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OPI'AHM3AINNA U YITPABJIEHUE MAIIUHOCTPOUTEJIBHBIM ITPON3BOJCTBOM

OIIEHKA 3AKOHOMEPHOCTEMW U3MEHEHUS TAPMOHHUYECKOI'O
COCTABA CUT'HAJIOB ITPU AHAJIM3E IIEPEMEHHBIX IIAPAMETPOB
IMPOLECCA PE3AHUA

Oumumuyk U.A., CmuproBa M.A., UBuenko T.I'. (kagp. OC, JonHTY, 2. [oneyx, Yxpauna)

Jlnist moBbIIeHUsT S(PPEKTUBHOCTH (PYHKIIMOHUPOBAHUS HIICKTPOMEXaHHUECKUX CHCTEM
BEChbMa aKTyaJbHbI 33[jaud COBEPILICHCTBOBAHUS METOAMK MX HccieqoBaHMA. B Hactosmiee
BpeMsl JOCTATOYHO MIMPOKOE PacHpOCTPaHEHUE MOIYYMIN METOAbl MaTeMaTH4eCKOro MoJie-
JUPOBAHMS MEPEXOIHBIX M YCTAHOBHUBIIMXCS MPOLECCOB (PYHKIIMOHUPOBAHUS IIEKTpOMeXa-
HUYECKUX CHCTEM, IO3BOJISIONINE PACUETHBIM IyTeM ONPEACsATh He0OXOAUMbIE TapaMeTPhl
UX HKCIUTyaTalllH.

Vcnonp3oBaHNe B COBPEMEHHBIX CHUCTEMaxX MEXaHOOOpPaOOTKM M3MEPUTENbHBIX KOM-
IUIEKCOB C aHAJOTOBO-LU(POBBIMH MPeoOpa3oBaTeIsIMH, UMEIOIIMMHU 3HAuYUTENbHBIE IIpe-
MMYIIIECTBA 110 CIIOCO0Y XpaHeHus: 1 00pabOTKH MHPOPMAINK, CKOPOCTH NEpeaadn JaHHbBIX,
CYILIECTBEHHO PACIIMPSET BOZMOKHOCTH HMCCIICOBaHHMN NapaMeTpoB mpouecca pezanus [1].
B pabote [2] npeanaraercs criocod onpeaencHus TapMOHHYECKOTO COCTaBa CUTHAIOB (TOKOB
Y HaNpsDKEHHI), BO3HUKAMONIMX NPU U3MEPEHHH CHJI M TEMIepaTyp pe3aHusi B YCTaHOBHB-
IIUXCS. U TEPEXOJHBIX peXHMax. B pe3ynbTaTe BBIMOIHEHHBIX HCCIIEAOBAaHUI 0OOCHOBaHA
BO3MOXKHOCTh PaCIIUPEHUs] 00JAaCTH NMPUMEHEHHUS M3BECTHOM B AIIEKTPUYECKHX CHCTEMax
METOJMKH OIPECICHUS] TApMOHUYECKOT0 cocTaBa (pa3HbIX TOKOB U HampspkeHu# [3].

OpHako, B MpeICTaBICHHBIX METOAMKAX 00paOOTKM CUTHAJIOB, BOSHUKAIOIIUX MPU H3-
mepenun DJIC, cun U TeMreparyp pe3aHusi, HEJOCTaTOYHOE BHUMAHHE YIENSeTCS BO3ZMOXK-
HOCTU CpPaBHHUTEJIHHOTO aHAIM3a MX FapMOHHYECKOTO COCTaBa B 3aBUCHUMOCTH OT YCJIOBHUM
MexaHooOpaboTku. [Ipencrasiser nHTEpec JajbHEHIIee pa3BUTHE YKa3aHHONW METOJIUKH IS
Pa3IMYHBIX YCIOBUN (YHKIIMOHUPOBAHUS CUCTEMBI PE3aHHsI.

Lenbio paboTHI ABISETCS COBEPUICHCTBOBAHNE METOANKU OIIEHKH TapMOHUYECKOTO CO-
CTaBa TOKOB M HANPSHKCHUN JUIS MCCIEIOBaHM 3aKOHOMEPHOCTEH M3MEHEHHsI TapMOHUYE-
ckoro coctaBa D/[C B 3aBUCHMOCTH OT U3HOCA PEXYIIETO HHCTPYMEHTA B IPOIIECCE pe3aHus

OcHOBHOI mapameTp mpolecca pe3anus, ucciaeayembiii B pabore — D/1C, npencras-
JsieMasi B BUJIE OCLIMJUIOTPAMM, IOJIYYEHHBIX IIPU MU3MEPEHUSAX Ha TOKapHOM craHke ¢ YIIY
16K20d3 ¢ noMomibo TeH30MeTpuUecKoro ycuutens TA-5, TeH30MeTpUYecKUx JaTYUKOB
1 aHanoroBo-uppoBoro npeodpasosaress moaeau ADC-16 ( PicoLog Ltd. Company).

YcnoBus mpoBeeHHs SKCIIEPUMEHTOB. 00pabaTeiBaeMblii MaTepual - ctaib 45; UHCT-
pymenTtanbhblii Matepuan TSK10; nuamerp oO6pabotku d = 45MM; peskiMbl 00pabOTKH: TITy-
6una pesanus t = 1mm; nonaua S = 0.4mm/00; ckopocTh pezanus V = 80M/MHH, yacToTa Bpa-
menns N = 200c™. B pesynbTTaTe aHANIM3a 3aKOHOMEPHOCTEH M3MEHEHHS M3HOCA MO 3a/IHEil
MOBEPXHOCTH JIE3BHSI PEXKYILEr0 MHCTPYMEHTA JJIsl YKa3aHHBIX YCIOBUM 00pabOTKH yCTaHOB-
JIeH JTMHEWHBIM XapakTep U3MEHEHHs W3HOCAa BO BPEMEHM B MCCIIEOBAHHOM JMana3oHe Ma-
pameTpoB: N, = 0,05 + 0,015t.

JUis KaXKa0ro U3 3aperuCTPUPOBAHHBIX 3HAYCHUH M3HOCOB CHUMAIHCH OCIMIUIOTpaM-
MBI E,c, IPEICTaBICHHBIC Ha pHC. 1.

Hcxonnas sennunna D/C npeacrasisercs B Bune pajga Oypoe:

o0 o0 o0
i(t)=A0+ X Ik cos(kat — gy ) = Ao+ Y By sinkat + > Cy coskat, (1)
k=1 k=1 k=1

riae Ao - noctosiHHas cocrapisitomas, By u Cy - ko3 duueHTsl, onpenenseMsle Kak cpei-
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HUE 3Ha4YCHU N AUCKPETHO BBIJICICHHBIX BCJIMYUH HA UHTCPBAJIC.

T/2 n
Ao=l | i(t)dtzl Zis(t);Oin(sI)sin(ksl);
T _1/2 s=1 n n n
T/2
Co =2 [i(t)cos(kat)dt ~ 2i(s ) cos(ks 1) .
T n n n

-T1/2

Ik @k - aMIIMTYRHOE 3HAUeHHe U HadanbHast (a3a DJIC K-if rapmoHuKH;

I mk =\/Bk2+Ck2 ;  pr=arctg(By /Cy).

Puc.1. Ucxonnsie ocimmiorpammbl D/C - E, .,
1 UX TApMOHUYECKHUM COCTaB MO pe3ybTaTaM
pasnoxxenus B psag Oypwe — E,eop 111 BADUAHTOB

00paboTKH ¢ pa3NTUYHBIMU U3HOCAMH UHCTPYMEHTA
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E , : I'apmoHnueckut  cocras
el Emgop ,=0.054 |  PCXOOHBIX OCHHJIIOTPAMM  TIO
_ Fﬂt :.A y[ l\ yﬂ:Dq 0 pe3ynbTaTaM pas3ioXeHUs B psa
4 p— == Dypbe - Ejpeop TAKKE NMPEICTAB-
Agy=4,02 jﬂ'}'hvﬂ‘ ppﬂ% JieH Ha puc.l.
3 E skcnd B cootBerctBUuM ¢ yKa-
|
3aHHOM METOAMKON pa3paboTa-
E, Fineopi I hj =10,12 st A pasp
I’ [,JZ E aen i Ha Tporpamma, MO3BOJISIONAs
- H'l"-q i o H\ ¢ PasIOKHMTh MCXOJHYIO KPHUBYIO
4 [0 AR M i P, Y
o = 7 T S/1C B psn @ypre ¢ pa3nUUHBIM
5| Aer=4 10 KOJIMYECTBOM TapMOHHUK. AJCK-
£, | Eoo. BAaTHOCTh TPEIIOKEHHOTO Me-
V| dos372 sKgm 2 IM ;
4 i TO/Ia OIIGHWBACTCS IO CTENECHH
.UE.ﬁJ U e AN COBIIAJICHUS HCXOJHOU KpUBOWU
_ CHUTHaJla C €3yJIbTHU meu
3 M)Q fEm?oﬁ s | 0,15 acae . ! PE3yNITHPYIO
PHUBOM, MOJTYYECHHON MO CymMMe
I rapMOHUYECKHX COCTaBJISIO-
] AT E \\I = i - EA 1 IUX.
Ao~4, gﬁﬂ‘gﬂ Feap3 B anen? w CpaBuenne JJIC wucxon-
4 | | | B3 =0,17a0¢| HBIX OCHMIUIOTPAMM E,ycpiy TO-
o T | JYYEHHBIX TPU HU3MEPEHUH, C
m&,f\ f " Emeopq B sond f‘kﬂ pe3ynbTaTaMH  TEOPETUUYECKUX
4 - T i i 7 pacueToB Ejeqpi, NPEACTABIICH-
¥ m HBIX Ha pHC.l, CBUIETENbCTBYET
; —"10423193 hy=0023a¢| O DOCTATOYHO XOPOIIEM COBIIA-
z : -I naeHur (MOTPENIHOCTh HE Ipe-
. Emé%% hs=052|  prmaer 10%), uro moaTBep-
4 raimmelmen el . JKJIaeT aJIEKBATHOCTh PAacueTOB U
Aos=3,75 1 HKCIIEPUMEHTAa U BO3MOXKHOCTb
5 UCIIOJIb30BaHUs MPEUIOKECHHOU
[ /&mei METOJUKH pacyeTa Ha MpPaKTHKE.
Ly 1 o 3 4 5 fn Koapduuuent  Hecuny-

coupanpHoctu Ky [5]:
K =100l /Thom » (2)

rae lhom - IedcTByrOlIEE 3HAYe-
uue DJIC; Ik - 3nauenne DJIC k-
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1 TADMOHMKH.

[To pesynmpTatam pacuera Ko3(duimenTa HeCHHYCOUAATbHOCTH Ky, KaK MO MOCTOSH-
HBIM COCTABJIAIOLIUM, TaK U II0 CTPYKTYpPE TAPMOHHMYECKOIO psAJla U CTCIICHU BIMSAHUA Ha pe-
3YJIbTUPYIOLUI CUTHAJ, HE TI03BOJIIET YCTAHOBUTD UX CXOACTBO WIM Pa3IM4YHUe.
JIist  CpaBHUTENBHOTO  aHauu3a

K, CTPYKTYpbl TapMOHHYECKOTO psijia B Ha-
ﬂ Kozg cTosiiiel paboTe mpeiaraeTcsi BBECTU OT-
5 K I 5 L b HOCHUTENBbHBIN KO3((UIIMEHT HECHHYCOU-
nanbHOCTH K,, TPEICTaBISIIOMIMNA CcOOOM
Nﬁ OTHOIIIEHUE OIICHMBAEMOTO KO3 PUIIHEH-
1 ﬂ n . N Ll . A i Ta HECUHYCOMIAIBHOCTU Ky K KO3 duUIm-
l Vﬁ/ €HTY, IPUHATOMY 3a 0a3y JUIs CpaBHEHUS

R_’O Khrigas:
M %‘f Ko: KH /KH6a3 ) (3)

0 10 20 30 40 k;

Ha puc. 2 mpuBeneHs! rpaguku oT-
HOCHUTENBHBIX KO03(P()ULIMEHTOB HECHHY-
COUJANTBHOCTHU JUISI BAPHAHTOB 0O0pabOTKU
C HE3HAUUTENIFHO PA3INYAIOUTUMHCS U3HO-
camu MHCTpyMeHTa. CpaBHMBAIOTCS KO3(PPUIMEHTH HECHHYCOUJATBHOCTH, XapaKTepU3yIO-

mue 00pabOTKy Mpu M3HOCE MO 3aaHel moBepxHocTH Jie3Bust hy = 0,12mm u h, = 0,15Mmm ¢

Puc. 2. I'padukn OTHOCUTETBHBIX
K03 (HUIIMEHTOB HECHHYCOUTAILHOCTH

00paboTKOii e3BueM uucTpymenta mpu hs = 0,17mm: K joy= KHZ/KH4 ; Koza= KH3/KH4 .

Jljist 5TOTO BapuaHTa 3HAYEHUS! OTHOCUTEIHHBIX KOIPPUIIMECHTOB HECHHYCOUJATBHOCTH
K24 1 K,34 OTIIMYAIOTCS BeChbMa HE3HAYUTENILHO U UMEIOT CpPEeIHME 3HaueHus, Oynm3kue K 1,
9TO CBUJIETEIILCTBYET 00 OTCYTCTBUU CYIIECTBEHHBIX Pa3INuMii CPaBHHUBACMBIX BAPHUAHTOB
M0 CTPYKTYpE TAPMOHUYECKOTO Psifa.

I'paduki OTHOCHUTENBHBIX KO3()(UIIMEHTOB HECHHYCOMJAIBHOCTH i BapUaHTOB oOpa-
OOTKH BO BCEM JIHMaNa3oHe M3MEHEHUS N3HOCOB MHCTPYMEHTa MPUBEJCHBI Ha puc. 3. B kade-
cTBe 0a3bl ISl CPABHEHUS MPUHUMAETCS BAPUAHT 00paOOTKH C IPAKTUYECKH HEU3HOIIEHHBIM
ne3pueM nHcTpyMeHTa npu hg = 0,05mm: K ;= KHi/KHO .

I'paduky OTHOCUTENBHBIX KO3(D(HUIIMEHTOB HECHHYCOUAATBHOCTH K,1 CBUAETEILCTBY-
IOT O TOM, YTO 110 MEpe M3HOCA UHCTPYMEHTA B CTPYKTYpe TapMOHUYECKOTO psia BBIIACIACT-
Csl TpyIa rapMOHMK, 3HAYUTEIBHO MPEBBIIIAIONIAs OCTAIbHBIE, IIPUYEM C TIOBBIIICHUEM U3-
HOCA JIMAIa30H BBIACISIONIMXCS TAPMOHHK CY>KaeTCH.

JIns HanGobILIero U3 UCCIeI0BaHHBIX 3HaYeHUI u3Hoca hs = 0,5MM ycTaHOBIIEHO, YTO
st 13 rapMOHMKH 3Ha4eHHE OTHOCUTENBHOTO KO3((UIIMeHTa HeCHHYCOnAaIbHOCTH K5 Cy-
[IIECTBEHHO IPEBBIIIAET OCTAIBHBIE, TO €CTh CTENEHb BIUSHHS 3TOW FApMOHMKH Ha Pe3yib-
TUPYIOIMI CUTHAJ BeCbMa 3HAYMTEIbHA M OTPAXKAET XapaKTepHbIEe H3MEHEHNUsI, CBSI3aHHBIE C
0COOECHHOCTSIMU CpaBHHBAEMbIX BApUAHTOB. B COOTBETCTBUU € MPEACTaBICHHON METOAMKON
paznoxenus B psan Pypbe (1) Moryt OBITH ONpeAeieHbl MapaMeTpbl TONH TAPMOHHUKH: aM-
WIMTyAHOE 3HaueHue |y u HavanbHas daza ¢k 9J1C 13-it rapmonuku lnz = 0,096mV, 13 = -
1,176 (xoadpdunmentsr Bz = 0,037 u Cy3 = -0,088).

Takum 00pa3oM, Ha OCHOBaHHH MPEUIOKEHHOTO OTHOCUTEIBHOTO Kod(duuueHra He-
CHHYCOUJIATBHOCTH K, MOKET OBITh OCYILECTBIIEH CPAaBHUTENbHBIN aHAJIN3 CTPYKTYpHI rap-
MOHHMYECKOTO psJa MapamMeTpoB MpoIlecca Pe3aHus MpHU Pa3IUuyYHBIX BapHaHTaX U YCIOBUSX
00paboTKH.
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3HayeHUss OTHOCHUTEIbHBIX K03(du-

K, = 0'12MM [IUEHTOB HECHHYCOMIAIbHOCTH I HE3Ha-
YUTEIHHO OTJIUYAIOUINXCS YCIOBHM, Ha-
5 - npuMep, MpH MPAKTUYECKU PAaBHBIX 3Haue-
Ly HUSX M3HOCA 3a/IHEH MOBEPXHOCTHU JIC3BHS
0 mwm MHCTPYMEHTA, OTJIMYAIOTCS BechMa He3Ha-
K, P YUTETbHO M HUMEIOT CpeaHee 3HaueHHe,
2= O6mm3koe K 1, 4To cBHIETENHCTBYET 00 OT-
5 , CYTCTBUHU CYIIECTBEHHBIX pa3IUYUil CpaB-
K2 HUBAEMbIX BApUAHTOB IO CTPYKType Tap-
MOHHMYECKOTO psijia.

0 M N B cnyqag CYIIECTBEHHBIX Pa3INYMil B
Ko Az = 0,17 aene yclIoBUAX 00paOOTKM 3HAYEHHS OTHOCH-
TEJBbHBIX KOA((UIIMEHTOB HECUHYCOUIAIb-
> IS HOCTH TMO3BOJISIIOT OIICHUTH DPA3JIM4Ms B
@d w CTPYKTYpE TapMOHHMYECKOrO pslia, BbLJC-
0 /\)\HA\“‘N JUTh TapMOHMKH, Hamboyee  CHIBHO

L hy= 0123 At BIIUSIOIINE Ha PE3YNbTUPYIOIIUI CUTHAIL
a Ha ocHOBaHMH TpeIOKEHHOTO OT-
5 HOCHUTEJIBHOTO KO3((UIIEHTa HECHHYCOH-
K, JIaTbHOCTH  BBINOJIHEHA  CpPaBHHUTEIbHAS
0 A A AA OlleHKa rapMoHudeckoro cocrasa JJIC pe-
& 3aHUs U1 PA3JIMYHbIX BApUAHTOB 00paboT-
H 55 =05 asns k. HccienoBanbl 3aKOHOMEPHOCTH H3Me-
HeHusi rapmoHuueckoro cocrasa J/C B
> 3aBUCUMOCTH OT M3HOCA PEXYLIETO WHCT-

~ fifv o pYMEHTa B Ipoliecce pe3aHusl.

0 IlpennoxeHHass METOIMKA  MOJKET
0 10 20 30 40 k. el A

i HAUTU TPUMEHEHUE ISl HUCCIENOBAHUS U

Puc. 3. I'paduku oTHOCUTENBHBIX MaTeMaTUYECKOr0  OIMCaHUSA CHUTHAJIOB,

K03((HUIIMEHTOB HECUHYCOUTATBHOCTH IS NOJIYYCHHBIX C IOMOIIBIO HATYPHBIX OC-

BapHaHTOB 00PabOTKHU C pa3IMYHBIMU UUJIOTPaMM TIPU M3MEPEHUU IapameTpoB
HM3HOCAMH MHCTPYMEHTA B Pa3IUYHBIX YCIOBUAX MIPOLIECCA PE3AHMUSL.
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