I''TABA YETBBHPTA
3.4.1. I3mMepBaHe Ha HaJIsSITaHe.

Hansranero xapakrepusupa SBJICHUATA, CBBp3aHH ¢ (uyuaute. To urpae BakHa poiist
IIPU YIIPaBJICHUETO HA MHOT'O TEXHOJIOTUYHH Ipolecu. Pa3HooOpas3uero oT nuana3oHu Ha
W3MEHEHHE Ha HATaHEeTO /OT a0CONIOTEH BaKyyM 0 CBPBX BHCOKM HajsraHus/ e
HaJIOXHUJIO MHOTO METOAM U CPEICTBA 32 U3MEPBAHETO MY.

[Ipu u3MepBaHe Ha HasTaHe WHTEPEC MPEIACTABISABA A0COMIOTHOTO HamsATaHe /Pasc/,
cBpbxHasranero / P, /, atmocdepnoto namsirane / P, /. nudepennuannoro Hansrane /P,/
1 BaKyyMbT / Py /.

AOCOIIOTHOTO HAJIATaHE B JiajieHa TOYKA C€ HapHya IThJIHOTO HATHCKOBO HAMPEKCHHE B
TOYKaTa, MOPOJCHO OT JACWCTBUETO HA BCHUYKM BBHIIHHU CHIIM, BKIIOYUTEIHO M TE3H OT
atMochepHo Haimsrane. AOCONIOTHOTO HasraHe MOKe Aa ObJe MO-TOJNISIMO WM II0-
MaJIKO OT aTMOC(HEPHOTO.

Axo P,5. > P, ce monydaBa cBpbXHaJIAraxe, T.€.

P.=P,.—-P, ,3.4.1.
Axo Pys. < P, ce moyuaBa BakyyM, KOUTO MOKE Jla C€ Onpeeiu 1o ¢popmysiara:
P,=P-P, ,3.4.2.

3a u3MepBaHe Ha HAJSITAaHE, B U3MEPUTENIHATA TEXHUKA C€ M3IO0JI3YBaT Pa3IM4YHU TUIIOBE
ypeau. B 3aBUCMMOCT OT M3MepBaHATa BEIMYMHA TE3U YPEOH ca Pa3AeisaT Ha CIEIHUTE
TPyNH: Ypeau 3a U3MepBaHe Ha aTMOC(EpHO HalsraHe, HapeYeHH OapOMETPH, ypenu 3a
M3MEpBaHE Ha CBPbXHAISITAHE — MAHOMETPH, YPE/IU 3a U3MEPBAHE Pa3IMKU B HAJISATAHUS -
JudepeHnalIHi MAaHOMETPH U YpEe/IX 32 U3MEPBaHE Ha BaKyyM - BaKyyMMEpH.

W3non3ysar ce ciaeIHUTEe METOM 3a U3MEpBaHe Ha HaJIsTaHe:

1. XuapocTaTHuHN METOH, P anapatuTe, 0a3upaly ce Ha Te3U METOJIU, H3MEPBAHOTO
HaJIITAaHE CE ypPaBHOBECSBA OT HATAHETO, CH3/IaBAaHO OT CTHJIO TEYHOCT C HM3BECTHA
IUTBTHOCT W BHCOYMHA, MPOMOPIMOHANIHA Ha HalsAraHeTo. Bbpxy Te3m Meronu ce
OCHOBaBaT XUBauHUTE OapomeTpu, U - 00pa3HUTE MaHOMETPH, BaKYYMMETPH U JIP.

2. Meronu, ocHOBaBalIu ce Ha Jeopmanusara, KOSTO HAJSATaHETO MPEIU3BUKBA BBPXY
CHEelMaIHU eJIaCTUYHU MpeoOpasyBarenu. Enactuunata cuina ot Jaedopmanusra
ypaBHOBECSBa CHJIaTa, Ch3JaBaHa OT U3MEPBAHOTO Haisrane. Kato enactuyHu enemMeHTH
ce U3IOJI3yBaT: TPBOHU MPYXKUHU, MEMOpaHU, LWIMHIAPUYHM NPYKUHU U 1p. Hai-
TOJISIMO TIPUJIOKEHHE Ca HAMEPHIIM MAaHOMETPHUTE C €aCTUYCH MpeoOpa3yBaTell.

3. Metoau, ocHOBaBallM Cc€ Ha MEXaHMYHO YPaBHOBECSBAaHE Ha HaJSTAaHETO,
JIEICTBYBAIIO BBPXY OINpeiesieHa IUJIOL[ Ha MOABMXKHHUS My eneMeHT. KeMm ypenure,
OCHOBaBalll C€ Ha TEe3W METOIH, CHajaT OyTaTHUTE MaHOMETPH C MEXaHUYHO
ypaBHOBecsiBaHE. byTanHuTe MaHOMETpHU ce M3MOA3yBaT KaTo 00pasLioBU YPEIH.

4. Enextpuueckd MeToju. M3mMepBaHeTo Ha HajsiraHe MPU T€3M METOJM Ce OCHOBaBa Ha
3aBHCHUMOCTTa MEX]ly HAJISITAHETO M eJIeKTPUUECKUTE MapaMeTpy Ha mpeoOpa3yBaTeTHUs
eneMeHT. KbM ypenute, ocHOBaBallll c€ HAa TE3W METOJH, CIaJaT MUE30€JIeKTPUIECKUTE
MaHOMETPHU, MarHUTOEIACTUYHUTE MAHOMETPH, HOHU3aLIHOHHU MAaHOMETPH U JIp.



B 3aBucumocrt ot IIpUHIMIIA CH Ha HeﬁCTBHe, YpECAUTE 3a USMCPBAHC HA HAJIAAITAHC OouBar:
TCUYHOCTHH, IIPYKUHHHU /MexaHuuHu/ , 6YTaJ'IHI/I " CJIICKTPOMCXaHUYHU.

3.4.1. TeuHOCTHU MAaHOMETPH.

B TexHmueckurte HN3MCPBaHUA CC H3IO0J3YBAaT ABa THIIA TCYHOCTHU MAHOMETPU: U -
06p33HI/I M JamkoBu. U JABaTa THUIIa MAHOMCTPH Ca HAMCPUJIN MPUITOKCHHUEC 3a U3MCPBAHC
Ha CBPpBXHAJTAaHE, PAa3pCiKAaHC U pa3jivKa B HAJSATIaHC HAa TCYHOCTH U I'a30BC.

Koraro ce nu3mepna nansrane g0 7000 Pa, kato paboTHa TEYHOCT Ce U3MON3YBa BOJA, a 3a
Hasirane 70 0.1 MPa, paGoTHata TEUHOCT € KUBAK.

Ha ®wur. 3.4.1. e nmokazan U oOpazen manomernp. Toii mpexacraBmsia U - oOpa3Ha
CTBKJICHa Tpb0a, 3aI'bJIHEHA /10 MOJIOBUHATA CH C pabOTHA TEYHOCT. BhTpemHusar pasmep
Ha CTBKIICHUTE TPHOMYKH HE TpsiOBa na Obae mo-manbk oT 8§ — 10 mm, ako paboTHara
TEYHOCT € BOJa. B mpoTHBEH ciy4ail 3a paOOTHa TEYHOCT TpsOBa Aa ce MPEArovYnTa
CIIUPT, TOJIYOJI UJIH 5KUBAK.

PRFLILILTANLILNT)

¢wur. 3.4.1. U maHOMETBp ¢wur. 3.4.2. YanmoB MaHOMETBHP

PaGotHoTO Montoskerre Ha U 0Opa3HUsS MAaHOMETBP € BEPTUKAITHO.

I/I3MepBaHOTO HaJIraHE CC YPaBHOBCCABA C HAJLATAHCTO Ha CTBIO OT pa60THa TCYHOCT C
BHUCOYHMHAaA h, OIIpEACIICH KaToO CyMa OT CTHI00BETE h1 u h2. I/ISMepBaHOTO HaJArane B
MWJINMCETPU cTHJIO Ha pa60THa TCYHOCT MOXKEC J1a CC OIIPCACIIN B Pa upe3 (bopMynaTa.

P=gh(p-p,) ,3.423.

KBJETO g € 36MHO YCKOPEHHe Ha mp-> ILTBTHOCT Ha pabOTHATa TeuHocT, kg.m’; pe -
ILUTBTHOCT Ha OKOJIHATA cpea, kg/m’.

AKO € B CHJIa YCIIOBHETO, Y€ P, « P YPAaBHEHHETO TOOMBA BHU/IA:

P=ghp ,3.4.4.
YamkoBHUIT MaHOMETHD € nokazad Ha ¢ur. 3.4.2. Toif ce ChCTOM OT MUIMHAPUYEH ChI |
U CThKJIEHAa H3MepBaTenHa TpbOuuka 2. [Ipu m3MepBaHe MO-BHCOKOTO HaJsIraHe ce
1oJiaBa KbM LIMJIMHAPUYHUS ChJI. MI3MepBaHOTO HAJIsTaHe ce OTYMTA CaMo 110 BUCOYMHATA
h Ha cTpn0a TEUHOCT B TpHOUUKATA.



I'pemkata mpu wu3MepBaHe IMe OBJIE TOJKOBA IO-MajiKa, KOJKOTO TIO-TOJSIMO €
OTHOIICHUETO MEXKy HAIPSYHHUTE CCUCHUsS HA IWUIMHIPUYHHS ChbI U TphOWukata. [1pu
MoJIaBaHe Ha M3MEPBAHOTO HAJIATaHe, HHBOTO Ha TEYHOCTTA B YalllKaTa ce MOHMXKaBa ¢ hy,
a B TppOMYKaTa ce oBHIIaBa ¢ h;,

Axo ce o3Hauu ¢ F| cedennero Ha TppOMYKaTa, a ¢ F, ceueHneTo Ha MUIMHIPUYEH Ch]I,
3a paBEHCTBOTO Ha 00EMHUTE MOYKE JIa Ce 3aInIIe
hF =h,F, ,3.4.5.
a KaTo ce B3eMe MpeaABU, Ue
h=h +h, ,3.4.6.
KBJIETO h| € HUBO Ha TEYHOCTTa B TpHOMUKATa; h, - HUBO Ha TEYHOCTTA B YaIlIKaTa.

3a 06I_LIaTa BHCOYHMHA HAa TCUHOCTTA CC IMOJIydaBa:
F d’
h=hHd+LHFhH+— ,3.4.7.
F, D
rpeLHKaTa IOpu TE3U yp€Iu HC HaJIBUIIIaBa + 1 mm 3a €AHO ACIICHUC Ha CKajlaTa.

3a u3MepBaHe Ha MaJKU HAJSITaHUs C€ M3MOI3yBaT MUKpoMmaHometpu /ur.3.4.3/. Te ce
CBCTOSAT OT MUJIMHAPUYCH ChJ 1, HaKJIOHeHa TphOMUYKa 3 U M3MepBaTesIHa cKaja 2.

®ur.3.4.3.
MukpoMaHOMETBP

W3non3yBanarta KOHCTPYKIMS TO3BOJISIBA JIa C€ YBEIWYM IBJDKMHATA Ha CKalaTta, MpU
U3MepBaHe Ha MAaJKd HAaIATaHWs, C KOETO ce HamalsiBa TpelrkaTa Ipu OTYMTaHEe Ha
BHCOYHMHATA Ha TeyHOCTTa h;. Bpp3kaTa Mexxay BUCOYMHATA HA TEYHOCTTA U TBJDKMHATA
Ha TppOMUKara | ce 1aBa chC 3aBUCHMOCTTA
/= u

sinQ
Bpp3karta Mexay IbIDKHHATa Ha TPHOMYKATa M HM3MEPBAHOTO HAJSTaHE MOXE Jla ce
ompesnean OT PaBEHCTBOTO Ha OOEMHTE HA JBaTa CTHIOA TEYHOCT - B YallkaTa U B
TpbOMUKaTa:

,3.4.8.

IR =hoFy, 349,
KBACTO F1 € HalIpCYHOTO CCUYCHHC Ha Tp’b6I/I‘IKaTa, m ,Fz — HAIIpEYHOTO CCUYCHHUC Ha
2
qamkaTta, m h2 - BUCOUHMHATA Ha CT’LH6a TSUYHOCT B 4HalllKaTa.

Bucounnara Ha cTbi10a TCYHOCT, KOUTO YpaBHOBECABA U3MCPBAHOTO HAJTAHE €



h=h +h, ,3.4.10.
Karo ce 3amectst h; u h, ot u3pasute 3.4.9. u 3.4.10 ce momy4yaBa

h ﬂ%ina +5E 3.4.11
F2

M3mepBaHOTO HaJsSTaHE Ce MOTydaBa

P =hpg :Z%ina +£%g ,3.4.12
FZ

. K
Axo HU3pa3bT pg%md +Fl CC IIpUCMCEC 3a IIOCTOSAHCH, 3a U3MCPBAHOTO HAJIATaHC CC
2

mojriydaBa
P =kl ,3.4.13,

KBAETO Kk € KOHCTaHTa Ha ypena.
Ha ¢wur.3.4.4. e mokaszaH mMOIJIaBBKOB MaHOMETHp. Toil mpencrtaBmsiBa U oOpaseH
MaHOMETBp, B YalllkaTa Ha KOWTO € MOMECTeH NOIUIaBbK. [IOTIaBBKBT € CBBbp3aH 4pes3

JIOCTOBA CUCTEMA CHC CTPCJIKATA Ha IMTOKa3BalllUTE YpCIau.

Paznukara B HalIsIraHETO P1 - P2 CC YpaBHOBECABA OT cTBhI0a TEYHOCT ¢ BUCOYMHA

H= hl"l‘ h2 5 3.4.14.
Axo ce OTYCTC, UC YCIIOBHUCTO 3a paBHOBCCUC CC U3pa3saBa OT 3aBUCHUMOCTTA
P-P=H(p-p.)g ,3.4.15.

U, 4e 3a ch0Be ¢ uIMHApu4Ha ¢popma f u F ca cBbp3aHu ¢ paBeHCTBOTO A, F = A f umm

h =h, D, , TOraBa
d2

D2
H:hZE+?Ep—pc)g ,3.4.16

2

B 3.4.16, 1+? u g(p— C) Ce IOCTOSHHM BEIUYUHH, CIEIOBAaTEIHO MOXKE Ja Ce

3aluue CICaJHOTO
P~ P, =k, ,3.4.17.
K’BI[CTO k € KOHCTAaHTa Ha ypcaa.

Karo 3aIlbJIBallla TCHHOCT 34 TO3U TUII MAHOMCTPHU CC HU3II0JI3YBa Hal-4ecTo XUBakK. ToBa
€ €aHa OT OCHOBHHUTC NPUYHNHHU 3a OTPAHUYCHOTO UM HU3IIOJI3YBAHEC.

[TorraBbKOBUTE MaHOMETPHU CE HM3IIOJI3YBAT 3a U3MEpBaHE Ha Pas3Xo[, Maj Ha HalsAraHe
MIpHU HeroJieMu cBpbXHamsranus /mo 250 kPa/.



( 0
®wur.3.4.4. [lonnaBHUKOB ®wur.3.4.5. IlpecTeHoBHUICH
MaHOMETHP. MaHOMETHP.

3a uW3MepBaHE Ha CpPAaBHUTEIHO MAJKU HAJSTaHUS CE€ W3MOJ3YBaT INPHCTCHOBHIHU
MaHomeTpu /¢wur.3.4.5./. M3mepBarenHUSAT €JEMEHT Ha Te3W Ypeau Tpe/CTaBisiBa
TOPOH/I, BBTPEIIHOTO MPOCTPAHCTBO HA KOWTO YACTUYHO € 3aITbIHEHO C BOJA, MACJIO WIIH
YKUBAK.

IIpu nonoxenue, ye P; > P, HUBOTO Ha JisIBaTa MOJIOBMHA C€ HaMalsBa, a B JsCHATa CE
nosuiasa. Pasnmukara B HUBaTa € IIPpOMOpIHHUOHAIHA Ha pa3/IMKaTa B HAJLITaHHUATA.

P+P =f(hpg)  ,3.4.18.
HOII I[CﬁCTBHC Ha HM3MCPBAHOTO HaJKIraHe CC€ HM3MCCTBAa LCHTHPHBT HaA TCEXKECTTAa Ha
CUCTEMATa, KOCTO Cbh3JiaBa BbPTALL MOMEHT MH PaBCH Ha:

M, =2(P1 -P)Sr  ,3.4.19
KbBJIETO S € TJIOIl Ha CEYEHUETO, M~ ; T - CPEJIEH paJnyc Ha Topa, m.

[ox nmeiicTBHE HAa TO3M MOMEHT M3MEpHTENIHATa TphOa Ce 3aBbpTa OKOJIO OMopaTa Ha
OKAuYBaHETO, TOBA MPEIM3BUKBA MOABATA HA IIPOTHBOICHCTBYBAI] MOMEHT
M, = pasing , 3.4.20.

kbaeTo P e terno, N ; a - pa3cTOSHUETO OT IIEHThpa Ha TEXKECTTa JI0 TOUKaTa Ha Oropara,
m.
OT paBeHCTBOTO HA JIBaTa MOMEHTA CJIEJBA, Y€
F+P, :&Sina ,3.4.21
Sr
WIn
B+ P =ksina ,3.4.22.
Ot dopmyna 3.4.22 e ouyeBMIHO, Y€ CKajlaTa Ha TO3W TUI MAHOMETPH € HEJIMHElHa.
‘breabt, 3a mOBeYETO ypeau OT TO3M THUIl HE HaJBU-111aBa 60°.
OcHoBHaTa JOMYyCTHUMa IpeIKa Ha MPBCTEHOBUIHUTE MAHOMETpHU He mpeBumansa 1,1 —
1,5 % ot ropHaTa rpaHuiia Ha U3MEpPBaHe.

IIpenuMcTBO Ha NPBCTEHOBHIHUTE YpEeIWd IO OTHOLIEHWE HA paslVIeJaHUTE J0cera e
OTCBHCTBHUETO HA YIUITBTHEHHUS U OOCTOSITEICTBOTO, Y€ UyBCTBUTEIHOCTTA UM HE 3aBUCH OT
M3MEHEHHETO Ha IUTBTHOCTTA Ha paboTHATa TEYHOCT U Ha CpeaTa HaJl Hesl.



KbM HemoctarpiuTe Ha TE€3UW ypeAM MOraT Ja c€ OTHECaT YyBCTBUTEIHOCTTa KbM
Ka4ecTBOTO Ha MOHTaka W HAJIMYMETO Ha TPBHOWYKH, MOJBEXKJAIIM HAIATAHETO, KOETO
MO>K€ J1a BHECE IPELIKH IIPU U3MEPBAHETO.

OcCBeH ONMMCaHUTE JIBa TUIIA TCUHOCTHU MAaHOMETPH, CHINECTBYBAT U APYTH, KOUTO HIMAT
MPAKTUYECKO 3HAYCHUE IMPHU HM3TPaXkJaHe Ha ChBPEMCHHHTE CHCTEMH 332 aBTOMATHYCH
KOHTPOJL.

34.2. ypeI[I/I 3a UIBMCPBAHC HA HAJITAHC C €JIAaCTUYCH U3MCPBATCIICH CIICMCHT.

B 3aBHCHMOCT OT BU/a Ha €ACTUYHUS €IIEMEHT, Te3U ypeIOu Ce Pa3lelisiT Ha CICIHUTE
rpynu: TpHEOHO-TIPYKUHHHN; MEMOpaHHU; CUI(OHHN U KOMOMHUPaHH.

TpBOHO-TIpYKMHHUTE MOTaT Ja ObJAT ¢ €JHOBUTKOBA NPYKWHA WK C MHOTOBHTKOBA
TpbOHa mpyxwuHa /pur.3.4.6 a,06/. B MeMOpaHHUTE YYBCTBUTEICH €IEMEHT € MeMOpaHa,
MeMOpaHHa KyTUs WK OJIOK OT MeMOpaHnu /¢ur.3.4.6.8,1,1/.

B cundonnuTe n3mepBareseH eneMeHT e roppupana npyxuHa /CuiIoH/ W cucteMa oT
cunponn /¢pur.3.4.6 e x/. B koMOMHUpaHUTE ypenau c€ H3IMOJI3YBaT ChUETAHUS OT
MeMOpaHu ¥ CHIIPOHHU, MEMOpPaHU C BUHTOBU NIPYKUHHU U CUII()OHU C BAHTOBH MPYKUHHU.
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@ur. 3.4.6. Enactuunu ypeau 3a u3MepBaHe Ha HaJlsiraHe.



3.4.3. TppOHO-TIPYKMHHU MaHOMETPH.

Karo npeoOpa3syBaTren Ha HaJITaHETO B Te3M MaHOMETPHU CE€ U3IOJ3yBa €THOHABUBKOBA
WM MHOTOHABMBKOBa TpbOHA TNpPY)XHHA, HapedyeHa omie TpwhOa Ha bypmon /¢ur.3.4.7/.
EnmactuyHusaT eneMeHT 3 € ¢ eIMNTUYHO WJIM OBAJIHO cedeHue. Tol € OorbHar 1o
OKpBkHOCT Ha 270° u mo-psiako Ha 180°. EqunusT My Kpail € 3akpereH 3a TSJI0TO Ha
MaHOMETBpa 2, a JpYruar € cBoOoaeH W 3amymieH. lIpemecTBaHeTo Ha TpbOHaTa
npyXruHa 3 ce OCHIIECTBSIBA 32 CMETKA Ha pas3liMKaTa B HAITAHHUATA HA BHTPEIIHATA U
BBHIIHATA MMOBBPXHOCT HA M3MepBaTelHaTa TphOWuka. [IpemecTBaHETO HA ENACTHYHUS
€JIEMEHT 3aJIeHCTBYBa MpeJaBaTesIHU MEXaHU3bM, ChCTOSI c€ OT jocTa 4 U cekropa 3.
Upe3 360HO KOJIEN0, 3aIENIEHO ChC CEKTOpa,. JBUKEHHUETO Ce MpeiaBa Ha CTpeskara 7.
[TnockocniupanHarta npykuHa 8§, KOMIIEHCHpa XJaOWHUTE, BB3HUKHAJIU B PE3yNTaT OT
M3HOCBAaHE Ha MEXaHWYHATa CHCTEMa Ha ypela M YCTAaHOBSIBA CTpeEJIKata B M3XOJHO
/HyneBo/ nosioxeHue. Vi3aMepBaHOTO HaJsraHe ce MojaBa Mpe3 BXOJAHOTO OoTBepcTHe 1.
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®wur.3.4.7 TppOHO-TIPY’)KUHEH MaHOMETBP

['opHaTa rpanuia Ha wW3MepBaHe Ha MaHoMeTpuTe ce m3bupa ot pema: 0.06;0,1; 0.16;
0.25;04;0.6;1;2.5;4.0; 6.0; 10.0;16.0; 25; 40; 100; 160; 250; 400; 600; 1000 MPa.

Cwranacuo B/IC 5080-71 ce momycka paboTHaTa rpaHuila Ha U3MEpBaHe J1a Ob/Ie paBHA Ha
3/4 oT ropHara rpaHdIla Ha M3MEpBaHE MPHU IOCTOSHHO HajsraHe u 2/3 OT ropHara
rpaHMIla MPH U3MEpBaHE Ha MPOMEHJIMBO HajsraHe. ToBa HM3MCKBaHE c€ JUKTYyBa OT
00CTOSITEJICTBOTO, Y€ MPEMECTBAHETO HAa CBOOOJHHUS Kpail Ha elacTUYHATa MpPYKHHA €
NPOTOPIUOHAIIHO Ha HAJATAHETO JI0 ONpejerieHa rpaHuma. [Ipu mpeBumaBaHe Ha Ta3u



I'paHHIla JIMHEMHATa 3aBHCHUMOCT C€ HapyniaBa. ThU KaTo ,I[e(i)OpMaI_[I/IHTa 3aro4Ba ga
HapacCTBa 1'[0-6”bp30 OT HAIIATaHCTO.

Manomerpute ce u3paborBar ¢ nuamerpu Ha Tsutoto 40, 60, 100, 160 u 250mm. Haii-
BHMCOK KJIac Ha TOYHOCT UMaT MaHoMeTpute ¢ auameTsp 160 u 250 mm.

MaHOMeTpI/ITe C MHOI'OBHTKOBAa Tp’b6Ha IIpYy>KHHa CC pasjindaBaT OT CAHOBHUTKOBHUTC II0
q)opMaTa Ha 9YBCTBUTCIIHUA CIICMCHT, U3IIBJIHCH KAaTO NWIMHAPUYIHA BUHTOBA CIIMpajia C
et A0 ACBCT BHUTKMH. Te3n yp€an €€ H3MNO0JI3YyBAT KAaTO CaAMOIIMUIICIITH YCTpOfICTBa, 6e3
CHUCTCMaA 3a IPpCAaBaHC Ha IMOKa3aHUATAa Ha pa3CTOSHUC.

3.4.4. Ypenu 3a uaMepBaHe Ha HaJIATaHE C MEMOpaHHU U cUJI)OHHU TIPeoOpazyBaTelu.

[lpy Te3m w3MepHTeNM Ha HasraHe KaTro YYBCTBHTENICH €JEeMEHT ce H3MOoJ3yBa
MeMmOpaHa, MeMOpaHHa KyTusl WM ToppupaHa TphOUUYKa. 3a U3MEepBaHE HA HAIATAaHE Ce
M3II0JI3YBAT KaKTO €IaCTHYHU /HamperHaTu/ MeMOpaHu, Taka U HeeJIaCTUYHU /OTITyCHATH/
MeMOpaHH.

N
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®ur.3.4.8. MemOpaHeH MAaHOMETHP ®ur.3.4.9. MemOpaHeH MaHOMETBD -
MEMOpaHEH THUII

CxeMara Ha MacoBO M3MOJI3yBaHUSI MAHOMETHP MEMOpaHeH THI € Toka3aHa Ha ¢wur.3.4.8.
Hampernarata memOpana 5 € ¢ TBBPI IIEHTBp, KaTO €JacTHYHATA CHJIa C€ Ch3JaBa OT
WIMHAPUYHATA TPYXUHA 2 U ChpIIEBHHATA 3 Ha JU(epeHIHaTHO-TpaHCHOPMATOPHUS
npeoOpa3yBaten 4, KOraTo HajsraHeTo Haj MemOpanara /P,/ € mo-BUCOKO OT TOBa mMonX
MemOpanara /P,/ cppueBuHaTa ce mpemMecTBa MOA JICHCTBHE HA €IacTUYHATA CUJIa Ha
Npy)KHHaTa, 70 YCTaHOBsBaHE Ha paBHOBecue. [IpemecTBaHETO Ha ChplLIEBHHATa ce
npeoOpa3yBa B IPOMEHJIMBO HAIIPEKEHHE C OIpe/iesIeHa aMILIUTY/ 1a.

MewmOpanuTe ce u3paboTBaT OT CTOMaHa WM OpOH3 W TPEICTaBISABAT KPBIJIH
THHKOCTEHHH IUTACTUHU C ompeneneHa nebemuna. Ilox neiictBue Ha paBHOMEPHO
pasmnpesieNieH TOBap WM ChCPEAOTOUYCHA CUJIa, TBBP/IO 3aKperneHara MeMOpaHa IpOBHCBA.
[TpoBucBaneTo Ha MeMOpaHaTa € ClOXHA (DYHKIMS HAa HAIATaHETO, TEOMETPUYHHTE



pa3mepu, KakTo ¥ Ha MOJIyJia Ha TMHEWHa nedopmarus. 3a Ja ce YBeJIU4H MPOBUCBAHETO
Ce M3MOJI3yBaT MEeMOpaHHU OJIOKOBE M MEMOpaHHH KYTHH.

CxeMatnyHo AudepeHIraleH MaHOMEThp ¢ MeMOpaHeH OJIok e moka3aH Ha ¢wur.3.4.9.
brokbsT ce chcTom OT ABe MeMOpaHuW 2 W 3, 3aBJIHEHH C TEYHOCT, XEPMETHYECKH
M30JIMpaHU €lHa OT JIpyra upe3 Kkamepute 7 u 8 u nperpanara 1.

[Ipn mogaBaHe Ha MO-BUCOKO HaliraHe B JOJHATa KaMmepa, paslojoXeHaTa B Hes
MeMOpaHHa KyTHsS C€ CBHBa W TEYHOCTTA OT Hes NpPEeMUHABa Tpe3 CBBbpP3BAIIUs
MeMOpaHHWTE KaHal B ropHara MemOpaHHa KyTus. B pesynarat Ha TOBa, ropHara
MeMOpaHa ce pa3lIMpsiBa U MpeMecTBa ChpleBUHATA Ha NpeoOpasyBartes S.

Karo HECOOCTAaTBK Ha MeM6paHHI/IT€ ype€anu MOKE Jia €€ IIOCOYU CPABHUTCIIHO MAJIKUA XO4
Ha NOABHXXHHA NECHTHBP Ha YYBCTBUTCIIHUA CICMCHT, 3HAUUTCIHOTO OTKIOHCHUC Ha
TBBPAOCTTA HA MeM6paHaTa. Te3u HCOOCTAaThIU Ca HA30SATHATH B yYpeanuTe CbC CUJI0OBA NN
IIHCBMATH4YHA KOMIICHCAaIl .

®wur.3.4.10. Cundon

W3mepBaTenHUAT €NeMEeHT MpH CUI(POHOBUTE Ypeau 3a H3MEpBaHE Ha HajsraHe
MpejacTaBisiBa ThbHKOcTeHHa TpwhOa /pur.3.4.10/ ¢ Hanpeunu robpu. Cundonurte ce
M3II0JI3YBAT 3a Haysrane 110 2,5 MPa u paznuku B Hamsranusita 1o 0,2 MPa. IIpu pabora
Ha CBUBaHE HU3AbpXKaT HayArade 1,5-2 mbTH MoBeude, OTKOJIKOTO MPHU Bb3ACHCTBHE HA
HAJIATAaHETO OT BBTpE. TBBPAOCTTAa Ha cUI(OHA 3aBUCH OT T€OMETPUUHUTE MY pa3MepH,
nebenuHaTa Ha CTEHUTE Ha TpbOaTa O , MACTUYHHUTE CBOWCTBA HAa MaTepuaja, paanyca
Ha 3aKpbIyieHHe Ha ro¢pute R 1 brbja Ha yIUTBTHEHHUE, 0.

CrpliecTBEH HEAOCTaThK Ha CWI(GOHUTE € 3HAUYUTEIHUAT XHCTEPE3WC M H3BECTHA
HEJIMHEMHOCT Ha XapakTepucTUKaTa. 3a Ja Ce YBEIMYM TBBPAOCTTa, KAKTO M Ja ce
HaMaJM BIMSHUETO HAa XHUCTEpE3Uca M HEIMHEWHOCTTa BBPXY TOYHOCTTA, HAN-4ECTO
cwiI(hoHUTE ce U3MOI3yBaT B KOMOMHAILIMS ¢ BUHTOBU IPY>KUHU.

3.4.5. ByranHu MaHOMETpH.

B nabGopatopHara mpakThKa 3a TapupoBKa /TpaaynpaHe/ W TpPOBEpKa Ha pPa3IUYHU
MaHOMETPU C€ H3Moa3yBarT OyTanHu MaHoMeTpu. llpuHnunHarta cxema Ha OyTaiieH



MaHOMETBp € mnoka3ana Ha ¢ur. 3.4.11. M3MepBaHOTO HajsraHe ce IMoJaBa KbM
UuIMHABpa 1, 3ambiaHeH ¢ TedyHocT. Hansranero Ha TEYHOCTTa ce ypaBHOBECSBA OT
TernoTo Ha Oytanoro 2, nucka 3 u texecture 4. [lpu paBHOBecHe Ha cucTeMaTta MOXe Jia
ce 3aruiie

I
!

@ur. 3.4.11. bByranen MmaHOMeTBp

CJICIHOTO paBC€HCTBO:

PS=G+Go
,3.4.23
p= G +SG5

KbJeTO P € n3mMepBaHoTo Hamsrane; S - cedeHne Ha Oyranoro; G — Terjio Ha TEKECTHUTE;
G9 - Terso Ha OyTanoro.

BYTaJ'IOTO U MUWIMHABPBHT CC I/13pa6OTBaT MHOTO IIpEeIMU3HO, TaKa Y€ HC € HCO6XOI[I/IMO JAa
CC UBIOJI3YBAT YIUNIbTHUTCIIHA YCTPOﬁCTBa KaTO MaHIICTH, IPBCTCHU U AP.

ByranHute MaHOMETpH c€ KOMIUIEKTYBaT C YCTpPOMCTBa 3a Ch3JaBaHE Ha HaJAraHe,
MOHTHpaHE U KOHTPOJI Ha Pa3IuyHu THUMoBe MaHoMmeTpu /ur.3.4.12/. To3u KOMILIEKT €
M3BECTEH 0]l HaWMMEHOBAHMETO MaHOMeTpuuHa mpeca. HeobGxoaumoro HamsraHe ce
ch37aBa OT BUHTOBA Mpeca 2 ¢ Oyrano 13. byranoro Ha mpecara ce nmpeMecTBa OT BUHTA
12 u MmaxoBuka 14. ByramHUsAT MAaHOMETBP CE€ ChCTOM OT MUIMHABP | OyTano 3, AucKoBe
4 u texecrn 5. U3xoautre 6 M 7 ce M3MONA3YyBaT 3a MOHTHpPAHE HAa KOHTPOJIMPAHUTE
MaHOMeTpU. B equHus M3Xoj ce moCTaBsl €TAJIOHHUSAT MaHOMETHpP, a B JAPYrUsl U3XOJ -
KOHTPOJIMpaHUsi MaHOMEThp. KaTo paboTHa TEYHOCT ce M3MON3YBaT pa3iMyHU BUIOBE
Macla, Kato: TpaHCPOPMATOPHO, TypOUHHO, PHUIIMHOBO U Jp. TeYyHOCTTa ce mojaBa KbM
oTAenHUTe u3Xoau upe3 kpanoBere 9, 10 m 11 or pesepoapa 15 u kpana 16.
HeobxonuMoTo mpoTHBOHANSTaHE B IMUIMHABpAa | ce ch3maBa 4ype3 Texecture 4, 5,



rojJJ€MHHaTa Ha KOUTO CC noz[6npa B 3aBUCHMOCT OT ropHaTta rpaHvlia Ha HaJITaHC Ha
KOHTPOJIMpaHUs MaHOMETDBDP.

MaHOMETpUYHUTE TIPECU CE€ OTHACIT KbM KaTEropusTa Ha Hall-TOUHUTE YCTpOWCTBa 3a
u3MepBaHe Ha Hajsrase. [lopanu ToBa Te ce M3MONI3YBAT 3a KOHTPOJ Ha BCHUUKU JPYTU
ypenu, NpeAHa3HauYeH! 3a U3MEpBaHe Ha HaJsraHe.

CHHHMK |

12 13 2 10 ! 7
¢wur.3.4.12. ManomeTpuyHa mpeca.

3.4.6. Enextpruecku ypeau 3a U3MEpBaHE Ha HaJsiraHe.

IIpu enekTpuyeckuTe ypeau 3a W3MEpPBAaHE Ha HaJsAraHe, W3MEpPBAaHATAa BEIWYHMHA CE
npeoOpa3yBa ITUPEKTHO B ENEKTPUYECKH MapaMeTbp. TUIMUYHH TPEICTaBUTENN Ha TO3U
TUINl ypeau ca MUE30€JeKTPUYHUTE, MAarHUTOENACTUYHHUTE, KalallMTUBHUTE W APYTU
M3MEpUTENH Ha HaJsIraHe.

[TuezoenexTpuyeckuTe MAaHOMETPU MPeoOpa3yBaT TUPEKTHO HAIATAHETO B EIEKTPHUECKU
notennuan. Ha ¢wur.3.4.13 e mnokazaHa cxemara Ha YyBCTBUTEJICH €JIEMEHT Ha
MUE30€JIeKTPUYECK MaHOMEThp. 3MepBaHOTO HaisiraHe ce BB3MpUEMa OT THHKA
MeTajiHa MeMOpaHa 1, KOSTO mpeArnas3Ba YyBCTBUTEIHHs €JIEMEHT OT NPOHUKBAaHE Ha
u3MepBaHara cpena. Hamsranetro Ha memOpanata 1 upe3 Bpb3kara 8 ce mpegaBa Ha
KBapIIOBUTE TUTACTUHKY 2 1 3. MeXIy IUIaCTHHKUTE € MOHTHpaH enektpoasT 7. Chepara
4 u xamaykarta 5 cioyXaT 3a peryjilpaHe Ha KOHTAaKTHOTO HaJsiraHe MEXAY €JIEKTpoJa U
kBapuoBuTe MmiactuHku. lynepsr 9 cuyxu 3a cBbp3BaHE Ha MAaHOMETbpPAa KbM
KOHTpOJIMpaHuTe TpbOorpoBoau. OTpunaTeTHUTE 3apsiid ce OTBEXKIAT OT Kabena 6, a
MOJIOKUTEITHUTE OT KOpITyca Ha ypeaa.

HenocraTbuure Ha NUE30€NEKTPUYECKUTE MAHOMETPH Ca: MAJIOMOLIEH M3XOJEH CUTHAJ;
BHUCOKO M3XOJHO CBHIPOTUBJICHHE U TPYIHOCTU MPU M3MEPBAHE HA CTATUYHO U3MEHSIIN
ce HayAranus. M3nonsysar ce 3a u3mepBane Ha Hansrade 10 100 MPa.
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®ur. 3.4.13. [Iue3zoeneKTpuyecKd MaHOMETBP

MarauTtoenacTuIHU MaHOMCTpH

PaspaGorenn ca  BB3

OCHOBAa Ha

MAarsuTocjiaCTH4Hu
MaruuToeaacTHIHUTE Hpeo6pa3yBaTeJm nuMmar I10-CHJICH H3XOJACH CHIHaJl, KOCTO TH
IMpaByu MOoAXOJAAIIN 3a USMEPBAHEC HA HUCKH HAJIATAHUA. Henocrarsiiure uMm ca CBbp3aHn

C HCAOCTAaThbIUMUTC HA MAarHUTOCJIIACTUYHUTC Hp€06pa3YBaT€J'II/I.

JleiicTBueT0 Ha KamalUTUBHUTE MAHOMETPU CE€ OCHOBaBa Ha HW3MEHEHHETO Ha
KamamuTeTa Ha KOHJEH3aTOpHA CHUCTEMa, B 3aBUCHUMOCT OT H3MEPBAHOTO HAaJsATaHeE.
YCeTpolcTBOTO Ha KalallUTHBEH MAaHOMEThp € Toka3zaHo Ha ¢wur. 3.4.14. Mexny
¢manuTe Ha Kopmyca 1 e mpuTHCHAaTa MeTaqHa MeMOpaHa 2, KOSTO IMpeJCTaBisiBa U
€IMHUS eJIEKTPOJl Ha KOHJIEH3aTopa. JpyrusiT eneKkTpol € U3IMBbJIHEH Ype3 HEMOABHKHHUS
quck 3. M3MepBaHOTO HajsiraHe, KOETO Ce MoJaBa 4pe3 BXoJa 1, U3MeHs pa3CTOSHHUETO
MEXAy eleKTpoauTe 2 W 3 Ha KOHJeH3aTopa. B pesynrar Ha ToBa ce MpOMEHS H
KamanuTera Ha cucremara. CUTHAIBT OT €JIEKTPOAUTE Ce CHeMa M 4pe3 U3BoJuTe 4 ce

KaHaI_II/ITI/IBHI/I MaHOMCTpPH.

110/1aBa KbM YCHJIBATEIsI MM KbM PETUCTPUPALINTE YCTPOMCTBA.

3 4
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¢wur.3.4.14. KananutuseHn
MaHOMETBP

®ur.3.4.15 - IudepennmaneH
KarnaluTHBEH MaHOMETBP

npeoOpa3yBaTey.



[[Iupoko mpuokeHUEe 3a U3MEpPBaHE Ha Pa3iiMKa B HAJIATaHE € HAMEpUJI KarmalUTUBHHUS
mudepeHanes Mmanomersp /¢ur. 3.4.15/. Toi ce cberon oT MmemOpana 1, enextpoaun 2
u 3, pazgenutennn memOpanu 4 u 5. [Ipu Bb3HMKBaHE Ha pa3liMKa B HaISITaHETO Ha
JsBaTa U JiFICHAaTa 4acT Ha MaHOMeTbpa, MeMOpaHaTa | ce nedopmupa, a pa3CTOSHUETO
MEXIy Hes M eneKkTponute 2 W 3 ce m3MeHs. Taka ce oOpasyBaT JBa KOHIEH3aToOpa,
MeXx Iy MeMOpaHarta u eekTpos 2 ¢ kamanuteT C; U MeXIy MeMOpaHarta u eJIeKTpoa 3 ¢
karmauureT C,. Mex 1y ABaTa KanaiuTeTa ce mojyyaBa pas3jiiKa paBHa Ha
C= C1 — C2
Ta3u mpoMsiHa Ha KalalUTETHTE Ce MPeoOpaszyBa B €IEKTPHUUECKU CHTHAIL

KanmanutuBHUTE MaHOMETpPH HpHUTEXaBaT BHCOKAa UYBCTBUTEIHOCT, JOOpU MEXaHUYHU
CBOICTBA M MAJIKU rabapUTHU pa3MepH.

HenocraTbk Ha KanmanUTUBHUTE MAaHOMETPH € CUJIHOTO BIMSHUE Ha Napa3suTHH
KaIlaluTeT, MOpand KOETO Ce Hajara CTapaTeaHO eKpaHHUpaHe Ha BCUUYKU €JEKTPUUYECKH
BEPUTH.

3a 3HAUUTENIHO HaMaJsIBAHE Ha BIMSHHETO HA KarmanuTeTa Ha Kabena, CBBpP3Ball
OBPBUYHUS NpeoOpa3yBaTeNl C eJIeKTPOHHAaTa CXeMa, IIoceHaTa ce Brpaxaa B
npeoOpasyBatens. TakoBa KOHCTPYKTHBHO peIIEHHE OrpaHUYaBa TeMIICPaTypHUS
MHTEPBAJ, B KOWTO MOXe Ja paboTH N3MepBaTeIHUS peoOpa3yBaTed.

MeMOpannuTe 3a KalallUTHBHHUTE IpeoOpasyBaTesld ce H3padoTBaT OT CIUIABH C
TeMIieparypeH koeduiueHT Ha FOHT, Omu3bK 10 Hynata. B cimyuaute, ako MemOpaHaTa
paboOTH KaTo pa3feiuTelN, TO TS ce U3paboTBa OT KOPO3ZHOHHO YCTOWYUBH CILJIABH.

B kauectBoTO Ha OydepHa cpeaa ciykella eIHOBPEMEHHO KaTO JUENEKTPHK, ce
U3I10JI3yBa CUJIMKOHOBO MAcJIo WM Jpyra TeMIEpaTypHO-YCTOMYNBA TEUHOCT.

KananutusHuTte npeoOpasyBaTeny ce M3IO0I3yBaT 3a U3MEpPBaHE Ha HaAraHUs Ha ObpP30
W3MEHSIIIU C€ IPOLECH U HUCKU HaJISITaHUS.

3.4.7. Enextpudecku mpuOOpH 32 U3MEPBAHE HA BAKYyM.

VYpenute, KOUTO ce U3IOJI3YBAT 32 U3MEPBAHE Ha BaKyyM, ce Hapuyar BakyymmeTpu. Te
MO3BOJIABAT H3MEPBAHETO Ha BakyyM B wuHTepBana ot 1330 mo 1330.107 Pa.
CBHOTHOIIIEHUETO MEXKAY OTACITHUTE U3MEPBATEIIHU SMHUITH € ajieHo B Tabnuna 3.4.1.

3a u3MepBaHe Ha BaKyyM C€ M3MOI3YBaT CICTHUTE MPHOOpHU: BaKyyMMeTpH Ha Oa3zaTta Ha
TEPMOCBHIIPOTUBIICHUS, U3MepBaT Bakyym oT 1330 -1330. 10~ Pa; BAKYYMMETPH,
n3paboTeHN Ha OCHOBA HA MarHUTOEJIEKTPO3apsIIHU YCTPOWCTBA, M3MEPBAT BAKYyM OT
1330 .10 - 1330 .10 Pa; mpuGopu ¢ HOHM3AIIMOHHH PeoOpasyBaTelId, H3IOI3YBAT Ce
3a U3MepBaHe Ha BaKyyM B uHTepBaia 1330 10”10 1330 .107 Pa.



Tabmuma 3.4.1.

Enununm Pa kg.f/m” kg.f/m” mm(H,0) mm(Hg)
1 1 0.10197 | 0.10197.10° | 0.10197 7.50.10”
1 9.80665 1 10 1 73.55.10”
1 98066.5 10° 1 10° 735.56
1 9.80665 1 10° 1 73.55.10”
1 133322 | 13.595 | 13.595-107 13.595 1

[TpuHIIMTTHATA CXeMa Ha BaKyyMMETBD, pa3paboTeH Ha 0a3aTa Ha TEPMOCHIPOTUBIICHHUS,
e moka3zaH Ha ¢ur. 3.4.16. TeMpoChIIPOTHBIIEHUE CE SBSBA HUIIKATa 1, KOSTO ce Harpsipa
C TPOMEHJIMB TOK. AMIEpPMETBPBT M pPEoCcTaThT, BKIIOYEHH BBB BepUrara Ha
TEPMOCBHIIPOTUBJIEHUETO, CIyXaT 3a MOJUIbp’KaHe Ha IIOCTOSHHA CTOMHOCT Ha
3axpaHBamys TOK. PaOOTHHMAT Kpail Ha TepMOJIBOMKara € 3aloeH B IIEHTbpa Ha
TEPMOCBHIIPOTUBJIEHNETO.  TepMoeneKkTpoJBMKelaTa CuWla ce  HM3MepBa  4pes
MUJIMBOJITMETHP, BKJIIOUYEH BbB BepUraTa Ha TEpMO/IBOIKaTa.

BakyymMMmeTBpbT € n3paboTeH KaTto CThKICH OaloH, €IUHUAT Kpall Ha KOHTO ce CBBbp3Ba C
u3cienBaHus 00ekT. TepMOCHIPOTUBICHUETO € pa3padoTeHO Bb3 OCHOBA HA IUIATHHOBA
Huiika ¢ auamersp 100 mm, a TOKBT, KOUTO ce MHAYKTUPA, CE€ U3MEHS B TPAHUIIUTE OT
200 mo 280 mA.

BakyymmeTspbT Mepu C rossiMa rpemka, gocrurama g0 20 %, mopaam Koero ce
U3I0JI3yBa KOpUTHpalla KpuBa 3a OTYMTaHE Ha JEHCTBUTETHUTE CTOMHOCTH Ha BaKyyMa.

@ur. 3.4.16. Bakyymmersp ®ur.3.4.17. YckopsBaiio ycTpoicTBO

B MarHuTO-€NeKTpo3apsHUTE BAaKyyMMETPH C€ H3IOJ3yBa SIBICHHETO EIEKTPUYECKO
pa3pex/iaHe Ha ra3 B MarHUTHO I0JIe ¢ BUCOKO Hampexenue a0 3000 V.

B CHIIHO €IeKTPOMAarHUTHO IO0JIE TPAEKTOPUUTE Ha EIEKTPOHUTE C€ U3KPUBABAT, IIOPaaH
KOETO T€ CHJIHO yBEJIM4YaBaT IbJDKMHATA Ha cBOOOMHUS cu mpober. ToBa yBennuaBa
BEPOSATHOCTTa OT COJBCKBAaHE C HEYTPAJIHM MOJEKYJIM Ha ra3a U BB3HUKBAHE Ha
HOHM3aLMs Ha TE3U MOJIEKYJIH.

Ha ¢ur. 3.4.17 e moka3zaHO YCTPOWCTBO 3a yABbJDKaBaHE Ha CBOOOJHHS MpoOer Ha
€JEeKTPOHU. AKO B €JNEKTpUYECKO ToJjie, ch3maBaHo oT karoaute K; u Ky u



MPBCTEHOBUIHUS aHOJ A, eiCTByBa MarHUTHO MOJI€ ¢ HanperHarocT H, To enekrponuTte
e ce MpeMecTBaT OT KaTojJa KbM aHOJA W 1€ H3BBPIIBAT CIOKHO ABUKEHHE IO
cnupana. [IpTAT Ha eNeKTpoauTe ce YyBelIuyaBa MHOTOKPATHO, IOpaaud KOETO
M3MEPBAHOTO HaJIiTaHE B HWHTEpBajga oOT 1530.10° mo 1330 .10 Pa, Moxe ma ce
OCBIIIECTBsIBA O€3 OMBJIHUTETHO TOKOBO 3aXpaHBaHE Ha KaToa.

Ha ®wur. 3.4.18. e noka3aH MarHuToeNeKTpo3apsieH BakyymmeTsp. [IpbcTensT 1, KoiTo
U3IBJIHSABA POJISITA Ha aHOJ € MOMECTEH B KyTHATa 2, M3I'BJIHABAILA POJISTA HA KaTOI.
KaroabT 2 € MOHTHpaH MEXIy MOJIOCHUTE HAKPAWHUIIM 3 HAa MOCTOSTHHUS MarHuT 4 u ce
Ham#pa U3BBH BakyyMa. Upes TppOa BakyyMMeEThbpa Ce CBbpP3Ba C U3CIICABAHMS OOCKT.

3a U3MEpBAHETO Ha BAaKyyM C€ M3I0J3yBaT M WOHM3aMMOHHM BakyyMMmeTpu. Te ca
pa3zpaboTeHn Ha 0a3a Ha WOHW3AIMOHHU MpeoOpaszyBaTeNd, ICHCTBHETO Ha KOWUTO €
pasrienano B ['1aBa Tpeta Ha BTOpa 4acrT.

4
\

¢wur. 3.4.18. Marauto3apsiiecH BaKyyMMETbP



