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@ EpesaHcKuu lfJusuctecKuu UHCTuryT, 1982 • 

0JJ:HOH Y!3 3a,n:a-q liCCJie,n:OBa.HHR: IV!al'H:UTOMeTpa IDITerpa.JibHOro 

r.iarHYITHoro no.JI.ff O&Ii',1JI) [I} HBJI.He·rcH onpe,n:eJreIDrn ero cyMMapHoH 

rrorpeiilHOCTld. Ha pY!c.l npHBe,n:eHa Ta6.ID111a HCTO'll!HKOB OCHOBHOH 11 

,n:OITOJIHH'1'8JibH.blX norpel!rHOCTeH iv!Mlv~]. 

O•rKJIOH8lIB8 TOKOHecyme1·0 IIpOBO,I(l-Hma OT rrpm.10.mrn:eil:HOCTH 'B03-

mrnaI0111ee OT ero C00CTB8HHoro Beca' rrpHBO.JJ;>IT K ero Y,n:JIYIH8HHIO 

( nporn:6y) - IQ YJ38JJW!8Hl1IO rry·1·11 llHTerpirpoBal-UIB. llp11 B3a:m.ruux pac­

IIOJIO.H8HIDIX TOKOHecymero rrp0Bo;1un1Ka H MarHHTHoro TIOJI.f!' KaK ITOI\a-

3a.HO Ha pHC. 2 H 3' OJiaro.n;a:p.H COBrra.n;eHHIO oceii "tJYBCTBHT8JibHOCTli 

npeo6pa30BaTeJieiJ: CH.Jill c OChlO y M8TO,D;l1"'!8CKHe rrorpe!UHOCTH He 

B031-IIDW.IOT. 

lKeCTKOCTb TOKOHecymero DpOB0,Il;IDIIW. rrpaKTH'I6CIGl He npermTCT­

BY8T ero rrepeMemeHHIO B MecTax coe,n:HHeHHH c njieo6pa3o:saTeJI.ffi~rn: 

CHJihl. Bo3HIDW.IOl!ll18 rrorpell!HOCTH He npeBurnaIOT 10-4%. 

TOJil!ll1Ha TOKOHecymero IIpOBO,D;HHIW. IIpli TIOCTO.fIHCTBe Mal'HilTHO­

ro TIO.JI.ff, RaR B [I] ' TIO HaTipaBJI8lllIBM y H 1. He IIp:l'IBO.n;HT It B03-

HY!KHOB8HHIO rrorpelllHOCTeri. 

8JI8KTPM'!ecR.He rnyr1ru: Ha Bh!Xo.n;e MVil.li1 o6yeJioBJieH.bl !llyl.iarm rroe-
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aope3KCTE:BHoro nepexo;a;a lI He npe:munaeT IOO MI.:l3 [I] • 

Ilorpel!IHOCTH OT coa;a;a.HH.R: ;a;orro.Jilll!TeJIDHoro ycJIIJlllll (0,002H) m. 

npeo6pasoBa.TeJIH CWihl (pnc.4) o6yCJioBJieHI:l H3MeHeimeM HaTIDKeHK.R: 

TOKOH0CYlllero npOBO.zr;HJIIKa. Boamma!OO(He rrorpellIHOCTH He rrpeBIDDalDT 

ro4%. 
IlorpeillHOCTH OT HeJIHHe~HOCTlI CT8TJiI'ieCKOH ~ rrpeo6pa30-

BaHIDl: MIB\olll o6yCJIOBJieHl:l HeJIHHettHOCTnID 'JYBCTBHTElJI.bHOCTH npeo6pa-

30Ba TeJiett CHJIH, KOTOpaH H3-38 OTCYTCTBIDI TO'Cfl!O! KOJIHllecTBeHHOH 

a:HaJIHT~eCKOH 3aBHCHMOCTH orrpe;a;eJJReTCH 9KCilepRMeHTa.JlbHO. 

Ha pRc. 5 rrpHBe;a;eHhl. eyRBHe ceMeiicTBa BOJ!bT-aMIIepma: xapa.RTepHc­

THR (BAX) m,eao~o.na [I] • Ha p11Ic.6 npHBe;a;eHa CJIIJIO-TOKOBaH xa­

paKTepl'ICTJ/IRa (CTX) Ill>030;D;HO.D;a, IIOCTpoeHHaH no pesyJIDTaTaM o6pa-

60TKPI ( cr1i. Ta6Jr. I, rp. 2) IO-ltpaTHoro H3Mepemm TOKa qepea nMso­

,mi:o;a; Ha 5 o6pasu;ax [2] • Ilpl'I rrepBOHalJ.a.lll,HOM Hepa6o'leM ycJ.J.JlIDI 

0,272H (To'lRa A Ha p:e:c.6) 3aBl'Icl'IMocn HMeeT neperR6 (BAX I Ha 

pHc.5). rro 06eID11 cTopoHaM yxaaaHHoro yc:Wrwl ;a;o aHa'leHl!IJ! c:wrn: 

-±o,002H (To~ E :e: B Ha p:e:c.6) aaB:e:c.KMocTn HMeeT JIJ1IHe!Hbltt xaJ?lllt­
Tep (BAX 2 III 3 Ha PRC. 5). Ilplll ycJIIJlllllX, rrpeBIDIIa!OO(HX ,..., 25% nepBO· 

Ha"tJaJn.HO· npoHcxo~e npou;eccbl o6pa.Tm.m. B Ta6JI.2 rrp:irne;a;eHa 

Sa.BHCKMOCTb. BI:lXO,:a;HOro HanpJDK8Hl!fI u '!Ill( npeo6pa30BaTeJU{ c.wm OT 

ycHJIHH rro pesy.m,TaTa.M o6pa.6oTKR 10-KpaTHoro 111sMepemm'Ha 5 rrpe­

o6paaoBaTeJI.RX. PesyJIDTaTbl IIOKa3blBa!OT, 'lTO 3aBHCHMOCTb B HHTeP­

'3aJie ycl!J!lltli F =io,002H OII!l!CHBaeTCH ypaBHeHBeM u,wK=1000F~q0001j 

c Hemme~Ma 111crnemt1IMB:, He npewma'irlqHMllI io,5%, np:e: .103YXcTo­

poHHel! ;a;oBepRTeJil>Hoii BepoHTHOCTll 0,95. B·mrTepBaJie pa6o'lero ycH­

IIRfl ro-?H ~ X ~ 0,002H OTHOCHTElJI.bHyll OCHOBHyll IlOI'Jl0111HOCTb 0 • l . 

npeo6pasOBaTeJI.fi CHJibl no [3] MOJKHO HOpMHpoBaT:b 0 = ± [ 0,5 + 

+ 0,005(0,002/x' - I)] %. Ilpl!l HOpMHpOBKe no BI:lXO;a;HOMY CHI'HBJJY 
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I0-4il ::!: X ~ 2 B llOJiy'laeM 0 = i [0,5 + 0,005 (2/x - I)} %. 
Paa6poc reoMeTPliI'ieCIGIX pa.3MepOB TOKOH0CYlllero I!pOBO,Jtlil'!Ra 

np:irno;a;RT K H3MeHemno ero ,:a;HaMeTPa H ,nJ.IKHH. ITepBoe Ha aTmc HaMe· 

Hemm, I!pJII IIOCTOJiHCTBe MarHHTHOI'O IIOJI.ff, He !IplIBO,nRT K B03HJ4RH.0-

BeHHIO norpelllHOCTett' a BTOpoe !IpHBO.ItH'r JIHIIID K Tl!3MeHemm .Ha't'JDK~-.. 

HHl1 TOKOHecyniero I!pOBO,n;HHKa, KOTopoe KOMIIeHCHIJYeTCH rrpylW'.HOH[I]. 

B Ta6Jr.3 npHBe;a;e:iw: 3aBTl!CHMOCTH OCHOBHl:lX xapaxTepTl!CTHK IIDe30,ItHO­

.na oT :pa,nByca mr;!(eHTopa.. Paa6poc pa.u;eyca mmeHTopa · cocTaBJIH.JI He 

6oJiee O,I% OT HOMHHaJ.il>HOro 3Ha'leHHR. 3a:BHCRMOCT» nepBOHa1.ffi.Jll>Ho­

ro Hepa6o'!ero ycH.JIWI F. OT pa.u;eyca mmeHTOpa ,U..'lR nepBliX 4 

3Ha'lemm ormcblBaeTC.II ypa:sHeHHeM F. = 0,0475~e - 0,975~ + 8,3. 

.IT.ml IIDeao;a;Ro;a;a [I] , IIPH .paa6poce pa.u;eyca HH;a;eHTopa·nopHJU(a 

io' 2 MKM ' JII3MeHemrn 'fYilCTBHTeJil>HOCTH npeo6pa30Ba.TeM IIO .Ha­

I!plD!teHHID OT ycH.JIKH COCTaBJI.lieT He 6oJiee 5%, a pa6o'llri!: ;a;Halla30H 

ycWIIDI YMHJ>IDaeTca He 60Jiee 'leM Ha 3%. Bo::>IDIK8.IOOlJIIe norpelllHOCTH 

B nepBOM CJIY11ae KOMIIeHcHpyroTC.II H3MeHeIDieM COI!pOTHBJieHIDI Harpy3. 

KH, a BO BTOpOM - RCKJIID'la!OTCH yxa.samteM ;a;eiicTBHTeJL>HOro 3.Ha'le­

lllllR ;a;mu:raaoHa pa6o~ero ycwm:a: ,IT,1LS1 KruK,JJ;oro npeo6paaoBaTeM. 

ITorpellIHocTH OT paa6poca aJieKTpH'lecrur:x: xapaxTepHCTHK aJieMeH­

TOB Ml1MIT o6yCJIOBJieHI:l paa6poCOM y;a;e;u,Horo aJieRTpliI'ieCROro COI!pOTHB­

JieHWI rro.n:ynpoBO;a;HKKOBoro MaTepHa.Jia. 3To rrp:irno~T k H3MeHeHHID 

'JYBCTBRTeJil>HOCTH rrpeo6paaoBaTeJlff rrpHMepHo Ha 10%. 3TR rrorpe111HOCTR 

ycTpaHRJOTCJl BO BpeMli HaCTpo:Wtli DyTeM lI3MeHeHKR: COI!pOTJIIBJieHKH 

Harpy3KR, 

ITorpellIHOC.TH OT HeTO°llHOC'rH c6opim H .HaCTpo:filtH MWvfil o6yCJIOB­

JieHH HeCOOCHOCTbID ~0HTP8 ma.pa, OCR RH;a;0HTOpa lI TOKOHecyniero rrpo­

BO,n;HHKa R npHMeHHeMhlMR npR60pa.MlI K ycTPottcTBaMH, 3TH rrorpefilaoc­

TH COCTaBJI.li!OT H0CKO.Jll,KO COTblX ,:a;OJieH npon;eHTa. 
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ITorpelllHOCTli OT HaJIR'IID! yrrpyrocTeil: B onopax He npeBWl.laroT 

CO'zy!O ,n:O.JIIO Ilp0l~8H'l'a, 

ilorpeWHOCTli' BH3BaHlill8 cTapeHHeM MYiJ;l!I, B03IDUialOT H3-3a Il0.Jl-

3Y'l8CTli M8XaHH'!8CKli Harpy;KeHHHX 8JI8M8HTOB li CTapeIDI.R: pa.,n:HOT8X­

!Ilf'l:8CIU!X :irn.n:e.llliM. 8TH rrorpe!llHOCTH ycTpaHmOTC.f:! rrepHO,W1'!ecKoli 

nepeHaJia.,n:Kotl: i·,lYilvlil. 

.Uol10JIIDlT8JI'.bHhl8 rrorpe!IIHOCTH OT ROJie6amm IIHTaI-rn:.fl He Ilp8Bhl­

rna!O'l' Ci, OI~~. llorpel!!HOCTH OT .n:wpJiepeHI.Uffi.JII>Horo conpoTHBJieHIDI m 

y'!aCTKaJC HaCh!ll\8HIDl TOKa ( > 200 KOM) K01ID8HCMpyroTC.ff ClaJiaHCHpOB­

KO:W MOCTa. 

IlorpelllHOC'l':Vl OT H8CTa6HJibHOCTH 3JieMeHTOB KOHCTpyRUID1 BH3bl­

BaIDT H3MeHeIDre peiKMMa pa.6oTH fvllU1!11. 01rn yMeHbllla'OTCH liCKyCCTBeH­

HhlM CTapeHHeM rryTeM TepMif'!eCI<OM o6pa60TKH (oTrryCK, OTJKlir I1 T,II. ). 

3nI rrorpeJJJHOCT>! He rrpeBH!l.laJOT ,n:oJieil: lIJlOD;8HTa sa ro.n: H MOEHO HC­

KJIIO'lli'l'b rrepMOJ.J:H'!8CKOli rrepeHa.Jia,L(KOH iillfalIT . 

i'Im.1eHeHHe TeMTiepaTyphl BH8llJHeti cpe,n:H llp.IDlO,IJ;1u K H3M8HeIIl!IO 

HaTHJKeHIDI TOKOHecyniero rrpOBOJ.J:HMKa. IIorpernHOC'fi1 rrpli 1'13!A8HeHHH 

T8MII8paTYPhl Ha 5CJ°C He. npeBh!l!la!OT Th!CH'!HOM ,Il;OJlli rrpou;eH'l'a (JKeCT­

KOC Tb Ha T.HJl\HOM rrpyJKnHh! 0. OCI M/H) • ;::r PH IIOBH!II8HID! ( CHHJKeIDrn) 

T8lllII8paT'JPH y !Th830,IJ;liOJ.J:OB [I] HaOJIJqIJ;aeTCH .ffBJieIIl!e' aHaJIOI'n'!HOe 

YBeJilf'!emrro (yMeH:r,meHYllO) ycRllllH B KOHTaKTe n:r:,eso.n;:ao;n:a •• c YBeJIB­

qeHHeM TeP.mepaTypH y'!aCTOK c OTP~T8Jil>HHM .zur:IxflepeHD;MaJibHhlM 

COilpOTliB/IeIDieM (O.llC) rrepe;n:BHraeTCi! B CTOpoey OOJII>IllliX OTP~TeJI1>­

.tfilX CIV18!l18HIDl nanproKeID!.ff. Ilpli +7o0c yqacTOK c o.uc HC"i83aeT H 

,n:aJlbHe.tirnee YBe.Jrn'Ieu11e TeiVIT!epaTypH He rrpliBO.n;HT K YBem1'!eHRIO TO-

IW. qepes TII>830,n:YIO.D:.Ilpli STOM,MC"ie3aeT TaKJKe Ilb630"iYBCTBI1TeJII>­

HOCTb rn,e30,n:im,n:a. ,If,Jm III>83_0,Il;li0.TI:OB [I] Ha6.mQIJ:aeMh!e .ffBJ.I8HH.ff OOpF 

THMhl BIIJIOTI> .n:o + 70°c. IIp:a Te~mepaType ,.,,, (I20-I30) 0c B03HHKaeT 

G 

TeirJIOBOI npo6o:l1 m.eso.n;HO;r.a. B CTopoay mt3ItHX TeMIIepaTY.P o6pa­

TlIMOCTl> xapaKTe:PHC'l'lDt ~~O.JtHO.zta CoxpaH.R:eTCll 11.0 -£o0c. 3a.Bl!­

Cl!MOCTl> uep:eoHa'll8JI:&Horo ycK.JIHR: F •. OT TeMIIepa.TYPH rrpHBe1J,eHa B 
. I 

Ta6Jr.4. :3Ta 3allllcHMOcT:& B HHTepBaJie TemepaTY.P -7o0c ~ T ~ ~5°d 

l'!MeeT JDIHeitlnrll: xapaxTep x ormcimaeTCJI ypa.BHeimeM = -0,00084 + 

.,. -{l, 293. HsMeHemie nepBOHa'iaJIDHoro yc:e:.mm: cocTaJlJIReT He 6oJie.e 

0,3%!°C. Hs:.eHemi:e ROHCT:pyKTmnnrx pa3Mepo:e rrpeo6pa30BaTeJIJI OT 

TeMIIepaTypH Ta.JOlte upl!BO,ItHT K H3MeHemm yc:e:.mm: B ROHTaKTe m,e. 

30,ItH01J,a. JtiuI Tpex LBPOK MaTepHa.I!OB KOpnyca pesyJll>TaTH npl!Be1J,e­

HH B Ta6.n.5.MocT 6:wr c6aJiaHCHpoBaH IIpl! 2s0c • .llJm ROpnycoB l!3 

cTa.ma: CT.3 H CT .45 llOJiy':rlJ.JUiCD He~oxoMJieHcauK1I,a ,IJ,JIJI CT.50 - ne­

peKoMIIeHcanwi c HaHMeHl>lllllM H3MeHeimeM BHX01I,Horo cHrHa.na. 3aB:1:1-

c~cT:& HMeeT JDIHeihm::lt xapaxTep H cocTa.BJ.IS:eT IO MB!°C (npHBe­

~eHHa.a: norpeum:ocTh 0,5%/°C).CMe~eimeM HyJIH. paOo'!ero .IIHallaSOHa. 

yc:e:.mm: 6a.n:aHCl!poBKOtt MOCTa Ha 0,5%/>C TeMIIepaTY.PHHe rrorpeum:ocrlr 

HClt7lllJTJa!)TCJI us :pesynTaTa asMepeHHJI. IIepeKoMIIeHcanw:I rrOJiy1m.11aci 

Ta.1C1te rrpl!I MaTep:r.ra.n:e Kopn:yca l!3 a.m:unme:eoro cIIJiaBa JU6 

(,., 15 MB!°C) • ~ xopnyco:e HS 6poHsH H .naTyIDI l!MeeT MecTo nepe~ 

ItOMIIeHcanwi c H3MeHeimeM BiiXO)tHOro Cl!II'HaJLa (20 - 25) MB!°C.Ilpl! 

T0pYOCTaTl!po:BalD!l! npe06pa.30BaTeJiett C TO'llllOCTlJD 0,I°C TeMIIepaTyJ>­

HHe norpeD1HocT:11 OH1Dtal>TCJI ~o I MB (rrpHBe1J,eHHaSI ·norpelllHOCTI> 

0,05%!°C) . 

IIorpenm:ocTX llfi11fil OT H3M0H6HHJI BJialltHOCTl! BHelllHett cpe.n;a 06-

yCJIOBJlellll l!3148HeHl!eM TOKOB yTe'llltH m.eso,ItHO,Ita. Hx B03MOJmO J'M6H:E.­

nm:Tl> uepxo1I,lfClecxott nepe6a.n:aHCKpOBKott MOcTa,a Ta.Kllte repMeTHsH­

po:eamrew nepex:o.zta. 

IlorpeIDHOCTll OT H3M8HeHWI BHeuiaero ,JJ,aB.710IDl.f.l o6yCJIOB.Jtmi 
F.iia:eHelll'IeM reoMeTJ)lPiecxix:-pa3MePoB--KOHCTPYKTHBHHx-SJreMeHTOB 

MIDMI, KOTOp!:le BH3i:maDT H3MeHe:ime yclJJilrlll B KOHTS.KTe ITF.830.IIHO.I!a. 
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ITpH KOHCTpyEpO:BaHllli MIDllII He06XO,Il;ID40 ero COCTaBHHe SJieMeHTH pa.er 

IIOJIOJKHTb TaK, qTo6H ~eHHe pacnpocTpa.HHJIOCb IIO BCeMy o6~eMY 

6es sa,u;eplKKIL KaK rumpHMep, B [I] . 
IlorpemHOCTH OT Blit6pmnnl B09mntam HS-Sa HaJmtnm MaCC H yn­

pyrocTet! TOROHecY111ero npo::So.ninma K rrpllD!HMHoro ycTpO!cTBa. rrpeo6:­

pasoBaTeJIJi. YMem.memre BJillUI1lll'JI mt6pawm :aosMol!Ho npKMeHeHKeM 

mr6poH30;J;HP~ ru.ra$pM, RB.K B [I] ' JiI rrpKMeHeim:eM cpwn,Tpo:a. 

IlorpelllHOCTJiI OT HeTO'lll!OCTJiI ycTaHOBim Mfillfil B03mma.!IT K3-3a 

OTRJIOHeHW! OCH tzyllCTBKTeJII>HOCTI! npeo6pa30BaTeJiel OT ropKSOHTa­

JD!!. IlpK 9TOM :aosma:xaeT )l;OIIOJIHliITeJIDHOe ycliL1.IHe OT Beca TOKOHecy­

I11ero rrpoBO,ItHHI<a :e: rrpmmMHoro ycTpO!CTBa. c IlOMOlltf>D KOHTpl)JJH 

BHXO~oro CHrHaJia I'IMMIT no MHH:e:MaJThHOMy sHaqemm o6ecne'Dl!BaeTCSJ 
II 

TO'lll!OCTb ycTaHOBKH nops:p;Ra IO . IlorpemHocTH rrpK STOM He rrpeBH-

lll8.IOT 5.ro-3% oT ,ll)ilaIIasoHa pa6oqero ye~ Milld!I. 

IlorpelllHOCTJiI OT HenOCTOHHCTBa Hal'py3Ki! .Ha BHXO)te o6yCJIOBJie­

HH H3MeHeHHeM conponmn:emm: Harpy3Ial. Hx MOJKHO ]MeFIDll!HTb Ilpli!­

MeHeHli!eM corJiacy1X11ero SJieMeHTa M~ MliMII :e: BTOp~ y9TpOlcTt 

:SOM. 

IIorpenmocTH OT nepexo~oro npo~ecca OTHOCHTC.11 K .JtlIH8,MliI'llec­

IWM norpellIHOC'l'HM JiI o6yCJIOBJI0Hll HeJIHHeit:HocTDD ~ecKOI @rlm .. 

~ npeo6paso:aamm WiMII, HaJralnleM conpoTJ<tBJieHIDI cpeAH H SIBlle­

HHeM caMOHH,IJyKI:CIDI. 8TH norpenmocni: :e:cRJ!IRamcJI n:yTeM :apoBe)teHl!a 

llSMepeHHSI noCJie sa:aepmeHli!JI nepexo~mro rrpo~ecca ( 2 - 3c}, Me•-

1)wn,TpOB. 

:&i:BOAH 

OcHOBHaJI norpeumocn MHMtI o6yCJIOBJieHa HCKJllRli!TeJILHO He.JD!-
" 

BeiHOCfid> ~ l!j>e'oopaaoBa.HWI. IIOJiyrrpO:BO~OBO'"'.' . IIJ,A!'lODe3YC· 

a 

.. I 

Tli!BHOrO rrpeo6pa30Ba.TeJill CK!Jl:l JiI ero !IO!JU.L'OM qyBCTBlitTeJI:bHOCTK. 

0CHOBH8JI norpelllHOCTb OT OCT8Jll>HIDC BJmJlllilIDC Bemr<mH IDftITOJK.HO 

MaJia. H eIO ~TJi!qeCim MOJKHO rrpeHe6peTh. CyMt&lpruui: OTHOCHTeJID­

Haa OCHOBHM norpeIDHOCTb Mvl1'1ITI B pa6oqeM ,ll)ilaIIa30He Bl:lXO~oro 

CHI'HaJia ro-4B ~ x ~ 2 B no [3] HOpMKpyeTCJi 

6 = :!: [o,5 + 0,005(2/x - ID%. 
.Uono.mmTeJIDHHe norpel!llIOC'rR MMMII B ocHOBHOM o6yCJioBJieHH 

TeMIIepaTyJIHHMli! norpeIIIHOCTJIMH rrpeo6pa30Ba.Te.Jm CHJIH H He npeBH­

lnaB'.lT IO MB/°C (rrpHBe)teHHBJI norpeDIHOCTb 0,5%/°C) . CMe11teHHeM ey­

JISI pa6oqero )l;HaIIasoHa MID.fil mi 0, 'J!,/°C TeMIIepa.'17.PHHe norpeIIIHOC·­

TH HCKJI!RaDTCH HS pesym.TaTa HsMepeHWI. .Uono.mmTeJ!bHHe norpem­

HOCTH MMMII OT OCTBJIDHlilX BJIHJlllqIDC Be.im'IBH )l;OCTaTO'lll!O MaJIH JiI m.m 

npaKTJilq0CKll MOllOIO npeHe6peTh. 
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Ta6Jnl:rta l 
3Haqe:inm: pa6oqero yc:e:JIKH F , HecMemeHHo~ o~eHKlit reHepa.in,­
Horo cpe~ero I , HecMemeHHoi oo;eH:Kll cpe~ero K8a,IU)B.TH11ec­
Koro OTKJIOHeHWI s . ,ItOB6pi!T9JibRHX rprumr( ±ereHepaJil>HOI'O 
cpe~ero I npH ,ttByXCTopoHHel .ttOBepJITeJIDHol BepoHTHOCTllI 

t = 0, 95 ;rvIH. m.eso,ttmo.ttoB [1} 

F ,H 
l 

'),19 

0,20 

0,21 

0.2.2 

0,23 

0,25 

0,26 

0,266 

0,27 

0,27! 

0 ,272 

0,273 

0,,274 

0,276 

0,282 

0,29 

0,30 

, I ,MA , 5 ,ro-3if ' 
2 

0,2782 

0,2865 

0,2957 

0,3035 

0,3121 

0,3295 

0,4236 

0,5217 

0,6180 

0,7176 

o·,8172 

. 0,9167 

0,0163 

I,):882 

. 1,21_17_· 

I,2446 

l,2446 

. Ib . 

.3 

3,428 

3 ,516 

3,216 

2,921 

3,210 

2,8!8 

3,4!! 

3,312 

3,27I 

2,691 

2, 722 

2,489 

2,791 

3,219 

3,III 

2,162 

2,722 

tt,ro-4it 
4 

9,84 

I0,09 

9,23 

8,39 

9,22 

8,09 

9,79 

9,51 

9,39 

7,72 

7,82 

7,I5 

8,0I 

9,24: 

8,~3 

6,21 

7,82 

~ 
~l 

'1'a6Jmu,a 2 
3Ha11eHHR: pa6o11ero ycll!JJl!lI F , HOMil1JaJIDHoro .BlilXo~oro £Kr­
HaJia U r.tjl x , :s:ecMe~eHHoil oo;eHIOI reHepa.m;Horo cpe~er•o U , 
HeCMemeHHOtt OD;eHKK Cpe,ItHero K:Ba,llJ)aTH'!6CKOrO OTKJIOHeB:Ra: g· 1 

,JtOBepJITeJWIHX rpa:Hm:{ :!: l reHepaJll>HOrO cpe~ero U IIpE: ~­
CTOpOHHeil BepoaTHOCTllI ~ f: = 0' 95. ,I{OBepllITeJI!>HHX ~ 6H H 6~ 
cpe~ero K8a,IU)B.TH"ClecKoro oTKJioHemm S IIJ?H ;u;eyxcTopoHHett .n:o­
BepKTeJr&Hoi BepoJITHOCTH ~ ... = 0 • '95 lll OTHOCJIITeJ!I>HOI norpemHOCTJII 
& .wm IIOJIYIIPOBO.n;HHKOBHX m.esopesHcTHBHWC rrpeoopaso:eaTe.nea 

CWIH [l] 

F 
IO~ 

I 
+2,00 

+I,75 

+I,50 

+I,25 

+I,00 

+0,75 

-!-0,50 

-!-0,25 

O,cio 

-0,25 

-0,50 

-0,75 

-I,00 

-I,25 

-I,50 

-l,75 

u,blK ..,--~U~~~S, • i e, ' 6H 6f), 0, 
B B IO~ IO~ Io-3i3 IO~ % 
2 3 4 5 6 7 8 

+2,00 I,99!0 

+l,75 I,7423 

+I,50 I,4933 

+l,25 I,2453 

+l,00 0,9957 

+0,75 0,7472 

+0,'50 0,498I 

+0,25 0,2493 

±ro-4 

3,268 

3,599 

2,536 

2,572 

2,690 

2,2I8 

2,I7I 

I,436 

-0,25 0.2494 I,516 

-0,50 0,4989 3,538 

-0,75 0,7475 

-I,00 0,9966 

:::J, 25 I, 246! 

-I,50 I,4942 

-I,75 I,'7426 

2,488 

2,496 

2,746 

2,739 

2,600 

9,38 

10,·,40 

7,29. 

7,39 

7,90 

6,37 

6,30 

4,12 

2,730 4,005 

2,994 4,499 

2,II7 3,II5 

2,148 3,200 

2,233 3,37~. 

l,852 2,759 

l,~06 2,7!4 

1,199 I,786 

4,35 I,266 I,886 

I0,20 2,954 4,40I 

7,14 

7,I7 

7,88 

7,86 

7,47 

2,077 3,095 

2,084 3,105 

2,293 3,416. 

2,285 3,405 

2,I7I 3,234 

0,50 

0,50 

0,50 

0,44 

0,50 

0,46 

0,50 

0,44 

-2,00 -2,00~ j,99II 2,795 8,03. 2,334 3,477 

0,4I 

0,42 

0,43 

0,42 

0,38 

o.~ 

o,47 
0,49 

II t 



Ta~ 3 Ta~4 

3a.BRcHMocT:o rrepBoHa•JaJil>Horo Hepa6o'!ero ycWIIDI F. • 3Ha'leHID! TeMIIepa.TypH T , HecMemeHHoli ou;eHKR r eHepa.11:0-
pa.6o'lero ,I(HarraaoHa ycRJIIDl ti F pa6 , pa.6o'!ero ,I(HarrasoHa Horo cpe)J;Hero Fo , Hec1v1emeHHoii ou;eHKR cpe,IUrnro KBa.Il:-
TOI<.a .A I pa.6 , lJYBCTBRTeJThHOCT:r:. rro TOKy OT ycKJIKR: ).I , pa.Tlf'IeCKOrO OTKJIOHeHHf.l s • ,noBepHTeJThHHX rpailliIJ, :!:: c 
lJYBCTBHTeJlbHOCT:O ITO HaIIPff.JK8IDHO OT yc.wma An .II MaKCR- r~Hepa.1lbHoro cpe)J;Hero F. npH ,nBy:x:CTOpoHHeH ,noBepHTeJI:o-
MaJII:.Horo ,naBJieHIDi B KOHTaKTe IIbeso,nRo,na Pma.>< OT 3Ha'le- HOH Bepo.a:THOCTH ~· =(). 95 .n.n.a: IIOJIYIIpoBO)J;H.llKOBIDC rr:r:.eso-
HWI ~ca saKpyrJieHWI 't c(pepR'leCKOro KOHlll!Ka H;ll,ll;eH- pe3HCTllBHIDC npeo6pa30BaTe.JieH C.li.Jlll [l] 
TOpa. II:b30,I(HO,na 

1. $ ,I0-3H .tt,ro~ 
Fo, A Fpa.6, ti! pa.Ii, ' /Ir ' )In J Pma.><, 

T, 0 c H 
'l, 

MKM ro-2H ro-2n MA MA/H B/H ro9H;~ l 2 3 4 

l 2 3 4 5 6 7 -73,3 0,355 4,368 1,25 

IO 5,l ±o,l ±0,12 120 1200 II,38 -55,3 0,338 4,521 1,3 

:to,15 ±o,I55 103 I030 9,43 ~ -41,7 0,329 4,46I I,28 
20 II,4 1 

±0,261 
-25,0 0,315 4,892 1,4 

30 27,2 ±o,2 I00,5 1005 9,62 
0,0 0,293 4,381 I,26 

40 52,5 !1,2 ±o 49 ' . 40,8 408 9,88 l 14,0 0,280 4,91 1,41 

50 78,8 ±o,8 !0,225 28,I 281 9,75 28,0 0,269 4,317 1,24 

60 I06,2 ±o,6 ±o,182 30,1 304 9,54 42,7 0,258 4,568 1,3 

50,7 0,250 4,125 1,18 

-66,0 0,237 3,816 1,1 

. I? 13 



Ta~ 5 

3amfCHMOCTI> Bl:DCO~OI'O C:lll'HaJia npeo6paSOBaTeJJJi 
CWil:l .-{l] B MB OT HSMeHelillJi Teimepa'eypll llplI pas-
JllPllillX Ma.Tepna.mix Kopnyca 

MaTepHan Kopnyca npeo6paso:saTeJJJi , 
T, °C 

CT.3 CT.45 CT.50 
l 2 3 4 

0,0 -2375 -1242 230 
2,3 -2208 -II58 209 
5,2 -1973 - 997 I81 
8,4 -1652 - 875 152 

II,l -1378 -732 128 
14,6 ,:.1051 -561 97 
17,3 - 776 -420 72 .-
19,2 - 578 -331 54 
21,4 -356 -184 32 
23,7 -I34 '-71 II 
25,0 ±o,l ±o,l ±o,l 
27,2 227 125 -22 
29,0 391 197 -39 
31,3 633 341 -61 

·34,5 947 541 -91 
37,6 1245 672 -J;22 
40,l 1517 793 -144 
43,3 1823 976 -174 
44,9 1979 1064 -188 
46,l 2089 II23 -199 
50,2 2380 1242 -215 
55,4 2580 1370 -249 
60,2 2650 1417 -263 

14 _, 

~ 
~ 
~ 
~ 

~ 
"' ~ 
"" 

fl t!pe:x:o9Nou npo~ece. 

NeAoemo~t!ml" ,..oepy41cu N<Y ~.,l'o9e 

yemu,,..,l-eu 

c,Pe91111 

tl.IH~/.lteHC/~ ~l«CT:JIJ'C/.loemu tf~NteU cz.ote94.,1 

V6JYeHCNUe m~Nn-t-,,PO'"Sf/-)6/ ~~e(.U/.f'4!,,l.f 
CJ'Jl#9~ 

J:oA44aNur /U.1mc:st111u.JiL. 

cmupeHUP ;tAeHeNmo& to;i,.°""PSf'llt'S vu 

S onqo<r:r 

cbop~u u NacmAOV~u 

,oa.Jopoc ""ecmpv vE'l:>Cu.r ~,oorm<y.>v"'­
mu,-:: .P.Af!!/Ve,....n7o& 

OmL<oHe~ue mo.coNecy~eeo n~oci,.v.ca 
0/1) np~eiAuN~UNc<!n>c./ 

Pvrc. l Tac5.mru;a 11c·1·o'Dfr1I<0B norpcu1HocTeil Mal'HHTOMeTpa 
l:!HTerpa;r:r,uoro MarHHTHoro rro.JIR 

lb 



F1.~t"F•l 7 I F1.~2=F2 

T 
P2 

T x 

l 
L. 

l 
y 

.PJ.ic.2 PaCTIOAO~e!Il'le TOKOHecymero npOBO~liK8. R Mal'RAT­
Horo rroJUI. Ocli -qy:scTBRTeJibHOCTK rrpeo6paao.saTeJieli 
CRJIH Harrpa.BJI8HH B8~TH.Ka.Jll,HO 

l 

1••l p f'.:2·f· F i.~ "' Ft 

1~L~ y r I ! ! T 

L _L 

PHc.3 Pacno~o~elllie TOKOHecymero npoBo.n;HHKB. ~ Ma!'HIIIT­
Horo TIOJIR. OcK -qy:scTBHTeJ!bHOCTH npeo6pa3o.BaTeJieli 
CWibl HaTipa.BA8HH ropli30HT~HO 

F>t 

I t1 r t I '· ~· 

PKc.4 Pacno~o~eHRe TOKoHecymero npoBo~ npz cos~a­
HKK 'AOilOAHRTe.JlbHOrO ycRJIWI 

16 

.l,MA 

--~~~~~,----~~~~~-~ 

---~~~~~~~~~~--"'-2 

----~~~~~~~~~~~~-! 
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1-~~~~~~~~~~~~~~~~~~->,-~~~----5 

-lO 

Plic. 5 CeMettcTBO BOAbT-aMITepHHX xapaKTepKCTHK 
II1>030'AHO~a 

I. MA 

-I 6 

A 

-0.:S 

01 I I . I 1; ,f',,H 
(),2 0,25 I I 0,3 

PHO. 6 3amtCID40CT.b Tm<a '!epe3 IIQ830'AE;O~ OT 

up1nro.1r.ewml'o ~CMJTW<r 

17 

-.20 
U,B 
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