:
Ao 0 0,25 0,5 0,75 1,0 1,2
O . 0,8 1,0 1,1 1,2 1,4 1,4-

OKCNepHUMEeHTaNIbHO TIONyYeHHBIE 3HAYeHUs KO3(Q(PHIHEHTOB k; U
ky B 3aBHCHMOCTH OT OTHOCHUTENIbHOH JJIHHB 31aHus I[/H,; TpuBeneHbI
nuxe. Eciu yjraneHue BpeqHBIX BELIECTB B aTMOCGEPY OCYIUECTBJSETCS
yepes aspalnMoHHble GOHAPH, TO BMECTO Koa(pdHIMeHTa k; MpH pacuere
Cy BBOAMTCS KOIPOHUMEHT Fkg:

l/Hgg ... ... 1,0 20 30 40 50 60 70 80 90 1,0
kg .. ..... 12 13 15 1,0 08 065 05 035 028 0,23
k¢ .. ..... — 09 10 L5 1,3 145 1,65 1,8 2,1 22

Takum o6pasoM, ¢ y4eToM NpHBEIEHHBIX ypaBHeHHH BBHIpaxeHHe
(6.13) moxno mpuBecTH XK BHALY:

2,0k, Me -0,61 (E+chw/(vaH3n)2
CM -

(6.15)

2
vBHSA

Ipoauddepenunposas ypasuenue (6.15) 1o cKOpocTH BeTpa H IpH-
PaBHSIB €r0 TEepPBYIO NPOM3BOJAHYIO HYJIO, HaifiieM BHIpAXKEHHE 1Js pa-
cyeTa ONAcHOH CKOPOCTH BeTpa, NPHU KOTOPOH B NPH3EMHOM CJIO€ aTMo-
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cepbl Ha 3aBOACKOH muiomiaake GyjueT HabJIoaThCs
MaKCHMa/IbHasi KOHLEHTPAIHs BpPEJHBIX BEIIECTB.
D, [punas o = 1,9, noayunm

3,8Dw ¢ ;55T a5 -1 ;
i VR F33—R)". (6.16)

B, on1
o=12-18°
CrnenoBatenbHO, oOnacHas CKOPOCTb —YBeJHUH-
BAeTCsl C POCTOM JHaMeTpa TPYObl, 4epes KOTOPYIO
OCYIIECTBJISAETCA BHIGPOC BO3JYyXa C BPEAHLIMH MPH-
MeCsIMH H yBeJHYeHHeM BepTHKaJbHOH COCTABJS-
I0Ie# CKOPOCTH BEIXOZa CMecH M3 ycrbsa w. C po-
ctoM H,, 3HaueHHe OMacHOH CKOPOCTH CHHKAETCH,
OJHAKO C yBeJIHYeHHeM OTHOWeEHHUSA (Arp — Hoan)/Hop,
. BO3pacraer. -
Ob6renunsas ypasHenus (6.15) u (6.16), umeem
o 0,53Mek; (V B2+ 3,3 — £)
M= — (617)
DwHane("w (I/h2+3,3+h)2

251,

L

P
T
—k —
—
—
—
p———

7, AHanu3 nNOJNYYEHHOrO YpaBHEHHSI NOKA3LIBAET,
| YTO [pPH YCTAaHOBKE 30HTOB HaJ TpyGaMH KOH-
HEeHTpalMs BPEJHBIX BELIECTB B IIPH3EMHOM CJO€
- aTMOC()epsl  3HAYUTENIbHO  yBenuuuBaercs. [led-
L1 CTBHTEJIHO, €CJH Ha BHITSIKHOH Tpyfe ycTaHOBJEH
Puc. 6.24. dakean- 30HT, TO BEPTHKANBHYIO COCTABJSIOIYI0O CKOPOCTH
Hblit BRIGpOC yAajsieMOH TrasoBO3AYIIHOA CMeCH @ MOXKHO CYHTATh

6n1u3koil K Hymo. U3 ypaBHeHus (6.16) moayuaem,
4T0 vy, &~ 0, a u3 Belpaxenus (6.17) umeem Cy -> co, no3TOMYy

yCTaHOBKa 30HTOB He pEKOMEHJyeTcs, KaK IpaBHJIO, YCTPauBAIOT
takenbHble BbIOpochl (puc. 6.24). CkKopocTb BBIXOJA Ta30BO3AYILIHON
cMecH H3 HHUX BbIIIE, 4YeM JJIsi OOBIYHBIX BHITSKHBIX TPYG C 30HTOM
(CHull 11-—33—75). ®@axeabHble BHIGPOCHI OPTraHHU3YIOT  OOBIYHO
B TeX MECTHOCTSIX, FJie CKOPOCTb BeTpa U, OOGBIUHO HeBeJNHKa.

CKOpOCTb BHIXOZA ra30BO3JYLIHOH CMeCH H3 TPYObl W BJHAET HA KOH-.
HEeHTPALHIO TONBKO MPH U5 < 2 M/C; mpH vy > 5 M/C CKOPOCTb @ MpPaKTH-
YeCKH yxKe He CKasblBaeTcsi Ha uaMeHeHHH Cy. OrTMeueHHBIE 0COGEHHOCTH
XOPOLIO WAMIOCTPUPYIOTCSA pPe3yabTaTaMH pacyeTa, NpHBeJeHHLIMH B BHJE
rpa¢ukoB C, = f (v;) Ha puc. 6.25.

B HacTosiliem pasjesie npoaHaJH3HPOBAH JHILIb CAyYail pacCeHBaHUs
BpeIHEIX NpHuMeceil U3 HH3KOTO TOUEUHOrO HCTOUHHKA, Paclo/IOXEeHHOTO
HaJ Y3KHM OTJEJbHO CTOSINHM 3JaHHEM.

‘Meroznka pacuera KOHLEHTpPaUUi BpeLHbIX IpUMecel npy yAaleHuH
MX U3 BBICOKMX HCTOYHHKOB PErlaMEeHTHPOBaHa «Y Ka3aHUSIMHU IO PACUETy
paccenBaHusi B armoctepe BriGpocoB mnpeanpusituit (CH 369--74)».

Mpumep 6.6. OnpefleNTh MaKCHMAa/abHYIO KOHUEHTPAlMIO OKHCH YIJepoia y Bo3-
11yx03a6opm>1x LIAXT CHCTEMBl ME€XaHHLeCKOH BEHTHJANKWH, PaClOOJOXEHHbBIX HAa :ZaEe-
TpeHHOﬁ CTOPOHE OTJEJbHO CTOSIEro 34aHusd. Paamepbl 3[aHuA: JJHHA | = 54 M, IIH-
puHa b = 30 M, BrcoTa Hyy = 12 M. Bri6poc ra3oBo3LyIIHON CMecH B KoJnuecTBe L =

= 32000 M%/u ocymecTBasiercs uepes Tpy6Gy Irp = 15 M, puamerpom D = 800 mm,
PACIO/IOKEHHYI0 C HaBeTPEHHOH CTOPOHBI 3JaHMA.
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KonuenTpatiusi OKHCH yIsiepofia 8, mefm®
B Boi6pacsiBaeMoM BOsAyXe Ceo, = ’
=5 wmr/v®. Pacuernas cKOpOCTb |
BeTpa, NPHHHMAsl MO peKOMeHJalHH
I1aBHOTO  CaHHTApPHO-3MUAEMHOJO-
THYECKOFO ynpaBieHus MuHucrep- 20
CTB? appasooxpaenuss CCCP, vp= |
= c.

Pewenne. Otnowenne b/Hgy = !
= 30/12 =2,5. Tlpu b/Hyz = 2,5
3faHHe cuuTaercss Yy3kuM. Omnpeje-
JUM BHICOTY HCTOYHHMKA pacceHBa-
HMSL Ta30BbIX NpuMecell. MHHHMATD-
Haf BHCOT2 YyCTbsi, npu Kotopoid 10
UCTOYHHK BBHIGPOCA CUHTaeTCsl BhHI-
COKHMM, ONpefleJsieTcss BHIpaXKeHHeM

Hyg = 2,6Hzp = 2,5-12 = 30 m.

—— e e e e e e e e

Beicota ycTbsi HCTOYHHMKA ra- .
30BbIeNeHHst  Aqp = Hap + lyp= J
= 2,7 M; TaK Kak hpp< Hy, TO 0 7 . -
HCTOYHHK CUHTAaeTcsl HM3KHM H BHI- z ‘ Vg, M/e
6pochl 3arpsA3HAIOT 30HY aspojHHa-
MHYeCKOH TeHH (UMPKYJAALHOHHYI0O Puc. 6.25. 3aBHCHMOCTL MAKCHMAAbHOH KOH-
sony). IlporskenHocTh 3TO#t 3OHHI UeHTPALHH BpPEAHBIX BELleCTB B HNPH3EMHOM
coctapasieT npumMepHo (6+7) Hyy,  caoe oT ckopocTH BeTpa:
T.e. nopAgka 7080 M. Koamde- | _ oo we 2—w=5 mc §—w=
CTBO BBIGDACEIBAEMOTO BpEJIHOTO Be- = 49 m/c
LiecTBa

M = LCqp /3600 = 32 000-5/3600 = 44,4 mr/c.

CKOpOCTb Ta30BO3ZYLIHOH CMeCH B ycTbe TPYGHI

L . 4.32000
3600F,p,  3600-3,14-0,8?
Boicotra nozpbema rasoBO3AYINHOH CTpyH HalA yCThbeM TPyGhl

Ak = aDw/gug.

W= = 17,7 m/c.

[pu vy = | M/c @ = 1,9. 3HaueHHe @ HAXONUM B 3aBHCHMOCTH or A:
b = (hyp — Hap)/Hag = (27 — 12)/12 = 1,25;
¢=1,4 AM=19.0817,7/1,4-1=19,2 m.
- OtHocuTenbHas a¢deKTHBHAs BHICOTA MOALEMA CTPYH HAj 3haHHEM
hry —Han+ AR 97 _12419,2
Hyy - 12

PaccunrbiBaeM K03GbGdHIHEHT kp, 3aBUCAIIMA OT BHICOTHl NMOABEMA Ta30BO3KYLIHOR
CMeCH Haj 3JaHHeM, .

By =

=2,85 M.

—0,6143 —0,61.2,85¢

k= 2,0e = 2,0e == 0,0141.

OnpenensieM xoaduiuent k;. OTHOMIEHHE l/H3;11 = 54/12 = 4,5 M; HaxoAuMm k) =
= 0,9. Onpefe/uM MaKCHMa/lbHYI0 KOHIEHTPAILHIO OKKCH YTJIepOAa B 30HE a3POJAMHAMH--
yecKolt TeHu mo ¢opmyJe (6.13)
0,9-0,0141-44,4

2
Cy = kikyM/(vgH2y) = oz

= 0,0039 mr/m>.
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Honyctumas KonuenTpauus okuck yriepoia B BO3LyXe, nocTynatoinem BHYTpb mo-
MellenHs, He AoaxHa npesbimats 30 % OT npeflelibHO JONYCTHMBIX KOHUEHTpALHil B pa-
6Goueit sone. Cornacto Tabi. 6.6 Crigx = 20 mr/m®. Takum c6pasoM, Cupur. gor = 0,3X
X 20 = 6 mr/mM3. MaxkcumaiabHas koHuentpauus CO B NPHTOYHOM BO3ZyXe MeHbIIe
Cripur. gom, MO3TOMY B JAGHHOM Cilyyae BO3ZYyX03aGOpHbie WIAXTHl MOTYT GBITH pacnosio-
JKeHbl-B 30HE a3DOJAHHAMHUYECKOH TeHH.

TNpumep 6.7. Ias ycinosHii npaMepa 6.6 onpefeHTh KOHIEHTPALHIO OKHCH YIilepoAa
B 30HE BO3NYX03a60PHEIX WIAXT, €C/IH [a30BO3AYIUHAS CMeChb BHIGPACHIBAETCH Yepe3 aspa-
LHOHHBIH (JOHApPb AJMHON, PaBHOH AMuHe 3JaHMA, W PACIONOMKEHHHH Ha pacCTOSHHUH
10 M oT 3aBeTpEHHOIH CTODOHHI 3JaHHA.

Pewenue. B oTsinune oT yCa0BHIl NpeAbAyLiell 3ajaul AaHHBI HCTOUHHK Bhljle/IeHH S
BPEIHBIX BELLECTB MOXET OblThb NPHHAT JHHeHHBIM. JIJIsT HH3KOTO JIHHEHHOTO HCTOYHHKA
BPEIHBIX BEIECTB Y3KOro, OTAENbHO CTOSIEr0 3JaHHSI MaKCHMaJbHasg KOHIEHTPaLUs
B 30He a5DOJHHAMHYECKOH TeHM OmpejessieTcs ypaBHeHueM [24]:

oMk
vplHzn

rie K — xo3dduiieHT, YUHTHBAIOWMA BJIHSHHE BO3BHIULIEHHS YCTbA HCTOYHHKA Ha
YPOBeHb 3arpsisHetusi (IpH BEIGPOCE BPEAHBIX BElIECTB B 30HY a3pOJHHAMHUYECKOH TeHH
K = 1); | — pnuHa 3paHus.

DOHADL PaCNONOXKeH B 30He a9POAHHAMHUECKOH TeHH (b = 30 M, b/Hyp = 30/12 =
= 2,5). PaccuntbiBaeM KOHILEHTPALHIO

2.44,4.1

C=TFT10

= 0,14 mr/m3.

Smopn cKopocTeil TpeAcTaBleHH Ha pHc. 6.3.

Takum 06pa3oM, MaKCHMalbHas KOHUEHTpAllHsl BPeJHBIX BelleCTB He IpeBhIIaeT
zonycrumbix 3HaueHHH Crhpur. gop= 6 mr/M3. B npoTHBHOM Caydae noTpeGoBatioch Gkt
H3MEHHTb MeCTO DaCho/iOXKeHHs BO3AyXosafopa HJH IPeAyCMOTPETb MePONpPHATHA IO
OUHCTKe yAasisieMoH Ia30BO3AYLIHOH CMecH.

Tpumep 6.8. OnpefesTh MUHHMAJBHYIO BBHICOTY OAHHOUYHOR TPYOHI, NMpH Bhi6poce
U3 KOTOPOH CMeCH BO3AlyXa H CEDHHCTOTO aHTHADHAA KOHIEHTPAIHSA BPeJHOTO BelllecTBa
B IPHU3EMHOM CJIO¢ Ha 3aBOACKOH IJIONIaJlKe He NPEBLICHT MaKCHMaJAbHO JOMYCTHMOTO
3HayeHUs. ,

Pacxog rasopospymuoit cMecu L = 20 000 m3/4, KOHLEHTpALHsI CEPHHCTOTO AHTH-
ZpHia B BHGpackiBaeMoit cMecH Cpp= 2 Mr/M®. Tuamerp Tpy6ut D = 900 mm. PoHoBas
KOHILEHTPALHA CEPHUCTOrO aHTHAPHAA y NOBEPXHOCTH 3eM/IH B JaHHOH MEeCTHOCTH IO AaH-
HBIM CaHHTapHO-3MHAEMHOJIOTHUECKOH cayx6s — 0,3 Mr/m3,

Pewenue. M3 ta6n. 6.6 HaxomuM npefesbHO HONYCTHMYIO KOHIEHTDAHHIO CEPHH-
CTOr0 aHrHApHIa B NPH3EMHOM C/Oe Ha 3aBOACKOH muomagke Criks. m = 3 Mr/me.

MakgcuManbHass KOHLEHTpauus BbiGpachiBaeMblX BpefHocTell ¢ yueToM (OHOBOH

COCTaBHT :
Crmax = Cripik 5. 1 — Cpow = 3 — 0,3 = 2,7 mr/m.

PaccunTeiBaeM KOJHYECTBO BblﬁpaCblBaeMbIX BpeIHBIX BellleCTB B CEKYHAY

LChug 200002

M=—500 - = 3600

= 11,1 mr/jc.

INo nauubM [7] MakchMasibHAs KOHIEHTpAlHs BDEJHBIX BEIECTB Y MOBEPXHOCTH
3eMJIM IIpH BHIOpOCE Yepe3 OJMHOUHYIO TPYOy MOMeT OBITb OnpefeseHa IO YPaBHEHHIO

235M

Chax = —5-
max vBH2 ’

rie H — sddekrnBHas BHICOTA BLHIOPOCA BPEAHBIX BEILLECTB.
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Us npesvinyiero BHIpaMKeHHs HAXOAHM

3HBM_ _ V 935 11,1
”*Vm;— Tg7 oL

IpeBHiUeHHe Ta30BO3AYIIHOA CTPYH Hal YCTbeM TPYGH BuidHC/steTcs no dopmye

aDw
Qug
(aast oguHOyHOR TPyGH A = 0 u ¢ = 0,8).
TlpH pacueTHOH CKOPOCTH BeTpa Up = | M/C cTeleHb TypOYIeHTHOCTH aTMOChEPHOTO

Bo3ayxa o = 1,9.
CKOpOoCTb BHIXOJA Ta30BOSAYIUHOH CTPYH M3 YCTbSl TPYOH!

4-20000

Ah =

@ = 394.(0,0)7-3600 — >/ M/
TOrAa
1,9:0,6-8,7 _ _
Ah = ———0—,8—-1— = 12,4 M;

¥ HeoGXOXMMas BHICOTA TPYOHI OMpeAensieTcsi BhpaXKeHHeM

Hyp=H — Ak = 31,1 — 12,4 = 18,7 m.

6 Usanos O. I. u Ap-.



fnasal. KJIACCUOUKALIMS BEHTH/ISITOPOB

[on xnaccudukanuel BEHTUIATOPOB OyJeM NOHUMaTh paclpeneseHue
HX IO rpynmam, paspsjaM H KJaccam.

Kuaccudukanust BEHTHISTOPOB IPOHU3BOJUTCS 110 HAa3HAUEHHIO, IPHH-
nuny JeHCTBHSI, KOMIIOHOBOYHOH cXeMe, CO34aBaeMoMy JIaBJIEeHHIO
H T O .

[Tox HasHaueHHeM NOHHMAeETcs Le/eBasl HailpaBJEHHOCTb CHCTEMBI,
BKJIIOYAIOIIEH BEHTHISATOPHYIO YCTAaHOBKY. [OBOJNIBHO TPYAHO mepeyuc-
JHTb BCe BO3MOXKHEIE NpaKTHYECKHE CJIy4al HPHMEHEHHsI BEHTHJISATO-
POB, TIO3TOMY OrPaHHYHUMCSI MepeyncaeHueM Haubosee H3BECTHHIX 0bJia-
‘cTeil MpUMeHeHHs: B CHCTeMaX BEHTHUJIALMH H KOHIHUIHOHHPOBAHHS BO3-
JyXa; B lleyax HCMOJb3YIONHX NYThe; [BIIeOYHCTKE U THEBMOTPAHCIIOPTE;
B TelIOOOMEHHHIX amnaparax BO3AYIIHOTO OXJaxAeHus; B npubopax
OLITOBOH TEXHHKH.

Haun6osiee mupoko B KauyeCcTBe BEHTHJSATOPOB HCHO/b3YIOTCS TakK
HasplBaeMbIe «IONACTHBIE HATHETATeH» (B OTJIHUHE OT OOBEMHBIX H CTPY H-
HbX). B JlomacTHeIX BeHTHJSTOpPax SHepPrus BpallaloLerocs KoJeca
npeoGpasyercss B NOTEHUHANbHYI0O M KHHETHYECKYIO, KoTopas coolla-
ercsi mepeMmemiaeMofi cpeje. JlomacTHble BEHTHJATOPH B COOTBETCTBUH
C HanpaBJIeHHeM JBHKeHHs BO3JyXa B HEM MOTYT GHITb NMOJApa3jeseHsl Ha
paauasbHble (LeHTPOOEKHBIE), AHaMeTpa/ibHBle, OCEBBIE.

B paauaspHBIX BEHTHIAATOPAX MOTOK BO3AyXa ABHIKETCS OT OCH KOJIeca
M0 pagHyCy H NOKHAaeT KOPIYyC BEHTHJSITOpPa yepe3 CHelHaNbHO Opra-
HU30BaHHOE OTBepCTHe (HarHeTaTebHHIH Narpy6ok). B aumamerpanbHbIX
BEHTHJIATOPAX IIOTOK BO3AYyXa BXOAHT B GOKOBOE OTBEPCTHE KOXKYyXa,
NPOXOJHUT MO AuaMeTpy pabouero KoJeca H HNOKHAAET KOXYX uyepe3 BTO-
poe GOKOBOe OTBEpCTHE KOXYXa. B 0CeBbIX BEHTHJATOPAX IOTOK JBH-
XKEeTcsl Mo HAMpaBJEHHIO K OCH BaJja pabouero koJieca.

ITo cosmaBaeMOMy aBJEHHIO BEHTUJSTOPH NMOAPA3AENSIOTCS HA HU3-
Koro (p << 981 H/m?), cpegnero (981 << p << 2943 H/M®) u BbICOKOTO
(2943 << p << 11772 H/m®) naBaenwus.

ITo xapakTepy nepemeiiaeMofi cpeisl BEHTUJAATOPH MOTYT ObiTh
noapasfieseHsl Ha: oOlero HasHaAueHHs, [ NepeMelleHHs rasoobpas-
HOM CpeiBl ¢ IMIOTHOCTBIO p = 1,2 Kr/M3, BO31lyXa H cMecel, arpecCHBHOCTD
KOTOPHIX 110 OTHOLIEHHIO K YIVIEPOLHMCTHIM CTasIsIM OGHIKHOBEHHOTO Ka-
yecTBa, NPHUMEHSEMbIX B BEHTH/ISITOpPAX, He BhIlle arpecCHBHOCTH BO3-
ayxa; ¢ temneparypoii 1o 80 °C, He cofiepKalHX MeJKUX BelecTs, BOJIOK-
HHUCTBIX MaTepHaJsIOB, a TaKxe NBUIM M JPYTHX TBepABIX IpHMeceil B KO-
augecrBax 6Goaee 100 mr/m3; B3puiBoGe3omacHbIe; KOPPO3HOHHO-CTOHKHE
U Ap.
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7.1. THIIbl PAJHAJILHBIX BEHTWJIAATOPOB

B npowmbilsieHHOCTH HaxOoJiee LINPOKO NPUMEHSIIOTCSH BEHTHJSITOPHI
pamnafibHele (LeHTpoOexkHEe) obmero HasHaueHus (['OCT 5976-—73).
Ha puc. 7.1 usobpaxeHa cxeMa paiuHajJbHOrO (LEHTPOGEXKHOTO) BEHTH-
JIITOpa, OCHOBHBIMH 3JI€MEHTAaMH  KOTOPOTO SIBJISIIOTCS YJIHTOOGPAa3HHIR
KOXYyX I, pabouee koseco 6 ¢ BajoMm 2. PaGouee koJsieco cobupaercs U3
CIJIONIHOTO TepejHero 3 1 3ajHero 4 ¢ OTBEPCTHEM IHCKOB, MEXAY KOTO-
PHIMH YKpEIIsieTcsl HeKoTopoe uucso Jsonatok: Koxyx / nmeer HarHe-
TareJbHLIH 7 W BcacwBawowuil § narpy6ku. Bo3nyx, BXOAAIMHUA B MeX-
JIONAacTHOE TPOCTPAHCTBO, 3aKPY4UBAETCS! NPH CHJIOBOM B3aHMOZEHCT-
BHH C BPALIAIOMUMCsI KostecoM. [1pu 3TOM BO3HHKaeT HeHTpoGeKHas CuJa,
HanpapJeHHas 10 Pajuycy OT BHYTPEHHe# OKPYMKHOCTH KoJieca K Ha-
pyxHoii. ®opma Kopmyca, npenjoxeHHas OcGopHom PeltHosbacOM,
obecrieunBaeT cOOp BO3LyXa U €ro nojauyy uyepe3 narpyboK B CeTb.

YcoBeplIeHCTBOBAHHLIM THIIOM pajnanbHOro (LeHTPOGEKHOrO) BeH-
TUJAATOPA ABJAETCS €ro npﬂMOTqubm BapuaHT (puc. 7.2, @), B KOTOpOM
MOTOK BO3JyXa NOJ JeHCTBHeM TOH ke NeHTPOOeKHO# CHJBI NPOXOLHUT
B paJMaJbHOM HaNpaBJeHHH B MeEXJOMAaTOYHOM NPOCTPaHCTBe, MOMNa-
JlaeT B KOJIbIEBOH KOPHYC M HarHeTaercsl yepe3 BBINYCKHOe OKHO, pac-
MIOJIOXKEHHOE IO INepuMerpy Kopmyca. Kopnyc BeHTHJIATOPA MOKET
BBINIOJIHATE POJIb JIONATOYHOT'O PajHasbHO-0CEBOTO CHPSMJISIONIEro anmna-
pata, B KOTOPOM 4acTb JMHaMHYECKOIo IaBJIeHHs Npeobpasyercsi B CTa-
Tuyeckoe. OZHUM U3 MPEUMYLIECTB TAKOTO THIIA BEHTHJISTOPOB SBJsETCS
BO3MOXKHOCTb pa3MelleHUs 3JeKTPOJBHraressi BHYTPH KOXKyXa, 4TO
NPHUBOJUT K YJAYUYIIEHHIO ero IIYMOBHIX XapaKTepHCTHK. HaroropseHue
TaKHX BEHTHJATOPOB HECKOJDbKO CJIOXKHee, ueM oOnuHbX. OfHaKo mpen-
CTaBJIAETCH, YTO TaKHE BEHTHJATOPH! NOJIKHEI HAHTH NpUMEHEHHE B KOH-
JHLHOHepax (MCXOAS u3 HX KOMIOHOBOYHBIX BO3MOXKHOCTEH H OpraHu-
3allHH IIOTOKOB).

B auckoBeIX BeHTH/siITOpax (puc. 7.2, 6) I/ TPaHCIOPTHPOBKH
BO3LyXa MCOOJNb3yeTcs 3PDEeKT «MPHIHNAaHHS KHUIKOCTH» K oO6TeKaeMo#H
TBepAoH moBepxHocTH. PaGouee Koseco ZHCKOBOrO BEHTHJIATODA Hpel-
craBasier co6ofi HaGop riaj-

KHX TNapaiJelbHO  PacroJo- 7
XKEeHHBIX JHUCKOB, MEXJIY KO- ' L
TOPHIMH [ 00pa3yloTesi  y3Kue
KaHaJul. EBosnyxz nocTymnaer
B BEHTHJIATOP Yepe3 IeHTpaJlb-
HHIf BXOJHOH KOJIJIEKTOD H
noj, JeHACTBHEM CHUJI TpEHHUS
OpH BpalleHWH KoJjeca TpaHC-
NOPTHPYETCH 3a CYeT LEeHTPO-
6exXHBIX CHJ paigualbHO B
MEeXIMCKOBHIX KaHadax, Io-
Jgydas yCKOPEHHE B TAHICH- pye, 7.1. PaguanbHbifi (ueHTPOGERHBIA) BeH-
[HaJIbHOM HanpaBJieHHH. Ha-  ruasrop:

CTHIH Trasa ABHIKYTCA ino ! — koXyx; 2 — Bam; 3 — mepeRHER Ruck; 4 —

) safiHUR JAHCK; 5 — BcachBaomudfl narpyGok; 6 —
CHHP&JIBHHM} TPACKTOPHUAM H  paGouee komeco; 7 — HarHeTaTeJbHHH NaTPyGoK
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Puc. 7.2. KoHCTpyKTHBHBIE pellleHHS PaiHaNbHbLIX BEHTHASATO-
PoB: @ — BHXpeBOTO; 0 — JHCKOBOrO; 8 — CMEPHEBOIo

HOKHAAIOT KOJeCO C YBEJHYEHHOH »3Heprueid, u4To 0OOGYCJOBAHBAET
BO3HUKHOBEHHE TMOJIE3HOrO Ilepernana Ha BXoJe H BBHIXOJE M3 BEHTHU-
aaropa. JuckoBbie BEHTHJAATOPH 3(peKTHBHEEe HCIOJIB3YIOTCS IPH
6oJbIINX CKOPOCTSIX BpAIEHHsI, OJHAaKO B HacTosuiee BpeMs 3d-
(eKTUBHOCTb 3THX BEHTHUJISTOPOB HH3Ka. TakHe BEHTHJSATOPH MaJio-
LIYMHBI, YTO MOpeNONpefessieT HX NpHMEHEHHe B KOHJHIHOHepax.

B pajauanbHBIX cMepyeBHIX BEHTHJATOpax (puc. 7.2, 6) mepex Bpa-
IAOMHMCS  KOJIECOM BO3HHKAaeT MHTEHCHBHOE BHXPEBOE [BHIKEHHE
(cmepy) B HeHTpanbHOR M nepudepufiHOH yacTaX KOTOPOrO BO3HHKAET
MoJIe3HbIH Tepenaj AaBJeHAH, SABJSIOMUACA NOOYIHTeNeM JBHIKEHHSA
Bo3ayxa. Bosnyx mpoxoaur, MuHYs pabouee KOJecO, KOTOPOE SIBJISIETCS
Jgumib nobyjauTeseM CMepya, HMEHHO II03TOMY OHH YCHEIHO IpH-
MEHSIIOTCS B KayeCTBe NblJIEBbIX BEHTHJISATOPOB.

7.2. THOBI OCEBBIX BEHTHJISITOPOB

B OCEBBIX BEHTHUJAATOPAX BO3JYyX HE H3MEHseT HalpaBJE€HHUss JBH-
xeHusa. B NPHHIHIIE TaKHe BEHTHUJIATOPbLI BLINOJHSAIOTCA C LIHJHHADH-
YECKHM KOXKYXOM HJIH 6e3 KOXKyXxa BooGie. B mocnennem CJyuae BEHTH-
JIATOPBHI NIPUHATO Ha3bIBaTh INPOIEJIJIEPHBIMH. ,HJISI YMEHBIIEHHUA HOTépb,

1

/!

1

Puc. 7.3. OceBoft BeHTHAATOP OGLIMHOTO HCTONHEHHS:

I — BxopaHOR mNaTpy6oK; 2 — LHAHHAPHIECKHA KOXyX: J — paGouee
Koneco; 4 — Aupdy3op; § — BEIXOAHOE OTBEPCTHE
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CBI3aHHBIX C Y/JapHBIMU SIBJEHHSAMH IIO-

TOKa Ha BXOJe, 4acTO YCTaHaBJHBAIOT N
nanpasasioine annaparsl. OceBoil BeH-
THJAATOP OOBIYHOTO HCHOJHEHHA Hpel-
cTaBJIseT co60# JomaToyHoe (JIOMacTHOe) —
KOJIeCO 3, pacrnoJjioKeHHoe B UHJIHHIDH-
yeckoM Koxyxe 2 (puc. 7.3). Bosnyx —
locTynaer yepe3 BXOAHOH marpy6ok [ u
34 CYeT B3aUMOJEHCTBUSL C JIONATKaMH
epeMemiaeTcss B OCeBOM HallpaBJAEHHH, -
NPH TOM JaBJIeHHEe €ro YBeJIHUHBAEeTCs,
yepes aupdysop 4 mocrynaer B BHIXOX- —
HOH marpybok 4. Koseco oceBoro BeH-
TUJAATOPA MpencTaBisieT co00H BTYJKY,
Ha KOTODOH KpensiTcs JIONaTKH, NPOQHUIb e
M TEeXHOJOTHS H3rOTOBJEHHS KOTOPHIX
MOTYT OBITb Pa3JIHYHLIMH.

Teopust Jomatku 0CeBOro BEHTHNSA- o o4 MpuAMHANbHAS CXe-
Topa (puc. 7.4) B OCHOBHOM aleKBATHA 3 oceBoro BeHTHasTOpa:
TeOpHH Kpbina camosiera (puc. 7.5). TIox 1 — koxyx; 2 — sryaka; 3 — sto-
BJHsTHHEM Haberaomero noToka Ha Kpoljljo ~ narka
O6yayT AeHCTBOBaTh MHoAbeMHas cuia Fyoq
M CHJ1a JIOGQBOTO COMPOTHBACHHUA Fiop. conp. [IPH BpameHuu paGouero
KoJleca BEHTHJASITOpa YCJOBHO HasbiBaeMas B 3TOM CJydYae INOAbEMHast
cu/aa, GyleT NopoxzAarh TATOBYIO CHJAY noToka Bo3ayxa. CorsacHo [8]
OCeBbi€ BEHTHJSATOPbl MOI'YT OBITb NOApasjefeHbl Ha BeHTUJISTOPHI:
OHOCTYTIeHYaThle H MHOTOCTyIeHYaTble OOBIYHBIX CXeM; BCTPEYHOTO Bpa-
IEHHS; C MEPHINOHAJNBHEIM YCKODEHHEM; DPeBEPCUBHBIE; MaJsONIYMHBIE.
Hau6onee pacnpocTpaHeHHass KHHeMaTHyecKasi cXeMa BEHTHJISTOpa
BCTPEUHOrO BpaIIeHHsI COCTOUT U3 JBYX TOCAENOBATENHHO YCTAHOBJIEHHBIX
pabourx KoJec NPOTHBOMNOJIOXKHOrO BpameHusi. PaGoune Koseca BeHTH-

3

Vi

A
nof J 7 }
7
F o8 conp ‘
V r .
Puc. 7.5. K Teopun kpsina: , » /
1 — nonaTtka pafouero KoJieca 2 'J/ p
/ «

Puc. 7.6. Cxema BenTuasropa OB-51 ¢ MepHAMOHANbHBIM YCKODEHHEM MOTOKA:
1 — BHA; 2 — paGouee kojeco; 3 — CA; 4 — KopmyC C BXOAHBIM KOJJIEKTOPOM

165



JATOpa MOTYT WMETh NOBOPOTHBIE JOHATKH
¥ C WHAMBUAYAJbHEIMH NPUBOAAMH, YTO IIO-
3BOJISIET THOKO DEeryJHpoBaThb €ro IpPOH3-
BOJHTENbHOCTD H3MEHEHHEM YIVIa YCTAHOBKH
JIOTIaTOK M 4YacToT BpameHus: koJec. Oco-
GeHHOCTBIO 3TOTO crocofa peryJupoBaHHs
SIBJISIETCS BecbMa IAy0OKoe u3MeHeHHe Ja-
BJIEHHSI PAa3BHBAEMOI0 BEHTHJATOPOM IIpH
NOCTOSTHHOM MPOW3BOIUTENLHOCTH C COXPa-
HenueM Bhicokoro KITI.
BeHTHIATOPE ¢ MEPHIUOHAJBHEIM YCKO-
- peHHeM [I0TOKa OTJHYAIOTCS OT OOBIYHEIX
Puc. 7.7. Paasep'n(a‘ gonatok OCEBBIX BEHTHJIATOPOB yaennueﬂoi/’l oceBOH
paGoyero Kojeca MAJOIIYMHO-  COCTaBJSIONIEH CKOPOCTH NOTOKA B HX MNPO-
To BEHTHISTOPA TOYHOM WYacTH, UYTO CHOCOGCTBYET YMeHb-
IIEHHIO TPajJHEHTa CTAaTHYECKOro JaBJIeHHS
H MCKJIOUEHHIO BO3MOXKHOCTH BO3HHKHOBEHHS OTPHIBHBHIX SIBJICHHH, Bbi-
cokum KIIJl. ¥ckopeHHe noroka B MEpPHAMOHAJIbHOM MJIOCKOCTH pabo-
Yero KoJsieca NMPOUCXOJHMT y3-3a KOHYCHOTO HCIIOJHEHHsI €ro BTYJAKH Ha
BXOJle IPH LMJIHHAPHUYECKOM Kopiyce BeHTuasTopa (3¢dert KoHndysopa).
Ha puc. 7.6 nokasana cxema Takoro BeHTHJIATOPa C BXONHBIM Hanpas-
asomuM (BHA) u cnpamasiiomum annaparamu (CA)..

B HEKOTOPHIX BEHTHJIATOPHEIX YCTaHOBKAaX Tpe6yercst H3MeHeHHe
HanpaBJieHWss BO3AYIIHOIO IIOTOKA, B 3TOM CJydae NPHMEHSIOTCA peBep-
CHBHBIE BEHTHJIATOPH! (Yalle BCEro peBepC OCYLIECTBJSAETCA M3MEHEHHeM
HanpaBJ/IeHHs! BpallleHHs KoJjeca Ha obpartHoe). IIpu atom K ¢opme
JIONaToK NMPHHHUMAIOTCS MEPHI MO YJIYYIIEHHIO HX PEBEDCHBHBIX CBOKCTB,
ofecreynBaiOUlHe HISHTHYHOCTb XapAKTEPHUCTHK NpH o6OHX HampasJe-
HHUSX TIOTOKA BO3Ayxa. B Tex cayyasx, Koria K yCTaHOBKe NPELbABJIA-
IOTCA MOBBILIEHHEIE aKYCTHYECKHE TPEGOBaHHA, HAXOAAT NpUMEHEHHe
MaJIOIIyMHBbIE OCEBbl€ BEHTHJATOPHI C MaJbIM YHCJIOM OUEHb IIMPOKHX
Jonatok (puc. 7.7). Takoro THNa BEHTHJAATOPAMH KOMILIEKTYIOT TOPro-
Bpie XOJIOAW/bHbIE yCTaHOBKH. [ia yayumieHus a’poAHHAMHUECKHX
XapaKTePHCTHK JIOMATKHM pa3MellaloT Ha LHUAMHADUYECKOH BTYJNKE
¢ ofTekareseM. ' ' -

[IponenniepHplfi BeHTHJAATOP NpeACTaBAseT COGOM JBYXJONACTHOE
KoJIeco, KaK MpaBujio, ycTaHaB/juBaeMoe (e3 KoxyXa, JIOHacTd B ce-
YEeHHH HMEIOT (QopMy Kphblia. Takue BEHTHJATOPH PasBHBAIOT He6OJb-
IHe JABJEHHsT npd GoJbIIMX o6beMax MNepeMelaeMoro BO3LyXa.

7.3. THIIbl JAHAMETPAJIbHBIX BEHTHJISTOPOB

JvamerpanpHuifi BeHTHUAATOP (puc.--7.8) umeer pabouee KoJeco
C JomaTKaMu THNa «GeJHyberos, NOMEIIEHHOe B KOJMEeHOOOpasHHIE Ko-
X)yx. MHorza B neHTpaNbHOMN YacTH BEHTHJATOpPA pPAacloJaraioT THelH-
aJbHBIH HanmpaBasioliufl annapar, crmoco6CTBYIOUHE NOPaBUIBHOK Op-
raHu3alnuH BXOASILErO MOTOKA Bo3Ayxa. [Ipu BpaimieHuH KoJieca BOKPYT
Hero ofpasyercsi 3KCUEHTPHYHOE BHXDeBOe IOJie, 8 y HapyXHOH IoJIo-
BHHEI KPYTrOBOH DEIIETKH BO3HHKaeT paspexeHHe, 4TO H OOYCJOBJIHB aeT
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TOK BO3Jlyxa B TNONEPEUHoM (aua-
MeTpasJbpHOM) HanpaBJeHHH. Fame-
liCHHE TPOM3BOAUTENBHOCTH  BeH-
THASITOPA JOCTHTAeTCs H3MEeHEeHHeM
WYPHHBL KoJleca, NMPH HEH3MEHHOM
jJaprenun u  KIIIA. Ocobennoctu
OpraHu3aunuH BXoJa H BLIXOJa BO3-
JyxXa B S3THX BEHTHJASTOpPAx Io-
3BOJIIIOT B pPsJie CAyYaeB YAayHO
pemaTh KOMIIOHOBKY KOHIHIHOHE-
pOB M JIPYrux ycraHoBOK. Jluame-
TpaJbHble BEHTHJISTOPHl HMEIOT He-
BLICOKYI0O 3KOHOMHYHOCTb,  HOBHI-
IIEHHBIH ypOBEHb IIyMa H B psije
Clly4yaeB OTJIMYAIOTCA HEyCTOHYHBOH
paborto#i. OfHako npu NPaBHUIBHOH
KOH}UIypauuu KoXyXa M Hampa-
BJSIIOIIEr0 ammapara, o0ecledHBa- Puc. 7.8. JlnameTpajabHbiil BeHTHJAATOP:
1101114794 CO3aHue ILeHTpa BHXpSA 1 — BXOJHOe OTBepcTHe; 2 — BLIXOAHOE OT-
BOIM3H BXONHBHIX KPOMOK JIOMATOK, “CPe™e ¢ — pacosee xodeco; 4 — xopnyc
MO3KeT ObITh JOCTHTHYTO IJIOHHIKEHHe YPOBHsI iyMa. B mesom ke npua-
MeTpaJibHble BEHTHJSTOPH 110 KOMIIOHOBOYHHIM BO3MOXKHOCTSIM CJAENYeT
CUNTAThb MNEepPCNEKTHBHBIMH. '

7.4. CPABHEHHE H OBJIACTU NPHMEHEHUA
PA3JIMYHBIX BHJ0B BEHTHJATOPOB

B ofmem cayyae pabora BEHTHJATOpPA OLEHHBAETCH MO IIOJTHOMY p
M CTAaTHYECKOMY p.r JaBJEHHIO, Pa3BUBAEMOMY HM, M NOTpeb/sieMoi
MoutHocTH N. O¢pdeKTHBHOCTb BEHTHJISTOpPA MOXKeT ObITh OIlleHeHa
IOJTHBIM 1] H CTaTHYeCKHM 1o KII[, KoTophle onpegensiores cjelyomuMu
ypaBHEHHSIMH: '

Lp . . Lper

"= Niooo *  Mer= Nr1000 ’

raie L — o6veMHasi OpOH3BOAMTENBHOCTh BEHTHJsATOpa, M3/C.

HHorna okaswiBaercss GoJiee yIOGHBIM CPaBHHBATh BEHTHJISTOPHI OJ-
HOro HJIM pPas3HbIX BUJOB 110 6e3pasMepHbIM KoadduluueHTaM: NPOH3BOLH-
TeabHOCTH L = L/Fau,; paBneHuto p = p/pul; MmomHocTH N =
= N/pu3F,- 1000, rae uy; = 0,5D,0 = nDn/60 — OKpYKHas CKOPOCTh
KoJIeca 0 KOHIIaM JIONATOK; ® — YIJoBas CKopocTh; F, = nD3/4 —
IJIOMab IPOEKIHH KOJeca Ha NJIOCKOCTb NO KOHIAM JIONIATOK.

3a xapakTepHHIH pa3Mep NpH 3TOM NPHHHUMAOT AuaMerp pabouero
koseca D,. KpoMe Toro, B JuTepaType BBelIeHb KPHTEPHU OLICTPOXOJ-
HOCTH ny u rabaputHoctsn Dy [27]:

ng=82L""p~*; - D = 0,67L"p""

INapamerpst 7y ¥ Dy o4eHb yAOOHBI NPH CPABHEHHH BEHTHJATOPOB
pasHBIX THIIOB M BbIOOpE ONTHMAaJBHOrO THMA BEHTHJSATOpa, obecreyu-

167



pa

704 L1777 ey /Y /171 N

8 L3

4 R L .-L-f .;ﬁ?ﬁ r

72— rGod i
0° ’ %"ﬂm—v )

a T H’TTYIEIIHIII T Iy

i & y 4

wl £ }
Z \\ - =g
§‘ N et

10? e de Ak bl s o.0.0 04

g e

4 A N

[ RIBITATaa| |l|!l ITHIN]

2

n' . '

wtl 46812 468p2 2 468y 2 4682 4685 2 468p*2 4

Ly

Pac. 7.9, O6nacts npuMeHeHHS PASAMYHLIX BEHTHAATOPOB:

m " — oceBmIX OJABOCTYNEeHYaTHX (“max = 0,68 0,8); m — CHenHaJbHHX
oceBhIX (AJsi TPajiMpeH )y m — pajuanbHBIX (0o6lIero HasHaUYeHHs OAHOCTOPOHHEr O

BCachiBaHUA); m — pBAHBAJLHBIX (OAHOCTOPOHHEro BCACHIBAHHSL NpH n = 3000 06/MuH);

m — paAHaNbHBIX ABYCTOPOHHEr O BCaChIBAHHSA; m ~ AYTbEBBLIX BEHTHJASATOPOB (THNa

BO); m — AwbMococoB (tuna M)

BalOllero 3ajlaHHble 3HaYeHHsl NPOM3BOAHTENBLHOCTH W JaBJjeHHs. 3Ha-
YeHHs ny MeHsTCs OoT HyJas (npu L = 0) mo GeckoHeyHocTH (pH p =
= 0), a ana Dy — oT GECKOHEUHOCTH J0 HYJIS. Ka;x;LOMy THOY BeHTHJIA-
Topa cBOfCTBeHeR HEKOTODBIA [ManasoH 3HaueHHH ny u Dy.

Huxe npuBeleHbl OPHEHTHPOBOYHBIE 3HAUEHHS! KPHTEPHEB OBICTPO-
XOJIHOCTH JJisi HEKOTOPHIX BEeHTHJ/ISTOPOB:

BuerpoxofHoCTh
Benruasrtopsr:
pajnanbHble BEICOKOTO AABJIEHHH . . . . 10+ 30
paiHaNbHEIE HH3KOrO H CPeJHero zxaB.neme ¢ nomaTkaMu KOJIec
samymMHBnepenA................. 30+ 60
33rHYTHIMH Ha3aj . . e 50-+- 80
pafnanbHble )ZLBycTOpOHHeFO Bcacmsauua e e e e 80120
NUCKOBEHIE . . . R 6osiee 80
oceBble AJiS1 TOBbILIEHHEIX namennn co cnpﬁwmomnmu anmna-
patamum ... e 120200
OceBhIE C THCTOBBIMH pr‘-leHbIMH nomatkam# . . . . . . 200+ 400

Ha puc. 7.9 B koopaunarax p, L HaHeceHB 06J1aCTH NPUMEHEHHS
HEKOTOPBIX BEHTUJIATOPOB OOIEro HasHAayeHHS H CHenHatbHEIX. s
pPaiuadbHEIX (LEeHTPOOGEXKHEIX) BEHTHAATOPOB 06/1aCTh NMpPHUMEHEHHSs JOBO-
JIbHO LIHPOKA H B CPABHEHHH C OCEBLIMM OHA CMeIlaeTcs BJEBO W BBEPX.
JlyTbeBble BEeHTHJATOPBHl U JBIMOCOCHI, HCHOJIb3yeMble B TSIXKEJOH Mpo-
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MBIILJIEHHOCTH, B OCHOBHOM OTHOCSITCSI K BEHTHJISITOPAM CPEIHEro H BHI-
COKOro jJaBjeHHsi. [ BEHTHJSATOPHBIX TpajupeH OOLIYHO HCAOJB3Y-
I0TCSA CIIELMAJbHEE OCEeBble OTCACHIBAIOIIHE WJYM HarHeTaTeJbHEIE BEHTH-
JsTopel. OHE UMeIoT GOJIbIIYIO NPOH3BOAUTENbHOCTh IPH HE3HAYHTEJb-
HBIX JaBJIEHHAX H 3HAUHTEJbHO Jierde pPajMaJbHBIX BEHTHJAATOPOB.
Mmeercst 6o/bIlIoe KOJIHYECTBO BEHTHJASITOPOB Majo#l IPOU3BOAUTENBHO-
CTH, pafOTaOMHX IO PAacCMOTPEHHBIM BHILE NMPHHLIKNAM, OJHAKO 06Jia-
CTH X NPEANOYTHTEJBLHOTO [IPHMEHEHHUS ellle HeJoCTaTOYHO OGOCHOBAHH!.
[IpuMenenne ux o6ycIoBIHBaeTCS Ie/NeBRIMH Ha3HAUEHHSIMH YCTAHOBKH,
KOMIIOHOBOYHBEIMH DeIICHUSIMH, TPe6OBAHUSMH INO IUyMy, BHOpanuu
H T. II.

BentunsiTopHpie yCTaHOBKH 4YacTO NpeJHa3HAYaloTCs g Nepeme-
IWEHUs TrasoB, COJAEPKAUINX 3HAYUTEIBHOE KOJHYECTBO B3BEIUICHHEIX
TBEPJABLIX YaCTHII, BRISBIBAIOMIMX U3HOC JeTalel W Kopposuwo. Hanpumep,
B TaKHX YCJOBHUAX pabOTaiOT ABIMOCOCH! KOTJAOB, BEHTUJ/ISTOPHl LEMEHT-
HBIX TNPOH3BOACTB, OTHEYNMOPHOH MPOMBIIJIEHHOCTH H T. H. B sTux cay-
YyasiX MPUMEHSIOT ClieLHa/bHble BEHTHASTODAL, C MaJOH YacToTOH Bpaule-
HHS H OTHOCHTEJNbHO GOJNBLIMMH AMAMETPaMH KoJiec. B cyIocTpoHTeéb-
HOH M aBHAIHOHHOH NPOMBIIIJIEHHOCTH YacTO NPEAbSBASIOTCA NOBHIIIEH-
Hble TpeGOBaHHA K rabapuTHBIM .XapaKTepUCTHKaM BeHTuJATOpoB. Ilo-
STOMY B CY/JIOBbIX H aBHAIYIOHHEIX CHCTEMAaX HAallJd NPHMEHEHHE BHICOKO-
000POTHBIE BEHTHJISITOPH H3 JIETKHX CIJIaBOB CO BCTPOEHHBIMH IBUTra-
rensmu. OnpeneseHHble Tpe60OBaHHA K BO3AYLIHOH cpefe HEKOTOPHIX
HOPOU3BOJACTBEHHEBIX NOMEILeHUH, 06C/HyXHBaEMBIX BEHTHISTOPHBIMH ycTa-
HOBKaMH, OOYCJOBHJIH MOSIBJIEHHE Da3JMYHBIX HCNOJHEHUH BEHTHJATO-
pOB, HanpuMep: paiuaibHbIX M3 HepiKaBeloleH CTasH, NBIEBHIX, Hble-
3alUINeHHBIX, {3 aTIOMUHHEBBIX CIJIABOB C IIOBBIIEHHOH 3aIHTOH OT
HCKPOOOpa3oBaHHsl, B3DHIBO3AIUTHRIX KOPPO3HOHHO-CTOMKHX, KOPPO-
3HOHHO-CTOMKHMX M3 THTAaHOBHIX CIJIaBOB HWJIM IIJIaCTMACCOBBIX, OCEBHIX
M3 Pa3sHOPOAHHIX METaJJIOB C MOBHIIEHHOR 3aIHTOH OT MCKPOOGpa3oBa-
HHSl, KDHILHBIX.

Hs Bcero pasHoo6pasusi BeHTHAATOPOB AJs GoJiee ryGOKOro u3yye- -
HUS OCTAHOBHUMCS Hd PACCMOTPEHHH palHalbHbIX (IeHTPOOEXKHHX) M
OCEBBIX BEHTHJIATOPOB 00lLIero HasHayeHHsd, MOCKOJbKY B HacTodllee
BpeMsl OHH LIMPOKO NPHMEHAIOTCA B CHCTEMAaX BEHTHIISANHUY U KOHAHIHOHH-
poBaHua BO3AyXa.



Faasa 8. PAIVMAJIBHBIE BEHTH/ISTOPBI

Paduarvroimu (1€HTPOGEIKHEIMH) BEHTHJISSTOPAMH HA3HIBAIOTCH M=
paBJIHYeCKHe MalIMHBL ¢ paGoYuM OPraHoOM B BHJE KOJeca C JIOIaTKaMH,
npeiHa3HaueHHbIe 1JIsf NepPeMelleHHs] BO3AyXa /M HHBIX rasoB C MJIOT-
HocThio p = 1,2 Kr/M® npu noTepsix NaBjeHus B ceTH He Gojee 15 000 ITa.
PanuanbHble BEHTHJATOPHI IIHPOKO HCHONB3YIOTCH BO BCEX OTPacCIax
HApPOJHOTO XO3sHCTBA [IJIs1 BEHTH/SAIHH, BO3AYIUHOTO OTONJIEHHSI, KOH-
IHIHOHMPOBAHUA 3AaHUH U coopyxeHHH. OHH NPHMEHSIOTCA TaKKe
JJisi  OCYILECTBJIEHHS ILEJOro psjfa TEeXHOJOIMYECKHX IIPOLECCOB:
CYIUKH Pas/JuYHBIX MaTepHasoB, OXJaXKAEHHS BOJBI B BEHTUJISITOPHBIX
rpajiupHax. ‘

BeHTUIATOPE OTHOCATCH K BECbMa 3HEProeMKoMY o0GOpyIOBaHHIO;
B Haiueli CTpaHe, HalpuMep, Ha IPHBOJ BEHTUJSATOPOB PaCXORYETCHA
10 10 % Bceit BupaGarniBaeMoit 3JieKTposHepruu. Ilostomy oco6oe BHHU-
MaHue npuuaercs Bonpocam nosbimeHus ux KIII, yayumenno TexHu-
YECKHX H 3KCIJIYaTalHOHHBIX XapaKTePHUCTHK, PacCIlHpEeHHI0 HOMeHKJa-
TYpHl BBINYCKAEMBIX MALUIHH.

[lepBrifi UeHTPOGEXKHBIA BEHTU/IATODP, CTABIIUHA INPOTOTHIIOM COBpeE-
MeHHHX, Oui1 u3o6peter B 1832 r. pycckum unxkenepom A. A. Cabnyko-
BLIM M BHEJpEH BHauaJjie AJIst BEHTHJASALUHN KOTeJbHOH, 3aTeM M 1Jis BeH-
THAAINE YUrHpCcKOoro pynaHHKa Ha Anrtae. BeHTHJAsTOp OGCHyXKHBAJ
BEHTH/IAUMOHHYIO CeTb AJIHHOHN 0KoJ0 100 M, 6B H3rOTOBJNEH M3 TOHKHX
JIOCOK, HMeJ JBYCTODOHHee BcachiBaHHe, pabouee KOJIECO €ro COCTOSAJIO
U3 ueTwipex Jonacred. [Ipm pasmepax BeHTHJAATOpa: Auamerpe 4,8 M
u mwupude 1,8 M ero mnpoH3BOJHTENBHOCTH COCTaBHJA HPHMEPHO
2000 m%/4 (0,56 M3/c). B 1834 r. renepan Iunpnep npuMeHns BEHTHIAATOP
CabnyxkoBa Ha MHOJBOAHOH JOJKE.

O6wnpHbIE HCCAEIOBAaHHA BEHTHJSTOPOB B HalleH CTpaHe HayalucCh
nocae no6Geasl Bemukoro Okrsabps. Cozfanue LlenTpansHoro asporuipo-
nuHamuyeckoro uHceruryta (LLAI'H), 0CHOBONOJIOXKHHKOM KOTOPOTO CTal
H. E. )KykoBCKHH#, KaJjio HOBbIH UMNYJbC PA3BUTHIO a3POJHMHAMUKY LEHT-
POGEXHBIX BEHTHJISTOPOB. 3HAUUTENbHBIA BKJIaX B HCCAENOBAaHHS, Pas-
paGoTKy METOJOB pacyera H yJydYlieHHe XapaKTePUCTHK BEHTHJSITOPOB
BHecau OGmuxanmui yuenuk H. E. JKykoBckoro — K. A. VYmakos,
BuaHee coBerckue yueHuie A. I1. T'epman, I'. M. Enanunk, B. U. Ilo-
aukoBckui, I'.- ®. IIpockypa, M. M. ®enopos u muorue apyrue. Vmu
BBITIOMIHEHB! (DYHAAMEHTAJNbHBLIE TEOPETHYECKHE H 3IKCIEPHUMEHTAIbHbIE
HCC/IeI0BaHtsl, MO3BOJIUBIINE YTOUHUTD METOJHKY pacueTa BEHTHISTOPOB,
YAYUIIATD MX SKCIJyaTalHOHHbIE XapaKTePHUCTHKH, YCOBEpPIIEHCTBOBAThb
aspoiHHaMuueckue cxembl, JlajgbHefillee pasBuTHe S5TH HCCJAELOBaHHUA
noJyuuJaH B TpyAax LleHTpalbHOro KOTJOTYPOHHHOTO HHCTHTYTa
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um. H. WU. TlonsyHoBa, HHCTHTYyTa FOPHOH MEXAaHHKH M TEXHHUECKOH
xub6epHeTuku uM. M. M. degopoBa ¥ psga APYTHX HHCTHTYTOB H
opraHu3anuii. BeuIn paspaGoTaHEl HOBHIE a3pOJMHAMHYECKHE CXEMBI
BEHTHJISITOPOB, YTO MO3BOJIHEO moBeicHTh ux KIIJA mo 85—90 %.

B Hacrosimee Bpems mnepel y4eHBIMH H CIEIHAJHCTaMH B 06JacTH
BEHTHJIATOPOCTPOEHHS CTOSIT 3afa4yH pacIlipPeHHs HOMEHKJIATYpHl BBITY-
CKaeMBIX BEHTHJIATOPOB, YJYYIIEHHS HX aKYCTHYECKHX XapaKTepHUCTHK,
yBeIM4eHHs JOIyCTHMBEIX OKPYXKHBIX cKopocTell paGounux koJec, obecne-
YeHHs YCTOHYMBOCTH PabOTHl BEHTUJIATOPOB B CJOMKHEIX BEHTHJSLHOHHBIX

CeTsiX INPH TNEpeMeHHBIX peXHMaxX, paspaboTKH HOBBIX COBEpPILIEHHBIX
a3pOAAMHAMHYECKHX CXEM. '

8.1. KOHCTPYKTHBHOE HCHOJHEHHE
PAJHAJIbHbIX- BEHTHJISITOPOB

AspopuHamMuyeckasi cxeMa IEHTPOGEKHOrO BEHTHJISTOPA IMPEACTaB-
MeHa Ha puc. 7.1. OCHOBHBIMH 3/IEMEHTaMH PaJHaNbHOTO (LEHTPOGEXK-
HOTO) BEHTHJIATOPA ABJSAIOTCA: CIHPAJAbHBIA Kopmyc / (KOXKYX HJIM YJIH-
TKa), BHYTPH KOTOPOTO ToMernaercsi paGouee KOIECO (potop) 8 ¢ Jomnar-
KaMH 4, BXOJHOH marpy6oK § W BRIXOJHOE OTBEpCTHE 7.

Cnnpanbﬂuﬁ KOPIYC C BEIXOAHHIM OTBEPCTHEM CBapuBaeTcs OOBIYHO
M3 JIHCTOBOH CTa/lH M NpejHa3HaueH JJIs NOJa4yH BO3AyXa B OmpejeseH-
HOM HampaBJeHHH M YacTHYHOro npeo6pa3oBaHHs AHHAMHYECKOrO AaB-
JIEHHs! IIOTOKa BO3JlyXa B CTaTHYECKOe JaBJieHHe. YJIHUTKU BEHTHJASTOPOB
GoJIbIIIoH NPOM3BOJHTENLHOCTH YCTaHABJIHBAIOTCS Ha COGCTBEHHBIX OIIO-
pax, Majo# NPOM3BOAUTENLHOCTH — Ha JIMTHIX YYTyHHBIX HJIH csaprxx
CTa/IbHBIX CTaHHHAX.

Hasnauenue paGouero xoJseca — mnepenaBarthb 3Heprmo NPHBOJA BeH-
THJASTOpPa liepeMelaeMoMy Bo3ayXxy. Pabouee Kojeco OOBIYHO COCTOHT
U3 nepentero 3 u 3agHero 2 fuckoB (puc. 8.1), Mexny KOTOPEIMH C Ompe-
J€JIeHHBIM 11aroM HOPMaJ/bHO K IVIOCKOCTH 3aJHEro AMCKa yCTaHaBJHBar
torcst JonaTky /. C moMolbio cTynuisl 4 KOJIeCo 3aKpensercs Ha Baay 5.
Pa6oune xKoseca MOJNYOTKPHITOrO THIA He HMEIOT MEPERHEro AucKa. 3ai-
HUA JQHCK, KaK NPaBUJIO, H3rOTABJMBAIOT NJIOCKHM, NepeiHHH — HJIU
IVIOCKMM, HJIKH KOHHYyecKuM. Marepuas pabounx KoJec — JHCTOBast
cralb, B HEKOTOPHIX THUINIAX BeH-
THJISATOPOB MJjlacTMacca WJIH 4yTyH-
"HOE JIUTBE.

Kpensenue Jomatok K AHCKY
OCYLIECTBJISIETCS C MOMOIIBIO CBAPKH

7 I)\I
Puc. 8.1. PaGouyee Koaeco pajgHalb- Puc. 8.2. dopmMa BXomHBIX naTpy6KoB:.

HOrO BEHTHASITOpa: s S . 4 .3
1 — jponatkHu; 2 — 3ajHUN JHCK; 3 — HIAREAPHACCKAT: rommecKa; h

nepeAHu#t AHCK; 4 — cTynuua; 5 — BaJg TOpOHAaJIbHASA

d
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HJIH 3akyenok. PaGoune KkoJseca
H3rOTaBJANBAIOTCS TpeX MOAHHKa-
uufi: ¢ JIomaTKaMH, 3arHyThIMH
Briepel, paldHaJbHBIMH JIOMATKAMH
¥ 3arHyTHIMH Ha3ax.

BxosHoli marpy6oOK TpeiHa-
3HayeH AJIf MOJAyH MepeMellaeMoro
Bo3jiyxa K pabouemy Kozecy. OH
OCeCHMMETPHYEH C BaJOM U MOXET
UMEeTb UMJHHADHYECKYIO ([), KOHH-
yeckyio (2), TopouzanbHywo (J)

Puc. 8.3. BenTHAATOPHASA  ycTa-

HoBKA: (puc. 8.2) wumu Gosmee  CJAOK-
1 — pajpdanbHB BeHTHJASTOP; 2 — OCeBO# HYIO KOM6I/IHHpOBaHHle _‘q)opMY'
Hanpasnswowull annapar; 3 — Ruddysop BeHTHJliITOpHaH yCTaHOBKa MoO-

JKeT KOMIJIEKTOBAaTbCSl HampabJisi-
toimym annaparom 2 (puc. 8.3) u puddysopom 3. Hanpapasiomuit annapar
OCEeBOTO THNA YCTAaHABJIHBAeTCd BO BXOJAHOM mNaTpyOKe BEeHTHJAATOPA.
Ou npennasHayeH JJs NOAAYH Bo3AyXa K paboueMy KoJecy C onpejesieH-
HOH CKOpOCTBbIO U NOJ ONpeJiefeHHHIM YIVIOM, YTO HO3BOJSIET PEryJiH-
poBaTh pexuMbl paGoTel BeHTHaATOpa. [Juddysop ycranasiauBaercs 3a
BBIXOHBIM OTBEPCTHEM BEHTHJISTOPA H CJYXKHUT s JajJbHEHIIero mpe-
006pa3oBaHHs KHHETHYECKOH SHEPTMH IOTOKA, BHIXOASLIErO H3 CHHpPaJb-
HOTO KOpmyca, B IOTEHLHAJbHYIO — SHEPTHIO JaBJEHHS.

8..2. OCHOBbI TEOPHH PAJHAJIbHBLIX BEHTHJ/ISTOPOB

OCHOBHBHIMH napaMerpaMH, XapaKTepH3YIOIUMH paGoTy BeHTHJIs-
TOpa, SIBJSIOTCS: NPOW3BOAMTENHHOCTb, JaBJEHHe, Pa3BHBAEMOE BEHTH-
JASITOPOM, WJIM ero Hanop; momHocts U KII[L. KonuuyecTBo rasa, nopaBa-
€MOr0 BEHTHJASTOPOM B €IHMHHIY BpEMEHH, Ha3biBa€TCH MPOU3BOJIHTE/b-
HOCTbIO BeHTHAsTOpa. Pasnuuaror obwvemuyio L (M%/c) u MmaccoByio M
(kr/c) mpoH3BOAWTENBHOCTH. MeXIy HHMH CYLIECTBYeT IIPOCTO€ COOT-

HOILIEHHe
M = Lp, 8.1)

rie p — IJOTHOCTh BoO3ayXa (rasa), Kr/m3. v
Jns craHZapTHBIX YCJAOBHA [3a CTaHZapTHHIE YCJIOBHUSI IPHHSTHL
crenywomuye: teMneparypa Bosnyxa Ty = 293 K (4, = 20 °C), 6apomerpu-
yeckoe faaBiaeHue B, = 0,1014 MIla » oTHocuTe/NbHasi BJAXHOCTb BO3-
nyxa ¢, = 0,5] miorHocth armocdepHoro Boszyxa Qo = 1,2 Kr/m.
'HsMeHeHye BJIaXHOCTH BO3JyXa HE3HAUUTENHHO CKasbiBaeTcs Ha
ero n/otHoctd. Jas Bo3ayxa ¢ ¢ = 20 °C yMeHbLIEHHe NJIOTHOCTH NPH
yBEeJMYEHHH OTHOCHTE/ILHOH BaaxHocTH ¢ ot O 1o 1 He npeBwiuraer 10 %.
HyXHO OTMETHTb, 4TO JAJsi OOBIYHEIX pPaJHaJbHBIX BEHTHJSTOPOB
pasBHBaeMble HMH JaBJIEHHS HE3HAYHTENbHO OTVIHYAIOTCA OT aTMacdep-
HOTO, TO3TOMY, KakK INpaBHIO, NepecueT MJIOTHOCTH He Tpebyercs.
[Toanoe naBieHue, cosjaBaeMoe BeHTHJAsSTOpoM, p [la, mMoxeT GHITH
onpejiesieHO MO ypaBHeHHIO DepHysnu

P =puz—pu = (Pers — Per1) + 5 (G — 1) +gp(a—2), (82
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Tl Pergy Poris Cos €1y 29, 23 — COOTBETCTBEHHO CTATHYECKHE JAaBJIEHHS,
a6COJIIOTHEIE CKOPOCTH M OTMETKH BBICOT Ha BBHIXOZE M3 BEHTWJIATOpPA M
Ha ero BXOJe.

YuuteBasi, uTO MOC/EHEE ClaraemMoe ypaBHeHus (8.2) Maso B cpaBHe-
HHUH C OCTaJIbHBIMH, HM B pacyerax o6bIYHO NpeHeGperaior.

OHeprus, nepegaBaeMas BO3LYXY, NOABOJAMTES OT 3JEKTPOJBHraTeNs
BeHTHAATOpa. MomHocTb, noTpebisieMasi s/neKTpoiBurateseM N,, om-
pejensieTcsl NOJNE3HOH MOLIHOCTBbIO, MNOABOAMMOH K MNEPEMEIIAEMOMY
Bo3nyxy, W KIIJ| BeHTHJAATOPHOH YCTaHOBKH Ty, KOTOPHIH 3aBHCHT
OT THIIa ¥ KOHCTPYKIHHM BEHTHJATOPA W €ro NPHUBOJA, pexuma paGoThl
U LeJOro psiia Apyrux (akTopos:

N, = Ny/m,. (8.3)
HOJIEBHaH MOIIHOCTh BeHTI/IJIHTopa NH onpeﬂe.nﬂe'rc;r COOTHOIIIEHUEM
Na = pL/1000. (8.4)

KIiq BEHTHJIATOPA — OTHOLICHHE NOJIE3HOH MOLIHOCTH K MOLIHOCTH,
MOJBOAMMON K paboueMy KOJeCy BEHTHJAATODA,

# = Nu/N = pL/1000N. (8.5)

[lpoananusaupyeM OCHOBHBIE 3aKOHOMEPHOCTH TEUeHHsl BO3AyXa
B KaHaJaxX, o06pa3oBaHHBIX JONMaTKaMH pabouero KoJeca pagHajbHOTO
BEHTHJIATOpPA, W BBIBeJeM YpaBHeHHe JJIs1 pacyeTa TeOPETHUECKOro AaB-
JIeHHsI, Pa3BHBaeMOro BeHTH/sATOpoM. Clelyer OTMETHTh, YTO Xapakrep
B3aUMOJEHCTBHS NMOTOKA NepeMelllaeMoro BO3yXa ¢ JonatkaMu pabodero
KoJjieca YPe3BBIYAHHO CJIOXKEH.

YacTb sHepruu, nepefaBaeMoil paGoYyuM KOJECOM BO3AYXY, pacxo-
Jyercs Ha o6pasoBaHHe BUXpeH, Ha TpeHHe BO3[AyXa O CTEHKH MexJona-
TOYHBIX KaHaJ/OB, paccJoeHHe MOTOKa W T. A. YUeT BceX 3THX (paKTOpOB
JeJIaeT 3a/jauy onpejejieHusl AaBJeHHs], pa3BUBAaeMOro pabouuM KOJIECOM,
npakTHYeCcKH HepaspemuMoH. [loaToMy JAss ympolieHHss BBOAAT CcJie-
Jylollye IOMyILIeHHs: MepeMellaeMbli BO3AYyX [MoJaraercsi HaeaJbHOH
JKHAKOCTbIO, T. €. JIBHXKyIUeHcsi 6e3 TpeHHs; TeueHHe Bo3fyxa — ycra-
HOBUBILIeecs!, 6e30TPHIBHOE; IVIOTHOCTb MepeMellaeMoro Bo3Jyxa mnoJara-
€TCcsl MOCTOSIHHOM; YHCJIo JIonaTok pafoyero KoJeca CTpeMHTCS K Gecko-
HEYHOCTH, a MX TOJIHA — GecKoHeuHo mana. C ydyeroMm BceX 3THX J0--
NyMEeHH# MOXHO paccMaTpHBAaTh ABHKEHHe BO3AyXa B MEXJIONaTOYHHIX
KaHajlax ‘KaK IJIOCKOe, OJHOMEpHOe TeueHHe 3JEMEHTapHOH CTpyHKH
rasa.

OrMmeTuM, YTO 3aMeHa CJOXKHOTO OGBHEMHOrO TeueHHs B KaHajax
pabouero KoJieca IVIOCKOCTHBIM J[BHMKEHHEM BeleT K OInpeje/eHHOH
NIOTPEIIHOCTH B pacyere AeHCTBUTEJNBHEIX XapaKTePHCTHK BeHTHJATOpA.

Bo BxoaHoM matpy6Kke paiuajbHOro BeHTUIATOpa (puc. 8.4) TeueHHe
BO3JyXa OCECHMMETPHYHO U CPeRHSSA CKOPOCTh pacxoja ¢ onpefessercs
ypaBHeHHeM

¢ = 4L/(nD}).

Ha Bxoze B MexsomaTouyHble KaHajbl paGodero koJeca a6CoAIOTHAs
CKODOCTB rasa ¢;, T. €. CKOPOCTb NOTOKa OTHOCHTEJBHO HEIOJBUXKHBIX
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7,

S

_{L- :

Puc. 8.4. Cxema IBHXKeHHS Bo3fiyxa B paGoueM Kojece pa-
JAMaNbHOrO BeHTHJASTOPA -

KoopAauHat, I@pH OTCYTCTBHMH HaNPaBJAWIIEIO amnnapara paBHa
¢ = ¢ = Li(nDyby), (8.6)

rje ¢;,. — MpoeKuHus abCoJIOTHOH CKOPOCTH ¢; Ha pajuyc.

. 3necp He YUMTHIBaeTCsl M3-32 €e MaJIOCTH OCeBasi CoCTaBJswollas,
ofycloB/eHHas] OTK/JOHEHHEM IOTOKa OT OCEBOr0 HanpaBJeHHsl H €ro
MOBOPOTOM. B ciiyuae ycTaHOBKM HamNpaBJISIONIEro anmapara MPOHCXO-
JMT NONOJIHHTEe/IbHAS 3aKPYTKa MOTOKA H TOTJA C; 5= Cyp.

Ilepememasicb BIOJNb MEXJONATOYHBIX KaHAJOB, BO3AYX MOJy4Yaer
3Hepruio, neperaBaeMylo paGoyuM KoJI€COM, B pe3yJbTaTe 4Yero €ero
a6GCcoMoTHAsl CKOPOCTh H3MEHSIeTCsI OT BeJIWYHHEI ¢; Ha BXOJe B KaHaJ JIO C,
Ha BbIXoJe. AGCOJIOTHYIO CKOPOCTb ¢ MOXKHO pAa3JIOXHTh IO NPaBHJIY
napaJsesorpaMma Ha OTHOCHTENIBHYIO @ H OKPYXHYIO (NepPeHOCHYI0) #
COCTAaBJISIIOIIHE.

OtHocuTe/IbHAasi CKOPOCTb W — 3TO CKOPOCTb JIBHKEHHSI TOTOKa
OTHOCHTEJIbHO Bpamiamouierocss pabodero koJeca, BEeKTOp ee HampasJ/eH
NO KacaTesIbHOH K JIONaTKe B JaHHOH TOYKe B CTOPOHY MepeMelleHus
rasa, T. €. OPHU NOPUHSITOM JONYIIEHHH O GECKOHEeYHO GOJIbIIOM YHC/IE
JIONATOK BJOJb JHHHH TOKa. , '

BekTop oKpyXHO! CKOPOCTH u HamnpaBJ/ieH IO KacaTeJbHOH K OKPYXK-
HOCTH B JJaHHOH TOYKe B CTODOHY BpalleHusi pabouero KoJjeca M ompe-
JIeJISIeTC H3BECTHBIM COOTHOIIEHHEM

u = oR = nDn/60 = aRn/30, (8.7)

rie ® — yrJaoBas CKopoctb, pap/c (l/c); D u R -— coOTBETCTBEHHO
JHaMeTp M paguyc KoJeca B .paccMarpHBaeMoH TOuKe.

BekTopsl OKpYKHO# u aOCOMIOTHOH CcKopocTell 06pasywT yroa o,
BEKTOP OTHOCHTEJIbHOH CKOPOCTH C OGPATHBLIM HalpaBJEeHHEM OKPYXKHOH
CKOpOCTH — ApYyroft xapakTepHBIH yroa f, omnpenensiomu# KoHdurypa-
LHIO JIONMATKH. :

[TycTb cekyHIHBIN OOBEMHBIA pacxoj Bo3jyxa uepe3 pabouee KoJeco
L; nnotHOCTH €ro p, Torfa MacCoBbll PacXof olpeenseTcs Kak NpoH3Be-
JeHue pL; KOJIHUeCTBO ABHIKEHHS COOTBETCTBEHHO Ha BXOJie H BbIXOJE H3
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MeXJ/IONATOYHbIX KaHalIoB — ¢;pL M CypL, a MOMEHTHl KOJIHYECTB JBH-
JKeHusi — c;pLry u copLry (puc. 8.4).

HsMenenune MOMeHTa KOJIHUeCTBA JBHXKEHHs NOTOKa B paboyeM KoJsece
MOKHO . BBIPasuth (GopMyJIoH

Mo = pL (cors — c1r1). (8.8)

[MoacTpouHbie HHIEKCH TOO YKAa3LIBAOT HAa TO, UTO 3TO H3MEHEHHe
TEOPETHUECKOTO MOMEHTa KOJIMYeCTBA [BUXKEHHS 0OpH OGecKOHeYHOM
yucsae Jonatok. [lefAcTBUTebHBIH MOMEHT, NPHKJIAJbIBAEMbIH K Baly
pabouero KoJgeca, Oyner 6oJbliie TEOPeTHYECKOTO Ha BEJHUYHHY MNOTEPh
Ha TpeHue Baja B NOAWMMNHHKAX, TpeHHe pafouero koyeca O BO3AYX
HT. I

IIpunuMasi BO BHHMaHHe, 4TO ry = Ry COS &y; fy = Ry COs ocz, nepe-
nuieM ypasHeHue (8. 8) B BHIE

Mare = pL (Rycy cOs 0ty — Rycy COS @y). A (8.9)
O6osHayasi ¢; COS 0y = Cpy H Cy COS Gty = Cay, HMEEM
M1 = pL (RoC2u — RiC1a). (8.10)

MomgocTb, noiBOAMMAas K paGoueMy Kojecy IJIsi BpAIEHHSi €ro
C YIVIOBOH CKOPOCTBIO ®,

N oo = Moo - @11

C pmpyro#t cTOpOHH,
N‘l‘oo == Lp’roo) ' (812)
TI€ pPro — TEOPETHYECKOE [aBJe€HHE, Pa3BHBAeMOe pPaGOYMM KOJEeCOM

LEHTPOOEKHOrO BEHTUIATOPA ¢ GECKOHEYHBIM YHCJOM JIONATOK.
IlpupaBuuBas ypaBHenus (8.12) u (8.11) u yuursBas (8.10), moay-

yaeM .
Mae® = pL (RyCoy — Ry0y,) © = Lproo
HJIH
o = P (RaCay — RiC13) © ,(8-13)
U ¢ ydyeroM ypaBHeHHS (8.7) OKOHYUATEJNLHO UMeeM | :
Proo = P (Ua2C2y — U1C1y)- (8.14)

A10 ypaBHeHHe OblJIO BIEpBhIE BLIBEJEHO aKajeMukoM Poccuiickoit
Akanemun Hayk Jleonapom Diepom B 1755 r. 1 Ha3biBaeTcsl €ro UMEHeM.
# YpaBHeHnne Diyiepa MOXKeT ObIThb MOJY4EHO W MHBIM criocoboM. [las
IIOJTHOTHI M3J/I0KEeHHS lieJecoo6pa3Ho npuBecTH U ero. M3 tpeyroabHuka
ckopocret (puc. 8.4), coriacHo TeopeMe KOCHHYCOB, HMEEM:

2 2 .

wy = C? -+— uy — 201”1 COS oy, (8 15)

2 2 2 :

Wy = €3 + Uz — 2Collg COS Qlg.
ITpn jBukeHHM BosAyxa Oe3 IOTePb B MEXJOIATOUHOM KaHale

pabouero koJjeca yBeJHYEHHE MOJHOIO HaBJEHHS OINpeAeNseTcs CyM-

MOH HpHpalleHHH CTaTHYeCKOrOo H JHHAMHYECKOro JAaBjeHHil Ha BXoje

B KaHaJl U BEIXOJE€ U3 Hero ypaBHeHHeM (8.2) mpu z; = 2,:

o = (Per 2 — Per 1) + 4 (B —ch). (8.16)
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HaMeHeHHe CTaTHYECKOrO AABJEHHS GYJeT MPOUCXOAUTh KaK 3a cuer
HOEHTPOOEKHKIX CHJI, TaK M 33 CYET U3MEHEHUS OTHOCHUTEJbHOH CKOPOCTH
BO3JyXa B pacCIUHPSIOMEMCA MO PajHyCy MEXJIOMATOUHOM KaHale pa-
6ouero kogeca (nuddysopHeiii sddexr). Takum ofpasoM, nepsoe cnara-
eMoe ypaBHeHus (8.16) MOXKXHO NpeiaCcTaBUTH B BHIE

Pera — Per1 = Per. n—+ Per. a (8.17)

Onpenenum JaBieHHe, 0GYCJIOBJIEHHOE uempoée}xnmmn cUJIaMH,
VUHTBIBAS, YTO LEHTPOOEkKHAR CHJa MepeKaunBaeMoH B cexynuy Macchl
rasa m, paBHa

F = mro®.
CekynypHass pa6ora 3TOH CHCTEMHl (9HEPTHsi) NpPH ABHXKEHHH rasa
0 MEXKJ/JOMAaTOYHOMY KaHaJdy ONpeae/IUTCs YpaBHEHHEM
Ts
L= | mretdr. (8.18)
ry
y‘-II/ITbIBaH, YTO JaBJE€HHE eCTh SHeprus, OTHECEHHasaA K e€IUHHIE

obbeMa, a Macca, OTHECEHHast K eJUHHYHOMY O0BeMy €CTb IVIOTHOCThb
rasa, u3 ypasHenus (8.18) umeem

Por. = j pw¥r dr. (8.19)

[Mockosbky BIHSHHEM CKHMAeMOCTH BO3/yXa NPH J[BHXXEHHH €ro
B pabouux KoJecax paJiuaNbHBIX BEHTHJSTODOB MOXKHO IpeHe(Gpeyb,
To p = const. [IpouHrerpuporaB ypaBHeHHe (8.19), monyuaem

~ Per. = (p/2) (033 — w}r})
u ¢ yuerom (8.7)
Per. n = (p/2) (4t — ui)- (8.20)
MameHeHue craruyeckoro naBsieHus, oGyc/oBieHHOe AH((HY30pHBIM
3¢pexTOM, ONpPENENHTCS U3 yPaBHEHHS

Per. x = (0/2) (wl - w2) ’ (8.21)
C yuerom ypaBHeHHn (8.20) u (8. 21) Bbipax(enne (8.16) nmpumer BuA
Proo = 9/2) (uz — u1 + w1 — ZEJQ + Cg —_ Cl). (822)

3ameHsis BeNMUYHHB W, H W, coryacHo (8.15), mosyyaem
2 2 2 2 2
Proo = 5 (4 — uf + & + 4} — 2101 cos @ — c3 — 43 4 20515 cOS @t +

2 2
-+ €5 — 1) = p (Cotsa COS 0ty — 1141 COS @ty) = P (UaCoy — UiCiy)-

TlonyuenHoe BbipaxKE€HHE MOJHOCTHIO HIEHTHUHO ypaBHeHHIO (8.14).

B caygae, Korga BeHTHNSATOP HE MMeEeT CIEUHANLHORO HANpaBJsiIo-
HIEro amnmnapara, BEKTOp OCpejHeHHOH abCoJIIOTHON CKOpPOCTH Ha BXOZe
B paboyee KOJeco HalpaBJeH PajHalbHO ¢; = Cy,; €, = O H ypaBHeHHe
Shnepa ympoiaercs A0 BHAA

Preo = Pu2ch- (823)
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BBenem rmoHsTHE KO3(pUUUEHTA TEOPETHYECKOTO IaBJNEHHS Pp =
= preol (pu3), OTKYNA . |
Proo = PPala- (8.24)
CpasuuBas (8.23) u (8.24), umeem
Pr = Coultls.

TeopeTnueckoe JaBJeHHe P, Ha3LIBAIOT TaKxKe Oe3pasMepHbIM 3a-
KpyunBaHueM noroka. Kak ciaenyer u3 ypaBuenusi (8.24), Teoperuuec-
KOe JaBJeHne, pa3BHBaeMoe DAbOYHM KOJIECOM BEHTHJsITOpPA ¢ Gecko-
HeUHO GOJIBIINM UYHCJIOM JIONATOK, NPOMOPIHOBANBLHO INIOTHOCTH MepeMe-
IaemMoro rasa, 0e3pasMepHOMY 3aKDYUMBAHHIO H KBaipaTy OKpYK-
HOH CKOPOCTH Ha BHeIIHel OKPYXKHOCTH KoJeca. ITocnenHuii COMHOXH-
TeJlb ONPEfieNsieTcsl NPOU3BOAUTENBHOCTBIO H Ha3HAYEHHEM BEHTHJISITOPA,
a TaKxe NIPOUYHOCTHBIMH XapaKTEDPHCTHKaMH 3J1eMeHTOB pafouero KoJjeca
npu u = idem. Bennunna GespasmepHOro 3akpyuHBaHHs 3aBHCHT OT
OKDY>KHOH CKODOCTH U,, PAcXOJa BO3JYyXa M IeOMeTPUYECKUX XapaKTepH-
CTHK paboyero Kojeca BEHTHJSTOPA.

8.3. BIIMAHHE TEOMETPHYECKMX XAPAKTEPHCTHK
PABOYEr0 KOJIECA HA JABJIEHHE,
PA3BHBAEMOE BEHTHJISITOPOM

Y nonatok poropa (puc. 8.5) yroa Mexjy HanpaBJEeHHSMH OTHOCH-
TEUbHOH U OKPYXKHOH CKOpPOCTEH Ha BXOJEe BO3AYyXa B MEXJONATOYHHIH
KanaJs paGouero kKoseca P, omuHakos u menbuie 90°. Ha pucyske B 1e-
JSIX YNpPOIEHHS yroJ o; OpuHST paBHbpiM 90°. PaccmoTpum noppoGHee
BJAMSiHHE yria [, Ha TEOpeTHUecKoe NaBJeHHEe BEHTHJIATOpA.

W3 tpeyroabHuKa ckopocteil (puc. 8.5, mosuuus I) umeem:

Uy — Coy = Cr CtE P

Cou = Uy — Car CtE Ps. (8.25)
Ilepenniem ypasuenne (8.23) ¢ yuerom (8.25) .
Preo = 0 (43 — usco cig Bo)- (8.26)

OrHowenne paauanbHOM (pacxoiHOM) CKOPOCTH BO3AYyXa Cy K OK-
PYXHOH u, — 3T0 6e3pasmepHast BeJHUHHa, HasbiBaeMas Koadduuues-
TOM pacxoja @.

OueBHIHEI COOTHOWIEHH S

o= e (20) i (2] = [ (2] 027

Ypauenue (8.26) ¢ yuerom (8.24) u (8.27) mpuMer BHA

pr =1 — g ctg Py (8.28)

PaCCMOTpI/IM Ternepb, KakK H3MEHSIOTCS COCTaB/slOUIHE INOJHOrO Teo-
PETHYECKOTO JaBJ/JICHHS — BEJHUYHHBI CTAaTHYECKOro H JAHHAaMHYECKOro
JAABJICHHUA .
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Puc. 8.5. TpeyroapHukH cKopocTeit Ansi paGounx KoJec
¢ JIoNaTKamu:

] — 3arHyTeIMH Has3aj, 2 — palHAJbHBIMH; 3 — 3arHyTbIMH
BHepes,

Teoperuyeckoe AHHAMUYECKOe (CKOPOCTHOE) ,ELaBJIBHHC pasBuBaeMoe
paGouuM KoJiecOM BeHTHJISITOpaA,

(Pann)e = p (¢3 — €i)/2.

[TpennosoXuM AJs MPOCTOTHl aHAMH3a, UTO BEKTOP aGCOMIOTHOH CKO-
POCTH Ha BXoJe B pabouee Kosleco HampaBJ/IeH 10 PaIHYCy, a pafuanbHas
cocraBiisiiomast aGCOMIOTHOH CKOPOCTH Ha BHIXONE BO3JyXa W3 MEXKJONa-
TOYHBIX KaHAJIOB Cy PaBHA abCOJIOTHOH CKODOCTH HA BXOJE ¢;, TOTJAa

’ 2 2
(Pn)e = p (¢ — c3,)/2.
M3 TpeyronbHuKka ckopoctedl (puc. 8.5) ‘umeem
2 2 2 2 2.
€y = Cyp + Co, = Cyr - (Ug — Cor Ctg PBo)°;
C y4YeToM 3TOro, INocJejHee BhIpaXKeHHE IepenHiieM B BHJE
‘ — 2/9.
(Prum)r = 0 (42 — Cor Ctg Bo)/2;
HJIH B Ge3pa3mepHoi#l ¢opme

(Pe)e = -ZERT (1 — g ctg By)¥/2. (8.29)

pu3
CraTuueckoe JaBJIEHHE, paaeusaemoe‘ paGO'-II/IM KoJIecoM,

(Per)r = Proo — (Prun)r = ploCay — p (U — Cor ctg Po)?/2.
C yuerom ypaBHenus (8.25) nocsne HeCJOXKHBIX INpeobpa3soBaHUH
noJyyaem
(Per)e = p (43 — ¢, ctg” B2)/2
HIH B 06e3pa3MepHOM BHJE
(Pes)s = B = 1 — (g ctg B2 (8:30)
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I'paduru 3aBucumoctn Ko3dhdu-
IIMEHTA TEOPETHUECKOTO JaBJEHHS
¥ €ro COCTaBJSIOMHUX OT yria Bhi- Jlonacmi teny- ./70nam71/ ehy- E
X0a JIOHAaTOK P, MpeACTaB/IEeHb Ha mel Hasad - me Breped
puc. 8.6. AHanu3 rpaduKoB CBHIe-
TENBCTBYET O TOM, uTO ¢ yBenumue- 22
HueM yriaa P, kosddurueHT Teope-
THUECKOTO JaBJEHHS BO3DACTaeT. 4g
‘HyusieBoe 3Hauenne p COOTBETCTBYET
BennuuHe P, = arctg (uy/c,,), npu
3TOM CTAHOBATCS PABHBIMH HYJIO 14f
(Per)r ¥ (prum)r- C yBennuenuem f,
Ge3pasMepHOoe CTaTHUECKOe JaBJIeHHE
pacTer, JOCTHrasi CBOEr0 MaKCHMYy-
ma, pasaoro 0,5 nmpu P, = 90°,
3aTeM CHOBa yMEHbIUAETCs 10 HYAsl g4l
npu P, = arctg (—us/cy,). B aTOM
clyuae BCS MOJBEJEHHAst K KOJecy
3HEprHsi PacXOAyeTcsi Ha IoBbiue- 072
HHE KHHETHUECKOH SHepruy BO3AyXa. g
TeoperHueckoe CKOPOCTHOE JaBJe-
HHE ¢ yBeauueHueM fJ, HenmpepbiBHO

BOSPaCTiT’ Ii‘OCT_H_Fa;/{ MakchHmMyMma Puc. 8.6. 3aBucuMocTs KostduLmenTa
npu P, = arctg (—uy/cy,). . TEOPeTHHYECKOro NABJEHHS H ero cocra-
Takum 06pa30M, pa60'-me KoJieca BAAIOWHX OT yraa ﬂz BBIXOJA JIOMATOK
C JionnaTkaMH, 3arHYThIMH BII€pe],
nepelarT BO3AYXY OoJsiblilee KOJHYECTBO 3HEPTHH U B HeH INpeBajaupyer
ROJs1 CKOpOCTHOﬁ SHEPTHH. ,U.Jlﬁ\ KoJiec C JIoMaTKaMu, OTOTHYTBIMH Ha-
3ah, B pa3BMBAEMOM MOJHOM HaBJICHHH npeoﬁna,uaeT CTaTH4YECKOE aB-
Jenne. OrHolleHHe TEOPETHYECKHUX CTaTH‘{eCKOI‘O JABJICHHSI K ITIOJTHOMY
onpenensieT peakKTHBHOCTDH pa6oqero KoJ1eca " Ha3biBaeTCs CTENEHbIO

N
B
T

Paduanersie sonacmu

bEjfm’ % (Paun)
NS

10° 50" 60° 90° 120 180°

PeaKTHBHOCTH

P = (Por)r/Pr- . . (8.31)

[MoxcraBasis B mocneinee Boipaxkenue (8.30) u (8.28) u npeoépaao-
BbIBasi, Mojyyaem

= (1 + ¢ ctg py)/2. (8.32)

Kak crenyer u3 aHaau3a ypaBHenus (8.32), ansa jomacreif, Makcu-
MaJbHO 3arHyThiX BHepen, p = (, Hasag — p = 1, AJas pajuaibHBIX
aomatok p = 0,5. CjenosaresibHO, KoJjeca C JoNaTKamMe ¢ MaJod cTe-
IIEHbI0 PEAKTHBHOCTH HMEIOT BHICOKHE BBIXOJHBIE CKOPOCTHBIE XapaKTe-
PHCTHKY U JOJKHE HMeTh AuddysopHble ycTpolicTBa. Bee 310 B KoMme-
kce pesko cumkaer KIT/ mamunsl 4, Kak npasuno, KI1JL paguanbubix
BEHTUJISITOPOB C JIONATKAMM, 3arHYTHIMH BIIepej, 3HAYUTENbHO HUXKE,
yeM AJs MAlIMH C JIOMAaTKaMH, 3arHyTHIMH Hasaj.

B mnocnennee Bpewms, corsiacio I'OCT 10616—73, npumensitor BMme-
cTO0 KO03(phHULHEHTa TEOPEeTHYECKOTO MAaBJEHUS P, aHAJOTHYHBIH eMy
N0 CMBICTY, HO YHCJEHHO BABOe OOJbIUHH KOI(DPHUMEHT HAaBjeHHS

b = proof (p13/2)-
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KoapdunuenTts: AaBJaeHHs! COBPEMEHHBIX PajualbHBIX BEHTHJSTOPOB
u3MeHsiioTcs B npefenax P = 0,8<-2,5, npuuem GOsbluHe BEIHUHHBL P
COOTBETCTBYIOT GOJIbIIMM yTiiaMm fB,. YToa f, B pajuajbHbIX BEHTHJSTO-
pax, NpUMeHsEMBIX B HacTosiliee BpeMsi, Bapbupyercs or 10 po 170°.

IIpu npoekTHpoBaHHH PabOYUX KOJEC BEHTUJISATOPOB CAENYeT MMETh
B BUJY, YTO NPHUMEHEHHE JIONATOK, OTOTHYTHIX BIepel, P NPOUHX paB-
HBIX YCJIOBHSIX MO3BOJISIET CHH3UTb raGapuTHEIE U MacCOBBLIE XapaKTepH-
CTHKH BeHTHJIsATOpoB. OJHAKO NIPH 3TOM H3-3a 3HAYHTENbHOro M3ruta
MEXKJ/IONATOYHBIX KAHAaJAO0B U CYIIeCTBEHHOTO YBEIHUYEHHS CKOPOCTHEHIX Ia-
pPaMeTpoB BO3AYLIHOTO II0TOKA PE3KO BO3PAcTAalOT MoTepH Ha BHXpeoOpa-
30BaHHE U TPEHHE, YTO, B CBOIO Ouepeib, NPHUBOAUT K cHuxkeHuo KITI
BEHTHJIATOPOB. lIpuMeHeHHe ke pabOduX KOJEC C 3arHYThHIMH Hasaf,
JIOTIATKAaMH [O3BOJIseT NOBBICHTh MX KIIIL M yJayylIHTb aKyCTHYECKHE
XapakTepUCTHKH, XOTSl IIPH 3TOM HECKONbKO BO3pacTaloT rabapHTHBIE
pasMepnl M Macca BEHTHJATOPOB.

Jns obecrieuenusi 6e3yfAapHOro BXOja BXOAHbIE KPOMKH JIONATOK pa-
IHaNbHBIX BEHTHJATOPOB OOBIYHO YCTAHABJMBAIOT TaK, 4ToObl yroa f;
Obi1 menbire 90°, T. e. uX OTrubalOT B HaNpaBJEeHHH BpalleHHA (CM.
puc. 8.5). Ilpn BeiOpanHBIX yriax B; H P, NPodUIb JONATOK JLOJKEH
ObITh IVIaBHBIM, JieKajbHbIM. ClIELyeT CTPeMUTbCS K BBIOOPY NPOGHJIH-
pPOBaHHBIX OOBEMHBIX JIONATOK.

Npumep 8.1. IIpoananusupoBath, Kax Bauser yrod P, Ha TeopeTHueckoe AaBje-
HHe, pasBHBaeMoe PaGOYWM KOJIECOM PalHaJbHOTO BEHTHJAATOpA 0e3 HampasisioNmEero
_ anmapara, eciu JuaMeTp paBouero Kosmeca D = 800 mM, uactoTa BpamleHus paGouero

Kosneca (poropa) n = 1450 o6/mun.

TIpoekuus: aGconOTHOR CKOPOCTH Ha BBIXOJE H3 MEXXKJONATOYHHIX KaHaJoB Ha pa-
Iuyc Cyr = 9,0 m/c. KonuuectBo sonatok z —-oo. Yron P, usMensercs B npefenax
10°< By < 170°, p = 1,2 xr/M®.

- Pewenwe. M3 Tpeyrosbuukos ckopocteit (puc. 8.5) ompepessieM mpoekuuio a6co-
JIIOTHOH CKOPOCTH Cp Ha HamnpaB/eHHe OKPYXKHOH CKOPOCTH Cgy

— pas By = 10° (paGouee KOJMECO € JIONAaTKAMH, 3aTHYTHIMH Ha3aj)

Cau = g — cyretg Py
OKpyXHasi CKOPOCTb Ha BHEIIHeM AHaMeTpe paGodero Koneca
nDgn  3,14.0,8-1450

0 60 = 60,71 M/c;

Uy ==

OTCIOZa
Cay = 60,71 — 9,0 ctg 10° = 9,67 m/c.

Teopernyeckoe AaBiaeHHe
Proo = 1,2-60,71-9,67 = 704 Ila;
— nas Py = 90° (paGodee KoAeco C PaAHANLHLIME JIONATKaMH):
Gy, =1Uy B P, =1,2-60,712 = 4323 Ila;

— nas Pg = 176° (pa6ouee Xoeco C JIOMATKAMH, 3aTHYTHIMH BIEpex):
Cay = Uy + Cqr Ctg (180° — B,) == 60,71 + 9,0 ctg 10° = 111,75 m/c;
Preo = 1,2:60,71.111,75 = 8141 Ila.

Koatdunmentsl napienns onpefeasiorc no dopmyie
2
b= proo/ (p3/2)
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¥ DaBHBL
Preo = 704/(1,2-60,712/2) = 0,32 npu B, = 10°;

Proo = 4323/2211 = 1,95 npn B, = 90%
Proo = 8141/2211 = 3,68 npu B, = 170°.

TakuM 06pasoM, BHINOJHEHHbIe pacyeThl IOATBEPIKAAIOT BHBOA O BO3PaCTaHHH
HANopa BEHTWIATOPA C YBeJH4EHHeM KOHCTPYKTHBHOTO yriia f,. TeopeThueckuii Kosgp-
dHILEeHT AaBaeHHs paGoyero Kojueca ¢ 6eCKOHEUHO GOMBUIMM YHCJIOM JIOMATOK, COTVIACHO
pacuery, U3MeHseTCS IIPH yBeJHueHHH yraa Py or 10° go 170° Gonee, yeM B fecaTb pas.

HeficTButenpubifi K03Q(OHUHEHT RaBAEHHS, YUMUTHIBAOWKA INIOTepH RaB/leHHS Ha
H3THO MEKJIOMAaTOMHHX KaHAJIOB, TPeHHE M BHUXpeo6pa3oBaHHe, B TOM JKe JHanas3oHe
uaMeHeHus P, yBeUUMBAETCS MPHMEPHO B TPH pasa.

8.4. PACYET ONTHMAJIbBHOIO AWAMETPA D,

Kaxk cnenyer u3 ypaBHenus Diinepa (8.14), npu 3ajaHHBIX yrJaax
YCTaHOBKH JIONaTOK pafouero KoJieca Ha BXoJe M Bolxode P; H P,
€ro YIJIOBOH CKOPOCTH ® M TNPOH3BOJUTENbHOCTH BeHTHJIsiTOpa L To-
TEPH SHEPTHU ONPENeNIIOTCS CKOPOCThIO Ha BXOJE B MEXKJONATOUHBIE
KaHaJbl ¢;. OueBU/IHO, YTO MHHHMYM NOTEPb SHEPTHU HA BXOJE COOTBET-
CTBYeT MHHHMAJbHOMY 3HAYeHHIO CKOPOCTH (. .

U3 TpeyronpHuKa cKopocTefl Ha BXofe B paGouee KoJeco (cM. puc. 8.5)
nmeeMm

C% = u‘f’ + w% — 2uw; COS ﬁl. (833)

Ha sToro ypaBHeHHS BHAHO, YTO JJISI H3BECTHOrO 3HAUYEHUsI OKPYMKHOM
CKOPOCTH #; CKOPOCTb C; ONpejensiercss 3HayeHueM w, (MpH 3alaHHOM
f,). Baas npousBoanyio QyHKuMH ¢f N0 w, ¥ NPUPABHSIB €€ HYJIO, MO-
JYYHM 3HAYEHHe W;, NPH KOTOPOM ¢; UMEET MHHHUMYM

W‘?l- (C%) = 2w, — 2u, cos ﬁl = ,0;

OTKYyZa - .
W, = U, cos Py. (8.34)
Pemaa cosmectro (8.34) u (8.33), nonyuaem
0} min = 4] + 1 cos” By — 2uf cos® By = uf (1 — cos® By)-
YuuTHBasg, 4TO
sin® §; + cos? B, = 1,
TOAICTABJIsIEM TIOC/Ie[lHee ypaBHEHHE B NPEbLAYIUEE H, NpeoGpasoBHIBa,
1MeeM OKOHYAaTeJNbHO
Cimin = Uy 8in Py, (8.35)

- Tlpu co6mofeHuH 3TOrO YCJOBHS BEHTUJISATOD OyAeT WMETb MHHHU-
MaJibHBIE IIOTEPH Ha yJap Ha BXoje B pabodee KOJE€Co.
W3 TpeyrosbHHKa cKopocred

Gy = Wy sin Py
C yuerom (8.34) mocnennee BhlpaxkeHHe NpuoGpeTraer BHJ
Ciromr = U, sin Py cos B, = u (sin 2 $,/2),
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TA€ Cyr onyr — ONTHMANBHOE 3HAYEHHE NPOEKUHH aGCOJMIOTHOH CKOWOCTH
Ha Pajdyc, NPH KOTOpOH NOTepH Ha yAap NpH BXOJe MHHHMMAJb HH, a
KI1[1 paGouero kosmeca — MaKCHMAJIEH.

O6beMHYI0 NPOH3BOAUTENBHOCTE POTOpa

:nD nD} wuwy
(011-) onr = —4_1' —-sin 251,

COOTBETCTBYIOLLYIO aTOMy pexuMy, NpUHHMAs BO BHHMaHHE 8.7, npe-
ofpasyeM B BBIpAaKEHHE

Lons = 2L 20a% S0 _ 9.06.1072Dinsin Qﬁl,'MS/c. (8.36)

Lon'r =

Orciona ontumanpubifi guamerp D, paGouero koJseca

Ry e
Dyonr =365 e (8.37)

[IpuBeneHHbIE 3aBHCHMOCTH MO3BOJSIOT PACCYHTHIBATH ONTHMasb-
HYIO NPOHSBOAMTENBHOCTb BEHTHJAATOPA NPH SajaHHIX D), n u B,
HJIH ONTHMAJbHEI AHamerp D,, eciu 3ajaHbl L, n, B;.

U3 (8.37) cenyeT, YTO HAMBHIFOJHEHUIMH, C TOUKH 3DEHHS MHHHMHU-
3alMH TOTepb Ha BXOJe, HaMeTp D, Gyzer npu sin 2B, = 1, T. e. npu -
B, = 45°. PesyabraThl aHajM3a XOPOILO COIVIACYIOTCS C  ONBITHBLIMH
JIAHHBIMH .

YunteiBasg, uto o = nn/30, ypaBHenue (8.37) Moxer OuTh Ipei-

CTaBJICHO B BHJE
S/ T L
Ds ome = 1,72 ]/m—l-

C nesnplo CHHXKEHHS IOTepb Ha YAap Ha BXOJ€ B MEXJONATOYHBLIH
KaHaJs yroJa P, BelOupaercs paBubiM f§; = 40--80°, Toraa nocsenuee ypas-
HEeHHEe MOXKHO NPEACTAaBHTb B BHIE, KOTOPHI NPENJIOXKHUJI B CBOE BpeMs

LATH o
D; opr = k/L/ah

rAe k pexkoMeHjyeTcs NpHHHAMATh paBHeM 1,6—1,8, mpuueM MeHbiume
3HAYEHHS] OTHOCATCS K BEHTHJ/ISITOPAM C JIONAaTKaMHM, 3aTHYTHIMH BIIepef,
66JbILIe — Hasaf,

IeoMeTpyuueckas HHTEpHpeTanusi ONTHMAaJbHBIX ‘cKopoCTeit € W
Ha BXoje B pabouee KOJeCO, COOTBETCTBYIOLIAs ypaBHEHHAM (8.34)
u (8.35), T. e. YCJOBHSM oOI-
THMaJIbHBIX NOTePb HAa BXoje
B KaHaJael pabodero xoieca,
npuBejgesa Ha puc. 8.7. Us
PHCYHKa CJIE/lyeT, 4TO fIpH 3a-
JaHHOH OKPYXKHOH CKOpocTH
U; U NPUHATOM yrae P, nyTeM
TEOMETRHYECKHX  TOCTPOCHUH
MOXKHO HAHTH 3HAYEHHS Cy H W,
KOTOPHIE COOTBETCTBYIOT YCJIO-
Puc. 8.7. KIsw6opy onmamasbuux ckopocrer BWAM HaMBhIrOJHefmesl paco-
Ha Bxoje B paGouee Koueco Tl pabouero KoJjeca.
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Mpumep 8.2. OnpefesuTs ONTHMAJBHBEI AHaMeTP BXOKHOTO NMaTpy6kKa BEHTHJATOPA
H BHYTpPEHHHH JHaMeTp pabouero Kojeca pafHajbHOTO BEHTHJIATOPA, MMEIOLIErO NMpPOHS-
BozuTenbHOCTE L = 12 000 M%/4 npu uncie o6oporos n = 1450 o6/muH, yroa B; = 25°.
Pemenne: CornacHo (8.37), ompepennm  guamerp:

. |
13000
Drown = 365 |/ sg-irspa o = 0526 .

Mpumep 8.3. OmnpeResiuTh, KAK H3MEHUTCH ONTHMAMbHBHIA AuaMerp Diopr poTopa
pajHajbHOrO BeHTHJIATODPA, e€CHH IJd YCIOBHA mpuMmepa 8.2:

a) 4HCJIO 06OPOTOB paGouero Kosdeca BEHTHAATOPA YBEeMMUHTh 1O f = 2900 o6/MuH;

6) yBenwuuts yroa Py mo B, = 75°. ‘

Pewenue. OnpenennM zuamerp Aust a:

3 ’ v
12 000 .
D1 om =3.65 1/ 36002500 st 507 — 418 M

pas 6:

3 12000
D1 onr = 3’65,1/ 36001450 sm 150° — 0-607 -

Ananusupys nojyueHHHe pe3y/bTaTH, NPHXOAMM K BHIBOLY, YTO ONTHMAJbHHI
Auamerp potopa. Dy gpr CHHXKAeTCH ¢ POCTOM YacTOTHl BpAIEHHS POTOPa M yMeHblue-
HueM yraa f;. ;

Mpumep 8.4. PaccuntaTh HaWBBITOAHEHIIYIO (C TOUKH 3PEHHS CHHMKEHHS IMOTEPb
Ha BXOJle) NpPOM3BOLHTE]bHOCTh PaAMANbHOTO BEHTHJAATOPA, He HMEIOWETO Ha BXOAe
CMeNHaNbHOTO HaNpaBJisiOLlero annapata, "€CJIH 9acTOTa BpaieHHf poTopa n =
= 1420 o6/muH, BHyTpenHuii guamerp potopa Dy = 530 MM, yron B; = 40°.

Pewenne. Coraacuo (8.36),

aD? wy

Logy =~ —5-sin 2B; = 2,06-10°D}nsin 28, = 2,06-107.0,53°- 1420 sin 80° =

= 4,29 m3/c = 15400 m3/u.

8.5. YUET BJIHSIHHS KOHEYHOI'0 YHCJIA JIONATOK
PABOYEI0 KOJIECA

B pa6ouynx Kojecax peajbHbIX BEHTHJISTOPOB YHCJO JIOMNATOK ~— KO-
HeyHasl BeJIHYHMHa, NOSTOMY ypaBHeHHe Diljiepa, BHIBEIEHHOE JJIs AealHu-
SHPOBAHHOTO cJyyass OeCKOHeYyHo OOJBINOrO YHCJAa JOMAaTOK, Tpebyer
HEKOTOPOH KOPPeKTHPOBKH. JeHCTBHTE/NbHO, pealbHassi KapTHHA Teue-
HHS ra3a B MeXK/JONAaTOYHOM Ka- ‘

Ha/je He IOJHOCTbI0) COOTBETCT- p c; .
ByeT NDUHATOH B HONYIIEHHAX. , w, _ 2
B KoJece ¢ KOHEUHBIM YHCJIOM £ B, { 7
JIOMATOK JIMHUH TOKa BO3AyXa He == Uy
COBNAJAIOT C NPODHAEM MEXKJIO- ~ Cru
MaTOYHBIX  KaHaJ/IO0B, KapTHHA <o Cou
TEYEHHS OCJOKHACTCA  TOsBJIE- ‘\ \), X

HHeM IHPKYJASAIHOHHBIX TEYEeHHH, 9
06YCJIOBJEHHbIX BPAIIEHHEM DO- /0—‘“’

TOpa ¥ pPAa3HOCTBIO JaBJeHHH Z

1o o6e cTopoHb KaHaJsa (puc. 8.8).
HaGmonaercs orcraBanue (ckoc)

NIOTOKA Ha BBIXOAE H3 MEX/ONA- pyc, 8.8. Cxema BHXpS BO BpamaloWeMcs
TOYHBIX KaHaJIOB, [IDH STOM BEKTOD  koaece
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OTHOCHTEJIbHOH CKOPOCTH W) He COBNAJaeT ¢ KacaTeJbHOH K JIONAaTKe Ha
BLIXOJIe H OTKJIOHSIETCSI B CTOPOHY, 0OpaTHYI HamNpaB/eHHIO BpallleHHs
poropa. Yronay P, yMmenbuiaercs; 3To, Kak cjaefyeT H3 YypPaBHEHHS
Dfinepa, cKas3wBaeTcsi Ha H3MEHEHWH [aBJeHHs], pa3BHBaeMoro pabo-
YUM KOJIECOM BEHTHJIATOPA, IMOCKOJbKY MPOEKIHSI CKOPOCTH Cp, CHH-
JKaeTcsi H CTAaHOBHTCS DaBHOH C3. ITO YMeHbIUEHHE MOXKeT OBITh
yuTeHo mnoaysMmnupuyeckoft ¢dopmysoii K. Tlpnefinepepa
Céu = Pc?u:

T€ Cp, — TAHr€HUHANbHAST KOMIIOHEHTa aGCOJIOTHOH CKODOCTH Ha BhI-
xozie u3 pabouero Koseca ¢ GECKOHEUHBIM YHCJIOM JIONATOK; H3 TPEYTrOJb-
HHKa cKopoctell (puc. 8.8) ¢y, = uy — ¢, ctg By;

Cy, — TO e, Qs KOHEYHOTO YHcJ/a JIONAToK.

3Hayenue nonpaBKu P omnpenensiercsi 3aBHCHMOCTbIO

_ | 1,2 (1 4 sin By) }“‘
=1+t ibmi )
rie z — YHCJIO JIOMATOK pabouero KoJjeca.
Yron Bs, o nauasiv LIATH, MoXHO onpenesuTsb Mo ypaBHEHHIO

cos B = cos By - £ %‘i—, (8.38)

rie Ko3ppUIUHEHT Kk ONPENeNseTcss THIIOM JIONATOK, pe)KHMOM paboThl u
OTHOIEHHEM IHaMeTpoB - D,/D);.

B pacueTHOM pexuMe NPH OTHOIIEHHH aAuameTpoB D,/D; = 1,5=-2,5
npuHuMaT k = 1,52 ansg KoJjec ¢ JonmaTKaMH, 3arHyTBIMH Hasaj;
k = 3 — c paguanbHBIMH JiomaTKaMH; k = 3-~4 - 1J1s KoJiec ¢ JonaT-
KaMH, 3arHYTHIMH Briepe].

OHPEILEJIHB 62, MOZKHO YY€CTb BJIMSIHHE€ KOHEYHOTIo 4Yuc/a JIOI’IaTOK Ha
JaBJieHHEe BEHTHJIATOPA, HCNOJb3yd YDaBHEHHA:

Coy = Uy — Cor ctg P3;
1z = P (U2Cou — UIC1y). (8.39)

3aMeTHM, YTO OTCTaBaHHUE MOTOKA noBJIeYEeT 32 C050H H3MEHEHHE 02
H yIrJjia ¢y B COOTBETCTBHH C YPABHEHHUAMHU:

l2 ’ -’
= Vu%; + Wy — 2uyw, COS Py

COS Qg = Ca,/Ca.

BriGop uncsa JiomaToK 2z CJIeXyeT NPOH3BOAHTb TakK, YToOGHl obecre-
yuth MakcuManabHblH KIII[ pa6ouero KoJeca. TIpH 3TOM HYIKHO YYHTBI-
BaTh, YTO NPH MaJIOM YHCJE JIOTATOK MHOSIBJISIOTCS 30HBI LHPKYJSIIHOH-
HOTO (BHXPEBOI'0) TEYEHHS M OTPHIBA MOTOKA, UTO SIBJISETCS] HCTOYHHKOM
IONONHUTENIbHBIX HOTepb. Ec/H YHC/IO JIOMaTok BEeNHKO, TO pacTyT mno-
TepH Ha TPEHHE B MEXKJOMATOYHHIX KaHaKaX BCAeICTBHE YBeJUYEHHS
HoBepXHOCTH TpeHHs. Uucjao nonatok paboyero KoJjeca ONPefessioT H3

COOTHOLIEHHUSA
="n7(D, + D)/2t,
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rie ¢ — war Jonarok no c¢pelHed OKpYyXKHOCTH pabouero KoJjeca, KoTo-
pBIfi peKoMeHAyercsa BmIGHpaThb, cobaiofas yciosue t'< (D, — Dy)/2.
~ Jasa yno6erBa TeXHOMOTHH H3TOTOBJIEHHS KoJec (o6nerdeHHst X pas-
METKH) CJIe[lyeT NMPUHHUMAaTh Z, O/MHxKafillee K CAeAYIOIHM YHcaaM: 6, 8,
12, 16, 18, 24, 32, 48, 64. '

Hlupuny pafiouero kKoJsieca Ha BXOAe MOTOKAa b, BHIOUPAIOT H3 YCAO-
BHs#, YTOOB CKOPOCTb Ha BXOJle B POTOpP ¢, Obl1a OJH3Ka K CKOPOCTH Ha
BXOJie B MEXJIONaTOYHbIe KaHalbL ¢y, T. €. :

co=4L/(nDjpo) u ¢ = Li(nDiby)

(3mech pg, Wy — KO3(pbHIHEHTH pacxoja), u npuHuMas Dy &~ D,, Py &
X Py H Cy X ¢, HoayyaeM b, = D,/4.

B nefictBuTeNbHOCTH Ko3((dHIHEHTH pacXola Ha BXOJE ra3a B MeX-
JIONATOUHbIE KaHaJbl [ly H B POTOD Wy CYLIECTBEHHO OTJIMYAIOTCS 32 CUeT
noBopora noroka. [IpubaukeHHo npuHuUMaOT W, =~ 0,7y,. Toraa Benu-
YyHHa b, OTpeNeauTCs U3 BRIpaxeuus b; = kD,/4. [To nauueiv M. I1. -Ka-
JIMHYIIKHHA, PeKOMeHIyeTcss NpUHHUMaTbh kR = 1,2--2.5 nas kodec ¢ Jo-
NaTKaMH, 3aTHYTHIMH Brepen, u & = 1,05+-1,35 pasa pabouux KoJec c Jo-
naTKaMH, 3arHYTBIMH Hasal. ,

HIupuny KoJieca Ha BEIXOZe b, B Lle/IiX YNPOIIEHHS TEXHOJOIHH HpO-
H3BOJCTBA 3aYaCTyl0 NPHHHMAIOT PaBHOH by, oxHako npu 3ToM KII[
BeHTH/IsATOpa cHUXKaeTcs Ha 2—3 %. Uro6m H36exaTh 3TOro, c/Ienyer
BHIOHPaTh b, HCXOJA U3 YCJOBHSl PaBEHCTBA NPOEKUUH aGCOMIOTHOH CKO-
POCTH Ha paguMyc Ha BXOJE B KaHaJ H BEIXOIE H3 HeEro,

o blcerl . Dl
bz - cer2 - b1

TNpumep 8.5. Paccumrtath, Kak H3MEHHTCH BeJHYHHA TeOPETHYECKOIO JaBJEHHH,
pasBUBaeMOro JpaGouuM KOJECOM PaJHaAbHOTO BEHTHAATOPA C GEeCKOHEYHO GOJBbIIHM
YHCJIOM JIONATOK, €CJIM YHCJIO JIONATOK 2 YMEHBINHTh OT 64 10 18 mT. BHemnu# auameTp
poropa Dy = 900 mm; orsowenue Do/D; npHHATE paBHEIM 1,5; yacTora BpamleHus po-
Topa n = 1400 06/mun; yroa By = 30°% yroa mexzy BeKTOpaMH aGCOMIOTHOH H OKDPYXK-
HOM CKOpOCTell Ha BhIXOfie H3 pa6oyero xoseca ot = 20°. BeHTHNATOD He HMeeT Harpas-
JSIOmEro  annapata. ILI0THOCT: Bosfyxa p = 1,2 xr/ms. _

Pewenne. OKpyXHas CKOPOCTb Ha BHeLIHeft OKPYXHOCTH paGodero Kojeca

uy = nD4n/60 = 3,14-0,9-1400/60 = 65,97 m/c.
IMpu sajaHHBIX BEJIHYHHAX YIJIOB Py H ¢ty a6COMIOTHAS CKOPOCTb BO3AYXa Ha BHIXOAE

H3 MeXJIOMAaTOYHHX KaHaJIOB paouero Kojeca OKHO3HAYHO ONpeNessieTCsi M3 napajieno-
rpaMma CKOpoOCTeli 1o TeopeMe CHHYcOB (CM. pHc. 8.4):

uyfsin Qg = cyfsin By;
OTKyAa
Ca = Uy sin Pyfsin (180° — oty — By) =

= 65,97 sin 30%sin (180° — 20° — 30°) = 43,06 wm/c.
TIpoexuus aGCOMIOTHON CKOPOCTH Ha OKPYXKHYIO BHYHCAfercs no dopmyae:
Coy= €5 COS Oty = 43,06-cos 20° = 40,46 m/c.

Teope’mqecxoe JaBjieHHe, PaSBHBAaeMoOe pado'mM KOJIECOM BEHTHAATOpA Ge3 Hampas-
JAIOIEro anmnapara npH GecKOHEYHO GOJbIIOM 4MCJIEe JIOTATOK,

Proo = PlgCy, = 1,2+65,97-40,46 = 3200 Tla.
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“Onpepeiud, Kak usMeHHTCH NaBjeHHe BEHTHAATOPA hipH KOHedHOM ticie JoOnaTox.
aK KaK B IPHMepe pacCMaTpHBARTCS BEHTHJISATOD C JIONATKAMH, 3aTHYTHMH HA3a] B <<
< 90°), 1o monoxum k = 2; u npu z = 64 wr. Hailigem

2-40,46

cos Bé = COS 300 -+ W

= 0,866 + 0,019 = 0,885;

H yroa f; = 27,75°.

W3 napannenorpaMma cxopocTeli HaXOIMM NPOEKIMH aGCOMOTHOM CKODOCTH Cg
Ha panuyc ) ;
Car = Cq sin @y = 43,06 sin 20° = 14,72 m/c

H Ha HanpaBJeHHe OKDYKHOH CKOPOCTH
€3, = Uy — €y, Clg f; = 65,97 — 14,72 ctg 27,75 = 38 m/c,

Teopernueckoe naBieHHe HaXOAMM H3 ypaBHeHus (8.39):
Pr 2—ga = OUoC5, = 1,2-65,97 .38 = 3010 Ila; -
npu z = 18 wr. umeem:

[2.40,46

i

‘ cos B3 = cos 30° 4
yroa B = 20,91°;
¢, = 65,97 — 14,72 ctg 20,91° = 97,44 m/c
H TeOpeTHYECKOe NaBJeHHE
Pp o1z = 1,2:65,97-27,44 = 2170 Tla.

Taxum o6pasoM, NpH yMeHbIUEHHH YHCIA JIONATOK pabouero xoseca z or 64 go 18
TeOpeTHUeCKOe JaBjeHHe, Da3BHBaeMoe HM, CHHXaercs B 1,39 pasa.

8.6. THAPABJIHYECKHA KIIJ PABOYEI0 KOJIECA
PAAHAJIbHOTO BEHTWJIATOPA

fa ITorepn sHepruu B pabGoueM KoJiece BEHTHJATOPA BO3HHKAIOT 32 CUET
TPeHHs, BHXpeoOpa3oBaHHS, M3MEHEHHsI HAMpaBJEHHS [OTOKa, YAapoB
Ha BXOJle B MEX/JONATOYHBIH KaHaj H BBIXQAE H3 HEro M, NO JaHHBIM
LIATH, moryr GHTb 060GUIEHE ypaBHEHHEM

2
Appa =85, (8.40)

rie & — 3KCHepHMEHTaJbHO OIpeneasieMbll Ko3(hdHIHEHT CONPOTHBJIe-
Hus (no xauubiM LATH § = 0,4 ans nauGoJsiee pacnpoCTPaHEHHBIX KO-
JleC paliHajbHbIX BEHTHUJIATOPOB).

C yueToM morepb JeHCTBHTENbHOE JaBJieHHe, pa3BuBaeMoe pabounm
KOJIECOM, PABHO Py, x = Pay — App,x ¥ THApaBanyeckuit KIII ero
Prz—8Ppx __\_ APpx (8.41)

Prz Prz

TeopeTHuecKoe 1aBleHHe, pasBHBaeMoe PaGOYHM KOJNECOM BeHTHJs~
TOpPa ¢ KOHEYHBIM YHCJIOM JIOHNATOK

Np.x =

Prz = P (UsCsu — UCLL).
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IIpeo6pasyem sTo BhipaxeHue. M3 nogoGus TpeyrojbHUKOB CKOPOCTEH

IJisl YCJAOBHH ONTHMAJbHOrO pexuma pabotel potopa (cM. puc. 8.7)
HMeeM:

2 .
Clfcr=cifur M Cl = Uy,
HO corviacHo (8.35) ¢; = u; sin® Py u, caefoBatembHO, uiCy, = w3 sin® By
[ToacTaB/isis 3TO ypaBHeHHe B BLIPAXKEHHE JJIH Pn,, HMEEM
. 2 . 2
prz = p (usca, — uisin’By). (8.42)
B jpambHeiilieM HHAEKC «IUTPHX» HCKJIOYHM, IOJIArasi, 4TO 3HAYeHHs

abCOMOTHOM CKOPOCTH C, H €€ NPOEKIHH Ha OKPYXKHYIO CKOPOCTb Co, YUH-
THIBAIOT KOHEYHOE YHCJIO JIONATOK.

BcnoMHuM, yTo Cay = C; COS Oy, H, IPHMEHHB TeOpeMy anyCOB K Tpe-
YTOMbHHKY CKOPOCTel Ha BBIXOJE M3 KaHala, HaHleM Cy:

Co __ Us . sin B,
SmBy s [180°— (@ + o)l ’ = Y2 SnTI80° — (o0 - Bo)]

[MoncTaBuM moJiydeHHBIE BBIPAXKEHHSI B YPaBHEHHE JJIs TEOpETHYe-
CKOro jaBjieHHs pabouero KoJsieca npu pabore ¢ MakcuManbHeIM KI1J

Prz =0 { U2 COS &2 ~G [180°Sl—n~rz<212 +B2] i sin_2 B } ' (8.43)

OnTHMaanoe 3HaueHne w, Ha#jem u3 (8.34) B Buie

@} = 1 cos® ;. (8.44)

Peumnm Tenepb coBMmecTHO ypaBHenus (8.40), (8.41), (8.42), (8.43)
u (8.44). Mmeem

u} cos.2 B:
sin ﬁg
sin [180° — (e, + Bs)]

H, YUYHMTHIBasi OYEBHIHOE COOTHOLIEHHE Uy/u; = D,/D,, mojsy4aeM OKOH-
4aTeJbHO

'ﬂp.x=1—%-

u§ cos oy — u} sin? B,

cos? f;
Dy \2. sin By g R
Br) o S T

[Ipoananusupyem nosnyueHHoe BelpaxkeHue. C LENbIO CHUXKEHHS MO-
TePb SHEPTHHU Ha yAap IPH CMeLIeHHH NOTOKOB BO3JyXa, BeIOpackiBaeMoro
U3 MeXJIONATOYHEIX KaHAJIOB H JBUKYLIErOCs B KOXKYyXe, YIoJl O, NPHHHU-
MaloT paBHEIM 8--20°, MOSTOMY COS O, GIM30K K €IHHHIE U B YKa3aHHOM
HHTEPBA/e O, MEHSETCA HEe3HAYHTEJIbHO, C/IeJOBATeJbHO, NPH aHaJdH3E
BJIHSTHHEM Oy MOXKHO npeHe6peun. OUeBHAHO, UTO C YBEIHYEHHEM YIJIA O,
rufpaBauueckuit KI1 poropa Gyaer yMeHblaTbes. Yroa P, B pagHasb-
HBIX BEHTH/IATOPaX M3MeHsieTCs B AnamasoHe ot 10 1o 170°. C ymenbuie-
nuem Py Apobb sin Py/sin [180° — (@3 + Bj) ] ymenbinaercsa u ruapasiu-
veckuit KII[L napmaer. [Ipu 3TOM, OZHAKO, CHHXKAeTCS H BEJHYHHA Cgy H
pasBuBaeMoe paboyHM KoJsiecoM HAaBJeHHe p. [l NOCTHXKeHHs 3ajaH-
HOrO 3HauYeHHs p HEOGXOAMMO KOMIIEHCHPOBATh CHHXKEHHE Cq, IyTEM YBe-
JIMYEHHS Uy, YTO MOXKET OBIThb JOCTHTHYTO IIOBLILIEHHEM OTHOUIEHHS'
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D,/D,. 10 NPHBOJHT K 3HAYUTENBHOMY POCTY M, x, TaK KaK OTHOLIEHHE
Dy/D, BXOA4T B ypaBHEHHE BO BTOPOH CTElEHH.

Takum o6pasoM, B KOHEUHOM cuere AJist p = idem npu cHuzkeHuH f,
ruapasanueckuii KIT pabouero koneca pacrer, T. e. KI1I xoxec c Jo-
NaTKaMH, 3aTHYTHIMH Ha3ajx, Boite. OHM UMEIOT MeHbIlHe MNOTepH, ueM
KoJieca C JIonaTKaMH, 3arHYTHIMH B HallpaBJeHWH BpaueHus. MHaue,
yeM MeHbILe YoM HOBOPOTA MEKJIONaTOYHOTO KaHaJ/a, TeM MEHbILE NIOTePH
SHEPTHH BO3AYIIHOro notoka. [lpumem B, = 45°, a, = 20°, B, = 30°,
TOT/la B COOTBETCTBHH C BEIpazkeHHeM (8.45) M, x = 0,97 npu Dy/D; = 2,5
H M., = 0,89 nmpu D,/D, = 1,5. .

NMpumep 8.6. Ilns ycnoBuil npumepa 8.5 paccuurtath NOTEpPH JaBjeHHs B paboyeM
KoJlece BEHTHASITOPA, UMEIOLIeM YHC/IO JonaTok z = 18. KoucrpyxrusHmil yroa By np-
| HATb paBHBIM Py = 42°. ‘ ’

Pemenne. Ypasuenne (8.45) ans KIIIl pa6ouero xosieca ¢ y4eTOM KOHEYHOTO YHCIA
JIOMATOK IPHMET BHA: .

Mo, s = 1 — £ cos? By
"t 2 —Qz-—>2 COS 0L, sin B —sin? B '
< Dy ?7sin [180° — (a3 + B3)] '

Hag 2z = 18 cos By = 0,934; B} = 20,91°% ¢y, = 14,72 Mc; coy= 27,44 .M/c (u
TpeAbIAYILEro MpHMepa). )
H3 tpeyrompHuka ckopocTtel
g &g = Cyr/C3y,
re ¢y, — aGCoMIOTHAS CKOPOCTb Ha BHIXOJE H3 MEXJIONAaTOYHOro KaHasa pa6ouero Koneca

¢ nmonmpaBKoOH Ha KOHeYHOoe umc/ao Jjonartok. [locaefnee BhipakeHHe TO3BOJISIET PAcCyH-
TaTb yTOM OL5:

tg o) = 14,72/27,44 = 0,536; o) = 28,21°;
u KI1Q
M =1 0v4 cos? 42° _
p-r=— 7Ty sin 20,91° ) -
(1,5)2 ° : — sin? 42°
(1,5)% s 28,21° e — 38.o 1 7 20,91%9] o1
_ 04 0,552 0774,

2 (1,5)2-0,881-(0,357/0,756) -— 0,448
Us npumepa 8.5 uy = 65,97 wmic; py, = 2170 Tla.
Torepu paBieHus B paGoueM Kosece onpefequM mo dopmyJe (8.40):
Apy. x = 2170 (1 — 0,774) = 490 Ila.
JeficTBUTEIbHOE JaBleHHe, pa3BHBaeMoe paGOuHM KOJIECOM,
' Pp. x = 2170 — 490 = 1680 ITa.

CorocTaBiB NOJYYeHHHE DE3YJAbTAT C TEOpETHYeCKHM JaBjeHHeM pabouero Koseca
cz= 18 u py, = 3200 Tla, Buaum, uro HaBjeHde B pab6odeM Kojiece CHHXKAeTC BJBOE
10 CPABHEHHIO C €r0 TEOPETHUECKHM 3HAYeHHEM.

8.7. KOKYX BEHTHJISITOPA

BosayuiHbii MOTOK, BHIXOASIMH K3 MERJIONATOYHBIX KaHaJoB pabo-
Yero KoJeca LUEHTPOBGEXKHOro BEHTHJAATOPA, MOCTynaer B KoxyX. Ilpu
3TOM MPOHCXOAUT mpeob6pa3oBaHHE HEKOTOPOH HaCTH CKOPOCTHOIO Ha-
nopa B CTaTHYeCKoe jAaBjaeHue. TEopeTHYeCKH H Ha NpakKTHKe J0KasaHo,
yTo Aq1s1 ofecrneueHuss HaHMMEHbLUIMX IOTePb 3HEPrHH B KOXYXe CKOPOCTh
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BO3JyXa JoJ:KHa OBITH IIO-
CTOSIHHA Ha BCEeM IPOTSKEeHHH
crnupanabHOH ynuTkH. [Tockoas-
Ky H3 KaxXJIOro MeXJOoIaroy-
HOTO KaHaia BO3JIyX Herpe-
PBIBHO NOCTYNaeT B KOXKYX, TO
147151 obecrieueHus yKa3aHHOTO
YCJIOBHSI HEeOGXONHMO TIpOeK-
THPOBAaTb KOXYX MOCTOSIHHO
paCIIHPAIOWETOCS  CEYeHHH.
Kaxnmifi kanan paGoyero Ko-
Jieca BLIGDACKIBAET OJ{HO H TO 2Ke
KOMHYECTBO BO3AYXa CO CKOPO-  puc. 8.9, Cxema ABHMEHHS BO3LyXa B CriH-
CTbIO (3 M JIBHXKEHHE IIOTOKa palbHOM KOXyXe: @ — B paspe3e; 6 — cMme-
MOXKHO CUMTaThb YCTAHOBHB- lIeHHE NOTOKOB
LTHMCS.

PaccMoTpuM nmpouecc cMellieHHs ABYX MOTOKOB BO3AyXa: ABHXKYILErocs
B CIIUPAJbHOM KOXKYXe C INMOCTOSIHHOH (IO IJIHHE YJIHTKH) CKOPOCTBIO C,
¥ BEIOPachIBAEMOTr0 H3 MeXKJIONATOYHBIX KAHAJIOB ¢ abCOMIOTHOH CKOPOCThIO
¢y (puc. 8.9, a). Buienum B yaurke ABa ceuenust «A» u «Bb» (puc. 8.9, 6).
Uepes ceyenne «A» B e[dHULY BpeMeHH BHIGDACHIBAETCS M, KI Tasa Co
CKOPOCTBIO Cy, KOTODBHIH €MeUIHBaeTcss ¢ MaccoHl m, BO3AyXa, ABHKY-
Erocs B KOXKYXe CO CKOPOCTbIO C,. B ceuenun «b5» mporecc cMeleHHus
3aKaHYHBAETCS. DHEPrHs CMEIINBAIOLHXCS NOTOKOB B ceyeHHH «A» omnpe-
nensiercss no GopmyJe:

mc2 m

2/
a~a C
Ep=——+ ;2 + Lpa,

rne L = L, + L, — oObeMHBI pacXoJ] CMELIMBAIOUIHXCS TOTOKOB,
M%/c; pp — CTaTHYECKOE JaBJIEHHE B CEUEHHH «A».
DHeprus MOTOKa B ceueHHH «b» ompexpensiercs no gopmyJe:

2 m 2
MmyC myc,

Ep = —5—+—5—+Lps

Iie¢ YUTEHO YCJOBHE ¢, = const mo AJIHHE KOXYyXa.
HOTepH' SHEPrUH NpH CMEIIEeHHH, OYEBHIHO, MOXKHO ONPEAENHUTh Kak

AEcy=En — Ep = 52 (3 — ¢2) + L (pa — ps) =

= %(Cg —_ CZ) +caf (pA + pB)a (846)

rie f — momanb CeueHHs YJIUTKH B MECTe CMELUeHHs.
Hcnonbayem ypaBHeHHe HUMINYJbCOB CHJI, AEHCTBYIOIIHX BIOJb OT-
peska AB (puc. 8.9, 6), ’

[ (pa — PB) = myCs — MyCy COS @y = Mg (C; — Cau)- (8.47)
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[TopcraBasia (8.47) B (8.46), nmeem:
AECM = Lgl (Cg —{— 0,21 —_ QCaCéu)

2 2
H, YYHTHIBas, UTO Cy = Cay + Cor, OKOHYATeJIbHO TOJYYHM

AEcy = T2 ¢ -+ S (0o — Ca) (8.48)

IlepBoe caaraemoe B 3TOM ypaBHEHHH TNpeACTaBJsieT co0OH MOTepH,
00yCJIOBJIEHHBIE PajHalbHOH COCTABJSIOUIEH CKOPOCTH BO3AYILHOIO IO-
TOK2 Ha BBIXOJE M3 MEXJONAaTOYHBIX KaHanoB. CHHXKEHHE 3THX MNoTepb
BO3MOXHO NIPH YMEHBIUEHHH 3HAYeHHS Cy,, KOTOPOE TpeéyeT yMeHbllle-
HUSI yraa o,.

Btopoe caraeMoe — notepu Ha yAap OpPH CMEINeHHH NOoToKoB. CHH-
XKEHHEe 3THX NOTEPb BO3MOXKHO NMyTeM YMEHbIUEHHUS] OKPY2KHOH (TaHnreH-
IHAJBLHOH) COCTABJASAIONIEN Cp, UTO TpebyeT NpHUMeHEHHs paboyHXx KoJec
C MaJIbIMH yryiaMH P,, T. €. ¢ JOHaTKaMH, 3arHyThIMH Haszan. M3 ypaBHe-
nus (8.48) caenyer, uTo A5 obecreyeHHs] MHHUMaJbHBIX NOTEPb, Heob-
XOJIMMO HMETb KaK MOXKHO GOJIbIIYIO CKOPOCTb NMOTOKA BO3AYXa B YJAUTKe
KOKyXa C,.

Kpome norepb Ha cmelneHHe MOTOKOB B Ko:KyXe 6ylJeT HMeTb MECTO
JHCCHOAIMS SHEPTHH 3a CYeT TPeHHsi, BuXpeobpasoBaHHusl, IIOBOPOTA IO~
TOKa. DTH nmepn KaK NMPaBHJIO, TaK¥kKe OTHOCAT K CKODOCTH C;, TAKHM

obpasom,

2
m2ca

AE, =k

rie k — sMNHpHYECKHH Koaqxpuuuem yqn’rmsaroumﬁ Bce MOTEpH Ha
TpeHHe H MeCTHBle CONPOTHBJEHHS B KOXyXe (IO RaHHBIM LIATH & ~

~ 0,3).

Kak cienyer A3 MocJeqHero BhIPaXKeHHs, C POCTOM C, Pe3Ko Bo3pac-
taiot norepu AE.,. CaenoBare/bHO, ¢ OZHOH CTODOHBI, JJIs CHHKEHHS
AE.y crenyer umerb GOJbIINE 3HAYEHHS C,, C APYTOH — MEHbIIHE AJf
npeforBpauieHus pocra AE,,

CorsracHO HCC/IEOBaHHIO LLAFI/I ONTHMAaJNbHOE 3HaYEHHE C, PEKOMEH-
LyeTcs ONMpefessATh 10 3aBHCHMOCTH

c i Cou — Cg COS Uy
a onotT l-l-k l+k .

[pu NPOEKTHPOBAHHU YIOJ Gy NPHHHMAIOT B. npe,zxenax 8—20°,
3TOMY

Cqonr = 0,74c,.

3Has 3sHAueHHE C,, HETPYAHO ONPEJEJHTh H IJIOWALb BHIXOXHOTO Ce-
YeHHS cnnpanbﬂou YAHTKH KOXYyXa,
‘ F, = AB = Llc opn,

a IpH M3BECTHOH WHpHHe paboyero KoJeca H pasmepu A u B nus yautTok
npAMoyroJbHoro ceyenus (puc. 8.10).
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Jna noCTpoeHUst YNUTKH KO-

KyXa HEPeKO HCNOMb3YIOT Me- : 4 B
TOJ TAK HAa3BIBAEMOIO «KOHCTPYK- < T A /_A_{-—I——J
TOpPCKOro KBajpata». Merton 3a- |
Kaioyaercs: B caeayiomeM. Ha ne- s |
peceueHun ocefi B Touke O $ Al 2
CTPOMTCS KBAJpaTr CO CTOPOHAMH 4 o
A/4. Vs 5TOil e TOMKH MPOBO-  —f - IS /
ISATCHA OKPYKHOCTH pOTOpa BeH- 0\ » 7/
THAATOpA paguycaMu. R; U R,. : . ' //

B Touke nepeceyeHHss BEpPTH- R CENES
KaJbHOH OCH C OKPYXHOCTBIO A2 / S
paguycoM R, OTKJajbiBaloT OT- -

pesok mauHOH A/4 u pagmycom N

7a TPOBOIAT H4CTh OKPYKHOCTH Puc. 8.10. [TocTpoeHHe CIMPANBHOIO KO a:
JI0 TiepeceyeHusi ¢ BePTHKaJbHOH < O T poe p Hyxa:
1 — pa6ouee KoJsieco (POTOP) BEHTHAATOpA; 2 —

OChbIO. lla.nee IJIAaBHO COE€IHHAIOT  cnupanbHull KOXYyX; 3 — BHIXOAHOE CedYeHHe;
NONYYEHHYIO JIHHHIO C dacTblo # = «esie» '

OKPY2KHOCTH PaJHyCoM r; U lajee

ry u ry. [TopsiaoK MOCTPOEHHS ACEH H3 PHC. 8 10. OKpYKHOCTb PaJiHyCOM I
IJIaBHO MEPEeXOAUT B NMPOGHUJIb BHIXOAHOTO CEUEHHS BEHTHJIsTOpa, obpa-
3ysl TaK HA3BIBAEMBIH «SA3BIKY.

8.8. MOLHOCTb, MOTPEBJISEMASI BEHTHJISITOPOM,
M Ero Kija

B ofmemM ciayuyae MOLHOCTb, moTpebJsieMast BEHTHJAATOPOM, ofipene-
JISIeTCST ypaBHEHHEM

N=N,+ Ng+ N,+ Ny kBr,

rie Ny — mojesHasi WM THIPABJIHYECKast MOLIHOCTb (OHA pACXOAYercs
Ha TIPHpAllleHHe 3HEPIUH MEPEMENlaeMoro BO3AYUIHOIO INI0TOKa M B pac-
YETHBIX PEKHMaX paGoThl COCTABJSET ocnoanyro NOJIO Bcel Moumocm
notpe6asieMod BEHTHJSITOPOM, corjacHo (8.4), = pL/1000); N
MOLIHOCTh, 3aTpayHBaeMasl Ha NpeojoJeHHe TpeHPIiI JHCKOB Bpamam-
merocsi pabouero Koneca o Bo3ayX (AHCKOBHIE MOTepH); Ny — MOLIHOCTb,
pacxoiyemas Ha LUPKYJSLHIO BO3AyXa Yepe3 3a30p Mexny paGoyuM Ko-
JIECOM ¥ BXOILHBIM NaTpyOKoM; N, — NOTEPH MOUHOCTH Ha IPeojosieHue
MEXaHHYECKOTO TPEeHHs Baja BEHTHUJSITOPOB B MOAIUMIIHHKAX.

[Torepu Ha TpeHHe 3aBHCAT OT KOJHYECTBA NHMCKOB, HX Pa3MepoB,
TOJIIHHbI, YIVIOBO# CKOPOCTH, IUIOTHOCTH BO3AyXa, uHciaa Re, mepoxo-
BaTOCTH JHCKOB H KOXYXa M pajfa Apyrux dakropon. [as pacuera 3Tux
noTepb pekomenayercs gopmynra LHATH

kpwDS (1 45 Z b2/02)
N. = =1
T T 102 ’
rae k -— kospdunuent, sasucamui or GopMel AucKoB (B = (5--10) X
X 107® — n1s pa6oyux KoJec ¢ KOHHUECKHMH JHCKamH; kB = (10
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+20) 10 — n1a Kosec ¢ NAOCKHMH AHCKaMH); ® — YIJoBasi CKOPOCTh,
© = ntn/30; YHCIO AUCKOB, HX TOJIIHHA H AHAMETP B YPABHEHHH YUHTHI-
2 .

BaloTCs uJdeHOM 3, by/D,.
i=l1

[1pu Bpamenun pabouero KoJjieca B 3a30pe MeXAY KOPIYCOM U JHCKOM
BO3HHKAlOT BHXPEBEIE TEUEHHS, Ha IIPEOJOJIEHHE CONPOTHBJEHHS KOTO-
phiX TpebGyercst Tem GoJbliee KOJUYECTBO SHEPTHH, YeM GoJibile 3a30p.
CrrefoBare/ibHO, 1151 CHHXKEHHSI NOTEDb 3a30D JOJIKEeH ORITb MHHUMAJb-
HBIM. Kpome Toro, n/1s1 yMeHbuieHHs1 N cllefyer orpaHHYHBaTh LHAMETP
D, nuckoB, a anasi obecrneyeHHs] 3afaHHOH NPOU3BOJHTENbHOCTH NPHHH-
MaTb GoJiee BLHICOKHME 3HaY€HHS YIVIOBOH CKOPOCTH .

MomHocrs, pacxoayeMmass Ha LHUPKYJSIHIO BO3AyXa uYepe3 3a3op
Mexay pabounM KoJieCOM H BXOAHBEIM NaTpyb6KoM, onpezensercs 1o ¢op-
MmyJqe:

Ny = p.AL,,
rie AL, — pacxon Bo3jayXa, MepeTeKaiolero yepes 3a3op MexAy Bpa-
HloMKuMest pabouuM KOJIeCOM H KOXKYXOM BEHTH/ISITOPA 33 CYET PAa3HOCTH
AaBJIeHHH Ha HarHeTaTeJbHOH M BCACHIBAIOIIEH CTOPOHAX BEHTHJSTOPA.
Pacxon Bosayxa AL, onpeaeJmeTca 10 YpaBHEHHIO '

= a3V 2AD4/0),

rae b, — KO3(p(hHIHEHT CKaTHs CTPYH B 3a3ope (06bIYHO Py = 0,7-~0,9);
s — IIOLIab CeUYeHHsl KOJbLEBOro 3a3opa; Ap, — pasHOCTb AABJEHHH
no o6eHM CTOPOHAM ILIEJEBOTO 3a30pa.

- Ee pekomenpyercs onpenensTh 10 BHIPaxKEHHIO

Aps = per2 — 011259 (u2 — u3) +0 59001

TI€ Per2 — CTATHYECKOE HABJEHHE HA BhIXOZE H3 pabouero KoJjeca BeH-
THJSATOPA; U, — OKPYXKHasi CKOPOCTb pOTOpa Ha AuaMmeTpe 3asopa Dj.

[Torepn Ha TpeHHe Baja B MNOALIMIHHKAaX cocraBasior 4—6 % ot
o61eli MOIHOCTH BEHTHJISATOPA IJsi NOAIIMIIHUKOB CKOJBbXKEHHS H 1-—
4 % — A NOJILIMIHHKOB KAYEHHS.

MomHoCTh 3J€KTpOABUraTEeNsI BEHTHJAATOpPA JOJXKHA BHIGHpAThCS
C YYeToM BO3MOXKHOI'O OTKJIOHEHHS PeXKHMa 3KCIIyaTallii OT PacyeTHOro,
cHuxenuss KI1[] BeHTH/IsITOpa NPH IJIHTENbHOH 3KCIIyaTallud M MOTEpPb
NpH INepelaye BpallaTeJbHOrO MOMEHTa OT 3JEKTPOABHraresnss K Baldy
BentuasiTopa. KosdpuiuueHT 3anaca MOLIHOCTH HPUHHMAETCS PaBHBIM
a = 1,05=-1,2, npuueM OGOJbIIHE 3HAYEHHST COOTBETCTBYIOT BEHTHJSATO-
pam MeHblieH MoimmHocTH. TakgMm o6pasom,

NB = aN/T]lI’

rie Mg — KIIJ nepenaun (npHHUMAOT M; = | NPH HEMOCPEACTBEHHOM
COeJIHHEHHH BAJIOB 3JEKTPOABHIATENs H BEHTHJIATOPa; My = 0,92 mpu
IIpHMEHEeHHH KJHHOPEMEHHOH nepeaatm)

Kak otmeuasnoce pauee, nonubiii KITJl BeHTH/IsITOpa paccqmbIBalOT

N0 ypaBHEHHIO
: = pL/(1000N).
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Hapﬂny C TOJHBIM KHII HCIIOJIb3YIOT # TaK . HA3LIBAEMBIH «CTATHUE-
ckuit» KIII, KOTOpHIA B OTIHYHE OT MOJHOIO YYHTHIBAET TOJBKO HOJIO
CTaTHYeCKOro JaBJIEHHs, CO3AaBaeMoro pabouuM KosecoMm. Jleno B ToM,
YTO Ha3HaYeHHe BEHTHJATOPA — IepeMelaTb BO3AYX M MOBHIUATH €ro
CTaTHYECKOE JaBJEeHHE, a 3a4acTylo 40/ KHHeTHYeCKOH SHepTHH B O0IIEM
JlaBJIeHHH OKa3bIBaeTCsl CYULeCTBEHHOH, MOSTOMY JJI €€ KOJHYECTBEHHOH
oneHku u npumensitor KIII, pacCUUTaHHBIN N0 CTATHYECKOMY JABJEHHIO

Ner = Lper/(1000N).

OueBuiHO, M| > M¢,. B 3aBHCHMOCTH OT KOHCTPYKUWH TI€OMETpHYe-
CKHX XapaKTEPHCTHK BEHTHJISTOPOB COOTHOILEHHE MEKIY Mgy H 1| MOXKET
ObITb Pa3J/IMYHBIM, HO HPUGIHNKEHHO Mg, Ha 2030 % meHbIUe 1.

8.9. NOJAOBHE PAJHAJIbHbIX BEHTUJISAITOPOB.
KO3¢®PHUHUEHT BbICTPOXOAHOCTH

PaccMOTpHM HECKOJIBKO paiHaibHEIX BEHTHASTOPOB OXHOIO H TOTO 2Ke
THIa, BBIIOJHEHHBIX 110 OJHOH a3POJHHAMHYECKOH CXeMe C PasJIHYHBIMH
pasmepamu, HO C COOJIOJEHHEM IeOMETPHUYECKOro nonobus. Kak mnpa-
BHJIO, 33 XapAaKTePHBIHA pasmep NPHHHMaeTcs auametp poropa D,. Ipexn-
noJiarasi ra3 HECXKHMaeMbIM, a TEUEHHe YCTAHOBHBLIMMCSI H H30TepMHYe-
CKHM, yCTAaHAaBJHBAaeM, YTO BCE MapaMEeTPhl NOTOKa GYIyT ONpenenaThCs
IVIOTHOCTBIO CPELBl P, €¢ BASKOCTBIO W, YIVIOBOH CKOPOCTBIO ® POTOPa H
IPOU3BOAHTENbHOCTBIO L. M3 NepeuncieHHbX NATH ONpeaesiomux
napaMeTpoB MOXKHO C(OPMHPOBATH JBA HE3ABHCHMBIX Ge3pasMepHBIX
KoMIekca [22]

wD3p/n u L/(Diw). ‘ (8.49)

YKasaHHble KOMINIEKCHl MOXKHO MDHBECTH K HHOMY BHAy. Tak, yuH-
TBIBasl, YTO

Uy = Dyw/2 = n1Dyn/60, a Fp = nD§/4,

BTOpOH KoMIuieKe (8.49) sierko npuBoputest K Buay L/(Fauy) = ¢, rie
¢ — Koap¢uuueHt pacxona [em. (8.27) 1.

Kak ormeuanoch Bblle, GespasMepHble KO3((hHUHEHTH daBJEHHS
NPHHSITO PACCUUTHIBATh 110 YPaBHEHHIO

¥ = p/(pu3/2).
Bespasmeprasi MomuocTh N onpenesisieTcss M3 BhIPaXKeHHS
N = 2N/(pudFs).

CorJiacHo Teopus pasmepHoctH, P, N u KI1IL m BenTHaAATOpa onpene-
JIEHHOH a3pOJUHaMHYECKOH CXeMbl JOJIXKHBl ABASAThCS GyHKuueH Gespas-
MEpPHOTO Pacxofa ¢ H yucaa Re = u,D,/v.

Opnako, KaK II0Ka3aHO B PAAe HCCHeJoBaHUH, NpH uncaax Re 66b-
mux 5-10° oM yxKe He BJIHAIOT Ha a3pPOJAHHAMHYECKHE XapaKTEPHCTUKH
BEHTHJ/IATOPA, T. €. MOCJAEJHHE CTAHOBATCS aBTOMOJENbHEl OTHOCHTENbHO

Re, a y, N u | — dyHKIHAMU TOTbKO KosdhHIHEHTa pacxona ¢.
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Us npuseneHHbIX B 3TOM pasjene ypaBHEHHH MOXKHO HOAydhTh dop-
MyJIB IlepecyeTa PacXoAOB, JaBJEHHH H MOLIHOCTEH HJisi BEHTHJSTOPOB,
BBITTOJIHEHHBIX [0 OJHOH a’pOAHHAMHYECKOH CXeMe, HO C PasJMYHBIMH
jpuametrpamu D, unciamu 060pOTOB 7 H Ji/Is1 PA3JIHYHBIX [IJIOTHOCTEH nepe-
MelaeMblX Cpex:

Lo (BY e o (B mye |
Ll/ - D; n" ? pll D; nll p// R ! .
, (8.50)
ro (B (e !
NII R D; n/l p/l . I
)

Hckioyass W3 MepBbIX ABYX ypaBHEHHH OTHOILIEHHE IHAMETPOB, MO-

Jyyaem ,
n (L) (0 1p) " =n" (L") (p"/p")™* = const.
YuuTeiBasi, 4YTO JJ/Is1 BEHTHJISATOPOB IIPaKTHYECKH MOXKHO CUHTATh
p’ = p”, nosayuaem ‘
neL'?/p¥* = const = ny,
rae ny — Kospouuuent (Kputepui) OGpicTpoxoaHOCTH. BricTpoxoaHocTh
(unu yzenpHOE YHCJI0 06OPOTOB) YHCJAEHHO PaBHA YHCAY 060poToB pabo-
yero KoJsieca BEHTHJ/ISITOPA, MMEIOIEro NPOH3BOAHTeNbHOCTh L = 1 M3/c
¥ pasBuBatouiero fasnenue p = 1 H/m2. Ilpu sToM IaBjieHHe NPUBELEHO
K CTaHIapTHOH mIoTHOCTH: p = 1,2 Kr/M®. Ha npakTHKe 4acTo HCIOJIb-
3yercsi CJeLyIollee BEIPaXKeHHe s fly:
L2
rne (L1, m®/c; Ipl, Ma; [el, pan/c. ;
Kpurepuit GbICTPOXONHOCTH IMO3BOJIAET CYAHTH 06 OCHOBHLIX I€o-
METPHYECKHX XapaKTepHCTHKaX BeHTHJsATOpa. Tak, GoJblline 3HAYEHHS
ny CBHJAETENbCTBYIOT O 3HaAYH-
TEIbHBIX PacXofax IepeMeriaemo-
ro BO3JyXa, H4TO COOTBETCTBYET
paiualbHLIM BEHTHJIATOpPaM, Ha-
npumep, pabouyum KosecaMm G60Jb-
IIOH IIMPHHBI, OOJBLIOMY YHCHAY
JomarokK U T. A. (JlJ1s1 oceBLIX BeH-
THJATOPOB ¢ GOMBIIUMY 7y XapaK-
TepHbI HeGOJIbIIIOe YHCIO JonacTed
H MaJbli JHaMeTp BTYJIOK.) Aspo-
JHHAMHYeCKHE CXeMBl paaHalb-
HBIX H OCeBLIX BEeHTHJSITOPOR C pas-
* JINYHBIMU KPHTEPHSMU GHICTPOXOJI-
HOCTH IpeJicTaBJ/eHs! Ha puc. 8.11.
Kak cnenyer us npuBeneHHbIX

AHHBIX B IJI.7, JJIS LEHTPOoGeK-
Puc. 8.11. BeutnasTops pasnuuHoil Obi- A A LEHTP

CTDOXOAHOCTH: @ — MAJjble SHAYEHHS Tfly; HBIX BeHTH”ﬂ;OPOB OpHEHTUPO-
6 — GonbiuHe SHAYCHHS fiy; BOYHO ny < 120, nas oceBhIX —
1 — pajHajbHBlE; 2 — OCeBHIE Ny > 120.
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8.10. ASPOJMHAMHYECKHHA PACYET
PAJIMAJIbHOTO BEHTUJISATOPA

OtMmeTuM, Npex/e BCero, YTo CYILECTBYIOT ABa METO4a a3poJHHaMHye-
CKOTO pacuera BEHTHJIATOPOB (KaK pafHasbHBIX, TaK H OCEBBIX): MPSAMOM
H 1ofoOHS.

[IpsiMoli METOZ MO3BOJSIET PacCYHTaThb OCHOBHbBIE 3JI€MEHThI BEHTHJISA-
TOpa M CO3/laTb HOBBIH THI BEHTHJAATOPA C HOBOH a3pOJAHHAMHYECKOH
CXEMOH. ' ‘

ITo meTony NoxoOus MOXKHO PacCYHTHIBATH BEHTHJSITOPHI, AJsi KOTO-

PHIX y3Ke HM3BeCTHAa a’dpoJuHaMuyeckass cxeMa (MOIeNbHEIH obpasern).
B kauectBe MozenbHBIX 00pa3LOB NPHU pacueTe BHIGHPAIOTCA H3BECTHEHIE,
Haubosiee 3(peKTHBHEIE BEHTUJISTOPH. B 3TOM ciyuae NpPOEKTHPYeMBIH
(HaTypHBIH) BEHTHJSTOP OKa3bIBAeTCH TIeoOMETPUUECKH NoJoOHBM Oa3o-
BOMY (MOJIe/IbHOMY), @ KOHCTAHTHI 0001 — paBHBIMH. CHPOEKTHPOBATh
HOBBIH THII BEHTHJISITOPA, HCHOJb3ys 3TOT METOM, eCTeCTBEHHO He Npef-
CTaBJseTcs BO3MOXKHBIM. PaccMoTpuM mnojpofHee mNOPSANOK pacyeTa
BEHTHJISITOPOB TPSIMBIM METOJIOM. ,
- ITopadok npamoeo aspoOunamu4eckoeo packema paduanrbro2o 8eHmu-
aamopa. 3alaHHBIMU BeJHYHHAMH IIPH pacueTe SIBJSIOTCS NPOH3BOJH-
TeJbHOCTh BeHTHJATOpA L, M3/c; maBjenue p, [1a (IpuUBeIEHHOE K CTaH-
JapTHOM IVIOTHOCTH BO3JyXa) M JKeJaTeJbHO YHCI0 060poTOB, 7, 06/MHH
(uu yryioBasi CKOpPOCTb ©, pan/c).

1. PaccyutsiBaercs Ko3¢h¢dHIUeHT OBICTPOXOAHOCTH NPOEKTHPYEMOTro

BEHTHJIAATOpA ’

L%

i

nocse 4ero 1o MOTYYEHHOMY 3HAUEHHIO 7y BHIOHPAIOT THII BEHTHJAATOPA
(opueHnTHpOBOUHEIE 3HaueHHst Koah¢duuneHTa OGBHICTPOXOXZHOCTH AJs BeH-
THJISITOPOB Pa3JIHYHEIX THIIOB IIPHBENEHH B IVI. 7).

2. HUcxons u3 yenoBusi obecneyeHuss MHHUMAaMbHBIX [IOTEPb Ha BXOJE
Bo3/lyXa B pafouee Ko0JiecO, PACCUHTHIBAIOT JaMeTp BX0Ja B BEHTHJSATOP
D, no ypaBuenuio (8.37) uam no ypasuernio D, = k3 L/®, uu mno
JRaHHBIM, paccuntaHubiM B LUATU, Dy = k'L'12p'/4, rpe k' = 1,356+1,9.

3. Huamerp D, Ha BXole B MEXJONAaTOYHbie KaHasbl BHIGHDPAIOT U3
KOHCTPYKTHBHBIX cooOpaxeHuii. Ilpaktuuecku npuuuMaor D,; = D,.

4. JIns BuiOpaHHOro 3HaueHHs P, (HaMOMHHM, YTO ONTHMAaJbHas Be-
auuvHa D, = D, coorBercTByer P, = 45°) omnpeznesnsieM CKOPOCTH M HX
NPOEKIMH Ha PajHyC H KacaTeJbHYIO K OKPYKHOCTH:

u, = aDn/60; ¢, = u, sin By; w, = u, cos P;;
crr = (4,/2) sin 2B;; ¢y = €, COS .

[Ipu oTcyTCTBMH HampaBJSIOIIEro amnnapara nepex BXOAOM B BEHTH-
JATOpP NpPHHHMaeM

ny =53

6 = Oy
.¥To/ yCTaHOBKH JIONATOK Ha BXOIE B KOJMeco
a o sl = ﬂl + Aﬂ'
rie_ AP = 5+15° — yron araxH. ‘
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5. I_HPIpI/IHa JIONaTKH Ha BXOJE ONpenesnseTCcs U3 YpaBHEHHS pacxona

Co J% = nDbycy.

[Tpunnmas ¢, = ¢;, nonyyaem b, = D,/4 (UATH pekomenayer npu-
HuMath by &~ 0,29D,). [l ynpolenns U3TOTOBJIEHHS KoJieC TPHHHMAIOT
by, = b,. ’

6. 3anaBasicb 3HAauYeHHAMH Ko3bbHIHeHTA NaBJaeHHs P WM 3HAA p,
OMpeJeAoT OKPYKHYI0 CKOPOCTb i, Ha BHEIIHeM AHaMmerpe paboyero Ko-
Jeca U 3ateM D,.

7. TlpuHuMasi COOTBETCTBYIOWMH yroa P, (Hau 3axaBasicb HECKOJb-
KHMH 3HaueHHsIMH f§,), ONpelessioT MOC/AEIOBATENBHO TO IIPHUBEIEHHBIM
BHIIIE YPaBHEHHSM OKPYXKHYIO COCTaBJSIONYIO abGCOMIOTHOH CKOPOCTH
Cyy Y €€ BeJHYHHY C YYeTOM KOHEUHOro YHCJa JIOMATOK, a TAKXKEe YHCJIO
JIOTATOK ¥ HX IIAar,

8. PaccuuThiBaloT TEOpETHUECKOe JaB/IeHHe, Pa3BHBAEMOE POTOPOM
BEHTHJIATOPA, Pr.

9. Ompegesnsitor ruppasauyeckuit KI1I BentusasiTopa u nefiCTBHTENb-
HOE JaBJieHHEe, pa3BHBaeMoe pabouuM KOJIECOM.

10. HaxoxaTr mocjienoBaTeMbHO abCOJMIOTHYIO CKOPOCTh Ha BBIXOJE
H3 pabouero KoJseca, ee pagHadbHYIO COCTABISION[YIO H CKOPOCTh BO3AYyXa
B . yJIUTKE.

11. Onpenensiior OCHOBHBLIE PAa3Mephl KOXKyXa BEHTHJIATOPA.

12. PaccuuthiBaoT BCe MOTEPH JaBJeHHs] B KOXyXe H OIperensioT
ruapasauueckul KI1I BeHTHasTOPA Mg = Mp, 4.

13. PaccuursiBaioT AEHCTBUTENBHOE NaBJEHHE, DA3BHBAaEMOE BEHTH-
JATOPOM, Pg = PMs.

14. TTo COOTBETCTBYIOIIHM yDaBHEHHSIM, NMPHBEJIEHHEIM BHIIE, OMpe-
JeJIIOTCS [IOTEPH MOLIHOCTH B BEHTHJISATOPE H YCTAHOBOYHAS MOLIHOCTh
€ro 3JeKTPOJBUTATENS.

OG6b1uHO pacueT BeLyT IJs1 HECKOJIbKUX 3HaueHHH P, u BHIGHPAIOT TOT |
BEHTHJISITOP, KOTOPHIH MPH 3aJaHHBIX NapaMeTpax XaeT MaKCHMaJjdbHOE
snayenne KII/I.

ITo naHHBIM pacueTa BhuepuHBaercs pafouee KoJseco, KOXKYX, JIO-
NATKH M T. [. 3areM BBIHOJIHSIOTCS HPOYHOCTHHIE PACUETHI.

Mpumep 8.7. BunosauuTs NPAMOH pacyer pajHaJbHOFO BeHTHJIATOPA NPOH3BORUTENb-
HOCTbIO L = 5000 M?/u, passuBatomero nasienue p = 930 Ila npu uactote Bpamenus
paGouero koseca n = 1420 06/mun. IIIOTHOCTL BO3NYXa NPHHSTH CTaHAApPTHOH P =
= 1,2 gr/m3. Ta6apuTHbie pasMepbl BEHTHJASTOPA NONKHE GbIThb MHHHMAJbLHEL

Pemwenne. OmnpefenseM KoshodHuHeHT GLICTPOXOXHOCTH BEHTHJATODA

_ 53L'Y2e _ 53(5000/3600)'/% (1420/60) 2

n
y P3 /4 . 9 303/ 4

55.

JaHHBd BeHTHAATOP OTHOCHTCA K HarHeTaTelsM HH3KOFO M CPeJHEro Jas/eHHA
C /onaTKaMH# KoJec, 3arHYTHMH Bnepen (ny = 30+60) uau naszan (ny = 50+ 80). ITo-
CKOMbKY PACCYUTHIBAEMbIA BEHTHIATOP AO/XKEeH HMeTb MHHHMadbHble ra6apHTH, BHOGH-
paem pafouee KOeco C JONATKAMH, 3aTHYTHIMH Brepel.
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PaccuuTniBaeM auamerp BXofia B BeHTuasAT0p Dy # BHYTpeHHHA Auamerp paGovero
koneca D; (mpuuuMaem Dy = Dl)'

DO—‘DI— kVL/(D =1, 65 5000} 1420'2~3,14 —
3600 60

3
= 1,651/1,389/148,7 = 0,348 m.
U3 Beipaxenus, npepnoxentoro ATH, npu &' = 1,35+ 1,9; Dy = 0,285+ 0,398 M.
Dy =D, =K L'?/p!* = 0,21 m.

Takum 06pa3oM, MEPBOHAYANLHO DACCYHTAHHAA BeJMYHHA IHAMETPA COMVIACYETCH
¢ pacuerHoit 3aBucumoctoio IJATH. Ilpunumaem Dy = Dy = 340 mm.

HapyxHblfi Auamerp onpejessieM 10 pe3yJbTaTaM MCHBITAHHH BEHTWISITOPOB € 10-
CTOSIHHOM WHPHHOH KoueC by = by u JonaTKamK, 3aTHYTHIMH Breped, Ais ny = 2060,
B pe3y/bTaTe KOTOPHIX NOJYYEHO 3MIMPHUECKOE ypaBHeHHe

Dy = D060/ny = 0,34-60/55 = 0,371 M.
Hpaﬂnmaem Dy, = 0,39 M = 390 mm.
C uenbl0 CHHXEHHS NOTEPH SHEPrHH Ha BXOZE B pa6oyee KOJECO PEKOMEHAYeTCs

obecrnieuHBaTh PaBeHCTBO CKOpocTelf, a ClelOBaTeNbHO, H iolanel KHBOTO CeueHHs
BXOZa B BEHTHJATOD H BXOLa B pa60qee KoJieco, T. €.

aD3/4 = nD;b,.

Ws-3a OTpHIBA NMOTOKa IIPH TMOBOPOTE @aKanecxaH Ja0Wanb XHBOI'O CeY€HHUst CHU-
Xaercd, I03TOMY ILIHPHHA paéoqer'o KOJieca TNMPHHHUMAETCH C 3anacoM

knD3/4 = nDgb,
HIH
b, = kaD§/ (4nDg) = kDy/4.
Iast xonec ¢ JonaTKaMH, 3arHYTHIMH Briepell, 2 = 1,2+2,5. C nenbio CHUXKeHHS
raGapuTbex pasMepoB BEHTHAATOpPAa NPHHHMaeM MHHMMaJbHBIA 3amac k = 1,2, torpa
by = (1,2:0,34)/4 = 0,102 M = 102 mm. ‘
BruiGupaem paGouee KO/IeCO NOCTOAHHOH IIMPHHEL
= by = 0,102 M.

Yuceno JgonaTox pado'-lero KOJieca HaXxOAHM H3 BBbIPAXKEHHS

Dy 4Dy _ 4,,0394034 o0

2285 —p, = »1* 530,31 "

OkpyrasieM z fo GnuXKaiimlelf craHZapTHOM BeIMYUHBI, TNPHHHUMAEM 2z = 48 wmr.
OxpyKHasi CKOpOCTb Ha BHYTpEHHell OKPYXKHOCTH POTOpa BEHTHJIATOpA
nDyn 3,14-0,34-1420

Uy = —p—= &0 = 25,3 m/c.

CxopocTb Bo3fyXa BO BXOJHOM NaTpy6GKe BEHTWISATOPA K HA BXOJE B paGouee KOJeCo
(HanpaBASOWMH anpapaT OTCYTCTBYeT) H3 yDaBHEHHUS! HepaspLIBHOCTH NOTOKa

4L 4.5000
G = Cyp = —= = 314.0,34%.3600 — 15,3 m/c.

KoHerpyxTusHslit yron By B coBpeMeHHHX UEHTPOSEKHEX BEHTHASTOPAX H3MEHHETCs
B npefenax Py = 16+90°, npuueM 60AbLIIHHCTBO BEHTHIATOPOB HMEIOT B, = 40~+50°,
apuHuMaeM f; = 45°
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OrHocurenbHas CKOpPOCTb BO3JyXa Ha BXOJ¢ B MEXJIONATOYHBIH KaHad

C1r 15,3

®1= o5 (00° — PBy) | cos (90° — 45°)

= 21,6 m/c.

AGconioTHAs CKOPOCTb BO3AyXa Ha BXOfe B pabodyee KOjieco

oy =]/ ul+ 0} —2uw cos p; =1/ 25,8° + 21,67 — 2:25,3-21,6 cos 45° = 18,3 wic.

Yroa oy onpezxenmw H3 COOTHOUIEHHS
ci/sin By = wy/sin ay;
wy sin By 21,6 sin 45°

sin oty = o = 183 =0,835;

oy = arcsin 0,835 = 56,6":

TanrenuuanbHast coctaBisiollasi aGCOJIOTHOH CKOPOCTH BO3JlyXa Ha BXOJe B MeX-
JIOMIATOYHBIH KaHaj

Cpu= €1 cos oty = 18,3 cos 56,6° = 10,1 m/c.

PaccuntaeM OKPYXHYIO CKOPOCTb Ha BHellIHell OKPYMXHOCTH POTOpa BEHTHJAATOpA
niDan 3,14-0,39-1420

Uy = 5 = &0 = 29 M/c.

3agaeMcsi KOHCTPYKTHBHHIM YoM fg. COBpeMeHHEe BEHTHJATOPH C JONAaTKaMH,
3aCHYTHIMM Briepel, MMeEIOT YIVIH yCTAHOBKH JIONATOK KoJeca Ha BHXOZe P = 140+
<+ 160°. IIpuuumaem Py = 150°. INonaraem w; & Wy, TOria

Cau= Uy + W, cos (180° — B,) = 29 + 21,6 cos (180° — 150°) = 47 w/c.

PaguanbHas cocTaBasomas aGCOMIOTHOX CKOPOCTH Ha BHIXOJE H3 MeXJONAaTOYHEX
KaHa/10B onpenenn-rca H3 TpeyroJbHHKa CKopocrteii:

Car = Wy sin (180° — PBy) = 21,6 sin (180° — 150°) = 10,8 m/c.

AGCOHIOTﬁaﬂ CKOpPOCTh HA BHIXOJ€ H3 paGoqero KoJieca
o=V .+ cg, = VAT 10,8 = 48,2 m/c.

W3 ypaBHeHHusI c4/sin ﬁg = wzlsm oc2 onpefensieM sin &, = w, sin Py/c, = 0,224,
Otkyza yroa o = 12,9°
C yueroM nonpaBKH HAa KOHEYHOE YHCJO JIOMATOK

- cos By = cos By + k(Cy, [2ug) = cos 150° +- 3 (47/(48-29)) = — 0,765;
© By = arccos (— 0,765) = 140°,

TanreniHasbHast COCTABASIOMAN a6COMIOTHOR CKOPOCTH AJIf pa6ouero Kojeca ¢ Y-
CJIOM JIOTIATOK 2 = 48

C3y =ty + Cp,/1g (180° — B;) = 29 + 10,8/tg (180" — 140°) = 41,9 w/c.
A6comoTHast CKOPOCTb C; OnpefensieTcss no QopMyie:

=1 ¢ + &=V 41,9°+ 10,8 = 43,3 m/e.

anenemm yrom ¢g: .
i co8 ‘ag = Cg,/Cy == 41,9/43,3 = 0, 968.

OTKyAa @; = 14,6°
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¥Yron oy nputuMaercs, kak npasuio, B fmanasone 8—20°. Haiinem tuppabmuties
“ckuil KITJ paGouero xoneca BEHTHASTOPA

3 cos? By
Np.g=1— 5 —— =
(D_a)gws a, sin By —sin®B
D, ? sin [180° — (a5 + B5)] !
0,4 cos? 45° - _
== Z0my o5 14.6° sin 140° _ sini45¢ 098
(0,34 " sin[180° — (14,6° + 140°)]

Teopernueckoe HaBjleHHe, Da3BHBaeMOe DOTOPOM BEHTHJISTOPA C WYHCJOM JIOMa:
TOK 2 = 48 mr.,

Pry = P (UgCs,— tiCy,) = 1,2 (29-41,9 — 25,3-10,1) = 1151 ITa.

ILeﬁcmn‘reanoe AaBJ/IeHHe, pasnuBaeMde paéoan KOJIeCOM,

Pp = p’l‘znp. R= 1151:0,93 = 1071 Ila.
Ilorepu paBierus B porope

App.x = Prz— Pg = 1151 — 1071 = 80 Tla.
OnruManbHas CKOPOCTb BO3JyXa B YJHTKe
ca = 0,74c; = 0,74-43,3 = 32,0 w/c.

[1omajb BHXOJHOTO CeueHHS KOXyXa

5000
3600 - 32

Besinuuny pacKpHTHS CIHpaJbHOrO KoXyXa A onpefieisieM H3 COOTHOMIEHHSI A =
= Dy (ny/90) (ypaBHenne pexomenayercs LIATU gas ny = 20+55 u paGounx Kosec
C JIONaTKaMH, 3aTHYTHIMH BIepen).

Ilpn saruyThiX Hasaj JionaTkax H fy = 40--80

A = Dyny/125 = 0,39-55/90 = 0,238 .

[lpx npaMOYroNbHOM CeYEHHH NIHPHHY KOMXYXa NPHHHMAEM IO KOHCTPYKTHBHBIM
coobpaxennam B = 125 mm. Torga pasmepr BHXORHOro narpyGKa BeHTHIATOpA

A’'= F/B = 0,043/0,125 = 0,347 m.

3ameThM, 4TO, KaK NPaBHIO, PeKOMeHAyeTCs MPOeKTHPOBATh NAaTPYGKU KBAaAPATHOTO
ceyeHHs.

OtHeceM NoTepH SHEPTHH B KOXYXe BeHTHIATOPA, ONpefieseMbie ypaBHeHHeM (8.48),
He K CeKYHJHOl Macce rasa m, a X | M® BO3yXa H NOMYYHM COCTaBJSIOUHE NOTEPh Ja-
BJIEHHS] B CIIHPAJIbHOM KOXYXe:

HeH3OexKHble TNOTepH, OOYCJOBJNEHHble PajHaJbHOH COCTaBJsAWIeH aGCOMOTHOR
CKODOCTH -

9 1,2

Apyenss = 'g— Cor =5 10,82 = 70 Ila;

fI0T€pH Ha ynAap NpH CMEIIEHHH NMOTOKOB, ABHXYIIUXCA C DPA3HbIMH CKODOCTSIMH,

F=1Llcg= = 0,043 M2,

[ 9 1,2 2 )
Apy, =5 (con — o)’ = —5— (41,9 —32,0)? = 58,8 ITa;
HOTepP[k Ha TpeHHE B CIHPAJHLHOM KOXYyXe
(L) 1,2 2 1
Ap’l‘p =k T Cq = 0,3—2- 32,0° = 184 Ila.
CyMMaprle NOTepH AaBJeHHA B KOXyXe

Y Apk = Apuemss + Apyg + Aprp = 70 + 58,8 + 184 = 312,8 la.
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Iorepn paBieHuss B paGouem Kojece W KOXKyXe BEHTHIATOPA
Y Aps = App. x + Apx = 80 + 312,8 = 392,8 Tla.
ﬂaBﬂeHHe, pasBHBaeMO€ BEHTHJSITOPOM, ‘
p=pr— Y] Apy = 1151 —392,8 = 758,2 Tla.

TMonyueHHBIA peayabTaT OKas3ajcsi HibKe, ueM Tpefyemas BeJHUMHA JAABJEHHS N0
saganHio Ha npoektHpoBadHue p = 930 Ila. Heo6xoIMMO OTMETHTb, YTO MpPH pacuere
1oTepb AaBJeHHs He YYTEHB NOTepH BO BXOAHOH M BBHIXOJAHOH 4acTAX KOpNyca BEHTH-
aaropa. OueBHAHO, C YUeTOM 3TOTO CyMMapHasl BeJIM4HHA IOTEPh YBEJIMURTCS, a AaBJIeHHe,
pasBHBaeMO€ BEHTHIATOPOM, GyXeT ellle MeHbIIE.

Jas 1oro uto6H YAOBJETBOPHTL TPEGYEMBIM IO 3aJaHHIO MapaMeTpaM, HeOGXOAMMO
BBIMOJIHHTL MOBTOPHEIH pacueT, H3MEHHB TeOMETPHUYECKHE XapaKTePHCTHKU pabouero
KOMeca M KOXKYyXa BEHTHJISTOpa (OTHOLIeHHe AHameTpoB Dy/Dj, KOHCTPYKTHBHEIE YIMIBI
By u By wam uHCAO JOMATOK).

OcraBnsifl pacCUMTAHHBIL MO MePBOMY BAPHAHTY JAUAMETD BXOAHOLO OTBEPCTHS
Dy = 340 mm, npuHumaeM Dy, HCXOHAS H3 OOBMHBIX JIA DaJHAJIbHEIX BEHTHISTOPOB
otHomenuii Dyo/D; = 1,2+ 1,45. Tlonaraem Dy = 0,47 M = 470 mM.

Ipoussemem moBTopHEH pacuer. Uucio nonaTok padouero Koseca

3,14 (0,47 4- 0,34)

0.47 034 — 195

IMpunnMaeM craHjapTHOe YHCJO JjomaTtok poropa 2z = I8 mr. OkpyxHasi CKOpOCTb
Ha BHIXOZe H3 MeXJONaTOYHBIX KaHaJoB
3,14.0,47-1420

Uy = ——fp——— = 34,9 m/c.

OcraBisist npeXXHUM Yrosi YCTAHOBKH JIONATKU Ha Buixofe Py = 150° u npuHuMast
paBeHCTBO OTHOCHTE/bHBIX CKOPOCTell [OTOKa Ha BXOJAE B POTOp H BHIXOJE H3 HEro, ompe-
JleIHM TaHTeHIHaJbHYIO COCTaBJSIOILYI0 a6COMIOTHOH CKODOCTH Co!

cau= 34,9 4 21,6 cos (180° — 150°) = 53,6 w/c;
pajiManbHas COCTAaBJASIOUIAS
cgr = 10,8 m/c.

AGcomnoTHas CKOpPOCTb Ha BHIXOAe H3 paGodero Koijeca
cs = V53,62 + 10,82 = 54,7 moc.

JHasee BHUHC/ISIEM
21,6 sin 150°

517 =0,197.

sin o, =

¥Yroa ay = arcsin 0,197 = 11,4°. OnpefesuM nonpapky Ha KOHEYHOE YHCJIO JIOMA-
TOK npH z = 18 wr.:
53,6

COSﬁ;:COS 1500 -I'-3 mz—

0,61;

torna P, = 127,6°
TaHreHuuaanaﬁ cocCTaBisomast 02 C y'—leTOM KOHEYHOro yudja JonaTtoxk

¢y, = 34,9 + 10,8/tg (180° — 127,6°) = 43,2 wjc.

A6cosoTHas CKOpPOCTb € MpH z = 18

cy =" 10,82 + 43,22 = 44,5 wyc.



Jlanee BHIYHCIIAEM
: cos a, = 43,2/44,5 = 0,971.

Yron af = arccos 0,971 = 13,9°.
KII poropa BeHTHAATODA

=1 0.4 cos? 45° _
=1 — 2 0,47 \2 o sin 127,6° o =
( 0,34> s 139 R — (3,0 FTerey] S
1,910,971 0633 0,5

TeopeTHUECKOE JaBJeHHE, PA3BHBAEMOE POTOPOM BEHTHJATOPA,
prz = 1,2 (34,9-43,2 — 25,3-10,1) = 1503 Ila.
JeficTBuTesIbHOE faBjieHHe, Pa3BHBaeMOe POTOPOM,
py = 1503-0,946 = 1422 Ia.
ITorepu naBneHus B paboueM Kosece
App. x = 1503 — 1422 = 81 Ila.
CKopocTh BO3JlyXa B YJIHTKe
cq = 0,74-44,5 = 32,9 m/c.
IMnomanb ceueHHs] HAa BHIXOAE€ BEHTHIATOPA
5000

—_ — = 2
F=3500-32,9 = 00422 ¥

BesnnuuHa pacKpHITHA YJAUTKH

0,47-55

A="7%

= 0,287 m.

IMpuuMaem A = 280 M.
Ipn BHIGpaHHO!N wWHMpHHe KOXyXa B = 125 mm

A’ = 0,0422/0,125 = 0,338 m.

OnpepensieM 1moTepH XaBJeHHsA B YJAHTKe KOpIyca BEHTHJATODA:
Hen36exHEIe NOTepH
Apgemas= 70 Ila;
TIOTEPH Ha YAap NPH CMeIUeHHH

Apgn = —22 (43,2 — 32,9 = 64 Ila;

NIOTepH ‘Ha TpeHue B YJIHTKE

Apzp = 0,3% 32,0? = 195 Ta.

CyMMapHEIe TIOTepH B YJIHTKE
Z Apy = 70 + 64 - 195 = 329 Ia.

TloTepn maBnenust B paGoueM Kojlece H YJHTKe
2 Apy = 329 - 81 = 410 TIla.

JlaBneHue, pa3sBHBaeMOe BEHTH/IATOPOM,
P = Prz — Z Apg = 1503 — 410 = 1093 ITa.

C y4eToM HeyuTEHHBIX [IOTepb HA BXOJe B BeHTHJATOD M BHIXOJle U3 Hero HafiileHHOe
3HaveHHe JIaBjleHHs YIOBJETBOPAET 3alaHNI0 HA MPOEKTHPOBAaHHE.
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Fuppasanuecknft KIJL sentuasitopa

_ Puy—Apy _ 1503--410
Np = orr = 503 = 0,73. .

Tonesnas MOIHOCTb, PACXOAYeMast Ha NpPHPAIIeHHE SHEPIHY BOZLYIIHOIO IOTOKA
B BEHTWIATODE,

‘ 5000
Nu = psL = 1093 7o = 1518 Br.

MomuocTs, saTpauHpaemasi Ha TpEHHE AHCKOB Bpallaiollerocs Kojeca O BO3AYX,

2
kpw3D3 (1 +5Y b2/D2)
Ne— i=1 —
1 102 -
_15-1076-1,2 (3,14-1420/30)2-0,475 [1 + 5-2 (0,102/0,47)]
- 102
OnpeftesisieM MOLHOCTh, PACXOAYEMYIO HA HHPKYJ/ALHIO BO3LyXa yepe3 3a30p MeXIy

KOJIECOM H BXOAHHIM MaTpy6koM. [List 3TOr0 HafiieM npeje BCEro NpupalleHus CTaTude-
CKOT'O JlaBJIeHHSI B BEHTHJIATODE: '

= 0,042 kBt = 42 Br.

Perg = -‘2)— (5 +4}) = —123 (34,9° — 25,3%) = 347 Ila.

Pacxon BO3JlyXa B 3a30pe€ ONpPEACJHTCA IPOH3BEJIEHHEM CKODOCTH BO3JlyXa B 3asope
Ha nJomaab €ro XHBOTO CEeyeHHd:

ADs 24
AL:CS/‘a:}"aV?: H f3=P3% :37‘D363-

ITepenap napnenuit no o6e CTOPOHH 3a30pa OMpPeNeNHTC yPaBHEHHeM
Ap, = P9 —0,125p (1§ — uZ) + 0,503,
Tlpunnmas ug = u;, UMeeM
Ap; = 3,47 — 0,125-1,2 (34,9* — 25,3%) - 0,5-1,2-15,32 = 401 Ila.

Tlpunnmas ko3pdHUHEHT pacxofa B 3asope Mg = 0,8 ¥ mupHHy 3asopa, paBHOR
1% or Dy, T.e. 8, = 0,004 M, uMeem

AL, =08}/ g—'l-‘%~3,14-0,34~0,004 = 0,088 md/c.

VYreura Bosgyxa cocrasasier 6,3 % OT NPOMSBOAMTEILHOCTH BEHTHJSTOPA.
MomuocTs, 3aTpayuBaeMasl Ha NepeTeKaHHe BO3AYXa,

‘ Na = py ALy = 1503-0,088 — 132 Br.
CyMMapHas MOWIHOCTb .
Ng = Ng+ Ny+ Ny = 1518 + 42 + 132 = 1692 Br.

C yueroM TpeHHs B NOAWMNHHKAX Kauehus (2 % or Ni) u koz¢dpunenta sanaca
"MOIEHOCTH @ = 1,2 MpH HemocpeXCTBEHHOM COeJHHEHHH BaJIOB 9JIEKTPOABHTATENS M BeH-
THIATOPA MOIIHOCTb 3JEKTPOABHIATENs COCTABHT

N, = 1,2-1,02-1575 = 1930 Br.

TNonyueHuble napameTpbl BEHTHASTOPA GJAH3KH K PACYETHHIM BeJHUYHHAM sl BeH-
TaaAropa 114-70 Ne 5 ¢ xomecom 1,05D yop. J151 5TOTO BeHTHAATOPA NPH peskuMe paGoTHl
c MakcuManpubiM KIII p =~ 950 Ila, L = 5000 w34, n = 1420 o6/MuH, 1 =~ 0,8,
Ny ~ 1,9 kBr.
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W, Z
Crr
l5=45° : ~56,6
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02) 280
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Puc. 8.12. K npumepy 8.7: @ — TpeyroabHHK CKOpocTed Ha BXojie; 6 — Ha BHIXOfie}
8 — aspOJHHAMHYECKAS CXeMa PacCYMTHBAEMOro BEHTHAATOpA -

Ha puc. 8.12 npuBefeHb TPeyTrobHHKH CKOPOCTeHl Ha BXOAE B POTOP M BHXOJEe H3
Hero M aspOJMHAMHYECKAs CXeMa PacCYHTAaHHOrO BeHTHasTOpa. COmocTaBisis pasMephl
H MOIMHOCTb CIIPOEKTHPOBAHHOrO BEHTHJAATOPAa C CepHHHO BhimyckaempM 114-70 Ne b,
MOXKHO KOHCTATHPOBaTb, YTO NMPH NMPOYHX PABHHX YCAOBHAX DasMepbl PacCUHTaHHOIO
BEeHTHJIATOPA MeHbIIE, a MOIHOCTD BhIle, 4eM y cepHiiHOro. Pacxoxjenne ofbsicHseTCS
TeM, 4TO paboyee KOJIECO CIPOEKTHPOBAHHOTO BEHTH/IATOPA C LeJbIO CHHXKEHHS €To raba-
PHTOB BHIIIOJIHEHO C JIONATKAMH, 3aTHYTEIME Bliepell, B TO BpeMs KaK DOTODH BEHTHJIATO-
poB Tuna 114-70 uMeloT 3arHyTHe Ha3ak JONAaTKH. [1oTepH B noc/efHeM MeHbIIe, OTCIOAA
MeHbllle YCTAHOBOYHAA MOIHOCTb 3JIEKTPOJBHIaTe]sl TAKOrO BeHTHAATOpa. PesyibraTh

CpaBHEHHS BEHTH/AATOPOB eMlle pa3 HAIVIAAHO NMOATBEPKAAIOT Teopemqecxne TIOJIOXEHHA,
HU3/I0KEHHEBIE BHIIE.

8.11. XAPAKTEPHCTUKH BEHTHJIATOPOB

- XapaKTepHCTHKOH BEHTHJSTOPOB HA3bIBAIOT IpadUyecKylo HHTep-
IIpeTamuio CBfA3H MEXIY ero OCHOBHBIMH mnapamerpamu. C nomouiplo
3THX 3aBHCHMOCTeH JIerKo mofobparb A/ 3aZaHHOH CETH BEHTHJSTOP,
KoTopuifi Oyzner paboraTh B ONTHMAaJbHOM pEXHME, T. €, C MaKCHMalb-
HeiM KILJ. TTonnasi XapakTepHCTHKa BEHTHJSTOPA BHIpa)KaeT ‘3aBHCH-
MoCTb JaBJjeHHs, MouiHocTd H KI1/l BeHTHIsITOpa OT €ro nponssoamenb-
HOCTH.

XapaKTepHCTHKH BEHTH/IATOPOB IOJYYalOT SKCIEPHMEHTaJBHBIM
NyTeM Ha CHelHaJbHBIX a3POAMHAMHYECKHX CTEHJIaX, MOCKOJbKY MOoay-
YHTb KOPPEKTHbI€ aHaJHTHUECKHE 3aBHCHMOCTH JII1 HEPACUETHBIX PEIKH-
MOB HX PaboTHl O HACTOSLIErO BPEMEHH MPaKTHYECKH He yAaJoCh.

CxeMa 3KCNEepHMEHTAJbHOI'O CTEHAA AJST HCCJAeJOBaHHA XapaKTepu-
CTHK BEHTHJATOPOB mpeiacTas/eHa Ha puc. 8.13. IlepeMernaeMult BO3LYX
NOCTyNaeT B BEHTHAATOP 2 uepe3 BCACHIBAOIUIHE BO3AYXOBOA I, BXOJL
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KOTOPOTO BBINOJIHEH T10 IEMHHCKA-

4 Té 1JA BBIDaBHHBAHHUS NPOQHIA
ckopocrefi. Harnerartenbuelfi Bo3-

oS Y | 5 LYXOBOX 5 HMeeT peryJHpyolyio
N | 3a1BUXKY 4 /17 H3MEHEHHS pac-
8 Xola nojasaemoro Bo3ayxa. [Tos-

1 HO€, CTaTHYeCKOe H AHHAMHYECKOe
d; NaBJIeHH ST H3MEPAIOTCA C IIOMOLIBIO
| , MHKPOMaHOMETPOB ¢ MHEBMOMET
4d 2d puueckumu Tpybkamu. Aas xpys
IVIOTO BO3AYX0BOXA MHEBMOTpYG-

=W - 3 Ky YCTaHaBJAHBAKT H& OKPYXKHOs

4d,

2] @ SR 1Y - CTAX, KOTOPBIE AENAT IJouaib

— , CeueHHsI BO3AYXOBOZA Ha pPaBHO-
/ 7 BEJIHKHE KOHueHTpH‘IeCKHe KOJb-
d 2 7 Ia B TOYKaX (HX HEe MeHee ISITH),
Puc. 8.13. CxeMa skcrepumenTaabhoro cres  ACTALIHX STH KOJbLIA HA DaBHbIC.
da mas wuccreioBanmust xapaxtepucruk pa- [0 IVIOMAAH 4acCTH. Pas6uBka
AHANLHHX BEHTHAHTOPOB! Kpyra Ha i yacteH npoM3BOAHTCS

1 — pcacniBafomuii BO3AyXO0BOJ €O BXOJOM, Bel*  COI'JAACHO BBIPAXKEHUIO
TIOJIHEHHBIM 10 JIEMHHCKATe; 2 — BEHTHJATOD; .

§ — 3HeKTpPOABHTATENb; 4 — peryjaupymoinas _—
: 2n —1
D;=D

SaflBUXKK4; § — HarHeTaTeJbHHH BO3AYXOBOX;
6 — MHKPOAHEMOMETPH C NHEBMOTPYOKaMH

rae D, — AuaMeTp OKDYXHOCTH, IPOBENEHHOH uYepe3 TOYKY 3aMmepa;
i — ofliee YyHCJIO KoJiell; 7 — TMOPSAKOBBIH HOMep KOJIbLa, CYHTAs OT
HEeHTpPa BO3AYXO0BOJA.

B Bo3iyXoBojax NpPSIMOYTOJBHOTO CEUEHHUS 3aMepbx NPOHU3BOAATES
B LIEHTPe KBaJpAaToB, Ha KOTOPhIE AEJHTCS BCE CeUeHHe KaHa/la. SHaueHus
CKOPOCTH PacCYHTHIBAIOT M3 BEJHYHH IHHAMHYECKOrO [aBJIEHHS, a pac-
X0 BO3AYyXa OIpeleqasioT Kak

L = Z Ficiv
i=l1

Tie C; — CKOPOCTb B i-M Ce€UeHHHM; F; — momanp i-ro ceyeHHs.

3aMepnl POBOAATCH NPH NOCTOSTHHOM YHCJIe 000POTOB 7 H NIPH OLHOM
3HAUEHUH pacxofa (OLHOM IIOJIOXKEHHH DEeryJHpyioleld 3aiBHKKH).

[MosoxkeHne 3aIBUKKH B 3KCIEPHMEHTaX H3MEHSETCS OT INOJHOCTBIO
3akpuiroro (L = 0) no nosHOCTbIO OTKPEITOro (L = max). AHaJorHyHbIe
3KCNEPUMEHTHl BBINOMHSIOTCSA NPH APYTHX YHC/IaX 000pOTOB.

. MomnocTe, mortpebisemMas 3JeKTPOABHUIATeNeM BEHTHJSITOPA, 3aMe-
psieTcsi BaTTMETPOM. B ciiyuae HeoOXOAMMOCTH BCE NOJYYEHHBIE Pe3yJlb-
TaThl IEPECUHTHIBAIOTCS HA CTaHJApTHBIE YCJIOBHS.

Hanophas xapakTepHCTHKa BeHTHJ/ISTOPa IpejcTaBiser co00H 3aBH-
cuMoctb p = [ (L). I'paduuecky 3aBHCHMOCTb TEOPETHUECKOTO AAaBJIECHHS,
Pa3BHBAaEeMOr0 BEHTHJISITOPOM, OT €ro IPOH3BOLHTEJNBHOCTH MOXHO IIpel-
CTaBHTb B BUJe NpsMoH JHHUH. [laBjieHne BeHTUIATOpa 0e3 HampasJsio-
Iero ammapaTa HaXoAHTCS MO GopMmyJe (COTIacHO ypaBHeHHIO Dinepa)

v Prooc = PULy;
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B
Poun . [
L i
L max
Puc. 8.14. Xapaktepucruka p = f(L): Puc. 8.15. 3aBucumocTn noa-
1, 2, 3 — TeopeTHYecKHe 3aBHCHMOCTH; 4, 5 — Hefts HOro JAaBJIEHHSI H ero cocra:
CTBHTeJIbHbIE XaPaKTEPHUCTUKH BJSIOIIHX OT 06'BEMHON MPOH3s

BOJAHTEJBLHOCTH BEHTHAATOpA
YuHThIBasi; 4YTO _
, Cay = Uy — Cyr ctg By,
4 U3 YpaBHEHHS HEPa3pPBIBHOCTH
Cgr = L/(nDyb,),
TO

ctg fa L

Cou =t — 7D pn

_ 2 Up ctg Bs
Preo = Y (u’2 - ——ﬂD2b2 L) .

[TockoabKy 4, = nD,n/60, mocaenHee BhIpaXKEHHE MOXKHO NPHBECTH
K BHIY ‘

Preo =.P [( ﬂggn : - ngtogbfz L:l .

Juist panuanbHOro BEHTHIATOPA C 33JaHHBIMH FeOMETPHYECKHMH pas-
MepaMH npu n = const mocsenHee ypaBHEHHe MOXKHO IPeACTaBHTh Kak
ypaBHEHHE MPSIMOH JUHHH pPro = A — BL, NoMoXKeHHe KOTOPOH B KOOp-
IHHaTaX p, L onpenensietcs BeJquYHHaMH n, Dy, b, u B, (puc. 8.14),
npuyem npu P, = 90° 3aBucuMoCTb p, L HamnpaB/ieHa NapajJelbHO OCH
abcuuce; npu P, > 90° umeer BocxoAsimui Xapakrep; npu P, << 90° —
HUCXOASIMHA. B peasbHbIX BEHTH/ISTOPAX NPH H3MeHeHHH L H3MeHsercs
Cyy W BENIHYMHA THAPABJIHYECKHX TOTepPb H JeHCTBHTENbHAst KapTHHA
H3MEHEHHsI p HE COOTBETCTBYET HJeaJhHOH. XapaKTepHCTHKA MNpencTa-
BJIsIeT co00f HJIM HEeNpepHIBHO MMAJAONLYI0 KPHBYIO, YTO OTHOCHTCH K BEH-
THIATOPAM C GOJBINOH YCTOHYHBOCTBIO NMpH paboTe HA pas3jMYHBIX pe-
KXuMmax (kpuBas 4), UM HUMeeT CeIIOBHHY (KpUBas 5), YTO XapakTepHO,
HanpHMep, Npd paboTe BEHTHJASTOpPA ¢ HEOOJNBLIMMH PacXofaMH NMPH Cy-
LIECTBEHHBIX IOTEPsIX IaBJeHHA Ha BXole B pabouee KoJeco.

JlMHaMHuuecKoe JaBJeHHe BEHTHIATOPA Pryy C POCTOM ITPOU3BOJUTEND -
HOCTH L yBesuuuBaercsi Mo KBajpaTHYHOH mnapaGose (puc. 8.15), mo-
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p
P 2V
N
om
Pouy
o : L
Puc._ 8.16. 3asucumocts Puc. 8.17. Iloanas xapak- Puc. 8.18. Ilepecuer xa-
N="f(L): TEPHCTHKA BeHTHJATOPA PAKTEPHCTHK BeHTHAATOPA
1 — rTeoperTHueckas 3ABHCH* TPH H3MEHEHHH YaCTOTH
MOCTb; 2 — Anf pafiHanbHbIX BpalleHH NS
BEHTHJATOPOB C JIONaTKaMH, : . )
SarHyTEIMH Briepes; 8 — Aas —n e g
DafiHANbHLIX  BEHTH/STOPOB hy <n

C JondTkaMH, 3arHyThiMH Ha- . . 0 _ o
sa; 4 — gna ocednx men:  CKONBKY Puuy = PUimx/2, @ v ~ L. Ilo 310# npu-

THilaTopok YiHe MOJHOE [aBJEHHE P HE MOMKET ObITh PaB«
A HBIM HYJIIO, TaK K4k Jiaxe [IPH OTCYTCTBHH CeTH
Bo3Ziy¥XoBoM0B, T. €. IJs cJAydasi, KOTAa CTaTHYECKOEe JaBJEeHHE BEHTHJIA-
TOpPa CTaHOBHTCSI PaBHbIM HYJIIO (TOYHEE PaBHBIM aTMOCHEPHOMY JaBJie-
HHIO), BEHTHJISITOD CO3JaeT JAHHAMHYecKoe JaBJieHHe, 00yCJOBJIEHHOE
nepeMelleHHeM Bo3JyXa, H IOJHOe JaBJeHHe p B 3TOM Cjayyae PaBHO IH-
HaMHYECKOMY Prgm. OYEBHAHO, IPH 5TOM: NMPOH3BOAHTENbHOCTb BEHTHJIS-
Topa 6yler MaKCUMaJbHO BO3MOXHOH, T.e. L = Lg,,. Ha puc. 8.15
NpUBeJeH IpauK H3MEHEHHS COCTaBJSIOLIMX MOJHOrO AaBJeHHs, pa3-
BHBaeMOI'o BEHTHJSATOPOM, KaK (YHKIHS €ro IPOU3BOJHTEIbHOCTH.
Jpyrofi xapakTepHCTHKOH BEHTHJASTOpA SBJASIETCH 3aBHCHMOCTh
N = f(L). Kak ykasniBa/joch paHee, NoJie3Hasi MOLIHOCTh BEHTHJISATOPA

Ny = pL/1000,

caenoBaresbHo, npy L = 0 Ny = 0. C yBeJqHYeHHEM NPOHU3BOLHTE/Ib-
HocTH L moJie3Hasi MOLIHOCTb pacTeT H, JOCTHras MaKCHMyMa, yMeHb-
maercsa (kpuBas I, puc. 8.16), NOCKOJBKY CHHIKaeTCs BeJIHYHHA p.

MommnocTs, notpebssieMasi BEHTHJSITOPOM TIPH HYJEBOM 3HAYEHHH
MOJIE3HOH MolHOoCcTH N, He paBHa HYJ/IO, TaK Kak IIPH 3TOM Bcerja
MMEIOTCsI [IOTEepH Ha TPeHHe AHUCKOB O BO3AYX, NMEPeTeYKH Bo3AyXa, Mexa-
HHYECKHE TOoTepH H T. A. I panuajbHEIX BEHTHU/ISITOPOB C KOJECAMH,
HMEIOIHMH JIOTIATKH, 3arHyThle BIIEpe], XapaKTepeH HempephIBHbIH
pocr kpuBofi N = f (L) (xpuBas 2). [as Kojec c JomarkaMmu, 3arxy-
TBIMH Hasajl, KpHBas MOIIHOCTH, OOBIYHO elle He focTuras pexuma Lgg,,
neperuGaercss M CHUXKaercsi (KpuBas 3).

B oriMume oT pagHaJbHBIX BEHTHJ/ISTOPOB -MOIIHOCTb OCEBBIX BEHTH-
JATOPOB ¢1a60 3aBHCHT OT KoJieGaHUH NPOH3BOLHTEJNbHOCTH (KpHuBas 4).
OT0 NOJOKHTENbHOE CBOACTBO HYXHO YYHTHIBATH HA MPaKTHKE an 3KC*
TIyaTallHHd 3JeKTPOJABHIaTe/ el 0CeBbIX BEHTHJ/ISTOPOB.

Koa¢pdunuent mose3Horo AeHCTBHS BEHTHJISATOPA

= pL/(1000N).
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OueBuano, uro npu L = 0 m = 0 u KpuBast | = f (L) B 3TOM cayuae
COBIAfaeT ¢ ocblo Koopauuar. C poctoM npousBoaurTenbHocerd L KITH m
BHauaJ/le YBeJMYMBAeTCsl, 3aTeéM, JOCTHras MaKCUMyMa, CHHXKaeTcs.
Kosapduunent mnomesnoro neHCTBHST — BaxKHelIlas XapaKTepHCTHKA
BEHTHJIsITOpa, onpefensiomas 3ppeKTHBHOCTh ero paGorhl. Hau6oss-
une KIT umeroT pajuanbHble BEHTHASATOPH ¢ pabounMu KOJIecaMH, y Ko-
TOPHIX JIONATKH 3arHyThl Ha3ajl, OJHAKO HEKOTOPHIE OCEBHIE BEHTHJSITOPHI
umeroT Gosee Beicokue KII. TIpounsBoauTenbHocThb, npu Kotopoit KITI
BEHTHJ/ISITOpA MaKCHMaJsleH, Has3blBaeTCs ONTHMAJbHOH H COOTBETCTBYIO-
WHHA ed pexuM — onTuMajbHbIM. IIpu moxGope BeHTuasiTOpa caenyer
pYyKOBOACTBOBaTbcsA TpeGoBaHHeM, YTOOBI Ha DAaCYETHBIX peXHMAax pa-
6orel KII[ naHHOTO BEHTHJIATOPA COCTABJsI He MeHeE 0,9Mpay.

PaccmorpenHble Bbille XapaKTePHCTHKH y106HO CBECTH B OIMH rpa-
GuK, 4TOOBE MOJNYYHTb MOJIHYIO XapPaKTEPHUCTHKY BEHTHJIATOPA IPH MO-
CTOSIHHOM yHcJsie 060poToB (puc. 8.17). Ilo npuBeneHHBIM BhilIe ypaBHe-
HUAM (8.50) MOXKHO JIEFKO TNepecuuTaTbh XapaKTEPHCTHKH BEHTHJIATOPA
At pasmnaHbiX Dy, n () u p. PesyabTaT Takoro mepecyera s gncaa
o6opotoB n, npusejeH Ha puc. 8.18. IIpu mog6ope BeHTHAATOPOB YIOGHO
NoJb30BaThCH YHHBEPCAJNbHHIMH XapaKTePUCTHKAMH, KOTOPHIE CTPOSATCS
B KOOpAMHaTax p, L B BUAE KPUBHIX p = [ (L) Ans pasjuYHBIX YHCE]
060pOTOB 7 (MM YTJIOBBIX CKOPOCTEH ®) M KPHBHLIX, NPOBENEHHBIX yepes
TOYKH ¢ oAvnakoBeiMu 3HaueHussMH KILH (puc. 8.19).

Bepxuss kpusas Ha puc. 8.19 (o = 150 1/¢c) cooTBercTByer, Kak
NPaBHJIO, PEKHMY C NPEJGTbHO JONYCTHMBIM NO COOGDPaXKEHHAM MpOY-
HOCTH MJIM YPOBHIO IIyMa YHCJ0M 060pOTOB, npasasi nuuus (n = 0,4) —
1asi paBoTsl BeHTHJsiTopa Oe3 cetn npu L = L., 3amrpuxoBaHHas
Ha rpaduke 06JacTb COOTBETCTBYET ONTHMAJbHBIM DEXHMaM paboThl
peutusasitopa ¢ KIIO m > 0,9Mp.. Bbinenennwie obnacty ontuManib-

HBIX, T. €. HauboJee 3KOHOMHU-

p,la—— HEIX DPEXKHMOB paGoThl pasiny-
_a2 HBIX BEHTHJISITOPOB, HAHECEHH! Ha

500 W7~ 057 OIMH rpaduK U 00pas3yloT CoBMe-

\ﬁofigﬂof @ 05@ LHIEHHYIO XapakTePUCTHKY 3THX
400 \\{5\07

% :

\ y e A

300 L SN

730 4
4
200 & 7

%

0 2000 4000 6000 8000

LMYy 0
Puc. 8.19. 3asucumocts p = f(L, Puc. 8.20. Cosmemennble xa-
®, 1) (yHHBepcaibHAas XapakTepH- PAKTEPHCTHKH BEHTHJSTODOB,
CTHKA BEHTHJAATOPA) paGoTaloWUX B ONTHMAJBHOM
pexume:

]—4 — Mapku BeHTHAATOpA
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4 N7
N
7
$
14
Puc. 8.21. OGe3sanueHHass Ho- Puc. 8.22. BespasmepHas xa-
MorpaMMa  XapaKTepPHCTHK PaKTePHCTHKA BEHTHJAATOPA

BEHTHJISATOPOB ,

BeHTH/IsiTopoB. OHa mo3BoJsieT ObICTPO BHIGPATH M3 HECKOJbKHX BeH-
THASTOPOB Tpefyemubldi (1o 3azanubiM p u L). Ha puc. 8.20 npeacras-
JIEHBl COBMEILEHHbIE XapaKTEPUCTHKH BEHTHJISTOPOB.

OIupoko npuUMeHsieTCs NpH Noadope BEHTHJATOPOB 00e3nHueHHAss
XapaKTepHUCTHKA, IOCTPOEHHasi B KOOPAWHATAX p, Cpux, THAE Cpyx =
= L/Fggyx, Fpux — T/I0Iab BBIXOJHOTO CEYEHHsI BEHTHJsTOpa. Ha
puc. 8.2]1 mpuBeneHa Takas XapaKTE€DHCTHKa ¢ HoMmorpammo#, rie A —
BCIOMOraTe/bHasl BEJHYHHA, PaBHAsl [POU3BEJEHHIO HOMEpPa BEHTHJISA-
TOpa Ha €ro yIrJoBYyIO CKOpocTh, T. €. A = N°w. ITox auarpammoii B apy-
roM KBajipaHTe MPOBOAAT JHHHH, COOTBETCTBYIOMWIHE CTAHAAPTHHIM HOME-
pam BeHTH/ATOPOB. [yis nonfopa BEHTHIAATOPA U3 TOUKH I ¢ 3aaHHBIMH
BEJIHYHHAMH P U Tpa OUYCKAIOT JHUHHIO B APYro# KBaJpPaHT JO TOUKH 2,
xapakrepisylouieli TpeGyemoe suauenue L. Ecau 3Ta Touka He coBnanaer
C JIHHHEH CTaHAapTHOTO BEHTHJIATOpA, €e NepemelnainT Ao Oanxkaiiei
TOYKH (Hanmpumep, §). 3aTeM NOAHUMAIOT JHUHHIO BEPTHKAILHO BBEPX A0
TOUKH 4, COOTBETCTBYIOUIEH 33JaHHOMY p, H Haxojdar 1, A, ©, Cayx ¥
HOMEp CepuilHO BEITYCKaeMOr0 BEHTHJSITOpA.

DespasmepHble XapaKTeDUCTHKH (puc. 8.22) cTposiT Mo THIY pas-

MepHBIX, HO B KoopAauHaTax ¢, N, 1, ¢. YuuThBasi, yTo

2
nD;

¢ = L/[(—;—) uz]: | b = p/l(pu3/2));

2
nD;

N = 2N/(pu3Fs) = 2N /[pus <T>] ,

MOXKHO JIETKO NepeidTH oT 6e3pa3MepHbIX XapaKTePHCTHK K PasMepHBIM.



FnasaD. OCEBHIE BEHTH/ISTOPHI

B oceBbiX BeHTUJATOpPAX B OTJMUHE OT pajuajibHBIX, HalpaBJeHHE
JIBUJKEHHS] BO3JYLIHOTO NOTOKAa COBMAjaeT ¢ OCblo BpalleHWs pabouero
KoJsteca. Jlonactu pabouero KoJjeca, 3aKpeneHHble oA HEKOTOPHIM YIJIOM
K [JIOCKOCTH BpalleHHsl, NepeaaloT SHePrHio BO3LYIIHOMY NOTOKY, Mepe-
Melast €ro B oceBoM HanpasJennu. OceBble BEHTUJSTOPH], KaK NPaBHJIo,
IIPUMEHSIIOTCSA B TeX CJayudasix, Korja TpebyeMmoe faBJeHHE, pa3BUBAeMoe
pabouuM KOJIeCOM, OTHOCUTEJNBHO HEBEJIHKO, a 00BEMBI NepeMellaeMoro
BO3/lyXa 3HAYHUTEJNbHBHI.

B pasBuTHe TeOpUH U NPAKTHKH OCEBBIX BEHTHJSITOPOB H KOMIpEC-
COpOB BECOMEBIH BKJlaJl BHECEH COBETCKHMH YYEHBIMH M HCCJEJ0BaTE/ISIMH.
Oco6ast poJsib B CO3[IaHHH OCEBBIX MalIHH npuHanaexuT TpygaM H. E. XKy-
'KOBCKOTO, B YaCTHOCTH, ero pabore «Teopust BO3LYIIHBIX BHHTOBY.
H. E. )XyxoBckuM coBMecTHo ¢ B. [1. BeTunHKHHBIM 3a/10)K€HB OCHOBBI
a3POMHAMHYECKOTO pacyera OCeBhIX BEHTUASATOPOB. [lanbHeliee passu-
THE 3TOT METOJ MOJNYYHJ B TEOPETHYECKHX H IKCIIepHMeHTaJbHBIX pabo-
tax yuensix LIATHU K. A. Ywakosa, B. 1. IMonukosckoro, K. K. bay-
auna, E. {1. IOnuua, Y. B. bpycunosckoro, M. H. 'embap:keBckoro y ap.
B pa3pa6oTke 1 BHEIPEHUH yCOBEpHIEHCTBOBAHHBIX THIIOB OCEBBHIX MAIMH
B HACTOslillee BpeMsi NPHHHUMAIOT aKTHBHOE y4acTHe KOJJIEKTHBBEl KpYIl-
HeHIMX Hay4YHO-HCC/E0BaTeNbCKUX HHCTHTYTOB, Y4eOHEIX 3aBelleHHH H
HAYYHO-TIPOU3BOACTBEHHBIX oObenunenuit Mockswl, Jlennurpaga, Xapsb-
KOBa ¥ ADYTHX T'OPOJIOB.

AspopnHaMuuyeckas cxema JABYXCTYIEHYaTOTO OCEBOTO BEHTHJATOpA
npuBeseHa Ha puc. 9.1. Bo3ayx mocTynaer B Kopnyc BEHTHJIATOPA yepes
BXOJIHOH KOJIJIEKTOP M OMBbIBaeT ofTekaresib (UMK KOK) I, HEIOABHIKHO
3aKpeIVIEeHHBIH Tlepell HaNpaB/SIOUUM annapaToM 2, mpeicTaB/sOLUH
coboi#t oOTekaeMo#l (popMbl MeTanaHuecKuil Hacajok. CKOpPoCTb BO3AyXa
BAOJIb OGTeKaTe/Ist IJIaBHO BO3DACTAET O BEIMYHHBI Cy BO BXOLHOM ceve-
HHHM HaNpaBJIsIOLIEro annapara nepBod CTYIeHH.

Hanpasnsiomue anniapatsl 2, 4 COCTOAT U3 HENOJBHKHBIX MPOQHIH-
POBaHHBIX JIONAaTOK, HX HasHaueHHe — Nojaua Bo3ayXa B pabouyee Ko-
Jeco 3 B ONpeJeJeHHOM HampaBJ/eHHH H npeo6pa3soBaHHe 4acTH KUHeTH-
YeCKOH 3HEPTHH TOTOKA B SHEPTHIO MOTEHIHANbHYIO — CTaTHUECKOE JaB-
Jenne. B pabounx Kosecax 3, 5 sHeprusi BpalawlLlerocs potopa mepe-
JlaeTcd BO3AYLIHOMY IOTOKY. JlomaTku pabounx KoJec H3TOoTaBJHBaIOT
13 Merajijla WJH IJacTMacc CUMMETPHYHOT'O MJM HEeCHMMETPHYHOrO TNpo-
¢uag. OceBble BEHTUISTOPH C J0NaTKaMi pabouHX KOJeC CHMMETPHYHOTO
npodu/s NPUHATO Ha3bLBaTb PEBEPCUBHBIMH, NOCKONBKY IMPU U3MEHEHHH
HanpapJ/ieHusl BPalleHUsi Bala POTOPa Ha NPOTHBOIMOJOXKHOE HX_IIPOH3-
BOJAMTE/NIbHOCTb MPAKTHYECKH He H3MeHseTcs, Koseca ¢ monarkamu
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HECHMMETPUYHOTO NPOQUAS HMEIOT
N4 m : I . Jydiline a’poJHHaMHUECKHe Xapak-
l
A\

i TEPHUCTHKH, OJJHAKO IIDH DPEBEPCUPO-
I ﬁ[*_.__E_ BAHHHU HX MNPOU3BOAHUTEJBHOCTHL 3a-
METHO CHH:KAaeTcsi. JlonaTkKu 3akperi-

4T u _T JIIIOTCA Ha BTYJIKE paéoqero KoJieca.

/ \ B nocnennee BpeMmsi miMpOKoe
[ TANAN

. \‘

NpHMEHEHWe HAalil BEHTHJATODHI
7 4 5§ 7 C USMEHSIOIMUMCH YIJIOM YCTaHOBKH
Jlonatok paboyux Kosec. 310 MO3BO-

Puc. 9.1. Asponunamnueckas cxema AByx- JIieT BapbUPOBaTh B ILHPOKHUX Iipe-
CTYNEHYATOro 0CeBOr0 BEHTHAATOPA: Jesax HMX XapaKTepUCTHKU [OpH
§ 7 RO 4 Tenpanmowke anapaniy  ieH3MEHHOft 4aCTOTE BpAUIHHS PO-
annapar; 7 — ofTexaTeb topa. Ilpu 3TOM MOIIHOCTE u3Me-
HSETCSl HEe3HAYUTENbHO. :

CnpsMJsiolu i annapaT 6 nosBoasier ofecneunTh Oe3yAapHBIH BHI-
XOJ BO31yXa C JonaTok pabouero Koseca u 00ECNeYUTb ABHIKEHHE BO3-
JyXa B OCeBOM HampabjeHuH. Kpome Toro, cnpsmasiomdil annapar
TaK K€, Kak ¥ HanpaBJfoINH, obecreynBaeT NpeobpasoBaHHE YacTH
CKODOCTHOTO JIaBJI€HHSI B CTaTHYECKOe.

O6tekatenp 7, HENOABHKHO 3AKpENJIeHHbIH 3a CHPAMJSIONUM anna-
paTtoM, o6ecTieyHBaeT NOCTENEHHOe NJaBHOE CHHIKEHUE CKOPOCTH NMOTOKa,
CHHXKAag TeM CaMbIM T'HJpaBJHYECKUE IOTEPHU.

[IpOH3BOAUTENBHOCTL COBPEMEHHBIX OCEBLIX BEHTHJATOPOB Bapbu-
pyercs B IUMPOKUX Tpefienax, JOCTHrasi HeCKOJAbKHX MHUJIJIMOHOB KyOHue-
CKHX MeTpoB B uac. [laBjieHus, co3JaBaeMble OCEBLIMH BEHTHJSTOPAMH,
o6biuHo coctaBasor 50—1000 Ia.

KIIJ y oceBrIX BEHTHJISTOPOB BOJBIIE, UEM Y pa;mam:mﬂx nocxom.xy
BHYTPEHHUX NOTEPb B HUX MEHbIIIE. Ocestie BEHTUJIATOPEl IO KOHCTPYK-
LM Tpolle pajHaJbHBIX H UMEIT 0oJiee HH3KYIO YAGNbHYIO Maccy.

9.1. OCHOBHBbIE YPABHEHHMS TEOPHH OCEBBLIX
MAIIIHH

BriBeieM OCHOBHBIE 3aBHCHMOCTH /1 NPOTOYHOH yacTH pabouero
KOJieca OCEBOTO BEHTH/IATOpa. Bolie/IHM B NPOTOYHOH 4acTH KOJbIEBOH
anement Ar (puc. 9.2), HaXoAAMWMUACS HA PACCTOSHHUHU 7 OT OCH BpaleHUst
poTopa, ¥ pasBepHEM NOJyYeHHOe CeueHHe Ha IJIocKocTH. [Tonyuum pe-
merky npodused oceporo BeHTHasitopa. [as ceueHus papuyca r oue-
BHJIHO PaBEHCTBO OKPYKHBIX CKOpPOCTeHl Ha BXOJE B DEIeTKy U BHIXOJe
U3 Hee, T. €. Uy = Uy = U. '

¥YpaBHeHUe HepasphLIBHOCTH JJis npOTquou YacTH OCEBOr0 BEHTHJISI-
TOpa MMEeT BHA '

P161aF1 = chzan- 9.1)

O6biuHOo ceuenusi F, u F, NPOTOYHOH YACTH BHINONHAIOT PaBHBEIMH.
Ecau ceyenust F; 1 F, HOPMaJbHBI OCH BEHTHUJAATOPA, TO Cy4 U (g4 — OCE-
Bhie cocTaBasifolue abcosoTHHIX cKopocTedl. M3 puc. 9.3 oueBupHBI
TAaKXKe COQTHOLIEHHA

Clg = Wy1q H Cyq == Wa,. (92)
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Puc. 0.2. CxeMa ueTHPeXJONACTHOrO OCEBOro Puc. 9.3. Napaaneaorpamm KO-
BEHTHASTOPA pocTelt pewleTKH JomacTeil oce-
, BOro BEHTHJAATOPA

IMonaras ras HecuMaemeiM (p, = p,), 3anuileM YpaBHEHHE HEPA3PbIBe
HOCTH B QOPME (15 == Cgq == Cy; Wig = Wgq = Wy.

Jlast pacuera TeopeTHUECKOro JaBJ€HHsI, Pa3BUBAEMOI'O OCEBLIM BeH:
TUJSTOPOM, HCIOJNb3YEM OCHOBHOE YpaBHEHHE PajuajbHbIX MaulMH —
ypaBHenue Diinepa (8.14), H, yuHTBIBas, YTO AJs1 OCEBBIX BEHTHJISATOPOB
U = Uy = u, TOJyYaeM '

Pr = pt (Cqy — Ciu)' (93)
W3 TpeyroJbHHKOB ckopocTeH (puc. 9.3) cienyer
Cou = Uy — Cao Ctg Pa U €1y = 1y — cy ctg By

C yueToM BbIBEIEHHBIX BbllIE COOTHOLIEHHH ypaBHeHHe (9.3) Moxker
ObITh MEepenHCcaHo B CJAEAYIOLIEM BHIE:

pr = pucy (ctg By — ctg By). (9.4)

Beenem koadduuyMeHT pacxofa, XapaKTepH3YIOIHMH, Kak ObLIO IO-
KasaHo panee (8.27), oTHouienHe oGbeMHBIX pacxomnoB L/(um d?/4) uam
¢ = cg/u, Toria ' ~ , .

pr = pu@ (ctg By — ctg By), (9.5)
TJe 4 — OKPYKHas CKOPOCTb Ha BHEIUHeM AHaMerpe JonacTedl 0CeBOro
BEHTHJATODA. :

PaccMoTpuM myiaHel CKOpOCTEHl B peleTKe OCEBOIO BEHTHJATOPA,
n300paxeHHble Ha puc. 9.4, U BbIBelleM HEKOTOpble COOTHOMIEHHS, CBf-
3bIBAIOLIHE TeoMeTpUYecKHe MapaMeTphl pelleTKy npoduseil ¢ xapakre-
PUCTHKaM{ BeHTHJsTOpa. [IpH MOCTPOEHHH COBMELIEHHOrO IJlaHa CKOpOo-
credt A5 Mo6GOTro NPOH3BOJIBHOTO paguyca r (cM. puc. 9.2) HCIoNb30BaHbI
ypaBHenus (9.1) u (9.2) u npuHATO AonyuleHHe 06 OTCYTCTBHH MOTEPH
‘SHEPTHH NPH 06TEKaHHU PelleTKH HeCKHMAaeMBIM IIOTOKOM BO3Ayxa. B ne-
JISIX YOPOILEHHs] TPHHATO TAKXKe, YTO OCEBOH BEHTUJISATOP HE HMeeT Ha-
NpaBJSIOLIET0 anmnapara, a cedeHue | JOCTATOYHO JAJEKO YAadeHO OT

(pOHTANBHON JIHHHHU pelieTKH npoduses. C yyeroM MOCAEIHEr0o MOMKHO
3amucarb, YTO :

C = C1g = Cgq = Cq = Wqq = Wyq = Wy.
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feyenue !

p — P A4
37 7
\ \Poosmansras
- ‘ Ca=Wg=Cy AUHUS
PN
pl( ﬁf o Cr \om\Cz
r W\ B
> IR
6u/2 cuf?
Cu Cu_
- U2=Il ) ]
Us=U o

Puc. 9.4. K BHBOAY OCHOBHBIX COOTHOWeHHII Iasi OceBOrd
BeHTHAATOPA ‘

Kax 6bu10 nokasano B . 3, Ha eIHHHUHBIH KPHIIOBOH HPO(dHJIb,
JIBUXKYIUACST C OKpPYKHOHU CKOPOCTBIO 4, JEeHCTBYeT NoibeMHas CHJA
JKykoBckoro P, NpoeKUUH KOTOPOH Ha OCb pelleTKU H Ha (ppomanbﬁylo ,
JIHHHIO PaBHBI COOTBETCTBEHHO P, u P,.

[IpumeHHB ypaBHeHHE KOJIHYECTBA [ABHXKEHHS K 3JIEeMEHTapHOMYy
KOJIbIIEBOMY CEYEHHIO TomuuHO# Ar (cM. puc. 9.2), nonyyum (mogpo6-
HBIH BLIBOA MNpHBEJEH B IJ. 3):

. PazArZ(p2~p1); ]

u = Artpwla (wlu - wzu)' (96)

BBoauM noHsTHE HUPKYJASUMSA CKOPOCTH I', KoTOopasi A 3JIeMeHTa
peiieTky npoduJell ¢ mwaroM ¢, Kak GbIO0 II0OKa3aHO paHee, paBHa

I = (W — Way) 1. (9.7)
YpaBuenus (9.6) ¢ yuerom (9.7) aas e)manHou JJMHBL IPOpUIS
OpUMYT BHAL:
= p—————wz—“I‘ u P, =puw,l.

Torna nogbe€MHasa CuJa )KyKOBCKOI‘O AJIst JIOMaCTH PEIIETKH

P=Y Pt Pi=ol )/ (2 ®e) ¢t wl = plup,  (99)

rje W, — CPEAHEreoMeTPHUYECKHH BEKTOD CKOPOCTH (BEKTOD W, AETHUT
paccTossHHE MEXKJY KOHLAMH BEKTODOB w; M w, IomnoJjam; u3 puc. 9.4
BHJIHO, Y4TO 3TO PacCTOsSIHME PABHO ¢y, 4 NoAbeMHas cusa JKykoBckoro P
HOpMaJibHa BEKTOPY Wp,).

JJisi IpOM3BOJIBHOTO pajauyca 7 KpBIIOBOrO NPodUIAs MOXKHO 3aMUCATh

Ca
Up — Cyp/2

Bmr = arctg
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(MHIEKC r OTHOCHTCS K NMAPAMETPAM HA PACCTOSIHHH 7 OT OCH BEHTHJs-
TOpa). o

Pasnenus yucauTeny M 3HaMeHaTeNb Ha BENHYMHY OKPYKHOH CKO-
poctH Ha pajuyce R (cm. puc. 9.2), monyuum

oa/u y
B = Bt iy 9)

[Tpeobpasyem rocnepnee Beipamenue. Uucautenb ero Co/ug = ¢ —
ectb Koaduuuent pacxopa. Bemmuuna u./up, OUEBHAHO, MOXKeET ObITH
3aMeHeHa OTHOIUIEHHEeM 7/R == OTHOCHTENbHbLIM PAJIHYCOM 3JIEMEHTa JIO
maTkH, T. e. r/R = F. v

Jlast oceBBIX BEHTHAATOPOB 6e3 HAMPaBASIOUIMX ANNapaToB ypaBHes
Hue Dfiiepa IJs TEOPETHUECKOTO NaBNEHHs, pasBHBaeMoro pabouum Ko-
JIECOM DPAIUYCOM 7, MOXKET OBITh 3aNKMCAHO B BHE .

Pr = PULCyys

OTKYHA Cy, = p’r/(pur) H Cur/2uR = pT/(quru§)~
YMHOXas YHCJIUTENb ¥ 3HAMEHATe/b [IpaBOH YacCTH INOCJEAHEr0 ypas-
HEHHsl HA Up
Cur Pyt . _Pr “r

2up ouud Q0uy Ur

H YYHTBIBast, YTO pi/(pUk/2) = Yp — K03OPUUMEHT LaBJEHHS, MNONYyYaEM
Curl (2ug) = Py (1/47). Tlocse mpoBeneHHHIX npeoGpasoBaHuil ypaBHEHHE
(9.9) npumer Buj

By = arctgﬁm. (9.10)

YpaBuenue (9.10) ycraHaBiuBaeT CBfI3b [EOMETPHUECKUX XapakKTe-
PHCTHK (IpoduJsi JONaTKH, YIJIOB YCTAHOBKH NPoduJs) ¢ 6e3pasmMepHbIMH
pPacxoioM M JaBJIeHHEM, Pa3BHBAEMBIM OCEBHIM BEHTHJISATOPOM.

9.2. BIUAHHUE BA3KOCTU HA HOABEMHYIO CHJIY

Bce mnpepwiaynmve ypaBHeHHS ObLIH BbIBEEHHl B MPEANONONKEHHH
TeueHUsl rasa Ge3 TpeHus. PaccMoTpum Teneph, KakK BJIHSET BSI3KOCThb
HeC)KUMaeMo# XKHAKOCTH Ha PE3yJbTHPYIOUIYIO BCEX CHJI, JEHCTBYIOLIMX
Ha KpBUJIOBOH NPOQHJIb B pelleTKe.

Hcnonpays ypaBHeHHSI KOJIHYECTBA JBHXKEHHUS, TOJYYHM BhIpaKe-
HHUSA /1S 0ceBOH M (DPOHTANIBLHOM COCTABASAIOMHX PeaKlUH MOTOKAa Ha efu-
HHUYHBIH NPOGU/Ib pPelIeTKH, KaueCTBEHHO aHAJOTHYHbIE CIYYalo TEUeHHS
HJeaqbHOH XUJAKOCTH (puc. 9.5)

Ry=(p1—p2)t; Ru= — ptw, (W — W)

C yueroMm BSI3KOCTH ypaBHeHue DepHyanau pnas ceuenuit I u 2 Gyger
HMeTb BHJ

p1 — p2 = (p/2) (w5 — i) + Ap,
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Ceyenue 1

Iz

DewemKy

3

k! Puc. 9.5. O6rexanue pe-
§ LIETKH NpPoHAeli NOTOKOM
§ X BSI3KOTO HEeCKHMaeMoro
2 Ceyenue 2 rasa (XHAKOCTH)

b A, S r— —— —— t— i, Wil st

S

tfe Ap — cyMMapHble MOTepH IMOJHOTO [aBJEHHs, BO3HHKAIOUIHE KakK
3a cyeT BA3KOCTH, TAaK W 3a CUeT BRIDABHHBAHHS MOTOKA B IPOCTPAHCTBE
3a pemerko#. Orcroja

1
Ap = pi + 5 p (wh + 0f) — po— 5 p (ol + ) =
= p1— P2 +%p (@l — wlo);

1
R, = —2—01((0,212 — wil) + tAp.

AGcosoTHOE 3HaueHHe cocTaBasiomeil R, UpH JABHMKEHHH BA3KOH
JKHIKOCTH yepe3 peweTKy npodused OyfeT CHHXKATbCH B CPaBHEHHH
C TeyeHHEM HJeaJbHOH KHUAKOCTH Ha BeJIMUUHY { Ap (3aMeTuM, yTo R, H
wig _— OTPULATEbHBL). -

CpaBHHM BBHIpa)K€HHS 151 NPOEKIHH NOABEMHOH CHJBI JKYKOBCKOrO
0pu JBHKEHHH HJeaJbHOH KHAKOCTH H HOJYYCHHblEe YPaBHEHHS TeUeHHUS
BA3KOH JKHAKOCTH, COOTBETCTBEHHO

— P, =pl'w,; —P,= pI‘M;ﬂz_’
Wyuy + Wye ’
— R, = plwg; — Ry = pI' =25~ +{Ap.

Jlo6aBouHbld usied { Ap B BRIpaXKEHHH AJs R, — eCcTb NMpoeKUus Ha
OCh pEelIeTKH CHJIbl conpoTuBieHust R’. IIpoexkuns 3To¥ cuJbl HA OCb
paBHa HYJIO, CJIEI0BATebHO, OHA JEHCTBYET HapaJ/liebHO OCH PEIIETKH.
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BBonst cpenHereoMeTpuueckyio BEKTODHYIO CKOPOCTb @, = (w; +
+ w,)/2, nonyuum Bbipaxenue R = pl'w,, ¢dopmaspHO He OTIHYAIO-
uteecst oT ypasHenus )Kykosckoro. OpHako 3fech yKe H w, H UUDPKYJIS-
uus ckopoctd I' onpezensitorcs 1no A€HCTBHTEIbHBIM CKOPOCTSM W, ¥ Ws.
PaBHopelcTByIOMAs cujaa R B3aUMOJEHCTBUSI NOTOKA BA3KOH XKUAKOCTH
¢ npoduseM pelieTKd cKaaapiBaercst U3 cua JKykoBckoro P u cONpOTHB-
neHuss R, T.e. R =P 4 R’. Tlpu sToM jeficTBHE BSI3KOCTH NPOSIB-
JsieTcsl B BOSHHKHOBEHHH CHJIBI CONpOTHBAeHUs] R’ = ¢ Ap u usMeHeHuu
w u I'. [Tockonbky P, = R,, T. €. npoeKuuu cunbl )KYKOBCKOTo U jaeii-
CTBHUTEJNbHON peakKUud Ha (GPOHT DEIIeTKH HJIM OKPYKHYIO CKOpOCTb U
paBHBI, CHJIa CONPOTHBJIEHHUS HE OKasblBaeT BJMSIHHS Ha Bpallalomui
MOMEHT peuterkd npoduneft. Ilpoekunn pasBHOAeHcCTBYIOIEH cuanl R,
nedcTByoued Ha npoduab (puc. 9.5), Ha3LIBAIOT COOTBETCTBEHHO: R, —
cunroti 210008020 conpomusaerus, R, — noovemnot cuaol.

Takum oGpa3zom, o6TeKaHue NPOPHIA HECXKHMAeMbIM IOTOKOM BSI3KOMH
JKUJKOCTH NPH OJHOA M TOH 2Ke CKOPOCTH OOTeKaHHs NPHBOJUT K.H3Me-
HEHUIO BeJTMUHHBI T0beMHOH cUJbl JKYKOBCKOI'O U NMOSBJIEHHIO CHJIBI IIPO-
(GUIBHOTO conpoTHBaeHHST R,. 3ameTuM, 4To (PpoHTa/bHAsT COCTABJSIO-
1ast pe3yAbTHPYIOLIEH CUJIB R, XapaKTepHU3yeT sHepreTHYecKoe Bo3jel-
cTBHE paBouero KoJseca OCEBOrO BEHTHJISITOpPA HJIH KOMIIpeccopa Ha MOTOK
BO3/lyXa, a oceBas cocTaBjsmouias R, ompenenser ycuiue, Koropoe
BOCIIPHHHMAIOT MOMLUMITHHKE POTOPA BEHTHATOPA.

OrHollleHHe NoLBeMHOH CHJIBI TPOGHUIA K CHJIE J1060130r0 COMpPOTHUBJIE-
HUSI HA3bIBAIOT KAYECMBOM RpOPUAA '

k= Ry/R,.
Besuunna, ofpatHas kayecTBY mnpoduJ/si, HasblBaeTcs 00pamubim
Kaiecmgom npodurs
= l/k = R/R, = tge,

rje € — YroJ MexJAy HNOABbeMHOH cuJoOH P M paBHOAEHCTBYIOLIEH BCeX
cudl R (puc. 9.5) (ans uaeanbHOrO INOTEHUHMAJbHOI'O NOTOKA, OYEBHAHO,
e =0).

9.3. ASPOJJUHAMHYECKHE KO03®®HUHEHTDI

DKclepUMeHTaNbHble JaHHblE [0 HCCJAE0BAHHIO B3aHMOJEHCTBHS
pelmeTkd npoduaell ¢ NMOTOKOM, KaK MNPaBUJO, NPEJACTaBJsIOT B BHAE
6e3pasMepHLIX CUJ NMOABEMHONH R, U J060BOTO CONPOTHBJICHHA. DTH 6e3-
pasMepHbie KO3(Q(hHIIMEHTH CUJI €JHHHYHOTO NpPOQUAS HJIM pPelIeTKH
B 11€JIOM 3aBHCHAT OT I€OMETPUH TNPO(HJIST M peleTkd, yria aTakd, CKo-
PCCTHOIO AaBAEHHS pw,/2 U ApYTHX (hakTopOoB.

PesyapTupYyIOILYI0 MOJHOH a3pOAMHAMUYECKOH  CUJBI AJS peleTKH,
copMHUpPOBaHHOU M3 z npodHaeH eJMHHYHON BBICOTH C JJIMHOH XOpAH! b,
npuHATO onpenensite Kak R = Crzbpwh/2, a cocraBasioue R agst
€AHHUYHOTO NPOGHIS, T. €. CHJIBI TOJBEMHYIO U JIOGOBOT'O CONPOTHBJIEHH ,
OTIPENeNSAOT MO CAeyioluM 3aBHcuMocTaM: R, = C,bpwi/2 u Ry =
= Cybpwi/2. B mpuBenennbix ypaBHenusix Cg, C, u C, — koaddu-
[[MEHTB NPONOPIHOHAABHOCTH WM KO3(h(UUHEHTH CHJ CONMPOTHBJECHHSA
NOJIHOH a3POAMHAMUYECKOH, NOABEMHON H NPOMUABHOIO CONPOTUBJCHHUS.
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BeiBesieM HEKOTOpBIE COOTHOILEHHS, CBSI3bIBAIOLIME OCHOBHBIE Mapa-
METpBl pEeIIeTKH C aspoiuHaMHuuecKUMH Koddoduuuentamu. [Ipoexiys
pesyapTHpyIOUledl cuabl R Ha (DpOHTANbHYIO JIMHHIO pEIIeTKH oIlpeje-
JsieTcst 1o gopmyJie

R, = RysinPn, + R, €08 P,, = P sin By,.
[ToacTaBisis B 3TO BhIpaxKeHHe 3HAa4YeHHe MOAbeMHOH cusbl JKyKos-
ckoro aas npoduast peuetku P = plwp,, umeem
2 2

C,bp — 4 Cubp — = pTwy, sin P 9.11)

B ra. 3 nokasaHo, 4To UMPKYJALHS CKOPOCTH BOKPYT NpOdHJIS
I'= t(wul — wu2)‘
M3 TpeyrosbHHKa CKOPOCTEH MOJNyYyaeM CJAENYIOUIHE COOTHOLIEHHS:

Wyy

u Wyo
Wq

ug . . Wq
sin =
v, B = o+

ctgh, = ; Ctg By =

YUUTBIBas, UYTO Wy — Wee = W,, H NPEICTaBUB BBIPAXKEHHA NS

HUPKYJASAUHH CKOPOCTH B BHJAE

T—=¢ Wy1 —Wys Wq
Wq

wm,

NOJTYYUM )
I' = 1 (ctg By — ctg Po) wp sin B
[ToxcTaBum nosyueHHoe Bbipa)keHue B ypaBHenue (9.11)
t
C, =2 4 (ctg By — ctg By) sin B — CuctgPn.

% Kak mpaBuno, Benuunno#i C,ctgf,

L~ 50 MOXHO IpeHebpeub, U Toraa
~1 . t .
Cy / \ 40 Cy=2 wy (ctg By — ctgBs) sin B
7,8 7 30

0 - Ilocnennee BEIpaXkeHHe HCHOMB3YeTCS
’ 7 20 IJist onpefesneHuss KosdduuueHTa MOLb-
0’5'5/ 10 €éMHOH CHJIBl 110 3aJaHHBIM XapaKTepH-
0 ) CTHKaM pemwerku npodunefl. IJKcnepu-
Ty MeHTasbHble 3Hauenus Cy, u C, nosyqaror
oo nyTeM MNPOAYBKH pelerok mnpoduied
J j._b% pasHelX (GOpM NpPU Ppa3/IHYHBIX YIJAAX HX
~ TV 0’ YCTaHOBKH H aTaku. [Ipu 3TOM H3MepsIoT
e R CKODOCTH MNOTOKOB, 3HaueHds: cua P, u

P,, 3areM pacCuuTHIBAIOT KO3(MHIHEHTHI

Puc. 9.6. T'papuueckne sasucu- CuJl mopbemHo# C, H NpOGHIBHOrO Co-

rg;;: il.(oa(quuuHeHTOB or yrma  qportusaenus C,. [losyyedHble 3aBHCH-

p : . MOCTH NPHBOAAT B BHAE rpaduKoB, MOKa-
— KauyecTBa k, 2 — l'lOJI'beMHOIyl CH-

aBt Cy; 3 — npodyALHOrQ CONPOTH- 3aHHBIX Ha pHC. 9.6, HJHN CTPOATCA Tak

Brenin C,, : Ha3bIBaeMBbI€ «[10JIs phl» Ipouei, 1o stuym
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ONBLITHBIM JAHHBIM MOAGHPAIOTCS COOTBETCTBYIOLME THIBI Mpoduies pe-
IIETKH, BLIOMpAIOTCs YIVIBl aTaKH W 3aTeM PACCUMTHIBAIOTCH 3HAUEHHA R,
U R,. Jlns Bcex THNOB MNpoduJel BEeHTHASTOPOB KO3(PPHUIMEHTE! IOABEM-
HOH CHJIBI JOJKHBl pacroJjiarathCs B 06JacTH C HaHMEHbIIMM 06-
paTHbIM KayectBoM p = l/k = C,/Cy. B cOBpeMeHHBIX BEHTHJSITOpPAX
p = 0,02=-0,04. :

9.4. HATPY)KEHHOCTb PEIIETKH MNPO®UJIA

OnpeJenum Tenepb HATrPYKEHHOCTb PELIETKH NPOGHUIEH B CEUEHHH 1
(cMm. puc. 9.2). Kaxablil sneMeHT JonaTKi nepefaer maberarmolieMy Bo3-
JYIIHOMY IOTOKY MOLIHOCTb dLp,. DTy BeJHUHHY TeOpeTHUYeCKOH MOL-
HOCTH MOYKHO BbIPa3UTh Yepes NOAbeMHYIO cuay npoduis P (cMm. puc. 9.4),
T.e. dLp, = u,P cos (90° — B,,) = «.P,. Hass z Jaonarok pabouero
KoJjleca MOLIHOCTb, NepefaBaeMasl UM, OyAeT paBHa

dL.p, = u,zP cos (90° — B,,).

Pacxop Bo3ayxa uepes 3JeMEHT KOJbIIEBOTO CEYEHHS JIONATKH MOXKHO
onpefieIMTh MO ypaBHeHHIO dL, = 2nr drc,, TOTAa nocniefHee BRIpaxe-
HHE NPUMET BUJ

2nr dregpy = u,2P cos (90° — B,,) = u,2P sin By, 9.12)

Mogbemuyo cuny P, AeACTBYIOIWYIO Ha KOMBUEBOH 3/1eMeHT dr,
MOXHO BbIpasuTb Kak P = (C,bpwpn/2) dr, rae C, — xosdpuunest
nopveMHoll cuinl. Torza ypaBhenue (9.12) MOXHO NPHBECTH K BHAY

2
2nr dre, Py = u,2C bp %ﬁ dr sin .

M3 TpeyronbHuKa ckopocteft (puc. 9.4) umeem

. ) Ur —Cur/2 .
sint ﬁm = CofWmp;  Wpnp = ﬁ
U YUHTHIBasi, YTO
be _ b _ b _
onr ~ 2mrjz ~ f

(rae ¢t — war pemeTkH, a T — ee I'ycToTa), MoNy4aeMm
c
Ur — ;’
Pr= u,Cy'l:p —2—(:05—5;;— .

Peuinm NOCJI€AHEE PAaBEHCTBO OTHOCHTEJNBRHO MPOH3BEIEHHA
2po cos B
Cr=—"T—"_, 9.13
v upp (Ury — C€ur/2) ( )

[TpousBenenne C,v HA3BIBACTCS HALPYHEHHOCMbIO peuiemKu TPOGH-
aeii. [Ipeobpasyem Bhipaxkenue (9.13), /st uero yMHOXKHMM UYHCAUTENb H
3HaMeHaTenb Ha wuk. [lomyuum

2pz COS B _i‘_2R_ o 2PT”3? cos B,
w0 (ur — Cyr/2) uf Pui (uf — U Cy /2) |

Cir=
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Baenem Gespasmepubiit KosduuuenT 1aBaeHus
¥r = po/ (puz/2),
Torga nocJenHee Bblpa}KeHHe HpHMeT BUJ

C,1 = ——ptr 0P 9.14)

2,2 2 °
u,/uR_—u,cu,/QuR

[IpeoGpasyem ypaBuenue (9.14). CornacHo ypaBHeHMIo DHnepa, p, =
= PU,Cy, U Cyy = po/(pu,). Bennunna u,/up = r — ecTb OTHOCHTENb-
HBIH pajuMyc, a OTHOWIEHME U,Cy /2uk = pqu /(2puky,) = P/4. U okos-
yateJpHO ypaBHeHue (9.14) npuBoautcsi K BUAY C,T == by c0S P,/ (7° —

— P,/4).

9.5. YCJIOBHE PABOTbl AJIMHHBIX JIOMATOK
OCEBOro BEHTHJISITOPA

B npeapiaymux pasgenax OblIM pacCMOTPEHBI IPOLECCHl B3aHMO-
JIeHCTBHS BO3AYLIHOIO NIOTOKA C PeIieTKoH, copMHPOBAHHON U3 KPBLIO-
BbIX Ipo¢uJed, NONyUYeHHbIX LHJHHIPUUECKUM pacceueHneMm pabouero
KoJieca, TpHYeM PajuycC UHJIHHAPA TPHHSIT NPOU3BOJBHEIM U PABHBIM 7.
OnHako OTZe/bHBIE 3/1EMEHTH JIONAaTKH, PACIONOXKEHHbIE HA Pa3MYHBIX
PacCTOSHUAX OT OCH BpAILEHHUSI, ABHKYTCH C PasjMYHbIMH QKDYKHbIMH
CKOpOCTAIMH #. [T03TOMY AJIs1 JIONATKU MOCTOSIHHOH LIHPHHBL H C ONpeje-
JIEHHBIMH YIJIaMH YCTaHOBKH INpPO(dHJsI AaBJeHHe, CO3/laBaeMoe 3JeMeH-
TaMH JIOMATKH, PAaCHOJIOKEHHBIMU . Ha PAa3/HYHBIX PacCTOSIHHAX OT OCH
Bpaulenusi, 6yJeT pasauyHo. B pe3yabTaTe HepaBHOMEPHOCTH MPOGHUIS
CKOpPOCTeH M JaBJeHHH NPOUCXOAHT pajvasbHOe NepeMellleHHe MOTOKa
U3 06JMIACTH HOBHILIEHHOrO AaBJeHHs B 00JIaCThb [IOHHMKEHHOrO, YTO OTPH-
IaTeNMbHO CKa3biBA€TCH HA XAPAKTEPUCTHKAX OCEBBIX BEHTHUJISITOPOB.
Uto6bl CHH3UTh 1O MHHUMYMa pajuvajbHOE [IBUXKEHHe BO3AyXa, HeobXo-
JUMO IPOEKTHPOBATD JIOMATKH C OTHOCUTEIbHO GOMBINOH NJIHHOH HCXOAS:
u3 npuniuna lanambepa. . :

JIBM2KeHue Bo3/lyXa B OCEBOM HaNpaBJeHHH NPOUCXORUT Oe3 ycKope-
HHS$I, CIeROBaTeNbHO, OCEBbIE CHJBI OTCYTCTBYIOT H Ha BblJe/I€HHBIH 06beM
notoka (puc. 9.7) melicTBylOT
TONIBKO paBHOMEDHO paclpeje-
JIEHHBIE TIO UUJHHJIPHYECKHM II0-
BEDXHOCTSIM IeHTPOGEKHbIE CHUIIBI
W CHUJBl JaBJEHHH, KOTOpHIE
B3aHMHO YPaBHOBEIHBAIOTCH.

LlentpobexHast cuJaa, jed-
CTByIOIlasi ~ Ha 3JIEMEHTapHbIA
obbeM Maccodl dm, Bpamaio-
MUHCA ¢ OKPYXKHOH CKOpPOCTBIO
Cy, paBHa :

Puc. 9.7. Cuabl, ReficTByiollHe HA B8JeMeH- ‘ o2
TapHbiii 06beM BO3JYXa, ABHKYUIETOCH ue- P, =dmre® =dm—. (9.15)
pe3 oceBOil BEHTHASTOP r
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dneMeHTapHasi Macca BbI,ILeJIeHHOFO oObeMa MOXKET 6I>ITI> paccyuTaHa mo
YPaBHEHHIO
dm = pr dl de dr. (9.16)
[ToacraBasia (9.16) B (9.15), monydaem .
2

Py = prdidgdr=t.

YcaoBue paBHOBECHS NPUMET BUI
2

prdldcpdr—cri =rdedldp.

CnenoBarenbHO, IJISI UCKJIOYEHHS DajHasbHbIX IepeTeyek BO3AyXa
HEo6X0AUMO o6ecleynTh YCJOBHE

: 2

dp Cu

rAnlLara

(9.17)

W3 ypaBHenus Ifinepa 1Js1 TeOPETHUECKOTro JaBJeHHS, Pa3BHBAeMOTO
BEHTHJISITOPOM

Pr = plaCoy = P2 — P1 -+ —g— (¢ —ef). (9.18)

[TockOMBKY [I/1s1 0CEBOr0 BEHTUJIATOPA (14 = Caq = Cg, YPABHEHHE
(9.18) c yuerom (9.15) MoxHO nepenucaTb B BUIE

pWresy = p2 — p1 -+ —g—(cgu —c). ’ (9.19)
[Tponuddepenuupyem (9.19) no r:

de P P de
po (et r5) = — B o (e — ).

[Tonaras dp,/dr = 0; ¢y, = 0, mosayuaem

oo (Cay 1 d”?“) . - (9.20)
CpasnuBas (9.20) u (9.17), umeem:
o gy, vé’ru _o:
m_w@uWW=& S .21

M3 (9.21) cnenyior ABa yc/I0BHS OTCYTCTBHS NepeTeyek Bosjyxa B pa-
JHaJbHOM HAaNpPaBIeHHH: U — Cyy = O U Cay/r + deg,/dr = 0. TlepBoe
U3 HHUX Jaer u = Cy,, T. €, IPeAIoJaraer sakpyysnBaHue NOTOKa IO 3a--
KOHY TBEpAOro Teja, yero He MoxeT ObITb B rasoBoi cpene. Pasnenas
nepeMeHHble M NPOH3BOAS MHTErPHPOBAHHE BO BTOPOM Bupameﬂnn no-
ayuaeM In (c,7) = const u, ciegoBaTenbHO,

cur = const: (9.22)
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YpaBuenne (9.22) nokasnpiBaeT, uTO JAJS HCKJIIOUEHHS PajguaJbHOro
nepeTeKaHus BO3LyXa B IJHHHBIX JONaTKax pabodero kojeca OCEBOTO
BEHTH/ISITOpPA, HEeo0X0AUMO O0O0eCNeynTb MOCTOSIHCTBO LHUDPKYJISLHH MO
JJiHe jJonaTku. Kaxast yacTyiia moToka B 3TOM cayyae OyAeT ABUTAThCS
10 UMJIHHAPHYECKOH MOBEpXHOCTH onpejenenHoro paguyca. [Tostomy nas
CHHEHHSI pajHajbHEIX nepeTeuek rasa M nospimeHus KIII ocesoro
BEHTHJ/ISATOPA JJIMHHBIE JIONATKH H3TOTaBJIHMBAIOT 3aKPYUEHHBIMU C Mepe-
MEHHBbIMH YIJaMi YCTaHOBKU f mo anuHe. Jjs KOPOTKHUX JOMATOK, T. €.
HMEIOMHX GOJBIIOH OTHOCHTe/IbHBIH AMaMeTp BTYJKH, JIONACTH He 3a-
KPY4HBAIOT, HO H3rOTABJIMBAIOT HX C yMeHbLIAlO[eHCs C- paﬂ.HyCOM JJIH-
HOo# xopawl (cM. puc. 9.1; 9.2).

9.6. Kl H MOWHOCTb OCEBOTO BEHTHJISATOPA

AdekTUBHOCTD pabOTHI OCEBEIX BEHTH/STOPOB OLIEHUBAETCS HX KO-
(PHUHEHTOM MOJIe3HOro AeHCTBHS, KOTOPBIH NMpeacTaBasgeT coboil oTHoIe-
HHe JTeHCTBUTENLHOTO AaBJeHH s, pa3BUBaeMoro pabouuM KoJiecoM, K Teo-
PETHUECKOMY : ’

_p__ P
B iy Vil (©-23)

rae Ap — notepu JaB/eHHS B pellIeTKe. 4
¥YpaBHeHue (9.23) MoxeT OblTh nepenucaHo B dopme

_ P2 — Py .
"= =t ap (9.24)

Kak Gbiio mokasano B (9.2), py — p, + Ap = %( 't — w3).
M3 nnana cxopocTe# cienyer, uTo

5 (@ — @) = p (@ — o) @actg Pm.

CpaBHuBag nocjaejpHee BripaxkeHue ¢ (9.6), mojaydaem Is JONATKH
€JAMHUYHOH AJIHHBI

2 — P1 (9.25)
Hs3 (9.6) cne,uYeT TakKxke, 4To ‘
py—p =22 (9.26)
[NozxcraBass (9.25) u (9.26) B (9.24), monyuaem
np = 2o/ (£ ) =Pal(Puctg Br).

‘PaccmarpuBasi cootHoulenue cua (puc. 9.5), uMeem

a = R, 08 By, — Ry sin Py

P, = R, 0SB+ Rysin Pn.
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Pasje/nB uucIHTeNb U 3HAMEHaTeJb [OJNYYEHHOTO BBIPAXKEHHS Ha
R, cos By, u Hcnonbaya coorTHouenne R,/R, = C,/C, = p, nonyuaem

_ 1—ptghn
o = 14 ptgfn’

rie p — obpaTHoe KauecTBO npodunst (ecad npuHsaTs B, = 25--45°,
a p = 0,03, To KI1II pemerku 6yner n, = 0,92-+-0,94). '
[Tonyuennoe Beipaxenue ana KIIJ| pemeTku He yuuThIBaeT pan-
albHLIX IlepeTeyex rasa, NOTePb SHEPrHH HAa MECTHBIE CONPOTHBJIEHHS
U TPEHHe B MNMOJLIMIHHKAX.
MolIHOCTh Ha Bajly OCEBOTO BEHTHJSITOPA ONPENENUTCS BHIPaXKEHHEM

- _Lr
N = 1000n ’

rae v — noanbll KITJL Bentuasropa.

KBT,

9.7. PACYET OCEBbIX BEHTHJIAATOPOB

3ajaHHBIMH BeJHUYMHAMH ISl pacyera OCEBOr0 BEHTHSTOPA SIBJSIOTCS
ero npoussoautesbHocte L (M%/c), naBnenue p (I1a) u dusnyeckue cBOi-
cTBa nepemeiiiaemoli cpefibl. Kak npaBujo, oceBbie BEHTHJSTOPH HEMO-
Cpe[CTBEHHO YCTaHaBJHBAIOTCA Ha BaJy 3JeKTpoaBurarens. B Takom
cJayyae M3BECTHA U YacTOTa BpallieHus pabouero KoJsieca BEHTH/ATOpPA 1.
OKpY:KHbIE CKOPOCTH OCEBLIX BEHTHUJSTOPOB OGBIYHO OTPAHHYUBAIOT Be-
auunpoi 100 M/c (G6nbluMe CKOPOCTH YXYIIIAIOT €ro aKyCTHUECKHE Xa-
PaKTEPHCTHKH). .

Pacuer HaunHaeTcst ¢ onpefesnieHus AuaMeTpa pabodyero xojeca BeH-
tunsitopa D. Ero paccuuThIBAIOT 10 SMIHPHYECKOH 3aBHCUMOCTH

D= 032 (0,545ny -+ 46) v'p

n

rie ny — KOS(QHIMEHT GhICTPOXONHOCTH (ny = 53L'/2w/p%+4).
HOuamerp D MozxkeT OHITb ONpejesieH M3 YPaBHEHHS HEPa3PLIBHOCTH

4L “nDn
a = m = kq,vu = kq,‘V'—G(')— ’ (927)
re kg = Cq/tiyy (0ObIUHO Ry = 0,6-+1,0); v — OTHOCHTENBHBIH AHAMETP
BTYJAKH (Vv = Dy, /D).

OrHOCHTENIbHBLIH JAMaMeTp BTYJKH BHIOMPAercss B 3aBUCHMOCTH OT
KO3(h(HIMEHTa TEOPETHUECKOTO AaBeHHs P, = kp/(pu®/2), rae k ~ 1,25
yunuthiBaer cpenuuit KI1[ BeHTHIsITOpPA 1O AaHHBIM 3KCHEPUMEHTAIbHBIX
ucenenoBanuil (npu ¢ < 0,2 v = 0,36+-0,45, mpu ¢ = 0,2+0,4 v =
= 0,5=-0,7, 1. e. GOJbIIKE 3HAUEHNSI OTHOCHTENIBLHOTO J1aMeTpa BTYJIKH
NPUHUMAIOTCS: AJIS BBICOKOHANOPHBIX BEHTUJIATODPOB).

W3 ypaBuenusi (9.27) nonydaem

b =2’931/v(11—vﬂ)31/ /:;n ’

Janee onpenensiior mioulaap Koseca BeHTHasTopa F = nD?4, u ero
OKpYKHasi CKOpocTh 4 = nDn/60. PaccuuTthiBaloTcss KO3(ppHLUHEHTR pac-
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XOfa W JaBleHHst BeHTuastopa ¢ = LUF,); ¢ = p/(pu?/2). Onpene-
Jgsiercsl auamerp BTYJAKM Dy, = vD 4 HaXOmUTCS AJMHA JOMAcTH [,=
= (D — Dg,)/2. Jlonacte pa36uBaercsi Ha pPsiJ KOJbIEBHIX CEYEHHH
(7—10 mwT.) Mo pJuMHe, H ]S KaXAOro U3 HHX BELETCS pacyeT 10 €re
cpennemy pazuycy. ITonyuarorcsi pasnuunble 3HaUEHHST JIONACTHBIX yrioB
Ha BXOJ€ M BBIXOJE, TaKuM 00pasoM, JIONacTb CTAHOBHTCS BHHTOBOH (3a-
KpyueHHOH). 3areM ompepensercs Ge3pa3MepHbIl pajuyc 7 = r/2 Kax-
JIOTO KOJIBLEBOI'O CEUEHH T, paccqmmsaeTc;{ yroJa

B ._arctg 1P/4? .

H HaXOJHUTCH HArPYXKEHHOCTb PEUIeTKH Npoduaen

(Cr) = Sposbo

ﬂﬂﬂ CpEAHEro 3HayY€HHsA OTHOCHUTE/JbLHOI'O paaHyca

AN T
S

' MOKHO OPUEHTHPOBOYHO NpuHATH 0,6—0,8.

[To BeiGpanHomy 3Hauenuio C, onpenensercs rycToTa pPemIeTKH T H
YUCJIO JIOMATOK 2 = TtD7ey/b. UHe/10 IOMATOK OGLIHO BLIOHpaeTca oT 2
110 40 wr. [Jaa cHUXKeHUs mymMa peKoMeHayeTcs, 4ToObl dacToTa f =

= (n/60) 2z 6s1a MeHee 60 uau Goubiue 200. lupuna Jonatku b H3 KOH-
CTPYKTHUBHBIX co0OpaxkeHHH npuHuMmaercsi paBHo# 30—100 mm. Has
PacCUMTAHHBIX 3HAYeHUH b U 2 onpefeasioTcss KoahdUIlHeHTH NOLAbeMHON
CHJIbl B PA3JIMYHBIX CEYEHHSIX U TYCTOTa PELIeTKH

T = 2b/(nDF) = TepFop/T.

Yribl BXOJa U BEIXOJA NOTOKA B MEXJ/IONATOYHBIX KaHaJaxX pelIeTKH
PaCCUHTHIBAIOTCS MO (OpMYJaM:

Py = arctg

—’
Ugp — Cy

a ¢, ONpelessieTcsl 10 ypaBHeHHIO Jisiepa

= Du/(PUcpMr),

rie 1, — ruapasauueckuil KI1[1 pabGouero KoJseca, NnpuHMMaeMbli pas-
HeM  0,75—0,9.

[MpoexTHpoBIMKOM BHIGMpaeTcss THN JIOMaToK: Npodu/bHBIE HJH
JucroBele, PaGouue Koseca ¢ npodu/ILHBIMH JIOIATKAMH HMeEIOT GOablune
KII u ayumne akyCTHUECKHE XapaKTEPUCTHKH NPH Re = wpb/v =
= 80 000. JIucToBEIE JONATKH MpOLIE B H3TOTOBJAEHHH, paboune Kojeca,
caadxeanme HMH, HMEIOT MeHbLIHe raGapHThI,
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B 3aBucuMocTd 0T Ko3ddHuueHTa HOLbEMHON Cuiibl 10 MfoJsipaMm
npoduiei nogbupaercsi Tpedyembiii poduUab U ONpeesieTcsl yroJ aTaku
i (yron MexAay KacaTeJbHOH K CpefiHell IHHUHM NPOPUJIS U OTHOCHTENbLHOH
CKOPOCTBIO Ha Bxoje i = 2--7°).

Kak ormeuanoch Bbime, Ko3(QQUIMEHT NOABEMHOH CHJBI AOJKEH -
pacrnojaraTbcsi B 00JaCTH HaUMEHbIUIHX 3HaueHW#l o6paTHOro KauecTBa
i, B IPOTHBHOM cJydYae 3ajaioTCsl APYTHMH 3HaueHuAMH C, 1nd Fop U
NPOM3BOAAT pacyeT Bo BTopoM npubmmxkenuu. Ecau C, y ocHoBaHHSA
sonacTy npeppimaerT C, B OCTaJbHBIX CEUEHHSIX H HE COOTBETCTBYET HaM-
MEHBIIHM W, TO MOXKET OBbITh H3MEHEH OTHOCHTEJbHBIH JHaMeTp BTYJKH V.

Tpumep 9.1. Paccuutath OCHOBHEHIE XapPaKTEPHCTHKH OCEBOTO BEHTHJSATOPA NPOM3-
BOAHUTeNbHOCTbIO L = 25 000 ™%/, paspusawolero AasiaeHue p = 200 Ila npu uactore
BpaileHHs paGoyero xojieca nt = 960 o6/mun. [110THOCTE BO3AyXa MPUHATL CTAHAAPTHOM
(p = 1,2 xr/m8).

Pewenne. OnpegensneM KO3QxpHIHEHT OHICTPOXOZHOCTH pPAaCCUHTHIBAEMOIO BEHTH-
JasTtopa : - )

) (25 000 \ 1/2 ( 3,14.960 )
1/ :
ny = 53 LY@ =53 3600 30

p** 200%4

= 264.

[TosyyeHHOe BHAaueHHe XapPaKTEDHO JJIS OCEBHX BEHTHIATOPOB C JIHCTOBEIMH 3a-
KPYIJIeHHBIMH JioniaTKaMu (ny = 200--400).

HaxonuM auamerp paGouero Koseca, HCHO/b3Yyfl ypaBHeHHE

D = 9:32 (0,545ny T4V
2 .

Mupuny aonaTku b npuMeM M3 KOHCTPYKTHBHEIX coobpaxeHH#t & = 100 mm, Torna

0,32 (0,545-264 + 4-0,1) /200
960

OnpesenuM AuaMerp paGouero Kojeca, HCMOVIb3Ys ypaBHEHHEe Hepa3PHIBHOCTH

. 3 I 3 L
b~29 1/\’(1 —v3) ‘/ Kon *

OrHoCHTE/IbHBIH AHAMETD BTYJAKH JJsi GOJbLIMHCTBA OCEBHIX [BEHTHJSTOPOB H3Me-
HseTcs B npegenax v = 0,4-+0,8. INpunumaem v = 0,6. OTHouleHHe OCeBOH CKOPOCTH
K OKDYJKHOH Ha BHELIHeM AHaMETPE BTYJIKH kg = Cq/tlgy (OOHIUHO H3MeHsETCH B pelleax
0,6—1,0). :

[as ZanHoro mpuMepa npHHHMaeM ky = 1,0, Torma .

3 3 S
T 55000
b~29 ]/ 0,60 —0.69 V 3600-1,0.960 — 760 M-

[MonyuenHsiii pesyabTaT YLOBJAETBOPHTENBHO COTJAcyercsi ¢ mpefbirynium. ITpu-
HHUMaeM NpPOMEXKYTOUHYI0 BeaHuuHy D = 700 mm.
- OKpyxHasi CKODOCTb Ha BHeIIHEM JHaMeTpe DAGOuero Kojeca BEHTU/ISTOpPA Ompe-
Jensercs no gopmyJe '

nDn  3,14.0,7-960
U= 0 50 = 35,2 m/c.

u < 100 m/c. TTocennee 3HaueHHe He PEeKOMEHAYETCS NpEBHIIATL BO H3GEXKAaHHE CHAbs
HOTO IyMa.

[lromaze okpyxHOCTH IHaMeTpoM D paccuuThiBaeM mno (opMyJie
F = aD?%4 = 3,14-0,7%/4 = 0,385 2.

D=

=0,68 M
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OrHocHTeNBHEIR KO(PHUMEHT DAcXOfla HAXOAMM M3 BHIpAKEHH§

- L 6,94
L= Fu — u  0,385-35,2 = 0.512.

BriuncanM koaddumuesT ,uaB.ueHm{

2.200 .
V== Ty = 0260,

Teopernuecknil K03 UIHEHT AaBjieHHst
P = kP = 1,25.0,269 = 0,336.

Jisi NPHHATOTO 3HayeHHst OTHOCHTEJBHOTO AHaMerpa BTYJAKH vV = Dyy/D = 0,6
ZuaMerp BTYJNKH Dy = 0,7-0,6 = 0,42 M = 420 mm.
JJIHHA JionacTH

Iy = (D — Dg)/2 = (0,7 — 0,42)/2 = 0,14 M = 140 mm.

IlunusapHYecKHe JIONACTH MPHMEHSIOTCS TOIBKO NpH v > 0,7, T. e. IS KOPOTKHX
Jonacrei. B 3TOM ciyuae ZONMYyCTHMO PacCUHTHIBATH NapaMeTphl JIOMAcTeH M0 CpPefHEMY

AuaMeTpy
D" T DL,
Doy = V__i'é_B_T_

B namem cryyae v = 0,6 < 0,7 (ziuHHBIE JIONATKH), N0ITOMY JIONATKH pas6HBaeM
[0 JJIMHE Ha CeMb YYaCTKOB H J/A KaXKAOTO pacyeT BeAeM OTHEJIbHO 110 €ro CpefHemy
auamerpy. IIpuHuMaeM K ycTaHOBKe oceBOH BeHTHJATOpP 6e3 HanpaBJsIOLIETO annapara.
OnpefensieM OCEBYI0 COCTABJSIONIYIO CKOPOCTH €, W KO3(dHUIHEHT pacxoga @ 1o
cnenywmuM Gopmystam:
OTHOIIEHHe IJIOmajeli ceueHHS BTYJIKH H pabodero Koseca
Fyo  4mDir _ .

F =~ dmDr

maomazb KOJIbLIEBOro CeuyeHHs HaxOoILHTCA H3 \Bblpa}KeHHﬂ
F
Fy=F — Fys =F(1 ——%> = F(l—w?),

OTKyAa

_ L _ L _ o512 _ o
e FO— W " T 106

¥ OCeBas COCTABJSIOMAS
Cq = QU = 0,8‘35,2 = 28,16 M/C.
Tpu OTCYTCTBHM SaKPYTKH Ha BXOJE B pelIeTKY
B, = arctg cqlu;,
3JleCh U; — OKpyXKHasi CKOPOCTb, PACCUMTAHHAS [0 CpejHEMY PafiHycy i-r0 yuacTka
D 1(2i—1
QBT + ( 2n ) ’

ri =

TAe N -— 9HCJO JeJIeHu#H; i — HOMep yuacTka.
Cpe).lmm yroJq NpHTEKAHUA IMOTOKa K JIOIaTKe B {-M CceueHHH Bbl‘-lHC.HﬂeTCﬂ no

dopmyae

Ca

Bmi = arctg W B
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Ta6auuma 9:1
TeoMeTpuyeckHe napaMeTpnl Jonactei

] ' = a '
= = o Sw }| o B & '
sde |2 |3 |EEE) S |E (% |id|d |ES
owep | 2587 | 5|5 335 B |F O|E |22 |
yuacTKa = W5 £ g | HEE = = 2 X5 s EE .
Boco | 85| B |BRR) 5 |5 |3 | ER|c¢ %
o> RS = Q w9 o o o «©
SEEL | 82 | &2 S35 | 5 |88 |Sw | 23 | 2F | =2
1 0,22 0,629 (22,11 | 8,38 | 51,9 | 57,5 | 64,0 10,579 0,709 0,817
2 0,24 0,686 { 24,12 | 7,68 | 49,4 | 54,2 | 59,7 | 0,508;] 0,650 | 0,782
3 0,26 0,743 126,12 | 7,09 | 47,2 | 51,3 | 55,9 |0, 449" 0,600 | 0,748
4 0,28 0,8 28,13 | 6,68 | 45,0 | 48,6 | 52,6 10,399 0,558 | 0,715
5 0,30 0,857 [ 30,14 | 6,14 | 43,1 | 46,1 | 49,6 0,358 0,520 { 0,688
6 0,32 0,914 [ 32,15 | 5,76 | 41,2 | 43,9 | 46,9 (0,322 10,488 | 0,660
7 0,34 0,971 (34,16 | 5,42 | 39,5 | 41,8 | 44,4 10,292 0,459 [ 0,636
npH 0,289 [0,825]29,03| 6,37 | 44,1 | 47,5 | 51,2 [ 0,380 0,540 | 0,704
Fep

Yron BHXOAA MOTOKAa U3 PeIIETKH padoqero KoJieca HAaXOJUM H3 ypaBHEHHA

Ca

pe = arctg =

Tfe gy, OnpejeiisieM 3 ypaBHeHus Diinepa:

Cau == pl(puiny).
TuppaBnnueckuit KITJ usmensercs B xuanasode 7y = 0,756+ 0,92; npusuMaem
np = 0,9.
OnpenensieM HarpyXeHHOCTb DEUICTKH B KaXXAOM (-M CEUeHHH:

YpcosBm . r
| (Cyv) = ——T_‘I’T’ Fio= 'Tei"
rie R — paguyc pabouero xosmeca, R = D/2.

PacyeTsl TreOMeTpHYeCKMX MapaMeTpoOB JiOmacTell OCEBOTO Beﬂmnmopa CBEJeHH
B Taba. 9.1,

Cpeanuil OTHOCHTEJIBHHIAL DajMyC pellleTKH HaXOoAuM 1o ¢opmyae

T 2 2

Tpunumas koahuuuent noxbeMuok cuiel Cy = 0,7, onpefiesiieM IryCTOTy pellleTKH
LJsl CPefHEero pajuyca

HaxonuMm 4KCJIO JIONATOK, MCXOASl M3 NPUHATOR IHMpuHBEl b = 0,1 M,

Tep D7 . .0,7-
s epPlep 3,14.0,54 0,,7‘ 0,825 —9.79.
b 0,1
TpunuMaem 2z = 10 wT., H HO PacCYHTAHHOMY B CpeJHEM CeueHWH 3HAYEHHIO 2 OMpede-
JsieM TYCTOTY peNIeTKH

x 2 _ TopTep _ 0,54.0,825 _ 0,446
YT aDF; 73 - ri - ri

H KO03pdHIHEHT NOABEMHON CHJbBL
Cyt
Cyi = =L,
Ti
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AHanu3 mONyYeHHHIX Pe3yJbTaTOB CBHIETENLCTBYET 06 M3MeHeHHH . YIoB B H Pg
Ha BXOJie M BHIXOJle H3 paGouero Koseca, CleR0BaTeNbHO, JIONACTh LOMKHA GbITh 33aKpy-
49eHHOH (BHHTOBOIA). .

Hcnoneays rpagukn Cy = f (Cx, i) ANA AYroBHIX JIMCTOBHIX Mpoduieli mpu HaH-
MeHBIIMX SHaueHHAX o6paTHOro KauectBa W == 0,03, noiayuaem IJs PacCUMTAHHBIX
ko3ddunpentoB noxbeMHol cmin (Cy = 0,82+ 0,84) HauBhTOXHEANIMH yroa araku
i == 2° Torma yroJ ycTaHOBKH Npodu/asi WAH JjonactHoll yroa Pig = By - 2°. Onpene-
asem KIIM pemerkn npoduieit

_ l—ptgPn  1-—0,03tg47,5° —0.94
=TT pcighn  T1+0,03ctgdr,50 o

T'nppasnuueckuit KIIJ, npuusAthiéi paHee paBHbM My = 0,9, yunThBaer KII[L
peIIeTKH, a TaKXKe MECTHbIe THPaB/IHIeCKHe NIOTepH Ha BXOJle H BEIXO/le H3 BEeHTH/IATOPA,
TPEHHE H T. I. ‘ )

IMpunumast mexanuueckuft KI1[, yuuTHIBalOWHH NOTEpH 2HepIHH B NOAUIHNHHKAEX,
PaBHBIM 1)y = 0,96 (ZMana3oH H3MEHEHHS Ty B COBPEMEHHBIX OCEBHIX MAIUHHAX Ty =
= 0,94 0,98), mosyuaem aHaueHne nonnoro KII/l Bentuasropa

N = MMy = 0,9-0,96 = 0,864.
MOHIHOCTI: Ha Bany OCQBOFO BEHTHJASATOpA
pL  25000-200

9.8. XAPAKTEPHCTHKH OCEBbBIX BEHTHJI?iTOPOB

X apaKTEepPUCTHKH OCEBHIX BEHTHJATOPOB, KaK H PafdalbHbIX, Npel-
CTaBJAsIOT OGO 3aBHCHMOCTh AaBJjenus, mougocTd U KII oT npousgo-
JUTEJBHOCTH. XapakTePHCTHKH NOJYYaloT NyTeM MCOBITAHUH Ipu Io-
CTOSIHHOH YacTOTe BPALIEHHS M 3aTeM NEPeCYUTHIBAIOT N0 COOTBETCTBYIO-
UM YpaBHEHUSIM AJIs1 APYTHX YaCTOT. B oTiMuHe OT XapaKTePHCTHK pa-
JIHaJbHBIX MalldH HalopHAasl XapaKTepucTHKa p = f (L) OCeBBIX MalIHH
MMEEeT PKO BBIPAKEHHYIO CENJOBHIHYIO (OPMY, YTO OCOOEHHO Xapak-
TEPHO /s BEICOKOHANOPHBIX BEHTH/IATOPOB. HaJsHuue celJIOBUHLI 00bscC-
HSIETCSl YMEHbLIEHHEM MOAbeMHOH CHJIBI JTonacTefi Mpyu HeGONbUINX PaCXo- |
Jax Bo3ayxa U OOJIBIINX YIJaX aTaku. MOIIHOCTb OCEBOTO BEHTHJATOpA
HE3HAYHTEJbHO BapbHUPYeTCA C H3MEHEHHEM €ro MNpPOH3BOAUTENLHOCTH.
[TosTOMY MyCK BEHTHJAATOPA HY?KHO IIPOU3BOJMTD IPH OTKPHITOM BXOJHOM
CeueHHH, KoseGaHusi NPOU3BOJUTENBHOCTH BO BpeMsi pabOThl MpaKTHYe-
CKHM HE CKashlBalOTCA Ha HArpy3ke NPHUBOAA BEHTHJATODA.

C pocrom npousBoputenbHoctd KIJ BeHTH/IsiTOpa BHAYasle BO3pac-
TaeT W 3aTeM, JOCTHTHYB MakCHMMyMma, pe3ko yObiBaer. Pabounii pexum
XapaKTepUCTHKHU BbIOHpaercsd B CTAaOM/JbHOH 4aCTH HAMOPHOH Xapakre-
PUCTHKH TakuM 006pa3oM, yTo6bl KII/L BEHTHIATOPA B paCYETHOM PEXUME
coctaBasin He MeHee 0,9Mmax.

PerynnpoBaHne MPOM3BOLUTEIbHOCTH OCEBbIX BEHTHJSATOPOB MOXKET
OCYILIECTBJSITLCS HECKOJAbKHMU CIoco6aMM: H3MEHEeHHeM YacTOThl Bpalie-
HHs1 paGouero KoJeca, OBOPOTOM €ro JIONATOK HJH JIONaTOK HaNpaBJisio-
mero annapaTa U KOMOHHHPOBaHHBIM crocoboM. HauGonee sdderrapen
TIepBBI# €110c06, OHAKO ero Hesb3sl OCYILECTBUTDb, €CJIH B KauecTBe IpH-
BOJla HCIMOJB3YIOTCS 3JIEKTPOJBUTATENH € MNOCTOSIHHOH YacTOTOH Bpale-
HUSL M DOTOD JBUTATENsl HEMOCPEACTBEHHO COEANHEH ¢ pabOuHM KOJIECOM
BEHTUJIATOPA.

Hau6osnee yacto npuMeHsieMbIM CHOCOOOM DEryJHPOBaHHUs SIBJSETCS
H3MEHEHHE YIJa MOBOPOTa JIONATOK HaNPaBJSAIOLIErO annapara. .



Fnmasa 10 BEHTHU/ISTOPHBIE YCTAHOBKHU

[Tox BeHTH/IsiITOPHOH yCTaHOBKOH OyieM INOHHMaTbh COBOKYIIHOCTb
BEHTUJIATOPOB (C nepejjauell ¥ NPHUBOLOM), HANpaB/SIOMUX annaparos,
a TakXe apMaTypHl ¥ JIPYTUX 3JIEMEHTOB, CO3MAIOIKX a3POJHHAMHIECKOE
COMpPOTHBJIEHHE. B CBsA3U C 3THM NOAJIEKAT 06CYKAEHUIO TAKHE BOMPOCHI,
KaK NMOJCOEJMHEHHE CETH K BEHTHJISITOPY Ha BCACHIBAHMM M HATHETAaHUH,
paGoTa BEHTHJSITOPHOH YCTAaHOBKH Ha ceThb. B HEKOTOPHIX Caydasix
NPUXOJAUTCS UCIONb30BaThb HE OJHUH, a ABa BEHTHJAATOpA, IIPH STOM OCO-
GeHHOCTH MX COBMECTHOH pabOoTHI OKa3blBAIOT BJMSIHHE HA paboTy KaxkK-
JIOT'0 BEHTHJISITOpa B OTAENBHOCTH H Ha paboTy YCTAHOBKH B IEJIOM.
OcoGeHHOCTH 3KCIVIyaTallud CHCTeM BEHTHJISIHN ¥ KOHAHIMOHUDOBAHHS
BO3JlyXa, OOCJHYKHBaeMbiX BEHTHUJSATOPHLIMH YCTAaHOBKAMH, BBLI3LIBAIOT
Heo6XOAMMOCTh PEryJHpOBaHHs NOJaul Bo3nyxa. [103ToMy oOYeHb Bax-
HBIM MOMEHTOM SIBJISIETCS] BONPOC 00 SKOHOMHYHOM peryJupOBaHHU IIpo-
M3BOJUTEJIbHOCTH BEHTHJAATOPHBIX YCTAHOBOK.

Kak ykasbiBasioch BHIIE, 5KOHOMHUHOCTb 'BEHTMJIATOPA OLEHHBAETCH
MOJHBIM 1) MJIH CTaTHYECKHM Ty KIIO.

10.1. PABOTA BEHTHJIATOPA HA CETb

C noMmollpl0 BEHTHASITOPHOH YCTAaHOBKM OCYINECTBJ/ISETCS Iepenaua
MEXaHHYECKOH 3Hepruu, IoJyyaeMoH OT JABHTrare/]si, NMOTOKY BO3NYyXa,
NPOXOASLIEMY 110 NIPUCOEIHHEHHBIM K BEHTHJ/AATOPY BO3AYyXOBOAaM, aflna-
paTtaM, ¢uIbTpaM, apMarype, T. €. KOMIUVIEKCY a3pOJHHAMHYECKHX CO-
NPOTUBJIEHH !, UMEHYeMbIX B jajbHeliieM ceTblo. Kak ObLIO IMOKa3aHO
BbIIIIE, DU ABHXKEHUH BO3JyXa B CETH BO3HUKAIOT NOTEPU LABJEHHS Ha
TPeHHe U MecTHble conpoTuBjaeHus. [lotepu B ceTu MoryT OHITh MO-
pasfeseHbl Ha BHYTpPeHHHME M BHeinHHe. K nepBHIM OTHOCSTCS mOTEpH
Ha TPEHHe M BHYTPEHHHE MECTHBIE CONPOTHBJIEHHS; BHEIIHHE IOTEPH
CBfI3AHEl C IPHTOYHBIMH BBHITS2KHBIMH H PaclpefeTHTeNbHBIMH YCTPOHCT-
BamMu. CyMMa BHYTPEHHHX H BHELIHHX INOTepPb AABJIEHUSI B CETH omnpee-
JISleT NOJIHOE TH/pAaBIHYeCKOe CONPOTHBJAEHHE CeTH p.. [loTepu Ha Tpe-
HHe H MECTHbIe CONPOTHBJEHHS (CM. TIJI. 4) IPH JOCTATOUHO GOJBIIHX
3HaueHusAX Kpurepust Re OyAyT NpoNoOpUHOHANBHEL KBaApaTy CKOPOCTH
IIOTOKA BO BCEX CEYEHHAX CETH, NOSTOMY JAJISI HOJHOFO T'HAPaBJIHUYECKOTO
CONPOTHBJIEHHS CETH MOXKET ObITh 3alHCAHO YpaBHEHHE BHIA

po = aL?. (10.1)

~ JTo ypaBHEHHE NPHHSATO HA3BIBATb XapaKTePUCTHKOH ceTH. B obumem
cly4ae ypaBHEHHE XapaKTePHCTHKH CETH HMeeT BUL,

pe = al® + bL + p,, (10.2)
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Puc. 10.1. K ‘pacueTy XapakTepHCTHKH CJOXKHOH CeTH: @—
NoCJe0BaTeNbHOE COEJHHEHHE; ( — NapaaienbHOe COelH-
HeHHe

Tlie po — a3poCTaTHYeCKasi COCTABJSIONIAs JaBIEHUsI, XapaKTepusylomas
COOTHOIIEHHe NaBJIeHHs BO3/lyXa HA BCACHIBAHUH H B 00BeKTe, 06CTYXKHu-
BaeMOM CHCTeMOH; @ U b — KoppensinHoHHbIE KO3(DPHIIHEHTH.

HauGonbliee pacnpocTpaHeHHe HMEIOT CeTH, ONpe/essieMble YpaBHe-
HueM (10.1), ofHAKO BCTpeYaOTCsl U UMEIOIHEe YAaCTHbIE XaPaKTEPUCTHKH:
Poc = Po — C IOCTOSTHHBIM CONPOTHBJIEHHEM (BKJIOYAIOT TOJBKO COMpPO-
THBJIEHHE CTOJN6a XKHIKOCTH); P = bL — C JaMHHAPHBIM JBHKEHHEM
noroka (Hampumep, GUIBTP); po = al® 4= p, — ¢ TypOyJeHTHBIM IBH-
JKeHHEM II0TOKa U IIOCTOSIHHEIM CONDOTHBJIEHHEM (ECTeCTBEHHAs Tsra,
HajfyB H T. I1.); p. = al™® — ¢ IepeMeHHBIM H TepPEXOJHbIM PEeXHMOM
TeyeHHsi HOTOKa (COCY/bl 60JBIIOTO 06BeMa C PE3KHM CHH2KEHHEM CKOPOCTH
rasa ¥ JAp.). B mpakTHKe BCTpPEUalOTCs CJOXKHBIE Pa3BETBJIEHHHIE CETH
¢ MocJefoBaTeIbHBIM H NapaJliesbHbIM BKJIOYEHHEM YYacTKOB, B 3TOM.
caydae IS HaXOXKIEHHS CYMMapHOH XapakTePHCTHKH CETH MNpeiBapH-
TEJIBHO ONPERENSIOT XapAKTEPHCTHKY KaxAOH I'PYMIE YYaCTKOB, COELH-
HEHHEBIX apaJyieNbHoO, a 3aTeM PacXoj, 3aTeM II0 CONPOTHBJIEHHSIM CYMMHU-
PYIOT IOC/KEeNOBaTeNbHO COeNHHEHHEE Y4acTKH, KaK 5TO MOKAa3aHo Ha
puc. 10.1, a. B cnydae mocsenoBaTeqbHOIO COENMHEHUST HMEeM

Pex = Pei + Pe2 -+ Pes = (@1 + a2+ az) Le. (10.3)
[Tpu napannenbHom coeaunenuu (puc. 10.1, 6) umeem

_ — 1 L 1 1 ).
Loz = Lo+ Lo+ L= VP (= + =+ 5= )+ (104)
BeHTUJIATOp MOXKET OTCACHIBAThb BO3AYX H3 CETH WJH HarHeTaTb BO3-
AyX B ceTb, JHOO OTCACHIBATb BO3JAYX M3 OJHOI'O yuyacTKa, NepeKaynBas
€ro B Apyrofi, Ipu 3TOM cucTeMa MOXKeT OHTh 3aMKHyToH. B kaxnom
YacTHOM CJy4ae JaBJeHHE, PasBHBAaeMOe BEHTHJSITOPOM, OyIeT Io-pas-
HOMY pacIlpejessThCsi Mo yyacTkam ceTd. B ofuiem ciyuae KOMKHO BhI-
'TIOJIHATBCS CJeAyIoImee YyC/I0BHe:

Pc = Ps, (10.5)
Fie C H B — WHJEKCHI, OTHOCSLIUECS K CETH U BEHTHJIATOPY.
Bripasum p, U py Yepe3 HX COCTABJSIONIHE:

Apse -+ APrar + APsux = Por + Pauns - (10.6)
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rae Ach, Apﬂar' — noTepu N N
JaBJeHusa Bo BcachBawouem u o 7
HATHETATeJTbHOM y4YacTKax Ce-
TH, Apgyx — 3aMac KHHETH-
YeCKOH 3HEPrUH BO3JyXa Ha
- BpixoJe H3 ceTd (Appux =
= PUiux/2), Per, Ppun — CTa-
THYeCKOe W JHHAaMHUECKOe Ja-
BJIEHHE BEHTHJISITOpA.

B yacTHHIX paccMOTpEHHBIX
cnyyasx  pasencrso  (10.6)
NPUHHUMAET BHL:

Apgar + APsux = Per + Prums

Ap.. = A = . Puc. 10.2. Tpadmuueckas HHTEpUPETALHSA
Poc = Por (APouix = Prns) METOlda HAJOMEHHS! XapaKTePHCTHK:

B cnyyae, ecnu BEHTUASTOD — pacueTHMHi  pemmM; ——— —

paboTaeT Ha CeTb, TO APy, =  SKCIEPHMEHTANLHBI PeXHM
= Per = 0, @ Puux = APpux. ‘ '
U3 Bcero BBINIEH3T0KEHHOTO CJAELYeT OYEHb BAXKHBIH BBIBOJ — JaBJie-
HHE, Pa3BHBAEMOE BEHTHISITOPOM, PACIIPEJIe/IIETCS MeKAY BCACHIBAIOMIHUM
M HarHeTaTeJbHBIM Y4YacTKamH CETH IMPONOPLHOHAJbHO HX CONPOTHB-
JEHUSIM UM 3TO paclnpele/eHHe, B NPUHLHUIE, HE 3aBUCHT OT KOHCTPYK-
WU BEHTHJATOpA. . '

Hast ananusa pa6GoThl BEHTHJAATOPA HA CeTb HCHOJIb3YeTCs METOJ
HaJIOJKEHHS] XapaKTepHCTUK BeHTH/siTopa u cet (puc. 10.2). Ilpu stom
JJIsl 3alaHHO XapaKTepUCTHKH CETH M BEHTHJATOPA CYLIeCTBYET OiHa
pabouas Touka (PT) u COOTBETCTBYIOLIHE €Hl PACUETHBIE 3HAUEHHS pp =
= pgy = pe ¥ Ly = Ly = L. Momnocte u KII[ BenTH/IsATOpPa Onpese-
JAITC N0 BelnunHe Ly, Kak 3TO NOKa3aHO Ha pUCYHKe. [IpuMeHss
MeTOJ, HaJOXKEeHHs] XapaKTePHCTHK, MOXKHO aHaJH3HPOBaTh PaboTy BeH-
THJISITOpPA Ha CeTb U pellaTh BOIPOCHL €r0 COOTBETCTBHS CeTH, O06HAapy-
KUBATb HEHCIPABHOCTH peryJHpOBaHUS MPOH3BOJMTENbHOCTH. Taxk,
eci JeHCTBUTENbHBIH pPacXof BO3JyXa He paBeH TpeGyeMOMYy pacuer-
HoMy L, (puc. 10.2), To no/kHa ObITh H3MEHEHA XapPAKTEPUCTHKA BEH-
THAATOpa Apy Uau cetd Ape.

Lp=bg=lc L

10.2. TOACOEAMHEHUE BEHTHJIATOPA K CETH

[lpy NpaBUIBLHOM TPUCOEIHHEHHH BEHTHUJATOPA K CETH JOJKHO
6LITh OfOecreueHO NIJIaBHOE TeUeHHEe BO3[yXd, MaJjoe NafeHHe JaBJeHHi
M CHMMETPHYHOCTb IIOTOKA BO3lyXa, B INPOTHBHOM ciyyae pabouee
KoJieco OyeT HAarpy:KeHO HEPABHOMEDPHO H 3TO HPHUBEJET K JONOJHUTENb-
HBEIM TOTepsIM JaBJjieHus. [Ipu paboTe BeHTH/siITOpa Ge3 BCACLIBAIOLIETO
y4acTKa clefiyeT K BCAChIBAIOIIEMY OTBEDPCTHIO NOJKIIOUHTh BCACHIBAIOMIN I
KOJIJIEKTOP, 0COGEHHO 3TO BaXKHO JJISl BEHTHJSATOPOB, HMEIOWHUX IIHPOKHE
Kojleca. LEcnHM Iepef BEHTHJIATOPOM HE YCTaHOBJEH KOJJIEKTOD, TO
CTPysl BO BXOZHOM CEUEHHH CYIKHUBAETCH, YTO NMPHBOAUT K YMEHBbILIEHHIO
spdexkTuBHON (pabouel) mupHHbl Kojeca u cHHxkeHuio KIIJl BenTmisi-
Topa. Ilpn mpaBuJBHOM NOJCOEAMHEHMH CETH HA HarHeTaresJbHOH CTO-
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Puc. 10.3. BapuaHTB npHcoeJHHEHHS HA HATHETAHMM: a — auddy-
30pa; 60 — KoJieHa; — NPaBHJAbHOE; —-—-— — HeNpaBHJbHOE

POHE, JOJIKHO EBIMONHATBCA CJeLyIollee NPaBHJIO: HalpaBJeHHe BO2-
AYLIHOTO KaHa/la JOJKHO COOTBETCTBOBAaTb TEUEHHIO BO3dyXxa 6e3 oT-
KJIOHEHHH. B paguanbHOM (LLeHTPOGEeKHOM) BEHTHIATOPE OTOK BO3AYX4,
BHIXOJAIUIMA U3 HEro, OTK/JOHSETCS B CTOPOHY BpaWleHHs paBoyero
Koseca. B sTom cayyae ponyctim auddysop ¢ GOJIBIIAM YIIOM packKphi-
THf B HanpaB/JeHHH BpalleHHsi, KaK 3TO NOKasaHo Ha puc. 10.3, a.
[IyHKTHDPHLIME JIMHHSIMH [I0KA3aHO HENpaBUIbHOE OACOEIHHEHNE; TAKOM
mudodysop Oyner paGoTaTh XyKe OOBIMHOH NUJHHIPHYECKOH TPYyOHI.
[TpaBuJIbHEIA BBHIGOp YIVIOB NEPeXOLHOTO Ju(hysopa MOKET 3aMETHO
YAY4YIIHNTD KadyecTBO PpaGoTEl BEHTUJISATOPHOH YCTAHOBKH. ECaH GAH3KO
3a BEHTHJ/IATOPOM MMEETCs KOJIEHO, TO CJIEeAYeT CTPEMHThCHA, 4TOOBH OHO
C/IENOBAMIO HaANpABJIEHHIO BPAIEHHsA, KaK 3TO NOKasaHo Ha puc. 10.3, 6
CIVIOIIHBIMH JIMHHSIMH, TPH 3TOM OyJeT NPOHCXOAUTh BHIPABHMBAHHE
CKOPOCTHOTO moJisi. B ciyyae HempaBHJIBHOTO OPHEHTHDOBAHHS KOJEHA
(UTPHXOBBIE JIMHHH) NOTOK OyJeT OTKHMATbCA K HAapy>XHOH CTEHKe,
a y BHYTpPeHHEH — MOTYT BO3HHKHYTb DPEeUUPKYJ/IALHOHHbIE TOKH, UTO
NIPUBEJET K JOMONHUTENbHBIM ToTepsaM. [1as obecreyeHusi NpaBUIbHOTO
NOACOENMHEHHs DPaAHaNbHBIX BEHTHJIATOPOB K CETH MPELyCMOTPEHEI
BEHTHJIATOPbl C ITOBOPOTHBIMH KOPIyCAMH, JONYyCKAIOMUMH HX yCTa-
HOBKY B Jilo6oe MNOJoXKeHHe corjacHo puc. 10.4, a u 6.

a) 0°

@
@ S

Puc. 10.4. Bo3moxHnble BADHAHTH PACMONOKEHHS PajHANbHBIX BeH-
THJASITOPOB: @ — NPABOTO BpalleHHs; ( — JEBOro BpalleHHs
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IloxzBox BO3AyXa K OCEBOMY BEHTHJISI-
TOPY OCYIILECTBJSETCS NPH NMOMOIIH 3aKpyTJIeH-
HOTO KOJIJIEKTOpa ¢ JuaMeTpoM D, HMeoLero
noc/1e cebsi IJIMHY NPSIMOTO yuyacTKa HOpsiiKa
D /2. Harueranue Bo3jJlyxa B 3TOM cjlydae Jyulle ~
OCYUIECTBJIATb NpPH NOMOWM AHpdy3sopa. s
obecrneyeHys NJIaBHOTO BXOJa BO3AyXa H YMEHb-
IIeHH s TI0TepPb AaBJIEHHS Ha BEIXOJe MpPeNyCMOT-
PEHO HECKOJBKO CXeM OCeBbIX BEHTHJISTOPOB
(puc. 10.5) ¢ ucnosb3oBaHHEM BXOAHBEIX HaNpa-
Basiomux (BHA) u cnpsiMasiomux annapatos
(CA), ycraHaBaHBaeMblX JO H Tocje pabouero
koseca (K).

Puc. 10.5. Bosmoxnme

10.3. MOCHEAOBATEIIBHASL opopr oo

U NAPAJUIEJIbHAS PABOTA 1 — paGogee koJjaeco; 2 ——
BEHTUJISITOPOB HA CETb  (hPamamomud amnapat 5 o

BXOLHOK HampaBJasiomu# an-

Heo6X0auMOCTh  YCTAHOBKH ~ HECKOJbKHX — "oPT
COBMECTHO paboTaiollMX BEeHTHJIATOPOB BO3- :
HMKaeT B cJyyasiX, KOTLJa: OJHMH BEHTUJATOp He o0ecnedHBaeT Tpe-
6yemMOH IIDOHM3BOJAMTEIBHOCTH M JaBjeHHsI, a 3aMeHa ero JApyrum
HEBO3MOXHA; 1O XapakTepy pabGoThl BCeH CHCTEMbI B LEJIOM Tpe-
O6yeTcss pe3Koe TIPOLOJIXKUTEJbHOE H3MeHeHHe . [IPOHU3BOAUTETbHOCTH
H JaBJjeHus (peTyJHPOBaHHE OTKJIOUEHHEM OJHOTO M3 BEHTHJISITOPOB);
Heo6X0UMO 00ecleuuTh HaJeXKHOCTb PabGoThl BCEH CHCTEMBI B IEJIOM,
uyero Jo6GHBAIOTCS IyTEM CO3JAHHS pe3epBa; CHCTeMa BO3AYXOBOJOB
C0XHa H pa3BeTBJEHA H YCTAHOBKA HECKOJbKHX BEHTUJISITOPOB HEH3-
06eXHa 1O KOMIIOHOBOYHO-NIJIAHUPOBOUHEIM TPeGOBAHHSM,

3a HCKJIOYeHHEeM PacCMOTPEHHBIX CJyuaeB clefyeT H3GeraTb COBMeCT-
HOH YCTaHOBKH HECKOJbKHX BEHTHJSITOPOB, TaK KaK 3TO HEBBITORHO.
Ha npakTuke X GOJbIIHM OIIHGKAM [PHBOJMT MHEHHE O TOM, YTO HDH
nocJiefoBaTebHOH paboTe BEHTUJASTOPUB JaBJeHHS], pPa3BUBaeMLIE BeH-
THJIATOPAMH, NPOCTO CKJAJBIBAIOTCA TaK Ke, KaK UX INPOH3BOAHUTENb-
HOCTH NpPH NapajyieJbHOM BKJIOYEHHH. DTH TOJNOXKEHHS OOOCHOBAHBI
JIUIID B H/IeaNH3UPOBAHHOM C/y4ae COeAUHEHUSI COBEPIIEHHO HIeHTHUHBIX
BEHTHJIITOPOB TNIPH CTPOLO OrOBapHBaeMBEIX YCJIOBUSIX HMX. COeIHHEHHUS
U 3KcnayaTanuu. Ha nmpakTuke Takoe coefdHeHHE BBI3BIBA€T CHHIKEHHE
3KOHOMHUYHOCTH M HaJEXHOCTH 3KcIyaTtanuu, ITocnenosatenbHoe coeau-
HEHHE BEHTUJ/IAATOPOB HCNOJb3yercss B clydae, Korja Hal0 YBEJHYHTb
JaBJieHHe INIPH NPAKTHYeCKH HEH3MEeHHOH IpOHM3BOJUTENLHOCTH. -

[Ipu nociefoBaTeNbHOM - COeIMHEHHH BeHTHasiTopoB (puc. 10.6, a)
CYMMHPYIOT OPJHHATh XapaKTEPUCTHK BEHTHJIATOPOB. XapaKTepHCTHKA
cet po = f (L), BK/IOUaomas coeuHATENbHLIH Y4aCTOK BEHTHISTOPOB,
nepecekaeT CyMMapHYIO XapakKTepHCTHKY B paboueH TouKe € KOOPHH-
HataMH pp, ¥ L, Tlpu mnapannenbHOM BKJIOYEHHHM BeHTHJISTOPOB
(puc. 10.6, 6) cymmupywoorcs aGCUHCCHl MX XapaKTepUCTHK. PabGouas
TOUKa TpeJCTaB/sieT coGOH IlepeceyeHHe CYMMapHOH XapaKTepPHCTHKH
BEHTHJIITOPDOB C XapaKTePHCTHKOH ceTH p, = [ (L), BKIOYaomei
B cebs1 CONMPOTHBJEHHS COEIHHHTENbHHIX YYacTKOB.
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Puc. 10.6. CymmapHble XapakTepHCTHKH COBMECTHO BKJIOYEHHBIX BeHTHJSA-
 TOPOB: @ — MOCJAENOBATENbHO; § — MapajiesbHO

- DTH HJealM3HMPOBAHHBEIE CJyYau BKJ/IOUEHHS TPYAHO OCYIIECTBHMBLI
Ha npakTHke. CObIYHO BEHTUJASTOPH OLIBAIOT yJAaJeH®Bl APYT OT Apyra.
B srom cnyuae MCHoab3ywT TaK HasblBaeMble «XapaKTEPHUCTHKH JKBH-
BaJIeHTHBIX BEHTHJIATOPOE», NpPUBEJEHHbIE K TOYKE COeIUHEHUS JIMHHH.
DTH XapaKTePHCTHKH YUHTHIBAIOT TOTEpH NaBJEHHS B COEAHHHUTENbHBIX
y4acTKax, T. €. HCKJ/IO4aeTcsl U3 pacCMOTDEHHS YacTh JABJEHHS, CO3[a-
BaeMasi BEHTHJIATOPOM M PACXOAyeMasi Ha IPeojoJieHHe BHYTPUKOMMY-
HHKAUHOHHBIX NOTeps JaBJeHus. MHorja HCNoNb3YIOTCS «IPHBEICHHBIE
XapaKTePUCTHKH CeTH», B clyuae, €CJH OJUH M3 BEHTHJATOPOB paccMma-
TPHBaeTCsl KaK 3JEeMEHT CeTH, NOJAKMIOUEHHBIH K ADYTOMy BEHTHJSATOPY.

ITH HCKYCCTBEHHBIE NIPHEMBI NO3BOJAT BEPHYTHCH K PacCMOTPEHHUIO
HIeanbHBIX cayuyaeB coepuHenusi (puc. 10.6). Kak BupHo u3 rpaduka,
IpH NocJefoBaTebHO PaboTAOMMX BEHTHASTOPAX Ha CeTb MX NPOU3BO-
JUTeNbHOCTb OYyIeT paBHAa NPOU3BOAHTENBHOCTH KaxKAOTO BEHTUJSTOpA
[Ip1 aBTOHOMHOH UX paboTte, HO GoJibllle ueM NPU pa26oTe Ha CeTh KaXKA0ro
BEHTHJISITOPA B OTAENBHOCTH. T0 XKe caMoe MOXKHO CKa3aTb U O JaBJeHHH
NpH NapajjiebHOH paGoTe BEHTUJAATOPOB Ha CETh.

O6was MOIIHOCTb COBMECTHO paboTalolHX BeHTHAsiTopoB N pas-
HseTCsl CyMMe MoOIMHOCTell Kaxjaoro BeHTHaAdTopa, KIIJL Xe BeHTH.s-
TOPHOH YCT@HOBKH H3 JBYX BEHTHUJISITOPOB JOMKEH OBITb pacCuHTaH
N0 3HAYeHHsaM Ly, p, u N.

. PaccmoTpuM nociefoBatenpHylo p26oTy ABYX BEHTHJSITOPOB B CH-
CTeMe KOHJMUMOHHMDPOBAHUS BO31yXa, B KOTOPOH HUCIOJBL3yeTcs IepBas
peuupkyasuusa Bo3ayxa. B cxeme (puc. '10.7) mas Bo3aeHCTBHA Ha
XapakTepuCTHKH yuacTkoB [/, /1 u /1] npeaycMoTpeHa ycTaHOBKa pery-
JHPYIOIIKHX KJaanaHoB. HapyxXHbeIH BO3AyX Ly mocTynaeT B CHCTEMY
yepe3 3a6opHOe YCTPOHCTBO [; B Y3JIOBOH TOYKe ¥; K HEMY IOAMEIIH-
BaeTCs 4acTh BBITSXKHOrO BO3Ayxa L,, Toraa o6WHE BO3LyXOOGMeEH
cocraBut L = Ly + L,. Ha Bri6poc uepes ycrpoiicteo 3 noiner L—L,
Bo3ayxa. Ilpu Jc60M cooTHOweHHH Ly v L, MpoH3BOAUTENbHOCTh BEH-
THJASATOPOB 4 M 8 Jo/xkHaA ObITe OJUHAKOBOH W paBHoH L. [laBjeHue
BEHTH/ISITOPOB PaCXOAYeTcsl Ha IpeoJoJeHHe pasJjHYHBIX IIOTepb, Kak
3TO NOKa3aHO Ha 3Miopax JaBJeHHH,
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Puc. 10.7. PaGora AByX BEHTHJASTOPOB C NepPBOii pelHPKYIsLHeli:
1 — BO3AyX03a60pHOe YCTPORCTBO; 2 — KJIANMaHbl Peryaupymoluue; 3 —
BO3JAyXOBHIGPOCHOE YCTPOHCTBO; 4 — BHITAXHOH BEHTHJASTOD; 5§ —
TMOMeIeHHe; 6 — BHITSXKKA; 7 — BO3AYXOPAacCIpeleJHTeNbHOe YCTPOofi-
CTBO; &8 — TPHTOYHRIH BEHTHJAATOP; 9 — KOHAMIHOHED

PerynupoBaHue CHCTEMBI OCYLIECTBJISI€TCSl OBOPOTOM JIONACTeH KJaa-
naHoB 2 Ha HeoGXOAMMYI0 MAaKCHMaJbHYIO BEJHYHHY, KOTOpasi corJa-
cyercs ¢ cOnpoTHBJAEHUAMH yuacTkoB [, [] v 1[I Tak, ytc6nl cbecnevn-
BaJIOCh PaBEHCTBO JABJIEHHH B Y3JIOBBIX TOUKaxX &) H ¥,, T. €. p; = P,.
DTO paBeHCTBO JAOJKHO BBINOJHATLCSA NPH JICOBIX pacxojaxX BO3AyXa.

10.4. PETYJIHPOBAHHUE PABOTbI
BEHTHJISITOPHOA YCTAHOBKH

Kax 6bl10 PacCMOTPEHO EBBIIe, BEHTHJASTOP, paGoTaloliiii Ha CeTb,
JOJXeH 00ecrieynBaTh pacueTHble PEXHMb pa6oThl (Ly, py). B nmpakrtHke
SKCIJIYaTallHy TaKHUX CHCTEM 4acTO BO3HMKAET He0GXOJHMOCTb B H3Me-
HEHHH JABJEHHUS HJM NPOH3BOJAUTENBHOCTH, T. €. B yIPaBJEeHHH CHCTe-
MO BEHTHJAATOP—CeTb. [Ip¥ 3TOM OGBLEKTOM YIpPaBJEHHS MOKeT SB-
JNATbCS KaK CeTh, TaK H BEHTUJIATOP. PeryiupoBaHHe MOXKHO OCylie-
CTBJISATH JABYMSI CHNOCOOAMH: H3MEHEHHeM XapaKTeDHCTHK BEHTHJASTOpa
HJIH CETH.

[TepBoift cmoco6 GoJiee 3KOHOMHYEH, H €ro MOXKHO OCYUIECTBHTb
nyTeM H3MeHEeHHH 4YacTOTHl BpalleHHs KoJeca BEHTHJ/ISTOpa, €ro reo-
METPHUECKHX [apaMeTpoB HJM HCMO0Jb3ys HalpaBJsoOle annaparhl.

Bropo#t cnocob6 MOXKHO peann3oBaTb, M3MEHsIl CONPOTHBJIEHHUS CETH
¢ TIOMOIIBIO peryJHpyloLel apMaTypel. IDTOT CIocoh TNPOCT, OXHAKO
OH HESKOHOMHUYEH M TIO3BOJIAT OCYLIECTBJATL DPEryNHPOBKY - TOJNBKO
B CTOPOHY YMEHbIIEHHS TPOH3BOAUTEIbHOCTH.

JIJIsl OLEHKH TOTO HJIM MHOTO crnoco6a PeryJHpOBaHUs BEHTHJIATOPA
HCNONbL3YIOTCA OGBIYHBIE XapaKTepUCTHKH p = f; (L), N = [, (L), n = .
= fy (L) (monyuaeMble NpU HCTBITAHHH Ha CTEHAE M PA3JHYHBIX HOJO-
JKEHHAX peryJHpYIOLIero oprasa), KoTopble MOXKHO npeACTame B Bu,ue
PeryJHpOBOYHEIX XapaKTePHCTHK:

N/N, = F, (L/Lg); N = fl (L/Ly);
Mg = Fy (LILo); m = fy (L/Ly),

rae Ly, Ny, My — NMapaMeTpel BeHTHJASTOPA B HCXOAHOM pexume, a L,
N, m — nmapaMeTpsl BEHTUJATOpPA NPH ONpPefeeHHOH XapaKTepHCTHKe
CeTH, HO NpPH DAa3JHYHEIX MOJNOXKEHHAX PeryJHpYIOlero opraxa,
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Puc. 10.8. Xapakrepucru- Puc. 10.9. Hanpamasiompue annaphTu:
KH BEeHTHJATOPA NPH pery- @ — 0ceBOi; 0 — pagHanbHBIH:
JHPOBAHHH €ro mnpOH3BO- . I — HA; 2 — xopnyc; 3 — KoJseco
JHTEJbHOCTH

HNHoraa mnonb3yiooTcss NOHATHEM INMIYGHHBI peTYJIHPOBAHHUsI, Tpe-
craBasiomel co6ofi orHomenue (L, — L)/L,, U KPHUBEIMH H3MEHEHUS
momHoctH — (N, — N)/Ny, = F (L). DKOHOMHYHee CyuTaeTcs TOT CIIO-
cob, PH KOTOPOM OGEeCNeuynBaeTCs GoJiee GBICTPOE YMeHbILEHHEe NOTpe6-:
Jsiemoit MowHocTH (Gosee MeasenHoe cHixkenne KIIJ]) mo mepe yMmeHb-
IIeHHs] TNPOU3BOJUTENBHOCTH,

PaccmoTpuM passiuHbie cOCOGbl PETyJIHPOBAHHS PajHaNbHBEIX BeH-
THIAATOPOB. [lepBblfi — HauboJMee MIPOCTOR MOKHO peasu3oBaThb Ha NpPakK-
* THKe JPOCCETHPOBAHHEM IIOTOKA BO3AYyXa B CETh C IIOMOLIbIO 33JBHKKH,
wHbepa uIM Apoccens (Apocceib MOXKeT GbITb YCTAHOBJIEH 10 WJIH INOC/Te
BeHTHNATOpa), OfHAKO IpPH YCTaHOBKe Jpoccessi B HEMOCPENCTBEHHOH
6JM30CTH OT OTBEPCTHH BEHTU/ISITOPA OH KOCBEHHO MOXKeT OKa3blBaTh
BJHSIHHE HAa XapaKTepUCTHKY BeHTuasaTopa. Ha puc. 10.8 mnoxkasaus
HU3MEHeHHUs XapakKTepHUCTHK BEHTHJSTOpa IIPU 3TOM crocobe peryJupo-
BaHMsA. YCTpoHcTBa, ofeclneyHBaipllye [IpOCCeNTHPOBaHHe (3aJBHIKKA,
wubep, Apoccesb), NPOCTbI, HANEXKHBI H JELIeBBl, N03TOMY 3TOT CIOCOO
BeCcbMa pAcCOpOCTPaHEH, OJHAKO OH HESKOHOMHYEH, TaK KaK BHI3HI-
BaeT peskoe cHuxeHue KIIJL BEeHTUJNSTOPHOH yCTAaHOBKH.

" Pery/anpoBanue BEHTHJAATOPA C NOMOLIBIO HANPABJSIOMErO annapara
(HA) ocymecTBiisieTcsi MOCPeACTBOM 3aKPyYHBAaHHs IMOTOKA Iepej KoJe-
coMm. Ha stom npunmune ocroama paGora Bcex JOMaTOYHHIX H Ges-
gonatoyHsiX HA. [aa wpeanusnpoBaHHOTO KoJeca pajuajbHOr0 BEHTU-
JISITOpa JaBJjieHHe, UM CO3JlaBaeMoe, paBHO (CM. I, 8)

p = 0 (Coulty — Crulhy),

T. €. PEryJIHPOBAHHE JOCTHTAETCH H3MEHEHHEM OKDYIKHOH COCTaBJAIOLIEeH
€1y ab6COMIOTHOH CKOPOCTH ‘TIOTOKA Ha BXOJE€ B BEHTHJSTOP.

~Kak mnoxkaszano B [27], ayumine peryJupOBOUHBIE XapaKTEPHUCTHKH
HMEIOT pajHajbHbBlE BEHTHUJSATOPH C JONATKaMH, 3aTHYTHIMH BIEpe],
II03TOMY HecMoTpsl Ha Gosee HH3KHH KIIJ| TakHuX BEHTHJATOPOB, COOT-
BETCTBYIOIIUH HCXONHOMY pEeXUMY, IIDH pEeryJHPOBaHHU HUX CpelHe-
skcmryataunorusifi KITJI moxer okasathes Boime KITJT BEHTHJIATOPOB
C 3arHyTHIMH Ha3aj JIoTaTKaMH, HMEWHMH 60J1ee Beicoku#t KITI npu
HCXOJHOM DEeKHME.

234



/2/
/22
<
__l
11
..{_, L
L
z Ly Lz by L
Puc. 10.10. ¥YnpouwesHnii Ha- Puc. 10.11. XapakTepHCTHKH
NpaBASIOMMIA annapar: BEHTHJISITOPA NpPH  PEryJaupo-
] — nonatku annapara; 2 — BXOA- BAaHHH €ro TNPOH3BOJHTEJbHO-
' HOH# naTpyGox CTH H3MEHEHHeM YacTOThl Bpa-

nieHusi paGouero KoJaeca

115t pajvajbHBIX BEHTHJASTOPOB HaUGOJEe WIHPOKO IPHMEHSIOTCS
oceBrie (OHA) (puc. 10.9, a) u paguansuse (PHA) (puc. 10.9, 6) na-
npapJasomye annapatel. OCeBoH HalpapasOWHUE anmapar COCTOHMT! M3
MIOBOPOTHBIX JIONATOK (IPAMBIX UJH KPYTJBIX), CBA3aHHBIX OOLIeH BTYJI-
KOH M yCTaHOBJIEHHBIX BO BXOJHOM HaTpyOKe nepej koJecoM. IIpu moso-
poTe JIONMAaTOK HaNpaB/fIOIEr0 aNlNapaTa B HeHATpa/JbHOE IOJNOXKEHHE
OHH 3dKDHIBAIOT NPOXOJHOE ceueHHe, c/Ierka NepekpriBasg ApPYyr Apyra.
B cayyae PHA HanpasJsiomue JIonaTKy yCTaHaBJIHBAOTCA BHE BXOJIHOTO
narpy6Ka ¥ BO3[yX NOABOJMTCS K HHM HE B OCEBOM, a B PalHalbHOM
HalpaBJieHHH, TI03TOMY HMEIOT * MECTO O,ZLI/IHaKOBbIe 0 BceH IIHpHUHE
JIOTIATOK YCJOBUA TEUeHHS.

YnpoleHHb HanpapJIsOUK# annapar (YHA) cocrout n3 HeckoJsb-
KHX JIOIIAaTOK BO BXOJHOH KOpo6Ke. B oriMuue oT jpoccens, OH IIpen-
HasHa4yeH He I/ H3MEHeHHsI XapaKTepHUCTUKM CeTH, a /ISl U3MEHEHMsH
XapaKTePUCTHKH BEHTUJSTOpPa IOCPEACTBOM 3aKpPYUYHBAHHS IOTOKA Ha
BXOZie B KoJleco BeHTHasATOpa.. [IpH 3ToM Jonatku YHA 10/KHBEL 3aKpy-
YHBaTb NOTOK B CTOPOHY BpallleHHs KoJeca M YCTaHaBJUBATbCH KakK
MOXKHO 6J/IM2K€ OT BXOAHOTO NaTpy6Ka, uToObl u3bexaTb addekra pac-
KpyuuBaHusi moroka (puc. 10.10).

TloMumMO paccMOTpeHHBIX annapaToB LIHPOKOE IIpHMEHeHHE HalllIH
U BCTPOEHHHIe HampamJsitone anmapatsl (BHA), npencrasiasiomue
cHCTeMy JIONATOK, YCTaHaBJHMBaeMblX BHYTPH pabouero koJeca, mapafi-
JIeJIbHO BXOAHBIM KPOMKAM €ro JIONAaTOK TaK, YToGb!l HCKJ/II04aI0Ch PACKPY-
YHBAHHE TI0TOKA.

B oranune ot pacemorpennnix HA UHJTHHAPHYECKH HanpaBJImomHH
annapaT (LIHA) npencraBisier co6oil OTKPBITEE MOJYUHIHEAD, PACoo-
JKEHHBIH COOCHO ¢ KoJecoM. B HefTpaJbHOM IONOXKEHUH OH He 3aKpy-
9HBaeT IIOTOK, AJs CHHXKEHHSI NPOHM3BOAUTENBHOCTH €ro INoBOPayHBaioT
BOKPYT OCH B HalpaBJeHHU BpalleHus pabGouero xoJeca. YeMm Gofblue
yTOoJ €ro MoBOpoTa OTHOCHTEIbHO HEHTPANbHOTO IOJIOKEHHS, TeM HHIKE
I1POM3BOAUTENBHOCTD,

JI0BO/IBHO IIHPOKO TIPUMEHSIIOT PeryJIMpPOBaHHe MPOH3BOAUTENLHOCTH
BEHTHJIATOPOB 3a CYeT H3MEHEHH I YacTOTH BpalleHns Koseca (puc. 10.11).
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; M3meHenust yacToTel Bparle-
Puc. 10.12. PeryaupoBanue u3meHeHHeM HHSI KoJleca BEHTHJSATOPA MOXKHO
LIHPHH B paﬁ?qero KOReCa: @ — MepeABHX-  noCTYTIHYTL: NPHMEHEHHEM JBH-
HblM JHCKOM; 0 — MEPEASMMHMM MATPYG-  L.reng ¢ peryampyemoi uacto-
TOH BpalIEHUS H CHelHaJbHbIM
npeoGpasoBaTeeM HYACTOThI, yCTAHABIMBAEMBIM MEXKIY BEHTHJIATOPOM
U gpurateneM. A peajusanud mepBOoro cnocoba MCNOAb3YIOTCH:
3JIEKTPOJBHTATEH C pEOCTaTOM B I[eNH poTopa (3JeKTPOABHIATETH
¢ (asoBEIM pOTOPOM) H JABYX- M TPEXCKOPOCTHBHIE, MPHUBOABI OT
TEIVIOBBIX, MNAapOBbIX H Ta30BBHIX MAIIHH; BEHTH/bHBIE HACalKH, Bbi-
HOJIHEHHBIE HA IMOJAX MJM THPHcTOpax. [/ peanusaluu BTOPOFO CIO-
co6a MCHOJb3YIOTCA: THAPOMY(TH, HHAYKTOPHBIE MY(DTH H BApHATOPHI.

[ToMHMO paccMOTpPEHHBIX NPHHIMIIOB PEryJIHPOBAHUS HPHUMEHSIOTCS
TaKxKe CHOCOOH, CBSI3aHHBIE C H3MEHEHHEM T'eOMETPHUYECKHX TapaMeTpoB
pabouero KoJeca: WHPHKBI, YI/a YCTaHOBKH JIOTIATOK, TOBOPOTA 3a-
KpPBUIOK JIOTIATOK.

B TmepBoM cayyae peryJHpoBaHHE NPOM3BOJAUTENBHOCTH BEHTHJIS-
TOpa JOoCTUTraeTcss H3MEHeHHEM KHHEMaTHKH NOToKa B KoJece, Pasnuy-
Hble BapHAHTHl pelleHHs 3TOro crnoco6a AJsl pajuajbHEIX BEHTHJSTOPOB
nokasassl Ha puc. 10.12. Ir1oT cnoco6 npuMeHsieTcs Takxke U AJAS AHa-
MeTpaJibHBIX BEHTHJISITOPOB.

BTopoit croco6 uwame NpHMEHSeTcs VIS OCEBHIX H IPONeJIepHBIX
BEHTUAATOPOB. [IpH perynnpoBaHHM yria YCTaHOBKH JIONATOK OCEBBIX
BEHTHJIAITOPOB MOXKHO 00ecHeurBaTh TEXHHUECKHEe NIapaMeTPhl KaK BHIlE,
TaK M HHXKe ONTHMa/lbHBEIX NapaMeTpoB BeHTHAATOpa. [lo Mepe yaanenus
OT ONTHMAaJbHOH. TOUKH paboTel BeHTUJAsiTopa nouuxaercsa KIIIL, HO oH
MOZKeT IOAAepKUBAThCA BOGJIM3H MAKCHMaJbHOTO IPH He0OJbILIOM AHa-
na3oHe PeryJHPOBaHHS.

TpeTtuit cnoco6, B NpUHLHIE, MOXKET GHITH HpHMeHeH I/ BCex JIo-
NaTOYHBIX BeHTWJATOopoB. Ha puc. 10.13 nokasaHel pery/HpOBOYHBIE
xapaktepuctukd Buia N/N, = f (L/L,) A5l BEHTHJIATOPA C MOIIHOCTBIO
asuratens 800 kBt ¢ yuerom ero KII/l. AHanuanupys HoJoxKeHHS KpH-
BLIX Ha puc. 10.13, MOXKHO clenath CJAEYIOliHe BHIBOJbL:

AJ1sl PEryJIMPOBAHUS PAaAHANbHEIX BEHTHIIATOPOB C JIONATKAMH, 3arHy-
TBIMH BII€peJ,, C 3HEPreTUYeCKOH TOUYKH 3peHus MPEATIOAUTHTENbHO
IpUMeHeHHe HaNpaBJsoONEero amnnapara,

IIpPUMEHeHNe HalpaBJsiollero annapara (KpuBnie 4 4 5) 5KOHOMHYHEe
B CpaBHEHHH C peryJHpPOBaHHEM IIPOM3BOJHTENBHOCTH BEHTHJATOPA
C HOMOIIBIO JpOCCeis;

IOPH peryJupoBaHHUH IPOHU3BOAUTENbHOCTH OCEBBIX BEHTHJSTODOB
¢ MOMOIIbIO U3MEHEHHS yIVIa YCTaHOBKH JIONATOK pabouero Kojeca obec-

236



neyuBaercsl MJaBHas YCTaHOBKA Tpe-
6yeMblX MapaMeTpoB, OJHAKO 3TOT
croco6 TeXHHUecKH OoJiee CJOMKHBIH
B CpPaBHEHHH C JAPYTHMH,

Ilpu cpaBHEHHH KOHKYPUPYIOWIUX

BAPHAHTOB pEryJUPOBAHHS H BHIGOpE
TpeGyeMoro pelieHusi cjaelyer oIepH-
pPOBAaTh J@HHBIMK TIOJTHOTO TEXHUKO-

- 9KOHOMHYECKOTO aHa/H3a, [eJeBoro
HasHaueHHss YCTAaHOBKH M  pexuma
ee. paboThl. :

10.5. BbIBOP -

H YCTAHOBKA

BEHTHJISITOPA

 BriGop BenTHssiTopa mias  o6Cay-
JKHBAaHUSI CHCTeMBl (00DbeKTa) 3aKJlo-
YaeTcsi: B ONpPeJeJNeHHH ONTHMANbHbIX
pas3MepoB, THIA M KOHCTPYKIHH, OT-
Beyaplledl  [ETeBOMYy  Ha3HaYeHHIO,
" IpH  YCJAOBUM oOOecHeueHHs yCToHuu-
BOH paboThl BO BCeM JAHANa3OHe pery-
JUPOBAHUS W HpPHEMJEMBIX 3HAUYEHUSX
KII u ypoBHs mryma.

st pacuera KOHKDETHOTO BEH-

- HaNPaBJISIOIIHM aNTapaToM;

A

/)

S

3% 7

0,8L/L,

a 4z G4 46

Puc. 10 13. PerymupoBouHbie Xxapax-

TEPHCTHKH BEHTHJIATOPOB:

1 — ufeaJbHOTO0; 2 — PajgKHaJbHOTO C Ie-
pemeHHoll yacToTo#f BpameHHs; 3 — oce-
BOro ¢ H3MEHEHHEM YIJa YCTaHOBKH JIO-
naToK; 4 — pPafiHaJILHOTO C JIONaTKaMH,
3arHyTHIMH Haszaj, W OCeBLIM HANpaBJsdio-
L{HM annapaTtoM; 5 — pafiHaJbHOro C Jo-
MATKAMH, BarHYTHIMH BIEDEN, K OCEBHIM
"6 — paju-
aJIbHOTO C JIONATKAMH, 3arny'rbmn Hasaf,
M ApocceneMm

THUJAATOPA HEOGXOIHMO HMEThb CJefyio- :

myto uHpopManuio: ofbeM MepeMellaeMoro BO3AyXa, conpomBneHHe
CHCTEMBI, TEPMOAMHAMHUYECKOE COCTOSIHHE BXOJAIIETO BO3AyXa H Hajinuue
B HeM INbIH WK abpasHBHBIX YACTHIL, KOPPOSHOHHBIX MapOB HJIH BOC-
TNJIaMEHSIIOMKMXCs Ta30B; CTelieHb BO3JEHCTBHS CPEIbl Ha 3/IEKTPOJBH-
raTein; 6apomeTquecxoe JaBJIeHHe U BBICOTY MECTHOCTH Hajl ypOBHEM
MOpSl; BO3MOXKHBIE M3MEHEHHS XapaKTepHCTHKU CEeTH; pPaclioJaraeMyio
TVIOWANb /ISl YCTAHOBKH BEHTHIATOPA; NOMYCTHMbIE HATPY3KH HA CTPOH-
TeJIbHble 'KOHCTPYKIUH,

KoHKpeTHBIH BEHTH/IATOP BbIOMpAETCs H3 YHCAa CepUHHO BBHIIyCKae-
MBIX BEHTHJATODOB OJHOTO THNA. THNOpa3MepHBIH PsAf COCTOMT M3 He-
CKOJIbKMX Pas/JMYHBIX IO pasMepaM, HO MOAOOHBIX MO (opMe BEHTUJS-
TOPOB, KaX[IOMy H3 KOTOPLIX NpHCBaHBaeTcs cBoi HoMep. Homep omnpe-
JeJIsieTcst HapyKHLIM JMaMeTpoM pafouero KoJeca, H3MEPEHHHIM B Je-
IIMETpax.

OnmHoit M3 XapakTePHCTHK CTAHAAPTHBIX BEHTHJSATOPOB SIBJSETCS
KPUTEPUH OBLICTPOXOJHOCTH Ay Onpe,ueneHHou Mapke BeHTHJmTopOB
COOTBETCTBYET OIIPEILEJIGHHI)IH Tnnopasmepﬂbm pAX.

st 1060T0 BEHTH/ATOpPA B PaMKax JaHHOTO THIOPAa3MEPHOTO PAAa,
paboTaloIEro B PEXKUME Mpax, OYNET MMETh MECTO MPAKTHUECKH OfluHa-.
KoBasi ObICTPOXOAHOCTb. Tak, Al1s Bentuastopos 114-70 KpUTepuit Gbi-
CTPOXOAHOCTH fig & 70 TPH Myax = 0,8. '

Hns 0CeBOTo BeHTHAATOpPa 0,6- 320 Ne 6,3 OLICTPOXOJHOCTb OYJIEeT.
cocraBmATe ny = 320. Jna pacuera 6bICTp0XO,II.HOCTPI Heo6X0nHMO
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3HaTb YacTOTy BpalleHHsl BaJja BEHTHJSTOpPA, BLIGOP KOTOPOH MOKET
ObITh BLITIONIHEH cjelyomuM of6pasoM. Eciu Basibl BeHTHAATOpA H
3JIEKTPOJBHTATeNAsl CBSI3aHBl HEINOCPEACTBEHHO Ge3 TPAaHCMHCCHH, Ya-
CTOTa BpallleHHs YKJAaIblBaeTcsi B cTaHmaptHumil psx (500, 600, 750,
1500 u 3000 06/mun). O6bIYHO OrpaHMYHBAIOTCA PaAcyeTOM ny, s He-
CKOJIbKHX YaCTOT BPAIICHHS, TaK KAK OCTalbHEIE 3HAYCHHS My BBIXOAAT
3a npejesibl BO3MOMKHOCTEH TOTO HJM MHOTO BHAA BeHTHJIHTopa Jlasee
N0 XapakTepHCTHKAaM, NpPHBEJIEHHBIM B KaTa/lorax, BeIOHpaIOT HanboJsee
MOAXOAAIINN THI H HOMep BEHTH/IATOpPA. 3aTeM BHIGHPAIOT 3JEKTPO/IBH-
rateqp. B Apyrux cayuasix yacToTa BpalieHHst ONpeJIe/SeTcs BOMOK-
HOCTSMU TpHBOZA.

Hcxons u3 o6WHMX TOJOMKEHHH MeTofa MNoAoGHs, €CJH I0JararTh,
YTO JJIsl AAHHOTO THIIA BEHTHUJSTOPOB BHINOJHSETCS YCJIOBHE

Re, = ﬂfi = idem,

OKaXKeTCsi, UTO IPH CXOACTBEHHBIX pexuMmax sHauenust KIIJ, p, L u N
OyLyT OIMHAKOBEL. IJTO I03BOJSET, DAacCYHTaB OBICTPOXOAHOCTb IS
HCXOJAHBIX NapaMeTpoB, BhI6paTs HaunboJee ONTHMAJbHYIO a3pOAHHAMH-
YeCKyl0 CXeMy BEeHTHJSITopa.

Hicxons M3 BbIIECKA3aHHBIX NMOJIOKEHHH H HCIOJAb3ysA Ge3pasMepHbIe
XapaKTEePHCTHKH 1J1s1 JaHHOH aspOAMHAMHYECKOH cXeMbl (THIla) BEeHTHJS-
TOpa2, MOXHO IIOCTDOMTb METOJIMKH HX nojabopa. PaccMoTpum MeTof,
OCHOBAHHBIH Ha HCNOJNb30BAHMH TAKOH XapaKTePHCTHKH BEHTHJATOpA,
KaK OBICTPOXOJHOCTH Ay, HyCTb 6ynyT 3alaHbl: IPOH3BOAUTENIHHOCTD
L = Lyin=+Lmax; OCHOBHOH pexuM paGOThl NMPH HPOH3BOAUTENBHOCTH
L.p; nonnoe japjieHHe NPH OCHOBHOM DEXHMeE p; YacTOTa BpallieHHd 7,
TeMIepaTypa H OTHOCHTeNbHAas BJAXHOCTb Ha BXOJAE COOTBETCTBEHHO
T = Ty~ Tmax, © = Qmin ——@max; 0apPOMETPHUECKOE JaBJEHHE pg;
cpela — 4YHCTHIH BO3AYX. 3azlaHHoe JlaBJIEeHHE p TIPHBOAUTCH K _HOpMab-
HBEIM YCJIOBHSIM Pgy = pP,,/0; AaJlee PACCYHTHIBAETCS KPHTEPHUH ObICTPO-
XOJHOCTH

L1/2
Ry =HN—xr.
y P%4

Ilo 3Hauenuio ny, HCNONb3yss Ge3pasMepHble XapaKT€PHUCTHKH
(puc. 10.14, a u 6), BHIOUpAIOTCH a3POAHHAMHYECKHE CXEMBI BEHTH/SATO-
POB, GBICTPOXOXHOCTE KOTOPBIX NPH 1] = Mmax OJAM3Ka K PACCUHTAHHOMY
3HAUYEHHIO ny. [Tpu 5TOM MMeeM B BHAY, YTO PaGOYUM yuyacCTKOM Xapak-
TEPUCTHKH cuuTaeTcs ToT, B KoTopoM KIT/I mensiercst B npenenax 0,Myay.
Haxonsrcs COOTBETCTBYIOLIHE 3HAYEHHS ny (Touka A Ha puc. 10.14, a
u 6), sequund p, L, N, 7. Ilo TOJyYeHHBIM 3HAYEHHAM PACCUHTHIBAKOT
JUaMeTp KoJieca D2, HCIIOIB3YST GOPMY.JIbE

- 2 2
P20 = PPaotiz; Uz = nD"n/60
HIHU .
' L = LFouy;, Fy = nD¥/4.
I[anee paCC‘{HTBIBaETCﬁ Opr)KHaH CKOpPOCTb KoJieca U, A5 OLI€EHKH
HpO‘-[HOCTI/I KoJieca.
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Puc. 10.14. BespasmepHble XapakTepHCTHKH PagHadbHbIX Bennmmopon. a—
4-76; 6 — 114-70

Tpe@yeMym MOLIHOCTb DAaCCYUTHIBAEM IO ¢opmyse
N = NpagusF2/1000.

[lpuBeneHHBIH BHIIIE pacyeT NOBTOPsieTCH AJAs BEHTHJIATOPOB BCeEX
KOHKYPHPYIOIINX a3pOJAHHAMHUecKHX cxeM. PaccunTanHble KOHKYPUPYIO-
lHe BapHaHTBl BEHTHJIATOPOB cpaBHHUBawTcs 110 pasmepam, KIII,
MOIHOCTH Ha BaJly W KPHBBIM peryaupoBaHHsi. [IpH cpaBHEHHH MOIKHO,
HanpuMep, IOJNOXKUTh B OCHOBY IPHHIMI MHHUMH3aUUH MOUIHOCTH,
Macchl, raGapHTOB HJIM INpHBEJEHHHBIX 3arpaT. B ciayuae, ecau mnpo-
U3BOAUTENBbHOCTh BEHTUIATOPA MeHseTCH OT Ly, 10 Lgpax, TO MOXKHO
paccuuTaTh cpejHee snauenue KIIJ no dopmyne ,

n
Y Lips
1
Nop = ————
Lip;
Ni

B Tex cayuasix, KOoTAa 3aiaHbl JAaBJeHHE, NPOU3BOJUTEIBHOCTH H
raGapuTHbIE pasMepbl BEHTHJSITOPA, Ie1eco00pa3sHO HCMOMNb30BATb I
BEIOODA BEHTH/IATOPA KpuTepull rabaputHoctd Dy, 3HaueHHe KOTOPOTO
paccuMThiBaeTcss Mo (opmyJe

Dy = D,L—172p.

ITocse BrRIGOpPa a5pOJAMHAMHMUECKOH cXeMbl (THIa) BEHTHJATOpA IO

ero 6Ge3pasMepHBIM XapaKTePHUCTHKAM pacCUHTHIBAEM HOBOE 3HaueHHe
—1/2 1/47—1/2
Dy = 2n 1/ pé(/)L 1/2,01/4-

DTH aBa 3HauYeHHS CPaBHHBAaeM: OHH JOJKHBI GbiTh GJIM3KH IPYr

apyry no ko3bdHUHEHTY [aBJeHHs HWJId MpousBogurenapHocTH, [lpH
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Puc. 10.15. KOHCTPYKTHBHBIE HCMOJHEHHS PAJIHANBHBLIX BEHTHJAATOPOB OOLIEro Ha-
3HAYEHHS: @ — KOHCOJIbHOE KPellieHHe KoJeca Ha OJHOM BaJy C ABHrarejeM; ( — JIBYX-
ONOpHOe KpeIvieHHe KoJeca (CoelHHEHHe C JBHrartejieM deped MydTy); 6 — KOHCOJbHOE
_KpenJienHe KoJeca (coejHHEHHe C JBHrarejemM uepe3 MmydTy); 2 — AByXonop-
HOe KpeljeHHe Kojeca (coefiHHEHHe C JBHrarejeM KJAHHOPeMeHHOM mnepejavei); 0 —
JBYXONOPHOE KpervieHHe Kojieca JABYCTOPOHHEro BCACHIBAaHHA (CoeflHHeHHe C JBHraTeJeM
yepe3 My(dTy); € — KOHCONBHOE KpemJieHHe Kojeca (CoelHHEHHe C JBHraTejieM KJHHO-
peMeHHOH nepeiadyeil); oK —IBYXONOPHOE KpelJeHHe KoJieca JBYCTODOHHEro BCachlBa-
HHs (coepHHeHHe ¢ JBHraTeJeM KJIHHODeMEeHHOH nepepad4eit)

33J]JaHHOM pEeXHMe pPaBOThl BEHTHJIATOPA ONPEeNsioT YacToTy Bpallle-
HHS pabouero KoJeca Mo opMmyJe:
60 p g 24.32L

n= — WIH N = ~F
aD, P20P LD3

— L p
e L) .
A Fy P20P

Korza ocymecrBieH BbIGOD BEHTHJISATOPA, T. €. ONpeJeNeHb HJIH
3ajlaHpl clelyloliye BeJHYHHBL: p, L, m, N, n, Opucrynamor K BrEOpY
npuBoja. MolHocTb, norpeGisieMasi BEHTHJISITOPOM, MOXKeT GHITb omnpe-
JlesleHa  Kak

2

- _Lr
7 1000n °

B 3aBucumocTd oT cnocoba COCJUHCHHS BEHTHJAATOPA C IBHTraTeJeM
JIOJIKHBLI OBITh - YYTE€HBI AONOJJHHUTEJNbHBEIE TIOTEPH MOIIHOCTH. MOIH,HOCTb
Ha BaJly BEHTHUJIATOpPA C YYETOM NOTEPb €€ Ha TPEHHE B NOAIIUINHHKAX

paBHa

N
N, — -2
n ,rln)

rae Mg &~ 0,96--0,97 — KII, xoTopeifi BLIGHpaeTCss B 3aBHCHMOCTH OT
THIA, YHCIA H COCTOAHMSA MOMIHITHHKOB,
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Puc. 10.16. KOHCTPYKTHBHBIE HCIONHEHHS] OCEBBIX BEHTH-
JATOPOBR 06ilero HasHaueHHs: @ — HAa OJHOM Bajy pabGouee
KoJieco, COpAMISIIOUIHIA anmnapar, ABHraTedb; O — Ha OJHOM
Bany pabodee KoJeCO M ABHraTedb; § — HA OJHOM Bajy JBH-
rateJb Ha omnope H pafoyee KoJeCO; 2 — HAa OJHOM Bady
ABHTraTe]b H paboyee KoJeco; 0 — KOJIECO HAXOAHTCH B BO3-
AYXOBOjie; BaJ H JBHraTejp BbiHeCeHbl HapyKy; e — JABH-
rarelb BOepefH BcachiBaioliero narpy6ka; ogic— ABHraTedb
BbIHECEH 32 MOBOPOTHOE KOJEHO; 3 — JABHraTedb MOACOCHH-
HeH C TMOMOIUBI0 KJAHHOPEMEHHOH mepeiayH

MomuocTs Ha Baly JBHTaTess, OIpPENesieMyld C yYeToM NOTepb
B lepejiaue OT BEHTU/IATOPA K JBUTATENIO, MOKHO PAaCCUMTATh 10 opMye

N
N, = Vo
P 'np’

Ifie A5 KIMHODEeMEeHHOH mepelaud v, = 0,9-+0,95; naa ppyroro tuma
nepejayd 1, BHIOHpAeTcs 10 CIPABOYHHKAM.
PekoMeHyeTcss NpHHHMAaTb DPacyeTHYIO MOIIHOCTb C 3aMacoM:

Ny = kN,
rae k= 1,061,156 — kos¢pdunuent sanaca.
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MotttHocTh, NOTpeGsieMast 371€KTPOABHTATENEM U3 CETH, ONpenenseTcs
no gopmyJe
Nc = Na/"]a,

rae my — KIIJ anekTpoasuratens.

Jns BEINONHEHHs] NpPHUBeJeHHBIX BhHILIE PacyeToB HEOOXONMMO HMETb
HH(pOPMANHUI0O O KHHEMAaTHYECKOH CXeMe CHCTEMBl «BaJj BEHTHJIATOPA —
BaJl ABMTaTeNs» U lepejaBaeMblX YCHANSX U MOMeHTax. [ paguanbHEIX
BeHTUIsATOPOB obuero HasHaueHuss [OCToM npenycMoTpeHO ceMb KOH-
CTPYKTHBHHIX HcnodaHenui (puc. 10.15). Ha puc. 10.16 nokasanel npu-
HATbIE KOHCTPYKTHBHBIE HCIIOJHEHHSI OCEBBIX BEHTHJAATOPOB OOILETO
HasHaueHHs. MHoraa npuxoiuTcst NPUMEHSITb H HECKOJIbKO HHBIE HCIOJ-
HeHHsl, HalpHMEp C NPHUBOJAOM, TOJCOENHHSIEMEIM uepe3 PeAyKTop (A/1si
BEeHTUJIATOPOB IPagupeH), pasaHuHble MyGdTHl ¥ Bapuaropbl. B Kaxuom
KOHKDETHOM CJIyyae 3TH OCOOGEHHOCTH AOJXKHBI ObITh YUTeHbl IpH HOA-
60pe BEHTHJATOPHBIX arperaToB H MPHUBOAA.

10.6. BEHTHJISITOPHBIE ATPETATDI

[Ipu arperaTupoBaHHOH NOCTaBKE BEHTHJIATOPHEIX YCTAHOBOK B KOM-
MJIEKT BXOAAT: BEHTHJ/IATOP, HaNpaBJsIOUMH annapar, 3JAeKTPOJBHIa-
TeJNb, BUOPOM3OJISTOPE, pamMa M T. I. Tak, BEHTHJIATODHHIE arperarel
LEHTPAJbHEIX KoHmuuHoHepoB cepun KTL[ xoMnJexkTyloTcsi BEHTHJS-
Topamu: 114-70 Ne 6,3, 114-76 Ne 8, Ne 12, Ne 16, Ne 20 u 114-100 mBy-
CTOpOHHero BcachiBauus Ne 16/2 u Noe 20/2. BeHTH/NSATOPH UMEIOT DaMy
C TNPYXXHHHBIMH BHGPOH30JATOPAMH, NPHBOA C KJHHODEMEHHOH mepe-
Aave#t. Jlas peryJHMpoBaHHA IPOUBBOAHTE]LHOCTH BCE BEHTHJSITOPHL
HMEIOT HampaBJ/SIOMHH annapar ¢ HCNOJHHTEIbHLIM MEXaHH3MOM 3JIEK-
TPUYECKOTO HJIH PYYHOro MPHUBOJA.

7
2

A

z5
’////17997v—v—v7’/////

VY ORV s/

i W Puc. 10.17. BenTuasrop-
HBi arperatr ¢ BeHTHJS-
Topom L14-100 N 16/2:

1 — sjacTHYHas BCTaBKa;
2 — BEHTHJSTOD; 3 — HABH-
ratesb; 4 — pama; & — BH-
VAR OpOH3ONATOPH; 6 — Iepefa-

9a; 7 -— NPHBOJ HaNpaBJsio-
mero amnapara
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Puc. 10.18. OceBoit BenTHastop 06-300 M 5

AspoiuHaMuyeckie M IIYMOBblE XapaKTepHCTHKH BEHTHJ/ISTOPOB,
KOMIVIEKTYIOIIHX I[eHTpalbHble KOHAHLIHOHEpPH, IpuUBeleHn B [24].

Bentunsitoprbiil arperatT ¢ BentuasaTopom L[4-100 Ne 16/2 nsycropon-
Hero BcachlBaHHUS [oKa3zaH Ha puc. 10.17.

B cucremax BeHTUJSIIHH H KOHIHIMOHHPOBAHHS Bosnyxa HalH
NpUMEHEHHEe OceBble BeHTHAATOPH THna 06-300 (c Homepamu 4—I12,5).
Ha puc. 10.18 moxasan BEHTHJNATOPHBIN arperaT Ha (a3e BEHTHJATOPA
06-300 Ne 5. [1n1st yCcTaHOBKH Ha KPOBJIE 3[aHU HCIOAb3YIOTCA KPhILIHBIE
pazuaJbHBIE H OCeBble BeHTHJIATODH (puc. 10.19, a u 6), Kak npasuo,
OHM CHa0XKaloTCsl BEPXHHMM KOJNNAKOM JJIsl HCKJ/IOUEHHS nonajanus
B arperaT OCaJKOB,

Tpumep 10.1. TTopoGpaTs BeHTHJAATOP, paGotaiomufi Ha CeTh C PacYeTHHMH Tapa-
MeTpaMH: IVIOTHOCTH, IPHBEAEHHAs! K CTAHAApTHOH Py = 1,2 Kr/M%; IPOH3BOXHTENLHOCTD
L = 2,5 m¥/c; conporupienne cetd pe = 1,0 kIla.

BbldnpaeM 4acToTy BpalleHHus Bajia @ = 150 pan/c u BHUMC/ISIeM KPHTepH# GHICTPO-
xopHocTh mo dopmyie (10.7)

0) : 0—)
l_._ %\ )

Iy

1/
l\ﬁ
I

)='

Puc. 10.19. KpsiirHble BeHTHAATOPb: @ — PajHaibHbii; § — OCeBOi

]
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o rpa(pm(y (puc. 10.14) onpexnensiem 6e3paamepnb1e kputepud p = 0,44; T =
= 0,2; N = 0,1. PaccuuTbiBaem cxopOCTb

. Per 1000
Uy = ]/ Fon 0,44'1,2 = 43,5 m/e,
Iuamerp pabouero xoseca .

- 2,5 ,

Dz = WW = 0,605 M
u norpebasieMass BEHTHAATOPOM MOIIHOCTb
0,1-1,2-43,5% )
N = — 00— = 9,8 xBr. \
Cornacuo puc. 10.14 suiGupaem Bentmasrop 14-70 Ne 6,3 u yTounsiem ero xa-

PaKTEPHCTHKH. -
IMMTpumeuwanune. B coorsercreuu ¢ I'OCT 10616—73 BBegeHn caefyioumue

2
uz) >
MOIIHOCTH A = IOOON/ _p_ u3> ; AaBleHus P = p/(-—p— u%), OAHaKO B CNpaBoy-

HOH JHTEpaType 60J1b1HHHCTBO 6e3pa3MepHBIX XapAaKTEPUCTHK MOCTPOEHO C MpHMeHe-
HHeM CTapEIX KpHTepHes L, p u N; bopMysIEl [ns X TepeBoja HMEIOT CefYIOUIHit BHA:

6e3pasmepHble KDHTEPHH KO3GhGHUHEHTOB: NPOH3BOLHTENBHOCTH @ = L / (

L P; ;_—.—;—\b, _N—:—-}»

10.7. OCOBEHHOCTH CYJ0BbIX
BEHTHJIATOPHLIX ATPETATOB

Ha cypax X BEHTHJISTOPHBIM arperaTaM IPeIbsIBASIOT CJAERYIOLHE
3KCIUTyaTalOHHbIE TPeGOBaHUS: HafexHas paboTa B YCIOBHUAX KauKu
4 fuddepenta Npu AJIUTENbHBIX BO3JEHCTBUSAX IUHAMHYECKUX HAKJ/OHe-
HHUH M yJapHBIX COTPSICEHHUH CYyJHA, HAHOCHMBIX €My BOJIHAMH, JIbJIOM
u 1p. [TosTomy HecMOTpS Ha OGLIHOCTb (PH3HYECKHX NPHHUHIIOB QYHKIHO-
HHPOBAHHs TNPOMBIIVIEHHEIX U CYIOBBIX BEHTHJSITODHBIX arperaros,
nocsiefHle 06/1a1al0T PAAOM KOHCTPYKTHBHBIX H CXEMHBIX OTJIMYMH,

PaccemorpuM ocHOBHBIE TPEOOBAHUSA K CYLOBBEIM arperaram M IOKaxKeM
BJIMSIHHE 3THUX TpeOOBAaHUU Ha SHepreTHyYecKye NOKa3aTeJu BEHTUJIATO-
poB. B nepByio ouepenb cleayeT OTMETUTD, UTO B IPYIiIe NPOMBIIIJIEHHBIX
BEHTHJSITOPOB HAUJYUYIIHM CUHTAeTCsl TOT, KOTODbiH INPH BHIIOJHEHHH
CBOEro (yHKUHOHAJbHOTO Has3HaueHUud (mojaue 3aIZAHHOTO KOJHUECTBA
BO3/yXa K norpe6urenio) obnagaer MmakcumanapueiM KI1J1. Ins ycroBui
SKCILTyaTaluu Ha Cyax KI1 ue siBasiercs npuopmeTHon XapakTepH-
CTHKOH, XOTd UM oOcCTaeTcs OJHOH M3 BaXKHBIX.

Tpe6013a1me HaJeXXHOH paGoTHl B YC/AOBHAX KaukH, AuddepeHTa H
YAapHBIX HArpy3okK TpHBOAHT K YBEJHUEHHIO JONYCTHMBIX 3a30pOB
Mex]y paGoyuMM KoJlecaMH U KOPIyCaMH BEHTHJSTOPOB, HO AJs yBe-
auvennss KI1[l, HeoOXOZMMO yMEHBIIATb 3TH 3a30Pbl M TEM CaMbIM CHH-
JKaTh TIepeTeukd BO3AyXa U3 o0JacTell NMOBHIIEHHOI'O IABJEHHS B 30HLI
C TNOHHMXKEHHBIM JaBnaeHueM. Kpome 3Toro, BosjelicTBHe yAapHLIX Ha-
rpy3oK TpefyeT MNOBHILEHHS MEXaHHYECKOH NPOYHOCTH OIOPHBHIX Y3J/0B
paboyero Koseca M yCTPaHeHHs JIOPTOB. DTO YCIOKHACT IOAUIUIHHU-
KOBBIC Y3JIbl MU HECKOJbKO YBEJIHUMBAET MOILHOCTb IPHUBOJA.

OrpanuueHHble CBOGOJHBIE OOBEMEl CYJOBBIX NOMEINIEHUH, CJIOKHOCTD
MOHTaXa BEHTHUJNSTOPHBIX arperaToB B 3arPOMOXKJEHHBIX TMOMEIEeHUAX
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NpeJONpelestioT HCIOIb30BaAHHE Ha CyAaX DajAMaJbHBEIX BEHTHJISTODOB
¢ puamerpom pabouero kogeca 1o 500 MM. YMeHblIeHHE MeOMeTpHUECKUX
pasMepoB NIPHUBOJUT NPH NMPOUHX PABHHIX YCJIOBHUSX K CHHXKEHHIO UHCIA
Pefinonbaca, uto BJaeder 3a coboit nouuxkenue KIII. Hanmpuwmep, mis
BEHTHJAATOPOB C JAHaMeTpoM 'pabouero kKoneca D = 125160 mMm go-
nyckaercsa cHuxenne KIIJ Ha 16 % 0T MuUHHMaAbHO JAONMYCTHUMBIX
3HaueHUH. B CyHOBLIX BE€HTUNATOpPAX B MNOAABAAIONEM OOJIbLIMHCTBE
B KauecTBe HNpUBOJA HCIOJB3YyIOT 3Jekrponpurarenan. Kosaddumuenr
NOJIE3HOTO JefiCTBHSl COBPEMEHHBIX ACHHXPOHHBLIX 3JEeKTpOoJBHTaTesel
cocrapysier 0,6—0,9, npuueM meHeuine 3naveHuss KI1JL cooTBeTcTByIOT
JBUTATEJSIM C MEHBIIMMH HOMHHAJbHBIMH MOIIHOCTSIMH. B pesyabTate
ob6wuit KITJ Bcefi BEHTUNSATOPHOH yCTaHOBKM NpH MomHocTd 1,0 kBT
cocrasasier 0,35--0,5, a as arperatos MomHocThIo 10 30 KBT — BO3-
pacraer xo 0,6—0,7.

Bonbiioe 3HaueHHe HMEIOT 3KCMJyaTallHOHHBIE KadyecTBa BEHTHAS-
TOPHBIX YCT2HOBOK. DTO 03HAauaeT, YTO CUCTEMbl KOHIUIMOHHUPOBAHUS
BO3[yXa, CHCTEMBI OOLIECYIOBOH BEHTUJSLMH, a TaKke CHelHaJbHbe
CHCTeMBI JOJIKHbl YBEPEHHO M HajexHo paboTaTh U HE HMeTh Y3JO0B H
JeTajielt, TpeOylOUUX YacToH 3aMeHbl. [103TOMy HYIKHO OTKa3aTbCsi OT
peMeHHBIX Nepefay W NPOU3BOJUTH YCTAHOBKY paboyero xoJjeca Ha BaJy
3JIEKTPOJBUTATEIA. Takoe KOHCTPYKTHBHOE pellleHHe 3HAuHTeJbHO Cy-
aeT 06/1acTb PaBoThl BEHTHIATOPHOTO arperara B SHEPTeTHYECKH BhI-
roAHbIX pexumax. s obecneyeHus 3aJaHHOrO pacxojga Bo3ayxa L
NpU CONPOTHBJAEHHH CeTH Ap, NOAGOP BEHTHASTOpAa TNPOU3BOAAT U3
JUCKPETHOTO PSia arperaToB BEHTUJISITOP —3JEKTPOABHTaTeNb, NpHUEM

yCTaHOBKe HPHHHUMAETCsl BEHTHJASATOP C JAaBjeHHeM, OOJbHIMM, uYeM
COMPOTUBJIEHHE CeTH, T. €. p, > Ap,. Hcnonp3oBaHue KIMHOPEMEHHBIX
TPAHCMHCCHH MOIVIO Obl TMO3BOJMTb CHHU3MTbL THIOPasMep BEHTHANTOPA,
a 3a cyeT M3MEHEHHsI AMAMETPOB IIKUBOB TOBHICUTH YHCAO OGOPOTOB
paGouero kKoJeca. [lo3ToMy HCMOJb30BaHHE KECTKOH CBSI3H BEHTUJIS-
TOp —JABHTAaTENb B OTACIbHBIX CIydasix paGoThl NPHBOAHT K Nepepacxoay
MOUIHOCTH 3/ICKTPOJBHTaTEIeM.

ILJm CYJOB Ha BOS}IYLUHOH HNOJYLIKE ¥ NOABOAHBIX KPBLIbAX npnopyx-
TETHOH XapaKTepHCTHKOH siBAsiercsi Macca M rabaputel. [losTomy ans
CHHKEeHHS TaGapuUTOB HCIOJB3YIOT BEHTUJATOPHI C JIONATKaMH CHJBHO
3arHYTHIMH BIIEpe];, XOTSl TaKHe CXeMBl BEHTUJSITOPOB He I03BOJSAIOT
nosyuarb Beicokux sHaueHH# KIIIl. OnpepenenHble NepCneKTUBH B CHH-
JKeHUH MacChl U TrafapHTOB BEHTHJSATOPHBIX arperatoB CBSI3bIBAIOT
C HCHOJb30BaHUEM rHIponpuBofa. OHAKO THAPOIPHBOA B CpPaBHEHHH
C 3JIeKTPOJBUTATE/]eM OKa3hBaeTCcsi MeHee 3KOHOMHUYHBIM H o6Jajaer
OTHOCHTEJbHO HH3KHMH 3KCIJYaTallHOHHBIMM KauyecTBaMH,

AkycruueckHe TpPeGOBaHHA K CYJAOBBIM BEHTHJASTOpPaM He OTJH-
qawTcs OT TPeGOBAaHUHA K NPOMBILIJIEHHBIM BEHTHJATODHEIM arperaram,
HckmoueHue cocTaBSIIOT BEHTUASITOPEl, BCTPauBaeMble B MECTHBIE dBTO-
HOMHBIE KOHJHUIHMOHEPH, KOTOpDHIE YCTAHABJAHMBAIOTCA B IOMEIIEHHH H,
KpOMe 3CTeTHUECKHX TpeGOoBaHMH, JNOJMKHEI OTBEUATh CHElHaJbHBLIM Tpe-
6oBaHusAM No akyctuke. [lociefHee JOCTHIaeTCsl CHHXKEHHEM CKOPOCTH
BpallleH}sl, CrelrualbHbIME MEPaMU O YCTAHOBKE BEHTHJIATOPA U TOYHOH
OanaHcupoBKOH pafouero xoseca.
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Fnmasa 1] MyM W BHUBPALUA
BEHTUJATOPHBIX YCTAHOBOK

Hlym u BuGpauus oTHocATCA K (aKTopam, OKAa3bIBAIOIIUM BpPEIHOE
JIefiCTBHE KaK Ha OKPYyXalollyio cpely, Tak H Ha dejoBeka. Hanpuwmep,
ype3MepHBIH LIyM MOXKeT NPHBECTH K BpeMEHHOMY CMellleHH10 Mopora
CJIBIIIUMOCTH, a TNPH JJIUTENbHOM BO3JEHCTBHH U30LITOYHOTO IIyMa MOXKET
IIPOM30HTH HOTEPs CJAyXa. DTH SIBJEHHUs, KaK [PaBUJIO, NPOUCXOIAT
Ha YacToTaxX TMpEeBBIILAIONMX YaCTOTYy OOBIYHBIX HCTOYHHKOB LIyMa.
[TosTomy B CCCP ycTaHOBJEHBI JONYCTHMbIE YPOBHH 3BYKOBOTO JABJIEHHUS
U 3ByKa Ha paBoyux MecTax B NPOH3BOACTBEHHHIX, BCIIOMOTATENbHBIX,.
JKHJIBIX 1 -aIMUHHCTPATHBHHIX 3JaHHAX, a TakXKe Ha ceJUTeGHOH Tep-

_ DUTOpHM TOpOJOB H JAPYrux HacedeHHHX NyHKToB (CHull).

Tak Kak BEHTHJISTOPHBIE YCTAHOBKH, HCIOJNb3yeMble B TOMEIIEHHAX,
SBJISIIOTCSI OCHOBHHIM HCTOYUHHKOM IIyMa B CHCTEMAaX BEHTHJSIUH H
KOHJMIMOHHPOBAHHSA BO3JyXa, TO COCTaB IUYMOBHIX XapaKTEPHCTHK H-
MEeTOAR! HX onpeneseHus AAs MallHH, MEXaHH3MOB, CPEACTB TPaHCIOpTa
u jppyroro oGopyznopanns ycranosiaedsl 'OCT 8.055—73, a 3HaueHus ux
IIYMOBBIX XapaKTEPHCTHK cJelyeT NPHHUMATb B COOTBETCTBHH € Tpe-
G6opanusamu ['OCT 1.003—76 u CHull [28]. Ouenp yacro BBHICOKHH
YPOBEHb LIyMa SBJASETCs OTPaHMYEHHEM A5 CO3JaHHS U IPHMEHEeHHUs
BEHTHJISITOPOB ¢ TpeOyeMbIMH NapamerpaMu. [ToaTomMy 1IyMOBHIE Xapak-
TEPDUCTHKH BEHTHJAATOpPA HCHOMbL3YIOTCS TPH BHIGOpPE BEHTHJIATOPOB
Hapsfy ¢ ero a’poAMHAMHYECKHMMH XapaKTePHCTHKaMH. AKyCTHYeCKHH
pacyeT BEHTHJATOpPA H BCeH CHUCTEMbl, KOTODYIO OH 0GCIYyXKHBaer, sB-
JIsleTCsl HeOTbeMJIeMOH 4acTblo KOHCTPYKTOPCKHX H NPOEKTHBIX PacueToB.
B cBfA3H cO crnenu¢pUKOH aKyCTHYECKHX ABJEHHH NpeAcTaBjseTcs lefe-
co06pa3HbIM paccMOTPEHHe OCHOBHBIX NPHHIHIIOB aKyCTHKH U NpaKTHYe-
CKHX METOJOB CHHUXKEHHs 1liyMa, 8 TaKXKe aHa/JH3 KOHKPETHHIX pelleHHH
JJIsi CHCTEM BEHTHJ/ISIUHH H KOHIMUIHOHHDOBAHUS BO3JIyXa.

11.1. ®U3HYECKUE OCHOBBI 3BYKA
K Ero BO3JEACTBUE HA CJAYX UEJOBEKA

38yKom I 38YKOBbIMU BOAHAMY HA3LIBAIOTCS MexaHHuecKue KoJeba-
HUSI, paclHpoCTPaHAIONMECS B TBEPIBIX, XHAKUX U Ta3006pasHbIX cpe-
Jnax. B 3aBHCHMOCTH OT 4acToThl KosneGaHHH f 3BYKH YCJIOBHO IMOApasje-
JA10T: Ha casiuuMeie (ot 16 I'm go 20 kIm), criocoGHbIE BBI3BIBATHL 3BY-
KOBBIE OIIVIIEHHS] NPU BO3LEHCTBHH Ha OpraH cjyxa uejJoBeKa, HH}pa-
3BYK (Menbuie 16 I'n); yaetpassyk (or 20 kI'u go 1 I'Tu) # runep3syk
(6ompwe 1 T'Tu). Ilpu pelieHWH NPakTHYECKHX 3ajau CHHIKEHHS IIyMa
Hcnoab3yercs: Gosee y3kuil auanasod yactorT oT 50 xo 10 000 I'mp. Tax
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KaK BOJIHBl TepeMellaloTcsi ¢ MOCTOSIHHOH CKOPOCThIO, TO UeéM BhllUe
4acToTa, TeM MeHblle HHTepBaJ. MHTepBan Mexay BOJHaMH XapaKTepH-
3yeTcsd JMJIHHOH EOJIHBI

[4 .
A= | (11.1)

TJe ¢ — CKOPOCTb 3BYKa, M/C (ISl CJABIUKHMBIX 3BYKOB JJIMHBI BOJIH
H3MEHSIOTCSI OT HECKOJbKHX METPOB JO MHJ/IMMETPOB).

3BYyKOBasi MOIIHOCTb MCTOYHHKA ONpPEAe/sieT MHTEHCHBHOCTh 3BYKO-
BEIX BOJH H MOXKET MEHSITbCSl B IIMPOKHX mpepenax or 1072 go 10% Br.
YpoBeHb 3BYKOBOH MOIIHOCTH L, CBsI3aH €O 3ByKOBOH MOIIHOCTBIO COOT-
HOLIEHHEM

L,=101g ﬁo , (11.2)

rie P, = 10712 Br (MOIHOCTb 3ByKa Ha IOpPOre CJBIIHMOCTH).
Jlorapugmuueckasi 3aBHCHMOCTb HCIOJMb3yeTcst st yaA06CTBa Mpak-

THYECKOTO NpuMeHeHHusi. Hanpumep, ecid 3BYKOBasih MOLIHOCTb HCTOY-

nuka P = 10 Br, To yposeﬂb 3BYKOBOH MOIIHOCTH GyjeT paBeH

Ly=101g gy = 101g10° = 60 1B. (11.3)

3BYKOBHIE BOJIHB, pacnpocTpaHsieMble B cpefie, OGYCAOBJIHBAIOT
Ko/eGaHus JAaBJEHHS CPelbl. 36ykosolm Oagietuem HasblBaeTCsl mepe-
MEHHOe JaBJieHHe, U3OLITOYHOE Haj PaBHOBECHEIM, BOSHHKAOLlee NpH
MPOXOXKAEHHH 3BYKOBOH BOJHBEI, B JXHAKOH M Ta3006pasHOil cpeje.
KsagpaTHeif KopeHb H3 cpefHero (3a nepuojJ 3HaueHHs) KBajpara
3BYKOBOIO JaBJIeHHsl HasblBaeTcs aggexmusroin ¥ uamepsiercss B [la.
YpoBeHb 3BYKOBOTO 1aBJIEHHS 11O aHAJIOTHH C YPOBHEM 3BYKOBOH MOLI-
HOCTH pacCuHThIBaeTcsi Mo ¢opmyJe

L =20 1g-§7, (11.4)

rae p, = 2-107% [la (3BykoBoe [1aBJeHue Ha nopore C/IBILLIHMOCTH);
p — 3BYKOBOE JaBJ/I€HHE.

YPOBHH 3BYKOBOTO JAaBJEHHS M MOIIHOCTH HE INOAJAIOTCSA IPOCTOH
onepanuu apHdMeTHYeCKoro cjaoxeHus. Hanpumep: nuMeoTcst 1Ba MCTOY-
HHKa ¢ ypoBHEM 3BYKOBOH MoutHocTH 100 1B, npu HX cloXeHHH cyMMmap-
Has 3ByKoBas MouiHocTb cocrasut 100 = 10 lg (P/P,); P/P, = 109
NP =2.0,0l =0,02 Br; ypoBeHb e 3TOH 3BYKOBOH MOILHOCTH
paBeH

Ly, = 10 (Ig 2 4 1g 101%) =10 (0,3 + 10) = 103 1B.

CymmapHbii ypoBeHb WyMa Lzp OT £ ONMHAKOBBIX  HCTOYHHKOB
B PaBHOYJAJEHHOH OT HHX TOYKE paBeH

Lyy=L;+101gn, (11.5)
rge L; — ypoBeHb mIyMa eJMHHYHOTO HCTOUHHKA,
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Jlo cux nop Mbl paccMaTpUBaJH 3BYKH, XapaKTepH3YIOIHecs OJHOH
YacTOTOR M COOTBETCTBYIOLIME CHHYCOWAAJbHOH BOJIHE, T. €. 3BYKH
ypcroro ToHa. IIyM cOCTOUT M3 CMECH YHCTHIX TOHOB W IIPEICTABJSIET
co60H MX XaOTHUECKHH Habop HENPUATHBIA A/ clyXxa yesoBeka. MHorue
3BYKH CJ1aralorcs U3 GeCKOHeUHOH cMecH HepasjieNisieMblX COCTaBJSIOMHX
H 00pa3yoT JOBOJNBHO CJOXKHYIO HENOBTOpsieMyto dopMy BodsHbl. K Takoro
pola 3ByKaM MOXKHO OTHECTH BOH BeTpa, IIYM BEHTHJASTOPA H T. 1. DTH
3BYKH MOXKHO pagiesuts 1o mosocaM uactor. B CCCP npHHSITBI OKTaB-
Hple II0JIOCHl 4acTOT CO CpegHereoMeTpHuUecKHMMH yactoTamu 63, 125,
250, 500, 1000, 2000, 4000 u 8000 I'u. Hanpuwmep, okTaBHas moJoca
1000 Tu cootercTByeT uHTepsany uwactor 707—1414. HomunanbHas
4acToTa KaXKJOH MOJOCH paBHa CpejHereoMeTPHYeCKOMY 3Ha4yeHHIO
BepXHeH M HHXKHeH YacTOTHl OKTaBHOH MOJOCHI.

Pasgenenne mymMa Ha OKTaBHEIE -IOJIOCHL 06JIeTYaeT KOHCTPYHPOBA-
HHe CPeJCTB LIYMOIVIYILIEHH S, NOCKOJbKY MO3BOJSAET BLIACIUTh BLICOKHE,
CpefiHHe H HH3KOYaCTOTHEIE COCTAaBJ/ISIOLIME CIEKTpa.

¥YX0 vye/oBeKa HEOAUHAKOBO YYBCTBHTEJIHHO KO BCeM HacToTam,
NI03TOMY OJMH OOLIMH YPOBEHb 3BYKOBOTO AABJIEHHS He MOXKeT Xapakre-
PH30BaTh TPOMKOCTb 3BYKa. Tak [Ba 3ByKa, HMEIOLIUe pa3Hble YaCTOThL
¥ YPOBHH 3BYKOBOIO [LaBJEHHS, MOIYT BOCIPHHHMATbCA UYeJOBEKOM
KaK 3BYKH OJMHAKOBOH IpPOMKOCTH, [Isi OLEHKH CYyGHEKTHBHOIO BOC-
NpPUATUS TPOMKOCTH LIyMa BBeleHa JHHeHHas 1Kana rpoMkoctd. CyTb
€€ NOCTPOEHHUS 3aKJI0UaeTcs B CJEYIONEM: KaXKA0e YBeJHUeHHe yPOBHSA
3ByKOBOro fapJjenust Ha 10 gb cooTBercTByeT yABOEHHIO BOCIHpHHHMae-
MOH YeJIOBEKOM TI'POMKOCTH 3BYKa. IIpuBeseM mIKaly H3MEHEHHS TPOM-
KOCTH:

CHuxenue ypoBus myma, Ab . . 3‘ 5 10 15 20 25 30 35
H3menenue rpomkoctH, pas . . . 1,25 1,5 2 3 4 6 8 10

YTomasiiouee nefcTBHE LiyMa HE COOTBETCTBYET OILYLIEHHIO FPOM-
KOCTH, Ye€M BBIille 4acTOTa 3BYKa, TeM MEHBbIIHH yPOBEHb 3BYKOBOTO
JaBjeHusi TpeGyeTcsi /st CO3JaHMSI PAaBHOTO IO CHJIE Paspa)karollero
JIedCTBUS HA yenoBeKa, DTOT (aKT U MOJOXKEH B OCHOBY AEHCTBYIOLHX
HOPMaTHBOB IO AONYCTHMBIM YPOBHSM LIyMa Pas3JH4HOH YacTOThI, MOLI-
HOCTH H IPOLOJIKUTETbHOCTH.

l*lk.2. HOPMHPOBAHHE INYMA

B ocHoBy HOpPMHDOBAHHS liyMa IOJNOKEH MNPHUHIHUN COXPAaHHOCTH
CJIyXOBOTO BOCIDHATHS, T. €, «<BPeMeHHBIH CABHT Ilopora cJIyXoBoil 4yB-
CTBUTENbHOCTU» Ha yactore f = 2000 I'm He posxeH npeBwimath 10 ab.
Ilpu nopMHpOBaHHH 3a OCHOBHBIE XaPAKTEPHUCTHKH IIyMa NPHHATH JO-
NyCTHMbIE YPOBHH 3BYKOBOTO [aBJeHHSI B BOCbMH OKTaBHBEIX IOJOCAX
YacTOT MJIH YPOBeHb 3BYKa B Jenubenax, M3MepeHHbH no mikane A
myMoMepa — TaK HasbpiBaeMbill «ypoBeHb myMas ADBA. CesAsp Mexay
3BYKOBOH MOLIHOCTbIO P U 3BYKOBBIM JaBJ/EeHHEM p HMeeT BHJ

pe
==

z
TI€ Z — KMIENAHC OKPYXKAlOLleH Cpeabl.
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MosTomy B flepBoM c.nyqae CyMMprIOTCH KBajpaThl 3HAuYeHHH 3BY-
KOBBIX II&BJIeHHH BCeX BOJIH B ,ZIaHHOI/I OKTaBHOH noJoce H OoHeHHuBaeTrcs
HXx ypOBeHb 110 OTHOILEHHIO K KBaJpary NopOroBoro 3HaueHus 3BYKOBOTO
JnaBJenusi. Bo BTOPOM cnyuae ypOBeHb 3ByKa B ABA sBasieTcs sHepre-
THYECKOH CYMMOH OKTaBHBIX YPOBHEH 3BYKOBLIX JaBJeHHH B HOpMH-
pyeMoOM Juanas3oHe 4acTOT C Y4eTOM KOPPEeKIHH, OTPasKaloleH IoHH-
XKEHHYIO UyBCTBHTEJbHOCTb CJyXa K HH3KOYACTOTHBIM 3BYyKaM. TakuM
" o6pa3oM, pasHOCTb YPOBHEH 3ByKa JBYX I.LIyMOB B ABA, usmepennas
LIyMOMEPOM, NPHMEPHO PaBHA Da3HOCTH yPOBHEH TPOMKOCTH STHX e

IIYMOB, H3MEPEeHHBIX CYOBEKTHBHBIM METOJOM.

JonycTuMble yPOBHH 3BYKOBOTO JaBJIEHHS (SKBHBaJIEHTHHIE yPOBHH
3BYKOBOTO JaBJjieHHs1) B ADA B OKTaBHBIX N0OJOCAX YaCTOT AJS KHJBIX
H aJIMHHHCTDATUBHbIX 3JaHHH M HX TEepPHUTODHI CJeAyeT IPHHHMATb
B coorBeTcTBUM ¢ HopmamM CHull. Huxe npuBoauTcs npumep Hopm
3BYKOBOTO AaBJIEHHS LS MOMELIEHHH C SKBUBA/ICHTHBIM YDPOBHEM 3BYKa
Lysxs = 45 nBA:

JlonycTuMble YPOBHH 3BYKOBOT'O
naBneHHs Lpon AN KJIACCOB H

ayauropuit, AB . . . . . .. 67 57 49 4 40 37 35 33
CpeflnereoMeTpHuecKkie  4acTo- '
e, oo 000000 ... 63 126 250 500 1000 2000 4000 8000

HonycTuMble YpOBHHM 3BYKOBOIO JaBJEHHS Ha paboOuHX MecTax
B TNPOHM3BOACTBEHHbIX NPEANPHATHAX cJelyeT NPHHUMATh B COOTBET-
creun ¢ I'OCT 12.1.003—76. B 3oHax ¢ ypoBHeMm 3ByKa cBuie 85 1BA
paboune JOJKHBI ObITb OGecleYeHbl CPeACTBAMH HHIHBHAYAJbHOH 3a-
wHTh, He cnenyer ocTaBaATh yIIH He3aMHUIIEHHBIMH (B HE3ABHCHMOCTH OT
NPOJOJIAKUTENBHOCTH BO3JEHCTBHS) NPH yYPOBHE LuyMa B 120 1B, a npu
ypoBHe, Jnocrturawooumem 135 ab, — omacho.

3aluTy OT WIyMa CTPOHTENbHO-aKyCTHUYECKHMH METOZAMH CJelyer
NPOEKTHPOBATh HAa OCHOBAHHH aKyCTHYECKOIO pacuera, NmpepycMaTpuBas
IPH 5TOM: 3BYKOBYIO H30JSILHIO OTPaKAAlOLHX KOHCTPYKLUHE; 3BYKO-
NOIJIOILAIOLIME KOHCTPYKIMH H 3KDaHbl; IIYIIHTEIH IIyMa; 3BYKOIO-
rjoulamouye OGJHIOBKH H BO3JYIUHbIE KaHAJHI. AKycmqecxnn pacuer
3aKJII0YaeTcsl B ONpeJesIeHHH OKTaBHLIX YPOBHEH 3BYKOBOTO JIaBJEHHS
. B TaK Ha3biBaEMBIX «PACUETHHIX TOYKaX».

11.3. PACIPOCTPAHEHHE W CHHM)KEHHE IIYMA
B NMOMEIMEHHH

PaccMoTpuM ujJeaNbHbIH HCTOYHHMK HIyMa, HMEIOWHH chepHuecKui
(POHT BOJMIH ¢ PaBHOMEPHLIM MX PACIPOCTpaHEHHEM BO BCEX HampabJe-
HHsAX. B KayecTse MoJeJIH TaKOro MCTOYHHKA MOXKHO NpEACTaBUTL cebe
BOJYIIHLIH IIAPUK, IOJACOEAHHEHHBIH K IOpDIIHEBOMY Hacocy. [lpu
BO3BPATHO-NOCTYNATe/AbHOM JBHKEHUH NOPIIHA 060/I0YKA Lapuka Gyjaer
pasfyBaThCsl WJH COKDALLAThCA M, TAKMM oGpas3oM, TeHEPHPOBAThb KO-
Je6aHHA OKPY’KaIOUIEro BO3AyXa. VIHTeHCHBHOCTS 3ByKa / Ha HEKOTOPOM
PacCTOSIHHM r OT TOYEYHOrO HCTOYHHKA OyJeT papHa

P (11.6)
= T ?
rjie P — MOILHOCTh MCTOUHHKA, BT.
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CrenoBaTe/IbHO, HHTEHCHBHOCThL 3BYKa
NpH  yBeJHYEHHH DACCTOSHHA MEXIy CaIy-
II4TeJeM H HCTOYHHKOM 3ByKa Oyjer me-
Aath 06PaTHO NMPONOPLUHOHANBHO PACCTOSHHIO
(//r*). YpoBenb 3BYKOBOTO JiaBJIeHHsl GyieT
paBeH

L=L,—201gr —101g4n =
=L, —2Igr—11 1B, (11.7)

T. €. IPU YBEJHYEHHUH DACCTOSHHUSL r BHABOE
YPOBEHb 3BYKOBOIO JABJEHHSA IOHHXKAeTCsS
Ha 6 nb.
7 5 éf/lmax B peanbHBIX YCNOBHSIX 3BYK pEIKO
‘pacnpocTpaHsercs cBOGOAHO, TaK KakK QpOHT
Puc. 11.1. K onpenenemmio BO/IHBI MOXKET BCTpeuaTb pasJHyHbie Ipe-
Koapuumenta y B 3asucn- UATCTBHSA. [0 aHAJOrMHM C TENJIOBHIM H3ny-
MOCTH OT paccTOSHM# r ®  yeHHeM, COIVIACHO 3aKOHY COXPaHeHus
MAaKCHMaJIbHOTO JHHEHHOTO SHepI‘I’IH, MOXKHO 3aIucaTh

pasmepa HCTOYHHKA WIYMA [p,y
. : Ei=Et+Ea+Er; (118)

rie E; —napawomas sHeprus 3Byka; Ey, E,, £, — COOTBETCTBEHHO
nepejaBaeMasi, INOIJIOIlaeMasi M OTPaKeHHast YacTH TOTOKa SHEpPIHH,
reHepupyeMol HCTOUHHKOM; E; — 3HepPrus, NOPOKIAoLIast HOBOE MoJe
3ByKa 3a nperpajo#i; £, — 4acTb SHepPruM 3BYyKa, TPaHCcHOPMHDYeMOH
B JIpyro# BUJ 3HEPTHH (qame B TEIIOTY).

OTHolLieHHe NOIJIOIEHHON 3HEPruH 3BYKa K TNajailleill HashBaoT
KO3phuyuenmom 38YKONO2AOUWCHUA

a = (E; — E,)/E,. (11.9)

KosdpduuneHT 3BYKONOIVIOUIEHHS 3aBHCHUT OT CTEHNEHH JeMIN(upo-
BaHHS CUCTeMbl. MHOTOKDATHO OTpaKeHHbe (PeBHOPUPYIOUINE) 3BYKH H
3BYK HENOCPEACTBEHHO OT HCTOYHHMKA (NPSAMOH 3BYK) ONpelensiioT pe-
3yAbTUPYIOUMHA YpPOBEeHb 3BYKOBOTO JABJEHHS B 3alUUIAEMOM OOBEKTEe
(momeineHuu). B 3aBHCUMOCTH OT pAacCTOSIHHS JO HCTOUHHKA Oyner
npeo6aafath NPSMOH 3BYK MJH DEBHOPHPYIOUHE IMIYM. ¥YpOBeHb 3BY-
KOBOTO JaBJIeHHSI PEBHOPHPVYIOLIEro myMa OYAeT NPAKTHYECKH MOCTOSIH-
HBIM BHE 3aBHCHMOCTH OT paccrosiHus. OKTaBHBIE YPOBHH 3BYKOBOI'O
Jasnenus (1B) B pacueTHHIX TOYKax MHoMelleHHs (Ha pabouMX MecTax),
B KOTOpPOM HMeeTcsi oauH HcrtounHuk wyma, CHull onpezgeasiores no
¢opMysaM: B 30He NPAMOTO H OTPaxKEHHOTO 3BYKa

L=Ly+ 10lg (L4 22); (11.10)

B 30HE IpAMOro 3BYKa

L=L,+10ig2>, (11.11)

B 30HE OTPAaxKEHHOIOo 3BYKa
L=1L,—101gB + 101gy -+ 6, (11.12)
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a) &)

/ 8) 2)
J

Puc. 11.2. K Buﬁopy thakropa HANPABJCHHOCTH: @ — B CBOGOJHOM TPOCTPaHCTBE
(® =1, F=4nr?; 6 — Ha naockoi NOBEPXHOCTH, Ha mony (@ =2, F =
= 2nr2), 6 — Ha CTbIKE ABYX miockocTeit (nos—crena) (® = 4, F = mr?);

2 — Ha CTbiKe Tpex miockocTell (moa—pse creds) (O = 8, F = mr?/2)

rae ¥, — Ko3(p¢UUHEHT, Y4YMTHIBAIOWIMH BJIHSHHE OJIHXKHETO aKyCTHYe-
CKOro ToJsi, omnpefe/semelfi no. rpaguky puc. 11.1; @ — dakrop Ha-
MPaBJEHHOCTH MCTOYHHKA IIyMa, OIpeJeNsieMblH OIbITHBIM HNYTeM
(puc. 11.2); F — njomanp BooOpa)KaeMoOH NOBEPXHOCTH NpPaBHJIBHOH
GOpMBI, OKPYIKAIOeH MCTOYHHK M ONpENeNsieMOH B COOTBETCTBHH CO
cxemamu puc 11.2, B Mm%, B = Fa/(l — @) — nocrosiHHasl IOMEILeHHS,
omnpenensiemass B cooTserctBud ¢ HopMmamu CHull, ¢ — xosdduuuenr,
VUMTHIBAIOIUN HapylieHue JUG@y3HOCTH 3BYKOBOIO IOJS B IOMelle-
HUH, ONpejensieMblil o puc. 11.3, NOCTPOEHHOMY TO ONBITHBHIM JAHHBIM.

_BoJiee croxHble ciyyaHu onpejieieHHsI OKTaBHOTO yPOBHS 3BYKOBOI'O
JaBJeHus npusBefednl B [15]. TpeGyeMmoe cHUKEHHE OKTABHBIX ypPOBHEH
3BYKOBOTO faBaenusi AL,, onpeje/nsiercs OTAENBbHO LIS KaXKAOro HCTOY-
HMKA IIyMa, €C/IH B PACYETHYIO TOYKY MOCTYNaeT IIyM OT HECKOJbKHX
MCTOYHHKOB. [I/1sl € IMHHYHOTO UCTOUHHKA JOJKHO BBINOJIHATLCS YCJIOBUE

ALy, =L — Lyon; o (1L13)

A9 n HCTOYHUKOB '
’ ALyyi=Li— Lyon+101gn, (11.14)

rie L u L; — OKTaBHBIE yi)OBHH 3BYKOBOI'0 jaBJjeHusi B Ab, cosnasae-

Mblé COOTBETCTBEHHO OAHHM HJ/IM OTAGIBHO B3ATBIM H3 HECKOJbKHX
KCTOYHHKOB B pacquHon TOYKE;
Ljon — IONYCTUMBIH  OKTaBHBIH
VPOBEHb 3BYKOBOTO JapJje-
HusA, 1b. ‘

“11.4. BHBPALIUA
A BHBPOU30J ALK

B orauune ot mywma, mnepe-
JaBaeMoro EO3LYyXOM, IIOL BE-
Opauuell TOHHMAIOT KoJieOaHUS,

g3 . . s . ,
pacnpocTpansieMble B - TBEPAbIX ’ 04 a8 72 16 2}05/,:
TeJqax (3emJsl, CTeHLl OTpaxKje- :

HHH ® T. 1.). Pusnuyeckue oc-

HOBbl BHOpauud OJH3KH K QH- T1a @
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Ta6auua 1.1
Pexomennyembie sHavenuss T B 1) JiSl ‘HEKOTODPHIX THNOB BEHTHASTOPOB

Kosdduumenr nepe- S¢dpdheKTHBHOCTE
. naan T, % BHGpousONALHHE T, %
Tun BeHTHAATOpaA MouHocTb JBH-
(yCTaHOBKH) rarens, KBT .
. AJs nepe- AN sl mepe- Anst
KPBHITHS MoJioB KPBITHS NoJioB
» Bosee 18 2 10 98 - 90
Papnanuhuii - 3,6—18 4 20 96 80
Ho 3,6 6 20 94 80
Bouee 36 4 20 94 80
Ocesoii 7,2—36 6 25 94 75
"o 7,2 10 30 90 . 70

3HYECKHM OCHOBaM 3ByKa. BeHTHJIATOpPHBIA arperaT MOXKeT caM Iio-
poXxJaTh BHOPALHUIO, TOTJA €ro CJEeAyeT H30JHPOBATh OT CTPOUTENbHBIX
KOHCTPYKUHH. B HeKoTOpBIX cayuasix, HaoG6OpPOT, MAalIMHY Ha0 orpa-
JHTb OT BO3JEACTBMS BHEeLIHeH BHOpauuH. M B TOM M B ApyroMm ciayuae
MEXJYy MallHHOH H ONopoH HeoOXORZHMMO YCTaHABJMBATb KaKOH-JHGO
YOpYrHH 37eMeHT. B HacrosilleM pasfene GYAYyT PaCCMOTPEHLI METO/bI
BeI6Opa ymnpyrux siaeMeHToB. KpuTepHem OLEHKH BHOPOH30MATOPA
MOXKET fBASITbCA -KO3(DOUIMEHT Tmepefaud, NPEACTABAAOMUE coBol
B IIEPBOM CJlydyae OTHOLIEHHE NepefaBaeMoH CHJb F; K BO3MylaeMol
cune Fy: .
T = F{/Fy; (11.15)

BO BTOPOM — OTHOILEHHE JHHAMHYECKOTO MepeMelleHHs] MallHHbl K JH-
HaMHYeCKOMY IepeMelNeHHI0 OHOPHI:

T = X/X,, (11.16)

rae X — JMHaMHYecKoe IlepeMellleHHe MallHHbl; X, — AHHAMHUYECKOe
nepeMeleHHe ONOPH KOHCTPYKILHH.
B mnpakrike Hcmoss3yercsl MoHsTHe 3(peKTHBHOCTH BHGPOH30J-
UHH 1:
n=1-—T. (11.17)

JonycTuMbli  Ko3(p¢dUUIHEHT Nepefaud BHOpAaMH PpaCCYUTHIBAETCSH
110 H3BECTHHIM 3HAUeHHAM INpHJaraeMoro K QyHIaMeHTy YCHJUS U CHJIbI
pubpaunus, Bri3biBaeMol MamuHoH. Ha ocHoBe o6o0lieHHsl onbiTa npak-
THueckoH paGotel B [15] mpuBenennl pekomennyemble 3Hauenusi T ¥ 1)
J11 GETOHHBIX TJIHT MEPEeKPHITHH M NO0J0B, a HEKOTOPHIE H3 HUX NpHBe-
neHsl B Taba. 11.1. ,

PaccmoTpuM paboTy HAeaqM3HPOBAaHHOTO IIPYKHHHOTO.  aMOPTH3a-
TOpa, NMPHHSB CJAENYIOIHe NONYILIEHHs: KosaeOaHMS, BHI3BaHHbBIE BHOpa-
uMeH, NPOHCXOAAT TOJNBKO B OJHOM HanpaBJeHUH (YCIOBHO BePTHKAJ/b-
HOM); OIOpHAasl KOHCTPYKIHS KeCTKasi; UCIOJNb30BAHbl JHHEHHBIE YIIPY-
rHe 3J1eMeHTH (PYKHHLI), IPOTHO KOTOPHIX NPONOPLUHOHANEH NPUIOKEH-
HOH cuJe,

252



Cuna, mepejaBaeMasi KOHCTPYKIMH TPYXKHHAMH, paBHA MPOH3Beje-
HHIO HX JKECTKOCTH Ha aMIVIUTYLy nepeMelleHHs. [IpH NOCTOSIHHOH
XKECTKOCTH, €C/IH NepeMelleHHe CHCTeMbl GyjeT GOJMbLUIMM, TO U Jepeza-
Baemasi cuJa Gyner Hesenuka. CoGcTBeHHAss yacroTa f, onpegenasiercs

1o ¢opmyne
k
fo= V m’

rie B — XKeCTKOCTb INPYIKHHBI, m — Macca MalIUHH.

B nemngupoBaHHOH cHCTeMe 32 cueT YCTAHOBKH IPYIXKHHB MEXKAY
ONMOPHOH KOHCTPYKUHMeH M Maccoll 00ecneyHBaeTcs PacceHBaHUE 3HEp-
THH W K03(Q(QHUHEHT Nepenayu onpenensercs mo Qopmyne '

r— ‘/ XA
() [+ (57)

fo

rie D — otHoueHue AeMNdHPOBAHHS, B KOTOPOM CPaBHHBAIOTCH (ak-
tTHyeckas amoprtusauus C u amoprtusauus C,, HeoOxoauMmast anas obec-
NeyeHUsT KPUTHUECKOH MMM anepHoauueckoil amoprusauuu (D = C/C,).

BuGpousossinks npuMeHsieTcss Takke A/ o6ecnequHﬂ Tpe6yeMbix
HIyMOBBIX XaPAKTEPHCTHK.

11.5. IIYMOBBIE XAPAKTEPHCTHKH BEHTHJ’I?ITOPOB/

Kone6Garenbuble npoueccsl apoAHHAMHUECKOTO NPOHCXOXKAEHHS, CO3-
Jaloulie a3poAHHAMUYEeCKHe U MeXaHHUYeCKHe IIVMH (B clyuyae KoJebaHus
3JIEMEHTOB KOHCTPYKLHH), BO3HHKAIOT IpH padoTe BeHTUasATopa. [IpHu-
UHHBI, BbHI3BIBAIOIIHE BO3HHKHOBEHHE a3POAHHAMHYECKOro lIyMa, MOTyT
OBbITH C/eLyIoWMe: BOSHHKHOBEHHE BUXPEH, OTPLIBHbIE TeUeHHA; HePHOLH-
YyecKue NYJbCAllHH CKOpPOCTed H [aBJeHUH, CBfI3aHHBIE C HEOLHOPOX-
HOCTbIO MOTOKOB; NYJbCallHd CKOpOCTeH U AaBJeHHH B TypOyJEHTHOM
NOTPAHUYHOM CJIOE OKOJIO TBEPABIX TOBEPXHOCTEH; NMyJbCalllH, BHI3BaH-
Hble TOTNepeuyHbIM NepeHOCOM BHXPEH H3-3a HEPaBHOMEDHOCTH CKODPOCT-
HEIX ToJlell U noJiefl JaBjeHuH; ABJeHHe noMnaxa. IlpuunHaMH BO3SHHK-
HOBEHHS MeXaHHUeCKOTo IiyMa MOTYT ObiThb: Auc6ajaHCHPOBKa KoJjeca
BEHTUJISITOPA; HECOOCHOCTb COUJieHeHHsl BaJioB; ocjabjeHHe HaTAra
peMHell nepejnayM; H3HOC MNMOJAIIHMNHHKOB JeTanefl NPHBOAA, peAyKTOpa
HT. A '

[TponennepHbie BEHTHASATOPH He HMEIOT KOXyXa M IJylIHTeNed H
TeHEPUPYIOT LIYM NHCKPETHBIX TOHOB, OlpejenseMblX 4acTOTOH Bpalle-
HHSI M KoJnuecTBoM Jomnacreii. OceBrbie BEHTHAATOPHI FeHEPUPYIOT LIYM
Ha CPeJHHX YaCTOTaxX, KOTODPbLIH MOKET ObIThb CHHXKEH yCTaHOBKOH Tily-
muTeneld. IIpy aToM OCHOBHOf MOTOK BO3JyXa He MEHSIeT CBOETO Halpas-
JIEHH s, 4TO 6/1aronpUATHO CKAa3blBAETCS HA IIYMOBBIX XapaKTePHCTHKAX
OCEBOI'0 BEHTHJATOpA.

PajinanbHple BEHTHJIATOPHI € JonaTKaMH, 3aI‘HyTbIMH Ha3aj, reHe-
PHPYIOT IUYM Ha HH3KHX 4acTOTaxX; Ha BLICOKHX YacTOTax LIyM 3HAUM-
TeJIbHO clajaeT. BeHTHASATOPH ¢ JlomaTKaMH, 3arHyTbIMH BIepel. INOA-
BepiKeHbl CPLIBHLIM SBJEHHSM, 4TO €CTeCTBEHHO CKashiBaeTCsl Ha €ro
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Ta6nuuma 11.2

3HaueHus KPHTEpHSl LIYMHOCTH HEKOTOPBIX BEHTHJAATOPOB

Kpurepu#i wym- Kpurepuit mym-
Hocth L, AB Hoctu L, B
Tun u cepus Tun ¥ cepusd
BEHTHATOPA CropoHa CropoHna . BeHTHIATOPA CropoHa | Cropona
Harse- BCACHI- Harxe- BCACHI-
TaHHs BaHHS ) TaHUA BaHUSA
Papuanbubre: Kpoispie:
- 114-70, 114-76 41 38 - KIL3-90, 52 48
014- 46 47 42 KLi4-84-B
119-55, 119-57, 47,5 43,5 113-04 49 49
1110-28 : Qcesple:
11I17-40 48 43 06-300 46 46
116-46 43 39 06-320 44 44
BB/1 48 40

IIYMOBBIX XapaKTepHCTHKAX. PajualbHple BEHTHJAATOPHI C IMPAMBIMH-
JIONIATKaMH TaK K€, KaK H NpoleJJepHble, TeHEPHPYIOT WIYM JUCKPETHBIX
TOKOB Ha JOBOJIbHO HHM3KHX uacTorax. [Ipu pacyere myMoBOfi Xxapak-
TePUCTHKH BEHTHJISITOPA ONpPEJR/ISIOT YPOBEHb 3BYKOBOH MOILIHOCTH BeH-
TUAATOPA Ly, o6; OTAENBHO ECACHIBAHMS M HATHETAHHS MO CAeRyIOLeH

topmy.e:
Ly osw=L+251gp+101gV+ 641,

rae L — KpuTepuil LIyMHOCTH BeHTHJIsATOpA, ADB; p — no/Hoe naBieHue,
co3jaraeMoe BeHTHJAATOpoM, Ila; V — oObeMHBIH pacxoA BO3ayXa,
m3/c; 6 — nompaBka Ha pexuM paGOThl BEHTHJATOPA.

B Ttaba. 11.2 npuceneHbl AaHHBIE 110 KPHTEPHSM LIYMHOCTH,

IIpu. pa6oTe BEHTUAATOPA B PEXUME 1] = Npmax =~ 0,9Mmax NoONpaBka &
HE YYHTBHIBAETCS. Hpu OTKJIOHEHHH pexkuMa paéoTbr BEHTHUJISITOpA B Tpe-
nenax M = 0,Mmax =+ 0,8Nmay; 6 = 42 1B; npu GoapleM OTK/JIOHEHHH
6 = -4 nb. Ha mymoBBIX XapakTepHCTHKax CcKasbBaeTcs ¢opma
IOABOJA BO3LyXa, HAlpHUMEp, MpH HENJAaBHOM NOJBOJE ClelyeT MpHHH-
matb & = +(8—+4) 1b.

OkTaBHBIE YPOBHH 3BYKOBOH MOWIHOCTH BeHTHJasitopa L, B Ab,
u3JyyaeMoH uepes maTpyOKH, ONpelensioTess Mo (opmye

ALI _1— AL27

rae AL, u AL, —mnonpaskH, onpeesisieMsie no Ta6i. H 2 u I1.3 B npu-
JIOKEHHUH,

Pasmeprnod wymosoti xapakmepucmurotli eenmuasmopa (puc. 11.4)
Ha3blBAIOT 3aBUCHMOCTb YPOBHSI 3BYKOBOH MOIUHOCTA L, aspoinHaMu-
YeCcKOro IIyMa Ha CTOPOHAX BCAachbiBaHM§l M HATHETaHUS OT IIPOH3BOIM-
TeJIbHOCTH BEHTHJSITOpa V, & Tak:Ke CIEKTPhl YPOBHEH 3BYKOBOH MOIl-
HOCTH IIyMa, PacnpocTpaHsAwIIerocs No BO3AYXY, ONpeJessieMble pas-
IeMbHO Ha CTOPOHAX BCACLIBAHHSA M HArHETAHHA INPH TOCTOAHHOH 4a-
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" Puc. 11.4. IllymoBas xapakrepucTHka BeHTHasitopa Ll4-70 Ne 5: @ — Jaora-

pHOMHYECKHE KOOPAMHATbI; 6 — OOGbIYHbIE KOOPIAHHATHI;
1 — HarHeTaHHe; 2 — BCachiBaHHe N

J
v, Mz

crore BpameHusi. [llymMOBbie XapaKTePUCTHKH BEHTHJISTOPOB JOJKHbL
ObIThb YKa3aHbl B Ilacnopre MM Kartasore., [/ HEKOTOPHIX BHJOB BeH-
THJASITOPOB, MCIOJAb3YeMBIX B IEHTPAJbHBIX KOHIMIHOHEPaX, LIyMOBBLIE
XapaKTepHCTHKU NpHBeleHH B Tabu. [1.1 B mpusoxenuu. Ecau B nome-
IIEeHHH OJHOBPEMEeHHO PaGoTaloT HECKOJNbKO BEHTHJSTOPOB, TO AJMS Kax-
JIOH OKTaBHOH IOJIOCHI HEOOXOAMMO ONpefeTuTb CYMMapHBIH ypOBEHb
3BYKOBOH MOIHOCTH BCeX BEHTHJAATOPOB Ly, HCHOAB3Yys TiPaBHJIO
CTIOXKEeHHSI ypOBHeH.



Faasa 12 UCTIBITAHUE BEHTUWJ/IATOPOB

OCHOBHO# 11€/1b10 HCIBITAHHH BEHTHJSITOPOB SIBJSIETCS TONyueHHe
OMBITHO-PACYETHBIM MYTEM HX XapaKTePHCTHK: CTATHUECKOTO H IMOJHOTO
nasnenus, mowHocty, KI1. Kak npaBuio, ONBITHBIM NyTeM omnpefe-
JISeTCs CTaTHUYECKOe JaBJeHHe U ToTpebiisieMasi MOLLHOCTL [IPH COOTERET-
CTBYIOWEH NpPOHU3BOAUTEIbHOCTH BEHTHJAATOPA, OCTa/lbHbIE BeJHUYHHLI
NOJNYYalOTCs PACYETHBIM INyTeM H SBJAAIOTCA BTOPHYHBIMH.

B npouecce HcnbiTaHUi BEHTHAATOPA NOJNYYAlOT CJAEAYIOULYIO HHPOP-
MalHIo: Pacxoj] BO3AyXa uepe3 BEHTHJIsATOp Hau cHcreMy L (Q), m¥/c;
CTAaTHYECKOE P, WJ/IH TOJHOE p AaBJeHHe, [la; norpebaseMyio BEHTH-
JATOpPOM MOIIHOCTL N, BT (M1¥ KpyTALMA MOMEHT Ha Ba/ly BEHTHJA-
Topa M, H-M); yacToTy BpaulenHs Bana BeHTHJIATOpPa ®, (pan/c) (natH
YHCI0 ero 0GOpOTOB n, 06/MHH); TeMIepaTyphl BO3JyXa H OKpY:Kaloulek
cpenbl, K; oTHOocHTeNbHYIO BJIaXKHOCTb BO3JyXa M ero cocrae, %.

1. H3BMEPHTEJIbHASI ANINAPATYPA M OCHACTKA

B coorgercruu ¢ TOCT 12.3.018 —79 anist a3poAMHAMHYECKHX HCIIBI-
TaHHi JO/KHA NPUMEHSATbCS CJIeAyIomas annaparypa: KOMOHHHDOBaH-
HbI TPHEMHHK J@BJIeHH A, NPEJHASHAYCHHBI /I H3MEPEHUs JHHAMH-
YeCKHX JaBJeHHH NOTOKa (IPH CKOPOCTSAX JBMIKEHHSI Eo3ayxa GoJiee
5 M/c) U cTaTHUeCKHX [aBJeHHH, YCTaHOBHBILHXCS B NOTOKE; NPHEMHHK
TNOJIHOTO JaBJIeHHU ], IPe/IHA3HAYEHHbIH /IS H3MEPEHHU s TIOHBIX JaBJeHH i
MIOTOKA NIPH CKOPOCTSIX JBHXKEHHS BO3Jyxa Gosee 5 M/c; nuddepeninans-
Hble MaHOMETPHI Kiacca TouHocTd oT 0,5 go 1,0 B coorsercteumn ¢ I'OCT
11161—71, T'OCT 18140—77 u Ttsaromepn B cootBercTeuH ¢ ['OCT
2648 —78 pnisi perucTpaudMd IepenajoB JaBJeHHE; comaa BeHtypy;
H3MepHTeNbHble nuadparMbi; KOJNJIEKTOPhl H3MEPUTENbHBLIE; aHEMOMETPHI
B cootBercTBHH ¢ ['OCT 6376 —74 U TepMoaHeMOMETPHI 1Js1 U3MEPEHHS
CKOpoCTel BO3jyXa MeHee 5 M/c; 6apoMeTphl KJacca TOYHOCTH He HHKe
1,0, npeaHasHauyeHHkle A/ H3MEpEHHUsl JaBJeHHS B OKPY¥KawlleH cpele;
PTYTHEIE TEPMOMETPHI KJacca TOYHOCTH He Huxe 1,0 B coOTBeTCTBHH
¢ TOCT 13646—68 u TepMonmapel — /I H3MEPEHHS TeMmIlepaTyphl BO3-
JIyXa; TMCUXPOMETPBI KJacca TOYHOCTH He HuKe 1,0 B COOTBETCTBHH
¢ TOCT 6353—2 ¥ ncHXpOMETpPHYECKHEe TePMOMETDHI B COOTBETCTBHH
¢ TOCT 1505569 p1si u3MepeHHsl BJAXKHOCTH . BO3AyX4.

KomGuHHpOBaHHBEIH NpHEMHUK JaBJeHUsA MokazaH Ha puc., 12.1.
Jatuuk npencrapisier co60i HanopHY TPYOGKY, BIEPBLIE NPHMEHEHHYIO
Aupu ne Iuro (1695—1771). Tpy6ka [Tuto BocnpHHHMAET TOJNHOE JaBJie-
HUe, paBHOE CyMMe CTaTHYECKOro M AHHAMHUECKOro JaBJeHH# ToToKa
(B nonoJsHeHue K HeH HeOOXOAUMO MMETh elle TPYOKY, BOCIPHHUMAIONLYIO
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Cpepa R=0,5d A Ocmpas KpomMKa

3
~ 0,8 : 0,804<t< 1,054
o TARSNS F ] BTN
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oo e N\
) ! - 0<R<Id |
34 A_t' lz6d '
- 9ad I
Jempas kpomka
A—A4
Puc. 12.1. KomOMHHDOBaHHbBIi npH- 50,0”{7/1/777

eMHHK JaBJeHHsl — JHddepeHLHaNb-
Has TpyOka I[Tuto

TOJILKO CTaTHYECKOE = HaBJle-
Hue). B  paccmarpuBaemonn - Bapwanm?Z I
KOHCTPYKIMH 06e 3TH Tpy6KH 616,234, + *
KOHCTDYKTHBHO  00beJIHHEHb K maromempy
B OJHO leJM0e COIJIacHO
IF'OCT 18083—72, noaoGHble
KOMOGHHHU POBaHHEIE TpyOKH
clelyeT Has3blBaTh AuGdepeH-
IHaJbHBIMH TpyO6kaMu Iluro.
Oun cocrosT H3 JBYX Tpy- - - O

60K, 61u3KnX K [-06pasmoil Gopme, KOTOpPbIE HMEIOT pasuble ,ZLI/IaMEprI
" olma 3 HUX PACIONaraeTcsi KOHIEHTPHYECKH BHYTDHU Apyroi. OTKpsI-
THI KOHelL BHYTpPeHHeH TPyOKM OpHEHTHpYyeTcs HaBcTpedy NOTOKY
H BOCIPHHHMMAaeT no/jHoe AasJjenue. HapyxkHas TpyOka Ha GOKOBOH. IO-
BEPXHOCTH HMeET HECKOJbKO OTBEPCTHH, Uepe3 KOTOphle BOCTPHHHMAeTCs
cTaTHuecKoe AaBjeHne. Eciu kKoHell BHyTpeHHeH TpyOKu, HMeloLleH OT-
BepCTHE B rOJIOBKE, NPHCOEIHHHTb K MHKDOMaHOMETPY, MOXKHO OINpeje-
JIMTb NOJIHOE [ABJIEHHE B 3aMePAEMOH TOUKE Proga. 11PH NMpPHCOEIHHEHHH
K MaHoMeTpy TPyOKH ¢ GOKOBLIMHM OTBEPCTHSIMH OIlpejesisieTcs cTaTHye-
CKOe JIaBJeHHE p.q,. [IpHCcOeiHHEHHe KOHIOB 0OeHX TPYOOK K [ABYM
KOHIIAM MaHOMeTpa [103BOJIieT M3MEDHTh PAa3HOCTb MeXAy MNOJHBIM H
CTaTHYeCKHM JIaBJEHHEM, T.e. JNUHaMHUeCKoe JHaBJIeHHe Py = Ap,
TOTAA CKOPOCTE B NAHHOH TOYKE MOXKeT OBbIThb OnpejeseHa Kak

'I/-QAp
T o’

rae kp — Ko3(QpUUHEHT DPaBHOMEPHOCTH IOJS.

C nomowmpi0 TNpHEMHHKA MOJHOTO JIaBJEHHUS H3MepsieTcsl T0JHOe
JaBJieHHe B II0TOKe, BOCIPHHHMAaeMO€ BXOAHBLIM NPOJHJIBHLIM OTBEp-
cruem (puc. 12.2).
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Puc. 12.2. MpuemHHkK noa-
Z HOTO JAaB/ICHHS

s u3mepenusi pacxoia NPHUMEHSIIOT aHagparmel (puc. 12.3), ogHako
NIOTEPH JaBJIEHHHA B AvacparMe OTHOCHTENbHO BeJAHKH. [IpH Hcnosabso-
BaHHH COMNEJI NOJYYAIOTCsl ropa3]o MeHbllHe Iepenajsl, N03TOMY LIHPO-
4 KOoe INpHMeHEHHe B KauecTBE pacXOJOMEPOB BOE-.

ayxa moayuuau conaa Bentypu (puc. 12.4).
IlnviHa UX KOHHUYeCKol yacT# [, MOxeT ObiTb pas-
JUYHa M BLIOMpaeTcs HCXOAS M3 TpebyeMblX
nepenanoB jasjennfi. OnHOH H3 Pa3sHOBHJHOCTEH
conesql  SIBASIETCS U3MEPHTENbHBIH  KOJJIEKTOP.
BxoiHble wacTH KOJJIEKTOpPa HW3TOTaBJIHBAIOTCS
JBYX BHJOB: MO JeMHHCKaTe (puc. 12.5,a) u mno
ayre (puc. 12.5, 6) OKpYKHOCTH, KO3(Q(UIHEHT
‘ pacxoxa KOJIIEKTOPA OOBLIYHO COCTABJASIET o ==
uo L = 0,985 4 0,005.

Kpoinbuatuitt anemomerp ACO- 3 tuna [l npex-
HasHaueH /s H3MepeHHH CKOPOCTH JBHIKEHHS

A Bo3iyxa oT 2 1o 5 m/c. OH COCTOMT H3 Tpex

, yacreil: KpbLIbYATKH, IIOMEIEHHOH B MeTalJl-
% 4yeckoif 06oHMe, CUETHOTO MeXaHH3Ma H PYKC-
Atku. [lpn BpameHus kpoiapuaTKH TpyGuaTad

g2 OCb C MOMOILBK YepEAYHOH Nepejaud Ieperaer

Puc. 12.3. Uameputens-  BPALICHHE 3y6yaToMy PEeAYKTODY CUYETHOIO MeXé-
mas guapparma co HH3MA. IIpM M3MepeHMH CKOPOCTH BO3ZyXa OCh
BCTPOEHHBIM TPHEMHM- aHeMoMeTpa JOJIXKHa ObITh yCTaHORJE€HA MmapeaJ-
KOM MOJHOTO JABACHHA:  jle/pbHO BO3AYINHOMY TOTOKY. OCHOBHBIMH HeJC-
Lo IPHEMHNK — HOAHOTO  oTaTKAMH  KPBIIbYATBIX AHEMOMETPOB SBJSIOTCH

AaBjie”Hus; 2 — puadpar-

ga;ﬁo.}?{ —;e:_?:&xc;iﬂoﬁ za-r- ux OoJbllHe raé‘apmbr U -MaJible Npenesbl H3ME-
JI opa, - N
peantionas  mpownsaxa  Penusi. UalleuHpie aHeMOMETpPbl HCIOAB3YIOTCH
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Puc. 12.4. Conno Bentypu co BCTPOCHHbIM NPHEMHUKOM

NOJIHOrO JAABJICHHUSA:

| — puddbysop; 2 — npHEMHHK ITOJIHOTO AaBJeHHsi; § — COMJIO;
4 — BO3AYXOBOJA

1151 u3MepeHusi ckopocteit or 1 mo 20 M/C, OCHOBHBIM HX 3JIEMEHTOM
SIBJIAeTCS YeThIpeXuallleuHasi BepTYLIKa, 3aKpensieHHas Ha KOHLE BaJja
CYUETHOTO MeXaHH3Ma.

Jlnst 1abGopaTOpHBIX HUCMBITAHMH TNPOTOYHOH YacTH BEHTUJATOPA H
NIpH M3MEpPEeHHH CKOpOCTell MeHee D M/C NPUMEHSIIOT TEPMOaHEMOMETPHI.
Tak, - repmoanemomerp TA-9, paspaborannbit BHHHMOT, npeanasua-
4eH JUIs M3MEDPEHUs MOJIBHMKHOCTH BO3NYIIHOTO MOTOKA H TEMMeparyphbl
OKpYKaIIeH Cpeipl, MO3BOJSET H3MEPATb CKOPOCTH B Npejfenax OT
0,1 mo 5 m/c. B rojoBke TepmMoaHeMOMeTpa pasMelleH TepMHCTD, qepes
KOTOPbIA MPOXOAHT 3JIEKTPOTOK, Harpesast rc-
JIOBKY JI0 OTpejeNeHHOH TemmepaTypbl. MrHoBek-
"HOE KOJIMYECTBO pPAaCXoAyeMoH MOIIHOCTH DPaBHO
MTHOBEHHOMY KOJIHYECTBY TEIJIOThI, OTBOJUMOM
oT TepMmHcTopa. TensoBble NOTEPH TepMHUCTOpA
OyLyT TIpONOpPUHMOHAJABHEL CKOPOCTH OMBIBal0O-
mero JIOTOKA, TaKMM 06pas3oMm, 10 TpagyHdpoBOL-

HOH HIKaje MOXeT ObITh OlpelesieHa MIHOBEHHAs! '/"
CKOPOCTb BO3JYIIHOIO I[IOTOKA. S
[Ipn onpenejeHud pacxoja BO3AyXa, Kak 6) /7 @ ™\ .
NpaBU/IO, TeM HJH HHBIM CIOCOGOM H3Mepsiercs ——"1——“,‘—
CKOPOCTb NOTOKa. B GOJIbIIHHCTBE CIyYaeB JaTYHK i

TMO3BOJISIET ONpPENeNHTh CKOPOCTh B TOYKE 3aMepa.
[TosTomy Meron BrIGOpa Touek 3amepa AJds TOJY-
YeHUSl CpefiHedl CKOPOCTH B CeueHMH, HEeOOXOoiu-
MOH IJIsi onpejeseHHs pacxoja, JAOJKeH Oropa- :
puBaTbea oco6o. Cormacso T'OCT 12.3.018—79, J AN
JJIsT U3MepeHHsi JaBJeHWH M CKOPOCTEH JBHIKE-

HHfA BO3JyXa B BO3AYyXOBOoJax (KaHasaax) JOJKHBI N’
OBITh BHIOPAHBI YYaCTKH C PACNOJIOKEHHEM Me[- T
HOTO CeueHHs] HAa PACCTOSIHHSIX He MeHee lectH PHc. 12.5. Bupw usro-
IHAMETDOB 33 MECTOM BOSMYIIEHHS TNOTOKa n  pCRIChAi KaIERropor:
He MeHee JBYX JHaMeTpoB mepei HuMm. Ilpu :

> 0 —mo Jyre OKpyx-
OTcyTCTBI/II/I HpHMOJ'IHHeI/IHbIX y4acCTKOB HeoOXxcC- HOCTH ’
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Puc. 12.6. KoopaMHaThl TOYeK M3MepeHHS AABJEHHH M CKOPOCTeil B BO3]YXOBO-
Jax: a — kpyraom (O — npu 100 << D << 200 mm; @ — mpu D > 200 mm);
6 — npamoyroabHoM (O — npu 100 << b < 200 mmM; @ — npu b > 200 mm)

IMMOH JJIMHBI JONyCKaeTcsl pacrnojaraTb MEpPHOE CceueHHe B MecTe,
JieasleM BeIOpAHHBIA 11 H3MepPeHHs y4acToK B OoTHomeHud 3 : 1 (B Ha-
NpAaBJIeHUH JBHXKEHHS Bo3jyXa). KoopInWHATBI TOueK H3MepeHHS AaBJie-
HHA M CKODOCTEH, a TaKxKe KOJHUYECTBO TOUEK olpenensitorcss GopMoi
H pasMepaMy MepHOTro ceyeHHsi. MaKcHMaJbHOe OTKJIOHEHHE KOOpAMHAT
TOYEK H3MEPEeHHIl OT YKa3aHHHIX Ha puc. 12.6 He JOIXKHO NpPEBBHIIATH
=10 %. KoauuecTtBO H3MepeHHH B Kax[IOH TOYKe JOJMKHO ObIThb He
meHee TpeX. [Ipu H3MepeHHH BeJHYHH C IIOMOIUBIO AaHEMOMETPOB BpeMs
H3MepeHHA B KaxJAOH TouKe NOJKHO CbiTh He MeHee 10 c.

YacToTy BpalleHHs 3JeKTPOABUraTeJed U BEHTHJSTOPOB H3MEpPSIOT
CyeTYHKaMHu 06OPOTOB UMM TaxoMeTpaMmu. TaxoMmeTp npejacraBiasieT coGoi
npuOop, YKA3HIBAIOUIMH HEIOCPEJCTBEHHO YacTOTy BpAIIEHHA B. MHH.
JlJ1s u3MepeHHs YyacTOThl BpalleHHs1 BEHTHJSATOPOB OGBLIYHO NPHMEHSIOTCS
nenTpobexunbe TaxoMerpel MO-10, KOTOPBHIMH MOXKHO ONpeneNsiTh da-
CTOTY BpallleHHsl B NATH AuanasoHax ot 25 o 10 000 o6/MuH ¢ morpelu-
HOCTbIO £=2 % MaxCHMaJILHOTO Npejiesia B KaX/I0M JHanasoHe H3MepeHHsl.

Cuerynk 06OPOTOB COCTOMT M3 CHCTeMH InecTepeHok no 10 ay6uos
B Kaxaof. OfHA H3 HHX I0OBOPAYHBAETCH TipH KaxJoM oGopoTe Basia
Ha omun 3yGem. Ilpu nosnoM oGopore 3TOH IUECTEPeHKH 3alenJsercs
CJEAYIOWAsA WECTEPHS H NOBOPAYHBACTCA Ha ONMH 3y6. IIpubop cHabxeH
KPYroBoH IIKaJod, LU(PPE KOTOPOH INOCAEAOBATENbHO MOSBJSIOTCSH
B OKOQIIKE, q)m{cnpyﬂ 1, 10, 100 unu 1000 oGopotos mmnungens. Ilocne
9999 o6opoToB NpPHGOP NEPEXOAUT HA HYJb H HAaUuHHAeTCs HOBHII CYeT,

Omnpenensisi MOMHOCTD Ha BaJy JBHraTels, HCHOMb3YIOT NPHOGOPEI
onpejeseHusl 3JeKTPHYecKOH MomHocTH. Eciu TpeGyeTcss onpeiesuTs
MOIIHOCTb HENOCPEACTBEHHO Ha Ba/Jy BEHTHJSITOpAa, TO NPHMEHAITCS
TaK HaspiBaemble «0ajiaHCHPHBIE CTaHKH» (MOTOP-BECHI, 3JEKTPOJHHAMO-
Metrp).” Cranok npejcTaBisieT co6oil OGBIYHBIH ABHraTesNb (MPeANOYTH-
TeJLHO MOCTOSIHHOTO TOKa), CTaTOp KOTOPOTO HaXONUTCS B OIopax H
K HeMy IpHCOeJUHEHB KOPOMBIC/]IA BECOB TaK, YTO OH MOXKeT CBOGOAHO
Kauatbcesl. [Ipu BpaleHHH KoJieca BEHTHJ/SITOpPA CTAaTOpP BMecTe € KOpO-
MBICJIAMH BOCIPHHHMdeT MOMEHT BpallleHHs H OTKJoHseTcsd. Moment
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BpalleHHA H3MepseTcs ypaBHOBeIUHBa}OH.lEﬁ IJIeYO KOpOMBICJIA Harpys-
KOH. OﬂHOBpEMeHHO H3MepseTCsa YUCJI0 OﬁOpOTOB Bajla B MHH H BBHI-
YUCAAETCA YyIJoBas CKOPOCTb.

_
T80’

noc/je Yyero BBIYHC/ISETCS MOIHOCTb, KB,

N = Mw/1000,

rie M — moMeHT Bpamenus, H-m.

12.2. ASPOAHHAMHUYECKHE HCIIbITAHHSA
BEHTHJISITOPOB

B CCCP peiictByer cTaHIApT Ha METOABI a3POJHHAMHUECKHX HCIIbI-
TaHUH BEeHTU/ISITOpoB pagHanbHeX H oceBblX (OCT 10921 —74), xoropsit
paspa6oTad B COOTBEeTCTBHH ¢ pekomenganusmu C3B PC 3650—72.
OCHOBHBIM METOJOM Ja60paTOPHLIX HCIBITAHHH BEHTHJSTOPOB CJeAyeT
CUMTaTh HCNBITAHHS Ha BcacbiBaHHe (pHc. 12.7). OCHOBHBIM IpeHMY-
LIECTBOM 3TOTO METOjA SIBJSIETCS TO, YTO NPUGOPH YCTAHABJIUBAIOTCS
B HEBO3MYILEHHOM ofbeMe. 3aMephl B Kamepe, e CKODOCTH LOCTaTOYHO
MaJibl, MO3BOJSIOT CYUTATh, YTO 3aMEPEeHHOe CTAaTHUYECKOe paspexeHHe
paBHsieTCA NOJIe3HOMY Hanopy BeHTHJsATopa. [lisi obecrneuyeHus 3aTyXa-
HHUSl BUXpeH B KaMepe yCTaHaBJMBAIOTCH BHIIPSMISAIONINE yCTPOHCTBA.
Ot60op CTaTHYECKHX JABJEHHI OCYILECTBJSIETCS Uepe3 KPYIJbie OTBEp-
CTHs QUaMeTpoM 2—5 MM, PaBHOMEPHO PACNOJIOKEHHBIE 1O NepHMeTPY
KaMepel. [IpOH3BOJAMTENILHOCTD BEHTHJASITOpPA H3MEpSIOT C IIOMOLIbIO
pacxojgoMepa, yauie Bcero comnsia BeHTypH ¢ Koab(dHIHEHTOM pacxojia
a = 0,98==0,99. [lasg  peryJupoBaHHs pacxoia BO3AyXa YyCTaHaBJIH-
BAIOT JpOCCeJbHOE YCTPOHCTBO, a A/ U3MEPeHHsl KPYTHAILIEro MOMEHTa
[NPUMEHAIOT GaJaHCUPHLIH CTAHOK C MHHHMAaJbHHIM MOMEHTOM My,
He TpEeBBIIAIMUM OpH XoJdocToM xoxe 0,5 % kpyTsimero momenta M,
COOTBeTCTBYIOIero MakcuMasibHomy KII Bentuaatopa. Yro6bl mo-
CTPOHTb 23POJMHAMHYECKYIO XapaKTEPHCTHKY, HEOOXOAMMO 3HaTh:IPO-
H3BOJUTENBHOCTb BeHTHASATOpPA L (Q); mosaHoe, CTaTHYECKOE M JUHAMH-

/

Pa:Ta S =750, 2 7 4 5 6
Bl L L L
< Lol
R - : < : : . |
: | m

al ! 20304 X ? ﬁ

1 R ' /

By ~ &

Puc. 12.7. Cxema cTeHpa AJs a3pOAHHAMHYECKHX HCIBHITaHHA BEeHTHAATOpA
Ha BCacHIBaHHe:

1 — conno BerTypH; 2 — Jipoccenupyioliee ycTpoicTBo; 3 — KOPAYC KaMephi Bca-
CBIBAHHS; 4 — BRIMPAMJAAIOUIHE YCTPOHCTBA; § — BEHTHJASATOP; 6 — GajlaHCHDHBIH
CTAHOK C TaXxOMeTpOM
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YeCKoe 1aBMEeHHE P, Pop, Puum; NOTPEOASIEMYI0 MCHIHOCTH N; MOMHBIA .M
W CTaTHuyecKHH M, KIIJ BeHTU/IATOpa; MJIOTHOCTD nep’ememaeMoro
BO3JyXa Q; 4YaCTOTy BpallleHHs1 pabouero KoJeca 7.

[Ipn rmocTpoeHHH XapakKTepHCTHK BEHTHJATOPAa 3a HOpPMAaJbHbIE
aTMocepHele YCJAOBHS NpHHHMawTca p, = 101,56 kIla, T, = 293 K,
¢@o = 50 %, p, = 1,2 kr/m3,~ R = 288 ,Z[}K/(Kr~K). [lnoTHOCTS BO3-
JyXa Py B JIOOOM CEUEHHH HCIBITATeJNBHOTO CTEHJAa ONpelensieTcs o
dopmyite

Pa = Prax Pa £ Pmx To Ry
o = — HJI _— —_— e —
Ox RaTa H Oy Do Do Tx Ra ’

rae 7T, — u3MepeHHas TemnepaTypa BO3JyXa B ceyeHHH x—x (Jo6oe
U3 TpHBEJEHHBIX CEYeHUH); P, — H3MepeHHOe H3GBITOYHOE CTaTHye-
CKO€ JlaPJieHue B JaHHOM CeUeHHH; p,, T,, R, — JnasjeHue, Temneparypa
U rasoBasi NOCTOSIHHas aTMOC(epHOro BO3jyXa.

IIpou3BOAUTENBHOCTE BEHTUJSAITOPA L; ONpenensiioT HU3MepPeHHBIM
06bEMHBIM PacxoloM BO3ayxXa L;;;, OTHECEHHbIM K YCJOBHAM BX0Ja
B BeHTHJSTOD (1, Py, T1), NO dopmyJie

Li — LIII o111 .
P1r

O6nemHblil pacxon Lir;, HM3MepeHHBIH pPacxoJOMepoM, OINpeleNsiioT
no cgopmyne

L= aefry <p—121;' Pc> ,

rie o — Koaddunuent pacxojomepa (o = 0,985); & =1 —0,55X

X (pe/p,) — NONPABOYHBIH MHOXKHUTEJNb Ha pacliipeHHe H3MepsaeMoi

cpennl; Fly — IJIOILanb CYXKEHHOIO ceyeHHsl pacxoiomepa, M% p, —

nepenaj JAaeJeHUHd B pacxojpomepe, Ila. '
CraTuueckoe JaBJeHHe BEHTHJSTOpa

Per = Pyl — Pauu I»

rupe
01 .
Pryr1 = T(LI/FI)Q: P1 = Pa (pa — pMI/pa)'
ﬂHHaMH'—IeCKOE JaBJICHHEe BeHTHJIﬁTOpa
Paun = p;’(HHE'
3nech
Pul 7
1—0,72 —2—
Dl = 2L ( Lt )2. £ — Pa— Pul
A 2 \ Frr 1— 0,36}7;{““/[]“
rae Fpp— niomane BBIXOZHOTO MaTpy6ka. ¢
IToanoe JdBJICHHE BEHTHJAATOpA
P = Per 'l‘ Prun-

[loTpe6isieMass MOIIHOCTb oOmNpefensieTcss Kak
N =M —M,) 2nn,
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‘Puc. 12.8. Cxema cTeHja Ajsi a3pOJAMHAMHYECKHX HCIIBITAHKH BEHTHASTOPA
Ha HarHeTaHMe:

1 — BeHTUAATOD; 2 — mNepexofHOM yuacTok; 3 — consio Beutypu; 4 — Apoccesu-
pywpouiee ycTpolictBo; 5 — Auddepenunanbras Tpy6ka ITHTO; 6 — AuPMaHOMETp
MOJIHOT'O AaBJjeHusi; 7 — AudMaHOMeTp mepenaja JaBJeHUH B pacXxojoMepe

rae M — uamepeHHbldl MOMeHT, H -M; M, — HyJeBoll KpyTAILMH MOMEHT
GanaHcHpHoro ycrpofictBa, H-M; n —uacrora BpalieHusi paboyero
KoJseca, of/c.

ITosieplft v M cratuyeckuil me, KILJL ompepensiercsi kak

Li( 1—0,36 ——-—)
- Nuon — p I( Pa — Pul
=N N
—om )
_ Ner ____pCTLI( 03 — Pul
TIC'I“ N - N

Ecnu no yc1oBHAM BX0Ja, BBIXOAA H NPHBOAA BEHTHJATOD HE MOKET
ObITb TIDHCOEJMHEH K KaMepe BCAaChlBaHMS, YCAOBHAMH 3SKCIJIyaTalHy
npefaycMaTpuBaeTcs -ero pafora B CeTH HarHeTaHusi. B 3ToM ciyuae
NPOBOASITCS MCMBLITAHHS C HarHeTaTeJbHBIM BO3AYyXOBOJOM H DACXOJ0-
MepoM B BHJe comya BeHTypu, comna uiu auadparMbl cO BCTPOEHHBIM
NPHEMHHKOM IOJIHOTO HABJICHUS (pnc. 12.8). O6beMHBIH pacxol, H3Me-

penHwift (npn o = 0,985 u & = 1 —0,55— Pc ) B HarHeraTeJbHOM BO3-
ZyX0BoJe (ceueHue III——III) paCCI{HTbIEaETCH KaK
p 1/2
Lm = Lm( s ) .
Pr1r
3necn

’ 2 1/2
Lin = aeFyy (mﬁa) Pl = Pa M, ey =
. Pa

rae Fry — noomane ceuenus [V—IV; T, — temneparypa atMmocgep-
Horo Bo3ayxa; Tip= Ty = T, + 8T npu
0,001V
0T ~ ———.
Pl
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[IpoH3BOAHTENLHOCTL BEHTHIATOPA, NMPUBEJEHHAs K YCJOBHSM BCa-,
CHIBAHHSA, PACCYHTHIBATCA KaK
Ly = Li11p/0,-
I[Tonnoe naBJieHHEe BEHTHJIATOPA

P = Py11 + gp;u«m I1I-

’ _ prr [ L >2_ < Fry >2
Pruu 111 = —5— (‘——Fm = P, Frr )

rie § — nonpaBouHbIH KOS((pHIHEHT, YUHTHIBAIOIKMH CTENEHb BbIPABHH-
BAHHUS TIOTOKA. , B
JluHaMHyecKoe JapJeHHe BEHTHJATOPA

3nech

Pran = Paunt,
rne . .
fo P i)i’
Prum = =3 < Frir
£ — 1—0,72 (pMII_pJ'IHH/pa) _
1—0,36 Priw

Pa+PMn p;um
CTaTqucxoe JaBJ/JIeHHE€ BEHTUJATOpPA OlpeAe/IsieTcsa Kak

Per = P — Pnun-
B Cﬂy‘{ae IJEKTPHYECKH X HSMEpEHHH l'lOTpeGJIHeMaﬂ MOU.lHOCTb Onpe-

JeJIAeTCA Kak
N = Nana - Nnoi*’

rae Ny, — NOTepH MOLIHOCTH B Nepefaue ¥ NOAWMIHHKAX; 1, — KILI
3JIEKTPOJBUTaTeNs (PacCCUUTHIBAETCA KaK H B TpeaEI Ay Lem cayuae); -
N, — usMepeHHas 3JekTpHUECKAs] MOLIHOCTD.,

[lpy HCOBITAHMH HEKOTOPHIX BEHTHJISITOPOB, HE IPElyCMOTPEHHBIX
FOCT 10921—74, nast KOTOPHIX PeXHM XOJOCTOTO XOja HrpaeT 3HadH-

TEJBHYIO POJib, NPHUMEHSIOTCS Taxk 3
Ha3bIBAEMBIE KAaMEPHl C HaJAYyBOM r(7 Z¥ 4 /5 .
J

(puc. 12.9). ConporuBieHuHe Kame- —
Pl 2 KOMIIGHCHPYETCsi BCIIOMOTra- I )) ,
Te/NbHbIM pajinajibHBIM BEHTHJAATO- hE [ 5
. . B
i ;
[ ™
R 3N\
4 k4 2 1 4 X7
Puc. 12.9. CreHi, YKOMIUIEKTOBaHHbIH Puc. 12.10. CreHn HcnbiTaHUSI BeHTH-

Kamepoii ¢ HaxlyBOM:

] — BEHTUNATOD HUCMOLITHIBaeMBIH;, 2 — Ka-
mepa; 3 — BCHNOMOraTeJbHbIl BeHTHJATOD;
¢ — pacxogomep
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asTopa B TpyGe:

I — peryaupylomuit opras; 2 — Auddepen-
nuanbHas Tpyéka IIuto; 3 -~ HMNYJbCHHIE
Tpy6KH; 4 — HarHeraveJbHBI BO3NAYXOBOK;
5 — BEHTHJIATOD; 6 — BcachBaolHil BO3AY-
xoBoA. 7 — KOJIEKTOP



poM 3, a HCHLITHIBAEMBIH BeHTUAATOpP [ paGoTaeT TOJAbKO JHIIb
Ha CO3JaHHe YacTH MNaBJeHHs Ge3 yyera COMPOTHBJIEHHS KaMephl.
~Cxema nosBossieT co3jaTh B KaMepe J060e paspexeHHe, KOH-
Tposupyemoe npubopamu. [Jas TOYHOrO peryJupoBaHHsS paspexe-
HUS B KaMepe Ha HarHeraTelbHOM naTpy6Ke BCIIOMOTraTeJbHOI'O BEH-
TUJISATOpPA YCTAHABJIMBAeTCsl aBTOMaTHYeCKHH Jpoccesp — Auadparma.
HcnpityeMbiii BeHTHAATOP IPUBOAUTCS B-JHCTBHE € NOMOLIBIO GaslaHCHD-
HOTO CTaHKa, H3MepsIOUero MOIIHOCTh Ha Bany KoJleca BEHTHJASTOpa
H 4uCJ0 06OpOTOB BaJa.
[TpoMplil/IeHHble MCTIBITAHHSA BEHTHJIATOPA MOT'YT GHITh NPOBeJeHbL
B TpyGe /M HENOCPEICTBEHHO B CETH, HMEIOIIEH BCACHIBAIOMIMN H HArHE-
rTarenbHeld yyactku (puc. 12.10). B 3ToM ciyuae ciefyer Y4YHTHIBATb
BO3MOXKHYIO HEpaBHOMEPHOCTb I1apaMeTpPOB BO3JyXa B CEUEHHSX BO3-
JAYXOBOJIOB, IO3TOMY H3MepEHHs HEoOXOAMMO NDPOBOAHTH, KakK ObLIO
YKa3aHo paHee, B OTAGIbHBLIX TOYKAaX CCUEHHS C BBeleHHeM Kod(Dduiiu-
eHTa NOJIT M DAacCYHTHIBasi CyMMapHHIH pacXol H OCpelHEHHOe MoJe
jgaBjaeHud. [IpH M3MepeHHH [POH3BOJAUTENBHOCTH CJENyeT pPYKOBOJX-
CTBOBAaThCSl COOTBETCTBYIOUIMMH NpaBUJIaMH OCOGEHHO NpH BEIGOpE ceye-
HHUSL A5 H3MEpeHHH.

12.3. AKYCTHYECKHE MCIbITAHUS
BEHTHJlﬂTOPOB

AKycTHYeCKHE HCHOBITaHHS NPOBOJATCA B COOTBETCTBHH C r'OCT
15529—70. Llenblo TaKHX HCIBITAHHH SBASETCS MOJYYEHHe LIYMOBBIX
xapakTepucTHK arperaroB. CylIecTBYIOT CJeLYIOLHEe METOAB NOJy4eHHs
XapaKTepHUCTHK: B CBOGOLHOM 3BYKOBOM IoJsie; B TpyOe; B NOMEIIEHUH
C OTpPaxkaloWHUMH 3BYK OTPaKAEHHSMH; NPH MOMOILH 3TaJOHHOIO HCTOY-
HHKa 3BYKa.

B nepBoM cayyae HCIILITAHUS IPOBOAAT HAa OTKDHITOM BO3AyXe HJIH
B 3arJyunleHHOH KaMepe, NPH 3TOM MHKPOQOH pacliosarailT B pas-
. IMYHBIX TOYKAX BOKPYT H3J1yyaTessi, B KayecTBe KOTOPOTO IPHHUMAKOTCA
BCACHIBAIOIEe HJIH HarHeTaTeNbHOEe OTBEPCTHSI H KOPHYC B COOTBETCTBHH
¢ I'OCT 8055—73. Ilpu uCnBITaHWH HA OTKPLITOM BO31yXe CYLIECTBEHHOE
BJHSHHE MOTYT OKAa3bIBATh BHEIUHHE NIOMeXH (YJHYHBIA LIYM, [IyM BeTpa
H T. Il.), YYeT HJIH JUKBHIAIUMS 3THX IOMEX JeJaeT 3TOT CIocob Ipo-
MO3ZKHM H HeNOCTOBEPHBIM, XOTs OH NpoCcT U jewweB. Mcrmosp3oBaHue
3arJyIIEeHHBIX KaMep HCKJIoYaeT BHENIHHEe MOMEXH, HO HNPH 3TOM METOJ
CYLIeCTBEHHO YIODOXKAeTcs. "

[IIlyMOByl0 XapaKTepHUCTHKY BEHTHJSATOPA MOXKHO MNOJYYHTb B BO3-
AyX0BOJe, IOJCOeNMHEHHOM K BEHTWJIsATOPY. B 3ToM ciyyae ypoBeHb
3BYKOBOH MOLIHOCTH pacCYuTHIBaeTCHd Mo Qopmyne

L,=L+ 101g F — AL, — ALc;r. B

rie L — YPOBEHb 3BYKOBOTO JABJEHHS B 3aJaHHOH 4YacTOTHOH IloJoce,
M3MEPEHHLIA B IIONEPEYHOM CEYEHHH BO3lyXoBoAa; F — miomanb Mo-
NepedHoro CeyeHHs: BO3AYXoBoAa; AL,, — NOBHIUIEHHE YDPOBHS 3BYy-
KOBOTO JaBJ/ICHHS, OOYCJNOBJIEHHOE OTPa’KeHHEM 3BYKOBBIX BOJH OT
OTKDBITOTO KOHIa TpybomnpoBoja; AL, p — NOBLHILIEHHE YPOBHS 3BY-
KOBOTO JldaBJI€HHs, OOYCJOBJEHHO€ Ha/luyHeM CTOAYHX BOJH.

- 265



" 75 & 9|[ w
— Frér—= 4 1
l’__i I Y —
AL

I - 11

s | B 8
/ T

Puc. 12.11. CxeMbl YCTAHOBKH AASl aKYCTHYECKHX HCNIBITAHHH
BEHTHJASATOPOB:

| — wmymoraywHurenb; 2 — Gafnac; 3 — BeHTHJIHpyeMoe IoMele-
HUe; 4 — HarHeTaTeJbHBI BO3AYXOBOJX; & — ru6kas BCTaBKa;
6, |1 — nomemenud; 7 — BEHTUJNITOP C ABHraTejeM; &8 — Bca-
cblBaOUiM#t BO3AYXOBOA; 9 — Apoccedb, [0 — KOJIJIEKTOP

IIpn peanusauuu 3Toro MeToia Hajo paciosaratb HHgopmauueH
0 ALy, w ALg,, 5, TAK KaK BO3MOXKHBI [IOMEXH, CBSI3aHHbIE C OGLYBOM
MHKPO(OHa NOTOKOM BO31yXa.

CxeMa yCTaHOBKH [J/1s1 H3MepeHHs B INOMEIIEHHH C OTPaxKalollUMU
3BYK OrpaxKIeHHsIMH IOKasaHa Ha puc. 12.11. B stom cayuae oGopy-
Ayl0TCS TPHU TOMENIEHHUs, B KOTOPhIX H3MepsieTcd OOHUH YpOBEHb H
CIIEKTP 3BYKOBOH MOIIHOCTH BOKDYT BEHTHJISAITOpa M Ha CTOpPOHAX BCa-
CBIBAHHS M HarHeTaHus. B KauecTBe rnOMemIEHHH HCIOJB3YIOTCS PEBH-
OpalMOHHBIE KaMephl, NMPeACTaBJsIone co60i 3ByKO- H BHOPOH30MHPO-
BaHHBle OOBEMBI, B KOTOPHIX TIapaHTHPOBAHO CO3JaHHE OTPaKEHHOIO
3BYKOBOTro noJiss. BosayxoofmeH wmexay nomemeHusima 8, 9 ocylue-
CTBJsieTCss INo GafimacHoMy KaHaay [, BKJ/IOYAKOUWEMY IIyMOIJYLIH-
tenb 10. I1pon3BOAUTENBHOCTD BEHTUISATOPOB PETYJIHPYETCS C NOMOLIbIO
Apoccensi 2. Miamepenue ypoBHEH cJiefyeT NPOBOJUTbL B PEXKHME MAKCH-
manabneix KI1J. Lenecoobpa3Ho coBMmemaTh a3poiHHAaMHYEeCKHE H aKy-
CTHYECKHE HCIBITAHUS.

3BYKOBasi MOLIHOCTb B KaxJ0H {-i OKTaBHOH MOJOCe pacCUUTHIBAETCS
no ¢opmyne

L, =L+ 10 FBHB —6.

3pecp  L; — cpenneapudMeTHyecKHii OKTaBHBIA YyPOBEHb 3BYKOBOTO
AaBjienusi; F, npunumaercst paBHOH 1 Mm% Foy = 0,16 (V/1) — 3kBH-
BaJIeHTHAas IJION[afb 3BYKOBOT'O MOTJIONIEHHS IOMeleHus, rie V —
0o0beM TMOMeLIeHHsI; T — BpeMsi peBuOpanuy, B TeYEHHE KOTOPOTO
YPOBEHb 3BYKOBOTO JaBJIEHUS N0CJE MPEKPAILeHHS NefcTBUS HCTOUHHKE
3ByKa yMeHbluaercs Ha 60 1b.
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Torga cyMmapHbIH- ypoBeHb 3BYKOBOH MOIIHOCTH IOACUHTHIBAETCSH

MyTeM «IOTapH(PMHUECKOTO CJOKEHHST»
L,=101g Y} 10™'*»:

ITOT MeTOJ MOXKHO CYHTAaTh OCHOBHHIM, a METOJ H3MepeHHs IIpH
IIOMOIIH 3TAJIOHHOTO HMCTOYHHKA IIyMa — OTHOCHTEJIbHBIM. B 06bIuHOM
MOMEIIEHHH PacIoJIaraloT 3TaJOH Ha MecTe AeHCTBHTEJbHOTO HCTOYHHKA
myma (oTBepcTHe TPyGONPOBOAA, BEHTHJSATOP H T. N.) H H3MEPSIOT
3HAUeHHs YPOBHS €ro IIyMa, a 3aTeM CPABHHBAIOT C ILIYMOM HCCJIenye-
MOro oOBbeKTa.

[ToMHMO a’poJMHAMHYECKHX M AKYCTHUECKUX HCIIBITAHHH BEHTHJIS-
TOpPBI I0JBEPTAIOT MEXaHHYECKHM HCIIBITAHHAM U HCIBITAHUSM Ha HaleX-
HOCTb H pecypc. IIpy MeXaHHYECKMX HCIBITAHHAX BEHTHJASITOPBI NPO-
BepsIIOT: Ha MeXaHHYeCKYIo NMPOYHOCTb paboyero koJeca; Ha paborocmno-
COGHOCTb NPH JAeHCTBHH YAApHBIX Harpysok; Ha BHOPONPOYHOCTb
I'OCT 13731—68; Ha p360TOCHOCO6HOCTb NpH DPasJHYHLIX YIJax Ha-
KJIOHA.

Vcnbiranus Ha HagekKHOCTb U ‘pecypc rapaHTHPYIOT HaleKHYIO
paboTy BEHTHJATOpPa B TeUeHHe OINpPeJeNIeHHOIO CPOKa HeNpephBHOH
paboThl WM MOJHOrO rapaHTHPOBAHHOTO pecypca. [IponoJxuTeNbHOCTD
UCNIBITAHMH, KaK NPaBHJIO, OTOBAPHBAETCS CIIENHAa/JIbHBIMH YCJOBHSIMH.

BenTuasTopbl obuero nasnauenuss I'OCT 5976—73 umeror rapaw-
THHHBIH cpoK 18 MecsiueB co JHS BBOJA BeHTHJmTopa B 3KCIJIyaTalHIO
npu rapanTuiiHofi HapaGorke 8000 u.



Fnasa 13 MOHTAJXX, -HAJIALKA U 3KCIIJIYATALIMA
~ BEHTWJ/ISITOPHBIX YCTAHOBOK

ITocne nocTaBKH BEHTUJASITOpA 3aKAa3YMKY HPOBOASTCS MOHTAXKHBIE
paboThl, HMeEIOIHe CBOW OCOGEHHOCTH B 3aBHCHMOCTH OT €ro THIA, NpH-
BoZa M nepefauu. [Tocae npoBefeHNst MOHTAXKHBIX paboOT OCYIIECTBISETCA
Ha/lajKa BEHTUJASATOPHOH ycTaHoBKM. Korza OyAyT oCyIIeCTBJEHHI BCe
BcrioMoratesbHeie paGoThl 110 OPTaHH3allUH NPaBHJAbHOH U 6e30MacHOH
paboThl, YCTAHOBKY CAAIOT B 3IKCIJYyaTaUHIO.

13.1. MOHTA)K BEHTHJSTOPHBIX YCTAHOBOK

. Kak npaBuno, paaua/ibHble BEHTHJISATOPH MAJBIX pPa3MepoB IOCTaB-
JISIIOTCSL 3aBOJOM-H3rOTOBHTENIEM B cOoOpaHHOM BuJAe, Gosee KpYIHbIE
BEHTHJIATOPHL MOTYT IOCTyNaTh B pa3o6paHHOM BHIE.

Jlo npon3BoACTBA MOHTAXKHBEIX pPaGoOT HEOOXOAHUMO: IIPOBECTH OCMOTD
BEHTHJISITOPA M NPHBOAA H CBEPUTb HX XAPAKTEPHCTHKH C AAHHBIMH
[IPOEKTa; IIPOBEPUTh CONPOTHUBJIEHHE OOMOTKH 3JIEKTpPOABHUrATENs U
KOMIIJIEKTAlHI0; BLIBEpUTh (yHAaMeHT (IJIOIWAAKY) AJAs YCTaHOBKH
BEHTHJIATOPA M YCTAHOBOYHBIE H INPHCOENHHUTENbHBIE pPa3MEpEHL.

MoHTaxX BEHTHJATODHBIX YCTAHOBOK MPOH3BOAMTCH B CJefylomiel
nocjaenoBateNbHocTH: 1) ycranaBauBaercs pama BHODOOCHOBAHUS Ha
AHCTAaHIHOHHBIE 6PYCKH; 2) pasMermaiorcs BUOPOU30/STOPHl NOJ PaMoi;
3) Kpenarcs JebGeAKH U OJMOKH; 4) CTPONUTCS BEHTHJATOP HJIM OTASAbHbIH
€ro yses; 5) ycTaHaBJIHBAeTCs BEHTHJAATOP Ha pamy; 6) penaercs Bpe-
MEHHOe KpeIlJIEHHe BeHTHJATOPa; 7) NPOHU3BOAUTCS MOHTAX 3JIEKTPO-
ABHTaTeJs Ha cajla3kax M -ero KpemjeHue K pame; 8) ocBoGOkKAaeTCs
OT JMCTAHIHUOHHBIX OPYCKOB H YCTaHABJMBAETCS BEHTHJIATOP C JBHIa-
TeJIEM U PaMoil Ha BUOPOU30ASTOPHL; 9) pPeryaHpyroTcss BUOPOH30IATOPH
H OKOHYaTeNbHO KPEINsiTCsi BeHTHUJ/IATOPH!, ABHTATEJH U BHOPOU30JSITOPHI
K pame; 10) coenuHsIOTCS BEHTHJIATOPL! U JBUTaTe I nepejaueil u OKOH-
‘4yaTeNnbHO KpEeNMTCs JBUrareNb Ha canaskax; 11) ycranaBauBaercs
3amuTHOE OrpaxkieHue nepejauu; 12) mposepsiercss paGoToCnocoBHOCTb
BEHTHATOpA.

Ilpu arperatupoBanuu HeoOXOLMMO MMETb B BHAY, YTO BHOPOH30-
JATOPBl HOJIKHEl Pa3MelaTbCsi CHMMETDHYHO OTHOCHTEJbHO LEHTpa
TAMXKECTH BCEH YCTAHOBKH.

IIpaBusnbHOCTE COOPKH M YCTAHOBKH BEHTHJATOpPA Nepel] OKOHYA-
TEJIbHBIM 3aKpeNJIeHHEeM KOHTPOJHPYeTCS H IIPH 3TOM IPOBEPSIOTCSA
CJIeAyIOIHe MOMEHTHI: 3a30p MEXAY 3ajHeH cTeHKOH Koplhyca pajiuanb-
HOTO BEHTHJATOpa H pabouuM Kosecom (He Gosee 0,04D,), paGouuMm Ko-
JecoM u Auddysopom (He Gosee 0,01D,); ycTaHOBKA INMKHBOB, HX MmapaJf-
JIEJIBHOCTD M COOCHOCTb.
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MoHTaxX OCeBBIX BEHTHJSTOPOB  OCYIIe-
CTBJIAIOT MO Cjaelyiomeli TEeXHOJOTHH: YCTa-
HaBJHBAIOT OINOPH (C NPOBEPKOH MO YPOBHIO
H 33/Je]bIBalOT HX ILEMEHTHHIM pPacTBOPOM)
U  coOpaHHLIE BEHTHJATOP (B IIOJNOXKEHHE,
npefyCcMOTpEHHOe IPOEKTOM); KOHTPOJUPYIOT
pafualbHHIA 3a30p MEXAY KopnycoM H pabo- T
YHM KOJIECOM; KpeIsiT ONopHbIe OOJTEHI; Npo- 4
BepSIOT NPaBHJIbHOCTb HANpaB/leHHUs Bpalle- : 5
HHS pabouero KoJjeca.

Ilepen MOHTQXXOM KPBIIIHEIX BEHTHJAATO-
POB NIPOBOAATCSA CHELHANbHbIE CTPOHTEJbHbIE
pabornl (puc. 13.1), cocTosimue B yCTaHOBKe
YCHIEHHOH IIMTHI NEPEeKPLITHS, CTAHUHBL H
NOJJ0HA C KpelJieHHeM ero K crakany. Bo us-
OexkaHHe TONAajaHHs BJard, CTakaH CBEpXY
HNOKPHIBAETC KO3HIPbKOM. Mexjy BeHTHJIsA-
TOPOM H CTAKAHOM YCTAHABJHBAIOT DPe3HHO-
BYyI0 npokJaiky. Ilocsie npoBepKH BeHTHJIS- <7
TOPa W MOHTXHBIX TPOEMOB [EPEKPHITHS o 1ot ciovn coenne-
OCYILIECTBJISIETCS] MOHTAX B CIEAYIOWEH MO- o' youumoro BeHTHAS-
C/IeJOBATebLHOCTH: YCTAHABJIMBAIOTCSl BEHTH-  Topa: ,
JSITOp (HA CTakaH C PEe3HHOBOH INPOKJIAAKOH) 1 — nogmom; 2 — mamTa me-

H KO3BIDEK; KPENHTCA BEHTHJSTODP TalKaMH Fekorm 8 e
K aHKepHbIM OoJTaM. MATOP; 5 — KOSBIPEK ¢ Kpe-

- JIEHHEM

st pOM3BOACTBA  MOHTAXKHBIX  paGoT
B 33BMCHMOCTH = OT THUN4 BEHTHJISATOpA . HCIOMB3YIOTCS Pasfiny-
HBle ~Marepuanbl, Kpenex W  ynjorHeHus (191

13.2. NPOBEPKA H HAJIAJKA PABOTbI
BEHTUJIATOPA B CETH

Jas npoBepkH paboThl BEHTHJATOPA B CeTH HEOOXOAHUMO OInpeje-
JINTh (pakTHYeCKHH peXuM paboTel. Tlojg 3THM cilelyeT NOHHMAaTb ollpe-
fleneHnHe NPOU3BOAMTENBHOCTH, IOJHOTO JABJEHHSI W YacToThl Bpa-
IIeHHs1 Basja BeHTHJsTopa. [loNyueHHble JAHHEIE COMOCTABISIOTCA € IPO-
€KTHBIMH H KaTaJ0XHbIMH AaHHBIMH. [IpH -COIOCTABJNIEHHH C KaTajlo¥X-
HBIMH JaHHBIMM 3aM€pPEeHHOe IMOJHOe JaBJjeHHe HeO0XOAHMMO NPHBECTH
K CTaHJapTHBIM YCJIOBHAM p, = 760 mm pr.cr., Ty =293 K, ¢, =
= 50 % . Ha puc. 13.2 npuBefeHsl a3poJiHHAMHYECKHE XaPAKTEPHUCTHKH
 BEHTHJIATOPA H CETH, KOTOphle nepecekaiworcs B pabouell Touke (PT).
[lycts paboueit Touke PT COOTBETCTBYIOT NpPOEKTHbIE 3HAueHHA n'™M,
p™ u LM mojyueHHble NyTeM NMEPECEUEHHMS KATAJOXKHOH XapakKTepH-
CTHKH BeHTHJAsTOpa (KpuBas B) M pacyeTHOH XapakKTepUCTHKH CeTH
(kpuBast C). OfHHM H3 PAaCCMOTPEHHBIX METOJOB M3MEpSIOTCS - 1eHCTBH-
TeJbHBIE 3HaueHuss n(A, pA, L@l B ujeanbHOM cjydae TIPOEKTHBIE
H M3MEDEHHBIE 3HAYEHMS IapaMeTpoB JOJIKHBI COBMNAJATh, AOMYCKAETCs
OTKJIOHEHHE 10 3HaYeHHsiM M U p B npenenax 45 %. Ecau umeer mecTo
GoJsbllee OTKJOHEHHE, TO NPHYHHY CJelyeT HCKaTb B HEMCIIPAaBHOCTH
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BEHTU/ISTOPAa W CEeTH HJAH B HENPABHJIbHOM
pacuere. HeobGxonuMo TakKe TMpPOBEPUTH
obopynoBauue, MPaBHJIBHOCTL COOPKH BeEH-
TUJASTOpPAa W €ro BpalleHHe, 3aCOPEHHOCTb
CeTH ¥ COOTBETCTBHE €€ IPOEKTY.

IlycTb umeer MECTO  OTKJOHEHHE
JeACTBHTENbHOA ToukdH I uaum 2 OT 0O-
goxkenns PT. B aToM cayuyae ceTb
B HOpsJAKe, HEHCOPABHOCTH HYXHO HCKaTb
B BEHTUJSITOPE, KOTOPLIMH MOTYT OBITb:
HECOOTBETCTBHE uYHc/aIa 060poToB AlM) mac-
Puc. 13.2. K anaamay pa- JIODTHOMY 3HAYEHHIO; OTKJIOHEHHE Xapak-
GOTHl BeHTHJATOPHOH ycTa- TE€PHCTHKH BEHTHJSATOpA OT KaTaJOoKHOH;
HOBKH B CETH 110604HO€e BJIHSIHHE CETH Ha XapaKTepPHUCTHKY
v BEHTHJIATOPA (HENmpaBH/IbHOE IOJKJIOUEHHE

'BeHTHJIsITOpa). Ec/li HMeloTCst OTKJIOHEHHS B TOUKax 8 U 4, TO HEHCIIpaBHa

CeTb, @ BEHTHJAATOP B NOPsIKe U 3/IeCh BO3MOXKHBI CJeAYIOLHe TNPHYHHBI
OTKJIOHEHHSI: yTeYKa HJIM IOACOC BO3/AyXa Yepe3 HEIVIOTHOCTH CEeTH;
(hbaKTHYECKOE 3HAYEeHHE CONPOTHBJIEHHS CETH He COOTBETCTBYeT pacyer-
Homy (Oosibllie HJH MeHblle); BJHSHHE THAPOCTATHYECKHX (DaKTOPOB
NOANOpA W TATH; NPHKPHITH 3aCAOHKH. B cayuae otkiaonenus ot PT —
3,1; 3,2, 2,4 u 1,4 — Inartos OJHO3HAYHO TOCTABHTH 3aTPyLHHTEJNBHO,
TaK KaK MOT'yT BJIHSTb pa3jnuHbie pakTopsl. B cnyyae oTkaonenui PT ne-
06X0/lUMO [IPOBEPUTH YACTOTY BpallleHHsI Bajla KoJieca BEHTU/IATOPA (Taxo-
MEeTPOM), 3a30Pbl MEXAY KOPHYCOM U KOJIECOM; CE€Tb Ha NMJIOTHOCTb, NOJIO-
JKEHHE 34CJIOHOK; HeT JIH 3aTPOMOKAEHHOCTH KaHaJI0B BO31yX0BOJIOB IO~
CTOPOHHHMH NPeJIMETaMH, KaueCTBO H3rOTOBJEHUS U NIPAaBUAbHOCTH MOH-
Taxa 3aloPHO-PEeryJ/HPYIOULEH apMaTypPhl H NPOAHATH3UPOBATh IPaBUJIb-
HOCTB MOJKJIIOUEHH T BEHTHJSATOPA, YCTAHOBKH HANPAaBJAIOIEro annapara
u GdacoHHEIX yacTel. B ciyuae, ecnu ypoBeHb IIyMa BEHTUJATOPHOH
YCTAHOBKH NPEBHIIIAET JONYCTHMBIE HOPMEI, CJIelyeT BEISIBUTb UCTOUHHKH
mwyma. Cpein BUX MOXHO Ha3BaTh: BHODALUIO BEHTHJIATOPA MM 3JeK-
TPOJABHIaTe s, MOAUIMIIHUKOB MPHBOJAA M APYTUX HEOTPElryJHPOBAHHBIX
3JIEMEHTOB YCTaHOBKH; LIyM 00y CA0BIHBAETCS] BCACLIBAHHEM U BBIXJIOMIOM.
~Jlns cHMJKEHHsT YPOBHSI LIyMa MOXHO PEKOMEHAOBAaTb CJeAYyIOIIHE
MeponpuaTHs: orbanaHcHpoBaTh pafoyee KOJ1eCO BEHTHJASTOPAa H POTOP
IBUTaTeNsi; YCTPAHUTb OHMEHHe IUKHBOB HJIH COELHHUTEIbHBIX MY(T H
IIepeKOoCH Nepelay; yCTAaHOBUTb BEHTHUJATOP H 3JEKTPOIBHIaTeNb Ha
BHOPOH30/HPYIOlIee OCHOBAHHE; COSAHHNUTb (UIaHLbI OTBEPCTHH BEHTHJISA-
TOpa U BO3[YyXOBOJOB MSITKMMH HPOCTABKAaMHU; CAEJNaTb Pa3PhIBbI MEXIY
(GYHIAMEHTAaMH M HECYIMMH KOHCTPYKUHMSAMH 3JaHHs; YCTAHOBHTb 3BY-
KOH30/JHPYIOIIHEe KOXYXH; YCTAHOBUTH Mmymoraymwuresd. Kaxnas ycra-
HOBKa JOJ/I)KHA OBbITh CHaGKeHa HHCTPYKUWEH MO SKCIIyaTallU{d H TeX-
HHKe 6e30MacHOCTH.

13.3. AKCNIAYATALUA BEHTHJISATOPHbIX YCTAHOBOK

OT npaBHJABHOCTH OPTAHH3ALMH SKCIJIyaTallHd YCTAHOBKH 3aBHCHT
HaJe>XHOCTh U KadecTBO ee paboTel. OpraHusanus 3KCHayaTalud BKJIO-
yaeT: NoBCefHEBHOe HabOJMIOJeHHe 32 TEeXHHYECKHM COCTOSHHEM YycTa-
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HOBKH; CBOEBPEMEHHO€ NpOBEIEHHE 47T
BCe€X BHJOB PEMOHTHBIX paboT; BbI-
NoJIHEHHe TIpaBHJ TEXHHKH Ge3omnac-
HOCTH W TIOXKApHOH NPOPUIAKTUKH;
3KOHOMHIO TEKYyIIUX PacXxojoB.

W3 O0CHOBHEIX BO3MOXKHBIX HEHC-
HpaBHoCTeH, BIHAIHX Ha 3(peKTHB- m
HOCTh BEHTH/JISATOPHOH YCTAHOBKH, pac-
CMOTPUM CJIEAYIOIIHE: KOJeco paju-
aJbHOTO BEHTH/IATOpPA Bpaliaercst mpo-
THB pPa3BOPOTa YJAUTKH, Ju6O KoJeco
0CEBOT'0 BEHTHJATOpPA BpPallaeTcsi BhI-
NYKJOCTbIO BIEpej, B 3TOM CJydae .
HaJ(0 TOMEHSATb MECTAMH KJIEMMBL Y ABYX  §)p '
(as3; BeJMK 3a30p MEXKAY KOJECOM H
KopnycoMm (B caydyae OCEBOTO BEHTH-
JSITOPa MOXKHO YMEHBIIHTb JHAMETD
KOpIlyca); peMeHb IpPHBOAA NPOGYK-
COBBLIBAeT, CJAELyeT IepeIBHHYTh JIBH-
rateqb Ha cajnaskax; rpeercs [Bura-
Teb, He0OXOAUMO YCTPAHUTD [IPUYHHEL;

IIpH NyCKe BO3HUKAIOT BHOpaLlMH U CTYK,
CJeflyeT OCYIIeCTBHTb INOATAXKKY Kpe-  4)p
nexa, 3acOpeH BO3LYyXOBOJ, CJaelyeT
06HApYKUTb MECTO 3aCOPEHHS H yCTpa-

HHTb €ro; MOSIBHJIHCh HEMJOTHOCTH

B COEJIHHEHHH 3JIEMEHTOB CeTH, Cle-  'p,
ZAyeT NPOBEPHTb U NPH HEOOXOAUMOCTH or_ g
OCYIIECTBHTb TOATSKKY (DIaHLEB HJIH .
3aMEHHUTh LeTajb.

OcHoBHOH cTaTheH pacxopa INpH N
3KCIIyaTallud BEHTHAATODHBIX YyCTa- P Lily 1. Ly
HOBOK SIBJISIETCSI CTOMMOCTB NoTpebsie-

Moit suepruu. [105TOMy OUeHb BaKHO P:rc'm‘l3£'a “':n"ﬁ"c”'a‘;"é*;]"';:""::ﬁg
obecrednTh paGoTy BEHTH/IATOPA U JIBH- Eeﬂﬁm‘;mpﬂoﬁ yCTaHOBKg’ pyemo
raTesiss B Haubosaee 3KOHOMHYHBIX pe-

JKUMaX € YYeTOM H3MEeHeHHs Harpy3oK CYTOYHBIX, CE30HHBIX, FOJO-
BEIX. JTa 3ajauya pemiaercss NyTeM aBTOMAaTHYECKOTO JHCTAHIHOH-
HOTO II€HTPaJH30BaHHOTO ynpaBjeHHss. ONHaKo BeIOpaHHHIH Croco6
peryJHpOBaHHS M CXeMbl yIpaBJeHHS BEHTHJIATOPHOH yCTAHOBKH
JIOJIKHBL GBITh HE TOJbKO 9KOHOMHYHBIMH, HO H 00ecleyuBaTh TpeGyembie
PEeXUMBl SKCHJNYyaTalUHu BEHTHAATODA.

B nmpouecce 3kcnayaranuyu BeHTHISTOPHOH YCTAHOBKH B 3aBHCHMOCTH
OT ee WEJEBOro Ha3HAUeHUs TpebyeTcs H3MEHSTb HNPOU3BOLHUTENbHOCTh
ycraHoBKH. [Jampumep, mnycTh BeHTHJASITODHAsT ycTaHOBKa paboraer
Ha CHCTEMY KOHJWIMOHHPOBAHUS BO3JyXa, 3aKOH M3MEHEHHS HArpy3KH
Ha BEHTHJSTOPHYIO YCTAHOBKY 3aJaH 6a30BBEIM I'padMKOM BHJIA: BPeMs
3KCIIyaTaluu T — MPOHU3BOAUTENBHOCTh BeHTHAsiTopa L (puc. 13.3, a).
Kak BuaHo, Tpebyemas rayOuHa peryaupoBanus ot L, 1o L, MoxeT ObIThb
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00eCreyeHa CaMblM HESKOHOMHUHBIM CNOCOGOM — APOCCENMPOBAHHEM
(puc. 13.3, 6). HcnonbsoBanue Gosee SKOHOMUUHOTO Crocoba ¢ TpHMe-
HEHHEM HanpaBJsIOUlero anmnapara He obecrnedHBaeT Tpebyemyio riy-
OuHY peryJHpOBAaHHS; CJIeBa OT BEPTHUKAJIbHOH JHHHH, NPOXOAIIEH
yepes TOUKy A, HMeeT MeCTo 30HA HEOGECHeYeHHOCTH AJsI 3aIaHHOTO
cmocoba (puc. 13.3, 6). Ilna oGecneueHusi BceX PEKHMOB pabOTHI Tpe-
Gyercsi KOMOMHMDOBAHHBIH . CHOCO6 — HANPABJALIIMA anmapar MIOC
ApoccesupoBanye (Touka 5) uaM NpuMeHeHHe crnocoba H3MEHEHHsS Ya-
CTOTHl BpAIIEHHA Basa OT 7y A0 115 (Touka B). OfHAKO B moc/enHeM cay-
yae BeHTHJATOp OyJleT co3aBaTh majioe jgaBaeHue pg < pg U He obec-
NEYUT NMPEONOJICHHE CONpOTHBJEHHs ceTH. Kak HuM mapajokcajbHO, HO
B paccMaTpHUBAEMOM CJydae NPHAETCH NPUMEHSTh He 3KOHOMHUYHBIH CIio-
co6 peryJiHpOoBaHHS.

B cucremax BEHTHIANMH M KOHJIHUHOHMDOBAHUS BO3AyXa IS Npej-
OTBPAIleHHS] aBapHHHBIX CHTyalH# HEOGXOZUMO WMMETb HH(OPMALHIO,
0 paGore BEHTHJIATOPHOH ycTaHOBKH. /sl 3TOH LeJM NPUMEHSIOT Pas-
JIMUHBIE yKasblBaiollne mnpubopsl, Hanpumep, (uaxkKoBoe peje MOTOKA
tuna PIIB-2 ¢ AByXNMOSHIHOHHBIM PTYTHBIM KOHTAKTOM, YKpPeIJEHHBIM
Ha ocH ¢uaxka. Pese moToka (GuaxKOBOH UaCTbIO IOMELAETCS B MOTOK
‘BO3JlyXa U NpPH OTKJIOHEHMH (I1aXKKa KOHTAKT 3aMBIKAET LENh CHIHAJIH-
3annu. IlpuGop moxer ObITP HACTPOEH HA ONpENEJEHHYIO CKOPOCTb
BO3AYIUHOrO NoTOoKa. [Ipy 3KChyaTauuu BeHTHJIATOPHBIX YCTAHOBOK,
HpeJHA3HAYEHHBIX [/ HNEePEMENIEHHS TOPIOYMX rasoB M CMecel, MOXeT
BO3HHKHYTb [10XKapHAs ONACHOCTb M PACIPOCTPAHEHHE I0XKapa M0 BO3-
AyxoBoiy. MCTOUHHKOM BoCH/IaMEHeHHs MOMKET ObTb HCKPOOGpasoBa-
HHe TIDH KacaHUH TMOABHXKHBIX M HENOJBHIKHBIX YacTefl BEHTHJSATOPA,
HeHCIIPABHOCTD JABHTaTe/sl, yCKOBOrO YCTPOHCTBA H T. 1. B stoM cayuae
JOJIKHBl IIDHMEHSATHCS BEHTUJAATOPHbIE YCTAHOBKH B HCKPO3allHLIEH-
HoM Bapuadre. [Ipy skchsyaTanuu BeHTHJSITOPHBIX YCTAHOBOK ILIO-
WAAKH VIS X DPasMEeLEeHHs JOJIXKHH ObiTh OrOPOXKEHDI, JECTHUIIb CHA6-
KEHBl NMepU/IaM¥ ¥ BBLINIOJHEHB! ADYTHe NpaBuja 10 TEXHUKE OGesomac-
HOCTH.

[TpaBusnbHas opraHusanys MIaHOBOTO NPELYIPENUTENBHOTO PEMOHTA
TIOBBILIAET JOJTOBEYHOCTh YCTAHOBKH, NpEIyNpekIaeT WX HEOXMUAAHHBIMA
BhIXOJ u3 cTpos. OH BK/OYaeT B celGsi MepPONPHSITHS MO TEKYIIEMY
OOCNYKHBAHHIO M PEMOHTY, INPOBOJMMBIE TIO0 3apaHee COCTABJIEHHOMY.
IJIaHy C 1e/bio 6e30TKa3HOH paboThl BEHTHJASTOPHOH YCTAHOBKH. TeKy-
WHHA DPEMOHT HOCHT NPOPHAAKTHYECKHH XapakTep H BKJUYaeT B cebs
peryJsipHbli OCMOTp, YyCTPaHEHHEe MEJKHX HEHCHPaBHOCTEH, CMAasky,
YUCTKY U T. A.

Kanura/nbHelA PEMOHT MOAPA3yMeBAET MOJHOE BOCCTAHOBJEHHE pe-
cypca ¢ -3ameHOH MOOBIX wacTeH ycTaHOBKH. [IpH COMHIHOM H3HOCE
BEHTHJISTODHOH yCTAHOBKH KamHUTaJbHLIH pEMOHT HE MNPOM3BOLAT,
a NPOBOAAT 3ameHy oGopynoBaHusi. [To TekyumeMy peMOHTY peKOMeHIo-
BaHa CJenylomas MepHOAHYHOCTb ONepaiyui B MeCsiax: OUHCTKa Yepes
3—6; okpacka 12—36; cmaska 6—12. Cpoku KamuTaabHOrO PEMOHTA
3aBUCST OT YC/JOBUA 3KCIIyataluu H kKoJjebmores or 1 go 10 Jer.

Ha xaxIylo BEHTHJATOPHYIO YCTAHOBKY JOJKEH OBITb 3aBeleH
TEXHHYECKHH MAacropT (B ABYX 3K3E€MILIAPAX), B KOTOPbIH BK.I0YAIOTCH
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cAenyonue CBENEHNHS: HAHMEHOBAHHE NPEApPpUATHS;, MECTOHAXOKIEHHE
YCTAaHOBKY; HAa3HAUYEHHE YCTAHOBKH; K€M BBIIIOJHEHH NPOEKT, MOHTAX,
HaJlaJKa; CPOK NIyCKa B 3KCIJyaTalHIO; CBEIEHHS O DEMOHTE; TEXHH-
YeCKHE JAHHBI€ BEHTUJISITOpA W ABHraTess.

TlomuMo nacnopra AJas KaxJA0H YCTAHOBKH COCTABJSIIOT HHCTPYKIHIO,
B KOTOPOH YKa3HBaiOT NMOPSNOK BKJIOUEHHS, BHIKJIOYCHHS H AeHCTBHH
o o6CIyKHBaHHIO,

NMNPUJTOXEHHUE

Iasi onpejesnenus TpeGyeMoro CHHXKEHHs YPOBHsI 3BYKOBOTO AaBJies
HusA ‘HGOGXOII,PIMO‘ HUMeTb IIYMOBBIE XAPAKTePHCTHKH BEHTUJSATOPOB Ha
CTOPOHE BCachlBaHHUsI M HarHeraHusi. [lacropTHele XapakTepUCTHKH BeH-
THIATOPHLIX ~arperaToB KOHAMIHOHepoB cepun KTILL npuBeneHs!
B taba. II.1.

B Tex c/iyyasx, KOTa OHH OTCYTCTBYIOT, OKTABHBE YDOBHH
3BYKOBOH MOIIHOCTH, H3Jy4aeMOH yepe3 BCaChIBAOUIMA M HarHeTaTesb-
HbIH nMaTpyOKH BEHTH/IATOPA, MOXKHO MOMYYHTH pacyeTom. [Ipu 3TOM
HeoGXOIUMO 3HATb 3HAYEHHsS MONPAaBOK .ALI u AL,, KOTOpbe 3aBHCAT
OT THUNa BEHTUJ/ATOPA, PasMepoB €ro NaTpyOKOB M YaCTOThl OKTaBHBIX
noJoc.

Jlns IMWHPOKO TNpPHMEHAEMBIX MapOK BEHTHJATOPOB TAaKHE I10-
‘NpaBKH TPHBEJEHbI B taba. I1.2 u I1.3.
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Taénuua 1.1

IlymMoBBIe XapaKTePHCTHKH BEHTHJASATOPHBIX
3BYKOBOH MOLUHOCTH HAarHeTaHHs

arperato. OxrasHbie ypoBhi

é: . B g CpennereoMeTpuueckas uwacToTa, I
E. |32 |7
Mapka Howmep u S 2y | ©
KOHJH - THT BEHTH- gz L é
UHOHEPOB JasiTopa ® - 5& |3
SE | 5 |&= e lolalslslsls
ES |5 |>8] 3| 2|5l |s|5]¢2]¢s
640 | 76 | 96 | 87 | 87|83 |82 | 73| 66 | 62
KTH31.5 31500 1 750 | 80 | 90 | 91 |91 |87 |86 |77 | 7066
114-76
Ne 12 ¢ HA
660 | 77| 87 | 88 | 88 | 84 | 83| 74| 73 | 63
KTL40 40000 | 765 | g1 | 91 | 92 |92 | 88 |87 |78 |71 | 67
480 {77 ] 97| 95|91 85|81 (76| 71|64
KTILI63 63000 | 565 | 82 | 102 | 100 | 96 | 90 | 86 | 81 | 76 | 69
630 | 85| 105 | 103 [ 99 [ 93 [ 89 | 84 | 79 | 72
114-76
Ne 16 ¢ HA
510 |79 | 99| 97|93 |87 (83|78 | 73|66
KTILI80 80000 [ 575 | 82 | 102 [ 100 [ 96 | 90 | 86 | 81 | 76 | 69
650 | 85 | 105 | 103 |99 | 93 | 89 | 84 | 79 | 72
11476 415183 | 93 | 94 [94 |90 |89 |80 | 7369
KTILI25 |, 50 « HA | 125000 | 465 | 84 | 94 | 95 | 95| 91 | 90 | 81 | 74 | 70
o 525 | 85| 95 | 96 |96 |92 |91 |82 | 75| 71
530 | 87 | 108 | 105 [102] 96 | 92 | 88 | 84 [ 76
KTIL160 160000 | 600 | 91 | 111 | 108 [105| 99 | 95 | 91 | 87 | 79
660 | 92 | 113 | 110 | 107|101 [ 97 | 93 | 89 | &1
114-100
Ne 16/2
585 | 90 | 110 | 107 |104] 98 { 94 | 90 | 86 | 78
KTL1200 200000 | 645 | 93 | 112 | 109 | 106|100 | 96 | 92 | 88 | 80
700 | 94 | 113 | 110 107|101 | 97 | 93 | 89 | 81
©114-100 430 | 91 | 111 | 108 |105] 99 | 95 | 91 | 87°| 79
KTH250 | y\a'o0/p 250000 | 490 | 94 | 113 | 110 | 107|101 | 97 | 93 | 89 | 81
° 595 | 97 | 116 | 113 | 110104 |100 | 96 | 92 | 84
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Ta6nuuna I12
3nauenus nonpaBku ALy, nb

LenTpoGexHble BEHTHJASTOPHI
. C JionaTKaMH, 3arHyThiMH
CpenHereomeTpHyeckas OceBble
4acTOTa OKTaBHBIX Bnepen (1114-46, nasag (L14-70, BEHTHJITOD bl
nosoc, I'n &3-75%0 ngg)ﬁ , 114-76, KLI3-90, ,
Tioeny ™ L13-04, KI[-4-84B)

(16) (10) (19) (23)

(32) (©6) (15) (18)

- 63 6 11 13

125 6 7 8

250 6 5 9

500 9 6 5

1 000 13 9 7

2 000 17 16 10

4000 21 21 16

8 000 26 26 23

(16 000) (31 (31) (30)

(32 000) (36) (36) (37)

Mpumedganusa . [Ipusegenanie B Tabs. I1.2 fanubie Gea cKoGOK COpaBeRJHBhHI,

KOTZia 4acToTa BpalleHHsl BEHTHAATOpPA HAXORUTCA B npefenax 700— 1400 o5/mus. 2. Ilpu dacTore
BpauleHusl BeHTHasITopa 1410—2800 06/MHH Bech CIEKTP (BCIO KOJIOHKY LHOP) cJaefyeT CABHHYTH
Ha OKTaBy B CTQPOHY BBLICOKHX HWacTOT (Ha CTPOUKY BHH3), a npH 350—690 o6/MHH — Ha OKTaBy
B CTOPOHY HM3KHX 4acTOT (Ha CTPOYKY BBeDX), NPHHHMAas IJIs KpaffHHX 4YacTOT 3HAYEHHd, yKa-
3aHHBIC B cCKOOKax AAas uacToT 32 u 16 000 . 3. Tlpu wyacToTe BpameHHUs BeHTHJAsATOpa 2810—
5600 of/MHH Becb CHEKTP CJeAYeT CABHHYTb aHAJOrHYHBIM 00pasoM Ha [BE OKTaBEl (ABE CTPOYKH)
B CTOPOHY BBICOKHX YacTOT, a NpPH dncje o6opoToB 340— 175 06/MuUH — Ha ABE OKTaBbi B CTOPOHY

HHBKHX Y4acTQT.

Ta6awuuwa I1.3
3navenus nompasok AL, ab

aSNG S CpefHereoMeTpHueCcKasi gacToTa md = CpejiHereoMeTpHyecKas 4actoTa
e OKTaBHBIX ToJoc, 'y > OKTaBHBEIX Tiojioc, [
ESs ‘ B8
R g ar g
Sxk EEE
Yo R Xxah
FE gE
28& P
gE & = ol el o g_E & o|lolole
3 0 o =3 S |o|lajof & 10 o o | Slo|lo]|S
XRE[ B 2| R B| 2RSS |88 B2 | 8| 3|218|3F[3
25 |37 13112519113 |1813(0 400 | 12 8 3 o(ofo0ojo0|oO
50 | 31 | 26|20 |14 8141010 450 | 12 6 2 of(ojojo0t{o
80 |26 (20| 14| 8|4 |L]|O]O 500 | 11 612 ([0([0]l0O]0]O
100 {24 (18|13 8} 3104010 560 [10 | 6 | 2 010j0(0} 0
125 |22 (161 1L | 6|2 ]0]|01{0 630 {10 | 5 1 0|10}{0|0} O
140 |21 (1510 6|2 |0}0O]|O 710 [ 8 | 4 1 010|000
160 |20 [ 14 | 10| 4 11000 80| 8 3 1 0(]0j0]0]| O
180 191} 14 81 4 1 (000 900 | 7 3 0 oOjo0f(ojoloO
200 | 18 | 13 81 3 110]0|0}1000] 6| 2 0O[0]0O|O[O]O
225 | 17| 12 71 2 0 [0|0}0]| 1250 | 4 1 0j10j0{0(f0} O
250 | 16 | 11 6| 2 0 1010|001} 1400 | 4 1 O[O0 ]O0O|OfOfO
280 | 16 | 10 61 2 0jojof{o0}J1600| 3]0|0f[O0O10]l0]0O} O
316 | 14|10} 4| 1 01010]01|2000) 2 opOjOJO|OjO] O
350 | 14 8 4|1 0(]0]0|0f2500] 0} 0] O0]|0]0}0]|0]O0

275



CIIUHCOK JIUTEPATYPHLI

1. AépamoBuu I'. H. ITpuknajuasi rasosas Aumamuka. M.: Hayka, 1976. 888 c.

2. A6pamosnu I'. H. Teopus typGyJeHTHbIx cTpyfi. M.: ®uamarrus, 1960. 715 c.

3. Aastmiyab A. ., Kucexes II. T. Tugpogunamuka u aspogunamuka. M.: Toc-
crpoiinagar. 1965. 277 c. :

4. Arexaps M. B., ®onbepumreiin U. M. Cynosele BenTHasTOpE. JI.: CyZocTpoe-
uue, 1971. 184 c.

57 Barypus B. B., Jabrepman B. M. Aspauus npombimieHnbx sfannii. M.: Toc-
crpoiinsgar, 1953. 278 c.

6. Benner K. 0.,  Madiepc /. E. I'mppoannamuxa, Temnjioo6MeH M MaccooGMeH.
M.: Hezpa, 1966. 276 c. )

7. Borocnosckuit B. H. Oronnenne u sentuaauus. Y. I1. Bentnasauus. M.: Crpoit-

. H3par, 1980. 295 c. :

8. Bpycuaosckuii M. B. Aspoannamuyeckue CXeMbl H XapaKTEDHCTHKH OCEBHIX
BenTuJsTopoB LIATH. M.: Henmpa, 1978. 198 c.

9. BeHTHaSUMS H OTOIJIEHHE LEXOB MAIUHHOCTPOHTENbHHEX 32B0ojios/M. M. T p u-
Mmataun, O . H TuModeena, B.M. Ddasrtepman ¥ ap. M.: Mamuno-
crpoenne, 1978. 272 c.

10. Bausinue HauaJbHOH MHTEHCHBHOCTH TYDGYJIEHTHOCTH Ha XapaKTePHCTHKH INPH-
rounnx HacagkoB/M. M. T'pumutanu, J. AL 3agosa, X.A ¥YraoBa. —
B ku.: Opranusauusi Bo3ZyxXoo6MeHa B MPOH3BOACTBEHHHIX moMemenusx. JI.: JIIHTII,
1978, c. 24—30.

“11. Byanuc JI. A., fpun JI. 1. Aspopunamuxa dakena. JI.: Dueprus, 1978. 215 c.

12. Toamu JI. JI. AspojMHaMHYeCKHi pacueT NPOTOYHON 9YacCTH OCEBHIX KOMIpec-
COpOB AJisl CTALMOHAPHEIX YCcTaHOBOK. JI.: Mamru3, 1959. 303 c.

13. pumutaun M. H., Tumodeea 0. H., Javrepman B. M. Bentuasiuns u oromnie-
HHE LIeXOB CYJOCTPOHTENbHBIX 3aBofoB. JI.: Cymocrpoenue, 1978. 239 c.

14, 3onoros C. C. Aspopunamuka cyjopoit BentHssuuu. JI.: Cynocrpoenue, 1967,
173 c. :

15. KonTpoab myma B npomsityiensoctd: [Ipeaynpexaenne, CHHXKEHHE H KOHTPOMb
npoMuiLiensoro myma B Anrnun/Tlep. ¢ anra. JI.: Cyzocrpoenme, 1981. 312 c.

16. Kpemaeckuit I1. I1. PacxozoMepst H cueTyHKH Kosuuectsa. JI.: Mammuoctpoe-
Hue, 1975. 703 c.

17. Jloangnckuii JI. T'. Mexannka xuAkocTH H rasa. M.: Hayxka, 1973, 847 c.

18. Maxkcumona I'. A. Oronsenne ¥ BeHtHaAsuHsA. U. I1. Bentuasauus. M.: Bricmas
mkosa, 1968. 463 c. ‘

19. MOHTaX BeHTHJAALMONHHX cXeM. CrpaBounnk Montaxuuka/Illoa pean.
N.T.Ctaposeposa. M: Crpofiussar, 1978. 591 c.

20. Mono6ues 10. C., Cenesnes K. I. Teopus u pacuer oceBHIX H HEeHTPOGEKHBIX
xomnpeccopos. JI.: Mamrus, 1957. 392 c.

21. Mpeo6pamenckuit B. M. TennoTexnuueckue H3MepeHus u npubopui. M.: Buep-
rea, 1978. 703 c. : ~
198 22. Cepos JI. M. Meronr mofo6Hs M pasMepHOCTH B Mexanuke. M.: Hayxka, 1967.

28 c.

23. Cenos JI. U. Mexanuka cnacwubix cpef. M.: Hayka, 1973. 584 c.

24. BenTHAsIUHS ¥ KOHJMHHOHNDOBAaHHe Bo3nyxa. CIIDaEOYHHK NpPOEKTHPOBIHKa/
Tlog pen. U.T.Craposeposa M.: Crpofiuzaar, 1978. £09 c.

-~ 25. Taoues B. H. Aspopunamuka Beprussunu. M.: Crpoiinagar, 1979. 295 c.

26. Temno- u Maccoobmen. Tennotexuuueckuii skcmepument. CnpaBounuk/Il o g
<5)6u1. pea B.A TFpuropbneBa u B.M 3opusna. M: Duepronsgar, 1982,
10 c. :

276



27.

Uentpobeknsie BentnasTope/Ilon pep. T. C. ConomaxoBoW.

M.: Maumxocrpoenne, 1975, 416 c.

28.
424 c.

29.

Yepkacckuit B. M. Hacocsl, BenTHsTOPH, KOoMnpeccopsl. M.: Dueprus, 1977.

Yepenanos B. M. Hekoroprie 3aKOHOMEPHOCTH TYPGYJIEHTHOrO TEUEHHS KHAKO-

CTH B NPSMOYTOJBHBIX H IVIOCKOOBAaJAbHLIX ceueHHAX. — HaB. Byaos. Cep. Crpouresin-
cTBO M apxuTexktypa. 1975, Ne 5, c. 119—125.
30. Wenenes H. A. AaponuﬂaMﬂxa BO3AYWIHKX NOTOKOB. M.: Crpoiiusgar, 1978

239 c.

31,
32.
‘ger. M.:
. 3JleepMaH B. M. BenTHasiuMs XHMHYeCKHX mpou3BoactB. M.: Xumus, 1980.

IWluxtuar T'. Teopus norpanuusoro cios. M.: Hayxa, 1974 711 c.
3kkepr B. OceBble H LeHTpOGexHble KoMnpeccopsl. IIpuMenenue, Teopus, pac-
Mawrus, 1959. 679 c.

. dabtepman B. M. Bo3saymmnnie 3aBechl. M.: Mammnoctpoenne, 1966. 131 c.

Reba J. Appllcatlons of the Coonda effect. Scientific American, June, 1966,

p. 84—92.



OTJTABJIEHHE

[Mpeaucnosue
Beegenne
F'mapa 1.

I'masa 2.

IFnasa 3.

F'nasa 4.

Fnasa b.

Fnasa 6.

278

Ocuosﬂue ypaBHEHH s a3POJHMHAMHKM . . . . . . . . . . . . .
YpaBHEHHE HEPA3PBIBHOCTH . . . . . « « « o« « « . . .

12 YpaBHeHHe SHEPIHH . . .

1.3. YpaBHenHe KoJH4eCTBa anxex-mﬂ e e e
1.4, YpaBHeHHe ABHKeHHS. . . . e e e e e
1.5. ¥YpaBHeHHe MOMEHTOB KoJHueCTBa nsnmeﬂnx e
9aeMEHTH TEODUH MOTPAHHYHOTO CHOS . . . . . . . . . . . .
2.1, Torpanuuueléf caolt . . . Coe
2. ypaaﬂeﬂns{ NOrpaHHYHOro cros IIJIH Teuennst B}I,OJI]: nJo-
CKOH MJACTHHH . . e
. Tlpumeper pelleHHs ypaBHEHHH JlaMHHapHOFO norpanwmoro
cnosg . . .
. OTpniB norpa}mqnoro crot . . . .
Typ6ynenTHocTs M TypOyJeHTHBIH norpaanHbm c.nou -
CeoGoaHas TypOyJeHTHOCTb . . .° N .
I'lo-reﬂuua.nbnue TeueHus! HecKHMAeMOH xm)u(ocm
.1. TlnockomapajiesibHble IOTOKH . . . . « . . « . « « . . .
2. Herouruk mCTOK. . . . . L L L L Lo oo
.3. Tlnockuit BHXDPb

.4. BuXpeHCTOUHHK (Buxpecmx)

.5. Jlunonb .

.6. Becuupxynnunoaﬂoe 06T€KaHHe prr.noro l.lHJIHHIlpa Hpﬂ-
7.

8.

9.

.1

A1

o

MOJIMHEHHbLIM MOTOKOM . . . .. .
OG6TekaHHe KPYIJIOro umm:mpa c unpxymm{eu e
AsponvHamuyeckasi CHJa M a3pOJHHAMHYECKHH MOMEHT . . .
CKOpOCTb BHTAHHSl M CKOPOCTb TPOTAHHSA . . . . . . . . .

0. Tlogvemuass cuia . . . . . . . . . .
Teopema J)KykoBckoro o l'lOJ.'['beMHOH cure ,11.7191 pemeTKu npo-
bumeRr .. ..o Lo
JBHKeHHe BO3NYXa B KAHAMAX . . . . . . . . « « « « « « o .

4.1. JlaMmuHapHoe H TYpOyJIeHTHOE JABHXKEHHEe XKHUIKOCTH B Kana1ax

4.2, Pacuer najeHusi JaBJeHHs NPH JBUKEHHH Bosnyxa B KaHa-

J1aX HEKDYIJIOro CeveHHss . . . . . Co

4.3. TeueHHe B KaHaJaX IePEeMEHHOrO CeUEHHS C MSMEHeHHeM Ha-

MpPaBJEHHS MOTOKOB . . . . . « .« o « « o o+ o wu i
4.4. Aaponnnamuqecxuu pacuer passeTBneHHux cereff Boszlyxo-
BOAOB . . . .

4.5. Bo3ayxoBoan H (pacomme yacrH .

4.6. Oco6ennoctH pacuera ceTelt nHeBMOTpchnopTa
Aspomlﬂamuxa CTPYil W BCACHIBAIOWHX (haKesoB

Kanaccndukauus crpyit e

52 Cpo6oiHble H30TEPMHYECKHE c'rpyn C e e e

5.3. HensorepMHUeCKHE CTPYH . . . . . . . . o o o o o o .

5.4. KOHBEKTHBHBIE CTPYH . . . « . .+ « « « « o« o . .

5.5. BcacuiBalomue dakensr . . .

5.6, Pacuer nNpHTOYHEIX CTPYH H BcaCbIBammux (baxenos mm

PA3JHYHBIX CIyyadeB HCTEUEHHSI M CTOKA . . . . . . . . .

AsponnHaMuKa 3panuii . . R

6.1. O6rekanne 3janus BO3JIYLHHBIM TIOTOKOM. Pacnpeneneﬂue

AABJICHHH HA TOBEPXHOCTH BJAHHH . . . . . . . . . . . .

L wwww LwWwWwwww

102
106

109
112



I'nasa 7.

I'masa 8.

.I“JlaBa'Q

PRI DO
WoNSULR WD

AspofunaMuteckie KoshduunHenTht .

. Pacxop Bosayxa, NPOXOASIIEro Yepe3 OTBepCTHH Onpe-

JejieHHe NIABJeHMH Ha HapyMXHOH nosepxnocm orpa;xp,eﬂuﬁ
Aspauus 3fanuii .

. KoHcTpyKTHBHOE otbopM.neHHe aspauuonnux yc'rpoucm
. HeopranusosaHsblil Bo3LyX0oo6MeH e e e
. Bo3pymnbie 3aBecht . . . e e

O6ecrnieueHHe YHCTOTHI amoctpepnoro Bosnyxa Ce

. Pacuer paccenBanns B amocdaepe apem{ux BellleCTB H3 HHSKHX

HCTOYHHKOB

Kaaccupukanus Bemvmmopos

7.1.
7.2.
7.3.
7.4.

Tunsl paguanbHEIX BEHTHJSTOPOB

THNEl 0CeBBIX BEHTHJSATOPOB .

Tunb gHaMeTpasbHBIX BEHTHJISTOPOB .

CpaBHenne H o6JacTu npumenemm pasnmnmx BHL0B “Ben-
THJISATOPOB .

PaagsanbHble BEHTHASTOPBE

© ©®®™ oK 00K
© 00~ O WO DO —

.10.
8.11.

OceBble BEHTHJATOPHI .

. OCHOBHbIE YpaBHEHHS Teoppm OCEBEIX MALIMH

. Bisinne BA3KOCTH Ha MOXBEMHYIO CHJY

. AspoznHaMHuecKHe KO3(DQHUUHEHTH .

. HarpyxeHHocTb peleTkH npodums .

. YcaoBHe paGoThl AMHHHBEIX JIONATOK OCEBOTO aeHTunﬁTopa
. KIN u momHocTs 0ceBOro Beﬂmnmopa .

. Pacuer oceBHIX BEHTHJISATOPOB

cocooooD,
(Z)\)CDO‘-PWK)—

KoucrpykTHiBHOE HCTIOMHEHHe pa)IHaJ'lebIX BeHTHJIﬂTOpOB
OcHOBbI TEODHH DajMabHBIX BEHTHJISATOPOB . . .
Biusinde reoMeTpuuecKHX XapakTePHCTHK DaGouero koaeca
Ha JaBjieHHe, Da3BHBaeMOe BEHTHJAATOPOM . . . . . . . .
Pacuer ontuManabhoro xuaMerpa Dy . . . . . .

Y4eT BJIHAHHSA KOHEYHOrO YHCJA JIONATOK paﬁoqero ‘komeca
Tuppabiuueckuii Kl’IlI pa60qero KoJieca pa;ma.nbﬂoro BeH-
THASITOPA . . . .
Koxyx BeHTHJIﬂTOpa .

Moursocts, notpebasieMast BeHTHJIHTOpOM u ero KI'III

[onobue pamuaibHBIX Benmnmopoa Kospdunuent 61)1-

CTPOXOAHOCTH
AsponnnaMuueckuil pacqe'r pagmanbﬂoro Beamnmopa
XapaKTepHCTHKH BEHTHJSITOPOB . ..

. XapaKTepHCTHKH OCEBHIX BEHTHJATOPOB

I'masa 10. Bemuun'ropnue YCTaHOBKH

IF'nasa 11,

10.1.

10.2.
10.3.

10.4.
10.5.
10.6.
10.7.

PaGora BenTusAATOpA Ha CeThb . . . . . . . . . . . . .
Topcoeannenne BEHTHJIATOPA K CeTH . . . . .
[ocnenopatensnas u mapanensuas pa6ota Bemmmopoa
Ha CeTh .

PerynupoBanue padom Bemu.n;nopnou yCTaHOBKH
Bri6op u ycraHoBKa BeHTHJAsATOpA

BenTunsrtopusie arperarsi .
OcoGeHHOCTH CYROBEIX Bemmmopﬂux arpera’roB

lllym u BuGpawys BEHTHASATOPHBIX YCTaHOBOK

1.1,

11.2.
11.3.
11.4.
11.5.

Pu3HUECKHE OCHOBHI 3Byxa H ero BO3JefiCTBHE Ha c.nyx ve-
JIoBeKa . ..
HOpMHpOBaHPle myma .
PacnpocTpaHeHHe H CHHXKEHHe myma B nomemennu .
Bu6panus u BuGpousossanus . . ..

IlTyMoBEle XapaKTepHCTHKH BeHTHJ'IS{TopOB

Faasa 12. WcnbiTande BeHTHASITOpOB . . .

12.1.
12.2.
12.3.

I/ISMepHTEJleaﬂ annaparypa u OCHaCTKa
ASpOEHHaMHHECKHe HCMBITAHHST BEHTHJSTOPOB
AKyCTPI'-IeCKHe HCMBITAHHSA BEHTUJISTOPOB

116

118
124
129
141
144
162

155

162
163
164
166

167
170

172
177

‘181

183

186
188
191

193
195
203

209
210
213
215
217
218
220
221
226

227
929
231
233
237
242
244
246

248
249
251
953
256
261
265
279



I'nasa 13. Monrax, nanajka u skcnayatalust BeHTHAATOPHBIX yc'rahonok

13.1. MoHTa}X BEHTHJASITOPHBIX YCTAHOBOK . . . . . .

13.2. TlpoBepka ¥ Hananka paGOTH BEHTHJSITOPA B CETH .

13.3. OkcniyaTanHst BEHTHJASTOPHBIX YCTAHOBOK . . . .
Mpuaoxkenne . . . . . . . . . ..o
COHCOK JIUTEPATYPBI. .« « v« v v v o e e e e e e e e e e .

YYEBHHK

Osee ITemposuu Hearos
Basepuii Oaecosus Mamuenro

ASPOJIMHAMUKA U BEHTW/ISITOPHI

Penakrop H. B. Cepezeesa :
Xynoxectserusi pesakrop C. C. Beneduxmos
Texuuueckuii pexakrop 7. M. Kuauu
Koppexkropwl: T. H. Ipunuyx, H. I'. Heanosa

Hb 3792

CpaHno B Haﬁop 13.11.85. Tlopgnucano B nedatbh 15.05.86. M-14645.

dopmar 60X 901/,,. ByMara KH.-XKypH. HMI.

Faprutypa JAuTepaTypHasi. IleyaTb BhicOKas. .

Yea. new, a. 17,5. Yca. kp.-ort. 17,5, ¥Yd4.-u3g. »a. 18,05. Tupax 6430 aks.
3akas 282. Llena 90 xom.

JleHHHIpajcKoe OTAesieHHE opAeHa Tpypomoro KpacHoro 3HaMeHH
H3/aTeNbCTBA «MAaIlHHOCTPOEHHE»
191065, Jlenunrpag, yJa. J3epxuHcKoro, 10

Jlenunrpanckas Tunorpapus Ne 6 oppena Tpygosoro KpacHoro 3HaMeHu
Jlenunrpanckoro oiveauneHus «Texuuueckas Kuura» uM. Esrenun COKoN0BOK
CowosnonurpapnpoMa npu I'ocygapcrBenHoM KoMmutere CCCP

1O fesiaM M3JaTesbCTB, MOJHUrpaduu H KHHKHOH TOProBJIH.

193144, r. Jlenuurpap, yn Mouceenko, 10.

268
269
270

273
276



	0001.tif
	0002.tif
	0003.tif
	0004.tif
	0005.tif
	0006.tif
	0007.tif
	0008.tif
	0009.tif
	0010.tif
	0011.tif
	0012.tif
	0013.tif
	0014.tif
	0015.tif
	0016.tif
	0017.tif
	0018.tif
	0019.tif
	0020.tif
	0021.tif
	0022.tif
	0023.tif
	0024.tif
	0025.tif
	0026.tif
	0027.tif
	0028.tif
	0029.tif
	0030.tif
	0031.tif
	0032.tif
	0033.tif
	0034.tif
	0035.tif
	0036.tif
	0037.tif
	0038.tif
	0039.tif
	0040.tif
	0041.tif
	0042.tif
	0043.tif
	0044.tif
	0045.tif
	0046.tif
	0047.tif
	0048.tif
	0049.tif
	0050.tif
	0051.tif
	0052.tif
	0053.tif
	0054.tif
	0055.tif
	0056.tif
	0057.tif
	0058.tif
	0059.tif
	0060.tif
	0061.tif
	0062.tif
	0063.tif
	0064.tif
	0065.tif
	0066.tif
	0067.tif
	0068.tif
	0069.tif
	0070.tif
	0071.tif
	0072.tif
	0073.tif
	0074.tif
	0075.tif
	0076.tif
	0077.tif
	0078.tif
	0079.tif
	0080.tif
	0081.tif
	0082.tif
	0083.tif
	0084.tif
	0085.tif
	0086.tif
	0087.tif
	0088.tif
	0089.tif
	0090.tif
	0091.tif
	0092.tif
	0093.tif
	0094.tif
	0095.tif
	0096.tif
	0097.tif
	0098.tif
	0099.tif
	0100.tif
	0101.tif
	0102.tif
	0103.tif
	0104.tif
	0105.tif
	0106.tif
	0107.tif
	0108.tif
	0109.tif
	0110.tif
	0111.tif
	0112.tif
	0113.tif
	0114.tif
	0115.tif
	0116.tif
	0117.tif
	0118.tif
	0119.tif
	0120.tif
	0121.tif
	0122.tif
	0123.tif
	0124.tif
	0125.tif
	0126.tif
	0127.tif
	0128.tif
	0129.tif
	0130.tif
	0131.tif
	0132.tif
	0133.tif
	0134.tif
	0135.tif
	0136.tif
	0137.tif
	0138.tif
	0139.tif
	0140.tif
	0141.tif
	0142.tif
	0143.tif
	0144.tif
	0145.tif
	0146.tif
	0147.tif
	0148.tif
	0149.tif
	0150.tif
	0151.tif
	0152.tif
	0153.tif
	0154.tif
	0155.tif
	0156.tif
	0157.tif
	0158.tif
	0159.tif
	0160.tif
	0161.tif
	0162.tif
	0163.tif
	0164.tif
	0165.tif
	0166.tif
	0167.tif
	0168.tif
	0169.tif
	0170.tif
	0171.tif
	0172.tif
	0173.tif
	0174.tif
	0175.tif
	0176.tif
	0177.tif
	0178.tif
	0179.tif
	0180.tif
	0181.tif
	0182.tif
	0183.tif
	0184.tif
	0185.tif
	0186.tif
	0187.tif
	0188.tif
	0189.tif
	0190.tif
	0191.tif
	0192.tif
	0193.tif
	0194.tif
	0195.tif
	0196.tif
	0197.tif
	0198.tif
	0199.tif
	0200.tif
	0201.tif
	0202.tif
	0203.tif
	0204.tif
	0205.tif
	0206.tif
	0207.tif
	0208.tif
	0209.tif
	0210.tif
	0211.tif
	0212.tif
	0213.tif
	0214.tif
	0215.tif
	0216.tif
	0217.tif
	0218.tif
	0219.tif
	0220.tif
	0221.tif
	0222.tif
	0223.tif
	0224.tif
	0225.tif
	0226.tif
	0227.tif
	0228.tif
	0229.tif
	0230.tif
	0231.tif
	0232.tif
	0233.tif
	0234.tif
	0235.tif
	0236.tif
	0237.tif
	0238.tif
	0239.tif
	0240.tif
	0241.tif
	0242.tif
	0243.tif
	0244.tif
	0245.tif
	0246.tif
	0247.tif
	0248.tif
	0249.tif
	0250.tif
	0251.tif
	0252.tif
	0253.tif
	0254.tif
	0255.tif
	0256.tif
	0257.tif
	0258.tif
	0259.tif
	0260.tif
	0261.tif
	0262.tif
	0263.tif
	0264.tif
	0265.tif
	0266.tif
	0267.tif
	0268.tif
	0269.tif
	0270.tif
	0271.tif
	0272.tif
	0273.tif
	0274.tif
	0275.tif
	0276.tif
	0277.tif
	0278.tif
	0279.tif
	0280.tif
	0281.tif

