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BBeieHue B NHEBMONIPUBO/L

CyliecTByeT HECKOJIBKO OIpEeNeleHU ClIoBa «IIPUBOMIY,
HMMEIOIINX OJUHAKOBYIO CMBICIIOBYIO HAarpy3Ky, HO pa3JinyaroiinX-
Csl CTENEHbIO JeTanu3anuu. B q1aHHOM paszene moJ mHeBMaTH4e-
CKAM TPUBOAOM OyJIeM IMMOHUMATh COBOKYITHOCTh ITHEBMAaTHYE-
CKUX YCTPOMCTB, MpeJHA3HAYCHHBIX JJIsl IPUBEICHUS B JABI)KCHUE
HEKOTOPOTO 00BEKTa YIPaBICHUS.

[Tox mHEeBMaTHYECKOW cHCTEMOM OyneM MOHUMAaTh COBOKYTI-
HOCTh BCEX YCTPOMCTB, pabOTAIOIINX C MUCIIOJIH30BAHUEM CKATOTO
BO3/yXa.

Takum 00pa3oM, OTIMYUTENFHONW YepTOH MHEBMATUYECKOTO
MIPUBO/JIA ABIISETCS 00s3aTeNIbHOE HAIMYHE UCTIOTHUTENIBHOTO JIBH-
raTesist - MHeBMOLIWJIMHIPA.

CenbCKOXO0341CTBEHHBIE MAalIMHBI U 000pPYIOBaHHUE MOKHO
KJIacCCU(PUIIUPOBATh MO Pa3IMYHBIM Ipu3HakaMm. Kak mokasbiBaeT
aHanu3 [1-9], onHUM U3 MPU3HAKOB, CBSI3aHHBIM C BO3MOKHOCTBIO
UCIOJIb30BAaHUS THEBMATUYECKUX MTPUBOJIOB, MOXKET SIBIISITHCSI MO-
OombHOCTh. C ATOM TOYKH 3pEHUSI MOYKHO BBIJCIUTH:

— CaMOXOJHble MOOWIbHbIE MalIMHbI (YyOOpPOYHBIE KOM-
OaifHBI, TPAKTOPA, SHEPTOCPE/ICTRA);

— TpUIETHOE MOOWJIBHOE 00OpyAOBaHHE, arperaTupyeMoe
C TpPaKTOpaMH WJIHM DHEpProcpeacTBamu (oOopymoBaHue s oOpa-
OOTKH TMOYBHI, YX0/1a 32 MTOCEBaMH, 3arOTOBKH KOPMOB H JIp.);

— cTamuoHapHoe oOopyaoBaHue (00OpyIOBaHWE IS TIO-
cieybopouHoit 00pabOTKM 3epHa M CEeMsH, Ji1 IPOU3BOJICTBA
KOMOUKOPMOB, MepepabOoTKH CeIbCKOXO03IHCTBEHHOW MPOIYKIIUH,
o0opynoBaHue A7 )KUBOTHOBOJICTBA U TIP.).

B caMoxoaHBIX MOOMIIBHBIX MalIuHaX MHEBMOIPUBO/T MPaK-
TUYEeCKH He mpumeHsercs [1-3] u ero mpuMeHeHHE Helenecooo-
pa3HoO. DTO BBI3BAHO TEM, YTO /Ui BBHITIOJIHEHHS OCHOBHBIX M
BCIIOMOTATENbHBIX OMepanuii pabo4uM opraHaM 3THUX MalluH
HEOOXOMMO pa3BHBATh OOJBIINE YCHIIWSA, HEAOCTHKUMBIE s
nHeBMonpuBoja. [1o3ToMy caMOXO/HbBIE CEIbCKOXO35ICTBEHHbIE



MalIMHbl B OCHOBHOM OCHAIIAIOTCS TUAPABINYECKUMH MPUBOA-
MHU.

Tem He MeHee, B MociieJHEE BpeMs HaMeTUIach TEHICHIIHS
OCHAILIEHUSI CAMOXOJHBIX CEJIbCKOXO3SHUCTBEHHBIX MAIIIUH ITHEB-
MaTHYECKHUMH CHCTEMaMH, BBIIOJHSIOUIUMHI Pa3iHuHbIe BCIIOMO-
raTelbHbIC U CEPBUCHBIC (DYHKIUU, YIYYIIAIOUIIMH SPTOHOMHUKY
U, COOTBETCTBEHHO, MOBBIIIAIOMIMMH KOHKYPEHTOCIIOCOOHOCTH
JTAHHOW TEXHUKH.

Hanpumep, mHeBMaTuueckass cucTeMa KOPMOYOOpPOYHOTO
komruiekca (kombaitna) KBK-8060 «ITAJIECCE FS8060» BbImos-
HseT cnenyromue Gynkuuu [10]: Hakauka MIUH, TPOJYBKa paaua-
TOPOB, OUYMCTKA BO3AYIIHBIX (QUIBTPOB KaOWHBI, BKIFOUYCHUE MEXK-
KOJIECHOH OJIokupoBKH auddepeHimana, o0ecrnedeHue BO3MOXK-
HOCTH TIOAKJIIOYEHHUs TPUIICTIHBIX MAaIlIuH C OJHOIPOBOIHBIM
MTHEBMaTUYECKUM MPUBOJIOM TOPMO30B.

Cucrema peryaupoBaHus J1aBJICHUS BO3yXa B IIMHAX UMEET
JIBa pekrMa paboThl: pexxuM «Jloporay» (B mIMHAX yCTaHABIMBAET-
cs pasnenue 0,24 MIIa) u pexxum «llone» (B muMHaxX ycTaHaBIIH-
Baercs nasienue 0,16 Mlla). CHmkeHue naBieHHs BO3AyXa B IIU-
Hax NOpHU JBWKEHUU IO MITKOMY TPYHTY YMEHBILIAET YyJIEIbHOE
JIaBJICHHUE HA TPYHT U MOBBIIIAET IPOXOJUMOCTb.

Cnenyer OTMETUTb, YTO ITHEBMOCHUCTEMA COJEPKHUT BCE
KOMITOHEHTHI, IPUCYIITUE U TTHEBMOINpPUBOAY (puc. 7.1): koMmmpec-
cop (KM); 6110k HOArOTOBKM BO3AyXa, BKIFOUAIOLIHH OCYIIUTEIb C
perynsitopom gasieHust (P), momomHUTENBHBIE PEryIsTOPHI
(KA1, KI2) u pecusepst PC1 — PC3; Hanpasistolye U peryiu-
pytomue ammapatbl (pacnpenenurenu K91 — KB4, KP1 — KP3,
oboparubiii  kmaman  KO);  uHpOpMaAIMOHHO-U3MEpUTETHHBIC
yctporictBa (matumku masienus J[J18.1, JJ18.2, manomerp MH),
neurarens — nuiuHap (L) Mmexanuzma OIOKMPOBKH BEIYIIETO MO-
cTa.

OTO NO3BOJISAET TOBOPUTH O BO3MOXHOCTH JAJIbHEHIIETO
BHEJIPEHUs HA TAaKWX MAIllIMHAX ITHEBMATUYECKUX IMPUBOJOB IS
BBITIOJIHEHUS] PA3JIMYHBIX BCIOMOTATEIbHBIX JBM)XEHUH C MUHHU-
MaJbHBIMU 3aTpaTaMHu.



CHCTema ynpaeneHnA TOPMOZami NpHLena

JJ8.1-J1/18.2 — natuuxu gasieHust; KM — kommpeccop; K 1-KJ12

— xnananbl gasnenus; KO — kmaman oOpartueiid; Kllp — knaman

npenoxpanutenbusiid; KP1-KP3 — kpansr; KC1-KC2 — xpans! ciu-

Ba koHaeHcaTta; KO1-K34 — knanansl snexkrpomarautasie; I —

MACTOJIET TNHeBMaTndeckui; PJl — ocymmnrens C peryiasTopom;

PC1-PC3 — pecusepsr; L — nneBMounnunap; [1-1112 — muner;
Puc. 7.1 — ITueBmocucrema kombaitna KBK-8060 [10].



Homenknarypa HpHIIEIHOTO CEIbCKOXO3UCTBEHHOTO 000-
pYyIOBaHUS OYEHb IIMPOKA, U BO MHOIMX CIIydasx NPUMEHEHHE
MTHEBMAaTHYECKOr0 MPHUBOJA MOXKET OBITh O0JIee 1eneco00pa3HbIM,
4yeM Tujpasinyeckoro. Hanpumep, A OTKpBITHSA-3aKPBITUS LU~
0epoB, MoAbEMA-OMYCKaHUS TPAHCIOPTEPOB, MepeBofa padbodmnx
OpraHOB B TPAHCIOPTHOE IIOJIO)KEHUE, T.€. Ul BBIIOJIHEHUS
BCIIOMOTaTeNIbHBIX MepeMeIleHUH, He TPeOyIOIUX OOJIbIIUX YCH-
JUH C TMO3ULUMOHUPOBAHMEM B KpalHHUX IIOJOXKEHUAX. B TO ke
BpeMsl MMHEBMAaTUYECKUW MPUBOJ NPAKTUUECKH HE NPUMEHSETCS
(3a UCKJIIOUEHHEM ITHEBMOIIPUBOAA TOpMO30B) [8, 11, 12].

Takas cuTyanus cBsi3aHa C T€M, YTO JUJISl arperaTUpOBaHUs C
MPULIETHON CEJIbCKOXO3AMCTBEHHOM TEXHUKOW TpaKTOpa OCHAIle-
HbI TUJPABINYECKON CHCTEMOM, YTO M yYUTHIBAE€TCs pa3paboTdu-
KaMU TPHUIETHOW TeXHUKH. COOTBETCTBEHHO, I Oosiee MUpPOKO-
ro BHEJAPEHHUs MMHEBMOINPUBOJA CJIEAYET OCHAIATh TPaKTOpa I0-
NO0OHOM THEBMATHYECKOM CUCTEMOM.

EctecTBeHHO, 4TO AJIsl pElIeHUs BOIIPOCa O HEOOXOUMOCTH
OCHAILIEHHUS] TPAKTOPOB MMHEBMOCUCTEMOW [JIsl arperaTupOBaHUS
MPULIETHON TEXHUKH, TPEOYIOTCS JOBOJIBHO CEPhE3IHBIE MCCIIEHO-
BaHUs, IMO3BOJIAIOLINE OMNPEAETIUTh palMOHAIbHBIE O0JIACTH HC-
M10JIb30BAHUS ITHEBMOINPUBOAA U SKOHOMUYECKHH 3(pdeKT oT ero
BHEJPECHHUS.

B T0 )€ Bpems, ocHallleHHe TPaKTOPOB MOJOOHOI MHEBMO-
CHUCTEMOH He TMOTpedyeT CepbE3HBIX KalUTAJIOBIOKEHHUH, IO-
CKOJIbKY MHOTHE M3 HUX YK€ OCHAalIeHbl THEBMOCUCTEMOM, Mpea-
HA3HAYEHHOMW NS MOAKJIIOUEHUS THEBMATUYECKUX TOPMO30B IIPU-
nernoB. s mpumepa paccMOTpUM KOMOMHHPOBAHHBIA ITHEBMO-
IIPUBOJ TOPMO30B IPHIIETNIA, KOTOPBIM MOTYT OBITH 00OPYIOBAHBI
tpaktopsl «BEJIAPYC-1523.4» (puc. 7.2) [13].

Kak BUHO U3 pUCYHKa, THEBMOIPUBO/ OCHALIEH OOJIBIINH-
CTBOM HEOOXOJIWMBIX KOMIOHEHTOB (1103. 1-15). JlocratouHo m0-
OCHACTUTh €T0 JONOJIHUTEIbHBIMA COEIMHUTEIBHBIMU TOJIOBKaMU
n OJIOKOM, BKJIIOYAIOIMNM 3-4 MHEBMATHUECKHUX pacIpeneanuTens
(Ha puc. nos. 16, 17).
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1, 13, 14 - romoBKM COCAMHHUTEILHBIC, 2 - MaruCTpalb YIpaBlie-
HUS; 3 - KpaH TOPMO3HOM JBYXIIPOBOAHBIN; 4 — 6aioH (pecusep);
S - perynsTop JAaBieHus; 6 - KianaH oTOoOpa BO3Myxa; 7 — JaT4MK
aBapUMHOTO JIaBJICHUS BO31yXa; § - JaTUMK JIaBJICHUS BO3yXa; 9 -
komrmpeccop; 10 — kimanan ynanenust KoHjaeHcara; 11 - coequHu-
TeJIbHAsl MarucTpanib; 12 - muTaromas MarucTpaib; 15 — kpaH Top-
MO3HOM OJIHONPOBOJHBIN; 16, 17 — mOMOJHUTEIbHBIE KOMIOHEH-
ThI, TIpeAJaraeMbie IJsl AOpabOTKK MHEBMOCHCTEMBI (16 — Oyok
pacnpenenureneit, 17 — roToBKU COETUHUTENBHBIE).

Puc. 7.2 - Cxema KOMOMHUPOBAHHOTO THEBMOITPHUBOIa TOPMO30B
npunena tpakropa «bEJIAPYC-1523.4» ¢ npennaraemoii nopa-
60TKOMI



Benyimiue npou3BoAUTENN MHEBMOABTOMATUKHU BBITYCKAIOT
IUTACTUKOBBIE TPYOOIIPOBO/IBI, MpeIHA3HAYEHHBIE JJIST TOPMO3HBIX
CUCTEM TPAHCIIOPTHBIX CPEACTB, paboTarolue B JAMANa30HE TEeM-
nepatyp -50...+100 °C, u mmpokyro HOMEHKIATypy (PUTHUHTOB, B
T.4. U ObicTpopazbéMubIX [14]. [TosTomy nopaboTka MHEBMOCH-
CTeMBI TpakTopa He OYAET NPEeICTaBIIATh CEPbE3HBIX KOHCTPYK-
TUBHBIX CJOXHOCTeH. Eciu ucnonp3oBaTh 3JIEKTpONHEBMATHYE-
CKHE€ pacHpeleNUTeNd, TO AJIs YIpPaBIEHUS UMHU JOCTaTOYHO J0-
0aBUTH Ha MaHeNIW YIpaBICHUS TpakTopoM 3-4 Tymbiepa wiu
KHOIITKH.

B Oouiee mpocTom citydae MOKHO OTPaHHUUUTHCS YCTaHOBKOM
TyMOJIEPOB U AJIEKTPHUECKOTO pa3zbEéMa, a pacmpelesuTeNId pas-
MeNIaTh HEeMOCPEACTBEHHO Ha MPUIEITHON TEXHUKE.

Bompocel, TpeOyrone JOMOJHUTEIBHOW MPOpPabOTKU -
HE0OXOIMMOCTh MPUMEHEHUS OCYIIMTENS BO3AyXa U, BO3MOKHO,
yBeIMUeHUuEe EMKOCTH pecHuBepa (3TH BOIPOCHI Oosee MOoJIpOOHO
OyIyT pacCMOTpEHBI Janee).

B cranmonapHOM CeNnbCKOXO3SIICTBEHHOM 000pyI0BaHUU
HCI0JIb30BaHNE ITHEBMOIIPUBO/IA U MEPCIEKTUBBI €r0 AajbHEHIIe-
ro NMPUMEHEHHs 3HAYUTENbHO IIUpE, T.K. AJs BBITOJHEHUs OO0Jb-
II0r0 KOJIMYECTBA Pa3IMYHbIX ONepalii He0OX0ANMMBI BO3BPAaTHO-
MOCTYIATeNIbHbIE UM TOBOPOTHBIE HEMEPUOJNYECKHUE TBUKEHUS,
BBITIOJIHSIEMBIE B 33JIaHHOM TOCJe10BaTeIbHOCTH. boisee Toro, s
pEryIUpOBaHMsI MOAAYN PA3NUYHBIX BEIIECTB (HApUMEp, 3epHA)
HaXOJAT MPUMEHEHHUE NMO3ULNOHHbIE ITHEBMOIIPUBO/IBI.

B 1o xe Bpems Juist OOJIBIIOrO KOJMYECTBA OCHOBHBIX OIle-
paiuii TpeOyroTcs BpallaTeabHble JBUKEHUS, ISl BBINOJIHEHUS
KOTOPBIX UCIOJIB3YIOTCS 3IEKTPOMOTOPLI. B TakoM o0opyoBaHun
JUIS BBITIOJHEHUSI BO3BPATHO-MIOCTYNATENbHBIX JIBUXKEHUH, T1ie 00-
Jee 1eaecoo0pa3sHo MPUMEHUTh MHEBMONPUBOJ, HCHOJIB3YIOTCS
MeXaHUUYeCKHe Nepeadn, IPUBOJUMbBIE JIIEKTPOMOTOPOM.

Takast cuTyanuss BO MHOIOM CBSI3aHa CO CIIOYKUBIIMMUCS
TPaJULUSIMUA U, BO3MOXHO, C HEJIOCTATKOM KBaTU(DHUIIMPOBAHHBIX
CMELUAITNUCTOB B 00J1aCTH MHEBMAaTHYECKOTO IPUBO/IA.



B mocnengnee Bpemsi, B CBSI3U C MPUXOJOM Ha OTEUYECTBEH-
HBI PBIHOK BEIYIIUX MUPOBBIX IMPOW3BOAUTENCH MHEBMOABTOMA-
THUKA CUTyauus mnocreneHHo MeHsiercs. Hampumep, OOO «Ka-
Moru [lHeBMaTuka», SBISACH MOAPA3ACICHUEM HTAIBIHCKOTO
konnepua CAMOZZI SPA, oka3pIBaeT CEPhE3HYI0 TEXHHYECKYIO
MOAJICPKKY OTEYECTBEHHBIM MPOU3BOAUTENSAM (B TOM YHCIE U
MIPOU3BOJIUTENISAM CEJIbXO3TEXHUKH) MPH pa3pabOTKe, U3roTOBJIE-
HUU U DKCIUTyaTallid MTHEBMATUYCCKUX MPUBOJOB U MTHEBMATHYEC-
CKHX CHCTEM IPOMBIIUIEHHOTO 000pYy/10BaHHUSI.

B mo6oM cirydae, Ui OIEHKH 11e51ecO00pa3sHOCTH PUMEHe-
HUS THEBMATHYECKOTO MPHUBOJA B COBPEMEHHOM CENbCKOXO03sii-
CTBEHHOM O00OpPYZOBAaHMH HEOOXOJMMO PACCMOTPETh €ro ocobeH-
Hoctu [ 14, 15]:

— OCHOBHBIM HCIIOJIHUTEIbHBIM JIBUTATEIEM  SIBISETCS
MMHEBMATUYECKUN IIMJIMHIP BO3BPATHO-MIOCTYNATEIHHOTO WUIIU T10-
BOpOTHOTO aeiicTBua. CTaHIapTHBIE MHEBMOIMIUHAPHI JABYCTO-
POHHETO ACUCTBUS UMEIOT X011 oT 5 110 2700 MM, OeCIITOKOBBIE —
10 6000 MM, TOBOPOTHBIE — YTOJI IOBOPOTA J10 3600,

— VYcunue, pa3BUBa€MOE IITOKOM MHEBMOUMIMHAPA, OIpe-
nensieTcs: paboyuM JaBieHUEM W auaMeTpoM mopirHs. CepuiiHO
BBINIyCKA€MbI€ IMJIMHAPHI HMMEIT MAaKCHMAalbHBI  JHUaMeTp
320 mMm. Ilpu makcumanbHOM pabouem nasienuu g0 10 Oap
(1 MITa) pa3zBuBaemoe ycuiue — 10 74 kH (B cratudeckoM cocTo-
suun). Ilpu Hambonee pacmpocTpaHEHHOM pabouyeM AaBlieHUU 6
0ap B IBWKEHUH (C YUETOM MOTEph U OOecreueHus CTaOWIBHON
ckopoctu) — 1m0 23 kH. Ilpu ucnonbp3oBaHUU CHIENHUATBHBIX IU-
TUHAPOB (TaHAEMOB, TPalJeMOB M TETPAJIEMOB) YCHIUE MOXKET
OBITH yBeTu4eHo 10 3,8 pasa. [logoOHbIe MWIMHIPHI MPEACTaBIIs-
10T c000¥ (haKTUYECKH HECKOJIBKO KECTKO CBSA3aHHBIX [IUIHH]IPOB,
pa3MELIEHHBIX B OJTHOM KOpITyCE.

— CKOpOCTh JIBWKCHHS INTOKA IHJIMHJPA JIETKO JOCTHKH-
Ma 10 1 M/c, ipu onpenenéHHbIx ycnoBusx — 10 10 m/c. CkopocTh
JBIKEHUS JIOBOJBHO CHJIBHO 3aBHCHT OT BHEIIHEW Harpy3ku. Ho
MpU ONPENETEHHOM CXEMOTEXHHYECKOM pEIIEHUWH U 3amace Mo



yeununto (B 1,5 — 2 paza) MOKHO MOJIY4YUTh JIOBOJILHO CTaOUIIbHYIO
CKOpPOCTb, HE 3aBHUCAILYIO OT BHEIIHEW HAIPYy3KH.

— TouHOCTH NMO3MLIMOHMPOBAHMS IIUKJIOBOIO ITHEBMOIPHU-
BOJIa OMpEENAeTCS MEXaHWYECKUMHU YIOpaMH, IO3UIHOHHOTO
nHeBMoInpuBoa — 1% oT nuanazoHa nepemMeIeHus.

— IIHeBMaTH4YECKUH NPUBOJ HKOJIOTUYEH, 110KAPO- U B3pBbI-
BoOe3omaceH, crocobeH paboTaTh B 3albUIEHHOW cpeje, cinabo
YYBCTBUTEJIEH K U3MEHEHUIO TEMIIEPATYPhl OKPYKAIOLIEH Cpebl.

— CrangapTHBIH TemIepaTypHbIid Juana3oH padoThl MHEB-
MOMNPHUBOJIA 0...+60°C, IIPU OCYLIEHHOM BO3IyX€ -20...+60°C.
Kpome Toro, ans nmHeBMAaTHYECKUX LWJIMHIPOB MPU HCIIOJIb30BaA-
HUU CIIEUANBHBIX YIUIOTHEHUI TeMIepaTypHbIA TUana3oH MOKET
6bITH yBemuueH ot -50 1o +150°C.

— VYuuThiBas WIMPOKOE NPUMEHEHUE IUIACTUKOBBIX TPYyOO-
MPOBOJIOB U IIMPOKYI0 HOMEHKJIATYpy (DUTUHTOB, MOHTaX ITHEB-
MOIPUBOJOB 3HAUUTENBHO MPOIIE, IO CPAaBHEHUIO C JIPYTUMU TH-
MaMu IPUBOJIOB.

— BaxHolt 0cOOEHHOCTBbIO MHEBMOIPHUBO/IA, BBHITOAHO OT-
JUYAOIEN ero oT JPYTUX MPUBOOB, SIBISETCS BO3MOXKHOCTH CO-
3/IaHUs] YCHIIUSL B CTATUYECKOM COCTOSIHUM 0€3 MOTpeOIeHHsI SHEp-
ruu (pu 00ecreyeH repMEeTUYHOCTH THEBMOCHCTEMBI).

— Crnenyer TakXe OTMETUTh, YTO CXKATBIM BO3AYX SBIISETCS
JIOBOJIBHO JIOPOTUM MCTOYHUKOM 3Hepruu (mpumepHo B 7...10 pa3
nopoxke dekTpodHeprun). [loaTomy obecrieuenre HaAEKHON Tep-
METHMYHOCTH ITHEBMOCHCTEMBI SBISETCS BaKHBIM TpeOOBaHHEM
nmpu €€ MOHTaxe. JTO, B CBOIO OYepe/b, TpeOyeT ompeneacHHOoM
KyJIbTYpPbl IPOM3BOACTBA. BO3MOXHO, 3TO TakKe SBISAETCS OAHOU
U3 TIPUYUH, CACPKHUBAIOUIMX Oosee MHUPOKOEe MPUMEHEHUE IHEB-
MOIIPUBO/A B CEIbX03MAIINHAX.



7.1 CTpyKTypa NHEeBMATH4€CKOT0 MPHUBO/A.

OO60061méHHas CTPYKTypHasi cXeMa aBTOMAaTH3MPOBAHHOTO
MMHEBMAaTUYECKOT0 IPUBO/IA MTPUBEJICHA HA pucC 7.3.

OnepaTop

MHdbopMauroHHo-ynpasnsioLas
noacucteMa

VIIB - y3en noarotoBku Bo3ayxa; HPA - manpasisitonas u pery-
nupyromas anmaparypa; OY - 0o0bekT yrpasieHus (mepemerae-
MbIii 00bekT); Il - gatuyumku monoxenus; YY - yCTpOMCTBO
ynpasnenus; I10 - nynsT onepaTtopa (IyJbT yIpaBiIeHUS).

Puc. 7.3 - O600mEnHas CTpyKTypHasi cxeMa aBTOMaTH3UPOBAaHHO-
ro MHEBMAaTUYECKOT0 MPUBOJA

JIOBOJIBHO 4acTO TaKKe IPUMEHSIOTCA ITHEBMAaTUYECKUE
MPUBOJBI C PYYHBIM yIpaBieHHeM. B sTom ciydae (yHKIUU
YCTPOMCTB MH(DOPMAIIMOHHO-YIPABISIONIEH MOJCUCTEMBI BBIMOJ-
HSIET YEJIOBEK-OIepaTop.

[[Tupoko, Takxke, pacCIpOCTPAHEHBI THEBMAaTUYECKUE MTPUBO-
Jbl C 3JIEKTPOYIPABICHHEM. B ITHEBMOIIPUBOJE € AIIEKTPOYIPAB-
JICHWEM JUIsl PETYJIMPOBAHMS I1apaMETPOB JIBUIKEHHUSI HCIIOJIHU-
TEJIbHOTO JBUTATENSl MPUMEHSIOT HAIPABIISIIONIYI0 U PETYIUPYIO-
LIYIO almaparypy ¢ 3JIEKTpOoylpaBieHueM. B pocreiimeM cinydae
— BJICKTPOMTHEBMATUYECKUN pacnpenennurtesb. s KOHTpoa He-
00XOUMBIX TAPaMETPOB HCIIOJIB3YIOTCA JATYUKU C DIEKTpHYe-



CKHM BBIXOJHBIM CUTHaIoM. COOTBETCTBEHHO YCTPONCTBO YIpaB-
JICHUA COCTOUT M3 PA3JIMYHBIX 3JICKTPOHHBIX KOMIIOHCHTOB.

[IpuMeHeHne pa3NUYHBIX 3JIEMEHTOB 3aBUCUT TaKKe OT pe-
IaeMbIX MMHEBMOMNPHUBOAOM 3aaad. Haubonee pacnpoctpanénnas
3a/laya - mepeMelIeHne Kakoro-imbo oobekTa win pabodero opra-
Ha 000py/I0BaHUs B 33JJaHHYIO TOYKY. B 3aBHCHMOCTH OT BUJa Tie-
peMelleHus MPUBO/IbI MOAPA3AEIAIOTCS HA UKIIOBbIE, MO3UIIMOH-
HBIC U CIESIINE.

B 1uki10BOM mpuBOj€ KOJIMYECTBO TOYEK MO3HIIMOHUPOBA-
HUS O0BbCKTa WM pabodero oprana 0OOpPYJAOBaHUS OTPAHHUYCHO
HECKOJIbKUMH MO3HUIHSIMHU, & TOYHOCTh OCTAaHOBKU OMPEIENIIeTCS
MCXaHUYCCKHMHU YIIOpaMHU. N3menenue Touku MMO3UITUOHHUPOBAHHUA
OCYILIECTBISICTCS PYYHBIM MEPEMEIICHUEM YIIOopa.

JInisi KOHTpPOJIS TIOJOKEHUSI TEepEeMEeIIaeMoro OOBEeKTa HC-
MOJIB3YIOTCS ATYUKHU TOJIOKEHUS, Ha3bIBaeMble KOHEUHBIMU (T1y-
TGBI)IMI/I) BEIKJTIOUATEIIMU. Takue JaTYWKH, KaK IIpaBUJIO, YCTa-
HABJIMBAIOTCS B KOHEUYHBIX TOYKAX JHAala3oHa IepeMelleHUus u
BBIJIAIOT CUTHAJ ONpPEAeIEHHOr0 YPOBHS MPHU MOMaJaHUH 00beKTa
WU pabodero opraHa o0Opyn0OBaHMs B 33JaHHYIO TIO3UIUIO (PUC.
7.4-a). YpoBeHb CUTHAJIA 3aBUCHUT OT THIA JaTYMKA U HATIPSDKEHUS
nutanug. Takod curHain U, COOTBECTCTBCHHO, NAaTUHMK HAa3bBIBAIOT

AUCKPCTHBIM.
Spobers Youbems WM Buxadhou cuznan
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a) - BBIXOJIHOM CUTHAJI KOHEYHOTO BBIKIIOYATEIIS;
0) - BBIXOIHOM CHTHAI IPOTIOPIIMOHATIBHOIO TaTUNKA TOJI0KEHHUS
Puc. 7.4.— Beixoausle curgaisl JaTYUKOB MOJIOKEHMS.



Cucrema ympaBiieHHs IUKIOBOIO MPHUBOJA HCIOJIB3YET 3TU
CUTHAJBI Il oOecredeHuss HEOOXOAMMOM IMOCIIe0BATeIbHOCTH
neiictBuil (uukia). Oneparop ¢ MOMOIIbIO MyJbTa YIpPaBICHUS
OCYIIECTBISACT BKIIOYCHUE/BBIKIIIOUCHHE TPUBOJIA, KOHTPOJb HaJ
XOJIOM LMKJAa U (MpU HEOOXOAUMOCTH) yIpaBJi€HHE MPHUBOJIOM B
PYYHOM PEXHUME.

B 1MKI0BOM NMHEBMATUYECKOM MPHUBOJIE HCIOJIB3YIOT ITHEB-
MOpAacHpeeIUTeNIM, KOTOPbIe MNEPEKII0YAIOTCA JAUCKPETHBIMHU
curHajgamu. PerynmupoBaHue CKOPOCTH JIBHXKEHUS OCYIIECTBISETCS
OTIEPaTOPOM C MOMOIIIBI0 TTHEBMOpocceseil. COOTBETCTBEHHO CH-
CTeMa YIpPAaBIEHUS TaKXKE CTPOUTCS C MOMOUIbIO JUCKPETHBIX
3JIEMEHTOB (JIOTUYECKUX IMHEBMOKJIANAHOB, JIEKTPOMATHUTHBIX U
ANEKTPOHHBIX pejie, TakMEpOB U CUYETUYUKOB, IPOrPaMMUPYEMBIX
perne, MporpaMMUPYEMBIX JIOTUYECKUX KOHTPOJIIIEPOB).

BonbIIMHCTBO UCHONB3YeMBbIX MHEBMATHYECKUX MPUBOJIOB B
CEJIbCKOXO3SIMCTBEHHOM OOOPY/IOBAHUM  SIBIISIFOTCST  ITUKIIOBBIMH
(MK ¢ py4YHBIM YIPaBICHUEM).

[To3uimoHHbIN NMPUBOA JOKEH OOECHEeYUTh MepeMelIeHHe
o0BeKTa B MIOOYIO TOUKY M3 JHAIa30HA MEPEMEIICHUS C 3aJaHHON
TOYHOCTBIO. JI7I1 KOHTPOJS TOJOXKEHHUS OO0BEKTa HCIONB3YIOTCS
AIEKTPUYECKUE TATUYMKH TMOJOKEHHUS, Y KOTOPhIX YPOBEHb BBIXOI-
HOTO curHana (Wid Ko — A HU(GPOBBIX JTaTYMKOB) MPOMOPIIHO-
HaJIeH TOJIOKeHHI0 o0BhekTa (puc. 7.4-0). KaxknmoMy mosiokeHuro
00BEKTa COOTBETCTBYET OMPEICIEHHBI yPOBEHb CHUTHANA JAT4H-
Ka.

Cucrema ympaBiieHUsT OOECIeUHMBaeT HE TOJBKO 3aJaHHYIO
MOCIEI0BATENLHOCTh AEUCTBUM, HO U OCTAaHOB OOBLEKTA B 3aJaH-
HOM mo3unuu. B mpocrelileM ciiydyae cucrema yrnpaBJ€HUsl CpaB-
HUBAET YPOBEHBb BBIXOJIHOTO CHUTHAJa JaTdydhKa C YPOBHEM 3a/1ar0-
LIEr0 CUTHAJIA U MPU UX COBNAJACHUU B TOUKE MO3UIIMOHUPOBAHMS
BBIKJIFOYAET MCIOJIHUTEILHOE YCTPOWCTBO (CUTHAJ yrIpaBieHHs 1
Ha puc. 7.4-60). I3MeHeHne TOYKH TMO3UIIMOHUPOBAHHUS OCYIIECTB-
JISIeTCS U3MEHEHUEM YPOBHSI 33J1al0IIEro CUTHaA.

OpnHako, B TaKOM CJy4yae B MHEBMAaTHYECKOM MPUBOJIE M3-3a
C)KUMAEMOCTH BO3/lyXa HEBO3MOXKHO TIOJYyYUTh BBICOKYIO TOY-



HOCTbh NO3ULMOHMpPOBaHMs. [l obecriedeHns BBICOKOM TOUHOCTH
HEOO0XOAUMO TIPUMEHATH 00Jee CIO0KHBIE METOJIbI TOPMOXKEHUS:
HCIOJIb30BaTh CIELUANIbHBIE YCTPOHCTBA TOPMOKEHMSI (HAaIpuMep,
rupoaeMIipepsl) WM NPUMEHSTH CIEIHAIbHBIE 3aKOHBI TOPMO-
KeHusd. B mocnenHem ciydyae CUrHai yOpaBi€HMsS U, COOTBET-
CTBEHHO, CKOPOCTb ABW)KEHUS OOBEKTA, U3MEHSIETCS IO ONpeie-
JNEHHOMY 3aKOHY, YMEHbILIASCh NPH NPUOIMKEHUH K TOUKE MO3H-
IMOHUPOBAHMs (CUTHAJ yIpaBiieHus 2 Ha puc. 7.4-0).

B 1o3u1MOHHBIX IPUBOAAX UCIIOJIB3YETCS IPONOPLUOHATIbHAS
anmnaparypa ¢ JIEKTpOYIpaBICHUEM, CUCTEMa YIIPaBJIEHUS — MPO-
IrpaMMHPYEMBIH JIOTMUECKUH KOHTPOJUIEP C aHAJIOTOBBIMU BXOJa-
MU U BBIXOJIaMHU.

Crnensmue NMHEBMONPUBOJBI B CEIbCKOXO3IWCTBEHHOM 000-
pyIOBaHUM TNPUMEHSIOTCA 3HAYUTENbHO pexe. Hampumep, B
YCTPONCTBAX PEryjIMpoOBaHUs NOJAaud 3€pHa (WM JIPYTUX ChIMy-
YUX KOMIIOHCHTOB).

Cnensiiuii TpyuBOJ BO MHOTOM IOXO0 HA MO3UIMOHHBINA. OT-
JMYUe 3aKJII0YaeTcs B TOM, 4TO 3aJiadya MO3ULHMOHHOTO MPUBOJA —
MaKCHUMaJIbHO ObICTpOE MepeMellleHne 00bEKTa U3 OJJHOM MO3ULIUN
B JIpYT'yI0, IIPU 3TOM TPAaeKTOPHUs MEPEMEIIECHNS HE BakHA. 3a/1ada
CIIEJSIIETO MPUBO/IAa — NIEPEMEILIEHNE U3 OJTHOM MO3UILINHU B APYTYIO
10 3a/laHHON TpaekTopuu. Cieasiue MHEBMOIIPUBO/IbI U3-3a CBO-
el BBICOKOH CJIOKHOCTH TIOKa HE MOJIYYHJIM HIUPOKOro IMpUMEHe-
HUSL.

VYuuThiBas BbIIECKa3aHHOE, a TAKK€ OCOOEHHOCTH ITHEBMO-
IIPUBOJIA, IPUBENEHHBIE BO BBEACHMM K JAHHOW IJaBE, CIEAYeT
OTMETUTh, YTO NPUMEHEHHE MHEBMOIIpHBOJa Hanbojee 00OCHO-
BAaHHO B TeX CIlly4yasX, KOrja He0OXOJUM BBICOKOIIPOU3BOAUTENb-
HBI LIMKJIOBOW NPHBOJ BO3BPATHO-TIOCTYNATEIBHOTO WIIM IOBO-
POTHOTO JEHCTBHSI, OCOOEHHO NMPH MOBBIIIEHHBIX TPEOOBAHUAX K
M0Kapo-, B3pbIBOOE30MACHOCTH U SKOJIOTMUECKON YHUCTOTE.



7.2 TeopeTuyeckue 0COOEHHOCTH (PYHKIMOHMPOBAHUSA U pac-
4éTa MHEBMATUY€CKOr0 PUBO/A.

OcHoBHas 3a7ada pacuéTa mHEBMONpuBoAa (cM. puc. 7.5) —
orpejeieHne nuaMeTpoB mopiiHs u mroka (D u d), nasnenuii (pl,
p2), pacxomoB Bozayxa (Q1l, Q2), uTtoObl mpu 3aTaHHOM XOJE
mToka (L) u BHemHUX Harpy3kax (F1, F2) oGecneunTs 3amanHoe
BpEMSI BBITIOJIHEHUS Olepanuu (WM CPEIHIE CKOPOCTH BBIIABHKE-
HUS - V] U BTATHBaHUS [ITOKA - V2).

D — nuamerp nopiuns; d — muameTp mroka; S1 — mromaas nopu-
Hs; S2 — miomak MOPIIHS CO CTOPOHBI IITOKOBOM MOJIOCTH (pas3-
HOCTb IUIONIA/ied MopiHS U mToka); L — xox nopmnst; F1- BHem-
HSs Harpy3ka IpU BBIIBUKEHUU INTOKA; F2- BHeHIHss Harpyska
IpU BTATMBAaHUMU IITOKA; V1 — CKOPOCTH BBIABM)KEHUS IITOKA;
V2 — CKOpOCTb BTATMBAaHMA IITOKA; Pl — naBieHue B MOPIIHEBON
MOJIOCTH; P2 — IaBlieHUE B MITOKOBOM mosoctr; Q1 — pacxon Bo3-
Iyxa B MopirHeBoi nosoctd; Q2 — pacxoj Bo3ayxa B HITOKOBOH
IOJIOCTH;
Puc. 7.5 - JlTannsle pacuéra nueBMonpusoja [15].

WNuorpa Taxxke HEOOXOAMMO paccuuTaTh U3MEHEHHUE TEMIIe-
paTypbl BO3/lyXa, 4YTOObI ONpeAeNuTh TPeOOBaHHS K KauecTBY MO/I-
TOTOBKH BO3/1yXa.

AHQJIUTUYECKUI pacuy€T MHEBMOIIPUBO/IA — JOBOJIBHO CIIOXK-
Has 3a/1ada, [O3TOMY IIpU HHXXEHEPHBIX pacu€rax IIMPOKO HC-



MOJIB3YIOT HOMOTpamMMbl M rpaduku [16, 17], momydeHHbIE Kak
HKCHEPUMEHTAIBHO, TaK ¥ C IOMOIIBIO PACYETHBIX (POPMYIL.

[TonpoOHas MeTouKa pacuéra MPUBOAUTCS B MOCIEIYIOIINX
pasnenax. B nanHoM paszene npuBoAATCS HEKOTOPbIE TEOpETHYE-
CKHE aCMeKThl, MOSICHSAIOINE 0COOCHHOCTH (PYHKIIMOHUPOBAHUS U
pacdyéra MHEBMOIIPUBOOB.

CkopocTh IBMKEHHS ILITOKA IMJIMHIpPA CBA3aHA C PACXOJ0M
BO3/lyXa CJIEAYIOLUM COOTHOLIEHUEM:

Q=v-S (7.1)

rie Q — paxTHyecknii 0OBEMHBIH PacXoj CKATOTO BO3AyXa, MY/C;
V — CKOpOCTh ABW)KEHMS ILITOKA LWJIMHApA, M/C; S — IIOIIAIh
nopuHs, M%/c.

VYuuTeiBas, 4TO BO3[yX OYEHb CUJIBHO CXKHUMaeM, KOJIUYe-
CTBO BO3/yXa, IIOTpeOIseMOE B €IUHUILY BPEMEHHU, IPU OJHOM U
TOM ke (haKTUYeCKOM 00BEMHOM pacxojie, HO pPa3HbIX JaBICHUSX,
Oyzet pa3HbIM. B cBs3u ¢ 3TUM 00BEM BO3/yXa, a COOTBETCTBEHHO
1 00BEMHBIN pacxos MPUBOAAT K ONpPENENEHHBIM yciaoBusM. To-
r7a, coriacHo ypaBHenuto Knalinepona-Menaeneena:

Qo = Q(p/po)-(To/T) (7.2)

rae Qo — npuBen€HHbIN pacxoxd; p, T — dakTHueckue abCoMOTHBIE
JaBJICHUE U TeMIlepaTypa; po, To — aOCOIIOTHOE JaBJIECHUE U TEM-
neparypa Ipy ONpeIeNEHHbIX YCIOBUAX.

Paznuuator HopMmanbHble yenoBus (I'OCT 12449) To = 293K
u po = 101325 IIa (1,013 6ap); crannaptasie ycuoBus (I'OCT P
NCO 8573-1-2005) To = 293K u po = 100000 ITa (1 6ap).

WNHocTpaHHblE NPOU3BOAUTENM B KauyeCTBE HOPMAJIBHBIX
YCIIOBHIA JTOBOJIBHO 4acTo HCroib3yroT To = 273K u po = 101325
ITa (DIN 1343) [18]. B atoMm ciyuae 00bEM BO3IyXa U3MEPSETCS B
HOpMaJbHBIX JuTpax (Hi) win HopManabHBIX MeTpax KyOM4ecKHX
(Hm®), cooTBEeTCTBEHHO HOpMalbHEIH pacxon — B Hi/c, Hi/mum,
Hw®/c, HM®/MuH.



Homunanehnerit pacxon (Hia/mMuH) — 00bEMHBIN pacxop BO3-
IyXxa dYepe3 MHEBMOAJIEMEHT, CYIIECTBYIOIIUI MpH H30BITOYHOM
JaBIICHUH Ha BXojie 6 0ap ¥ M30BITOYHOM JIaBJICHUU Ha BBIXOJE 5
6ap, MpUBEAEHHBIN K HOPMAJILHBIM YCIOBUAM (pHC. 7.6)

P=6 6ap P=5 Gap
\ O] | Potamerp
\ (pacxopaomep)
~ _ \'\ B
O | L
- I | Jpoccens
PerynaTtop paaeneHun /

WcnelThiBaeMbIin annapat /

Puc. 7.6 - Cxema aiist onpeiesieHus HOMHHAJIBHOTO pacxo/ia B
Hn/mun.

Ycunue, co3gaBaemMoe IITOKOM HUIWHAPA, HAIpUMeEp, MpU
BBIJIBMKEHUH (TOJIKAIOIIAs CUITA):

F’ron = pl'Sl - p282 - FC (73)

rae Fron — TONMKaromas cuna; Fe — cuna conpoTuBieHus.

JaBnenue B (pl) momocTu UMIMHIPA MPHU JBHKEHUU TOPIII-
HA 6YI[€T OTJIINYaThCA OT JaBJCHUS ITUTaHUA, HOCKOJ’II)Ky HpI/I JABU-
KEHHH BO3AyXa MO TPYOONPOBOAY BO3HHKAIOT MOTEPU JIABICHHUS,
BBI3BAHHBIC TpCHI/IeM Me>1<)1y CJIOSMHA Ta3sa. Pa3J’II/I‘-IaIOT HOTepI/I Ha
TpPEHHE U MOTEPU B MECTHBIX COMPOTUBIICHUSX.

MecTHBIM CONPOTUBJIEHUEM SBISIETCS J1I000€ H3MEHEHHE
HampaBlieHus, GOPMbI WM TUIOMIAAN ce4eHus moToka. CoOoTBET-
CTBCHHO, BCC HHeBMoaHHapaTI)I ABIAOTCA MCCTHBIMH COHpOTI/IB-
nenusmu. [loTepu naBieHus Ha MHEBMOAIapare OMpeAeNstoTCs
[0 PACXOJHO-TIEpPENaJHbIM XapaKTepUCTUKAM MK 1o (Gopmylie
[15]:

Ap = (6/Pax) (Qa/Quon)? (7.4)



rne Ap - moTepHu JaBJICHUS HA ITHEBMoammapare, 0ap; Pex — U30bI-

TOYHOE JIaBJICHUE Ha BXOJE B ITHEBMOANIapar, 6ap; Q, - neicTu-

TEJIbHBIA pacxoj 4epe3 mHeBmoanmapar, Hia/muH; Quon - HOMH-

HaJIBHBIH (110 KaTanory) pacxo yepes nueBmoanmnapat, Hi/muH.
[Totepu Ha Tpenue [15]:

Ap = (0,23-Q, 18 LO8)/( pax-d®) (7.5)

rae L — mmna tpybornpoBoa, M; d — BHYTPEHHUI AHaMETP, MM.

ITo aToi#t popmyre mocTpoeHa Homorpamma (puc. 7.7a), mos-
BOJISIFOIIAst ©00Jiee MPOCTO MPOM3BOIUTH PEHICHUE T.H. «IIPSIMON» H
«0o0OpaTHOI» 3a1a4y Mo pacu€Ty MarucTpajbHBIX TPYyOOMPOBOIIOB
[15].

Ha puc. 6) nmoka3an mpumep peuieHHs «IpsMOi» 3a7auu.
[Ipu u3BectHOM anmHe Tpyodorposoaa (500 M), 3aaHHOMY pacxo-
ny (1000 Hm®/uac), momyctumeiv notepsam (0,1 6ap) u 1aBiaeHuIo
Ha Bxoje (6 Oap) onpesensercs AMaMeTp TpyOoonpoBoa.

Ha puc. B) nokazan npumep pelieHus «oOpaTHOW» 3a7auu.
ITpu u3BecTHOM anmHe TpybompoBoaa (500 M), pacxoxe Bo3ayxa
(3000 Hm%/4ac), naBnenuto Ha Bxoze (7 6ap) M BHYTpEHHEM JHa-
Mmetpe (mpucoeannenue G4) ompenensioTcss NOTEpU JaBJICHUS B
TpyOompoBo/eE.

Bo3ayx, BBIXOAAIMIMN U3 IITOKOBOW MOJOCTH MPU BBIJIBUXKE-
HUU LITOKA LMJIUHAPA, CO3AAET JaBjieHHe moimnopa (p2), npemnsrt-
CTBYIOLIEE JABMKEHHUIO MOPUIHS. JTO JaBJI€HHE JOBOJBHO CI0XKHO
paccumTaTh, T.K. OHO UIMEET CHIIbHO HETMHEWHYI0 3aBUCUMOCTH OT
pacxojia Bo3tyxa (0T CKOPOCTH JIBUKEHMS IITOKA LIUIMHIPA).
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IIpy TeyeHWH ra3a MeXIy IOJIOCTSIMH, B KOTOPBIX pasHOE
naBieHue ra3a (puc. 7.8a) HaOMOIAIOTCS ABa PeKUMa UCTCUCHHS
[19] — moxpuTnueckuii u KpuTHYCCKHit (prc. 7.80).

S L 6)

) ol )
(_ole (

pl> p2

p=ps/ps

J Bk 1

a) CxeMa ucTeueHus ra3za Mex1y MOJIOCTSIMU

0) 3aBUCMMOCTb MAaCCOBOI'0 pacxo/ia OT COOTHOILLICHUS JJaBJICHUH
Puc. 7.8 - Mcreuenne raza Mexy MOJOCTIMH

Pexum TeueHus OnpeacICTCA OTHOICHUCM I[aBJIeHI/H\/JIZ

B=p2/pl (7.6)

rze pl — naBieHue B MOJIOCTU ¢ OOJIBLIMM JaBlIeHUEM (U3 KOTOPOi
MCTEKAeT Ta3); p2 — IaBJICHNUE B TIOJIOCTH C MEHBIINM JaBJICHHEM.

Ecnu otHomenue nasieHuit () 6osblie HEKOTOPOro KPUTH-
yeckoro 3HadeHus (Pk), To HaOIr0AaeTCsl JOKPUTUUYECKUH peXUM
ucredeHus; eciu B < Bk — KpuTHUECKUi. 3HaueHue Bk 3aBUCUT OT
npupo bl rasza. s Bo3ayxa Pk = 0,528.

[Tpu nOKpUTHYECKOM peXMME UCTEUEHUSI MacCOBBIN pacxo
onpenensiercs mo ¢popmyse [19]:

Q= [V 2 [kf(k— 1)) (pi/v1) P/ P1)?— (pof pr) T+ 1 /E]. 7

IIpu xputnyeckoMm:

Qn="V Zk/k+1)] (prfoy) 2R+ D)/ %=D (7.8)



rae T — miomanas oTBepcTHS MEXIY MOJIOCTIMH, L1 — yICIbHBIN
00BEM BO3yXa B IMOJIOCTH, U3 KOTOPOH MPOUCXOAUT HCTEUCHUE;
k — mokasarenb aguabate! (11 Bo3ayxa k = 1,4).

HopMmanbnslii pacxo:

Qo = Qmpo/(RTo) (7.9)

riae R - rasoBas nocrosauas (s Bo3ayxa R =287 JIx/[kr-K]).

BooOmie, mpu BbIBosEe (GOpPMYII, HCIOJNB3YyeMbIX I WHXKE-
HEPHBIX pacy€TOB IMHEBMOIIPUBOJIOB, KpoMe ypaBHeHus1 Kiaiinepo-
Ha-MeH/1eneeBa HCIONb3YIOTCS YPABHCHHSI TSI M3BECTHBIX TEPMO-
JMHAMUYECKUX TPOIIECCOB, KOTOPhIE B OOIIEM BHUIEC MOXXHO TpE/-
CTaBUTh YPABHCHHEM IOJIATPOITHOTO MPOIIecca:

p-u" = Const (7.10)

rae p — abCcoNIOTHOE JaBJICHUE; L - yIelIbHBIH 00BEM; N - moKa3a-
TeNb TMOJIUTPONBI (1 aguabaTHoro mporecca N = K = 1,4; uszorep-
MHYECKOro — 1; m306apHoro — 0; H30XOPHOTO - ).

3HaueHue MoKa3aTes MOJIUTPOINbl 3aBUCUT OT YCJIOBHH Ten-
m000MEeHa W BPEMEHH MPOTEKaHWs Mpolecca, U B OOJBITUHCTBE
ciy4aeB JexHUT B mipenenax l...1,4. [TockonbKy €ro TouHoe 3Haue-
HUE ONPENETUTh JAOBOJBHO CII0XHO, TO MCHOJB3YIOT JOMYIIEHHUS.
Hampumep, mpouecc ucTedeHUs, ONUCAHHBIM BBIIIE, CUUTACTCS
annabaTHBIM, TEUEHHUE Ta3a Mo TPYOOIPOBOY — U30TEPMUUYECKUM.



7.3 lloaroroBKka BO31yXxa JJisi MIHEBMATHYECKUX PUBO/I0OB

OpuH KyOMuYecKUil METp BCachIBAEMOI'0 KOMIIPECCOPOM aT-
MochepHoro Bozayxa npu 25°C moxer comepxats 10 180 MUILIH-
OHOB 4acTHI MbLIH, 23 T Boabl B popme mapa, ot 0,01 mo 0,03 mr
KoMIIpeccopHoro macina. Ilpu cxaTum Bo3ayXa KOHLEHTpauus
3arpsI3HAIOIIUX MPUMECe MHOTOKpaTHO Bo3pacTaer. Bwixon u3
CTpOsi THEBMATUYECKUX CHCTEM B pe3yJibTaTe MPUMEHEHUS! HEKa-
YeCTBEHHOI'0 CKaToro Bozayxa cocTaBigeT a0 80% or obiero
YuClia OTKa30B.

OCHOBHBIMHU 3arpsS3HUTENSIMU CHKATOTO BO3AYyXa SIBISIFOTCS
TBEP/BIC 3arpsA3HAIONIME YacTHIlbl (TbUIb), Mapbl U KarelbHbIC
(dbpakuuu Bojabl (Tomamaromiet u3 arMocdepsl) U Macia (BBIHOCH-
MOTO U3 KOMITpeccopa).

CoOTBETCTBEHHO, MOATOTOBKA CXKATOTO BO3AYyXa BKIIIOYAET,
B 00IlleM cilydae, CIeIYIOLIMe 3Tallbl: CKaTUE BO3AyXa JI0 3aJaH-
HOTO M30BITOYHOTO JaBIEHUS; OCYyIIKa (yAaJlleHUuE MapoB BOJABI U
Macna); ¢unbtpanus (yaaneHue TBEPIBIX 3arps3HAIOMIMX YaCTHUIL
U KalleJdbHbIX (pakuuil BoAbl U Macja); TPaHCIOPTUPOBAHUE BO3-
IyXa K MOTpeOUTENI0; peryiupoBaHie JaBJICHHs; BHECCHHE CMa3-
KM (Ipu HEoOX0UMOCTH); oOecrieyeHne repMETUYHOCTH TTHEBMO-
CUCTEMBI.

Jlns omHOM CebCKOXO03SMCTBEHHOW MOOMIIBHOM WITM CTaIlu-
OHApHOM MAIlIMHBI, COJepKaIIel MHEBMATUUECKUN MPUBOJ, CXeMa
MIOITOTOBKU BO3/1yXa OyJeT UMETh BUJ, IPUBEAEHHBIN Ha puc. 7.9,
I IPEANPUATHS 1O TepepabdoTKe CEeIbX03MPOAYKIIIH, UMEOIIe-
IO HECKOJIbKO E€IMHMI] CTal[MOHAPHOTO CEelbX03000pyAOBAHUS C
ITHEBMOIIPUBOJOM — Ha puc. 7.10.

biok nokansHOM
MOJITOTOBKH BO3/lyXa

Kommpeccop —| Pecusep ——

Puc. 7.9 - CtpykTypHas cxema IMOJATrOTOBKH BO3IyXa ISl OHOM
CEeIbCKOXO35MCTBEHHONW MAaIlIUHBI.



- binok mokansHOM

Kommpeccop MOATOTOBKH BO3/AyXa
PecuBep biok nmokannHOM

+ MOJATOTOBKU BO3/IyXa
[IpenBapurenbHas o biok nokansHOM

MOATOTOBKA BO3AyXa MOJATrOTOBKH BO3/yXa

Puc. 7.10 - CtpykrypHas cxema IoAroTOBKH BO3yXa JUIs IPeI-
IPUATHS 110 TTepepaboTKe CeNbXO03MPOTyKIIHH.

OcHoBHasl 3a/1aya KOMIIpeccopa — oOecreueHue 3alaHHOTO
pacxoja BO3/ayxa IpU 33JaHHOM JaBJjeHUU. J|aBieHue, co3maBae-
MOE€ KOMITPECCOPOM, JOJKHO 00ECIeunBaTh HEOOX0AUMOE YCHITHE
Ha IITOKE IMHEBMOIWJIMHIPA C YYETOM IMOTEpPh JABIICHUS, BO3HU-
KaIOIIMX MIPU JBWKEHUH BO3yXa 1o TpyOornpoBoay. B Hacrosiee
BpeMs JIJIsi TTHEBMOIIPUBOJIOB MIPUMEHSIIOT KOMIIPECCOPBI ¢ pado-
yuM naBieHuem 8-16 6ap (0,8-1,6 MITa).

CrnemyeT OTMETUTB, YTO CYIIECTBYET OOJBIIOE KOHCTPYK-
TUBHOE Pa3HOOOpa3zue KOMIIPECCOPOB, KOTOPHIE MPUMEHSIIOTCS B
pPa3IMYIHOM OOOPYJOBAaHWHM W B PA3IMYHBIX OTPACIISIX IPOMBIII-
neHHoctu. KommpeccopocTpoeHne Ha CErOAHSIIHUN IE€Hb MOKHO
BBICTIUTh KaK OTJEIBHBIN CEKTOP IMPOMBIILICHHOCTH, 00YCIIOB-
JICHHBIA CBOMMH OCOOEHHOCTSIMHU TEXHOJIOTUN Tpou3BojcTBa. [1o-
ATOMY MOJIPOOHOE PACCMOTPEHNE KOMITPECCOPOB BBIXOIUT 32 PaM-
KM JAHHOTO pa3zena.

CTOWT JIMIIL 3aMETUTh, YTO TIO MPHUHITUIY JICHCTBUS KOM-
MIPECCOPHI IEATCS Ha JABE OOJNBIINE TPYIIbL: JUHAMUYECKOTO TH-
na 1 o0bpéMHOTO THTa. KoMmmpeccopsl TMHAMUYECKOTO THIIA 103-
BOJISIFOT TOJIy4aTh JOCTATOYHO OONbBINKE PaCXObl MPU OTHOCH-
TEJIHHO HEOOJBIINX JIABJICHHUIX W MPUMEHSIOTCS JIJIST TPAHCIIOPTH-
POBKH T'a30B U CBHITYYUX BEIIECTB.

JIJiss THEBMATHYECKHUX TPUBOJIOB MCIIOIB3YIOT KOMITPECCOPHI
00BEMHOTO THUTIA, U3 KOTOPHIX HanOOJNbIIee MPUMEHEHHE TTOTYUH-



JIU TOpIIHEBbIe U BUHTOBBIE. OOBEMHBIE KOMITPECCOPHI paboTaoOT
COBMECTHO C PECUBEPOM (COCYAOM ISl XPAHEHHUS CKATOro ras3a) B
HUKInYeckoM pexume. [lpu 3amomHeHun pecuBepa BO3AYXOM 0
MaKCHMaJIbHOTO JaBJIEHMSI KOMIIPECCOP OTKJIIOYAETCS U ITHEBMO-
npuBoJl paboTaeT Ha 3amace Bo3jayxa u3 pecusepa. [Ipu nagenuun
JaBJIEHUS O MUHUMAJIbHOI'O 3HAaYEHUSI KOMIIPECCOP BKIHOYAETCA.

OdeHb YacTO MOJA KOMIIPECCOPOM IMOHUMAIOT KOMIIPECCOp-
HYIO CTaHLIMIO — YCTAHOBKY, B COCTaB KOTOPOH INOMHMMO Camoro
KOMITpeccopa MOT'YT BXOAUTh KOHEUHBIN OXJIaUTelNb, OCYLIUTENb,
pecuBep, MacIsSHBINA cenapaTop, GUIbTP rpyOOl OUUCTKU, perys-
TOp JaBJICHUS, DJEKTPOABTOMATHKA BKJIIOYECHUS-BBIKIIOUCHHS
KOMIIpeccopa.

[Ipu BbIOOpE KOMIpeccopa OCHOBHBIMHU IOKa3aTeIsIMHU SIB-
JISI0TCS MaKCUMaJIbHOE CO3/1aBa€MOE JJaBJICHHE U PAacXo]l BO3AyXa
(MIpou3BOAUTENHHOCTD). JIOMOMHUTENBHO CIEAYyeT YYHUTHIBATh
YpOBEHb IIyMa M BUOpaluii, pacxoja Macia, AOIyCTUMOE KoJude-
CTBO BKJIFOUEHHII-BBIKIIFOUEHUI B Yac, MAaKCUMaJIbHO JOMYCTUMYIO
MPOJOIKUTENFHOCT PaboThl 0€3 OTKIIOYEHHSI, BOSMOXKHOCTh pa-
OOTBI Ha XOJIOCTOM X0y (111 MOOUIILHOW TEXHUKH).

Pacxon Bo3myxa, KOTOpBI JTOMKEH OOECIeYUTh KOMIIpecC-
cop, onpenensiercs mo ¢popmysne [16]:

Q :Zn:qi -Kn; - ¢, (7.11)

rze N — KOJMYECTBO MOTpeduTeneit Bo3ayxa; (i — pacxoj BO3ayXa,

noTpebisieMplid i-TeiM ToTpeOuTeneM; KNi - Ko3hGHULIUCHT wHC-

MOJIb30BaHMS ISl I-TOTO MOTPEOUTENIS; ¢ — KOIDPHUIIMEHT, YIUTHI-

BAIOUIMI HEMPOM3BOAUTENbHBIE PACXObl U3-32 yTE€UEK, MEePHOIH-

YECKOT0 OMOPOKHEHUS U 3aroaHeHus: TpyoonpoBoos (1,1...1,3).
KoaddunmeHT ncnonp3oBaHus:

Kn=-— (7.12)



rae t, — onepatuBHOE BpeMs; tk — Bpemsi YUETHOTO NEPUOJIA, CO-
CTOSLLEE U3 ONEPATUBHOIO BPEMEHH, BPEMEHU IPOCTOEB U I1ay3 B
pabouee BpeMs.

JUi CeNbCKOXO03SMCTBEHHOW MAaIlIMHBI NIOTPEOUTENEM SIBIIS-
€TCsl MMHEeBMOIWIMHAD, IJs MPEANPUATUS — eIMHUuIla 000pyaoBa-
HUSL.

[Ipu ompenenenun pacxojaa BO3ayxa AJis OOJBIIOrO YHCIa
notpeduTeneii, paboTa KOTOPHIX CBA3aHA OMPEAEIEHHON MOCIe0-
BaTEIbHOCTHIO ABTOMATUYECKOTO LIMKIIA, CIEAYET HAWTH ISl Kax-
JI0T0 TOTPEOUTENsI KOJIMYECTBO BO3/yXa Ha OJHO cpabaTbIBaHUE U
Ha IUKJI U TPOCYMMHPOBATh MOTY4YEHHbIE pe3ynbTathl. [lomyden-
HBIM TakuM 00pa3oM pacxoj 3a LUK, CIETYyeT YMHOKUTh Ha YHC-
JI0 LMKIIOB 32 BpeMsl y4€THOTO nepuoa tx.

Y4uTeIBast, 9YTO NOTPEOIEHUE CHKATOTO BO3yXa HOCHT HEMO-
CTOSIHHBIN XapakTep, a TakKe AJIsl YMEHbIIEHUSI N3HOCa KOMITpeC-
copa pekoMeHayeTcsi BelOuparb koMmipeccop ¢ 3amnacom 40...50%
OT PacCYUTAaHHON MPOU3BOAUTEIHLHOCTH.

PecuBep B MHEBMOIIPUBO/I€ BHIMOIHSIET P PYHKIIHIA:

— HaKOIUICHME 3araca C)KaToro BO3JyXa JJIsl KOMIIEHCAllUun
€ro NMepeMeHHoro pacxosa (IMMKOB NOTPeOIEHUS BO3lyXa);

— YMEHBIIIEHHE YHUCIIa BKIIOYECHUH/BBIKIIOUYEHUNH KOMIIpEC-
copa (yMEHBIIIEHHE U3HOCA KOMITPECCOPa);

— CrIaXUBaHWE MYJIbCAlUN JTaBJIICHUH, CO3/1aBA€MbIX KOM-
IIPECCOPOM;

— MpeIBapUTENIbHOE OXJIAKICHHE CKATOro BO3AyXa M yaa-
JIEHUE KOHJIEHCaTa.

O0BéM pecuBepa, HEOOXOAMMBIN ANl 0OecreYeHus JOIy-
CTHMOTO YHCIIa BKIFOUYCHHUI-BIKTFOueHui [18]:

_60-Q-[Ly/Q-(Ls/Q)’] (7.13)
Al (pmax - pm‘n)

R

rne VR - uckombliit 00beM pecuBepa [M?]; Q - MPOU3BOAUTENEHOCTh
Kommpeccopa [m*/muH]|; Lg- morpeOieHHe cCXaToro BO3ayXa



[M*/muH]; Al - momycTrMas 4acToTa MyCKOB/OCTAHOBOK HIJIM TIE€pe-
XOJIOB C XOJIOCTOTO Xoja Ha pabouwii [1/4] (OpHEHTHPOBOYHO
MOXHO BBIOpaTh MO TaOJ.7.1); Pmax - BEpXHsS HACTpOWKa JiaBiie-
HUs [6ap]; Pmin - HUWKHAA HACTPOHKa AaBiIeHus [6ap].

Ta6ua. 7.1 MakcuManbHO JONYCTUMOE YUCIIO BKIIOUEHU -
BBIKJIFOUEHMH AJIEKTPOABUIraTes sl KOMIIpeccopa

MomHocTs 2nexkrpoasurarens, KBt MaxcumanbHo Honyngﬁoe
KOJI-BO BKJIFOYEHUH, U
4..175 30
11..22 25
30...55 20
65...90 15
110...160 10
200...250 5

O0BEM pecuBepa, HEOOXOIUMBIN JUIsI KOMIIEHCAIIMHM TTHKOB
notpebaeHus cxaToro Bo3ayxa [18]:

VR — IR '(LBP _Q) (7_14)
Pn — Pk
rae VR - HICKOMBIN 00beM pecuBepa [M?]; tr - TPOIOIKUTETEHOCTh
nuKa noTpednenus [MuH]; Lgp - MUKOBOE MOTpeOIeHHE CKATOTO
Bo3ayxa [M/mMuH]|; Q - NPOHM3BOJUTENBHOCTH KOMIIpECccopa
[M*/MuH]; pn - AaBIeHUE B pecHBepe Ha MOMEHT Havaja muka [6ap]
(>kenmaTeapbHO TMPUHUMATH PAaBHBIM HIDKHEW HACTPONKE MaBJICHHS
Pmin); Pk - MUHHUMAJIBHO JOMYCTUMOE JTaBJICHUE B PECHBEpPE HA MO-
MEHT OKOHYaHUs TTKa [0ap].
Cornacno IpaBuiaMm yctpoiicTBa U 6€30MacHOM dKCIUTyaTa-
LMW COCYAOB, pabOTAIOUIUX MO/ JaBI€HUEM, PECUBEPHI, 1151 KOTO-
PBIX TIpoM3BeeHNe naBneHus B MIla Ha BMECTUMOCTh B M° IIpe-
BbimaeT 1,0, moaieskar perucrpauuu B opraHax ['ocroprexHanaso-
pa Poccun.




CocTtaB ycTpoiicTB, 00eCneUHBAIOIINX MPEABAPUTENBHYIO U
JIOKaJbHYIO (OKOHYATEJIbHYI0) MOJIFOTOBKY BO3/1yXa, ONpeAeIIsIeT-
csi TpeOOBaHUSIMHU K KayecTBY CKaToro Bo3ayxa. TpeboBaHus K
KAauecTBY BO3/1yXa ONPEIEISIFOTCS MPOU3BOAUTENSIMU CEJIBCKOXO-
3SIICTBEHHBIX MAIllMH, KOTOPBIE, B CBOIO OU€pEe/ib, IOJKHBI OPHEH-
TUPOBATHCS HA TPEOOBAHUSI MPOU3BOIUTEIICH THEBMOABTOMATUKH.

Jns HOpMHMpoBaHUs KadecTBa cxkatoro Bosnyxa B CCCP
obur paspaboran ['OCT 17433-80 «IIpombiluieHHast 4YHUCTOTA.
Coxatsliil Bo3iyX. Kimacchl 3arps3HEHHOCTH .

VYyuThiBas, 4TO CETOJHS HA OTEYECTBEHHOM pBIHKE OoJiee
IIMPOKO TPEJCTAaBICHbI 3apyOeKHbIE MPOU3BOAUTEIN MTHEBMATH-
KH, OoJiee IUPOKO TAKKE HCIOIB3YETCS MEKIYHApOIHBIA CTaH-
napt DIN ISO 8573-1 (nocnennee uznanue — 2010r). Ha ocHOBE
crangapta DIN ISO 8573-1:2001 Owin1 pa3zpaboTaH HIESHTHYHBIH
emy oredectBeHHbI ['OCT P MCO 8573-1 — 2005 Cxxatblil BO3-
nyx. Yacte 1. 3arpsi3HeHUs ¥ KJIacChl YUCTOTHI.

Kracc uncToThl cxxaToro Bo3ayxa 0003Ha4aeTCss TPEMs CUM-
Bosjamu: A/B/C. 3neck A - Kjacc YUCTOTHI IO TBEPABIM YaCTHIIAM
(cM. Tabm. 7.2); B - Ki1acc YUCTOTHI MO BIAXKHOCTH HMJIM COJEpIKa-
HUIO BOJBI B kuaAKoh (aze (cM. Tab61.7.2); C - KIacc YUCTOTHI IO
cymmapHoMy (o0miemy) coaepskanuio macen (cm. taom. 7.3). Ec-
JIU 711 KaKOro-TM0O0 BHJIA 3arpsiI3HEHUI KJIacC YUCTOTHI HE 3a/1aeT-
csl, TO COOTBETCTBYIOIIAsl OyKBa MEHsIETCs Ha educ.

Ecnu cxaThlii BO3IyX MOOMKEH MMETh KJIacC YUCTOTHI IO
BiIaXHOCTH 0-6, TO HE0OX0onUMO mpuMeHeHue ocymmTens. [Ipu-
MEHEHHUE OCYIIUTENS TpeOyeT MOMOTHUTENFHOM YCTAaHOBKH IMOCIE
KOMIIpeccopa KOHEYHoro oxyagutens. Hamuuwe ocymmrens u
OXJIAIUTENSI YBEJIMYUBAET Macco-TabapuUTHbIE XapaKTePUCTUKU
ITHEBMOCHCTEMBI, TIO3TOMY TaKOW BO3/1yX HCHOJb3yeTcs AJs cTa-
[MOHAPHBIX CeNbX03MaIluH. {711 MOOUIBHBIX MAIUH HCTOJb3Y-
eTcs BO3yX 7-9 Kjacca YUCTOTHI MO BIAXKHOCTH.

B Hacrosimee BpeMsi HauOojee MKUPOKO MPUMEHSIIOTCS pe-
(bprkepaTopHble OCYIIUTENN (OXJIAIUTENN) € OXJIaXAarolend Bo-
JOW WM C 3aTOMIEHHBIM HcCmapuTeneM (Hampumep, (peon



R134A); ancopOLUOHHbBIE OCYIIMTENIN C PA3IMYHBIMU CIIOCOOaMMU
pereHepanyu;,; MeMOpPaHHBIE OCYIIUTEITH.

OcymmTenb MOKET ObITh YCTAHOBJICH MEKIY KOMIIPECCOPOM
Y PECHBEPOM WJIH TIOCTIE PECUBEPA.

Tabauua 7.2 - Knaccel YUCTOTHI IO TBEPJIBIM YaCTHUIIAM

IIpenensHO nOomycTUMOE
gpcno yactun B 1 M3
Pasmep gactui d, MkM Pasmep Kon-
Kiracc To) o o YacTHII, HeH-
= | G F| 8|
=) v iy iy
Vi =] L S}
it o —
ITo TpeGoBaHMIO TTOJIB30BATEINS HIIH
0 MOCTaBIIMKa 000pyI0BaHUsl, HO 00-
JIee JKECTKHUeE, YeM Il Kiacca 1
1 H3* 100 1 0 H3* H3*
2 H3* | 100000 | 1000 10
3 H3* H3* 10000 500
4 H3* H3* H3* 1000
5 H3* H3* H3* 20000
6 He npumensercs <5,0 <5,0
7 He npumensercs <40,0 <10,0

*«H3» o3nauaer «He 3agaércsay

[Ipu BEIOOpE OCyIIMTENEH OCHOBHOE BHUMaHUE HEOOXOAMMO
o0pariare Ha CIeIyIOLNe XapaKTePUCTHKU:

1. Touka pocCHI IO TABJIEHUEM.

Touka pocsl - Temmeparypa, npu KoTopoi Bo3ayx Ha 100 %
HachlleH napamu Bojbl [19]. Eciu temneparypa Bo3yxa MOHU3UTCS
HIDKE 9TOrO 3HAYEHUs], BOJSHON Map CKOHACHCHPYETCS B BO3JyXE B
BUJIC KamleIbHBIX Qpakiuii (Tymana). [Ipu cxxaTum raza Touka pochl
CYILLIECTBEHHO YBEJIMUMBAETCSA, IOATOMY CIEAYET pa3andyaTh TOUKY




pocel atMocepHoro Bo3ayxa (DP) u Touky pochl Bo3myxa moj
nasinenueM (PDP). CBs3bp Mexay HuUMu nokasana Ha puc. 7.11

Tadauua 7.3 - Kinaccsl YMCTOTHI IO BIAKHOCTHU U COJIEPIKAHUIO
BOJIbI B )KHJIKOH haze

Kunacc Temneparypa Konuenrpanus Boas! B
TOYKHU pochl, °C xuaKkoit daze Cw, /M
0 [To TpeGoBaHUIO TOIB30BATEINS
WIM TOCTaBIIMKa O0OpyI0Ba- HT*
HUSA, HO 0OJIee JKECTKHE, 4YeM
1A Ki1acca 1
1 <-70 HJIT*
2 <-40 HIT*
3 <-20 HJIT*
4 <+3 HJT*
S < +7 HJT*
6 <+10 HT*
7 H3** <0,5
8 H3** 0,5< Cw <5,0
9 H3** 0,5< Cw 10,0

*«H/» o3nauaer «He momyckaercs»

**«H3» o3navaer «He 3agaérea»

Tabauua 7.4 - Kinaccel Y4MCTOTHI IO COJEPIKAHUIO MaCe

Kiacce

OO6111ast KOHIIEHTPAIHS MACeI
(B (azax adpo3oneif, )UIKOCTH U TTAPOB), MI/M°

0

[To TpeGoBaHUIO TOJIB30BATENSI WM TMOCTABIIUKA 000-
pyJaoBaHUs, HO Oosiee ®KeCTKue, ueM Jjs Kiacea |

<0,01

<0,10

<1,00

Al

<5,00




Touka pochl AOKHA COOTBETCTBOBATH TpeOyeMoMy Kiaccy
YUCTOTHI BO31yXa. XApPAaKTECPUCTUKU OCYIIMTENEH YKa3bIBAIOTCS
U1 onpeAenéHHbIX pabounx yciaoBuid (pabouee aBieHUE; TEMIIe-
paTypa OKpY’Karolled Cpelbl; TEMIIEpaTypa CKAaToro BO3JyXa Ha
BXO/I€ B OCYIINTEJIb; OTHOCUTEIbHAS BIAXHOCTb). Eciin peanbHble
pabouue ycrnoBHsS OTIMYAIOTCA OT YKa3aHHBIX, HEOOXOIUMO BBO-
IUTh NONPaBOYHBIE KO3(PPULNEHTHI, pPEKOMEHTyeMble ITPOU3BOAM-
TEJIEM OCYLIMTEIIA.

4Q°
A{a}
-
=
S5 0 ~
=8 s " 1 bar(a)
s, L
= -20 '/
-40°

-40° =307 200 107 o 10°
ATmocdepHas ToYka pochbl
Puc. 7.11 - B3auMocBs3b TOUKH POCHI O] IaBIEHUEM U aTMO-
chepHOIl TOUKH POCHI.

2. I1pon3BOIUTENBHOCTh (MPOMYCKHAs crocobHocTh). Ecmm
OCYILIHUTENb YCTAHOBJIEH MEXAY KOMIIPECCOPOM M PECUBEPOM, TO
MIPOU3BOIUTENILHOCTh OCYIIMTENS (HA BBIXOJIE) JOJIKHA OBITH paB-
Ha IPOM3BOJUTEIBHOCTH KoMIipeccopa. Ecim ocymmrens ycra-
HOBJIEH I10CJIE PECUBEPA, TO OH JOKEH ObITh PACCUMTAH HA MHUKO-
Boe noTpedieHne Bo3ayxa. [Ipu 3ToM cieayer moOMHHUTb, 4TO He-
KOTOpBI€ BUIBI aICOPOCHTHBIX OCYIIMTENEH W MeMOpaHHbBIE OCY-
IIMTEIN UCHOJB3YIOT YacTh MOTPEOIAEMOro BO3ayXa JJisi pereHe-
par. COOTBETCTBEHHO MPOU3BOIUTENBHOCTh OCYIIUTENS Ha BbI-
xojie OyZeT MeHbIlIe, YeM Ha BXOJIE.

Ecnu ocyiike A0mKeH MoJaBepraThCsi HE BECh BO3IYX, MPO-
W3BOJUMBIM KOMIIPECCOPOM, TO B ATOM CIy4dae MPOU3BOAUTENb-
HOCTb OCYUIUTENSI MOKET ObITh YMEHBIIICHA.




3. MakcuManbHO JAonycTHMas Temreparypa BO3AyXa Ha
BXOJIE.

Kak npaBuiio, 3Ta TemmnepaTypa MeHbIIe, 4YeM TemIleparypa
BO3/yXa Ha BBIXOZe U3 Kommpeccopa. [loaromy HeoOXoauMOo mpH-
MEHEHHE KOHEYHOI'0 OXJAaauTeNs (€CIM OH HE BXOJIUT B COCTaB
KOMIIPECCOPHOM YCTaHOBKH). Eciii oCcymuTeNnp yCTaHOBIIEH MOCIIE
pecuBepa, TO OXJIAAUTENb MOKET OBbITh PACCUUTAH HA MEHBIIYIO
IIPOU3BOJIUTENBHOCTD, T.K. BO31YX YACTUUYHO OXJAXKIAETCI B PECH-
BEpe.

B nenom, ycraHoBKa OCyIIMTENsl MOCIE pecuBepa Mpeiro-
YTUTENIbHEH, OCOOEHHO IpPU MCIOJIB30BAaHUM MOPIIHEBBIX KOM-
npeccopoB. [lopiiHeBbie KOMIIpECCOPBI CO3AAIOT CHJIBHBIE IYJIb-
Calliy JaBJICHUS, BbI3bIBAIOIINE MOBBIILICHHBII H3HOC OCYIINTEIS.

st obecrieuenuss TpedyeMoro Kjacca YHCTOTHI MO YacTH-
1am, 10 COZEP>KaHUI0 Maclla U COJEPKAHUIO BOJBI B KHUIKOH (aze
(xmaccsl 7-9) ucnonb3yrorcest GuabTpsl. [10cKOIBKY QHIBTPHI CIIO-
COOHBI 3aJiepXKHUBaTh KarejabHble (pakiMK BOJbI, TO B KaTajlorax
GupM-TIpOU3BOIUTENCH OHU YAcTO Ha3bIBAlOTCA (HIBTPAMU-
BiarooTaenurensiMu. Ho cienyer moMHHUTB, 9TO TpeOyeMBblid Kilace
YHUCTOTHI 10 TOYKE POCHI MOXKHO 0OECIEUUTH TOJIBKO C IMOMOIIBIO
OCYIINUTEJIS.

OCHOBHOW XapaKTepUCTUKON (QHUIbTpa SBISAETCS TOHKOCTh
¢unbTpanuu. PazniyaroT HOMUHAJIBHYIO U @0COTIOTHYIO TOHKOCTh
¢unbTpanuu. HoMuHanbHas TOHKOCTh (DMIIBTPALIUH OIIPEIeNIIeTCs
MUHUMAaJIbHBIM Pa3MEPOM YaCTHUIl 3arpsiI3HUTENS, 3a1eP>KUBAEMBbIX
¢unbTpoM Ha 90-95%. AOGComOTHAs TOHKOCTh (PMIIBTPALUM Xa-
pakTepu3yeTcs MUHUMAJIbHBIM pa3MEpOM YacTHI] 3arpsi3HUTEIS,
MOJTHOCTBIO 33/1€P’KUBAEMBIX (PUITBTPOM.

JlJis O4HMCTKM BO3.lyXa, UCMOJIb3YEMOI0 B MHEBMOIPUBOJAX,
MPUMEHSIOTCS LUKJIOHHBIE (LEHTPOOEKHBIE) (PUIBTPHI C TOHKO-
cThi0 GuiIbTpamuu (L) 5 MKM U BBIIIE, KOATECICHTHBIC (UIBTPHI
(1=0,01 u p=1 MxM), GUIBTPBI C AKTUBUPOBAHHBIM YIIIEM (00eC-
TIeUMBAIONIIE OCTATOUYHOE coAepkanue Macia 10 0,003 mr/md).

Jns mpeaBapuUTENbHOM MOJATOTOBKH BO3JyXa HCMOJb3YIOT
¢GuIbTpHl Tpy0O OYMCTKU ¢ TOHKOCTBIO (uibTpauuu 40 MKM U




BbIe. OuibTpel O60JIee TOHKONM OYHUCTKH HCIOJIb30BaTh HE PEKO-
MEHAYeTCS, T.K. IPH JBMXKEHUU CKaTOro BO3yXa [0 MarucTpalib-
HOMY TPYOOIIPOBOJY BO3MOYKHO €r0 JajbHeillliee 3arpsi3HeHue 3a
CU€T KOHJECHCALIUU NIapOB BOJbBI, U3HOCA U KOPPO3UU BHYTPEHHHX
MOBEPXHOCTEN TPyOOIIpOBOAA.

B Onokax Ji0KanbHON IMOATOTOBKHM BO3AyXa HMCIOJIb3YIOTCS
UUKIJIOHHBIE (PUIBTPBI C TOHKOCTHIO (PMIIbTpAIMK 25 U 5 MKM, KO-
aJIeCIICHTHBIC (GMIBTPHI U QUIBTPBI C AKTUBUPOBAHHBIM YTTIEM.

{MKIOHHBIN QUIBTP C TOHKOCTHIO (DHIBTPAIIUU 25 MKM MO-
XKEeT o0ecreynTh 7 KJIAacC YUCTOTHI IO YacTHULAM, C TOHKOCTBIO
bunbTpanuu 5 MKM — 6 kinacc. KoaneciieHTHbIH GUIBTP ¢ TOHKO-
CThIO pubTpammu 1 MKM MOXET 00eCTIeUHTh 2 KJIACC YHCTOTHI 110
YacTUIlaM U 2 KJIACC MO COJAEP>KAHUIO0 Macell, C TOHKOCTBIO (Ub-
tparuu 0,01 MM - 1 Kjacc YUCTOTHI MO YacTUIaM U 1 Kiacc 1o
cofiepkaHuio mMacen. OUIBTP ¢ aKTUBHUPOBAHHBIM YIIIEM obecrie-
YUBAET OYMTKY BO3AyXa IO YacTHIaM M IO Maciy JIydlle, YeM
MEPBBIN KJacc.

[{uknoHHbBIE, IEHTPOOEKHBIE U YTOJNbHBIE (PUIBTPHI MPAKTH-
YECKU OJMHAKOBHI IO BHEIIHEMY BUAY (puc. 7.14).

ITpu BBIOOpE, MOHTaXXE W AKCIUTyaTaluu (GUIBTPOB HEOOXO-
JIMIMO BBITIOJHSATH CIEAYIOLIME paBUa;

— ®uibTp AOHKEH YCTaHABIUBATHCS CTPOTO BEPTUKAIBHO;

— Heo6xoauMo cob6ioaTh NPaBUIBHOCTh MPOXOXKICHUS
cKaToro Bo3zayxa uepe3 GuiabTp (MpaBUILHOE HAIIpaBIECHUE MOKa-
3aHO CTPEJIKON Ha Kopiyce GuibTpa);

— He nmomyckarh npeBbIIEHHS B CTaKaHE MaKCHUMAaJIbHO-
JIOTTYCTUMOTI'O YPOBHS KOH/IEHCATa;

— PerynsipHo npousBoauTh 3aMeHy (QUIBTPOIIEMEHTOB;

— Ilpu ncnonb3oBanuu QUIBTPA BHICOKON TOHKOCTH OYMCT-
KU Tiepe]l HUM HEoOXOIMMO YCTaHABIUBAaTh (UIBTP MEHbIIEH
TOHKOCTH OuYuCTKU. IIpu ycTaHOBKE yrosbHOro ¢uibTpa mnepen
HUM HEOOXOJMMO YCTAaHOBUTH KOAJIECLUEHTHBIH (UIBTP C TOHKO-
ctbto puibTpanuu 0,01 MKM, 3aTeM - KOaJleCUEHTHBIH (UIBTP C
TOHKOCTBbIO (uibTpamuu 1 MKM, mepel HUMHU - LHUKJIOHHBIN



GUIBTP ¢ TOHKOCTBIO (DWIIBTPAIMM 5 MKM ¥, HaKOHEI, B CaMOM
Hayasle - IUKIOHHBINA QUIBTP C TOHKOCTHIO (DMIIBTPALIUU 25 MKM.

VYka3zarenp HanpaBIeHUS
IIOTOKA BO3/lyXa

-
\ Kopnyc

VYka3zarenp AOIYCTUMOTO
YPOBHSI KOHJIEHCATa

3 ,"l CbEMHBIN CTaKaH
i! KonnencaroorBoguuk*
i

* - VronbHble QUIBTPBI MOTYT OBITH O€3 KOHAEHCATOOTBOIYMKA
Puc. 7.14 - ®unptp komnanuu Camozzi

B 1abn. 7.5 npuBeneHs! ycioBHbIE rpaduueckre o0o3Haue-
HUS PACCMOTPEHHBIX YCTPONCTB MOATOTOBKU BO3yXa B COOTBET-
creun ¢ ['OCT 2.780-96, TOCT 2.782-96 u TOCT 2.704-76.

Paznuunple KOMOMHAIMM (UIBTPOB B JIOKAIBHOM OJIOKe
MOJITOTOBKH BO3/yXa MOTYT JIaTh KJIACCHI YUCTOTHI, MPUBEIEHHBIE
B Ta01. 7.6



Taba. 7.5 YcnoBuble rpaduieckue 0003HaAUYCHUS YCTPOUCTB MO/~
TOTOBKH BO3JIyXa.
YcnoBHoe rpadu- bykBennoe

HanmenoBanue
yeckoe 000o3HaueHue | o003HAYCHHE
KM Kowmmpeccop
o OuibTp

Bnaroornenurens ¢

B PY4HBIM
OTBOJIOM KOHJIEHCATa

Bnaroornenurens ¢

B aBTOMAaTHYECKAM
OTBOJIOM KOHJIEHCATa
OuibTp-
OBJT* BJIArOOT/EIINTENb
(c py4HBIM OTBOJIOM
KOHJICHCATa)
BOC* Boznyxoocymurens
© (cenmapatop)
Oxnanurens
AT (ammapat
TEMI000MEHHBIH )
PC Pecusep

DLk

* - CormacHo 11.2.6. TOCT 2.704-76 OykBeHHOEe 0003HaYe-
HHUE JIOJDKHO TPEICTaBIATh COOOW COKPAIICHHOC HAWMEHOBaHUE
3JIEMEHTA, COCTABIEHHOE M3 €r0 HAYalbHBIX WM XapaKTEPHBIX
OykB. HckiroueHreM SIBISIOTCS HaWOoJee pacipoCTpaHCHHbBIE
OJICMCHTHI, HpI/IBelIéHHI)Ie B 00s13aTEIFHOM IMPUITOKCHUH.



Taobu. 7.6 Kitacchl Y4UCTOTHI, TOJIy4aeMbl€ MTPU PA3JIMYHOM COYe-

TaHUH (PUIBTPOB.

CxeMa JIOKaJIbHOTO OJI0Ka IIOATrOTOBKH

Knacc uncToThl

dBA1*
715/
OBA1*  ®BA2*
6/-%*/-
OBAL*  OBA2*  OBA3*
2/-**[2
OBA1*  ®BA2* OBA3*  OBM4*
1/7**/1
OBA1* OBA2* OBA3* OBO4*  o1*
<1/7**/<1

*OBJI1 — neHTpoOexHbIi GUILTP ¢ 1L = 25 MKM;
O®B/I2 — 1eHTpoOeXkHBIN QUIBTP C L = 5 MKM;
O®B/13 — koanecueHTHbIN QUIbTP ¢ L= 1 MKM;

O®BJ/14 — xoanecuenTHbIN GuiabTp ¢ pL = 0,01 MKM;

@1 — punbTp ¢ aKTUBUPOBAHHBIM YIJIEM.

** - Kiiacc 4MCTOTHI 1O BIOKHOCTH (Kiacchl 1-6 Tadm. 7.3)
MO>KHO 00€CTIEYUTh TOJIBKO C TIOMOIIBIO OCYIITHTES.

[Ipu BbIOOpE GUIBTPOB cieayeT oOpamaTb BHUMaHHE Ha

pacxoAHO-TiepenagHble XapakTepucTUKH (puc. 7.15), mpuBoauMble
B KaTaJjiorax NMpou3BOAMTENEH U MOKa3bIBAIOIINE 3aBUCUMOCTh I1e-
penana AaBieHUs Ha QUIBTPE OT pacxoja Bo3ayxa uepe3 QHUIbTp

npu OHpCI[CJ'IéHHOM JaBJICHHUHM HA BXOJC.
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Puc. 7.15 - PacxogHo-nepenaaHas XapakKTEpUCTHKA IIEHTPOOESIK-
Horo uibTpa cepur MX ¢ p =25 mxm kommanuu Camozzi [14].

Heo6xomumo moabupats ¢GuiIbTp TakKuM 00pa3oM, YTOOBI
MIPH 33JJaHHOM PACXOJIe TIepernas] JaBJIeHUs] Ha [TUKIOHHOM (UITb-
Tpe coctarisur 0,2...0,5 6ap (ontumansHo — 0,2...0,3), Ha Koayec-
neatHoM unbTpe — 0,1...0,3 Gapa.

Hanpumep, IUKIOHHBIN QUIBTP, pacXoJHO-TIEpenagHas Xa-
paKTepUCTHUKA KOTOPOTO M300paxkeHa Ha puc. 7.15, pexkomeHayeT-
Csl ICTIOJIh30BaTh B CIEAYIOIIEM IHUaa30He PAcX0/I0B:

2600...4000 1y/MuH ipu 1aBJIEHWU Ha BXxoj1e 2 6apa;

3400...5400 un/MuH npu AaBleHUU Ha BXxoze 4 Oapa;

3800...6400 uy/mMuH py JaBICHUU Ha BXoJe 6 0ap;

4200...7400 un/MUH pH JaBlIeHUH Ha BXoje 8 Oap.

Jliis ynaneHust KOHAeHcaTa (GUIBTPHI CHAOXKAIOTCS KOHJICH-
CaTOOTBOJYMKAMH PA3NUYHBIX KOHCTpYKIMiA. Yarie Bcero mpume-
HSFOTCS CJICTYIOIIME BHIBI:

— IlomyaBTOMaTH4eCcKnii ciMB KoHAeHcaTa. COpoc mpoucxo-
JUT TIPU OTKIIOYCHHOM MHUTAHUU WA TIPU HAXKATUU Ha MEXaHU3M
cOpoca pu U30BITOYHOM JIABJICHUU B CUCTEME.

— ABTOMAaTHYECKHI CJIMB KOHJICHCATA TPU JTOCTIKECHUU UM
3aJJaHHOTO YpOBHS. [IpuMeHsIeTCS MPU HEMPEPHIBHOM PEXUME pa-
OOTHI.



— ABTOMaTHYECKUI CIMB KOHJEHCATa IPU 3aJlaHHOM Iepe-
naze nasienus. [Ipu cpabaTeiBaHUU HCHOIHUTENBHOTO ABUraTENs
cOpacbiBaeTcst HeOOJbIIIast MOPIHSI KOHIeH CaTa

— Bnemnee nogkimtouenue. [103BosisieT NOAKIIOUNTD BHEI-
Hee yCTPOMCTBO AJIS CIIMBA KOHJIEHCATa.

K ycrpoiicTBaM MNOATrOTOBKM BO3JyXa OTHOCAT €WE Pl
[THEBMOANINAapaToOB, KOTOPbIE MOTYT OBITh YCTAHOBJIEHBI B OJIOKE
JIOKQJIbHOM MOATOTOBKM BO3/yXa — PETYJIATOPHI JaBICHUS (peayK-
LIMOHHBIE KJIAIlaHbl), MAcCJIOPACIHBUIMTENH, KJIAIAaHbl «MATKOT0»
IycKa, KJlallaHbl 0€3011aCHOCTH.

OcHoBHas 3ajjaua peryistopa AasieHus (puc. 7.16a) — cHu-
3UTh JaBJICHHE, CO3/1aBa€MOE KOMIIPECCOPOM J0 HEOOXOIMMOro
JaBJIEHUs] MUTaHMs ITHEBMOIIPUBOJA CEIbXO3MAILIMHBI M MOAJEP-
KUBaTh JaBJICHHUE IIOCTOSIHHBIM IPU U3MEHEHHUH Pacxojia CKaToro
BO3/yXa, MOTPeOII1eMOr0 MTHEBMOIIPHUBO/IOM.

[TockoNbKy peryiasTop AaBieHHS M IUKIOHHBIH (WIBTp —
caMble pacHpOCTPaHEHHBIE JIEMEHTHI JOKaJIbHBIX OJOKOB MOJIO-
TOBKHM BO3/1yXa, NMPOU3BOJUTEIN ITHEBMATHKH BBITYCKAIOT (HIIb-
TpbI-perynsaTopsl (puc. 7.160), npencrapistoiie coooit GuabTp u
PErysaTop, pacroiokKeHHbIE B OJJHOM KOpITyce.

IIpu BBIOOpPE PETYIAATOPOB U (PUIBTPOB-PETYISITOPOB TAKXKE
HeoOxouMo o0paliaTh BHUMaHUE Ha PacXoJHO-TIEpeNnajHyl0 Xa-
pakTepucTuky (puc. 7.17).

Heo6xomumMo BBIOMpaTh PeryisiTop TakKuM 00pa3oM, 4TOOBI
IIPM MAaKCHUMaJIbHOM pacXo€ CKaToro BO3[yXa, OTKJIOHEHHUE Iie-
penana JaBi€HUsS] HA PETyNSATOpPE OTHOCHUTENIbHO 3HAUEHUS MNpU
HYJIEBOM pacxojie He mpesblmano 1 6ap.

Hanpumep, perynarop naBieHus, pacxoaHo-TiepenagHas xa-
PaKTepUCTHKA KOTOPOTO IMPEJICTABICHA HA PHC. CIUIOIIHONW JMHU-
e, = MOXHO  HCHOJB30BaTh B  JUAala3oHE  pacxo/oB
0...10800 Hn/mMuH.

JlaBieHre Ha BXOJ€ B PETYNATOP JOJKHO OBITh KaK MHUHH-
MyM Ha 1 Gap Gosblie, yeM HEOOXOAMMOE MAaKCHMAJIbHOE JaBlie-
HUE UTaHUS THEBMONPUBO/A (Ha BBIXOJIE U3 PETYIIATOPA).



a) — peryATop AaBiacHuUs; 0) — GUIBTP-PEryIsaTop
Puc. 7.16 - YcrpoiicTBa moarotoBku Bo3ayxa cepun MC xomma-
Huu Camozzi

Br16op MacnmopacnbuinTeNs TaKkKe OCYLIECTBISETCS MO pac-
XOIHO-TIEpPETIaHBIM XapakTepucTukam. [lajmeHue maBneHuWss Ha
MacjIopaclbUIUTeNIe NP TUIAHUPYEMOM PACXO/€ JOJIKHO COCTaB-
nste 0,2...0,5 6ap.

[Ipu ncnonabp30BaHUU MAacIOPACHBUIUTENS HEOOXOIUMO BBI-
MOJIHATH CJIETYIOIINE IPaBUIa;

— MacnopacnbuiMTenb AOKEH YCTaHABIUBATBCA CTPOTO
BEPTUKAIIBHO.

— Ecnu macino B MaciopacnbslInTeNb OBLJIO 3aIPaBIeHO XO-
T4 ObI OJIMH pa3, MpeKpallaTh NojJady Macjiaa Henb3sl (He00X0IuMo
ClIeINTh, 4TOOBI YPOBEHb Maciia B MacjopaclbUIuTeNle He MPEeBbI-
1aJl MUHUMAJIBHO JIOMYCTHMOTO 3HA4YeHHs). DTO CBS3aHO C TEM,
YTO Macjo, BHOCUMOE B CXKaThli BO3AYX MAacllOpacHbUIMTENIEM,
MIPUBOJIUT K OYEHb OBICTPOMY yJIaJI€HUI0 KOHCUCTEHTHOM CMa3KH.
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Puc. 7.17 - PacxogHo-nepenaanbie XapaKTePUCTUKH PETYIISATOPOB
nasnenus cepun MX kommanuu Camozzi mpu pasindHbIX
HACTPOWKAax BBIXOJHOTO JaBicHus [14]

— Paspemaercs ucnonap30BaTh TOJIBKO Macia, PEKOMEHIO-
BaHHBIC TPOU3BOUTEISIMU ITHEBMOATITIAPATOB.

— Pacxon macna - ot 0,5 10 5 xanens Ha 1000 TUTPOB BO3-
IyXa OIpenemseTcs] dKCIEPUMEHTANIbHO B KAXKIOM KOHKPETHOM
ciryJae.

— JlmuHa TpyOOompoBOAa OT MaciIOpPacCHbUIATENsST JO ITHEB-
Moarmapara, TpeOyIoIIero cMas3Ku, He JOJKHA MPEBBIIATh 2 M.

Kiaman «Msrkoro» mycka TO3BOJSET M30€KaTh IOJIOMOK
o0Opy/nOBaHUsT M TPaBMUPOBAHMs TEPCOHANA TMPU BKIFOYCHUU
MMHEBMATHYECKOTO TIPUBO/IA.

Krnanman «Msrkoro» mycka JieiaeT BO3MOXHBIM MOCTETIEHHO
YBEIWYNBATh JIaBJICHHE B MHEBMaTtHueckou cucteme a0 50% ot
BXOJIHOT'O 3HAYEHMS, IIOCJE YEro BEIMYHMHA JABIICHUS CKAYKOM



yBenuuuBaercs A0 MaructpanbHoro (100%). Bpems Hapactanus
JABJICHUSI MOJHO PEryJIUpOBaTh C IMOMOIIBIO PETYIUPOBOYHOTO
BUHTA.

OOBIYHO KJIANaH «MSTKOTOY» IyCKa YCTaHABJIMBACTCS TOCIE
0JI0Ka TTOJTOTOBKHU BO3AyXa.

Kiamman 0e3omacHocTH (KJallaH aBapHMHOTO OCTaHOBA) I103-
BOJISIET OTKJIFOUUTH THEBMOCHUCTEMY O0OPYAOBAHUS OT UCTOUYHHUKA
C)KaToOTO BO3yXa, a BO3JyX U3 MHEBMOCHCTEMbI COPOCHTH B aTMO-
cdepy npu aBapuiHON CUTyalluu UM TEXHUYECKOM OOCIy>KHBa-
HUU. B OTKIIFOUEHHOM COCTOSHUM KJIallaH MOXKET OBITh 3a0JI0KH-
poBan. Kmaman 6e30macHOCTH OOBIYHO YCTaHABIMBAETCSA IEPE]
OJIOKOM ITOATOTOBKH BO3/IyXa.

Kak nmpaBuio, ycTpoiicTBa HOJroTOBKM BO3/1yXa UMEIOT KOH-
CTPYKITHIO, TIO3BOJISIONTYI0 COOPaTh UX B €IUHBINA OJIOK IMOATOTOB-
K# Bo3nyxa (puc. 7.18).

PUIBIP- KJIAIIAH
PETYJISITOP
«MSTKOI'O»
KJIATIAH IVCKA
BE30IIACHOCTH / /

\ MACTOPACIIBLIUTE.TH

Puc. 7.18 - briok moAroToBKM BO3/Myxa, COOPaHHBINA U3 YCTPOICTB
noarorosku cepur MC kommanun Camozzi



7.4 Oco0eHHOCTH KOHCTPYKIIUM THEBMATHYECKUX ANIAPATOB.
ITneBMOpacnpeneJuTe N

[THeBMaTHYEeCKHE pacnpeaeIuTeN MpeaHa3HaueHbl IS
yIpaBieHus (M3MEHEHHE HAIPABJICHUS, ITyCKa U OCTAHOBA) MOTO-
KaMH C)XaToro rasza. B cenbCKOXO03SHCTBEHHOM OO0OOpYIOBaHHH
MMHEBMATUYECKHE PACTIPEACIIUTENIN 3a4acTyIO0 BXO/IST B COCTaB CH-
JIOBOTO ITHEBMATHYECKOTO NpHBOAa. B 3TOM ciydae Ha MHEBMO-
pacTpeeNuTeNb JOXKaTCs (YHKIMH YIIPABICHHUS HAIMPaBICHUEM
JBIKECHUS U OCTAaHOBA B KpaWHUX IMOJIOKEHHSIX BBIXOJIHOTO 3BEHA
MTHEBMO/IBUTATENNeNsT pabodero oprana MamuHbl. He penko mHeB-
MAaTHYECKHE PACIIPEACIIUTENIN BXOAAT B COCTaB HH(DOPMAIMOHHOTO
KOHTypa IMPHUBOJA, TJC BBIMOIHSIIOT POJIb JATYAKOB TOJOKEHUS
pabouero opraHa MamyHbL. Tak Kak MOTOKH C)KAaTOTO raza CHIIO-
BBIX M HWH(POPMAIMOHHBIX KOHTYPOB ITHEBMOIIPHBOJIOB HMEIOT
OOJIBIIYI0 pa3HUIY B MOIIHOCTH (IIPOU3BENIEHUE pacxoia U JiaB-
JICHUSI C)KAaTOro rasa), B CEIbCKOXO3SMCTBEHHOM O0OPYIOBaHHUH
MIPUMECHSIFOTCS ITHEBMOPACTIPEACTUTENIA PA3TMIHBIX KOHCTPYKIIHA.
KoHcTpykinu mHEBMOpachpeaenuTeneii ONTUMU3UPOBAHHBI IO
MOIIHOCTH H JIPYTHM TEXHUKO-DKOHOMHUYECKHM TIOKa3aTeJIsIM
(ObIcTponelicTBUE, TabapuThI, YCIOBHUS MOHTaXa, ce0ECTOMMOCTh
Y T.I.) JIJIsl CUJIOBOTO U MH(OPMAIIMOHHOTO KOHTYpA.

CTpyKTypa U OCHOBHbIE XapaKTePUCTUKHN ITHEBMOPAac-
npeaeauTesIen

IIHeBMOpacpenenuTenn MOTYT HMMETh pa3IU4YHOE YHCIIO
OTBEpPCTHI (JMHUIT) UIsl OABOJA WJIM OTBOJA BO3JyXa M YHUCIO
pabouux MO3UIMHN, a TAKXKE PA3HbIE CXEMbI YIPABJICHHUS.

Jlunetinocmo MMHEBMOPACIpEAETUTENS onpeaeIsieTcs
KOJIMYECTBOM IOJBOJOB K HEMY M OTBOAOB OT HETO (MCKIIIOYas
KaHaJbl YIpaBJI€HUs) CHKATOro rasa. [IpuMEHSI0OT B OCHOBHOM
IBYyX-, Tpex-, 4eThIpEX- u IATUIMHEWHBIE
ITHEBMOPACIIPEIETUTEIH.



Komnnuectso (buKCHPOBaHHBIX MOJIOKEHU N
paclpenenuTeNbHOIO0  3JeMeHTa  (HalmpuMep,  30J0THHUKA),
o0ecreunBarOIUX pa3IMYHbIE CXEMbl HaIPaBICHUNA IOTOKA
CKaToro rasa orpezenser NO3UYUOHHOCTD
MTHEBMOPACIPEIEITUTEIS.

Jns oOo3HaueHUsT  JIMHEMHOCTH U TO3UIMOHHOCTHU
MTHEBMOpAcIpeleuTeNneii IpUMEHsIoTcs U POBble 0003HAYECHUS
B BUAC JApoOuW, HampuMep, MHEBMOpACHpeIenuTens 2/2,
MMHEeBMopacpeaenuTeab  3/2, TmHeBMopacupenenuTenb  S5/2.
[TepBas mudpa onpeaenseT TMHSWHOCTh THEBMOPACTIPEICITUTES,
a BTOpast Iudpa OTHOCUTCS K KOJUYECTBY mo3uiuii (puc. 7.19).
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Puc. 7.19 - CtpykTypa nHEBMOpacHpeaeauTesei.

-—

K npumepy, mis ynpaBieHUs HaNpaBICHHEM JIBUKCHUS
MOPIIHS ~ JIBYCTOPOHHEro  IMHEBMOLWJIMHJIpA  JIOCTATOYHO
WCIIONB30BaTh pacupenenuTeNb 5/2, a OJHOCTOPOHHUM —
pacripenenurens 3/2 (puc. 7.19).

Ha mnpaktuke uCMONB3yrOTCS ABE CHUCTEMBl OO0O3HAYEHUU
MPUCOEIUHUTENIBHBIX OTBEPCTUM IHEBMOpacHpeaenuTene -
OyKBEHHOE W IU(PPOBOE, HO BCTPEUAIOTCS U MPOYHEe 0003HAUCHUS
(Tabn.7.7).



Taba. 7.7 O603HaUCHUS JIMHUI THEBMOPACTIPEACITUTEIICH

BapuanTsl 0003HaYCHHIA
HaumenoBanue
oTBepCcTUsl | BykBeHHBIE Hugpossre [Ipoune
(mo 1SO 5599)
Hongoz P 1 SUP
BO3JIyXa
Pabouwnii BeIxOq A, B 2,4 OUT,0UT1,0UT2
Brixmon R, R1, R2 3,5 EA,EB,EXH
Jlurun PA, PB 12, 14
yIpaBICHU
IlonBox BHEII-
HEro MIIOTHOI'O X 10 PIL
B3/1yXa

Jliia oripeneneHusl XapaKTePUCTHK MMHEBMOpPACIIpeaeTuTeNIen
4acTO WCIOJIB3YIOTCS auarpammbl (puc. 7.20), cBs3bIBarolIue
00BEMHBIN pacxoj BO3[yXa C JaBICHHEM Ha BXOJE Po U BBIXOE
p1  KOHKPETHOTO THIOpa3Mepa MHEBMOPACHPENETUTENs] U
uMenyemble kKak  «Q/P-mumarpammbei»y. WX  Kak  mpaBHIIO
MPEAOCTABIAIOT M3TOTOBUTENM ITHEBMOpACHpEIETUTENeH Uin
MOJIy4aroT SKCIIepUMeHTanbHO (puc 7.20).

[To BepTukanmpHOM ocu muarpammbl (puc. 7.20) oTioXKeH
00BEMHBIN PacxXo/ BO3/1yXa, BEIPAKEHHBIA B HOPMaJIbHBIX JIUTPaX
B MuHyTy. Il0 TOpPM30HTaIBHOM OCH OTJIOKEHO JaBJICHUE,
BEIpaXeHHOE B Oapax. OT oceil UCXOASAT KpHBBIC, KaXKOas U3
KOTOPBIX COOTBETCTBYET OMNPEACIEHHOMY IaBJICHUIO Ha BXOJE
nHeBMopactpeaenurens. KpuBas MOKa3bIBa€T CBSI3b MEXIY
pacxoaom BO3/TyXa u JaBIICHUEM Ha BBIXOJIC
NHeBMopactpeaenurens. Tak, pacxo]l paBeH HYIII0, €CIIM pa3HUIlA
MEXIy JaBJICHHEM Ha BXOJE€ M BBIXOJIE TOXKE paBHA HYIIIO.
VBenuueHue pacxoja CBS3aHO C TOHM)KEHHEM BBIXOJHOTO
naBieHus (TP HEM3MEHHOM BXOJHOM).



n,/ MuH
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P
Q - 0ObeMHBIN pacxo BO3yXa; P1 — JaBJIEHUE Ha BBIXOJIE
ITHEBMOPACIPEEIIUTENS; Po — AABJICHUE HAa BXOJIE
ITHEBMOPACIIPEIEIUTEIS.
Puc. 7.20 - TIpumep Q/P nuarpammMbl THEBMOPACTIPEICTHTEIS
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Takum oO0pa3om, Kaxaas TOuKa KPHUBOM CBS3BIBACT TPHU
BEJIMYMHBI: JaBJI€HUE Ha BXOJe (0HO U TO e JIJIs BCel KpUBOM),
BBIXOJIe (KOOpJIMHATa TOYKH IO BEPTHKAIBLHON OCH) U Pacxo
(koopanHaTa MO TOPU3OHTATBHON OCH). Yale Bcero Ha MpakTHKE
BCTPEYAIOTCA TPU 3aJaddl KOTOphle momoraer pemmts Q/P
quarpamMma: OIpeNeNuTh JaBleHHE KOTOpoe OyJIeT Ha BBIXOJE
MTHEBMOpPACIPEICTUTENS PY YKa3aHHBIX 3HAYEHUSX JIaBJICHUS Ha
BXOJIe U OOBEMHOTO pacxojla CXAaToro BO3JAyXa uepe3 Hero;



ornpenenuTh 00BEMHBIH pacxoJl C)KaToOro ra3a, KOTOPBIA MOMKET
00eCreynTh MMHEBMOPACTIPEICIUTENb PU YKa3aHHBIX 3HAYCHHAX
JIABJICHUSI HAa BXOJIC W BBIXOJIE; OINPEIENIUTh J0 KaKOrO YPOBHS
JABJICHUS JOJDKEH OBITh OTPETYIMPOBAH PEAYKIIMOHHBIA KilamaH
nepes COOTBETCTBYIOUIMM paclpeieiuTe]IeM IMpPH  yKa3aHHOM
pacxojie u pabo4eM JIaBJICHUH.

HHTEepecHO 3aMETHTh, YTO Ha Ka)JIOW KPUBOHM €CTh Y4acTOK
npsiMoit nuHUM (TemMHas 30Ha Ha puc. 7.20), rae pacxol He
W3MEHSIETCS TpH W3MEHCHHWM JaBJIiCHWs Ha BbIXOJe. B aroi
00JIaCTH ~ CKOpPOCTh TIOTOKAa Ta3a B ITHEBMOPACIPEACIHUTENE
JOCTHTaeT YPOBHSI CKOPOCTH 3BYKa M OOJIBIIE HE PAcTET, KaK ObI
HU YBEJIMYMBAJICS TEpenaja AaBICHUNA. DTO SBICHHE HACTYyMaeT
MPU KPUTHYECKOM OTHOIICHHH BXOJJHOTO U BBIXOJHOTO JIaBJICHUH,
KOTOpBIM asi Bo3ayxa paBeH Pk = 0,528 (cM. myHKT 7.2). OTO
3HAYHT, YTO €CIU JABJICHUE HA BBIXOJAE IMHEBMOPACIPEACTUTEIS
HW)KE, YeM MPHUMEPHO TOJOBHHA BXOJHOTO JIABJICHUS, TO PAcXo]
BO3JyXa HE 3aBUCUT OT BBIXOJHOTO JABICHHUS M ONPEACISACTCS
TOJILKO JIABJICHUEM Ha BXOJ€ (KPUTUYCCKUN PEXKUM UCTeUeHus ). B
cilydae, KOTJa [aBJICHHWE Ha BBIXOJE BBIINIE, YeM IPUMEPHO
MOJIOBUHA BXOJHOTO, HMMEET MECTO JOKPUTHUYECKHH PEeXUM
ucTeueHus. [IpU KPUTHYECKOM PEKUME HCTCUCHHS, €CIIH
JaBJICHHE Ha BXOJE IMOCTOSIHHO, PAacXoJl MMeeT MaKCHMajbHOe
3Ha4YCHUE.

[Tpu BBIOOpPE THMIOpa3Mepa MHEBMOpACIpeaeIuTeNneii 0ObIYHO
M30€TalT KPUTHIECKUX PEKUMOB NCTEUSHHS ra3a, Tak Kak padora
B TaKOM PEXHME COMPOBOXKIACTCS BHICOKMMHU THJIPABINYCCKUMHU
MOTEPSIMA M3-32 BBICOKOW CKOPOCTM TEYEHHUsl ra3za OJM3KOH K
CKOPOCTH 3BYKa, HEMPEOJOTUMBIMUA OTPAHUYCHHUSIMH TI0 PACXOAY
Y HU3KHM YPOBHEM JIaBJICHUS B UCTIOJHUTEILHBIX YCTPOHCTBAX.

[THeBMaTHYECKHE pacmpeaenuTenu 1o TUITY
pacrpeneNuTeIbHOTO AJIEMEHTa BO3JICHCTBYIOIIETO HA MOTOK
C)KaTOTO Ta3a MOoJapa3IeTsIOTCs Ha PACTIPEACTUTENN KIIaTaHHOTO U
30JI0THUKOBOTO THMA (puc. 7.22) [15].

[TueBMOpacmpenenuTeny KianasHHoro tuma (puc. 7.22a) us3-
32 0COOEHHOCTEW KOHCTPYKIIMM B OCHOBHOM NPUMEHSIIOT B WH-



(dbopMaIMOHHOM KOHType MHeBMONpuBoaa. OCcOOEHHOCTH TaKOM
KOHCTPYKIIMH 3aKJIFOYAIOTCS B cleayromeM. M3-3a KopoTkoro xona
KJarmaHa (Majoe mepeMelieHue KiarnaHa MPUBOJIUT K CYIIECTBEH-
HOMY M3MEHEHUIO TUIOIIAIN MPOXOJIHOTO CEUCHHSI) TAKUE pacmpe-
JEITUTEIIN UMEIOT BBICOKOE OBICTPOJICHCTBHE, YTO OYCHb BAXKHO
Ui “HQOPMAIIMOHHOTO KOHTYpa mpuBojaa. Ochk KaHama MoaxXoas-
IIEr0 TOTOKA CXKAaTOro BO3JyXa COBIAJACT C OCHIO KIIallaHa, 4YTo
TpeOyeT co3aHus yCUITUS Ha KIIalaH MPEBBIIIAIOIIErO CUTY MOTO-
Ka Traza. OTa 0COOEHHOCTh W OTPAaHMYUBACT UCIIOJIIB30BAaHUE pac-
Hpez{eﬂHTenef/i TaKoro Tuilia B CHJIOBOM ITHCBMOIPHUBOAC H3-3a
OOJIBIITNX 3aTPAT SHEPTHUH.

| MTHEBMOPACHPEJEJUTEJN |

KnananHoro 30JI0THHKOBOI'0
THIIA THIA
OAOHOCTOpPOHHEro OaHocTopoHHero /
aencTeun [JBycTOpOHHEro
aencrteus
I |
YnpaBneHue YnpaBneHue
AnekTpuyeckoe OnekTponHeBMaTMyecKkoe
MexaHuyeckoe MHeBMaTMyeckoe
PyuHoe MexaHuyeckoe
PyyHoe —

Puc. 7.21 - Knaccudukaius mHEeBMaTHUECKUX pacrpeaenuTencit
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a) — KOHCTPYKIIHS THEBMOPACIIPEAeIUTENs KJIalaHHOTO TUIIA;
0) — KOHCTPYKIIHS THEBMOPACIIPEACTUTEISI 30JI0THUKOBOTO THIIA.
Puc. 7.22 - KoHCTpyKIIUM THEBMOPACTIPEACIICTUTEIICH.

[THeBMOpacpeaeuTenn 30JI0THUKOBOTO THma (puc. 7.220)
UMEIOT TEePHEHIUKYISIPHOE PACHOJIOKEHHE OCH KaHajla MOTOKa
C)KAaTOTo T'a3a M OCH «30JI0THHKA». ITa 0COOCHHOCTh KOHCTPYKIIUU
MO3BOJISIET YIPABJIATH MMOTOKAMH T'a3a OOJBIION MOIIHOCTH, 3aTpa-
YiBas MPU 3TOM HAMHOTO MEHBIIIYI0 MOIIIHOCTh. Tak Kak MmoJ BO3-
JCCTBUEM IIOTOKA CXKATOrO BO3JyXa «30JIOTHUK» HAXOAWUTCS B
paBHoBecuu. [loaTOMy Takue pacnpeAenuTeNn MNPUMEHSIOT B
ITHEBMOTIPUBOIaX OOJBIION MOIIHOCTH (IWaMETp TOPIIHS ITHEB-
MorunuHapa oonbiie 40 MM). HegoctaTkamu Takoi KOHCTPYKLIUU
ABISICTCS M HEOOXOAMMOCTH M3TOTOBJICHHS NMPEUU3UOHHBIX JIeTa-
Jei, ¥ BBICOKOE KaueCTBO OYMCTKM CXKATOro rasa M HeoOXOomu-
MOCTBh CMa3KH TPYIIUXCSI TOBEPXHOCTEH.

[To koMMYECTBY YHpPaBIAIOIIUX KaHAJIOB MTHEBMOpacmpese-
JUTeNn OBIBaIOT OJJHOCTOPOHHETO (MOHOCTAOWJIbHBIE) U JABYCTO-
ponHero (6bucrabmibHble) aelictBus (puc. 7.23). [TneBmopacmpe-
JENUTEN KJIanaHHoro Tuna (puc.7.22a) umesi COOCHOE Pacroiio-
KEHHe KaHaja MOTOKa ra3a W KaHaja yMpaBieHHs MOTYT OBITh
TOJIBKO OJTHOCTOPOHHETO JIEUCTBUA.

D! V(D <\

a) 0)
a) — yCIIoBHOE Tpadudeckoe 0003HAYCHUE PACTIPEIACITUTEIS OTHO-
CTOPOHHETO JeHCcTBUS; 0) — yCI0BHOE Tpaduueckoe 0003HauUeHHE
pacrpenenuTeNs ABYCTOPOHHETO IEHCTBHUS.
Puc. 7.23 - YcnoBHble 0003HaYeHNUS THEBMOPACIIPEeTUTENEH .




[To BuIy ympaBisIOLIEro CHTHajda MHEBMaTHYECKHE pac-
IpeenuTeNu OBIBAIOT C THEBMATUYECKUM (IIEPEKITIOUEHUE TIPOHC-
XOJIUT TIOJ BO3JICUCTBHEM IOTOKa BO3ayxa) (puc.7.24), s1neKTpu-
4ecKUM (MEPEKIIOYCHNE IMPOUCXOIUT MOJ BO3ICUCTBUEM DIICK-
TpUYECKOro TOKa) (puc. 7.27), MexaHWYECKUM (TIEPEKIIOUEHUE
MIPOUCXOJIUT IOJT BO3ICHCTBHEM MEXaHMUYECKOT0 O0BEKTa (HaIlpH-
Mep, pabounii opran MamuHbl)) (puc. 7.25, 7.26) u pyunbim (1ie-
PEKIIIOYEHHUE MPOUCXOAUT IO BO3ACUCTBUEM «MYCKYJIBHON» CH-
76l yesoBeka) (tabm. 7.8) [15].

[THeBMaTH4eCKOE yIpaBlieHHE PACTIPEACTUTEISIMUA HCIIOIb-
3YIOT B T€X CIIy4asiX, KOrJa HE0OXOJUMO OCYILECTBISATh JUCTaH-
[IMOHHOE YIIPaBJIEHUE MX PAa0OTON MOCPEICTBOM MTHEBMATUYECKO-
ro cur"ana. YtoOwl pacmpenenutens ObUT C MHEBMATHUYECKUM
yIpaBlIieHUEM, B KOHCTPYKITUIO BBOJST MOPIICHH |, IepeMelcHue
KOTOpPOTO U MPHUBOJUT B JBI)KEHUE PACIPEICTUTEIbHBIA AIEMEHT
2 (puc. 7.24) [15].

B HEKOTOPBIX KOHCTPYKIIUSAX BO3BpaT
paclpeseNuTeIbHOr0  dJIeMEHTa B HCXOAHYIO  MO3HIIMIO
OCYIIECTBIISIETCS MO/ ACHCTBUEM OJHOBPEMEHHO MEXaHUYECKOH,
MHeBMaTU4eckol npyxuH. Takoe coueTanue odecnednBaeT donee
BBICOKYIO ~ CTaOMJIBHOCTP M HAQJCKHOCTh  TMEPEKIIOYCHUS
MTHEBMOPACIIPEICTUTETIS.

B cinywae korma ympapismoniee MEXaHWYECKOE BO3IECH-
CTBUE OTPAaHUYEHHO MO BEIUYHHE, TO MPUMEHSIOT paclpeaenuTe-
JM ¢ THEBMATUYECKUM yCHUJIICHHEM MEXaHHUYECKOTO CHTHaa (pHc.
7.25) [15].

B oarom cinydae s mepeKIIOueHUs  paclpeaenuTels
JIOCTaTOYHO HEOONBIIOTO YCUIHUS M TPEOAOJTCHHS YCHIUS
MPYKAHBI «ITAJIOTa» 2 JJIsl OTKPBITUS YIPABIISFOIIETO KaHawa.



< @
A P
1 — nopmiens; 2 - pacupeneaTuTeNbHBIA AJIEMEHT; X — JTUHUS
ynpasneHus; R — Boixuion; A — pabouuii Beixon; P — nogson.
Puc. 7.24 - [TaeBmopacnpenenutensb 3/2 ¢ MHEBMAaTHYECKUM
yIpaBieHUEM (X), IPYKUHHBIM BO3BPATOM OJIHOCTOPOHHETO JAeii-
cTBUS (MOHOCTAOMIIBBII)

B Tex ciywasx, korma TpeGyeTcsi KOHTPOJIMPOBATh KaKOM-
JII/I6O O6’I)eKT npu €ro JABUKCHHM TOJIBKO B OIPCACICHHOM
HAINpaBJICHUH, NPUMEHSIOT PaCHpEICIUTEId C YIPaBIEHHEM OT
«IOMAIOIIEroCs» pbldara ¢ posiukom (puc. 7.26) [15].

1 — kpbIKa; 2 — ynpapIsSOMUN KiIamaH («IuiaoT»); 3 — KOpILyc;
R — Beixjiom; A — pabounii Bexon; P — moasos.
Puc. 7.25 - [TneBmMopacnpeaenutensd 3/2 ¢ MEXaHUYECKUM (pOITU-
KOBBIM) YIIPaBJICHUEM, TPYKUHHBIM BO3BPATOM OJTHOCTOPOHHETO
JEeNCTBUS (MOHOCTAOMIIBHBIH )



a) — IBWIKEHUE BIIepEN; 0) — ABUKEHUE HA3Al
Puc. 7.26 - IlpuHuun neicTBUs «JIOMAIOIIEroCs» pblyara

B Takom ciywae OEpeKNIIOUEHUE  paclpenesuTels
IIPOUCXOJUT TOJBKO MPH BBIIBM)KEHUU ToJKaTens (puc. 7.26 a), a
IIpU BTATMBAaHUM pblYar C POJIMKOM IIPOBOPAYMBAETCS HAa OCHU
(«wiomaercsi») W He IepelaeT YHpaBisiollee BO3ICHCTBUE Ha
ToJiKarens (puc. 7.26, 0).

CoBpeMeHHasl CeIbCKOXO3sIMCTBEHHAsI TEXHUKA U 000py10-
BaHUE HE MbICJIUMa 0€3 MPUMEHEHUsI MUKPOIPOLIECCOPHON TEXHU-
KM /7S 3a]1a4 TIyOOKOH aBTOMaTu3anuu. JTo TpedyeT o0s3aTenb-
HOTO TPUCYTCTBUS 3JIEKTPUUECKOIO YMPABICHUS M B CHUCTEMAax
ITHEBMOABTOMATHKHU.

Perynupyronuii 37€MEHT B TaKMX anmnaparax pacloyiararoT
HENOCPEACTBEHHO Ha TOpLAX SKOPs, KOTOPBIA IOMEIIAETCs B
THJIb3y, BBUHYEHHYIO B Kopmyc. CHapyXu Tuiib3a OXBaThIBAETCS
NPUBOIHOM AJIEKTPOMArHUTHOM KaTymikoit (puc. 7.27) [15].

Ecnu snexTpomMarHutHas Karymika / o0ecTodeHa, SKopb 5
IpuXKat NpyXMHOH 4 K ceany KianaHa 3, nepekpbiBast kaHain P, mo
KOTOPOMY TOJBOJUTCS CKATbIl BO3/1yX; BBIXOAHOW KaHain A co-
e/IMHEH ¢ aTMoc(epoii yepe3 na3bl HapyKHON OBEPXHOCTH SIKOPSI.
Hanpsokenne Ha kaTymiky 7 mojaercst yepes3 MpUCOeAMHUTENbHBIN
9JIEMEHT - KOHHEKTOp 8, MpH 3TOM SIKOPb 5, MPEo10JieBasi yCHIIne
MIPYXUHBI 4, TOTHUMAETCS JI0 ceiyia KiianaHa 6, 3akpbeiBas kaHain R
BBIX0J1a BO3/1yXa B aTMOc(hepy U OTKpbIBask KaHall, COeAMHEHHBIH C
OTBEPCTUEM [IJIsI IOABEIACHHS CKATOro Bo3ayxa. CKaThli BO3YX
MO/IaeTCs B JIMHUIO MOTpeOuTens (kaHat A).



1 — BUHT [ py4HOrO yIpaBieHUs KJIalaHoM; 2 — KOpITYcC;
3, 6 — cenno knanaxa; 4 — NpyXUHA; 5 — AKOPb;
7 — 2IIEKTPOMAarHUTHas KaTylllKa; 8 — KOHHEKTOD;
R — BeIxutomn; A — paboumii Beixox; P — noaso.
Puc. 7.27 - [TaeBMopactpenenuTels 3/2 ¢ 3MeKTPUISCKUM
yIpaBJIeHUEM, IPY>KUHHBIM BO3BPAaTOM OJTHOCTOPOHHETO JIeii-
CTBUS (MOHOCTAOMIIbHBIN)

[THeBMOpacpeaeuTenn ¢ AMEKTPOMATHUTHBIM ITPUBOJOM
UMEIOT, KaK TPaBHIIO, PyYyHOE IyOIUpOBaHUE, HUCIOIB3YeMOe
OOBIYHO MPHU MYCKOHANAJOYHBIX PadOTaxX WM MPHU MOUCKE MPUUUH
HEUCIIPABHOCTH (€CJIM pacIpeienTellb cpadaThiBaeT OT dJIeMEHTa
PYYHOTO YIIpaBIIEHHsI, TO CBUIETEIBCTBYET O TOM, UYTO HE pado-
TaeT Karylika). Bkimioyaem mHEBMOpacmpenenuTenh HaxXaTHEeM
WJTU TIOBOPOTOM CIIEIUATILHOTO ycTpoiicTBa (puc. 7.27, mo3.1) me-
XaHWYECKH TTOJHUMAIOIIETro SKOph ¢ cemuia kiamaHa. [Tocie mpo-
BEPKU PabOTOCTIOCOOHOCTH pACIPEAETUTENs DIEMEHT PYYHOTO
YHpaBJICHUA HeO6XO}II/IMO BBICTAaBUTH B IIOJIOKCHHUE HE IPCIAT-
CTBYIOIIIEE€ CBOOOTHOMY NEPEMEIIECHUIO SKOPS.

Py4yHOoe ympaBiieHHEM IHEBMAaTHYECKUMHU PpACIPEAECIUTE-
nssMU OBIBae€T OT KHOIKH, pblyara, TymOiepa, meaanu. Y CIOBHBIE
0003HaUYeHUS IMPAaKTUYCCKHU BCEX BUAOB YIIPABJIICHHA ITHCBMAaTUYC-
CKHMMHU pacIpeeTuTeNIsIMU TIPeICTaBICHbI B Ta0d. 7.8.



Tao6u. 7.8 Buabl ynpaBieHHsl THEBMOPACTIPEACIUTENSIMU U X
yCIJIOBHBIE 0003HAUEHHUSI.

Oobo3HayeHue Ynpasaenue
MHeBmaTn4eckoe
EI: dnekTpuyeckoe
%E Py4yHoe
C[ MexaHun4yeckoe
ITHeBMOMJIHHAPBI

[THEeBMOIMIIMHAPBI COCTABISAIOT OOJBIIYIO JIOJIO BCEX BHU-
JI0OB ITHEBMATHMYECKHUX JBUTATeNell H3-3a MPOCTOTHI CBOEW KOH-
cTpykuuu. OHM TpeaHa3HauyeHbl JUIsl NMpeoOpa3oBaHMs SHEPTHH
C)KAaTOTO ra3a B SHEPIUIO ABM)KEHHUS (Yallle JIUHEHHOTO JABHXKEHNUS)
pabouero opraHa. CoBpeMeHHbIE MHEBMOLMIMHAPEI UMEIOT pa3-
JIMYHbIE KOHCTPYKTHUBHBIE UCIIOJHEHUS YIOBJIETBOpsIOLIUE Tpebo-
BaHUSAM OOJBIIMHCTBA 33/a4 B CEIbXO3MAIIMHOCTPOCHUH. MXx
KJ1accuuKalus npeacTaBieHa Ha pucyHke 7.28.
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Puc. 7.28 - Kitaccugukanysi THEBMOLMIMH]IPOB.

—| Be3 nemncdpuposanma ‘

ITHEBMOLMIIMHIPBI OTHOCTOPOHHETO JIEUCTBUS MUMEIOT OJ-
Hy pa0ouyio Kamepy U IpeJHa3HaueHbl JJIS IPeoOJICHUS I0JIe3-
HOW Harpy3Ku TOJBKO B OJHY CTOpoHY. PaGoumii xom ocymiecTs-
Js€TCs MOJ JEHCTBUEM CIKATOrO BO3JyXa MOJAaBA€MOro B HEeE, a B
HCXOJHYIO MO3ULIMIO MOPUIEHb 2 BO3BPAIIAETCs BCTPOEHHOU MpYy-
’KUHO# 6 OO OT BHeIIHeH Harpy3ku (puc. 7.29) [15].

Tor ¢axt, 4TO 175 BO3BpaTa HE HY)KHO 3aTpayuBaTh CXa-
TBIA BO3]lyX, OOYCJIOBIMBAEeT MEHBLINE 3HEPro3arpaTsl MO CPaB-
HEHUIO C MHEBMOLMJIMHAPAMH JIBYCTOPOHHErO NEHCTBUS aHalo-
TMYHBIX pa3MepoB. Kpome Toro, mHEBMOLMINHIPEI OJHOCTOPOH-
HEro JIeWCTBUS MMEIOT YIPOIIEHHYI0 KOHCTPYKIMIO HCKIII0Yaro-
IIyI0 JONOJHUTENbHbIE YIUIOTHEHUS, T. K. B HUX He TpeOyercs
MOJHAs repMEeTHU3alusl IMTOKOBOM nosiocti. OHAKO, YCUIHE pa3-
BHBAEMOE TaKUM LIWJIMHAPOM Ha BEJIUYMHY IIPEO0JIEBAEMOTO CO-
MPOTUBJICHUS PY>KUHBI.



1 — 3agHs4 KpBIIIKa; 2 — MOPIIEHb; 3 — YIUIOTHEHHE; 4 — IITOK; 5 —
THIb3a; 6 — NpyxuHa; 7 — QUIBTPOINEMEHT; 8 — MepeaHss KPbIII-
Ka; 9 — HampaBJIIOIAs BTYJIKA.

Puc. 7.29 - [THeBMOIMIMHIPBI OTHOCTOPOHHETO JICHCTBUSA

Ha mpaktuke cymiecTByeT O0JIbIIOE KOJTMUYECTBO KOHCTPYK-
TUBHBIX HUCHOJHEHUM MHEBMOLWJIMHAPOB OJHOCTOPOHHETO JeH-
CTBHsI, Hampumep MeMOpaHHbIE MHEBMOUWIMHAPHL (puc. 7.30)
[15].

K

1 — mrok; 2 — memOpaHna.
a) — IIUJIMHJP CO MTOKOM; 0) — IIMIMHIp 0€3 MITOoKA.



Puc.7.30 - MemOpaHHbBIE€ THEBMOLMIIUHIPHI.

Takue MWIMHIPHI MPUMEHSIOTCA KaK MPaBWIIO JUIsl TOJIy4e-
HUS KOPOTKHX XO0JIOB pab0Oyero oprana rnpu 3HAYUTEIIbHBIX YCHIIH-
X,

[THEeBMOIIMUIMHAPBI JIBYCTOPOHHETO JACHCTBUS MPUMEHSIOT
JUISL pa3BUTHUS YCUJIMSL B JIBYX HalpaBIICHUSX, IOATOMY OHU UMe-
0T JIB€ pabOuYMX KaMephbl, MOMEPEMEHHO COSIUHSEMBIE C MCTOY-
HUKOM IuTaHus u armocdepoit (puc. 7.31) [15].

“\m1%
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1 — ynnoTHUTENbHAS MaHXKeTa; 2 — BTyJKa aemrndepa; 3 - mocTo-
SIHHBIN MarHuT; 4 — rpsi3eCbeMHOE KOJIBLIO;
5 — apoccenb; 6 - 0OpaTHBIN KIanaH.
Puc. 7.31 - [IHeBMOLMIMH/IP 1BYCTOPOHHETO AEUCTBHS C JEMII-
(bupoBaHrEeM B KOHIIE X0/1a

Takke Kak ¥ B TMAPABINYECKUX [UWIMHAPAX B KOHCTPYKIH-
X MTHEBMOLIMJIMH/IPOB YacTO UCIOJB3YIOT «BO3IYILIHBIEY AeMIlde-
pBI (BCTpoeHHBIE Apoccenn). VIX mpuMeHeHne B MTHEBMOCHCTEMaX
0c000 aKTyaJdbHO INPH BBICOKHUX CKOPOCTSX JABHMXKEHHUS pPabOUYMX



oprasoB (1o 1,5 M/c B mpoMbIlIuIeHHOCTH U A0 10 M/C B yaapHBIX
nuiuHapax). IIpu Takux CKOPOCTSX MepeMeliecHuss pabouuii oprax
WIN OOBEKT KECTKO CBSI3aHHBIN C MOPHIHEM O00JIaJaeT OrpOMHOM
KHHETUYECKOW IHEPTHEH, KOTOpast MOKET NehOPMUPOBATH KPBIIII-
KM, IIWIBKA U IPYTUE 3JIEMEHTHI UINHAPOB.

[THeBMOLMIIMHAPBI € TPOXOJHBIM, WM JIBYCTOPOHHUM,
mTOKOM (pHUC. 7.32) UMEIOT Psii MIPEUMYILECTB Mepe] TPATUIIH-
OHHBIM HcrojHeHueM [15]. B Takoit KOHCTPYKIIMU HITOK OMHpa-
€TCsl Ha JIBE€ ONOPBI B KPBIIIKAX, YTO MO3BOJISIET YBEJIIUYUTh CPOK
CITY>KOBI TTHEBMOLIMJIMH]IpA MPU HETATUBHBIX PaIMATIbHBIX YCUIIH-
ax. K Tomy %e K IpOXOJAHOMY IITOKY MOKHO MOACOCIWHUTH U
MOJIYYUTh CHHXPOHHOE JBMKEHUE JIBYX pabOuYMX OPraHOB MaIllH-
HBI.

Puc. 7.32 - [THeBMOIMIMHIIP € TIPOXOTHBIM IITOKOM

HenocrarkoM ke Takoro HUIMHApPA SBISIOTCS €ro JIMHEH-
HBIE Pa3MEPBHL.

Ecam HEoOXOIMMO YyBENMUYWUTH YCHJIME pa3BUBaeMoe ITv-
TUHAPOM ycuiue 0e3 yBeNMUYeHUs AuaMeTpa, TO MPHUMEHSIOT



TaHJEeMHbIC ITHEBMOIMIUHAPHI (puc. 7.33) [15].
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Puc. 7.33 - TanneMHBIN THEBMOIFITUHID

TaHneMHBIN THEBMOIMJIMHAP 3TO JIBa COCIMHEHHBIX II0-
CJIEZIOBATENIbHO IMJIMH/APA JABYCTOPOHHEro AEUCTBUS B OJHOM
KOpITyce, MO3BOJISIONINE TTOTYIUTh YCHIINE TPUMEPHO B JIBa pasa
BBILIIE YE€M TPAaJUIMOHHOE HcroiHeHue. CyIecTBYIOT TaKkke U
MoAM(UKAIIMN TaKUX LUIUHIPOB OOBEAUHSIONIMX B ceOe TpHU
(Tpaiimembl) U ueThIpe (TeTpajeMbl) LWIMHApPA IBYCTOPOHHEIO
JIEUCTBUS.

CxoxHe KOHCTPYKIIMH MHEBMOIMJIMHAPOB MPUMEHSIOTCS U
JUTSL TIOJTYYIEHHSI HECKOJIBKUX TIO3UIMH ero mToKa (puc.7.34).
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Puc. 7.34 - MynbTUTIO3UIIMOHHBIN THEBMOIMIMHAP

Hanpumep, 11s noiaydeHUs: TPEXMO3ULMOHHOIO LMJIMHJIpA
JIOCTAaTOYHO HCIIOJIb30BaTh 33 OCHOBY TaHAEMHBIH LMIMHIDP C
pa3Bsi3aHHBIM KMHEMATHUYECKU IITOKOM. J[s momyyeHus mpome-
KYTOYHON MO3ULUHU CXATbIil BO3AYyX IMOJAETCs B OECHITOKOBYIO
MOJIOCTh MEPBOT0 LMJIMHJpA U IITOKOBYIO MOJIOCTh BTOPOTO IU-
auHapa. i MOJHOTO BBIABMXKEHMSI ITOKA CXKATBIM BO3AYX IO-
JaeTcst B 00€ OeCIITOKOBBIE MTOJIOCTH.

B nHeBMOaBTOMAaTHKE CyIIECTBYET €ILE OYEHb MHOTO KOHCTPYK-
M TTHEBMATUYECKUX LIMHAPOB YIS CHEM(UUECKUX 3a/1a4 OOJIbIIast
UX 4acTb paccMoTpeHa B [15]. OcHOBHBIE ke TapaMeTpsl THEBMOLU-
JUHAPOB OINPEAETAIOTCS M0 3aBUCUMOCTSIM, ONMCAHHBIM B pa3jieie
«uaporumuHAps (cM. 1. 6.4.1).



7.5 YnpasjieHue NHeBMATHYECKUMHM NPUBOJAMHU.

[Ipu ynpaBieHMH IHEBMAaTHYECKUMH MPUBOJAMH HEOOXO-
MO peIaTh CIeIYIONIUE 3a/1a41:

— YnpaBieHue HamnpaBIeHUEM JBHKCHUS IITOKA ITHEBMAaTH-
YEeCKOIo LMINH/IPA;

— PerynupoBanue ycunus, co3gaBaeMoro IITOKOM ILIMJIMH-
Apa;

— PerynupoBanue CKOPOCTH JBM)KEHUS ILITOKA ITHEBMAaTHYe-
CKOT'0 IMJIMHAPA;

— YnpaBieHue Noj10KeHneM (TOYKOW 0CTaHOBA) LIMIIMHIIPA;

— PerynupoBanue BblIepKEK BPEMEHU;

— YnpaBieHHe NOCIe0BATEIbHOCTBIO BBIMOJIHAEMBIX OIle-
pauuii (JUist aBBTOMaTHYECKUX [TPUBOIOB).

3amada ynpaBieHHs HampaBJiICeHHEM ABIDKEHHS IITOKA IIH-
JUHJIpA JIETKO pELIaeTcss ¢ MOMOILIbI0 pacnpenenurens. Enun-
CTBEHHAasi OCOOCHHOCTBH 3aKIIIOYAETCS B TOM, YTO IpPH JUAMETPE
nopiuHs 6onee 40 MM U pacnpeAenuTene ¢ NPUCOeIUHUTEIbHBIM
pa3mepoMm kaHana Ooiniee 1/4” pekoMEHIyeTCs TPUMEHSTh HEpsi-
Moe€ yImpaBiieHue pacmpenenutenem (puc. 7.35) uiaum pacrnpeaeiu-
TEJHU C DJIEKTPOITHEBMATHYECKUM yTipaBiieHueM (puc. 7.36).

[Ipu HempsiIMOM YIpaBICHUM MCIONIB3YETCS T.H. «TJIaBHBIIN»
pacrnpeienuTenb, PaCCUMTAaHHBIA HAa PacXojl, MOTPEOIIeMbIi 1H-
JUHIIPOM M, MMEIOIIe HEOOJBIIOW pacxoll, YIMpaBIsIONINE pac-
IpeJeNuTeNd, MOCPEICTBOM KOTOPBIX MOAAIOTCS YIPABIISIONINE
CHTHAJIBI HA BXO/IbI YIIPABJICHUS TIIABHOTO PACTIPEICTHTEIS.

Pacnipenenurens ¢ 3JEKTPOITHEBMATUYECKUM YIPAaBICHUEM
TOKE MOXET COJEepXaTh MWIOTHBIN KJIanaH, KOHCTPYKTUBHO BXO-
JSIUE B cocTaB pacnpenenutens (puc. 7.37).

JInist peryMpoOBKH yCHIIHS, CO3/1aBa€MOT0O IITOKOM IIHMJIFH-
1pa, HEOOXOIUMO peryiarpoBarh naBieHHe. COOTBETCTBEHHO, HC-
MIOJIB3YETCSl PETYIATOP JAaBlieHus. Ecnu B MTHEBMONpPHBO/IE HEOO-
XOJMMO HUMETh HECKOJBKO PA3UYHBIX JaBIEHUH, TO B COCTaBe
0J10Ka IOJArOTOBKY IPUMEHSIOT PETYJIATOPHI OaTapeifHON COOPKH.
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a) Hemnpsmoe ymnpasnenne (Pl — rnaBHBI pacnpenenuTes,

P2, P3 — ynpasnstomue (MUJIOTHBIE) paclpeieInuTeNn);
0) Vcronp30BaHHE pACIPENEIUTEINSI C AJIEKTPOITHEBMATUYECKIM
yIIPaBIICHUCM.
Puc. 7.36 - PekoMeHTyeMble CXEeMBbI YIIPaBICHUS HAIPABICHUEM
JIBYDKEHUS ITOKA THEBMATUYECKOTO MIUJIMHIPA C TUAMETPOM
noprHs 6omee 40 MM.

-~—v-——|—- DNEKTPUYECKUIA pa3bEM (KOHHEKTOP)
LI" J__ /(;/ DNEeKTPOMarHUT (vconeHom.q)
[MnAoTHLIW KaanaH
o / 'naBHbIN pacnpenenvTenb

Puc. 7.37 - Pactnipenenurens cepun 9 ¢ 37€KTPOITHEBMAaTHIECKUM
yInpasieHueM Kommanuu Camozzi

B HEKOTOpBIX Clydasx HEOOXOIUMO UMETh Pa3IUYHbIC JTaB-
JICHUS TIPH TIPSMOM M OOpaTHOM XOJI€ IITOKa IuiuHapa. Hampu-
Mep, MPH JBMKCHHUHU TMOPIIHS Ha XOJOCTOM XOJY, Ui SKOHOMHHU
BO3/lyXa MOXHO CHU3UTH JIABJICHUE MO CPABHEHUIO C JIaBJICHUEM
pabodero xona. B 3ToM ciydae ycTaHaBIMBAIOT PEryJISATOP JaBJie-
HUS ¥ TIApaJICNIbHO €My OOpaTHBIN KJIalaH MEX]y pacrpeieuTe-
neM u nunuHapoM (puc. 7.38).
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KP1 — knanan penykunonHslii (perynarop aasnenus); KO1 - kna-
1aH oOpaTHbIN
Puc. 7.38 - Cxema opranuzanuu Bo3BpaTa IITOKA LIMJIMHIPA HA
XO0JIOCTOM XOAY IIPH MOHMKEHHOM JaBJICHUU 11 S)KOHOMHUHU BO3-

noyxa.

PerynupoBanue CKOpOCTH JBW)KCHUS IITOKA IWJIMHIPA
OCYIIECTBIISIETCA 32 CUET PETyIMPOBAHUS pacxojia BO3AyXa C Io-
MOIIBIO JIpoccens (BEHTHIIS, KpaHa).

Kak yxke yka3pIBaJoCh paHee, CKOPOCTH JBHKCHHS IITOKA
LWINHApPA CUJIBHO 3aBUCUT OT BHEIIHeH Harpy3ku (puc. 7.39).
Opnako, eciu 00eceunTh KPUTHUECKUN PEXUM HCTEUEHMsS BO3-
AyXa U3 MOJOCTH IMIMHApA (CM. puC. 7.8), TO MOXHO IMOJYYUTh
JIOBOJIBHO CTaOUIIBHYIO CKOPOCTh. DTOT0 MOXKHO JIOOUTHCS TOIBKO
IIPU TOAKIIOYEHUH JIPOCCENs K BBIXJIOMHOM MOJIOCTH LMJIMHPA U,
“Mest IBOMHOM 3a1ac 1o yCUJIuko.

Ecnu npoccens ycTraHaBIuMBaeTcs MEXIy UWIMHIPOM U
«TJIABHBIM» pacHpeienuTeNeM, TO TakkKe Kak U B IpelblIylieM
cllydae HEOOXOIMMO UCMOIb30BaTh MapayljIeIbHBI 0OpaTHBIN
kianad (puc. 7.40).
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Puc. 7.39 - 3aBucuMOCTb CKOPOCTH JABM)KEHHUS LITOKA THEBMOLIU-
muHzapa (V) ot BHenHel Harpy3ku (Fex) pu 0TCYTCTBUU Apocce-

JIMPOBAHUSA U IIPpHU APOCCCIIUPOBAHUN HaA BBIXJIOIIC.

PerynupoBka :‘,:' PerynupoBka

CKOPOCTH CKOPOCTH
BTArMBaHuA BblABUXXEHUA
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Puc. 7.40 - PerynupoBka CKOPOCTH JBUKEHUS THEBMOLIMIIMHIPA
C TIOMOIIBIO IPOCCEIIS

Jlyig mosydyeHus: MaKCUMaIbHOW CKOPOCTH IMPH HEOOJBIINX
Harpy3kax WM Ha XOJOCTOM XOJy MCHOJIB3YIOT KjanaH ObICTPOTro
BBIXJIONA, KOTOPBIN MO3BOJIAET COPOCUTH BO3JYyX M3 MOJIOCTH IIH-
JMHJIpa HEMOCPEACTBEHHO B atMoc(depy, YMEHbIIas TeM CaMbIM,
naBieHue noamnopa (puc. 7.41).
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Puc. 7.41 - [Ipumenenue kiianaHa ObICTPOro BIXJIONA.

Kak yxe ObUIO CKa3aHO BBINIE, ITHEBMATHUECKU MPHUBOJ B
OCHOBHOM — IIMKJIOBOH. TOUHOCTh OCTaHOBA B OOJIBIIMHCTBE CIy-
4aeB ONPEIEACTCI MEXaHUYECKUMU YIIOPAMH.

JUi peryiaupoBKH BBIIEP)KEK BPEMEHM HCIOJIb3YIOT ITHEB-
MaTU4eCKHe TaliMepbl (pesie BpeMEHN).

[Toxxanyii, Hanbosiee CIOKHOW TpU YIPaBICHUU SIBISETCS
3aJjauya OpraHU3allK 3aJJaHHOTO aBTOMAaTHYECKOrO IUKJIa paboThl
JUISI MHOTO/IBUTaTENIbHBIX IIPUBOJIOB.

ABTOMaTU3UPOBAaHHBIM IPUBOJ BKIIIOYAET COBOKYIIHOCTh
YCTpPOMCTB, 0OECTIEUnBAIOIIUX YIPABIEHUE TIOCIEA0BATEIbHOCTHIO
BBINOJIHEHUS JIBWKEHMH, KOTOpble OOBEIMHEHBl B YCTPOMCTBO
yIpaBJICHUS.

VYCTpoHCTBO yIpaBleHUs] MOKET OBITh IMOCTPOEHO KaK Ha
OCHOBE THEBMAaTHYECKHX 3JIEMEHTOB (Jlornueckue kianansl «HE»,
«JN», «», «ITAMSATDb»; cTpyilHblE JIOTMYECKHUE 3JIEMEHTHI
cepun «BOJIT'A», anementsl YCOIIIIA u np.), Tak U Ha OCHOBE
9JIEKTPOHHBIX KOMIIOHEHTOB (3JIEKTPOMAarHUTHbIE pelie, IU(PpoBbIE
JJIEKTPOHHBIE MHKPOCXEMBI, IPOTPAMMHUPYEMBIE JIOTHYECKHUE
KOHTpOJUIEpH!). B mepBoM cityuae HCIONIb3YIOTCS THEBMAaTHUECKUE
JATYMKN U PaCIpEAeIIUTENN C THEBMAaTUYECKUM YIIPABICHUEM, BO
BTOPOM - DJIEKTPUYECKHE [JaTYUKU U PACIPEICIUTENIN C
JIEKTPUYECKUM YIIPABICHUEM.



B kayecTBe MHEBMATHYECKHX JATYMKOB IOJIOKCHHS
(KOHEYHBIX BBIKJIIOYATEJICH) HCIOIb3YIOTCS PACIPEACIIUTENHN C
MEXaHWYECKUM yIpaBieHueM (puc. 7.42)
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Puc. 7.42 - [ITneBMaTHYeCcKUEe KOHEUHBIE BBIKIIOYATEIU

JUis  OCTpOEHMsI  CHUCTEMBI  YNPABICHHUS  LIMKJIOBBIM
IIPUBOJOM  YacTO  HCIIOJB3YIOT ITHEBMOKJANAHBL, KOTOPBIE
BBIMOJIHAIOT JIOTMUeckue (QyHKUuU. VMHorga Takue KiamnaHbl
Ha3bIBAIOT JIOTUYECKUMH JIEMEHTAMU.

Jlornueckoit QyHKUIMEH  Ha3bBIBAIOT (PYHKIHUIO, KOTOpas
3aBUCUT OT JIOTMYECKUX NEPEMEHHBIX. JIOTMYeCKON IepeMeHHOMI
Ha3bIBAIOT IIEPEMEHHYIO, KOTOpas MOXKET IPUHHUMATh TOJBKO JBa
3HaueHus, Hanpumep «0» wmm «l». IlpumenurensHO K
ITHEBMaTU4YeCKOMY IpuBoAy 3a «0» CUMTAlOT HU3KUH YPOBEHb
NABJICHUs, HEAOCTAaTOYHBIA JJii cpabaThlBaHMs KJallaHa WId
nepekmoueHus  pacnpenenurens. CoOTBETCTBEHHO mox  «l1»
IMOHUMAIOT BBICOKMI YPOBEHb JaBJICHUS, JOCTATOYHBIA JUIS
cpabaThlBaHMsl KJIallaHA WJIM TIEPEKIIOUEHHs] pacipeaeTuTes.
Jlormueckast (QyHKUMS, Kak MpaBHJIO, 3a4aéTCi MNpH MOMOILU
TaOJIMIIbI, HA3bIBAEMOM TaOIUIIeH UCTUHHOCTH.

Jlornueckue DJIEMEHTBI BBIIIOJIHSAIOT IpocTenIne
noruueckue ¢ynkuuu: HE, U, WIIN. YcrnoBHble rpaduueckue
0003HAaUYEeHUsI JIOTMUECKHUX KIJIAlIAaHOB U  BBINOJIHAEMbIE HUMU
Joruueckue pyHKIUK MpUBeIeHb! Ha puc. 7.43.
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a) mormyeckuit kmaman «HET»; 0) mormueckuii kmaman «W»;
B) jjorudeckuid kiaman «JI».
Puc. 7.43 - YcioBHbIe rpadudeckre 0003HAYCHUS U TAOJIUIIBI
HMCTUHHOCTH JIOTHYECKUX KJIaraHOB

[IpuHimnbl paboThl JOTHYECKUX MHEBMOKIIANAHOB JIETKO
3allOMHHUTH MPU MMOMOIIM CIAEAYIOMmMHUX (hpas:

— misg knamana «HE»: Y HE X

— s kiamana «M»: Y paeen 1 econ X1=1 U X2=1,

— s knanana «UJIW»: Y pasen 1 ecnu X1=1 WJIN X2=1.

Jnst toro uroOwl kmanmaH «HE» BbIMONHSI JOTHYECKyIO
¢ynkuuto HE no otHomenuto ko Bxoay X, Ha Bxoz P (puc. 7.43a)
JIOJKEH 0/1aBaThCs CKAThIN BO3AYX.

VYcTpoicTBO yIpaBiieHHs, KOTOpOe MPUHUMAET JIOTHYECKHE
(nuckpeTHble)  CUTHaibl, o0OpabaTbiBa€T WX U BBIJAIOT
YIPaBISIONIME  JIOTUYECKUE  (TUCKPETHBIE)  BO3JEHCTBUS
Ha3bIBAETCs JIOTUYECKUM aBTOMaTOM. Bce jormyeckue aBTOMAaThl
NeNnATcs Ha KOMOHMHAIIMOHHBIE U IIOCIIEOBAaTEeIbHOCTHBIE. Y
KOMOMHAIIMOHHBIX aBTOMATOB 3HaY€HHE BBHIXOAHBIX CUTHANIOB («0»
i «1») B JaHHBIA MOMEHT BPEMEHH 3aBHCUT TOJIBKO OT
3HAYCHUsI BXOJHBIX CHUTHAJOB B OJTOT JX€ MOMEHT BpPEMCHHU.
OnucannHple BbIIIE Jorudeckue mHeBMoknanaHel «HE», «y,
«JIN» SBJISIFOTCSA MIPOCTEUIINMHU KOMOMHAIIMOHHBIMH
JIOTUYECKUMH aBTOMaTaMH.

VY mocnenoBaTeIbHOCTHBIX aBTOMATOB 3HAYEHHE BBIXOJIHBIX
CUTHAJIOB B JIaHHBII MOMEHT BpPEMEHH 3aBHUCUT HE TOJIBKO OT



3HAQUYEHMS BXOJIHBIX CUTHAJIOB B 3TOT K€ MOMEHT BPEMEHH, HO U OT
MPEABIAYIIETO COCTOSIHUS aBToMara. [Ipocreiimmm
IIOCJIEI0BATEIbHOCTHBIM ~ JIOTUYECKUM  aBTOMAaTOM  SBIISIETCS
kianan «[ ITAMSATby (puc. 7.44).

x1| x2| v1 | Y2

npegeifyliee
COCTOAHHE

0 1
1 0

HeXenaTenbHas
KoMBMHaLma

X1 Y1

X2 Y2

Ag

Puc. 7.44 - YcnoBHoe rpaduueckoe 0003HaYCHHE U TaOIUIa
nepexitoueHnil nHeBmokianana « [ TAMATby»
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IIneBMoxanan «TAMSATb» paboraer cruenyrouwUm
obpazom. Eciim Ha Bxox X1 momare «l», a Ha X2 — «0», TO Ha
BeIxoze Y1 Oyner «1», a Ha Beixoge Y2 — «O». Eciim mocie atoro
yOpath curHan co Bxoga X1, Ha oboux Bxoaax Oynyt «0», To Ha
Bxoze Y1 ocramercst «1», a Ha BeIxome Y2 — «0», T.e. KIammaH Kak
Obl coxpaHseT cBO€ MpeablAyllee cocTossHue. Eciam Temeps Ha
BxoJ X2 noaath «1» a Ha Bxome X1 ocranercsa «0», TO Ha BLIXOJE
Y1 6yner «0» , a Ha Beixone Y2 — «1». Ecaum Teneps co Bxona X2
yopate «l», m Ha oboux Bxomax Oyaer 0, TO KJjamaH CHOBa
COXpaHsieT Mpeablayllee cocTosHue: Ha Bhixoae Y1 — «O», Ha
BEIXOZE Y2 — «1».

Takum oOpa3oM, mpu OAHOM W TOH K€ KOMOHMHALUU
BX0JIHbIX curHanoB (X1=0, X2=0) Ha BbIX0Ji€ MOTYT OBbITh pa3HbIE
koMOuHammu (JIn6o Y1=1, Y2=0; mu6o Y1=0, Y2=1) B
3aBUCMMOCTH OT TPEIBIIYIIETO CcocTosiHus. MHorma Takoe
YCTPOMCTBO HA3bIBAIOT TPUTTEPOM.

Ecnn na obOa BXoza moAaTh €OWHMIGI, TO KiamaH JIMOO
OCTaHEeTCSl B MPEIBIAYIIEM COCTOSHUM (€CIH JaBJICHUS Ha 000X
BXOJaxX paBHBI), MO0 | yCTaHOBUTCS Ha TOM BBIXOJIe, HA BXOJE
KOTOpOTo Oosbiiie AaBieHrue. YToObl B paboTe CXeMbl HE BO3HUKIIO



HEOJHO3HAYHOCTH, TaKoe COCTOSIHHE JIOIyCKaTh HE
PEKOMEHIYETCSL.

Crnenyer 3aMeTHTh, YTO OMCTAOMIIBHBIN 5/2 pacrpenenuressb
Takke BbIMONHACT QyHKuuio «[IAMSTby» ecnu ympaBnsromnue
BXOJIbI paccMaTpuBaTh Kak BXoJbl X1 u X2.

B kauectBe npHuMepa, WUIIOCTPUPYIOLIETO IPUMEHEHUE
JIOTUYECKUX 3JIEMEHTOB, PACCMOTPHM CIIEIYIOLIYIO 33/1a4y:

Pazpaborare cxeMy MHEBMONPHUBOJA, OCYIIECTBISIOIIEIO
yIpaBJ€HUE THEBMOLMIUHIAPOM IO CIECIYIOUIEMY AJITOPUTMY:

— IPU KPAaTKOBPEMEHHOM Ha)XaTUU OJIHOM M3 JBYX KHOIIOK
«[lyck» mMTOK UMIMHApPAa HA4YMHAET COBEPILATh BO3BPATHO-
MOCTYIATENbHbIE IBUKECHUS.

— IpU KPATKOBPEMEHHOM Ha)XaTUM KHOMNKU «CTOm» HITOK
LWIMHJIpA BTSTUBAETCS U OCTaHABJIUBAETCA.

— U1l yIpaBJICHUS HalpaBJICHUEM JBW)KEHMS ILTOKA
UCIONIb30BaTh OMCTaOWIBbHBIN 5/2 pacnpenenurtens. B kadecTBe
KHOIIOK M JAaTYUKOB - MOHOCTaOWIIbHBIC 3/2 pacmpeneuTen ¢
MEXaHUYECKUM U PYYHBIM YIIPABICHUEM.

CunoBast yacTb npuBOJa OyIeT BKIIOYATh LWIMHAP U
«rTIaBHBINY» pacnpenenutens P1 (cm. puc. 7.45).

Jlnst pa3paboTKK yNpaBISAIOMIEH YacTH CXeMbl HEOOXOIUMO
OIIPEAEIUTD YCIOBUS, TP KOTOPBIX pacnpenenutens Pl nomkeH
MEPEKII0YaThCS U3 OJHON MO3ULUU B IPYTYIO (T.€. B KAKUX CiIyda-
AX JIOJDKHBI TIOCTYNATh CUTHAJIBl HA COOTBETCTBYIOIIME YIIpaBIIs-
IOIIIME BXOJIBI).

IITox nuIMHApa TOJKEH BBIABUTATHCS B TOM CIIydae, €CIH
OH HaxXxOAWTCS B MCXOAHOM TMO3ULMU (T.e. HaXaT pPOJIHK
pacnpenenutens P2) WU, ecnin Obuia Haxkara kHomka «Ilyckl»
NN Ilyck2». Ecam xe Oblna Haxkata kHomka «CTOI», IITOK
WIMHApPA JOJDKEH OCTaBaThCs BTAHYTBIM. Takum 00pasom,
Heooxomum knamaH «[IAMSTby», koTopelii OBl «3amOMHHAIY,
Kakas U3 KHOIIOK ObUIa Ha)kaTa MOCIeTHEH.

Ha Bxon X1 knamana «[TAMSATDH» curnan nomkeH MOCTY-
IIUTh B TOM ciydae, ecnu Haxara kHomka «Ilyckl» HJIM
«Ilyck2», a Ha Bxoxa X2 — eciiu HaxkaTta KHonka «CTomm».
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[II{1 — naeBmonmnunap; P1-P6 — nueBMopacnpeaenureny;
K1-K4 — nmoruueckue mHeBMOKJIAIaHEbL.
Puc. 7.45 - IIlneBmaTuueckuii mpuBo/I (pEIICHUE 3aa9H)

B  wncxomHOM  COCTOSHMM  BCE€  KHONKHM  OTIKAThI,
COOTBETCTBEHHO Ha o0oux Bxomax X1 wm X2 xmanana K2
«TAMATDb» 6yner «0». Ecnu naxkara xHomka «Ilyckl» WJIA
«Ilyck2», To Ha Beixoge Y kinamana K1 «MJIN» nosasnsercs «1»,
Kotopas nocrynaetr Ha Bxoa X1 knanana K2. CooTBEeTCTBEHHO Ha
BbIXozie Y1 Oymer «1», a Ha BeIXOZIE Y2 — «O».

Ecnn naxars kHonky «Ctomy», To Ha Bxoae X2 kianaHa K2
nosiBUTCSL «1», W Torma Ha BbIXOJE Y2 Takxke Oymer «1», a Ha
BeIXoz€e Y1 — «O».



Takum oOpas3om, Ha BbIxone Y1 MOSBISETCS CUTHAN, €CIIH
Obuta Haxkata kHomka «[lyck1» MJIN «Ilyck2», a Ha BeIxozae Y2 —
ecnu Obuta Haxkata KHOmKa «CTormy.

CornacHo anroputmy palOOoThl MPHBOJA HA YIPABISIOMIUI
BXOJ 2 pacnpenenutens Pl gokeH npuiiTH cUrHal, €ciii HakaT
poiuk pacnpenenurens P2 WM Obuta Haxkarta kHomka «Ilyckl»
NJIA «ITyck2».

Ha ympasmstrommii Bxox | Jo/kKeH NPUNTH CUTHAIN, €Cld
Oba  Haxkara kHomka «Ctom» MJIM  Haxar  poJiMK
pacnpenenurens P3.

O0penuuuB Beixoabl Y1 u Y2 knanana K2 «I[TAMJSTb» ¢
BbIXOZaMM pacrnpeaenuteneil P2 u P3 uepe3 cooTBercTByOIINE
noruyeckue kiamanbl K3 («M») u K4 («MJIN»), nomyuum cxemy
MIPUBOJIA.

CrnenyeT 3aMeTUTh, UTO HauOOJee MIHPOKO JOTHUECKHE dIie-
MEHTHI U anredpa JIOTUKH HCIIONB3YIOTCA B HU(PPOBON 3JIEKTPOHH-
ke. B cooTBercTBymOmIEl nuTepaType MpuUBOAATCA (hopMabHbIC
METOJIbI Pa3pabOTKH CXEM YNpaBJICHUsS HA JJOTUYECKUX dIIEMEHTax
I10 33/1aHHOM MOCJIEeI0BATEIbHOCTH BBIIIOJHEHUS ONepariyii.

B MocJeiHee BpeMs JUTSt YIPaBICHUS
aBTOMATU3HPOBAHHBIMU MTHEBMOIIPUBOIAMHU ITUPOKO
WCIONB3YIOTCA MNPOrPaMMHUPYEMBIE JIOTUYECKHE KOHTPOJUIEPHI
(IUIK). TJIK mpencraBisieT co00i CI10KHOE MUKPOIPOIIECCOPHOE
YCTPOWCTBO, HMEIOLIEE HECKOJIbKO JIOTMYECKUX BXOJOB U
BbIXOZIOB. Ha BXonbl KOHTpoJIepa NOCTYMAarOT JIOTMYECKHE
AJEKTPUUYECKUE CUTHAIBI OT JAaTYMKOB MM KHOMOK. K BbIxOgam
KOHTpOJJIepa MOJKIIIOYAIOT 3JEKTPOMArHUTHI paclpeesuTeNnei,
pabourie OOMOTKHM peflie, CHTHAJIbHBIE JIAMIBI W JpyTue
UCIOJIHUTENbHBIE  ycTpoiicTBa. KonTpomnep  oGpabaTsiBaer
BXOJHBIE CUTHAJIBI 110 33JIJaHHOMY aJITOPUTMY U, B COOTBETCTBUU C
3a/1auell yrpaBJieHHUs, BKIIOYAET WJIM BBIKIIOYAET HEOOXOIMMBIE
BBIXO/IBI.

AnroputMm pabotsl [IJIK onpenensiercs nporpammon, 3amu-
CaHHON B ero mamsTh. [Iporpamma coctaBisieTcss IpH TOMOIIN
MIEPCOHANBHOIO KOMIIBIOTEPA U 3aIHUCHIBAETCS B MaMAITh KOHTPOJI-



Jiepa 4epe3 CIeluadbHbIi KOMMYHUKAIIMOHHBIA uHTepdeic. Jlms
COCTAaBJIEHUSI IIPOIPaMM MCIIOJIb3YIOTCSI HECKOJIBKO SI3BIKOB IPO-
rpammupoBanus. Haunbosnee pacnpocTpaHEHHBIM SIBISIETCS S3BIK
peneitHo-koHTakTHBIX cxeM (PKC) wim JecTHUYHBIX AMarpamm
(LAD).

[Iporpamma na si3pike PKC mpencraBnser coboit Habop
BeiunciuTenbHbix  1emouek  (Network).  Kaxmas — memouka
Ha4YMHAETCs OT BUPTyalbHOM 1mnHbl nutanus (BILII), coctout u3
Habopa HOPMaJIbHO-Pa30MKHYTBIX M  HOPMallbHO-3aMKHYTBIX
KOHTAKTOB U 3aKaHYMBAETCS BHIXOAHON OOMOTKOM.

Ecnu oT BuUpTyanbHOM IIMHBI NMUTaHUS MPOXOAUT CHTHAI
(BUpPTyalbHBId  TOK) IO BBIXOAHOH OOMOTKM, TO Ha
COOTBETCTBYIOLIMM BBIXOJ KOHTpoJIepa MOJNAETCs HAIpsKEHUE
(oH ycranaBnuBaercs B «1»). HopManbHO-pa30MKHYTBIII KOHTaKT
«3aMbIKaeTcs» B TOM Cllyyae, €cld Ha COOTBETCTBYIOLIMHM BXOA
IUIK mnopa€rcs HanpspkeHue («1»). HopmanbHO-3aMKHYTBIN
KOHTAKT — «Pa3MbIKaeTCs», €ClIM Ha cooTBeTcTBYromuUi Bxoa [TJIK
nogaétcs HanpspkeHue («1»).

Paccemorpum npumep npumenenus IUUIK mus peanmsanuum
npeasiaymen 3agaun. B naHHOM cityyae nmpuBoj OyJeT COCTOSThH
W3 JJIEKTPUYECKOM M MHEBMATHYECKOW YacTell W yNpaBISIOLICH
nporpammsl Ha si3bike PKC (puc. 7.46).

B ncxonHOM COCTOSIHMM IITOK LWJIMHJIpA BTSHYT, KHOIKU
«ITyck» n «Crom» orxkatsl. Hanpsixenue Ha Bxoas! 10.0 u 10.1 He
MIOCTYIAeT, COOTBETCTBEHHO B  BBIYUCIUTENBHON  IENOYKe
Networkl xonrtaktel 10.0 u 10.1 pa3oMKHYTBI, ClielOBaTEIbHO,
curiai Ha oomMotky MO0.0 He nmoctynaer. B To ke Bpems npu ot-
xaroil kHomke «Ctom» moctynaer «1» Ha Bxon 10.2, coorBet-
crBenHo KOHTaKT 10.2 B niemouke Networkl 3amkHyT (a B 1iemouke
Network3 - pazomkHyT). Kpome Toro, mpu BTSSHyTOM IITOKE HaXaT
ponuk natumka /{1, coorBercTBeHHO 3aMKHYT KOHTakT 10.3 B 1e-
nouke Network 2.

ITpu HaxkaTtum ogHOM U3 KHOMOK «ITyck» «1» moctymaer Ha
Bxon 10.0 wmm 10.1, 3aMbIkaeTcsi OMUH W3 COOTBETCTBYIOIIMX



KoHTakTOB B 1enouke Networkl, u na o6motrky MO0.0 mocrymaer
curnan mo nenu: BIIIT - 10.0 wu 10.1 - 10.2 — MO.0.
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a) cxema MHEBMaTHYecKas NMpUHIUIHNAIbHAsA; 0) cXxema JIeKTpH-
yeckas (pyHKIMOHANIbHAs; B) mporpamMma Ha si3bike PKC.
II1 — maeBmormnunp; A1, 12 — naTanku (KOHEUHBIE BBIKITIOUA-
tenn); Y1, Y2 — 37eKTpOMarauThl pacrpenesnTels.
Puc. 7.46 - [TneBmonpusos ¢ ynpasienueM ot [TJIK (pemenue
3a/1a4un)




[Tpu sTOoM 3ambikaercst KoHTakT M0.0 B riemouxe Networkl
u craBut ooOMoTky MO0.0 Ha camobiokupoBky. B Network2 MO0.0
Tak)Ke 3aMbIKaeTCs, MOATOMY MocTynaeT curuai Ha oomorky Q0.0
(10.3 3amknyt, Tak kak Haxar pomuk JI1). Ha Beixome QO.0
KOHTpOJLIepa MOSIBIISIETCA HanpsDKEHUe, BKJIIOYAETCS
AJeKTpoMarHut Y2, pacnpenenutens Pl mepekitouaercs B
MO3UIUIO 2, ITOK HUJINH/IPA BHIIBUTAETCS.

IIppy  OOCTHIKEHMHM IUNTOKOM  KpPaWHEro  BBITSIHYTOT'O
MOJIOKEHUS 3aMblKaeTcd KOHTakT jartyuka JI2, mocrymaer
Hanpsokenne Ha Bxon 104, m B Network3 xkourtakr 10.4
3ambikaercs. [Ipu 3ToM curnan npoxoaut Ha oOmotky QO.1, Ha
COOTBETCTBYIOILIEM BBIXOJIE KOHTpOJLIepa HOSIBIISIETCS
HampsbKeHUEe W BKIIIOYaeTcs anekTpomarHuT Y 1. Pacnpenenutens
P1 nepexmtouaercs B mo3unmio 1 (Y2 BBIKIIOYEH, TaK Kak IpU
BBIIBIDKEHUHU IITOKA pa3MbIKaeTcss KOHTAakT J[1), mTok muiuHapa
BTSTHBAETCSI.

Korpa mtok BTsHyT, KOHTaKT /{1 3aMKHYT, /[2 pa3oMKHYT.
CootBercrBenHo 10.3 B Network2 samknyt, 10.4 B Network3
pazoMkHyT. CHOBa BKiItoyaeTcss Y2, a Y1 - Boikimouaercs. lITok
LWINHApA BhIABUraeTcs. Takum o0pa3oM, MITOK IWIMHApa Oyner
COBEpIIATh BO3BPATHO-IIOCTYNATENbHbIE TBUKEHUSI.

[Tpu HaxxaTuu KHOMKHM «CTOm» €€ KOHTAaKT pa3MbIKaeTcs,
HanpspkeHue Ha Bxox 10.2 He moctynaer, konTakt 10.2 B Network1
pasmbikaercs, a B Network3 — 3ambikaercs. [Ipu 3Tom 0OMOTKa
MO0.0 otkmrogaercs, pacnpenenutTenb Pl mepexiouaercs B
MO3ULMIO 1, cXeMa BO3BpalIaeTCs B UCXOJHOE COCTOSTHUE.

CnenyeT OTMETUTH, YTO MOMHMMO KOHTAaKTOB M OOMOTOK,
s3plk LAD comepkuT emi€ menslii psg OIOKOB, MO3BOJSIONINX
peain30BbIBaTh  BBIACPKKY BpEMEHH, MOJICYET KOJIUYECTBA
COOBITUM W MHOXECTBO  JApyrux  QyHKUud. BaxHbM
npeumyiectBoM [JIK siBisieTcs Takyke BO3MOKHOCTh M3MEHEHHS
alropuT™Ma paboThl TOJNBKO 3a CYET W3MEHEHMs IpOrpaMMel, 6e3
W3MEHEHHUS DJJIEKTPUYECKMX M IHEBMAaTHYECKUX COEIUHEHMH.
bornee moapoOGHO BOMPOCH  MCIONB30BaHHUS ~ KOHTPOJIEPOB
OCBEIIICHBI B CTIeIHANbHOI auTepaType [20-22].
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