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PE®EPAT
710 MaricTepchkoi poOOTH HA TEMY
«IligroroBka arecrauii NpoBeAeHHS] KOHTPOJbHUX ONepanii KOOPAMHATHO-

NMPOIIUBAJIBHUM BEPCTATOM))

Ouaexkcanapa KPOJIEHKO

Maricrepcbka poboTa ckiaaaeTscs 3 59 cropinka, 11 pucynkis, 13 Tabmuilp,
CITUCOK JIITEpaTypu MICTUTH 19 mxeper.

Maricrepcbka po0OoTa MNpPUCBSYEHA MIATOTOBII aTecTalii MPOBEACHHS
KOHTPOJBHUX OTIEepaIliii KOOPAMHATHO-TIPOITNBATIHLHIM BEPCTATOM.

VY mporeci gocmiiKeHHsT OyJ0 MPOBEICHO MPAKTUYHI BUMIPU Ha MPHUKIIAII
HamiBMyptu Ha Bepcrari AQSS5L 1 ma YBM-21. IlopiBHSIHHS pe3yJibTaTiB
BUMIPIOBaHb Ta aHAJI3 IUX PE3yJIbTaTIB.

Peanizarisi Ta BOpoBa/)KeHHsI pe3yabTaTiB poOOTH — Ha TMiJICTaBl LHOTO
JOCJIII)KEHHSI MOXKHA HaJ1ajll 3allpoloHyBaTH arecTtailito Bepcrara sk KBM.

OO6nacTh 3aCTOCYBaHHS: MIAMPUEMCTBA MAIIMHOOYTyBaHHSI.

KOHTPOJIbBHO-BUMIPIOBAJIbHA  MAIIIMHA, VYHIBEPCAJIbHO-
BUMIPIOBAJIbHUIL ~ MIKPOCKOIT  (YBM-21), TIJTOTOBKA JIO
ATECTALIII, TIOPIBHSJIBHUIM AHAJII3, BO-1 TOJIIBKA.



ABSTRACT
for the Master's thesis on the topic

"Preparation of attestation of control operations with a coordinate sewing machine"

Oleksandr KROLENKO

The Master's thesis consists of 59 pages, 11 figures, 13 tables, and the
reference list contains 19 sources.

The master's thesis is devoted to the preparation of certification of control
operations by a coordinate-stitching machine.

In the process of research, practical measurements were carried out on the
example of a half-coupling on the AQS55L machine and on the universal measuring
microscope (UVM-21). Comparison of measurement results and analysis of these
results.

Implementation and implementation of the results of the work - on the basis
of this research, it is possible to further propose certification of the machine as a
CMM.

Scope: mechanical engineering enterprises.

MONITORING AND MEASURING MACHINE, UNIVERSAL
MEASURING MICROSCOPE (UMM-21), PREPARATION FOR
CERTIFICATION, COMPARATIVE ANALYSIS, VO-1 HEAD.
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Ilo3HayeHHs Ta CKOPOYEHHS

KBM - koopIMHAaTHO-BUMIpIOBaIbHA MAIIIMHA,

YBM-21 - yHiBepcalbHUN BUMIPIOBATBHUI MIKPOCKOIT;

3B - 3aci0 BUMipIOBaHHS;

BO-1 rosoBka - nmpucToCyBaHHS 1151 BAMIPIOBAaHHS OTBOPIB;
KM/ - KiHIIEBI MipU JIOBXKUHU;

IPBM 0-0,2*0,002 MM - iHANKATOP Ba)K1JIbHO-3yOUaCTHIA;

AQSSL - KoOpAMHATHO-TIPOIIUBAIBHUN BEPCTAT;



BCTYII

Ha Oyap-sikoMy  BUPOOHHUIITBI  OOOB’SI3KOBUM €  METPOJIOTIYHE
3a0e3MeUeHHs, SKEe 3aCHOBAaHE Ha TMPAKTUYHOMY BHUKOPHCTAHHI TOJIOKEHD
METPOJIOTIi, € CKJIaJIOBOI0 YAaCTUHOIO CUCTEMHU YIIPABIIHHS SKICTIO, a TaKOX
OJTHIEI0 3 OCHOBHHMX YMOB JOCSTHEHHS HEOOX1JTHOI SKOCTI BHpOOIB, IO
BUITYCKaIOThCSI.

MeTtposoris MICTUTh Y €001 METOAM BUKOHAHHS MPAKTUYHO BCIX
BUMIPIOBAJIBHUX POOIT Ha BUPOOHUITBI, a TAKOXK 1XHI MPaBOBI Ta TEOPETUYHI
OCHOBH.

Mertposnoriss BkJo4ae B ce0e METOAM BUKOHAHHS IPAKTUYHO BCIX
BUMIPIOBAJIBHUX POOIT Ha BUPOOHHUITBI, @ TAKOXK IX MPABOBI Ta TEOPETUYHI
OCHOBH.

[TomiTuky 1 Ul B Trady3l SKOCTI BCTAaHOBIIOIOTH MJIsi TOro, 100
CIIyT'yBaTH OPIEHTUPOM JIJIsi opraHizaiii. BoHn BU3Ha4atoTh OakaHl pe3yinbTaTu
1 CHOpUAIOTh BUKOPUCTAHHIO OPraHi3alli€l0 PecypciB JUIsl JOCSTHEHHS IHX
pe3yabrariB. [loniTuka B ramysi KOCTI 3a0e31euye OCHOBY AJi pO3pOOJICHHS Ta
aHami3y uien y ramysi sikocti. L B ramy3i IKocTl He0OX1IHO Y3TroJKyBaTH 3
MOJIITUKOIO B Tally3l SIKOCTI Ta MPUXWJIBHICTIO 10 MOCTIMHOTO TOJIIMIIEHHS, a
pe3yapTati MaroTh OyTH BUMIpHUMH. JJocsrHEeHHS 1iieil y cdepl AKOCTI Moxke
YUHUTH MO3UTHUBHUN BIUIUB Ha SKICTh MPOMAYKIIii, €QEeKTUBHICTH POOOTH Ta
(GhiHAHCOBI MTOKA3HUKH 1, OT)KE, Ha 3aJI0BOJICHICTH 1 BIICBHEHICTDH 3aIlIKaBICHUX,
K BUPOOHHMKA TaK 1 3aMOBHUKA.

Benuuesna HoMmeHknaTtypa BHpOOIB, IO BHUIIYCKalOTbCA, BUMAarae
MaKCUMAJIbHO YHIBEpCAJIbHUX 3ac00iB KOHTpoito. OIHUM 13 Takux 3aco0iB €
KoopauHaTHO-BUMiptoBasibHa MammHa (KBM). AQS55L € koopauHaTHO-
mpomuBaIbHUM BepcTatoM. OCOOMMBICTIO IIHOTO BEpcTaTa € Te, IO HOTO
pobounii opran (TpuMad eJeKTpoja - IIMUHICIb) MEePEMIITYEThCSI B IPOCTOPI
3a TphbOMa KOOpAMHATAMU 3a JOMOMOTrol0 MarHiTHUX mpuBoAiB. 1o cBoero

Yepror BUKIIOYAE 3HOC LUX MPHUBOAIB 1 BIUIMB HA TOYHICThH MO3UIIOHYBAaHHS



BEepCcTara, a KOHTPOJIb IMEpPEeMIlIeHb poOOYOro OpraHy 3IiHCHIOETHCS
ontuyHUMHU JiHIMKamMu 3 TouHicTIO 0,1 MiMm. IIlo 31 cBoro Ooky mae 3mory
TEOPETUYHO TMPUITYCTUTH 1 MPAKTUYHO MIATBEPIUTH BUKOPUCTAHHSA IHOTO
Bepcrara sKk KBM.

Mera paHoi po0OTM - TpaKkTUYHE OOIPYHTYBAHHS 3aCTOCYBaHHS
Bepcrara AQS5L K KOOpAMHATHO-BUMIPIOBAJIBHOI MAIIMHU 3 IOAABIION0
MOYKJIMBICTIO aTecTallli #oro sk KOOpJAUHATHO-BUMIpIoBaibHOI MamuHu. 1o 31
CBOro OOKYy JacThb 3MOTY PO3BaHTAXUTH METPOJOTIYHMM B, MOKJIABLIU
00OB'SI30K KOHTPOJIIO JeTajied 1 BUTOTOBJIEHHS Ha Bepctari AQSSL Ha meit
BEpCTAT 1 oneparopa.

I[JUI JOCSTHEHHSI BHUILIEBKA3aHO1 METH BHpiHIYBaJII/ICH TaKi 3aBAaAHHA:

1. Po3poOuTy MeTOIMKYy BHMIPIOBaHHS BHpPOOYy HamiBMy(pTH Ha
Bepctati AQS5L 1 Ha yHIBepcaabHOMY BUMIpIOBaJIbHOMY Mikpockomni Y BM-21.

2. Po3misiHyTr MeTponoriydi xapakrepuctuku AQSSL mopiBHSHO 3
YBM-21 wna npuxiami Jgetaidi  HamiBMy(pTH, TPOBECTH BUMIPIOBAHHS
CIIBBICHOCTI IIIOHKOBOTO Tla3a 1 BHYTPINIHBOTO JiamMeTpa y BHPOOi
HaniBMypTu Ha YBM-21 1 Ha kooparHaTHO-TIpolIMBaibHOMY BepcTari AQSSL.

3. [IpoananizyBaTu BIUIMB TOXUOKH BUMIpIOBaHHSA cdepu Ha
BUMIpIOBajbHOMY Iyni Bepctata AQSS5L 1 BmiIMB MOXMOKM BHMIPHOBaHHSA
ctepu Ha romsii BO-1 (YBM-21).

4, [IpoBecTn TOPIBHSUIBHUIM  aHAI3 PE3yAbTATIiB  BUMIPIOBaHb
napamMeTpa cmiBBicHOCTI Ha Bepctari AQS5L 1 YBM-21.

MeTtoam [ocaifKeHHs1 - TPOBEACHHS NPAKTUUYHUX BHUMIPIOBaHb Ha
npuknaai HamiBmydtu Ha Bepctari AQSSL 1 wma VIBM-21. IlopiBHsSHHS
pe3y/bTaTiB BUMIPIOBaHb Ta aHaJ3 [IUX Pe3y/IbTaTIB.

IIpakTnyHa 3HAYywicTh Po0OTH - BUKOpHCTaHHA Bepcrara sk KBM
JACTh 3MOTY PO3BAHTAXXUTU METPOJIOTIUHY CIY>KOy BUPOOHHUIITBA, IO JACTh
3MOTYy 3MEHIIMTH Yac Ha BUTOTOBJICHHS BHUPOOIB, 3MEHIIUTH TPAHCIOPTHI

BUTpPATH, YacoBi BUTparru, a TaKOX 3MCHIICHHSA E€KOHOMIYHHX BUTpaAT.



Peanmizamiss Ta BOpPOBaJKEHHS peE3ylbTaTiB pPoOOTH - Ha MiJACTaBl IOTO

JTOCTIKEHHS MOKHA HaJajIl 3alpoIloHyBaTH aTecTallito Bepcrara sk KBM.



1 KOMITAHIS ITPAT «EJIAKC»

1.1 IcTopia mignpuemcrBa

[Ipotsarom 30 pokiB Kommanis IIpAT «EJIAKC» € omHuM 3 NpoOBITHUX
NOCTaYaJIbHUKIB  MPOAYKIli, TMOCAYr 1 KOMIUIEKCHMX pillleHb B 00JacTi
aBTOMaTH3allli Ta €JIEKTPONOCTauYaHHS MPOMHCIOBUX MIJMPUEMCTB. 3a 1I POKHU
NpaliBHUKU MIANPUEMCTBA HAKONMUYWIM YHIKAJIbHUA JOCBIJ 3aCTOCYBaHHSA
IHHOBAL[IMHUX TEXHOJOTIHA Ta pIlIeHb, K1 3a0€3Meuyl0Th HaAIMHICTh YKPaiHCHKOI
POMHCIIOBOCTI. [1].

Ictopis xommnanii ELAX nounHaetses 3 1994 poky. 3aCHOBHUKM KOMIIaHI{,
K1 Majy BUIY TEXHIYHY OCBITY Ta COJIAHUI JOCBiA poOOTH, BBaXKalu, IO 3a
MIPOMHUCIIOBOIO aBTOMATU3AIIEI0 - MAWOYTHE, 1 IO HAMKpaIuii crnocio peasnizyBaTu
CBO{ IJIaHM - 3aCHYBATH BIACHY KOMIAHIIo.

1 numua Axmionepue TtoBapuctBo «EJIAKC» Oyno 3apeectpoBaHno, 1
KoMmaHja npuctynuia a0 poooru. Komnauniro ogonuB Ceprit Konsuuk. Ilig #ioro
KEepPIBHUIITBOM OYJIM 3aKJIaJIeHI OCHOBU MallOyTHHOTO YCITIXY.

3 camoro moyarky (axiBii 30CepeauIucs Ha po3poOIill MPOEKTIB 1
IpOrpaMHOro 3a0e3nedyeHHs JUisl PI3HUX CUCTEM aBTOMaru3alii Ha 0asi
oonannannss SIEMENS. 3romom 1ie o6nmagHaHHS, B OCHOBHOMY IPOTpPaMOBAHHIA
KoHTpoJsiep Simatic S5 1 cucrema Bizyami3aiiii Coros, 0yJI0 0CBOEHO HACTIIBKH, 1110
BUKOHAHI MPOEKTHI Ta IyCKOHAJIAro/HKyBallbHI POOOTH Oyaud BHCOKO OIIHEHI
MeTalypramu.

byno mignucano yromy npo maptHepctBo 3 kommaniero SIEMENS. Ile
pIIIEHHS J03BOJWJIO (DaxiBISIM XapKIBCHKOI KOMMAHII PO3MIUPUTH  chepy
JUSITTEHOCTI, BUKOPUCTOBYIOUHM B CBOIX MPOEKTAX HaJliiHE HIMEIIbKE 00JIaJHAHHS. .

KepiBHUILITBY KOMIIaHii JOBEJIOCA HE JIMILIE BIOPATHCS 3 HECTAOULIbHOIO
MOJIITUYHOIO Ta €KOHOMIYHOKO CHUTYaIlI€l0, ajie ¥ HeTaiiHO pO3IMoYaTH peai3alliio
HOBHUX MpoeKTiB. [lepmmmu o0'ekTamMu cTanu IpOTOBHM CTaH Ha MakiiBCbKOMY

MeTaIypriiHoMy KoMmOiHaTi, Oe3nepepBHI TpaBWIbHI JIiHIT Ha KaparanauHChbKOMY



MeTanypriiHoMy KoMmOiHaTi, JOMEHHE BHPOOHHUITBO Ha MapiynoibCbKOMY
MeTanypriiHoMy KOMOiHATI, KOKCOXIMIYHE BHUPOOHHUIITBO Ta TII€XH XOJIOMHOI

IIPOKAaTKH.

Komnanis Oyna 3amymaHa sIK MPOEKTHA, aje 4ac Ta OOCTaBUHMU 3MIHWIIM

KypcC KOMMaHii...

3aMOBHHMKHU MOTPEOyBaIM MIJIPUEMCTBA TOBHOTO BUPOOHUYOTO LUKITY, IO
OXOIUTIOBAJIO MEPEANPOEKTHI JOCHTIKEHHS, PO3POOKY MPOEKTHOI JOKYMEHTAIII1 Ta
MPOTrPaMHOTO 3a0€3IMEYCHHS, BUTOTOBJICHHS 1 TECTYBaHHS TPOAYKIIii, TOIIyK
PHUHKIB 30yTy, MOHTaX BUPOOIB Y 3aMOBHUKA, HABYaAHHS BUPOOHUYOTO TIEPCOHAITY,

a TAKOX CEpPBICHE 1 rapaHTiiiHE 00CITyrOBYBaHHS.

VY muctomani 1999 poky xommadis 3arodaTkyBaja BiacHE BHUPOOHHUIITBO,
II0 CTajo CTPATeriyHO BAXJIMBHUM pIIIEHHSIM. BOHO MIATBEpAWIO CBOIO
e(eKTUBHICTb, 3a0e3neunBiId ycmix komranii. Konuenmis "mijg kiro4" yCIHINIHO
BTUIWJIACA HA MIAOPUEMCTBAX-TIraHTax MeTanypriiHoi ramysi. Ile crano
CEepO3HMM BUIPOOYBAaHHSM JUIsi MOJOAOI (IpMU Ta BIAMNPABHOIO TOYKOK HA il

BCIIMKOMY HIJIAXY.

Ha mouarky 21 cTomiTrd KOMMaHis 3poOuiia BaXIHBUU KPOK y CBOEMY
PO3BUTKY, MPUI0ABIIA HOBI BUPOOHWYI TUIONII 3araibHO miomiero 8000 M2 Ile
JO3BOJIMJIO  CYTTE€BO  30UIBIIMTA  BUPOOHMYI  TMOTYXHOCTI,  PO3LIUPUTHU
KOHCTPYKTOPCBHKUHM BIAAUT 1 BUPOOHWYHMM 11€X, a TaKoX 30UIBIIUTHA TUTOMI

CKJIQJICBKUX TTPUMIILICHbD.

3 2000 poky xommanis "EJIAKC" aktuBHO Oepe y4acTp y cremiaaizoBaHUX
BUCTaBKax. lIpe3eHTyrour I1HHOBAIIiHI pINIEHHS B raiy3sx aBTOMAaTu3alii Ta
eJIEKTPOIIOCTAauYaHHs, BOHA HE JIMILE JEMOHCTPYE CBOi PO3POOKH, a i HaJIaromKye

HOBI J1JI0B1 KOHTAKTH, 3700yBatO4M MapTHEPIB CEpe]l MPOBIAHUX KOMIAHIH CBITY.

VY 2001 porri kommanist peasizyBaia CBO1 MEPI MPOEKTH B IIEMEHTHIN
rajxysi, 30KpemMa aBTOMaTH3yBaBIIIA TEXHOJIOTIYHY JIIHIFO BUPOOHUIITBA KJIIHKEPY Ta

NOMeNy IIEMEHTY 1O 3aMKHyToMy Iukiy Ha BAT «IBano-®pankiBcbkiemenT». L1



YCIHIIIHI MPOEKTH 3aKJald MIIHY OCHOBY JJIsl MOJAJBIIOTO PO3BUTKY Ta

3aBOIOBAHHS PUHKY aBTOMAaTH3aIlil y IIEMEHTHIiH MPOMHUCIOBOCTI.

OpHak 3a 3HAYHUMH JOCSTHEHHSMH KOMITaHIS 3ITKHYTAcsS 3 BaXKUM
BUNPOOYBaHHSIM — PANTOBOIO BTPATOIO ii 3aCHOBHHMKA Ta IEPUIOTO JUPEKTOpa
Cepris MuxonaiioBuua Konbunka. Moro cmeprs cTana cepio3HMM yIapoM s
BCHOTO KOJIEKTHBY. /lexTo He BUTpMMaB TPYAHONIIB 1 BUPIIIMB IITH, HIYKAIOYU
"kpamoro xuTTA". IIpoTe OCHOBHAa dYacTWHAa KOMaHAM 3MOINa 00'edHATHCH,
MoJ0OJaTH CKJIQJAHUI TMepiof 1 MPOJOBKUTH CHUIBHY crpaBy. lle rope mnuiie

3MILIHWJIO 3rypTOBAHICTh Ta €JIHICTh KOJIEKTHUBY.

[licns TpariuHoi BTpatu 3acHOBHMKa kommnadii Cepris MukonaiioBuya
Koubyika, HOro crpaBy BHpimmna mpogosxkuté Ipuaa Mocumisaa Kompuik. Bona
ouonmuina AT «EJIAKCy», 30epirmu OCHOBHY CHPSIMOBaHICTh KOMIMaHIi Ta
o0'eqHaBIIM HABKOJIO ce0e OMHOMYMIB. 3aBASKM 1i 3yCHIUIAM 1 MIATPUMII

KOJIEKTUBY KOMITaHisl IIPOJIOBXKIIIA POCTH 1 PO3BUBATHCS.

Jlo KOMaHAW TPUEAHYBAIUCS MOJOJI CHEIIaTiCTH, SKI MPUBHOCUIU HOBI
1HXKEHEpHI 171e1 Ta pimeHHs. BogHouac KIIOYOBUMH PYIIISIMU YCIIXY 3aJIAIIATUCS
JIOCBITYEH1 CHIBpOOITHUKN — «cTapoxkuwiny komnanii: [Ilymiuenko K.I., Ko63eB
B.A., Anonko O.M., Kagomcekuit H.I'. Ixniit npodecioHanisM 103B0JIUB CTBOPUTH
Ta OYOJUTH IHKEHEPH1 IPyIH, 3/1aTHI BUPILIYBaTH 3aBIaHHs OyJb-AKOi CKIaJIHOCTI

y Tally31 IPOEKTYBAaHHS Ta MIPOTPaMyBaHHS.

AT «EJIAKC» 3poOuB 4YeproBuii KpoK Yy CBOEMY PO3BHUTKY, YCIIIIHO
peai3yBaBIIU MPOEKT aBTOMATH3Aallll YCTAHOBKM YTHIIi3allii (akeJbHOro razy Ha
BAT «VYxprarHadTa» Ta MpOEKT aBTOMAaTHU3aIlli AUTBHUII PO3JIMBY 1 mMacTepu3ariii
nuBa Ha BAT «Porancekuii muB3aBoa». 111 JOCATHEHHS BIIKPUIW KOMIIAHII IUISIX
JI0 HOBUX TOPHU30HTIB, 3aKJIABIIM OCHOBY JUIsl BIIECBHEHOTO DPO3BUTKY B Tally3sX

aBTOMaTHu3allii HaQTorepepoOHOI Ta XapuoBOi MPOMHUCIOBOCTI.

Crnupatounch Ha OaraTopidyHHM JOCBIJ 1 BUCOKI pPe3ylbTaTd poOOTH CBOIX

CIEIIATICTIB, KOMIIaHis 3acHyBajla BJIACHUW HaBYAIBHUN LEHTP. Y HbBOMY



IPOBOJUTHCS HABYaHHS BHUPOOHMUYOIO IMEPCOHANy 3 POOOTH 3 amapaTHUMH Ta
nporpamMHuMu 3acobamu ¢ipmu **SIEMENS**. Ilicas nmpoxomkeHHS Kypcy Bcl

YYaCHUKHU OTPUMYIOTh CepTU(DIKAT, IKUH MIATBEPIKYE iXHIO KBaTi(hiKaIlito.

3HaYyIIUM KPOKOM y PO3BUTKY CTajiO0 BIPOBAXKEHHS CUCTEMH YIIPaBIIHHS
SKICTIO BIJMOBIAHO JI0 BHUMOT MbKHapoaHoro ctangapty ISO 9001:2000.
Ceprudikariito ycmimuo mpoena rojuiagacbka kommadiss TNO Certification B.V.
OtpumanHst ceprudikata Ta HOro moOpiyHa pecepTudikaiis JIeMOHCTPYIOTh
IparHeHHs] KOMIaHii BIAMOBIJATH BUMOraM NapTHEPIB 1 3a0e3meduyBaTH BUCOKUN

PIBEHB AKOCTI MPOAYKIIi T TOCIYT.

1.2 KOHTPOJIb AKOCTi NPOAYKILii, I{0 BUITYCKAEThCA

KoHTponb BUKOHaHHS mponecy nependadae MOro rnepiofuyHui ayiauT, 110
MPOBOAMUTHCS CIMIBPOOITHUKAMH TIANPUEMCTBA y CKJIaJl MPU3HAYEHOI KOMICIi.
AHami3 Ta OIIIHIOBAaHHS BIAMOBIAHOCTI (AKTHYHMX 3HAYCHb BUMIPIOBAHHUX
napamMeTpiB yCTAaHOBJIEHUM, a TAKOXX MEpPIOMYHE OLIHIOBAHHS HOTO pe3yNbTaTiB
IpoLECy BU3HAUYA€ YCYHEHHS BUSIBIIGHUX il 4ac MEPEBIPKM BUKOHAHHS MPOLECY
HEBIJIMOBITHOCTEH, MPUYHUH IXHPOTO BUHUKHEHHS, a TAKOXK MOJIMIICHHS MPOLECy 1
HaJail 3armo0iranys MoA10HUM HEBIAIIOBITHOCTSIM.

VYCyHeHHsST BUSBICHHX BIIXWICHb BiJI HOPMATHBHOI JOKyMEHTAIlIi
3MIACHIOETHCS IUIIXOM MPOBEACHHS KOPUTYBAJIBHUX 1 3aOODKHUX 1M; YCYHEHHS
NPUYUH BUSBJICHUX HEBIJIMOBIAHOCTEH - 32 PaxXyHOK 3/1HCHEHHS KOPUTYBaJIbHUX
nii. OCHOBHUMHU HampsIMKaMy TOJIIIIEHHS MPOIECY € MIHIMI3aIlis JOMyCTUMUX
BIJIXWJICHD BiJl HOPMATUBHOI TOKyMEHTAITi.

KoHTponb SKOCTI MpOAYKIIi 3a CTaIiIMU >KUTTEBOTO LHUKIY MPOTYKII
BKJIFOYAE B celde:

° KOHTPOJIb ITPOCKTYBAHHA BI/Ip06iB, ITO 3HOBY BHUI'OTOBJIAIOTECA;



. KOHTPOJIb BUPOOHMIITBA Ta peajtizaiii MpoayKIIii;
. KOHTPOJNb EKCIUTyaTallii, TapaHTiiiHe O0OCIyroByBaHHS, CIOXMBAHHS Ta
yTHITI3a1isl.

KiniieBoro MeToro MmporeciB KOHTPOJIO 1 BUIIPOOyBaHb TOTOBUX BHPOOIB €
BIIBAHTA)XCHHS 1 TOCTA4aHHA MPOAYKIIi 3aMOBHHMKAM BiJMOBIAHO JO IUIaHY
BUPOOHUIITBA.

[lin yac BUTOTOBJICHHS JeTajedl Ha OOpOOHMX BepcTarax abo I 4Yac
CJIFOCAPHOI pOOOTH BUKOHABIIIO JOBOJUTHCS 3A1MCHIOBATH KOHTPOJIb FT€OMETPUYHUX
po3MipiB. 3 BeIMKOI HOMEHKJIATYypu 3aco0iB BUMIPIOBaHb 3HA4YHAa iX YacTHHA
MPU3HAYCHA came JJIs MIbKOTIEpaIiifHOro KOHTpost0. O3HaOMUBIIKCH 13 0230BUMHU
3HaHHSMH METPOJIOTii, a TAKOXK 13 BUAaMH 3aC001B BUMIPIOBaHb, iXHIMU METO/IaMH,
a TaKoX METPOJOTIYHUMHU XapaKTEPUCTUKAMM, MOXKHA 3I1MCHIOBAaTH KOHTPOJIb
KOHKpeTHOi AeTami. KoHTposib 1 BUIpOOyBaHHsS BUPOOIB y MPOIEC] BUPOOHUIITBA
3aivicHioe mpamiBHUK BTK (Bigain TEXHIYHOrO KOHTPOIIIO), SKUM Takox Oepe
y4acTh y MOHITOPUHTY MPOIECY BUTOTOBJICHHS MPOAYKIIIi: MPOBOIUTH MEPEBIPKU
TEXHOJIOTIYHOI AUCLUIUIIHA Ha POOOYUX MICUAX, JETOUUA KOHTPOJIb KOHKPETHUX
omepartii. OIIHIOBaHHS B TIPOIIECI KOHTPOJK BHPOOIB MPOBOJUTHCSA 3a
METOHKOIO.

BTK € camoCTIHHOIO OJMHHUIICIO MIANPUEMCTBA, IKUW 31HCHIOE KOHTPOIh
SAKOCTI Ta KOMIUIEKTHOCTI TPOAYKIIi, IO BHUITYCKAEThCSA, Ha BCIX CTaIisAX
XKUTTEBOTO 1KY MPOAYKII B CyBOpIM BIAMNOBIAHOCTI J0 YMHHUX CTaHAAPTIB 1
nosiokeHb. OcHoBHUMU 3aBAaHHsMU BTK €: KOHTpOIb SKOCTI Ta KOMIUIEKTHOCTI
BUPOOIB, IO BUITYCKAIOTHCS MIAMPHUEMCTBOM, BIAMOBIAHO /10 BHUMOT J€pP>KaBHUX
CTaHAApTIB 1 TEXHIYHOI JOKyMeHTalii. HasgaBHICTh mpuiiMaHHs KOHKPETHOI AeTall
y BUKOHABIIS BU3HAUAE€ 3aMUC Y KypHaAIl MpUMMaHHS MPUAATHUX JaeTaneld. Y pasi
BUMOI Yy pOOOYMX KpECICHHSX IMpo HEOOXiIHICTh BHUIKMCKM Macnopra Ha
npucTocyBaHHs, cniBpoOiTHUK BTK poOuTh BIAMITKY B KypHadi MpPO BUIHCKY
nacropTa Ha TMPUAATHE MPUCTOCYBAHHS, Aajil BOHO BIANPABIAETHCA B LEX 3a

CYNPOBITHUMU JOKYMEHTAMH.



BucHoBKH 110 po3ainy

VY mepioMy po3aiiai Maricrepchbkoi poOOTH OysI0 MPEACTABICHO 1CTOPIIO
kommadii [IpAT «EJIAKC», sika Ha CHOTOIHINIHIA JE€Hb € OJHIEI0 3 MPOBIITHUX
NOCTaYaJIbHUKIB ~ MPOAYKIli, TMOCAYr 1 KOMIUIEKCHMX pillleHb B 00JacTi
aBTOMATH3AIlI] Ta €IEKTPOTIOCTaYaHHS TPOMHUCIIOBUX TTAPUEMCTB.

HaBeneno moBHy iHQOpMAILIiI0 CTOCOBHO KOHTPOJIO SKOCTI MPOIYKIIii, IO

BHITYCKA€TbCA.



2 IINTAHYBAHHSA EKCIIEPUMEHTY

Ha Bepcrati AQSS5L 1 mikpockorni YBM-21 BUKOPUCTOBY€ETHCS KOHTAKTHUI
METOJ] BUMipIOBaHHS. BiH momsrae B Tomy, 1o cdepa BHUMIPIOBAIBHOTO IIyTa
Bepctata AQS55L 1 chepa BumiproBabHOTO HakoHeuHHKa YBM-21 TopkaroThCs
BEPINMH MIOPCTKOCTI MOBEPXOHBb 1 HE TOpKawThes 3amanuH. [1{o cBoero ueproro
3MEHIIIY€ BILTUB IIOPCTKOCTI MOBEPXHI HA PE3yIbTaTH BUMIPIOBAHHS 1 A€ XOPOIILY
KOpEJISIII0 pe3ylbTaTiB BUMIPIOBaHb Ha BepcTaTi Ta Mikpockori. Ile mae 3mory

MIPOBECTH SKICHUM aHalli3 pe3yNbTaTiB €KCIIEPUMEHTY.

2.1 TexniuHi xapakrepucTuku Bepcrara AQSSL

VY BepcTaTi BUKOPUCTOBYEThCA TepMOKoMIeHcauis. Poboumit cTinm 1
HIMUHACb BepcTaTa BUKOHAHI 3 METAJIOKEpaMiKH, sIka Ma€ HU3BKUN KOe(IIlieHT
TEMITepaTypy PO3IIUPEHHS, [0 B CBOIO YEPTy IMO3UTHBHO BIUIMBAE€ HA TOYHICTH
BUKOHAHHSI BUMIpIOBaHHsS. PoOoua iefekTpudHa piiiHA Y BEpCTaTi MPUMYCOBO
OXOJIOMKYETHCS CHEIIaIbHOI CHCTEMOIO OXOJIOJKEHHS, sIKa BUKOHAHA y BHIJISI
XOJOAWIbHHUKA, IO Ja€ 3MOTy MIATPUMYBaTH TeMIlepaTypy poOOYoi piiMHHU B
inrepsaini Bixg 20° C mo 22° C., mo Jae 3MOTy YHUKHYTH TEIUIOBOTO PO3IIUPEHHS

CTaHWHU BEPCTAaTa.

Tabn. 1.1 - Cnenmdikariist Bepcrara

HaiimenyBanus Crnenudikarris
X1 cTony mo oci X 550 mm
XiJ cTONy 1O OCl y 400MMm
Po3mipu pobouoro cromy 750*550 mm
MaxkcumaibHa Bara eJ1eKTpoja Big 0 10 50 kr
MaxkcuMalibHa Bara 3aroToBKU 1000 kr
[IBUAKICTH TIEpEMIIIICHHS Bix 20 mm/xB 1o 6000MM/XB




HaiimenyBanus Crenudikarist

OnuHUYHE MepeMileHHS 1 MKkM

TounicTh BiTOOpakeHHSI pOOOYOTO Oprany 0,1 mxm

(mmmHzaens) Ha AuCIUIe] Bepcrara

T FioNeme: PAZKAL

Puc. 2.2- Bun nucniies Bepcrara




2.2 Onuc MeTOAMKHN BUMIpIOBaHHSA Ha BepceTaTti AQSSL

BcTanoButr BUMIpIOBaHUM IIyN y MITUHAEIb BepcTata AQS5S5L.

[Ipoteptu 6s3p10 3MoueHy B crnupToBomy posunHi (C,HsOH) pobouy
noBepxHIO cTtomy Bepcrata AQSS5L. Takum camuM MeTomoM OOpPOOUTH
chepy BUMIPIOBAHOTO IITyIa, OOPOOUTH yCTaHOBYI MIPU3MH, (IaHElb JIeTal,
SKMM BOHa OyJe BCTAHOBJIIOBaTHCS Ha ycTaHOBYl mpu3aMu. OOpoOuTH
BHYTPIIIHIN JiaMeTp 1 MIMOHKOBUM 1a3 BUPOOY (HamiBMypTH).

BcTranoBuTH yCcTaHOBYI MPU3MH HA TIOBEPXHIO CTOTY BEpCTaTa.
. YctanoBuTH ¢uIaHelb JIeTall Ha yCTAHOBY1 IPU3MHU.

HpI/ITHCHYTI/I ACTaJIb 10 YCTAHOBYHMX IIPU3M IIPUTUCKAMU.

Buxonatn HaOip KMJI piBHUI [iliCHOMY poO3Mipy IIIIOHKOBOTO Ta3a.
YeranoButu Ha6ip KM/I y mimoHnkoBuii a3 HamiBMy(QTH.

[TinBecTn BuMiproBanwuii myn g0 noBepxHi KM/I 1 BuUKoHaTH BUPIBHIOBAHHS
miomHu noepxHi KM/l 1 koopaMHaTHOI CUCTEMHU BepcTara, o0 BOHU
Oyny B OfHiM OCl.

Butsarru KM/] 13 maza BupoOy (HamiBMy(TH).

[IpoBogumoO mepeBipKy MEPHEHAUKYISIPHOCTI OCI BHYTPIIIHBOTO JlaMeTpa
HamiBMy(QTH MO0 HacTaHOBHOTO duiaHnsg. Y IWIMHHAETH BepcTara 3a
JIOTIOMOT 010 MarpoHa 3akpimioemo [IPEM. TlinBoaumo HIkKKY 1HIUKATOpa J0
CTIHKM BHYTPIIIHBOTO JiaMeTpa BUpoOy mo oci X 1 3HAXOAUMO TOYKY
noBepHeHHs. [loTiM mpokoyyeMo MO BCid BHUCOTI YTBOPIOIOYOi JiaMeTpa 1
JUMBAMOCS Ha TIOKa3aHHsS 1HAMKATOpa y BEpXHIA 1 HIDKHIA TOYKax
yrBOpiotodoi. [Tokazanus inaukaropa MaroTh OyTH B Mexax 0,005 mm. Lo
camy IpoLeAypy HNPOBOJUMO IO OCl Y, 110 JacTh HaM 3MOTY BUKIIOUUTU
HMOBIPHICTh HEMPABUJIBLHOIO IOJOXKEHHSI BUPOOY Ha poOoUiid MOBEpXHI

CTOJIy BepcTaTa Mij] 4ac 3aKpiruICHHS.



10.Ha Bucori 3 MM BIig BEpPXHBOI IUIONIMHU HAMBMY()TH MPOBECTU
3HAXO/KEHHS IIEHTPY BHYTPIIIHBOTO JiamMeTpa HamiBMy(dTu (y Bepcrara €
CB1#l aJITOPUTM 3HAXOKEHHS LICHTPY).

11.Topkarounch MOCIIIOBHO OJHIET, @ TIOTIM JIPYTOi CTIHKK IITIOHKOBOTO T1a3a,
3HAUTHU LEHTP LIITOHKOBOTO I1a3a.

12.TIpoBecTu PO3paxyHOK CIIBBICHOCTI LIEHTPY IIMOHKOBOTO Ma3za 1 IEHTPY
BHYTPIIIHBOTO OTBOPY HamiBMY(TH 3a JOMOMOIOI0 3YUTYBAHHS KOOPAWHAT

Ha )_II/ICI'IJ'Ie.l. BCpCTara.

2.3 TexHiuyHi XapaKkTepucTuku YBM-21

VYHiBepcanbHUN BUMIpIOBaNIbHUNM Mikpockon YBM-21 npusHadaetbes as
BUMIPIOBAaHHS JIHIMHUX 1 KYTOBUX pPO3MIpIB PI3HOMAHITHUX BHUPOOIB Yy
NPSIMOKYTHHX 1 TOJIIPHUX KOOpAMHATaxX. 30KpeMa, Ha IMpHJIaJl MOKHA MTPOBOAUTH
BUMIPIOBaHHSI Pi3b0OBUX BHUPOOIB, PI3aJbHOTO I1HCTPYMEHTY, MNPOQUIEHUX
11a0JIOHIB 1 JIeKaJl, KyJ1a4dKiB, KOHYC1B, MITUHKIB, p13b0OHAPI3HUX I'PEOIHOK, a TAKOXK
paaiyciB 3a0KpyIJeHb 1 BiJICTAaHEH MK OCSMH OTBOpIB pi3HOi dopmu. Huni Ha

MIPUEMCTBI YCITIIIIHO HUM KOpUCTyeMocsi[S].

Puc. 2.3 - YBM-21



VYHiBepcallbHUN BUMIPIOBAIBHUNA MIKPOCKON MICTUTh OCHOBHI YaCTUHU -
CTaHHHY, TOJIOBKHIO KapeTKy, MOMEepPEUHy KapeTKy, TOJOBHHUM MiKPOCKOII, KOJIOHKY
MIKPOCKOTIa, OCBITIIOBAIbHUHN MIPUCTPIN 1 IITPUXOBY OKYJISIPHY TOJIOBKY.

Crammna 1 (puc. 2.3) cioyrye OCHOBOIO TpWiIagy 1 TpuMae Ha coOi
MO3/I0BXHIO KapeTKy 2 1 MOMepeuHy KapeTKy 3, Ha sSIKy BCTAaHOBIIOIOTH BUMIPIOBaHi
BUpoOH. Pa3oM 13 mOMNEpEeYyHOI0 KapeTKOK MEPEeMINIAOThCd MIKPOCKOM 1
OCBITJTIOBaNbHUN TpuCTpiid. Hampsimui 4 1 5 sBIsIFOTE CO00I0 TBEpI03arapToBaHi
MOJIIPOBaHI KOCHHIN, 3a SKUMH T[EPEMIIIAIOThCSI TOYHI IMAPUKOIIAIIUITHUKH
KapeToK. 31 CTAHMHOIO >KOPCTKO MOB's3aH1 BIIJIIKOBI MIKPOCKOIHU 6 1 7, KOXKEH 3
SKUX 3a0€3MeUCHNI MaJHM OCBITIIOBAYEM.

CranuHa Mae BIJUIMTI ByIIKa 8 IS HWJIIHAPUYHUX IITAHT, TPU3HAYCH] IS
NEepeHEeCeHHs Npuiaay. Y MiJCTaBl CTAHWHU MO3HAYEHI TPU ONOPHI I'BUHTH, IIO
Jal0Th 3MOTY BCTAHOBIJIIOBATU MPUJIAJ TOPU3OHTAJIBHO 3a KPYIIIUM piBHEM 9.
KoHcTpykuist Mikpockona nependadae po3TalryBaHHsI KOHTPOJIBOBAHOTO 00'€KTa Ha
MPEIMETHOMY CTOJII KAPETKU MO3JOBKHBOTO MEPEMILIEHHS, & TOJIOBHHUI MIKPOCKOI
- Ha KapeTIll nmonepeyHoro nepemimenHs. i mepeMiiieHHs 311iCHIOIOTHCS MUISIXOM
oOepTaHHs JABOX TBHHTIB MiKpomnojaui. [0JOBHHII MIKpPOCKON OCHAILEHUH JBOMA
OKYJISIpaMH ISl KOHTPOJIIO JIHIMHUX 1 KYyTOBHUX MapaMmeTpiB BiAnoBiaHO. Jliis
BIJITIKY TIEPEMIIICHHS CIYTYIOTh CKJISHI MUIIMETPOBI NIKajdd TO3I0BXKHBOTO 1
MOMNEPEYHOro XOAy 1 BIJUIIKOBI MIKPOCKOIHU 31 CHipajJbHUMHU HOHiycamu. [lpunan
oOnamHaHuii 00EpPTOBMM CTOJUKOM I 3JIMCHEHHS 3aluCIB  PE3yNbTaTiB
BUMIpIOBaHHS [6].

T'onoBHMIT Mikpockon 14 € HaMBaXIMBILIOW YaCTUHOIO MPUIIATY 1 pa3oM 31
IITPUXOBOIO OKYJISIPHOIO TOJIIBKOIO CIY)XUTh JJii TOYHOTO HaBEICHHS Ha
BUMIpPIOBaHUH BUPIO.

Mikpockon pa3oM 13 KPOHIITEHHOM 15 3A1iCHIOE TIepeMillleHHs] IO BUCOTI
B3JI0BXK KOJIOHKHU: Tpy0e mepeMileHHs 3/11HCHIOEThCSI 00epTaHHAM Kpemaibepu 16,
TOYHE - OOepTaHHSAM HakaraHoro Kumbels 17. TouHe ¢okycyBaHHS MIKpOCKOMa

(bIKCYeThCS  KPYrOBOK  IIIKAJOK, HAHECEHOK Ha KUIBI, 3aBISKU UYOMY



BUMIPIOBAaHHSI MOXKHA MPOBOAMTH OJHOYACHO HA PI3HUX BHCOTax (1o 8 MM), ane 3
MEHIIOI0 TOYHICTIO.

BumiproBanpHuil mpuiiajl OCHAIICHWH 3aco0aMH aBTOMAaTH3allii, 3aBIsSKU
YOMY 3HAYHO CHPOIIYETHCA MPOIEC BUMIPIOBAHb, SIKI HAWYACTIIIE MPOBOISTHCA.
[Ilo mpoBOAUTHCS 3aBASIKA BCTAaHOBIICHHIO KBa31aOCOJIOTHOTO JaT4WKa JTIHIMHUX

MepeMIIleHb, a TAKOXK IIU(PPOBOTO BIITIKOBOTO MPUCTPOIO.

Jani npeacrasineni B Tabm.. 2.2 12.3.

Tabmn. 2.2 - TexH14H1 XapaKTepUCTUKU

Mexi BUMIpIOBaHHS Po3mipu, mm

- ITIO310BXXHbBOM HaHp}IMK 'y MM
Y Y Y 0-100

-y HOIICPEIHOMY HAIIPAMKY, MM

Mexi BUMIpIOBaHHS KYTiB, Ipaj 360

[{ina HaltMeHII01 MOAIIKK CHIpaNbHOIO OKYISIpHOro Mikpomerpa, MM | 0,001

[{ina HallMEHIIOi MOMIIKM LIKAJIW IITPUXOBOI OKYISPHOI TOJIOBKH,

1
XBHJIMHU
TaGapuTHI po3MipH, MM 1145x1060x705
Ta6i. 2.3 - TouHiCTh BUMIPIOBAaHb
[Tpoekmiitauii (TIHLOBHIT) METO

BuMmiproBaHHS JOBKHMH Ha IUIOCKOMY CTOJi B TO3IOBXHBOMY

+(3+L/30+h1L/4000)
HaINpsIMKY, MKM
BumipioBaHHS JOBXMH Ha IIJIOCKOMY CTOJI B TOHNEPEYHOMY

+(3+L/50+h1L/2500)
HaIpsIMKY, MKM
BumiproBanHs JiaMeTpiB MIaJKUX HUIIHIPIB Y LEHTPAX, MKM +(6+L/67)
BumiproBaHHs cepeliHiX J1ilaMeTpiB pi3bOJICHHS +(4+2/sin(a/2)+L/67)
BumiproBaHHsI KpOKyY pi3b0U, MKM +(1+2/cos(a/2)+L/32)

MeTton ochOBOTO Tepepizy (3a T0MOMOTOr0 HOXKIB)



https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BA%D0%B0%D0%B7%D1%8B%D0%B2%D0%B0%D1%8E%D1%89%D0%B5%D0%B5_%D1%83%D1%81%D1%82%D1%80%D0%BE%D0%B9%D1%81%D1%82%D0%B2%D0%BE

BuwmiproBaHHs [OBKHH Ha IUJIOCKOMY CTOJl B IO3J0BKHBOMY

HaIIpsIMKY, MKM

+(2,7+L/30+h1L/4000)

BuMiproBaHHs JOBXHMH Ha IUIOCKOMY CTOJII B IIOIEPEUYHOMY

HaIPsIMKY, MKM

+(2,7+L/50+h1L/2500)

BumMiproBaHHs cepeaHix aiaMeTpiB pi3bOIeHHs

+(1+1,7/sin(a/2)+L/67)

BumiproBanHs Kpoky pi3zbOu, MKM

+(1+1,7/cos(a/2)+L/67)

2.4 MeToauka BUMipoBaHHs Ha YBM-21

1.  VYBiMKHYTH TyMOJIEp KUBICHHS MIKPOCKOIIA.
2.  BcraHOBHTH Ha MO3M0BXKHIO KAPETKY MIKPOCKOIA TOBOPOTHHUIA CTLM
(pucy. 2.4).

Puc. 2.4 - IloBopotHuii ctin YBM-21




3.  VYBIMKHYTH IITENCeIb >KUBJICHHS ICBIYyBaHHSI OKYyJsIpa ITOBOPOTHOTO
CTOJIy B €JIEKTPUYHY MEPEXKY MIKPOCKOIIA.

4.  BCTaHOBUTH B I[EHTP IIOBOPOTHOIO CTOIY LIEHTpOIIyKad (puc. 2.5).

Puc. 2.5 — llenrpomrykau

5. [IpoBecTr TMONIIYK IIEHTPY ITOBOPOTHOTO CTOJNY 1 3alldCaTH KOOPJAWHATH
LIEHTPY CTOIY.

6.  BcTaHOBHTH Ha IUIOLIMHY ITOBOPOTHOIO CTOJY YCTaHOBYI Ipu3Mu (puc. 2.6).

Puc. 2.6- Ycranorui npusmu

7.  BcraHoBuTtH (raHels HaiBMy()TH Ha YCTAHOBYI MPU3MHU.

8.  TlpoBectu 3akpirieHHsS HAMiBMY(TH i HACTAHOBHHUX MPHU3M 3a JIOMOMOTOIO

MIPUTHCKIB HA TOBOPOTHOMY CTOJII.



10.
11.

12.

13.

14,

15.

16.

Bukaratn BHyTpimHIA giameTp BHpoOy Bpy4yHY (IIO€THABIIM LIEHTP
MOBOPOTHOTO CTOJY 3 IIGHTPOM BHYTPIIIHBOTO JiamMeTpa BHUPOOY) 1
3aKpIMTUTH MPUTUCKHU.

[TpoBectu Habip KM/ 3a nilficHUM po3MipoM HIMOHKOBOTO Ma3a BUPOOY.
BceranoButn Ha 0O0'€KTMB MIKpOCKONA MPHUCTOCYBAHHA JIs 3aKPiIUICHHS
inaukatopa [IPBM (puc. 2.7).

BceranoButu Habip KM/I y mmonkoBuit nas.

3a momomororo IPBM nuisixom oGepTaHHsS MOBOPOTHOTO CTONY IMOEAHATU

miommay KM/ 13 monepeyHoro BICCIO MEPEMIIIEHHS KapEeTKH MIKPOCKOIIA.

Butsrru na6ip KM/I.
BcranoBuTu Ha 00'ekTUB Mikpockorna rosioBky BO - 1.

3a ponomoror rogoBkd BO - 1 3HalTH LEHTp BHYTPILIHBOIO AiameTpa
BUpoOy 1 IEHTP MIMOHKOBOTO masza. IIInsxomM MOCIHiIOBHOTO TOPKaHHS
yciyeHoi cdepu Baxkeds TOJOBKM, CTIHOK BHYTPIIIHBOIO JlaMeTpa
HamiBMy(QTH, 1 CTIHOK IIMOHKOBOTO Ta3a Ha BHCOTI 8 MM BiJ BEpPXHBOTO

TOpLS HAMIBMY(TH.

Puc. 2.7- IPBM



[Tonoxkennst cdepu  BakeNds 3YATYEMO 3a ONTHYHAMHU JIHIAKAMH
MO370BKHBO1 1 TOTIEPEYHOT 1T0/1a9 MIKPOCKOIIA.

PizHumst Mk KoopauHaTamMd IIEHTPY IINIOHKOBOTO TMa3a 1 MEHTPY
BHYTPIIIHBOTO JlaMeTpa JAlOTh HaM HECHiBBICHICTH IIMOHKOBOTO Ia3a MO0

BHYTPILIHBOTO J[laMETpa Ha JIBOX BUCOTAX.

2.5 TexHiyHi XapaKTepUCTHUKHU rojioBku BO-1

[IpuctocyBanns romoBka BO-1 10 yHIBepcaJbHOIO BHUMIipIOBAJIBHOTO
MIKpPOCKONIa TPHU3HAYEHE MJI1 BHYTPIMIHIX JHIKHUX BHMIPIOBaHb KOHTAaKTHHM
METOA0M. 30KpeMa, MPUCTOCYBaHHS CIYTy€e AJii BUMIPIOBAHHS /1aMETPiB OTBOPIB,

IIMPHUHH 11a31B, KAHABOK TOLIO.

Tao6i. 2.4 - OcHOBHI 1aHl

Mexi BUMipIOBaHHS 5-195 mm
Haii0inpma mubrHa BUMIpIOBAaHUX OTBOPIB 13 mm
BumiproBanbHul THCK I5+5r
[Toxubxa nokazaHp pH BUMIpIOBaHHI OTBOPIB, 1€ L - (1,5+ L

. o 100 ) MKM
BUMIpIOBaHa JIOBKWHA B MM.

[IpuctocyBanHst ckiagaetbcs 3 koprycy 1 (puc. 2.8), B sAkui
BMOHTOBAaHO BaXilb, IO XWUTAETbCS HA TOPU3OHTANBHIMN oci. Baxiib
3aKIHUYYEThCS BHUMIpPIOBaJIbHUM HAKOHEYHHUKOM 2 3 KYJIBOBOIO ITOBEPXHEIO.

HakoHeuHUK 3aKpIMITIOETHCA Ha KIHII BaXeJisl TBUHTOM 3.



Puc. 2.8- BO-1 romoska

Ha oci Baxens mig kyroMm 45° 10 OITHYHOI OCi TOJOBHOTO MiKPOCKOIIA
npwiany YBM-21 ycraHOBIEHO MJIOCKE J3€pKayio, K IOKa3aHo Ha puc. 2.8.
YcepenuHi KOpIycy po3TallloBaHa TaKOX CITKa 3 HAHECEHUMHU 110 BEpPTHKAII
noABiiHUMEU mTpuxamu (mmmpuHa Gicekropa 0,01 mM). BctanoBneHHs Ha pi3KiCTh
300pakeHHSI IITPUXIB OICEKTOpa CITKU 3IHCHIOETHCS OOEPTaHHSIM Kbl 4 (pHC.
2.8 10). 300paxeHHs, BiIOUTE B A3epKaia, MPOEKTYEThCS 00'€KTHBOM TOJIOBHOTO

MIKpOCKOTIa Ha HOTO IMITPUXOBY TUIACTHUHY.

HampsiMok  BUMIpIOBaJbHOTO THCKY HAKOHCUYHHUKA BUMIPIOETHCS
oBopoToM Ha 180° KiJIbIst 5 31 CTPIIKOIO - MOKAKYMKOM.

YCcTaHOBKY TPHCTOCYBaHHA Ha TMPWIad TMPOBOASITH TaK: HAISATAIOTh
IPUCTOCYBAHHS BHPi30M 7 Ha OOPTHK OIpaBH 00'€KTHBA 3i 30iIbIIEHHAM 3™ K
noka3zaHo Ha puc. 2.8. BKpydyloTh OCBITIIOBaJbHHI NAaTpoH 31 MIHYpOM 1
BUJIKOIO B KOPIYC TPUCTOCYBaHHS 1 BMHKAlOTh Yy MEpexXy uepe3

TpaHchopmaTop npuiamdy.



Puc. 2.9 - BcraHoBJIeHHS TPUCTOCYBaHHS HA MIKPOCKOTI

2.6 MeToauka BUMiplOBaHHA BUpPOOy HaniBMydTu Ha YBM-

21 3a gonomororo BO-1 royj1oBku

1.  VeimkayTH Mikpockor. BeranoButu BO-1 ronosky Ha YBM-21.

2. BumiproBanuii BUpiO MOMICTHTH Ha TUIOCKHN CTOJIMK MIiKPOCKOTIA,
(momepeIHbO MPOTEPIIN O3B0 31 CIIUPTOM) 1 3aKPIMUTH HA HHOMY.

3. Tlepemimiarour KpOHIITEHH MIiKPOCKOIA, BBECTH HAKOHEYHHUK
MIPUCTOCYBaHHS B OTBIpP BUPOOY 1 MOBEPHYTH KiJbIle 5 Tak, 00 HAKOHEYHUK
JiSIB y IOTPIOHOMY HArpsiMi.

5. OOepTaHHSM MIKPOMETPHYHOTO TBUHTA TO30BKHBOI KapeTKH

NPUBECTH CEPUUYHMI HAKOHEYHHK Yy 3ITKHEHHS 3 TOBEPXHEI0 OTBOpPY, MpHU



IILOMY B TIOJII 30pYy MIKPOCKOTIA Ma€ CIOCTEPIraTUCs 300pa)KEHHS TOJBIMHHUX
IITPUXIB CITKH.

6. Pi3kicTh 300pakeHHs MOABIMHUX MITPUXIB YCTAHOBUTH IIOBOPOTOM
kbl 4 (puc. 2.8). IlpuctocyBaHHsl po3ropHYTH B raiiii 6 Tak, o0 moaBiiiHI
MITPUXH CITKUA OYJIM CTPOTO MapayiesibHI BEPTUKAIbHUM MYHKTUPHUMHU JIHISIMU
HITPUXOBOI TOJIOBKU TOJIOBHOTO MIKPOCKOIA; MICHS IOTO 3aTATHYTH TalKy 1,
CTHIOCTEPIraloyi B MIKPOCKOII, IEPEBIPUTH MOJTOKEHHSI IITPUXIB.

/. Tlepen BUMIpIOBAaHHSIMHU PEKOMEHIYETHCS IEPEKOHATHCS B TOMY,
IO BICh BUMIPIOBaHHS OTBOpPY MEPHNEHAUKYISpHA 1O IMOBEPXHI IIOCKOIO
cTosuka. JlJig 1bOoro NpuBeCTH BUMIPIOBAHUN HAKOHEYHUK Y KOHTAKT 3 TBIPHUM
OTBOpOM 1, oOepratoun (HOKyCyBaJIbHE KUIbLIE TOJOBHOTO MIKPOCKOIIA,
CIIOCTEPIraTH 3a 3CYBOM IMOJIBITHUX IITPUXIB BIJIHOCHO IITPUXOBOI MYHKTUPHOI
JiHIT CITKM TOJIOBHOTO MIKPOCKOIIA; 3CYB HE MOBHMHEH MEPEBUIIYBAaTH ILIUPUHU
OiceKkTopa CITKH MPUCTOCYBAHHS.

8. [TIlix yac BUMIpIOBaHHS JiaMeTpa OTBOPY MOTPIOHO, 00 KOHTAKT
HAKOHEYHWKA 3 TBIPHOIO OTBOPY OYB y JIBOX JlaMeTpajibHO MPOTHUICKHHUX
ToukKax. J{Jis 1bOro, MOBUIBHO MEPEMIIAIOUN TONIEPEUHY KapETKY B TOH 1 1HIIMIMA
OIK 1 crmocTepiralodd B OKYJsIp, 3HAWUTH TOYKY IOBEPHEHHS 300pa)KeHHS
NOJIBINHUX MITPUXIB CITKH, TOOTO MOMEHT, KOJIU 300paKEHHS IITPUXIB 3MIHIOE
HampsSMOK pyXy. Y I1[bOMy TIOJOKCHHI HAKOHEYHHMK TepedyBaTuMe B
JiaMeTpabHOMY IIepepi3i OTBOPY.

9. TlepemimieHHsIM MO3M0BKHBOI KAPETKA BCTAHOBUTH TOABIHHI IITPHXH
CITKM TIPUCTOCYBAaHHS CYBOPO CHMETPUYHO BIJHOCHO BEpPTUKAJIBHOI JIHIT
IITPUXOBOI TOJIBKHU 1 32 JIOMOMOTOI0 BIJIIKOBOI'O MIKpOCKONA 3pOOUTH MEepUInit
BIJUTIK 3a O3J0BXHBOO IITKAJIOKO.

10. TToBoporom kimblsg 5 (puc. 2.8) 3MIHHTH HAmpSIMOK BHMIipIOBAHOIO
TUCKY HAKOHEUHHKA 1 TIEPEMIIATH MOJAOBKHIO KapEeTKy JIOTH, JOKHW BUMIPIOBAHHMA
HAKOHEYHUK HE TOPKHETHCS MPOTHIICKHOTO OOKY OTBOPY.

11. Miroun MiKpOMETPHYHUM TBUHTOM MO3/I0BKHBOI KAPETKH, YCTAHOBUTH

NOJBIWHI IITPUXH CITKH TaK CaMO CUMETPUYHO BITHOCHO IMyHKTHUPHOI JiHII CITKH



HITPUXOBOI OKYJSIPHOI TOJIBKU Ta 3pOOUTH APYTHil BIUIIK 3a TIEHO K IIKAJIOKO.
Pi3anist 060X BIAJIIKIB IJIIOC AlaMeTp CHEpHUUHOTO HAKOHEYHHMKA JTACTh J1aMETp

BHUMIPIOBAHOTO OTBOPY:

D =A - B+d,

ne: A - mepiui BiIJTIK 3a MIKAJIOK MO30BKHBOTO XOY;
B - npyruii BiaIiK 3a MIKaa0r0 MO30BKHBOTO XOIY;

d - niameTp chepruyHOTO HAKOHESYHHKA.

JI1s1 T IBUITIICHHS TOYHOCTI BUMIPIOBAaHHS HABOJKY 1 BIUTIKK ITOBTOPUTH

HE MEHIIE TPbOX Pa3iB 1 BABHAYUTH CEPEIHE 3HAUCHHS.

BucHoBku 1o posainy

Y napyromy poszmini poOoTH Oylno TPOBEACHO aHalli3 XapaKTePUCTHUK
oOnaiHaHHsI, HEOOX1THOTO ISl IPOBEJICHHS €KCTIEPUMEHTY, 1 BAKOHAHO HAIMCAHHS
METOJUK MMPOBEACHHS BUMIPIOBAHHSI CIIBBICHOCTI HAa BEPCTAaTI Ta MIKPOCKOITI.

Takox po3miAsHyTO MeTposioriuHi xapakrepuctuku AQSSL 1 YBM-21.
[IpoBeneHo BUMIPIOBAaHHS CIIBBICHOCTI IIMOHKOBOTO TMa3a 1 BHYTPIIIHBOTO

JiaMeTpa.



3 TIPOBEAEHHA EKCIIEPUMEHTY

3.1 BumiproBaHHA cniBBicHOCTI Ha BepcraTi AQ55L

Jlis mpoOBENEHHSI EKCIIEPUMEHTY HaM HEOOXIHO TMPOBECTH M'SITUKPATHI
BUMIpIOBaHHs Jiamerpa chepu HakoHeuHuka Big BO-1 romoBku 1 mryma Bifg
Bepctata AQSS5L. IIlo6 Hagami mnpoaHamizyBaTH IXHIM BIUIMB Ha pPO3MIpH
BUMIpIOBaHHs cmiBBiCHOCTI. [li omeparii Oyiu mnpoBeieHI y JBOX pI3HUX
OPUMILIEHHSAX 3 PI3HOK TEMIIEPATypOI0, BOJIOTICTIO Ta aTMOC(HEPHUM THUCKOM.
Jan1 HaBegeHo B Tabu. 3.1 1 3.2. /I BUKOHAHHSI BUMIPIOBaHb OyJI0 BUKOPHUCTAHO

taki CI Ta momomixH1 Marepiaiu:
*  Mikpomerp Baxinsauit TOCT 4381 - 87 [19].
*  Baxinsna ckoba 'OCT 11098 - 75 [20].
*  Kinnesi mipu 2 - H1 TOCT 9038 - 83 [21].
*  Cnupr etunoBuit pextudikoBanuit [OCT 5962 - 2013 [22].
* b3 'OCT 29298 - 2005 [23].
*  Tirpomerp ncuxpomerpuunuii BIT - 2 TOCT 8.279-78 [24].

*  bapomerp

Ta6n.3.1 - PesynbraTu BuMiptoBanHs HakoHedHHKa BO-1 ronoBku (Mm)

BTK Temneparypa HaBKOJIMIIIHBOTO Jlaboparopisi| Temrneparypa HaBKOJUIIIHBOTO
cepenouia 21° C cepenosuia 25° C
Bomnoricts 51% Bomnoricts 38%

Atmocdepuuii Tuck 760 MM pT. CT. AtmocdepHuii Tuck 760 MM pT.

CT.




3,362 3,362
3,3625 3,362
3,3622 3,362
3,3620 3,362
3,3625 3,3625

Tabmn. 3.2- Pe3ynbratu BUMiproBaHHS 11yna Big Bepctata AQSSL (Mm)

BTK Temmneparypa HaBKOJIMIIHBOIO JlaGoparopisi| Temneparypa HaBKOJTUIITHBOTO
cepenosumia 21° C cepenosuma 25° C
Bomnoricts 51% Bomnoricts 38%
Atmochepuuii Tuck 760 MM pT. Atmochepuuii Tuck 760 MM pT.
CT. CT.

4,998 4,999

4,9975 4,999

4,998 5,000

4,998 5,000

4,998 4,999

JIist  TpoBENEHHS ~ eKCIEPUMEHTY HaM  HEOOXiAHO  MPOBECTH

JECATUKPATHI BUMIPIOBAHHS CHIBBICHOCTI IIMOHKOBOTO Ta3a 1 BHYTPINTHBOTO
niamerpa HaniBMypTu Ha YBM-21 1 Ha Bepcrari AQSSL. Jlani HaBeneHo B
Tabm.. 3.3.

YMOBH MpOBEIEHHST BUMIPIOBAHb:

— Temmeparypa 22° C
— BoJoricth 51 %

— arMocdepHuit Tuck 760 MM pT CT.




OCBITJIEHICTh TPUMILICHHS, II0 BHUKOPUCTOBYETHCS JUISI TPOBEACHHS
BuMmiproBanb, BignmoBigae JICTYCII 52.13330.2016 Ilpupomne 1 mTy4dHE

ocBiTieHHs. AkTyainizoBaHa pegakiis CHill 23-05-95.

Tabn. 3.3 - Pe3ynbrar BUMIpIOBaHHS CIIBBICHOCTI IIIIOHKOBOTO Ma3a

BIJIHOCHO BHYTPIIIHBOTO AlameTpa HamiBMydTu Ha Bepcrati AQSS5L 1 YBM-21

CuiBBicHicTh 3a kpecienusm T/2 0,06
AQ55L YBM - 21
0,0332 0,035
0,0257 0,027
0,0381 0,034
0,0348 0,038
0,0193 0,013
0,0261 0,028
0,0324 0,031
0,0215 0,022
0,0346 0,029
0,0278 0,032

3.2 O6po6Ka pe3y/ibTaTiB BUMipIOBaHb

Hami mnpoBegemMo 0OpoOKy pe3yabTaTiB 0araTopa3oBUX CIIOCTEPEKEHBb
BianoBiaHo 10 Metoauku ['OCT 8.207.
Etanu oOpoOku pe3ynbrariB BUMipOBaHb. Po3paxyHkoBl (opmynu Ta

pE3yaAbTaTH BEJIMYMH HAaBEAEHO B Tabm. 3.4.



Tabmn. 3.4 - [lokpokoBe onpallOBaHHs pe3yIbTaTiB BUMIPIOBAHb

JIoBipui MeXi BUIAJAKOBOI IMOXHOKH =2,04;
. . . €=T-Sx (1)
OIIIHKHA BUMIiPIOBAHO1 BEJTUIMHHI £=0,31
JloBipui MeXI1 HEBHUKJTFOUYCHOT
cuctemarrnanoi nmoxudku (HCII): m
o Bn =129, | oy =12
noBipui mexxi HCII i=1 (2)
JloBipui Mexi IMOXHOKH OIIHKH A= KS5 3)
BHMIPIOBAHOI BEJIWYMHHU 3HAXOAATh
IUIAXOM  MMOOYIOBH  KOMIIO3HIIii ..
e H ne K - xoedimient, mo
PO3MOIUTIB BUIAJKOBUX TMOXHOOK 1 )
3aJIC)KUTh BiJl
HCII, mo posmisnaloThest — sIK o
CITIBBIIHOIIICHHS A=1.27 K=1.798
BUIIAKOBI BEJINUUHU. . T T
BHIIAKOBOT
ckiaoBoi moxuoku i HCT]|
-+
1% )
O6uncnenns CKO HCII Bx
S@ = _..f_ 0,69
N6
OdopmieHnns 3anucy OIIIHOK|
BHUMIPIOBAaHUX BEJIMYHH, 110 Tt A (6) (15,7862+1,27)
BUMIPIOIOTHCSA
Cymapne cepeaHe KBagpaTH4yHe
BigxuieHHs (CKO) orinku 5 3 S3=0.71
. , Sz =8 + 8% ’
BHUMIPIOBAHO1 BEIMUYUHU 7)

Etanu 00poOku pe3ynbraTiB BUMIPIOBaHb, PO3PaxyHKOBI (opMmynud Ta

pe3ylbTaTl PO3PAaxXyHKY OIIHOK HEBH3HAYEHOCTI

HaBeIEHO B Ta011.3.5.

BUMIPIOBaHO1

BCJINYNHU




Tabmn. 3.5 - [lokpokoBe onpalOBaHHs pe3yIbTaTiB BUMIPIOBaHb

Etanu 00poOKu pe3ybTaTiB Pesynbrar (00po0Okm)
. Po3paxynkoBa ¢o a
BHMipIOBAHb PaXyHKOBa (OpMy pO3paxyHKy
. — J 1 & — . us =0,1514
Po3paxyHok CTaHJIAPTHOI u,(d)= > (x, —x)
n(n—1) 3
HEBHU3HAYEHOCTI CEpEeIHBOrO

apu(pMEeTHUYHOTO 3HAYCHHS

[pe3y/bTaTiB BUMIPIOBAaHb 32 TUIIOM A

Po3paxyHok CTaHJIapTHUX u,(x,)= \05 Ug=0,6936
HEBU3HAUYEHOCTEH 3a TUIIOM B:
Po3paxyHOK CyMapHOI CTaHAApTHOI - 3 IIPUIAMAEMO
HEBH3HAYEHOCTI u(y)= 2[_] u’(x,) Koe(iIlieHTH
_ r YYTIMBOCTI PIBHUMHU
C1=C2=C3=1.
OCKIJTBbKA
BUMIPIOBaHHS IPSIMI;
Ue=0,7099
[PO3pAaXyHOK 3HAUYE€HHS PO3MIUPEHOT U=k-u/(y) U=1,4198
HEBU3HAYCHOCTI]
0(OPMIIEHHS 3aMUCY OLIHOK 6=(6+U) (15,7862 +1,42)

BI/IMipIOBaHI/IX BCJIMYHUH

BucHoBKH 110 po3ainy

Takum yuHOM, y 1BOMY po3AUIl OylIO MpOBEAEHO OOpPOOKY pEe3yNbTaTiB
BUMIPIOBaHb CHIBBICHOCTI HIMOHKOBOTO Ma3a Ha Bepctati AQSSL 1 Ha YBM-21 3a
nornomoroto roniBku BO-1. OOpoOky 3nilicHIOBaM B Mporpami, CKJIaJCHIA Y
cepenoBunti LabVIEW. [{ns nporo Oyio 3aaHo Jiana3oHU BEPXHBOI 1 HUKHBOI
MEX, y SKI Majdu BXOAWTH (aKTU4YHI 3HAUYEHHS CHIBBICHOCTI IIMOHKOBOTO Ta3a.
Po3paxynku B mporpami BHKOHYyBaimucs 3a (opmymamu 3 Tabn. 3.5. Takox
3po0JIEHO BUCHOBKH IIPO T€, 110 33JaHl NapaMeTpu BKJIAJAIOThCs B gomyck. Lle 1

OyJ0 TOBEAEHO MPOBEACHUMHU pPO3paxyHKamu. OTKe, MOXKHA CTBEPIKYBaTH, IO



KOOpAMHATHO-TIpoIIMBaibHUM BepcTtaT AQSSL 3a TOYHICTIO MOXKHA TOPIBHATH 3
YBM-21.

VY upomy ekcrnepuMeHTi YBM-21 OyB KOHTPOJIbHO-BUMIPIOBAIBHUM
IpUIaIoM. [pYHTYIOUMCh Ha pe3yibraraX BHMIpPIOBaHb (DAKTHYHHMX pO3MIpiB
chep Ha BuUMiptoBasbHOMY mrymi Bepcrata AQSSL 1 makoneunmka BO-1
TOJIIBKH, JIOXOJMMO BHCHOBKY, 11O PO3MIp LHUX cep BKIATAETHCA B JOMYCK
0,001 Mkm, a usg BenuuMHa Cckiamae 2,5% Big BUMIPSHOI BEIHMYMHU
HECIIBBICHOCTI IITIOHKOBOTO TMa3a BIJHOCHO BHYTPINIHBOTO JllaMeTpa

HamiBMy(TH.



4 COUIAJIbHA BIANTIOBIAAJIBHICTD

VY po6oTi mpoBeACHO JOCHTIKEHHS MOKIIMBOCTI aTecTallii Bepcrara He
MPOBEJICHHA KOHTPOJBHUX omepauiid. JlaHe MOCHIIKEHHS NPOBOIUTHCS B
pamkax BupoOHuiTBa B komnaHii [IpAT «EJIAKCy Ilpaktuune oOrpyHTYBaHHS
3actocyBaHHs BepcTtata AQSSL sk KBM 3 mogaibIior0 MOKIUBICTIO aTecTarlli
oro sk KBM. Ile macth 3Mory po3BaHTaXUTH METPOJOTIUHHM BiIJILI,
MOKJIABIIM OOOB'SI30K KOHTPOJIO JIeTaJIe 1 BUTOTOBIEHHS Ha Bepctari AQSSL

Ha IIeH BepcTar 1 oreparopa.

Meta pobOTH - PO3MISIHYTH METPOJIOTIUHI Xapakrepuctuku AQS5S5SL
nopiBHsHO 3 YBM-21 Ha npukiiazi aerai HamiBMyQra.

Buxopucranusa Bepcrara sk KBM gmacte 3Mory po3BaHTaXuTH
METPOJIOTIUHY CIy:k0y BHpPOOHMIITBA, IO JAacCThb 3MOTYy CKOPOTHUTHM 4Yac Ha
BUTOTOBJICHHSI BUPOOIB, 3MEHIITUTH TPAHCIIOPTHI Ta YacOBI BUTPATH, a TAKOXK
€KOHOMIYH1 BUTPATH.

Peanizariis Ta BIpoBaJ»KeHHsI pe3yJIbTaTiB poOOTH - Ha MIACTaBl LIOTO
JOCJIII)KEHHSI MOXKHA HaJ1ajll 3allpoloHyBaTH arecTrailito Bepcrara sk KBM.

JlocnmipKeHHST TPOBOIUIIUCS Ha TEPUTOPIi 3aKPUTOTO IMiMPUEMCTBA.
O6poOky oTpuMaHnoi iHGopMaIlli 3 mpuiIaay Ta il Bizyali3alilo MPOBOAWIA HA
KOMITIOTEPl, IO CKJIAJAEThC 3 CHUCTEMHOrO OJOoKa 1 MOHITOpa, TOMY

BUKOHYBaH1 poOOTH 3BOJATHCA IO B3a€MO/IIT 3 MEPCOHATBHUM KOMIT'IOTEPOM.

[TpumimieHHst OCHAIIEHE O0JIaTHAHHSIM:

*  nepcoHanbHi komm'torepu (ITK);
*  [PUHTEPU Ta CKaHEpH;

*  TtenedoHu;

*  MeOi (cTomu, cTinbLi, madn);

*  PO3MOAIIBHUN IIUTOK;



*  OCBITJIIOBaJIbHI PUJIAIN; BOTHETACHUKHU.

CxeMmy mnpuMillleHHS HaBeAeHO Ha puc. 4.1, ae npSIMOKyTHHUKaMU
MO3HAYEHO CTOJM, a KOJIAMHU MO3HAU€HO CTUIbII. [IpuMilieHHs HaJIeXUTh N0
KJIaCy MpHUMIIIEHb 0e3 MiABUIICHOI HeOe3MeKH, OCKITIBKU BiJICYTHI YMOBH, IO

CTBOPIOIOTH MIJBUILEHY a00 0COOIMBO MiBUIIICHY HEOE3IEKY.

Pucy. 4.1- [1nan npuminieHHs

4.1 IIpaBoBi Ta opraHisaniiHi NMTaHHA 3a0e3leYeHHs 6e3NeKHU

Benuke 3HaueHHd B poOOTI Mae oprasizamis poOoYux MiICUb
CHiBpOOITHUKIB 1 CTBOPEHHS CHPUSITIUBUX YMOB Tparll.

OnTuMalbHUN peXUM Mpail Ta BIAMNOYMHKY - L€ OAHA 3 BaXKJIMBHUX
YMOB SIKICHOI TIpale3aTHOCTI CIIBPOOITHUKIB. Y pa3i HEAOTPUMAHHS PEXKUMY
mpaiii  Ta  BIANOYMHKY 3HUXKYETbCS  Mpale3faTHICTb  CHIBPOOITHHUKIB,
3'SIBJISIFOTHCSL TOJIOBH1 00711, BTOMa, XBOPOOJIMBI BIIUYTTSA B O4ax, APaTIBIUBICTD,
ncuxoemoIriine HanpysxxeHss [ 10].

PoGoue micuie npencrasisie cO000 KOMIT'IOTEPHHUM CTI 13 MEPCOHATIBHUM
KOMIT'IOTepoM 1 BepcTaT. PoOoTa BUKOHYEThCS CHASYM, 32 HEBEIUKOI (PI3UUHOI

HaIpyrH.



3rigHo 3 [7] KOHCTPYKITiE poOOYOro MICIIS 1 B3aEMHE PO3TAIIyBaHHS BCIX
HOTO eJ1eMEeHTH Ma€ BIAMOBIIATH aHTPOIIOMETPUYHUM, (HI3HUHUM 1 TICUXOJIOTTYHUM
BUMOTaM.

l'omoBHUME efleMeHTaMU POOOYOro MiCIs € poOOYMM CTUI 1 CTUICHb, MPHU
IIbOMY POOOTa MPOBOAUTHCS B MOJIOKEHHI cuissuu. OTKe, I YHEMOXKJIMBICHHS
BUHUKHEHHS 3aXBOPIOBaHb, TMOB'SI3aHUX 13 MaJOI0 PYXJIHMBICTIO CIIBpOOITHHKA,
HEOOX1THO MaTU MOYKJIMBICTb BIJILHOI 3MIHH I03.

[Ipu opranizamii poOOYOro Micisg B MNPUMILIEHHI peai3yloThCa Taki
npaBuJa:

*  BHCOTa CTOJy CTaHOBHUTH 720 MM, BIJAIMOBiAHO A0 HOpM [7] - BHUCOTa

CTOJIy CTaHOBUTH 720 MM, 725 MMm;

*  poOouuii CTUICIIb HE MAa€ PETYAIOBaHHS BHUCOTH 1 MOBOPOTIB, KYT
HaxXWIy CIUHKYA CTAaHAAPTHUH 1 TaK CaMO HE Ma€ MOXKJIMBOCTI PETyTIOBaHHS, HE

Ma€ MiJJI0KITHUKIB;

*  KJaBiaTypa pO3TamoBYe€Thbcs Ha BifcTaHl Bix 150-200 MM Bim kparo
CTOJTy, IIIO BIJIMTOBiTa€ HOpMaM [8].

Po0Gounii CTI1 TOBUHEH MATH MPOCTIP JJIsl HIT BUCOTOIO HE MeHIe Hixk 600
MM, IUPUHOIO - He MeHIe 500 MM, TMOWHOIO HA PiBHI KOJIIH - HE MeHIIe 450 MM

1 Ha PIBHI BUTATHYTHUX HIT - HE MeH1Ie 650 MM.

[ToBepxHs CUJIIHHS, CIIMHKU Ta 1HIIUX €JIEMEHTIB CTUIbL (Kpicia) Mae
OyTM HamiBM'AKOIO, 3 HEKOB3HUM TMOKPUTTSAM, IO HE EJIEeKTPU3YEThCs, 1

MOBITPONPOHUKHUM MOKPUTTSIM, II0 3a0e3Meuye JIerke OYUIICHHS BiJ] 3a0pyIHEHb.
4.2 Bupo6HuYa 6e3neKa
Huni B mpomeci ekcrutyararii TiANPUEMCTB BHUPOOHWYOI chepu

BUHHUKae TMpooOsieMa 3abe3redeHHss Oe3MeKu BHUPOOHHUYOTO IepcoHay Ta

HaceseHHa. MoxuBi HeOe3MeuH1 Ta MIKiAIuB1 (hakTopy HaBeAeHO B Ta0m. 4.1



Tab6mn. 4.1 - MoxsuBi HeOe3MeuH1 Ta MWKIATUB1 (PaKTOpU

ETanu poGit

HopmaruBHi nokymeHTH

®dakTopu
('OCT 12.0.003-2015) g B
=
g B £
e} ~ Q o
(W a R =
1.BigxuieHHs MOKa3HUKIB + + CII152.13330.2016
MIKpOKJIIMATy [IpuponHe Ta mMTyYHE OCBITICHHS.
— — AxTyanizoBaHa penaKiis
2.Ilcuxodizionoriuni + + Y P
CHulI 23-05-95
HABaHTAXCHHS
- - ulliH 2.2.4.548-
3.Henocrarus OCBITJICHICTh + + + Ca 548-96
. . : I'irieHigyHi BAMOTH 10 MIKPOKJIIMAT
pobouoi 30Hu BincyTHicTs ab0 A P y
. BUPOOHHYUX TIPUMIIIICHB
HEecTa4ya MPUPOIAHOTO CBITIIA
TOI P-45-084-01 TumoBa iHCTPYKIIis 3
4 BIUIMBHY TI0B'93aHi 3 T T OXOpPOHH TIpalli miJ 9ac poboTH Ha
CIICKTPOMArHiTHUMH ITOJISIMH, MEPCOHANILHOMY KOMII'IOTEpi
10 HE10HI3YIOTh TKAHUHU Tijla I'OCT 22269-76. Cuctema "JlroguHa-
JIIOIMHU MammHa". Poboue Micle oneparopa.
B3aemue po3TaiyBaHHS e1eMEHTIB
5 ITigBuieHe sHAadeHHT |+ T po6ouoro Micis. 3aranbHi €proHOMivHI
HaNPyTH B eTEKTPUIHOMY Ko, Bumoru ['OCT 12.1.045-84 CCBT.
SAMMKAHHS AKOTO MOKE "Enexkrpocrarnyni nois. Jomnyctumi
CTATHCS Yepe3 TiNo THOHHN piBHI Ha pOOOUMX MICIISIX Ta BUMOTH 10
IIPOBEACHHS KOHTPOJIIO".
I'OCT 12.1.030-81 Cucrema cTanaapTiB
oesmnexu npairi (CCBT).
Enextpobesnexa.
3axyCHe 3a3eMJICHHSI.
3aHyneHHA

Po3rnsiHeMo fetanbHO Al MepeNiyeHuX IKIATUBUX (aKTOPiB

OpraHi3M JIIOIWHH.

Ha




4.2.1 BigxujieHHq NOKa3HUKIB MiKpOKJiMaTy
MikpoximiMar BUPOOHMYOTO MPHUMIIIEHHS YWHUTH BEJIMKHM BIUTUB Ha
OpTraHi3M JIIOIMHY, a TAKOXK HA OpraHi3M JIIOAWHU, Ha ii 370pOB'S i CaMOMOYYTTH,

Ipaie3iaTHICTh 1 MPOAYKTUBHICTD Mpalli.

Meteoposnoriuai  yMOBM Yy BUPOOHHUYMX MPHUMIMICHHAX, a00 IXHIH
MIKpPOKJIIMaT, 3ajie’kaTh BiJl TEIIO(PI3UYHUX OCOOIMBOCTEH TEXHOJOTTYHOTO
npolecy, KJIiMary, Mopu pOKy, YMOB BEHTHJISAIIIT Ta ONAJICHHS.

[lix MIKpOKJIIMAaTOM BHPOOHMYMX NPHUMIMIEHb PO3YMIIOTh  KJIIMaT
BHYTPIITHHOTO CEPEIOBUINA WX MPUMINIEHb, M0 OTOYYE JIIOAWHY, SKUH
BU3HAYAETHCS MOEAHAHHSIMU TEMIIEpaTypH, BOJIOTOCTI Ta MIBUIKOCTI PyXy MOBITPS,
a TaKoX TEMIIEpaTypyu HABKOJMIIHIX MOBEPXOHb, 10 JIIOTh HA OpPraHi3M JIIOAUHU
[13].

HecnpuatnuBuii piBeHb MIKPOKIIMATy MOXE CIPHUSTH BUHUKHEHHIO Y
JIIOAVHU TIEBHUX HACJIIKIB, HAIIPUKIIAI!

*  TOpPYHIICHHS TEPMOPETYIISIi, BHACIIAOK SKOTO MOXKJIMBE IT1JIBUIIICHHS
TEeMIIepaTypH, pSCHE MOTOBUILJICHHS, CI1a0KICTh.

*  TOpYyWIIEHHS BOIHO-COJILOBOTO OanaHCy, MOXe TPU3BECTH IO
c1a0KOCTI1, TOJIOBHOTO 0O0JII0, CYIOMHOI XBOPOOHU.

OnTuManpHl Ta JOMYCTHUMI TOKAa3HUKH MIKPOKIIMATy J1abOpaTOPHUX
npuMillieHsb 3rigHo 3 [13] 1 [9] HaBeneHi B Tabn. 4.2 14.3.

Tabn. 4.2 - OnrtumanbHi HOPMHU TEMIIEpaTypH, BITHOCHOI BOJIOTOCTI Ta

IIBUKOCTI pyXy MOBITPs B poOO0Uiii 30H1 MPUMIIIIEHb

Iepiox poky | Temmeparypa, °C Bigrocna Bosoricts, % [IBuAKiCTH PyXY, M/C
Temnuit Bix 23 mo 25 Bix 40 mo 60 0,1
XonoxHuit Bix 22 no 24 Bix 40 mo 60 0,1

Tabn. 4.3 - JJonmycTuM1 HOPMH TeMIlepaTypH, BITHOCHOI BOJIOTOCTI Ta

IIBUAKOCTI pyXy MOBITPs B poO0Uiii 30HI MPUMIIICHb

[Tepion poky Temmeparypa,’ C BinnocHa BosoricTs, % IBuIKICTH PYXY, M/C




Terumi Bix 22 10 28 55 (32 28" C) 0,1-0,2

XoJIoaHUH Bix 21 mo 25 75 He 6inpme 0,1

VY npodinakTHYHUX MUISX BiJ BIUIMBY HECHPUSTIMBOIO MIKPOKIIMATy
MaloTh OyTHM TpPOBENEHl 3aXHMCHI 3aXONId, HaMpPHKIaJ, CHUCTEMH MICIIEBOTO
KOHJIUIIIOHYBaHHS MOBITPS, 3aCTOCYBaHHS 3ac001B 1HAMBIAyalbHOTO 3axucty (313),
pernTaMeHT yacy poOoTH.

MikpoKJIIMaT IPUMIILIEHHS, B IKOMY MPOBOAMJIAcA poOOTa, BIAMOBIIAE
JOMYCTUMHM HOpPMaM, HaIpUKIaJ, CEpPeIHsl TeMIeparypa HOBITPS Y 3UMOBY

TIOpy PoKy cTaHOBHUTH Bin 20 1o 22° C, y miTHo Bin 22 mo 24° C.

4.2.2 lIcuxodisiooriyHi HaBaHTA>KeHHSA

Just toro mo6 MiHIMI3yBaTh TMCUXO(DI310JIOTIUHI HABaHTAKEHHS Ha
CHiBpOOITHHMKA, CIiJ MNPUIUIMTH yBary BHMOTraM oOprasizauii poOo4oro Micis.
KoncTpykitist pobo4oro cToily MoBHHHA 3a0€3MeuyBaTH ONTUMAaIbHE PO3MIIICHHS
Ha poOOoYiil MOBEPXHI BUKOPUCTOBYBAaHOTO 00IaHaHHS (Y 1IbOMY pa3l KOMIT'IOTepa
Ta EKCHEpUMEHTAIbHOI YCTAHOBKH), 3 YypaxyBaHHAM MOro KIJbKOCTI Ta
KOHCTPYKTUBHHMX OCOOJIMBOCTEH, XapakTepy BUKOHYBaHOI poOOTH. [9].

JIyist 3MeHIIeHHs TcuXo]i31070TTYHIX HAaBaHTaKEHb Ha CHIBPOOITHHUKA TaK
caMo JIOLIJIBHO TOTPUMYBATHUCSl BUMOT JI0 PEKUMY TIpalli Ta BIATOYUHKY.

B 30kpemMa noTpumaHHsS JaHUX BUMOT JACTh 3MOTY MIHIMI3yBaTu HEPBOBO-
IICUXIYHI, HEPBOBO-CMOIIIIiHI TIEpEBaHTaXEHHS, a TaKOXX CTOMJICHHS OYCH,
iBUIIICHE HAaBAaHTA)KEHHS Ha 3ip.

3rigHo 3 [14] pekomeHnyeThesi opraHizoByBatu nepepsu (10 - 15) xBunun
yepe3 kokHI (45-60) xBunmuH poOotu. [lpum 1bomy TpuBamicTh Oe3mepepBHOI
poOOTH 3 KOMIT'IOTEPOM HE TOBUHHA NIEPEBUIILYBATH 2 TOAMH.

[Tig gyac mepepB CIiJ BAKOHYBATH KOMIUIEKC BIPAB AJIsI 3HATTS CTOMJICHHS
30pOBOTO aHAaJ3aTopa, HAMPYXEHHS B XpeOTi, a TAaKOXK 3arajlbHOTO €MOIIIHHOTO

HaIpPY>KEHHS.



4.2.3 HepocTaTHs OCBIT/IEHICTh p006040i 30HM. BiaCyTHicTBh a60
Opak NpUpPOAHOro CBiT/Ia

OcBiTJICHHS POOOUMX MICI[h € OJHUM 13 BAXJIMBUX YMHHUKIB, 10 BILJIMBAE
Ha CTBOPEHHS CHPUSTIMBHUX 1 O€3MeYHMX YMOB IIpalli, 5Ki, CBO€IO YEproio,
BIUIMBAIOTh Ha HACTPI1i, CAMOIIOYYTTS 1 Pe3yJIbTaTUBHICTh AISILHOCTI IIpalliBHUKA.
[Tonax 90% iudopmarii mix yac poOOTH JTIOAMHA OTPUMYE 3aco0aMu 30py, 1
HEIOCTaTHS ~ OCBITJIICHICTh  yCKJIAMHIOBaTUME  JISAJBHICTH  poOITHHMKA 1
HAaBaHTAXXyBaTMME HOTO TOHAJ JOMYyCTUMY HOPMY, CIPUYUHSATAME 3MEHIICHHS
TOCTPOTH 30Dy, CTOMJICHHS OpTaHi3My 1 HEraTMBHO TO3HAYaTHUMETHCS Ha HOTO

MICUXOJIOTIYHOMY CTaHi.

Ha mpaktuiii BUKOPHCTOBYIOTH J1Ba BUJIM OCBITJICHHS: TIPUPOIHE 1 IMITyYHE.
[Ipupoane OiyHe 1 WITydyHEe poOOYE, a TaKOXK KOMOIHOBaHE, SIKE CKJIAJAEThCS 3
MICIICBOTO OCBITJIEHHS pOOOYHX MICIIb 1 3arajbHOTO OCBITJICHHS PUMIIIEHHS.

3rinHo 3 BuMmoramu [14] 1 [15] HeoOXimHO miJ Yac IPOBEACHHS

BUNPOOYBaHb JOTPUMYBATHUCS MEBHUX MPABUIL:

® 3aCTOCOBYBaTH KOMOIHOBaHY OCBITJICHICTB;

® TIPUPOJIHE CBITIIO IEPEBAKHO M€ MaJaTH 3J1iBa;

® OCBITJICHICTb Ha MOBEPXHI CTOJY B 30HI PO3MIILIEHHS POOOUYOTo
nokymeHTta mae O0ytu Bia 300 mo 500 nk;

® OCBITJICHICTh TOBEPXHI €KpaHa He moBUHHA OyTu Oumbiie 300
JIK;

e SK JDKepena CBITIA TIPU  IITYYHOMY OCBITIEHHI  CIIiJ
3aCTOCOBYBATH IEPEBAXKHO JIFOMIHECIeHTHI Jlamnu Ttuny JIb 1
KOMMaKTH1 JtoMinecueHTH1 Jamnu (KJIJI);

e s 3a0e3leueHHs HOPMOBAHMX 3HAYEHb OCBITICHOCTI B
NPUMIIIEHHSAX JJI1 BUKOPUCTAHHS MEPCOHAIBHUX EJIEKTPOHHO-

OOYHMCITIOBAILHUX MAaIIWH CJ'IiI[ IMPOBOAUTH HYHUIICHHA CTCKOJI



BIKOHHMX paM 1 CBITWJIbHHUKIB HE€ piJIlIe HDK JBIYl Ha PIK 1
IIPOBOJIUTH CBOEYACHY 3aMIHY MEPETOPLINX JIAMII.

B mpumimenHi, ae mnpoBoauiiacsi poOOTa, OCBITIAEHICTH KOMOiIHOBaHa,
MPUPOJHE CBITIO Majae 3J1iBa, JOTPUMAHO BCIX HOPM OCBITJICHOCTI, YHIICHHS
BIKOH TIPOBOMTHCS 2 pa3u Ha PiK.

Po3mipu mociiKkyBaHOTO MPUMIIICHHS: JOBXHHA MPHUMIIIEHH A = 9 M,
mupuHa npumimeHHss B = 7 wm, Bucora crtem B mpumimeHHi H = 3,5 m. ¥V
MPUMIIICHHS BUKOPUCTOBYIOTHCSI CBITJIOMIOAHI CBITHJIBHUKH 13 J3€pKAIBHUMU
pelrTKamu.

OCKUTbKM  TOpPUMIIIEHHST 31 CBITJIOIO CTEJICI0 1 CTIHAMHU, HpUAMEMO
koedimieHTu BIAOUTTS cTiH p. = 30 % 1 cremi p, = 70 %. Koediuient k nns
MPUMIILIECHb, OCBITIIOBAHUX CBITJIIOAIOJHUMH CBITUJILHUKAMU, 32 YMOBH YHUIIECHHS
CBITWJILHUKIB HE PiJillIe HIXK JIBIYl HA PiK, OepeThes piBHUM Bif 1,4 1o 1,5.

Koeimient 3anacy k = 1,5; nonpaBounnii koedirient z = 1,1.
3a  ¢opmynoro (4.1) BHU3HAUUMO PO3PAXyHKOBY BHUCOTY MiBICY
CBITHJIbHUKIB HaJ poOouoto nmoepxHero (h).

H=H-h,-h,, (4.1)

ne H - Bucora creni B npumimensi, M, H = 3,5 wm;
h,, - BizcTank BiJ MIUIOTH 10 poO0Y0i MOBEPXHI CTOIY, M,

h,=0,8 m:Ne - Bincrans Bix crem mo citrnpHuKa, M,Nc= 0,1 M.

Otxe, h = 2,6 M. KoedilieHT BUKOpUCTaHHS MOKe OyTH BU3HAYECHUI 3a

j=_AB
h-(A+B)’ 4.2)

ne A - moBxkuHA pUMIiIIeHHs, M, A = 9 M; B - mupuna npuminieHss, M, B
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3a Tabmuiero KoeQili€eHTIB BUKOPUCTAaHHS CBITJIOBOTO TIOTOKY JUJIs

BIJIMOBITHUX 3HAYEHb 1, P 1 py IpuiMeMo 1 =46%.

CBITJIOBHII MOTIK, 1[0 CTBOPIOETHCS KOXKHOKO 3 JIAMII, PO3PaXOBY€ETHCS 3a
dbopmyoro

ExSxzxk
n* (4.3)

ne O - cBITIIOBHM NOTIK OJHIET JTaMITH,
F = 1700nk;
E - miHiMambpHA OCBITIICHICTS, JIK,
E =250 nxk;
S - oA NpUMIILIEHHS. M ,
S =63 M" ; 7 - HONPaBOUHKH KoeiIlieHT,
z=1,1; k - koedimienT 3amnacy,
k =1,5;N - koedilieHT BUKOPUCTAHHS OCBITIIOBAYIB,

N =46 %n - 9UCIIO0 CBITUIBHUKIB Y TPUMIIIICHHI.

Po3paxyemo KibKICTh JaMIIOYOK y MPUMIIIIEHH], BUCIIOBUBIIY BiTHOIIICHHS
3 popmynu (4.4)
250+63+1+1,15

=33
n= 1700+0,46

(28)

TakuM 4MHOM, BUKOPHCTOBYBaH1 CBITJIO/IIOIHI CBITUJILHUKH B KIJILKOCTI 16
IT., TOTYXHICTIO 12 BT, siki cioxkuBaiots ctpyM 0,34 A mpu KUBIIEHHI B1Jl MEpExi
220 B, nocratHl aia 3a0e3neuyeHHs MIHIMaJbHOI HEOOX1JHOI OCBITIICHOCTI B

aHaJI130BaHOMY IPUMIIIEHHI.



Jlnst  3abe3nedeHHss CTa0IIBbHOI OCBITIICHOCTI HEOOXITHO MPOBOIAUTH
YUIIEHHS CTEKOJI BIKOHHUX paH 1 CBITWJIBHUKIB HE PiJillie HIXK JBIYl Ha pik. Takox

HEOOX1THO CBOEYACHO MTPOBOAUTH 3aMiHY TIEPETOPIITUX JIAMII.

424 BIuIMBM TOB'fI3aHi 3 €JIGKTPOMAarHiTHUMHU IOJISIMH,

HeiOHi3ylUYMMM TKaHUHH TiJjia JI0AUHUA

BmuuB enekTpoMarHiTHOroO Ta €IeKTPOCTAaTUYHOIO MOJIIB MOXKE IPU3BECTH
JI0 TOSIBU TOJOBHOTO 0OMt0 1 JaucyHKUII HHU3KA OpraHiB. EnexkTpoMarHiTHI
BUIIPOMIHIOBAHHS TOTIPUIYIOTH POOOTY CYAMH TOJOBHOTO MO3KY, IO CIPUYUHSIE
ociabJeHHs] TaM'siTi, TOCTPOTH 30py, TaK CaMO CIIOCTEPIraroThCia XBOPOOU
CEpLEBO-CYAUHHOI  CHCTEMH, [IUTyHKOBO-KHIIIKOBOTO TPaKTy, HIKIpHI
3aXBOPIOBAHHS.

Tum4yacoBi JOMyCTUMI PIBHI €JIEKTPOMArHITHOTO MOJISA, IO CTBOPIOIOTHCS

KOMIT'FOTEpOM Ha poO0YOMY MicIIi, HaBeAeHO B Tabmwmili 4.4 3rigHo 3 [16].

Tabn.4.4- Tumuacosi nonyctumi pisHi EMII, cTBoproBaHMX KOMI'TOTEPOM

Ha poOOYHMX MICIIIX

HaiimenyBaHHs napameTpiB TumyacoBuii

JOTTYCTUMHH PIBEHB

Hanpyxenicte | y aiamazoni yactot Big S ' 1o 2 kI’ 25 B/m
CIICKTPUIHOTO MO | v riamasoni wactoT Big 2 K1 10 400 KTy 2,5 B/m
HaiimenyBaHHs nmapameTpiB TumuacoBuii

JOTTYCTUMHH Pi1BEHBb

[impHICT y miama3oHi 9actoT Big S 'y 1o 2 k[ 250 HTn

MarHiTHOTO MOTOKY y miamasoni yactor Big 2 kI' go 400 k' 25 uTn

HampyxeHicTh e1eKTpOCTaTHYHOTO OIS 15 kB/m




Jis  3axucTy BIJ €JNEKTPOMArHiTHUX BUIPOMIHIOBaHb  HEOOXITHO

320€3IEYNTH:

® pailioHaJIbHE PO3MIIICHHS BUIIPOMIHIOBAJIbHUX 1
ONPOMIHIOBAJIBHUX O0'€KTIB, HI0 BHKJIIOYAE abO0 MOCIA0IIoE
BILJIUB BUIPOMIHIOBAHHS Ha MEPCOHA,

e OOMEXEHHS MicUsi 1 4Yacy IepeOyBaHHsS CIIBPOOITHHUKIB Yy
€JIEKTPOMArHITHOMY IOJI;

® 3aXWHCT BIJICTaHHIO;

® BHUKOPHCTAHHS MOMIMHAIOYUX a00 B1IOMBAIOUNX E€KPaHIB;

® BHUKOPHCTAHHS CHEIiabHUX 3aXUCHUX OKYIISIPIB;

® JIIKYBaJIbHO-NTPO(IIaKTUYHI 3aXO/H.

BignoBimno mo [8] 3a BUOOM TpPYyAOBOi MisUIBHOCTI LI BUJ PoOIT y
MPUMIIICHH] HAJIGKUTh 110 TpynH I, 11e 03Havae, 1Mo BapTo CKOPOTUTU Yac poOOTH
32 KOMI'IOTEpOM, pOOUTH TIepePBU 3a 8-MU TOAMHHOT 3MiHU. TaKkoX 3aCTOCOBYBaTH

MOHITOPH 31 3HM)KEHUM PIBHEM BUITPOMIHIOBAHHS Ta 3aXUCHI EKPaHHU.

4.2.5 IliaBuiieHe 3HAa4YeHHs HANpPyrd B eJIEKTPUYHOMY KOJIi,
3aMHUKaHHSA SIKOI MO>Ke CTaTUCA Yepe3 TLI0 JIAUHU

Enexrpobesneka siBnsie co00I0 CHCTEMY OpraHi3alliiHUX 1 TEXHIYHUX
3aXOMliB Ta 3aco0iB, IO 3a0€3MEUyrOTh 3aXWUCT JIOAEW B IIKIIAJMBOIO Ta
HEOE3MEeYHOTO BIUIMBY €JIEKTPOMATHITHOTO TIOJSI, EJIEKTPUYHOTO CTPyMy Ta

CTaTUCTUYHOI EJIEKTPUKHU.

Ha po6oyomMy Miciii 1abopaHTa METAJIEBUMH € KOPIYCH CUCTEMHOTO OJI0Ka
KOMIT'toTepa, 1uppoBoro ocuuiorpada, MyibTuMeTpa Ta reneparopa. OnHak y
KOHCTPYKLII MpuiaAiB TmependadeHo eJNeMeHT nJisi 3a3eMJIeHHs 1 JApiT 13
3a3eMJIIOBAIBHOIO JKWJIOKO Ul TpPHUEAHAHHS JO JDKepena >KUBIEHHS. bes
3a3eMJICHHSI BEJIMYMHA EJIEKTPOMArHiTHOrO MOJsl B KiNbKa pasiB IMEpPEBUIILYE

JOMYCTUMUM Oe3MeYHUI piBEHb JIJIsl 3I0POB's JTIOAMHU, BCTAaHOBICHUH y [ 17].



TakuMm unHOM, 00 AHAHHS BUKOHAHO 3a KJIacOM 1, BIMOBITHO JI0 TIPaBUII
yAaamTyBaHHA eJleKTpoycTaHOBOK (ITYE).

Ha miacraBi 'OCT 12.1.038-82 "CucremMa cranHaapTiB O€3MEeKd IMpalii
(CCBT). Enexrpobesneka. I'paHndyHO MOMyCTUMI 3HAYEHHS HANpPYr MAOTHKY 1
ctpymiB" [12] . Ctyninp HeOE3MEYHOTO BIUIMBY Ha JIIOIUHY €JIEKTPUYHOTO CTPYMY
3aJIEKUTh BIJ POy 1 BEIMYMHM HANpPyrd 1 CTPyMY, CHUJIIM CTPyMY, YacTOTH
CJIEKTPUYHOTO CTPYyMy 1 MUISAXY NPOXOMKEHHS Yepe3 TUIO0 JIIOAUHH, a TaKOXK
TPUBAJIOCTI BIUIMBY T4 YMOB 30BHIIIHBOTO cepeaoBuia. [12].

3axucHe 3a3eMJICHHA a00 3aHYJIECHHS IOBHHHO 3a0e3euyBaTH 3aXHCT
JrOfeN BiJl ypaXXeHHsI ENEeKTPUYHUM CTPYMOM Yy pa3l JOTHUKY A0 METaJeBUX
HECTPYMOBEIYUYHUX YACTHH, IO MOXYTh ONMUHUTHUCS T HAMpPyrow BHACIIIOK
TIOIITKOIXKEHHS 130JIA1111.

SIx 3a3emiTioBalibHI IPUCTPOI €EKTPOYCTAHOBOK HAacaMIiepesl MaloTh OyTu
BUKOPHUCTaH1 MPUPOJTHI 3a3E€MITFOBAYI.

Sk 3a3eMIIt0BasIbHI Ta HYJIbOBI 3aXUCHI MPOBIIHUKH CJI1Ji BUKOPUCTOBYBATH
CHeIiajJbHO MPU3HAYCHI JJIA II€] METU MPOBITHUKH, a TAKOXK METajeBl OymiBeNbHI,
BUPOOHMYI Ta E€JIEKTPOMOHTAXHI KOHCTPYKIIii. SIK HYJIbOBI 3aXMCHI TPOBIIHUKH
HacamIiepesi MOBUHHI BHUKOPHCTOBYBATHCS HYJIbOBI pPoOOYl MPOBIAHUKH. [lst
MEePEeHOCHUX OMHO(MA3ZHUX NPUWMAYIB EICKTPUYHOI EHEeprii, CBITWIHHUKIB TMpHU
BBEJICHHI B HHMX BIJIKPUTHX HE3aXUIUEHUX MPOBOJIB, NMPUHAMAUIB EJIEKTPUUHOT
€Heprii MOCTIMHOTO CTpyMy 3a3Hauy€HOl HOPMM SK 3a3€MIIIOBAJIbHI Ta HYJIbOBI
3aXWCHI TPOBIAHUKU CJiJi BUKOPUCTOBYBATH TUTBKMA TPHU3HAYCHI NJIS1 II€1 METH
MPOBIIHUKHU.

[TpumineHHsT 32 HEOE3MEKOI YPaKCHHSI €NEKTPUYHUM CTPYMOM MOXKHA
3apaxyBaTH /10 1 kiacy, ToOTO 11e pUMIIeHHsT 6e3 MiABUIICHOI HeOe3neKku (cyxe,
0e3MuJIoBe, 3 HOPMAJIBHOI TEMIIEPATypOIO0 MOBITPSI, 130JbOBAHOK MIJIOTOK0 1
MaJIMM YHCIIOM 3a3€MJICHUX TIPUIIAIIB).

3 MeTor0 3a0e3MedyeHHs eNeKTPOoOe3NeKkn BUIISIOTh TaKi BUMOTH 3T1THO 3

[12]:



*  BUKOpuCTaHHS Oe3meuHoi Hampyru 12 1 36 B (mn1a orpumanHs
BUKOPHCTOBYIOTh MMOHMKYBaJIbHI TpaHC(HOPMATOPH, SIKI BKIIOYAIOTH Y

CTaHJIapTHY Mepexy 3 Hanpyror 220 a6o 380 B);
*  KOHTPOJb 130JIA1111 €JICKTPUUHUX TIPOBO/IIB;
*  MPUCTPIN 3aXUCHOTO 3a3€MJICHHS 1 3aHYJICHHS,;

. JOTPUMAaHHS OpTraHi3alifiHUX 3aX0/I1B 3a0€3MeUCHHS eJIEKTPOOC3IEKH.
Tak caMo 00OB'A3KOBOIO YMOBOIO € MPOXOJIKEHHS BCIMA CIIBPOOITHUKAMHU

MIEPBUHHOTO, 103a4€PrOBOTO 1 MIOBTOPHOTO 1HCTPYKTAXKY 3 €IEKTPOOE3MEKH.

4.3 ExoJioriyHa 6e3neka

Komm'totep, sikuii BUKOPUCTOBYETHCS B POOOTI, HE CIIPUYUHSIE HETAaTUBHUX
BILJIMBIB Ha HABKOJMIIIHE CEPEIOBHUIIE, TOMY CTBOPEHHS CaHITAPHO-3aXMCHOI 30HU
Ta BXUTTS 3axOAiB IIOJ0 3axucty armocdepu, rigpocdepu, mitochepu He €

HEOOX1THUMHU.

Komm'totep y cBoemMy CKJIai MICTUTh TOKCHYHI PEUYOBHUHU EJIEKTPOHHUX
BIJIXO/IIB, SIK-OT OPOMBMICHI CHOBLJIBHIOBAYl TOPIHHS, MOJIBIHUIXJIOPUIN, PTYTh,
Kl B TpOIECl eKCIUTyaTallli He CHPUYMHSAIOTh HEraTUBHUX HACIHIJKIB, MPOTE
3rOJIOM TOBOJUTHCS YTUIII3yBAaTH NMEPCOHAILHUIM KOMI'IOTEP SIK TBEPAUM BIAXII.

IIpu 3aBepiienHi tepminy ciayx6u IIK, iioro MmoxxHa kiacugikyBaTu, siK
B1JIX1]T €JIEKTPOHHOI IPOMHUCIOBOCTI.

[Tix yac yrumizartiii Bii0yBaeThcs po30ip KOMIT'IOTEPIB Ha TaKi KOMIIOHEHTH:
OJOKW >KHMBIICHHS, TPOIIECOPH, €JIEKTPOHHI TUTaTH, KaOemi. YTWwrizamis sK
€JIEKTPOHHO-O0UMCITIOBAIBHUX MAallWH, TaK 1 1HIIOI OPITEXHIKU MICTUTh Yy €001
poOoTH 3: HaBaHTAKEHHS, TPAHCIOPTYBAHHS, PO3BAHTAXKEHHS, ICMOHTAXY Ta
BUJTYYCHHSI PI3HUX MarepiajiB 13 CIIMUCAHUX TEXHIYHUX 3aCO0IB, @ TAKOXK 3/1aBaHHSI
HAa Marepiajid CIeliadi3oBaHUM OpTaHizalisiM JJIs TOJAJIbIIOI  MEePEepOOKH.

OcHOBHMMH MaTepiajamu, SKi BUTATYIOTBCS 3 TEXHIYHMX 3aco0iB, €: YOpHHUI



MeTan (aJroMiHIN, MiJb), TUIACTHK, TUIATH, IO MICTATH TOPOTOIIHHI METajH, CKIIO.

[TepepoOka Takux BiX0I1B 3M1HCHIOETHCS 3rigHO 3 [11].

4.4 Be3neka B Ha/I3BUYaNHUX CUTyaLLifAX

OnHa 3 MOXJIMBUX HAI3BUYAWHUX CHTYyAIlll - MOXKEXKa, TOMY TMOXKEKHA
Oesreka nepenadadae 3a0e3nedeHHs Oe3MeKu JoAei 1 30epekeHHsT MaTepiaJbHUX
IIHHOCTEN MIAMPUEMCTBA HA BCIX CTaIAX HOTO KUTTEBOrO HUKIY. OCHOBHUMU
CHUCTEeMaMH IIOKE)KHOI Oe3leKH € CHCTeMH 3amoOiraHHsS TOXKEXI Ta

IIPOTHUITIOKCIKHOI'O 3aXUCTY, BKIIIOYAar0O4YH OpFaHi3aHiﬁH0-TeXHqui 3aX04H.

[IpyurHAMU BUHUKHEHHS TIOKEKI MOKe OyTH KOPOTKE 3aMHKaHHS,
ICKpIHHSI Ta €JIEKTPUYHI JYTH, IEPEBAHTAXKECHHS 32 CTPYMOM, CTaTUYHA €JIEKTPHUKA,
a TakoXX Hejodane HeoOepeKHE MOBOKEHHS 3 BOIHEM, HANPUKIIAJ, 3alUIlICH] 0€3
HaIVISAy HarpiBajibHI OPUIIAIH.

JUisi yCyHEHHS NpPUYMH BUHUKHEHHS MOXKEXK Y MPHUMIIIEHHI jJaboparopii
MOBUHHI TPOBOAUTHCS TaKl 3aXOH:

1. npusHauCHHS BiANOBIJAIBHOTO 32 OXKEKHY O€3MEKy MPUMIIIICHb;

2. TpOBelIeHHS OOOB'SI3KOBOTO IMEPBUHHOTO THCTPYKTAXKY 3 MOXKEKHOT
Oe3IIeKH;

3. BUJaHHA HAaKa3iB 3 MMTaHb MOCUJIECHHS MOXKEXHOI O€3MEeKH;
4. BUKOPHCTAHHS TUTbKH CIPABHOTO OOJIaHAHHS;
5.  KypiHHS B CTPOTO BiJIBEICHOMY MICIIi;

6. yTpumaHHS HUIAXiB 1 TPOXOMAIB JJISl €Bakyarlii JrOAEH y BiTbHOMY
CTaHi.

JIns BUKIIOYCHHS BHHUKHEHHS IIOXKEXKI HEOOXIJTHO BUYACHO BUSBIATH W
yCyBaTH HECMPABHOCTI, TPOBOAUTH TJIAHOBUN OTJISII.

BukopucTtanHs B NMpuUMINIECHHI BIAKPUTHX €JICKTPOHATrPIBaIbHUX TMPHUIIAIIB

MOYKE TPHU3BECTU A0 MOXKEXKI, TOMY IO B NPUMIIICHHI NMepeOyBaloTh MarnepoBl



JOKYMEHTH 1 JOBIJIKOBa JiTeparypa y BUIVISAI KHUIL, MOCIOHMKIB, a mamip -
JIErKO3aMHUCTUI IIPEIMET.

3 MeTor MNpoQIIaKTUKU TMOXKEXKI MPONOHYETHCS HE BHKOPUCTOBYBATH
BIIKPUTI 00IrpiBajibHI MPHIAIN B MPHUMIIIEHHI JJabopaTopii. 3 METOI0 3MEHILICHHS
WMOBIPHOCTI BUHUKHEHHS TOXEXK1 BHACTIOK KOPOTKOTO 3aMHKaHHS HEOOXITHO,
1100 eJIEKTPOIPOBOKA OyJIa MPUXOBAHOIO.

e omuuM (QakTOpOM BHUHUKHEHHSA IMOXKEXKI MOXKE CTaTH KypiHHS B
npuminieHHi. ToMy KypiHHS B IPUMIIIIEHHI KATETOPUYHO 3a00POHEHO.

VY pasi BunukHeHHs Takoi HC, gk mokeka, HEOOX1THO BXXHTH 3aXO[IB 3
eBakyallli mepcoHaity 3 KaOIHETy BIJIIOBIIHO A0 IUIaHY €BaKyallii, 300paxeHoro Ha
MaJTtoHKY 18. 3a B1ICyTHOCTI IPSIMUX 3arpo3 3I0POB'I0 1 JKUTTIO 3AIMCHUTH CIIPOOY
TaciHHs 3arOpsiHHS, 110 BHHHUKJIO, BOTHETACHUKOM. Y pa3l BTpAaTH KOHTPOIIIO Hajl
MOYKEXKEI0 HEOOXIJHO €BAaKyHOBAaTUCSA CIHIJOM 3a IHIIMMHU CHIBPOOITHUKAMH 3a
IUTAHOM €Bakyallli 1 4eKkaTd Ha MpHi3[ (axiBIIB IMOXKEKHOI OXOpOHH. Y pasi
BUHUKHEHHS TIOKEXI MAa€ CHpaloBaTH CHUCTEMa TIOXKEKOTaCiHHS, BUAABIIN
MOTIePeKyBaJIbHI CUTHAIH 1 TIEPEaBIIN HA MyHKT MOXKEKHOT CTaHI[Il CUTHAJ MPO
HC, y pa3si, Ko 3 SKUXOCh MPUYMH CUCTEMa HE CIpaloBaja, HEOOXiAHO
CaMOCTIMHO BUKIIMKATH MOXKEXKHY CiIykO0y 3a TenedonoM 101, moBimoMuT micue
BunukHeHHs1 HC 1 ovikyBatu Ha npuiz/ (axiBiiiB MOKEKHOI OXOPOHH.

Byniens BUpOOHHUYOro KOPIYCy, B SIKOMY PO3TAIIOBYETHCA MPUMILICHHS,
BI/IMOBIZJa€ BUMOTaM TIOKEKHOI Oe3neku. Y OymiBial BCTAHOBICHO CHCTEMY
OXOPOHHO-TIOKEKHOI CHUTHaJi3aIii, HasiBHI IMMOPOIIKOBI BOTHETACHUKH Ta IUIaH
eBaKyallii, a TaKOX YCTAHOBJICHO TUIAH €BaKyallli 13 3a3HAUYEHHSM HaNpsAMKIB 10

3aMacHoOro (€BaKyariifHOTO) BHXO/TY.
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OO0O0B'SI3KOBUX BUMOT MOXKEKHOT O€3MEKH, SIKUX HEOOX1THO JOTPUMYBATUCH,
BcraHoBieHo ['OCT 12.1.004-91 CCBT IloxexHa Oe3nexa.

Ile#i craHmapT yCTAaHOBIIOE 3arajbHI BUMOTH TOXKEKHOI O€3IMEKH [0
00'€KTIB 3aXMCTy PI3HOTO MPU3HAYEHHS HA BCIX CTAMISIX IXHBOTO YKUTTEBOTO ITUKITY.
JNOCHIIPKEHHS, PO3POOJICHHS HOPMAaTUBHUX  JOKYMEHTIB, KOHCTPYIOBaHHS,
MPOEKTYBAHHS, BUTOTOBJICHHS, OYIIBHUIITBO, BHUKOHAHHS TmOCIHyr (poOit),
BUMNPOOYBAaHHS, 3aKyI1BJI MPOAYKIIIi 3a IMIIOPTOM, MPOAAXK MPOAYKII (30KpeMa Ha
€KCIIOPT), 30epiranHs, TPAaHCIIOPTYBAaHHS, YCTAHOBJICHHS, MOHTaX, HAJIarOJ[KEHHS,
TEeXHIYHE 00CITyroByBaHHS, PEMOHT (PEKOHCTPYKIIis), eKCILTyaTallis
(3actocyBaHHs) Ta yTwiizamis. s 00'ekTiB, 10 HE BiJAMNOBIIAIOTh YUMHHUM
HOpMaM, CTaHJIapT BCTAHOBIIFOE BUMOTH JI0 PO3POOJICHHS MPOEKTIB KOMIIEHCYIOUNX
3ac00IB 1 cHCTeM 3a0e3MeueHHs] MOKEXKHOI Oe3MeKM Ha CTaaisx OyIiBHMIITBA,

PEKOHCTPYKIIIi Ta eKCILTyaTallii 00'eKTiB.

[I{o6 yHUKHYTH BUHUKHEHHS TTOXKEXKI:



® HEOOXITHO MPOBOJUTU PETYISPHI TMEPEBIPKUA  MOXKEKHOI
CUTHAaJ13a1li, MEPBUHHUX 3aC001B MOKEKOTACIHHS;
® 3a00POHSETHCS 3AIMIINATH TICIA 3aKIHUCHHS po0OOYOro vacy He
3HECTPYMJICHUM O0JIaJTHAHHA B IPUMIIICHHSX, Y AKUX BIJICYTHIH
YeproBUi IMepCcOHaN, 3a BHHATKOM YEProBOTO OCBITJICHHS,
CUCTEM IIPOTHUIIOKEKHOTO 3aXHUCTY;
® 3a00pOHSETHCS pO3MilllyBaTu MeOJi, oOnagHaHHS Ta IHIII
MpeaMEeTH Ha MIAXO0Jax 10 MOXKEKHUX KpaHIB BHYTPIIIHBOIO
POTUIIOKEKHOTO ~ BOAOMPOBOAY 1 TMEPBUHHUX  3ac00iB
MOKEKOTACIHHA, Ol ABEpeil eBaKyallliHUX BHXOIB, JIIOKIB Ha
OaJIKOHaX 1 JIOMXKISAX, Y epexoaax MK CEKI[IsSIMH 1 BUXOJaMU Ha
30BHIIIHI €BaKyallliiH1 CXOJIH;
e 3a00pOHSETHCA  MPOBOAUTH  NOPUOMPAHHS  TPUMIIICHHS
IIIBUJIKO3aMMHUCTHMH 3ac00aMH;
® HEOOXITHO MPOBENICHHS THCTPYKTAXy MPAIIBHUKIB 00
I 1] 4ac MOXKEXKI;
® HEOOXiHEe CTBOPEHHS IUIaHy €BaKyallii Ta PO3MIIIEHHS WOTO
MPUMIPHUKIB y TOCTYITHUX MICIISIX.
JIns yHEeMOXJIMBJICHHS BHHUKHCHHS TIOXKEXKI 3 IUX MPUYUH HEOOX1THO
BYACHO BUSBISTH I yCyBaTu HECHPABHOCTI, MPOBOJUTH IUIAHOBUN oOIISAT 1

CBOEYACHO YCYBaTH BCl HECIIPABHOCTI T HECTIPABHI €JIEKTPONPUIIATN Ta  HE

BUKOPHUCTAHHS HECIIPaBHI €JIEKTPONPUIIAIHN.

B Bunasioxk BUHUKHEHHS TTOKEXK1 HA POOOUOMY MICII, 1€ BAKOPUCTOBYETHCS
[IEOM, HeoOXiTHO BIAKIIOUUTH €JEKTPOMEpEeXKy B MNpuUMilIeHHI (B pasi
BUHUKHEHHS TIOXKEXK1 Yepe3 HECHPaBHICTh €IEeKTPONPOBOAKH). ['aciHHS TOXKexK1

AOITyCKAa€ThCA CYXUM mcKoM abo BYTJTICKUCJIOTHUM BOTI'HCTACHHUKOM.



BucHoBKH 110 po3ainy

Y d4erBepToMy po3aiumi Oylno pPO3MIAHYTO CaHITAPHO-TEXHIYHI HOPMH,
TEeXHIKy Oe3neku, poOOTy B HAJ3BHYAMHUX CHUTYaIlisfX, a TAKOXK OpraHi3arfiifHi
MUTaHHS 3a0e3neueHHs 0e3meku pooouoi 30HU. Byiio BUSBICHO MOXUIIMBI JKeperia
BUHUKHEHHS IIKIJUIMBUX 1 HEOE3MEYHNX YHHHHKIB, a TAaKOX 3alpONOHOBAHO
KOMIUIEKC 3axOiB, 3a JIOTIOMOTOI0 SKUX BigOyBa€ThbCs MiHIMI3allisli HETaTUBHOTO
BIUIUBY UYWHHHUKIB, 110 BHHUKAIOTh IMiJ dYac poOOTH 3 KOMIT'HOTEPOM,
CKCIIEPUMEHTAIBLHOI0 YCTAHOBKOIO. 3aBISKH TPOBEIACHHIO IUX 3aXOMIB MOXHA

M1BUIIMTH TPOAYKTUBHICTH TIpalli Ta MOJINIIUTH YMOBU POOOTH.



BHUCHOBOK

1. Byno pospobieHo MeTOAUKy BHMipioBaHHs mis Bepcrata AQSSL i
YBM-21, a Takox Oyno BumpoOyBaHO Ha BHUpoO1 HamiBMy(Ty. Pesymsratu

BI/IMipI-OBaHL HiI{TBepI[}Ky}OTL HpaBI/IJII)HiCTB HaltMCaHHI MCTOAHNKH.

2. Bymo mpoBeaeHO BUMIpPIOBAHHS CITIBBICHOCTI IIMTOHKOBOTO Masa i
BHYTPIIIHBOTO JiaMeTpa. [IpoananizoBaHo pe3ylbTaTH IIUX BUMIPIOBaHb.

3. TIpoBemeHO eKCIEPUMEHT i3 3aMipy CIiBBICHOCTI IIIMTOHKOBOTO Ma3a i
BHYTPIIIHBHOTO JliaMeTpa HamiBMy(TH.

4, CHpoekToBaHO Ta MPOBEACHO CKCICPUMEHT Yy MPOTrPaMHOMY
cepenoBuii LabVIEW 3 Bu3HaueHHs1 BUKUIB 13 331aHOTO JOITYCKY.

5. TlpoanamnizyBajau BIUIMB NMOXMOKHM BUMiproBaHOi cdepu Ha BO - 1
roiiBul Ta urymi Bepcrata AQSSL.

BuxoHaBmm anHaii3 IpoBEACHOIO €KCIEPUMEHTY, pOOMMO BHCHOBOK, IO
PI3HHMIIS 3HAYE€Hb MK BUMIPIOBAHHSIMHU Ha KOOPJIMHATHO-TIPOIINBAILHOMY BEpCTaTI
AQS55L 1 yHiBepcallbHOMY BUMIiprOBajgbHOMY Mikpockoni (YBM-21) yknanatorbes
B gomyck 0,002 mxMm. Ile mae Ham 3MOry BBa)kKaTh BUMIPIOBaHHS, MIPOBEIEHI Ha
BEpCTari, TOTOXXHO PIBHUMHM BUMIPIOBAHHSAM Ha MIKpOCKommi. [pyHTyrouuch Ha
bOMY BHCHOBKY MO)XHa PEKOMEHAYBaTH BHUKOPHCTOBYBAaTH KOOPAMHATHO-
npoiuBanbHui BeperaT AQSSL gk koopAMHATHO-BUMIpIOBaJIbHY MamuHy (KBM).
AJle OCKUIbKM JIIHIMHI IEPEeMIIIeHHs] MIKPOCKOIA 1 JIIHIIHI epeMileHHs] BepcTara
BIJIPI3HSAIOTBCSA B 5 pasiB, TO JJIsA MOAAIBINOI MiATOTOBKH JIO aTecTarlii Bepcrara
MOTPIOHI ~ MacIITaOHINII ~ METPOJIOTIYHI  JOCHIDKEHHS 13 3aJ]yYeHHSIM
METPOJIOTIYHUX 3aC001B BUMIPIOBAHHS, K1 MAlOTh CXOXI1 IMapaMeTpy 3a JIHIKHUMA

TIePEMIIICHHSIMH.



