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YACTOTHBINA AHAJIN3 HEPOBHOCTEM MOBEPXHOCTHU U BUBPAILIU ITPU ER
OBPABOTKE

Paccmompenvr ocobennocmu uzmepenus u aHam3a napamempos Kaiecmsea no8epxXHOCMU Ha OCHOBe
NPUMEHEHUs YACTHOMHO20 Memood pa30eneHuss 2apMOHUYECKUX COCMABIAIOWUX NPOPUIOSPAMMbL HA
WepoxXo8amocms NOGEPXHOCHIL, €€ BOTHUCOCIb U OMKIOHEeHUe (opmbl NPOPDUILAL.

Knroueswie cnosa: npoghunocpamma, cnekmpanbhvlii AHAIU3, YACMOMHBIU HO0X00, WEePOX08AMOCHb,
BOIHUCMOCIb, OMKIAOHEHUE hopmbl npoduisl, euOPOYCKopeHue, UOPOCKOPOCMb, 8Uubponepemeyetue.

Poszensinymo ocobmueocmi eumiproganHs ma awanizy napamempie AKOCMi NOBEPXHI HA OCHOBI
3aCMOCYBAHHSL YACTNOMHO20 MeMOOY PO3OLIEHHS 2APMOHIUHUX CKAAO0BUX NpOQinocpamu HA WOPCMKICID
nOBepxHi, il Xeuasicmicms i @iOXUIeHHS Popmu nPoPinto.

Knrwwuosi cnosa: npoghinocpama, CcnexmpanvhHuil aHaniz, 4ACMOMHUU  NIOXi0, WOPCMKICMb,
Xeuascmicmo, 8I0XUeHHSA opmu nPohinio, 8IOPONPUCKOPEHHS, 8IOPOWBUOIKICIb, 8IOPONEpeMilyeHHs.

The features of measurement and analysis of surface quality parameters through the application of
frequency separation method to get harmonic components of profilogram such as roughness, waviness and
deviation of the profile are examined.

Keywords: profilogram, spectral analysis, frequency approach, roughness, waviness, the deviation of
the profile, vibroacceleration, vibrovelocity, vibrodisplacement.

BBenenune. KauectBo 00paGoTaHHOW MOBEPXHOCTH HAapsAy ¢ TpeOyeMbIM (DU3MKO-MEXaHHMIECKUM
COCTOSSHUEM  IIOBEPXHOCTHOTO CJIOSl U TOYHOCTHIO OOpabOTKH SBISIETCS Ba)KHEHIIMM KOMIUIEKCHBIM
MOKa3aTeNeM,  ONPEAENAIONIMM  3KCIUIyaTallMOHHBIE — CcBoMcTBa  getanedl  mammnH.  CHOXHOCTB
MOCJIEOTIEPALIMOHHOTO KOHTPOJSI MHUKPO — M MaKpOT€OMETPHH NOBEPXHOCTH JENAET aKTyaJbHOM 3amauy
TEXHOJIOTHYECKON JUATHOCTHKH MapaMeTpOB IIEPOXOBATOCTH M BOJHHUCTOCTH 00pabOTaHHON MOBEPXHOCTU
Ha OCHOBE MH(POPMAIMOHHBIX CUT'HAIOB, KOTOPBIE MOKHO KOHTPOJIMPOBaThH MpU o0paboTke. Mcrounnkom
TAaKUX CUTHAJIOB SIBISIIOTCSA (DM3UUECKUE SBIICHHS, COMPOBOXKIAIONIUE MPOILECC JIE3BUHHON M aOpa3suBHOMN
00paboTKU: CHUJIOBBIE, TEeMIepaTypHble W BHOpoakycTuueckue. [lo3HaHue CBSI3M 3THUX SIBICHUH C
YKa3aHHBIMH ITapaMeTpaMM KauecTBa JeTaled MallliH MO3BOJIUT MPOTHO3UPOBATH 3TO KAYECTBO HE TOJIBKO
KOHTpOJIeM pe3ynbTarta (KOHTPOJb IIEPOXOBAaTOCTH M BOJHHCTOCTH), HO TaKkXe KOHTPOJEM Ipolecca
00paboTkn (HampuMmep, KOHTPOJEM BUOPOAKYCTHUYECKHX KoJsicOaHuii). CienyeT OTMETUTh, YTO MHOTHE
3aJauyd M3 JTOTO HAaNpaBieHHA HE pELIeHBl B HAay4yHOM IUlaHe, Apyrue (peuieHHble 3agadd) YacTo
HEIOCTYIHBI 110 MPUYNHE KOMMEPUECKOTO HHTEpeca PUpPM-pa3paboTINKOB.

HepoBHocTH mOBepXHOCTH [eTajeld MallMH W TPUOOPOB, XapaKTepH3YIOIIWE KaueCTBO JTOH
MMOBEPXHOCTH, OKa3bIBAIOT CYIIECTBEHHOE BIMSHHE Ha DKCIUTyaTAallMOHHBIE XapaKTEPUCTHKU AETalell H
W3JeNi MalIMHOCTpOeHUs. MeTo10I0TH Ha3HAYEHMsI U OLIEHKH KayecTBa MOBEPXHOCTH HMCIIOJIB3YeTCs Ha
Pa3IMYHBIX 3Tanax >KU3HEHHOTO IUKNIA W3AENIUSA: IPH KOHCTPYKTOPCKOW M TEXHOJIOTWYECKOW MOJTOTOBKE
MPOU3BOJCTBA, COOCTBEHHO TMPOMU3BOJCTBE M NPU KOHTpPOJE (TECTUPOBAHHMHU) BBHITYyCKAEMOW MPOIyKLIHUH.
[lpuHATO cCuMTaTh, YTO TEOpHs HEPOBHOCTEH BXOJWUT B COCTaB Ooyiee OOIIEH TeopuH pa3MEpHBIX
MapaMeTpoB, TaKk Kak BCE pa3MEpHbIE MapaMmeTpsl AETajled BIMSIIOT COBMECTHO Ha 3KCIUTyaTallHOHHBIE
CBOIICTBa COeIMHEHMH 3TUX JeTaneid. Hanpumep, npu TpeHnH M M3HOCE COEAMHEHUH JeTalell COBMECTHOE
BaustHue Ha KIIJ m gonroBe4HOCTh M3AENMH OKa3bIBAIOT 3aBHCAIME OT Pa3MEpOB 3a30pbI, OTKIOHEHHUS
(hopMBbI (OBAILHOCTH KOHYCOOOPA3HOCTD U P.), BOIHUCTOCTD U IIEPOXOBATOCTh MOBEPXHOCTH [1].

3a mocinegHHe TOABl B MHpE HAKOIUIEH ONBIT B HCIIOJB30BAHUM CBSI3M KAadeCTBAa IOBEPXHOCTH C
(YHKIMOHAJIBHBIM ~ Ha3HaueHWeM Jeraneid. 3a CyéT ONTUMAILHOTO HOPMHUPOBAHUS TApaMeTpOB
LIEPOXOBATOCTH U WX TEXHOJOTUYECKOTO OOECICUeHHs IOCTUTHYTO 3HAYUTENBHOE YIy4IlIeHHE KadecTBa
MallliH ¥ MEXaHU3MOB, YTO MOJIOKUTENFHO BIIMSET Ha UX JKCIUTyaTallMOHHBIE CBOWCTBA. B TO ke Bpems
OTEUECTBEHHBIE CTaHIAPTHl MO IIEPOXOBATOCTH TOBEPXHOCTH NaBHO HE MEPECMATPUBAINCH, AOIMYIIEHO
OTCTaBaHUE MX YPOBHS OT cooTBeTcTBylomMX eBpomeiickux (DIN) u amepukanckux (ASME) crangaprtos.
OTtedecTBEHHbIE KOHCTPYKTOPBI HE MMEIOT CBEACHMH O MapameTpax IIepOXOBAaTOCTH, KOTOPBIE OTPaKaroT
(YHKIIMOHAJIBHBIE BO3MOKHOCTH TOBEPXHOCTEH, pabOTalOMMX HA KOHTAKT, O BJIMSHUM BOJHUCTOCTH Ha
(yHKIIMOHAJIBHBIE CBOMCTBA MOBEPXHOCTH. B nmTepaType HEJOCTATOYHO CBEAECHHH O €AMHOW KOHIENIUU
M3MEpPEHNs U aHaIM3a HEPOBHOCTEH HE3aBUCHMO OT BUAA M3MEPSIEMONM MUKpPO — WIM MaKpOHEPOBHOCTH
(1epoxoBaToCTh, BOJIHUCTOCTh, KOHTYpP) [2,3]. Dra xoHuenuus (B 3apyOexHOW nureparype Perthometer
concept) OCHOBaHa Ha CIEKTPaJbHOM aHaln3e U NpeoOpa3oBaHUH CIIEKTPa HEPOBHOCTEH HE3aBHCHUMO OT UX
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METPOJIOTHUECKOW KIaccupUKauMK Tpu LUPpPOBOH 00paboTke maHHBbIX. KoHuenmus peanusyercss Ha
MOJYJIbHOW KOMITBIOTEPH3UPOBAaHHOW cTaHImu (computer-controlled station) mns w3MepeHHs U aHanIM3a
LIEpOXOBATOCTH, KOHTypa MW  Tomorpaduu  HUCCIEAyeMOH  TMOBEPXHOCTH C  OJHOBPEMEHHBIM
JOKYMEHTUPOBAaHHWEM DE3yJIbTaTOB aHAJIM3a B COOTBETCTBHU C OQHUHUAIBHO ICHCTBYIOIIMM CTaHIAPTOM
(DIN, ASME) nmu ¢ yuérom TpeboBaHuil 3aKka3yuKa.

HHcTpyMeHTOM paslieneHusi HEpOBHOCTEH B HHTEpBaJie MX H3MEHEHHS «OT MHUKPO [0 MakKpo»
apisieTcss  QuiIbTpauuss  OUGPOBOTO  CHTHama  NpoQuiIorpaMMbl, TOJYYEHHOTO TPU  MOMOIIU
KOMIBIOTEPH3UPOBAaHHOHN ammapaTypbl. OgHAKO, B TEXHUYECKOH JMTeparype HET CBEICHUH O METOIMKE
MPOBEACHUS TAKOTO U(PPOBOTO aHAMM3a JaHHBIX. Kak mpaBuiio, HEKOTOPBIE CBEICHUS YaCTHIHO NPUBEICHEI
B PYKOBOJACTBaX K IMOPTaTHBHBIM H3MEPUTENBHBIM MPHOOpaM €O BCTPOCHHBIMH MHKPOKOHTPOJUIEpAMHU
(pupma Mitutoyo, Smonus), a Takke K CTAIMOHAPHBIM H JIAOOPATOPHBIM KOMIBIOTEPU3UPOBAHHBIM
cranmuaMm Tuna «Hommel-Etamic T8000» (kommanust JENOPTIC AG, T'epmanuns) u MarSurf LD 120
(xommnanus Mahr GmbH, ['epmanus).

Bubpoakyctuueckue kosieOaHus MpH JIE3BUMHON U abpa3uBHOM 00paboTKe MPEACTaBIAIOT COO0H emé
OJIHO aKTyalbHO€ HampaBjeHWE B TEXHOJOIMH MEXaHWYeCKOH o00paboTKu, TMONy4YUBIIEE HA3BaHHE
TEXHOJIOTHYECKasi IWHaMuKka. B 3Toil o00jacTu YacTOTHBIM MOAXOJ, MPEACTABISAIONIMA BO3MOXHOCTH
nepeBona uHGOpPMANUU W3 BpEeMEHHOU (OpMBI €€ TpeAcTaBlICHHS B YACTOTHYIO (OpMY, HCHOJB3yeTcs
JaBHO. OTO BBI3BAaHO TEM, 4YTO BHOpPOaKyCTHUECKHE TNapaMeTpbl KoJjeOaHuii (BUOpOyCKOpeHHE,
BHOPOCKOPOCTh, BUOpOIIEpeMeIeHHE, 3BYKOBOE JaBlieHNE) M0 (HU3NUECKOM CBOEH MpUpoie N3MEHSIOTCS BO
BpPEMEHHU N0 Mepe JIe3BUIHON 1 aOpa3uBHOIM 00padOTKH B OTJIMUKE OT CUTHAJIA HEPOBHOCTEH MOBEPXHOCTH,
KOTOPBIN ABJSIETCS PYHKIMEH OT 0AHOM (0OBIYHAS OAHOMEpHas mpoduiorpaMma) Win ABYX (Tomorpadus)
KoopauHaT 00pabOTaHHOM MOBEPXHOCTH.

Nmerommecs: cBeneHns Mo MPUMEHEHHIO YaCTOTHOTO MOAX0/a K aHaJM3y HEpOBHOCTEH 00paboTaHHON
MOBEPXHOCTH Pa3pO3HEHBI, OCHOBAHbI HA Pa3HON TEPMUHOJIOTHUH W NPUHITHIX 0003HAYCHUSIX, HE CBSI3aHBI C
aHaIN30M BHOPOAKyCTHUECKHX KojeOaHui mpu oOpaboTKe.

Takum oOpazom, pa3zpaboTKa METOJUKH W3MEPEHHUsI M aHaln3a IapamMeTpoB KadecTBa oOpaboTaHHON
MOBEPXHOCTH M BHOPOAKYCTHYECKHX KojeOaHMW mpu e€ oOpaboTke Ha OCHOBE YacTOTHOTO MOAXOJa
SABJISIETCS aKTyalbHOW 3ajadeil B TEXHOJOTUM MAaIlMHOCTPOCHHS, TaK KaK 3Ta METOAMKAa MOXET OBITh
WCIIOJIB30BaHA MPH KOMIBIOTEPHOW AMATHOCTHKE TEXHOJOTWYECKOH CHCTEMBI JIC3BUIHONW M aOpa3suBHOM
00paboTku Ha crankax ¢ UITY.

Heab. Paspaborars MmeTomuky uudpoBoil 00pabOTKH NPOQHUIOrpaMMbI MOBEPXHOCTH IMocie &
¢dpe3epoBaHus MyTEM MIPUMEHEHHS YaCTOTHOTO MOJIX0Aa K aHAJIN3Yy HEPOBHOCTEH MOBEPXHOCTH U K aHAIH3Y
BUOpaimii mpu (hpe3epoBaHUM AJsl YCTAHOBJICHHUS B3aMMOCBSI3HM MEXKIY MOJTYyYEHHBIMH CIEKTPOTpaMMaMH
npoduIIs HIOBEPXHOCTH U Bubpanuii mpu e€ odpadoTke.

OcHoBHas yacTh. VccnenoBanus BEINOJHEHB Ha cCOBpeMeHHOM obopynosanuu ¢ YITY (obpaboTka
oOpasnoB mpu (pesepoBannu Ha oOpabareBaromeM IeHTpe Moa. S00V/5) W M3MepuUTenbHOW CTaHIMU
T8000 (M3MepeHHs mapaMeTpoB KadecTBa oOpaboTaHHOU moBepxHOcTH). Cranrus T8000 — HACTOJIBHOTO
TUNA, BBHINOJHEHa B BUAE KOOpAMHATHO-W3MepuTenbHoW Mammuel ¢ YIIY  (puc.l). Cogmepxur
MOTOpPH30BaHHYIO KosoHHY Tra Wavelift s BepTrkansHOTO NepeMeleHns nonepeyHoi tpasepcst Ha 400
MM, NTOBOPOTHYIO ONOPY NMPHUBOJA, IPUBOA MexaHnu3Ma nojaun tuna Waveline (Ha qmuay 60 i 120 mwm),
JIBYKOOPAMHATHBI W3MEPUTENBHBIA CTON 0€3 AJIEKTPONPHUBOAA, TPAHUTHYIO TUIUTY ¢ T-00pasHbIM Ma3oM.
WnctpymenTtansHbii cton tuna GTR-4, nMeeT HUIy ¢ MPUHTEPOM U CHCTEMY NMAaCCHBHOIO MOJABIEHUS
BuOparmii. VMeeTcs OBa KOHTAaKTHBIX JJIEMEHTa: OE30MOPHBIA LIyHn IS HM3MEPEHUS HIEPOXOBATOCTH
(BomuucrocTtn) noBepxuoctu (Hadop TKU 300/600) u gatymk 1y u3MepeHus KOHTypa Tuna Wavecontour
[4].

[porpammuoe obecneuenne — TURBO ROUGHNESS, TURBO WAVE, TURBO CONTOUR wu
EVOVIS — wucnone3zyercs Ay M3MEPEHUI MapaMeTpoB IIEPOXOBATOCTH, BOJIHUCTOCTH, T€OMETPUUECKUX
napamMeTpoB NPOQHIs MOBEPXHOCTH U TOMOTpaduu, COOTBETCTBEHHO, B COOTBETCTBHHU co cTangaptoM DIN
EN ISO 4287.

HUcnons3yembie 1udpoBsie GUIBTPBl MO3BOJITIOT pEAM30BaTh MPOLEAYPY pasAcieHus AJIMHHBIX U
KOPOTKHUX BOJIH, COJIEpKAIINXCs B MpoQuIie MepoxXoBaToi moBepxHOCTH (puc.2). [ pasrpanndeHus BUIOB
HepoBHOcTe (unbTpel ciepyromue: RC nuckperHo Bemuucimsemsii (MMm) mo DIN 4768; Iaycca (M1)
mudposoit uwistp (MM) mo DIN EN ISO 11562, gacts 1, (50% Iaycca); nBotino#t ['aycca (M2) mis
OTIpEIeNICHNs] OTHOCUTENBHOMN ONMOpHOM NMHEI U Ry - mapamerpos o DIN EN ISO 13565-1.

[penenshas ninuHa BodH (oTceuka mara) 1y Beex ¢uibTpoB (RC, 'aycca M1 u M2) cocrasmser:
0,025; 0,08; 0,25; 0,8; 2,5; 8 Mm. [lpenenbHas JyMHA YIBTPAKOPOTKUX BOJH AS BBIOMPAETCS IO CTYIICHIM
otHowmeHust Ac / As: 30; 100; 300. Baszosas miuHa (sampling length) anst mepoxoBatoctu [ (Mu oTceyka
mara Ac): 0,08; 0,25; 0,8; 2,5; 8 mm. Cropoctb TpaccupoBanus: 0,05;0,15; 0,5 mm/c.
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Jmmna TpaccupoBanus (traversing length) /¢: 0,48; 1,5; 4,8; 15; 48 mm nnu nepemennas ot 0,1 go 200
MM (puc.2). dmna oueHku In (evaluation length): 0,40; 1,25; 4,0; 12,5; 40 MM winu mepeMeHHasi OTCEYKa
NpeenbHON IIMHBI BOJIH. Pamuyc KpUBH3HBI LIyna B pEXHME U3MEPEHHUS HIEPOXOBATOCTH (BOJIHUCTOCTH)
COCTaBIISIET 2 WJIM 5 MKM, a B pexkuMe usMepenus npodus: 22; 250; 500; 1000; 2000; 3000 MxMm.

Puc. 1. Buenruuit Bug u HacTpoiika
crannmu Hommel-Etamic T8000 Ha
M3MEpPEHHe TI0CIe YCTAaHOBKH B
TUCKH TPU3MATHYECKOTO 00pasia
(Ne 5.2): a — cxema HacTpoiiku (Ha

MOHHTOPE npubopa) npu
yIpaBJICHUU nepeMenieHueM
aT4MKa, 6 —  BEPTHKAJIbHOC

NepeMerieHre  JaTyuka  nepen
KacauueM ¢ oOpasnoM; 6 —
HUCXOJHOE  TIOJIOKEHUE  JaT4yUKa
B nepea u3MepeHueM

AnroputM 00paOOTKM NAHHBIX AJIS1 OLEHKH LIEPOXOBATOCTH M BOJHHCTOCTH COJCPXKHUT JABa dTama:
noJjlydeHne ouudpoBaHHOTO IMepBHYHOTO Tpoduis (primary profile), moaBepraemoro ¢uIbTpauuy, U
OIIEHKA MapaMeTPOB BOJHUCTOCTU M LIEPOXOBATOCTH B 3aBUCUMOCTH OT LIEJIM aHanmmn3a (puc.2).

PazpaboTana cremyromas METOOUKA W3MEPEHUS M aHAINW3a CUTHAJIA MEPBUYHON MPOQUIOTPaMMBI
00paboTaHHOH MOBEPXHOCTH.

1. Omudporka rpaduka npoduiorpaMmsl (puc. 2 a), HanpuMmep, MYTEM BBIIEICHUS JUCKPETHOTO
uudpoBoro kojga U3 KOMIMbIOTepHOTO (opmara «.bmpy». DopmupoBanue MUGPOBOrO KoJa MNEPBUUYHOTO
npodwus, Hanpumep, B hopmarax «TekcToBbIN ToKyMeHT» nimm Excel.

2. ®opmMupoBaHME W aHAJIM3 CUTHAJA BOJHHUCTOCTH (puc. 2 0), Hampumep, MyTEM MOCTPOCHUS
CKOJIB3SIIIETO CPEAHEro ¢ MEPEMEHHBIMHU BECOBBIMH K03 uirieHTaMu, onpeensieMbIMu 10 3aKoHy ['aycca.

3. Beruranue u3 nu¢poBoro odpaza MEPBUYHOTO NPOQHISL OPAMHAT (Il KaKAOTO TUCKPETHOTO
3HaYeHHs a0CLUMCCHI) CUTHAJa BOJIHUCTOCTH (PHUC. 2 B) ISl OJTy4eHHsl HU(PPOBOTO CUTHANIA IIEPOXOBATOCTH.

4. AHaiu3 cuTHaja NIEPOXOBATOCTH Ha MPEIMET ONpeNeNeHHs ero napaMeTpoB, HampuMep, Ra, Rz n
Rmax.

5. YactoTHbll aHamm3 mnepBUYHOTO Mpoduist (mpodmiorpaMmbl) MyTEM NpPUMEHEHHS OBICTPOTO
npeobpazoBanusa Pypee.

OnpeneneHHyl0 CIOXHOCTh B TPUMEHEHMHM YacTOTHOTO MOJAXOJa NPEACTaBIsIET Mepexoln U3
«BPEMEHHOW» 001acTH B YacTOTHYIO. JleJlo B TOM, YTO CHTHaj, XapaKTepU3YIOLIW MpoduiorpaMMmy, He
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OTHOCUTCS K BPEMCHHOMY pSAYy JAHHBIX X(1) B OTIMYME OT, HANPHUMEp, CUTHAJIA, XapaKTePU3YIOIIETO
napaMmerpsl BuOparuit. [loaTtomy 3TOT curHan (mpo@uiorpaMmy) MPEACTaBISIOT IMOCIEA0BATEIBHOCTEHIO
YHCeI X, WU X(11), KOTOpbIE TI0 MEPE TUCKPETHOTO U3MEHEHHS 71, TAE /1 — 11eJI0€ YHCIIO0, MPEICTABIIIOT CO00M
pe3yIbTaThl PaBHOOTCTOSIINX HM3MEPEHWH (IJIMHA WU pa3Mep OJHOMEPHOTO MaccuBa uwmcen). B artom
cllydyae CHUTHAJI MPOQUIOTPaMMBbI TPEJCTABISET COOOH psNl AUCKPETHBIX YHCET, KOTOPBIA MOXKET OBITh
MOJBEPTHYT mpolenype nudppoBod ¢unbTpamuu. B sTtom cimydae mo ompeaencHuto P.B. Xemmunra
UG POBBIM QUITETPOM SBJIIETCS TIPpeoOpa3oBaHUe BXOIHOTO PSIa X, B BBIXOJTHOMU PSJT CISAYIONIETO B [5]

Yn = z Cr Xk +deyn—k ) (D
k=—o k=1

e Y, — BBIXOJHOM (1 — i) AUCKPETHBI CHIHAJ Ha BbIXoAe udposoro ¢uistpa (n=1,2,...n); ¢, u d, —

KO3 PHULUCHTHI.

[NepBruHBIi PO MITE C HYJIEBBIM CPEAHNUM 3HAUCHHEM
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Puc.2. ®unprpanyst curaana nepBUYHOTO MPouis (a) ¢ BhICICHHEM CHIHAJA
BOJIHHCTOCTH (6) M MIEpOXOBaTOCTH (8) (He COAEPKUT (POPMBI M OTKIOHEHUS (POPMBI)

Takum 06pazom, MGPOBOI PUIBTP HpeACTaBISIET COOON ITMHEHHYI0 KOMOMHAIMIO PABHOOTCTOSIIINX
OTCY€TOB X, , HEKOTOPOH (BXOAHOH) (DyHKIMH X(?), a TaKkKe BEIMUCICHHBIX PaHEE 3HAYCHUH HA BBIXOJE V, ,
. JpyruMu cioBamMu, Uil KaXXAOTO CIEAYIOIIEro OAWH 3a ApyruM n ¢opmyna (1) caBuraer TEKyIIyrO
OTCYETHYIO TOUKY BJIOJIb IOTOKA BXOAHBIX OTCUETOB X, , [5].

Ha npumepe ¢opmynst (1) MOXHO mMOKa3aTh OTJIMUME HEpPEKypcUBHOTo (0e3 oOpaTHOW CBsA3M)
¢ubTpa OT peKypcuBHOTO (¢ oOpaTHOH cBs3blo). B mepBom cimydae Bce xod3hduIMEHTH d); 1y Bcex
BBIXOJHBIX OTCYETOB ), , PAaBHEI HYIIIO, BO BTOPOM CiIydae KOI()(MIMEHTHI d; HE SABIAIOTCS HYIEBBIMH.

W3BectHO, 4TO 00a QUIBTpa NPUBOIAT K U3MEHEHHUIO (Pa3bl TApMOHHMYECKUX COCTABIIIONINX, MPOXOAAIINX
yepe3 ¢uibTp [6]. Ilpu BeIIETEHNN BOIHUCTOCTH MMOBEPXHOCTH 3TO MPHUBOAMUT K UCKHKECHUIO aMIUIUTYABI U
noJIoXKeHus: GopMupyeMoil mnpu ¢GuIbTpauud BOJHBL [lo3TOMy B COOTBETCTBUH C TNPUHATHIMU
esponeiickumu (DIN) u amepukanckumu (ASME) cranmapramMu [IONOJIHUTENBHBIM TpeOOBaHHEM K
mudgpoBoMy QUIBTPY SBJIAETCS OTCYTCTBHE (Pa30BOTO CIABUra Uil BCEX TAPMOHUYECKUX COCTABJIAIOLIUX,
npoxoaauinx yepes GpuisTp. Mnes $hazoBoii kKoppeKyy curiaia npu nuppoBoi GpuibTpauy Oblia ONMcana
B paboTe [5] u mosyumna qankHeHiee pa3Butiue B paboTe [6], B KOTOPOI TOBOPUTCS O METOJIE MOCTPOCHUS
«puipTpa ¢ HyneBo# (azoi». OTAMIUTENBHOW 0COOEHHOCTBIO ATOTO (GUIBTPA SBISETCS HEBO3MOXKHOCTD €T0
NPUMEHEHUsI B CUCTEMaX PEaIbHOTO BPEMEHH.
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YacToTHBIM MOAX0A K OMUCAHWIO HU(PPOBHIX (UIBTPOB B COOTBETCTBHH C popmymnoii (1) mo3BossieT
paccMOTpeTh HM3BECTHbIE MaTeMaTHYECKHE OIEpaly MO ampOKCUMAalWud M CIIaXHBAHUIO TUCKPETHBIX
UU(POBBIX PAJOB YUCEN, KaK OOBIYHBIE MPOLEAYPHI HU3KOUAaCTOTHOU 1dpoBoii GuisTpamyu. Kpome toro,
B paboTre [5] mokazaHo, YTO M3BECTHAS MaTeMaTHYecKas OIepalys MHTETPUPOBAHUS MOCIEI0BATEILHOCTH
BXOJHBIX OTCUETOB KakOW-TMOO (QHU3MYECKON BEIMYHMHBI TAKKE SBISIETCS MPOLEAYPOH HU3KOYACTOTHOM
urdpoBoii GpuiIbTpau. TO B MOJHONH MEpE OTHOCHUTCS, HAIPUMED, K ONIEpallid HHTETPUPOBAHKS BXOJHOTO
CHrHajla BUOPOYCKOPEHHMS (BXOJ HMU3KOYACTOTHOTO (UIBTpa — MHTErpaTropa) MpH MNOJYYEHHH BBIXOIHOTO
curaajia QUIbTpa — HHTErpaTopa, KaKuM SIBISIETCS BUOPOCKOPOCTh KOJIeOaHni. AHAJIOTHYHBIE PACCYKACHUS
MO>KHO NPUBECTU K (JOPMHUPOBAHHIO CHUTHAIA BUOpOTIEpEMEIIECHHS U3 CUTHaIa BUOPOCKOPOCTH.

CIO>XHOCTB MOCTPOCHUsI «PUIBTpa ¢ HyJeBoH (azoit» nmm dhazokoppekTupytomero ¢punstpa (phase
correcting filter) nemaer akTyanbHOW 3amady CIVI&KUBaHWS AaHHBIX NPOQMIOTpaMMBI ISl BBIICICHUS
npoduisi BOJHUCTOCTH NPH HAUMEHBIIMX HCKAKEHUSIX (OPMBI UM TOJOXKCHHUS TIOJy4aeMOH BOJHEL
[IpoBeneHHBIE TIOMCKOBBIE MCCICAOBAHMS TIO3BOJMIM BBIIBUTH HamOoOJee TNPUEMIIEMBIH alrOpUTM
CTIaXMBaHUsI, UMetomuiicsa B npuioxennn Mathcad 14.0: Mathcad Help — Functions — Curve Fitting And
Smoothing Functions — Smoothing Data — ksmooth (Gaussian kernel smoothing). Berpoennas ¢yHkims
ksmooth (vx, vy, b) co3maéT BEKTOp JTOKAIBHBIX BECOBBIX CPEIHUX AJIEMEHTOB B MACCHB VY, UCTIOJB3YS SIAPO
I"aycca mmpunoii b. [Ipu 3T0M, CriasKeHHBIE 3JIEMEHTHI U3 VY POPMHUPYIOTCS B COOTBETCTBHHU C BBIPpKEHHEM

n VX. —VX.

S K[,
w' =L , 2
v ="y )

” VX
Kl 2
2K

1 2
rae K(l‘)=—exp ——— |; VX — BCKTOp HACWUCTBUTEIBHBIX YHCEN C DJJIEMEHTAMH B
V271 -(0,37) 2.0,37°

BO3pacTalolleM MopsiAKe (apryMeHT, T.€. BX0J (WIbTpa); VY — BEKTOP ACHCTBUTENBHBIX YHUCEN TOH Ke
JUTMHBL, 9TO U VX (apTyMEHT, T.€. BXOJ QUIbTPa); b — IIMPUHA MOJIOCH CIIIaKUBAIOLIETO OKHA (apTyMEHT, T.€.
BXOJ (QHUIBTPA).

U3 cpaBuenusi BelpakeHuit (1) u (2) ciemyer, 4TO anropuTM criakuBaHus no Qopmyne (2)
aHAJIOTUYEH PEKypCUBHOMY (GuibTpy (T.e. QUIBTPY ¢ OOpaTHOM CBS3BIO), MOCKOJBKY BBIXOJHOM CHUTHAI
3TOr0 aNTOPUTMAa CIIIAKUBAaHUS SBJsIETCS (DYHKUMEH HE TOJIBKO BXOJHOTO MAaccHBa VX, HO TaKXKe paHee
MOJIyYEeHHBIX BBIXOJHBIX CUTHAJOB ¢uibTpa vy. lllupuna mosockl b OOBIYHO yCTaHaBIMBAETCS PaBHON
HECKOJIBKMM DPAcCTOSHUAM MEXKIY TOYKAMH JaHHBIX Ha OCH X, B 3aBHCHMOCTH OT JKEJaeMOW CTENeHU
crnaxuBanus. [Ipu ompeneneHny BOMHUCTOCTH MpUHUMaeM b = [r (WM OTceuke Imara Ac), T.e. HIMpHUHA
NoJIockl b paBHa 0230BOH IJIMHE yYacTKa ONPEeNICHNs IEPOXOBATOCTH.

EBporneiickuii  cranmapr DIN ISO 11562:1996 omnpenenseT MeTpOJOTHYECKHE XapaKTEPUCTUKU
(ha30KOppEKTUPYEMBIX (PUIBTPOB I U3MEPEHHUS MOBEPXHOCTHBIX Npoduield. ITOT cTaHAapT yKa3bIBaeT, B
YacTHOCTH, KaK OTAEIHTh COCTaB JJIMHHBIX BOJIH OT COCTaBa KOPOTKHX BOJH. B COOTBETCTBHM C 3THM
cTaHzapToM BecoBast GyHKimMs S(X) (azsoKoppeKTHpyeMoro (GHIBTpa cOOTBETCTBYET Mo (opme [ayccoBoit

¢GyHKIMH TUIOTHOCTH BeposaTHocTH (puc.3). Ee ypaBHeHue mpu AnvHE BOJHBI OTCEYKW Miara (hUIbTpa,

paBHOI#1 Ac, umeeT BUI [7]

2
X

1
—e —_—
0,4697-A\c 0,4697 - Ac
Kak cnenyer u3 BolpaxkeHusa (3) Ha BbxoJe (WIbTpa HU3KOM YacTOTHI OYyIyT COCTaBILSIIOIIUE C
mmanoi Boyel X < 0,5-Ac(cm. puc.3), mostomy 310T QuibTp HaseBaroT «50% [ayccoB GuibTp». ITOT

(1)I/IJ'H>Tp HHM3KOM YaCTOTEI IMpOITyCKacT CHCKTpaJIBHBIﬁ CcoCTaB C JJIMHAMH BOJIH MCHEC, UEM 50% ot JJINHBI
BOJIHBI OTCCYKHM IIIara.

S(x) = Xp 3)

Sy

\ S(x)-ic

o

-~
-1 0 1 x/ke
Puc. 3. Becosas ¢yuknus dazokoppextupoBanHoro «50% ["ayccoBa dubrpar
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Takum  o6pasom, Bepakenus S(X)um  K(f) sBusores  ananorndneiMu.  [lepenaTtounyro
XapaKTepUCTHKY (QMIbTpa OMpenessiioT ¢ yué€ToMm Bblpaxenuss (1) uepe3 BecoByro QyHkuuio (3)
nocpencteoM Dypre-npeoOpasoBanus (B AaHHOH cTaTbe HE NPHUBOAMTCS). KOpPOTKOBONHOBBIA HabOp
COCTABISIOMINX NPOGUIs (CIEKTP IEPOXOBATOCTU IMMOBEPXHOCTH) B COOTBETCTBUHU CO CTAaHAAPTOM HAXOIST
Kak pasHOCTh MeXAy npoduieM mnoBepxHocTH (primary profile) W AJTMHHOBOJHOBBIM HabOpOM
COCTaBISIOMINX TPOGUIs (BBIXO (Pa30KOPPEKTHPOBAHHOTO (GUIBTPA HU3KOHM YaCTOTHI).

Kpurepuu Bri6opa (azokoppekTupoBaHHOTO GUILTpa creayromue [7].

1. IlpocTpaHcTBEHHBIE (BMECTO TEPMUHA «BPEMEHHBIC)») U YACTOTHBIE XapaKTEPUCTUKU UMEIOT OJUHAKOBOE
3HaYCHHE.

2. OunbTpoBaHHBIA MpoduIb, AaXe B 00JacTH OTCeUKH miara (GuibTpa mpoduisi, He HUCKaKaeTcsl u3-3a
¢azoBoro cnBura. KopoTkoBojHOBas cocTaBisiomas mpopuis HOocie NPOXOXACHHA (QUIbTpa MmomoOHa
KOPOTKOBOJIHOBOH COCTaBIISIIONIEH OPUTHHAIBHOTO MPOQHUIIS.

3. TlepemaTouHble XapaKTEPUCTHUKH KOPOTKOBOJHOBOW M JIJIMHHOBOJHOBOM COCTaBISIOUIMX TMPOQHIL
oOnagarotT cBoiictBamu Koppekuuu (azel 1 50%-0i mepegaud amIUIMTYObl Ha yYpOBHE OTCEUKH IIara
¢mbTpa.

4. nst uudpoBbIX cucTeM (a30KOPPEKTUPOBAHHBIN (QUIBTP peanu3yeTcs ¢ HChoib3oBaHueM [ayccoBoii
anmpoKCUMAaLUH.

OKcnepuMeHTalbHasl MPOBEPKa METOIUKH 00pabOTKK JaHHBIX HA OCHOBE (popMybl (2) MpOBOANIACH
Opyu aHaiuM3e NpOQUIOTpaMMBI MOBEPXHOCTH (pe3epoBaHHBIX oOpasmoB Ne 2.1 u Ne 5.1 (puc.4).
®pesepoBaHne BBITOJHEHO Ha ctanke Mox. S00V/5 (oOpabareBatommii nentp) ¢ UITY tuma Siemens 840 D
NpU CIEAYIOIUX pexnMmax oOpaboTku: rmyomna pesanms 0,5 mm, momaya Ha 3y0 0,15 MM, dacToTa
Bpamenus ppesst 950 mun™ (o6pazerr Ne 2.1) n 3800 mun™" (06pasen Ne 5.1). Pexymmii mHCTpyMeHnT: dhpesa
KOHIIEBasi C YETBIPbMS 3yObsIMH U3 OblcTpopexymieid ctamn PO6MS nuamerpom 18 MM ¢ HMIHHIPHYECKHM
XBOCTOBHMKOM IO/ LIAHTOBBIA 3a)KMM. 3aroToBKa mpu3Marndeckas w3 craiu Mapku Ct3 ¢ rabapuTHBIMH
pasmepamu 65x50x30 MM [5].

S
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£ el b ] a
L . Hnuna oyenusanus (In), mm | b -
Juna mpaccupoganus (It), mm
B Ir | basosas onuna

10
s
% 5
S
S
g 0
S
S
S

-5 o

0 5 10 15
Ac=2,5mm | Llaz omceuxu hc=25Mm

Puc. 4. Tloctpoenue BoTHOrpaMM MoBepXxHOCTH (1) Ha ocHOBe Ol(POBKK IEPBUYHOM
npoduwiorpaMmel (2) ¢ TpUMeHeHUueM QyHKIUK criiaxkuBanus [aycca (3) mist 00pasios
Ne 2.1 (@) uNe 5.1 (6)
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B cooTBeTcTBHM C MEKAYHAPOIHBIMHU CTAHIAPTAMHU BBIACISIIOT IJMHY OTPACCUPOBAHHSA [t, U IJIMHY
onieHuBanus [n, npuuém It = In + [+, tae [, m [, — WHTEpBAJBI MYTH YBEIUYCHUS W YMCHBIICHUS
(mepexoJHOTO TMpoLecca MI3MEHEHHUS) CKOPOCTH ABIKEHUS IIyTIa 110 HCCIIeNyeMOil MoBepXHOCTH (puc.4, a).

BonaucTOoCcTh  BBINEIAIOT  C  MOMOIIBIO IropuT™Ma  CIJIaXKUBaHUS, 3aMEHSIIOILETO
¢azoxoppektupoBanHblii «50% I["ayccoB ¢unbrp». s peamuzaumu nogobHoro ¢uisTpa B Nporpamme
MathCAD peanuzoBana BcTpoeHHas (yHkuus ksmooth(vx, vy, b), sSApoM KOTOpPOH SBJISIETCS BecoBas
¢byHKms, onMceiBaeMasi KpuBoi [aycca (kpuBast 3 Ha puc. 4 6). CyIHOCTD MareMaTH4ecKol MpOLEAyphI
¢uIbTpanMy ¢ mepeMeHHBIMU BecaMH BUAHA Ha puc.4, 6. Hanpumep, 4ToOBI NOTyYNUTh OPAUHATY TOUKH A
(puc. 4 6) HE0OXOIUMO MPOU3BECTH MIEPEMHOKEHNE BCEX OPJUHAT KPUBOH 2 Ha HHTEpBAJIC IIara OTCEYKU AC
= /, Ha BecoBbIE KO PHULUEHTEI, ONpeAeseMble TI0 KprBoi 3. 3aTeM BBINOJIHUTH pacuéT mo opmyne (2).
KomuuectBo Takux pacyéroB Ha 0a30BOH ANMHE /r paBHO YMCITy TUCKPETHBIX OPAMHAT KPHUBOH 2 Ha 3TOU
JUTMHE. AHAJIOTUYHO TMOJIy4eHa opauHara Touku b (puc.4 6).

JUIs TIOCNIeAyIONIero CpaBHMUTEILHOTO aHaM3a UCIOIb30BaH y4acToK npoduiorpamMmmel oOpasna 5.1,
MOJyYeHHBIN MpH JJIMHE TpaccupoBaHus 4,8 MM (puc. 5). YMeHbIlIeHHE AJMHBI TpacCUpoBaHus oT /t = 15
MM (puc. 4 6) no /It = 4,8 MM (puc. 5) BBI3BaHO METOAMYECKHMHU COOOpPKEHHUSMU: BpEeMs, B TEUCHHE
KOTOpOro c(opMHUPOBaH y4acTOK NMpOUIOTpaMMBbl IIpu (pe3epoBaHUH, TOJHDKHO OBITH ONM3KMM BpEMEHH
W3MEpEeHHsl cuTHasIa BUOporepemenieHus (puc.6) npu gpesepoBaHuu 3TOTO ke yuacTka obpasma. B cucteme
coopa gannbix NI-DAQmx ¢ nporpamMmmusiM obOecrieuenueM NI-LabVIEW ykazannoe Bpems cocrasisier 0,2
c [8]. Oro Bpems mnpemompenenseT TEKYIIUWH CHEKTP CHUTHAJIOB BHOPOYCKOpEHHS, BHOPOCKOPOCTH U
BUOpOTIEpEMEIlICHHI TpU IEPeXoJe OT BPEMEHHOTO MHTEpPBaJa K COOTBETCTBYIOIIEMY YacTOTHOMY
uHTepBay. TakuM oOpa3oM, A 0OecredeHns] COMOCTaBUMOCTH PUBEICHHBIX JaHHBIX Ha pHC. 5 U puc. 6
COOTBETCTBYIOIINE 3aBUCHMOCTU BBICOTHI NpoQuist (puc. 5) U BeIW4YMHBI BUOpomnepemerieHus (puc. 6) oT
BpEMEHM (pe3epoBaHMsl B3ATHl JUII OJHOTO M TOTO JK€ YydacTka oOpabOTaHHOH TMOBEPXHOCTH.

JleiicTBuTENHHO, MpeoOpazoBanue ocH abciuce IpoduIorpamMMel (MHOH /) Bo Bpemennyto och ( Af(/t) B
CEKYHIaX) MOXHO BBIIIOJHUTH II0 H3BECTHOM (opMmyne Uil OmNpeleNieHus] MAaIllMHHOTO BPEMEHU
dpesepoanus At(lt)=(60-1t)/(n-S,-z), rae n — yacrora paumenus Gppesbl, Mun'; S, — noaaya Ha 3y6
dpessl, MM/3y6; z — uncio 3y6bes dpessl. CreoBarensHo, pu 7 = 3800 mun™, S. = 0,15 MM/3y6 1 z = 4
nomyaaem Af([t)=0,1263 c, 4To CONOCTAaBEMO C BEIMUMHOH YKa3aHHOTO BBILIE BPEMEHHOTo MHTepBaia 0,2
C.
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Puc. 5. Ilpodunorpamma nosepxuoctu obpasua Ne 5.1 mpu /t = 4,8 mm (cranuus T8000)

JUi cpaBHUTENBHOTO aHanu3a npoduiorpaMmbl (puc.5) W curHaia BHOpomepemerneHus (puc.6)
HE00XOIMMO BBISIBUTH YACTOTHBINA COCTAaB ATHX BPEMEHHBIX CUTHAJIOB. J{J1s 9TOTO B MporpammMHoii cpene NI-
LabVIEW BbIxogHOH cuTHai mpouiIorpaMMBbl mociie e€ mpeaBapuTeNbHONH onM(POBKH MOAAIOT Ha OJIOK
Spectral Measurements cucrembl NI-LabVIEW, KkoTopelii ocymiecTBisieT mpoueaypy ObIcTporo
npeobpazoBanusa Oypoe (BIID).
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Puc. 6. BpemenHoii curnan BuGporiepeMenieHns npH miockoM ¢pe3epoBanun oopasna Ne 5.1
(BuOpomaturk AP2019 pacmosioskeH Ha 3aroTOBKE B HalpaBieHUH ocu X craHka moz. S00V/5)

[ony4yennsii mocne BII®D pe3ynbsraT B BHUAE CHEKTPOrpaMMBl BBIBEAECH Ha MEPEIHIOI0 IAHENb
BUpTYyapHOTO prbopa cucteMbl NI-DAQmX ¢ moMompio HCHoinb30BaHus 0J0KOB nHAMKamK Waveform

Graph (puc. 7).
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Puc. 7. Cnexrporpamma onrppoBaHHOHM MpopUIOrpaMMbl TOBEpXHOCTH oOpasia Ne 5.1
AHaIOTUYHBIM 00pa30M, MOJyYeHa CIIEKTpOrpaMMa BpEMEHHOTO CUTHajla BUOpOIEepeMEIICHUSI

(puc. 8).
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Puc. 8. Cnexkrporpamma curHasa BubpornepeMenieHus npu o0padoTke yuactka odpasma Ne 5.1

B cpene LabVIEW cymiecTByeT BO3MOXKHOCTh OU(QEpEeHINPOBATh CUTHANI, WU3MEHSIOLIUICS BO
BpeMeHHM Wi 1o KoopauHare. Omnepauus auddepeHmrpoBanusi cuUrHaiza NpoguIOrpaMMBbl BBIIOJHEHA
cpeactBamu nporpammel LabVIEW  cnenyromum o6pasom: Functions — Mathimatics — Integration &
Differentiation — Time Domain Math — Derivative (dX/dt). Ha puc. 9 npuBeaeH CHekTp CKOPOCTHOMH

XapaKTEPUCTHKH NPOPUIOTPaMMBL.
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Puc. 9. CniekTp CKOPOCTHOH XapaKTepUCTUKH MPO(UIOTpaMMBbl
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JUi moiy4YeHusl CIeKTpa CUrHajlla BHOPOCKOPOCTH BBINOJIHEHO MaTeMaTHUECKOe HHTETPUpPOBAHUE
HCXOJHOTO CHUTHajla BUOPOYCKOPEHHMS, KOTOPBIA mocTynaer ¢ akcenepomerpa AP2019, ycrtaHoBieHHOTO B
MOJICUCTEME 3aTOTOBKH.

AE-T-

SE-T 4t

2 4ET

2T 3f st

=N st | Bf 12f 1f
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1] 100 2DID 300 400 500 600 700 300 900 1000 1100 1200 1300 1400 15IDD
Frequency
Puc. 10. Criextp curaana BHOPOCKOPOCTH

CpaBuenue cnektporpamm (puc. 6 —puc. 10) TO3BOISET 3aMETUTh CXOJACTBO, YTO MOXKHO
UCTIOJIB30BaTh NMPH pa3padOTKe CUCTEMBl TEXHOJIOTUUECKOW TUATHOCTHUKU AJISl Paclio3HaBaHHS MapaMeTpoB
KayecTBa TMOBEPXHOCTH Ha OCHOBE aHanu3a BuOpammii npu ¢dpesepoBannu (BUOpOyCKOpeHHs,
BUOPOCKOPOCTH B BUOPOTICpEMEIICHHS ).

BeiBoaBI

1. Pa3pabGoTana MeToAMKa OLIEHUBAHUA MPO(UIOTpaMMBbl 00pab0oTaHHON MOBEPXHOCTH B COOTBETCTBHU
C COBpeMEHHhIMH MexIyHapoanbiMu crangaptamu (DIN, ASME), 3akmouatomasici B omudpoBKe
npouIorpaMMBbl U €€ CIIEKTPaTbHOM aHAIN3€, KOTOPBI MO3BOJISIET Pa3leluTh NapaMeTphl EepoX0BaTOCTH
1 BOJIHUCTOCTH 00pabOTaHHOM MOBEPXHOCTH.

2. Ha cnektpax mo puc.7 1 puc.9 camyro 0OJIBIIYIO aMIIJIUTYAy UMEET TapMOHHUKA, COOTBETCTBYIOILAS
OCHOBHO# 4acTOTe BpallleHUs IMUHAENS, A oOpas3ma Ne 5.1 nanHas wactota umeer 3HaueHue f = 3800/60
=63 TIm.

3. Ha cnekrtpe BuOpockopoctu (puc.10) camyio OONBLIYI0 AaMIUIMTyLy HWMEET TapMOHHKa,
cooTBeTcTBYIOMas yactote 4f = 63-4 =252 '

4. Ha cnektpax no puc.7 u puc.9 Kpome TrapMOHHMKH C OCHOBHOM YacTOTOM BpaIlleHUs LIMUHIENSA
HaOII0JAI0TCSl TAPMOHUKH Ha KpaTHBIX el yactoTax: 2f = 63-2 = 126 I'u; 3f =63-3 = 189 I'm; 4f = 63-4 =252
I

5. Ha cnekrpax mo puc.8 u puc.10 Kpome rapMOHHKH C OCHOBHOM 4acTOTOW BpAaIICHHS IIMUHACI
MMEIOT MECTO TAPMOHUKH ¢ KpaTHbIMU el yactoTamu: 3f = 63-3 = 189 I'm; 4f = 63-4 = 252 T'; 5f = 63-5 =
315 T'u u npyrue.

6. HccnenoBaHus MO3BOJMIIM C €IMHBIX HO3UIMKA TPOBOIUTH CIIEKTPAIBHBIN aHAJN3 MPOQUIOTpaMMbl
00paboTaHHO# MOBEPXHOCTH U CUT'HAJIa BUOPOTIEPEMEILCHHUS B YIPYTOi CUCTEME METANIJIOPEKYIIETO CTaHKa
C LENbI0 MOMCKAa KOPPESILMOHHBIX CBSI3€H MEXIy AMHAMHYCCKMMU SIBICHUSIMH B 30HE pe3aHHi U HX
CIIeICTBHEM B Buae podunorpaMMel 00pabOTaHHOM MOBEPXHOCTH.
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