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1. EMKOCTHBIE JATUYMKHA NEPEMEIIEHUI

KauectBeHHOE (DYHKIIMOHMpPOBAaHHWE ABTOMATUYECKUX CHUCTEM YIIPAaBJICHUS
TEXHUYECKUMU 00beKkTamMu M TexHosorudeckumu mpoueccamu (ACY TO u TII)
HEBO3MOXKHO 0€3 HaJduuMsl JIOCTOBEPHOM HH(OpPMAIMM O COCTOSHUU OOBEKTa
YIOPaBJIEHUSI, ONPEACIIEMOM BEJIMYMHAMU €T0 COOTBETCTBYIOIIMX MapameTpPOB B
KOKIBIM TeKymMi MOMEHT BpeMeHu. Takum oOpa3zoMm, g YIpaBICHUS,
pEeryJMpoOBaHUs, KOHTPOJS W 3allUThl MallMH W OOOpYJOBaHUS HCHOJb3YIOT
YyBCTBUTENBHBIE 3JIEMEHTHI, PETUCTPUPYIOLIME TEKYLIEE COCTOSIHUE YCTPOMCTBA
WJIM TEXHOJIOTMYECKOIO MPOLECCa; MPU ATOM, B 3aBUCUMOCTH OT BHUJA CEHCOPHBIX
CUTHAJIOB, Pa3IMYalOT aHAJIOTOBbIE, IBOMYHBIC U IIU(PPOBHIE CEHCOPHI.

B Hacrosmee Bpemsi Oyiaroapsi IpoCTOTE, BHICOKOM HAAEKHOCTH, HU3KOU
CTOMMOCTM M JAPYIMM JOCTOMHCTBAaM, IIPOJOJDKAIOT HAXOAWUTh IMIHPOKOE
NPUMEHEHUE AaHAJIOrOBbIE JATUYMKH, KOTOPbIE TO3BOJISIIOT IIPEOOPa30BHIBATH
MEXaHUYECKUE MapaMeTpPbl, HAIPUMEDP, MJIUHY MYTH B SJIEKTPUUYECKUE CUTHAJIBI.
[Tocne cooTBeTCcTBYIOLIEH KaJIUOPOBKH, T.€. YCTAHOBJIEHHUS CBSA3M MEXKAY
U3MEPAEMOM  BEJIMYMHOM W  HHAUKALMEW, BBIXOJHOW CHUTHAJI BO3MOKHO
MPEACTaBUTh B (U3MUECKUX BEIMYMHAX, HAIIPUMED, Y U3MEPUTEIbHBIX JATYMKOB
MEPEMEILICHUI — B MUJUIUMETPAX.

Cpenu Bcero MHOroo0pasusi U3MepsieMbIX IapaMeTPOB 3HAUUTEILHOE MECTO
3aHUMAIOT JIaTYMKU M3MEPEHUS YIJIOBBIX U JIMHEHMHBIX MEPEMEIICHUH, IMyTH.
B03MOKHOCTBI0O U3MEPEHUS B IIMPOKOM Juarna3zoHe (OT 1ojed MM 110 2 M) U C
JIOCTATOYHOM TOYHOCTBIO U3MEPEHUM 00J1aJal0T eMKOCTHBIC JaTYuku [ 1, 2].

EMKOCTHBIE TaTYMKK 001a1at0T LEJIBIM PSIIOM MTPEUMYILECTB 110 CPABHEHUIO
C JaTYMKaMH Jpyrux TUnoB. K ux 10CTOMHCTBAM OTHOCSITCS:

® -[IPOCTOTa HW3TOTOBJICHUS, HCIIOJIb30BAHUE HEIOPOTUX MAaTEPUATIOB IS
ITPOU3BOJCTBA;
-MaJible TabapuThl U BEC;
-HU3KOE MOTPeOIeHNE YHEPTUH;
-BBICOKAsl YyBCTBUTEIbHOCTB;
-OTCYTCTBHUE MOJBUKHBIX TOKOCHEMHBIX KOHTAKTOB (B HEKOTOPBIX CIydasiX
— OJIMH TOKOCHEM);
-IIOJITUH CPOK DKCIUTyaTallVH;
® -OTCYTCTBUE BJIMSTHUS BBIXOJHOM IIEMTH HA U3MEPUTEILHYIO;
e -mpocTOoTa mpucnocodseHrus (GopMbl NaTYMKa K PA3THYHBIM 3aja4aM |
KOHCTPYKIIUSIM;
® BBICOKOE OBICTPOACHCTBUE, BO3MOXKHOCTh IMOJYYEHUS HEO0OXOAUMOro
3aKOHa  MpeoOpa3oBaHMs 3a  CUET  BbIOOpAa  COOTBETCTBYIOLIUX

KOHCTPYKTHUBHBIX MTapaMETPOB,;

® -NOTPEOHOCTHh BEChbMa MaJbIX YCUJIMH ISl IepeMEelIeHUsl MOJBUKHON YacTu
€MKOCTHOTO JaTYHKA.

HawnlGonee 1eHHBIMU KadeCcTBaMU EMKOCTHBIX JaTYMKOB SIBIISIOTCS Masiast
BETMYMHA MEXAaHUYECKOTO YCWIHS, HEOOXOAUMOro [Jisi TIEPEeMENICHHs] €ro
MOABUKHOW YacTHU, BO3MOXHOCTb PErYJHUPOBKH BBIXOJA CIEISIIEH CUCTEMBI U



BBICOKAsi TOYHOCTb pabOThl — JENAl0T €MKOCTHBIE JaTYMKH HE3aMEHHUMBIMH B
npubopax, B KOTOPBIX JOMYCKAIOTCS MOTPEIIHOCTH JIMIIb B COThIE M JIaXe
THICSTYHBIE JIOJIM TIPOLICHTA.

HauOonbiiasgs 4yBCTBUTEIBHOCTh €MKOCTHOTO MpeoOpa3oBaTesisi HMEET
MECTO, KOTJIa €ro MJIaCTUHBI MAKCUMAIBHO OJU3KH APYT K Apyry. OgHAKO NPUHSITO
CUMTATh, YTO PACCTOSHUE MEXIYy HUMH HE MOXET ObIThb MeHee ueM 100 Mk,
MOCKOJIbKY B PEaJbHOCTH IUIACTHUHBI MOTYT OBITh HEMapajUIeIbHBIMU M HE
IUIOCKUMU ¥ 00aiaTh W3IWIIHEH IepoxoBatocThio. [losTomMy cymecTByer
OIMaCHOCTh X CONPHUKOCHOBEHUs. B pe3ynpTaTe OKa3bIBAaeTCs MPEINOYTUTEIBHBIM
UMETh OOJIBIITUE MO TUIOIIAIU TUIACTUHBI JaXke ¢ OONBIINM 3a30POM MEXAY HUMH.

JIns W3MEpeHHi CMEIIEHUMHM MeHee |1 MM NpPHUMEHSIOTCS E€MKOCTHBIE
npeoOpazoBaTe € HM3MEHSIONUMCS PACCTOSTHHUEM MEXAy IacTuHamu. Jliis
U3MEPEHUSI CMEUICHUM, MPEBBIIAIMX | MM, Yamle BCEro HCIOIb3YHOTCS
npeoOpazoBarey C HW3MEHSIOIIEHCS IUIOIAAbI0 TEpPEeKphITUs IUIAcTUH. B
COBPEMEHHBIX EMKOCTHBIX NpeoOpa3oBareisiX O0ECHeunBaeTcsi BO3MOXKHOCTh
U3MEpPEHUs TepEeMEIICHUI TOopsiKa A0oJied MUKpoHa. Poib onHOM M3 IuIacTuH
KOHJICHCATOpa MOXET BBINOJHATE CAMO M3JENUE, IEpPEMEIEHUE KOTOPOro
HOJIIEKUT U3MEPEHHUIO.

EmkocTHBle mpeoOpa3oBaTenu NPUMEHSIOTCS IJIaBHBIM  00pa3oM B
CTAllMOHAPHBIX YCJIOBUAX JUIsl HPOBEICHUS CTEHAOBBIX HCCIEAOBAHUNA W IS
MPEIU3UOHHBIX U3MEPEHUH (PU3NUECKUX BEIMUWH. OTH JATUYNKU UyBCTBUTEIHHBI
K TeMIepaTypHbIM KOJeOaHWSM M W3MEHEHHUIO BIaXXHOCTH. OHU MOTYT /aBaTh
OIIMOOYHBI WJIM MCKAKEHHBIM CHUTHAN, €CIH COCAMHHUTEIbHBIC MPOBOJA UMEIOT
OOJBIIYIO AJIMHY W COOCTBEHHBIE €EMKOCTh M MHAYKTUBHOCTH. KannOpoBka Takmx
JATYMKOB JIOJHKHA MTPOU3BOIUTHCS BMECTE ¢ KabeseMm.

JIJis MOAKITIOUEHUsI eMKOCTHBIX JaTYMKOB OCOOCHHO Ba)KHO HCIIOJIb30BATh
OnbuIIpHyr0 0OMOTKY, KOTOpas B oOIleM cllydae MpeCTaBIsIeT COO0H BUTKH M3
YIO)KEHHBIX PAJOM, HO OOECHEeUMBAIOIIMX MPOTHUBOIOIOKHOE HaIlpaBiICHHUE
OpOTEKaHUsI TOKAa NPOBOJHUKOB. Takas oOMOTKa oOecnedyMBaeT HE TOJBKO
AIIEKTPUYECKUII KOHTAaKT, HO M B3aMMHOE YHUYTOXEHHE MOJIeH, CO3/1aBaeMbIX
IPOTUBOMOJIOKHO TMPOTEKAIOIMMH TOKaMHU: O3TH TMOJI BEAYyT K CO3/aHUIO
PEaKTUBHOTO CONIPOTUBIICHUS! COEIMHUTENbHBIX Kabenel. Takum oOpa3om, MOXKHO
CUMTaTh, 4YTO OudunsipHas oOMOTKa 00JaJaeT YHCTO AKTHUBHBIM OMUYECKUM
COTIPOTHBIICHUEM.

[To ciocoOy ucmoNMHEeHUs Bce EeMKOCTHBIE U3MEPHUTENbHBIE MPE00pa3oBaTen
MOJKHO pa3feluTh Ha OJHOEMKOCTHBIC M ABYXBEMKOCTHBIE HaTuuku. [lociennue
ObIBatOT U depeHanbHbIMUA U ONyAud pepeHInalTbHBIMU.

OMHOEMKOCTHBIA JaTYMK MPOCT MO KOHCTPYKIIMHA M TPEICTaBIsIET COOOM
OJIMH KOHJCHCATOp C TEPEeMEHHOH eMKOocThio. K ero MmHycam OTHOCHUTCS
3HAYUTENIbHOE BIUSHUE BHEIIHUX (PAKTOPOB, TaKWX Kak BJIAKHOCTb U
Temneparypa. Jias KOMIIEHCAalMM YKa3aHHBIX TOTPEIIHOCTEH TMPUMEHSIOT
muddepeHnanbHble KOHCTPYKIMKU. HerocTaTkoM TakuX JaTYMKOB MO CPABHEHUIO
C OJIHOEMKOCTHBIMH SIBIISIETCS HEOOXOUMOCTh KaK MUHUMYM TpeX (BMECTO JBYX)
SKPAaHUPOBAHHBIX  COEAMHUTEIBHBIX  MPOBOJOB  MEXAY  JaTYUKOM U
U3MEPUTENIbHBIM YCTPOMCTBOM JJIsi MOJAABJICHUS TaK HAa3bIBAEMbIX Mapa3HTHBIX



eMkocTeil. OJIHAKO 3TOT HEAOCTATOK OKYIAETCSl CYIIECTBEHHBIM MOBBIIICHUEM
TOYHOCTH, CTAaOMJIBHOCTH M paCUIMpPEHHEM O00JIaCTM MPUMEHEHUs TaKuX
YCTPOMCTB.

B Hexotophix ciydasx auddepeHuranbHblii eMKOCTHBIA JaTYUK CO31aTh
3aTPYAHUTENIEHO TI0 KOHCTPYKTOPCKUM COOOpakeHHUsIM (0OCOOEHHO 3TO OTHOCHUTCS
K TuddepeHranbHbpIM JaTYuKaM ¢ IepeMeHHbIM 3a30poM). OHaKo, eclid U MpU
TOM O0Opa3IOBBIA KOHJEHCATOP Pa3MECTUTh B OJIHOM KOpIyc€ C padouuM,
BBINOJIHUTh WX IO BO3MOXXHOCTH HWICHTHYHBIMU [0 KOHCTPYKLHMH, pazMepam,
MPUMEHSEMBIM MaTepuajgaM, TO OyaerT oOecredeHa 3HAYWTETLHO MEHbIIAs
YyBCTBUTEJIBHOCTh BCErO YCTPOMCTBA K BHEIIHUM JI€CTAOMIM3UPYIOUIUM
BO3NICUCTBHSIM. B Takux cioydasx MOXHO TOBOPHUTH O monyauddepeHnnaTbHOM
E€MKOCTHOM JIaTYMKEe, KOTOPBIA, Kak W auddepeHIMaIbHbIA, OTHOCUTCS K
JIBYXbEMKOCTHBIM.

Cnennduka BBIXOHOTO MapamMeTpa JBYXbEMKOCTHBIX JAATUYUKOB, KOTOPBIM
MPECTaBIACTCS Kak Oe3pa3MepHOE COOTHOUIECHUE JIBYX pa3MEPHBIX (PU3UUYECKHUX
BEJIMYMH (B HAIIEeM cliyda€ — €EMKOCTEH), JaeT OCHOBAaHME HMMEHOBAaTh HX
JaTyhuKamMu OTHoOWIeHHs. [Ipu HCIONB30BaHMM JBYXBEMKOCTHBIX JaTYUKOB
U3MEPUTETILHOE YCTPOMCTBO MOKET BOOOIIE HE COJEpKaTh OOPa3LOBBIX MEp
€MKOCTH, YTO CIIOCOOCTBYET MOBBIIICHUIO TOYHOCTH U3MEPEHUS.

[IpuHiun nelcTBUS €MKOCTHBIX JAaTYMKOB OCHOBAaH Ha MpeoOpa3oBaHHUU
JIMHEMHBIX WJIM YTJIOBBIX MEPEMENICHUI B U3MEHEHUE €MKOCTH KOHAeHcaTopa. Tak
KaK CUJIa 3JIEKTPOCTATUYECKOr0 B3aMMOJICCTBUS MEXAY MIACTUHAMU OYE€Hb MAJIa,
TO PACCMATPUBAEMBIE MATYMKH HAXOIAT IIUPOKOE MPUMEHEHUE M TE€X CIydasx,
KOTJa HEJONMYyCTUMBbI  OOJIbIIME HW3MEPUTEIIbHBIE  YCUJIMA.  BOJBIIMHCTBO
€MKOCTHBIX JaTYMKOB padoTaroT Ha yactorax 400 'ty u BhIIIIE.

EMkocTh KOHZIEHCATODpA,

C=¢e¢e0S/6(1), nmm
C=¢e¢0X/5(2),
I€ € — AUDIICKTPUUYECKas MPOHULIAEMOCTh BaKyyMa;
€ — OTHOCUTEJIbHAS JUAJICKTPUYECKas MPOHUIIAEMOCTb TUAJICKTPUKA,
S — mIomaab NIaCTUHEL
O — TOJIIIMHA TUAICKTPUKA U PACCTOSTHUE MEXKIY TIIaCTUHAMU;
a — IIMPUHA IUIACTUH KOHAEHCATOPA,
X — JUIMHA NEPEKPBITHS IEKTPOIOB.
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Pucynox 2. Emxocmuwiti 0amuuk 015 usmepeHus yeio8blx GeIUutUH

N3 mpuBeneHHOro COOTHOILIEHWS BHAHO, YTO HAa €MKOCTh KOHJEHCATopa
MOXHO BJMATh W3MEHEHUEM IUIOMIAd MepeKpbITuss miactuH S (puc.l. a),
pacctosHus Mexay HUMU O (puc. 1. 0), AUDPIEKTPUUYECKON MPOHUIIAEMOCTU €
BEILIECTBA, HAXOSIIErOCs B 3a30pe MEXKy OOKJIaJKaMu KOHeHcaTopa (puc. 1. B).
BbiOop TOro WM MHOrO M3MEHSIEMOro MapaMmeTpa 3aBUCUT OT Xapakrepa
M3MEPSIEMON BEITUYUHBL.

EMkocTHbIe natyuku (mpeoOpa3oBaTeiNM) HWCHONB3YIOT MJisi W3MEpPEHHUs
VIJIOBBIX W JIMHEWHBIX IEPEMEUIEHUM, JIMHEHMHBIX pPa3MEPOB, YPOBHS, YCHUIIWM,
BJIQYKHOCTH, KOHIIEHTpauu U ap. KOHCTPYKTUBHO OHM MOTYT OBITh BBIITOJTHEHBI C
MJIOCKOMAPAJUICIbHbIMY, UJIMHAPUYECKUMH, IITBIPEBBIMU  3JIEKTPOAAMHU, C
JTUDJICKTPUKOM MEXKIy TutacTHHaMu M 0e3 Hero. EmMkocTHbIe mpeoOpaszoBatenu
MEePEMEIICHHS ¢ TIEPEMEHHOM TUIONIAIbI0 TIEPEKPHITHS (PHC. 2) UCTIONB3YIOT U IS
U3MEPEHUS VYTIOBBIX BEIMYMH. B 3TOM ciiydae €MKOCTh HU3MEPUTEIBLHOTO
npeodpaszoBaTes
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rae I, 1 — COOTBETCTBEHHO HAPYKHBIN U BHYTPEHHUU PaJUyChl IUIACTHH;
@, ©0 — COOTBETCTBEHHO TEKYIIU (U3MepsAeMblii) U HAYaAJIbHBIA YTJIbI
NEPEKPHITUSA [LUIACTHH.

N3 mpuBeneHHBIX 37eCh U BbIlIe BbhIpaxkeHuit (1) m (2) BUAHO, 4TO BCe
BXOJSIINE B HUX BEJIMYUHBI, KPOME HU3MEPSAEMbIX X WU (, MOCTOSHHBI, T.€.
CTaTUYECKasi XapaKTEepUCTUKA TAKOTO €MKOCTHOTO JaT4yHKa JIMHEWHa (cM. puc.l.
a). IIpeoOpa3oBaTenu Takoro TUMA MPUMEHSIOT Uil U3MEPEHUS CPAaBHUTEIBHO
O0onpmIMX (IO JECATKOB CAHTHUMETPOB, a NIPH HCIOJIb30BAHHM CIIELHMAIBHBIX
KOHCTPYKIIMH — 710 2 MeTpoB) TmepeMeiieHuil. [lorpenHocTu eMKOCTHBIX
npeoOpa3oBareseil B OCHOBHOM OINPEIEISIIOTCS BIUSHUEM TEMIEPATYPhI U BIAKHO
CTM Ha F€OMETPHYECKHE pa3Mepbl U IUAIEKTPUYECKYIO MPOHUIAEMOCTH CPEJBI.
YMEHBIINTH MOIPEIIHOCTH MOYKHO, UCHOJIb3Ysl KOHCTPYKLMOHHBIE MaTepHalbl C
MajbiM TEMIIEPaTypHbIM KOI(DPHUIIMEHTOM JMHEHHOTr0 pacHIMpEeHUs, WIH C
NOMOUIbIO TepMeTH3aluu JaaTyukoB. Haubosiee 4YacTo €MKOCTHbBIE aTYMKHU
MPUMEHSIOT JUISI TOYHBIX MU3MEPEHUM MEXaHWYECKUX IEPEMEIICHUN, U3MEPEHUN
MEHSIIOIINXCS TaBJIICHUS WU YPOBHS, U T.II.

CpaBHHUTENIBHO HOBBIMU NOpHOOpamMH, JOBEACHHBIMH IO ILIMPOKOTrO
IPOMBIIIUICHHOTO TPUMEHEHUsI B TOCIEAHUE TOJAbl, CTald MajoradapuTHbIE
€MKOCTHbIE HMHKJIMHOMETPbI (JATYMKKA KpEHA) C DBJIEKTPUUYECKUM BBIXOJIHBIM
CUTHAJIOM, MPOMOPIMOHAJIBHBIM YIJIy HAKJIOHA JaT4MKa. B KauecTBE OCHOBHBIX
MOKHO CUMTATh CJIETYIOIINE 001acTH MPUMEHEHHSI HHKJIMHOMETPOB:

e ompeseNieHNe BEIUYMHBI TPOruOoB U AeopMaliii pa3Tu4HOro poja Onop u
0aJIoK;

® UCIOJIb30BAHUE B CUCTEMAX «TOPU3OHTHUPOBAHUSD) TIATPOPM;

® ONpeleJIEHUE YIJIOBOr0 IMEPEMEIEHUsT Pa3IUYHOr0 POJa BPAILAIOIIUXCS
O00OBEKTOB BaJIOB, KOJEC, MEXAaHU3MOB PEIYKTOPOB KaK Ha CTAllMOHAPHBIX,
TaK ¥ TOJIBUKHBIX 00BEKTAX;

® KOHTPOJIb YIJIOB HAKJIOHA aBTOMOOWJIBHBIX M JKEJE3HBIX JOpPOT TMPH HX
CTPOUTEIBCTBE, PEMOHTE U JKCILTyaTallly;

® oOIlpejeleHue KpeHa aBTOMOOWIIECH, Kopaljed | MOJBOIHBIX POOOTOB,

MOJbEMHHUKOB M KPAHOB, SKCKaBaTOPOB, CENbCKOXO03AMCTBEHHBIX MAIIINH.

NuknuHoMeTp (DaTYMK KpeHa) MpeAcTaBisieT coboi auddepeHnanbHbIi
€MKOCTHOM mpeoOpazoBaTesib HAKJIOHA, BKJIIOYAIOIIMN B CEOS 4yBCTBUTEIbHBIN
AJIIEMEHT B (pOpMeE KarcCyJibl.



Pucynox 3. Ycmpoiicmeo emkocmnozo unknunomempa

Kancyna cOCTOMT M3 NOMIOXKKM € JIBYMs IUIAHAPHBIMM JJIEKTpogaMu 1,
IOKPBITBIMU U30JIMPYIOLIUM CIIOEM, U TEPMETUYHO 3aKPEIUICHHBIM HA ITOJJIOKKE
KOpnycoM 2. BHyTpeHHsA MOJIOCTh KOPIyca YAaCTHMYHO 3alOJIHEHA INPOBOMSILECH
KUIKOCTBIO 3, KOTOpas sBISIETCS OOIIMM 3JEKTPOJIOM YYBCTBUTEIBHOIO
anementa. OOmwMl  31ekTpod  00pa3yeT ¢ IUIAHApPHBIMU  BJIEKTPOJaMU
mupepeHInanbHbIil KOHAEHCATOP. BBIXOIHON CUTHAN JaT4yMKa MPONOPIUOHAIIEH
BEJIMYMHE EMKOCTH JU(PPEepeHIIMaNIbHOIO0 KOHJIEHCATOpa, KOTOpas JMHEHHO
3aBUCUT OT IIOJOXKEHUSA KOopIlyca B BEPTUKAJIBHOM IJIOCKOCTH. WHKIMHOMETP
CIPOEKTHPOBAH TaK, YTO UMEET JMHEHHYIO 3aBUCUMOCTh BBIXOJHOIO CUTHAJIa OT
yria HakjOHa B OJJHOW — TaK Ha3bIBaeMOM paboyell MIOCKOCTH U MPAKTUYECKU HE
U3MEHSET TMOKa3aHWus B JApyroi (Hepabouei) IMIOCKOCTH, IPU 3TOM €ro CHUrHal
ciabo 3aBUCUT OT M3MEHEHHs TeMmieparypbl. Jljig ompeneneHus MOJIO0KEHUs
IUIOCKOCTH B IIPOCTPAHCTBE MCHOJIB3YETCA JBA, PACIOIOXKEHHBIX NOJX yrioM 90°
JpyT K ApYyry UHKJIMHOMETpa. MasorabaputHble HHKIMHOMETPHI C 3JIEKTPUUECKUM
BBIXOJHBIM CUTHAQJIOM, IPONOPLIUOHAIBHBIM YIJIy HAKJIOHA JaT4YMKA, SBIIFOTCS
CPaBHUTEIBHO HOBBIMH MpuOopamMu. X BbICOKas TOYHOCTb, MHUHHUATIOPHBIE
pa3Mepsbl, OTCYTCTBHE MOABMKHBIX MEXaHUYECKHUX Y3JIOB, IPOCTOTA KPEIJICHUS Ha
O0OBEKTe M HHU3Kas CTOUMOCTbH JIE€JAIOT IIeJecCO00pa3HbIM HMCHOJb30BaTh UX HE
TOJIBKO B Ka4yeCTBE JAaTYMKOB KpeHa, HO M 3aMEHSITh MMM YIJIOBBIE JaTYUKH,
MPUYEM HE TOJIBKO Ha CTAllMOHAPHBIX, HO U HA TOJIBMXKHBIX OOBEKTaX.

B peanpHBIX yCIOBHSIX 4YacTO BO3HUKAET HEOOXOAMMOCTh Iepeaadu
aHAJIOrOBOM  DJIEKTPUYECKOM HH(OpMalMM OT €MKOCTHBIX JAaTYMKOB Ha
3HAYUTENIbHbIE PacCTOsHUA. B 3TuX ciaydasx nensecooOpa3HO aHAJIOTOBBIM CHUTHAI
npeoOpa3oBaTth B AMCKPETHBIM, MPU 3TOM BO3MOXKHBI Pa3iIMYHbIE TEXHUYECKHE
peLIeHUs — OJHUM U3 MPOCTEUIINX SIBJISETCS UCIOIb30BaHUE MYJIbTUBHOpATOpA.




2. TIPUMEP ITPOEKTUPOBAHUSA NIPEOBPA3OBATEJISA CUTHAJIOB

BbiOop TuMa W UCHOJHEHHUS E€MKOCTHOro Jaryuka Jlias KOHTposs yria
MOBOPOTa B 3a7aHHOM Juama3zone 20°...60° BpiOupaeM U3 Katajora mpou3BOIUTENs
natuukoB Regal [3] emMKkocTHOM maT4MK YriaoBOTO moJioxkeHus, cepus 9800,
HaumeHoBaHue: 9807 RSK L2.0. Haszeanue mnpoaykra: Jlatuuk yrioBoro
nosnoxenus. Karanoxueiit Homep ELFA: 64-900-72.

[TpousBoautens: Regal. Texuuueckue nmapaMeTpsl.
Short Description: Jatuuk yriaoBoro nojoxenus 5 kOm 85°
Homnyck, conpoTtusienue: +20 %
Nmnenanc: 5 kQ; 5 kOhm
JluneitHocts: £2 %
[Tonkmtouenue: [lTekep
PaGouas remneparypa, muH.: -40 °C
PaGouee nanpsixenue: 1..25V
Pabouee HampsoxeHue, makc.: 25 V
Pabouee nanpspkenue, MuH.: 1 V
Cpok ciyx0b1: 1 X 10 6 ukII0B
VYromn, anekrpuueckuii: 85°
VYroma, mexannueckuii: 120°
Yposens Harpy3ku: 0.15 W
YcnoBHoe 0603HaueHHe conpoTuiieHus: SK
Pabouas temneparypa: -40...+135 °C
Omnucanue: [1nockas ronoBka
PaGouas remneparypa, makc.: +135°C
Crenenb 3amuthl: [P 66/67
JlononHuTeapbHOE HanMeHoBaHue: Angular-position sensor 5 kOhm 85 deg
1. JlaT4uK yTJIOBOTO MOJIOKEHUS C BEICOKUM KJIACCOM 3aIUThI
2. UcknrounTenbHasi HaJEXKHOCTh, UIUTEIBHBIA CPOK CIIY)KObI M BBICOKAS
TOYHOCTh
3. Pasnuunble apaiiBepsl, BCE ¢ BO3BPATHOM MPY>KUHOM
4. HampapiieHH€e BpalleHus BIPABO
5. YcraHnaBIMBaeTCs B KOPIyca MaIIUH UIH JIEKTPUUECKUE HHCTPYMEHTHI.

YuuTeIBasi MPOCTOTY M BBICOKYIO HaJIEKHOCTh, B KAYECTBE AJIEKTPOHHOTO
yCTpOMCTBa JJisl MpeoOpa3oBaHUsl aHAJIOTOBOIO M3MEHEHUS] EMKOCTH JaTyuKa B
JUTUTEIIbHOCTh UMITYJIbCa HANPSDKEHHS] MPSMOYTOJIBHOM  (OpMBI  BhIOEpEM
MYJIBTUBHOPATOP B aBTOKOJICOATEIIHHOM PEKUME.

MynbTuBHOpaTOpOM Ha3bIBAETCA MMITYJIbCHBIN reHepaTop
PEaKCAIMOHHOTO THITA C TIIYOOKOW MOJIOKUTEIHLHON 0OpaTHON CBSI3bI0 HA IIETISIX
RC, ¢opma BBIXOOHBIX HMMIYJIbCOB OnM3Ka K  MOpsMOyroibHOH. B
aBTOKOJICOATETLHOM PEXUME MYJIBTUBHOPATOp TEHEPUPYET TMEPUOTUICCKUE
KoJjieOaHusi — aBTOKoJeOanus. /[ Ux BOSHUKHOBEHHsI HE TPeOYIOTCS BHEITHUE
BO3JICHCTBUSI, IOCTATOYHO MOJKIFOYEHUS UCTOUYHUKA TUTAHMUS.

MynbTUBHOpAaTOpPhl ~ TPUMEHSIIOTCS B YCTPOMCTBaX  aBTOMATHKH,
BBIYUCIUTEILHON M M3MEPUTEIHHOM TEXHUKH (B TOM YHCIIE B pelie BPEMEHH,



3a[IalOIINUX yCTpoCTBax M popmupoBateasix IBM), B ycTpolicTBax paarnoOTeXHUKA
B KauecTBE 33/Ial0IIMX T'€HEpAaTOpOB U (popMuUpoBaTesield UMITYJIbCOB, JAEIUTENEH
4acTOTbl, OECKOHTAKTHBIX TMEpeKioyaTenel Toka u mnpouunx. [lapamerpsl
BBIXOJITHOTO CHTHaja MYJIbTUBHUOpaTOpa - JUIMTEIbHOCTh MUMITYJIbCa CYIIECTBEHHO
3aBUCHUT OT BEJIMYUH €MKOCTEH KOHAEHCATOPOB B Lienu 00paTHOH cBsi3u. [lorTomy,
UCIIOJIb3YysI B KAUE€CTBE OJTHOTO M3 KOHJIEHCATOPOB €MKOCTHOM JaTYMK, BO3MOKHO
peann3oBaTh NPeoOpa3oBaHUE AHAIOTOBOIO M3MEHEHHS EMKOCTH JaTdyhka B
JUTUTEIBLHOCTD BHIXOJHBIX UMITYJIECOB.
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Pucynoxk 4. Cxema mynemusubpamopa na OUnoJApHOM U YHUNOIAPHOM
MpaH3ucmope u 8pemMenHvle OUaAepamMMbl HANPANCEHUN MYTbmueudpamopa

~

Vel

Cxemy MyJapTUBHOpaTOpa BO3MOXKHO pEaln30BaTh HAa OUMOJSPHBIX U
YHUINOJIIPHBIX ~TPAH3UCTOpPAax, Ha OIEPALMOHHOM YCWIHTENE, JIOTMYECKUX
JJIEMEHTaX, Ha pUCYHKE 2a I[0Ka3aHa HauOosee pacnpoCTpaHEHHas cXeMma
MYJBTUBUOpAaTOpa Ha TPAH3UCTOPAX C EMKOCTHBIMU KOJUIEKTOPHO-0a30BBIMU
cBs3siMU. KauecTBeHHBbIE XapaKTEpUCTHKU pabOThI IpeoOpa3oBaTesl CyIECTBEHHO
3aBUCAT OT CTAaOWJIBHOCTM TNMTAIOWEro HanpspkeHus. [{ns  moBbleHus
CTaOMJIBHOCTM  MHUTAOIIETO  HANpsDKEHWs  LEJecOoO0pa3HO  KCIOJIb30BaTh
CTaOMIIN3aTOP HAIPSKEHHUS.

OCHOBHBIM TOKa3aTelieM, XapaKTepU3ymwluM paboTy cTabuiam3aropa,
ABygeTcsl Kod(pPuuueHT crabunuzanuu HampspbkeHust Kcr, mokaspiBarolui, BO
CKOJIBKO Pa3 OTHOCHUTEJIbHOE M3MEHEHUE HAIPSHKEHUS! Ha BBIXOJE cTaOuiu3aropa
AU Bpix /U BBIX MEHbIIIE OTHOCUTEIHLHOTO MU3MEHEHMsI HANPsDKEHUsS HA €ro BXOJIE
AU Bx/U BX.

Ha pucynke 4 u3zo0paxeHbl CXeMbl MapaMETPUUYECKUX CTAOMIN3aTOPOB
HampspkeHus: ¢ KpemHueBbiMU crabmmurpoHamu (CT). Jns  crabwimmsarnuu
HANPsDKEHUS. B HUX UCIOJIb3YETCs] CBOMCTBO CTAOMIIMTPOHA, COCTOSIIEE B TOM, YTO
[IpU 3HAUYUTEIBHBIX U3MEHEHHIX TOKA Yepe3 CTaOMIUTPOH ICT HanpsikeHne Ha HEM
Uct u3MeHsieTcs: HEe3HAUUTETBHO.



Onsa pa6OTb| SNEKTPOHHBIX CXeM HeoBX0gUMbl UCTOYHUKN MOCTOSIHHOTO HanpsXxXeHua. Ecnu oTknoHenns
Hanps)XXeHnsa NpeBbiWwakT AoNYCTUMYO BENUYUHY, B CXeMbl NICTOYHUKOB BBOAAT CTaﬁMJ‘IM:!aTOpr— ycrpov"lcha

obecneynBaKllee CTabUNBbHOCTb BbIXOQHOTO HAaNPSXXEHUS. j 38
CylecTBylOT fgBa TWna CTabuiuaaTopoB: MapameTpuyeckue U KOMNeHcalUoHHble
. B napameTpuyeckux cTabunusaTopax HanpsKeHus B kayecTse Al

PErynupyoLLMX UCMONb3YIOT HEMNWHENHBIE 3NEMEHTLI, UMetoLue yyacTok BAX, Ha KOTOPOM HanpsixeHue
OCTaeTCsl HEM3MEHHbIM NPV U3MEeHeHUN Toka. Takol yyacTok umeeT obparHas seTeb BAX crabunutpoHa.

Ro ~ Lexmin
[MpocTou MNapameTtpuyeckui i
MapameTpuyeckuit Usx Usbix=Uct C 3MWUTEPHbLIM
: Ru nosTopuUTEneM L Fer e
) T

. KoMneHCcaLUnoHHbIW CTabUU3aTop NpeacTaBiseT CUCTEMY aBTOMATUUYECKOrO PeryriMpoBaHus, B KOTOPOW
COMNPOTUBMEHNE PErynUPYIOLLLEro aNeMeHTa U3MEHAETCS NoA AeWCTBUEM ynpaBnstowero Hanpsxkenus Uynp nonyvyeHHoro
B pesynbrare cpaBHEHUSA BBIXO4HOIO N 3TarloHHOro (ONODHOrO) HanNDAXEHWA
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Pucynox 5. Cxemwvl napamempuueckux cmabduiuzamopos HanpsafCeHuss: a —
00HOKACKAOHO20, 6 — 08YXKACKAOHO20, 8 — 0OHOKACKAOH020 C MeMNnepamypHou
KOMHeHcayuel, 2 - 08YXKACKAOH020 C meMnepamypHol KoMneHcayueu

Juonpl, wWMemue Tpyd  BKIOYEHHH B TOPSIMOM  HaIPaBJICHUU
OTpHUIIATEIbHBIN TeMrepaTypHbiii kodddunuent Hanpsokenus (TKH), coyxart nns
TEMIIEpAaTypHON KOMIICHCAIIMM HANPsDKCHUS CTAOWIMTPOHA, HMMEIONIETo TMpHU
obpatHoM BKkIOueHHH monoxkutenbHpli TKH. Ilpm sToM HeoO0Xoaumo, 4ToOBI
cymmapubii TKH nuomoB Obin paBen 3Hadyenuto TKH crabumurpona. TKH
JTMOJIOB MOYKHO MEHSATH B HEOOJIBIITUX TpeIesiaX, H3MEHSSI TIPH TIOMOIITH PE3UCTOpa
R TOK yepes quopl.

[Iporekanne  JMOMOJHUTEILHOTO TOKAa  Yepe3  JUOABl  YMCHBIIACT
JTUHAMHAYECKOE COMPOTHBIICHUE TUOJMIOB, YTO CIIOCOOCTBYET YMEHBIIICHUIO OOIIIETO



TUHAMUYECKOTO CONMPOTHUBIICHHS R 10 w®  yBemwueHuio Kod(pduIMeHTa
crabunuzanuu Kcr.

N3-3a yBenuueHus conpoTuBieHus R 10 3a cueT conmpoTUBIEHUS HUOAOB B
cTabuimsaTopax ¢ TEPMOKOMIICHCAIIMEN yXyAIIAeTCs CTaOWIn3alus HanpsHKeHUs
B 2...4 pa3za mo CpaBHEHHIO CO CXeMOH 0e3 TEepMOKOMIICHCALUU, KOTOPYIO
MPUMEHSIOT TIPU MOCTOSIHHOW TemIepaType okpyskaromieit cpeabl. Koaddunuent
CTaOMIIM3aIMM OJTHOKACKAITHON TTapaMeTPUUYECKON CXEMbl COCTABIISIET OKoJo 10—
20.

Jlist momydeHust Gonpiero kKod@uimeHTa cTaduIu3aud TPUMEHSIIOTCS
JIBYXKAacKaJiHbIe cTabmim3aTopsl (puc.3.r). Ix koadduimenTt ctabmmmsauu paBeH
MPOU3BEACHUI0 KOAP(GUIMEHTOB crabunu3amuu Kaxaoro kackaga Kcer=Kcrl
Ker2. B nByxkackaaHblx cTaOuiau3aropax TeMIlepaTypHas CTaOMIM3anus
OCYIIIECTBJISIETCSI BO BTOPOM KacKaje.

CraOunuzatopsl ~ 00JIQJAalOT  TaKKe  CIJIaXKHUBAIOIIMM  JIEHCTBHUEM.
Kosdbdumment mnynbcanuu  BBIIPSAMICHHOTO  HAmpsDKEHHST  HA  BBIXOJIE
crabunmsatopa yMmenbmiaercas B K c¢r pa3 mo cpaBHeHuio ¢ Kod(uImeHTOM
nmynbcaluu Ha ero Bxoje: K m.eix =K m.Bx /K cT .

B aByxkackagHOM CTaOMIM3aTOpPE MOKHO TMOJYYUTh CPaBHU TEIBHO
Oonpioi  KOd(PGUIMEHT cTa0uian3alud, HO B HEM BO3pacTaloT IOTEepU
HampspkeHus: Ha crabunumsarope. [loTepu HampsbkeHHs Ha KakIOM  Kackaje
BO3pACTAlOT C yBEIMYCHHEM TOKa Harpy3ku. [lapamerpudeckne cTaOWUIN3aTOPHI
MPUMEHSIOTCS. TIPH TOKaX, HE TMPEBBHIIAONINX MAKCHMAJIbHO JOIYCTUMOTO TOKa
CTaOMIIMTPOHA, YKA3aHHOTO B CIIPABOYHHUKE.

bonee BhIcOkHe TOKa3aTenn pabOThl 00ECHEeUYUBAIOT TPAH3UCTOPHBIE
KOMITCHCAIIMOHHBIE CTA0MITN3aTOPHI MMOCTOSTHHOTO HATIPSIKEHUS.
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Pucynox 6. Cxema komneHcayuoHHo20 mpaH3ucmopHo2o cmabuiuzamopa
HANPSHCEHUS.

Ha pucynke 6 n3oOpakeHa OJHa M3 MPAKTUUYECKUX CXEM TPaH3UCTOPHOTO
crabunuzaTopa. Cxema COAEPKUT TPU OCHOBHBIX DJJIEMEHTA: PETYJIHPYIOIIUN
aneMeHT Ha Tpan3uctopax T1 u T2, ycunuTenbHbIA 3A€MEHT (YCHUIMTEINb
MOCTOSIHHOT'O TOKa) Ha TpaH3uctope T3 M MCTOYHHMK OMOPHOTO HAMpsHKEHUS Ha



crabuutponax. COOCTBEHHO, PETYIMPYIOIIMM 3JIEMEHTOM SIBIISIETCS TPaH3UCTOP
T1 a Tpansuctop T2 sBASETCS COTJACYIOIIMM BJIEMEHTOM MEXIy OOJIBIINM
BBIXOJIHBIM COIPOTHBIICHUEM YCHIIUTEIS MOCTOSHHOTO TOKAa W MAJIbIM BXOJHBIM
COIIPOTHBIICHUEM PETYJIUPYIOIEro Tpansucropa T1.

JIOCTOMHCTBOM TPaH3UCTOPHBIX CTAOMIN3AaTOPOB SBJSCTCS BO3MOXHOCTb
HOJYYCHHsT OOJIBIIOTO TOKA HATPY3KH M PETYJIMPOBKHU BBIXOJAHOTO HAIPSDKEHUS, a
TaKKe Malloe BBIXOAHOE compoTuBicHne (He Oomee 10 Om). BrixomHoe
HaNpsDKEHUE PETYIHPYeTCs IyTeM HW3MEHEHHWs CONMPOTUBJICHHS pe3uctopa R7.
CremoBaTelIbHO, YYHMTHIBAasS BXOJHBIC XapaKTCPUCTHKH MYJIbTHBHOpaTOopa W
mapamMeTpbl  CTa0WIM3aTOpOB, B  pa3padaThiBAEMOM  YCTPOWMCTBE  Oyaem
UCTIOJIB30BaTh CXE€MYy KOMIICHCAIIMOHHOTO TPAH3UCTOPHOTO  CTAaOHMIM3aTOpa
HaPSDKEHUS.

Pacu€r snexTpuyeckuii MyJaIbTHBHOpATOpa B aBTOKOJICOATEILHOM PEKUME
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1. Bei6op Tuna Tpansucropa. TpaH3UCTOp BBIOMPAIOT MO MPENETHLHON YacTOTe
fho16, MakcuManpHO mOmMycTUMOMY HampsKEHUIO Uy max W CTaTHYECKOMY
ko3 puieHTy nepenayu no Toky hai,. TpaH3uCTOp AOHKEH UMETh KO3(PPUIUEHT
nepeaaydun mo ToKy
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TpaH3ucTopa f,r,215 >5- p ,

Hl

T
roe Q — CKBaXHOCTb (Q — T, B [aHHOM cny4ae Q: 2,

‘Hl

T.K. T:fH1 +1,,0,=1,);

kmc - koadbbUUMEHT HackiWweHna (BolbupakoT kmc =2+3):

2_1-2:8,6_
3

>

213

b

HeobxoanMoe HanpsxeHWe UCTOYHKMKa NUTaHua Ana obecneyve-
WS aMnAuTyal BeixogHoro curkana 9 B: L, = (L 1+12)U,,

Ek=(1.1+1.2)-9=9.9+10.88

MNpuHMmaeMm Er =10B, Torga. Uke) max = 2Ex = 208B.

Mo paccynTaHHbIM napaMeTpaM BbiOMpaeM Mo CApPaBOYHUKY
TpaH3uctop 27104A, y KOTOPOro MakKCcMMasibHO AOMYCTMMOE Harnps-
xeHne konnektop-6aza Uis max=30B; MMNynbCHbIN TOK kKonnektopa Iku
= 50 MA; obpaTHbIl Tok konnekTopa lweo=1MKA; npegenbHas YacToTa
fh216=5MlY; cTaTUCTUUYECKUN KO3(pDULMEHT nepedaun Mo  TOKY

h213=7'40} Halr‘16OJ'IbLIJaFI TEMNEPATYPa KONMNEKTOPHOro nepexoga
Tmax=600C

2. Beibop pesuncTopa R}\,.
U

;\.

ConpoTuBneHne pesncTopa R,;- >

/

k.nac.

Tok KonnekTopa Hacklwenusi /; .. onpeaenseTcs ¢ yyeToMm
TeMNepaTypbl OKPYXatoLei cpefbl Mo BblpaXKeHWo

r._-—-T _
]kfmc 2 ]i-u —= i = 50 . M = 48,8 MA
“\ T_ —20 V15020

R, > 2 =1800m .
0,05



MWHMMaNbHO AOMNYCTUMOE 3HaYeHue R,( BblOMpaTb He cneay-
eT, TaK KaK npv 3ToM ByaeT HESKOHOMUYHBIM peXxuM paboTbl, B TO Xe
BPeMS Npu ManoM 3HaYeHUU Rk YMEHbLLAEeTC ANUMTENbHOCTb Cpesa
UMMyNbCa U YBETMUYMBAETCA Harpy3oyHas CrnocobHOCTb CXeMb.

Buibupaem R, =(0,1+0,2)R .

Rk =(0,1+0,2)-4400 = (440 +~ 880) Om
MNpuHUMaeMm Rx =6800Mm.

GbLIX

TOK KONNekTopa HanaeM 13 BblpaXkeHns ! [
k

I, = io =0,01324 A

PaccumtaeM MOWHOCTb Prx =1 Rk =0,01324-680=0,1191BT
BbibepeM Tun pe3ucTopa no CnpaBouvHuKY [2] @ MJIT-0,125-680

OmMm=£5%.
3. Bbibop pesuncTopa Rﬁ :

ConpoTuBnenne pesuctopa K onpesensieM W3 ycnosus pe-

XNMa HacCblWEeHWNA OTKPLITOMo TpaH3MCTOopPa.

I Re 30680 oo

R, =
kHA(“
MNpuHnuMaeMm Rs=10kOM.
Tok 6asbl Halaem n3 Bblpa)XeHns
(= I 001323 ) 000441 A
h,, 0

PaccuntaeM MOLIHOCTb
P= 162 ‘R, = 0.000441% -10* = 0.00195BT
BbibepeM Tun pe3ucTtopa no cnpasouvHuKy [2] @ M/IT- 0.125Br-

10 kOM, £5%.
4. MNMposepseM BbINOMHEHUS YCIIOBUS TeMMNepaTypHOU CTabwnb-

HOCTM CXEMbl.
25-20

= lmkA

7:)].)_20 -6
Ly =1, 2= "7 21,10 .2
10

k6omax ~



I R, 1-10°-.10"

6o max — =0.00102 << 1
E, 10

Ha ocHoBaHuu nony4vyeHHOro paBeHCTBa MOXXHO HE YYUTbIBATH
BIIMAHNE

06paTHoro TOKa KOJIIEKTOPa Ha ANUTENBHOCTE MMNYyNbCa U NeEpUOL
cnegjoBaHnA.

5. Beluncaum anutensHocts 7m0 10

t =0,7-R.-C
OaTyHUKa
bimax=0,7-107-820-107° =5 8548mkc
bimin=0,7-10°-430-10%2=3,0702mKc
YunTbiBast 2aaHHbI€ TPaHUYHbIE 3HAYEHUS €MKOCTU, BblbepeM
C2 B Nx

npeaenax (430+820). MNpuHumaem C2=620n0.
t,=07-R,-C,=0.7- 10* -620-107"* = 4,4625 mke.
BeibepeM TuM KOHAEHCATOpa MO CRpPaBOYHUKY: K40V-9-
620n®+20%.

6. YTOYHUM HeobxoanMoe 3HauYeHne npeaenbHon YacToThl Bbi-
BpaHHOro TpaH3ncTopa,

. -1 2—-1
f;mZS'Q :5.——6
{,, 4.46-10
TenbHO TPaH3UCTOP
BbIGpaH 1paBH/IbHO.

=112 My <5Mly cnepoea-

7. Paccuntaem gnutenbHocTb ppoHTa M cpe3a MMMynbCoB fq,z

=2 0'16. = 0.064 mkc;

75000

N
-3
I

-

W

s
_

m

-(C, =23-680-650-107"% = 09775 wmkc.



3. BAPUAHTEI UHJIUBUIY AJTbHBIX 3AJTAHUIN

01 02 03 04 05 06 07 08 0° 10 11 12 13 14 15
16 17 18 19 20

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
36 37 38 39 40

41 42 43 44 45 46 47 48 49 50 51 52 53 54 55
56 57 58 59 60

61 62 63 64 65 66 67 68 69 70 71 72 73 74 75

a 76 77 78 79 80
€ | 81 8283 84 35 86 87 88 89 90 91 92 93 94 95
3 96 97 98 99 00
i 2 3 4 5 6 7 8 9 10 11 12 13 14 15
%E 16 17 18 19 20
=@m
Qg
s S

JUis ompeneneHus CBOEro BapUaHTa HaWauTe MOcienHue ABe LUpPHI
HOMEpa CBOEH 3a4eTHOM KHIKKU (IIU(p) U MO BEPTUKAIM ONPEACIIUTE HOMEP
3aJ1aHMUs.

BbiOpaTh NpUHUMOUAIBHYI0 CXEMY €MKOCTHOTO JaT4uKka, BBIOpaTh U
paccuMTaTh CXEMy 3JIEKTPOHHOTO YCTPOWCTBA ISl TpeoOpa3oBaHUsl aHAJIOIOBOIO
U3MEHEHUs EMKOCTM JaTyMka B JUIMTEIBHOCTh HMITYJIbCA  HAMPSKEHUS
NpsIMOYTOJIbHOM (OpMBI, pa3paboTaTh MeEpbl, CIOCOOCTBYIOIINUE TOBBIIIEHUIO
CTAOMJILHOCTH €ro padOoThl, €CIIU 3a/1aHO:

Ne Ba- | MsmMepsiembill | EM- Em- AmMnnuTy- | Harpyzka
puaHTa napameTp KOCTb, KOCTb, na  BbIX.
C min, C max, | CHTH. RH, | IH,
nod nd Newix., B | KO | A
M
1 MNepemMelye- 80 180 5 1.8 [ 05
HWe B Aua-
nazoHe 0.3 —
0.6 MM
2 -« - 90 200 6 2.0 | 1.0




3 MNepemeLlle- 100 220 7 2.2 | 0.7
HMe B Auva- 5
nazoHe 0.5 —

0.9 MM
4 -« - 110 210 8 24 | 1.2
5

5 MNepemMeLye- 120 240 9 2.6 | 1.5
HMe B Aua-
nazoHe 1.5 —

3.6 MM

6 -« - 130 260 10 2.8 | 05

7 MNepemelle- 140 280 11 3.0 | 1.0
HMe B Aua-
nazoHe 3.0 —

4.6 MM
8 -« - 150 300 12 3.2 | 0.7
5

9 MNepemeLlle- 160 320 13 34 | 1.2
HMe B Aua- 5
nasoHe 4.5 —

6.0 MM

10 -« - 170 340 14 3.6 |15

11 MNepemMeLye- 300 660 12 3.8 | 0.5
HMe B Aua-
nasoHe 450
— 600 MM

12 360 780 11 4.0 | 1.0

13 MNepemMeLye- 470 800 10 42 | 0.7
HMe B Aua- 5
nazoHe 650
— 1200 MM

14 -« - 480 820 9 44 | 1.2

5

15 Yron noso- | 190 440 8 46 | 1.5
poTa B Aua-
nasoHe 20° —
60°

16 -« - 200 460 7 4.8 | 0.5




17 Yron noso- | 210 480 6 5.0 | 1.0
poTa B Aua-
nasoHe 40° —
9Q°
18 -« - 220 500 5 52 | 0.7
5
19 Yron noso- | 230 520 10 54 | 1.2
poTa B Aua- 5
nasoHe 10° —
160°
20 -« - 240 540 15 56 | 1.5
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