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BCTYII

[opiuro B VYkpaini BimOyBaeThcsi Oinbme 60 THCAY
MMOXKeX, Ha Axkux ruHe moHanm 1,3-1,4 Tucsu marodeii. B ocHoBi
0araTbOX NIPHYMH TMOXKEXK 1 BUOYXIB JICKHTh HEIOOIIHKA iX
HeOe3nekn (BUCOKOI MMOBIPHOCTI BUHHMKHEHHS 1 BaKKHX
HACJIKIB), HEJIOCTATHs yBara IMUTAHHIO KOHTPOJIIO TapaMeTpiB
TEXHOJIOTIYHUX, XIMIKO-TEXHOJOT1YHUX MapaMeTpiB, MOKa3HHUKIB
HABKOJIMIIIHBOTO CEPEIOBHINA, IO TATHE 32 COOOI0 HEIOCTATHIO
yBary 0 IpoosieMu 3a0e3MeYCHHS MTOKESKOBUOYX00E3MIETHOCTI 3
OOKy ypsSaoBUX 1 BHOOpPHHMX OpraHiB, KOHCTPYKTODIB,
Oy/iBEeIbHUKIB, KEPIBHUKIB Ta BIACHUKIB ITiIIPUEMCTB.

3a0e3neueHHs NPUIHATHUX piBHIB
MOKEKOBUOYX00€3MEeYHOCTI BHCOKOPU3UKOBHX 00'€KTIB BUMarae
MIPOBEICHHS IJIOr0 KOMILIEKCY 3aX0/(iB, Y TOMY YHCIIi:

— MOZepHi3amii 1 3aMiHM 3acTapijioro BHPOOHUYOTO
TEXHOJIOTIYHOTO YCTaTKyBaHHS, sIKE HE Ma€ BUCOKOI HAIIHHOCTI;

— TOJNIMIICHHS  OCHAIIEHOCTI  O0'€KTIB  TEXHIYHUMHU
3acob0aMM  TOXKEKOBUOYX00€3MeUHOCTi, MIABHUILEHHS iXHBOI
SKOCT1, IIMPOKE BIPOBAPKEHHS aBTOMATUKU;

— MIABUIIEHHS BIMMOBIAATBHOCTI KOHCTPYKTOPIB,
OyIiBeNbHUKIB 1 IEpcOHalTy OO'€KTIB 3a JOTPUMAaHHS BUMOT
MOKEXKOBHOYX00€3MEeUHOCT1,;

— NIABUIIEHHSA Npo(eciiHOro piBHSA NPALIBHUKIB CIIYXKO
JCHC,

— TOJIMIIEHHS] HArIs10BO-MPO(UIaKTUYHOI NISJIBHOCTI B
cHCTeMI MOXKEeKOBUOYX00€3eUHOCT] MICT, PerioHiB 1 00'€KTIB.

VY 1bOMy KOMIUIEKCI 3aXOiB OCOOJWBO CIiJ BHAUIATH
HEOOXIAHICTh MIABHINEHHS pIBHA aBTOMAaTHU3allii, SKOCTI
iHpopMaTH3allii Ta yrmpaBliHHS, 3 METOIO iX YB'S3aHHS B €JHHY
cucreMy 1 3a0e3leyeHHs IOro/KEHOro (DyHKIIIOHYBaHHS,
paIllOHAJILHOTO BUKOPHMCTAaHHS pecypciB, 1HTeHCHIKamii ¥
onTHUMI3aIil TISUTBHOCTI BCi€i CUCTEMU
MOKeXO0BHUOYX00€3neuHoCTl, ii (YyHKIIOHANBHOI I1HTErpamii 3
IHIIIMMU CUCTEMaMHU 1 ciryk0aMu Oe3NeKH.

OCHOBHI NPUYMHH BEJIMKHUX MOXKEX, 00'eMHUX BUOYXIB Ta
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iX Ba)KKMX HACIIIKIB 32 CBOIM XapaKTEpPOM MOKHA PO3MOAUTUTH
Ha /1Bl IPYIH: TEXHOI'€HHOIO XapakTepy (HEJOCTaTHbO BUCOKA
HAJIHHICTH 1 IEPiOMYHI BIIMOBU TEXHOJIOTTYHOTO BUPOOHUYIOTO
YCTaTKyBaHHs, III0 TNPU3BOAATH 1O BHOYXIB 1 TOXKEX;
HEIOCTaTHBO BUCOKA HAJINHICTG 1 (PyHKIIOHATbHA €(DEKTUBHICTh
CUCTEM 1 3aco0iB MOXKE)KOBUOYX00E3IMEYHOCTI) Ta
AHTPOIIOTEHHOTO XapakTepy (Tak 3BaHHM "moJnchKuil dakTop" -
MOPYUIEHHS BHMMOT I0’K€XKOBHOYX00€3MEYHOCTI; IpParHEeHHs
3a0Ia/DKyBaTH  Ha  3aco0ax  MOXKEKOBHOYX00E3MeuHOCTI;
TEXHOT€HHUH TEPOPU3M).

[TpuckuTuMBYIiA aHaIi3 KOKHOI 3 IIUX MPUYHH IMOKA3YeE, 110
KOJHA 3 HUX HI B JaHUH dYac, aHi B JIOCTYITHOMY JJIsl OIJIAIY
MailOyTHbOMY HEe MOXKe OyTH BHKJIIOUEHA HUTKOM. | TyT XoTijocs
0 3BepHYTH yBary Ha HaCTYITHI MOMEHTH.

He3Baxxaroun Ha MOCTIHHUI PO3BUTOK TOXKEKHOI HAYKH i
yIIOCKOHAJIEHHS 3aC001B MOKEKOBUOYX00E3MIEYHOCT], HAaBPSA YU
BJIACThCS TEXHIYHO I[UIKOM HEUTpami3yBaTH BCIO 3arpo3y
BUOYXIB 1 MOXKEX, OCOOJIMBO HECAHKI[IOHOBaHI (SK MOMUJIKOBI,
Tak 1 HaBMHUCHI) HeOesmewHi [ii Jsroxei. [oBopsym mpo
TEXHOT€HHUH TepopHu3M, L0 € MO CyTi €JIeMEHTOM 30poifHOi
00poTHOM, HEOOX1THO TaM'sATaTh Tpo il OaraTOBIKOBMM JTOCBI,
BIJIMOBIHO /IO SIKOTO PO3BUTOK 3ac00iB Hamangy (y TOMY YHCIi
TEPOPY) 3aBXKIU BUIIEPEIKAE PO3BUTOK 3acO0IB  3aXMCTY.
HaniiiHicTh CKIaJHOTO BUPOOHMYOTO YCTaTKYBaHHS 1 TEXHIYHUX
3ac001B MOKEXKOBHOYX00E3MEUHOCTI HIKOIM HE MOXe OyTu
aOCONIOTHOIO, TOMY OyAyTh HpPOJOBXYBaTHUCS  BIIMOBHU
YCTaTKyBaHHS, L0 NMPU3BOIATH 10 BUOYXIB 1 MOXKEXK, 1 BIIMOBH
3ac001B MOXKEKOBUOYX00€3MEYHOCTI.

BiamoBigHO 10 BMMOT CTaHAapTiB YKpaiHW HEOOXiTHUN
piBeHb 3a0e3MeueHHs MOKEeKHOT OE3MEeKH JI0eH 3a JI0IIOMOI 00
CUCTeM TOXKeXHOi Oe3nekn  (MOXKeKOBUOYX00€3MeyHOCT1)
noBuHeH Oyt He wMeHme 0,999999 3amoGiraHHs BIUIMBY
HeOe3neunux (¢pakropiB noxexi (HOII), mo mnepeBumyoTsh
IPAaHUYHO MPUITYCTUMI 3HAYEHHS y PIK Y PO3PaXyHKY Ha KOXKHY
JTIOAMHY, a TPUITYCTUMHHA piBEHb TOXEKHOI HeOe3NmeKkHu Uis
moaeil MoBHHEH OyTH He Oinblie 10°°. Toxai, BIAIOBIAHO 10O
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Teopii HMOBIpHOCTEH, TO CyTi JONYCKA€THCS  BIUTUB
HeOe3neuHnx (akToOpiB TOXKEXK, IO TMEPEBUIIYIOTh TPAHUYHO
MPUIYCTUMI 3HAYEHHS, HAa OJHY JIIOAWHY 3 | MIH. XUTEIiB
VYkpaiau npotsirom poky. OTxe, Ha Onu3bko 43 MIIH. JKUTETIB
VYkpainu npunamae Bchoro 43 ocobu, mo, 3rigao ACTY, y
TIpIIOMY BHIIAJKy MOXYTh MOCTPa)XAaTH BiJ MOXKEX 3a OJUH
pik. Onnak y 2023 poui npu noxexax B Ykpaini 3arunynu 1 472
moauad  [1], mo Oimemn HiXK Ha mopsgok (!) mepesuinye
MPUITYCTUMHH PIBEHD MMOXKEKHOT HEOC3MEKH IS JTIOICH.

BiacyTHicTh  KOHKPETHMX  BHUMOT 3  €KOHOMIYHOL
e(eKTUBHOCTI CUCTEM MOKEKHOT Oe3nexku
(moxkex0BUOYX00€3MeYHOCTI) MOPOIKY€E HEAOBIPY 10 BCHOTO
KOMIIIEKCY BUMOT 13 3a0e3MeueHHs MOKEeKOBHOYX00e3MeuHOCTI
00'exTiB, 6araTo B 4YOMY BOJIIOHTAPUCTHUHUN MiAXiA 1 Maibxe
MOBHE CBAaBIJUISA MPOEKTYBAJIHHUKIB 1 KEPIBHUIITBA MIIIPUEMCTB
NpU  BUPINICHHI TNUTAaHHA IIOJ0 OCHAIICHHS  00'e€KTiB
KOHKpPETHUMH 3acobamMu  moxexxoBuOyxoOe3neunocti. [lpu
bOMY HaifyacTilie 0OMeXYIOTbCS MiHIMAIbHUMH BUTPAaTaMu Ha
OKpeMi 3aco0H, OCOOJIMBO Ha 3aco0M 3amoOITaHHS IMOXKEK 1
BUOYXiB, SKI BHMAaraloTh HaWOUTBIINX KalliTaJbHUX BKIIAJCHb,
IparHyyd N0 SIBHOI €KOHOMIi Ha HHUX, 110 TNPU3BOAUTH 10
BUHUKHEHHS MOXEeX 1 BHOYXiB 1 MarepiaJbHMX YTpaT, IO
Ha0arato TIEPEeBUIIYIOTh BapTICTh 3a3HAYEHUX 3aco0iB, HE
TOBOPSIYM BXKE MPO HEBIANIKOAOBHI JIOACHKI BTpATH, KailTBa,
3aXBOPIOBAHHS.

[lepeoriHuTH POIH aBTOMATHYHUX CHCTEM, SIKI MOXYTh
JIOTIOMOTTH 'y TIONEPEPKEHH] UM MIHIMI3allil BTPAT BiJ MOXKEXK 1
BUOYXIB, yKpail CKJIQJHO.



PO3A1JI 1. ABTOMATHYHI CUCTEMMU 3AXUCTY
BIJI IIO2KEX I BUBYXIB TA IX MICIIE B
KOHUENIII ABTOMATHU30BAHOI CACTEMHU
HHOKEXKXOBUBYXOHEBE3IIEYHOCTI OB’€EKTA

1.1 Ilpu3navyeHHss ¥ y3arajbHeHa CTPYKTypa
aBTOMATHU30BAHOI CHCTEeMH
MOKeKOBHOYX00e31mevyHoCTi 00'ekTa

Cucrema MOKEKOBUOYX00E3MEIHOCT1 (CIIBB)
BHCOKOPU3UKOBOrO 00'€KTa, y3arajllbHeHa CTpPyKTypa sKOi
HaBeneHa Ha puc. 1.1, sBisge co0OK0 CKIAAHY CYKYIHICTh
B3a€MOIIOB'SI3aHUX 3aXO/JIiB, CHJI 1 3aC00iB, y SKii KIIOYOBY pPOIIb
BiJIirpae aBTOMATHU3AIIISI, KA JIO3BOJISIE TIABUIINTH €()EKTUBHICTh
3aXUCTY JIIOJIeH 1 MaTepialbHUX IIIHHOCTEH BiJl 3arpO3H MOXKEX 1
BUOYXIB.

Ionsarra "aBromaru3zaiis" Ha OaHWI 4Yac Ma€ IBOSIKHI
3MicT. Lle TOHATTSI BUHHMKIIO TICNIsi CTBOPEHHS aBTOMATHKH, IO
Kepye mpoiecamMu 0e3 0coOucTOl ydacTi JTIOAWHH, 1 33JJOBTO 10
MOSIBH  €JIEKTPOHHOI OOYMCIIOBAIBHOI TEXHIKH, O3HAYarOuu
BIIPOBA/PKEHHsI aBTOMAaTUYHUX MPUCTPOIB 1 CUCTEM.

[TosiBa, CTpIMKHMII PO3BUTOK 1 IIMPOKE BIPOBAIKEHHS B
MPAKTUKY €JIeKTPOHHOI LU(POBOI OOUYMCIIOBANIBHOI TEXHIKH B
OCTaHHI JACCATWIITTS JO3BOJUJIO, 3 OJIHOTO OOKY, ICTOTHO
PO3LIUPUTH MOXIIMBOCTI CTBOPEHHS 1 c¢epy 3acTOoCyBaHHS
aBTOMATUYHUX MPHUCTPOIB 1 CUCTEM, MIJBUIIMUTH iX €()EKTUBHICTh
i, 3 1HmOro OOKYy, CTBOPUTH 30BCIM HOBUH BHUJ TEXHIUHHX
CHUCTEM - aBTOMAaTH30BaHI CHUCTeMH (Tak 3BaHl JIIOJUHO-
MAaIllMHHI, JIIOJUHO-KOMIT'IOTEpHI CHCTEMH), $KI BUPILIYIOTh
pI3HOTO pPOAY 3aBIaHHA B PEXKHUMI [Jlajory JIOAUHH 3
KOMIT'IOTEPOM, IIPU IKOMY OCTAaTOYHI pillIeHHs NMpuiiMae J0AuHA
- OIIP (ocoba, sika npuitmae pilieHHs).

3 mosiBoro aBToMatu3oBaHux cucteM (AC) mMOHATTA
"aBromMaTH3allis" BTPATHIIO CBIMl TMOYATKOBHM 3MICT 1 O3HaJae
BIIPOBAKEHHSI HE TUTbKU aBTOMAaTUYHUX MPHUCTPOIB 1 CUCTEM, aje
W aBTOMAaTU30BaHUX  CUCTeM. ToMy, TOBOpSYM  MPO
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aBTOMATH3aIlil0 OYIb-SIKOTO IMPOIECY, MPUCTPOI0, CUCTEMH, CIiJ

KOHKPETHU3YBaTH, PO BIPOBAPKECHHS YOTO HIACTHCSI: aBTOMATHKH
a00 JTIOINHO-MAIIMHHUX CUCTEM.

Cucrema Budyxonoxexoodesnexku 00’exkra (CBIIb)

Cucrema 3anodiranss Cucrema
NoKeKaM Ta BUOyXam Cucrema 3araJibHOro
3amo0iranusa NpU3HAYEHHS
TOKeKaM
CucTeMa nonepeKeHHs Ta BUOyXaMm
MOKeK0- Ta BUOYXO0-
He0e3MeYHuX PpeKUMiB Cucrema Cucrema
MOKEKOT ACIHHS NPOEKTYBAHHS
CBIIb
Cucrema
NpoQiIaKTHYHHX POOIT Cucrema Cucrema
BHOYX03aXHCTY HiAroToBKHM Kajapis

Cucrema 3B’S13Ky
Ta ONEePATHBHOIO
ynpasJjinnas JICHC

Cucrema onoBileHHs
NPO MOKEKY Ta
ynpaBJiHHS
eBaKyauiero Joaeit

CucreMa no:ke;KHoi
cUrHaJizamii

Indopmaniiina

Cucrema
3anodiranHs
ToKeKaM

Ta BHOyXaM

Cucrema
NpPOTH TUMHOT0
3aXHCTy

CHUCTEMA

Cucrema
NMepIIoYepProBUX
aBapiiiHo-
PATYBAJIBHUX
pooit

Puc. 1.1 — Y3aransuena crpykrypa CIIBb BucokopusmukoBoro 00'ekra

ABTOMaTH3AaIlis

CHUCTEM

MOKEXKOBHOYX00€3MeuHOCTI

CKJIQJIHUX BHCOKOPH3UKOBUX OO'€KTIB 3/IHCHIOETHCS 3a JIBOMA
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HanpsMKaMu:
- BIPOBAKCHHS aBTOMATHYHUX 3aco0iB
MOKE)KOBUOYX03aXUCTY, SKi (QYHKIIOHYIOTh 0€3 yTpy4daHHs
JIOAMHU 3a 3a37alerib 3aJaHuMU IporpamMaMu (HMOXKEKHUX
CIOBIIIYBaYiB, YCTAHOBOK MOKEXKOTACIHHS, CHCTEM JIOKAi3aIlii 1
MPUAYIIEHHS BUOYXiB, CACTEM POTUIUMHOIO 3aXUCTY Ta 1H.);

—  BIOPOBDKCHHS  aBTOMAaTU30BaHUX  CUCTEM,  SIKi
BUPILIYIOTh BEJIMKUH KOMILJIEKC YIpaBIiHCHKHUX,
iHpopMaLiiHuX, IIPOEKTYBAJIbHUX, a/IMIHICTPAaTUBHO-
rOCIOJApChKUX, KaPOBHX Ta IHIINUX 3aB/aHb.

ABTOMaTH30BaHa CHCTEMa IOXKEKOBHOYX00E3MEeYHOCTI
(ACIIBB) BXOJIHUTh 1o CKJIay CUCTEMU
noxxexoBuOyxooesneunocti  CIIBb  ol'ekta sk ioro
iHpopMalliiHO-yIpaBIiHCbKA ~ YacTWHA, 10  3abesneuye
aBTOMaTn3oBaHe BuKOHaHHSA ¢yHkmii CIIBbB, yB'a3yBaHHS
OKpeMHX €JIEMEHTIB, 110 3a0e31euyoTh
MOXKE)KOBHOYX00€3MeUHICTh 00'€KTa, y €IUHY CHCTEMY, ix
HeoOXiAHY  (YHKIIOHAIBHY  B3a€MOJiI0,  (PYHKIIIOHATIbHY
inTerpanito. O6pazno rosopsiun, ACIIBb € Mo3koM i HepBaMu
CHCTEMH MOXEKOBHOYyX00€3MeyHoCTi, 11 I1HTEIEeKTyaJlbHUM
STIPOM.

Posrnsmaroun  cucteMy — THOXeKOBHOYyX00€3ME4HOCTI
CKJIATHOTO 0araToyHKIIOHATBFHOTO O00'€KTa B IJIOMY, BaXKKO
3HalTH Taky il OKpeMy (yHKI[IOHaIbHY CUCTEMY HI)KYOTO PIBHS,
siKa He moTpedyBana O BNPOBAHKEHHS JIFOJUHO-KOMIT'TOTEPHUX,
aBTOMAaTH30BaHUX CHCTEM 1 3aC00iB.

CykymHICTh BCIX aBTOMAaTH30BaHMX CHCTEM 1 3acoOiB
CIIBb o0'ekta, BiacHe KaxXyuu, SsBiIS€ COOOI0  €IUHY
B3a€MOIIOB'SI3aHY aBTOMAaTU30BaHy 1H(OPMaIIHO-YIIPaBIIHCHKY

CUCTEMY.
Onnak TyT HEOOXiAHO MaTW Ha yBas3i, MO0 B OKPEMHX
(GYHKITIOHATTEHUX cucTemMax CIIBb (TIOXeKOTaCIHHS,

MPOTUAMMHOIO 3aXHCTy Ta 1H.) aBTOMAaTU30BaHI (QyHKII]
HAaCTUTBKM  TICHO  TEpeIuliTaloThbcs 1  CHOJIY4aloThes 3
aBTOMATUYHUMH (DYHKLISIMH, a TI cami KOMIT'IOTEpU MOXKYTh
BUKOPDHUCTOBYBAaTHCS  JUId  BHpIIIEHHS  3aBAaHb SK B
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aBTOMAaTH30BaHUX, TaK 1 B aBTOMAaTHYHUX pPEXHUMaX, II0
IIPOBECTH 4ITKY, OJHO3HAUYHY MEXY MI)K aBTOMAaTH30BaHUMH M
aBTOMaTHYHUMH YaCTUHAMM LUX (PYHKI[IOHATBHUX CHCTEM HE €
MO’KJIMBHM.

ABTOMaTH30BaHAa CHUCTEMa  MOXKEKOBHOYX00E3MEUHOCTI
CKJIQNIAEThCs 3  (DYHKUIOHAJIBHUX ABTOMATH30BaHUX CUCTEM
HIDKYOTO PiBHA, sIKi € iH(pOopManiiHO-yIpaBIiHCHKUMH YaCTUHAMU
BinnmoBigHNX (QyHkmioHanpHUX cuctemM CIIBb 1 cucrem
3a0e3neueHHs], HA3MBAaHUX TAKOX BHIAMH 3a0€3MCUCHHS.

OyHKIIOHATBHUMU ~ aBTOMAaTHU30BAaHMMHU  CHUCTEMaMH
Hmwxkyoro piBast ACIIBB e:

— aBTOMATHM30BaHa CHUCTeMa 3amo0iraHHA MOXeXaM i
BuOyxam (AC3IIB);

— ABTOMAaTH30BaHA CHUCTEMa  TI0XKEKOBHUOYXO3aXHCTY
(ACIIB3);

— aBTOMATHU30BaHa CHUCTEMa 3arajlbHOro IpPHU3HAYCHHS
(AC3II).

AC 3amobiranHsa ToXXe)kaM 1 BHOyXaM NpHU3HAYCHA IS
aBTOMaTH30BaHOTO yIIpaBIIiHHS npodiIaKTHYHUMHU
MIPOTHUIIOKEIKHUMHU 1 MPOTUBUOYXOBUMH poboTamu,
aBTOMATHU30BAaHOTO  BUPIMICHHS 3aBAaHb 3  3aMo0iraHHs
MepelnoKexHuX 1 BUOyxoHeOe3neunux pexumi. AC3IIB
BKJIIOYA€ y CBIM CKJIaJ aBTOMAaTH30BaHy CHUCTEMY 3amoOiraHHs
nepennokexHux 1 Budyxonebesneunux pexumis (ACIIIIBP) 1
aBTOMATHU30BaHY CHUCTEMY  YIOPaBIiHHA  NPOPUIaKTUYHUMU
poboramu (ACYIIP).

AC 3ano06iraHHs nepearnoxexxKHUM 1 BUOyXOHeOe3neyHUM
pexuMaM MpHU3HaYeHa JIJIT aBTOMAaTH30BaHOTO 300py i 00poOKHU
iH(popMaLli Tpo MNPOTUINOKEKHUA 1 NPOTUBHOYXOBUM CTaH
00'ekTa, = BUHUKHEHHS  aBapiiHUX  MEPENOKEeKHUX 1
BUOYXOHEOE3NMEeYHNX CUTyalllil 1 YHOpaBIiHHSI MPUCTPOSIMHU
JKBIJAIIT IUX CUTYaIIi.

ACY nmpo¢inakTHYHUMH poOOTaMH NpU3HAYEHA IS
aBTOMaTH30BaHOTO yIIpaBIIiHHSA npodiTaKTHIHUMHU
MIPOTUIIOKEKHUMHA 1 MPOTUBUOYXOBUMU 3axoJamy,
iHpopMmaniiiHoro 3abe3nedeHHs iHcHeklii JlepkmoxkHarmsany i
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¢dopmyBaHHS 0a3u AAHUX ISl IPOBEACHHS €KCIEPTU3U MPOCKTIB
OyIiBeJb, CIIOPY/I, TEXHOJOTIYHOTO YCTATKYBAaHHS U €KCIIEPTU3H
MOKEX 1 BUOYXIB.

AC MOKEKOBHOYX03aXUCTY npU3HaYCHA JUIst
ABTOMATHU30BAHOTO W AaBTOMAaTHUYHOI'O BHMKOHAaHHSA (YHKIIH 3
raciHHs MOKeX, BUOYX03aXUCTy, AUMOBUIAICHHS, OMOBIIICHHS
i eBakyarii irozel 3 nanatounx OynuakiB. ACIIB3 Bxitouae 1o
CBOIO CKJIQAy aBTOMATHU30BaHI CHCTEMH IOXKEKOTACiHHS
(ACIII'), BuOyxozaxucty (ACB3), NOXeXHOI cHUTrHai3amii
(ACIIC), mporuaumuoro 3axucty (ACII3), omoBimeHHS Mpo
nmokexy Tta ympaBmiaHS eBakyarieo (ACOIIYE), 3B's3ky i
OTIEpaTUBHOTO YIpaBIiHHS MoxexHOi oxopoHu (AC30VYIIO).

AC mnosxexoraciHHs mMpU3Ha4YeHa JIsl aBTOMAaTU30BaHOTO U
aBTOMAaTHYHOTO  BHKOHAHHS  (QYHKOIA 3  yIOpaBIiHHS
CTAlllOHAPHUMH 1 PYXJIUBUMH YCTAaHOBKAMH IOXKEKOTACIHHS,
BHOOpY METOJy raciHHs (OJHOYACHE TacCiHHS IO BCi TIOBEpPXHI
abo 1o BChOMY 00’€My MPUMIIIEHHS, JIOKaJbHE TTOBEPXHEBE YU
o0'eMHe, KOMOiHOBaHE), BHOOPY BOTHEracHoi pedyoBHHH (BOJa,
aepo30Jib, iHa, Ta3, MOPOIIOK, Mapa Ta iH.).

AC BuOyx03axuCTy NpU3HAYEHA JUIsl aBTOMATU30BaHOTO 1
aBTOMAaTUYHOTO  BUKOHaHHSA  QYHKIIH 3  Jokamizamii 1
MpUAYIIEHHS BUOYXIB Yy TEXHOJOTTYHIN amapaTypi 1 BUpOOHUYMX

AC MOKEXKHOT curHassamii MpU3HAYEHA I
aBTOMAaTM30BaHOTO ¥ aBTOMATUYHOTO BUKOHAHHSA (YHKIIH 3
IIPOIIECIB TaciHHS MOXEX 1 nepenadi HeoOXinHoi iH(opmarii
MIJIPO3/iIaM TOXKEXKHOI 0XOpOHH, nepcoHany o0'ekta, ACYTII
ta iHmuM cuctemam ACIIBB.

AC  DpoTHIMMHOrO  3aXMCTy  IpU3HAY€Ha  JUIA
aBTOMAaTH30BaHOTO I aBTOMAaTHYHOTO BUKOHAHHS (DYHKLIN i3
3a0e3neueHHs] HE3aAMMIICHHS 1 BUAAJCHHA JUMYy TIpU
3aJUMJICHHI IPUMILLEHb 3 TepeOyBaHHSM JII0/IeH 1 eBaKyaliitHux
HUIAX1B y OyIMHKAX.

AC onoBileHHs Ipo MOXKEXKY Ta YIPABIiHHS €BaKyalli€lo
JMOAe TpU3HAYeHA ISl aBTOMAaTH30BAHOTO W aBTOMATHYHOTO
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BUKOHAHHA (YHKLIA 3 OMNOBILICHHSA JIIOJCH MpO MOXKEXKY Ha
00'ekTi, BHOOPY ONTHUMAIBPHUX IUISAXIB iX eBaKyallii, ympaBiIiHHS
PYXOM JIFOJICH TIO €BaKyalliiHUX MUISXaX, KOHTPOJIIO HASBHOCTI
JOAEl B OXOIUIEHUX TMOXKEKE 1 MOXKEeKOHEOe3MeuHnX
MPUMILICHHSX.

AC 3B'a3Kky ¥ OIEpaTHBHOTO YIPABIIHHSA TOXKEKHOI
OXOpPOHM TMpHU3HAYEHA JUIsI aBTOMATM30BAaHOTO BHKOHAHHS
byHKIIIH 13 3a0e3neYeHHS 3B'SI3KY B cucTeMi
MOXKEKOBUOYX00e31eqHOCTi 00'€KTa, OTMEPATUBHOTO YIPABIIIHHS
MiIPO3ATaMH TTOKEKHOI OXOPOHH, a TaKOX 1H(GOpMAIiitHOTO
3a0e3neueHHs KepiBHUKA TaCiHHS MOKEXI.

AC  3aragpHOr0  MpU3HAYEHHS  NpU3HAUEHA IS
aBTOMATH30BaHOTO BUINICHHA 3aBIaHb B IHTEpecax YcCiel
CUCTEMH HOXKEKOBHOYX00€311EeYHOCTI o0'exTa. AC3II
CKJIAJA€ThCS 13 CHCTEMH aBTOMATH30BAHOTO MPOEKTYBAaHHS
(CAIIP) CIIBB, aBTOMaTH30BaHOi CHCTEMHU MHiATOTOBKH KaJpiB

(ACIIK), aBTOMAaTU30BaHOL iH(popMamiitHO1 CUCTEMU
noxexonbyxobesneunocti (AICIIBB) 1 aBromaTm3oBaHoi
CUCTEMHU yIIpaBIIiHHS HepLIOYEepProBUMU aBapiifHO-

pATYBaILHUMU poOoTami [5].

1.2 ABToMaTH30BaHa cUCTeMa 3aMo0iraHHsA
nepeanoxKe;KHUX i BUOyxoHeOe3nme4HUX peKUMiB

Binome mnosnoxeHHs mpo Te, L0 MOXexaM 1 BHOyxam
JIeTIIe 1 AeleBiie 3ano0irTH, HiXK JTIKBITyBaTH iX HACHIIKH, IIIe
HE CTajl0 KepIBHUIITBOM JI0 Aii, y pe3y/ibTaTi 4Oro OCHOBHI CHIIN
1 3aco0u cycniibcTBa 1 JEpKaBH, IO BUTPAYaIOThCS Ha
3a0e3neyeHHsT MOXKeXOBUOyX00e3MeuyHocTi, [K 1 paHile
HAI[lJIeH] Ha TaciHHA MOXeX 1 BUOYX03axHcT. Y 3B'A3KYy 3 LIUM
npobeMy MiABUIICHHS €(EKTHBHOCTI 3aMo0iraHHs MOXeXaM 1
BUOYXaM CIiJ BBaXaTH TEPIIOPSIHOI0 NpoOIeMor0 y BCiit
JepKaBHIN CUCTEMI MOXKEKOBUOYX00€3MEYHOCTI.

3anobiraHHd MoxexkaMm 1 BUOyxaM Ha 00'€KTi HOBHHHO
JOCSITaTUCS:

— 3amo0iraHHsAM YTBOPEHHIO BHOYXOHEOE3NEeYHOro raso-,
Mapo- 1 MUAJIOTIOBITPSTHOTO CEPEIOBHIIA;
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— 3aM00iraHHsIM YTBOPEHHIO NAJILHOTO CEPEOBUINA;

— 3amo0iraHHsIM YTBOPEHHIO Yy BHOYXOHEOE3NEYHOMY 1
NaJIbHOMY cepefoBUIlaX (YU BHECEHHS B HHUX) JDKEpell
3arantoBaHHS.

AC3IIB € iHdopMamiiiHO-yIPaBIIHCEKOIO YaCTUHOIO
CUCTEMH 3amobiraHHs MmokekaM 1 BHOyXaMm 1 Mpu3HA4YeHa IS
ABTOMATHU30BAaHOTO  BUPINIEHHS 3aBIaHb 3  3amoOiraHHs
MePEATIOKEIKHUX 1 BHOYXOHEOE3MeUHNX PEXKHUMIB,
aBTOMATH30BAHOTO yIIpaBIIiHHS npoiTaKTUIHUMHI
MIPOTHUIIOKEKHUMHU 1 TPOTUBUOYXOBUMH POOOTAMHU.

o cxinany AC3IIB BXoasTh:

— aBTOMATH30BaHa CHUCTEMa 3al00IraHHs MepelnoKeKHUX
1 BuOyxone6e3neunux pexumis (ACIIIIBP);

— aBTOMaTH30BaHa cucreMa yIIpaBJIiHHSA
npodinakrnayaumu podoramu (ACYIIP).

ACIITIBP € indopmamiifHO-yIpaBIiHCHKOK YaCTHHOIO
CHCTEMH 3aro0iraHHs TMEpeanoXKEeKHUX 1 BHOYXOHEOE3MEeUHHX
PEXHUMIB 1 IpU3HAYEHA JJI1 aBTOMATH30BaHOTro 300py i 00poOKH
iHpopMmanii MpPo MPOTUMONKEKHUN 1 TPOTUBUOYXOBHM CTaHU
00'ekTa,  BUHUKHEHHS  aBapiiHUX  MEPENOXKEekKHUX 1
BUOYyXOHEOE3NEeUYHNX CUTyalllil 1 YHOpaBIiHHS MPUCTPOSIMU
TKBIAALIT WX CUTYaIlii.

ACIIIIBP Bxomauth no ckimany ACIIBB sk aBTroHOMHa
OJTHOpIBHEBa MiJICUCTEMa, peajli3oBaHa Ha €JUHUX 3 HElo
MIPOrpaMHO-TEXHIYHUX 3ac00ax.

ACIIIIBP Bukonye iHdopmalliiiHi, kepyroui 1 JTOMOMIKHI
dbyHKIII.

Ho indpopmauiiinux ¢yukuii  ACIIIBP  wanexats
HACTYIHI:

— 30ip 1 00poOka iH(popmanii, HEOOXiTHOI A aHamizy
CTaHy MOXKEKOBUOYX00E3MEIHOCTI TEXHOJIOTIYHOTO
yCTaTKyBaHHs 00'€KTa;

— peecTpauis  BIAXWJIEHb BiJl HOPMalbHOI  poOOTH
TEXHOJIOTIYHOTO YCTaTKyBaHHS;
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— MPOTHO3YBaHHS MOMJIMBHX HACHIJIKIB BIIXWUJICHb Y
poOOTI TEXHOJIOTIYHOTO YCTAaTKyBaHHS, a TaKOXX HACIiJIKIB
BUHUKHEHHS BUOYXIB 1 MOXKEXK;

— HajgaHHsA iH(OpMaIli PO TMOPYIICHHS TEXHOJIOTTYHOTO
Mpolecy, IO CTBOPIOKOTH HEOE3MeKy BHOYXIB 1 TIOKEK,
MPOTHO3IB 3 PO3BUTKY IMEPEINOKESKHUX 1 BUOYXOHEOE3MEUHUX

CUTYAIIIH;
— HajgaHHs iH(OpMaIi Ipo mpare3aaTHICTh MiJCHCTEMH i
peKoOMeHIaIin 3 JikBigamii MIEPEITOKEKHIX i

BHOYXOHEOE3MEUHUX PEXUMIB (MPO BHXIA 3 Jaay JIaTYUKIB,
OOpUBH JTiHIN 3B'A3KY TOIIO).

o Kepyrounx ¢ynkuiii ACIIIBP nanexats:

— YIpaBIiHHSI TEXHIYHUMHU TPHUCTPOSIMH CHTHATI3AIl]l PO
MePeoKex Hl 1 BI/I6yX0HeGe3neqH1 PESKUMHU 1 TPUCTPOSIMU
JKB1TaIii aBapiiHUX PEKUMIB;

— nepenaya inpopmarnii B ACYTII ans BianpanboByBaHHS
HEOOXITHUX 3MiH y TEXHOJOTIYHOMY Mporeci (yHKIIOHYBaHHS
00'eKTa, 3 METOIO HEOMYIIEHHS MOKeX 1 BUOYXIB;

— ¢opMyBaHHS KOMaHI I TPHUBEACHHS YCTaTKyBaHHS

CUCTEMH TOXKEKOBUOYX03aXUCTy B CTaH MiABUIIEHOT TOTOBHOCTI
1 IPEBEHTUBHOI'O BBEJICHHS B J110 IPUCTPOIB II1€1 CUCTEMH, SIKIIIO
MepernoXexKHa Y BUOyXxoHeOe3meyHa CUTyallis He PO3iB'€ThCsl B
peanbHy TmOXexXy abo BHOYX (MEpeKpUTTS BEHTUIIALIMHUX
KaHaTIB TMPUMIIIEHHS, BKIIOYEHHS 3aCYBOK BOJSHHUX 1 MapOBUX
3aBic,
JUCTaHIlIIiHE HaBeIEHHS TMOKEKHMX CTBOJIB Ha  Micie
HaAIMOBIPHIILIOTO BHHHUKHEHHS IOXEXI1, 3MIHA aJTrOPUTMIB
00poOkH 1HpOopMallii B cHUCTEMI TOXKEKHOI CHUTHAI3allili, 3 METOIO
MIIBUIICHHS  IMOBIPDHOCTI  BHUSIBJICHHS — TIEPEANOKESKHUX 1
BUOYXOHEOE3MEeUHUX PEXXHUMIB TOILO);

— Tepeaada KOMaH]l Ha BIIKIIFOYCHHS OKPEMHX JaTYHKIB 1
MEPEeKITIOUCHHSI HANpsSMKIB Ha PE3epBHI IS TPOBEICHHS pe-
TJIaMEHTHUX POOIT.

Jo nonomixkuux Qynkuiiit ACIIIIBP nanexarts:

— JiarHOCTHKAa KoMIuiekcy TexHiuHuX 3aco0iB ACIIIIBP 1
3'sICyBaHHS MIPUYMH, 1110 BUKJIMKAIA 3MIHH CTaHIB ITUX 3aCO01B;
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— aBromaruyHa  pekoH¢irypauis ~ ACIIIIBP  npu
BUHUKHEHHI HECIIPaBHOCTE;

— cucreMaTu3aiis BuiB HecrnpaBHocTeir B ACIIIIBP i
METO/IIB iX YCYHEHHS.

CrpykrypHi esqementu ACIIIIBP. 3aco0u KOHTpOIIO
ACIITIIBP mnoBuHHI OyTH aBTOHOMHI Ta BIJJUICHI Bif
TEXHOJIOTIYHOTO YCTaTKyBaHHA 00'€KTa.

Cucrema  ocHamryeTrbcsi  3aco0aMM  JIarHOCTHKH 1
CaMOKOHTPOJTIO.

Enextpoxxusnennss B ACIIIIBP opranizyerbcsi Takum
9UHOM, MI00 3a0e3MeYUTH KOHTPOIb JIF0YMX TEXHOJOTIYHHX
MIPOLIECiB MTPH MOBHOMY 3HECTPYMJICHHI 00'€KTa.

Cucrema BuKOHYE yci ¢yHKii 1 3aBganHs (iH(popMariiiHi,
Kepyrodi 1 JOMOMDXKHI), peami3yloud iX y pI3HHX pEeKHUMax —
iHpOopMaNiiiHO-paTHOMY, KOMOiIHOBaHOMY i IpsIMOMY
yIpaBJIiHHI.

O6csr  3aBmanHb,  po3B'sasyBanux B ACIIIIBP,
OOTPYHTOBYETHCSI TEXHIKO-€KOHOMIYHUMHU pO3PaxXyHKaMH Ha
crafgii po3poOKH TEXHIYHOTO 3aBJaHHA 1 BH3HAYAETHCA 3
ypaxyBaHHSM:

— JIOCATHYTOTO PIBHA JOCKOHAJIOCTI 1 HaIIMHOCTI
TEXHIYHHUX 3aC00IB aBTOMAaTHU3AalIil;

— MIATOTOBJIEHOCTI [0 aBTOMAaTH3aIll TEXHOJIOTIYHOIO
yCTaTKyBaHHS;

— YCKJIAJIHEHHsSI TPOIECY YIPaBIIHHA TEXHOJOTIYHUM
yCTaTKyBaHHSAM 1 3017bIIEHHS BHACIIJOK I[BOTO IMOBIPHOCTI
MTOMMJIOK OTIEPaTUBHOTO MEPCOHANLY MPU yIPaBIiHHI;

— MABUIICHHS BUMOT 13 3a0e3MeueHHs M0KeX0BUOyxo0e3-
MEYHOCTI;

—  MiJBUIIEHHS €HEepProHaIPYKEHOCTI €JIEMEHTIB
KOHCTPYKIIH  TEXHOJIOTIYHOTO  YCTaTKyBaHHS, TIABUIICHHS
IIBUAKOCTI MPOTIKAHHS TEXHOJOTIYHUX MPOIECIB, MiABUIICHHS
BHUMOT JI0 TOUYHOCTI MiITPUMKH ITapaMETPIB Y BCIX PEKUMAX;

— 00OMEXEHOCTI 4yacy AJis MPUUHATTS pillieHb 3 JIKBigamii
aBapiiHUX CHUTYyalliii Ha 00'€KTi, 10 MPHU3BOAATH O TMOXKEXK 1
BUOYXIB.
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[Ipu BHU3HAuUEHHI CTyNEHA aBTOMAaTU3allli OJHOYACHO
BHPIIIYETHCS 3a7a4a MiHIMI3alli 00’eMy TEXHIYHHX 3aco0iB 3a
paxyHOK CKOPOUYCHHS KUTbKOCTI JaTYUKIB, JUCKPETHUX CUTHAIIB,
0 BBOJATHCA B CHCTEMY, a TaKOX pPETENIbHOTO aHali3y
KUIBKOCTI  3aCTOCOBYBAaHMX TEXHIYHUX 3aco0iB  JKBimamii
aBapiHUX CUTYaIliH 1 MporpaM JOTIYHOTO YIIPaBIIiHHS.

ACIIIBP mnoBunHa OyTH mpame3naTHOI B yMOBax
peabHO HAsSBHUX Ha 00'€KTI €JIEKTPUYHHUX 1 €JICKTPOMArHITHHX
TOJIiB.

OmnepaTuBHOMY IepcoHany o0'ekta 1 gucneruepy [1PY iH-
dopmarist mepemaeThcsi B CTPYKTYpPOBAaHOMY TEKCTOBOMY UM
rpadiyHOMY BUTJISII.

Texniune 3a6e3neyenns ACIIIIBP. KT3 ACIIIIBP
MOBUHEH 33/I0BOJIBHITH 3arajlbHUM BHMOTaM, BHKJIAJICHUM Y
BixnmoBigaux JICT, a Takok HACTYITHUM BUMOTaM:

— KT3 ACIIIIBP noBuneH 6yTu qocTaTHIM Ui peasizarii
BCIX 3aJjaHUX (YHKITIH;

— BXIJIHI IPUCTPOI 3aXUIIAIOTHCS BiJl KOPOTKUX 3aMUKaHb,
BHCOKHX HAIpyT Ta iHIMX HeOe3neyHux (hakropis;

— y cucteMi (IKCyIOTbCS 1 MOBIIOMIISIOTHCS TEPCOHATY
Oyab-sIKI TOpYyLIEHHS B pPOOOTI TEXHIYHUX 3aco0iB, a cami
MOPYUIEHHS HE MOBHMHHI MPUBOAMTU JIO BUAAYl MOMMIIKOBHX
KOMaH]I;

— XapaKTepUCTUKN BUKOPUCTOBYBAHUX TEXHIYHUX 3aC00IB
ACIITIBP 3a06e3neuyioTh B3a€MO3aMiHHICTh  OJIHOWMEHHUX
IIPUCTPOIB;

— CTPYKTypa 1 XapaKTepUCTUKH TEXHIYHUX 3ac00iB
ACIIIIBP 3a6e3neuyroTh MOXJIHMBICTh MOJAEPHI3alil 1 pO3BUTKY
CHCTEMH,

— TeXHIYH1 3acoou ACIIIIBP MOBUHHI Oyt
MMOXKEKOCTIMKMMU 1 CTIMKAMU JIO 30BHIIIHIX BIUIMBIB;

— OKiHLEeBI mpucTpoi 3B'M3Ky 3 o0'ekrom (I130), 3a
MO>KJTUBICTIO, YCTaHOBJIIOIOTh 6e3nocepeHbO o1nst
TEXHOJIOTIYHOTO YCTaTKyBaHHS;

— I130 BUKOHYIOTH HACTYIHI OCHOBHI (DYHKIIIi: IPUHOM 1
nepefayy iHdopmarii 3 3aranbHUX JiHIA 3B'A3Ky; 30ip i
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MOTIEPEAHIO 00poOKy iH(popMarii; aHajoro-1ugpose
MEPETBOPECHHS; Y3TO/DKCHHS KEPYIOUMX BIUIMBIB 13 CHIIOBOIO
YaCTMHOK  CXeM, JKBijamii aBapiiHUX CHUTyaliid, 110
MIPU3BOJATH JI0 TIOKEXK 1 BUOYXIB;

— KUTBKICTh BXOHiB Il KokHOTO I130 moBuHHO OyTH
OIITUMI30BAaHO BIAIIOBIZHO O BUMOI HAOJNMKEHHS OKIHIIEBUX
I130 mo mxepen iHopmariii.

DYyHKUIOHAJIbHI micucTeMH ACIIIIBP. 3a
¢ynkuionansauM npusHaueHHsM ACIIIIBP nopinstorecss Ha
iH(opMaIiiiHi Ta KepyrUi CUCTEMHU.

Ipusnauenns inghopmayitinoi niocucmemu i OCHOBHI
sumocu 0o Hei. Indopmamiiina migcucrema ACIITIBP
npu3HavueHa s 300py, 00poOkw, 30epekeHHsS 1 HaJaHHSA
iH(popMallii orepaTUBHOMY mepcoHaly o00'ekta i 00'€eKTOBOT
MOXKE)KHOT YaCTHMHU NP0 CTAaH TEXHOJOTIYHOTO YCTAaTKyBaHHS,
KOHTPOJIb MapaMeTpiB, L0 XapaKTePU3yIOTh MPOTUIIOKEKHHH 1
NPOTHUBHOYXOBUI CTaH 00'€KTa.

[ndopmarniiina migcucrema BUKOHYE HACTYITHI (PyHKITIT:

— 30ip  iHdopmamii TPO  CTaH  TEXHOJOTIYHOTO
ycTaTKyBaHHs 00'€KTa, KOHTPOJIb HOTO MapaMeTpiB;

— 301p iHdopmMariii mpo cran TexHigyHux 3aco6is ACIIIIBP,
il aHamoro-uQpoBe MNEPEeTBOPEHHS, MEPEBIPKY BIPOTiAHOCTI,
3aXHUCT BiJ MEPEIIKOo]] 1 MaTeMaTU4YHY 00pOOKY;

— aHalli3 4acOBUX 3MiH MapaMmeTpiB Uil KOHTPOIIO CTaHy
M0’KEXKO0BHOYX00€3ME€UHOCT]1 TEXHOJIOTIYHOTO YCTaTKYBaHHS;

— HAaKONM4YeHHS 1 30epexxeHHs iHpopmamii a8 i
MOJTANTBIIIOTO BUKOPUCTAHHS;

— aBTOMAaTW4yHy a00  aBTOMAaTU30BaHy  JIaTHOCTHKY
¢yukuionyBanns KT3 ACIIIBP;

— 3axuCcT 1H(OpMalii BiJ NepeKpydyBaHb IPH PI3HUX
HECAHKI[IOHOBAaHUX BIUTMBAaX Ha IMIJCHCTEMY, BKIIOYAIOUU
3HUKHEHHS 1 BI/IHOBJICHHS )KUBJICHHS;

— (OpMyBaHHS CHUTHANIB MPO BIIXWUJIEHHS IapaMeTpiB
TEXHOJIOTIYHOTO YCTaTKyBaHHS BiJ] YCTaBOK;
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— 3a0e3meyeHHs  LUKII4HOCTI  300py  iHQopmamii 3
MOXJIMBICTIO 3MIHM Yacy ITUKITY y MIEBHUX 1HTEpBaIax, BEIMUNHA
SKHX 3QJIEKHUTh BiJl pEKUMY POOOTH IiJCUCTEMH;

— MmiAroroBka Ta o00poOka iHdopmamii s HamaHHS
oneparuBHoMy mnepcoHany ACYTII i mumcmeruepy IIPY, ix
OIIOBIILIEHHSI po BUHUKAIOY1 MePEANOKEKHI i
BHOYXOHeOe3MeuHi CUTYyaIlii.

OnepatuBHoMy mnepcoHary ACYTII 1 gucnerdepy (B
ninposait MHC) indopmartist mepenaeTbesi B HACTYITHUX OCHOBHUX
dhopmax:

— Bi3yanbHa iHoOpMalis Ha JAHUCIUIEAX, MpHIIaaax
y3arajJpHEeHOI MHEMOCXeMU i iHpopMmaIiitHux Tabio;

— JOKYMEHTOBaHa iH(popMarlis;

— CaHKLIOHOBaHE peJlaryBaHHs BiJleorpam.

[Ipo BigXWJEHHS KOHTPOJBOBAHHX IMApaMETPiB  Bij
ycTaBok onepatuBHoMy nepcoHany ACYTII mnepenatorbes
3BYKOBI CUTHAJIH 1 Bi3yajbpHa iHpOpMais (Ha Tabno, OJiHKepax,
aucriesx Tomo). Ilpu npoMy KOKeH CUrHaji, 10 HAaIXOAWUTh
(ab0 TOBiIOMJICHHST), TIOBHHEH BIJIPI3HATUCS BiJl CUTHAJIB, IO
paHime OyaM KBUTOBaHI (Ha siKi OyJIM OTpUMaHI MiATBEPIKEHHS
po mnpuiioM KBUTaHLii). TpUBaJICTh CUTHATY BU3HAYAETHCS
4acoM YCYHEHHs MPUYMHU BIIXWIEHHS Napamerpa abo yacoM 10
KBUTOBAHHSA CUTHaJly oOmeparopoM. ['pynoBa curHamizaris
onepatuBHoMy nepcoHany ACVYTII 1 gucneruepy IIPY
3IMCHIOETBECS TaKUM CIIOCOOOM, IIO0 3a0€3IEYUTH IIBUIKHAI
MOIIYK MICLii BUHUKHEHHS aBapifHOI cuTyalii, 10 MPU3BOJUTH
710 TTO’KEX1 41 BUOYXY.

Jlo TexHiuHUMX 3aco0iB iH(opMamiiiHOi miAcucTeMHU
HajexaTh Bcl nepBuHHI neperBopioBaul ACYTII, Hopmyroui
MEepPEeTBOPIOBAYi, PO3MOAUIHPHUKHA CHUTHANIB, OOYUCIIOBAJIbHI
MpPUCTPOi 1 MPUCTPOi po3MOALTYy, 30epekeHHs 1 mepenaul
iHpopMallii, a TaKOX JiHIT 3B'SI3KY.

[Hpopmanis Big NMEpPBUHHHUX MEPETBOPIOBAYIB HAJAXOAUTH
MEPEeBAXHO Y BUIJIAI YHI()IKOBAHUX CUTHAIIIB.

JIyig migBUIIEHHS HaIIHHOCTI 1 BIPOT1THOCT1 OAEPKYBAHOT 1
BUKOPHUCTOBYBaHOI  iHopmauii y ckmagl iHdopmariiHoi
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nincucremu ACIITIBP mepenbagaroThecst 3aco0u amapaTHOI 4d
nporpamMHoi giarHocTuku. [{o i CKiIaay TakoX BXOASTH MPUCTPOT
KHUBIICHHS €JICKTPOCHEPTi€l0 TEpBUHHHUX IepeTBOproBauiB. Jlo
CKJIany 1€l MJACHCTEeMH BXOJATh IMITATOPH CHUTHAIIB 1
MEePeBIpOYHI  MPUCTPOI, IO JO3BOJISIOTH HPOBOJUTH, HE
MopyIIyro4Yr (DyHKIIIOHYBaHHS MiACUCTEMH, TECTOBI MEPEBIPKU
MpaLe3JaTHOCTI OKPeMHUX NPUCTPOIB 1 KaHamiB BUMIpy U
00poOku iH(DOpMaIrii.

Peectpamiss aHanoroBux 1 JUCKPETHHX MapaMeTpiB B
indopmariviniin migcucremi ACIITIBP 3aiiicHioeTbest B cucteMi
€IMHOTO Yacy 3 JO3BUIBHOI CIPOMOXKHICTIO, IO 3aa€ThCH,
BIJIMOBIAHO 0 HACTYIMHUX TEXHIYHUX YMOB:

— IS 1HIIaTUBHUX CHTHAIIB — 10 Mc;

— N1 KOMaHJA JUCTAHIIMHOTO YIPaBIiHHS, CHUTHAIIB
JiKBigamii aBapiiiHOi cUTYyarii, ycTaBOK aBapiiHOi CUTHATI3aIil —
150 mc;

— JJIS CUTHAJIIB TIOJIOKEHHS BHKOHABYMX MEXaHI3MIiB,
yCTaBOK IMoNepeKyBaibHOI curHanizamnii — 0,5 c;

— JUIS aHAJOTOBUX TMapaMETPiB 3 ITUKIOM ONMUTYBAHHS —
2-10c.

Kepyrwoua mincucrema ACIIIIBP. Kepyroua niacucrema
npu3HaueHa nns  cmimbHoro 3 ACYTII aBromaTtu3oBaHOTO
VIOPaBIiHHSA TEXHOJOTIYHUMHM CHUCTEMaMHM 1 TMPUCTPOSIMU B
aBapiiHUX MEePEeANOoKEKHUX 1 BUOYXOHEOE3eUHUX CUTYaIlisX.

Kepyroua nijcucrema BUKOHY€E HACTYIHI OCHOBHI (DYHKIIIT:

— aBTOMATWYHE  yNpaBIiHHSA  YCTaTKyBaHHAM  JJis
peamizamii KoMmaHja JIKBiAaIii aBapiiiHOl  cuTyallii, 110
MPU3BOAUTH 0 TTOKEXK1 UM BUOYXY:

— 1H(pOpMyBaHHS oOIeparopa MiACUCTEMU 1 TEPCOHATY
ACYTII mpo HeclpaBHOCTI TEXHIYHUX 3ac001B;

— aBTOJIIarHOCTHKA;

— KOHTPOJIb Ta iHPOPMYBaHHSI orepaTopa MiJACUCTEMH PO
HECIPAaBHOCTI TEXHIYHHUX 3aCO01B MiJICUCTEMHU:

— aBTOMATWM30BaHWUN BUOIp TporpamMu mik 3 mikBigamii
aBapiHUX NEePeOKEKHUX 1 BUOYXOHEOE3NEUHUX PEKUMIB;

— KOHTPOJIb 32 BUKOHAHHSM TIPOTrpaM yIpaBIiHHS;
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— (OpMyBaHHS CUTHAJIB MPHUCTPOSM IPEBEHTUBHOTO
3aXUCTY BiJ] TIOKEXK 1 BUOYXIB;

— peamizallis IPIOPUTETIB MPH OJHOYACHOMY BHHUKHEHHI
PI3HUX KOMaH/I YIPaBIiHHS;

— nemmdpyBaHHS KOMaHJA y BHUNAIKY 3aCTOCYBaHHS
BHOIpPKOBOTO YIIPABIIIHHS;

— (opMyBaHHS CUTHAJIB MPO CTaH MPUCTPOIB 3 JKBigamii
aBapiiHUX TEPEANOKEKHUX 1 BAOYXOHEOC3TIEUHNX PEKHUMIB;

— peaiizaiis aBTOMaTHYHOTO BKJIIOUCHHS PE3EPBHUX
MEXaHI3MIB y BUIIAJIKy BI]MOBIICHHSI OCHOBHOT'O YCTaTKyBaHHS.

IIpu  aBTOMAaTMYHOMY  YIpaBIiHHI  Tepea0avYaeThCS
MOJKJIUBICTh BUKOHAHHA K ycCi€i mporpamu, Tak i ii 4aCTHHH,
3anmanoi oneparopom ACYTII i mucnieruepom [TPY.

Y BuUMNaaKy BTpaTH KUBJCHHS 1 MOro HACTYMHOTO
BiJIHOBJICHHSI TOMIJIKOBI KOMaH/I¥M YIIPABIIiHHS HE BUIAIOTHCSL.

Y miacucreMi nependavaroThCs amapaTHi 1 HporpamHi
3aco0u, 110 3a0€3MeUyI0Th aJanTalilo XapaKTePUCTUK OKPEMHX
KOHTYpiB pEryjloBaHHS JIO BIACTHUBOCTEH TEXHOJIOTIYHOTO
YCTaTKyBaHHS 00'€KTa, 110 3MIHIOIOTHCS.

Y migcucremi nepenbaydaroThCsi  3acO0M  3B'A3KY 3
onepaTuBHUM nepcoHasioM (oneparopom ACYTIL, nucneruepom
ITPY).

JUis KOHTYypiB, LIO MpAaIllOIOTh y PEeXHMI OYIKYBaHHS
(ueproBoMy pexumi), MPOPOOISIFOTHCS YMOBH BKJIIOYEHHS B
aKTUBHY pOOOTY 1 3a0e3eueHHs O0e3MOITOBXOBOTO BKIIOUEHHS.

OxpeMi KOHTYpHU peryitoBaHHS (DYHKIIOHYIOTh y PI3HHUX
pexuMax 1, 3a HEOOXITHOCTI, 3a0e3MeuylioTh pI3HI 3aKOHU
pEryJIIOBaHHS B LIUX PEKUMAX.

Y cucremi mnepenbadaeThCs MOKIUBICTh 3TIMCHEHHS
ONOKyBaHb, 10 3a0€3MeuUylOTh BIAKIIOYEHHS AaBTOMATHUYHHUX
BIJIMBIB Ha KOXXHUM PETyJIOI0UMi MpUCTpid K y Oik "Olnbie",
Tak 1 y Oik "MeHme", a TakoX IPUMYCOBE MEpeMillleHHs
PETyIIoY0oro MPHUCTPOI0 O 3aJaHOTO 3HAYeHHS abo [0
KpaiiHpboro  monoxeHHs. Kpim  Toro, mepenbayaerncs
MOXJIUBICTh ~ JUCTAHIIIMHOIO  YHOPaBIiHHA 1  KOHTPOJIIO
MIOJIOKEHHSI KOXKHOTO PETYJII0I0YO0T0 MPUCTPOIO.
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[lepen0OavaeTbcst ~ KOHTPOJIb  TOJOXKEHHS  KOXKHOTO
PEryJIIOIYOoro MPHUCTPOIO, 1HAMKAIlIS 3aBJaHHS 1 PEryabOBaHOi
BEIMYMHHM, MOXJIMBICTh NEPEKIIOUYEHHS pOAYy poOIT THUIy
"aBTOMAT-TUCTAHIIHHE ympaBiaiHHA" 1, 3a HEoOXigHOCTI,
BUKOHYIOTBCS
HacTynHi (yHKIi: 1HIUKAIIS HEY3roJDKEHOCTI, OOMEKECHH
BUXIIHOTO CUTHAJy, CHTHAJI3allis TMEPEeBUIICHHS 33aJaHOTr0
3HA4YeHHs, YBEACHHS 3aBJaHHs BlJl 1HAMBIIyalbHOIO 3a/1aT4UHKA,
BUJaya iH(opMarii mpo BENWYMHY BXIJHHX CHTHAJIB OKPEMHX
JJAHOK KOHTYPY YIpaBIIiHHS.

Komanau aBTOMAaTHYHOrO YIpPaBIiHHSA 1 pPEryIIOBaHHA
MOXyTh mnepepuBatucs omeparopom ACYTII 1 gucnerdepom
ITPY muisixoM BKITFOUEHHS BiAMOBIIHUX Tporpam. TpuBamicTs mii
KOMaH/{ TMCTaHLIHHOIO YIPaBIiHHS NOBUHHA OyTH OCTaTHHOIO
JUIS  3aBEPIICHHS OTmepailii JKBijaIii MepearokeKHol un
BUOyxoHeOe3nmeyHoi  cuTyamii. Y  cXemax  yHpaBIiHHSA
MPUCTPOSIMH JTIKBiAallii aBapifHUX CHUTYyalliil nepeadadaroThes:
HEOOXITHUM 3aXMCT BiJ KOPOTKMX 3aMHUKaHb, NEPEBaHTAXKEHb,
MiHIMaJIbHOT HANPYTH ¥ 1HIIKX HeOe3MmeyHnX (akTopiB, a TAKOK
MOCTIHUI KOHTPOJIb HAIBHOCTI KHUBHJIBHOI HANPYTH.

[Ipuctpoi mikBimamii aBapiHUX MEPEANOKESKHUX 1
BUOYXOHEOE3MEeYHUX  pPEeXHUMIB  aBTOMATUYHO  BUKOHYIOTh
oreparlii ynpasJiHHS TEXHOJOTIYHUM YCTaTKyBaHHSAM 00'€kTa 3
METOI0 BUKIIIOYEHHsI HOro YIIKOJDKEHHS, 3aXHUCTy MEpCOHANy i
3anobiraHHs po3BUTKY aBapii. CpalbOByBaHHS IIUX MPUCTPOIB
CYHPOBOJUKYETbCS ~ BUJAHHSAM  ONEpPaTMBHOMY  I€pPCOHAIY
ACYTII 1 gucneruepy I[IPY indopmanii npo nepmonpuyuHH,
1110 BUKJIMKAJH 1X CIpalibOByBaHHS.

3a HEoOXITHOCTI TepeadavacThCsi MOMIIHUBICTH PYyYHOTO
MPUBEACHHS B  JIII0 TMPUCTPOIB  JiKBijamii  aBapiHUX
MEePeNoKEeKHUX 1 BUOyXoHeOe3neuHux pexumis. [Ipu npomy
YIIKOJDKEHHS B JIAHII031 aBTOMAaTMYHOTO BIUIMBY HE MOBHUHHO
MEPEIIKO/DKATH PYYHOMY BIUIMBY 1 3JIHCHEHHIO 3aXHCHUX
¢bynkuid. Jnsg mpuBENSHHS 3aXUCTY B [0 BPYYHY IMOBHHHO
OyTH JOCTATHIM BKJIFOUYEHHSI €TMHOTO TIPUCTPOIO.

v nigcucremi nepeadayaeThes MOJKJIMBICTb
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CaHKI[IOHOBAHOTO  KOHTPOJIO 1 KOPEKTYBaHHS  YCTaBOK.
[lincucremMa TIPOEGKTYETHCS TaKUM YUHOM, 1100 OyIb-sKe
OJMHUYHE BIIMOBJICHHS, 10 BHHUKAE MPU BUXIAHIA MPOEKTHIN
nmoxii (y TOMY YHMCHi: BIIMOBJICHHS 3 3arajibHOI NMPUYUHU), HE
MEPEIIKO/PKAI0 TMPaBHIBHOMY (YHKIIOHYBaHHIO CHUCTEMH B
[UJIOMY 1 BUKOHAHHIO HEIO JIKBIAAIIWHUX (PYHKIIHA y TTOBHOMY
o0cs13i.

1.3 ABTOMaTH30BaHA cucreMa
MOKeKOBHUOYX03aXUCTY

[ToxxexoBrOyX03axucT 3a0e3MeuyeTbCss 3aCTOCYBaHHSIM
3ac001B IOXKEKOTACIHHS, MMOXKEKHOI CHTHAJII3alll, JoKai3alii 1
MPUAYIIEHHS. BUOYXiB, IPOTUAUMHOIO 3aXHCTy, OMOBIIICHHS U
eBaKyallii JIIoeH, iX 3aXUCTy Bil HeOe3MeuHnX (HaKTOPIB MOXKEK
1 BUOYXiB, CTBOPEHHSM  NPOTHUIOXKEKHHX  HEPEUIKO,
eBaKyal[iiHMX [UISIXiB 1 BUXOMIB, MOMIIOM OyIWHKIB Ha
MIPOTUIIOKEKHI1 CeKIIii 3a 03HAKOIO PO3XOKEHHS
3aCTOCOBYBAaHUX 3acO0IB IOJKEKOTACIHHS, a TaKOX 3 METOIO
0OMeKEeHHSI TOIIMPEHHS MOXKeX TOIIIO.

VY 3a0e3neueHH] MOKEXKOBUOYX03aXHUCTy 00'€KTa BAKIUBY
poNib BiAirpa€ BUKOPHUCTAHHS AaBTOMATHKW JUJISl BUSBICHHS 1
MPUAYIIEHHS BHOYXiB, 711 MPOTUIMMHOIO 3aXUCTy 1 BUKOHAHHS
pAdy IHIIMX omepariil.

OfHak HamIHHICTE MOKEKHOI aBTOMATHKHA Ha ChLOTOIHI
3aJIMIAE  CrojiBatucs Kpamioro. [lifBHUIIEHHS HAIIHHOCTI
MOXKEKHOI aBTOMATHKM BUMAarae He TIIbKU pe3epBYBaHHS
MPUCTPOiB, @ ¥ MOCTIHHOTO aBTOMATHU30BAHOTO KOHTPOJIO iX
TOTOBHOCTI JI0 (YHKIIIOHYBaHHS.

ACIIB3 € iH(popMaLiifHO-yIIPaBIIHCHKOIO  YaCTUHOIO
CHCTEMH  TOXXEXKOBHOYXO03aXMCTy 1  HpHU3HAYeHa  JJIs
aBTOMATHU30BAHOTO W AaBTOMAaTHMYHOIO BHMKOHAaHHS (YHKILIH 3
raciHHS MOXKEeX, BUOYX03aXUCTY, AUMOBHUIAICHHS, OMOBIIICHHS
i eBakyarii monei 3 namarounx OyauHkiB. ACIIB3 Bxiouae 1o
CBOro cKkjJany (yHKUiOHaIbHI aBTOoMaTu3oBaHi cuctemu (AC)
HUKYOTO PIBHS:
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— noxexoracinas (ACIIT);

— Bubyxo3axucry (ACB3);

— noxkexxHoi curdamaaitii (ACIIC);

— nportuauMHoro 3axucty (ACIII3);

— ONOBIMICHHS MPO TOXEXKY Ta YIPaBIIHHSI €BaKyalli€lo
(ACOIIYE);

— 3B'I3KY i ONEPAaTUBHOTO YIPABIIHHS MOKEKHOT OXOPOHH
(AC30VYTIIO).

B ACIIB3 npu3HayaioTbcs TpU piBHI  NPIOPHUTETY
(HYHKIIOHATLHUX CUCTEM HUYKYOTO PiBHSL.

Bumuii  mpioputer mpU3HAYAETHCA ~ CUCTeMaM,  fKi
3a0e3Meuyr0Th 3a00iraHHs BEIMKUM MOXKEKaM 1 BHOyXaM.

[Ipioputer mepuioro piBHS NPU3HAYAETHCS MiJCHCTEMaM,
MIPU3HAYCHUM ]IS 3a0e3MeUYeHHs] OC3MeKu MepcoHary o0'ekTa i
0COOOBOTO CKJIaAy IMOXKEKHUX MIAPO3AUIIB, L0 BHUKOHYIOTH
001OBY POOOTY 3 TaCIHHS TTOKEXKI.

[IpioputeTr npyroro piBHsS MPU3HAYAETHCS CHCTEMaM, IO
3a0e3MeuyloTh MOKEKOBUOYX03aXUCT OKpPeMHUX OyIuHKIB i
CHOpyl, BHUXIA 3 Jaay SKAX HE  CYHPOBOJKYETHCS
KatacTpo(iYHUMU HacaigKamu [5].

1.3.1 ABTOMAaTH30BaHA CHCTEMA MOKEeKOTACIHHS

SIkmo Ha 00'€KTI BUHHMKAE IOXKEXKa, TO MOr0o TaciHHS CTa€
TOJIOBHUM 3aBJIaHHSM TIOXKEKHOI OXOPOHH, OCKUIBKH TIOIYM'S,
0e3rnocepeIHbO 3HUILYIOUM BCE JKHMBE 1 MaJbHE, MOPOIXKYeE M
1HIII1 HeOe3MeYH1 (PaKTOPU MOKEXI.

ACII' e iHpopMaLiIHO-YIIPABIIHCHKOI0  YaCTUHOIO
CHCTEMH TOXKEKOTACiHHS 1 MpU3HAUeHa ISl aBTOMAaTH30BaHOTO
i  aBTOMAaTMYHOTO BUKOHAHHSA (YHKIIH 3  ympaBIiHHS
CTAalllOHApHUMH 1 PYXJUBUMH YCTAaHOBKAaMH I10KEKOTACIHHS,
BUOOpPY METOy raciHHs (OJHOYACHE TaciHHS IO BCiH MOBEPXHI
a00 1Mo BChOMY 00’€My TPHUMINICHHS, JOKAJIbHE TTOBEPXHEBE UM
o0'eMHe, KOMOiHOBaHe), BUOOPY BOTHEracHoi pedyoBHHM (BOJa,
aepo30Jb, TiHAa, Ta3, MOPOIIOK, Tapa Ta iH.).

ACIII" Bxomautsh 1o ckiaaxy ACIIBbB oG'ekta sik aBTOHOMHA
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cHcTeMa, peayli3oBaHa Ha €IMHUX 3 HEI0 MPOTrpaMHO-TEXHIYHHX
3aco0ax.

ACHI' € iadopmManiiHO-YNIPABIIHCHKOID  YaCTUHOIO
cuctemu noxxexxoracinus CIIBB o6'exta. CIII' mae iepapxiuny
CTPYKTYpPY 3 TEPUTOPIATBHAM PO30CEPEHKCHHIM TEXHIYHUX
3aco0iB 1 CKJIAIa€ThCS 3 HACTYMHHUX (DYHKITIOHAIBHUX OJIOKIB:

— YCTaHOBKHM aBTOMAaTHYHOT'O TIOXKEKOTACIHHS,

— YCTaHOBKHU aBTOMAaTH30BaHOI'O MOXKEKOTaCIHHSI;

— poOOTHU30BaHUI MPUCTPUI TTOKEKOTACIHHS;

PYUHI IPUCTPOT MOKEKOTACIHHS,

CTalioHapHi JadeTHi CTBOJIH;

— JIOKaJIbH1 PUCTPOT MOKEKOTACIHHS;

— JIAHIIOTH 1 adu YyIpaBIiHHS 1 KOHTPOJIIO;

JaHLIIOTU €JIEKTPOKUBIICHHS YCTaHOBOK
MMOKE)KOTaCiHHS;

— cucTtemMa TpyOONpPOBOJIB 3 BUIIYCKHHMH HacaJKaMH
(3pomryBauammu) Uil TPAHCIIOPTYBAHHS BOTHETACHOI PEYOBHMHU 1
BUITYCKY HOT0 B 00’€M, 1110 3aXUIIA€THCS;

— cucremu 30epexeHHs 1 oJa4ui BOTHETaCHOT peYOBUHH;

— CHCTEMH IPOTPaMHO-JIOTIYHOTO yIIpaBJIiHHS
YCTaHOBKaMH TMOKEKOTACIHHSI.

ABTOMaTH30BaHa CHCT€Ma IIOXKEKOTACiHHS  BHKOHYE
1H(popMalliliH1, yIPaBIIHCHKI Ta TOMOMIXKHI (yHKIIII.

Jo inpopmaniiinux ¢pyukuiid ACIII Hanexars HaCTYIHI:

— 301p 1 00poOka iHpopMallii npo (GyHKIIOHYBAaHHS BY3JIiB
1 6s10kiB cuctemu noxkexxoracinus (CIIT);

— BIJOOpa)keHHs,  peecTpalis 1  JOKYMEHTYBAaHHS
iHpopMmaii mpo GpyHKIIOHYBaHHS BUKOHaBunx MexaHizmis CIIT;

— HaJaHHA 1HpopMalii nepcoHany o0'ekTa 1 JUCHETYEpPy
ITPY npo ¢ynxuionysanns CIII" mpu raciHHi moxexi,

— HajaHHA 1H(QopMalii mnepcoHally 00'eKTa B PEXUMI
HOpMaJIbHOI eKcCIUTyaTamii 1 NpW BUHUKHEHHI IO3aIITaTHUX
cutyariit y CIIT;

— peecTpamis 1 JOKyMEHTyBaHHS iHQopMauii  mpo
HasBHICTh TIEPBUHHUX 3acO0IB 1 CHEMiai30BaHUX MOOUTBHUX
3ac001B MOXKEXKOTraciHHs (POOOTU30BAHUX KOMILIEKCIB);
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— BUjaya HeoOximHoi iHpopmamii mpo cran CIII' 3a
3aMuTaMu JJi POTHO3Y 1 yXBaJIeHHS PIlLIEHHS;

— iH(opmaniliHe 3a0e3medeHHs MepcoHany 3a J0IOMOTO0
"mporpamu-nopagHuka';

— oOMiH iH(oOpMaIi€r0 3 IHIIUMUH aBTOMATH30BAHUMU
cucTeMaMu, 110 BxoAsaTh a0 ckiany ACIIBB o6'ekra;

— nepenava iHdopmamii B ACYTII, wmickki ¥ iHIm
o0'ekToBi cuctemu 1 cuyx6bu Oesnmeku (ACY aBapiifHO-
PATYBAUIBHUMH TiApo3ainaMu MicTta; Mickkuid mrad ['OYC;
MiChKa IOJIIis; CHCTEMH OXOPOHHU 00'€KTa, OOMEKECHHS JOCTYITY
Ha 00'eKT Ta iH.);

— HaJaHHsA HeoOXimHoi iH(opMalii Ha 3amuTH KepiBHUKA
TaCiHHSI ITOXKEKI.

Jo ynpasiincekux Qynkuiit ACIII Hanexxats HaCTyIHi:

— ¢opMyBaHHS ~ KOMaH]|  YIOpAaBIiHHA  BUKOHABYUMHU
MeXaHi3MaMU CUCTEMH MOKeKOTaCiHHS;

— 3aIlyCK OKPEMHX BUKOHABYHMX MEXaHI3MIB 1 JIOKaJTbHHUX
MIPUCTPOIB MOKEKOTACIHHA Y MOBITPOBOAAX;

— ¢opMyBaHHS  KOMAaHJl YIpPABIIHHS  CHEIiaJIbHUMUA
MepPEeCYBHUMHU YCTAHOBKAMU TOKEKOTaCiHHS;

— (¢opMyBaHHS KOMaHJ YIpPaBJiHHA POOOTU30BAHUMHU 1
JIOKaJIbHUMHU YCTaHOBKAaMH MOKEKOTaCiHHSI.

o nonomixxkuux ¢yskiit ACIII HanexaTh HaCTyMHI:

— JIIarHOCTHKA KT3 aBTOMAaTHYHHX YCTaHOBOK
IMOKE>KOTaCIHHS,

— JIIarHOCTHKA KT3 JIOKaJIbHUX MIPUCTPOIB
IMOKEKOTaCIHHS,

— JIarHOCTHKA KT3 POOOTU30BaHUX IIPUCTPOIB
TTOKEKOTaCiHHS;

— nmiarHoctuka KT3  cramioHapHO  BCTaHOBJIFOBAHUX
nadeTHUX CTBOJIB;

— 3MiHa porpamu yIIpaBIiHHS BUKOHABUUMH
MeXaH13MaMH MOXKEKOTaCIHHS.

OCHOBHiI BUMOTH 10 CHCTeMH Noxkexoracinusa. Cucrema
noxexoracigis (CIII)) mnoBuHHa ¢yHKIIOHYBaTH B  YyCiX
pexxumax poboTu 00'ekTa, BKIIOYAOUM aBapiiiHi (X 10
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MaKCHUMaJIbHOI PO3paxyHKOBOI aBapii).

CIII' mnmoBmHHa  30epiratu  Mpane3daTHICTH  MPH
MaKCUMAaJIbHOMY PO3paXyHKOBOMY 3€MJIETPYCI 1 MiCIsl HBOTO.

CIII' moBuHHa OyTH OCHAIEHA €JIEMEHTaMH KOHTPOJIIO
CIpalbOBYBaHHS BUKOHABYMX MEXaHI3MiB.

CrnoHykanpHa cHucTeMa (CHCTeMa ITyCKYy) peali3yeThCs,
BUXOJISTYM 3 HEOOXITHOI MBUIKOMII YCTAHOBOK MOMXEKOTACIHHS.
Jlnst mpuMmineHb, 1m0 He € BHOYXOHEOE3NMEUYHHMH, JOLUIBHO
3aCTOCOBYBAaTH  CHCTEMY  €JIEKTPOIyCKY 3  JIMMOBHUMH
CHOBINTyBa4aMH ab0 CIOBINTyBa4aMH OJIYM s.

Bun BorHeracHoi peduoBUHU (BOJa, IMiHA, Ta3, MOPOIIOK Ta
1H.) 11  KOHKPETHUX TMPUMIIMIEHh 1  TEXHOJIOTIYHOTO
YCTaTKyBaHHS
o0'ekta moBHHEH OyTH  OOIPYHTOBaHMH  TEXHOJIOTaMU
po3poonmka ACIIBB 3a y3romkeHHsM i3 3aMOBHUKOM.

[IpoekTHi TOKa3HUKHU HAAIMHOCTI PO3PAXOBYIOTHCA 3
ypaxyBaHHSIM BUMOT TIPIOPUTETY 3 PE3EPBYBAHHS YCTATKyBAaHHS
MOXKEXKOTACiHHs. 3a0e3MeuyeThCsl Pe3epPBYBaHHS BCIX OCHOBHHX
enemenTiB CIII'. Bubip metony racinss (JoKalbHUN, 00'€MHHUIA,
KOMOIHOBaHMI) TPOBOAUTHCS 3  ypaxyBaHHAM BHAY 1
XapaKTePUCTUK TEXHOJOrIYHOIO YCTaTKyBaHHS, OCOOJMBOCTEH
00'eMHO-TIJTAaHYBaJIbHUX PIIIEHb NMPUMILEHb, 110 3aXUIIAI0THCH,
HAsSBHOCTI 1 XapakTepy MOIIMPEHHsS] KOHBEKTUBHUX TIOTOKIB Ta
1H.

Jlns  mpuMimieHb 3 HasABHICTIO 1mad)  €JIEKTPOHHOTO
yCTaTKyBaHHs Nepea0ayaeThesl 1Moj1a4a BOTHETraCHOI pEYOBHHU B
00’eM TIpUMIIIEHHSA, B 00’eMH BCiX 1mad 1 B KaOEIbHI MM,
ladu nouiTbHO 3axXMUIaTH 3a JIOHNOMOIOK MajorabapuTHHX
MOJYJIBHUX aBTOMAaTUYHUX cucTeM mnosxkexoracinus (ACIID), ski
pO3TalIOBYIOThCA ~ Oe3mocepeHbo Ot CTiIHOK — mad i
3a0e3neuyloTh MoJauy BOIHETacHOI PEYOBMHM Yy JIBI CYMIDXKHI
madu. Bigkpuri madu gouinbHo 3axumary mumu ok ACIID 3
MOJIa4€l0  BOTHEracHOi  peuoBMHM dYepe3 nephopoBaHUi
TpyOoIpoBiA (1o nepumMeTpy madu).

TpuBamicTh BHITYCKY BOTHETracHOi PEYOBHHM JIOIIBHO
BU3HAUaTU AUQEpeHIiioBaHO 3aleXHO BiJl TNpPHU3HAYEHHS 1
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CTYNEHs MOXeKHOI HeOe3MeK: NMPUMIIEHb, 10 3aXHIIAITHC, 3
KOHTPOJIEM TIPOTIKAHHS IPOIECY TaCiHHS CHUCTEMOIO TOXKEKHOT
cUrHaJi3arii.

Jlnss  BUNYCKY  BOTHETAaCHOI  PEYOBMHH B 00’eM
MPUMIIIEHHS, 10 3aXUIIAETHCS, 3aCTOCOBYIOTHCS JBOCTPYMIHHI
HACaJK¥, JJs JIOKaJbHOTO 3aXUCTy mmad eJIeKTPOHHOIrO
YCTaTKyBaHHS — YOTHPHOXCTPYMIHHI HACAIKH.

st YCTaHOBOK ra3oBOro MOYKEKOTACIHHS 3
€JIEKTPOIYCKOM  Tepe0ayaeTbcsi aBTOMATHYHE BKIIIOUEHHS
ITyCKOBHUX MIPUCTPOIB (3amipHO-TTyCKOBHX TOJIOBOK,
PO3MOAUTFHUX MPHUCTPOIB MO HANMPSAMKAX, MI0 3aXHUINAIOTHCS). 3
METOI0 BUKJIIOYEHHSI IMOMIJIKOBHX CIpPallbOBYBaHb YCTaHOBOK
ra3oBOro MOXEKOTAaciHHA MNpU CTPUOKAX HAMpyrd B JAHIIO31
KUBJICHHS Yy  CXeMi  EJIEeKTPONyCKy  IependavyaeThes
BUKOPHUCTAHHS CTa01/1i3aTOPiB HAMIPYTH.

OyYHKIIOHYBaHHS CUCTEMH TOXKEXKOTACIHHS 31HCHIOETHCS
aBTOMATHUYHO 34 CHUTHAJAMH CHUCTEMH  CHUrHaizamii i
aBTOMATH30BAaHO 32 KOMaHAaMH NIEPCOHAy 00'eKTa.

B ACIII" nepenbayaeTbcsi MPEeBEHTUBHE 3aIIPOBAKEHHS B
IiI0 BUKOHABYMX MEXaHI3MIB 3a MPOTHO3aMH ONEPaTHBHOI
00CTaHOBKHU CHUCTEMOIO MOKEKHOI CUTHAII3aIlli.

3HIKEHHS qucia TTOMIJTKOBHX CIpalbOBYBaHb
BUKOHABUMX MEXaHI3MIB JOCATAETbCA 3a PAaxXyHOK cTabimizamii
KUBWJIBHUX HAMpPYr Ta WiABUIICHHS IEPEIIKOI03aXHUIIECHOCTI
MIPUCTPOIB YIPABIiHHS.

ITigBunenus MBUAKOMII  BUKOHABUMUX MEXaHI3MiB
JOCATAEThCSI 32 PAXYHOK 3HIKEHHS OINEPaTHBHOTO 4acy
0o0poOku, mepemaul iHpopMalii 1 TMIABUIIEHHS MBUAKOMAIT
MEXaHI3MiB.

Cucrema moOXeXOraciHHSI TMOBMHHA 30epiraTu 4YacTKOBY

MpaLe3IaTHICTh JUTS 3a0e3neueHHs MOXEKOTaCIHHSA
YCTaTKyBaHHSI, BAXKJIMBOTO /17151 6€31eKn 00'€KTa, IPH MOBHOMY ii
3HECTPYMJICHHI.

Cucrema MOXKEKOTaCIHHS ITOBUHHA 30epiratu

Mpane3aTHICTh B aBapiHUX peXUMaxX, aX OO0 MaKCHUMalbHOI
po3paxyHKOBOi aBapii. BukonaB4i MexaHi3Mu MOBHUHHI 30epiratu
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Mpamne3fgaTHiCTh  MpPH  MaKCHMalbHOMY  PO3PaxyHKOBOMY

3eMIIeTpYCi.

3aco0M MOXKEXOTaciHHA Ta €JIEMEHTH IX BKIIOYEHHS
3a0€e3MeYyI0ThCs JATYNKAMH cUTHaJi3aIil po ix
CHpaHBOByBaHHSI.

PoGotm3oBani mpuCTpoi TMOXKEKOTACIHHS  BKIIFOYAIOTh
pyxiuBi nadeTHi yCTAaHOBKH 1 PYyXJIMBI pPOOOTH-PO3BIIHUKH,
KEepoBaH1 SIK aBTOHOMHO, TaK 1 3a KOMaHJaMM oleparopa 3
MyJbTa, 10 BXOJIUTH JI0 CKJIAy IBOTO MPUCTPOIO.

CraiioHapHO BCTaHOBJIEHI JIaQeTHI CTBOJM MPAIIOIOTh Y
JIBOX PEXHMMax: CAMOHABECHHS B/l JATYUKIB, 110 BKIIOYAIOTHCS
3a
KOMaHIaMH BiJ CHCTEMHU CHUTHAaJII3aMii, IKi JO3BOJISIOTE 3aaBaTH
TPAEKTOPIIO PYXY CTBOJIA, 1 YIPABIiHHS OIEPATOPOM.

JlokanpHi mpUCTpoi mokexoraciHHs. JIokanbHI MPUCTPOi
MTO’KEXKOTACIHHS IMiIPO3AUISIIOTHCS Ha:

— TMPHUCTPOi TacCiHHA TEXHOJOTIYHOTO YCTaTKyBaHHS 3
BOTHETaCHUMM pEYOBUHAMU — JpIOHOpO3INMIIEHA BOJA, IiHA,
MOPOIIOK;

— TpUCTpOi TaciHHA TepMEeTU30BaHUX CTiflok 1 mad
EIIEKTPOTEXHIYHOTO ¥  €JIeKTPOHHOTO  YCTaTKyBaHHA 3
BOTHETaCHUMM PEYOBMHAMH — IHEPTHUH Ta3, CyMilli-iHT10iTOpH,
MTOPOIIIOK.

Crniocobu mojadi BOTHEracHOi peYOBMHHU IPHU JOKATbHOMY
raciHHl BHW3HAYaIOThCS Ha CTafll TEXHIYHOTO IPOEKTYBaHHS
3 ypaxyBaHHSIM TEXHIYHHX 1 TEXHOJOTIYHHX OCOOJIMBOCTEMH,
3aCTOCOBYBAaHUX METO/IIB.

JIokaspH1 IpUCTPOT MOXKEKOTraCiHHS BKIIIOYAIOTH MIagu, 110
CaMOTEPMETHU3YIOThCSI 1 CaMOI30JIIOIOTHCS, 3a  IMiJIBUIICHHS
BHYTpIIHBOI TemmiepaTypu. Lli mpucTpoi moBuHHI QyHKIIOHYBaTH
B peKUMax: aBTOMaTHYHOMY, ABTOMAaTHU30BaHOMY,
JTUCTaHIIfHOMY 1 3a wMicueM. B okpemMux Bumaakax st
YIPaBIiHHS JIOKAJbHUMU TPUCTPOSMHU TOMXKEKOTACIHHS MOBUHHI
OyTy CTBOpEHI JOATKOBI JiHI1 3B'SI3KY.

JlokanpHl TPHUCTPOT TIOXKEKOTACIHHS CHCTEM BEHTHIIAINT
(GYHKLIOHYIOTh Yy JABOX pEXUMax: B aBTOHOMHOMY (3a

29



CHPallbOBYBAHHSIM CIICHIaTbHUX JATYHUKIB) 1 aBTOMAaTH30BAHOMY
(3a xomangmamu omeparopa ACII[T 1 curHamamm cucTeMu
MOXKEKHOI CUTHAII3aIIIT).

Sk BOTHETacHa pevoBHHA npu JIOKAJIbHOMY
MOKEXKOTACIHHI Y MOBITPONPOBOAAX MOXYTh OyTH BHKOPHCTaHi
mapa, Ieperpita Boja, IHepTHHUM Ta3, miHa. CrmocoOu momadvi
BOTHETaCHOI PEYOBMHHM TPU JIOKAJHLHOMY IIOXKEXKOTAaCiHHI Y
MOBITPONIPOBOAAX  BHU3HAYAIOThCA Ha  CTaAll  TEXHIYHOTO
npoektyBanHs CIIBB.

v JIOKQJIbHUX MPUCTPOSIX MOKEXKOTaCIHHS y
MOBITPOIIPOBO/IAX ~ MOPSJA 3  BOTHETAaCHOIO  PEUYOBHHOIO
3aCTOCOBYIOTHCS KepoBaHi BOTHECTIHKI 3aCTIHKH.
CrpanbOoBYBaHHS IIMX 3aClIHOK TOBUHHO MPOBOJMUTHCS a00
aBTOMATHUYHO 3a MiABHUILEHHS TeMIepaTypu, abo 3a KOMaHAaMu
orepatopa ACIII i curHaIaM¥ CHCTEMU TIOXKEKHOT CUTHATI3aIlii.

JlokanbHi TPUCTPOi MOMXKEKOTACIHHS CHUCTEM BEHTUIIALIT
MalOTh y CBOEMY CKJIaJi 3acO0M BHSBICHHS IOXEXKi, 00pOOKH
iH(popMallii, MPUAHATTS PIlICHb 1 MOKEXKOTaCiHHS. YTIpaBIiHHSA
3acIiHKAMH MPOBOIUTHCS KOHTPOJIEPAMH, PO3TANIOBYBAHHMH B
MPUMIIIEHHSX 3 PO3BUHYTOI0 MEPEKEI0 MOBITPOIIPOBO/IIB.

VYcTaHOBKa aBTOMAaTUYHUX 3aCIIHOK JIOMYCKAETHCS TUIBKU
B TUX MICISX, JIe IIe He CyNepeuynTh (PYHKIIOHYBAaHHIO CHCTEMHU
MPOTUANMHOTO 3aXHCTY.

Texniuni 3acobu AKTHUBHOTO MOKEKOTaCiHHS
CTBOPIOIOThCS Ha 0a3l YCTAaHOBOK Ta30BOTO, IOPOIIKOBOTO,
BOASIHOTO 1 TMIHHOTO TIOXeXoraciHHs. Bwua BoraeracHoi
pEUYOBMHU TMOBMHEH OyTH OOIpYHTOBaHMH TEXHOJIOraMH
3aMOBHHUKA BIAMOBITHO 0 O(IIifHIX JOBIIKOBHX JaHUX.

['pyma mnpumimieHb, MO 3aXUIIAOTHCS, 33 CTYICHEM
HeOe3MeKH PO3BUTKY TMOXKEXKI BU3HAYAETHCA BIAMOBIIHO 10
HOPMATHUBHUX JIOKYMEHTIB.

BoasHe mokexoraciHHs B KaOeIbHUX MPUMIMICHHSIX
(HamiBHoBepxax) 3A1MCHIOETHCS 3pOIIyBayaMHU, IO yYTBOPIOIOTH
CTpyMeHI 3 JiamMeTpoM Kpameiab He Ourbme 100 Mxwm.
KoMmmnonyBaHHS 1 KUIBKICTh 3pOllTyBayiB NOBHHHI 3a0e3meuyBaTu
e(EeKTUBHUIN 3aXUCT MPUMIIICHHS.
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Jlokamizamisi TOXEXI B TPHUMIMIEHHSIX 3IIHCHIOETHCS
3aCTOCYBaHHSIM 3aCJIiHOK, a y MOBITPOIPOBOAX BEHTHIISAIIHHUAX
CHCTEM — 3aCJIIHOK 1 KJIalIaHiB.

lacinag moxexi B KaOeIbHMX KOpoOax  JOIUIBHO
3MIACHIOBATH CNA00AKTUBHUMU YW 1HEPTHMMH ra3zamu (as3or,
HEOH, apToH).

Jis  TpUAyImICHHS OCEpPEeAKy TOXEXKI B CHIOBHX
TpancopmaTopax  JOIUIBHO BHKOPHUCTOBYBAaTH  IMITYJIbCHI
CTAIllOHApPHI yCTAaHOBKM TIOPOIIKOBOTO TIOXKEKOTACIHHS 3
aBTOMATUYHUM, IUCTAHLIMHUM 1 3a MiCLIeM pO3TallyBaHHs
MIPUBO/IIB YIIPaBIiHHSM, a SIK IOJAaTKOBUH 3axij
BUKOPUCTOBYBAaTH CyXOTpyOHM 3 YCTAaHOBJICHMMHM Ha HHX
pO3MWIOBAYaMU  JUTSI  TIAKITIOYCHHS IEePECYBHOI  IMOXKEKHOT
ABTOTEXHIKH.

JIJIs IpUAYIIEHHST OCEPEKIB MOXKEXK Y IUTAX YIPaBIiHHS
1 MPUMIIICHHSIX 3 EJNEeKTPOHHOI0 i EeNEKTPUYHOI0 amapaTyporo
JOLIUTFHO BHKOPUCTOBYBAaTH MOJYJbHI YCTAHOBKH JIOKQJIHHOTO
ra30BOro MOXKEKOTACIHHSI.

[Inoma npns BU3HAYEHHS BUTPATH BOAM ab0 PpO3UYHHY
MIHOYTBOPIOBaYa, IO 3aXWINAEThCSI OJHUM 3pOIIyBaueM, 1
BIJICTaHb MK 3polllyBauaMu NoBHMHHI Binnosigatu JIBH B.2.5-
56-2014. BumMoraMm mbOro ITOKYMEHTa MOBHUHHI 3a/I0BOJIHSTU
MiHIMaJbHa BUTpaTa BOTHETACHOI PEYOBHHH, PO3PaXyHKOBA
TPUBAJICTh POOOTH YCTAaHOBOK IOKEKOTaCiHHS, MOBUHEH OyTH
BIJIMOBIHAI 3arac BOTHETACHOI PEYOBHHH, BOJIOTIOCTAYAHHS
YCTAaHOBOK BOJSIHOTO 1 TIHHOTO TMOXEKOTaciHHS, BY3IHU
yIOpaBiHHA (KJIalaHu, eNEeKTPO3aJABIKKU 1 MPUCTPOI PYyUHOTO
MycKy — JUCTaHIIMHI 1 3a MICIIeM pO3TallyBaHHS HAacOCIB),
TpyOOmpoOBOIH 1 3amipHa apmatypa [5].

1.3.2 ABTOMaTH30BaHa cMCTeMa BUOYX03aXUCTy

[IpoBeneHHs MPOGITaAKTUYHUX 3aXOIB MIOAO 3aMmo0iraHHs
BUOyXaM Tra3o-, mapo- 1 MUJIOMOBITPSHUX cyMimed (11 BUOyXH
HA3MBAIOTh TAKOX "BHOYXOBUM TOPIHHAM') HE JO3BOJISE IILIIKOM
BUKIIIOUNTH  HeOe3NMeKy BUHUKHEHHS LUX BHOYXIB Yy
TEXHOJIOTIYHOMY YCTaTKyBaHHI 1 BHPOOHHUYMX MPHUMIIIEHHSIX
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(Haifyacrime  yHachmiok  BHOYXiB Yy  TEXHOJOTIYHOMY
oOnagHaHHl), 10 BUKIWKAE HEOOXITHICTh 3aCTOCYBaHHS
akTUBHHX cucteM BuOyxozaxucrty (CB3). Takumu CB3 e
CUCTEMHU JIOKami3amii 1 MpuaylnieHHs BUOYXiB, 0 0a3ylOThCs HA
MBUAKIA peecTparii BUCOKOYYTIMBUMHU JATYUKAMHU OCEPE/IKiB
BUOYXOBOT'O TOPIHHS B IIOYaTKOBUH MOMEHT iX BUHUKHEHHS, SIK1
HEe € He0e3MeuyHUMH [UId JIIOAeW 1 YCTaTKyBaHHSA, IO
3HAaXOAATbCA YCEpeAMHI HNpPUMIIIEHb, Jieé BHHUKIO BHOYXOBE
TOpiHHA, 1 HACTYTHOMY BIUTMBI Ha IIi OCEPEIKH, 3 METOI0 iX
JIOKaji3amii 1 IpUIyIIeHHsS BUOYXIB.

Jlokanizarist BUOYXiB y cepeliHi TEXHOJIOTIYHHUX anapaTiB
3MIACHIOETBCA IIJISIXOM  iX TNPUMYCOBOI po3repmerusamii 1
CKUJAHHS HAJIMIIKOBOTO THCKY, BIJICIKaHHS TONyM's B
TPAHCIOPTHUX KOMYHIKAI[ISX, a TaKoX OJOKYBaHHS aBapiiHUX
araparis.

[Ipunymenns  BUOyXOBOro TOpiHHA y  CepeluHi
TEXHOJIOTIYHMX amapaTiB 1 B MNPUMIMIEHHIX 3A1HCHIOETHCS
BHUCOKOUIBHJIKICHUM DPO3IMUJIEHHSIM BOTHETaCHOi PEYOBHHH, SKA
3alOBHIOE Bech 00’e€M amapara, IO 3aXUIIAEThCs, abo
NPUMILICHHS 1 HEUTpasi3ye MBUIKONATIAI0UY CYMII.

Cucrema BHOYX03aXHCTy Ma€ 1€papxidyHy CTPYKTYpy 3
TEPUTOPIAIBHUM  PO30CEPEDKEHHSAM TEXHIYHUX 3aco0iB 1
CKJIQ/Ia€ThCS 3 HACTYNHUX (PYHKIIIOHAIBHUX OJIOKIB:

— MPUCTPOI0 pO3repMeTu3allii, BiJCIKaHHA TMOJyM's 1
0JIOKyBaHHS aBap1iHOTO TEXHOJIOTTYHOTO YCTATKYBAHHS,

— TPUCTPOIO MPUIYLICHHS BUOYXIB;

— CHCTEMH CHUTHATI3aIll] 1 KOHTPOJIIO;

— CHCTEeMHM TpPYOONpOBOJIB 3 BHMIYCKHHUMH HacajKaMH
(po3mmTroBa4aMm) TSk TPAHCIIOPTYBAHHS BOTHETACHOT PEYOBUHU
1 BUITYCKY HOTO B 00’ €M, 1110 3aXHUILAETHCS;

— cUCTeMHU 30epekeHHs 1 Mo/laui BOTHEracHO pEYOBUHU;

— CHCTEMH YNpPaBIiHHA HOPUCTPOSIMM  JIOKaji3amii 1
MPUAYIIEHHS BUOYXIB.

ACB3 € iHdopMaIiiiHO-yIpaBIiHCHKOI0  YaCTUHOIO
cCHCTeMH BHOYX03aXHUCTY 1 MIpU3HAYCHA [T aBTOMAaTH30BAaHOTO I
aBTOMaTMYHOI'O YIPABIIHHA KOMIUIEKCOM TEXHIYHUX 3aco0iB

32



Jokamizamii 1 mOpuaylieHHsS BHOYXiB Yy  TEXHOJIOTIYHOMY
YCTaTKyBaHHI 1 BUPOOHWYHMX MPUMIIICHHSX 00'€KTa.

ACB3 Bukonye iHdopmamiiiHi, Kepyrodi 1 IOMOMDKHI
dbyHKIIii.

Jo inpopmaniiinux ¢pynkuii ACB3 HanexxaTp HacTyIHi:

— 30ip 1 00OpobOka iHdopmarlii mpo poOOTy TEXHIYHHX
3aco0iB CB3;

— B1IOOpaXEHHsI, peecTpalis 1 JOKYMEHTYBaHHsS pOOOTH
BHKOHaBUHX MexaHi3MmiB CB3;

— HagaHHsa iH(opmManii mepcoHanmy o0'ekTa i omeparopy
ACB3 npo QyHKIIOHYBaHHS TEXHIYHUX 3ac00iB JoKamizamii i
MPUAYIIEHHS BUOYXiB;

— BUjaya HeoOxigHoi iHdopmanii mpo cran CB3 3a
3aMuTaMu;

— oOMiH iH(OpMaIi€r0 3 IHIIUMH aBTOMATH30BAHUMU
cUCTeMaMHu, 1110 BXOoJATh 110 ckiany ACIIBb o6'ekra;

— nepenava iHdopmamii B ACYTII, wmicekki # iHII
00'€KTOBI CHCTEMHU 1 CIIykO0U Oe3neKu;

— Bugada  iHdopmamii  mepcoHamy — oO'ekta  mpo
crnpanboByBaHHs puctpois CB3.

Ho xepyrounx ¢yakuii ACB3 nanexars (opmyBaHHS
KOMaHJ| YIpaBIiHHS BUKOHAaBYMMM MEXaHI3MaMM JIOKami3aIii i
MPUAYIIEHHS BUOYXIB.

o nonomixuux QyHkuiiit ACB3 Hanexars HaCTYIHI:

— JIarHOCTHUKA KOMITJIEKCY TEXHIYHHUX 3ac001B JIOKaJ3aIlii 1
NPUIYIIEHHS BUOYXIB;

— 3MIHa  Kepylouoi  mporpaMu  (yHKIIOHYBaHHS
BUKOHaBUMX MexaHi3MiB CB3.

OcHoBHi Bumorn a0 ACB3. ACB3 ¢ynkuionye B ycix
pexxumMax poOOTH CHCTEMH BHOYXO03aXHCTy, BKIIOYAIOYU
aBapiifHi.

Jlokamizamisi 1 mOpuAylIeHHs BHOYXIB 31MCHIOIOTHCA
aBTOMAaTHYHO B MeXKaX 33JJaHOro yacy.

TexHonoriuni BUPOOHMYI YCTAHOBKH, IO MICTITh Y
CBOEMY CKJIaJl 3aco0M JioKamizauii 1 HpuAyIIeHHS BUOYXIB i
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CIICMCHTHU ix BKJIFOUCHHA, 33663H€‘IYIOTBCSI JaTdyuKaMu
CUTHaUTI3aIii mpo X crparbOByBaHHSI.

1.3.3 ABTOMaru30BaHa  CHCTEMAa  IOKEKHOI
CUTHAJI3amil

PaHHe BUSBICHHS TOXKEXK BIJIrpae JyKe BOKIUBY POJIb Y
CUCTEMI TOXKEKOBUOYX0OE3MEUHOCTI 00'€KTIB, OCKUIBKA BOHO
3a0e3neuye CBO€YACHE BXKHMBAHHS 3aXOMiB 3 iX JIKBijmamii i
JI03BOJISIE 3MEHIIUTH JIFOACHKI 1 MaTepiajabHl BTpATH BiJ TOXKEK.
Indopmarniss  cucrem  moxkexknoi  curHamizamii  (CIIC)
BUKOPUCTOBYEThCS JJISl YIPABIiHHSA 3ac00aMU OMOBIILIEHHS, L0
JI03BOJISIE CKOPOTHTH Yac €BaKyarlil 3 30HH TMOXKEXI JIIOJIeH, He
3a[liIHUX Y TaciHHI MOXEXi, a TaK0X MPUCKOPUTH BUKIUK
HiAPO3ALTIB TOXKeKHOI oxopoHu. 3a iHpopmamniero CIIC moxe
OyTH 3YNUHEHHH  TEXHOJIOTIYHUN  BHUPOOHUYMN  Mpoliec,
BIJIKITIOYAETHCSI  BEHTWIALSS B aBapiiHUX  MPHUMIMICHHSX,
MIPOBOAUTHCS MYCK aBTOMATUYHUX YCTAHOBOK IOXKEXKOTACiHHS,
3MIACHIOETBCS  (DYHKIIOHYBaHHS  CHCTEMH  HPOTHIUMHOIO
3aXUCTY.

ACIIC € iHQOpMaLiifHO-YIIPaBIIHCHKOIO  YaCTUHOIO
CUCTEeMHM TIOKEXHOI  CHUTHami3alii 1 Mpu3HadeHa A
aBTOMATHU30BAHOTO W aBTOMAaTHMYHOI'O BHMKOHAaHHSA (YHKLIH 3
BUSBIICHHS TOXEX Ha paHHIM cTaaii IXHBOTO PO3BUTKY,
KOHTPOJIIO IpOLECIB raciHHA MTOXKEXK
1 mepemauyi HeoOximHOi i1H(pOpMaIii MTiAPO3ALIAM MOKEKHOT
oxoponu, mepcoHany oO'ekra ACYTII Tta iHmmMM cucremam
ACIIBB.

AC moxexHoi cur”amzaiii Bxoautb 10 ckiaxy ACIIBb
SK aBTOHOMHA CHCT€Ma, peaji3oBaHa Ha €IUHUX 3 HEI
MIPOrpaMHO-TEXHIYHUX 3ac00ax.

ACIIC Bukonye iH(oOpMaliiiHi, Kepyrodi Ta JIOMOMDKHI
dbyHKIII.

Jo inpopmaniitnux ¢pynkuid ACIIC Hanexars HacTyIHI:

— 30ip 1 oOpoOka iH(popmarlii Big TEPBUHHUX 3aC00IB
MMOKEXKHOI CUTHAJI3alil;

— peectpallisi 1 JOKyMEHTYBaHHA 1HQoOpMaIii npo 4ac i
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MiCIIe 3aropsiHHs, KOMaH/W YIPaBIIiHHSA, Pe3yJbTaTH KOHTPOJIIO 1
npodiTakTHYHUX PoOIT; MO3aIMTaTHI CUTYaIlii, 1[0 BUHUKAIOTh Y
CHCTEMI ITOXKEKHOI CUTHAIII3aLii;

— HaJlaHHA 1HGOpMAaIlii PO BUABJICHHS MOXKEXK1 1 TUHAMIKY
il po3BUTKYy mepcoHamy o0'ekra, aucneruepy IIPU Ta
iHGopMyBaHHS iX TIPO X1 JIKBIZALIT TOXKEXKI;

— HazaHHA i1HopMauii mepcoHady oO0'€KTa y BHIAIKY
BHUHUKHCHHS TIO3AIITATHUX CHUTYaIlld y CHUCTEMI CHTHaJi3arii
(BiAMOBIICHHSI JAaTYWKIB, BIJICYTHICTh HANPYTHd KUBJICHHS,
oOpuBH JiHINA 3B'SI3Ky, HECAaHKIIIOHOBAaHE BTPYYaHHSI B pOOOTY
CHCTEMH TOIIIO);

— HaJaHHS y3arajipHeHoi iH(opmaiii mepcoHany 00'ekTa
PO TPAIe3/aTHICTh CUCTEMHU CUTHAJII3aIlii;

— obmin iHpopmamiero 3 ACYTII Tta iHmMMHU
aBTOMATH30BaHUMH CHCTEMaMH, IO BXOIATh JO CKIAdy
ACIIB3.

Jo xepyrounx pynkuiit ACIIC HanexxaTb HaCTYIHI:

— BCTAHOBJICHHS 1 KOPEKTYBaHHSA MOPOTiB CIIPAllbOBYBAHHS
IMOKEXKHOI CUTHaII3aLil;

— Teperaya KOMaHJ Ha  BIAKIIOYEHHS  OKPEMHUX
CIOBIIYBauiB 1 MEPEKIIOYEHHS HANpsIMKIB CHUrHami3amii Ha
pe3epBHi.

o nonomixuux ¢pyHkuiii ACIIC Hanexxath HaCTyIHi:

— miargoctruka KT3 mosxexHoil curHamizaitii;

— aBTOMaTW4yHa peKoH(Irypamis CTPYKTYpH CHCTEMHU
MOKEXKHOI CUTHAJI3a1lil TPY BUHUKHEHH] HECIIPaBHOCTEH.

Cucrema mnoxexnoi curdamizauii (CIIC) s cydacHMX
00'eKTIB CTBOpIOETbCS Ha 0a3l aJpPecHUX IHTENEKTyaTbHUX
MOKeKHUX ~ CIIOBINIyBadiB. Y  CHCTEMI BHUKOPHCTOBYIOTHCS
aBTOMATWYHI TMOXEXHI CIOBIllyBadi, CIEiadi30BaHl 3acobu
KOHTPOJIFO 3 YYTJIMBUMH €JIEMEHTaMM, SIKI pearyloTh Ha pi3Hi
¢daxkropu (BUIPOMIHIOBAaHHS, IUM, TeMIleparypa Ta iH.), pYy4Hi
MOXEXHI  CHOBIIyBayl Ta MPUCTPOi  CUTHAMI3ALll, IO
CIpalboOBYIOTH TPH  BBEACHHI B [il0 pydyHHX 3aco0iB
MOKEKOTACiHHA ~ (HalpWKIIAN, TPU BUTATY BOTHETACHHWKA 3

yTpUMyBaya).
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Cuctema TOXEXHOI CHTHami3alii Mae iepapXiuHy
CTPYKTYPY 3 TEPHUTOPIaIbHUM PO30CEPEIHKCHHIM TEXHIYHUX
3ac00iB 1 BUAUICHHSM JBOX OCHOBHUX pIBHIB: OJOKOBOTO
(okpemux OyiBeINb 1 CIIOPY/T) i 00'€KTOBOTO.

CucremMa TOXEXHOI CHUTHaNI3aIil MPOEKTYEThCS TaKUM
YUHOM, 1100 Yac 3 MOMEHTY BHSBIICHHS CIIOBIIIyBaueM IOXKEXI
70 MOMEHTY Iepefadi IOBIJOMJICHHS IepcoHaiy o00'ekTa He
MEePEBUIIYBAB JACKUIBKOX CEKyHH Il Oj0KoBoro piBHsA 1 10-15
cekyH7 ans  oO'ekroBoro piBHA. Ha koxHOMY piBHI
nepeadavaroThbCsl IMMOCTH  YIPaBIiHHA 3aco0aMd  TIOKEKHOT
curHajizaiii.

3acobu MmoxexKHO1 CUTHaNi3al1lii MOBUHHI OyTH aBTOHOMHI 1
BIJUTUICHI BiJl BUPOOHUYOTO TEXHOJIOTIYHOTO YCTATKYBaHHS.

ACIIC 3abe3neuye mepcoHan ob'ekra i gucnerdepa [1PY
HEOOXiTHOW 1H(OPMAITIErO IS TPUUHATTS PIlleHb 3 JIKBigamii
MoXKeki 1 mopatyHky mroaed. Crnocid HaganHsa iHopwmarii
BUOMPAETECA HA €Tall TEXHIYHOTO IPOCKTYBAHHS CHUCTEMH
MOKEXKHOI CUrHaii3amii.

SHIDKEHHS 4yupcia ITOMMJIKOBHX CIpalbOBYBaHb
JOCATAEThCS 332 PaxXyHOK MepeOyqoBH Jiama3oHy YYyTJIMBOCTI
IHTEJIEKTYaJIbHUX CHOBILTyBayiB noxexHoi curnamzauii (I1C).

[ligBumennss  BiporigHOCTi  mepenanoi  iHdopMarlii
JIOCSATAETHCS OTIepaTHBHUM KOHTPOJIEM, BUKOHYBaHUM
aBTOMATUYHO 200 32 BUMOTOIO OTepaTopa.

[linBumieHHss  HAAIMHOCTI  TOXKEKHUX  CIIOBIITYyBaviB
JOCATAETbCS  IX KOMILIEKCYBaHHSIM, JIOTIYHOKO  0OpOOKOIO
1H(popMallii, 1110 3HIMAETHCS 3 HUX, 1 KOHTPOJIEM.

Hatuukun  ITIC  ¢yHKUIOHYIOTH  Ha  CTaHAAPTHIN
JBOMIPOBIIHIN a00 crieriani3oBaHii JiHii 3B'A3KY.

CIIC OCHAIIlYEThCS 3acobamu JIarHOCTUKHU i
CaMOKOHTPOJIIO, BKJIIOYAIOYM YYTJIWBI EIEMEHTH IMOKEHKHHUX
CTIOBIIIYBaYiB.

ACIIC 3abe3mneuye HeoOXimHOIO 1H(MOpMAIlIED TTEPCOHAT
o0'exta 1 gucneruepa [TPY ans mpuitHATTA pileHb 3 JTIKBigarii
noxxexi. Cnocid HagaHHs iH(popMalii oOuUpaeThCs Ha erarl
TexHiuHoro mpoekryBanHs CIIC (BkiIro4arouu  3BYKOBY,
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CBITJIOBY CHTHAJI3allil0, TEKCTOBY 1 rpadiuny indopmario 3
TOYHOIO BKAa31BKOIO PO3TAIlyBaHHS OCEPENKY TIOKEXKI, BHUBIT
HeoOXiaHOi iHpopManii Ha TPyKyBaJIbHI IPUCTPOT).

Enexrpoxusiennss B CIIC opraHizyeTbcsi TakuM YHHOM,
mo0 cucrema 30epirana 4acTKOBY Mpale3aTHICTh NPH MTOBHOMY
3HeCTpYMJICHHI 00'eKTa [yId Tepenadl IepcoHaly 00'€KTa,
mucnieryepy [TPY ta AC mokexoraciaHs iHGOpPMALIIIO PO Micie
BUHHUKHEHHS TTOMKEXKI.

IMoxexni cnopimyBaui. OcHOBHA (QYHKIIS MOXKEKHOTO
CHoBillyBaua - (pOpMYBaHHS CHTHAILY PO BUSBICHHS MOMKEXKI.
Tun aBTOMATHYHOTO MOXKEKHOTO CIIOBINIyBaya, IO BiJIMOBiIa€e
AKii-HeOyb ~ O3HAIll  TOXEeXi  (BUINPOMIHIOBAHHS, UM,
TeMIeparypa Ta iH.), 151 KOHKPETHOTO IPUMIIIEHHS O0MPAEThCs
3 ypaxyBaHHSIM T€XHOJOTIYHUX 1 00'€MHO-TIJIaHYBAaJIbHUX PIIIICHb
MPUMIIICHHS, 10 3aXWIMAEThCS, MIKpoKiIiMary (poboda
TEeMIIepaTypa, BOJOTICTh MOBITPS, 3aMHUIEHICTh, OCBITIEHICTh Ta
iH.) 1 HagBHOCTI TOCTIHHMX IHAYCTpiabHUX MEPEIIKO
(emekTpoMarHiTHI  HaBEJEHHS, pajiamis, BiOpalis TOIIO).
[ToxexxHi cOBiNTyBavi 3a0€3MEUyIOTh:

— Tepefady CUTHAIy IpO MOXKEXY W ajpecy MpUMILCHHS
(a00 yacTHUHM NPUMIIIEHHS), B IKOMY BUHHKJIA TIOKEXKa;

— 3MiHY NTOPOTYy CHpaIlbOBYBAaHHS JIaTUMKa 332 KOMaHJIO0 3
aBTOMATH30BaHOTO  po0OOYOro  Micus, MPOrpaMyBajIbHOTO
KOHTpoJiepa a00 IEHTPAIbHOrO0 OOYHCITIOBAIIBHOIO KOMILJIEKCY
ACIIBB;

—  MOXJIHBICTH 300pKM JAaTYUKIB Yy TIpOMEHI 3
PO3TATYKEHHSIM 1 aJIpecarlie€to KOKHOTO JJaTYNKa;

— Mpalle3AaTHICT 13 33JaHOI0 YYTIUBICTIO B IPUMIIIIEHHSX
3 MOBITPSHUMH MOTOKaMH, 110 MarOTh MIBUJAKICTh PyXy MOBITPS
Bix 0 o 10 m/cek;

— YYTJIUBICTh JIATYUKIB, TOCTATHIO JIJISi BUSIBJICHHS TIOKEXKI
Ha paHHIA cTanli, Ha SKIH MOXIMBO HOTr0 NPUAYIIEHHS
aBTOMATUYHUMH 3aCO0aMH MOKEKOTACIHHS.

[ToxxexxHi croBillyBayi HE TMOBUHHI CIpalbOBYBAaTH B
yMOBaX HOPMaJIbHOT'O MPOTIKaHHS TEXHOJIOTIYHMX MPOILECIB Ha
00'eKTl 3a HOPMAJIbHOI OCBITJICHOCTI 1 MPOBEIEHHS PEMOHTHHX
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3BapIOBAIBHUX POOIT.

[ToxexxHl croBinTyBadi 3a0e3MeuylOTh PaHHE BHSBICHHS
MOXKEXI Yy CepeauHi 3aKkpuTux Imad 3  eJeKTPOHHHM
YCTaTKyBaHHAM 1 3aKpUTHUMM KaOeJIbHUMM Mpokjaaakamu (y
KOpo0ax, JOTKaXx).

[IutaHHs TMPO PO3MIMICHHS TOXKEKHUX CIIOBIIIYBayiB Y
MPUMILICHHSAX BUPIIIYETHCS HA €Tali TeXHIYHOTO MPOEKTYBAaHHS
CIIC.

[ToxxexxHi CrOBilIyBadi MOBUHHI OyTH MHpale3JaTHUMHU B
pEeKUMI HOPMaJIbHOI €KCIUTyaTallii, a TaKoX IpPU BHUHUKHEHHI
aBapiii, ax 10 MAKCUMAIIbHOT pO3PaXyHKOBOI.

Jlo cremiamizoBaHUX 3aco0iB  IOXKEKHOI CHUTHaJI3aIlil
HaJIe)KaTh HACTYITHI:

— MPUCTPOi, SKI MalwTh MiJBULIEHY CTIHKICTh 0
BHUIIPOMIHIOBaHHS, 3ac00i1B Ie3aKThBarii, nepernais
TeMIepaTypHu, BOJIOTOCTI 1 TUCKY, 10 MalOTh BUCOKY UYTJIMBICTh
10 cnenu@iuHuX KOHTPOJIHOBAHUX IMapaMeTpiB (KOHICHTpALid,
CHEKTpaIbHI XapaKTePUCTUKH nonyM'ﬂ iH(ppauepBOHI MpOMeEHi,
TYTOBI pO3psiK, 3BYKOBI MOJIS, 10HI3AIIis, PaliONIyMH TOIIO);

— MpHUCTPOi, sKi (HOPMYIOTH 1 MEpearoTb CUTHAIU MpO
KOHTPOJIbOBaHI IMapaMeTpy 3 BUKOPHUCTaHHAM €(EeKTy MacHBHOI
peTpaHCIALil aKyCTUUHUX XBUJIb;

— MpPUCTPOi, fAKI BUSBIAIOTH JIOKAJbHE HarpiBaHHA
TEXHOJIOTIYHOTO YCTAaTKyBaHHS 1 MIJBHILEHHS TeMIepaTypu
CepeIOBUINA B MPOTSHKHUX CIIOpYyJaX 3 MEPEMiHHUM NEPETHHOM
(TpyOompoBoiax, KabeIbHUX KaHajlaxX, axTax TOIIO).

HecnerianizoBani MOKeXH1 CHOBIIIYBadl BHKOHYIOTh
HacTyMNHI QyHKIIT:

— BUSIBJIGHHSI 3arOpsiHHS 3a OJHIEI0 33aJaHOI0 O03HAKOO
(BUIIpOMIHIOBAaHHS, JWM, TeMIeparypa Ta 1iH.) abo 3a
CYKYIIHICTIO O3HaK, (opMyBaHHS 1 TMepedaya CUTHAy Ha
pUCTPOT aHaMi3y i 00poOKH iHpOpMAaLii;

— ¢opMyBaHHS 1 mepedada 1HQoOpmalii Mpo CTaH
napaMeTpiB CepeIoBUINA 32 3aITUTOM;

— (YHKIIOHYBaHHS y JIBOX pEeXKHMax: YeproBomMy 1
KOHTPOJIIO;
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— mepenavya iHQopmaiii Mpo NEPEeBUIIEHHS T'PAHUYHUX
3HA4YeHb KOHTPOJIbOBAHUX IAPaMETPiB;

— Tepenava BIacHOI aJpecu;

— BIIHOBJICHHs i1HoOpMaIli 3 MUKIIYHICTIO Tojavi ii Ha
eKpaHH oOIeparopiB ad0 3 IUKIIYHICTIO, HEOOXITHOW Ui
MPOTHO3YBaHHS.

CneunianizoBani 3acodu CIIC. CneunianizoBani 3acobu
[1C mnoBuHHI 3aJOBOJBHATH BHMOTaM [0 HECTEIiali30BaHIX
MOKE)KHUX CHOBINYBAaYiB 1 HACTYITHUM JOJAaTKOBUM BUMOTaM:

— mepenaBaTy iHGOpPMAIII0O PO BUHUKHEHHS TOXKEXKI 3a
JIOKaJIbHUMU O3HaKaMu (JIOKaJIbHUI TeperpiB, AYTrOBi SBUIIA B
eNEKTPOMEpeKax, MOsBa rasis, 10 HE € AUMaMH, TOIIO);

— mepenaBaTH iH(OpPMAIlIO MPO BIAXWICHHS ITapaMeTpiB
KOHTPOJILOBAHOTO MPOCTOpPY O€3 aKTUBHUX JDKEpes eHeprii (Ha
OCHOBI CUCTEM aKyCTUYHHX PE30HATOPIB);

— 3a0e3nevyyBaTu pOpMYyBaHHS 1 Mepeady CUTHANTIB; K 3a
OMMHOYHMMH  BHMIpaMH  KOHTPOJIbOBAHHMX  IapameTpiB
(TiABUIIEHHST IIBUIKOIT 1 BIPOTITHOCTI), TaK 1 B iHTErpOBaHiH
dopwmi (peanizaris pyHKIIIT IPOTHO3YBaHHS);

— 3a0e3meyyBaTH  MOMJIMBICTb ~ 3MIHM  aJITOPUTMIB
¢yHKIIOHYBaHHS (OyTH nepenporpamyBajlbHUMN) [5].

1.3.4 ApBTOoMaTH30BaHa cHCTeMa NPOTHAMMHOIO
3aXUCTy

3a JaHUMU aMepUKaHChKUX (haxiBiB, 10 80% mrozael, 1o
THHYTh Ha TIOXKEXKaxX, € JXEPTBaMU OTPYEHb CHIIbHOIIIOYNMHU
OTPYTHUMHU MpPOAYKTAMH, IO MICTHJIMCA B JUMi, TOpiHHS 1
TEPMIYHOTO PO3KJIaJaHHS PI3HUX PEYOBHMH 1 MmarepianiB. Tomy
OPOTHUIUMHHMNA 3aXUCT OyIMHKIB 3 MAacoBUM Iepe0yBaHHSIM
JoIen € 000B'SI3KOBOIO YMOBOTO 3a0e3medeHHs
MOKEXOBUOYX00€3MeYHOCTI IUX OYAiBeNb.

[IpotnauMHuil 3aXxUCT OYAMHKIB JOCATAETbCS  00'€MHO-
IUIAHYBAJbHUMU 1  KOHCTPYKTHMBHUMH  DILICHHSIMH,  SKi
3a0€3MevyroTh He3aIMMIICHHSI IPUMIIIEHb, €BaKyal[lHHUX [UIIXiB
1 OyAMHKIB y LIOMYy, a TakoXX BUIAJICHHAM UMY HpU iX
3aJUMJICHHI.
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Posmoxin OyniBens Ha MPOTHIOXKEXKHI CEKINT 1 BIJICIKH,
130JIA111ST TTOXKEXKO- 1 BUOYXOHEOE3MeYHUX MPUMIIIEHDb 1 MUISIXIB
eBaKyallii JroAel BiJ IHIIUX NMPUMILICHb 3A1HCHIOIOTHCS Ha eTari
OyIIBHHUIITBA OY/IiBEIIb.

[IpoTunumMHMIA  3aXHCT  €KCIUTyaTOBAaHMX  OyJIWHKIB
3a0e3MeuyeThCsi CTBOPEHHSM HAJIMIIKOBOTO THUCKY TOBITpPS B
mM@PTOBUX TIAXTaX, CXOJOBUX KIITKax, TamMOypax-InIo3ax,
BIJIKJIFOUEHHSIM BEHTWJIALIT 1 BUAAJEHHSAM UMY Ha NUIsAXax
eBaKyarlii JiroJiel, y MPUMINICHHSX, 0 BUMAaramTh MOCTIHHOT
MPUCYTHOCTI TIEPCOHAITY, Y MICIISIX TTPOBEACHHS 00H0BOI poOOTH
MiAPO3ALTIB MOXKEKHOI OXOPOHHU.

ACII[I3 € iHdopmamiitHO-yPaBIIHCHKOK  YaCTHHOIO
cucremu nupotuaumuaoro 3axwcry (CIIJ3) 1 mpusnadena mis
aBTOMATHU30BAHOTO W AaBTOMAaTHUYHOTO BHMKOHAaHHS (YHKIIH 3
3a0e3nedeHHs
HEe3aUMJICHHS 1 BUAAJICHHS AUMY IIPU 33AMMIICHH] IPUMIILEHb 3
nepeOyBaHHAM JIFOCH 1 eBaKyalliiHUX IUISIXIB y OyAMHKAX.

ACIIA3 Bxomuts a0 ckiaagy ACIIBb sk aBToHOMHa
cHCTeMa, pealli3oBaHa Ha €IMHUX 3 HEI IPOTrPaMHO-TEXHIYHHX
3aco0ax.

JlumoBu1aneHHs 3 OyIMHKIB MOXe 311CHIOBATUCS:

— aBTOMATHUYHO 33 CUTHAJIAMU 3 TIO’KEKHHX CTOBIIIyBayiB;

— aBTOMAaTH30BaHO 3a KomaHaamu onepatopa ACIIBB;

— JAMCTAHUIWHO TPHU CHPAlLOBYBAHHI PYYHUX MMOKEKHHUX
CIIOBIIIlYBaYiB;

— cleuialbHUMHU NEPECYBHUMU 3aco0amMu
JUMOBH/IQICHHS.

ACIIA3 moBMHHA TMpauoBaTH 3 ypaxyBaHHSAM aHali3y
peanbHO1 3aIUMJIEHOCTI MPUMIILIEHb, 00yMOBIIEHOT

BUKOPUCTAHHSM  CIIOBIIIYBa4yiB  TOXKEXHOI  CHUTHAII3aIlil,
MIPOTHO3YBaHHS TIONIMPEHHS UMY I10 TPUMIIIEHHSX.

ACIIA3 OynyeTscst 3 TEPUTOPIAIBHUM PO30CEPEIKEHHIM
TEXHIYHUX 3acO0IB 10 OKPEMHX MPUMIMIEHHSX, CXOJI0BUX
KITIITKaX, JI(TOBHUX IIaXTaX 1 eBaKyalifHUX IIIsIXax.

ACIIJI3 peanizye iHpopMmaliiiHi, Kepyrodl 1 JOHOMIXKHI
GbyHKIII.
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o inpopmaniiinux ¢pynkuin ACITA3 HanexxaTh HaCTYIHI:

— 30ip 1 0OpoOka iHpopmallii Tpo poOOTYy ycTaTKyBaHHS
JTUMOBHIAJICHHSI, JaTYUKIB PHUBOJY KJIAlMaHIB JUMOBHIAJICHHS,
o OJIOKYIOTh MPUCTPOI BEHTHJISATOPIB, AATYUKIB 3aKPUTTS
JIBEpEA;

— B1IOOpaKEHHsI, pEECTpaAIlis 1 JOKYMEHTYBAaHHS ITOTOYHHUX
noJiiit y po6oti BukoHaBuux npuctpois CIT13;

— 00poOKka  JMaHMX MNP0  HAABHICTh  CHCIAIBHHUX
MepPEeCyBHUX 3aCO0iB AMMOBHUIAICHHS (BUIM 1 MPOIYKTHBHICTD,
BHJIA NTPUBOJTY, MICIIE€3HAXOKEHHS 1 CITOCOOU BUKIIHKY);

— HajaHHa iHpopmanii npo podory CIIJ3 mepconamy
o0'ekTa 1 JUCHETYEpPY TMOXKEKHOI YAaCTUHU y BHUMNAJKY
BUHUKHEHHS TOKEXKI;

— HajaHHA 1H(popMalii mnepcoHany 00'eKTa B PEXUMI
HOpMaJIbHOI ~ eKcIUTyaTamii W y BHUIAAKy BHHUKHEHHS
no3amratux curyamii B ACIIA3 (BiAMOBIEHHS MPHUCTPOIB,
BiJICYTHICTb HAlpyTH KUBJICHHS, OOPUBH JIiHiH 3B'SI3KY TOIIO);

— HaJlaHHA mepcoHany ob'ekta 1 gucneruepy [1PY
y3arajibHeHO1 1H(oOpMaIlii TPo KOMIUICKCHY Ipare3aaTHICTh
CII3;

— peectpauiss 1 JOKyMEHTyBaHHS iHopMmalii mpo
HasBHICTh CHEIIaIbHUX MEPECYBHUX 3ac00iB JUMOBHJIATCHHS 1
JUMOOCA/KEHHS (BUAM 1 NPOAYKTUBHICTb, BHUJIU MPHUBOLY,
MICIIE€3HaXOJKEHHS 1 CIIOCOOM BUKITUKY);

— Bugada HeoOxigHoi 1Hpopmauii mpo cran CIIJ3 3a
3anutoM oneparopa ACIIBb s mporHody ¥  yxBalleHHs
pIIIECHHS;

— oOMiH iHQoOpMali€r0 3 IHIIUMH aBTOMATH30BAHUMU
cuctemMamu, o BxoasaTh 10 ckiaany ACIIBb;

— nepenayva iHpopmanii B ACYTII o6'exra;

— KOHTPOJIb HasIBHOCTI JIFOJICH Y 3aTUMIICHUX MICIISX.

Jo xepyrounx pynkuiit ACII/I3 Hanexars HACTYyIHI:

— (¢opMyBaHHS KOMaHJ VNPaBIiHHSA YCTaTKyBaHHSAM 1
BHKOHaBYMMHU MexaHizMamu CIT/13;

— (opmyBaHHS KOMaHJ 13 3ampoOBa/pKCHHS B JiIO
JOJJATKOBUX CIIEIIaThbHUX NEPECyBHUX 3aC001B TUMOBUIAICHHS;
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— ¢opMmyBaHHS KOMaHJ Ha OJOKYyBaHHS JIIOKIB 1 JBepei
11 OOMEKEHHSI TOIIUPEHHS UMY 10 IPUMIIIECHHSX.

o nonomixkuux pynxuiit ACII/I3 Hanexxats HaCTYIHI:

— JlarHOCTHKA KOMIUIEKCY TexHiuyHuX 3aco6iB CII/I3 (3
MEPEBIPKOI0  pEaIbHOTO  CHPAlbOBYBAaHHS  BHKOHABYHMX
MeXaHI3MiB 3a TrpadikoM TaMm, A€ I HE BUKIMKAE MOPYIICHHS
HOpPMAJILHOTO (PYHKLIOHYBaHHS TEXHOJOTIYHOTO YCTAaTKyBaHHS
00'ekTa);

— aBroMaruyHa pekoHpirypamis ctpykrypu CIIA3 mpu
BUHUKHEHHI HECIIPABHOCTEH.

[Tpu ctBopenni ACII/I3 BpaxoBYIOThCS HACTYIHI OCHOBHI
BUMOTH J10 cucTeMu npotuauMuoro 3axucty (CIIA3) y uizomy,
BKJIIOYAIOUM 1i aBTOMAaTH30BaHy iH(OpPMAIIfHO-YIPaBIiHCEKY
YaCTUHY.

ACIIA3 ocHamryeThest 3aco0aMy TIarHOCTUKH 1 KOHTPOITIO
CTaHy yCTaTKyBaHHS 1 JIiHiN 3B'SI3KY.

ACITIJI3 3a6e3neuye mepconan o0'exra i aucrerdepa [1PY
HeoOxiaHO0 1H(pOopMalLiero Tpo cBoe (yHKIIOHYBaHHA. Crocid
HagaHHs iH(opMamii BUOWpPAETHCS HA €Talli TEXHIYHOTO
npoekryBanHsa ACII/L3.

ACIIJI3  3abe3neuyeTbcsi ~ €JIEMEHTaMHU  KOHTPOJIIO
CHpallbOBYBaHHS BHMKOHABYMX HPUCTPOIiB (KIHIIEBI BHMHKAYi
TOIIIO).

B ACIII3 mnepenbavyaeTbCsi MOXIMBICTH IEPEBIPKU
Mpale3AaTHOCTI BUKOHaBUMX NpucTpoiB 3a 3anutamu ACIIBb ta
11 orepaTopa.

B ACIIA3 nepenbayaeTbcs NPEeBEHTUBHE 3alpOBaIKEHHS
B JIII0 BUKOHABUMX MEXaHI3MIB 3a MPOTHO3aMH ONEPAaTHBHOI
00CTaHOBKH.

CII[3 3abe3meuyeTbcs MPUCTPOSIMH, IO 3a0€3MEUyIOThH
CTBOPEHHsSI TPOPIi3iB HEOOXITHUX pPO3MIpiB 1 KOH]iryparii B
CTIHaX 1 MEPEeKPUTTAX MPHUMILIEHb U1 JAMMOBHJIAIECHHS B
eKCTpeMaJIbHUX CHUTyaliax (gkmo ocHoBHI 3acobu CIIJI3 He
3a0e3neuyroTh He0OX1HOI e(heKTUBHOCTI AUMOBUIAICHHS).

[TimBumennst wamitnocti CIIJI3 mocsraeTbes BHOOpOM
eIeMeHTHOI  0a3u, KOMIUIEKCYBaHHSAM, JyONIOBaHHAM 1
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ABTOMATHU30BAaHUM KOHTPOJIEM TOTOBHOCTI 1 Tpame3IaTHOCTI
3ac001B MPOTUAMMHOTO 3aXHUCTY.

3HUKEHHSI 4YHMClIa TOMUJIKOBHX crpainpoByBanb CII/3
JOCSITAEThCST 3@ PaXyHOK cradimi3aimii Hampyrw S>KUBJICHHS 1
MiABUILEHHS TEPEIIKOI03aXUIIEHOCTI MPUCTPOIB yIPaBIiHHS
BUKOHABYMMU MeXaHI3MaMH.

[Migumennst mBuakoaii CIIJI3 mocsraerbest 3a paxyHOK
3HI)KCHHSI ~ ONEpaTUBHOTO 4acy o0O0poOku  iHdopmarii i
MMBUILEHHS IBUIKOIT BUKOHABYMX MEXAHI3MIB.

CIIJI3 moBuHHA 30epiraTd Ipale3/aTHICTh B aBapidiHUX
pexuMax, ax J0 MaKCHMaJbHOI pPO3PaxyHKOBOi aBapii.
BukonaBui MexaHi3MH MMOBHHHI 30epiratv mpare3aTHICTh MPH
MaKCHMaJIbHOMY PO3PaxXyHKOBOMY 3€MJICTPYCI.

3acobu qumoBuaaneHHs 1 qumoocamkeHHs (31BO). Bubip
3ac00iB JVUMOBHIAICHHS 1 JIUMOOCA/DKCHHS BU3HAYAE€THCS
0COOIMBOCTSMH  00'€MHO-TUIAaHYBaJIbHUX pIlIEHh 1 MaCHUBHUX
3ac00iB MPOTHUAUMHOIO 3aXHCTY, JHHAMIKOIO PO3BHUTKY TOXKEXKI 1
nomupeHHst ODII, TeXHOIOTi€0 MOKEKOTaCIHHS.

3/IBO npusHaueHi A1 3HIKESHHS 10 HEOOX1THIX BEITUIHH
IIJIBHOCTI UMY B NPUMIIIEHHAX, 10 3aXUIIAIOTHCSA, 1 Ha
NUISIXaxX €BaKyallii JII0IeH.

Jlo wuyucna mapameTpiB, KOHTPOIb JUHAMIKH  SKHX
HeoOXximuuit s ¢yakuionyBanua CIIJI3, Hanexars: onTudyHa
IIUIBHICTD UMY, IIBHIKICTh 1 IIUIBHICTh BEHTUJSAIINHUX 1
KOHBEKTHBHHX IIOTOKIB, TeMIIepaTypa 3aJiMIICHOTO TOBITPS
TOIIIO.

3/IBO, npu3HaueHi st TMMOOCAPKEHHS B MPUMIIICHHSIX,
0 3axWINalThcs, 1 Ha [UIIXaX eBaKyallli KepyrTbes
aBTOMATUYHO BiJ] JaTUMKIB, II0 BUMIPIOIOTh WIUIBHICTH UMY,
abo nucranuiino. Mo ckmany 3/IBO s 3a0e3nedeHHs
ABTOMATHYHOTO PEXKHUMY BXOISTH JTATYUKH, IO BUMIPIOIOTH
HIIBHICTh AUMY, MPUCTPOi 00poOKM iHPOpMAaLli Ta MPUHHATTSA
pIIIECHB, BHKOHAaBYI1 MEXaHI3MH; TS 3a0e3MmedeHHS
JUCTAHIIMHOTO YIPABIiHHS - BUKOHABYI MEXaHI3MH.

BukonaBui mexanizmu 3/[BO 3ab6e3nedyroTh iMIyIbCHY
Mo/iayy MOBEPXHEBO-aKTUBHUX PEUOBUH ab0 ApiOHOIMCTIEPCHOT
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BOJH B 30HY, [0 3aXHUIIIA€THCS.

CrnpanboByBaHHs BHKOHaBYMX MexaHismiB 3/IBO He
MMOBUHHO MIPU3BOJIUTH JI0 YPKCHHS JTIOCH.

Oxkpemi 3JIBO, kepoBaHi aucTaHIIHHO, 3a0€3MEYYIOTh
MOJIABICTD OaraTopa3oBoi IMITyTECHOL rnojaui
IpiOHOUCIIEPCHOT BOAM B 30HY, IO 3axHIIaeThcst. KpaTHicTh 1
MepioUYHICTh crupanboByBanHs Iux 3/IBO Bu3HauaroThcs
yacoM (YHKI[IOHYBaHHS CHUCTEMH OIOBIIEHHS JIIOJEH 1
YIIPaBIIiHHS €BaKyaIli€ro.

BukonaBui  mexanismu  3/IBO, mpusHaueHi s
JTUMOOCQ/DKEHHS, CIPAIbOBYIOTh CHHXPOHHO 3 3acobamu,
NMPU3HAYCHUMH  JUISL  TepMeTH3alii  NPUMIIIEHHS, 110
3aXUINACTHC, 1 TIKBImanii BEHTHIALMIAHNX IOTOKIB.

3/1BO, npusHayeHi st AUMOBUJAIICHHS, MAIOTh Y CBOEMY
CKJIaJi CremiaibHi 3aCO0M Ui TepMeTH3allii KOHTPOIbOBAHUX
MPUMIIIEHb 1 BIIKJIIOYCHHS BEHTWIAIIT (KepoBaHI 3acIliHKH,
nBepi, ok, (pamyrn Tomo). Lli 3aco0m  KepyroThCs
aBTOMATUYHO a00 QUCTAHLINHO BIiJ CIEMIAJIBHUX 3aMKIB.

Texniuni 3aco6u 3/IBO moBHMHHI MaTH BOTHECTIHKICTB,
OOyMOBIIEHY  TEXHOJIOTI€I0  TMOXKEXKOTaciHHS 1  JIKBijarii
MOKEKOHEOE3MEUHNX CUTYaIlii.

@ynkuionyBanHs 3/IBO  31ificHIOETbCS  y3rOJUKEHO 3
(yHKIIIOHYBaHHSIM CUCTEMH OTIOBIIICHHS i €BaKyalli€lo JIFOICH.

1.3.5 ABTOMATH30BaHa CHCTEMa OMNOBIllIEHHSI MPO

NO5KEKY Ta YNPABJIIHHA eBaKyali€lo Jroaei

I'onoBHOMO METOIO CTBOPEHHS CHCTEMHU
MO’KEXKOBHOYX00€3MeUHOCTI 00'ekTa € 30epekKeHHS XUTTA 1
3JI0pOB's JIFOJICH, TOMY iX ONOBIIIEHHS PO BUHUKHEHHS MOXKEXK1
Ha o0'ekTi ¥ eBakyalliss 3 HeO0e3MeYyHOi 30HW CKJIAIal0Th
HaWBaXJIHUBINTY YacCTHHY BCIX 3ax0/iB 1010
MOKEKOBHOYX03aXHCTy 00'€KTa.

ACOIIVEJI € indopmariifHO-ypaBIiHCHKOI YaCTHHOIO
cucteMHu omnoinleHHs i eBakyauii moneit (COEJI) 1 mpusHaueHa
JUIsl aBTOMAaTU30BaHOI'0 i aBTOMAaTUYHOTO BUKOHAHHS (DYHKIIIH 3
OTIOBIMICHHS JIIOJIEH TPO TIOKEXKY Ha 00'ekTi, BUOOpY
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ONTUMANFHUX IUIAXIB iX €BaKyalii, yrmpaBJiHHS PyXOM Jonei
M0 €BaKyalllHHUX IUIAXaX, KOHTPOJIO HAsIBHOCTI JIOJEH B
OXOIUICHUX MOKEXKEIO0 1 TOXKEKOHEOE3MEUHNX MPUMIIIEHHSIX.

ACOIIYEJI Bxoauts no ckiany ACIIBb sik aBToHOMHaA
cHcTeMa, peayli3oBaHa Ha €IMHUX 3 HEI MPOTrpaMHO-TEXHIYHHX
3acobax.

ACOIIYEJl ctBOproeTbcss Ha 0a3i  IHTEIEKTyaJIbHUX
aJPEeCHUX 1HJAUKATOPHUX IMPHUCTPOIB 1 3BYKOBHX CIIOBIIIYBadyiB,
110 JI03BOJISIFOTH MO3HAYUTH [UIIXH €BaKyallii.

OO0'ekTOM OIOBINIEHHS 1 VHOPABIIHHSA € JIIOJIW, IO
3HAXOMATHCSA B MPUMIIICHHSX, IS SIKUX TIOKEXKa MOXKE SIBIISITH
peasbHy
3arposy. ACOIIYEJI wmae iepapxiuHy CTpYKTypy 3
TEPUTOPIAIBHUM PO30CEPEKEHHSIM TEXHIYHUX 3aCO01B.

ACOIIYEJI Bukonye indopmariiiHi, yHpaBIiHCBKI Ta
JOTIOM1kH1 (PYHKIIII.

Ho indopmaniitnux ¢yukmiiit  ACOIIYEJI nanexatb
HACTYIIHI:

— 30ip 1 aBTromMaTM3oBaHa o0OpoOka iHopMaIli, MmO
HagxomuTh Bixg BukoHaBuux MexaHizmiB COIIVEJI, 3 meroro
BH3HAYEHHS iX TOTOBHOCTI, 1 mepepada ii yeproBomy [IPY i3
3a3HAYEHHSM BU/IB, KUTBKOCTI HECIPAaBHUX MEXaHI3MIB 1 MICIlh
nepeOyBaHHS;

— 30ip, peectpauis iHpopMalii MTpo CHpPALbOBYBaHHS
BukoHaBuux MexadizmiB COIIYEJI mixg uac eBakyariii mronei
Opyu MOoXexl 1 mepepaya ii Ha TepMiHaiu yeproBoro [IPY i
nepcoHaty 00'eKTa;

— obmin iHpopmaiiero 3 iHmUMH AC, 1O BXOIATH 0
ckrany  ACIIBb, 3  Meroro  NOpUHHATTS  CHUIBHHUX
HECYyTNepeuuBUX pIIIeHbh 3 €BaKyallii 1 MOPATYHKY JOJeH MpH
TTOXKEXI.

o ympaBmincbkux — Qynkuii  ACOIIYEJl nanexatb
HACTYIIHI:

— ONOBIIIEHHS TMEpPCOHAIy NpPO TOXKEeXKYy Ha 00'eKTi 3a
MICIICBOIO  PaIIOTPAHCISIIIIHHOI ~ Mepexero.  BrirodeHHs
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OTOBIIIEHHS TOBHHHO OYTH: aBTOMaTHYHUM, 3 MICIIEBOTO
pamioBy3ina, Big oneparopa ACIIBbB o0'exra;

— yHOpaBJIiHHS POOOTOIO CBITIIOBHX TA0JIO 1 MOKAKYHKIB,;

— BKJIFOUEHHS aBapiifHOTO OCBITJICHHS B MPUMIIIEHHIX (3a
HEOOXITHOCTI TPOJOBXKEHHS pOOOTH B HHUX) 1 Ha NUIIXax
€BaKyallii, He3aJeKHO BiJl poOOTH 3arajbHOTO OCBITJICHHS;

— 3a0€3MeYeHHs NPUMYCOBOTO BIJKIMKAaHHA Ji(QTIB, HE
MPUCTOCOBAHMX IS €BaKyamii Jojei, y Oe3neyHy 30HY 3
HACTYIHUM iX BIJIKJIFOUEHHSM;

— aBTOMATHYHA I10J1a4a KOMAaHJl CHCTEMi MPOTHUIMMHOTO
3axXHCTy JUI BUAAJICHHS UMY 31 IUIIXIB €BaKyallii;

— aBTOMAaTHYHA MOAaya KOMAaHJ JJIs BKJIIOUEHHS CHCTEM
MIAIOpY TMOBITPS Yy CXOAOBHUX KIIITKAaX, TaMOypax-Iulo3ax i
OPUMIIICHHAX  TEepPCOHAly, [0  3MAIMCHIOE  yIpaBIIiHHS
TEXHOJIOTTYHUM BUPOOHUYHUM IPOLIECOM.

o nonomixkuux ¢ynkiiit ACOITYEJI nanexarts:

— pPO3paxyHOK HEOOXITHOTO Yacy 1 MOMJIMBHX MUISXiB
eBaKyallii JII0Je 3 ypaxyBaHHSM MICIl BHHUKHEHHS TMOXEXi 1
MIPOTHO3Y 11 PO3BUTKY;

— JIIarHOCTHKA TPOXO/PKEHHS CHTHAJIB CIpPAaIllbOBYBaHHS
CHCTEMH ONOBIIIEHHS 1 HAsABHOCTI HANPyI'M Ha OCHOBHOMY i
aBapifHOMY JpKeperax )KHUBIICHHS,

— J1arHOCTHKAa BChOTO KOMIUIEKCY TEXHIUHUX 3ac00iB
COITYEJL

[Tpuctpoi onoBileHHS NOBHHHI OyTH Mpare3faTHUMH B
aBapifHUX pexuMax, ax J0 MaKCHUMaJlbHOI pPO3paxyHKOBOI
aBapii. Ilpuctpoi mnoBuHHI 30epiraTu mpane3faTHICTy NpU
MaKCHUMaJIbHOMY PO3paxXyHKOBOMY 3€MJIETPYCI.

ACOIIYEJI noBuHHa 30epiraTi NOBHY IIpale3faTHICTh
IIPU 3HECTPYMJICHHI 00'€KTA.

1.3.6 JlokaabHi AaBTOMATH30BaHI CUCTEMH
NMPOTHIIOKEKHOT0 3aAXUCTY

IIpusHavyeHus Ta ¢pyHKIioHaIbHA CTPYKTYpa
Jokaabuux ACIII3. OnHuM 3 NepcrneKTHBHUX HAIpPSIMKIB Y
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3a0e3neueHH] MOKeKHOT Oe3MEKH BHCOKOPU3UKOBUX O0'€KTIB €
CTBOPCHHSI JIOKAIBHUX CHCTEM TIPOTHUIIOKEKHOTO 3aXUCTY
(JICIIII3) okpemMux TEXHOJOTIYHUX MPHUCTPOiB o0'ekta: mad 3

EIIEKTPOTEXHIYHIUM YCTaTKyBaHHSM, €JICKTPOJIBUTYHIB,
EJCKTPUYHHUX KaOeJliB TOIIIO.
JlokanbHi CUCTEMU MIPOTHUITOKEIKHOTO 3aXUCTY

pO3TAIIOBYIOTHCS B Oe3mocepe/Hiii  ONMM3BKOCTI  Bif
YCTaTKyBaHHS, W0 3aXWIIAETbCA, 1, BJACHE KaXydd, €
cHCTEeMaMHM LIBUJIKOTO pearyBaHHs, OCKUIBKH JTO3BOJISIOTH OLIbII
OIIEpaTUBHO i BIpPOT'iIHO BUSBIIATU BUHUKHEHHS
MEPEANOKEKHOTO PeKUMY ab0 caM (aKT 3aropsiHHS 1 IIBUIIIE
racUTU TOXeXy (y TMOpIBHSAHHI 13 cHCTeMaMd OO0'€MHOIO
MOKE)KOTACIHHs, NPU3HAYEHUMH [UId 3aXMCTy HPUMIIIEHb Y
IIJIOMY) 32 paXyHOK HACTYITHUX (DaKTOPiB:

— MiHIMaJbHOI JOBXHUHH MaricTpaJlbHUX TPYOOIpPOBO/IIB
U1 TI0Jjaul BOTHETAaCHOT peYOBUHY;

— MiHIMaJIBHOI KUTBKOCTI 3aIipHO-ITyCKOBOI apMaTypH;

— 3HWKEHHS Yacy Ha 0OpOOKy CHTHAIIy TPHBOTH i BUAAUY
KOMaH/I BUKOHaBYUM IIPUCTPOSIM MOKEKOTaCIHHS;

— PO3MIINIEHHSI JIATYMKIB IOXEKHOI CHUTHANI3amii y
CEpelIMHI yCTaTKyBaHHS, 110 3aXUINAETHCS, a00 B O€3MocCepeIHii
OJIM3BKOCTI B1Jl HHOTO.

3HaYyHO WiABMINYETbCA (PyHKIIOHANbHA e€(QEKTUBHICTH
3acrocyBanHs JICIIII3 my1st mpoTUIIOKEKHOTO 3aXUCTY OKPEMHX
OPUCTPOIB Y  TOPIBHAHHI 3  O0'€MHMMH  CHUCTEMaMH
MOKE)KOTACIHHS 332 PaxXyHOK CKOPOYEHHS 4Yacy JOCATHEHHS
HeoOX1HOI KOHIIEHTpallli BOTHETacHOI PEYOBHHH, IO J103BOJISIE
BIJIUBATH Ha OCEPEOK 3aropsHHSA B IOYATKOBIA cTaiii ioro
PO3BHTKY.

ExoHOMIuHAa e(eKTUBHICTh 3aCTOCYBaHHS JIOKaJIbHHUX
CIIII3 3abe3neuyeTbcsi 3MEHIIEHHSM BUTPAaTH BOTHETacHOL
pPEUOBMHH, a TaKOXX CXOPOHHICTIO  YCTaTKyBaHHs, IO
3aXMIIAETBCSA, 32 PAXYHOK JIOKAIHHOTO BUKOPUCTAHHS IS
raciHHs MOKEeX1 B KOKHIM BHJI1 TEXHOJIOTTYHUX MPUCTPOIB TaKOi
BOTHETaCHOi PEYOBMHH, IO HE NPU3BOAMTH 10 BUHUKHEHHS
ne(eKTiB 1 HeCIPaBHOCTEH.

Onnak nmokaneHi CIII3, HE3Bakarouwm Ha Psii TOCTOTHCTB,
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€ CHCTEeMaMU 3 OOMEXKEHOI NPOAYKTHBHICTIO — IX JOLIJIHHO
BUKOPUCTOBYBAaTH SIK MEPIIMI €IIENIOH IPOTHIIOXKEXKHOIO
3axXHCTy O0'€KTiB. Y BHIAJKy HEBUKOHAHHS LIMMH CHUCTEMaMHU
3aBJaHb 3 TaClHHsS OCEPEAKIB 3arOpsHHsS Ha MOYaTKOBIM cTaiii
CIIil BBOJAWUTH B [il0 OUTBII TPOAYKTHBHI CHCTEMH TaCiHHS
MOKEX1 (IPYTUil €MIeIOH IPOTUITOKEKHOTO 3aXHCTY).

JlokanbHI CHCTEMH NPOTUIIOKEKHOTO 3aXHCTy Ta IX
€JIEMEHTH, BJIACHE KaXydM, € CKJIaJOBUMU YacCTHHAMHU
BIIIOBIAHUX (GYHKITIOHATTEHUX CUCTEM (3armo0iraHHs
HNEPEANOKEKHUX  PEKHUMIB,  IOXKEKOIACIHHA,  MOXKEKHOI
curHaimizanii Tompo), mo BxoAaTh a0 ckiaxy CIIBb o6'ekra,
ToMy B y3aranpHeHi cTpykrypi CIIBb BoHM He moka3zaHi sk
OKpemi cuctemu, a B Yy3araupHeHiii cTpykTypi ACIIBbB
BIAIIOBIAHO HE IIOKa3aHl JIOKaJbHI aBTOMATHU30BaHI CHUCTEMH
nporunoxexHoro 3axucty (JIACIIII3).

Jlokaneni  ACIII3 €  indopmaniitHO-yIpaBIiHCEKUMU
qacTHaMH JOKTbHUX (yHKIioHanbHuX CIIII3 1 mpu3Haueni s
aBTOMAaTU30BaHOI0 M AaBTOMAaTUYHOIO, BUKOHAHHS (YHKIIH i3
3a0e3neyeHHs MIPOTHITOKEKHOTO 3aXHUCTy OKpeMHX
TEXHOJIOTIYHUX MPHUCTPOIB 00'€KTA.

Jlokanpai  ACIIII3 MoxyTh (QyHKIIOHYBaTM SK B
yB's3yBaHH1 3 ACIIBB 00'exTa, Tak 1 aBTOHOMHO, HE3aJIEKHO BiJ|
ACIIBb. V nepmomy Bunaznky JIACIIII3 maioTh BOpiBHEBY
CTPYKTYpPY
3 eJeMEHTaMH HIKHBOTO PIBHSA, PO3MOAUICHUMH IO OKPEMHX
MPUCTPOSIX, 110 3aXHUILAIOTHCS.

Oynkuii gokanpHoi ACIIII3 MOXyTh BHUKOHYBaTHCS Yy
JIBOX pEXHUMAaxX:

— aBTOMaTUYHOMY — 0€3 y4JacTi epcoHay;

— aBTOMATHU30BAHOMY, pu AKOMY yIIpaBIIiHHSA
MPOTUIIOKEKHUM  3aXUCTOM  3J1MCHIOETbCA 32 PIIIEHHSMHU
HEPCOHATY.

JlokaneHa ACIIII3 sk BepxHi piBEeHb MOXE€ MICTUTHU
nporpamyBanbHuii kouTposiep (I1K) 3 inTepdeiicamu BBeneHHs
(IeB) 1 BuBenenHs (IBuB) 1 creniandi3oBaHUM MyJAbT YHpPaBIiHHS
MIPUCTPOSIMU CUCTEMU OIIEPATOPOM.
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Huxwniit piBens JIACIIII3 wmictuteh y cobi cucremy
MOKE)KHOI CUTHAJTI3allii, BUKOHABYl MEXaHI3MH, 3aco0M IT0Jadyi
BOTHETaCHOi PEYOBHMHHU, CHUCTEMY KOHTPOJIO CIIPAallbOBYBAaHHS
BUKOHABYUX MEXaHI3MiB.

Y JIACHII3 nependayaeTscsi MOXKIUBICTH YHPABIIHHA
aBTOHOMHO B  aBTOMAaTHYHOMY (Bil ~ MpOrpaMyBajbHOIO
KOHTpOJIEpa) YW aBTOMAaTH30BaHOMY (BiJi BMHOCHOTO ITyJbTa
omeparopoM) pexumi, a y ckmaai ACIIBb — y pexumi
aBTOMATH30BAaHOTO YIPaBIIiHHS.

JlokanpH1 ACIIII3 BUKOHYIOTh iHdopmartiiiui,
YIIPaBJIIHCHKI Ta TOTIOMDKHI (DyHKIIII.

Ho indopmaniitnux  ¢ynkuiii  JIACIIII3  Hanexats
HACTYIIHI:

— KOHTPOJIb CTaHy MPHUCTPOI, IO 3aXULIAETHCS, 3
iIeHTU(IKAIIIE0 TIIHHS, 3arOpsSHHS 1 TOXKEXi, 3a0€31eUyBaHOI0
IPYNOK  IOKEKHHUX  CIOBIL[YBayiB  JIOKAJIbHOI  CHUCTEMHU
iHpopMmarii;

— KOHTPOJIb CTaHy BHKOHABUMX MEXaHI3MIB CHCTEMH,
3a0e3MeuyBaHuil TPYIOK IMOKEKHUX CIOBIIIYBAYiB JIOKAITBHOI
cucteMu iH(opmariii;

— BigoOpaskeHHs Ha  ekpaHi  omeparopa ACIIBb
iHpopmanlii mNpo cTaH MNPUCTPOIO, M0 3aXMIIAEThCA, 1
BHKOHABYHX MEXaHI3MIB CUCTEMH;

— nepenaya yeprosomy [1PY iHdopmarii mpo BUHUKHEHHS
MIEPEATIOKEKHUX PEKUMIB, OCEPENIKIB 3aTOPSHB, TTOXKEK;

— o0MiH iHdopmariero Mixk nokansHO ACIII3 i ACIIBb
o0'exTa.

Ho ynpaBmiHcbkux — ¢ynkuii  JIACIII3  nanexatsb
HACTYIIHI:

— aBTOMAaTW4YHE (32 JONOMOrOI  MPOTrpamyBaIbHOTO
KOHTpOJIepa) YM aBTOMAaTH30BaHE (3a JONOMOTOIO OTepaTropa
ACIIBb) ympaBmiHHS BHUKOHaBYMMH  MEXaHi3MaMmH, 10
3a0e3neuyloTh  3arnoOiraHHs — MEepPeANOoXKEKHUX  PEKHUMIB,
JIOKAJI3aIilo 1 JIKBIAALII0 OCEpeAKiB 3aropsHHS 1 TaciHHA
MTOXKEXKI,
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— pexoHdirypariisi cicTeMH NpU BUSBJICHHI BiIMOBJIECHb Y
nokanbHo1 ACIIII3 1 3a xomanmamu Big ACIIBE;

— KOpEeKIis KOMaH/]1 yIpaBIIiHHSA BUKOHAaBYMMHU
MeXaHI3MaMH Ha OCHOBI aHalli3y JaHUX JIOKaIbHUX CHCTEM
iHpopMaii mpo 3MiHHU CTaHIB MPUCTPOIB, 10 3aXHUIIAIOTHCS;

— 3a0e3nedyeHHsT TPIOPUTETY i omepaTopa CTOCOBHO
IHIINX JDKEepen YIpaBJIiHHS,

— CaHKIIIOHYBaHHS JIOCTYIy /A0 IyJbTa YIPABIIHHS IS
MIPOBEJICHHS OTeparliii 3 BAKOHABYUMH MEXaHi3MaMH.

o monomixkaux ¢ynkiii JIACIII3 HanexaTs HACTYITHI:

— KOHTPOJIb TEXHIYHOTO CTaHy €JIEMEHTIB CHUCTEM 3a
IporpamMaMu, 3alMCaHUMM Y IOCTIfHOMY 3amam'siTOByIOUOMY
npuctpoi  KoHTposnepa (mepiommyHo abo0 32  BHMOTOIO
oreparopa);

— COpTYBaHHS (xmacudikarris) iHpopmaii 3
MPIOPUTETHOCTI A7s mepenadi yepropomy [1PY;

— CaHKIIOHYBaHHS JOCTymy A0 iH(popMarii JIOKaIbHOT
ACIIII3.

Bimnaunmo geski  ¢yHkmii  nmokanmeHmx  ACIII3 B
aBTOMaTMYHOMY i aBTOMaTH30BaHOMY PEXHUMaX.

B aBromarnunomy pexumi JIACIIII3  BHKOHYIOTH
HacTyMNHI QyHKIT:

— KOHTPOJIb MpaIe3/1aTHOCTI €JIEMEHTIB CHUCTEMU;

— 30ip iH(OopMaLii BiJ] JOKaJIbHOI CHCTEMH 1H(opMarii;
o0pobka # aHami3 iHpopMalii Ha BIANOBIAHICT IITAaTHOMY
peXuUMy, TOBTOPHHUI orisa iH(pOpMaLii 3 METO BHUKIIOYEHHS
MOMWJIKOBUX  CIpalbOBYBaHb HAa  OCHOBI  3ICTaBJICHHA
pe3yibTaTiB, OTPUMAHUX BiJl PI3HUX AATUHKIB;

— 1meHTU]IKaIlisS 03HAK OCEPEIKIB TTOKEXKI;

— MIArOTOBKA KepYIOUHX KOMaH/ BUKOHABYUM
MexaHI3MaM 3 JIKBifarii abo jokami3allii ocepeKiB MOKEXKi;

— KOHTPOJIb BUKOHAHHS KOMaH];

— o6wmin iH(popmartiero 3 ACIIBbB 1 mpuiiom xoman1.

B aBtomatuzoBanomy pexumi JIACIIII3 BHUKOHYIOTH
HACTYIHI QYHKII:

— KOHTPOJIb MPALE3JaTHOCTI €JIEMEHTIB CUCTEMU;
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— aHaji3 oTpuMaHoi iH(popmartii;

MPUAHATTS PIICHB 1 MATOTOBKA KEPYIOUNX KOMaH]I;
KOHTPOJIb BUKOHAHHSI KEPYIOUMX KOMAaH];

OIliIHKAa ONEPAaTHMBHOI OOCTAHOBKM B XOJ1 BHKOHAHHS
KOMaH/]I BAKOHAaBYMMH MEXaHi3MaMH CUCTEMU;

— MNPUHHATTSA pilIEHb 3 KOPEKLIi KePYIOUUX KOMaH;

— nepenava iHpopMmarii ACYTII, mucmeruepy [1PY,
KEpIBHUUTBY 00'€KTa MPO BUHUKHEHHS 1 PO3BUTOK IO3ALITATHUX
CUTYyalil, TPUHHATI PIIICHHS, PE3YJIbTATH iX BUKOHAHHS.

PosrnsiHeMoO  gedki  CTPYKTYpHI  CXEMH  JIOKQJIbHUX
aBTOMATH30BAaHUX CHUCTEM IPOTHUIIOKEKHOTO 3aXHUCTY.

[TobynoBa nokansaux ACIII3 y cknagi ACIIBB o0'exrta
BUMarae 3a0e3NeUYeHHs CTUKYBAaHHSA JIOKAJbHUX CHCTEM 3
ACIIBb, npuiiomy, aBTOMaTH4HOI peecTpalii, 30epexeHHs 1
BimoOpaxeHHs iHpopmarii. [y BUpILICHHS 3a3HAYCHUX 3aB/IaHb
JOLIBHO BHUKOPHUCTOBYBAaTH MPOrpaMyBajibHI KOHTPOJIEpPH, IO
MalOTh T€ ICTOTHE JOCTOTHCTBO, LIO iX CTPYKTYpY M aJropuTMHU
(GyHKLIOHYBaHHS MOKHa IporpamyBaTH 3a  JJOIIOMOI'OIO
CleliaJbHUX MPHUCTPOIB  (IporpamaropiB) sK T1pu  iX
BHUPOOHMIITBI, TaK 1 IPU eKCIUTyaTallii.

3a  JIOMOMOTOI  TporpamMaTopa  MOXKHa  TaKOX
nepenporpaMyBaTH  KOHTpOJIEp Ha  BHMKOHaHHS  1HIIOTO
QITOPUTMY, HE 3MIHIOIOYH CaM JIOPOTHI KOHTPOJIED.

[IporpamyBanbHUN  KOHTPOJIEP, BOJIOAIIOUM  BEIMKUMHU
JOTIYHUMH W OOYHMCIIOBAIBHUMH MOXIIUBOCTSIMH, BHCOKOIO
HIBUJIKO/II€10, A03BOJIE€ OyayBaTH Pi3HOMAaHITHI CTPYKTYpH NpHU
peanizamii nokansHuXx ACIIII3. Ha Bxoam koHTposiepa uyepe3
iHTepdeiicHI OJOKM MOXYTh NOJABaTHUCA CUTHAIU 3 JaTYMKIB
(MOXEeXHUX CHOBINIyBadiB), Ha TMIACTaBl SKUX KOHTPOJEP
HiATOTOBNIAE 1 TMepefae Kepyloui CUTHAIM aBTOMATUYHUM
YCTaHOBKAM ITOXEKOTACIHHSI.

UYepes  oOMexeHicth  iHTepdeiiciB  yBemeHHS ()
nporpamyBaibHoro kontposepa (I1IK) ans ympaeninHs mporecom
3a0e3neyeHHs] MOXKEXKHOI Oe3NeKn MOXYTh OyTH BHKOpPHCTaHi
HACTYTIHI JIBA T IXOIH:

— YCTaHOBKa KOMyTaTopa Ha BXo/i Iy (puc. 1.2, a);
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— 30umsmenHs yucia I1K 13 3a0e3nedeHHsM JOLAaTKOBOTO
3B'I3Ky MK HUMH, III0 MOKE 3/I1HCHIOBATUCS a00 0e3mocepeIHb0
Mix HUMH (puc. 1.2, 6), abo depe3 cUCTEMHY IIUHY 3B'A3KY (pHC.
1.2, B).

CucTeMHa 1HHa

InTepdeiic
BBE/ICHHSI

[TporpamyBasbHuii
KomyTatop KOHTpOEP

[uTepdeiic
BUBEIEHHA

|

JlokasibHa cHCTEMA MPOTHIOKEKHOTO
3axXHCTY

CucTeMHa 1KuHa

IuTepdeiic [uTepdeiic
BBE/ICHHS BBE/IEHHS
[TporpamyBaibHHuii [MporpamyBaibHuii

KoHTporep [  KOHTpojep

[uTepoeiic [uTepdeiic
BUBE/ICHHS BHBE/ICHHS

| [

JlokanbHa cuctema [IPOTHIIOKEKHOTO
3aXHUCTY
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CucTeMHa L1HA

[uTepdeiic - InTepdeiic

BBEJICHHS BBEJICHHS
[TporpamyBaJibHHii [TporpamyBaiibHHii

KOHTpOJIEp KOHTpOIIEp

InTepdeiic InTepdeiic

|_ BUBEICHHS BUBE/ICHHS

JlokanbHa cucTeMa npoTHIOKEKHOTO
3aXHCTY

B)

Puc. 1.2 — CrpykrypHa cxema JOKaJbHOi aBTOMATH30BAaHOL
CUCTEMH MPOTHUIOKEKHOTO 3aXUCTY:

a) 3 KoMyTaTopoM; 0) 3 OpraHi3aIli€ro 3B'I3Ky MiX IPOTPaMyBaIbHAMU
KOHTpOJICpaMU; B) 3 OpraHi3aLi€lo 3B'3Ky Yepe3 CHCTeMHY IIIHH
2

Inrepdetic BuBenenns (IBuB) 1K 3abesneuye y3romxeHHs
3a MOTYXHICTIO BuXimHuX curHamiB [IK 1 curHamiB, HEOOXITHIX
JUIs yripaBiliHHSA BUKOHaBuYMMH MexaHizMamu JICIIII3. KinbkicTs
BHUBOIB I[BMB BHM3HAYacThbCAd KUIBKICTIO BXO[IB BHUKOHABUMX
MeXaHi3MiB. Y BHIaJKy OOMEXEHOro 4ucia BUBOAIB IBUB abo
30LIBIIYETHCSI  YHUCIO MPOrpaMyBaJbHUX KOHTpOJIEpiB, abo
YIIITBHIOIOTHCS BX1HI KaHAJIM BUKOHABYUX MEXaHI3MIB.

Ha puc. 1.3 naBenena cxema BkitoueHHs 11K, y sakiit uncio
fioro BUBO/IB Ouble a00 AOPIBHIOE YHCITY BXOAIB BUKOHABUMX
mexanizmis JICIIII3.
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AJpecHUit AnpecHuit
Iurepdeiic G0k IIC | ==~ 6ok I1C
BBEJICHHS K
[TporpamyBasibHUI [TosKe KM [Toxexuuit
KOHTpPOJICP CIOBiIIlyBay CITOBIIIyBa4
1 1k
Iurepeiic L L
BUBEJICHHS | ]
[ToxexHui [Toxexnmii
cropimyBadl === |croBimtyBay
N Ex

Bukonasuiii npucpiii
1

I Bukonasuiit npucpiii

N

Puc. 1.3 — CtpykTypHa cxema 3 MPSMUM MiIKITIOYSHHSIM BUKOHABYHX
MPUCTPOIB O NIPOrpaMyBaIbLHOTO KOHTPOJIEpa

3a BeJIHMKOI KIJIBKOCTI BXO/IB BUKOHABUYMX MEXaHI3MIB, IO
MEepeBUIye KUIbKICTh BuUXigHUX KaHamiB [IK, mominsHO
3MIACHIOBAaTH  YIIUIBHEHHS BXIJHUX KaHaIIB BUKOHABYMX
IIPUCTPOIB,
BUKOPHUCTOBYIOUH ajpecHi Oioku (puc. 1.4), komyratopu (puc.
1.5) un agpecHi 6JIOKH 1 KOMYTaTOpH CHIBHO (puc. 1.6).
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AnpecHuit AnpecHuit
Intepdetic Gnox IIC | ==~ 6ok T1C
BBEJICHHS K
ITporpamyBaibHMiA [ToskeIKHUid [ToxexHuii
KOHTPOJICP CIIOBIilLly Bay CIIOBIlIlyBay
1 1x
[nTepdeiic L L
BUBEJICHHS | |
[Toxexuuii [oxexHuit
croBiutyBayl === |criosiigyBad
N Ex
AJpecHuii AnpecHuit
6ok AVII osok AVII
] N
Peryntorounii Perymorounii
€JIEMEHT €JIEMEHT
N
BukoHaBuiit npucpiit BukoHaBuiit npucpiit
1 N

Puc. 1.4 — CtpykrypHa cxema JIACIIII3 3 agpecHuMu 0JI0KaMu

JlaTunkn 1 BHUKOHaBYl MEXaHI3MH, PO3MOJUIEHI IO
TEXHOJIOTIYHUX MPUCTPOSIX, IO 3aXUIIAIOTHCS, SBISIFOTH COOOI0
JIOKAJIbHY
MEpeXy 3 BHXOJIOM Ha NPOTpaMyBaIbHUN KOHTpoJep i
Creliali30BaHUi  MyJIbT  YIpPaBIiHHS. KoHcTpykTuBHe
BUKOHAHHS 1 NapaMeTpH AAaTYUKIB 1 BHUKOHABUMX MEXaHI3MiB
3a0e3MeuyoTh BUKOHAHHS HACTYIHUX (PYHKITIH:

— BUSIBJIGHHSI OCEPEIKY 3aropsiHHA 1 BWjada CHTHAIy Ha
I1K ans HacTymHOi 00pOOKH;

— Tofaya BOTHETracHOi PEYOBHMHHW B 30HY BHUHUKHEHHS
OCepeNiKy MOKexKi;
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— CTBOpPEHHS 1 MIATPUMKA HEOOXiMHOI KOHIIEHTpAIil
BOTHETACHOI PEYOBHHH MPOTATOM HEOOX1THOTO Yacy;

— MOXJIMBICTh TMEPEBIPKH MpPAIEe3TaTHOCTI, a TaKOX
KOHTPOJIIO CTIPAllbOBYBAHHS JATUYMKIB 1 BUKOHABYMX MEXaHI3MiB;

— pe3epByBaHHS W oOmnepaTHBHA 3aMiHa EJIEMEHTIB, IO
BHUIIUIH 3 JIa/ly, YCTAaTKyBaHHS.

AnpecHui AnpecHuii
Iutepeiic 0’”0'; [C | = ok 11C
BBE/ICHHS 1 F
[TporpamyBasibHU TTOKEKHIIA [ToxkexHMi
KOHTDPOJIEp CrIOBilILy Ba4 crioBiLyBay
] 1k
[urepdeiic L LN
BUBE/ICHHSI | ]
[oxexHnii I oxexnuit
crioBiyBau| === |criosimiysay
N Ek
B e e e e e et e e e e e e e e e e e i
. Perymotounii Bukonasdii npucpii]
d Komyrarop e/leMEHT s 1 PHEPIL
T < L]
[ ] | !
3 Cucrema '
' yInpaBJliHHs Perymorounit —1 '
5 1 elIeMEeHT Bukonaguiii npucpiid|
. L]
e L TR T “a
.................... ST
I S — —
: Perymoiounuii BukoHaBuiii npucpii| *
L. KomyTtarop CIIEMEHT 1k '
' K 1K :
' Cucrema =
. ) : Perymoounii - - '
. .\”Pa';é””“” e/leMEHT Bukonasuiii npucpiii :
[ Mk Mg ]
.

Puc. 1.5 — Crpykrypna cxema JIACIIII3 i3 komyTatopamu

Ho cknamxy nokansHuX ACIII3 BXOmATH pi3HI CHUCTEMU
(CTpyKTypHi eneMeHTH), IO 3a0e3MeuyloTh MPOTUIOKEKHUN
3aXUCT OKPEMHUX TEXHOJIOTTYHUX MPHUCTPOIB, 11€X1B, BAPOOHUYMX
OinstHOK Tomo: JokanbHa AC iHdopmarii, JokanbHa CHCTEMa
poOoTu3oBaHuX 3aco0iB, JokajdbHI AC NPOTUIIOKEKHOTO
3aXHCTy €JNEeKTPUYHUX KabemiB 1 mad 3 eNeKTPOTEXHIYHUM
YCTaTKyBaHHSIM,  3allO0IraHHS  TMEPEANOKEKHUX  PEKHUMIB
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€JIEKTPOABHUTYHIB TOLIO.

/\flpCCHHﬁ Anpccﬂuﬁ
Iurepdeiic ook [1C | === 60k T1C
BBE/ICHHS i<
ﬂporpaxlyBaflbllldﬁ [Toxexuuii [ToxkexHuii
KOHTPOJICp crioBilyBay CHOBilIlyBay
| 1K
Inrepeiic LR LA
BUBC/ICHHS | E— N
loxexHuii [TosxxexHmit
crioBiuyBay| === |crioBinryBay
N Ex
TRV SN e e e e e B e e e e e
. Perymorounii
. - T
1 Aapecuuii | KomyTrarop elIEMEHT
« | 610k AVII 1 |
= 1 Cucrema
' yIpaBJiiHHs Perymorouuii
' 1 €JIEMEHT
.
e eeaeeaaann s
_-. ! Perymotounii
.
= Komyrtaro €JIEMEHT
L. Axpechnii o "M P
*| Guok AvIT L
[N Cucrema -
' K . Perynoiouuii
yHpaBIiHHs <
' K CJIEMEHT
. Mk
.

Bukonaguiit npucpii

1K

BukoHapuiii npucpiit

Mk

Puc. 1.6 — Crpykrypna cxema JIACIIII3 3 agpecaumu 610KaMu

1 KOMyTaTopamu

Jloxkaabna AC indopmanii. /[aHa cucrema Impu3HadeHa
JUISL PAaHHBOT'O BUSIBJIICHHS MEPEANOKEKHUX PEXKHUMIB 1 3aTOPSIHb,
a TaKOX KOHTPOJIIO poOOTH BUKOHABYMX MEXaHI3MIB JIOKAIbHOI
ACIIII3 ta iX I1arHOCTHKH.
Jlo uncna ocHOBHUX (DYHKIIiHM, BUKOHYBaHUX JIOKAJIHHOIO
cucTteMmoro iHpopmarilii, HanexaTh HaCTYIIHI:

— BHUABJICHHA

JOKepen

3alaJIrOBaHHA,

O3HaK

TIIHHA,

MIPOJIi3Y, 3arOPSHHA 1 TOXKEX1 B KOHTPOJIHOBAHOMY IIPUCTPOI 3a
JIOTIOMOTOI0 TTOKEXHHX CIIOBIIyBayiB;
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— KOHTPOJIb CTaHy  Hpale3laTHOCTI  BHKOHABYHUX
MexaHui3MmiB JokaibpHOi ACIIII3 3a IOIIOMOror OaT4MKiB, IO
BH3HAYalOTh MUIICHICTH OOMOTOK, pejie, HUTOK IIipo3amnaiB,
KOHTAKTOPIB TOIO, AaHAJIOTOBI CUTHAJIH SIKUX MEPETBOPIOIOTHCS B
nudpoBi Kou;

— KOHTPOJIb BHXIJHOTO 1 KIHIIEBOTO TMOJIOKEHbh MEXaHi3MiB
JICTIIT3, o BU3Ha4Yal0Th CTaH 3aMKHYTOCT1 KOHTaKTHOI MapH;

— 3aM00iraHHsl MEPENNOKESIKHIX PEXKHUMIB 3a JIOTIOMOTOIO
TEMIEepaTypHUX JaTUUKIB BHUTOKY CTpyMy, IO BH3HAYalOTh
CTYNiHb  JIOKAJbHOTO  HArpiBaHHS  €JIEKTPOYCTAaHOBKU B
KOHTPOJIbOBaHIM TOYIIL;

— KOHTPOJb MPAaNe3laTHOCTI MPHUCTPOIB 1 MiACHCTEM
nokanbHOi ACIIII3 y mraTHOMY pekumi.

Jo TexHiyHMX 3aco0iB jokampHOi AC  iHpopmarii
Mpe'aBISAI0ThCS HACTYIHI BUMOTH:

— IaTYMKH OOMpPAIOThCA 3 YpPaxyBaHHSAM iX I1HEPIIHHUX
BJIACTHUBOCTE;

— IaTYMKH  BKJIIOYAIOTh y CBIM  CKJIAA  TPUCTPOL
nornepeHboi 00poOkH iH(popMallii Ta i IepeTBOpeHb;

— KIHIIEBI KOHTaKTH TIOBHHHI TIOJaBaTH OJHO3HAYHY
iHpopMalil0 NpPO  TOJOXKEHHA  OyIb-SIKOTO  BHKOHABYOT'O
MeXaHi3My;

— KIHIEBI KOHTaKTH 1 JaTYMKW BHUKOHYIOTh (yHKIIIT
KOHTPOJIIO BHXIJHOTO 1 KIHIIEBOTO TIOJIOKEHb BUKOHABUYMX
MeXaHI13MiB Ta X Mpare3/1aTHOCTI B yMOBax BiOpaiii.

JlokanbHa cucreMa  po0OTH30BaHMX  3ac00iB
noxxe;koracinusi. JlokanpHa cucreMa poOOTH30BaHUX 3aco0iB
MOYKEXKOTACIHHS PU3HAYEHA JIJIS 3A1MCHEHHS] aBTOMATUYHOTO Y1
aBTOMaTH30BaHOTO MOXKEKOTACIHHS 3a JI0TTIOMOT 010
poboTH30BaHMX JaQeTHUX CTBOJIB Ta IHIIMX 3acO0iB.
CTpyKkTypHa cxeMa JIOKaJIbHOI CUCTeMH poOOTH30BaHHUX 3ac00iB
MOKEeKOTaCiHHS HaBe/leHa Ha puc. 1.7.

Cucrema  poOOTH30BaHMX  3acO0IB  TMOXKEKOTACIHHS
BHUKOHY€E HACTYIIHI OCHOBHI (PYHKIIIi:

— MPHUIOM KOMaHJ Bijl MPOrpamMyBaJbHOTO KOHTpoJiepa i
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orepaTopa;

— ympaBJliHHS JTaQEeTHUMH CTBOJIAMH.
B ocHOBHUMII cKllaag JTOKaTbHOI CHCTEMH POOOTH30BAHUX
3aCc001B OXKEKOTACIHHS BXOISTh:
— KepoBaHi JadeTHI CTBOJIH;
— TpyOONIPOBOHU 3 By3JaMH YIIPABIIIHHS;
— MiCLEeBi MyJIbTH yIPaBIiHHS;
— MPUCTPOI yIPaBIIHHSI BUKOHABYUMHU MEXaHi3MaMH.

LIcpHeAEm. |— Jladernnii JladerHuii Jladernuit
- CHOBIH‘Iy’Baq CTOB6yp CTOB6yp CTOB6yp
OJTyMsI
—
[MoxexHnit fom Micuesuii MicueBuit
— crogimyBau IYJIBT MyJIbT -
QMY yTpaBIiHHS o yIpaBiHHS
Anpechuii [IporpamyBasbHuii
GIIOK KOHTpOJIEP
Puc. 1.7 — CrpykTypHa cXeMa JIOKQIbHOI CHCTEMH

poOOTH30BaHUX 3aCO0IB MOXKEKOTACIHHS

Butpara Bou B cHCTEMi BU3HAYAETHCS XapaKTEPUCTHKAMU
MOKE)KHOTO HABAHTAKEHHSI 1 IUIOIICI0 OCEPeAKYy IOMKEKI.
JlanpHICTH TOJMadYl BOAWM TOBHHHA CKjiIafgaTd Omm3bko 40 M,
epeKTUBHUNA JiaMeTp CTPYMEHS B 30HI OCEpEelNKy MOXKexi
noBuHeH Oytu 6mm3bKo 0,5 - 1,0 M.

Jlo  JOKadbHOI  CHUCTEMH  POOOTHU30BAHMUX
MO’KEXKOTACIHHS MPE/ IBISIOTHCS HACTYITHI BUMOTHU:

— YIOpaBTiHHS BUKOHABYMMH MEXaHI3MaMH 3HiHCHIOETHCS
MEPCOHATIOM 3 MICIIEBOTO MYJIbTa YIPABIIHHA 3a IPOrPamoro,
sanmucanoro B I[I3I1 wmporo mynbTa, ab0 aBTOMATUYHO 3a

3ac001B
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mporpamoro,  3anucaHoro B II3II  mporpamyBanbHOrO
KOHTpOJIepa;

— BUSBJICHHS 3aropsHHS 1 BU3HAUYEHHS KOOPAMHAT
OCepeNIKy  3aropsiHHS  3IIMCHIOIOTBCS  JloKanmbHOO  AC
iHpopMmarii;

— KYyTH PO3BOPOTY JapEeTHUX CTBOJIB 3a0€3MEeUyIOTh
10J1a4y BOAM B OYAb-AKY TOUKY IPOCTOPY, 110 3aXUIIAETHCS;

— IIBUJIKICTh PO3BOPOTY JaQETHUX CTBOJIIB HE MIPU3BOAUTH
710 TIOPYIIEHHS! KOMITAKTHOCT] BOJSTHOTO CTPYMEHS;

— TPUBAIICTh IOJA4Yl BOJM 3a0e3leuye TapaHTOBaHE
NPUIYHICHHS OCEPEIKy 3aropsHHs (MOoXexi) O0 MpuOyTTs
ocob6oBoro ckiany [1PY;

— TPUBAIICTh (DYHKIIOHYBaHHS JIaQETHOTO CTBOJIA B
aBTOMAaTUYHOMY PEXHMI BU3HAYAETHCS YMOBAMU ONTHUMAIBHOTO
MPUIYIICHHS OCEPEIKY 3aropsiHHS 1 MOKEKi,

— TPUBATICTh (PYHKLIOHYBaHHS JadeTHOrO CTBOJIA B
aBTOMATH30BaHOMY PEXHUMI BU3HAYAETHCS OTIEPATOPOM;

—Opd  BIIMOBJIEHHI  ofHOro  jadeTHOro  CTBOJA
nepeadayaeTbCsi MOXKIIUBICTh BKJIIOYEHHS 1HIIOTO Jia)eTHOTO
CTBOJIQ;YepPrOBICTh  BKJIIOUEHHA  JaeTHHUX  CTBOJIB B
aBTOMaTHYHOMY pexuMi BU3HAYAETHCS MPOrpamoro
ONTUMAJILHOTO TPUAYIIEHHS OCEpEeNKY 3aropsHHs (IOXKexi),
3anucanoro B [I3Y mporpamyBalIbHOTO KOHTpPOJIEpa;4e€pProBiCTh
BKJIFOYEHHSI JIaQETHUX CTBOJIB B aBTOMAaTH30BAaHOMY pPEXUMI
BU3HAYAETHCS ONIEPATOPOM.
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PO3/LJI 2. JATYUKH MEPBUHHOI TH®OPMAIIIL

ITPO CTAH TEXHOJIOI'TYHUX ITAPAMETPIB

Bubip  3aco0iB  BHABICHHS  HEPEANOXKEKHHX 1
BHOYXOHEOE3MEUHNX  PEKUMIB  3HIMCHIOETbCS  Ha  eTari
TEXHIYHOTO IPOEKTYBaHHS CHCTEMH. BiH BH3HA4YaeThCs
OCOOIMBOCTSIMH ~ TEXHOJIOTIYHOTO  perjiaMeHTy o0'ekta 1
IpaHUYHUX 3HAUYEHb, YCTABOK PEKUMHHUX MapaMeTPiB.

Jlo uuciia OCHOBHUX DPEXHMHHX IapaMeTpiB, KOHTPOJIb
IMHAMIKA ~ SIKAX ~ JIO3BOJISIE  3HAWTHM, ideHTU(IKyBaTH i
CIIPOTHO3YBaTH MEPEANOKEkKHI 1 BUOYXOHEOE3NEUHl pexXHUMH,
HaJIeKATh: TEMIIEpaTypa, reOMEeTpis i KOOPAMHATH JIOKAJIBHOTO
HarpiBaHHs; THCK y CHUCT€MaxX TEXHOJOIIYHOIO YCTaTKyBaHHS;
piBEHb Ta BHUTpPAaTH PEUYOBHH Y TPHUIYCTHMHUX MEXKax;
KOHIIEHTpallis BUOYXOHEOE3NMEeUHUX CyMilled, KOOpAUHATH
MICIIb IX BHTOKIB; aMIUTITyIHI 1 YacTOTHI XapaKTEPUCTUKU
BiOpalliiHMX TPOIECIB YaCTHH MEXaHI3MiB TEXHOJOTIYHOTO
YCTaTKyBaHHA, IO OOEPTAIOTHCS, PYXalOTbCs ab0 CTalioOHAPHO
BCTaHOBJIEHI; KOOPJIMHATH MICIb BiOpartii; TOKOBI
XapaKTEPUCTHKH €JIEKTPOYCTAHOBOK; CTPYMHU BHUTOKIB Y KaOessax
Ta 1304111 €JIeKTPOYCTAaHOBOK; TUCK 1 IIBUJAKICTb IOTOKIB Y
MOBITPOIIPOBO/IaX CHCTEMH BEHTHIIALIl; aMIUTITYIHO-YaCTOTHI
XapaKTepUCTUKH  CEUCMIYHHMX  MPOIECIB;  XapaKTePUCTUKU
BUX1JHOI OTY>KHOCTI TpaHC(OpPMaTOpIB Ta 1H.

MeTposoriuHi  XapakTEepUCTHKU  3ac00iB  BHSABICHHS
MEPENNOKEeKHUX 1 BHOYXOHEOE3NMEUHUX PEXUMIB TOBHUHHI
KOPECHOH/IyBaTHCs 3 BUMOTaMH JI0 aHAJIOT1YHUX XapaKTEPHUCTUK
ACYTII
o0'exTa.

i 3acobu BupOONISIOTH iH(OPMAIlI0 MPO KOHTPOIHOBAHI
napameTpu B 00Cs3i, JIOCTaTHBOMY Ui  ifeHTU(IKawii
MEPeNNOKEeKHOT0 1 BHUOYXOHEOE3NMEeYHOro  pexuMmiB, 1
3a0e3MeuyioTh MOKJIMBICTE KOHTPOJIIO Tpale31aTHOCTI 3aco0iB
BUsBIIeHHsA. Bupaua iHdopmaiii HamaeTbcs NEpIOAUYHO 3a
3alUTaMMu CUCTEMH a0 1HIIIaTUBHO (MPH NEPEBUIIEHH] YCTaBOK
Ha KOHTPOJIbOBAHI MMapaMeTpH).

IlepioquuHicTh 3HIMaHHS iH(OpMAILIl B peXuMi HOPMAITBHOL
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eKCIUTyaTalii BHU3HAYAETHCS OCOOIMBOCTSIMH  KOHTPOJILOBAHOTO

TEXHOJIOTTYHOTO nporiecy 1 CTYTIEHEM roro
MOXKEKOBUOYXOHEOE3EUHOCTI.
3acobu BUSIBJICHHS MEPEATTOKEKHUX i

BUOYXOHEOE3MEUHNX PEKUMIB 320€31MeUyI0Th MOKIIMBICTH 3MIHU
MepiOMYHOCTI 3HIMAaHHA 1HGoOpMarii 1 TOYHOCTI BHUMIPIB
KOHTPOJIbOBAHUX ITAPAMETPIB.

Biporignicte iHpopmariii, BUpoOIIOBaHOI SKUM-HEOYb
OJTHUM 3aco0oM BUSIBIICHHS MePEIMTOKEKHIX qu
BHOYXOHEOE3MEUHNX PEXKUMIB, MIATBEPIKYETHCS 1HGOPMAIIIEIO
BiJl IHIIMX 3ac00iB, SKII0O BOHU BHKOPUCTOBYIOTHCSA. Y THX
BUIIAJIKaX, KOJU TEXHOJOTIYHI YMOBH JO3BOJISIOTH YCTAHOBUTHU
IpyIy iAEHTUYHUX 3aCO0iB BHUSBICHHS, BIpOTiIHICTh iHpOpMAaIii
BH3HAYAEThCS BHUOIPKOIO JICKUIBKOX 3HA4YCHb ITapaMeTpiB,
OJICpP’KYBaHUX BiJI Pi3HUX 3aCO0IB.

[lepioguuHicTh  ONUTYBaHHA B  aBapiiHOMy  Ta
nepenaBapiitHoMy peXuMax YCTAaHOBIIOETHCS 3 ypaxXyBaHHSIM
IHEepIIHHOCTI BUMIPIOBAIBHUX MPHUCTPOIB 3aCO0IB BHUSBIICHHS
MEPENOKEeKHIX 1 BHOYXOHEOE3MEUHNX PEKHIMIB.

[IpoekTHi MOKa3HMKU HAMIKHOCTI 3aco0iB BHSBICHHS
pPO3PaxOBYIOTbCS 3 ypaxyBaHHSAM BHMOT  IPIOPUTETY 3
pe3epByBaHHs YCTAaTKyBaHHS CHCTEMH MOKEXKHOI CUTHATI3alli].

B okpemux BUmagkax Moke BHKOPUCTOBYBATHUCS HACTYITHA
CTPYKTypa 3aco0iB BUSIBICHHS: UYYTJIUBUU €IEMEHT, MPUCTPIN
MEpPETBOPEHHsI 1 JIOriyHOi OOpoOKM, TpUCTpiil mnepenaul
iHpopMmaii.

ABTOMAaTH30BaH1 3acO0M 3aMoOOITaHHS MEPEINOKESKHUX 1
BUOYXOHEOE3MEeUYHNX PpEeXHMIB TMOBUHHI MaTH TOKa3HUKU
HajiHOCTI He HIk4Ye, HiK B ACIIBB y nimomy.

2.1 Crioco6m Ta MpPUCTPOI VI BUMIPY TeMIepaTypH

2.1.1 IcTopist po3BUTKY TepMOMeETPil

TemmepaTypa — BenMuYWHA, SKa XapaKTepU3ye CTYMiHb
HarpiBaHHsA Tijga. 3aJeXKHICTh MK CEPEIHBOIO KIHETHIHOIO
EHEepri€ro  MOJEKyJd, [0 TOCTYMalbHO  PYXarmoThCs, 1
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TEMIIEPATyPOIO 1/1€IbHOTO ra3y BU3ZHAYAETHCSI BUPA3OM:
E = (3/2)kT,

ne k=1,380107 I[>1<~Kr'1 — nocriiga boabnmana;

T — abcomoTHa Temmneparypa Tija, K.

SIKmio Tina MaroTh Pi3HY TEMIEpaTypy, TO IPH iX KOHTAKTI
BiIOYBA€ThCS BHUPIBHIOBAHHS CHEPrid: TUIO, IO Ma€ OLIbII
BHCOKY TEMIIEpaTypy, a BUXOIUTH 1 BEJUKY CEPEAHIO KIHETHUHY
EHEPTiI0 MOJICKYJ, Tepe/lae CBOI TEIUIOTY (SHEpriro) Tuly, M0
Ma€ MEHIIY TEeMIIepaTypy, a BUXOAWTH, 1 MEHIIY CEpeIHIO
KIHETUYHY EHEpril0 MoOJIeKyJ. TakuMm 4YMHOM, TemIeparypa €
napaMeTpoM, MI0 XapaKTepu3ye fK SKICHY, TaK 1 KiUJIbKICHY
CTOpPOHY TMpOLECIB TeI000MiHy, TemionepeHocy. OnHak
BUMIPDUTH TeMIepaTypy Oe3mocepeHbO0 HE MOXKHA; MOXKHA
BH3HAYUTH 1i 3HAYCHHS TUIBKU 32 SIKUMHCh 1HIMMMHU (HI3UIHUMH
napaMeTpamMy Tijia, MO 3MIHIOIOTHCS OJHO3HAYHO 3aJICKHO BiJ
Temmneparypu. Takumu napamerpamu, IO 3aJIeXaTh Bij
TEeMIepaTypu, €, HANpUKIaa, OOCST, JOBXKHHA, EJECKTPUIHHNA
OIlip, TEPMOENIEKTPOpPYIIiHA CHJIa, EHEepreTHYHa SCKPaBiCTh
BUIIPOMIHIOBAHHS Ta PsiJ IHILIUX.

JloTHKaJIbHA TPUCTYIHICTh TEMIepaTypu BiJjoOMa 3 JIaBHIX
yaciB. /o mepmioro Tucs4yopiyus OO HAIIOi €pu BITHOCUTHCA
MOsIBa MOHATH MPO OCHOBHI CKJIAJ0BI HABKOJIUIIHBOTO CBITY, Y
YUCIl SKUX MOPAJ 13 3eMJIEI0, BOJIOIO 1 MOBITPSIM OyB BOTOHb,
AKOMy B 0araTboX 30BHIIIHIX MpOsSBaX MHPUIUCYBAINCA
BJIACTUBOCTI, IO Y3arajJbHIOIOTHCS CYYaCHHUM  TOHSTTAM
temneparypu. JleMokput 1 JIeBKinm omepyBaiM MOHSTTIM
€JIEMEHTAapHOIO0 BOTHIO B 3arajlbHO(I3WYHHUX  YSIBJICHHSX,
lnmokpar — CTOCOBHO 110 MeIu4HuX mpobneM. OjHak,
OYEBHJIHO, HE HUMH OYJI0 BBE/ICHE MOHSTTS TEMIIEPAaTypH, TOMY
o ApHUCTOTENb MiJ Yac OOrOBOPEHHS YOTHUPHOXEIEMEHTHOIO
CBITY TIOCHJIAEThCS HA <«IPEBHIX» 0e€3 3raayBaHHA I1MEH.
TpynHoui «IpeBHIX» y CKJIaJaHHI YITKOrO YSIBIEHHS PO
MOHATTSl TEMIIEPATypu IMOPO3yMiBajKcs OararbMa MPHYNHAMH,
IIOB'SI3aHUMU, 30Kpema, 3 BiJICYTHICTIO Oynb-sKo1
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BUMIPIOBAJIHOI ~ TEXHIKH, MPE3UPIMBUM  CTaBICHHAM  JO
EKCIIEPUMEHTY — 3aHATTA «PaOChKOr0», HEMPUIIYCTUMOIO IS
¢inocodis, 1 BHYTPIIIHIM TPOTUPIUYSIM iHPOPMALIT PO TEIUIOBI
IpOsSIBU B HAaBKOJMIIHBOMY  CBITI.  Temmeparypa €
MMOKA3HUKOM 1HTEHCHUBHOCTI, TOOTO SIKICHOIO XapaKTEPHCTUKOIO.
Tomy NOHATTS TemnepaTypu y MPOCTHX YSABICHHAX 3MILIYEThCS
3 IOHATTSIM KIJIbKOCTI TEIIOTH, IO JICKUTh B OCHOBI
JMOTHKAJIbHUX BiAYYTTIB. TeIaoTi BIacTUBAa CYIEPIIO3HIIiS,
Temreparypi — Hi. Baxkko Oyno 3po3ymiTH, YoMy Harpiti Ha
BOTHI BOJIa, OJIisl UM CMOJIA NIPH KOPOTKOYACHOMY JTOTUKY J10 HUX
BIUTMBAIM TIOMITHO CWIBHINIE, HIK CaM BOTOHb. Y CepelHi
CTONITTS Oaratopa3oBo OYB ONUCAHUW JOCHIA, Yy SKOMY
MIPOTIOHYBAJIOCS OJHY PYKY BUTPUMATH B TEIUTiH BOMI, a iHITY — Y
xononHid. Ilicns mporo 3mimiaHa BoJa BIAYYBAETHCS OJHIEIO
PYKOIO SIK XOJOJHA, iHImA — AK Terwia. [lpumimenHs raunOoxoi
neyepy, MiJBaly YSBIAETbCS B3UMKY TEIJIUM, a BIITKY
MPOXOJIOAHUM. Y  3B'I3KY 3 BEIUKOI IapaMeTPUYHOIO
YyTJIMBICTIO OpPraHi3My A0 TEIJIOBOI'O BIUIMBY TI'OJIOBHI MOHSATTS
JOBro mepedyBanu Ha cy0'ekTuBHINA ocHOBI. Lle mepemkomkano
noOy/0B1 ySBJIEHb y YITKIH, JOT1YHO 3aMKHYTIH MOCIiIOBHOCTI
YyMOBUBOIB. [l TOpIBHSHHA MOXHa HAaBECTH BHUMIp KyTa
Haxmity exminTtuku Eparochenom: 3a 22 cropivus 1 BelIUYHHA
yTOYHWIACA 1O TEMEepilIHbOro 4Yacy TUIbKM Ha 6 KYyTOBHUX
xBWIMH. Yepe3 uucTo (i3i0J0riYHI NPUYMHHU, TMOB'SI3aHI 3
TEPMOPETYJIALIEI0, TEIUIOKPOBHI OpPraHi3MH 3/1aTHI AYXe rocTpo
pearyBaTd Ha 3MiHY TEIUIOBOIO BIUIMBY HaBKOJHUIIHBOTO
CEpEelIOBHUINIA 3 TIEPEXOJOM BijJ HArpiBaHHS 10 OXOJIO/KEHHS, 1
HaBHakd. 3a TeMmIeparypd, OJM3bKOi 10 TUIECHOI, OpraHizm
3naTHUM pearyBaTtu Ha 3MmiHM nopsanky 0,1 K. 3agoBro no nosisu
NepuIMx  1HCTPYMEHTIB  JUIi  BHUMIpY  TeMIepatypd 3
MOBCSIKJIEHHOTO JOCBily OyiM BiJIoMi T'OJIOBHI ii MmapaMmeTpHyHi
BJIACTUBOCTI, 30KpeMa MparHeHHs TEeIUIOTH A0 TeMIepaTypHOl
piBHOBaru B pe3yabTaTi ii Mepexoay BiJl Trapsuux TUI [0
X0JOAHMX. PiBHOBakHa Temmeparypa YiTKO BBa)Kanacs HUXKUE
TEMIIEpPATypH CIIEPIy rapsiuoro Tila 1 BUIIE CHEPITY XOJIOIHOTO.
[ToniOHi imei Bcroau crnpuiiManucs HACTUIBKH OJIHAKOBO, IO
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piBHOIO Mipol0 TIHOOKO YBIMIUIM B yci BiIOMi MOBH 3
HaWJaBHININX 4YaciB.

Ha ocHOBiI MOYYTTEBOrO CHPUHHSTTS HABKOJIHIIHIX SBHII
IPUPOJHO NPUHILIM IO TOCIIIOBHOCT] TAKUX MOHATH, SIK 3MMOBa
XOJOAHEYa, Kamenb, JITHA MPOXOJoAb, 4YepBOHE 1 Oine
pO3KaploBaHHsA, TeMIepaTypH, IO BIANOBIJAIOTh 310pPOBIH
HOpMI 1 pomacHOMy cTaHy Tija JroauHu. Ha Takiii mpuponHiit
IIKaJIl KO)KHOMY T1JTy B HOTO CTaHI MOXe OyTH 3HAWJICHE ILIIKOM
BH3HAYECHE Miclle MK OUIBII 1 MEHII HarpiTUMH TUIaMH, IO
JI03BOJISIE  TIOPIBHIOBAaTH BIIHOCHY KUIBKICTh €HEprii, 1o
MICTHTBCA B TN, 1 34aTHICTh TiNAa CHOpUHAMATH YM BiJJaBaTH
€Heprito B SKICHOMY pO3yMiHHiI, TOOTO HE3aJeXHO BiJ
KUTPKICHUX XapaKTePUCTUK: PO3MIpiB, 00’ €My 1 MacH Tija.

[Torpeba y BUMipax Temrmeparypu 3 Hi3HaBaJIbHOIO METOIO
BuHuKiIa umie B cepenuti XVI cr. 1[o6 poOutn Taki BuMipH,
MOkHa Oyno  ckopuctatucs  OyAb-SKOK  BiIOMOIO  3i
CIIOCTEPEIKEHb  3aJCKHICTIO  SKOrO-HEOyIb mapamerpa Bif
temneparypu. llle T'epony Omnexcannpiiicekomy (I ct.) Oyma
BiJJOMa BJIACTUBICTH TOBITPS PO3IIMPIOBATUCS NPU HarpiBaHHI,
YUM BiH MOSICHIOBAB MPArHeHHs BOTHIO Haropy. 3MiHa 00’ emy 3i
3MIHOIO TEMIIepaTypH 3a MOCTIMHOIO THUCKY B rasax, 30Kpema B
MOBITpi, BUpaKEHA CUJIBbHIIIE, HDK Y piAKUX 1 TBepaux Tul. Ha
11t ocHOBI B 1597 p. lNaninieem OyB 3ampornoHOBaHUN TEPMOCKOIT
JUIsl TIOPIBHSJIBHUX TEMIIEPAaTypHHUX JOCITIJKEeHb, 110 CKJIaJaBCs
31 CKJITHOTO OaJIOHYMKa, 3alIOBHEHOTO TMOBITPSIM 1 CIIOJIYYEHOTO
TOHKOIO TpyOKOIO 13 CYIMHOIO, Yy SKOMY 3Haxojauiacs
3adapboBaHa pinvHa (Boga abo coupt). 3MiHA TeMIEparypu
NOBITPS B OAJOHYMKY CYNpPOBOPKYBAJacsi 3MIHOKO PIBHSA
3adapboBaHoi piAMHU B TpyOI. ICTOTHUM HEIONIKOM IIHOTO
NEepUIOro 3 BIIOMHMX TEPMOMETpPIB Oyia YyTJIMBICTH O 3MiHU
aTMOoCc(epHOro TUCKY.

VY 1631 p. ppaniy3bkuii gikap Pe onmcaB Tepmomertp, Iist
sKoro Oa3yBajlacsi Ha BUKOPHMCTaHHI BIIACTUBOCTI TEPMIYHOTO
po3mupeHHss Boau. KoHCTpykuis TepMoMmeTpa, MOJIIOHOTO 10
PO3MOBCIOKEHUX TEINEep PIAMHHO-CKIISIHUX, CTBOpEeHa B 1654 p.
Moro mnosBy mOB'SI3yl0Th 3 iM'aM yuHs Dammies repuora
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tockancekoro @epaunanna II. Tepmomerp sBiAB co6o0r0
TFEepMETUYHO 3alasHy CYIOUHY 3 BEPTUKAIbHUM BKa31BHUM
KanusipoMm. Sk pobGoua piavHa BHUKOPHCTOBYBABCS BHHHUUN
cnupT. 30epernucs BiJOMOCTI MPO Te, IO MPU CHITOMaal BiH
noka3yBaB 20, a B camuii mnekyuumit neHb — 80 rpamycis.
Posnoninu rpagycie Oyiaum HaHECEHI €MaJeBUMHU KparelbKaMu
npsMo  Ha  TpyOKy  Kamimsipa.  30eperiacs — TpaBiopa
(bITOPEHTIMCHKOTO TEPMOMETPA, Y SAKOMY Kamiasp 3BUTHH y 12
BUTKIB 10 T'BUHTOBIM JiHI{, a pO3NOJNIM IIKaIA HAaHECEHI Y
BUTIIAAI BEPTUKATIBHUX
CKJISIHUX OpYyCOUKiB, MPUNASHUX 0 Kamiispa, siki poOHIIn YCIO
KOHCTPYKIIIIO TOCUThH CTIHKOIO.

MeTpoJioriuHy OCHOBY TEpMOMETpIii 3aKiiaB MaJayaHChKUN
mikap Canktopio. BukopucroByroun tepmockon [amines, BiH
YBIB J1Bi a0COJIIOTHI TOYKH 1 PETJIAMEHTYBAB CUCTEMY TEPEBIPKH,
BIIMOBIAHO /0  sIKOI  yci  (PIOpEHTIHChKI ~ TEpMOMETpPHU
IPaJyIOBAINCh 33 3Pa3KOBUM CAHKTOPIaHCHKO-TANIJICEBCHKHM
npuiaazoM. 3HaueHHS (PIKCOBAaHMX TOYOK He 30eperimcs.
Bimomo, 1m0  (IOpEHTIHChKI TEPMOMETPH  33/I0BOJIBHSIIN
OCHOBHIM METpOJIOTIYHIH BUMO31: B OJIHAKOBHX YMOBax —
OJIHAKOBI ToOKa3aHHSA. DIIOPEHTIHCHKI TEPMOMETPU BiIpa3y K
3HANIUIM MIMPOKE 3aCTOCYBAHHS B METEOPOJIOTIYHUX BHMipax; 3
JTONMUCIB MOXHAa BCTAHOBUTH, IO TOYKA TAHEHHS JIHOIY
Bignosigana 13,5 rpagycam GpropeHTHHCHKOT IIKAIH.

Ha nouarky XVIII cT. 3apeectpoBaHuil psa MpOMO3HILIIHN,
CIpPSAMOBAHUX Ha NPUB'A3KY TEPMOMETPUYHOI MKW JO
JEKUIBKOX JIETKO 1 HaAIHO BIATBOPEHHUX TOYOK, IO Hajail
olepkanu HaiimMeHyBaHHA peneprnux. Y 1701 p. Heroton
3aIpOTNOHYBAB 3B'S3aTH KAy 3 TEMIIEpaTypaMy TaHEHHS JIbOY
1 Tina moguHu. Bubip ocraHHbOi OyB 0OyMOBIIEHHI OmHCOM
MOXOJKEHHST JIIOJUHU <«3a o0Opa3oM 1 momoOoro» y bibmii —
o(iiHHUM TOKYMEHTOM TOTO 4acy.

Y 1703 p. ¢panny3pkuii  akageMik  AMOHTOH,
IPYHTYIOUHCh Ha TOMY, L0 TEIJIOTa SIBJIsE€ COO0I0 OJHY 3 (hopMm
pyXy, TPUHIIIOB BHCHOBKY, IIO HYJIhOBAa TOYKA TEMIIEPATypHOI
IIKaJM TOBMHHA BIJMOBIAATH CTaHy, 3@ SKOIO HPUIHUHUTHCS
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BCAKUN pyX 4acToK. BiH 1ymaB, 110 Ipu IIbOMY YacTKH OyIyTh
3aiiMaTH HalMeHIuH 00’eM a00 y BUMAIKY Ta3y — CIPaBISATH
HAallMEHIIMI MOMJIMBUH THCK Ha OOMEXYIoui MHOro CTIHKH.
AMOHTOH ymepuie ImoyaB cHpoOy BHU3HAUYUTH IOJOXKEHHS
a0COIOTHOTO HYJISI II0I0 TOYKU TAHEHHS JILOTY.

3HauyHa pPOJb Yy CTAHOBJEHHI TEMIEPATYpHUX BUMIpPIiB
Hanexxuth Dapenreiitosi. Bin Hapomuscs B 1686 p. y I'manbcky
(Janmusi), Bim 3pimocti 1 g0 crapocti (1736 p.) mpoxuB y
lomnaanii  #  Awnrmii. OCHOBHMM — HOro  3aHATTSAM  Oyno
HerouiaHcTBo. Haykoro k BiH 3aifimMaBcs JUIsl  3aJOBOJICHHS
I[IKaBOCTI. Crnony4yeHHst JapyBaHHS BYCHOT'O 3
HiANPUEMHULBKUMU  3110HOCTSMHM  J03BOJIMJIO HOMYy BIIepIe
HAJIAarOJUTH CepiifHe BUPOOHUITBO YHI(IKOBAaHMX TEPMOMETPIB 3
BIITBOPEHUMHU IOKa3aHHAMU. Hum xe Oyna Brepie 3acTocoBaHa
pTYTh sIK poboua pimmHa (1714 p.) i cTBOpeHa BigTBOpEHA
TemmeparypHa Iukaiga. Y mkaiai ®apenrelita sk Hylb Oyio
o0paHO TeMIepaTypy CyMillli CHITY 3 HallaTUpeM, Apyra TOYKa
(3a HbroToHom) BiamoBidana TemmepaTrypi Tila 340POBOI
JIOAMHU, a TMPOMDKOK OyB posmiurenuit Ha 12 rpamycis. Ilpu
1poMy OyiH 3adikcoBaHi TeMIepaTypy TaHEHHS YUCTOTO JIbOAY
(y nepBHHHIH 1IKaii 4 TpagycH) 1 KUIIHHS BOJIH.

Crnouatky mkana PapenreiitTa f1aBajia MOXIUBICTh Ipy0o0i
OIiHKM Temmeparypu. s Outbll TOHKUX BiAJikiB DapeHTerT
TpHUYl THOCTIIOBHO MOJUIAB I'paAyCH HAaBIiJ, L0 IMPHUBEIO 10
BOCBMHUKPAaTHOTO  3MEHIIEHHS  oauHUIi. [lpm  mpomy
TeMmIepaTypa TaHEHHsS JbOAY cTana piBHOKO 32 rpagycaM, a
TeMmreparypa Tula JoauHu — 96 rpamycam. Temmeparypa
TaHEHH JIbOJY B Ti YaCH BBa)Kajacs HEHaAIHHOI, OCKUIBKH BXKe
OynM BiOMI BHUMAJKH MEPEOXOJIOJKEHHS piauH. Temmeparypa
KUITIHHSA BOAM Oylla CIOYATKy BEMYMHOIO MOXIAHOIO 1 PIBHOIO
212 rpagycam. @apeHreiT NpoBiB BUIIYKYBAaHHS HaJIIHHUX
¢bikcoBaHMX TOYOK IIKAIM W YCTaHOBMB, IO TeMIlepaTypa
CyMIIII JIbOY 3 BOJIOIO CTa01IbHA 32 3HAYHOI Bapiallii 30BHIIIHIX
YMOB, a TemIeparypa KUIIHHS BOAM  3alEXKHUTh  BiJ
6apomerpuuHoro tucky. lllkana dapenreiita oxepxana LIMPOKe
nomupeHHs. Y 1736 p. Touku 3aMep3aHHS 1 KUIIHHS BOAM 32
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¢bikcoBaHOTO 0APOMETPHUYHOTO TUCKY OYJIM MPHUIHATI K OCHOBHI
JUTSL BCIX IIKAJI.

bruspko 1760 p. JlambGepT, HIMEIbKHI aCTPOHOM, OINTHK 1
30/T4Ui, MIMIIOB BHCHOBKY IIPO JIOCTaTHICTh B aOCOJIOTHIM
mKam onHiel ¢ikcoBaHoi TOYKH. JIpyroro Takow TOYKOIO
MoBUHEH OyTH abcoyOTHUM HYJb. Temneparypa TaHEHHS JbOTY
Oyna obpana piBHoto 1000 rpamgyciB, mpu HboMy TeMmIepaTypa
KHUIIIHHS BOJM BUXOJWJIA BEJIIMYMHOIO MOXIAHOIO 1 piBHOIO 1370
rpagycaM. He3Bakarouu Ha OUEBU/IHI JOCTOIHCTBA, TIPAKTUYHOTO
3acTocyBaHHA mikaia JlamGepra He oxepxana.

[Ticns BcraHOBIEHHS (DIKCOBAaHUX TOYOK KW MPUPOTHO
BUHUKIIM THUTAaHHS I1HTEPHOJALIi, M0 MPHUBEIO 10 PETeIbHHUX
JOCIIJIKEHb CTEKOJI 1 TEPMOMETPUYHUX pinuH. CrioCTepeKeHHS,
MpOBEJEHI Ha TEepMOMETpax 3 OJHAaKOBOTO CKjJa, IO
3aITOBHIOBAJIUCS BOJIOIO, OJI€0, CIHPTaMH, PTYTTIO, MOKA3aJId
Pi3HUI XiJ MEHICKA PiBHS PIAMHU 32 MPOMDKHUX Temieparyp. Y
IUX JOCTIDKeHHsAX Oyna BUSBICHA TeMIlepaTypHa iHBepCis
nriebHOCTI Bosu 1ipu 4 °C.

Opra 3 mepmux TPOMO3UIH METPOJIOTIYHOI OCHOBHU
iHTepnoisuii  Oynma  3poOsieHa  MI3aHCBKUM — Ipodecopom
Penanbaini B 1694 p. Bona monsrana B TOMy, IO NPOMIKHE
3HAa4YEeHHs TOKa3aHHS TepMOMETpa BH3HAYaloCs MPONOPLIHHUM
yacTKaM CyMillll, CKJIaJ€HO1 3 KUIUISIY01 BOJAW 1 BOJAM, 3JIMTOI 3
Ip0Jy, o TaHe. Ilpu oueBMIHUX MPUHIUIOBUX JOCTOIHCTBAX
MpaKTUYHA pealli3allisi Takoro MeTOy BHUSBUJIACS IOB'SI3aHOIO 3
HE3/I0JJaHHUMH TPYAHOILAMH.

[lIBenchkuii mMaTemaTuk 1 reone3uct Llemsciii y 1742 p.
3allpONOHYBAB PO30MTU y PTYTHOMY TEPMOMETpI Jliama3oH MIX
TOYKaMU KUITIHHS BOJIM 1 TaHEHHS Jboy Ha 100 piBHUX YacTHH.
VY il mkani TouIl riaBieHHs Jp01y Biamosinaito 100 rpagycis,
a Toumi kumiHHS Boau — 0. Y 1750 p. mkana Oyna «oOepHEeHa»
CrpemepoM — oaHUM 31 cHiBpoOITHUKIB 1 yuHIB Llenbcis.
[ToniOHa mikana 3 HyJneM npu KumiHHi Bogau 1 150 rpagycamu npu
il 3amep3anHi Oyna 3amponoHoBaHa panime, y 1740 p.,
(bpaniy3pkuM akagemikoMm Iciem. 3HaYeHHEBY OCHOBY TaKOTO
3BEPHEHOT'0 YSBJICHHS 3ary0JeHo.
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Jlo mouatky XX cCT. HapiBHI 31 CTOIPaJyCHOIO IIKAaJOIO
enscigs Oyma momupeHa mikama, 3ampornoHoBaHa B 1730 p.
¢bpaHy3pkuM  3000roM 1 Qizukom  Peomropom s
TepMoMeTpiB, 3anoBHeHUX &0 %-BUM BOJASHUM pPO3YMHOM
€TUJIOBOTO crupTy. Y mkaii PeoMmiopa cuctema posmnoniny Ha
rpagycu Oyna TpUHHATAa TaKOW K, K 1 Y (IOPEHTIHChKOMY
TEPMOMETpIi: OJUH TI'paayC BiINOBiIAB 3MiHI 00’€My piavHU Ha
OJIHY TUCSYHY 4YacTKy. 3a IOYaToK BiIIKYy Peomiop mnpuiiHsas
TEMIIEpaTypy JbOAY, IO TaHe; TeMIlepaTypa KHIIIHHS BOJAU
Biamosigana 80 rpagycam.

Ha mnowarky XIX cr. y mnomykax «aOCOTIOTHOTO»
METPOJIOTIYHOIO0 MPHJIAAy TMOBEpHYJIMCS [0 i7ei ra3oBOro
tepmomeTpa. Binkputi Ha Toii yac 3axonu I'eii-Jlrocaka i [lapms
JI03BOJISLTM IIPUITYCKATH, 110 B Ta30BUX TEPMOMETpPax MOKa3aHHS
He Oyze 3aiie)XaTu BiJl BUIY ra30BOro 3amoBHeHHs. OIHAK NpU
MO/IaJIbIIOMY YTOUYHEHH1 METO/IIB BUMIPY B razax Oynu BHUSBIICHI
ICTOTHI 1HAMBIAyaJIbHI BIiOXWICHHS. PerenbHI HOCTiIKEHHS
¢bpanmyspkoro ¢izuka PeHbo mokazanu, o KoedilieHTH
pO3IIMPEHHS Ta3iB 3aJiekaTh BiJ I1X IIUIBHOCTI 1 CTYICHS
BIVIaJICHHS 3a TEMIIEPaTypol0 BiJl CTaHy CKpalJeHHS.
[TigBuIIeHHS TeMIIepaTypH 1 3HUKEHHS TUCKY HaOIMKal0Th ra3u
1o igeansbHoro. Tak, mpu 320 °C i HopMaTbHOMY TUCKY PeHbo He
BJIQJIOCS 3HAMTH PI3HUII B MOKAa3aHHIX Ta30BUX TEPMOMETPIB,
3alIOBHEHUX BOJIHEM, MOBITPSM 1 BYIJIEKHCIUM Ta30M. Y THX K€
YyMOBax CIpYMCTUH Ta3 BIAPI3HABCA BIJl BOJHIO HE TUIBKHU
3HAa4eHHSAM Koe(illieHTa, a i MIHIMBICTIO Ii€] BeIMYUHU. PeHbO
BCTAaHOBUB, IO 31 3HIKEHHSIM THCKY 1€ PO3XOJDKCHHS CTae
MEHII TMOMITHUM. TakuM YHHOM, PpO3MOJLT TeMIepaTypHOi
IIKaJIM He o/iepkaB OakaHOi 0OIpyHTOBAHOCTI ax 10 KiHg XIX
ct. IIpoBeneHi Ha MiJCTaBl €KCHEPUMEHTAIbHUX JaHUX PeHbo
PO3paxyHKH TPY)KHOCTI BOJSHOI Tapu Jallkl TEMIIEPaTypHY
HIKaJTy, SIKa HACTIIbKY BIAPI3HSUIACA BiJ 3BUUHUX IIKaJ ra30BUX 1
PIAMHHUX TEPMOMETPIB, 10 BOHA HE OJieprKajia MOIIHPEHHS.

[lopiBHSUIBHI  BUMIpM TMOKa3ald, L0 B OCHOBHOMY
miarmazoni (... 100 °C moka3aHHS BOJHEBOTO TEpPMOMETpa
CHCTEMaTHUYHO  HWX4Ye, HDK  TIOKa3aHHA  TEPMOMETDIB,
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3allOBHEHUX IHIIMMHU razam. 3a MexamMu (pyHIaMEHTaIbHOTO
Jiana3oHy MOKa3aHHS TepMOMeTpa OyJlu TUM BHIIE, HIXK JIETIIe
ra3. ¥ toukax 0 i 100 °C mnoka3aHHA BCIX TEpPMOMETpIB
BBaYKAJIHCS OJHAKOBHMH.

OnnouacHo 3 YHUCTO eKCIIepUMEHTATbHUMHU
JOCIIIDKEHHSAMH  MPOBOAMJIUCS 1  TEOPETHYHI  IMOUITYKH
HEMOpYIIHOI IKanu. Y I[bOMY BiJHOIIEHHI 3aMaHIMBO Oyi0
ckopucratucs pynkuiero KapHo, 1o He 3a1eKUTh Bl pe4OBUHU
1 € QyHKIII€0 ONTHIET TIIBKU TEMIEPaTypH.

VY 1848 p. Tomcon (stopa KenbBin) 3anporionyBaB BUOpaTu
rpajyc TEMIEPaTypHOT KA TAKUM YHHOM, 1100 y HOro Mexax
e(deKTUBHICTh iJIeaJIbHOT TEIIOBOI MalluHU Oylia OJHaKOBOIO,
TOOTO 1100 3HAYEHHS TEMIIEPATypu MPUIMAJIOCs MPOTIOPIiHHIM
3HauYeHHIO e()eKTUBHOCTI TerioBoi eHeprii. Hagami BiH 3BepHYB
yBary Ha Te, II0 3BHYHA TEMIepaTypa JOCHTb ONU3bKO He 3a
BEJIMYMUHOIO, 3BOpOoTHOI ¢yHKIii KapHo. 3BopoTHa ¢yHKIis
Kaprno i Oyma 3amporoHOBaHa sSIK OCHOBa JUIsi aOCOJOTHOL
temreparypHoi mkamu B 1854 p. Ilpsme 3mailficHeHHS Takoi
IIKAJIM 3a JIOIIOMOIOK ifeajbHOI TEIJIOBOI MAIIMHU, 3JaTHOL
MpaloBaTH Ha TMOPIBHAHO MalMX [MeEpernagax y IHPOKOMY
Jlama3oHl TeMIleparyp, MpakTUYHO HemoxuBe. Y 1862 p.
Tomcon pasom 3  aHrmiicekum  Qizukom  J[xoynem
pO3pOoOUB  EKCIEPUMEHTAIBHUM METOJ OIIHKH BiJIXUJICHHS
peanbHOTO ra3y Binx imeansHoro (edekt J[koyms — Tomcona).
[lepur x mocmimxenHs edexry Jxoyns — TomcoHa Ha pi3HUX
ra3ax IIOKa3ajM, W10 3HAYEHHS TeMIepaTyp 3a IIKaJIol
MOBITPSTHOTO TEPMOMETpPa 332 HOPMAIBHOTO THUCKY HECYTTEBO
BIJIXHIISIOTHCS BiJl abCOOTHOT TEepMOIUHAMIYHOT
TEeMIepaTypHOI MIKaJIM, a 3a HIKAJIOK BOJHEBOTO TEPMOMETpPA
BIJIXMJICHHSI HEXTOBHO MaJi.

Ha mingcraBi  mocmimkenbs [Ixoymss 1 Tomcona 3
ypaxyBaHHSM BiIOMHUX JIaHUX TPO HEiJIeaJIbHICTh Pi3HUX ra3iB y
1887 p. MixkHapoJHUM KOMITETOM Mip 1 Bar OyJi0 MPHUIHATO
pilleHHS TpO 3aTBEPKEHHS SK TEMIIEPaTypHOTO €TaJIoHY
BOJTHEBOTO TEpMOMETpa TMOCTIHHOTO 00’eMy (IIUTBHOCTI) 3
noyaTkoBUM TUCKOM (mpu 0 °C) 1 M pT. CT. 1 CTOrpagyCHUM
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PIBHOMIPHMM 3a THUCKOM PO3IOJIJIOM IIKaJd B MPOMIDKKY MIX
TOYKaMH TAHEHHS JIbOJY 1 KUIIHHS BOAM 32 HOPMAJIBHOTO TUCKY.
Takum uymHOM, OyB CTBOpeHHMH TEXHIUYHMHA 3acid mepenadi
TEPMOJUHAMIYHOI TEMIIEPATYPHOT IIKaIH IPAKTUYHUM BUMIipaMm.
I'poMi3akicTh, CKJIAIHICTh 1 MOBIUIBHICTH BUMIPIB MPHUBEIH 0
HEOOX1THOCTI CTBOPEHHS MPOMIXXHOTO 3aco0y Takoi mepenadi y
BUTJISIZII  €TaJOHOBAHUX CKISIHUX PTYTHHX  TEPMOMETPIB.
[IpoBeneHi nocnipKeHHS MOKa3aliu, 10 MaKCUMalIbHUM PO3KHU]
MOKa3aHb PTYTHHX €TaJOHOBAHUX TEPMOMETPIB 3 Beppenypa
pizaux miaBok rpu 50 °C ue nepepurnrye 0,02 K.

Y 1906 p. Ilroxom i HinbceHoM OyB 3amporoHOBaHHIA
TEPMOMETP 13 BUKOPHCTAHHAM IPYXKHOCTI Mapy HacU4YeHHS. Y
cepennHi XX CT. Taki TEPMOMETPH IHUPOKO 3aCTOCOBYBAIIUCS Ha
TPaHCIOPTi, 30KpeMa aBTOMOOUIbHOMY. IloTiM iX 3aMiHWIH
OimMeranmiyai TepMOBiOpaliiiHi enemMeHTd. Ha chOroIHI IPHHIIHIT
BUMIpYy  TeMmmepaTypd 3a  THCKOM  HAcHuYeHOi  mapu
BUKOPHUCTOBYETHCS JIMIIE B JIAOOPATOPHIM MNpakTUIi B raimysi
HU3BbKUX TEMIEPATYP.

Y 1827 p. mimenpkuii (izuk OM 3HAWIIOB 3aJCKHICTH
€JIEKTPUYHOI0 ONOpPY Pi3HUX MPOBITHUKIB BiJ iX Temmeparypu.
[lepmnii Tepmomerp omopy OyB BuroroBieHuil CiMeHCOM Yy
1871 p. ans BuMIpy Temmeparypd B mnedax. llmaTuHOBI
TEPMOMETPH OIOPY 3HAMIIIIM 3aCTOCYBaHHS SIK TMPEUU3INHUN
THCTPYMEHT MICHs JOKJIaIHUX JOCTIIKEeHb aHTIChKOro (pizuka
Kannengapa (1886 p.).

IcHyBaHHS MeTanmiB 3 HACTUIBKH CJIa0KO BHUPAXEHOIO
3aJIOKHICTIO OMOpY BiJ TeMIeparypd, IO HE MOXKHA
3HEXTyBaTH (A7 KOHCTaHTaHy BoHa npubiu3zHo B 100 pasis
MEHIIe, HDXK JJI IJIaTUHHU, cpilia, Mijil), T03BOJISIE peali3yBaTu
e(peKTUBHUIA MOCTOBUH 1HCTPYMEHT JIsi MPEHU3iiHUX BHUMIpIB,
BKJTFOYAIOYM METPOJIOTIYHI. 3HAYHUM BHECKOM Y IIiJIBUIICHHS
Yy TJIMBOCTI TaKUX pUiIaiB CTajo 3aCTOCYBaHHS
HaIBIPOBIIHUKIB. TemnepaTypHuii Koe(ilieHT
HaIMIBIPOBITHUKOBUX €IIEMEHTIB Ha MOPSIOK BUIIE, HIXK YHUCTHUX
MetaniB. Y 1948 p. odipma «/xenepan mortopc» (CILA)
BUIYCTHJIA TIEPIITy TMapTil0 TaKuX TNPUIAAiB, HAa3BaBIIM iX

71



TEPMICTOPAMH.

Y 1821 p. wHimeupkuir ik  3eedOeKk  BIAKPUB
TEPMOCJICKTPUYHUI  edeKkT 1 BKazaB Ha  MOXKIHUBICTh
BUKOPUCTaHHA LbOro eQeKTy A BHUMIPY TeMIepaTypH.
[IpakTU4Hi BUMIpH Ha OCHOBI TEPMOEIIEKTPUKH OYJH MpOBeIeHi
numie Hanpukidm XIX cT. Maibke 0JJHOYACHO 1 HE3aJIeKHO OJIUH
BiJ oiHOTO (ppaHIy3bknMu BueHMMHU bexkepenem i Jle llarenbe
B 1887 p., bapycom y 1889 p. Benukuii nmpomiok yacy Mix
BIZKPUTTSAM eQeKTy 1 HOro 3acTOCYBaHHSAM IS BHUMIPY
TeMIepaTypy MOPO3yMIBAETHCSI HETOPO3YMIHHAM, MOB'SI3aHUM 3
MOMUJIKOBUMH TyOJikanissMu PeHbo. ABTOpHUTETHE TBEPIKECHHS
Penbo  BUKIMKaQJIO  HEAOBIpY O  MEPUIOrO  JAOCIHIAY
TEPMOENIEKTPUYHOTO BUMIPY TEMIIEpaTypH, MPOBEICHOTO IIe B
1836 p. dpanmy3pkum dizukom Ilyiie.

JloknanHi JAOCHIPKEHHS TO3BOJWIM O0paTH OIS Jecarka
TEPMOENIEKTPOJAHNUX  MarepiajiiB, IO MalTh MPAKTHYHO
OpSIMOJIIHIAHI ~ TemrepatypHi  XapakTepuctuku. OcoOnmBa
nepeBara TepMoIap Mojsirae B MOXJIMBOCTI BUMIPY IPAKTUYHO B
touri. O6’eM craro TepMoriap y 6arato pasiB MEHIIIE pe3epByapa
PTYTHOTO TEpMOMETpa, TOMY BOHM 3HalIIIM  MIMPOKE
3aCTOCYBaHHA $K y TMPOMMCIOBIH, Tak 1 (0coOiauBo) Yy
nabopaTtopHiii  JocHmigHUIBKIA TpakTthmi. Ha manmii  gac
NepeBakHa OUTBIIICTh TEMIEPAaTypHUX BUMIPIB MPOBOJIUTHCS 3a
JIONIOMOT 010 TepMoTap.

B npyriit monoBuHi XIX cT. 3acTocyBaHHsS WMOBIPHICHO-
CTaTUCTUYHOIO MiJXO1y JI03BOJIMJIO Ha HOBIM OCHOBI OfIep)KaTH
0araTo TEOPETUYHMX pe3yJbTaTiB. 3 HHUX Uil TEpMOMETPIil

BAKJIMBUMH BUSBWINCS y3arajJbHEHHs 3aKOHIB
BUIIPOMIHIOBaHHS, oTpuMaHoro [lmankom, 1 ¢yHIaMeHTallbHE
PIBHSHHS HaiixBucra, 110

MOB'I3y€ OCHOBHI NapaMeTpu HIyMoBux siBuil. L1 pesymnbratu
nopsii 3 iJealbHUM Ta30BUM TEPMOMETPOM MOIJH OyTH
OCHOBOIO ISl aOCOJIIOTHOI TEPMOJMHAMIYHOI TeMIepaTypHOl
mkanyd. HacTymHuil  po3BUTOK  MMOBIPHICHO-CTATUCTHYHOTO
METOJly NPUBIB J0 BHHHMKHEHHS IOHATH INPO HEpIBHOBAry 1
HEraTUBHY a0COJIIOTHY TeMIIEpaTypH.
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Temmeparypa € IHTEHCHBHUM MapaMeTpoM. I[HII IIicTh
OCHOBHHX METPOJIOTIYHHMX TapaMeTpiB — JIOBXKHWHA, Maca, 4ac,
CWJIa CBITJIIA, KITBKICTh ENEKTPHUKH, KITBKICTh PEYOBHHU — 3a
CBOEID TPUPOJIOI0  EKCTEHCUBHI 1 MalTh  BJIACTUBICTh
cyneprnosuiii. JlomaBaHHA 1 pO3MOIIA OCHOBHUX OJMHHIIb,
HalpuKIaa, Kijgorpama, 3abe3medye HaAIHYy METPOJIOTIUHY
OCHOBY BHMIpy MacH 3a JIOBITBHO BEIMKUX 1 MaJUX 3HA4YCHb
BUMIPIOBAHOI BeJIMUYMHHU. Temreparypa TakOK BIIACTUBICTIO
CYNEpHO3uIlil HE BOJIOAIE, 1 I 3aBXIW BUKIUKAIO BEJIHKI
TPYIHOII y TPOBEACHHS BUMIpIB.

[lin wac moCHiKeHb 3'ACyBaJoCs, IO TEMIEpaTypHi
IIKaIH, 1m0 Oynu moOyI0oBaHI HAa TUX CaMHX PENEPHUX TOUYKaX,
aJie BUKOPHUCTOBYBAJIM Pi3HI TEPMOMETPUYHI PEUOBHHH, TaBAIIU
pi3HiI 3Ha4yeHHs TemnepaTypu. Lle mopo3ymiBaeThCs TUM, IO
TEPMOMETPHYHI BJIACTUBOCTI PEUYOBHH TO-PI3HOMY 3MIHIOIOTHCS
3 TEeMIEpaTyporo, MPUYOMY BCi 1i 3aNEKHOCTI HENMiHINWHI. Y
3B'SI3Ky 3 LIMM BHHHKIA TpoOJIeMa CTBOPEHHS TeMIepaTypHOI
KA, SIKa He 3ajiekana BiJl TePMOMETPUUYHHUX BIIACTUBOCTEH
pedoBuH. Taka mkama Oyna 3amponoHoBaHa B 1848 p.
KenpBiHOM 1 Ha3uBajiacs TepMOJMHAMI4HOO. B  ocHOBY
noOynoBM TepMoauHaMidHOl mmKanu KenbBiH y34B i/eaqbHUN
uukn KapHo, y sikomy poboTa, oTpuMaHa B LbOMY IIHKINI,
3aJeXUTh TUIBKM B TEMIEpaTyp MOYAaTKy 1 KIHIS IpPOLECY.
TakumM 4YWHOM, TepMOJMHAMIYHA IIKajda, 3alpOMOHOBaHA
KenbBiHOM, He 3anexana BiJl TEPMOMETPUUYHHUX BJIACTUBOCTEH,
OJTHAK JUId TPAKTUYHOTO BHMIpY TeMIlepaTypud BoHa Oyna
HE3PYYHOIO: TOTPiOHO OyiI0 a00 BUMIPIOBATH KIJIBKICTh TETUIOTH,
a0o MpM BUKOPUCTAHHI TEPMOMETPIB, 3alIOBHEHUX pPeaTbHUMHU
ra3amMd, yBOAWTH JIsi KOKHOTO 3HAYEHHSI TEMIepaTypu pi3Hi
BUIIPABJICHHS.

Sk eranonHuil 3acid BuUMipy i 00sacTi TemMmepaTryp BiJ
13,81 mo 903,89 K (630,74 °C) 3acTOCOBYIOTH TEPMOMETP
OTIOpYy, BHUTOTOBJICHMM 13 TUIATUHOBOTO ApoTy. Jlmst obGmacti
temneparyp Bim 630,74 nmo 106443 °C sk erajoH
3aCTOCOBYETHCS TIATUHOPOAIN-TIIIATUHOBUN TEPMOEJIEKTPUIHHM
tepmomeTp. s obnacti Temnepatyp Big 1337,58 K (1064,3 °C)
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10 6300 K 3acTocoByeThCsl KBa3IMOHOXPOMATHUHHM MipOMETP.

Jst mianmazony 0,01-0,8 K BcTaHoBieHa TemmeparypHa
mKaja TepMomerpa MarHiTHOi crpuiHaTuBocti (TIHTMC),
NPUHIUIT ~ sKOi  0a3yeTbCcs  HAa  3QJEKHOCTI  MarHiTHOI
CIPUHHSATIMBOCTI TEPMOMETpa 3 LEPi-MarHi€eBOro HITPaTy Bif
TeMIepaTypH.

VY nmiamazoni Big 1,5 go 4,2 K 3actocoByeThcsi mikaia
KOHJICHCAIIIHHOTO TEepMOMETpa *He 1958 p., TPUHLMI SIKOL
0a3yeTbcs Ha 3aJICKHOCTI TUCKY HACHUYCHHX T1ap 130TOITy reinito-4
B1JI TEMITEpaTypH.

TemmeparypHa  mkajza  TIepMaHIEBOIO  TEpMOMETpa
enektpuyHoro omopy (TIII'TO) 0Oa3yeTbcsi Ha 3alIeKHOCTI
OlOpy TepMaHi€BOrOo TepMomerpa Bixg Ttemmeparypu T i
BCTaHOBJICHA s Alamna3ony Temmnepatyp Bia 4,2 K mo 13,81 K.

TemmeparypHa Imkama mipoMeTpa MIKPOXBHIBOBOTO
punipominioBanHs  (TIUIIMB) 06a3yeTrbcss Ha  3aJIeKHOCTI
CHeKTpabHOI  IIibHOCTI  eHeprii BumpomintoBanHs L(T)
YOPHOTO TiJia BiJl TeMneparypu T B MIKpOXBUJIHLOBOMY Jliara3oHi
BUIIPOMIHIOBAaHHS 1 BCTAaHOBJICHA JUIs Aiama3ony Bix 6300 xo 100
000 K.

JUia  OpakTUYHUX [UIeH TOpsiA 3  TEOPETUYHOIO
TEPMOJIMHAMIYHOIO  TEMIIEPaTypHOIO  IIKAJOK  BBOJAMIHUCA
IIKaJIM, IOB'3aHI 3 TIEBHOIO CHCTEMOIO DPENEpPHUX Kparok 1
3aco0iB peanizauii iHTepnomnauii. ¥ 1889 p. Ilepma miknapoaHa
KoH(pepeHIiss mo wipax 1 Barax 3aTBepamia «HopmanbHy
BOJHEBY  IIKamy». HacTynmHi  KOpekTMBM B  pegakuii
TEeMIepaTypHUX HIKaJl BHOCHIIMCS IICISI PETENBHOT MomepeIHbol
NiArOTOBKY Ha MDXKHApOIHUX oiniiHuX 300pax, Ta mpuiManacs
MixHapoHa TMpakTHYHA TEeMIIepaTypHa IIIKajia, IO3Ha4YeHa
ckopoueno MIITIII.

VY mumpokoMy Jdiama3oHi BHMIpPIB Ta30BHH TEpPMOMETP
TpUBaJIM yac OyB €IUHUM 3aCO00M Iepeadi TepMOJUHAMIYHOT
TeMreparypHoi mkanu. [Ipo ckimagHicTb poOOTH 3 HUM MOXHa
CyAMTH 1O TOMYy, IO 1€l  IHCTpyMEHT  BHMAarae
KOHJIUIIIOHOBAHOTO TPUMIIICHHS TUIOMICI0 JEKUIbKa JECATKIB
KBagpaTHUX MeTpiB. Llsg obOcraBuHa mpuBena 10 TOro, IO
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nepeaaya KN OXOIlJIeHa CKJIaTHOIO
CHUCTEMOIO PETIEPHUX TOYOK 1 3aC001B IHTEPIOJIAIINHOI epeaadi
y BHUIJILII TEPMOMETpIiB omopy i Tepmomnap. llpupomnuit mms
METPOJIOTIB ~ KOHCEPBATU3M CTaB TaJlbMOM  IOAAJBLIOTO
PO3BHUTKY. SIKMMH X MOXYTh OYTH OYIKyBaHI IIJISIXU PO3BUTKY
METPOJIOT1i?

JloTeniep TiABKK TpH (DyHOAMEHTAIBHUX SBUIIA MOXKYTh
OyTH TIOKJIaJeHI B OCHOBY Iiepenavi. BoHu BupaxkeHi
piBusHHsMu  Konaneiipona, Ilmanmka 1 HaiikBucra. 3Haune
MIJBUIICHHS ~ KYJAbTYpH  TEIUIOMETPUYHMX 1  YaCTOTHO-
CIEKTPAIbHUX BUMIPIB 3a JOMOMOIOI0 HOBOI amaparypu
BIJIKpMBAa€ MOKJIMBOCTI MEPEPO3NOALTY Jialna3oHIB TMepeadi
mkanu. Ha migcrasi 3akony Credana — bonbimana (okpemuid
BUIAIO0K 3aKoHy [ImaHKka) MOXKHA MPOBECTH HAMAlMHY mepenavy 3
MOXUOKOIO, IO HECYTTEBO IEPEBHIIYE 10 BUMIipIOBaHOT
BEJIMYMHU a0CONOTHOI TemmepaTypu, nmouuHatoun 3 200 K 1
BHIIlE, O€3 OOMEKEHHS.

2.1.2 3aco0m BUMipy TemmnepaTypu

Ha cboroaHi y pi3HUX raiy3sx HayKd ¥ y IPOMHCIOBOCTI
3aCTOCOBYIOTBCS ~ JECATKM  PI3HUX  CHOCOOIB  BHUMIPY
Temneparypu. Y Tabu. 2.1 HaBeleHI HaWOUIBII PO3MOBCIOKEHI
y IPOMUCIJIOBOCTI 3aC00U BUMIpY TEMIIEpaTypH 1 3a3Ha4eH1 MEX1
3aCTOCYBaHHS CepiHUX 3aco0iB BUMIpY. Y ITyKKax 3a3HadeHi
MeX1 3aCTOCYBaHHS 3aco0IB BUMIPY JUIsl CHEI[laJIbHUX LIJIeH.
3aci0 BUMIpIB TeMIepaTypH, MpHU3HAUYEHUH IS BHPOOJIEHHS
CUTHaIy y Qopmi, 3py4Hiil ISl COPUHHATTS CIOCTEpiradyeM,
aBTOMaTM4YHOi ~ 0OpoOKM, TmTepenadi 1 BHUKOPUCTAHHS B
aBTOMATHYHHUX cucTemMax VIIpaBITiHHSA, HA3WBAETHCSA
TEPMOMETPOM.

3aci0 yid  JUCTaHLIMHOIO BHUMIPY TeMIepaTrypu 3a
TEIJIOBUM €JIEKTPOMArHiTHUM BUIIPOMIHIOBAaHHAM Ha3MBAa€THCS
nipomeTpoM. [lipomeTpu 3aCTOCOBYIOTBCS NIl OE3KOHTAKTHOTO
BUMIpY TeMIIEpaTypH.

Tabmuus 2.1 — Mexi 3acTocyBaHHS IPOMHUCIOBHX 3aco0iB
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BUMIipY TeMIepaTypH

Meska TPHBAJIOro
Tun sacody PizHoBHA 3ac00y BUMI 3acrocyBauHsi, °C
BUMIpY y Py ’
HIDKHS | BEpXHS
PiguHHI CKJISIHI TEPMOMETPH —200 600
Tepmomerpu -
MaHoMeTpHYHI TEPMOMETPHU -200
PO3IIUPCHHS (272) 1000
Mertaniuni (TpOBiAHUKOBI) 960 1100
TepMoMeTpr | TEpMOMETPH ONIOPY
onopy HamiBnpoBiTHUKOBI 979 600
TEPMOMETPH OLIOPY
Tepmoenexktpud | TepmoenekTpuyHi —200 2200
Hi TEPMOMETPH | TEPMOMETPH (=270) (2800)
KBazimoHoxpomaTndsi 700 6000
mipoMeTpH (100 000)
Tipomerpn HlpOMeTpH CIIEKTPAJIIBHOI'O 300 2800
BIJIHOIIICHHSI
[TipomeTpu MTOBHOTO
BUIIPOMiHIOBAHHSI —0 3500
Tepmomerpn PO31LIMpPEHHS. Cxknani  piounui

mepmomempu. TlpyHUuN Oii CKISHUX PIAMHHUX TEPMOMETPIB
0a3yeTbCsl Ha PO3UIMPEHHI TEPMOMETPUYHOI PIAMHHU, BMIIIEHOT B
TEPMOMETD, 3aJIeKHO BiA Temneparypu. CKIsSHI TEpMOMETpH 3a
CBO€I0 KOHCTPYKIIi€l0 OyBarOTh KUHOBI 1 3 BKJIQJECHOIO IIKAJIOKO.
CknsHMM TepMOMETp 13 BKJIQJCHOIO MIKAJIOK CKJIAJA€eThes 31
CKISTHOTO pe3epByapa 1 MPHUIIASHOTO JO HBOTO CKIISTHOTO
Kanispa (puc. 2.1). Y310Bx Kanijsipa po3TalioBaHa IIkana, sKa,
SK TPaBWJIO, HAHOCHTHCS HA TUIACTHHI MOJIOYHOTO CKJIA.
PesepByap, Kanmiisp i mKana MICTATbCS Y CKIISIHIM 000JIOHII, 1110
MpUMAIOEThC 10 pe3epByapa. KuiloBi CKJISHI TepMOMETpHU
BUTOTOBJISIIOTBCSL 3 TOBCTOCTIHHMX  KamiJisipiB, 0  SKHX
npumnarweTbes pesepByap. lllkama Tepmomerpa HaHOCHUTBHCS Ha
30BHIIIHIA TOBEpXHI Kamiisgpa. Temreparypa BHMipIOBaHOI'O
CEpeNIOBHUINA, Y AKY MOMIIIEHI pe3epByap 1 YacTUHA Kamuspa,
BHU3HAYA€ThCS 32 3MIHOIO 00’€My TEPMOMETPHUYHOI pIiTUHH,
BIJUTIUYBAaHOIO 32 TOJIOKEHHSM DIBHS PIIMHU B Kamiasapi, LIO0
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BiArpanyiioBano B rpaaycax Llembcis. Y 3B'3Ky 3 TuM, IO
OJJHOYAaCHO 3  PO3MMUPEHHSIM  TEPMOMETPUYHOI  piIWHHU
BiIOYBAa€ThCSA TAKOXK PO3UIMPEHHS pe3epByapa 1 Karispa,
(bakTHYHO MM CyIUMO IIPO TEMIEepaTrypy He 3a 3MiHOI0 00’eMy
piavHu, a 32 BUIUMOIO 3MIHOIO 00’ €My TePMOMETPHUYHOI PiTUHA
y ckii. Tomy BuauMme pO3MIMPEHHS PITUHM TPOXH MEHIIE
nificHoro. Y Tabi. 2.2 HaBe/ICHI JIesKi TEePMOMETPUYHI PITUHU Ta
X XapaKTEepHUCTHKH.

Puc. 2.1 — PryTHuil TepMomeTp

Cepen piIMHHHUX TEPMOMETPIB HAHOIIBIIOrO MOIIMPEHHS
OJIepKal PTYTHI CKJISTHI TEPMOMETPH. XIMIYHO YUCTA PTYTh SIK
TEPMOMETPUYHA PEYOBMHA Ma€ psjA  JOCTOIHCTB: BOHA
3aJIUIIAETHCS PIAUHOIO B IIMPOKOMY IHTEpBaNl TeMIepaTyp, He
3MOYY€E CKJIO, JIETKO MOK€ OyTH OTpHMaHa B YHCTOMY BUTIJISL.
OpHak pPTYTh Ma€ BIAHOCHO MaJluii TeMIEpaTypHUN Koe(illieHT
00'€eMHOTO  pPO3IIMPEHHS, 110 BUMAara€  BHUTOTOBJICHHS
TEPMOMETPIB 3 TOHKMMH Kamiisgipamu. HIkHS Mexa BHUMIpY
pTyTHUX TepMoMeTpiB —35°C BH3HAUAETHCS TEMIIEPATYPOIO
3aTBepiHHSA PTYTi. Bepxus mexa Bumipy +600°C BU3HAUa€eThCS
XapaKTePUCTUKAMHU MIITHOCTI CKjia. Y 3B'A3Ky 3 THM, IO
TeMIeparypa KUIIHHS PTYTI 3a aTMOC(EpPHOro THUCKY 3HAYHO
MEHIIIE BEPXHbOI MEX1 3aCTOCYBaHHS PTYTHUX TEPMOMETPIB, y
TEPMOMETpPAX, MPU3HAYCHUX Ui BUMIPYy BHCOKHMX TeMIeparTyp,
Kanuisip HaJ PTYTTIO 3allOBHIOETHCS  1HEPTHUM  ra3om,
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HanpuKIa, a3oToM. [Ipu 1bOMy IS BHKJIIOYEHHS YTBOPEHHS
nmapu pTyTi B Kamsipi THCK ra3y MOBHHEH OyTH TUM OibIIe,
YUM BHIIE BEpXHSI Mexa BUMIipy. i1 TEpMOMETPIB 3 BEPXHBOIO
Mexero Bumipy 600 °C Tuck rasy Haja PTYTTIO IepeBHILyE 3
MIla (30 krc/cm).

Tabmuus 2.2 — TepMoMeTpHyHi piguHA

Cepenniii
TepmomeTpuyHa Cepenus Mesi Tel;zg:giil;i);[:iﬂﬂ
pMoMeTp TeMIIepaTypa, | 3aCTOCYBAHHSI, ,
pinuna oC oC 00'eMHOrO ;
po3mupenHs, 10°,
KL
3aTBep- KHITIHHSI| HUOKHS | BEpXHS |JIACHUI | BUTUMHI
IIHHS
Pryth -38,9 | 356,6 | -35 600 18 16
Tonyon -97,2 | 109,8 | -90 200 109 107
Ernopiit 1145| 780 | 80 | 70 | 105 | 103
CIHPT
Kepocun - | Ho325| -60 200 95 93
Hetponeiiumit || 7 90 | 120 | 25 | 152 | 150
edip
Ilenran -200 36 -200 20 92 90

PTyTh BUKOPHCTOBYIOTh Hal4acTillle, OCKUIBKM BOHA ICHY€
y 4McTid (popMi, HE MOTIPUIYETHCS 3 YACOM 1 HE B3aEMOJIIE 31
ckinoMm. /Jliama3oH TeMmeparyp, y MeXaxX SKOro MOXIIUBE
3aCTOCYBaHHS pTyTi, crtaHoBUTh -38,8-+356,7 °C. Ilpm
BHUMIPIOBaHHI HM3bKUX TeMIlepaTyp IMepeBary MaroTh CIUPT (-
117,3-+78,5 °C) abo Tomyou (-95,1-+110,5 ’C). Ane ocranHi aBi
PEUOBMHM HE Taki CTilKi, SIK PTYyTb, 1 MOXYTb IOBUIBHO
PO3KJIafaThCs Ha COHIII.

CkisiHI TepMOMETpU 3 OpraHIYHUMH TEPMOMETPUYHHUMHU
plAMHAMH 3aCTOCOBYIOTHCS B 1HTEepBaji Temneparyp Big —200 no
+200°C. OnHak 1 piAMHU 3MOYYIOTh CKJIO 1 TOMY BHMararoTh
3aCTOCYBaHHSI KalJApiB 3 BIAHOCHO BEIIUKUM J[1aMETPOM
KaHaly.
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J10 TOCTOTHCTB CKIISTHUX PIAMHHUX TEPMOMETPIB HAJIEKATh
BHCOKa TOYHICTh BHUMIpy, MPOCTOTa 1 AemieBuHa. Hemomikamu
CKJIITHUX TEPMOMETPIB € BiJHOCHO TOTaHa BHUJAWMICTh IIKAJIH,
MpaKTUYHAa HEMOXKJIMBICTh Iepenayi MoKa3aHb Ha BIACTaHb 1,
OTXe, HEMOXXJIMBICTh aBTOMATHYHOI peecTpallii IoKa3aHb, a
TaK0X HEMOXKIIMBICTh PEMOHTY TEPMOMETPIB.

3aieHO BiA Tramy3l 3acTOCyBaHHS 32 METOJIUKOIO
rpajylOBaHHS TEPMOMETPH TMOAUISIOTHCS HA JBI  TPYIH:
TEPMOMETPH, SIKI TPAAYIOIOTbCS MpPU IOBHOMY 3aHYpPEHHi, i
TEPMOMETPH, SIKI TPAJyIOIOTHCS IMPU HENOBHOMY 3aHYpEHHI (K
IIPaBUJIO, 3a IIE€BHOI JIOBKMHHU 3aHYpEHHS HWKHBOI YaCTHHH).
TepmoMeTpu Tmepiioi Tpymu 3aCTOCOBYIOTHCS, SIK IPAaBUIIO, Y
a00paTOPHUX YMOBaX 1 JO3BOJISIFOTH 3a0€3MEUUTH O1IbIII BUCOKY
TOUHICTh. [ TMOMHA 1X 3aHYpEeHHS! TOBUHHA 3MIHIOBATHUCS 32 3MIHU
temreparypu. TepMomerpu Apyroi Tpynu — TEXHIYHI —
3aCTOCOBYIOTBCSL Ui BHUMIPY TEMIIEparyp Yy MPOMHCIOBOCTI,
rmuOuHa X 3aHypeHHsS MOBHHHA OyTH TOCTiiHOM. Y 3B'I3KY 3
UM KOHCTPYKTUBHO TEXHIUYHI TEPMOMETPU BHKOHAHI TaKUM
YHHOM, IO JiaMeTp IX HUKHBOI («XBOCTOBOI») YaCTHHU ICTOTHO
MEHIIIe JiaMeTpa iX BEpXHbOI YaCTUHM, Y SKIH pO3TallOBaHa
mkaiga. [li  TepMoMeTpum  3aHYPIOIOTBCSA Yy  BUMIpIOBaHE
Cepe/loBUIlle Ha TIMOMHY HIXKHBOI YacTUHHU. PO3XOMKeHHs Y
TpaJylOBaHH1 1 3aCTOCYBaHHI CKJISIHUX TEPMOMETPIB BHUKJIUKaHE
TUM, IO NpU BHUMIpI TeMIepaTypd MOXYTb MaTH MiCIe
CUCTeMaTU4YHI1 TMOXUOKH, XapaKTEepH1 IS JAHOTO 3ac00y BUMIPY.
OnHi€ro 3 HUX € MOXMOKA 3a PaXyHOK BHCTYIAIOYOro CTOBIYMKA
TepMOMeETpa. SIKII0 TepMOMETpP IpalyrOBaBCs IIPU MOBHOMY MOI0O
3aHypeHHI y BHMIpPIOBaHE CEpPEIOBHUINE O BIUIIYyBaHOL
TEeMIIepaTypHOI OI[IHKH, a Ha NPAKTHULIl BiH He OyB 3aHYpeHUH 110
i€l OIIHKM 1 YacTMHA CTOBMYMKA TEPMOMETPUYHOI PEUOBHHU
3HAXOJIMJIACS 11032 BUMIPIOBaHUM CEpPEIOBHIIEM, BUCTYTIANA 3 HE,
TO MOXE MaTH Miclle IMOXMOKa 3a paxyHOK BHCTYIAIOUYOro
croBrmuuka. L{g moxubka icHye, KO TemIeparypa BUCTYNAK04ol
YaCTMHU CTOBMYUKA TEPMOMETPUYHOI pIAMHU 1 YaCTUHH,
3aHYPEHO1 y BUMIPIOBaHE CEpeIOBHINE, Oyiia pi3HOO, a BUXOUT,
Oyne pi3HUM 1 pO3LIMPEHHS 3aHYPEHOI 1 BUCTYHAIO4yOi YacTUH
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piauHU.

[Hmor0  moxuOKOIO,  XapakTepHOI AN CKIISTHHX
TEPMOMETPIB PO3IIUPEHHS, € 3CYyB HYJIbOBOI TOUKH TEPMOMETpA.
Lleit 3cyB crmocTepiraeTbCsi MICIsS HarpiBaHHS TEpPMOMETpa 0
TeMmIiepaTyp, ONM3bKMX 10 BepxHbOi Mexi BuMmipy. Ilpu
HACTYITHOMY OXOJIO/KEeHHI TepMomeTrpa /10 0°C CKISTHUN Kamijisip
HE Biipa3y HaOyBae THX k€ PO3MIpIB, 110 BiH MaB JI0 HarpiBaHHS.
Tomy pTyTh, 00°€M sIKOi CTaB JOPIBHIOBATH MOYATKOBOMY, Oyre
po3TaioBaHa B Kamiisipi, MEPETUH SKOTO I HEe 3MEHIIUBCS 10
Mo4aTkoBoro — Tpoxu Hwkue ominku 0°C. Lleit 3cyB HynIboBOT
TOYKH TEPMOMETpA MOXKE JOCATaTH B TEXHIYHUX TEPMOMETpax 3i
mkanoro 0-600 °C 3nauenns 3°C. Y TepMOMETpIB 3 MEHIIOIO
BEPXHBOIO MEXKEIO BUMIPY II€H 3CYB MEHIIIE.

Ha panuii 4yac BUITyCKAlOTbCS HACTYIHI PI3HOBHIU
CKJISTHUX TEPMOMETIB.

1. TexHiyHi PTYTHI TEPMOMETPHU 13 BKIAJCHOIO IIKAJIOIO
npsiMi 1 KyToBi (puc. 2.2) Bumyckatotbess 11 mommdikamiid 3i
mkajgamu Big -90 go +30; Bix -60 mo + 50; Big — 30 mo +50; Bixg O
10100; Big 0 mo 160; Big 0 mo 200; Big 0 mo 300;8im 0 mo 350;
Bix 0 7o 450; Bix 0 ;o 500 1 Bix 0 mo 600 °C.

Puc. 2.2 — TexHiuHi CKJISHI TepMOMETpH (TIPSMHUIA Ta KyTOBHIA)
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2. JIaGopaTopHi PTYTHI TEPMOMETPH KUHOBI 1 3 BKJIAJICHOIO
IIKAJIOK0 TpHU3HAYeHI i1 BUMIpY Temmeparyp Bim —30 g0
+600°C. Lli TepMoMeTpH 3aHYpIOIOTBCS y BHUMIpIOBaHE
CepelloBUIllE JO0  BUIIIYYBAaHOI  TEMIEPAaTypHOI  OIIIHKH.
TepmomeTpu HiAPO3ALISAIOTECA HA YOTHPH TPYIH. TepMOMETpH 3
ninorw posnoniny 0,1°C marote miama3on BuMipy 55 °C
(manpuxnan, 0-55°C ym 200— 255°C) 3 BepXHBOIO MEXKEIO
BuMipy He Ounbine 305 °C. [ Benukux aiana3oHiB BUMipy 0—
500 °C, 0—600 °C mina po3noainy mkamm 2 °C.

3. PimgunHil (HE pTYTHI) TEPMOMETPU BHUITYCKAIOTHCS
KHIOBI, 13 BKJIQJCHOI IIKAJIOK 1 3 30BHIIIHBOI IIKAJILHOIO
IUIACTUHOI0 Ha Mexi BuMipy Big —200 mo +200°C 3 1miHOMO
posnoniny Bix 0,2 mo 5°C.

4. TepMoMmeTpu PTYTHI HiABUIIEHOT TOYHOCTI 1 3pa3KoBI
BHITYCKAIOThCS 3 By3bKUMH JlianiazoHamu BuMipy (Big 4 mo 50°C)
13 miHoto poznoainy Bix 0,01 go 0,1 °C.

5. TepmoMeTpu pTYTHI €JIEKTPOKOHTaKkTHI (puc. 2.3)
BUITYCKAIOTbCA JJI1 MIATPUMKH TOCTIHHOI Temieparypu abo
CUTHaI3aIlii 3a7aHoi Temrmeparypu B iHTepBani Bix —30 mo +
300°C. TepMoMeTpH BUITYCKAIOTHCSA 3 MOCTIHHUM poOouuM i 3
PYXJIUBUM pOOOYMM KOHTAKTAMH, SIKI MOKYTh OyTH BCTaHOBJIEHI
Ha OyAb-IKOMY 3HAUEHHI TEMIEPATypy B MEXKaxX MIKAIIH.
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Puc. 2.3 — TexHi4Hi CKJISHI €EKTPOKOHTAKTHI TEPMOMETPH:
a) MpsIMUiA, 0) KyTOBHH.

6. ChemianbHi TepMOMETpPH; MEIUYHI (MaKCHUMAlbHI),
METEOpOJIOTIYHI (MaKCUMallbHI, MIHIMalbHI, MCUXPOMETPUYHI,
I'PYHTOBI Ta 1H.) Ta IHIIOTO MPU3HAYEHHS.

[ToxnOku TEXHIYHUX TEPMOMETPIB, IO JOMYCKAIOThCS, HE
MOBMHHI NIEPEBUIIYBATH PO3MOJILTY LIKAIH.

CksiHI TEpMOMETPU € OJHUM 3 HAMTOYHIIIMX 3ac00iB
BUMIpY TeMIIEpaTypH.

Manomempuuni  mepmomempu. [TpunIIMI i
MaHOMETPUYHUX TEPMOMETPIB 0a3yeThCsl Ha 3alIe)KHOCTI THCKY
TEPMOMETPUYHOI PEYOBUHU B T€PMETHYHO 3aMKHYTOMY 00’€Mi
BiJ Temriepatypu. TepmMocucreMa MaHOMETPUYHOTO TEPMOMETpa
(puc. 2.4) cknamaetbes 3 TepMmoOasiona 1, kamimspa 2 i
MaHOMETPUYHOI TPYKUHHU, OJMH KiHEUb $KOi 3 €IHaHUN 3
KanuisipoM, a APYruM, 3anasHuil KiHelb NPYXUHH, 3'€THaHUN 31
CTPUIKOIO BUMIPIOBAJILHOTO IpUiIay 3.
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Puc. 2.4 — MaHoMeTpUYHHI TEPMOMETP

CxemMa KOHCTPYKTHUBHOI'O O(OpPMIIEHHS MaHOMETPUYHOIO
TepMOMETpa, 10 II0Ka3zye, IpuBeIeHa Ha puc.2.5, a.
MaHomeTpuuHa TepMOCHCTEMa TEPMOMETPa CKJIAJA€ThCs 3
TepmobanoHa — 1, kamissipa — 2 1 MaHoMeTpu4yHOI pyxuHU — 10.
Temmneparypa TepmoOanaoHa, 3aHYpEHOrO0 B JOCIIJKYyBaHE
cepenoBuie (puc. 2.5, 0), GYHKIIOHATBFHO TEPETBOPUTHCS B
TUCK po0OYOi peHOBMHM MaHOMETPHYHOi cucteMu. CromydHui
Kalsip Tepefae 3MiHA THCKY HAa MaHOMETPUYHY TIPYKUHY.
Tpumau 3 3'eHye BHYTPILIHIO MOPOKHUHY 3aKPIMJIEHOTO KIHIISA
NPYXKUHU 3 KanuigipoM. BinbHUN repMeTH30BaHMM KiHELb
NPY)KUHU LIApHIPHO TOB'3aHUIl MOBiAIEM 5 13 3yOLIOBaTUM
ceKTopoM 4, 10 3HAXOIUTHCA B 3aderuieHH] 3 TpyOokoro 10. Ha
oci TpyOKM HacaJpKeHa CTplIka — TNOKaX4uK 8. 3azop y
neperaBalbHOMY  MEXaHI3MiI  BHUOHMPAETbCS  CIHIPAIbHOIO
MIPY>KUHKOIO 7.

TepmoOanon Mae HWIIHAPUYHY ¢GopMy, HOro miamerp 1
JIOBXXKMHA 3aJIe)XaTh BiJl POy TEPMOMETPUYECKOTO PEYOBHUHU i
Jiama3oHy 10 BUMIPIOIOTBCA — Temmeparyp. TepmobanoH
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3BHYAIHO BUKOHYIOTH 13 cTani 1X18HIT.

ManomeTpuuHa NpyKMHA Ma€ NEpeTHH OBaJIbHOI (GopMHu
(puc. 2.5, B) abo y Buai Bicimku (puc. 2.5, r). IIpodinsb,
NEePETUHU IIPY>KUHU OCTAHHBOT'O BUJy Ma€ IepeBary.

[Tpu 3miHI TemmepaTypu TepMOOaUIOHa 3MIHIOETHCS THUCK
yCcepeInHi MaHOMETPUYHOI CHCTEMH, BiIOYBaeThCs Aehopmariis
(po3kpyuyBanus abo 3akpytka) mnpyxunu 10. Binsne
NEPEMIIIEHHS KIHIS MPY>KUHU 3a JOMOMOIOI0 NEepeaaBaIbHOIo
MexaHi3My (1aHka 5-7) HepeTBOPHUTH A0 OOEpTaHHS CTPLIKH—
NOKaX4YMKa § BIIHOCHO IIKAaNH, IO OLM(poBaHA y rpaaycax
Lenbcusi. Bapiamiss Temmeparypud CepeloBHINA, Y SKOMY
3HAaXOAMThCS MpPY)KHWHA, TOOTO BIAXWIEHHS TeMIIEpaTypu
NpYXHUHU Bij ii HOpManbHOTO 3Ha4eHHs 20°C, KOMIIEHCYEThCS 32
JOTIOMOT'OF0 TepMOOiMeTaaeBOro KoMiencaropa (puc.1.5, B).

Puc. 2.5. Cxema
yJaIITyBaHHS
MaHOMETPUYHOTO
TEPMOMETDY, 10 TIOKA3YE:

a — TepMocucTreMa; 6 —

TepMOOaJIIOH;

B, T — mnpodimi
PYKUHHY;

1 — rtepmobanon; 2 —
Kanuisip; 3 — Tpumau; 4
CEeKTOp; 5 — TMOBOJOK; 6 —
KOMIIEHCATOP; 7 -

CIUpAJbHUI BOJIOCOK; & —
BKajzyrua cTpiika; 9 -
TpyOka; 10 — mMaHoMeTpUyHa
MpYyXHUHA.

MaHoMeTpuYHI TEPMOMETPHU 3aJIEKHO BiJl BUAY poOoU0i
(TepMOMETpUYHOI) PEUYOBHHH, SIKA 3alOBHIOE TEPMOCHUCTEMY,
MiIPO3IUISIOTECS HA Ta30Bi, PIAMHHI 1 KOHJAEHcamiiHi (Tab.
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2.3). MaHOMeTpHUYHI TEPMOMETPH BUTOTOBIISIFOTHCS JJIsI BUMIPY
temmnepatyp Big —200 qo +600°C, KOHKpETH1 Jiana3oHd BUMIPY
BU3HAYAIOTHCS 3alIOBHIOBAYEM TEPMOCHUCTEMH. Tepmomerpu 3i
CHeliaIbHUM 3allOBHIOBAYEeM 3aCTOCOBYIOTBCS JJISI  BHMIPY
temmneparyp Big 100 mo 1000°C.

Tabmuus 2.3 — Buad NOpOMHUCIOBUX MaHOMETPHYHHUX
TEPMOMETPIB
Tun repmomerpy | Hiamazon Po6oua pedormnna Joxuaa
BHMipiB,°C Kanusipy, M
TazoBi Bix -150 mo | a3or, apron 0,6-60
TITL, TTC, TT +600
Pimman1 Bix -150 mo | mpominosuit cimpt, meta | go 10
TIDK, T2KC, T>K | +300 KCHJIOJI, PTYTB,
MOTIMETHIICUIIOKCAHOBA
piauHa
Konnencauiiini Bigx -50 g0 | mpomijeH (C3Hg), | mo 25
TKII, TIIIT +300 dhpeon-22 (CHF,CI),
XJIOPUCTUH METHUII
(C3Hs0)

TepMoOanoH TepMOMETpa 3aHYPIOETbCS Yy BHUMIpIOBaHE
ceperoBuile, 1 poOoua peuoBMHA, IO 3HAXOIUTHCS B
TepMOOaJIoHi, npummae TEeMIIEpaTypy BHUMIPIOBAHOTO
cepenoBuina. [Ipm 1bOMYy B TEPMOCHUCTEMI BCTaHOBIIOETHCS
THCK, 00yMOBIIEeHUI TEMIIEPATypPOIO BHUMIPIOBAHOTO
cepeloBUILA. 3a MiJIBUIIEHHS TEMIepaTypu TUCK ITiBUIILYEThCS,
3a 3MEHILEHHS TeMIEepaTypu — 3HUXKYETbCS. 3MiHA THCKY
po0OYOi pPEeyoBMHM dYepe3 THYUKMH Kamijsip HepeaaeThcsl Ha
BUMIpHHH TpWiald, 10 € YacTHHOK MaHOMETPUYHOTO
TepMOMeTpa.  BumiproBaipbHMI  mOpwiagy €  NPYKUHHUM
MaHOMETPOM, PO3PaXOBAaHUM Ha Tl Jllalla30HU BUMIPY THUCKY, L0
MaloTh MiClle B TEPMOCHCTEMaX MaHOMETPUYHUX TEPMOMETIB.

'a3oBi MaHOMETpPHUYHI TEPMOMETPU TMpPU3HAYEH] s
BuMipy Temreparypu Big —200 mo +600°C. Sk pobdoua peyoBrHa
B ra30BUX TEPMOMETPAX 3aCTOCOBYETHCS a30T. 3AJIEKHICTh TUCKY
razy BiJl TemmepaTypu 3a IMOCTIHHOrO 00’€éMy OIHUCY€EThCS
JHIAHUM PIBHSIHHSM:
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Pt = po(L+Bt),

ne Pt i1po — tHck razy 3a temneparyp 01 °C;
B — TeMIepaTypHuil Koe(ilieHT po3MUpPEHHS a3y,

-1
B =1/273, 4 0,00366 K™
PiBHSIHHS HIKaIM Ta30BOr0 MaHOMCTPHUYHOI'0 TEPMOMETPA
Oyze TaKoX JIIHIHHUM:

B(tK B tH) ’

Px — Py = Py 1+BtH

ne Pu 1 Px — THCK Ta3y 3a TeMIIepaTyp, IO BiINOBiJalOTh
novyarKy f, 1KIHIO [, IIKaau TEPMOMETPA.

VY 3B'SI3Ky 3 TUM, IO 32 3MIHH TEMIIEPATypH 32 PaxyHOK
TEIUIOBOIO PO3IIMPEHHSI 3MIHIOETBCS 00’€M TepMoOaloHa, a
TaKOX 3MIHIOETHCS 3 TUCKOM BHYTPIIIHIA 00’ €M MaHOMETPHYHOT
NpYXUHU, 00’€M TepMocucTeMU He mnocTiiHui. Tomy peanbHe
PIBHSHHS LIKaJIM TPOXH BIJPI3HETHCS Bix JiHIHOrO. OHAK 1€
BIIXWJICHHS HE3HAYHE 1 MOXKHA BBAKATH, IO IIKAJIM Ta30BHX
MaHOMETPUYHUX TEPMOMETPIB € piBHOMIpHUMH. [liama3oH 3MiHU
pob0YOro THUCKY B TEPMOCHUCTEMI MOXXe OyTH 30UIbIIeHUN
HIIXOM 30UTBIIEHHS T0YaTKOBOI'O TUCKY 30Ty B TEPMOCHUCTEMI.
Ile no3Bonsie yHi(pIKYyBaTH MaHOMETPHYHI MPYXUHH, a TaKOX
3MEHIIIy€E O6apoMeTpuUHy MOXUOKY MaHOMETPUYHOTO
tepmometpa. [IpyXxnHHI MAaHOMETPH BUMIPIOIOTh Ha THITKOBHA
THUCK, 1 TOMy 3MiHa GapOMETPUYHOIO THUCKY MOXE BUKIMKATH
3MIHY X MTOKa3aHb. Skmo BHUMIPIOBaHUH THCK
Oyne 3HAUYHUM, TO KOJHMBAHHA OapOMETPHUYHOIO  THUCKY
MPAKTUYHO HE OYAyTh BILUTMBATH Ha ITOKA3aHHS MPHIIAY.

3MiHa TeMIlepaTypd HaBKOJMIIHBOIO TOBITps Oyne
BIIUBATH Ha PO3IIMPEHHS pPoOOYOi pPEYOBHMHM B Kamiisapi 1
MaHOMETPUYHIA HPYKUHI, 10 Oy/le BUKIMKATH 3MIHY THCKY B
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TEPMOCHCTEMI 1 BIANOBITHY 3MiHY IMOKa3aHb TepMomerpa. s
3MEHIIEHHS LbOT0 BIUIMBY MParHyTb 3MEHIIUTH BIJHOIIECHHS
BHYTPIIIHBOTO 00’€eMy TpPYXHHH 1 Kamiumsgpa A0 00’emy
tepmoOanoHa. lyig 1poro 30UIbIIYIOTE JOBXHHY TepMOOaOHA
gy #oro nmiamerp. JloBkumHa  TepMmoOalioHAa  Ta30BOTO
MaHOMETPUYHOI0 TEPMOMETpa He MOBUHHA nepesuiyBatu 400
MM, a JliaMeTp TepMobaIona odupaerncs 3 psay 5, 8, 10, 12, 16,
20, 25 1 30 mm (I'OCT 8624-80). [omxuHa Kamiisipa MOXKe
ckimagatu Bin 0,6 mo 60 M. [[ns 3MeHIIEHHS TeMnepaTypHOl
MOTPIIIHOCTI B JEAKMX BUMIPIOBAIBHUX MPHIAaX YCepeauHi
BCTaHOBJIIOIOTh T€pMOKOMITeHcaTopu. CreniaibHO BUTOTOBIICHI
ra3oBl MaHOMETPUYHI TEPMOMETPH MOXKYThb 3aCTOCOBYBATHUCS 1
Ui BUMIpy Temmeparyp Oinbmn Hu3bkux, ynMm 0°C. Hampukman,
BOJIHEBUI Ta30BUIl TEPMOMETpP MOXke 3acTocoByBaTHcs 10 —250
°C, aremesuii — 1o —267 °C.

PinuHHI MaHOMETpWUYHI TEPMOMETPH NpPH3HAYCHI IS
BUMIipy Temnepatyp# Bix -150 1o +300°C. Sk poGouy pedoBUHY,
10  3allOBHIOE  TEPMOCUCTEMY,  3aCTOCOBYIOTb  PTYTb,
OPONWIOBHIA CINUPT, METAKCHJION Ta iHON piguad. Poboua
pPEUOBHMHA PIAMHHUX MAaHOMETPUYHHUX TEPMOMETPIB NMPAKTHUYHO
HecTucnuBa. ToMy 3MiHa 00’ eMy po60OUOi pIIMHHU B TEpMOOAIOH1
3a 3MIHU TeMIlepaTypy Ha BEJIMUYMHY, 110 BIANOBIIAE /iana3oHy
BHUMIpY, BUKJIMKA€E Take 30UIbIIEHHS TUCKY B TEPMOCHCTEMI, 3a
SIKOTO MAaHOMETPUYHA MPYKMHA 3MIHUTh CBIM BHYTpIIIHIN 00’ eM
Ha BEJIMYMHY 3MIHM 00’emy piauHu. THCK, 3a sikoro ue Oyne
MaTH Miclle, 3aJeKUTh BiJl TBEPAOCTI MPYXKUHHU 1 AN Pi3HUX
MaHOMETPUYHUX NPYKUH MOKE OYTH pI3HUM.

Y pIIMHHHX MaHOMETPUYHMX TepMOMETpax MOXuOKa,
BUKJIMKaHAa 3MIHOIO OapOMETpUYHOrO0 THCKY, SIK IPaBUIIO,
BIICYTHS, TOMY IO THUCK Yy cuctemi 3HauHMi. [loxuOka,
BUKITMKaHA 3MiHOIO TeMIIepaTypH HaBKOJHUIIHHOTO CEpEeIOBHIIA,
Mae Micle W y piAMHHUX MaHOMETPUYHUX TepMomerpax. s ii
3MEHILIEHHS 3aCTOCOBYIOTh T1 K CIOCOOHM, IO ¥ Yy Ta30BHX
MaHOMETPUYHUX TEPMOMETPAX: 3MEHIIYIOTh BIAHOCHMH 00’e€M
piAMHU, IO 3HAXOMUTHCS 3a TEMIIEPaTypH HAaBKOJHUIIHHOTO
Cepe/loBUINA, 3MEHIIYIOUH BHYTPIIIHIA 00’€eM TepMoKamisapa i
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OPY)XUHH, YA  YCEpeAMHY  BHMIPIOBAIBHOTO  NPHIIATY
BOY/ZIOBYIOTh CHEIliabHI TEPMOKOMIIEHCATOPH TTOXHOKH.

VY PpIIMHHUX MaHOMETPUYHHX TEPMOMETpaX MOXKE MaTu
MiCII€ TiApoCTaTU4HA MOXHMOKa, IO BUHUKAE 3a PI3HUX PIBHIB
po3TairyBaHHS TepMoOaioHa 1 BUMIpIOBAIBHOTO mpuiany. s
3HIDKEHHS. MOMJIMBUX T1IPOCTaTUYHUX TMOXHOOK JOBXKUHY
Karisipa 3MeHIIyoTsh 10 10 M. Bincrasi, mo 10omyckaroThcs, 1o
BHCOTI MDK TEpMOOQJIOHOM 1 BHMIPIOBAJLHUM IPHIAJIOM
BKa3YIOThCS B IHCTPYKIISIX /IO PUITAIiB.

KonneHcamiitHi MaHOMETPHYHI TEPMOMETPH TpHU3HAYEHI
s BuMipy temnepatyp Big —50 mo +300 °C. Tepmobanon
TepMoMeTpa mpubnu3HO Ha 3/4 3amoBHEHUI HU3BKOKHILITYOO
piAMHOO, a iHIA YacTWHA 3allOBHEHA HACHYCHOKO MAaporo Ii€l
piguan. KinbKicTh piiMHU B TepMOOATIOHI MOBUHHA OyTH TaKOIO,
o0 3a MaKCUMaJIBHOT TEMIIepaTypy He BCS piAMHA Mepexo/uia
B napy. Sk poGouy piiMHY 3aCTOCOBYIOTH (peoH-22, MPOIMUJICH,
XJIOPUCTHHA ~ MeTWJ, aneroH 1 erwiOen3on. Kamimsp i
MaHOMETPUYHA MPYKWHA 3alOBHIOIOTHCS, SK MPABHUIIO, 1HIIOO
pimmaoro.  Tuck y  TepMOCHCTEMi  KOHJEHCALIHHOTO
MaHOMETPUYHOTO TepMomeTpa Oyne JIOpIBHIOBATH THCKY
HAacU4€HOI mapu podoYoi piIuHU, 0OYMOBJIEHOMY y CBOIO YEpry
TEeMIIepaTyporo, 3a $KOi 3HaXOAWUThCS poloua pifuHa, TOOTO
TEMIIEPATypOI0 BUMIPIOBAHOTO CEPEAOBHINA 3 MOMIIIEHUM Y HEl
TepMoOanoHoM. Ll 3anexHICTh THUCKY HAacH4YeHHsS Mapu BiX
TEMIIEpaTypd Ma€ HENIHIMHUNA BHUJ, BOHAa OJHO3HA4YHA, KOJIH
BHUMIpIOBaHa TEMIIEpaTypa He NEPEBUIILYE KPUTHUHY.

VY 3B'3Ky 3 TUM, HI0 THCK Y TEPMOCHUCTEMI 3aJ€KUTh
TIABKM  BiJI BHUMIPIOBAaHOI TeMIIEpaTypH, Ha IOKa3aHHSA
TepMoMeTpa He Oyze BIUTMBATH TeMIepaTypa HaBKOJIHUIIHHOTO
cepenoBuina. [IpakTHyHO HeBenuKka Moxudka Oyne MaTH Micle
3a paxXyHOK MEXaHI3My Tepeiadl ycepeanHi MaHOMETpa, ajie cam
NPUHIUI BUMIpY 3a0e3leuye He3aJeXHICTh Bl TeMmIepaTrypu
HaBKOJIMIIHBOTO  CEpPEIOBUIIIA. lNapocratnuna  moxuOka
BUKJIMKAETbCS PI3HUICI0 BUCOT PO3TAlLIyBaHHS TepMoOaloHa i
BUMIPIOBAJILHOTO ~ MpWJIaxy, NpUYoMy I moxubka Oyne
3aJIe’KaTH BiJl OKa3aHb NMPUIIAY: Ha MMOYATKY IIKAJIM BOHA Oyne
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Oimpiie, a HampukiHoi — MeHmie. JloBxkuHA Kamiispa ais
3MEHIICHHS M€l MOXUOKU He TepeBuirye 25 M. bapoMmerpuyna
noxubKa y KOHACHCAIIMHUX MaHOMETPHUYHUX TEPMOMETPIB
MOXE€ MaTH MiCIle Ha MOYaTKOBIM JAUISHII IITKaTd, KOJU TUCK Y
TEPMOCHUCTEMI HEBEJMKUWA. B IHIMX BHUMAgKaxX BIUIMB THCKY
Oyne HexToBHO MayuM. CreriaJbHO BUTOTOBJIEH! KOH/ICHCAIliiHI
MaHOMETPUYHI TEPMOMETPH 3aCTOCOBYIOTHCS JJIi  BHUMIPY
HaIHU3BKUX  Temneparyp. KonpaeHcamiiiHi  TepMOMETpH,
3allOBHEHI T'elli€eM, BUKOPUCTOBYIOTBCS JUISI BUMIPY TeMIIEpaTyp
Bix 0,8 K.

MaHOMETpUYHI TEPMOMETPH BIAPI3HAIOTHCA IMPOCTOTOIO
MPUCTPOI0, MOJXKJIMBICTIO JHUCTAHIIMHOI Tepenayi IMoKa3aHb 1
aBTOMaTHYHOrO 3amucy. OpHI€I0 3 BaXJIMBUX TMepeBar €
MOKJTUBICTh 1X BUKOPUCTAHHS B MOXKEXKO0- 1 BHOyXOHEeOe3meuHux
npuMilieHHsX. Jl0 HeMOINIKiB BiTHOCATHCS TPYIHOII PEMOHTY
pyu  po3repMeTH3ailii  CuUCTeMH, OOMEXKeHa  BIJCTaHb
JTUCTAHIIIMHOI Iepeiadi MoKa3aHp 1 B 0araThbOX BHITAKAX BEJIHKI
po3Mipu TepmoOanoHa. ['a3oBi 1 piauHHI MaHOMETPUYHI
TEPMOMETPH MarOTh Kiiac TouHocTi 1; 1,51 2,5, koHIeHcalliiH —
1,5;2,514.

TepMoenekTpuyHi TepMOMETPH. 3acTocyBaHHs
TEPMOENEKTPUYHUX TEPMOMETPIB A BUMIPY TeMIepaTypu
0asyeTbCs Ha 3@JIEKHOCTI TEPMOENEKTPOPYIIIHHOI  CHIIK
TepMomapu Bia TemmepaTypu. TepmoenekTpopyuliiiHa cuia
(tepmo-EPC) BuHMKae B JaHIO31, CKIAQAEHOMY 3 JBOX
PI3HOPIAHMX TMPOBIJHMKIB 3a HEPIBHOCTI TEMIeEparyp y MICISIX
3'eqHaHHS 1MX TpoBigHUKIB (puc. 2.6). CyuacHa @i3uka
MOSICHIOE TEPMOEJIEKTPUYHI SIBUILA B TakUi crocib. 3 oJHOro
00Ky, YHAcCHII0K pO3XO/UKEHHsI piBHIB DepMi B PI3HUX METaliB
MpH iX 3ITKHEHHI BHHHMKA€ KOHTAKTHA PI3HUIIS MOTEHIiamiB. 3
1HIIOro OOKY, KOHIIEHTpallisi BUIBHUX €JEKTPOHIB y MeTall
3aJIeKUTH BiJ TeMIepaTypy. 3a HasiBHOCTI PI3HMII TeMIepaTyp y
MPOBIIHUKY BUHHMKAE TUQY3is €NeKTPOHIB, IO MPUBOAMUTH IO
YTBOPEHHS eJIEKTPUIHOTO oIS, Taxkum YUHOM,
TEPMOCJICKTPOPYIIIfHA CHUJIa CKJIAJAEThCS 13 CyMH CTPUOKIB
MOTEHIliaJly B KOHTaKTax (CHasx) TepMomapu 1 CyMH 3MiH
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MOTEHIlialy, BUKJIMKAHUX AU(DY31€I0 €IEKTPOHIB, 1 3aJI€KUTh BiJ
poay IPOBITHUKIB Ta iX TeMIEpaTypH.

Sxmo B maHmo3i  (puc. 2.6) Temmeparypu Miclb
3'eIHaHHS MPOBITHHUKIB @ 1 b OyayTh ogHaKOBI # piBHI t, TO i
pi3HUI MOTeHLia B OyAyTh piBHI 3a 3HAYSHHSIM, ajieé MaTH Pi3Hi
3HAKH:

€an(t) = — epa(t),

a cymapHa tepMo-EPC i cTpyM y naHIt031 OyayTh JTOPiBHIOBATH
HYJIIO:

Ean(t, t) = eap(t) — epa(t)=0.

SAxmo t#ty, To cymapua Tepmo-EPC He m1opiBHIOE HYITIO:

Ean(t, to) = ean(t) — ean(to) # 0,

TOMY WIO PI3HUII MOTEHI[ANIB JJI THUX CAaMHX MPOBITHHUKIB 3a
pI3HUX TeMIlepaTyp He piBHI: eab(t) = eba(to). Pesynbryroua
tepmo-EPC  3amexuth 1is JaHnX mposimmukie @ i D Bix
temneparyp U i tp. {06 oxepxkaTu OmHO3HAYHY 3aIEKHICTH
tepmo-EPC Bin BumiproBanoi Temneparypu [, HeoOxigHo iHmmy

temnepatypy o miarpumysatu nocriiinoro.

Hns Bumipy Tepmo-EPC y naHiior TepMOeneKTpUu4HOro
TEpMOMETpa BKIIFOYAIOTh BUMIPIOBATBHUNA NpHIIaJ], MPUUIOMY HOro
BKJIIOUYEHHSI BBOJWTH Yy JIQHIIOT TNpUHAWMHI II€ OJAWH, TpPETiil
MIPOBIHUK.
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Puc. 2.6 — TepmoeneKTpuuHU JTAHIIOT

Jis Ttoro mo6 3'scyBaTH, SK BIUIMBA€ BKIIOYCHHS B
JIQHITIOT TEPMOETIEKTPUYHOTO TEPMOMETPA TPETHOTO MPOBITHMKA,
PO3TIISTHEMO JIAHIIIOT, CKJIQJICHUH 13 TPhOX PI3HUX MPOBITHUKIB 4,
b, ¢ (puc. 2.7,a). Tepmo-EPC takoro naHmora 3a piBHOCTI
TeMIIepaTyp ycix micup 3'¢lHaHHS Oyre:

Eape (1) = eap (1) + enc (1) + eca(t) = 0;
Yu
€ap (1) = — enc (1) — eca (1)

PosrnsiHeMo TepMOENEKTpUYHUI JaHLUIOT 13 TPhOX
MPOBIIHUKIB, KOJH TeMIepaTypa Micllb MPHETHAHHS TPETHOTO
MPOBITHUKA ¢ HE JIOPIBHIOE BUMIpIOBaH1M TeMriepatypi (puc. 2.7,
0):

Eabc(ta tO) = eab(t) + ebc(tO) + eca(t0)-
3 Or0 BHUILIMBAE, IO

esc(to) + €calto) = — ean(to).

Toni MOKHa 3aKCaTH:
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E(t,to) = ean(t) — ean(to),

T00TO TepMo-EPC naHIfora, CKIafeHOro 3 TPbhOX PI3HOPIIHUX
MPOBIIHUKIB, HE BiApi3HAeTbC Bixm Tepmo-EPC  naniiora,
CKJIQJICHOTO 3 JIBOX HPOBIIHHKIB, SKIIO TEMIIEpaTypu MiCIb
MPUETHAHHS TPEThOTO MPOBIIHMKA PiBHI. 3 3aKOHOMIpHOCTEH
BKJIIOUYEHHS TPEThOTO MPOBIIHUKA MOXKHA 3pPOOMTH HACTYIIHI
BHUCHOBKH: BKJIFOUEHHSI OJTHOTO, BOX YU JIEKIJIbKOX MPOBIIHUKIB Y
JAHIIOT  TEPMOEJIEKTPUYHOTO  TEPMOMETpa HE  BUKIIHMKAE
nepekpyayBanas TepMo-EPC  Tepmomerpa, sKmo — Micrs
NpUEAHAHHS KOXXKHOTO 3 IIMX MPOBITHHUKIB OyayTh Martu
OJIHAKOBY TEMIIEpaTypy; poOouHii KiHElb TEPMOEIEKTPUYHOTO
TEPMOMETpPa MOXKHA BHUTOTOBJIATH IUIIXOM 3BaplOBaHHS a0o
MalKku, SKIO TeMIIEpaTypa y BCiX TOUKAX craro Oy/e 0JIHaKoBa.
Ha migcraBi ocoOnmMBOCTEH  BKIIFOUEHHS  TPETHOTO
MIPOBIIHUKA B JIAHITIOT TEPMOETIEKTPUYHOTO TEPMOMETPA MOXKYTh
OyTH BHKOpHCTaHI JBa BapiaHTH BKJIIOYEHHS BUMIipPIOBAJIHHOTO
npwiany BIl y naHmior TepMoeneKTpuYHOro TEpMOMETpa: y
po3puB enekTpona (puc. 2.7, a) i B po3puB cnaro (puc. 2.7, 0).

t
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to

t to
a) 6)

Puc. 2.7 — BritoueHHs1 TpETHOTO MPOBIAHUKA B JIAHIIIOT TEPMOIIAPH

Y mepmoMmy BHIIQAKy BUMIpIOBaHA  TemIepaTypa
(Temmepatypa pobouoro KiHis) Oyzae t, Temmeparypa BiUIbHHX
KIiHIIB, MiATPUMYyBaHa TIOCTIMHOIO, tp 1 TeMIepaTypu MiCIb
MpUETHAHHS TPETHOTO MPOBITHUKA 3 BUMIPIOBAIbHUM MPHUIATI0OM
t' 1 " . Ilo6 we Oymo mepekpydyBanHs Tepmo-EPC, mro
PO3BUBAETHCS, TeMIlepatypu t1' 1 t1" moBuHHI OyTH piBHI, t1'=t;", a
TeMIlepaTypa BUIBHHUX KIHLIB tp=const. B npyromy Bunaaxy
TPETiil MPOBIAHUK 3 BUMIPIOBATBHUM MPUIAJIOM BKIIOYAETHCS B
pPO3pUB BUIBHUX KIHIIIB, TOMY MICISl TNpPHUEIHAHHS TPETHOTO
MIPOBiIHUKA OJIHOYAaCHO € BUTbHUMU KIHISIMH
TEPMOEJIEKTpUYHOro TepmMomerpa. Lli TemmepaTypu NOBHHHI
OyTH OJHAKOBI SK KIiHIII TPETHOTO MPOBIAHMKA 1 TMOCTIMHI SIK
BUIbHI KIHII. SIKII0 BHUKOHAHI 11 yMOBH, TO BKJIIOYCHHS
BUMIPIOBAILHOTO ~ Tpuiaay He croTBopioe  Tepmo-EPC
TEPMOMETPA.
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BII

C
t()
t
Puc. 2.8 — BxiloyeHHS BUMIPIOBAJIBHOTO TMPWIAAYy B JIAHIIOT
TEPMOECITICKTPHYHOTO TEPMOMETPA
Jliist BUMIPY TeMIepaTypu TEPMOETICKTPUUHUM

TEPMOMETpPOM  HeoOxigHo  BuMiputd  TepMo-EPC, 1o
PO3BHBAETHCS TEPMOMETPOM, 1 TEMIIEPATypy BIIBHMX KIHIIIB.
Sxmo Temmeparypa BUIBHMX KIHIIB T€pMOMETpa HpHU BUMIpI
TEMIIEPATYPHU JIOPIBHIOE 0°C, TO
BUMIpIOBaHa  TeMIlepaTypa  BH3HA4Yae€ThCs  Biapasy 3
rpaayroBaIbHOI XapaKTepUCTHKH (Tabmuib, rpadikis) (puc. 2.9),
10 BCTaHOBIIOE 3anexHIicTb TepMo-EPC Bin Ttemneparypu
pobouoro craro.
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E A
A
E(t,t") E(t,t)
E(t,0)
E(t',0) E(t,0)
- >
t' to t t

Puc. 2.9 — VBenenns BUNpaBieHHS HAa TeMIEpaTypy BiIIbHUX KiHIIB
TEPMOETIEKTPUIHOTO TEPMOMETPA

I'pagyroBanbHi  XapaKTEPUCTUKH  TEPMOEIEKTPUUHHX
TEPMOMETPIB BU3HAYECHI, K MPABUIIO, 32 TEMIIEPATypu BUTBHUX
kiHmiB, piBHiM 0°C. Skmo Ttemieparypa BUIBHMX KiHIIIB Ha
npakTUlli BigpizHseTses Big 0°C, ane 3aiumaeTbesi MOCTIHHOO,
TO A7 BHU3HAUEHHS TeMIepaTypu poOoYoro KiHIA 3a
IpalylOBAIBHOIO XapaKTEPUCTUKOIO HEOOX1HO 3HATH HE TUTbKHU
tepMo-EPC, 110 po3BUBa€ETHCS TEPMOMETPOM, a il TemmepaTypy
BUIbHHUX KIHIIB tp. [ll00 yBecTn BHUMpaBiieHHS Ha TeMIlepaTypy
BUILHUX KiHIIB to, AKImIO tg Z 0, HeoOxigHo 10 Tepmo-EPC, mo
PO3BUBAETHCS TEPMOEIEKTPUIHUM TepmomeTpoM E(t, to), monatu
E(to, 0), 106 oxepsxaru 3HaueHust repmo-EPC E(t, 0):

E(t,to,) + E(to,0) = E(t,0).
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BII

Puc. 2.10 — TepmobaTapes

Taxky Ttepmo-EPC E(t,0) po3BuBae TepMOEIEeKTpUUHUN
TEPMOMETp 3a TeMmIlepaTypu poOOyoro cmaro t i Temreparypu
BUIbHHX KiHIIIB 0°C, TOOTO 32 YMOB I'palylOBaHHSI.

SIkmo B mporeci BUMIpY TemmepaTypa BUIbHHMX KIHIIIB
npuiiMe sIKecb HOBE 3HaueHHA tg, To Tepmo-EPC, 1o
PO3BUBAETHCS TepMomeTpoM, Oyae E(t, to') (puc. 2.7) i Bennuuna
BUIIPABJICHHsS. Ha TeMmIeparypy BUIbHMX KiHLIB Oyzae E(to',0), a
tepmo-EPC, 1110 BifnoBizae ymMoBaM rpaJlyfoBaHHS:

E(tt) + E(t',0) = E(t,0).

3HaueHHs BUIIPABJIECHHS HA TeMIEpaTypy BUIBHUX KiHIIB
TEPMOENIEKTPUYHOIO TEPMOMETpa 3aIECKHUTh Bl TPaJyrOBaIbHOL
XapaKTepUCTUKH  TEPMOMETpa, OOyMOBIIEHOI  MaTepiajamu
MPOBIAHMUKIB, 3 SKAX BHUIOTOBJIEHUH  TEpPMOEIEKTPUYHUI
tepmomerp. HeszanexxHo Bij crnocoOy yBEOSHHS BHUIPaBIICHHS
(pO3paxyHKOBOTO 4YM aBTOMAaTHYHOIO) METOAMKA YBEICHHS
BUNPABJICHHS  3QIMIIAETHCS  HE3MIHHOIO: BU3HAYAETHCS
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PO3pPaxyHKOBUM HUISXOM YH aBTOMAaTHYHO Y CXEMi BHXOIUTH
3HaueHHs E(tp,0), ske moTiMm cymyerbes 3 Tepmo-EPC
tepmoriapu.  Cymapna  tepmo-EPC  E(t,0)  BiagmoBimae
rpajyloBaIbHOMY 3HaueHH0. Jlisi pilmeHHsS OKpeMux 3ajad
BUMIpIB TEMIIEPAaTypH 3aCTOCOBYIOTHCS Pi3HI CIIOCOOM 3'€THaHHS
TEPMOCJICKTPUYHHUX TepMoMeTpiB. HalOiab po3moBCIoKeH] 3
HUX — TepMmoOartapes 1 mgudepeHmiaapbHa TepMonapa. s
30UIbIICHHS Koe(illieHTa TEPETBOPEHHS TEPMOCICKTPUYHOTO
TEPMOMETpPA 3aCTOCOBYIOThH IMOCIIJOBHE BKIIOUYCHHS IEKITBKOX
tepmomnap (Tepmodbatapero) (puc. 2.10). IIpu upbomy Tepmo-EPC,
10 PO3BHMBAETHCS TEPMOIIApPaMH, CyMYeThCsl, T00TO Tepmo-EPC
TepMoOaTapei, 10 CKIAJAa€ThCA 3 N TepMomap, y n pa3 Ouiblie
tepmo-EPC  okpemoi  Tepmomnapu. Take  BKIIOYEHHA
3aCTOCOBYIOTh [UIS BHMIpIB 32 MalluX pI3HUIL TEMIEpaTyp
pobodoro t 1 BUIBHOTO tp KiHIIB. OnmHaK, SK MPaBUIIO,
TEMIIEpaTypd B pI3HUX TOYKaX pO3TAllyBaHHS poOOYUX 1
BUTbHUX KIHI[IB HE 30BCIM OJIHAKOBi, BHACIIIOK HEOIHOPITHOCTI
TeMreparypHux moiiB. Tomy TtepmoOartapes, 30UTbIIYIOYH
tepmo-EPC TepmomeTpa, 103BOJISIE 3MEHIIUTH TIOXUOKY BUMIPY
tepMo-EPC, ane He migBuUIye ICTOTHO TOYHOCTI BHUMIPY
TeMIepaTypH.
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t t

Puc. 2.11 — ludepeHnianbHAN TEPMOCTEKTPUIHUN TEPMOMETP

VY  neskMx BHIAJKaX BUHUKAE HEOOXiJHICTH BHUMIPY
pi3HHUIII TeMIeparyp y ABOX Toukax. /[t mboro po3TamoBylOTh
pobounii craif TepMonapu B OJIHIM 13 TOYOK, a BUIHHI KIiHIII — B
iHmid touni (puc. 2.11). V npomy Bumnaaky tepmo-EPC, mo
PO3BHBAETHCS TEPMOMETPOM, OyJie BU3HAUATHCS TeMIepaTypaMu
pobouoro craro 1 i BUTbHUX KIHIIIB tp!

E(tl,tz) = e(tl) — e(tg).

SIkmo B iHTepBaii Temmeparyp ti — t 3ayleXkHICTh TepMO-
EPC Bin TemmepaTypu Moxe OyTH alpOKCHMMOBaHa JIHIHHOIO
3aJISKHICTIO, TO PIBHSHHSA NPUHME BHI:

E(tl,tz) =k (tl— tz).

Taka niHifiHa ampokcuMalis 3BUYaiHO CIIpaBeUIMBaA IS
OyIb-sIKO1 TEpMOTIapH 3a Pi3HUII TEMIIEpaTyp, 10 HE EPEBUIIYE
20-25 °C.

Bynosa TEePMOEJIEKTPUYHHX TepMOMeTpiB i
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3acTOCOBYBaHi Martepiaau. J[Ba Oynp-sKuX pPI3HOPIIHUX
MPOBITHUKH MOXYTh YTBOPUTH TE€PMOEIECKTPHYHUN TEPMOMETD.
Sk ke BUOpaTH, SKi 3 HMPOBIAHUKIB MOXYTh OYTH BHUKOPUCTaHI
IUIS BUTOTOBJICHHSI TEPMOENCKTPUYHUX TEPMOMETPIB 1 3 SIKHX
NPOBIAHUKIB  JOIUIBHINIE  BHUTOTOBISATH  TEPMOEIEKTPHYHI
tepmomerpu?  Jlo  MarepianmiB, BHMKOPHUCTOBYBAaHHMX  JUIA

BUTOTOBJICHHS TEPMOEICKTPUIHIX TEPMOMETDIB,
pea'sIBISETHCS i A BHMOT; KAPOCTIUKICTB,
KAPOMIIHICTB, XIMIi4HA CTIMKICTD, BiJITBOPIOBAHICTb,

CTaOUTBHICTh, OJIHO3HAYHICTH 1 JIHIWHICTH TpagylOBaIbHOI
XapaKTepUCTHKH 1 psin inmmx. Cepen HUX € 000B'SA3KOBI 1 OakaHi
BuMoru. Jlo uncna oOOB'SI3KOBUX BUMOT HalleXkKaTh CTAOUIbHICTh
TpaayIOBAIBHOT ~ XapaKTepUCTUKH 1 (U1 CTaHJApTHHUX
TEPMOMETPIB) BIATBOPIOBAHICTh y HEOOXIAHUX KUIBKOCTSAX
MarepiaiiB, IO MalTh IJIKOM TI€BHI TEPMOEIEKTPHYHI
BractuBocTi. Bci iHm BuMorm € Oaxxanumu. Hampukian,
MOXYTh OyTH IyXe >KapOMIIHI Marepiajiu, BIATBOPEHI 3
OJIHO3HAYHOIO 1 JIIHIHHOIO TPaylOBAIbHOIO XapaKTEPUCTUKOIO 1
BUCOKMM  KOG(IIIEHTOM  TEpeTBOpeHHs.  Ale  SKIIO
rpajyroBajibHa XapaKTepUCTHKA IIUX MaTepiajiiB HecTablIbHAa, TO
BUMIPIOBAaTH TaKMM TEPMOMETPOM HE MOXHa. 3 IHIIOro OOKY,
MaTepiajiid, 10 MalOTh HU3BKMHA KOeQIIEHT NEepeTBOPEHHS,
HENIHIMHY TpaJyloBalbHy XapaKTePUCTHKY, aje CTaOUIbHY
XapaKTePUCTHKY, BHUKOPUCTOBYIOTHCA [JISI TEPMOEIEKTPUUHHX
TEPMOMETDIB.

BinmoBigHO 10 craHmapTiB OyayTh 3acTOCOBYBATHCS
HACTYIIHI CTaHAAPTHI TEPMOETIEKTPUUHI TEPMOMETPH.

Minp-koneneBi Ta Mib-MiqHOHiIKeneBl TUMY T (6IU3bKi 10
MiJIb-KOHCTAHTAHOBHX ) TEPMOCIICKTPUYH1 TEPMOMETPHU
3aCTOCOBYIOTHCSL TOJIOBHHUM YHHOM JJIsl BHUMIPYy HHU3BKUX
TeMIepaTyp Yy MPOMHUCIOBOCTI 1 J1abOpaToOpHid MpPaKTHUII.
3acTocyBaHHA IIUX TEPMOMETPIB [yis Temneparyp menuie —200 °C
YCKJIQJTHIOEThCS 1CTOTHUM 3MEHIIEHHIM KoedirienTa
NEPETBOPEHHs 31 3MEHIICHHSAM TeMIepaTypu. 3a TeMmIieparyp
noHaxa 400 °C mo4yuHaeTbCS 1HTSHCHBHE OKHCIIFOBAHHS MiJi, IO
00MeXy€e 3aCTOCYBaHHS TEPMOMETPIB LIUX THIIIB.
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3ami30-MiJHOHIKEIIEBl, OJIM3bKI 40 3a/1i30-KOHCTAaHTAHOBHX
TEPMOEJIEKTPUYHUX TEPMOMETPIB THUIY J, 3aCTOCOBYIOTHCS B
mMpoKoMy piama3oni temmeparyp Bim —200 mo +700 °C, a
kopoTkoyacHo — 1 0 900 °C. BoHu MaroTh JOCHTH BEIIUKHUI
koedimieHT neperBopenHs (6mu3zpko 55 MkB/°C). Bepxus mexa
BUMIpY OOMEXEHa OKHCIIIOBAaHHSIM 3aji3a Ta MIiJHOHIKEIEBOTO

CILIaBY.

Tabmuus 2.4 — CrangapTHI TEPMOEIEKTPUYHI TEPMOMETPH

Po6ouuii MakcuMmanbHa
Tun Tepmonapun Aiana3oH TeMIepaTypa
TEPMOCJICKTPUYHOI'O ITo3naueHHus TPUBAJIOTO KOPOTKO4YaCHOIo
TepMoMeTpa pexumMy pe:xumy poodoTH,
podorn, °C °C

1 2 3 4
Mijgs-KoreneBa — 200 ++100 —
Minb-MigHOHIKEIEBA T -200 =+ +400 -
3ai30-MiIHOHIKEIEBA J 200 ++700 900
XpoMeb-KoTeneBa (XK) -50 + +600 800
Hixexexpon:- E  |-100++700| 900
MiTHOHIKEJIeBa
Hikenapxpom- 500 =
HUKETbaJTIOMIHI€Ba K (XA) +1000 1300
(XpoMenb-anoMesneBa)
PHaTHHOpOmH (10 S (ITIT) | 0+ +1300 1600
%0)-T1aTHHOBA
[Tnatunopomiit (30
%)-11aTHHOPO-Ti€BA B(ITP) 300 + 1600 1800
(6 %)
Bonsdppampeniit (5
%)-Bosib(hpam- (BP) 0+ 2200 2500
peniera (20 %)

XpoMemb-KOoTeeBl TePMOETIEKTPUYHI TEPMOMETPH MalOTh
HaOIIbIIMI KOe]ilieHT NEepeTBOPEHHS 3 YCIX CTaHIapTHHUX
tepmoMeTpiB (Oiu3pko 70-90 mxB/°C). [lns TepmomerpiB 3
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TEPMOETICKTPOIaMH J[iaMeTpOM MeHIIe | MM BepxHI Mexa
TpuBasoro 3acrocyBanHs Menme 600 °C 1 ckiagae, HaPUKIa,
i TepmoeniekTpoaiB giamerpom 0,2—0,3 MM Timeku 400°C.
BepxHsi Mexa 3acTOCyBaHHS BHU3HAUAETbCAd CTAOUIBHICTIO
XapaKTEPUCTHK KOMEJIEBOTO TEPMOETIEKTPOIa.

Hikenpxpom-migHonikenesi (tun E), 61u3bKi 10 XpoMelb-
KOHCTAaHTAaHOBUX 1 HIKEIbXpOM-HiKenbamoMiHieBUX (Tumn K)
TEPMOMETPIB, K1 paHillle Ha3UBAJIUCh XPOMEIb-ATOMEIECBUMH,
3aCTOCOBYIOTHCS [UIS BUMIPY TEMIIEPATypu Pi3HUX CEPEIOBUII Y
LIMPOKOMY IHTEpBal Temmeparyp. TepMoenekTpoa 3 HiKelb-
TIOMIHIEBOTO APOTY MEHIN CTIAKHA JO OKHUCIIOBAaHHS, HIXK
HIKeNbXpOMOBHL. BepxHi Mexi 3acTocyBaHHS 3alexaTh Bij
niaMeTpa TepMoeleKTpoaiB. st TepMOEICKTPOIIB AiaMeTpoM
3-5 MM BepxHs MeXa TPUBAJIOrO 3aCTOCYBaHHS HIKEIbXPOM-
HiKeTbaIOMiHIEBHX TepMoMeTpiB ckimamae 1000 °C, a s
niamerpa 0,2-0,3 mm — He Outbme 600 °C. Jlns HiKeIbXpom-
MiZHOHiKeneBoi Tepmonapu BiH He niepesuiye 700 °C.

VYci nepepaxoBaHi BHILE TEPMOEIEKTPUYHI TEPMOMETPH 3
HeOIaropoqHUX MarepiaiiB  go0pe CTOATh B IHEPTHIA i
BiIOy/OBHIl aTrMocdepi, B OKHCHIA aTmocdepi iX TepMiH
ciyx0u oomexxeHuid. Kpim Toro, TepMoeneKTpudHi TEpMOMETPHU
XpOMEJb-KOIEJIEBl Ta HIKEIbXPOM-HIKEJIbaTIOMIHIEBI (XpOMENb-
QIIOMEJIEB1) BIAPI3HAIOTHCA JOCUTh BHCOKOIO CTallIBHICTIO
IpajlyloBalbHOT XapaKTEPUCTUKU 32 BHUCOKOI I1HTEHCHUBHOCTI
10HI3yIOUUX BUIIPOMIHIOBAHb.

[TnatuHOPOAIM-TIIATHHOBI TEPMOETIEKTPUYHI TEPMOMETPHU
(tum  S) MOXYThb JOBrOCTPOKOBO TMpAIfOBATH B 1HTEpBal
temneparyp Bix 0 no 1300 °C, a xoporkodacHo — g0 1600 °C.
[lo3uTuBHUN  TEepMoOENEKTpoa  sBIs€e COOOK  CIUIaB, IO
ckinagaerses Ha 10 % 3 poxito 1 Ha 90 % 13 TUIaTUHM, HETATUBHUIN
TEPMOEIIEKTPO/I CKIIAA€Thes 3 YMCTol TuratuHu. Lli Tepmomerpu
30epiratoTh CTaOUIBHICT TPAJAYIOBAIBHOI XapaKTEPUCTHUKU B
OKHCHOMY 1 HEUTpaJlbHOMY CepeloBHINax. Y BiIOyIOBHIN
aTMocdepi MIATHHOPOIIN-TNIATUHOBI TEPMOMETPH MPALIOBATH
HE MOXYTb, TOMY IO BiOyBaeThbcs icToTHa 3MiHa Tepmo-EPC
TepMoMeTpa. Tak  camMO  HECHPHUATIMBO  BIUIMBAE  Ha
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IUTATUHOPOIM-TUTATHHOBI TEPMOMETPH KOHTAKT 13 BYIJICIIEM,
rmapaMyd MeTajiB, 3'€IHAaHHSAMHU BYTJICHIO 1 KPEMHIIO, a TaKOX
HU3KOI0 IHIINX MaTepiaiiB, M0 3a0pyIHIOITH TEPMOCICKTPOIH.
Cnig 3a3HauMTH, IO TPAAYIOBaJbHA XapaKTEPUCTUKA TUIY S He
30iraeTbCsi 3 TpaayroBanbHOIO xapakrepuctukoro [III, mo
3aCcTOCOBYBajacs paHilie.

[TnatuHOpOAIH-TIIATHHOPOAI€BI TEPMOEIICKTPUYHI
TepMoMeTpu (Tunm  B) 3acTOCOBYIOTBCS JOBrOCTPOKOBO B
inTepBaii Temnepatyp Bix 300 mo 1600°C, KOpOTKOYaCHO — A0
1800 °C. ITosutuBHu# enexrpon — crias 3 30 % pomiro 1 70 %
IUTATUHY, a HeraTUBHUHA — 3 6 % poxito 1 94 % mmaruan. Li
TEPMOMETPH BIJIPI3HAIOTHCS OLIBIIION0 CTaOUTBHICTIO
IpaayloBAIBHOT XapaKTePUCTHKH, HIXK IJIATHHOPO1-TUIATHHOBI,
ajle BOHM TaKOX I[IOraHO TNPALIOITh Yy BiAOYIOBHOMY
cepenoBuILi. Y 3B's3Ky 3 THM 110 Tepmo-EPC, mo po3BuBaeThcs
IJIATUHOPOAIN-TUIATHHOPOIIEBUMH TEPMOMETPAMH B 1HTEpBaJIi
temneparyp 0-100 °C, He3HayHa, NMpH TEXHIYHUX BUMIipax iX
MO>KHa 3aCTOCOBYBAaTH 0€3 TEpPMOCTATYIOBaHHS BUIBHUX KiHIIIB.
Hanpuknan, sxmo temmeparypa BimbHuX KiHmoiB 70 °C i
BUIIPABJICHHS Ha HEI HE BBOJAUTHCI, TO 3a TeMIepaTypu
po6oyoro craro 1600 °C e Bukimkae nmoxuoxky ommseko 2,1 °C.
I'panyroBasibHa XapakTepucTUKa TUNy B Takox He 30iraersbcs 3
rpajyroBAIBHOIO XapaKTepucTukoro I1P.

Bonbsdpampeniii-BosibhpampeHiesi TEPMOEIEKTPUYHI
TEPMOMETPHU MPU3HAYEHI JJI1 TPUBAJIOTO BUMIPY TEMIIEpaTyp BiJ
0 mo 2200 °C 1 xoporkouacHo 10 2500°C B Bakyymi, y
HEeUTpaibHOMY 1 BiIOyZOBHOMY cepenoBumiax. Ilo3utuBHuit
TepMoerekTponq — cmiaB 3 95% Bomedhpamy 1 5% peHiro,
HeraTuBHUN — c1uiaB 3 80% Bonbdpamy 1 20% peHiro.
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Puc. 2.10 — BynoBa TepMOENIEKTPUIHOTO TEPMOMETPA

Jis  3pydHOCTI  3aCTOCYBaHHS  TE€PMOENEKTPUYHHNA
TEPMOMETp CIHEUiaJbHUM YHHOM apmyerbes. [lpu  mpomy
NEePecliyloTbCsl  HACTYMHI  LUIi:  eJNeKTpUYHa  130JIALis
TEPMOEJIEKTPOAIB, 3aXHCT TEPMOEIEKTPOAIB BiJ IIKIJJIUBOTO
BIUIMBY BHMIpPIOBAaHOTO 1 HABKOJHIIHBOTO CEPEJOBUII; 3aXHUCT
TEPMOEJIEKTPOAIB 1 3aTUCKIB BHUBOJIB TEPMOEIEKTPOIIB BiJ

3a0pyIHEHB 1 MEXaHIYHUX VILIKOJIKEHB; HaJlaHHS
TEPMOCJICKTPUYHOMY  TEPMOMETPY HEOOXIAHOI MEXaHIuHOi
MIITHOCTI; 3a0e3neueHHs 3pY4YHOCTI MOHTaXy Ha

TEXHOJIOTIYHOMY YCTAaTKyBaHHI Ta 3pPYYHOCTI MIJKIIOYSHHS
cnoimyyHux npoBoxiB. Ha puc. 2.10 mnokasana OynoBa
TEPMOEJIEKTPUYHOIO  TEPMOMETpA. TepmoenekTpoan 1
pO3TaIoBaHi Tak, 0 X crail 2 CTOCYeThCs 3aXMCHOTO YoXJja 3.
Ha Tepmoenextpoau omsrHyTi 13ossiiiiai HamucTta 4. Ha xinImi
3aXMCHOTO YOXJIa KPIMHUTHCS TOJIOBKA TepMomeTpa 5. Y roJoBii
po3TaiioBaHa KojoJka 6 13 3aTUCKaMu 7 JUIsl TEPMOEJIEKTPOIIB 1
CIOJIY4YHUX MTPOBOJIIB 8.
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PoGoumii  cmaii  TEepPMOENEKTPUYHOTO  TepMOMETpa
HalyacTille BUTOTOBIISETHCS IUISXOM 3BapIOBaHHS, B OKPEMHX
BUIIAJIKaX 3aCTOCOBYIOTh NAMKY.

Puc. 2.11 — 30BHIMHIA BHMIAL [AEIKHUX TEPMOETIEKTPUIHIX

TEPMOMETPIB
a) \ P A A A A AT AT

6)

Puc. 2.12 — bynoBa TepMoMeTpiB KaOEJIBHOTO THITY:
a) 3 130JbOBAHUM CITA€M, 0) — 3 HEI30JbOBAHUM CIIAEM

Jlj1g 3aXUCTy TEPMOEIEKTPOIIB BiJ BIUIUBY BUMIPIOBAaHOTO
cepelioBUIAa  iX  TMOMIMAIOTE y  3aXMCHMM  4YOX0d 3
ra30HETPOHUKHUX MaTepiajiB, 0 BUTPUMYIOTh HEOOXiJHI
BHCOKI TeMIepaTypu 1 THUCKH CEpeIOBMINA. 3aXUCHI YOXJIHU
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BUTOTOBJISIIOTh ~ Haiuactimie 3 pi3HUX MapoK CTam Jajis
temneparyp a0 1000 °C. 3a Okl BHCOKHX TeMITEpaTyp
3aCTOCOBYIOTBHCS CHEIiajbHI YOXJIHM 3 TYromjiaBKuX 3'enHanb Lli
YOXJIM BUTOTOBIIAIOTHCSA 3 NI00pHIa NUPKOHIIO 3 MOOIEHOM
UL BUMIpY TEMIeEpaTypH CTaji, 4YaByHY 1 BiAOyIOBHOTO
razoBoro cepeaonuima g0 2200 °C. Jlng Bumipy po3IIaBIeHOTO
CKJla ¥ OKHMCHOro Tra3oBoro cepemoBuima g0 1700 °C
3aCTOCOBYIOTBCS YOXJIM 3 JOiCHINHAa MojioaeHy. binbmmicts
KOHCTPYKIIIN 3aXHUCHOI apmMarypu TEPMOEIEKTPUYHUX
TepMOMETPIB Ha JaHWU Yac yHidikoBaHi. BoHM BiIpi3HIIOTHCS B
OCHOBHOMY KOHCTPYKIII€IO 3aXMCHUX YOXJIB, PO3PAaXOBAHUX Ha
pi3HI THCKH, 1 KOHCTPYKIi€0 mTylepiB. ['0I0BKa 10 3aXHUCHUX
YOXJIiB JiJIs 6araThoX MoAudikaIliii Ta cama.

TepmomeTpu onopy i meroau BuMipy onopy. [IpuHiun
aii  TepMOMeTpiB omopy 0a3yeTbCsl Ha 3MaTHOCTI PI3HHUX
MatepianiB  (y Tepury 4Yepry MeTaiiB) 3MIHIOBaTH CBid
eNIeKTpUYHUIA omip 31 3MiHOIO Temnepatypu. [lapamerp, mo
XapaKkTepu3ye 3MiHy EJIEKTPHUYHOTO OIMOpYy 3 TEeMIIepaTypolo,
HA3MBAIOTh TEMIICPATYPHUM  KOCQIIIEHTOM  EJICKTPUIHOTO
oropy. [y MaTepiainiB, y SIKUX TeMOepaTypHUH KoedillieHT He
3aJIe)KUTh BiJl TEMIEPATypH, BIH MOXke OyTH BUSHAUEHUH 5K

o= (Rt — Ro)/(Rot) )
ne  Ri1Rp— omip 3a remneparypu t i 0°C.
Jia MarepianiB, y SIKUX TeMIIepaTypHUM KoedilieHT

3aJIeKUTh BiJl TeMIepaTypH, BiH Moke OyTH BU3HAYEHUHN TIJIbKU
JUTSL KOSKHOTO 3HAYECHHST TEMITEPATYPH K

o = (L/ Ry )(dRy /dt).

Temneparypunii koedimienT Bupakaerses B °C™ un K™
Jlnis OUTBIIOCTI YUCTHX METAJIB TeMIlepaTypHUN Koe]ilieHT
3HaxoguThca B Mexkax 0,0035-0,0065 K. ¥V conasis ueii
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KOC(QIIIEHT ICTOTHO MEHIIE ¥ Y AEIKHX BUNAKAX HAOIMKAETHCS
0 HylIs (O MaHTaHIHY CKJIagae 2 X 10° K'l). Jost
HaMIBIOPOBIIHUKOBUX MaTepialiB TeMIEpaTypHH KoedilieHT
HETaTUBHUMU 1 HA TOPAOK Ounbire, HiX y metaniB (0,01-0,15 K
)

TepmomeTrpu omopy 3 4YHCTHX MeETajliB, K IPaBUIIO,
BUTOTOBJISIIOTh IUISIXOM CII€LIaTbHOTO HAaMOTYBaHHS TOHKOTO
JIPOTYy Ha Kapkac 3 130JsmiiHoro Marepiany. [[ns 3amoOiraHHs
YIIKOJDKEHHSAM JPIT pa3oM 3 KapKacoM IOMIINAIOTh Y 3aXUCHY
0000HKYy. Ha nmaHwmii 9ac 3aCTOCOBYIOTBCS M 1HII KOHCTPYKIIIT
TEPMOMETPIB OIOPY.

Marepianu, 3aCTOCOBYBaH1 ISl BUTOTOBJICHHS TEXHIYHHX
TEPMOMETPIB  OMOpY, TOBHHHI  BIANOBIAaTH THUM  XKe
000B'SI3KOBMM BHUMOTaM, 110 TIPEI'SBISIIOTHCS IO MaTepiaiiB, sSKi
HAyTh Ha BUTOTOBJICHHS TEPMOEIEKTPUYHHUX TepMomeTpiB. [lo-
nepiie, e BHUMOTra ¢cTab1IBbHOCTI rpaayroBalIbHOT
XapaKTepUCTHKH 1, MO-Apyre, BUMOIa BiITBOPIOBAHOCTI. SIKII0
HE BUKOHYETbCS XO04a O OJHa 3 IIMX BUMOT, MaTepial HEe MOXKe
OyTH BUKOPHCTAHWUH JJIsi CEpIHHOTO BUTOTOBIICHHS TEXHIYHHX
TepMoMeTpiB. Bci iHII BUMOIM: BUCOKAa YYTJIMBICTb, JIIHIHHICTD
TpaJyIOBATBHOT XapaKTEPUCTHKH, BEIUKUIA TUTOMHIA OITip Ta iH.
— € He O000B'I3koBUMH, a Oaxkanummu. Ha cporomui mig
BUT'OTOBJIEHHSI TEPMOMETPIB OINOPY 3aCTOCOBYIOTHCS HACTYIIHI
METaJIi: MiJb, TJIaTHHA 1 HiKedb. Miflb € JeleBUM MaTepialioMm,
10 Moke OyTH BHCOKOI uncToTU. BoHa MOke OyTH OoTpUMaHa y
BUTJISA1 TOHKUX JIPOTIB y pi3HIN 1305smii. Omip Miji 3MIHIOEThCS
3 TEMIIEPATYPOIO IPAKTHUYHO JIIHIHHO:

Ry = Ro(L+aot),

ne  Rii1Ro— omip repmomerpa 3a remneparypu t i 0°C;
o — TeMIepaTypHUid KoedillieHT oropy MiJHOTO ApoTy, o = 4,28
x 10° K™,

V 3B'I3Ky 3 OKHUCJIIOBAHICTIO MiJli BOHA BUKOPUCTOBYETHCS
st BuMipy temrepatyp He Bumie 200 °C. [lo yucia HemnOmiKiB
MOl CHi BIAHECTH MAJOMHUTOMHI OIip: p=0,17><10'7 OM'M.
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[Tutomuil omip BIIMBae HAa TabapUTH TEPMOMETpPaA ONOPY: UYUM
MEHIIIE TUTOMHUH OIp, TUM OUIbIIe TOTPIOHO APOTY, MO0
HAMOTATH TaKWH ke Omip, TUM OibIiie rabapuTi TEPMOMETPA.

MinHi TepMOMETPH OIMOPY MOXKYTh 3aCTOCOBYBATHUCS JJIs
TpuBajoro Bumipy temmeparypu Big —200 mo +200 °C. Bouu
Bunyckatotbes Il 1 III wkmaciB. Hominanbni omopu mpu 0°C
cxknagaroth 10, 501 100 OM.

Mesxa OCHOBHOI TOXUOKH, 110 JIOMYCKAETHCS, OOUPAETHCS 3
psany 0,2; 0,3; 0,5; 1; 2; 3; 5; 10 1 °20 C. s tepmometpis 11
KJIacy BiH, sk ipaBmiio, ckianae 0,3 yu 0,5 °C, a mns 111 xnacy 1
ym 2°C.

Ha Teneperniniif yac BUIyCKalOTHCS HIKEIEB1 TEPMOMETPH
ormopy Ha iHTepBan Temmepatyp Big —60 mo +180 °C. Bouu
punyckatotbes Il kmacy. Howminaneni omopu mnpu  0°C
cknamarotb 50 1 100 Om. Hikens BOJOIIE BHCOKUM

TeMIIEepaTypHUM KoedilieHToM, 110 csrae OL = 6,75 x 107 K'l, i

BEJIMKUM ITUTOMHM onopoM P = 1,28 x 107 Omm, mo mo3BoISIE
OJICP)KYBAaTH JOCUTH Majora0apuTHi TEPMOMETPH 3 BEIUKUM

koedimienTom nepeTBopeHHs. HoMiHabHE BiTHOIICHHS R100/Ro
JUIA ¢JIa0KO JIETOBaHOI'O HiKeI0 BcTaHoBieHo 1,617+0,004.
Yucra miatuHa € OAHMM 3 HaHOUIBII PO3MOBCIOJKEHUX
METajiB, 3aCTOCOBYBAHHMX JUISI BHTOTOBJIICHHS TEPMOMETPIB
omopy. Ilmaruna  BiagmoBimae  OOOB'S3KOBUM  BHUMOTaM,
MIPOIIOHOBAHUM JI0 MarepialliB JJii BUTOTOBJIEHHS TEPMOMETPIB
ornopy. IlnaTuHOBI TepMoInIepeTBOPIOBaYi ONOPY 3aCTOCOBYIOTHCS
st BUMipy temrepatyp Big —260 mo +1100 °C. Omnip miatuHu
Ma€ CKJIa/IHy HeJIIHIHHY 3aJIeKHICTb BiJl TEMIIEPaTypH.
[InatuHOBI TEpMOMETpPU OMOpPY MOXKYTh MaTH HACTYIIHI
omopu npu 0°C: 1, 5, 10, 50, 100 i 500 Owm. Hum
TEPMONEPETBOPIOBAYaM OIOPY TNPUBJIACHEH] HACTYIHI YMOBHI
MO3HAYKH HOMiHaJIBHOT CTaTHUYHOI XapaKTEPUCTHKH
neperBopensst: 111, SI1, 1011, 5011, 10011 1 50011 (Tepmometpu 3

oropom Ry = 46 OM no3navarotscst rp. 21). OHAM 3 HENOMIKIB
IUTATUHU € il 3a0pyTHEHHS y BiI0yJOBHOMY
CEpENOBHINI TIapaMU METaJliB, OKHCIaM{ BYIJICIIO Ta 1HIIAX
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peuoBuH. OcCOOIMBO CHJIBHO 1€ BHUSBISIETHCS 32 BHCOKHX
TEMITepaTyp.

KpiM MertaniB Juisi BUTOTOBJICHHS TEPMOMETPIB OMOPY,
3aCTOCOBYIOTh TaKO>X HaIlIBIPOBIIHUKOBI MaTepiajau: repMaHii,
OKUCJIM MIiJi, Maprafiro, KoOaJbTy, MarHiro, THTaHa Ta iX
cyminm. bBimpmiicTe  HamiBIPOBIAHUKOBHX — MarepialiB  Mae
BEIMKHIA HETaTUBHHMN TeMIIepaTypHUIl KoedillieHT omopy i
TaKOX JyXe BETUKUH MUTOMHIA orip. ToMy MOKHA BUTOTOBJISITH
Tyxe MaJti 3a po3Mipamu YyTIIUBI €JIEMEHTH
TEPMOTIEPETBOPIOBAYIB OTIOPY, IO MAOTh 3HAYHUMA KOEPIIIEHT
MEPEeTBOPEHHA.  3aJIeKHICTh ~ OMOpPY  HAMiBIPOBITHUKOBOTO
TEPMOIIEPETBOPIOBaYa  (TEPMOPE3UCTOPA) BiJ TEMIEpaTypH
MO>K€ OYTH OIKMCaHa BUPA3ZOM:

To-T

Rt = Rpexp ToT

3HaueHHs Ro BU3HAYa€TbCA ONOPOM TEPMOMETpa 3a
temrneparypu 1y [sk npasumiio, 70=293 K (20°C)], a 3nauenns B
3aJeKUTh  BiA  MaTepialy  HaIiBIPOBIJHMKA, 3  SKOTO
BUTOTOBJISIETbCS TEPMOMETp. Y 3B'A3KY 3 THM, IO TEXHOJIOTISA
OJIep’KaHHS HaMiBIPOBITHUKOBUX TEPMOIEPETBOPIOBAUIB OMOPY
HE JI03BOJISI€E BUTOTOBIIATH 1X 3 1ICHTUYHUMH XapaKTePUCTUKAMU
(BOHM HE BIJIMOBIAIOTH IIJIKOM BHUMO31 BIITBOPIOBAHOCTI), ycCi
HaMIBIOPOBIIHUKOBI ~ TEPMOIEPETBOPIOBAdl  OMOpPY  MAIOTh
IHAMBIAYalbHI  IpaaylOBalbHI  XapakTepucTuku. OcoOnmBo
BEJIMKOIO MOILIMPEHHS OJAEp)Kalu TepMaHIeBl TEPMOPE3UCTOPU
Ui BUMipy temreparyp Bia 1,5 K 1 Bumie. [lng intepBany Bifg 4,2
no 13,81 K BOHM 3aCTOCOBYIOTbCS Ui  BIATBOPEHHS
TEeMIIepaTypHOI LIKAJIN. I'epmaHnieBi TEPMOPE3UCTOPH,
3aCTOCOBYBaH1 Ul TEXHIYHUX BUMIpiB, MalOTh MEXY MOXUOOK,
o aonyckatotees, + (0,05-0,1) K. Jlns Bumipy temmeparyp BiJ
—100 no +300 °C 3acTOCOBYIOTHCS OKHCHI HaIliBIPOBIIHUKOBI
Mmatepianu. KoedinieHTn nepeTBopeHHs HamiBIPOBIIHUKOBUX
TEPMOPE3UCTOPIB MOXKYTh OyTH Ha KiIbKa MOPSAIKIB BUIIE, HIXK Y
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TEPMOMETpPIB OMOpPY 3 YYTJIMBUM EJIEMEHTOM 3 METaJeBOro
apoty. OpHak HEOOXIAHICTh 1HAWBIAYaTBHOTO TpaTyIOBaHHS
(abo Bu3HAUEHHS 3HAa4YeHb A 1 B) icTOTHO 0OMEXy€e MOKIMBOCTI
HIMPOKOI'0 3aCTOCYBAaHHS HAIIBIIPOBITHUKOBUX TEPMOPE3UCTOPIB
JUIsL BUMIpY TeMIepaTypH.

HaniBnpoBiAHUKOBI TEPMOPE3UCTOPU 3HAXOIATH LIMPOKE
3aCTOCYBaHHSA B CHCTeMax TemmeparypHoi curHamizamii. Lle
BUKJIMKAaHO THM, IO BOHM MarOTh 3JaTHICTh 3MIHIOBaTH CBII
OIip 3a JOCSATHEHHsS TEBHOI TEeMIIEpaTypH CTPHOKOMOIIOHO B
KUTbKa pa3iB, M0 BHUKJIUKAE BIAMOBITHE 30UIBIICHHS CTPYyMY 1
CTpaIlbOBYBaHHS CUCTEMH CHTHaJi3alli (pesneiHuid eexr).

UyTnuBuil €IeMEHT METaleBOro TEepMOMETpa OIopy
CKJIAJJA€THCS, K TMPABWIO, 3 IPOTY ab0 CTPIUYKH, HAMOTAHOI Ha
KapKac 31 CKJia, KBaply, KepaMiKH, CIIOJM 4Yd IiactMacH. Bing
YyTIIMBOTO €JIEMEHTAa WIyTh BHBOJAM JO 3aTUCKIB TOJOBKH
TEPMOMETPA, 10 SKUX MPUETHYIOTHCS IPOBOJH, 110 YTk MOTIM
70 BEMIPIOBAIBHOTO Ipwiany. Bapiant mpuctporo TepmomeTpa
onopy npuBeneHuit Ha puc. 2.13. YymiuBuil eneMeHT
TEPMOMETpa OIOPY BUKOHYETHCS y BUTISAL CHipaii 3 JAPOTY,
MOMIIIIEHOT B YOTUPbOXKAHAIBHUN KepamiuHUil kapkac. s
3aXUCTY BIJ MEXaHIYHUX YIIKO/KEHb 1 IMIKIJJIMBOTO BIUIMBY
BHUMIPIOBAHOTO 4YM HaBKOJHIIHBOTO CEPEOBHILIA YYTJIUBUMI
€JIEMEHT TNOMIIEHUH Yy 3aXHUCHY OOOJIOHKY, YIIUIbHEHY
KepaMiyHOIO BTYJIKOIO. BUBOM 4yTIUBOrO €eMeHTa IPOXOIsiTh
yepe3 130JAIiHHY KepamiyHy TpyOy. Yce 1ie 3HaxXOAUThCS B
3aXMCHOMY 4YoxJii 1, ycTaHOBIEHOMY Ha 00'eKTi BUMIpy 3a
JI0TIOMOT010 pi3pOoBoro mrynepa 3. Ha kiHI 3aXxucHOro yoxia
PO3TaIIOBYETHCS CIIOJIyYHA TOJIOBKA TepMOMETpa. Y TOJIOBII
3HAXOJUTHCS 130JIAIIHHA KOJIOKA 2 13 TBHHTAMH JJISl KPITUICHHS
BUBOJIIB TEPMOMETpa 1 MIiJKIIOUYEHHS CIIOJIYYHUX MPOBOJIIB.
l'onoBka 3akpuBaeTbcsi  Kpuikoro. CHoOay4yHI  IpOBOAU
BUBOJATHCS uepe3 Tylep. s 3MeHIIeHHsT BIUIMBY 30BHIIIHIX
€IeKTPUYHUX 1 MAar”HiTHUX TOJIB  YYyTJIMBI  €JIEMEHTHU
TEPMOMETPIB OMOPY POOIATH 3 O€3IHAYKTUBHUM HAMOTYBaHHSIM.
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Puc. 2.13 — bynosa TepmomeTpa onopy

4

.

Puc. 2.14 — YUyTnuBuii e1eMEHT TIATHHOBOTO TEPMOMETPA OTIOPY

UyTnuBuil  €IeMEeHT  MIJHOTO  TEpMOMETpa  OIopy
CKJIQJIa€ThCS 3 MIJIHOTO 130JIbOBAHOTO JIpoTy aiamerpom 0,1 MM,
HAaMOTaHOTO B KiJIbKa IIApiB Ha LWIIHAPUYHUNA Kapkac 3
mactMacu abo metany. [llapu 1poTy CKpITITIOIOTECS MK COOO0O0
1 kapkacoMm J1akoM. /lo 000X KiHLIB JPOTY MPUNAOIOTHCS MiJIHI
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BUBOIU TiaMeTpoM
1-1,5 mm. UyTnuBHiA €IEMEHT TIOMIIIAIOTh Y 3aXUCHY O0OJIOHKY.
Kpim kapkacHUX BHUITYCKAIOThCS Oe3KapKacHI UyTIUBI €JIEMEHTH
MIJHHUX TEPMOMETPIB oropy. YytnuBuit €JIEMEHT
BUTOTOBJISIETBCS 3 130JIbOBAHOTO ApOTy miamerpoM 0,08 MM
OC31HIYKTUBHUM O€3KapKacHUM HaMOTyBaHHsIM. OKpewmi Iapu
CKpIIJICH] JIAKOM, 1 MOTIM BECh YYTJIMBUN €IEMEHT OOCpHYTHH
(GTOPOIIACTOBOKO ILIIBKOIO. UyTIMBUI €JeMEHT MOMIIATh Y
TOHKOCTIHHY 3aXHCHY METaleBYy OOOJOHKY, SIKa 3aCHIA€THCS
KepaMiYHUM ITOPOLIKOM 1 F€pMETU3YETHCS.

Uyrnusuii €JIEMEHT IJIATUHOBUX TEPMOMETPIB
CKJIaJa€ThCs 3 JIBOX UM YOTHPHOX IUIATMHOBHUX CIHipaeH,
PO3TaIOBaHUX y KamUIAPHUX KaHajlaX KEePaMiYHOTO Kapkaca 2
(puc. 2.14). Kanaimm kapkaca 3allOBHIOIOTBCS KEPaMIYHHM
MOPOIIKOM 3, M0 CIYXHTh I30JIATOPOM 1  CTBOPIOE
MiAIpYKyBaHHs cripaneit. /o KiHIB cripaneil nmpunasHi BUBOAU
4 i3 miatuHOBOTO abo0 ipHIiE€BO-pOAi€BOrO Apotry. UyTnmuBuid
€JIEMEHT y KepaMIi4YHOMY KapKaci répMeTU3Y€eThCs CIeLialbHO0
rinasyp'to 5. Taka KOHCTPYKIis 3a0e3meuye TapHy TepMETHUHICTh
gyepe3 Majly Ta30lpOHHUKHICTh KepaMiKM Kapkaca 1 TIJasypi.
3akpiluleHHs1 cImipani TUIBKM Yy JBOX TOYKax 3abe3redye
HE3HAuYHy MeXaHIuHy Harpyry. UyT/iMBi e1leMEHTH BUSBISAIOTHCS
BHACJIIOK LIUIBHOTO 3acCUIaHHS IMPOCTOPY MDK CHipalsMH 1
KapKacoM KepaMiYHUM TOpPOIIKOM  JIOCHUTh  MIIHUMH 1
BiOpocTiiikumMu. BoHM MOXyTh 3acToCOBYBaTuCS B I1HTEpBal
temreparyp Bim -260 mo +1000°C. ChemianbHo IS
HU3BKOTEMIIEPATYPHUX  BHUMIPIB  PO3pOOJIEHI  KOHCTPYKIIi
MiHIaTIOPHUX TUIATUHOBUX TEPMOMETPIB OIOPY.

B ekcmmyatarii  3aCTOCOBYIOTHCSI UYTJIMBI  €JIE€MEHTH
IUTATUHOBUX TEPMOMETPIB OINOpYy 31 CIIOASHUM KapKacoMm, Ha
SKOMY HaMOTaHHUW  CIEMIAIbHUM YHWHOM  HEI30JhOBaHUU
IUTATUHOBUHM JpiT. Y 11a00paTopHiil MPaKTUI 3aCTOCOBYIOTHCS
TUTATHHOBI TEPMOMETPH OIOpYy 3 KapKacoM 3 Kapiy ado
CHeLiabHOTO CKJIAa TaKOX 3 HEI30JIbOBAaHUM IUIATHHOBUM
npoToM. TpyaHOIII MOKPHUTTSI TUTATUHHM 130JISAIIIHHAMHA JIaKaMH Ta
eMaJIIMH HE JJaBajli MOXKJIMBOCTI OJIEP)KYBaTH IJIATUHOBHH APIT
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B 130JIA1111, 110 ICTOTHO YTPYAHSJIO pO3poOKy MajmorabapuTHUX i
HaJIHHUX TUTATHHOBHX TEPMOMETPIB OIODY.

2 1 3 /il 5
| - e /h\\
L e :

Puc. 2.15 — UyTnuBHii eJIeMEHT TepMaHiEBOI0 TEPMOMETPA OTOPY

I'epmanieBi TEPMOMETPHU ornopy JUIst
HU3BKOTEMIIEPATYPHUX BUMIPIB ABISIOTH COOOI0 MITHY JyIKEHY
rie3y (puc. 2.15), mo 3amoBHEHA Ta30MOMIOHMM TelieM 1
3aKpUTa TEePMETHUYHOI0 TMpoOKkoro 2. VYcepeauHi TUIb3H
3HAXOAMTHCS MOHOKPHCTAI TepMaHis 3, JeroBanuii cypmoro. Jlo
KpHUCTaja MpHUBApeHi YOTUPH 30J0THX HPOBIAHUKU 4, 10 SKHUX
MpUnasiHi MIaTHHOB1 BUBoAM 5. Kpucran 1301b0BaHUN IITIBKOIO
6. Taki TepMOMETpH 3aCTOCOBYIOThCS JJIsi BUMIpY TeMIepaTyp
Bix 1,5 mo 50 K.

VY nabopatopHiil MpakTHIll 1HOAI 3yCTPi4atOThCS IIATUHOBI
TEPMOMETPU 3aKOPJOHHOTO BUPOOHHITBA, 5Kl SIBISIIOTH COOOIO
IUIATUHOBUM  JIpiT abo cCTpiuky, 3amasHy Yy ckio. Taki
TEPMOMETPH MOXXYTh HajiiiHO mparoBatu 10 500-600 °C. 3a
OUIBII BHUCOKUX TEMIIEpaTyp CKJIO CTa€ €JIEKTPOIPOBIIHUM 1,
KpiM TOTO, TeMIepaTypHi HalPYT' MOXYTb ICTOTHO CIIOTBOPUTH
pe3yNbTaTi BUMIDY.

IlipomeTrpu. Yci po3risiHYTI BUIIE TEPMOMETPHU JUIS
BUMIPY TEeMIIepaTypH (TepmomeTpu PpO3IIMPEHHS,
TEPMOEJIEKTPUYHI H omopy) mnependaydaroTh Oe3nocepenHiit
KOHTAaKT MK YyTJIMBUM €JIEMEHTOM TE€PMOMETPa 1 BUMIPIOBAaHUM
TUIOM YW cepeloBHIIeM. ToMy Taki METOAH BHUMIPY
TeMIepaTypy 1HOJMI HAa3WMBAIOThCS KOHTAKTHUMHU. BepxHs Mexa
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3aCTOCYBaHHS KOHTaKTHMX METOIB OOMEXYETHCS 3HAYCHHSIMHU
1800-2200 °C. Oxmnak y psi BUMAAKIB Y TIPOMHUCIOBOCTI 1 TIPH
JOCHIUKCHHSAX BUHUKAE HEOOXINHICTh BHUMIPIOBATH OLIbII
BUCOKI Temmeparypu. KpiM Toro, wacro HeNpUILyCTUMUI
6e3mocepe/iHii KOHTAKT TEPMOMETPA 3 BUMIPIOBAaHUM TiJIOM YU
cepeloBUILEM. Y IMX BUIIAJKAaX 3aCTOCOBYIOTHCS OE3KOHTAKTHI
3aco0u BUMIpY TeMIIEpaTypH, 110 BUMIPIOIOTh TEMIIEpaTypy Tija
Y CepelOBUINA 3a TEIUIOBUM BUIIPOMiHIOBaHHIM. Taki 3aco0u
BUMIpY Ha3MBaIOThCS mipomerpamu. llipomerpu, mo cepiitHo
BUITYCKAIOThCS, 3aCTOCOBYIOThCS [l BUMIpY Temmepatyp Bij 20
1o 6000 °C.

be3KOHTaKTHI METOAM BHMMIPY TEOPETHMYHO HE MAalOTh
BEPXHBOI MEXi BHMIpY 1 MOXJIHMBOCTI iX BHKOPUCTaHHS
BH3HAYAIOTHCS  BIMOBIIHICTIO  CIIGKTPIB  BUIIPOMIHIOBaHHS
BUMIDIOBaHMX T 9YM  CEPEAOBUIN 1  CIEKTPaIbHHUX
XapaKTepUCTUK IMipoMeTpiB. SKmo Uil sSKUX-HEOyAb YMOB
MOXKYTh OyTH BHKOPHCTaHI 1 KOHTaKTHI, 1 0€3KOHTaKTHI METOJIN
BUMIpPY, TO, SIK IPaBWJIO, MepeBary Cilijl BiAJAaTH KOHTaKTHHUM,
TOMY UIIO0 BOHH JIO3BOJISIIOTH 3a0€3Me4nTH OUIbII BHUCOKY
TOYHICTb BUMIpY.

VYci Tula BUNIPOMIHIOIOTH €€KTPOMArHiTHI XBUJIl PI3HOI
JIOBXUHM A Y 4acTOTH V. ENeKTpomarHiTHe BUIIPOMIHIOBaHHS,
MOPYIIYBaHE TEIUIOBUM PYXOM MOJIEKYJ, Ha3MBAIOTh TEIJIOBUM
BUNIPOMiHIOBaHHSM. Lle BHUIpOMiHIOBaHHS Mae Micle 3a
temneparyp A0 4000 °C sk pe3ynbTaT KOJIMBAJIBLHOTO abo
00epTaILHOTO PyXy MOJIEKYN. 3a OUIbII BHCOKUX TEMIIEpaTyp
BUTIPOMIHIOBAaHHS BHKJIMKA€THCSI B OCHOBHOMY IIpOIIECaMH
nucoramnii Ta ioHi3arl.

SIKII0 BUNPOMIHIOBAHHS SIKOTO-HEOyAb TiNa Majae Ha
1HIIIe, HEMpPO30pe JUIsl LbOTO BUIPOMIHIOBAHHS TIJ10, TO BOHO
MIOTJIMHAETCA HA TIOBEPXHI 1 TEPETBOPIOETHCS HA TEIUIOTY.
Bzarani mpoiiecu TMOTrIMHAHHS 1 BHUIPOMIHIOBAHHS B3a€EMHO
obopotHi. [IpomeHni, 1Mo manaTh 330BHI HAa TOBEPXHIO TiNa,
MOXYTh IIIJTKOM a00 4YacTKOBO BIJOMBATHUCS BiJ TIOBEPXHI,
MOTJIMHATHCA TLIOM, IPOXOAUTH Yepe3 TiIO.

Icnye Benuke 4ucno Pi3HUX METOJIB BUMIPY TeMIepaTypu
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TiJI 32 BUMPOMIHIOBAHHSM, ajie JJIsl BUMIpY BUCOKHX TeMIIepaTyp
y peaJIbHUX TE€XHOJIOTIYHUX MPOLECcaX 3aCTOCOBYIOTHCS HACTYITHI
TUIIN mipoMeTpiB: KBa31MOHOXPOMAaTUYHHUH, IIOBHOTO
BUNPOMIHIOBAHHS 1 CIEKTPAJIBHOTO BiAHOMICHHA. Y  psi
BUMAJKIB Yy 3B'3Ky 3 TEXHIYHHUMH TpPYIHOILIAMH peaji3arii
METOAY HMOBHOTO BUIIPOMIHIOBaHHS 3aCTOCOBYIOTHCS IIPOMETPHU
9YaCTKOBOT'O BUIIPOMIHIOBaHHS.

3aJIe)KHO BiJl METOJy BUMIPY, MPOMETPH MOAUISIFOTHCS HA
KBa3IMOHOXPOMATHYHI,  CIEKTPAaIbHOTO  BIIHONICHHA  (4u
CHEKTPaJbHOTO  PO3MOJAUIY), TOBHOrO (Y  YaCTKOBOTO)
BUIIPOMIHIOBaHHS.

VY Ha3Bl mipoMerpa MoOK€ BKa3zyBaTHUCA THI IpuiiMaya
BUIIPOMIHIOBaHHS, HaIpUKIa (doToeneKTpuIHNI
(botoenement,  ¢oropesucrop,  (HoTOmION  TOMIO) UM
TepMOeNeKTpUYHu (Tepmobarapes). [Hoxi B Ha3Bi mipomerpa
BKa3yeTbCs CMOCI0 TOpPIBHAHHA BHUIPOMIHIOBaHHSA 00'€kTa
BUMIpY 3 BUIIPOMIHIOBAaHHSM €TaJOHHOTO JKEpela, HapUKIIa
MIpOMETP 31 3HMKAIOYOI HHUTKOK a00 IMpOMETpP 3 ONTHYHUM
KITTHOM.

KBasimonoxpomaTuyHuii mipomMerp 3i 3HHKa4010
HuTkow. Ha puc. 2.16 mnpeacraBieHa NPUHIIMIIOBA CXeMa
ONITUYHOTrO MipoMeTpa. BunpominioBanHs BiJ 00'ekTa BUMIpY |
MPOXOAUTH Yepe3 00'ekTuB 2 1 GoKycyeThes B TwionuHi 3. Y it
e IUIOLIMHI pO3TalllOBaHA HUTKA MIPOMETPUYHOI Jammnu 4.
300pakeHHsT 00'ekTa BHMIPY 1 HUTKH MIPOMETPUYHOI JIaMIu
MoOXke OyTH pO3IJISIHYTO crHocrepiraueM 6 (IipoOMETpHCTOM)
yepe3 OKyasap 5. Mix HHUTKOIO MIPOMETPUYHOI JIaMIu ¢
OKYJISIDOM PpO3TaLIOBYETbCS YEPBOHUU CBITIAOMUIBTp 7. Mix
00'€KTUBOM 1 HUTKOIO MIPOMETPUYHOI JIAaMIIK MO>KE€ BBOJUTHUCS
nornuHatoue ckio 8. JIsM  3MIHM  pO3KAPEHHS  HUTKHU
3aCTOCOBYETHCSI peocTaT 9, KUl 3MIHIOE CTPYM, 1110 MPOXOAUTH
Yyepe3 HUTKY MIpOMETPUYHOI JIaMIH BiJl JKkeperna sxuBieHHs 10.
3HaueHHs CTPYMY BUMIpSEThCS puiaaoM 11, BiarpaayifoBanum
y 3HaYEHHSX SICKPaBICHOI TeMIIepaTypH.
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Puc. 2.16 — [IpuHIMnoBa cxeMa KBa3iMOHOXPOMATHYHOTO MipOMETpa

Ilepen mo4yatkoM BHUMIPIB HPOBOJUTHCA HACTPOIOBAHHS
ONTUYHOI cucTeMU (00'€KTUB-OKYJISIp) TaKUM UHHOM, 1100
300paxkeHHsT 00'eKTa BUMIPY 1 HUTKAa MIPOMETPUYHOI JIaMIIU
3HAXOAMJIUCS B OJHIH TutomuHi. Lle mocsraerscst nmepeMinieHHIM
ob0'ektuBa. KpimM Toro, HeoOXijHO, MO0 HUTKA MIPOMETPUYHOT
JaMIM Ha 300pakeHH1 00'exTa BUMipy OyJia BUJIHA crIOCTepirayy
4iTKO, pi3Ko. Lle gocsraeThes nepeMilieHHsAM OKyJIspa.

KBaziMoHOXpoMaTHuHUIl mipoMeTp mnependavyae BUMIP
TeMIiepaTypy MO CIEeKTpajbHill €HepreTuuHii sCKpaBOCTI Tina,
TOOTO TIO BHUIIPOMIHIOBAHHIO 32 TIE€BHOI JOBXHMHM XBWmi. Jis
MOHOXpOMaTH3alii  (BUIUICHHS TEBHOI JOBXKHUHU  XBUII)
BUIIPOMIHIOBAHHS B TMIPOMETPI BCTAHOBIIOETHCA UYEPBOHUMN
ceiTnodineTp. Ha puc. 2.17, a mnpeacraBieHi CHEKTpalbHI
XapakTepUCTUKU Jrojchkkoro oka P (A) 1 depBoHOrO
CBITJIOPUIBTPA 1 MOKa3aHO, IO Yepe3 YEpBOHUU CBITIODIIBTP
JIIOJICBKE OKO CIIpUHMaEe BUIPOMIHIOBAHHS y BY3bKIH JUISHII
CIIEKTpa 3 €(PEKTUBHOIO JOBKUHOIO XBMII A, = 0,65 MM (puc.
2.17, 6). IlpuHIMIOBO B MipoMeTpi MOXKe OyTH 3aCTOCOBAaHUI
Oyab-sikui CBITIOMUIBTP (CHHIH, 3eJIeHu), IKUIl BUALISE BY3bKY
CMYTY JOBXHH XBWIb. UepBOHUH CBITIOPUIBTP 3pyUyHHUH THM,
[0 Ma€ Pi3Ky TPAHMINIO MPOMYIIECHHS MOOJIHM3Y KPar BUAMMOTO
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OKOM cmekTpa. KpiM TOro, sKIo TMOpPIBHATH CIEKTpalbHi
€HEePreTUYHI SICKPAaBOCTI B YEPBOHOMY 1 CHHBOMY CBITJI, TO 3a
temneparyp 800 — 1000 K BoHM poO3pi3HSAIOTECS Ha IIICTh-CiMb
nopsiakiB. ToMy 3 4epBOHMM (iIBTPOM MOKHA BHUMIPIOBATH
OUTBII HM3BKI TEMIIEpPaTypH, a BHUXOJIUTh, MOXXHA IOHU3UTH
HIDKHIO MEXXY BUMIpY TipoMeTpa.

[Iporiec BUMIpY 3BOJIUTHCS A0 3MIHH PO3KAPEHHS HUTKU
MIPOMETPHUYHOI JIAMITH, & BUXOJUTh, 1 il ICKPABOCTI TOTH, TTOKH
OKO  crocrepiraya He  NEpecTaHe  pO3PI3HATH  HHUTKY
MPOMETPHUYHOI JIAaMITK Ha TJi 00'€KTa BUMIPY: HUTKA <«GHUKAE)
Ha T 00'ekTa BUMIpY. Y 1€l MOMEHT POOJISTh BiJUTIK 3HAYCHHS
TEeMIIEpaTypu, TOMY IIO CHEKTpajibHA €HEepPreTUYHa SICKPaBiCTh
peanpHOTrO Tina (00'€ekTa BHMIpY) i CIIEKTpajibHA €HEpreTUYHa
SICKPaBICTh HUTKH MIPOMETPUYHOT JIAMITH PiBHI.
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0)
Puc. 2.17 — CekTpaibHi XapaKTEPUCTHKH:

a) moacekoro oka P (L) 1 uepBoHoro ceitinodinetpa T (A); 0)
BHIIPOMIHIOBAHHS, CIIPHIMAHOTO OKOM Yepe3 YepBOHUH CBITIOQLIBTD

ITipomeTp rpamyro€eThesi 32 BUIIPOMIHIOBAHHAM aOCOIIOTHO
YOPHOTO Tijia, TOMY MOYKHA BBaXKATH, 1110 NP «3HUKHEHH1» HUTKH
MIPOMETPUYHOT JIAaMITH Ha TJIi 00'€KTa BUMIPY HACTYIHJIA PIBHICTh
CIIEKTPAIbHOI EHEPreTUYHOi SICKPAaBOCTI pEalbHOro Tija i
CIIEKTPAIbHOI EHEePreTUYHOI SCKPAaBOCTI AOCOIIOTHO YOPHOI'O
Tina. Xoya camMa HUTKa MIPOMETPUYHOI JIaMIM He € aOCOJIIOTHO
YOpHUM TIJIOM, aje B TPOLECI TPpaaylOBaHHS BUIPOMIHIOBaHHS
HUTKM 3a TIEBHUX 3HAYEHb CTPYMYy PpOIKAPEHHs 3ICTABJICHO 3
BUIIPOMIHIOBAaHHSM  a0COJNIIOTHO HYOpPHOTO Timla 3a  HOro
BIANOBITHUX Temmeparyp. ToMmy BiOMO, IO TpU JaHOMY
pO3KApeHHI HUTKH CHEKTpalbHA EHEepPreTH4YHa SICKpaBicTh ii
BUIIPOMIHIOBAHHSI  BIJNIOBi/Ia€  BUIIPOMIHIOBAaHHIO ~aOCOJIFOTHO
YOPHOTO Tija 3a MeBHOI Temmeparypu. CTpyM pO3KapeHHS B
nipoMeTpi He Moke OyTH Ounblie MEeBHOTO 3HAYEeHHd, SKe
BI/IMOBI/Ia€ siICKpaBicHIN Temmeparypi Omm3bko 1500 °C. ns
MO’KJIMBOCTI BUMIpYy OLIbII BHCOKMX TeMIepaTyp y HipomeTpi
MK 00'€KTMBOM 1 MIPOMETPUYHOIO JIAMIIOI0 BCTAaHOBIIIOETHCA
nornuHatoue ckiao 8. Lle ckio ocnabisie BUIIPOMIHIOBAaHHS Bin
o0'ekta BuMipy. CTymiHb OCJIa0JEHHSI €HEPreTHYHOI SICKPABOCTI
00'ekTa BUMIpY BH3HAYA€THCS KOEPIIIEHTOM NPOIMYILIEHHS T
MOTJIMHAIYOr0 CKJIa. 3B1JCH MOXKHA 3allMCaTu:

UT' - UT=1CyInt, =A,

ne T' — TemmepaTypa 3a IIKaJOI0 MIpOMETpa 3 MOTJIMHAIYUM
ckiom, K;

T — Temmeparypa 3a IIKajuow Imipomerpa 0e3
MOTJIMHAI0YOTO cKia, K;

A — mipomeTpuunmii Koedimient ocnabnenns, K.

KBa3iMoHOXpOMaTH4HI  MIPOMETPU  BUIIYCKAIOTHCS 3
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pi3HUMHM  BepxXHIMH Mexamu Bumipy 10 5000 °C 3
BUKOPUCTaHHSIM MOTJIMHAIOYHX CTEKOJ 3 pi3HIMHA
KoedilieHTaMH MPOMYIICHHS.

PosrnsHyTHII BapiaHT KBa3iMOHOXPOMATHYHOTO ITipOMETpa
nepenbavyae  TMOPIBHAHHS  CHEKTPAIbHUX  CHEPreTHYHHX
SICKpPAaBOCTEH peajibHOTO 1 YOPHOTO TUI (UM HUTKH MIPOMETPA,
BIArpaslyioBaHOi 1O  BUIPOMIHIOBAaHHIO  YOPHOTO  Tija)
JIFOJICBKHM OKOM.

Ha pnanwmii 9ac icHye BenMKa Trpyma aBTOMaTHYHUX
MPOMETPIB, SKI HA3UBAKOTHCA (OTOCICKTPUUYHUMU. Y 3B'SI3KY 3
TAM 10 I[CEBAOTEMIIepaTypa, IIOKa3yBaHa IIPOMETPOM,
BU3HAYAETHCS B MEPIIY YEPry METOJIOM, a He 3ac000M BUMIpY, Y
I'OCT 13417-76 Hemae 3aco0iB BUMIpY 3a  Ha3BOIO
«hoToenekTpuUHUN MIPOMETP», TOMY B Ha3Bl OyIb-SKOTrO
mipoMeTpa MOBHHEH OOOB'S3KOBO BKa3yBaTHCS METOJ BHMIpY,

HaTPUKIIa KBa31MOHOXPOMATUYHHUI (boTOCTCKTPUIHUI
mipomMerp 4u  (OTOECNEKTPUYHHNA  IMPOMETP  YACTKOBOTO
BHUIIPOMIHIOBaHHS, 9u (dhoToeneKTpUIHNN MpOMETP

CIIEKTPAILHOTO BiJHOIICHHS, i€ 3a3HAY€HO, 3a SKUM METOIOM
3MIACHIOETBCS BUMIp. Y (OTOENEKTPUYHUX MipoMeTpax sK
CBITJIOUYTJIMBUI  €JIE€MEHT 3aCTOCOBYIOThCA (DOTOEIEMEHTH,
¢doronionu, (GOTOTpPaH3UCTOPH 1 (POTOIMOMHOXKYBaul. 3aJIeKHO
Bl (YHKIII, BUKOHYBAaHOI CBITJIOUYTJIMBUM €JIEMEHTOM, YCI
(boTOENeKTPUYHI MPOMETPU MOXKHA PO3IUIMTH Ha JIBI TPYIHH: B
OJHIM (OTOETIEMEHT TOPIBHIOE CBITIOBI TOTOKH BIJI JBOX
JDKepes BUTIPOMIHIOBAHHS 1 MPALIOE€ B PEXXUMI HYJIb-TIpUIIALY, a
IHIIMHA  QOoToeNeMeHT BUPOOJIS€ CUTHAN, SKUA OJHO3HAYHO
3aJIeKUTh BiJl CBITJIOBOTO MOTOKY, & BUXOJHTh, BiJ] TEMIIEPATypH
BUMIPIOBAHOTO TUa. Y TMEpIIOMY BHUMNAAKYy OyJoBa MpHIIany
BUSIBIISIETBCS OUIBII CKJIQJIHOIO, ajle 3aTe MOoro IMokKa3aHHS He
3alexarb Bl XapaKTepUCTHK (oToeneMeHTa i eleKTPOHHOI
CXeMH Ta iX 3MiHU B Yaci. B npyromy Bunanky OyaoBa npuiany
MpOCTille, aje Horo Moka3aHHs MOXYTh ICTOTHO MIHSATHCS B
Ipolleci eKCIuTyaTartii.

PosrisineMo MpUHLIUIIOBY CXEMY K8A3IMOHOXPOMAMUUHO2O
Gomoenexmpuunoco nipomempa tamy OEIT-4 (puc. 2.18).
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Puc. 2.18 — [IlpuHiunmoBa cxeMa KBa3iMOHOXPOMAaTHYHOTO
(hOTOETIEKTPUYHOTO MpOMeTpa

BigmiHHOIO pHCOIO IILOTO MIPOMETpPA € Te, 10 CHEeKTPaNIbHI
XapaKTepUCTUKU (OTOENneMEeHTa 1 YepBOHOrO CBITIO(IBTpa
JI03BOJISIIOTh  OJIEp’KaTH €(EeKTUBHY JOBXKHUHY XBHWJI (3a SKOi
MIPOMETP CIIpUiiMae BUIIPOMIHIOBAHHS), OJIM3bKY YU MPAKTUYHO
piBHY e(EeKTHBHIN JOBXHMHI XBWJII KBa3IMOHOXPOMAaTHYHOTO
mipoMeTpa 31 3HUKa4yor HUTKOK (puc. 2.16). Tomy sickpaBicHa
temrneparypa, BimmiueHa 3a DEIL, 1 sckpaBicHa TemriepaTypa,
BH3HAa4YeHa 3a MIPOMETPOM 31 3HUKAIOYOI0 HHUTKOIO, OYyIyTh
O65m3bKi1 abo 171 mipoMeTpa 3 HIKHBbOIO Mexero Bumipy 800 °C
MPAKTUYHO PiBHI.
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Puc. 2.19 — [IpuaninmoBa cxema mipoMeTpa CIIeKTPATBHOTO
BITHOIIICHHS

BumnpomintoBaHHsI BUMiproBaHOTO Tina | yepe3 00'eKTUB 2
1 miadparmy 3 HampaBIsSEThCS 4Yepe3 YEpBOHHM CBITIOMIIBTp 4
Ha (QoroenemenT 5. Ha mneil ke ¢oroeneMeHT HaaXOAUTh
BUNIPOMIHIOBAaHHS ~ BiJl  BUIPOMIiHIOBaya MOpPIBHSAHHA 8.
doTocTpyM, MO BUHHUKAE y (HOTOEIEMEHTI, MiJCHIIOETHCS B
micuiroBadi 6 1 HAIXOIUTh HA CHIOBHH OJIOK 7, IKUHM 3MIHIOE
CTpyM KHMBJICHHS BUIPOMIHIOBaua TMOPIBHSAHHA  (JIaMIu
3BOPOTHOTO 3B's3KY) 8.

CBiTIOBI ~ TOTOKM  BIJ ~ BUMIPIOBaHOrO  Tula 1
BUIIPOMIHIOBaYa IOPIBHAHHSA HAJIXOAATh Ha (OTOEIEMEHT He
oJlHOYacHO, a mo 4yep3i. Jlig mporo y cxemi mnependavyeHuit
eJIEKTPOMAarHiTHU BiOpaTop 9 13 3aciiHKOI, IIO BiJAKpUBAE
CBITIOBMI TOTIK TO BIJ BHMIPIOBAaHOTO TiJla, TO Bif
BUINIPOMiHIOBAaYa TOPIBHSAHHS. SIKIIO CBITJIOBI MOTOKH BiX
BHUMIPIOBAHOTI'O Tij1a 1 BUIIPOMIHIOBaul MOPIBHSAHHS HE PiBHI, TO U
iMOynbcl (OTOCTPYMIB Yy BIAMOBIHI MOMEHTH 4Yacy OyayTh
TaKoXX HE piBHI. Y IIbOMY BHUMNAJAKy MiACHIIOBaY 6 1 O0K 7
OyayThb 3MIHIOBAaTH CTPYM KMBJICHHS BHUIIPOMIHIOBa4da 8 JOTH,
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ok (oTocTpyMH y (OTOENEeMEHTI B 00HM/IBa HaIliBIIEPiOaAN HE
OynyTh piBHI. 3a piBHOCTI (POTOCTPYMiIB B 0OMIBA HAIMIBIIEPIOAH
3MIHM CTPYMY JKUBJICHHS BUIIPOMIHIOBaua HE BiJOYBa€THCA.
TakuM YMHOM, CTPYM >KHBIJICHHS BUIIPOMIHIOBAuYa IMOPIBHSHHS
OJIHO3HAYHO BU3HAYAETHCS CBITJIOBUM IIOTOKOM BIJ
BUMIPIOBAHOTO TiJIa, IO Yy CBOK Yepry 3aJeKHTh BiJ
TeMneparypu  BuMiproBaHoro  Tima. CTpyM  KHUBJICHHSA
BUINIPOMIHIOBAYa TMOPIBHSHHS BHUMIPIOETHCS aBTOMATUYHUM
MOTEHI[IOMETPOM 3a CHaJaHHSAM HAlNpyr'd Ha 3pa3KOBOMY
pesuctopi 10.

[Tipomerpun DEIl rpagyrooTbes 3a BUIPOMIHIOBAaHHIM
abCONIIOTHO YOPHOIO Tila, TOMY TeMmIiepaTypa, BiAJideHa Ha
aBTOMAaTHYHOMY MOTEHIIOMETpi, IPU BUMIpi peabHUX T Oyae
SICKPaBICHOIO TEMIIEPaTypOIO IbOTO peanbHoro Tina. [epexin no
IificHOT TeMnepaTypu Moke OyTH 371iiCHEHHI 32 BUpa3oM:

i_Tluz[ln(sx T /szT)/ C xll_?»lz

CJIiJ] MaTH Ha yBa3i, 10 B MpPOMETpax 3 JAianazoHoM BuUMipy 800—
4000 °C edexTuBHa noBxkuHa xBUil 0,65 MKM Ta 1X TIOKa3aHHS
MOPIBHSHI 3 MOKa3aHHSAMM Bi3yalbHHUX KBa3IMOHOXPOMAaTHYHHMX
nipometrpiB. Y mipomerpax ®PEIl 3 HMKHBOIO MEXE BUMIPY
Hwkue 800 °C edexkTuBHA AOBKHHA XBUJII JIEKHUTh B 1HTEpBaJi
0,9-1,1 MkM, ToMy iX TOKa3aHHS TPOXU BIJIPI3HAIOTHCS BiJ
MOKa3aHb Bi3yaJIbHUX MIPOMETPIB.

[Tipomerpn Tuny ®EIl mupoko 3acTOCOBYIOTHCS MAJIs
0e3yNMHHOTO BUMIpY TeMIEepaTypH B IPOKaTHOMY BUPOOHHUIITBI.
Yac ycTaHOBJICHHS TOKa3aHb MpHJany ckiamae Omm3pko 1 c,
ocHoBHa moxuOKka 1% 3a BepxHbOi Mexi BuMipy 10 2000°C abo
1,5% 3a BepxHboi Mexi Oubie 2000 °C. TlepeBakHa OLIbIIICTD
3aKOPJIOHHUX (OTOETEKTPUYHUX MIPOMETPIB MPAIIOI0Th K
MIPOMETPH  YacTKOBOTO  BUIPOMIHIOBAHHA 3  poOOYHM
Jianma30HOM JOBKUH XBHJIb MIMPUHOIO Bif 0,2 10 2 MKM.

ITipomempu cnexmpanvHo2o 6i0HOWIeHHs 1Sl TIPOMHCIIOBHX
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BUMIpIB  TeMIepaTypd,  SK  MPaBUIO,  BUITYCKAIOTHCS
aBTOMAaTUYHUMHU. ToMy iX BipHile Ha3uBaTH (HOTOCTCKTPUIHUMHI
MipOMETpaMH  CIIEKTPAJILHOTO  BIAHOWICHHS.  3aJIKHO  BiX
CHEKTPAIbHUX XapaKTepUCTUK (boToeneMeHTIB, BOHHU
CHIPUIMAIOTh BUIPOMIHIOBAHHS Y BUIMMIN 4 B iH(pauepBOHIi
oOmacti crnekTpa. IcHye Benmuke YHCIO PI3HUX 3a MPUHLUIIOM
oOYZIOBH CXEM MiPOMETPIB CHIEKTPATILHOTO BiTHOIICHHS, KOXKHA 3
SIKUX Ma€ CBOI MO3WUTHBHI 1 HEraTWBHI BJIACTHBOCTI. Po3risiHEMO
OHY 31 cXeM (OTOCNEKTPUYHOTO MIPOMETpPa CIEKTPAIBLHOTO
BimHomeHHs (puc. 2.20). BunpomiHioBaHHs BiJl BUMIipIOBaHOTO
Tia 1 HAAXOaUTh B O0'€KTHB 2 mipoMeTpa i MoTiM Ha QiIbTp i3
dochiny iHmiro 3, Ha SKOMYy CBITJIOBUH TIOTIK YacCTKOBO
BiZIOMBAETHCS 1 Uepe3 A3epKao 4 HANpPaBIAETHCA HA KPEMHIEBHNA
doroenemMeHT 5, Ha SAKOMY MiJ BIUIMBOM CBITJIa BHHHUKA€E (OTO-
EPC U,;. Inma d4acTMHAa CBITJIOBOTO TIOTOKY YaCTKOBO
ponyckaeTbes GimbTpoM 3 1 uepes A3epKano 6 HampaBiseThCS Ha
¢doroenement 7, Ha sikomy BuHUKae (Hoto-EPC U,,. EdexturHa
JOBXXMHA XBHJII BiTOMTOrO (iIBTPOM 3 BHIIPOMIHIOBAHHS A =
0,888 MKM, a JTOBXKMHA XBWJII BHIIPOMIHIOBAHHS, IO IPOMIILIO
yepes ¢ubtp 3, A=1,034 w™mkm. Buxigna wnanpyra U
¢doroenemeHnTa 7 BpPIBHOBAXYETbCS YACTUHOIO BUXIJIHOI Hampyru
doroenemMeHnTa S5 Ha peoxopAi 8 KOMIIEHcaTropa Hampyr.
[MonoxxeHHs IBIKKA peoxop/aa 8 mpornopitiitHo BigHomeHHo Us, /
Uy, TOOTO  MPOMOPILIAHO  BiHOIIEHHIO  CHEKTPaIbHHUX

CHCpFCTI/ILIHI/IX ﬂCKpaBOCTGfI B /B SAKEe BHU3HAYAETHCA
04Ty 04Ty,

KoJlipHOtO Temneparypoto T, BuMiptoBaHoro Tina. Skmo U), He
YPIBHOBa)XEHO Ha peoxopsl 8, To Ha BXiJ mijcwitoBaya 9 Oyne
HaJIXO/UTH CUTHaJ, 1o Oyae obepTaTtu peBepcuBHUi IBUrYH 10,
SKUW ~ TIepeMilllae  JBIDKOK peoxopia 8 70  HacTaHHS
3piBHOB@)XYBaHHS. Y JaHIIOr (oToeneMeHTa 7 JI0JaTKOBO
MOJIA€ThCSL ONOpHA Hampyra Ao pesuctopa 11 Big crabimizaTopa
Hanpyru 12.

Konipni nipomempu BUTIYCKAIOThCS HA MEXY BHMIPY Bij
200 mo 2800°C 3 migmiamazonamu mo 200-800 °C. Mexa
OCHOBHOI TNMOXMOKHM KOJIPHHMX MipoMeTpiB He mepeBuinye 1 %
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BEPXHBOI MEX1 BUMIPY KOXKHOTO Ti/iIiama3ony.

Ha panuii yac ogep:kaB MOLIUPEHHS TaK 3BAHUIN nipomemp
icmunnoi memnepamypu I1IT-1, sxuii SBisie cCOOOK TIPOMETP
CHEKTPALHOTO  BIHONICHHS, IO 3[iHCHIOE aBTOMAaTHYHE
BBEJICHHS  BHUIIPaBICHb, SKI OOYMCIIOIOTBCS Ha  OCHOBI
iHdopmartii, mo 30epiraeTbes B mam'saTi npumiany. I[lipomerp
po3paxoBanmii Ha aianazon Bumipy 800-2000 °C. Iloxubka
BUMIpY ICTHHHOI TeMIIepaTypH BHACIIOK 3MiHM Koe(illieHTa
TEIJTIOBOTO BUIPOMIHIOBAaHHS BUMiproBaHoro Tisa Bix 0,3 1o 1 He
nepesuiye =1 %.

ITipomempu  nognoco  8UNpoMinO6aHHA € HAUOLIBII
npoctuMu 3a OymoBoro. KoMIUIeKT mipoMeTrpa CKIagaeTbes 3
MEPBUHHOIO  TEpeTBOpIoBaya  (Teleckoma) 1  BTOPUHHOIO
npunangy. Sk 4ymIMBUM  €JIEMEHT, 10  CIpUIMae
BUIIPOMIHIOBaHHS, 3aCTOCOBYIOTbCS HalyacTiiie TepmodaTapei 3
JEKUIBKOX TEPMOCJIICKTPUYHMX TEPMOMETPIB a00 CreliaJbHuX
TEPMO3AIICKHUX PE3UCTOpPiB — OosomerpiB. Jlnsi KOHIEHTparii
BUIIPOMIHIOBAaHHS Ha CHasx TepMmobartapei 4u Ha YYyTJIMBOMY
eJIeMeHTI 00JIOMeTpa 3aCTOCOBYIOTh peppakTopHi (3 JIH3010, 110
30upae) M peduIeKTOpHI (3 YBICHYTUM J3€pKalioM) ONTHYHI
cucreMu. [[ns Toro, moO opepkKaTh OJHO3HAUHY 3aJE€KHICTh
tepMo-EPC Tepmobarapei (un omopy Oosiomerpa) Bif HOTOKY
BUIIPOMIHIOBAHHS, HEOOXIHO WIATPUMYBATH BITbHI  KIHII
Tepmobarapei (um  kopmyc Oosiomerpa) 3a  MOCTIAHOI
TEeMIEPaTypH.

[IpuniunoBa cxema pedpakTopHOro mipoMerpa 3
TepMmobarapeero HaBeneHa Ha puc. 2.20,a, a pedeKTOPHOTO
mipomerpa — Ha puc. 2.20,6. BunpomiHioBaHHS BiA
BHUMIPIOBAHOTO Tifa 1 HaAXOAUTh Ha 00'€KTUB (JTIH3Y) TelecKomna
2 (puc. 2.20, a) 1 yepe3 miadpparmy 3 QoKycyeTbca Ha rapsyux
cnasix TepmoOaTapei 4, YKIaJIeHOi B CHeUialibHy KoJ0Yy.
[TapanensHo 10 Tepmobarapei BKIIOUEHHH MinHUI pe3uctop 5,
MpU3HAYCHUNW  JJiT  ABTOMATUYHOI  KOMIIGHCAIlii  3MiHHU
TeMIIepaTypu KOpITyca MpoMeTpa, 3a SKOi 3HAXOMATHCS BIIbHI
kiHui repmobatapei. Tepmo-EPC HagxoauTs Ha BUMIpIOBaTbHUN
npunax 9. Jlnsg  Bi3yBaHHS TeJecKonma Ha 00 €KT BUMIPY
CIIyXaThb OKyJsip 6 1 miagparma 7, uepe3 siki cmoctepirad 8
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3MIIACHIOE Bi3yBaHHS.

(i8]
(95]
£

Puc. 220 - [IlpuHOWIIOBI CcXeMH  MIPOMETPiB  TOBHOTO
BUIIPOMIHIOBAaHHS:

a) pedpakropHoro; 0) pedrekTopHOTO

Y  pednexkropnomy  Temeckomi  (puc. 2.20, 0)
BUIIPOMIHIOBaHHS 4epe3 iH(pauepBoHuil puibTp 2 1 aiadpparmy 3
nomnajae Ha peduekrop (YBIrHyTe a3epkaiio) 6, BiTOUBAEThCS, a
MOTIM (POKYCY€ThCS Ha rapsymux crasx tepmodarapei 4. MicTok
5 3 MIJZHUM OMNOPOM CIYXHUTb JUIsI aBTOMAaTHYHOTO YBEIEHHS
BUIIPABJICHHS HA TEMIIEPATypy BUIBHUX KIHI[B, 1[0 3HAXOJATHCS

124



B Koprtyci. BisyBaHHs Teneckona 3/1iiCHIOETbCS criocTepirayem 8
4yepe3 OTBIp JJIs Bi3yBaHHS 7.

[TipomeTpn OBHOTO BUIIPOMIHIOBAHHS, L0 BUITYCKAIOTHCS
cepiitno, Tuny AITNP-C npusnadeHi ajis BUMIpy TeMIiepaTypH B
miamazoni Big 30 mo 2500 °C. CoeuianbHO BHTOTOBIIEHI
MPOMETPH 3aCTOCOBYIOThCA B iHTepBaii Bix —100 mo 3500 °C. Y
cucremy AIINP-C BXOZsATh TakoX MMIPOMETPH HYACTKOBOTO
BUIIPOMIHIOBAHHS 31 CHEKTPAJbHUM J11alla30HOM CIPHIIMaHOTO
punpominroBanus  0,7-1,1 1 0,8-1,8 MM 1 TOMYy
MICEeBJOTEMIIEPATypH, BHUMIPIOBaHI IUMHU MIPOMETpaMH, HE
nopiBHsHI Hi 3 Tp, Hi 3 T

Jlnst  3MEHIIIEHHS METOJWYHOI TMOXMOKH MipOMETpPiB
MOBHOTO BUIPOMIHIOBaHHS, BHKIUKAHOI HEBU3HAYEHICTIO
IHTerpaJIbHOTO KOe(illiEHTa TEIUIOBOI'O BUIIPOMIHIOBaHHS, YaCTO
B NIPOMHCIOBHX  YMOBaX  CTBOPIOIOTBCS  YMOBH, IO
HaOJIMKAIOTHCS 10 BUIIPOMIHIOBAaHHS YOpHOTO Tina. Hampukinan,
JUIE  BUMIpPY TEMIIEpaTypd TOBEPXOHb BHKOPHCTOBYIOTHCS
BOTHETPUBKI 4M MeTajieBi Omoku (puc. 2.21, a), mns BUMIpY
TEeMIIepaTypy ra3iB i PiIKHX CepeIOBUIL — BOTHETPUBKI TPYOKH
(puc. 2.21, 0), Ha ieHIIe IKHUX BI3Y€ThCS TEJIECKON MipOMETpA.
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Puc. 2.21 — Ilpuctpiii Ansi HAOMWKEHHST BUIIPOMIHIOBAaHHS pealbHUX
TiJ JO BUIPOMIHIOBAHHS YOPHOTO TiJa:

a) MOPO’KHWHA YOPHOTO TiJia; 0) YopHa TpyOKa

3a meBHOI LIOPCTKOCTI MOBEpXHI 4M Onoka TpyOKW 1 3a
MaJjoro BiJTHOIIICHHS d/l Koe(iIieHT TEIIOBOTO
BUIIPOMIHIOBAHHSI Takoi INTYYHOI MOPOXKHUHU YOPHOTO Tijla
HaOmmkaerbest a0 1, 1 Hemae HEOOXITHOCTI  YBOIUTH
BUIIPABJICHHd B I[IOKa3aHHA IIpOMETpa Ha HEYOPHICTh
BUNIPOMIHIOBAaHHS, TOMY IO  [ICEBJOTEMIIEparypa, IO
MOKa3yeTbCsl  MIpOMETpOM, OyJae TNPaKTUYHO JIOPIBHIOBATH
JIHCHIN TeMIiepaTypi Tija.

TepmomMerpu i mipomerpm Jsi cneniaJlbHUX BHMIpIB
Temnepatypu. [IpakTHuHi BUMIpH TeMIIepaTypH BiIpi3HSIIOTHCS
HA/[3BUYAHOI0  pO3MAITICTIO  yMOB  BHUMIpY 1  BHMOT,
MIPOTIOHOBAHUX IO 3ac00iB BUMIpYy. Yce Ie 3MYIIYE PETelbHO
aHali3yBaTM # yJOCKOHATIOBATH METOAM 1 3aco0M BHUMIPY
CTOCOBHO KOHKPETHUX YMOB 1 BUMOTI. Y OUIBILIOCTI BHIAJKiB
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HAMararoThCsl BUKOPUCTOBYBAaTH TEPMOMETPH 1 MIpPOMETPH, IO
CEpIHO BHUIYCKAIOTHCS MPUIanoOyaiBHUMH 3aBogaMu. OnHaK y
pszli BUMAAKiB 4epe3 OCOOJMBOCTI YMOB BUMIPY TEMIIEpaTypH
3aCTOCOBYIOTHCSI TEPMOMETPH CHELIAIILHOIO NMpHU3HaYeHHs. Jleski
3  HaWOUIBII ~ XapaKTepHUX  OCOOJMBHX YMOB  BHUMIpY,
3aCTOCOBYBaHI METO/IU 1 3aCO0M BUMIPY PO3TIISIHYTI HIDKYE.

Bumip memnepamypu noeepxons. Bumip TemmepaTtypu
IIOBEPXOHb  3JIHCHIOETbCA  SK  KOHTAKTHUMH, TaKk 1
OE3KOHTAKTHUMHU  MeTomaMu. llpm BuMipi  Temmeparypu
IIOBEPXOHb KOHTAKTHUMH TEPMOMETpPAaMH 3BUYAHHO ICHYIOTh JBi
npobnemu: 1) 3a0e3neueHHs piBHOCTI TeMIepaTyp TepMOMeTpa i
BUMIPIOBAaHOI  TOBEpPXHi; 2)  BHUKIIOUEHHS  MOXJIMBOTO
MepeKpydyBaHHS TEMIIEpaTypd UM TEMIEPATypHOTO OIS
MOBEPXHi B MICI[i BUMIPY TEPMOMETPOM.

Jnsi 3a0e3redeHHss piBHOCTI TeMIlEpaTyp TEpMOMETpa i
BHUMIPIOBAHOI MOBEPXHI HEOOXIHO CTBOPUTH HAMKpaIlll yMOBU
TeIIonepeiadi B MOBEpXHiI 00'€KTa BUMIpY O TepMoMeTpa. Y
3B'SI3KY 3 IIUM HaBiTh JyXK€ Malli MOBITPSHI 3a30pu abo miapu
MaTepialliB 3 HU3bKOIO TEIIOMPOBIJHICTIO MiX BHMIipPIOBAHOIO
MOBEPXHEI0 1 TEPMOMETPOM MOXKYTh ICTOTHO CIIOTBOPUTH
pesynabTaTd Bumipy. s 3a0e3neueHHs TapHOTO TEIJIOBOTO
KOHTAaKTy OakaHO CIeLialbHO BUTOTOBJICHUH TEPMOMETP
MIPUKJICIOBAaTH, IpHUMaroBaTH a00 TNPUBApIOBAaTH /10 MOBEPXHI.
MoxJinBe MexaHiuHe 3aKkapOyBaHHS CIIal0 Ha MOBEPXHI 00'€KTa,
ajle TIIbKU y BUNAJAKY HEOKHCIIOBAHOCTI MOBEPXOHb 00'€KTa 1
TEPMOMETpa B yMOBaxX BUMIDY.

[lepexpydyBaHHSI TEMIIEpATypy UM TEMIIEPATYpHOTO ITOJIS
MOBEpXHI 00'ekTa BuUMipy Oyne BigOyBaTHCS B TOMY BHIIQJIKY,
SKIIIO TEPMOMETP CIYXHUTh NPUIHHOIO JOJATKOBOTO TiABEICHHS
qu
BIIBEJICHHS TEIUIOTH BiJ] BUMIPIOBAaHOI MOBEpPXHi. Y 3BSI3KY 3
UM HaMararmTbCcid CTBOPUTH Taki yMOBH, 00 He Oyno
JOJJaTKOBOTO TEIJIOOOMIHY B MICLI BHUMIpPY TeMIEpaTypu
NOBepXHi. [HOMI, KoM HE MOYKHA YHUKHYTH TEIJIOOOMIHY depe3
TEPMOMETP, HAMATAOTHCS MEPEHECTH e TeTUIOOOMIH 13 TOUKH
(Mmicus) BUMIpY Temmeparypu B iHmy Touky. Ha puc. 2.22
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MoKa3aHa 3MiHa TeMIIEpaTypH MOBEPXHI 32 PaXyHOK BiJBEICHHS
TEIUIOTH IO EJIEKTPOAaX TEPMOCIEKTPUYHOTO TepMomerpa. Y
TOYI[l TOPKAaHHS EJEeKTPOJaMU TIOBEpXHI A Temmeparypa
MOBEPXHi t'; ICTOTHO BIAPI3HIETHCS BiJ 3HAYEHHS t;, IO Mae
Miclie yaanuHi Big Touku A. Y Touli A Temmeparypa t; MOxe
HaBiTh HAONWKATUCS 1O TEMIIEPAaTypd  HABKOJIHMIITHHOTO
cepenoBuina t,. Ha Bimcrani | Big Toukm A Temmeparypa
MOBEPXHI 1 piBHA il TeMIepaTypa TepMOMETPa MarOTh 3HAYCHHS
tr. Temmeparypa moBepxHi B TOYIl BUMIpY B LOMY BHUIAIKY
MPAKTUYHO JIOPIBHIOE TEMIIEPATypi MOBEPXHI O€3 TEPMOMETpA.

)

SRS

NT 4"

tA

V=

Puc. 2.22 — 3mina TeMnepaTypu NOBEPXHi IPH BiABEACHHI TEIJIOTH 110
eNIEeKTPOAaX TEPMOETIEKTPUIHOI'O TEPMOMETPA

Jns  Ge33ymMHHOTO BUMIpY TeMIeparypd IOBEpXHI,
HaNpHKIIaA, TPyOONpPOBOIY TEPMOMETP HYacCTO MPUTHCKAIOTH 0
MOBEPXHI CeLiaIbHUM 3aTUCKOM (puc. 2.23). HasBHicTh 1301s11ii
TpyOONIPOBOJY  MPAKTUYHO  BUKIOYAE  BiABEACHHS  (4u
MIJBEJCHHS) TEIJIOTU BiJ MICIS BUMIpPY, 1 TOMY TEPMOMETp HE
CIIOTBOPIOE TEMIEpaTypH MOBEPXHI, @ TApPHUI TEIUIOBUI KOHTaKT
MK TEPMOMETPOM 1 MOBEPXHEI0 MIISXOM 3aTHUCKY 3ale3neuye
PIBHICTb TEeMIIEpaTyp TEPMOMETPA 1 MOBEPXHI.
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Pucynok 2.23 — [TloBepxHeBuil TepMOMETp 13 3aTUCKOM Ha
TPyOOITPOBOII

VY nabopaTopHUX yMOBax i MpH JOCTIIKEHHAX OCOOIHBO
MaJli TMOXMOKM MAarOTh MICHE TPU 3aCTOCYBAaHHI IUTIBKOBHX
TEPMOMETPIB, PO3TAIIOBAHUX OE3IMOCEPEIHHO HA BHUMIpIOBaHIN
noBepxHi. [li Tepmomerpum omopy abo TepMOeNeKTpHUHi
TEPMOMETPH HANWJISIOTh Ha BHMIPIOBaHY IOBEpXHIO. [HOII
3aCTOCOBYIOTh JIOJIATKOBI IMOKPUTTS, 1100 3a0e3MeuuTH Ty X
BUIIPOMIHIOBAJIbHY 3JaTHICTH 1 TEIJIONPOBIIHICTD, SIK 1 B IHIIMX
TUISTHKaX TOBEPXHI, 10 MPUJIATalTh 10 Micus Bumipy. Cuin
MaTd Ha yBasl, mo uacto TepMo-EPC 1 TtemmneparypHuii
KOC(QIIIEHT Yy JIy’K€ TOHKUX IUIIBOK, HAWJISHUX Ha MOBEPXHIO,
OyayTh 3ajie)aTH BiJl TOBIIMHM HAMMWJIEHOTO IApy, TEPMIUHOT
00poOKHM 1 TEIUIOBOrO pO3IIMPEHHS Martepialy, Ha SKUi
BUKOHYBAJIOCSI HallWIIIOBaHHS. BuMip TemmnepaTypu NOBEPXOHb,
10 PYXalThesl, Mae cBoi cnenudiuni mpobaemu. Halikpame ams
IIbOTO 3aCTOCOBYBaTH OE3KOHTaKTHI METOAM BUMIPY — 3a
BUMIPOMiHIOBaHHAM. O/iHaK y 6araTbOX BMIIAQJKaX 3aCTOCYBaHHS
OE3KOHTAKTHOTO METOJy HE MOXE OyTH 3I1MCHEHO, TOMY IO
HEMae MpsIMOi BHUJIMMOCTI BHUMIpIOBaHOi MOBepxHI abo ioro
3aCTOCYBAHHIO MEPELIKOKAIOTh 1HIN NpUYUHH. ToMy AOCHTH
IIUPOKO 3aCTOCOBYIOTBCS KOHTAKTHI1
tepmoMeTpu. [lpu 1pomy, K mpaBuiio, BUHUKae abo mpoliema
3a0e3MeueHHs TeIJIOBOI0 KOHTAKTY MK TEPMOMETPOM 1 TIJIOM,
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0 pyxaeTbcs, abo mpolieMa mepenadi BUMIPIOBAJIHLHOTO
CUTHAIIy 3 Tija, IO PYXa€ThCs, HA CTalllOHAPHY BUMIPIOBAIbHY
YCTAHOBKY. SIKIIO TepMOMETp KOPCTKO 3akKpilUIeHUH Ha
BUMIPIOBaHIM TOBEpXHI (3 ypaxyBaHHSM BHKJIAICHUX BHUIIE
0cOOIMBOCTEH BHMIPY TeMIEpaTypu IOBEpXOHb) 1 HOro
TeMIleparypa MPaKkTUYHO [OPIBHIOE TeMIlepaTypi MOBEpXHi,
BUHUKAE 3ajada Iepefadi IMOKa3aHb TepMOMeTpa Ha
CTalllOHapHY BHUMIPIOBAJIbHY YCTaHOBKY. lle MoxkHa 3aiiicHUTH
Opyd  MajdMX  TOCTYHNAIbHUX  TEPEMILICHHAX  THYYKUMHU
cronyyHuMH TmpoBogamu. [lpu oGepranbHOMYy pyci mepeaaya
CHTHAITy 371 CHIOETHCS Yepe3 00epTOBUI KOHTAaKTHUI MPUCTPIH,
HaWIMpOCTIIIMM  BapiaHTOM SKOTO € KOHTaKTHI  KIJIbIIA.
[IpukiazomM MoXKe CITy’)KUTH cxema, 300pakeHa Ha puc. 2.24.
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Puc. 224 — Cxema BuMipy Temmepatypd OOEpTOBUX JAeTanei

TECPMOCJIICKTPUIHUM TCPMOMECTPOM

Ha oOeptoBiii nerami 1 posramoBaHuii poboumii crait
TEPMOEJIEKTPUYHOTO TepMoMeTpa 2. BunbHI KiHII TepMoMeTpa
YTBOPIOIOTH 1HIIUH crail 3 TepMOMETpa, 110 00epTAETHCS Pa3oM
3 JeTalnio. Y pO3pUB OJHOTO 3 EJIEKTPOJIB uepe3 KOHTAKTHi
KUIbLA 4 BKJIIOYEHUH €JIeKTPOHHUH MiJICHIIIoBay 5. 3a HasIBHOCTI
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pi3Humi Temmeparyp cmaiB 2 1 3 migcuimioBad 5 yepes
CJEKTPOHHHUM OJIOK 6 3MIHIOE HarpiBaHHA Tedi 7, y SIKid
3HAXOJIUTHCS 00CpTOBUI cmail 3, JOTH, MOKHA BUMIPIOBAIBHUN
CTPYyM y JIaHIIO31 He OyjJe MOpIBHIOBAaTH HYIIO, TOOTO IOKH
Temreparypu cmaiB 2 i 3 He OyayTh piBHI. Temmneparypa B meui
BUMIPSIETBCS TEPMOMETPOM & 1 BHUMIPIOBAJIBHUM IpuUiagoM 9.
Bona Oyzne mopiBHIoBatH Temmeparypi cmaio 2. BiacyTHicTh
CTpyMy B JaHL}O31 BHKIIOYA€ BIUIMB MEPEXiJHUX ONOPIB
KOHTAaKTHUX Kinens. Ilepenava curnany moxe 37iiicHIOBaTucs i
OE3KOHTAaKTHUM CIIOCOOOM 3a JOINOMOIOI TEJIEeMETPUUHOI,
Halyacrime iHIyKTUBHOI, cuctemu. OmHaK OE3KOHTAKTHI
CHCTEMH [UIl TEPMOEJIECKTPUYHUX TEPMOMETpIB CKJIaJHI 1 He
3HAMIUIM IIMPOKOr0 3aCTOCYBAHHS.

Bumip memnepamypu nonaym's. Bumipu Temreparypu
noJyM'st MaroTh cBoOi cnenudiuHi ocobmmBocti 1 TpyaHomi. [pu
BUOOpI METOJy BHMIpPY aHaJI3yIOThCS PIBEHb BHUMIPIOBaHHX
TeMreparyp, OakaHa TOYHICTH 1 TN momym's. Temmeparypa
TOpiHHS TMPHUPOAHOTO Tra3y, PIAKOro MajauBa 1 BYriUiA, SIK
npaBuiio, Hwk4ye 2100 °C. BukitoueHHs ckiaae Temmeparypa
nojayM's, 30aradeHoro KHCHEM, L0 MOXKE CSTraTh BEIMKHX
3Ha4YeHb. Temmeparypa CMOJOCKHIIA YU TIOJyM's B OUIBIIOCTI
IIPOMHCIIOBUX YCTaHOBOK JIeKUTH B iHTepBaii 1600—1900 °C.

[Tonym's siBisie cOOOK0 YaCTKOBO MPO30pPE CEPEOBUIIE 3
IIPOCTOPOBUM TEMIIEPATYPHUM TIIOJIEM, IO MIHSAETbCA B Yacl.
Bumip  TemmepaTypu = moayMm's  MOKe  3JIHCHIOBaTHCA
nipoMeTpamu BUIIPOMIHIOBaHHS abo KOHTaKTHUMU
tepmoMerpamu. Ilpu BuMmipi Temmeparypu TOAyM's 1O
BUIIPOMIHIOBAHHIO BiJJOYBAa€ThCS IMPOCTOPOBE YCEpEAHEHHS
TeMIIepaTypH Y3JI0BXK OCi Bi3yBaHHs mipomeTrpa. Ha pesynpTaTn
BUMipy OyAyTh BIUIMBAaTH BUIPOMIHIOIOUI KOMIOHEHTH (4aCTKU
Caxki, IBOOKHUC BYTIJIEI}O, BOJSHA Iapa Ta 1HIII TBEPAl YaCTKH),
1110 3HaXOJAThCS B oyyM'i. Bennke 3HaueHHs Mae BUOIp TOBXUH
XBWIb, CIpUAMaHuX mipoMeTpoM. HeBunpomiHiorodi rapsdi 4u
XOJIOZHI 30HU Ta3iB MPUHIUIIOBO HE MOXYTbh OYTH OOMiproBaHi
MipoMeTpaMH  BUIIPOMIHIOBaHHS ~ 0e3  cheuiagbHOro  ix
niagapOboByBaHHS.
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Brionym T =
1 Brioaym-Bra(1-Olnioaysm.)

R\ R o

Puc. 225 - Bumip Ttemmeparypu  TOAyM's  CIOCOOOM
BUTIPOMIHIOBAHHS-TOTJIMHAHHS

PosrnsiHemMo niesiki crmocoOu BUMIpY TeMmepaTypH MOIyM's
13 3a3HAYEHHSIM X 0COOJMBOCTEH 1 MOXKIIMBUX MOXHOOK. OMHUM 3
MX CrHoco0iB € Tak 3BaHUK CIIOCIO BHUIPOMIHIOBAaHHS —
MOTJIMHAHHSA. [1est MeToy mossrae y 3piBHIOBaHHI CHIEKTPATbHUX
€HepreTUYHUX  SICKPaBOCTEM  TeMIlepaTypHOi  JaMIu, IO
CIIOCTEpIraeThCsl Kpizb MoiayM's 1 Oe3mocepenHbo (puc. 2.25).
[To3HauuBmm yepe3 By, — crekTpanbHy eHepreTHuHy SCKpPaBiCTh
MoJIyM's1, a yepes B.. - CIEKTPAIbHY
€HEepreTHUHY SICKPaBiCTh CTPIUKH TeMIIepaTypHOi JIaMITH, MOKHA
3amMcartd, L0 CHEKTpajbHa E€HEepreTHYHa SICKPaBICTh CTPIYKU
JIAMIIH, 110 CIIOCTEPIraeThCsl KPi3h MOIYyM'sl, CTAHOBHUTH:

Bl’lfl + Bm1(1 - anﬂ)!
e O, — KOoe(DIM€eHT TOTJIWHAHHSA TMOAyM'st (3HAYEHHS Ol
HEB1JI0MO).

3MIHIOIOUM TEMIIepaTypy CTPIYKH TEeMIIEpaTypHOi JIaMIn
TaKUM YUHOM, 11100 BUKOHYBAJIacsl yMOBa:

anl + Bm1(1 - anﬂ) = Bm.fu
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Onepxxumo
Bm.]l = Bl’l}l/a}’l/’l'

Omxe, Temmeparypa TMONyM'ss IOPIBHIOE SICKpaBiCHIN
Temmepatrypi TemmeparypHoi Jjammnu. lLlei Merton no3BoIsie
3aJIUIIATA HEBIIOMUM KOEQIIIEHT TOTJIMHAHHS MOJIYM'S, IO Yy
pearbHUX yMOBaXx MPAaKTUYHO HeBU3HaueHUil. ToMy mMeronnyHa
noxuOka € He3HauHOr. OJIHAK IPAaKTHYHA peatizailisi MEeTOy Ha
IIPOMHCIIOBUX YCTaHOBKAaX IOB'A3aHa 3 TPYJHOLIAMH 3/11HCHEHHS
TaKOi ONTHYHOI CHUCTEMH, Y SIKO1 00M/IBa KaHAIM HE TIIBKH Mallid
0 OJHAKOBI CIEKTPaJbHI XapaKTePUCTUKU, a I OJHAKOBO
3MiHIOBaM O iX y mporeci excruryaTtarii. Lleit meron nepenbavae
3aCTOCYBaHHS KBa3IMOHOXPOMAaTHYHOIO HIipoMeTpa, 1 TOMY
MOJTyM'si TOBHHHO BHITPOMIHIOBATH 32 TUX CAMHUX JIOBXKHH XBHUJIb,
3a AKHMX IpaLIo€e MIpoMeTp. Y pi3HOBUI LIbOI'O METOAY MOXKIIMBE
3aCTOCYBaHHS MiPOMETPIB MOBHOTO BUIIPOMIHIOBAaHHS, OJHAK Y
LbOMY BHIIQJIKy MOXYTb MaTH MICLE METOJUYHI IMOXUOKH,
O0OyMOBJICHI BIAXWJICHHSIM BHIIPOMIHIOBAIBHUX BJIACTUBOCTEH
MOJIyM'st BiJl CIpOro BUIPOMIHIOBAHHS.

Jia BuUMIpy TemmepaTypud HECBITIOBOrO Moyym'ss abo
HarpiToro raszy 3acTOCOBYIOTh METOJl 3BEPTAaHHS CIEKTPAIbHUX
cmyr. Jlns peamizariii bOro METOAY B TMOJYM'st BBOIATHCS COJI
HaTpil0, HAPUKJIa/ MOBapeHy Cijib, 10 0¢apOIIIO0Th MOIyM's B
XKOBTUM Kouiip. J{aial BUKOPUCTOBYIOTh TE€MIEPATYypHY JIaMIly 1
CIIEKTPOIIPOMETP 1 3pIBHIOIOTH CIEKTPAJIbHY €HEpreTHUHy
SICKpaBICTh 3a JOBXXWMHU XBWJII BUIPOMIHIOBAHHS HATPIIO JUIS
namnu 1 nmonym's. Temmeparypa nammnu Oyzae AOpPIBHIOBATH
TeMIIepaTypi MoayM's 3a pIBHOCTI CHEKTPAIbHUX €HEPreTHUHUX
sickpaBocTeil. B ycix mux Bumajakax mojiyM's MOBUHHE OyTH He
30BCIM ONTHUYHO MIUIBHUM, LI00 MOXKHa Oyllo CHocCTepiratu
gyepe3 HbOTO.

[TlipomeTpy  CHEKTPaJIbHOTO  BIAHOWIEHHS  MOXYTh
3aCTOCOBYBATHUCS [UIsl BHUMIPY CBITHOIO MOJYM's, HAaNpUKIa]
mijacBideHoro caxero. Ciia 3a3HA4YMTH, IO 3aCTOCYBAaHHS OyIib-
SKUX  METOJIB  BHUMIpY  TeMIeparypu  HOaym's IO
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BUIIPOMIHIOBAaHHIO BHUMarae
MOMEePEHbOr0  TOCHIPKEHHSI CHEKTPAIbHUX XapaKTEPUCTHUK
noNyM'ss H yMOB, y SIKUX OYAyTb MPOBOJIUTHCS BUMIpPH, 3 METOIO
BUSBIIEHHS (PAKTOpiB, 1[0 BIUIMBAIOTh HA PE3yJbTAaTH BUMIPY
(IHIIUX JKepen BUIPOMIHIOBAHHS, MPOMDKHOTO CEPEOBHIIA,
MTUAJTY TOIIIO).

OxHuM 3  HEJOJNIKIB BUMIpY TeMIeEparypu MOIyM's
MipOMETpaMH BUIIPOMIHIOBAHHSI € YCEpPEAHEHHS TeMIepaTypu
y310BXK onTHUYHOI oci. ToMy HE MOXHa BHU3HAYUTH, A0 SKOi
TOYKH MOJYM'St BIAHOCUTBHCS OTPUMAHUU pe3yibTar. Y LbOMY
BIIHOIIEHHI ~ 3aCTOCYBaHHS  HEBEIMKUX 33  po3MipaMu
TEPMOENIEKTPUYHUX TEPMOMETPIB Mae iCTOTHI nepeBaru. OpHak
TeMIepaTypa Takoro tepmomerpa Moxe ictotHo (Ha 100-200
°C) Biapi3HATHCA BiA TeMIEpaTypu ra3y, ToMy o BoHa Oyxe
BH3HAYATHCS 32 TEIUIOBUM OajaHCOM TepMOMeTpa. Y 3B'A3Ky 3
TUM IO PO3PaxyHOK TOB'SI3aHUI 3 HEOOXINHICTIO OAEpIKAHHS
J01aTKOBO1 1H(OpPMALii PO MBHUIKICTH Ta3zy (MOIyM's) y TOUI
BUMIpY, BUIIPOMIHIOBAJIbHUX 3[10HOCTSAX MOTyM's 1 TEpMOMETpA,
OJlepalli TOIIMPEHHSI CIIOCOOM BHMIpY, SKi JI03BOJISIOTh
BUKJIIOUMTH 11l TApaMEeTPH 3 pO3paXyHKOBUX BUpa3iB. [ nporo
3aCTOCOBYIOTBCS J[BAa TEPMOMETPU 3 PI3HUM JI1aMETPOM
TEPMOENEKTPOAIB (PO3MIPH CMal0 B IIbOMY BHIAAKY MOBHHHI
JIOPIBHIOBATH JIlaMeTPy TEPMOENIEKTPO/IIB), 1110 PO3TALIOBYIOTHCS
MPAKTUYHO B OJHIM 1 Tiif e Touwi nmomym's (razy). Tonai aiiicHa
TeMIeparypa:

0,6
d )" T, -To,
t =t (t —t )/ 2 2 em 1 |- (21)
y/g 1\ 2
d ) 17'-1

i Bupa3u nepeadayaroTh TEMI00OMIH BUIIPOMIHIOBAaHHSIM
MK TEPMOENIEKTPOAaMH 1 CTIHKOIO 1 He BpaXOBYIOTh TETJIO0OMIH
MK TepMoMeTpoM 1 nmoayM'sm. Lle cipaBeinBo aist mpo3opux,
HECBITJIOBHX IUIaMEHIB 1 Ta3iB. B onTHuHO HIiIbHOMY HOJYM'T
TEPMOMETP «HE OaYuTh» CTIHOK 1 TOMY 3aCTOCOBYBaTH BHpa3
(2.1) HenmomuinibHO. Y 3B'SI3KY 3 IIUM 3aIPOINIOHOBAHO BUMIpPIOBATH
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TEMIIepaTypy OAHMM TEPMOMETPOM, a BUIIPABJICHHS OLIIHIOBATH
3a 3a1exHICcTIO (2.1).

Bumip memnepamyp 6 enepzemuunux peakmopax. Bumip
TEMIIEpaTyp B EHEPreTHYHUX pEeaKTopax 1 aKTUBHIM 30HI Mae
cBoi cnemudiuni ocobmmBocti. [lo-mepme, ne nNHUTaHHS
pamiamiiiHoi Oe3mekH, SKi BUMaralroTh 3aCTOCYBaHHS METOJIB 1
3aco0iB BHUMIpY TeMIIEpaTypu, IIO BiAPI3HAIOTHCS BUCOKOIO
HaJIAHICTIO, TO-Ipyre, — 3a0e3MeUeHHs TpPHUBAIOi poOOTH
3aco0iB BHMIpY TeMIeparypu 3i CTaOUIBHUMH UM MPAKTHYHO
CTaOlIbHUMU TPaAYIOBAIbHUMH XapaKTePUCTUKAMHU.

[MutanHs HaxpidHOCTI 3aco0iB  BHMIpY TeMIepaTypu
3BOJSATECS B OCHOBHOMY JIO CTBOPEHHS TakKoi KOHCTPYKIIi
TepMOMETpiB, IO 3abe3nedyBana O OE3BIAMOBHY pPOOOTY SK
MPOTATOM TPUBAJOi eKCIUlyaTalii, Tak 1 MpU aBapidHUX
CHUTYaIisX.

OnHicr0 3 HaWOIBII BaXJIMBUX 1 CaMUX TEIUIO-
HaNpY)KEHUX YacTUH pEaKTopa € TEIUIOBUAUISIOUl EJIeMEHTH
(tBemu). OCKiTBKM B HHUX pO3TalllOBaHA PEYOBUHA, IO
MOOUISIETECSI, TO BOHM € 1 HaWOUIBII BiAIOBiHAILHUMHA
qacTUHaMH peakTopa. Ilpumyctumuii piBeHb TemmepaTrypu
nanuBa 1 OOOJIOHKM  BHM3HAYA€ThCA  3aCTOCOBYBAHHWMU
Matepianamu. ToBmuHa o6omoHOK — Big 0,1 MM ans crameBux
000710HOK 10 | MM ISl HIHMPKOHIEBUX CIUIaBIB. 3HAYCHHS
TeMIepaTypu 3aJeXHO BiA BUAYy peakTopa 1  Horo
KOHCTPYKTUBHHUX 0co0mBoCTeH ckinanaroth Bia 350 o 1200 °C.
3aHMKEHHS TeMmIepaTypd OOOJIOHOK IIOJ0 PO3paxyHKOBOT
MPUBOJUTH IO TMAaJIHHSI TOTYXXHOCTI peaktopa. [linBuiieHHs
TeMIepaTypu MOXe BUKIMKAaTH pyWHYBaHHA OOOJOHOK 1
MPUBECTH 0 aBapiiiHOi cutyamii. ToMmy BUMIp TemmepaTypu
00OJIOHOK TBEJIIB € OJHI€I0 3 HAMBAXIMBIIIUX 3a4ad BUMIPY
TeMIEpaTypd B  €HEPreTMYHUX  peakropax. Haiibinbin
OPUAHATHUMU JJIs1 Li€l MeTH € KaOelbHI TepMOEIeKTPHYHi
TEPMOMETPH, IO MAIOTh IIJBHUINECHY CTIHKICTh /10 TETUIOBHX
yaapis, BiOpaliif, MeXaHIYHUX HaBaHTaXeHb. BaxJIMBUMU
JOCTOTHCTBAMHM  KaOENbHUX TEPMOMETPIB €  MOXIIUBICTb
oJlepaHHA Manux iX pmiamerpiB ix (mo 0,5 mwm), pi3HOrO
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MOTIEPEYHOTO TIepepi3y — KPYTIuX, MIOCKHUX, OBAILHUX TOIIO, a
TaKOX MOJJIMBICTh BUTOTOBJICHHS MEPEMIHHOTO 33 JOBKHUHOIO
niamerpa. KaGempHI TepMOENEKTpUYHI TEPMOMETPH MAarOTh
JOCTaTHIO JOBXHWHY 1 THYYKICTH JUISi TPOKJIAJIKH B CaMHUX
BO)XKOJOCTYITHUX MiCLsX. 3aJe)KHO BiJ] KOHCTPYKII TBeIiB
3aCTOCOBYIOTBCS ~ Pi3HI  CIIOCOOM  3aKJIaJieHHS  KaOeJIbHHUX
TEpMOMETpPiB B 000JIOHKY TBemiB. Lle Moxke OyTH 3akiaJeHHS
tepmomeTpa 1 (puc. 2.26, a) y aumcTaHIlioHyrode pebpo 2 Ha
000IIoHIII 3 TBeNa, y SKOMY 3HAXOAUThCA NaMBO 4. MoXIuBe
KpituieHHs TepMoMeTpa 1 10 000JI0HKH 3 crtocoOOM III1a3MEHOTO
HanwioBaHHs (puc. 2.26, 06) Ta iHm crnocobu. BapianTh
KPIIJICHHS 1 PO3MIpU TEPMOMETPa BU3HAYAIOTHCSI KOHCTPYKIIIEIO
1 po3Mmipamu OOOJIOHKM TBella, a TaKOXK 3a0e3MeUYCHHSIM
MIHIMAJILHOTO TIEPEKPYYyBaHHS TeMIeparypu 00OJIOHKH B MiCITi
BUMIPy CaMHM TEPMOMETPOM 1 Horo KpimieHHsM. Kpim
3BHYAIHUX, BUITYCKAIOTHCS Ka0ebH1 0araTo30HHiI
TEPMOIIEPETBOPIOBAYi J[iaMeTpOM 3 i 6 MM i3 YUCIIOM POOOUYUX
cmaiB 3 1 5, BigcramHro Mik cmasmu 1000 1 1500 mMm 1
MaKCHUMAaJIbHOIO JIOBXXHHOIO TEPMOIIEPETBOpIOBaya 25 M.

Puc. 2.26 — TepmoeneKTpuiHi TEPMOMETPH JJISl BUMIPY TeMIIepaTypu
000JIOHOK TBEJIIB:

a) 3a0uTHii y JUCTaHIliOHyro4Ye pebpo; 0) 3aKkpimieHHHd IUTa3MEHUM
HAITIOBaHHIM

bararozonni  kabGenpHI  TEPMOMETPH  JO3BOJISIFOTH
BUMIPIOBaTH TEMIEpaTypH B PI3HUX TOUYKAX AaKTHUBHOI 30HU
(HampukiaA, pO3MOALIM TeMIepaTypu rpadiToBOi  KIaaKu
peakTopa 3a BHUCOTOIO0) OJHUM TepMoMeTpoM. TemmepaTypa €
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BOXIIMBUM TIapaMeTpPOM, SKUH XapaKTepu3ye BIACTUBOCTI
rpaditoBoro  croBimpHIOBa4Ya. OcobOnuBocTi i1 BUMIpY
BH3HAYAIOTHCS BIJTHOCHO BUCOKHMM 3HAYEHHSM TeMIepaTypH (10
800 °C), HaByIUVICHIOBaHHSAM  MaTepialiB  KOHCTPYKIIIi
TEPMOMETpPA, ONPOMIHEHHSIM, IO 1OHI3YE, 1 MPAKTUYHOIO
HEMOXUIMBICTIO JOCTYNy 10 Miclib BUMipiB. Kpim Toro, Benuke
3HA4YeHHs1 Mae BUOIp HANOUIBII XapaKTEPHUX TOYOK BHUMIPY Y
rpadiToBIN KIIAIII.

Jdns  BUMIpY MaKCHUMalbHOI — Temmeparypu  Trpadity
3aCTOCOBYETHCS TEPMOENIEKTPUYHHIA TEPMOMETP 1,
PO3TaIIOBYBaHUH 3a JIOTIOMOTOI0 HANPABIISIOYOTO MPHUCTPOIO 2 Y
LeHTpi KaHany 3 ocepenky rpaditoBoi kinaaku (puc. 2.27). Ipu
IOMY CIIiJT BpPaxOBYBaTH MOJXJIMBI METOJMYHI TIOXUOKH,
BUKJIMKAaHI TEPMIYHUM OIOPOM MIapy ra3y Mi>K poOOUYUM CIAEM 1
MoBepXxHero rpadiToBoi KIaaky. [HII BapiaHTH KOHCTPYKIIii, IO
3a0e3neuyroTh Oe3rnocepeqHiii KOHTAKT 13 MOBEpXHE Tpadiry,
HE 3HaWIUIA IIUPOKOT0 3aCTOCYBAHHS Y 3B'A3KY 3 YCKJIaIHEHHSAM
KOHCTPYKIIi 1 3MEHILIEHHSIM pecypcy poOOTH.

Jdnsi  BuUMIpy TeMIEpaTypHHX  PEXHMIB  IMPHCTPOIB
TEIUIOBOTO 1 010JIOTTYHOT0 3aXUCTY, a TAKOK METAJOKOHCTPYKIIH
peakTopa HaiuacTillie 3aCTOCOBYIOTHCS TaKOX  KaOembHI
TEPMOENIEKTPUYHI TEPMOMETPH, 110 1HOA1 APMYIOTHCS 101aTKOBO
3aXMCHAM YOXJIOM.

Benuke uymcno TeMmeparypHHUX BHUMIPIB y peakTopax
MpUTIaZae Ha KOHTPOIb TEMIIEPATypP TEIUIOHOCIS B PI3HUX TOYKAX
MEPIIOTOo 1 APYroro KOHTYpiB. IJis 1IbOTO 3aCTOCOBYIOTHCS Pi3HI
KOHCTPYKTHUBHI BapiaHTH «KJIACHYHUX» TEPMOEIEKTPHIHUX
TEPMOMETPIB: TEPMOENEKTPOAN — 130MAIIAHI Hamucta abo
TpyOKH — 3axXWCHa Tiib3a. Y 3B'A3KYy 3 BHUMOTaMH pajianiiHoi
Oe3neky BHMHUKJIA HEOOXIIHICTH  pO3pOOMTH  crelialbHi
KOHCTPYKTHBHI pIIIeHHS TE€PMETHYHOTO BUBOJY
TEPMOEJIEKTPOJIIB 3 peakTopa. TepMOeNeKTpUYHI TepMOMETpU
yKJIaeHl B repMeruyHi TpyOku. Croiy4yHi JiHII TEpMOMETpIB
BHUBOJISITHCS Yepe3 CHeliaibHI MaTpyOKyu, BMOHTOBAaHI B OTBOpHU
kpuniku. Kinii TpyO mpuBapioroThbest 10 TpyOHOT gouiku. s
KOHTPOJIO YIIUTBHEHHS € BiJIBil O CHUTHaTi3aTopa MPOTEYOK.
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[Ipu mopymieHHI TepMETHYHOCTI 3aKJIaJeHHS TpyO BCTyIae B
poboTy pesepBHe yuiiabHeHHs. [s yMoB BiOparii po3pobieHi
BHCOKOHQ/IIi{HI JyromoAiOHI TUTB3M BEIMKOI CTIMKOCTi, IO
CKJIQ/Ial0ThCS 3 JBOX KOHIYHUX YACTHH 1 HMWJIIHIPUYHOI YACTUHU
Mayoro jaiamerpa (puc. 2.28). [y 3a0e3nedeHHs repMEeTUYHOCTI
KOHTYPY 3 AaKTUBHHUM CEpEJOBUIIEM 1 BHUCOKOI HaJilHOCTI
3aco0iB BUMIpDy  IOUPOKE  3aCTOCYBaHHS  3HAXOMSTh
OararoeleMeHTHI TEepMOMETpHM 1 0arato3oHHI  KaOeJbHi
TEPMOMETPHU, SIKi JJO3BOJSIFOTH CKOPOTHTH YHCIO CBEPAJIiHB Y
TpyOompoBoax i eMHoCTsIX ycrarkyBanHsa AEC.

2

/
3

P

Puc. 2.27 — BumiproBaHHS TeMIiepaTypu rpadiToBoi KIaKi peakTopa

Puc. 2.28 — TepmoenekTpu4aHUi TEPMOMETD 13 AYTOMOAIOHOIO T171b3010
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SIk 3a3Hauvanocs BUIIE, BEJIWKE 3HAUYEHHS MPH BUMIpI
TeMIiepaTypu B peakTopax Ma€ TUTaHHS CTaOUIbHOCTI
IpaJylOBAIbHAX XapaKTEepUCTHK 3aco0iB BHMIpY B YMOBax
10HI3YIOUHX BUIIPOMIHIOBaHb BEJIUKOI MOTYXKHOCTI. TepMomeTpu,
pO3TalIoBaHi B aKTUBHIN 30H1 MiAIAI0THCS BIUIUBY HEUTPOHHOTO
MOTOKY, OCKOJIKIB PO3MOJiIY, €JEeKTPOHIB Ta IHIIMX 4YacTOK,
BIUIMBY Y-BHIIPOMIHIOBaHHS. Y pe3yibTaTi LbOTO MOXKE
BiOyBaTUCsA 3MiHAa CTPYKTYpH, CKJIaay 1 BIAMOBIAHO 3MiHA
¢Gi3MYHMX BIACTUBOCTEH 1 METPOJIOTIYHHUX XapaKTEPUCTHK
TEPMOMETPIB. Y TEPMOENIIEKTPUYHUX TEPMOMETPax IiJ| BILIMBOM
pamiamii MOXYTb BUHHUKATH THMYaCOBI BIIXWJICHHS
BUXIJHOTO CHUTHAlly 1 TpUBaji, Yd IHTErpaibHi, BIAXUICHHS.
TumyacoBi BiAXHWIIEHHS CHOCTEPITalOThCS B TEPMOMETpaxX IpHU
BIUIMBI BHUIIPOMIHIOBAHHS 1 3HHMKAIOTh TPH NPHUIHHEHHI
BUINIPOMIHIOBAaHHS 32 HE3MIHHOi BHMIpPIOBAHOI TeMIEpaTypH.
TpuBanmi uum iHTerpanbHI BIIXWIEHHS BHUXITHOTO CHTHAIY
TEpMOMETpa  MalTh  MiCIle NpH  TPUBAJIOMY  BIUIMBI
BUIIPOMIHIOBAHHS, KOJIM TEPMOMETp «HaOpaB» MEBHUN (IItOeHC
BUNIPOMIHIOBAaHHS  (KUIBKICTH  iOHI3yrouMx  4actok).  Lli
BIIXUJICHHS BHUXIJHOTO CUTHAIy TEPMOMETpa 3ajHUILAIOThCS 1
IIpY NPUIUHEHH] BUIPOMIHIOBAHHS 3a MOCTIHHOI BUMIPIOBaHOI
TeMmreparypu. [HTerpanbHe BIOXWUJICHHS BHUKIHKAETHCS, 5K
MpaBWIO, palalliifHUM TEepPEepOKEHHSAM OKPEMHUX €JIEMEHTIB,
10 BXOJATh N0 CKJIAAy TepMoeneKTpoaiB. Lle BiAXuieHHS He
MO3K€ OYTH 3HATO TEPMOOOPOOKOIO EIEKTPO/IIB.

SIk  mokasamM  JOCHIJUKEHHS, THMYACOBI BIIXHIECHHS
BUXITHOTO CHTHAJTy TEPMOCJIEKTPHYHUX TEPMOMETPIB Y
OUTBIIOCTI BUMNAJAKIB HE MepeBHIIyI0Th | % BuMiprOBaHOI
TeMmIeparypu. BHUCIOBIIOEThCS TNPUMNYIIEHHS Opo Te, IO I
BIIXUJICHHSI BUKJIMKAHI PO3ITPIBOM TEPMOMETPIB Y pe3yabTaTl Y-
ONPOMIHEHHs. 3MEHIIEHHS IbOT0 BIAXWJIEHHS JOCATAETHCS
3MEHIICHHSM PajiaJbHOTO TEPMIYHOTO OIMOpPY TEepMOMETpa, a
TaKOX 3MEHILICHHAM TEIUIOBUAUICHHS B CaMOMYy YYTJIHUBOMY
€JIEMEHTI.

AHani3 IHTETpalbHUX BIAXWICHb BHXIJHUX CHTHAIIB
MOKa3aB, IO MPAKTUYHO HE MAlOTh IHTETPATBFHUX BiJIXHICHD
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XpOMEIb-aTIOMENIEBI  TEPMOENCKTPUYHI  TEPMOMETPH, IO
MIIABATMCS OMPOMIHEHHIO 3 MIUIBHICTIO TOTOKY 10HI3YFOUHMX
qacrok 710 4,5-10% ¢m? 3a temriepatypu 1000 °C. 3a Tux camux
YMOB 1HTErpajbHi BIAXWJICHHS IUIATHHOPOMIM-TUIATHHOBHX
tepmomeTpiB ckimanu 30 °C. Li pe3ynbraTé MiATBEPIKYIOTHCS
JOCII/DKEHHSAM  pajialliiHOrO  TEPEpOUKCHHS — MaTepialiB
TEPMOEJICKTPOJIIB Yepe3 NepepoKeHHs poaio. HalimeHma
3MiHa CKJIQAy BiJ3Hayajacsi B Iapl XpOMeJb-alloMesb, BOHA
MOPO3YMIBAETHCS CTIMKICTIO HIKENIO, IO CKJIAJ]A€ OCHOBY ITUX
CIUIaBiB, JO pPAaJIOaKTUBHOIO po3mnaxy. Takum  4uHOM,
3aCTOCYBaHHS  XPOMENb-ATIOMEICBUX  TEPMOCIEKTPHYHUX
TEPMOMETPIB Y PpEaKTOPHUX BHMipaX J03BOJIIE IPAKTHUYHO
BUKIIIOYUTH IHTETPAbHI  BIAXWIEHHS BHXIAHOTO CHUTHAIY
TEPMOMETDA.

TepmomeTpu omopy Ui BHYTPIITHBOPEAKTOPHUX BUMIpIB
IIPAKTUYHO HE 3aCTOCOBYIOTHCS, Y 3B'A3KY 3 ICTOTHOIO 3MIHOIO
€JIEKTPUYHOTO OIIOPY i BILTMBOM 10HI3YIOUHX BHIIPOMIHIOBAHb.
VY pe3ynbTraTi SACpHUX NEPEeTBOPEHb €IEKTPUUHUIN OIMip 3pOCTaE,
IO MPHUBOJHUTH /IO 3aBHIICHHS TOKa3aHb TEPMOMETPIB OMOPY.
Yepes kpally cTabUIbHICTB 1 OLIBIIMIA Jianma3oH BUMIpY IiepeBara
BIJIJA€THCS TJIATUHOBUM TepMoMeTpaM. MifgHl TepMOMETpH AJist
BUMipy Temnepatyp Ha AEC He 3aCTOCOBYIOThCH.

Bumip  kpuozennux  memnepamyp. KpuoreHHumu
HaszuBaloThesl Temmeparypu Hwxkde 90 K. Bumip Ttakux
TEMIIEpaTyp Mae CBOI cHelu(iuHi 0COOIMBOCTI 1 TPYAHOMI, 110
3pOCTaloTh IpU  HAOMIKEHHI A0  aOCOJIFOTHOTO — HYJIS.
Haii6inpmioro mommpeHHs AJii BUMIPY HU3BKUX TEMIIEpaTyp
oJIepXKalli TEPMOMETPHU ONOPY 1 TEPMOENEKTPHUHI TEPMOMETPH.
TepMomeTpu omopy 3acTOCOBYIOThH JUIsl BUMIPY TeMIEpaTyp BiJl
0,01-0,02 K i Bumme. OcobauBICTIO BUKOPUCTAHHS TEPMOMETPIB
Oropy 3 MeETally € Te, IO OIip TEePMOMETpa 3a HU3BKHX
TEMIIepaTyp CTa€ HACTUIBKM MallUM, IO YTPYAHIOE iX BUMID.
I[Ipy  upomMy  3MeHUIYETbCS  KOe(DiliEHT  MepeTBOPEHHs
TEPMOMETPIB, L0 BIUIMBA€ HA TOUHICTh BUMIpY. 3pOCTa€ BIUIUB
neeKTiB KpUCTAIYHUX IpaT Marepialy TepMOMETpa Ha ioro
OITip 32 HU3bKHUX TEMIIEPaTyp.
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3MEHIICHHSI TEMJIOEMHOCTI  MaTepialiB 32 HHU3BKUX
TeMIIepaTyp MOK€ MPUBECTH JI0 ICTOTHOI BIAMIHHOCTI BIJIACHOI
TEMIIEpaTypu  YyTIMBOTO  €JIEMEHTa  TEepMOMETpa  Bif
TEMIIEpaTypd  BHUMIPIOBAHOTO  CEpEAOBUINA 33  paxyHOK
caMOHarpiBaHHs 1 MiJBEICHHS TEIUIOTH IO MPOBOAAX 1 3aXMCHIN
apmarypi.

3 MeTaleBUX TEPMOMETPIB IIHUPOKO 3aCTOCOBYIOTHCS
maTuHOBI TepmoMerpu omopy Big 10 K 1 Bume. B okpemux
poboTax IJIATHHOBI TEPMOMETPH OIOPY 3aCTOCOBYBAIHCS IO 2
K. Jlns BuMipy HHM3BKHUX TeMIlepaTyp po3poOseHa crelrjiaibHa
KOHCTPYKIliI TUIATUHOBOTO TepMomeTpa omopy (puc. 2.29).
[InatunoBuii  napit 1  miamerpom 0,05 MM, TOKpUTHI
BiHiQuIekcOBUM J1akoM ToBIuHOKO 0,008 MM, HaAMOTyeThCs
O0ipiIApHO HA TUIATMHOBHH CTPHIKCHBb-KapKac 2, OAWH KiHEIb
SIKOTO 3alpecoBaHMid y cremianpHui 3oasaTop 3. [lmaTuHOBI
BUBOJM 4 MIAKIIOYEHI 10 CIIONIYYHUX IITUPIB 5. CTPHKEHb 1 apiT
MOKpUTI  BIHI(QJIEKCOBHMM  JIaKOM, WIO0 CTBOPIOE  HAIIHHY
CIEKTPUYHY 130JISI[iF0 1 HE B3aeMojie 3 IulatuHoro. Jlis
MOJINIIEHHS.  TEIUIOOOMIHY IUIATHHOBUH  KapKac-CTPUKEHb
OpunasHuil 10  MertaneBoro  yoxya. JIs  3MeHIIEHHA
TEIUIONPUTOKA 330BHI 3aCTOCOBYIOTHCS CIIOJIYYH] POBOAM MaJIOro
neperuny (miamerp 0,1 mwm). Tepmomerp Takoi KOHCTPYKLii
BUHIIIIOB AY)K€ MIHIATIOPHUM: JOBXHHA YyTIHBOro enemeHnrta (Rg
= 100 Om) Tepmometp 8 MM, niamerp 1,6 MM, JiamMeTp 3aXHCHOTO
yoxja 2-3 MM. 3a pyOexeMm JesKke TMOIIMPEHHS OfAepKalu
HikesneBl Tepmomerpu omnopy (B iHTepBami 77-300 K) i
TEPMOMETPH 3 MaHTaHiHy (B iHTepBaii 4,2— 300 K).
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Puc 2.29 — CrpwxHeBUH TUIATHHOBHI TEPMOMETP OIMOPY Ui BUMIpY
KpUOTE€HHUX TeMIIepaTyp

VYci TepMoMeTrpu 3 MeETaliB 3MIHIOIOTH CBIM Omip IijJ
BIUTMBOM MAarHiTHOTO MOJIS, IPUYOMY UMM HIDKYE TEMIIEparypa,
TUM Ounblie nedl BuMB. s IUIATUHOBOrO TepMOMeETpa el
BIUIMB € HaiiOinbImmM: 3a Temneparypu 13 K marHiTHa iHAYKITiS
no 2 T Buknukae 3011b1eHHs onopy a0 40%, npu 50 K npupict
OTIOpPY 3a TOT K MarHiTHOI 1HIYKIIl CKJIaJa€ YacTKH BiACOTKa. B
IHIIUX TEPMOMETPIB OIOpY 3 MeTally MarHiTOpe3UCTUBHUI
edexT Maike Ha IOPSAOK MEHIIIE, ajie BiH Ma€ MicIe.

Jna Bumipy temmeparyp Humwxkde 13 K B ocHoBHOMY
3aCTOCOBYIOTBCSI T'€pMaHi€BI  TepMOMETpU  omopy. Bonu
MpU3HAYEeHI JJi1 BUMIpy TemmepaTyp B inTepBaii Big 0,1 go 300
K. BuroroBmsroTbcss BOHH 3 KPUCTAJIIYHOTO TEpMaHis 3
0araTOKOMIIOHEHTHUM JIETyBaHHSIM. Omip repMaHis
30UTBIIYEThCS 31 3HIDKCHHSM TEMIIEpaTypd 1 3a TelTi€BHX
TeMIepaTyp OOYHUCIIOETbCS COTHSAMHM 1 Tucsyamu  Owm.
KoeimieHT mepeTBOpeHHs 3a MUX TEMIIEpaTyp CKJIaaae 10%-10°
Om/K. CepiiiHi repMaHi€eBl TEpMOMETPU OMOPY MAIOTh MEXY
noxubok, mo gomyckarTeesa, 0,05-0,1 K. Etanonni repmanieni
TEPMOMETPH ONOPY MAlOTh CTAaOUIBHICTh TI'paaylOBaIbHOI
xapakrepuctuku 10 0,001 K. Xoya KOHCTpYKTHBHE BUKOHAHHS
TEPMOMETpPIB Ppi3He, aje B 3arajbHOMYy BHIAJIKy KpHUCTal
repMaHisi, 10 IKOro IpUBApPEH1 BUBOY, TOMIIIAETHCS B 3aXUCHY
T'iJ1b3y (KOPILYC), 3alIOBHEHY T'ellieM, 110 MOJIIIIYE TeI000MiH 3
BUMIPIOBAHUM CEpEIOBHINEM. ['epMaHi€BI TEPMOMETPH OIOPY
TaKOXX MINJAI0ThCs BIUIMBY MarHiTHuX noiiB. Lleit BmiuB
MEHIINH, HIXK /1715 TUIATUHOBUX TEPMOMETPIB, aje npu noii B 10—
15 T noxubka yepe3 ix BIIIUB Moxke ckinacTH npu 4,2 K 61u3bko
0,15-0,2 K 1 Ginb1Ie.

3a HasgBHOCTI MAarHiTHUX MOJIB s BUMIPY HM3BKUX
TEMIIEpaTyp JMAOLIBHO 3aCTOCOBYBAaTH BYT1IbHI TEPMOMETPH
oropy. Y BYTiJIbHUX T€PMOMETPIB BIUIUB MArHiTHHUX MOJIB y 15
T s3mi"oe X mokasaHHd He Oupine HiX Ha 4-7 % mia
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temmneparyp Bix 0,01 mo 1,5 K. ByrineHi TepMoMeTpu onopy Tak
caMO SK 1 TrepMaHi€eBl, MalOTh HETaTUBHUU TEMIEpaTypHHUI
KOC(QIIIEHT 1 BUTOTOBJISIOTHCA 3 KaM'SHOTO BYTULIS HUIIXOM
creniaibHOi TepMooOpoOku. OJHMM 3 TOJOBHUX [JOCTOTHCTB
BYTUIBHUX TEPMOMETPIB € Te, M0 IX KOe(illi€HT IMepeTBOPEHHS
IIPAaKTUYHO 3BOPOTHO MPONOpLiMHMNA Temmeparypi. [nsg manux
00'€KTIB 3aCTOCOBYIOTH IUIIBKOBI BYT'UIBHI TEPMOMETPH OMOPY,
110 BHUIOTOBJIAIOTHCSA LUIAXOM HAHECEHHs IIapy KOJIOiJHOIo
po3unHy rpadity Ha miAKIagKy abo 0Oe3mocepeHbO Ha
MoBepXHIO 00'ekTa. Jlo Yncia HEeOIKIB BYTJIbHUX TEPMOMETPIB
CITi BiJTHECTH HECTaOUIbHICTh ix rpagytoBaJIbHOI
XapaKTePUCTHUKH.

3 TEePMOCNEKTPHUYHUX  TEPMOMETPIB  HaAWOLIBIIOTO
nomupeHHst s Bumipy Temmnepatyp Big 20 mo 300 K oxepkas
MiJb-KOHCTaHTAaHOBUH TepMmomerp. OpHAaK HOro KoedilieHTt
NIEPETBOPEHHsS.  ICTOTHO  3MEHUIYETbCA 3  MOHMKEHHSAM
Temneparypu. SIKmo 3a KIMHaTHHX TEMIEpaTyp BiH CTaHOBHTH
om3pko 40 MxB/K, To mpu 20 K BiH Bxke CKlIagae TiIbKH 5
MkB/K. Tomy BumiptoBanHs muMm Ttepmomerpom mpu 20 K
CMOJIY4€HO 3 TPYJHOIIAMH, a 3a OUIbII HU3BKUX TEMIIEpATyp €
MPAKTUIHO HEMOKITHBHM.

Jlesike TOIIMPEHHS OJAEp)KaB TEPMOMETP Milb-30JI0TO +
1,9% xobGanpry. OpHak CTaOUIBHICTH IIHOTO TEpPMOMETpa
HeBUcoKa. KpiM Toro, 3HauHui BIUIMB MiHJIMBOCTI TEMIIEpATypH
BUIbHUX KIHIIIB Ha MOKa3aHHs TepMomerpa. [ nmpomucioBux
BuMipiB B iHTepBaii Bia 1 g0 50 K mobOpe 3apekomennyBaB cebe
tepmomMerp (3osmoto + 0,07% 3amiza)-Xpomenb, IO Mae
MPAKTUYHO JIiHIHY XapaKTepUCTUKY NpPU TapHid CTaOLIbHOCTI.
Jlns  3MeHIIeHHS  TOXHMOKH,  BHUKIHMKAHOI  MIHJIHBICTIO
TEeMIIepaTypu BUIBHUX KiHIIB, X MOMIIIAIOTh y CEPEIOBHIIE 3
TEeMIIepaTyporo, OJM3BKOI0 10 BUMIPIOBAHOI, HANPHKIAL, Y
piakuit a3oT.

Opnak, He3BaXalOUW Ha psAJ TepeBar, TePMOEIEKTPHYHI
TEPMOMETPHU MOCTYMAIOTHCA TEPMOMETPAM OIOPY B TOYHOCTI i y
CTaOlIbHOCTI I'PayIOBAJIbHOT XapaKTEPUCTUKH.
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ManoMerpudHi TepMOMeTpH (Ta3oBi 1 KOHJEHCalliiiHi)
JOCUTh IIUPOKO BHUKOPHCTOBYIOTHCSA ISl JIAOOpaTOpHUX 1
TEXHIYHUX BHUMIPIOBaHb KPHOTCHHUX TeMmrepatyp. [ 0noBHOO
IIEPEBArol0 ra3oBUX TEPMOMETPIB € MOMJIMBICTh IX 3aCTOCYBaHHS
0e3 mornepeHbOro IpaayloBaHHs B IMIMPOKiKA 00JacTi TeMneparyp.
Hampuknan renieBuil TepMOMETp MOXKE IEPEKPUTH BCKO 00J1acThb
temneparyp Bix 90 mo 1 K. Jnsg TouHMx BUMIpiB HEOOXiIHO
BPaXxOBYBAaTH BIIMIHHICTb BJIACTUBOCTEH peanbHOro rasy, IO
3aIIOBHIOE TEPMOMETP, BiJl imeanbHOro razy. Cuix Matu Ha yBasi,
o0 po3Mipd TepMOOaJOHA € 3HAYHHUMH 1 MOJKJIMBHHA BIUIMB
TEeMIepaTypd HaBKOJMIIHBOIO CEpEelIOBUINA, TOMY O0JacTb
3aCTOCYBaHHS ra30BUX TEPMOMETPIB OOMEKEHA.

Konnencamiiini TEPMOMETPHU BUKOPHCTOBYIOTh
eKCIIepUMEHTAIbHY 3aJI€KHICTh THCKY HAacH4eHOi mapu BiJ
temneparypu. Jliama3oHn BUMipy KOHJIEHCALlIHHUX TEPMOMETPIB
y KpUOTEHHI
00yacTi TOCUTH BY3bKi, HAPUKIAA JJISl TEITIE€BUX TEPMOMETPIB
1-5 K, nns BomneBux 15-35 K. TouHicTh BUMIpy TemmepaTypu
3aJIOKUTh  BiJl ~ TOYHOCTI ~ BH3HAYEHHS  TI'PaylOBaJIbHOI
XapaKTepUCTUKH TEPMOMETDA.

TepMomeTpu MarHiTHOI CIPUHHATIMBOCTI 3aCTOCOBYIOTHCS
s Bumipy Temmneparyp Hwkde 1 K. HeoOxinHicTh MpoBeaeHHS
Mar"HiTHUX BHUMIpIB MPaKTUYHO  BHKJIIOYAE  MOXIIMBICTD
BUKOPUCTaHHA TEPMOMETPIB MAarHiTHOI CHPUHHATIMBOCTI B
MIPOMHUCJIOBUX YCTAaHOBKaXx. A HEOOXiJHI pO3MIpHU TaKOX
00MEXYIOTh 00J1aCTh 1X 3aCTOCYBAHHS.

[Ipn BUMIpI KpUOTEHHUX TEMIEPATyp BEIMKY YBary CiiJ
OPUIUIATH METOAWYHMM HOXMOKaM BUMIpY TeMIepaTypH, IO
BH3HAYAIOTHCSI  OCOOJIMBOCTAMH  TEIJIOOOMIHY — YYTJIHBOTO
eJIEeMEHTa TePMOMETpa He TIJIbKU 3 BUMIPIOBAHUM CEPEIOBUILEM,
a 1 3 HaBKOJIMIIHIM CEpPEJIOBUIIEM Ta elleMEHTaMH KOHCTPYKIIIT
YCTQHOBKH.

Bumiposanns memnepamypu posnaagie. CKIaaHICTh
BUMIPIOBaHHA  TEMIIEpaTypud PpO3IUIaBIB  BHU3HAYAETHCH B
OCHOBHOMY aKTHBHOIO KOPO3i€I0 3aXHCHOTO YOXJIa TEPMOMETPA.
MertoanyHi TOXMOKM MpH BHMIpI TEMIEpaTypud pO3IJIaBiB
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MPaKTUYHO MOKHA HE OpaTu 10 yBard, TOMY IO TEIJIOBiAmava
BiJI pO3IJIaBY JI0 YOXJIa TEPMOMETPA, SIK MPABHIIO, JAyXe A00pa.
BuxirodeHHs CKIQJalOTh CHHTETHYHI MaTepialld  BEJIHMKOL
B'SI3KOCTI (IJITaCTMAcCH, CHHTETHKA, CHHTCTHYHHUIA KaydyK Ta iH.),
y SKAX KOeQillieHT TeruioBijyiaui HeBenukuid. KoHCTpyKIis
TepMOMETpa B 1bOMY BHUMAJKy IIOBUHHA 3a0e3MeYUTH
HEOOTOpPHYBATICTh TEPMOMETPA MaTrepiaioM 1 MiHIMAIBHOIO
MOXMOKOI0 IUISIXOM TEIUIOBIABOAY 4epe3 voxos. Ha puc. 2.30
MPEJICTABICHUA OJWH 3 BapiaHTiB TAaKOTO0 TEPMOMETpa, IO
CKJIQIa€ThCS 3 UYTJIMBOTO €JEeMEHTa B TOHKOMY dYoxui | 1
BIIaCHUKA 2 00TiuHOT hopmH.

Puc. 230 — Tepmomerp misi BHMIpY TeMIlepaTyp pO3ILJIaBiB
CHUHTETHYHHX MaTepialliB

ITpu BuMIpi po3IUIaBIB COJEH 3aXMCHI YOXJIM Yepe3 KiIbKa
JECATKIB TOAWH BHXOIATH 3 JIaay 4Yepe3 arpecuBHY [Iif0
posmnaBy. Tomy yacto poOJsATH JIETKO 3MIHIOBaHUIM 4YOXON 3
HEAKICHOT  JIeMIeBOl  CTajll, HANpUKIaa TEepMOMETp 13
TOBCTOCTIHHUM 3aXMCHUM YOXJIOM 31 3BUYANHOI JiemeBoi craii,
0 OJHOYACHO € OIHHUM 3 EJEKTPOJiB TEPMOEIECKTPUIHOTO
TEPMOMETDA.
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Puc. 2.31 — Tepmomerp mis BuUMipy TemrmepaTyp pO3IUIaBiB CTaii
1 KOILOPOBUX METAIIB

Jlia BUMIpY pO3IMJaBIB CKJIa MOXYTh 3aCTOCOBYBATHUCS
3aXMCHI YOXJIM 3 BYIJICLEBUX OJIOKIB 200 31 NIISAXETHUX METAJIiB.
I'pagitoBi (ByryeneBi) 3aXHMCHI YOXJIM 3aCTOCOBYIOTHCS ISt
BUMIpY TeMIIEpaTypH y BaHHUX Iedax. YcepeauHi rpaditoBoro
YOXJIa TIOBUHEH OyTH PO3TallOBAHWN Ta30UIUIBHUN BHYTPILIHIN
YOXOJ JUIsl 3aXUCTy TEpPMOIapH 31 HUIAXETHUX METaliB BiJ
BIUIMBY BiZIOy/I0BHOI atMocdepu Byriemto. TepMomeTpu Takoi
KOHCTPYKLIi MalOTh BEJIUKY TEIJIOBY 1HEPLIIO.

VY KUBWJIBHUX NPUCTPOSIX, /1€ Ha TIOBEPXHI PO3ILJIaBy CKJa
€ OKHCHa aTMocdepa, MOXKYTb 3aCTOCOBYBAaTHCS 4YOXJHU 31
HNUIIXETHUX MeTaniB abo KomOiHoBaHi. TepmoenekTpoau B
MOPLEISTHOBIH 130JAL1HHIN TPyOLl MICTATHCS B 3aXHCHOMY YOXJII
3 IUIATHHU. 30BHI PO3TAIIOBYIOTHCS KEpaMiuyHUM 3aXxHCHUH
YOXOJI 1 MOHTaXKHa CTajieBa TpyOKa, [0 KPIMUTHCS A0 TOJIOBKU
tepMomeTrpa.  Takuif  TepMOMETp  BIAPI3HAETHCS ~ MAJOKO
1HEpLIHHICTIO.
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Bumip TtemnepaTypu poO3IUIaBiB KOJBOPOBHX 1 JIETKHX
METaJiB TaKOX BHUKIWKAE BEIMKI TPYAHOIIl Yepe3 CHUIIbHY
KOpO3il0 METaJeBHX 3axXUCHHUX 4YoxJiB. KBaproBi 4oximum He
IpUJaTHI, TOMY W10, 3'€[HYIOUUChb, HANpPUKIAA, 3 OKHCOM
ATIOMIHII0, KBapI] IEPETBOPIOETHCS HA HU3BKOIUIABKE CKJI0. Piki
MiJIHI CIUTaBH BiIOMPalOTh y KBaplly KHUCEHb, PYWHYIOUH HOTO
CTpyKTypy. s Jneskux po3IUIaBiB KOJBOPOBUX METAJliB
3aCTOCOBYIOTBCSI HYOXJM 3 XpomucToro 4asyHy. Ilupokoro
NOIIUPEHHS I eMi30AMYHOTO BHMIPY TEMIEpaTypH piIkoi
CTayi 1 pO3IUIaBiB  KOJBOPOBUX  METAlIB  OJEpKaIH
TEPMOEJICKTPUYHI TEPMOMETPH KOPOTKOYACHOTO 3aHYpPEHHS 3i
3minHuMH Onokamu (puc. 2.31). Jlyxe ToHka Tepmormapa 1
(miametrpom 0,08-0,1 MM) po3ramoBana B KBapuoBiid TpyOri 2 i
32 JIONIOMOTOK TEPMOEJIEKTPOIIB MpHETHAHA A0 MPYKUHHHUX
KOHTaKTHUX Kutens 5. TepMomapa 3 KBapioBOlO TPYOKOIO
3axMIleHa BiJ ~ MEXaHIYHUX  YIIKO/DKEHb  TOHKOCTIHHUM
3aXMCHHM KOBITAYKOM 6. 3MIHHHM OJIOK, IO CKJIAZAcThCAd 3
IIaCTMAcOBOro 0JIOKY 4, TepMOCTiikoi 3ama3ku 3, Tepmonapu 1,
TPYOKH 2 1 3aXMCHOTO KOBIAuka 6, BCTABISETHCS B 3aXWUCHHUU
4yoxoi 3 OararomapoBoro mnamepy 7 1 OJHOYAaCHO KOHTaKTH
0JIOKY 3'€MHYIOTBCSI 3 KOHTaKTaMH OCHOBHOTO TI€PEHOCHOTO
yoxsna 8. 3a temmeparypu 1600-1700 °C Ttakuii TepmoMeTp
Mocke 3Haxoautucsa 10—15 ¢ y piakii crami. [Ipu npomy yactuHa
[arepoBOro  4oxJia o0ropsie, pO3IUIABISIETBCS  3aXUCHUMN
KOBIIa4yOK, ane iHTepBan yacy 10 ¢ mocratHid A HAaIIHHOTO 1
TOYHOrO BHUMIipy Temmeparypu. Ilicns BuMipy 3MiHHMHA OJ0OK
pa3oM 3 IMarepoBUM 3aXMCHUM YOXJIOM 3HIMAIOTh 3 OCHOBHOTO
qyoxJia 1 3aMiHAIOTH HOBUM. /[l BHMIpY 3aCTOCOBYIOTBHCS
TEPMOMETPU  IUIATUHOPOMAIN-TIIATUHO-poAieBl (Tum  B) 1
BoJIb(hpaMpeHiii-Bonbppampeniesi (BP 5/20).

Ha opanmit uwac Ha psaal  MeTanyprilHMX — 3aBOJIIB
3aCTOCOBYIOTHCS TEPMOEJIEKTPUYHI TEPMOMETPH TUIst
O0E€3yNMHHOTO BHMIPY TEMIIEpaTypd pO3IUIABICHOI  CTai.
TepmomeTp MoMILIA€ThCS Y BOJOOXOJIOJDKYBaHY 3aXUCHY (hopMmy.
PoGounii  cnaif  BITUM3HAHUX  TEPMOMETPIB  3aXUIIEHUI
TPUIIAPOBMM  HAaKOHEYHMKOM:  3OBHIIIHIA  map — 3
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MeTaJOKepaMiKH, BHYTPIIIHIA — 3 OKUCY aIOMIHII0, Y TIPOMIKKY
— 3aCUIIaHHS 3 OKUCY AJIFOMIHIIO, TEPMOECIIEKTPOIN TUTATUHOPOIi-
wiatuHoponieBi (ITP 30/6). Y  3akopIOHHUX KOHCTPYKIISIX
3aCTOCOBYIOTBCS ~ Ta30MIUIbHI  Kamumsipd 3 TJMHO3eMy 1
MeTajloKepamiuHuii  4oxon. Tepmomerpu i Oe3ymUHHOTO
BUMIpPY TEMIIEpaTypu PO3ILIABICHOI CTalli YacTO OCHAIIYIOThCS
CreliaJbHUM TPUBOJOM 1 MOKYTh BCOBYBATHUCS Y BHMipIOBaHE
cepenoBuile abo BHUCYBaTHCA 3 HBOTO B Ipoleci podoTu
CTaJICTUIaBIJIBHOTO YH CTAJICPO3JIMBHOTO arperary.

VY 3B'S3Ky 3 MaJIOI0 HAIIHHICTIO KOHTAaKTHUX TEPMOMETPIB
y po3IuiaBax Mg BUMIpY TeMIEpaTypud PiaKol cTami ¥ IHIIMX
pO3IUIaBIB  4YacTO  3aCTOCOBYIOThCSI  MmipoMeTpu.  Bupg
3aCTOCOBYBAHOTO IIpOMETpa 3AJIEKHUTH BiJl YMOB BHMIpY.
Hanpuknan, Ha KOHBepTepax 3 JAOHHOI MPOAYBKOI MOKIHBO
poOuTH BUMIp dYepe3 OAHE 3 AYTTEBUX COIEN MipOMETPOM
MOBHOTO BUIIPOMIHIOBaHHS, TOMY IO BHUIIPOMIHIOBAJIbHA
3MATHICTh TOBEPXHI MeTaly B I[bOMY BHIAAKY Majo
BiJIpi3HA€ThCA Bif oauHumi. OHaK TemmepaTypa MeTaly B
IbOMY BHUIIAJKy BHUMIpPSEThCA O€3MOCEPEIHBO B 30HI peakiii
BYTJIEIIO 3 KHCHEM 1 TOMY Ma€ OiibIll BHCOKE 3HAYECHHSI, HIX
cepeqHs TeMIleparypa MeTaily B KoHBepTepi. O HOouacH1 BUMIipH
TificHO1 TeMIepaTypu pO3ILIaBy TEPMOEIEKTPUUHUM
TEPMOMETPOM 1  SICKpaBICHOI  TeMmIepaTypyd  pO3ILIABY
KBa3IMOHOXPOMAaTHYHUM  MIPOMETPOM  JIO3BOJSIOTH 34
TEMIIEPaTypor0 1 KOEQIIIEHTOM TEIUIOBOTO BUIPOMIHIOBAHHS
pOOUTH BHUCHOBOK MpO SKICTh CTall YU pO3IJIaBy, Hpo iX
XiMiuHUH cknaa. J{ist 3SMEHIIeHHs! BIUIMBY IIIAKy Ha TOKa3aHHS
MOke OyTH BHUKOPUCTaHMH MPUCTPIM AN 3amam'siTOBYBaHHS
MKOBHUX 3Ha4YeHb, 0 (PIKCYIOTh TUIbKM 3HAYEHHS BUMIipIOBAHOI
TEMIIEpaTypu METaly.

Temneparypa poO3IUIaBICHOTO CKJIa MOXE BHMIPSITHUCS
MipoOMeTpaMH TOBHOTO YW YACTKOBOTO BUIIPOMIHIOBAHHSI, SIKIIO
TOBIMHA MIAPYy PO3IUIaBy Taka, M0 CKIIOMaca HEmpo3opa JUis
BUIIPOMIHIOBaHHS.  Bim3Hauena 1me  OJHAa  BIIACTUBICTH
BHUIPOMIHIOBAHHS CKJIa: B IHTE€pPBaJl JOBXHWH XBWII Bix 4 10 8
MKM YyCi COPTHM CKJa MalTh KOE(]Ii€eHT TEMIOBOro
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BunpomiHioBanHs € = 0,96. Tomy mipoMeTrpu 4YacTKOBOTO
BHUIPOMIHIOBAHHS, 110 MPaIIoI0Th y i oOiacti
CIIEKTpa, MOXYTh OYyTH BiArpaayioBaHi y 3HAUYEHHSX IiHCHOI
Temneparypu. Hacto mipoMmerp BI3yeTbCsl HAa JIHO KepaMiuHOL
KaJIWIBHOI TPYOKH, 3aHYPEHOI B po3IjiaB. Y Till YacTUHI BaHHH,
7€ HEMae CMOJIOCKHMIIA, MOXJMBUM BHUMIp TeMIepaTypu
pO3IIaBy IUIIXOM Bi3yBaHHS IMipOMETpa NPSIMO Ha pO3IUIaBIICHE
CKJI0. Y Iiil YacTHHI Ma€ MiCIle PiBHICTh BUIIPOMIHIOBAHHS MiX
BaHHOIO 1 3BOJIOM, TOMY iX BIUIUB Ha Pe3yJlbTaTH BUMIpY Oyne
BIJICYTHIH.

[TipomeTpu BHUIPOMIHIOBaHHS MOXXYTh OYTH BHUKOpHCTaHi
TaKOX JUI1 BUMIPY TEMIIEpaTyp IJIacTMac Ta IHIIHX MOJIMEPHUX
Marepiaiis. CrexTpanpHi XapaKTEePUCTUKU OLIBIIOCTI
MOJIIMEPHUX MaTepiaiiB MarOTh XapaKTepHI CMYTH MOTJIUHAHHS, Y
AKUX KOC(IIIEHT TEIUIOBOTO BUIPOMIHIOBAaHHS TPAKTUYHO
JOPIBHIOE OJMHMIII, HAPUKJIA Ui nonictupony 3,4; 6,8 1 14,2
MKM; JIJIsl TTOiBiHIIXIopHay 3,4, 7 1 8 MKkM; ais Helony 3; 3.4,
6,2, 6,6 MkM TOIIO. TOMYy KBa3iMOHOXpPOMAaTHYHI MIpOMETPU 3
e(CKTUBHOIO JIOBXMHOIO XBWIi, IO BIJNOBINAE OJHIA 3
3a3HAUYEHMX BUINE, MOXYTb BHUMIPIOBaTH BiJIpazy AIACHY
TemnepaTypy. B okpemux Bumankax mnpu BHMIpI TeMIIEpaTypu
NPO30pPHUX 1 HAMIBIPO30pUX MaTepialiB Iepea MipoMeTpamu
BCTaHOBJIIOIOTh (QUIBTPH, K1 BUIUISIFOTh Ty UM 1HIIY CIEKTPAJIbHY
obnmacte, y SKiil LI Marepiald MalTh BHUIPOMIHIOBAJIbHY
3JIaTHICTh, OM3bKY 10 a0COIIOTHO YopHOro Tuta. Ha 3akiHueHHs
HEOOXI1/IHO 3a3HAUUTH, 1110 BUOIP TOTO UM 1HIIOTO METOAY BUMIDPY 1
HOro KOHCTPYKTHBHE BHKOHAHHS BH3HAYAIOTHCS KOHKPETHUMH
YMOBaMHU BHMIpY TEMIIEpaTypH pO3IUIaBiB, iX B3aeMOJI€0 3
pI3HMMHU MaTtepiajiaMu, X BUIIPOMIHIOBAIBHUMHM 3/110HOCTAMH Ta
IHIIMMHU (PI3SUYHUMH 1 XIMIYHUMHU BJIACTUBOCTSMHU. | B KOXKHOMY
BUIMAJIKY MOXe OyTH CBO€, BIIMIHHE BiJI iHIIUX BHUIAJKIB PIICHHS
i€l npoGsieMu.
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2.2 IlpyHOMNM BHUMIPIOBAHHS THCKY, NPWJIAIH IJsi

BUMIipPIOBAHHS THUCKY

2.2.1 IloHATTA THCK, OAMHHUIi BUMIPY THCKY

Tuckom Ha3uBarOTh (GI3MYHY BEIMYHMHY, SKa JOPIBHIOE
BIIHOIICHHIO MOAyAs cwiu F, o [i€ TeprneHIuKyIspHO
MOBEPXHi, /10 TUTONT S I1i€T TOBEPXHI.

3a ONMHMWIO BUMIPY THUCKY B SI mpuilHATHH THCK, IO
ctBoproe cunia 1 H Ha mepneHauKymasspHy 10 Hei MOBEPXHIO
miomero 1 M2, L{s ouHuws HasuBaetbes [lackanem.

1Ta=1HwMm">

HaiimenyBaHHA  OAMHHII TUCKYy [JaHO Ha  4YecTb
¢dpanmy3pkoro BueHoro biieza Ilackans, sKuii )KMB B cepelnuHi
17 cTopiyuusi.

HIupokxo 3actocoByroThcs KpatHi oaumuumi klla, MIla.
JlonycKaeTbCsl BAKOPUCTAHHS TaKUX OAMHUIb, SIK KIOTpaM-cuia
Ha KBaJpaTHUH CaHTUMETP (KFC'CMiz), KUIorpam-cuja Ha
KBaJIpaTHU METp (kre'm?) i1 bap. CniBBigHOIIEHHS MIiX
CUCTEMHHMMH OJIMHULISIMU 1 HECUCTEMHUMU TaKe:

1 Tla=10"Bap = 1,0197-10 ° krc-em™ = 0,10197

kre-M2 =7,5006-102 MM.PT.CT.

Ha mnpakTuii 3acTOCOBYIOTHCS TMO3aCHCTEMHI OJWHUIII
THCKY:

- (i3uyHa HOpMaJbHa aTMOcdepa;
- MUIIMETp pTYTHOTO CTOBIIA

I arm =760 MM pt. cT. = 101325 IIa = 10 M B.CT.
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Ammocgheprum ~ HA3UBAETHCS ~ HAWOUIBIIMK  THCK,
00yMOBJICHUI Baror ychbOro CTOBIA MOBITPS Bij MOBEpXHI 3emii
no wmexi armochepu. Ha piBHI Mopst aTMochepHUR THCK
nopiBHioe 101325 [1a. 3i 301bIIEHHAM BUCOTH HaJI PIBHEM MOPS
aTMoc(hepHHIl THCK 3MEHIITY€EThCS.

[Tpu BuUMipax pO3pI3HAIOTH aOCONOMHUL, HAOTUUWKOBUL §
saxyymempuunuil THCK. [Ipu 11boMy 32 HyIb (TIOYATOK BIIUTIKY)
npuiiMaroTh atMochepuuii  THcK. Cyma armocdepHoro i
HAIHIIIKOBOI'O THUCKIB SBJISIE COOOI0 A0COIIOTHHII THCK, TOOTO

Pa6c = PamM + Pﬁadﬂ-

SIK10 aGCONMIOTHUN THCK MEHIEe aTMOC(HEpPHOTO, TO XHS
PI3HHILI HA3UBAETHCS PO3PIKEHHSIM 200 BaKYyMOM:

P 6ax — P amm — P aobe+

2.2.2 [Ipuiagu BUMipIOBAHHA THCKY

Bumip TUCKY HEOOX1THUI JUISL YIIpaBITiHHS
TEeXHOJIOTIYHMMHU TpolecaMu 1 3a0e3MeYeHHs TMOXKEXo- Ta
BHOYX00€3MeKr BUPOOHUIITBA, HATIPUKJIIAI, /111 KOHTPOJIIO TUCKY
BOTHETaCHUX pPEYOBUHU B YCTAHOBKAX MOXKEXOTACIiHHS, Ui
CUTHaJI3alli Ipo CHpalbOBYBaHHS YCTAHOBKHM I YCHIIIHOTO
BUITYCKY BOTHETaCHOi PEUOBHHH 1 HAaBITh Y TEIUIOBUX MOXKEKHHUX
cnopimyBavax. Kpim TOro, mei mapameTp BUKOPHCTOBYETHCS
IpU HENPSIMHUX BHMIpax IHIIMX TEXHOJOTIYHUX IapaMeTpiB:
piBHA, BUTpaTH, TEMIIEpAaTypH, UIUIBHOCTI, IO JOMOMAarae y
CIIOCTEPEKEHHI1 32 CTAHOM HaBKOJUILHBOTO CEPEAOBUIIIA.

3acobu BuMIpy, NpH3HAY€Hl [UIsI BUMIPY THUCKY 1
PO3pIIKEHHS, HA3UBAIOTHCS MAHOMETPaMHM. 3aJIe)KHO BiJ BUIY 1
BEJIMYUHU THUCKY, 1110 BUMIPIOETHCS, IPUIAAN AJISI BUMIPY TUCKY
YMOBHO MOJUISIOTH Ha:

— BaKyyMMETpPH- Ui BUMIPY INIHOOKOTO PO3P1IKEHHS;

— HamopoMepu- JIi BUMIPY HAJJIMIIKOBOIO THUCKY [0
0,04 MlIlIa;

— TATOMIpHU — JuId BUMipy po3pimpkenHs 1o 0,04 Mlla;
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— TATOHANOPOMIpU — JUI BUMIPY HAJUIMIIKOBOTO THUCKY
1o 0,02 MITa i po3pimkenss o 0,02 Mlla;

— mudepeHianbHl MaHOMETpH (AudMaHOMETpPH)- TS
BUMIpY pi3HHUII (TIepenaay) TUCKIB.

[Mpuamun aii BUMIPIOBAIBHUX MpUIaiB 0a3yeTbCcst Ha
CIIPOMO’KHOCTI pPEYOBHHH (TBEPAOIO, PIIKOro, ra30moiiOHOro)
ONUPATHCS TPUKIAICHOMY CHJIOBOMY BIUIUBY. 3aJIeKHO BiJ
npuHyuny, BUKOPUCTOBYBAHOTO [UIS NEPemEOpeHHs. CUIOBOTO
BIUIMBY Ha YYTJIMBUH €JEMEHT Ha IMOoKa3aHHS a00 MpOomopLiiHi
3MiHM 1HIIOI (PI3UYHOT BEJIMYMHM, TPWIAAA BUMIPY THCKY
PO3AUIAIOTHCS Ha:

- PpIiJIMHHI,

- nedopmMarliiii;

- BaHTaKOIIOPIIHEBI,

- @JEKTPHUYHI;

- 10HI3alliiHI;

- TEIUJIOBI.

3a npusHauenHsaM pO3PI3HAIOTH:

- TeXHIYHI (11 HearpeCUBHUX CEPEIOBUIII);

- eNEeKTPOKOHTAKTHI;

- BIOpOCTIHKY;

- BHOYXO03axHIIEHI;

- KOPO31MHOCTINKI;

- aMiayHi (IS arpeCUBHUX CEPEIOBHIIL);

- HAJIBUCOKOTO THUCKY.

Pinmnni manomerpu. Y ocHOBY poOOTH mpHiIajiB
NOKJIAZICHUH TPHHLUI CHOJYyYEHUX IOCYIWH, y SKHX piBHI
po60Yoi piuHK 301TarOTHCSA 3a PIBHOCTI THUCKIB HAJ HUMH, a 3a
HEpPIBHOCTI 3aliMalOTh TakKe IOJOXKEHHS, KOJIU HaJJIMIIKOBUI
TUCK B OJHINM 3 NOCYAMH BpPIBHOBAXYETHCS TIAPOCTATUYHUM
THUCKOM HaJIIMII-KOBOT'O CTOBIA PiIMHU B IHIIOMY.

[cHytOTh Taki BUAM pIAMHHUX MaHOMETPIB: JBOTPYOHI,
OZIHOTPYOHI, MiKpoMaHoMeTpH. Po3rnsHeMo poOoTy IBOTPYOHOTrO
MaHoMmeTpa (puc. 2.32).
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Puc. 2.32 — Cxema 1BOTpyOHOTO PITMHHOTO MaHOMETpa

JIB1 BepTHKaJIbHI CIIOIy4€H1 CKJIAHI TpyOKkH 1, 2 3akpiruieHi
Ha OCHOBI 3, 10 $IKOI MNPUKpIIUIEHA IIKajJbHA IUIACTUHKA 4.
TpyOku 3amOBHIOIOTBCS POOOYOI0  PIAUMHO [0 HYJIbOBOL
MTO3HAYKH.
Y TpyOky 1 momaeTbcs THCK, IO BUMIPIOEThCS, TpyOka 2
CIIOJTy4a€eThCA 3 aTMOC(HEPOIO.

pp—P,=p-g-h,
Ie p - TyCTUHA poO0YOi PIAMHU KI*M 3.
g — MiclIeBe MPUCKOPEHHS BIILHOTO MaJiHHSI M- C 2,

Sk poOoua pirHa MOK€ BUKOPUCTOBYBATUCS BOJA, PTYTh,
CIHPT, TpaHCPOpPMATOpHE MACTUIO. TakuM YHMHOM, UYTJIUBUM
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€JIEMEHTOM € poboda pifMHAa, BXIJHUM CUTHAJIOM — THCK abo
PI3HUIII TUCKIB, BUX1THUM — Pi3HUIISA PiBHIB poO0YOi piIuHH.

MaHoMeTpu 3 BOJSHUM 3allOBHCHHSIM BHKOPHUCTOBYIOTH
JUTsl BUMIPY THCKIB y miana3oHi g0 10 kIla, pryrai go 0,1 MI]a.

OnHoTpyOHI (YalIKOBi) MAaHOMETPU BUKOPHCTOBYIOTH IS
M1 JIBUIIICHHS] TOYHOCTI BIJTIKY Pi3HMII BUCOT PiBHIB. Y HUX OJHA
TpyOKa 3aMiHEHa IUPOKOIO CYIMHOI0, Y AKY MOJA€THCS OLIbIINI
3 THCKIB, IIT0 BUMiPIOIOTHCS. .

p2

¢

W

O IIIIIIIIIIIIIIIIICHIIiI;IIIIIIIIIIIiIIIIIIIIIIIIIII9
h

Puc. 2.33 — OnHoTpyOHUI piAMHHAN MaHOMETD

3a  yMmMOBM, MO0 IUIOUIA TOHNEPEYHOTO MEPEeTHHY
BUMIPIOBAJIbHOT TPYOKH f MEHIIIE 01l MONepeyHOro NepeTuHy
mmpokoi cyauau F 6inemn Hixk y 400 pasiB, TO 3MiHOIO piBHS B
IIMPOKIA  CyAMHI  HEXTYIOTb 1 i  BHUMIPY  THCKY
BUKOPUCTOBYIOTh MOKa3aHHS PIBHA y BUMIpIOBaIbHINA TpyOIIi hy.
JUis  TOiABUIIEHHS TOYHOCTI BUMIpPIB  3MiHA piBHS hy
BPaxOBYETbCA 1 IKajla TPagylO€ThCsl B OAMHUIIX THCKY
BIJIMIOBI/THO JI0 PIBHSIHHS:
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f
pr—P2=p-g-(l+hy)=p-g-hy =

Bumip onHOro croBna piiMHU NPU3BOAUTH JO 3HUXKEHHS
NOXMOOK  3YMTYBaHHSA, IO 3  YpPaxyBaHHSAM  IOXUOKHU
IpajlyloBaHHs ILIKaJIM HE nepeBuilye £ 1 MM, npu IiHI AIJI€HHA
1 MmMm.

MiHiManbpHHI JTiara3oH BUMIPY OAHOTPYOHHUX MaHOMETPIB
i3 BomsHMM 3amoBHeHHsM ckiagae 1,6 xlla. KoncrpykrtuBhe
BUKOHaHHsI PM 3aneuTth BiJl CTATUYHOTO THCKY, Ha SKUHA BOHU
pO3paxoBaHi.

MikpoMaHOMeTpPH BUKOPUCTOBYIOTbCS JUIsI  BUMIpPY
THCKY abo pi3Huni TtuckiB g0 3 klla. BoHu € pizHOBHIOM
OJHOTPYOHHX MaHOMETPIB 1 CIOpPA/DKEHl CreliaJbHUMHU
MPUCTOCYBAHHSMH JUIsS 3MEHIICHHS IIHW JUICHHS MIKaJIW, abo
JUIS TIBUILLIEHHS TOYHOCT1 3UMTYBAaHHs BUCOTH PIBHS 32 PaXyHOK
BUKOPHCTAHHS ONITUYHUX Ta 1HIINX MPUCTPOIB (puc. 2.34).

Puc. 2.34 — Cxema mikpomanomMeTpa: 1 — ckisiHa TpyOKa; 2 —
pe3epByap 3 piIMHOIO; 3 — mIkana; 4 — HaXWJICHUN yIiop.

PiguHHI MaHOMETPU BHKOPHCTOBYIOTHCS B J1a0OpaTOpHil
MpaKTUIl Ta TpPU NPOBEIACHHI MPOMUCIOBUX BUIPOOYBaHb.
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[lepeBaramMu 1MX NPUIAIB € MPOCTOTA 1 HAIMHICTH 32 BUCOKOI
TOYHOCTI BUMIPIB.

JMedopmaniiini MAaHOMETPH. [punmun ~ poboTu
nedopMarliiHux  NpUIadiB  IPYHTYETbCS HAa  3aJICKHOCTI
nedopmMariii 9yTIUBOTO €IEMEHTA BiJ] TUCKY, IO BUMIPIOETHCS.
JHedbopmariiss abo cuia TpOIOpIiiHA THCKY, IO BUMIPIOETHCH,
MIEPETBOPIOETHCS HA TIOKa3aHHS a00 BiAMOBIIHI 3MIHU BHXI1THOTO
curHaiy.  bimemmicte  gedopmamiiHuX ~— MaHOMETpIB i
IuQepeHiiHuX ~ MaHOMETPIB  MICTATh  HPYKHI  YyTIHUBI
€IIEMEHTH, fKI 3J1iCHIOIOTh MEPETBOPEHHs THUCKY Ha
MPOMOpIiHEe MepeMilleHHs po0odoi Touku. PO3pi3HSIOTH Taki
BHUIM JiehopMaIiiHUX MaHOMETPIB:

- TpyOYacTi IpyXuHHU;

- cwib(pOHH;

- rto¢poBaHi MeMOpaHu;

- MeMOpaHHI KOpOOKH;

MIISIBI MEMOpaHHU 3 KOPCTKUM IIEHTPOM.

Han61nbmoro MOLIMPEHHS OIepXKaJld TaKl IPY>KHI 4yTIUBI

eJIEMEHTH SIK TpyOdacTi npyxunu (puc. 2.35).
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Puc. 2.35. [lpyxHuii 9yTIUBHNA €JIEMEHT — TpyOJacTa mpy>KuHa

CrarnuHiii  (IpyXHiH)  XapaKTEPUCTHUINl  YYyTJIHBOTO
€JIEMEHTA, IO 3B'A3Yy€ MEPEeMIlIeHHS POO0Y0i TOYKH 3 THCKOM,
BJIaCTHBA  HASBHICTh  IOYATKOBOI  30HM  MPOMOPIIIHUX
nepemimeHs po0oyoi TOYKH, y SKIH MalTh Micle NpYyxKHi
nedopmariii, 1 HeTIHIAHOT AUISTHKY, Y SIKIH BUHUKAIOTh TJIACTUYHI
nedopmarnii.  HemockoHamicTh  NpPYXHHX  BJIACTUBOCTEH
MarepiagiB  YyTIMBUX  €JIEMEHTIB OOYMOBIIIOE  HAsSBHICTh
ricrepesicy CTaTM4HOI XapaKTepPUCTUKU 1 TpyKHA MiCISIis.
OcTraHHe BUSBISIETHCS B 3alli3HIOBaHHI TMEPEMIIICHHS po004oi
TOYKH CTOCOBHO NMPUKJIAJCHOTO TUCKY 1 TOBUIBHOMY ITOBEPHEHHI
il B MOYAaTKOBE MOJIOKEHHS MICIs 3HATTS TUCKY.

dopma 1 KpyTU3HA CTATUYHOI XapaKTEPUCTUKH 3aJIekKaTh
BiJl KOHCTPYKLIi UyTIUBOTO €JIeMEHTa, MaTepialy, TEMIEPaTypH.
PoGounii niama3on oOupaeTbes B 001acTi MPYKHUX Jeopmartiit
13 3a0e3nevyeHHsM 3amMacy Ha BUIAJOK IepeBaHTAKEHHS
YyTIMBOTO €JeMEeHTa THCKOM. [Ipy)XHI BIacCTHBOCTI UyTIMBHX
€JIEMEHTIB XapaKTePU3YIOThCA KOS(DIIIEHTOM >KOPCTKOCTI TIO
CHUIL:

ne F, S — BignoBigHO cuia, mo i€ Ha NPYXHUH YyTINBUN
eJIeMEeHT (TepecTaHOBOYHE 3YCWUIA), 1 egeKTHUBHA IUIOIIA
€JIEMEHTA;

h — nmepemireHHs: po6040T TOUKH.

[ToposxHHCTI OTHOBUTKOBI TpyOUacTi npykunu (puc. 2.35)
MaroTh EINTHYHUNA a00 MIIOCKOOBaNbHUM nepeTuH. OIUH KiHelb
NPYXWHW, Y SKAHA HAAXOOUTh THCK, IO BHUMIPSETHCA,
3aKpIIUIEHUN HEpPYXOMO Y TpHMadi, APYruil (3aKpUTHUH) MOXKe
nepemimarucs. [lig miero pi3HUII BHYTPIIIHBOTO THCKY, IO
BUMIPIOETBCS, 1 30BHIIIHBOIO arMocdepHoro TpyOdacra
npyxuHa JedopMyeTbcsa: Majla BiCb MNEPETUHY TPYOKHU
30UTBIIYETHCS, BEJMKA 3MEHIIYEThCS, NPU LBOMY HpPYXHHA
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PO3KpYUYy€eThCS 1 1i BUIBHUI KiHENb 3A1ACHIOE MepeMilleHHs B 1-
3 mm. s tuckiB g0 S Mlla tpyO4acTi mpy>KMHH BUTOTOBIISIOTh
13 maTyHi, OpOH3H, a sl OUTBII BUCOKUX THUCKIB — 3 JIETOBaHHMX
CTaJieH 1 CIIaBiB HIKEIO.

TpyoOuato-npy:;kuani Mmanomerpu. Cxema TpyOuaTo-
IPY)KUHHOTO MaHOMeTpa, L0 II0Ka3ye, MojaHa Ha puc. 2.36.
OnHOBUTKOBA TpyOUacTa mpyxuHa 1 3 0JHOTO KiHIISI IpUBapeHa
70 TpUMaya 2, IPUKPIIUIEHOro 10 Kopryca MaHoMeTpa. HukHs
YacTUHA TpUMaya 3aKIHYYEThCS IIECTHTPAHHOIO TOJIOBKOKO i
LITYLIEPOM, 32 JJOIIOMOI'OI0 SIKOI'O 10 MaHOMETpa HMPUEAHYETHCS
TpyOKa, IO WiABOAUTH THCK. BiNbHHWIA KiHENb TNPYKUHU
IPUIIASHO IO MPOOKH 3, 110 IMIAPHIPHO 3'€HYETHCA 3 MOBLAKOM
4. Tlpm mepeMmimieHHI BUIBHOTO KIHIM NPYXHUHH TIOBOJIOK
NoBepTae 3yOLIOBaTUN CEKTOp 5 BiHOCHO oci O, BUKIMKAIOUU
MOBOPOT mIecTepHi (TpuOKM) 6 1 po3TamoBaHoi Ha OAHINA OCi 3
HEK CTpUIKM, 1o nokasye 7. IlpyxuHa, He IoOKa3aHa Ha
pUCYHKY, 3a0e3redye MmiaropTaHHs 3yOuiB TpuUOKH 110 3yOIiB
cekTopa, ycypatoun JropT. CraTudyHa — XapaKTepUCTHKA
MaHOMETpa MOXKE IMiJOyJIOBYBAaTUCS IUISIXOM 3MIHH TOYKH
3aKpiIuleHHs moBinus 4 y mpopisi cekropa 5. Ha puc. 2.36
MOKa3aHe pajdiajJbHe pO3MIIIEHHS IITYIEpa; BUIYCKAIOTHCS
TaK0’X MAaHOMETPH 3 OCBOBUM PO3MIIIEHHAM IITYIEPA.

TpyOuaTo-ipy’kMHHI ~ MaHOMETpPH, IO  [OKa3yIOTh,
BUITYCKAIOTBCS 3 BEpXHbOIO Mekero BuMipy Big 0,1 MIla (1
kre/eM®)  mo 103 MIla (104 krc/cm?)  BimmoBimeo 110
cranfapTHoro psny. I[IpyXuHHI BakyyMMeTpH MaroTh Jiarna3oH
Bumipy 0,1-0 MIla, a mMaHOBakyyMMeTpHU 3a HHXKHBOI MEXI
BuMmipy 0,1 MIlla wMaoTh BepxHIO MeXy BHMIpYy 3a
HajuikoBoro tucky Bin 0,1 mo 2,4 MIla. 3pa3koBi npyKHUHHI
MaHOMETpPH, 10 MOKa3ylTh, MaloTh kiac TouHocTti 0,15; 0,25 1
0,4; poboui manomerpu — 1,5; 2,5; 4, poboui MaHOMETpHU
miasuienoi Tounocti — 0,6 1 1.
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Puc. 2.36 — TpyOuaTo-ipy>KWHHUI MaHOMET, IO TTOKa3ye

[TpoMHCTIOBICTIO BUIYCKAIOTHCS MEXaHIUYHI MaHOMETpH,
0 TOKa3ylTh 1 CaMOMHCHI 3 OAHOBUTKOBOIO (Tumy MT) i
OaratoButkoBOot0 (Tiry MTM) TpyO4acTor0 TPYKHHOIO.
[IpuHuMnoBa cxema OCTaHHBOrO HpuBelaeHa Ha puc. 2.37. Ilin
JI€I0 THCKY, IO BHUMIPIOEThCS, BUIBHUH TpaBUi KiHEIb
TpyOuacToi 0araTOBUTKOBOM MpYyXHHH | mepemilaeTbes,
BUKJIMKAIO4M MTOBOPOT OC1 2 1 pO3TalIOBaHOIO Ha Hii Baxens 3.
OcranHill cnonay4eHul 13 TAror 4, 0 3a JONOMOTOI0 BaXess 5
MOBEPTAE BICh y, HA sIKi HacapkeHuid [1-moai0uuit Baxxuie 7, o
3aKIHUYETHCS PYUKOIO 8. ¥V mpuiiaaax, Mo nokasyoTh, Ha Bick 6
Haca/LUKEHUN BaXUIb 9, TATOIO CIOJYYSHHH 13 CEKTOPOM, IO
nepeMilaTh TPUOKY CTPUIKK Noka3uuka. Jluckosa aiarpama 10
3M1ACHIOE OoMH 00opoT 3a 12 abo 24 romuH, ii obepTaHHS
3MIACHIOETBCS ~ €JIEKTPUYHUM  JBUTYHOM  ab0  TOJUHHUM
MexaHi3MoM. Kiac TOYHOCTI MaHOMETpIB, IO TMOKa3ylOTh, Ta
camonucHux — 1; 1,5, BOHM BiZHOCATBCS JO 4YHCIA
BEJIMKOTa0apUTHUX MPUIAJIB, PO3MIPU SKHUX BHU3HAYAIOTHCA
JiaMeTpOM JTMCKOBOT liarpaMu.

ManomeTpy, 00 TOKa3ylOTh Ta CaMONKMCHI MOXYTh
MICTUTH JOAATKOBI MNPHUCTPOi, IO 3AIHCHIOIOTH 3aMHUKAHHS
EIIEKTPUYHOTO JIAHIIOTa 3a TICBHOTO 3HAYEHHS THUCKY, IO
BUMIPIOETHCS, MEPETBOPEHHS NEpEeMIllleHHs KIHI TpyouyacToi
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NPY)XUHU B TIPOMOPIIMHUNA elNeKTpUuHuil ab0o MHEBMAaTUYHUI
CUTHAJ.

Puc. 2.37 — CamonucHuii manometp Ty MTC

Jna curHamizamii TrpaHUYHUX BIOXWUJICHb THCKY B
JAHIIOTAaX 3aXHCTy 1 MO3HMIIKHOTO PETYIIOBAaHHS IIHPOKO
3aCTOCOBYIOTBCSI ~ €JEKTPOKOHTakTHI ~ MaHomeTpu. (Cxema
maHometrpa tuny EKM mnonana Ha puc. 2.38. YV maHomeTp
J0JaTKOBO BBEIEMO JBi CTpUIkM 2, 3, MO0 SAKUX MNPYNKHUMHU
CTPYMOITIIBOIAMU NPUTUCHYTI €lNeKTpUYH1 KOHTaKTH 4. CTpiiaku
2, 3 3a [0ONOMOrol0 TOPIEBOrOo Kioya 1 ToBiAug S
YCTQHOBITIOIOTHCSI TIPOTH 3HAYEHb THCKY, IO CUTHATI3YETHCH.
Crpinka 1, mo mnoka3ye, TaKOX OCHAIIEHA EJIEKTPUYHUM
KOHTaKTOM 6. SIKIIO THCK 3HAXOOUTHCA B MeEKax poOOYOro
Jiana3oHy, TO €JNeKTPUYHI JIAHLIOTH CHUTHAJi3alii pO3IMKHYTI.
[Ipu JOCSTHEHHI CTPUIKOI, MIO TIOKazye, OyIap-IKOro 3
KOHTAKTIB 3aMMKA€THCS EJIEKTPUUYHUN JIAHIIOT, BUKJIMKAIOUU
CITpallbOBYBaHHS CUTHAaTI3aIIii. Enextpuuni KOHTaKTH
3aJMIIAIOTBCS 3aMKHYTUMH TPU 3HAXOJDKEHHI CTPUIKH, MIO0
MOKa3zye, 3a MeXaMHU poOO0YOoro Aiama3oHy THUCKY, OCKIIbKU
CTpinKu 2, 3 0OMEXYIOTh 3CYB KOHTAKTIB y CEpeIMHy poOOUOro
Jiama3oHy, a mo3a HAUM KOHTaKTH 3aXOILTIOIOTHCS CTPIJIKOFO, M0
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nokazye 1. Kiac manometpiB i BakyymmeTpiB 1,5; Mexi BUMIpY
BI/IMOBIIAOTh CTAaHAAPTHOMY PSITY.

Puc. 2.38 — EneKTpOKOHTaKTHUI MaHOMETP

Ha puc. 239 mnomana cxem TpyO4aTo-mpyKHHHOTO
manomerpa MEJ] i3  mudepenniiino-TpanchopmaTopHIM
IepeTBopoBaYeM 1, 110 Ma€ Ha BUXOJI CUTHAJI NEPEMIHHOIO
ctpymy uactrororo 50 '

Bunyckatotbess  Monudikanii  maHomerpiB  MEJl i3
BIJUTIKOBUM TIPUCTPOEM, KJIaC TOYHOCTI 000X Moaudikamii 1,
BepxHi Mexi BuMipy — Big 0,1 mo 160 MIla 3a cranmapTHUM
psanom. Ha nanuit wac Ha 6a3i manomerpiB MEJ[ posmouato
BUMycK MaHoMeTpiB MII, mo MaroTh Ha BUXOAl yHi(piKOBaHUI
CHTHAJI y BUTIISI 3MiHH cTpyMy. Jli1st oo ofep kaHHS B TIPUIIa]]
yBEJIEHUHM MiACWIIOBAaY, IO MEPEeTBOPIOE 3MIHUM B3a€MHOI
IHAYKTUBHOCTI B MPOMNOPLIMHMI CUTHA 3MIHH CTpyMy.
I'pannuHa npuBeaeHa noxuobka He nepesuirye 1%.

Y meperBoproBauax THCKY, IO MaloTh Ha BHUXO/II
yHi()iKOBaHUH CHUTHaNl 3MiHM CTPYMY 1 MHEBMATUYHMN CHUTHAI,
9aCcTO BUKOPHUCTOBYETHCS IPUHITUIT CTATHYHOTO 3PiBHOBAKECHHSI.
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Puc. 2.39 — Cxema manomerpa ME]J] i3 mudepentiiino-
TpaHc(hOpPMATOPHUM TIEPETBOPIOBAUEM

Cxema  TpyO4acToro MpYyXHHHOrO  MaHOMeTpa 3
KOMIIEHCaIli€er0 MarHiTHUX moTokiB tuimy MIIE momana Ha puc.
2.40. BinbHuii KiHEIlb MAHOMETPUYHOT NPYKUHU | TIOB'sI3aHUM 13
MOCTIHHMUM MAar"iToM 2, M0 TMEepeMilIaeThCs MK JBOMA
MarHiTONnpoBigHUKamMu 3. Y pe3ynpTaTi B3aeMOJIil  MOJis
MOCTIMHOrO MarHity 2 13 MOJISIMHU, YTBOPIOBAHHMH OOMOTKaMu
MOPYUIEHHS 1 3BOPOTHOTO 3B'SI3Ky, Ha BXOAl HiJCHIIOBayYa
BUHUKAE HebamaHc BUMIPIOBAJILHOTO MOCTa, o
NIEPETBOPIOETHCA Y BUXITHUHN YHI(IKOBaHUN CUTHAJI.
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Puc. 2.40 — Cxema npyxunHoro masomerpa MIIE

Ockinpku B manomeTpax MIIE HeraTuBHHII 3BOpPOTHUI
3B'SI30K BUKOPUCTOBYETHCS JJIsi KOMIIEHCAIlli MAarHITHOTO TIOTOKY
MOCTIHOTO MarHiTy, NPYy>KHUW YYTIUBUIN €JIEMEHT 1 MarHiTHUN
MIEPETBOPIOBAY HE OXOIUICHI 3BOPOTHUM 3B'SI3KOM. Y 3BSI3KY 3
UM 3MiHa XapaKTePUCTUK HPYKHOTO YYTIMBOIO EJIEMEHTY 1
Mar"iTHUX NEPEeTBOPIOBAYIB y MpsAMOMY KaHail U y JaHI031
3BOPOTHOTO 3B'SI3KYy BIUIMBAaIOTh Ha Koe(ilieHT nepeaayi
MIEpPETBOPIOBAYIB THCKY.

Manomerpu MIIE  BumyckarooTbcs — BIANOBIZHO 10
CTaHJAPTHHUX PAIIB 13 BEPXHIMU Mexamu BuUMipy Big 4 mo 60
MIla, Ha BUXOAl NpUIaJU MalOTh YHI(IKOBAaHUN CUTHAJ 3MIHU
ctpymy 0 — 5 M ipu onopi HaBaHTaxkeHHs 10 2,5 kOwm, kiac 1.

ManomeTrpu i3 cuioBor0 KommeHcauiero tunmy MIIE
BUITYCKAIOTbCS 3 BEPXHBOIO Mexkero BuMipy Big 4 o 100 Mlla
BUXITHUH cHUTrHan — nocTiHuit ctpym 0 — 5 (20) M, cymapHuii
OIlip HaBaHTAXCHHs HE TMOBUHEH mepeBuInyBatu 2,5 kOw, kiac
tounocti 0,6; 1; 1,5.

3 BUKOPUCTAHHSAM OnHI€l 1 Ti€el X eneMeHTHoi 0a3u
BUITYCKAIOThCS TPYOUaTO-NPYKUHHI MAHOMETPH 3 YH1()IKOBaHUM
MHeBMaTUYHUM BuxigauMm curHaiom 0,02-0,1 MIla (0,2-1,0
KFC/CMZ). BinMiHHICTD IMX NpuUiaaiB BiJ PO3IJISHYTUX BHILE
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MOJISITa€ Y BHUKOPHUCTaHHI IHAMKATOpa HEY3TOJKEHOCTI THUILY
COTUIO — 3acyiHKa, THEBMOIIIICUIIIOBaYa 1 CHIIb()OHA 3BOPOTHOTO
3B'SI3Ky, IO TEPETBOPIOE BHUXITHUA THUCK Ha 3yCHIUIS.
Manomerpu nmHeBMatuuHi Tuny MII-II BumyckaroTbcs Ha Ti XK
Mexi BuMipy, mo i MIIE, kinac Tounocri npmiaznis 0,5; 1, Tuck
MoBIiTps, 1m0 XuBuTh, € 0,14 Mlla, rpaHuyHa IOBXKWHA JTHIN
3B'I3KYy BiJl IEpETBOPIOBAYa JI0 MOBTOPHOTO TPHIIATY CKIIAIa€e
300 m.

MemOpanu, cuiabponn. Cuibdonni Tta MemOpaHHI
YYTJIWBl €JIIEMEHTH MAaloTh OUIBII IIUPOKI MOXKJIMBOCTI JIJIst
30iTbIIeHHS  €()eKTUBHOI IJIOHI, 3 METOK  OJep)KaHHS
HEOOXIHOTO  MEPEeCTaHOBOYHOTO  3yCHJUIS, IO JI03BOJISIE
BUKOPHCTOBYBATH iX JUISI BUMIPY MaJUX HAUTUIIKOBUX THUCKIB i
pospimxkeHHs. Cunbhon (puc. 2.41) aBisge co000 TOHKOCTIHHY
TpYOKY 3 MONEPEYHUMH KUIbLIEBUMH ropamMu Ha OIYHIN CTIiHII.
XKopcTkicTh cunbpoHa 3alneKUTh BiJl MaTepiaiy, 3 SKOro BiH
BUTOTOBJICHHI, 30BHIIIHBOTO ¥ BHYTPIIIHBOTO JIiaMeTpiB,
TOBIIMHMU CTIHKH 3aroTOBKH, pajiyca 3aoKpyriieHHs rodp I i
KyTa IX ymuibHEeHHS o, uyuciaa rodp. Cwibdonu OyBaroTh
CYLIBHOTSTHYTUMH 1 3BApPHUMHU.
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Puc. 2.41 — IlpunuumnoBa cxema cuiib(oHA

NN
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ITin mieto Tucky rasy cuiab(oH (puc. 2.42, a) po3TAryeThCs,
TIePEMITITYIOUH, HAPHUKIIA, JBIKOK MTOTEHITIOMETpa. Y pe3ybTari
3MIHIOETHCS] BUX1THHI OITIp TaTUUKA.

ﬂ) +—
Rsux
P
a) 0)

Puc. 2.42 — JlaTunku THCKY:

a — cuIb()OHHUI 1A ra3iB; 0 — CUIB(MOHHUIN T PiUH

IIpu BuMipi THCKYy PIAMH 3aCTOCOBYETHCS  1HINA
KOHCTPYKTHBHa cxema Cuib(oHHOrO narumka (puc. 2.43, 0).
PinuHa mig THCKOM p HAaAXOAUTH Y MOPOXKHUHY CHIb(OHA, SKUH,
3IIIYITIOI0YNCh, IEPEMIIITAE IBHUKOK TTOTEHIIOMETPA.

Y  nmanomy cuibdoni cumma TucKy piauHE  (Scp)
BPIBHOBA)XXYETHCSI CyMapHOIK CHJIOIO: CHJIOK IMPYIKOCTI cHib(oHa
(kcl), cummoro Teprs (Ddlj Ta IHEPUIMHOIO CHIIOI0 [mdzl ]

dt dt?

[IpupiBHIOIOUM CHITH, OTPUMAEMO JT(epeHITiaTbHE PIBHIHHSL:

d?  _dl
m—+D—+k/I=S.p’
dt?  dt
ne m — maca piiuHu B cuib(oHi; | — mepeMinieHHs] pyxJIMBOroO

Kpato cwib(poHa (IABMXKKAa MoTeHIiomerpa); D — koediieHT
rpy3noro Tepts; K. — koedirtieHT mpyrkocti cuib(ona; S — mioma
cuIb(OHa.

3 nonepeHbOro pIBHAHHS MOKHA OTPUMAaTH

md?l Ddl S,

——+——+l=—p
k. dt? k. dt k.
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MemOpana, 1m0 sBiIs€ COOOK TOHKY IUIACTHHY,
3aKpIIUIIOETHCST Ha KiHII TpyOompoBoxy (puc. 2.43). Ilix mieto
TUCKY piIMHU a00 ra3y >KOPCTKHIA IIEHTP MEMOPaHH POTUHAETHCS,
MEepPEMIIyIOYM  JIBIDKOK BTOPHHHOTO BHMIPIOIOYOTO TIPHIIALY,
HanpUKJIaI, MoTeHIioMeTpa. Yepes 1e 3MIHIOEThCS BUXITHUMA OIIip
JlaTYHKa.

RBbIX

Puc. 2.43 — MeMOpaHHHUH TaTYUK THCKY

MeMOpaHHi 4yTIHBI €1€MEHTH € Halpi3HOMaHITHIIINMU
3a koHcTpykuiero. Ilogana nHa puc. 2.44,a mocka abo
roppoBaHa MeMOpaHa € THYYKOIO TOHKOIO IIJIACTUHOIO,
3aKpIMJICHOI0 MO OKpYXHOCTI. Ilim mi€ro pi3HMIN THCKIB, IO
JIIOTH 10 00uBa OOKM Ha MeMOpaHy, il LIEeHTp NepeMillaeThCs.
[Inocka MeMOpaHa Mae HENIHIAHY MPYXHY XapaKTepUCTHKY 1
MaJli TepeMillleHHs: po0o4YOoi TOYKH, y 3B'A3KY 3 4MM 1i B
OCHOBHOMY 3aCTOCOBYIOTH JIJISl TIEPETBOPEHHS THUCKY B CHITY
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(1’ €30€NeKTPUYHI NepeTBOpIoBayi) abo MoBepxHEBi nedopmarii
(TeH3omepe-TBOproBayi).

p" t

NN
a)

p ~

h

£°4 4 DY
6)

Puc. 2.44 — MeMOpaHHi 9yTIUBI €IeMEHTH:

a), 0) miocki 1 rodpoBaHi MeMmOpaHW; B) MeMOpaHHI KOPOOKH,;
I') MJISIBI MEMOpaHH 3 >KOPCTKHUM LIEHTPOM

Hust TOJTITIIICHHS CTaTUYHOT XapaKTePUCTHKH
BUKOPUCTO-BYIOTh TOppoBaHi MeMOpaHu 1 MeMOpaHHI KOpOOKH
(puc. 2.44 6, B). Ilpodimi memOpaH MOXYyTh OyTH
MUWIKOMOAIOHUMHY, — Tpamene-moAiOHUMHU,  CHHYCOiNaIbHUMHU.
lodppyBannss MeMOpaHu NPU3BOAUTH 1O 3OUIBIIEHHSA 11
KOPCTKOCTi, BHUIPSAMIIEHHS CTaTUYHOI XapaKTEPUCTHKH 1
3017BIIEHHS 30HM MPOMOPIINHUX IepeMillleHb poO04oi TOUYKH.
binbim mUpPOKO BUKOPHUCTOBYIOTHCS MeMOpaHHI KOpPOOKH, IIO
SBJIAIOTH CO0OI0 3BapHI ab0 cmasHi MO 30BHIMIHBOMY Kparo
MeMOpaHu. JKOopcTKiCTh KOpOOKM BABIUI HMXKYE >KOPCTKOCTI
KOXHOI 3 MeMOpaH. Y nudMaHOMETpax SIK YyTJIUBI €JIEeMEHTU
PEryNATOpiB MpsAMOi il BUKOPUCTOBYIOTHCS MEMOpaHHI OJOKH,
10 BKJIFOYAIOTh 1Bl KOPOOKH 1 OLjIbIIIE.
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VY HamopoMeTrpax 1 TATOMETpax 3aCTOCOBYIOTHCS MIISBI
MeMmOpaHnu (puc. 2.45, T), BUTOTOBJICHI 3 OCH30MaCTUIOCTIMKOT
NPOryMOBaHOI TKaHUHHM. Y UEHTPi MeMOpaHU KpilUIAThCS
MeTajeBl
IUTACTUHM, B OJIHY 3 SIKMX YIUPAETHCS TBUHTOBA MPY)XKUHA, II0
BHKOHYE€ (DYHKIIIT IPYKHOTO €JIEMEHTA.

[IpyxHi BIIACTHBOCTI MaTepialiB YyTIUBUX EJIECMEHTIB
3ajekaTh BIJ TeMIepaTypu: TakK, y TpyOdacTUX MpPYKUH
TEeMIepaTypHuil ~ Koe(illieHT  3HIKEHHS  JKOPCTKOCTI 32
3pOCTaHHS TEMIEpPaTypu csrae 3.10* 1/°C. le Bu3Hauae
HEOOXITHICTh  3aXUCTy MpWUJIaNiB Bl BIUIMBY BHCOKHX
TeMIlepaTyp CepeOBUIIIA, 110 BUMIPIOETHCS. 3 4aCOM Y IPYKHUX
YYyTIMBUX €IEMEHTIB HAaKOMMYYIOThCS IIACTUYHI aedopMariii ta
3MEHIIYIOTbCS NMpPYXHI. Lle Npu3BOAUTE 10 3HUKEHHS KPYTU3HU
CTaTUYHOI XapaKTepUCTUKHU Npuiany Ta ii 3cyBy. [Ipouec 3Minu
CTaTUYHOI XapaKTEPUCTUKU MPHUILBUIIIYETHCS MPU IMiJBULICHIN
TeMIeparypi Ta TyJabcamii  THCKY, 0IO0  BHMIpPIOETHCS.
Koncrpykuis nedbopmamiifHuX MaHOMETpIB 1 audMaHOMETPiB
3BHYAHO Tiepeadayae  MOKJIMBICTh  KOPEKIii  BiIXWICHB
noka3aHb a00 BHXIJTHOTO CHUTHANy, BHUKIMKAaHUX CTapiHHAM
MPY>KHOTO YYTJINBOTO €JIEMEHTY.

BanTaxonopmHeBi MaHOMeTpH. Y BaHTaXOIOPIIHEBUX
MaHOMETpaxX THUCK, IO BUMIPIOETHCS, BPIBHOBAKYETHCS CHIIOO
BarM HEYIIUIPHEHOTO TMOPILIHSA 3 BaHTaXaMu. MaHoOMeTpu
BUKOPHUCTOBYIOTBCSl SIK 3pa3KoBl 3acOOM BIATBOPEHHS OJAMHHLII
THUCKY B Jiana3oHi Bif 107 mo 1013 Ila, a Takok I8 TOYHHX
BHUMIpPIB TUCKY B JJaOOpaTOpHiil MpaKTHUILL.

Cxema MOpILIHEBOIO0 MaHOMETPA, 10 Ma€ Jiana3oH BUMIPY
6 MIla (MII-60), mogana Ha puc. 2.45. Ilopmens 1 i3 Tapinkoro
2 §mnd BaHTaXIB 3 MEpeMIIMyeThCS BCEepeauHI LMiiHApa 4.
[TopimHeBa mapa MiJraHs€TbCsl TAKUM YMHOM, LI00 3a30p MIX
nopuHeM 1 1 muminapom 4 He nepesumtyBaB 0,01 mwm. Ilpu
TaKOMY 3a30p1 HaBiTh 3@ BUCOKHMX THUCKIB HIBHJIKICTh OIYCKaHHS
MOPUIHS Yepe3 BIAIMIMB poOoUoi piAMHU He nepeBulnye 1 Mm/XB.
Jns 3a0e3nedyeHHss PIBHOMIPHOTO 3a30py MDK IMUIIHAPOM i
MOPIIHEM OCTaHHIA y MOMEHT BHMIpYy 00epTalTh 3a
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TOAMHHUKOBOIO CTPUIKOIO. Y MaHOMETPAaX 13 Iiarma3oHOM BUMIPY
0,6 MIla Ta Bume oOepTaHHs MOPIIHS 3A1MCHIOETHCS BPYYHY.

~
)

°F
7
e E 11
Puc. 2.45 — Cxema BaHTaXOIOPIITHEBOIO MAaHOMETPa
II’e30esekTpuaHi MaHOMETPH. [Tpuniun i

MaHOMETPIB 1LIbOIO THUIYy Oa3yeTbCs Ha I1'€30€EKTPUUHOMY
edeKTi, CyTHICTh SKOTO MOJSrae y BUHUKHEHHI E€IeKTPUYHHX
3apsAiB Ha IOBEPXHI CTHUCHYTOI KBaplOBOi IUIACTUHH, IO
BUPI3A€THCS MEPHEHAUKYISIPHO A0 ENEKTPUYHOI OCi KPHUCTAaliB
kBapiy. Cxema Im’€30€IeKTPUYHOTO MaHOMETpa MOJlaHa Ha PHC.
2.46. Tuck, moO BUMIPIOETHCS, 3a TOMOMOTO0 MeMOpaHu 1
MEPETBOPIOETHCS B 3yCWILJIS, IO CTUCKY€E KBapIIOB1 TUTACTHHH 2.
EnexTpuunHuii 3apsij, 110 BUHUKAE Ha METaNli30BaHUX ILIOIIMHAX
3 mix gieto 3ycwuis F 13 Ooky memOpanu 1, BuU3HAYaeThCs
BHUPa30OM:

Q=k-F=k-S-p,

e P — THCK, IO Ji€ Ha MeTajaeBy MeMOpaHy 1 3 eeKTuBHOIO
IUIOLIEIO S;
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K — m’e30enexrpuuna mocriitaa, Ki/H.
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Puc. 2.46 — Cxema 11’ €30€IEKTPUYHOTO0 MAaHOMETPA

Hanpyra ©a BXOmi miACHIIIOBaYa, IiJKIOYEHOTO [0
BUXOJMy  II’€30MEPETBOPIOBAYA,  BHM3HAYAETHCS  3arajbHOIO
€MHICTIO BUMIpIOBaJIbHOTO JaHIora C:

[I’e30enexTpuuHuil  AaTYMK SBISIE COOOI0  KBApIIOBY
IUTACTUHY, Ha TMPOTWIIEKHI TMOBEpXHI fAKOoi HamuieHi (abo
MPUKJIEEH] CTPYMONPOBIIHUM KJIEEM) €JIEKTPOAM, [0 SIKUX
OpUNarioThest BuBoau (puc. 2.47). Ilpu CTHCKY KBaploBoi
MJIACTUHU CUIO0 P Ha 11 MpOTUIIEKHUX MOBEPXHSX, a OTXKE, 1 Ha
eJIEKTPOAaX, 4Yepe3 MNpsIMUH  I1’€30€TEeKTPUYHUN  e(deKT
BUHUKAIOTh €JEKTPUUHI 3apsiau. Po3Mmip 3apsany nponopuiiHui
CTHUCKaJIbHIM cuii P, ToOTO

Q=dp,

ne d — xoeQilieHT NPOMOPUIHHOCTI, SKUH Ha3WBAIOThH
1’ €30MOTYJIEM.
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Puc. 2.47 — IT’e30eneKTpUYHNAN TaTUUK

3a cuwium P, MmO 3MIHIOETHCS, 3'IBISETHCS BHUXITHA
Harpyra:

Qo _d
o Cc,+C, C,+C,

ne Cy — eMHICTh JaTynka (KOHIEHCATOpa, YTBOPEHOTO
€JIEKTPOAAMU 1 KBAPLIOBUM J1€JIEKTPUKOM);

C,, — EMHICTh MOHTaXY.

3 i€l popMynu 04E€BUIHO, 110, 3HAIOYM BUXITHY HAIPYTy,
MOXKHa BuU3HauWTH cwiy P. SIlkmo P mocriiina, To Uy, =0.
IT’e30enexkTpuuHi JATYUKH Oe31HepIiiiHI. Bonn
BUKOPUCTOBYIOTBCSL JUIsl BUMIPY CWJI, TUCKIB, BiOpamiid 1 ais
IHIINUX BUMIpIB, Y SIKUX IPSIMO 200 MOOIYHO BUSBIAIOTHCS CHUIIOBI
BIUIMBU. BuxinHa Hampyra I1’€30€M€KTPUYHUX JaTUMKIB BiJl
OJMHMIIb MIUTIBOJIBT [0 OJMHULG BOJBT. /[l mocuiieHHs
BUXIHOI HAaNpyrd I’ €30€JIeKTPUYHOrO JaTyMKa MOTPIOHO
3aCTOCOBYBATH ITiJICHITIOBAY 13 Ty’K€ BEJTMKUM BX1HUM OTIOPOM.

Ksapry nHa BimMiHY Bij 1HIIUX CETHETOEIEKTPHUKIB, IO
MaloTh I1’€30€(eKT, € MEXaHIYHO MIIHUM 1 Ma€ BHUCOKY
KOPCTKICTh, IO BHKIIOYA€ BIUIMB MPYXHOI XapaKTEPUCTUKU
MemOpann 1 Ha koeQilieHT mepenadi I’ €30€IeKTPUYHOTO
nepeTBoproBavya. Yacrora BIIACHMX KOJHMBAHb IEPETBOPIOBaua
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csira€e JIECATKIB KIJOTepl], YHACHIiJOK YOro BOHH HIMPOKO
3aCTOCOBYIOTBCSI TIPM BUINPOOYBAHHSIX JIBUTYHIB Ta Ha IHIIUX
TEXHOJIOTIYHUX o0'exrax, 110 XapaKTepU3yIOThCS
BHUCOKOYACTOTHUMHU 3MIHAMU THCKY.

IT’e30enekTpruHa MoCTiHHA KBapiy, MO CKJanae Oins
2.10% Ki/H, Bigpi3HseTbcss CTAOUIBHICTIO 1  C1aOKOrO
3aJISKHICTIO BiJl TeMIEpaTypH, IO J03BOJISIE BUKOPHUCTOBYBATH
I’ €30I1€pEeTBOPIOBAYl JJIsl BUMIPY THCKY BHCOKOTEMIIEPATypPHHUX
cepenoBuil.  Yepe3  BIOIUIMB  3apsAAy I €30€JIEKTPHUHI
[IEPEeTBOPIOBAaYl HE BUKOPUCTOBYIOTHCS Ul BUMIPY CTaTUYHHUX
TUCKiB. 3 METOI0 MiABHUIIEHHS YyTIMBOCTI JAEKUIbKAa KBAapPIIOBUX
IUTACTUH BKJIIOYAIOTHCS MapaneiabHO. BepxHs Mexa BUMIPY
TUCKY B uX npuiiagax csirae 100 MlIla
(1000 kre/em?).

ManomeTpu 3 TeH30MepeTBOpIOBaYaMu. MaHOMETpH 3
TEH30PE3UCTUBHUMHU  IE€PETBOPIOBaYaMU 32  LIBHJKOAIEIO
HAOMIKAIOTBCS 10 I’ €30€JIEKTPHUYHUX MaHomeTpiB. [lepmri
SBJISIIOTH  COOOK0 MeMOpaHH, Ha SKHX pPO3MIIIEHI JIPOTOBI,
¢donbproBi abo HAMIBIPOBITHUKOBI PE3UCTOPH, OIIp SKHUX
3MIHIOETBCS TTPH Jeopmaliii MeMOpaHu Mij A1€0 THCKY.

Jlisi BUMIpIOBaTbHUX TEH30MEPETBOPIOBAYIB 0a3yeThCsl Ha
3MiHI €JIEKTPUYHOI'O ONOpY YYTJIMBOIO €JIeMEHTa (HampUKIa,
CTPIYKM 3 TEH304YYTJIMBOIO MaTtepiany) Hpu Horo aedopmariii.
3BHYAiiHO BOHM BHKOPHCTOBYIOTHCS SIK II€PETBOPIOBAYi, IO
nepeaaroTh, JUisi BUMIpY aedopmaliiii eIeMeHTIB KOHCTPYKIIi
a00 4YyMIMBHX €JEMEHTIB MEepBHMHHUX mpuianiB. Tak,
TEH30IIEpPETBOPIOBAaYl  MOXYTb  OyTM  BUKOPHUCTaHI  JUIs
JMCTAHIIMHOTO BUMIPY THUCKY, SKIIO iX MEXaHIYHO 3'€JIHATH 3
MaHOMETpaMH, 10 1ehOPMYIOTCS MiJl A1€10 TUCKY.

OCHOBHUMH BHMOTaMH JI0 TEH30UYYTJIMBUX MaTepialiB €
CTaOUIbHICTh  XapaKTEPUCTHK, MaJMi  TeMIepaTypHHUH
KOe(ILIEHT eNeKTPUYHOI0 OIopYy, BHCOKA YYTIUBICTH. Jlyxke
4acTo SIK MaTepialii BUKOPHUCTOBYIOTHCSI KOHCTaHTaH, CIUIABU
Mi/li 1 HIKEJTFO, HIKEITIO 1 XpOMYy 1 T.I.

IMopsn 13 METaJeBUMH  TEH30IEepPETBOPIOBAYaAMHU
3aCTOCOBYIOTHCSL 1 HamiBOPOBIAHUKOBI. OCTaHHI MalOTh OUIBII
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BHCOKY TEH30UYyTJHMBICTb, B TOPIBHSAHHI 3 METaJCBUMH, Mai
pO3MipH 1 Macy.

3a 0yZ10BOIO MeTaneBi TEH30IIePETBOPIOBAY1
MIIPO3AUISIIOTECS Ha Ti, [0 HAKICKIOTHCA, 1 Ti, IO HE
HAKJICIOIThCs. HallOimbIl MOMMPEHUMH € TEH30PE3UCTOPH, 10
HAKJICIOIOTHCS, K1 BAKOHYIOTHCS 3 3UT3arornoioHO MOKIIaIeHOro
1 mpuxiieeHoro Ha migkiIaaky 1 (i3 mamepy abo mactmacu)
napoty 2 niamerpom 0,01-0,05 mm (puc. 2.49). Jlo kiHIIB IpoTy
npuBapeHi BUBIAHI npoBigHuku 3 giametrpom 0,5 Mm.
@onbroBuil TEH30MEPETBOPIOBAY BUTOTOBJISETHCS 3 METAIEBOT
¢donbru ToBuwHOW 0,001- 0,01 MMm.

/
/ N

2 1

Puc. 2.49 — MeraneBuii TeH30MEepETBOPIOBAY

TensonepeTBOprOBad  HAKJICIOETBCA HA  €IIEMEHT, 110
nedopmyeTbes, 3a nedopmariii SKOro 3MIHIOIOTBCS PO3MIpU i
eJIEKTPUYHUIA Omip APOTy, MPUUYOMY L 3MiHA 3aJEKUTh BiJ
cTyneHsi nedopmarii. 3MiHa ONMOpPY 3BHYAHO BUMIPIOETHCS 3a
JIOTIOMOTOK0  MOCTOBOi ~ cXeMH. BinHocHa 3MiHa — omopy
TEH30IIEpPETBOPIOBAYIB HEBEJNMKA (HANPUKIAA, A METaJeBUX
BOHa He mnepeBuurye 1%), TomMy TemreparypHUil KoegillieHT
Marepiaiay ApOTy MOBHHEH OyTH OMM3bKUM A0 HyJsa. KpiMm Toro,
JUIs  3MEHILIEHHS BIUIMBY TEMIIEpPaTypH  3aCTOCOBYIOTHCS
CHeliaibHI CXeMH TEPMOKOMITEHCAIlii.

[TpomuCIIOBI TEH30PE3UCTUBHI MEPETBOPIOBAYl IPU3HAYEHI
Ui nepeTBopeHHs Tucky 0 100 MIla, po3pimxeHHs 1 pi3HHULI
TUCKIB 710 16 MIla B mponopiiiiine 3Ha4eHHs BUX1THOTO CUTHATY
MOCTIHHOTO CTPYMY.
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Tonizauiiini Manomerpu. /[ns BUMipy TUCKY B Aiana3oHi
10" — 10® Ila BHUKOPHUCTOBYIOTBCSI 10HI3AIlIiHI MaHOMETPH.
Cxema mpwiany HajgaHa Ha puc. 2.50. OCHOBHUM €JIEMEHTOM
MaHOMETpa € CKJISIHA MAaHOMETpPUYHA JIaMIIa, 110 MICTUTh KaToJl
I, MmO 3HAXOMUTHCS BCEPEOUHI AHOMAHOI CITKH 2, OTOYCHOI
UWIHAPUYHUM 10HHUM  KojJektopoMm 3. Enektponu, ski
©KEKTYIOTbCS ~ pPO3MEUYEHUM  KAaTOJIOM,  IPUCKOPIOIOTHCS
MO3UTUBHOIO HAMPYTO0, MPUKIAACHOI0 MK aHOJOM 1 KaTOIOM.
[Ipu pyci eneKTpOHH 1O0HI3ZYIOTh MOJEKYIH PO3PIIKEHOTO Tasy.
[To3uTUBHI 10HM TMOTPAIUISIOTH Ha HETaTUBHO 3apsKCHUN
KOJIGKTOP 3. 3a CTaloCTi aHOHOI HANPYTH ¥ eNEeKTPOHHOI eMicii
pO3Mip KOJEKTOPHOTO CTPyMy I 3amexuTh BiJ THUCKY, IO

BUMIPIOETHCSI.
¢ PBHM

MKA

o

Puc. 2.50 — Cxema ioHI3aIliiHOrO MaHOMETpPA

HwxHs Mexxa BUMIpY 10HI3allIHHUX MaHOMETpPIB OOMEXeHa
(OHOBUM CTPyMOM, BUKJIMKAHUM M'SKHM pPEHTTEHIBCHKUM
BUNIPOMIHIOBAaHHSM aHO/MAa Ta (DOTOENIEKTPOHHOIO EMICi€l0
KOJIEKTOPA.
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B MarHiTHHUX  €NeKTpPOpO3psIHUX  MaHOMeTpax i3
XOJIOAHUM KaTOJIOM IS 3HMYKEHHSI HIDKHBOI MEKi BUMIpy 110 10
19 TTa tpaexropist npsMyBaHHS eNEKTPOHIB y TamIti GOpMyeThCs
32 paxyHOK BUKOPHCTAHHS 30BHIIIHBOTO MAarHiTHOTO MOJs, HpU
[[bOMY TOJIOBXKYETHCS TPOOIr ENEKTPOHIB, 3POCTAE YHCIO iX
CHIBYJapiB 13 MOJIEKYJIaMU Ta3y.

TenJioBi MmanomeTrpu. /[ns BuMipy THUCKY B Aiama3oHi 1—
10* Tla (10'2—102 MM PT. CT.) BUKOPHUCTOBYIOTHCS TEILIOBI
MaHOMETpH, fKi, SK 1 1OHI3aliidHi, MICTATh y co0i
MaHOMETPUYHHH TIEPETBOPIOBAY 1 BHUMIPIOBAJIbHHIA  OJIOK.
[IpuniMnoBa BUMIpIOBaJbHA CXE€Ma TEIUIOBOTO MaHOMETpa
HaBeZieHa Ha puc. 2.51. Bona sBisie co0010 HEBPIBHOBAXEHUI
MICT, Ha SIKWH Hampyra MOJAEThCs B CTaOUIi30BAaHOTO JKeperna
xuBienns JK. Tpu mieua MocTta MICTSTh MOCTIiMHI pe3UCTOpU
R1 — Rs, a derBepre sBisie coboro Harpity mo 200 °C
BOJIL()PAaMOBY HUTKY, 5Ka 3HAXOJUThCA B Kamepi, KyIu
MOJIA€ThCS THCK, IO BHUMIPIOETHCS. 3a 3a3HAYCHUX THUCKIB
YHACTIZIOK 3HUKEHHSI YMCIa MOJEKYN JOBXKHHA iX BUIHHOTO
MpoOITy CTa€ CYMIPHOIO 3 BIJICTAaHSMHU MiX TEILIONEPEIAF0UUMU
MOBEPXHSMHU BUMIPIOBAILHUX KaMmep MPHIIATy, Y 3B'3Ky 3 UUM
TEIUIONPOBIIHICTh 32 THCKIB 10° Ta (10 MM pT. cT.) 1 HUXKYE
JHIMHO 3MEHIIYETHCS 32 MipOIO 3HUKEHHS TUCKY.

R2 l Rs
1 |
| I | | I |

® mM Py
Ya

R1 R4

I TI
PBHM

Puc. 2.51 — CxemMa TemaoBoro MaHOMETpa
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TennoBignaya Bixg BoJIb(PPaMOBOi HUTKU 3aJEKUTH SK BiJ
YHUCJIa MOJIEKYJ, O OepyTh y4acTh y MEPEHOC] TeIla, TaK 1 Bif
TEMIIEpaTypu CTIHOK Kamepu. Jlas B3HMKEHHS BIUIMBY Ha
MOKa3aHHS NPWIAAY KOJMBAHb TEMIEpaTypH HAaBKOJIUIIHBOTO
Cepe/IOBUINa, II0 BU3HAYAE TEMIIEPATYpPy CTIHOK KaMepH, Ijieue
MOCTa, WO HPUTHCKYEThCS 10 R4, momimaerscs 10
BaKyyMOBAHOI KaMepH, aHAJIIOTIYHOI BUMIPIOBAJIbHIMH.

HwwxkHs Meka 3acTOCyBaHHS MaHOMETPIB OOMEXKYEThCS
3pOCTaHHSM 3a MIpPOI0 3HMKEHHS TEIUIONPOBITHOCTI PO
IPOMEHHCTOTO TEIUIOOOMIiHY, III0 CTa€ BU3HAYAJIHHHUM 3a THUCKIiB
amkae 107 Ia (10° Mum pT. CT.).

s BUMIpY TeMIIepaTypu HUTKU MOXYTh
BUKOPHCTOBYBATHUCS TEPMOIIAPH, Y [BbOMY BHUMAJIKY TEIUIOBI
MaHOMETPH Ha3UBalOTh TEPMOIIAPHUMH. Cxema

MaHOMETPUYHOTO TEpeTBOpIOBaya (JIaMIu) BaKyyMMETpa THUITY
BT-2 nonana Ha puc. 2.52. Y cepenuHi CKIsHOTO OayioHa 1, skuit
BaKyyMHO IIUTBHO Ti/T'€THYIOTh BEPXHBOIO YaCTHHOIO 10 00'€KTa
BUMIPY THCKY, 3HaxOJIUThCS IUIATUHOBMI HarpiBad 2,
TEMIIepaTypa  SIKOTO  BHMIPIOETBCS  XPOMENb-KOIETICBOIO
TepMOIIaporo 3.

Puc. 2.52 — Tepmonapamii MaHOMETPHUYHHUI TEPETBOPIOBAY
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TernnoBi MaHOMETPHM MOXYTh MpPALIOBATH B PEXKUMI
MIITPUMKH TTOCTIHHOTO CTPyMy Yepe3 HarpiBay, TOJI THCK, IO
BUMIPIOETHCS, NPOMOPUIHHUN PI3HHULI MIDK TeMIeparypaMmu
HarpiBadya i CTiHOK Jiammu. [Ipu poOOTI B pexuMi HiATPUMKH
MOCTIHOI Pi3HMILII TEMIIEPATYp 32 PaXyHOK 3MiHU CTPYMY PO3Mip
OCTaHHBOTO XapaKTEPHU3Y€E TUCK, 10 BUMIPIOETHCS.

2.3 TlpuHounu BUMIPIOBAaHHS PiBHA, NPUJIATM IS

BUMIpY piBHS

2.3.1 3arajabHi BizomocTi npo piBeHb

Pisens - 1ie BUCOTa 3alIOBHEHHSI TEXHOJIOTIYHOTO arapary,
€MHOCTI, TPOCTOPY II€BHUM CEpElOBHUILNEM - pPIAMHOK abo
cUIlyduM TiloM. PiBeHb BUMIPIOIOTH B OJMHUIIIX JOBXKHHH.
BumMiproBaHHs piBHS y pe3epByapi 3aBXKAM € BEPTHUKAIbHUM
BHUMIpOM.

BumiproBanHs piBHSI piIUHU BiAirpae BaXJIUBY pOJIb IpU
aBTOMATH3alii TEXHOJIOTIYHHUX TMPOLECIB y 0ararbox Traimy3sax
IIPOMUCIIOBOCTI, IIPH CIIOCTEPEKEHH] 32 CTAHOM HAaBKOJIMIIHBOIO
Cepe/loBHINIa Ta B IHIMHUX cdepax ToAChKol misutbHOCTI. Lli
BUMIpH OCOONMMBO BaXJIMBI B TaKUX BUMAAKaX, KOJHU
MIATPUMAHHS JIeIKOr0 3a/JaHOr0 pIBHSA pIJUH, NOB'SI3aHO 3
yMoBamMH Oe3neuyHoi poOotu obsagHanHsA. Kpim Toro piBeHb
po0ouoro cepefoBHIla € MapamMeTpoMm, iHdopmalis mpo SKuil
HeoOXigHa Ui KOHTPOJIO 3a CTAaHOM  HaBKOJMIIHBOTO
Cepe/IOBUINA, YIPABIiHHSI XOJOM TEXHOJIOTIYHOTO TIPOIIECY,
3a0be3neueHHss Horo Oe3meku, MPOBENCHHS TOBapOOOIiKOBUX
orepalliii uepe3 BU3HAYEHHSI Macl PEYOBUHH B EMHOCTI Ta 1H.

2.3.2 JIaTYuKH VI KOHTPOJIIO PiBHS peYOBUH

Ha cborosHi icHye BelMKE YMCIIO METOJIB BUMIPY piBHS
piauH. Bumip piBHS BiIOyBa€eThCs K y BIAKPUTHX €EMHOCTSX, TaK
1 B MOCYAMHAX, 110 3HAXOAATHCS 1]l THCKOM.

TexHiyHl 3aco0u, $KI TOpU3HAUEH! JJIsI BHUMIPY PpIBHS
PLOVHM, HA3UBAIOTH PiGHEMIDAMU.

3a cnocoboM B3aEMOJIi 3 CEpelOBUIIEM piIBHEMIpU
OyBalOTh:
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® KOHTaKTHi:
O TOILIaBKOBI;
o OyMHKOBI;
O TiAPOCTATHYHI;
e (OE3KOHTAaKTHI (JUCTAHITINHI):
O YIBTPa3BYKOBI;
O AaKyCTHYHI;
o panapsi (CBY).
3a BUJIOM CepeIOBHUIIA, IKE aHATI3YEThCS PO3PI3HAIOTH:
® IS PIIUH;
® IS CUITyYHX MaTepiajis:
O €MHICHI;
O Paaioi30TOIHI.
Haiinpocrimmii 1 HaiiBiZoMIIINi BUMIipIOBATBHUN MPHIIAT
JUI BU3HAUCHHsS DIBHA € eumiprosanvhutl wyn (puc. 2.53).
BilHOCHO KOpOTKHIA IO JOBXHHI METAJICBHH CTPIIKEHb a0o
IpyT, SKUH 3a3BUYail BUKOPUCTOBYIOTH JUISI NEPEBIPKU PIBHS
piauH y aBUryHax ab0 MexXaHIYHOMY O0JaHaHHI.

>

Puc. 2.53 — BumiproBasibHuiA 1Tyt

[Ilyn BBOAMTHCSA Ha JAEAKY 3aJaHy TIMOMHY, MOTIM HOro
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BUIMAIOTh 3 00JIaJTHAHHS Ta 3HIMAIOTh TIOKa3aHHS PIBHS PIIMHH.
Touka, ne 3aKkiHUYEThCS 3MOYCHA PIJUHOI0 YaCTHHA IIyTMa, €
MOKa3aHHAM piBHA piauHu. Ha miymi 3a3Buuail He mpocTaBlieHi
YHUCJIOB1 BEJIIMYMHH, IO BigoOpa)karOTh IMOKa3 pIBHSA PIIUHUA B
pe3epByapi.

3a3BUyail Ha CTPUXKHI LIyla BUIPaBIpyBaHO J(BI MO3HAYKH:
OJlHA BIiJMOBIa€ HU3BKOMY pIBHIO, 1HIIA MMO3HAYKA BiJIMOBima€
pPIBHIO HEOOXiJHOTO 3allOBHEHOTO PIIUHOK 00'€éMy €MHOCTI.
Komu pinmHa 3MOYye CTpIKEHb INyna Ha JIOBXKHHY, IO
3aKIHUYETHCS JIeCh MDK IITMMU BUTPaBIpPYBAaHUMH BiIMITKaMH,
BBAXAETHCS, IO pIBEHb HE BHUXOAUTh 32 MEXI IOKa3aHb
HOPMAaJILHOTO €KCIUTyaTalliifHOro pexumy. SIKIIo piBeHb piAvHU
3HAXOJUTHCS HUXKYE BIJIMITKM HHU3BKOTO pIiBHA a0o BHIIE
BIIMITKHM, WO BIJAMOBiAa€ 3aMOBHEHOMY 00'€eMy €MHOCTI,
HEOOXITHO BIIPETYITIOBAaTH PIBEHb y MEXax MK IMMH JBOMA
BIJIMITKaMHU.

[lle oauH i3 HAWNOMMPEHUX METOJIB BU3HAYCHHS PIBHS €
BHMID 2I0pOCmamuyHo2o TUCKY CTOBIIA piauHu
ManomempuyHumy ab0 nHeeMOMEempUYHUMY TIPUCTPOSMU. Y
IUX METOJIaX, SK IpaBUJIO, TOJIOBHOIO € MOXMOKa 3a paxyHOK
3MIHU UIUTBHOCTI PIJIMHU, IO BUMIPIOETHCS, BIJ TEMIIEpaTyp.
Jlnst BUKIIIOYEHHs a00 3MEHIIEHHs 1€l MOXMOKU CTBOPIOIOTHCS
CKJIa/JIHI BUMIPIOBAJIbHI CHUCTEMH, IO OJHOYACHO BUMIPIOIOTH
T1IpOCTATUYHUN THCK PIAMHU Ta i1 HIUIBHICTH 1 KOPUTYIOUi TOTIM
MOKAa3aHHs piBHEMIpa BIANOBIAHO A0 wIubHOCTI. [Ipupoano, 1e
YCKJIQJIHEHHS BUMIPIOBAJIbHOI CUCTEMH 3MEHIIYE i1 HaaiiHICTb.

Bei cuctemu BuMipy piBHA PIAMH  T1APOCTaTHUYHUM
METOZOM HOTPeOYyIOTh PETEIbHOI0 aHajlizy BUMIPIOBAIBHOI
CHCTEMH, CIOIYYHHUX JiHIH, IXHPOTO TEMIEPAaTypHOTO PEKUMY,
0co0IMBOCTEH  POOOTH  BHUMIPIOBAIBHUX  IEPETBOPIOBAYIB.
Hanpuxnan, ans onHiel ¥ Ti€l ) cUCTeMHU BHUMIPY pIBHS B
O6apalaHi KOTJIa 3aCTOCYBaHHS MeMOpaHHMX IU(PMaHOMETPIB
3aMiCTh TIOIUIABKOBUX ICTOTHO 3MEHIIYE MOXJIUBI IMOXUOKU
BUMIpY piBHS.

PiBHemipHu, siKi 3aCTOCOBYIOTHCS JUIsl BUMIPY PIBHS P1AUHU
3 METOI0 MIATPUMKM HOro NOCTIHHMM Yy TIEBHHUX MeEXax,
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KOMIIOHYIOTh ~ TPUCTPOEM  JUIsI ~ CUTHami3amii  TIpaHUYHHX
BIIXWJICHB PIBHS BiJ 33/1aHOTO 3HAYCHHS.

s BUMIpY piBHS PIAWHH 33aCTOCOBYIOTH TOILIABKOBI,
OyHKOBI, T1IPOCTaTHYHI, YIbTPA3BYKOBI M aKyCTHYHI MPHUJIA]IH,
JUIE BUMIPY DIBHS DPIIUHHM 1 TBEpAMX CHUIYYMX MarepiaiiB —
€MHICHI 1 paJ10130TOIIHI.

KpiMm Toro, 3Haroum 1momry OyIb-fKOi €MHOCTi, 3a
BEJIMYMHOIO PIBHS MOYKHA BU3HAUUTHU KIJILKICTh PEYOBHHH B HIH.
Yacto 3a yMOBaMH TEXHOJOTIYHOTO TPOIECy HeMae
HEOOX1THOCTI y BUMIp1 PiBHSI MO yCili BHCOTI amapary. Y Takux
BUMAJIKaX 3aCTOCOBYIOTH Y3KOMEXHI, aje OuUIbIl TOYHI
piBHeMipu. Oco0nuBy Tpymy CKJIaJaloTh pIiBHEMIpH, SKi
BUKOPUCTOBYIOTBCS TUIBKH JUIS CUTHANI3aMI{ TPaHIYHUX 3HAYE€Hb
piBHSL.

SIk piBHEMipH BUKOPHUCTOBYIOThH CEpiiiHI qu(pMaHOMETPH —
MOIUTAaBKOBiI, MeMmOpaHHi 1 cuib(oHHI (AuB. po3xin «Bumip
TUCKY»). Y  psili  TEXHOJOTIYHHX  TPOLECIB  MOMKJIHMBE
BUKOPDUCTaHHA  ITHEBMOMETPUYHUX  pIBHEMIpIB, Yy  SKHX
T1IPOCTATUYHUNA TUCK CTOBIA PiJMHHU BPIBHOBAXKYETHCS THCKOM
NoBITPs (1IHEPTHOTrO rasy). SIKk BUMIpIOBaJIbHHUI NEpeTBOPIOBAY,
SIK TPaBUJIO0, BUKOPUCTOBYIOTHCS TU(MAHOMETPH, a MPHU 3MiHI Y
BIJKPUTUX PHUHKAX MOXYTh OyTHM BHMKOPHCTaHI HAmipOMETpH i
MaHOMETPH.

PiBHemipn 3 BizyanpHUM BiagikoMm. Haitnpocrtimmmu
npuwiajaMu s BHUMIPY THUCKY € pIBHEMIpPU 3 BI3yaJIbHUM
BiJulikoM. Taki piBHeMipu 0a3yroTbCsl Ha Bi3yaJlbHOMY BHMIipi
BHUCOTH PIBHS P1IMHU. 32 HEBUCOKHMX THUCKIB CEpEOBHILA BUCOTA
PIBHS BUMIPIOETBCS y CKIISHIA TpyOui (BKa3iBHOMY CKIi), sIKa
CHONY4Ya€eTbCsl 3  PIAMHHUM 1  Ta30BUM  IPOCTOpaMU
KOHTPOJILOBAHOTO pe3epByapa (puc. 2.54). 3a mMigBUIIEHUX
THCKIB 3aCTOCOBYIOTHCSI IUIOCKI CTEKJa, HAa IMOBEPXHI SKHUX 13
OOKy piIMHM HaHECEHI BepTHKAJIbHI IPaHOBaHI KaHaBKU. 3 YMOB
MILHOCTI HE PEKOMEHAYEThCSI 3aCTOCOBYBATH BKa3iBHI CTEKIIa
JOBXHUHOIO Oinbie 0,5 M, TOMy IpU BEJIMKOMY Jliania3oHi 3MiHU
PIBHSI BCTAHOBJIIOETHCS JIEKUJIbKA CTEKOJ Y MIaXOBOMY HOPSAKY
TaKUM YUHOM, 1100 IXH1 Jliarla30HU BUMIPY NEePETUHAINCS.
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OCHOBHUM  JDKEpPEIIOM  JTOJATKOBOT ~ TMOXHMOKM  TaKUX
PIBHEMIPIB € PI3HMIISI HIUTBHOCTEH PIIMHU B KOHTPOJIHOBAHOMY
pe3epByapi Ta Yy CKIi, IO BHKIUKAETHCS PO3XOPKEHHIM
Temrieparyp (0CoOIMBO SKIIO PiAMHA B pe3epByapi 3HAXOAUTHCS
3a BUCOKOI TEMIIEpaTypH, a BKa3iBHE CKIIO 3HAaXOIWTHCA Ha
3HAYHOMY BijyaieHHi). PO3X0KeHHS NIUIBHOCTEH MPU3BOJIUTH
710 PO3XOJIKEHHS PiBHIB y pe3epByapi i BKa3iBHOMY CKJIi (piBEHb
y CKJI1 1HO/Il HA3UBAKOTh «BarOBUM» PIBHEM).

hi

Puc. 2.54 — Cxema piBHeMipa 3 Bi3yaJIbHUM BiJJIIKOM

IToxubka Moxke JocAraTd ICTOTHUX 3HA4Y€Hb, TOMY 3
MeTOI0 1i 3MEHIIEHHS HeoOXxigHa abo TeIuioBa 1301
piBHeMipa, abo MpoyBaHHS HOTO PIAMHOIO 3 pe3epByapa mnepen
BIIJTIKOM.

IMonuiaBkoBi piBHeMipu. Y TNOIUIaBKOBUX piBHEMIpax €
IJIaBalOYMil Ha MOBEPXHI PIAMHM MOIUIABELb, Y PE3YJIbTATI YOTO
piBEHb, KM BUMIPIOETHCS, MEPETBOPIOETHCS HA MEPEMIIICHHS
MoruiaBlg. Y TakUX NPUIaZax BUKOPHUCTOBYETHCS JIETKUN
TMOTIIaBellb, BUTOTOBJICHUH 13 KOPO3IMHOCTINKOTO MaTepiaiy.

[TornyiaBkOB1 piBHEMIPH € OJTHUMHU 3 HAMOLIBII MPOCTUX 1
HajiiHuX. [IpoTe BOHM MPAaKTUYHO HE MOXYTh 3aCTOCOBYBATUCS
3a BHUCOKUX THUCKIB. BOHM [03BOJISIIOTH KOHTPOJIIOBAaTH PiBEHb
piguH y mupokomy niamaszoni Big 50 mo 2000 mm. o Takumx
CUTHAJII3aTOpPIB TPAHUYHUX 3HAYEHb KOHTPOJHLOBAaHUX pIBHIB
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BITHOCATHCS TMOIUIaBKOBI mpuianu Tumie PPC (pene piBHS
cunbhonne), CY (curnamizarop piHs), [IPP (aucranmiitne pene
piBHS).

Ha puc. 2.55 nokazano 3aranpuuii Bua npuiany JPY-1.
[MorumaBenr 3 (MOpoXXKHKMCTA MeTaeBa KyJsl), CHOJTYYCHHIA
MTOKOM 2 13  MIKpoBUMHKadeM 1, 3HaXOOuUThCA B
KOHTpOJbOBaHIN pinuHi. Ilpm AOCATHEHHI MaKCHMaJIbHOTO
(MIHIMAJILHOTO) PIBHS Ha KYJIIO 3 Ji€ TPaHWYHA BHINTOBXYIHOYA
CWiIa, IO 3MYyIIye€ INTOK 2 TiAHIMATHCA 1 TEPEeKIIYaTu
MIKPOBUMHUKAY, SIKH CUTHAJII3YE TIPO aBapiiHUNA PiBEHb.

OCHOBHMMH HECHPABHOCTSMH Y TaKUX TMpUIaaXx €
MOpPYIIEHHST ~ TEePMETUYHOCTI  KyNli, KOpO3is  KOHTaKTiB
nepemMuKaya BHACITIJIOK M1 IBUTIICHOT BOJIOTOCTI
KOHTPOJILOBAHOTO CEPEOBHUIIIA.

Puc. 2.55 — latunk-pene pius tuny J[PY-1:

1 — xopmyc naT4ymka 3 MIKpOBHMHUKa4eM; 2 — IITOK; 3 — MOIUIABEIb

ByiikoBi piBHemipu. Y OyiikoBux piBHemipax (puc. 2.56)
3aCTOCOBYETbCS HEPYXOMHUI 3aHypeHMH Yy piauHy Oyi 3.
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[Mpuntun aii OyiikoBUX piBHEMipiB 0a3yeThCs HA TOMY, IO Ha
3aHypeHuil Oy i€ 3 OOKy pilMHM BHINTOBXYyIO4a cuia Fa. 3a
3aKOHOM Apximera I CHJIa JOPIBHIOE Basi PilMHHU, BUTHCHYTOT
OyHKOM.

Fp=pgV,

. 3
1e, p — T'YCTHHA piauHu a0o rasy, Kr/m’;
. . 2
g — TIPUCKOPEHHS BUTLHOTO MAiHHSI, M/C”;
V — 00’eM 4YacTUHHU TN, SKUH 3aHYPEHHH Yy piauHy abo

ras, M.

Ane, sSK O4YeBHIHO 3 pHC, 2.56, KIIBbKICTH BHTHUCHYTOI
PLOVHM 3aJIeXKHUTh BiJl TTUOMHU 3aHYpeHHs Oys, TOOTO BiJ piBHA
B emHOCTi H. Takum unHOM, y OyiiKOBUX piBHOMIpax piBeHb H,
SIKMI{ BHUMIPIOETBCS, TIEPETBOPIOETHCS HA MPOMOPIIHHY HOMY
BHINTOBXYIOUY CHITY. TOMY 3aJIe)KHICTh BHUIIITOBXYIOYOI CHIIU BiJl
PIiBHS, SIKUW BUMIPIOETHCS, JIiHIIHA.

12
F‘ // ~N
1
-3
P il
- - ;jH

Puc. 2.56 — ByiikoBuii piBHEMIp:
1 — Baxinp; 2 — MPOMIKHHI NIEPETBOPIOBAY CHIIM B YHI()IKOBaHHMH CHUTHAI;
3 — Oyid

VY OyiikoBux piBHeMipax Yb-II i Yb-D Oyit nepenae
3YCWJIISL Ha BaXU1b | MPOMDKHOTO MepeTBoproBaya 2. Buxignuit
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CHUTHAQJI TIEpPIIOTr0 piBHEMipa — YHi(pIKOBaHWH NHEBMATHYHHIA,
1HIIOTO0 — YHI(QIKOBaHHWM ENEKTPUYHUNA CHUTHANI (TIOCTIMHUI
CTpyM).

[Tpuntun nii OyWKOBUX PIBHEMIPIB JO3BOJISE B IMIMPOKHUX
MeXax 3MIHIOBaTH iX Jiama3oH Bumipy. Lle nocsraerscs sk
3aMiHOI0 Oysl, TaKk 1 3MIHOK TIEPENaTHOIO IAUHMArYOoro
MeXaHi3My POMDKHOTO nepeTBopioBava. PiBHemipu Yb MoXyTh
BHMIPIOBATH piBeHb Y Mexkax Big 0-40 MM 10 0-16 M.

3actocyBaHHs OyHKOBHX, a TaK CcamMO 1 IOIUIABKOBHX
PIBHEMIPIB YCKJIQTHEHO B arpeCUBHUX PiAMHAX 1 CepeOBHINAX 3
ocaJiaMu, 110 BUNANAIOTh. s AMCTAaHIIKHOTO BHUMIPY pPIiBHS
PIOMHHM 3aCTOCOBYIOThCS OyilKOBI piBHEMipu 3 YHi(iKOBaHUM
SJIICKTPUIHUM 200 MHEBMATUYHUM CUTHAJIOM TUMIB Yb-3 it Yb-
1. BumiproBasibHi cXeMHU piBHEMIPiB MOOYAOBaHI 32 MPUHIIUIIOM
KOMIIEHCAIIIT 3yCHJIb.

[Ipunax Yb-I1 mMae mHEBMAaTHYHUN BUXIIHHMA CHUTHAIN, IO
J03BOJISIE MIAKIIIOYATH A0 HHOT'O MAaHOMETPHUYHHUI pEECTPYIOUHiA
npuiiaj (11l BIAJIKY MOKa3aHb PiBHS).

CamocriiiHo sk BuMipoBau piBHA piBHeMip Yb-II He
3aCTOCOBYETHCS, & BUKOPUCTOBYEThCS sIK aaTuuk. Ha puc. 2.57
HaBEJICHO MPUHLMUI Aii JaHoro piBHemipa. byit 10, 3anypennii y
pianHy, Yyepe3 CUCTEMY BaKelliB YPIBHOBAXXEHUH Yy BUSHAYCHOMY
MOJIOKEHHI mpoTuiitouuM BaHTaxkem Pl. Ilpu 3MiHI piBHA
PIAMHU  3MIHIOETBCS CWJIA, $Ka BHIUTOBXY€E IIOIJIABEIlb.
BHacnigok 1poro mnopyuiyeTbcs piBHOBara BHMIPIOBAJIbHOL
cHCTEeMH "BaHTaXX — IpoTHBara" i Ha YyTJIMBOMY €JE€MEHTI 3MiHa
pIBHA  TNEpPETBOPIOETHCA B MNPONOpLIHHE  3yCHWIUIA, IO
BPIBHOBAaXYETbCA 3YCHIUISIM CUJIb(OHA 3BOPOTHOTO 3B'SI3KY 8.
Ileit TUCK 1 € MHEBMAaTUYHUM BUXIJHAM CHUTHAJIOM piBHEMIpa,
KU 3MiHIOETHCI B Mexkax 0,02-0,1 MITa.
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Puc. 2.57 — Cxema poGotu piBHemipa Yb-II:
1 — npyxuHa Kopekropa; 2 — T-moaiOHuil Baxinb; 3 — pyxnuBa Omopa;
4 — mHeBMoOpese, 5 — comio; 6 — 3aciiHka; 7 — ['-mojiOHKUN Baxib;

8 — cuib(oH 3BOPOTHOTO 3B'I3KYy; 9 — BaHTaxX-npoTHBara; 10 — naT4uk-
Oyit

ligpocrartuyni piBHemipu. I'igpocratnynuii  MeTon
BUMIpY piBHA 0a3yeTbcs Ha TOMY, WLIO B pIAUHI ICHYE
TIPOCTaTUYHUM TUCK, MPONOPLIAHUN ruOuHI, TOOTO BiJACTaHI
BiJl IOBEPXHI PiAMHU.

p = pgh,

. . 3
1€, p — I'YCTHHA BMICTY €MHOCTI, KI/M;

. . 2
g — MPUCKOPEHHS BUIBHOTO MaliHHA, M/C”;
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h — BHcoTa cTOBIA PIAUHHU, M.

Tomy s BuMIpy PpiBHS TiIPOCTATUYHUM METOAOM
MOXYTh OyTH BHUKOPHUCTaHI TPWIAAA JUIsl BUMIPY THCKY abo
nepenaay THCKIB. SIK Taki Mpuiaayd 3BHYAHO 3aCTOCOBYIOTh
Tu(HMaHOMETPH.

[pn BMukanHi aupmaHomeTpa 1 3a cxeMoro, MOKa3aHOK Ha
puc. 2.58, a, mepenmax TUCKIB Ha HBOMY OyJzie JOpPIBHIOBATH
TAPOCTATHYHOMY THCKY DPIIMHH, IIO MPOMOpPLiiHO piBHIO H, sikuii
BUMIPIOETHCSL.

Ko piMHa B €MHOCTI 3HAXOMUTHCS MMiJl HAJUIHIIKOBUM
TUCKOM, TO JudmaHomerp 1 BKIOYAIOTh 332 CXEMOIO,
MIPUBEICHOIO0 HA puc. 2.58, 0, MPUUOMY HOTO IUIFOCOBY KaMepy
3'€IHYIOTh 13 IPOCTOPOM HaJl PIAMHOI Yepe3 IMOPIBHIOBAIBHY
nocyauHy 2. I{ro mocyauHy 3alOBHIOIOTH PIIMHOO0, CTOBII SIKOI
CTBOPIOE TOCTIMHUHN T1IPOCTATUYHUN TUCK Yy IUIFOCOBIM Kamepi
nudmManoMeTpa.

OCKIUTBKHM BUMIPIOETHCS TIEpETaj] THUCKIB, PIBHUI pi3HHUII
TiIPOCTATUYHUX THCKIB PITUHM B Kamepax Iu(MaHOMETpa,
BHUMIPIOBaHUN piBeHb OyJie MPONMOPLIHHNUN PI3HULI MIXK PIBHEM Y
po3auttoBalibHIA cynuHl Hmax 1 piBHEM, sikuii BuMiproeTscsi H.
OCKiNbKM pIBEHb Yy PpO3JUIIOBATIBHIM CyAMHI MOCTIHHUM 1
BIJIOMMI, TO HOro 3aBXIuM MOXHA BpaxyBaTH B IOKa3aHHSIX

IpUIamy.
[Ipn BuMipi piBHS arpecMBHHUX pIAMH JAU(MaHOMETP
3aXUIIAETHCS PO3ILTIOBAIEHUMHU NOCYAMHAMHU abo

MeMOpPaHHUMH PO3IUTBHUKAMH, IO JTO3BOJISIE 3aIIOBHUTH HOTO
KaMepH 1 TpyOKH HearpecUBHOIO PiIMHOIO.

[Ipun BuMIpi piBHA CycHeH3i 1 HUIaMIB OCaaud MOXYTh
3a0MBaTH IMITYyJbCHI TPYOKH audmMaHOMETpiB, iX OE3ymHMHHO
MPOAYBAIOTh CTUCHYTHM TIOBITPSIM. Y  I[bOMY BHIAQJKY
mugmanomerp 1 BKIIIOYAIOTH 32 CXEMOIO, MPUBEACHOIO Ha PHC.
2.58, B. IMmynbcHI TpyOKM yBech Yac 3allOBHEHI TOBITPSIM ISt
OpOAYTTA. 3a HEBEIMKOI BHUTpPATH TMOBITPA MOro THUCK Y
MIHYCOBIH KaMepi CTa€ pIBHUM THCKY HaJ PIAMHOIO B EMHOCTI, a
B IUIIOCOBIH — THCKYy B pinuHi. Tomy mnepemaa THCKIB Y
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nugmanomerpi Oyae IOpIBHIOBATH TiAPOCTATUYHOMY THCKY
pIIuHY 1, 0TKE, Oy/Ie POTMOPIIIHHUHN PIBHIO, IO BUMIPIOETHCA.

2

Hmax

=T AP+

a) 6)

CTUCHYTEC HOBiTpH

APH

B)
Puc. 2.58 — Bumip piBHs nudpmanomerpamu:

a — y BiIKpHTiif €MHOCTI; 0 — y €MHOCTI Iii THCKOM; B — JJIsl CYCIIEH3iH i
nutamiB; 1 — qudmanomerp; 2 — 3piBHAIIBHA CYyAWHA

€mHicHi piBHemipu. €MHICHI piBHEMIpYU BUKOPUCTOBYIOTh
JUIs  BUMIPY pIBHI 3MIHM  €MHOCTI  BUMIipIOBaJIbHOTO

MepeTBOPIOBaYa, BUKIMKAHOTO 3MIHOIO PiBHA piauHU. PiBHEMIpH
TAKOTO THUIy MOXYTh 3aCTOCOBYBAaTHCS JUId BHUMIpY SK
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HEENIEKTPONPOBIIHUX, TaK 1 ENeKTPONpPOBIAHUX piauH. Bonu
NpUAaTHI I BUMIPY pIiBHS B IIMPOKOMY Jiama3oHi THUCKIB 1
TEeMIIepaTyp arpecMBHHMX 1 HEAarpecHBHHX CEPEeJOBHIN.  IX
MOKa3aHHS  3aJIeKaTh Bl JICJICKTPUYHOI  MPOHUKHOCTI
Cepe/loBUINA, SKAa MOKE 3MIHIOBATUCS 3 TEMIEpaTypolo.
3acTocyBaHHsSI KOMIIGHCAI[ITHMX €MHOCTEH [103BOJIIE€ 1CTOTHO
3MCHIIUTH I[Iel BIUIMB, aje HE BHUKIOYAE HOro ILTKOM.
EnextponHa cxema €MHICHHX PIBHEMIPIB JOCTaTHHO CKIIAJIHA,
10 0OMEXYe€ X HIMPOKE MOIIUPEHHS.

HaiinpocTimuii mepBUHHUNA TEPETBOPIOBAY  EMHICHOTO
npunany sBisie coboro enektpon | (MeraneBwii CTpUKEHb ab0
MPOBiJ), PO3TAIIOBaHUN y BEpPTUKaJIbHINA MeTaneBiid TpyOmi 2
(puc. 2.59, a). CrpmwxkeHb pa3oM i3 TpyOOI YTBOPIOIOTH
KOHJIeHCaTop. €MHICTh TaKOro KOHJEHCATOpa 3alie)KHUTh BiJ
PIBHS PIIWHK, TOMY IO TPU WOTO 3MiHI BiJ HYJIS 0 MAKCUMyMY
JEJNIEKTpUYHA  MPOHUKHICTD 6yz[e 3MIHIOBAaTUCS  BiJ
TICIEKTPUIHOI  TPOHUKHOCTI  TOBITPS JO  JIIEICKTPHUYHOL
MMPOHUKHOCTI PiAMHM.

Cx
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Puc. 2.59 — €MHicHui1 piBHEMID:

a — Oy/ioBa 1aT4rKa; O — eneKTpuyHa cXxema piBHeMipa
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EnextpuyHa cxema €MHICHOTO piBHEMipa NpHUBEIEHA Ha
puc. 2.59, 6. Bumip eneKTpUYHOI €MHOCTI TEPBUHHOIO
neperBopioBaua Cy BUKOHYETCS HE3PIBHOBOKEHHM MOCTOM
MEPEMIHHOTO CTPYMY, IUIeYaMH SIKOTO € 1HAYKTHBHOCTI L1 1 Ly 1
€MHICTh TepBUHHOTO meperBoptoBaya Cy. Ilpu 3MiHI piBHS
3MIHIOETBCST €MHICTh Cy, IO MPU3BOJAUTH 10 3MIHU BHXIJIHOT
Harpyru Mocra V.

€MHICHI piBHEMIpH MOXYTh BUMIPIOBATH PIBEHb HE TUTbKH
piauH, ane i TBepAUX CHIyYUX MaTepialiB: IEMEHTY, BalHa 1 T.II.

JInsi miABUINEHHST YYTJIWBOCTI €MHICHHX CHTHAJII3aTOpPiB
piBHS  €IEKTPOAM  BCTAHOBIIOIOTH Yy  TOPU3OHTAIBHOMY
MOJIOXKEHHI. Y IIbOMY BUIIAJIKY TIOXHOKa BUMIPY HE TIEPEBUIIYE 3
MM.

OnHUM 13 TIPUKIIANIB CKIAJHOI CHCTEMH, SIKa JO3BOJISE
KOHTPOJIIOBATH HE TUIBKM pIiBeHb, aje€ W IHII mHapaMeTpu
(KUIBKICTh, LIUIBHICTB, TEMIIEpATypy, TOBUIMHY IIApy Ocaiy), €
cucrema «PesepByap-2» (puc. 2.60).

brnok
Y3rOJKEHHS

I[Tpucrpiii

Aarank pisHA b osnoninpunii

Brok
yNpaBiHHs
Hacocamu

JlaTuuK winbHoCTi
Jlo HacociB

Puc. 2.60 — Cxema cuctemu KOHTPOIIIO piBHS «Pe3epByap-2»
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Buxopuctanas 1€l CHUCTeMH J[03BOJISIE KOHTPOIIOBATU
CUTYaIlil0 B €EMHOCTSIX HE TUIHBKM Ha MicIi (omepaTtopoM), aje i
nepefaBati ii Ha HEOOMEXEH1 BiJCTaHi, BHKOPHCTOBYIOYH,
Harnpukian, GSM-kanai.

Panioizoronni piBHemipu. Taki piBHEMipH 3aCTOCOBYIOTh
JUIsL BUMIPY PIBHSA DPIAMH 1 CUIIyUYUX MaTepialliB y 3aKPUTUX
€MHOCTSAX. IX 1is 6a3yeThcs Ha MOIIMHAHHI Y-HPOMEHIB HpHU
MPOXOPKEHHI 4epe3 TMpOoIIapoK PEYOBHMHH 1 TMOCIA0JIeHHI
BUIIPOMIHIOBaHHs Ha NpuiiMadi (puc. 2.61).

Jem

Puc. 2.61 — Cxema Oy10oBH paiioi30TONMHOrO piBHEMIpa

PanioizoTonH1 piBHEMipY BCTAaHOBIIIOIOTHCS 103a arapaToM
a0o0 ycraHOBKOI. BoHU He MaroTh Ge3mocepeJHhOro KOHTAKTY 3
CEPENIOBUILIEM, IapaMeTPU SKOTO BHUMIPIOIOTBCS, 1 1€ € iX
MIPUHIUIIOBOIO MEPEBArol0 B MOPIBHAHHI 3 IHIIMMU METOAaMHU.

VY pamioizoTonmHOMY piBHeMipi (puc. 2.62) mxeperno 2 i
npuiiMad 10 BUITPOMiHIOBaHHS Mi/BINIEHI HA CTaJIEBUX CTpIUKax
3, Ha SKUX BOHM MOXYTh mepemimiaruca y Tpyoax 11 mo ycii
Bucoti Oaka 1. Crpiuku HamoTaHi Ha Oapaban 5, 10
MIPUBOANTHCS Y PyX PEBEPCUBHUM €IIEKTPOJABUTYHOM 7.

SIkmo BHMiprOBanbHA cHUCTeMa (pKepeno 1 mpuitmay Y-
IIPOMEHIB) PO3TalllOBaHa BHIIE PIBHS CEpPeIOBUIIA, MOTIMHAHHA
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BUIIPOMIHIOBaHHA cia0ke 1 Bia mpuiiMada 10 mo kabemo 9 Ha
OJIOK KepyBaHHsA 8 Oyje NMPUXOAWTH CWJIBHHMNA CHUTHaJ. 3a IUM
CUTHAJIOM €JIEKTPOABUTYH 7 OIEPXKHUTh KOMaHIy Ha CILyCK
BUMIpIOBaJIbHOT cucTemu. [Ipu 3HWKEHHI 11 HWXK4Ye pIBHSA
CepeIOBHUIINIA MOTJIMHAHHS Y-IIPOMEHIB Pi3KO 30UIBIIUTHCS, CUTHAI
Ha BUXOJl NpHWiiMaya 3MCHIIUTHCA W EJIEKTPOJIBUTYH IIOYHE
iIHIMATH BUMIPIOBAJIbHY CUCTEMY.

TakuMm yMHOM, TIOJIOKEHHS BUMIPIOBAILHOI CHCTEMH Oye
BIJIC/IIIKOBYBAaTH pIBEHb Yy €MHOCTI (TOuHilIe BoOHa Oyne
3HAXOMUTHCS B OE3yNMMHHOMY KOJHMBaHHI KOJIO PiBHS, MIO
BUMIpIO€THCS). Lle monoxKeHHs y BUIIISIII KyTa IIOBOPOTY POJIMKA
4  TepeTBOPIOETHCS  BUMIPIOBAJIBHMM  MPUCTPOEM 6 Ha
yHI(IKOBaHUI CHTHAJl — HAMPYTy NoCTiitHOTO cTpy™My U.

Puc. 2.62 — PagioizoTonHuii piBHEMIp:

1 — 0ak; 2 — mKepeno BHUIPOMIHIOBaHHS, 3 — CTaJeBi CTPIUKy;
4 — pomuk; 5 — 6apabaH; 6 — BUMIPIOBATEHUN MIPUCTPIi; 7 — peBEepCHBHUIA
eJICKTPOJBUTYH;,; 8 — ONOK KepyBaHHS;, 9 — kabemp; 10 — mnpuiimau
BUIIpOMiHIOBaHHS; 11 — TpyOn
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PagioizoTonHi piBHeMipHu THIYy YP-8 MOXyTh BUMIpIOBaTH
PIBEHb Y EMHOCTSIX BUCOTOIO 110 10 M.
AHaNOTIYHUIA PUHLIXI BUKOPUCTAHUHN Y Palioi30TOTHOMY

curHamzaropi  pieas  ['P-8, mkepeno 1 mpuiimau
BUIIPOMIHIOBAaHHS SIKOTO 3aKpiIUIIOIOTH 30BHI €MHOCTI Ha
HEOoOX1IHIN BHCOTI. [Tpu

JOCATHEHHI  CEpeOBHUINEM  IBOTO  PIBHA  BKJIIOYAETHCS
CUTHAJIBHHUI MPUCTPIH.

Enextpuuni pene piBaa Tumy PY-33 (puc 2.63, a)
JI03BOJISIIOTh KOHTPOJIIOBATH OJIHOYACHO TPU PiBHI CEPEOBUILA —
HWKHIN, cepenHiil 1 BepxHid. Ha miari 1 MOHTYIOTBCS BCl TpH
JTATYMKWA PIBHS; BIJICTaHb MIX PIBHAMH BHOUPAETHCS 3aJICIKHO
BiJl MiCIIEBHX YMOB. BJIOK 2 siBiisie COOOI0 CICKTPUYHY CXEMY
pere.

Emextpuuna cxema mnpwiamny (puc 2.63, 0) BKiIOUae
tpanchopmarop Tpl, Bunpsamsta [[1-/14, pene curnamizarmii P1 i
3aTHCKaYi ISl MiAKIFOUSHHS TATYMKIB. JlaTIMKK — CTaeBl CTPIDKHI
3 HeprkaBitouoi ctanmi X18HIT — migkimrouaroThCst Ha 3aTUCKAYl 8,
9, 10 (BiaMOBITHO HIKHIHN, CepeaHil 1 BEpXHii).
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Puc. 2.63 — Pene piBas PY-23:

a) 3araJbHUH BUTJIAM: 1 — moiarta, 2 — OJI0K; 0) eJIeKTPOHHA cXeMa

YabTpa3BykoBi i akycTuuHi piBHemipu. [Ipunuun aii
PIBHEMIPIB LILOTO TUITY 0a3y€eThCS Ha BUMIPI 4acy MPOXOKEHHS
IMIyJbCy yAbTpa3ByKa BiJl BUIIPOMiHIOBaua J0 MOBEPXHI piAMHU
Ta Hazana. [lpu mpuiiomi BiIOMTOro IMIYNbCY BHUIIPOMIHIOBAY
crae  garyukoM. Slkmo BumpomiHooBau 1 (puc. 2.64)
pO3TalllOBaHUN  HaJA  PIAMHOI,  pIBHEMIP  HA3UMBAETHCS
aKyCTUYHUM; SIKIIO yCepeluHl PIAUHM — YIbTPa3BYKOBUM. Y
MepIIOMy BUMAJAKY 4ac, SIKUH BUMIpPIOEThCS, Oyae TUM Oiblile,
YUM HIDKYE piBeHb piaunu H, y Apyromy — HaBmakH.

Enextponnuit Onok 2 mnpusHaueHud i (HopMyBaHHS
YABTPA3BYKOBHX IMIYJIbCIB, MOCHJIEHHS BiAOUTHX IMIYJbCIB,
BUMIPY 4Yacy MPOXO/DKEHHS IMIYJIbCOM MOJBIMHOIO HULIXy (Y
noBiTpi @00 piJKHI) 1 MEPETBOPEHHS LIbOTO Yacy B yHi(piKoBaHUI
enekTpuyHui curHan. Hanpuknaza, akyctuunuii pisHemip 9XO-
1 BUKOPUCTOBYETHCS Uil BUMIPY PIBHSI HEOJHOPIIHUX PiauH (i3
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MEPEMIHHOIO 32 BHCOTOIO IIUIBHICTIO), SIKI KPUCTANI3YIOThCA 1
BHUIAA0Th B 0Caj, y 0akaXx BUCOTOIO /10 3 M 1 Ma€ BHUXITHUH
CUTHAJ Y BUJ1 MIOCTIHHOTO CTPyMYy.

2
1

Puc. 2.64 — YbpTpa3ByKOBHiA 1 aKyCTUIHHUHA PiBHEMIpH:

1 — BunpomiHIOBayY; 2 — eNEKTPOHHUN OJIOK

3a NpUHIMUIOM il aKyCTUYHI pIBHEMIPU MOKHA MOJUIMTH
HAa JIOKAIlIOHHI, TOTTTMHAHHS 1 PE30HAHCHI.

VY Il0KallOHHUX pIBHEMIpaXx BHUKOPUCTOBYETHCS €(EKT
BIJOMBaHHS YJIBTPA3BYKOBUX KOJMBAaHb B MEXI1 pPO3MOALTY
pinuHa — ra3. [lomoxkeHHs pIBHS BHU3HAYA€THCA 3a YacoOM
MIPOXO/KEHHS  YJIbTPa3BYKOBUX KOJMBaHb BIJ JOKepena a0
nmpuiiMaya IMicisg BiIOWUTTSA 1X BIJ TOBEPXHI pO3MOALTy. Y
piBHEMipax TIOTJIMHAHHS TMOJIOKEHHS pPIBHS BHM3HAYA€THCS 32
ocnabieHHsIM 1HTEHCUBHOCTI YNbTPA3BYKy MpPH MPOXOKEHHI
yepe3 NpOoINapKH PiAMHU 1 ra3y. Y pe30HaHCHHX pIBHEMIpax
BUMIp pIBHS BHUKOHYETHCS 3a JOIMOMOTOK BHMIPY YacTOTH
BJIACHUX KOJIMBaHb CTOBNA Tra3y HaJ pIBHEM pIIWHH, SKa
3aJIe)KUTh BiJl PIBHS PiIIUHU.
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HaiiGinpmoro  momMpeHHS ~ OJIEpKaiu  JIOKAIIOHHI
piBHemipu. Jlokamisi piBHA MOKe€ BHUKOHYBaThUcCs abo depe3
ra3oBe CEpENOBHUINEC HAJA PIAMHOI (Taki piBHEMIpH 1HOAI
HA3WBAIOTh aKyCTUYHHUMH), a00 3HHU3Y uYepe3 MPOMAPOK PiAUHU
(Taki piBHEMipH 1HOJI Ha3MBAIOTh YJIHTPA3BYKOBUMH). XHOOIO
MIEPIIIOro THITY PIBHEMIPIB € TOXHOKA B1J] 3aJICKHOCT1 IIBUIAKOCTI
yABTPA3BYKy BiJl THCKYy 1 TeMmmepaTypu Ta3y 1 CHIIbHE
MOTJIMHAHHS  YJIIBTPAa3BYKy Ta3oM, Mo moTtpedye OuIbmioi
MOTY>KHOCTI JKepesia, HixK IpH JIOKAIIi] uepe3 piliuHy.

3PF» 4% 5% 6

Puc. 2.65 — Cxema akyctnyHoro piBHemipa 9X0-1

[Ipore Ha moKa3aHHS TaKUX PIBHEMIPIB HE BIJIUBAE 3MiHA
XapaKTepUCTHK PIAMHU, TOMY Taki PIBHEMIPH MOXYTb OyTH
BUKOPHUCTAaHl [UIsl BHUMIPY pIBHS HEOJHOPITHUX PIAMH, SKI
MICTATh OyJIbKM Ta3y abo KpHcTami3yloThcs. Taki piBHEMipU
BUKOPHUCTOBYIOTBCS JUISl PITUH, SIKi MarOTh TEMIIEpaTypy He
BHILE 80 °C 1 THUCK HE OlbIIe
4 MITa.

PiBHemipu 3 JoOKami€0 uepe3 pIAMHY MOXYTh OyTH
BUKOPHCTaHI U CEPEAOBHUII IIiJi BUCOKUM THCKOM, JISI HHUX
noTpiOHA HEBeJIWYKa MOTYXKHICTh JKepena, MPOTe BOHU YyTIHUBi
0 “mOoMIIIOK” 'y PiAMHY, HampUKIag A0 OynbOaIiok ra3zy mpu
BCckuMaHHi. ToMy Taki piBHEMIpH 3aCTOCOBYIOTHCS — JJIs
omHopiAHUX piguH. KpiM TOro, BOHM TakOoX YyTJIHMBI 0 3MIHH
TEeMIIepaTypu 1 TUCKY CEpEelOBHILA Yepe3 3aJeKHICTh BiJl HUX
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IIBUJIKOCTI TOIIMPEHHS YNbTpa3ByKy B pinuHi. Ha puc. 2.65
HaBeJIeHa CIIPOIIEHa CXeMa aKyCTUYHOTO pIBHEMIpa 3 JIOKAII€l0
piBHS 3 Ooky razy tumy 2XO-1. Jlxepemom i OJHOYACHO
npuiiMaueM  BiAOMTUX  yJIbTPa3BYKOBHX  KOJIUBaHb €
II’€30€JIEMEHT, BMOHTOBAHUN B aKyCTHUYHHUI IepeTBoproBau 1.
Jlokariss 3MIMCHIOETBCS YIABTPA3BYKOBUMH IMITYyJIbCAMHM, SIK1
30yIKYIOTBCSL T1'€30€JIEMEHTOM, IIISXOM I0Ja4l Ha HBOTO
CJIEKTPUYHUX IMIIYyJIbCIB BiAg reHepatopa 2. OpHOYacHO
TEHEepaTop BKIIOYAE CcXeMy Bumipy wyacy 4. Binburuit
YIIBTPa3BYKOBUH IMIYJIbC MOBEPTAETHCA HA I’ €30€JIEMEHT Yepes
qac t, sKui BIAMOBiIa€ KOHTPOJIHOBAHOMY PIBHIO BiATOBITHO JIO
BHpa3y:

t=2(H-h)/c,

e ¢ — MBUIKICTH YIbTPa3BYKY B rasi.

[T’e30eeMeHT TEPETBOPIOE BiIOWTHH  yIBTPa3BYKOBHIA
IMOyIbC Ha EIEKTPUYHUN CHUTHAN, SIKMH [OCUIIOETHCS
MIICIIIOBaYeM 3 1 TOJAaeThCs Ha CXeMy BHMIpY dacy 4.
[lepeTBOproBau 5 mepeTBOpPIO€ 3HAUEHHS yacy Ha yHi1(piKOBaHUH
BUXIAHMM curHan 0-5 M, (KUl BHUMIPIOETBCS TOBTOPHUM
npuiaaom 6.

Jlnist 3MEHIIeHHS BIUIMBY 3MIiHHM TEMIIEpaTypy Traszy € OJoK
TeMIepaTypHoOi KoMIleHcalii 7/, 1o BKIIOYae B cebe TepMOMETp
OTIOpY, PO3TALIOBAaHUH yCepEeIrHI aKyCTHYHOTO TIEPETBOPIOBaYa.
PiBaemip 3XO-1 moxe matu nianazonu Bumipy 0-1, 0-2, 0-3 m;
KJIac TOYHOCTI piBHeMipa 2,5.

[lpuHiunoBa cxema piBHEMipa 3 JIOKAL€I0 Yepe3 PiIIuHY
aHaJIoTIYHA TO/aHi Ha puc. 2.65. Pi3HUI MoOke moysratd B
iHIIOMY 3aco0i TemmeparypHoi KommeHcarii. OcHOBHa MOXHOKa
pIBHEMIpIB 13 JIOKaIll€l0 dYepe3 piauHy He mnepesumye 2,5%
Jiana3oHy BUMIPY PiBHS.

[Mpunamm nmaHOi TPYHMM 3aCTOCOBYIOTHCS 32 OCOOJIMBO
BOXKUX yMOB, HANpUKIAA. TOKCHMYHI ab0  arpecuBHi
CepeIoBUINa, BUCOKUH THCK, BUCOKA TEMIIEpaTypa.
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TepMoKkoOHAYKTOMETPHYHI piBHeMipH.
TepMOKOHIYKTOMETPUYHUMH HA3UBAIOTh PIBHEMIPH, €IEMEHTOM
SJIEKTPUYHOTO JIAHIIOTA SIKUX € PE3UCTOp, KU HarpiBae€ThCs
CTPYMOM, 13  BEJIMKHUM  TEMIIEpaTypHHUM  Koe(]illieHToM
€IIEKTPOOIIOPY, CICKTPUUYHUN OIip SKOTO 3aJICKUTH Bij PiBHSA
pimuan. IlpuHmun gii  Takux piBHEMIpiB  0a3yeTbcs Ha
PO3XOKEHHI YMOB TEIUIOOOMIHY B piMHAX 1 ra3ax.

UyTnuBuid €JIeMEHT TaKuX pPIBHEMIPIB SBISIE COOOIO
OPOTSDKHUM ~ TEPMOPE3UCTOP,  CJNIEKTPUYHHMA  OmMip  SKOTO
BU3HAYA€TbCA  MOr0  TEMNEpPAaTyporw.  3BHYAHO  BOHHU
BUTOTOBIISIIOTBCSL 3 IUIATMHU a00 Boib(pamy, NPUIOMY
YYTJIMBICTh TEPETBOPIOBAYa 30UIBIIYETHCA 13 3POCTaHHAM
TEMIIEPaTypHOTO  Koe(iIllieHTa  eJICKTPOOIopy  Marepiaiy.
TepMOKOHIYKTOMETPUYHHUI TEPETBOPIOBAY TOMILIAETHCS B
pe3epByap TaKMM YHHOM, IO YacTWHA WOTO 3HAXOJUTHCA B
piauHi, 1HIIIA YacTWHA — y ra3oBoMy Ipoctopi (puc. 2.66). [Ipu
3MiHi PiBHS 3MIHIO€THCSI JOBKUHA LIUX JJISTHOK.

[ = const

—0

to

ti—

L

Puc. 2.66 — CxeMa TepMOKOHYKTOMETPUYHOTO TIEPETBOPIOBAaYA PiBHS

[TpuHIMIT i TEPMOKOHIYKTOMETPHYHOTO ITEPETBOPIOBaYa
MOJIATAaE Y BUKOPUCTAHHI PO3XO/PKEHHS TEIUIOBiadi  Bij
HarpiToro TEPMOPE3UCTOpa 10 PIIAMHU 1 ra3y, yHacliJOoK YOro
JUISTHKA HOTO0, 10 3HAaXOJAThCS B PIIMHI 1 Tasi, MAalOTh Pi3HY
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TeMIeparypy i, omke, pizHuil omip. TakuM 4YUHOM, CyMapHUI
iXHii omip OyJe BUSHAYATHUCS PIBHEM.

IIneBmaTuuni piBHemipu. [lHeBMaTuyHi piBHEMIipH
3HAXOJATh IIMPOKE 3aCTOCYBAHHA JUIsS BUMIpPY PiBHS arpeCHBHUX
piavH.

Y 1poMy METOZI BUCOTY DPIBHSA PIAMHU BUMIPIOIOTH TaK
3BaHUM criocoOoM OapOoTyBanHs razy. Ha puc 2.67 mokaszana
cXema TOJIOHOTO TPHUCTPOI0 IS BIIKPUTHUX pe3epByapiB. Y
piauHy, piBeHb SIKOI CIIiJl BUMIPSATH, 3aHYPIOIOTh TPYOKY, Y fAKiii
4yepe3 HEBEIMYKHUH JApOocesh OE3yNMMHHO HArHITA€ThCS CTHUCHYTE
noBiTpss ab0 3aXMCHUM ra3, Hampukian a3oT. [THeBMaTnyHMA
THCK, 110 BCTAHOBIIIOETHCS B 3ariuOiieHiid TpyOIll 3a ApoceneM,
BIJITIOBIJIAa€ TIAPOCTATUYHOMY THUCKY HaJl KiHIIEM TPYOKH 1 € TOIO
caMOl0 MIpol0 piBHA 3amOBHEHHS pe3epByapa. Jliamerp
3ariMOHOT TPYOKM BHOMpAIOTh piBHUM §-15 MM, Kepyroduch
HacamIepe]] B A3KICTIO PiJIMHU, SKa HE MOBUHHA NEPEBHUIIYBATH
60 °E. Marepian 3armmuOHOi TpyOKH MOBMHEH OyTh OOpaHuit
BIIMOBIIHO JI0 XIMIYHUX 1 (PI3MYHUX BIIACTUBOCTEH PIiJUHH,
PiBEHB SAKOi BUMIPIOETHCS.

Hpoceib
= ] €«—

Puc. 2.67 — IlueBMartu4HuWii piBHEMip JUIsi BHMIpY pIiBHS piAMHU
y BIIKPUTHX pe3epByapax

[croTHOIO TmepeBaror0 NHEBMAaTHYHUX PIBHEMIPIB €
MPAaKTUYHA HE3aJEXKHICTh iXHIX MOKa3aHb BiJl TEMIEPAaTypHOIO
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PEKUMY CHOTYUYHUX JIHIH.

JAudpmanomerpuuHi piBHemipu. Cxema MiIKITIOUYCHHS
arMaHOMETpa 10 BIAKPUTOTO pe3epByapa, sKuii nepedyBae i
aTMOC(EpPHUM THUCKOM, 300pakeHa Ha puc. 2.68.

2
Puc. 2.68 — Cxema miakmodeHHsT 1udMaHOMETpa NPU BUMIpi piBHS

Y BLAKpHUTOMY pe3epByapi

OOunBi iMITyaIbCHI TPYOKH AM(MaHOMETpa 3alOBHIOIOTHCS
KOHTPOJBbOBAHOIO PIJMHOIO (SKIIO BOHA HE arpecuBHA).
JudmaHoMeTp BUMIPIOE PI3HULIIO TUCKIB P11 P2.

[Hmi mMeroau BUMIpY piBHS — TEpMIYHI, ONTUYHI ¥ 1HIII
MaroTh MOKH 1110 JyXe 00MeXeHe 3aCTOCYBaHHS.

2.4 TlpyHUMNM BUMIPIOBAHHS BUTPAT, NPUIATH JJIs
BUMipy BUTpAT

2.4.1 3araabHi BizoMocTi PO BUTPATH

Butpara — me o0’em piguHU, 00 TPOXOJe uepe3
MOTIepeyHU Tepepi3  3a OJMHUINO uacy. Bumiproerbcs B
BUTPaTHUX OJMHHUIMAX (M?/C) 3a JONOMOIOK CHeliabHUX
MpUIIAJIiB — BUTPATOMIpIB.

Bumip BuTpar 6a3yeThcsi Ha cupolmieHid Gopmi piBHSHHS
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0e3nepepBHOCTI IS PIAMH, M0 HECTHUCKAIOTHCS:
Q=Aw,

ne Q — Butparu (M*/c);

A — 1uTo111a IOTIEPEYHOTO TIEpepizy (MZ);

V — cepelHs MWBUAKICT PyXY piauHH (M/C).

OCKUIBKM  KIJTBKICTh ~ PIAWHHU, IO MPOXOJE  uepe3
KOHTPOJILHHI TIepepi3, MOKe BUMIPIOBATUCS B OJUHHIIAX 00'eMy,
MacH, Baru, pO3pi3HsIOTh:

- o00'emHa BuTpara Q, 1/c, M3/c;

- MacoBa BUTpaTa m, Kr/c;

- Barosa Butpara G, H/c.

BiamoBigHO 3B'130K MiXK BaroBOIO, MacCOBOIO Ta 00'€MHOIO
BHTpaTaMH Ma€ HACTYITHUI BUTIISI;

G=gm=p-gQ,

1Ie p - TYCTUHA PiJTUHY;

g - MPUCKOPEHHS BUILHOTO MaJIHHS.

Haii6u1p11 po3MOBCIOIKEHUMH Ha MpPAKTHIl € 00’€MHa Ta
MacoBa BUTpATH.

Ha renepimHiii dYac ICHYIOTH Taki OCHOBHI BHJIU
BUTPATOMIpiB 3a MPUHIUIIOM i

- 3MIHHOTO TIEpenaay THUCKY 3 3BYXYIOUHM MPUCTPOEM
(BUTpaTOMip 3MIHHOTO IIepenany);

- TIOCTIMHOIO Mepemnajay TUCKY (BUTpATOMIpU OOTIKAHHSA);

- TaXOMETPHYHi;

- EIIeKTPOMArHiTHI;

- yJIBTPa3BYKOBI.

2.4.2 llpunaan nis BUMIPIOBAHHA BUTPAT

Burtparomipu 3MiHHOr0 nepenajgy THCKY.

Butparomipy 3MIHHOTO mepenagy THCKY — L€ OJUH 3
HaNOUIbII MTOIIUPEHHUX TUIIB BUTPATOMIDIB, 10
BUKOPUCTOBYIOTBCS I BUMIPIOBaHHS BUTPATH PiAMHU, ra3zy abo
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napu. BoHM BIJHOCATBCS 10 THITY MPUJIANiB, B IKUX peai3oBaHi
HETpsiMi BUMIPHU BUTPAT 3a JIOMIOMOTOI0 BUMIPIOBAHHS TIEperany
TUCKY, SKHA  YTBOPIOETbCA  JOIOMOTOI0  TEpEIIKOAM,
BCTaHOBJICHOT Yy MOTOLLI.

Taki BUTpaToMipu Maibke 3aBXKIM CKIAJAIOThCA 3 JIBOX
€JIEMEHTIB:  INEPBUHHOIO  IPUCTPOIO  Ta  BTOPUHHOIO
neperBopioBava. llepBUHHMIA TPUCTPiI  pO3MINLY€ETBCS Y
TpyOOIpOBOII ISl TOTO, MO0 MEPEKPUTH YACTHUHY IMPOXITHOTO
nepepisy MOTOKY Ta CTBOPUTH Tepeman THCKY. [pyruit
IIEpEeTBOPIOBAaY BHUMIPIOE 1€l Iepenaja TUCKY Ta 3abe3neuye
MOXKJIUBICTh BioOpaxeHHs abo iHQopMarii mpo BHUTPATY.
BuxopuctoBytoun no6pe Bigomi koedillieHTH TepepaxyHKy, L0
3aJekaTh BiJ THITy MPHUCTPOIO, HIO 3BYXKYE 1 JiameTpa Tpyow,
Moyke OyTu nepeBeIeHUIl Y BUMIPIOBaHHS 00’ €My BUTpPATH.

B 3anexxnocti Bij KoH(irypamii MepBHHHOTO MPHCTPOIO
ICHYIOTb ~ HACTYIHI  KOHCTPYKIi BHUTPAaTOMIpiB  3MIHHOTO
nepenaay TUcKy (puc. 2.69):

aH

0)
Puc. 2.69 — BurpatoMipu 3MIHHOrO Iiepenaay THCKY: a — 3
niagparmoro; 60 — 3 comioM; B — 3 TpyOor BeHTypi.

Excrmyartamiss  Takux ~— OpWiIagiB - gacTh  aJeKBaTHI
pe3yIbTaTH JIUIIE y Pa3i JOTPUMAaHHS HACTYITHHUX YMOB:

- XapakTep pyxy MOTOKY JO 1 Micias 3BYXKYIOUOTO
MIPUCTPOIO MOBUHEH OYTH TYpOYJIEHTHUM Ta CTAlllOHAPHUM;

- TIOTIK MOBHHEH TMOBHICTIO 3alI0BHIOBATH TPYOONPOBIi;

- (a3oBHil cTaH NOTOKY HE 3MIHIOETHCS;
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- Ha MMOBEpXHI TPyOONIPOBOAY Ta 3BY)KYIOUOTO MPHUCTPOIO
HE HAKOIMMYYIOTHCS OCAIKH, 110 3MIHIOIOTh X TE€OMETPIIO.

Y TOpiBHSHHI 3 IHIIUMH METOJAaMH METOJ 3MIHHOTO
nepenaay TUCKY Ma€ HU3KY OYCBHIHUX TIEpeBar:

- TIOpiBHSHO BUCOKA TOYHICTh BUMIPIOBAHHS;

~ 3PYYHICTH 1 YHIBEpCAIBHICTh METOMY;

- MOXJIMBICTh, BHMIpIOBaHHS OyJb-sIKUX BUTpaT (3a
MeBHUX OOMEKEHb) PIIUHU, ITApH Ta rasy, sAKi nepedyBarTh IPH
pi3HUX TemIeparypax i THCKax;

- JIETKICTh CEpIMHOTO BUTOTOBJICHHS IIPHUJIAIB.

Ane pa3oMm 3 mepeBaraMM TaKWW MiAXiJ 10 BHU3HAYCHHS
BHUTpAT Ma€ i MIEBHI HEJOJIKU:

- HE3HA4YHI BTPATH €HEprii MOTOKY;

- BIJJHOCHA CKJIAJIHICTh MPOMHUCIIOBOTO 3aCTOCYBaHHS MPU
MaJX BHUTpaTax, B MYyJIbCYIOUUX IMOTOKAX i MOTOKAX PEYOBHH,
10 MICTSTh CTOPOHHI JOMIIIIKH.

i Hemoiku a60 CYTTEBO HE BILIMBAIOTH HA PE3yibTar, ab0
«IpalOTh» JIMIIE B OKPEeMHX BHIAAKax. | came 3aBIsKH
nepeBaraM Taki MpUIIa OTPUMAIIH IIHPOKE PO3TIOBCIOKEHHS.

Burparomipu NOCTIHHOTO nepenamy THCKY
(poramerpn).

ITpuniun Aii poTameTpiB 3aCHOBAaHO Ha 3pPIBHOBAXKEHHI
npu Oy/Ib-IKMX BUTPATaX CHJIM TSHKIHHS ITOTUTABKA, CUJIAMH, IO
JII0Th HA HHOTO 3 OOKY MOTOKY piauHu. [Ipu boMy BepTHKaIbHE
TOJIOXKEHHS TTOTIaBKa Oy/ie MoB'sa3aHo 3 BUTpaToro (puc. 2.70).
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W,
Puc. 2.70 — Cxema BuUTpaToMipa MOCTIHHOTO TEperany THUCKY
(potamerpa)

UyTIuBUM €JIeMEHTOM BHTPATOMipa IMOCTIHHOTO Tiepenary
THUCKY € pyXOMe TiJ10, BUKOHaHe y ¢opMi MoruiaBIisl abo poTopa.
UyTnuBuili eneMEeHT pPO3MINIYEThCS Yy BEPTHKAIBHOMY KaHali
3MIHHOTO Hepepi3y, uepe3 SKUHA MpOIYCKAeThCsS BUMIpIOBaHE
cepenopuile. [lin BOIMBOM TigpOAMHAMIYHUX CHUJ YyTIUBUN
€JIEMEHT TepeMilllaeTbcsi Bropy abo BHU3, B 3aJE€XKHOCTI BiJ
TOTrO, B SIKUH OIK 3MIHIOETbCS BHUTpaTa. lIpudoMy mnpoxigHuit
nepepi3 30UTbIIYEThCSA/3MEHIIYETBCSL Y TPSIMIN 3aJISKHOCTI BijT
3pOCTAaHHS/3MEHIIICHHSI BUTpaTH, a TMepenajg  CepeHbOro
CTaTUYHOTO THUCKY IpH LboMy 30epiraerbcsi mocTiiiHuM. Ilo
MEPEMIIIEHHIO YyTIMBOTO €JIeMEHTa MOKHA BU3HAYUTH BUTPATY
CepeIoBUILA.

Poramerpu mMaroTh BeNMKHII 11alla30H BUMIPIOBAHHS

Qmax /Qmin = 10.
[ToTik piauHu abo razy, 1m0 NPOXOAUTH YEpe3 poTamMeTp

3HM3Y, MiJHIMA€e MOIUIaBElb Bropy M0 THX Hip, MOKU KijJblleBa
IIITMHA, 0 PO3IIUPIOETHCSA, MK TUIOM TOIJIABIA 1 CTIHKaAMHU

203



KOHYCHOI TPYOKM HE JOCSTHE TaKoi BEIMYWHU, IIPH SKIH Jir0ul
Ha TMOTUIABEIb CUJIH BPIBHOBAXYIOTb.

Enexkrpomarnitrai BuTparomipu.

[IpuHnun aii €1eKTPOMAarHiTHUX BUTPATOMIPIB 3aCHOBAHO
Ha 3aKOHI  enekTpomarHiTHOoi  iHaykmii  (Papages), B
BIIMOBIIHOCTI 3 SIKKM B €JIEKTPONPOBIMHIN piauHI, sKa
nepeTrHae MarHitHe nosie, iHnymnerbess EPC (E), npomopiiitna
MIBUIKOCTI pyXy piaunu (puc. 2.71)

E=B/V,
ne B — marniTHa iHIyKIIis;

| — moBKMHA MPOBITHKKA,
V — WBUAKICTh PyXy MPOBIAHUKA.

Puc. 2.71 — Cxema eneKTpOMarHiTHOro BUTpaToMipa

Y mpuwiagax Takoro TUIY B SKOCTI  IPOBIJHHKA
BUKOPUCTOBYIOTh  €JIEKTPONPOBIIHY  PIAUHY  (EJIEKTPOIIT),
BHUTpATy SKOI HEOOXigHO BHW3HAauuTH. Ll pimuHa, mpoTikarouu
MDX MOJIIOCAaMH MarHiTy, crBoptoe EPC, BUMIpsBIIN Ky MOXHA
BU3HAYHTH IIBUJKICTh MOTOKY Ta ITYKaHY BUTPATY.

B npomeci BUMIpIOBaHHS BHUTpAaTH pIIUHA MOXXHA
3aIucaTH:
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E=BdV,,

ne d — BHyTpimHiii giametp TpyOompoBoay;
Ve — cepelHs MIBHIKICTb HPOTIKAHHS PIAUHM 4Yepes
norepeyHuii nepepis Tpyou B 3o0H1 inaykiiitnoi EPC.

IIpoBianicTs piguHN moBUHHA GyTH He HuK4e Bix 10° 10
10'6'OM'1'CM'1, 110 BIAMOBIIa€ MPOBITHOCTI BOIOIIPOBIIHOI BOJIH.
TpyOompoBig 3 pIiIMHOIO, HIO MEPEMIIIAE€TBCS B  HHOMY,
MOMIIIEHUH B MarHiTHe mojie. TpyOOmpoBia BUTOTOBISETHCS 3
1305msMIiitHOTO MaTepiany, mo0b 3axuctuta EPC, 1mo iHayIoeTses
B PiAMHI, BiJ 3aKOpOYyBaHHS 4epe3 CTIHKUA TpyOu. [[is mporo
BUKOPHUCTOBYETHCS PTOPOILIACT, €OOHIT, TyMa Ta 1HIII MaTepiain
3aJIe)KHO BiJ] BIIACTUBOCTEH PiAMHM, BUTPATa IKOI BU3HAYAETHCS.

VY cTiHIi TpyOOIPOBOY AiaMETPAIbHO MPOTHIICHKHO OJHH
OJIHOMY Yy TIONEpPEYHOMY TNiepepi3i BBOASATHCS enekTpoau. o
CNIEKTPOMIB  TIAKIIOYAEThCS ~ OyAb-KHH  BHUCOKOYYTJIMBUI
BUMIPIOBAJIbHUN  TpHUJIaJ, IIKajla SKOrO0 TpaayleThcs B
OJIMHUIAX BUTPAT. BUMIpIOBATBHUIA TNPUIAJ, BUOUPAETHCT 3
BEJIMKUM BX1JHUM OTIOPOM.

YabTpa3sBykoBi BUTpaToMipu.

[TpuHIMn 1ii 3acHOBaHUI Ha BUMIPIOBaHHI Pi3HHMIIN B yaci
MPOXO/DKEHHST ~ CHTHay. JIBa  ynbTpa3ByKOBHX — CEHCOpa
(GYHKILIOHYIOTh MONEPEMIHHO SK BMIIPOMIHIOBAY 1 Mpuiimau.
CurnHan, mo 1O 4Yep3l TEHEPYEThCS oOoMa CEeHCOpamH,
MPUCKOPIOETHCS,  KOJIM  COPSIMOBAaHUKW 32  MOTOKOM, 1
CHOBLITBHIOETHCS, KOJIM CIPSAMOBAHWN TPOTH TOTOKy. [ 3a
PI3HHUIICIO B Yaci MPOXO/KEHHS YIbTPa3BYKy B 000X HampsiMKax
BH3HAYAETHCS BUTpaTa (puc. 2.72).
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Puc. 2.71 — Cxema ynbTpa3ByKOBOTO BUTpaTOMipa

VYIbTpa3ByKOBI BHUTpPATOMIpU MpAILIOIOTh Y Jiana3oHi
gactoT Big 20k’ 7o 1000 MI'm.

2.5 TIpUHUMIM Ta NPWIAAM [Jsl aHAMI3y CKJIaxy
peYOBHH

2.5.1 3arajbHi BiToMOCTi Ipo aHAaTi3 CKJIa1y pe4YOBHH

3aco0M BHUMIpPY, SIKI 3aCTOCOBYIOTBCS B PI3HUX Taly3six
MIPOMHUCIIOBOCTI, HAYKOBHUX JOCIIDKEHHSIX ISl aHali3y CKJIaay
rasiB, Ha3MBaIOThCA TrazoaHanizaTopaMu. Ha ocHOBI Ge3ynMHHOTO
aBTOMaTHUYHOIO  KOHTPOJIIO  CKJIQAy Tras3iB  3J1HCHIOETHCSA
aBTOMAaTH30BaHE yIpaBIiHHA X1MIKO-TE€XHOJIOTTYHUMHU
MIPOLIECaMH, MOB'S3aHUMH 3 OJIEP’KAHHSIM 1 BUKOPHCTAHHSM Tra3iB
y MeTalyprii, KOKCOXIMIYHOMY BHUPOOHUITBI, HadTONepepooIli,
ra3oBiil mpomucioBocTi. [Ipu cnanoBaHHI OpraHiYHUX MajIUB Ha
TEIJIOBUX EJIEKTPUYHUX CTaHIISIX aBTOMATHYHI I'a30aHaNi3aTOpH
BUKOPHUCTOBYIOThCSI Ui KOHTPOJIO 3a TIPOLIECOM TOPIHHA 1
BU3HAYCHHS HEOOX1THOTO HAIUIIKY MOBITps. He MeHIn BaInBi
¢GyHKIIT TOKJIaieH]1 Ha IpUjla Iy Ta30BOro aHaji3y, sKi MpaloTh
y cucremax, o 3a0e3neuyloTh Oe3neuHe (yHKIIOHYBaHHS
TEXHOJIOTIYHUX 00'ekTiB. /[0 uYMcna Takux MpuiIaiB HaIeXaTb
ra3oaHali3aTopd, IO BHUMIPIOIOTh KOHIIGHTpAIl0 BOJHIO B
cUCTEeMI OXOJIOJUKEHHSI TypOoreHepaTopiB, y Tras3ax 3aJyBOK
arapariB 3 paJlioakTUBHUM TeruioHocieM Ha AEC Tormo.
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B ocrtanHi poku y 3B'3Ky 3 IOCHJCHHSM YBard 10
OXOPOHM HABKOJIMIIHBOIO CEPEJOBUINA PI3KO  PO3LIMPHIIOCS
BUPOOHUIITBO 1 BUKOPHCTAHHS Ta30aHANI3aTOPIB, MPU3HAYCHUX
JUISL KOHTPOJIIO 3MICTY IIKIJUIMBUX JOMIIIOK y ra30BUX BUKHJAX
MIPOMHUCIIOBHX MIANPUEMCTB 1 €JIEKTPUYHUX CTaHIN, y TOBITPi
BUPOOHWYMX TpuUMilIeHHI ¥ atMocdepi. Tak, BiaMOBIIHO BUMOT
Jep)KaBHUX CTAaHAAPTIB JJIsi KOHTPOJIO 3a SKICTIO MOBITPS
HACCJICHUX  ITYHKTIB  3JIACHIOETBCA  TMEPIOAUYHUN  BHMIP
KOHIIEHTpallii TaKMX OCHOBHHMX 3a0pyIHIOIOYMX PEYOBHH, SIK
CIpUMCTHH ra3, OKKC BYIJIELIO, ABOOKUC a30TY, L.

Jlyis BUMipy KOHIICHTpAIii OJHOTO 3 KOMIIOHEHTIB T'a30BOi
CyMillll BHUKOPUCTOBYEThCS Ta YW 1HIIA (i3UKO-XIMIYHA
BJIACTUBICTh LHOTO Ta3y, IO BiAPI3HAETHCA BiJl BIACTUBOCTEH
iHmux rasiB. Hix pi3kime 1 BiIMIHHICTE 1 YUM BOHA
cnenu(ivyHime, TUM BHUIIE YYTIMBICTH METOAY 1 MpOCTime
301HACHIOETHECA M ArOTOBKA npobu rasy. Posmairicte
BUKOPHCTOBYBAaHMX Yy Ta30aHai3aTOpax METOIIB BUMIpY
00yMOBJIEHa MPOCTOPICTIO aHATI30BaHUX KOMIIOHEHTIB T'a30BHX
CyMiIIeH 1 IUPOKUM J1ianla30HOM 3MiHHU iX KOHIICHTpPALIiH.

IlepeBaxkHa OiIBIIICTD MPOMHUCIOBUX  aBTOMAaTHYHUX
ra3oaHajizaTopiB NPU3HAUEHO AJI1 BUMIPY KOHIEHTpallii 0JTHOTO
KOMIIOHEHTa B CyMilli rasiB. Y I[bOMY BHIIQJKy CYMIII Ta3iB
po3rnsgaeTbes sK OlHapHa, y sKiH OOYMOBJIEHMH KOMIIOHEHT
BIUIMBA€ HAa BUMIpIOBaHY (P13MKO-XIMIUHY BJIACTHBICTH CyMillli, a
1HIITIT KOMIIOHEHTH, HE3JICKHO BiJ] X CKIIaAy 1 KOHIIEHTpaIlli, He
BIUIMBAIOTh 1 BBAXKAIOTHCS IPYTMM KOMIIOHEHTOM CYMIIIi.

[cuyroTh razoananizaTopu, Npu3HaYeH1 AJIs aHaTI3y PI3HUX
CKJIaJOBUX  0araTOKOMIIOHEHTHHX Ta30BUX  CyMilled, y
OUTPLIOCTI BUMAJAKIB 11 MpUIaJd BUKOPUCTOBYIOTHCS B
naOopaTopHii mpakTuii. ['a3oaHamizaTopu TpagylOOThCS Y
BificoTKax 1o 06cssi, r/™M°, MI/iL [lepma omuHMIS BUMIPY €
OUTBII 3PYYHOIO, OCKUJIBKM MPOLEHTHUH yMICT KOMIIOHEHTIB
ra3oBoi cymili 30epiraerbcs MpH 3MiHI TeMrepaTypH 1 THUCKY.
BinTBOpeHHs OAMHUIIL BUMIPY KOHIIGHTpAIlli KOMIIOHEHTIB
ra3oBUX CyMiIIe BiIOYBAa€ThCS 3a JIOMOMOTO) ATECTOBAHUX
€TaJIOHHUX T'a30BUX CyMIIIEH.
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Haii0inpmr mommpena kinacugikallis ra3oaHani3aTopis
TPYHTYEThCS Ha (PI3UKO-XIMIYHUX BJIACTUBOCTSX, MOKIAACHUX B
OCHOBY BHMIpPY KOHIIGHTpamii OOYMOBJICHHX KOMIIOHCHTIB
CyMmilm, 1 BKJIIOYAE HACTYIHI OCHOBHI TpPyNH TPHIAIIB:
MEXaHiYHi, TeIUIOBi, MAarHiTHi, ONTWYHI, XpoMarorpadivHi,
eNeKTpUYHI 1 Mac-criektpomeTpuyHi. LIicTe mepmmux HaWO1LIbIIT
PO3MOBCIOKEHUX TPYH MPHIIAiB OyyTh PO3IIISHYTI HIDKYE.

l'azoanamizaropy Ha BIAMIHY Big 3aco0iB  BHMIpPY
TEMIIEPaTypH, THCKY SIBJISIIOTh COOOI0 YCTaHOBKY, sIKa MICTUTh
KpiM BHMIPIOBAIBHOTO TIEpPETBOpIOBavYa (MpuiiMada) psij
OpUCTpOiB, MO0  3abe3meuyoTh  J00ip,  MIATOTOBKY i
TPaHCHOPTYBaHHS  mpoOu  ra3zy yepe3 mpwiaa. s
ra3oaHalli3aTopiB XapakTepHa HAsSBHICTh ABOX TPyH MpHiaaiB. Y
NepITy BXOJSTh BUMIPIOBAJIbHI TPUIIATIH, Y APYTY — IHIUKATOPH,
CUTHAJII3aTOpH, ACTEKTOPH BUTOKY Ta3iB. [Ipunaau npyroi rpynu
4acTO € MEPeHOCHUMH, OUIbII MPOCTUMHU 332 KOHCTPYKINEH 1
MalOTh HAaWMEHIIIEC YHCIIO IOTIOMIKHUX MPUCTPOIB.

2.5.2 Tlpuiiaam AJs aHATI3Y CKJIaJy pe4OBHH

Mexaniuni ra3oaHaJi3zaTopu. Y MEXaHIYHUX
ra3oaHajgizaropax BHMIp 3MICTy OOYMOBJIEHUX KOMIIOHEHTIB
3NIIACHIOETBCS HA MIJCTaBl 3MIHM MEXaHIYHUX MapaMeTpiB CTaHy
abo BIANOBIIHUX BIACTUBOCTEW ra3oBoi cywimi. Jlo uucna
BHUMIPIOBaHMX BEJIMYMH Y IIUX NpUIaJax Hale)XaTh 3MiHU 00’ €My
a00 THCKYy TpoOM Ta30BOi cyMimm, i1 B'I3KOCTI, MIUTBHOCTI,
IIBUJIKOCTI MTOIIUPEHHS 3BYKY.

Haii6i1b11 po3MnoBCIOJKEHUMH TPUIIAJJaMU 1[bOTO THUITY €
00'eMHI (BOJIOMOMETPUYHI) razoaHanizatopu. ¥ HUX MPO BMICT
00yMOBJIEHOTO KOMIIOHEHTa CYISITh MO 3MiHI 00’€My Ta30BOi
CyMillli B pe3ysibTaTi BHOOPYOIrO MOTJIMHAHHSI, KaTaliTUYHOTO
OKWCIIIOBAaHHS YH CIIaJIOBaHHS OOyMOBJIEHOTO KOMITOHEHTA.
Ockinbku  ans  BHOOpPUOro  BHJAAIEHHS  OOYMOBJIEHHX
KOMITOHEHTIB BHKOPUCTOBYIOTBCS XIMIUHI peakuli, npuiaaau
YacTO HA3WBAIOTh O0'€eMHUMM XIMIYHHUMH Ta30aHalli3aTopamH,
0 HAJIEKaTh 0 MPUJIAAIB MepioandHOol ii. 3 iX J0mMOMOTor0
MO>KHa 3pOOUTH BUMIp KOHLIEHTpALil B CyMillli T'a3iB HACTYITHUX
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KOMIIOHEHTIB: JIBOOKHCY BYTJIEIIO i3 CIPKOBOJHEM 1 JBOOKHCOM
cipku (cymMa KHCIMX Tap 1 Tas3iB), KHCHIO, OKHCY BYTJICIIO,
BOJIHIO, HETPAaHUYHUX 1 TPAHUYHHX BYTJICBOJHIB, a30TYy.

[Ipu BuzHauenni BMmicty CO;, SO, BHKOPHUCTOBYETHCS
PO3UHUH JIYTy, IPH LIbOMY IPOTIKAIOTh HACTYITHI PeaKIii:

CO, + 2KOH = K»,CO3 + Hy0;
SO, + 2KOH = K,S03 + H,0.

Jiis  TOINIMHAHHS ~ BOJHIO M OKHCY  BYIJIELO
BUKOPUCTOBYETHCS JIY’)KHUH PpO3YMH  HAIIBXJIOPUCTOI  MiJi.
Kucenb NOIMMHAETBCS JIY’)KHUM PO3YMHOM Miporajuiona, a
HETpaHWYHI BYTJIIEBOAHI — OpOMHOI0 BOOI0. Bosens i rpannyHi
BYIJICBOJHI MOXYTh BHJAAISATHCS 13 CyMIilll CHATIOBAaHHSAM, a
OKHC BYIJICIIO — KATAITHYHUM OKUCIIOBaHHAM. [loxuOka
PO3IJISIHYTOI'O METO/1Y 3HAYHOIO MIpOI0 BU3HAUAETHCS MOXUOKOIO
BUMIpY 3MiHH 00’eéMy, y 3BSI3Ky 3 4YHM [OYaTKOBHU i
3aJMIIKOBUM 0OcsArn mnpoOu ra3y NOBHHHI MAaTH OJHAKOBI
TeMreparypy i Tuck. IlepeBakHa OUTBIIICTH Ta30aHAII3ATOPIB,
3aCHOBAHUX Ha I[bOMY MPHUHIMII BUMIpPY, HajJeXaTb J0
71a00paTOPHUX MPUTIAIB, Y SIKUX J1001p MpoOdu i 1HIIMX orepartii
BUKOHYIOTBCS] BpYUHY.
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Puc. 2.72 — Cxema razoanainizaropa ['’XII-2

[Mpuamun nii  00'eMHMX XIMIYHHX Ta30aHaNi3aTopiB
PO3IIIsIHEMO Ha TpuKiIaai rasoadanmizaropa I'XII-2 (puc. 2.72),
MPU3HAYCHOTO Ui BUMIPY ABOX KOMIIOHEHTIB T'a30BOi CyMIlIi:
CO; 1 Oy. Ilpwran mMicTUTh y co01 BUMIpIOBaIbHY OOpeTKy 1,
3'eqHAHy 3 TPEOIHKOIO 2, 10 SIKOT MiAKIIOYEHI Bl MOTIMHATBHUX
cynuau 3, 4. CynuHa 3 3amoBHEHA PO3YMHOM iKOTO Kalito 1
npusHadena ais noriauHaHHsA COj, cynauHa 4 MICTUTh JTY)KHUN
po3unH miporauiona s normuHaHHA Oj. OCKUTbKM OCTaHHiN
po3unH mormmHae COz, TpH TPOBENEHHI aHATI3y CHOYATKY
Bu3HavyaroTh 3MicT CO,, a MOTIM KHCHIO. Y CepeauHi MipHOI
OIOPETKH 3HAXOJUTHCS CIOJydeHa 3 aTMOceporo TpyoOka 5, 110
BUKOPUCTOBYEThCS JJII KOHTPOJIO THCKY MpoOM Tazy Mmicis
MOTJIMHAHHS O0YMOBIIEHOTO KOMIIOHEHTa. MipHa Oroperka
tepMmocTtaToBana. [[o0ip mpoOu ra3y i npokadyBaHHS HOTO 4yepes
npujaa 3A1HCHIOIOTHCS TYMOBOIO rpymieto 6. [Ipu npokagyBaHH1
rasy KpaH 8 B3HaXOOUTbCA B TIOJOXKEHHI, IMOKa3aHOMY Ha
PHUCYHKY, HalipHa CyJluHa 7 13 3aMHKaI040I0 PIIMHOIO OIYyIIEeHA 1
ra3 uepe3 TpyoKy 5 BUILITOBXYeThbCsl B aTMochepy. lpu migitomi
HaMipHOi CyIWHU 7 3aMHUKaioya piliHA TPU JOCSITHEHHI KIiHIII
TpyOKH 5 BixTHHa€ Bix arMocdepy mpoby rasy obesrom 50 em®,
VY 1BOX IHIIMX TMOJIOKEHHSIX KpaHa 8 mpoba razy B MipHii
oropetii 1 conydaerbest 13 cyaunamu 3 1 4. @inpTp 10 cmyxuth
JUIs. OUYMILEHHS ra3y. SIk 3aMuKaro4ya BUKOPUCTOBYETHCS PIUHA,
0 HE TOMIMHAE KOMIIOHEHTH aHaJli30BaHOI ra3oBOi CYyMIIIL;
9acTO 3aCTOCOBYIOTHCS HACHYEHI PO3YMHM MOBAPEHOI couli abo
XJIOPUCTOTO KaJBITIO.

Jns  TpoBEeNEHHS ~aHali3y 3AIMCHIOETbCS  HACTYIHA
MOCHIIOBHICTE ~ omepamiii. [lpm  Bigkputomy  KpaHi 9,
3a3HaYEHOMY TIOJIOKEHHI TPUXOJOBOIO KpaHa S 1 OmyIleHii
HamipHiil cyauHi 7 Tpymero 6 Kidbka pas3iB 3a0upaerbes
aHAJI30BaHMN Tra3 1 MpPOKAuyeTbCs depe3 MipHY OIOpeTKy B
atmMocdepy. IloTiMm mpum 3akpuTomMy KpaHi 9 TiTHIMAETHCS
HarmipHa CyauHa 7 1 3aMUKaio4a piiMHa BIITHHAE BiJ] aTMOC(epu
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npoOy razy. Kpan 8 mepeBoauTbCS B MpaBe IMOJOKECHHS, TPU
SIKOMY aHaJi30BaHa Mpo0a BUTICHAETHCA MPU MiAHOMI HamipHOT
CyAMHHM 7 pinuHOIO 3 MIipHOI OropeTkun B cynuny 3. s
MOJIIMIIEHHS] KOHTAKTY ra3y 3 MOTVIMHAIOYUMU PIIMHAMU CYIUHU
3aMOBHEHI CKJIIHUMH TpyOkamu. Jlns moBHoro noriauHanHs CO;
3IACHIOETHCA YOTUPU-II'ATh MPOKAYyBaHb LUISIXOM HIAHATTS U
OITyCKaHHS HAIPHOI CYyJUHH 7.

st BUMIpY 3aJUIIKOBOTO 00CATY rasy 13 CyIdHH 3
MOBEPTAIOTh MPOOy B MipHY OIOPETKYy, IUIABHO OIYyCKAIOUU
HaripHy cyauny 7. O0csr ra3y (GikcyeTbcsi B MOMEHT 30iry piBHS
B MipHiil Oropetmi 1 BHYTpimHii TpyOui 5. [Ipu 30iry nux piBHIB
TUCK TMpoOu Trazy AopiBHIOE aTMochepHoMy. HinkHs 3ByxeHa
JacTUHA MIpPHOI OIOPETKH TPagylo€ThCsl Oe3MOCepPeHbO Y
BiJICOTKaX 3MiCTy oOymoBieHoro kommoneHta. Ilicns dikcamii
smicty CO; y mpobi kpaH 8 MepeBOIUTHCS B JIiBE TOJOKEHHS 1
3aMHKaI0Y0l0 PIIUHOI0 YacTHUHA MpoOM rasy, 110 3alHIIuiacs,
BUTICHSE€TBCS B cyauny 4. Jlns BusHaueHHs 3Mmicty Oz nami
MOCIIITOBHO MPOBOIATHCS Ti XK OIeparlii, o Mpu BUMIPi 3MICTY
COz. Ilpo npouenTtHHii ymict O, CyasTh MO 3MiHI 00’ €My poOH
ra3y, 10 3aJUIIUBCS. Y TPOIECi BUMIPY HE MOKHA JIOMYCKaTH
3HMJKEHHSI PIBHS 3aMHKAal4oi pIIUHU HWK4Y€ KIHIS TpyOKH 5,
TOMYy IIO TpH IOMY BiAOyBaeTbcsi ab0 MiJACMOKTYBaHHS
MOBITpsI, a00 BUINTOBXYBaHHS YacTUHU INpoOu B armocdepy.
SIxio e cnocrepiraiaocs Mija 4ac aHamizy, TO AOCHTiT HEOOXiTHO
MOBTOPUTH.  TpuBalicTh  BHUMIpDY  KOHLEHTpauii  JBOX
KOMITOHEHTIB CKJIajae 5—8 XB.

ina posnoainy mipuoi 6roperku I'XII-2 cknanae 0,1 mu.
IIpu rpaHnyHii morpimHocTi BHMIpY 00’emy +0,1 M
MOTPINIHICTh B OIHIIl 3aJIMIIKOBOTO 00CATY TPOOH CKIIamae
+0,2%. HeBucoka TOYHICTH OIIIHKH 3MiHH 00’€MYy HE J103BOJISIE
BHKOPHCTOBYBAaTH Il Ta30aHANI3aTOPU JUISI BUMIPY Mallux
KOHIICHTpALIIH.

binpm mmpoxi MoximBocTI Mae raszoanamizatop BTH,
MpU3HAYCHUNW U1 3arajlbHOTO  aHali3y  MOPUPOJHUX 1
MMPOMUCIIOBHUX Ta3iB. 3a MOTO JOTIOMOTOIO 31HCHIOETHCS BUMIP
HACTYIHUX KOMIIOHEHTIB Ta30BOi CYMIIlll: CyMHU KHCIHX Ta3iB
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(CO, + SO, + H3S); Oy CO; Hj; Nz, cymMu TpaHUYHHX
ByrieBonHiB (CHy Ta 1H.); cyMHM HErpaHMYHHX BYTJICBOAHIB
(CiHm). Koncrpykiis razoananizatopa BTU Biapi3HseTbes Bif
I'XTI-2 npuctpoemM MipHOT OIOPETKH 1 MOTJIMHAIBHUX CYIWH, iX
YUCIIOM, HagBHICTIO Iteul mid cramosauas CO, Hy 1 CHa.

Jlo mepeBar 06'eMHOTO0 METOTy BUMIPY KOHIICHTpAIIii ra3iB
HaJIeKATh: MOXMJIMBICTh BHUMIPY HIMPOKOTO KOJIa KOMITOHEHTIB
ra3oBUX CyMilleld NUIAXOM Mijgdopa BiAMOBIIHUX TOTJIMHAYIB
a0 XIMIYHMX peakliii 3B'A3yBaHHS; MOJMIIMBICTh aHAJI3y
0araTOKOMIIOHEHTHUX T'a30BUX CYMIIICH; IPOCTOTA MIPHUCTPOIO.

HenonikamMu MeToay €: HU3bKA TOYHICTH aHANI3y (HE BUIIE
0,1-0,2% 3aranpHOro 00’€My TpOOH); MEPIOJUYHICTD [ii;
HEOOXITHICTh YacTOi 3aMiHU PEaKTHBIB; CKJIAAHICTH CTBOPEHHS
Ha [bOMY MPUHIUII aBTOMAaTHYHUX NPUIAAIB; TPOMI3IKICTH
NpUJIay Yepe3 BEJIMKE YHCII0 eJIEMEHTIB 31 CKJIa.

TemnoBi razoanaJizaropu

Y TemjoBHX raszoaHaiizaTopax BHUMIp KOHIIEHTpaIii
O00OyMOBIJIEHOTO KOMIIOHEHTa 3IHCHIOETHCS IUIIXOM BHUMIPY
TEIUIOBUX BJIACTUBOCTEW TIa30BOi CyMilli, IO 3aleXaTh BiJ
KOHLEHTpalli  OOyMOBJIEHOIO  KOMIIOHEHTA. Haii6inpm
PO3MOBCIOPKEHUMH MIPUJIaJlaMH LIbOTO TUITY € ra30aHaji3aTopH,
3aCHOBaHI1 Ha BUMIpI1 TEIUIONPOBIIHOCTI CyMIIIl
(TEpMOKOHTYKTOMETPHYHI) 1 TEIJIOTH, WIO BUAUIAETHCS TNpHU
peaxiuii KaTaJiTUYHOTO OKHCIIIOBaHHS 00yMOBJIEHOTO
KOMIOHEeHTa  (TepMmoximiuHi). [IpenctaBHMKM 1HMX  Tpyn
NpUJIaNiB, SK TPABWIO, € ABTOMATHYHUMH TPHCTPOSMH, SIKi
MPALIOIOTh y CKJIa/li iH(OopMaliifHO-BUMIPIOBATBHUX 1 KEPYIOUMX
cucteM. TemioBi razoaHaaizaTopy Npu3HayeHi A 0€3yImHMHHOIO
aHaJi3y cKiaay OlHapHUX CyMIIIEH.

TepmokoHayKTOMeTPHYHI Tra3oaHajizatopu. Y Ta0.
2.5 HaBeJIeH1 TEeIIONPOBITHOCTI PI3HUX Ta3iB MPHU TeMIepaTypax
100 1 500 °C, BigHEeceHi 10 TEIJIOMPOBIIHOCTI MOBITPS. AHami3
JlaHWX, HaBeIeHUX y Tabiu. 2.5, mokasye, 10 IpU TeMIeparypi
100°C TerionpoBiIHICTh TaKUX ra3is, sk Ha, CO2, SO,, CHy, Ar,
He, Bigpi3Hs€THCS Bi TEMIONPOBITHOCTI MOBITPS.
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Tabmuus 2.5 — BigHOCHI TemJIOMPOBIAHOCTI Ta3iB  MpU
temriepatypax 100 1 500 °C

T'a3 100 °C | 500 °C I'a3 100 °C | 500 °C
[ogiTps 1 1 JIBookuc 0,38 |0,53
CipKH

AsoTt 0,98 0,97 |Kucenn 1,02 1,07
Bonenn 6,84 (6,77 |Apron 0,66 |0,66
JBookwuc Byrnemo 0,71 0,96 |T'emiit 5,56 5,32
Oxwuc ByTIIeIIO 0,94 0,93 |Ilapu Bomu 0,78 1,16
MeTtan 1,45 2,13

3 pocToM TeMIlepaTypH TEIUIONPOBIIHICTh Ta3iB 3pOCTA€E B
pI3HOMY CTYIEHi, y 3B'3Ky 3 uuM npu TtemnepaTtypi 500°C
BIJIHOCHA TEIUIONPOBITHICTE N2, Hp, Oz, CO, Ar, He npaktuuno
He MiHseTbes, Toal sk y CO; Onu3pka mo oaunuii, a B CHy
3pocrae Bix 1,45 mo 2,13. Xapakrep BIUTUBY TeMIepaTypH Ha
BIIHOCHHI KOE(IIIEHT TEIUIONPOBIAHOCTI Tra3iB BPaxOBYETHCS
npu  BUOOPI TEMIEpPaTypHUX PEXKUMIB POOOTH UYTIMBHX
€JIEMCHTIB Tra30aHaIi3aTOPIB.

BukopucTaHHs AaHOTO TPUHIMITY BHMIpPY 3aCHOBAaHO Ha
TOMY, 1[I0 MDK TEIUIONPOBIAHICTIO Ta30BOi cymimi A,
TEIUIONPOBIIHICTIO Aj 1 KOHLEHTPAIII€I0 Cij KOMIOHEHTIB N, IO
BXOJSATH Y ii cOCTaB, iCHY€e OJU3bKa 70 JIHIHHOT 3aJIeKHICTh:

n
}L 27»101 +7\,2C2 ++7\,nCn = Z)\.iCi '
i=1

[Ipn anmamizi OiHapHUX  CcyMimledl 13  cymMapHOIO
KOHIIGHTpALlI€l0 HEeBU3HAauyBaHUX KommoHeHTiB CH, mo maroTth
CHIBMANA04y  TEIJIOMPOBIMHICTH  AH, 3TITHO  HaBEJACHOI
3aJIeKHOCTI TETJIONPOBIAHICTh CYMillli BU3HAYA€THCS BUPA30M:

A= AgCo + A,C,.
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Ockinpku ¢y + ¢p = 1, 3aJeXHICTh MK KOHIICHTPAIIEIO
00yMOBJICHOTO KOMITOHEHTA Co 1 BHMIPIOBAHOIO
TETUIOTIPOBITHICTIO CyMillli A, TIPH BiAOMHUX TETUIONPOBITHOCTSIX
HEBU3HAYYBAHUX 1 00OYMOBJICHUX KOMIIOHEHTIB MA€ BHUTJISL;

Co = (ﬂ* - /IH)/(//LO - /IH)

ko B 4KMCIII HEBU3HAYYBAaHMX KOMIIOHCHTIB MICTHUTBCS
ra3, 3MiHa KOHIIGHTpAIlil SKOTO BIUIMBA€ HA TEILIOMPOBIIHICThH
CyMilr, TO IEeW KOMIIOHEHT 13 Ta30BOi CyMillll MMOBHHEH OyTH
BunyueHuil. Tak, y JUMOBHX Tra3ax Ka3aHa, IO MICTITh B
ocHoBHOMY N3, Oy, SO,, CO,, CO, Hy, BoasHi napu, npu BUMIpi
kounenTpanii CO; moBuHHI OytH BuiydeHi SO, Hp, BomsHi
napu. KonuBaHHS KOHIIGHTpaAIii I1HIIMX KOMIIOHEGHTIB HE
BIUIMBAIOTh, TOMY IO  MalTh  ONM3BKI 7O  a30Ty
TETIONPOBITHOCTI.

Jdns  BUMIpY  TEIUIONPOBIAHOCTI  Tra3oBOi  cymimri
BUKOPUCTOBYETHCS TPOBIAHMUK, [0 HArpiBa€Tbcsa CTPYMOM,
MOMIIIIEHUH y KaMepy, 3allOBHEHY aHaJi30BaHOI CYMIIIIIIIO.
Skmo TemioBiAmava Bix MPOBITHWKA JIO CTIHOK KaMepu B
OCHOBHOMY 3[1ICHIOETbCSI B PE3YyJbTaTl TEIUIONPOBIIHOCTI, TO
Mae€ MicIle HaCTYIHA 3aJIeKHICTh:

Q = 24A(t, — to)/In(D/d),

ne Q — KUIBKICTh TEIJIOTH, IO BIAJAETHCS MPOBITHUKOM Yy
cekyHny; |, d — moBxuHa 1 [iaMeTp MPOBiTHHUKA;

D — niametp kamepu;

A — TEIUIONPOBIIHICTH CYMIIIII I'a3iB;

t,, Ic — TemmepaTypu NpoBiJHUKA 1 CTIHOK KaMepH.

[Ipu cranocti Termnotu Q, MO BiAAAETHCS MPOBIAHUKOM, 1
TEMIIepaTypy CTIHOK KaMepH t¢, IKa 3aJeKUTh BiJl TeMIepaTypu
HABKOJIMIIIHBOTO CEpEOBHIIA, TETJIONPOBIIHICTh Ta30BOi CyMiIlIi
Oy/ie OHO3HAYHO BU3HAYATH TEMIIEPATypy NPOBiTHHUKA, & OTKE,
1 foro omip. SIK MPOBITHUK BHUKOPHCTOBYETHCA APIT 3 METaly,
SKUN Ma€ BHUCOKUH TeMIepaTypHUN Koe(DillieHT eIeKTPUYHOTO
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OTopy 1 XIMIYHOIO CTIMKICTIO; YacTilie 3aCTOCOBYIOTh IUIATHHY,
piamie Bosab(pam, HiKeIb, TAHTAI.

Cxema 1BOX THUHNIB pOOOYMX YYTJIMBUX EIIEMEHTIB i3
IJIATUHOBOTO JPOTY MpEJCTaBlIeHa Ha puc. 2.68.

Puc. 2.73 — VYcrpiii pobounx YyTIMBHX €IEMEHTIB 3 Bigkputoro (0)
1 OCKIIOBaHOIO (@) TUTATHHOBOIO CIiPaJLTio

VY ckiastHOMY Kopiyci 1 10 TUIaTUHOBUX CTPYMOIIOJIBO/IIB 2
niamerpom 0,15 MM mignasHa BiIKpuTa IUIATHHOBA CHipaib 3
niamerpom 0,02 MM (puc. 2.73, a) abo ockiioBaHa 4 3 J1iaMeTpOM
0,02 MM (puc. 2.73, 6). Y mepmoMy BHIAAKy OIip YyTIHBOTO
eneMenta ckiazae 10 Om, y apyromy 40 Owm. Yytnusnii
€JIEMEHT JPYroro TUIy 3aXWUIEHWH BIiJ] arpeCUBHUX BIUIMBIB
cepe/loBUINa, aje HOMY MpUTaMaHHa BeJMKa 1HEPLIHHICTS.

+ aH.

L_&]_l ras R2
| H— I | I
Ro

ek ®

P

mV b

i |
| M- an.| —

R rak Rs

Puc. 2.74 — BumiproBajibHa MOCTOBa CXe€Ma ra30aHajizaropa
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Jlnst 3a0e3neueHHs  MaKCUMajdbHOI — YyTJIMBOCTI  3a
TertonpoBigHicTioO ans ra3iB CO,;, Hy, a Takox 3HUKCHHS
BIUIUBY  TEIUIOBiAMaul  3a  paxyHOK  BUIIPOMIHIOBaHHS
TeMIIeparypa IJIaTUHOBOI cripaii BcranoBimoeTbest 80—100°C. 3
METOI0 3MEHIIEHHS BITUBY KOHBEKTUBHOTO TEIUIOOOMIHY Ta3 10
YYTJIMBOTO €JIEMEHTA IIOJA€ThCS BHACHIIOK  AUQPY31HHOTO
00MiHY, 1110 30UIBIITY€E IHEPUIMHICTh TETUIOBUX T'a30aHAII3aTOPIB.

Jns BUMIpY ONOpPY JAPOTOBHX YYTJIUBUX €JIEMEHTIB
BUKOPUCTOBYIOTBCSI MOCTOB1 cxeMu. OfHa 3 HaWIpOCTIMIMX 1
PO3MOBCIOKEHNX BUMIPIOBAILHUX CXEM Ta3oaHajizaTtopa (puc.
2.74) sBnse coOOK HEBPIBHOBWKECHHH MICT, IO XUBUTHCS
MOCTIHHUM CTPYMOM Bif Oartapei abo mkepena cTabili3oBaHOTO
xuBienns (ICX). Pesucropu R; i R3 BUKOHaHI 3 TIaTHHOBOTO
IpOTy 1 3HAXOAATHCS B KaMepax, 3allOBHEHUX AaHAaJi30BaHUM
razoM. Pesuctopu Ry i R4 3Haxon4ThCs B repMETUYHUX Kamepax,
3alIOBHEHUX HEBU3HAYYBAaHMMH KOMIIOHEHTaMH cCyMimi abo
noBiTpsiM. KOHCTpyKLis MOPIBHSUIBHUX YYTIWBUX EJIEMEHTIB
AHAJIOT1YHI KOHCTPYKIIT poOOUYNX €JIEMEHTIB, IPEICTABICHUX Ha
puc. 2.73, TUIBKM TpaBUH KiHEUb CKJISHOT TPyOKH B HHUX
3anassHui.

Sxuio mpunaz, 1m0 Moka3ye, BKIIOUYEHUN Yy BUMIPIOBAIbHY
JiaroHalib MocTa ab, Mae O€3HyJIbOBY IIKaldy, TO B Kamepax 3
pesucropamu Ry 1 Ry 3HaX0aThCS HEBU3HAYYBaHI KOMIIOHEHTH 3
KOHIIEHTpALI€0 O0OYMOBJIEHOTO KOMIIOHEHTa, L0 BiJINOBIJA€
HIDKHIA MeXi1 BUMIpY mnpwiany. BxigHuif y MicT mepeMiHHUM
pe3uctop Ro CIy’kuTh 111 YCYHEHHS TOYAaTKOBOTO HeOalaHCy
MocTa, Koiu pe3uctopu R; — Ry 3HaxonsAThcs B Kamepax 3
OJTHAKOBHM CKJIaJIOM T'a30BUX CYMIIIEH.

Monudikariiero po3riasHyTOI CXeMU € OJJHOMOCTOBI CXE€MHU,
0 MICTATh OJHE poOoue Tuieue, IUiede TMOPIBHAHHS 1 JBa
MoCTiHUX omopu. B 000X BHIlagkax MOCTH MOXYTh OyTH
YpIBHOBAKEHUMHU 1 HEBPIBHOBOXEHWMHU. PO3MIAHYTI THIH
BUMIPDIOBAILHUX ~ CXE€M  MalTh  TEPMOKOHIYKTOMETPHUYHI
razoananizaropu tumy TKI, IDJl, I'DVK, npusznaveni nms
ananizy 3micty Hp, COy, SO,, Ar, Oz, NH3 y TomkoBux rasax i
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ra3ax BHPOOHHIITBA aMiaKy, XJIOPY, aproHy, CIpuaHOi KHUCIIOTH.
Yac ycTaHOBIJICHHs TTOKa3aHb NMpuiaaaiB gocsrae 120 ¢, rpaHndHa
NOrpimHIicTh  BUMipy +5%  KOHIEHTpawii, IO HOPMYE,
00yMOBJICHOTO KOMIIOHEHTA.

OnHOMOCTOBI ~ BHMIPIOBAIBHIA  CXeMi  IpUTaMaHHi
HEJOJIKU, OOyMOBJIEHI BIJIUBOM Ha CHUrHal HeballaHCy MocTa
KOJIMBaHb HAIMIPYTH KUBJICHHS JIO TEMIIEPATypy HABKOJIHUIITHHOTO
cepenoBuina. Jlns  3HIKEHHS ~ BIUIMBY IIMX  (aKTOpiB
BUKOPHUCTOBYIOTbCS ~ JDKEpena  CTa0lIi30BaHOTO  >KHUBJICHHS,
TepMOCTaTyBaHHS 1 OUIBII CKJIAgHI BHUMIPIOBAJIbHI CXEMU
razoanainizaropis. Ha puc. 2.75 mpencraBieHa CrpolieHa cxema
razoaHainizaropiB mo TeruonposigHocti tumy TII. Cxema
BKJIIOYA€ JIBa MOCTH: pobounii 1 1 mopiBHAHHS 2. Pobounii mict
AHAJIOTIYHUN HEBPIBHOBAXXEHOMY MOCTY, 300pa)KEHOMY Ha pHC.
2.74. Pesuctopu Ry 1 R3 omuBaroThes aHamizoBaHuM ra3om, a R
1 R4 3HaxonsThcs B Kamepax mopiBHsAHHSA. CurHan HebamaHcy
pobodoro mocta Ujyp 3aJIeKUTH BiJl KOHIIGHTpAIlii 00yMOBIEHOTO
KOMIIOHEHTa B cyMmimi ra3iB. Jlng BuMmipy curHamy
BUKOPUCTOBYEThCS KOMIICHCAIIMHMA MeTO]] BUMipy. J[kepernom
CUTHaJy, 110 KOMIIEHCYE, CIY>KUTh MICT TopiBHAHHA 2. OOuaBa
MOCTH JKUBJIATBCS TEPEMiHHOIO HANpYyrow BiA  OJHOTO
tpancpopmaropa Tp. Pesuctopu mocta mnopiBHsSHHS Rg, Rs
noaioHo Ry, R; 3HaxomsaThcss B KaMmepax 3 KOHIIEHTPAIIIEIO
00OyMOBIIEHOTO KOMIIOHEHTa, IO BIAMOBIIa€ HWXKHIA Mexi
BUMIpY npunany, Rs 1 R7 — y kamepax 3 KOHLEHTpali€ro, 110
BIJIMOBiAa€ BEpXHIA Mexi. TakuM YUHOM, MICT TOpPIBHSHHSA
po3BuBae curHan HeOanaHcy Upg, TOpPIBHIOE MaKCHMalIbHOMY
curHany po6ouyoro mocrta. OcTaHHIi Mae MicIe, KOIU B CyMIIli
AQHATI30BaHOTO Ta3y KOHIICHTpAIlisi OOYMOBJICHOTO KOMITOHEHTA
csira€ BEPXHbOTO TPAHUYHOTO 3HAYCHHSI.
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Puc. 275 — Cxema aBTOMAaTHYHOTO Ta3zoaHalizaropa 3a
TEIJIONPOBITHICTIO

Jlia onepaHHSl CUTHAITy KOMIIEHcallli BUKOPUCTOBY€ETHCS
peoxopll BTOPUHHOIO MpWIAAY, SKUA MiAKIIOYA€ThCS 0
BUMIPIOBAJIbHOI JllarOHaJIl MOCTa TMOPIBHSAHHA. BTopuHHHMU
npujgajaMiM B razoaHaii3aTopax — ClykaTb  aBTOMAaTHYHI
ypiBHOBaxkeH1 Moctu Tury KCM 1 KIIM.

CurHan pobodoro MocTa KOMIIEHCYEThCS YacTKOIO
CUTHaJy MocTa MopiBHAHHA. OCKUIBKM 30BHIIIHI (aKTopu:
TEMIEpaTypa HaBKOJIMILIHBOTO CEPEAOBUIIA, KOJMBAaHHS HApyru
KUBJICHHSI — BIUIMBAIOTh Ha CHUTHAJIM 000X MOCTIB, LISl cCXema
MEHIII YyTIIUBA JI0 iX 3MiH, HI’K PO3TJIIHYTa BUILE.

3 BUKOPHUCTAHHSIM JBOMOCTOBOi BUMIPIOBaJIbHOI CXEMHU
BITUM3HSIHOIO  TPOMHCIIOBICTIO  BUITYCKAlOThCS  TEIUIOBI
razoanainizaropu tuny TII nns anamizy 3micty COz y TUMOBUX
rasax i CKJIQJIHUX ra30BUX cyMimax, Hy y TEXHONOTIYHUX rasax i
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cHCTeMi BOJAHEBOTO OXOJIOJKEHHS TypOoreneparopis. I'pannuna
MOTPIIIHICTh BUMIPY KOHIEHTpAIlli B WX MPUIAIIB CKIATAE
+2,5-3,0%, yac ycTaHOBJICHHS ITOKa3aHb aocsarae 1-3 xB.

Tepmoximiuni razoanamizatopu. VY TepMOXIMIYHHX
ra30aHajizaropax KOHIIEHTpAIisi OOYMOBIIEHOTO KOMITOHEHTA
BHUMIPSIETHCS 32 KUIBKICTIO TETUIOTH, 10 BUJIIIMIACS TIPH PEaKIii
KaTaIITUYHOTO OKUCIIOBaHHA. J[0 ymcna QikcyemMux 3a IHM
MeroaoMm raziB Bxoasate CO,, Hy, Oy, NH3, CHj. Tepmoximiuni
ra3oaHalli3aTopu PO3IUIAIOTHCS Ha JIBI rpynu. Y MepIliid rpymi,
sSKa Ma€ OLIbII HU3bKY YYTJIMBICTb, PEAKIlisl OKHUCIIOBAHHS
BiJOYBa€THCS HA MOBEPXHI HArpiTOI IUIATUHOBOT HUTKH, IO Tpae
ponb KaranizaTtopa. TemnepaTypa MIaTHHOBOI HUTKHU, a OTXKE, 1 i1
OITip MIHSIOTHCS 31 3MIHOIO KUIBKOCTI TETJIOTH, IO BUALTHIACS
IIPU OKHUCIIIOBaHHI OOYMOBJIEHOIO KoMIoOHeHTa. IlimatuHoBa
HUTKa 3 OMOPOM Rj BKIIOYAETHCS B IJIeYe HEBPIBHOBAKEHOTO
MOCTa, CXeMa SKOro aHaJIoriyHa npejcTaBieHii Ha puc. 2.74. [lo
[IBOTO MOCTa BXOJUTH Pe3UCTOp Ry, BUKOHAHMH 13 TIIATHHOBOTO
ApoTy mnoni6Ho pe3uctopy Ri, ame 3HaxoauThcss B Kamepi,
3allOBHEHIH HEBU3HAYEHUMH KOMIIOHEHTAMH Ta30BOi CyMIiIIi.
Pesuctopu Rz 1 Rs MaroTh moctifiHMi omip 1 BHUKOHaHI 3
MaHTaHIHOBOTO JIPOTY.

3a HasABHOCTI OOYMOBJIEHOTO KOMIIOHEHTa B Ta30Bii
cymimn 1 #oro 3ropsHHI omip pesucropa Rj; 3pocrtae i
MUTIBOJBTMETP (TIOTEHLIOMETpP), BKJIIOYEHUH Yy BUMIPIOBAJIbHY
JlaroHalb ~ MOCTa, IIOKaXX€ HAsBHICTb  PI3HUII  HaIpYT,
NPONOPLIHHOT ~ KOHIEHTpalii OOyMOBJIEHOIO  KOMIIOHEHTA.
MiiBOIBTMETP TPAAYIOEThCS B OJUHUIX  KOHIIEHTpAIil
00yMOBIIEHOTO KOMIIOHEHTA. Yac dikcarii
MOKa3aHb MPHIAAIB IIOTO THITY CKJIagae | XB MpH TpaHUYHIN
MOTPILIHOCTI, 0 cKiagae +1%.

lNazoanamizaropu  mepmoi Tpynu B OCHOBHOMY
BUKOPDUCTOBYIOTbCS ~ SIK  IHIUKATOPHM 1  CHTHAJII3aTOpU
BUOyXOHEOEe3NeYHNX KOHIIEHTpAIliil ra3iB 1 BUKOHYIOThCS B
NEPEHOCHOMY BapiaHTi, 0 iX YMcia HaJekXaTh CUTHANI3aTOPU
CIT, mo BuMIipro0Th KOHIEHTpalito Hy y mositpi.
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VY TepMOXiIMIYHUX ra3zoaHanizaTopax JIpyroi rpynu peakiis
OKHCITIOBaHHS ~ OOYMOBJICHOTO KOMITOHEHTa TIPOTIKaE Ha
MOBEPXHI TPAHYIBOBAHOTO KaTalli3aTopa, y SIKOCTI SIKOTO YacTO
BUKOPHUCTOBYEThCS TonkaiauT (60% nBookucy maprauito 1 40%
okucy Mifni). HasBHICTH po3BHHYTOI MOBEpPXHI KaTalizaropa
3a0e3meuye MOKJIMBICTh BHUMIPY KOHIICHTpaIii 0OYMOBJIECHOTO
KOMIIOHEHTa, IO CKJIAZAl0OTh YacTKM BigcoTka. KuIbKICTb
TEIUIOTH, 10 BHUIUIMJIACS TMPU CHATIOBaHHI, BUMIPSETHCS
IJITATHHOBUM TEPMOMETPOM OIOpy abo OaTapeero Tepmomnap.

["a3zoananizaropu Apyroro THIMY € OLIBII IHEPIIHHUMH, Yac
YCTaHOBJICHHSI iX MOKa3aHb CATa€ 5 XB, TPAHUYHA MOTPIIIHICTH
ckiagae +5—-7%.

Maruirtni ra3oaHajizaTopu. Y Mar"iTHUX
ra3oaHaiizaropax, SKi HaJle)kaThb JI0 aHaIi3aTopiB OiHApHHUX
CyMillIeH, KOHIICHTpAITis 00yMOBJIEHOTO KOMIIOHEHTA

BUMIPSIETBCS 32 3MIHOIO MAarHiTHUX BIJIACTMBOCTEH Ta30BOi
cyMimni. ['a3u 3a X MarHiTHOIO CHPUHHSATIMBICTIO MOAUISIOTHCS
Ha TapaMarHiTHi, WO BTATYIOTBCA B MarHiTHe ToJe, 1
JllaMarHiTHi, 110 BUIITOBXYIOTbCS 3 HbOTO. HailbinbIry MarHiTHY
CTPUHHSTINBICTh Ma€ KUCEHb, IO HAJEkKATh 10 MapaMarHiTHUX
raziB. Y Tabn. 2.5 HaBelIeHI 3HA4YEHHs BIIHOCHOI 00'€MHOI
MarHiTHOI CHPUHHATIMBOCTI JJi Tra3iB, NPUYOMY 3HaK MIHYC
BITHOCHUTKCS IO JlaMarHiTHUX rasis.

3icTaBlIeHHsI TaHUX, HaBeIEHUX y Ta0m. 2.6, mokasye, 1o
ra3su, KpiM KHCHIO, OKHCY 1 JIBOOKHCY a30Ty, € MPaKTUYHO
HEMarHiTHUMH, OCKIJIbKU iX 00'€éMHA MarHiTHa CIpUHHSATIUBICTD
Ha JIBa MOPSAKM HMXKYE, HDK KHUCHIO. TakuM YMHOM, MarHiTHi
BJIACTMBOCTI Ta30BOi CyMIIIl BHM3HAYaIOTHhCS KOHIEHTPALIEIO
KucHIO, ockimbku NO 1 NO,, ki € [OpoayKTaMu
BHUCOKOTEMIIEpAaTypHUX OKMCHUX PEaKI[ili, 3yCTpi4aroThCsl PiAKO
i y MaJTuX KOHIIEHTPALIISX.

Tabmuus 2.6 — BigHocHa 00'eMHa MarHiTHa CHIPHHHATIMBICTH
rasiB
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Bignocna BinnocHa
00'eMHa 00'eMHa
I'a3 . I'a3 .
MarHiTHa MarHiTHa
CHPUITHATIMBICTH CIPUIHATINBICTH
Kucens O, 1 Boxens H, -0,0011
7 0
Moeitps  (21% 0,211 A3zot N, 0,004
02
Oxwnc azoty NO 0,363 JBookwc 0,0057
Byraemio CO,
JBookuc asory 0,0616 Amiak NHj -0,0057
NO,
Mertau CH, 10,0123 Bonsma mapa 0,004
H,0

O0'emHa MarHiTHa CIPUHHSTIMBICTD KUCHIO 1| MOB'sI3aHA 3
MUTOMOIO MAarHITHOK CIPHUHHATIMBICTIO ¥, 1 IIUJIBHICTIO P
3aNexHICTIO =yp; ockinbku y = C/T, a p=PM/TR,

n = CPM/(T?R),

ne C—mocriiina Kropi;

P, T — alcomroTHMH THCK 1 TeMmIeparypa KHCHIO 3
MOJIEKYJIIPHOIO Macorw M;

R — razoBa nocriifHa.

TakuM 4YMHOM, MarHiTHa CHPUHHATIMBICTb KHCHIO
3aJIeKUTh BIJ] THCKY 1 3HIDKYETBCS 3 POCTOM TeMIIEpaTypu
MPOTIOPIIIAHO 1/T?,

OO'emMHa MarHiTHa CHPUMHATIMBICTE CyMilll rasiB
BHU3HAYAETHCS CIIBBIIHOLUICHHSIM:

Lew = 2.CiX; =Co +(1—c, )y, 24.1)
i=1

ne  ¢j, yi — 00'eMHI KOHIIEHTpAIlii KOMIIOHEHTIB Ta30BO1 CyMiIlIi
11X 00'eMH1 MarHiTHI CIPUIHATINBOCTI;

Cx, Y« — O0'€eMHa KOHIIEHTpAIlisl KHCHIO 1 MOr0o MarHiTHa
CHPUUHATINBICTH;
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X« ~—  YyCepeoHEeHa  MarHiTHa  CHPUNHHATIUBICTD
HEBU3HAYYBAaHUX KOMITOHCHTIB.

Binmosimno n0 (2.4.1), ockimbku x,<<yy, 3MiHa 00'eMHOL
Mar”iTHOI ~ COPHUHSTIMBOCTI  Ta30BOi  CyMilll  OJJHO3HAYHO
BU3HAYAETHCS KOHIICHTPAIIIEI0 KHUCHIO 3a YMOBHM CTa0umi3arii
TeMIepaTypH 1 THCKY.

Icaye JEK1JIbKa METO/TiB BUMIpY MarHiTHO1
CIPUHHATINBOCTI CyMillli Ta3iB, HAHOLIBII PO3NOBCIOHKEHUH 3
HUX TIOB'SA3aHUN 3 BHUKOPHUCTaHHSM SBHUIIA TEPMOMArHiTHOI
KoHBeKIil. OcTaHHs sBIsi€E COOOI0 pyX KHCHEBMICHOTO ra3y B
HEOAHOPITHOMY MarHiTHOMY 1 TEIJIOBOMY IOJISX. 3aCHOBaHI Ha
npoMy  edexTi  razoaHamizaTOpH, IO  BUIYCKaIOTHCS
MPOMHUCIIOBICTIO, ~ BHUKOHYIOTBCS 3  OJJHOMOCTOBOIO 200
JIBOMOCTOBOIO BUMIPIOBAIbHUMH CXEMaMHU.

Ha puc. 2.76, a npezcraBiieHa cXeMa 4yTIMBOTO €IIEMEHTA,
3aCTOCOBYBAHOTO y BITUM3HSHHX razoaHaiizaropax tumy MH, i
PO3MIILIEHHS HOTO MIX IOJIF0caMu MarHity (puc. 2.76, 0).

.-i.-.-.-,-.-.-.-.-.-.a‘

h’.’.‘.}.‘.‘l'.‘.'-”

4 2 3
a)
AHani3oBaHmii 1
raa —» ~
Q
q Ri R2
5 6
6)

Puc. 2.76 — Cxema 4yTIMBOIrO e€leMEHTa KHCHEMipa 3 30BHILIHBOO
MAarHiTHOK KOHBEKIIIEIO
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UyTnuBuil eneMeHT sBis€ COOOK0 IUIATMHOBHH ApiT |
miametpom 0,02 MM, HaMOTaHM Ha CKJISHUH Kamump 2 1
OCKJIOBaHUH 3 30BHIIIHKOI cToponu 3. KiHIll crivpainy mianasHi 10
CTpyMOBBOJIIB 4. 30BHIIIHIA JiaMeTp YYTJIUBOTO €JIeMEHTa
cknamgae 0,5-0,6 mm, omip pesuctopa 40 Om. KucHeBmicHHMIA Ta3,
10 MPOTIKAE MO TPyOIi 7, BTATYETbCS B MarHiTHE TOJIE, MPH
IbOMY BiH HarpiBaeThcs BiJ pe3ucropa R; 1 #oro marniTHa
COPUNHATIUBICTD 3HUXKYETbCA. XOJIOAHUH Tra3 BUILTOBXYE
HarpiTUi, CTBOPIOIOYHM IMOTIK MAarHiTHOI KOHBEKIIi ¢, MO
MpoxoJIoKye pe3uctop Ri. Pesucrop Ry mis 3abesmeueHns
OJJHAKOBMX YMOB TEIUIOBI[yIadyi pPO3MIIICHUNH Yy CepeauHi
HEMAarHiTHOTO MiZHOTO OJIOKY 6, 1110 Ma€ Ty K KOH]Irypaiito, 1o
i mocriitHnit marait 5. Ha puc. 2.76, 0 HampsIMKH TEIUIOBOI i
Mar”iTHOI KOHBEKIIi 30iraroThCs, MPU PO3MIIICHHI KPHUIIKA 3
JHIAMU TiIBENEHHA Ta3y 7 il MarHiTOM HamnpsIMKH KOHBEKIIii
CTalOTh 3yCTPIYHUMH.

VY razoanamnizatopax MH BHKOPHCTOBYETHCS TBOMOCTOBA
BHUMIpIOBaJIbHA CX€Ma, HaBe/leHa Ha puc. 2.77.

: I Toad 2
AHnanizoBanuii__/ ~N Tp [TosiTps
ras A 5 A

SO
BropuHHui
npua
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Puc. 2.77 — CxeMa aBTOMAaTHYHOTO MAarHiTHOTO Ta30aHaii3aTopa THILY
MH

VY nepBUHHOMY MepeTBOprOBayi (MpuiiMadi) po3MilieHi ABa
MOCTH, IO XHBIISATHCS BiJl BTOPUHHUX OOMOTOK 1, 2 cuiioBOTO
tpanchopmatopa Tp. Mict 1 € pobounm, iioro pesuctopu Ry, Ry,
IO SUIAIOTH COOOI0 TUIATMHOBI YYTJIMBI €1€MEHTH 3 30BHIIIHIM
TEII000MIHOM, OMHBAIOThCS aHATI30BaHUM razom. Pesuctop Rj
3HAaXOAMTHCS B HEOJHOPIAHOMY MarHiTHomy moii, Ry — Mik
MOJFOCAaMH  HECTPaBXHBOTO  MarHity  (MigHOTO  OJIOKY).
Pesucropu Ry, R4 € mocriiiHUMU 1 BUKOHaHI 3 MaHTaHIHOBOTO
IpOTY.

3a HagBHOCTI KUCHIO B CyMimii ra3iB Mmict 1 mpairoe B
HEpPIBHOBArOMOMY pE&XHMI 1 Hampyra Yy BHMIpIOBaJIbHIN
miaroHam Uy, 3aJeXuTh B KOHICHTparii kucHio. Jlis
MEePeBIpKU TMOYATKOBOI TOYKHM IIKAIW BTOPHHHOTO MPUIATY
npuiimMau 3a0e3leuyerbcs METaJeBUM ILIYHTOM. 3a  ioro
OIyCKaHHsl 3HIMAeThCS Mar”iTHe Imoine, pesuctopu Ri; 1 Ry
MOMAaJal0Th B OJHAKOBI yMOBH 1 MicT | moBuHeH Oyrtu
YpIBHOBaOKEHMM. VY cXeMy MocTa BKJIKOUYEHUH MepeMiHHUI
PE3UCTOp MOYATKOBOTO OaJaHCYyBaHHS, HE TIOKa3aHWH Ha CXeMi,
aHaJoriuHui  pesucropy Rp, BKIOYEeHOMYy B MicT, 1
Ipe/icTaBlIeHn Ha puc. 2.74 .

Mict II € mMocTOM MOpPiBHSHHS. Woro mmeui Rs i Rg,
BUKOHAaHI 3 IUIaTHHOBOTO JIPOTY, OMMBAIOTHCS TIOBITPSIM,
npudyoMy R, sk 1 Ry 3HaxoauTecs MK —HOJHOCAMHU
HECIpaBKHbOTrO MarHity. Pesuctopu R7 1 Rg BukoHaH1 moaiOHO
Rs 1 R4 3 ManraninoBoro apoty. OCKUIbKH KOHIIEHTpALlisl KUCHIO
B MOBITP1 € crabuibHOIO, MicT Il po3BUBae mocTiHUN cUTrHAI
nebanancy Upg. KommBanns Upy 0OyMOBIEHI  TUIBKH
BIIXWJICHHSAMH HANpPYTHd OJKUBJICHHS, TEMIIEPATypd 1 THCKY
HaBKOJIMIIHBOTO CEPEJOBUIIIA.

st BUMipy curHaimy poOOYoro MOCTa BUKOPHUCTOBYETHCS
KOMIICHCAI[IHHUIA MeTOJ, MPUYOMY CHUTHAJIOM KOMIIEHcallil
CITy’)KUTh YacTKa HaIpPyrd MOCTa MOPIBHSHHS, IO 3HIMAETHCS 3
peoxopra, Uy = aUpg, ne o 3MmiHtoeThes Big 0 mo 1.
KomneHcariist curaany po60o4oro Mocra 4acTKOI CUTHAJy MOCTa
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MOPIBHSHHS 3/I1IICHIOETHCSI aBTOMAaTUYHO, SIK BTOPUHHUHN TIpUiIaj
BHKOPHUCTOBYETHCS ABTOMATHYHHI YpIBHOBAXEHUW MICT 13
JESIKUMH 3MIHaMH Y BUMIpPIOBAJIbHIN CXEMi.

VY razoanamizaropax i3 JBOMOCTOBOK BHMIPHOBaILHOIO
CXEMOI0 BIUIMB KOJIMBaHb HANPYTH JKUBJICHHS, TEMIIEPaTypH
HABKOJIMIIIHBOTO CEPEeIOBUIIA HAa MOKa3aHHS MpUiIaay MEHIIHH,
HIK y MPHJIAIax 3 OAHOMOCTOBOIO BUMIpIOBAJIbHOIO cxemoro. Le
MOPO3YMIBAETHCSI  OJTHOYACHUM  BIUIUBOM  IEpEepPaxoBaHUX
(akTopiB Ha CUTHAIK POOOYOTO 1 MOPIBHSIBHOTO MOCTIB.

Kucuemipu tuny MH-5106 marots mexi Bumipy 0-10% O2
IpH rpaHuyHii norpimHocTi BuMipy +£0,25% 02, MH-5130 nipu
HYIBOBIN HWXKHIN Mexi BuMipy MmaroTh BepxHi 0,5; 1; 2; 5; 10;
21; 50%, mpu 1pOMY TpaHUYHA NOTPINIHICTH 3aJEKUTh BiX
Jiana3oHy BUMIPY 1 3HaXOAWUThCA B Mexax Bim +2 mo £10%
3Ha4eHHs, 1m0 Hopmye. OcranHs 1mdpa  Biamosimae
MiHIMaJbHOMY Jiama3oHy Bumipy npunany. Kucuemipy MH
MOXYTh MaTh O€3HYJbOBY HIKalMy 3 Mexamu Bumipy 50-100%
0, 80-100% O. Yac ycTaHOBIEHHS BHUXIIHOTO CHUTHAIY
3HaxXouThed B Mexkax 0,5-1,5 xB.

3aBAsiKu Pi3Kiil BiAMIHHOCTI MAarHiTHOI CHpPUHHSATIMBOCTI
KHCHIO BIJl CHPUHHATIIMBOCTI IHIIMX Ta3iB HE MOTPIOHO
MOTIEPETHHOI0 BUJAJICHHSI HEBU3HAYEHUX KOMIIOHEHTIB. [IpoTe 3
METOIO 3axXHUCTy YYTINBUX eJIEMEHTIB yCTaHOBKa
ra3oaHallizaropa HOBUHHA MICTUTH B cO01 (QUIBTP /Ul OUUILIEHHS
nmpoOu BiJ CIPYUCTOrO Ta3y, SIKIIO OCTaHHIA MICTHTBCS B HiH.
[Hmi fgomoMikHI eleMeHTH YCTaHOBKHM Ta3oaHaiizaTopa €
TUTMIOBUMH 1 Oy1yTh PO3IJIIHYTI HAIIPUKIHLI M1APO3/LTY.

OnTuyHi razoanasaizaropu.

B ONTUYHUX ra3oaHalizaropax KOHIIEHTpALis
00yMOBJIEHOTO KOMITOHEHTA BUMIPSETHCS 3a 3MIHOIO ONTHYHHUX
BJIACTUBOCTEH Ta30BOi CyMilli, JO 4YHCIa SKHUX HaJeXaTh
MOKA3HUKHK TICPEIOMJICHHS, CHEKTPAIBHOTO TIIOTJIMHAHHS 1
BUIIPOMIHIOBAHHS, CHEKTpalbHa HIUIBHICTh Ta iH. HaiiOuibm
PO3MOBCIOIKEHUMU € TPU IPYNU ONTUYHUX ra30aHani3zaTopis: 1)
iH(ppadyepBoHOTO ¥  y’IbTpadioneToBOrO  MOTIMHAHHS, 2)
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cnektpodoromerpuui; 3) ¢doTokomopumeTpuyHi. OnTHYHI
ra3oaHajgi3aTopy MarOTh BEIMKY JO3BUIbHY 3JAaTHICTh 3aBISKH
YOMYy BOHHM 3aCTOCOBYIOTHCS JJISl aHaNi3y MIKPOKOHIICHTpAIii
BHOYXOHEOE3MEYHNX 1 TOKCHYHUX JOMIIIOK y TPOMHCIOBUX
ra3ax, NHpd KOHTPOJNI TMOBITpSA B aTMocdepi 1 BUPOOHUUHMX
MPUMIIIEHHSX.

I'azoananizaTopu ingpavyepBoHOTO 7|
yJIbTpadio1eToBOro NMOTJIMHAHHS. Koxen ra3
XapaKTePU3YEThCS TIEBHUM CIIEKTPOM TMOTIWHaHHS. ['a3u, 1o
MICTSTh Y CBOEMY CKJIaZ1 JABa 1 OiIbIIE PI3HOPIITHI ATOMH, TaKi K
CO, CO,, CHa, NHj, C,H,, mMaroTh cnexkTpw MOTIMHAHHS B
iH(ppadepBoHiil o6macTi. OJHOATOMHI Ta3W XapaKTePU3YIOTHCS
JMHIMYATIMKA ~ CIIEKTpaMH  TIOTJIMHAHHA, SKI  JIeKaTh B
ynbTpadioneToBiit 061acTi.

3akon JlamOepra — bepa Bu3Hauae 3B'S30K OCIAOJICHHS
MOHOXPOMATHYHOTO BUIIPOMIHIOBaHHS MPU MPOXOKEHHI yepes
KaMepy, 3alOBHEHY  aHaJi30BaHMM  Tra3oM, 3  HOro
KOHIIEHTPALI€I0:

5, = lo, exp(—g; cL),
D, =¢,cL=In(ly, /1,),

ne loy, ) — IHTEeHCHUBHICTP MOHOXPOMATUYHOTO BUIIPOMIHIOBAHHS
Ha BXOMAl 1 BHUXOOI KaMepu JOBXHHOIO L, 3amoBHeHOI
00yMOBJIEHUM KOMIIOHEHTOM 3 KOHLIEHTPALIEIO € 1 KOEPILIEHTOM
CHEKTPAILHOTO MOTJIMHAHHA €, D) — onTHYHA HITBHICTh CyMilIi
rasis.

J171s1 BUKOPUCTAHHS IILOTO METOY BUMIPY HEOOX1IHO, 1100
OOyMOBJIGHUII KOMIIOHEHT MaB CIEKTp TOIJIMHAHHA, IO
BIJIPI3HAETHCS BiJl CHEKTPIB MOTJIMHAHHS I1HIIMX KOMIIOHEHTIB
a”aJi30BaHoi cymini. Jlexaui B iHppadepBoHiii 0071acTi CIEKTPU
nornuHanas CO, CO,;, NH; i CHy 300paxeni mHa puc. 2.78.
Cnextpu CO; 1 CO, COz i CHy 4acTKOBO MEPEKPUBAIOTHCS.

Cxema mpuiimMaua 1H(QpPayepBOHOTO BUIIPOMIHIOBAHHS
npeacrasieHa Ha puc. 2.79. JlxepenoM 1 cTBOPIO€THCS MOCTiiHE
BUTIPOMIHIOBAHHS, SK€ 3a JOINOMOTOK O00epTOBOrO JWCKa 3
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otrBopamu (o0TropaTopa) 2 i cBiTIO(DIIBTpa 3 MEPETBOPIOETHCS
Ha MyJbCylode MOHOXPOMaTHYHE BUIPOMIHIOBAHHS.
AHami30BaHUM KOMIIOHEHT, IO 3HAXOAWUThCA B Kamepi 4,
MOTJIMHAE BUIPOMIHIOBAaHHS, NPU LbOMY B KaMepi BUHHKAIOTh
nmyJbcalii TeMreparypu, a OTKe, i TUCKY, 300pakeH] Ha TiM ke
PHCYHKY.

[Tynbcamnii THCKY B Kamepi CpUAMAIOThCS MIKpO()OHHUM
YyTIMBUM €JIEMEHTOM 5, mo sBIs€ €000 KOHJEHCATOD,
YTBOPEHUH PYXJIMBOIO MEMOPAaHOIO 1 HEPYXOMOKO IJIACTUHOIO.
ITix miero THcky MeMmOpaHa MEepeMIlaeThCs, BUKIUKAIOYN 3MIHU
€eMHOCTI KoHZieHcaTopa C yHACHiIOK 3MiHU 3a30py O. Y 3B'A3KY 3
TUM, IO B MEPLIMX ra3oaHaiizaTopax TaKoOro THITy OOTIOpamis
CBITJIOBOTO TOTOKY 3JIIHCHIOBAJIACh 31 3BYKOBHMH YacTOTaMH,
OpWIagu OJEepXajdh Ha3By ONTHKO-aKycTHYHUX. Lls Ha3Ba
30epernacsi, HE3BaXAl4YM Ha T, II0 CyYacHI Npuiagu
NPAIIOIOTh Ha OUTBII BUCOKHX YacTOTaX.

%
CO: CHa4
751 Co
CHa4
50
CO2
25+
| |
0 2 4 6 8

Puc. 2.78 — Cnekrpu normunanus CO, CO,, CH, B indpauepBoHii
obmacrti

[TpomMHCTIOBI ONTHKO-aKyCTHYHI Tra30aHani3aTopd MaroTh
CKJIa/IH1 BUMIPIOBAJIbHI CXEMH, SIK IPaBUJIO, TBOKaHAIbHI. CxeMa
razoananizaropa tuny OA mnpencrtaBieHa Ha puc. 2.80. Bin
JDKEpeNl  BHIPOMIHIOBaHHS |  TIOTOKH  MYJIbCYIOYOTO
iH(ppayepBOHOTO BHUIIPOMIHIOBaHHSA (¢, (' uepe3 0OOTIOpaTop
(mepepuBau) 2 HAAXOIATH y JABA ONTHYHUX KaHamU: pobounii I i
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nopiBHsaHHA II. ObuaBa kKaHanmu MicTATh (UIBTPOBI KamepH 3,
3alIOBHEHI HEBU3HAYCHWM KOMIIOHCHTOM, SIKHM MAa€ CHEKTp
MOTJIMHAHHS, [0 YaCTKOBO NEPEKPHBAE CIEKTP IOTIMHAHHS
aHATI30BAaHOTO ra3y. YBeIeHHS (QUIBTPOBHX Kamep, 3allOBHECHHX
ra3oM i3 OJM3BKUM CIEKTPOM MOTJIMHAHHS, JO3BOJIIE YCYHYTH 3
NOTOKY BHUIPOMIHIOBaHHS Ty YacTHHY JIOBXXHH XBUIIb,
IHTEHCUBHICTh ~ SKMX  3alekana O  Bio  KOHIEHTpaIii
HEBH3HAYEHOTO KOMIIOHECHTA.

AHanizoBaHuit
r
1 2 33* IT 5 Ap
>x/ I/ IR
S ER S AVAW
3 -4
Puc. 279 — IlpMHUMIOBA  CXeMa  ONTHKO-aKyCTHYHOTO

npoMiHenpuiimaya

[lepmnii onTHYHMI KaHaAl BKIOYae podouy Kamepy 4,
yepe3 sIKy MPOTIKAE aHaI30BaHUN Ta3. YHACHIJOK MOTJIMHAHHS
BUIIPOMIHIOBaHHS B poOodili Kamepi Ha 1 BUXOAl CBITJIOBUH
MOTIK (1 MEHINE MOTOKY q'1, Y KaHail nopiBHSHHA. OCKUIbKU B
npuiaai BUKOPUCTOBYETbCS KOMIEHCALIHHUI METOJ BHUMIpY,
nopiBHsIbHUN KaHa [l MicTuTh y co0i KOMIEHCAIIHHY KaMepy
6, 3aroBHEHY OOYMOBJIEHUM KOMIIOHEHTOM. Y CepeuHi KaMepu
3HAXOJIUTHCS PYXJIMBHM MOpIIEHb, MEpeIHs IpaHb 7 SKOro €
MOBEpXHEI0, 10 BigOuBae. JIOBXHMHA NUIIXy HOTOKY () Y
cepenuHi kamepu 6, a OTKe, 1 HOTo OCIabJICHHS 3aJICKUTh BiJ
nojiokeHHs mopwHs. Ilotoku q'2 1 1 HaAXOIATH JO
MpOMiHeIpHuiiMaya 5, 3alI0BHEHOTO aHaJlI30BaHUM KOMIIOHEHTOM
1 YTPUMYIOYOTO KOHJECHCATOPHUIA MepeTBOPIOBaY MiKpO(OHHOTO
THUITY.
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Crinkn kamep 3—6 1O XOAy TMOTOKIB BHUIIPOMIHIOBaHHS
BHUKOHaHI 31 CBITJIO(UIBTPIB, [0 MAIOTh CMYTY MPOMYIIEHHS, SKa
BIIMOBIIa€ CIIEKTPY TOTJIMHAHHS AaHAJII30BAHOTO KOMIIOHEHTA.
[Ipu piBHOCTI MOTOKIB (1 1 q'2 MyJsbcallii TUCKY B 000X YaCTHHAX
KaMepH CIpUAMaHHS NPOMEHIB 5 BigOYBalOTHCS 3 OIHAKOBOIO
aMILTITY/I0I0, HE BUKJIMKAIO4M 3MIHHM €MHOCTI KOHJEeHcaTopa. 3a
30UIBIIEHHS] KOHIIEHTpalii 00yMOBJIEHOTO KOMIIOHEHTA TOTIK (1
3MEHUIYETbCSA, MPU LbOMY 3HIDKYETHCS aMIUTITy[a MyJbcallii
THCKY B IIpaBiii MOJIOBUHI KaMepH 5 1 KOHIEHCATOP 3MIHIOE CBOIO
emHicTh. Ha Buxoai miicuiioBada 3'SBISIETBCS CUTHAJ, UIO
BUKIIMKae oOepraHHs peBepcuBHOro nBuryHa PJI. Ocranuiit
nepeMimiae MUIHAp 7, 301IbIIYIOUN JOBXUHY IUIAXY MOTOKY q'1,
3HIDKYIOYH ('2 70 BiJIHOBJICHHS PIBHOCTI MOTOKIB. [lookeHHS
HWIIHApPa KaMepu KOMIIEHCYBAHHS, IO OJHO3HAYHO 3aJIeKUTh
Bil KOHIIGHTpAllii aHaJi30BaHOTO KOMIIOHEHTa, BH3HAYa€e
MOJIOKEHHS JIBMJKKa peoxopaa R 1 mos's3aHoro 3 HHUM
MOKaKYHMKA TOTIOMIKHOI IIKaJIM TpUiiMaya.

SIk BTOpMHHUI NPHIIAJ BUKOPUCTOBYETHCS aBTOMATHYHUN
ypiBHOBaKeHUH MicT. Ontuyni Trazoanamizatopu tuimy OA,
npu3HaveHi ans BuMipy konmentpariit CO, CO,, CHy y razoBux
CyMIIlIaX, MalOTh MIPH HYJIbOBIM HUXKHIN BEpXHI MexX1 BUMIpPY 1;
2; 5; 10; 20; 30; 50; 70; 100%, rpaHuuYHa MOTPIIIHICTH
razoaHaiizaTtopiB ckianae £2,5% miamna3oHy BUMIpY.

Pozrmsiaytuin crocio KOMIIEHCaIlii HOTOKY
BUTMIPOMIHIOBAHHS, IO MPOWNNIO dYepe3 poboudy Kamepy,
HA3MBA€ThCA Ta30BUM. ICHYIOTH iHIII CHOCOOM KOMIEHcAIlil,
MOB'S3aH1 31 3MIHOIO MOTY>KHOCTI JiKepeia BUIPOMIHIOBAaHHS B
ApyroMy KaHaii a0o 3 yBEIEHHSAM CBITJIO(UIBTpa, MO
nocnabnse, y gnpyruii kaHan. [li MeTrogum Ha3WBarOThHCS
BIJITIOBITHO €JIEKTPUYHOIO i ONTHYHOIO KOMIIEHCAIIIEIO.
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— AmnanizoBaHuii
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Puc. 2.80 - CxemMa aBTOMATHYHOTO  ONTHKO-aKyCTHYHOTO

razoanarnizatopa Tamy OA

[lorpimHicTe BUMIpY KOHIIEHTpAlii JIBOKaHAJIbHUMU
ra3oaHajizaTopaMu ICTOTHO 3aJ€KUTh BiJ CUMETPIi ONTUYHHX
KaHaliB, 3MiHM BUIPOMIHIOBAJIbHOI XapaKTEPUCTUKU [DKEpel
CBITJIOBUX TOTOKIB, 3a0pyAHEHHsI CBITIO(PUIBTPIB. Y 3B'I3KYy 3
UM icHye  pan  Mmoaudikamiii  rasoaHanmizaTtopiB 3
OJTHOKaHAJIBHUMH BUMipPIOBATBHUMHU CXEMaMHU.

Y rtemepemHii 4Yac TMPOMHUCIOBICTIO BHUITYCKAIOTHCS
aBTOMAaTHYHI CHCTEMM Ta30BOTO aHali3y, L0 BKIIOYAIOTh KpIM
ONTUYHOTO  ra3oaHajizaropa TEPMOKOHAYKTOMETPUYHI YU
TEPMOXIMIYHi, po3MIAHYTI B I. 2.4.3. JIo ymMcina TakuX CHUCTEM
Hanexatb ACIA-II, ACT'A-M, ACT'A-T, T'AK, npusnaueni
BIJIMOBIHO JJISl aHAJI3Y Ta3iB, IO BiIXOJSATh, TOMEHHUX IEYEH,
KOHBEPTEpIB, ras3iB, L0 BIAPOOWUIH, JBUTYHIB BHYTPIIIHHOTO
3TOpSIHHS, KOJIOIIHMKOBHX Tra3iB. 3a JONOMOrOI0 IHMX CHCTEM
3MIMUCHIOETHCA BUMIP TakuxX KOMIOHEHTIB, ik CO, CO,, Oy, Hy,
N,, Ar, CH4.

binpuricts Ta3iB 1 map MaroTh 34aTHICTh MOTJIMHATH
yabTpadioaeToOBEe BUIPOMIHIOBAHHS, OJHAK OOMEXEHe YHCIO iX
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Ma€ CHEKTpU TMOTJIWHAHHS, BIAMIHHI B IHIOUX Ta3iB.
lNazoanamizaropu, 3acHOBaHI Ha  TOIJIMHAHHI  TIEBHUMH
KOMIIOHEHTaMU yAbTPagioIeTOBOTO BUIIPOMIHIOBaHHS,
3aCTOCOBYIOTBCS JIJII BUMIPY HAsSBHOCTI B IOBITPI TOKCHYHHUX
nap pTyTi, XJ0py, KapOoHUTy Hikeno. Y mpuiagax sk JpKepena
yIabTpadioNeToBOro  BUIPOMIHIOBAHHS ~ BUKOPHUCTOBYIOTHCS
pTyTHI Jamnu. CXeMU MOXYTb OYTH K OJHOKaHAJILHUMH, TaK i
IBOKAaHAJbHUMH. SIK TpuiiMadi BHIPOMIHIOBAaHHA HA BUXOMII
pobounx i GUIbTpOBUX ~ KamMep  BHUKOPHCTOBYIOTHCS

(dhoTopesucropu, BaKyyMHI (dhoToeneMeHTH Ta
(OTONOMHOXKYBaYi.
(I)0T01<0.11opuMeTqueCHil ra3oaHaJizaTopH. v

(OTOKOJIO-pUMETPUYHUX  Tra30aHalizaTopax  KOHIIGHTpaIlis
00yMOBJICHOTO KOMIIOHEHTa BIAMOBITHO 3akoHy Jlambepra-
bepa BuMiproeTbcs 3a  3MIHOIO  ONTHYHOI  IIUIBHOCTI
IHIUKAaTOPHOTO po3uuHy, (apOyBaHHA [KOrO BUOIPKOBO
MIHSIETBCSI B IPUCYTHOCTI OOYMOBJIEHOTO KOMIIOHEHTA.

DOTOKOIOPUMETPUUHUN METO/T XapaKTepU3YEThCS
YHIBEpCAJIBHICTIO, OCKUIBKM TOH CaMuUil Tpwian 3 pisHUMHA
IHAMKATOPHUMH DPO3YMHAMH MOXE BUKOPHCTOBYBATHCS s
aHai3y pPI3HOMaHITHMX KOMIIOHEHTIB Ta30BOi cywimn. Bin
BIJIPI3HAETHCS TAKOX BHCOKOIO BHOIPKOBICTIO, SIKA 3aJICKUTH BiJl
cnenu@igHOCTI peakilli, W0 TPOTIKAE MDK aHaJIi30BaHUM
KOMIIOHEHTOM 1 IHJUKAaTOPHUM PO3UYMHOM. MOXKIUBICTh
HAaKOMMUYCHHS OOYMOBIICHOTO KOMIIOHEHTa B 1HJIUKATOPHOMY
po3uMHiI 3a0e3neyye BHUCOKY UYTJIMBICTH METOMy. 3aCHOBaHI Ha
[OMY TPHUHIUI TPWIAJAA 3aCTOCOBYIOTHCS I KOHTPOITIO
CTaHy MOBITPSIHOTO OaceiiHy, BOHU BUMIPIOIOTh KOHIIEHTPAIlilO B
MOBITPl TakWX MKiMBHX aomimok, sk NO, NOy, SO,, Cl,,
NHs, H,S. Tlpunaau maroTh BepxHIO Mexy Bumipy Big 0,0005 mo
0,02 mr/n 3aeXHO BijJ aHAJII30BaHOIO KOMITOHEHTA.

! Bin cioBa colour (anri.) — KOJIip.
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Xpomarorpadiuni ra3oaHajizaTopu. 3araabHi
BizomMmocTi

Xpomarorpadiddi  ra3zoaHamizaTopd TMpPU3HAYCHI IS
aHaii3y 0araTOKOMIIOHEHTHHMX Ta30BUX cymimei. B ocranHi
POKH LI MPUJIAgU CTAIM 3aCTOCOBYBATHCS Ul aHAI3Y CKIIATY
piAMH 1 TBepaUX TUI. Xpomarorpadu € npuiajaMu MnepioguyHoi
Aii, OLTbII CKJIQAHUMHU 32 YCTPOEM, HIK pO3IIISHYTI BUIIE
ra30aHalli3aTopu.

[Ipouiec BuMipy B IHMX MpWIaNax pO3MATAEThCS Ha JBI
cTaaii: XxpomarorpadiuHui TMOAUI Ta30BOi CyMilIl Ha OKpeMi
KOMIIOHEHTH U ifeHTH(iKawis (IeTeKTyBaHHs) KOMIIOHEHTIB, 110
BKJIFOYA€E SKICHUH 1 KUIbKICHUH iX aHami3. Xpomarorpadidauit
MOJIUT CyMillli HA OKpeMi KOMIIOHEHTH, Biakputwii B 1903 p. M.
C. IlBeroM, 3A1MCHIOETHCS 32 PaXyHOK Pi3HOI MIBUJKOCTI PyXy
ra3iB  y3[IOBX IIapy copOeHTy, OOYMOBJICHOT XapaKTepoM
30BHIIIHIX 1 BHYTPIIIHIX MDKMOJEKYISIpHUX B3aemofiil. Ha
JaHWKA  dYac 32  MOXIHMBOCTSAMH  TOAUTYy #  aHami3y
0araTOKOMIIOHEHTHHX CcyMimieil xpomartorpadis He Mae
KOHKYPYIOUHX METO/IB. Xpomarorpadiro MO>KHa
BUKOPHUCTOBYBATH JJIsl aHAJII3y HU3bKOKUIUIIYUX Ta3iB, cyMimei
JETYyYMX 1 TEpPMIYHO CTIMKHMX TBEpPAUX 1 PIIKUX PEYOBHH,
Temneparypa kumiHHg skux csrae 500 °C i Bume. [lo uucna
nepeBar bOro METO/Ty HAJICKHUTh TAaKOK BUCOKA UYTIUBICTH (SKa
csira€ TpU BHUKOPUCTaHHI 10HI3allIHHUX JETEKTOpIB 10%-107
MI/MOJI) Yy CHOJy4€HHI 3 MajauM o00’eMoM mpodu, wIo
BiIOMpA€ETHCS, MOPIBHAHO BHCOKOK TOYHICTIO 1 MajUM Yacom
aHanizy. IcHye Tpu pi3HOBHIM XpomarorpaiyHOro METOay
BUMIpY, 110  pPO3PI3HAIOTBCA  CIIOCOOOM  MEpeMilleHHs
aHaJII30BaHOI ~ CyMIIIl:  BUSBUTENbHHUM, (pOHTANbHHM 1
BUTICHITeNbHUHU. [leprmii MeTos € HalOUTBII PO3MTOBCIOIKEHHUM.
VY #loro Mexax poO3pi3HIIOTh HACTYIHI PI3HOBUIM, 0OYMOBIIEHI
MPOLIECOM MOy CyMIillli Ha KOMIIOHEHTHU: Ta30aCcOopOIiiHuUM,
ra3opiiuHHUN  (po3nmoAiunpbHui) 1 KanusapHud. OcTaHHIA €
PI3HOBHJIOM T'a30piAIMHHOTO CIIOCO0Y MOILTY.

[IpuHnunosi cxemu xpomarorpada i MoAuTy cyMimll rasis
y KOJIOHKY mpezctaBineHi Ha puc. 2.81, a, 6. 3 Oanona 1 rasz-
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HOCIH HamXxoauTh a0 xpomarorpada. Jias mnigTpumanHs B
mporieci Horo poOOTH MOCTIHHOT MIBUIKOCTI BUKOPHUCTOBYETHCS
peryasTop 2, MO MICTUTh PEIyKTOp, MAaHOMETp 1 BUMIPHUK
BUTPATH Ta3y.

AmHaitizoBaHuit
ras
v
1—3 la3- )
y HOCIH
: N
8
/
/
N > ¥
5 —
4 9
a)
las- e =1 /Lo AetekTopa
= =] g L| == —»
HOCIM "I 5 u

IIpoGa Po3noainbua
rasy KOJIOHKa

6)

Puc. 2.81 — [IpuninunoBa cxema ra3oBoro xpomarorpada

V¥ raz-Hociii 103aTopoM 3 TMEpIOAUYHO BBOJMUTHCS Mpoda
aHaJI30BaHOTrO Ta3zy. Y pO3JUIOBIH KoOJOHII 4, 3amoBHEHIN
TBepaAuM ab0 piIKUM  COpPOCHTOM, aHai30BaHAa CYMIII
pO3IUISAETECS HAa KOMIIOHEHTH. B3moBxk 1mapy copOeHTy 3
OUTBLIOI0 IIBHUJIKICTIO PYyXalOThCAd HaWMeHII copOyeMi Trasu.
Tomy B mpo06i cymimi raziB (puc. 2.81, 6), mo MICTUTH TpU
komroHeHTH A, B 1 C, mnepmuM BUHOCHUTHCA HallMEHI
copOyemuii ra3 A, a octanHiM — 1o0pe copOyemmii C. Ilicms
MOJILTY KOXKEH KOMIIOHEHT 13 ra30M-HOCIEM YTBOpIOE OiHApHY
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cyMmimi, aHami3 sKoi Moke OyTH 3iiiCHeHU#l pi3HUMHU
METOJaMH, Y TOMY YHUCI1 PO3TIASHYTUMH BHUIIE 1 peasli30BaHUMHU
B aetekTopi 6. OCKiIbKM B MPOIECi BUMIPy BIACTHBOCTI Ta3y-
HOCISI MOXXYTh MIHSTHCS, IPU HPONYLIEHHI OCTAaHHBOI'O 4Yepe3
JIETeKTOp (IKCYIOThCS 3MIHM HOTO BIIACTHUBOCTEH, BUKIMKaHI
MPUCYTHICTIO ~ KOMIIOHGHTa  aHajizoBaHoi  cymimii. [l
MOJIMNIIEHHS TOAUTY KOMIIOHEHTIB TEeMIIepaTypHUH pexuM
KOJIOHKH MOY€E MIHSTUCS 3a JIOTIOMOTOI0 TepMOoperyisropa 5 i3
NporpaMHUM KepyBaHHsIM. Buximnuii curHan perexkropa 6
MOJAEThCS HA PEECTPYIOUMH mnpuian 7, iHTerpyrouuid 8 i
mudpoapykyrounid npuctpii 9. Ha nmiarpami camomucHOro
npuiagy 7 BHXiJ KOXXKHOTO 3 KOMIIOHEHTIB CYIPOBOIKYETHCS
MKOM, IIJIOM[A SKOTO 3aJICKUTh BiJI KOHIICHTpAIil ILOTO Ta3y.
I'padik, w0 ikcye BHUXil KOMIIOHEHTIB, Ha3UBaIOTh
XpOMaTOorpaMolo. Buxopucranus IHTETPYIOYOTO i
HU(POIPYKYIOYOrO0  MPUCTPOIB, OOYUCIIOBAIBHOT  MAIIMHU
aBTOMaTU3ye OOpoOKy XpomarorpaM 1 JO3BOJSE BBECTH
iH(popmariro mpo cknax razis B ACY TIL

Xpomarorpamma (puc. 2.82) € HOCiEM sK SAKICHOI
iHpopMalii — Mpo BUJ KOMIIOHEHTIB CyMillli, TaK 1 KUIbKICHOT —
Mpo iX KOHIEHTpalilo. 3HAYeHHS OCTAaHHbOI BHU3HAYAETHCSA
wioniero mika abo ioro Bucoror. OCKUIBKM TMOJINT Tra3iB
3/IIACHIOETHCS 32 PAXyHOK IX PI3HUX COpOIIITHUX BJIACTUBOCTEM,
yac BHMXOJQy TOTO YW IHIIOIO KOMIIOHEHTa MpHU TOCTIHHIN
IIBUJIKOCTI Ta3y-HOCisl BU3Ha4ae BHJ ra3y. Llg xapakrepucruka
Ha3UBA€ThCAd 4YacoM yTpuMaHHA t. BoHa umcenbHO JOpiBHIOE
IHTEpBaJly Yacy BiJl MOMEHTY BBEJICHHS NPOOU ra3y 10 MOMEHTY,
0  BIANOBiZa€  MakCUMyMy  Tika.  bimbm  cTilikoro
XapaKTEPUCTUKOIO, IO HE 3aJEKUTh BiJl KOJIMBAHb IIBUIKOCTI V
ra3y-Hocisi, € yTpuMyBaHHUH 00’ €M Tra3y-HOCIs

VgR=tv.

234



t4

Q
[5) &
) =3
=2 —-
3 ihl e —
v Zyy leBCllCHI:ﬂ npo61/1|

20 40 60 80
[Tonisika mIKaau NOTEHLIIOMETPY

Puc. 2.82 — XpomaTorpama mopisry cymimii TpboX KOMIIOHEHTIB

Yac yrpumaHHs, SIK 1 IMIMPHHA IiKa, MOXE BUPaKATUCS B
OVHMIAX Yacy t, 71 OAMHHUIX TOBXUHH |, L, 0OOMipIOBaHUX 1O
niarpaMHii cTpiuni. [lluprHa mmika BU3HAYAE€THCS B HOTO IMiICTaB1
T, W, 9¥ Ha TIOJIOBHHI BUCOTH T 5, Mo,5. BIIHOIICHHS IO OCTaHHIX
BeJIMYMH 4Yacy BTPUMaHHSI  XapakTepu3ye e(eKTHBHICTb
ra3oxpomarorpadiyHoi KOJIOHKH:

2 2

n=5,545 e = 5,545 L

To,5 Ho 5

EdextuBHICTh NOJITY 1BOX KOMIIOHEHTIB I'a30BOi CyMIIIl
BH3HAYa€ TaKUH MOKa3HUK, K CTYIIHb HOAUTY

R=(tg, —tr, )/{tos; +Tosy ).

[Topir uytnuBOoCTi XpoMartorpada poO3pPaxOBYEThCSA 3a
dhopmyroro:

A=2acVu/(QS),
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ne 2a — TIOABOEHA aMIUTITyJ]a BUCOKOYAaCTOTHUX KOJHMBAaHb
HYJIbOBOI JIiHIT XpoMmaTorpada;

C — KOHLIEHTpalisl 00yMOBJIEHOI'O KOMIIOHEHTA;

V —00’eM 1103H;

# — MBUIKICTh PYXY AlarpaMHO1 CTPIUKH;

Q — BuTpara ra3zy-HoCis 4epe3 AeTEeKTOD;

S — mommIa mika XpoMaTorpaMH.

[Mopir uyrnuBoCTi MOXKe OyTH PO3paxOBaHUH 1 3a IHIINM
BH3HAaYaJIbHUM [IapaMeTPOM — BUCOTOIO IIiKa.

XpomarorpagiuHuii  mOAIT  —  CKIAgHMH  TIpOIIEC,
CKJIQJIOBUMHU SIKOTO € copOmis, aecopOuis, mudysis. OcrtaHHs,
CYIPOBOJIKYIOUHM TIPOIEC TOJUTY, BUKIUKAE PO3MHUTTS IIIKIB 1
TOTIPIIYE SIKICTh MOJILTY.

OcoOnuBICTIO  XpoMaTorpagiqyHOTO METOy aHami3y €
BIUIMB Ha pe3yJbTaTH BHUMIPY BEJIHMKOI'O YHUCIIA B3aEMO3AIEHKHHUX
(baxTopiB, AKi MOKHA PO3AUTUTH HA IT'ATh TPYIL:

1) mapamerpu, IO XapaKTepU3ylOTh poOOTY pO3ALIOBOT
KOJIOHKH; TEOMETpisl KOJOHKH (IOBXHHA, AiaMeTp, ¢Gopma),
MaTepiajl KOJOHKM, TpHUpoAa COpOEeHTy, HOro MOpHUCTICT,
3€pHUCTICTb, XapakTep HaOWBaHHS, TOBLIMHA PIJKOi IUIIBKH,
TeMIepaTypHUi pexXUM KOJIOHKH;

2) mapameTpu, MOB'A3aHI 3 Ta30M-HOCIEM: TNpupoja 1
HasIBHICTD JOMIIIOK, HIBUAKICTD 1 THUCK;

3) mapameTpu, TOB'si3aHi 3 poOOTOIO Jo03aTopa: 00’ €M
poou, oro cTabuIbHICTb, CHIOCIO yBEIeHHS PooH;

4) nmapameTrpu, TmOB'I3aHI 3 poOOTOI  JIeTEKTOopa:
YyTJIUBICTb, IHepUifHICTh,  JIHIMHICTE  T'pagylOBaJIBHOI
XapaKTEePUCTUKHU, CTA-O1IbHICTB;

5) mapamerpu, OOyMOBIEHI cmocoboM peecrtparlil
BHUXIJIHOTO  CHUTHQJIy JICTEKTOpa 1 METOAOM  OOpOoOKH
XpOMAaTorpaMu:  MOTPILIHICTh,  IHEPUIHHICTb,  YYTJIUBICTh
BTOPUHHOTO TpWJIaxy, MIBUAKICTE PyXy JIiarpaMHOTO Tarepa,
MOTPILIHICTh PO3PAXyHKY SKICHMX 1 KUIBKICHUX TOKa3HHKIB
XpomaTorpadiyHoro nofiiny.

3yNUHMMOCS JTOKJIQJHINIE Ha eleMeHTax XpomaTtorpadis i
BILJIMBI NIEpEpaxOBaHUX BUILE TapaMeTPiB.

236



EnemenTn razopux xpomarorpagis

Po30inosi xononwku. OgHUM 3 OCHOBHUX (DaKTOpIB, IO
BIUIMBAIOTh HAa €PEKTUBHICTh 7 1 CTYHiHb MOALTY R, € moBkHHA
KooHKH. OOuaBa TOKAa3HUKH 3pPOCTAIOTh 31 30UIBIICHHSAM
JIOBXHHM, ajle IIPU LIbOMY pOCTE Iepernaj TUCKY Ha KOJOHKY, a
MIBUAKICT Ta3y-HOCISI TO JOBXHHI PI3KO MIHAEThCA. 3
ypaxyBaHHSIM POCTY ONOpPY 1 HE3PYYHOCTI poOOTH 3 JOBIMMHU
KOJIOHKAMH OCTaHH1 3BUYailHO MaIOTh JAOBXHUHY 1—5 M. JloBxHHA
KOJIOHOK KamnuisspHuX Xpomarorpadis csarae 300 m.

OCKiNbKM KOJIOHKM pPO3MIIIAIOTECS B TEpMOCTaTax, ix
BUTOTOBJISIIOTH Y BUrAnl U-moAiOHux abo cmipaidbHUX TPYOOK.
OctanHi  DIMPOKO  3aCTOCOBYIOTBCS B MPOMHCIOBHX
xpomarorpadax, xoya B NEpUIMX Jerlie 311HCHIOETbCS LUIUIbHE I
ONHOpigHE HaOWBaHHS, MEHIIC PO3MUTICTh TIKIB depe3
HEOJIHOPIIHICTh MIBHUJIKOCTEH ra3y 1mo nepeTuHi Tpyoku.

BayTtpimHiii niamerp HaOMBHHX KOJOHOK ckiamgae 0,5-5
MM. Y KamiisipHUX Xpomarorpadax, y SKUX piIKui copOeHT
HAHOCHUTHCS Oe3MOocepeIHhO Ha BHYTPIIIHIO MOBEPXHIO TPYOKH,
X BHyTpilHii giamerp ckianae 0,15-0,5 mm.

CTOBIMYMKK BHUTOTOBISIOTECS 3 METAJEBHX, CKISTHUX 1
¢ToporutacToBUX TpPYOOK, OCTaHHI BUKOPUCTOBYIOThCA IpU
KIMHAaTHUX TeMIeparypax noauny rasis. [Ipu mux temmneparypax
3MIHCHIOETBCA TOJUT Yy Ta3z0-aJcopOuiifHiil XpomaTorpadii, y
ra3opiIMHHIN IUPOKO BHUKOPHUCTOBYETHCS MPOrpamMOBaHa 3MiHa
Temnepatypu. Sk HepyxoMmy (¢azy B ra30-ajcopOLiiiHii
xpomatorpadii 3acTOCOBYIOTh HACTYNHI PEYOBHHHM, 110 MAalOTh
PO3BUTY TOPUCTICTb: AKTMBOBAaHE BYIUUIS, CHJIIKarelnsb,
aIOMOrellb, MPUPOAHI 1 CHUHTETWYHI IeodiTH. Po3mip 3epeH
ancopOenTiB cknamae 0,1-0,8 Mm.

Pinki copOeHTH BiAPI3HIIOTHCS BEIHMKOIO PO3MAITICTIO B
NOpIBHSAHHI 3 TBepAMMHU. SIK mepuri  BUKOPHCTOBYIOTh
Ba3eJIIHOBY, aBlalliiHy 1 CWJIIKOHOBY oii, ()Tanaru, noiieTusIeH-
TJIKOJIb.

Y HacagouyHMX KOJOHKaxX piJlMHa HAaHOCUTHCSA Ha
MOBEPXHIO TBEPJIOr0 HEUTPAIbHOTO HOCIS, IO BOJIOJIE
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Makponopucrictio. Po3mipu yacrok ckianaiots 0,25-0,5 mm. Sk
HOCIi  BHUKOPHUCTOBYIOTH  IH3€HCBKY, JIMHTPOBCBKY  a0o
I1aTOMHUTOBY 1eriy. Jlis HaHeceHHs piAKy ¢a3y pO3UMHSIOTH Y
METaHOJII YW aleTOHi, SKy TOTIM BHMIapoBYIOTh. Hocii,
MOKPUTHHA PIIMHOIO, € CHILy4HM, 1 3allOBHEHHS HHUM KOJIOHOK
3MIMCHIOETBCA TaK caMo, K 1 TBepauM copOeHToM. Kamimsphi
KOJIOHKHM 3aIlOBHIOIOTHCS PO3YMHEHHM PIAKHUM COPOEHTOM, IS
IIPOIITOBXYBAHHS fioro yepes KallIspHy TPYOKyY
BUKOPUCTOBYETHCS HAIIUIIKOBUI THCK. [licins 3amoBHEHHS
PO3UMHHMK BUIIAPOBYIOTh.

lazopimuuHi  Xpomarorpadu B HOpPIBHSAHHI 3
a7IcOpOLIHHUMHU XapaKTePU3YIOThCA OUIBIIOI CTaOUIBHICTIO, Y
HUX PIAKO BiIOYBalOThCS HEOOOPOTHI peakiii, a KOMIOHEHTH,
10 HE BUXOJATh 3 KOJIOHKH, MOYKHA BUAAJIMTHU NpPH ii 3BOPOTHIN
MIPOTYBIIi.

Sk rasu-HOCii y Xpomarorpadax BHKOPHUCTOBYIOThH a30T,
aproH, Telii, MOBITps, BOJIEHb, Byriekuciuid ra3. llepmni nBa,
BOJIOJIIFOYM MAJIOK TEIUIONPOBIAHICTIO, HE BHUKOPHCTOBYIOTHCS
IpH 3aCTOCYBaHHI JIETEKTOPIB 3a TEIUIONPOBITHICTIO dYepe3
HU3bKY 4YYyTJIMBICTB. AproH 1 remiii nopori. I'emiit 3aBasku
BHCOKIN TETUIONPOBIAHOCTI MOXE MPAIIOBATH 3 JETEKTOPOM 3a
TEIUIONPOBIHICTIO. Yepe3 BeNMKY MBHUAKICTh Audy3ii mpu Horo
BUKOPHUCTAHHI HEOOXIJHI 3HAYHI MIBHAKOCTI Ta3y, Ha MaJlux
MIBUAKOCTAX TMOJUT CyMillli MOXe He Big0yTucs. Skmo 1o
CKJIaZly OOYMOBJICHMX KOMIIOHEHTIB BXOJWUTHh BOJICHb, TO TEIIi
gyepe3  OnM3bKI 0  HBOTO  BJIACTUBOCTI HE  MOXKHA
BUKOPHUCTOBYBATH SIK T'a3-HOCIH.

IToBiTpst yepe3 HOro JOCTYNHICTh Ma€ BaKJIHMBY IE€peBary
nepes IHUIMMHM Ta3aMy, OJIHaK MOAIOHO a30Ty i aproHy npu
pobOTI 3 JAeTeKTOopaMH 3a TEIUIONPOBIAHICTIO HE 3abe3mneuye
BUCOKOT uyTnuBOCTi. I[IOBITpsl 3pydHO BHKOPHUCTOBYBATH IIPH
po0OTI 3 TEPMOXIMIYHMMHU JI€TEKTOpaMH, UIid poOOTH SKUX
HeoOXx1aHa MIPUCYTHICTb
kucHIO. [IOBITpS HE MOXXHA 3aCTOCOBYBATH, SIKIIO /O CKIIAAY
aHaATI30BaHOI CyMIIIIl BXOJIATh a30T, KUCEHb, apTOH.

238



Tabmuus 2.7 — Tlopir dYyTaMBOCTI JETEKTOPIB  Ta30BHX
xpomarorpadi

Iopir
JerexTop YyTJIUBOCTI, AHaJji30BaHa pe4yoBHHA
/M
3a 2*10° VYHiBEpCaTbHOIO MPU3HAYCHHS,
TEIUIONPOBIAHICTIO | (32 MPOMAaHOM) |BUMIpIOE opraHiuHi i
HEOpraHiuHi pe4oBHHU
TepmoxiMiguuit 10° ITaneHI pedOBUHA
(3a OyraHOM)
[Homym'stHO- 510" OpraniyHi najsHi peYOBHHU
10HI3aLi HHAN (3a mponaHom)
lonizamiitanit 10" - 10"  |Opramiuni pegonmu
PI3HHX THITIB (3a OBITpPsIM)

Bonenp 3aBasku BUCOKIM TETUIOMPOBITHOCTI 3abe3reuye
MakCUMajbHy 4YYyTJMBICTH Tpu  poOOTI  JeTeKTopa 3a
TEIUIONPOBIIHICTIO. Uepes Maiy B'SI3KICTh MOXHa
BUKOPUCTOBYBAaTH TpU POOOTI 3 JIOBTMMH  KOJOHKaMH.
Henomikom BomHIO € BHOYXOHeOE3Me4HIiCTh 1 BiIOyHOBHI
BJIACTHBOCTI, L0 YCKIAJHIOIOTH POOOTY YYTIMBUX EIIEMEHTIB
nerexktopiB. CepedHi JiHINHI MBUAKOCTI rady B HACaJOYHUX
KOJIOHKaxX CKJIagaroTh 2 — 5 cm/c, a B kamimsipaux 10-15 cm/c.
Butparu rasy-Hocis mpu IbOMY 3HAaXoIuThcsa B Mexax 0,1-2
em’/c. Trck ra3y-HOCis Ha BXOJi B KOJTOHKY ckiazae (0,5+1)*10°
[1a, 3MiHM THCKY B LIUX MEKax HE BIUIMBAIOTh HA €(EKTUBHICTh
pOOOTH KOJIOHKHM, JAJS SIKOi ICTOTHUM (DaKTOpOM € Tepemnaj Ha
KOJIOHKY.

s 3a0e3nedeHHs BIITBOPIOBAHOCTI MOKa3aHb
xpomatorpadiB HeoOXigHa cTabuTi3alis MIBUAKOCTI Ta3y-HOCIS.
OctanHs  3AIMCHIOETbCS ~ PETYJIATOpaMH  BUTpaTH  Trasy,
BCTAHOBJIIOBAHMMHU Ha BUXO/I1 0ajoHa 3 ra3oMm-HocieM. Butpara
ra3y KOHTPOJIOETbCS POTAMETPaMHU.

Jo3zaropu. [l BBeneHHA poOu ra3y B MOTIK razy-Hocis
BUKOPUCTOBYIOTBCS J103aTOPH, SIKI MIOBUHHI BHECTH (hiKCOBAHUI
00’eM TpoOH, HE TIepEepHUBAIOYN TIOTOKY Ta3y-Hocis. i KOKHOT
KOJIOHKH, BHJY AaHaJi30BaHOrO Traszy, JeTeKTopa ICHYE

239




ONTUMATBHUN 00’€M TPOOH, OOMEKEHH 3HU3Y YYTIUBICTIO
NETeKTOpa, a 3BepXy — TMEpPeKpPUTTAM CMYT PO3AUICHUX
KOMITOHCHTIB Ha XpoMaTorpami.
VY cepenHboMy ISl pi3HUX THUITIB XpomarorpadiB 06’eM mpodu
cknagae 0,1-20 cnm®. Ti BBexenust 3mificHioeTCS HITPUIIOM 200
MPUCTPOSIMU 3 AO3YIOUUMH METJIIMH TOCTIHHOTO 00’ €My, 3 AKHX
po0a BUTICHSETHCS Ta30M-HOCIEM.

HerexTop, Oynyuu BHUMIPIOBAJILHOIO YaCTUHOIO
xpomatorpada, BIUIMBae Ha pe3ynbTatd aHamizy. OCKiTbKd
YYTJIMBICTh JETEKTOpAa € YMHHUKOM, IO OOYMOBIIOE pPOOOTY
IHIINX  eNEeMEHTIB YCTAaHOBKM 1 BH3HAYa€ MOXKIMBOCTI
xpomatorpada, y Tabn. 2.6 ansg HaWOLIbII PO3MOBCIOIKEHUX
JCTeKTOPIB HAaBEACHWH TOPIr YYyTIMBOCTI ¥  aHami30BaHi
PEYOBUHHU.

Jlo 4ymcrma HAWOUTBII MPOCTHUX HAJCKATh JETEKTOPH 3a
TEIUIONPOBIIHICTIO Ta TEPMOXIMIYHI, X04a 32 YyTJIUBICTIO BOHH
3HAYHO YCTYIMAalOTh I10HI3AMIMHUM. 3a TMPUHIUIOM i Il
JNETEKTOPH aHaJOrI4HI pO3MIAHYTHM B 2.4.3  TelioBUM
razoaHaiizaropam. Y 3B'3Ky 3 THM IO B Hpoleci poOoTu
xpomarorpada BIaCTUBOCTI ra3y-HOCIS MOXKYTh 3MiHIOBAaTHCS, Y
JETEKTOpax 3a3HAYEHOr0 THUIYy BBOJATHCS IUIEYl IOPIBHSIHHS,
OMHBaHi ra3oM-HocieM. [IpuHIIMTIOBa cXema ra3oBoro JeTeKTopa
3a TEIUJIONpPOBIAHICTIO (KaTapoMmeTpa) HaBelaeHa Ha puc. 2.78.
BumMiproBasibHa cxema siBisie 00010 HEBPIBHOBAXEHUH MICT, Y
SKOMY Iuleyl 3 miIaTuHoBOro Jpoty Ri 1 Rz ommBaroThcs
CYMIIIIIIO Tra3y-HoCisi 3 OOYMOBJIEHUM KOMIIOHEHTOM, IO
BHUXOJHUTH 3 PO3IOBOI KOJIOHKH, a eyl Ry 1 Ry, anamoriuni Ry
1 Rs, ommBaroThbes razoMm-HocieM. YUyTnMBiCTH KaTapoMmeTpa
ICTOTHO MiJBULIYETHCS MPU BUKOPUCTAHHI SIK Ta3-HOCIS BOJHIO
abo remito. KaTtapomeTpu XxapakTepu3ylOThCS CTaOUIBHICTIO
poOOTH 1 3aCTOCOBYIOTHCA IS aHANl3y Ta30BOTO IajuBa,
BU3HA4YEHHS B MPOAYyKTax ropinHs 3micty CO», SOs.

[Tonym'stHO-10HI3aMliliHI JAE€TEKTOPH 3aCHOBaHI Ha BHUMIp1
OIopy TOJYM's BOAHIO NPHU BBEAEHHI B HBHOI'O KOMIIOHEHTIB
aHami3oBaHoi cywmimni. [lomym'ss 94uCTOrO BOJHIO Ma€ BETUKHMA
omip, a ioro temneparypa csrae 800900 °C. Ilpu BBeneHHi
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OpraHi4HOI PEYOBMHM B MOTIK MOJYM's BiOyBa€ThCs 10HI3allis
MOJICKYJI KOMITOHEHTA 1 OTip MOJyM'sl pi3KO 3HIKYETHCSI.

Jis  BUMIpY CHUTHaly JAETEKTOpa BHUKOPUCTOBYIOTHCS
€JIEKTPOMETPUYHI TMiJCHIIOBAa4Yl 3 BEJIUKUM BXITHUM OIIOPOM.
[Tomym'stHO-10HI3AIHHUN ~ TETEKTOp  BXOIUTH JI0  CKIIAIy
OUTBIIOCTI BITUM3HSIHUX 1 3aKOPJAOHHUX XpomaTorpadib.

Cymiui rasis | I'az-Hociii

v o4 Ay
L L

—H

Ri Ro R2
JICK

R4 Rs

i i
by v o4

['a3-Hociii | Cywmiu razis

Puc. 2.83 — I[lpuHnMmoBa cxemMa JETEKTOpa 3a TEIJIONPOBIIHICTIO
(xaTapometpa)

Jlo rpynu i0HI3AIIMHUX HAJIEKaTh aprOHOBUM 1 TeIEBUMN
JIETEKTOPH, NETEKTOp MO 3aXOIJICHHIO eNeKTpoHiB Ta iH. Lli
JETEKTOPH BKIIIOYAIOTh JKEPENIO Y-BUIIPOMIHIOBAHHS, y SKOCTI
SKOTO YacTO BHMKOPHCTOBYETbCcA TpuTiil. B apronoomy
JETEKTOpl CYMIII Ta3iB MICIAS PO3JII0BOI KOJOHKHM IPOTIKA€e
yepe3  BHUMIpDIOBaIbHY  Kamepy,  Kamepa  IOpIBHSHHSA
3allOBHIOEThCS aproHoM. IIpu BiydeHHI Yy BHMIPIOBAJIBHY
KaMepy aHaJli30BaHOI'O KOMIIOHEHTa BiAOyBaeTbCsi  HOro
10HI3allis, CYNPOBO/JKYBaHa pI3KUM 3HWKEHHSIM OMNOpYy 1
30UIBIIEHHAM CTPyMY, IIO MPOTIKAa€E Yepe3 BUMIPIOBAIbHY
kamepy. Llg 3MiHa cTpymy, TpomoOpIiiHA KOHIIEHTpAIil
aHaJII30BaHOT0 KOMIIOHEHTA, BHUMIPSAETHCA EIEKTPOMETPHUUHUM
M1JCHITIOBAYEM.

241



Ilpu xpomatorpadiuHOMy TOALTI 3B'I30K MDK BHAOM
KOMIIOHEHTA, Horo KOHIICHTPALIIEIO i BU3HAYAILHUMU
napaMeTpaMu: 4acy BTpUMAaHHs, IUIOMICIO TiKa abo HOoro BHCOTOIO
— BCTaHOBJIOETBbCA TMPH TpaayroBaHHI Xpomarorpada. s ii
NPOBE/ICHHS BHUKOPHCTOBYIOTBCS TpPH METOIU: aOCOJIOTHHIA,
BHYTPIIIHKOI HOpMaJTi3allii 1 BHyTPIITHBOTO CTAaHAAPTY.

[Tpu abcomoTHOMY METO/I IPaAyIOBaTbHUNA KOSPIIIEHT Un
rpadik (Mpu HEMHIAHIA XapaKTEPHUCTHII), M0 3B'A3Yy€ ILIOINLY
mika abo HOro BHCOTY 3 KOHLEHTPAI€l0, BHU3HAYAETHCS
YBEJICHHSAM BIJOMOi KOHIIEHTpaIlii YHUCTUX Ta3iB IO BCIX
aHaJII30BaHUX KOMIIO-HEHTAX.

[Ipu rpagyroBaHHI 32 METOAOM BHYTPIIIHbOI HOpMai3allii
IpagylOBATBHUNA KOCMIIIEHT BU3HAYAETHCSA JUISI OJIHIET YUCTOI
pPEYOBUHU, JJS IHIIUX KOEPIIIEHTH PO3PaXOBYIOTHCS IO
CITIBBIIHOIIEHHIO BJIACTUBOCTEH rasis, HaIPUKIIA],
TEIUIONPOBIIHOCTEM, BUKOPUCTOBYBAHUX Y JIETEKTOPi. Y MeETOAdl
BHYTPIITHBOTO CTaHIAPTy BBEACHHS B T'PaIyIOBaJIbHY CYyMIll
CTaH/IaPTHOI PEUYOBUHU BHUKOPUCTOBYETHCS I PO3PAXYHKY
BpPaxOBYIOUMX KOHKPETHI yMOBH poOoTu Xpomarorpada
BUIIPABJICHb /IO NACTIOPTHUX I'PalylOBAIbHUX KOE(]Iilli€HTIB.

2.5.3 JlaGopaTtopHi i npoMucJI0Bi XxpomaTorpagpu

Sk BiTYM3HSHA, TaKk 1 3aKOpPJOHHA IPOMHUCIOBICTh
BUITyCKae Xpomarorpadu, npusHaueHi A JabopaTOpHOro i
MPOMHCIOBOTO  BHKOpHCTaHHs.  llepmn, sk mpaBwio,
XapaKTepU3ylOThCs IiJIBULICHOI0 TOYHICTIO, YHIBEPCAJIbHICTIO,
BEJIMKUM YHCIIOM €JIEMEHTIB 1 MiJABUIIEHHSM BHUMOT JO YMOB
eKCIUTyaTarlii.

[IpomucnoBi xpomartorpadu 3BHYAHHO MAaOTh OUIBII
By3bKE€ NPU3HAYEHHSA, a BHUPOOIIOBAaHMM HUMH  CHUTHAJ
MpencTaBiIsieTbess Yy (GopMi, 3pydHId JUIsi BUKOPUCTAHHS NpU
ONIEpaTUBHOMY M aBTOMATUYHOMY YIPABIiHHI TE€XHOJOTIYHUMHU
IpoLecaMu.

VY TenepemHii yac BUIYCKA€TbCA Pl J1abOpaTOpHUX
xpomatorpadi: cepii  «Komip-100», cepii JIXM-8M/,
«Tl"azoxpom 1106», «I"azoxpom 310», JIXM-724, XI'-1M, «Jlyu»,
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«Beipyxpom», AK-5, AK-1. Jlo rpynu HOpOMHUCIOBHUX
xpomarorpadiB Hamexatb xpomatorpadu tumiB XIIA, XT,
XTH, PX.

Xpomatorpad «l'azoxpom 3101» HajmexuTh 10 YHCTA
CTeLiaTi30BaHuX 1 MPU3HAYCHHUH JJISI €KCIIPECHOTO BU3HAYEHHS
koHneHntpanii Oy, COz, Ny, Hy, CO, CHy 1 ByrneBoaniB no Cy
BKJIIOYHO B TIPOJAYKTaX TOPiHHA pI3HUX BUAIB NaIUB, IO
CHAJIIOIOTHCS B MPOMUCIIOBUX 1 CTAHIIHHUX KOTEJIbHSX, IeYax Ta
IHIINX ~ TEIUIOBUKOPHCTOBYIOUMX  yCTaHOBKax.  BigHocHa
MOTPIIIHICTh BUMIPY cKJanae £5%, TpUBAJICTh aHAJI3Y JIOCSTae
10 xB. [Ipunan € nepeHOCHUM, HOr0 Maca HE IEPEBUILYE § K.

[IpunnumoBa cxema xpomartorpada «lazoxpom 3101»
HajaHa Ha puc. 2.84 Xpomarorpad € JBONOTOYHUM 3 ra3zaMu-
HOCISIMH TIOBITpsIM 1 aproHoMm. Jletektop 1 € KOMOIHOBaHUM.
[Tneue R, sBisie co00r0 TEPMOXIMIYHUI €IIEMEHT, 1110 pearye Ha
BUJIUUICHHSI TEIUIOTH MPU Peakilii KaTaJiTUYHOTO OKHCIIOBAaHHS
nalbHUX KOMIoOHeHTiB. [lmeue Rz pearye Ha 3MmiHM
TEIUIONPOBIIHOCTI Ta3y. IHIIl medi MocTa BKIIOYAIOTh MOCTIiHI
MaHTaHiHOBi omopu Rj, R4. Curnan HebaiiaHcy neTekTopa, o
KUBUTBCS BiJl Jpkepena crabimizoBaHoro kuBieHHs J[CK,
nonaetbcsi Ha camonucHui norenuiomerp 2 KCII-4, sxuii mae
niamna3oH Bumipy 0—1 mMB.
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Puc. 2.84 — [Ipunnunosa cxema xpomarorpada «Iazoxpom 3101»

CrijibHUMI
MK
N2+OZ NZ T COZ
H2 02
CHa4 n

91 CcO @l :l
uLU\

0 2 4 6 8
Yac, xB.

Puc. 2.85 — 3paszok xpomaTorpamu xpomarorpada «l'azoxpom 3101»
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[ToBiTpst B xpoMartorpad momaaeTbcsi MiKpOKOMITPECOPOM 3,
BMOHTOBaHMM Yy TIpWJIaJ, aproH Oeperbcs 3 OamoHa. OOuiuBa
ra3y-HOCisl IMONEPEeJHbO MPOMYCKAIOThCS uepe3  (QUIbTpH-
ocymyBadi 4. Burtpatu rasy-Hocis B 000X KaHamax
KOHTPOJIIOIOThC peomeTpoM 5. Ilomin aHamizoBaHOi Cyminri
3MIACHIOETHCSA 332 KIMHATHOI Temmeparypu. Xpomatorpad mae
YOTHPU PO3JUIOBI KOJIOHKH, BHKOHaHI 3 (TOpOILIacTOBOI
TpyOKH, siKa Ma€e BHYTpIIHIKA fgiamerp 3 MM npu noBxuHi 0,5—
3M. Sk ancopOeHT y KOJIOHKax 6, 8 BHUKOPHUCTOBYIOTHCS
aKTUBOBAaHE BYTULISA, Y KOJOHII 7 — MOJEKYISIpHI CHTa.
Kosnonka, He moka3zaHa Ha PUCYHKY, 3allOBHEHA CUJIIKAresieM.
YBeneHHs mpoOu J03aTOpOM 3TIHCHIOETHCS B TOUKax 9—11.

3azHayueHe Ha puc. 2.79 KOMIOHYBAaHHS KOJOHOK
BUKOPHUCTOBYETHCS sl AeTekTyBaHHs B cyMimi Hp, CO, CHy,
O3, N2, CO;. IIpu ipomy 4uepe3 KOJOHKY 6 MPOTIKae MOBITPS, a
gepes 7, 8 — aprou. Butpara KoxHOTO 3 Tasis ckianae 80 cM/xB.
Jnsa suznavuennst Hp, CO 1 CHs ipo6a 3 monepeqHs0 BUITY4eHUM
CO; momaetnes B Touky 10. Ockinbku npu 1ipoMy aHaiizi Nz 1 O;
HE PO3AUIAIOTHCS, Mpoda BBOAMTHCA B TOUKy 5. Jlisg BuMmipy
3micty CO; npoba rasy BBOAUTHCS B TOuky 11. 3pa3koBuii BUn
XpoMaTorpaMu TpejacTaBieHud Ha puc. 2.85. 3anexHo BiX
aHaJII30BaHUX Tra3iB KOMIIOHYBAHHS PO3JIJIOBUX KOJIOHOK MOXKE
MIHSATHCA.

2.5.4 EnekTpu4Hi razoaHajizaTopu

B enexTpuuyHMX rasoaHanizaTopax KOHIEHTpalis TOrO 4u
IHIIIOTO KOMITOHEHTa BH3HAYA€THCS 3a 3MIHOIO EJIEKTPUYHHMX
BJIACTMBOCTEHN T'a30BOi CyMillll a00 PIAMHHU, 3 SKUMH IIPOpearyBaB

0o0yMOBIIEeHU I KOMIIOHEHT. Ho qucia HANO1IBIIT
PO3MOBCIO/DKEHUX EICKTPUYHUX Ta30aHANI3aTOPIB  HAJIEkKATh
eJIEKTPOXIMIYHI, AK1 3aCTOCOBYIOTHCS TUIS BUMIpY

MIKPOKOHIIEHTpAI[ill TOKCUYHUX Ta3iB, U0 MICTITHCS B MOBITPI,
BU3HAYECHHS KOHIEHTpauii 3a0pyaHIOIYMX JOMINIOK IpHU
BUPOOHUITBI YUCTUX Ta3iB.
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Jlo  eNeKTpOXIMIYHUX  ra30aHali3aToOpiB  HaleXarb
OpUCTPOi, Yy  SAKUX  BHUXIIHUH  CHUTHAJI  BH3HAYAETHCS
EJIEKTPOXIMIYHIMH SIBUILAMH, 110 BiAOYBAaIOTHCS B €IEKTPOIHUX
CUCTEMax, 3aHYpEHUX B aHAJII30BaHWUW po3uuH. EjexTpoxiMiuHi
METOAM B OCHOBHOMY BHUKOPHCTOBYIOTBHCS JJISi aHANi3y PIAHMH.
Jlnst aHamizy rasiB 4yacTille BUKOPUCTOBYIOTHCS €IEKTPOXIMIUHI
aHaJi3aTOPH BOJIbTAMIIEPMETPHUHI 1 KyJTOHOMETPUYHI.

BoabramnepMerpuyHi  razoanagaizaropu. Skumo B
PO3UMH EJIEKTPONITY 3aHYpEHI [JBa €JIEKTPOJH, [0 SKUX
MPUKJIJeHA PI3HULIS HAPYT Bijl 30BHIIIHBOTO YH BHYTPIIIIHHOTO
mxepena EPC, To B 30BHIIIHBOMY JIAHIIO31 IOTEYE CTPYM,
0o0yMOBIIeHUI pyxoM 10HIB y po3uuHi. [Ipu oMy B moBepxHi
SJIEKTPO/IIB 30MPAIOTHCS 10HU IPOTUIICIKHOTO 3HAKA, CTBOPIOIOYN
y CepelHi po3unHy pi3HUIO Hanpyr U, copsMoBaHy 3yCTpidyHO
IF0YOMY B JIaHII031 Hanpy3i £. CTpyM y JIaHII031 BU3HAYAETHCS
BUPKCHHIM

I1=(E-U)R,

ne R —omip pozuuny;

U- pI3HMI BHYTPIIIHIX MOTEHIIaliB aHoxa (P, 1 Karoaa

Px.

v BOJITAMIIEPMETPUYHUX ra3oaHalizaTropax
BUKOPUCTOBYETHCS (POHOBHI PO3YHH ENIEKTPOIITY, Y STKOMY MPH
BIJIMIOBITHOMY Marepiaii eNeKTPOAiB 1 PIBHI JIF0YOi HAIpyra
B1/I0YBa€ThCS MOJSpU3ALS OJHOTO 3 EJIEKTPOAIB, 1 CTPyM Yy
JaHLI031 3a BIJICYTHOCTI OOYMOBJIEHOTO Tra3y MpPaKTUYHO
JOPIBHIOE HYIIIO.

3a HasABHOCTI aHAJI30BAaHOTO Tra3y B JIAHIIO31 BUHHKAE
MOJISIPU3AIIAHAN CTPYM, 110 BH3HAYAETHCS KUIBKICTIO BBEIICHUX
y (oHOBHMI pPO3YMH MOJIEKYN Ta3y, 3JaTHUX OKHUCIATHCA abo
BIJIHOBIIIOBATUCS Ha TIOJMSPU30BAHOMY €JIEKTPOl, 3MIHIOIOYH
fioro moteHuian. IIOpiBHSJIBHUI €NEeKTPOA Ma€ IMOBEPXHIO, Y
COTHI pa3iB MEPEBUILYIOYY [OBEPXHIO BUMIPIOBAIBHOIO
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€JIeKTPO/Ia, 3aBASIKM YOMY HOTO MOTEHIAl HE 3aJIeKUTh BiJ
CTPYMY, IIIO TIPOTIKA€E B JIAHITFO31.

[Tpu BBeIEHHI B PO3YUH ACTIOISPU3YIOUOTO aHATI30BAHOTO
raly Ha IOBEpXHI MOJSPU30BAHOIO EJEKTPOJa MPOTIKAITh
HACTYIIHI PeakKIlii: MepeHoc MAemnojspu3aropa 3 pPO3UHMHY Ha
MOBEPXHIO EJIEKTPOJIa, CIEeKTPOXiMIUHA peaKIlis Ha eJIeKTPO,
BUJIUUICHHSI HA HHOMY MPOJYKTIB peakilii. Y OUTbIIOCTI BUNIAIKIB
HAMOIIBII MOBUIBHUM MPOIECOM € TEPEHOC NETOspUu3aTopa,
npu  audy3idHOMY MigBEACHHI SKOTO CTPyM Y PpO3YMHI
BU3HAYAETHCS CITIBBITHOIICHHSIM:

| =nFSD o :

OX x=0

7€ N — YUCIIO €JIEKTPOHIB, IO MIEPEHOCSTHCS;
F — ancno ®apanes;
S — nnoma enexpona;
D- koediuieHT audysii;
oc
OX ) o
MOBEPXHI €JIEKTPOo/Ia.
3riJHO HaBEAECHOTO0 BUpA3y CTPYM Yy PO3UMHI 3pocTae 3i
3017IbIIEHHAM KOHIIEHTpALlli AETOIIpU3YI040i PEYOBHUHH 1 IO
€JIEKTPOAA. 3HMKEHHsSI TOBUIMHU JU(Y31HHOTO IIapy BHACHIIOK
MEepeMIlIyBaHHsS €JIEKTPONITY TaKOX NPUBOAUTH 1O POCTY
CTpyMYy.
30UIbIIeHHST 1040l B JIaHILIO31 HANpYr'd BUKIIMKAE
MPONOpIIiiiHe 30UIBIIEHHS CTPyMy, ajle B OOMEXKEHUX Mexax,
OOyMOBIIGHUX 3allydeHHSIM B EJEKTPOJHHUI Tporec ycix
OpUJIETIMX  Jenonsgpusyouux  vactok. Cramuit  cTpyMm,
Ha3uBaHWW AMQPY31MHUM, BU3HAYA€TbCS MIBUAKICTIO au(y3ii
YaCTOK 13 ITMOUHH PO3YHUHY.

— TPOCTOPOBUN TpaJl€eHT KOHLEHTpaulli B
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I'padik 3anmexHOCTI CTPyMY BiJ NPUKIAACHOI HANPYTU
HA3MBAEThCA MOJAPM3ALIHOI0 KpHBOKO. Ii  Xxapakrep mnpu
3aJJaHOMYy THUIIl  €JEeKTPOAiB 1  (OHOBOMY  EIEKTPOJITi
BH3HAYAEThCS BHJOM Ta3y, a audysidnuii ctpym I, — #oro
KOHIIEHTPAIII€I0. I'padix MOJISIPU3aIiHHOT KpHBOI,
npeAcTaBiIeHU Ha puc. 2.86, mae ¢popmy xBuiti. HamiBxBuneBuit
MOTEHIIIAJ, [0 BIAMOBIJAE MOJOBHUHI TUQY3IHHOTO CTpyMy, HE
3QJIOKATh B  KOHIIGHTpalii 1 €  XapaKTepUCTHUKOKO
nenonspuzaTopa. TakuM YHHOM, Yy BOJBTAMIICPMETPUYHUX
razoaHaiizaropax CTpyM, IO NMPOTIKa€ B 30BHIMIHbOMY JIAHITIO31,
0 € BHUXIJHUM CHUTHAJIOM aHAaJi3aTropa, OJHO3HAYHO
BHU3HAYAETHCS KOHIIEHTPAIII€I0 00YMOBIIEHOTO Ta3y.

I A
I()

0,510
Ci>C2>Cs

® Px

Puc. 2.86 — I'padixku nonsprusamiiiHuX KpUBUX

SIKIO SIK BUMIPIOBAIBHUM €JIEKTPOJl BHUKOPHCTOBYETHCS
pTyTh, pUIaIn Ha3UBAKOTHCS noJsisiporpagiuHUMuU
aHaJi3aTopaMy 4M nojsiporpadamu.

[Ipu BuUMipax KOHLEHTpallii KHCHIO B YHCTUX Tra3ax SsK
MOJISIPU30BAaHUI €JIeKTPOJ] BHUKOPHCTOBYEThCS KaToj, (POHOBUM
ENEKTPOJTITOM  CIY)KUTh  PO3YMH  Kuciotu.  [linBeneHHs
aHAJII30BAaHOTO Ta3y 3IHCHIOETBCS TaKUM YHWHOM, II00 MIiX
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KOHIICHTPAIIIMUA KUCHIO B Ta3aX 1 eIEKTPOJIITI BCTAHOBIIOBATIACS
piBHOBara. KuceHb, Oyayuyn akTUBHUM JEHOJSPH3ATOPOM,
BITHOBJIIOETBCST HA KAaTOJi JIO TEPEKHCY BOIHIO, BUKIHKAIOYH
MIPOXOKEHHS MOJIIPU3ALIIIHOTO CTPYMY.

IMpu anamizi Bmicty SO; y TeXHIYHHMX ra3zax I
BUKIIIOUEHHSI BIUIMBY KHUCHIO SIK TIOJISIPU3OBAHUN EJIEKTPOJI
BUKOPUCTOBYEThCSI aHOX, Ha sKkoMy SOz OKHUCISETBCS 3
YTBOPEHHSM CipyaHOi KHUCIOTH.

Kynonomerpuuni ra3zoanamizatopu. KymoHomerpuuHi
ra3oaHajgi3aTopy 3aCHOBAaHI Ha BHUMIPI KIJIBKOCTI EJIEKTPUKH,
BUTpPA4YeHOI IpU eneKTpodi3i. BingnmosigHo 3akony Papanest ams
BUJIUUICHHS TIPU EJIEKTPOIIi3i KUTBKOCTI pedyoBHHH G HEOOXiTHO
gyepe3 po34rH Iporryckatu ctpyMm I mpotsirom gacy t:

G = MIt/(96 492n),

ac M — MOJICKYJIIpHA Maca OKHCJICHOI 4H BiI[HOBJ'ICHOI
PCUOBUHU;

N — 4HUCIO EeJEeKTPOHIB, 10 OepyTh ydacTb B
€JIEKTPOTHOMY TPOIIECI.

PedoBuHa, 110 BUALIMIACS NPHU EIEKTPOIIi3i, 3B'I3YETHC
0e3 3aJMIIKy 3 aHaJi30BaHUM KOMIIOHEHTOM Ta30BOI CyMill,
3aBJIIKA YOMY MIpOI0 KOHLIEHTPALil OCTAHHBOT'O CIIY>)KUTh CTPYM,
mo mnpotikae, I. OcTaHHINA perymoeTbcs TaKUM YUHOM, 1100
3abe3neuyBajacs HelTpani3alis po3urHy.

Kynonomerpuuni razoaHaiizaTopu 3aBISKU
BUKOPHUCTaHHIO KOMIICHCAIiIiHOTro MeToay BUMIpY
3a0e3MeuyloTh BHUCOKY TOYHICTH BHUMIPY, iX IOKa3aHHS He
3ajexaTh BIJ BOJIOTOCTI Ta3y, HOro THCKY 1 TemIeparypu,
napaMeTpiB HAaBKOJIHUIIHBOTO CEPEIOBHUIIIA.

BitunsHsaHOIO MIPOMHCIIOBICTIO BUITyCKAIOThCS
KYJIOHOMETpUYHI  raszoananizatopu  «Atmochepa 1» 1
«ATtmocdepa 2», mpu3HaueHi Ui BHUMIpPY 3MICTY B MOBITpi
MikpokoHieHTpaiii SO;, HoS, Cl,, Os.
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255 Elccn.nyaTaum i mepeBipka razoanaJizaTopis

Sxicth 1 HaJIMHICTD poboTu IPOMUCIIOBUX
ra3oaHalli3aTopiB 3HAYHOIO MIpOI0 3ajiekaTh BiJl CIOCOOY
n000py Npodu 1 JOTPUMaHHS BUMOT 10 XapaKTePUCTHK ra3y, L0
HAJXOAWTH y MpuiiMad razoanamizaropa. Lli BAMOTH BiTHOCATHCS
710 TeMIEepaTypH, TUCKY, BUTPATH 1 BOJOTOCTI ra3y, HasIBHOCTI B
HBOMY MEXaHIYHHX, arPECUBHUX Ta IHIIUX JOMIIIOK.

[Ipob6a ra3y, 1m0 BIiZOMpAETHCS, TOBUHHA OyTH
MPEICTaBHUIILKOIO, TOOTO 3a CBOIM CKJIQJOM BiJIOBIAATH
yCepeqHEeHOMY CKJIaay Tra3iB Yy BIJINOBIAHMX HEpeTHHAaX
TEXHOJOTIYHUX O00'ekTiB. Y 3BSI3Ky 3 muM 100ip mpob i3
TpyOONpPOBO/IIB MOBUHEH 3/1INCHIOBATHUCA B IEPETUHAX 31 CTAJIUM
MMOTOKOM, BHJIYYEHHUX BiJ MicleBUX oropiB. He pekoMeHmyeThes
poOuTu 100ip 3 HIKHIX TOUOK pr6onp0Boz[y, Y AKHX MOXKYTb
30upaTUCs MeXaHI4HI JOMIINIKK 1 BOJOTa. SIKIIO Ta3W MICTATh
YacTKH 30J1, BYTUJIbHUI Ta IHIIUW MUJ, TO AN 1000py mpobu
BUKOPHUCTOBYIOTbCS KepaMiuHi (UIbTpHU, IO BBOIATHCS Y
BUMipIOBaHe cepenoBuile. [1o6mm3y Touok n1000Opy HE MOBHHHE
OyTH BBEJCHHS TEXHOJIOTIYHMX TMOTOKIB, MIO CTBOPIOIOTh
IIPOCTOPOBUI TpajlieHT KOHLEHTpAllii, a TaKoX MPHUCTPOIB,
yepe3 sIKI MOXJIMBE MiJICMOKTYBaHHs MOBITps a00 1HIIMX ra3iB.
Taxk, mpu aHaui3i TONKOBHX ra3iB Ha 3MicT O, 110 XapaKTepU3ye
HaJUIMIIOK TIOJIaBaHOTO B TOMKY TOBITPs, MA00ip mpodu
BUPOOJISETbCA 3 TPyOM, sIKa IIYHTY€ KOHBEKTHUBHI IOBEPXHi
HarpiBaHH4. ['a3u B TpyOy HaAXoIATh MICis MaporeperpiBHUKa,
a TOBEpPTAlOThCS B Tra30xXiA micis moBiTpomiairpiBHuka. Ilpum
IbOMY TIJICMOKTYBaHHS TOBITpsA, 10 MaOTh MiClle B
KOHBEKTHBHMX MMOBEPXHSX HArpiBaHHS, HE BIUIMBAIOTh Ha CKJIA[
aHaATI30BaHOTO Ta3y.

Jlnst miaAroToBKM MpoOu ra3y Ta ii TpaHCIIOPTYBAaHHS 4yepes
ra3oaHajizaTop BUKOPUCTOBYIOTHCS JOMOMIKHI MPUCTPOI, IO,
BUXOIAYM 3 1X (QYHKIIH, pO3AUIAIOTHCS Ha Ta30BiAOIpHI,
PEAYKTYIOYi, OXOJIO/IHI, OUYMCHI, TPOCMOKTYI0U1 Ta 1H. Habip mux
MPUCTPOIB, AKI BXOJATH JO CKJIQAY ra3zoaHanizaTropa, 3ajeXKHUTh
B1JI TUTTy OCTaHHBOTO, CKJIAJTy 1 TapaMeTPiB aHAI30BaHOTO Ta3zy.
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Ak npuknaxn Ha puc. 2.87 mIpencTaBiIeHa CXE€Ma YCTaHOBKH
npuiiMaya KUCHEMIpa.

['a3

)

[Tpuiimau
KUCHEMIpa 8

ﬁ vy
* U
Puc. 2.87 — Cxema ycraHoBkH npuitMaua kucHemipa MH

Haii6inpbm PO3IOBCIOI)KEHUM MIPUCTPOEM,
BUKOPUCTOBYBAHUM ISl J0OOPY MpoOH, € kepamiuHuii pibTp 1.
Bin BBoIuTHCS B MOTIK Tasy,imo mae temmeparypy ao 500 °C,
BMICT Ty 110 20 /M, i Moxe 3abe3mednTr BUTpPATH razy uepes
ycraHoBky 10 0,8 s/xB. Ilpm BHKOpUCTaHHI BOJSHOTO
OXO0JIOJKEHHS (PUIbTpa TeMIlepaTypa ras3iB y Toulli 1000py MOxke
nocsiraty 1700 °C. HukHs rpaHulls TeMIepaTyp ras3iB y Kpankax
1000py BU3HAYAETHCSI MOKIIMBICTIO YTBOPEHHS MPU KOHJEHcAIlii
PIAKMX YacTOK, 10 3a0MBarOTh nmopu ¢inbTpa. s 3axucTy Bix
MEXaHIYHOTO CTHUpaHHS YacTKaMH 30JHM KepaMiuHuil ¢imbTp 1
3aKpUBAETHCS CTAJIEBUM IIUTKOM.

Haxun rasoBimBogHOi  TpyOKkm — 3a0e3nedye  BIATIK
KOHJ/IEHCATy, a HasBHICTh Ha 11 KIHII MPOOKH — MOXKJIMBICTbH
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MEePIOIUYHOI MPOAYBKH (iTbTpa, IO 3MIMCHIOETHCS CTHCHEHUM
TIOBITPSIM TIPH 3aKPUTOMY KpaHi.

[Ipu mnigBUINIEHUX TeMIeparypax ra3iB ra30aHaii3aTop
3a0e3MeuyeThCsl XOJOMMIBHUKOM 2, KU 3a0e3nedye TaKox
3HIDKCHHSI  BOJIOTOCTI  aHaiizoBaHoro razy. KoHcTpykiis
XOJIOMJIbHUKA 3aJICKUTh BiJ] TEMIeEpaTypu 1 ckjiaay razy. llpu
temneparypi raziB 400 — 600 °C BUKOPHUCTOBYIOTHCS
MPSIMOKaHAJIbHI XOJOAWIBHUKH, Y SIKHX OXOJIOAHA BOJAA 30BHI
OMHBa€ TPYOKy, IO SKii TpOTIKae Ta3. Y 3MiIEBHKOBHX
XOJIOAWJIBHUKAX TpyOKa 3ropHyTa CIipauio. Y HUXKHIA 4acTHHI
XOJOAMIBHUKA € TOPOXKHUHA JUIs 300py KOHIeHcary 3, Mo
3NIMBAEThCS B JApPEHAXX 3 BUKOPUCTAHHSAM TiIpo3arBopa. Y
XOJOIWIBHUKY 2, 300pakeHOMy  Ha  pHC. 2.82,
BUKOPUCTOBYEThCS KOMOIHOBaHHMM OXOJOPKYyBad, HUXKHS HOrO
YaCcTUHA, 3aIMI0BHEHA 3aJII3HUMH CTPYKKaMH, CITYyKUTh s 300py
KOHJICHCATY 1 BUJIAJICHHSI CIPYHCTOTO Ta3y.

VYCTaHOBKHM ra30aHaii3aTopiB 3BUYAHO MICTITH JEKiJIbKa
GiIbTpiB, MPU3HAYEHHUX JUIS OYMINEHHS ra3y BiJ MEXaHIYHHX
9aCcTOK, KpaIrejabOoK BOJIOTH 1 HEeBH3HAYCHWX KOMIIOHEHTIB. Tak,
yCTaHOBKa, TNpeAcTaBleHa Ha puc. 2.82, KpiM KepamiuHOTro
¢inbTpa 1 Ans BuAaneHHs IpiOHMX MEXaHIYHMX YacTOK MICTUTh
y co0l MOJTOTHSAHUN (PITBTP TOHKOTO OYHINEHHS 4, IO 3aBASKU
MPO30Piil KPUIII CIY’KUTh TAaKOX Y SIKOCTI KOHTPOJIBHOTO.

JUist OCYIIKH Ta3y BUKOPHCTOBYIOTHCS (DIIBTPH, 3alIOBHEHI
rpaHyjaMu XJIOPUCTOTO KaJIbI[il0, YM CuJIiKaresi. BumaneHHs
HEBU3HAUEHUX  KOMIIOHEHTIB  3MIHCHIOETBCS  XIMIYHUMU
¢imbTpaMu  abo 3a JomoMoOror neded jgomikaHHA. s
MOTJIMHAHHS  CIPKOBOJHIO (UIBTP 3alOBHIOETHCS OOJIOTHOIO
pPyAOI0, IBOOKHC BYIJIEIIO BUAanseTbcs norauHadem XIIW, a
XJIOp — AaKTHBOBaHMM BYTUUISIM. BoJeHb crHamoeTscsi B
ENIEKTPUYHHX TI€Yax JOTIKaHHS.

Ha puc. 2.87 enementn 5-9 mnpusHaueHi Juis
MPOCMOKTYBaHHS Tra3y 4Yepe3 YCTaHOBKY, KOHTPOJNIO i
HNiATPUMAHHS CTaJIOCTI MOro BUTpaT 1 THUCKY. Poramerpom 6
BUMIPSETbCS BUTpaTa ra3y, peryjibOBaHa BEHTUJEM 5.
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HeoOxigHe po3pimKeHHs B JiHIi YCTAHOBIIOETHCS BEHTHWIIEM 7 1
KOHTPOJIIOETHCS PIIMHHUM TU(HMAHOMETPOM & UM
MeMOpaHHUM TAToOMipoM. BoocTpyMHUHHUHN €XEKTOp 9 CIIyKUTh
MOOYIHUKOM  BHUTpaTH, Yy SKOCTI OCTaHHBOTO  MOXYThb
BUKOPUCTOBYBATHUCS TAKOXX BIALIEHTPOBI, IUIACTHHYACTI Ta 1HIII
€JIEKTPOHACOCH.

[TepepaxoBaHi JOMOMIKHI €IEMEHTH THUITI30BaHI 1 BXOIATh
0 CcKiamy OJOKiB perymroBaHHsS 1 ¢iabTpamii Tumy b,
Moudikalii IKUX po3pi3HAI0Thca HabopoMm ¢inbTpiB. Burpara
ra3y depes OJIOK peryyroBaHHs 1 GpiabTpallii gocsarae 8 ji/Xs.

s ra3zoaHanmizaTtopiB, IIO TPALMIOTh Yy CHCTEMax
ABTOMAaTUYHOTO PEryIIOBaHHS, BaXIJIUBOIO XapaKTEPUCTUKOIO €
3aIli3HIOBAHHS TOKa3aHb. /[ Toro mo0 y rasoaHaizaropa
MOKa3aHHS HOBOi KOHIIGHTpalii BCTAHOBHIIMCS B Mexkax
OCHOBHOI TOTPIIIHOCTI, HEOOXigHAa B CEPEIHBOMY JIBOX-
M'ATUKpaTHA 3MiHA BHYTPIIIHHOTO 00’ €My B YCTaHOBIII B/l TOUKH
n000py THCKY 10 TpuiiMada. Y 3B'S3Ky 3 IIMM OCTAaHHI pa3oM 3
JTOTIOMIKHUMH MIPUCTPOSMH PO3MIIIAIOTh no0aun3y
TexHoJoriyaux 00'ekTiB. [[msi 3MEHINCHHS  3ali3HIOBAHHS
MOKa3aHb  BUKOPUCTOBYETbCS  MIJABUIIEHHA  IIBUAKOCTI
aHaAJII30BaHOTO Ta3y B JIHIAX 32 paxyHOK OailmacyBaHHs
npuiiMada razoasanizaropa. CKOpPOYEHHS MJOBXKHHHM Ta30BHX
JIHIA 1 3MEHIIIEHHS 3ali3HIOBaHHS MOXE OyTH OTpUMaHEe TaKOX
3a paxyHOK J00opy ra3y 3 IMeTelb, SKi HIYHTYIOTh IUISHKA
TEXHOJIOTTYHUX 00'€KTIB.

IlepeBipka moka3aHb Tra30aHaIi3aTOPIB 3JIHCHIOETHCS 3a
JIOTIOMOTO10 3pa3KOBUX ra30BUX CYMIIIEH, YKJIaJeHUX y OaJoHH 1
MPUKIIJCHUX JI0 Ta30aHalli3aTopiB.
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PO3A1J1 3. EJIEKTPOHHI ITPHUJIA/IX KOHTPOJIIO
TEXHOJIOI'TYHUX ITAPAMETPIB

Ha npakrtwuii, npu aBToMaru3ailii BAPOOHUYHMX IPOIIECIB,
BUKOPHUCTOBYIOTbCS Pi3HI EJIEKTPOHHI NPWIAJH KOHTPOJIO 1
peryoBaHHS TEXHOJOTIUYHUX MapaMeTpiB, ayie Ui KOHTPOIIIO i
peryiaioBaHHS ~ TEeMIEpaTypu  HaiyacTille  3aCTOCOBYIOTh
€JIEKTPOHHI aBTOMAaTW4YHI MoOCTH 1 mnoTeHmiomerpu. Cuia
0CO0JIMBO 3a3HAYUTH MOMKJIMBICTh BUKOPHCTAHHS LUX MPUIIAIIB
y CXeMaxX aBTOMaTUYHOTO 3aXHUCTY.

3.1 EnekTpoHHUII ABTOMATHYHMI YPIBHOBAKEHUI MiCT

VYpiBHOBOXEHUI MICT NMpHU3HAYEHUH a1 Oe3mepepBHOTO
BUMIpY, 3allUCy Ta PEryJIlOBaHHS TEeMIIEpaTypu depe3 3MiHY
CIEKTPUYHOTO  omopy. BiH mpamioe B KOMIUIGKTI 3
TEPMOMETpPAMHU ONOPIB CTAHJAPTHHUX IPaayloBaHb, TOOTO Mae
BIIMIOBIAHICTh ~ 3aJaHOi  MEXI BHMIpY — TpaJaylOBaHHS
TepMomerpa omopiB. lle o3Hauae, 1O KOXHOMY THpHIIATy
BIJIIOBiJa€ TEBHA Tpyma TEPMOMETPIB OMOPIB  €IUHOTO
rpaaytoBaHHs. CyTHICTB Jii TEpMOMETpIB ONOpPY 3aCHOBaHa Ha
3aJIe)KHOCTI 1Or0 €JeKTPUYHOTO OIOPY BiJl TEMIEpPATypH.

[IpuHiMnoBa  BUMIpIOBaJIbHA ~ CXeMa  PO3IJISIHYTOTO
npuigaxy — MOCTOBAa. BuUMIpH HEENeKTPUYHHX  BEITUYHH
CNIEKTPUYHUMHM ~ METOJaMM  JIy’Ke€ IIMPOKO TMOLIMpEeHi B
eJeKTpOoTexHill ¥ aBromatuill. Ciia 3a3HAYUTH, 1O MOCTOBA
BHUMIpIOBaJIbHA CXeéMa BUKOPHUCTOBYeThCs Outbmie 100 pokis, a
MOKJIUBICTh BHMIpPY 1 (pI3M4HA CYTHICTH poOOTH 1i BIEepIle
poO3MIISIHYTI B poboTrax (¢paHiy3bkoro nociignuka Illapns
Kpucti (1833 p.) 1 npubnu3HO B Il X POKH aAHTIIHCBKUM
JOCIITHUKOM YTHCTOHOM.

3a mpUHIUNOM [Jii MEXaHIYHUM aHaJIOTOM  MOCTY
YHUHCTOHA € anTeKapchKi BaXXUJIbHI Bary.

Pi3HOMaHITTS MOCTOBUX CcXeM 0a3yeTbcsl Ha KJIacHuHIN
MOCTOBIi cXeMmi, IO sBIig€ CO0O0I0 Kinblle omopiB (puc. 3.1).
Omopw 3'eHaHI Tak, 10 YTBOPIOIOTH BEPIIMHU MOcTa 4, b, ¢ 1 d,
JiaroHasb XXUBJICHHS ac 1 JiaroHanb BuMipy bd.
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Puc. 3.1 — Cxema piBHOBa)XHOTO MOCTa!

R1, Ry, R3, R4 — pesucropu; ac — gaiaroHans sxuBicHHs; bd — miaroHans BUMipy

Puc. 3.2 — BumiproBaJibHHIA MiCT:

R, — peoxopx; HI — Hynb-inaukarop

Bumip  3acHoBaHMii  Ha  JOTpUMaHHI  MEBHOTO
CHIBBIJIHOIIIEHHSI MK ONopaMu (IJle4rMa) MOCTY, Ha3MBaHOIO
YMOBOIO PiBHOBAarH.

[lin ymoOBOIO piBHOBarm MaeThCs Ha YyBa3l Take
CMIBBIAHOIIEHHS OMNOPIB MOCTa, NpU SKUX Ha BEpLIMHAX
BUMIPIOBAJIbHOI JiaroHam pi3Huns moteHmiamiB Upg = 0 1 B
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JaHI031 BUMIpY BiacyTHiM BuxigHwii curHan. Crany Upg = O
BI/IMOBI/Ia€ PIBHICTh TaAiHb HANpPyT BIAMOBIIHO B TMPUIICTIIMX
Ie4ax, To0To

Ul = U4 i Uz = U3 (31)
3a 3akonoM Oma
Ui = J1R1; U2 = J1Ry; U3 = JR3; Us = JoRs. (3.2)

[ligcraBnsitoun B piBHICTH mafgiHb Hampyr (3.1) ix
3HAuYEHHS, BUPaXEH1 uepe3 cTpyMu i onopu (3.2), 1 HOIUIMBILN
MOWICHHO, OJICPKIMO:

iR _ IRy
JiRy  J5Re

(3.3)

a00, CKOpPOTHBINIM 3HAa4YeHHS CTpyMiB J; 1 Jp, Maemo
PIBHICTB:

R1R3 = R2R4, (34)

K€ Ha3MBA€ThCS KIACHYHOI YMOBOIO pIBHOBard MOCTOBOI
CXeMH, 10 YHUTaeThC Tak: «Slkmo 100yTKy omopiB
INPOTHJICKHUX IUIeYe MOCTOBOI CXE€MH piBHI MK CO0OI0, TO Ha
BEpIIMHAX BHUMIPIOBAIBHOI  JllarOHajl  BIACYTHS  PI3HULA
noteHmianiBy. Lleil MeTox Ha3UBA€TbCAd HYJIBOBHUM METOAOM
BHUMIpY OIOPIB.

[IpuHnunoBa cxema pPIBHOBR)XHOTO MOCTa HaBelE€Ha Ha
puc. 3.2.

MinHuil yM MIaTUHOBUM TepMoMmerp omopy Ry, BemuuuHa
€JIEKTPUYHOTO OIOpy SKOro TOBMHHA OyTH 0OMiproBaHa,
BKJIIOYAETHCS B OJJHE 3 TUIEYEH MOCTA 3a JONOMOTOI0 CIOTYYHHUX
MPOBOJIB, 110 MatOTh onopyu Ry, [HIm eyl MmocTa CKiIamarThes
3 TMOCTIMHMX MaHTaHiHOBUX omopiB Rj, Rj, R4 1 mepeminHOTrO
KaJliOpoBaHOro omnopy peoxopia Rp, BHUKOHAHOro Takoxk 3
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MaHraHiHy. o omHiei miaroHansi MocTa TiABEICHE KUBICHHS
MOCTIMHOTO a00 TMEPEMIHHOTO CTPyMy, B IHIINY BKJIIOYEHUH
Hylb-iHAuKaTop. Ilpu piBHOBa3i MocCTa 3aJ0BOJIBHAETHCS
PIBHICTB:

RiRt = R2R4, (3.5)
BIJIKIJIS 3 ypaxyBaHHIM OIMOPIB PEOXOp/a I 1 Iy 3aUIIeMo:
(Ri+r)Ri=(Ro+ )Ry  (36)

VY 1upoMy BUNAJAKY PI3HHISI MOTEHIIATiB MK Toukamu bd
JOPIBHIOE HYIIIO, CTPYM HE MPOTIKAE Yepe3 HYJb-TAIbBAHOMETD i
HOro cTpilika yCTaHOBUTHCS Ha HyNbOBIM mo3Hauri. [Ipu 3MmiHi
TEMIepaTypyu BEIWYMHA EIEKTPUYHOTO OIOpy TEPMOMETpa
OIopy 3MIHUTBHCS 1 MicT po3banmaHcyeThes. {06 BigHOBHUTH
piBHOBary, HeoOXiqHO 3a mocTiiHuX onopiB Rj, Ry 1 Ry 3MiHuTH
BEJIMYMHY OIOPY PEOXOp/a, IMEPEeMICTHBIINA HOTO PYyXJIUBUI
KOHTAKT.

TakuMm 4MHOM, SKIO BiAKaNiIOpyBaTH OMip peoxopaa, To 3a
MIOJIOKEHHSIM HOTO JIBM)KKA TIPU PIBHOBA31 MOCTa MOXHA CYAMTH
PO BEJIMUMHY onopy R;, oTke, mpo BUMiIpIOBaHy TeMIIEpaTypy.

9
.74
EIl 4 PJI C
BP BC
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Puc. 3.3 — Cxema piBHOBaKHOTO €JICKTPOHHOTO MOCTA!

ne EIl — enextponHuMit mincwmoBad; P/ — peBepcHBHUI NBHTYH;
CJ1 — cMHXpOHHMI JBUTYH

Posrnsinemo  OpUHLMIIOBY ~ CX€My  aBTOMAaTHYHOIO
€JIEKTPOHHOT'O CAMOIMCHOTO PIBHOBXHOTO MOCTA MEPEMIHHOTO
ctpyMy (puc. 3.3). 3a 3MiHI TeMIepaTypu CEpellOBHUIIA, Y SKIH
3HAXOJIUTHCS TEPMOMETp Omopy Ri 3MIHUTBCS TeMmmeparypa
TepMOMETpA 1, OTKEe, BEIMYMHA HOro eleKTpuyHoro omnopy. [lpu
[bOMY BHUMIPIOBAJIbHUH MICT, IO CKJIQJA€ThCSA 3 MOCTIMHHUX Ta
nepeminaux onopiB (R1, Ry 1 Ry) 1 xxuBuThCs (6,3 B) Big onHieq 3
00OMOTOK CHJIOBOTO TpaHcopmaTopa, po30alaHCYeThCSA, 1 B
JiaroHani Mocta MK ToukamMu b 1 d 3'sBUTbca Hampyra
HeOanmancy Upg. OcTaHHS TOMA€THCS HA BXiJ[ €ICKTPOHHOTO
nigcwmoBada Ell, ge migcuiitoeTbes Mo Hampysi 1 MOTYKHOCTI,
MOTIM HAaIXOAWTh Ha peBepcuBHHMU aBUTYH P/l 1 Hamae pyxy
ioro poropy. Obepratoun B TOM 4M 1HIIMKA OiK, 3aJI€XKHO Bil
3HaKa po30anaHcy, POTOpP PEBEPCHBHOTO JBUTYHA IEpeMillIae
MEXaHIYHO 3 HHMM 3B'i3aHMH JBIXKOK peoxopraa Ry, cTpiiky 1
1epo 1Mo IIKaJi MpHiaay JOTH, MOKW BUMIPIOBAJIBHHUNA MICT HE
npuiiie B craH piBHOBaru. Hampyra Ha BXOJi €JEKTPOHHOTO
migcumoBada EIl B 1bOMy BHIMaKy CTaHE PIBHOIO HYIIIO,
enekTpoaBuryH PJI 3ynmuHUTHCSA, a MpHUIa] MOKaXe BUMIPIOBAHY
TEeMIIEPaTypy.

TouHicTh MOKa3aHb MPUIIATY 3aJEKUTH BiJl IPUMIACYBAHHS
OTOpIB  TPOBOJIB, MO 3'€IHYIOTb TEPMOMETpP OIOpPYy 3
aBTOMATUYHUM PIBHOBOXHUM MocToM. [lns mnpunacyBaHHs
OTIOPIB CIIOJIYYHHX TMPOBOJIIB JI0 T'PaayIOBAIBHOTO 3HAYECHHS
cayxaTb onopu Ry 1 R'y Bennuunoro 1o 2,5 Om koxuuil. Ilpu
rpaaylOBaHHI TPUJIAAIB OMIp KOXHOTO TMPOBOMAY, IO M€ Bif
TEpMOMETpa 10 mpmiany, npuiastaid 2,5+0,01 Om. Skmo omip
KOXHOTO MpoBoAy Oyae MeHmuil 2,5 OM, TO B CHOTYYHY JIHIIO
MOCIIJTOBHO BKJIFOYA€ETHCS TOJATKOBUN OMIp, 110 JOMOBHIOE OTIp
KOKHOT0 TTpoBoAy 10 2,5 Om.

Y BHUpOOHMYMX yMOBax TEPMOMETpP OMNOPYy MOXKeE
3HAXOJIUTUCS HA 3HAYHOMY BHUJAJICHHI Bl BTOPHHHOTO IPUIIALTY,
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MIpHU KOJMBAHHSIX TEMIIEPAaTypu CEPEAOBHUIA BEIUYHHA iX OMOPY
OyJze 3MIHIOBATHUCS, IO MPHUBEIE 0 JOAATKOBOI MOTPIINIHOCTI B
MOKA3aHHAX aBTOMATHYHOTO pPIiBHOBaXHOro wmocra. Jlus
YCYHEHHS 3a3HA4YCHOT MOTPIITHOCTI 3aCTOCOBYETHCS
TPHOXJIPOTOBA CXeMa 3'€JHAaHb TEPMOMETPA OMOPY 3 BTOPUHHUM
NpuiIagoM, ska Tmoisarae B Tomy, mo Touka C (puc. 3.4)
MEPEHOCUTHCS 0e3MOoCepelHhO 10 TepMoMeTpa omopy. llpu
TakoMy 3'eqHaHHI omp TpoBoay Rji  gomaerscs 10
iedya BUMIPIOBAIBHOIO MOCTa, a omip Rj; — mo mieda 3
MOCTIHHUM omopoM. Toal ymMoBa pIBHOBark MOCTOBOi CXEMH
Oyze MaTu BUTIISA;

(Rl + rRl)(Rt + R|1) = (Rz + rRZ + R|2)R4. (37)

Puc. 3.4 — TproxapoTOBa cXeMa BKIIOUEHHS TEPMOMETPa
ornopy

BumiproBaibHa cxemMa aBTOMaTHYHOIO PIBHOBAXKHOIO
MOCTa MOXXE TAaKOX >XUBUTHCS BiJ cyxoi Oarapei moctiiiHOro
cTpyMy abo Bif akymynsaTopa 3 Hanpyrowo 1,2—1,5 B. ¥V Takomy
BUMNAJKY €JIEKTPOHHUM MiJCUIIOBAaY MPHJIAAy IOBUHEH MaTH
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BiOpomepeTBOpIoBay Uil IEPETBOPEHHs CHUTHANy HeOalaHCy
MOCTIHHOTO CTPYMYy Ha MEPEMIHHUN 3 METOI0 HOr0 HACTYITHOTO
MTOCUJICHHSI.

VY 3B'3Ky 3 IIUM PIBHOBa)KHI MOCTH TOCTIHHOTO CTPyMY
3aCTOCOBYIOTBCSI 3 MOJKJIMBOIO IOSIBOIO Y BHMIpPIOBAIBHOMY
JAHII031 PI3HUX  HaBeJAeHb (HAOpWKIAA, TPH  MOHTAXI
TEPMOMETpPA OIMOPY B EJCKTPOINEYaX UYM MICISIX 3 BEIUKHUMH
MarHiTHUMH MojsMu). KpiM TOoro, Moctd MOCTIHHOTO CTpymMy
BUKOPUCTOBYIOTh y THX BHUIAJKaX, KOJIM 3a yMOBaMH
eKcIUTyaTarii MpuiaadiB 1 TOXKEKHOI Oe3MeKHu iX >KUBIICHHS
3MIACHIOETBCS ~ MAJONOTYXHHMHU  JUKEpelaMH  HOCTiHHOTO
CTpyMY.

KoncTpykTnBHO ABTOMATUYHUI CaMOIMCHUI
PIBHOBOXHHMI MICT $BIsiE COOOIO0 CTallilOHApHUN Npuian, yci
BY3JIM SIKOTO PO3MIIIEHI Y CEepeiHI CTalIeBOro Kopiryca. 3amuc
MOKa3aHb 3MIMCHIOETHCS HaA JlarpaMHOMY mamepi, SKUl
MEPEMIINYEThCS CHHXPOHHUM JIBUTYHOM.

[IpoMuCIOBICTh  BUITYyCKAa€ aBTOMATH4YHI  PIBHOBaXKHI
MOCTH, SIKi TIOKa3ylOTh 1 3alHMCyIOTh Ha JHMCKOBIH jaiarpawmi;
Moctu KCM2, KCM3, KCM4, siki OKa3yloTh 1 3aUCYIOTh Ha
CTPIYKOBIH Jiarpami; MOCTH, LI0 IOKa3ylTh, 3 00EpPTOBOIO
mKanoro, Ta iHmm monudikamii. [TpuHnumoBi cxemu ix momiOHi
PO3MIISIHYTIM CXE€Mi aBTOMATHMYHOTO PIBHOBWKHOTO MOCTa 1
BIJIPI3HAIOTHCS BOHM OJIHA BiJl OJHOI TUIBKH KOHCTPYKIIIEIO
OKPEMUX BY3IIIB.

OpHak pO3TASHYTUH BHILE TUI EJIEKTPOHHOTO MpUTIAdy
Mae 1 psiji HEJIOIKIB:

— MaJMii Aiana3oH BUMipy Temmeparypu (10 600°C);

— TEPMOMETp OIIOpPY, BCTAHOBIIOBAHWUH Yy TEXHOJOTIYHUX
amapatax, TOBUHEH po3MilIaTucs B 00’ eMi MPOIYKTY;

— BTOPUHHUH TpWiIag HE Mae CIeliaJbHUX 3aco0iB
BUOYX03aXHCTy 1 BCTAHOBIIOETHCS TUIBKH B MPUMIIICHHIX
KBITiA.
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3.2 EJleKTpOHHUH AaBTOMATHYHHI OTEeHLiOMeTp

EnextpoHHMit aBTOMaTHYHUN TTOTSHIIIOMETP MPU3HAYECHUN
IUIs BUMIpY, 3alUCy 1 peryiaroBaHHs Temnepatypu. [Ipaiioe BiH y
KOMIUIEKTI 3  TepMolapamMH CTaHIAPTHUX TpalylOBaHb,
3aCTOCOBYETHCS AJisi BUMipy Temmepatyp Big —200°C mo 2000°C.
Sk KOHCTPYKIIHI Marepiaad il €JIEKTPOJIiB TepMOoIapu
BUKOPHUCTOBYIOTBCS: 3aJ1130-KOIIEIh, KOMEIb-aTIOMENb, XPOMEIh-
aloMeNb,  IUIATHMHA-TUIATHHOPOMIA  Ta  iH.  3aJIeKHICTh
tepmoenekTpopymiiiaoi cunu (TEPC) Big 3MiHu Temmeparypu
HOCHTB JTIHIHHUH XapakTep.

B c/eKTpOHHHMX  TMOTEHI[IOMETpaxX  3aCTOCOBYETHCS
MOTEHLIOMETPUYHUI (KOMIIEHCAIITHUI) METOJl BUMIPY, SKUN
3aCHOBAHMH Ha 3pIBHOBa)XYBaHHI (KOMIICHCAIlil) BUMipIOBaHOI
TEPC BIJIOMOIO
PI3HUIICIO TOTEHIIANIB, YTBOPEHOK IOMOMDKHHM JDKEPEIOM
KUBIICHHS.

3 mpuHIUIOBOI cxemu (puc. 3.5) BUAHO, IO TEpMoIiapa
HIAKIIOYeHa Tak, 1o ii cTpyM Ha AUIAHLI Rap Hae B Tomy x
HampsIMKy, IO 1 BiJ JDKepela JKUBICHHS b, a pi3HUIA
MOTEHIIIaJIiB MI>K TOUKOIO A 1 Oy/Ib-SIKOIO TPOMIKHOIO TOYKOO J]
nponopuiiHa onopy Rap.
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Puc. 3.5 — IIpuHIiuioBa cxemMa KOMIICHCAIIHTHOTO METOTY BUMIPY:

1 — tepmomapa; 2 — BUMIpIOBaJIbHUI NpwiIan; 3 — peoxopa; 4 — JKeperno
KUBIICHHS

[IepecyBaroun pyxnuBuil KOHTakT /[ 3a ymoBu, mo Eq <
Ep, MokHa 3HAiTH Take HOro MOJIOKEHHS, MPU SIKOMY CTPYM Y
nmaHIo3i  tepmomnapu  Oyne gopiBHioBatn 0, To6ro TEPC
TepMomapu Moxke OyTu oOMiproBaHa BEJIMYMHOIO CIAJaHHS
Hanpyru Ha AUHLI onopy Raj. Cxema Takoro BHUAY LIMPOKO
BUKOPUCTOBYETHCSI Ui BUMIPY TeMIIepaTypH B IEPEHOCHHUX
npuiaaax.

Henonik posrasiHyToi cxemu moisirae B Tomy, mo TEPC
3aJIC)KHTh BiJI CTAIIOCTI CTPYMY B JIAHIIO31 peoXopa.

BapitoBanHst poOouoro cTpymy B JIaHIIO31 peoxopaa MOe
BHOCUTH TIOTPIIIHOCTI B pe3ylbTaTH BHMIPY. YCTaHOBKY
HEOOXiTHOI BEIMYUHU POOOYOro CTPYMy 1 KOHTPOJb HOro
CTJIOCTI POOJISATH TAKOK KOMIICHCALIMHUM METOJIOM (pHcC. 3.6).

E :'B

Ryc‘r. l

Puc. 3.6 — IIpuHunmnoBa cxema KOHTPOJIIO pOOOUYOrO CTPYyMY

CxeMma mae TPHU JIAaHIFOT U
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— JIaHLOIOr JpKepena  cTpyMmy  (mkepeno crpymy b,
HAaCTaHOBHMM OMIip, TOCTIHHUN OMip, PEOXOopl 13 PYXJIUBUM
koHTtakToM []);

— JIaHLIIOT HOPMAJILHOTO eJieMeHTa (HOPMaJlbHUN €JeMEHT
HE, nocriitamii omip, BuMiproBanibHuii npunaa BIT);

— naHior Tepmorapu (tepmorapa TII, BUMiproBaIbHUN
npuiay BI, yacTiHa mepeMiHHOTO OTIOPY peoxopaa).

Y pexumi KOHTPOJIIO TNEpeMUKad BCTAHOBIIOIOTH Y
noyiokeHHs K, Migkimrodyaroun HOpMAadbHUN €IEMEHT 10 KIHI[IB
onopy Ryg (EPC mxepena xuBneHHs b crnpsmoBana HazycTpid
EPC wHopmanbHOro enementa). [lpu 3HIKEHHI BETUYHHU
poboUoro cTpymy HOro peryioTh HACTAaHOBHUM OIOPOM i
JOMAraloThCsi TAaKOTO TIOJOXKEHHS, TMPH SIKOMY PI3HHIS
MOTEHIIiaJiB Ha KiHISIX onopy Ryp He crane mopiBHioBatu EPC
HOpMasibHOTO eneMeHTa. CTpyM y JIaHII031 BHUMIipIOBAaJIHHOTO
npuiagy craHe piBHUM Hymo. Skmo Ryer He Braerbes
BCTAHOBUTH pOOOYMII CTpyM, TO OaTaperd 3aMiHSIOTh.
VY pexxumi BUMIpY MepeMHKad BCTAHOBIIOIOTH y MOJOKEHHs B,
MIIKITI0Yal0Yd  THM ~ CaMHUM  TEpMOMapy  IMOCTIIOBHO 3
HOPMaJIbHUM €IIEMEHTOM, PEOXOpPJOM Yy TOdYIll A Ta PYyXJIUBUM
kontaktom JI. TEPC Ttepmomapu B 1poMy BHUIAIKy Oyre
cnpssiMoBaHa B mpotuwiexHuir 6k  EPC  mxepena b.
[Tepemimiatoun koHTakT [, 3HAXONATH Take MOTO TOJIOKEHHS,
IIPU SKOMY PI3HMLS MOTEHI[ialliB MK TOUKOIO A Ta KOHTaKTOM /]
peoxopaa nopisHioe TEPC tepmonapu.

VY npunagax cepii ['CII xuBieHHS BUMIPIOBAJIBHOI CXeMHU
3MIMCHIOETBCA ~ CTaOUTI30BAaHUM  JDKEPEJIOM, IO  CIPOIIYE
KOHCTPYKIIIO Ta €KCILTyaTalio.
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Puc. 3.7 — I[IpunnumnoBa cxema €JIeKTPOHHOTO TOTECHI[IOMETpa:

HE — HopMmanbsHuii enement; PJ[ — pesepcuBHuil asuryH; bP — 610k
perymoBanHs; BC — 610k curnamizamii

Po3rnsHyTi BMIE CXEMH Ppeasli3ylOThCSl B E€JIEKTPOHHUX
ABTOMATHYHUX CTAIIOHAPHUX MOTeHIioMeTpax (puc. 3.7).

Ha BiaMiHy Bix 1a0opaTOpHUX MEPEHOCHUX MpUIIaJliB
JBIDKOK PEOXop/ia aBTOMAaTHYHUX €JICKTPOHHUX TOTEHIIIOMETPIB
NEepEeMIIIaeThbCsl HE BPY4YHY, @ aBTOMATUYHO 3a JOMOMOTOIO
CHeliaJbHOTO MpucTporo. [Ipu oMy HyNIbOBUN THpuiaja, SIKAN
HoKazye
HeOaTaHCOBHI CTpyM BUMIPIOBAJILHOTO JIAHIFOTa
MOTEHI[IOMETpa,
3aMIHEHUN €JIEKTPOHHUM HYJIb-1HIUKATOPOM, IO CKJIAJAE€THCS 3
€JIEKTPOHHOIO MiJCUIIIOBaYa 1 PeBEPCUBHOIO JIBUTYHA. 3a 3MiHi
TEPC TtepMomapu B JaHII031 3'SBISE€TbCA IOCTIMHA Hampyra
HebanaHcy, sKa MEepeTBOPIOETHCS 1 MiJCHIIOEThCS 0 BETUUYUHU
JOCTATHBOT ISt 00epPTaHHS pOTOpPA PEBEPCUBHOTO JBUTYHA.

OcrtanHiii 3a J0NOMOrol0 KIHEMAaTHYHOTO MEXaHi3My
nepeMiliae TBMKOK pPEOXOopAa 3aleKHO BiJ 3HaKa HaNpPyrd
HebOanaHCy B TOM 4M IHIIMHA OiK, aBTOMAaTHYHO BPIBHOBAXKYIOUH
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BUMIpIOBaJIbHY cxeMmy. OJHOYacHO 3 JBHXKKOM peoxopja
MEePEMIIIAIOTHCS CTPUIKA, MO TOKa3ye, 1 3amucyrode mepo. Y
MOTEHI[IOMETPI  BHKOPHCTOBYEThCS MOCTOBAa BHMipIOBaJbHA
cxema, sika 3a0e3rnedye BUCOKY TOYHICTh 1 UYTJIMBICTDh TPHIIATY
Ta JI0O3BOJIIE ABTOMATHYHO YBOJUTH BHIIPABJICHHS Ha 3MiHY
TEeMIepaTypu XOJOJHMX CHaiB TepMonapu, a TaKOX JErko
3MIHIOBATH MEXKi BUMIPY 1 TPalyIOBaHHS LIKAJIM TPUIIALY.

Bci omopu BUMIiprOBaibHOI CXeMH IMOTEHIIIOMETpa, KpiMm
Rm (puc. 3.7), BukonaHi 3 manraniny. Omip Ry 1 Xomoani cnai
TepMonapy MOBHUHHI 3HAXOIUTUCS IIPH OJTHAKOBIN TeMIiepartypi i
pO3TalIOBYBAaTUCS TOPYY 13 KJIEMaMH JUIS  BKJIIOYCHHSA
TEepPMOIMapH.

BumiproBana EPC Tepmonapn KOMIEHCYETHCS CIIaJaHHIM
HAIlpyru Ha onopi Ry, BennunHa SKoro 3anexuTs BiJl MOJI0KEHHS
nBuwkkKa peoxopna. Skmo EPC TepMmonapu HE IOpIBHIOE
[a/IIHHIO HANPYT'W Ha 3a3HAa4€HUX OINOpax, TO PI3HUI HAIpYT,
0 3'SIBJISETHCS HA BEpIIMHAX BUMIPIOBAJILHOIO MocTa b i d,
MOJIA€TbCA HA KacKajJ IEpeTBOPEHHA, SIKUM CKIaJaeTbes 3
BiOpariifHOro mepeTBoproBayva i BXigHoro Tpanchopmaropa.

VY kackaZl NepeTBOPEHHS MNOCTIHHMNA CTPyM HAaNpyroro
01J1 KUIBKOX MUTIBOJIBTIB IEPETBOPIOETHCS HA NepeMiHHMM. [laii
NEepEeMiHHUNA CTPYyM HiJACHIIOETHCS 3@ HANPYTOlO 1 MOTYKHICTIO
70 3HAYEHHs, JOCTaTHBOTO JJIsi OOepTaHHS pPEBEPCHBHOTO
JIBUTYHA.

PeBepcuBHuii  ABUTYH o0O€pTaeThCs TO TOJWHHUKOBIM
cTpumi abo mpoTH Hei (3aleXHO Big 3HaKa posdalaHcy),
nepecyBae JBIDKOK peoxopia 1 THM CaMHM YCTaHOBIIOETHCS
piBHOBara BUMIpIOBaJIbHOI cxemMu. Ilpu 1mpomy Hampyra
BHUMIPIOBAJIbHOI CXEMH, 1[0 KOMIIEHCYE, 3a 3MiHI TeMmIepaTypu
3MIHIOETBCSL HA Taky X BeanuuHy, sk 1 EPC Tepmonapu, ane 3i
3BOPOTHHM 3HAaKOM. 3a pIBHOBard BHUMIPIOBAJIBHOI CXEMH
peBepcUBHMI IBUTYH oOepraTucs He Oyne, TOMy IO Ha BXiX
KacKaJy TIepEeTBOPECHHS HANpyTa HE MTOAA€ThCS.

JUisi yCyHEHHS TMEepelIkoj, IO BHUHUKAIOTh Yy JIAHI031
TEepMOIIapH, Ha BXiJ NOTEHILIOMETpa MiJKJII0UEeHUN QUIbTp, SIKUI
CKJIaJJa€THCS 3 OMOPIB 1 KOHJIEHCATOPIB.
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KoHnctpykTuBHO MOTEHIIIOMETP SBIISIE coboro
CTaIllOHAPHUM TPUIJIAJl, YC1 BY3JIM SKOTO PO3MIIIEHI y CEpeInHi
CTaJIeBOTO KOpIyca.

ABTOMaTHYHI  NOTEHLIOMETPH, IO  BUIIYCKAIOThCA
MIPOMHUCIIOBICTIO, MAIOTh OJJHAKOBY HPUHIIUIIOBY BUMIpIOBAJIbHY
CXeMy, aje pI3HOMaHITHE KOHCTPYKTHBHE BHMKOHaHHS. Bonu
BiJPI3HAIOTHCA 3a rabapuTamu, TUIIOM Jiarpamu,
IpajlylOBaHHsAM, MeXaMM BHMIPY, BHJaMH  JIOJATKOBHUX
npuctpoiB Tomo. Ha paHuil yac NEepeBa)KHO BUIIYCKAIOTHCS
BxinHi B cucremy ['CII aBromarnuni nmorenmiomerpu cepii KC:
KCII1, KCII2, KCII3, KCI14, a Takox KIIIT1, KBIT1, [ICM2.

3.3 baratoTokoBi MOCTH i mOTeHLioMeTPH

ABTOMAaTHYHI MOCTH 1 TIOTCHI[IOMETPU 3 JHCKOBOIO
JiarpaMoro CIyKaTh JUIsl BUMIpY, 3alUCy 1 peryJIIOBaHHS
TeMIeparypu B ofHiil Touri. [Ipu BuMipi B 1BOX, TpbOX 1 Oinbiie
TOYKAaX 3aCTOCOBYIOTHCS KUTbKAa OJHO TOYKOBUX mpmiamiB. Lle
3I0pOXKYE TEXHOJIOT1YHY YCTaHOBKY, YCKJIaTHIOE
oOCIyroByBaHHsST ¥  yTpyHHsS€ 3ICTaBICHHS  Pe3yJbTaTiB
BUJaBaHOi iHQopMaIIii.

3anmuc y TONAPHUX KOOpJAWHATaX MEHII HAOo4YHAa, a
IIBUAKICTE OOEpTaHHS JiarpamMu MOCTiHA 1 BIZHOCHO Mana.
[Ipunagn 3 00epTOBOIO MIKANOK 1 HIKAJIOK, IO IMOKa3zye, He
nependayvaroTh 3aMucy.

3 METOI0 BHKIIOYEHHS LUX HEIOJIKIB 3aCTOCOBYIOTHCS
0araToTo4eyHi MpUJIaaWd 3 3alMMCOM Ha CTPIYKOBIA Aiarpami.
Bonu mpusHaueHi Uil BUMIPY, PpETryJIOBaHHS 1 3alucy
TeMreparypu B 3, 6, 12, 24 toukax.

[IpuHIMIIOBI  BHUMIpIOBaJIbHI ~ CXe€MH  0araTroToOYe4HUX
ABTOMATUYHUX MOCTIB 1 TOTEHIIIOMETPIB HE BIAPI3HSIOTHCS BiJ
BUMIPIOBATBHUX CXEM OJIHOTOUEYHMX TpwiaaiB. Ha BiamiHy Bif
OJTHOTOYEYHHX
npuiaaiB 0araTOTO4YEeUHI MAlOTh BIJMIOBIHE YWCIO YYTIMBUX
enementiB (TC a6o TII 3, 6, 12, 24 ..), mo 3a JOIMOMOTOIO
0araTono3uIifHOTO JIBOTOJIOCHOTO IEepeMUKavya 1o 4ep3i
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BKJIIOYAIOTHCA Y BHUMIPIOBIBHY CXEMY 1 BHUMIpPIOIOTH 3MiHY
rapamMeTpa y BiJIITOBIIHIN TOYII.

JIBOXITOJIFOCHUH 0araTono3uLiHHIHA nepeMuKau
KOHCTPYKTMBHO BUKOHAHH 3 KIJIbKOX Iap HIKEJIeBUX Jamenel 13
JIBOMa CTPYMO3HOMHUMH KUTBISIMH, BKIIOYCHHUMH B MOCTOBY
cxemy. Cxema eleKTpo3’€HaHb BU3HAYAETHCS KUIBKICTIO TOUOK
BuMipy (1, .., n). 3'egHanHs mnaHened 3 CTPYMO3HOMHHUMH
KUIBIIIMU  3I1MCHIOETBCA 32 JIONIOMOTOI PYXJHUBHX CpPIOHUX
KOHTAKTiB Ha 00IrOBOMY MPUCTPOI.

bararono3uniiftauii mepeMuKad Moke OyTH BUKOPUCTAHUI
y cHCTeMaxX AaBTOMAaTHUYHOIO KOHTPOJIIO OINUTYBAIBHOTO THUILY
(puc. 3.8).

Ipunan, mo
............. NoKasye

Bararono3uuiiinunii
HepeMl/IKa‘[

Tepmonapu

Puc. 3.8 — CucreMa aBTOMaTUYHOTO KOHTPOJIO OMUTYBAJIBHOIO
TUITY

binbmr  mmpoke  3acTocyBaHHA ~ BiH  3HAMIIOB B
aBTOMAaTHYHUX 0araTOTOYKOBUX TpWiIagax. bararoTouykoBuid
eJIEKTPOHHUM aBTOMAaTWYHUU MicT (puc. 3.9) 3abe3nedye BUMIp
TEMIIEpaTypy MO 4ep3l B KOKHOMY 3 TEPMOMETpPIB OIMOPIB, 110
1 AKITI0OYaI0THCS 6araTono3uLiiHIM NEPEMUKAUEM.
[lepemimenHss ~ 006iroBoro  MPUCTPOIO  HA  BKJIIOYEHHSA
TEPMOMETPIB ONOPIB 3/1HCHIOETHCSI aBTOMAaTUYHO CHHXPOHHUM
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aBUryHOM. llpu BKIIIOUEHHI KOXKHOTO 3 TEPMOMETPIB OMNOPIB
BUMIp 3AIHNCHIOETBCS, $K OJIHOTOYKOBUM TpmiaamoMm. Jleska
BIIMIHHICTh  CIIOCTEPIraeThcsi B poOOTI cHCTEMH BUadi
iHdopmartii, 00yMoBIeHa OCOOIMBICTIO i1 KOHCTPYKIIII:

— IKaja JTHIHHA 1 BUDIIK  3IIACHIOETBCS — TICIHA
3pIBHOBKCHHS CHUCTEMH TI0 PO3TAIlyBaHHIO CTPUIKH, IO
MOKA3YE;

— 3amMcC 3IACHIOETHCS TEPIOAUYHO BiAMOBIIHO 3aJIaHOTO
gacy nukiay BuMipy (1, 3, 5, 10, 25 ¢) npykyro4or KapeTKoro;

— JpyKyrouda KapeTka Ha NpodiabHIN JiarpaMHiil cTpidli
npykye cumBon (1; 2 ..), IO O3HAYa€E TOYKH BIJUTIKY
TEeMIIepaTypy i HOMEp JaTYHKa.

Puc. 3.9 — IlpunnunoBa cxema 6araTOTOYKOBOTO €JIEKTPOHHOTO
ABTOMATUYHOTO MOCTa:

1 — Tepmomerp omopy; 2 — BHMIpIOBAIBHMH MiCT; 3 — peoxopx;
4 — Oararomo3uLiHHUN NepeMHKad; 5 — eNeKTPOHHMH MiACHIoBad; 6 —
peBEpPCUBHHI IBUI'YH; 7 — CHHXPOHHHMH JBUTYH; 8 — IIKaja BLWIKy; 9 —
JIpyKytoda KapeTka; 10 — miarpamHa cTpiuka

ABTOMAaTHYHI 0araTOTOYKOBI IOTEHIIIOMETPH MAIOTh SIK
JaTYUKH — TEPMOMNApH, a METOJ| BUMIPY MOTEHIIIOMETPHYHUH.
He3Bakaroun Ha oueBUAHI JOCTOTHCTBA LUX MPHUIAAIB 1 HIUPOKY
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MOIIMPEHICTh iX y MpPaKTULl aBTOMaTHU3alii MNepioJUYHICTh
BUMIPY TeMIEpaTypy 1 BIAMOBIIHO BiJCYTHICTH B OIlepaTropa
iHpopmarii B
BU3HAYCHUH Yac HaKJIaJla€ OOMEKEHHS Ha TX BIIPOBAKEHHS JIJIs
aBTOMATMYHOTO  3aXHCTy UIBHAKOPYXJHMBHX IIOXKEXKO- Ta
BHOYXOHEOE3MEYHNX TEXHOJOTIYHHUX IPOIIECIB.

3.4 Eaexkrponni audepenuiiino-rpancgopmarophi
npuJaaau

Enextponni audepeHiiino-TpaHcGopMaTOpHi TPHIIaIN
MPU3HAYCHI JJIs1 aBTOMAaTHYHOTO BUMIpY, 3aIMCy 1 peTyIIOBaHHS
PI3HUX HEENIEKTPUYHHUX BEIHYUH (THUCKY, PO3PSIKEHHS, PIBHS,
BUTPAT TOIIO), 3MiHAa SKHX MOXe OyTH TIepeTBopeHa 3a
JOTIOMOTOI0 ~ YYTJIMBUX €JIEeMEHTIB (MeMOpaH, CHiIb(OHIB,
nruMaHOMETpiB, TOIUIABLIB Ta iH.) HA JIHIHHE MEPEeMIIICHHS.
[Ipunagy 1pOro TUMY MPAIIOIOTH Y KOMIUIEKTI 3 1HAYKUIHHUM
JaTYUKOM, w0 3a0e3nedye IepeTBOPEHHS HEeNeKTPUYHOI
BEJIMYMHU Ha ENeKTpUuHy. JlaTuMK 3 YyTIMBUM €IEeMEHTOM
MOHTY€ETBCSI B 00'€KTi, Ha SKOMY 3IIHCHIOETHCS aBTOMATUYHHUA
KOHTPOJIb UM PETyNIOBaHH. BumiproBanbHUI MPUCTPIN IpUIaLy
BUKOHAHUH 3a nudepeHIiiHO-TPaHCHOPMATOPHOIO
(irmykuiiHoro) cxemoro (puc. 3.10), sika CKIagaeTbes 3 TBOX
THIYKIIAHUX KOTYIIOK, BKJIFOUEHUX BIJMOBITHUM YHHOM B OJIHY
CXeMy 1 pO3TalloOBaHUX OJIHA B IHAYKIIHHOMY JaTYMKY, 1HIIA — Y
TpHIIal.

KoxHa KoTylIKa Mae Mo OJHIM MepBHHHINA 1 BTOPHHHIN
oOMortui. ITepBrHHAa 0OMOTKA XKUBUTHCS EPEMIHHOIO HANPYror0
33 B Bix TpaHcdopmaropa miJICHIIoBayva.

BtopunHi OOMOTKM BHKOHaHI y BUTJISAMI JBOX CEKIIIH,
KO)KHa 3 SKUX pO3TallloBaHA Ha TIOJOBUHI BCI€T JOBXKHHU
KOTYIIIKH 1 MA€ OJTHAKOBY KUTbKICTh BUTKIB. KiHIIl KOXHOT CeKIIil
BTOPUHHOT OOMOTKHM 3'€HaHi Mik coborw Tak, mo EPC, ska
IHIYKYEThCS B OJHIN 13 CEKIIIH, Mae HampsMoK, 3BopoTHiid EPC,
gKa 1HIYKYeTbCcs B 1HIIIN. YcepeauHi KOXHOT KOTYIIKH €
CepACYHNK, BAKOHAHUI 3 M'SKOTO 3aTi3a, TOBKUHA SKOTO MEHIIE
KOTYIIKH, 1110 3a0e31edye MOXKJIMBICTh HOTO MepeMilleHHs .
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Puc. 3.10 — Inaykiiiiina cxema BUMIpY:

1 — nepBuHHA 0OMOTKA; 2 — BTOpUHHA 0OMOTKA; 3 — CEpIACUHHK

i

'IZTZZZ. g PO

Puc. 3.11 — IlpuHmumoBa cxema eJIEKTPOHHOTO MpHIaay 3
THAYKLIIHOIO CXEMOIO:

C — cunbdon: I1]] — npodinsoBanmii auck; PJ] — peBepcuBHUIA ABUTYH;
CJl — CUHXpOHHHUH IBUTYH

Komm CCPACUYHHUK 3HAXOIUTHCA B KOTYIJ_II_Ii B CCPCAHBOMY
nonioxkeHHl, EPC, mo iHaykyeTbcs B KOXKHIN 13 CEeKUiH, piBHI,
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CIPSIMOBaHI Ha3yCTpid OJHA OAHIM 1 B3aEMHO KOMIICHCYIOTHCS.
Mix Ha4yajgaMy BTOPUHHMX OOMOTOK HaIpyru He OyJie, OCKIIbKU
0o0M/IBI KOTYHIKM 3'€IHAaHI TOCITIJOBHO 1 BUpPOOIIOBaHI B HHX
EPC cmpsMoBaHi TakoX Ha3ycTpid oOJHA OAHIA, TO ¥
pe3yNbTyo4a PI3HUI HANpyrd Ha BHXIJHUX 3aTHUCKaX
BUMIPIOBAJILHOI CXEMM €JIEeKTPUYHO YpiBHOBaXKeHa. SIKIIO X
CepACYHMK 3MICTHTHCS BiJ] CEPEIHBOTO MOJIOKEHHSI IT1]1 BIULTUBOM
YyTJIMBOTO  ejleMeHTa  (YHaclHioK 3MIHM  peryJibOBaHoOl
BEIMYMHM), TO MATHITHUH TOTIK, IO MPOHHU3YE BTOPUHHY
0OMOTKY, BHUSIBHUTBCS PI3HUM JJIsI CEKIIId, y pe3yJbTaTi 4oro
EPC, mo innykytotbcs B HuUX, He Oynyte piBHI (EPC oxniei
30imbIIYETHCS, Apyroi 3MeHmnyetbes). ®aza 1  BenuuMHA
pe3ynbTytouoi EPC 3anexuTh Bil HaNpsIMKY 3CyBY CEpICYHHUKA.
[Ipu 3MiHax MONIOKEHb cepAeyHuKiB y Korymkax [ i II 3'sButhcs
Hampyra HeOajaHCy, SKa TOHAETHCS HA BXIJ EJIEKTPOHHOTO
migcuioBava (puc. 3.11).

[locunenuii curHam MOJA€ThCS HAa OOMOTKY YIpaBITiHHSA
PEBEPCUBHOIO JABHUIYHA, POTOpP SKOro, 00EpTalOUUCh, IyCKA€ B
X1/1 yKpiIUIeHu# Ha WOro oci mpodilbOBaHUHM JUCK 1 CEPIACUHUK
koTymkH Il y 6ik 3MEHIIeHHs HEeYy3TroKeHOCTi 10TH, noku EPC
I 1 II xorymok He Oynyrb piBHI. OJHOYAaCHO pEBEPCUBHUI
JBUTYH IyCKa€ B XiJ| CTPUIKY, IO MOKa3ye, 1 3alUCyI0Ye Mepo.
CHHXpOHHU IBUTYH CIPUUYUHSE OOEpTaHHs AlarpamH.

[TpomucinoBicTiO BUITYCKAIOTHCS €JIEKTPOHHI
MOTEHIIOMETPH 1HAYKIIIIHOT /i1 3 3a1MMCOM Ha JUCKOBIiH aiarpami
31 MIKaJoOK, IO IIOKa3ye, HOpPMaJlbHOrO abo TPOMIYHOIO
BukoHaHHs: KCI[1, KC/2, KC3, KBIIJ (i3 cepii ['CII).
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PO311J1 4. ABTOMATHUYHI CUCTEMU
BUBYXO3AXUCTY

4.1 3aranbHi BizomMocTi npo cucreMu BUOYX03aXHCTY

Jnist 3axucTy BiJ BUOYXiB BUKOPUCTOBYIOTHCS aBTOMATHYHI
cuctemu npuaymeHHs Buoyxis (ACIIB).

ACIIB npu3HaveHi misg BHOYX03aXHCTY TEXHOJOTIYHOTO
yCTaTKyBaHHA (y SIKOMY € 3aMKHYT1 00’€MH, IO MICTSTh HaJIbHI
CyMillli), SIKe eKCILTyaTy€eThCs y PI3HHUX Tally3siX MPOMHUCIIOBOCTI,
3a BUHSATKOM BUPOOHUITB BUOYXOBHX PEUOBHUH 1 OO€npunacis.

Y  XiMi4yHIi TPOMHCIOBOCTI 3aCTOCOBYETBCS CHCTEMa
€JIEMEHTIB aKTUBHOT'O BUOyxo3axucry ,,J1lut”, Ha npuxiiazai skoi
pPO3IJISIHEMO  NPUHUMIM  [OOYJOBM  aHAIOTIYHMX 32
MPU3HAYEHHSAM CHCTEM.

Cucrema enementiB aktuBHOro BuOyxozaxucty (CEAB)
,LUT” — 11e QyHKIIOHATBHO TIOBHUA HA0Ip TUTIOBUX EJIEMEHTIB i3
B3a€EMHO IIOTO/UKEHHMM BXITHMMH 1 BUXIJHUMU HapaMeTpamH,
akuil  no3Bonsie  komronyBath ACIIB s BuOyxozaxucry
BUPOOHULTB 13 OYyAb-KOI0 KUIBKICTIO BHOYXOHEOE3MEYHOrO
TEXHOJIOTTYHOTO YCTaTKyBaHHSI.

ACIIB 1nocTiiHO NpalTh y PEeXUMI OYIKYBaHHS 1
NPUBOAATHECS Yy [0 TPU Clajaxy CepeioBUINAa B OIHOMY 3
TEXHOJIOTIYHUX amnapaTiB, IO 3axXHUINAIOTHCS, 3iHCHIOIOYN
aKTHUBHE MPUIYIIEHHS 1 JOoKajii3alito BUOyXy Ha paHHIN cramii
HOr0 PO3BUTKY.

Ho cxknany CEAB Ilutr” BxoasaTh BUOYyXOpeecTpyroua
armapaTtypa 1 BAKOHaB4l1 IIPUCTPO].

Jlo ckiaxy BUOYXOpEECTPYIOUOT armapaTypu BXOASITh: OJIOK
kepyBanHs bK-2, ingukarop BuOyxy IB-1, curnamizarop
nonyMm's ,,Cupiyc” 1 npuctpiit komanauuit [1K-1.

BukonaBunmMy npuctposmu, mo BxogaTh 10 cknany CEAB
,LuT”, €: rizporapmaru (T'D-5, I'TId-10),
nonym'simpuaynryBadi nopoukoni (ITI1-5, TIT1-10), 3pourysaui
(AT-15, AT-30, AO-B-15, AO-B-30), momym'sBincikaui (I1O-
100, ITO-150, I10-200, I1O-250, ITO-300, I10-350, ITO-11II-
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100, I1O-11I-150, ITO-111-200, ITO-111-250, IIO-11M-300,
[1O-1111-350).

[punmun naii ACIIB mnonsirae B HactynmHoMmy. I[lpum
3amaneHHi cepenoBumia B amapari 1 (puc. 4.1) momym's
BUSIBIISIETBCS 3a JOIOMOIOI0 1HAMKAaTopa BHOYXy 6, 110 depe3
0JIOK KepyBaHHsS 7 IyCKae B XiJ BUKOHaBYI mpuctpoi 3 1 4, ski
BIIOPCKYIOTh Yy MOPOXKHUHY amapaTta BOTHeracHy piguHy. Kpim
TOTO,  SIK  BHKOHaBYl  MHPHUCTPOI  CHUCTEMH  MOXYTh
BUKOPHUCTOBYBATHCS NOMXyM'siBiicikaui 5 1 3pomyBad 2, mI0
3armo0iraloTh  MOLIMPEHHIO  TMOJYM'S 1O  TEXHOJOTTYHHX
KOMYyHIKaIlisx B iHmi amapatd. Ha puc. 5.1 mnokazanuit
HainmpocTinmii Buna ok BUOyx03axucTy OAHOTO anapara.
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Puc. 4.1 — Cxema posmimienns enemenTiB CEAB ,,I1lut” Ha amapari:
1 — amapar; 2, 4 — 3pomryBaui; 3- rigporapMara; 5 — TOJXyM'ABijcikadi;
6-innuKaTop BUOyXy; 7 — OJIOK KepyBaHHS

ACIIB MOXyThb 3aCTOCOBYBATHCS Ui 3aXUCTy LUIUX
BHUPOOHUIITB, 10 BKJIFOYAIOTh OyIb-AKy KUIBKICTH
BHOYXOHEOE3MeUHHUX anaparis.

[TepeBaroro croco0y BHOYXONMPUIYIICHHS B MIOPIBHSIHHI 31
CKMJAHHSAM THCKYy BHOYXy uYepe3 3amoODKHI MpHUCTPOi €
BIICYTHICTb ~ BHKHAIB B  arMocdepy  TOKCHYHHX 1
BUOYXOHEOE3MEeUHUX MPOAYKTIB, Trapsyux Ta3iB 1 BIIKPUTOTO
MOJIyM'sl.

4.2 BuOyxopeecTpywoua anaparypa

Bubyxu B 3aMKHYTMX @pPOCTOpax CYyNpPOBOIKYIOThCS
CBITJIOBUM BHIIPOMIHIOBAaHHSIM, NIJBULEHHAM TEeMIIEpaTypH 1
THCKY, a TAaKOXK 10HI3aIli€l0 Ta3y, TOMY 1 3HAlTH BUOYX B amapari
MOXKHa 3a KOXHHMM 3 [UX 3O0BHIIIHIX MposBiB. [HAMKaTOopm
BUOYXY SIBISIIOTH COOOO0 TMPHUCTPOI, M0 MEPETBOPIOIOTH OJHUH i3
3a3HaYCHHX IMapaMeTPiB HA eNEKTPUYHHUNA CUTHAIL

Hns  BusBnenHs  BuOyxiB y CEAB  "ut"
BUKOPHUCTOBYIOTHCS J[Ba TUITH 1HIUKATOPIB BUOYXY:

— CHUTHAJI3aTOp TEIUIOBOIO BHUIIPOMIHIOBAHHS TOJIYM's
«Cupiyc», 10 pearye Ha 30UIBIICHHS  E€HEPreTUYHOI
OCBITJIEHOCTI B 4aci;

— 1Haukatop BuOyxy IB-1, mo mnpeacrasise co6oro
nudepeHiiagbHe KOHTaKTHE pelie TUCKY, 110 pearye BiANOBIAHO
Ha 3aJaHy BEJMYMHY THCKIB 4YM Ha 3aJaHy IIBUIKICTh
TT1JIBUILICHHS TUCKY.

Curnanizatop TEIUIOBOIO BHUIPOMIHIOBAaHHS  IOJIyM's
«Cupiyc» 1 iaukarop BuoOyxy IB-1 3a momomororo kaGempHUX
JiHIH 3B'3KY 3'€qHYIOTHCS 3 O0J0KOM KepyBaHHs bK-2.

bnok kepyBanns BK-2 npuiimae curaanu aBapiiiHOCTI Bif
curHaiizaropa nonym's «Cupiyc» Ta inaukaropa BuOyxy IB-1,
BHJIa€ KOMaHJHI CHUTHAJM Ha BUKOHABYl MPUCTPOI 1 3MIMCHIOE
0e3ynuHHUN KOHTpoJib cripaBHOCTI Beiei ACIIB.
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Jlo ckimamy BHUOYXOpEECTPYIOUOi amapaTypu BKJIIOUYEHUN

koman Ui npuctpiit KII-1, mo npeacrasnse co0o0 iHAUKATOP
MIBUAKOCTI  MIJBUIICHHS  THCKY, SKHA HE  MOTpedye
€JIEKTPOKUBIICHHS, 3/IaTHUI T€HEpYBAaTH MOTYTHIM KOMaHIHUI
IMITYJIBC,
JOCTaTHIN JUIsl CHOPalbOBYBaHHs HE OUIbLIE TPhOX BMKOHABUYMX
npuctpoiB. lle mae MOXIMBICTD KOMIIOHYBATH  CIPOILEHI
nokanbHi aBToHOMHI ACIIB 0e3 3actocyBaHHs OJIOKY KepyBaHHS
1 IOBrux KaOeNbHUX JIiHIN 3B'SI3KY.

Curnanizatrop mnonym's «Cupiyc» NpU3HAYCHUN IS
curHamizamii 30UTbIIEHHS EHEPreTUYHOI OCBITJICHOCTI Ha
BeJINYUHY | Br/M’ 3a yac, 110 3HaxXO0IUThCA B MexKax Big 3 mo 20
MC y Jiana3oHi eHepreTu4Hoi ocBiTieHocTi Bix 0 mo 10 Br/m?.
CursamizaTop KOHCTPYKTHBHO CKJIIQJIa€ThC 3 JBOX OJIOKIB:
MEPETBOPIOBAYA BUMIPIOBAILHOTO 1 OJIOKY KEpyBaHHS.

IlepeTBOoproBad  BUMIPIOBAIBHUN  NpU3HAUYEHUH  JUId
3aCTOCYBaHHS y BUOYXOHEOe3[IeUHHUX YCTaHOBKaX.

brnok kepyBaHHsS BIJHOCHTBCA JI0 €JIEKTPOYCTAaTKyBAaHHS
3araJlbHOTO TPHU3HAYCHHS 1 TOBHHEH YCTAHOBIIIOBATUCS T1032
BUOYyXOHEOE3eYHUMH 30HaMHM TMPUMILIEHHS 1 30BHIMIHIX
YCTaHOBOK.

Curnanizatop «Cupiyc» € onTuyHUM 1HGpPavyepBOHUM
NepeTBOPIOBAYEM I'PaHUYHOTO 3HA4YeHHS 3011bIIEHHS

1H(pauepBOHOTO BUITPOMIHIOBaHHS B JVCKPETHAN
NpONMOpUIMHUN  enexkTpuyHuil curHan  (puc. 4.2). Sk
XapaKTePUCTUKY YyTIUBOCTI CUTHaJII3aTopa oOpaHo

€HEepreTUYHy OCBITJIEHICTh, IO XapakTepu3ye IOBEPXHEBY
IIIBHICTh TOTOKY BHUIIPOMIHIOBAHHS, Yy IUJIOUIMHI 3aXHMCHOTO
BIKHAa CHUTHadi3aTopa. BumpomiHioBaHHS Biix MNOIyM's depe3
3aXMCHE CKJIO 3 Tmomnajgae Ha NpuiiMad BUIPOMIHIOBaHHA 4 3
MaKCHMaJbHOIO YyTJIMBICTIO B OmmkHid [Y-o0macTi crmekrtpa
(1,1-2,5 wmxwm). IlpuiiMau BHUIPOMIHIOBAaHHS BKJIIOYCHUH Yy
MOCTOBY CX€MYy 1 TMEpeTBOPIOE ONTHYHHA CHTHAI Y
NpONOPLIHHUI oMy enekTpudyHui curHan. OcTaHHIA dYepe3
PO3IIJIOBUM KOHAEGHCATOp TMOJAE€ThCS Ha MiJCHIOBaY S5 i
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TPaHWUYHUA TPUCTPIA 7, HA BUXOMl SAKOTO 3'SBISIETHCS
OIMHOYHUN EJEKTPUYHUI IMIYJIbC, IO KEpye CHUTHATI3YIOUUM
IIPUCTPOEM 8.

VY mpucTpoi, MmO CHUTHAJ3ye, PO3MUKAIOTHCS KOHTAKTU
pene, y naHIor sskux yepes3 0ok kepyBanuss CEAB ,,11ut” (BK-
2) 9  BKIWYECHHWA  MmipomaTpoH, IO  BXOAUTh Y
BHOYXONpUAyIyrouuit npuctpii 10.

/il ] Il
1/ ;/ 1’ I! m/ !r
NN

> nn <L <

10

Puc. 4.2 — IIpunuunosa cxema curHaiizaropa ,,Cupiyc’:

1 — curHamizarop; 2 — BHUIPOMIHIOIOYHMHA JioA; 3 — 3axWCHE CKIIO;
4 — mnpuitmau [Y-BumpoMmiHIOBaHHS;, 5 — MiAcCWIOBadY; 6 — TeHEpaTop
KOHTPOJBHHUX IMIYJBCiB, 7 — TIOPOTOBHA WPHUCTPiH; 8§ — CHrHAIBHUA

npuUcTpiid; 9 — 610K KepyBaHHsT; 10 — BUOYXONPUAYLIYIOUHH IPUCTPIil.

3aBJSKM HAsBHOCTI PO3JIOBOrO KOHJIEHCATOpa, IO He
MIPOITyCKa€e MOCTIMHY CKJIaJOBY CHUTHAly, Ha BXiJ MIJCHJIIOBaya
HAJIXOJUTh  €IEKTPHYHHA CUTHAI TUIBKA  BiJl  HIBHIKO
HapOCTal4yoro BUMPOMIHIOBaHHA. TOMY CUTHAIII3aTOp HE pearye
Ha CTabUlbHYy 4YH TOBUIBHO 3MIHIOBaHY 1HTEHCHBHICTb
BUNIPOMIHIOBAHHS, sKa HE XapakTepHa s BuOyxy. Lle
3abe3mnedye HeoOX1THUN 3aXUCT BT XUOHUX CIIPAIIOBAHb.

Y  cursamizarop  BOygoBaHa  cXemMa  KOHTPOJIO
HECIIPAaBHOCTI, fKa CKJIQJa€ThCsA 3 TIeHeparopa IMIYNIbCIB 6 1
BUNIpOMiHIOIOWOTO  mioga 2.  ['eHeparop  BHmae  Ha
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BUMPOMIHIOIOUUH 107 IMIYJIbCH TPHUBATICTIO 2-3 MC uepes
KokHI 500 Mc. IMITynbCH BUIPOMIHIOBAHHS A10/a Yepe3 BXinHe
BIKHO TIONAJAIOTh Ha MpUiMav, a BIANOBIAHI 1M CHUTHAIIU
npuiiMava Mmicas MiACUIIOBa4a 5 1 TPAaHUYHOTO TMPHUCTPOIO 7
HAJXOASTh Ha IHAUKATOP CIPAaBHOCTI curHaiizaropa. [lpu upomy
Ha 4Yac NPOXO/PKEHHS KOHTPOJBHOTO IMIYJIbCY OJOKY€ThCS
NpUCTPii curHamizaiii 8. SIKIo B curHamizatopi 3'SBUTHCS sSKa-
HeOy/lb HECHpPaBHICTh YHM BiAOyHEThCS CHIIbHE 3a0pyaHEHHS
BXIIHOTO BiKHA, TO KOHTPOJIbHI IMITyJbCH HE MPOUAYTH IO
BUMIPIOBJILHOMY TpakTy 1 Ha TMepeAHii mnaHemi OJIOKy
KepyBaHHs CUTHaJi3aTopa CIIpalLoe 1HIMKATOP
«HECIIPABHICTb», 6yne noganuii curnan Ha 010K KepyBaHHS
BK-2 g BiAmoBiHOT curHanisanii.

Bbioxk kepyBaHHs cur”aidizatopa mnoaym's «Cupiyce»
NPU3HAYCHUH U TIEPETBOPEHHS IMITYJIbCYy HANpyrH, IO
HAIXOAUTH 3 TIEPEeTBOPIOBAaYa Yy BUXIAHWHA CHUTHAI, Ui
dbopMyBaHHS KOHTPOJBHUX KOMaHJA 1 IXHBOrO aHai3y,
Bi3yaJibHOI 1HIMKALII{ 1 )KUBJICHHS CUTHAJI3aTOpA.

Texniuna xapakTepucTHKa curHajiizaropa «Cupiyc»

HominanpHe  3HayeHHs  30UIBLIEHHS ~ €HEPreTUYHOI

OCBITJIEHOCTi, 3a SIKOI CIpalbOBYE CHUTHAII3aTOp 3a dYac, IO
3HAaXOJINUThCA B Aiana3oHi Big 3 mo 20 Mc, Br/m?

Yac 3ani3HoBaHHA (iHepuiiiHicTh) cUrHaJi3aTopa Bin

. . He OinbIne 20
MOMEHTY T0Ja4i 10 MOMEHTY BHIA4i CHTHAJLY, MC

Kyt ornany (kyT noss 30py), rpaj He MmeHIe 90
CrexTpalbHH iama3oH, MKM Big 1,1 5o 2,5
MinimManeHa ~ moBepxHa ~— monym's,  ska 0,07

2
peecTpyeThes , M
YMOBH eKcIuTyaTallii curajizaropa:

— JUIA IEPETBOPIOBAaYA BUMipIOBaIbHOTO, °C -50 ++50
— 1715t O110Ky KepyBanHust, °C +5 ++50
BignocHa Bonoricts, %:

— J17151 IEPETBOPIOBavYa BUMIPIOBAJILHOTO 30% + 95%
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— i OJI0KY KEepyBaHHS 30% + 80%
Hannumkosuit Trck B amapati, MI1a 0,04 + 0,35

Inpukatop BMOYXy IB-1 € cramioHapHUM MPUCTPOEM
O0e3ynuHHO1 nii mpu3HaueHud it (ikcarii Mmov4aTkoBOi cTajii
BHOYXY MHJIONOBITPSHOI CyMimn 3a 30UIbIIEHHSM THUCKY B
TEXHOJIOTIYHMX  amaparax  (TEXHOJOTIYHUX  JIHIAX). 3a
MPUHIAIIOM Jii 1HIUKATOp BITHOCHUTHCA 10 IU(EpeHIliaTbHIX
KOHTAKTHUX pelieé THCKY 1 XapaKTepH3yeTbcs BHOIPKOBICTIO 10
JUHAMIYHUX BILUINBIB TUCKY:
HE pearye Ha MOBUIbHE MiJBUIICHHS THCKY 1 CHpPAallbOBYE JIUIIE
TO/I1, KOJIM IIBHJIKICTh HAPOCTAHHS TUCKY MEPEBUIIYE BUZHAUCHY
BEIIMYHHY.

3aranpHuil  BHI, TabapuTHI 1 HACTAaHOBHI po3MipH
iHIMKaTopa npuBeeHi Ha puc. 4.3.
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Puc. 4.3 — Inauxarop Bubyxy IB-1:
1 - xopmyc; 2 — wMemOpana; 3 — TBepauil IleHTp MeMOpaHu;

4, 5 — ¢ineTpu; 6 — mrynep i3 apoceneM (Comio); 7 — MIKpOIEepeMUKaY;
8 — yrpumyBay; 9 — xopmyc; 10 — konTakTH; 11 — panens

KoHCTpyKTHBHO 1HAUMKATOp BUKOHAHWM €IMHUM OJOKOM.
OCHOBHMMH KOHCTPYKTUBHMMHM 1 (DYHKI[IOHAJIbHUMH BY3JIaMU U
eJIeMEHTaMHU 1HJIUKaTtopa €: Kopryc 1, memOpaHHHI By30l 3
MeMOpaHoo 2 1 TBepAUM LeHTpoM 3, imbTpu 4 1 5, mryuep i3
apocesneM (cormaoM) 6, MikporepeMukad 7 i3 yTpuMmyBauem 8.
BuBoau MikpornepeMukada 7 BUKOHaHI yepe3 KJIEMHY KOJIOJKY,
0 CKJaJaeThest 3 koprmyca 9 1 konrtakTiB 10. Immukarop
KpIUTBCA 110 amapata 3a jgonomororo d¢uanusg 11. Tuck B
amapaTi BIUIMBAa€ K Ha 30BHINIHIO CTOPOHY MeMOpaHu 2 i3
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TBEpIMM LIEHTPOM 3, Tak Ha BHYTpimHIO. BHYyTpimmHsa
MOPO’KHUHA 1HAMKATOpA 3B's3aHa 3 TIOPOKHUHOIO arapara 4yepes
¢bineTpu 4 1 5 1 gpocens (como) 6. JIpocens 6 3abe3neuye MeBHy
MPOTOKY TOBITPS Y BHYTPIIIHIO MOPOKHUHY 1HAMKaTOpa. SKIio
THUCK HABKOJIMIIHBOTO CEPEIIOBHINA ITiIBULIYETHCS MOBUILHO, TO
TUCK Ha 30BHIIIHIO CTOPOHY MEMOpaHH 32 PaXyHOK IEPEeXO.y
Cepe/IOBUINA Yepe3 JIPOCENb Y BHYTPIIIHIO MOPOXKHHHY BUPOOY
Oyse CKOMIICHCOBAaHO THCKOM Ha BHYTPIIIHIO CTOPOHY
MeMOpaHu. 3a MBHUAKOI 3MIHM THUCKY B amapaTi Mpoxij depes
apocenb He 3a0e3NMe4yuTh pPIBHOCTI THCKIB Ha 30BHILIHIO 1
BHYTPIIIHIO CTOPOHM MeMOpaHH, 1 32 BH3HAYEHOI IIBUAKOCTI
HApOCTaHHS THCKYy Ha MeMOpaHi BHHUKA€ Iepernaj, THUCKIB,
JOCTATHIN JJIs CTIpaibOBYBaHHS MiKporepeMuKada 7.

[lepenbadeHa  MOXIJIHMBICTP  BCTAHOBJICHHS ~ 3MIHHHX
apoceniB 3 niamerpamu otBopiB 1,0; 1,5 MM (IIpu BUBEpHYTOMY
Jpocelli OTBip, IO 3'€HYyE€ BHYTPIIIHIO MOPOXHHUHY BHUPOOY 3
atMoceporo, Mae niamMeTp 2 MM). 3a paxyHOK YCTaHOBKHU
BIJIMIOBITHOTO  Jpocelisi  JOOMBAIOThCS  CIIPAIlbOBYBAHHS
iHAMKaTopa Ha HEOOXiJHY WIBHIKICTh HApPOCTaHHA THCKY.
[HIMKaTOp MOCTABIAETHCS 3 BCTAHOBICHHM Y HHOMY APOCETIEM 3
niaMeTpoM oTBopy 0,5 MM.

TexHiuHi xapakTepucTuKHu iHAUKaTOpa BUOyxy IB-1

[Topir cmpanboByBaHHSI (YCTaHOBIIOETHCS
3MIHHUMH JIPOCEIISIMU):
- 32 MBUJKICTIO HapocTaHHs Tucky, MIla - 0,01; 0,03; 0,05 1
0,10

- 32 aMIUTITYJTHUM 3HAYeHHSM TUCKY, KIIA - Bix 0,6 1o 2,0

YMOBH ekcIutyaTallii iHAuKaTopa BUOyxXy:
- TeMIIepaTypa HaBKOJIMIIIHBOTO NOBITPs -  Bix +5 1o +80
- BITHOCHA BOJIOTICTh MOBITPS - 1o 80% mpu +35°C

Baok kepyBanns BK-2 3xiiicHIO€ eeKTpOXKUBICHHS BCi€i

ACIIB, npuiiom curHaiiB BiJg iHIuKaTopiB BHOyxy IB-1 i
curHanizaropis  mnoiaym'ss «Cupiyc», MOCHJIEHHS 1 BHJIady
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KOMAaH/IHMX IMIyJIbCIB Ha BHKOHABYl MPUCTPOI BIAMOBIAHO 0
3aJJaHOTO AITOPUTMY, a TAKOXK CBITJIOBY 1 3BYKOBY CHUTHAJII3aIliI0
PO HECIIPABHICTH 1 PO CIIPAIIbOBYBAHHS CHCTEMHU.

brok kepyBaHHS Mae BXiJHI iCKpoOe3MeyHi JAHIIOTH 1
MPU3HAUCHUN JUIsI YCTAaHOBKM 1032 BHOYXOHEOE3NMeUHUMU
30HaMH.

brok xepyBamns bBK-2 wmae edexkTuBHY cucremy
aBTOMATHYHOTO BUSBJIICHHS HECIIPABHOCTEN 1 CAMOKOHTPOJIIO.

Y komananomy npucrpoi KII-1 BuxopuctoByeTbes
MarHiTOIHAYKTUBHUH  METOJ]  IMEPETBOPEHHS  TUCKYy B
CJIEKTPUYHUMA IMITYJIbC CTPYyMY. 3a MPUHIUIOM il MPUCTPid
BIIHOCUTBbCS 10 JU(EpeHLiaTbHUX JaTYMKiB  THUCKY 1
XapaKTePU3Y€EThCS BUOIPKOBICTIO 0 TUHAMIYHHUX BIUTUBIB THCKY
30BHIIIHBOTO CEPEIOBHUIIA: HE pearye Ha MOBUIbHE ITiIBUIICHHS
THUCKY 1 CIIPaIbOBYE JIMIIE TOJi, KOJU MIBUAKICTH HApOCTAHHS
THUCKY TIEPEBUIIY€E TEBHY BeNUYUHY. [IpucTpiii KOMIIEKTY€eThCS
3MIHHUMH cOIUIaMH jJiamerpamu oTtBopiB 0,5; 1,0; 1,5 Mm.

[Ipn BUBEpHYTHX COIIaX OTBIp, IO 3'€HYE BHYTPILIHIO
MOPOYKHUHY TPHUCTPOIO 3 MOPOKHUHOIO amapaTa, Mae Jiamerp 2
MM.

3a paxyHOK YCTaHOBKH BIJIITOBITHOTO COTUIA JIOMararoThCs
CIpallbOBYBaHHS  MPHUCTPOI0 HAa  HEOOXIOHY  IIBUIKICTh
HapOCTaHHS THCKY.

3aranbHUM BUA, TrabapuTHI 1 HACTaHOBHI pPO3MipU
npuctpotro [IK-1 mnpusBeneni nHa puc 4.4. OcHOBHUMHU
KOHCTPYKTUBHHUMH BY3JIaMU NPUCTPOIO €: Kopmyc 1, MeMOpaHa
2, wTok 3, mpu3HaYeHui Ui B3BeJEeHHs Npuctporo. Ilpuctpiit
3BEICHUN, SIKILO BEpXHil
KiHelb IITOKAa 3HAXOJUTHCA y HU)KHBOI KpallKd MOIMEPEeYHOro
OTBOpY 3arIylIKH 4.

TexHiuHi xapakTepucTuku npucrporo komanguoro IK-1

ITopir cnopanpoByBaHHS mpu 30iibmIeHHI Bix 3,92 1 Buie
tucky, Klla
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Buxinamii curnan npu HaBaHTaxeHHi 0,2 He meHme 2 B
Owm,

YmMmoBm ekcrutyarartii , °C =50 ++70
300
- 234
; L~
/ ) 31 | E% %? "
%: _& '&_ -}
il
N i \
| 5
6

Puc. 4.4 — Ilpuctpiit komangawmii [TK-1:

1 — xopmyc; 2 — memOpaHa; 3 — mTOK; 4 — 3ariaynika; 5 — KIeMHa KOpoOKa;
6 — daanern

Budyxonpuayumyui NMPUCTPOI € OCHOBHHMHU
BukoHaBuuMu npuctposMu CEAB «lllut». T'onoBHE ixHE
MPU3HAYCHHS TOJISITa€ B TOMY, 10O MIBHIKO 1 PIBHOMIPHO TIO
BCbOMY 00’eMy amapaTa, M0 3aXHIMAEThCS, JOCTABUTH 1
PO3MOJIIINTH 3amac BOTHETACHOT PEYOBHUHH, SIKUH YTPUMYETHCS B
HBOMY.

Jia mpuaymieHHs BHUOYXIB Ta30MMJICTIOBITPSIHOI CYMIIIl
ycepenuHi  TexHonoriyHux amapatiB y  CYAB  «ut»
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BHUKOPHUCTOBYIOThCS:  rimporapmatu  [TI®D-5 1 [TIO-10;
nopoikoBi nmosym'srpuynrysayi ['II-5 i IIT1-10 3 BorHeracHoio
PEUYOBUHOIO BiJITIOBiTHO
5110 I[MB; 3pomryBaui AT-15, AT-30, AO-B-15 i A-B-30 3
BOTHETACHOIO pEYOBUHOIO BiamoBiaHo 151 30 ,Z[M3 .

o BuxonaBumx npuctpoiB CEAB «lllut» BigHOCATHCS
TaKoX MBUAKOAIF0Y1 TTosryM 'simpuaymryBadi [1O 1 T1IO-1111. Bonu
NpU3HAYEHI Ui 3amo0iraHHs TMOMIMPEHHIO NOJAyM's B iHIII
armapaTt 1 KOMyHIKaIlii.

Fiaporapmaru T'TI®-5 i TI'lI®-10 npusHaueHi s
YIIOPCKYBaHHS PiIKMX TOHKOPO3MUJIEHUX BOTHETaCHUX CKJIAJiB.
[TpunHimn aii ix 6a3yeTbcs HA BUTUCHEHHI BOTHETaCHOI PIAVHHU 3
MOPOYKHUHHU TipOoTrapMaTH 4epe3 HacalKy-pO3MIIIOBAY THCKOM
rasiB, IO YTBOPIOIOTKCS MPH 3TOPSHHI TTOPOXOBOTO 3aPsTy.

KoncrpyktuBHo rigporapmara (puc. 4.5) ckiagaeTscs 3
kopnycy 1, y sKoMy po3MillleHHH BOTHETacHMM cKiajg 1 3a
JIOTIOMOTOI0 TIPY>)KMHHOTO KiJblid 2 3akpiljleHa Hacajka 3,
KoXyxa 4, e po3TamloBaHi MopuieHb 5 1 miponmaTpoH 6. Mix
KPHUIIKOIO KOXyXa 8 1 MOopmiHeM 5 pPO3MIIIA€ThCS MOPOXOBa
HaBicka 9. BorHeracHuii CKJIaJg TEepPMETU3YETHCS JBOMA
MeMOpanamu 10 1 11. Ha amapari rigporapmaTta KpinuThecs 3a
J0NOMOroro ¢uians 1.

IIpy nojaui eNeKTPUYHOrO KOMAHAHOTO  IMITYJIbCY
CIparbOBy€ TMIPOMATPOH, IO TMIANATIOE TOPOXOBY HABICKY.
Hagicka, 3ropsitoun, ctBOproe THCK Onm3pko & Mlla, y
pe3yJIbTaTi 4YOro MOpPUIEHb PYXA€ThCSl BHU3 1 pO3pUBAE MEMOpaHU
10 i 11; npu 1poMy Hacajgka BHUCYBAa€ThCs, 1 B amapar, IO
3aXMIIAETHCS, BIOPCKYETHCS BOTHETaCHUM CKIIal.

lNpporapmat  KOMIUIEKTYIOTBCS ~ TphOMa  THIIAMU
pO3MMIIIOBAYiB, IO  JO3BOJIAIOTE  OACpXKYyBaTH  (Gopmy
CMOJIOCKHTIA 3pOIICHHS, IO BiAMOBiIae ¢opMi amapara, M0
3aXUIIAETHCS.
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Puc. 4.5 — I'inporapmara:

1 — xopmyc; 2 — Kinblie NpyXKUHHE; 3 — Hacaaka; 4 — KOXYyX; 5 — HOpIIEHb:
6 — miponaTpoH; 7 — KPHUIIKA BCTYITHOIO KaOCILHOIO MPHUCTPOIO; 8 — KPHUINKA
KoXyxa; 9 — mopoxosa Haicka; 10, 11 — memOpanu; 12 — prnanens
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TexHiIYHI XapaKTePUCTUKHU TiIporapmMart

Mapka
HailiMmeHyBaHHS TeXHiYHOI XapaKTEePUCTHUKHU rigporapmar
I'meo-5 TIT®-10
KinpkicTh BorHeracHoi pe4oBHHH, I[M3 5 10
Yac momaui Bchoro o00’e€My BOTHEracHoi 50 100
peYOBUHU (IIBUAKOIIS), MC
Kyt po3nuiy BorHeracHOi pe40BUHH, IPaj 180 180
EdexTnBHa naneko0iiHICTh, M 3 4
Borneracna peyoBuHa Bopna uu xnagoHu
HE
Maca (6e3 3apsigy), KT OinpIe 60
50

MopomxkoBi moaym'snpuaymysaui III-5 i TIII-10
IPU3HAYEH] AJIS LIBUJIKOIO BBEJICHHS BOTHETaCHUX IOPOIIKIB.
[Ipunuun  poboTH  modyM'smpuayilyBadya  Oa3yeTbcsi  Ha
BUTUCHEHHI BOTHETaCHOrO IOPOLIKY THUCKOM rasiB, IO
YTBOPIOIOTHCS MIPH 3TOPSTHHI TOPOXOBOTO 3apsTy.

KonctpyktuBHo  momym'smpuaymryBad — (puc.  4.6)
CKJIAZIAEThCSl 3 Kopmyca 1, y sSIKOMy PO3MIIIEHUN BOTHETaCHHM
CKJIaJ 2 1 pO3NMMIIOBay 3, 3aKpiljieHl NPYKUHHUM KiUIbLEM 4,
KOXKyXa 5, Jie po3TalloBaHui MopIieHs 6, TOpoxoBuil 3apsan 7 i
niponarpoH 8. Ha koxyx 5 KpimuTbcs KpHIIKa 9 BCTYMHOTO
KaOeIbHOTO MPUCTPOIO.

BorueracHuil ckiiag repMeTU3yeThCsl JBOMa MeMOpaHaMu
10 1 11. Memb6pana 10 ¢ikcyeTbcs MK QUaHLISIMH KOXyXa 1
Koprtyca, a MemOpana 11 — ¢manuem 12.

[Tpuctpiii mnpamtoe B Takuid cnocid. [lpu mopnaui
KOMaHJHOTO IMITYJIbCY CIpPalbOBY€E MIPOMATPOH, IO MiJHNAIIOE
nopoxoBui 3apsa. [lig miero THCKY TOPOXOBHUX Tra3iB MOPIIEHb
po3puBae memOpanu 10 1 11 1 BUIITOBXY€e BOTHEraCHUN CKJaa y
MIOPOKHMHY arapara, 10 3aXUIIA€ThCS.
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Puc. 4.6 — IlopomxkoBuii momyM'slIpyUIyIIyBau:

1 — kopmyc; 2 — BOTHETaCHUH CKIIaa;, 3 — pO3MIIIIOBaY; 4 — MPY>KUHHE KiJIbIIE;
5 — KOXyx; 6 — MOPIIEHBb-KYJISL, 7 — MOPOXOBUM 3apsa; 8 — MipONaTpoH;
9 — kpuika BcTynHoro npuctporo; 10, 11 — memOpanu; 12 — dnanens
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TexHiYHi XapaKTepUCTHKH NOPOIIKOBUX
NOJIYyM'SINPUIYIIYBaviB

. . Mapka
Hal/IMeHyBaHHﬂ TEXHIYHO1 f
XapaKTepUCTHKH foaymMsnpuiynypata
p II1-5 TII- 10
9 3 3 5
O06’eM BOTHETacHOI PEUOBUHH, IM 10
Yac mojadvi Bci€i BOTHETacHOI PEUOBUHU o5 40
(TBHUIKOMIS), MC
Kyt posmmimy BOrHEracHoi pedOBHHH, 90 90
rpaj
EdexTuBHa nanexob6iitHICTh, M 6 8
BorneracHa pe4oBuHa BorueracHi moporiku
Maca (6e3 3apsigy), KT He OlbIe
50 60

3pomyBaui AQ, AQO-B nmnpusHayeHi [uisi BBEIEHHS
TOHKOPO3IMUJICHOI BOTHETACHOI PIAMHU B MOPOXXHUHY amapara 4u
TpyOONpoBOaYy, 3 METOI0 3amo0iraHHs MOBTOPHUX 3aropsiHb B
amapartax 1 MOIIMPEHHS MOIyM's 1o TpyoonpoBoay. Boraneracua
piavHa 3HAXOOUTHCS B CyAMHI miag TUcKoM aszoty 8 MIla i
BI/IJIIJIEHA BIJ OCHOBM 3a JOTIOMOT0O0 MeMOpaHu 4, 3aTHCHYTOT
MK (ruaHisIMH cyauHM 1 OCHOBM. Ha BepxHIM JHHIII
pO3TaIIOBaHUNT MaHOMETP KOHTPOJIO THCKY 5 1 3BOPOTHHIA
KinanaH 6 Ans 3apsiiKM CYAMHHM a30ToM. Ha HIKHBOMY KiHII
OCHOBHM Ha 3allipHOMY KUIbII 7 3akpimuieHa Hacanka 8. Bin
MOPO’KHUHU arapaTa HacaJka, [0 3aXUIIA€TbCSA, BIJUIUICHA
MeMmOpanoro 9. Jlo amapara, IO 3aXHIIAETHCS, 3POIIyBay
KpinHUThes 3a gonomororo ¢ianus 10.

[TpunaImI poboTH 3polTyBaya NoJsrae B HacTynHoMy. [Ipu
HAJXOJKEHHI KOMAHJHOTO IMIIyJIbCY 1O BYy3Ja PO3KPUTTA
MeMmOpanu 3 MemOpaHa 4 pylHYeTbCs, 1 BOTHETaCHa PEYOBHHA
I1J] THCKOM a30Ty CHPSIMOBYETHCSI B MaTpyOOK OCHOBH, BUCYBAa€
HacaJKy 8 10 ynopa, pyiHHYO4YH NpH IbOMY MeMOpany 9, i yepe3
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OTBOPH HAcaJKd TIOMAETbCA B TOPOXKHUHY amapara, IIo
3aXHIIAETHCA.

3pomryBayi KOMILIEKTYIOThCS TpbOMa TUIIAMU
pO3MMIIIOBAYiB, [0  JO3BOJIAIOTE  OACpXKyBaTH  (Gopmy

CMOJIOCKHIIA PpO3MIIY, IO BiamoBimae ¢opMi 00’emy, 10
3aXUIIAETHCS.

i D >
6 5
I
N
1
|
4 -
3
\\
2
10
: ,
7 "
9 -

Puc. 4.7 — 3pomrysau:
1 — cynuHa; 2 — ocHOBa; 3 — BY30JI pO3KpUTTS MeMOpanu; 4, 9 — meMOpanu;

5 — MaHoMeTp; 6 — 3BOPOTHHM KiamaH; 7 — 3amipHe KiJiblle; 8 — Hacalka;
10 — ¢manenp

TexHiYHi XapaKTepUCTHKH 3pOLIyBaviB
HaiimeHnyBaHHS TeXHIYHOT Mapka 3pouryBaya
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XapaKTEePUCTUKH AO-15, AO-
AO-B-15 30,A0-B-

30
KiTbKiCTh BOTHEraCHOI PEYOBHHM, M 15 30
Yac cripaiibOByBaHHs, C 3 5
Kyr posnmny BorneracHoi peudoBuHu, 180 180
rpaj
BorueracHa pedoBuHa Boxa, dpeon,

MOPOIIOK

Maca (6€3 BOrHeracHOi pe4OBHUHH ), KT 72 89

Moaym'aBincikaui IO i IMO-11I npusHadeni s
BIJIKJTFOUEHHS arapariB, Y SKAX CTAIOCS 3alajeHHs, BiJ iHIIOTO
YCTaTKyBaHHA 3 METOI0 3amoOiraHHs TOUIMPEHHS MOJIyM's TI0
TEXHOJIOTIYHUX KOMYHIKaIIisIX.

KoucrpyktuBno  monym'sBincikaa [IB  (puc. 4.8)
CKJIAJAa€ThCsl 3 OCHOBU 1, oOmuaiiku 2, y sKiii po3MilIeHUI
3amipHAid OpraH 3, i BEpPXHBOTO JHUINA 7 3 MIPONPUCTPOEM 6,
3aKpUTHM KPHUIIKOIO BCTYIMHOTO NPUCTPOO 5. 3amipHuUM
OpPraHoM € CHIy4Mi MaTepian (KBapLOBUH MICOK), BIAJIIICHUMN
BiJl BEpXHBOTO JIHUIIIA MEMOPaHOIO &, a BiJl MiJICTAaBU — MAKETOM,
10 CKJIAJAeThesl 3 MeMOpaHH 9, ABOX ONMOpHMX MentocTKiB 10 1
3axucHoi TuriBku 11. TligcraBa, oOwdaiika 1 BEpXHE THUIIE
3'€eJHYIOTBCSI MIDK COOOI0 32 JI0MOMOT0I0 (PJIAHIIIB.

[lpyamun  poGotu  monyMm'sBiACIiKaya  MOJdSIrae B
HacTynHoMmy. [IpM HagXxomkeHHI KOMaHIHOIO IMIYJbCY Ha
NiponaTpoH OCTaHHIN CHpaIbOBYE, MiANAIIOE TOPOXOBY HABICKY,
1 TIOPOXOBI Ta3M, L0 YTBOPIOIOTHCS, Yepe3 pajiaibHi OTBOPU
HA/IXOJISITh y TIOPOKHUHY BEPXHBOTO JHUIIA; THCK Y MOPOKHUHI
3poctae mo 1,0 Mlla , pyitnye memOpanu 8, 9 1 3 BEJIHUKOIO
MIBUJIKICTIO TIepeMillla€ CUMyYHil MaTepian y MOPOKHUHY
ocHOBH. OTOpPHI MENIOCTKU BiJ JIii MOTOKY CHUITy4Oro MaTepiaiy
BIATMHAIOTBCS 1  MEpPeKpUBalOTh  NATpyOKH  MiACTaBU
noJiyM'siBiZicikada, a CUIy4uil MaTepiaj UIUIBHO 3allOBHIOE BCIO
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NOPOXKHUHY, THM CaMHM TPHUIHHSE TOIMIUPEHHS TONyM's IO
TPYOOIIPOBOTY.

KoncrpyktuBno mnomym'sBincikay IIO-1111 (puc. 4.9)
CKJIAA€ThCS 3 OCHOBH 1 13 BXiMHUM 2 1 BUXiAHUM 3 maTpyOkamu,
KpUmKH 4 3 BY3JIOM PO3KPUTTS MEMOpaHM 1 BCTYIIHUM
IPUCTPOEM 5, CyAWHH 6 3 MAaHOMETPOM 7 KOHTPOIIO THCKY i
mTynepoM 3apsanku 8. Mixk ¢uraHmsaMu cynuHH 6 1 KpUIIKA 4
BCTaHOBJICHA PO3AioBa MeMOpaHa 9, a MiX (prIaHISIMU KPUIIKU
4 1 ocHoBu 1 — memOpana 3amipHa 10. Topemnps matpybOka 2
BUKOHYE POJIb CiJIa 3alipHOTO opraHa — 3amipHoi memOpanu 10.
By3on poskpurts posainoBoi memOpanun 9 posramoBaHui Ha
BepXxHbOMY (raHii Kpuiiku 4 1 ckiamaeTbes 3 Hoxa 11,
YKPIIJICHOTO Ha MITOKY nopiHs 12, i mipomarpona 13.

[Tpuctpiii mpamroe B Takwii crnoci6. Ilpm HagxomxeHHi
KOMaHJTHOTO IMITyJIbCYy Ha MipONaTpOH OCTaHHIM CIpaibOBYE,
1 TUCKOM Tra3iB, IO YTBOPIOIOTHCS, MEPEMINIA€ MOPIICHb 31
MTOKOM 1 HOXkeM. Hix pospizae po3aiioBy MeMOpany 9, i
CTUCHYTHH Ta3 i3 CyIUHH 6 HaXOIUTh Y MOPOKHUHY KPHIIKH 4,
TUCK y sKii 3poctae mo 1,0 MIla i1 BmmMBae Ha 3amipHY
MeMOpany 10, 1m0 nepexkpuBae MPOXIAHUM KaHal marpyoka 2
OCHOBH.

290



— et - ‘—r
T 2

e TY

- t‘r:;:.:1|u

oo
{
{
4|
l‘
N
(%]

=
F
A

K‘
\

[ —
: t NN I
\ \

: : %

n
%

/0

ApT——

Ry ——

)
¥
¥
’
1
’
L]
4

o NN S N

L]
e

Puc. 4.8 — ITonym'sBiacikay meuakoaitounii [10:

1 — miacraBa; 2 — oOuyaiika; 3 — 3amipHuil opraH; 4 — rak BaHTaXHoOi; 5 —
KpHIIKa BCTYITHOTO TPUCTPOIO; 6 — MIPONPHUCTPii; 7 — MHUINE BEpXHE; 8§ —
MeMmOpaHa BepxHs; 9 — meMOpana HuxkHs; 10 — memocTku omnopi; 11 —
IUTIBKa 3aXHCHA

291



, : #
5 2

rar s

o v s s s s s s e s a §

] y y ar i A 4

Puc. 4.9 — IMonym'seiacikau [10-1111:

1 — ocHOBa; 2 — maTpyOoK BXimHWH; 3 — MaTpyOOK BUXINHUH; 4 — KPHIIKa,
5 — BerymHUMI TpUCTpiif; 6 — cyauHA; 7 — MaHOMETp; 8 — IITyHep 3apsaKy;
9 — memOpana po3ginoBa; 10 — memOpana 3amipHa; 11 — HiX; 12 — mTOK
mopHs; 13 — mipomnaTpoH.
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Tabmuist 4.1 — Texniuni XapaKTEPUCTHKU
MOJIyM'sIBIZICIKAYiB

Mozenb YM?BHH Yac I"abapuTHI PO3MIPH | Mac
C . H cripailb )
OJIyM AB1ICIKA poxin o- BHUCOT | J1aM€ET | IOBXKUH | @,
da Il,, MM | ByBaHH a, MM | p, MM | a, MM KT
I10- 100 100 0,03 517 205 710 90
I1O- 150 150 0,05 536 260 805 100
I10-200 200 0,08 692 315 1020 | 170
I10-250 250 0,12 770 370 1110 | 240
I10-300 300 0,11 686 435 1294 | 300
I10-350 350 0,20 924 485 1430 | 360
I1O-111I-100 100 0,01 406 205 626 61
I1O-1111-150 150 0,02 520 260 710 80
I1O-1111-200 200 0,03 634 315 800 110
I1O-1111-250 250 0,04 746 370 895 144
I1O-1111-300 300 0,05 858 435 960 175
I1O-1111-350 350 0,07 962 485 1040 | 220

4.3 PexomeHnpaauii 3 npoexktyBanHs Ta MoHTaxy ACIIB

[Mopsimox nmpoektyBanus ACIIB myis 3axucty 3aMKHYTOTO
TEXHOJIOTIYHOTO YCTaTKyBaHHS MOBUHEH OYTH HACTYITHHM.

1. BusHauutu nepesnik NOTEHUIHHO BHOYXOHEOE3[eUHOTo
YCTaTKyBaHHS, y SKOMY MO)X€ BUHUKHYTH BHOYX. [Ipu mpomy
CIIiJ] BBA)XKATH, 110 BUOYX MOXKE CTaTUCS y TIM YCTaTKyBaHHI, y
SIKOMY TOCTIHHO 4M TEpIOJUYHO Xo4ya O BUMAAKOBO (HaBITh Yy
pe3ynbTaTi  NOMMJIOK)  MOXYTh  yTBOPIOBATHUCS  TOprOYl
ra3omno/ai0H1 Y1 MUJIOMOIIOH] CyMIIIIi.

2. BuzHauuTH nepenik yCcTaTkyBaHHs, BUOYX03aXUCT SIKOTO
Moke OyTu 3a0e3ledyeHo 3a JOMOMOrol OifbIl MPOCTUX i
JOCTYMMHUX  3aco0iB, HaNpuKIaA, 3amoObKHUX MeMOpaH,
BUOyXxoBUX KiamaHiB 1 T.1. [Ipm npomy anHamizi HEOOXiTHO
BpPaxoBYBaTH HacaMIlepe]] MOKJIMBICTb BUKHAY CEpEIOBUIIA B
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atMocdepy, OLIHUBIIN CTYIIHb HOTO IIKiJIMBOCTI 1 CTYIIIHb
MO’KEXKHOT HeOEe3MeKH BUKUIY MPOAYKTIB BUOYXY.

3. BusHaunTH mepenik yCTaTKyBaHHs, YMOBHU POOOTH B
SAKOMY HE BiJNOBigaroTh ymMoBaM pobotu enementiB CEAB. Jlo
TAKOI'0 YCTaTKyBaHHs BITHOCATHCS:

— IIIJIKOM BIAKpPHUTI amapaTd ¥ amapaTd 3 IOCTIHHO
BIIKPUTHUMHU JIFOKAMU;

— amapatd, y SKux poboui Tucku Bume 6,1 Mlla i
temreparypu Buiie +70°C i nikue -50 °C;

— amapary 3 po6ounM 06’ eMoM MeHie 1m°;

— amapaTH 3 Haca/IKaMu.

4. BusHauuTH TepeNiK YCTaTKyBaHHS (BUKJIIOUUBIIN
YCTaTKyBaHHS, TPO sIK€ WIIIOocS B M. 2 1 3), IO IOIUIBHO
3axucTuTH 3a fonomoror ACIIB.

5. BU3HAUMTH MOXJIMBICTh TIOUIMPEHHS MOIYM'S TIO0
TEXHOJIOTIYHUX KOMYHIKaIisIX 1 HE0OX1IHICTh HOTro JoKai3aii.

Jisa  nokamizamii Mmonym's MHIOMOBITPSHUX — CyMmilen
PEKOMEHAYEThCS BUKOPUCTOBYBATH nosiyM'siBijicikaui [10, a mis
JOoKajmi3amii  MmomyMm's ~— Tapora3omoBITPIHHUX  CyMilled  —
nonym’aBiacikaui  [IO-1I0.  3pomyBaui AT  MoXxyTh
BUKOPUCTOBYBATH JUIsl JIOKaJli3alii MOJyM'st MUJIOBUX 1 Ta30BUX
CyMiIeH.

6. 3paificHuT BHOIp 1 BHM3HAYUTHU KUIBKICTh PI3HHMX
€JIEMEHTIB  CUCTEMH: BHOYXOpEecTpyrouoi amapaTypu 1
BUKOHABYHUX IIPUCTPOIB.

Jlia npuaymeHHs BUOYXIB Mapora3onoBITPSIHUX CyMmilien
PEKOMEHAYETbC SK JaTYUK BUKOPUCTOBYBATH CHUTHANI3aTOp
nonyM's ,,Cupiyc”, a Koiu poOOYUM CEpEeOBUIIEM € MU SIK
JaTYMK JIOLLIbHIIIE BUKOPUCTOBYBATH 1HIUKaTOp BUOYXy IB-1
abo npuctpiit komanguuit 11K-1.

BuxonaBui mnpucTpoi MNOBMHHI OYTHM BCTAaHOBJEHI Ha
amapari TaKuM YHHOM, 1100 MaKCHMajdbHO 3a0e3MeuyBaBCs
PIBHOMIPHMI pO3MOALT BOTHETaCHOI PEYOBMHU IO BChOMY
00’eMy, 110 3aXUIIAETHCS.
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KinpKicTh BUKOHABUMX MPHUCTPOIB 3AJICKUTH BiJ 00’ €My
amaparta, IO 3aXMIIA€ThCS, 1 BU3HAYAETHCA 3 YpaxyBaHHIM
PO3MipiB CMOJIOCKHITA PO3MIITY KOKHOTO MPUCTPOIO.

7. 3niiichuTi BubOip eheKTHBHOI BOTHETACHOI PEYOBUHH 1
BCTAHOBUTH 11 KUIBKICTb.

st mpuaymieHHs BUOYXiB OUTBIIOCTI MHIJIOYTBOPIOKOYHX
IPOAYKTIB  OPraHIYHOTO  IOXO/KEHHS  PEKOMEHIY€EThCS
3aCTOCOBYBAaTH SK BOTHETACHI PEUYOBMHM BOJY Ta BOTHETACHI
MOPOIIKHM, a JUIs MPHIYIICHHS Ta30BUX BHOYXiB — BOTHEracHi
MOPOLIKK 1 XJaJoHU. JlONMyCKaeThCcs 3acCTOCYBAaHHS IHIIMX
BOTHETaCHUX  pPEYOBMH, 110  3a0e3neuyroTh  e(eKTuBHE
MpUAYIIEHHST BUOYXiB, 1 KOMOIHOBAaHUX BOTHETaCHUX PEYOBHH:
MOPOIIOK + XJIQJ0H, MOPOIIOK + a30T, BoJa + XJaIOH Ta iH.
Bubip edektmBHUX  CKJIANiB  HEOOXiMHO  3MiMCHIOBATH
eKCIIEpUMEHTAIBHO.

8. Po3poOuTH anropuT™M CHpalbOBYBAaHHS BHKOHABUMX
npuctpoiB ACIIB.

[Ipy MOHTaxi cHCTEMH €JIEeMEHTIB BHOYX03aXHUCTY
JOLUTBHO TOTPUMYBATHUCS HACTYITHUX PIilICHb.

1. TleperBoproBau curHaIi3aTOpa BCTAaHOBIIOETHCS Ha
MOBEPXHI TEXHOJIOTIYHOTO arapara 3a yMOBH, 1110 BIH 3/1HCHIOE
NOBHUH OIJISI BHYTPIIIHBOTO amapaTry: y 30HI KyTa 30py
NEpeTBOPIOBaYa TIOBUHEH 3HAXOJUTHUCA BEChb BHYTPIIIHIN
MPOCTIp TEXHOJOTIYHOTO amapara (SKImo 11 yMOBa He
BUKOHYETbCS, HEOOXITHO Meper0auuTh YCTaHOBKY AEKIIbKOX
MIEpEeTBOPIOBAYIB).

2. brok KepyBaHHS CUTHaJIi3aTopa HoJIyM'st
BCTAHOBIIOETbCA  Ha  mwmTi  (y  1IUTOBiM).  3'enHaHHsA
nepeTBopoBaya 3 OJOKOM  KepyBaHHSA  3J1HCHIOETHCS
OpOHBOBAHHUM KaOEJIeM.

3. Ha amapatax o6’emoM 10 M i Ginbme moBuHHI GyTH
BCTAHOBJIEHI JIBa 1HIMKAaTOpU BHOYXy, MPUUOMY YCTaHOBKa iX
MOBHMHHA OyTH 3/IifiCHEHa B Pi3HUX IUIOMIMHAX.

s migBuIeHHs HalidHOCTI cropanboByBanHs ACIIB
BKJIFOYEHHSI 1HIMKATOPiB BUOYXY MOBHUHHO OYyTH IOCIiOBHUM
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(3a  cxemorw  ,ud’), IS  BHUKIIOUEHHS  IOMHJIKOBUX
CIpaIlbOBYBaHb BKIIOYECHHS 1HAWKATOPIB BUOYXY MOBHHHO OyTH
PIBHOODKHUM (32 CXEMOIO ,,i7).

4. T'imporapmatu 1 3poIllyBaui CiiJl OPIEHTYBAaTH TaKHM
YHHOM, II00 (aKeln PO3NWIYy 3a MOXIIMBICTIO 3allOBHIOBAIIU
YCIO BHYTPIIIHIO TOPOKHUHY arapara, o 3aXUIIaeThCs.

5. Ilpm 3axucTi BEIUKOMACHITAOHOTO MPOMHCIOBOTO
ycratkyBaHHs (00’emom 50 M OGinbiie) 3a momomororo ACIIB
BUKOHABYI IPUCTPOI HA arapari, M0 3aXUINAETHCS, IOBUHHI OyTH
BCTAHOBJIEHI TaKMM YHHOM, IIO0 BiACTAaHb Bl HHUX OO caMoOl
BiJlJaJIeHOT TOYKM arnapata Oyna He Oinbine 10 M.

6. Tigporapmatu 1 MOPOIIKOBI MOJYM'SIIPUAYIIYBadi
MO’KHA BCTAHOBITIOBATH Ha anapati B OyIb-sIKIM TTOJIOKEHHI.

7. 3pomryBaui Tumy AT  ycTaHOBIIOIOTBCS  Ha
TOPU30HTAILHUX CTIHKAX amapariB i IIJISHKAaX TPyOOIpPOBO/IIB, a
3pomyBadyi TUny B — Ha BeprukanbHuX. JlomyckaeTbcs
BIIXWJICHHS BiJ BepTUKai 1 ropus3oHtanmi jgo  30°.
[Tonym’siBiAcikaui MOXHa BCTAHOBJIIOBAaTH Yy OyIb-SKOMY
MIOJIOXKEHHI.
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PO31JI 5. OPTAHI3ALISA I HOPAJOK ITPOBEJIEHHSA

KOHTPOJIIO 3A CTAHOM 3ACOBIB BUMIPIB

5.1 Buau poliT 3 npoBeleHHsI KOHTPOJIK 32 CTAHOM

3aco0iB BUMIpiB

3 METOI0 BCTAHOBJICHHS YU MiATBEPUKCHHS NPUIATHOCTI
3aco0iB BUMIpIB JI0 3aCTOCYBaHHS IPOBOJIATH MPOLEAYPY, SAKa
HA3UBAETHCS MOBIPKOIO.

Bumoru no opranizamii i MopsSaKy NPOBEACHHS MOBIPKU
3ac00iB BUMIpIB, 110 BHITYCKAIOThCS 3 BUPOOHHUIITBA 1 PEMOHTY,
3HaXOAThCA B €KCIUTyaTallll, MUISralTh Ipojaxy ado IpoKaTy
1 BBE3CHHIO uepe3 TPaHUII0, PETJIAMEHTOBAHI Ha JEP)KaBHOMY
piBai  JICTY 2708-94 ,Mertpomnoria. IloBipka 3aco6iB
BUMIiproBanb. Opranizamis i HOPsIIOK MPOBEICHHS .

Icuye nepxaBHa 1 Bimomua moBipka. JlepkaBHY MOBIpKY
3ac00iB BUMIpPIB 3/1IICHIOIOTH OPTaHU JePKABHOI METPOJIOTIYHOT
CIy’)kOu, a BiIOMYY - METPOJIOTIUHI CIYyXOU MiAIPUEMCTB 1
opraHizariii, MiHICTEpCTB.

JleprkaBHiN TOBIPIII MiUIATAIOTh BHXIJIHI 3Pa3KoBi 3aco0u
BUMIpiB METPOJIOTIYHUX CIIYyK0, pobodi 3aco0M BHMIpiB, IO
3aCTOCOBYIOTBCS B rajly3l OXOPOHH 3/10pOB'sl, TP BUPOOHUIITBI 1
KOHTPOJI1 MEMKAMEHTIB 1 Xap4OBUX MPOJYKTIB, NPHU 3/11HCHEHHI1
3aXO0JiB JUIsI OXOPOHM HAaBKOJMIIHBOIO CEPEIOBMINA, OXOPOHHU
mpaimi 1 TexHIKM  Oe3nmekd, TOpU  TeoJe3UdYHuX 1
TiIpPOMETEOPONIOTIYHUX ~ poOOTax, TMpH  pPO3paxyHKax 3
MOKYNISIMA (@ TakoX OMNepalisx, 110 BKIOYAKOTh yCl BHUIU
TOPrOBOi JISUIBHOCTI, TMOB'S3aHI 3 BU3HAYEHHSM KUIBKOCTI
TOBapiB abo mMoOcCayr), Hpu OONIKYy MaTeplaJbHUX PpECypciB
(emexTpUYHOT 1 TEeTI0BOi eHeprii, ra3y, HapTOMPOIYKTIB TOIIO),
IpU TMPOBEJEHHI MOJAATKOBMX, MUTHUX 1 HOIITOBHX OIEparlii,
IpU TPOBEJCHHI EKCHEepPTH3, HpPU peecTpalii Ha[iOHATbHUX 1
MDKHApOJAHHUX CIHOPTUBHUX PEKOPJIB, a TaKOX MpPU BUKOHAHHI
poOiT, MOB'I3aHUX 3 000B'I3KOBOIO cepTU(DIKaII€r0 TPOAYKIIIL.

3acobu BHUMIpIB, 3aCTOCOBYBaH1 JUIsl CIIOCTEPEKEHHS 3a
3MIHOIO BEJIMYUH 0€3 OIIHKH iX 3HAYCHHS B OJIUMHUIAX (I3HUHUX
BEJIMYMH 3 HOPMOBAHOIO TOYHICTIO (K 1HAMKATOPH), a TaKOX
3aco0M BUMIpIB, 10 BUKOPUCTOBYIOTHCS TUIBKM B HaBYAJIbHHUX

297



[IISX, TIepeBipii He misraTs. Ha Taki 3aco0u BUMIpIB Ta iX
eKCIUTyaTalliiiHi TOKYMEHTH MTOBUHHO OYTH HaHECEHE BiMOBITHE
no3HaueHHs "I" un "Y".

KoHTposb 3a mpHAATHICTIO TakuX 3aco0iB BHUMIPIB 110
3aCTOCYBaHHS 3JIHCHIOETBCS B TOPAAKY, BCTAaHOBJICHOMY
MIIMTPUEMCTBOM 200 00TOBOPEHOMY B TIpaBWJjIaX iX eKCIuTyaTarfii.

3acobu BHMIpiB, 3aCTOCOBYBaHI Yy BHMIPIOBAJIbHUX
KaHaJ1ax 1H(}OpMaIiHHO-BUMIPIOBATBHUX CHUCTEM 1
aBTOMATH30BaHUX CHUCTEM YIPABIiHHS, MOXYTb OKpPEMO He
MOBIPATHCS,  AKIIO 16 mepeadayeHo  HOPMATHBHUMU
JOKYMEHTaMH Y TEXHIYHOIO JJOKYMEHTAII€IO.

3aco0u BHUMIpIB, SKI MIATAIOTh JEpKaBHIA MOBIpIIL,
MOBIPSIOTHCS BIZIOMYUMHI METPOJIOTIYHUMU CITY>KOaMH.

Pesynbrati mOBIpKM, NpPOBEACHOI B IHIIMX KpaiHax,
MOXXYTh BH3HABaTHCS JIMCHUMH BIOIOBIIHO JO YKIAICHUX
MDKHapOJAHMX  JIOTOBOpiB  (Yyrom) uYud  3a  pIIICHHSAM
Jepxxcrannaprty YKpaiHu.

3aco0u BUMIpIB BU3HAIOTh MPUAATHUMH JI0 3aCTOCYBAHHS
IOPOTSTOM  MDKIIOBIPOYHOTO — iHTEpBANy, SKIIO pe3yabTaTd
MOBIPKM MIATBEPIXKYIOTh iX BIANOBIAHICTE METPOJIOTIYHUM 1
TEXHIYHUM BUMOTaM JI0 JIaHOTO 3aco0y BUMIpIB, BCTAHOBJICHUM
y HOPMaTUBHHUX JJOKYMEHTaX YM TeXHIYHIM JOKyMEHTaIlii.

3aco0M BHMIpIB MIJAI0Th [EPBUHHIN, NEPIOJUYHIN,
1103a4eproBii, IHCTIEKLIHHIN Ta eKCIepTHIH MOoBipII.

IlepBunHiii noBipui mniuAraloTe 3aco0M BHUMIPIB MpHU
BUITYCKY 3 BUPOOHHUIITBA 1 pEMOHTY, a TAaKO>X IIPU BBE3E€HHI Yepe3
TPAHMINIO Yy BUMAAKY BIJICYTHOCTI Mepea0ayeHnX TOTOBOPIB YU
YTOZI.

Iepioanyuniii moBipui mnigIsraloTe 3aco0M BHUMIpPIB, IO
3HAaXOAAThCA B eKcIUTyaTalii abo MpHU3HA4YeHiI A0 MPoJaxy i
npokary. [Ipomixkok wyacy MK HOBipKamMH (MDKIOBIPOUHHUN
IHTepBaJI) YCTAHOBJIIOETHCSI TAaKUM UYMHOM, LI00 3a0e3nedyuTu
MPHUIATHICTh 3aC001B BUMIPIB JI0 3aCTOCYBAHHS MPOTATOM IIHOTO
nepiony.
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ITo3aueproBa moBipka mNPOBOAMTECS B  MpoIeci
eKcIuTyaTarlii 3aco0iB BUMIPIB /10 3aKIHYEHHS MIDKIIOBIPOYHOTO
iHTEepBaIy.

IncnekniliHa moBipKa TPOBOIUTHCS 3 METOK TOBIPKH
MPUIATHOCTI 3ac00iB BUMIpPIB /10 3aCTOCYBaHHS NpH 3/ilICHEHH]
JIep>KaBHOTO METPOJIOTTYHOI'O KOHTPOIIIO.

ExcneprHa  moBipka  TpOBOOUTBCA Yy BHIAAKY
BUHUKHEHHS  CHIPHUX  IUTaHb  LIOJO0  METPOJIOTIYHMX
XapaKTePUCTHK 1 MPUAATHOCTI 3aCO0IB BUMIPIB JI0 3aCTOCYBaHHS.

Jlep>xaBHa IOBIpKa MPOBOJUTHCA OpraHaMM Jep’KaBHOI
METPOJIOTIYHOI CITY>KOH, SIK1I oJiepKaiu 103Bi1 y JlepkcTanaapTi
Ykpainu Ha npaso 1i IPOBEICHHS.

B o0rpyHTOBaHMX BHIaJKaxX IMPaBO JEPKABHOI MOBIPKU
3ac00iB BUMIpiB Moxke OyTH HajxaHo JlepkcranaapToMm Ykpainu
IHIIUM JepKaBHUM ITiIPUEMCTBAM, YCTAaHOBAM 1 OpraHi3amism
3a KJIONOTaHHSAM TEpUTOpiaIbHUX oOpraHiB Jlepxcranaapty
VYkpainu.

BigomMua moBipka, SIKIIO BOHA IMPOBOJUTHCS IS 1HIIHMX
MiANMPUEMCTB, YCTaHOB, OpTaHizalidi 1 TpoMaasIH-cy0'e€KTiB
MiIPUEMHUIBKOT  TiSUTBHOCTI,  3MIHCHIOETBCS 32  yMOBU
OJIep’)KaHHS  BIANOBIOHOIO J103BONY (JileH31i)) B opraHax
JIep>KaBHOT METPOJIOTIYHOI CITYKOH.

[loBipoyHa  AISUIBHICTD  MIANPUEMCTB,  YCTAHOB 1
opraHizaiiii, a TakoX TI'POMAISIH-CYO'€KTIB MiIIPUEMHHUIIBKOT
TUSITEHOCTI MiISITae AeP>KaBHOMY METPOJIOTIYHOMY KOHTPOJTIO.

ITocagoBi o0cobu opradiB Jep:KaBHOI METPOJIOTIYHOI
Ciy’kOHu, 110 TMPOBOJATH MOBIPKY (J€p’KaBHI MOBIPUTENl), a
TAaKOXX MOBIpUTENl — MpPALIBHUKA BIJOMYHMX METPOJIOTTYHUX
CITYX0 — TISATaroTh 000B'A3KOBIH arecTartii.

[To3uTuBHI  pe3ynbTaTH TMOBIPKM 3aco0iB  BUMIPIB
3aCBIIYYIOThCSl BIAOMTKOM MOBIpOYHOro kieimMa Ta (abo)
CBIIUEHHSAM TIpO TMOBIpKYy. BigOuTok mOBipo4yHOro KierMa
CTaBUThCS Ha 3aci0 BuMipiB Ta (ab0) Ha eKcCIuTyaTaliiHy
JOKYMEHTAITIIO.
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Y ToMmy BHNAAKy, KOJH JOCTYH 10 BHUMIPIOBAILHOTO
MEXaHI3My  3aco0iB  BHUMIpPIB  IIJIOMOYEThCS,  BIIOMUTOK
MOBIPOYHOTO KJIEIMa CTaBUTHCS HA IUIOMOY.

Sxkmo B pe3ynbTari MOBIPKH 3aci0 BUMIpPIB BH3HAETHCS
HEMPHUJIATHUM JI0 3aCTOCYBAaHHSI, OpraH METPOJIOTIYHOI CITYXOu
BHJIa€ JIOBIJIKY MPO HEMPHUAATHICTH 3acO0y BUMIpIB 1 Ioramae
KOJIMIIHE KJIEHUMO.

Skmo BIZOMTOK TOBIPOYHOTO KIeWMa UM IIoMbOa
yIIKOJDKeHI abo  cBigueHHs 3aryOnieHe, 3acid0  BHUMIpIB
BBa)KA€THCS HETTOBIPEHUM.

5.2 Opranizauisi i HOPsAI0K NPOBEACHHS MOBIPKH

[ligmpuemcTBa, YyCTaHOBM ¥ oOpraHizamii, a TakKoX
rpOMAIITHU-CY0'€KTH  MiANPUEMHULBKOI  JISJIBHOCTI,  WIO
BUITyCKAIOTh 3aCO0M BUMIpiB 3 BUPOOHHUIITBA 1 PEMOHTY, a TaKOX
eKCIUTyaTyloTb a00 BOJIOAIIOTh HUMH 3 METOI0 eKCIUTyartauii y
chepax, Ha SKi TOMUPIOETHCS JEPKABHUA METPOJIOTTUHHN
HarysiI, 3000B's13aHI BYACHO MPEACTABIATH 3aCO0M BUMIpIB Ha
Jiep>KaBHY MOBIPKY.

Ilepenik  3aco0iB  BUMIipiB, 110 mepedyBalOTh B
eKCIUTyaTalll 1 NiAJAraloTh JAep)KaBHIM MepeBipIll, CKIagae ix
KOPUCTYBad 1 MOTOXKY€E 3 OPraHOM JAEp>KaBHOI METPOJIOTIYHOI
CITYXKOWH.

[ToBipky  3aco0iB  BHUMIpiB  OpraHud  Jep>kKaBHOI
METPOJIOTIYHOI CIIY>KOU MOKYTh pOOUTH:

— y CTalioOHapHi 1 HepecyBHil MOBIPOYHii 1abopaTopisx;

—  OesmocepenmHbO0 ~ HA  TIANPHEMCTBAX  IUISIXOM
BIJIPSA/DKEHHS Iep>KaBHUX MOBIPUTENIB HA 111 MiIPUEMCTBA.

[Tpu npoBeneHHI Jep>KaBHOI MOBIPKU 3ac001B BUMIpIB Ha
MICISIX ~ 1X  BUTOTOBJEHHS, pPEMOHTY alo  eKcIulyartarmii
M1IPUEMCTBA 3000B'A3aHi:

— 3a0e3neuyBaTd B HEOOXIAHMX BHUIAAKAX JOCTABKY
3aco0iB BUMIpIB 1 JOMOMDKHHUX 3ac00iB, 10 HAJIEKAaTh OpraHam
Jiep>KaBHOT METPOJIOTIYHOI CITY>KOH, 10 Miclis IOBIPKH 1 Ha3a[;
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— HajJaBaTH JONOMDKHHUU TEpPCOHAN 1 MPUMIIICHHS,
HEOOX1IH1 JIJIsl IPOBEICHHS MTOBIPKH;

— 3a0e3nedyyBaTH B HEOOXITHUX BHUMNAIKAX 30€peKEHHS
3pa3KOBHX 3ac001B BHMIpIB, 110 HAJEXaTh OpTaHaMm Jep>KaBHOT
METPOJIOTIYHOT CITyXOu;

— HajgaBaTd MpU  OOCIYroByBaHHI  IANPUEMCTBA
MEPECYBHOIO TIOBIPOYHOIO J1ab0OpaTOpi€ro, MICIle CTOSHKH 1
3a0e3nevyyBaTy il MIJKIIOYEHHS JI0 MEPEX EJNEeKTpo-, Ta3o- 1
BOJIOIIOCTAaYaHHs, KaHaJIi3allii.

[TinmpueMcTBa, 10 BUIYCKalOTh 3 BHUPOOHHMITBA UM
PEMOHTY, a TaKOX EKCIUTyaTyloTh 3acOOM BHUMIpiB, IEp>KaBHY
MOBIPKY SKUX HEOOXITHO MPOBOJUTH, BIAMOBITHO, HA MICLAX
BUTOTOBJICHHS, PEMOHTY a00 eKcIulyaTamii 3 3acTOCYBaHHSIM
CTAIllOHAPHUX 3pPa3KOBHUX 3ac00iB BHUMIPIB, IOBHHHI MAaTH
3a3Ha4yeHi 3pa3koBi 3acobu BUMIpIB 1 HagaBaTh IX Yy
PO3MOPSKEHHS OpPraHiB JIep>KaBHOI METPOJIOTTUHOT CITyKOu.

3acobu BuMIpIB, BigOMYa MOBIpKAa SKUX HE MOXE OyTH
3a0e3neueHa MiANPHUEMCTBOM, MPEACTABISAIOTh Ha MOBIPKY B
OpraHud  JepXaBHOI ~ METPOJIOTIYHOI  CIyXOM  IHIIOTO
HiANPUEMCTBA, SKOMY IIPaBO TPOBEJCHHS IOBIPKUM HAJaHO
OpraHaMy Jep>KaBHOI METPOJIOTIYHOI CITYXKOU.

[lepBuHHIN MOBIpLI MiUIATae KOXKEH €K3eMIUIp 3aco0iB
BUMIpiB. JlonmyckaeTbcs BUOIpKOBa INMEpBUHHA MOBIpKa 3aco0iB
BHUMIpIiB, SKIO 1€ TepeadadyeHo BiIMOBIAHUMH HOPMAaTHBHUMU
JOKyMEHTaMu a00 TEeXHIYHOI JoKyMeHTarier. [lo3uTuBHI
pe3yabTaTH BUOIPKOBOI MOBIPKM MOIIMPIOIOTHCS HA BCl 3acoOu
BHUMIpIB MapTii, 0 NEPEBIPAETHCS.

[lepBuHHY MOBIpKY NpPOBOJSATH: HAa MICILI BUTOTOBJIEHHS
(pemoHTy) 3ac0o0iB BHMIpPIB, Ha MICIIl 3aCTOCYBaHHsSI 3aco0iB
BHMIpiB, YACTKOBO Ha MiCIli BUTOTOBJIEHHS (PEMOHTY) 1 YaCTKOBO
Ha MICIIl 3aCTOCYBaHHs 3ac00iB BUMIpIB 1 Ha TEpPHUTOPIi opraHa
Jiep>KaBHOT METPOJIOTIYHOT CIIy>kKOM 200 BiIOMYOi METPOIOT1YHOT
cinyx0u. Jlep>kaBHy NEpBUHHY MOBIPKY 3ac00iB BHUMIpIB MpHU
BUIMYCKY 3 BHpPOOHHMITBA 1 PEMOHTY 3AIHCHIOIOTH OpraHu
JepKaBHOI ~ METPOJIOTIYHOiI  CIykOM  HAa  KOHTPOJIBHO-
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nepeBipounnx nmyHkTax (KIIII) miampuemcTB, MO BHUITYCKAIOTh
YU PEMOHTYIOTh 3aCO0W BUMIDIB.

[lepionnyHiii MOBipLI MiUIATa€ KOXEH 3acid0 BUMIpIB
(sxmo mepioauyHa MOBIpKa IepeadadeHa s 3aco0iB BUMIpPIB
JaHoro THIy). 3acoOW BHUMIpiB, 1m0 mepeOyBalOTh Ha
JIOBTOCTPOKOBOMY  30€peXeHHI, MOKHa HE  MijjJaBaTH
nepioanyHii nosipui. Ilepionguyna moBipka Moke MPOBOIUTHCS
Ha TEpUTOPii KOpHUCTyBauya 3aco0iB BUMIpPIB, opraHa JIep>KaBHOT
METPOJIOTIYHOT CIIy’kOM ab0 BiOMYOi METPOJIOTiYHOI CIyXOu.
Micue moBipkM o0OWpae KOPUCTYBad 3a Y3TOJDKCHHSM 3
BIJIMOBIJHAM OPTraHOM METPOJIOTIYHOI CIY)KOHM, BHUXOASYU 3
€KOHOMIYHUX (aKTOpiB 1 MOMIMUBOCTI TPAHCHOPTYBaHHS
MEePeBIPOYHHUX 1 3pa3KOBHX 3aco0iB BUMIipiB. MiXIOBIpOYHUI
IHTepBaJI YCTAHOBIIIOETHCS IPHU 3aTBEP/DKEHHI TUIYy abo mpu
METPOJIOTIUHIN arecTaii 3aco0iB BUMIpIB.

Opranu MeTpoJIOTiuHOI CIYKOM (ZIep>KaBHOI 1 BiIOMYHUIA)
3000B's13aHI BecTH OOJIK 1 aHai3 pe3ynbTaTiB IMEpioAMYHOI
noBipkr. Ha iX mimcraBi opraHu JepKaBHOI METPOJIOTIYHOT
CIly’)KOM MOXYThb MpHMaTH pilIEeHHS, a OpraHd BiAOMYO1
METPOJIOTIYHOT CIyKOM — HaJjaBaTU KOPUCTYBauy MPOMO3HIIi 3a
3MIHOIO MDKITOBIPOYHOTO IHTEpBATYy.

S0 KopucTyBay 3aco0iB BUMIPIB HE 3T0JIEH 3 PILLICHHAM
OpraHa Jiep>)KaBHOI ~ METPOJIOTIYHOI  CIYy’KOM Tpo  3MIHY
MDXKIIOBIPOYHOTO 1HTEpBaJTy, BIH MOKE€ 3BEPHYTHCS Y BIJOBITHY
TOJIOBHY OpraHi3alilo 3a BHJIOM BHMIpIB, SKa MpHilmMae
OCTaTOYHE PILIEHHS Ha IiJICTaBl MPEICTaBICHUX MaTepiaiB.

[lepioguuHy  nep’kaBHY  MHOBIPKY  HPOBOASTH Y
KaJIeHJapHUI TepMiH, yCTaHOBIEHUH IrpadikoM MOBIpPKH 3ac001B
BHUMIpiB 200 3a 3asiBOI0 KOPUCTYyBaya 3ac001B BUMIpIB.

BigoMuy mMoBipKY MHpOBOJATH BIANOBITHO 10 MOPSAIKY,
BCTaHOBJIEHOTO KOPUCTYBaueM 3ac00iB BUMIpIB.

Jlep)kxaBHa ~ TOBipKa  3aco0iB  BHUMIpIB  I[OBHUHHA
3a0e3mevuyBaThCsl OpraHamMu JIEPKABHOI METPOJIOTIUHOI CITYKOH
6€3B1IMOBHO (BiAMOBIIHO IO OTO/HKEHOTO rpadika).

3a BIJICYTHOCTI yYMOB, HEOOXIAHUX [Jisi TPOBEACHHS
MOBIPKH, KEPIBHUK TEPUTOPIAIbHOTO OpraHa Jiep>KaBHOI
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METPOJIOTIYHOT  CIy’)kOM  3000B'S3aHUI  BKa3zaTd  IHIIAN
HaWOIMKYMA OpraH Jep>KaBHOI METPOJIOTIYHOI Ciy)xOu abo
MiIIPUEMCTBO, SIKE MOKE BUKOHATHU TIOBIPKY.

ITo3aueproBa noBipka NPOBOAUTHCS B TAKMX BUIIAIKAX:

— 32 HEOOX1HOCTI NMEPEeKOHATUCS B MPHIATHOCTI 3ac00iB
BHMIPIB 10 3aCTOCYBaHHS,

— NpH YIIKO/KEHHI BiOMTKAa MOBIpOYHOrOo Kieima abo
BTpaTi CBIUEHHS, IO MIATBEP/KYE IPOXOIHKEHHS 3aco0amMu
BUMIpiB IEPBUHHOI Y MEPIOAMYHOI MOBIPKHU;

— P BUKOPHUCTaHHI 3aC00IB BUMIpIB K KOMIUICKTYHOUHX
y BUIQ/IKy 3aKiHYCHHS NOJIOBUHU MIKIIOBIPOYHOTO iHTEpBAIY;

— mpu mpojaxi (BiANpaBIeHHI) CHOXKHUBady 3aco0iB
BUMIpIB  MiCJis  3aKiHYEHHS IOJIOBHHHM  MDKIOBIPOYHOTO
1HTEpBaIy.

[HcnekuiliHa mMOBipKa 3IIHCHIOETBCS TIPU  TMPOBEACHHI
Jep>KaBHOTO ~ METPOJIOTIYHOIO  Harjisify y  IPUCYTHOCTI
MPEJCTaBHUKIB MIANPHEMCTBA, 110 MEPEBIPAETHCA. 3a PIlIEHHSIM
1HCIIEKTOpa 1HCIEKIIMHY MOBIPKY MOXKHA MPOBOJUTH HE B
MOBHOMY 00cs131, Iepe10aueHOMy HOPMATUBHUMH JJOKYMEHTaMHU
Y1 TEXHIYHOIO JOKYMEHTAIII€l0.

ExcniepTHy TOBIpKY TpOBOAATH OpraHH JIEp>KaBHOI
METPOJIOTIYHOT CIy’)KOM 3a MHCbMOBOIO 3asBOIO0 JIEP’KaBHHUX
oprasiB (cyay, MpOKypaTypu Ta 1H.) IpU BUHUKHEHHI CIIPHHUX
MUTaHb 11010 METPOJIOTIYHUX XapaKTEPUCTHK, MPUIATHOCTI 10
3aCTOCYBaHHA 1 MPaBUIIBHOCTI €KCIUTyartalli 3aco0iB BUMIpiB. Y
3asBl TMOBMHHI OyTH 3a3HaueHi MpeaMeT, MeTa eKCIEepTHOI
MOBIPKY 1 IPUYKHA, 110 BUKJIMKaJIa HEOOX1AHICTD 11 IPOBEACHHS.
IIpu mpoBeneHHI eKCHEepTHOI MOBIPKU 3ac0o0iB BUMIpIB y pasi
noTpedu MOXyTb OyTH TPUCYTHIMH 3aiBHHUKH, a TaKOX
NpPEJCTaBHUKMA  3alliKaBICHUX CTOpiH. 3a  pe3yjabTaTaMu
€KCTIEpTHOI TOBIPKU CKJIAJAaI0Th BHCHOBOK, IO 3aTBEPKYETHCS
KEepIBHUKOM OpraHa JIep»KaBHOi METPOJIOTIYHOT CIYyXO0H 1
HaTpaBISIETHCS 3asBHUKY. OIMH €K3eMIUISIp BHCHOBKY MOBHHEH
30epiratucs B OpraHi JepXaBHOI METPOJIOTIYHOI CIIy:KOH, IO
MIPOBOIUJIA €KCIIEPTHY MOBIPKY.
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PO31J1 6. IOXUBKHU BUMIPIOBAHb

6.1 3aranbHi BinomMocTi npo noxudku BUMIpIOBaHb

Hezanexxno Bi TOro, sik peTeNbHO MPOBOAUTHCS BHUMIP
Oyab skoi (i3MYHOI BETMYUHU, HEMOXKIIMBO OTPUMATH BUIBHUN
BiJI CHOTBOPEHHsI pe3ynbTaT. [IpuyvMHM [HMX BIAMIHHOCTEH
MOXYTh OyTH pi3Hi. Hampukian, HEIOCKOHATIICTh METOIB,
3aco0iB BUMIPIOBaHHS, MIHJIHMBICTb YMOB BHUMIpPIOBaHHS TOIIIO.
CaMe 11e BIOXWIEGHHS BiJl JIHCHOTO 3HAYCHHS BEIUYHHU
HA3MBaIOTh MOXHOKOIO.

TounicTe BUMIpIB € OZHUM 3 00 €KTIB BUBYCHHS HAYKH
memponoeii. Metponoris (Big rpeu. péTpov «Mmipa» + Adyog
«ijes; TMPUYMHAY») — HAyKa NPO BHUMIPH, METOAM Ta 3aco0m
3a0e3leyeHHs X €IHOCTI Ta CIIOCOOM IOCATHEHHS HeoOXiIHOI
touHocti. [Ipemmerom MeTposorii € BHIy4eHHSI KiJIBbKICHOI
iHdopmartii mpo BIACTUBOCTI 00'€KTIB i3 3aJaHOI0 TOYHICTIO Ta
JOCTOBIPHICTIO

Skicte 3aco0iB  Ta pe3ynbTaTiB BUMIPIB MNPUIHATO
XapaKTepU3yBaTH, BKA3yIOUH iX TTOXHOKH.

BBenenns mnonsTTa "moxuOka" BUMarae BH3HAYEHHS Ta
YITKOTO  PO3MEKYBaHHS  TPHOX  IOHATH:  CIPABXKHBOTO
(ictuHHOTO) Ta [OifiCHOrO 3HAa4YeHb BHMIPIOBAHOT (i3HUHOL
BEJIMYHMHHU Ta PE3yJIbTaTy BUMIPIOBAHHSI.

Cnpasoicne 3Havenns G13MYHOI BEIMYUHU — 1€ 3HAUCHHS,
10 1/1€albHO BIiJ0OOpaka€ BJIACTHUBICTH JTAHOTO 00'eKTa SK Y
KUTBKICHOMY, TaK 1 y SIKICHOMY BiJHOIIEHHI. BoHO He 3aneXxuth
BiJl 3ac00IB HAIIOrO II3HAHHS 1 € TI€I0 a0COIIOTHOIO ICTHHOIO,
SKOi MU TparHeMo, HAMaralyuch MPEACTaBUTH Yy BUTISIL
YHCIOBUX 3HaueHb. HacmpaBai cropaBXHE 3Ha4YeHHS Maibke
3aBXKIM HEBIIOMO (B OKpEMHUX BHIIAJKaX BOHO MOXe OyTH
BHU3HAUEHE 13 3aCTOCYBaHHSM MEPBUHHMX ab0 BTOPUHHHUX
€TaJIOHIB), TOMY WOTO JIOBOJUTHCS 3aMIiHIOBATH TIOHSATTSAM
"mificHe 3HAYCHHS".

Hiticne  3nHauenns (PI3UYHOI BENTUYMHM — 3HAYCHHS,
3HAZICHE EKCIEePUMEHTAIHHO Ta HACTIIBKM HAaOIMXKEHE JI0
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ICTUHHOTO, IO AJI JaHOT METH BOHO MOXKE OYyTH BHUKOPHCTaHE
3aMicTh HbOro. JlificHe 3Ha4YeHHS MOXe OyTH OTpUMaHO 3a
JIOTIOMOTOF0 pOOOYHX ETAJIOHIB.

Pesynomam eumiprosanns (BUMIpSHE 3HAYCHHS) X €
HAOJIMKEHOI0  OI[IHKOIO CHPAaBKHBOTO 3HAYCHHS BEIMYUHH,
3HalJIeHy LUIIXOM BUMIpIOBaHHS (pe3yjbTaT, OTpUMaHUN 3a
JOTIOMOTOF0 p0O0YOro 3ac00U BUMIPY).

OCKIJTbKM CHpPaBXKHE 3HAYEHHsS BUMIPIOBAHOI BEJIMYMHU
3aBXKIU 3QIUIIAETHCS HEBIJOMUM, MOXHA 3HAWTH JIUIIIE
HaOIMKEHY OIIHKY MOXHOKM BUMIpy. Sk nilicHA, IO TOYHIIIEe
BUMIPSIHOTO 3HAYEHHS, 3a3BUYAil 3aCTOCOBYETHCS BEIMYWHA,
BH3HAaYCHA TEOPETUYHO ab0 BHUMIpsAHA OUIBII TOYHHM abo
3pa3KOBHM IIPUITAJIOM.

[ToxuOka pe3ynbTaTy BUMIpY Ja€ YsBICHHS TPO Te, SKi
mudpu y YKCIOBOMY 3HAYCHHI BEJIMYMHHU, OTPHUMAHOMY B
pe3yabTari BUMIpY, € HailOuibll cymMHIBHUMHU. OKpyriroBaTu
YHUCJIOBE 3HAYCHHS pe3yJbTaTy BHUMIPIOBaHHS HEOOXiTHO
BIJIMOBIAHO JI0 YHCIIOBOTO PO3PSAY 3HAUYIIOI HUPPU MOXUOKH,
TOOTO YHCIIOBE 3HAYCHHS PE3YJIbTaTy BUMIPIOBAHHS ITOBUHHO
3aKiHYyBaTUCS LU(DPOIO TOrO X pPO3psAdy, MO 1 3HAUYEHHS
noxuOku. Ilpu 3a0KpyriIeHHI PEKOMEHAYETHCS KOPUCTYBATHCS
MpaBUJIaMU HAOIMKEHUX O0YNCIICHb.

Kaacudikauis nmoxudok. IcHye kuibka kiacuikamiiitHux
O3HaK, 32 SKUMU MOXUOKH MOIUISIFOTHCS HA TPYIIH.

3a criocoboM MaTeMaTH4YHOIO BUPa3y:

© A0COIIOTHA;
® Bi/IHOCHA.

Abconomua noxubxa — 1e PI3HUIS MK BUMIPSHUM X, 1
JTIHACHUM X 3HAYCHHSIM TapaMeTpy

Ax = |x, — x|.
ITo3HauaTtucsa adcor0THA NOXUOKA MOke — A=+50 Mmr.

[Ipukiagu mo3HaueHb aOCOMIOTHOI MTOXHOKHU:
e HOMiHaJIbHA Maca rupi 1 kr £50 mr;
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e jianma3oH BUMIipIOBaHHA Bar cepeanboro III kmacy
touHoCTi Big 20 r mo 15 kr £ 10 .

Bionocna noxubka — BigHOIIEHHS a0COJIFOTHOI IOXUOKU 10
TIIICHOTO 3HAYEHHS BUMIPIOBAHOTO MapaMeTpy

_ Xy — X
Ax:w_
X

ITo3nayaTrcs BigHOCHA MOXHMOKa Moxke — 6== 0,5.

[Tpuknany nmo3HavYeHb BiTHOCHOT TOXUOKHU:

BUMIpSIHE 3HAYCHHS HAJJIMIIKOBOI'O THUCKY 3 BiJHOCHOIO
noxu6koro 1 6ap = 0,5%, To6T0 — PHamn=1 Gap + 5 mOap.

JlilicHe ~ 3HauYeHHsA  IapaMeTpa IO  BHMIPIOETHCS
MMO3HAYAETHCS HACTYITHUM YHHOM:

x = x + Ax.

ITo B3aemo/Iii 3MiH B Yaci i BXiTHOT BETUYHHHU:

® CTaTH4HI — M0 3IMIIAIOTHCA HE3MIHHMMH y Yaci Mpu
3MiH1 BUXITHUX JaHUX;

® MHAMIYHI — 110 3MIHIOIOThCS y Yaci.

3a xapakTepoM HOSBU:

® CHCTEMAaTHYHI;

® BHIIAJKOBI;

® [poMaxH i rpyOi MOMMIIKH.

CucrematnuHa  moxumOKka  —  CKJIaJoBa  MOXHUOKHU
BHUMIPIOBaHHA, L0 3aJMIIAETHCS MOCTIHHOIO a00 3aKOHOMIPHO
3MIHIOETHCSI TIPU MOBTOPHUX BUMIPAX OJHIET 1 Ti€T )K BETUUMHH.
[IpyunHaMHU TOSBH CHUCTEMAaTHMYHUX MNOXHMOOK MOXYTh OyTH
HECIIPAaBHOCTI 3aC001B BUMIpPY, HEJOCKOHAIICTh METO/IB BUMIpY,
HEMpaBWJIbHE  BCTAHOBJIEHHS  BHUMIPIOBIBHUX  MPUJIAJIB,
BIIXWJIEHHS Bl HOPMaJbHMX YMOB iX poOOTH  TOIIO.
CuctemaTiuHi NOXUOKM y MPUHLMUIIT MOXYTh OyTH BHUSBJICHI Ta
BpaxoBaHi. Jlys 1mporo moTpiOHE TPOBENCHHS PETETHLHOTO
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aHaJi3y MOXIIUBUX JDKEpeN MOXHOOK y KOXXHOMY KOHKPETHOMY
BHITAJIKY.

BurmankoBi moXuOKU 3MIHIOIOTHCS BUTIAIKOBUM YHHOM TIPU
0araToKpaTHUX 3MiHAaX OJIHOIO Ta TOro X mapamerpy. Bonu

NPUHIUIIOBO HE MOXYTh OYyTH BpaxoBaHi ab0 yCyHeHI mnpu
BHMIPIOBAHHSIX.

Y

\ /0/ — o

\ .
/ | Bunaakdsi noxubkh

Puc. 6.1 — Ilpuknan BUnajkoBUX MOMUIOK

VY GaraThox BHIagKax BIUTMB BUIMAIKOBUX MOXHOOK MOKHA
3MEHIIUTH MUISIXOM BUKOHAHHS 0araropa3oBHX BHMIPIB 3
HACTYITHOIO CTATUCTUYHOI0 00OPOOKOI0 OTPUMAHUX PE3YNbTAaTIB.

[Tpomaxwu 1 rpy0l MOMHJIKM — HAJIMIPHO BEJIMKI TTOMUJIIKH,
SKi SIBHO CIIOTBOPIOIOTH pe3yNbTaT BuUMiproBaHHA. Llelt kiac
MOXMOOK BHUKJIMKAHUWA HaW4YacTiie HENPaBUIBHUMHU ISIMU
eKCIIeprMeHTaTopa (HAMpUKIaA, Yepe3 HEyBaKHICTh 3aMiCTh
MOKa3aHHA mpuiany «212» 3anucyerbcsi «221»), BUHUKHEHHS
CUJIBHOI KOpPOTKOYACHOI NEPElIKOJH, MOIITOBXY, MOPYIIECHHS
€JIEeKTPUIHOTO KOHTAKTY TOIIIO.

3a XxapakTepoM 3aJeKHOCTI ITOXMOKM Bl BEJIWYHMH, IO
BILIMBAIOTh:

® OCHOBHI;

® JI0JaTKOBI.
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OcHoBHa moxuOKa — 1€ NOXHOKa 3a HOpPMaJbHUX,
CTaHJAPTHUX YMOB €KCILTyaTallii BUMIPIOBAIHHOTO MpUiIany (K
MPaBUIIO, HABEJICHA Y MACIIOPTI Ha BUMIPIOBAJILHUMN MPHIIA).

JlonatkoBa (cucTteMaTH4Ha) IMOXMOKAa — 3MiHa OCHOBHOL
MOXUOKM TMpH 3MiHI YMOB BUMIpPIOBaHHS: THCK, TEMIIEparypa,
BOJIOTICTh TOHIO (TaKOXK y OUIBIIOCTI BHUITQJIKIB BKA3YEThCSA Y
MacropTi Ha BUMIPIOBAIBHUHN MPHUIIA).

Hanpuxnao: BuMIp HaAUIMIIKOBOTO THCKY B pOOOYHX
YMOBaX ILIEXY, 32 TEMIEPATypu HaBKOJMIIHBOTO cepenoBuiia 40
°C, BigHOCHO1 Bosiorocti noBiTps 18% 1 aTMocdepHOro THCKY
735 MM PT. CT., IO HE BIAMOBiJIa€ HOMIHATHHUM 3HAYCHHSIM
BEJIMYMH, SIK1 BIUIMBAIOThH IPH MIPOBEICHHI BUMIPIB.

3a  3aeXHOCTI abCOJIOTHOI TMOXMOKM Bil 3HAa4YEHb
BEJIMYHHU, 1110 BUMIPIOETHCS:

® aIUTHBHA — HE 3aJCKUTh BiJA BEJIMYUHH, IO
BUMIpIO€EThCs (puc. 6.2 a);

e MyJbTUIUIIKATHBHA — MPSMO MPOIOpIiiiHa BEIUYUHI,
10 BUMIpro€eThes (puc. 6.2 0);

e CcyMmapHa — Mae€ i aIUTUBHY, 1 MyJIbTUILUTIKATUBHY (pHC.
6.2 B) a00 HeNiHIIHY CKJIa/I0BY.

[ ]

Al A Al
/
. A
A,
.‘lh X : X
a o &
Puc. 62 — Ilpuxmagm a)  aauTuBHOI, 0)

MYJIbTUIUTIKATUBHOI, B) CyMapHOi MOMMIIOK

6.2 MeTpoJIoriudi XapakTepuCTUKH BHUMipIOBAJIbHOI0
nepeTBOPIOBaya

[Ipu BuKOpHCTaHHI 3acO0IB BUMIpIOBaHb Ba)XKJIMBO 3HATH
CTYHiHb BIJNOBITHOCTI iH(pOpMaIlii PO BETUUUHY, i1 ICTHHHOMY
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3HA4YCHHIO. 3 III€I0 METOI0 JJsl KOXXHOTO 3aco0y BHMipIOBaHb
BBOJIATHCS Ta HOPMYIOThCS TIeBHI METPOJIOT1UHI
XapaKTePUCTHKH.

Memponociuni xapaxmepucmuxku — 1€ XapaKTePUCTUKU
BJIACTUBOCTEH BUMIPIOBAJILHOTO 3aco0y, M0 BIUIMBAIOTh Ha
pe3yiabTaT BUMIPIB Ta BEJIMUYMHY TTOXHUOOK.

OnHi€I0 3 OCHOBHUX METPOJIOTIUHUX XapaKTEPUCTHK OyIb
SIKOTO BHMIPIOBAJIBHOTO MEPETBOPIOBAYA BBAKAETHCS MPHUBEIICHA
noxuoka.

Ilpusedena noxubka  BU3HAYAETHCS SIK BIJHOLICHHS
a0COJIOTHOT TOXHOKHM AX /10 Alanma3oHy BUMIPIOBaHHS Xy .

_ Ax _ |xg—x|

XN XN

[lle omHa BakIMBa METPOJIOTiYHA XapaKTEPUCTHKA Kiac
TOYHOCTI BUMIipIOBaya.

Ilin  xracom  moynocmi  PO3yMilOTH  MaKCHMAIIBHO
JONYCTUMY INPHUBEIEHY MOXUOKY Y HOpPMaJIbHUX (CTaHJIApTHUX)
YMOBaX, BUPAXKEHY Y BiJICOTKaX.

Knac TouyHocTi He MoOXe OyTHM NOKa3HMKOM TOYHOCTI
BHUMIPIOBAHHS, BIH TUIbKU [TOKa3ye FPAaHUYHE 3HAYEHHSI OCHOBHOI
MPUBECHOT NOXUOKHU. JIJ1s1 KOHKpEeTHUX BUMIpIOBaHb HEOOX1IHO
BKa3yBaTU HE TIIBKHM KJIAC TOYHOCTI MPHUCTPOIB, a 1 Jiama3zoH
BHUMIPIOBaHb.

Knac ToyHOCTI BHMIpIOBaIbHUX MpUIANIB Yy OUIBLIOCTI
BUMNAJKIB BHUPAXAETbCS MEXaMH OCHOBHOI IpHUBEIEHOI abo
BIJIHOCHO1 MOXHMOKH, sIKl JIOMycKatoThcs. [Ipu 1iboMy OCHOBOIO
BU3HA4YeHHs (QOpPMM YSABICHHS Kjacy TOYHOCTI MpHIaay €
XapakTep 3MIHU OCHOBHOI a0COJIIOTHOT MOXUOKH 3aC00y BUMIpY.

Bignosimno 10 [3] BcTaHOBIEHI HACTYIHI CTaHAapTHI
KJIaCH TOYHOCTI BHMiproBaibHUX TieperBoproBaui: 0,005; 0,02;
0,05; 0,1; 0,25; 0,5; 1,0; 1,5;2,5; 4,0.

BpaxoByroun kjiac TOYHOCTI MOXHa BCl ICHYIOUH MpUIan
NOJIUTUTH HAa TPYNH 3 ypaxyBaHHSAM LIbOTO 3Ha4deHHs. KoxHa 3
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IUX TPYH MO€ CBOE METPOJIOTIYHE NMPHU3HAUEHHS 1, BIAMOBIIHO,
3/1aTHA BUKOHYBATH NIEBHE KOJIO 33/1a4:

- TEXHIYHI;

- nabopaTopHi,

- 3pa3KoBi.

Texniuni npunaou (xnac tounocti 0,25-2,5) npusHaudeHi
UIE poOOTH y BUPOOHWUYMX YyMOBax. BoHU mOBUHHI OyTH
HEJOPOTUMU Ta HaAliHMMH. B moka3HMKaxX Takux MpuiIaliiB He
BHOCSATD IOIIPABKH HAa NOXHOKY BUMipIOBAaHHS.

Jlabopamopni  npunaou  (xkmac  toudocti  0,05-0,2)
MPU3HAYCHI JJIs1 TOYHUX BUMIPIOBaHb B Ja0OpaTOPHUX yMOBaxX i
JUTSL TIOBIPKM TEXHIYHMX MpuiaadiB. [ MmigBHINEHHS TOYHOCTI
BHUMIPIOBAaHb B MIOKA3aHHSI BBOJIATHCS MOTPABKH, III0 BPaXOBYIOTh
CUCTeMAaTHUYH1 MOXHOKH.

3pasxosi npunaou (xiac Togrocti 0,005-0,05) npusnaveHi
JUTSI TIOBIPKH JTa0OPaTOPHUX 1 TEXHIYHUX MPUIIAIIB.

HacTynHoro MeTposoriuHol XapaKTepUCTUKOI € yiHa
noodiny wkanu. 1le pi3HUI 3HAUYEHb BEJIMYMHU, IO BiJAIMOBIiIa€
JIBOM CYCI/THIM ITO3HAYKaM IIIKAJIH.

Yymausicme BHUMipIOBAJILHOTO NepeTBOprOBaya
XapakTepu3ye Horo 31i0HICTh BUMIpIOBAaTH Maji curHaiu. [Ipum
3MEHIIEHH] BEIWYMHHM CHUTHATy, IO BUMIPIOETHCS, BiITHOCHA
MOXH1OKa BUMIPIOBAHHS 3017IbIIYETHCS.

[Tpu BinmHOCHI#M moxubii 100% npunaa He npuAATHUNA AJs
BHUMIPIOBAHHS.

Ilopocom yymnueocmi Ha3UBAETHCS MiHIMAIbHE 3HAYCHHS
BEJIMYMHHU, LI0 BHUMIPIOETbCA, TNpHU SKIH BIJHOCHA IOXHOKa
cknanae 100%

Y
Xmin = m "XN-

Yacto BUMIpH 3/1ICHIOIOTHCS HE OJIHUM BHUMIpIOBAaueM, a,
TaK 3BAaHUMHU, BUMIiPIOBAIbHUMH JTAHITFOTaMHU.

BumiprosanvHuii n1anyroe — CyKYIHICTh TEPETBOPIOIOUUX
€JIEMEHTIB 3ac00iB BUMIPIOBAHb, SIK1 3a0€3MeUyIOTh 31MCHEHHS
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BCIX MEPETBOPEHb MapaMeTpy X, LI0 BUMIPIOETHCS, y BUIJII,
SIKAW 3pYYIHHUM JIJ1S1 TOAAITBIITOT OOPOOKH CHCTEMOIO.
[Toxubka BHUMIpIOBaHHA CKJIQJHOTO BHUMIPIOBAJIBLHOTO
JIAHIIOTA OIIHIOETHCS MO TIOXNOKaM CKJIa0BUX €JIEMEHTIB.
Sxmo BBaxkaTd, IO TMOXUOKU YCIX CKIQJOBUX OJHOTO
3HaKy, TO pE3ylIbTylo4a IOXHOKa Oyae MaKCHMalbHOIO Ta
JOPIBHIOBATH CyMi IOXHOOK YCiX EepETBOPIOBAYIB:

Ymax = Y1t Y2+t Vn

Ha nmpakrtumi  dgactimi  3aCTOCOBYIOTh — Tak — 3BaHy
KBaJ[paTU4YHy T[OXHUOKY, 5Ka BpaxOBY€ HE3AJCKHUU Ta
BHITAIKOBUH XapaKTep CKIAJTOBUX MOXHOKH:

Yk = JVE +y5 4+ v

Bucnosxku:

1. BumiproBajgbHMH JIaHIIOI IOBMHEH CKJIAJaTUCS 3
MIEpPETBOPIOBAYIB OJU3BKUX KJIACIB.

2. JIAs 3MEHIIEHHS MOXMOKU BHMIPIOBAJILHOTO JIAHI[IOTA
HEOOX1HO 3MEHIIUTH MOXUOKU IEepEeTBOPIOBAYIB, 3 SKHUX BIH
CKJIaJa€ThCA.

6.3 [Ilpukjgagum BH3HAYEHHS YHUCJIOBHX 3HAYeHb
MmoXuoOOK

Abconromua, sionocha ma npusedena noxuoku. Ilig yac
METPOJIOTIYHOT MepeBipku rupi Oyjao BHU3HAa4YeHO, W0 ii Maca
ckiamae 0,5 kr. A mig 4yac MOTOYHOTO ii BUKOPHCTAHHS Ha
MoOyTOBUX €NEKTPOHHUX Barax Oyno Bu3HadeHa maca 0,53 kr.
Busnaunty aOCOMIOTHY, BIIHOCHY Ta TpPUBEIEHY MOXHOKH
€IIEKTPOHHOTO TIPHUIALIY.

Abcontomna noxuoka —Ax = |x, — X|, ne xg — BuMipsiHe
3HAYEHHsI, X — JIMCHE.
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Ax = |x, —x| =10,53 -0,5| = 0,03

. -_— |xp—x|

Bionocna — Ax = BT

__lxg—x| _ 10,53-0,5]
- X - 0,5

Ax = 0,06.

[x5—x|

Ilpugeoena —y = , 1e XN — Jllarma30H BUMIPIOBaHb.

XN
[Tpumyctumo, 1Mo MakcuMallbHE 3HAUEHHs Ha IIKaji BariB
—5xr. Tonmi

_ l=x _ l053-05]
XN 5

14 = 0,006.

Llina o00HO20 OiniHHA wKaiu ma HCMPYMEHMAIbHA
noxubKa  BUMIPIOBANbLHO2O — NPUIAOy. Amnepmerp 3
MaKCUMaJIbHUM 3Ha4YeHHIM Ha mkami 5 A. Kinbkicts pucok — 50.
BusHaunty «1iHy» OfHI€1 PUCKH Ta IHCTPYMEHTAIBHY ITOXUOKY.

[lina ogHOrO AUIIHHS IIKAIH

]_l:

)

I1
n
ne 11 — niana3oH BUMIpy npuiaay.

LR
H=a =504

IHCprMeHTaJIBHa HOXI/IGKa
d= —Ql—O%A
22 T

ne L] — 1iHa 0JJHOTO JUTHHS IIKAJIH.

312



0,1
d= - = 0,05A.

Iloxubxa  cninbnux  6umipis. Bu3HAUUTH  TOXHOKY
po3paxyHky U 3a ponomoror 3akoHy OMa 3a yMOBH, LIO
[ =0,5+0,01A (abcomorna moxubka Al=0,01), R =10+
0,20M (abcomrorna moxubka AR=0,02).

Busnaunmo xonu Oyze Haiikpamie 3Hadenns U.

Uﬂaﬁxpam = IHaﬁKpaIu ' Rﬂaﬂxpam = 0,5 10 = 5 B.

Po3paxyemo BiTHOCHY OXHOKY.

Al =—2L =29 _ 002 = 2%,
IHaﬂKpaLu 0,
AR = —2R  =22_ 002 = 2%,

RHal?IKpaLu 1

AU = 2% + 2% = 4%.

3arajlbHe IPaBUJIO 3HAXOJUKCHHS IMOXHMOKHM CHIJIBHHX
BHMIpIB.

e BIJHOCHA MOXMOKa CyMH MepedyBae MiX HalOLIbIIOO 1
HaWMEHIIIOIO 3 BITHOCHHUX MOXHOOK /TOaHKIB (J1ara3oH).

e BiJHOCHa MOXHWOKAa MHOXKEHHS abo0 [iJeHHS TOPIBHIOE
CyMi BIJHOCHUX MOXHOOK CIIBMHOXHHKIB a00 A1IEHOTO 1
MIIbHAKA.

Hiticha ma abcontomna noxubka cepii eumipis. [Ipu Bumipi
Macu 3 BHKOPHUCTAHHS BaXXUIBHHX BariB OTPUMAalM 3HAYCHHS
99,8 r, 101,2 1, 100,3 1, 100,8 r. [HCTpyMEeHTanbHA MOXHOKA
npunany d=0,05 r. 3HaliTH piiicHe 3Ha4YeHHS 1 aOCONIOTHY
MOXUOKY.

Criouyatky 3HaXOJIUMO CEpEJIHE 3HAYCHHS MacH

99,8+ 101,2+ 100,3+ 100,8
Meepean = " ~ 100,52 .
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MoxHa NpUHHATH HOTO 3a JiiicCHe 3HaYeHHS MacH.
AGcoroTHA TOXHUOKA JIJIs1 KOYKHOTO BUMIPY:

A;=1100,52 —99,8| = 0,72,
A,= 100,52 —101,2| = 0,68,
A;=1100,52 —100,3| = 0,22,
A,=1100,52 - 100,8| = 0,28.

Cepennst abCoIIOTHA MOXUOKA

0,72+0,68+0,22+0,28
4

ACEP= = 0,47

AOCoJII0OTHA TTOXHUOKA

Am = max{Acp, d} = max{0,47, 0,05} = 0,47 rp.

Pesynprar: m = mg, + Am = 100,52 + 0,47 rp.
BignocHa moxuOka:

047
M =100,52

+100% = 0,05%.
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PO3 11 7. OYHKIIOHAJIBHI CXEMH
ABTOMATHKH (PCA)

7.1 3araabHi Binomocti npo ®CA.

ABTOMATH3aIlisl CHCTEM CIIOCTEPEKECHHS, KOHTPOJIIO Ta
yIpaBJliHHS nepeadadae po3poOKy CKIAJHUX CXEM 3 BEIMKOIO
KUTBKICTIO €JIEMEHTIB, KOMYHIKaIliil Ta ()yHKIIOHAILHUX 3B S3KIB
MDK  HuMH. s crpomieHHsS — poOOTH  iHXKEHEpiB-
MPOEKTYBAIbHUKIB, TPEICTABHUKIB MOHTKHUX YCTAaHOB Ta
eKCIUIyaTaHTIB CBOIO dYacy OyJl0 MNpUIHATO pilleHHd [po
PO3pOOKY €IMHOTO MiAXOMY A0 TpadidHOrO 300paKCHHS TaKUX
cucteM (QyHkuioHanpbHuX cxem aBToMatuku (PCA). Lli cxemu
MOXYTh ONMHCYBAaTH OyJb SKYy aBTOMAaTH30BaHy (AaBTOMAaTHYHY)
CHCTEMY.

OyHKITIOHATBHI CXEMU MIPOCKTIB aBTOMAaTH3arLil
MPEACTABIAIOTh COO0K0 CHMBOJIIYHE 300pakKeHHS amnapariB
(arperariB)  TEXHOJOTIYHOTO  TpPOLECY, TNPWIATIB s
CIIOCTEPEXKEHHS Ta KOHTPOJIIO 1 KOMYHIKaIil, 0 3'€AHYIOTH iX.
Ha Hux BKa3yloTbCs (PYHKIIOHAIBbHI 3B'SI3KM MK OKPEMHMHU
€JIEMEHTaMH CHCTEM.

OyHKIIOHAIBHI CXEMHU B1100paxaroTh (YHKIIOHAIBHO-
OJIOYHY CTPYKTYPY OKPEMHUX BY3JiB aBTOMAaTHYHOTO KOHTPOJIIO,
CUTHaJI3alli, YIOpaBJIHHA Ta pEryJIOBaHHS @polecaMu Ta
BHU3HAYalOTh OCHAIEHHA O00'€eKTa YMNpaBIiHHA NpHIaaMUd Ta
3aco0amu aBTomaru3aiii. OyHKI[IOHAIbHA CXeMa aBTOMATUKHU €
OCHOBHUM TEXHIYHUM JIOKYMEHTOM, BU3HAYaJIbHUM
(GYHKIIOHANIBHY CTPYKTYpPY Ta 00CST aBTOMaTHU3allii.

@DyHKIIOHATbHA CcXeMa MICTUTh 1H(OpMaIilo NMpo BHUIU
JATYUKIB Ta MICIS X pO3TalllyBaHHS Ha 00'€KTi, BUMIPIOBAJIbHUX
NEPEeTBOPIOBAYaX, BHKOHABYMX MPUCTPOSIX, PETYIATOpax Ta
IHIINX TEXHIYHUX 3aco0aXx CHCTEM aBTOMATH3allli, a TaKOX
3B'SI3KIB MK 3ac00aMH aBTOMAaTH3aLlli.

Ili cxemMu nalOTh JeTanbHE YSABICHHS TMPO 3aco0m
aBTOMaTH3alii Mepuoro Ta JPYroro piBHIB PO3MOAUICHOT
CUCTEMHU YTIPaBJIiHHA (JAaTUYMKHU, BUKOHABYI MPHUCTPOIi, JIOKAJIbHI
Mepexi Tomo). Jlo ckiagaHHs (QYHKIIOHAJIBHUX  CXEM
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OPUCTYNAIOTh  TICAA  JOKJIAJHOTO  BHBYEHHS  00'eKTa

aBroMaru3arii.
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Puc. 7.1 — Ilpuxiiag pyHKIIOHATHHOI CXeMH aBTOMATHKHU

@®CA KOpPUCTYIOTbCSI A1 BUBYEHHS MNPHUHILHUIIB POOOTH
BUpOOy, a TaKOX IpPHU HOro HalaroJKeHHi, KOHTPOJIl, PEMOHTI,

MPOEKTYBAaHHI CYMI)KHUX CHCTEM.
B 3anmexxHOoCTi BiJ CTyNEHIO JeTaizarii

DOCA:
- PO3TOpHYTI;
- CIIPOLIEH];

- KOMOIHOBaHI.
B nponeci po3pobku @CA cTaBisThCS HACTYIHI 3aa4i:

- 301p 1 mepBUHHA 00poOKa 1HPOpMaIIii;
- pO3paxyHOK 1  KOHTPOJIb  TEXHIKO-€KOHOMIYHHX

MMOKA3HUKIB;
- KOHTPOJIb BIIXUJIEHb TapaMeTpiB;
- KOHTPOJIb CTaHy 00J1a/IHaHHS;
- IpOrpaMHe 1 JUCTaHIIIIHEe KepyBaHHS;
- moJlaHHs 1HGopMallii AucTeTyepy;

PO3PI3HSIOTH
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- 00JTiK MapaMeTpis;
- 00JIIK TEXHIKO-€KOHOMIYHHMX IOKA3HUKIB;
- 00K cTaHy OOJIaTHAHHS.

[Ipun ckiamanHi (QYHKIIOHATBPHUX CXEM PO3POOJISIOTHCS
TaKi OCHOBHI ITUTaHHS:

- OTpUMaHHS MEPBUHHOI iHOpPMAIll PO CTaH IpoLeCy
Ta 00JIaTHAHHS;

- 0e3mocepeIHhOr0 BIUITMBY Ha TPOILEC Ta YIPaBIiHHSI
HUM,

- crabutizarlii mapameTpiB IpoLecy;

- KOHTPOJIIO Ta PEeCTpallii mapaMeTpiB MPOIECy Ta CTaHy
oOJIafHAHHS.

OxpeMo ciin 3BEpHYTH yBary Ha Te, IO WiJ HA3BOIO
«IIPOIEC» MOXKE MTH MOBA MPO TEXHOJOTIYHUH MPOIIEC, MPOIIEC
CIIOCTEPEKEHHS 32 CTAaHOM HAaBKOJMIIHBOTO CEpEIOBUINA,
nporuec 3a0e3neueHHsT (PI3UYHOI Ta MOKEKHOT Oe3MeKu 00’ €KTY
TOIIIO.

VY nporeci po3poOku QyHKIIOHAIBHUX CXEM 31HCHIOIOTS:

- BUOIp METO/IiB BUMIPY TEXHOJIOTTYHUX apaMeTpiB;

- BHOIp OCHOBHUX TE€XHIYHUX 3aC001B aBTOMAaTHU3AIlii;

- BU3HAUCHHs TPHUBOJIB  BHUKOHABYMX  MEXaHI3MIB,
PETYIIOIYHNX OPraHiB TEXHOIOTIYHOTO 00aHAHHS,

- po3mimieHHs 3aco0iB  aBTOMarH3alii Ha IIUTax,
yJabTax, TEXHOJIOTIYHOMY OOJIaJHaHHI Ta TpyOONpoBoOJax, Ta
BHU3HAUEHHS CIOCOOIB MOJAHHA 1H(pOpMaIii Mpo CTaH MPOIIECIB
Ta 00JIaIHaHHS.

7.2 IIpaBuya ymoBHUX no3HavyeHb Ha DCA

OyHKIIOHATbHI CXEeMH BUKOHYIOTh Yy BUIJISIJII KpECIeHHS,
Ha SKOMY CXEMaTHM4YHO 3a JIOTIOMOTOI0 YMOBHHUX 300pa)KeHb
MOKa3yIOTh: OOJIalHaHHS, KOMYHIKaIli, OpraHu YIpaBJiHHA Ta
TEXHI4YHI 3ac00M aBTOMaTH3allii, po3TalloBaHi 6e3rmocepeIHbO Ha
oOjasHaHHI, MOPYyY 13 oOJajHaHHAM (3a MICHEM), a TaKOXK Yy
[IMTaX Ta MyJbTax i3 3a3HaYEHHSM 3B'A3KiB MK HUMH.

Texnonociune obaaonanns 300paxyerbcs Ha DCA vy
BUTJISAI HaMmpocTimux yMOBHHMX rpadiyaux no3Hadenb (YITI)

317



6e3 macmTady, JOTPUMYIOUNCH TITBKH 30pOBOTO
CHIBBITHOIICHHsST po3MipiB oOnagHaHHsA. OIHaK cXxema Mae
JaBaTH SICHE YSBIICHHS TPO MPUHIMN poOOTH OOJaJHAHHSA Ta
B3a€EMO/III0 Horo 13 3acobamu aBToMartu3allii. BHyTpimHiil BMicT
300paXylOTh y HEOOXITHUX BUMAAKAX JUIsl TOKa3y 3B'S3KIB 3
MPUCTPOSIMH aBTOMATH3AIl].

Tabmuuss 7.1 — Ilpukimagu  yMOBHUX  IO3HA4YeHb
TEXHOJIOTTYHOI0 001aTHAHHS

— PIAMHHWKA HAcOC

- Tra3oBWi Hacoc (KoMITpecop)

@@

- Tra3oBa EMHICTh (pecuBEp, I'a3rojbIep)

- piauHHA €MHICTB (0aK)

- TEII000OMIHHHUK

OnnotunHe oOOJaAHAHHS B CHUCTEMi, IO TMPAIOE
nociioBHo, Ha PCA moka3yeTbcs Bce, a sKe Mpalroe
napajenbHO — OJIHUM anaparoM.

Jlyis 3pydHOCTI CKJIaJlaHHI TOSICHIOBATBHOI 3amMUCKH J0
MPOCKTY CHCTEMH aBTOoMaTH3alii Outbmicth enemenTiB Ha DCA
HyMepyeTbes. Hymepalliss BUKOHYETBCS TIO XOAY TEXHOJIOTTYHOTO
MIPOLIECY.

3aCcTOCOBYETHCS TPU THUIH MO3UIIHHUX MO3HAYECHD:

1. Bkasyerbcs Homep nosuii enementa na ®CA: 1,2,3, ...
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2. ApabchkuMu uudpaMu BKa3yeThCs HOMEp
(hyHKIIOHAILHOT TPyNH 1 HOMep npuiany B rpymi: 1-1, 1-2, ..., 3-
1,3-2..

3. Apabcbkoi nudporo BKaszyeThes HoMep (YHKIIOHAIBHOT
Tpyld, a HOMEp MpHiaay B TPYIi MO3HAYAETHCS PSAIKOBOI
OykBoro kupunuii: la, 10, ... 3a, 30 ...

4. PiBeHp yrpapiiHHA 03HAYAETHCS PUMCHKOIO IIU(PPOIO.

[IpaBmwia O6ynoBu ®CA Ta yMOBHUX IO3HAYCHb HA HHX
perimaMeHTyroThes [4].

I'padiuni 300pakeHHs] MpUIaNiB, 3ac00iB aBTOMAaTH3AIlii
Ta JiHI{ 3B'SI3KYy MOBUHHI BIANOBIOaTH HaBeACHUM y Ta0muii 1
[4]. HomyckaeTbCsi BUKOPHCTOBYBaTH  JOJATKOBI TpadivHi
300paxkeHHs, SKI He mepenbayeni y [4]. Ane mi 300pa)keHHS
000B’s13KOBO MOBHHHI OyTH po3IM(ppoBaHi Ha CXeMi B YaCTHHI
YMOBHHX TI03HAYCHb.

Oxpim obnagHanHs 000B’s3k0BUM eneMeHToM Ha DCA e
KOMyHiKalii. Komyuikayismu Ha3UBAKOThCS MPHCTPOI IS
¢bi3nyHOI mepenadi abo TpaHCIIOPTYBAaHHS PEYOBHHU a00 eHeprii
(TpyOOIIPOBOIN, EIEKTPOIPOBOIAM, TPAHCIOPTEPH, POJIBraHTH,
mHeKky, JipTa 1 T. 1H.) KomyHikaiii 300paxkyl0Th OCHOBHOIO
JiHI€I0 31 CTpUIKaMM (PIBHOCTOPOHHINM TPUKYTHHK SMM), IIO
BKa3yIOTh HAINIPSIMOK PYXY MOTOKY.

Tabmuus 7.2 — Ilpuxiiagm  yMOBHHX  TO3HA4€Hb

KOMYHIKaIii
— > | — eIeKTphYHa

—[ﬁi‘— - IIHEBMaTUYHa

+ - Ta3oBa EMHICTh (pECUBEp, Ta3TOIBIED)

—b— - plaMHHA EMHICTH (0aK)

CTpisKky Ha KOMYHIKaLisSX BKa3ylOTh B MICIISIX:
* HA MOYATKy 1 KiHIlI KOMYHIKaIlii;
* Ha BXOAl B 00JIafHaHHs (HA BUXO/Il HE MOKa3YIOTh);
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* TMPOMDKHI CTPUIKH JJISI CKJIATHUX CXEM.

OyHKIIOHATBHI  3B'A3KM  TOKAa3yIOTh B3aEMOIII0 MIXK
OKpPEeMHUMH €JIEMEHTaM, 110 BXOJSTH JO CKJIany cucTeMu. Bonu
He € nusixamMu —(BI3MYHOTO  TPAHCIOPTYBaHHS  PECYpCiB.
OyHKIIOHATBHI 3B'SI3KM 300paXKyIOTh TOHKUMHU JIHISIMH.

KoskeH 3B'SI30K MOKa3yeThCS OJHIEIO JIIHIEI, HE3aJICKHO
Bil (DaKTHYHOI KITBKOCTI MPOBOJIB a00 TPyOOMPOBOIIB, IO
31HACHIOIOTE 11U 3B'I30K.

JIOMyCKaeThCsl TIEPETUH JIIHISIME 3B'SI3KY TEXHOJOTIYHOTO
oOiajHaHHs Ta KOMYyHikamid. He momyckaerbcsi mepeTHHaHHS
JMHIIMH 3B'I3Ky yMOBHHX I[TO3HAY€Hb TPWIAAIB 1 3aco0iB
aBroMarus3arii.

Ipunaou ma 3acobu asmomamu3zayii.

OCHOBH1 YMOBHI [T0O3HaY€HHS:

O - npunag @CA, 1m0 po3TalioBaHHi 3a MiCLIeM;
6 - nputag @CA, 1110 BCTAHOBIICHHH Ha IIUTI, ITYJIbTI;

- BUKOHABYMI MEXaHi3M (HaNpUKIAJ EJICKTPOIBUTYH
Ha 3aCyBIIi).

Mapkysanns npunaziB @CA BUKOHYETbCS 3a TOTIOMOTOIO
KOMOiHaIii Jiitep.

flka BenMuMHa @yHKL|OHaNbHA

BMMIPIOETL o3HaKa

VY BepxHI0O YacTHHY KoOJla BIUCY€ThCA (YyHKIIOHAJIbHE
MO3HAYeHHs (BUMIPIOBAaHUX, KOHTPOJIbOBAHUX, CUTHAJI30BAaHUX
Yl peryjbOBaHMX IapaMeTpiB, BUKOHYBaHI NpuiaagoM (yHKIIT
4yi (PyHKI[IOHANBHI O3HAKH M1EPETBOPIOBAYIB), Y HH)KHIO YACTUHY
MOXKYTh OyTH BIHCaHi IX(POBI MO3UIIIIHI TO3HAYEHHSI IPUIIAIIB
Ta IIPUCTPOIB.

3rigno [4] «BHyTpimHe HamoBHeHHs» mnpuiany DCA,
(bopMyeThCs 32 HACTYIIHUM HPUHIUIIOM:

320



OcHoBHe
NO3HAYEHHA P
umipiosaroi [ P (TUcK)
BENMUMHY
fopatkose
NO3HAYeHHA
sumipiosanoi [ D (nepenap Tucky)
BEeANYUHU
Tosrauenra — | (nokazamuA)
dyHKyioHansHoi | i
03HaKV Ripaecrpauin)
npunagy |— C (aBTOMaTMUHE
PeryniosaHHs)
PDIRC NOCNIAOBHICTL NITEPHOTO NO3HAYEHRA

:

Micye ANA HaHeCeHHA NO3ULINHOO NO!

Puc. 7.2 — TlpuHnun noOyIoBH YMOBHOTO 300pa)KCHHS

Ipuiiaay aBTOMaTuKu

OCHOBHI JIITEpHI MO3HAUYEHHS BHMIPIOBAHMX BEJIMYMH 1
GYHKIIIOHATBHUX O3HAK MPHJIAIB HaBeAeH! y tabmuii 2 [4].

Ta6 2
= BumipiosaHa senuiuHa DyHKUIOHANLHA 03HaKa Npunany
F4
3
3
§ OCHOBHE NO3HAYEHHSA nmofl:gmm::- Biguﬁpa»(en_na dopmysanHs BM- | Qopamkose 3Ha-
g BUMIDIOBAHOT BEMWMMHI PIOBaHY BEMVMUHY indopmaui xigHoro curHany MEHHA
A + - Curnanizauia - -
[-] + - - - -
c + - - AsTOMaTHUHE -
PerymioBaHHs,
YNPaBNIHHA
D 'ycTvHa PisHnus, nepenan - - -
E EnextpuiHa senuimHa - + - -
(n. 4.13)
F Bupara CniBBiQHOWEHHS,
vacTka, api6
Po3mip, nonoxexHs, - + - -
nepemiuieHHs
H Pyuna ais - - - BepxHa mMexa
BUMIDIOBaHOI
BENMMHHN
/ - - Mokasanks - -
J + AgTOManiHe nepemu- - - -
KaHHsA, 0B6iraHHa
Puc. 7.3 — ®parment Tabnumi 2 [4] 3 miTepHUMH

YMOBHUMH IMO3HAYCHHIMU €JICMEHTIB
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Tabmuus 7.3 — Ipuknagu JiTepHUX YMOBHHUX IO3HA4Y€Hb
€JIEMEHTIB aBTOMATH3AaIli1

UyTauBi eeMeHTH (JTaTUYnUKH)

UyTnuBuid eneMeHT (JaT4yuK) IS BUMIPIOBAHHS
TEMIIEpaTypy, BCTAHOBJIICHHI 3a MiclleM (HANPUKIA,

TEpMOIIapa, TEPMOIIEPETBOPIOBAY OIOPY, TEPMOOATIOH
MaHOMETPUYHOTO TEPMOMETpPA TOIIIO).

UyTnuBHiA €JIEMEHT (IaTYMK) JIJIs1 BUMIPIOBaHHS THCKY,
BCTaHOBJICHUH 3a MiclleM (HanpuKIaja, MOKa3yBaJlIbHUHA

MaHOMETP, TU(PMAHOMETP TOIIO).

UyTnuBuii eneMeHT  (JaTyuK) JUIsl BHMIpPIOBAHHS
PIBHIO, BCTAHOBJICHHUH 3a MicCIleM (HaNpUKIaJ, JaTYHK

SIICKTPUYHOT0 200 EMHICHOTO PIBHEMIpa).

Hpumimka: Jamyuku y 0y0b aAKuil 2pyni 6CMAHOGIIOIONb
nepuwumu. Bonu 3aeircou ecmanosnioromovca na 001a0HanHi,

[lepBrHHI HOPMYIOUi IEPETBOPIOBAYI

E Ilepsunuuii BuMmiprotounii npuctpiii (IIBIT) s
(dbopMyBaHHST HOPMOBAaHOTO cHUTHaIy THUCKY, [IBII
TAaKO0K BCTAHOBJIIOKOTHLCA HA 00J1a[HAHHI.

E MBIl pans ¢opMyBaHHS HOPMOBAHOTO CHUTHATY
TeMIIepaTypu.

E’E [TepeTBOproBay €NEKTPUIHOTO CUTHATY B €IEKTPUUHUN
= CUTHAJI Ui JAMCTaHLiMHOI  mepenadi. (HOpMyrouui
MepETBOPIOBaY a00 MepPeTBOPIOBAY 1HTEPPEHCIB).

Ilpumimka:  Hopmyluu  nepemeoprosaui,  AK____Rpasuio,
6CMAHOGIIOIOMb HA WM,

[Tpunaay iHaMKauii ¥ peectpallii mapameTpis

[punan IS 1HAUKALT TeMIlepaTypH,
N/ BCTAHOBJICHUI Ha MYJIBTI OllepaTopa

[Mpunan st peectparii TeMneparypH, 6e3 mKaIbHUNA
\1:3/ BCTAHOBJICHUI Ha IIITI

[Mpunan s iHAWKALIT Ta peecTpailii TeMeparypH,
N2/ BCTAQHOBJICHUH Ha MYJIBTI omepaTopa

[Ipunazni curnanizanii Ipo JOCATHEHHS IPaHUYHO MPUITYCTUMHX
3Ha4YeHb MapaMeTpiB
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I

[Mpunan nans BKIIIOYSHHSI CUTHANI3AMI PO TpaHUYHE
BEPXHE 3HAYCHHS TEMIICpAaTypH, BCTAHOBJIICHUU Ha
MyJbTI oreparopa

[Tpunan s BKIIOYEHHS CUTHANI3allii PO TpaHUYHE
HWOKHE 3HAUCHHS TEMIICpaTypH, BCTAHOBJICHUN Ha
MyJbTI oreparopa

I

[Tpunag nis BKJIIOYEHHS CUTHaNi3alli Mpo rpaHUYHE
BEpXHE Ta  HIKHE  3HAYEHHS  TEMIIEpaTypH,
BCTAaHOBJICHUH Ha MYJbTI ONepaTopa

H @ &

—

[Tpunag cBIiTIOBOI CUTHATI3AMIT

[Tpunaa 3BYKOBOi CUTHami3allii

[Tpunaau 10 perynoTh TEXHOJIOTIYHI MapameTpi

[To3umiiiHiii peryisTop TemnepaTypH, BCTAaHOBJICHHN
3a MICLIEM.

I

[To3umiiiHiii perynsaTop THCKY, BCTAHOBJICHUI Ha IIITi.

@E) A

—

besnepepBHuil peryiasiTop THUCKY, BCTAHOBJICHUN Ha
IIiTi. 3akoH peryJroBaHHs HAaJ1a€ThCs B
MOSICHIOBAJIBHOI 3aITHCIT1)

@

Oxpemi enemenTd B @CA, siKi Opi€HTOBaHI Ha BUKOHAHHS
NEBHOIO €Tamy Yy 3arajbHid 3ajmadi, 00 €IHYIOTbCA Y
¢yHKIIOHANBHI JaHIoryu. IlepmuM y TakoMy JIaHLIOTY CTOITh
YyTIMBUI  eleMeHT. 3a HeOoOXiMHOCTI i 3a3HAa4YeHHS
KOHKPETHOTO  MICISl  YCTAaHOBKM  B1IOIPHOTO  MPUCTPOIO
(BcepenuHi  KOHTYpY  TEXHOJOTIYHOTO  amapary)  #oro
MO3HAYAIOTh KOJIOM JIIaMETPOM 2 MM.

O
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Sxmo npuiagu BOyJIOBaHI B TEXHOJIOT1UHI KOMYHIKAIIi, TO
iX MOKa3ylTh y PO3PUBI JiHIN, III0 300paKYIOTh KOMYHIKAITii.

O <}

Skmo mnpwiaad BCTAHOBJICHI Ha KOMYHIKaIii, To 1iX
MOKa3yloTh  MOpyd. Bixbipuuit  mpuctpiii  300pakaroTh
CYIIUIbHOK TOHKOI JIHIEK, MO0 3'€IHYE TEXHOJIOTTYHHMA
TpyOOIpOBi a00 anmapar 3 MPUIAIOM.

Ha pucynkax 7.4 ta 7.5 HaBeeHO MpUKIAIN 300paskeHHs
(GyHKIIOHATBHUX JIAHITIOT1B.

<—— [laTymk TeMnepatypu

E/E
<«—— Hopmytounii N

13 - Bumiprorounii 1

Puc. 7.4 — Ilpuxian QyHKIIOHAIBHOI TpynH MPHIAJiB
BUMIPIOBaHHS TEMIIEpaTypH
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/Pc ) BeanepepsHuit
b
w Per. Tucky

() «<— um
>

2r

Puc. 7.5 — Ilpuxian QyHKIIOHANBHOI TPyNH MPUIAJIIB
0e31epepBHOTO PETYIIOBAHHS THCKY

®CA wmoxyrh OyTH mOOYyIOBaHI JBOMa CIIOCOOAMH —
CIpOLIEHUM Ta po3ropHyTuM. Ilpu cnpomeHomy crnoco6i
BukoHaHHsd ®CA mnpuiagu aBTOMAaTU3allii HAHOCATH HOpsAL 13
300paK€HHSIM TEXHOJOTIYHOTO 00MaaHaHHs (puc. 7.6).

Puc. 7.6 — Copomena ¢yHKIiOHaNbHA  cXeMa
Oe3IepepBHOTO PETYIIOBAHHSI PIBHS Y EMHOCTI 3 BUKOPHUCTAHHIM
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3acyBKM 3 mpuBojoM, xae: 1. PesepByap, 2. Jlatuuk piBHS, 3)
besnepepBuuii perynstop piBHA, 3)BukoHyrouuii MexaHizMm
(BM).

Januii ciocid nae nauie 3arajbHe YSBJICHHS PO MPUHHATI
pIIIEHHS 1010 aBTOMATH3allii 00'eKTa.

Ha posropuytux cxemax ®CA (puc. 7.7) obOnamHaHHS
300pakyeThCsl Yy BepxXHIH dYacTuHi cxemu. Ha oOnagHaHHI
MOKa3ylThCS TUIBKM TEPBUHHI MEPETBOPIOBAaYl Ta BUKOHABYI
MEXaHI3MHU, a IHIII TpPWIaal aBTOMAaTHKH IIOKAa3yIOThCA ¥
TaOIHIII.

JlomyckaeTbest niHii 3B's13Ky po3puBatu. [Ipu nipomy:

- KIHII JIHIA 3B'I3Ky HYMEpPYIOTbCS ONHI€T 1 Tiel X
apabcbkoro 1Udporo;

- HOMEpH JIiHIA 3B'SI3Ky TOBUHHI pPO3TAIIOBYBAaTHCS
TOPU30HTAIIBHO;

- U1 HWOKHBOTO psAAy 3 OOKY IIMTa yNpaBIiHHS HOMEpPHU
IIOBHMHHI CJIIJyBaTH B 3pOCTAI0YOMY HOPSAKY;

- U1 BEpXHIX pAOIB BOHM MOXYTh CIiIyBaTu B
JOBIJILHOMY HOPSIZIKY.
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80°C
6MMNa
150°C

no micuo

25)
&)
&)

Mpunagu

Wur
YnpaeniHHA
@
P
| g
(¢]

HL1

Puc. 7.7 — Po3ropuyTta QyHKIIIOHATbHA CXeMa aBTOMATHKU

Ha TEXHOJIOT1YHE o0JaTHaHHSA pO3pO0ISETHCS
crienuikamis:
Ne na | HaliMmenyBaHHs TexHiuHa Kinek. | [pumitku
OCA o0JyaiHaHHsA XapaKTEePUCTUKA
1 Koten Bapounuii | Hepsx. xapu. 0,3m° 10
2

Posropayruii  cmoci® 3acTOCOBYIOTH JUIsl BHKOHAHHS

(GyHKIIOHATBHUX CXEM aBTOMAaTH3allil, KOJIU KOKeH Mpuiiaja abo

OJIOK,

10 BXOJUTb A0 €IWHOI'O BI/IMipIOBaJlLHOFO PEryjIror4oro
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ab0 Kepyld4oro KOMIUIEKTY, TOKa3ylOTh OKPEMHUM YMOBHUM
rpadiYHIM 300paXKEHHSM.
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HNEPEJIIK CKOPOYEHb

AEC — aTroMHa eneKTpoCTaHIIis

AICIIBb - aBromatu3oBana iHQopMalliiiHa cucTeMa
MOKEKOBHOYX00€3MEUHOCTI

HII3Y — HarioHaiibHHMI YHIBEpPCUTET MHUBLIBHOTO 3aXUCTY
Ykpaiau

APM — aBTomaTH30BaHe poOoue Micie

AC — aBTOMaTH30BaHa CUCTEMA

ACB3 — aBTOMaTH30BaHa CUCTEMa BUOYX03aXHUCTY

AC3II — aBTOMarum3oBaHa CHCTEMa  3arajbHOTO
MPU3HAYCHHS

AC3IIB — aBToMaTH30BaHa cHUCTEMA 3aro0IraHHs MOXKEX 1
BUOYXiB

AC3 — aBTOMaTH30BaHa CUCTEMA 3B'A3KY

ACOIIYEJI — aBTrOMaTW4Ha CHCTEMa OIOBIIIECHHS IPO
MOKEXKY Ta YIPaBIIHHS €BaKyalll€l0 JIOeH

ACOVYAPII — aBTOomMaru3oBaHa CHCTEMa OIEPATUBHOIO
yIPaBIiHHS aBapiHO-PATYBAIBHUMH ITiPO3I1JIaMH

ACIIb — aBToMaTH30BaHa CUCTEMA MOXKEKHOI O€3MeKH

ACIIBbB - aBTOMAaTH30BaHa cucreMa
MOKEXOBHOYX00€3MEeUHOCTI
ACITIB3 — aBTOMAaTHU30BaHa cucreMa

MOKEKOBUOYX03aXUCTY
ACIII" — aBToMaTH30BaHa CUCTEMA MOKEKOTaCIHHSA

ACIIJI3 — aBToMaruM3oBaHa CHCTEMa MPOTUIUMHOIO
3aXUCTY

ACIIK — aBTromMaTH30BaHa CUCTEMa IMATOTOBKU KaJIpiB

ACIIIIBP — aBroMmaTu3oBaHa CHCTEMa 3amoOiraHHs

NEPEANOKEeKHUX 1 BUOYXOHEOE3MeUHNX PEeXKUMIB
ACIIII3 — aBTOMaTM30BaHa CHCTEMa MPOTHUIIOKEKHOTO

3aXHCTy
ACTIC — aBTromMaTH30BaHa CUCTEMA MOKEKHOT CUTHATI3aIl i
ACCOY — aBromaru3oBaHa cHUCTeEMa 3BSI3Ky U

OIICPaTUBHOT'O yl'IpaBJ'IiHHH
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CHIIC - cucremMa IEHTPATi30BAHOTO  IOXKENKHOTO

CIIOCTEPEKECHHSI

ACY — aBTOMaTH30BaHa CUCTEMA YIPABIIHHS
ACVYIIP — aBromaTM3oBaHa CHCTEMa  YIpPaBIiHHSI

npodiTaKTHIHUMHU POOOTaAMH

ACYTII - aBTomaTu3oBaHa CHCTeMa  YIpaBJIIHHSA

TEXHOJIOTTYHUM mpouccom

AYVYII — aBroMaTuyHa CHCTEMa MOKEKOTaCiHHS

BB — BuOyx0Bi peuoBHHU

JAI — Jlep>xaBHa aBTOMOO1THHA 1HCIICKITis

ATC — qudepenuiaabHuil TpaHcPOpPMATOP CTPYMY
3/IBO — 3aco0u 1uMoBUIaNICHHS 1 AUMOOCAKSHHSI
3CB — 3axwuCT Bil CTpPyMiB BUTOKY

IIIM — indopmariifHO-TIOIIyKOBa MOBa

IC® — indopmariitHO-10BiTKOBUH (HOH]T

KI'TI — xepiBHHK TaciHHS MOXKEXi

KOK — kepyrouuii 06uuCIItOBaIbHUNA KOMILIEKC
KT3 — koMmruiekc TexHIYHUX 3ac00iB

JIACIIII3 — nokaipHa  aBTOMAaTu30BaHa  CHUCTEMa

IMPOTUIIOKEIKHOI'O 3aXUCTY

JI3P — nerxo3alitMuUCT1 piAMHU

JICIIII3 — nokanpHa cucTeMa IPOTUIIOKEKHOIO 3aXUCTY
MAI — MixxnapoHa akagemis iHpopMaTH3arii

M3B — Moz1yJb 3aXHCHOTO BIAKJIIOUEHHS

JCHC — JlepxxaBHa cnyk0a YKpaiHU 3 HaJI3BHYAMHHX

CUTYyarlii

HC — nan3Buuaiina cutyaris

H®II — nebe3neuni GakTopu moxKexi

OIIP — oco0a, sika mpuiiMae pimeHHs

[TAPP — nepmioueprosi aBapiiiHO-psATYBaJIbHI pOOOTH

[1b — noxexHa 6e3neka

[IBb — noxexoBnOyx00€31euHiCTh

II" — manbHi ra3u

I[IEOM — mnepcoHaibHa eNeKTpOHHA OOYHUCIIIOBAIbHA

MalllMHa
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[13Y — mocriiiHnii 3anam'ITOBYIOYHI TTPUCTPIi

IIK — nporpamyBanpHuil KOHTPOJIEP

I'P — roproui piguau

I1C — mo>xe)xHa CUTHAITI3aIs

[TPY — noxexHo-psTyBajJbHA YaCTUHA

PB/I — pene BuToky nudepeHitiaabHi

CAIIP — cuctema aBTOMaTHU30BaHOIO MPOCKTYBAHHS

CB3 — cucrema BUOYX03axXUCTy

CHAOP — cunpHOAIIOY OTPYIHI PEYOBHHU

COIIYEJI — cucrema ONOBIMIEHHS NP0 TOXKEKY Ta
yIPaBJIiHHS €BaKyalli€ro Jiroaen

CIIb — cucrema nosxexHoi 0e3neKku

CIIBB — cucrema noxe:xoBHOyx00e3MeqaHOCTI

CIII" — cucTema MOXKeKOTaCiHHS

CIIJI3 — cucreMa NpOTUAUMHOIO 3aXUCTY

CIIC — cucrema MoeXKHOI curHamizarmii

TABC — TemneparypHuii JaT4UK BUTOKY CTPYMY

T3 — TexHiuHi 3acobu

TIIT3 — TunOBI MpaBwiIa TEXHIYHOTO 3MICTY

VYTI'TI — ymoBHI rpagiusi no3Ha4YeHHs

OCA — pyHKILIOHAIBHI CXEMH aBTOMaTUKU

I[YC3 — uenTp ynpasiiHHs cuiIaMu 1 3acobamu
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Hasuanvne suoamnns

HepeB'saako Onexcanap AHATOIHOBHY
Bbonnapenko Cepriii MukomaiioBua
AnTtomkin Onekciii AHaroniioBuy

Mypin Muxaiino MuxonaiioBud

ABTOMATHKA JJI51 3BAITIOBITAHHA
BUBYXAM TA INOXKEKAM
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