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OpechbKa iep)kaBHa aKaaeMist TEXHIYHOTO PETYIIIOBAHHS Ta SIKOCTI

INPUBITAHHA 3 IOBLIVIEEM

12 uepBusa 2018 poky BUNOBHIOETHCS 60 pOKiB
Beauuky Ouiery MukosaiioBu1y, ITUpEKTOpy Hay-
KOBO-BHPOOHUYOTO IHCTHTYTY HepxaBHOTO
nmianpueMcTBa «BceykpalHCchkuii Jep)kaBHUI Hay-
KOBO-BHPOOHWYHN IIEHTP CTaHAApTH3AIlii, METpo-
Jorii, ceprudikallii Ta 3aXHCTy MPaB CIOKUBAYIBY
(AIT «YkpmeTpTecTCTaHAaPT»), TOKTOPY TEXHIYHUX
HayK, mpodecopy, 3aCiTy’)KEHOMY [isT9y HayKd 1 TeX-
HiKd YKpaiHu.

3a mimeunma Omera MuxkomaiioBuua — Oara-
TOpIYHME HAyKOBUHM JOCBiA i BU3HaHHSA y cdepi
MeTpoJiorii  Ta  craHmaprtuzaumii.  3aKiHYMBLIH
XapKkiBCBKHI ~ IHCTUTYT  PaJliOCNEKTPOHIKA  3a
crieIiayibHICTIO pagiorexnika B 1980 p., Oner Mu-
konanoBud y 1990 p. 3axuUCTUB KaHIUJATCHKY
JIUCEPTAIiI0 3 THUTAHb TNPEIU3iHHUX BHUMIPIOBaHb
CIEKTPUYHUX CHUTHANiB B I[HCTHTYTi e€NeKTpou-
Hamikd  Akagemii Hayk Ykpaimm (M. KuiB).
V1998 p. BAK Vkpainu npucBoiB iomy BueHe
3BaHHSl CTaplIOr0 HAyKOBOTO CIHiBpOOITHUKA 3i
cnenianbHOCTI «CTaHgapTH3auisa Ta cepTUdiKaLis.
VY 2007 p. Oner MuxonaioBUY YCHIIIHO 3aXHCTHB
JIOKTOPCHKY JUCEpTAIlif0 3 MHUTaHb TEOPil Ta Ipak-
THKW ONTHMIi3allii 0araTopiBHEBOI CHCTEMH CTaH-
JapTH3allii HAI[iOHAJIBHOTO PIiBHS B Tally3i METpO-
Jiorii 3a cnenianbHicTIO «CTaHaapTH3allis Ta cepTH-
¢ikamis» y CreniamizoBaHiii BuUeHIH panmi npu
OpneceKill nepxkaBHIl akaneMii TEXHIYHOTO PEryIro-
BaHHs Ta sikocti (OLATPSA), a 'y 2012 p. Minictep-
CTBO OCBITH 1 HayKd, MOJIOJI Ta CHOPTY YKpaiHu

MIPUCBOiNIO oMY BUEHE 3BaHHS Ipodecopa Kadeapu
BuMiptoBanbHOI TexHiku OJJATPA.

Maiixe yBech TpymoBuil nurix Omera Muko-
JafioBUYa TIOB’SI3aHUH 3 AISIIBHICTIO ¥ cdepl MeTpo-
Jorii Ta TexHIUYHOTrO perymtoBaHHs. Bin OyB mpak-
THYHO OJHHM i3 TEPITUX CIiBPOOITHUKIB HOBOCTBO-
peHoro y 1992 p. micnst posnaxy CPCP Ykpainceko-
ro HJII cranmaprusarii, ceprudikamii ta inpopma-
tuku (YxkpH/ICCI) Jlepxcranmapty Ykpainu. 3aB-
ISKA TBOPUOMY €HTy3ia3My Ta mpodecioHali3My
Oner MukomnaiioBud 3 1996 p. Ha mocaji 3acTymHU-
Ka TOJIOBH 3 MHTaHb MeTpousorii Jlepxcranmapry
VYkpainu OyB 1 3aMHIIAETHCS 1HIMIATOPOM Ta aKTHB-
HUM yYaCHHUKOM PO3pOOJIEHHS 3aKOHOIAaBUUX, HOP-
MaTHBHO-TIPaBOBHX, OpraHi3aliifHO-METOANYHUX
JTOKYMEHTIB 3 TuTanb Metpodorii. 3 2003 p. Bemnu-
ko O. M. mpamroe B [I1 «YkpmeTpTecTcTanaapT» Ha
nocaji aupekTopa HaykoBo-BHpOOHHUYOTO 1HCTHTY-
Ty METPOJIOTiuHOTO 3a0e3NeueHHsT BUMIPIOBaHb
EJIEKTPOMATHITHUX BEJIMYMH, OYOJIOE TEeXHIYHUHN
koMiteT cranaaptusamii Ykpainn TK 90 «3acodu
BUMIPIOBaHHS €IEKTPHYHHUX 1 MArHITHUX BEIUYHH)
Ta € TexHiyHIM excnieproMm y TK 85 «BumiproBaib-
He OONagHaHHS JUIA eIeKTPUYHUX 1 MarHiTHUX Be-
muauH»  MiKHApOIHOI eJIeKTPOTEXHIYHOI KOMicCil
(IEC).

3 2008 p. Oner MuKOIAHOBHY TPAIIOE 3a
CYMICHHIITBOM 3aBigyBaueM Kadeapu Ta mpodeco-
pom y OJJATPS. KonexkTus 3Ha€ HOTO 5K JIIOJAUHY, B
SIKi TAPMOHIHHO TIOEAHAHI MYAPICTh, BUMOTJINBICTD
KepiBHUKA Ta MPHUHIIUIIOBICTH, a KOJETH B YKpaiHi 1
3aKOPJIOHOM — SIK TBOpYY JIOJUHY, MpodecioHana
CBO€1 cIpaBd 1 BuAaTHOro BueHoro. Ha HaykoBiit
HuBi Bemmuka Omera MukonaiioBudya Oaratuid
«Bpoai» — moHa 520 HaykoBHX mpailb, 60 3 AKUX
1H/IGKCYIOTBCSl Y HAyKOBO-METPHYHHUX 0a3axX JaHUX
«Scopus» i «Web of Science», 65 migpy4HuKis,
HaBYAIBHUX TOCIOHUKIB, MoHOrpadiii (OiIbIIICTH
skux Bupana B OJJATPS) 3 nurans ctanmapTusaiiii,
METPOJIOTi], KOHTPOIFO SIKOCTI MPOAYKIIii, €KOJIOTid-
HOTO VYTpaBIiHHS, MOHITOPHUHTY IOBKULISA. Maibke
130 #ioro po0OiT HagPYKOBAaHO Y MPOBIJHUX HAYKO-
BHUX BUAAHHAX 35 3apyOikHHX KpaiH. Hum po3po6-
neHl Ta omyOJiiKoBaHI HaBYAIBHO-METOIWYHI Ma-
Tepiajii 3 MUTaHb METPOJIOTIT Ta CTaHAAPTH3AIT JIs
uknananas B OJATPS Ta inmmx Bumax Ykpainu,
30KkpeMa y XapKiBCbKii Aep:kaBHIN akazemii 3aii3-
HUYHOTO TPAHCIOPTY, YKrOpOJCHKOMY JIEPKABHO-
My yHiBepcuTeri 1 KwuiBchbkoMy HalliOHAIEHOMY
yHiBepcHUTeTI TexHojorii Ta au3aiiny (KHYT/).

Oner MukonailoBu4 He 3yNHUHAETHCS HA JOCAT-
HYTOMY, TIOCTiHHO Oepe y4acTh y MiKHApPOJHHX Ta
HaI[lOHATBHUX KOH(EpeHIIisX, CHUMITO3iyMaXx,
ceMiHapax, po3pobisie HOBI HANPSIMKH Hepermiaro-
TOBKM Ta IIJBUIICHHS KBajiQikarlii. Horo po-
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(dbecionanizM, OararopiuHa caMmoBiagaHa, MOCIITOB-
Ha Ta HaIOJIETIINBA MpaIls BHECITH BarOMHI BHECOK Y
PO3BUTOK BUIIOI OCBITH i 3a0€3MeUmiIM TOBary Ta
Oe33amepeyHuil  aBTOPUTET cepel KoJjer. A orl-
THMi3M Ta €HEPTiHHICTh JOBEJH, M0 HAIPSIMOK OCO-
ouctoi misutbHOCTI Onera MwuKoiaifoBHYa CIIPSMO-
BaHWI Ha YCHIIIHUI PO3BUTOK akanemii, 3abesrie-
YeHHS 1l BUCOKOTO PEHTHHTY cepel 3aKiaiB BUIIOL
OCBITH  YKpaiHW, pPO3IMHUPEHHS MIKHAPOIHOTO
CHIBPOOITHHIITBA.

3 2008 p. Oner MukonailoBuu € YJICHOM
Crrertiami3oBaHAX BUEHUX paj i3 3aXHUCTy AOKTOPCH-
KHX 1 KaHAUJIATChKUX JAUCEPTALlill 3a CHEIiaIbHICTIO
«Cranpaptuzanis, cepTudikamis Ta METPOJIOTIYHE
3abesneuenns» npu OJATPS 1 KHYTH. Iiarory-
BaB 1 MPOMOBXKYE TOTYBaTH KaHAMIATIB TEXHIYHHX
Hayk. Y 19961999 pp. i 3 2004 p. — wieH penak-
midHO1  KOJlerii  HAyKOBO-TEXHIYHOTO  JKypHAaIy
«YKpalHCBKUH METPOJIOTIUHUH XypHam», 3 2010 p.
— YIeH peAaKUiiHOI KoJerii HayKoBO-BUPOOHUYOTO
XKypHainy «Merposoris Ta mpuianu», a 3 2012 p. —
WIeH pemaKiiiHoi kojerii «30ipHHUKAa HAyKOBHX

nparte Opechkoi JepKaBHOI akazeMili TEXHIYHOTO
pETYJIOBaHHS Ta SIKOCTI.

Baratorpanna nismbpHicTh Osnera MukonaiioBu-
Ya 3HallIa BIATOBIAHY OLIHKY: HOTO HaropoIXeHO
y 1999 p. Harpymamm 3HaKoM JlepkcTaHmapTy
VYkpainu «3a 3aciyru B CTaHJapTH3aIlli, METPOJIOTI,
ceptudikanii Ta akpeguranii», y 2008 p. — Ilouec-
HUM 3HaKOM MiXaep:kaBHOI pagu 3 NMHTaHb CTaH-
nmapTu3alii, MeTposorii Ta ceptudikarii «3a 3acimy-
rim», y 2008 p. — IlouecHoro rpamotoro KabGinery
Minictpie Ykpainu, y 2013 p. — I'pamororo Bep-
xoBHO1 Pagn Ykpaiau. ¥V 2008 p. #ioMmy mpHCBOEHO
MOYECHI 3BaHHS «3acCily’KeHUH iS4 HAyKH 1 TEXHIKH
VYkpainnm» Ta «3acnyxenuit metposnor KOOMET».
3aBOJKM aKTUBHIA JKUTTEBIH mo3uilii, mpodecio-
HaJi3My Ta OpraHi3aTOPCHKUM 3MIOHOCTSIM BiH 3110-
OyB BHCOKHI aBTOPUTET Cepell CBOIX KOJIET HE Tiib-
KM B YKpaiHi, aire i 3a ii Mexamu.

Konexmue OATPA wyupo simae Oneza
Muxkonaiiosuua 3 60-piuuam i 6asrcae iiomy
MIUHO20 300p06’°a, wiacms, 31a200U ii HACHA2U
0711 HOBUX MPYOOGUX 36EPUIEHD.
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Onechbka JiepKaBHA aKaieMis TEXHITHOTO PETYIIOBaHHS Ta SKOCTI

YK 621.787:539.388

B. C. KpanyKl, K.T.H., O. D, I[amemcol, n.1.1H., J. B. KO.]IOMiCIILZ, a.T.H., O. M. .JInMapemcol, K.T.H.

1 . . o . . . .
Ooecovkuil HayioHanbHul noaimexHiynull yHisepcumem, m. Odeca
2 . . .
Ooecbka Oepaicasra akademis mexHiuHo20 pe2ymosants ma axocmi, m. Odeca

ONEPATHUBHA OIIITHKA ITUKJITYHOI JOBIOBIYHOCTI 3MIIHEHUX JIETAJIEM MAIIIMH

Poszenauymo ocobnusocmi oyinku yukaiunoi doeeosiunocmi demanei mawun. Tokasana modciugicmo
oughepenyitiosarno2o 8paxy8amnus egrekmy 3MIiYHEHHs Ol BUSHAYEHHS YUKIIYHOL 00820814HOCMI 3MIYHEHUX
demaieil. 3anponono8ano epaghoanarimuyHuLl Memoo GUHAYEHHs YUKITYHOL 008208IYHOCHI, AKUL 0A€ 3MO-
2y Ha cmadii npoeKmy68aHHs. ma 008e0eHHs 00CIIOH020 3PA3KA MAWMUHU CYIMMEBD 3MEHIUUTNU 3aMPAU YACY
0151 GUKOHAHHSL THIICEHEePHUX PO3PAXVHKIG Hecyuoi 30amHocmi 3MiyHeHux demanetl npu nOGMOPHO-3MIHHUX

HANpPY;ICEHHAX.

Knrouoei cnoea: demani mawun, nosepxnese 3mMiyHer s, YUKIIYHA 008208IYHICINDb, 2pAPOoaHaNiMUYHUL

Memoo.

DOI 10.32684/2412-5288-2018-1-12-7-11

IMocTranoBka npodJjemu

JocBin excruryaTamii Ta aHami3 pyiHyBaHb T10-
BEPXHEBO 3MILHEHHUX JCTANICH MAaIllMH MOKa3ye, 10
OJHHMM 13 OCHOBHHX HANpsMIB 3aMo0iraHHs pyiHY-
BaHb €JIEMEHTIB KOHCTPYKIIIN € iX MPOEeKTyBaHHS Ta
BUTOTOBJICHHS 3 BiANOBITHUMU 3HAUYE€HHSIMHU HECYUOi
3naTHOCTI. Lle Moke OyTH AOCSITHYTO YAOCKOHAJICH-
HSIM PO3PaxyHKOBHX METOJIIB Ha MII[HICTh Ta JOBIO-
BIYHICTb.

OCHOBHI NPUHIMIH OLIHKKA MIIIHOCTiI MOBEPX-
HEBO 3MIIHEHUX JEeTajicll MaliuH po3poliieHi B [1—
3]. SIkmro KOHCTPYKTOp B pO3paxyHKax Ha MIIHICTh
MOJXK€ 3aCTOCYBaTH PEKOMEH[IOBaHI aHATITHYHI Me-
TOJIM BH3HAYEHHS TPAaHUIIl BUTPUBAIIOCTI TIOBEPXHE-
BO 3MILHEHHUX JeTajieil MallliH, TO B PO3paxyHKax
JIOBI'OBIYHOCTI Y HBOI'O BUHUKAIOTh TPYIHOLIl Yepes3
BIJICYTHICTh JaHUX NPO PO3TAlIyBaHHS HAXWIIy [i-
JISTHKU KpUBOi1 BTOMIIEHOCTi. [100y/ioBa KpHBHUX BTO-
MJIEHOCT] JJIs1 KO’)KHOTO KOHKPETHOTO BHIIAAKY €KC-
MEPUMEHTATEHUM NIISIXOM KJIACHYHUM METOJIOM €
TPOMI3JIKOI0 Ta 3aTPaTHOIO, &, YacCTillle BChOTO, e
HEMOXKIIMBO Ta HENPUHHATHO. AJe, 00 molyayBa-
T KpWBI BTOMIICGHOCTI anpiopHO abo 3 3aCTOCyBaH-
HSM MIiHIMaJIbHOI KIJIBKOCTI €KCIIEPUMEHTIB, HE0O0-
XiIHO MaTH NEeBHY MaTeMaTHYHY MOJENb Ta PEKO-
MeHaIii mo10 Bubopy abo BU3HAYEeHHS ii mapameT-
piB.

AHaji3 ocTaHHiIX J0CATHeHb 1 myOjaikamiii
[pwuitaaro [4-5], mo s He 3MIIHEHHX JAeTanel
MaiuH 3 rpaduiero Minaocti 05<1200 MIla pis-
HSTHHS KPHBOT BTOMIJICHOCTI (TIpsIMi JIiHIT B IMOJBIM-
HUX JIOrapu(MiYHUX KOOpAWHATAX) 3alUCYETHCS Y
BUTIAIL

0™N = og' N,
npu 6 > 0g; N = 00 mpu 6 < op 1)

abo
6™N = o"N; = 10% mpu N < Ng;
N =ocompu N> Ng, (2)

Jle G — TMOTOYHe HamNpyKeHHs (TpaHuIs oOme-
JKEHOI BHTPHUBAJIOCTI JIE€Tali), IO BiNOBIA€ YHCITY
LOUKIIB 10 pyiHyBaHHs N; Op — rpaHULs BUTpUBa-
nocti gerami; N; — 9uCIIO IUKIIB, IO BiXNOBigaE
TOYIl TIepeioMy KPHUBOI BTOMIJIGHOCTI, OOYMOBIIOE
nepexiJi MOXWiIol AISSTHKA B TOPU30OHTANBHY 3 PiB-
HSHHSIM G = Op; M i C — mapaMeTpu MoXuiioi Jiss-
HKU KPUBOT BTOMJICHOCTI.

I3 Bupaszis (1) i (2) BUAHO, IO MOJOKEHHS TO-
XWI0T TUISHKH KPUBOi BTOMIICHOCTI JeTajel 3aie-
JKUTH BiJI THX e (DaKTOpiB, IO 1 IMOJOKEHHS TOPH-
30HTAJIHOT JUISHKY, SKa BIIIOBIJAE TPaHMIN BH-
TPUBAJIOCTI JCTAII.

Jns po3paxyHKOBOi MOOYZIOBH TTOXUIIOL JTJISTH-
KM KpUBOi BTOMJIGHOCTI 3a BiJIOMUM 3HA4YeHHSIM
IPaHUIll BUTPHUBAJIOCTI HEOOXIJHI 3aJICKHOCTI IS
Bu3HaueHHs mapametpis M i C. 3anponoHoBaHO
BUKOPHCTATH TaKi 3aJIe)KHOCTI [1]:

m=(1+23Igk2) (0,027, + 1,4);  (3)

C=0,997[(1+ 2,3IgK§) (0,027 oy +
+1,4) + 1] lg(Kyog) + 4, 4
ne Ky — koedilieHT TeXHOIOTIYHOTO 3MIillHEH-
Hsl; Op — TPAHUI BUTPUBAJIOCTI HE 3MIIHEHOI JeTa-
T,

[Ipu HasBHOCTI 3anexHocTedt (3) i (4) MoxkHa
POOUTH OILIHKY JOBrOBIYHOCTI 3MII[HEHHX JETajCH
no pyiuyBanHs [6-8]. JIoBroBiuHiCTH 3MII[HEHOT
JIeTalli 3 TPAHUIICI0 BUTPUBAJIOCTI OR IO 3MIIIHEHHS
i Koe(illieHTOM TeXHOJIOTiYHOrO 3MiltHeHHs Ky, npu
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HanpykeHHi 0 > KyOgp 3 ypaxyBaHHSM BHpa3iB
(2)—(4) Bu3HAYAETHCSA 3AITIEKHICTIO

100,997[(1+2,3lg1<‘2, )(0,0270 g+ 1|1g(KyoR)+ 4

N= o (1+2,31gK$; ):(0,0270+ 4) ®)

HasBHicTh (yHKIiIOHAIBHOT 3anexxHOCTI (5) Asst
BH3HAYCHHS ITUKIIIYHOI JOBTOBIYHOCTI BiJl TpaHHII
BATPHUBAJIOCTI 1 Koe(illieHTa 3MIIHEHHS Ja€ 3MOTY
nudepeHLiioBaHO BpaxoByBaTh OCOOIMBOCTI Mpoe-
kroBaHoi fetani [9]. Takuit miaxig motpedye mody-
JOBH 1HAWBITyaIbHOI KPUBOT BTOMJICHOCTI JJIST KOH-
KPETHOTO peXuMy 3MinHeHHs netani. Kpim Toro,
MPY ONTHMI3allii PSKUMIB 3MIIIHEHHS IO ITUKJIIYHIN
JIOBTOBIYHOCTI KUTBKICTh KPUBHX BTOMJICHOCTI MOYKE
OyTtu 3HauHOM. Ha mpakTumi Takoi KidbKOCTI KpH-
BHX BTOMJICHOCTI KOHCTpyKTOp He Mae [10]. o Toro
XK OJIepKaHHS 1HINBIAyaTbHAX XapaKTePUCTHUK OB-
TOBIYHOCTI MTOBEPXHEBO 3MIITHEHHUX JAETalel 3a piB-
HSHHAM (5) TpoMi3aKo. Y 3B’SI3KYy 3 UM MPOBOJIATH
HaOmmwkeHy orinky N, B pe3ynbrari yoro mae micie
HETIOBHE BHKOPHUCTAHHS HECY4Oi 3aTHOCTI MOBEPX-
HEBO 3MIIJHEHUX JeTaliel, 10 BeAe A0 MepeBUTpa-
YaHHS MaTepiamy.

Merta poGoTu

Po3pobutu npucKkopeHuit METOoJ| JUIs OllepaTH-
BHOI OI[HKM IIMKIIYHOI JOBIOBIYHOCTI 3MIIHEHUX
JeTaneil MaluH.

BukianeHHs1 0CHOBHOTO MaTepiaiy

Jns BupimieHHs wiel 3agaui 3amumemo (2) y
BUTIIAIL

IgN = C —mlgo; (6)

IgNG = C — mlgory, (7)
ne Ory = KyOg — rpanuiis BATPUBAIOCTI 3Mill-
HEHOI JeTaii.
I3 Bupazy (6) ogepxumo

Igo = (C — IgN)/m. (8)

B 30H1 OaraToiukioBoi BTOMJICHOCTI MaTepia-

JIB HAMPYXEHHS ¢ B 3aJIeKHOCTI (8) 3aBkau Oijbie

TpaHUIll BUTPHUBAJIOCTI Ogry. I3 Bupasy (8) BigHIMEMO
lgogy, Maemo

Igo — Igory = (C — IgN)/m — Igory. 9)
Pisauus Igo — Igory = Ig(c/ory) mae 3mory
OLIHUTH JIoTapu(M BiJHOCHOTO 301JIBIICHHS 3MiH-
HUX HaIlpyXeHb MIOBEPXHEBO 3MIITHEHOT IETAai.
Jlis nuknivsoi gosrosiggocti N = 10* LIUKIIIB
Brpa3 (9) MOXKHa 3arucaTh

Ig— =———Igo,, (10)

3 METOI TOJErIIeHHs HACTYITHUX BUKJIAJIOK
BBEJIEMO TaKi CIIPOIICHHS:

A = C —mlgogy;

B:ﬂ—lgcw.
m

(11)
(12)

Bupas (12) 3 ypaxyBauusam (11) npuitmae BH-
LIS

B = (A—4)/m.

SIKIII0 CyMICTUTH ITOYaTOK KOOPIUHAT

(13)

Ig—> ~IgN 3 1g->- -0
RY GRY
(G =ORy=-= K\/GR) 1 |gN =4,

TO mapametrpu A i B 01HO3HAYHO € BiAMOBIIHO
[MOYaTKOBOK aOCIUCOI0 (TOYKO TepeoMy) i mova-
TKOBOIO OpIHMHATOI0 KPHUBOi BTOMJEHOCTI. OTKe,
napameTpu A 1 B 0JHO3HAYHO BHU3HAYAKOTH MOJIO-
KCHHSl TOXWJIOI [iNISIHKA KpPWUBOi BTOMIJIGHOCTI B
MIPUHHATINA CUCTEMI KOOPAMHAT.

3anexnocTi (8), (11) ta (13) BukopucTani amis
noOyJI0BU y3araibHEHOi HOMorpamu (puc. 1), sdka
Jla€ 3MOTY OINEPAaTUBHO BU3HAYUTH IHUKIIIYHY JOBIO-
BiuHicTh N TIOBEpXHEBO 3MIIIHEHUX JIeTaEH.

HomorpamMoro KOpUCTYIOTBCS Yy Takid MMOCIiI0-
BHOcTi. [Ipy HasBHOCTI NaHMX TPO TEOPETUUHUI
KOoeilli€eHT KOHIIEHTpaIlii HAallPyKeHb 0, OOIPYHTO-
BaHO BHOHMPAIOTHh BIIHOCHY TOBILIMHY ITOBEPXHEBO
3MinHeHoro mapy A (uis geram Kpyrioi (Gopmu
A= 2An/dy; Ay — ToBmMHA 3MinHeHOTO Mapy, djy
— JiaMeTp JaeTa).

Bubpane 3HaueHHsS A HAHOCSTH Ha BiCh abCIHC
B koopaunHartax A~Ky, MOpoBOmsSTE BepTHKAIbHY
minifo. OmepkyoTh 3HaueHHsT Ky U1st TOukH mepe-
THUHY TPSAMOi 3 KPHBOIO JIHI€IO, IO BiJNOBiJla€ BU-
XiJIHOMY 3HQYEHHIO TEOPETHYHOrO KoedilieHTa
KOHIIGHTpAIil HApy»XeHb 0. [[0TIM 3a 10MOMOTror0
JiarpaMu, BUKOPUCTOBYIOYH 3B’SI3KH MK BEJINYH-
Hamu A i Ky, B i Ky, 3HaxonsTh BiIOBigHO mo4aT-
koBy abcuucy Ng i mouarkoBy opmunaty G/GRy.
OnepkaHi TakMM YMHOM Ha KOOPJAWHATHUX OCSX
TOUKH 3’ €IHYIOTh BiApi3koM. OJEPKYIOTh MOXUITY
JUIISTHKY KPUBOT BTOMJIEHOCTI TIOBEPXHEBO 3MiITHEHOT
neTani ans BuOpaHoro pexumy 3MinHeHHs. [lo 3a-
JAaHOMY 3HA4YCHHIO TPaHMLl BHUTPHUBAIOCTI OR HE
3MIIIHEHO1 JeTalli Ta 3HAWIEHOMY 3a JOMOMOTOI0
HOMOTPaMH 3HAYEHHIO Koe(illieHTa TEXHOIOTIYHOTO
sminHeHHst Ky 00YHCITIOI0Th TPaHMITI0 BUTPUBAIOCTI
MOBEPXHEBO 3MillHEHOT eTani Ory = Kyog. O0rpy-
HTOBAaHO Ha3HAYalOTh BEIWYMHY aMIUTITYJHOTO Ha-
NPYKEHHsI G, Micis 4Ooro BU3HAYAIOTh CIIiBBIJHO-
meHHs 6/GRry. 3HaueHHs G/GRy BiAKIAAAIOTH HA OCi

opmunar B xoopmunatax IgN ~ lg(c/ory). Yepes
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OJIep’KaHy TOYKY IPOBOJAATH FOPHU3OHTAIBHY IPSIMY
JI0 TIEPETUHY 3 MOXHUIIOK MpsAMO0. Touka mepeTuHy
WX JTBOX MPSIMHUX JIiHIM BU3HAYAE 3HAUCHHS ITHKIIi-

YHOI TOBIOBIYHOCTI TOBEPXHEBO 3MIIHEHOI AETalIi.
[TocninoBHICTh BU3HAYEHHS BEJIMYMH MMOKa3aHa Ha
HOMOTPaMi CTpiIKaMH.
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Pucynok 1 — Homorpama 11t BU3Ha4eHHS MTUKIIIYHOT IOBTOBIYHOCTI 31 3MIITHEHUM MTOBEPXHEBUM
apoMm JeTajieil MalluH

BucHoBkn

[Ipuckopennii MeTO[ BHU3HAYEHHS IUKIIYHOT
JIOBFOBIYHOCTI TOBEPXHEBO 3MIIHEHUX JieTayne
MaIllFH Ja€ 3MOTy B TPOIECi MPOSKTYBaHHS Ta JI0-
BEJIEHHS JIOCTITHOTO 3pa3Ka MaIllMHU OOTPYHTOBAHO
BUOpaTH KOHCTPYKIIWHWIA MaTepiay (depe3 TpaHu-
II0 BHTPHUBAIOCTI Marepiaty Op), ONTHUMI3yBaTH
BHOIp CITOCO0IB 1 peXKMMIB 3MIITHEHHS ITOBEPXHEBOTO
mapy (depe3 Koe(ilieHT TEXHOJOTIYHOTO 3MII[HeH-
ust Ky) Ta OLiHNTH MK YHY JTOBrOBIYHICT 3MillHE-
HUX JIeTajiell Ha Wif CTajii, CyTTEBO 3MEHIINTH 3a-
TpaTH 4Yacy JJisi BUKOHAHHS iHXEHEPHUX PO3paxyH-
KiB HeCydoi 3JIaTHOCTI 3MII[HCHUX JeTajiell mpu il
MOBTOPHO-3MIHHHUX HaNpYKEHb.
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OIIEPATUBHAS OLIEHKA ]_[I/IKJII/I'-IECKMOFI JOJI'OBEYHOCTH YIITPOUYHEHHBIX
JETAJIEM MAILIUH

Onvim sKCcnAyamayuy u aHanu3 paspyuenutl HOGEPXHOCMHO YNPOUHEHHBIX Oemanell Mauut noKa3vléa-
em, Ymo OOHUM U3 OCHOBHBIX HANPAGIEHUL NPe0OMEPAUeHUs. PA3PYULEHUL DIEMEHMO08 KOHCMPYKYUL A6]15-
emcs ux npoeKmuposanue U uU320mogieHue ¢ COOMEEeMCmMEYIOWUMU 3HAYEHUAMU Hecywjell CnOCOOHOCTU.
Omo modcem 6bImMb OOCMUSHYMO COBEPUIEHCMBOBAHUEM PACHEMHBIX MEMOO08 HA NPOYHOCMb U 00JI208€eU-
Hocmb. Ecniu KOHCmpYyKmop 6 pacyemax Ha RpoYHOCHb MOJICEm NPUMEHUMb PEKOMEHOOBAHHbIE AHATIUMUYe-
cKue Memoobl onpeoeneHus npeoeia 8bIHOCIUBOCIU NOBEPXHOCMHO YNPOYHEHHBIX Oemanel Mauiun, mo 6
pacyemax 001208e4HOCMU Y He20 BO3HUKAIOM MPYOHOCMU U3-3G OMCYMCMEUS OAHHBIX O PACHONONCEHUU
HaKIoHa yuacmxa kpueoi ycmanocmu. Ilocmpoenue Kpugwvix ycmanocmu 0st Karco020 KOHKPEMHO20 CyHas.
IKCNEPUMEHMATLHBIM HYMEM KIACCUHECKUM MemOoOOM SGNAEMCsl 2POMO30KOU U 3ampamHoll, a yauje 8cezo
9MO HEBO3MONCHO U HENPUEMTIEMO.

Paccmompenvr ocobennocmu oyenku yukaudeckol 0oazogeurnocmu demaneti mawun. Tlokazana 603-
ModxcHocmb Oughgepenyuposantozo yuema s¢pgexma ynpounenus 01 onpeoeneHus YUKIUIeckol 00n206ey-
HoCcmu ynpouHenHvix demanei. Ilpeonoocen epapoanarumuieckuii Memoo onpedeneHus YuKauueckol 00.1-
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208€4UHOCMU, KOMOPbIU NO3801A€M HA CMAOUul NPpOeKmupo8anus U 00800KU ONBIMHO20 00pa3yud MAuiuHbl
CYUeCmBeHHO COKpAmMUms 8pems 0Jisl BbINOJIHEHUS PACYemOo8 Hecyujeli CHOCOOHOCU YRPOUHEHHbIX Oemaiell
NpU HANPAXACEHUSAX, NEPEMEHHBIX 80 BPEMEHU.

Tloxazano, ymo yckopenHblll Memoo OnpedeneHust YUKIUYecKou 00208eUHOCHU NOBEPXHOCINHO YNPOY-
HEeHHbIX 0emaiell MAWUux no360sem ONMmUMUUPO8ams 6b100p CHOCOO08 U PeXCUMO8 YNPOYHeHUs NoBepX-
HOCMHO20 Cl03l UCTIOb3YA KO huyuenm mexnonocuueckozo ykpenienus Ky u oyeHums yuxkauyeckyo 0oi-
208EYHOCMb YCUNEHHBIX 0emanell Ha Mot CMaouu, CYUecmeeHHO YMEeHbUWUMb 3ampamsl 8pemeru 0Jisl 6bl-
NOJHEHUs. UHHCEHEPHBIX PACYEmO8 Hecyuell CHOCOOHOCMU YCUNEHHbIX.

Knroueeswle cnoea: demanu mawu, n08epXHOCMHOE YAPOUHEHUE, YUKIULECKAsA 001208e4HOCb, 2pago-
aHARUMUYEeCKUull Memoo.

V. S. Kravchuk, PhD, A. F. Dashchenko, DSc, L. V. Kolomiyets, DSc, A. M. Limarenko, PhD

OPERATIONAL EVALUATION OF CYCLIC DURABILITY OF HARDENED
PARTS OF MACHINES

Operational experience and analysis of the destruction of surface hardened parts of machines shows
that one of the main directions of preventing the destruction of structural elements is their design and
manufacturing with the corresponding values of bearing capacity. This can be achieved by improving the
calculation methods for strength and durability. If the constructor in the strength calculations can apply the
recommended analytical methods for determining the endurance end of the surface-hardened parts of
machines, then in his lifetime calculations he faces difficulties due to the lack of data on the location of the
inclination of the section of the fatigue curve. The construction of the fatigue curves for each particular case
experimentally by the classical method is cumbersome and costly, and most often it is impossible and
unacceptable.

Features of the assessment of the cyclic durability of machine parts are considered. The possibility of
differentiating the effect of hardening to determine the cyclic durability of reinforced parts is shown. A
graphoanalytical method for determining the cyclic durability is proposed, which allows, at the design stage
and the development stage of the prototype machine, to significantly shorten the time to perform calculations
of the load-bearing capacity of reinforced parts at stresses variable in time.

It has been shown that the accelerated method for determining the cyclic durability of surface hardened
parts of machines allows optimizing the choice of methods and modes of hardening of the surface layer using
the coefficient of technological reinforcement Ky and estimating the cyclic durability of reinforced parts at
this stage, significantly reducing the time costs for carrying out engineering calculations of the bearing
strength of the reinforced ones.

Accelerated method for determining the cyclic durability of surface-hardened machine parts makes it
possible to reasonably choose constructional material, optimize the choice of method and mode of hardening
the surface layer of the part to achieve the required cyclic durability.

Keywords: machine parts, surface hardening, cyclic durability, graphoanalytical method.
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Oodecvra OepoicasHa akademis mexHiuHo20 pe2ynosants ma sxocmi, m. Odeca
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Ooecovkuil HayionanbHul yHigepcumem imeni I. I. Meunuxosa, m. Odeca

®YHKIIA I IKAJA EHTPONIMHOI OIIHKA AKICHOTO CTAHY JIATUHMKA

Y cmammi 3anpononosano gyukyito i wikany eHmponituHoi oyiHKy AKOCMI NOMOYHO20 CIAHY 0aMYUKI8
MeXHIYHOI cucmemu, KA BION0GIOAE BUMO2AM VHIGEPCANbHOCMI MA MAKCUMATILHOT HE3ANENHCHOCHI 8I0 J1H00-
cbko20 akmopy. [losedeHo 8iOnosioHiCMb 3anPONOHO8AHOI (DYHKYIL 8UuMO2aM 00 YHKYILL OYIHKU AKOCHII.
Ha giominy 6i0 icHyrouux ncuxogizuurux wikai, nponoHO8AHA WKANA eHmpPONIliHOL OYIHKY AKOCMI Ma€ Ou-
HamiuHull Oianasox OYIHIO8AHHS, MoOmMo Mmexci niddianazonie 6y0ymv aBMOMAMUYHO 3MIHIOBAMUCS 8 3d-
JIeAHCHOCIT GI0 HOPMAMUBHO-MEXHIUHUX BUMO2 00 CIAHY OOCTIONCYBAH020 0AMYUKA. 3aNPONOHOBAHA WKAA
aoanmyemucs ni0 KOHKpemHi UMo2u, wo 00380JA€ Oilbld OOCHOBIPHO OYIHUMU AKICHULL CIAH 00CTIOXMCY-
6anozo 00 ’ckma. Hagedeno pesynsmamu Mooentosants aKicho2o cmawy oamuuxa. Mosxcaugum npaxmudHum
3aCMOCYBAHHS 3aNPONOHOBAHOT QYHKYIL § WKATU € GUKOPUCMAHHS 8 CUCIEMAX MOHIMOPUHZY T 0iacHOCMUKU,

07151 UBHAUEHHS NOMOYHO20 AKICHO20 CIAHY 00CHIONCY8AHOL MEXHIYHOI cucmemMU.
Knrouoei cnoea: ¢ynxyia i wkaia enmponitiHoi oyiHKu, AKiCMb NOMOYHO20 CIMAHY 0AMYUKi8, MexXHiuHd
cucmema, OUHAMIYHUL 0iana3on OYiHIOBAHHS, MOOENI08ANHS AKICHO20 CIAHY OaMYUKA.
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Beryn. KeamimerpuyHa OIliHKa SIKOCTI JOCHi-
JOKYBaHHX 00’ €KTiB, TOOTO KiNTbKiCHE BHU3HAYEHHS
MMOKA3HUKIB SKOCTI, SIK MPABUIIO, 3AIHCHIOETHCA HA
OCHOBi Teopii HEWiTKOi JIOTIKH 13 3aCTOCYBaHHSIM
ncuxodiznyanx mKan. OCHOBHUM HEIIONIKOM Ta-
KOTO MiIXOMy € CyO €KTHBHHI XapakTep BigHO-
LICHHA EKCIEpPTOM pe3yibTariB (QyHKIIi BUMIpIO-
BaHHS [0 TPHUHHATOI MKanmu sKocTi. HalOinmbin
B1JIOMOIO 1 3aCTOCOBAHOIO ISl OI[IHKH SKOCTI € (hy-
HKI[is1 1 BiAMOBIAHA mikaja OakaHOCTI XappiHIrTo-
Ha, sika Oyya po3pobJieHa 3 METOI OIIHKH KOHTPO-
JIF0 SIKOCTi MacoOBOT MPOAYKIIi1.

AHaJi3 O0CTaHHIX JoCaigxkeHb i myOJikauniii.
Ha nanumit yac ¢yskiis XappiHrToHa 3aCTOCOBY-
€THCS K YHIBEpCAIIbHA BiJ] OI[IHKH SKOCTI OKPEMHUX
TOBapiB Ta IMOCIYT JO OIIHKH SIKOCTI TEXHIYHHX,
€KOHOMIYHMX 1 COIIaIbLHMX CHUCTEM, 1 II€ BH3MBAC
JIesIKy HACTOPOXKEHICTh, OCKUIBKH (DYHKIIIS 1 [TKaia
Oynu po3pobieHi XappiHTTOHOM Ha 0a3i eMIipud-
HUX JIOCIIPKeHh EKCIEPTHUX BHCHOBKIB TUIBKH
JUTS TOBapiB MacoBOI'0 BUPOOHHUITBA i KOPEKTHICTh
iX 3acTocyBaHHS ISl iHIIMX 00’ €KTIiB HIXTO HE JO-
BiB [1-7].

3aBaaHHAM JOCTiI:KeHHA € po3poOka (QyHK-
Iii 1 IMKaJIX OIIHKK SIKICHOTO CTaHy JaTYMKIB TE€X-
HIYHOI CHCTEMH, SKi 33]J0BOJILHSAIOTh BUMOTaM YHi-
BEpCabHOCTI Ta MaKCHMAIBbHOT HE3alle)KHOCTI BiJl
BILIMBY JIFOJICHKOTO (haKkTopy.

Buxkiaax ocHOBHOro martepiajay AOC/iI:KeH-
Hsl. Bu3sHaunMo OCHOBHI BUMOTH 10 METOAY 1 QyH-
KLl OLIHKHU SIKOCTI CTOCOBHO TEXHIYHUX CHUCTEM:

- yHIBEpCalbHICTh, TOOTO MOXIJIUBICTH 3aCTO-
CYBaHHS JUIA OLIHKH AKOCTI OyIb SIKOT TeXHIYHOT

CHCTEMH 1 1i CKJIa0BOT;

- MakCHUMaJbHa HE3aJICXKHICTh BiJl JIOACHKOI'O
(hakTOpy, TOOTO CYO’ EKTUBHOTO DIllIEHHS €KCIIePTA.

3 MeTor BHM3HAYeHHS (DYHKII OI[IHKH SIKOCTI
3BepHEMOCH 110 [8], me Oymu chopMynbpOBaHi TPHH-
UK €IUHOTO (YHIBEpCaIbHOTO) MiAXOMY O i1eH-
TUdiKalii TOTOYHOTO iHpOPMaLIfHOTO cTaHy Kibe-
pdisnyHOi (TeXHIYHOi) CHCTEMH 3aCHOBAHOTO Ha
BH3HAYCHHI CTaHy ii CEHCOpPHOI iHPPaCTPYKTypH
(CH), Ta pobotu [9] ne Oyio BU3HAUECHO, 1110 OYIb-
Ky iH(QopMaIio npo 00’ eKT JOCIiKEHHS, Cy0’ eXT
OTpPMMaE Ha OCHOBI JaHMX PO CTAaH JATYHKIB 3a
pe3yabpTaTaMy BUMIipIOBaHHSI.

[MpuiimMemo 3a iHGopMaIiiHHIA CTaH OBUIBHO-
ro natanka CU texuiuHoi cuctemu (TC) KiTbKiCTh
BrnacHOi iHpopmamii [10] #Horo moToyHOro craHy
OTPUMAHOTO B pe3yJIbTaTi BUMiPIOBaHHS:

I (SmEaS) = _Iog p(Smeas)’ (1)

ae (S € S) — pe3ynbTaT BUMIpIOBaHHs, S — aj-

meas

GbaBiT CTaHIB JaT4uUKa, p(smeas) HMOBIpHICTh

HpHﬁHﬁTTS[ JAaTYNKOM CTaHY (S ~ Smeas) .

Jl1st KOXKHOTO eKCIUTyaTaliifHOTO BUMIpIOBaH-
HsI, B 3aJICKHOCTI B CTail TEXHOIOTTYHOTO (TEeXHi-
YHOTO, MPOrPAaMHOTO) MPOLECY iCHy€ OYiKyBaHHUH

Sep € S)
OTPHMaHHK B pe3yJbTaTi aHATITHYHUX PO3PAXYHKIB

a00 IUITXOM MOJICIIOBaHHS BIAMIOBIAHOTO MPOIECY.
AnpiopHa KWMOBIpHICTH TaKOro cTaHy sl JaHOTO

(anpiopumii) cTaH JaTYMKa (S ~S

exp
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BHMIPIOBAaHHS BiJITOBITa€ MaKCUMAaJIbHOMY 3Ha4YeH-

HIO (p(sexp)—>max

Sop = MO) IPUHHSTOrO #MO-

BipHicHOro posmogimy, e M, — moma posmoniny.
Kinmpkicte owikyBaHOi BiacHOi iH(popMarii ampiop-
HOTO CTaHy JaTuuKa:

1(5,,) =—10g p(s,,,)- )

BinHocHe 3HaueHHs BiacHOi iH(OpMaIlii CTaHy

naTauka, y BiamoBigHOcTi mo (1, 2) moxe Oytm
MpeCcTaBIeHE BUPA30OM:

A I (Smeas) _ IOg p(smeas)
ST eop(n)

V BignosigHocTi 10 crangapty 1SO 25021 [11],
enemenToM mokasHuka sikocti (EITS) e mokasHuk,
BH3HAYEHUH y TepMiHaX BJIACTUBOCTI i METOAY BH-
MIpIOBaHHS JIsl KUTbKICHOTO BU3HAYEHHS IIi€i Biac-
THUBOCTI, @ IOKa3HUK SIKOCTI — 1€ TIOKa3HUK OTpHMa-
HUHN AK (QYHKIS BEMIPIOBaHHS HE MEHII HIX JBOX
MOKa3HWKiB. TakuM YHHOM, TPUHHSABIIA 32 OJWH
EITA pesynbTaT BUMIpIOBaHHS (KIJBKICTh BIAaCHOI

inpopmarii norounoro crany nardmka) | (Smeas), a
3a Jpyruil KiIBKICTh BIAcHOI iHQopmamii ovikyBa-
HOro crany narumka | (Sexp), y BIANOBIAHOCTI 10

(3) Bu3HaumMO npoctuit mokazHuk sikocti (IT15) sk
¢yukrito EILS, sxa mopiBHIOE 3BOPOTHOMY 3HAYEH-
HIO BITHOCHOTO 3HAYCHHS BJIacHOI iH(opmalii cTany
JaT4ymKa:

i: I(sexp) _ log p(sexp)
12 H(Sp) 109 P(Ss)

3aranom (yHKI[iSl OLIIHKK SIKOCTI MMOBHUHHA BiJI-
MOBiJJaTH HACTYIMHHUM BUMOTaM: 00JIaCTh 3HAYCHb

0< f iy =1,
rnajakicts [2]. PosrnsHemo Bupas (4) 1Moo BiAmNoBi-

JIHOCTI 3a3HaY€HUM BHMOTaM.
OCKiTbKM OYiKyBaHE 3HAYEHHS IOBiOMIICHHS

SQM = 4)

0e3nepepBHICTh, MOHOTOHHICTbD,

S., Ma€ MakCHMallbHy HMOBIPHICTb, HOro BiacHa

Oyne MiHIMaJIbHOIO

1(s,,) min‘p(sexp) —> max

iHpOpMaItis
TOOTO
| (Sexp) <1 (S, ) » IPHIOMY piBHSHHS Gysie TiMBKH

Y BHUIIAAKY, KOJIHA O‘{iKYBaHe 3HAYCHHA Z[OpiBHIOC

BI/IMipHHOMy(SeXp = Smeas) . 3BiJicK MaeMo

1 1(s,)
(s

PosrasHeMo BHMAmOK, KOIM PO3MOMLT HMOBIp-
HOCTi BHIIaJIKOBOI BEINYHHU (S € S) BiJTHOCHUTBCS
10 abCcoMOTHO Oe3nepepBHUX PO3MONiliB. B Bupasi
(4) npuitmemo, wo P (Sexp) #1, a pynxuis P (Smeas)
mudepeHItiioBana Ha BCiH MHOXWHI BHU3HAYCHHS

S={s 'S

min exp |?

:Smax}, 3pOCTa€ Ha MPOMIXKKY I:S

min

CIlajla€ Ha IMPOMIKKY [Sexp * Spax
! . - !

p (Smeas) >0 mna [Smin ‘Sep | 1P (Smeas) <0 mna

[Sexp . Smax] . Slkmo nna nesxoro S ..., P (Smeas) =0,

TO MaEMO

, 3 9OTO CIAYE, M0

_ In( p(sexp)) const
SQM (Smeas) = p(slmleg)]eo In ( p(SmeaS)) - [ o8 :l - 0,

JOTIOBHIOIOYM 3HAa4eHHA (PyHKII TpaHWYHHM 3Ha-
YEeHHSM, 10 3a0e3neuye HemepepBHICTh (YHKIIT y

uiif Touni. B inmmx Toukax S__ €S QyHKLia He-

meas
NEpEepBHA K BiI[HOHICHHSI HCIICPEPBHUX, SBHAMCHHHUK
SKOTO He JOPIBHIOE HYIIO (In( p(smeas)) # O) (3Ha-

MEHHHMK 1 YHUCIIBHHK HENEpPEepBHI SK KOMITO3MIIiS
HETepepBHUX). B ycix TOYKax

Speas € S‘p(smeas #* 0) Gynkuis audepenniiosana

SIK  BiTHOWICHHS AuQepeHIiiioBaHNX, 3HAMCHHUK
SIKOTO HE JIOPIBHIOE HYJIO (YMCIIBHUK 1 3HAMEHHHK
mudepeHIiioBadi K KOMIO3UIIS audepeHiiioBa-
HUX), a ToXiHa QyHKIIIi

nole))
(P p(sm) )

. S M !
3 4Oro CJaiaye€, mo 3HakK Q BHU3HAYA€THCA 3HA-

SQM ,(Smeas) =

' L ) . . .
koM [)' . @yHKIis IMOBIPHOCTI, @ 3HAYUTH 1 PyHKIIis
SQM wMmoke mpuiiMaTé 3HAYEHHS HYJb TUIBKH B

Ta S

n max >

JesKii OKOJMII TOYOK S ; B yCIX IHIIHX
toukax SQM aubepenmuiiioBana, a 3HAYUTH ii MO-
HOTOHHICTh BU3HAYA€THCS MOHOTOHHICTIO (DYHKITiT
imosiprocTi. Temep BpaxoBytoun, mo SQM >0

SQM

[Smm - Sy | Ta cHAza€ Ha I:S P S

exp

OCTaTOYHO Ma€Mo, 11O 3poCTa€ Ha

Po3riissHeMo Terep BHIAIO0K, KOJH PO3IMOJILT
HWMOBIpPHOCTI p(s) BiJTHOCUTBCS 10 JTUCKPETHUX
PO3MOIiTIB BHITaTIKOBOT

se€S={s,,..8,.:S,}, ne S, =M, — mona pos-

BCIIMYHNHHA
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p(sj)S p(sj+1)|Vj <M
p(si.)zp(s;)|vi>M

3acrocoBytoun EpMiTOBY iHTEpmomsIifo 3agaMo Ha

noaiTy. BBaskaemo, 110

[Sli Sm] IIOJIIHOM g(s) crymens 2m—1 Tak, 1o
9'(s,)20[vi<M, g'(s,) <OV >M,
g'(sj):0|j =M . Toxi Qpynkuis g(s) B OKOJIH-

X TOYOK JMCKPETHOTO PO3MOJLTY p(s) G

TTOBOAMTHCS K Oe3mepepBHa 1 10 Hel MOKHA 3aCTO-
CyBaTH aHami3 g Oe3NepepBHUX PO3MOIITIB 3 TO-
nepeaHboro ad3aiy.

TakuM YMHOM, 3aIPOIIOHOBAaHA QYHKIIIS OL[IHKH
sIKOCTI (4) 3aI0BOJBHSIE BCIM BUCYHYTHM BHIIE BH-
MOTaM.

KinekicHe 3nauenns I1I151, orpumane 3a BUpa-
3oM (4) He Hece iHopMalii Tpo SAKICHUH CTaH
00’exTa (matumka). [Iporiec OmiHKM SKOCTI ToJsTae
B OIIHII MPHHAJIEKHOCTI OTPUMAHOIO 3HAYEHHS 70
JesIKOT IIKaIM OIHIOBaHHA. ICHye JOCUTH BeIHKa
MHOKMHA 3allpOMOHOBAHUX KA, OJHAK BCi BOHHU
BIIHOCATBCS 10 NMCUXO(I3UYHHUX 1 IX OCHOBHHI He-
JIOJIK 11 Cy0’ €KTHBI3M BiJOOpaKeHHsI «3HAYCHHI —>
mkanay [1], [4].

3riqHO 3a3HAYEHUX BHINE BUMOT O METOAY 1
(YHKIIT OIIIHKU SKOCTI, POTIOHYETHCS IIKaNa sKa
3aCHOBaHa Ha HOPMATHBHO-TEXHIYHUX (TMPOEKTHHX,
KOHCTPYKTOPCHKHMX) BHMOTax IIOJO OIL[IHIOBAHOTO
o0’ekTa (matumka). 3a OCHOBY MOOYIOBH IIKAIH
B3STI MPUHIUIH TEXHIYHOTO PETyIIOBaHHS, BH3HA-
YCHHS CTaHIB TEXHIYHMX 00’ €KTIB B CTaHAAapTaxX Ta
BHMOTH JI0 IIKajau skocti [4], [12-15].

I i . . A
Illkana enTporniiinoi oninkm sxocti L (puc. 1),

y BIAMOBITHOCTI 10 00JacTi 3HaYeHb (PYHKIIT E€HT-
POIINAHOT OIIIHKK SIKOCTI TMPOCTOrO IOKa3HUKA

SOM , mae giamazon 0<L*<1 (SQM =1 sin-
noBimae MakcumanbHoMy, a SQM =0 — miximais-

HOMY 3HAYE€HHIO SKOCTI), SIKUI pO30WBAETHCS HA TPH
HiIIiana3oHu:;

1. CrpaBuwii cran (good state) — cran 06’ekra,
npU SKOMY BiH BIAMOBiJa€ BCIM HOPMAaTHUBHO-
TEXHIYHUM (ITPOEKTHUM, KOHCTPYKTOPCHKUM) BUMO-
raM.

2. TlpamesmatHuii cran (up state) — cran
00’€KTa, IpU SIKOMY BiJ 34aT€H BUKOHYBATH MOTPi-
OHy ¢yHKIIIO (MOXIIMBICTh €KCILTyaTallii), aine
cTiiika poOoTta i moTpiOHa MPOAYKTUBHICTH HE Ta-
paHTYEThHCA.

3. Hempanesnatuuii cran (down state) — cran
00’eKTa, MpHU SKOMY BiH HE 3JaTHUI BUKOHYBAaTU
noTpiOHy QyHKIIIFO.

[IpuHanexHicTh 10 MiIiaNa3oHIB IIKaI BH-
3HAYA€ThCA HACTYIIHUMH BUPA3aMU:

- CipaBHUI cTaH, AKIIO

SQM (S,4y,5rees ) €| SQM (s,,,, X)),
ne (Sexp —-b<x<s, + a), (a, b) — JomycTHME

MaKCHMaJbHE 1 MiHIMalbHE BIIXWIEHHS BiJl OYiKY-
BAHOI'O 3HAYEHHS, BIAIOBIIHO.

1 CrpaBHu# cTaH
SQM (Sexp ! smeas ) € [SQM (SEXD ! X))

[Ipane3natauii cran
SQM (Syp1 Spees ) € [SQM (S0 Y))

Henpanesnaruuii ctan

SQM (Sugs S ) # {[ SQM (85 X) ][ SQM (50 ¥)]}

Pucynok 1 — Illkana eHTpoOMiiHOT OLIHKK
SKOCTI1 ITPOCTOTO MOKa3HUKA

- IIpaue3natHuii cTaH, SIKIIO
SQM (5,5, Spess ) € [SQM (o y)) ,

S,, ta<y<s, +a+cC

Ji(S (C,d) — MakcuMma-

1
S, —b—d<y<s, —Db
TpHE 1 MiHIMalbHE BIAXWICHHS BiJl JOMYCTUMHX
3HAaYEHb BIAXUIEHD (a, b) , BIJIITOBITHO.

- Henpauesnatuuii ctan

SOM (.5, ) ¢ [SOM (5., 0] 5QM 5.,.)]

B IHIIUX BUMAJKaX.

Ha puc. 2 (a, 06, B) HaBeIeHO pE3yJIbTaTH MOJIC-
JIOBAHHA AKICHOTO CTaHy JlaTduka 3 andasiToM S ,
PO3M0Ii7I0M N (3, 2) Ta HOPMATHBHO-TEXHIYHUMH
BUMOTaMH:

- CripaBHUit CTaH:

0 < 3nHaueHHs andasity S <5.

- [Ipane3natauii ctax:

—5 < 3nHayenns andasity S <0

5 < 3HauveHHs andasity S <10
- HenpauesnatHuii ctaH:
3Ha4YeHHs andapity S < —5

3HaveHHs andaity S >10

BucHoBku

VY crarTi 3anpornoHoBaHo (YHKIIIO 1 MKy eH-
TPOMIHHOI OIIIHKK SIKOCTi TOTOYHOTO CTaHy JaT4H-
KIiB TEXHIYHOI CHCTEMH, SIKa BIAIOBIZAa€ BHMOIaM
VHIBEPCATBHOCTI Ta MaKCHMAalbHOI HE3aJIeKHOCTI
BiJl JMOACHKOTO (pakTopy. JloBeneHO BiAMOBIAHICTH
3anpornoHoBaHol (yHKIii BuMoram 10 (yHKIIIH
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OIIHKH sikocTi. Ha BimMiHy Bix iCHYIOUHX MCUXOQi-
3UYHHAX IKajJd TIPOMOHOBAaHA MIKajla EHTPOITIHHOT
OLIIHKM SIKOCTI Ma€ IWHAMIYHWUM lama3oH OL{HIO-
BaHHsS, TOOTO MeEXI1 miJjiama3oHiB OyayTh aBTOMa-
THYHO 3MIiHIOBATHCS B 3aJICKHOCTI BiJl HOPMATHBHO-
TEXHIYHUX BUMOT JI0 CTaHY JOCHI/DKYBaHOTO AT~
ka. Mo)XHa CKasaTu, IO IIKaja aJanTyeThCs IIij
KOHKPETHI BUMOTH, III0 TO3BOJISIE ORI TOCTOBIPHO

AkicHWil CTaH gaTunka

OIIHUTH SKiCHWHA cTaH 00’ekTa. HaBemeHno pesyib-
TaTH MOJICITIOBAHHS SKICHOTO CTaHY JaTYHKa.

MOXIUBUM TNPaKTHYHUM 3aCTOCYBaHHSIM 3a-
MPONOHOBaHOI (PYHKIIT 1 MIKagu € BUKOPUCTaHHS B
CHUCTeMax MOHITOPHHTY 1 JiarHOCTHKH, IJI BHU3HA-
YeHHSI MOTOYHOI'O SIKICHOTO CTaHy JIOCIiIKyBaHOI
TEXHIYHOI CUCTEMHU.
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Pucynok 2 — Bizyanizauis pe3yJibTaTiB MOJEIIOBAHHS SIKICHOI'O CTaHy AaTYHUKa.

a) AKICHWH CTaH JaT4YMKa BiIHOCHO 3HadYeHb andapiTy S JaTymKa;

0) AKiCHMH CTaH 1aTYMKa BiAHOCHO HMOBIPHOCTI IPUAHATTS AaTIMKOM CTaHy S, 3 andasity S;

B) SIKICHHI CTaH JaT4vKa BiJHOCHO BJIACHOI iH(OpMAIIil cTaHy JaTduKa
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®YHKIUSA U HIKAJIA SHTPOIIUMHOM OLIEHKW KAYECTBEHHOI'O COCTOSIHUSA
JATUYHUKA

B cmamve npeonooicena @ynxyus u wKana dHMpONULIHON OYEeHKU KAYecmea MeKywe20 COCMOSHUSL
0amuuK08 MexXHUYeCKOU CUCTNEMbL, COOMBEMCMBYIOWel MpeOOBAHUAM YHUBEPCANbHOCIIU U MAKCUMATLHOU
He3a8UCUMOCTY OM 4el06e4ecko2o hakmopa. [Jokazano coomeememaue npedioiceHHol Qynxkyuu mpebo-
BaHUAM K yHKyuAM oyenxu xavecmaa. [lpednazaemas wxana umeem OUHAMUYECKUL OUANA30H OYEHKU, YO
obecneuusaem ee adanmayuio NOO KOHKpemHbvle mpeOo8aHust u no3eonsem 6oiee 00CMOBEPHO OYEeHUMb
KayecmeeHHoe cocmosnue 00bekma. Bo3mModcHbIM npakmuyeckum npumMeHenuem a6isemcs UCnoab308aHue
6 cucmemax MOHUMOPUHea U OUACHOCIUKY, OJi ONpedesieHUsl MeKyue20 KauyeCmeeHH020 COCTMOSIHUSL UCCe-
0yemoul mexHU4ecKol CUCmeMbl.

Knrwouesnvie cnosa: pynkyus u wxana dJHMpONULHOL OYeHKY, KAYeCmeo meKyue2o COCMosHus 0amuu-
K08, MeXHUYecKas cucmema, OUHAMUYeCKUll OUana3on OYeHKU, MOOeTUPOSaHUe KAYeCE8EeHHO20 COCMOSHUSL
damuyuxa.

S. L. Volkov, PhD, K. S. Volkov

FUNCTION AND SCALE FOR THE ENTROPY EVALUATION OF THE CURRENT STATE
OF SENSORS QUALITY

In the article the function and the scale for the entropy evaluation of the current state of sensors quality
in the technical system which fits the requirements of universality and maximal independency from the hu-
man factor are offered. It is highlighted that the available methods of the determination of the quality of the
technical systems have essential flaws which consist in both subjectivism because the dominant role in the
evaluation belongs to experts and legitimacy of providing them properties of universality which was proved
by nobody.

The offered function of the quality evaluation, the parameter of which is the quantity of own information
of the explored sensor, provides the declared universality approach according to the principles of the infor-
mation theory. The conformity to all requirements for the functions of the evaluation of the quality: continui-
ty, monotonicity and smoothness over the whole range of definition regardless of the probability distribution
function, which is measured by the random value sensor was proved. The conformity to all requirements for
the functions of the quality evaluation: continuity, monotonicity and smoothness over the whole range of
definition regardless of the probability distribution function, which is measured by the random value sensor
is proved.

The proposed scale of the entropy evaluation of the quality fits to standard settings of the diagnostic of
the technical systems and has three subranges which determine the state of the sensors: good state, up state,
and down state. Unlike the existing psychophysical scales the offered scale has dynamic range of the evalua-
tion so the limits of the subranges will automatically change depending on the regulatory and technical re-
quirements for the state of the explored sensor. Such approach provides adaptation of the scale to specific
requirements which gives a chance to evaluate the qualitative state of the object more reliably. The results of
modeling of the qualitative state of the sensor are given. The possible practical application of the offered
function and scale is usage in the systems of monitoring and diagnostic for determination of the current
qualitative state of the explored technical system.

Keywords: the function and the scale of the entropy evaluation, the quality of the current state of the
sensors, technical system, dynamic range of the evaluation, modeling of the qualitative state of the sensor.
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INVESTIGATING THE TEMPERATURE DEPENDENCE OF AC/DC TRANSFER STANDARD

The two rounds of investigating the dependence of measurement results of the AC/DC transfer
difference on a temperature are yielded during the work. This is one of the important metrological
characteristics of precise AC/DC transfer standard Fluke 792A that was varied in a heat chamber in the
range of temperature from 15 to 25 °C. The first round has consisted 5 observation cycles which were
executed for every point at every defined temperature. There were selected nine observation points
depending on frequency and voltage level, and six points depending on measuring temperature. The second
round clarifies the dubious results obtained in the first one. As a result of the work, the measurement
procedure is described, the uncertainty budget is made up and the temperature dependence of the
metrological characteristic under study is determined.

Keywords: AC/DC transfer difference; temperature dependence; thermocomparator Fluke 792A; meas-

urement procedure; uncertainty.
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Introduction

The State primary standard of the AC electric
voltage from 0.1 to 1000V is developed and
operated in the frequency range from 10 Hz to
1 MHz (DETU 08-07-02) for today in Ukraine.
DETU 08-07-02 is intended for the metrological
support of precision measuring instruments (Ml) in
the area of AC voltage measurement, participated in
two international comparisons and assigned as the
guarantor of the unity of measurements in the state
in this direction since the comparison results are
linked on the results of comparisons national
standards of the leading national metrological
institutes of the world [1]. DETU 08-07-02 is a
complex of precise MI for measuring, reproducing
and converting DC and AC voltages. One of the key
elements of this complex is the precision
thermoelectric comparator Fluke 792A, which is
designed to compare the true RMS value of AC
voltage with the equivalent value of DC voltage.

The main metrological characteristic of
Fluke 792A is the AC/DC transfer difference (TD)
which reflects the relative difference between the
values of AC and DC voltages at the input of this Ml
(the condition is that its output signals are equal at
the time of measuring the input signals). The
manufacturer’s specification of this instrument
specifies two temperature ranges for which the
acceptable limits of TD are indicated as well as
related expanded uncertainty [2]. The temperature
ranges are = 5 °C and + 12 °C from the calibration
temperature which is usually 23 °C. The narrower
limits of the measurement uncertainty (UM) values
are set for the first range of temperatures, while an

insignificantly wider are for the second one. But
there is no information about the temperature
coefficient of MI in this document. So the question
about the temperature dependence of TD of
Fluke 792A arises.

Overview of publications

One of the works devoted to the study of
temperature instability of reference Mls is the
illumination of the features of the use of a precision
electric power comparator which is a part of the
State primary standard of the electric power and
power factor DETU 08-08-02 [3]. Also, the study of
the temperature coefficient of AC/DC transfer
current shunts was performed for wideband power
applications in the temperature range from 20 to
30 °C [4].

The investigation of long-term instability
DETU 08-07-02 should be illuminated among the
papers concerning to Fluke 792A. The main
operation in the method of the research is
determining the TD of precision thermoconverter
relative to Fluke 792A [5]. It is interesting to study
the method of disseminating the unit of volt from
DETU 08-07-02 to precision thermoconverters in
the part influencing UM with variation of the
dynamic characteristics of the measurement process
with help of Fluke 792A [6].

With regard to the study of the temperature
dependence of Fluke 792A, the website of the
International Bureau of Measures and Weights
BIPM [7] gives out a technical protocol of key
comparison CCEM-K11 and CCEM-K11.1 of
voltage transfer difference at low voltages under the
auspices of the International Committee of Measures
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and Weights CIPM [8]. There is information in this
document, in the section «The travelling
standard...», about the temperature coefficient of
Fluke 792A that is frequency dependent. The values
of this coefficient are given, in particular, for the
range of input voltages up to 220 mV like 0, 1-10®
and 12-10° K* for frequencies up to 20, 100 and
1000 kHz, respectively. The expanded uncertainty
with this is reported like 1-10° K™ for frequencies
up to 100 kHz and 4-10°K™ for a frequency of
1000 kHz. However, the procedure for processing
the measurement results (RM) and UM is not
covered in this source. The authors did not find the
information on the temperature dependence of the
TD for the higher input voltage ranges. It follows
from the available information [8] that is a lack of
temperature dependence of TD for frequencies up to
20 kHz and the presence of a small temperature
component of the investigated metrological
characteristic at a frequency of 100 kHz relative to
the expanded uncertainty at this frequency within
1 K. The additional contribution to the expanded
uncertainty will be less than 0.5 % in the case of
non-consideration of temperature correction.

Setting goals

For a better understanding of the subject, the
technological features of the Fluke 792A working
must be considered. For this purpose, Fig. 1 shows
four variants of the interrelations of input and output
guantities.

Usel ACDC |, | ACDC Vs
Upc| Transfer =  —» Transfer U
—P|Fluke 792A [Ude  Upc|Fluke 7924 [
a) b)
Tt AT -
UwctAUl ACDC |1,
Up| Transfer [
—P|Fluke 792A |Ude

©)

Figure 1 — Interrelations between input and output
signals

Variant (a) represents a combination of signals
of the investigated thermocomparator when the
output signals of the alternating U,. and the direct
Uq. Voltage are equal at the stages of the application
of the input alternating Uac and direct Upc voltage,
while the condition for determining the TD of the
M1 is achieved [9].

Variant (b) represents the inverse case when the
values of the input voltages coincide, and then it is
possible to determine the TD with the opposite sign,

taking into account the quasi-linearity of the trans-
mission function of this MI. Such an approach to the
definition of this metrological characteristic is
realized in the calibration procedure developed by
SE «Ukrmetrteststandard» [10] and in the national
standard [11].

If the interrelation of input signals is taken off
from the state of equality, adding a displacement of
the alternating voltage (see variant (c) on Fig. 1),
then you can find such value of this input quantity
when the output signals will be equal again.

It is worth considering in more detail the
process of obtaining information about the actual
value of TD of Fluke 792A for the understanding of
some nuances.

There is a proportional DC signal at the output
of the investigated M1 when applying a direct volt-
age at its input. According to available information
[2], it is formed in the measuring path consisting of
an input amplifying or dividing unit of electronic
components, a measuring unit with an RMS-sensor,
an output signal formation unit.

Obviously, the output signal should change as a
result of the change in the internal temperature of
each element of the measuring path. However, the
output signal for applied input AC voltage is formed
through the same measuring circuit with the
difference that the additional reactive components of
the circuit which were in the passive state during the
application of input DC voltage. According to the
above, the output signal at this operation should also
change by approximately the same magnitude, since
the difference in the measuring path is only present
at the stage before the AC/DC transformation of the
signal. The results of the observations set out in [8]
indicate a change in the difference between the
magnitudes of the output signal at the two specified
operations at about 1uV/V at a frequency of
100 kHz, most likely due to changes in the
characteristics of the reactive components.

The effect of temperature on RM of calibration
using this standard should be investigated in a wide
range of input voltage values to support high-quality
precision measurements of the alternating voltage
because of Fluke 792A is a part of the DETU
08-07-02. Particularly relevant, this question
becomes in the context of the accreditation of the
state standards laboratory by international auditors
under the auspices of the regional metrological
organization COOMET, since the DETU 08-07-02
must be operated in the temperature range from
21 to 23 °C and the temperature of the calibration of
Fluke 792A is usually 23 °C.

The above aspects of Fluke 792A application
which is a part of DETU 08-07-02 allow to focus an
attention on the relevance of the investigation of the
temperature dependence of TD of Fluke 792A over a
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wider range of voltage and to understand the
features of the following measurement procedure.

Thus, the purpose of the work is highlighting
the measurement procedure, making up the
uncertainty budget and determining the temperature
dependence of TD of Fluke 792A for taking into
account the effect of temperature on the results of
disseminating the AC voltage unit to a less accurate
MI.

Research method

The basis of research is an assumption about
invariability or negligible variation of actual values
of deviation Aszy of output signal of the calibrator
Fluke 5720A and deviation of multimeter Agilent
3458A (that is included in total deviation As) from
the conventional true values of electric voltage in
these points on condition of constant connection
leads and parameters of surrounding air (first of all,
temperature). Furthermore, it is necessary to re-
member that Fluke 792A converts input signal with
some transmission ratio K. An additional condition
is an invariability or negligible variation of the in-
ternal temperature of mentioned Mls. The last re-
quirement could be satisfied with help of the condi-
tioner (we succeeded to retain a temperature in the
range from 22,15 to 22,66 °C during six hours, that
is average velocity of temperature variation did not
exceed 0,1 °C in one hour).

There was used heat chamber Memmert ICP400
for the creation of necessary temperature level which
surrounds investigated MI for determination of tem-
perature dependence of TD of Fluke 792A. The
thermocomparator was placed in the determined
temperature conditions with adjusting accuracy
0.1 °C during two hours. There was placed ther-
mohygrometer Testo 608-H1 in a middle of this
chamber, in order to avow the displaying of the heat
chamber which was calibrated previously. It is inter-
esting to define the dependence of TD of investigat-
ed thermocomparator on the surrounding tempera-
ture variation in a range from 15 to 25 °C for the
scientific and production necessities of the research
department of the electric measurements. An interval
was selected in two degrees for change fixing of
investigated metrological characteristic, that is the
determination of TD was executed in six points of
one frequency of one magnitude alternating voltage
(for research was select frequencies 20 Hz, 1 and
100 kHz in all).

It is possible to research the temperature de-
pendence of TD of investigated thermocomparator
using a measuring scheme that is represented in
Fig. 2.

The multimeter Agilent 3458A has a function
of displaying the value of internal temperature that
allows to obtain information about this parameter of
MI and to surmise about the internal state of

Fluke 5720A. The observation on the time of obtain-
ing the stable temperature inside chassis of multime-
ter Agilent 3458A in the laboratory of
SE «Ukrmetrteststandard» with the volume of air
about 65 cubic meters allowed to get conclusion
about passing to the quasi-stable internal tempera-
ture state during about four hours continuous work,
when variation velocity of this parameter does not
exceed 0.1 °C and probably, depends on the temper-
ature of surrounding air. The judgment about inter-
nal temperature of Fluke 5720A can be formed lean-
ing on state information of multimeter Agilent
3458A, as there is no analogical possibility for the
first MI. Then we could assume the possibility of
temperature equilibrium achievement approximately
in the same temporal borders for both Mls.

Calibrator
Fluke 5720A

Thermocomparator
Fluke 792A

K(Usc+As720)

Multimeter
Agilent 3458A

KUscHAs l

Figure 2 — A measuring scheme for investigating the
temperature dependence

The involved Mls were warmed up for at least
150 minutes and Fluke 792A was been in the given
temperature conditions for two hours. After that, the
output signal of Fluke 792A was measured with the
help of multimeter Agilent 3458A when the voltage
of the determined value and frequency was applied
to the input of the MI. The readout of the multimeter
was fixed ten times and, after that, the DC voltage of
the positive polarity of the equivalent magnitude was
applied to the input of Fluke 792A in the second
stage. The readout of the multimeter was fixed ten
times and, after that, the voltage polarity was
changed to negative and output signal of MI was
again recorded 10 times in the third stage. Such
manipulations were performed five times for each
observation point. Thus, the full information about
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the TD at any point consisted of 50 observation
results of the alternating voltage, 50 observation
results of the direct positive and 50 observation
results of the direct negative voltage.

Further processing of the measurement data
array was carried out according to the formula

50
u ;Uji 1
J 50 1 ( )
where j is a number of observation stage (from
1to 3);
i is a number of observation result U;.
The final RM was determined by the formula

2-U;
U.+Us
where Ui, U2, Usare the average arithmetic
values of the multimeter readouts at the
measurement of the electrical voltage at the first,
second and third stages, respectively, which were
calculated by the formula (1).

It should be noted that RM by expression (2) is
proportional to the deviation of the RMS value of
input AC voltage at the investigated point from the
equivalent value of DC voltage without excluding
the TD of Fluke 792A itself.

The generally accepted definition of TD
requires the application of AC and DC voltages at
the input of the thermocomparator when the
corresponding output signals acquire equal values
(see variant a) of Fig. 1) [9]. The Fluke 792A has a
quasi-linear transmission characteristic [2] and
consequently, the TD definition will be valid for the
same formula with only the opposite sign when the
outputs are used instead of the inputs ( the condition
is that the input signals are equal during the
measurements, like in variant b) of Fig. 1), i.e.

-1, )

5720

2-U
8792 =1 _ﬁ , (3)
pdc ndc

where U, is the value of the output signal of
Fluke 792A when AC voltage is applied to its input;

Upde, Unde are the values of the output signals
of Fluke 792A when equivalent DC voltages of
positive and negative polarity, respectively are
applied to its input.

Taking into account the relative deviations of
the multimeter Agilent 3458A readouts from the
reference values of the standard during calibration,
the expression (2) is converted to

2-(1+81)-Usl ! @
T (148,) U, +(1+8,)- U,
where Uy, U, Ug are conventional true values
of voltage for multimeter indications;

31, Oy, 03 are relative deviations of multimeter
indications.

The relative deviations of the multimeter
Agilent 3458A from the conventional true values are
going to be neglected, taking into account the
negligibly small difference between its indications in
the first, second and third stages which allows equat-
ing these deviations.

The arithmetic mean of the output signal in the
first stage can be divided into two components in the
expression (2): the value of the voltage which can be
equated to U, and proportional to the deviation of
Fluke 5720A’s output signal AU, and thus

U.=U_+AU,. (5)
Using the relation (3) can be obtained

— u_ +U
U1=(1—6792)-%+Aua0. (6)

When the temperature of the ambient air around
Fluke 792A is fixed equal to the temperature of its
calibration, then the ratio

Updc+Undc :U52+U53 (7)

is right.
In this case, the relation (2), taking into account
the expression (4), can be converted to

AU
85720 = USTaLCJw_&QZ . (8)

Consequently, taking AU,. = const, we obtain
the direct dependence of RM on TD of investigated
Fluke 792A by the formula (2). We can do the
conclusion about changing the TD of the
investigated MI by varying the temperature of the
heat chamber inner air, calculating RM difference
using formula (2).

Evaluating the measurement uncertainty

In order to properly evaluate UM in
determining the temperature dependence of TD of
Fluke 792A one must find the difference of RM by
equation (2) at adjacent points 1 and 2, transforming
the expression

2.V, 2.U,
U22+U32 U21+U31

5 (T) =22 —nims (g
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where Ty, T are the temperature values in the
heat chamber at the measuring points.

The sensitivity coefficients for each input
guantity of the functional relationship (8) must be
defined as the first partial derivatives in accordance
with the Guide to the expression of UM [12].

The absolute value of the sensitivity coefficient
for the voltages measured in the first stage is equal

to
o = LD 2 . 9)
aUlk (Tl _Tz)'(U22+U32)
where K is a notation of the measuring point.
The absolute value of the sensitivity coefficient
for the voltages measured at the second and third
stages is equal to

_ 68792(1-) _ 2'U1k
= =
aulk (Tl _Tz)'(U2k+U3k)
where | is a notation of the second or third
stages.

The absolute value of the sensitivity coefficient
for the heat chamber inner temperature is equal to

C

7 (10)

2-U, B 2-U,
C 268792(1-): U22+U32 U21+U31 ] (11)
! oT, (Tl—Tz)z

The uncertainty budget is presented in Table 1.

Table 1 — Uncertainty budget when determining the
temperature dependence

. Standard |Contribution
Input | Estimate of . y
m r .. luncertainty | to combined
quantity|Input quantity) =, - uncertainty
1, Uy Un U1g Cy-Upg
2| Up Uz Uz Ci'Up2
3| Uy Un Uzg C2'U2
41 Uy Uz Uz C2'U2
S| Uz Ua Uss Cz'Usz1
6| Us U Us2 Cz'Usz
71 T, OnA, Ury; Ut | CroUry; CrUr
8 T, 62;A2 Utz; Ut | CrUrz; CroUr
Output |Measurement Combined Expanded
uantity result standqrd uncertainty
g uncertainty
. k-
6792(T) Equation (8) Uzcomb (Iilch%n;b

There is used the symbol « in Table 1. In gen-
eral, it is the type A uncertainty for the correspond-
ing input quantity, but also it notes the type B uncer-

tainty for the correction of the thermohygrometer
indication when it is used the subscript T.
Combined standard uncertainty is determined

by the formula
S 2 2
Uscomp = Zcm Up
m=1

Measurement results and uncertainty of de-
fining the temperature dependence

The measurements were made to determine the
temperature dependence when the electrical voltage
of 0.2, 2 and 5V at a frequency of 20 Hz, 1 and
100 kHz were applied. As noted above, the
temperature points of measurement were chosen 15,
17,19, 21, 23 and 25 °C.

The determination of temperature dependence
took place in two rounds. In the first round, a
complete cycle of measurements was carried out at
all points starting at a temperature of 15 °C.

In the second round, a clarification of the dubi-
ous RMs was made. The results that had values sig-
nificantly different from the overall consecutive RM
were attributed as the dubious RMs.

RM of the first round of the study is presented
in Tables 2-4.

(12)

Table 2 — Average values of measured input
quantities and RM for voltage 0.2 V

Output signal value, V, depending
o on the input voltage RM,
T, °C — -
alternating positive | negative uviv
direct direct
at frequency 20 Hz
15 1.795153 | 1.795197 | 1.795220 | -30.9
17 1.795089 |1.795142 | 1.795151 | -32.0
19 1.795038 | 1.795097 | 1.795089 | -30.6
21 1.795003 |1.795075| 1.795034 | -28.7
23 | 1.794910 |1.794986 | 1.794947 | -31.5
25 1.794858 | 1.794951 | 1.794885 | -33.4
at frequency 1 kHz
15 1.795202 |1.795189 | 1.795214 | 0.3
17 1.795140 |1.795139 | 1.795146 | -1.4
19 1.795088 |1.795093 | 1.795086 | -0.8
21 1.795025 |1.795049 | 1.795010 | -2.5
23 | 1.794977 |1.795000 | 1.794962 | -2.2
25 | 1.794910 |1.794944 | 1.794883 | -1.9
at frequency 100 kHz

15 | 1.795184 |1.795186 | 1.795213 | -8.6
17 1.795123 |1.795133 | 1.795145 | -8.9
19 1.795082 |1.795099 | 1.795092 | -7.5
21 1.795010 |1.795044 | 1.795006 | -8.4
23 | 1.794962 |1.794995 | 1.794958 | -8.1
25 1.794897 | 1.794941 | 1.794880 | -7.5
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In general, the dependencies of RM on
temperature which were obtained in the first round
of the study seems to have close to the direct lines
with peak emissions at some points.

The results of the investigation at a voltage of
0.2 V for a better visual perception are converted to
a graphical form in Fig. 3.
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Figure 3 — RM dependence for input voltage 0.2 V

The results of the study on voltage 2V for
Table 3 have been converted to a graphical form in
Fig. 4.

Table 3 — Average values of measured input
quantities and RM for voltage 2 V

Output signal value, V, depending
on the input voltage RM,
T, °C — .
alternating positive | negative uviv
direct direct
at frequency 20 Hz
15 1.694307 |1.694362 | 1.694373 | -35.7
17 1.694305 |1.694300| 1.694312 | -0.6
19 1.694212 | 1.694264 | 1.694274 | -33.6
21 1.694109 |1.694162 | 1.694174 | -34.8
23 1.693996 |1.694051 | 1.694061 | -35.4
25 1.693914 |1.693967 | 1.693973 | -33.1
at frequency 1 kHz

15 1.694384 | 1.694362 | 1.694371 | 10.3
17 1.694322 |1.694299 | 1.694311 | 10.0

19 1.694283 | 1.694261 | 1.694272 | 9.7

21 1.694210 |1.694188| 1.694200 | 9.4
23 1.694158 |1.694135| 1.694147 | 10.0
25 1.694070 | 1.694048 | 1.694057 | 10.3

at frequency 100 kHz

15 1.694204 |1.694363 | 1.694374 | -97.1
17 1.694342 |1.694300| 1.694312 | 21.2
19 1.694101 |1.694260 | 1.694271 | -97.1
21 1.694029 |1.694188 | 1.694200 | -97.4
23 1.693977 |1.694134 | 1.694147 | -96.5
25 1.693887 |1.694046 | 1.694056 | -96.8

The nature of the temperature dependencies
shown in Fig. 3 indicates the inappropriateness of
introducing a temperature correction to RM obtained
with the application of the thermocomparator in the
range of a given temperature.
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Figure 4 — RM dependence for input voltage 2 V

As can be seen in Fig. 4, during the first round
of research recorded jump-off offset of RMs at a
temperature of 17 °C at frequencies of 20 Hz and
100 kHz which causes distrust of these RMs.

Table 4 — Average values of measured input
quantities and RM for voltage 5 V

Output signal value, V, depending
on the input voltage RM,
T,°C — - uv/iv
alternating positive | negative
direct direct
at frequency 20 Hz
15 | 1.426868 |1.426910| 1.426921 | -33.3
17 1.426843 | 1.426877 | 1.426888 | -27.7
19 1.426822 |1.426863 | 1.426873 | -32.2
21 1.426782 | 1.426825 | 1.426837 | -34.3
23 | 1.426675 |1.426719| 1.426731 | -35.0
25 | 1.426701 |1.426750 | 1.426756 | -36.4
at frequency 1 kHz
15 | 1.426905 |1.426910| 1.426920 | -7.0
17 1.426872 | 1.426877 | 1.426888 | -7.4
19 1.426854 | 1.426859 | 1.426869 | -7.0
21 1.426809 |1.426814 | 1.426826 | -7.5
23 1.426778 | 1.426783 | 1.426795 | -7.7
25 1.426751 | 1.426756 | 1.426767 | -7.4
at frequency 100 kHz

15 | 1.426937 |1.426909 | 1.426920 | 15.8
17 1.427000 |1.426878 | 1.426888 | 82.0
19 1.426917 |1.426858 | 1.426868 | 37.8
21 1.426756 |1.426814 | 1.426825 | -44.3
23 | 1.426725 |1.426783 | 1.426794 | -44.5
25 | 1.426692 |1.426752 | 1.426763 | -45.9
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The results of the study on voltages 5V for
Table 4 have been converted to a graphical form in
Fig. 5.

As can be seen from Tables 2-4, the spin-off
deviations were fixed at a temperature of 17 °C at a
voltage of 2 V at a frequency of 20 Hz and 100 kHz
and 5V at a frequency of 20 Hz. Another problem
point was the temperature of 19 °C for a frequency
of 100 kHz at a voltage of 5V. Moreover, the
displacement at all points occurred in one positive
direction. RMs got to a roughly straight line on a
frequency of 1 kHz at all observation points and at
any given temperature.
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Figure 5 — RM dependence for input voltage 5 V

During the second round, a refinement of jump-
off RM offset was made. The refinement was carried
out for three values of temperature, two values of
frequency and two values of electric voltage. The
process was constructed in such a way that
observation took place practically throughout the
whole period of temperature change in the heat
chamber. It was accidental, but the MI was
maintained for two hours at a temperature of 15 °C
at the beginning.

Periodic measurements were made in
accordance with the expressions (1) and (2) in a
random manner starting with this temperature and to
a temperature different from laboratory to several
degrees. It was noted that there was no repetition of
previous results at a frequency of 100 kHz for both
voltage values in contrast to the frequency of 1 kHz
where the repetition occurred. With regard to the
frequency of 20 Hz, the results of the second round
indicate a straightforward temperature dependence
despite the isolated cases of RM deviation.

During the second round of observations, some
of the regularities of the Fluke 5720A functioning
were noted. It was observed that the output signal of

said MI during the observation period took some
number of certain values at a frequency of 100 kHz.
There were recorded several cases of jump-off RM
offset during one measurement stage and after some
time the return of RM to the previous value. Since
the measurement scheme involves three MIs, this
state of affairs may be explained by changes in the
internal parameters of some of them. The RM offset
was recorded almost entirely at a frequency of
100 kHz which is the evidence of the version about
the internal state change of the Fluke 5720A.

The values of RM that were periodically
repeated during the first and second rounds for
voltage 2 V at frequency of 100 kHz: -97.2; -39.5; -
20.5; +21.3 uV/V.

The values of RM that were periodically
repeated during the first and second rounds for
voltage 5V at frequency of 100 kHz: -45.6; +15.8;
+38.1; +81.6 uV/V.

Throughout the time of observation, a small
short-term displacement of the multimeter readings
periodically arose which was noticeable at all stages
of the measurement. It may have been the effect of
internal noise of the Fluke 792A or the multimeter.
The materials from previous experimental studies
were used in order to take into account the short-
term instability of Fluke 5720A [13].

Another factor influencing the RMs is the drift
of the output signal of Fluke 792A whose
contribution to the combined standard uncertainty
has been estimated in accordance with [6] at a level
lower than 0.1 uV/V. In general, this agrees with the
data of the manufacturer [2].

The final results of determining the temperature
dependence of Fluke 792A are presented in Table 5.

Table 5 — The temperature-related change of TD,
and the corresponding UM

T | g [
for voltage 0.2 V and frequency 20 Hz
15-17 0.55
17-19 -0.70
19-21 -0.95 2.62
21-23 1.40
23-25 0.95
Mean 0.25
for voltage 0.2 V and frequency 1 kHz
15-17 0.85
17-19 -0.30
19-21 0.85 1.23
21-23 -0.15
23-25 -0.15
Mean 0.22
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Continuation of Table 5

Temperature TD change, 4 gl
rgnge uV-V'l-Ig'l UM, uVVEK
for voltage 0.2 V and frequency 100 kHz

15-17 0.15
17-19 -0.70
19-21 0.45 1.12
21-23 -0.15
23-25 -0.30
Mean -0.11

for voltage 2 V and frequency 20 Hz
15-17 -0.75
17-19 -0.30
19-21 0.60 197
21-23 0.30

for voltage 2 V and frequency 20 Hz
23-25 -1.15 | 1.97
Mean -0,26

for voltage 2 V and frequency 1 kHz
15-17 0.15
17-19 0.15
19-21 0.15 0.96
21-23 -0.30
23-25 -0.15
Mean 0.00

for voltage 2 V and frequency 100 kHz

15-17 -0.10
17-19 0.10
19-21 0.15 1.09
21-23 -0.45
23-25 0.15
Mean -0.03

for voltage 5 V and frequency 20 Hz
15-17 -2.80
17-19 2.25
19-21 1.05 2.01
21-23 0.35
23-25 0.70
Mean 0.31

for voltage 5 V and frequency 1 kHz
15-17 0.20
17-19 -0.20
19-21 0.25 1.28
21-23 0.10
23-25 -0.15
Mean 0.04

for voltage 5 V and frequency 100 kHz

15-17 0.35
17-19 0.30
19-21 -0.45 1.15
21-23 0.10
23-25 0.70
Mean 0.20

As can be seen from the table, the average
values of the temperature coefficient of the
investigated MI do not exceed 0.32 uV-V:K™. In
view of UM values and the dispersion of RM, it can
be stated that there is no temperature dependence or
that it is negligibly small.

Discussions

The authors are inclined to consider the
suspicious RMs obtained in the first round as a
contribution of the Fluke 5720A. Another voltage
source, the calibrator Fluke 5522A, was used during
the work to test such an assumption. However, this
instrument is considered less accurate and we felt it
when it was applied. For example, the scattering of
the RM of the output signal of Fluke 792A at a
frequency of 100 kHz was an order of magnitude
higher than the same characteristic of the initially
selected source (type A uncertainty is 4-5 times
greater). In addition, the value of the RM obtained in
accordance with expression (2) reached +290 uv/v
at a voltage of 2 V. Also, the drift of the output
direct voltage of Fluke 5522A was estimated to be
three times larger than an analogic characteristic of
the first voltage source. These circumstances did not
allow the use of Fluke 5522A as an alternative
source.

Another argument which proves in favor of the
previous thesis is the absence of a similar problem
phenomenon at a frequency of 1 kHz and has a less
clear expression for a frequency of 20 Hz.

A disappointing disadvantage of the study is the
lack of technical possibility of the application of the
above methodology at a frequency of 1000 kHz
since the calibrator Fluke 5720A is deprived of a
repeating stable output signal of this frequency.

The authors suppose that the results of the
study, in general, are considered to avow about
inappropriateness to introduce a temperature
correction to the treatment of RM during the transfer
of the unit of AC voltage. Since the expanded
uncertainty attributed to Fluke 792A  during
calibration has a minimum of 9 and 4 uV/V at
frequencies of 20 Hz and 1 kHz, and the estimated
mean values of the temperature coefficient for these
frequencies for the corresponding voltage are -0.26
and 0.03 uV/V-K™, respectively.

Conclusions

The obtained results allow us to state the
absence or negligently small degree of influence of
the temperature coefficient on the displacement of
the TD of Fluke 792A in the temperature range of 15
to 25 °C for three variants of the configuration of the
measuring path (with amplifying or dividing the
input signal or without scaling).

The measurement procedure of the TD of
Fluke 792A temperature dependence research has
been proposed and analyzed, as well as the
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uncertainty sources have been determined and the
uncertainty budget has been compiled in the
determination of the temperature characteristic.

A number of characteristic values of the output
signal of Fluke 5720A are noted, which, obviously,
is a constructive feature of specific specimen or type
of Ml in whole.
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JTOCJIIKEHHS TEMITEPATYPHOI 3AJIEXKHOCTI ETAJIOHY AC/DC MEPEXOY

YV cknaoi [eporcasnoeo nepsunnoco emanony oOUHUYi eneKmpuyHoi 3MIHHOI Hanpyeu € npeyusitiHull
mepmoxomnapamop Fluke 792A. Ieti npeyusiinuii 3aci6 umipio8anvbHol MexHiku APUHAYeHull O pisHo-
4aACc06020 KOMNAPYSAHHS Oil0Y020 3HAYEHHS 3MIHHOI HANpY2u 3 eK8i6aleHMHUM 3HAYEHHAM NOCMIlHOI Ha-
npyeu. Haubinowe eniueac na cymapny meeusHaueHicmv 3a3Haqeno2o oepoicasnozo emanony Fluke 792A,
moomo cmanoapmua HegUHA4eHICMb NPU BUMIPIOBANHI 11020 NOXUOKU KOMAAPYBAHHSA HANPY2U.
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Y mexniunivi doxymenmayii yb020 mepMOKOMRApamopy GiOCYmHsi iHGhopmayis npo memnepamypHy 3a-
JIEIHCHICTND MemPOIO2IHHUX XAPAKMEPUCIUK, WO NPU3B00UMb 00 SUHUKHEHHSA 000AMKOSUX 3ANUMAaHb U000
HeBU3HAYeHOCMI 3a MmeMnepamypu, 8iOMiHHOI 6i0 memnepamypu Kaniopyeants. 1 01061010 npodiemoro, wo
BUPIUYEMBCSL 8 OOCTIONCEHHI, € NIOMBEPOICEHHS MEMPOJIOSTUHOL NPOCENCYBAHOCE PE3YIbINAMIE GUMIPIO-
BAHHs 3MIHHOI Hanpyeu npu KariopyeauHi npeyusitiHux 3aco0i8 8UMIPI8ANIbHOL MEXHIKU 8iIOHOCHO 0epias-
HO20 emanony oOuHuYyi yici izuunoi senuduHy 6 OianazoHi memnepamypu 3acmocy8aHHs.

Poboma 3 oocnioaxcenns 3anexicnocmi pe3yromamis UMIPIOBAHHSA NOXUOKU KOMNAPYBAHHS HANPY2U 6i0
memnepamypu 8UKOHY8aIAca y 08a payHou. L{a easxciusa memponoziuna xapaxmepucmuka mepmoKomMna-
pamopy Fluke 7924 eapitsanacsa 6 dianazoni memnepamyp 6i0 15 0o 25 °C y mennosgiii kamepi. [lepuuil
PAYHO CKAA0A8Cs 3 5 YUKAIE CNOCMEPENCEHHS, K GUKOHYBANUCS OIS KOJCHOT MOUKU 34 KOJICHOI GU3HAUEHOT
memnepamypu. Koowcen yuxn cnocmepesicenns cKiaoasgcs 3 mpbox emani@ nouepeo8o2o NOOAHH Hanpyau
PI3H020 POy YU ROJAPHOCHI HA 6Xi0 mepmokomnapamopy Fluke T92A.

THoxubxa xomnapysanHs Hanpyeu 6UHAYALACH ONOCEPEOKOBAHO Yepe3 3MIHEHHS GIOXUNEHHS GUXIOHO20
CUSHATY 3MIHHOI Hanpyau eucokomounozo xaniopamopy Fluke 57204 6io tiozo sc exgiearenmnozo cueHany
nocmitinoi Hanpyeu. byno obpano 0es’sims Mmook CHOCMEPENCEHHA 3ANEHCHO 8I0 YACTMOMU MA Pi6H HANPY-
2U ma wicms MOYOK 3ATIeHCHO 8I0 MeMnepamypu npu UMIpIO8anHi. Jpyeuti payno YMoOYHIOE CYMHIBHI pe-
3yAbmamu, OMpPUMAaHi 6 Nnepuiomy.

Ha emani nnanysanns oocnioxcents 6y10 po3pobieHo memoo ma ONUCana npoyedypd SUMIPIOSAHHSL.
3a pesynomamamu aHanizy YUHHUKIE, KOMPI BNIUBAIOMb HA MOYHICMb BUMIDIOGAHHSA, 0Y8 cKladeHul 0io-
Ooicem HegusHavenocmi. Ilicis GUKOHAHHA eKCNEPUMEHMATbHUX POOIm GU3HAYEHA MeMNepamypHa 3a1edc-
HiCMb 00CAi0HCYBAHOT MEMPOTIOSTUHOI XAPAKMEPUCTNUKU.

Kntouoei cnosa: noxubka KoMNApy8awHs, mMeMNEpAmypHa 3ANeAHCHICb,  MEPMOKOMAAPAMOP
Fluke 792A; memoouxa sumiprosanmsi; neguzHaueHicme.

O. H. Besmmuko, 1.17.H., B. B. UcaeB
UCCJIEAOBAHUE TEMIIEPATYPHOM 3ABUCUMOCTH DTAJIOHA AC/DC MEPEXOJA

Paboma no uccnedosanuro 3agucumocmu pe3yromamos usMepeHull noZpeunoCcmu KOMRapupo8anus om
memnepamypul 8bINOIHANACL 8 084 payHOd. OOHA U3 8ANCHBIX MEMPOIOLUYECKUX XAPAKMEPUCTIUK BbICOKO-
moyroeo smanona AC/DC npeobpaszosanus Fluke 7924 sapvuposanace 6 ouanazone memnepamyp om 15
0o 25 °C 6 mennosou kamepe. Ilepsbviii paynd cocmosn uz 5 yuxkios HaO0OeHUs, KOmopble 8blNOJHANUCH
07151 KaxcOOU MOUKU Npu Kaxcoou onpedefienHou memnepamype. bviiu 6b10panvl 0essimeb mouex Habao0eHUs
6 3A6UCUMOCIU OM YACMOMbL U YPOGHS HANPANCEHUA U WeCMb MOYEK 6 3A8UCUMOCIU OM MeMnepamypbl
npu usmepenuu. Bmopoil payno ymounsem comHumenvHvle pe3yibmamol, NOAyueHHble 8 nepeom. Pesynn-
mamamu pabomvl AGIAEMCs ONUCAHHAS NPOYedypa UMepenus, COCMAagiIeHHbll 6100dcem HeonpeodeseHHOC-
MU u onpeoenenHds memnepamypHas 3a8UcUMOCms UCCLe0YeMOll MEMPOI02UecKOU XapaKmepucmuKu.

Knrwouesvie cnoga: nozpewinocms KOMRAPUPOBAHUSA, MEMNEPAMYPHA 3A6UCUMOCTIb, MEPMOKOMNApa-
mop Fluke 7924; memoouxa usmepenus, HeONpeoeieHHOCMb.
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YK 531.7

JI. B. Koaomieus, a1.17.H., K. O. IlogocTpoensp, x.T.H.

Ooecbka depacasHa akademis mexHiuHo2o pe2ynosants ma axocmi, m. Odeca
MHOBIPKA ABO KAJIIBPYBAHHSI TAXEOMETPIB?

Ilpeocmasneno ananiz npoyedyp mMempono2iuno2o KOHmpoato maxeomempis. Hagedeni koncmanmu ma
NONpAsKU, Wo KOHMPOIIOIOMbCs nid wac Kauopysanus maxeomempis. Ilepeniueni noxubku Kymomiproi ma
gidoanemiproi vacmun maxeomempis. Poszenanymi napamempu maxeomempis, ujo He0OXIOHO KOHMPOIO6a-
mu nio uac nogipku. J[oknaono posenanymi eapiayii 3acmocy8aHHa pi3HUX MeXHIYHUX 3ac00ie ma Memoois
suMipiosanns npu Kaniopyeauui. Ilpeocmasneno anvmepHamueni Memoou po3paxyHKy cepeouvoi Keaopa-
MUYHOI NOXUOKU BUMIpIosanHs siocmanell maxeomempamu. IIpoananizo8ano MiscHapoOHul nioxio 0o npo-
6€0€HHA PeMOHMY, NOGIPKU M KANiOPY8aHHs maxeomempis. 3anponoHO8aHO pO3poOUMU HOPMAMUEHO-
npagosuli akm, wjo U3HAYAE Kpumepii KoMnemeHyii npoeedeHHs pooim 3 peMonmy, yMo8Uu ma npasuia npo-

8€0EHHS PEMOHMY 3aC00i8 SUMIPIOBAIbHOI MEXHIKIL.

Knrouoei cnosa: maxeomempu, nogipka, Kauiopy8aHus, peMoHm.
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Beryn

TouHICTh BU3HAYCHHS BEIMKHUX JIHIHHHX DPO3-
MIpIiB € Ba)KJIMBOIO 33JIa4YCH0 CYYacHOI HAyKH 1 TeX-
Hiku. TouHicTh NHIHHMX BUMIPIOBaHb Yy 3HAYHIN
Mipi 3a1eXuTh Bix kBamiikarmii cremiamicTiB, IO
MPOBOJATH BUMIPIOBaHHS Ta 3ac00iB BUMIPIOBaHHSI.
3aco0u BUMIPIOBAaHHS, ¥ CBOKO 4epry, HOTPEOYIOThH
BYACHOT'O Ta SKICHOTO METPOJIOTIYHOTO 3a0e3meueH-
Hs. B nanHwii yac 11 37iiCHEHHS BUMIPIOBaHb BEJH-
KUX JIHIMHUX PO3MIpiB MIMPOKO 3aCTOCOBYIOTHCS
CBITJIOBIJIaleMipi Ta eNeKTPOHHI TaXxeoMETpH,
imomi GNSS mnpwuitmadi. Bkazani 3acobm BuMiprO-
BaHb M JIATal0Th KOHTPOJIO.

AHaJi3 OCTaHHIX JOCTiTKeHDb i myOaikamiii.

V BianosigHocTi 3 yacTuHOMO 1, ctarti 17 3a-
koHy Ykpainu «[Ipo MeTposorito Ta METpoJoriuHy
JISUTBHICTE» 3aKOHOJIABYO PEryJibOBaHi 3aco0u BU-
MIpIOBaJIbHOI TEXHIKH, IO Mepe0yBarOTh B KCILTya-
Tallii, mISraTh MePIOUUHINA MOBIPI Ta MOBIpII
miciss peMoHty. [lepenik kaTteropiii 3akoHOJIABYO
PEryIbOBaHUX 3ac00iB BUMIPIOBAIBHOT TEXHIKH, IO
MiJUIATaIOTh TIEPIOANYHIN MOBIPIli, BCTAHOBIIOETHCS
nocranoBoro KabGinery wminicTpiB Ykpainu Ne 374
Bix 4 yepBHs 2015 p. «IIpo 3aTBepKEHHS TIEeperiKy
KaTeropiii 3aKOHOAABYO PEryJbOBaHUX 3aCO0IB BH-
MIpIOBaJIbHOT TEXHIKH, IO Mi/UISAral0Th MEePIOIuIHIN
MOBIpIi». Y BIAMOBITHOCTI 3 Ii€I0 TIOCTAHOBOIO, Ta
crarrero 3 3akoHy Ykpainum «I[Ipo merpororiio Ta
METPOJIOTTUHY MisUIbHICTBY TaXxeOMETPH, IO BHKO-
PHUCTOBYIOThCS B TONOTpado-reoIe3nIHNX, KapTor-
padiuHuX, TiAPOMETEOPONIOTIYHMX POoOOTax, pobo-
Tax i3 3eMJIEYCTPOIO, po0OTax, OB’ A3aHUX 3 BH3HA-
YEeHHSIM TIapaMeTpiB OyJiBellb, CIOpYJl i TEePUTOPIi
3a0yZI0BU OOOB’S3KOBO MIISTAIOTh EPIOUYHIH
noBipmi [1, 2].

Pa3om 3 TuM, TaxeomeTpH, IO BUKOPHCTOBY-
IOTBCS B SIKOCTI €TaJIOHIB MOBHHHI OyTH KaiOpoBa-
Hi, a iX MPOCTEXKYBaHICTh MOBUHHA OYTH JOKyMEH-
TaTbHO MIATBEpIKEHa cepTudikaTamMu KamiOpyBaH-
us [3-5].

AHani3yroun MDKHApOJHUHN Tiaxin B cdepi Te-
XHIYHOTO PETYJIIOBAHHS BiTHOCHO TaXeOMETpPiB MO-
JKHA BUALUTUTH JIBI OCHOBHI MPOIIETypH KOHTPOITIO X
TOYHICHUX XapaKTEPUCTHK: KamiOpyBaHHS Ta Bepu-
¢ikauis (nosipka) [6, 7]. KaniOpyBanHus TaxeomeT-
PpiB 37€01TBIIOTO CTOCYETHCS BUMIPIOBaHHS 3HAYEHD
PI3HOMaHITHHX KOHCTAHT Ta MOMPABOK 3 BCTAHOBJIE-
HOI0 HEBH3HAYCHICTIO, B TOM Yac sK BepH]ikaiis
(TIoBipKa) CTOCY€ETHCS MOPIBHSAHHS MTOKA3iB TaXeoMe-
TPy 3 €TaJOHaMH, IO MAlOTh BIANOBIAHY METPOJIO-
riYHy POCTEKyBaHiCTh [8].

KaniOpyBanns nepeabavae 3anuc Moeni pooo-
TH TaxeOMeTpa Ta BU3HAYCHHS XapaKTEPHCTHK KOXK-
Horo ii enemeHTa. Bepudikarist (moBipka), HaBIaKH,
HE CTaBUTb 32 METY JOCIIKSHHsI €JICMEHTIB MOJIEII,
a mependavae OLIHKY CepelHbOl KBAaJAPaTUYHOI I10-
XHOKHM BUMIpIOBaHHS TaxeoMmerpy. Takuii minxim He
BHMarae J0CIIKCHHs TPUHIIUIIB pOOOTH TaxeoMme-
Tpa Ta HOro eieMeHTiB. TakoX, TaXeOMEeTpH, 5K i
iHII 3ac00M BUMIPIOBAIBHOI TEXHIKM MOXYThH Tij-
JIABaTUCS TIPOIEYpPi PEMOHTY abo peryioBaHHS —
3MiHI TIapaMeTpiB MPHUIaay 3 METOK YCYHEHHS CHC-
TEMAaTUYHUX TOXHOOK.

BiblIicTh Cy4acHHX TaXE€OMETPIB IPAIFOIOTh
3a TPUHIUIIOM BHMIPIOBAHHS KUIBKOCTI IIIJIMX JOB-
XKUH XBWIb T€HEPOBAHOTO CHUTHANy Ta Oyab-sSKOi
YaCTUHHM JIOBXXHMHU XBHJIi, 110 3ajJHMIIMIIacs, Ha Bijc-
TaHi MK TaxeoMeTpoM Ta BijgOuBadeM. Bumipio-
BaHHS JIOCSATAETHCS IIUISIXOM BIIOWTTS CUTHANy Ha-
3a] Ha MpHUiiMad TaxeoMeTpa, Jie B OUIBIIOCTI BHIIA-
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IKIB 3MIMCHIOETHCS BHUMIPIOBAaHHSA pi3HHUII (a3
[9, 10]. V nmeskux TaxeoMeTpax BUKOPHCTOBYIOTHCS
IbTEpPHATHBHI METOAM: 3MiHa YacTOTH AJISl OTpH-
MaHHS HYJIBOBOI (a3H, a TaKOX BUKOPUCTAHHS iM-
MYJIBCHOTO METOAY.

bepyun o yBaru ckiafHiCTh KOHCTPYKIIIi Teo-
Je3MYHUX MpUiIaliB Tpeba 3a3HAUNTH, 0 Ha)Kallb B
VYkpaiHi BiACYyTHI BUMOTH MIOAO MPaBHJI BUKOHAHHS
PEMOHTY, HasSBHOCTI MEPCOHANY Ta poOOYHMX MicIb
[11].

AHaIi3yI0un KOHCTPYKIIi Cy4acHUX TaXeoMeT-
pIB Ta CBITOBHI JOCBI ITiIBHIEHHS TOYHOCTI T€0-
JIC3UYHUX BUMIPIOBaHb, MOXHA BHJIIIMTH HACTYITHI
napamMeTpH TaXeOMETpiB, 0 BUMIPIOIOTHCS i Yac
KaJliOpyBaHHS.

IlocTanoBka 3aBIaHHSA

3apa3 cepell KOPHCTYBadiB TaXCOMETPIB ICHYE
Jesika IUIyTaHWHa I0J0 BUOOpPY MpoLeaypud KOHT-
pOI0 Teo/Ie3NYHNX 3aco0iB BuMiproBaHHS. HeoO-
XiJIHO BHM3HAYUTH SKi TE€OJE3MYHI 3acO0M BUMIpIO-
BaHHS IiJUISITAI0Th MEePIOANYHIN MMOBIPII, a SKi Kali-
OpyBaHHO. SIKki came TMOXMOKH, KOHCTAaHTH Ta TIOII-
paBKu HEOOXiTHO 3HATH ISl TIPOBEJCHHS BUMIpIO-
BaHb 3 HEOOX1THOK TOYHICTIO.

Tloxubxu KymomipHoi vacmunu maxeomempis.

o mapamerpiB, MO TiAIATAIOTh KOHTPOJIO Bi-
JTHOCSATh: 3HAYCHHS KOJIMAIiHOT MOXUOKHU, FTOPHU30-
HTaJlbHI HaNpsIMKH, MPHUBEACHI N0 MOYaTKOBOTO, a
TaKOX MICIIE 3€HITy 1 3eHITHI BiJICTaHi, HENepIeH /i~
KYJISIpHICTB OCi 00epTaHHS 30poBoi TpyOu mo oci
oOepTaHHs alifaau, CepeHs KBaJpaTHuHa MOXUOKa
BAMIPIOBaHHS TOPH3OHTAIBHUX 1 BEPTUKAIBHHUX
KYTiB, @ TAKOXK OCTATOYHUI BIUIMB €KCLEHTPUCUTETY
BEPTUKAIBHOTO KOJIa HAa BHMIPIOBAHUN BEPTHKAIb-
HUHU KyT i eKCIIEHTPUCHUTETY aiiai Ha BHMipIOBa-
HUU TOPU30HTANIBHUM KYT.

Cepenns kBaJpaTHYHa TOXHOKa BHMipPIOBAaHb
TOPH30HTAJIBHOTO HANPSMKY OJHUM IOBHHM TIpH-
HoMOM BHU3Ha4Ya€eThes 3a hopmyitoro [4]

n-1

Zp:Z(Nij_Nie)z
s, = , (1)

ne N, — ropusoHTanbHi HANPAMKH BUMipsHi

OJITHUM ITOBHUM HprIOMOM;

Ni — EeTaJlOHHI 3HA4YeHHS TOPHU30HTAJIBHUX

HATIPSIMKIB;

v=(Nn—1)- p — KUIbKICTb CTYNEHIB CBOOOIHN;

N — KiNbKICTh BUMIpPSIHUX TOPU3OHTAIBHUX HAa-
MPSIMKIB;

P — KUIBKICTh NMOBHHUX NMPHUHOMIB BUMipIOBaHb
TOPH30HTAJIBHUX HAIPSIMKIB,

Y — KoeQillieHT, MHO)KEHHSM Ha SKHH BCTaHO-
BIIIOETHCSI BEPXHS TPaHUIlS OBIPUYOTO IHTEPBATY
Wi G Ta OOUMCITIOETHCS 32 (POPMYJIO0

)

me i (V) — xoedimient ¥’ -posmoxiny, mo
BuOupaerhes 3 1SO 17123-1.

CydacHi TaxeoMeTpH He MafOTh MPHUCTPOIB, IO
JO3BOJISIIOTH 00epTaTH MO MPH HEPYXOMOMY Tpe-
repi i anigani, TOMy BOHH HE MOXYTh MaTH €KCIICH-
TPUCHUTET JiMOa TOPU3OHTAIBHOTO KOJIa, TIPOTE Ma-
IOTh IBOCTOPOHHIO CHCTEMY 3UYMUTYBaHHS, IO T03BO-
JISi€ TIPAKTHYHO BUKJIIOUWTH BIUIMB €KCIIEHTPUCHTE-
Ty allifagy Ha BUMIPIOBaHHI TOPU3OHTAIBHUM KYT i
BIUTMB EKCIICHTPHCHUTETY BEPTHKAIBHOTO KOJa Ha
BHMIPIOBaHUH BEPTUKATBHAN KYT.

Tocmiuni iooanemipa maxeomempa ma 6i00u-
saua.

BinbuBauem na3epHOTO TPOMEHIO 3a3BHYAil
CITy>KUTh MIPU3MATUYHUN BiIOMBAY 3 MPUCTPOEM, IO
JI03BOJIAE€ BCTAHOBJIIOBATH HOro B IIEBHIM TOYIN 1
Opi€HTYBaTH B TOTpiOHOMY HampsMKy. Bxazanuit
BiOMBa4Y MOXE€ BUKOPUCTOBYBAaTHCH B KOMIUICKTI 3
TaxeoMeTpaMu JUIsi BUMIPIOBAaHHS BiJICTaHi JIO TEB-
HOI Touku. CremiamicTy, IO MPAIOE 3 TaXeoMeT-
poM, Tiepe]T TOYaTKOM BHMipIOBaHb HEOOXITHO BBEC-
TH 3 KIaBiaTypu TaxeoMmeTpa 3HaueHHS MOCTIHHOL
BiOMBava, MiJ AKOK CIiJ PO3yMITH MOMPABKY, IO
KOPEKTy€e BU3HA4YCHHsI BiJICTaHi (BiCh TaxeoMeTpa —
BiCh BiJOMBaua) Ta MPEACTABISAE COOOI0 JOBXKHUHY
BiJIpi3ka Big oci oOepTaHHs BijOMBaya J0 TOYKHU
BiIOUTTS TTPOMEHIO.

OCKiNbKH BIPTYaJIBHUI €IEKTPOONTHYHUI TIO-
yaToKk a00 LEHTp BijganeMipa, IO BXOIUThH JO
CKJIaJIy TaXeoMeTpa, K MPABHUIIO, HE PO3TANIOBAHUN
Ha OJHIM BEPTUKANBHIN OCi 3 TaxeoMeTpoM, s
MPaBUJILHOTO BHM3HAUEHHS BIJCTaHI BiJl BEPTHUKAJIb-
HOIT OCi TaxeoMeTpa MOBUHHA OyTH BBEICHA TOMPAB-
Ka B yCi pe3yibTaTd BHMIpIOBaHHS BifncTanen. Lls
MOTIpaBKa 3a3BUYail HA3UBAETHCS MOCTIHHOIO Bija-
JIeMipa, 110 KOMIICHCY€E PI3HUII0 MK MEXaHIYHUMH
1 €JIeKTPOONTHYHUMU IIEHTPaMH iHCTpyMeHTy. Yac-
THHA NUISIXY BUMIPIOBAIBHUNA CHUTHAI MPOXOIUTH B
€JIEKTPOHHUX KOMIIOHEHTaX, & TAKOX B CEPEIOBHUIII
Bi/I0MBaya, MOKAa3HUKH 3aJIOMJICHHS SKUX BiIpi3Hs-
IOTBCS BiJ] TMOKa3HUKIB 3aJIOMJICHHS atMocdepu, a
OTXe 1 BIAPIZHSAIOTHCS MBHJIKOCTI IMOITUPEHHS CHT-
Haiy. [locTiliHa TaxeoMeTpa BCTAHOBIIIOETHCS BUPO-
OHMKOM TIpU HOTO BUPOOHUIITBI Ta BBOJWUTHCA B
porpamy JUisi aBTOMaTUYHOTO BPaxXyBaHHS.

UlIxana éiooanemipa maxeomempa.

[ToxuOku, MO MPOMOPLiliHI JOBXHHI BUMIPIO-
BaHOI JIiHIi MOXYTh BUHUKATH 3 NPUYMH Bapiamii
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YaCTOTH MOMYJNALIi. IX Ie HAa3MBAIOTh TOXHOKAMH
MacmTaldy. JI7s KOHTPOJIS MUX IapaMeTpiB BUKOPH-
CTOBYIOTh YacTOTOMIpHM Ta iHIIEC OOJaJHAHHS s
MOPIBHSHHS BUXIAHOI 4acTOTH 3 ONOpHOI0. Macui-
TabHa OXuOKa y BiJgajgeMipax TaxeoMeTpPiB BUKIIH-
KaHa IIepIII 3a BCE JII€I0 TEHEepaTopiB, a TAKOX Iepe-
JaBaJbHUX Ta NpUAManbHUX AioAiB. OCHOBHUM
JDKEpEeJIoM CKJIZIoBOi TMOXUOKH 1032 MEXaMH Ta-
XEOMETPY € HelpaBHJIbHA TOMpPaBKa Ha MIBHIKICThH
MPOXOUKEHHSI MpOMeHt0 B aTMmocdepi. HailGinbim
3HAYHOI0 CKJIAJIOBOIO MOXUOKHM reHeparopa € Horo
3aNIeXHICTh BiJ TemmepaTypu. YacTora reHeparopa
3aJIeKUTh BiJ] TOTO, CKUIBKM 4Yacy Bifjanemip 3Ha-
XOUThCsl B ekcrutyatarii. [lix yac pobotu, podoua
TeMIlepaTtypa BiaganeMipa 3pOCTa€, IO BHUKIAKAE
po3irpiBaHHS TeHepaTropa, a Iie B CBOIO 4Yepry BH-
KIIMKae 3MiHy 4acTOTH. BUpPOOHMKH TaxeoMeTpiB,
MpH iX BUPOOHUIITBI, BU3HAYAIOTH YaCTOTY TPH Pi3-
HUX TeMIepaTypax 3a JOMOMOTO KIIMaTHYHUX
Kamep.

Luxniuni noxubxu siodanemipa maxeomempa.

[ukniyaa moxuOKa MPOSIBISETHCSI HA OCHOBHIM
4acTOTi MpH CTapiHHI KOMIIOHEHTIB BiajalieMipa Ta
MPOHUKHEHHI EeJIEeKTPOMAarHiTHUX abo0 ONTHYHHX
TepenKo ] y IpHiiMaouoMy KaHali. IX Ine HasuBa-
I0Th KOPOTKAMH TIEPIOTUIHAMHU MTOXUOKamu. Llukmi-
YHa MOXMOKa 00YMOBJICHA HE JIHIHHICTIO aMILTITY -
Hoi MoayIsuii (a30Boi 1 HeCy4oi BUMipIOBaHOI XBU-
mi. g nukomigHa moXuOKa 3MiHIOETECS Yepe3 MOJTY-
JIbOBaHY JOBXKWHY XBWi. [luKimiuHa moxuOka 3a3BH-
yalli Ma€ CHUHYCOIJAJIbHUM XapakKTep 3 JIOBKHUHOKO
XBUWJII, PIBHOIO «OIWHHWII JOBXHUHI» OJIOKY Bimma-
neMipa TaxeoMmerpa. 3HaK i po3Mip MOXHOKH 3aje-
JKaTh BiJl TOrO, Y¥ 3HAXOAUTHLCS BUMIPIOBaHA BEJH-
YMHA B Jiamma3oHi «OJWHUIl JTOBXUHM» OJOKY Bij-
naineMipa taxeomerpa. «OMUHUIS TOBXHHN» OJIOKY
BiJiIaJieMipa JOPIBHIOE MOJIOBHHI JOBKWHHU XBHJII
Moayiisanii. CydacHi TaXxeOMETpPH MarTh 3a3BUYAl
MiHIMi30BaHI IUKJIIYHI TOXUOKHU, aie BOHU MOXYTb
3MIHIOBATHCh 3 YaCOM.

Kanibpysanns maxeomempie moouciuee 6 Oexi-
JAbKOX 6apiayisiax 3aCMOCY8AHHS DPISHUX MEXHIYHUX
3aco0ie ma mMemooie GUMIPIOBAHHSL:

1) maGopaTopHi aBTOKOJIMAIiiHI yCTAaHOBKH +
0a3ucHI JHIMHI Te0Ae3UYHI ITOJITOHH;

2) nabopaTopHi aBTOKOJIIMAIiiHI yCTAHOBKH +
nabopatopHi 0a3ucHi JiHIHHI CTEHAN I KOHTPOJIO
MOCTIMHUX BiJalieMIpiB + CTEHIU Ui KOHTPOJIIO
4acTOTH BijnajeMipiB + Oa3uCHI JiHIHHI TeoAe3udH1
[TOJTITOHH;

3) MogepHizoBaHi J1abOpaTOPHI aBTOKOJiMa-
LiliHI YCTaHOBKH (3 HENPSIMHMH BiJCTaHSIMH) + Ta-
XEOMETPH BHUINOT TOYHOCTI [6].

Tlepwuii 6apianm — HaWOUTBII MONIMPEHUHN Ce-
pea METPOJIOTIYHUX JIabopaTopii, 10 3aiMarOThCs
MOBIPKOIO Ta KamiOpyBaHHSIM 3ac00iB BHMipIOBaJIb-

HOT TEXHIKH T€0Ie3NYHOT0 TPU3HAYCHHSL.

KoHcTpykrtist Ta mpaBuia CTBOPEHHS 0a3MCHHUX
JIHIAHUX TeONE3WYHUX IIOJITOHIB JAal0Th MOKIIU-
BICTh BU3HAYEHHS BCIX HEOOX1AHUX THIIB ITOXUOOK 1
KOHCTAHT IS KadiOpyBaHHS BifmajaeMipHO YaCTHHU
TaXxCOMETPIB 3 HEOOXITHOIO TOYHICTIO. Pexomenmo-
BaHl JOBXUHU OasuciB € 24, 48, 72, 96, 192, 288,
384, 480, 984, 1488, 2016, 3000 metpiB. 3aranbHAN
YXHJI TpacH He TIOBHHEH niepeBunryBatu 1/20.

3a3Buyaii, MPU HASBHOCTI OAa3MCHUX JIHIHHHX
re0Ie3UYHUX TOJIITOHIB, 3a OIMIOMOTOI0 Pi3HUX Me-
TOAWK BHWMIPIOBAaHHS 0a3MCiB MOXIIMBO BHU3HAYUTH
BEIUYMHY IUKITIYHOI MOXUOKH, TOXUOKH MKW Ta
nmocTiiiHo1 Bigganemipa. BumiproBaHHS KOpPOTKHX
BiJICTaHEeW MOTIOMararoTh BH3HAYaTH TMOCTIHHY Bij-
JaneMipa, a BHMIPIOBaHHS BEIHKHX — MOXHOKY
mkanyu. OnHiero 3 mijged KOHCTPYKLii Ta TMpaBHII
CTBOPCHHsI 0a3WCHUX JIHIMHUX TeOAC3UIHUX ITOi-
IOHIB € 3a0e3IeveHHs Toro, oo MmocTiiiHa Biggaje-
Mipa Ta MOXHMOKa MIKadK BU3HAYAIMCS HE3AJIEKHO
BiJl Oyb-SIKMX BHECKIB ITUKIIYHOT IIOXUOKH.

[Ipu xamiOpyBaHHI Ha 0Ga3MCHUX JHIHHUX T€0-
JE3UYHUX TIOJNIMOHAX TaXxeoOMETp 3aBKAW MOBHUHEH
OyTH 3axXHILEHUN MapacOIbKOI0 Ta BATPUMAHUH MPH
30BHINIHIX yMOBaX Ha TPOTsA3i oxHiei romgwmam. 3a
JIOTIOMOT'OI0 BBEJIEHHSI B MEHIO TaxeoMeTpa 3Ha4yeH-
HSl TEMIIEPAaTypH Ta TUCKY Ha PiBHI TaKUX, SIKi BUPO-
OHUK 3aKJiaB sSIK «CTaHAAPTHI», Tpeba AOCITTH HY-
TOBOI aTMocdepHoi monpaBku 0 ppm (BUKITIOYESH-
HSIM € TaXCOMETPH, BiAgalieMip SIKUX € iMITyJIbCHUM
a00 «OJMHUIIA JOBKUHU» OJIOKY Bimmanemipa Iopi-
BHIOE HYJI0). 3HAYEHHS BUCOTH TaxeoMeTpa Ta Bif-
OumBaua MOBWHHI OyTH 3aHECEHi JO MEHIO TaXEOMET-
pa. BumiproBaHHs TemMnepaTypH Ta TUCKY HEOOXiTHO
3MIHCHIOBATH 3a JIOTIOMOTOI0 TEPMOMETPIB Ta O6apo-
METpiB, IO BCTAHOBIIEHI OiJIT TaXE€OMETpPy Ta BiOU-
Baya J10, IiJ] yac Ta MicJis MPOBEACHHS BUMIPIOBaHb.

KoxHa KOHTpOJIbOBaHA €TaJOHHA BiJCTaHb ITi-
JUIATaE NEeCATUKPATHOMY BHMIipIOBaHHIO. 3a HEOO0-
XI1IHOCTi, TiCHs KOXXKHOTO BHMIPY 3JiHCHIOETHCS
MOBTOpHE HaBEJCHHS Ha LIb. B pe3ynpTat BUMI-
PIOBaHHS TOTPIOHO BBOJUTH TOIPABKH BiATIOBITHO
atMoc(hepHHX yMOB, o Oynu 3adikcoBaHi mix dac
CIIOCTEPEIKEHb.

UuM TouHIiIIE HEOOXiTHO MPOBECTH JIOCIi-
JOKCHHSI TaXeOMETpa, THUM OibIIy KiJTbKiCTh KOMOi-
Hallii BUMIpIOBaHb Ha 0A3MCHUX JIIHIHHUX T'€0/IC3H-
YHHUX IOJITOHAaX HeoOXiaHO mpoBecTH. Hampukian,
Bix Toukn TO MOCHiIOBHO NMPOBECTH BUMIpIOBAHHS
o touku T1, T2, T3 i t.4. [ToTim, Bix Touku T1 mo
touok TO, T2, T3 i 1.1. mo ocranunoi. KomOinarii
BHUMIpPIOBaHb, 10 3aCTOCOBYIOTHCS IJISl MIPOBEICHHS
KamiOpyBaHHSA 3a3BHYail PEryNIOIOTHCS 3HAYCHHSIM
«OJMHULII JOBKUHU» OJIOKY BijjajeMipa TaXxeoMeT-
pa (1OB’s3aHO 3 BU3HAYCHHSM LIUKJIIYHOI MOXUOKH)
Ta TOCTYITHUMH €TaJOHHUMH Oa3zucamu.
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Jlpyeuil eapianm — MIOMMPEHUHN CEpPelT METPOIIO-
TIYHUX J1abopaTopii BUPOOHUKIB, a TaKOXK ICTKHUX
o(inifHMX aBTOPHU30BaHUX TUIIEPIB, IO 3aHMAIOTh-
csl MPOAaXOM, TapaHTIHHUM Ta MiCHArapaHTIHHUM
00CITyTOByBaHHSM 3ac00iB BUMIPIOBAIBHOT TEXHIKH
re0JIe3MYHOT0 MPU3HAYCHHS.

Hanpuknan, akpeauroBana nabopatopis GipMu
Leica Geosystems, llIBeiinapis Bumae ceptudikatu
KaliOpyBaHHS BiAMOBIIHO MIXKHAPOIHOTO CTaHIAP-
Ty ISO/IEC 17025 3a wotupma piBHAMH KamiOpy-
BaHHs [7].

Ceptudikar «gold» mepexbavae, mo BUMipIO-
BaHHS I1iJ] Yac KaJliOpyBaHHs TaXeOMETPy OYJIH Mmpo-
BEZICHI 3a JOTIOMOT'OI0 €TaJIOHIB, 110 MAlOTh MpoOCTe-
JKYBaHICTh JI0 HAIlIOHAJIbHUX ETAJIOHIB 3 3a3HAYCH-
HSM TIPUTAMAaHHUX HEBH3HAYEHOCTEH BHMipIOBaHb.
Taki ceptudikaté HEOOXimHI IS MiATBEPPKCHHS
MEBHOTO TEXHIYHOTO 3a0e3MedyeHHs y chepax 3aKo-
HOZAaBYO peryinpoBaHoi Merpororii. lo meperniky
MPOLEAYP, 110 BUKOHYIOTBCS I 4aCc TaKOTro PiBHS
KaJliOpyBaHHsI BXOJIUTh KOHTPOJIb KOHCTAHT Ta IOTI-
paBoOK y Mexax naboparopii (KyTOMipHI BUMIipIO-
BaHHS | BUMIpIOBaHHS BijcraHeit no 122 m), Ha Oa-
3UCHOMY JiHIHHOMY Te0Je3MNYHOMY MOJITOHi, BUMi-
PIOBaHHS 4aCTOTH MOYJISIIT Y KIIIMaTHIHIN Kamepi.

Ceptudikatu «silver» Ta «bronzey» mependada-
I0Th, 1110 TiJ Yac KaJiOpyBaHHS BU3HAUYCHA CEPEIHS
KBaJpaTHYHa MMOXUOKa BUMIpPIOBaHHsI, 3 3a3HAYCH-
HAM JAesikoi iHdopMallii mpo pe3yNbTaTH BUMIpIO-
BaHHs. BUMIpIOBaHHS TPOBOAATHCS B OOMEKEHIH
KUJIBKOCTI B YMOBaXx J1aboparopii.

Ceptudikar «blue» He mepemdauae 3a3HaUEHHS
Oyap sKo1 iHGopMaIii po SKiCHI MOKa3HUKHA BHMi-
pIOBaHb, a JIMIIE MIATBEPKYE BIAMOBIIHICTH Ta-
XeOMeTpa TEeXHIYHUM BHMOTaM 32 METOJIMKOIO, IO
3aTBeprkeHa BUpoOHHMKOM. Taki cepTudikatu He-
OOXiJHI JUIsl MATBEpKEHHST (GOPMATBHUX MOMKITHU-
BOCTEH BJIACHWKA, HANPUKJIAJ MPU TEHIEPHUX IPO-
Hexypax.

3a3HaveHi J1Ba BapiaHTH, K TpaBUIIo, epeaoda-
YarTh 3aJyYCHHS MIHIMyM BOX CHEINaJCTIB JJIs
MPOBEJIeHHsT POOIT 3 KanmiOpyBaHHs ONOKY Bizmaie-
Mipa TaxeoMmeTpa. Bijbll TOro, MpH MpPOEKTyBaHHI
0a3uCHUX JIHIMHUX TE€OJEe3WYHUX IOJITOHIB HE0O-
X1THO BpaxOBYBaTH HACTYITHI (haKTOpH:

- Tororpadivyai Ta reoMopdororiuHi 0co0IMUBO-
CTi MICIIEBOCTI;

- TPYHTOBO-POCIIMHHHIN TTOKpHB (TIepeBary ciij
BiJ1aBaTH AUITHKAM 3 TPaB’ STHUM HOKPHUTTSIM);

- BIJICYTHICTb, 110 MOYKJIMBOCTI, KOHTAKTy 3 TiJ-
porpadi€ro i CiIbCHbKOrOCIIOIaPCHKUMHE YT ISIMH;

- CTIMKICTh perioHy B CEHCMiYHOMY BiZHOILECH-
Hi, BIZICYTHICTb SIBUI] TEXHOT'€HHOTO XapaKTepy;

- BHCOTY TMPOXO/KEHHSI IIPOMEHSI Bi3yBaHHS y3-
JIOBX TPacH;

- BIICYTHICTh MEPELIKO/ Il BAMipIOBaHb;

- TPAHCIIOPTHY JIOCTYITHICTH;

- BIACYTHICTh YepryBaHb TIHBOBHUX 1 SICKpaBO
OCBITJIEHHUX IUISHOK.

Bci Bkazani ¢akTopH, y CyKYIMHOCTI 3 He0OXi-
HICTIO OPCHIW 3eMEIbHOI TUITHKH, 0COOTUBOCTIMHU
3aCTOCYBaHHS 0a3WCHHUX JIHIHHAX Te0JIe3NIHHIX
MOJIITOHIB CTaBJIAThH 3a4ady 00’ €IHAHHS €TATOHHUX
3ac00iB 11 KOHTPOJIIO KyTOMIPHOI 1 BiganeMipHOi
YaCTUHU B €IUHUN BUMIPIOBAIHHUN KOMIUIEKC, 3BE-
JICHHI 10 MiHIMyMY BIUIMBY 30BHIIIHIX (pakTOpiB Ha
BECh TPOLIEC KOHTPOJIO Ta MOBHOTO BUKIIFOUEHHS
BCiX TpoOJeM OB’ sI3aHUX 3 MPOEKTYBaHHIM, MO0Y-
JIOBOIO 1 3aCTOCYBAHHIM T'€0IC3UIHUX MOJIroHiB [9].

Tpemiii sapianm N03BOJSIE 3AJTy4aTH 10 POOIT 3
KaliOpyBaHHS JIWIIE OJHOTO CIEMiajicTa, MPHU IbO-
MY MIBUIIUTH MIBUIKICT IPOBEACHHS POOIT.

OniHiOBaHHS HEBU3HAYEHOCTI BUMIipIOBaHHS
MIOCTIHHOI BimfalieMipa TaxeoMeTpa IPOBOIATH 3a
JIOTIOMOTOF0 KOHTPOJIIO 3Ur3arooIiOHMX BifcTaHeH,
BiITBOPIOBAHMUX ONTHYHOIO CHUCTEMOIO, a0 3a J0-
MMOMOTOI0 ONTHYHOTO BOJIOKHA B YMOBax Jiabopato-
pii B HACTYTHIH MOCIiAOBHOCTI:

- TIPUBOJATH TaxeOMETP BHIIOI TOYHOCTI [0
HYJHOBOI aTMOC(EpHOI MOMPaBKH, PIKCYIOTh YMOBH
HaBKOJIMIITHBEOTO CEpeOBHINA B Jaboparopii Ta 3a-
HOCATH 1X B IPOTOKOJI,

- 3TiJHO BHMOT €KCIUTyaTalliliHOi JIOKyMEHTa-
1ii BCTaHOBJIIOIOTh TaXEOMETP BHIOI TOYHOCTI Ha
HYyJBOBIH TOUI (KO BUKOPUCTOBYIOTHCS 3UT3aro-
moai0H1 BiJICTaHi - BUCOTA BiOMBaYa Ta TaxeoMeTpa
MIOBUHHI CIIIBIAJIATH),

- COpSMOBYIOTH BI3Hp Ha BIJOOpaKEHHS
[eHTpa BigOWBa4Ya, PO3TANIOBAHOTO HANPHUKIHII
BiJITBOPIOBAHUX BIJICTAHEH,

- 3a eTAJIOHHE 3HAYCHHS BIATBOPIOBAHOI BiJIC-
TaHi NPUIMAIOTh CepeHE 3HAYEHHS Cepell AECSITH
BHUMIPIOBaHb TaXEOMETPOM BHIIOi TOYHOCTI (3 ypa-
XyBaHHAM aTtMoc(depHoi MonpaBKH), 3HIMAIOTh Ta-
XEOMETp 3 HYJIbOBOT TOUKH,

- TIPUBOJATH TaxeoOMeETp, IO JOCIHiIKYEThCS
J0 HYJIBbOBOi aTMOC(EpHOI NONpaBKH, (IKCYIOTH
YMOBH HaBKOJIMITHBOTO CEPEAOBHIIA B JaOOpaTopii
Ta 3aHOCSTH 1X B IPOTOKOII,

- 3TiJHO BHMOT' €KCIUTyaTal[ilfHOi JIOKyMEeHTa-
il BCTAHOBIIOIOTH TAaXEOMETpP, HIO JOCIIDKYETHCS
Ha HYJIBOBIA TOYIl (SKIIO BUKOPHUCTOBYIOTHCS 3UT-
3aromoaiOHi BiJCTaHI — BHCOTA BCTAHOBJIEHHS, I10O-
BMHHA CITIBNAJATH 3 BHCOTOK TaxeoMeTpa BUIIOL
TOYHOCTI, 1110 OYB BCTAHOBJICHU paHilLe),

- CHOpSMOBYIOTH BI3Up Ha BiIOOpaKeHHS
LIEHTpa BiZAOMBaYa, PO3TAIIOBAHOTO HAMPHUKIHII
BiJITBOPIOBAHUX BiJICTAHEH,

- TIPOBOAATH JECATH BUMIPIOBAaHb BiITBOPIO-
BaHOI BIJICTaHi Ta BHOCSTH aTMOC(EpHY TOTPaBKY Y
pe3yJIbTaTH BUMIipPIOBaHb,

- TIOBTOPIOIOTH BUMIPIOBaHHSI Ha Pi3HUX JIOB-
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JKWHAX BIATBOPIOBAHMUX BiJICTaHEH.

OO6YHCITIOIOTH 3HAYEHHS MTOCTIHHOT BiggaeMipa
TaxeoMeTpa 3a BCTAHOBJICHOI METOAMKO [8].

Pesynbratn kaniOpyBaHHs Ha 0a3MCHHX JiHIH-
HHAX TCOJE3WYHUX IIOJIITOHAX, JabopaTOpHUX aBTO-
KOJIMAIiifHAX YCTaHOBKaX, CTEHIAX HJIsI KOHTPOIIO
4acTOTH BiJAaJeMipiB, 1a00paTOPHUX YCTaHOBKAX 3
NPUTaMaHHHIMH HEBH3HAYCHOCTSIMHM Ta 3HAYCHHS
BHMIPIOBaHUX KOHCTAaHT MarOTh OyTH 3amlucaHi B
CBiIONTBaX Mpo KamiOpyBaHHA.

Bepudgbikayis (nosipka) TaxeomeTpa CTaBHUTh 3a
METy OIIIHKY CepelHbOi KBaJIpaTWYHOI ITOXHOKH
BUMipioBaHHs. Jlesiki METOJUKM TMOBIpKU mependa-
Yar0Th BU3HAYCHHS MacIITaOHOI YaCTOTH Ta MOCTiH-
HOI BiggaeMipa.

OCHOBHI XapaKTEPUCTHKH, 10 KOHTPOIIOIOTHCS
i Yyac MOBIPKU TaXEOMETPIB:

- cepedHs KBaapaTHYHA ITOXHOKA BHUMIPIO-
BaHHS TOPH30HTAIBHUX KYTiB,

- cepemHsl KBagpaTHYHA MOXHOKAa BHMIipIO-
BaHHsI BEPTUKAIBHUX KYTiB,

- cepemHs KBaApaTHYHA TIOXMOKAa BHMIpIO-
BauHs Bigcraneit [10].

CepenHs KBaapaTHyHa MOXUOKa BUMIPIOBAHHS
KYTIiB 3IACHIOETHCS Ha JIADOPATOPHHUX aBTOKOIIMa-
MIHHUX YCTaHOBKAX MUISIXOM 0araTOKpaTHOTO BHMi-
PIOBaHHS KYTiB.

CepenHs KBaapaTHYHa MOXUOKa BUMIPIOBAHHS
BiACTaHEH 3IiHCHIOETbCS Ha OA3MCHHUX JIHIMHHX
I'€0JIC3UYHUX TOJIIrOHaX ad0 MOJIEPHI30BaHUX J1a00-
paTopHUX aBTOKONIMAaliiHUX YCTaHOBKax (3 Hempsi-
MHMU BiICTaHSMH) 3 TaXEOMETPAMHU BHIIOI TOYHOC-
Ti.

Haifuacrinne 3Ha4eHHS CepelHBOi KBaJIpaTH4-
HOI MOXHOKH BUMIPIOBaHHS ISl KOXKHOT KOHTPOJIBO-
BaHOI BiJICTaHi po3paxoByeThes 3a hopmyiioro [10]

@)

fie My — Cepe/Hs KBaIpaTH4Ha NOXHOKa BHMi-
proBaHHsI j-01 JIiHii,

S, — eTANOHHE 3HAYEHHS J-01 MiHi,

S; — BUMipsHe 3HaueHHS j-oi HiHii i-M TpHiio-
MOM,

N, — KiNbKiCTh BUMipIOBaHb j-0i HiHii (3a3BH-

qaif 10),

3HaYCHHSI CEpPEeNHBOI KBAIPATUIHOI TOXHUOKH
KOXKHOI KOHTPOJIbOBAHOI BiJICTaHI MOPIBHIOETHCS 3
JOIYCTUMOIO BEJIIMYHOK CEPEAHbOI KBaIpaTHYHOI
MOXUOKHU JyIs 1€l BiACTaHI, 110 PO3PAaxOBYETHCS 3a
(hopMyIo10, HaBEIEHOI0 BUPOOHUKOM.

S, =d+b-L-10°,
ne @ — mocTiliHa CKJIaJ0Ba MOXUOKH, KA PO3-
paxoByeThes 32 GOPMYIIO0

(4)

ne L, — BuMipsHi 3HaYeHHA Bifjanei;

L — eranoHHIi 3Ha4YeHHs Bigmanel JOBXUHOIO

le
1o 100 m;
V =N — KUIBKICTH CTYyTIEHIB CBOOOIN.
b — 3MmiHHA cKIIag0Ba NOXUOKH, KA 3MiHIOETHCS
B 3aJIC)KHOCTI BiJ BUMIpIOBaHOI BifICTaHi, Ta po3pa-
XOBYETBCS 32 (HOPMYJIIOIO

- L-L|-t,-a
b =maxq— = {.10°, ®)

b i,
ne L, — Bumipsni snauenns Binnaneii;

L, — eranonHi 3HaYeHHs Bijganeil JOBKUHOIO

monax 100 m;

t,
o Bubupaerbes 3 SO 17123-1.

Takox, B CBITOBIi MpaKTHUIIl 3YyCTPIYAIOTHCS
JOCUTHh €K30THYHI METOJM PO3PaxyHKY CepeaHbOL
KBaJpaTUYHOI TMOXMOKH BHUMIpIOBaHHS BiJCTaHEH
taxeomeTpamu. Tak, Hanpukman Royal Institution of
Chartered Surveyors, Benuka Bpurtanist mporonye
HACTYIIHY METOIUKY [5].

t, — koedimientu posnoniny Ct’rozeHTa,

A B C D E
e e Beess o suae 0

Pucynok 1 — Cxema 6a3ucHOrO0 JiHIHHOTO Te0e3H-
YHOTO TIOJIITOHY, IO CKJIA/IA€ThCS
3 5 MyHKTIB

- BCTaHOBIIOIOTH TaXEOMETP Ha HYJIBOBY TO-
YKy A Ta TPHUBOJATH JIO0 HYJbOBOI arMochepHol
MOTIPaBKH;

- TIPOBOJATH TPHOXKPaTHI BUMIPIOBaHHS KOX-
HOI BifcTaHi Mo HacTymHii cxemi: A-B, A-C, A-D,
A-E, BBOZISATH aTMOC(EpHY MOMPaBKy Ta OOYUCIIO-
FOTh Cepe/IHI 3HAUEHHS JTOBKHHU KOXKHOT BIJICTaHI;

- PO3paxoBYHOTh aOCONIOTHI IMOXWUOKH JUIs
KOXXHOI BiZCTaHi €;

- 0OYHCIIOIOTH KBaJIpaTH PO3PaXxOBaHUX II0-
XHOOK &7

- PO3paxoBYIOTh CEPEIHIO KBaJpaTU4Hy IIO-
XUOKy BUMIPIOBaHHS BiJICTaHEeH 32 (hOpMYIIOr0
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: (6)

ne N — KUTBKICTh KOHTPOJIHOBAHMX BiJICTaHEH.

OTpumaHe 3HAYCHHS MMOXHOKH TOPIBHIOETHCS 3
JOIIyCTUMOIO BEIIMYHOIO CEPEAHBOI KBaIpaTUYHOI
MOXUOKHU ISl MaKCUMAJIBHOI BiJICTaHi, 110 KOHTPO-
JIOETHCSL TiJ 4Yac BUMIpIOBaHb. BiAKpUTHM NWTaH-
HSIM 3QJIHINAETHCA KOPEKTHICTH CyMyBaHHS abCoOITfo-
THUX MOXUOOK, IO TIPUTaMaHHi Pi3HUM KOHTPOJIBLO-
BaHUM BiJCTAHSAM Ta BUKOPHCTAaHHAM B (opMyimi
3HAYCHHS KUTHPKOCTI KOHTPOJILOBAHUX BiJCTaHEH.

3a3Bu4ail B CBIAOITBI MPO MOBIPKY TaxeoMeT-
piB BKa3ylOThb 3HAUCHHS CEpeJHIX KBagpaTHUYHHX
noxuOoK, mo Oynu oTpuMaHi mix 4yac nmosipku. Ta-
KOXX, HaBOISTH [OIyCTUME 3HAYEHHS MOXHOOK, B
TPaHHLSAX AKOi TMepeOyBaloTh XapaKTEPUCTHKH Ta-
XCOMETpa, M0 KOHTPOJIOIOTH. [HOMI, B CBIJOLTBI
HaBOJAATH TUNBKU MATBEP/HKCHHS BIiAIOBIIHOCTI
Mpwiagy BUMOTaM TEXHIYHOI JOKyMeHTamii, 0a3
3a3Ha4YeHHS KUTbKICHUX XapaKTepUCTUK BH3HAYCHUX
MOXHOOK.

Peyonm.

Y MiKHApOJHIH NpaKTUIl TPUHHSTO, IO Y BU-
MajKy 3MIHM MapaMeTpiB TaxeoMeTpy, 3 METO0
YCYHEHHS CUCTEMAaTUYHUX ITOXUOOK aKpEeAUTOBAHUM
MEPCOHANIOM, MPOBOJATh HOTO pEryaioBaHHA 3
00OB’SI3KOBUM 3a3HAYCHHSM KOHCTaHT y IOKYMEH-
Tarii 10 i micig KopuryBaHHs. [cTopist 3MiH TOBHHHA
OyTH 30epekeHa Ha BECh Yac eKCIDTyaTarlii TaxeoMe-
Tpa.

Haxainps B Ykpaini BincyTHs HeoOXimgHA HOpMa-
THBHA 0a3a JUId peryIIOBaHHA isIIBHOCTI y cdepi
PEMOHTY 3ac00iB BUMIpIOBaJIbHOT TexHiku. CHOXH-
Bay 3axXUINEHUH BiJ] IOTPAIUITHHS HA PUHOK HE TI0-
BipEHUX 3aKOHOJABYO PETYJIHLOBAHHUX 3aCO0IB BHMi-
PIOBIBHOI TEXHIKH, 3aBASKH TOMY, IIO CYO €KTH
TOCTIOZIAPIOBAHHS, SKi BUITYCKAIOTh 3 PEMOHTY 3aKO-
HOJIaBYO PETyJIbOBaHI 3aco0M BHMipIOBaIbHOI TEX-
HIKHM TIOBMHHI TPOBOJUTH iX TOBIPKY B YIIOBHOBa-
XKeHuxX opranizamisx. [Ipu mpomy BiJICYTHI BUMOTH
IIOJI0 TIEPCOHAIY, POOOYUX MiCIlb, MPABUJI BUKO-
HaHHS peMOHTY i T. 1. [11].

BucHoBku

[IpoananisyBaBIIM BHIIE 3a3HAYECHE, MOXKHA
3pOOMTH BHCHOBKH, IO OOOB’S3KOBO MiIJISTaroTh
MEepiOIMYHIN TOBIPIII TaXxeoMeTpH, SKi BHKOPUCTO-
BYIOTBCSL B Tomorpado-reoie3ndHux, Kaprorpadid-
HUX, T1IpOMETeopoJoriyHuX poborax, podoTax i3
3eMJIEyCTPOI0, POOOTAaX, OB’ SI3aHUX 3 BU3HAUYCHHIM
napameTpiB OyiBelib, CIIOpyI 1 TEpUTOPIl 3a0YI0BH.

[Iponenypi kamiOpyBaHHS MiAJSATalOTh Taxeo-
METpH, 110 BUKOPUCTOBYIOTHCS B SIKOCTI €TAJIOHIB
HAYKOBUMH METPOJIOTIYHUMH [EHTPaMH, JIepPKaB-

HAMH MMANPHEMCTBAMH, SKI HajlexkaTh a0 chepu
yopaBiiHAs MiHICTEpCTBa €KOHOMIYHOTO PO3BHUTKY
i TopriBmi VYKpaiHM Ta OPOBaITh METPOJOTIUHY
JiSUTBHICTD, @ TaKOX MOBIPOYHHMHU J1aO0paTOPisIMH,
SIKi YITOBHOBaXEHI1 Ha TIPOBEACHHS MOBIPKH 3aKOHO-
JABYO PETyNbOBAaHUX 3acO0iB BUMIPIOBAIBHOI TEX-
HiKA. Y CBiJoOUTBax Mpo KamiOpyBaHHA TaKHX Ta-
XeOMEeTpiB TOBHHHA OyTHM HaBeleHa iHQopMaris,
II0/I0 BU3HAYCHMX KOHCTAHT Ta IONPABOK 1 HEBH-
3HAYEHOCTI BUMIPIOBaHb.

Heo0OxigHO po3poOHUTH HOPMAaTHUBHO-IIPABOBHIA
aKT, 0 BU3HA4Ya€ KPUTEPii KOMIETECHIII IPOBEICH-
Hsl poOIT 3 PpEMOHTY, YMOBH Ta IIpaBUjIa IPOBEACHHS
pEMOHTY 3aco0iB  BHMiproBainbHOI TexHiku. Lle
CIpUATAME pealizamii MoJIoKeHb 3aKOoHYy YKpaiHu
«IIpo metpomorito Ta METPONOTIUHY MiSITBHICTH
00 3a0e3Me4YeHHs €JHOCTI BUMIPIOBaHb, 103BOJISIE
(hikcyBaTH BCi PETyJIIOBaHHS Ta PEMOHTH TaXeOMeT-
piB, @ TakOX CHHXPOHI3ye POOOTY YKpaiHCBKUX i
€BPOTICHCHKUX CEPBICHUX ILIEHTPIB 3 PEMOHTY Ta
00CITyTOBYBaHHS TAXCOMETPIB.
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JI. B. Kosomuen, 1.7.H., K. A. IlogocTpoen, k.T.H.
INOBEPKA NJIN KAJIMBPOBKA TAXEOMETPOB?

Ilpeocmasnen ananusz npoyedyp Mempoio2udecko20 KOHmpos maxeomempos. Ilpueedenvt Koncmam-
mbl U NONPABKU, KOMOPbLE KOHMPOIUPYIOM 60 6peMs Kaaubpoeku maxeomempos. Ilepeuucienvl owubru
VeOMEPHOUL U OAbHOMEPHOU Yacmetl maxeomempos. Paccmompenvl napamempol maxeomempos, Komopwvie
HeoOX00UMO KOHMPOAUPOBAMb 80 8peMsi noeepku. T100pobHo paccmompenvl 6apuanmvl nPpUMeHeHUus pas-
JIUYHBIX MEXHUYECKUX CPeOCme U Memoo08 usMepeHus npu kauuopoeske. [Ipedcmasienvl atbmepHamueHole
Memoobl paciema cpeoHell KeaopamuyHou NOSpeutHOCmy usmepenus paccmosHui. maxeomempamu. IIpo-
AHATTUBUPOBAH MENCOYHAPOOHDIL HOOX00 K NPOBCOCHUN) PEMOHMA, NOGEPKU U KATUOPOSKU MAXeOMEmPOs.
IIpeonosceno paspabomams HOPMAMUBHO-NPABOSOU AKM, ONPeOeNTIOWUL KpUmepuu KOMNemeHyuu npose-
OeHusi pabom no pemMoHmy, YCio8usi U NPAGUIA NPOBEOeHUsL PEMOHIMA CPEOCHE USMEPUMETbHOU MEXHUKU.

Knioueswvie cnosa: maxeomempul, nogepka, Karudposra, pemMoHm.

L. V. Kolomiets, K. O. Podostroiets
VERIFICATION OR CALIBRATION OF TOTAL STATION?

The analysis of procedures of metrological control of total stations is presented. Specifics of total sta-
tions metrological control are considered. As an example, the Odesa reference linear basis of geodesic poly-
gon consisting of 7 fundamental geodesic stations situated on the plain seismically safe site is presented. A
number of problems concerning the use of the existing standards are stated. The concept of a new method of
total stations metrological control is proposed. The purpose of the new method is to create an additional
stage of metrological control to allow qualitative and efficient metrological control of total stations that had
not been subject to verification procedure previously due to various reasons. Investigations in connection
with the use of the new method of total stations metrological control were carried out on the existing experi-
mental reference base. The article presents the calculation of the mean-square error in measuring distances
by way of multiple measuring the reference base lines. Current instruments for measuring large linear dis-
tances as well as the existing methods of their metrological control are examined. The peculiarities of metro-
logical control of total stations are considered and the task of its simplification by combining standard
measuring instruments for metrological control of distance and angle measurements in a single measuring
instrument are formulated. The peculiarities of metrological control of total stations are considered and the
task of its simplification by combining standard measuring instruments for metrological control of distance
and angle measurements in a single measuring instrument are formulated. Classification of geodetic meas-
uring instruments depending on the location and conditions of their metrological control is proposed. The
constants and corrections that are monitored during the calibration of total stations are given. The angle
and distance parts of total station errors are listed. The parameters of total stations that need to be moni-
tored during verification are considered. The variants of application of various technical means and methods
of measurement during calibration are considered in detail. Alternative methods for calculating the mean
square error of distance measurements using total stations are presented. An international approach to the
repair, verification and calibration of total stations has been analyzed. It is proposed to develop a normative
legal act to define the criteria for the competence of carrying out repairs, conditions and rules for repairing
measuring instruments and devices.

Keywords: total station, verification, calibration, repairs.
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YK 629.4.018
K. ®@. bopsk, 1.1.H., M. K. Bopsik, M. O. Man3apyk
Ooecbka depacasHa akademis mexHiuHo2o pe2ynosants ma akocmi, M. Odeca

BJAOCKOHAJIEHHA METOJAY BUITIPOBYBAHHSA TA TEXHIYHOI'O JIATHOCTYBAHHSA
I'IAPOJEMII®EPIB HA BUITPOBYBAJIBHOMY CTEH/I UI'K-90.1

Y cmammi posensoaromvcs winsaxu 600CKOHANEHHS MemoOy SUNPOOYS8AHHS I MeXHIuHOI JiaeHOCmuKU
2iopodemngpepie ms208020 pPyxomoeo CKAady, SKi eKCHayamylomvcs 6 eupoOnuuux nioposzoirax IIAT
«Ykpaincoxka 3anisnuysay, Ha sunpooysanvhomy cmenoi UI'K-90.1. Hagedeno xopomkuil 02140 CyYaCHUX
suUnpobysanvHux cmendie i obpanui mun eunpobdysanvroco cmendy HUI'K-90.1 ons iioco nodarvuioi mo-
Oeprizayii. Hasedeno pospaxynku enepeoemHocmi 2iopodemnepis, sxi isieiu 6 0CHOBY NPOSPAMHO20 3a0e3-
neyeHHs ma MooepHizayii kKoHcmpykyii eunpoobysanvrozo cmendy MI'K-90.1. Ha 3asnauenomy muni eunpo-
0Y8aNbHO2O CIMEHOY A8MOpAMU NPOBeOeHi eKCnepUMenmanbHi docniodcenus 2iopodemngepa muny HI{1100,
ompumani epa@iuni 3anelicHocmi 0 CUIU i napamempa onopy, a MaKoiC eHepeoOEMHOCE 8i0 WEUOKOCMI
nepemiwjenns nopwns. /o0amxoso ompumano cpagix 3miHu memnepamypu y noe30069i¢ 306HIUHbOI 6ep-
MUKATLHOT NOGEPXHI KOPNYCY YUmiHopa 3a 4ac eunpobyeans. Ha xoukpemnomy npuknadi sunpobyeans 2io-
podemngpepa muny HI1100 oogedena doyinbHicmsb 68e0enHs HOB020 GUHAYATLHO20 MEXHIUHO20 NaApamem-
pa (enepeoemHicmy) OJist OYIHKU NPaye30amuocmi i (PyHKYIOHATbHOCMI 2I0podeMngepie 3a c60iM OCHOBHUM

NPUSHAYEHHAM.

Knrouoei cnosa: cuna onopy, napamemp onopy, eHepeoEMHICmb 2iopodemnghepa, meniosuti KOHMpOib
8Y316 3ANI3HUYHO020 MPAHCHOPMY, OYIHKA npaye3oamuocmi 2iopodemngepa

DOI 10.32684/2412-5288-2018-1-12-37-42

AKTyaJbHICTh JO0CHII:KEeHb ICHYIOUOI mPo-
Onemu. ['impaBmiuyHMII TaCHUK KOJHMBAaHb € IyXKe
Ba)XXIIUBHM €JIEMEHTOM XOJOBOi YacTUHH Ky30Ba
JIOKOMOTHBY YH MMAaCAKUPCHKOTO BaroHy, sIKKid MpU-
3HAYEHWH I TaciHHS KOJNHMBaHb Ky30Ba IIiJ] Yac
pyxy. BpaxoByroouu ChOTOAHINIHIA TEXHIYHHN CTaH
YKpaiHCBKOTO  3ali3HMYHOTO PYXOMOIO  CKIay,
65 % sikoro BKE MepeHlnuIn JOIMyCTUMY BHPOOHH-
KOM 3aJIi3HUYHOT'O TPAaHCHOPTY MEXY EKCIUTyaTamii
(28 pokiB ms TacaXKHUPCHKHUX BaroHiB), CIPaBHI
TiIpaBNivyHI TaCHUKU KOJHMBaHb CTAHOBIISATHCS TO-
JIOBHUM KOHCTPYKTHBHUM €JIEMEHTOM XOZOBOi Ha-
CTUHM 3aJli3HMYHOI'O TPAHCIIOPTY, SKHi 3armodirae
BUHUKHEHHIO PE30HAHCHOTO SIBUIIIA — PO3XUTYBAHHS
Yy BEPTUKAIBHOMY Ta TOPU30HTAJIBLHOMY HAIPSMKY
Ky30Ba Ha mBHAKOCTI 10 160 xkm/rox [1].

IlpuxnagHa npoOiemMa, HA BUPIIIEHHS SKOI
cupsiMmoBaHi gocaimkeHHsa. @Di3uyHMHA Tporec
TpaHcdopmarii (TIepeTBOPEHHsT) KIHETHYHOI €HepTii
KOJINBAaHHS Ky30Ba y TEIJIOBY 3a JOIMIOMOTOIO T1JIpo-
nemribepiB € OCHOBHMM TMPU3HAYEHHSIM IIOTO KOH-
CTPYKTUBHOI'O €JIEMEHTY IiJBICKH Ky30Ba 3aJIi3HAY-
HOTO TPaHCHOPTY. SIka €HeproeMHICTh TiIpoaeMIl-
dbepa 1 boro MoTpiOHA, MO0 BUKOHATH 3aBJIAHHS
KOHCTPYKTOPIB 3aJIi3HUYHOTO TPAHCHOPTY, CKIJIbKH
KIHETUYHOI eHeprii ImiJ| 9ac TpaHcdopmarlii mepexo-
IMTh B TeruioBy? HopMoBaHe 3HaueHHS €HEpProeM-
HOCTI Tigpoaemiipepa MOXKHA 3HAWTH Yy MACHOPTI
BUpOOHUKa [2]. Ane Ha MpakKTHULl B yMOBax NpoOBe-
JIeHHs1 BUTIpoOyBaHb Ha MEXaHIYHUX CTeHJax 0e3

3ac00iB aBTOMATH3allil Mpoiecy OOYMCITIOBAHHS IIe
3po0buTty Baxkko. Jj1s mboro moTpiOHa MoAepHizallis
3aCcTapijioro BUMPOOYBaJILHOTO 00JIaIHAHHS.

VY mnaHax JIenapTaMeHTy TEXHIYHOI MOJITHKU
I[TAT «YxpaiHCBKi 3ai3HUII» BHHOIIYETHCS TMPOEKT
[3] po3pobku Ta BIIPOBaKEHHS aBTOMATHYHOI CH-
CTeMH JHMCTaHIIHHOTO KOHTPOJIIO TifpoaeMIipepiB
(ACHK-T'/l) 3a anamnori€ro 3 aBTOMaTH30BAaHOIO CH-
CTEMOIO TMCTAHIIHHOTO KOHTpoito Oykc (ACJK-b),
sKa TPUHIUIA HAa 3MIiHY 3acTapijoro o0JiaJHaHHS
ITOHAB-3 i IVCK. Bnepiie us ifges npo3Bydaia B
2016 pomi ma UlicTHanusATiéi HayKOBO-TPaKTUIHOI
koHpepeHmii «[lepcreKkTHBH BIPOBA/KEHHS TeX-
HIYHUX 3aco0iB 0e3nekr pyxy Ha 3ali3HHIX
VYkpainn», ska mpoxogwna B mepioxg 3 31.08 mo
02.09.2016 (M. XMinpHHK), 1 yBidILIA B pilICHHS
koH(pepeHiii okpemuMm nyHkToM 6.4. Ha choromHi
JOCSTHYTO TONEPETHIO JIOMOBICHICTh 3 KepiB-
HUITBOM yKpaincbkoro miampuemcrBa [IAT «IIpo-
xekTop», BupobHukom ACJK-B, mnpo go-
omnpaioBanHs icHyrouoi koHcTpykiii ACJIK-b mix
3IIHCHEHHS TEIUIOBOTO KOHTPOJIO Tifponemmdepis
CIIJIBHO 3 TEIUIOBUM KOHTPOJIEM OYKCOBUX BY3IB Y
pyci TpaHCHOPTHHX 3aco0iB. 3aBHaHHS BHSBHJIOCS
CKJIQJIHIIINM, HiX 3 OyKCamH, OCKUIBKH Ha PyXOMO-
My CKJIaJl eKCIUTyaTyeThCsl Oe3id THIB TIiIpo-
nemriiepiB, sIKi BIIPI3HSIOTHCS K 32 KOHCTPYKIIIETO,
TaK 1 MO MICISIX KPIiIUIEHHS Ha TPaHCIOPTHOMY 3a-
co0i. Kpim TexHIYHHMX CKIaJHOLIB, BiACYTHS HOp-
MaTHBHA 0a3a KPUTHYHUX 3HAYEHBb HArPiBy KOPIYCY
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rigpogemMndepiB B 3aJeKHOCTI Bi IX TEXHIYHOTO
crany. IIAT «YkpaiHCbKa 3alli3HUILD) BHUMarae
301IBLICHHS pecypcy TixpoaeMmdepiB Big BUpoOHU-
ka. HaykoBUX HOCHi/KEHb B HANPSMKY PECYPCHHX
BHIIPOOYBaHb TiIpojeMIQepiB MPOBOIUIOCST IyKe
mano [4]. JliarHOCTHKa TEXHIYHOrO CTaHy TIiIpo-
neMmrdepiB 3 BUKOPHUCTAHHIM TEIJIOBOTO METOJY
KOHTPOJII0O MAaJIOBHBYEHA 00JacTh 3HaHB [5]. Jlms
TOTO, 100 3alOBHUTH IPOTAIWHU B I 00IacTi
3HaHb HEOOXIJTHO MPOBECTH EKCICPUMEHTAIbHI J10-
cmipkeHHs. ['0TOBUX BUNPOOYBalbHUX CTEHIIB B
YkpaiHi s IPOBEACHHS TaKMX CKCIICPUMEHTIB Ha
ChOTOJIHI HEMAE€, SIK 1 METOJMKH MPOBEIACHHS TEILIO-
BUX BHUMIpIOBaHb TigponemndepiB Ha mpanes-
JIATHICTB.

IIpo TexHIYHHMI cTaH TiAPaBIIYHUX TaCHHKIB
MOXKHAa J[I3HATUCS JIHIIE Yepe3 BUNPOOYBaHHS Ha
cremialbHOMY CTeHI [6], 1HIIOro NUIsXy HE iCHYE,
TOMY AyXe BaXJIHBO, 100 BUIPOOyBaibHE 0OMai-
HaHHS OyJI0 Cy4acHHMM 1 BIJIOBIAJIO JIFOUUM JIep-
*aBHUM ctaHgaptam [7]. [ToTpiOHO BIOCKOHAIHMTH
icHyroui BUNPOOYBaNBbHI CTEHOW N[ 3a4adi Maii-
OyTHHOI ABTOMATHYHOI CHCTEMH JUCTAHIIHHOTO
koHTpoio rigpoaemmndepis (ACAK-T' /).

AHami3 ocraHHiX gocArHeHb. B VYkpaiHi
CHOTOIHI € KiIbka BHPOOHHWKIB, SKi BHITYCKAIOTh
CTeHIH Uil BUNPOOYBaHHS TiAPaBIiYHUX TACHTEIIB
koiuBanb  (rigpomemmdepiB): 3AT «MiHeTtek»
(M. Kpamatopcek), TOB  «XapkiBcteHm» (M.
Xapki) Ta UMIT «KOMIIPO» (M. Opeca) [8].
Haii6inpin npuBaOMMBUM [ MOZEPHI3AIli  ITij
BHPIMIECHHS 3a7a4 TEIJIOBOIO KOHTPOJIO IITXOIUTH
creng mapkn UT'K-90.1 [9], sikuii excIuTyaTyeThes B
JIBOX JJOKOMOTHBHUX Jieno (3Ham’ siHKa Ta KOTOBChK)
Ha OfechKiil 3alli3HMI 1 B IBOX MOTOP-BarOHHHX
neno (Hikomons) [pugHinposcekoi goporu i (310:71-
OyHiB) Ha JIbBIBCBKIi 3ami3HUIl (IUB. puc. 1).

Pucynok 1 — Crenng UI'K-90.1, monens 2016 p. B.
TpuBanicte mpouecy BUIPOOYBaHHS OIHOTO
rizpopemndepa Ha crerai U'K-90.1 He mepeBurye
3 xsumuau [10], a 3a pe3ynpTaToM BHIIPOOYBaHb
OynyroTbes TpadiuHi 3aJIeKHOCTI CHIIM 1 TapameTpa
OTOpY Y BChOMY [lialla30HI HIBHJAKICHOTO PEXHMY
nepemimenHs nopias [11] (nuB. puc. 2).
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Pucynok 2 — Burnsn npotokoiry BUpoOyBaHHS Ha
crenai UT'K-90.1 rigponemndepa KB3 (45.030.45)

Otpumani rpadidHi 3aMeXHOCTI CHIH 1 Tapa-
MeTpa OMOPY Bij MIBUAKOCTI MEPEMIIIICHHS TOPIIIHS
I03BOJISAIOTE [12]:

- JIarHOCTYBaTH CIIPaBHY poOOTY TiApoaeMIl-
(depa B «IpOCEIBHOMY» 1 «KJIAITAHHOMY» PeKHUMax;

- MOPIBHIOBATH 3HAYCHHS HIBUJIKOCTI MEPEXOLy
3 OJIHOTO PEeXHMMY B IHIIMH (TOYKM MakCHMyMy Ha
rpadikax) 3 3a3HaYCHUM BHPOOHUKOM 3HAYCHHSIM B
MacIopTi;

- BH3HauYaTH J0 po30upaHHs rigpoaemMiidepa
MOXJIMBI IPUYMHU HOTO HECTIPABHOCTI;

- IpU TIOBTOPHOMY BUIPOOYBaHHI Ha CTEHI
0aunTH pe3yNbTaTH BUKOHAHOI pOOOTH MO peryio-
BaHHI0O a00 3aMiHH KOHCTPYKTHBHUX €JIEMEHTIB
rigpoaemrdepa.

MeTa Ta OCHOBHI 3aBIaHHA TOCJaiIKeHbL. Me-
TOIO JIOCHI/PKEHb € BIIOCKOHAJIICHHS METOIY CTEHJIO-
BUX BHUIIPOOYBaHb Ta TEXHIYHOTO IiarHOCTYBaHHS
ripogeMripepiB 3a paxyHOK OTPUMAHHS JIOJIATKOBOT
iHpopMaLlii PO €HEeProEMHICTh Ta TEIJIOBY Xapak-
TEPUCTHKY TiApojemMidepa MiJ Yac CTEHJIOBHUX BHU-
npoOyBaHb.

OCHOBHI 3aBIaHHA TOCIIDKEHHS:

- TEOPETHUYHO OOTPYHTYBaTH MOXKJIHUBICTH OLi-
HIOBaHHsI €HEPrOEMHOCTI Ta TEIUIOBOT XapaKTepuc-
THKH Tiapoaemidepa;
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- BU3HAYHUTH HANPSIMKU BIOCKOHAJIEHHS CTEHILY
HNI'K-90.1 3amrsi BUMIpIOBaHb CHEPrOEMHOCTI Ta
TEIUIOBOI XapaKTEePUCTHKH Tiapoaemidepa.

Bukiax ocHOBHOro MaTtepiaiy.

Criouatky 3poOMMO pO3PaxyHOK €HEproeMHOC-
Ti Tigpogemidepa. Y BiAMOBIAHOCTI J0 3aKOHY 30e-
PEKEHHsI eHeprii MaeMo:

au ds
,

dA
il @

du . .
fie —= — 3MiHa eHeprii HaBAHTAKEHH TiIPOaM-

ndepa Ha cTeH Al Ipy BUMpoOyBanHax U B oauHUITIO

qacy t;
dA

7~ Kopucua poboTa — TepeMilleHHs, SKe

30IHCHIOE MOpIIEHb Tigponemndepa MmiJ BIUIUBOM
CHJIM HAaBAaHTA)KEHHS BiJl CHIIOBOTO MPUBOJY;

T — Temmneparypa HarpiBy KOHCTPYKTUBHHX
€JIEMEHTIB CHJIOBOTO MTPUBOLLY;

as . . .
E — CHTpOIlA abo Mipa pO3C1I0OBaHHA CHEPI1L,

BUPOOJICHOT CHIIOBUM ITPUBOIOM.

3 iHmoro OOKy, €Hepris HaBaHTAXKEHHS TiApo-
nmrdepa Ha CTEHII TIPU BHMPOOYBAHHAX 3MIHIOETH-
CsI 32 3aKOHOM

du dp
— ==V 2
e dt ! _ ) @
ne P — TuCK MOBITps B MHEBMOIMIIIHAPI CHJIO-
BOT'O HpI/IBOI[y, 3HAUYCHHA SAKOI'O HI/IKHi‘IHO

3MIHIOETBCS B 4aci (BiJl MaKCUMyMy A0 MiHIMyMY),
[IOKM HE HAaCTaHE MOMEHT PiBHOBAaru CHJ MDK OIO-
poMm rigpoxemiiepa 1 BIUIMBOM Ha HBOTO CHII
Ha/IJTUIIIKOBOTO THUCKY.

V — 00’eM mOBITpsl B THEBMOIWITIH/PI, 3HAYCH-
HS SIKOT'O TIOCTilHE.

Eneproemuicts  rigpogemiidepa  YHCEIBHO
JIOPIBHIOE BUTpPAYaHHIO HA TEPEeMIlIeHHS TOPLIHS
moTy>XHOCTi N, sika BU3HaYa€eThCs 32 (HOPMYIIO0

dA dL
N=—=F-—, (3)
dt dt
ne F — cuna, i BIUIMBOM SIKOi EPEMILIyeThCS
MOpIIeHb TixpojeMidepa, BU3HAYAETHCA B XOII
BUTNIPOOYBaHb 1 MPSIMO MPONOPIiHA CHIII OTIOPY,
dL
_— v —
. dt .
rizpogemidepa, sika TeX BU3HAYAETHCSA B XOl BU-
MpoOyBaHb i PSMO MPOTOPIiHA TUCKY CTHCHEHOTO
MOBITPsI B THEBMOLMJIIHIPI IPUBOY.
TakuMm 4YuHOM, DPiBHSAHHS OamaHcy TpaHcdop-
Mallii maBeaeHol 10 rigpoaemidepa eHeprii MoKHA
3alMcaTy B HACTYITHOMY BHTJISLI:

HIBUJIKICTh TIEPEMIIICHHST TTOPIIHS

dp dL ds

—V=F-—+ T -—. 4

dt at t ) at ( )
Jist mpakTHYHKUX [IeH OUIBIIT IIKaBUM € Tep-

. aL . . .
i gonaHok F - 7 B PIBHAHHI (4), saxmii xapakre-

pU3y€e eHeproeMHicTh riapoaemidepa. JdomaTkose
HOro BUMIPIOBAaHHS CKJIAJa€ OCHOBY BJIOCKOHAJICHHS
METOAY CTEHJOBHX BHUNPOOYBaHb Ta TEXHIYHOTO
JiarHOCTyBaHHA TiapogemMmdepiB. Y BiAMOBITHOCTI
JI0 IIHOT'O BCTAHOBJICHO IOJATKOBI 3aCO0M BHUMIpPIO-
BaHHS IapaMeTpiB rigpoaemidepa Ta BIOCKOHATICHE
nporpamue 3abesnedenns no [1K crenny MT'K-90.1.
3a pe3ynpTaTaMu BUMIPIOBaHb OyAyIOThCS rpadidHi
3aJIe)KHOCT] CHIIM 1 IMapaMeTpa OIopy Ta €HEepTroeM-
HOCTI TifponeMIidepa Bil MIBUAKOCTI MEPEMIIICHHS
MOPILIHS TPY MPOBEECHHI BUIIPOOYBaHb TiAPOACMII-
(epiB pi3HMX THUIB (IMB. puc. 3).

YucenbHi 3HAYEHHS €HEPTOEMHOCTEH KOYKHOTO
3 rigpoaemrdepiB, a TOUHilIe X B3a€MHE CIiBBiJ-
HOIIIEHHS, B KIHIIEBOMY IiJCYMKY BIUIMBAIOTh Ha
YacTOTY KOJHMBAHHS Ky30Ba B IioMy. UnuMm Omvxdi
OJHE /0 OIHOI'O 3HAYCHHS EHEPrOEMHOCTEH BCiX
BCTaHOBIIEHUX Ha TPAaHCIIOPTHOMY 3ac00i TiIpoaem-
ndepiB, TUM Kpale SIKIiCTh AeMI(pyBaHHS TMEepeMi-
IIeHb HOro Ky30Ba B pyci i THM MEHIIMK €KCILTya-
TalifHUI 3HOC caMuX TrigpojaemMIidepis, BiANOBITHO
BHIIE X TEXHIYHUH pecypc 1 MIXKpEMOHTHHH MPOOir.
Y ToMy BHNAIKy, KOJIHM CHJIOBI XapaKTEePUCTHKH
rizpoaemripepiB iCTOTHO BiJPi3HSIOTHCS 33 CHIIOKO i
rapaMeTpoM OMopy, JerpajamiliHi mpouecu OyIyTh
pPO3BUBATHCS HEPIBHOMIPHO, TPOTPECUBHIIIE, IO
pu3BeAe A0 MEePeaYacHOro 3HOCY Timpoaemidepin
i, SIK HACIIIJIOK, IO HE3aIlJIJAHOBAaHUX IMPOCTOIB TpaH-
CHopTHOTO 3aco0y. Takum 9rHOM, TTOPAL i3 CHIIOIO 1
napaMeTpoM OMNOpY, CHEPrOEMHICTh € TPEThOIO 3a
BRKJIMBICTIO TEXHIYHOI XapaKTEPUCTUKOKO TiApo-
nemndepiB, sSKa TaKOX 3aleKHUTh BiJ MIBUIKOCTI
MIePEeMIIIEHHSI TTOPIITHSL.

BucHoeku

Ha migcraBi yZOCKOHQJIEHOIO METOIY BHIIPO-
OyBaHb Ta TEXHIYHOTO iarHOCTYBaHHS TiIpOAEMII-
¢depiB Ta mpoBeneHoi MmozepHizamii crenny WMI'K-
90.1 3’sBuiacs MOXKIMBICTh TPH BUIPOOYBaHHIX
rizpogemMndepa AOAATKOBO OTPUMYBATH LIE OAHY
Ba)XXJIUBY HOTO XapakTEPUCTHUKY — EHEPrOE€MHICTb,
sIKa YUCENTbHO BiJoOpaka€ OCHOBHE NpPU3HAYCHHS
rigponemndepa — TOTVIMHATH KiHETUYHY EHEPTito
KOJMBaHHS Ky30Ba y pyci. LliHHiCTE OoTpuMaHOTO
3HA4YEHHS] EHEPrOEMHOCTI JJIsl MPAKTUKU TIONATAE B
TOMY, IO TeHep BAAEThCS MiMiOpaTH IS OM;HI€l
TPAHCIIOPTHOI OJAMHUIII KOMIUIEKT TipoaeMmdepis 3
ONMU3BKUMHU 32 3HAYCHHSAMH XapaKTePUCTHKAMHU €He-
proemuocri. Lle n03BosMTh 3a0e3meunTH piBHOMIp-
HICTh HABAaHTAXXEHHS 1 OJTHAKOBICTh 3HOCY B €KCILTY-
aTauii rizpoaeMndepiB Ha OJHOMY TPaHCIIOPTHOMY
3ac00i, 3HWU3UTH YaCTOTY KOJMBaHb Ta YHUKHYTH
PE30HAHCHUX SIBUIL PO3TOWAyBaHHsA Ky3oBa. Lle
0€3yMOBHO CIIpPHUATAME 301IBIICHHIO MI>XKPEMOHTHO-
ro npoOdiry TpaHCIOPTHOTO 3aco0y Ta ITiIBUIIEHHIO
PiBHS O€3IIEKH PYXY B ILIIJIOMY.
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MY XOMNPO™

NPOTOKON UCNBITAHMA FUAPABNMMECKOTO FACHTENA HONEBAHMA
ACTITAHME NPOBORMNOCH HA OBOPYICBAHMM THNA  WIK-90.1

OEOPYNOBAHWE BEEAEHO B SHCIWTYATALMIO 20 annapn 2018
TACHMTENL TWNA ML 1100 M2 835
BALPABOT:  MCNBITAMKE
JIATA M BPEMA MCOBITAHKA:  31.01.2018 12:42:51
DABNEHME B PABOMEM PECUBEPE. 5,2 wlclen2
TEMNEPATYPA OKPYAIOWIER CPE ke 06,0°C
MONHLIA XOM WTOKA FACHTENRA:  187.8um ( HOPMA 19025 um )
Harpyaorean xapaKrepucrKa Ixepr Xap:
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MCMNONHATENDb: Hosowmknces E. B.

Pucynok 3 — Bun nporokony BunpoOysans rigpoaemndepa tuny HL{1100 na MmoaepHi3oBaHOMY CTEHII
NI'K-90.1 B peskuMax CTUCHEHHSI 1 PO3TATYBaHHS 3 TphoMa IpaidHUMHU 3aIeKHOCTSIMU: CHJIH 1 ITapaMeTpa
OTIOPY, 1 eHEPrOEMHOCTI BiJl IIBUIKOCTI MEPEMILIIEHHS MOPIITHS, i Tpadik po3MOALTy 0 BEPTHKAI TeMIepa-

TYPH 30BHIIIHBOI TOBEPXHi KOPIYCY IIIiHApa

VY mepcrekTHBi, IUIAHYETHCS MOIAJBIIE BIOC-
KOHAJICHHS TporpamMHoro 3abesneueHHs o [1K cre-
HAY, 100 MPOBOIUTH pecypcHi BUIPOOYBaHHS Til-
ponmemndepiB s (GopMyBaHHS 0a3d JaHUX, SKa
JIsSKe B OCHOBY TEIUIOBOI JiarHOCTUKU TEXHIYHOTO
crany rigponemmdepa. Taky AiarHOCTUKY MOXHA
Oy/ie MPOBOJIUTH TUCTAHIIIHO Ha PyXOMOMY TpaHC-
MOPTI Mijx Yac HOro eKCITyaTarfii.
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K. ®@. bopsk, 1.1.H., M. K. bopsik, M. A. Man3apyk

COBEPIHIEHCTBOBAHME METOJA UCIIBITAHUM U TEXHAYECKOM TUATHOCTHUKH
Ir'nJPOJEMII®EPOB HA UCHIBITATEJIBHOM CTEHAE UI'K-90.1

B cmamwe paccmampusaiomes nymu cogepuieHCcmeo8anuss Memooa UCnblmanus 1 mexHu4yeckou oua-
CHOCIUKU 2UOPOOeMNPepos msac08020 NOOBUICHO20 COCMABA, KOMOPbLIE IKCHIYAMUPYIOMCS 8 NPOU3E00-
cmeennbix noopazoenenusix 1HAO « Ykpaunckas sicenesnas 0opoeay, na uchvimamenvrom cmenoe UI'K-90.1.
Ilpuseden kpamkuii 0630p COBPEMEHHBIX UCNBIMAMENbHBLIX CMEHO08 U GblOpAH Mun UCHLIMAMENIbHO20
cmenda HUI'K-90.1 ona e2o nocaedyrouetl modepruzayuu. Ilpueedensvl pacuemvl dHepeOEMKOCMU 2UOPO-
Ooemnghepos, Komopwie jie2ii 8 OCHO8Y NPOSPAMMHO20 0becheyenus U MOOEPHU3AYUY KOHCMPYKYUU UCTbl-
mamenvno2o cmenoa MI'K-90.1. Ha ykasannom mune ucnbimamenbHo20 CMeHOd AGMOpamu npoeoeHbl
9IKCnepuUMeHmanvHvle ucciedosanus euopooemngepa muna HI[1100, nonyuenst epaguueckue 3agucumocmu
01 CUnbl U napamempa cOnPOMuUGIeHUs, a Maxkice IHeP2OeMKOCMU OM CKOPOCMU nepemeujerus NOPUIHSIL.
Hononnumensno nonyueno cpagux usmeHeHus. memnepamypsl no GHeulHell 8epMUKAIbHOU NOBEPXHOCU
KOpnyca YyunuHopa 3a 8pems UCTblManuil.

Knrwouesvie cnosa: cuna conpomugienus, napamemp ConpomueieHusl, IHepeoemMKocmy 2uopooemngepa,
Menjiogoll KOHMPOb V3108 HCeNe3HOOOPOICHO20 MPAHCNOPMA, OYeHKa pabomocnocobHOCmu 2Uuopooemn-

depa.
K. Boriak, DSc, M. Boriak, M. Manzaruk

IMPROVEMENT OF TEST METHODS AND TECHNICAL DIAGNOSTICS OF HYDRAULIC
DAMPERS ON THE TEST STAND UI'K-90.1

The article examines ways to improve the test method and technical diagnostics of hydraulic dampers of
traction rolling stock on the test stand of 2ZI'K-90.1 which are operated in the production divisions of PJSC
«Ukrainian Railwaysy. A brief review of modern test benches is given and the type of the test stand UI'K-
90.1 is selected for its further modernization. The calculations of the energy capacity of hydraulic dampers,
which formed the basis for software and modernization of the design of the test stand Z7I'K-90.1, are given.
At the indicated type of test stand, the authors carried out experimental studies of the hydrodynamic type
HIJ1100, graphical dependences were obtained for the force and resistance parameter, as well as the energy
capacity from the piston displacement speed. In addition, a graph of the temperature change along the outer
vertical surface of the cylinder body during the test is obtained. On a concrete example test of hydraulic
damper of type HIJ1100, the expediency of introducing a new defining technical parameter (energy-
capacity) for the evaluation of the operability and functionality of hydraulic diodes for their main purpose
has been proved. The authors obtained an analytical expression for the transformation balance of the energy
loading of the hydraulic damper to the work on the piston movement and the thermal energy of heating the
working fluid in the cylinder. On the basis of this, the software of the 27/'K-90.1 computer bench has been
improved, which made it possible to obtain graphical dependencies of the hydro damper’s energy intensity
on the piston moving speed. In the long run, it is planned to further upgrade the software to the PC booth to
conduct resource tests of hydraulic damps to form a database, which will be the basis for the thermal diag-
nosis of the technical state of the hydraulic damp.

The prospect of applying a new technical parameter in practice and using the obtained research results
in the development and implementation of an automated remote thermal control system for hydraulic diodes
during their operation on railway transport is indicated.

Keywords: resistance force, resistance parameter, power consumption of hydraulic dampers, thermal
control of railway transport nodes, evaluation of hydraulic dump efficiency.
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VK 531
B. I1. KBachikos’, n.1.H., P. M. 3an0ToUHMIi’, K.T.H.

1 . o . o . o . .

Kuiscokuii nayionanvHutl agiayitinuil ynigepcumem, m. Kuis
2 . . .

Ooecvra deparcagua akademis mexHiunoeo pezyniosanius ma axkocmi, m. Odeca

METOJHU BUMIPIOBAHHS CUJIM HATAT'Y CTEP’)KHEBUX EJIEMEHTIB ITPH
BUT'OTOBJIEHHI IIOIIEPEJJHBO HAIIPYKEHUX 3AJII3OBETOHHUX KOHCTPYKUIN

B cmammi pozensanymo i npoananizo8ano memoou KOHMpOoo 3a UMIDIOGAHHAMYU 8EIUYUHU CULU HAMSA-
2y npu CmeopeHHi NONepeoHbo20 HAnpyiceHHs 0yOiselbHUX KOHCmMpYKYit. Takodxc onucano npoyecu mapy-
6aHHA NPULADIG | NPOBEOEHHS OYIHKU BEIUYUHU CUTU HAMAZY CIEPICHe8020 eemenmy. Haoditine memponozi-
yHe 3a0e3neyeHHss Ha YCIX emanax UpoOHUYMEA 3a1i300eMOHHUX NONEPEOHbO HANPYHCEHUX KOHCIMPYKYIl
003801UMb 3HAYHO 3MEHWUMU PUSUKY BUHUKHEHHS OpaKy y napamempax, sKi KOHMpoowmsCsa UMIPIOGAH-
Hamu. Beedenns npoyecie aemomamuzayii npu 6UeOMOGIEeHHI | KOHMPOIL 3a SKICMIO 8UKOHAHHA HAMSA2Y
CMEPIICHIB 0151 CMBOPEHHSL NONEPEOHBO2O HANPYICEHHSL 3AI300eMOHHUX KOHCMPYKYIT 3MEHWUMb mpyoo3a-
mpamu i 4ac Ha 8U20MOBIeHHs 0OUHUYI NPOOYKYII.
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Beryn

3aniz00eTOHHI KOHCTPYKIii € OJHUMH i3 Haii-
GiablI HOMMpPEHUX y OyaiBesbHil Tamysi. Ix momi-
JISFOTH Ha: 3BUYAHI 1 TIOTIepeTHRO HAPY KEeHi.

Ines momepenHKLOTO HATPYKEHHS 3aJ1i300€TOH-
HUX KOHCTPYKII{ MOJISITae y TOMY, 00 3a JI0TOMO-
TOI0 JIOJATKOBOI 30BHIIIHBOI CHJIM CTBOPUTH BHYT-
pIIITHE HATIPYKEHHS PO3TATY B apMarypi i CTUCKY Y
OeroHi. Takoro THUIMy KOHCTPYKIIil XapaKTepU3yIOTh-
Csl BUCOKOIO TPIIIMHOCTIHKICTIO 1 MEHIIIOI METao-
MICTKICTIO. Y SIKMX € Oinbll e(eKTUBHMUM BHKOpHUC-
TaHHS CTaJi (KOMIIO3UTHHUX MaTepialiB) i OeToHy.

Jiss  CTBOpPEHHsI TONEPETHBOTO HANpPYKESHHS
BUKOPUCTOBYIOTh METaJIeBi CTEp)KHEBI €JIEMEHTH, a
TaKOX CTEpPKHI 3 ByIJIe-, CKJIO- YU 0a3abTOIUIACTH-
Ky. 3a TEXHOIIOTI€I0 TOMNEePEHLOT0 HAIPYKEHHS
3aJ11300€TOHHI KOHCTPYKIIii MO’KHA BUKOHYBATH:

» 3 HaTsAroM apMaTypH Ha YIIOpH CTECHY;

» 3 HaTsAroM apMaTypu Ha OETOH KOHCTPYKIIIi.

BrpoBajpkeHHsT  MOMEpPEeqHbO  HANPYKEHHX
KOHCTPYKIIi Y BUPOOHHIITBO JIO3BOJMIIO OYIiBEIh-
HUKaM PO3IIUPHUTH MEXIi peanizaiii cBOiX iHKeHep-
HUX 3aJyMiB, a came OyayBaTH OyAiBIi 1 criopyau
OiIbII CKIIaHOT apXiTekTypHoi hopmu [1, 2].

Hanifinnii koHTpoONb 3a SKICTIO OyIiBETHHHX
MPOLIECIB € BKpall BaKIMBOIO JIAHKOKO 3 YCIIIIHOT
peaiizaiiii IpoeKTy OyIaiBenbHOro 00’€KTa. 3HEXTY-
BaHHS HUM MOJXKE NMPHU3BECTU 10 €KOHOMIUHHUX, €KO-
JIOT1YHUX BTpAT, a iHOMI 1 JFOACHKUX KEPTB.

Anani3s

CTBOpEeHHsI MONEPEIHHOTO HANpPYKEHHs y Oy-
JiBENBHUX KOHCTPYKLISIX MO)XKHAa BHUKOHYBAaTHU Ha-
CTYIHHAMH CIIOCOOaMU: MEXaHIYHUM, eIeKTPOTepMi-
YHHUM, €JIeKTPOTEpMOMEXaHIYHIM (Hi3HKO-XIMIYHIM

Ta iH.

B nirouomy HOpMaTHBHOMY MOKYMeHTI [3] oxa-
PaKTEepPU30BaHO OCHOBHI METOMU 1 BHUMOTH IIOJIO
BHMIPIOBaHHS 1 KOHTPOIIO 3a SIKICTIO CHJIM HATATY
METaJIeBUX CTEP)KHEBUX €JIEMEHTIB IPU BUTOTOB-
JIeHHI 30ipHUX MONepelHbO HANpyKEHUX 3aii300e-
TOHHHUX KOHCTPYKIIH. 3aCTOCYBaHHS I[MX METO/IIB
KOHTpOJIIO 332 BUMIPIOBAaHHAMH CHJIM HATATY, MOX-
JUBE TpH BUKOHAHHI TMONEPEIHBO HANPYKEHHX
KOHCTPYKIIIH y SIKUX BXKHUTO BYIJICIUIACTUKOBI CTPid-
KH, 00 CKJIO- M 0a3abTOIUIACTUKOBI CTepxkHi [4].

HayxkoBwuii iHTEpec BUKIHMKAE PO3POOIICHHS Me-
TOJIIB JUISI KOHTPOJIIO 33 BUMIPIOBAHHSIMU BEJIMYMHU
CHJIM HATATY CTEPIKHEBHX E€JIEMEHTIB y CaMOHAIpY-
KEHUX 3alli300€TOHHUX KOHCTPYKIISAX, IOTIEPEITHE
HaIPYKCHHS SIKHX BUKOHAHO (DI3UKO-XIMIYHUM CITO-
cobom [5]. SIkicHe MeTpoJioTiuHEe 3a0e3reueHHS 3
KOHTPOJIIO 32 BHMIPIOBaHHSAMHU CHJI HATSTY CTEpPXK-
HEBUX EIIEMEHTIB y TAaKUX KOHCTPYKISAX BiAKpHE
HOBI MEPCIEKTHBY JIO iX MHPIIOTO BXHUTKY.

BuBueHHs1 0cOOMMBOCTEI 3aCTOCYBaHHS CUCTEM
aBTOMAaTH3allii IPU BUTOTOBJIIEHHI 30ipHUX TOIEpe-
JHBO HANPYXEHUX KOHCTPYKIH JacTh MOXIIUBUM
OTPUMATH OIIHKY MO0 IiBUIICHHS SIKOCTI 1X BH-
KOHAHHS, a TaKOX JOJJaTKOBI €KOHOMIYHI TTOKa3HU-
KH, SIKi MO’KHA TIPH [[OMY JOCSITTH.

Jlyiss BUMIpIOBaHHS Ta TapyBaHHS MPUKIAJICHOT
CHJIM, TIPM BUKOHAHHI HATATY CTEP)KHEBUX €JEMEH-
TiB, BUKOPHUCTOBYIOTH AMHAMOMETPH 1 MaHOMETPH
[6-8]. B HOpMmaTtuBHOMY J0KyMeHTI [9] HaBeaeHO
TEXHIYHI BUMOTH WIO/0 BHKOHAHHS HATATY CTEPXK-
HEBUX €JIEMEHTIB MAJs1 CTBOPEHHS MONEPEIHBOTO
HaTPYXXEHHs Y 3a11300€TOHHUX KOHCTPYKIIisix. Tex-
HIYHI YMOBH JI0 3aco0iB BHMIpIOBaHb (MeTaJeBi
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PYJIETKH, JIHIAKH, IMITAaHTSHITUPKYJI Ta 1HIUKATOPH
TOIMHHUKOBOTO THITY) IS 3a0€3TeUeHHS KOHTPOJTIO
HATATY CTEP)KHEBUX CJICMCHTIB HaBEICHO Yy JICPIKaB-
HUX cTangaprax [10-13].

Mine crarTi

im0 ctaTTi € Ooriiax 1 aHadi3 METOJIB KOHT-
pOJII0 332 BUMIPIOBAHHSIMHU BEJIIMYMHH CWJIA HATATY
CTEP)KHEBHX €JIEMEHTIB IIPH BHUTOTOBJICHHI IOIIEpe-
THBO HATIPYKEHUX 3113006 TOHHUX KOHCTPYKIIIH.

OcHoBHu# MaTepian

3acTOCyBaHHS METOJIB JJIsi BUMIPIOBAHHS CHITU
HATATY y TOMEPETHbOTO HANPY)KEHHUX 3ali300€TOH-
HUX KOHCTPYKIIISIX CJiJI pO3TJISAATH i3 BpaxyBaHHSAM
TEXHOJIOT1 iX BUTOTOBICHHS (AMB. puc. 1).
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Pucynok 1 — TexHoJOTis BAKOHAHHS MIOTIEPEIHBOTO
HaTNPY>KEeHHS 32113006 TOHHUX KOHCTPYKITiH:
a) 3 HaTATOM CTEP)KHIB Ha YIIOPH CTEHIY;
0) 3 HaTATOM CTEpP)KHIB Ha OETOH KOHCTPYKIIIi:

1 — namsenymuii cmepoicens, 2 — 3068HIWHII aHKeD
HAanpysicy8ano2o cmepichs, 3 — 6emon KoHCmpyKyii,
4 — kanan 6 koHcmpykyii, 5 — in’exmoganuii kanan i3
nonepeoHbO HANPYHCY8aAHOI0 apmamypoio, 6 — @op-
Ma onanybku, 7 — 2iopooomkpam, 8 — ynopa cmenoy.

BurotoBieHHsT ~ HONEpeAHBO  HANPYKEHHUX
KOHCTPYKI[IH 3 HATATOM CTEPIKHEBUX CIIEMEHTIB Ha
ynopu cteHay (dpopmu onamyOKH) YMOBHO MOXKHA
MOJIIJTUTH Ha JBa €Tanu (IUB. puc. 1, a): BAKOHAHHS
HATSTY CTEP)KHEBUX EJIEMEHTIB Ha YIOPHU CTEHIY
(onanyOku); OeTOHYBaHHSI KOHCTPYKIII B OMayoiri,
a micns Habopy BiAMOBIAHOT MIIHOCTI OeTOHY —
NepeaaBaHHs CUIM HATATY Ha €JIEMEeHT OyIiBenbHOL
KOHCTPYKIIi NIISIXOM BiJITyCKYy HaNpy»XeHUX CTep-
XHIB 3 yIOpiB CTeHAY (omanyOKun).

BurortopneHHs nonepeHb0 HAMPYKEHUX KOHC-
TPYKIH y TEXHOJOTIl 3 HATATOM CTEPXKHEBUX eJe-
MEHTIB Ha 0ETOH, MO)KHa YMOBHO IOJIIJIUTH HA TPH
eranu (auB. puc. 1, 6): 6eToHYBaHHS KOHCTPYKLII i3
CTBOPEHHSIM B Hil MyCTOTHUX KaHAJIB; IMPOITYCK
4yepe3 KaHajlu CTEP)KHIB 13 MOJAIBIINM IX HATATOM;
¢ikcalisi HaTATHYTHX CTEpP)KHIB 3a JOIOMOTOIO0 aH-
KepiB Ha TOpILSIX OyAiBenbHOI KOHCTPYKLIi 13 moja-
JIBIIMM 3alIOBHEHHSM IyCTOTHMX KaHAJIB BiAMOBII-

HUMH PO3YHHAMH.

JIist BUMIpIOBaHHS BEJTMYMHH CHITH HATATY CTe-
P’KHEBOTO €JIEMEHTY 3aCTOCOBYIOTh HACTYITHI METO-
JIM: TpaBiTalliiHUM; 32 MOKa3HUKAMHU JTUHAMOMETPA;
3a MOKa3HUKaMU MaHOMETPa; 3a BEJIMYHHOK BHUIOB-
JKEHHSI CTEPIKHS; METOJ MOIEPEYHOI BiATSHKKHU; ac-
TOTHHH (AuB. puc. 21 3).

Pucynok 2 — CxeMu 10 OCHOBHHX METOJIIB BUMIipIO-
BaHHS CHIIM HATATY CTEPI)KHIB 32113006 TOHHUX KOHC-
TPYKIIN: a) TpaBiTallifHUM METOI0M; 0) 3a IMoKa3-
HUKaMH JUHAMOMETPA; B) 32 MMOKa3HMKaMU MaHOMe-
tpa: 1 — gpopma onanybru 3/6 enemenmy, 2,3 — yno-
pu cmerdy i popmu onanyoku, 4 — apmamypa 014
CMEOopenHs NONepPeoHbO20 HANPYIHCEHH, 5 — aHKepu
02151 3aKpinaeHHs apmamypu Ha ynopu, 6 — 6110k,

7 — nonicnacm, 8 — eanmadic, 9 — ounamomemp, 10 —
eiopodomxpam, 11 — manomemp.
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Pucynok 3 — Cxemu 15t BUMipIOBaHHS CHJIH ITOTIE-
PEAHBOIO HAMPYIKEHHS apMATyPHOTO €JICMEHTY
METOJIOM: a) TIO BETUIMHI BUIOBKCHHS CTEP)KHS;
0), B) IOTMIEPEYHOI BiJTSKKH, YACTOTHHIM:

1 — cmepoicens 6e3 6uooeicenns, 2 — cmepoicers
BUO008XHCeHUL 30 01 308HIWHBOL cuIu, 3 — 0emallb
3aKpInjieHHs CMepiCcHsl, 4 — eiomseHymull 8 nonepe-
YHOMY HANPAMKY CIEPA’CEHb, 5 — aMniimyoa KoJiu-
saub cmepoics, 6, T — npunao 3 i be3 ceoei bazu
BUMIPIOBAHHS, 8 — NPUNAO 0Nl BUMIPIOBAHHSL HAC-
MOmu 8IACHUX KOTUBAHD.
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V3aranmpHeH1 i€l pO3MISTHYyTHX METOMIB i3 BH-
MIpIOBaHHS BEIMYMHHM CWJINM HATATY CTEP)KHEBUX
€JIEMEHTIB OnucaHo y Tabmmui 1.

I'pasgimayitinuti memoo BUMIPIOBAaHHS CHJIM Ha-
TATY CTEPKHIB 3aCTOCOBYIOTh Y THX BHIAKaX, KOJIH
HOTr0 BUKOHYIOTH BAaHTA)KEM Yepe3 CUCTEMY BasKelliB
i momicnacti (puc. 2, a). Bennuuny cunm, sky me-
peIaHo Ha CTEP)KHEBHH €JIEMEHT, BHU3HAYAIOTH 3a
BUMIPIOBAHHIMH I10 MPHUKIJIQJICHOMY HaBaHTa)KCHHIO
i3 BpaxyBaHHSIM OCOOJMBOCTEl 3aCTOCOBAHOI CHIIO-
BOI CHUCTEMH, TOOTO TEpTs, MPOKOB3YBaHHS Ta iH.
BpaxyBaHHs BTpar mepepadi CHIM HATATY BUKOHY-

I0Th TMHAMOMETPOM IIpH TapyBaHHI 3aCTOCOBAHOI
CHJIOBOI CHCTEMH.

OnHuM 13 HEJOJIKIB IOTO METONY € CKJIaj-
HICTh MOOYIOBM CHCTEMU HaBaHTAXKECHHS, Y SAKIiH
HeoOXimHO 3a0e3rmeynTr HamiHEe 3aKPIIIEHHS ycix
i eseMeHTiB. BiH € €KOHOMIYHO HE AOLIJIBHHUM, IO
OB’ sI3aHO 13 301IBIICHHAM HEOOX1THOT TUIOIII 1EXY,
SIKy TIOTPIOHO 3aMy4UTH y TPOIECH BHPOOHUIITBA
ONIMHUII TIPOAYKIIii, a TAKOXK y 30UTBIIEH], BIIIHOCHO
IHIINX METOJIB, BUTPATH 4Yacy i poOOTH Ha BUKO-
HaHHA Omepaliil Mo CTBOPEHHs MONepeaHBOrO Ha-
MIPYKEHHS 1 KOHTPOITIO 32 AKICTIO HOTO BUKOHAHHSI.

Ta6m/1u$[ 1 - MGTOI[I/I BI/IMipIOBaHHﬂ BCJIMYMHU CUJIK HATATY IIpU CTBOpeHHi MmonepeaAHbLOro HAIpy>KCH-

HS 3113006 TOHHUX KOHCTPYKITiH

Metoa BuUMi-

MaHOMeTpa pata i CUJIOI0 HaTATy CTEPXKHS.

Ne| proBaHHs Be- Inest meTony HpumiTkn
JIMYHHHU CHJTH
1 2 3 4
OchosHi Memoou GUMIDIOBAHHS CUTU HAMAY
C e . . . | 3eiono Hopm, eacy eammaoicy HeooO-
I'paBitamiiinuii | 3aMeKHICTh MK CHJIOK HATATY CTEPXHS 1| . .
1 o XIOHO euMIpIOsamu 3 NOXUOKOI 00
METOJ HiJBIIICHOTO JI0 HHOTO BaHTAXY. 0
2,5%.
. . . | Beruuunu eumipiosanoi cunu noguHHi
3a NoKa3HUKAMU | 3aJIeKHICTh MK CHUJIOK HATATY CTEPKHS 1
2 JHaMoMeTpa | JeopMalieio MHAMOMETpa SBHAXOOUMUCST 8 MeNCAX WKATU Ou-
P P pa. Hamomempa 6i0 30 % oo 100 %.
Ipu sumiproganni cuiu namsey cme-
. L PIHCHEBO20 — eleMeHmY,  HeoOXIOHO
3a moka3HUKaMU | 3alIe)KHOCTI MIXK TUCKOM Y IHIIHIPI JOMK- .
3 wob 1020 GeIUYUHU 3HAXOOUNACS

mexncax 6i0 30% oo 90% wkanu eu-
MIPI0BATILHO20 NPUNLADY.

Jlonomigicni memoou UMIPIOBAHHI CUU HAMS2Y

3a BEJINYHNHOIO
4 BUIOBXEHHS

CTEepPXKHS
BU3HAUYEHHSIM CHJTY HATATY.

3aeKHOCTI BETUYMH BUIIOBKEHHS CTEPXK-
HS Bijl HOTO BEJTMYMH HAIPY>KEHHS, a 3 Bpa-
XYBaHHSM IUIOLII MONEPEYHOro Iepepizy 3

Heeucoxa mounicms ybozco memoody
00YMOBNIHOEMBCSL 3MIHHICIIO NPYIC-
HO-NJIACMUYHUX XAPAKIMEPUCTUK
apmamypHoi cmaini, a makoic oegho-

pmayiero popm i ynop.

Bionowenna npoeuny apmamypu 0o
iT 006JICUHU He NOBUHHO Nepesuy-
eamu.

Meroa nonepe-

3anexHICTh MiXK MIPUKIIAJICHOI0 CHIIOK0, IS
BIATATYBAaHHSI B TMONEPEYHOMY HAIMPSIMKY

1:150 — ona opomy, cmepoicnesoi i

5| uHOTO BiATATY- . = | kanamnoi apmamypu diamempom 0o
CTEpXKHS Ha 3aJ[aHy BEJIMYUHY 1 CHJIOKO il
BaHHSI CTEPXKHS 12 mm
HATATY. . . .
1:300 — ons cmeporcnie i kanamuoi
apmamypu  Odiamempom  Oinvuse
12 mm.
Ilpu xoumponi sumiprosanus namsey
. o . | apmamypu, sona He nosunna mop-
YacToTHui 3anexHOCTI MK Hampy>KEHHSIMH B CTEPKHI .
6 : N Kamucs 3 iHWUMU apmMamypHumu
METOA 1 4aCTOTOIO HOT0 BIACHUX KOJIMBAHb.

eleMenmamu, 3aKaAOHUMU Oemas-
Mu i popmoro.

Y MeTosi BUMIPIOBaHHS CHIIM HATSATY CTEPXKHS
3a noxazamu 3 OuHamomempa, Npuiajg NpUeIHYIOTh
JI0 CHJIOBOi CHCTEMH Tak, 1100 BiH clipuiiMaB CHITY
HaTATY (IUB. puc. 2, 0), BEIUYHUHY SKOI BU3HAYAIOTH

3a JOMOMOTOI0 HOTO TapyBaJIbHUX XapaKTEPHUCTHK.
Jis BUMIpIOBaHHS BEJIMYMHU TPUKIAJACHOI CHIIH
3aCTOCOBYIOTh €TaJOHHI HUHAMOMETpH [7], a TakoxK
JIOTTYCKAEThCS 3aCTOCYBAaHHS JIMHAMOMETDIB Kjacy
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TOYHOCTI HE HIk4Ye 2,5 [6]. BukoHnanHs momepen-
HBOI'O HAINpY)KEHHs, 3a IIUM METOJIOM, IOTpedye
CreLialbHUX MOHTXHUX NPUCTOCYBaHb Ha yIopax
¢dopmu onanyOku (cTEHIY).

BusHaueHHs cuiaM HaTAry apMaTypu 3d HOKa-
3amu mMavomempa BiOyBaeThCs O€3MOCEpEeaHbO Yy
mpoleci HATATY 1 3aKiHYYeThCS MPH Tepeaadi 3y-
CIIIIS 3 TIOMKpATy Ha ymopu (OpMH OMANyOKH 49U
crenay (auB. puc. 2, B). IIpu BUMiprOBaHHI BeJIHYU-
HU CHJIM, HEOOXiJTHO 3aCTOCOBYBATH B3IpIIEBI MaHO-
METpH 3 TiIPOAOMKpaTaMH, KiIac TOYHOCTI SKHX He
Hwxanit 1,5 [8]. Ilpu Hatary crepxxss (Tpymu crep-
KHIB), 32 JOMOMOTOIO TiAPABIIYHOTO JOMKpATy, Y
riIpocrcTeMy BCTaHOBIIOIOTH MPOTAPOBAaHUI MaHO-
metp. [Ipu BUKoprcTaHHi TiApOAOMKpaTy HEOOXiTHO
3a0€e3MeYnTH TPOEKTHE PO3MIMEHHS HATATHYTHX
CTEP)KHEBHUX €JIEMEHTIB, MPH Ail HA HUX 30BHIIIHBO]
CHJIH, 13 BpaxyBaHHAM YMOB HEIIOCKOHAJIOCTEH BU-
KOHaHHS YHOp Ul IX TUMYacoOBOI'O 3aKpilJICHHS Ta
1HIIIE,

[Ipy BUKOHAHHI OJHOYACHOTO HATATY TPYIH
CTEP)KHEBHX €JIEMEHTIB, BHU3HAYalOTh CyMapHY Be-
JUYUHY TPUKIAJCHOI CWIIM. A Il BU3HAYCHHS 1
YaCTKOBHX BEJIWYHMH, B KOXXHOMY BHJIOBKEHOMY
€JIeMEHTI, 3aCTOCOBYIOTh HACTYITHI KOHTPOIIOKOYi
METOAM BHMIPIOBAHHS: 33 BEIMYMHOIO BUIOBKEHHS
CTEPIKHS; METOJ] IONEPEYHOl BIATSHKKH CTEPIKHS;
YaCTOTHUM METOJ Ta 1HILI.

CxemH 13 3aCTOCYBaHHIMHU AOMOMDKHUX (KOHT-
POJIIOIOUUX) METOIB I BUMIPIOBaHb BEIMYMHU
CHJIU HATSTy CTEP>KHs, IPH BUTOTOBJICHHI IOTIEpe/I-
HBO HANpPYKEHUX 3aTi300€TOHHUX KOHCTPYKIIiH
[I0Ka3aHO Ha PUCYHKY 3.

Bumiprosanns cunu Hamsey cmepoicHs 3a 6enu-
YUHOIO 1020 GUOOBIICEHHSI € BIIHOCHO HE TOYHUM
MeTtosoM (mauB. puc. 3, a). Haifuacrime #ioro 3acro-
COBYIOTh B KOMOIHAINI 3 IHIIMMH MeTofamu. Jlis
BU3HAYEHHSI CHJIM HATATY, HEOOXiJTHO BHU3HAYUTH
BEJIMYMHY BUAOBXKEHHS CTEpKHA HpHU Iii Ha HHOTO
30BHIIIHBOI CHJIM, a TAKOXK MaTH rpadik ioro 3aie-
KHOCTEU «HAMpPYKECHHS BHJIOBKEHHS».

[Ipu enexTpoTepMiYHOMY CITOCO0O1 HATATY, 3 HA-
TpiBaHHSAM 11032 (POPMOIO OTMATYOKH, JOBXKHHA CTE-
P)KHEBOTO €JIEMEHTY BW3HAUYAEThCs 3aBYacHO. [Ipu
IIOMY CJIiJl BPaXOBYBaTH MPY>KHO-TDIACTUYHI Jtedo-
pMmarii crami, a TakoX IOBXHHY (OpPMH, BTpaTH
HaTpyXXeHb B HaCHioK nedopmarii Gopmu, 3Mi-
IIeHHS 1 3MUHAHHS yrop crepkHA. [[ns BumiproBan-
HSl JOBXXHMHHU CTEPKHS, OPMHU ONanyOKH 4u CTEHAY,
a TaKOX BUJIOBKEHHS CTEPXKHS [IPH HATATY — 3aCTO-
COBYIOTH METAJIEBi JIHIWKH, PYJIETKH Ta IITAHTCH-
mupkyni [10 — 12]. BennunHy BHIOBXKEHHS BHMi-
PIOIOTH 3a JOIOMOIOI0 Oe3lmocepeHb0 BCTaHOBIIE-
HUX Ha HbOMY TIpwiaaiB. MoxyTh OyTH 3acTOCOBa-
HUMU 1HAMKATOPU TOAMHHUKOBOro tumy [13], TeH-
30MeTpH a00 MOXKYTh BUMIPIOBAaTHCH 32 JOTIOMOT'OIO
METAaJeBOI JIHIHKHU, PYJIETKN Y1 [ITAHTESHIIUPKYJIS 32

pHCKaMH, III0 HAHECEHI Ha CTEPXKHEBHUH eJIeMEHT.

[Ipu enekTpoTepMIYHOMY HATATY CTEPXKHIB, 3
HarpiBaHHAM iX mo3a GopMoro onamyOKu, BEIUUUHY
CWIN HATATY BU3HAYAIOTh SK BIJMIHHICTH MiXK TIOB-
HUM BUJIOBKCHHSM 1 BTpaTaMHy Ha 3MHHAHHS aHKe-
piB 1 nedopmariiii enemeHTiB omanyoku. [loBae Bu-
JIOBXKEHHS CTCPXKHIB BU3HAYAIOTH SIK PI3HHIIO Bij-
Janed MK yrmopamu omnaixyOoku abo cTeHAy 1 JOB-
’KMHOIO 3arOTOBJIEHOTO CTEP)KHS MDK aHKepaMH 3a
BUMIPIOBaHHSMHU TIpYU OJIHAKOBIH Temmeparypi. A
BEIMYMHY 3MHUHAaHHS aHKEpiB BH3HAYAlOTh 3a pe-
3ynbpTaTaMu ix BunpoOyBaHHSA. [ledopmarrito eneme-
HTIB onanyOKy Ha piBHI yIIOp BU3HAUYAIOTH SIK Pi3HU-
IO BiJUIaJicit Mik HUMH IO 1 TICJI HATATY 1 3aKpin-
JICHHSI CTEP)KHEBUX €JICMEHTIB.

[Ipu BuUMIpIOBaHHI CHJIM HATATY CTEP>KHEBOTO
CIIEMEHTY MemOOOM HONePeuHo20 GiOMs2Y8aAHHS
(muB. puc. 3, 6, B), HOro BiATATYBaHHS MOKHA BHKO-
HYBaTH TIO IUTIH JOBXKUHI CTEPXKHS, SIKUI 3aKpirie-
HUI MK yrmopamH OnaiyOKu 4M cTeHIy, abo X Ha
0a3i ymopiB mpwiagy (3a YMOBH, IO TPWIAA Mae
CBOIO BiacHy 0a3y). [Ipu BuMiproBaHHI CHIHN 32 UM
METOZOM B CHCTEMi HE MOBHHHO OYTH 3aJMIIKOBHX
nedopManiii. A 1 BUMIpIOBaHb MOXYTh OYTH 3a-
CTOCOBaHMMH NPWIATA MEXaHIYHOTO 1 eIeKTpoMe-
XaHIYHOTO MPUHIHUIIIB poOOTH. BoHM MOBHMHHI MaTh
KJIaC TOYHOCTI He HIDKYe HiXK 1,5; IiHA MOIIKH HE
[IOBUHHA TNepeBUIyBaTH 1 % BEpXHHOI'O I'PaHUYHO-
rO 3HA4YCHHS KOHTPOJIIOIOYOrO HATATy. A moxuOka
TapyBaJbHOI XapaKTEepUCTUKU HE MOBHHHA IE€PEBU-
uryBatd +4 %. Miclie BCTAaHOBJICHHS €JIEKTpOMEXa-
HIYHUX TpUJIaJliB MOBUHHO 3HAXOAMWTHCS Ha Bimmai
HE MEHIIE HiK 5 M BiJl JpKeperna eNeKTPUYHHX Tie-
PEIIKOI.

I[Tpu 3acTocyBaHHI NMpUIIAIY 31 CBOEIO BIACHOIO
0a3010, HOT0 BCTAHOBIIIOIOTH HA CTEP)KEHb B JIOBLIb-
HOMY, IO JJOBXHHI, Micii. AJie TOTpiOHO BpaxyBarTH,
o0 CTUKU apMaTypPHUX €JIEMEHTIB He 3HAXOMITUCS
B MeXax 0a3u npuiazy.

BumMipioBaHHSl CHJIM HATATY apMaTypu 3a J0-
MOMOTOF0 MpHJIa B Oe3 CBOET BacHoi 6a3u (6a3010 €
BiJICTaHb MiXK OTIOPaMU CTEH/TY), BCTAHOBIIIOIOTH iX B
CepeuHI MPOTOHY MK YIOpaMH OnamyOKH 4 CTe-
HJY 13 JIOITyCTUMHM 3MilllEHHSM B HaNpsSIMKY OJHI€T
3 ynop 1o 2 %.

Y wacmomnomy memooi 3acTOCOBYIOTH IpHIIa-
I JUTSE BUMIPIOBaHb YKCJa KOJHMBaHb HAmpyKEeHOL
apMaTypH 3a BH3HAYCHUI MPOMIXOK Hacy, 3a SIKUMH
BU3HAYAIOTh CHJIy HATATY i3 BpaxyBaHHSM TapyBa-
JBHUX XapaKTEePHUCTHK, JJIsl JJAHOTO KIacy, JliaMeTpy
1 JIOBXXKMHHU apMaTypH. 3aCTOCOBaHI MPHJIa N TTOBUH-
Hi 3a0e3nedyBaTH BHUMIPIOBAHHS YaCTOTH BIACHHUX
KOJIMBaHb BHUJOBXEHOTO CTEPKHS 3 MOXHOKOIO
+1,5 %. BigHocHa moxnbKa BU3HAYEHHS CHUJIH HATSI-
I'y He TIOBMHHA mepeBuiyBatu +4 %. Miciue Bcra-
HOBJICHHS NpPWIagiB TOBMHHO 3HAXOOUTHUCS Bix
JDKepesia eNeKTPHYHHMX T[Epeniko]] Ha Biijani He
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MeHIIH HiX 5 M. [lepBuHHUI BUMIPIOBAILHAN TIe-
pETBOPIOBAY IMPU BUMIPIOBaHHI CHJIM HATATY CTEPK-
HS 32 JJOMIOMOTOI0 MpHJIaiB 0e3 BiIacHoi 0a3u MOBHU-
HeH OyTH pO3MIIIEHMH Ha MiNSHII CTEp)KHS, IO
BiAmajeHa Bix HOro cepelWHH Ha BiACTaHb, SKa HE
nepesuirye 2 %. IIpn KOHTpOIi BUMIpIOBaHb HATATY
CTEPXKHEBOT'O E€JIEMEHTY HEOOXITHO 3a0e3leunTH,
mo0 BiH HE TOPKAaBCs A0 IHIIUX CTEP)KHIB, 3aKJIaj-
HUX JeTalel, eIeMeHTIB OnayOKH, CTeHIy Ta iH.

3acTrocyBaHHS MOABIMHUX BHUMIPIOBAILHUX CH-
CTeM IpU BUKOHAHHI POOIT MOB’S3aHUX 31 CTBOpPEH-
HSM TIOMEPETHBOTO HANPYy>KEHHS 3alli300€TOHHHX
KOHCTPYKITiH JTO3BOJIUTh 3a0€3MCUNUTH HAIHHIIINAN
KOHTPOJIb 32 BEMYMHOIO CHIJIM HATATY CTEPKHEBUX
CJIEMEHTIB.

Meroau, mo po3TSIHYTO BHIIE, MOXYTH OyTH
3aCTOCOBaHi B KOMOiHALifgX Mi>K COOOI0 IPU BUTOTO-
BIIEHHI 30ipHHX MOTIEpEAHbO HAMPYKEHHUX 3aiTi300e-
TOHHHMX KOHCTPYKIIH B YMOBaX 3aBOJCHKOTO LEXY
MpU 3aCTOCYBaHHI TEXHOJOTIi MONEepenIHbOro Ha-
MPY>KEHHsI — 3 HATATOM CTEPXKHIB Ha YIOPH CTEHIY
(omamy6xwm) [14]. Takox ix KoMOiHAIT MOXYTh Oy-
TH 3aCTOCOBaHi y 30ipHO-MOHOJITHUX KOHCTPYKIIi-
X, Y SIKAX TMOIEPEHE HANPYKCHHSI BUKOHYETHCS B
TEXHOJIOTI] HATATy apMaTypHHUX CTEP)KHIB Ha YIOPH,
SKl € 3aKJaJHUMH JETATSIMA JIBOX €JIEMEHTIB IS
00’eHaHHs (MPUKIAIOM € 30ipHO-MOHOJITHA MPO-
roHoBa OymoBa Mocty) [15].

JInst CTBOpEHHS TIONEPEAHBOTO HAIPYKEHHS
3aJ1i1300€TOHHUX KOHCTPYKIi B TEXHOJOTI 3 HATs-
TOM CTEp)KHIB Ha OeToH (muB. puc. 1, 0) y Mmocto0y-
NiBENbHIM TIPAKTHIl HaidacTilleé 3acTOCOBYIOTH
cTamioHapHi rigpogomMkpard. KoHTponb 3a Bemudn-
HOIO TIepellaHol Ha CTep)KEeHb CHIIM 3[IIHCHIOIOTH 3a
MMOKa3HWKaMH MaHOMeTpa y KOMOiHaIii 3 MeToaoM
KOHTPOJTIO 32 BETMYMHOIO BUJIOBKCHHS CTEPIKHSL.

Y MOHOJNITHUX TONEPETHBO HAPYKEHUX 3alli-
300€TOHHUX KOHCTPYKIISIX CTEPXKHI JJIsi HATSTY
pO3MillleHI y 3aKpUTHX KaHamax (Ipu OeTOHYBaHHI
KOHCTPYKIii B oauH etar). [Ipu OyniBHUITBI TpaHC-
MOPTHUX CHOPYA Ii 0cOOIMBOCTI OOMEXYIOTH 3a-
CTOCYBaHHS METOJy IONIEPEYHOro BIATATYBaHHS 1
YaCTOTHOTO METOJy 3a JOJAaTKOBUM KOHTPOJIEM
BEJIMYMHU TIPUKIIA/ICHOT CUITH 10 CTEPIKHS, OCKIIBKH
HEMa€ BIJKPHTOTO JOCTYITy JI0 HATSATHYTHX CTEpPK-
HeBHX eieMeHTiB. OCOOJIMBO L€ CTOCYETHCS HECy-
YUX EJIEMEHTIB CKJIaJHOI TeoMeTpHYHOi QOopMH, y
SKIi, 3TIHO MPOEKTY, HEOOXiJTHO BHUKOHATH HATAT
KPUBOJIHIHHMX B TOPU3OHTAJbHIA 1 BepTHKaJIbHIH
IoNMHAX cTepkHiB [16].

s mapysanns npuiady BUKOHYIOTh CITIBCTaB-
JIHHS WOTO TMOKAa3iB, 110 3adikcoBaHi 3a il 3a1aHoi
CUIIM, 3 TOKa3aMu JuHamomerpa. TouHiCTh AuMHA-
MOMETpa, SIKUl BCTAHOBJIEHO IOCTIJIOBHO 3 HATAT-
HYTUM CTEpP)KHEBUM €JIEMEHTOM, TIOBUHHA OyTH He
HIK4o10 Kiacy 1,0 [6].

BuzHaueHHs  TapyBaJIbHMX  XapaKTEPUCTHUK

VKUTHX MAaHOMETPIiB BUKOHYIOTH ITUISIXOM CITiBCTaB-
JIEHHS iX TIOKa3iB 3 IOKa3aMH B3ipIIEBOTO JAMHAMO-
MeTpa, SKi 00M/IBa BCTAHOBIICHI MOCIIiOBHO 3 TiIpa-
BIIIYHUM JIOMKDPATOM.

IIpu BUKOHaHHI TapyBaHHs, MAKCUMaJIbHa CHJIa
HaTATy CTEP)KHEBOTO EJIEMEHTY I[IOBHHHA IIE€PEBHU-
LIyBaTH HOro HOMiHaJbHY NMPOEKTHY CHUJIy Ha BENH-
YUHY 3 JOIyCTHMHUM AOJATHIM BimxwieHHsIM. Kinb-
KICTh eTamiB HaBaHTA)XEHHs MMOBHHHA OyTH HE MEH-
mie 8, a KibKiCTh BUMIPIOBaHb Ha KOKHOMY 3 HHUX —
He MeHIue 3. [Ipu MakcuMmanpHil cuili HaTATY CTEp-
JKHS TIOKa3W B3IpIIEBOTO JMHAMOMETpa ITOBHUHHI
ckinagatu He menuie 50 % Horo mKaal BUMIpIOBaHb.

BusHaueHHS  TapyBaJbHHX  XapaKTEPUCTHK
mpuiaAiB (IO 3aCTOCOBYIOTH JUISI BUMIPIOBaHb CHIIH
HaTATy apMaTypHOTO €JIEeMEHTY 3a METOIOM IIoIe-
pEYHOro BIiATATYBaHHS a00 YacTOTHMM METOJIOM)
HeoOXiTHO BUKOHYBATH JJIs1 KOXKHOTO KJacy i aiame-
TPY CTEpIKHS, a IS IprItaay O6e3 BIacHoi 6a3u — Juis
KOXKHOTO KJlacy, AiameTpa i TOBKWHH cTepxkHs. Jlo-
BXXHHU CTEP)KHIB MOBWHHI MEPEBUIIYBATH JAOBXKHHY
0a3u mpuTaay He MeHIle Hik y 1,5 pa3u.

[lpu BUMipIOBaHHI CHJIM HATATY CTEPXKHS 3a
JIOTIOMOTO0 TIpHJIaaiB Oe3 BIacHOI 0a3u, HEOOXITHO
3a0e3MeYnTr HACTYITHE:

- IOBXXKMHA CTEPKHEBUX EJIEMEHTIB, IPU Tapy-
BaHHI, HC MMOBUHHA BiJPI3HITUCS BiJ TOBXUHU KOH-
TPOJIIOIOYOTO eJIEMEHTY OibIl HiXk Ha 2 %;

- BIIXWUJICHHS MICIISl PO3MIIIEHHS TpUIIany abo
JaTyvKa TpWIagy Bil CEpelUHH JOBXUHU BUIOB-
KEHOTO CTEep)KHsI, TIPH 3aCTOCYBaHHI MEXaHIYHHX i
[pUIaiB YaCTOTHOTO THILY, HE IOBUHHA TIEPEBULILY-
BaTH 2 % 1 5 % IOBXXUHU CTEPIKHEBOTO €JIEMEHTY.

Cuily HaTsATy BHU3HAUYAIOTh, SIK CEpelHE apud-
METHYHE 3a pe3yjbTaTaMd BHUMipioBaHHS. MiHima-
JIbHA KiJBKICTh AYOJIOIOYUX BHMIpPIOBaHb ITOBHHHA
Oyt He MeHIa 2. OI[iHKY CHJIM HATATy apMaTypHO-
ro eJeMEHTa BUKOHYIOTh IIIJISIXOM CITiIBCTaBJICHHS
OTPUMAaHHUX 332 BUMIPIOBaHHSAMH 3Hau€Hb 3 BEJIUYU-
HaM¥ CHJI HaTATY, IO 3ajiaHi B HOPMAaTUBHUX JIOKY-
MeHTax a0o Ha poOoYMX KpecleHHsX. BiaxuiieHHs
BHUMIPIOBaJIbHUX BEIWYMH IMOBUHHI HE NEPEBUIYBa-
TH JIOIYCTUMI.

OriHKa pe3yJbTaTy 3 BU3HAYEHHS CHIIM HATATY
32 BUJIOBXKEHHSIM CTEP)KHS BHKOHYETHCS MIISIXOM
CHiBCTaBJIECHHS (PaKTMYHOTO BHJIOBKEHHS 3 BHIIOB-
KEHHSIM 3a po3paxyHKaMu. DakTUUHE BUIOBKEHHS
HE TOBHHHO BIJIPI3HITHUCS BiJ] PO3paxyHKOBHX 3Ha-
4yeHb Oinbm Hixk Ha 20 %.

BcraHoBIIEHHS BiTHOCHOT ITOXMOKH HPU BU3HA-
YEeHHI TapyBaJbHOT XapaKTePHCTUKU TPWIANy, JUIs
HaTAry cTep:kHA 3 giamerpom d, mosxunoro | i 3a mii
MaKCUMaIbHOT CHIH Py, 1110 3a1aHO Y TPOEKTHIM
JIOKyMEHTAaIlii, He00X1IHO:

1. Ha KOXHOMy cTymeHi HaBaHTaxenHs P!, 3a

Yt BU3HAYUTH

i
MoKa3aMu Ipuiagy an.max, np.min
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CHITy HATSTY CTEPIKHEBOTO eeMeHTyY Pray, Prini
2. B oauHuMmAX cuid, OOYHMCIHTH pO3Max

oTpuManux nokasis npuiagy (APY):

i — pi i .
AP' = Pmax - Pminv
3. VY BiACOTKaX, BUBHAYUTH BIJHOCHUH PO3KUI
MOKa3iB MPIJIaAY:

AP = Ap—‘f100%;
Pgr _

4, Busnauntu MaKCUMaAJIbHY ( max —

= 1,1P,,4x) i MiHiManbHY Prgirn =0,5P)" . Benu-
YUHU CHIN HATATY JUIsl IPOBECHHS TAPYBaHHS MPH-
nany;

5. 3abesmeuntd 1m00, HA KOXXKHOMY CTYIEHI
NPHKIAJICHOr0 HABAaHTAXKEHHS, BEJIMYNHA HOTO MPH-

pocry (Ap) Bimnosinana:

Ap < 0,15(Pyay = Prax)-

3aodaui, sKi no8’sa3ani 3 ABMOMAMU3AYIEN TIPO-
1eciB BUPOOHWITBAa OyNiBENbHUX KOHCTPYKIH, B
TOMY 4YHCII 13 TONEPeAHbO-HAMPYKEHOTo 3allizo0e-
TOHY € aKTyaJbHUMH IJIS1 ChOTOJCHHS 1 Mall0yTHBO-
ro. [HBecTyBaHHS MiANPUEMCTBA B iX BIPOBAIKEHHS
JIO3BOJIUTH MOKPAIIUTH CKOHOMIYHI TMOKAa3HHUKH, SIKI
MOB’si3aHi1 3 BUTOTOBIICHHSAM OIMHMII MTPOIYKIIi i3
3a0e3MedeHHsM HaJiifHOTO KOHTPOIIO 3a X SKiCTIO.
A 3acTocyBaHHSI Cy4acHHMX 3aco0iB 1 mpunanis ao-
3BOJIUTH CKOPOTHUTH Yac Ha omeparlii, sSKi MoB’si3aHi 3
KOHTPOITIOIOYAMHU BUMIPIOBATEHUMH 1 BHPOOHUYINMHU
mporecamu.

[Nomanpimma HaykoBa poOoTa aBTOpIB Oyje
CHpsIMOBaHa B HANPSMKY JOCHIDKEHHS 1 pO3POOKHU
CHCTEM METPOJIOTIYHOr0 3a0e3MeYeHHs] aBTOMAaTU30-
BaHUX MPOIIECIB BUTOTOBJICHHS 1 KOHTPOJIIO 32 BUMi-
PIOBaHHSAM CHJIM HATATY y MONEPEIHBO HAPYKECHUX
3aJ1i300€TOHHUX KOHCTPYKIIiSX.
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METO/AbI U3BMEPEHUSA CUJIBI HATSA)KEHUA CTEPKHEBBIX DJIEMEHTOB ITPH
M3IOTOBJIEHNA ITPEABAPUTEJJIBHO HAIIPA’KEHHBIX JKEJTE3OBETOHHBIX
KOHCTPYKIIUU

B cmamve paccmompeno u npoananuzupogano memoovl KOHMPONS 34 USMEPEHUIMU GEIUYUHBL CUTbI
HamsICeHUs. NPU CO30aHUU NPEOBAPUMENLHO20 HANPAICEHUS CMPOUMensHuIX Konempykyusax. Taxowce onu-
Canvl npoyeccybl Mapuposanus NPubOpos U NposedeHuss OYeHKU BeNUUUHbl CUTbL HAMANCEHUS deMeHma.
Haoeocnoe memponocuueckoe obecneuenue Ha 6cex Manax npousBo00CMeEd dHcene300emoHHbIX npeosapu-
MENbHO HANPANCEHHBIX KOHCMPYKYUL NO360IUM 3HAYUMENbHO YMEHbUUMb PUCK GO3HUKHOGEHUSI bpaka 8
napamempax, Komopbule KOHMpPOIUPYIOMcs usmepenusmu. Beedenue npoyeccos asmomamusayuu npu u3eo-
MOGNeHUU U KOHMPOJIe Kauecmed GbINOJIHEHUs HAMANCEHUS CmepiCHell Ol CO30aHUs NPeod8apumenbHo20
HANPSAICEHUs. JCeNIe300eMOHNbIX KOHCMPYKYUL YMEHLUWUM mpyo0o3ampamsl U 6peMs Ha U320MmosieHue eou-
HUYbl NPOOYKYUU.

Knioueswie cnoga: memoo uzmepenus, cuia HAmadxiCeHus, npeosapumenbHoe Hanpsjicenue, KOHMpoib
Kawecmed, 0Onyck.

V. P. Kvasnikov, DSc, R. M. Zapotochnyi, PhD

METHODS OF MEASUREMENT OF REINFORCING BARS TENSION FORCE DURING
PRODUCTION OF PRESTRESSED REINFORCED CONCRETE STRUCTURES

The article considers methods of control for measuring the tension force of the reinforcing element for
creating prestress in prefabricated reinforced concrete structures.

The basic methods of control for measuring the tension force of the reinforcing element of pre-stressed
reinforced concrete are gravity method, methodof measuring according to the indicators of the dynamome-
ter, method of measuring by the indicators of the pressure gauge, method of measuring along the length of
the elongation bar, method of transverse pulling of the bar and frequency method.

The processes of calibration of instruments and evaluation of the tension force of the reinforcing element
are described too. The simultaneous use of two methods for measuring the pre-tension in bar secures better
control of the manufacture of reinforced concrete structures. In the construction of monolithic bridges pre-
stressed concrete to control of the tension bars are often used: the methods of measuring the force by the
indicators of the pressure gauge and the methods of measuring the force by the indicators of the elongation
of the bar. Reliable measurement assurance at all stages of the production of reinforced concrete structures
pre-tension will significantly reduce the risks emergence of defect in the parameters controlled by measure-
ments.

For control the value of bar tensionin manufacturing of prefabricated stressed reinforced concrete
elements it is expedient to use method of transverse pulling of the bar and frequency method.

In modern conditions for the development of enterprises for the manufacture of construction products, the
actual question is the introduction of automation into production processes and control over their quality.
The introduction of automation in the production process, and quality control tension barsto create pre-
stressing concrete structures will reduce labor-intensive and time for produce one element. Metrological
ascurance for automation of execution and control processes behind the measurements of tightening forces
in production of reinforcing element are actuality area of research.

Keywords: measuring method, tension force, prestressing, quality control, tolerance.
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PO3JILT 3

IndgopmaniiiHO-BUMIPIOBAJIbHI CUCTEMH i TEXHOJIOTI
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BU3HAYEHHS BIICTAHI MI’K OB’€EKTAMMU 3A 1OIIOMOI'OIO KOMII'IOTEPU30BAHUX
CUCTEM BUMIPIOBAHHSI MEXAHIYHUX BEJINYUH

B oauiii pobomi Oyno 3anpononogarHo mamemamuyHy NOCMAHOBKY 3a0aui GU3HAUEHHS. KOOPOUHAM y
Oe3nposioniti cencopuiti mepedici. Ilposedene Oocaiodcenns mamemamuynoi mooeni. Memoro yux 0o-
CiddCceHb 6)Y8 NOWYK HOBUX ANbIMEPHAMUBHUX MEeMOOI8 GUIHAYEHHS 8I0CMANI MIdC 00 cKmamu, 8 pe3yib-
mami K020 3aNPONOHOBAHO, KPiM KIACUYHUX 3ACO0I8 SUMIDIOBANHS MEXAHIUHUX 8EIUUUH, BUKOPUCTHOBYBA-
mu yHKYito 1okanizayii 06 ’exmie 6e3nPoBIOHUX CEHCOPHUX MeEPEdC.

Knwuosi cnosa: de3npogiona cencopna mepedica, 8y30J, ONOPHUL 8V30J, NOXUOKA GUMIPIOGAHHSL, JIO-

Kanisayis.
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Beryn
B wHam wac O0e3mpoBimHI TeXHOIOTIi yce
YacTille BUKOPUCTOBYIOThCS B  iH(oOpMaIiiHux

BUMIPIOBAJIbHUX CHCTeMaxX. Y JaHiil cratti Oyne
OTIFICAaHO KOHIIEMIIiI0 3aCTOCYBaHHS OE3MpPOBIIHUX
ceHcopanx Mmepex (BCM), sk koM 10Tepr30BaHO1
CHCTEMH BHMIpPIOBaHHS MEXaHIYHAX BEJIUYWH, a
came BijcTaHi (Jiokasizamii 00’ €KTiB).

be3npoBigHi CEHCOpHI Mepei CKIAAaroThCA 3
BEJIMKOI KITBKOCTI CEHCOPHUX BY3IiB, SIKi BUKOpU-
CTOBYETBCS AJIsl KOHTPOITIO TIEBHOT 00671acTi.

Le#t Timm mMepexi, MO BHKOPUCTOBYE CTaHIApPT
ZigBee, craB mOMyJSIPHUM 3aBASKH CBOEMY 3a-
CTOCYBaHHIO, SIK€ BKJIIOYAE B ceOe KilbKa HampsiM-
KiB, TAKHX SIK €KOJIOTIYHHH, MEIUYHHUH, TIPOMHCIIO-
BHH, TOOYTOBHH, CUTBCHKOTOCTIONAPCHKUN, METEO-
POJIOTIYHHMIA.

OcHOBHI cepu 3aCTOCYBaHHS — II€ OXOPOHHI
00’€KTH, TaKi, K CKJIaaM, Mara3uHH, BUCTaBKH Ta
EKCITO3UIIIT JIe BXKJINBO KOHTPOJIIOBATH TIEPEMIIIICH-
Hs IIHHUX peueil Ha OOMeXeHiil TepuTopii 3 Benu-
KO0 KOHIICHTPAIIIEIO JIIOJIeH (B CTATTi OCIIKYETh-
cs toroma 250x250 MeTpiB, M0 BiATIOBITAE cepeIHb-
OCTaTHCTHUYHOMY CKJajy, TilnepMapkeTy abo BU-
CTaBKOBOMY 3aily) (KOOpJMHATHA IUIOIIMHA Ha
puc. 5, 6, 7). Moske 3aCTOCOBYBATHCH B JIKapHsIX He
TIABKH JJIS BUMIPIOBaHHSI TEMIIEPAaTypH, THCKY Ta
IHIIMX MMOKA3HUKIB KUTTEAISIIBHOCTI OpraHi3mMy, ajie
1 U1l KOHTPOJIIO TEpPEMIlICHHS XBOPHX, SKIIO e
HEOOXiIHO.

Jns  00’€xTiB, WIO JOBrOTPUBAIWN TEpMiH
3HAXOAATHCSl HA NEBHIH TepUTOpil, MOXYTb OyTH
BUKOHaHI Ha TBEpAill ApyKoBaHiM miati, ane i
BUIIAJIKIB, 110 ONMKCAaHI BHINE, IMepeadavyeHa rHydyka
Ta TOHKA TUIACTUKOBA OCHOBA, IO 3HAYHO 3JIEIIECB-
JIO€ 1X BapTICTh Ta PO3LIMPIOE ChEepH 3aCTOCYBaHHS

(puc. 1).

Pucynoxk 1 — Cdepu 3acTocyBaHHS TEXHOJIOTT
ZigBee

Ha croronnimmHiii aAeHb y BChOMY CBITI yce
OLIBII MUITBHY YBary IPHUBEpPTAIOTh 10 cebe «0e3-
poBiAHI ceHcopHi Mepexi» («Sensor Networksy,
naini npocto ceHcopHi Mepexi). [lonstra «Cencop-
Ha Mepeka» 3’SIBHIIOCS MOPIBHSIHO HEAAaBHO (KiJbKa
POKiB TOMY) aje Ha ChOTOJHIIIHINA JIeHb € BXKeE IO0-
BHiCTIO cTamuM TepMmiHoM (Sensor Network), 1o
03HaYyae PO3MOAUICHY, TaKy 1[0 CaMOOPTaHI3y€eThCs,
sIKa CKJIAJA€ThCs 3 0e3Midi MPOCTHX MiHIaTIOPHUX
MIPUCTPOIB (BY3IiB), KOKEH 3 SIKUX MICTUTh MiKpO-
KOHTpOJIep, NpuiiMad i aBTOHOMHE J[KEPENo >KUB-
NeHHs. By oCHaIIyIOThCSl CEHCOpaMU, 3aTHUMH
peectpyBartu iH(hopMaIito mpo napaMeTpu Hi3uIHUX
MOJIIB Pi3HOT MPHUPOJU B MICHSAX 1X pO3TalIyBaHHS
(puc. 2). Y 3BHUaiiHOMY CTaHi, MEPEKEBi CEHCOPHI
Mmozayni ZigBee 3HaxomAThcs y HamiBaKTHBHOMY
MOJIOKEHHI. B 1IbOMy CTaHI KOKEH 3 HHX JIUIIE Bij-
CIIIJTKOBYE CBOKO TO3UINI0 BiTHOCHO CYCIJIHIX MO-
nyniB. Ta KonM, y TOpPIBHSHHI 3 NONEpPEAHIM 3Ha-
YEHHSIM, BiJICTAHb X04a O JI0 OJIHOTO 3 «CYCiTiB»
3MIHIOETBCS, MEpeXa IMEPEeXOJUTh B aKTUBHHUH pe-
)KUM. Y 1[bOMY CTaHI BEIEThCS IMOCTIHHHMNA OOMIiH
iHpopMaLli€l0 MPO MiCLE3HaXO/HKEHHS KOKHOTO 3

36ipnux nayxosux npays OQIJATPA Ne 1(12) 2018



Onechbka JiepKaBHA aKaieMis TEXHITHOTO PETYIIOBaHHS Ta SKOCTI

MOZYJIiB MEpexXi, a KOMII IOTEpH30BaHa Kepyroda
CUCTEeMa, IO CKJaxy SKOi BXOIWUTh CEHCOpHAa Mepe-
JKa, 31MCHIOE TICBHI KepyrOUi JIii.

[Ipu MonemtoBaHHi, y AaHiit poOoTi, OyAyTH BH-
KOPHCTOBYBATHCh OE3MPOBITHI CEHCOPHI MOy
XBee cepii S2 S2C ZigBee (puc. 2). Binmosigao a0
TEXHIYHOT JOKyMeHTauii Ta crangapty [1], BoHH
MarOTh TOXHOKH JIOKami3allii, mo BigoOpakeHi B
Tabm. 1.

Tabnums 1 — 3anexHicTh TOXUOKH JoKaIi3amii
(Ad) Bix Bigcrani Mk cycigHiMu Momxyisamu (d) Ta
MOXWOKO BHU3HAYEHHS dYacy NpPUOYTTS CHUTHAITY

(ATreply)

d, m Ad Ad Ad Ad
(ATrepl | (ATrepl | (ATrepl | (ATrepl
y=20 y=200 |y=2 y=20
ns),cm | NS), cm | us), em | us), cm

0,1 +0,012 +0,12 +1,2 +12

1 +0,012 +0,12 +1,2 +12

10 + 0,05 +0,12 +1,2 +12

100 +0,4 +0,4 +1,2 +12

1000 | +4 + 4 +4 +12

10000 | +40 + 40 + 40 +40

a)
N
T S
M B
6)

Pucynok 2 — 3oBHimHi# Burisn (a) Ta CTpyKTypa
ceHcopHOro Moayis (6):
T — pagiodacToTHHI TpaHcuBep; M — MIKpOKOHTPO-
nep; B — mxeperno xuBneHHs; S — ceHCOp

AHaJi3 ocTaHHIX A0CTiIKeHb

[Murtanaam  mocmimkeHHS  iH(MOpMAaIiitHO-
BUMIPIOBaJIbHUX CHUCTEM, B TOMY 4YHCIi 1 JIocii-
JDKEHHSIM TEXHOJIOTIH MOJEIIOBAaHHS, YIPaBJIiHHA i
B3a€EMOIIi KOMIT FOTEPU30BAHUX CHCTEM BHUMIPIO-
BaHHS MEXaHIYHUX BEMYMH (30KpeMa BIICTaHI MiXK
00’€KTaMM), IPUCBIYCHO POOOTH CydYaCHHX BUCHUX,
cepen AKHX:
poOOTH, IO TIPUCBSIYCHI BUMIPIOBAHHIO
BijicTaHi 3aco0amM BUMIipIOBAIbHOI TeXHIKH [2—4];
po0OTH, IO TPUCBSYEHI BHUMIPIOBAHHIO
BiJIcTaHi 3aco0aMu OE3MPOBITHUX CCHCOPHUX MEPEK
[5-13].

VY poborti [2], mpomoHy€eThCSI BUKOPUCTOBYBATH
IaTepHET nmNs yIpaBIiHHA BHMIipIOBaJIHHOIO TOJIOB-
KOI0, ajie B aHalli3i Ta KOpEeryBaHHI pe3yNbTaTiB
BUMiptoBaHHS, [HTepHET ydacTi He Oepe. 3MicT po-
6ot [3] mpucBsSUEeHUH pO3pOOI AaHAIOTOBHX iH-
TepdeiiciB iHPOpPMAIHHAX BUMIPIOBAIEHUX CHCTEM,
ajyie B Hill HE PO3IIIAAAIOTHCS 3aCO0M 301IBIICHHS TX
MpOAYKTHBHOCTI. B poboTi [4], HaeTscst mpo Ko-
peKmito MOXWOOK BUMIPIOBaHHA dYepe3 iHQop-
MaIliifHO-BUMIpIOBaJIbHY CHUCTEMY, alie TPOIIOHYETh-
Csl BUKOPUCTOBYBAaTH KaOeIbHHUM 3B’s30K. B poGori
[5] mpoBOOMTHCA 3arajdbHUI OTJISM ICHYIOUHX TEX-
HOJIOTi CEHCOPHUX MEpPEeX Ta JIMIIE aHAIi3YIOThCS
ix Heaomdiku. B poborax [6, 7] po3risnatoThes ajiro-
PUTMH JIOKAJi3allii, 1110 MOXKYTh MOKPAIIUTH TPOIIEC
BHUMIpIOBaHHS BificTaHi M 00’ektamu. B poborax
[8, 9] posrmsimaroTbes  icHyIO4l  mpoOieMu
00’€JHAHHS CEHCOPHUX MEpPEeK Ta MUIIXH iX
BupimeHHs. B po6ortax [10-14] #imeTscs mpo meTo-
U JIOKaji3amii, [0 3acTOCOBYIOTH CYIMYTHHUKOBI
HaBIraIfiifiHi cucTeMu, 30kpeMa B po6orti [14] Takox
HWIeThes PO eHepro30epirardi TeXHOOTIT s CeH-
COPHUX MEpEeX.

B Toif e uYac 3aMIIAIOThCS HE BUPILICHUMH
npoOJieMd  PO3poOKHM  aJrOPUTMIB  JIOKaJIi3allii
00’€KTIB OE3MPOBITHUX CEHCOPHUX MEPEXK, a TAKOK
IMITAI[ITHOTO MOJIEJIIOBaHHS TPOLIECY JIOKai3arii
00’€KTiB 3 iX BUKOPHCTaHHSIM 3 METOIO MOPIBHSHHS
peaNbHUX TO3WIlili 00’€KTIB Ta OTPHUMAaHUX B TIPO-
meci Jokamizamii. Y TMOAaibIIoMy 1€ JTOTIOMOXE
[pOoaHali3yBaTH TepeBard 1 HEIOJIIKH aJTrOpUTMIB
JIOKaizamii Ta JTOTOMOXKe 00paTh HaWOLIBII ONTH-
MaJbHHHA JUTA Ti€l 94U 1HIIOT cUTYyaIlii.

MeTo10 €TATTi € PO3TIIsiA CEHCOPHOI Mepexi,
SK PI3HOBHILy KOMIT IOTEPH30BAHNX CHUCTEM BHMi-
PIOBaHHS MEXaHIYHUX BEJUYMH, Ha TPUKIAII BUMI-
pIOBaHHS BijcTaHi MK 00’ekTamu. [IpomoHyeThes
OIMCaT MaTeMaTH4YHY MOCTAaHOBKY JaHOI 3ajadi, 3
METOI0 MOZEJIOBaHHS NPOLIECY BU3HAYCHHS BiACTaHi
MiX 00’€KTaMHu, Ha OCHOBI aJrOpUTMYy OOMEKEHHS
KBaJpaTy.

IMMocTanoBka 3anayi

B po6oTi BupilIytOTECs HACTYTIHI 3a/1a4i:
AHali3 CTpyKTYpHOI cxemu Oe3mpoBiTHOrO
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CEHCOPHOTO By3Jla Ta MaTeMaTH4YHa IOCTaHOBKa
3a1adl BU3HAYCHHS KOOPIWHAT BY3IIB CEHCOPHOI
MeEpexi;

* ExkcrnepuMeHTanbHE AOCTIIKEHHS 3alporio-
HOBaHOI MaTeMaTHYHOI TIOCTAHOBKH 3ajadi Jio-
KaJrizailii 00’ eKTiB.

Bukaan ocHoBHOro MaTtepiaxy

JlaHi BHUMIpIOBaHB TIEPENAIOTHCS TIOCIiIOBHO
MDXK BY3JaMH JI0 IIEHTPaJIBHOTO cepBepa sl 00drC-
JIeHb 1 IPUAHATTS pilieHb (depe3 oOMexeHi eHepre-
TAYHI XapaKTCPUCTUKH aBTOHOMHUX CJICMCHTIB
xuBNeHHs (B), maHi BUMipIoBaHb 3 AEIKUX BY3IIB,
MOXYTh OyTH BTpaueHi) [4].

MaTteMaTiyHa MMOCTAaHOBKA 3a/a4i BH3HAYCHHS
KOOpJMHAT B CEHCOpHIiil Mepexi Oyne MaTh HacTyI-
Hui Burisin. llpumycTtumo B fesikii oOmacti mpo-
cropy S posmipom S=AXB, BumagkoBMM YHHOM
PIBHOMIpHO po3moaiieHi 00’€kTH Oe3MpoBiaHOI
cencoproi mepexi {1}, ne i=[1...M] (puc. 3).
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Pucynok 3 — Cxema posrairyBanHs By3i1iB bBCM
B IIPOCTOPi

Kosxen By3o0u (puc. 1) MiCTUTB y CBOEMY CKJIaIi
tpancusep (T), 3aBAsKu IKOMY BiH MOXKE TepeaaBa-
TH pe3ylbTaTh BUMIpIOBaHb ceHcopa (S) Ha
Bimctans d 1o CyCiTHIX BY3MiB (BY3JH, IIO 3HAXO-
asthest B paziyci L), Buxomsum 3 mporo (ommparo-
YUCh HA METOJl BH3HAYCHHS BiJcTaHEl) TOYHICTH
NPOBEJCHNX BUMIPIOBaHb cTae Bimomorw. Koxen
By301 | Hakomuuye iH(OpMalio 3 yCiX CyciaHix
BY3JIiB | 1 3amucye il y TabJIMIO, IO 3HAXOJAUTBCH Y
mam’sti MikpokouTposepa (M),

Ti:{J,dij},

ae J — KiJbKICTh CyCi/IHIX BY3JIiB;

dij — BumipsiHa BizcTaHb Mix By3iamu | Ta j.

BumiproBaHHS 3IIHCHIOEThCS 32 MPUHIUIIOM
BU3HAYCHHSI KOOPJMHAT HAa OCHOBI 4acy NpHOYTTS
curHany. B mpomy BUMajKy, BiJICTAHR MK JIBOMa
By3JIaMU 0€3M0Cepe/IHbO MPOIOpIiiHA Yacy, KOJIu

CUTHAJT TIOIHUPIOETLCS BiJl OJHOTO IMYHKTY JIO 1HIIIO-
ro. [adopmariitna ckiIamoBa BiAICIAHOTO CHUTHAITY
MICTHTB 4Yac BianmpaBku. Llg BincTaHb, BUMIPIOETHCS
3a PI3HMICIO Yacy BiAmpaBku curHany {1 i gacy jo-
CSTHEHHA HMM By3na mpuiiMada . Bigcranp mix
BiNPaBHUKOM 1 MpuiiMaueM BU3Ha4YaeThes 3a (op-
MYJIOIO

d=cft, ),

ne C — MIBUAKICTH MOIIMPEHHS PaliOCUTHAITY
(wBuaKicTh cBitia), t1 1 tp — MomeHTH Yacy, Komu
CHUTHAJI BiZlicTIaHO 1 OTpUMaHO (puc. 4).

Receiver

O L. , O
| Tk,

Tima

Distance

PucyHnok 4 — Bu3nadeHHs BiCTaHi 3a TOTIOMOTOI0
4acy NpuOyTTS CUTHAITY

Buxonsuu 3 mux naHuX, NOTPIOHO BU3HAYUTH
KOOpIHMHATH 06’ €KTiB T; . [HIIMMHU cllOBaMH, MOTPi6-

HO BUPILIIUTH CUCTEMY PiBHSHB

rj =dij,

r; —
ne dij — BuMipsiHa BizcTaHb Bix By3ia i 10 By3ia j.

Jus BupimeHHS 3amavi JoKamizalii MporoHy-
€ThCsl MeTO/1 OOMexeHHst kBaapaty (Bounding Box).
[Mpuknam 1Oro METOAY 300pakeHUil PHUCYHKY 5
[14].

[pumyctimo, 1110 HalBipOTiIHIIIE PO3MIIIEHHS
By3Jla — IIEHTpaJlbHA TOYKa Cepej YCiX OMOPHUX
BY3J1iB, MU MOX€MO OOYMCIIHUTH TO3HUIIII0 HEBiOMO-
ro By3ia 0e3 moTpeOu OIiHKY BifIcTaHel abo KyTiB,
aJle TUTbKU TPH BUKOPUCTAHHI METOAY Ha OCHOBI
JaTbHOCTI CUTHAITY.

JI71s KOXHOTO i-T0 OMOPHOT0 BY371a, OOMEKYI0-
YUWA KBaJIpaT, BU3HAUYCHUM SIK KBaApaT 3 LIEHTPOM B
no3utii wporo Bysna (X, Yi) 3i cropoHamu po3mipy
2d; (me d; — BumiproBana BifcTaHb), 3 KOOPJAWHATA-
MU:

(x;—djy; —d;)Ta(x; +d;,y; +d;).

36ipnux nayxosux npays OQIJATPA Ne 1(12) 2018



Onechbka JiepKaBHA aKaieMis TEXHITHOTO PETYIIOBaHHS Ta SKOCTI

(X, ¥4)

(%2 ¥2)

O--=g==-»

x.y)

g <D (% ¥s)

Bounding Box

Pucynok 5 — Metox Bounding Box

[epeTuH ycix 00MeXyHOUNX KBAaAPATiB MOXKE
OyTH oOuuncIeHmit 6e3 MoTpeOr 00YKCIeHb 3 TJa-
BalOUYOI0 KOMOIO, Oepydr MaKCHMAIBHO HHU3bKI 1
MiHIMaTbHO BHUCOKI KOOPAMHATH yCiX 3B’ A3YIOUHUX
KBaJ[paTiB:

(max(xi —d;), max(y; — d; )) Ta
(min(xl- + d;), min(y; + d; )),

OTPUMYEMO 3AIUTPUXOBAHUNA MIPIMOKYTHUK, SIKMH
MO’KHA T00aunTH Ha pucyHKY 4. [lo3utis
HEBIJJOMOTO BY3JIa IIOTIM OOYHCITIOETHCA SIK IIEHTP
MEPETHHY yCiX 3B A3YIOUNX KBaJ[PaTiB:

(%,9) =
(max(xi—di)+min(xi+di ) max(y;—d;)+min(y;+d; ))
2 2 '

)

Lle#i MeTox € HAHOUIBII MPOCTUM 3 TOYKHU 30PYy
00YHCITIOBATILHUX pecypciB Ta HeoOXimHol iH(op-
Marii. Tineku oneparii 3 MIaBavYor KOMO (jie N —
KUTBKICTh OTIOPHUX BY3JiB) 000B’s3KOBI st 004HC-
neHHs no3umii. ['o7oBHE MO0 KUTBKICTH OMOPHUX
By3JiB Oyna HeBesmkoro. Lle moB’s3aHo 3 TUM, 110 B
HUX, Ha BIJMIHY BiJl POCTUX BY3JiB, MICTUThCS
BOynoBanuii GPS-moxynbs. OctanHiil oTpuMye cBOi
KOOpJMHATA HAa OCHOBI JaHWX CYMyTHHKIB. Taxi
JIaHi JUIS TPOCTUX BY3JIiB BBAXKAOTHCS IEPBUHHUMU,
BiJl HIX BOHH BiJIITOBXYIOTHCS B IMOAATBIIOMY ITPO-
meci Jiokamizamii. HasgBHICTE O1IBIIOI KIIBKOCTI MO-
IyJIiB, X0Y 1 MiJBUIIYE TOYHICThH JIOKai3amii, aye
pOOHTH TaKy Mepexy 3HayHO JIOPOXKYOK, IO 3HU-
Ky€ eKOHOMIYHMN e(eKT BiJi BUKOPHUCTaHHS CHCTe-
Mu. Tomy OifbII €KOHOMIYHO BHTIAHHMM € TIOIIYK
ONTHUMAJbHUX AITOPHTMIB BH3HAYCHHS BIJICTaHI,
HDK KyHIBJISL TOJATKOBHUX OTMIOPHUX BY3IiB.

Ha OCHOBI ONMHCaHOTO MaTeMaTHYHOTO anapary
y cuctemi MATLAB noGymoBaHO MOE/Ib CEHCOPHOI
Mmepexki M 3 xinbkicTio BysiniB i = 200 (orpumaemo
M=[1...200]). Yucnao omopHHX BY3JiB CKJIaaaIO0
10 % (B=20). Biacranp 10 KOKHOTO CYCIIHBOTO
By3nma (Big i g0 j) dij=35 m — dikcoBanmii paziyc
nepenasanss (0ij — BumipsiHa Bincraus Bij Bysna |
710 CYCiZIHBOTO By3J1a |, SIK 11€ OyJI0 BU3HAYEHO BHUIIIE.
dikcoBaHmii pafiyc TmepelaBaHHS 1 BHMIpsHa

BijgcTanp Bix Bysna | 10 cyciaHboro Bysna | ne ma-
Oyth pizHi. [Ipu monenroBanHi B cuctemi MATLAB,
BY3JIM Ha KOOPAWHATHIH TUIOIIKHI PO3MOIISINCH 32
piBHOMIpHUM 3akoHOM posmoxiny. llicma doro
BiI0OyBa€eThCS OOYMCIICHHS BIiJICTaHI BiJl OMOPHUX
BY3JiB, TO3WIIA AKX € BIJOMOIO, JO CYCITHIX, 1
BHPaxXOBYIOThCS 1X NpUOMU3HI KoopauHath. Jlami,
BIANOBIAHO 10 Tomouorii (puc. 6), st iH(opMaris
HaJXOJUTh JIO0 CYCIIHIX BY3JIIB JIe¢ BPaXOBYEThCS IS
BH3HA4YEHHS BXe ix mosumii. [Ipum 11poMy TOUHICTH
JIOKaJi3alii By3/a 3aJIe)KUTh BiJ KiJIbKOCTI OMOPHHUX
BY3JIiB TIOPSJ 3 HUM, a TaKOXK BiJ] HOrO BiAJICHOCTI
BiJl cycimHiX By3miB. ToMy pe3ynmpTartd JOKamizarii
CYCITHBOTO 3 OMOPHHUM BYy3Na OymyTh 3HAYHO TOY-
Hill, HDK TOro, HUISX JO SKOTO BiJl OIOPHOIO
MICTHTb KiJIbKa IPOMIDKHHX BY3JIiB.

Ha pucynky 6 300pa)keHO JIOKami30BaHy Mepe-
XY, Y BUTJISAI BIOPSAKOBAHOI TOMOJOTII, a TaKoX
BH3HAUYCHO BCI BY3JIM B pajiiyci Mii.

250

200

150

1004;

50

0 &0 100 160 200 250
Pucynok 6 — Tononorist Mmepexi

Ha pucynky 7 300paxkeHo posmimeHHs 200
BY3JIiB, PO3TAIlyBaHHS SIKUX T€HEPYETHCS BUIIAJIKO-
BUM YHHOM. 3HAKOM CXOXXKHM Ha «*» 300pakeHO
OTIOPHI BY3JIH CEHCOPHOI MEPEXKi.

Ha pucynky 8 pi3HHLIO y BU3HAUYEHHI KOOPAHU-
HAT PO3TalllyBaHHS BY3JiB 300pa’k€HO Y BHIIISII
BIJICTaHI MiX KpyXeukamu (pO3TallyBaHHS By3ia
ITicyIs JIOKauTi3allii) Ta 3aKiHYeHHSIMH JTiHIH (peanbHe
po3ramryBaHHs By3da). Lle kpame BHIHO TIpH
CHIBCTaBJICHHI pUCYHKIB 7 1 8.
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Pucynok 7 — Po3ramryBanHs By3iB
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Pucynok 8 — [TopiBHSHHS peantbHUX MO3HULIIH BY3ITiB
(TI03HAYEHO JTiHISIMH) Ta Pe3yJIbTATiB JIOKAIi3aIii
(T03HaYeHO KpyKEeUKaMH)

[Tpu MopentoBaHHI, 32 JOTIOMOTOI0 AITOPUTMY
Ha BOynmoBaniii moBi MATLAB, nporpamyerbcs ma-
TEMATUYHUHN amnapar ajJropuTMy OOMEKEHHs KBaj-
paty, mo onucanmid Buime. [IpoxomuTts imitaris
Npolecy BU3HAYCHHS BiJICTaHI MIIIXOM MOPIBHSHHS
yacy mpuOyTTs curHainy. Yac mpuOyTTS CHTHaiy
MOJICTIOETHCS BITHOCHO PeajibHOI BiJICTaHI MIXK BY3-
JIaMH, PO3TAIllyBaHHS SKMX OyJO BU3HAYEHO Ha OC-
HOBi PIBHOMIPHOTO 3aKOHY poO3mojiry. Takox 1o
Yyacy NpUOYTTS CUTHAITy, B 3aJIS)KHOCTI BiJl BIJICTaHI
MDK By3JaMH, AOBUIBHUM YHHOM BHOCHTBCS OJHA 3
40oTUPHOX MOXUOOK (ATreply) (tabn. 1). Y monans-
MIMX JIOCTIJDKEHHSX TUIAHYETHCS OTPUMATH Teope-
THUYHI OLIHKM NMOXUOOK BUMIpIOBaHb PI3HUMH METO-
JlaMH{, MPOBECTH EKCIIEPUMEHTH 3 L€ MOJEILIIO,
npu 301IBIICHH] KiJTbKOCTI BY3JiB, @ TAKOXK 13 3aCTO-
CYBaHHSIM PI3HUX QITOPUTMIB BU3HAUEHHS BiJICTaHI
MDX By3JlaMH, 3 METOIO OLIHKM MOXWOKH JIOKajli3a-
1ii, IpU 3aCTOCYBaHHI KOXKHOTO 3 HUX. TaKoX, JUIs
B3a€EMOIIEPEBIPKH pe3yiIbTaTiB, Oyle 3amporoHOBa-
HO BKJIFOUUTH /0 CKJIaay KOMIT IOTEPH30BaHOI CHC-

TEMH BUMIipPIOBaHHS BiJICTaHI MK 00’ €KTaMH €JIEeKT-
pOHHI TaxeoMeTpH Ta Ja3epHI JAICKOMIpH,
ITiJ1’ €THABIIIN iX O CEHCOPHOI MEpPEexi.

BucHoBKkH
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B. I1. KBacHukoB, 1.7.H., A. C. /Ily1HUK, K.T.H.

HAYYHBIE OCHOBBI OIIPEJEJEHUS PACCTOSAHUSA MEXKAY OBBEKTAMMU C
nNoOMOIbIO KOMIIBIOTEPU3UPOBAHHBIX CUCTEM UBMEPEHUA MEXAHUYECKUX
BEJIMYNH

B oaunoui pabome bvina npednodicena mamemamuieckas ROCMAHOBKA 3a0ayu ONPeoeleHUst KOOPOUHAM
8 becnposooHoll cencoproll cemu. Ilposedeno uccinedosamnue nocmasiennol 3aoayu. Llenvro smux ucciedo-
6aHULL ObLL NOUCK HOBLIX ATbMEPHAMUBHBIX MEMOO08 ONPEOeleHUsl PACCOSIHUL MeXHCIY 00beKkmamu, 8 pe-
3yILMame KOMopozo 6vl10 NPedsiodiCeHO, KpoMe KIACCUYECKUX CPeOCE U3MepeHUst MeXAHUYeCKUX 6eUYUH,
UCNOMBL3068AMb (PYHKYUIO TOKATUZAYUU 00BEKMO8 6ECPOBOOHBIX CEHCOPHBIX Cemell.

Knrouesvie cnosa: 6ecnpogoonas ceHcopHas cemv, y3el, CHAyUOHAPHbIL Y3el, NOSPEUHOCb, TOKAIU-
3ayus.

V. P. Kvasnikov, DSc, A. S. Dudnik, PhD

SCIENTIFIC BASIS OF EVALUATING THE DISTANCE BETWEEN OBJECTS BY MEANS OF
COMPUTERIZED SYSTEMS FOR MEASUREMENT OF MECHANICAL QUANTITIES

Nowadays, wireless technologies are increasingly used in information measuring systems. The article
will describe the concept of using wireless sensory networks (WSN) as a computerized system for measuring
mechanical quantities, namely, the distance (object localization). Wireless sensor networks consist of a large
number of sensory nodes that are used to control a particular area. This type of network has become popular
due to its application, which includes several areas, such as environmental, medical, industrial, household,
agricultural, and meteorological.

In this article it is proposed to consider sensor networks as a kind of computerized systems for measur-
ing mechanical quantities, for example, measuring the distance between objects and analyzing the measure-
ment error. It is proposed to describe the mathematical model of this problem, as well as formulate the basic
definitions of system elements.

In this work, a structural diagram of the measuring device of a wireless sensor network, consisting of a
sensor, a microcontroller, a power element and a transceiver, was constructed. The mathematical model of
determination of coordinates in a wireless sensor network is proposed, which includes the distance between
adjacent nodes, the number of sensor nodes forming the system of equations and the distribution function. A
number of definitions have been introduced that characterize the process of establishing the current state of
the node of the sensor network, namely: Defined nodes, Anchor nodes, Units of additional information, Lo-
calization problem. The criteria for classification of localization algorithms are defined, namely: data identi-
fication, data correlation, node addressing, network management, geographic algorithms. A study of a
mathematical model was conducted. The purpose of these studies was to find new alternative methods for
determining the distance between objects, which, in addition to the classical means of measuring mechanical
guantities, was proposed to use the function of localization of objects of wireless sensor networks.

Keywords: wireless sensor network, node, anchor, error, localization.
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Beryn

3a I0MOMOror0 aHallizy BHOpaHOI CyKYMHOCTI
JiarHOCTHYHHUX TapaMeTpiB (03HAK) yCTaTKyBaHHS
MO’KHa HE JIHIIEe 3pOOUTH BUCHOBOK IPO MOTOYHHUN
CTaH TeXHIYHHI 00’€KTa KOHTPOJIO, aie il mependa-
YuTH (3 TIEBHOK HMOBIPHICTIO) SIK JIOBrO IIeW CTaH
MOJKE TIPOJOBKHUTUCSA. TOOTO, € MOXKIIMBICTh TIEpE/I-
0aunTH 3HAXOIDKEHHS PaJiOCIeKTPOHHOTO 00’ €KTa
(PEO) B 3amanoMy cTaHi BIIPOJOBK IEBHOTO iHTEp-
BaJly yacy.

AHaJi3 ocTaHHIX J0CTiIIKeHb i myQaikamii

Bxazane 3aBmaHHS BHPINIYETHCS METOAAMU
MPOrHO3yBaHHS TexHiuHoro crany [1-3]. [ms pa-
TIOETIEKTPOHHUX O0’€KTiB, SKI TOTPAIUISIOTH TIiJT
BHU3HAYEHHSI «OJHOTHUITHI TPOTpaMHO-arapaTHi 3a-
co0Ou» NPOTHO3YBAHHS CTaHy € OJHUM 3 HaWOLIbII
MEPCHIEKTHBHUX 3aB/IaHb, SIKE JIO3BOJIIE HE JIMIIE
nependadyuTH MOMEHT BUXOAYy 00’ekTa (UM #oro
CKJIQJIOBIH YacTHHI) 3 Tpale3aTHOro CTaHy, aje i
BU3HAYUTH MEPiOJIMYHICTh TPOBEACHHS Omepalii
TEXHIYHOTO OOCITyTOBYBaHHS, & TAKOXX BUKOPUCTATH
OTPUMaHi pPEe3yNbTaTH Il CTBOPEHHS AITOPUTMIB
KOHTpPOJIIO TeXHIYHOro craHy [4-6]. Pesynbrartu
MIPOTHO3Y TAaKOXX BUKOPHCTOBYBATUMYTHCS JUISA BH-
pIlIEHHs e OJHOTO 3aBJaHHS TEXHIYHOI JiarHOC-
THKW — TIOUIYKY MicCIIsl BIIMOBH (Jerpajaiii SKOCTi)
[7, 8]. BpaxoByroun 3HAYHY PO3MIpPHICTH 00’€KTa
KOHTPOJIIO (SIK IPOCTOPOBY TakK i KiIbKiCHY) pillleH-
Hs 3aBIaHb TEXHIYHOI JIarHOCTHKH HEMOXKIHUBE 0O€3
BUKOPUCTAHHS aBTOMATHU30BaHUX CHUCTEM JiarHoc-
TYBaHHS 3 €JIeMEHTAMH IIITPUMKH TPHUHATTS Pi-
LICHHS.

IIporHos, oTpumMaHuil TaAKUM YHHOM, IIPU3BEJE
JI0 TMIABUIIEHHS ¢()EKTUBHOCTI CUCTEMH TEXHIYHOIO
00CITyroByBaHHs, ITiJIBUIIICHHA (320€3IIEUeHHIO 3a-
JIAHOTO PIBHsI) TOKa3HUKIB SIKOCTI TEXHIYHOI'O 3a-

Oe3nedeHHs, 3HAYHOI EKOHOMii MarepiallbHUX Ta
(pinancoBux komrTis [9, 10].

BaxnuBicTh MPOTHO3YBaHHS TEXHIYHOTO CTaHy
00’€KTa KOHTpONIIO akTyaimbHa 3amava. lIpornos
(HaBiTH HMOBIPHICHUIT) TO3BOJISIE 3aMOOITTH BiIMOBI
YCTaTKyBaHHS 10 MOMEHTY HOro BUHUKHEHHs. Bap-
TICTh BHTpAT, TOB’SI3aHUX 3 BUHHUKHEHHSM BiJIMOBH
i 9ac 60iioBoi poboTH, y Oarato pasiB MepeBHIIye
BUTpPaTH Ha PO3pOOKYy Ta BIPOBAIKEHHS CHCTEMH
JIarHOCTYBaHHS, sIKa 3[iHCHIOE TMPOTHO3YBaHHS
TexHigHoTO cTany [11].

IlocTanoBka 3aBIaHHSA

[lpn mpoBeseHHI MPOTHO3YBaHHS BHUKOPUCTO-
BYIOTBCS HE JIMIIE JaHi, OTPUMaHi Ha MOMEHT KOHT-
poito, ane i pe3ysbTaTH MONEPEIHIX BHUMipPIOBaHb.
HeoOxifHicTh HaKONMYEHHS pe3yJbTATIB IMOMEpe/l-
HiX BUMIpPIOBaHb Ta PE3yJbTATIB IXHBOI CTATHCTHY-
HOi 00pOOKH BKa3yIOTh Ha 3aCTOCYBAaHHS B CHCTEMax
TEXHIYHOTO  KOHTPONIO  (JliarHOCTyBaHHS)  3a-
nam’aroByrounx npuctpois [3]. [Ipu npomy 36epi-
raHHs B IIam’ATi iHpopMarlii mpo cTaH 00’€KkTa KOH-
TPOJIIO 32 YBECh MEPioJ HOro eKCIUTyaTalii He aKTy-
QJIbHE 3 HU3KU TPUYHH.

BukopucTtanHs pe3yibTaTiB BUMIpPIOBaHb, IO
3MIACHEH] JI0 MPOBENEHHS PEMOHTY (YH TICIHS TpO-
BEJICHHSI BiTHOBJICHHS pecypcy), CHIBHO 3 pe3ylib-
TaTaMH, siki OyJIi OTpUMaHi Ticlist 1oro MPOBEJICHHS,
B LUISIX MPOTHO3YBaHHS MOXE NMPHUBECTH 10 HEMpa-
BHJILHOT'O IIPOTHO3Y 1, SIK HACJIIOK, 3HU3UTH JOCTO-
BIpHICTH yCIX pe3ynbTaTiB jAiarHocTyBaHHs. Lle
00yMOBIICHO THM, LIO 3aMiHa paHIIl HECTPaBHUX
CJIEMEHTIB NPHUBEJE A0 KOPUTYBaHHS 3aKOHY 3MiHH
KOHTPOJIbOBAHHX [1apaMeTpiB B Yaci.

Buxoastuu 3 1p0ro, METO JOCHI/PKEHb € TIiJI-
BHUIIEHHS SKOCTi MIPOTHO3YBaHHSA TEXHIYHOTO CTaHY
00’€KTIB pajioeIeKTPOHHOIO YCTaTKyBaHHs (030po-
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€HHS) 33 PaXyHOK BHKOPHCTAHHS BiAIMOBITHUX Me-
TOIB TIPOTHO3YBAHHS.

Bukaan ocHoBHOT0 MaTepiaay

30epeKkeHHsT BEIIMKOT KUIBKOCTI JaHUX MOXKE
HEraTWBHO BIUIMBAaTH Ha POOOTY NIarHOCTHYHOI CHC-
TeMHu. Po3riasiHeMo BUIIQAOK IPEICTABICHUM Ha
puc. 1.

Pucynok 1 — 3miHa KOHTPOJIEOBAHOTO Mapame-

Tpa B 4aci: 1 — mificHu# 3aK0H 3MiHM KOHTPOJIBOBA-

HOTO IapameTpa; 2 — 00UHMCICHHUI 3aKOH 3MIHU Ia-
pameTpa Ipu MPOrHo3yBaHHI

Ha ninstami 4gacy Big tp mo ty miarHocTHUHUI
napametp X(t) BU3HAuae npauesIaTHICTE CUCTEMH Ta
3HAXOMUTHCS B CTaOITLHOMY CTaHi, ajlie¢ y MOMEHT
yacy 4, floro BenMuuHA MOYMHAE 3MiHIOBATHCSA (HA-
MIPHUKJIAJ, BHACHIJIOK CTPHOKa HAMPYTH B MEPEXi).
Buxin mapameTpa 3a MeXi IOIMyCKY ITOBHHEH CTaTH-
cd y MOMEHT 4Yacy {,, 3 HaCTaHHSM SIKOTO IiJKOHT-
pONbHA CHCTEMa TEPEeXOAUTh y Hempare3IaTHUi
CTaH.

[lpu ampokcumanii BCiX €KCIIEPUMEHTAIBHO
OTPUMAHHX JaHUX OAHIEI0 (PYHKIIOHATHHOK 3ale-
JKHICTIO Bij wacy (mTpuxoBa JdiHisg puc. 1) i mpose-
JICHHS TIOJJANTBIIIOTO aHai3y MOXKYTh OyTH OTpUMaHi
HEBIipHI pe3y/ibTaTH NPOTHO3YBaHHS. 3TiIHO 3 OTpU-
MaHUMH pe3yJIbTaTaMH BHXIiJl JIarHOCTUYHOTO Ma-
pameTpa 3a MexXi BCTAHOBJICHHUX JIOITyCKIB CTAaHETHCS
y MOMEHT 4acy ¢',, IKHii Ha 4acoBiif oci 3HaX0UTh-
csl aii, HiX TIACHUA MOMEHT BHXOXy 00’€KTa KOH-
TPOJTIO 3 TIpare3aaTHoOro crany [9].

[ToxnOka mpOrHO3yBaHHS B I[bOMY BHIIQJIKy BH-
3HAYaTUMETBHCS BUIIIAJOM BHOPaHOI ampOKCHMYIO-
401 (DYyHKIIOHATBHOT 3aIeXKHOCTI. MiXK THM, SKIIO
po30UTH JaHWi iHTEepBal Yacy Ha JIBi JISHKY (I1e-
pumii Big t1 g0 t4, a npyruii Big 4 1o tg), i anamzy-
BaTH JIaHi, sIKi OTpUMaHi Micjsl BAHUKHEHHsI HecIpa-
BHOCTI, TO TOYHICTh POTHO3YBAHHSI 3pPOCTAE.

TakuM 4MHOM, 3aiiBa KiNBKICTh 3acTapiiux na-
HUX MOXKE€ HETaTUBHO IO3HAYaTHCS Ha eeKTUBHOC-
Ti poOOTH CHCTEMH JIIarHOCTYBaHHS (y PEXHMIi Ipo-
THO3yBaHHsS), TOMY [JaHi BHUMararoTb MOCTIHHOTO
OHOBJICHHA. HeoOXiIHICTh ONEpaTUBHOI 3MIHM Ja-
HUX, K1 30epiraloThcsi B TIaM’sITi, BUMArae 3acTocy-
BaHHs MaM’ATi 3 MOXJIMBICTIO 0araTOKpaTHOIO Iie-
pesanucy iHpopmanii 1 AOBUIBHUM JOCTYIOM JI0
THX, SIKi 30€piraroThesl.

Bigomi MeTomm TpOTHO3YBaHHS MOXKHA ITOJi-
JINTH Ha NB1 BenwKi rpymu. Jlo mepimoi rpynu BigHO-
CATBCS METONH, SIKi BHKOPHUCTOBYIOTH MaTeMaTH-
HU amapat Teopii BunagkoBux ¢yHkKuii (IMOBipHi-
CHI METOJIM TIPOTHO3YBAHHS), & IO APYTOi — METOMH,
B OCHOBI SIKHX JIGXHUTh MaTEMaTHYHHUN amapaT 4uce-
IpHOTO aHamizy. KpiM TOro, BHKOPHUCTOBYIOTBCS
TaKoXX 1 KOMOIHOBaHI METOJIW IMPOTHO3YBaHHS, SKi
MIOETHYIOTH B OOl OOMABI TPyTIHL.

Bynp-sixkuiif MeToll MPOrHO3YBaHHA € MMOBIpHi-
CHHMM, OCKIJIbKM TOYHO Tepe0ayuTi MOMEHT BUXO-
Iy KOHTPOJHOBAHOTO MapamMeTpa (IiarHOCTUIHOTO
nmapamerpa) 3a MEXi BCTAHOBJICHUX JIONYCKIB HE
MPECTaBISIETBCSI MOMIIMBUM. ['OBOPHUTH PO Mpo-
THO3YBaHHS MOMEHTY BTPaTH Tpare3faTHOCTi (abo
(hyHKITIOHYBaHHS) MOXIIABO JIHIIE 3 TIEBHOIO € HMO-
BipHicTio. IIpoTe, KokHa Tpynma METOAIB Ma€ CBOi
cnenudidgHi 0COONHUBOCTI, TOMY PO3TIISIL 000X TPy
JOLIBHO MPOBOJAUTH OKPEMO.

Po3riisg MeroniB NpOTrHO3YBaHHS TEXHIYHOTO
CTaHy MOYHEMO 3 IMOBIpHICHUX MeTofiB. [IpakTHu-
HO BCi mporecH, siki BigOyBaroTecst B PEO, y Tomy
YHUCJIi 1| BUHUKHEHHS DPi3HUX BiJMOB, 3aJIe)KaTh BiJl
YHMHHUKIB OOyMOBIIEHMX BHYTPIIIHIMH BJIaCTHBOC-
TSAMHU amapaTypd 1 30BHIIIHIMH yMOBaM# (DYHKITiO-
HyBaHHSL.

3MiHa mapaMeTpiB (B Yaci) MiIKOPSETHCS BHIIA-
JIKOBUM 3aKOHaM, 1 caMi JiarHOCTUYHI IapaMeTpH €
BHIIAJIKOBUMH BEIMYMHAMH. TOMY METOIW iMOBIp-
HicHoro mporHo3yBanHs [2, 10, 11] mo3BONAIOTH
BH3HAYUTH € WMOBIPHICTh 30€pe:KeHHS Mparie3iaT-
HOTO CTaHy O0’€KTa TEXHIYHOTO KOHTPONI (abo
WMOBIPHICTh HACTAHHS HETPaIe3aTHOTO CTaHy).

VY mpocTHX BHIAAKaX, KOJW € JaHi JHIIE PO
MOTOYHUH TEXHIYHWH CTaH, MOXHa INepenOavynTH,
10 B CHCTEMi BHABIISIETHCS €KCIIOHEHIIaJbHUN 3a-
KOH PO3IMOJIiIy apaMeTpiB HaJAIMHOCTI. IMOBIpHICTh
0e3BiIMOBHOT POOOTH B MOAATBIINI YaCOBUH iHTEP-
BaJI 4Yacy BU3HAYAETHCSA BUPA3OM

P =exp(-t/t,) =exp(-At), (1)
e to — cepenHiii yac 0e3BiMMOBHOI POOOTH,
A= ]/ t, — iIHTeHCHBHICTH BiZAMOB.
Takuii minaXin BUPINICHHS ITOCTABIEHOI 3aaadi
HE 3JJaTHUH HaJaTH BHCOKY JOCTOBIPHICTH MPOTHO-
3yBaHHS. BiNbIl JOCKOHANI METOAM BUKOPUCTOBY-
0Th PYHKIIT po3MOily HIMOBIPHOCTI 3HAXOKEHHS
rapameTpiB B 3aJ1aHOMY JIiana3oHi B IEBHUI MOMEHT
vacy [1]. Hexait giarnoctuunuii mapamerp U(t) e
JIEIKOK BMIIAAKOBOK BeawuuHow U 3 Bigomum
3aKOHOM po310/1iity (puc. 2)

FU)=[PU®) <V)] 2
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Pucynok 2 — [Iporao3yBaHHs TEXHIYHOTO CTaHy
IMOBIpHICHUMH METOAaMHU

[impHICTh pO3MOALTY HMOBIPHOCTI HapameTpa

U(t):
w, )= ©

[llykana iMoBipHicTh Buxoay mapamerpa U(t)
3a Mexi BeraHosieHoro jonycky Ug,, y MomeHT
yacy t pu 1bOMY BU3HAYAETHCS BUPA30OM:

Uzion

PlU® <U,,)]= [wWU)du. @

HlineHicTh fiMoBipHOCTI (3) BHIAAKOBOI BEJH-
ypan U MOKe MiZIKOpATHCS Pi3HUM 3aKOHaM PO3IIo-
JIUTy 3aJIe)KHO BiJl KOHKPETHOTO MEepioly eKCcIuTyaTa-
11ii, yMOB poOOTH yCcTaTKyBaHHS a00O BIIaCTUBOCTEH
KOHKPETHHX €JICMEHTIB.

Ha erani mpupoOiieHHS BiIMOBH pPaliOeleKT-
POHHOTO YCTaTKyBaHHS YacTO IMiAKOPSIOTHCS PO3MO-
niny BeiiOyna (abo ekcroHeHIianbHOMY PO3IOIiTY,
SIKMM MOKHA pO3MJISIATH SIK OKPEMUI BUIIAJIOK PO3-
noziny BeiiOyna) [7].

[MoBeninka mnapamerpie PEO 3 BupaxkeHum
epeKTOM CTapiHHs a00 3HOLTYBaHHS €JIEeMEHTIB J0C-
TaTHRO M00pe ommcye po3noxin Penmes. B mepion
HOPMAJTBHOI eKCILTyaTallil y psi BHUIIAJKIB CIIOCTE-
piraerbest abo HOpMabHU, 00 eKCIIOHEHIIIANbHUH
PO3MOILT MIIIEHOCTI HMOBIPHOCTI, @ TAKOX PO3MOILT
[lyaccona (OyBae piame — y TOMy BUNAIKY, KOJIA
MOTIK BiMOB ONHCYEThCA €IEMEHTAPHUMHU (PYHKITi-
sMH). SIKIIO IMIIBHICTH WMOBIPHOCTI MiAKOPAETHCS
HOPMJILHOMY PO3IOJILITY, TO:

P -[uw-0@]
_JZTEG‘(U) P 2n6, (V)

w,(

ne U(t) — marematnune crogiBaHHsS BUNAaKo-
BOi BEJMYMHM (CEPENHE 3HAYEHHs), a BEIMYMHA
0,(U) —ii cepenHbo KBaApaTHYHE BiIXHUIEHHSL.

OckinbKH 3HaYeHHs mapamerpa OepyTbcs HE 'y
BCI MOMEHTH 4acy, TO Oe3lepepBHY BHIIaJIKOBY Be-

JIMIUHY MOKHA TIPUOJMU3HO 3aMIHUTH JTHCKPETHOIO,
MIpU IIbOMY MaTEMaTHYHE CIIOJIBaHHS 1 JUCIEPCIIO
BHIIJIKOBOI BEJIIMYMHHM MOXHa BU3HA4YUTH 3a (op-
MyJIaMU:

|—lk B (6)
ct(U)=Y (U, -U)P,

ne P — HAMOBIpHICTD BifXWMIICHHS BHITaIKOBOI

BEJIMYMHU BiJI il CEpeTHBOr0 3HAYCHHSI.

VY 3aragpbHOMY BUNAAKy HMOBIpHICHI METOIU
[IPOTHO3YBaHHS TPYAOMICTKI, Ba)KKO IIiJIalOTHCS
anropurmizaiii. KpiMm Toro, BoHm BUMararoTh 3HaH-
HSl cTaTUCTUYHUX xapakTepuctuk PEO, mo He 3aB-
XKW BUSBIAETHCA MoxkauuM [10, 11].

3BiCHO, MOXKITUBO 3aCTOCYBAaTH aHAJITHYHI Me-
TOJM PO3PAaXyHKy CTaTUCTUYHUX MMapaMeTpiB, MPOTE
i B IIbOMY BHIAJKy KOPUCTYBATUCSl JAaHHUMU METO-
JIaMu He 3aBX1Iu 3pydHo. KpiM Toro, MOXKIIuBe icTO-
THE 3HIDKEHHS OCTOBIPHOCTI OTPUMAHUX Pe3ybTa-
TiB MPOTHO3yBaHHS, 110 MPUBEAE 0 3HWKEHHS 3a-
raJbHOI €(PEeKTUBHOCTI [IarHOCTHYHOI CHCTEMH B
LIJIOMY, OCOOJIMBO, SIKIIO JaHi MPOTHO3YBaHHS BH-
KOPHUCTOBYIOTBCSl Il KOPEKIii alropuTMiB BH3HAa-
YEeHHSl TMOTOYHOTO TEXHIYHOTO CTaHy a0 TOMIYKY
Micli BiIMOBH. BHacmiok 1p0ro, TpH BHpIIICHHI
3aBJlaHb MPOTHO3YBaHHS TEXHIYHOT'O CTaHy HIMPOKO
BUKOPUCTOBYIOTHCSI METOJM JIPYToi TPYNH, 0 SKUX
BIIHOCSITBCS METOJU TPOTHO3YBaHHS HA OCHOBI
aHaNi3y BU3HAYAIBHHUX IMapaMeTpiB 3a JOMOMOTOIO
MaTeMaTHYHOTO anapaTy YMCelbHOTO aHamidy (Taki,
SIK METOAU ANpPOKCHMALl eKCHEepUMEHTAJIbHUX JAa-
HHX).

Jlani Metoau BiUIBHI Bijg OiNBIIOCTI HEMOMIKIB,
BJIACTUBHUX IMOBIpHICHUM METOJIaM MPOTHO3yBaHHS,
Ta IXHE BHUKOPHUCTaHHS B LUIAX TNPOrHO3YBAHHS
MPECTaBISIETBCSl  TIEPCIIEKTUBHUM. JIOCTOBIpHICTb
pe3ybTaTiB  MPOTHO3YBaHHS TEXHIYHOTO CTaHy,
OTPUMAaHHUX 3a JOIOMOIOK METOAIB YHCEIBHOIO
aHauizy, Oyze BUIOK. MeToau YNCEeNbHOTO aHalli3y
JIO3BOJISIIOTH TIPOBECTH IMPOTHO3YBAHHS TEXHIYHOTO
cTa"y 0e3 BpaxyBaHHA WMOBIPHOCTEH BiMOB ele-
MEHTIB, SIKi BXOJASTH IO CKJIaJay 00’€KTa JiarHOCTY-
BaHHS (Ta IHIIMX IMOBIPHICHUX XapaKTEPUCTHK
PEO).

Ha puc. 3 HaBeneno rpadiune mpencTaBiIeHHS
BapiaHTy NPUUHATTA PilIEHHS PO TEXHIYHHH CTaH
00’€KTa KOHTPOJIO 3a JIOIIOMOTOIO JIBOBUMIPHOTO
MpeCTaBIeHHs 3HaYeHb (Ta MEX) €HEepPro-4acoBOro
piarHocTHyHOTO Mapamerpa [4, 11].

Ha pHCYHKY I103HaYeHO: &, — 3HAYEHHs KOpe-
JAUIMHOT YHKIIT IPY CIIBCTABJIEHHI KOHTPOIBLHOTO
Ta (aKTHUHOTO CTaHy; O, — cepe/Hiii yac odiKyBaH-
HSl 3aBEpILEHHA BiANMOBiI (BIAKIMKY Ha TepeBipHUIL
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Tect); &, — 3HAYCHHS CHEPreTHYHO-4acOBOIO Jiar-

HOCTHUYHOT'O TIapaMeTpa.
HasiBHiCT, nmaHMX PO MONEpenHild CTaH Npu
IpOMYy € 000B’A3KOBOIO yMOBOMW. llpuuomy € ne-
SIKUH TIapafiokc. 3 OMHOTO OOKY, UMM OLITBIIE MAETh-
Csl JaHUX TPO TIONEPENHid cTaH 00 €KTa, TUM TOY-
HIllle MOXKHA Tepe0aYuTH HOro MOMAJBIINNA CTaH.
A 3 IHIIOTO — HAAMIPHICTh JaHUX MOXE CIPHATH
301IBIIEHHIO TTIOMUJIKY IIPOTHO3YBaHHS.

i,

WA LA i

Pucynok 3 — Mexi 3MiHHU (BEKTOp CTaHiB) JiarHOC-
TUYHOTO TIapaMeTpa B POCTOPi eHeprisi-yac

Hampuxian, sa puc. 4. npeacrasneHnit rpadix
3minu B gaci X(t) 0HOro 3 JiarHOCTUYHKX TapaMeT-
piB 06’exra X(t). Sk BugHO 3 pucyHKy, dynkuis X(t)
MICTHTh JIETCpPMIHOBaHY 1 BUIIaJKOBY CKJanoBi. Bu-
MajKoBa CKJIaJioBa MOXKe OyTH 0OyMOBJICHa HETOY-
HICTIO BHUMIpPIOBaHb JiaTHOCTUYHOTO IapaMerpa,
BUTIQJIKOBUMH KOPOTKOYACHHMH 3MiHAMHU ITapaMer-
piB €JIEMEHTIB B amnaparypi, 3MiHOIO YMOB €KCILTya-
Tanii (HarpuKIiIaj, TeMIepaTypH 30BHIIIHBOTO cepe-
JIOBHIIA), BHYTPIITHIMA 200 30BHINTHIMH IITyMaMH, a
TaKOX PSJIOM IHINIUX YMHHUKIB. BracHe, s 1inei
MPOTHO3YBaHHS 1HTEPEC MPEACTABISE, B OCHOBHOMY,
JeTepMiHOBaHA CKJIaNOBa (PYHKIII{ 3MiHU JIIarHOCTH-
YHOTO MapameTrpa. SIKIio B3SATO Mallo eKCIepHUMEH-
TaNbHUX JaHUX, TO BHSBICHHS JETEPMiHOBaHOI
CKJIQJIOBOT TapaMeTpa YCKIAaIHUTHCS, OCKUIBKH He
KOMITCHCYBAaTHMETHCS BHITAIKOBA CKJIAJI0Ba ITapame-
Tpa, sIKa MPU3BOJUTH JIO TOXUOKH O0YHCIICHb.

d¢1
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Pucynok 4 — BusnadeHHs yacy npaue31aTHOCTI
00’€KTa KOHTPOJIIO Yepe3 aHalli3 OHOI0
3 mapameTpiB

Po3risiHeMO 3acTOCYBaHHS METOJIB YHCENIBHO-
ro aHajmizy I MPOTHO3YBAaHHS TEXHIYHOTO CTaHY.
Hanpukmnan, Ha puc. 3 moka3aHo BHU3HAYEHHs 4acy
Hpane3aTHOCTI 00’ €KTa KOHTPOIO ty muisixom aHa-
T3y 3MiH JIIarHOCTHYHOTO IMapameTrpa. PesympraTtn
BHUMIpPIOBaHb alPOKCUMYIOThCS KOO 3AJICKHICTIO,
sKa JI03BOJISIE TMPOBOJUTH EKCTPANOJSLII0 JaHol
(yHKIIT Ta 3HANTH MOMEHT dYacy, NMpHU SKOMY IIe
3HAYEHHS] BUXOIUTH 33 MEKi JOIMYCKiB Oy Ta Oy.

B nmanomy BUmManky pes3yibTaTH IICTHOX BHUMi-
PIOBaHb alIPOKCUMYIOTHCS JTIHIHHOIO 3aJI€KHICTIO.

MomeHT 4Yacy, B SIKMW 3aJlaHdl [apamMeTp BU-
XOAWTH 32 MEXI BCTAaHOBJIEHHUX AOMYCKiB, OJHO3HA-
YHO BH3HAYA€ Yac MPaIe3aaTHOCTI 00’ €KTa JIiarHOC-
TyBaHHs (BU3HAYECHHS MOMEHTY BUXOAY KOHTPOJIbO-
BaHOTO TMapaMeTpa 3a MeXi 3MIHCHIOETHCS TUIBKH 3
TIEBHOIO MIpOIO JTOCTOBIPHOCTI). SIKIIO € momaTkoBa
iHdopMaris mpo cTaH 00’€KTa, HATPUKIAJ, TOX1THI
3a 4yacoM BiJ| JiarHOCTHMYHUX MapaMeTpiB, abo 3Ha-
YeHHSI 1arHOCTUYHUX MapaMeTpiB IiJ Yac Tomepe-
THIX OIleparliii JiarHOCTyBaHHS, TO IMPOTHO3YBaHHS
TEXHIYHOTO CTaHy O0’€KTa MOXJIMBO 3IIHCHHUTH 3
O1ITBIIIOI0 MiPOIO TOCTOBIPHOCTI.

s 3amad mpOTHO3YBaHHSA YacTO 3aCTOCOBY-
1otk noninomu Jlarpamxka i HeloToHa (octanHii
MOJKHA PO3MIISJATH SIK OKPEMUH BHUIAJ0K MOJIHOMA
Jlarpamka TpW BUKOPHCTaHHI BiJUTKIB IIyKaHOI
(hyHKIIIT 9epe3 piBHI TPOMIKKH Yacy).

3 METOJIB YHCEIBHOrO aHaji3y [7/] MOXXHA BH-
IUIATH NEKUTbKa MIMPOKO BiIOMUX METOMIB alpoK-
cUMalil eKCIepUMEHTAIbHUX JaHUX, 30KpeMa, Me-
TOJI HAMEHIIINX KBaJIPATiB.

Hexaii 3a naHMMH BUMIPIOBaHb € JCKIIbKa €KC-
MEPUMEHTAIBHUX TOYOK, 1HIIMMH CJIOBaMH JBa BEK-
TOPH BXIJHHUX AaHUX — 3HAUEHHs apryMeHTY i1 caMmoi
GyHKIT:

X = XX, Xy, Xy Xy 1
Y =Y {Yy Vor Yare Yo -

3riiHO 3 TOJNIOKEHHSIMU Teopii HMOBIpHOCTEH,
i TOYKH Kpalle BChOTO alpoOKCUMY€e (PYHKIIiS, sSKa
Ma€e MiHIMaJIbHUW KBaJpaT BIAXWJICHHS BiJ THX TO-
YOK, SIKi BIAMOBITAIOTh EKCIIEPUMEHTAIEHUM JaHHIM.
Hexait anpokcumyroua ¢pynkuis Y=Ff(X). Toxi

()

N

21y, = F(x)] —>min. 8)

Jns netanbHOTO o3Iy MeTomy obOepemo
¢$yHKLII0 BULY

n n-1 1 0
f(x)=a,x"+a, ;X" +.ax +a,x . (9)
st 3aBnaHp IHTEPHOJALIl CTEMiHb MMONIHOMY

(9) GepyTh BHILE, OCKIJIBKM B LLOMY BHIIaJKy €KC-
MEPUMEHTANbHI JaHi TOYHiIe OMUCyOThes [2, 5, 6].
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IIpote, sKmO 1€l METOJ BUKOPUCTOBYETHCS MJISI
EKCTpaIoJIAIii 3HaYeHb, TO Mipa MOJIIHOMAa Ma€ OyTH
HeBenuKa. YuM Bullle Mipa MmojiHoMa, THM IIBUALIE
BiH 3MIHIOETBCSI 32 MEXAMH EKCIIEPUMEHTAIbHOL
TUISTHKY, 1 THM CKJIaHIIIE TTepen0adnTH MONaIbITy
nmoBediHKy (yHkuii. BiamosigHo, magatume i qocro-
BIPHICTH OTPUMAHOTO MPOTHO3Y, KPIM TOT0, iCTOTHO
3pocte 00’€M OO4YHCIEHb. YMOBY MIHIMyMYy IS
MOJIIHOMY MOYKHA 3al¥CaTH Y HACTYITHOMY BH/I:

N

>y,

i=1
Ymoga (10) BUKOHYETBCS SIKIIO:

—f(x,,a .a,,a,)[F —min .(10)

i[yn -f(x,a,a,, al,ao)]—Ohc (x) -
N df (x)

- f ’ 1 1y ' - = 0
g[yn (Xn an an—l al ao)] dan_1
N df (x)

- f b 1 1 1 = O
;[yn (X an an—l al ao)] da1
i[yn -f(x,a,a,, ,al,ao)]d;:() -

Hanpukian, ekcriepuMeHTalIbHI TOYKH MOKIIH-
BO allPOKCHUMYBATH 3aJICKHICTIO

f (x)=a,x’+a,x’ +ax" +ax’ (11)

3a HasgBHOCTI YOTHPHOX 3HAYEHb, CHUCTEMA
YIOpaBJIiHHS B PO3TOPHYTOMY BHJi Ma€ BUIJIS:

&M»
£ 2

4
5 4
xn +a, ) xi+a,
i i=1
4
4 3
xn +alz)cn +a,
i=1 i i=1
4
3 2
: +Cllzxn +a,
i=1

aZx
“Zx+ z +alzxi+ali :iyn

i=1 i= =1 i=1
TaKy CHCTEMY DPiBHSHB (BOHA Ma€ TiIbKH OJTHE
pIllIeHHsT) MOXHA BUPIIINTH, BUKOPUCTOBYIOUU Me-
tox Kpamepa abo MaTpuuHHii METOI.
VY pamgioeneKTpOHHIM CHCTEMI YacTo i€ eKCIIO0-
HEHIiaJbHUHN 3aKOH 3MIHU TapaMeTpiB B Yaci, TOMY
anpoKcHMyouy (YHKLII0 MOXKHA IIyKaTH i y BUAi

X

Mh

i=1 i=1

EN
i

f(t) = o™ (12)

abo
Inf(t)=

InB+at. (13)

Orpumana 3aj1aga aHAJIOTIYHA 3a/1adi, SKa PO3-
TJISTHYTa paHiIe:

N N
Inad't, +p>t,°
n=1 n=1
N
=>t,Inf(t,)
n=1

N
=>t, Inf(t,)
n=1

N |na+,BZN:tn

n=1

BucHoBkn

Ha ocHOBI BWIIIEBHKIIaICHOTO MOKHA 3pOOUTH
BHUCHOBOK IIpO T€, 110, BUKOPHCTOBYIOUH BiAIMOBII-
HAA MaTEeMaTUYHHWH arapaT, MOXKJIMBO Ha OCHOBI
JNIarHOCTUYHMX AAHUX OLIHUTH HE JIMIIE MOTOYHHUM
CTaH yCTaTKyBaHHSA, ajie i 3p0OWTH MPOTHO3YBaHHS
Horo crany. BaxJnBo0 yMOBOIO yXBajeHHS JiiiCHO
e(heKTUBHUX pIMIEeHb € HASBHICTH 1 BUKOPUCTAHHS B
MPaKTULI MiarHOCTYBaHHS TEXHIYHOI CHUCTEMH IIa-
pamerpiB, sKi BimoOpakaroTh (aKTHYHUNA CTaH
00’€kTa KOHTPONI. B SKOCTI MaTeMaTWYHOTO ama-
paTa JOmiIbHO BUKOPHUCTATH WMOBIPHICHUN METOJ i
METOJI YHCENbHOTro aHaiizy. OCHOBHA BiJMIHHICTBH
OUX METOJMIB TOJISITaE B TOMY, IO WMOBIpHICHHUN
METOJl TIPU PO3PaxyHKy WMOBIPHOCTI BiIMOBH CHC-
TEMH B IIJIOMY BPaxOBY€ HMOBIpPHICTh BiIMOB KOX-
HOTO 3 ii enemMeHTiB. UncenbHMIT METOT HE BPaXOBY€
WMOBIPHOCTEH BiIMOB €IIEMEHTIB CHUCTEMH, a IPYyH-
TY€TbCA Ha aHali3l MONepeNHiX CTaHiB yCTaTKyBaH-
HSl.

3acTocyBaHHS 3allPOINOHOBAHUX METOIIB [0-
3BOJINTh BOPOBAOUTH MPOTHOCTUYHUHA ITPHUHIMII
yXBaJICHHsSI €(EKTHUBHUX DIlICHb B CUCTEMi TEXHid-
HOTO OOCIYroByBaHHS (TEXHIYHOI JIarHOCTHKH), a
TaKOXX OTPUMATH €KOHOMIUYHWH e(DeKT BiJ] YHUKHEH-
HsI IPOCTOIO CKJIQJIHOTO 00’ €KTa PaIioCICKTPOHIKN —
CYKYIHOCTI ~ OJIHOTUIIHHX TPOTpaMHO-alapaTHUX
3ac00iB YHACIIJJOK panToBOi BiJIMOBH.
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B. B. Ky3aBkoB, 1.7.H., II. B. XycauHos, k.T.H., O. I'. SIHK0oBCcKUM, K.T.H.

METO/bI IPOI'HO3UPOBAHUA TEXHUYECKOI'O COCTOsHUA OAHOTHUITHBIX
INIPOT'PAMMHO-AIIIIAPATHBIX CPEJICTB

Paszsumue nanpagnenus mexuuiecko OUAeHOCMUKU C8A3AHO C GHEOPEHUEM 8 CUCTHEM) MEXHUYECKO20
00CIYIHCUBAHUS PAZHBIX MeM0006 ynpaeieHuss. OOHUM U3 MAKUX MEeMOO08 SAGIAEMCsl NPOSHOCMUYECKUL Me-
Moo, KOMOPOU OCHOBLIBAELTNCS HA NPOSHOZUPOBAHUU BO3HUKHOGEHUS MO WU UHOU CUMYayull.

B cmamve paccmompenvl ouaznocmuueckue memoovl (6epOSMHOCTHHBLIL MEMOO U Memoo0 YUCTIEHHO20
AHAU3A) NPOCHOZUPOBANUS MEXHULECKO20 COCMOANUS 00BbEKMO08 PadU0INeKMPOHHO20 000pYO08aHus (60-
OpYyHCenUs), Komopble nonadarm noo onpedeiieHue «0OHOMUNHble NPOSPAMMHO-ARNAPAMHblEe CPeOCmBay.

Knwouesvie cnosa: ouaznocmuxa, npocHO3UpO8aHue, 8eposmHOCHbIL MemMo0 NPOSHOIUPOBAHUS, NPO-
SHO3UPOBAHUE MEMOOAMU YUCTEHHO20 AHANU3A.

V. V. Kuzavkov, DSc, P. V. Khusainov, PhD, O. G. lankovskii, PhD

METHODS OF TECHNICAL STATE PREDICTION FOR HARDWARE AND SOFTWARE
OF THE SAME TYPE

Development of technical diagnostics direction is related to introduction in the system of technical
maintenance the different control methods. One of these methods is the prediction method which is based on
predicting the occurrence of the origin of some situation. As a result of analysis of the selected test parame-
ters equipment may not only assess the current state of technical control facility but with a certain probabil-
ity to predict how long this technical state may continue. An important condition for the adoption of truly
effective solutions for a technical diagnostics is the presence and practical application of these parameters
to reflect actual (physical) state of controlled property.

In the prediction process are used not only data obtained at the time of control but also the results of
previous measurements. The need to accumulate the results of previous measurements and the results of
their statistical analysis indicates a need for systems engineering controls storage devices. One of the prop-
erties is the speed of reading and rewriting of information. There is no need to store information about the
state of the object of control over the entire period of its operation.

Prediction of the technical state of the control object is an actual problem. Even a probabilistic predic-
tion helps in preventing the equipment failure before the moment of its occurrence. The amount of expenses
associated with refusing from the prediction system during implementation of basic tasks exceeds expenses
on development and introduction of diagnostic system that provides technical state prediction.

The diagnostic methods (probabilistic methods for prediction and prediction by the methods of numeri-
cal analysis) for the technical state prediction of objects of radio electronic equipment (armaments) that get
under the determination of «hardware and software of the same type» are considered.

The application of the proposed methods will enable to introduce the prognostic principle of making ef-
fective decisions in the system of technical maintenance (of technical diagnosis) as well as to obtain the eco-
nomic effect of preventing the downtime of electronic equipment due to a sudden failure.

Keywords: diagnostics, prediction, probabilistic methods for prediction, prediction by the methods of
numerical analysis.
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IocTanoBka mpoodaeMbl

Ilpu sKculyataMd  IMOXBEMHBIX  KPaHOB
BRXHBIM aCIEKTOM sIBJsieTcs Oe3omacHas pabora
MCTAJJIOKOHCTPYKIUU XU OTBETCTBCHHLIX 3JICMCHTOB.
OmHMM #3 OCHOBHBIX BONPOCOB Oe30macHOM
OKCIUTyaTalluu ABJIACTCA MOHHUTOPHHI' W TOYHOC

ompefeliecHhe  MEXaHWYeCKUX  XapaKTEepUCTHK,
HampsDKEeHUH 1 neopMarui.

OueBHIHO, BO3HUMKaeT HEOOXOIUMOCTh B
MPUMEHEHHH  KOMIUIEKCHOTO  TPOTPECCHBHOTO

METOAAa KOJUYECTBEHHOM OLEHKH HaIpsHKEHHO-
ne(OPMUPOBAHHOTO COCTOSIHUSL U PETYJIMPOBKHU IS
OITpeIeIICHUS 3HaYCHUN HaIpsKeHU N u
nedopmalii  HeCylIed  CHCTEMbI  TOABEMHO-
TPAHCIOPTHBIX MamMH U geraned. Ilpu sToMm
HEOOXOJUM y4YeT TNPOYHOCTHOM M IKECTKOCTHOU

MIPEABICTOPHUH, BEJINYHUHEI HaIpsHKeHUH 31
MEepeMeNIeHN, BO3HHMKAIOIIUX B  pe3yjbTare
MoIbeMa U TIEPEIBIKCHUS TPY3a.

Ananu3 MOCJIEeTHUX JTOCTHKEHHH )i
nyoaukanmi

Hayunomy 000CHOBAHHIO METOJ0B

ONpEJEICHNs] 3HAYEHUN IPOYHOCTH, >KECTKOCTH U
YCTOMYMBOCTH METAJUIOKOHCTPYKLIMHA  IOABEMHO-

TPAHCIIOPTHBIX ~ MAlIMH  IIOCBSIIIEHB  Pa0OTHI
N3BECTHBIX YUYEHBIX B. A. baxxenosa,
1. B. beruxoga, H. N. I'puropnera, b. C.

Ky3neunoro, B. Shastry, G.V. Rao. B paborax
astopoB M. H. bysyna, A.C. Topozeukoro,
JI. ®@. MockBUY€EBOI IPUBOJSATCS PACUETHI U aHAIU3
paboTtocrocoOHOCTH METaJJIOKOHCTPYKITUH c
MPUMEHEHUEM  CUCTEM  aBTOMAaTH3UPOBAHHOIO
MPOEKTHPOBAHMUS U pacyera.

BoJBIIMHCTBO ~ KOMIIBIOTEPHBIX  IPOTPaMM
IIOCTPOCHO C HCIOJB30BAaHHEM METOAAa KOHEYHBIX
3JICMEHTOB (MKD). HauGonee HAy4YHO
000CHOBaHHBIE U3 ATHX MPOTPAMM OTHOCSTCS K, TaK
Ha3bIBAEMBIM, TSDKEJIBIM MHOTOLICJICBBIM ITaKETaM.

W3ectHo [1-5], 4TO KpymHOraOapuUTHBIC
KOHCTPYKTHUBHBIE 3JIEMEHTHI HECyIIeH CHCTEMBI
MOIBEMHBIX KPAaHOB MMEIOT CBOIO HMPOYHOCTHYIO M
ne(GOpPMALIOHHYIO IPEIBICTOPUI0, KOTOPYIO TSIKEIIO
MEepeoleHNTh, B OCOOCHHOCTH T€, KOTOpEIC
HaXOJATCSl B SKCIUTyaTallUM HECKOJBKO JIECSTKOB
ner. OtTmeTHM, 4YTO 3Ha4YeHUs JeQopManuid U
HampspKeHUH B MaTepuase, HEepeIKO IPEeBBIIIAeT
BO3MOXKHYIO TIOTPEIIHOCTh JIMHEWHBIX pPa3MepoB U
yraoBeix aedopmanuii [3]. M3 mpuBeaeHHOTO BhIIIIE
MOXXHO CJIeNaTh BBIBOZ, YTO JlaXK€ BBICOKOTOYHBIE

WHCTPYMEHTAIbHBIC METOIBI U3MEpEHHsI
XapaKTepUCTUK  HANPSHKEHHO-Ee(POPMUPOBAHHOTO
COCTOSTHUS HAO) pu 9KCIUTyaTalllHy,
oOclle/loBaHMM W TPOBEACHUH  MOJICPHU3AIUH

KPYITHOTa0ApUTHBIX METAUIMYECKUX JeTaiedl u
y3JI0B TOABEMHO-TPAHCIIOPTHBIX MAIIMH HE AT
BO3MO>KHOCTH OTIPEICUTh JIEHCTBUTEIHHBIC
3HaueHus mapametpoB HJC, koTopbie HEOOXOMMMBI
111 6€301acHON 3KCITyaTaluu KpaHa [6].

3HaUMAT, €CIAM U3MEPATh YCHWINA, KOTOpPHIS
WCIIBITBIBACT HECYIIasi CHCTEMa M KOHCTPYKTHBHEIE
JJIEeMEHTH  Tpu  pabore  KpaHa, TO  TIpHU
mozaenupoBanuun HJIC craeT BO3MOXXHBIM pellEHUE
MPAKTUYECKUX 3a]1ad MOCPEACTBOM 0oJiee MPOCTHIX
B TEXHHMYECKOM ¥ DSKOHOMHYECKOM OTHOIIECHUH
croco0oB ONpeaeIeHUs HaIpsKEeHU ! u
nedopmarmii [7-10], omHy ™3 KIIIOUEBBIX 3aj1a4
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Oe3omacHOM IKCILTyaTaIiH
TPAHCTIOPTHBIX MAIKH.

OTO 03HAYaeT, YTO €CJIH U3MEpPSIOTCS YyCHIIuA,
KOTOpBIE  HCIBITBIBAET HECyllas CHCTeMa H
3JIEMEHTHI KOHCTPYKITUH BO BpeMs paboThI KpaHa, TO
pu MoaemupoBanuu HJIC cTaHOBUTCS BO3MOYKHBIM
pellieHre MPAaKTUYEeCKUX 3a/Jady C MOMOIIbI0 Ooiee
MPOCTBIX B TEXHHYECKOM H OKOHOMHYECKOM
OTHOIIIEHHH METOAOB ONpeAeNiCHUs] HANPSHKeHUH U
nepopmanuii  [7-10], dro sBiseTCS OOHOW W3

MMOABEMHO-

KIIFOUEBBIX  3a/ady  OC30MacHOW  JKCIUTyaTaluu
TTOABEMHO-TPAHCIIOPTHBIX CPEICTB.

ean uccaeqoBaHus

Henpro  mpenacTaBiICHHOIO  HMCCIEIOBAHUS

SIBJISIETCS.  aHAJM3 BO3MOXKHOCTCH HCIOJIb30BaAHHS
METOJIOB MMHTAMOHHOTO MOJEIUPOBAHUS LIS
OTpee/icHsT HANPSOKEHUH U JedopManuii KpaHOB
BO BpeMs OKCIUTyaTalud, OOCIIeIOBaHHS U
MOJIEpHHU3AIINH.

N30:keHHEe OCHOBHOTO MaTepuaJia

OOBEKT HCCICIOBaHUS MPEICTABIICT CO0O0M

JJIEMEHTBl ~ HECyWIe  CHUCTeMbl  IOIAbEMHO-
TPaHCIIOPTHBIX CPEACTB.
[Ipenmer UCCIIEIOBAHUS - MOJIEJIb

HaIpPSOKEHHOTO M Ae(OPMHUPOBAHHOTO COCTOSTHUS U
konmyecTBeHHas onenka HIC.

Hc CJI€J0BaHUA BBITIOJTHAKOTCA METOJaMH
MOACINPOBAaHMA, KOTOPBEIC OCHOBaHBbI Ha
MAaTEMAaTHYCCKOM  ammapare€ METoJa KOHCYHBIX

QJICMCHTOB B COYC€TAaHHWU C DSKCICPUMCHTAJIbHBIMU
METOJaMH MCXaHUKH.

PanmonansHOCTD HCTIONb30BaHUS
KOMITBIOTEPHOTO 3KCIIEPUMEHTA VISl OIIPEAETICHUS U
MOHUTOPHHTa  MEXaHMYECKHX  XapaKTEPUCTHK
JJIEMEHTOB ~ HECYWIEH  CHCTEMBl  IOJbEMHO-
TpadcoptHeix MammH ([ITM), wMartepuanoB wu
nerane 0OBsICHSIETCS obecrieueHreM
HEMPEPBHIBHOTO TEXHOJOTHUECKOr0 TpakTa [5].

B  pabore  BBINOJHEHO  MOJECIUPOBAHHE

HPUYAIBHOTIO IEperpyXkareiiss IOpPTalbHOIO THUIIA
IPy30MOABEMHOCTBIO 45 TOHH B COOTBETCTBHM C

pabounmu 4epTeKaMu npu pa3IUYHBIX
KOMOMHAIMAX  pabo4yMx  HAarpy30K  MeETOIOM
KOHEUYHBIX AJIEMEHTOB.

[Ipobmema Obila pemieHa B JTUHEHHOM

MIOCTaHOBKE, T.€. yuuthiBasics HJIC B paMkax 3akoHa
I'yka. B mporuBHOM ciydae Oe3omacHas paboTa
KpaHa He  obecreumBaercsi. B kauecTBe
WHCTpYMEHTa WCCIIEIOBAHUSA BbIOMpaeTcs
MHOT'OLIEJIEBOM POTPaMMHBIN MAKET.

Ha IepBOM CTaun KOMIIBIOTEPHOT'O
MOJIETTMPOBAHUs JKCIEPUMEHTA pPaccMaTpUBaIACh
pacdeTHass CXeMa MPUYAIbHOIO KOHTEHHEPHOIO
meperpy’kareisi B MOMEHT HarpyKeHus — Ipy3 cO
cTopoHbI Mopsi (puc. 1).

512.271c
cobCT. Bec

4057 9,777¢c
T TopM.Ten.

+crnpeaep

Pucynok 1 — Cxema KOHTEHHEPHOTO TepeTpyKaTes

K Ttomy ke, pemieHue 3agad YHCICHHOTO
JKCIIEPUMEHTa TIPeAyCMATPUBAET HEOOXOIUMOCTH
(bm3uUecKOro SKCIIEPUMEHTA /ISl HaXOXKISHUS psaaa
MEXaHUYECKUX XapaKTEPUCTUK oOBekTa
HCCIICIOBAHMUS.

WuTerpanpHas xapakTepucTUka nedopMaiiuu

€= f(G), rie € — gepopmamma M O —

HampspDKeHWe, MpefcTaBieHa B BUAe rpaduka Ha
puc. 2 [9].

i Hauaiio miacrnuecknx aedopmaunii B 0T1C/bHBIX 3¢pHAX
F
/
< Hauano paspywcuus

Paspywenue
e y

~
/,/II Yupyro-nactuueckne JedopManin

] “__Hauano MaccoBbIx

/ I IiacTHueckux Aedopmaruii

Cuia U HaupssKeHUs

A ]
/- Yupyrue jedopvanin
/

/
S/

Jedopmarmu

Pucynoxk 2 — I'padpuueckast 3aBUCUMOCTb MEKITY
YCUITUAMU | JIe(hOpMAITUSIMH

ynpyras () u
nepopmarmn.  C

Ha rpaduke ykazaHbl
mractiueckas (1) 30HH
ONpEAENICHHBIM  yYPOBHEM  KOPPEKTHPOBKH IS
MaTeMaTHYECKOH MOJIENH ObL10 MPUHSTO
JOMyLIeHue, 4ro Tpaduk Ha pHC. 2 B 30HE
nedopmaru |l onuceiBaeTcs JMHEHHBIM 3aKOHOM
(B pamkax 3akoHa ['yka). [lomobHoe mpencraBnenue
npuHuMaeTcs 1uid u3ydeHud H/IC B koHCTpyKImsIx
I[ITM.

YcTaHoBIeHHBIA MOIX0J JA€T BO3MOKHOCTH C
YIOBIETBOPUTENBHBIM ~ YPOBHEM  JOCTOBEPHOCTH
MIPENCTaBUTh HMHTETPAIBHYIO XapaKTEPUCTHKY s
aHaJIN3a MEXaHNYECKUX XapaKTEPHUCTHUK.

OTMeTHM, 4YTO MJi1 IOCTPOEHUS YHCIECHHOH
Mozmenn  HJIC ~ KOHCTpYKTHBHBIX  3JIEMEHTOB
Hecymed cucrembl IITM u  MarepuanoB B
MIPOrpaMMHOM KoMIUIeKkce ANSYS HCIMOIb30BAINCH
pe3yNbTaThl  AKCHEPUMEHTAIBHOIO  ONpPENEICHUSA
3aBUCHMOCTEM «HanpsHKeHue-aeGopManis»,
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MOCPEACTBOM KOTOPBIX yCTAHABIMBAIOTCS CBOWMCTBA
HCCIIETyeMOT0 MaTepuaa.

IIpennoxeHHblid METOJ MOXET C XOpolen
CTEMEHBI0 TOYHOCTH OTPa)KaTb HHTETPAIbHYIO
XapaKTepUCTUKy MU aHaluh3a HanpsHKeHHH U
nedopmaruii.

B  pesymprare  wmccienoBaHUS
e=f (o)
MIOTIEPEYHOTO CEUESHHISI.

st KOppEKTHOTO MPOBEAEHHUS KOMITHIOTEPHOTO
JKCIIEPUMEHTa  TpeOyeTcs 3HaTh  TrabapuTHBIC
pasMepsl, Monyidh FOHTa, 00BEMHYIO IIOTHOCTH
0o0BeKTa WCCIeNOBaHUs, BEIMYUHY HArPy3KH U
koad¢urment [lyaccona L.

B KOMIIBIOTEPHOM SKCIIEPUMEHTE TTPUMEHSETCS
MaTeMaTHYECKUI ammapart MEXaHUKH
ne(OPMUPOBAHHOTO TBEPAOTO TeJla pean30BaHHbBIN
B TporpaMMHOM Komiuiekce ANSys. OObekT
AKCIIEPUMEHTATBHOTO WCCIIEOBaHUS TPUBENCH Ha
pucyHke 3.

oJrydceHa

3aBUCHUMOCTD JJIsL IIOCTOAHHOT O

Pucynok 3 — IlpuyanbHblii KOHTEHHEPHBIH
Ieperpyxareib

Pe3ynpraTel  4MCIICHHOTO
MIPUBEICHBI HA PUCYHKAX 4-6.

OKCIICPUMCHTA

BriBoabl

MopnenupoBanre mpoOieM  MPOYHOCTH U
Je(hOPMAITMOHHBIX MPOLIECCOB YHCACHHBIM METOIOM
JTaeT BO3MOXXHOCTHb HCCIICAOBAHMS W OIPEICIICHUS
MEXaHUYECKUX XapaKTePUCTUK Ppa3IUYHBIX
KOHCTPYKTHUBHBIX DJIEMEHTOB HECYIIEH CHCTEMBI
MTOABEMHO-TPAHCTIOPTHBIX MAaIlIUH 0€3 MPOBEICHUS
HaTypHOT'O SKCIIEPUMEHTA.

NCDAL SCIUTION

£8EE-11 33_a08
16.654 58.863

PI/ICYHOK 4 — DKBUBAJICHTHEIC HaIIps’KCHUA B
MCTAJIJIOKOHCTPYKIHUHU ITOpTaJIa

KODAL SOLUTION

STEE=1

STE =1

TIME=1

UIUM (2VE)
RI¥S=0

DM =506.€6€
3|y =.787E-15

2 =506.€6€

113,041 IZE.0E3 238.124
165562 282. 604 305.645

452,166
508.686

JTETE-1E
S6.5%

Pucynok 5 — CymmapHble iepeMeIieHus B
METaJUIOKOHCTPYKIUH OpTaJIa

NCDAL SOLUTICN

STEP=1
SUB =1
TIME=1
ROTSUM (AVEG)
RSYS=0

DMX =508.686
SMN =.60SE-04
SMX =.015003

_605E-04

.003381 006702
001721 005041

.010022 013343
008362 011682 -015003

Pucynok 6 — CymMmMapHbI€ YIIIbI IOBOPOTOB B
METAJTIOKOHCTPYKITUH ITOpTaia

HCCJ’IGILOB&TCJHO HYXHO YUYUTHIBATD, qTO
CTCIICHDb COOTBECTCTBUA PE3YILTATOB
KOMITBIOTEPHOI'O OKCIICpUMCHTA n HaATypHOI'O

HCHOBITAHUS 3aBUCAT OT crHocoda pa36I/ICHI/IH Ha
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KOHEYHBIEC 3JIEMEHTBI, TOUHOCTH OLIEHKH YCIOBHOTO
Monmyns FOHra, TJIOTHOCTM ®  TPOYHOCTHBIX
XapaKTEepPHUCTHUK.

bonpuioe KOIMYECTBO CBAapHBIX COEJUHEHUN B
MeTtaokoHCTpyKiuu [ITM HeoOxomumo ydecTs B
MTOCTPOCHWN MaTeMaTHdeckoil moxenu. CBapodHbIe
BBl  XAapaKTEPU3YIOTCS  U3MEHEHHEM  MOMYJISL
YIPYTOCTH.

HeocnopumsiM MPEUMYILIECTBOM
KOMITBIOTEPHOT'O 3KCIIEPUMEHTA SBIISAETCS
TEXHUYECKas IpocToTa " 3KOHOMHUYECKAs
[PUBJIEKATEIBHOCTh [0 CPAaBHEHHUIO C HATypPHBIM
3KCIIEPUMEHTOM, BO3MOXHOCTb OIIPEJENATh
napamerpel HJIC B Kaxmol Touke, B KaXIOM
CEYCHUM, TOIrJa KaK HATypHbBIM 53KCHEPUMEHT
HpeAnoaaracT JUCKPETHYIO MOJENb U3MEPEHUI.
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O. M. JlumapeHko, K.T.H.

KOMIT'FOTEPHUI EKCIIEPUMEHT Y BUSHAYEHHI MEXAHIMHUX
XAPAKTEPUCTUK METAJIOKOHCTPYKIINU

Bunyck xonxypenmocnpomosicHoi npodykyii kpanobOyoysanns 6 YKkpaini cb0200Hi cmpumyemuvcs 8i0c-
MABAHHAM PI6HS i1 AKOCI MA MEXHON02IYHOCI 8I0 AHANI02I8 NPOGIOHUX 3aPYDINCHUX 8UPOOHUKIE. Bupiwen-
Hs 3a3Hayenoi npobaremu nompebye nioguwents Haykomicmxocmi eanysi. J{isa ybo2o HeobXiono npogooumu
KOMN tomepHull exchepumenm, ma imimayitine mooemosanns. Lle cmano modcnusum 3a60aKku inmezpayii
pisnux CAD/CAE cucmem, 015 6UKOHAHHA KOHCMPYKMOPCLKOL i pO3paxyHKoeoi pobomu. [[is MemanoKouc-
MPYKYitl NiOUOMHO-MPAHCNOPMHOT MEXHIKU BUKOHAHO PO3PAXYHOK MIYHOCMI [ HCOPCMKOCMI NpU Cmamuy-
HOMY HABAHMAadCeHHi. [l MOOeN08aHH s i PO3PAXYHKY GUKOPUCMAHO MemOoO CKIHUEeHHUX eleMeHmis peai-
308aHULL 8 CYUACHOMY NPOSPAMHOMY KOMNJEKCI. 3anponoHo8ano cnocobu ypaxyeanhs 6 po3paxyHKosill cxe-
Mi DI3HUX YMO8 3aKPINIeHHs 1l HAGAHMANCEHHS, XAPAKMEPHUX Oisl NiOUOMHO-MPAHCROPMHUX MAWuH. Buxo-
PUCMAHHA CYYACHUX NPOpam 0036015€ GHOCUMU 3MIHEHHA 00 MemAalOKOHCMPYKYI OO0CIIONCYBAHUX
00’exmis we Ha emani NPOeKmy8aHHs.

Mooenroganns npobaem miyHocmi ma O0epoOpMayiiHuUX NPOYECi8 YUCETbHUM MEMOOOM OdE€ MONCTU-
8icmb 0OCHIONCEHHS MA 8USHAYUEHHA MEXAHIYHUX XAPAKMEPUCIUK DI3HUX KOHCMPYKMUGHUX eleMeHmie He-
cyuoi cucmemu niOUOMHO-MPAHCROPMHUX MAWUH Oe3 NPO8eOeHHs HAMYPHO20 eKChepUMEHM).

Buxonano epaxyeanns, cnocoby posoumms Ha CKiHUEeHHI eleMeHmU, MOYHOCII OYiHKU YMOBHO20 MOOY-
a5 FOnea, winonocmi i miynocmi. Taxoowc 6 pobomi 6paxosana Geiuxa KilbKiCmb 36ApHUX 3 €OHAHb 8 Mema-
JIOKOHCMPYKYIi NIOUOMHO-MPAHCNOPMHUX MAWUH nPU nobY006i mamemamuinoi mooeni. 3eapiosanvii wieu
Xapaxmepuzyiomscs 3MiH0I0 MOOYs npyicHocmi. Brasano, wo nepesazoio xomn 1omepHo2o ekchepumenmy
€ MeXHIYHA NPOCMoma i eKOHOMIUHA NpueabIUBICMb 8 NOPIBHAHHI 3 HAMYPHUM eKCHePUMEHTNOM, MONCIU-
8iCmb GU3HAUAMU NAPAMEMPU HANPYHCEHO-0ePOPMOBAHO20 CINAHY 8 KOJICHI MOYYi, 8 KOJICHOMY nepepisi,
mo0i, IK HAMYPHULL eKCnepumMerm nepeddadac OUCKpemuy mMooeiib 8UMIPIOBAHD.

3anpononosana 6 pobomi MemoouKa 0ac MOMHCIUGICIb GUSHAUUMU 3ATUWKOBUL pecypc MemAanioKOHCH-
DPYKYii Kpamy npu eKcniyamayitinux HaeanmadiCeHtsx, 8 pe3yibmami OmpumMants OAHUX nO po3Nooiny eKei-
BANEHMHUX HANPYICEHb 6 Xapaxkmeprux eysnax. Lle 6e3ymo6HO 003601umb NIOGUWUMU KOHKYPEHMHO-
CHNPOMOICHICHL NOPMOGOT MeXHIKU 8 YKpaiHi.

Knwuogi cnosa: niotiomMuuti Kpau, Memoo CKiHUEHHUX eleMeHmis, eKCnepumenm, Hanpysicents, oego-
pmayis, MOOENI08aHHsL.

O. Lymarenko, PhD

COMPUTER EXPERIMENT IN DETERMINING MECHANICAL CHARACTERISTICS OF
METAL CONSTRUCTIONS

The release of competitive products of crane construction in Ukraine today is hampered by a lagging
level of its quality and technological efficiency from analogues of leading foreign manufacturers. The
solution of this problem requires increasing the industry’s science-intensive nature. For this purpose, it is
necessary to conduct a computer experiment, and simulation simulation. This has become possible thanks to
the integration of various CAD / CAE systems. For metal structures of lifting-transport equipment the
calculation of durability and stiffness at static loading is made. For modeling and calculation, the finite
element method has been implemented in the modern software complex. The methods of accounting in the

36ipnux nayxosux npays OQIJATPA Ne 1(12) 2018
70




Onechbka JiepKaBHA aKaieMis TEXHITHOTO PETYIIOBaHHS Ta SKOCTI

calculation scheme of different conditions of fastening and loading, characteristic for lifting-transport
machines are offered. The use of modern programs makes it possible to make changes in the metal structures
of the investigated objects at the design stage.

The accounting, the method of decomposition into finite elements, the accuracy of the estimation of the
Young’s conditional module, density and strength are performed. Also, a large number of welded joints in
metal structures of submerged vehicles in the construction of a mathematical model are taken into account.
Weld seams are characterized by a change in the elastic modulus. It is indicated that the advantage of a
computer experiment is the technical simplicity and economic attractiveness in comparison with the field
experiment, the ability to determine the parameters of the VAT at each point, at each intersection, whereas
the field experiment implies a discrete measurement model.

The proposed method allows to determine the residual life of the crane metalwork under operating
loads, as a result of obtaining data on the distribution of equivalent mechanical stresses in the characteristic
nodes. It is also possible to calculate the allowable loading limits depending on the lifetime of the crane.
This certainly makes it possible to increase the competitive ability of port equipment in Ukraine.

Keywords: lifting crane, finite element method, experiment, stress, deformation, modeling.
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