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PE®EPAT
JI0 MaricTepchbKoi podoTH Ha TEMY
«3MeHIIeHHA CUCTEMATHYHOT MOXHUOKH IIU(PPOBOro BOJLTMETPA HIJIAXOM

BBCACHHA IOIIPABKHU 10 IIOKAa3aHb»

Aprem BOPOXKIH

Marictepcbka poOoTa ckiagaerbcsi 3 53 cToOpiHKa, 7 pHUCYHKIB, 14
Ta0JINIIb, CIIUCOK JIITEPATypH MICTUTDH 22 JIKEpena.

JlocaikeHHS 30CepeKeHe Ha 3MEHIICHHI CHCTEeMaTHYHOI TOXHUOKH
1IM(PPOBOro BOJBTMETPA ILIIXOM PO3POOKH BBEACHHS IIOMPABOK JO HMOTO
[MOKa3aHb.

Y mporeci poOOTH TPOBEACHO BHBYCHHS CHCTEMAaTHYHOI TOXHOKH,
YUHHUKIB 11 BUHUKHEHHS Ta CIIOCOOIB KOMIIEHCAIllI CUCTEMATUYHOI MOXUOKH.
[IpoBeneHo ekcrepuMeHTaIbHI JOCTIKSHHS BHECCHHS MOMPABKH B MTOKAa3aHHS
n'aTd  eK3eMIuisipiB  1udpoBoro BoisTMeTpa Mastech MY-64. Pesynwsratu
EKCIIEPUMEHTAIbHUX JOCTIKEHb Oyliu 00poOieHI METOIOM HaWMEHIIINX
KBaJIpaTiB Il BU3HAUYCHHS IMapaMeTPiB TPaayIOBaIbHUX XapaKTEPUCTHK.

Y pesynsrari pobGotu Oya0 MIATBEPIKEHO JIOUUIBHICTH BBEICHHS
MONPaBKM B TIOKa3aHHA IM(POBOTO BOJBTMETPA 3 METOK 3MCHIIICHHS
CHCTEMATHYHOI ITOXHOKHU.

["anmy3b 3acToCyBaHHS: CTaHIApPTH3Alllsl Ta METPOJIOTisl, BUMIipIOBAaJIbHA

TEXHIKa, EJICKTPOHIKA, YIIPABIIIHHS SIKICTIO.

[IOXUBKA  BUMIPIOBAHDb, IIOIIPABKA, KOMIIEHCALIA
CUCTEMATHUYHOI TIOXWUBKH, METOJI HAVMEHIIINX KBAJIPATIB,
I'PAIYIOBAJIbHA XAPAKTEPUCTUKA



ABSTRACT
for the Master's thesis on the topic
«Reducing the systematic error of a digital voltmeter by introducing a

correction to the readings»

Artem VOROZHKIN

The Master's thesis consists of 53 pages, 7 figures, 14 tables, and the
reference list contains 22 sources.

The research focuses on reducing the systematic error of a digital
voltmeter by developing the introduction of corrections to its readings.

In the process of work, a study of the systematic error, the factors of its
occurrence and methods of compensating for the systematic error was carried
out. Experimental studies of introducing a correction into the readings of five
copies of the Mastech MY-64 digital voltmeter were conducted. The results of
the experimental studies were processed by the least squares method to
determine the parameters of the calibration characteristics.

As a result of the work, the feasibility of introducing a correction into the
readings of a digital voltmeter in order to reduce the systematic error was
confirmed.

Field of application: standardization and metrology, measuring
equipment, electronics, quality management.

ERROR OF MEASUREMENTS, CORRECTION, COMPENSATION
OF SYSTEMATIC ERROR, METHOD OF LEAST SQUARES, GRADING
CHARACTERISTICS



TEPMIHU TA BUSHAYEHHS

VY kBamidikamiiHii podOTI 3aCTOCOBAHO TaKl TEPMIHU 3 BIAMOBIIHUMHU
BU3HAYCHHSIMHU.

ITOITPABKA: 3HaueHHS BCEJIMYMHHU, 110 BBOAMTHCA B IIOKa3aHHSI 3
METO0 BUKJIFOUEHHS CHCTEMATHYHOI IIOXUOKH.

PE3YJIBTAT BUMIPIOBAHHS: 3HaueHHsT  BEJIWYHUHM, OTPUMAaHE
IUISIXOM i1 BUMIPIOBAHHSI.

HEBUIIPABJIEHUIM PE3YJIBTAT BUMIPIOBAHHSI: cepenne
apu(pMETUYHE pEe3yJIbTaTIB CIHOCTEPEKEHb 1O BBEICHHS IONPABOK 3 METOIO
YCYHEHHSI CUCTEMaTUYHUX MMOXUOOK.

BUINIPABJIEHUM PE3YJIBTAT BUMIPIOBAHb: pesynmsrar
BUMIPIOBAHHA, OJIEPKYBaHUM TICIAs BHECEHHS IOINPAaBOK y HEBUIIPABICHUN

pe3yJIbTaT BUMIPIOBAHHSI.
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BCTYII

Po3BUTOK Hayku 1 TEXHIKH, MIABUILEHHS BUMOT JI0 SIKOCTI MPOAYKIIIi Ta
€(DEeKTUBHOCTI BUPOOHUIITBA CHPUYMHUIN PAJUKAIbHI 3MIHU BUMOT JI0
BUMIpIoBaHb. OIMH 13 TOJOBHUX AaCMHEKTIB I[HMX BHUMOT - 3a0e3MedeHHs
MOXJIMBOCTI ~ JIOCTaTHBO  JIOCTOBIPHOi  OINIHKM  IMOXMOKH  BHUMIPIOBaHb.
BiacyTHICTh JaHMX MPO TOYHICTH BUMIPIOBaHb a00 HEIOCTAaTHHO JOCTOBIpHI 1i
OIIIHKK TOBHICTIO a00 OUIBIIOK MIPOI 3HEIIHIOITH 1H(OpPMAIlI0 PO
BJIACTUBOCTI Ta XapaKTEPUCTUKU OO0'€KTIB, SKICTh MPOIYKIIii, TPO €(hEKTUBHICTD
TEXHOJIOTIYHUX IPOIIECIB TOIIIO, OJIEPKYBAHY B pe3y/IbTaTi BUMIPIOBAaHb.

HenocToBipHa olliHKa MOXUOKU pPEe3yabTaTy BUMIPIOBAHb TATHE 3a COOOI0
C€KOHOMIYHI BTpaTH, a 1HOAI W TEXHIYHI HecmpaBHOCTI. [IparHeHHs 3BecTH
MOXUOKY 10 MIHIMYMY - OJTHA 3 XapaKTEPHUX TEHICHIIA PO3BUTKY MPAKTUIHOI
Metposorii. Il TeHaeHuiss Bigirpae HaWOUIBIIY poJib TaM, J€ HeEoOXigHa
TOYHICTh BUMIPIOBaHb HAOIMKAETHCS JO TOYHOCTI, SIKY MOXYTh 3a0€31euyBaru
3pa3koBi 3B (etanoHmn).

Metoro naHoi poOOTHM € aHajgi3 BBEACHHA TOMPABKU B TMOKa3aHHS
nudpoBUx  3aco0IB  BUMIPIOBaHb 1 TPOBEIEHHS  EKCIIEPUMEHTAIBHUX
JTOCTIJKEHb Uil MATBEPIXKEHHS  JOIIBHOCTI  KOPEKIi  pe3ysbTaTiB

BUMIPIOBaHb IU(PPOBOTO BOJIBTMETPA.



1 CUCTEMATHUYHA ITIOXUBKA

[Toxubka pe3ynbTaTy BHUMIPIOBaHHS - PI3HUIS MIDK PE3yJbTaToOM
BUMIPIOBAHHA BEJIMYMHU Ta JIACHUM (OMOPHHUM) 3HAUCHHSIM BEJIMYUHH.

CucremarnyHa noxuOKa pe3ysibTaTy BUMIPIOBAHHA - CKJIAI0BAa MOXUOKHU
BUMIPIOBaHHS, 110 3aJIMIIAETHCS MOCTIMHOI a00 3aKOHOMIPHO 3MIHIOETHCS ITij
yac TIOBTOPHUX BHUMIPIB OAHIE] W Ti€i camoi BEIWYUHU, MPOBEACHUX 3
OJTHAKOBOIO PETEINBHICTIO.

CucremMatnyHl MOOXMOKM He 3ajiekaTh BiJ 3OUIBIIEHHS  4YHCIIA
BUMIPIOBaHb, OCKUIBKHU 3T1IHO 3 BU3HAYCHHSIM 3aJIUINAIOTHCS MOCTIHHUMHU a00
3MIHIOIOTBCSI 3aKOHOMIPHO B mpolieci BuMiproBaHHs. CHCTeMaTuyHI MOXHUOKHU
MOXXYTh OyTH BHUSIBIIEHI HA OCHOBI TEOPETHUYHHX OLIHOK PE3y/bTaTIB, IMLIIIXOM
MOPIBHSHHS PE3YJIbTaTIB, OTPUMAHUX PI3HUMU METOAAMH, Ha PI3HUX MPUIaIax.
€ MOXJIMBOCTI BHU3HAYUTH CHUCTEMATUYHI TOXHOKH IUIAXOM PETEIHHOTO
nociimxeHHs 3B abo MeToay BHUMIPIOBaHb NUISIXOM MOOYIOBHU 3aJI€KHOCTI
pe3yabpTariB BiJ OyIb-SKOTO 3MIHHOTO MapameTpa, HampuKiajl, KIIMaTHYHHX
YMOB, Yacy, €JIEKTPOMAr”iTHUX TMOJIiB, HANPyrd UBJICHHS TOHIO. Y HUBII
BUIIAJIKIB HEOOX1JHO BUKOHATH O0'€MHY JOCHITHULIBKY POOOTY AJIsl BUSIBICHHS
YMOB, III0 CTBOPIOIOTh CHCTEMaTHYIHI MOXHUOKH 1, BIAMOBIIHO, IPEACTAaBUTH a00
rpadik, abo TaOIWIIO IOMPaBOK, a00 BH3HAYUTH AaHATITUYHY 3aJICKHICThH
CHUCTEMATHYHOI MOXUOKH BIJ] I[LOTO TapaMeTpa.

Pe3ynbrar BUMiprOBaHHS 3aJIC)KUTh BiJl KUIBKOX YHHHHUKIB, KOXKEH 3 SKHX
CIOPHYMHSIE TICBHY CHCTEMaTHYHY ITOXHOKY. Y 1IbOMYy pa3i BHSBICHHS
AHATITUIHOTO BHJY TIOXHOKH 3HAYHO YCKIJIATHIOETHCS, JTOBOAUTHCS TPOBOAUTH

TPYJAOMICTKI PETEJIbHI JIOCIIJIKEHHS, SIKI HE 3aBXKJHU MPUBOJATH 10 O0aKaHOTO
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pesynprary. IIpoTe HeBusiBIEHa cUCTEMaTH4Ha IOXHOKa HeOe3MeuHlima 3a
BUIIAJIKOBY, OCKUIbKM BHIaJKOBa MOke€ OyTH 3BeleHa JO MIHIMyMY
BIJIMOBITHOIO METOJIMKOIO BUMIPIOBAHHS, a CHCTEMaTUYHA HEBUSBIICHA MOXHUOKa
MO’KE€ MTPU3BECTH A0 IPy0Oi MOMUIIKH PE3yJbTaTy BUMIPIOBaHHS.

Oco0yMBY KaTeropird CUCTEMATMYHUX IOXUOOK CTAHOBJSTb HETOYHO
BUMIpsIHI (13U4HI Ta PyHIaMEHTAJIbHI KOHCTAHTH, 0 BUKOPUCTOBYIOTHCA I1]T
yac BUMIpIOBaHHs. Te X caMe CTOCYeTbCsl HETOYHOCTEW Yy CTaHAapTHUX
JOBIJIKOBHX JIaHMX, a00 0 HETOYHOI arecTallli cTaHgapTHUX 3pas3kiB. IlosBa
OUIbII TOYHUX JIOBIJKOBUX JaHMX BHUMAarae MepepaxyHKy BCIX pe3y/bTariB

BUMIPIOBaHb 3 IX BUKOPUCTaHHSIM, a00 nieperpaayroBanns mkai CI. [1]

1.1 I'pynu cucTeMaTHYHUX MOXHOOK

Po3rsiHeMO rpynu CUCTEMaTUYHUX MOXUOOK, K1 BIAPIZHSIOTHCS MIXK
co0010 MPUYMHOIO BUHUKHEHHS. B OCHOBHOMY PO3pi3HSIOTH Taki 4 rpymnu:

1)  iHCTpyMEHTalbHI TOXWUOKH, TOB'A3aHI 3 HEIONPALFOBAHHIM
KOHCTPYKIIiT Ipuiiaay a00 HEMPaBUIILHOIO TEXHOJOTI€0 IOT0 BUTOTOBJIEHHS.

2)  TOXWOKM 30BHIIIHIX BIUIMBIB. JIOCHTH 4YacTo y BHUMIpIOBaJIbHIN
OPaKTHUIl JOBOAUTHCS MaTH CHOpaBy 3 BIUIMBOM KIIMAaTUYHUX YMOB -
TEMIIEpaTypu, BOJOTOCTi, TUCKY. KpiM TOro, HalmOIIMPEHIIMM KEpeIoM
TaKOTO pOAY MOXHMOOK € BIUIUB 30BHINIHIX €JEKTPOMArHiTHUX TIOJIB 1
HECTIMKICTh HAMIPYTH B MEPEXK1 KUBJICHHS BUMIPIOBAJIIbHUX MPUIA/IIB.

3) moxuOKHM METOJy BHMipIOBaHHs. Takui BUJ MOXHOKH MOXE OyTH

MOB'SI3aHUI  SIK 13 HEJAOCTOBIPHMMM 3HAHHSIMU IIPO BJIACTUBOCTI 00'€KTa
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BUMIPDIOBaHHSA, TaK 1 3 OJHAKOBUM BIUIMBOM pI3HUX YUHHHKIB Ha JaT4YUK
BUMIPIOBAJILHOTO TIPUIaIY.

4)  cy0'exTHBHI TOXHMOKH, TMOB's3aHi a00 3 HEYBaXHICTIO Omeparopa,
a00 3 HM3bKOIO KBadi(iKall€r0 MepcoHaly, o 00ciyropye npuinaj. Haitdinbie
3HAQYEHHS 1€l BHUJ NOXMOKM Ma€ IIiJi 4Yac BUKOPUCTAHHS NpUIAAIB 13
BI3yaJIbHUM BIJIJIIKOM, hi o) HUX MO’KHa BIJTHECTH CTPLJIOYHI
€JICKTPOBUMIPIOBANIbHI NMpUIaA. 3HAYHA YaCTHHA MPOMAaxXiB TaKOX MOXe OyTu

MOB'sA3aHa 13 Cy0'€KTUBHUMH MMOXHUOKaAMHU.

BucHoBOK 1o po3ainay

VY nepuiomy po3aiii OyJio IPOBEACHO BUBUCHHSI CUCTEMATUYHOI TOXUOKH,

a TakoX (hakTopiB 1i BUHUKHEHHS. PO3MIsiHYyTO Ta NpoaHan i30BaHO YOTHPHU

TPy CUCTEMATHYHHUX MTOXUOOK.
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2 CITIOCOBH HIIBUINEHHA TOYHOCTI BUMIPIOBAHD

[TigBuIieHHST TOYHOCTI BHMIPIOBaHb € OJIHMM 13 TOJIOBHMX PE3€pPBIB
MIJBUIICHHSA SKOCTI TPOAYKIi Ta e()EeKTUBHOCTI BUPOOHMIITBA. 3aBAaHHS
M1JIBUIIICHHS TOYHOCTI BUMIPIOBaHb BUPIIIYIOTh TAKUM aJITOPUTMOM.

Ha mouatkoBOoMy eTari aHai3y 0T BUMIPIOBAJIbHI 3aBJIaHHS 1 T1 LU, JJIs
SAKUX BUKOPUCTOBYIOTH PI, a TakoX yClO CYKYyNHICTh YMOB, II0 BIUTMBAIOTh Ha
TOYHICTh BUMIipIOBaHb. Llei aHami3 mpoBOASTH MJIsi 3aCTOCOBYBAHOI METOIUKH
BUKOHAHHS BUMIPIOBAaHb, TOYHICTh $KOi BH3HAHO HE3aJ0BUIBHOIO dYepe3
MO’KJIMB1 3HAUH1 HECITPUSATIIMBI HACIKH, 3yMOBIICHI IOXUOKOIO BUMIPIOBAHb.

Cnoci6 miABUINEHHS TOYHOCTI BHUMIPIOBaHb OOHPAIOTh TUIBKWA IIICIIS
BUSBJICHHS Ta OIIHIOBAaHHS OKPEMHUX CKJIQJIOBUX IIOXHOKM BHUMIPIOBaHb 1
BU3HAUCHHS JOMIHYIOUUX CKJIAJOBUX MOXUOKH. [Ipu 11boMy BpaxoBYIOTHCS HE
TITBKH 1HCTPYMEHTAJIbHI, @ ¥ METOAWYHI Ta CyO0'€KTHBHI CKJIAJ OBl MOXUOKHU
BUMIPIOBaHb, a TAKOX CUCTEMAaTUYHUH 1 BUMIAJKOBUI XapaKTep YCIX CKIAJI0BHUX
NOXHUOKHU BUMIPIOBAHb.

OcHOoBHUMH criocOOaMH TIJBUINEHHS TOYHOCTI BUMIPIOBAaHb € Takl
cnocoou:

1) 3aMiHa MEHIII TOYHOTO 3ac00y BUMIpPIOBaHb HA OUIBIIT TOYHUHN

(mpunbanHs abo po3poOKa creriagTbHUX 3aC001B BUMIPIOBAHb);

Takuii cociO MiABUILEHHS TOYHOCTI BUMIPIOBaHb Ja€ OUTbIIHi edeKT 3a
JOMIHYIOYUX THCTPYMEHTAIBHUX CKJIAIOBUX IMOXUOKU BUMIPIOBAHb.

[e#t coci6 mocTymHUI HE y BCiX BUMAAKaX. MOXIMBOCTI BUOOPY O1IBII
TOYHMX 3ac00iB BHMIPIOBaHb 4YacTO JYy)K€ OOMeXeHi. 3a3BUYail Taki

OOMEKEHHS TIOB'sI3aHI 3 YMOBaMH, B JKHX CKCINIYaTYIOThCA 3acoou
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BUMIpIOBaHb. Takoxx OepyTb 10 yBarm Te€, IO MIJBUINEHHS TOYHOCTI
BUMIPIOBaHb TATHE 332 COOO0 301IBIIEHHS BAPTOCTI IIUX 3aC001B BUMIPIOBaHb.
2) 00MEKEHHSI YMOB 3aCTOCYBaHHS 3aC001B BUMIPIOBaHb;

[leit cmoci® MIABUINEHHS TOYHOCTI BHUMIPIOBAaHb MAa€ CEHC, KOJIH
JIOMIHYIOTh JI0JJaTKOBI MOXUOKH 3aC001B BUMIPIOBaHb, 1[0 BUKIUKAHI 3HAUHUMU
BIAXWICHHAMM JIMCHHUX 3HAYE€Hb 30BHINIHIX BIUIMBOBUX BEJIWYHWH Bl
HOpMaJIbHUX. /{7151 OUTBIIOCTI 3aC001B BUMIPIOBaHb BUSIBJIEHO CYTTEBI CKJIAJ0B1
NMOXMOKK 3a JIOCUTh BEJIMKHUX BIAXWICHb MIMCHUX 3HAY€Hb BiJ HOPMaJIbHHUX
3HaYeHb TeMIEpaTypH MOBKULIA, AII0YMX BiOpallii, mapameTpiB KUBJICHHS ab0
IHIITMX BIUTMBOBUX BEJIMYHMH, IO MPOSBISIOTHCS Y BUPOOHUYHMX YMOBaX.

VY Takux BUMaJKaxX BKUBAIOTH BIAMOBIIHUX 3aXO/1B, SIK1 3HKYIOTh BILUIMB
Ha TMOXMOKYy BHMIPIOBaHb ICTOTHUX 30BHIIIHIX BIUIMBOBUX BEJIWYUH
(ycTaHOBNIEHHS  CHEI[laJbHUX  €KpaHiB ISl  3aXMCTy  BIJl  BIUIMBY
CJICKTPOMArHiTHUX TIOMIB, KOHIUIIIOHEPIB Yy TMPUMIIICHH], CTa01113aTopiB
HAnpyTu SKUBUJIBHOT MEpPEXi, aMOPTHU3aTOPIB Il 3HWIKEHHS BiOpaliiHuX
BILJIMBIB Ta 1H.).

3) 1HUBITyaIbHE TPAAYIOBaHHS 3aC00y BUMIPIOBAHb;

[le#i cmoci® miABUINEHHS TOYHOCTI BHUMIPIOBaHb €()EKTUBHHM, KOIHU
JOMIHYIOTh ~ CHCTEMAaTH4HI CKJIagOoBI TOXHMOKH 3aco0iB  BHUMIPIOBAaHb.
Hampuknazn, st TepMOMETpPIB OMOPY 1 TepMomap CUCTEMATHYHA CKJIaI0Ba
NOXMOKM 3a BY3BKOTO Jlanma3oHy BHUMIPIOBAHUX TEMIEpaTyp JIOMIHYE 1
3JIMIIAETHCS MaliKe He3MIHHOIO IIPOTATOM TPUBAJIOTO Yacy (KiIbKOX MICSIIIB).
s moxmbka Moke OyTH 3HAYHO 3HWKCHA IIIJITXOM BBEICHHS B PE3YJIBTAaTH

BHUMIPIOBaHb MOMPaBOK, OTPUMAHUX 1]l Yac 1HANBITyaJIbHOTO IPaytOBaHHS.
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4) BUKOHAHHSI 0araropa3oBUX CHOCTEPEKEHb 13 MOAAIBIIUM

YCEPEIHEHHM 1XHIX pe3yJbTarTiB;

[leit crnoci® edekTuBHHMI Yy pa3i JOMIHYBaHHS BUIIQJKOBOI CKJIAJ0BOT
NOXHUOKHU BUMIPIOBAHb.

Bigomo, 1m0 BumagkoBa CKJIagoBa IMOXHOKH BHMIPIOBaHb CEPEIHBOTO
3HAYEHHS MEHILIA 32 BUIIAJIKOBY CKJIaJ0BY MOXMOKM BUMIPIOBaHb MOTOYHHUX
3HaueHb. JJIS TMIABUINEHHS TOYHOCTI BHUMIPIOBaHb TIOTOYHUX 3HAYCHb
HEOOX1JIHO, 00 yCepeaHEHHSI HE MPU3BOAUIO JI0 CYTTEBOTO 3IVIaKyBaHHS
1H(popMallli npo npouec 3MiHA BUMIPIOBAHOT BEJIMYMHU. 3aCTOCYBAaHHS I[HOTO
cnoco0y MOXJIMBE, SKIIO NPOTATOM IHTEpPBaly Yacy YCEpEIHEHHS He
B1JI0YBA€THCSI MOMITHOI 3MIHM MOTOYHHMX 3HAYEHb BHUMIPIOBAHOI BEIUYMHU 1
BOJIHOYAC TMPOTATOM I[bOTO K I1HTEpPBaly CYTTEBO 3MIHIOETHCS TMOXUOKa
BUMIPIOBaHb MOTOYHUX 3HAYCHb.

5) aBTOMAaTH3aIlisl BUMIPIOBAIBHUX MIPOIEAYD;

Takuit 3axi, KpIM 3HUKEHHS TPYIOMICTKOCTI BHUMIPIOBaHb, CIIPUSIE
BUKJTIOYEHHIO CYO'€KTMBHHMX IMOXHOOK, 1110 BUHUKAIOTH I1iJI Yac OMpAaI[fOBAHHS
niarpaM, OOUYMCIEHHA TMPOMIXKHUX 1 KIHIIEBUX PE3yJbTaTiB BHUMIPIOBaHb,
IPUTOTYBAaHHS NPOO JJIA aHAJI31B Ta IHILIKUX ONepallisX, IKi BUKOHYE JIFOJUHA.

6) po3poOsieHHsT a00 BJIOCKOHAJICHHS METOAMK BUKOHAHHS
BHUMIPIOBaHb;

Ko TOMIHYIOTh METOIMYHI CKIQJ0Bl MOXHOKH BUMIPIOBAaHb, TO IICH
CrociO IMiABUIIEHHS TOYHOCTI BUMIPIOBAHb € €IUHO €(PECKTHUBHUM.

3a ICTOTHOI METOAWYHOI TOXMOKM BHUMIPIOBAHb CepenHiX abo
1HTerpajJbHUX 3HAYEHb, 3yMOBJIEHOI OOMEKEHUM YUCIIOM "TOYOK" BUMIPIOBAHb
a00 BIOXWJIEHHSMH  JIMCHUX 3HA4eHb BlJ HOMIHAQJIbHUX  3HAYEHb

HEBUMIPIOBAHUX BEJIMYUH, IO BXOJATH N0 (YHKIII Yy BHUIJIAMI KOHCTAHT,
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BIINIOBi/THE BIOCKOHAJICHHSI METOJAMKH BHKOHAHHS BUMIPIOBAaHb J1a€ TTOMITHUU
edhexT y MIJBUIIEHHI TOYHOCTI BHUMIPIOBaHb. METOAUKH BHUKOHAHHS
BUMIPDIOBAaHb MOXYTh OYyTH BJIOCKOHAJICHI 3MIHOKO aJrOpUTMy OOpOOKH

pe3yNbTaTiB BUMIPIOBAHb.

2.1 3araJjbHi cmocodou KoMneHcalii CHCTeMATHYHOI MOXHOKH

IcHye 1ia HU3KA CMIOCO0IB, 3aCTOCOBHUX /10 CUCTEMAaTUYHUX TTOXUOOK.

Po3rmistHemo 11 cnocoOwu.

1) Ortpumanns ampiopHoi iHGoOpMalii MNpO TOXUOKM 1 BBEACHHS
BIJIMOBIIHUX MOTPABOK y PE3yJbTaT BUMIPIOBAHHS.

[lonpaBKky BH3HAYalOTh EKCHEPUMEHTAJIbHO I Yac MOBIpKM abo B
pe3ysbTari  JOCHIIKEHb. BBeACHHS TMONpaBKHU, 3HAWUIEHOI 3 JEAKOI0
O0OMEKEHOI0 TOYHICTIO, YCYBA€ TIIBKH OJIHY, IIJIKOM BHU3HAYEHY CUCTEMATUYHY
noxuOky. Haliuacrime B pe3ynbTaT BUMIPIOBaHH HEOOXITHO BHOCHUTH KIJTbKa
MOTIPABOK, 1110 TPU3BOAUTH J0 3pOCTAHHS MOTO TUCIIEePCIi.

JliticHo, T Yac BWIPABICHHS peE3yJabTaTy J, MIIIXOM BBEICHHS

nonpaBku g 3a popmyioro (2.1)

Y smp=Y - ¢ (2.1)

JUCTIEPCIS Y sunp JOPIBHIOBATUME CYMI JIUCTIEPCIH ' 1 g, TOOTO

S Jeunp? =S (¥ )2 +S ()%, (2.2)
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3BIJIKU

S (Y sunp )= VSN2 + S(@)?, (2.3)

MakcumanbHa JOBIpYa MeXa IMOXHMOKM pe3yiabTaTy BHUMIPIOBAHHS [0

BBEJICHHSI MOMPABKU BU3HAYAETHCS 32 (HOPMYIIOI0

A emimp= A +t,5 (¥), (2.4)

ne tp - koedimieHT CThIOJCHTA MIPU YUCI1 3aIaHUX YUCII1 BUMIPIOBAHb /1

1 JOBIPYOi KMOBIPHOCTI P .

MakcumanbHa TOBipYa MEKa MOXUOKH PEe3ysIbTaTy BHUMIPIOBAHHS ITICIIS

BBC/ICHHS ITOIIPABKH BU3HAYAETHCS 32 (POPMYIIOIO

Apenp=Be — q £ tp/S()2 + S(q). (2.5)

[TonpaBKy MOIILHO BBOAUTH JOTH, TOKH Ayenp> AHEBI/II‘Ip, TOOTO

Ac—q £ tp/SON?+S(9)? > B £ 6,50), (2.6)

3BiacH
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S 2
qa >qy= tpS(y)( 1435 - 1)

2.7)

[pu manux chiseignomenusx S (4)/S(¥) | 3acTocoByroun pos3knagaHas
panuKana B psj

Vita?~1+%, (2.8)

orpumaeMo q > 0,5*S (q)? /S (v )% . I3 1i€i HEpIBHOCTI BUIHO, IO SIKIIO

OIIHKA CEpPEAHBOTO KBaJApPAaTUYHOTO BiAXwieHHsS mompaBku S (q) =0, To
MIOTIPABKY Ma€ CEHC BBOAMTH 3aBK/IH.

2) BusHaueHHs monpaBoYHHX (OPMYNT i KPUBHUX, IO BiTOOpaXKaroTh

BIUTUB Ha pe3yJbTaT BHUMIPIOBAHHS yMOB BUMIPIOBAaHHS (TeMImeparypu

noBkus T, Tucky P, ammutitynu U 1 9acTOTH f )KUBHIJIBHOI HAIIPYTH TOIIIO).
X=Xuwm+f1(T)+f2P)+f3sU)+f4(f)+11 (2.9

3a JHIIHOTO 3B'SI3KYy YMOB BUMIPIOBAaHHSA 3 HOTO pe3yiabTaroM Bupas (2.9)

3aMUCYETHCA Yepe3 KOeDIIEHTH BIUIUBY
X =Xuwsm +k1T +k2P +ksU +ksf +11, (2.10)

3) BuxitoueHHs pkeperia TOXHOKH.

PerenpHe BcTaHOBNEHHS amaparypu (FOCTYBaHHS), BUIAJICHHS JDKEPEI
BUMIPOMIHIOBaHHSI TNUISIXOM €KpaHyBaHHS, CTa0lmi3aimiss Hampyrd >KUBJICHHS,

3MEHIIEHHS BIUIMBY MEXaHIYHUX BIUIMBIB (BiOpalliil, TpSCIHHS), OOMEXKEHHS
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TEMIEPATypHUX KOJMBAaHb (IIUIIXOM PO3MINIEHHS B TEPMOCTaTi), YCYHEHHS

0COOHCTHX IMOXHOOK.

BucHoBok 1o po3ainy

Y napyromy po3auli  BUCBITIGHO METOJAM IOKPAIEHHS TOYHOCTI

BUMIPIOBaHb Ta OOTOBOPEHO OCHOBHI MiAXOAU JI0 KOMIIEHCAIlll CUCTEMAaTUYHHUX

MOXHUOOK, 1110 CIIPUSIE MiABUILIEHHIO HAJIIMHOCTI PE3yJIbTATIB.
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3 EKCIIEPUMEHTAJIBHE JOC/IIT?’KEHHA BHECEHHA
HHOIIPABKMU B ITIOKA3AHHSA IUOPOBOI'O BOJTBTMETPA

3.1 IlocTanoBKa 3aga4i

Opnier0 3 HAWBAKIMBIIUX Yy JISTIBHOCTI METPOJIOTIB € 3aBAaHHS
nepeanHs po3MIpiB OJUHUIL (PI3UYHUX BEJIMYUH BiJ eTajoHiB podouum CI.
[lix yac mepemaHHs po3MIpiB OJWHHUIIL AeAani OIBIIOTO MOITUPEHHS HaOyBae
croci0 TpaayroBaHHS, I Yac SKOTO HE MPOCTO KOHTPOIIOIOTH BIAMOBIIHICTH
noxn6oxk CI, 1m0 moBipsA€ETHCS, BCTAHOBICHUM HOPMaM, a BU3HAYAIOTh 3HAYCHHS
NOBIPHUX MIp, MOIMpPABKU [0 MOKa3aHb NMpuiagiB ado OyayloTh rpaayroBajibHI
xapakrepuctuku CI. Ileil Meron nae MiHIManbHy BTpary TOYHOCTI MpHU
nepenavi po3MipiB OJUHUL.

Hapasi B cTanmaprax yxBajeHO JETEPMIHOBAHUM MiAXid 10 HOPMYBaHHS
1 OIIIHIOBAHHS HOXUOOK eleKMPOBUMIDIOBANbHUX NPUNAOIS.

Ane 3 TIABHIIECHHSIM TOYHOCTI EJIEKTPOBUMIPIOBAIIBHUX MPHIAIB, 3
MOSIBOIO TPWJIAIB, IO TPAIIOIOTh HAa HOBHX NPHUHIIAIAX, 31 CTBOPCHHSIM
BUMIPIOBAIbHUX CHCTEM TMEPCICKTUBHUM € HWMOBIPHICHHM MmAXiA 10
HOpPMYBaHHS ¥ OIlIHKKH TOoXxWOOK. [loxuOkm CI B 3araJlbHOMy BHUIIAIKY
PO3IIAAAIOTHCS SIK BUTIAKOBI BEJIMYMHHU, a TOMY TIiJ] YaC HOPMYBaHHS ITOXHOOK
MIPIITAJIIB Ta IXHBOI IMOBIPKH CJIiJT 3aCTOCOBYBAaTH CTAaTHCTHYHI METOAH. [6]

Omgna 3 KIIOYOBHMX YMOB IIJIBHUINCHHS TOYHOCTI, II€ JOTPUMaHHS
HOPMAaJIbHUX YMOB HAaBKOJIMIITHBOTO CepeloBHINa. AJie 1HOMI JTOBOAMTHCS

MIPOBOJINTH BUMIPIOBAaHHS Y BUPOOHHUYUX YMOBAX, SIKi PI3HOIO MIPOIO MOXYTh
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BIIPI3HATHUCS BiJ HOpMaJIbHUX. 3MiHAa YMOB, MOB'S3aHUX 13 BIUIUBOM THUX YU
IHIITNX YMHHUKIB, BEJE OO MOSBH JOJATKOBOI TOXHUOKHU.

Takum 4yMHOM, JIJIsi PO3IVISAYy MUTAHHS BIUIMBY JOBKUUISI Ha MOKa3aHHS
npuiaaiB, Oyao B3STO HAWIMOIIMPEHINIE JHKEPENIo JOJIaTKOBOI MOXUOKHU -
TeMmreparypy. 3a JONOMOrol KaMepu TeIUla, XOJOIy Ta BOJOTH, OyJo

3MO/IeJIbOBAHO HEOOX1HI YMOBH JJIsl TPOSIBY IMTOXUOKH Bl TEMIIEPATYPH.

3.2 OTpuMaHHS eKCIIePUMEHTAJIbHUX JAHNX

Jlns mpoBefieHHsT aHajizy Oyjao pO3MISTHYTO EKCIEPUMEHTANIbHI JaHi,
OTpUMaHI1 T1Jl 4ac JOCHIKeHHS Iu(poBOro BojasTMeTpa. JJisi MpocTexKyBaHHS
MOBEIHKA OKPEMHUX 3pa3KiB y MeXax OJHOro THUMYy NpwiaaiB, Oyio
JTOCTIKEeHO 5 pobounx nudpoBux BonsTMeTpiB MY-64 dipmu Mastech.

ExcriepuMeHT mpoBOAMBCA |y BuUNpoOyBanbHIM jaboparopii TOB
"TTomimepMmamn”". Cxemy ekcrnepuMeHTy HaBeaeHo Ha puc. 3.1, ge JDK -
mxepeno sxkusieHHss Matrix MPS-3003LK-2; IIBE - mynetumerp uudposuii
APPA-305; 1IB1, 1IB2, I1B3, 1IB4, 1IB5 - mynstumerpu nudposi Mastech
MY-64; I1 - nepemukad. MeTponoriuHi XxapakTepuCcTHKU JaHux 3B, HaBeneHi B

tabmu 1. [7,8,9]
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-
N |—

—| 3 LiBE
4
5
6
L|B1
LIB2
LiB3
LiB4
L||B5 Kamepa Tenna
xonogay i BONory
APC 1100

Puc. 3.1 - Cxema ekcnepuMeHTy

Tabn. 3.1 - MeTpomnoriuyHi XapakTepUCTUKH 3ac00iB BUMIPIOBaHb, IO

BUKOPHUCTOBYIOTHCSI B €KCIIEPUMEHTI.

3aco0u BUMIpIOBAaHHS Ta BUIIPOOYBaJbHE
oOylaHaHHS

MeTposnoriuHi XapaKTepuCcTUKU

Jlxepeno xuBneHHs: Matrix MPS -
3003LK-2

Jliana3oH BUMIpIOBaHb HaNPyTH
o *
nocritHoro crpymy U,;,

(0,1-30) B, nianma3oH BUMipIOBaHb CHUIIH
NOCTIHOTO CTpyMYy [, (0,01-3) A

Mynsrumetp ungposuii APPA-305

Jiama3oHu BUMIpIOBaHb HAIPYTH
noctiitHoro ctpymy U,,, (0,0001-4)
B, (0,001-40) B, mexi qomyctumoi
abcomroTHOT moxuoku = (0,06 % U,,,
+2emp) "

Mynstumetp uudposuit Mastech MY -64

Jliana3oHu BUMIpIOBaHb HaNpyTu
noctiitHoro ctpymy U,,, (0,001-2) B,
(0,01-20) B, mexi momycTumMoi
abcomotHOi moxuoku + (0,5 % U, + 1
emp); Jiamazon po6ouux Temmeparyp

Big 0 °C no

40 °C, BigHOCHa BOJIOTICTh He Oinbiie 80%
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Kawmepa Temna, xonoxay i Bomoru ARS-1100 | Jliarma3oH BiATBOPIOBAaHUX TEMIEPATYP Bix
75 °C no +180 °C, BigHOCHA BOJOTICTH BIJI
10 % 1o 98 %

* .
Bumipsine 3nauennus
= 3HAYeHHS OOUHUYT MOTOOUO20 PO3PAOY

Po6oui BonmpTMeTpu Oyiu TMOMIIIEHI B KaMepy TeIUIa, XOJOAy 1 BOJIOTH
ARS-1100 (mami - kamepa) a1 JOCHIIKEHHS BIUTUBY 3MIHU YMOB JOBKIJUIS Ha
MOKa3aHHS BUKOPUCTOBYBAaHUX 3acO0IB BUMIpIOBaHb Ta ixHI moxuOku. Ha

KaMmepi Oyiu BCTAHOBJICHI 3HAUEHHS TEMIIEPATypH/BOJIOTOCTI, BIAMOBIAHO 0

tabmn. 3.2.

Ta0n. 3.2 - BcraHoBieH] 3HAaYEHHS TEMIIEPATypPH/BOJIOTOCTI Ha Kamepi .

Temneparypa, °C BigHocHa BOJIOTICTb,
%
10
20 60
30
40

Ha Bxix eramoHHOro i poOOYMX MyJAbTUMETPIB Oyau MOAAHI BHXIJIHI
Hanpyru 3 II1, mpu 1bomy Oyiv BCTAHOBJICHI BIATOBIAHI MEXI BUMIPIOBAHHS,

B1AMOBIIHO 10 Ta0m. 3.3.

Ta6n. 3.3 - BumiproBaHni 3HaueHHs1 HanpyTru Ha Buxo/i II1 1 BianoBiHi
MEK1 BUMIPIOBAHHS €TAJIOHHOTO Ta POOOYUX BOJIBTMETPIB

Buxigna manpyra II1, B Me:xa BumiproBanHs LIBE, B Mexa BumiptoBanus L[B1-
I1BS, B
00 4 2
1,0
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1,6

1,98

2,0

6,0

10,0

16,0

19,8

40

20

—-3.5.

Pe3ynbraTtu BUMIpIOBaHb MOCTIHHOT Hanpyru Oyiu 3aHeceHl B Tabin. 3.4

Tabn. 3.4 - Pesynapraru BUMIPIOBaHb MOCTIMHOT Hampyrd HUQPPOBHUX
BOJIETMETPIB, NPU TEMIIEpaTypi HaBKONHIIHBbOTO cepenosumia 10 °C 120 °C

t°C| x,B | yy,B|y,.B|ys,B|».B|lysB|t°C| xB |».B|»wB|y;,B|y,,B|ys.,B
0,601 0,597| 0,601 | 0,602 0,598 0,601 0,599 0,601 | 0,602 0,599

0,6 |0,602|0,600| 0,602 | 0,602 0,599 0,6 |0,600| 0,598 0,600 | 0,601 | 0,599
0,599 0,598 | 0,600 | 0,600 0,597 0,601 0,599 0,601 | 0,602 0,599

1,002| 0,998 | 1,003 | 1,001| 0,996 1,001] 0,997| 1,000 | 1,002 0,998

1 1,003| 0,998 | 1,003 | 1,003 | 0,998 1 1,001] 0,998 1,001 | 1,003 0,999
0,994 0,998 | 1,002 | 1,003| 0,998 1,001] 0,998 1,002 | 1,003| 0,999

1,601 | 1,594 1,601 | 1,602 | 1,594 1,601| 1,596 1,601 | 1,604 | 1,597

1,6 |1,603]| 1,597 1,604 | 1,605| 1,597 1,6 | 1,601 1,596/| 1,601 | 1,604| 1,597
1,603 | 1,597 | 1,603 | 1,604| 1,596 1,601| 1,596| 1,600 | 1,603 | 1,597

1,984| 1,976 1,984 | 1,985| 1,975 1,980| 1,975| 1,980 | 1,984 | 1,976

1,98 | 1,984| 1,976| 1,985 | 1,986| 1,976 1,98 | 1,981 1,974| 1,980 | 1,983 | 1,975
1,985| 1,976 | 1,985 | 1,986| 1,976 1,981 1,975] 1,980 | 1,984 | 1,976

2,00 | 1,98 | 2,00 | 2,00 | 1,99 2,00 | 2,00 | 2,01 | 2,02 | 2,00

10 2 2,00 | 1,99 | 2,00 | 2,00 | 1,99 | 20 2 2,00 | 1,99 | 2,00 | 2,01 | 1,99
1,99 | 1,99 | 2,00 | 2,00 | 1,99 2,00 | 1,99 | 2,00 | 2,00 | 1,99

6,01 | 5,98 | 6,01 | 6,02 | 598 6,00 | 598 | 6,00 | 6,02 | 5,99

6 6,00 | 5,98 | 6,01 | 6,01 | 5,98 6 6,00 | 598 | 6,00 | 6,01 | 5,98
6,01 | 5,99 | 6,02 | 6,02 | 5,99 6,01 | 598 | 6,00 | 6,02 | 5,99

10,02| 9,97 | 10,01 | 10,02| 9,98 10,01 9,97 | 9,99 | 10,02| 9,97

10 10,01 9,97 | 10,02 | 10,03| 9,97 10 10,01 9,97 | 9,99 | 10,02| 9,97
10,02 9,97 | 10,02 | 10,03| 9,97 10,01} 9,97 | 10,00| 10,03 | 9,98

16,03 | 15,93 | 16,03 | 16,03 | 15,95 16,01 | 15,94 15,99 | 16,03 | 15,96

16 16,02 | 15,95| 16,02 | 16,04| 15,96 16 16,01 | 15,94 15,98 | 16,03 | 15,96
16,02 15,95 16,03 | 16,04 | 15,96 16,00 15,94 15,98 | 16,03 | 15,96

19,821 19,73 | 19,83 | 19,85| 19,72 19,81 19,72 19,78 | 19,83 | 19,75

19,8 | 19,82] 19,73 | 19,83 | 19,85| 19,74 19,8 | 19,80 19,72 | 19,77 | 19,83 | 19,74
19,831 19,74 | 19,83 | 19,85| 19,75 19,81| 19,73 19,78 | 19,83 | 19,74
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Tabm. 3.5 - Pe3ynbraru BUMIprOBaHb MOCTIMHOT HAIPYTH IUPPOBUX
BOJIETMETPIB, 3a Temneparypu noBkiuist 30 °C 140 °C

t°Clx,B|»w.B|»wB|»wB|»wB|lysB|tC|x,B|yB|»wB|yB|y»B]|ly,B
0,599 | 0,598 | 0,600 | 0,601 | 0,599 0,599 | 0,598 | 0,598 | 0,601 | 0,599

0,6 | 0,599 | 0,599 | 0,600 | 0,602 | 0,599 0,6 | 0,598 0,598 | 0,599 | 0,601 | 0,599
0,599 | 0,599 | 0,599 | 0,601 | 0,599 0,598 | 0,598 | 0,599 | 0,601 | 0,599
0,999 | 0,998 | 0,998 | 1,002 | 0,998 0,997 | 0,997 | 0,997 | 1,001 | 0,998
10,999 0998 | 0,999 | 1,002 | 0,998 1 109970997 0,998 | 1,002 | 0,999
0,998 | 0,997 | 0,999 | 1,002 | 0,998 0,997 | 0,997 | 0,998 | 1,002 | 0,999
1,597 | 1,596 | 1,598 | 1,603 | 1,597 1,596 | 1,595 1,597 | 1,603 | 1,598

1,6 | 1,598 1,597 | 1,598 | 1,604 | 1,597 1,6 | 1,595| 1,595 | 1,596 | 1,603 | 1,598
1,598 | 1,596 | 1,598 | 1,604 | 1,597 1,595 | 1,595 | 1,595 | 1,603 | 1,597
1,977 | 1,975 | 1,977 | 1,984 | 1,976 1,973 | 1,974 1,975 | 1,984 | 1,978

1,98 | 1,977 | 1,975 | 1,977 | 1,984 | 1,975 1,98 | 1,974 | 1,973 | 1,975 | 1,984 | 1,977
1,977 | 1,975 | 1,978 | 1,985 | 1,976 1,973 | 1,974 | 1,975 | 1,984 | 1,977
2,00 | 1,99 | 2,00 | 2,00 | 1,99 1,99 [ 1,99 | 1,99 | 2,00 | 1,99

30 | 2 | 1,99 | 1,99 | 2,00 | 2,00 | 1,99 | 40 | 2 | 1,99 | 2,00 | 1,99 | 2,00 | 2,00
2,00 | 2,00 | 2,00 | 2,01 | 2,00 1,99 | 1,99 | 1,99 | 2,00 | 1,99
6,00 | 599 | 599 | 6,02 | 599 599 | 598 | 598 | 6,01 | 599

6 | 600|599 | 599 | 6,02 | 599 6 | 599|598 | 597 | 601 | 599
6,00 | 598 | 599 | 6,01 | 598 599 | 598 | 598 | 6,01 | 599
10,00 | 9,97 | 9,98 | 10,02 9,98 9,98 | 9,97 | 9,96 | 10,02 9,99

10 | 10,00 9,97 | 9,98 | 10,02| 9,98 10 | 9,98 | 9,97 | 9,97 | 10,02 9,99
10,00 | 9,97 | 9,97 | 10,02 | 9,98 9,98 | 9,97 | 9,95 | 10,02| 9,98
16,00 | 15,96 | 15,96 | 16,04 | 15,97 15,97 15,95] 15,93 | 16,04 | 15,98

16 | 1599 15,95 15,95 | 16,03 | 15,96 16 | 1597 15,95 15,92 16,03 | 15,97
16,00 | 15,96 | 15,96 | 16,04 | 15,97 15,97 | 15,95 | 15,93 | 16,04 | 15,98
19,79 | 19,74 19,75 | 19,84 | 19,75 19,76 19,73 | 19,70 | 19,84 | 19,76

19,8 | 19,80 | 19,75 | 19,75 | 19,84 | 19,75 19,8 | 19,76 | 19,74 | 19,71 | 19,85 | 19,77
19,79 | 19,74 | 19,74 | 19,84 | 19,75 19,76 19,73 | 19,70 | 19,84 | 19,76
3.3 Po3paxyHoxk mapamerpiB  JIHIMHHX  TIPaaylOBaJbHHUX

XxapaxkTepucTUK ek3eMILIspiB CI MmeTonom HaMeHIINX KBAJAPAaTiB

PosmistHeMo ekcniepuMeHTalbHl JlaHl, OTPUMAaH1 T 4Yac JOCII1KESHHS

uudpoBoro BosbT™METpa (Tada. 3.4, Tabdn. 3.5). BumipioBaHHs BUKOHYBaJIKCS 3

6aFaTOpaBOBI/IMI/I CIIOCTCPCKCHHAMU N

3. KUIBKICTh TOYOK Ha MEXI

BUMIPIOBaHHSA MOCTIMHOT HanpyTu i=1/...m, e m=4 Ha MeX1 BUMIpIoBaHb 2 B i
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m=5 Ha Mex1 BumiptoBanb 20 B. OTpumani pe3yabTatd BUMIPIOBaHb Vi Oyiu
obuucieHi 3a popmynoro (3.1)

n

5. = Ziza i 3.1
g, = 2= (3.1)

Ouinka gucnepcii ToXuOku S ;2 y Todlll Y ; 00YUCTIOETHCS 3a (POPMYJIIOIO
(3.2)

T =57

z2 _
METS (3.2)

OckiabKM BXigHA BeMMYMHA X Yy JaHOMY BHMIAAKy € KOHTPOJIHOBAHOIO
3MIHHOIO (Ha BXOJIl BCTAHOBJIIOBAJIM 3a3/alIeT1/Ib 3aJaHe 3HA4eHHS X; ), TO IS
nooynoBu I'X moxHa 3actocoByBatn MHK.

Jlns moOynoBu niHiHOT ['X 3araneHoro Buay ¥ = a + bX, HeoOXxigHO
oouncaut OmWHKA a 1 b 3a MHK. Baru, mo Bu3Ha4amoThCcs 3a

EKCIIEPUMEHTAIbHUMU JTAHUMU, IPUMUMAIOThCA PIBHUMU W =N i /S i?.

Cepenne (3BakeHe) 3HaYCHHS X BXIJHUX BEIWYHH JX; , 3HAXOAUTHCS 32

dbopmyioro

v _ LwiX; (3.3)
X= X wi

CepenHe 3HaueHHS Yy pe3yiabTaTiB BUMIPIOBAHb Vi , 3HAXOAUTHCS 3a
dbopmyIoro

Y= (3.4)

Ouinku koediieHTiB b 1 a o6uucaoThes 3a hopmynamiu (3.5)-(3.6).
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h = Yiz @i¥i(Xi—X)
I, wi(Xi—X)?’

(3.5)

(3.6)

Pe3ynprat OLIHOK KOE(IIIEHTIB a 1 b 3a METOAOM HaWMEHIIUX
KBaapariB s m'satd nudpoBux BoabTMeTpiB Mastech MY-64 (1IB1-1I[B5S)

HaBeJleH1 B Tabmuuax A.1-A.5 (y IpOMDKHUX OOYMCIEHHSX YTPUMYIOThCS 3aiiBl
3HAYYILI Hudpn).

3.4 BBeieHHS MONPABKHU B Pe3yJibTAT BUMIPIOBAHHS

[Ticnst Toro, sik Oyyno OOYUCIEHO OLIHKA Koe(ilieHTiB a 1 b , Oy’no
3anucaHo piBHsAHHS JiHIMHUX ['X Bursiny Y = a + bX, s KOXKHOTO
nM(pPOBOTO BOJIBTMETPA, SKI BIANOBIIAIOTH IMEBHIA MeEX1 BHMIPIOBaHHS 3a
3aJIaHUX TeMIIepaTyp HaBKOJHWIIHHOTO cepenoBuina. Ha miacTaBi mux piBHSHB,

Oynu OO4YHCIICHI BUNPABJICHI 3HAUYCHHS 3a (OPMYJIOI 1 CepeaHl 3HAYEHHS

MIOTIPABOK, SIK1 HABEICHO B TaTab:m1.3.6.

Tabn. 3.6 - CepenHi 3Ha4EHHS MMOMPABOK

t,OC Xy X, B 1 T 2 T 3/ T 4 T 5/ 1T
,B ,B ,B ,B ,B ,B
0,6 0,0010 | 0,0008 | 0,0004 | 0,0009 | 0,0005
1 0,0031 0,0001 0,0003 0,0007 0,0007
2 1,6 0,0006 0,0011 0,0009 0,0009 0,0007
1,98 0,0003 0,0003 0,0005 0,0005 0,0007
10 2 0,0020 0,0111 0,0020| 0,0020 0,0022
6 0,0022 0,0021 0,0049 0,0043 0,0019
20 10 0,0048| 0,0014| 0,0066| 0,0069| 0,0028
16 0,0007| 0,0084| 0,0042| 0,0049| 0,0044
19,8 0,0053 0,0047| 0,0023 0,0007| 0,0122
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0,6 0,0003 | 0,0003 | 0,0003 | 0,0004| 0,0002

1 0,0001 | 0,0002 | 0,0006| 0,0003 | 0,0006

2 1,6 0,0001 | 0,0001 | 0,0006 | 0,0003 | 0,0002

1,98 0,0003 | 0,0002 | 0,0001| 0,0002| 0,0002
20 2 0,0048| 0,0054| 0,0031| 0,0065| 0,0054
6 0,0021| 0,0016| 0,0005| 0,0022| 0,0029

20 10 0,0013| 0,0012| 0,0012| 0,0013| 0,0015

16 0,0031| 0,0005| 0,0022| 0,0020f 0,0031

19,8 0,0018| 0,0031| 0,0031| 0,0007| 0,0045

0,6 0,0015 | 0,0005| 0,0001 | 0,0002| 0,0001

1 0,0016 | 0,0002 | 0,0004 | 0,0003 | 0,0002

2 1,6 0,0029 | 0,0002 | 0,0002 | 0,0002| 0,0004

1,98 0,0036 | 0,0003 | 0,0002| 0,0002| 0,0003

30 2 0,0056| 0,0056| 0,0043| 0,0022| 0,0076
6 0,0015| 0,0033| 0,0009| 0,0030( 0,0032

20 10 0,0019| 0,0007| 0,0034| 0,0007| 0,0022

16 0,0070| 0,0020| 0,0043| 0,0023| 0,0036

19.8 0,0087| 0,0061| 0,0055| 0,0019| 0,0055

0,6 0,0004 | 0,0002 | 0,0004 | 0,0002| 0,0003

1 0,0003 | 0,0003 | 0,0005| 0,0006| 0,0007

2 1,6 0,0004 | 0,0000 | 0,0004 | 0,0002 | 0,0003

1,98 0,0005 | 0,0003 | 0,0002 | 0,0001 | 0,0004

40 2 0,0033| 0,0030| 0,0020| 0,0022| 0,0058
6 0,0007| 0,0015| 0,0042| 0,0009| 0,0016

20 10 0,0006| 0,0020| 0,0067| 0,0024| 0,0026

16 0,0018| 0,0025| 0,0039| 0,0023| 0,0030

19.8 0,0092| 0,0030| 0,0011| 0,0031| 0,0057

3.5 Po3paxynok CKO pe3syabrary BumipwoBanua Tt1a CKO
MONPABKH.

CepennboKBaipaTUYHE BIIXWICHHS PE3yIbTaTiB OMUHUYHUX BUMIPIOBAHb
y psiii BUMIPIOBaHb - XapaKTEPUCTHUKA S PO3CIIOBaHHS PE3yIbTaTiB BUMIPIOBAHb
y pAlli PIBHOTOYHUX BUMIPIOBaHb ONHI€T i Ti€l camoi (i3MYHOI BETUYWHH, 1110

obumncIoeThes 3a popmynoro (3.7):

Z?:l i—y z
() = (H=oCD (3.7)

1ie: y; - pPe3yJbTar 1-T0 ONIMHUYHOTO BUMIPIOBAHHS;
y - cepeaHe apuMETUUYHE 3HAYCHHS 7 OJIMHUYHUX PE3YyJbTaTiB

BI/IMipIOBaHB BCIIMYMHU.
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CKO § € OIIHKOIO CTaHJApPTHOTO BIAXWIICHHS CHUTMa-TlapaMerpa

pO3MOALTY pe3y/lbTaTiB BHUMIPIOBaHb 1 OJHOYACHO OI[IHKOK CTaHJapTHOTO

BIIXWJICHHS PO3IIO/IUTY BUMAAKOBOT TOXUOKH ITUX PE3yJIbTaTIB.

CKO HeBunparieHux pe3yibrariB BumipioBanb S(y i) i CKO mompaBok

S(q : ) HaBeneHni B Ta6i. 3.7 1 3.8, BIAMOBIIHO.

Tabn. 3.7 CepeHbOKBAIpAaTUUHE  BIJXWJICHHS  HECHpPaBICHUX
pe3yJbTaTiB BUMIPIOBaHb
t,°C Xy ,B x, B S(y] S(yg S(y3 S(y4 S(yj )
),B ),B ),B ),B B
10 2 0,6 0,0012 | 0,0012 | 0,0006 | 0,0010 | 0,0006
1 0,0049 | 0,0002 | 0,0004 | 0,0010 | 0,0010
1.6 0,0010 | 0,0016 | 0,0012 | 0,0014 | 0,0012
198 | 0,005 | 0,004 | 00008 | 0,0008 | 0,0008
20 2 0,0024 | 0,0087 | 0,0030 | 0,0030 | 0,0030
6 0,0023 | 10,0026 | 0,0050 | 0,0045 | 0,0026
10 0,0042 | 0,0015 | 0,0072 | 0,0072 | 0,0044
16 0,0010 | 0,0136 | 0,0046 | 0,0078 | 0,0067
19.8 0,0049 | 10,0049 | 0,0031 | 0,010 | 0,0131
20 2 0,6 0,0005 | 0,0005 | 0,0005 | 0,0005 | 0,0003
1 0,0002 | 0,0004 | 0,0009 | 0,0004 | 0,0006
1.6 0,0002 | 0,0002 | 0,0006 | 0,0004 | 0,0002
198 | 00004 | 0,003 | 0,0001 | 0,0003 | 0,0003
20 2 0,0031 | 0,0041 | 0,0041 | 0,0070 | 0,0067
6 0,0026 | 0,0023 | 0,0006 | 0,0032 | 0,0032
10 0,0012 | 10,0012 | 0,0017 | 0,017 | 0,0017
16 0,0045 | 10,0006 | 0,0026 | 0,0026 | 0,0032
19.8 0,0021 | 0,0031 | 0,0040 | 0,0010 | 0,0049
30 2 0,6 0,0004 | 0,0008 | 0,0002 | 0,0002 | 0,0002
1 0,0003 | 0,0003 | 0,0006 | 0,0003 | 0,0003
1.6 0,0003 | 0,0002 | 0,0003 | 0,0003 | 0,0003
198 | 00001 | 0,003 | 0,0003 | 0,0003 | 0,0003
20 2 0,0024 | 0,0025 | 0,029 | 0,0025 | 0,0025
6 0,0021 | 0,0031 | 0,0010 | 0,0031 | 0,0031
10 0,0010 | 0,0010 | 0,0046 | 0,0010 | 0,0010
16 0,0029 | 0,0029 | 0,0050 | 0,0029 | 0,0058
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19,8 0,0079 0,0079 0,0075 0,0025 0,0025

40 2 0,6 0,0005 0,0003 0,0006 0,0003 0,0003
1 0,0004 0,0004 0,0006 0,0009 0,0009

1,6 0,0003 0,0001 0,0006 0,0003 0,0003

1,98 0,0004 0,0005 0,0003 0,0001 0,0005

20 2 0,0020 0,0040 0,0020 0,0020 0,0048

6 0,0010 0,0021 0,0038 0,0010 0,0021

10 0,0006 0,0032 0,0078 0,0035 0,0026

16 0,0026 0,0032 0,0026 0,0026 0,0026

19,8 0,0040 0,0036 0,0012 0,0036 0,0036

Tabmn. 3.8 - CepennbokBaApaTUyHE BIIXWICHHS 3HaY€Hb TOMPABOK

t,°C Xy,B x, B S(q; S(q: S(q; S(q4 S(gs
)7B )’B )’B )’B )7B
0.6 | 0,0002 | 0,0007 | 0,0005 | 0,0001 | 0,0002
| 00042 | 0,0001 | 0,0002 | 0,0006 | 0,0007
2 16 | 0.0009 | 0,0009 | 0,0011 | 0,0008 | 0,0009
108 | 0,0003 | 0,0002 | 0,0004 | 0,0004 | 0,0001
10 2 | 0,0024 | 0,0088 | 0,0026 | 0,0027 | 0,0029
6 | 00007 | 0,0007 | 00037 | 00045 | 0,0024
20 10| 00042 | 0,007 | 0,0014 | 0,0023 | 0,0039
61 0.0006 | 00117 | 0,0022 | 0,0064 | 0,0046
To5 | 00038 | 0,0017 | 00022 | 0,005 | 0,131
0.6 | 0,0003 | 0,0003 | 0,0003 | 0,0003 | 0,0002
| 0,001 | 0,0002 | 0,0008 | 0,0002 | 0,0003
2 6 | 00001 | 00001 | 0,003 | 0,0003 | 0,0001
108 | 0,0004 | 0,0002 | 0,0001 | 0,0003 | 0,0002
20 2 | 0,0031 | 0,0041 | 0,0021 | 0,0043 | 0,0022
6 | 0,0008 | 00015 | 00001 | 0,0029 | 0,0007
20 10| 00011 | 0,008 | 0,0017 | 0,0017 | 0,0001
61 00024 | 00002 | 0,0006 | 0,0009 | 0,0014
To8 | 0.0021 | 0,0022 | 00020 | 0,0005 | 0,0010
0.6 | 0,0004 | 0,0006 | 0,0001 | 0,0001 | 0,0001
1| 0,003 | 0,0002 | 0,0006 | 0,0001 | 0,0003
2 16 | 0,0003 | 0,002 | 0,0001 | 0,0001 | 0,0003
108 | 0,0001 | 0,0001 | 0,0001 | 0,0002 | 0,0003
30 2 | 00027 | 0,0063 | 0,0014 | 0,0015 | 0,0049
6 | 00017 | 0,0031 | 0,0006 | 0,030 | 0,0025
20 10| 00010 | 0,0006 | 0,0019 | 0,0005 | 0,0010
61 00029 | 00018 | 0,0032 | 0,0007 | 0,0050
To8 | 0.0069 | 0,0027 | 00040 | 0,0017 | 0,0025
0.6 | 0,0002 | 0,0002 | 0,0003 | 0,0001 | 0,0001
| 0,002 | 0,0002 | 0,0002 | 0,0005 | 0,0002
40 2 1.6 | 0,0003 | 0,000 | 0,0003 | 0,0002 | 0,0001
198 | 0,0004 | 0,0004 | 0,0001 | 0,0000 | 0,0001

30



20

2

6

10

16

19,8

0,0020
0,0006
0,0004
0,0023
0,0040

0,0022
0,0011
0,0026
0,0032
0,0036

0,0012
0,0034
0,0078
0,0027
0,0005

0,0020
0,0008
0,0021
0,0005
0,0036

0,0048
0,0007
0,0012
0,0025
0,0036

3.6 Po3paxyHOK iMOBIPHOCTI KOPMCHOI0O e(peKTy BBEACHHA MONPABKH

3aJ1e5KHO  BiJl JHHAMIYHOIrO [Jialma30oHy Ta BiI TeMmeparypM JXOBKLLISA

cepeaoBuiia.

Byno mpoBeneHo o1iHKy WMOBIPHOCTI AOUUIBHOCTI (MMO3UTUBHOTO €(DEeKTy
BiJl) BBEIEHHS MOMNpaBKu. JlJIi LbOrO MOPIBHIOBAJIM CEPENHE 3HAYCHHS (¢
MOTNpPAaBKU 3 TPAHUYHUM 3HAYCHHSM TIOMPABKU (rp , IMIJPAXOBAaHUM 32
dbopmymnoro (3.7)3a tp =2, KUIBKOCTI BUMIPIB 72 = 3 1 IOBIPYOi HMOBIPHOCTI P 1
= 0,95, 1 MO3UTHBHUM (1),

pe3ysabTaT TOPIBHAHHS BBaXaJU SIKILIO

BUKOHYBaJacsi HEPIBHICTh

q >qrp (3.8)

PesynbraTu nopiBHsAHHS MoAaHo B Tatadmn.3.9.

Tabn. 3.9 - Pe3ynbrard MOpIBHSHHS CEPEIHHOrO 3HAYEHHS MOMPABKU 3
IPaHUYHUM 3HAUYCHHSIM ONPABKU

t,°C Xx, B x, B 1[B1 1[B2 1IB3 B4 1IB5
0,6 + + + + +
1 - + + + +
2 1,6 - + - + +
1,98 + + -+ + +
10 2 + + + : i
6 + + + + +
20 10 + + + + -
16 + - t + +
19,8 + + + + +
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0,6
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16

19,8
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1
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40

0,6

1

1,6

1,98

o+ |+ + o+

20

2

6

10

16

19,8
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+ + +

e T e e S B S e I

L e i e e e =

e o B S S

IMOBIpHICTH MO3UTUBHOTO €(PEKTY BiJ BBEACHHS MOMPABKH 0OYMCITIOBATIN

SK BIJHOIICHHS YHCJIa TO3UTUBHUX PE3YJbTaTiB MOPIBHAHHSA 3a (OPMYIIOIO

(3.8) mo umcna BCix pe3yabTaTiB MOPIBHSHHA 32 (IKCOBaHMX Xy 1 TeMIepaTypu

t. 3 pe3ynabTaTiB PO3paxyHKIB BUIUIMBAE, IO YaCTKOBA HEE(EKTHUBHICTD

BBE/ICHHS TIONMPABKHW MOXE TMPOSBIATUCS B Oyab-sKiM TOYIl Jiama3oHy

BUMIiptoBaHb. HallO1b1mnii eekT Bl BBEICHHS MOMPABKU CIOCTEPIraeThes 3a

Brucokoi Temrneparypu 40 °C 3 imoBipHicTiO 0,95, a HaliMeHITUNA TTO3UTUBHUIMA

edekT crmocrepiraetbcss 3a Temmneparypu 10 °C 3 imosipHictio 0,84. 3a

temmeparyp 20 °C 1 30 °C edekT Big NONpPaBKH BUSIBUBCS IMMO3UTHBHUM 13

piBHOIO KiMOBIpHICTIO 0,91.
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3.7 AHaJji3 npoueaypu BBeJAeHHSI MONPABKH CTOCOBHO €K3eMILISIPiB

CI ognoro Tumy.

J171s1 BUKOHAHHS 1IHOTO aHaji3y OysI0 B3STO M'ATh €K3EMILISAPIB IIU(PPOBOTO
BosibTMeTpa Mastech MY-64.

AHaJ3 MPOBOAWIM i Yac MOPIBHSIHHS HECHPaBICHUX 1 BUIIPABICHUX
pe3yJbTaTiB BUMIPIOBAHHS MOCTIHHOT HAMPYTU 3a BUXIAHOI HANpYyTH JDKEpela

KUBJICHHA X = 6 B.

Al = Y Bunp - X (39)

A2=1y -x, (3.10)

ne: x - uxigHa Hanpyra JK, B;

y - HeBuIlpasieHuil PB, B;

Y sunp - —HANpaBiicHul PB, B.

I'padixku nopiBHsiHHA noxubok 11 LIB1-1IBS npencrasneno Ha puc. 3.2-
3.6. 3HaueHHs pe3yNbTaTiB BUMIPIOBaHb OyJIM B34T1 32 MOAYJIEM, ISl 3pYYHOCTI

MMOJaHHS.
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0.0140

0.0120 /
0.0100 7/

0.0080
0.0060 = // :Al
0.0040 \I\/ A2
0.0020

0.0000 - - -

10 15 20 25 30 35 40

Puc. 3.2 - I'padiku moxubOK BUMPABICHUX 1 HEBUIIPABICHUX

pe3ynbrariB BumiproBanHs s [[B1

0.0250
0.0200 ./-.\
0.0150 ‘17‘4.
=1

0.0100 -
0.0050
0.0000 ¢ - - - -

10 15 20 25 30 35 40

Puc. 3.3 - I'padpiku moxuOOK BUTIPABICHUX 1 HEBUIIPABICHUX PE3YJIbTATIB

BUMiproBanHs s [[B2

0.0250 /.
0.0200 /
0.0150

N ‘/ !
0.0100 \ / A2
0.0050 \./ /
0.0000 ' - ' !

-0.0050

Puc. 3.4 - I'padixu moxubOK BUMPABICHUX 1 HEBUIIPABICHUX

pe3ynbTatiB BuMiptoBanas aiis [[B3
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0200 i\r

0.0150 &i

0.0100 A1
.l \V)

0.0050

0'0000 T T T T T 1

10 15 20 25 30 35 40

Puc. 3.5 - I'padiku mnoxruOOKk BUNIPABICHUX 1 HEBUIIPABICHUX PE3YJbTATIB

BuMiproBanHs 151 [[B4

0.0200

20.0150 B————g—- \

=

'ﬁ 0.0100 s, AL
0.0050 -,

10 15 20 25 30 35 40
Axis Title

Puc. 3.6 - I'padiku moxuOOK BUTIPABICHUX 1 HEBUIIPABICHUX PE3YJIbTATIB

BuMiproBanHs 1 [[B5

Po3zramryBanHs KpUBUX TOKa3ye OMU3BKICTh PE3yIbTaTy BUMIPIOBAHHS
JI0 BUXITHOTO 3HaueHHS. 3 puc. 3.3 1 3.5 BUAHO, 110 MOXHWOKAa HEBUIIPABICHUX
pesynbrariB ekzemruisipiB [1B2 1 [[B4 3mintoersest Big 0,013 B 1o 0,020 B Ha
BcboMy aiana3zoHi temmneparyp. Ilpumipauku IIB1 1 IIB3 (puc. 3.2 1 3.4)
BUSIBUJIMCS. MEHII CTIHKHMH 1O 3MIHM TeMIIepaTypyd HaBKOJHUIITHHOTO

cepeoBuIla: rpadiku MOXMOOK MaroTh MiaioM 3a Temiieparypu 40 °C.
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3 eKCIepUMEHTAIBHUX JaHUX 33 HOMIHAJIBHOT BUMIPIOBAHOT HAIIPYTH, IO
nopiBHIoe 6 B, BumimBae, 1m0, 3aBASKH BBEICHHIO TOTMPABKH, ITOXHOKY
BUIPABJICHOTO PE3yJbTaTy BAANOCS 3MEHITUTH Bif 2 10 80 pasiB 3ajeHO Bij

TeMIlepaTypu JOBKULISA Ta mpumipHuka Cl.

BucHoBoKk 1o po3ainy

Y TperboMy poO3AUNI  HaBEIEHI PE3yJabTard EKCIIEPUMEHTAIbHUX
JOCIIIKEHb BHECCHHS TOMPAaBKH B MOKa3aHHS I'SITH €K3EMIUISIPIB UPPOBOTO
BosibTMeTpa Mastech MY-64. Pe3ynbraT €KCIEpUMEHTAIBHUX JOCIIIKEHb
Oynu 0OpoOsIeH1 METOAOM HAaWMEHIIIUX KBaJpaTiB JJi BU3HAUCHHS MMapaMeTpiB

rpaaylOBaIbHUK XapaKTEPUCTHUK.
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4 COUIAJIBHA BIANMOBIJAJBHICTD

Y nmaHomy po3aiui PO3IISSHYTO TMHTaHHS, MOB'SI3aHI 3 OPraHi3ali€lo
poOoUYOTO MICI Ta YMOB, B SIKMX Oy/ie peajii3oByBaTHCS po3poOKa, OTpUMaHa
ni yac HanucanHa BKP, a came, cnoci6 migBUINEHHS TOYHOCTI BHUMIPIOBaHb
IIUISIXOM BBEJICHHS TOMPABOK JO HEBHIPABICHOTO pPe3yJIbTary BUMIPIOBAHHS,
3rIJHO 3 HOPMaMHU BUPOOHHMYOI CaHITapii, TEXHIKK OE3IMEeKH, OXOPOHM Mpalll Ta

JTOBK1JUJIAL.

Po3poOky,  oTpumMaHy mii  4Yac  HalmMCaHHS  1iel  poOOTH,

BUKOPUCTOBYBaTUME 1HXeHep-MeTpoior. Pobouum wmicuem € maboparopis,

po0OOUOI0 30HOIO € CTLI 13 MPUIAJaMHu.

4.1 IIpodeciiina comiajgbHa 0e3nmeka

Tabn. 4.1 - ®i3uyni HebOe3mewyHl Ta MWKIAIKMBI (akTopw TMmia dac
BUKOHAHHS POOIT 3 MIABUIICHHS TOYHOCTI BHUMIPIOBaHb, IUIAXOM BBEICHHS
TIOTIPABOK y PE3YJIbTaTH BUMIPIOBAHb.

IIximmmBi Ta HEOE3IEUHT
¢axropu (3a TOCT 12.0.003-
74)

1. ITigBumena

HopmaruBHi TOKyMeHTH

BunMorw 11 yac BUKOHaHHS poOiT cuasun BetaHoBimototeest [OCT 12.2.032-78 [13].

IMapamerpu MikpoxiiMary BcTaHOBmOI0TECS CanlliH 2.2.4-548-96 [14].
BcraHoBmowoTeest  CII

Hamnpy>XeHICTh
Bumorn mo npupomHoro i OCBITJIIEHHS
52.13330.2011 [15].

[MapameTpH €J1eKTPOMArHiTHOTO BUIIPOMIHIOBaHHS BcTaHOBMIOWOTHC CanlliH

2.2.4.1191-03

€JIEKTPOMArHITHOTO MOJIS; LITYYHOTO
2. IlepeBuILieHHS piBHS
€JIEKTPOMATHITHUX

BPIHpOMiHIOBaHI);

HenocrarHst OCBITICHICTD
po6o40i 30HH.

[TinBumena abo 3HMKEHA
TeMIeparypa moBiTps
po6ouoi 30HH;

[16].

Bumornu 3 enekrpobesneku BeraHoBmowoThest [OCT P 12.1.019-2009 [17]. Bumoru 3
noke)kHoi 0e3nexu BeranormoroThes [OCT 12.1.004-91 CCBT

[18].

Bumoru mozno Bubyxoo6e3neku BcranoBmoTbess [OCT 12.1.010-76 CCBT [19].

Bumorn 5o opranizaiii mpari BCTaHOBIIOIOThCS TpymoBuM KomekcoMm Pocifichkoi
®denepartii Big 30.12.2001 N 197-03 [20].

37



4.1.1 BigxuJ/ieHHSI MOKAa3HUKIB MIKPOKJIiMATy

MikpokiimMar BHPOOHMYMX MPUMIIIEHb - METEOPOJIOTIYHI YMOBHU

BHYTPILIHBOTO CEPENOBUINA MPUMIIICHb, $SKI BH3HAYAIOTHCA IO€JHAHHAMMU
IIBUIKOCTI MOBITPST 1  TEIJIOBOTO

TeMIeparypu, BOJIOTOCTI,

Pyxy
BUIPOMIHIOBaHHS, IO JIFOTh HAa OPTraHi3M JIFOJUHHM; KOMIUIEKC (HI3UYHUX
YUHHMUKIB, IO BIUIMBAIOTh Ha TEINIOOOMIH JIFOAMHH 3 HABKOJIWIIHIM
CEepellOBUILEM, Ha TEIUIOBHM CTaH JIOAMHU Ta BHU3HAYAIOTh CaMOMOYYTTH,
npane3aaTHICTh, 310pPOB's 1 MPOAYKTUBHICTD npai. [[oka3HUKU MIKpOKIiMary:
TeMmreparypa MOBITPsS Ta HOTO BIJHOCHA BOJIOTICTh, MIBUAKICTH MOTO PyXYy,
HNOTY>KHICTh TEMJIOBOTO BUITPOMIHIOBAHHS.

OcHOBHI BUAM POOIT, IO BUKOHYIOTHCS 1HXEHEPOM-METPOJIOTOM, 3a
HaJeXaTb JO Kareropii Jerkux pooiT.

CTyreHeM (I3UYHOI  TSAKKOCTI

OnTuManbHl BEIMYMHM TOKAa3HUKIB MIKPOKJIIMATy Ha poOOYMX MICISX
BUPOOHUYMX MPHUMIIIEHb, BIAMNOBIIHO A0 MEPIOAY POKY Ta Kareropii pooirt,
srigHo 3 CanlliH 2.2.4.548 [14], naBeneni B Tabi. 4.1, a 1onycTumi BeIUYUHU

IMIOKa3HUKIB HaBeAcH1 B Ta0i. 4.2.

Tabn. 4.2 - OntumanbHi TapamMeTpu MIKPOKJIIMary Ha poOOYMX MICISAX
BUPOOHUYMX MPUMIIIECHD

Kareropis
poodiT 3a Binnocna IBuakicTn
Iepiox poky piBHIO Temneparypa BOJIOTiCTh pyxy
nositps,’ C . o .
C€HEeProBUTPAT, nosiTps, % noBiTps, M/c
Bt
. Kareropis Ia
Xonmomuuii 23-25 40 - 60 0,1
(mo 139)
Terumit Kareropis Ia 20-22 40 - 60 0,1
(mo 139) ’

Tabn. 4.2 - JlomycTuMi MmapamMeTpu MIKPOKJIIMATy Ha poOOUYUX

BUPOOHUYHUX MPUMIIICHb

MICIISTX
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http://slovari.yandex.ru/~%D0%BA%D0%BD%D0%B8%D0%B3%D0%B8/%D0%9E%D1%85%D1%80%D0%B0%D0%BD%D0%B0%20%D1%82%D1%80%D1%83%D0%B4%D0%B0/%D0%A0%D0%B0%D0%B1%D0%BE%D1%82%D0%BE%D1%81%D0%BF%D0%BE%D1%81%D0%BE%D0%B1%D0%BD%D0%BE%D1%81%D1%82%D1%8C/
http://slovari.yandex.ru/~%D0%BA%D0%BD%D0%B8%D0%B3%D0%B8/%D0%9E%D1%85%D1%80%D0%B0%D0%BD%D0%B0%20%D1%82%D1%80%D1%83%D0%B4%D0%B0/%D0%A0%D0%B0%D0%B1%D0%BE%D1%82%D0%BE%D1%81%D0%BF%D0%BE%D1%81%D0%BE%D0%B1%D0%BD%D0%BE%D1%81%D1%82%D1%8C/
http://slovari.yandex.ru/~%D0%BA%D0%BD%D0%B8%D0%B3%D0%B8/%D0%9E%D1%85%D1%80%D0%B0%D0%BD%D0%B0%20%D1%82%D1%80%D1%83%D0%B4%D0%B0/%D0%97%D0%B4%D0%BE%D1%80%D0%BE%D0%B2%D1%8C%D0%B5/
http://slovari.yandex.ru/~%D0%BA%D0%BD%D0%B8%D0%B3%D0%B8/%D0%9E%D1%85%D1%80%D0%B0%D0%BD%D0%B0%20%D1%82%D1%80%D1%83%D0%B4%D0%B0/%D0%A2%D1%80%D1%83%D0%B4/
http://slovari.yandex.ru/~%D0%BA%D0%BD%D0%B8%D0%B3%D0%B8/%D0%9E%D1%85%D1%80%D0%B0%D0%BD%D0%B0%20%D1%82%D1%80%D1%83%D0%B4%D0%B0/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%BE%D0%B5%20%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5/

Kareropis po0it BinHocHa HIBuakicTs
. 3a piBHeM TemmepaTtypa BOJIOTiCTH pyxy
Hepiox poxy eﬂepFOBnTpaT, HOBiTgﬂ?g noBitps, % noBiTps, M/c
Bt
Xonouuii Kareropis la 20-21,9 15-75 0,1
(mo 139) ’ ’
Tenmit Kareropis la 21-22,9 15-75 0,1
(mo 139) ’ ’

B npumimenHi HeoOXigHO TmiepeAdauyuTH CHUCTEMY OMaJeHHS, IO
¢dyHKIIOHY€E B 3MMOBUH yac. BoHa 3a0e3nedye JOCTaTHE, MOCTiHE 1 pIBHOMIPHE
HarpiBaHHs NOBITPAL.

B  BIANOBIAHO 0  XapaKTEPUCTUKOIO  MPUMIIIEHHS  BH3HAUYE€HO
nependadyBaHy BUTpaTy CBDKOro moBiTps. Hopmu monmadi CBIOTO TOBITPS

HaBeneHo B Tadi. 4.3.

Tabn. 4.3 - Hopmu mnomadi CBIKOTO TMOBITPST B MPUMIIICHHS, €
po3TanoBaHi KOMI'IOTEPH

O0'emHa BUTpPaTa CBi?KOT0 MOBITPS, 1110

) N0AA€ThCS B MPUMiLIeHHs1, M /Ha

XapakTepHCTHKA NPUMIllIECHHSA
O/IHOTO

JIIOAUHH HA TOIUHY

O6c¢sr 10 20 M° Ha JIOUHY He menme 30
20...40 M’ Ha moIUHY He menme 20
Tonan 40 M’ Ha MomUHY [IpuponHa BEeHTHIIALIS

4.1.2 HepocTaTHA OCBITJIEHICTH PO0040i 30HU

OCBITJICHICTh - CBITJIOBAa BEIMYMHA, IO JOPIBHIOE BIJHOIICHHIO
CBITJIOBOTO TOTOKY, IO TaJa€ Ha Majy JUISHKY TOBEpPXHI, 10 ii TUIOIII.
Ocsitnenicts BuMiptoetbes B Jlrokcax (CI) 1 mo3Hauarots ii Oyksoto E.

Xopolile OCBITJICHHS JII€ TOHI3YIOUE, CTBOPIOE TapHUM HACTPIN, MOKpaIIy€e

nmepedir OCHOBHHX IIPOIIECIB HEPBOBOI BHINOI AisibHOCTI. [lominmeHHs
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https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B2%D0%BE%D0%B9_%D0%BF%D0%BE%D1%82%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B2%D0%BE%D0%B9_%D0%BF%D0%BE%D1%82%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B2%D0%BE%D0%B9_%D0%BF%D0%BE%D1%82%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B2%D0%BE%D0%B9_%D0%BF%D0%BE%D1%82%D0%BE%D0%BA

OCBITJICHOCT] CIpHUs€ TMOJIMIIEHHIO MPale3JaTHOCTI HaBITh Yy TUX BHUMAAKax,
KOJIM TIPOILIEC Mpalll MPAKTUYHO HE 3aJICKUTh B1J 30POBOTO CIIPUITHATTSI.

[Ipamtoroun Mpu OCBITJIIEHHI MOTaHOI SKOCTI a00 HU3BKUX PIBHIB, JIIOIU
MOXXYTh BIJYyBaTU BTOMY OY€H 1 MEPEBTOMY, IO MPU3BOIUTH JO 3HIKCHHS
mpare3aaTHocTl. Y HHU3Il BUMAAKIB 1€ MOXE MPU3BECTH JIO TOJOBHOTO OOIIO.
[IpyurnHamMu B 0araTbOX BHIIAJKaX € 3aHAJATO HHU3bKI PIBHI OCBITJICHOCTI,
Ciimyda Jis JUKEpeJl CBIT/Ia Ta CIIBBITHOIIEHHS SICKPABOCTEH, SIK€ HEIOCTATHBO
nobpe 30anmaHcoBaHe Ha poOouMx Micisx. [070BHI 601 TaKOK MOXYTh OyTH
COPUYMHEH] MyJIbCAI[IE}0 OCBITIEHHS, IO 3Ae0UIBIION0 € Pe3ylbTaToM
BUKOPHUCTAHHS €JIEKTPOMAarHiTHUX IMycKoperymtoBaibHuX amapatiB (ITPA) ms
ra3opo3psiIHUX JIaMII, K1 MpaioTh Ha yacToti 50 ',

OcaitneHicTh HA poOOYOMY MICI[I Ma€ BIATOBIAATH XapaKTepy 30pOBOI
poOOTH; PIBHOMIPHUN PO3MOAIN SICKPAaBOCTI Ha poOOYil TOBEpXHI Ta
BIJICYTHICTh PI3KUX TIHEH; BEIMYMHA OCBITJICHHS MOCTiiiHA B 4aci (BIACYTHICTb
nyJbcalii CBITJIOBOTO MOTOKY); ONTUMaJbHA CHPSIMOBAHICTH CBITJIOBOTO MOTOKY
Ta ONTUMAJIbHUN CHEKTPAbHUM CKJIAJ;, YyCi €IEeMEHTH OCBITIIOBAILHUX
YCTAaHOBOK MaloThb OyTH JOBIFOBIYHUMH, BHOYXO-, TI0XKEK00E3MEUYHUMH,
CIEKTPOOC3MECUHNMH.

PobGora 3 mpunagamu HaJIeXUTh O 30pPOBUX POOIT CepeaHBOI TOYHOCTI
JUIsl TIPUMINICHB KUTIOBUX 1 Tpomaackkux OynuHKiB. 3rimHo 3 CII 52.13330
[15], Taki mpUMIIICHHS MOBHHHI 33JI0BOJILHATH BHMOTAaM, 3a3HAaYEHUM y TaOII.
4.4.

Tabmn. 4.4 - Bumoru 10 OCBITIACHHS MPUMIIICHD KATIOBUX 1 TPOMAJICBKUX
OyJIMHKIB TIPH 30POBii poOOTI CEpeIHHOT TOYHOCTI

Bignocna IIpuponne ocBiTieHHs

Haiimenumii| Po3psix
200 ekBiBa- | rIsigaviB

XapakTepucTHKA
30pOBOi podoTH

Hinpo3psa HITy4yne ocBiTIeHHS

30poBoi TpONOBIK-

OCBiT.J'leHiCTb| Koegiuient KEO ey , %, npu
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CTPiYKOBHii | TeIbHOI po6oTH | KUTEJbHOCTH| HAa pPodouiii nyJabcamii
po3mip podotn 30poBoi TMOBEpPXHi OCBiTJIEHICTD
00'eKT podoTH npu Bi i Ky, %, He
po3pi3HeHHs, HaNpsAMKY CHCTEMH OlIbIIIe Bepxubomy ado Biunomy
MM 30py Ha 3araJbHOTO KOMOiHOBaHOMY
podouy OCBiTJIEHHS,
MOBEPXH1, K
%
Bucokoi oineie 0,5 B 1 HE MCHIIIC 150 20 2,0 0,5
TOYHOCTI 70
2 meHie 70 100 20 2,0 0,5

4.1.3 IlinBuieHuii piBeHb eJIEKTPOMATHITHUX BUIIPOMiHIOBaHb

Sk mKepeno eJIeKTPOMAarHiTHOIO BUIIPOMIHIOBaHHS B JaHiil poOOTI
PO3MISAIAIOTHCS 3aCO0M BUMIPIOBAHHS Ta CJICKTPUYHI MPUIIATIH.
CryniHp 1 XapakTep BIUIMBY €JIEKTPOMArHiTHOTO MOJISI HA OPraHi3M JIIOAWMHU
3aJIeXaTh: B1J] IHTEHCUBHOCTI BUIIPOMIHIOBAHHS; YaCTOTH KOJIMBAaHb; MOBEPXHI
TiJla TOTO, XTO OMPOMIHIOETHCS; 1HAUBIAYAIbHUX OCOOJMBOCTEH OpraHi3Mmy;
pexumMy omnpomiHeHHs1 (Oe3nmepepBHUN ab0 TepepuBUACTHIA); TPUBAIOCTI Iii;
KOMOIHOBaHOI [1i 1HIMWX YMHHUKIB BUPOOHUYOTO CEpeNoBHUINA. Y Jiara30Hax
IPOMHCIIOBOT ~ YacTOTH,  pPaaiodacToT, 1H(PpPa4epBOHOTO 1  YACTKOBO
yABTPadi0IETOBOTO CBITIIA €IEKTPOMATrHITHI MOJI YUHATH TETJIOBU BILIWB.

Skmo MexaHi3M TEPMOpPETYJIAIii Tijla HE 3JaTHUH PO3CIATH I8
HAJUIMIIKOBE TEIJI0, MOKIIMBE MIABUIIEHHS TEMIlepaTypu Tina. [leski opranu i
TKAaHWUHW JIOAWHHU, M0 MAalTh CIA0KO BUPAXEHY TEPMOPETYISIifo, OLIBII
YyTAUBI JO ONPOMIHEHHS (MO30K, OYl, HHpPKH, KuiedyHuk). [leperpiBanHs
OKpPEMUX TKaHWH 1 OpraHiB MPU3BOINTH O IXHIX 3aXBOPIOBAaHb, a ITiIBUIIICHHS
temriepaTypu Tija Ha 1 °C 1 BHIIle B3aray HEMPUITYCTHME.

BB enekTpoMarHiTHUX BHUIPOMIHIOBaHb IMIOJSITA€ HE TUIBKH B

iXHbOMY TEIUIOBOMY BIUIMBI. MIKpOMIPOIIECH, 110 MPOTIKAIOTh B OpPraHi3MI MiJ

JI€0 BUIPOMIHIOBAHb, MOJATAIOTh y MOJApU3AIlll MaKpOMOJIEKYA TKaHUH 1
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opieHTaIli iX mMapaJieIbHO EJIEKTPUYHUM CHJIOBUM JIIHISIM, 1[0 MOXE
OPU3BOAUTH IO 3MIHU BJIACTUBOCTEH MOJEKYJ; OCOOJMBO JUIsl JIFOACHKOTO
OpraHi3My BaykKJIMBa MOJISIPU3AIlis MOJIEKYI BOJIH.
TpuBanuii 1 CUCTEMAaTWYHHWH BIUIMB Ha JIOAWHY IIOJIB BHUCOKHX 1
YABTPABUCOKUX YACTOT CIIPUUMHSIE:
® [BUILECHY CTOMJIIOBAHICTb;
® TOJIOBHUM O1JIb;
® COHJIMBICTE;
® TINEPTOHIIO;
e 00JI1 B IUISHII CEPIIS.
TpuBanuii 1 cucCTeMaTWYHUN BIUIMB Ha JIIOAUWHY TIOJIB HAJBHCOKUX
JaCcTOT BUKJIMKAE, KPIM TOTO:
® 3MiHU B KpOBI;
e KarapakTy (MOMYTHIHHS KPUIITAINKA OKA);
® HEpPBOBO-TICUXIYHI 3aXBOPIOBAHHSI.
3rigno 3 CanlliH 2.2.4.1191, rpaHuyHO JOMyCTUMI PiBHI €HEPTeTUUHUX
€KCITO3UIIINA €JIEKTPOMArHiTHOTO 1moJjisi aiana3zony yactot Bij 30 kI’ go 300 I'T

HE NTOBUHHI NIEPEBUIIYBAaTH 3HAYE€Hb, HABEACHUX Yy Ta0x. 4.5.

Tabn. 4.5 - I'paHUYHO MOMYCTUMHUN PIBEHb CHEPTETUYHUX CKCIIO3UIIIH
CJIEKTPOMArHiTHOTO 1moJs Alana3ony dactoT Bijg 30 kI qo 300 I'Tx

I'pannyHO HOMyCTHUMI PiBHI €HEPIreTUYHOT EKCIIO3UIIIT

Jiana3oHu 4acToT

3a eNIeKTPUYHOIO
2
ckianoBoro, (B/m)” xrog

3a MarHiTHOIO
2
CKJIaJIOBOIO, (A/M)” X TOI

3a MIIBHICTIO TOTOKY
eneprii (MkB1/cM” ) X rox

30kl'n-3 Ml 20000,0 200,0 -
3-30MI'n 7000,0 - -
30-50 MI'n 800,0 0,72 -
50 -300 MI'u 800,0 - -

300 MI'm - 300 I'T
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4.1.4 EnexTpoode3neka

Enextpobesneka - cucTeMa opraHi3aliiiHUX 1 TEXHIYHUX 3axOfiB Ta
3aco0iB, 110 3a0€3MeUyIOTh 3aXMUCT JIIOACH Bl IIKIJIMBOTO Ta HEOE3MEUHOTO
BIUTUBY €JIEKTPUYHOTO CTPYMY, €IEKTPUYHOI JIYTH, €JIEKTPOMATHITHOTO MOJS 1
CTaTUYHOI EJIEKTPUKHU.

VYci enekTpuuHi NpUIaAH, L0 BUKOPUCTOBYIOTHCS B POOOTI, MOBHHHI
MIIKJTIOYaTHCS 10 MEPEKi )KUBJICHHS, 1110 MA€ 3aXUCHE 3a3CMIICHHS.

3'enHyBaT 1 PO3'€JHYBaTH BWIKU, PO3ETKU EICKTPUYHUX 3'€IHAHb
JOTYCKA€ETHCS TUTHKH NP BUMKHEHOMY MEPEKEBOMY BUMHKAYI.

OCHOBHUMH TPWYUHAMH YpKEHHS JIIOIUHU EJIEKTPUYHUM CTPYMOM
MOXKYTbh OyTH TakKi:

= 0e3MOCepeIHIN JIOTUK JI0 CTPYMOBEIYUYUX YACTHH, 110 OMUHHIUCS
1] Hapyroko;

* 3ITKHCHHS 3 KOHCTPYKTHBHHUMH YaCTHHAMH, IO ONMWHUINCS T
HaTpyTOIO.

EnexTpuuHuii cTpyM, TPOXOASYHM dYepe3 OpraHi3M JIFOJWHHU, YHHHTH
TEIJIOBUM (OIIKW, HArPIBAHHS CYJMH), MEXaHIYHUN (pO3pUB TKaHUH, CYIUH 1]
4ac CYJIOMHHUX CKOPOYE€HBb M'SI31B), XIMIYHUN (€JIEKTPOJi3 KPOBi), O10JOTIYHUN
(mompazHeHHs 1 30y/I>)KeHHS )KUBOi TKAHWHU ) a00 KOMOTHOBAaHM BILJIUB.

OcHoBHUMH 3ac00aMU 1 CTOCOOAMH 3aXHUCTY BiJI YPaKEHHS €IICKTPUIHUM
CTPYMOM €:

" HEIOCTYMHICTh CTPYMOBEIYUNX YACTHH JJIS BUMAJIKOBOTO JOTHKY;
" 3aXHUCHE 3a3€MJICHHS, 3aHYJICHHS a00 B1JIKIIOYCHHS;
= BUBIIIYBaHHS MONEPEKYBaTbHUX HAIMKCIB;

* KOHTPOJIb 3a CTAHOM iSOJ'ISII_IiI CICKTPUYHHUX YCTAHOBOK;
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* BHUKOPHCTAHHS JIOJIATKOBHUX 3aCO0IB 3aXHCTY.
Bumoru enexTpobe3nekn eIeKTpoyCTaHOBOK BUPOOHUYOTO Ta MTOOYTOBOTO
NpPU3HAYCHHS HA  CTaisX TMPOEKTYBaHHs, BHUTOTOBJCHHS, MOHTAaXY,
HaJIarO/KEHHS, BUIPOOyBaHb Ta EKCIUIyaTallli, a TaKoXX TEXHIYHI CIIOCOOH 1

3ac00U 3aXHUCTY, 110 3a0€3MEeUYI0Th EIIEKTPOOE3IEKY €IECKTPOYCTaHOBOK Pi3HOTO

npusHaueHHs, HaBeneHl B ICTY P 12.1.019-2009.

4.2 ExoJioriuaa oesmnexka

VY 3B'S3Ky 3 TUM, 1[0 OCHOBHUM 3aCO000M poOOTH € 3acO0U BUMIPIOBAHHS
Ta €JEeKTPUYHI MPUJIaJU, CEPHO3HOI0 MPOOIEMOI0 € eleKTpocnoxuBaHHs. Lle
TATHE 3a COOOI0 3arajbHE 3POCTaHHS OOCSTY CIIOKMBAHOI eJleKTpoeHeprii. Jlis
3aJI0BOJICHHSI TIOTPEOM B €JIEKTPOCHEPrii JOBOAUTHCS 30LIbLIYBATH MOTYKHICTh
1 KUIBKICTh eneKkTpocTaniiil. Lle mpu3BoAUTH 10 MOPYILIEHHS EKOJIOT14YHOi
O0OCTaHOBKHM, OCKUIBKHM EJIEKTPOCTAHIIl Y CBOIM JISJIbHOCTI BUKOPUCTOBYIOTH
pi3HI BUJIM NaJIMBa, BOJIHI PECYPCH, a TAKOXK € JIKEPEJIOM IIKIAJIMBUX BUKU/IB B
armocdepy.

I{st mpoGnema € cBiTOoBOKW. Ha choronHi B 6ararbox KpaiHax BIPOBAKEHO
aJbTEpPHATUBHI JDKepesia eHeprii (coHsuHi Oarapei, eneprisa Bitpy). llle omnum
crocoOOM poO3B'si3aHHS 1[1€i MPOOJIEMU € BUKOPUCTAHHS E€HEpPro30epirarndmx
CUCTEM.

Jlo BiaxoaiB, BHUpPOOJEHUX Y NPUMILIEHHI, J€ BEIyThCA POOOTH 3
BUKJTIOYEHHS MOXWOKHM, MOYKHA BITHECTH CTIYHI BOJH 1 TOOYTOBE CMITTSI.

Criuri Bomm OymiBII HAJEKaTh JO IMOOYTOBHX CTIYHMX BOM. 3a iX

OYHILIEHHS BIJIIOB1Ia€ MICBKUI BOJMOKAaHaI.
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OcHOBHUH BHJ CMITTS - II€ BIIXOAW JAPYKY, moOyToBe cMmiTTa (y T. W.
JIOMIHICIICHTHI1 JIaMITH ), HECITPABHE €JIEKTPOOOIaIHAaHHSA, KOPOOKH BiJl TEXHIKH,
BUKOPUCTAHUU mamip. Y TWII3allisl BIAXOIIB APYKY pa3oM 13 TOOYTOBUM CMITTSIM
B1/10YBA€THCS Y 3BUUAMHOMY MOPSIIKY.

Yrumizaiist 3aco61B BUMIPIOBaHb 1 €JIEKTPUYHUX TPHIATIB 301HCHIOETHCS
0e3mocepeiHbO0 MpaliBHUKAMU MIANPUEMCTB, BIJAMNOBIAHO J0 HOPMAaTUBHUX

JIOKYMEHTIB.

4.3 be3neka B HAA3BUYANHUX CUTyalIAX

Han3BuyailHuMu cutTyamisiMd B TMOAIOHUX HPUMILIEHHSAX MOXYTh OyTH
nokexi. OcHOBU mMmoxexHO1 Oe3meku BuzHaueHo 3a ['OCT 12.1.004 [18] 1
I'OCT 12.1.010 [19].

VYci BUpOOHMIITBA 32 TIOXKEKHOK HEOE3NMEKOK MiIPO3AUISIOTECS Ha S
kareropiit: A, b, B, I, [I. Jlaboparopis, y sikiii Oyne BUKOHYBaTuCs poOOTa,
HaJIeXKUTh J10 Kareropii B.

Bupobuuursa kareropii B xapakTepu3yloTbCs HASBHICTIO PIAMHU 3
TeMreparyporo cnanaxy mnapiB Buiie 61 °C; roprouoro muiy ad0 BOJOKOH,
HIDKHS MeXka BHOYyXOHEOe3euHOCTI SKUX OLIbII SIK 65 I/M° 10 06'eMy HOBITPS;
PEYOBHH, 3IaTHUX TUIBKU TOPITH MiJ Yac B3aEMOJII 3 BOJIOI, KUCHEM IOBITPS
a00 OJIMH 3 OHUM; TBEPANX TOPIOYNX PEUOBHH 1 MaTepiaiB.

[IpuurHaMu OXKEXK1 MOXKYTh OyTH:

. CTPYMH KOPOTKOTO 3aMUKAHHS;
. €JICKTPUYHI MEPEBAHTAKCHHS;
. BUJIUJICHHS TeIlIa, ICKPIHHSA B MICISIX MOTaHUX KOHTAKTIB I1]1

yac 3'e€JHaHHS MTPOBO/IIB;
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. KypiHHSI B HEJI0O3BOJICHUX MICIISIX.

l'acinHg  mamarodoro  eneKTpooOnajHaHHA  MiJ  HAOpyrow  Mae
3MIHACHIOBATHCSA HasBHUMHM BorHeracHukamu OVY-5. 1106 3amo0irtu moxexi B
naboparopii, HEOOX1THO:
. yTPUMYBaTH MNPUMINIEHHS B YHCTOTi, IPUOUPATH CBOEYACHO
cMmitTs. Ilicnsa 3akiHueHHs poOOTH MOBOAUTHCS BOJIOTE MPUOMPAHHS BCIX
PUMIIIICHB;

. poboTa MOBMHHA MPOBOAWUTUCS  TIIBKM TP CIIPABHOMY
€JIEKTPOOOJIaTHAHHS;

= Ha BUJHOMY MICIII Ma€ OyTH BHUBIIIEHUH IJIaH €BaKyarlil 3 TPUMIIICHHS 13
3a3HAuYCHHSIM OOJIaIHAHHS, sIKe TOTPIOHO €BaKyIOBaTH HacaMIIepe;

" TOW, XTO WJAe 3 MNPUMIIICHHS OCTaHHIM, TOBUHEH TMEPEBIPUTH, YU
BUMKHEHI HarpiBaJibHI TPWIaAH, EJIEKTPONPUIAAN TOIMIO, a TaKOX
BUMKHYTH CHJIOBY Ta OCBITJIFOBAJIbHY CICKTPUIHY MEPEKY.

» Takox HEoOXiHE JOTPUMAHHS OpraHi3aIlliHUX 3aX0/1B:

= TpaBUJIbHA EKCIUTyaTallisi MpuiIajiiB, yCTaHOBOK;

* TpaBUJIbHE YTPUMaHHS MPUMIMIECHHS;

*  POTUIMOKESKHUM IHCTPYKTAXK CIIBPOOITHUKIB ayIUTOPII;

* BHJAHHS HaKa3iB 3 muTaHb nocuieHHs I11b;

= opraHizamis JOOpOBUIBHMX TMOXEKHHUX JIPYXKHUH, MOXKEKHO-TEXHIYHUX
KOMICIH;

* HasBHICTh HAOYHUX MOCIOHUKIB TOIIO.

VY Bumagkax, KOJIW HE BIAETHCA JIKBIIYBAaTH TOXEXKY CaMOCTIHHO,
HE0OX1HO BUKIIMKATH ITOXKEKHY OXOPOHY 1 TOKWHYTH MIPUMIIIEHHS, KEPYIOUHChH

TIJIAHOM TTOXKEXKHOT eBaKyallii.
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4.4 IIpaBoBi Ta opraizaniiiHi NMTAHHA 3a0e31eYeHHS 0e3MeKHn

4.4.1 EpronoMiuHi BUMOT” /10 po0040ro Micus

VY mpoueci poOOTH BC1 BUKOPUCTOBYBAHI MPEIMETH ITOBUHHI NIepeOyBaTH B

30H1 JOCSXKHOCTI. ONTUMANIbHE PO3MIIIIEHHS MPEAMETIB Mpalll Ta JOKyMEHTaIli

B 30HaX JIOCSHKHOCTI HaBe[eHO Ha puc. 4.7.

Puc. 4.7 - OntumanbHe po3MIIIEHHS TPEAMETIB Mparli Ta JOKYMEHTAIlil B

30HaX JOCHAKHOCTI
Ha puc. 4.7 BBeZIeHO Tak1 MO3HAUYCHHS:
a - 30Ha MAaKCUMAaJIbHO1 JOCSKHOCTI;
0 - 30Ha JOCSKHOCTI MAJBIIB MPU BUTITHYTIN PYIIi;
B - 30HA JIETKOI JIOCS>KHOCTI JIOJIOHI;
T - ONTUMAJILHUN TIPOCTIpP IJIs TPpyOOi pydHOi poOOTH;

11 - ONTUMAJILHUN MPOCTIP AJI1 TOHKOI py4HOi poOOTH.

4.4.2 3adapBiieHHs i KoediuicHTH BiAOUTTS

3abapBiieHHS IPUMIIIEHB 1 MEOJIIB Ma€ CIPUSATUA CTBOPEHHIO CIIPUSATIMBUX

YMOB HJIsA 30pOBOI0 CHpHﬁHﬂTTﬂ, rapHoro HaCTporo.
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Jlxepena cBITa, Takl K CBITWIBHUKHU Ta BIKHA, K1 JAIOTh BIIOWUTTS BiJ
MOBEPXHI €KpaHa, 3HAYHO IMOTIPIIYIOTh TOYHICTh 3HAKIB 1 CIHPUYUHSIOTH 3a
cobor mnepemkoau (hi310JIOTIYHOTO XapaKTepy, MO MOXYTh BHUPA3UTHCS B
3HAYHIA Hampysl, OCOOJMBO MiAg 4Yac TpuBajioi poOotu. BimnzepkaneHHs,
BKJIFOYHO 3 BIJA3EPKAJICHHAMHM BiJ BTOPUHHUX JDKEpeNl CBITJIA, Mae OyTH
3BEIEHE 10 MIHIMyMY. /[ 3aXUCTy BiJ HaAMIPHOI SCKPaBOCTI BIKOH MOXYTb
OyTH 3aCTOCOBaH1 IITOPU Ta EKPAHHU.

3a5ie’KHO BiJl Opi€HTAIlli BIKOH PEKOMEHAYEThCA Take 3a0apBIEHHA CTIH 1
IT1JUIOT U

Bikna opieHTOBaHI Ha TIBJAEHb: - CTIHM 3€JIEHYBaTO-OJIAKUTHOTO abo
CBITJIO-0JIAKUTHOTO KOJIBOPY; MiJIOTa - 3eJIeHa.

BikHa oOpi€eHTOBaHI Ha IIBHIY: - CTIHM CBITJIO-TIOMAapaH4yeBOro abo
OpaHKEBO-KOBTOTO KOJIbOPY; MIJIOTa - YePBOHYBATO-IIOMapaHYEBa.

BikHa opieHTOBaHI Ha CXIJI; - CTIHM YKOBTO-3€JIEHOTO KOJILOPY, MijJjiora -
3e7ieHa a00 YepBOHYBATO-OpaHKEBA.

BikHa opieHTOBaHI Ha 3axia: - CTIHHM >KOBTO-3€JIGHOTO a00 OJaKUTHO-

3€JIEHOTO KOJBOPY; Miyiora 3ejeHa ab0 4epBOHYBATO-OPaAHKEBA.

4.4.3 Oco0,1MBOCTi 3aKOHOIABYOT0 PEryJIIOBAHHS MPOEKTHUX PILLICHb
Jlep>kaBHUM Hamisii 1 KOHTPOJb B OpraHizalisix HE3aJeKHO BIJ
opratizaniitHo-npaBoBux ¢GopM 1 (GopM BIACHOCTI 3AIMCHIOIOTH CIEIiaIbHO
YIOBHOB)XEH1 Ha T JIep>KaBH1 OpraHy Ta 1HCIEKIlT BIJMOBIIHO /10 3aKOHIB.
3riJIHO 3 TPYAOBHUM KojiekcoM Ykpainu [20]:
— TPUBAJICT, PoOOYOro AHS HE TNOBMHHA TmepeBuiyBatd 40 roauH Ha

THXACHB.
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— T Yac pEenIaMeHTOBaHMX TEPEepPB JOLUUIBHO BHUKOHYBAaTH KOMIUIEKCH
BIIPAB 1 3/[IMCHIOBATH MPOBITPIOBAHHS MPUMIIIICHHS.

— IcHyroTh TakoX cCIEHiai30BaHl OpraHu, SKi 3A1MCHIOIOTH JEp:KaBHUN
KOHTPOJIb 1 HAIJISII B OpraHi3allisX MoA0 JOTPUMaHHS HasSBHUX MPABUI 1
HOPM.

— Jlo Takux opraHiB HaJeXXaTh:

— JlepxaBHa 1HCHEKIIIS Tpaili;

— JlepxaBHa ekcriepTuza yMoB mpaili JlepaBHa ciyx0Oa 3 mpari Ta
3aMHATOCTI  HAceJeHHs, Jep)KaBHa  Ciayx0a 3  €KOJOT14HOTO,
TEXHOJIOTIYHOTO Ta aTOMHOTO HaIJISITy

— (Hepxriprexnanisia, epxenepronanisig, Jlep:karoMmuaris YKpainu)).

— JlepxaBHa ciyx0a 3 Hamsimy y cdepi 3axucTy MpaB CIHOXKHUBAYIB 1

omarononyyvus aoauHu (JlepskcanenigHarian Ykpainu) Ta iH.

BucHoBOK 10 po3aiiay

VY derBepTOMY pO3IUII 3a3HAYEHO TaKl MIKIJJIUBI Ta HEOE3MEUH1 YUHHUKH,
[0 YUHATHh HETAaTUBHUW BIUIMB HAa OpraHi3M JIIOAWHU, SK HEONTUMaIbHUN
MIKPOKJIIMAT TIPUMIIIEHHS, €JICKTPOMArHIiTHE BUMPOMIHIOBaHHS, HEIOCTATHICTh
OCBITJICHHS Ta €EKTPUYHUN CTpyM. Tak caMo 3a3HAUYCHO XapaKTep MIKiIITUBOTO
BIUTMBY IIMX YMHHUKIB Ha OPraHi3M 1 HACIIJIKHU iX TPUBAJIOTO ab0 HAIMIPHOTO
BILIIUBY.

Tax camo Oyno 3a3Haueno HC, sxi MOXXyTh cTatrucs Ha poOOYOMY MiCIIl Ta

i, sk He0OX1JHO BUKOHATH B pa3l iX BUHUKHEHHS.
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BUCHOBOK

[Ipu HanucanHi kBamiikauiifHOi poOoTH Oyld0 BHUBYEHO OAMH 31
CcroCcOOIB 3MEHUIEHHS CHUCTEMaTHYHOI TOXUOKM - BBEICHHS IIONPABKA B
pe3yJibTaT BUMIPIOBAHHS, 1 PEaji30BaHO HOro e€Tanud B MPOTPAMHOMY IaKETi
Microsoft Excel 2010.

[IpoBeneHO ekcrnepuMEHTAIbHI JOCHI)KEHHSI BHECEHHS TMOMNpPaBKU B
NOKa3aHHS N'ATH €K3eMIULIpiB nudpoBoro BoaprMeTpa Mastech MY-64. [lns
1i€i MeTu OyJ10 BU3HAYEHO MapaMeTPH iXHIX IPaJyIOBAIbHUX XapaKTEPUCTUK HA
OCHOBI JaHUX BUMIPIOBaHb Mpenu3iiHoro nudposoro BonsT™MeTpa APPA-305 3
3a JONOMOTOI0 METOAY HaWMEHINMX KBajpariB. 3 PpIBHSIHb JIHIHHUX
IpaylOBAJIbHUX XapaKTEPUCTHUK JUIsl KOKHOTO LIU(PPOBOTO BOJBTMETPA, 3a1aHOI
MEX1 BUMIPIOBAHHSA Ta TEMIIEpaTypu HOBKLUISL Oyno OOYMCIEHO BUIIPABIIEHI
3HAYEHHS Ta CepeH1 3HaYEHHS OMPABOK.

[IpoBeneHo OIIHKY MMOBIPHOCTI JOIIIBLHOCTI (MTO3UTUBHOTO €(EeKTy BiJI)
BBEJICHHSI TONpPaBKU. 3 peE3yJbTaTiB PO3pPaxyHKIB BUIUIMBA€E, IO YacTKOBA
Hee(DEKTUBHICTb BBEIEHHS MOMPABKU MOXKE MPOSBIATUCS B OyIdb-AKIA TOYIl
niana3oHy BuMiptoBaHb. HaiiOunbmmii edexkT Bil BBEACHHS MONPABKU
crocTepiraetbcsi 3a Bucokoi Temmeparypu 40 °C, imoBipuicte - 0,95, a
HaWMCHIIIMN TIO3UTHBHUM e(eKT crocrepiraerbcs 3a temreparypu 10 °C,
iMoBipHIcTh - 0,84. 3a Temmneparyp 20 °C 1 30 °C edekT Bl MONpPaBKH BUSBUBCS
MO3UTUBHUM 13 PIBHOIO iiMoBipHicTIO 0,91.

3 eKCIepUMEHTAJIbHUX JIAHUX 32 HOMIHAJIbHOI BUMIPIOBAHOT HAIIPYTH, 11O

nopiBHIOe 6 B, BuIIMBa€, 110, 3aBASKH BBEICHHIO TMOMPABKHU, IOXHUOKY
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BUIIPABJICHOTO PE3YNbTaTy BAANOCS 3MEHIIMTH BiA 2 10 80 pa3iB 3al€KHO B
TeMIlepaTypu JOBKULISA Ta mpumipHuka Cl.

OTpuMaH1 pe3ylnbTaTd JalTh 3MOTY PEKOMEHAYBAaTh CHOCIO BBEICHHS
NONpaBKU B pe3ynbTard BuMipioBanb Cl 3 MeTOI0 3MEHIIEHHS CHUCTEMaTU4HOI

MOXHOKH.
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CIIMCOK BUKOPUCTAHUX JI’KEPEJI
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