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Jlekuis 1

3arajibHi XapaKTepUCTUKH 00’ €KTIB Ta MeTOIB
BUMipIHOBaHHA.

HaBkoymmue — cepepopumie  (“environment™)  —
CYKYNHICTh MPHUPOJHUX 1 3MIHEHHUX JISUIBHICTIO JIIOJUHU
a0l10TMYHUX Ta O10THUYHHX (akTOpiB, MO0 Oe3mocepeaHbO ado
OMOCEPEIKOBAHO BIUIMBAIOTh HA JIIOAUHY. TepMiH MOXOAUTH
Bil (ppaHIy3pkHX €nviron abo Eenvironner, mo O03HaYarTh
HAaBKOJO, KpyroM, OTOYYBaTH, a pa3oM  YTBOPIOIOTH

CJIOBOCIIOJIYUYCHHA — I[OBKiJ'IJ'Iﬂ.

dakTopH Ta NapaMeTPU HABKOJMIIHbOTO Cepel0BUINA.

dakTop — npuyrMHa abo0 pyuIiiHa cwia OyAab — SIKOTO
poIECY, IO B1I0OYBAETHCS Y HABKOJIUIIHBOMY CEPEIOBUIILI.

AOioTnuHi ¢akTOpM — KOMIIOHEHTH Ta SBHUIIA
HEKHMBOI, HEOPraHiyHO1 MPUPOJW, IO BIUIMBAIOTH Ha >KHUBI
OpraHi3MH:

a) ¢13uuH1 ( KJIIMaTU4Hi): TUCK; PyX MOBITps, BITEP;
BOJIOTICTh; aTMOC(EepHI oOmaau; TEMIEpaTypa; COHSYHE

BUIIPOMIHIOBAHHSI; 10H13a1[1/iH1 BUIPOMIHIOBAHHS;



0) arMoc(epHi: CTpyKTypa 1 cKJiaa armochepu; Ppi3uyHi
M XIMI4H1 BJIACTUBOCTI aTMoc(epH, 37aTHI BIUIMBATH Ha >KUBI
OpraHi3MH;

B) rigporpadiuni ( (paxTopu BOJHOIO CEPEAOBHUIIA):
¢13u4yHI Ta XIMIYHI BJIACTUBOCTI BOJU SIK CEpEAOBHUIIA
MEIIKaHHS KUBHUX OPraHi3MiB;

r) enadiuni (IpyHTOBI): CTPYKTypa Ta CKJaj IPYHTIB,
CYKYMHICTh IXHIX (PI3MYHUX 1 XIMIYHHUX BJIACTUBOCTEH, II10
CIIPaBJISIIOTH €KOJIOTTYHUH BIUIMB HA KMB1 OpraHi3Mu.

biormuni  pakTopm  —  CYKyIHICTh  BIUIWBIB
KUTTETISTLHOCTI OJHUX OPraHi3MiB Ha KUTTEAISUILHICTD 1HIIMX,

d TaKOX HCKHUBC CCPCIOBHUIIIC.

IlapameTp — BeIMYHMHA, IO XapaKTEpU3ye Oylb — SIKY

BJIACTUBICTH MPOILIECy a00 SIBUINA, 10 BIIOYBAETHCA Y IOBKLILIL.

3a0pyaHeHHs] — HECIIPUATIIMBA 3MiHA HABKOJUIIHLOIO
cepelloBUIla SAK IUIKOBUTUM a00 YacCTKOBUM pe3yibTar
JTIOACHKOI MiSTIBHOCTI, 10 0€3MocCepeIHhO a00 OMOCEPEIKOBAHO
BIUIMBAE Ha PO3MOJAUI €HEprii Ta piBHI pajiamii, (Qi3uKo —
XIMI4HI BJIACTUBOCTI HaBKOJIMIIIHBOI'O CEPEJIOBHUINA Ta YMOBHU

ICHYBaHHSI )KUBUX 1CTOT.



Taki 3MiHM BIUIMBaIOTh Ha JIIOJMHY Oe3mocepeaHbo adbo
4yepe3 ClIbCbKOTOCTIOIapChKI PECYPCH, BOJIY UM 1HIII O10JIOT1YHI
MIPOJYKTH Ta PEYOBUHH.

CucreMa CHOCTEPEKEHb, OIIHKM Ta KOHTPOJIIO 3a
CTaHOM IIPUPOJHOTO CEPEAOBUILIA, 110 OTOYYE JIFOJIUHY, 3 METOI)
pPO3pPOOKHM 3axOJIB IIOJ0 HOro OXOPOHM 1 3aroOIiraHHs
KPUTUYHUM CHUTYyaIliiM, a TaKoXX IIPOrHO3YBaHHS MacIITa0iB
HEMHUHYYUX 3MIH Ha3UBA€ThCSI MOHITOPHMHIoM. OCHOBOIO Ta
HEBIJI'EMHOIO CKJIaJIOBOI0O  TaKoi CHCTEMH € BHMIPIOBAIbHI

npuiaaay (BUMIproBajIbHE OOJIaIHAHHSA).

3arajibHi XapaKTepUCTUKH BUMIPIOBAJIBLHOI0 00J1aTHAHHS.

BuMiproBaHHs TapaMeTpa HaBKOJMIITHBOIO CEpPEIOBHUIIA
— II€ MOCHIJOBHICTh €KCIEPUMEHTAILHUX Ta OOYMCIIOBATBLHUX
omneparii, mo 3AIMCHIOITh 3 METOK 3HAXOJKCHHSI 3HAYCHHS
napaMmeTpa, IO XapaKTepu3ye NEeBHUNW 00’€KT abo sBHIIE.
BumiproBanHs mnependadae KUIBKICHY OIIHKY IapaMeTpa B
CTaHJAPTHUX OJUHHUIIAX, TOOTO TMOPIBHAHHSA MapaMeTpa 3
PEKOMEH/IOBAaHUM CTaHJIApTOM JIJIsI BU3HAYCHHS iXHBOI PIBHOCTI
a00 CTYyIEHS PI3HUIIL.

BuMiproBaHHsI BKJIIOYa€: 00’€KT (SIBUINE), BIACTUBOCTI

a00 CTaH SKOr0 XapaKTepU3y€ BEJIMYMHA, 110 BUMIPIOETHCS;



OJIMHULIIO I[1€1 BEJIMYMHM; TEXHIYHI 3aCO0U, MpOorpaayioBaHi B
oOpaHMX  OJIMHMIIX; METOJ BHUMIPIOBAHHS; crocTepirada (
CUCTEMHU PEECTpallii), 10 COpUMAE Pe3yJbTaT BUMIPIOBAHHS;
OTpUMaHE 3HAYCHHS BEJIWYUHU, II0 BUMIPIOBAjaci Ta OIHKY
HOro BIAXWJIEHHS BiJ AIMCHOTO 3HAYE€HHS, TOOTO ITOXHOKY
BUMIPIOBAHHS.

BumiproBanHs OyBaiOTh NPAMHUMM, SIKIIO CUTHAT , IIO
HAJIXOJUTh HAa BUMIPIOBAJIbHUN NpUIaJ] BIJlI CEKTOpPA, MICTUTH
oe3nocepeaHbo 1H(OpMaIIio IIPo MapaMeTp, AKUM BUMIPIOETHCS,
Ta MocepeaHiMM, Mij Yyac KX 3HAYCHHS NapaMeTpa 3HaXOIATh
3a JIOIOMOI'0I0 OOYMCJIEeHh Ha OCHOBI BimoMux ¢dopmys abo
3QIEKHOCTEM MIXK [MM TapaMeTpoM Ta IapamMeTpaMmu, Kl
BUMIPIOIOTHCS 0€3M0CEPEAHBO.

BumiproBajJbHuii nmpujaa — 3aci0 BUMIpOBaHb, IO
Ja€ MOJMKIIMBICTh O€3MOCEpEeNHbO BIAPaxOBYBaTH 3HAUYCHHS
BEJIMYMHHU, 1110 BUMIPIOETHCS. 3AJIEKHO BiJ] TOTO, SIKUM IIUISIXOM
BUMIPIOBAJIbHI NMPWIAAW Aal0Th 1H(GOPMAIlil0, BOHU JUISATHCS Ha
aHaJIOroBi Ta LU POBI.

AHanoroBui nmnpuiaa oTpuMmye 1HQOpMaIlio, sKa
MOCTIMHO 3MIHIOETHCS 1 BIJMOBIIHO AHAJIOTIYHO PEECTPYETHCS.
Takuii mpunag MICTUTh: CEHCOP — (DYHKIIOHAIBLHUI €JIEMEHT,
o 3abe3mneuye 3B’S30K MK MPWIAJAOM Ta IMapamMeTpoM, IIo

BUMIPIOETHCS; TEPETBOPIOBAY CUTHANY, SIKUWA TpaHcpopmye



OTPUMAHUN CEHCOPOM CUTHAJI TaKUM YHMHOM, 100 HOTO MOKHA
OyJlo  cIliocTepiraTv, 4YWTaTH, PEECTPYBaTH; aAHAJIOTOBUU
IHIUKATOp, IO IIEPETBOPIOE CHUTHAJ BIJ IEPETBOpIOBayYa Yy
dopmy, 3pyUHY IS peeCTpallii OmepaTOPOM.

(Tunosi mpuKIIaan).

[HudpoBuit npunan mnojae iHGOpPMAIIO Yy BUIIAII
JUCKPETHUX CUTHAIIB, XOUa BEJIMYMHA TapaMeTpa 3MIHIOETHCS
oesnepepBHO. JlinsHKa 3MiH BEJIMYMHM IapameTrpa, 1o
BUMIPIOETHCS IUIUTHCA HA MEBHY KUJIBKICTh PIBHUX 1HTEPBAJIB.
KoskeH 1HTepBasl BIAMNOBIJIA€ HAWMEHIIIN 3MIHI MapaMeTpa, sIKy
3MaTHUM 3apeecTpyBaTH npuian. Takuii mnpuiajg MIiCTUTh:
CEHCOp; aHajoro — UUA(PPOBUA  NEPETBOPIOBAY,  SIKUU
MEPETBOPIOE OTPUMAHUN CUTHAN Yy HU(MPOBY (opmy; HUPPOBUIL

IUCIUICH I YMTaHHS OTpUMaHO1 1HGOpMaIlii.

Jlekmis 2.
IHpuiaaam st BUMIPIOBAHHS NapaMeTPiB a0iOTHYHHX
(pakTOpIiB HABKOJHUIIHBLOTO CEPeI0BHIIIA.
ATMochepHMIl THCK.
ATMocdepa — 1ie cyMmill  TrasiB, TBEPAUX Ta PIAKUX
YaCTMHOK. Y CHPOIIECHOMY BHUIJISIAI — CyX€ IMOBITPS pa3zoM 3
BOJISIHOIO TIapoto. ATMoc(epHe MOBITPs B J1aa3oH1 TeMIepaTyp

1 THUCKIB, IO ICHYIOTh B HPHUPOJII, MOXKHA PO3IIANATH SK



17IcallbHUM ra3, M0 ONHUCYEThCA PIBHSAHHAM KraiinepoHna —

MennesneeBa:

PrVa = (mMa / Ma) RTa

ne R — yHiBepcanbHa rasoea crana ( R = 8,314551 Jx - K™
MOJIB )

M, - MosipHa Maca a3y ( M = 0,029 Kr + MOJIb * 7151 CYXOro
MOBITPA,

My = 0,018 kr Moub ™ ISt BOJSHOL apH )

Cepenniii atmoc(epHUll THCK Ha pi1BHI MOPSI CTAaHOBHUTH
1,01325- 10° I1a.

["opu30HTAIBHUN PO3MOALT aTMOC(HEPHOTO TUCKY BU3HAYAETHCS

PYXOM MTOBEPXHEBUX Mac MOBITPSI.

Ilpuaaau 1Jiss BUMipIOBAHHS THCKY.

[lpuman Wi BUMIPIOBAHHA  TUCKY  HAa3UBAaIOTh
MaHOMeTpoM. MaHomerpu OyBaloTh CH(OHHOr0  abo
yameykoBoro tumy. ManoMmerp cudonHoro tuny — 1e U-
noj10Ha CKJIsTHA TpyOKa, 3all0BHEHA BOJIOK0 a00 pTyTTIO. O/IUH 3
KiHI[IB MaHOMETpA 3aIasHuM 1 1030aBICHUN TTOBITPS; BIIKPUTHH
KIHEIlb CIOJyYEeHU 3 aTMOC(EepHUM MNOBITpsiM. Pi3HULIS piBHIB
PIIMHY Y ABOX KOJIIHAX TpyOKH Mpo- rpagyiioBaHa B OJMHULISX

TUCKY. MaHOMETp YallleYKOBOTO THUIIy MICTUTh BEPTUKAIbHY



CKJISIHY TpYOKY, 3amasiHy 3BepXY 1 3all0OBHEHY piauHO0. HuxHii
KIHEIIb TPYOKM 3aHypEeHUH Yy pe3epByap, IO YacTKOBO

3aMIOBHEHUI P1IMHOIO.

Tuck, 10 YTBOPIOETHCS CTOBNYMKOM PIIUHU Y TpyoOlii,
BpPIBHOBAXYETHCS aTMOC(PEpHUM THUCKOM. BHCOKa TOYHICTB
BUMIPIOBaHHS MaHoMmeTpa yaiiedykoBoro tumy ( 0,1 Mm. pT CT.)
Ja€ 3MOT'Y BUKOPUCTOBYBATH MOTO SIK CTAHJIAPTHUM TIPpUIIAJ IJIs

MEPEBIPKU aHEPOiTHUX OApOMETPIB T BUCOTOMIPIB.

PryrHuii OapomMerp € KIAaCHUYHUM IIPUKIAJIOM
MaHOMETpa YallleYKOBOTIO0 THUITy. ATMOCPEpHUM THCK, IO
BUMIPIOETHCS PTYTHUM 0apOMETPOM, JIOPIBHIOE:

p = pHg gh(To)

ae h(Ty) — BHcOoTa pPTYTHOrO CTOBIYHKA 3a HOPMAJIbHOI
Temiiepatypu. bapoMeTp MICTUTH CKJISIHY TpPYyOKy, 3allOBHEHY
PTYTTIO 1 3aHYpeHy Yy pe3epByap 31 pTyTTiO. PiBeHb pTyTi y
pe3epByapl KOHTPOJIKOEThCS 3a JOMOMOTOK KOHYCOIO10HO1
KICTKHM. TOYHICTh BUMIPIOBAHHS THUCKY PTYTHOro OapoMeTrpa
cranoButh 0,1 rlla.

bapomerp — aHepoix MICTUTh aHEPOIJHY Kamcyjy, o
CKJIaJIa€Thcsl 3 ABOX TOHKUX ( 0,2 MM TOBIIMHOK) METaJeBUX

ropoBaHUX MEMOpaH. 3 KarcyJju MOBITPs BiaKauyeHO ( TUCK 107



2 rTTa) a60 KarncyIy 3alOBHIOIOTH IHEPTHHM ra30M IIPH THCKY 65
rlla. KiIbKiCTh KamcyJsl B CydyacHHMX MpuUiiajiax Moxe caratu 14.
MemOpaHu 3HaxXOJsAThCS Yy HAIPyKEHOMY CTaHl 3aBISIKU
ropoBaHiif MOBEPXHI Ta Ail MPY>KUHHU.

[lepeBarorw OGapoMeTpa-aHepoifa € HOro KOMIAaKTHICTb,
MEXaHIYHa MIIHICTh, MOXJIUBICTh TpaHcropTyBaHHsA. Lli
NpUJIad MOXYTh 3aCTOCYBaTHUCAd B CHCTEMAaX aBTOMATUYHOIO
BUMIPIOBAHHSA THCKY, OCKUIBKM MEXaHIYHI MEePEeMIIICHHS
AHEPOITHUX KaICyJ JIETKO TMEPETBOPUTH HAa ECICKTPUYHUHU
curHail. HemonikoM 0apomeTpa — aHepoija € MEHIIA MOPIBHIHO
3 PTYTHUM 0apOMETPOM TOUHICTh BUMIPIOBAHb.

baporpa¢gp — mnpwiaa, WO BUKOPUCTOBYETHCA IS
Oe3nepepBHOI peecTpallli TUCKY MOBITps. BiH ckiagaerbcs 13
CTOBMYMKA aAHEPOINHUX KOPOOOK, 3’€IHAHOr0 31 CTPUIKOIO

caMoOIInucCa.

Jlekuis 3.
Pyx nmosiTpH.



Pyx MOBITpA BIAHOCHO 3€MHOI IOBEPXHI HA3UBAETHCS
BITPOM. YTBOPEHHS MOBITPSAHUX MOTOKIB B1OYBAETHCA 3aBISIKU
Il TAKUX YUHHUKIB, SK:

1. I'pajiieHTH TUCKY, 1110 3a0€3MEUYYIOTh PYX MOBITPS BiJl 30HU

BHCOKO TUCKY JI0 30HH HU3BKOTO.
2. I'paBitaniiiHa cuja, M0 IPUCKOPIOE PyX MOBITPS 0
BEJIIMYUHU 1= 98M- c*
3. Cuna TepTts, 1110 BU3HAYAETHCS SIK:
F=-nV
ae M - KOe(IIIEHT BHYTPIIHBOTO TEPTS, SIKUM 3aJICKUTh Bl]I
XapakTepy MiJCTUIIar04u0i MOBEPXHI. V — MIBUIKICTD BITPY.

4. Cuna Kopioica, 1110 BiAXWisie HaOpsIMOK PyXy HOBITPS (
npaBopyd — B I[iBHIYHIA  miBKyJl, JiBopyd — B I[liBaeHHII)
BU3HAYAETHCSI BUPA3OM:

F. =2pVw Sin @
A€ P = ryCTHUHA MOBITPA; V — MBHAKICTh PyXy MHOBITPS; ® -
KyTOBa MIBUAKICTH obepranHs 3emui ( 7,3 © 10™ pax * ¢); ¢ -

IMPOTa MICUEBOCTI.

IlapameTpu BiTpY.

IIIBUAKICTh BITPY BUMIpIOETBCS B M © ¢ . OILIHIOEThCS 3a

nponomoroto mkanu bodopra.



HanpsiMok BITpYy BH3HAYa€eThbCs WIOAO CTOPIH CBITY 1
MO3HAYa€ThCsl a00 B pyMOax (Bchoro 16): miBHIYHUHN, MIBHIYHO —
CXIJHHUM TOIIO, a00 B MOJUIKAX: OJHA ITOAIIKA MICTUTH 5° abo
10° 3a51e>xHO B1J1 HEOOX1JHOT TOYHOCTI BUMIPIOBAHb.

[lopuBuacTicTh BITPY —I1I€ CTPUOKOIOIOHI MIJICUJICHHS 1
nocnabiaenns mBuakocti AV Bitpy (AV="3 m - ¢ mpu V=5
+10 M- ¢ *;

AV="5+7mM-¢c mpu V=11 +15m-¢c ™)
IHpunaau 1ji BUMIPpIOBAaHHS NIapaMeTpiB BITpY.

[Ipunaau 1m0 BU3HAYAIOTh MIBUAKICTh PYXY MOBITPSIHHUX
MOTOKIB, Ha3WBaIlOThCd aHeMoMerpaMu. I[lpuHnun ix fii
MOJISITA€ B IEPETBOPEHHI €HEPT1i MOCTYNAIBHOIO PyXy MOBITPS B
MEXaHIYHE OOepTaHHs pPI3HOMAHITHUX BITPOBUX KOJIC a0bo
I'BUHTIB. HalO1IbII MONIMPEHUMH € AaHEMOMETPH YaIlIedyKOBOTO
Ta MPOIEJICPHOTO THUITY.

AHeMOMeTpP Yalle4KOBOI0 TUITY CKJIAJIA€ThCA 3 TPHOX —
YOTUPHOX HaIMIBCPEPUUHUX YalllOK, [0 00€pTalOThCSd HABKOJIO
oCl, NEPHNEeHAUKYIApHOI HampsMKy BITpy. SAkmo C; ta C, €
KoedIlleHTaMU 3YEIJICHHS 3 MOBITPSIM YBITHYTOI Ta OIMYKJIOi
MOBEPXOHb YaIllOK BIAMOBIIHO, TO CHJM, IO JilOTh Ha
AlaMeTpaIbHO NPOTUIICKH] YAIIKH, BU3HAYAIOTHCS 32 BUPA3OM:

Fy =% -CipS (V- Vy)*,
Fo =Y CopS (V +V, ),



ae V — WBUIKICTH BITPY, Vi — TaHreHIliaJbHA HIBUJAKICTH
YalliKky, 110 00epTaEThCs, p — TyCTHMHA MOBITpsA, S — ILIOIIA
MOIIEPEYHOr0 Mepepi3y YallKu.

OO6epTanbHa MIBUAKICTH CHUCTEMHU, IO 3HAXOAUTHCS Y
piBHOBA31 3 MOBITPSIHUM IIOTOKOM, Ilependadae piBHICTb CUI Fy
Ta F, , 3BIIKH:

C1 (V= V)*=C, (V+ V)°.
Po3B’5130K OCTaHHLOI'O PIBHSAHHSA 11010 V{ IPUBOJIUTH J0

BHUPA3Y:

Vi= V 1-VCGC,
C,—-C,

JIns mepeTBOpPEeHHs MEXaHIYHMX OO0epTaHb y CUTHaJ, IO
iHpopmye mpo IIBUJKICTh  BITPY, BUKOPUCTOBYIOTH
CJEKTPUYHI T'E€HEpaTOpH, OMNTOEJIECKTPUYHI abd0  €MHICHI
neperBoproBayl. [lepeBaroro YaiieykoBUX aHEMOMETPIB €
JIHIAHA 3aJ€KHICTh MBUAKOCTI Vi BiJ MIBUIKOCTI BiTpy V 3a
YMOBH, 110 KOE(DIIIEHTH 3YEIUICHHS cTajl ( JJ1 aHEMOMETpIB
4alieykoBOro THUMYy I yMoBa BHUKOHYeThes). Iloporosa
YyTJIIMBICTh YallIEYKOBOTO AHEMOMETPA CTAHOBUTH 90 + 2,24

M C . AHEMOMETpPH LIbOTO THITy IIPOCTi i Yy T/IHMBI.



AHEMOMETp MPOMEJIECPHOr0 THUIy Mae TpU —
YOTUPWIIONIATEBUN TMPONENEP, BICh SIKOIO MOKAa3ye HAMpPsIMOK
BITpY. 3aJ€XKHICTh IIBUAKOCTI oOepTaHHs jomaTi Vi  Bif

IIBUJIKOCTI BITPY Ma€ BUTJISIA:

V= V
ktgb |
ne 0 — KyT HaxuJIy JIOHaTi Mporenepa BIIHOCHO 0Cl 0OepTaHHS,
K — KoedimieHT, 0 3aJCKUTh BiJ KOHCTPYKII mporeiepa (
k=1). Skmo BuOpaTh KyT Haxwiay JjomaTi 0=45° to tgb=1 i
TaHT€HIIAJIbHA IIBUJKICTh PYXy JIONATI HNPUOJM3HO JTOPIBHIOE
HIBUJKOCTI PyXy BITpY. ['paHMYHA YyTIMBICTH MOPOMEIEPHOTO

aHeMoMeTpa CTaHOBUTH 1,1 M - ¢ BHKOPHUCTOBYIOTH i

IpUNad IS BUMIPIOBAHHS IMIBUIKOCTI BiTpy m0 90 M « ¢ .
[lepeBaroro aHeMoMeTpa MPOIEIEPHOTO THUITY IOPIBHAHO 3
YalieykoBUM € HOoro wmaja Bara ( Iporeinep MOXe OyTH
BUTOTOBJICHUN 3 IUIACTMACH), y TPU pa3u OuIbIIa MIBUIKICTH
oOepTaHHs 1 3JaTHICTb BHUMIPIOBaHb CJIAOKHUX TOBITPSHUX
MOTOKIB.

TpyoOka Ilito Mae BUIIIS HWIIHApPA 3 ABOMAa OTBOPAMH,
OJIMH 3 SKHUX CHPSMOBAaHHUM y HaNpsIMKy PyXy 1 NMpU3HAYCHUU

JJIsl BUMIPIOBAHHSI 3arajibHOTO THUCKY ( CTaTUCTUYHOTO P 1

auHamiuyHoro pV/2), a IHIMA 300Ky, IO A€ 3MOTy



BUMIPIOBATH TUIBKM CTATUCTUYHUHN TUCK P . P13HMIISA THUCKIB, 11O
BUMIPIOIOTHCS TU(PEPEHIIIITHUM MaHOMETPOM JOPIBHIOE:

Ap=pV /2,

7€ p — TYCTHHA MOBITPsI, V — MIBUAKICTH BITPY.

AHEMOMETPU 1OTO THUMY BHUKOPUCTOBYIOTHCSA JIJISI
BUMIpIOBaHb IIBHIKOCTEH BITpy y Mexax 2 + 3 M ¢
3BUYANHO 11l aHEMOMETPU 3aCTOCOBYIOTh TMEPEBAXKHO B
METEeopoJiorii, a He Ui  BUMIPIOBaHHS  IlapaMeTpiB

HaBKOJIMIIHBOT'O CCPCaAOBUIIIA.

Tepmoanemomerp IPYHTYETBCSI Ha peecTparii
BIUIMBY TIOBITPSIHOTO TMOTOKY Ha TEMIIEpaTypy HarpiToro
npoBiiHUKa a6o0 Tina. IlpuHoun a1i npwiagiB UbOTO THUITY
ONMUCYEThCS  3akoHOM  KiHra: TemioBUM  MOTIK, SKUM
OOMIHIOETBCSl [WIIHIP, HArpiTUd A0 TeMIeparypu, IIo
MEePEeBUIIlyE  TEeMIEpaTypy  HaBKOJHUIIHLOIO  TOBITPS, 3
MOBITPSIHUM TMOTOKOM 110 PYXa€TbCs 31 MBUAKICTIO V,
TOPIBHIOE:

Q=(0+bV ")AT",



ne AT — pi3HHIM TeMmeparyp IWIiHApa Ta IOBITps, a 1 b-
KOHCTAaHTH, III0 3aJie)KaTh B PO3MIpPIB MWIiHIApa, N —
KOe(IIIEHT, OJU3BKUN 10 OJUHULII.

Po3sriistHeMo mpoBIIHUK 3 ontopoM Rj, 1m0 nepedyBae npu
temneparyplt T; HaBKOJMIIHBLOIO  MOBITps. BHacmimok
HarpiBaHHsI MPOBIIHUKA JO TemrepaTypu T, omip HpoBIIHHUKA
CTaHOBUTH Rj; 3rigHO 3 3akoHOM J[koyns — JIeHla KinbKiCThb
TEIUIOTH, 10 BHAUISETHCS MPOBIIAHUKOM 3a OJUHMINIO YaCy

JTOPIBHIOE:

Q= R,I%,
ne I — enekTpuuHu CTpyMm.
[ToeqHy04M 111 BUPA3U OTPUMYEMO:
Rol’=(a.+b V *)(T-Ty).
Ha npaxTtuiil yacriiie BUKOPUCTOBYIOTh PIBHSIHHS, 1110
BpaxOBY€ 3MiHY OMNOPIB, a HE TeMIiepaTyp, JiicHo,

BUKOPUCTOBYIOUH CI1BBITHOIICHHS:

Rz = Ry[1+a(To-To)+ B(T-To)*+...],
ae o 1 B — TemmeparypHi KoeQIiEHTH OMOpPYy, 1 HEXTYIOUH
YJIeHaMU JIPYTOro MOPSIKY , OTPUMYEMO:

Rz I’=(a'+ B'V")(R-Ry),

ne o’ 13° - HOBI KOHCTaHTH.



AHEMOMETpH 1IbOT0 THUITY YYTJIMBI JI0 3MIHU SIK IIBUIKOCTI
BITPY, TaK 1 TeMIIepaTypHu.

YabTpa3ByKOBHII aHeMOMETP BUKOPHUCTOBYE TOH (axT,
10 3BYK (YJbTpPa3BYK) MOIIMPIOETHCSA MBUAIIE Y HAMPSAMKY, B
AKOMY Jil€ BiTE€p. 3BHYAWHO YJIBTPA3BYKOBUM aHEMOMET]
BUMIPIOE TPU KOMIIOHEHTH BITPOBOTO BEKTOPa Y TPUBUMIPHOMY
npoctopi. B3A0BXK KOXHOiI OCl pO3TalllOBaHO JBlI Iapu
“nepenaBau — mnpuiimMau”’ Ha Bigctani 0,1+0,5 m. Ilepenmamau
NOCWJIIOE Oe3MepepBHI a00 IMIYJBCHI YJIBTPA3BYKOBI XBHIJIL.
3ajeKHO BiJ HANpPSMKIB MOUIUPEHHS BITPY 3 YJIbTPa3ByKOBOIO
XBWICKD 4YaCc TNPOXO/KEHHA XBWIECKO BiacTanl d Mk
nepejaBavyeM Ta mpuiiMaueM BU3HAYAETHCS TaK:

t1:d /(Vy3 + Vl), t2:d/(Vy3 - Vi),
ne Vy,- WBHIKICTh MOLIMPEHHS YJBTPa3ByKOBOI XBWIl, Vi —
IIBUJIKICTh MOIIMPEHHS MPOEKIIIl BEKTOpa BITPY HA BICH 1.
PizHu1S B yaci mpoXoKeHHS BiAcTaHl d MK IepeaBayeM

Ta an/IﬁMaqu ABOMaA YJIbTPA3BYKOBUMH XBHUJIIMU CTAHOBUTD!
A=2dVi (V- ViD=2d Vil VP

BenuunHa  mBHAKOCTI  BITPY, SKIi  BUMIPIOIOTh

yIbTPa3ByKoOBl aHemoMeTpu, csirae 30 M c-1. Henomikom



yAbBTPA3BYKOBUX aHEMOMETPIB € 3aJIeKHICTh  IIBHJKOCTI
MOIIMPEHHSI  yJIBTPa3BYKy BIJI TEMIIEpAaTypH, BOJIOTOCTI,
aTMoc(epHOro  THCKy, 1[0  1OoTpedye  BiJIMOBIJIHOTO
kanmOpyBaHHs npwiaaiB. KpiM Toro, enekTpoHHE 00JaJHaHHSA

M1JBUIILY€ BapTICTh NPUIIAJIB I[LOTO THUITY.

JonmjiepiBCcbKkuii aHEMOMETP Jli€ Ha OCHOBI €(eKTy
Jlomiepa: mpu OINPOMIHIOBAaHHI 00’€KTa IO PyXa€eTbCs 31
MIBUJKICTIO V, YJIBTPa3ByKOBOK XBWJICIO IMEBHOI JIOBXUHU A
B110yBA€THCSI PO3CIIOBAHHS XBHJII, IPUYOMY 4acCTOTa
( JIOBXXHMHA) PO3CISTHOI YJIBTPA3BYKOBOI XBHIIl 3aJICKUTh BIJI
MIBUAKOCTI pyXy 00’ekrta. [ommiepiBcbkuil 3cyB AL) 4acToTH
YIIbTPa3BYKOBOI

XBUWJI1, PO3CISIHI MiJ KYyTOM 6 00’ €KTOM, IO PYXa€eThCs 31

MIBUJKICTIO V, ONMUCYETHCS] BUPAZOM:

Q

AQ:ﬂsin =Cos ¢,
A 2

Jle ¢- KyT MDK HanmpsSMKOM IIBHUJKOCTI 1 HampsIMKOM
MO PEHHS yIABTPA3BYyKOBOI XBHIII. JloniepiBChKi
aHEeMOMETPHU 3/1aTHI BUMIPIOBATH IIBUJIKICTh BITPY Ha BHUCOTAX
10 1 xm; TOUYHICTh BUMIPIOBaHHS CTaHOBUTH 5%.

Jlns  BU3HAUEHHS  HANpPSIMKY BITPY BUKOPHUCTOBYIOTh

(arorepu, 110 MaOTh BUTJISAl METAJICBOT IJIACTUHU MPSIMOKYTHOT



dbopMu, sika 00epTAETHLCS HABKOJIO BEpTHKANILHOIL oci. Ilepenaua
iHopMallii Mpo HANPSMOK BITPY B CYYaCHUX MpHIIagax
3MIMCHIOETBCS 3a JomoMoroto mnoteHuiomerpa (Puc.), 3miHa
MOJIOKEHHSI PEoXop/a B SIKOMY CIPUYHUHSAE BIAMOBIIHY 3MiHY
€JEKTPUYHOTO  CTPyMy, IO MOPOXOAUTh 4YE€pe3  CTaTop
NpUAMaIbHOI CUCTEMH, BHUKIHUKAIOYM OOEPTaHHA POTOPY III€i
CUCTEeMH Ta CTPUIKM IHAUKaTOpa. TOYHICTh BU3HAYCHHS
HamnpsIMKY BITPY IIOTEHIIOMETPUYHOIO CHCTEMOIO CTaHOBHUTH
+3%. 301UIBIIUTH TOYHICTh MOYKHA, BUKOPUCTABIIN CEJIHLCUHOBY
cuctemy (Puc ). O6epranHsi poTOpy CEIbCUH-aBaya 3yMOBJIIOE
MOSIBY €JEKTPOPYIIIMHOT CHJIM, MPOMOPIIHHOI CHHYCY KyTa
oOepTaHHsl, 110 MPUBOAUTH JO MOSIBU €JIEKTPUYHOTO CTPYMY B
CTaTopi CeJIbCUH-TIpUiiMaya, BIANOBIAHOIO MAarHITHOTO IIOJf,
AKe 3MYIIy€e O0O0epTaTUCS POTOp IMpHiiMayda, CHOJIYYEHOTO 3
1HJIMKaTOPOM.

JI1s. OHOYACHOTO BUMIPIOBAHHSI IIBHAKOCTI 1 HANPSIMKY
PYyXy BHUKOPHUCTOBYIOTH aHeMopyMOoMeTp. KuIbKiCTh 00epTaHb
MOBITPSHOIO TBHHTA I[HOTO TNPUIALy MEPETBOPIOETHCS B
MOCJIJIOBHICTh  €JIEKTPUYHUX  IMIYJIbCIB, YacTOTa  SKHUX
MpOoNopIiiiHa MBUIKOCTI BITPY, a (ha30BU 3CYB 3aJ€KUTh Bij
HaIpSIMKY.

3a HOpMaMHM MIKHApOJIHOI METEOPOJIOTIYHOI OpraHizarii,

Npuiaaad, TNPU3HAYEHI 11 BUMIPIOBAHHS HANPSIMKY BITpY,



MOBUHHI BU3HAYaTH HAIMPSAMOK BITPY B IHTEPBAJl MIBUIKOCTEH

0,5 -50 mx*c?t3 PO3JIIBHOIO 3JIaTHICTIO +20. +5°,

BoJiorictn

Bonocicmy — 1e HasBHICTH BOJSHOI Mapu B TOBITPi abo

1opax IPyHTY.

HCIDCI.M@WZDM 80]1020CMI.

AOCOIIOTHA BOJIOTICTh TMOBITPSL — KUIBKICTh BOJSHOI MApU y
Ip., O 3HAXOAUTHCS B IM° HOBITPs (Tp.xM™).

[Ipy>xHICTh BOAAHOI Mapu (MmapiiaJbHUN TUCK) — TUCK, SIKUHU
MaTHUME BOJSHA Mapa, 110 3HAXOJAUTHCS B Ta30BIM CYMIIII, SKIIIO
0 BOHa ojJHA 3aiiMaia 00°‘eM, 110 TOPIBHIOE 00°€EMY CyMIillll MpU
TIM caMiid TeMmepaTypi.

MakcumanbHa NOPYXHICTH BOASHOI mapu E — rpaHudHe
3HAQYEHHs THUCKYy, IO BIJINOBiga€ PpiBHOBa3l MDK Mapor Ta
BOJIOI0, TOOTO HACUYEHOMY CTaHy MapH.

BigHocHa BOJIOTICTh MOBITPSA I — BIJHOIICHHS MPY>KHOCTI
BOJIIHOI Tapu e JI0 MaKCHUMaJbHOI MNPY>KHOCTI E mpu JaHiid
TeMIneparypi:

r=° %100%.
E



Jedbinur Bosorocti d — pi3HUI MK MaKCHMaJIBHOIO
npyXHIicTI0O E 1 (GakTUYHOIO TPYXKHICTIO e TMpu JaHii
TeMIeparypi:

d=E-e.

Touka pocu T, - TeMIeparypa, npu IKiid HOBITPs, AKIIO HOTO
OXOJIOAUTU MPH CTAIOMY THCKY, CIIaJla€ HACHYCHUM BOJSHOIO
naporo.

MacoBa 4acTka BOJOTOCTI — JOPIBHIOE BIJIHOIICHHIO MAacHu
BOJISTHOT TIapH JI0 MAacH BOJIOI'OT'O MOBITPAI.

MacoBe BITHOIISHHS BOJIOTOCTI — II¢ BIJHOIICHHS MacH m,

BOJIOT'OCTI MOBITPS IO MACH m, CYXOI'O MOBITPS.



Hpunaau 11 BUMIPIOBAHHSA BOJIOTOCTI MOBITPA

Acnipayiunutt  ncuxpomemp.  Ilpunamg  MICTUTH  JIBa
TEPMOMETPU — CYXHUM 1 3BOJIOKEHUH; I[1IHA MOJIJIKHA CTAaHOBUTH
0,2 °C. TepmomeTpu poO3TalllOBaHI y METAJIEBUX TpyOKax,
3’enHaHux gaiml B oaHy (Puc.). PesepByap opHOro 3
TEPMOMETPIB OOMOTaHMI OaTUCTOM, IO 3BOJOXKY€EThCS. [lpu
BUMIPIOBaHHI1 BOJIOI'OCTI IICUXPOMETP BCTAHOBIIIOIOTh
TOPU30HTAIHLHO 1 00/TyBalOTh MOBITPSIM OOHWJIBA TEPMOMETPHU 32
JOTIOMOTOK0  BEHTWJISATOpA. 3 TIOBEPXHI  pe3epByapy
3BOJIOKEHOT'O TEPMOMETpAa 3a JIOMIOMOTOK BEHTUJIATOpA. 3
MTOBEPXHI pe3epByapy 3BOJIOKEHOTO TEpPMOMETpaA
BUMIAPOBYETHCA  BOJA, 110  3allCKUTh B  BOJIOTOCTI
HaBKOJMIITHHOTO TIOBITPsA. 3a JOMOMOIOI  acHipariiifHOTO
NCUXpOMETpa MOKHA OIIIHWTH TapliaJlbHUM THCK e 3a
MICUXPOMETPUYHOIO (POPMYJIOIO:

e=E —Alt; —t,,) Pas
ne — E; — MakcuMaibHa TIPY>KHICTh BOJISHOI IapH, IO
BIJIMOBIIa€ TEMIEPaTypi 3BOJIOKEHOTO TepMomeTpa; 4=6,62x10°
* K — neuxpomerpudHuii koeillieHT (U1 MIBHAKOCTI BiTpY 3

m/c); 1, — TemmepaTypa CyxXoro TEPMOMETpa; t, - TeMIeparypa

3M

3BOJIOKECHOTO TEPMOMETPA; pa — aTMOChHEpHU TUCK (B MM pm.

cm. ab0 mackainsax). MakcuMallbHy TPYKHICTh BOJSHOI mapu FE



sKa BIMOBIJIA€ TEMIIEPATYPl CYXOTr0 TEPMOMETPA, BU3HAYAIOTH
y MM PT. CT. 00 MacKaJgax 3a TaOJIUIIEIO.

Henomikom acmipaiiifHoro IicMXpoMeTpa € Te, 10
BEHTWISATOP 3aXOIUIIOE TMOBITPS TUIBKKM Ha BIJCTaHI KUIBKOX
CaHTHUMETPIB, 110 HE JIa€ 3MOTM TOYHO BHU3HAYUTH BOJIOTICTH H
NMeBHUX IUIAHKaxX. KpiM TOro, BeIWYHWHA TMCHUXPOMETPUYHOIO
koedimieHTa A  3aleKUTh BIJ  IMBUJAKOCTI  BEHTHJIALII,
TeMIIepaTypH Ta TUITy IIcHXpoMerpa. Bemnunna 4=6,62-10"K™
JAOCTOBIpHA ISl MIBUAKOCTEH BEHTUJIALII, IO MEPEBHUINYIOTH 3

MxC . 3QJIEXKHICTh BEJIMYUHU A B IIBUAKOCTI BEHTWIALI]

HaBEJEHO B TaOJI.

Td6]lul4ﬂ.' 3aneacuicms eIUYUHU ncuxpomempuiHoco

Koegiyiecnma A 810 weuoKocmi 6eHMUIAYIL

IIcuxpomeTpuyHmuit HIBUAKICTh BEHTUJIAL,
KOE(DIIIEHT Ax10* K1 MxC
13,0 0,12
9,0 0,50
7,8 1,00
7,1 2,00




6,7 4,00

Bonocanuii  ciepomemp. Jlia npunamy TIPYHTYEThCS Ha
3JIaTHOCT1 3HEKUPEHOI BOJIOCMHU 3MIHIOBATH CBOIO JIOBXKHHY 31
3MIHOIO BOJIOrocTi (puc.). BojsiHa napa 31aTHa KOHASHCYBaTUCS
B KaOUIApHUX IIOpaxX JIFOJICHKOI BOJIOCUHU. 301IbIICHHS
BOJIOTOCTI IPU3BOJIUTH JIO 3MEHIIIEHHS YTHYTOCTI MEHICKIB BOJIU
a TIopax, 3aBASKH YOMY BOJIOCHHA BHJIOBXKYEThCS. BUIOBXKEHHS
BOJIOCUHM B1I0YBA€THCS MPOMOPLINHO JIorapupMy BITHOCHOI
Bojorocti. (CXemMu  THUNOBUX  KOHCTPYKIIM  BOJOCSHHUX
rirpoOMETPiB HABEJCHO Ha PHC.

IIydok TakuX BOJIOCHH BHUKOPHUCTOBYIOTb B 2icpoepaghi —
npuiaal s Oe3mepepBHOrO 3aluCy BIJHOCHOI BOJIOIOCTI
noBiTps (puc. ). [HII MaTepiaiu, 110 MOXYTh OYTH 3aCTOCOBaHI
1 K CEHCOpU B TIrpOMETpax — HEWIOH, 0OaBOBHA, KHIIIKOBA
MemMOpaHa KopoBu a0o cBuHI. IlepeBaroro BOJIOCSHHX
TIrPOMETPIB € HE3aJEKHICTh pe3yiabTaTiB BUMIPIOBaHb BIJl
TeMrneparypu — npu 3MiHl temnepatrypu Big -30°C go +40°C
BEJIMYMHA TIOXHMOKHM BHUMIPIOBaHb 3HAXOJUTHCS B IHTEPBAI
1+3%; xumkoBa MeMOpaHa IEMOHCTPY€ HANUOLIbIIY Yy TJIUBICTh
10 3MIHM BOJOTOCTi. BoJIOCSHI TirpoMeTpu MarTh MOPOCTY
KOHCTPYKIIIIO Ta HEBHCOKY IiHY. HenomikoMm BOJIOCSIHUX

TIrPOMETPIB € 30UIBIIEHHS YacOBOrO MPOMIXKKY JI0 pPeakili




3QJICKHO BIJ TeMmrepaTrypu. 3 Tabn. BujaHO, 10 3HWKEHHSA
TEeMIepaTypu MPU3BOJIUTH /10 3HAUHOTO 30UIbIICHHS BIATYKY.
[Ile ogHUM HETOIIKOM TIFPOMETPIB € ABUILE TICTEPE3UCHY
— SKIIO TIFPOMETP 30€piraroTh MNPOTITOM KUIBKOX [HIB Y
CyXOMY TPHUMIILECHHI, pe3yJibTaTH BUMIPIOBAHHS BOJOTOCTI
MOXYTb 3Ha4HO (70 15%) BIAPI3HATHCA B1J TUX, L0 OTPUMAaHI
32 JIOIOMOTOI0 TIrpOMETpa, SKUW TpUMadd B BOJIOTOMY
npuMinieHHi. Yepes 1ie TirpoMeTpyd Takoro TUIy MNOTPeOYyIOTh
MOCTIMHOTO KajliOpyBaHHSsI.
Tabnuys: Bniue memnepamypu Ha 4acosuti 8i02yK (8 CeKyHOax)

PIBHUX 2iepomMempla

Tun cencopa 20 | 10°C | 0°C |-10°C |-20°C | -30
°C °C

3BHyaiiHa 30 40 55 175 400 | 800

BOJIOCHHA

JlaminoBaHa 10 10 12 15 20 30

BOJIOCHHA

KumkoBa 6 10 20 50 100 | 200

MeMOpaHa

€Emuicnuu  2icpomemp. (OCHOBY TIpWwiIagy CTaHOBHUTH
riCpOCKONIYHA MOoJIMEpHAa IUIIBKa, 3 000X OOKIB  SKOIi

pO3TalllOBaHI TMOPHUCTI METaJIeBl €JeKTpoau. (puc. a), 1o




yTBOPIOIOTh KOHJIEHCATOpP €MHICTIO Onu3pko 500 nd. 3a
MOIVIMHAHHSA ~ IUIIBKOIO  MOJIEKYJT BOJAM O00’€M  IUTIBKHU
301JIbIITY€ThCA, BiJICTAaHb ~ MDK  €JIEKTpOJJaMH  TaKOX
30UIBIIIY€THCS, 1[0 TPUBOJUTD 10 3MiHU €MHOCT1 KOHJIEHCATOPA.
30BHIIIHIA BUTJIS] €EMHICHOTO TIFPOMETpa 300paxKE€HO Ha puUC. 0.
€MHICHUN TIrPOMETP 3aCTOCOBYETHCS 1A  BHUMIPIOBAHHSA
BiIHOCHOI ~ Bojorocti. IlepeBaroro mpuiaaxy €  Horo
KOMITAKTHICTb (PO3MIpH MpHIAy CTAHOBIATH 6 MM°), cliabka
3QJICKHICTh ~ pe3ydbTaTiB  BUMIPIOBAaHHS BiJl  30BHINIHBOI
TeMmIiepaTypH, JIHIHHICTh mKanu B iHTepBaii 0-80% BigHOCHOI
BOJIOI'OCTI, IBUJIKO1sI, Majll 3Ha4YeHHS ricrepe3ucy. Hemomaikom
npuiaay € BIUIMB 30BHINIHIX 3a0pyJIHEHb Ha pe3yJbTaTH
BUMIpIOBaHb. [IrpoMeTpu 1HOr0 THUIY BHUKOPUCTOBYIOTH B
3ac00ax aBTOMaTHU30BAHOTO KOHTPOJIKO BOJIOTOCTI MOBITPAI.
Kounoencayiunuu 2iepomemp. OauH 13 METOMAIB OIIHKH
a0COJIIOTHOT BOJIOTOCTI IPYHTYETHCS HAa BHUMIPIOBAHHI TOYKHU
pocu. SIKIIO IUIaCKy TJIaJICHBKY ITIOBEPXHIO OXOJIOXKYBAaTH,
MOKHA  CHOCTepiraTd  KOHJEHCAI[IF0  BOJIOTM  Ha  HIM.
TeMmnepaTypa moBepXxHi B 1€l MOMEHT Jyxke Oiu3bKa J0 Ti€d,
NP SIKif MOBITPS CTa€ HACUYEHOIO BOJSHOIO Maporo, TOOTO 10
TOYKH POCHU. 3SAIUIIAETHCS TIIBKKM TOYHO BHUMIPSITH IO
temneparypy. Ha puc. BuaHO, 110 KOHACHCAIIMHUIN TIrpOMETP

CKIIAAA€TbCA 3 MAJICHBKOI'O A3CPKajaa, Ha AKC HAHCCCHO TOHKUH



AHTUKOPO31MHUM 1map 30J0Ta. [[3epKajio  OXOJOIKYEThCA
HaIIBIPOBIIHUKOBUM €JIEMEHTOM, II[0 TMPAIIO€E Ha OCHOBI
edbexkry IlenbThe, 1 omnpomiHweTbes Gdotomiogqom. Komu
MOBEPXHSI JI3€pKajla BKPUBAETHCS POCOI0, BOHA IMOYMHAE
po3citoBaTH  ONTUYHE  BUIPOMIHIOBAHHS;  BEPTUKAIbHA
KOMIIOHEHTa  PO3CISHOTO  BHUIIPOMIHIOBAHHS  PEECTPYETHCS
(OTONETEKTOPOM, €JIEKTPUYHUM CHUTHAI 3 BHUXOJAY SKOTO
M1JICHUIIOETHCS 1 IOJA€ThCI HAa CUCTEMY IIITpiBaHHS J13epKala.
Harpite na3epkaio 3HOBY MoOXe OyTH OXOJOIKEHE, 1 IpoIeC
BUMIpIOBaHb TpHUBa€. BHU3HAaueHHS TeMIlepaTypH JI3epKajia 3a
JOTIOMOI'0I0 TEPMOJETEKTOpPa JIa€ 3MOTY OLIIHUTU aOCOJIOTHY
BOJIOTICTh MOBITpsl. llepeBaroro mnpuiamy € HWOro BHCOKA
Yy TJIMBICTh, MOKJIUBICTh BUMIPIOBAHHSI a0COJIFOTHOI BOJIOTOCTI
B 1mupokomy iHTepBaii temneparyp (-80++100°C) 3 TouHICTIO
omm3bko 1 °C. HepousikoM npuiiany € CHOTBOPEHHS pe3yJIbTaTiB
BUMIPIOBAHHSA TIPU HU3BKUX TEMIEpaTypax, HEOOXIIHICTh
KOHTPOJIFOBaHHS ~ SIKOCTI  TOBEPXHI J3€pKajia, CKJAJHICTb
KOHCTPYKII1i, BUCOKA II1HA.

Copoyitinuii 2ciepomemp. B 0CHOBY [lii pUJIaay MOKJIAJACHO
3aJICKHICTh €JIEKTPOIPOBIIHOCTI BOJIOTO COPOYIOUOi TUIIBKU BiJI

BOJIOTOCTI cepenoBuina. /s miporo BukopuctoByethes LICH,



BumiproBaHHA B0JIOrOCTI IPYHTY

[Ipy BUMIpIOBaHHI  BOJOTOCTI IPYHTY OCHOBHUMH
IapaMeTpaMH €:
Bonozicmv wooo cyxoi macu — 1ie BITHOIIEHHS Macu BOJU /10
CyXOl MacHu:

o M _RbS_Pb
" m, PcS Pc’

C

1€ - B, 1 P - TYCTHHA BOAH 1 CyXOro IpyHTY ; b — ToBImMHA 1m1apy

I'PYHTOBOTO PO3YHHY; ¢ — TOBIIMHA APy TBEPIAUX YACTOK.

Ipunaau 111 BUMIPIOBAHHS BOJIOTOCTi IPYHTY

I pasimempuunuti memoo TPYHTY€EThCSI HA BUSHAYEHH]1 Macu
BOJIM Ta MacH CyXOro IPYHTYy. 3pa3oK TIPyHTy HarpiBarOTh 0
105 °C mo orpumanHsa cranioi Bard; nporec tpuBae 10+12 rog.
BosoricTs IpyHTY BU3HA4YalOTh SK BIAHOIICHHS MacH BTPAadyeHO]
BOJM JI0 MacHh CyXOro IPYyHTYy. SKII0 TOTPIOHO OLIHUTHU
00’€MHY BOJIOTICTb, OCTaHHE BIJHOIIECHHS MHOXaTb Ha
BIIHOIICHHS O0’€MHOI TYCTHHHM TPyHTYy J0 TYCTHHH BOJM.
IlepeBaroro METOIy € MOXKJIMBICTh OpaTH 3pa3ku 0E310CePEIHbO
3 IPYHTY 3a JOMOMOIrOK Oypa, MpOoCTOTa MPOIECy OO0YHCIICHbD,

HEBUCOKA BapTICTh oOJiaHaHHsA. Jl0 HEIOMIKIB CIiJ BiAHECTH



CKJIQJHICTh BH3HAYE€HHS BOJAM B IPYHTI 3 HEOJHOPIIHUM
npodiiem, morpeda y OaraTbox 3paskax MpH JOCIIHKEHHSIX
3QJICKHOCTI BMICTY BOJM BiJ 4Yacy Ta IIPOCTOPY, JOBIO
TPUBAIICTH METOTY.

Hevumponnuii Memod BUKOPUCTOBYE OLIHKY IMOCTA0JICHHSA
MOTOKY IIBHAKUX HEUTPOHIB aTOMaMy BOJHIO, 110 MICTSATHCS B
I'PYHTOBI# Bojl. MeTaneBuii 30HA aiaMeTpoMm Onu3bko 40 MM,
[0 MICTUTbH JIKEPEJIO MIBUJKUX HEUTPOHIB (CyMIIIl paJioHy Ta
oepuiito, 2-5 MKi abo cymim **amTa Oepwiito, 100 mKi) 1
JETEKTOP MOBUILHUX HEWUTPOHIB, 3aHYPIOIOTH Y IPYHT (pHC. ).
MBuaki (4,5:5,0 MeB abo 1:12 MeB) mnommuprooThcs
paglaibHO y TPYHTI. BHAcHigok mpyKHUX 31TKHEHb 3 SIApaMHU
PEUYOBHMHU IPYHTY BOHHM BTpPayarOTh CBOIO KIHETHYHY E€HEprilo;
pIBEHb TOCHA0JEHHS IIBUAKUX HEWUTPOHIB MPOMOPILIHHUIMI
KIJIBKOCT1 aTOMIB BOJIHIO, ICTOTHUM JIKEPEJIOM SIKMX € IPYHTOBA
Bojia. [loBinbH1 HelTponu (0,025 eB) oTouyroTh 30HA, JEsKi 3
HUX MNOTPAIUISAIOTh Ha JieTekTop. CUTrHaANM 3 BUXOMY JIE€TEKTOpa
yepe3 KabOenb MOoJaeThbcsa Ha cuctemy peectpauii. [lepeBaru
METOy — MOXJIMBICTb OIIIHKA BOJM B BEIMKHX TIPYHTOBHUX
00’eMax, MOXJMBICTh OLIHKH O00’€MHOI BOJIOTOCTI IPYHTY,
IBUKICTh, 3JJaTHICTh BUMIPIOBATH BOJIOTICTh I'PYHTY IPOTATOM
TpUBAJIOTO TiepioAy vacy. Hemonikamu € HE0OX1IHICTH pOoOOTH 3

pallOaKTUBHUMHU  JKEpellamu, TMoTpeda y  KalniOpyBaHHI



npuiaaay, BHCOKAa  BapTICThb  OOJagHAHHSA,  HETOYHICTH
BUMIPIOBaHb MOOIU3Y IPYHTOBOI ITOBEPXHI.

Bumiprosannsi  noeauHamHA — 2aMMa-8UNPOMIHIO8AHHSL.
Merton nependavyae BU3HAYEHHS BOJIOTOCTI IPYHTY Yy Iapax
TOBIIUHOWO 1:2 cm. IlpuHiun Metoay moJisrae B OIIHII
3aJICKHOCT1 PIBHS IIOIJIMHAHHS TraMMa-BUIIPOMIHIOBAHHS Bij
BMICTY I'PYHTOBOI BOJIU 3@ YMOBH MOCTIHHOCTI T'YCTUHU IPYHTY.
Sk mKepeIro raMMa-BHIIPOMIHIOBaHHS BUKOPUCTOBYIOTH “'Cs (25
MK1). IloTik BUOpOMiHIOBaHHS JiaMeTpoM Oiu3bko 4,8 MM
dopmyeTbcsi  komiMaropoM. (OO0’€MHY  BOJIOTICTb  IPYHTY
BU3HAYAIOTh 32 BUPA3OM:

8, =In(N, /N,)/md ,
1€ N, - IBHUJKICTh OOYMCIICHHS TaMMa-BUIIPOMIHIOBAHHS, IO
YTBOPIOETHCS JHKEPETIOM, N, - MIBHAKICTH OOYMCICHHS TaMMa
BUIIPOMIHIOBAHHSI, 1110 TPOXOJIUTH Y€pe3 IPYHT, M — KOEDIIIEHT
nocyiabjieHHs TaMMa-BHIIPOMIHIOBAaHHS BOJ0I0, 0 — TOBIIMHA
3pa3Ka.

MeTton peecTpaliii HOTJIMHAHHS TaMMa-BUIPOMIHIOBAHHS
Ma€ Ti caml IepeBard Ta HEIOJIKH, 110 W HEUTPOHHUN METO/I.
JlonaTKOBOIO TEpeBarold € MOXKJIUBICTb BUMIPIOBaHb Ha
HE3HAYHUX TOPU3OHTAIBHUX Ta BEPTUKAIBHUX BIJICTAHAX; IO
JT0JaTKOBUX HEJIOJIIKIB MOKHA BIIHECTHU BILJIMB HEOJAHOPIIHOCTI

IPYHTOBOI TYCTMHU Ta BMICTY BOJIM Ha PO3JUJIbHY 3/IaTHICTH



METOAYy, HEOOX1HICTh 30iraHHsl ABOX OTBOPIB — BIJI JKepeia Ta
JAETeKTOpa, BHCOKA I[ilHA Ta TPYJAOMICTKICTh IPOLECY
BUMIPIOBAHb.

ienexkmpuynuii memoO TPYHTYETbCS Ha BHUMIPIOBaHHI
4aCTOTHOI 3aJIEKHOCTI KOMIUIEKCHOT TEJIEeKTPUYHOT
MPOHUKHOCTI IPYHTY &(w) .

JlileleKTpUYyHa TPOHUKHICTH PEYOBUHU  XapPaAKTEPHU3YE
MOJAPU3AIII0  JICJICKTPUKIB  MiJl  BIUIMBOM  30BHIIIHBOTO
CJICKTPUYHOTO T0JIsl; BOHA TIOKa3y€, y CKUIBKM pa3iB CHJIA
B3a€EMO/IIT MIXK 3apsigaMH Y BaKyyMi MEPEBUILY€E CUITY B3aEMOJIIT
MDK THMHM K 3apsjamMyd B JaHOMy cepejaoBuili. Yepes
CKpaHi3allll0 BIIbHMX 3apsjiiB 3B’ SI3aHUMH, 1[0 YTBOPIOIOTHCA
BHACJIJIOK TIOJIApM3aIlli CepeoBHINA, BHHUKAE OCIa0JICHHS
B3a€MO/IIT 3apsiAiB. JlienekTpruyHa MPOHUKHICTh BOJM € Mailke
CTajiol0 BeIWuuHOW (O0mu3bko &0), ToAl SK JlEeJIEeKTpUYHA
NPOBIIHICTh TIPYHTY AyX€ 4YyTIUBa JO OO0 €MHOI BOJIOTOCTI
rpynty. Hanpuknan, 3miHl BMIicTy Boau y IpyHTi Big 20% no
21,8% BiamoBigae 3MiHa J1€JIEKTPUYHOI MPOHUKHOCTI TPYHTY
B11 3 10 5.

Ha npaktuiil BUMIprOBaHHS JIE€JIEKTPUYHOI MPOHUKHOCTI
IPYHTY 371MCHIOIOTH 32 JIOTIOMOT'OI0 KUTBKOX I1JIXO/1B:

1)  BuU3HaYeHHA ONOpPY MDK JBOMa  CICKTPOJIAMH,

pPO3MIIIEHUMH Y ITpyHTI. CEHCOp TaKOro TUITy KOMIAKTHUM, aje



npo0JsieMa MoJsirae B TOMYy IO OMIp IPYHTY ICTOTHO 3JICKHUTH
B1Jl KOHIICHTpAIIii 10HIB B IPYHTI, Y€pe3 110 MPOIIeC BUMIPIOBAHb
noTpedye KamiopyBaHHS;

2)  BUMIpIOBaHHS  €MHOCTI  KOHJIEHCATOpa,  SKUH
YTBOPIOETHCS BOJIOTUM TIPYHTOM MDK JBOMa OOKJIaJIMHKAMU
(puc. ). Ilelt MeToa XapakTepHU3y€EThbCS HEBHUCOKOIO BapTICTIO,
IIBUJIKOJII€10, BIH MOKe OYTH 3aCTOCOBaHUN B aBTOMAaTHU30BAHUX
CHCTEMaX BUMIPIOBAHHS BOJOIOCTI IpyHTY. HemomikoMm metomy
€ HEOOX1HICTh KaTiOpyBaHHS.

Jl1eTeKTprUYHI METOJI XapaKTEePU3yIOThCA 3JaTHICTIO JaBaTH
aOCOJIIOTHI BEJIMYMHU BMICTY BOJAU y IPYHTI, BOHH MOXYTb
nocradyatu 1HQopmaiiero 3 OyAb-AKOi TJIMOMHU TPYHTY 3

BHCOKOIO TOYHICTIO.



KBanToBi jgerexkropu. I[i ceHcopu TIpyHTYIOThCA Ha
NOTJIMHAHHI ~ eHeprii (OTOHA, 3BUILHEHHI €JIEKTPOHIB Ta
YTBOPEHH1 €JIeKTpUYHOro cTpyMmy. KiHIleBUM mapameTpom, 10
pEECTPYEThCA, MOKe OyTH Hampyra, 3MiHa IIBHUJKOCTI
MOCUJIAHHS €JICKTPOHIB a00 MPOBIAHICTH CEHCOpa. 3aJekKHO BiJI
bOr0 PalOMETPU 3 KBAaHTOBUMHU JCTEKTOpAMU MOAUISIOTH HA
(poTorajibBaHiYHi AETEKTOPH, B SKUX PEECTPYETHCA HAIPYTa,
[0 BHHMKAE Ha (DOTOCIEMEHTI IIJi BIUIMBOM 30BHIIIHBOIO
BUIIPOMIHIOBaHHSI; (GOTOBUNIPOMIHIOBAJILHI  JI€TEKTOPH,
MPUHIMIT 111 IKUX MOJISITa€ B IEPETBOPEHHI €HEPTril ONTUYHOTO
BUIIPOMIHIOBaHHSI B €JIEKTPUYHY 3a 30BHIIIHBOTO
(poToeneKkTpoHHI1 MIOMHO>KyBayl) a0o BHYTPIIIHBOTO
(boromionn) Qortoedekty; GoTONPOBIAHI AETEKTOPH, SKI
BUKOPHCTOBYIOTh ~ aHaI3  3aJIE)KHOCTI  €JIEKTPOIPOBIIHOCTI
Marepiainy JAETEeKTOopa Bl TOTOKY BHIIPOMIHIOBaHHS, IO

NOTpaIuvIsge Ha el MaTepiall.

BumipoBaHHA IPAMOIr0 COHSIYHOT0 BUNIPOMIHIOBAHHS.

JIisi BUMIpIOBaHHSI MPSMOTO COHS'YHOTO BUIIPOMIHIOBAHHS
BUKOPHUCTOBYIOTh MIPreIOMETP, MOBEPXHS AETEKTOpPA SKOIO
OpIEHTOBaHA MEPHECHANKYISPHO 10 MOTOKY BHIPOMIHIOBAHHS.

[lpunan ckiIaga€eTbCsl 3 METAJICBOrO IWIIHIpA, Ha JHI SKOTO



BCTAHOBJICHOT'O JIETEKTOP (KaJoOpuUMETp), CUCTEMHU Jiadparm s
NOTPAaIUIIHHS ~Ha  JETEKTOp JIMIIE MPSAMOr0 COHSYHOIO
BUMPOMIHIOBAaHHS Ta MeTalleBUX 3aciiHokK. Kamopumetp
oOJlaTHaHUI BaHHOIO, IO K1 LUPKYIIOE pivHa. BumiproBaHHs
TeMIepaTypu PiAMHU Ha BXOJl Ta BHUXOJll BaHHU JIa€ 3MOTY
OI[IHUTU IIBUJKICTh TEIUIOBOIO TIIOTOKY 1, TaKUM YHWHOM,
NOTJIMHYTY COHSYHY e€Heprito. IlipremioMeTrpu Takoro THUITY
BUKOPHUCTOBYIOTh SIK TEPBUHHI CTaHAAPTH MJII BHUMIPIOBAHHS
COHS'YHOTO BHUITPOMIHIOBAHHS, OCKUIBKM BOHH MAalOTh BHCOKY
CTaOUIBHICTh 1 BIATBOPIOBAHICTh PE3YJIHTATIB; TOYHICTh
BUMIpIOBaHb, MoOXe gocartu +0,2%. Moaudikaiii npuiaais
nependavarTh 3aCTOCYBaHHS Tepmonap abo TepmobOaTtapen sk
IeTeKTOpiB. TOYHICTh LUX NpuiaaaiB craHoBUTH +0,4+0,5%, 1m0
3YMOBJIIOE 1X 3aCTOCYBaHHS SIK MIPrejiioOMETpiB Mepiioro ado
APYroro kjaciB. BUTpuMyBaHHS 4YacOBUX IHTEPBAIIB IIIJI 4ac
KOPUCTYBaHHS METaJI€BUMU 3aCI1HKaAMHU, 1110 PETYIIOITh PiBEHb
ONPOMIHIOBAHHS  JIETEKTOpa, 3  BIJAMNOBIAHUM  BiJJIIKOM
TEMIEpPATypu € JyKE€ HEMPOCTOI OIEpalli€r, sfKa pa3oM 3
MpOLEYypOI0 KaliOpyBaHHS TpUJIaLy YCKJIagHIOE TEXHOJIOTIIO

BUMPOMIHIOBAHb.

BumiproBaHHS CYMapHOI0 BUIIPOMIHIOBAHHS



JInst BUMIpIOBaHHSI COHSYHOTO BHUIIPOMIHIOBAHHSI, 1110
NOTparuisie Ha TOPU30HTAJIbHY IMOBEPXHIO 3 110l MiBchepu B
MeXKax KyTa 27cp, BAKOPHCTOBYIOTh MpaHOMETpH. Po3pi3HSOTH
JBa TUIMM TaKUX NPWIAAIB — 3 PEECTPAIIEI0 BEPTUKAIHHOI
TEIUIOBOI PI3HMIII MIXK TOBEPXHEIO JETEeKTopa Ta MOro
OTOYECHHSIM a00 TOPU30HTAJIBLHOI TETIOBOI PI3HUII MIXK YOPHOO
Ta OUIOI0 TMOBEPXHAMH €JIEMEHTIB JETEKTOpa, PO3MIIIEHUX B

OJIH1M TUTOILMHI.

OCHOBHUM €JIEMEHTOM JIETEKTOpPA € CYKYMIHICTh T€pMomap
“MaHTaHiH — KOHCTaHTaH’, 3’€IHAHUX y Oarapero Z- mo10HOTo
tuny. Il BIJIMBOM ONTHYHOTO BUMPOMIHIOBAHHSA Ha KIHIISX
TepMoOarapei  BHHMKAE  €IEKTPOpYIIIHHA  cujia,  1IO
peectpyerbes. [lpunan oOnagHaHoO JBOMa CKISHUMU —a0o
KBapLOBUMH MMiBcepaMu Jis 3aro0IraHHsl BIUIMBY KOHBEKIII
(mo BaITKY, npu Temneparypi 75°C, Moxke OyTH ICTOTHOIO), a
TakoX JIsl PpiabTpallii BunpoMinioBanHs. [lipanoMeTpu apyroro
TAMY  MICTATh  3IPKOMOJIOHMN  JAETEKTOp,  YYTJIWBUMH
€JIEMEHTaMM SKOro € mogapOoBaHi y YOpHHUH Ta OUIUM KOJIip
Tepmoniapu.  YOpHI  MOBEpPXHI  MOIJIMHAIOTH  COHSIYHE
BUIIPOMIHIOBaHHSI OUIbII 1HTEHCUBHO, HIX Outl. KoHTposb
TEIUIOOOMIHY MK YOPHUMHU Ta OLTMMM CEKTOpaMH JIETEKTOpa

Ja€ 3MOTY OIIHUTHA COHSIYHE BUIPOMIHIOBaHHS. Ilpunanu



00JIaJIHAHO CHUCTEMOIO TeMIIepaTypHOi cTadimi3aiii, ONTUYHOI
KOMIIEHCAIlll 3MIHM TOKa3aHb MpPHU BIIXUICHHSX BIATYKY BIJ
3aKOHY KOCHHYyCa, HaOOpOM IIMPOKOCMYTOBHUX CHEKTPaIbHUX
(G1abTpiB. 3aJeKHO BiJl YYyTIMBOCTI MIPAHOMETPU MOISAIOTH Ha
kiacu: nepmui (£0,1%); apyruit (£0,5%) Ta Tpetiit (£1,0%).
Cnin  3a3Ha4WTH, 1[I0 BEJIMYMHA EJICKTPOPYIIIAHOI  CHIIH,
1HIyKOBaHOT  COHSYHHUM  BHUIIPOMIHIOBAHHSIM  Ha  KIHIISX
tepmomnap, gocsrae 10 mB. J{is BUMIprOBaHHS TaKUX BEIUYUH
MOTPIOHI YYTJIMBI IHCTPYMEHTH — €JICKTPOHHI MOTEHI[IOMETPH.
KpiM TOro, mipaHoMeTpH CJ1JI BCTAHOBJIIOBATH Ha BIAKPUTHUX
MicIsiXx abo mardopmax. IlepeBaroro TEpMOEIEKTPUUHHUX
MpUiMaYiB € iX 3JJaTHICTh JIaBaTH BIJJIIKKA B OyJ1b — K1 JUISHIII
CIIEKTpa 3 MOCTIMHOIO Yy TJIIMBICTIO. [Tpumagn
XapaKTEPU3YIOThCS BHUCOKOIO JIHIMHICTIO 1 JalOTh BIIJIK B
a0CONIOTHUX OJMHULSX. [0 HEMOMIKIB BIJHOCATH HEBHUCOKY
YyTJIMBICTh 1 BEJIUKY IHEPHiKHICTh. I[Ipunagu mnotpeOyroTh
TaKO YaCTOTO KOHTPOJIIO YUCTOTH MOBEPXHI MiBCep Ta SIKOCTI

OCYIITyBaJILHOI PIIMHA MK HUMH.

BumiptoBaHHsIT ~CyMapHOrO BHUIIPOMIHIOBAaHHS — MOJKHA
3MI1MCHIOBATH MIpaHOMETPaMHU, 110 MICTSTh KBAHTOBI JIETEKTOPHU.
KnacnuHuM TIPUKIIAIOM TAakOro JIEeTEKTOpa € KPEeMHi€EBUU

doromion. IlpuHumn faii OBOro JETEKTOpa IOJISATAE B



MEPETBOPEHHI €HEPrii ONTUYHOTO BUMIPIOBAHHS B E€JIEKTPUYHY
3aBIsIKM BHYTpimHbOMY ¢oToedekty. IlepeBaramu (potosio/iB
€ HEBMCOKa BapTiCTh, CTaOIIbHICTh MOKA3HUKIB Ta iX cliabka
3QJICKHICTh  BiJf  TeMmmeparypu. TOYHICTH  BHUMIpIOBaHb

MIPaHOMETPIB 3 KBAHTOBUMH JIETEKTOpaMu - +5%.

BumiproBanHs TU(y3HOr0 COHAYHOI0 BUIIPOMIHIOBAHHS.

BumiproBanHs TU(PYy3HOT0 COHTYHOTO BUNPOMIHIOBAHHS
peasi3y€eThCs 3a I0MOMOI0K PYXOMHUX JTUCKIB 200
HWIIH/JPIB, 3JaTHUX YTBOPUTH TiHb HA IeTEKTOPI

nipanometpa. Ili 3axucHi cucTeMn MalTh pyXaTucs

HABKOJIO OCI, IePNEeHAUKYJISAPHOI 3eMHIl MOBEPXHi, 15

BpaxyBaHHs o0epTanus CoHIsl.

BumMiproBaHHs anb0e10

Anp0eno € dYacTKOW CYMapHOIO BHUIIPOMIHIOBAHHS, IO
BIIOMBAETHCA NPUPOAHOIO TOBEepxHEt0. JlIsi BUMIpIOBaHHS
anpL0e0 HEeOOX1AHO JiBa MIPAHOMETPU — OJWH CHPSIMOBAHUUN

JOTOpPH 1 BUMIPIOE CyMapHe BUIIPOMIHIOBAHHS, TOJI AK 1HIIWN



CIPSIMOBAHUH /10 3¢€MHOI ITOBEPXHI I BAMIPIOBAHHS BiJOMTOTO
BUMPOMiHIOBaHHsS. KOHCTpYKTMBHO o0OHJBa  IIpaHOMETPH
MOXYTb OyTH 00’€qHAHI Ha OJIHIA MexaHIuHiM ompaBi. Taka
CHUCTEMa HAa3MBA€EThCs allbOegomMeTpoM ( abo OaTlaHCOMETPOM).
JletekTop 1Oro TpUiIagy MICTUTh Tepmobarapero. Jlis
3amo0iraHHs BIUIMBY pPOCH U BITPY JACTEKTOp OOAYBarOTh
MOBITPSIHUM TOTOKOM 32 JOTOMOTOI0 BEHTHJISITOpA. 3BUYANHO
anbL0eIOMETPU PO3MINTYIOTh Ha BHCOTI 1+2 M HajJ 3€MHOIO

ITOBEPXHEIO.

ToHi3aniliiHi BUNPOMIHIOBAHHS KJIACH(PIKYIOTHCH:

loHi13ytoue BHUIPOMIHIOBAHHS — 1€ TOTOKM YaCTUHOK 1
CJIEKTPOMATrHITHUX KBAHTIB, B3a€EMOJIIS SIKUX 3 CEPEAOBUIIEM
3YMOBJIIOE 10HI3aIlll0 HOro aroMiB 1 MoJiekyd. loHizyroue
BUIIPOMIHIOBAaHHS Ma€ JOCTAaTHHO EHEpTii TUIA BIOJAJIECHHS
€JIEKTPOHIB 3 OpOIT, BHACIIIIOK YOI0 aTOM HaOyBae€ 3apsj1y 1 CTae
10H130BaHMM. Jl0 10HI3yHOUOI0 BHUIPOMIHIOBAaHHS MOKHA
BIJHECTH MOTOKM 0O — YaCTUHOK, EJICKTPOHIB, IO3UTPOHIB,
MPOTOHIB, HEUTPOHIB, PEHTTEHIBCHKE Ta Y —BUIIPOMIHIOBAHHSI,
KOCMIYH1 ITPOMEHI.

0L — YACTHHKH — 1ie siapa reiito “He, 1o MicTsTh 2 IPOTOHH

12 HEUTPOHU;



B — 4aCTUHKU — €JIEKTPOHHU i MO3UTPOHH, 1110 MOCUIAIOTHCS
aTOMHUMM SiIpaMu 1111 yac 0era-po3nany;

PEHTTECHIBCbKE BHUIIPOMIHIOBAHHS —  €JIIEKTPOMArHITHE
BUMPOMIHIOBAHHSI, 10 3aiiMae CIEKTpajabHy 00JacTh MIXK Y- Ta
yibTpad10J€TOBUM BUIIPOMIHIOBAHHSIM Y MEXKax JIOBKUH XBUJIb
10%+107 w;

Y — BUIPOMIHIOBAHHSI — KOPOTKOXBHUJIbOBE
CJIEKTPOMArHIiTHE BHUIPOMIHIOBAHHA 3 JIOBKHHOK  XBUJI,
mertmoro Hix 2:10™° m;

KOCMIi4YHi MPOMEHI — MOTIK eJIEMCHTAPHUX YACTUHOK
BHCOKOI eHeprii, IepeBaKHO NPOTOHIB, 10 HAAXOAATH HA
3eMuti0 I30TPONHO 3 YCiX HANPSIMKIB KOCMIYHOT0 POCTOPY,
a TAKO0K BTOPMHHE BUIIPOMIHIOBAHHSI, III0 YTBOPIOETHCS 3a

B3a€MO/il MPOTOHIB 3 aTOMHUMH SAPAMU MOBITPSI.

Eneprist ioHi3yl0uMX BUIIPOMiHIOBAHb

Tun BunpomintoBanns | Yactora ['11 Enepris, k/Jx:
MOJIB
YaCTUHKHU
O - YACTUHKH 4,1-108
B - yacTUHKHM 1,5-10°

EnexkTpomarHiTHe BUTPOMIHIOBAHHSI




PentreniBcbke 3-10" 1,2:10°
BUIIPOMIHIOBAHHA

Y- BUITPOMIHIOBAHHS 3-10%° 1,2:10°
KocmiuHi mpoMeHi 6:10% 2,4:10°

Jlo3umeTpist 10HI3yIOUHUX BUITPOMIHIOBAHb

BumiproBaHHs XapaKTEpUCTUK 10HI3YIOUMX BUIIPOMIHIOBaHb
MiJT 4ac 1X B3Aa€EMOII 3 CEpPENOBHUIIEM, BiJ SIKUX 3aJI€kKaTh
paaialiitHi epeKTH B 00’ €KTax »KUBOI Ta HEKUBOI MPUPOIH, IO

ONPOMIHIOIOTHCS, CTAHOBUTH CYTh JO3UMETPII.

Jlo3a — 1ie eHeprisg 10HI3YIOUOTO BHUIIPOMIHIOBAHHS, sKa
MOTJIMHAETHCSL PEUOBUHOIO, IO ONMPOMIHIOETHCS. J[03a 3a51€KUTh
B1Jl THUIy BUIIPOMIHIOBaHHS, MOTO 1HTEHCHUBHOCTI, TPUBAJIOCTI
ONPOMIHIOBAaHHSI Ta CKJIaJy PEYOBHUHM, IO OIMPOMIHIOETHCA.
Po3pi13HAI0TH TaKi J03U:

[lornuHyTa n03a — 1€ pO3paxOBaHa Ha OJUHHUIIIO0 Macu
PEUOBHHHU, IO  OMNPOMIHIOETHCS,  TOTJMHYTa  E€HEPris

BUIIPOMIHIOBAHHSI:

ne dE — cepenns nornuHyTa eHepris, dm —maca pe4yoBHHU.




Onunauni nornmuuyTtoi no3u: 1 I'p = 1 JIx/ kr; 1 pag = 107
I'p. ( TepMiH “pax” MOXOAMTH BiJ aHTIIHCHKOI dpa3u “Radiation

Adsorbed Dose”

[IpupicT MOTrAMHYTOI JO3HW 3a OJWHUIIO 4Yacy HAa3WBalOTh

MOTYHICTIO MOTJIMHYTOI J103U:

P, - dD,

dt

OuHUI BUMIPIOBAHHS TTOTJIMHYTO1 O3 - l“p-c'1 , pan - ¢t

Excno3umiiHa 103a BU3SHAYAECTHCS AK BiTHOIIECHHS
CYMApPHOI0 3apsiAy BCiX iOHIB OJHOT0 3HAKA, YTBOPECHUX Y
MOBITPi BTOPMHHUMHU YACTUHKAMHU ( €JIEKTPOHAMM il
MO3UTPOHAMU, 10 YTBOPIKTHLCH B €JICMEHTAPHOMY 00’ €Mi
i 9ac IX MOBHOI0 rajibMyBaHHs) 10 MACH MOBITPA B ILOMY

00’emi

X =dQ

dm ,



ne dQ — cymapHHii 3aps BCIiX 10HIB OJHOr0 3Haka, dm — Maca
MOBITPSI.

OnuuuLi excrnosuiiiuoi mosu: 1 Ki - kr'l; mosacucremua
OOVHMIIS — peHTreH: 1P = 2,58 10 K - k't a6o 1 Kt - kr °
'=3,88:10°P. Jlo3a B | P Bignosinae yropenH:o 2, 08 - 10™ map

* mositpst ipu 0° C Ta 760 MM pT. CT.

10HIB B 1 cm
[IpupicT €KCIO3UIIHHOI [03M 3a OJUHMIID Yacy

Ha3UBaIOTh MOTYKHICTIO €KCIIO3UIIMHOT JO3H:

OnuHUI BUTIPOMIHIOBAHHS MOTY>KHOCTI €KCITO3UIIMHOT J03U —
Kn-krt-c™

EkBiBaJieHTHa J03a — II¢  IIOIJIMHyTa  €Hepris
BUIIPOMIHIOBAHHSI, O10JIOTTYHO €KBIBAJICHTHA OJTHOMY PEHTTEHY.
[Tix yac ONMpOMIHIOBAHHS KUBUX OPTraHI3MIB, 30KpeMa JIIOAUHH,
MOXXYTh BUHUKATH HECHPUATIUBI HACIIJKH, 10 BU3HAYAIOTH
piBeHb pajiaiiiiHoi Oe3neku. biosoriyHi edekTu 3anexaTb HeE
TUIBKA BIJI /1034, @ ¥ THUIYy 10HI3YIOUOTO BHUIIPOMIHIOBAHHS.

Hanpukian, npy oAHAKOBIA /1031 O- YaCTMHKH MPHU3BOIATH 10

010JIOTITYHUX PYWHYBaHb B JACCATKU Pa3iB MEHIIUX, HDK OpH Ali



PEHTIEeHIBCHKOTO BUMPOMIHIOBAHHS. TakUM YHWHOM 3HAHHS
MNOTJIMHYTOI JI03M HEJOCTaTHbO [JIl OIIHKK pajlaiiiHo —
IHIyKOBaHOro  edekrty. bionoriudni  epekTd  3yMOBJIEHI,
3yMOBJIEHI OyJb — SKHM 10HI3al[IHHUM BHUIIPOMIHIOBAHHSM,
NPUNUHATO TOpPIBHIOBATU 3 OI1OJIOTIYHUMHU e(deKTamu, 110
BUHHUKAIOThH II1JT BIJTMBOM PEHTIE€HIBCHKOTO BUIIPOMIHIOBAHHS 3
rpannyHoro eHepriero 250 keB. lle mopiBHSIHHS 3A1MCHIOETHCA
3a JOMOMOrol0 KoedillleHTa SKOCTI BHIIPOMIiHIOBaHHS K, 1Mo
BU3HAYAETHCS SK KUIBKICTh PaJl PEHTICHIBCBKOIO abo 7y —
BUIIPOMIHIOBAaHHS 1 BHUKJIMKA€E Takl caml  OIOJIOT14HI
MOIIKO/KEeHHs, SK 1 1 pag  JaHOro  10HI3YHOYOTO
BUIIPOMIHIOBaHHS. [[711 peHTI€HIBCHKOTO 1Y — BUIIPOMIHIOBAHHSI
k=1,0,

0-4acTUHOK — 20, B — yacTUHOK 1 eJeKTpoHIB — 1,0, HEUTPOHIB —

10, Baxkkux 10H1B — 20.

OnuHuI eKBiBaJeHTHOI J03M — 3iBepT: 13B =1 JIx/ xr; 13B
= 100 6ep JIoOyTOK MOTJIMHYTOI O3 B pajax Ha BEJIUYUHY
k , a came D (pem) = D(pan) - k oTpumaB Ha3By peMm BiA

anryificekoi ppasm “Radiation Equivalent in Man”.

BumiproBaHHH iOHI3yHOUHX BUIIPOMIHIOBAHb



OCHOBHi MeTOAM BUMIPIOBAHHS 10HI3yIOYHX
BHMIIPOMIHIOBAHBb IPYHTYIOTbLCS HA: 30MPaHHI i peecTpamii
€JICKTPOHIB T I0HIB, 110 BUBLUILHIOKWTHLCA B MIPoOLECi
ioHi3amii; o0cTe:keHHI (pIyopecueHil pe4OBUHH, 1110
MOTJIMHAE I0HI3yI04e BUNIPOMIHIOBAHHSA; BAKOPUCTAHHI Ta
aHaJI3i XIMIYHMX peakuii, 0 BUKJIUKANTHCSH I0HI3YI0YUM
BHUIIPOMIHIOBAHHS; BUMIPIOBAaHHI TeIJIa, AKe YTBOPHETHCH
3a MOIJIMHAHHA i0HI3yr04oro sunpominoBanusa. Cepen
nmapaMeTpiB IOHI3YI040ro BUNIPOMiHIOBAHHS, 110
PeECTPYIOTHCS, CJIII BUALIMTHA THII BUIIPOMiHIOBAHHS,
€HEePril KBaAHTIB 200 YACTUHOK, BEJIMYUHY MOTOKY a00
IIBHMAKOCTI 3MiHH MMOTOKY KBAHTIiB 2400 YaCTHHOK, YaCOBHM
200 MPOCTOPOBUII PO3MOALJ iIOHI3YI0UOTr0 BUIIPOMiHIOBAHHS.
Po3riisHeMO OCHOBHI MeTOAM BUMIPIOBAHHA iOHI3yHOUHX

BHUIIPOMIHIOBAHb.

3anoBHeHi Tra3oM JerekTopu. B ocCHOBI poOOTH
JAETEKTOPIB 1LOTO THUMY JISKUTh NPUKIAAAHHS HANPyTd 0
MPOCTOPOBO PO3IIJICHUX EJIEKTPOIiB, PO3TAIlIOBAHUX Yy KaMepi,
3alOBHEHIN CJIa0KO 10HI3youMM ra3oM. Ilo3uTHBHI 10HU Ta
CJIEKTPOHU, 1110 YTBOPIOKOTHCI B KaMmepi, 30UparOThCs Ha
CJIEKTPOJIaX 1 COPUUYUHSIOTH MOSBY €ICKTPUYHOTO CTPyMy abo

(13

iMITyJibCiB.  KiNbKICTh map 10H — EJIEKTPOH~  MPSIMO



IpoIopliiiHa eHeprii BunpoMiHoBaHHs. Cepel OCHOBHUX THUITIB
3allOBHEHUX Ta30M JICTEKTOPIB MOXXHAa BUJUIUTH 10HI3aLINMHY
KamMepy, MpONMOPIIAHI JIYUIBHUKK Ta JIYUWiIbHUK [eiirepa —
Mromnepa. Pi3HuIE MK IIMMH JCTEKTOpaMM 3aJIeKUTh Bif
10HIB, 1[0 30MpPAIOTBCS Ha €JIEeKTPOoJAaX, BIJI MPUKIAICHOI
Hanpyru. 1[4 Hampyra BUKIMKae KOHKYPEHIIIO MiXX BTPaTOIO
10HHUX Map 3a pekoMmOiHaIlll Ta iX 30MpaHHIM Ha EJIEKTPOAax.
301IbIIICHHST HANPYTH MPUBOJAUTH 10 30UIBIICHHS IIBUJKOCTI
pyXy 10OHIB, 3MEHILIEHHS 4Yacy, MOTPIOHOr0 Ha PEKOMOIHAIIIO,
4yepe3 IO 3apsi Ha €JIEeKTPOJax € MPONOPLINHUM KIJIBKOCTI
10HHUX Map, 10 YTBOPIOIOTHCS B MIKEICKTPOJIHOMY IIPOCTOPI.
3a MM NPUHIUINOM Tpalloe 10HI3aIiiHa Kamepa. lloganbiie
30UIBIIICHHSI HANPYTH CYMNPOBOJKYETHCS TUM, IO E€JIEKTPOHH,
K1 YTBOPIOIOTBCS 3a TMEPBHHHMX 10HI3ALIMHUX MPOIIECIB,
OepyTh y4acThb Y JOJATKOBIM 10HI3allli. 3apsii HA €JIEKTPoJaxX y
JaHIM CUTyalll MNpsIMO NPOMOPILIAHUN TPUKIAJACHIN Hampys3i.
BukopuctanHs 1€l  3aJe€XHOCTI  JIGKHUTh B OCHOBI
nponopuiiHoro jiyuiabHuka. [lomanbiie 30UIbIIEHHS HANPYyTH
Ja€ 3MOTy OTpUMATH CHUTYallil0, KOJIM 3apsil Ha eJeKTpoaax He
3aJICKATh BlJ TPUKIQACHOT 10 HHMX Hampyru. Llg cuTyaris

peatizyeThes B MunibHUKaX I'elirepa — Mromnepa.



loHizamiitHa kKaMepa — AETEKTOp, [isl SIKOTO I'PYHTYEThCSA

Ha 3JIaTHOCTI 3aps/PKEHUX YaCTHHOK BUKJIMKATH 10HI3AIlIIO rasy.
[IpUHIIMIIOBOIO  MEpeBarol0  JETEKTOpa I[bOr0 TUIY €
MOXJIMBICTh OTPUMaHHA Oe3mocepeiHboi 1H(popMaIlli o0
eKCHOo3uliitHOT abo mnorinuHyToi A03u. ChpaBil, OCKUIbKU
PEHTTEH € OJMHUICIO EeKCIO3UIINHOI /03U 1 BiANOBIAAE
KUIBKOCTI 3apsiB, o0  YTBOPIOETHCS 10HI3YIOUUM
BUIPOMIHIOBAaHHAM B | CM° TOBITPS 32 HOPMATBHHUX YMOB, CaMe
10HI3aIliiHA KaMepa Ja€ 3MOTYy OIIHIOBaTH 10HI3yIOUe
BUMPOMIHIOBAHHS B OJIMHUIIAX. Y TBOPEHHS KOXKHOI 10HHOT MMapu
CYIIPOBOKYETHCS BTpaToro eHeprii onm3bko 34 eB (1 eB = 1,6
10" Ku). SIKuio NIpUIYCTHTH, INO iOHI3yIOYi YAaCTHHKH
IPOXOITh Yepe3 kamepy 3i mBuakictio N (¢b) i KoxKHa 3 HUX
BTpadyae eHeprito E (MeB), To BemuuumHy 3apsay, IO
30UpAETHCS Ha EIEKTPOJax 3a OAWHHUIII0 4Yacy, MOXHA

BHU3HAYUTHU 34 BUPAZOM:

Q(Kx - c-1) =NEe - 10%/34.

[lpuknagaHHss HaNpPyTyd BEJIMYMHOKO KIJIBKACOT BOJBT JIA€
MOXJIMBICTh 30MpaTH Ha €JIEKTPOJAX BCl EJIEKTPOHU U

MMO3UTHUBHI 10HMU.



[IponopuiiiHUM JTIYWIBHUK YTBOPIOE CUTHAJ, aMILTITyda KOO
NpOMOpIiiHA €Heprii, MO0 BHIUIAETBCA B #oro o0 emi
JaCTHHOI, 10 peecTpyeThesa. KOHCTpyKIg — JaeTekTopa
nepeadavyae HasSBHICTh IIEHTPAIBLHOIO €JIEKTPOJAa, JO SIKOTO
IPSMYIOTh €JICKTPOHM, IO BUBUIBHAIOTHCS 3aBISKH 10HI3AIII].
Hanpyxenicts moisiss E, 110 yTBOPIOEThCS Ha BIJACTaHI I BiJ

€JIEKTPOJa, TOPIBHIOE:

E = U/[ rin (d:/d,)],

ne U — npukiiaaena Hanpyra (B), d; — miamerp miuwnbHuka, d;
—I1aMETpP UECHTPAIBHOTO €JIEKTPOA.

[Io0nu3y enekTpoda HAIMPYXKEHICTh EJIEKTPUYHOIO
MOJIs HACTUIBKM BEJIMKA, 1110 MEPBUHHI €JIEKTPOHU HaOyBalOTh
€Heprii, I0CTaTHLOI JJI1 BTOPUHHOI 10H13a1li. BHAacI1A0K 1BOTO
Ha IEHTPAJbHUN €JEKTPOJ HAAXOAUTh JIaBUHA EJECKTPOHIB.
BigHomieHHsT TMOBHOI KUIBKOCTI 310paHMX Ha  €JIEKTPO/II
€JEKTPOHIB 10 1X TIEPBMHHOI  KUIBKOCTI  HAa3WBAaKOTh
Koe(DillIEHTOM Ta30BOT0 IIJCHUJICHHS, BEJIMYHHA HOr0 MOXKE

caratu 10°+10%.

JliunnsHuk I'eiirepa — MwoJsuiepa - ra3opo3psiiHuii

1E€TEeKTOP, 10 MPAIIOE MPH MPOXO/IKEHHI Yepe3 HbOTO0



3apAIKeHUX YaCTUHOK. /[0 eJIEKTPOAIB NMPUKJIAIAI0Th
HAINIPYT'y BEJIMYUHOIO KiJIBKACOT BOJIBT. 32 POXO/XKEHHSA
iOHI3yI04i YACTMHKHU B ra3i yTBOPHOKTH BiJIbHI €JICKTPOHHU,
1[0 PYXAKTHCH 10 HEHTPAJIBLHOTr0 ejiekTpoaa. [lodauzy
€JIEKTPO/IA HANIPYKEHICTh €JIEKTPUYHOIO MOJIS
301JIbIIY€THCS, €JICKTPOHN NPUCKOPIIOTHCH HACKIJIbKH, 110
MOYMHAKTH y CBOIO Yepry ioHi3yBaTu ra3. Bunmnkae
KOPOHHUM pPo3psi, IO NOIIUPIETHCH B310BK eJieKTpoaa. B
30BHIIIHBOMY JIAHI[I03i YTBOPHOKTHCHA €JIEKTPUYHI
iMIyJIbCH, 110 BIANMOBIAAKTH cniajaxaMm po3psaay. KiibkicTs
HUX IMIIYJIbCIB 32 OIUHUII0 YaCYy TOPIBHIOE KiJIbBKOCTI

IOHI3yHOUNX YACTHHOK.

CHUHTWIALIAHUN JIYUIBHUK — JETEKTOP, OCHOBHUMH
€JIEMEHTAMHU SKOT0 € PEYOBHHA, 110 JIFOMIHECIIIIOE 111 BILIUBOM
3apsKEHUX YaCTHUHOK, Ta (POTOCIEKTPOHHUN ITOMHOXXYBad.
3apsiKeHa YacTUHKA IMPOXOJIUTh KPi3b PEUYOBUHY, BUKIMKAIOUU
HE JIMIIE 10HI3aIll0 aTOMIB 1 MOJIEKYJ, a U iX 30yIKEHH.
Ilepexiag aToMiB 1 MOJIEKYd 13 30yJKEHOTO CTaHy B OCHOBHUM
CYIPOBOJI)KYETHCSI BUIIPOMIHIOBAaHHSIM KBaHTa BHUIUMOTO abo
yabTpadioyieToBOro aiana3zoHy. KoOXXHUM Takuil CBITJIOBUM
crajax, 110 Ha3WBalOTh  CHUHTWIALIEID, PEECTPYETHCSA

(bOTOETEKTPOHHUM TOMHOKYBAUeM, C€JICKTPUYHI IMIYJIbCH 3



BHXOJIy SIKOTO IMOJAIOThCA HA CHUCTEMY peectparii. TumoBuMu
MarepiaJaM IS CHUHTHISALIMHUX JIIYUJIBHUKIB € KpHUCTalu
ZnS(Ag), Nal(Tl), CsI(T]) (y myxkax ykazaHO aKTHBATOp, IO
BUKJIMKA€ CIIMHTUJISAIIT B KpUCTail), KaAMIEBl Ta KaJIbLIEBI COJII
BOJb(QPaAaMOBOI KHCJIOTH, Tali¥ JITIIO, a TaKOoXX OpraHiyHi
cuuHTHIATOpU — anTpaneH CyuHqg, ctunsben Cy4Hpp, po3unnu
TOJIyeHY, KcuieHy, Gdenunukiorekcany. IlepeBaror Ttakoro
JIYUJIbHUKA € BHCOKAa YYTJIMBICTh ( 4Y€pe3 BUCOKY TYCTUHY
po00YOi PEYOBHHH), OCOOJIMBO JO Y- BHUIIPOMIHIOBAHHS,
IMBUIKOAIS Ta 34aTHICTh BM3HAYaTH CEHEPril0 YaCcTHUHKU abo

KBaHTa BUIIPOMIHIOBAHHSI.

HaniBnpoBiJHUKOBUN JIIYWJIBHUK — B OCHOBI JICKHUTh
10H13allisl aTOMIB TBEPJIOr0 Tija, 3a SKOI YTBOPIOIOTHCS BiJIbHI
€JIEKTPOHM B 30HI MPOBIAHOCTI 1 JIPKKM Yy BAJICHTHIM 30HI.
YacTtuHKka, 10 NTPOHUKAE B KPHUCTaJ, T'E€HEPYE B HHOMY
J101aTKOBI1 CJIEKTPOHHO — JipkoBl mnapu. Hocii 3apsany
(EJICKTPOHH 1 IIPKH) 1] BIUIMBOM MPUKJIIAJICHOTO €ICKTPUYHOTO
MoJsl  TEePEeMILIYIOTECS J0 €JIEKTPOJIB, 3aBASKH YOMY B
CJICKTPUYHOMY JIAHIIO31 YTBOPIOETHCS E€JIECKTPUYHHUI 1MITYJIbC,
KA O1ICUITIOETHCS 1 peecTpyeThes. [lIuprna 3a00poHEeHO01 30HU
—2 +3eB(1eB = 1,6 - 10™ JTx); omxe i enepris, HeoOXinHa

JUIsl YTBOPEHHS Mapu €JIEKTPOH-AIpKa, € BEIMYMHOIO TaKOI0 XK



nopsiaky ( B Tra30BUX 10HI3AIIMHUX KaMepax sl YTBOPEHHS
napu i1oHIB motpiOHa eHepris 34 eB (mius mositps). Takum
YUHOM, HaIlIBIPOBIAHUKOBI JIYMJIBHUKY Ha MOPSIOK Yy TJIMBIIII,
HDK ra3oBi. THIOBUMH MartepiajaMyd HamiBIPOBIIHUKOBUX

JTYWIBHUKIB € repMmaniil, kpemHiil, CdTe, Hgl.

TepMoIIOMIHECIIEHTH] JIETEKTOPU BUKOPHUCTOBYIOTH IPOIIEC
JIOMIHECICHINI TIpU HarpiBaHHI PEYOBUHU, IO MONEPEIHBO
30yKYeTbCS  BUIIpOMiHIOBaHHsAM. Ilim  4yac  HarpiBaHHs
PEUOBHHU E€IEKTPOHHU, MO0 3aXOIUIIOIOTHCS YJIOBJIIOBAYaAMH,
BUBUIBHIOIOTHCSL 1 MEPEXOAATh HA PiBHI 3 MEHIIOK EHEPTIElo,
MOCHJIal04M KBaHT cBiTia. CKIIagaloThCs TEPMOJIOMIHECIICHTHI
JETEKTOPU 3 KaMepH, 3B’S3aHOI 3 CHUCTEMOIO HarpiBaHHS,
(OTOCNIEKTPOHHUM  IIOMHOXXyBadeM,  MIJCHIIIOBauyeM  Ta

TEpMONaporo /I BUMIPIOBAHHS TEMIIEPATyPH.

TpekoBi 1eTeKTOPH — B OCHOBI PO0OOTH JICKUTH 10HI3aMise
aToMiB 200 MOJIEKYJI PeYOBHHM; I0HH, 1110 YTBOPIOIOTHCS,
PEECTPYIOTHCS 3aBAAKH KOHAEHCcAIlll mepecu4eHol mapu (

kamepa BuibCoOHA), MIapOYTBOPEHHIO NEPerpiToi piiuHu
( Oyab0amkoBa KaMepa), YTBOPEHHIO PO3PSAAIB y razax (

ickpoBa kamepa).



doTorpadiuHe AETEKTYBaHHS IPYHTYEThCA HA BUKOPUCTAHHI
IUIIBOK, B SKUX IHMap eMyjbcii ( Opomucte cpibio Ha
KEJIATUHOBIM OCHOB1) Ma€ B JCCATKH pa3iB OUIbIIY TOBIIUHY,
HDK y 3BUYalHUX (OTOIUIIBKAX, IO MiABUILYE €(EKTUBHICTH
B3a€EMOJIIi  10HI3YIOUOTO BHUIIPOMIHIOBAaHHA 3 PEYOBUHOIO.
MexaHi3M 1I1€1 B3a€EMO/III IMOJISITa€ B MOTJIMHAHHI 10HI3YHOYOTO
BUMPOMIHIOBAHHSI PEUYOBUHOIO 32 (DOTOETEKTPUYHOTO MPOIIECY,
3aBISAKA  SIKOMY €HEpris BHUIIPOMIHIOBAHHS  IE€PEIAETHCS
eiaekTpoHy. llel enexkTpoH 10HI3aIlli yTBOPIOE 1HIIN BUIbHI
€JIEKTPOHH, 110 B3a€EMOMIIOTH 3 MO3WTHUBHUMHU 10HAMHU cpiOia 1
3MIHIOIOTh iX PO3MOJALI Ha IUIBII. PiBeHb MOTEMHIHHS ILIIBKH

OL[iHIOCTBCH 3a JOITIOMOI'OK0 ACHCUTOMCETPA 3a BUPA30OM:

D =lg(lo/1),

ne D — rycruHa cpibina Ha T1uiBLl, [y — 1HTEHCHBHICTH
BUIIPOMIHIOBAHHSI, 110 TaJa€e Ha IUIBKY, | — IHTEHCUBHICTH
BUIIPOMIHIOBAHHSI, 1[0 MTPOMUIILIO Yepe3 MIiBKy. Benuuuna D = 2
BIANOBiJa€ 3aTEMHEHIN IUTIBII, Yepe3 MIBKy 3 D = 1 moxkHa

quTaTu TCKCT.

[IpyuHIUIIH Y — COEKTPOCKOMIT



OCKIIBKM Y — BUIIPOMIHIOBAHHSI — II€ €JIEKTPOMAarHiTHE

: -10
BUIIPOMIHIOBAHHS 3 Ty*e€ KOpOoTKuMHU ( < 2 - 10 ™ M) XBUiIsIMH,
Ha TIEpUIMM IUIaH BUCTYMAIOTh KOPIMYCKYJISIPHI BIACTUBOCTI.
Po3rinssHeMO OCHOBHI TIPOIECH, IO BIAOYBarOThCS IIIJI 4ac

B3a€MO/I1i Y —BUIMPOMIHIOBAHHSI 3 PEYOBHUHOIO.

DOTOENEKTPUUHE MOTJIMHAHHS CYIIPOBOKYETHCS
MIEPEHECEHHSIM BCI€l €HEprii Y —BUIIPOMIHIOBAHHSI Ha BHYTPIIIIHI
CJEKTPOHHI OpOITH aToma, BHACIIJOK YOI'0 €JICKTPOH 3aJIHIIAE
aTOM, a Y —BUIIPOMIHIOBAHHS 3HMKa€. AJie BaKaHTHE MICIIC Ha
BHYTpIIIIHINA OpOITI 3aiiMa€e €IEKTPOH 13 3O0BHIIIHBOI OpOITH;
IIbOMY IIEPEXOAy BiANOBiJa€ BHUBIIbHEHHS IEBHOI €HEPrii y
BUIJISI/II KBAHTA PEHTI€HIBCHKOTO BUIIPOMiHIOBaHHS. Lleil kBaHT
Ha3MBAETHCS XapPAKTEPUCTUYHUM, OCKIJIBKH BIH XapaKTEpHU3YE
PEUYOBHHY, 110 MOTJIMHAE Y —BUITPOMIHIOBAHHS.
DoTOEHEKTPUYHUN €PEKT BIIOYBAETHCS MPHU J1i 30BCIM MaUX (

necatku keB) enepriid.

KomnToHIBCbKHMIT ~ epeKkT  moisirae B MPYXKHOMY
PO3CiIOBaHHI KBAHTIB PEHTT€HIBCHKOTO a00 Y —BUITPOMIHIOBAHHS
Ha BUILHHUX a00 30BHINIHIX, CJa0KO MOB’A3aHUX 3 aTOMOM
CJIEKTpOHaX. Y IIbOMY pa3l KBAHT TMeEpelaac YacTUHY CBOE]

€HEeprii  €JeKTPOHy 1 3MIHIOE HaNpsMOK pPyXy, ToOTO



PO3CIIOETHCS;  3MEHIIEHHS €Heprii  O3Hadae  30UIbIICHHS
JOBXUHU XBHWJII  PO3CISIHOrO BUIPOMIHIOBaHHA. CyMicHe
pILLICHHSI PiBHSAHB, 110 BUPAXXaIOTh 3aKOHU 30€pEKEHHSI €HEPrii
Ta IMIYJbCY T14ac KOMITOHIBCHKOTO €(EeKTy, IaloTh

PIBHSIHHSI 1714 3CyBY JOBXUHU XBuI ( popmyna KommnoTHa):

AN=h,-A=No(l-cos0),

ne - A, — NOBXHUHA PO3CISTHOIO BUIIPOMIHIOBAHHS, A — JIOBXHHA
najal0uoro  BUIOPOMIHIOBaHHS, A,=h/M,C- KOMNTOHIBChKa
JOBXKUHA XBHIII €JICKTPOHA, My- Maca CIIOKOIO €JIEKTpoHa, 0 —

KYT pO3CIFOBaHHS.

YTBOpeHHS Map — OpoIiec, 10 BIAOYBAETHCS 3a 1OCTATHHO
BHCOKHMX PIBHIB €HEpPrii, Ipu SKUX Y — KBAHT MOTJHUHAETHCS
ATOMHHM SIAPOM PEYOBHHU. 3a I[LOT'O MOTVIMHAHHS YTBOPIOETHCA
mapa “ eJeKTpoH — IO3UTpoH’. Lle ToM camMuil BUIIaAOK, KOJH
€HEpris MEepeTBOPIOEThCS Ha Macy. [ns yTBopeHHs mnapu (
3T1IHO 3 CHIBBIIHOIIEHHIM Ezmcz) HeoOxigHa eHepria 1,022
MeB. Ilo3uTtpoH >KHBE HE JIOBrO, OCKUIBKA MpU 3yCTpiyl 3
€JIEKTPOHOM BiH TOIVIMHAETHCS OCTAHHIM, IIOCHJIAIOYU JBa

kBaHTHU 3 eHeprieto 0,51 MeB.



ATMocdepHi omaan

AtmocdepHi omaau — 1€ TBepAl abo piAKI MPOIYKTH
KOHJICHCAIlll BOJSHOI Tapu, M0 MaJaloTh 3 XMap 4YH
OCaKYIOTBHCSI 3 TIOBITPSI HA 36MHY TTOBEPXHIO.

[TapameTtpu omnamis:

Kinvkicmos onadig, mo BUMNaIU, BUMIPIOIOTH TOBIIMHOKO (B
MUIIMETpax) TOro Iapy, SKAM OM yTBOPHMBCS Ha 3EMHIU
MIOBEPXHI, KoK O OMagu HE CTIKAJIM, HE BUIIAPOBYBAJIMCS 1 HE
IPOCOYYBAJIUCS B IPYHT.

Iumencusnicmo onadié BIANOBIAAE KUIBKOCTI OMHAaIIB ¥y
MUIIMETpax, M0 BUMAJA€ 32 OJAHY XBWIMHY. 32 IHTEHCUBHICTIO
omaad MNOAUIAKOTBCA Ha CJaOKi, CHJIbHI 1 MOMIpHI. SKIo
IHTEHCUBHICTh ONaJiB mepeBuinye ImMm 3a 1 XB, Taki omaau
BIJTHOCSITBCS JIO 3JIMB.

Tpusanicme onadie — napameTp, 10 XapaKTEPHU3YE, SIK JOBrO
TPUBAIOTh OIA/IH.

Tpeba po3pi3HATH 111 TapaMeTPU — MOMIPHUM AOI TPOTATOM
n1o6u Moke math 120 MM omamiB, TOIl SIK IiJ Yac 3JIUBH ITIO
KUTBKICTh ONaJIB MOXKHa 3apeectpyBatu 3a 20 xB. OTxe,
KUTBKICTh ONAJIB Y PO3MVISTHYTHUX JBOX MPHUKJIAJaX OJHAKOBA, a

IHTEHCUBHICTh 1 TPUBAJIICTh — Pi3HA.



BumiproBanusa onaais

Jlowomip CKIama€TbCsl 3 €MHOCTI, BIJKPUTOI 3BEpPXY, IO
MICTHUTh JIBa €JIEMEHTH — KOJIEKTOP 1 npuiiMad (puc. ). Konexrop
Ma€ HWIHAPUYHY a00 KOHYCOMOAIOHY (opMy; IUIOIIA OTBOPY

2 A
. Ilpuiimau oOJagHAHO IIKAJIOK JJIst

roro Omm3pko 400 cMm
BUMIpIOBaHHS 310paHoi Boju. /7151 3anmo0iraHHs BUNIApOBYBAHHIO
Ha IMOBEPXHIO BOJAY HAHOCSTH I1ap HA()hTH TOBLUIUHOKO 5 MM.

Haxuneni uepnaxku BUKOPUCTOBYIOTb Ha aBTOMAaTH30BaHUX
CTaHI[ISIX 3a CIOCTEPEKEHHAM MOoroau. BoHu ckiagaroThesa 3
JIBOX YepIakiB TPUKYTHOI GopmH, 3’€JHAaHUX 3 OJHOrO OOKY.
Bcst KOHCTPYKIIISE MOKE 00epTaThCsi HABKOJO TOPU3OHTAIBHOI
oci (puc. ). Ilig 4yac momry OoAuWH 3 4YepIakiB 3allOBHIOETHCS
BOJIOI0 Ta TMEPEKUIAETHCSA; 3 ILBOTO MOMEHTY ITOYMHAE
3alIOBHIOBATUCS 1HIIWM 4epriak. HeBeJWKHWil MarHiT BUKOHYE
(YyHKIII KOHTAaKTy, II0 3aMHKAa€ CJICKTPUYHUN JIAHIIIOT.
KuipkicTe omajaiB BIANOBIZA€ KUIBKOCTI 3aMHUKaHb JIAHIIOTA,
TOAl SIK Yac MIX JBOMa 3aMUKAHHAMHU J1a€ 3MOTY OIL[IHUTH
IHTEHCUBHICTh JOIIY.

Cugponnuu  Oowjomip — UWIHAPUYHUA  pe3epByap,
o0JiagHaHUM TTOIUIAaBKOM, 3’ €JHAaHUN 3 MIEPOM CaMOIUCy (puc. ).

3a momoMororw cugoHa pe3epByap 3BUIBHIOETHCS BijJ BOJIH,



KOJIM KUIBKICTh 11 CSAra€ MEBHOIO piBHSA, 1 IEPO CaMOIIUCY
IIOBEPTAETHCS B MOYATKOBUM CTaH.

Bazosuti onaoomip TPyHTYEThCS Ha IOCTIMHOMY KOHTPOJ1
Baru BOJW, 310paHOi B  KOHTEWHEplT 3a  JOMOMOTOIO
BUMIPIOBAJIBHO1 cucTeMU. Lle¥ Tun mpuiaay BUKOPUCTOBYEThCS

JUISL OLIIHKU TBEPJUX OIadiB.



Temneparypa

OcCHOBHI BU3HAYCHHS

Temnepamypa — pizuyHa BeJIUYMHA, 110 XapaKTEPU3Y€E CTaH
TEPMOJMHAMIYHOI ~ PIBHOBarm  MAaKPOCKOIIYHOI ~ CHUCTEMH.
KinbKiCHE BHUMIPIOBAaHHS TEMIIEPATypy MOXKJIMBE 3aBISIKU
BIPOBA/DKCHHIO  TeMmIeparypHux 1mkail. OpgHa 3 HHX,
MIJICHApOOHa cmoepadycHa memnepamypHa wikaia (Llenvcis)
BUKOpucTOBYE sk 0°C TemmepaTypy IUIaBJICHHS JIbOAY 1 SK
100°C Temneparypy KHUIIIHHA BOJM MPU HOPMAJIbHOMY THCKY.
IHma — mepmoounamivna memnepamypua wxana (Kenvsina) —
BUKOPHCTOBYE MOTPIMHI TOYKU PEUYOBUHU — TOYKHU Ha Jlarpami
CTaHy, 10 BIANOBIAAIOTh PIBHOBAKHOMY ICHYBaHHIO TphOX (ha3
peuoBnHu. Tak, moTpiliHa Touka Boau nopiBHIOE 273,15 K, a
temneparypa kumniHas Boau 373,15 K. Mix aBoMa IikajgaMu

ICHY€ 3B’SI30K:

teC=T-27315.

Ha  choroguimHid  J€Hb  NPUUHATO  MIJNICHAPOOH)

memnepamypry  wkany (MTII), saxa TpyHTYeTbCS Ha



BUKOPUCTaHHI TE€BHOI KUIBKOCTI CTaHiB PpPIBHOBAaru, 1o
BIITBOPIOIOTHCA, 200 (hiKCOBAHUX TOUYOK (TaOJI. ).
Tabmuns. Dixcosani mouku MTIII na eémopurHi ONOPHI

moukKu

CraH piBHOBaru Temueparypa, K | Temuneparypa, °C

[ToTpiitHa TOYKa 83,798 -189,352
aprony

[Totpiiina TOYKa 273,16 +0,01
BOIH

KuminHas Boau mnpu 373,15 100
HOPMAJTBHOMY

TUCKY

[lnaBnenHss  ojoBa 505,078 +231,958

pAd  HOPMAIBHOMY

TUCKY

Temneparypa 194,674 -78,476
cyOomimMartii

JIBOOKHUCY BYTJICIIIO
Ipd  HOPMaJIbLHOMY

THUCKY




[InaBineHHs  pryTi 234,288 -38,862
Ipd  HOPMaJIbHOMY

THUCKY

[lmaBneHHA  JIOAY 273,15 0,0
IIpd  HOPMAJIbHOMY

THUCKY

[ToTpiitHa ToYKa Jie 300,02 26,87

dbeniaoBoro edipy

BumiproBaHHA TeMnepaTypu

Po3risitHemMo mnpwianav i BUMIPIOBAHHSA TEMIEpaTypu, B
OCHOB1 SIKMX JICKUTb TEIJIOBE PO3IIMPEHHS Ta3iB (ra3oBuid
TEPMOMETp), PIAUH (PIAMHHUNA TEPMOMETpP) ab0 TBEPAUX TiI
(OiMeTaneBul TEPMOMETD).

["a30BuUl TepMOMETP, Ais SKOTO IPYHTYETHCS Ha 3aJICKHOCTI
TUCKY (TIpu cTaIoMy 00’ €Mi) B1JI TEMIIEPATYPH 3T1THO 3 3aKOHOM
imeanbHOTO ra3y ( pv =RT ). 3aJIEKHICTh THCKY BiJl TEMIIEPATypH
JHIMHA:

dp/dT = fp,
ae p - KoediuieHT 00 €MHOro pO3IIMPEHHS Traszy, p,-

MMOYATKOBUM THUCK.




l'azoBuii Tepmomerp (puUC. ) BUKOPUCTOBYETHCA SIK
NEPBUHHUN  TEPMOMETPUYHMI Tpwiaj JJisl  BU3HAYCHHS
bikcoBanux Toyok MTII. IntepBan Temmeparyp, IO
BUMIPIOETHCSI Ta30BUM TepMoMeTpoM cTaHoBUTh 2+300 K.
['pannyHa TOYHICTH  3aJIEKHO  BIJI  TeMIepaTypH, IO
BUMIPIOETHCS, MOXKE csraTu 3-10°-2.102K. ['a30B1 TepmomeTpu
JOCUTh CKJIaJHI B  €KCIUlyartaiii d4epe3 HeOoOXI1AHICTh
BpaxoOByBaTH HE 1J€albHICTh Ta3zy, 3MIHy O00’eMy 3
TEMIIEPaTypol0, HASIBHICTh y Ta3l JOMIIIOK, B3aEMOJIIO ra3y 3i
CTIHKaMH OaJloHa, 3aJICKHICTh IOKa3aHb IpWIagy BiJ
MOYaTKOBOI'O Ta arMocdepHoro TUCKIB. IIpunaau Takoro Tumy
BUKOPHUCTOBYIOTHCS PIJIKO.

Piounnuii mepmomemp — mnpwiaa g BUMIPIOBaHHA
TeMIepaTypHy, 3aCHOBAaHUN Ha TETUJIOBOMY PO3IIMPEHHI PiIUHM.
SIBuIlle TETJIOBOTO PO3IIUPEHHS PIIMHU OMUCYETHCS PIBHSIHHSIIM:

AV = VAT,
ne g - KoediieHT 00’€MHOr0 pO3IIMPEHHS PIIWHM; AV - 3MiHA
00’eMy; AT - 3MIHA TEMIIEPATYPH.

Piguna B TepMoOMeETpi MiIMMA€EThCSA 3aBASKM TOMY, IO
KoeilleHTH 00’ €MHOTO PO3IIUPEHHS A PIIUHU Ta CKJIA 3HAYHO
Bigpisusrorees: 1,81-10% (°C)* y pryri; 10,6:10* (°C)* vy
crmpty; 9,16:10 (°C) ™ y Tonyena; 0,25:10 (°C)* y cxia.



PiguHHMiI TepMOMETpP CKIAJAETHCS 3 TOHKOCTIHHOTO
CKJISTHOTO PE3EpByapa, CIOIYUYEHOTO 3 CKISTHUM KamIsspoM; JJIs
BUMIPIOBAHHS TEMIIEPATYypU TEPMOMETP OOJIAIHAHUN IIKAJIOHO.
YacTuHa mpocTopy B Kamijsipi, HE 3ailHATa Pi1IMHOO, 3alIOBHEHA
CyXHM IHEPTHUM Ta3oM, IO 3amno0irae po3puBy piauHu. B
Kamuigplt MOKe€ OITH  TaKoXX  BHYTPIIIHE  PO3IIUPEHHSA
(ckopodyBajibHa Kamepa), II0 Ja€ MOXKJIHUBICTh CKOPOTHTH
JOBKUHY  Kamjisipa; 1€ OJHE PO3UIMPEHHS  Kamluisapa
(po3uidproBajbHa KaMmepa) y KIHII 3aXHIae TEPMOMETP BIJ
neperpiBaHHs. 3O0BHIIIHIN BUIJISJ PIAMHHOIO TEPMOMETPA
nmokazaHo Ha pwuc. . IIporec BUMIpIOBaHHS TEMIIEpATypH
MOJISITA€ B 3aHYPEHHI TEPMOMETpPA y PIAUHY; 1€ 3aHYpPECHHS
MOK€ OyTH 4YacTKOBHM, MOBHMM a00 aOCOIIOTHUM (pHC. ).
BiibIIiCTh TEPMOMETPIB BUKOPHUCTOBYIOTHCSA Y PEKUMI ITOBHOTO
3aHYPEHHSI, KOJIM OJIHA 4YacTMHA TEPMOMETpa 3HAXOJUTHCA B
PIIMHI, a 1HIIIa — B MOBITPI.

PoGo4oto piinHOI0 B TEPMOMETPAX TAKOI'O0 TUIY € PTYTh,
cnupT abo TOdyeH. PTyTh BHUKOPUCTOBYIOTH Hal4acTiIle,
OCKUJIBKM BOHA ICHY€ y YHCTI (pOopMi, HE MOTIPIIYETHCS 3 YACOM
1 HE B3aeMOJII€ 31 CKJIOM. Jliama3oH TeMneparyp, B Mexkax SKOTO
MOKJIMBE 3aCTOCYBaHHsS PTYyTIl, CTaHOBUTH -38,8+356,9°C. Ilpu

BUMIPIOBaHHI HU3BKUX TEMIEpaTyp NepeBary MarTh COUPT (-

117,3++78,5°C) ab6o ToayeH (-95,1++110,5 °C). IIpote ocTaHHI



pPEUOBMHU HE Takl CTIHKH, SK PTYTh, 1 MOXYThb IOBUIHHO
PO3KJIAJIaTHCS Ha COHII].

PTyTHHMIT TepMoOMeTp, KOHCTPYKIIiIO SKOTO HaBEJCHO Ha
puc. , Mae kanuwip giamerpom 0,004 cMm Ta K00y diamMeTpoMm
0,25 cm. 3HailTu 3MiHYy BUCOTH CTOBIYMKA PTYTI B Kaluspi,
Ko Temneparypa 3MmiHmigacs Ha 30 °C.  TemioBum
PO3IIMPEHHSIM CKJIa MOYKHA 3HEXTYBAaTH.

Posé’sa30x

O06’eM KOJIOM 3HAXOAUMO 3 BUpa3y:

V =8-10"ca’.

3MiHa 00’eMy 31 3MIHOK TEMIIEpaTypu OIUCYEThCA

PIBHAHHSIM:

AV = BVAT =1,82-10*-8-10°-30 =436 -10 " eas®.

O0’eM Kamnujisipa JOP1BHIOE:

Vo = : -h.

3B1/ICH 3HaXOJIMMO 3MIHY BUCOTH CTOBITYMKA PTYTI:

Vou'd AV-4  436-107cn’-4

h= 2 2 2
7D 7D 314 -0,004

=3,4cm.

bivemanesuut mepmomemp TPYHTYEThCS Ha TEIJIOBOMY
PO3IIMPEHHI TBEPJUX T, 30KpeMa Ha Aedopmaiiii OimeTaneBoi
JIaCTUHU  (HAmpUKiIaZ, 1HBAp 1 CTajlb) I BIUIMBOM
temnepatrypu (puc. ). OCKIJIbKA METalld MalOTh Pi3H1 3HAYCHHSI

Koe(dIiIeHTIB 00’€MHOTO PO3IIMPEHHA, IUIAaCTUHA MOPU 3MIHI
9



Temriepatypu gedopmyerbcs. IlepemillieHHS BUIBHOIO KIHIIS
AX TI1JT Yac 3MIHHU TeMIIepaTypH At OMUCYETHCS (POPMYIIOIO:
AX = KAt
ne K — xoedilleHT mponopIiiHOCTI, 1110 3aJeKUTh BiJ po3MipiB
IJIACTUHU Ta KOE(DIIIEHTIB 00’ €MHOTO PO3IIUPEHHS METAIB.

Sk 6aunuMo, 3aJIeKHICTh MEPEMIIICHHS KiHIA OIMeTaneBoi
IJJACTUHU BIJ TEeMIIepaTypu JIiHIAHA, a IIKajga MNpwiagy -—
piBHOMIpHa. CXeMIl TUIIOBOTO TepMorpada HAaBEICHO Ha PUC.

Tepmomempu onopy — TpWIaad, NPUHIUN 11 SKUX
IPYHTYETBCSI ~ Ha  BJACTUBOCTI  MarepiajiB  3MIHIOBaTU
€JIEKTPUYHUNA OIp MiJ BIUIMBOM TemmepaTypu. [IpoBiagHUKU B
TaKWX BHUMIPIOBAHHSAX HA3UBAIOTLCA MePMOPE3UCMOpaAMU, a
HaMiBIPOBIAHUKU — MEPMICMOPAMU.

JI71s1 TPOBIAHUKIB 3aJIEKHICTh OMOPY BIJl TEMIEPATYPU MAE
BUTJIS:

R =R, (1+aAT),
7€ R - OMIp MPOBIJHUKA TpU Temnepatypi 7, R, - OmIp MpH
temrieparypl 1p; o — TeMmIepaTypHU KOe(IIIEHT OIopy
NpOBIIHUKA; AT =T -T, (ae T5=273,16 K).

JJ1st TepMOpE3UCTOPIB BUKOPUCTOBYIOTH IIATUHY, HIKEb,
Migb. [InatnHa xapakTepu3yeThCs CTAOUIBHICTIO MAapamMeTpiB B
yMOBaxX KOpO3ii, /i XIMIYHUX CHOJyK. BoHa He OKHCIIOEThCH,

NIJJAETHCST MEXaHIYHIM 00poOIll, Mae BHCOKY TEMIIEpATypy



IJIABJICHHS ¥ BIAPI3HAETHCS BUCOKMM PIBHEM YHUCTOTH. Bci 111
(akTOpH BIUIMBAIOTh Ha CTAOUIBHICTH 3aJIEKHOCTI OIOPY
MJIaTHHOBOTO TMPOBIJHMKA B TemmepaTypu. llepeBaroro
MIJIHUX TEPMOPE3UCTOPIB € IIHUPOKI 3MIHM OMOPYy MPH 3MiHI
TEMIEpaTypyu Ta MPAKTUYHO JIHIMHUN BIATYK HAa TEMIIEPATypy.
Hikenb Mae HENIHIMHUNA XapakTep 3alIe)KHOCTI OIOpYy BiA
temneparypu. Hikenb 1 Milb XapakTepU3YIOTHCS MEHIIIO0
BapTICTIO TOPIBHAHO 3 IUIATHHOI. OCHOBHI MapamMeTpu ILUX
METAaJIIB MOJaHO B Ta0JI.

OcHoeHi napamempu mMemanis, Wo UKOPUCOBYIOMbCS SIK

mepmope3ucmopu

[TapameTp [lmatuHa Minb Hikenpb

Koedirient
teruioBoro | 0,00385+0,003927 0,0042 0,0067

PO3IIUPEHHS

B.("C)

ITutomui

omip, OM'M 9,81:10° 1,529-10° 5,91-10°

JI1HIIHICTE Bigminna Bigminna Cma0ka
3aJICIKHOCTI

OTopy BiJl

TeMIIEpaTypu




JlianazoH -260-+800°C -100+150°C | -100-+500°C

TEeMIepaTyp

KoncTpykiist TepMope3uctopa (puc. ) CKIAIaeTbCcs 3
YUCTOrO0 IUIATUHOBOrO IMpoBigHuWKa giamMetpom 0,1 MM 1
JTOBXXHHOK MPUOIN3HO 2 M, IKHM HAMOTAaHUM y BUIJISL cripalii
HABKOJIO CIIIOJITHOTO KapKacy, IO PO3MIIIYETbCS Yy CKJISHIM
TpyO11. Tuck ycepeauni TpyOku nopiBHioe 0,5 atm. 3aranbHa
JOBXKWHA TEPMOPE3UCTOpPA CTAHOBUTH 1 M. 3MiHA TemIleparypu
BIUIMBAE€ HA BEIWYMHY OMNOpPY R...; 3MIHIOIOYM OIip peocTara
Rp, AOCATar0Th HYJIBOBOTO 3HAYEHHS HA LIKaJl FaJIbBAHOMETPA 1
BU3HAYAIOTh BEJIIMYMHY OMIOPY CEHCOPA 3a BUPA3OM:

R = (Ra/ Rg)R,

Tepmoenekmpuuni mepmomempu BUKOPHUCTOBYIOTh
TEPMOCJICKTPUYHI SIBUINA, IO BUSBJISIOTHCS Yy B3a€EMO3B’A3KY
TEIUIOBUX Ta €JICKTPUUYHMX IPOIIECIB y TBEpAUX Tinax. OaHUM 3
TaKUX TEPMOECIEKTPUUHUX SBUI € egexm 3ecbeka —
BUHUKHEHHS enekTpopymiiiHoi cuwin (EPC) B enexkrpuuHomy
JIAHITI031, 10 CKJIAAA€ThCA 3 MOCTIOBHO 3’ €IHAHUX PI3HOPITHUX
MPOBIHUKIB, KOHTAKTH SKUX MalOTh PI3HY TeMneparypy (puc. ).

I OoMHOPIAHMX TIPOBIAHHMKIB A 1 B, 10 CKJIaaarTh

tepmornapy, EPC Bu3HavyaeTscs 3a BUpa3oMm:




E, = tJz‘ozAdt +}a3dt = tJz.(ozA —ag)dt,

t t t
e a, 1 «, - Koedimientu 3eeOeka s MPOBIIHUKIB A 1 B
BiATIOBiHO.

Ha mnpakTuili He BUKOPHUCTOBYIOTh aOCOJIOTHI 3HAYCHHS
koedimieHTiB  3eebeka; 3aMICTh I[LOIO0  BHU3HAYAIOTh Il
Koe(DilIEHTH IIOJ0 MEeBHOI'0 ONOPHOI0 MaTrepiany (HaIpHKIIa,
IIJIATUHHN )

Appy = Oy — Ap,
Ta
Opig = Olpy — Qg »
3BlJICH
aA,B - aA,F’t + aPt,B = aA - aB
ne a, p — BIIHOCHUN — KoedilieHT 3ecOeka TepMomnapu 4, B.
EnexTpopyliifHa cujia B IbOMY pa3l BU3HAYAETHCS TaK:

dE = o, zdt.

3BiacH

_dE
dt

App

3a1eKHICTh €JICKTPOPYIIIHOI CHJIK 3e€OeKa BiJl TeMIIEpaTypu

BH3HAYA€THCA 3a BUPA30OM!
E;=at+ %ﬂtz )

3BIIKU



ang =a+ .
3HaueHHS KOe(IlieHTIB a 1 p I TUIOBUX METaliB
3HAXOMSTh 3 Ta0M.
HenonikoM Tepmomnap € HEBEJIMKI 3HAYEHHS €JICKTPOPYIIIHHOI
CUJIM, III0 BUHUKAE B €JIEKTpUYHOMY JjaHIto31. [logonatu nei
HEJI0JIIK MOYKHA 3a MOCIIIOBHOTO 3'€IHAHHS KUIBKOX Tepmormap,
[0 YTBOPIOKOTH Y IIbOMY pa3i TepMobaTapero.

Tabnuns. 3nauenns koeghiuiecnmie a i p 014 MUNOBUX

MemaJie

MeTtan a, MKB|s, MKB-(-
(oC) 1 C)-l

3aniso + 16,7 -0,0297

Migb +2,7 +0,0079

KoHcTaHTa |-34,6 -0,0558

H

Onmuyna nipomempis TPYHTYETbCS Ha BHUKOPHUCTaHHI
3QJICKHOCTI BUIIPOMIHIOBAJIBHOI 3/IaTHOCTI PO3’KAPEHOTO TiJa
B1J1 TemrepaTypu. CIeKTpaJibHy 3JI€KHICTh BUITPOMIHIOBAIBHOI
31aTHOCTI a0COJIFOTHO YOPHOTO (€ = 1), ciporo
(¢ = 0,9) Tta IHmIMX TiT HaBeaeHO Ha puc. OTKE, BU3HAUUTH

TeMmIieparypy Oyab-SKOro Tija MOXKHA HUISXOM ITOPIBHSHHS



IHTEHCUBHOCTI HOTr0 BHUIIPOMIHIOBAHHSI Ha TICBHIM JIOBXKHHI
XBUWJI1 3 IHTEHCUBHICTIO CTAaH/IAPTHOT'O BUIIPOMIHIOBAHHH.

OnTUYHUN NIPOMETP CKIIAJAETHCA 3 JIPKEpesia BUIIPOMIHIO-
BaHHS Ta ONTHYHOI CUCTEMH, JO SKOi BXOJUTH MIKPOCKOII,
kaimOpoBaHa JjamMma Ta (QUIBTP 3 BY3bKOIO CMYTOIO
nponyckaHHs. [IpuHuMn Aii ONTUYHOrO MipoOMETpa 300paKeHO
Ha PUC., @ KOHCTPYKIIII0O — Ha pUC.

[Ipouienypa BUMIpIOBaHHSI TeMIepaTypu mepeadayae mo-
PIBHSIHHS SICKPABOCTI Tija, 110 JOCHIKYETHCS, Ta KadiOpoBaHO1
naMnu. BumiproBaHHS POBOAATH HA JTOBXKWHI XBWI 655 HM. 3a
JOTIOMOI'0I0 PETYJIFOBaHHS CTPYMY, IO MPOXOJIUTh Yepe3 HUTKY
pPO3KapIOBaHHS JIaMIIM, 3pPIBHOBAXYIOTh SICKPAaBOCTI TUIA Ta
naMnu. Y pe3yJbTaTl MbOTro 300paKeHHSI HUTKU 3HUKA€E Ha (hOHI
SCKpaBoCTl Tia (puc. ). Pyuka moTeHILioMeTpa, IO PEryJtoe
BEIIMYMHY CTPYMY, IPOKATIOPOBAHA B OAUHHUILISIX TEMIIEPATYPH.

OCKUIBKM JJ1 HE a0COII0THO YOPHUX TUI TEMIIeparypa, 1o
PEECTPYETHCS
ONTUYHUM IMPOMETPOM, 3aBXKIW MEHIIA, HIK CIPaBXHS
TeMmIiepaTypa, HeoOXigJHO BBOJMTH IMOMNpaBKH. BiAMOBIIHO 10
JaHUX TaOJ., HampuKiIaJd, BUIPOMIHIOBaJIbHA 3JIaTHICTH
a0COJIIOTHO YOPHOIO Tia Mae OyTH B 2,3 pa3u OUIBIIOI, HIXK
BoJIbpamMy 1 B 3,3 pa3u OUIBIION, HIXK ITUIATUHU TIPU OJTHAKOBIN

Temrepatypl. ToOTO, SKIIO TemiepaTypa aOCOJIOTHO YOPHOIO



tina cranoButh 2000 °C, to il BimmoBigaroTh 2323 °C mis
miatuHu 1 2238 °C nid Bosbhpamy (Tadsm.).

Tabmuns. Bunpominiosanvua 30amuicms oesikux mamepianis (A

=650 Hm)

MaTtepian |BunpomiHioBanbHa

3paTHicTb (4 = 650

HM)
KobanbT 0,36
Migb 0,10
301070 0,14
3ani3o 0,35

MapraHeub |0,59
Moniogen |0,37
Hikenb 0,36
[naTtuHa 0,30
Cpibrno 0,07
TaHTan 0,49
TutaH 0,63
Bonbdppam (0,43
Bananin 0,35
Cranb 0,35

KoHcTaHTaH |0,35




Paoiomepmomempu BUKOPUCTOBYIOTHCS JIJI1 BUMIPIOBAHHS
TeMIEepaTypy OPUPOJIHUX MTOBEPXOHb. Bi10MO, 1110 €HEepreTHyHa

SICKpPaBiCTh MIPUPOIHOI MOBEPXHI BU3HAYAETHCS 32 BUPA3OM:

4
goly

e — 1
T

L

7€ &— BUIPOMIiHIOBaJIbHA 37aTHICTh MoBepXxHi (0< ¢ <1), 0 —
crana Credana-Bonbimana (5,67 « 10° Bt « m° « K*), Ts, —
TeMIeparypa MoBepXHi.

OTKe, BUMIPIOBAHHSI €HEPTETUYHOI SICKPABOCT1 MIPUPOIHOT
MIOBEPXHI Jla€ 3MOTy OIIIHUTU ii Temmeparypy. Ha mnpakrtwuii
BUMIPIOIOTh €HEPreTUYHY SICKPaBICTh Y CMY3l1 JIOBXKHH XBUJIb,
3BUYAiHO B 1HTEpBail 8+3 MKM, A€ CIOCTEPIra€ThCsl BIKHO
IPO30pOCTI arMocdepu 1 BHIPOMIHIOBAIbHA 3/IaTHICTH TiN
MakcumajabHa. Yepes 1e temmeparypa arMocdepu He BIUIMBAE
Ha pe3yJibTaTh BHUMIPIOBaHb TEMIEpPaTypu IIOBEPXHI, a
BUIIpOMiHIOBaHHS COHIII IIJIKOM IOTJIMHAETHCA aTMOC(]eporo 1
TaKOX HE 3aBaka€ BUMIPIOBaHHSM. PajioMeTpu CKIIaiaroThCs 3
ONTUYHOI cucTeMu (JIIH3HM, A3epkaja, (uIbTpH), MO (OKyCye
MOTIK BUIIPOMiHIOBAHHS MEBHOI JIOBXKMHU XBUJI1 HA JIETEKTOP —
TepMmicTop abo TepMoOarapero. ILlel moTik  migBUINYyE
TeMIepaTypy AETEKTOpa, €ISKTPUUYHUM CUTHAJ 3 BUXOJY SIKOTO

nporpaayioBaHuil B OAMHULISX TeMneparypu. s oOmexeHHs



CMTHaly, IO BiANOBIJA€ BJIACHIA TeMmeparypi AETEKTOpa,
BUKOPHUCTOBYIOTH IHIIIMI KOMIIEHCAIIHHUN AETEKTOP 1 CUCTEMY
AudEpEeHIITHOTO MIICUJICHHS Ta MOPIBHAHHS CUTHAJIB 3 BUXOY
ABOX  jAeTekTopiB  (puc.,a).  I[iABUIIUTH  YyTJIUBICTH
BUMIPIOBAJIbHOT CUCTEMHM MOXHA 3a PaxyHOK MOJYJIIOBaHHS
ONTUYHOIO  BUIIPOMIHIOBaHHS  (puc.,0). 3acTOCYyBaHHSA
1H(pauepBOHOI BiJICOKaMepH, 31aTHO1 peecTpyBaTu
CIIEKTpaJbHUI PO3MOJLT TeMnepatypu (puc.), Aa€ MOXKIUBICTb
yTBOPIOBATH TEILIOB1 300pakeHHs 00'€KTa, 110 JOCTIIKYETHCS.
Keapyosuu  n'ezoenekmpuunuu  mepmomemp — 1€
nuppoBUM TpUIAI, B OCHOBI Jii KOO JICKUTh BUMIPIOBAHHS
PE30HAHCHOI YacTOTH I'€30KpUcTary. KOXHUM Kpuctan Mmae
CBOI0O BJIACHY pE30HAHCHY 4YacTOTy, IO 3aJICXKHUTh BIJ
temneparypu. Ilpwiaam Takoro TUMY XapaKTEPU3YIOTHCS
BUCOKOI0 YyTIMBICTIO Ta pO3JimbHOI0 3aathictio (107°C).
Jliama3oH temmeparyp, 10 BUMIPIOIOTHCS, CTaHOBUTH -40-+230
°C. Jlo HEemomiKiB MOXKHa BIJHECTH CKJIAIHICTh EJIEKTPOHHOI

CUCTEMU Ta BUCOKY BapPTICTh MPUIIAJIB.

BumiproBaHHA TeMnepaTypHu NnoBiTps

JIisi  BUMIpIOBaHHSI TEMIIEpATypyd TMOBITPS HEOOXITHO

3a0€3MeYUTH CTaH PIBHOBArd MDK JETEKTOPOM 1 IIOBITPSIM.



Axkmo 77— Ttemmeparypa ceHcopa, a 1, — Temieparypa
MOBITPSl, TO YMOBa PIBHOBarM BHU3HAYUTHCS 32 JOMOMOTOIO
TAKOT'0 PIBHSIHHS:
Ci(T; —T,) = - Q)E, +&(E, — T,

ne C.— xoedillieHT, III0 BpaxoBy€ TEIUIOOOMIH CEHcopa 3
HaBKOJIUIIIHIM CEPEJOBUINEM 3a KOHBEKIlli, a — aib0eno
(4acTka BIIOUTOTO COHSIYHOTO BUIMPOMIHIOBAHHS), € —
BUIIPOMIHIOBaJIbHA  3JAaTHICTh 3€MHOI MOBEpXHI, FEg —
€HEepreTUYHA OCBITJICHICTh CEeHcopa COHSYHUM
BUIIPOMIHIOBaHHSIM, E, — €HEepreTu4Ha OCBITJICHICTh CEHCOpa
JOBrOXBWJILOBHUM BUITPOMIHIOBAHHSIM JIOBKIJIJIS.

Pi3HuIE MIX TeMmeparyporo, 110 IMOKa3ye TEPMOMETp, Ta
TeMIIEpaTypor0 TOBITPA (TOOTO MOXMOKAa BUMIPIOBAHHS)
BU3HAYAETHCS TaK:

(T; =T,) = 0/ C)[A-A)E, +&(E, —oTH)] .

3MEHIIIUTH I}0 PI3HUII0 MOXHa 3a MIHIMI3allll OpaBoi
YaCTUHU OCTAHHBOT'O PIBHSIHHS, 110 3A1MCHIOETHCA MPAKTUYHO 32
JOTIOMOT'OI0 €KpaHy, SKMH HE 3aBa)ka€ IUPKYJALIl MOBITPSA
noOJIM3y CEHCOopa, aje 3ano0ira€ MPOHUKHEHHIO MPSIMOro Ta
PO3CISIHOTO BUIIPOMIHIOBAHHSI 10 ce€Hcopa. Kpim Toro, MoxkHa
30UTBIIUTYU BeIUYMHY KoedirieHTa Cy 32 BUMYIIEHOT KOHBEKIII1,

TOOTO BEHTHUJIAIL].



BuMmipoBaHHs TeMIepaTypH IPyHTY

Jlis BUMIpIOBAaHHS TeMIEpaTypd IPYHTY TEPMOMETPH
po3mintyoTs Ha ruouHi 0,1, 0,2, 0,5 ta 1,0 m. Ha rnmubwusni 0,1
M BUKOPHUCTOBYIOTh TOPU30HTAIILHO PO3TALIOBAHUI TEPMOMETD,
roJIOBKa SIKOTO 3HAaXOJMUThCS B OOKCI 3 KpuIIKow (puc.). Ha
OUTBIIMX TJIMOUHAX 3aCTOCOBYIOThH MPSAMOKYTHI TEPMOMETPU a00

3BUYAHI TEPMOMETPH, PO3MillieHi B PyTiisipi (puc.).



CoHsITYHE BUIIPOMIHIOBAHHSA

IlapamMeTpH COHSIYHOI0 BUIIPOMIiHIOBAHHS

CoHlle € OCHOBHUM 30BHIIIHIM JIKEPETIOM CBITIIA M €Heprii
st 3emiti Ta 1l atMocdepu, 3aBASKH SKOMY ICHYE KUTTS Ha
miadeTi. CoHlle Mae BUIJISAA PO3KapeHoi Kyl paaiycoM 6,96 ¢
10° m, maca sikoi cramoButh 1,991 ¢ 10 xr. Bigcrams Mix
CouneM i 3emiero — 1,496 -10" m. Ckmam comsumoro
cepenoBuiia — BoJieHb (64%), remit (32%) 1 cyMilll BaKKHUX
eneMeHTiB (4%). Temmneparypa Conns y nentpi — 2 * 10°C, Ha
noBepxHi — 6000 °C. 3a Takoi BHCOKOI TeMIEpaTypH
B1JOYBA€THCS 10HI3AIlISI MOJIEKYJ COHSYHOTO CEpPEOBHINA Ta
anepHi peakuli. L1 mpouecu CynpoBOIKYIOThCS BUIUICHHSIM
Benukoi KuibKocTi eHeprii. Illopiuna enepris CoHIs, 110
MPUNMAETHCS 3€MJICI0, CTAHOBUTH J, ® 10% JIX; TOTY>KHICTh —
1,5-10"° kBt 3a roguy. CoHIle MOXHA HOPIBHSTH 3 a0COTIOTHO
YOpHUM TUIOM, TeMIepaTypa skoro jgopiBHioe 6000 K.
CnekTpanbHa 00JIaCTh COHS'YHOTO BUIIPOMIHIOBAHHS CTAHOBUTH
200+5000 HM; MakCUMyM BUNPOMIHIOBaHHsA mnpumnajaae Ha 500
HM. CIEKTp COHSYHOIO BUIPOMIHIOBAHHS, IO JOCSTA€ 3€MHOI
MIOBEPXHI, CKiIagaeTrbcsa 3 yabTpadioneroBoi (200+-400 HM),
BuauMoi (400+700 um) Ta iHbpauepBoHoi (>700 HM) YacCTHH.

Ha ynbtpacdioneTroBy yacTuHy crekTtpa npumnagae 5%, BUIUMY



- 35% 1 nHa iHppauepBony — 60% COHAYHOTO
BUNPOMiHIOBaHHS. CHEKTpP COHSYHOTO BUIIPOMIHIOBAHHS 11032
aTMOoCc(epor0 Ta Ha 3€MHIM MHOBEpXHI 300pakE€HO Ha pHC. 3
pUCYHKA BHUJHO, 1[0 CHEKTP 30BHIIIHBOIO  COHSIYHOTO
BUMPOMIHIOBAHHSI Haraaye CIIEKTp BUMPOMIHIOBAHHSI
abcoltoTHO dYopHoro Tina mpu Temneparypt 6000 K 3
MakCUMyMOM Onu3bko 0,5 MKM; MICHS TPOXOKEHHS Kpi3b
3¢eMHY aTtMoc(epy COHSYHE BHUIIPOMIHIOBAaHHS  1CTOTHO
MOTJIMHAETHCA Ha TIeBHUX JOBXKHHAX XBWIb (O30HOM Yy
yabTpadioneToBiii 0o0gacTi CHEKTpa, BOASHOK TAPOI0 Ta
JIBOOKHCOM BYTJICII0 — B iH(pauepBoHii). Ha 3MiHy Xapaktepy
COHSTYHOTO CIEKTpa BIUIMBAIOTH TaKOX MPOILIECH PO3CIFOBaHHSA
CBITJIa MaJIMMU 32 pO3MIpAaMH  MOJIEKyJaMH  TOBITPS
(po3scitoeanns Penesi) Ta BEIMKUMU YaCTUHKAMM MUY, IUMY Ta
aepo3oiiB (poscirosannsa Mi). Kpim Toro, Ha xapakTep CIEKTpa
COHS'YHOTO BHUIIPOMIHIOBAaHHS BIUIMBAIOTh BHUCOTA CTOSHHSA
CoHrs, xmapHicTh Heba, ckiaag armochepu. CrekTpu
COHSIYHOT'O BUIPOMIHIOBAHHS, IO JIOCSATA€ 3E€MHOI ITOBEPXHI,
BiAOMBAETHCS Bl HE1 Ta XMap, HaBEJICHO Ha PHC.

CoHslUHE BUIIPOMIHIOBAHHS PO3MOAUISETHCS TAKUM YAHOM:
onmu3bko 17% mOrNIMHAETBCS XMapaMmu, BOJSHOIO Iaporo,
IBOOKMCOM  BYIJICLO, IO  CHOpuUsie  O€3MoCepeHbOMY

HarpiBaHHiO atMocdepu; 0mn3bko 30% BiIOMBAETHCS Bl XMap,



aTMOC(EepHHUX Ta3iB Ta YaCTUHOK; 013bK0 53% mocsrae 3eMHOI
MOBEPXHI: JIBl TPETUHU Yy BUIJIAMI MPSIMOTO COHSYHOKO CBITJIA,
OJIHA TPETHUHA Y BUTJISAJII PO3CISIHOTO CBITJIA.

BunpomiHtoBaabHi BJIACTUBOCTI CoHirs OMUCYIOTHCS
PIBHAHHSIM:

E., =Eccos®+E  ,

J€ E, —CyMapHa €HEPreTMYHa OCBITJCHICTh COHSYHUM
BUIIPOMIHIOBAHHSIM 3€MHOI1 TMOBEPXHI, E.cos® — EHEPreTUYHA

OCBITJICHICTh ~ 3€MHOI  IIOBEPXHI  NOPSIMUM  COHSYHUM

BUIIPOMIHIOBAaHHSM,  a E,—  JAQY3HHMM  COHSYHHUM

BUIIPOMIHIOBAHHSIM.

CepenHi 3HAYCHHSI CyMapHOi €HEPreTUYHOI OCBITIIEHOCTI
Ta 3a pPaxyHOK JU(PYy3HOTO COHSYHOTO BHUIIPOMIHIOBAHHSI
CTaHOBIATH: E., = 900 BT-M”;

£, =200 Br-m (uncte He60); E., = 800 Brm™*; £, = 350 B’

2 _
(He0O HAIIOJIOBUHY BKPUTE KYyIYaCTUMH XMapaMu); E,, = E,,

300 Brm? (me6o moBmicTiIo Bkpure xmapamu). CoOHIE
XapaKTEPU3YEThCA TOCTIMHICTIO CBOiX BHUIIPOMIHIOBAJbHUX
BJIacTUBOCTEM. OTKe, MOKHA Ka3aTH MPO COHsUHY cTany (1368
BT'M'Z) — 1HTEHCUBHICTh COHSIYHOTO BHMIIPOMIHIOBAHHS, IO
J0CSITa€ 3€MHOI TMOBEPXHI. 3 BpaxyBaHHSIM 3arajibHOi IUIOIII

3¢MHOI  TOBEpPXHI  CEpeHs  IHTEHCHUBHICTb  COHSYHOIO



BUNMPOMIHIOBaHHA  gpopiBHIoe 342 Brm? B Vkpaini
IHTEGHCUBHICTh ~ COHSIYHOTO  BHUIIPOMIHIOBAHHSI Bapilo€  Bijl

115+14.5 Br-m™ Ha [Tomicei mo 185215 Brm™ y Kpumy.

Hpunagu 11 BUMIPIOBAHHS NIApaMeTPiB COHAYHOIO

BHUIIPOMIHIOBAHHA

Taki mnpunagu Ha3uMBawTh paxioMmeTrpamu. CeHcopu
paJioMeTpiB MOKHA MOJUIMTH Ha JiBa THUIM: TEIUIOBl Ta
KBAHTOBA H1 JICTEKTOPH.

Tennosi oemexmopu. B OCHOBI Ali CEHCOPIB I[bOI'O THITY
JI€KUTH TOTJIMHAHHS BUIIPOMIHIOBAHHS Ta MOTO MEPETBOPEHHS
Ha TEIJIOBY €HEPriio Takoi (OpMH, IKy MOKHA BUMiptoBaTu. 1o
OCHOBHHUX TUIIB TEIJIOBUX JIETEKTOPIB BITHOCSITH
Kanopumempu, B SIKUX PEECTPYIOTHCS 3MIHU TEMIIEpaTypH
Marepiaiay JETEeKTopa; mepmonapu Ta mepmobamapei, B SIKUX
PEECTPYETHCS CIEKTPOpYIIiiHA CHJIa (Hampyra) B
CJIEKTPUYHOMY JIaHIIO31, 10 CKJIQJA€ThCAd 3 IOCIIJI0OBHO
3'€IHAHUX PI3HOPIAHUX TPOBIJHUKIB, KOHTAKTH SIKMX MAalOTh

pI3HY TeMIIepaTypy; Oolomempu, TPUHLMI 11 SKUX MOJSATAE B



peecTpallii 3aJeXHOCTI OMOpPYy MPOBIJHUKA, HAMIBIPOBIIHUKA
a00 HAANPOBIAHMKA BiJ TEMIIEPATYPH; HIPOENEKMPUUHI
Odemexmopu, B OCHOBI SIKUX JICKUTh BUKOPHUCTAHHS 3QJICKHOCTI
noJIsIpu3allii  MipOAaKTUBHOIO  KPUCTalIy B 3MIHM HOrO
TEMIEpaTypyu IPUA OIMPOMIHIOBAHHI; CTPyM, IO HPOXOJUTH
4yepe3 KPUCTall, PEECTPYETHCH.

PaniomeTpu 3 TEIJIOBUMH JETEKTOpaMU KIIACU(IKYIOThCS
TaK:

nipeeniomempu — TpUAATA TS BUMIPIOBAHHS MPSIMOTO
COHSIYHOTO BUITPOMIHIOBAHHS 32 HOPMAJIbHOTO A IIHHS;

nipanomempu — TIPUJIAIA JJI1 BUMIPIOBAaHHS COHSYHOTO
BUIIPOMIHIOBaHHS, 110 HAAXOJSTh 3 LUIOI MIBchepu (KyT 30py
27 cp);

nipeeomempu — TPUTIAAN IS BUMIPIOBAHHS HHU3X1JIHOTO
(atMocepHOoro) abo0  BHUCXIIHOTO  (3€MHOI  ITOBEPXHI)
JOBrOXBUJIBOBOTO BUIIPOMIHIOBAHHS B MEKax 11101 miBChepu;

nippadiomempu — NPUIIAJN JIJI1 BUMIPIOBAaHHSI CyMapHOTO
BUIIPOMIHIOBaHHSI  (KOPOTKO- Ta  JIOBFOXBUJIBOBOIO), IO

MPOXOJIUTH KPi3b TOPU30OHTAIIbHY TUIOMINHY.



