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Opraniszaunis 1a6opaTOpHHX 3aHATE
i nuTanna TexHiku 6e3nexu [1—6]

- JlabopaTopHi 3aHATTA 3 GiSHKH y BHIIMX HaBYaJbHHX 3aKAaJax Kpa-
iHH, 30KpeMa B MeAaroriyHUX iHCTHTYTaX, MalOTh Ha MeTi NOTVIHOHTH Teo-
PeTHUHi 3HAHHS CTYACHTIB, O3HAHOMHTH IX 3 CYYaCHHMH TeXHIYHHMH
3aco6aMH i MeTOJlaMH BHMiDIOBaHHS, @ TaKOX CHPHUATH NOKJaZHimoMYy
BHBYEHHIO ()isMUHHX TMOHATh, SBHIN i 3aKOHiB. THM caMMM IiAKpPeCIIOETh-
CA eKCIepPHMEeHTANIbHHE xapakrTep Gi3HKH AK HayKH.

Maii6yTHill cneuianict — yyurenp (i3HKM — NOBHHEH B fpoueci BH-
KOHaHHA Ja6opaTopHHX pOGIT OBOJIOXITH OCHOBHHMH HABHKaMH IpOBe-
JIeHHA eKCNepHMeHTIB i OLiHKH iX pe3y/bTaTiB, MOTPiGHHMH Ijs1 3a6es-
NIeYeHHsS Cy4acHOro piBHS BHKJAAaHHsA (isuku B cepennifi mikesi.

Ocranuim yacoM B po6oti kadernp disukn BysiB chopmypanacs TeHeH-
Iif NPAKTHKYBATH NPOBEAEHHS JaGOPAaTOPHUX POGIT 33 KOMILIEKCHOIC
TEMaTHKOIO, SIKA 06’eJHYEThCA MEBHOI0 HAYKOBOIO ilIe€l0, BAACTHBOO JIEK-
niftnomy Kypcy. Lliei TeHneHuii aoTpuMyloThcs # ABTOPH NPONOHOBAHOTO
HaByaJpHOTO noci6HHKa. CaMe TOMY J1a6OPaTOPHi 3aHATTS CTAHOBJATH He-
BiX’eéMHY YaCTHHY KYypCy. ‘

3HauHy ponb B 3a6e3neueHHi edheKTHBHOCTI JaBOpaTopHHX 3aHATH Bi-
Airpae opradisanis iX. ¥Yci HeoOXiaHi BiZOMOCTi IMOAO LBOrO CTYAEHTH
OFEPKYIOTh MNij Yac BCTYMHHX 3aHATH N0 J1a6OPaTOPHOIO NMPAKTHKYMY.
3BepTaeThCA yBara, 30KpeMa, Ha NOPSANOK opopMieHHA 3BiTiB. 3pasku
niel po6oTH MOBHHHI OyTH B HaBuaJbHUX Jaboparopisnx. OnHaK 1e He 03Ha-
yae, WO CTYAEHTH MalOTh KOPHCTYBAaTHUCS! TOTOBHMHM (popMmamH 3BitiB, 3a-
HOCAYH 0 Tabnuub JHwe nugposi fani jpocaizxens. [loxi6Ha nparTHKa
8B’asye iHiniatuBy crynentiB. OueBuAHO, paunioHanbHiwe 6yJo 6 npakTy-
KyBaTH BisibHi (OPMH 8BiTiB, AAKI NPONOHYIOTECS CAMHMH CTYIEHTaMH,

Hns1 ouiHOK TOYHOCTi BHMipIOBaHb, 8 TAKOX OGYMCJIEHHS NOXHGOK BUMi-
PIOBaHb NMPONOHYEMO KODHCTYBaTHCS BifOMOCTAMH 3 nepmioi Yactunu «Pi-
SHYHOIO NPAKTHKYMY». SIK moKasye JOCBiX, Al iHiliaTHBHOrO BHKOHAHHS
Ja6opatopHoi pobOTH 3 eleMeHTaMH HayKOBO-IOC/]iAHHUBKOTO XapakTepy

'BeJIHKOro 3HayeBHs HabyBae HaNMCaHHS CTYJeHTaMM BHCHOBKIB 3 aHasi-
* 30M OJEpPXaHHX pesy/bTaTiB. B HHX MOXYTh OYyTH fK 3arajbHa OlliHKa

NEBHOrO METOAY BHMipIOBaHHS (DisMUHHX BenHYMH abo JocaizxkeHHs o¢i-
SHYHOro fBMINA, TAK i KOHKPeTHa OuiHKa peanisanii Lboro MeTogy npH
BUKODHCTaHHI THX UM -iHIIMX BUMipIOBaJIbHUX TNpWJIaiiB i nNPHCTPOIB,

© pexoMennanil moxo BHOOPY ONTUMAJbHHX YMOB JOCHAiMMKEHRSA i MOXKMH-

BOT'O 3MEHIIEHHS MOXUGOK BHMipIOBaHH# TOLLO.



INpu BHkoHaHHI saGopaTopHUX pOBIT 3 e.nempuxn i MaI‘HeTHSMy cm
HEYXUJIbHO ZOTPHMYBATHCS TaKHX NPaBHIL:

1. Touno BHKOHYBAaTH BHMOT'H BHYTDPIiIIHBOTO PO3NOPHAKY, BCTaHOBJE-
HOro B JaGoparopii, i CyBOpO AOTPHMYBATHCSi NPaBUJl TeXHiKH OGesneku
nix uac pofoTH 3 e€NeKTPHYHHMM YCTAHOBKAMM.

2. Ha Berynuomy samarTi B Ja6opatopii o3HafioMnTHCs 3 DO3MimeH-
HAM POGOYMX MicLb, NPH3HAUEHHSM DisHHX KOMYTallifHHX eJIeMeHTB,
BCT2HOBJIEHHX Ha POOOUMX CTOJIaX i IHTKAX.

.3. BMHKATH eJEKTPHYHY Hampyry i pOSIOUMHATH BHKOHaHHS POGOTH
JIHie 3 A03BOJY BHKJanada abo JabopaHTa nicaf nepeBipKY HHMH €J1€KT-
pHYHOI cxeMH.

4. Kateropuuno 3a60pOHsAEThCS JHMWIATH Ge3 HATJIALY CXeMH abo okpe-
Mi BHMipIOBaJbHI Npusanu i 3aco6H.

5. CamocrifiHo BuKOHYBatH JaGoparopHy poGory. IlposBnsit Mak-
CHMYM iHiliiaTHBH Yy IOROJAHHI MOXKJIHMBHX TPYyAHOLLB., 3BepTaTHcs JO BH~
KJaafaua a6o jabopaHTa Julle TOLi, KOJY BUYepnaHi Bci MOMKAMBOCTI po3-
B’#3aHHA JabopaTtopHOi PobOTH. -

6. Ilpo mMoxnMBi HecnpaBHOCTi NpUJaAiB i amapaTypH AOMOBijJaTH Ke-
piBHuKOBi saHaTTs. CamocriliHe ycyHeHHd 1X 3a60poHsaeThcs.

7. Ticas noaanHs BHKJazavyeBi akyparHo, po36ipaHBO i 4iTKO BHKO-
HAHUX SanuciB peay bTatiB BUMipIOBaHHA po3ibpatu cxemy. Ilpmnamu i
anapaTtypy PO3MiICTHTH B TaKOMY HOPSIKY, B AKOMY BOHM GyJH 10 nodar-
Ky poGoru.

Buxkonyioun sabopatopHy poboTy, CTYAEHTH MaiOTb CTipaBy 3 o0/afHaH~
HfIM, OPHNAZAMH, €TeKTPHUYHHMH CXeMaMH, B IKHX TIPOXOIUTb eJeKTpHU-
muft crpym. Ciifi maM’ATaTH, 1O JErKoBaXHicTh, HEAKYPaTHICTh B KOp#C-
TYBaHHI HHMH MOXYTb NPH3BECTH 10 HEIIACHWX BMNAJKiB, HOMIKONKEHb
BHMipIORaJILHHX MPHJIaAiB, BUHHKHEHHS TOXeXi.

I'leper nouaTkoM /1aGopaTOPHUX 3aHATh KePiBHWK NPOBOAMTbL {HCTPYK-
Tax 3 TeXHikH Gesnexu. Ilpo me poOUTLCS BiNOBiAHMI 3amucC y cheliasb-
HOMY J1a60paToOpPHOMY KYpPHaJI.

BBaxatoTb, {0 HOPOTH NOAPA3HIOIOYOTO CTPYMY 3HAXOAATbCS B MeXKax
1—5 MA, HeBianyckaioworo (JMioguHa CaMOCTIHHO He MOXe BifipBaThCs
Bl eJEKTPHYHOTO Kosa) — AJAs YoJNOBiKiB B Meax 11—12 MA, ais
RKiHOK — 7—8 MA (B OKpeMMX PHIJKaX IJs YOJOBiKiB —18 MA, mna xi-
HOok — 10 MA). Ctpym cuJoto Big 26 xo 30 MA, npoxoasiuk uepes Tijio JHO-
JMHH, OPHU3BOAMTL JO NEBHHX ypaxeHb, a cujow 30—100 MA — gmo
sHenpuToMienna i HaBiThb cmepri. IlpoTe BigoMi BUNagKH THKKHX i
CMEPTeNEHHX ypaXkeHb CTPYMOM, 3HAUHO MeHWIMM 3a BHSHadeHi wmexi.
Ile 3anexuTh BiA CTaHY JIOZMHH, a TaKOX Bil Hanpyru eJeKkTpo-
YCTaHOBOK, €JEKTPHYHOrO OHOPY Bcix efieMeHTIB Koja, [0 AKHX NPOXO-
AHTB CTPYM, BRJIOqalous # onip rina. Ocrannifi sanexuTb Bij GaraTbox
(akTopiB, 30KpeMa CTaHY WKIDHOTO TNOKPUBY, CTYTNEHsi BTOMJIEHOCTI,
CTaHy HEpBOBOI CHCTEMH TOWIO. I3 36i/bIIEHHSAM YacTOTH CTPYMY 3arpo-
3a ypaxeHHs aMeHmyerbcs. HallneGeaneunimi A5 JIOIMHH CTPYMH YacTo-
Toio 40—60 I'u. I'lpn wacrorax monan 100 I'm sarposa ypaxeHHs pisko
smenmyeTbest. CrynmiHb YPaXeHOCTi €JEKTPHUYHAM CTDYMOM 3aJIeXKHTh
TaKOX BiA .wacy Horo mpoXojkeHHs vepes opraniaM. Ilpn tpusa-
Jiil il HaBiThb HeSHaYHMH CTPYM MOXe MpPH3BECTH [LO TsIKKMX Hac-
JiJKiB,
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{JH CBITVIA 3¢ NOBIKHUHOK XBHJI
] CHEKTpaJleZ I'ycTuHa enepreruqaox fC-

Hainsaxauslmi opmuuni Mixnapoanol cucremu (Cl)

SEHepris BHUNpOMiHIOBaHHA

'O6’eMHa rycTHHa eHeprii BUNPOMiHIOBaH-
HS

Iorix BunpominioBanHs,
NPOMiHIOBAHHA
TloBepxHeBa rycTHHA NOTOKY BHMpO-
'MiHIOBaHHS

.Enepreruyna csituicts (munpominio-
BaHICTh)

iEvepreruyna ocsiraenicts (onpomi-
I0BaH iCTh)

yEneprerHuna excnosuuis (mpoMEHHCTa
Kenosuiis)

‘EnepreTuuna cmia cBitTda (cuaa Bunpo-
' MiHIOBaHHS)
‘EnepreTHuHa
cTicTe)
‘CriexTpa/bHa rycTHHa eHepreTHIHOI CBiT-
"HOCTi 82 JOBIKHMHOIO XBHJI
CrieKTpasikHa IyCTHHA €HEpreTHIHOi CH-

TOTYXKHiCTD

AcKpaBicTh  (MpOMEHH-

K})aBOCTl 838 LOBXHHOIO XBHJI
| JTinifiHHE NOKa3HUK norauHaHAHSA

JKOY b

JKOYAb Ha KyGid-
Hull MeTp

BaT

Bar Ha kBagpaTHH}
MeTp -

JUKOYJb HAa KBajg-
paTHuit MeTp
BaT Ha cTepapian

BaT Ha crepafiiaH-
KBaJpaTHHi MeTp
BAT HAa METp B Ky-
6i

BAT Ha MeTp-cTepa-
AiaH

B3aT Ha cTepafiaH-
MeTp B KyOi

MeTD B MIiHYC f1ep-
oMy CTeneHi

' Opununst
) : INo3nauenHs
Pizpdna pesIHIAHS Hafh
’ ARNeny BaRH> ng:,:: © | mixuapogne
EnexTpuxa i MarHeTH3m
{TycTHHA €/IeKTPHIHOTO CTPyMY amgep Ha kBappar-| A/m? A/m?
HHfl MeTp ‘
f Hanpyxenicre MarHiTROTO NoJs aMnep Ha MeTp AMm A/m
g)(inbxic'rb eJIeKTPHKH (eJIeKTpHYHHI 3a- | KyJIOH Kax C
IA)
"E/EKTpHYHA Hanpyra, eJeKTPHUHHA No-{ BOJBT B A
TeHU a1, PiSHBIA €JEKTPHIHHX NOTeH-
1Lianis, enrexTpopymifina cuia
. EnexTpHuHa eMHiCTB dapan o F
‘EsnexTpuanni onmip oM Ou 2]
; EnexTpHuHa npoBifHicTh CHMEHC Cm S
‘ITorik. MarnitTHoi inayknii, MarniTemdi | Be6ep B6 Wb
| mOTiK
I‘yc'nma Mar{iTHOro mNOTOKY, MarsiTHa | Techia Ta T
iin,uyxnia
IupykTaBricTs, B3aeMHa iHAYKTHBHiCTb [redpi 1§71 H
‘FIpocTOpOBA TyCTHHA €JEKTPHYHOTO 33- | KyMOH Ha KyGiummii| Ka/m® Cim?
- pAnRy MeTp
Enexrpuune sMimenns KyJOH Ha kBagpat-| Ka/m® C/m?
HHH MeTp
‘Hanpyxenicrb eneKTpHYHOr'O moJs BOJILT HAa METp B/M V/m
}Abcomoria pieNexkTpuyHa MpoHHKRICTH | dapax Ha MetTp D/ F/m
AGcomoTHa MarHiTHa NpOHHKHICTD reHpi Ha Merp Ta/m H/m

Ceitao i nop’a3ani 3 num enextpomarniThi BHNpOMiHIOBAHHS
Enepzemuuni serusunu

Jx
Tk /m®
Br

Br/m?

Jx /a2
Br/ep

Br/(cpx
X M3
Br/m3

Br/(m X
X ¢cp)
Bif(epx

X v3)

M

J
J/m?

w
W/me

Jfm?
Wyst
W/(sr-m?)
W/m?*
W/(m-sr)
Wy(st- ms)

m




Tl podosxcernn mabauid

I’I

CeityioBa Bifgaua Axepena

asgpusanii

Enepris ioHisyiouoro BHNpPOMIHIOBaHHS
Toraunyra po3a sunpoMiHioBaHHA (10-
3a BMNPOMIHIOBaHHS)

TlotyxkHuicTs morsuuyToi Ao BUOpO-
MiHIOBARHSA (nmymmcrb 1034 BHIIPO-
MiHIOBaHN4)

InTencuBuicTe BUNpOMiHlOBanmsa (ryc-
THHA MOTOKY €Heprii)

AkTHBHiCTD HYKJiZa B pajioakTUBHO-
My mKepeni

IMutoma akTHBHiCTD'

TMepioa minpoanagy
Crana posnapy

Jlinifinui koedinienT ocnabienns

Macosuit koedimiedT ocnabaeHHs }
Macosuit © koegillieHT nOrJHHAHHA
Hosxuua cepenuboro mpoGiry
Fanbmisga sparnicts (ninifina)
Macosa raabmiBHa spaTHicTb

JIIOMEH -Ha BaT

i Hodamxkosi eeausunu

Crana ofepTaHHA NJOWMHK noaspusanii | pajian Ha merp
lluToma crana o6épraHud [UVIOWMHY NO- | pajiaH-MeTp BKBaJ-

pati Ha xijorpam

lIonisyloul BHIpoMiHIOBaHHESA

JKOY b
rpeit

‘Tpell B CEKYHRY

BaT Ha KBagpaTHui
MeTp
Gexepelib

Gexepenb Ha Kino-
rpam

cekyHfa

cekyHga y Minye
fleplioMy cTenmeHi
MeTp y MiHyc mep-
oMy creneHi
KBajipaTHu#i  MeTp
Ha Kulorpam

MeTp

JOKOYJIb Ha METP
JKOYIb-KBAJpAT-

rpam

! ORunuus )
TToaHavenus
disnuHa BesHuHHA ) \
Haiimenypanus yKpaii- \ R\
ChKe mmﬂapo;mf?
Ceimaosi seaudunu Ki
Caitnosult notik JIOMeH am Im -
CnekTpanpHa cBitJioBa e(bemusmcn JIOMEeH Ha Bar JaM/BT - Im/W
(chiekTpaNbHHA  CBITNOBHIH eKBiBajeHT
NOTOKY BUNPOMiHIOBaHHSA; BHZHICTh BH-
NPOMiHIOBaY )
OcpiTneHicTh JIOKC JIK Ix
.CpitricTs JiOMeH Ha KBagpaT-| am/m? | . Im/m?
’ \HHit MeTp ,
fekpaBicTh KaHjela Ha KBag-| Ka/m? cd /m'
paTRRH MeTp
CaitTyioBa excroauitis | JIIOKC-CEKYHAA JIK+C Ix.s

HHil MeTp Ha KiJjo-

am/Br Im- W

5:5: %ﬂ“ ‘raz??r/lg/‘kg ‘
v o
Tple Gyfs
Br/um? W/m®
Bk Bq
Bx/Kr Bag/kg
L
wl m!
M2/KT | m2/kg

M m

IILL;f /;Z J'%gzlkg

X M2Z/KT
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Bukonytoun poGotu 3 aToMuo! disury, caix 110Tpnmyaamcﬂ TaKHX OC-
HOBHUX MOJIOXKEeHb TEXHIKH Ge3neku:

1. 3a6opoHsieTbest 6paTH i KOPHCTYBATHCS PaliOaKTUBHHM JUKEpPEsoM
Ge3 2103BOTY BiANOBifaNbHOrO 8a Aoro 36epiranns. OfepxyouHn Ta 3naioun
pajlioakTHBHE JKepeJo, CTYJAEHT MOBHHEH POSNHCATHCA B CleEliaJbHOMY
KypHaai o6aiky isoromis.

2. Ilin uac BuKoHaHHS poGOTH PAAiOaKTHBHE JKEPeaO Mae SHAXONWTH-
€n 6?1' CBHHIEBHM 3aXHCTOM i BHAMATHCA SBiATH TiNbKH MiCAA 3aKiHYeHHA
peboTH.

.3. Kareropuuso sa60ponﬂe'rbcﬂ nepenaBaTi pamoaKTnBHe IuKepeno
inmmuM Gpuraxam.

4. B naGoparopii, fe upamolo'rb 3 PajioakTHBHHMY JUKepesamH (3a-
KPHTHMH i BiZKDHTHMH), KaTeropuuHo 3aGOPOHAETHCA iCTH, KYPHUTH, KO-
PUCTYBaTHCH KOCMETHKOIO.

5. ¥ Bunagxy pyitHyBaHHA aGo posrepMeTH3allii pajioaKTHBHOIO JkKe-

_penia cnijl HerafHO NOBINOMHTH BiANIOBiJaJPHOrO 3a 30epiraHHs isoromis,

peTe/bHO OGCTERHTH Micne POGOTH 33 HONOMOFOI0 AO3HMETPa.
B rabmuni Ha c. 5,6 HaBeseno HafiBaxMBimi HOXizHi oxMHHLI diswu-
HHX BeNHYHH B €JIEKTPHLL, MarHeTH3Mi, onTHIl i AxepHiA pisnui,



JIABOPATOPHI POGOTH

Posnix Tperii _
EJIEKTPHKA | MATHETH3M

1. BuBueHHd npHHUMOY Aif i OCHOBHHX XapaKTepUCTHK
eJIeKTPOBUMIpIOBANIbHHX Npraanis {7—9, 17, 21]

EslekTpoBUMipIOBa/IbHUH NpHJIal — Le CyKynHicTe 3aco6iB, 3a Ho-
HIOMOTOI0 AKMX 3[ifiCHIOEThCS BHMIPIOBaHH S NIEBHOT e/IeKTPUYHOI BeTHYUHH,

B npHIanax 6esnocepefHboi OIiHKH BHMimeaHa BeJIHNYMHA BU3HA-
. Ya€ThCA CTPiOYHNM a6o UH(POBUM crocoboM Bigliky, a6o- 3. JOMOMOTOO
CBiTVIOBOrO «3aiuKka» Ha rpajgyhoBaHiii wkaji. lle — amnepmerp, BOJIBT-
MeTpH, BaTMeTpH¥, OMMETPH, raJbBaHOMETPH.

Jlo npunaniB NOpiBHAHHA HaNeXKaTh UHCAEHHI KOMIEHCATODH, ejieK-
TPOBHMIpIOBAJIbHI MICTKH, €1eKTPOHHI BOJBTMETPH. B HHX BuMipoBaHa
BeJIMUMHA BH3HAYAEThCS [IOPIBHAHHAM 3 BifOMOIO OJZHOPiZHOIO BEJHUHHOIO.

Jas BUMipIOBaHHS e€NeKTPHYHHX BEJHUYMH B Ipu/aagax Gesnocepes-
HbOI OLiHKH BHKODHCTOBYIOTb (DisHUHi fBHILA, Ha OCHOBi AKMX CTBODIO-
10TbCs 06epTaJbHUH MOMEHT i HacTyNHe mNepeMillleHHS PYXJHBOL CHCTeMH
npunany. OGepraipHUil MOMEHT YTBOPIOETbCA BHACAIAOK B38EMOAII MO-
CTifiHOTO MATHITY i CTPYMY B KOTYLIIli, Mar#iTHOrO N0JIA KOTYIUKH 3 CTPY-
MoM i thepoMarHeTHKOM, B3a€MOAIT MarHiTHUX IOJNiB KOTYLIOK 3 CTPYMaMH,
B3a€EMOZIl 3apsKEHUX Tia. 3aNeXHO Biji BHKOPHCTOBYBAHOTO B npHJani
NPHHIUNY B3aeMOJil pO3pi3HAIOTh TaKi CHCTEMY eJIEKTPOBHMipIOBaJbHUX
OpUJaZiB:  MarHiTOGNeKTPUUHY, €JNeKTPOMAarHITHY, eJeKTPOAHHaMiYHYy,
iHpyKUifiHy, eNIeKTPOCTAaTUYHY, TEPMOENEKTPUUHY, AeTeKTOPHY, BiOpauifi~
Hy. [Ipunagu pisHHX CHCTeM pearyioThb Ha DPi3Hi 3HaYeHHA BHMipIOBaHO}
BeJIMYMHM (cepensi, aitoui, ammnityaui i 1. &),

SIKicTb eneKTPOBUMIpIOBAJIPHHX INpHIakiB BH3HAYAEThCH UYTJHUBICTIO,
noxubKaMu BUMipIOBAHHS, pearyBaHHAM Ha 30BHIlUHi eJeKTpwuHi i Mar-
HiTHI M0J% Ta 3MiHY TEMIIEpaTypH, MeKaMH BHMipIOBaHb, TPUBAJICTIO IOAO
HepeBaHTaXeHb TOLIO.

Yymaugicmro eneKTPOBHMipIOBAJbHHX NMpPHJAAiB HAa3HBAIOTh BiXHOUIEH-
He JiHIKHOrO a60 KyTOBOrO 3MilleHHs MOKaX4YHKa MpHAany Ae o sMmiHu
BUMIipIOBaHOI Be&IHYHHH Ax, siKa 3yMOBHJa Ile 3MilleHHS:

s = Aa/Ax.

Bennunna C = 1/s, ofepHeHa 1o YyT/HBOCTi, AicTaja Ha3BY LiHH NO-
LiJIKA TIPAJIAAY.
Ja1s XapaKTepHCTHKY TOYHOCT eJleKTPOBPIMlplOBaJIbHHX npujaagis BH-
KOPHCTOBYIOTb TaK 3BaHi 3820erni noxubKu:
Vas = | &= Ax/x,| - 100" %,

Je Ax — a6conmoTHa noXHGKa BHMipiOBaHOI BeJIMYHHH; X, ~— BEPXHA MeEXa
BUMipIOBaHb (WIKa/H) NpHAany (foro HoMiHa/JbHE 3HAUEHHS).

'8

EnexTpoBuMipioBasnbHi NpuIagd BiANOBiAHO 10 BeJMYHHH iX 3BefeHOI
noxu6kH-3riao 3 'OCT 23217—78 noxiasiioTbes Ha BiciM KJaciB TOYHOC-
Ti: 0,05; 0,1; 0,2; 0,5; 1,0; 1,5; 2,5; 4. 3a NOKaXKYHKOM KJaCy TOYHOCTi, '
HaHeCeHHM Ha LKAy BHMlpIOBaJIbHOI‘O npn.nany, BH3HAYalOTh a6COMIOTHY |
noxﬂﬁxy BHMIplOBaHHH

Ax = ys5x,/100.
Hpnna}m KaaciB Tounocti 0,05; 0,1; O, 2 0,5 BHKOPHCTOBYIOTbCS, IO~

JIOBHHM YHHOM, JJISI TOYHHX J1a60pa'rop1mx BHMlp!OBaHb i Ha3WBaOTHCA

npeyusitdnumy; npunamy kaacis 1,0; 1,5; 2,5; 4 mMaioTh Ha3By mexsHiunux.
[Ilpunazn MarHiToeNeKTPHUYHOT CHCTEeMH CKia-
JIAIOThCA 3 JBOX OCHOBHMX YACTHH: MOCTiHHOrO MAarHiTy i KOTYWKHM, INO
Mmae BHraan paMKu. IlpumHnun 4 5
Ii1 BUMipIOBAIBHOTO MeXaHisMy f f
UHX NpUJajiB 3acHOBaHMA Ha
B3aEMOJii CHJABHOIO MarHiTHOro
nonfg MOCTiHHOFG MarHiTy 3
cTabKUM MarHiTHHM [0JIeM PaM-
KM, 10 AIKifi HPOXOIMTb BHMi-
pioBaunil crpym. Cxemy crpy-
MOBHMipIOBaua - MarHiToesek-
TPUYHOI CHMCTEMH HaBeJeHO Ha
puc. 1. MarniTHa cucreMa BHMi-
PIOBAaJBHOIO MeXaHiaMy ckia-
JA€ThCA 3 CHJABHOIO MOCTiHHO-
TO MarHiTy 4 8 BHCOKOKOEpUH-
TUBHOI cTajli, MarHiTONpPOBOZY
3, DOJIOCHUX HAKOHEUHHKIB 5
i Hepyxomoro ocepas 7. Mar-
HiTONpOBiJ, NMOMOCHI HAKOHeY-
HHKH i ocepisl BHIOTOBJSIOTh-
Ccfl 3 M'AKHX MarHiTHHX Mare-
piaxais. IlosocHi HaKOHEUHHKH
i UMAiHOp JAI0Th 3MOTY B Ma-
JIOMY 3a30pi MiXK HMMH JicTaTH
OAHOpijHE pajiajlbHe MarHiT-
He nose. MiX NOJIOCHUMH HaKOHEYHHKaMH i OCEPJAM PO3MilllyeThCs PyXo-
Ma paMka (KOTyIIKa) 6, IO fBjfic co60I0 JereHbKHi anioMiHieBHH KapKac
npAMOKYTHOI GopMH, Ha AKHHA HaMOTaHO TOHKHI MiZHui abo anjoMiMie-
pufi isonpoBanui apit niamerpom Bix 0,03 5o 0,2 Mm. 3 pamkoro 3 060X 6o-
kiB ckpinvieni niBoci 8. I1s cucreMa 3a6esneuye BijibHe 0GepTaHHA PAMKH
HaBKOJIO OCepAd, a OTXe, i BiIXHJICHHA CKPinJieHoi 3 Helo CTPiJakH I Big-
HocHO mKkaju. CTpyM IO PaMKM NiABOZMTBLCA uYepes 3aTHckaui 2 i msi cni-
paibHi TpYXUHM 9, SIKi CTBOPIOIOTb TMPOTHIiIOUMH MomeHT. IIpu mpoxox-
JKeHHi cTpymy I uepea paMKy Ha Hel fie oGepTaabHHI MOMEHT

M, = nBSI = k1,
Ie n — KinbKicTh BUTKiB pamxn; B — MmarpiTHa imaykuis; S — mioma

paMkH; ky — Koedinienr mponopuifinocri. Ileil MoMeHT spiBHOBaxye-
ThCA OPOTHAIIOUHM MOMEHTOM JedopManii CHipalbHHX NPYXUH OpH

/

/Jﬂ
ﬁfb/

Puc. 1
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noBepTaHHi paMKH Ha KyT @, T0610
. M = k2(p9

. k2 — craa fedopmanii KPyTiHHS NPYKHEH. SIKIIO M, = Mz, cTpin-
- Ka CTpyMOBHMiploBaua (blxcye'rbcn Ha sikifice noaminmi WKAJIH. Toni
kd = ko, 3Binku
(p=—2—i—l=kl. " (a)
. 2
Orxe, KyT NOBOPOTY paMKH NPONOPUIAHHI cHl CTPYMY. Koediuient npo-
nopuiitHocTi % 3aeXuTh BiJl KOHCTPYKUIl npumnany.

3 piBHsHHA (a) Ge3nocepenHbO BHIIMBAE, LI0 aMIEPMeTP MarHiTOe/NeKT-
PHYHOI CHCTEMH NpHAATHHEA VIS BHMIpIOBaHb TIIBKH fmocTifiHOrO CTpymy
i #ioro mkana e pisHomipHOWw. UyTaHBiCTD MpUAaAiB i€l cHCTeMH miABH-
1yerbes npu 36iabiuenHi &, i sMeHIIeHH] &,.

Puc, 2 Pue. 3

JlocToiHCTBAMH MarHiTOENEKTPHYHHX NPHJIAliB € BHCOKA YYTIMBICTH
(Binomi MikpoamMnepmeTpH 3 cTpymoM noBHoro BixxunenHs 0,01 MkA);
MOXKJIHBICT BHFOTOBJEHHSI BHCOKOTOUHMX fpHnaiiB (kjgaciB TowHOCTI

0,05; 0,1; 0,2); Mane CroXHBaHHS €NeKTPHYHOI eHeprii (10"'5 10~¢ Br
Y paMKax i JO KiJBKOX JeCATHX Bara pasoM i3 BUMipIOBaJbHOIO CXEMOID).

Heponikn nux npusazmiB: NOpiBHAHO CKJIanHa GynoBa, YYTIMBICTH JO
[lepeBaHTaXEHb, MOXJMBICTb BHMipIOBaHHSA TiJIbKH TNOCTIHHHUX CTpyMiB.
3aBasKY BHCOKIM YyT/MHBOCTI MarHiToe/eKTpHYHA CHCTEMa BHKOPHCTOBY-
€TbCs 4151 nobyaoBH raibBaHOMeETpiB.

Tarvsaromempamy Ha3UBAIOTH BUCOKOWYTJIMBI NpHJIamH, fKi MaOTh
HerpayioBaHy wkany. LliHa TONIJIKY IUKAIM BH3HAYAETHCS EKCNEPHMeH-
TaJbHO a60 32 nacnopTOM npunany. HianasoH BHMipIOBAHHX' CTPYMiB J0-

cuth mupokutt: Bix 107° 1o 10" A, Hait6inpm nomupenumyu e ranbpaHo-
METPH MArHiTOSNEKTPHYHOI CHUCTEMH 3 PYXJUBOIO PaMKOIO, HanpHKaaf,
Tuny M21 (puc. 2). Beskapkacua paMka 4 nigBimena Ha npyxui#l HUTLHI S.
Crpym / nomaetbest uepes MeTasieBy cTpiuky / i miasic 3. Kyr noBopoty pam-
KM BHMipIOETbCS ONTHYHHM METOZOM 33 JOMOMOTOIO N3epKanbus 2 1 WKaaM.
Ha nsepkanbue Bix saMmM chopsiIMOBYIOTH BY3bKHH CBITVIOBHE MHYyYOK,
SIKHA micns BiIOMBaHHA MAafae Ha WKaNAy 3 MiJiMeTpOBHMH mnoAiNKaMu y
BHUrAsiAi cBiTJIOBOrO «3affiunkas. I[llkana BecraHOB/MOEThCA Ha BijcTaHi
1~—~2 ™ Bin J3epKa/iblis apajesbHo #iomy. Ipu nosepranni pamkH i Asep-
KaJblf «3afYMK» nepeMilllyerhcs B3JOBXK LIKAJH.
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TY CTpymy:

Mpuaaauy enexTpomMarHiTHOT CHCTEeMHU CKraia-
0ThbCS 3 MIOCKOT a0 KPYIVIoi HepyXOMOi KOTYIUKH, Ha Ky HAMOTAHU MiA-
HH TIPOBiZ, i PYX/IHBOTO OCEPAst, BHTOTOB/IEHOTO 3 M "AKHX MAarHiTHUX ma-

TepianiB (eneKTpoTexHiuHa craib, nepMaso). Ilpumumn i npHaamis’
niel cHCTeMH 3aCHOBaHHK Ha B3a€MOJLi1 MarHiTHOro NoJst KOTYWIKH, M0 SKii .

NPOXOJHTD CTPYM, 3 PYXJIHBHM epoMarHiTHHM OCepAAM (puc. 3). Bumi-

pIoBaHuit cTpyM J, MO OPOXOAHTH MO KOTYymili &8, CTBOPIOE MarTHiTHe moJe.

B ne nose BTAryerscsi ocepiisfi y BHIVISA c'ranbno'i NMaCTHHKY 4, 3aKpill-
Jenoi Ha oci 5. Hamarniwenicth ocepist i came MarHiTHe nojie KOTYIIKH
nponopuifiHi cTPyMOBi, OTXKe, oﬁep'ranbﬂmﬁ MOMEHT TPONOpPLiHHUE KBajpa-

M1= k1] 1y

ne ky — xoeq)iuiem* NPONOPIiAHOCTI, AKHH 3aMeXHUTh BiA KOHCTPYKuil -

npusazy.
I'Ipommxoqnﬁ MoMeHT M, cTBOpIoeTbCst NpyxuHKOM 1. Bin nponopuif-
HUI1 KyTOBi OBOPOTY PYXJIHBOI YaCTHHH IpHJaZY:

M2 had kch’

ae k, — xoedinient nponopuifiHocTi, AKMI 3aMeKUTH B} NPYXKHUX BIACTH-
BOCTell NPYKHHH.

JIns WBHAKOTO 3aCNOKOEHHA pyxmmm 9acTHHH Npuaany i crpinku I
3aCTOCOBYIOTH OBiTPsiHi AeMnipepH (3acmokoioBadi 6). [leMndep—ue Kamepa,
B fIKif pyXaeThcs aMmoMiHieBHil mopmenb. [Ipu noBopoTi ocepAs nopineHb
3a3Hae ONOpY MOBIiTPS.

PiBHOBara pyx/MBOi YaCTHHH NPHNAAy BHSHAYAEThCA PiBHiCTIO mpo-
THIEXKHO HanpsMICHHX MOMeHTiB: M; = M,. 3BiacH

@ = kI?,

e k = ky/k,. OTike, KajJa eJIeKTPOMArHiTHOTO mpuiany HepiBHOMipHa,
KBaJpaTHYHA. I3 3miHoOIO HAnpsAMYy CTPYMY 3MiHIOIOTBCA SIK HampsiM Mar-
HITHOTO MO, TaK i HaMarHiveHicTs ocepad. Orke, MPUIaAH Hi€i cHCTeMH
3aCTOCOBYIOTBCS JJIsl BUMipIoBaHb MocTifiHOro i amiHHoro crpymis. B oc-
TaHHBOMY BHIZIKY BOHH PearyioTh Ha Jilode 3HaueHHsS 3MiHHOTO CTPYMY.
IX BHKOPHCTOBYIOTb TAKOXK A/15i BUMIPIOBaHHS HANPYTH B €JEKTPUIHOMY
KoJyii. 3aBIfKM upocToTi KOHCTPYKIii, MexaHiunilt minnocTi i crifikocti 1o
nepeBaHTaXeHb NPHIALH IHPOKO 3aCTOCOBYIOTH Y TexHini. Henomikn npu-
JIajiB e/eKTPOMAarHiTHO CHCTeMH: HepiBHOMIDHiCTb INKaayM (4acTKoBo Ii
MOXKHa TOJIMIIHTH NOGOPOM NeBHOT (JOPMH OCepAf), MEHIIa TOUHiCTh WO-
PiBHSHO 3 MAarHiTOe/NEKTPHUHUMH NPUJIAJaMH, 3a/eXHiCTh NOKas{B Bif
30BHIiWHIX MarHiTHUX MOaiB (uepe3 Masi BiacHi MarHiTHi MOMA KOTYLIKH).
Jns aMeHIleHHS BIJIMBY 30BHIlIHiX MAarRITHUX NoJiB mpuiajd NMOKPHBA-
I0Tb METajIeBUMH KOXKYXaMH aG0 BHTOTOB/AIOTh AaCTaTHYHUMH (3 IBOMA
KOTYIIKaMU, BKJIOUEHHMH NOCJiJOBHO; HanpaM o6MOTOK i cTpyMiB naeThes
TaKHM, IO 1XHi MarHiTHI IIOTOKH CTal0Th ONHAKOBHMH 32 BEJIHYHHOIO i mpoO-
THJIEXKHHMH 32 HalpsaMoM).

Ilpunazu enexTpoxZuHaMiuHOT cHcTeMH BiA3HAUAOTHCA
THM, ILI0 iXHA Jisl TPYHTYEThCS Ha B3a€MOJLIT MarHITHUX NoJiiB ABOX KOTYILOK
(pyx0M01 i Hepyxomoi) i3 BumiproBaHEM cTpyMoM. OpHa i3 B3aeMogjilOuHX
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KoTymok (puc. 4) 5 — HepyxoMa i CKNaJia€Thes 3 ABOX MOCHIOBHO 3’€fHa~

HHX KOTYHIOK, MiX SIKHMM € 3a30p. B HboMYy po3MimyeTbca Bich oGepTanus
“pyxoMoi 6e3KapKacHOi KOTYIKH 4; 3 BiccIo CKpillJIeHa CTPi/IKa-TIOKAXYHK &
3 asoMiHieBOO INNacTHHKOW mnoBitTpsnoro aemndepa /. Ha oci rtakox
[ 130abOBaHO 3aKkpinvieHi KiHIi ZBOX cripaJbRUX NPYXHH 2, AKi NpH3Haue-
"Hi s NilBeNieHHs BUMiDIOBAHOIO CTPYMY i CTBOPEHHsS HPOTHAIIONOrO
“"MOMeHTY. BiiacHe MarHiTHe Nosie KOTYIIOK MaJjie, TOMY AJISl 3aXMCTY iX Bint
"BIVIHBY 30BHIlLIHiX MOJiB 3aCTOCOBYIOTH €KPaHYBaHHS a60 NPHAAKH BUTO-
TOBASIIOTH ACTATHYHUMH.

Korywxu B npmiagax eNeKTPOAHHAMIYHOI CUCTEMH 3aJIEKHO Bil npu-
SHaveHHs iX 3’€RHYIOTbCS HOCJAiXOBHO a60 mapaJesbHO. SIKHIO KOTYHIKM
IpHJAaAy 3’€ZHATH MapaieibHO, TO HOTO
MOXKHa BHKOPHCTOBYBATH SIK aMIlepMeTp
(HepyXoMa KOTYIIKA NPH LBOMY BHKO-
Hye poJb wyHTa). SIKIMo o6uiBi Ko-
TYWIKH 3’€AHATH NOCTIJOBHO | NpHeA-
HaTH [0 HHX TOCTiJOBHO J0AaTKOBHI
omip, TO NpHJal MOXe BHKODHCTOBY-
BATHCh 5K BONLTMETP. ¥ BaTMETpax He-
pyXoMma KOTYIIKa BMHKAETECA B KOJO
CTPyMy IOC/iJIOBHO, a PyXoMa KOTyI-
5 Ka 3 JOAaTKOBUM ONOPOM — Napasieiib-
HO CIOXHBauaM eHeprii.

Y nepumomy HabuamxkeHHi obepTasb-
HHH MOMeHT M1 nipu B3aeMonii Ko-
Tymolx NpONOPUiABKA CTPyMaM B HUX
Lilg

Puc. 4 ‘ M = ki1,

Je k; — xoedinient nponopuifiHocTi, AKMA 3aneKUTh Bil KOHCTPYKILIi
i posmilteHHst KOTYOK. TIporHailounil MOMEHT M, CTBOPIOETBCS MPYyHH-
HaMH. Bin npomopuifinuii KyTy noBopoTy KOTYINKH:

M Zq)’

Ie ky — xoedimieHt nponopuiﬁHocﬁ, AKKH 3a/IeXUTh Bill NPYXHHUX BJjac-
THBOCTEH MpPYIKHH,

Slkimo M; = M,, To cTpinKa-NOKaXKUNK NPHIAJY CTAHE B MOJONKEHHA
pisroBarH. Ilosnaausum ky/k, uepes k, MaTHMEMO:

(P= k]].l"

SIKIO KOTYWIKH 3’€/iHaTH MOCAiZOBHO, TO @ = k[%. OTxe, wKana npunazy
HepiBHOMipHa. JIo60pPOM KOHCTPYKLIi KOTYLIOK MOXHA 3MEHIIUTH Hepis-
HOMipHiCTh LIKAJIH.

Ipunanu enexrpoguHaMiyKo] CHCTEMH MaiOTh CBOI NepeBary: 1X MOMXKHa
3aCTOCOBYBATH J/ifi BHMipIOBaHb B KOJax MOCTiHHOro i 3MiHHOTO CTPYMIB,
BiJ3HAYAIOTLCS BOHH BHCOKOIO TOYHICTIO, 3YMOBJIEHOIO BiACYTHIiCTIO B KO-
TYWKax MetajeBuX yactid. Hemoniky npuaanis niei cucteMu: HH3bKa UyT-
JHBiCTh, BIUVIHB 30BHiNHiX MardiTHHX NOJIiB HAa TOUHICTH MOKAa3iB NpHJALY,
YYTJHBICTb IO NMepeBaHTaXkeHb, HEpiBHOMipHICTb WwKaJaH (KpiM BaTMeTpa).

Mpunann lH}IyKIllﬁHOI CHCTEMH XapaKTepH3YIOTHCA
THM, WO OPHHLHUN iXHBO] Aii PPYHTYeTLCS HA B32eMOAZI] BHXpPOBUX iHAYK-

,W\\\\\\\\\r_\\\\\\\‘
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uifiHAX cTpyMiB B pyXomifi yacTuHi npusiany (amoMiHieBHH AHCK, Hacag-
JKeHH# Ha BEPTHKAIbHY Bicb) i3 SMiHHAMHM MarHiTHUMH [OTOKaMH HEpyXo-
MHX €JIeKTPOMATHITIB (OAHH 8 eNEeKTPOMATHITiB Ma€ OGMOTKY 3 TOBCTOTO
i30/ABOBAHOrO APOTY, 5SIKa € OGMOTKOIO CTPYMY i BKJIOYAEThCsl B KOJIO NO-
C/1iIOBHO 3 HABAHTaXXEHHAM; IPYTHI €IEKTPOMArHiT Mae 0GMOTKY 3 TOHKO-
ro i30JbOBAHOTO APOTY, SIKA € OOMOTKOIO HAaNpYTrH i BKJOYAETLCA B KOJO

. mapaJieibHO HaBaHTaXkenHio). Cepes NpUaafiB iHAYKUIHHOI CHCTeMH uH-

pOKe 3aCTOCyBaHHSI M210Thb JIUHIBLHHKH eJeKTpuuHoi eHeprii sMiHmorc
CTpyMYy.

. Exidm'éz ! ”%/MIZ- 7;”%@” — I%Zm— 4
uUCH > ezo cmpym ‘
R Kaks [ \oiim g
/{0/70 O
Tevemboprla oor L | st
O e T Wulrenss CUKXDOHISAImoY
awesere 19 R * Sigunshud dnok, |6 |
ranlpobanoi |— 2208 Gewugpamop
Hanmen Kamodkud
o3
Al | f
Tndurameop 8 ) 7
nosspuocmi mer Lrox induKauii
EPEIRHIIEEHART
i
Puc. 5

Ipunaagn eNeKTPOCTAaTHYHOT cHCTEeMH nobyrosa-
Hi Ha DPHHUHNI B33a€MOAil PYXOMHX i HEPYXOMHX €JIEKTPHYHO 3apsipxe-
HuX niactid. B yCiX eneKTpoCTaTHIHNX MexaHi3Max NpH nepemiiienti py-
XOMOI YaCTHHH SMiHIOETBCSA €/JEKTPOEMHICTh MiX INIaCTHHAMH BHACIiJOK
sMinM X akTHBHOI muiowy a6o BifcTaHi MiXK HHMH. Enex'rpocra'mqm npu-
Jagy BUKOPHCTOBYIOTBCS, TOIOBHHM YHHOM, IJiIfl BUMiDIOBAHHA HAanpyru B
Koviax mocTifiHoro i aMiHHOro cTpywmiB B IMpoKoMy AianasoHi gacror. Ha-
NpUKAaJ, BiTYH3HSHI Ja6opaTopHi enekTpocratiHuHi BosibT™eTpH CI95 Kia-
cy 1,5 maiorb mexi BumiptoBanns Bix 30 B no 3 kB. [Tokasu ix npu wacrori
10 MI'n, BigpisHAIOTECA Bid NOKasiB npu noctifiHomy cTpyMi He 6iJbll AK
Ha 1,5 %.

Tflpunany enexTPOHHOT CHCTEMH (e1eKTPOHHI BOJBT-
METPH) fIBASAIOTh COGOI0 MOEAHAHHSA BHMIDIOBa/NBHO! CXeMHM, KA MiCTHTB
eJeKTPOHH] JlaMNu aGo HAINiBNPOBiAHUKOBI MPUNAIH, i BHMipIOBaJbHOTO
MexaHisMy MarHiToeNeKTPHYHOI abo eJeKTPocTaTHuHOi chcTemu [Ipuaanu
€/ICKTPOHHOT CHCTEMM BHKOPHCTOBYIOTLCA A7 BHMipIOBARHA B pajioenexr-
POHHHMX CXeMaX HAfpYT i YacTOT 3HAYHHX AianasoHiB. [laa HuX xapakTepHi
penuki BxinHi onopu (1-—10 MOwm i 6inbiue), ToMy TX UIHPOKO 3aCTOCOBYIOTh
JANA BUMipDIORaHHA HANPYrH BHCOKOOMHHX MaJONOTYXHHX IDKEpe.

HudbpoBi mpusanu HEBIAOMY BEJHUYHHY, IO BHMipIOETbCA,
BHSHAYal0Th B IHMCKpeTHO-uH(poBifi ¢opmi sa notomoroi uuPpoBux
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YmoBHi mo3HauepHs HA WKANAX eAeKTPOBHMIDIOBANLHHX - NpHIaAis

[lo3HateHBs NPUULKNY Aii OPHENAKY

YwMosHe nosga-
QeHHs

MarwiToenexTpuasit 3 PyXOMOIO PaMKOIO

| MarnitToenekTpnunu#f 3 pyxoMuM Marsirom

JloromeTp MarsiToenexTpHyHHIl

Enexrpomars iTHu#

| Enexrposunamiunuit

Iuayko el

Bi6pau ifinmi

EnexTpocTaTHuHHH

‘ Hodamrosl nosnavenns
TepmortepetsopioBay Heisonnopauwmit

TepMonepersoplosay 1301boBanHl

{leperBopiopay eieKTPOHHHA y BHMIpIOBAJIBHO-
My Kosi

| Bunipsimisy  aniBnpoBiZHUKOBHA
| Hanpyra sunpoGysaisia 500 B

‘ Hanpyra sunpoGysasbhda, Glawma aa 500 B,

Hanpuxaag, 2 kB
[Mocunanug Ha sBignOBigHRA NOKYMEHT

WMynr

| Onip nopatkosuit

Expan enexkrpocraTuuHui

Exgpat marsiraufl

3amum 1an saseMACHHS

KopekTop

Knac Tounocti B 9 nph HopMyBan#i noxuo-
KM Bifl MeXi BuMipioBaHHA, = HanpHK/an,
1,5 (sa FOCT 8.401—80)

~kk QFMD 4D

I[P ey

L
I
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777,
\
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-
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¥ ' o " ITpodosaenns mabauy

o YMoBHe no3Ha-
Tlo3sayerHs npHHUuNY aii NpuNaRy YeHHN

Kuac Tousocri B 9 npu HopMyBauui noxuG-
KA BiJl OBKHHH WKaiH, Hanpuxaak, 1,5 %

| Crpym aminunit onxodasuul
CtpyM mocriftunit
CrpyM nocrifinmit i aMminnuii

CrtpyM Tpudasuuft MiHuHE

T'opusoHTaNLHE MOMOMEHHS NPHAARY

IR €

BepTHKa/bHe MOJIOMEHHA OPHIARY

Tonoxenns npuAagy nix Kyrom 60 °

%

inpuxaropis. Liudposi npuiaaiu MawoTh psj nepesar Haj 3BHYaliHUMH, oc-
HOBHI 3 IKMX: BUCOKA TOYHiCTb i IIBMAKiCTb BUMiPIOBaHHSA, 06 €KTHBHICTB i
iI0BHa aBTOMATH3allif MpoLecy BHMipIOBaHHsS, MOXJIHBICTb Mepejaui pe-
sysbTaTiB Ha BigcTai Tomo. ITopsax 3 HuM € i NeBHi HeNOMIKU: CKIAaXHICTD
CXeMH, NOPiBHSHO BeJIHKi ra6apuTH, MeHiua HafifiHicTh, HiXK 3BHYaHHHX.
Ha#i6inpin nomupenumy IHQPOBHMH mnpujajamMM € IU(QPOBi BOJBT-
MeTpH.
nisepcasvri yugpposi eospmmempu TNPU3HAYEHI JJjisi aBTOMATHUHOrO
BUMIpIOBaHHS cTasoi i 3MiHHOI Hampyr, CTPYMY Ta aKTHBHHX onopiB.‘U.[u-
POKO 3aCTOCOBYIOTbCH B €JIeKTPOHILj, I HayKOBHX, NMPAKTHYHHX, pe-
MOHTHHX i persiaMeHTHHX poOiT Ta /s nepeBipKH NPUJIaAiB HUKUOIO Ka-
€y TOYHOCTI.
CrpollleHy CTPYKIYPHY cXeMy YHiBepcaJbHOrO HU(POBOTO BOALTMETPA
HaBefIeHO Ha puc. 5 BumipioBana Hanpyra noctifiHoro a6o aMiHHOTO CTPYMY

‘MOAAEThCA Ha BXifHi ruisga npuctpowo I. ¥ Bxignomy npucrpoi mocriftHa

Haapyra 3a ROMOMOrol0 IiIbHHKA NPHBOAUTBCA X0 HOMiHAJIbHOTO SHaYEHHA
(uampurnag, a1 soapTMeTpa B7—16 qo 1 B; BK7—10A /1 o 10 B), a
Aani HaIXOIMTb Ha BXin mixcumosaua moctiftoro crpymy 8 (ITTC). 3mis-
Ha Hanpyra npUBOAMTBHCA IO HOMiHAJBLHOrO 3HAYEHHS, NEPETBOPIOETHCA
Ha nocTiftny (6sok 10) i mamxoauts o ITIIC. [Tepemurau popy pobit 2
CTaBHTBCA B IOJIOXKEHHS, IO BiANMOBifae BHMipioBaHifi Benuuuni, Curnan
is rui3za ATA BUMipIOBaHHA aKTHBHOIO onopy R GesnocepeiHbo NONAETHCA
Ha Bxig 6n0ky IIIC, BumiproBants onopy smifiCHIOETECH LINSXOM IepeTBO-
penHs R B mponopuifiny Hanpyry nocrifisoro crpymy. Curnanu i3 ITIIC

'TIOZAoThCH A0 610Ky 4, IO CKJAajaeThcs 3 NBOX KOMIapartopiB (cHIHaJb-

HOTO Ta HYJIbOBOIO), KOMHUHA 3 SKHX Mae jBa BXxoau. Ha mepmi Bxomuy
KOMNaparopiB NMOJacThC MUJKONOAIOHA Hanpyra 3 GJOKY 5, Ha Apyruit
BXiZ CHIHaJBHOTO KOMMapaTopa TNOJAeThes BUXiAHA Hanpyra 3 O/oKi
TWIC (mpyruii BXix Hy/ BOBOro KOMNapartopa saseMieHuit). B komnaparopi

'TaKOXK (OPMYETbCA iMIysbCc, SKMH NOJAEThCS O JiuusnbHOro Gnoka 6.
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Imnynbcu i3 6n0ka 6 HauxoaaTh uepes cremianbHui mpuCTPifi A0 610K
iHAMKanii 7, Ha AKOMY | s0cepe/PKyeThca KiHIeBa iHpopMaLlis.

Ionspricts mocTifiHO! HAIPYTH, fKA BUMipIOETCH, BU3HAUACTHCSA 3HA-
KOM «-» ab0 «—», AKHH 3acBiuyeTbcsl Ha JIMUBOBIM mnameni npuiagy
(6n0x 8). ‘

Ilpu mepexoni Ha BUMipIOBaHHSI 3MiHHOTO, CTPYMY 3aCBiUyETBCS SHAK
«~». [lpy nepeBHINEHH]I BHMipIOBAaHOI0 BEJHUHHOI MexKi BHMipIOBAHHS
3aCBiYYETbCA 3HAK TNepeBaHTaxeHHS «[I». 3anexkHO Bif noJoXKeHHs nepe-
Mikaua «Pojx pa6oTe» Ha Ostoui iHAMKauii 8 BiAnoBinHO BHCBiuyeThcs Pos-
MipHuicTb disuynoi BeanyMHM, Hanpukaax: mV, V, Q. Biok 9 BUKOPUCTOBY-
€TbCA JUIsi KOHTPOJNIBHHX MepeBipoK roTOBHOCTI LMGPOBOro BOJLTMETpA
J0 NpoBeJeHHs BiANOBIJHHX BHMipioBaHb. BJOK xuBjenHs 11 supobase
psL Hanpyr i sa6esneuye HOpMa/jbHY PoGOTY BCiX BYSJHiB mpHiagy.

Hns npapuibrol i edexTnBHOI oprasisanil eNeKTPUYHHX BHMipIOBAaHb

© ¢/liJ nepenyciM IOKJIaRHO O3HAHOMHTHCS 3 OCHOBHHMH XapaKTePHCTHKAMH
€1EKTPOBUMIPIOBANbHUX MPHU/IaiiB HA iXHIX IIKanax.

B ra6auni Ha c. 14, 15 HaBejieHo Aesiki YMOBHi I03HAYeHHS! Ha WIKaJIax
eeKTpOoBUMipIoBanbHUX npuaanis (srizgo 3 FOCT 23217—78).

1. Iepesipka Texnidnozo sonstmerpa

NMpunazgu i MaTepiaau: 1) soast™erp Tuny 330 a6o D16; 2) spaskosuit
BosIbTMETD THOY D515, D59 a6o AMB; 3) peocratu; 4) mxepeno xuBienus na 220 B,
50 I'n; 5) aBrotpancgopmarop PHIII-250; 6) BUMHKaY ABOMOJIOCHHI.

Teoperuuni gidomocti Ta onuc npuradis

IlepeBipka TexHiyHOTO BO/MBTMETPa 3AIACHIOETbCS MOPIBHSHHAM HOro
1I0Ka3iB 3 NOKa3aM¥ 3Pa3KOBOTO BHMipIOBaJbHOrO npHuaaxny, s nepesip-
KM TeXHiYHOrO BOJLTMETPa 3aCTOCOBYIOTH OIHY i3 CXeM, HaBeJeHHX Ha
puc. 6, a, 6-a6o 6, He3asIeXKHO BiJ TOrO, JKUBUTBCS BHMIipIOBaJIbHE KOJIO IO~
CTifiHUM Y 3MiHHHM CTPYMOM.

8

—— ﬁl
g

208
o2, ﬁz

Puc. 6 ﬁ.

 IlnaBHuit xapakrep 3MiHM Hanpyru mizx yac mepeBipKH BOJIBTMETPA 3a-
GesneuyeThcsi 32CTOCYBaHHAM ABOX peocraTiB R, i R, Y mepwift cxemi
(puc. 6, a) peocrar R; BKIIOYEHHHA B KOJO fIK MOTeHHioMeTp, a peocrar
R, — nocnizoBHo AK peocrar. ¥ apyrift cxemi (puc. 6, 6) o6unBa peocTaTy
BKJIIOYeH{ nOcAiROBHO i pasoM BOHW CTaHOBNATH MOTEHLioMerp.
CnieBizHomweHnHs omopis peocratis R, : R, = 10 (R, = 600—800 Om).
Jas nepeBipku BOTbTMETPa Ha 3MiHHOMY cTpPyMi B Mexkax BHMipiOBaHb
250 B i MeHue BUKOPHCTOBYIOTb CXeMY 8 pEryJIOBaHHAM Hampyrd
aBrotpancpopmaropom PHII-250 (puc. 6, 8).
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ATopadoxk suxonauts po6otu

. 1. OsHafioMUTHCH 3 CXeMaMH BHUMipioBaHb i BUMipioBajbHUMH TnpHAa-
jpamu. Texmiuni mani npunanis 3adikcyBarh.

2. Cxaactu cxemy 3a BuGpanuM papiantom. Ilicns nepeBipru i Ke-
PiBHHKOM 3aHATb AicTaTH JO3BiJ Ha BUKOHaHHS POGOTH.

3. Ilepen BK/IOYEHHSIM CXEMHM NOB3YHOK peocrara R; BCTaHOBHTH B
HUXHE (pHc. 6, @) mosoxkeHHs i BBeCTH NOBHICTIO omip peocrara R,. BH-
KOPHCTOBYIOUH APYry cxeMy (pHc. 6, 6), NOB3yHKH 060X peocTaTiB BCTaHO-
BHTH B OOJIOXKEeHHSA NOGIH3y TouKH J 3’€¢HAHHA IMX peocrariB. B Takux no-
JIOXEHHSAX MOB3YHKIB peocTaTiB npH yBiMKHEHOMY JuKepeJsii XKUBJIEHHS Ha-
Npyra y BHMipIiOBajJbHe KOJIO He NONAEThCA.

4. IlepeBipUTH MOJIOXKEHHA CTPiNOK BHMipIOBaJbHHUX TpuJianiB. Bonu

' MIOBHHHI BiANOBiZaTH HYJBOBHM NORiJKaM mkad. B pasi norpeGu Bizpery-

JIOBATH iX MOJIOXKEHHS KOPEKTOPOM.

5. Micna niarotToBKH cxeMH i NpHJaiiB A0 BHMipIOBaHb BHMHKaueM
{IOaTH KUBJICHHA, PeryJIoiouH Hanpyry peocrataMH R; i R,, moc/iaoBHO
BCTAaHOBHTH CTPi/JIKY BOJIbTMETPA, 10 MEepeBipAEThCA, HA BCi MNOAINKA HOTO
wkanu. [Noxasu sonaet™erpa U,, 9xuil nepepipserncs, Ta NOKa3W 3pasKo-
woro BoabTMerpa U, 3adikcyBarn B Tabiuui. BumipioBaHHSA NOBTOPUTH
B 3BODOTHOMY Hamnpsmi, 3MeHIIYIOUM HAaOPYry Bil HOMiHAJbHOI 10 HYyJsl.
I'py6e perysioBaHHs HanpyrH 3aificHIoETbcS peocraToM R,, a IJiaBHe —
peocratoM R, 3 MaAHM OIOPOM.

6. 3a cepenHe 3HaYeHHS MOKa3iB 3Pa3KOBOro BOJBTMETPA B3STH cepel-
He apudMeTHYHe NOKas3iB NpH 36iMbLIEHH (¢Xil yBepX») Ta 3MeHINeHHi
(¢xig yHH3») Hampyrd, €Ki BignoBimaroTh Tit camifi mudposilt mosmaumi
U, wKaau BOABTMETpA, IO MepeBipsieThes.

7. O6uucnutH aGCONOTHY NMOXUOKY BOJBTMETPA 3a (HOPMYJOI

AU =U,—U.,.
3BeneHy BiAHOCHY MOXHGKY OGUHC/IUTH 32 GOPMY.N0i0
Vo = (AUIU,) - 100%,
Je U, — BepxHs MeKa BHMiplOBaHb BOJIbTMeTpa, KM NepeBipseTscs.

8. Bu3HaunTH KJ1ac TOYHOCTi MpHJajy i mopiBHATH fioro 3 Knacom Toy-
HocTi, 3a3HaYeHHM Ha WIKaJi.

Kountpoasul sanurtanunsn

1. SIki ocHoBHI XapaKTepHCTHKR AKOCTi eIEKTPOBHMipIOB3aJbHHX NPHANaAiB?
2. SIki ocHoBHi OCO6MHBOCTI KOHCTPYKIUifi XapaKtepHi As piSHHX CHCTEM eJeKTpoO-
BHMIpIOBaJILHHX RPUJ/IaAiB?
3. Yomy B cxemax A/ nepeBipKH TEXHIYHOrO BOJILTMETPA 3aCTOCOBYIOTH JBA PeOCTaTH?

I1. INepesipka rexniunozo amnepmerpa

NMpuanaagun i matepiaau: 1) amnepmerp THny M367 a6o M340; 2) 3paskopnit
ammepmerp Tamy M109; 3) geocra’m tuny PIIII; 4) sHuxyBasbHHE TpaHcdopMaTop;
5) mxepeno e. p. c. Ha 6—12 B; 6) Jkepeao xusiaenta sminnoro crpymy Ha 220 B, 50 I'n;
7) BUMHAKay JBOHOAIOCHHIH, -
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Teoperuuni sidomocri Ta onuc npuradis

TlepeBipka moKasiB TeXHiuHOrO ammepMerpa 3AIACHIOETBCS MOpiBHAH-
HfIM TIOKa3iB JaHOTO NPHJAZy 3 NMOKa3aMH 3Pa3KoBOro NpHAany A,.

JlasmepeBipku TexHigHOrO ammepmerpa A, Ha MOCTiHHOMY CTpyMi 3a-
CTOCOBYIOTb CXeMY, HaBeJieHy Ha pHc. 7, a. SIK npaBusio, TOUHICTH 3pa3KOBO-
IO NIPUJIaJly NOBUHHA NePEBHILYBATH TOYHICTD NpUJany, AKHH AepeBipAeTh-
cd, npu6ausHo B 3 pas3u. [xkepesoM KHBJIEHHA NOCTiHHOIO CTPYMy € BH-
npsamaay Ha 6—12 B abo akymyadropHa Garapes 3 e. P. C., IO 3abesneuye
cuy crpymy 6 A. Insa rpyGoro i naaBHOrO peryJiOBaHHs CHIH CTPYMY

Puc. 7

3aCTOCOBYIOTb JIBa APOTAHHX peoctat™d R, i R, (R; : Ry = 4 — 8). Bean-
YUHH Rmax 1 Rmin 06uncmooth 3a dopmynaMi: Rmax = U/lmin; Rmin =
= U/lmax ({max 1 Imin BH3HAUAIOTh MeEXaMH BHMipIOBAJILHUX BeJHYHH
npunanis). '

Jsist nepeBipKM eseKTPOMArHiTHOro aMmepMerpa 3 HOMiHAJbHOK CH-
Joto ctpymy 1, 315 A sacTocoByloTh cxeMy Ha 3MiHHOMY cTpyMmi (puc. 7, 6),
a AJf nepeBipKH ammepMeTpa 3 GiJbIIOD CHJIOK CTPYMY — CXEMY 3 Ha-
BaHTaXYBaJbHUM 3HUKYBaJbHUM. Tpanchopmatropom HT (puc. 7, e).

Y cxewmi puc. 7, 6 naMnoBHit peoctat R, — HaBaHTaXXyBaJbHHA i3 3a-
ranbHOW0 notyxHictio namn 800 Br (namnu mo 50 i 100 Br), onip peocrata
R cranosuts 600—800 OM. B cxemi puc. 7, 8 3SHHXKYBaJIbHHH TpaHcopMma-
TOP NMOBHHEH Y BTOPHHHIN OOMOTLI 3a6e3NneYHTH CHJY CTPyMY, Jelo Gijab-
INy 32 HOMiHAJIbHY CHJIy CTPYMY ammepMerpa.

ITopadok sukonanus poboru

1. OsHafloMHTHCA 8 CXeMaMH BHMipIOBaHb i BHUMipIOBaJIbHHMH NpH-
napamu. Texuiyni mani npusanis sadikcysath.

2. CkaacTd 1o uepsi cxeMmm BinmoBimHHX BapiaHTiB mepeBipkn npuaa-
niB. Jlicratu 1o3BiaA KepiBHHKA SaHATH HAa BUKOHAHHA POBGOTH.

3. Tlepen nepeBipkoi0 TeXHIYHOTO amnepMerpa Ha mnocTifiHOMy cTpy-
Mi pH PO3IMKHYTOMY BHMMXadi BBeCTH ONOPH peocrariB: R, — mjda rpy-
Goro peryaoBaHHs i Ry, — A5 m1aBHoro perysosanus. IIpu nwomy noso-
JKeHHSA CTPI/IOK BUMipIOBaJbHUX NPHJaiiB MOBUHHI BiANOBiNaTH HYJLOBHM
noxaiskaM mKand. B pasi nmorpefu ixX nojioxKeHHS BiAperyaioBaTH KOPeKTo-
pom. Ilpunany nonepexHbo nporpity nporsaroM 15 xB.

4. Tlicna miaroToBKuM cxeMH i mpusafiiB g0 BHMipIOBAHHR BHMHKAaueM
NIOJiaTH JKHMBJIEHHS i, MIaBHO 36Gi/bUIYIOUH CHJY CTPYMY, MOCTYNIOBO BHBECTH
OMOPH PEoCTaTiB, BCTAHOBJMIOIOUM CTPi/NIKY ammepmerpa A, Ha BCi nominku
fioro wkanu. Bignosigni nokasu amnepmerpis A, i A, 3adikcysatn B TaG-
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~uni. docArnysmy B KoJi HOMI{HAMBHOrO SHAYEHHA CHJH CTPYMYy ammep-
MeTpa, siKMR nepeBipAEThCA, MIABHO 3MEHIIHTH CHJY CTPYMY 3a JOIOMO-
roio peoctatiB R, i R, («xix yHu3»), BCTAHOBJIOIOUH CTPiIKY A, Ha THX
caMHX NOZAiKaX, IO # OpH 36iAbleHH] CHIAM CTPYMY («Xill yBEpX»).

5. Tlopsnok nepeBipKH TeXHIYHOTO aMmepMeTpa Ha 3MiHHOMY CTpymi
aHajorignuii om. 3, 4. .

6. 3a cepesHe 3HaUeHHs MOKa3iB 3pa3KOBOTO aMnepMeTpa B3ATH ce-
pesne apudMeTHUHe NOKa3iB npH 30iJbIIEHH] Ta 3MEHIIEHHI CHJH CTPyMy
B KOJIi, AiKi BiAmnoBijnaroTh Tif ke undposif nosnavui A, mKaau amnepmer-
pa, KUl nepeBipAETLCS. ‘

7. OGuncauTi abCOMOTHY MOXUGKY ammepMerpa 3a (HOpPMYJIO0

, Al =11,
3peneny BifHOCHY NOXHOKY OGUHC/IHTH 33 GOPMYJIOIO
ves = (AIlI,) -100 9%,

ae I, — BepxXHa Mmexa BHMIDIOBaHb aMmepMeTpa, sKuil nepeBipseThea.
8. BusHauuTH KJac TOYHOCTI MpPHJAAB i MOPiBHATH ¥HOrO 3 KJacoM
TOYHOCTi, 3a3HaYEHUM Ha UIKaJIi.

Kourpoasni sanntranus

1. Tloscuite npolec nepeBipku TeXHiwHOTO aMmepMeTpa.
2. Unm BuSHauaeThcs kaac touxocT! ammepMerpa i fki € Kaacu Tounocri ariamo 3
I'OCT 23217--78?

111, Ilepesipxa rexninnozo sonsTmerpa i amnepmerpa sa 3onomozoo ynieepcars-
K020 yuposozo sorsTMeTpa :

Npuananan i marepiann: 1)yuisepcansnuhl uudposut BOALTMETp, HANPHK-
aan, tany B7 — 16, B7 — 20, BK7 — 10 A; 2) aBa peocratn: oguH 3 onopom 600—
800 Om, apyruft 60—80 OM Ha cTpyM He Menm sik 0,3 A; 3) Texuiuuufi amnepmerp a6o
BOJITMETD €JIeKTPOMAarHiTHOi cHcTeMH; 4) AXepedao cTpymy, Hanpukaag, Thny BYII,
BC-24M, PHIII-250; 5) nepemukau. ’

Ilopadok euxonanns poboru

1. OsHafioMHTHCE i3 3aBOACBKOIO iHCTPYKIUi€0 MO eKClayaTamii mnpH-
JIaRy.

2. Posrnsnytn ¢yHKuioHaJbHY exeMy mH()POBOrO BOJBTMETPA, 3'AcCYy-
BATH MPU3HAUYEHHS KOXKHOTO GJIOKa,

3. 3aHecTd OCHOBHi TexHiuHi AaHi mpHiany fo po6oYoro 3omHTa.

4. BUBYMTH NPaKTHYHO METOINHKY BHMIDIOBaHHSl HAmpyru Ta CTPYMY
uuGpPOBHM BOBTMETPOM.

5. Ckunactu cxemy puc. 6, a, 6, 8 a6o 7, 6, 6 (3a BKa3iBKOIO BHKJaAa4a).
Hudposnii BonbTMETP Y AaHOMY BHMAAKy GepeThCsl 32 SPa3KOBHIL.
: 6.1}3uKOHa'm BHMipIOBaHHS i PO3PaxyBaTH MOXHOKM, SIK y 3aBHAHHAX

1a I

Konrpoabnl sanuranusg

1. flk nigrotysatn BoJbTMETp 4O POGOTH? ‘

2. SIk BinGyBaeTbcs KaniGpoBka mpuiaxy npH BEMipoBaHHI B Kojax nocrifiroro Ta
eMinrHOrO CTpyMiB? :

3. Slke npusnayeHHA opraHiB KepyBaHHs, po3MillleHHX Ha BepXHili namesi mpuJagy?

4. 3 aKolo TouHICTIO peecTpyBaJiHCA MOKa3u UH(BPOBOTO BOJABTMETPAP :
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IV. Poswupenna mexe aumiptosaunn amnepmerpa i soasTMETPA

" DHpuanann i matepiaam 1) npunas marHiToeJeKTPHYHOT CHCTEMH THOY
M45; 2) 3paskoBHil amnepmerp Tuity M109; 3) spaskouii BoastMerp THRY 259 (abo AMB),
4) Ixepedio e. p. c. Ha 6—12 B; 5) pxepeo e. p. c. na 220250 B (6arapes aGo Bignosia-
Huf Bunpamasy); 6) HaGip mynTiB i ZogaTKOBUX pesHcTopiB; 7) ABa peocTaTH i ABa no-
TeHnjomerpu (3a panuMu 3aBlaHb I i 1I); 8) Bumukay ABOnOMIOCHHH.

Teoperuuni sidomocri ra onuc npusadis

JIOBi/IbHHE e/eKTPOBHMIpIOBa/IbHUH NpHJaA y TNpoueci BUMipioBaHb
He TIOBMHEH SMiHIOBATH CBOIX mapaMeTpiB 1 pexxuMmy Aifi o6’€éKTa BHMipio-
BaHH:A. OTXKe, ONip amnepMeTpa MycUTh GYTH 110 MOXK/IMBOCTI MajHM, a ONlip
BOABTMETPA — BENUKHUM. PO3LIMPEHHs] MeX BHMipIOBaHHS . aMOepMeTpis
 ROCATAETbCS BKJIOUEHHAM MapajebHO aMIepPMeTpy WIyHTa. PospaxyHku
IIYHTA BUKOHYIOTh 33 (OpMyJaMu

I =nly; Ry=R/n—1),

ze Iy, — cujia CTPYMy NOBHOTO BilIXHJIEHHS CTPiIKH mpHJany (rpaBHYHHi
cTpyM npunaany); I — Hail6inbiue MOX/IMBe SHAYEHHS CHJH CTPYMY, AKHil
NOBHHEH BHMIipIOBATH INpPHJaJ; 7 — IUYHTYIOUHE MHOXHHEK; Ry, — BHYT-
piwHi¥ onip mpunany; R, — onip myHra. (SIkmo onip R, HeBixoMuit, T0
HOro BH3HAYAIOTh 3rifHO i3 sakoHoM OMa 3a BiIOMMM SHAYEHHAM CHJIK
ctpymy I, i naninus Hanpyru U, Ha 3aTHckauax npuaagy.) Poswmpensus
MEX BHMipIOBaHHS BOJILTMETDPIB JOCATAETHCS BKJAIOYEHHAM NOCTiIOBHO 10

' BOJIBTMETPa JOAATKOBOTO pesucropa R;. PospaXyHOK onmopy AOAATKOBOro
pesucropa R, BHKOHYIOTb TaK:

m=U/Uy, R=Uyl, Rn=R0(m'—1)v

Ze m ~— MHOXHUK PO3IIHPEHHA MeXi BUMipioBaHusa Hanpyry; U — - 8aflana
MeKa BUMipIOBaHHA HAmpyTH.

MlyHTH BUrOTOBISIOTH 3 MaHraHiHOBHX APOTHH a0 CMYKOK, 3aKpinJe-
HUX MiXX MaCHBHUMH HAKOHEUHWKaMH. [X NONepeYHHH mepepis 3anexuThb
Bifl MaKCHMaJILHOTO CTPYMY, LIO IPOXOANTH MO IUYHTY, IKHK NPH LEOMY He
TNOBHHEH HarpiBaTHCs BHILE JONYCTHMOI TeMnepaTypH.

3ayBaxuMO, IO OCHOBHOK YaCTHHOIO 6YAb-AKQro aMmrnepmMerpa i BOJbT-
MeTpa MOCTiAHOrO CTPYMY € BUCOKOYYT/IHBHH NpHJAR MarsitoeseKTpHUYHOF
CHCTEMH,

Hopadok suxonanna poboru

1. Ins pocnipKeHHA Po3lIMPEHHS MeX BHMipIOBaHHS aMnepMerpa Bu-
KOPUCTOBYIOTb cXeMy 3aBraHHf II (puc. 7, @), a A1a JOCHIXKEHHA Mex
BHMipioBaHHS BOJBLTMeTpa — cXeMmy 3aBianusa I (pHc. 6, a).

2. OsnallOMHTHCS 3 OCHOBHHMH XapaKTePHCTHKaMM HPHJAANIB, CXeM
BuMipioBaHHs. Texuiuni naHi mpuaanis sadikcysaTH.

3. Ckznactn no uepai BignoBinHi poGoui cxemu. [icratm nospin kepis-
HHKa 3aHATTS Ha BUKOHAHHA POGOTH.

4. PospaxyBarty omip wyHTa Ry IO npujaany MarHiToeneKTPHYHOI CcHc-
TeMu. Mexi BHMipIOBaHb CHJM CTPYMY 3afalOThCA.

5. OsnaftoMHTHCH 3 KOHCTpYKIielo WyHTiB, BHOpaHHX AN# POOOTH.
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6. Poapaxysarn omnip nomaTkoeoro pesucropa R,. Mexi BumipioBanb
Hanpyry 3ajJaroThCs.

7. OsHafioMHTHCA 3 KOHCTPYKILEIO NOJATKOBHX PE3UCTOPIiB, BHOpAHHX
Ans po6oTH.

8. TTimk/mOYUTH WYHT 0 KJeM Npuaany Ttunmy M45 i 3a cxemoio puc.
7, a- nporpanyioBaTH [pujaj B OMMHMLAX CHJIM CTPYMY 82 SPaSKOBHM
aMnepMeTpoM.

9. TTinkmounTH JOKATKOBHH PE3UCTOp A0 npunagy tany M45 i sa cxe-
Moo pHc. 6, a mporpagyiloBatd KOro B ONMHHUSX HANPYTH 3a €TAJTOHHHUM
BOJIbTMETPOM.

KourtpoabHi sanurtanns

1. flx pospaxysatu wyHtH i onopu ZOLATKOBHX pesucropis?

2. Onuutite KOHCTPYKUIT WyHTiB | ZOAATKOBHX pe3ucTOPiB.

3. Slk mepesipuTH npaBHAbHICTE NMOKa3iB eeKTPOBHMIpIOBaJbHHX NpHJIaAiB 3 WIYH-
TOM i JIOZATKOBHM PEe3HCTOPOM?

V. Bumipiosanns masux cIpymie 2a1b8aAHOMETPOM MASKITOCAEKTPUYHOT CUCTeMU

Mpunaan i marepiamm 1) naepxa.nbnuﬂ rajbBaHoMeTp THRY M21 3 oc-
BiTaIOBaweM 1 [IKaJ0I0; 2) ABa JYMKHHX aKyMyJAATOpH, 3’€HaHi nocaifosHo; 3) MiaiBoabT-
MeTp THny M1151 (a6o M109); 4) marasusn onopis Thy MCP-47, P33, P34 (aGo KMC-4);
b) Tpu oaHonoMmiocHi BEMHKaul 1 OXHH mepeMHKan.

TeopeTuuni sidomocri Ta onuc npusradie

Has ananisy cxeM, siKi MiCTATb BesMKi onopHu ($oTOeNEMEHTH,iOHHI Ta
e/IeKTPOHHI TPyOKM), NOBOAMTLCA BHMipIOBaTH Maji cTpyMH. Buwmipioioth
1X BHCOKOYYT/IMBHMH raJlbBaHOMETPAaMH MarHiToeNeKTpUYHOI cHcteMn. [ia-

NasoH BMMipIOBAHHX CFPYMIB 1OCHTb mupokuit — go 107" A, Cxemarnuno

BHMipIOBa/IbHY YacTHRY 300paxeHo Ha puc. 3. Ilpu npoxomkeHHi cTpymy

no pamili BUHHMKae MarHiTHe noJe, sike B3a€MOZi€ 3 MarHiTHUM NOJIEM MOC-

tifiHoro marzity. B pesyabTaTi B3a€Mozii paMKa MOBEepPTaeTbCs HAa CKiH- -
ueHHHH KyT ¢@. IlaA Takoro ycrajeHoro crany o6epTaJbHHH MOMEHT

M, = BSnl 3piBHOBaXXyeTbCSs MOMEHTOM 3aKPYYeHHA HHTKH mixBicy:

BnSI = Dg,

ne B — innyxnis MarsiTHOro mosns B 3a30pi MArHiTy; n — 4YMCJIO BHTKiB
pyxomoi pamku; S — moma OZHOTO BHTKA; / — CHJIA CTPyMYy, WO Mpo-
XQAMTb Mo pamui; D — moaynbs KpyTiHug nutku. 3siacu [ = (D/BnS) ¢
abo I = co, ne ¢ = D/BnS.

Benuunna ¢ HasuBaeTbcsi IMHAMIYHOIO CTasI00. 3 OCTaHHBO! HOPMYJIH

BHIVIHBa€, 110 KYT NMOBOPOTY paMKH NpPOMOPUiHHHEA CHJi CTpyMy.

Yymausicmio earvsarnomempa 00 cmpymy Ha3HBAIOTh BeJHYMHY, 06ep-
HeHy 10 juHamiuHOi crasoi:

S) = 1/¢c = ¢/l = BnS/DI. 4
Yymausicmio zarveanomempa 00 Hanpysy HA3UBAOTh BEJHUHHY
Sv = SI/R, @)

Je R — onip o6MOTKH PYXOMOI pPaMKH ra/jbBaHOMETpaA.
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JsepranbHull raJbBaHOMETP MOXKeE NPAIlOBaTH B TaKUX PEXKHMaXx:

anepioduurnomy (XapaKTepH3YEThCA IVIABHMM DYXOM PaMKH [0 IOJIO-
'3KEHHs1 pPiBHOBArH! acHMNTOTHYHO NiAXONHMTH [0 HBOTO i He nepexonnTs
NOJIOXeHHS piBHOBarH);

nepiodudromy (paMKa 3afiMae NOJIOXKEHHS PiBHOBaTH mMic/JfA KiJbKOX

“8aTyXaloyHX KOJHBaHb);

KpUmu4Homy (xapakTepH3yeThCA NMIABHEM NIEPEMiLeHHSIM PaMKH [0 110-
'JIOXEHHs1 pIBHOBAar# 3a HaHKOPOTIUHM 3 yciX MOXJIHBUX BapiaHTiB amepio-
*IMYHOTO PYXY 4ac; Lel, pexxum Ha#Gi/bll BHMIAHHA NPH BHMipIOBAaHHAX).

VMOBH peanisanii HHX pexuMiB BCTaHOBHMO Nli3Hille Ha OCHOBI aHaai3y
PO3B’A3KiB PIBHAHHA AZMHaMikM 06epTANbHOTO PYXY PaMKH

% o
J W?_ = 2 Mk’ (3)
=1

neJ — MOMeHT iHepuii cHCTeMH KOTyUIKa — JASepKajbue; My — MOMEHT
onHiel 3 cHJI, WO AiIOTh Ha pyXoMy cHcreMy. CyMa MOMEHTIB AiloUHX Ha

pamKy cua
2A/Ik = Ml + M2 + Ms,
“TYT M; o6epraibHuii MOMEHT B3aeMoZii CTPyMy i MarHiTHOro moJs:
M= BSnl = @/,

Jde @, — sarajbHHil MarHiTHH# NOTiK, 3YelJIEHHH 3 KOTYyHIKOIO; M, —
rajibMiBHHH MOMEHT, 3yMOBJIEHHH CHJIaMH TEPTs i ONOPY PaMKH; a TAKOXK
HaBeJieHoI0 B KOTYyILIi €. p. c. iBayKuii; Mz — MOMeHT, IO BHHHKA€E BHa-
CJiIOK peakiii MpyXKHHX CUJ 3 GOKY HHTKH (MOMEHT KPYTiHHA migBicy

. paMKu):
M3 == D(Pv

Je D — moay/ae KPYTiHHSI HHTKH.
Moment M, MOXHa BUSHAUMTH i3 criBBiZHOIIEHHA

M, = — (BSni + kJg).

Hpyruii nonanox‘y ‘Bupasi ana M, BpaXOBY€ CHJIL TepTs i omopy nositps
B paMmui npH ii pyci, Ta OCKiNBKY BiH Maiuii, TO HEM MOXKHA 3HEXTYBaTH.

Tonai

M, = — BSni,
e [ = —Il?—%;o——c'rpym, HaBelleHHH y KoJi rajbBaHoMerTpa mpH 0Gep-
TaHHi KOTYIIKW; R — moBHMA onip Kosa. OueBHIHO,

dd
dt

Bpaxosyioun, mo BSn = @, cos ¢ = 1 (KyT ¢ — MaJui), MaeMo:
M, =—(®UR) .
IMigcraBumMo B (3) BHpasu MomeHTiB cun My, M,y i Mg

= *gt’ (BSn sin @) = BSne cos .

2
J22 4 20 9 4 py— BSnl. @

Pisuanns (4) apnse co6oto piBHAHHA PYXy PaMKH rajbBaHOMETpa.
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BsegeMo nosHaueHHs: | B . ;
p=Dj/2RJ; @y=V DI ;o = BSn]J = DJJ. (5)

B ypaxyBaHHAM M X IO3HAYEHb (4) NePENHINETEC TaK:
3:2’+2u +oop=al. ®,

Saranbnuﬁ pO3B’A30K piBHSHHA (6) Mae BHIVIAA
@=[Cyexp (—(p—0)?) + Cyexp (— (0 + 0) §] + alloy, . (7)
ze o= p*—ot= Y @2RJ3— DIJ.

Puc. 8

Ilpn BusHaueHHi cranux interpyBsanHs C; i C, BpaxyeMo mNouaTKoBi
ymosa. B momenT gacy £ = 0 cTpyM B KOJli Fra/IbBAHOMETPA BCTAHOBJIIOETHCS
JOCHTD LIIBHJKO, 2 PAMKAa raJibBaHOMETPa BHACHIJOK iHepuii LIe He BCTHrae
YIOMiTHO SMICTHTHCb BiZHOCHO CBOr0 MOYATKOBOrO IOJIO}KEHHS, TOOTO

@ =q,=0i¢ = ¢, = 0. 3a Takoi ymoBH (7) HaGHpae BHTISARY
o= (allwg) (1 — (0, exp (— pi)/w) Sh (0t + arctg o/p)]. (8)

Tlpoananisyemo saranbHHii pO3B’130K PiBHAHHA PaMKH,

1. Koau posrisiaaeTbcs BUNANOK W => ®p, TO BHPA3 Y KBaPaTHHX Ry
Kax (8) npsiMye X0 HyJs. ToMy O6epTaHHS KOTYWKH Ha KyT @ = al/og
i pyx «saffuiika» N0 eKpaHy MaTHMYTb IVIaBHHI anepiofHuyHHii XapaxTep.
Lle anepionuunuii pexxum paGorn.

2. SIKIO BUKOHYETbCS HePiBHICTb P << @y, TO PO3B’A3KH piBHAHHA (7)

€ KOMIIGKCHHMH i pexUM poGOTH ranbBaHOMeTpa Gyle KOJHBaJbHHM.
3. Ilpu p = ©,, TO6TO KOJIH 3riaHO 3 (5) BHKOHYETHCR YMOBA

R = @32V DJ, ©
po3B’s130K piBHSAHHA (6) Mae Burasag ¢ = o[l — (1 4 pd) e=14] ],
I1pu BukonanHi ymoBu (9) 30BHiwHIf onip R,, YBIMKHEHHH B KOJIO ra/b-
BaHOMEeTpa, Mae HasBy KPHTHYHOrO:
RKD = (Dg/2 Vﬁ] — B’
Ilpr uboMy pexumi poGoTH KOpHCTYIOTbCA NOHATTAM KPUTHYHOI uyT-
JIUBOCTi 10 Hampyrd
Sy = Si/Rup. (10y

Ko soBHimmi# onip ranpsanometpa BinkMoueHHf (R = oo, [ = 0),
TO rajibBaHOMETP Npawloe B XoJoctoMy pexukmi. IIpu ubomy pamka

23



SIifiCHIOE MPAKTHYHO CHHYCOIAH] KOTUBAHHS 3 mepionoM
T, = 2n/V DIJ. _ 7
Iepion KONUBaHb € OJHIEI0 3 OCHOBHHX XapaKTePHCTHK IaJIbBAHOMETpA. |
Taknam unHOM, TOH a60 iHMMA peXUM pOGOTH rajbBaHOMETpPA HOCsra-
‘€ThCA 32 JIOTIOMOTOI0 3MiHHM 30BHIWIHBOIO OfIOPY KOJIa rajbBaHOMeTpa Ry,
. 2 - . PPN
,OCKinpkH p = ®y/2RJ. Ha mpoMmy > npuHuumi rpyHryerbcs i croci6
‘ UBHAKOTO 3aCIOKOESHHA PYXOMOi paMKH uYepe3 3aMHKaHHS i OGMOTKH Ha-
KOPOTKO B MOMEHT IIPOXOJXXEHHS! MOJIOKEHHS PiBHOBAarH.
CxeMy ycraHOBKH HaBeJieHO Ha pHc. 8, a.

Hopadok sukonanns poboru

1. CxknacTH K0J10 32 CXeMO10, IOAAHOIO HA PUC. 8, @, i BCTAHOBUTH ILIKaJay
TaK, mo6 CBITMIOBUI «3afiuMk» nepefyBaB Ha HYJBOBif MOAINII IUKaJIH,
Ha cxemi 8 — Garapes akymynsropis ua 2,5 B, R — RiJIbHHK Hanpyry,
R, i Ry — marasuuu onopis tuny P-33 a6o KMC-4, R, — cranuil onip
(20 xOwm).

2. BusHauuTH nepiod 8iAbHUX KOAUGAH® PaMKH raibBaHOMeTpa (mepe-
muKad IT B nonoxeHHi «2»). [l 1bOTO BCTAHOBUTH PYUKH MarasvHis Ono-
piB: R, B nosoxeHHs He MeHwu fK 5000 OM, R, B MONIOXEHHS He GlablI SK
5 Om. 3amkuyTn BumuKaui / i 3 i noMortuca sminoo onopie R, i R Bigxu-
JIeHHS «3afiuiikay Ha BCIO mKany. Po3iMkHyTH BHMEKau 3 Ta OJHOYACHO 3
LM BKJIIOUHTH cekyHAoMip. BusHaun1n cepelHe 3HaueHHS mepiony, BHMI-
psABIK yac 5—10 MOBHEX KOJHBaHb PaMKH.

3. Busnaunt enympiwnid onip earvearomempa, uymaugicms 00 cmpy-
MYy ma Hanpyeu. 3 LDIED METOI:

a) 3aMKHYTH KOJIO rajibBaHOMeTpa nepemukaueM 7 Ha omip R, (mono-
' 3eHHs «I»). 3aMKHyTH BHMHKadi I i 8 13a fomoMorow peocrara R BCTaHo-
BHTH Hanpyry Ha BoabT™erpi 0,4 B. TTiakmTIOUHTH ranbpBaHOMETP JO IKepe
JKUBJIEHH, [lepeMKHYBIIY /1 B nonoxeHHs «2», 3Miniooun onip Ry, AoMoOr-
THCS BIIXHJIEHHS CBITJIOBOTO «3afiuukasna 100 —150 noxinok mkanu. 3anu-

‘caTH B 3arOTOBJEHY Hamepes Tabaumo sHauerHsa U, i R.

6) 36iabmuTy Hanpyry 1o 0,6 B. 3miniooun onip R,, 06UTHCA Bif-
XUJIeHHS 'CBiTJIOTO NOKA3HMKAa Ha TaKy X KiabKicTh mofgi-
Aox (1) no wkani (100—150 nopinok). 3amucaTd SHAYEHHS] BENHUYMH
U, i Ra. )

B) BusHaumtH i3 oZep)KaHHX JaHMX ONip rajibBaHOMeTpa 3a (opMy-
aow R, = (UyRy — U R2)/(Uy — U,) i cuny crpymy I, mo NPOXOAUTH
uepes rajlbBAHOMETD:

I, = [U/(R, + Ry)] (Ry/Ry).

UyrnusicTh 20 cTpyMy BH3HauaeThesl 3a dopmydow (1), B Axil Bpaxo-
BYETbCS, L0 KYT MOBOPOTY DaMKH JOpiBHIOE BijHOWeHHI0 n/2l, ne n —
9HC/IO MiJIIMETPOBHX MOXINOK BifXH/IEHHS WIKaJaH; [— BiACTaHb y MeTpax
Bif mKaJu IO A3epKajbHOrO ralbBaHOMETpa:

Sr=n/2ll.
YyTauBicTh A0 HaNpyru BU3HaYaeThcs 3a GopMyJoio (2).
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4. Busnauury 3osniwnil xpumuynuil onip eaasvsanomempa. CRAacth
cxeMmy 3a puc. 8, 6.- KoporkouacHe BiXXHJIeHHS «3aifdHKa» Bill MOJIOKEHHS}
piBHOBarH 3xificHiIOBaTHMETHCSI Bij TepMmomnapH. Ilopsinok BUKOHaHHA 3aB-
JaHHA TaKHi. 3aMKHYTH nlepeMHKaq /] B JiBe oJIOKeHHA «I» i migirpite
chafi TepMONapH PYKOI0; MichsA BiXHJE€HHS MOKaXXYHKa INKaau Ha 150—
200 MM MepeKJIOYATH nepeMHKad Ha onip R,. JJoGHpalouH BeJHUHHY ONOPY
R, nocArtH anepioM9HOrO pyxy paMKH rajabBaHoMerpa. I[loBroputs joc-
Jig 3—5 pasiB i B3aTH cepejne 3HaYeHHA. BH3HAaYHTH YyTIHMBiCTD O Ha:
apyru 3a ¢opmyaown (10).

5. BusHauutH noxHOKH BUMipIOBaHb YyTJIHBOCT] A0 CTPYMY Ta HalPyTH.

KoHTpoasni sanuTadus
1. Ski e pexumm po6OTH A3epKaAbHOrO TaibBaHoMerpa? Hasemits ix xapakrepu-
CTHKH. '

2. Busenits i npoanasnisyiite piBHAHHA PyXy PaMKH rajJbBaHOMETpa.
3. Mosacuite 6ymoBy i npuHUHD Aii rajJbBaHOMeTpa MarHITOENeKTPHUYHO! CHCTEMH,

2. MopeioBaHHsI eJeKTPYYHUX nodis [9—15]

EnexTpHuHi moas, AKi He 3MiHIOIOTBECA 3 YaCOM i CTBOPIOIOTHCS HEPYXO-

"MHMH Sapﬂll}KEHHMH' YacTHHKaMH, Ha3HBalOTh €JE€KTPOCTaTHYHHMH.

OCHOBHHMH XapaKTEPUCTHKAMH €/ICKTPOCTAaTHYHOrO I10JIs1 B IaHil TO4-
-

ui e BexTopHa BeqnuHHAa E — HampyKeHicTh i cKansipHa BeJIHYHHA —
noTeHuiasx @. ' :

B enextpuunomy noJi MoxkHa no6yAyBaTH NOBepXHi, fKi € reoMeTpHy-
HUM MicLeM TOYOK 3 ONHAKOBUM MOTEHIliajloM — eKBillOTeHIlia/bHi NoBepX-
Hi. ExBinorerunianeui nosepxui i niHii HanpyxkeHOCTi € OPTOrOHANIBHHMH

->

Mix co6oio. HanpyxxeHnictp nosist E nop’si3aHa 3 NMOTeHIiaNoM CIiBBiAHO=
IEHH M

Ie noxifgHa GepeTbcA 1O HOpPMaJi IO eKBinOTeHNiaJbHOI MOBepXHi, TOGTO
B Hampami WBHAmMO] 3MiHM noteHniany. SIk npaBHJO, eleKTpHYHE MOJe
rpagiuHo 306paxKyIoTh TaK, 106 NPH Nepexofi Bif OAHiel eKBimoTeHNia b
HOT moBepXxHi Jo iHmOI npHpict noreHniany G6yB Tofi camuii. Ilpu nLomy
B Micusx, e NOBepXHi HaWOMMKYe MiAXOAATH OFHA JO OJHOT, HANPYKeHiCThb
noJis MakcHMaJbHa.

" Po6ora noasirae y rpadiyHoMy NOJXaHHi KapTHHH eJeKTPOCTATHYHOIro
[OJIA 32 AONOMOrOIO €KBiNOTeHNiabHHX NOBEPXOHD i JIiHill HANpPYKeHOCTi.
Bsarani, [ochimKeHHs po3noAiny MoTeHLiaNiB B eIeKTPOCTATHYHOMY NOJi
X0Y i JOCHTB CKJIalHE eKCIIePUMEHTaJIbHE 3aBAaHHS, OAHAK MPaKTHYHO BH-
KOHaTH {ioro MoxHa. BHBUeHHS e/IeKTPOCTATHUHOIO MOJIS 3aMiHIOETLCA 10~
CHiXKeHHAM CTAlliOHAPHOTO €JIEKTPUYHOTO IO/ NOCTIHOrO CTPyMy Mik
eNIeKTPOJIaMH B OJHOPIZHOMY cepelOBHIN 3a ZOMOMOTOW 30HZA. ENeKTpo-
NpOBiHICTb cepeOBHINA HAbaraTo MeHINa, HixX eleKTPOIPOBiIHICTb MeTa~
aiB. IloreHuiand NpoBiAHHKIB NMiXTPUMYIOTHCH CTAMUMH. ¥ 1bBOMY i Mo~

JIsifae CyTh TaK 3BAHOTO METOJY MOAEJBHHX eKcnepHMeHTiB Po3pisHaioTh

METONH MameMamu4rozo i gisuurnozo modearosanns. AHanoriunicrb MaTeMa-
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THUHOTO OnUcY mpomuecis B opurinadi i Mogeni 1ae sMory saminuTH crIagHi
JOCaiiKeHHS TpoLeciB OAHOro ABHINA TNPOCTiHIHM AOC/iJUKeHHAM iHmIOro.
Tlpu upomy ¢isuyHa mpHpopa Mopeii BifpisHsieThCsl BiA OpHriHany.
Tlpu isnuHOMYy MOZE/IOBaHH] MOLEJb i OpHFiHaJl MalOTh OAHAKOBY (ptauqny
TPHPOAy, aNte PisHi reoMerpHuHi posMipH.

‘To# ¢aKr, 110 esleKTpHUHe NOJIe CTalliOHaPHOTO CTPYMY B cJ1260npoBil-
HOMY CepeflOBHILi € NOTeHUiaJbHHUM, Jaé 3MOrYy BHKOpDHCTATH 1Oro AJIf
" BOC/iZXKeHHs €JIEKTPOCTAaTHYHOrO MOJsS HEPYXOMHX 3apsfiB y BaKyyMi,
/ 3aCTOCYBABIIH METOJ MaTeMaTHYHOIO MOJEJIOBAHHA.

' B poGori K cra6onpoBifHe cepefoBHIE BHKOPHCTAHO B OJHOMY BHIAA-
KY DO3UHH €JeKTPOJiiTy, B IHIIOMY = eJeKTPONPOBIAHHE mHamip.

1. Modenrosanns eaeKkTpocraTuurux noais
3 GUKODUCTARKAM POSHUNY eACKTPOAITY

NMpunazxu i matepiaann: 1) sEuKyBaabuuil Tpanchopmatop 220/6 B a6o

. punpamiag tuny BC-12; 2) Banna 8 AiesekTpuka; 3) Ha6|é> enexTpoaiB pisHol gopmu;

4) BOJBTMETp THOY 3515 (1,5—15 B); 5) peoctar na 20 Om; 6) ranbsanoMerp BiGpauifinuit
! 260 HYJIb-TaJbBAHOMETD. .

Ha puc. 9 HaBeZieHO cXeMy YCTaHOBKH JJIs1 MOJEMIOBAHHS €JEKTPOCTa~
THYHOTO NOJS B PO34MHi eNekTpoaiTy. Ha ani BaHHM (nyHKTHD Ha puc. 9),
BHTOTOB/IEHOT 3 €JEKTPOisoNANifiHOro Marepiany (HaIpHKAAL, [10JiMETHI

MeTaKpHaTy) posmipom mpuEaH3HO (8 X 50 X 50) - 1072 M, posmimyioTh

.r-—-—.—.—-———-———.———
| T |
. [ R Ly A 8y |
~2208§|§ ﬂ = ; :
| 1 A 1] ]
i [l |
AR A &

Pnec. 9

wminiMerpoBuit namip 3 HaHeceHOI0 KOOPAHHATHOIO CITKOWO, KM i30/11010Th
Bilk MonaaaHHsA Ha HbOIO eieKTpoAiTy. MeraneBi enektpoau A i B samy-
" PIOIOTh B €JIEKTPOJIiT Ha KiHIAX KOOPAHHATHOrO noJs BaHHH. Hanpyra mo-
JIa€ThCA Ha €JEKTPOAH Yepe3 SHHXKYBaJbHHA TpaHcdopMartop. ¥ BHMipio-
' BaJbHY 4aCTHHY CXeMHM BXOJSITh TaKOX BOJAbTMeTp V, noteHmiomerp R,
sibpauifinuii rarsBaHOMETp.
PyXoMHM KOHTaKTOM NOTEHIiOMETPa MOXHA BCTaHOBHTH pisHi 3HaueH-
Hsl NOTeHNiaNy BiiHOCHO eniekTpoliB. [lepemilyemo 301 B €e/IeKTPHYHOMY
NOMi JOTH, TIOKM TaJILBAHOMETp NOKae, IIO HOTeHNiaJH B Toukax L i N
ofHakoBi. Koopa#uarn ToykHd L 3HaXOQHMO MO KOOpAMHATHIM ciTui BaHHH.
TIpH He3MiHHOMY MOJIOXKeHHi PYXOMOro KOHTakKTy N mnepeMillyeMo 30HJ
L HaBkoJIO eJIEKTPOXIB i 1IYKaEMO HOBi TOYKH 3 TaKHM CaAMHM MOTEHIIiaIOM.
Biamivaemo KOODIMHATH UHMX TOUOK 3MiHIOIOUM NONOKEHHA KOHTaK-
Ty Ha noTeHuioMeTpi, AicTaHeMO ciM'I0 eKBilOTEHIliaJLHHX NOBEPXOHb AAS
JaHOi MapH eJeKTPOAiB.
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Topadox sukonanns poboru

1. CknacTH eJieKTpHYHE KOJIO 33 CXeMOK DHC. 9 3 uumnnpuqnnmn«
eNeKTPOJaMH.

2. TlocraBuTH 30HA-MYN Ha Bifcrani 2 oM BiJ ofHOro i3 enexTpoxis i ne- -
peMIiCTHTH NOB3YHOK peOoCTaTa B IIOJIOKEHHS, KOJH uYepe3 TralbBaHOMeTD
TpOXOIHTh MiHiMa/bHHH CTPYM. Hepemim;yroqn 30HJ{, BUSHAYHTH PAJ TO-
4YOK, IO BiANOBiZAIOTh NBOMY MOTEHIUiany (iX MOBHHHO OYTH He MEHII SIK-
6—8) KooanHa'm TOYOK 3aHeCTH B TaGumo.

N N @: @3 Pu ‘ Ps
nop.

X, cM | 4 cM x,cM|y,CM X cM |y eM x,cm,y.cm X, cM | y, oM

3. Tlepemicruru 308A Ha 1,5—2 cM B HanpsAMi Apyroro enempona i noB-
TOPHTH BHMiPIOBaHHS, 5K Y II. 2. KoopauHaTH TOUOK 3aHECTH B TaGIHIIO.

‘4. Ha miniMeTpoBoMy nanepi HaHECTH KOOPAMHATHY CITKY | HaKPEC/IHTH
CHCTEMY eKBilOTeHia/bHHX NMOBepXoHb. [To6ynyBaTH CHCTeMy JiHilt Ha-
npyxenocti nons. Ko Hemae BifparifHOro rajanBaHoMeTpa, 3aMmicTh
TpaHchopMaTopa B cXeMy BKJIOYHTH BHUnpamasay tuny BC-12 1 ckopucra-
THCb 3BHYAMHHM HYJIb-rajbBAHOMETPOM 6YIb-AKOrO THITY.

Bina kinuis KoskuoOl JiHiT, o BiAnoBijae neBHill ekBinoTeHuianbHik
noBepxHi Ha rpadiky, sanmHcatH BiAnOBiAHI 3HaueHHs HANpYrH.

5. 3miuuTH eJleKTPOJAH i BHKOHATH BUMipioBaHHS, 3a3HaueHi B NyHK-
Tax 2, 3, 4.

6. IMomicTHTH y BaHHY MiX e/eKTPOAaMH MeTasleBHil IMIIHAp i Aocai-
JIATH TOJIe B HOBHX yMOBaX.

7. TlpoananisyBaTH MOXKJIHBI AyKepesia MOXHGOK.

Koutpoanrui sannranus

1. SIxi OCHOBHi XapaKTEpPHCTHKH €JIeKTPOCTAaTHYHOTO MOJAP? 3B'SA30K MiX HHMH; Ha~
8BiTb 1X OmMHHLI.

2. SIke nosie Ha3uBaeThCA NoTenniaapHUM? ITokasaTH, MO eJeKTPHYHE MOJIe € NOTeH-
Lia/IbHEM.

3. Iokasatu, mo cuaoBi JMinil HanpyxenocTi nepneHAMKYJAfAPHI JO exBinoreHmi-
albHHUX NOBEPXOHD.

I1. Modeatosanns eaeKTpocTaTusnux noaie
8 BUKODUCTARHAM eAeKTPONPOSidH020 nanepy

I'Ipu.nazul i Marepiaanu: 1) mkepena nanpyru tuny BC4-12; 2) naGip

HJ&FHme’l‘ 3 pisnoio xoHdirypanieio el1eKTpoAis; 3) Hy/Ab-rarbBaHOMETP THNY M2031/ 1 a6o
HI'-5

Teoperuuni sidomocri Ta onuc npusadis

TMoTeHnjiaan noad BU3HAYUMO 32 JOMOMOrOIO 30HJa Ha MOBEPXHi eJeKT-
pornpoBizHoro nanepy. 3o0HA siBafi€ co6olo MeTalleBHiT WIyN, KN THYYKHM
NPOBiAHHKOM 3’€[HaHHH 3 rajJbBaHOMETPOM.

or:
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Mogeni 3 eJleKTponpOBi}IHOI‘O nanepy NiAK/IIOYAlOTbCA B e.nex'rpuqne
KOJIO 3a JIOTIOMOTOI0 MeTaJleBHX IIKH, POJIb SIKHX BHKOHYE MiIHHH NPOBIiX-
unk. Kongirypaiis muH sMIHIOETBCS 3aJIEXKHO Bill MOZEJi eJeKTPOCTaTHY-

"~ HOro noJis. CTaI.IIOHapHe €/IEKTPUYHE I10J1€ T10B 'si3aHe 3 lCHYBaHHHM eJIEKT=:

puunoro crpymy. Tomy pisnmuio
1 ) noreHnianaiB Mix 6y1b-TKHMH ABO-
; ‘ Ma TOYKAMH MOXHa BHMipaTH
; 1 7 Ve ranbBaHOMETPOM, SIKHil 33 JOIO-
| MOTOI0 ILyNiB-380HAIB mij’€IHYETh-
- cs 1o TouoK. Ilokasu ranbBaHO-
Merpa 6yyTh IPOMHOPILifHI MyKa-
Hi#l pisHHLi noTeHuiaNis.
{; T } ‘ Orxe, 32 JONOMOIOIO €/1€KTPO-
' v NPOBiHOTrO Nanepy MoxHa HKi¢Ta-
. Pue. 10 TH 7Ninii 0QHAaKOBOTO mOTeHIiany
) (exBinorenuianbui mopepxui). Jli-
Hii HanpyXeHOCTi eJeKTPHUHOrO TNOJs GYAYIOThCA SIK OPTOTOHAMbHI
KPHBi 0 eKCIepHMEHTaJIbHO OJEPKAHUX EKRiNOTEHIia/bHUX MOBEPXOHb.
Cxemy eKCIIePHMeHTANIbHOI YCTaHOBKH HaBeneno Ha puc. 10. Ha cne-
wiaJbHil manesi ] posmileHO GJOK HBJeHHs 2, peoxopA 3 i mianmer 4
i3 aMiHHMMH KOH}irypauniaMu enexTponis 5.

ITopadok sukonanus po6oTu

A.Tlone yrBopeHe OJHUM NPOBiJHHKOM.

1. Cknactu enekTpHuHe KOJIO 3a cxeMow puc. 10.

2. THiniMKHYTH 1O €NeKTPOAIB MJaHIIeT A/ NOGYNOBH NOJS, yTBOpe-
€0r0 OJHUM HECKiHYeHHO JOBIHM IPOBiIHHKOM (puc. 11, ay).

3. TlocraBrTH soHA-ILYN Ha BiacTani 1—2 cM Bix enekTposa i mepemic-
THTH NOB3YHOK peocTaTa B MNOJIOKEHHS, KOJIH 4epe3 raJbBaHOMETP HpO-
XOZHTL CTPYM, WO IOPIBHIOE HYJIO. 1

4. [ynom sHafiTH PAh TOYOK, JJIsl IKHX CTPYM, [ N\
o NIPOXOJUTH Uepes ralbBaHOMETp, JOPiBHIOE HY- oo
Jio. Uepes nii ToukH NMPOBECTH MJIaBHY CYWiNBLHY
'KPHBY. a

5. 36inbpwMTH 32 IOMOMOrOI0 peocTara MoTeHImi- ™~ i
aJa Ha 0,5—1,0 B i nosroputs BuMipioBanHs 1. 4. } !

6. Ilini6patn mniaHmWer a1 TOGYIOBH €K-. _t"‘-L_r_‘:r—‘
pinoreHuianbHux Jinifi (puc. 11, a,) i nosropuTH =
BUMiploBanHs nm. 3, 4, 5 !

7. Tlo6ynysaru Jainii Hanpy:xenocri Ta eksi-
ToTeHIiaNnbHi JiHIT noJA.

B. lone yrBopeHe ABOMa mpo-
BigHHKaMH.

1. TliniMkHyTH DO €JNeKTPOAiB nNJaHIIeT Jjist
106y IOBH [OJIs1, CTBOPHBAHOTO IBOMa HECKiHUEHHO Puc. 11
JOBTMMH NPOBiAHHKaMH (pHC. 11, 6,).

2. Tosroputu Aii n. 3—7 yacTHHH A, ckopHeTaBiuHCh pHE. 11, 61,2.

3. IlpoananisyBaTi MOX/HUBI Jxkepesa NOXHGOK.
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KouwTpodbui sanuTaHnHq

1. ¥ uomy cyTe MeTOLIB QiaHunOrO i MaTeMaTHYHOIO MOJEIOBAHHA?
2, Ipn sikiit yMoBi cTamioHapHe eJeKTPHUHE TIONe MOXKHA BHKODHCTATH ANA ROCTin-

IKEHHS eNIeKTPHYHOTO NOoJs?

I11. Hepesipra Teopemu Ocrpozpadcoxozo — I'aycca

Npunazn i MmaTepiaau: 1) Zxepeso nocTifiHoro crpymy (tuiny BC4-12);
2) naMnoBHil BoJBTMETP; 3) BHCOKOOMHHME moTeHmiomeTp THny P-300; 4) raabBanomerp
tuny HI'-55; 5) meta/neBrit JUCKOBUH e/1eKTpOA; 6) noaeidnuft souxn; 7) e.rlemponpommmﬁ
@ganip.

- Teoperuuni 8idomocti Ta onuc npuaradis

Meroz ¢isHyHOTO MOJEMOBaHHSA 3 BHKODHCTAHHAM €JIeKTPONPOBiAHOro
flanepy 1a€ 3MOTy Ha MOJeJi [I0CKOTO €/IeKTPOCTATHYIHOTO TI0JIsl eKCHepH-
MeHTaJIbHO mepeBipuTH TeopeMy OCTpOrpajichKoro — Iaycca.

Bupenemo poGouy ¢opMyJiy Ha OCHOBI MOJeJli JIOCKOTO eJIeK'rpoc'ramq-
HI0T0 MOJsA, SIKe CTBOPIOETHCA B MicCIli KOHTAaKTy METaJeBOro €JNeKTpoxa 3
€JIeKTPONPOBiJHUM HaHEPOM.

JI/1s JIOCKOro 1oJsl MaTeMaTHYHHU i 3aMHC Teope-
s Octporpaacekoro — aycca:

§ Ehdl = gleg, )
[]

-
e E, — npoekLisa BekTopa HanpyxeHocti £ Ha
HanpfAM HOpMaJi O elleMEeHTa MNJOWMHH; ¢ — 3a-
pPAl eneMeHTa MpOBifHMKA BHCOTOI A (TOBIIMHA
€JIeKTPONpOBiAHOro manepy, pHc. 12, a); dl — ene-
MeHT KOHTypa ! IJIOWHHHU; & — BiZHOCHa JieJieK-
TpHUHA NPOHMKHICTH CcepefoBHINA.

Po3arsisiHeMo MpPOXOKEeHHS eJeKTPHYHOro CTpy-
MY yepe3 KOHTaKT JIBOX LHJiHAPHYHHX TPOBiAHH- Puc. 12
XiB OJHAKOBOTO IMONEPEYHOTO mepepisy, ane 3
pisHMMH NHTOMHMH ONOpaMH p; i P, (TaKHA KOHTAKT iCHye NpH AOTHKY
MeTaJIeBOro HHJiHAPHYHOIO €JIEKTPOAa IO eJIEKTPONpPOBiHOrO mnanepy).

- -
Ha ocHoBi 3akony Oma (j = E/p) 3 BpaxyBaHHSIM HenepepBHOCTI JiHif ryc-
THHH CTPYMY B MicLii JOTHKY JBOX NPOBiIHHKIB JicTaEMO cHiBBiJHOLIEHHSA

Ey/E, = pylp;.

CrpuboK HaNpyKeHOCTi eJeKTPHYHOro MOJIA Ha NMOBEepXHi BifOKpeMJeHHA
JABOX NPOBiJHUKIB

AE = E,—E; = E, (ps/p; — ).
IloBepxHeBa T'yCTHHA 3apfiiB G Ha NMOBEepXHi BiJOKpeMIeHHS
6 = egAE = ee,pyj (0,/p1 — 1)

¥ BHNaAKy KOHTAKTY MeTajy 3 eIeKTPONPOBiIHMM NanepoM MHTOMHI omip
smerany p; & pg i OCTaHHilNl BHpa3 salHILETLCA AK

O = EEy0,].
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CrauionapHuil 3apsia, AKHH CTBOPIOE TOJIe, BU3HAUATHCA (POPMYJION0
g == eegpl.
HincraBumo neii Bupas y gopmyay (1):

§ E hdl = p,l. @)

CnispigHowenHns (2) — ne 3amHc Teopemu Octporpancbkoro — Iaycca
J15 TIOCKOTO eJeKTpuyHOoro nodsi. CIpocTHMO Hedf BHpas JJis BHNAZKY
eJIeKTPUYHOTO HONSA, fKe
CTBOPIOETHCS MiZHUM
KiJIbLIEBHM eJIeKTPOJOM i
€JIeKTPONPOBiAHKM Harmne-
pom (pHc. 12, 6).

Onip enexktponposia-
HOro namnepy BH3HA4aeTh-
ca 3a ¢opMyJIo0

R = pudtls.

Puc. 13
3 ypaxyBaHHSIM pO3MillleHHS NiABITHHX eJeKTPOXLIiB MaTHMEMO:

R=p, S dr(2nrh = (p,/2nh) In (ry/ry). |

3siacu p, = 2aAR/In (ry/t,). TigcraBumo ueit BHpas B (2) i Bpaxyemo
3B’$130K MIX HanpyxeHicTio i notenuiajaom:

§ (U, hid) di = 2rhIRNn (rylry) = 25KV In (ryfry), 3y
; .

Jie d — BiAcTaHb MiX TOYKaMH, B SIKHX BHMIpIOEThCA Pi3HHUS MOTEHIia-

aig U,; ry i r, — pagiycy UeHTPaNbHOIO i KinbueBoro ejektpogis; U —

Hampyra Mix OHMH ejlekKTpoZamH. Po3i6’eMo samkHeHu# KoHTyp [ Ha m
" BipiskiB noBxkHHOW0O Al xoxkuu#i. Toai i3 (3) Maemo:

m
(11d) 3, Up ALy = 2aU/1n (ry/ry), @)

Ze U, — pisHuus noreHuiasiB Mixk ABOMa TOYKAaMH Ha CepelHHi Bixpiska
Al, B HampsiMi HOpMaJi JO IBOrO eNeMeHTa KpHBOi; d — BiACTaHb MiX
KOHTAKTaMH eJeKTPOoAiB mnozisiftHoro sonja. Po6oua ¢opmyna (4) crpoc-
THTBCS, AKIO KOHTYD, IO SKOMY INPOBOASTLCSH BHMipIOBaHHS, B3SITH Y
BHTJIAAA] cniBBiCHOrO 3 eJieKTPOAOM KoJia (pHc. 12, 6) paxiyca r i po36urh
#ioro Ha m piBHuX vyactun Al. Toni

r (Uayd = Ulln (rylry), NG

ae <U,> — cepenne snavenna U, y Bciit o6nacti BHMipioBaHb; r — pagiyc
KOHTYpa. )

Ha puc. 13 HaBeneHO npHHIMIIaNbHY CXEMY YCTaHOBKH.

Hanpyra o eslekTponpoBiHoro nanepy nofaeThcs yepe3 LEHTPaNbHHN
IVCKOBHH enekTpoj I i kinbueBHi 2, skult CKNagaeThCs 3 JBOX MiBKijeUb
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3 HeBeJUKHUM JIPOMiKKOM Mix HUMH. Hanpyra- BUMipIOETECS JIaMIOBHM

BOJILTMETPOM. ‘ ' '
BuwmiproBanHs pisuuui norennianis U, mix asoma cyciaHiMu Toukamu

3IiACHIOETBCS 3a JONMOMOTOK0 MOABIKHOrO goHa 8 i mpuiaxy P-300 {4].

Ilopadok sukonanns poboru

1. CraacTH enekTpHUHE KOJO 32 cXeMoio puc. 13.

2. 3o6pa3uTi HaA MOBEPXHi eJIEKTPONPOBIAHOTO Nanepy 3aMKHEHH i KOH-
Typ y dopmi KoJia, Aku# iMmiTye 6iuHy NOBepXHIO UHAIHAPA.

3. Tlopatu nanpyry 3 B Ha KiJabueBHil i AUCKOBHI eIEKTPOIAH.

4. Bumipsartu pisuHiio noreHuianis U, B Hanpsami, NepneHAHKYISPHO-
My JO ejleMeHTa KOHTYypa, He MeHm K 5—10 pa3 no BchOMY KOHTYPY i
B3ATH cepelHE 3HaUeHHA. ' -

5. Tlepesipuru piBHicTb (5) Teopemu Octporpancekoro — Iaycca.

6. IIpoananisyBaTH MOXKJIHBI JKepesa MOXUGOK.

Koutpoapui sanuranus

1. flx dopmymoersbcs TeopemMa Ocrporpaicskoro — laycca? .

2. ¥ yomy oco6muBocTi eKcrepHMeHTa bHOI nepeBipku TeopeMn OcTpOrpagcbKoro —
Taycca metonom dbisHYHOrO MOAETIOBAHHS 3 BHKOPHCTAHHAM €JeKTPONPOBIRHOrO mamepy?

3. SIx ¢popmymoThca Hacniaku 3 Teopemu OcTporpaackkoro — [aycea? ‘

3. BuzHaveHnns pisnuui norenuianis
aGconwTHUM MeToaoM [14]

Illpunaau i matepiann: 1) IKkepeno BHcokoi Hanpyrd Ha 300 B tany
BVII; 2) a6eomotHR#t enektpomerp; 3) BonbT™eTp D515 na 75—600 B; 4) na6ip naacruu
i3 pisuux nienekrpukis; 5) Bumukau i KHOMKa.

Teoperuuni sidomocri Ta onuc npusradis

~ Jlna BuMipioBaHHA noreHuiany aGo pisHMili MOTeHLiaNiB 3apsiKeHOro
NPOBiZHMKA MOXKHA BHKOPHCTATH eJeKTpoMeTp ab0o eJeKTPOCTaTHUHHH
BOJNBTMETp, HOMEpefHLO HOro nporpanywooBaBiK. [pagyioBaHHS MOMEHA
BHKOHATH 3a JOMNOMOTOI0 ABCOMOMHKOZ0 eneKmpomempa, SKui ABJse co6oio
NpUJIal, 1O CAYXKHUTb M1 abCOMIOTHHX BUMIpIOBaHb pisHMI noreHuianis
ULISXOM eKCIIepHMEeHTabHOTO BH3HAYEHHS CHJIM NMPHUTATaHHA MiX NJIacTH-
HaMH 3aps/2KEHOr0 IJIOCKOTO KoHfAeHcartopa. [Inockuit KonneHcaTop, AKui
BHKODHCTOBYETLCS B AaHill poGoTi, ABise cof0l0 CHCTEMY KBOX METajleBHX
IVIACTHH 3 MOBITPSAHUM NpOMiKKOM Mix HEMH. s Toro wo6 nojie mix
IIaCTHHAMH 6YJIO OXHOPiZHHM i He 3a/1€3KaJ0 Bill BINTHBY 30BHIIUHIX elleK-
TPHUHHX MOJiB, poGJATh Tak. BepXHIO NIAaCTHHY OTOYYIOTb OXOPOHHHM
KiNbIEM, 30BHIIIHil piaMerp AKOro AOPiBHIOE AiaMeTPy HMIKHLOI IVIaCTH-
HHU; HHXKHIO IVIaCTHHY NOMiIAloTh Ha i30JI0l0uHX MifcTaBKax B MeraJe-
BUHl eKpaH IMAiHAPHYHOT HOpMH. MiXK BEpXHBOIO IVIACTHHOIO | OXOPOHHHM
KiJABUEM 3a/HIIAIOTh HEBEIHKHH MPOMiXKOK,. ¥ TaKOMY IIOCKOMY HOBIiTpS-
HOMY KOHJEHCaTOpi «KpaioBHMH edeKTaMH» MOXHA SHeXTYBaTH IIpH miapa-
XYHKY eMHOCTi koHaeHcaTopa. KpiM Toro, miacTMHU KOHIeHcaTOpa po3mi-
WYIOTh Ha BifcraHi d, AKa HaGarato MeHIa 3a AiaMeTp IVIaCTHH.
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Tlo3nauumo -yepe3 S niomy MJIACTHHH, ¢ — 3apsan njactuH, Toxi em-
- HiCTb TIOBITPSIHOTO KOHAEHCATOpa
C= BSOS/d,

Iie €y — eJieKTpHuHa cTana cucreMH Cl; & — BifHOCHA AieJIeKTpHUHA NPO-

HuKHicTb. CHJia B3aeMOZii MiXk mJIaCTHHAMH [LJIOCKOTO KOHJEHCATopa

F = g, U?S/24d?%, aBigku

' U= dV 2F/e,S = d}V 2mgje,S. 7 1)

SIK1Io npocTip MiX NacTHHaMM KOHJEHcatopa 3alOBHEHO JieJIeKTPHKOM,
TO BigHOCHA Hie/leKTPHYHA NPOHHKHICTL BH3HAYAEThCA 3a (POPMYJIOI0

e = 2Fd?*/e U2S. (2)

Cxemy aGcoJIOTHOrO eeKTpOMeTpa 3o0paxeHo Ha puc. 14. Tonosxowo
YACTHHOIO € KOHIEHCaTop, AKHH ckJagaerbes 3 mactvH A i B. Huxus

. ——— s o Bt St Bt ot S

N s
O,

=y o S ot et o) Bt B i ot by

i

Puc. 14

[V1acTHHA BHTOTOBJIEHa 3 Mili, BepXHA — 3 aymoMiHilo. BepxHa naactaHa
B 3 oxoponnuM Kinbuem M sazemmoeThbesl. Huxusa niacrana A nepeGysae
BCepelMHI MeTaleBOro LMJAiHApa, SKHH Tex sasemuioerbcd. 1o HHXHBOI
IJIaCTHHH NiIMHKAEThCA TNpPOBiJHHK, 3’€HaHHN 3 eJeKTPOCTATHUHHM
MonbrMerpom abo enekrpoMerpom. Illo6 muck B He TopkaBcs Aucka A,
Ha OCTaHHBOMY _BCTAHOBJIEHO (pTOPOMJIACTOBi O6MEXKYBaui TOBLIMHOIO 5 X

x 1073 m. Hiamerp muxnbOro mucka 0,1 m, sBepxusoro 0,06 M. Ilo6 xopo-
MHCJIO He BiAXUJIAJOCA NIPH NepeBaHTaXKeH ] JiB0T MaJbKH, Ha HbOMY 3MOH-
ToBaHO KOHTakT K. KpiMm Toro, mpHu niamimMaHHi Kopomucsia Bropy KOH-
TaKT 3aMHKA€ETBCH i 3arOPA€TECA CHrHAJIbHA JIaMNouKa JI Bili KHIIEHbKOBOTO
sixrapuka. CreuiaJbHHM TBHHTOM PeryJiloloTh BiJIbHHA Xii KOpoMHcJ/a
TepesiB.

AGcomoTHHi eNleKTpPOMETp BHKOHaHMiI Ha 6asi Tepesis AJIB-200.

Ilopsdok euxonanns pobomu

I. Busnauumu pisnuyio nomenyianie abCoomHum memooom.

1. CkaacTH Koso 3a cxeMmoto pHc. 14. )

2. 3piBHOBaXKMTH TepesH y BiacyTHocTi mosis. Bary rupok P, saHecTH
10 Tabaui.

3. HaBaHTtaxHTH J2iBY IIaJbKy Tepe3iB rupkamu 10—15 mr i BBiMKRY-
TH JXKepeJlo HalpyrH.

4, IlporpiBmm BUNpAMAAY, MIABHO MiiBHIMHTH Hanpyry. Hampyry
36iApIDyBaTH JOTH, NMOKH He 3arOPHThECA CHTHAJIbHA J1aMIlouka, Wo ¢ikcye

32

MOMEHT 3aMMKaHAs KOHTaKTIB. 3amMcaTH NMOKasH BONbTMeTpa: MOMeHT 3a-
MHKaHHA KOHTAKTiB BiANMOBifa€ piBHOCTi CHJM NpPHTATAHHA TJaCTHHKH
i Bard Baxkis. 3MEHIUNTH HaNpPYTy A0 HYJsA. BHMipioBanHs BHKOHATH He
MeHWwe 5 pasiB. InA pospaxyHKiB BSSTH cepeaHi SHaueHHs. o

5. 3HOoBY 36inbIMTH HaBaHTaxXeHHs Tepe3iB Ha 10—15 Mr i moBropuTH
BUMipIOBaHHS. :

6. 3a ¢popmyiowo (1) obuncanTH pisHAIIO NOTEHNiaNIB. -

7. Tlopisusta 1o6yTi snauenns Uugs 3 NOKa3aMH BOJIBTMETPA Ta PO3pa-
XyBaTH MOXHOKY. :

Kontpoasui sanurtaiun

1. fIx MoxHa BAMipATH pisHHLIO MOTeHiadiB eJeKTpOMeTPOM? :
2. Y uomy nomsrae cyTb BHMipIOBAaHHS NOTeHIiaqy MeTOJaMH €JeKTPHYHOIO i Kpa.
MeaLHOTO $OHAIB? )
™ 3. YoMy HampyxenicTe Bcepeauni konieHcaTopa Bisoe Glibuia sa Hanpyxewicrs,
AK3 CTBOPIOETHCH KOXHOIO IVIaCTHHOIOP :

4. Busnauenns emHocTi KoHAeHcaTopis
: [8—14, 17, 3aBoaceki iHCTpyKuii]

Konzencarop — ne cHcrema, IO CKIafaeTbCs 3 ABOX Pi3HOMMEHHO 3a-
PAAKEHMX NPOBiHHKiB, 6/H3bKO PO3MillleHHX OQMH BiX ogHoro. Ipyruii
NpOBiAHUK 36ira€ThCs 8 OJHI€I0 3 €KBiNOTeHNiaIbHHX NOBEPXOHb N10JIA Tep-
mworo. YxceJbHO SapsAH TAKHX NPOBiIHHKIB JOPIiBHIOIOTbH OJUH OAHOMY,
ane 3nakM ix mpotHnexdi. Cami NpOBiRHHKH MasHBAIOThCA OOCKMARKAMU
KonneHcaropa. Toli B saraJpHOMY BHNanKy pisHHus noTeHuianiB Mix
NPOBiAHHKaMH

1 — @, = q/C,
Ie g — sapsin oaniei 3 o6KAQNOK, C — eMHiCTD.

Axwo oxHy i3 OGKJIAZIOK BiafansaTH y HecKiHgeHHIeTh, TO pisHMUA NO-
TeHuiaNiB 3pocTaTHMe, a BSAEMHA EMHICTb SMeHIIYBaTHMEThCHA i MPAMYBa- |
THMe J0 €MHOCTi BioKpeM/eHoro npoBiauuka. Jna Blrokpemnenux aGo
CHMETPHYHO POSTAIIOBAHMX NPOBiJHHKIB NPABHABLHOI reOMeTPHYHOT GopMHU
B OZHODiRHOMY cepeloBHILi eJeKTPOeMHieTh MOXKHA OGUHCAHTH 84 iX reo-
MEeTPHYHHMH pO3MipaMH,

.. Hasa sigokpemnenoi kyJai paniyca R emHic1b BM3Haya€Tbes Gopmyiioo

C = 4nee,R,
g chepUyHOro KOHNeHcaTopa 8 BHYTpimHBOIO chepoio paaiycom R,
i soBHimMHLOIO — pamiycoM R,:
C == 4mee,R Ry/(Ry — Ry),
IS LUHJTiHAPHYHOTO KOHJeHcaTropa BHCO1010 [;
C = 2sneeyl/In (R4/Ry)

(MOX/IMBMMH CTOTBOPEHHAMH NoJst No6nu3y KpalB KOHACHCATOPA He-
XTYEeMO)., :
€MHICTP KOHIEHCATOpiB 37e6iMbIOro PH3HAYAETHCA €KCIePHMEeHTaNbs
HO. [0 OCHOBHHX €KCHEPHMEHTAJbHHX MeTOAiB BUMipIOBaHHA MOXHa Bij-
HecTH TaKii MeTOX TOPIBHAHHSA; MICTKOBHH MeTOH; Pe30HAHCHHH Merox.
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I Bu‘éii?iqiuﬁk emnoérixxo‘ﬂdéncaropa MeTodom noplenanns

‘Mpuanafu | vMarepiamu: 1)  BaicTrunmi raanaHOMe'rp, HalpHUKIan,
'rlmy I'3B-47; 2) punpsamasy tany BYTI; 3) BOJIbTMETp MarliTOeNeKTPUIHOI CUCTEMH 3 Me-
xeto BuMiproBanus 7o 150 B; 4) xonzencarop 3 Bizomoko emuictio C = 0,5 mx®; 5) Habip
KOHZIEHcaTOplB 3 HeBmOMHMM emuoctsamu 0,025—0,5 Mx®; 6) Apa nepeMHKam

Teoperuuni 3zé‘omocm Ta onuc npusradis

Bukopucraemo Merton  nopiBHsHHS HeBizomol enexrpoemuocti C 8
BiJIOMOIO €/IEKTPOEMHICTIO eTaJJOHHOTO KoHaeHcaTopa C,. s BU3HAUEHHSA
3apafy | e/neKTPoeMHOCTI BHKODPHCTOBYeThCH - 6asliCTHYHMI :rajbBaHO-
MeTp.

Banicmuanum 20168AHOMEMPOM. HA3UBAETBCS ranbBaHOMETD, NPH3HA-
YeHHH AJIs1 BUMIPIOBaHHS HEBETHKOI KIIBKOCTi €EKTPHKH, 11O NPOXOAHTH

Yepes pamKy MpPOTATOM KOPOTKOro HPOMiKKY dacy (Mauuif HOplBHHHO 3

nepiofoM BJACHUX KOJUBAHL DAaMKH).

ITpu poGoti 3 GaJicTHYHMM raJbEBAHOMETPOM cnomeplra}om He NPocTO
BiIXHJ/eHHS pyxoMoi paMKH, fIK Y 3BHYalHOMY raJbBaHOMETpi HPH NPOXO-
 JIKeHHi NOCTiMHOTO CTPYMY, 4 BUMIPIOIOTh MaKCHMaJIbHe BifXHJIeHHS PaMKH

, nig aiero MuTTEBOTO iMNysbCY cTpymy. s 3abe3neyeHHs nponopuiiiHocTi
Mi¥ MakcHMaJbHUM BiIXHJIEHHAM paMK# | KiNbKicTIO esteKTPHKHM NOTPi6HO,

/o6 iMOoyabc CTPyMy 3akiHuMBCH paHiire, HiXX paMmka ralbBaHOMeTpa

| BIZXMJHUTBCA Bil NMOJIOKEHHs pPiBHOBArM Ha MOMITHUH KyT. 3 HBOIO BH-
| IIMBae, 10 AN TAKUX BUMiDIOBaHb MOXKHA 3aCTOCYBaTH OyIb-sAKHI rajb-
' BaHOMeTp MaraiToeseKTpHuHO! cucTeMH. Asle NPAKTHUHO iMOYJABC CTPYMY
, He 6yBae HacTiIbKH KOPOTKHUM, 1106 paMKa 3BHYAHHOrO rajlbBaHOMETpA He
| BCTHTJIA BiIXHJHTHCH, TTOKH B KOJi icHYe ¢rpyM. BHachigoxk nworo nis
| BAMipIOBAHHA KOPOTKOYacCHHX CTPYMiB Tpeba IITY4HO 36i1biIyBaTH Nepiof
| KoMuBaHb paMkH. [l HBOro B JefKHX BHIAJKAX HA PYXOMY YacTHHY
 SBHYA{HOIO rabBaHOMETPA MPHKPiIIIOEThCs crenianbHull TATAPEND Y BH-
TAAni MeraneBoro JQMCKa YM JBOX CTEPXKHIB (MM 361/BLIYETHCH MOMEHT
iHepuil pamxH).
ITopan 8 uum ICHYIOTH TaJ1bBAHOMETPH, npusﬂaqeﬂl JIH e zwm GaJgic-
'mqﬂnx BUMipIoBaHb. KOpOTKOUACHH CTPYM, TPHBANICTh SKOTO T 3HAUHO
€HIlla, Hixk nepion xonusanpb T, He BCTHTae MOMITHO 3MiHHTH iHEpTHY
yxomy cucreMy. Takuit xapakTep Aii mpHBOAHTE A0 3aTyXawouux afo ane-
. plojiMyHMX KONMBaHDb CHCTEMH, AKI ONUCYIOThCS AH(eperianbHUM PiBHSH-
HsM, NOXIOHUM 10 pIBHSHHA AJs 8BHHAHHOrO rajbBaHOMeTpa:

d .
J 28 + 5% 4 Dy = BSnl, (1)

je J — moment iepnii PaMKH; | = ®Y/R ~— Koedinient onopy, symonJe-
HHl TanbMyBaHHsM IHAYKUIAHEME cTpyMamu B pamui; D — Monymb kpy-
TiHHA HUTKH; . — YHCIIO BHTKIB paMKH; R — noBnufi onip Koaa (omip
pPaMKH rajanBaHoMerpa i onip 30BHIILIHEOrO KoOJIa).

Ockineky MoMeHT {Hepuil paMku BenMknit | BoHa He BcTHMrae sa 4ac v
BHHATH 3 nOJIOXKeHHs pIBHOBArH, 3HeXTyBaBIUM B Jinift wacruni (1) Apyrum
i rperim nmomaHKaMu, 3HaiifeMmo: ‘

722 — BSnl.

Ipoinrerpyemo neft Bupas:
. ‘
J 22 — BSn { 1dt = BSng, @)

J€ g -~ TOBHA KiJbKiCTh elleKTPUKH, 5Ka NPOHIIA yepes raanaHOMeTp
Iignecemo (2) no KBagpara:

d 2
2 (——d‘f) = B:Sng2, 3)
CKOpHCTaGMOCb 3aKOHOM 36epexeHHs i nepeTBopeHHﬂ edeprii i sa-

CTOCYEMO HOro aJs Bnnam{y PYXY paMKHu:

W= (-%TL) i W, = Domax/2,

TYT QPmax — MaKCHMaNbHHE KyT NOBOpOTY paMkH. Ockinvku W, = W,

TOGTO 06epTaHHA paMKH MPOJOBXKYBAaTHMEThCA NOTH, NOKH BCH KiHETHYHA
eHepria Wy, HaGyTa Helo, He Iepeiifie B NOTEHUiaNbHY enepriio W, 3a-
KpyuyeHOI HHTKH IiABicy, TO .

d 2
I (G) = Do (4)
Tlopinusmu (3) Ha (4), zicrdnemo:
J = B2S2120%/ Diplex. (5)

3anumeMo BHpa3 AJMA BH3HAYEHHsi Nepiofy BIbHHX KOJIMBAaHD PaMKH:
Ty =2a/}Y DIJ, sBinku

J = TD/4n3, (6)

Ipupisusapum (5) i (6), MaTHMeMoO:
g = (ToDInBSN) (max/2). )
Beegemo nosnauenns ToD/2nBSn = A, Toxi (7) nepenuiuerscs Tak:
QPmax = 'q/A- (8)

Benuynna A Ha3UBaeThCHA OasicmuyHoio cmanoio zarvéaromempa. ba-
AicmuyMa cmaaa BU3HAYAE KiMBbKIiCTh eJeKTPHKH, s1Ka, MPOHUIOBILM Yepes
pyXOMy paMKy, CIPHUHHHUTH ii NOBOpPOT Ha KyT 1 pan.

Orxe, i3 (8) BUN/HBaE, WO MAKCUMAJBHHE KYT BilXHJIeHHSA pyxomo'i
paMKH GamicTHuHOrO rajbBaBOMETpa nponopuifiHuii sapsAny, SIKHH Opoi-
1IOB Yepes Hei.

Sk mpaBU/IO, KYT MOBOPOTY @ pPaMKH rafbBaHOMETpPa BiAPaXOBYETHCA
no ninikHik wkani. Tomy, mosHaunBwM yepe3z N uMc/I0O NMORJIJIOK IIKAJH,

| — Bigcranb Bij A3epKaja raibBaHOMeTpPa A0 MIKaJM i BpaxyBaBILH, 11O

NpH BiAXMJIeHHI A3epKaia Ha KyT ¢ «3aliUHK» BiAXHJIAETbCS HAa KYT 2¢,
3aNHIIEMO:

Qmax = N/2L.

"Tenep 3 (8) aicranemo:

q = AN/2L. | 9
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Ba dopmynoro (9) MOMHA BH3HAUMTH KlJIbKiCTb ENeKTPUKH, ARG 31110-
Ma Gamicrruna crana A.
, Banictiuny craly NpakTHYHO BH3HAYAlOTh NPH pospmm(enm KOHJIeH-
catopa 8 BiflomMolo eMHicTiO C,, 3apsIXKEHOTO A0 NeBHOT pisHuLi noTeHnianis
U. 3uavenun U BUNIPIOIOTE BOJIETMETPOM BHCOKoro K/acy tounoctl. Toxi
3apA] Ha KOHAeHCaTopi MOXKHA BU3HAUUTH TOUHO:

q = Ceuv

A= CU2IN. (10)

[Mizxmovaroun Tenep B cxeMy 3amicts C, HeBi-
IOMY €MHiCTh, MOXHa BusHauuTH C, 3a (OpMyJoI0

i, oTxe, GanmicTHuma crana

) E€mHicTh HeBizoMOro KoHzesncatropa C, MOXHa

" TaKOX BH3HAUWTH LIJIIXOM NOPIiBHAHHA 3 KOHJeH-
caropoM C, NpH yMOBi, 0 OOHZBA KOHAEHCATODH
‘1o qepai‘ MiAKJIOYAIOTh B CXeMY | 3apslkaioTh
o riei camoi pisHuLi noTeHuianiB U.
Cnpasgi, ockinpku U == const, Maemo:

Ce=q,/U; Ce= qe/U C,ICe = 4,14,
8 (6) i (7) BunnuBae: |
Ge = AQe; Gy = Ag,; 9.9, = Pl Pe = NN,
Otxe, OCTATOUHO

Cy = Ce (NLIN). (12)

CxeMy BMUKaHH s IPUJAAiB IIpH BUKOHaHHI poBOTH NoKasaHo Ha pHc. 15.
[NapanenbHOo rasbBaHOMETPY OifiMKHEHO nepeMHKay [1,, TPU3HAYCHUH AJIs
3aCIOKOEHHS PaMKH rajbBaHOMeTpa mif 4ac ii pyxy. B Touku M—L niz-
KJIOY2IOTBCA KOHJIEHCATOPH 3 BiJlOMOIO Ta HeBiOMOIO eMHOCTAMHU, [lepemu-
Kay I, Tpu3HayeHO IS BapsJ:KeHHS KOHJeHCarTopis (Mon0xKeHHA «I>»)
i pnst pospsamkeHHs iX (MOJOXKEHHA «2).

ITopadok suxonanns poboru

J. Busnauumu emnicmb konOencamopa 3 meepOum OleseKmpuKom,

1. CrJniacTH e/leKTpHYHE KOJIO 38 CXEMOIO pHC. 15, miAK/IIOUHUTH €Ta/IoH-
HHU# KoHZeHcaTop C, (mepeMukay [I; B MOJIOXKeHHi «I») 3a ponomororo pyu-
KM Pery/ifATopa BCTAHOBHTU HANPYTY Umsx Ha €TANOHHOMY KOHAeHcaTopi
(zo 100 B), 106 «3aiiunk» ranbBaHOMETPA 3MilLyBaBCs Ha BCIO IIKAAY.

2. Tlepemnkau II; mepeBecTH B IOJIOXKeHHs «2» i spo6HMTH BifJiK mo
mKajdi AAd Neplioro KOJMBaHHA. 3acHOKOITH paMKy nepemukayem Il,.
TIpopo6uri wo onepanio Kijibka pa3iB (He MeHule n’sATH). BusHauuTH ce-
penHe 3HayeHHs uucaa N. Ilincrautu B (10) i BUsHauHTH GaTiICTHYHY CTa-
ay A rajibBaHOMeTpa.

3. 3miHooun Hanpyry Bix 0 10 Umax 9epe3 nesHi imteppan i Bipnivy-
- 104H BiAXHJeHHs N «3alluMKa» Ipu pospsaxkeHHi KonaeHcaropa C,, nporpa-
JlyIOBAaTH raJIbR1HOMETD 3a BENHUHHOI 3apsRY ¢ (N). 3apsan BH3HAYHTH 32

q)opmynom 9.
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C, = BN/2Ul = (BIU) N/2l). - (11)’

4. TloGynyBat ‘Ha OCHOBi ZOGYTHX HaHHX poBountt rpadik g == f (N).

5. YBiMKHYTH samicTh C, KOHIeHcaTopd HeBiomoi emuocti Cy i C,.
3apsiAuTH KOHJEHCATOPK 1O PisHHLI noTeHuiasliB Uy < Umax: Bukonatn
_BHMIDIOBaHH#, SIK B 1. 2. 3MIHATH PISHHIO NOTEHILialliB U, i npopoGurs
Te came. PesysibTaTi satecTd 10 Tabnuui.

6. BusHauutd 3a poGouny rpadikoM g = f (N) sapsza Kom(encaropin,
a 3a opmy.ramu (11) abo (12) ixHio eMHicTD. eMHOCTl J/151 HeBiAOMOro KOH-
JleHcaTopa, o6unceHi npy pisHux Hanpyrax U; i U,, MaiorTh 6yTH GIH3bKH-
MH 33 abGCOMOTHUMH 3HaueHHAMH. B3siTH cepeaHe sHaueHHS OJ1d KOKHOTO
KOHJIeHcaTopa.

7. PospaxyBatu noxu6xy BUMiplOBaHHS eMHOCTi

11. Busnawumu emuicme 060x KoHOencamop 8 npu NocaiO08HOMY { na-
pareabHoMy 3’ €OHAHHAX.

1. 3’ennaTu kongpeHcatopu C; i C, couaTky noc/aigoBHO, a noTiM napa-
JIeNIBHO i BUMIPATH X €MHICTh, fK 3a3HaUeHO B nm. 5, 6. .

2. TlopiBHATH, eKcnepuMeHTaAbHi pe3yabTaTH 3 OGUHCICHHMH 3a Qop-
MyJIaMH.

3. OuiHHTH TMOXHOKM BHMipIOBaHb,

KotnTpoabnl sanuranusn

1. Moscuits Gyfosy i nmpunnun afi Ganictuunoro ranvBasoMerpa. Yum siapisns-
€rnest 6ajicTHUHHE raJbBaHOMETP BiX 3BHYaHHOro?

2. Ulo nasysaioth enekTpoemuicTio?r Oxunuul BumipioBaHHA eneKTpoeMHoCTi.

3. Hapucyiire cxeMy, 8a skol0, BAKOPHCTOBYIOUH GalicTHUHHI FanbBaHOMETP, MOM-
Ha BAIﬁCHHTH BHMIpIOBaHHﬁ 3MiH Mal‘HlTHHX MOTOKIB.

11 Buanauenm: EMHOCTI KOHAeHCATOpa MeTodom MmicTKA
8MIKHOEO CTD yMy 70 pesONaHCHUM merodom

ITpunagn 1 marepianum 1) yuisepcaspruit micr E1—2 (YM-3) alo
-PB56; 2) mict E1—12 ai1a BuMiproBanHA eMuocti Ta IHAyKTHBHOCTEH; 3) Ha6ip emuoctefi
50—1000 n® ra sixg 100 nk® xo 10 mxd.

Teoperuuni sidomocri ra onuc npusradis

IInpokoro mpakTHYHOIO 3aCTOCYBaHHA HaGy/JH MICTKOBiI MeTOAH BHMi-
pioBaHHs eMHOcTi. BOHH MaloTh psif nepeBar Haj iHIMMH MeTojaMH, Ha-
TIpHKJaa: 3a6e3neyyloTh BUCOKY TOUHICTb BHMIpDIOBaHHA; JAlOTh SMOTY 3a
JOTIOMOTOIO JIHILLIE OAHOTO eTaJOHHOrO KOHJEHCATOpa BHMipIoBaTH eMHOCTi,
AKi 32 CBOIMHM BeJMUYHHAMU BlllplBI{mOTbCﬂ Ha OJMH-IBA MOPSIIKY, Ta iH.
JI1s nifBHINEHHS TOYHOCTiI BHMipIOBaHHS i OfepKaHHA HaliHHUX pesy/b-
TaTiB Tpeba f06pe eKpaHyBaTH Bei poGoui feTasl YCTAHOBKH.

3pyuHHM A/17 BUMipIOBaHHS € MeTOJ 3DiBHOBAaXKEHOIO MicTKa, NPHHUM~-
miafibHY cXeMy SIKOTO HaBeJeHO Ha pHuc. 16.

Ho Toyok ‘A i B migBogutbes Hanpyra uacrotor 100—1000 Tu. ¥V
BiTkax AC i AD BHHHKAIOTh BiANnoBigHO crpymut Iy 1 1. Ry, Ry, Ry, Ry —
OIOpH, fKi MOXKHa MiNibpatH TaK, wo6 y itui CD crpymy He Gynao. B
Jiarosanb mictka CD BRJIOYEHO iHAHKATOD HYJIS SMIHHOTO CTPYMY.

Toni cnanu HanpyrH Mix Toukami A, C i Toukamu A, D 6yAyTh OfHa-
KOBHMH fIK 21 BeJHYHHOIO, TaK i 3a cpaaoxo. Ilpu uux ymoBax y Bitkax AC
i CB npoxczurume ctpym /;, a y Bitkax AD i DB — ctpym I,. Onopn
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R:, Ry, R,, Ry MoxyTh 6yTH akTHBHI, peakTHBHI (emHicHi a6o ingyrTHBHI)
-4l gRommiekcHi. Onus i3 onopis HeBiZoMH . MOKHa NTOKa3aTH, 1O YMOBaMH
" piBHOBar# MicTKa € piBHicTh Mix c06010 HOGYTKiB MOBHHX OMOpiB i CymM

}a30BUX KYTiB MixK CTPYMOM i Hanpyrowmo MPOTHJIEKHUX NJIeyeld MicTKa,

- Puc. 17 Puc. 18

R R2 = Rley : (1)
P+ P2 =91+ 5 B @)

Ae ¢ — 3cyB a3 mix CTPYMOM i Hampyroi.

YumoBu piBHOBArH /18 MiCTKa 3MiHHOTO CTPYMY, SIK BHIHO, CKJI2L2I0ThCH
8 1Box pieHocteid: (1) i (2) (ma BiaMiny BiA MicTKa mocTiliHOTO cTpyMmy).
Ile mnofcHIOEThCA THM, IO HANpyrH Ha

HOCTi BHGOPY CXeMH MicTKa.
Ha puc. 17 i 18 naBesieHO THNOBI cxeMu MICTKiB AiJisi BEMipIOBaHHS €M-
HOCTi.
B nniede R, MicTKa BKJ/IIOYaoTh HeBigomy eMHicTh C, (pHc. 17). MicTok
. 8piBHOBaXKYETbCH 3a HONMOMOrO0 3MiHH €TaJiOHHOro omopy i emuocti C;
* IoTH, TIOKH y BiTui CD He craHe crpymy. PisHicTb morennianis touok CiD
. MOXHZ 3adiKcyBaTH BiOpaliflHUM ranbBaHOMETPOM, TeJe(OHOM, JTAMIOBHM
- BOJILTMETPOM TOLLO.
Is (1) i (2) 3HaxoauMo poGouy dopmyay

C, = CiRy/R;. @)

Ha puc. 18 naneneno cxemy micrka CoTi, 0coGMUBICTIO fIKOI € 3aCTOCY-
BaHHSA peoxopia R,R, i cranoi eMHocti (eranonHuit kouueHcarop Cg).

Jlna BUMipIOBaHHA Ma/JHX €MHOCTEH 3aCTOCOBYIOTb PE30HAHMCHUIL Me-
TON, AKUi 3aGe3neuye TouHicTb 2—5 % . Oco6MMBOCTAMH AaHOTO METONY BH-
MipIOBAHHS € Te, 0 KOIHBA/AbHI KOHTYPH MYCATb MaTH BHCOKY ZOOPOTHICTD
. i 3aGesrieduTd TMM CaMHM DisKHIi MAKCHMYM Ha pe3oHaHCHiii kpusiit. Lle
. Bce n0Tpebye BHKOPHCTaHHA Vil BHMipDIOBaHHsI CTPYMiB BHCOKOI YacTOTH
! (corri i Tcsui kimorepm).

3acTocyBaHHA BHCOKOYACTOTHMX CTPYMIB 3HauHO _yCKnajHioe - BHMi-
PIOBaHHS uepes 3HauHi BILVIMBH MapasHTHHX eMHocTell i iHAYKTHBHOCTeH.
Tomy Bci 61OKH yCTaHOBKH Tpe6a cTapaHHO eKpaHyBaTH.
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onopax Ryi R, nosuuHi 36iraTtHcs sk 3a
et 2308 aMIJiTy 010, TaxK i 8a ¢asor. )
: YmoBy (1) 3aBxKaM MOKHA pealli3yBaTh
. . nig6opoM onopiB nyeyed MicTka. BUKOHaH- |
Puc. 19 o Hl YMOBH (2) SalleXMTb BiJl NPaBH/Ib-

%
5

‘Ha puc. 19 noxasaHo NpUHINDiaJbHY CXEMY PE30HAHCHOrO BnMipHn- .
~Ka eMHocTe#t. ' €HepaTop BHCOKOUACTOTHHX KOJIHBAHb (I'CC) caabko 38’s1-
3aHHl uyepe3 KOTyWIKY L’ 3 KOJHBaJbHUM KOHTYPOM HeBjziomMoieMHocTi C.

“SIK IHZMKATOp PESOHAHCY B3SATO JIAMIOBMI BOJLTMETP, BHYTPimmiil omip

AIKoro Beauxui. Jasa BumipioBanHa Tpeba MaTi Habip €TaJOHHHX KOTYLIOK.
-inpykruBHOCTI. KOMBaAbBHUE KOHTYP CKJAJAEThCA 3 €TaJOHHOI KOTYLIKH
inayxkTuBHOCTI L i Hesimomoi emnocti C.

3MiHOIO YacTOTH reHepaTopa craniapTHuX curHanis (I'CC) no6uBaoThes
BUHHKHEHHS1 B KOJIHBAJBHOMY KOHTYPi siBHIIAa Pe30HaHCY. €Mﬂlch y mi-
Kohapazax OGUHCIIOIOTH 3a GOPMYJIO

- C = 25330/f3L,
ze f — uvacrora, MI'y; L — ingykTuBHicTE, MK H,
Ilopadok sukonanus poboTu

1. OsHalomuTrcst 3 GyZ0BOIO | NPUHIHMMIOM pooTH MocTa SMiHHOTO

-erpymy YM-3 i pesoHaHCHOro BHMIDHHKA €MHOCTI Ta iHAYKTHBHOCTeH

El—I2.

2. Bumipat# emuictb KinbKox KoHzeHcartopis Bix 100 n® mo 10 mMx®
MicTkoBMM MeTomoM. IlepeBipuTH 3aKOHH NOCJiZOBHOrO i mnapasiesbHOro
8’¢JlHaHb KOHJEHCATOPIB.

3. Bumipsta emuicrb Kifbkox koHzAeHcatopis mix 50 go 1000 nd pe-
BOHAHCHHUM MeToioM. [lepeBipHTH 3aKOHM IOC/iJOBHOrO i NapanelbHOro
8’e/lHaHb KOHJEHCATOPiB.

4. O6unciuTH TMOXHOKY BHMipIOBAHHS €MHOCTI.

"KonTpouabui sanutanns

1. Jafire o3HaueHHs1 eMHOCTI, Ha3BiTh ORXUHULI BUMipOBaHHS €MHOCTI.
2. Toscuite GyZeBY MOCTa 3MiHHOIO CTPYMY i OCOG/JMBOCTI BMMipIOBaHHA €MHOC-
Telt UM MeTOROM.
3. TMoscHiTh npuHLKN BUMIpIOBaHHA EMHOCTEN pe3oHaHCHUM MeToaoM. SIKi ocoGauBoc-
Ti LbOTO METORY?
* 4. Bupepnitb QopMyan Aas nocaigoBHoro i mapanensHoro 3’eéXHaHHS KOHAEHCATOPIB.

5. BuBuenns pienexkTpukis
[8—13, 16—18, 20, 3aBoachKi iHCTPYKUii]

3rigHo 8 KJacCHYHUMH YSIBJICHHAMH B ifeaJbHHX [HieJeKTPHKAX -HeMae
BiJIbHUX 3apAniB, AKi MOXYTh IepeMillyBaTHCD N0 06’€MY NieNIeKTPUKA i
Ai€10 30BHIIIHBOTO €IeKTPHUYHOTO NoJsA. ToMy BOHH He NPOBOASATDH €J/IEKT-
puunuit crpym. Ilig xi€io 30BHIiIIHBOTO €NEKTPHYHOTO NOJSA BifGYBAETHCSH
noJsipH3ania atoMiB, MoJsieky.1 a0o ioHiB. ¥ peay/bTaTi nosspusalil Ha
MoBePXHi AjeneKTpHKa BUHHUKAIOTh TaK 3BaHi 3B A3aHi, a6o nonspusauiiini,

-8apAajH, AKi CTBOPIOIOTh €/JCKTPHYHE I10J1€, HAIPAMJCHE NPOTHACKHO RO

30BHIHBOTO MoJsi. ToMy cymapHe eNeKTpPHYHE 110Jle B JieIeKTPHUKY nocaa6-

-JIIOETBCS B € Pa3iB. BeanunHa & Ha3UBaEThCS Hi€IEKTPHUHOI NPOHHKHICTIO

CepeNoBHIIA | € OCHOBHOIO MAKPOCKONI YHOIO XaPAKTEPHCTHKOIO NieIEKTPHKA.
JlieneKTpHKH MOAINAIOTHCA Ha MOJSIPHI, HENOAAPHi, ioHHI Ta certero-
eqektpukd. Ilpu nonsipusanii mosApHHUX AieNeKTPHKIB, TAaKHX SIK BOAZ,
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- aMiak, cupT, e(bip, aneToH Ta iH., HaABHI AUNONBHI MOMEHTH Opiel-lTleTb-
€5 B3J0BXK 30BHIIIHBOTO MOJIS. Ileﬁ npolec HaSHBAETLCS : OPIEHMAY L0

noAsIpU3aLiE. ,

B cepeansomMy no yacy MOJIEKYJIH HeHOJIHpHPIX XieJIeKTPHKIB BHAC/! oK
TenJI0BOTO PYXy MOKHA BBaKaTH chepHyHO CHMeTPHYHMMH BiRHOCHO PO3-
nogiay Bnyrpimﬂbomonexympanx e/IEKTPHYHHAX sapsziB. B e1eKTpHuHO-
My TOJIi HEHTPH ROAATHUX I Big’emunx BHYTDiIUHbOMONIEKYIPHUX eleKT-

- PHYHHX 3apsiAiB MIlLLYIOTHCS § YTBOPIOIOTL eleKTpuuHi punodi. Takuit THr

NOJISIPH3AILiT HA3UBAIOTD EAEKMPOHK O NOARPUIAYIEID.
EJexTpoHHa moJsipu3anis XapakTepHa AJas HemoNspHMUX rasiB (asor,
KHCEHb, BOJIEHb Ta iH.), HENOJNAPHUX PiAUH (TOMYON, TeKCaH, 6eH30 Ta iH.),

{ HenoJIipHUX. HojiMepiB (mosicTHpoJ, NoJieTHseH Ta iH.), a TAaKOXK Aas

ATOMHHX i MOJNIEKYJSIPHHX KpHCTaniB (Hadrasain, cipka Ta iH.).
IonHa nonsipuaauis 3yMoBaeHa 3MilleHHAM JOKATHHX i Bif'eMHHX loHiB

{ BIAHOCHO CBOiX TOJIOXeHDb PiBHOBary. IoHHa NoAsIpH3aLis XapakTepHa Ais
- ioHHHX KpUCTa/liB, TAKHX fIK TAJIOTEHHIH JYKHHX METasliB, PyTHII, THT-

. WIH-1; 2) sumipioBanbna KoMipka (TpLOXeseKTPOZEHA xonaeﬂca'ropz 3 perynmo& Has
Jqapyrs Tuny PHIII-250; 4) miab-koHcTaHTaHOBa TepMonapa; B) norentiiomerp tuny IT

HaTH JesKHX MeTaJiB (HanpHKIaA, Kanbllilo, Marsio, unm{y)

Oxpemo cnij posryIsiHyTH nojsipHsaniio- cerHeroesnexTpukis. ITig cer-
HETOCNEKTPHKAMH pO3YMIilOTh KJac JieleKTPHKiB, fKi MaioTb BHCOKI
3HauYeHHA JieJeKTPHYHOI NpoHHKHOoCTi. CerHeTOENEKTPHKH XapaKTepH-
8YIOTBCSl PAJAOM aHOMaJbHHUX HieJeKTPHYHHX T4 {HHMX iSHUHUX BJIACTH-
BocTell (1’e30€1eKTPHYHHX, €T€KTPOONTHYHHX TOLIO).

lle nor’sizano s oco6aHBicTI0O KPHCTaNiyHOI GYNOBH CErHeTOENEeKTPH-
KiB, Koan uini mixpockomiuni o6iacti, TaK 8BaKi JOMEHH, MOXYTh MaTH
CNOHTAHHY NOJAApH3auilo, fIKmo HeMae SOBHILIHLOTO €NEKTPHYHOI'O MO,
JOMEHH TOASIPH30BAaHi Xa0THUHO i, B IiJIOMY, €/MeKTPHUHHI MOMEHT KpHc-

' Tasa CerHeToe/eKTpHKa AopiBHIoe Hymo. [Tix nielo SOBHiIIHBOrO eNeKTpUY-

HOTO Mosis B JoMeHaX BinGyBaeThcs sMiHa Hanmpsamy noaspusauii i cergero-

JeKTPUK NOJNADHSYEThCA B Hanpsmi JiHi#t HampymeHoer! mosas,
BryTpiuiHe e/leKTpUYHE NoJie JOMEHIB NI ATPUMYE SaTHIUKOBY €/IeKTPHY-

HY NONAPHSALIIO CeTHeTOEEKTPHKA | Mic/1 3HHKHEHHA 80BHIIIHBOTO MOJA.

I. Busuenns diesexrpusnux saacrusocred
ROAIMEPHUX eAeKTPOI30AAYilRUX maTepiaris

lpunagu | mateplaaum 1) Bumipuux nodpo'moc'rl, HalpHKAaZ, THOY
63;

6) BombT™eTp THIY 8515 7) Ha6ip spaskiB I‘IOJIiMepHHX Matepiaais (noaiMeTHIMeTEKpHIAT,
foJicTHpoI, nomsininxnopm) ‘

Teoperuuni siGomocri Ta onuc npusadis

3a ocranni 10—13 pokiB sHAYHO POBLUIMPEHO BHPOSHHITBO NMOTIMEPHHX
nlenexTpuunux Mmartepianis. Bu6ip nosimepHux RieneKTpPHKIB B KOXHOMY

; KOHKDETHOMY BHNAIKY 3aJI6UTb BiX Horo jieeKTpuuHuxX Ta iHIHX ¢i-

8HUYHHUX BJIaCTHBOCTEH B IHPOKOMY TeMIepaTypHOMY iHTepBani OcHoBHI
AieneKTpHuHi BiacTHBOCTi AieleKTPHKIB XapaKTepH3YIOTbCS me.nempuq-
HOIO NPOHUKHICTIO i JieIeKTPHUYHHMH BTPATaMH. ,

BinpmwicTs monsapHuX 1 HemoMsipHUX mosiMepiB HaJjiexuTh 1o 13oTpon-
HUX AlenekTpuKiB. [/ HENONAPHHX MOJIMEPHHX JieNeKTPUKiB OCHOBHHM
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punoM mossipusauii € Jedopmanifina nosspusamis, fAka He 3ajeXUTh BiX
YaCTOTH 30BHIIUIHBOrO Noas. A NojApHHX AieNeKTPUKiB OCHOBHHM BH-
JIOM ToJisipH3auii € JunoabHa opieHTanifina nonsipusauisa. CymapHa nons-
pH3allis NOJAPHOTO NieNCKTPHKA CKJANAETHCS 3 )J;eq>opmaniﬁﬂo'1' i mnonb-
Hoi nossipusauii. Tomy pienekTpruHa NpoHHKHicTh & NOAAPHOLO noai-
Mepa Gisbia, HiXX HeNnoJaspHOro.

‘Hikue HapeleHO 3HAueHHA me.nempnqum TNpoHHKHOCT] Ans ZeSIKHX
nommepm Ha yacrori 10% I'n npn kiMHaTHil TeMnepaTypl :

nomme*rmme‘raxpuna'r — 2,84
nome’rpacb‘ropemneﬂ — 2,1

nosisininxa0pug —3,0-3,3
‘nojinponined — 2,26
nosicTHpoa — 2,56

SIkuro mo KoHIeHcatopa niapecTd 3MiHHY Hanpyry U = U, exp (ivf),
TO BEKTOP CTPYMY BHIepemkae Hanpyry Ha /2. Ilpu upomy BTpar eneprii
HeMae.

v} &) 70
& A
, /-:\
T 1 12T
g ! I
i | ]
0 0 i
a ! 5 P T ) _
Puc. 20 -

Ipu poarsisnl noBeAiHKM AiejeXTPHKa B 3MIHHOMY eJeKTPHUHOMY moJi
BBOJUTBHCA MOHATTA KOMIVIEKCHOT JieleKTPHYHOI NPOHMKHOCTI:

* =g’ 4 ie,

ne e — JiefleKTPUYHA NPOHHKHiCTB; €' — Koedinienr AleNeKTPHIHHX |

BTpaT, SIKMH lie Mae HasBy (akropa AieNeKTPUUHHX Brpar (i = V—l)

JienexTpuuni BTPaTH XapaKTepH3YIOThb aucunaniio (poscisiuus) enepril,

fixa BPIlIiJIﬂGTbCH B XieJeKTpHKY y BUIaAni Tenna. Po3cisnHga Tenna npo-
nopuiiine &".

TTomicTUMO B KOHAEHCATOD i3 3MiHHOIO Hanmpyro:o nonaiMepHu# nlenext-
pux. Kyt Mixk BeKTOpaMH cTpyMy i Hanpyri Gyae BiKe MeHuit aa /2
(puc. 20, a). 3a mipy ZieseKTpHUHHX BTpPaT GepeTbcA TaHreHC KyTta 6,
AKUE J0MOBHIOE KYT ¢ 10 7/2. Kyt 8 HasusawTh Kymom OieseKmpuurux
empam, a HOTO TaHIeHC — MAH2EHCOM KyYyma OleieKMPUYHUX empam:

tg 8 = e"/e’ = laxr/l peaxr,
Ae loxr i Ipeexr — aKTHBHA | peakTHBHA CK/IaJOBi 3MiHHOTO CTPYMY.

Bennuyuna tg § uncenbHO AOpiBHIOE HaCTHHI eHeprii, sika Heo6OPOTHO

posciloeTbes y BUIVIAA] TeMJIOBHX i iHMMX BTPAaT 3a OAMH NEPiOf KOMHBaHb
enexTpuuroro noss. HienekTpuyni BrpatH B noaiMepax noB’sisaHi 3 mo-

JdspU3anieio, SKa BUHHUKae MNij BIVIMBOM SMIHHOTO B uaci eJEeKTPHUHOro.

noas. Oco6auBicTIO AUNOABHOI NoNApH3aLii noniMepis € i penakcauiiuui
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XapaKTe He 3Ha'-IPITb, o noJja nsaum 33J’Ie)KHTb BiX qac 2111 qacrom'
y

‘®) enex'rpuqﬂoro noAsi i TeMmepaTypu (4acy penakcauii JUNOJIB T).-

* Tak, npu aye HH3bKHX yacToTax (o ->- 0), a6o, 1O TE X caMme, TpH
BHCOKHX TeMIepaTypax dac pejakcanii Manuil (aunoni BCTHralOTh OpieH-
TYBaTHCh B3LOBXK [0/1f1) 1 JieJleKTPUYHA NPOHHKHICTh Ma€ MaKCHMAaJbHe
3HaYeHHs 3BHYaHHOI cTaTHYHOI BeJnunHy e. HaBnagu, npu pyxe HH3bKUX
TeMnepaTtypax, ago, 1O Te XK caMe, IPU BHCOKUX YaCTOTaX TEMJIOBA NOJfA-

pu3alia He BCTHrae PO3BUBATHUCH, i TOJiMep siBJAAE COGOI0 HENONSAPHHI:

IieneKTpuK (icHye aue pedopmaniiina nonsapusauis). Tomy nienexrpHu-
Ha MNPOHHKHICTL & NPH IMX YMOBax (® —- co) Ma€ MiHiMa/nbHe SHAUEHHS.
EkcnepumenTanbHO BCTAHOBJEHO, IO A NoJaiMepiB icHYIOTH IBa THIM
JieIeKTPHUHHX BTPaT: AUNOJBHO-cerMeHTaJbHi (npu nepexoni mnosaimepy
i3 cKJI0MOAiGHOrO y BHCOKOENACTHYHHU CTaH) i AUIOABHO-TPYIOBi (3yMOB-
JieHi opieHraniero caMux aunoensuHux rpyn). Ha pue. 20, 6 cxematnuno no-

KasaHo 3aJiexKHiCTh Bif TEMNepaTypH AieJeKTPHYHOI NPOHHKHOCTI e (1),

KoedinieHTa HieseKTPUYHUX BTpar er (2) i TaHreHca Kyra AieJIEKTPHUHHX
srpar tg 8 (3). Temnepamypa ckaysanna T, Bi/TIOBifa€ nepexoay i3 ckJio-
noxi6HOro J0 BUCOKOEJACTHYHOTO cTaHy. B naniit po6ori tg § i mierekrpuu-
Ha NPOHMKHICTb 3pasKa &’ BU3HAYAIOThCH 32 JNOIOMOroH Kymerpa. Mertox
KyMeTPa HaJ/eXKuTb JO PE30HAHCHMX METOAIB. 3MiHM PeaKTHBHOI HPOBig-
HOCTi LISIXOM 3MiHM €MHoOCTi KoJjMBaJjbHOro KoHTypa. Hlkana samnosoro
BoJbTMETDAa KyMeTpa MHporpajyitoBaHa GesnocepeiHbO B OXMHHUIAX - J06-
POTHOCTi KOJIMBaJbHOrO KOHTypa. (Job6pomuicme — 1e KinbKicHAa Xapax-
TEPHCTHKA DE3OHAHCHHMX B/ACTHBOCTeH KOJNMBAJIBHONO KOHTYpa, HpOMOp-
LifiHA BiJHOLIEHHIO NOBHOTO 3amacy eHeprii KoHTypa mpH pesoHaHm Jo
BTpaT eHeprii 3a mepion.)
Beauurnu e i tg § Bu3HayawoTh 3a QopMysaMu

e = C,/C,, (1)
c* 1 1 .
t€6=-5x—(7-——Q—), 2

ne C, = C* — C — eMulcTb 3paska; Cy = €,S/d — eMHicTb BUMipIOBa/ib-
HOl KoMipkH Oes spaska; C*, Q* — eMHicTb 3pasKoBoro KOHJleHcaTopa
i Ro6poTHicT KOHTYpPa NpHU pesoHaHci, mo BianoBiae emuocri C*; C, Q —
€MHICTb KOHJIEHCAaTOpa BUMipIoBaJbHOI KOMipPKH i3 3pa3KoM i n,o6po'rmcm
'xomypa HPH UbOMY.

.. Ha puc. 20, s HaBeeHO cXeMy HOCJHiKEHHS TOJNIMEPHUX AieNeKTpH-
KiB. OCHOBHOIO YaCTHHOIO € BUMipIOBa/IbHa KoMiPKa / 3 TPbOXENeKTPORHNM
KOHJIGHCAaTOPOM 2. 3pasoK 3 3aTHCKYEThCS MiXK JBOMA €JIeKTPOAaMH LH-

AinpapuyHol ¢opmu, BrroroBreHumu 3 uepBoHoi MiAi. Tperlit enextpox

4 — oxopoHHe Kinble (BUKOPHCTOBYEThCA NSl 3MEHIUEHHS TaK 3BaHOro
«KpanoBoro e(exTy») — 3’€qHYEThCA NPOBiAHHKOM 3 KOPNYCOM IpPHJARY
i sazemmoerbes. Komipka 3 KoHZeHcatopoM KpinaATbcA BeepenuHi TPy6-
9acTOi TepMOKaMepH, HiXPOMOBHH HAarpiBHHK $KOI KHBUTBCS 3MIHHHUM
crpymom. Konzencatop 2 migMukaerecst 1o Kymetpa §. Tepmonapa 6
Kpinurhes Gins spaska, TepMmo-e. p ¢, &, TepMOTIapH BHMipIOETBCS NpHUJa-
nom 7 (tuny II1-63) 8 Tounictio 40,1 MB. TeMneparypa BusHauaeThcs 3
TaG/ULb 8aJeKHOCT] €. p. ¢. TepMonapu Bia Temnepatypu. IlixBuuieHHS
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' mMnepaTypu TepPMOKaMepH 3,111ﬁcﬂlO€TbCﬁ BIlI/lHaMl'lHOMy pe}Kum 3 HIBH -

xictio 0,016 K/c. IIlBuaxicTh HarpiBaHHSA MOXKHA peryJiioBaTH 3a AONOMO-
TOI0 peryasrTopa. HanpyrH.

. . Ilopadox suKOHAHKS pOGOTU

1. OsHafioMHTHCS 3 3aBOACHKOIO iHCTpyKuicio kymerpa VIH-1.”

2. CKacTH eieKTPHUHE KOJO 32 cxeMowo puc. 20, 8 Excnepnmemanb-
Hi-pesyJIbTaTH 3aHECTH 70 TabJHL.
3, O6uncanta TeOMeTPHUHY emuicTh KOHJIeHcaropa C, Ges 3pa3Ka 3a
qjopmynoro C, = €,S/d (B mauifi poGoTi AiaMeTp NJIacTHH KOHIEHCATOPA

: 1072 m, ToBIMHA 3paska (7—10) « 107> M BUMIpIOIOTECS 3a IOTIOMOTOIO
MiKpomeTpa).

. IlpoBectn KaniGposky mnpusnany Ha uactori 50 kI'm. Bumipatu
C* i Q™.

5. BuMipioBaJbHY KOMipKYy pasoM 3 KOHIAEHCATOPOM i3 JOCiPKyBaHHM
8pasKoM noJimepy (y BUIJIAL] IIJIiBKH) MOMiCTUTH B TepMOKaMepy.

6. Bumipsatu C i Q mpu KiMHaTHiii Temmeparypi.

7. BcraHoButu Hanpyry 30 B i Bumipati C i Q uepes Koxni 5—10 K o
363 K.

8. PospaxyBaTH pis KOXHOI Temnepa'rypu BennyuHy ¢ i tg O srigHo 3
dopmyaamu (1) i (2).

9. Pesyaprati nogatu rpadiuno. ITosicautd aHaiijieH] 3ajexXHOCTI.

Kourpouabui sanutranns

y 1. Hasgits Tann nonsipraauii RieNeKTPHKIB.
2. fkuit pisnunuil 3MicT BeKTOpa NOAPH3aLii i eeKTpHYHOTO aMimenns?
3. IosicHITb BHHHKHEHHST «KPaHoBOTO epexTy» B MIOCKOMY KOHAeHcaTopi.

y 4. Ski oco6auBocti nonapuaauu nommepaux IlleJIeKTpHKIB?

I1. Bu3nauenns Temneparypu Klopt CeZHeTOeneKTPUKA

Tpuanangu i matepianm 1)wmicr tuny E12—1A pns sumipiosanns em-
HOCTI; 2) aprotpancdopmarop tuny PHIII-250; 3) xndepennianbia Ml}.‘lb-KOHCTaHTaHOBa
Tepmonapa; 4) amnepMeTp THIY 2513101 A; 5) noteHuiomerp nocriithoro ctpymy I11-63
6) nosikpHCTaNiuHHH 3pa3oK THTaHATY 6apuo .

Teoperuuni gidomocri ra onuc npusradis

CerHeroe/leKTPHYHI BIAaCTUBOCTI JieJIeKTPHKIB IyXke 3aseXkaTh - Bif
TeMmnepatrypu. Ilpu TemMneparypax, BUIIMX 32 JiesiKe NeBHE 3HAYEHHsA, Pis-
He JJIA pi3HHX PEYOBHH, CErHETOENEKTPHYHI BJACTHBOCTI 3HHKAWOTh i cer-
HEeTOeMEKTPUK TEePETBOPIOETbCS Ha 3BHuUaiiHuil pienexktpuk. Lia Temnepa-
Typa Ha3UBAETbCA JlesekTpuuHoo Toukolo Kiopi (wa uects I Kxopl,
sIKMA BBiB aHasoriuHe MOHATTH AJs (depOMarHeTHKIB).

B. M. Bya i I. M. T'onbaman B Pagsincbkomy Corosi BiJKPHIH CETHETO-
enekTpHuRi BaactuBocTi y TutaHary Gapiio (BaTiOs). Touka Kropi y Tu-
TaHaty Gapiro nopieaioe 393 K, niesekTpuuHa MpOHHKHICTD Y MakcuMyMmi
nocsarae 3HauenHs 6000, Turanat Gapiio Mae BUCOKY MeXaHiuHy MiIiHiCTb,

XimiyHO crifiku#l, 36epirae cerHeTOeNEKTPHUYHi BJIACTHBOCTI B LIMPOKOMY
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iﬂ'repna.nl 'remnepaTyp Bm BHKOpHCTOBYETbCﬂ K regeparop 1 mpuitmay

YABTPasBYKOBHX XBHJIb.

:.Ha puc. 21 306paxkeH0 eKCNEPUMEHTAIBHY yC’I‘aHOBKy IJ1s BH3HAueH-
HA TOYKH Kxopl THTaHaty Oapito.  JocuijpkyBaauii apasok 5 y dopmi mu-
ningpa giamerpom 2 + 10~ M i BHCO-

Toto (2—3) - 10~ M 3 mocpi6nenumu
[IOBEPXHAMH 3aTHCKaEThCAl MiX mia-
CTHHAMH. KOHIEHCATOpa JIATYHHHMH
nvckamu 4. IToBepxHi AHCKiB peTeb-
HO BiAmoJipoBani i sakpinseni Ha
~ $apopoBUX  CTEPKHAX (HA PHCYH-
Ky He noxasax—n) Cucrema 3pasox —
CeFHeToeJIeKTpPIK — IWCKH SIBIAE COBOK MIOCKHH KOHJEHCATOp, SKHH 1o-
mimaetbest B Tpy6uacty mniu. IllBunkicrts BarpiBadua mewi perysoerTbest
3a. jonomoroio perynsropa I Hanpyru PHII-250 i konTposoeThest ammep-
meTpoM i BoabTMeTpoM. Temmeparypa 3paska BUMIpIOETBCSI 3 TOYHICTIO

Puc. 21

g0 0,2 K mudepenuianbHOO TepMONAapoio 6 i MOTeHilioMeTPoOM MOCTIHHOTO

crpymy IMI-63 (7). €mujcts BuMipioeTbecs MocTOM 8 Tuny E12—1A.

Iopsadox euxonanns poboTu

1. Cknacru enextpHuHe KoJIo 3a cxeMomo puc. 21. KonneHcarop pazom

is 3paskom THTaHaTy 6api0 MOMicTHTH B mHid.

2. VeiMruy™ mpunap EI12—1A B mepexy | BuMipATH eMHicTh KoH-
- geHcartopa mpu T == 293 K.

3. Pyugy pery/stopa Hanpyrd NOCTaBHTH B KpalfHE JiBe NOJIOMKEHHS
i micna uporo yRiMKHYTH #oro B Mepexy.

4. Tlogatu manpyry (50—60 B) i uepes xoxui 10 K sumipioBati em-
Hocti. JlaHi saHecTH B Harepej 3aroTOBJIeHY TaGiHuIO.

5. Tlpu mocarnenni Temneparypu 373 K BHMipioBaHHSI BUKOHATH uepe3
koxHi 3—5 K.

6. ITo6ynyBatu rpacpu{ 3a/1€2KHOCTi €MHOCTi Bm TeMnepaTypH i BH3Ha-
anTH Touky Kiopi.

Kourpoanul sanuranus

Ilfo Hasupaiotb TouKolo Kiopi cernetoenexTpuka?
2 Oxapakrepusyfire cneundiuni BIaCTHBOCTI CETHETOGNEKTPUKIB.
8. SAki aminH BigOyBalOTHCH B CTPYKTYPi CErHETOEJNEKTPHKA NpPH HArpiBaHHi?

6. . BuBueHHs 3aKOH{B HOCTiiHOrO CTPYMY
B MeTaaax i exekrpodirax [8—13, 16, 17]

Erexmpuunuil cmpym — ynopsigkoBaHUH DPYX eJEKTPHUHHX SapsfiB.
Y Merajax - 1€ PyX eJEeKTPOHIiB -NPOTH NOJfA, B ‘ejlekrponlTax — ioHiB
Pi3HHX 3HAKIB y MPOTH/IEKHHX HanpsMaXx, y rasax — eJIeKTPOHiB Ta ioHiB,
y HaniBNpoBiAHHKAX — eJeKTPOHiB i NipoK. [as sOy/keHHA eJeKTpHY-
HOTO CTPYMY B Tillax TpeGa CTBOPHTH €JeKTPHUHE noue. 1llo6 cTpym 6yB
TPHUBAJ/IEM, €Hepris mojd mOBHHHA MiZTPUMYBaTHCBH crajnom, e s,uiﬁcmo-
€fbca sa Jxonomox 010 JIKepen crpymy
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Sk moxasye nocaip, ana MeraniB TYCTHHA €JNEKTPUUHOIO CTPYMY |

. . . - . ‘
HAponopuifida HanpyxeHOCTi eIeKTPHUYHONQ nona E:

, _ S .
, j =oE, ,

Jie 6 — €Tana IS JaHOro MaTepianly BeJHuMHA Ha3HUBAETBHES  NUMOMOIO

eAeKMPUMHO nposiGHicmro (BUMiPIOETECS B CHMEHCAX Ha Metp). Benntunna,

obepHEeHa 10 NHTOMOI €NIeKTPHYHOI NPOBiAHOCTi, HASHBAETHCH NUMOMUM

EACKIMPUSHUM ONOPOM: P = o (BuMiproeTncst B oMax Ha Metp). Le ogux
i3 OCHOBHHX 32KOHIB eJeKTPOJHHAMiKH — 3axon Oma ¢ atg,bepem{taabmd

_popmi.-

"3 ypaxysaHHAM Hanpy}xeﬂocn TOJs CTOPOHHIX CHJ, sAKi YTBOplO}OTb
€. p. c., 3aKoH Oma 3anicyerbca y BHIAAA o

j = g (E +Ec1~).

. Eaexmpopywidtiorn  cuiromw. 8 JuKepena CTPYMy HasHBalOTb BeNHUHHY,
fKa ZOPiBHIOE Bi IHOMIEHHIO po6oTH A, O BUKOHYETHCS CTOPOHKIMI CHIAMH
TIpH NepeMillleHHi NO3HTHBHOIO 3aPsAy B3JOBXK YChOTO €/IEKTPHYHOTO KOMa,.
BKJIOYAIOUH JKepeJio CTPyMy 3 IlOBepHeHHﬂM y BHXiJHY TOYKY, IO 3aps-

ay Q:

: 8§ = AlQ.
B inmeeparvniil ¢opMi 3aKkon Oma 1)1g HeoJHOPIAHOI AiJAHKH 3 Bjaes
HOIO €., P. . Mae BHUINIAR 4
R == (@, —qq) + 8. (&)

Jaa ginsHku Kosa Ge3 jxepena e, p. c. MaeMo:
IR=q@;—¢, a0 U=IR,
ne U — enekTpuuHa Hanpyra (nafiHHs Hanpyru).
Jnst 3aMKHEHOro KoJsia moTreHuiaiu To9oK I i 2 ofHaKoBi, To6TO @y —
— @, = 0, i piBricTb (a) nepexoauts B 3axoH OMa /171 3aMKHEHOTO KoJjal
8 = IR,

Ae R — moBmuit onip Koua.
3akon OMa A5 NapPHOIOHHHX eEKTPOITIB Ma€ BUIVIAL

- —
j = noqa (. +u_) E,
Iie n, — KOHLEHTpalLia ionis B po3dnHi; ¢ — sapsx ioHa; o — koeinienr
-

Auconianii; uy., u.. — pyxausictb poparnux i Bix’emmux iomis; E — Ha-
NpPyKeHiCTh 30BHIIHBLOrO €JIEKTPHUHOTO MOJA. ‘

1. Hlepesipxa saxony Oma das nosnozo Koaa

Ilpunaau I marepiaanmn: 1)akymyasropri Gatapel: &, = 6B, T, = &F3=_
&'1,2 B; 2) BoanTMeTp THIY 9515 Ha 15 B; 3) amnepuerp tuny 3514 na 1—2 A; 4) za peo-
ctamy g0 15 Om Koskes tuny PIIII-5; 5) pesucrop ua 1—6 Owm; 6) micTox nocﬂﬁﬂoro cTpyMy
IJ1A-BHMipIOBaHHA onopiB, 7) ABa BUMHKaui. <A
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~+ Teoperutni-gidomocri ra onuc npuradis

3akon Oma y dopmi U == {R cnpaBaxyeThcs Juie Ias1 OXHOpiaHol

JiNSTHKA KoJia, TOOTO TaKol, Ha AKiH HeMae CTPUOKIB moTeHuianiB sa pa-
XYHOK KOHTAKTHUX SIBHIL aﬁo Iii eJIeKTPOPYILiAHUX CHJI.

' Posrasinemo . Heom{opmny NiASHKY koaa J-—2 (pnc. 22), Ha Kmuﬂx

SIKOL 1116 pl3HHLlﬂ noTeHniaxAiB P — Pq. E. p. C., L0 Ji€ Ha gaHii HGOJIHO])IIK‘ ;

Hifi pinsuui Kosa, mo3HauuMo &;.. 3amamo HampsaM CTpyMy (@, > @).
Toni &2 > 0, sk BoHA Aie B HanmpsMi CTpyMy (TO3HAYEHO CTPiMIKOI0).
‘ CKOpI/ICTaeMOCB 3aKkoHOM 3Gepexcenns i nepersopenns eseprii. Ockivbkn
TPOBiIHUKH HepyXoMi, To po6ora dA e/eKTPOCTATHYHUX i CTOPOHHIX CHiI,
fIKa ‘BUKOHYETbCA NPH MepeMilneHHi

Z ; . .
o] P :1“ 2  3apsany dg va pinsuni 1—2, nopis-
% ' % HI0E KiJpKOCTi Temna dQ, siKe BHLiMH-

Puc. 22 JIOCh 32 4ac IPOXO/PKEHHSA 3apAAy dg.
Tomy moxkHa 3ammcarty:

dA = g1.»2‘1‘7 + (1 — ¢2) dg,
dQ = I*Rdt = IRdg.
IlpupiBusemo npaBi yacTHHH PiBHSAHB, TOAI MAaTHMEMO;

= (1 — @) + 81, ,

s 1
I: (o1 (PI;)“I‘ 1,2 . (1)

Iie 3akon OMa 115 HeOZHOPIiAHOT MiNSTHKH Kosa. SIKIIO HeomHopiHa yac-
THHA KOJIa CKJIaJa€ThCsl 3 KiNbKOX AifAHOK, To opmyny (1) MoxHa y3a-
rajJbHUTH Ha OyJAb-fIKe YHCJI0 JIAAHOK:

1Y Ri=@@—0)+ X &, @

-

N

n
pil] 2 R -— 3araJbHUN Onlp yCIGI ,ﬂlﬂﬂHKH KO0J13; 28‘ — aJIreﬁpaI‘ma
{==1

cyma e, p. c., WO KT Ha uilt xigsH.
‘Cxemy YCTaHOBKH HaBejieHo Ha phe. 23. Ha Heozmopizmm RinsHud
AB HasiBHi 1B e. p. c.: &, 1 8;, sixi BRiMKHeHi HasycTpiu onHa onmiil.

ITopadox eukonan#s poboTu

1. Cknacti esleKTpUYHE KOJIO 33 ¢XeMoto puc. 23. &, 8,, &, — sanai,
BHYTpilHiMH omopamu ix HexTyemo. Omip peocraTiB BUMipIOEMO 3a jomno-
MOTOIO, MicTKa, Rg~ Marasut omnopy
tuny MCP. 14 R L

2. 3avkuyTH BuMmMnkay 1, morim 2, R
Pesucropamu R; i R, ,uo6m14ca 8HaueH-
He cuau cTpymy 0,3 A.

3. Bumipsats sHavewHs I, U, Ry,
R,, R;. Pesyabratu BHMIp}OBaHb saHe-
Ty Jo Tabmuni, .o

4. OCunc/UTH BENMUHEH, MO BXO- Puc, 23

46

gl

HATB 10 nigof 1 mpasoi uactun pisHaHHS (2): -
' x*I(R1+R2+R3) y UAB+8 +g

‘Hpn UbOMy CaIij Bpaxysatd 3Haku 8, i 8.

5. O6uMCAHTH MOXMGKH BHMipIOBaHb 32 K/acOM TOYHOCTI BPIMlpIOBaJIb-
HUX MpHIaniB Ta NepeBipUTH piBHicTb (2).

6. 3minoio onopiB Ry, Ry, Ry nini6paru B Koai cTpyM 0,35; 0,3; 0 45 A
Ta IIpoBeCTH 0GuKC/IeHHS 8rifHo 8 . 3, 4, 5.

KoHTponbui sanmHTaBHa

1. 3a sxux ymoB npy nepesipui saxony OMa pji HeogHopianoi AinAnky K073 MO}KHa
HeXTyBaTH BHYTPillHiM ONOPOM aMnepMerpar

2. UoMy MOMKHA HeXTyBaTH BHYTpPilIHIMH omopaMu axymy.nﬂ'ropnux 6a1'apeﬁ?

3. BkasaTu mexi sactocysauus 3axony Oma,

11, Hepeazptca 3axonie Ktpxeorpa

Itp nnann i Mmarepiamn: 1) zxepena cipymy s e. p. ¢, F; =6 B, 7, =
= 1,3 B %3 = 1,3 B; 2) Tpu amnepmerpu Tuny 9514 10 2.A; 3) Tpu pesucropu tany P-33
1o 10 OM;‘ 4) peOCTaT 10 20 Owm; B) micTok moCTifiHOro cTpyMy" Ay BUMipIOBaHHA ONOPiB
Tuny MBY-49 a6o recrepu Tuny 114312—4315; 6) xsa BuMmKaui,

Teoperuuni sidomocri ra onuc npuradie

PosrasineMo posranyeHe eJeKTPHYHE KO0JIO, B OKpPeMi MiJISHKH SIKOTO
BKJIIOYEHI JpKepe/sa CTPYMY 3 BiIOMHMH e. p. ¢. Po3paxyHOK Takoro Koja
MOXHa ITIPOBECTH, KOPHCTYIOUHCh 3aKOHOM OMa 1 HeoqHopinHol AinsH-
KH KoJ1a 1 3akOHOM 30epexceHHs 3apsny (uuB. sapfanus I). Onnak saBgaH-
HSl 3HAYHO CHPOILYETbCst, #KWO CKOPHCTAaTHCS Joma 3akoHamu Kipx-
roga, a6o npasusamu Kipxroga, ski € nanbliimMu ysaraJbHeHHAMH 3aKo-
Hy OMa 112 HeoJHOPiAHOI AiISHKH KoJa.

" Iepwu saxon Kipxeogha hopMyIoeThesl TaK: anrebpaiyna cyma crpy-
MiB, AKi CXORATLCA Y BY3J0BiH TOULi, AOPiBHIOE HYJIO:

n

YI,=0 (1

i=1
Crpym, siKi BXOLATH /10 BY3JI0BOT TOUKH, BBAXKAEMO JONATHUMH, A CTPYMH
fIKI BHXOJATh 3 Hel,— Bix’emHuMH. Hanpnxnan, A1 BY3JIOBOI TOYKH ¢
(puc. 24) nHa ocHoBi (1) Moxkua samucaru:

Iy—1I,—1,=0, @)

ITepumii sakon Kipxroda Bupaxae 3akoH 36epe:keHHsl eJ€KTPUYHOro 3a-
pany. PiBuanna (1) mMoxHa sanucaTd A/1s KOXKHOTO i3 7 By3JiB CKlaiHOro
XoJ1a, ale HezaJexXHUMM Oynyts n — 1 piBHanus. Upyeull saxkon Kipx-
20¢ha MOXKHA CHOPMYJIIOBATH Tak: y OyAb-AKOMY 3aMKHEHOMY KOHTYDi po3-
raJy:KeHOro eJeKTPUYHOro Kosa anrefpaiuHa cyma cnaii Hanpyr (toGro
ROGYTKIiB CHJI CTPYMiB B OKDeMHX AiNfiHKax KOHTypa Ha ix omip) Jopis+

_Hioe anre6paiuHif cyMi eeXTpopyLUIi HHUX CHJI, UIO AiIOTh B JJAHOMY KOHTY Pi.

®isuyHuf 3MicT ULOrO Pe3yabTaTy NoJaArae B TOMY, IO PO=
GoTa 3 mepeMilleHHA B8apsiy B3JOBXK Gy/b-AKOTO 3aMKHEHOrO KOHTYpa
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JiopiBHIcE TiABKH po6oti cTOPOHRIX cHil; 2 PoboTa CHI €1eKTPOCTATHIHOIO
N0JIs1 B3OBXK 3aMKHEHOTO KOHTYpa AOPiBHIOE HYJIO.

~ l'lpu CkJ13JaHHi PiBHAHB 3a ApyruM 3akoHOM Kipxroda Bubupaiors Hesa-
. ne}xm 3aMKHEHI KOHTYPH, fIKi MOXHa BUAIIUTH B JaHOMY POSTaIyXKeHOMY
komti. Qcklabki JiBa i MpaBa YacTHHH PiBHAHHA (2) ABASIOTH COGOI0 anret-

paiuni cymu, TO YMOBUJIHCA BBaXKaTH 3HaK A06yTKy /;R mOmaTHUM, KOIH

cTpyM I, sBiraeTbca 3 Hanepejy BUGpaHHM HaNp AMOM 06X0Ay KOHTYDa,
i BiA’€eMHHM, KOJM HAaNPAM CTPYMY NpPOTHJIEKHHH HANPAMOBI 06XOAY.
3Hak e. p. C. HORATHHH, KOJH HaNpsM BJacHOTO CTPyMy 36iraerbcs 3 Ha-
apaMoM O6XOZY KOHTYpa.

Pnc. 25

POSI‘JISIHQMO, HanpHUKAAJ, cxnammi& KOHTYp Ha pua. 24. 3acrocosyioun

npaBuna Kipxroha, MOXHa AOTPEMYBATHCS TaKOi CXEMH.

. 1. BusHaunTH JOBi/IBHO HampsMH CTPyMiB, AKi BXozarth | Buxozm'rs

8 BYSJIOBHX TOYOK Ta [IPOXOJATD B OKPEMHUX AiIAHKAX 3aMKHEHOTO KOHTY pa.
2. Bu6paT NOBiJbHO HanpsAM OOXOAY KOHTYpa i, KOPHCTYIOUHCH pe-

KOMEHAOBaHHM BHLIe IIPAaBUJIOM BCTAHOBJICHHSA SHakiB JOAaHKIB anreépa- '

iuHHX cyM, cknactu wykan! piBHAHHA,

3. Cgnagenumu plBHHHHﬁMH OXONHUTH BC e, p. 6. i Bei OINIOpH ,uanoro

8aMKHEHOTrO KOHTYpa.
3acrocyemo nepuie npaeuao Kipxroda mo Bysna D:

]1+ IQ—IO=O,

Bu6upaemo Hanpam o6X04y 8a FOAHHHHKOBOIO CTPisKow, Toa
- ana kourypa ABMKA: LR, + I,R = —§,,
st kourypa ABDCA: I )Ry —I4R, = 8, —8,.

Lli npa piBHsiHHS B3aeMHO HesanexHi. Jiis koutypa CDMKC piBusn-
- 'Hfl BXXE He € He3a/IeXXHHM, BOHO — De3yJIbTaT HaK/aJaHHA ABOX Monepex
HiX Komypm OZMH Ha OAHHH. MaeMo TPH PiBHAHHS 3 TPHOME HEBiZOMUMH,
i, pO3B’A3aBUI CHCTEMY, BUSHAYHMO HEBifoMi CTpyMH.

~ Mera po6oru — Ha gnociiai nepepiputu mpasuna Kipxroga. Cxemy
eJNIEKTPUYHOIO KOJa HaBefeHo Ha puc. 25. Peocrar R, npHaHaueHO A1

BCTAHOBJIEHHS! POGOYOI CHJIM CTPYMY B CKJIaXHOMY €JIEKTPHYHOMY KOJi.

Hopﬂaolc BUKOHAKHSA poéoTu

1. Cknacrn eJxeK'rpﬂqu KoJI0, HaBejeHe Ha puc. 25. Onopu BUMipATH
nepex nosatkom pobotH, &, 8, 8, Binomi.

2. Bsectu onip peoerata R, NOBHICTIO, 3aMKHYTH BHMHKa4i { BCTAHOBH=
TH 32 Jionomoroio peocrara R, poouy cuay erpymy 0,5—1,5 A, 3adikcy-
BaTH CHIH c’rpyMlB. 3

48

3. Cgnacru pxmmmm Klpxm(ba g Hesanemnwx Kom*yﬁm cxeMu Ha
puc. 25 i o6uucauty crpymu /o, Iy, 1,.

4, TlopiBHSATH excIepHMEHTaNbHO mepﬁm CTPYMH 3 onep}xaﬂuMn Ha
ocHoBi npasun Kipxroga. ITokasaTtn, mo B Mexax JONYCTHMHX NOXHGOK
pesyabTaTd 36iraroThcs.

5. TlepeBipuTn 3a mnokasamu amnepmeTpIB nepme npasusio. Kipxroga
(cbopMy.na (1)) i nokasary, mwo us (popmyna 3aCTOCOBHA' Y MexaxX TOUHOCTI
BHMIipIOBaHb,

6. SMiHHTH HaNPAM e. P. C. KEpel 8,18, Ta cunm cTpymMy i BHKOHATH
ofuncaeHHs, 3a3Havyenj B nm. 2—5.

7. Tloxu6ku BHMipIOBaHb~PO3paxyBaTH i3 BpaxyBaHHﬂM K.nacy TOY-
Hocti mpusanis.

KoHTpoabHi 3anuTalus

1. Ilpu skuX yMoBax, pospaxoByioun eneKTpuuHi Kosa B Rani#t po6oti 3a npaBuiaMn
‘Kipxroga, MoxHa 8HeXTyBaTH BHYTpilWHIMH ONOpaMH aMnepMeTpiB?

2. Sk dopmymotoTsCs nepine i apyre npasuaa Kipxroga? Akmii ix gisnynuii amicr?

3. llo osnaualoTh BiA’eMHi BHAYeHHS CTPYMY?

4. Sxi Bu sHaeTe cNOCOGH BUMIDIOBAHHS €. P. C. LKepen crpyMy?

I11. Busuenns 6yaosu axymyasropa Ta docaidxcenns poGoru
i norymnocri 8 eaexrpusnomy xoal

NMpunaan i Matepiaann 1) Garapea akymynatopis ua 6 B; 2) BoruT™eTp
|8 Be/IMKMM BHYTPilUHIM onopom; 3) ammepmetp jo 5 A tuny 3514; 4) peocrat: R, = 2—
"B OM, R = 30—b0 Om; 5) pzBa BHUMHKaui. '

Teoperuuni sidomocri Ta onuc npusradis

Arcymy/mmopu — XiMiuHi Jkepena CTPyMy, B IKMX Biljaya eleKTpHI-
1Hol eHepril suifcHIOETbCH BHACHiAOK XiMiuHO! peakuii, npoTuexHO] Tift,
' sixa BixGyBaeTbcs NpH sapajkenHi. OCHOBHUMH XapaKTEPHCTHKAMH aKy-
MyasTOpiB € e. p. ¢. &, BHYTpiwHiA onip 7, MaKCHMaJbHa -MOTYXKHICTh
Pmax Ta MakcuManbHuM cTPYM [max. 1A NPAKTHKH BaXJIHMBOIO BNaCTH-
BiCTIO aKyMyJ1ATOPIB € Te, WO X e. p. C. MOXe 6yTH cTabiNbHOIO [IPOTATOM
. TPHBAJIOTO vacy.
Jlxepesio cTpyMy po3BHBaE MOBHY nou‘y;xm@rb P =8
KopiucHa noTyXKHicThb, iIKa BUTPaua€ThCA Y 30BHiIIHBOMY KOJI,

P,=1U=IR=1(§—Ir). (1)

- Koepiuienr xopucHoi aii '
N=PJP =18 —1Ir)/I8 = (§ —1Ir)I8 = U8 abo )
= PRIE(R+r) =RIR +r). )

Motyxuicts | k. K. A, akymyJasTopa 3HaYHOW Mipow 3amexaTh Bif -
HaBaHTaXeHHs, Tobro BiA cTpymy /, mwo npoxomuts B Koai., Ha puc. 26
HaBeJleHO Lo 3anexHicTb, I'padik P, = f (/) Bupaxkaerbcs Bigpiskom na-
pa6ouin, Bick sikoi napaJjiesnibHa oci KoopauHar (/); ToMy iCHYe eKcTpeMasbHa
rouka M Ha xpusiit P, = f (), Koop,um-xam IKOT MOXHa BUSHAyuTH i3 (1):

In=282ry i Pun=28I,2. (4)
I'padix y = f (I) e cnaguoro ainiftHoio pynkuieio crpymy (2).
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'3 unx ¢opMysn BHNAMBae, IO AMePesno BiLAaBaTHME ‘MAKCHMAJbHY
DOTYXKHICTh, KO 30BHilHIA OIip AOPiBHIOE BHYTPilHbOMY: R = ri.
Y usomy BHmazKy, fAE BHAHO 13 (3), N = 50 %. Kpim Toro, .= 1, xoan
I = 0. Tlpu 3GinbueHHi CHJIH CTPYMY BENHUHMHA 1) 3MeHHIyerbcs i cTae
TaKOI0, IO AOPiBHIOE HYJIIO, KOJM 30BHiILHik onip R = 0, T06TO npH KOpOT-
KOMy 3aMHKaHHi.

= IIna pociifjKeHHST 3a]€XKHOCTI. KOPHCHOL nm‘ymﬂocm i k. k. n. aky-
_MyJIATOpa Bifl CHH CTPYMY (HaBaHTaxeHHs) 30HPaAIOTh CXeMy pnc. 27.
E.p.c. & aKymyasropa BHMipIOIOTb METOLOM KOMIeHcauil.
Y npakTHli Ha#6ijbIl OWHPER] COURYes] aKymyrumopi, AKi Ha3HBa-
* I0Tb TaKOXK Kucaomuumu. KUCIOTHHI aKyMyJarop CK/iajiaeTbCs i3 3apai-
Pt eHHX NMOSHTHBHO i HEraTHBHO IUIaCTHH, fKi
e | ' MICTATbCS B Cellia/IbHOMY KOpIyci (MOXKyTbh Oy -
TN\ TH 1J1aCTMacoBi, KepaMiuHi, CKJsIHI) 3 enekTpo-
Lo\ gairom. Enerrposir saBase coGoio  BOZHME poO3-
‘ ‘ ‘upH cipuaHoi KUCJ0TH., IlnacTHHH akyMmynasito-
2 piB— pisni sa 6ynoBolo, HanpHkJag, rparda-
‘ cTi, Tpy6uacti., Binpw nommpeni akymyJsTOpH
3 rpaTyacTUMHU TacTHHaMH. I'paTka mJacTHHHA
'J ~ KHCJIOTHOI'O aKyMyJsTOpa BHUJINBAETbCA i3 CBHH-
o 3 joMmimkow cypmu. Komipku rpaTku 3amnos-
HIOIOTbCA NMAcTONOAi6HOI0 aKTHBHOIO Macolo, sKa
BUTOTOBJIAETbCA, B OCHOBHOMY, 3 CBHMHIEBUX OKCHIiB: cypuka PhsO, —
JUisl TIOBUTHBHO 3apsKeHuX i rviery PbO — 15 HeratuBHO 3apAIKeHHX
" mactu, Ilicna sanoBHenHs nyacTHHH cywarh i GOpMYIOThH eeKTPoXi-
MiYHHM c1ioco60M. 3 OZHOTHIHUX IJIACTHH CKJ/a4al0Th HiBOMOKH, NJaCTHHA
B AIKHX 3'€JHYIOTb NapasesbHO, 3 MiBOMOKIB — aKyMyJasaTOp. ¥ Heratus-
| HO 3apsZXKEeHOMY NiBOJIONI MJacTHH Ha OXHY Oisbine, HiXK Y MO3UTHBHO 3a-
| pAIKEHOMY, OCKiJIbKH KpaiHi N/IAaCTHHH SapsiixeHi HeraTuBHO. 3i6paHi
- GJIOKH MOHTYIOTBCS B KOPIYCi i 3aIOBHIOIOTECS €JIeKTPOIITOM. B pesynbra-
Ti peakilil CBUHIEBMX OKCHAiB IJIaCTHH 3 €JIeKTPOJiTOM Ha IIacTHHaX
YTBOPIOETBCA IUAP BaKKOPOIUHHHOrO cy/bhaty cBHHIO PbgOy.
Hnsa sapsmkeHHSI akyMyJTOPA 4epe3 HbOTO MPONYCKAIOTh eJeKTPUY«
HUll cTpyM. JoHM BOpHIO mij Ai€0 €MEKTPHYHOrO MO/ PyXalOThes N0 Ka-
TOA2, BiAGyBaeTbcA peakuis

PbSO, + 2HT — Pb** + H,S0,,
Pb2+ 4 2e— — Pb.

Puc. 26

B pesyabTam cy/ibdaT CBMHIIO Ha KaTOA I'IepeTBOpIOGTbCﬂ Ha ry6uactuii

MeTaniuHuit CBUHenpb ciporo koabopy. OAHouacHo ioHH SOi~ pyxaioThea
1Lo aHoZa, BTPAvaloTh 3apsj i BCTYNaOTh B peakliio

PbSO, + SOi~ — 2e— — Pb (SO,),.
Hani BizGyeaeTbcs 060poTHA peakiis:
Pb (SO,), + 2H,0 = 2PbO, + 2H,SO,.

Ilpyn npoMy Ha aHOAi yTBOpIOETbeA OKCHA cBHHLIO (IV) TeMHO-KOpHUHEBO-
' IO KOJIBbOPY, B €JEKTPONIT BHAIIAETbCA CipyaHa KHCJOTA, 4 BOAH B HbOMY

eMeHmyeTbeA, ['yCTHHA e/IeKTPONIITY 3pocTae, OTXe, BOHA € XapaKTepPHCTH: |
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KOIO CTYNeHS PO3PAIKAHHA aKymyasTtopa. Enextpopyumifina cuna aky-
MyJISITOpa B KiHIli 3ap aKaHHs MoXe J0CATTH 3HaueHHd 2,7 B. B posimKue-
HOMY CTaHi 3apsifi aKyMyJIfITOpa MOKe 36epiraTHCh JOCHTB JOBIO.

. Ilpu-pospsamkanni akymyqasTopa BiaGyBalOTbCS 3BOPOTHI XiMiuHI pe-
aKuii 3 yTBOpPEeHHAM Ha 000X IJacTHHax cyabpary  ¢puumpo. Hebaxano -

PO3pA/IKATH KUCJIOTHUH aKyMyJasTop Jo e. p. ¢. Menm Hix 1,85 B.
- OcTaHHIM YacOM IIMPOKOTO MOIUHPEHHS HAOYNH AYHcHi aKyMYyAsmopu.
CninbHuM AN BCiX THIIB IY2KHHX aKyMYJsTOpPiB € eexTpostit — 20 % -it

PO3UHH JYTY y BOAi (3BiacH i MOXOAUTH iX HasBa). 3anekHO Bijf XiMiuHO- .

IO CKJIaJy €JEKTPOAiB JAYyXKHi aKyMyJAsTOpH NONIJAIOTHCS Ha 3aiiszo-

HikeneBi, KagMmieBo-HikeseBi, IUHKOBO-HikeneBi Tomo. Tenep maiuacriiue .

BUKODHCTOBYIOTb JIYXKHi 3aji3oHiKeseBi

Ta KajaMieBo-HiKeJeBi aky-

MmyJasiropd. KopmycH Takux akymyJiATOpiB 3BapioloTh i3 HiKeJABOBAHOTO

saniza. AKTHBHAa Maca MO3HTHBHO 3apsLKEHHX [JacTHH (aHOMIB) 060X |

TAKUX aKyMYJATOPiB ONHAKOBA: IO 3apsRKaHHS — Iie I'iIPOKCHA HiKe/1o
(II) Ni (OH),.

+ CxeMaTH4HO peaxuii 3aps/KaHHS — PO3PSUKAHHS MOXKHA 3anHcartd

Tak:

IS

PO3PALKAHTA

Fe -+ 2Ni (OH), & > Fe (OH), + 2Ni (OH),,

3apAAKAHHA

= Cd (OH), + 2Ni (OH),.

3apsi KA A

pOSpAJKains

Cd - 2Ni (OH), &

Konu akymysastop sapsilKaeThCsi, aKTHBHA Maca IVIaCTHH Ha aHOAl
TNePeTBOPIOETHCS HA TiIPOKCHA Hikesio (III) Ni (OH);, a akTuBHa Maca
Ha XaToAi — Ha ryGuacre 3ani30 i kaamiit. IIpn pospsmkanHi akymyaa—o-
piB Bin6yBaeTbcA 3BOPOTHHE mpolec.

XapaKTepHOK OCOGIHBICTIO JIYKHHX aKYMYJATOPIB € Te, WO iX He po3-

6HpAOTh IPOTATOM YCBOIO CTPOKY C/YyKOH (10'10 pokiB).+ — <

OcHoBHI nepeBaru JIyXXHHX aKyMyJSITOPiB HaJl KHCJAOTHHMH: npu ORHid-

KOBill Maci emHicTb Ix 6iJblIA; He NCYIOTBCA NPH KOPOTKHX 3aMHKAHHAX,
TpH BeMKHX CTPYMAX; MAlTh Giblly MeXaHiuHY MilHiCTh; norpe6yloTb
MEHILOro JOrsaay. B cBolo uepry KHCJOTHI aKyMyJAaTOPH MaroTb BHILLY

pospsanny Hanpyry (2—I1,8 B mporu 1,3—1,1 B). “v

¥

3anexHo Bif YMOB eKCl'IJIyaTaUJl B OJHMX BHIAJKax BUTiIHiHIe 3acTo-
COBYBATH JIy}KHl aKyMyJdaTOpH, B iHIIHX — KMCJOTHI.

Ilopadox suxonannsa po6oru

1. CxaacTh eneKTpHYHE KOJIO 32 cXeMoio puc. 27. § — akymyastopHa
Garapes; R,—sMiHHHE nporpafyiioBanuii onip 2—5 OM—peocrar, sKuHi
BKJIIOYaEThCA MiXK eleMeHTaMHu GaTtapei i npU3HaueHUH, O-Niepiue, A/ WTyY-
Horo 36iJbllleHHs BHYTPilIHLOTO Onopy 6a- n /
Tapei, no-Apyre, 4151 3MeHIUEHHS CTPyMY ~ r -
KOPOTKOI'O 3aMHKaHHsl, L0 NPOXOAHTD ye- Ry
pe3 Gatapeto, KOJIH 30BHilIHIN onip R=0. —ll—"—‘gl_“’—“l—‘

2. Ilipi6patn eksiBasenTHHii onip Ji- t ﬁ 0
Hii Tak, mob6 R, = 8/1,,,, e 1, —

MakKCHMaJIbHHA CTPYM, fIKHH MOXe JdaTH Z 51
akymyasrop 8. Puc, 27
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/3. 3aMKHyTH Kosio {, aminioloun fioro soBHimHIf onip peocratom, BHs

pra'm 12—15 3nauenn crpymy i Hanpyru. IlouaTkoBak CTpyM MOXKHA BCTa- .
HoBuTH 0,2°A.

4. BuKopHCTosyloqn eKcnepHMeHTanbHi 3HaueHHa I ta U, OBUHCIH-, .
TH JUISl KOXKHOTO SHAYEHHS CHJIH CTPYMY Be/lHSHHH P, inaa q)opMyaabm »

), ).

. TloGynysari Ha THX caMHX ocsX rpadiku 3a/IeKHOCT KOpPICHOl.‘

nm*yxmocn i K. XK. I. Big cuam CTpyMYy.

6. 36iabwmTy onip R, i mo6yaysatu rpadiku sanexxHocTi P f(I)'

in=f (/) (ax B nn. 3—>5). IIpoananiayBari, K 3MiHIOIOTECS NOJOKEHHS
- Touxd M (puc. 26) i Haxui npsMo.
+7. ObuncauTH NOXHOKY BHMipIOBaHHA BeJTHYHH P i n.

KonTpoani 3ANUTAHHA

1. $Ixa 6onaa KHCIOTHHX i MyXHHX axymynmopm? SIki npouecn Bmﬁynambca npn
: Ix sapa/Kanui i pospsAlxKani?

: 2. fIxe jokepeso BUTiAHilIe NPH eKCMIyaTallil — 3 MaJHM YH 8 BEIHKHM BHYTpImHIM
' OmopoM?

3. Hlo Take eMHicTb aKyMyasTOpa?

IV, Buanaxenna eaexrpopywifinoi cuau dxepeaa merodom Komnencayii
 Mpunann i matTepiann: 1)akymyunsrop; 2) peoxopn; 3) HyAbOBH raarBa-
HoMeTp THRy M122, M314, M2031/1 3 uyrausicrio 10~% A/non; 4) pryrao-kanmiepu#t Hop-

| MaxbHHH esemenT; 5) Halip eneMenTis 38 HeBifloMuMH e. p. c.; 6) peocrar; 7) nepéMmukay,
- BHMHKAa4, KHOKa.

Teoperuuni sidomocri Ta onuc npuiadis

Y KOXHOMY JKepeni CTpymy BinlyBaeThcs Nepeposnofii eNeKTpHu-
HUX 3apsiiB, HampHK/al, B aKyMYJATOPHHUX i ranbBaHiyHUX e/eMeHTaX

Bin6yBaeThcsl Iepeposnofin ioHiB, B {HAYKUiHHMX reHeparopax — nepes

PO3HOiJ eNeKTPOHIB TOLIO.

Ilpupoaa cuil, siKi CHPHYMHIOIOTH TAKHH NMepeposnoLisn sapsanis’i nims

TPHMYIOTh nocriluh CTPYM Y KOJi, pisHOMaHiTHa: B iHAYKIUiAHUX reHepa-
TOpax L€ eJleKTPHUHe flose, B rajbBaHiUHHX eleMeHTax — XiMiuHl peakilii,
DpH JOTHKY JBOX Pi3HOPilHHX MeTaliB — KOHTAKTHAa pi3HHIA NOTEH-
mianis i 1. A. LLi cuiM Ha3BaHO CTOPOHHIMH CHJIAMH, a NOJIe, SIKE CTBOPIOETD>
Csl HHMH,— [IOJIEM CTOPOHHIX CHJI.
+ Jlxepesio CTOPOHHIX CHJ B KO/ NOCTiAHOTO CTPYMY BHKOHYE poboty
8 nepeMillleHHsl HOCiiB CTPYMY NPOTH CHJ €/IeKTPOCTATHYHOTO noas. Cro-
POHHI CHJIH XapaKTepH3yIloThc poboTolo, AKY BOHH 3LiHCHIOIOTH Haj py-
XOMHMH 3apajnami., Beauunna, sika JopiBHIOE BifHOLIEHHIO JO 3apsany ¢
poGotTH A CTOPOHHIX cMJ NpPH TepeMillieHHi NOSUTHBHOTO 3apsA1y B3IOBXK
YCBOTO €MEKTPHUHOIO KoJa (BKJIOUaeThCA IKEpesno CTPyMy INpH NoBep-
'HeHHi HOTO y BHXiAHY TOUKY), HA3HBAETbCS EACKMPOPYULILIHO0 CUAOK

8 = Alq.

TpaxTuuHO €JIEKTPOPYLIIfiHY CHIY MOXHA BUMIPATH 82 JOMNOMOTOK0
BonbTMeTpa. e BuAHO i3 dopmyan sakony OMa Jifi NOBHOrO Koaa;

_ I=8R+r, 8=IR-+1Ir.
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meo onip BonbTMETPA R >r, ro
. &€=/R=U,

-1, prxe, Hanpyra AIKY TI0Ka3ye BOMbTMETD, npu6IH3HO NOpiBHIOE €. p. C.

* JpKepeaia, ajie NIPH YMOBI, WO BHYTPilHiA onip BO/ILTMETPA Jy3Ke BENHKHI
HOPIBHAHO 3 BHyTle.IHlM onopoM Jukepena. Tomy uei merox saBxuu He-
TOUHHI.

o6 . nocATTH. BUCOKOI TOUHOCTI, npH BUMipIOBaHHi e. p. C. KopncTy-,._
I0TBCSL KOMNEHCAYIIHUM MemoJOM, SIKHE SBOLHTBCSA AO NOPIBHSAHHA €.p.C..
RBOX JiKepesl.; ETa/IOHHHM JKepesoM, €. p. €. sIKOrO BijoMa, € PTYTHO-
KaIMieBHI HOPMaJIbHHHA eJieMeHT. BiH ckinanaeTbes i3 CKASHOI MOCYRHMHH,.
B HUXKH{¥ 9acTHHI AKOi BnasHO njaTHHOBi enekTpoau (puc. 28). IloanTus-
HHA NOTIOC — PTYTh, HEraTHBHHHA — amanbramMa kKaamiio. Eaexrponitom:

Y T € HacuueHu! posunn CdSO,, sk aeno-
NN R JISIPH3aTOP BHKOPHCTOBYETBCH CYJib-
' ‘par pryti Hg,SO,. E. p. c. Takoro-

1 H_‘IJ])'E"II'_'!@;—'_\ :

ATTTIT

Pnc, 28 Puc. 29

eJEMEHTa Mae BUCOKOCTabinbHe 3HaueHHA ¥ Mexax 1,0185—1,0187 B gns
Hacvuenux i 1,0185—1,0195 B nna HeHacH4YeHHX eseMEHTIB, fiKe Mano-
SMiHIOEThCA 8 TEMIEpPaTypOIo.

az HOPMAJIBHHX HaCHYEHHX e/leMeHTIB e. p. C. (¥ BOJIbTAX) NpH Oy/b-
AKi#_rtemneparypi ¢ nopisHioe

8§, =8, — 40,6 107°(t —20) — 0,95 - 10™* (¢ — 20)% -+
+ 0,01 - 107° (¢ — 20,

Ae 850 = | 01865 B.
: Henacnqenuifl .HOpMAaJbHHT elleMeHT BIlelSHﬂETbCﬂ 'BiI HacHUEHOro-
JIMILE THM, 1O NpH 'remuepa'rypl nonan 277 K BinbHHX KpHcTa/liB HeMae i
KOHIEHTpallisi po3uMHy nocTiina. Henacuuennfi enevent meHuw craGijb-
HHH, HiX HacHueHumil. BHyTpiluHiii onip Hopmanbuux eJleMeHTiB GJIH3ILKO-
1000 Om.

OCHOBHOIO BJ1aCTHBICTIO HOpMaJIbHOI‘O efleMeHTa € HOTO BHCOK& CTa-
6iabHicTh. Baxauso, wo6 enemeHr i BUMIPIOBaHi AIIAHKH KO/a MalH Of-
HaKoBy Temmeparypy. Tomy HeGaxahe poaMillleHHs e/eMEHTIB B MiCLAX,.

"Jie € BeMKHH IPajlieHT TeMnepaTypH, HanpukiIaj no6ausy BiKoH, Harpis-

HHX eI€MeHTIB Towo. IIpn npoXomKeHHi SHAYHMX CTPYMIB e/leMEHT JIErKo:
TNONAPHSYEThCA | HOro e. p. C. cTae HecraGiibHOIO. IToHOBNIEHHS cTa6inb-

i HOCTi norpe6ye sHaunoro uacy. Tax, HANpPHKAAJ, HOPMANbHAR eleMeHT

"qracy 0,02 abepirae rapaHToOBaHy TOUHICTh NPH CTPYMax, MEHIUHX 33
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0,04 MxA. [Ina nonepe/xeHHS TepeBaHTAXKEHb PEKOMEHAYEThCA [OCHI

JIOBHO 3 €JIeMEHTOM BKJIIOYATH SaxWCHHM omip (6mmsvko 100 xOm), a BH-
‘MipIOBaHHS NPOBOJUTH NpPU KOPOTKOYACHHX TIPOXOMKEHHSIX CTPYMY.
IlpuHupMnianbry cxemy ycTaHoBKH 300paxkeHo Ha puc. 29. & — aKymy-
JistTop, e. p. ¢. siKoro GiJbiua, HiX e. p. ¢. HopManbHoro &, i e. p. ¢. HeBi-
zomoro jukepena 8,. AKyMyJnATOp BRJIOYAETbCA yepes peoctaT Ry 1 samu-
_KaeTbcsl 33 JOTIOMOTOI0 BHMHKaua Ha peoxopn AB. Ilorenuian toyku A
~MEHIUMH 32 ToTeHLian TOUKRU B (pp > ¢a). OTiKe, MixK KiHOAMK peoxopia
AB icHye pisHuns noreHnianis, ska amigoeTbest Bin 0 1o U. 3a xonomorodio
TlepeMUKaua MOXHA MiJK/II049aTH 1O Peoxopja No yepsi Heeizomy e. p. C.
i e. p. c. HopManbHOro eseMeHTa. HeratuBHi MOMIOCH HOPMAaJbHOTO efie-
. MEHTa | HeBiZOMOro mKepesa NiAK/IOYAOTHCHA Yepe3 HYAbOBHH rajibBaHO-
< MeTp i onmip R no pyxomoro Kourakty D peoxopna AB. Hexail konTaxT
. gnaxomuThes B Touni D. SIxwmo piswuig norenuianiB B Toukax D i B He no-

piBHIOBaTHME €. P. C. JOCJiRKYBAHOTO JiKepesa, TO B KOJi rajJbBaHOMET-

pa 3’SBHTbCH CTPYM. SIKIIO XK pisHHUA NOTeHUianiB @p — ¢p = §,, TO
€TpyMy B Koai ranesBaHoMerpa He Gyne (I = 0). 3HalneMo po3paxyHKOBY
<popmyny Ana KOMNEHCalifiHOro MeTony IpH YMOBI, IO j

I=1,=0, (1)

. Ha ocnosi saxoniB Kipxroda ansa Bysna B i xourypa DBNCD (nepe-
'MHKa4 B NOJIOXKEeHHi «[» ) 3anuiuemo:

\ ILy+5L=1 I1R1+1RDB=8x, ‘ L ©
Ze I, — crpym Ha pinsHmi; Ry — onip ujei aiasiHky. '
BukopucroByouH yMOBY (1) plBHHHHH (2) nepenuwemMo y BUIAAL

s ]RDB =&,. i
QOckinbku IRpp = Upp, TO S
‘ &, = Ups. ' : 3)

Ananoriyne piBHAHHS MaTHMeMO i JJisi HOPMAJbHOTO €JeMEHTa, KOJH
TiepeMuKay nepesefeMo B TNOJNOMEHHS «2»:

8, =Up,s. o ®
Posginumo (3) na (4);

Ty __ UDB IRDB _ .
& - UD,B IRDB 3 8X = 8HRDBIIQDIB.

Ockinbru onip Li/ISTHKH KON ONHOPiNHO Kani6poBaHoi ,leOTHHH peo-
xopaa AB nponopuifinuf i joBxuHi, TO

8:: = g1-1l1/12’ ‘ (5)

“

Ilopadok sukoranHa poboTu

k)

1. 3i6patu enekTpuHe KOO 32 cXeMoio puc. 29. - t

2. 3aMKHyTH KOO arymyJiaTopa 8, a MoTiM nepeMHKaueM (IOJIOXKeH-
HA «2») — KOJNO HOpMAJbHOrO eneMeHra. 3a jgomomororo peoxopia D
JMOGHTHCS BiJCYTHOCTI CTPYMY B KOJIi ranbBaHOMeTpa. 3anHcaTH 3HAYEHHS
Iy = DB, TloBTOpHTH BHMIpIOBaHHA He MeHLIE TPhOX pasiB.
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nel, = DB, myv; I, = D,B, mMm. .

YBaral IHoG Hopmanbﬂnﬁ eJIeMEHT He n(mapnsyBchn, 'BRIOUANTS.
Horo B K010 HA MiHiMaJbHHI 4ac, KOPHCTYIOUHCH AJIfl [bOTO KHOMKOI K.

3.. IlepeMKHYTH nepeMHKaYy B [OJOKEHHS «I» i BusHauutH I; = DB,
§K B 1. 2,

4. Busnauntd 3a dopmyJomo (5) 8, a1a KoxHOro BHMlplOBaHHﬂ i 06-
YHCAUTH cepelHe 3HadeHHA §,.

5. Iligpaxysatn BigHocHy i a6como'my HOXHOKHM BHMipIOBaHb,
Koutpoavni sanuranus

1. - IlosichiTb 6yN0BY HOpMaJBHOrO elleMeHTa { 0co6IMBOCTI HOTO 3aCTOCYBaHHS B &J1K~
. TPUYHHX KoJax.

2. IMosicuite ¢isuynufi aMicr eJreKTpopyLmﬁHm CHJIH,
3. Ski cnnum HasmBaioThbCA CTOPOHHIMHP
4. ki e cnoco6u BuMipioBaHHA €. D. C.?

V. Busnasenns enyTpitinso2o onopy dxcepeaa crpymy

"~Tlpunagu 1 Mmarepiaan: 1) mkepero crpymy; 2) mictor ¥YircTonar;
8). nyab-ransBaHoMerp THIy-M2031/1; 4) amnepmerp Ty 2513 abo D59/3; 5) BoabTMETD-
Tany 9514 a6o ACT-T; 6) peocrar Tamy PIILI,

Teoperuuni sidomocri ra onuc npuradis

Meron HespiBHOBaxeHoOro MicTKa. BuayrpimHii
Omip ZKepena CTPYMY MOXKHA BUSHAYHTH, KOPHCTYIOUHCH 3aKOHOM OMa A
noBHOro KoJaa. TouHimmit pesynbrtar 6yne, sIKUWIO 3aCTOCYBATH MOAH(IKO-
BaHu# Mictok YircroHa (puc. 30) (MeTOZ He3piBHOBaXXEHOro MicTka).

4
LN, |
/4 |
' » { —[SD-JM
A 2 | < N3 [ 2
5 D 1 b
I =
Pue. 30 Pue. 81

JIKepeno cTpyMy BMHKAeThcA B OfHe 3 IUiededl MicTKa YiTcToHa (na-
npukraag, AC). 3MIiHIETbCS NOJIOXEHHS KOHTAKTy D Ha peoxopai a6o
8MiHIO€TbCS! omip R mpH HEPYXOMOMY KOHTAKTi D ROTH, NOKH CTPYM depes:
Hy./b-ralbBaHOMETp He Oyle SMiHIOBaTHCh SIK NIPH 3aMKHeHiil, Tak i mpu
posiMkHenifi guomui X, BukonaHHA niel yMOBH O3HauyarHMe, WO CIPyM
B niaroHanai CD He sane:kuTh Bif onopy AiaroHatai AB, ne € Tak 3panuii
¢XHOHUI - HYJ by,

EPoarnsxemo Teopetiuni octosn Merony. CkiazeMo piBHsHHs Kipxro-

¢a s panoro Koaa:

. ans koutypa ACDA: I,r, + IR, 4 1,7, = §,

ans kourypa CBDC: IR + I4R1 — IR, = 0

ana Bysna Ct I; —1—1,=0,

ansa sysnma D: [ —1,+1,=0. Iy
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Tlpu samukanmi kioua onip xiaronani AC smimoerbes. Tloznaunmo

_CTPYMH B meqax MicTka Tak: [y -+ Aly; I, + Aly; I+ Al 1,4 Al

CrpyM, AKKil NPOXOAMTDH Yepe3 HyJb-raJbBaHOMETD, 32 YMOBOIO He 3MiHio-
€Tacs1, ToMy Al = 0. I[Jm HOBHX 3HAUYeHb CTPYMY MOXKHA CKJIACTH piB-

HAHHA Klpxroq)a i posp'sizatu ix pasom 3 piBHaHHAMH (1). Hicranemo:

Alyr, + A12r2 =0,
AR + Al ry = 0,
Al = AL,
Aly = Al |
Toni Alr, = — Alyry; ALR = — Alyr,. 3BigcH Maemo: r, = erlr1 a6o

. A1 peoxopaa
I'x.== ng/l]_, (2)

el i1, — noBxuuu pinsHOK peoxopha AD i DB. N
Merox aMmmepMeTpa i BOAbTMETPA MeHW TOYHMH, ase Bii-

pisHaerbea mpocroro. PosragueMo cxeMy puc, 31. 3anHmuemo 3akoH-

{OMa ana LiAAHKY [-—2:
Iry = (P1 Pa + 8

e (pl, g — noTeruiamu Todoxk I i 2. OckinbKH = Q= U, ne U—
~‘Hampyra, fIKy NOKasye BOJBLTMETP, TO IONEPelHiH BHpa3 -nepenuuerses

y Buragf
Ir,=8%—U. 3)
‘3MeHWmUMO cTpyM Y Koai 0 3HaveHHs [y :
Lry=8—U. )
.3 pisusaub (3) i (4) mMaemo ‘ :
= (U, —U)l(I —1)). (5)

[le#t Metox nae 3afOBisbHI pe3ynbTaTH I/ IxKepel 3 BEJIUKHM BHYT-
‘piwHiM onopoM. ITpu HeBeJNHKUX SHAYEHHAX CTPYMY Tpe6a BPaxoBYBaTH

-CTPYM, e CHO}KHBaETBCH BOJBTMETPOM.

- Ilopsdox suxonanus poboru

1. Busnauumu snympiwnic onip memodom He3pisHOo8aKNeH020 MicmKa.

1. Craacru cxemy srigao 3 puc. 30.

2, TlocraBuTH NMOB3YHOK peoxopia D mocepenuHi mwkamid. 3MiHOW OMno-
‘py R nobutHcs Toro, o6 3aMHKaHHA a60 po3aMMKaHHS KHONKH K He BiH-
‘Baji0 Ha BEJHUYMHY CTPyMYy, MIO NPOXOIUTh Uepe3 HYJib-rajbBaHOMETP
{TaK 8BaHUH «XMOGHHI HYJb»).

3. ())dtmcnmn BHYTPilHIA omip Jokepena r, (OCKIJIBKH =1, 10

=R

4. 3MIiHOIO NOACKEHHS MOBIYHKA «XHGHOTO HYJIsl» BHCTABHTH HA Mara-
auni onopis onip, Gu3bKUI K0 3HalkAeHoro B 1. 2, 3.

5. BumipioBanhs nposecté He MeHm sik 3 pasu., Jani saBectu Ao
Tabauui.

6. O6uncauTn noxuGKy BHMIpIOBaHHS,

b6

I1. Busnawumu snympzutmd omp Memoaom auunepmmpa 1 eoa6m-
mempa. .
1. CkaacTH KOO 8a CXEMOI0 puc. 31.

2. Buanaunte BHyTpimmi# omip HeBizoMoro jxepena e. p. e. sa dop-

myJoo (5).

3. 3no6yti pesy/ibTaTH MOPiBHATH 8 PE3y/bTaTaAMH, OJEPKAHUMU MeTO~
JIOM He3piBHOBaXKEHOTO MiCTKa.

4. Pospaxysatu noxuGKy BHMipIOBaHHS 3 BpaxyBaHHAM Kiaacy TOu-
HocTi npHaafis,

Kourpouasvul sanuranius

1. Hasslth croco6u sumipioBaHuA ONOPY MKepena cTpyMmy, ix mepesarn i Heponiku.

2. ¥ uoMy noasirae cyTh MeTOAy He3piBHOBaX<€HOTO MiCTKa Jma BHMIpIOBaHHSA BHYT-
plmnsoro omopy?

3. ¥ uomy cyrnb npasui Kipxroda?

VI. Hocridxcennn 3aKonis enexrpoanisy
TG BUIHAUEHHA 30PAJY OOHOBANERTHO20 IOHA

ITpunaan ramarepiauamar 1) wxepeno nanpyrn tuny BC4—12 3 pinbrpom:
g) €/1eKTponiTHUHA BawHa 3 10%-M po3unMHOM MiZHOro Kynopocy; 3) amniepMerp THmy
514 a6o M104, M109 zo 2,5 A; 4) peoctratd a0 20 Owm; 5) cekynaomip; 6) repesn runy
A1B-200; 7) BuMukay,

Teoperuuni sidomocri ra onuc npuradis

«

Enexmponisom Ha3sHBAETbCA fBHINE PO3KJAaNaHHA €NeKTPONITY Ha
CK1a10Bi 4acTHHM mif Hielo esekTpHuHoro cipymy. Ilpu npoxomkeHHi
CTPYMY depes eJIEKTPOJiTH iOHH NepeMilllylOThCA 10 €JeKTPOAiB, po3psai-
)alotbesl | BuAlnsAoThCA Ha HHX. SIK mpaBHJIO, i NPOAYKTH BCTYNAIOThH ¥
BropuHHi XximivyHi peaxuii 3 enexTponamu a6o PO3YHHHHKOM.

OnycTuMo B PO3YHH MiZHOTO xynopocy MiZHI eJeKTPOIH i MiAKIIOUHMO:

ix 10 nomocis mKepena crpymy. lomn Cu’™ ,PYXaTHMYTECH IO KaTofa i Ha

HbBOMY BH,lI,lJIﬁTHMeTbCH yicTa Migb. lonu SO4 , BTPaTHBIIH 3apsaj Ha aHO,le,
BCTYNawTh y XlMl‘lHy B3aeMofiio:

Cu*t + SOZ™ == CuSO,.

Takum yHHOM, KOHUeHTpanis pO3YHHYy, IK BHAHO, HE 8MiHIOETLCA.
B peayabrari enekrponisy Mine nepeHOCHTHCA 3 aHOA HA KATOA,

KinbkicHi 3akoHH enektponisy Biakpus y 1833 p. M. dapageit. 3rin-
HO 3 TlepwiMM 3aKoHoM Papazes,

m == Ag/N zZe,

Jle m — Maca PeYOBMHH, fiIKa BHURINAECTHCA HA KATOXi NMPH NPOXOKeHH
aapany; A — aroMHa Maca enemeHTa; N — 4HCIIO ABora,upo, Z — Ba-
JICHTHICTb; € — 8apsAf eJeKTPOHa. :

Beanunna A/NaZe e cranoio AnNsl KOXHOI PeYOBHHH | HASHBAeThCS
€JeKTPOXiMiYHHM eKBiBaJIeHTOM k:

k= AINxZe. (¥
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T onl ’
WLl o m = kq = kIt. ©

3HaueHHs eNeKTPOXIMIYHOrO eKBiBaseHTa HaiGi/bIIe 115 OAHOBAIEHTHOTO
ioHa.

.« HApyruit sakon ®apajes TBEPAUTD, IO Maca PEYOBHHH, KA BHAINHIACH
Ha eNeKTPOLI, nponopumHa ximiuHOMY ekBiBasenty (A/z). Orxe, o6uisa
. BaKOHH MOXKHa 3amHCaTH Tak:

m= Aq/FZ, @
ge F — uuciao Papazes.

Uucno Dapajes MOXHA TaKOX

0% BugHauuTH i3 GopmyH
Fe= A/Zk. 4
Ha puc. 32 naBeseno cxemy yc-
TAHOBKH JJ151. BH3HAYEHHS eNeKTPOXi-
MiYHOTO eKBiBaseHTa Mini, uncna Papages i sapsny ejaekrtpona. B miact-
MacoBY eNeKTPOMITHYHY - BaHHy, 3amoBHeHy 10 %-m posunmsom CuSO,,
noMimaoTh MijHi enektponu: anox A i karox K. [lns saGesneueHHs B pos-
unHi poGouol CHJIA CTPyMY 1—1,5 A xarox posSMimyioTh MiXK JBOMa nJac-
‘THHKaMH, SiKi 3’€fHaHi MK co60i0 i i ZKJIIOYeH] Ao MOSHTHBHOTO MOJIOCA

JeKepesa CTpyMmy.

TTopadok sukonanus poboru

1. CruiacTn eseKTpHYHE KOJIO 32 cXeMolo puc. 32. 3aMKHYTH KoJso. 3a
JIOTIOMOTOI0 peoctata R BCTAHOBHTH poGouy cHJIY cTpyMy. PosiMkHyTtH
KOJIO.

2. PeTeJleo OYHCTHTH €/IeKTPOJ, NPOMHUTH, BUCYIIHTH i 8BAXKUTH 3 TOY=

nicrio g0 1078

3. BCTaHOBHTH €/IeKTPOJ Ha Micle B eNeKTPOITHYHY BaHHy Ogzno-
YacHO 3 BMHKAHHSIM KoJa NYCTUTH CEKYHAOMIp.

4. CTpyM NigTpuMyBaTH CTalHM 33 LONOMOTOI0 DPEoCTaTa NpPOTSroM
80—40 xs.

5. BHMKHYTH' OJHOYAaCHO eJeKTPUYHE KOJO | cekyHzomip. Bucywurn
i sBaxkuTH KaToA. PisHuus Mac Karoxa micisi i JO eneKTpo/ai3y mopiBHIoE
Maci m Mifi, 0o BHAiNAETECS Ha KaTomi 3a yac NPOXOJKEHHS CTPYMY.

6. O6uucauti 3a Qopmynowo (2) enekTpoxiMiuHME eKBiBaneHT Mini.

7. O6yucauTy 3a dopmy.oio (4) uncao dapajes,

8. 3a cnieBifgHomenHAM (1) BU3HAUNTH 3apsij eN€KTPOHA, B3SIBIUH A/18
Migi Z = 2.

9. Pospaxysaru aGcomoTHi i BinxocH! moXHOKH pesynmans, ozep-
XaHdx .y nm. 6, 7, 8, Ta nopiBHATH iX 3 TAGAUYHMMH JAHHMA.

KoHTpoabHi sankTaHus

1. Axult ¢pisuunnit amicr uncna Papages?

2. Un MOXHa BUKOPHCTOBYBATH AIK JAXKePeso CTpyMy BHNPAMAAY Ges dinbrpa? ;
3. Hapectu npHKJIaj# ejgekTponiay.

4. SIxi e icHYI0Tb MeTOJM BH3HAUeHHS 3apALY €AeKTPOHAP
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7. Bumipiopanus onopis i BH3HAUeHHS
iX TeMnepaTypHoOi 3ajexHocTi
[8—14, 16—19, 3aBogchki iHCTPYKILi]

Erexmpuunuil onip OlaaHku Koaa — BelMYHHA, fKa YHCEJBHO JOpiB~
HIOE BiJHOMIEHHIO HANIPYTHl HA KiHUAX miel DiNAHKY 0 CHJIM CTPYMY B Hiff.
Jnsa nocridHOro CTPyMY eJeKTPHYHHH OMNip Ha3MBAETHCA ~ AKTHBHHM..
Bin sanexuts Bifl Marepiany npoBiZHHKa, HOro posmipis i dopmu.

Has om{opumoro NPOBiJHHKA i3 cTaauM MONEpeyHHM mepepisom S
JOBKHHOW0O [ .

1
R=P-S—

Ze p — MUTOMHH Onip NpoBiAHKKa.
- Ias HeoAHOPiAHOTO MPOBiAHHKA omp MOXKHA OGUHCJHTH 33 POPMYJIOI>

RSp

Enextpuunuil onip MeraniB iCTOTHO 3aJeXHTh BiJ Temneparypd. Bsa-
raji, Ls 3a/1€XKHiCTh Ma€ CKJIaJHUR XapaKTep, aje sIKIO PO3r/siiaTh oOMe-
¥KeHi iHTepBasH TeMnepaTtyp, TO MOXHA 3anHcaTH JJis ONOPY i MHTOMOIG:
ONOpY 3aJIeKHOCTI:

R=R,[l +a(t—1))

p=po[l +oa(—1)l, (ay
ne R,, py— 3HaueHHA OMOPY i MMTOMOrO ONOPY NPH Temneparypi ¢ =
= 0°C; R, p— onip i nutoMuil onip npH Temnepartypi f; o — TeMmnepa-
Typuuil koedinieHT onopy, AKUA € cTaMuM JIHLIE s HEBEJHKHX TeMrepa-
TYpHHUX iHTepBasniB. [ 6inbll MUPOKHX TeMNEPaTyYPHHX iHTEPBaJiB TeM-
nepatypHuii KoedilieHT o 3anexkHTh Bij Temneparypu. Tomy TpeGa KopHc-
TyBaTHCA PO3K/JANaHHAM B Pal

R=Ry[l +oy(t—1t) +o t—1)*+ ...,
Re Oy, O, ... — CTeneHeBi TemmepaTypi KoedillieHTH omopy. Cepene
SHAYEHHSI TeMIIEPAaTYpPHOro KoegillieHTa Onopy B HeBeJUKOMY iHTepBasi
TeMIepaTyp BH3HAYae€TbCAd K
___R—R 6
*ETRE=10 ©

Baspum Gesmexxno MaJi iHTepBand TeMneparyp, AiCTaHEMO TOUHE 3Ha-
YeHHS!
1 dR

=5 —. B)

“=TR, d (8)

Ha rpadiky sanexHocti o Bix TemmepaTypu INOXiiHa BHUpakKae 3Ha-

ueHHs KyToBOro koedilieHTa AOTHYHOI, NPOBEJEHOI UYepe3 JaHy TOUKY

Kpmam Tomy rpaanHo KOPUCTYIOUUCH (6) MOXHAa JOCHTb JIEFKO BU3SHAYH+
TH TEMNePaTyPHHH Koe(illieHT npyu JaHiii Temnepatypi.

Jlast BUMIDIOBaHHSA €JEKTPUYHOTO ONOPY CKOPHCTAEMOCH M €T O KO M

NOpiBHAHHS 3a JONOMOrOl0 MIiCTKOBHX cXeM. MicTkoBi meropgu
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‘BuM] pIOBaHH, napaMeTpIB enempwmnx kit mnpoxo 34CTOCOBRYIOTHCH YV BH-
MipioBa/ibHi# TexHiwi. Ili MeToan AaroTh 3MOry BHMIPIOBATH ONOPH 3 BHCO-
®010 TouHicTIO. TOYHiCTH 3yMOBJIEHAa 3aCTOCYBAHHSM 3MiHHHX 3Pa3KOBHX
Mip omopy, 3 AKMMH NOpiBHIOIOTbCA HeBigoMi onmopH. MictkoBa cxema Mo-
-JK€ MaTH BHIVISLL doTHpHnogaiocHuka (puc. 33, a). Haonui knemn nonae-
“ThC HANIpyra MUBJACHHA, a Ha BHXiIHUX KJaeMmaXx AicTaeMo pisHMINO cTpY-
‘MiB abo HampyrT, sKa 3aJeXHTh Bil napamerpi cxemu. [lia BuMipioBaHHS
_*OTIOPiB '8aCTOCOBYIOThCA odunapHi (worupumieui tumy P333, MBY-49,
MOI-62, MO-47) abo nodeiini (Hanpuraan, P329, MOO-62) mocrmu mno-
<ritHoro crpymy. Omuuapmi MOCTH, fIK NPaBHJIO, 3aCTOCOBYIOTHCA His

>
o]
|~

Puc. 33

BHMIpIOBaHHA BiIHOCHO BeNUKHX OMopis, mopsaky 1—10° Om, TO‘XHiCTb
BuMipioBaHHa Moxe jocaratd 0,001 %.

Tloxpifini MOCTH 3aCTOCOBYIOTBCS NI BHMIDIOBAHHS MamHX onopm
(meHm f1x 1 Om). e Tomy, wo npu BUMiDIOBAHH] MaJliX ONOPiB OAMHAPHHM
‘MOCTOM BHHHMKAIOTb BeJHKi NOXHOKH BHACJIAOK BIVIMBY ONOPiB MinBianuXx
TIPOBiIHHKIB. 3a AONOMOrOK NOABIHHAX MICTKiB MOXHA BHMiplOBaTH

«OMOpH JIO 107° Om.
~ [ns nPaKTHYHOTO BUMIpPIOBaHHS OMoOpis aaCTocosymeca TaKOX MpHJIa~
JH: OMMETPH, METOMMETDH, TePaOMMETpH.

1. Bu3srawenna seauxux ra maasux onopis
3a AonoMOz0I0 MICTKOBUX CXem

‘Tipunaxgu | marepiaan: ) akymyastopua Oarapes; 2) Moctd THIy
P329 a60 MO/I-62; 3) peoxopa; 4) maGip wykaHHX onopis; 5) Marasus omnopis Tuny
MCP-60; 6) HyJab-rajpBaHoMerp tuny M2031/1; 7) nepemuxau,

Teoperutmz gidomocri ra onuc npusradie

3pyuHOl0 | MOWKPEHOI0 MiCTKOBOIO CXeMOIO € cXeMa micmka ¥Yimemona
{puc. 33, a). B vorupunneuuit xouryp ABCD BKJIOYeHO ornopyu R;, R,,
R,, R., fiKi yTBOPIOIOTb TaK 3Bani mneui Mictka. Ilporunexui Bepimuu
YOTHPHKYTHHKA 3’€HYIOTH HiaroHa/IfAMH, N0 OJHiel 8 SAKHX NiXIMKHEHO
TaJbBaHOMETpP, A0 APYroi — JKEpeno CTpyMy 8.

lemo BHMHKa4 ] 3aMKHeHui, a 2 -— po3iMKHeHHH, TO no m.nsmxax
‘ABC i ADC npoXoQHTHMYTb CTPYMH

18_‘ 4= g/(I?Jc + Re))
11= 12= 8/(R1'+ Rz)-
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Criagu Hanpyr Ha onopax R, i R, BiAnoBiiHo 10piBHIOBaTHMYTH
-Ux = Ist = 8Rx/(Rx + Re),
Uy=ILR = &R,/(R, + Ry).

ITpu GyAb-sIKHX 3HAUEHHFAX OMOPIB IX 3aBXKAH MOXKHa Migi6paTd Tak, Mo
BHKOHYBaTHMETbC DiBHIiCTh

RJ(Rx+ Re) = Ri/(Ry + Ry).

OTXe, npH 3aMHKaHHi 2 CTpyM uepe3 rajbBaHOMeTpP He NPOXOJHTHME
(U, = U, i norennianu touok B i D oanaxosi). CkopHucraBmINCh BJac-
THBOCTSIMH IPOINOPLiH, MaeMo:

R,R,= RJR, 260 R, = RR/JR,.

Hinsuka ABC 3 onopoM R, Ha3WBAETbCA Nae4em NOPIGHAHHA, a JiJASHKH -
8 onopaMH R, i R, — naewamu 6iOHOWEHRA.
~ PipHoBara Mocra HacTae TOAi, KOJM BiJIHOIIEHHS OMNOPiB IONAapHO BSK-
THX mJevefi, 3’eAHaHUX 3 KiHuHMH BinoBigHoi miaroHani- MicTka, AOpiB- -
HIOKOTb OAHE OJHOMY. :

Meroz BuMipioBaHHS OTOPiB 38~ nonomoroxo MicTka YiTCTOHA HasHBae-

TbCA_ LI Memo0om NopieHAHNA, 460 HYAbOGUM MemodoM.

ToAiMMBIIM NOYIEHHO OCTaHHi DiBHOCTI, JicTaHeMO yMOBY piBHOBary
MicTKa:

Ry/Ry = R,IR,.

3anexuo Bin KOHCTPYKIiT po3pisHAIOTh Ma2a3unKi i peoxopdui micm-
xu Yimemona. Y nepmnx onopH Ry, R,, Ry AB/sAI0Th cO60I0 MarasnHH Ono-
pie. MoxXHa BHKOPHCTATH, HanmpHuKJal, MarasHau onopis tHny MCP-60,
KMC-4, noxu6ka sikux He nepesumye 0,5 %. B peoxopaunx micrkax
(puc. 33, 0) ninsHka AC sBisie co60l0 HiKeTiHOBHI 260 BHTOTOB/JEHHH 3
inmoro Marepiany NpOBiAHHK, HAaTSTHYTHH B3JOBX JIHIAKA i3 mKanoo
(peoxopn). AD — onip Ry, DC — onip R,. Tlepemimyioun pyxomuil KoH-
TaKT D, 3MiHIOEMO BiJHOLICHHS Ry/R,. Ockinbky npoBiX oRHOpiAHHHA, TO
Mo3XHa 3aMiHHTH BiIHOWIEHHS OMOPiB BiJHOMIEHHAM JOBXHH!

R]_/Rg = ll/lgu

B nneue AB Braouaerbcs HeBizomu#t omip Ry, a B mieuse BC e'ranQﬁ-
Huii onip (Maras3uH onopis)., PoGoya dopmysa MaTHME BUIVIAL

R, = RJy/b,. )

Cxemy BMHKaIOTh 4epes MOABIAiHY KHONKY, AKa KOHCTPYKTHBHO BHe
TOTOB/IEHA TaK, IO CNIOYATKY BMHKA€TbCsl JUKepeso, a NOTIM raibBaHo-
merp. [Tpu TakoMy BMHKaHHi iHIYKOBaHi eKCTPacTPyMH 3aMMKaHHs { pos-
MHKAHHS He BHK/JMKAIOTb Pi3KOro BIAXHJEHHs CTPIJKH rajbBaHOMeTpa.:

TouHicTh BUMipIOBaHHS ONOPiB MiCTKOM YITCTOHa BH3HAYAETHCHA TOY-

. HiCTIO, 3 KOO BHIOTOBJ/IEHO BiZOMi ONOPH, FPAHHYHOIO YYTJIHBiCTIO rajibBa-

HOMeTpa, TOUHICTIO peryJ/ioBaHHSA i BiAMiKy BiaoMux omnopis.
Tak, AKUO TOYHICTb BiAiKy MONOXKEHHA pyXoMmoro KoHtakry D no-

_pienioe Al, T0 noxu6ka, fiKa BHOCHTBCA NPH UBOMY y SHAaYeHHs HeBino-

Morq_ onopy R,, HopiBHioe: ,
ARxZRx =L Al/l1lgy (2)
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- 7. Pospaxysaru onip R, 8a q)opmy.noro (3)

8. OGudcnutu noxnéxy BHMiPIOBaHHS.

I11. Bumipamu marud ma eeauxui onopu 0OUHAPHO- -nodeititum - MoCc-
mom. _ )

1. BHBYHMTH 3aBOACHKY iHCTPYKLIIO IO OJIHOrO i3 THNIB OAHHApPHO-TIO-
JBiliHOrO MOCTa, HanpHKaan, tuny P329 a6o MOJ-62.

2. IlpoBecTH BHMipIOBaHHs HEBiJOMHX omopiB R, BiAnoBiAHo 1o 3aB-
npaus i 11,

3. 3po6UTH BHCHOBKH Ta OGUHCJINTH abCOJIOTHY i Bl}lHOCHy Nnoxu6KH,
BB2XKAIOYH BHMipIOBaHHsSI, BUKOHaHi 3a nonomoroxo 3aBOJACBKHX MICTKIB,

Je L — nosxuna peoxopia. SAxmo onip manui (6au3bKO 1-OMm), TO TOY-
HiCTh BHMipIOBaHHs MiCTKOM YitcToHa o6MexyeThCs BIIHBCM NEPEeXiAHHX
-0nIOPiB KOHTAKTiB NPOBiAHHKIB, ONOPiB CaMHX NPOBIAHHKIB, GYAb-IKHMHU
3MiHaMH YHCTOTH MOBEPXHi peoxopia, SMiHOIO IJIOUMHA TOBEPXHi pyXo-
MOTO KOHTaKTy Ta iH.

Ins sweHIEHHs BIUIHBY TaKHX (baK-
TOpiB NMPU BHUMIpIOBaHHI  Majux OMOpiB
3aCTOCOBYETHCS YIOCKOHAJIEHA CXEMa MiCT-
Ka YiTcTOHa, B fIKilf NiABiAHIi NpPOBiAHMKRH
BUTOTOBJIAIOTh 3 Marepiany, IO Ma€ BeJu-

KHil MTUTOMHH omip (KOHCTaHTaH, 3ani30, “€TaNIOHHUMH.
l J4 HIKEJIIH Tom‘(.))' . " Konrpoabnl szanaTanns
Prc. 34 [NpunuynianeHy cxeMy MicTka Habe- _ .
S JeHo Ha puc. 34. -AA;; ByB,; C,C— L.-Y yoMy noxsiraioTh 0cOGIUBOCTI BHMIpIOBAHHS ONOPiB MiCTKOBHMH MeTOAaMu?

2. TosicHith NpHHUMT poGoTH CXeMH MicTKa ¥ iTcToHa.

NIAR{IH! NMPOBIANHKH 3 BEJHKHM OIIOPOM. O,_IIPIH KlHenb raJbBaHOMETpa - 3. 9k 3a NONOMOTOIO MicTRA YiTCTOHA MOIKHA BHMIpIOBaTH Mai onopn'v’

uepes KJIOY 3'€JHAHMA 3 DYXOMHM KOHTaKTOM peoxopxa-D, npy- "4, Tlpn AKOMy TOJIOXKeHHI PYXOMOTO KOHTAaKTy TOYHIiCTb BUMIDIOBAHHA MiCTKOM
rufl — 3 NIHYPOM, SIKHH MOKe JIErKo Mi JMHKaTHCh 10 TOYOK A,, B,, B,, C. ViTcTona MakCHMambHa?
PoapaxyHkoba ¢dopMyJaa IS MicTKa MaTHMe BHIVIAA : wan 5. ;’lpn AKHX CoiBBiHOLICHHSX ONOPiB Rl, R; i Ry, Re uytauBictb MicTKa MakcH-
aJbHA
R.=R IB‘ IA, ) 3) 6. Skuft npuHIMN BUMiploBaHHS MaJHX Ta BEIUKHX onopiB 3a XONMOMOroI0 OAHHAPHO~
x = Ig W' ’ ) noasiituux Mocris?
‘ I1. Busnauennn onopie 3a Gonomozoio 80A6TMETPA TA aAMNepMETPA
ITopadok sukonanus poboru Npunanu 1 marepianm 1) IKepero mocriiworo cTpymy (BHnpsMasa
R . . ~ euny B4—12); 2) peoctatr na 1200 Owm; 3) sonsTMerp na 30 B tuny 9515; 4) miniamnep-
1. Bumipsamu micmxom Yimcmona eesuruti onip. MeTp 10 15 MA; 5) Marasun onopis tuny MCP-60, KCR/M 6) mepemukau.
1. CkiracTu e/leKTPHYHE KOJIO 33 CXEMOIO PHC. 33, 6.
* 2. BeranoBuTH pyxoMHu# KOHTaxkT D nocepeJuHi peoxopjHoi JiHiAKU. Teoperuuni eiaomocri
3. 3aMKHYTH Ha KOPOTKMH 4Yac KHOIKY.

* 4, 3MeHuyrouu a6o 36iNbMYIOYN ONp €TaJOHHOTO MarasuHa, ,uoﬁwmcn Haiinpocrimuit Metox BHMipIOBaHHSA ONOPiB IPYHTYEThCA HA 3aCTOCY-
TOro, moh cTpifKa rajJbBaHOMETpa BiIXHASIACh BAiBO abo BNpPaBO B Me- BaHHi 3akoHy OMa aast ninsHKH KoJa. [IpuHnuniaabHy cXeMy BHMipioBaH-
#ax mranau, Pyxomum koHTtakToM D noGutHcs TOro, niod cTpyM uepes raib- - Hs onopiB MOGIYHIM METOJOM 3a JONOMOTOIO BOJLTMETPA i aMIiepMeTpa Ha
BAHOMETD He NPOXOZUB (cTpinka He Biaxuaauacd). 3amucatd 10 TaGuuLi BeJIEHO Ha puc. 35.
omip MarasuHa i JOBXKHHH IIIeYell peoxopia. ] . SIKuio mepeMHMKad SHAXOIHUTbCA B MO-

5. BuwmipioBaHHS noBropuTy 3—05 pasis, mopasy 3MiHIOIOYM omip era- JIOJKeHHi «I», TOAi BOJbTMeTp BHMipioE Cy-
JiosHoro MarasiHa Ha 5—10 % nonepegHboro sHaueHHs. My cnaiiB Hanpyrn Ha onopi R, i Ha Mi-
* 6. Ilinpaxysary HeBijoMui omip sa gopmyroio (1). aiamnepmerpi. Hlykanu#i onip sHaxomuTthb-

7. OBuucmatu noxn6xy BHUMiDIOBAHHS 32 cbopmynoxo 2). ' cs 3a popmyion

1. Bumipamu micmxom Yimemona marud onip. R,=U—=UNlIa=Ulla—Ra, (1) Puc. 35

1.- CkyiacTH esleKTpHUYHE KOJIO 32 cXeMoo pHuc. 34. : j

2. BeranoBHTH WIYN ralbBaHoMeTpd B TOUWKY B;, a pyxomuit kom- ne U — Hanpyra, siky nokasye BobTMerp; Us — NMajinHs Hanpyrd Ha
Tam D BcTaHOBUTH Ha Y/y WKanu peoXopAHOi MiHIHKH. Miniamnepmerpi; [4 — cTpym y Koni; R4 — onip mimiammepmerpa.

3. BaMKHYTH KOPOTKOUACHO KHOTKY Td, 3MiHIOOUH ETAJOHHMH Omip, YuM Gisbiuil HeBiLoMHUit onip R, MOPiBHSHO 3 onopoM R4, THM TOuHi-
Jo6utHest, mO6 CTPifKa rajbBaHOMETpa BiaxuJsanacsi BiBo a60 BOPaBo LKA pesyabTaT BUMIpIOBaHHA. SIKIO R, 7> Ra, To onopoM Ra HeXTyeMOv
B MeXax IKas. OTXKe,

" 4. BeranosuTH yn B rHisgo Ay Pyxomum kontaktoM D no6uTHCS, 106 R.= Ull,. (l')
CTpiiKa ranbBaHOMETpA He BiAXHJAflacd. 3amucaTd B tabnuwo onip R, B pesyastari omip, ofuMcieHHi sa HaGmixeHolo dopmynoi (1),
| JoBKUHM IUIeueH peoxopaa. 6y/e GiJblOAM, Hik HacNpaBii.
uni ?o 4epai BCTAHOBUTH LLyN B ruisga By, B,, C; 1a HOBTOPPITH onepa- SIKIO mepeMHKaY NEPEBECTH B MONOMERHS «2», TO MOKa3d Bomﬂ‘l@?«
6. TlosTopuTH BHMipIOBAHHS 35 pasiB. : pa BiAmOBijaTHMyTh MAiACHMM 3HayeHHAM chagy Hanpyrd- Ha ‘QQ/)Q]Q Q’ <

S L 0% 3
62 _ : lerjo)_/);:\ {5’; | ‘\’ ‘_\\\



AmnepmeTp noxaxe 3aram>ny CUNY CTPYMY, IO npoxom»n'b uepes onip .
’Rx i BonbTMETP.
Hesigomu#i onip o6uuciioeTbesi 3a (GopMyJo0

—U/(la—l)—-l—__g—um- 2)

e | — cTpyM, 1O MPOXOAUTH uepe3 BOALTMETP; Ry ~— omip BonbmeTpa‘
14 — cTpyM, mo BHMipioeTbes MijHammepMerpoM; U — ‘nanpyra, sy

TOKa3y€e BOJBTMETP. _ )
SIxuto onip R, & Ry (npubausHo B 100 i Ginbwe pasis), Toxi cTpym

1 Habarato MeHIUHMH, HiX CTPYM, HIO NPOXOHMTb Yepes3 HeBigoMuit omip,

i HUM MOXHa 3HEeXTyBaTH. : _
Ry Ulla. : 2"
Onip, obuvc/ieHyii 3a wielo HaGMHXKeHOWO (opMysolo, Gyde MEHILHM,

HiXK Hacnpaslli. )
SaneikHo Big napamerpiB, fiKi BHKOPHCTOBYIOThCHI B paHit pobori,

cHCTeMaTHYHa TMOXHOKA MOXe JOCHTb CHJBbHO BIVIHBATH Ha KiHUEBH# pe-

' 3yJbrar.
Iopadok suxonannsa poboru

1. CknacTi eneKTpPHUHE KOMO 3 CXEMOIO puc. 35.

2. TlpoaHa/nidyBaTH BeJHYHHH ONOPiB, AIKi Heo6XiAHO BH3HAYHTH (3a
BKa3iBKOIO BHKJ/alaya LaioTbCsi 3HAYeHHs OMNOPiB 100—700 a6o 1400—
2000 Om), i nopiHATH 1X 3 BHYTPilHiMHM omopamy NpHAANiB.

3. BianoBigHo mo 3HaueHHsl onopy R, BHOGpaTH cxeMy BHMipIOBaHHA
(nepeMuKad B NOJIOXKeHHi «/» 860 «2»).

4. TlpoBecTy psif BUMipIOBaHb Hanpyry i cunu crpymy. Pospaxysari

3HaueHHs onopy 3a dopmynamu (1), (1) abo (2), (2) BlIlI]OBlIlHO Jo ofpa-
HOI CXeMH.
5. Pospaxysatu OXUGKY BuMlprBaHb 3a qpopmynmo

R
X
6. I'Iopmﬂmn 3HAYeHHA ONOpiB, o6uucaeHHX - 32 (bopMynaMH (1),
(1), (2), (2'), i3 sananuMu 3HaueHHAMHU. 3pOGHTH BHCHOBKH.

Koquo.anl SanuTaHHg"

HOﬂCHHTH MOMJIHBOCTI 3aCTOCYBAHHA BUKOPHCTAHNX B pOGOTl CXEM st IPAKTHY~ -

HOI‘O EHMIPIOB&HHE OI'IO]JIB

2. SIki wuenonixu i mepeearu JaHoro MeTozxy BHMipIOBaHHA ONOPiB B nopmHﬁHHi

8 MicTKoBHMU?

I11. Busuenns 3anexmnocti onopy merasie 6i0 Temneparypu
i BU3HAYENHS TemnepaTyprozo Koediyiénra onopy

ITpumaan i marepianu: l)Tepmocrar Tuny TC-15 (TC-16); 2) undposuit

BoAbTMeTp THIY B7 — 20 (B7 — 27) abo micTok NoCTifiHOTO CTpyMy AJIA BUMipIOBAHHR

onopis, Hanpukaag, Tany MBY-49; 3) pocaisxysaunii npoBiHuK,
Teoperuuni sidomocri Ta onue npuradis

BuBuenHs TemnepaTypHo! 3a/e:RKHOCTI ONOPY MeTaliB Ma€ BaXJ/MBe
SHaYeHHA B eKCIepUMeHTaJNbHiH disuni i ocobauBo B Merposorii. Ha Bnac-
THBOCTi MeTaliB 3MiHIOBATH OMNip i3 3MIHOW TeMIepaTypH TPYHTyeTbeA
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 NpHHIMT POGOTH TEPMOMETpiB OMOPY, MPH3HAYEHHX AJA BHMipIOBaHH

TeMIIepaTypH.

Tepmomempu onopy — 1e BHCOKOYYT/IMBi IPHJAalH, 34aTHi BHUMipio-
BaTH DisHHumfo Temmepatyp MeHmt sk 0,001 K. Bonu nos6asneni uisnoro
psLy HeNOMIKiB, BJAaCTHBHX DiIMHHHM TepPMOMeTpaM (3ajexHoCTi IIO-
KasiB BiJ| TeMuepaTypH cepeioBHINa, Aenpecii ckia, MOXHGOK npH rpa-
AyIOBaHHI TOIO), TOMY TepMOMETPH ONOPY 3aCTOCOBYIOTb NPH TeMueparyp-
HHX BHUMIDIOBaHHAX B JOCHTb IIMPOKOMY iHTepBaJi — BiA TeMBepaTyp
no6nusy abcomotHoro HyJisa jo 1000 K.

Haiikpamum MaTepiaioM JUIs TePMOMETpPiB ONopy € uHcTa T1aTHHa,
sIKa B IUHPOKOMY iHTepBaJli TeMreparyp cTaGinbHO 36epirae cBoi BJaacTH-
Bocti. KpiM nyIaTHHH /1Sl BHTOTOBJIEH-
Hs TePMOMETPiB ONMOPY WHPOKO 3aCTO-
cOBYyeTbCA Milb. BiTunsHsiHa npommc-
JIOBICTb B IIHPOKOMY AaCOPTHMEHTi BH-
flyCKae #fK IUIaTHHOBi (iHZekc THMY
TCII), Tax i migui (TCM) TEPMOMETPH
onopy. TemneparypHa 3a/eHiCTb OMNO-
py ix nobpe Bigoma i, BUMipABWIH
€JIeKTPHYHME Olip 3a JONOMOroKl MicT-
Ka, MOXXHA TOUHO BH3HAYHTH TeMIeparty-
py o6’ekra.

Ha puc. 36 306paxkeHo cxeMy yCTaHOBKH [/ BH3HAYeHHs TeMmeparyp-
HOI 3aJIEXXHOCTi OTMOpY MeTaliB.

o kneM a—6 mniakmovaioTh UHGPOBHIA BOJALTMETP a60 MiCTOK no-
CTIHHOTO CTPYMy, 32 JONOMOrOI0 SIKOrO BH3HAYaeTbCA ONip MeTajeBoi
crnipani KC, sika aHaxoantbest y U-nogi6Hill ckusiHill TpyOmi.

Cknsna TpyOKa i Mimanka M Kpinaatbes A0 KPHIUKH, ClelialbHO BH-
TOTOBJIEHOI 3 e6OHiTY, TeKcroliTy, proponaacty Tomo.

Belo cucreMy nomimaiooTh B MaciAsHY BaHHY CHENiaJbHOI NMOCYAUHHM i
BCTaHOBMIOIOTL B TepMocrati THny TC-15. HarpiBanHs, oXosomKeHHS,
a TaKOX PeryJIOBaHHA TEMIePaTypH SLIHCHIOIOTLCA 32 JONOMOrOI0 TepMO-
crara. SIK TepMOCTaTHUHY piaWHY MOXHa BHKOPHCTAaTH BOJY, IS BHCOKHX
temnepatyp (20 200 °C) — cuiikonoBe Macao Mapku M-5.

A

ITopadok sukonanusa poboru

1. BuBuHTH cxeMy YCTaHOBKH, NArOTYBATH 10 POGOTH 1pPOBHIt BOALT-
meTp abo MiCTOK mocTifiHOro CTPyMy AJ1si BUMipIOBaHHS .onopiB. 3a 3aBoj-
CbKOIO iHCTPYKIi€l0 o3HaloMuTHCA 3 GyIOBOIO Ta HpHHOMaMH Po6oTH 3
TEPMOCTaTOM.

2. Bruouna TepMocrar i mimranky M. Bumipsiti onip npu xiMHaTHih
TeMnepaTypi. 3HsATH nokasu tepMomerpa. BumipioBanns nposecti KinbKa
pasiB, B3ATH cepelHe 3HaueHHS R.

3. 36inbmmTH TeMIlepaTypy TepMocTara Ha 15—20 K. 3agdikcysasum
onip npH AaHii TeMneparypi, npotsiroM 10—15 XB npoBecT: BUMipIOBaHHS.
TlosTopuTH #i0r0 KiNbKa PasiB i B3ATH CepelHE SHAYEHHS.

4. CTpH6K0n0m6Ho 3MiHIOIOUH mopasy Temneparypy Ha 10—I15 K
uepe3 OJHAKOBi iHTePBaJM, NPOBECTH BHMIipIOBaHHS ONOPY, 8 TAKOXK TeEM-
nepatypH L0 MaKCHMAJbHO MOXKJIMBOI, AKY BH3HAYa€ BHKJAakad.
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5. Peayapra™i excnepHMeHTY -mojaty rpadiuno (3anexsicrb R =
= f(T)). O6uucauTH cepeHIO BeJHUHHY TeMIepaTypHoro KoedinieHTa
omnopy 3a ¢opmy.oio (6) i #ioro TouHe 3HaUEHH#A 32 POPMY.JIOI0 (B).

6. OGunciaHTH. NOXUOKM BUMipIOBAaHb.

KorTpoavHi 3anAaTanus

1. ¥ 49oMy CyTb K/IacHYHOI eJIeKTPOHHOT Teopii npoBiAHOCTI MeTaniB?

2. Hassitb cnoco6u BHMipIOBaHHS TeMIlepaTypH.

3. Haiite xapakTepHCTHKY aGCOMIOTHOT IIKaJH TeMueparyp.

4. SIKi nepeBarn i HefloNiKW BHMipIOBaHHS TeMIIepaTypH 32 NONOMOIOI0 TepMOMeTpiB
ONopy NOPiBHAHO 3 BUMiIpIOBAaHHAM i1 3BHYAAHHMH TepMOMeTpaMu?

5. JlaTu osnaueHHsT TeMnepaTypHOro KoetiuicHra onopy.

1V. Busuenna 3anexcrocti onopy eaexrpoairie 8id remneparypu

Mpunapgm i matepiauxn: 1) tepmocrar Tany TC-16; 2) U-noni6a Tpybka’
3) nabip enexrponitis pisHol Kouuenrpauii: 1, 3, 5 %-i posunnn NaCl; 4) peoxopauni
microx THRY P-38. ’

Teoperuuni 8i00MOCTE TA OnuUcC npusadis

Enekmposimiu — pedoBUHH, fAKi NHPH pO3UMHEHHI HAJAOTh PO3UHHY
31aTHOCTI MPOBOJAUTH @IEKTPHYHHI cTpyM. J0 TAKHMX DPEYOBHH Hajlexatb
niepeAyciM BOAHI PO3YMHH OCHOB, HEOPraHIYHHX KHCJIOT Ta COJiel, a TaKoXK
Jesiki TBepAi pevuOBHMHM, HaHPHK/aj TBeplAi pO3uMHM i ioHHI KpHCTamH.
EJlekTposiTH NnpH po3uYHHEHH] CAMOUMHHO PO3NAafAlOThCsl (AUCOLIIOOTH) Ha

, ioHH, AKi € He3aMEeKHHUMH KiHeTHYHHMH
/ P3| OHNHHHUIISMH.

4 Cmynexem Qucoyiayii o Ha3NBAETHCA
BiJHOIIEHH yicaa  JucOoLlifOBaHHX Mo-
JIEKYJ JI0 NMOYAaTKOBOTO 4YHCJA HEIHCO-
mifioBpaHuXx MoOJeKyJ.. Enekrpomnposiz-
HicTb eJeKTpoJiTiB 3pocTaE 3 niABUIIEH-
HamM Temneparypu. e BinGysaerbes

—J

nepiie, 3 TiIBMIIEHHAM TeMIepaTypH

Puc. 37 spoctae CTyminb juconianmii, mo-apyre,

3pocTae pyxJauBicTh ioHiIB, fika 00ep-

HeHo nponopuiiina 8’askocti. Onip enekrponiris npu Oyab-akili Temnepa-
Typi MOXHa BH3HAYHTH 3a dopmysolo (a).

B paHifi. po6ori notpi6HO BH3HAYHTH 3aJeKHICTh €1eKTPONPoBiAHOCT
eNIeKTPOJiTiB Bin KOHUeHTpauii enexkrposita irtemneparypu. Ilpunnumni-
aJibHy CXeMY YCTAHOBKH HaBelleHo Ha puc. 37. BumipiosanHs onopy esex-
TPOJTY NPOBOAUTLCS peOXOPAHHM MicTKOM P-38 na aminnomy cTpymi. Bu-
KOPHCTaHHsA 3MIHHOTO CTPyMYy Jae€ 3MOTY YHHKHYTH fIBHINA DOJAPH3aLil
€/IeKTPOLIB.

U-nozi6uy TpybKy OJHaKOBOTO NMONEPEYHOr0 nepepidy KaauyTh y cre-

miaJbHY MOCYAMHY, fKa BCTAHOBJIOEThCA B TepMOCTaT. EJEKTPOAH B
U-noniGHilt TpyGui MOXYTh BiJbHO NepeMmillyBaTHCh B 3aTHCKadaX pasoM
8 MoKax4yukoM 2, 3a JONOMOroio mokaxuuka 2 i Jinifikk I, sakpimienoi
HepYXOMO Ha KPHINIi, MOXKHA 3HAXOJMTH BiJCTaHb, HA AKY NEPEMiCTHJHCH
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BHac/HiJoK Aii KinbKox ¢akrtopiB: no- -

enexktpoad. SIK TepmocraTyioua piiHHa BHKOPHCTOBYEThCS NHCTHJIBOBAaHA
Boja. B nocynuni € mimanka 3, sxa 3a6esneuye piBHOMipHEe nporpiBaHHs
Piiv¥HH B MOCYIHUHI.

Tlopadoxr euxonanns po6oru

1. 3a 3aBOACHKOIO i{HCTPYKIi€IO O3HAHOMHTHCA 3 GYIOBOIO Ta TpPHFHO-
MaMH DPOGOTH 3 TepMOCTATOM i peoxopAHHM MicTkoM. CKJacTd KOJO 3a
cxemoro puc. 37. :

2, 3anoBuuTH U-nofi6Hy TpyGKY eJIE€KTPONITOM HAaHMEHIIO! KOHIeHT-
pauii.

3. YBIMKHYTH XHUBJEHHA TepMmocrata 1 Mimanku 3. Ilpu KiMHaTHii
TeMnepaTypi BUMIPATH ONip €JeKTPOJITy NPY ABOX Pi3HUX BiACTaHAX MiX
enekrpofiamu — [, i I,. JlaHi 3anectu mo Tabuaumi.

. 4. O6uncautn muToMHil onip 3a dopmysoio p = (R, — Ry)/(l; — 1)
i maromy nposinHicTb 3a dopmysow ¢ = 1/p. _

5. PospaxyHKH NHTOMOI NPOBiAHOCTI NpH KiMHaTHIl Temneparypi npo-
BectH 3—b5 pasiB mpH pisHHUX BijcTaHAX MixX eneKTpomamu. OGUHCAHTH
cepefiHE 3HAYEHHS MHUTOMOI NMPOBiAHOCTI.

6. 3minioloun B U-nogiGHik Tpy6ui eseKTpoiiTH pisHAX KOHLUEHTPALiH,
npoBecTH BUMiPIOBaHHs NMPH KiMHATHif TeMnepatypi, X 3a3HaueHo B 0. 3,
4, 5. Tlo6ynyBary rpadik 3anexHocti 0 = f (C), ne C— KOHUEHTpalis
€JIEKTPOJIITY.

7. Jlns BuGpaHoi KOHIEHTpauil (3a BKa3iBKOIO BHKJ/afaya) BH3HAYHTH
TeMIepaTypHY 3aJieXHicTh Onopy ejieKTpoJaita R npHu ¢ikcoBaHoMy MnoJio-
JeHHi eNeKTpPoxiB (Hanmpuk/aag, [).

IlizBuineHHs TeMmepaTypH pifivHH B TepMOCTaTi 3AiliCHIOBATH CTyMiH-
vacro, mporaroM 10—15 xB, mopa3sy aocsiraioud HajilfiHOro TepMOCTaTy-
BaHHA NpH KOXHil TeMneparypi. [Ipu KoxHik TeMneparypi onip BuMipaTu
Tpudi. OGUHCIHTH cepefHe 3HAYEHHS OMNOPY.

8. Iobynysatu rpadix 3samexsocti R = [(T) i 3a dopmysoio (6)
BH3HAYHTH TeMIepaTypHHA KoedilieHT onopy Ais1 pisHUX iHTepBasiB TeM-
neparyp.

Koutpoasui sanurannas

1. [Toscunry cyTh ABHWA ejeKTpoaiTHUHOT Ruconianii. SIkuit ii Mexaniam?

2. Busectu ¢opmyny Ans nutoMoi ejeKTponpomigHocTi esnekrpoairis. IlogcAuTH
Ha 1i ocHOBi 06yTi B po60Ti ekcnepHMeHTaNbHI Pe3yJbTaTH.

V. I'padyrosaina 60abTMeTpa GAR BUMIDIOGARNR BeAUKUX TA MAAUX onopis

INNpunanu ta Mmarepiaau: 1) 6Gatapes akymyasrtopis; 2) peocrar tuny
PII-0,6 (500 Om, 0,6 A); 3) mara3un onopiB Tuny MCP-60; 4) BoavbtMerp THny M45 ua
3 B; 5) sasofchkuit ommerp Tuny MMB aGo M371 uu Tecrepn tuny 114312, 114314; 6) Br-
MHKaul.

Ilopadox sukonanus poboTu

A. IlocnignoBne 3’efHaHHs Mara3auHy oOHNOpiB
i BoabTMerTpa.
1. Cxaactu cxemy ommeTpa 3a puc. 38, d..
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2. MarasuH onopiB MOCTaBHTH B HYJAbOBe NOJIOXKeHHs. Peocrarom no-
OuTHCA BIAXHJICHHS CTPiJKH BONILTMETPA Ha BCIO INKaJy. )

3. 3wminooun onip Kosa 3a NONOMOrol0 MarasHHa ofiopiB, QikcyBarn
BiAMOBiAHI 3HAYEHHA HAINPYTH. )

4. [No6ynysatu rpadik sanexHOCTi NOKasiB BOJbTMETPa Bij OHopy.

R

Puc., 38

b. MMapanenbHne 3’c¢JHaHHA MarasHHa onopis
i BOXIbTMETpa.

1. Cknactu cxeMmy 3a puc. 38, 6.

2. Bukonaru omnepatuil, 3asHaveni B nn. 2—4.

3. 3a monomoro no6ygoBaHuX rpadikiB BUSHAUHTH HEBiJOMHH omip.

4. OpoJsiofliTi METOLHKOIO KOPHCTYBAHHA OXHUM i3 3aBOJACBKHX OM-
MeTpiB.

5. TNopiBHATH Pe3yabTaTH AaHOI POGOTH i3 OOYTHMH 3a JIOTIOMOrOIO 3a-
€0/ICBKOTO OMMeTpa.

KoHrpoabHi 3andranus

1, fIxa is cxem puc. 38 npusHaueHa JJIst BUMIDIOBAHHA Ma/HX, & AKa — JJI BETHKHX '

onopis?
2. ¥V uoMy nossrae npHHIKI BUMIpIOBaHHS ONOPiB 3a IONIOMOrOI0 OMMeTpa?

8. BuBueHHA KOHTAKTHHX eNeKTpHUuHHX aABul [8—14, 16—18]

Koo siBHiI, MOB’A32aHUX 3 BHHHKHEHHSIM TE€PMOEJEKTPHYHOIO CTPYMY
upu pisuif remneparypi KoHtakTiB (asuma [lenbrhe i Tomcona), micramu
3arajibHy Ha3BY MepMOCACKMPUUHLY ABLLY.

Cknagemo 3 meraniB B i C samxuene Koso (puc. 39). Micusa cmais
7 i 2 nigrpumyBaTMeMo IpY OJHAKOBiH Temneparypi. B Micusx KoHrakris

m li2BUHNKHEe KOHTAaKTHA pisHHUIA MOTeHUiakdiB
A -1 U;— U, ane B xoni cTpyMy He 6yze:
Monan e Ag—Ay | kT | m
Memazs ’ | vreman U,—U, e + e n;
7 Jremst A€ Ay, Ay — POGOTH BUXOLY €JIEKTPOHIB i3 Me-
S ,2'" | raniB; k — crana Boabumana; T — aGcomoTHa
Puc. 39 TeMIepaTypa; M, Ny — KOHIEHTpalii BiJbHUX

€JEKTPOHIB B MeTajaX; e -— 3aps] eJeKTPOHa.
{Je noscHioeTbCS THM, 1O Y TOHKOMY IIapi KOHTAKTY [IBOX METaJiB BHHH-
Kae noABiHMA eNeKTPHYHUY Wwap i HOro CHJIM rajJbMyIOThb AAJBIIHE Ie-
pexileneKTpoHiB — Hacrae AMHaMiuHa piBHoBara. HarpiBarumemo cnai
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7i 2 po pisnux temnepatryp T, i T,. Y KoaXi BUHHKHE CTpyM i TepMo-
€. p. Cc., sKa JOPiBHIOE pi3sHMII KOHTAKTHHX Pi3HHUB moTeHuianis U, —
—U,; B Toukax I1i 2

8=ﬂ7—'*e;&ln—%—=c(Tz—T1), (@)

& n. .
ae cz—?ln—% —CTajia TepMolapH, fKa AOpPiBHIOE e. p. C., IO BUHH- -

Kae NpH PisHHNi TeMnepaTyp B ofHH rpagyc. Takum 4uHOM, 3 dopmyJn
(a) BuAHO, IO €. P. C. TEPMCNApH MponopuiiiHa pisuuli Temmeparyp il
cuaiB.

ExcnepuMeHT noKasye, WO CTaNa Cy Pi3HHX Oap MeTaniB i AaHoi napu
MeTalliB AJIs1 PisHHX TeMIepaTypHUX iHTepBaniB mae pi3Hi 3HaueHns. Or-
xe, Tpe6a BU3Ha4aTH AHMpepeHLiaAbHi 3HAYeHHS CTaNOi TepMoNapH AJs
OKpeMHX TeMIlepaTypHHX IHTepBaJiB:

d¥
= 2%~ AB/AT. ©

L. Buzoroaaennsn Ta zpadytoeanns repmonapa

Hpunagum i matepiaann: 1) mMigauir i KoncranTanoBuil NposigHHKH Aia-
metpoM 0,15—0,20 Mm; 2) npHCTpiit Ans1 3BapioBaHHst Tepmonap; 3) HaGip TepMomerpiB X0
473 K; 4) unql)_;l)onnﬂ BoabT™MeTp THNy B-7—21, B-7—28 a6o norenuiomerp mocrifinoro
%rpymy tuny II1-63; 8) sarpiBuuk; 6) Ha6ip MartepianiB: 0/10BO, CBHHEIb, CKHIIHAAD;

Jryna. .

Teoperuuni sidomocri Ta onuc npuradis

Tepmonapoio Ha3sHBAIOTb NMPHCTPifi 3 ABOX Pi3HOPIAHHX MPOBiAHUKIB,
s’efHaHHX MiX c06OI0 HafifHAM KOHTAaKTOM (3BapeHi aGo cnasiHi). B mice
nax 3’eAHaHb NPOBiAHHKIB MiATPHMYyeThbCs pi3Ha Temnepatypa, MpH LbOMY
Ha KiHUAX NPOBiIHHKIB BHHHKae TEPMOSJEKTPOPYIIiiiHA CHIa.

o

3 * NN

} ! Wi |
-6
sV 7 7
1 =: DR
777777
Puc, 40

TepMonapH WHPOKO 3aCTOCOBYIOTb /ISl BUMipIOBaHHA i KOHTpOJIO 3a
CTaNiCTIO TeMNepaTypH — Le TaK 3BaHi TepPMOEJNEKTPHYHI TepMOMETpPH,
AKi CKNajalTbhca 3 TepMONAapH i Npujaany, AKHA BUMiploe TepMo-e. p. C.
(puc. 39). Slkwo oaux cnait TepMonapH, HanpHKAaA «/», NiATPUMYBaTH NPl
cranifi temneparypi (273 K), a apyruii «2» narpisatu, To npusag nokaxe
NeBHi 3HAYEHHS €. P. C.; 32 UMMM 3HauUeHHAMH GyayeTbcsi Tpadik 3ajex-
HOCTi €. p. c. TepMonapH BiA TeMnepaTypH. TaKnil TepMOeIeKTPHIHHNA Tep-
MoMeTp siBAsie co00l0 Tak 3BaHy Oudgpepenylasbhy mepmonapy.
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VY 6araThox BUNaAKaxX TepMONapy 3’€AHYIOTh 3 BUMipIOBATbHUM mpUJa
JIOM MiAHMMH npoBixHHKamu. [dudepeHuianbai TepMonapyu HPOKC 3aCTO-
COBYIOTBCS B J1a60paToOpifx NpU HAYKOBHX JOCHimKeHHAX. IIpH HBOMY OXHE
i3 cnaiB nomimaiots y nocyaury Jploapa, HaloBHeHY MOAPiOHEHUM JBOLOM
i ZMCTHILOBAHOIO BOAOIO.

SanexHo Bix pofouuX TemMmepaTyp Ha OpaKTHII 3aCTOCOBYIOTH TaKi
THIH . TepMonap:

1. Jo 1900 K - rpyma [IIl, nnaruma — naarudopoaiit (90 % Pt,
10 % Rh) (¢ = 6,4 - 10~° MB/K.

2. Ho 1300 K — rpyna XA, xpomens (90 % Ni, 10 % Cr) — amomens
(95 % Ni, 59 % AlSiMg) (¢ = 4,1 - 107* MB/K). _

3. Jo900 K — rpyna XK, xpomenb — komeab (56 % Cu, 44 % Ni)
(c = 6,95 . 10~ MB/K).

4. Jlo 600 K — rpyna MK, mizs — konens (¢ = 4,75 - 1072 MB/K).
Jansa remneparyp Big Hu3bKux 1o 600 K mupoko 3acTOCOBYIOTH - MiAb-KOH-
CTaHTaHOBI TepMonapH i3 cramoio ¢ = 4 - 1072 MB/K.

Y naHifi poGoTi MPONOHYETbCS BUTOTOBUTH Mijb-KOHCTAHTAHOBY TEPMO-
napy i mporpanyioBartd ii [0 penepHHX TOYKax.

CxeMy npucTpoo 4J4 BHTOTOBJIEHHS TepMONapH HaBefeHo Ha puc. 40.
Ilpucrpiit BuroroBseHo 3 isonorouoro Marepiany (eGoHIT, mJaeKcuriac,
TeKCTOJIT Toio). Bin ckaafaerbesn i3 migcraBku I, Ha gKil 3akpinyieHo JBa
crepxui 2. Ilo crep:xHAX MOXYTh BINIbHO NepeMillyBaTHCh ABA LUUJIiHJADH
3, Mik SKMMH 3aKpinJieHo i30/II0I0YY MJIACTHHY 4 3 chenialbHUM MeTase-
BUM 3aTHCKaueM /s NPOBiJHMKIB i rHi3loM A NiABEAEHHA CTPYMY —
ue pyxomui kontakr. Ha nincraBky I craBuTbCsl CKJSIHA KioBeTa 6 3
posuunom NaCl, fo sixoi nifBoguTbCA NPOBiAHKK Bifl 3HHKYBAALHOTO TPAH-
cpopmaropa. Ha crepxui Hagito ABi npyxHi cnipadi §, AKi He JalOTh MOXK-
JIMBOCTI PYXOMOMY KOHTaKTy CaMOUHHHO nepemimaTucs BHU3. JKHBJIeHHA
siificHIoeTbCs Bif TpaHcdopmaropa tuny PHII-250.

Ha puc. 41 naBeieHO cXeMy YCTaHOBKM LISl TpajfyiOBaHHs TepMonapu
o penepHuX TOYKaX (/ — KOHCTAaHTAHOBHH NPOBiAHHK, 2 — MimHHH).
A — rapsauuit cnait Tepmonapu; D — XoJIOZHHHE crhail TepMonapu B rocy-
auni Jlploapa 3 JBOJOM.

Ilopsdok sukoHanHs po6oTu

1. 3a pomnomorow HaxgauyHOro nanepy 3auyUCTHTH KiHUI MigHoro i
KOHCT2HTAHOBOI'O NMPOBI/IHUKIB Ha BifcTaHb 0 2—3 MM i CKJIACTH iX mapa-
JeJbHOB I P U T Y J1 (!) OMUH A0 OXHOTO, HABiTh TPOXH IX CKPYTHBLIH,

2. 3akpinuTH NPOBiAHUKY B MeTaJeBHIl 3aTHCKAY i CKJIACTH €IEKTPHYHY
cxemy 3rigHo 3 puc. 40. Beranosutu manpyry 30—80 B (sanmexHo Big
VIOl TOBepXHi enekTpoaity).

3. 3aMKHYTH KoJ0. 3a IONOMOroK pPYXOMHX HMJIIHAPiB HaGJIH3HTH
KiHni npoBigHuKiB, 110 BUCTYNAIOTh, O MOBEPXHi €NEKTPONITYy, NOKH He
BHHHKHE ejleKTpUyHa ickpa. Bignmycruta pyxoMi uuaingpu (niz nieto
APYXHUX CUJ BOHH MOBEPHYTHCH B MOIIEPENHE NOTOXKEHHS),

¥ Bara! CyBopo HOTpHMYBAaTHCS NPAaBHJ TEXHIKU Ge3NeKH NPH Po-
6oti 3 npunanoM. IlpamoBaTy B TEMHHX 3aXHUCHHX OKYJApax.
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4. 3a nonoMorowo Jynu Bi3yasbHO HePeBipuTH SAKiCTb 3BapIlOBaHHA.,
Ha kinnax npoBiZHHKIB chocTepiratuMeTbes KyJbKa 3 PO3IJIaBJIEHOTO
merany. :

5. CkilacTi eNleKTPHYHY cxeMy 3rifHo 3 puc. 41. IepeBiputn poGoty
TepMOIapH, HarpiBaloy# ii cmad pasoM 3 TepMOMeTpOM B MOCYAMHI 3 HHc-
THJILOBAHOIO BOJOIO J0 KumiHHA. Uepes koxui 10 K BuMiptoBaTt# TepMo-
€. p. ¢. i 3aHOCHTH pe3yJIbTaTH J0 TabJuili. .

6. Busnauutu TepMo-e. p. c. TepMomapH, 3aHyPHBIUH ii mo uep3i B
Kunaauuit ckunupap (f = 160 °C), posnnasnene onoso (¢ = 231,8 °C)
i cBunenp (¢ = 327 °C).

7. MoGynysaru rpadik sanexuocti § = f (f). BusHauuTu 11 oKpeMHUX
intepBaniB crany Tepmonapu 3a gopmysnamu (a) uu (6).

KouTponsHi 3anuTans

1. Y oMy moasrae cyTb TepmoeJeKTPHHHHX sBHUL® $Ika ix npupoga?

2. $Iki e Tunu tepmonap? OxapakrepH3yiiTe 06;acTi 3aCTOCYBaHHS TepMonap.

3. Oxapaxrepusyfite cnoco6H BHMIpIOBaHHA i KOHTPOJIO TeMNepaTypH.

4. SIki nepeBard i HeZOMIKH TepMOm2p HOPiBHAHO 3 iHIUMMH METOJaMH BHMiplOBaH-
#s TeMmepatyp?

1L. [ocaidxcenna npamux 1a 360POTHUX TEPMOCACKTPUSHUX R6ULy

Mpunanu i Mmatepiaamn: 1) Mmigp-KoHCTaHTaHOBI TepMonapH; 2) ABa Axe-
pena crpyMy sHa 6—12 B; 3) aBa peoctatn no 30 Om, 3 A; 4) nBa amMnepmerpu Ty 3514
Zo 3 A; 5) BoseT™erp THIY D515 1o 12 B; 6) ABa KasopuMerpd; 7) nocynuHa Ipioapa 3
AbOROM; 8) 4yTIMBHHA rajbBaHOMeTp GOyAb-IKOro THMY; 9) HYAb-FajbBaHOMETpP THOY
M203!/1; 10) xsa BuMHuKaui,

Teoperuuni sidomocri Ta onuc npusadis

B poGori Bu3HauaeThcs €. p. . TepMonapy &, METONOM KOM-
nencaunii i crana ¢ tepmonapy. IlpuHnuniaspHy cxemy yCTaHOBKH
HaBeJeHO Ha puc. 42. DC — peoxopaHa JiHifika, onip sikoi R Bigomuii,
& — akymynsatopra Garapes 2,5—3 B. 3a 10moMOrow pyxoMoro KOHTaK-

Hazpibrux | BG

Puc, 42

Ty B MoxHa poGurhcs, mo6 cTpyM uepe3 TaqbBAaHOMETP He TPOXOJUB —
cnaj norenuiany Ha giisHui DB popisHioBatHMe €. p. c. TepMonapH
81‘ (Upp = g'r)
I3 zaxony Oma
Ups = IRps,
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pe ] — CTPYM Y Koai, sKHi BH3HaYaeTbesd i3 3akoHy Oma
I'=U/(Ry+ R),

U — cnaa manpyru B 30BHIilUHbOMY KOJIi, sIKMil BH3Ha9aeThCs BOJbTMET-
pPoM. 3HaXOXHUMO:

&, = Ups = URps/(R, + R).

J_'[Jiﬂ peoxopja cupaselJHBIM Oy e cliBBiAHOWICHHS
RIRps= l/llpg a6o Rpp= Rlps]l.

Ocraroyno poGoua GopMyna sanuilerbcsl Tak:

_.__ UR . lpp ‘
b=rFR T @

JK. Ieabtee y 1834 p. Binkpus sBuie, oGepHeHe 10 epekTy 3eebeka.
Lle sBuie gicrano HasBy egexmy Ilesvmobe. CyTh sIBUIA B TOMY, 10O KOJH
IIPOITYCKAaTH CTPYM Yepe3 KOHTAKT ABOX PisHOpIAHHX MeTaniB 3aexHo Bi
HanpsIMy CTPYMY Ha MeXi NpoBiZHMKIB BHAiJATHMeTbcS a0 MNOTJHHATH-
MeTbCs KpiM AXKOyJeBol Lie neBHa KinbKicTh TEIIOTH, AKa KicTana HasBy
menaotnu [leavmoe. Kinpkicte Temyioru Ilenbrhe npomopuifiia mnepiomy
CTENEHI0 CHJIM CTPYMY, 3HakK ii aMmiHioeTbcA npu 3MiHI HanpAMy CTpyMy
(remtora Jlenna — Jixoyis nponopuiiiHa KBajpary CHIM CTPyMy). Kle
TOrO, TeIVIoTa [IeNbThe He 3aeXUTD Bij ONOPY NPOBiJHHKA.

ExcrnepumeHTa/JbHO BCTaHOBJEHO, 1110

Qn = M, 2)

ne Tl — koedinienr [TenbThe, AKMH 3aneKUTh Bij enekTpodisHyHUX Biac-
TUBOCTEH NPOBiJHUKIB, 10 KOHTAKTYIOTh, i TEMNIeparypH.

YMOBHJIHCA BBaXaTH Tem1oTy [lenbThe JOXATHO, AKIIO BOHA BUAiASA-
erbes, i Bif’eMHOIO, SIKIIO BOHA nor/inHaeTbes. KiacuyHa Teopist Meranis
nosictioe eexT [lesbTbe THM, 1O €JEKTPOHH Mij Ji€i0 BHYTPilUHBOI KOH-
TakTHO! pisHUL| MOTeHUianiB Mik MeTalaMu NpHCKOpIOOTbCH a6o ymo-
Bi/IbHIOIOTBbCA. $IKUIO PYX €IeKTPOHIB NPUCKOPIOETbCS, KiHETHUHA €Hepris
ix spocrae i BUAINAETbCS Y BUTISAL TeNIa, | HaBNaKH — 3MeHIIEHHS KiHe-
THYHO! eHeprii NOMOBHIOETbCS 33 PAXYHOK TENJIOBHX KOJNHBAHb aTOMiB

Apyroro Merany. ,IIJm meranie Koedinient [Teasrse nopsaxy 107°—107>B

a s HaniBnpoBigHKKiB moHan 0,3—0,001 B. Edexr [lenpTre mupoko sa-
CTOCOBYETbCSI B XOJOLWIBHHX YCTaHOBKax. Jlasi KisMbKicHOTO anamisy
sipuula [TesibTbe cnal Tepmonap onycKalThes B 1Ba KalOPHMeTPH (puc. 43).
Uepes o6uBa cnai B OZHOMY HalpAMi nponyckaetbesl cTpyM. B 060X Kaio-
puMeTpax BnmnmﬂmeTbca termiora Jlenna — Jxoyas. Tennora IlenpThe
T OJHOMY KaNOPHMeTpi BHAIJNATHMETbCS, B APYTOMY — MOIJIMHATHMETHCH .
lle MoxKHa 3amMcaTH Tak:

Q, = PRt +-TlIx; Qy= I*Rt —IlIx,

2e Q, i Q, — noBHI KiJbKOCTI TemMOTH, AKi BHAINANHCSA BiANOBIAHO B mep-
1IOMY i APYFOMY KaJOPHMETpax 3a OJHaKoBWH vac T. BiusaBuM nowieHHO
Jpyre piBHAHHA BiJl meplioro, MaeMo:

oI/t = Q, — Q. @i

TIpunnunianbiy cxeMy YCTaHOBKH J71s Bu3HaueHHs Koedinlenra
IlenbTee i Temmory TlesbTbe, sIKa BUAINSAETHCH B OQMHUIIO Yacy, HABEAEHO
Ha puc. 43.

Sk BumHO i3 dopmyan (3), Ans Bu3HaueHHA KoedinieHTa [leabThe Tpe-
6a oOGYHCANTH Pi3HHIO MOBHUX Temnot Q; — Q,, AKi BHAINAOTLCA B nep-
uromy i npyromy kanopuMerpax. EkcrepumenTansHo ne poGiasTs> B Takuid -
cnoci6. Ilpunycrumo, 1o
B pe3yabrati edekrty
Ienvroe niBuii cnait oxo-
JOIXKYETbCS, & INpaBUA J:
HarpiBaerbcs.  PisHuns
TeMIiepaTyp BU3HAYAEThb-
cq 3a ponomorono Jude-
peHnjanbHOl TepMomapu | [y
i ranpBaHoMerpa., ¥ Ji-

BHii Ka/JOPHMETp BMille-
HO HarpiBHy cnmipans H. )
3a JKionomoroio peocrara ~2208
Ry cTpyM y HarpiBHHKY Pue. 43
MOXHa 1iAi6paTH TaK, 1o
BCT2HOBUTBCS TEMJIOBA PiBHOBAra, KOMM KiMbKicTh TEMIOTH, WO BixGupa-
etbest B pesyJsibrati edekry Ilenbbe, A0piBHIOBATHME KiIbKOCTI TEINIOTH,
o BHALISETbCS B HarpiBrukyfH. I'Ipu 1{bOMY TeMnepatypa cnaiB AiB
TepMonap opsakosa. IIpo ue cBiguHTHME BiACYTHICTH CTDYMY B rasibBa-
HoMerpi, Pisnuug nopuux temnor Q — Q, AOPiBHIOE KiNbKOCTI TENJIOTH,
1o BHUAiJNHIAcA B Hal‘piBHHKy‘

Q - Q2 _ 1 Rl{'
Orxe, KoedinieHt [Tenbrbe
= IR, /21, @

ae I,, I, — cuna ctpyMy, sIKUii NIPOXOJAMTH BiINOBiJHO uepe3 HarpiBHHK
i TepmMonapy 3 cnasmu A i B.

Ilopadox 8uKOHanHA poboTu

1. Busnauumu e. p. c. mepmonapu memo0om KomnexHcayii.

1. CkaacTH eleKTpHUHE KOJIO 3a cxeMoro puc. 42. OnuH cnait TepmonapH
nomicTuTd B nocyaury Jlpfoapa 3 JboAoM.

2. 3amkuyTd BUMHKaY 2 i minirpitu Apyru#t cniait Tepmonapu 1o 353—
363 K. Po3iMKHYTH BUMHKAY i MOYEKATH, NIOKH NPUNHHUTLCS MiABHILEHHSA
TEMIIEPATYPH B MOCYAMHI.

3. Pyxomum koHTakTOM B peoxopja BCTaHOBHTH HYJNb Ha TajlbBaHO-
MeTpi. 3anucard B TaGJHLIO NOKa3M TEPMOMETpa, BiICTaHb [0 LIKagdi peo-
XOpJha i HoKa3u BOJIbTMETpA.

4. Tlosropuru BHMipioBanHs (8—10 pas), sHHXKYIOUH TeMmIepaTypy
KajopuMerpa uepe3 koxHi 5 K.

5. 3a (opmyJ010 (1) BU3HAUUTH €. P. C. TEPMONAPH JJIs KOKHOrO 3Ha-
yeHHs TeMnepatypu. [lo6ynyBatu rpagik 3anexuocti &, = f (7).

6. I3 rpadika BH3HAUHTH CTady TepMOMNapH C. 3 q)opmy.n (a), (6) Bupso,
Wo ¢ AOpiBHIOE TaHreHCYy KyTa Haxuay npamoi &, = f(T) xo ocx T.
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I1. Busnawumu menaomy i koeiyieum ITesomoe. "

1. Cxnactu eNleKTpHUHE KOJIO 338 CXEMOIo pHc. 43.

2. 3aMKHyTH BUMHKa4 3 i BCTAHOBHTH NE€BHY CHJYy CTPyMy. 3aueKaTH,
1IOKH CTpiJIKa .rabBaHOMeTPa NepecTaHe BiAXMJIATHCH, LIO €BifUHTHME
NP0 HACTAHHS CTANiOHAPHOI'O PeXHMY.

3. Bpectu peocrar R noBHICTIO i 3aMKHYTH BUMHKaY 2. 3asvekaTH, IIOKH
cTpiJIKa TalbBaHOMETpa NepecTaHe BiJXH/IATHCA.

4. PeocraTom cryninuacro sMiHuTH cuny ctpymy I, i 3HOBY noGuTHCA
eTany TemnoBoi piBHoBaru. JloCail IPULHHNTH, KOMH HYJbOBE IOJOMKEH-
rlmic;pimm raibBaHoOMeTpa He Syle 3MiHIOBaTHCH. 3amHcaTH 3HA4EHHS

B * '
5. PospaxyBaru 32 opmystamu (4) i (2) Koedinienr i Tensory ITenbroe.
6. OGuucAWTH ZiOXHOKHM BHMIpIOBAaHb.

Kourpoabvui sanuranna

1. lllo HasuBaioTh BHYTPIlUHBOIO i 30BHINIHBOIO KOHTAKTHHMH DiSHHUSMH MOTEH-
niaais?

2. Slk excnepuMeHTanbHO 6yJO NOBEJCHO iCHYBaHHS KOHTAKTHOI pisuuui moteH-
uiaxip?

3. ¥ uomy cyTb edexriB 3eeGeka, Ileabrne, ToMcona? _

4. Sk nosicuuti edpextr [TenbThe i SeeGexa Ha oCHOBI ysB/IeHb KAACHUHOT BiSUKH?

5. ';Iomy cHiIR cTpyMy Iy i 1 MOXHa BH3HAUHTH JIHILe IIPH CTAIiOHAPHOMY TEMJIOBOMY
pexumi

9. JLocaiAKEHH s e1eKTPHYHOTO CTpymMy
B HaniBnposignukax [8—14, 18]

Hanisnposidnuky — ne IHPOKHH KJIac PEYOBHH, AKi 3@ CBOEIO €IEKTPO-
NPOBiAHICTIO 3aHMAIOTh MPOMiXKHE NMOJIOXKEHHS MiXK MeTalaMH i JienekTpu-
kamH. OcHOBHi BJ1aCTHBOCTI HaIiBIPOBIAHMKIB Taki: a) iX eJeKTPONPOBil-
HiCTb | KOHUEHTpAlis HOCIIB CTPYMY JAy:Ke 3aJIeXKHThb Bijl 30BHIIIHIX BIJIK-
BiB (TeMueparypH, AOMIllIOK, ONPOMiHEeHHsI Ta iH.); 6) 3 mNiABHLIEHBEAM
TeMNepaTypH eNeKTPONPOBiAHiCTh HANIBOIPOBiAHHUKIB 3poCcTae i He HOB’fA3a-
Ha 3 [IeDeHEeCeHHAM PEYOBHHH (IX NIpPOBiZHICTE Mae eNeKTPOHHAWI i Aip-
KOBHH Xapakrep).

BnactuBocTi KpHCTaqiYHMX HaMiBNPOBiAHHKIB 3aJ0BiJIbHO MOSICHIO-
_10ThCA 30HHOIO TEOPi€lo TBEPIOTO Tija. EHePreTHUHUH CeKTp eNeKTPOHIB
B HamiBNpoBiAHMKax 3YyMOBJNeHHI iX B3acMoJiel0 He TIJIbKH 3 CBOIM
aToMoM, a i 3 cyciadimu. [le npUBoAUTL 10 YTBOPEHHS TaK 3BaHHWX eHepre-
THYHHX 30H (R03BOJIeHHX Ta 3a6opoHeHHX). lllupuHa n03BOJIEHHX 30H CTa-
HOBHTb KiJIbKa ejleKTPOHBOJILT. KoO3KHaA 3 03BOIEHUX 30H CKJAJAETHCA 3
BETHKOTO, ajleé CKiHYeHHOro YHC/a €HepreTHYHHX piBHiB. BoHO BH3Haya-
€ThCA KiJbKicTIO aToMiB B KpHCTani, AUCKPETHi eHepreTHuHi piBHi AKHX

yTBOPIOIOTH JaHy 30HY. 30Ha, sika MicTuTb N piBHIB, MOXe 3riZHO 3 NpHH- -

nunoM [Tayni mictutu 2N enekrponis. 30Ha, MO CKAafaeTbcAd 3 MOBHi-
CTIO 3a[IOBHEHHX €/IeKTPOHAMH PiBHIB, HA3UBAETbCA 6AAEHMHOW0. 30HA, AJA
K01 He Bci piBHi 3aliHATI eleKTPOHAMH, HA3HBAETHCS GiAbHOW ab0 30HO0
nposidnocmi (puc. 44, a). Ko BaJenTHA 30Ha BijjiJena Bif 30HH NpPOBij-
HocTi iHTepBasioM eHeprii AW (wupuna saGoponenoi 3oHH) nmopsaky 1 eB
a6o MeHme, TO IPH KIMHATHUX TeMIlepaTypax i BUINE JJIs WACTHX KPHCTaJlis
€ XapaKTepHOIO NOMiTHa €1eKTPONPOBiAHiCTb, 3yMOBJIEH PYXOM €/1E€KTPO-
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HiB B 30HI mpoinxocti i xipok y BanmeHnTHi#l 30ni. Taki uucri peuoBuHn 3
BY3bKOIO 3360POHEHOI0 30HOIO HA3HMBAIOTbCH BJIACHUMH HaNiBIPOBiIHUKaE-
mH. ¥ HanisnposigaukiB npu 7 = 0 K BasieHTHa 30Ha NOBHICTIO 3aN0OBHEHA
€JIEKTPOHAMH; a 30HA IPOBijHOCTI NOBHiCTIO BiMbHA (puc. 44, 6).

3 nizBHIUEHHSAM TeMIIepaTypH iHTEHCHBHICTb TEIUIOBOTO PYXY 3pocTae
i eNeKTPOH MoOXKe JicTaTH IOJaTKOBY KiHETHUYHY eHepriio (nopsanky RT)
JUISl IEPEXOAY B 30HY TpOBigHOCTI. Y BaJeHTHiHl 30Hi 3Bi/IbHAIOTbCS KBaH-
TOBi CTaHH, He 3afiHsATi eseKTpoHaMH. TaKi BaKaHTHi CTaHH Ha3UBalOTbCH
nipkamu. IIposinmicTs, 3yMOBNEHY PYXOM AipOK V BajleHTHiH 30Hi, Ha3H-
BalOTh AipKOBOIO IPOBIAHICTIO p-THNY HA BiAMIHY BiJ 3BHYaHHOI €JIEKTPOH~
Hol™ mpoBixgocri n-tuny. Cuig mig-
KpecauTH, mo nHificHuMH Hocismu W 70K W =0k
CTPYMY € eJIeKTPOHH, a He dopMaJib- ' ‘
Ho BBeleHi Aipku. HaniBnposizauku
3 €JIEKTPHYHOIO i AipKOBOIO NPOBi- aw , AW
HOCTSIMM Ha3WBAIOTBCA  GAGCHUMU.
BpenennsaM B UMCTHH HamiBnpoBil- / !
HUK MEBHHX JOMIUIOK JicTaloTh A0- 0 0
MIiIIKOBY NpOBiaHicTb n- a6o p-THIY. a 5

TeMneparypHy 3ajeXxHicTb MH- Puc. 44
TOMO] €JIeKTPONPOBiAHOCTI HaMiBNpO-
BiIHHKIB MO)XHa MOAATH y BHIVIAMI

o = Aexp{— AW/2kT}, (a)
e AW — mmpuna 3a60poHeHOi 30HH, a60 eHepris akTuBauii; A — geska

cTana, MO 3aJeXHTh Bijl NpUpoAM HamiBupoBixuuka. HaniBnposianuku
MaloTh Bit'eMHHI TemMnepaTypHHH KoedillieHT omopy.

1. Busuennsn 3aaexcnocti onopy nanienposionuKis eid Temneparypu

Npuaagu i matepiann: 1) repmocrar Tany TC-15; 2) naGip Tepmomerpin
1o 473 K; 3) ungposnii Bonstmerp tTHny B7—20 a6o micr nocriiinoro crpymy tuny MBY-49;
4) 3pasKH HaniBOPOBiAHHKIB NpaBHJLHOI reoMeTpHUHOI (opMH; 5) MiAb-KOHCTAHTaHOBA
-repmonapzaS; 6) Micr nocrifinoro ctpymy INI1-63 a6o uudposkit BoabTMeTp THNY B7—I16
uu B7—

Teoperuuni sidomocri Ta onuc npuradis

Onna 3 03HaK HamiBHPOBiZHMKIB, KOO BOHH BiApi3HAIOTHCA BiJ Me€Ta-
JiB,— 3a/exHicTh iX muroMoi nposiguocTi Bin Temnepatrypu. [lpn Hu3b-
KUX TeMneparypax IHTOMAa NPOBiAHICTb 3MEHIUIYeTbCH, NPH aGCONIOTHOMY
HyJ1i HaniBNpoBiAHHK NepeTBOpIoETbCcA Ha isoaaTop. Ilpy BHCOKHX Temne-
paTypax eJIeKTPONnpoBiAHicTh HaNiBIPOBiAHHWKIB HAOMMKAETBCA JO €JeK-
TponposiaHocTi Metani. Hanpukaan, npu KiMHaTHI i TeMnepaTypi NHTOMHH
onip KpeMHilo Mae BeanunHy 6 - 102 Om - M, a npn 973 K — 107% Om-m.
Takuil XapakTep 3a/MeXKHOCTi NOSICHIOETbCSA TUM, 10, HA BiAMiHY BiJ Me-
TajiB, KOHLUEHTpalis HociiB cTPyMy B HaniBNpOBiZHMKaX 3MiHIOETbCA i3
SMIiHOIO TeMIepaTypH, a came — 3pOCTa€ 3 mNiApuilleHHaM ii. Banenrni
€JICKTPOHH HaNiBOPOBiMHUKIB Ha6araTo MilHille 3B’ s13aHi 3 aTOMaMy S1Pa,
Hik B Merasax. ToMy B3aemonifn aToMiB y HaniBmpoBiHMKax Ile He Joc-
TarHs A BipHBY eJNeKTPOHIB Bix aroMis. [IuToma mpoBiJHiCTL 4YHMC(THX
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HaniBNPOBIAHUKIB BUpaxkaeThes Gopmydoro (a). [TosHauumo crany A = gy,
TOAI . ,

o = oyexp {— AW/2kT},
| Ino = Ino, — AW/2kT.
[l-’] _— ‘ Orxe, JorapudM enekTponpo-
|

BifHOCTI HamiBRNpPOBIAHUKIB € JiHIif-
Hoo ¢yHkuielo Big Benmuunu 1/T.

Z fz‘%fﬁ an- | Y manii po6oti i npononyerbes foci-

= M 6 | nuTH TemnepaTypHY SasleXHiCTb nH-

£ Sy TOMOI  MpoBinHocTi; HanmiBHpoBif-
——" ! HHKIB. .

— = Hanisnposiguug 1 CKJAAHIA
Puc. 45 POBIA y

= npo6Gipui BMilmeHo B TepMocTaT &
(puc. 45). Slx TepMocraTylouy piluHYy GepyTh AMCTWJBOBaHY BoAy 260
CHJIIKOHOBe Macsio Mapku M-5 (zo remmeparypu 473 K). Temmeparypa
3pas3Ka BEMipIOETbCS 82 JONOMOTIOI0 TepMONapH i MicTKa MOCTiiHOro cTpy-
my [1I1-63 a6o uucpposoro BosbT™Merpa Tuny B7—16, B7—28.

Ilopadox suxonanus poboru

L Cknactn kono 3a cxemolo puc. 45. Tepmonapy nmpukpinuta A0 10-
CHiZP)KyBaHOIO 3paska. ;
2. Bumiparn onip spaska npu KiMHartHifl Temneparypi. ITigsumyioun
TeMreparypy, BUMipsTH onip uepes KoxHi 5—10 K. ]
3. 3a sonomorowo nudpoBoro BoJbTMETpa a6o Mictka II[1-63 i rpany-
I0BaJIBHOT TabMHli A8 Milb-KOHCTAHTAHOBO! TEPMONAPH BH3HAUMTH TeM-
nepaTypH, mpH SIKHX NPOBOAATHCS BHMipIOBAHHS.
4. OGuucautd NMHTOMI NPOBiAHOCTI HANIBOPOBIZHMKA IpH KOMHil
TemnepaTtypi 3a dopuMynow

o=1/RS,

Ze | — noBxuHa spaska, M; S — IIOlIa HonepeyHoro nepepisy, m2. dani
3aHeCTH 10 Tabauui. ’

5. [o6ynyBatu rpadik 3anexHocri
Ine = f(1/T).
Besnunny In ¢ BizkaacTn B3J0OBXK oci OpAMHAT.
6. BusHauutu 3 rpadira kytoBull koedimient npamoi
' tgp=AW/2k

i o6uncuTH 8 i€l hopmysn WHPHUHY 3a860POHEHOT 30HH.

KosurTpoansHi sanuvanus

1. SIxkuii MexanisM BiaacHoi MpoBiZHOCTi HamiBHPOBIAHHKIB?

2. SIxuit MexauisM JomimkoBo! npoBigHocTi HamiBIpoBiAHUKIB?

3. ¥ uomy cyTb 30HHOI Teopii npoBizxuocTi MeTaniB i HaniBnpoBignUKiB?

4. Ynm mosicH0eThCA SMiHa KOHUeHTpauii eseKTponiB mpoBigHOCTi B HaNiBOPOBigHH.
Kax i3 sMmiHolO TeMmepaTypH? -

5. Illo Take TepmicTopu i Ze BOHH 3acCTOCOBYIOTHCHP
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I1. Jocaidncerun nanienposionuxosozo dioda

IlIlppanapgu i marepiaau: 1) Hanimiponinunxonuﬁ nion Tuny O7H, O7)K,

+ J1226; 2) unpsimuistd Tuny BC4-12 a6o akymyssitopHa Gatapes ua 6 B; 3) peocratn na 500 -

Ta 5000 OM tuny PIIIN-0,6; ‘PIIII-0,2; 4) Garatorpanuuuuf aMiepMerp AJsi BHMipio-
BaHHS ﬂp¥MiB zo 0,5 A; B) Gararorpauuysi BOJALTMETPH AJS BHMIpIOBAHHS Hampyr JXO
1 B 1a xo 100 B; 6) ynirepcannuu#t sunpamisay any BYTI (go 200 B); 7) asa nepemuxaui.

Teoperuuni sidomocri ra onuc npusradis

PosrnsineMo siBumIa, sKi Bia6yBaioThed B Micli KOHTAKTY. JBOX NPOBia-
HUKIB #- i p-tuny (puc. 46, a). Buacaninox TemnoBoro pyxy uepes Micie
KOHTaKTy BigGyBaeTbcs Audysis enekTpoHiB i aipok. Hanisnposiznuk
n-THNY BTpayae eNeKTPOHH | TOMY 3apsajkKaeTbcs NO3UTHBHO. BojHouac
HAMBNPOBIAHUK p-THUIY 3apsKaeThcsl HeraTHBHO. [lo6uuay Mexi moginy
YTBOPIOEThCS NOABIHHUE eNleKTpUYHUH 1Iap (3anmipHuii map), AKHi CTBOPIOE
KOHTaKTHE €JIEKTPHYHE ToJie, IO NepelllKoAXKae Aa/bliiil ofHoGiuHik Au-
¢y3ii énexTpoHiB B HanpaMi n — p i NipoK B NPOTH/IEKHOMY Hanpsami.

n 4
ee0 ¥ é/@@@ —elf/// %'@—-
o6 ®ee -0 //&»
000, 1© ®© -0 | / ) o
&k N ¥ IS N
” a 2 it
T i}
@_—-')/7/1-«@,
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W b
fl— ~uif"to_l 7
5 : 2
Puc. 46

Konnenrpanis HociiB cTpyMy B KOHTAaKTHOMY IIapi BHAC/AiNOK iX peKoM-
6inanii HaGaraTo MeHIa, HiX B 00’eMi HanmiBnpoBiJHUKa, TOMY LeH ap
Ha3UBAIOTb SANipHUM.

IIpukaaneMo 10 KOHTAKTY p-n HaniBHpPOBiAHHUKIB 30BHIlHE e€JEKTPHYHE
fioJle TaK, L6 CTPYM NPOXOAHMB Bij HanmiBNPOBiAHUKA p-THMY A0 HaMiBNpo-
piguuka n-tuny (puc. 46, 6). Iipku i eneKTpOHH MOYHYTH MepeMilllyBa- -
THCb B HanpsiMi 10 KoHTakTy. Omip 3anipHoro mapy BHacJifoK 30inbleHHs
KOHUeHTpalii HOCiiB CTPyMy 3MeHIIHTBCS, i Yepe3 KOHTAKT mife Giabluui
crpym. Lleit HanpsiM CTPYMY Ha3UBA€TbCS NpAMUM.

TpukaaneMo 10 KOHTAKTY p-n HaniBNPOBiJHHKIB 30BHIIIHE eJeKTPHIHE
noJie B HanpaMi BiA HaniBNpPOBiIHUKa N-THIy A0 HamiBNPOBiAHHKA p-THIY
(puc. 46, 6). Ilin nielo 30BHILIHBOTO NOJA LipKH i eIEKTPOHH PYXaTHMYTb-
¢A BIMG BiAMOBifHHX HamiBNpOBiZHHMKIB, 30Ha 3amipHoro mapy 36iJb-
IIHTBCA, a ToMy 3pocte i #oro omip. Cuila cTpyMy, Mo NPOXOJHTh Yepes
KOHTaKT, 3MeHIHThCS. Takmil HanpsM cTpyMy Ha3uMBaeTbea saniprun. Ha
LUHX BJACTHBOCTAX p-A NEPEeXOAy I'PYHTYEThbCs Aifl HaniBUPOBiZHHKOBOTO
niofa (ABOXEJIEKTPOAHOro HamiBNpOBiAHUKOBOro npuiany). Ha puc. 46, 2
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300paXKeHO THITOBY 3aJIeXKHiCTh cTPYMy (BiH mpoxonutsh yepes p-n nepexin
Bif NpHKJAafeHOI HAaNpyru), TaK 3BaHy - BOJbT-aMIEPHY XapaKTepUCTHKY.
3 puc. 46, e BugHo, wo npu U > 0 onip nepexoay He3HayHHI i CTpyM pisKo
apocrae; npu U <C 0 onip Besukufl i cTPyM NPaKTHYHO JIHIIAETHCA He-
3MiHHHM 10 AesiKoro 3HayeHHA Uy, MpH SKOMY CTPYM pisko 3pocTae. Taka
Hanpyra Ha3WBaeTbCs NPOOUSHON.

Puc. 47

BunpsaMui JioAn IIHPOKO BHKODUCTOBYIOTBCS Ul BHUIPSAMJEHHS IpO-
MHUCJIOBOTO CTPyMy. BHIOTOBJIAIOTH iX 3 HaNBIPOBiAHUKIB, IO MalOTh Be-
Jukui omip (repmaniét, kpemHifi, cener, a Takox Cu,O).

HafiepekTuBHimEMH € repMaHieBi Ta KpeMHieBi HiomH, K. K. 1. SIKHX
Jocsirae 98 %, i cemenoBi — K. k. 4. 70 %.

Metoio janoi pobot € 3HATTA OCHOBHOI 'XapaKTepHCTHKH HamiBIpO-
BiJHHKOBOTO JioJa — BOJbT-aMIIepHO].

Ha puc. 47 naBezeHo cxemy 1jist NpoBefileHHS poGOTH. Ry, Ry—moninbHu-
KH Hanpyrd, 3a JONOMOIOI0 fKHX IJIaBHO 3MiHIOETbCS Hanpyra; mA —
6araTorpaHHYHHH OpuJiaaj A BHMipIOBaHHA cTPyMiB Big 0 no 500 MA;
D — gion.

Iopadoxk surkonanua poboru

1. Cxnactu cxemy 3a puc. 47, a.

2. 3HATH XapaKTEPUCTHKY Ai0Aa B IPONYCKHOMY HampsiMi. S3aMKHYBIIH
KJIIoY, 36iJbplnyBaTH HaNPYTy 3a JONOMOTOK NOAINMbHHKA Hanpyru Big 0
10 0,1 B uepes 0,05—0,1 B y npaMomy nanpsmi. Jlani 3aHecTu 1o Tabauu.

3. Craactu cxeMy 8a pHc. 47, 6. 3HsATH XapaKTepHCTHKY Aiofa B 3a-
HipHOMY HafipsiMi. BcTaHOBHTH NORIJIBHUKH HaNlpyTH B HYJbOBE IT0JIOXKEHHS.
3minoBath Hanpyry Bia 0 go 100 B yepe3 koxui 5—10 B. Jani sanecru a0
TabJauui. '

4. TloGyayBaTH BOJIbT-aMIIeDHY XapaKTePHCTHKY Ziona.

Konutponsui sannraunsn

1. fIxa npupona enexTpoHHOI Ta AipKOBOI NPOBiAHOCTI HaniBNPOBiZHUKIB?

2. ¥ vomy nosisirae MpHHLHN poGOTH HANIBNPOBIAHHKOBOrO BUIPSAMAAYA?

3. Slki mepeparm Ta HefOMIKH HaNiBOPOBIXHMKOBHX NioAiB HOPIBHAHO 8 BakyyM-
HUMH?

I1. Hocaidxenns cTarudnux XapaKrepucrux Tpansucropa
i susnasennn fozo Koeiyienra nidcurenns

IMMpuaanan i MmaTepiauam 1) repmaniesi (tuny 114, I115i 1. 1.) a6o Kpemni-
esi (tuny IT101, I1103, I1501, I1503 i T. &.) TpaHaucTOpH; 2) BHNMpPSAMASAY HAUPYTH; 3) Mi-
aiamiepmetp Ha 3—5 MA; 4) miniamnepmerp Ha 150—500 MA; 5) BoapT™erpr Ha 3 i 10 B;
6) peocrard Thmy PITII.
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Teoperuuni sidomocri Ta onuc npuradis

Tpansucmopom (HanienpogiOnuxosum mpio0om) HA3HBAIOTh HamiB-
NPOBiNHHK 3 JBOMa O/IM3bKO PO3MilleHHMH p-n nepexolamu. Pospisusiorh
IBa THIH TPAH3HUCTOPiB: p-n-p i n-p-n. CxeMu BMHKaHHSA TPaH3HCTOPA TH-
ny p-n-p HaBeleHo Ha puc. 48 (@ — i3 cninbHUM emitepom E, 6 — i3
cniibHOW 6asolo B, 6 — i3 cninbHAM KosekropoM K). Baza b — cepeans
uYaCTHHA TPAH3MCTOPAa — Mae eJeKTPONpoBiHicTb n-tunmy. Ewitep E
i Kosntekrop K ~— o6Jaacti 3 eeKTPONPOBIAHICTIO p-THNY, SIKi NPHAATaloTh
10 6a3u. TpaH3UCTOP p-ni-p THIY BHTOTOBJAIOTH TaK: Ha TIACTHHKY rep-

£5K.

Pnc. 48

Matiio n-tuny sasrosumku 0,15—0,20 MM 3 ABoX GOKiB BmjaBsHOTh iHAIN.

Jo uiapiB iHAIIO i IAACTHHKH repMaHilo NpUHAOIOTh eneKTpoan. OCHOBHU-

MU HOCisIMH CTPYMY B eMiTepi i KoJeKTopi € XipKH, a B 6a3i — eNIeKTPOHH.

Ha nepexizn p-n eMitep — 6a3a NoAaeTbes Hanpyra B IPOXiHOMY HanpaAMi.

Ha nepexig n-p 6a3a — KoJneKTop nojaerbca 6i/blIa Hanpyra B 3afnipHoMy
nanpsiMi. Lle npuBozuTh 10 3BHXKEHHS NoTeHLliadbHOro Gap’epa Ha mepiuo-
My nepexojii i mifBullleHHS Ha APYroMy.

CrpyM, KUl npoXoiuTb 3 emitepa B Ga3sy,
I, = Iy (exp (U,/ET) — 1).
Crpym KoJiektopa (p-n mnepexia), yBiMKHeHH# y 3anmipHomMy Hanpsmi
(npu BiAcyTHOCTI emiTepHOTO CTPyMy), AyKe Maldi:
I, = Iy (1 —exp (— (U, — U,)/ET),

Ae Isc — cTpyM HacHueHHs, nponopuiiiHnii KOHUEHTPalii eJeKTpOHIiB B
p-o6nacri. Benuknii onip uboro nepexony Jae 3Mory BBiMKHYTH B Horo
KOO 3HauHMé omip, Ha AKOMY Chaj Hanpyru

Ul - IKR‘

Tyr U, — cnaj Hanpyryu Ha p-n nepexoii, KoM eMiTepHOTO CTpyMy HeMae.

YBiIMKHeHHSI HANPYrd B Koo eMirepa 36inbiye AipKOBHH CTPYM emi-
Tepa, WO Bejle 10 36iAbLUICHHSA CTPYMY KOJEKTOpa:

I=1,+1..

Binnosinuo Ao nhoro 3MiHICETbCA CHaA HANPYTH Ha HaBaHTAXKYBaJbHO-
My onopi: U’ = IR.
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CrpyM emitepa nepeBuilye CTPyM KOJeKTopa, Tomyi He3HayHi sMiHH
Hanpyru Ha eMmiTepi CHOPHYHHIOIOTH 3HAYHO Gisibwi 3MiHH KOJIeKTOpHOI‘O
CTPYMy i Hanpyru Ha HaBaHTaXKeHHi.

[IpoxonxenHs crpyMy B KoJi eMitepa cynpoaozm'rbcﬂ OPOHHKHEHHAM
aipox B 6asy. Ilipku AudyHLyoOTH y HalpsiMi KoJleKTopa i 36iIbIIyioTh
CTpYM, W0 NPOXOAHTE Y 3aMipHOMY HanpsiMi B Koai Konekropa. Cnan Ha-
npyrH, B xoai KOJieKTOpa B 6araro pasis 6inbunit, Hixk y xoai emirepa, de-
pes Te Mo Hepexin y sanipHoMy HanpsaMi Mae 61wt omip, Hix y npoxiz-
HoMy. TaKuM uHHOM, TPaH3HCTOp T i A C M /1 10 € Hanpyey i nomysxcHicme.
Ile 36inpieHHs noTy:XHocTi BiiGyBaeTbCs 3a paxyHOK [Kepesia CTPyMy
B KOJi KoJekTopa.

Cxema i3 cninbHHM emiTepoM (pHc. 48, a) Kae no6pe NiACHIEHHS CTPYMY
i Hanpyru (sacrocoByerbest Hafuacriue). CxeMa i3 cninbHEM KONEKTOPOM
(puc. 48, 6) nae HalGinblue NiAcHIeHHs cTpyMy. CxeMa i3 cnisibHO 6a30i0
{puc. 48 8) 8aCTOCOBYETBCS Y BHCOKOUACTOTHHX MiACHIIOBAYaX.

meo Ha emitep noxati sMinHy Hanpyry U,, To NOTOKH Aipok uepes
eMiTepHHH MepeXif i KoMeKTopHUH cTpyM GYAYTb SMiHHUMH. 3MiHA CHIH
crpymy emitepa Af, 3yMOBHTB 8MiHY CHJIH cTpYMy Kodekropa Al,. Benu-
YHHA

a= Al JAI )

HasuBaetbea xoegiyienmom nidcurenns cmpymy. 3 (1) BuniHBae, mo B
cxeMaXx BKJIOUEHHS TPaH3ucTOpa i3 cnisibHOIO 623010 NiACHIEHHA CTPyMY
ojepxaru He MoxHa (o & 1). Ilpu npomy Moxe 6yTH NiiCHJIEHHS Ha-
npyru i noryxHocri. CnipaBi, nmpu aMmiHi Hanpyru Ha emitepi Ha AU,
CTPYM eMiTepa 3MiHIOEThCS Ha BEJHYHHY

Ale = AUe/Re—6,

fe Re_¢ — onip p-n nepexony emitep — 6asa. Ilpu npomy aminioeTbest i
Hanpyra Ha KOJIEKTOPHOMY p-n nepexoai

AU, = Al Rs—x,

ae Re_x — enextpuunuii onip mepexony 6asa — KOJEKTOP. ¥ CyYacHHX
TpaHaucropax 95—98 % nipok mpoxoauTh yepes 6a3y, tomy /, = (0,95 —

0,98) I..
3Baxatoun Ha Te mo I, == I,, MaeMo:
AUK = A[eRG__K = AUeRG—-K/Re—G- (2)
3 (2) sHaxoqumo:
Ky = AU, /AU, = Ré_x/Re—s. (3)

UYepes Te mo Ha eMiTepHHH nepexin MORAEeTHCS cTalja HANpyra B Nps-
MOMY HampsiMi, a Ha KOJEKTODHHU{1 nepexif -— y 3BoporHoMy (pHc. 48, 8),
MaeMO: R¢_x > Re—s, TOMY

Ku= AU AU ;> 1.
BesnuunHa Ky HasuBaeTbC Koegiyienmom niOcurenus Hanpyeu. AHa-

JIOT{UHO JIOBOANTRCH, 110 KoedinienT nigcunenns noryxuocri Kp npy BKito-
YeHHi TpaH3UCTOPA 38 CXEMOIO i3 crisIbHO0 623010 JOPiBHIOE!

Kp= AP /AP ~ aKy= Ku. “4)
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[Ipu BrioyeHHi TpaHSucTOpa 3a CXeMOKO i3 CHIIBHHM emiTepoM
(puc. 48, a) Ha emiTepHH}1 mepexil mojaeThcs MpsiMa Hanmpyra, a Ha Ko-
JleKTopHH — 3BopoTHa. Tomy roJoBHHMH cnajll Hanpyru MpHNajae Ha
KosiekTopHH nepexin. CTpyM y konektopi, Ak i B cxeMi 3 cninbHow Oa-
3010, BH3HAYA€TbCS KIJIBKICTIO AipPOK, sIKi NPOCKAKYIOTh 3 eMitepa uepes
6a3y B KoJIeKTOp. Asie moTiK HipoK 3 eMitepa NpPH IbOMY DeryJlIOeThes
Hanpyroio U pkepena curHaly, fka sMiHioe NOTeHIliasl mojis eMitep —
6a3a. binbma yactuna Aipok, SKi nepefinuiu B 6a3y 3 eMiTepa, NepeXOAHTD
B KOJIEKTOp i Ti/IbKH He3HauHa YacCTHHA NEPEXOJHTL B eNEKTPHIHE KOO
6a3H, CTBOPIOIOUH HeBeJUKHA cTpyM 6asul )

Alg (Al L ALY).
Y posraspyBanoMy Bunaiky koediuieHT miacusieHHs cTpyMmy B Haerb-

‘¢s1 BHPa3oM
B= Al JAlg== Al ]AIs > 1. (5)
Koedinienr nmincumensa wanpyru
Ky = AU /AU, = Rs—«/Re—s D 1, (6)
a Koedimient mifcUIeHHS NOTYKHOCTI
Kp=aKyB=~PpKuv> 1. N

Ilopadok sukoranua poboru

A. Jins nocaifikeHHs CTATHYHMX XapakKTePHCTHK TpaHsucropa /

= f (U,), BK/IIOYEHOro 3a CXEMOIO i3 CHi/IbHUM €eMiTepoM, CKJIaCTH eJeKT-
pHYHY cxeMy 3rifHo 3 puc. 49. [Ipn npoMy pyXoMi KOHTaKTH 060X NOTEH-
uioMerpiB R, i R, nepeBoasATh y Kpaiini nojioxeHHs, mo6 Beauunnu Us
i U, IopiBHIOBaJIH HY.JIIO. _

2. Tlicis  nepeBipku  cxemu —
BKJIIOUHTH KHBJICHHS.

3. 3usru xapakTepuctuku 1°
TpaHsHcTOpa - DpH  HyJaboomy V28 ,f[
crpymi Gasu (Ig = 0). Has uso- ~§ 7
ro aminioBatu U, noreHnioMeTpoM
R, Bin 0,5 10 12 B uepes 1 B, .
nigrpumytodu Ug = 0. Puc. 49

4. 3uaTH XapaKTepPUCTHKH
Tpansucropa npu I = 0,5 MA, nixrpuMyious HOro CTa/luM moTeHuiome:
TpoMm R,. 3mina U, mocsaraerbes nm‘eﬂmome'rpom R,.

5. 3uatu xapaktepucruku tpausucropa I, = f (Uy) npu Is = I:
1,5: 2,0 MA, BuKOHYIOUN onepauii n. 4. '

6. Peaysbratu saHectd a0 TaGauui.

7. CiM’'t0 KOJEKTOPHHX XapaKTepPHUCTHK MoAaTH rpadiuyHo i BHSHAYMTH
Pnopuls=1mMAi U, = 10B.

8. O6uyucauTH MOXHOKH BH3HaueHHsi KoedilieHTa .
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Kounrpoasui sanuranng

1. $IK BHTOTOBASIOTH repmaHieBi i KpemHieBi TpaH3HCTOPH?
2. Sl nomaeThcs Hanpyra Ha eMiTepBERil i KoJeKTOpHHH mepexoiH B TpPaHSHCTOPi?
3. YoMy esexTpHuBMH omip eMiTepHOro nepexofy B JAilOYOMY TPAH3HCTOPi 3HAUHO

Menmuf, nix onip KosexTopHOro nepexofy?
4. OxapakTepusyiite KoepillieHTH nNijcHAeHHA TpaH3HCTOpa A pajioTeXHiyRuX
CXeM. . ‘

10. HochimxeHHs énepranoro CTPYMY y Bakyymi
[8—14, 16, 17, 21]

Y cyuacHiii TexHili IMPOKO BHKOPHCTOBYIOTBCS €AeKNIPOBAKYYMHL NPU-
Aa0u — pajiosaMnH, €NeKTPOHHO-TIpPOMEHEBi TPYOKH, (oToenekTponHi
NOMHOXYyBa4i, BakyyMHi ¢oroenementy Tomo. Jlis nux npunanis sacHosa-
Ha Ha npoXo/[keHHi cTpymy y Bakyymi. I1pu pomy fizerbcs npo TeXHiunuit
BaKyyM (poapimkeHus crasoButb 107°—1077 I1a, B onuunni o6’eMy wme

. . -—3
. 3a/IMIDAETBLCA BEJIMUE3HA KiJbKiCTh MOJEKYN — 6iusbko 1014 M), koau

I ~"7., SalHIIKH ra3y MOXHa He BPaXOBYBAaTH.
a Ve 7-;>72- p . . .
.z 03rNIAHEMO IpouecH, AKi BinGyBa
I “p>;  10TbCA B €JEKTPOHHi Jammi mpu  mHo-
& 4 CTIHHOMY CTPYMi poO3KapeHHf KaTofa.
: ¥ BifcyTHOCTi aHOAHOT HaNpyTH HaB-
| KOJIO PO3:XapeHOro KaToa YTBOPIOEThCA
} TaK 3BaHa eJIeKTpOHHA XMapa, sKa fiB-
1 . Jif€ co0O0 - TPOCTOPOBHH = HeraTHBHMil
b Uz 3apan. ¥ crani TepMoauHaMiuHOi piB-
50 HOBarH 4HCJIO eJeKTPOHiB, fKi BUJeTi-
JH 3 KaToJa, IOPiBHIOE YHCIY €NeKTpo-
HiB, WO MOBepHyJHCA B MeTasl. IIpH LbOMY TyCTHHA eJIEKTPOHHOI XMapu
THM 6ifblla, YUM BHINA TeMMepaTypa Karoja. ‘
Mix karonoM i aHOAOM NPHKAANAETLCS €JIEKTPHUHE MoJse, hij Hicio
AKOro i BinGyBaeTbcs HampsAMJIEHHH PYX €IEeKTPOHIB, TOGTO €JIEKTPHYHMI
cTpyM y BakyyMi. CTpyM uepe3 Riof 3aJieKHTh Bifl HaLpyTH, MPHKJIALEHOT
MiX KaroJiOM i aHOZOM NpH CTalif TemnepaTypi KaTola CKJIaJHHM CMOCO-
6oM. [1pu neskomy snauenni U, = U, Bci eNeKTPOHH JOCATAOTH aHOMA, a
CTPYM CTae TaKHM, INO JOPiBHIOE CTPYMY HacHueHHS, i ganablie #ore spoc-
TaHHs npunuHserbes (puc. 50). Taka sanexwicrb cTpymy BiA Hampyru
HA3UBAETHCHA AHOOHOM0 (80AbM-aMnepHo0) Xapakrepuctukow nioga. I[lpn
HEeBEAUKHX 3HaUeHHAX HANPYTH CTPYM 3pocTae NponopuifiHo Ul o
3asiexHicTb BcraHoBHAH C. Borycnasenkuil Ta 1. Jlenrmiop, i HasuBaerbes
BOHa saxonom mpoox Opyeux. Dopmyna boryciaBebkoro — Jlenrmiopa
Mae BMIVIsL

Puc.

I,= KUY, (a)

Je K — roedinient nponopuilinocti, akui 3anexkuth Bif fopmu i posmipis
€JIEKTPOAIB JIaMMH.

@opmyaa (a) cupaBensHBa PH ZOCUTH BeMHKHX eMicisix Katola. Tomy
AnA JOCATHEHHS fAxoMora GOiNbIIOI TepMOeJeKTPOHHOI emicii matepian
KaToJla NOBHHEH MaTH HaliMeHmy poGoTy BHXOLYy. Jna Boabdpamy pobota
BHXOLY CTAHOBHTb 4,52 eB, 1 micTaté BenHKi TepMoeneKTPU4Hi CTPyMH
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8 BOJb(PAMOBOTO KaTo/la MOXKHa JIMIIE NIPH AyXKe BUCOKHX TeMIepaTypax
(2400—2500 K). ‘

EwmicifiHy spataicte Marepiany KaTofla BH3Hayae I'yCTHHA TEPMOEJEKT-
POHHOTO CTPyMy HaCHYEHHs, WO XapaKTepH3ye MaKCHMaJbHY KilbKicTb
€JIeKTPOHIB, SIKi MOXKYTh OKMHYTH MeTaJ 3 OAWHHIL] NOBEPXHi 3a ONHHHUILO
qacy.

Jl/is BH3HaUEHHS T'YCTHHH TEPMOEJEKTPOHHOFQ CTPYMY HACHYEHHsS j,
KOPHCTYIOThCS MOJEJIIO, 3TilHO 3 SIKOIO CYKYIHICTb BiJIBHHX €/IEKTPOHIB
B MeTaJli BBaXKaloTh K ifleaslbHHI eJIEKTPOHHUH ra3, A0 SIKOTO 3aCTOCOBHA
KBantoBa cratHcTuka ®epmi — Iipaxa. Pospaxyuku, BUKOHaHI Ha oCHO-
Bi KBAaHTOBOI CTATHCTHKH, NPHBOXATH 1O TaKOi GOPMYJIH:

ja = AT? exp (— e¢lkT), (6)

Je ep — pobota Buxoay; A — cralia, sika He 3aJIeXuTb BiX polly Martepia-
Jy (reopernyHe 3HaueHHs ii 1,2 - 10% A/(m? . K2)).

Brepine ananiTHuHy 3a/€XKHiCTh CTPYMy HacCHUYEHHs Bill pOGOTH BUXONY
BcranoBuB O. PivapicoH Ha OCHOBi TepMOAHHaMiYHUX MipKyBaHb. [TisHime
Jemman BUBiB 0 GOpMyJly Ha OCHOBi KBaHTOBO-MeXaHIYHHX MipKyBaHb.
Tomy ¢opmyana (6) zicrana Ha3By copMyau Piuapacona — JewmMana, Is
dopMysa OcHTb J06pe y3TOMKyeThbCsl 8 eKcnepuMeHTOM. SIK BHAHO 3 (6),
FYCTHHA TE€PMOEJEKTPOHHOTO CTPYMy HACHYEHHS j, ROCHTH IIBHAKO 3pOC-
Ta€ 3 MiABHLIEHHSIM TeMNeparypH KaTola i BH3HAYA€TbCHA TAKOXK SHAYEH-
HaM poGotH BHXony. ToMy, mo6 AicTaTH BeJHKHIi CTPYM HaCHUEHHs,
a TaKoX /1A 36i/MbIUeHAA CTPOKY POGOTH JlaMIH NOTPiGHO 3HHXKYBATH po-
Gouy TeMnepatypy Katona. Lle JocsiraeTbcsi 3acTOCYBaHHSIM TaK 3BaHHX
cxaradnux kamodis: GapieBHX, Le3ieBHX, OKCHAHHX Ta iHIINX, 3 IKHX Hali-
edeKTHBHIIUNM € OKCHIHHA. OKCcuOHuLl KaTOX CKIaAaeThes i3 HiKeseBoro a6o
BOJIL(PaMOBOTrO NpOBifHUKA, Ha fAIKHI HaHeCeHO CyMim oKcuAiB Gapiio i
cTpoHuilo. B peayabrari o6po6Ku po6oTa BHXORY TaKHX OKCHAHHX Ka-
ToniB aMenmyeThes A0 1,6 - 107"° IIx. Lle nae smory, srigno 3 dopMynoo
(6), ofep:KyBaTH BeJIUKi T'YCTHHH CTPYMY HPH NOPiBHAHO HEBHCOKHX TEM-
nepatypax (1000—1170 K). Okcuini KaToau sHaHUWIH IIMDOKE 3aCTOCY-
BaHHSA B €/IeKTPOBaKYYMHUX NpPHMIAAax.

1. Busuenns nsuma repmoesexTponnoi emicii

Mpuanaan i MmatTepiaann: 1)enexkTponna aamna tuny FK-71 3 sonshpamo-
BEM KaTONoM (06yToK Id = 2,1.10™° M?); 2) BEnpsmasy BC-24M; 3) NOB3YHKOBHII peo-
crar Tuny PITLUI-5 a6o PCIT (15 Ou; 5 A); 4) amnepmerp i BonbrMeTp ThITY D59 3 MeXaMy BH-
MipioBaHHa BignoBigHo 10 2 A i o 7,6 B; 5) sunpamasu yuisepcansunit THny BYIT;
6) nosaynxosuit peocrar tuny PITII-0,2 (5000 Owm, 0,2 A); 7) soabTamnepMerp Tuny M253,
yBIMKHEHH!l K BOJLTMETp ANs BUMiploBaHHA anoAHO! Hanmpyr® B Mexax 0—30 B. [lepe-
MMKau KPaTHOCTI BCTAHOBJIEHO B IOJIOXKeHHs «X4»; NONOKEHHS NepeMHKaua MeX BHMIpio-
Banus 7,5 B; 8) BoabramMnepmerp Tuny M253, yBiMrHenuil Ak Mminiamnepmerp pas Bumi-
PIOBaHHS aHOXHOTO CTPYMY (cTpyMy emicii samnn I'K-71). Ilepemukay kpaTtHocTi BCTaHOB-
JAeHo B nosioxeHHd «X 1»; MoyaTKoBe NOJOXKeHHs Mex BEMiptoBauust 0,75 MA (MoXe 3Miunio-
BartHcs 1o 7,5 MA); 9) nepemukaui.

Teoperuuni sidomocri Ta onuc npuiradie

Jna cnocrepexieHHs sABHILA TEePMOEJIEKTPOHHOI eMicii 3aCTOCOBYIOTh
Jamny xion, Hanpukaan, Tuny I'K-71. Karonom namnu € npoBigHHK 8 Tyro-
IJIaBKOro MeTany (BoabdpaMy, MoaiGneHy Ttowo). AHOA Mae BHIIAA
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~ cnisBicHoro uMaiHZpa, po3MilleHOro HaBKoJo Katofa. Crpym y Komi

6yae TijbKH TORI, KOY Ha aHOJ NOXAHO MO3HTHBHHI MOTEHIias BiJHOCHO
katopa. Ilpu 3miHi moasipHocti cTpyMy He Gyze. 1lum miareepaxyerbest
Te, MO HOCiSIMH CTPYMY 4Yepe3 BaKyyM € caMme eJeKTPOHH.

A . P/, p/id, p/id,
K | 5l T, K &, K | Brjew T, K K/
1500 17,33 1900 58,45 - 2300 148,2 2700 312,7

1600 24,32 2000 75,37 2400 181,2 2800 368,9
1700 33,28 2100 95,69 2500 219,3 2900 4324
1800 44,54 2200 1198 | 2600 263,0 3000 503,5

Haa npaktuuHoro sacrocyBaHHsA ¢opmyan Pidapacona — Jlemmana
npogorapupmyeMo piBHAHHA (6):

' Inj,/T? = In A — eq/kT. 1)

Y Takomy Buraszi Ha rpadiry 3amexHocti In j /T2 Bin 1/T kyroBuit

koedinieHr tg o == ep/k, sBiaxu H BHSHAuaeTbci poGoTa BHXOLY eQ.

Taxu#t mMeroj BH3HayeHHA poGOTH BH-

l———' -——-@-—— . XORy HicTaB HasBy Meropmy npsmux Pi-
o+

4apJACOHA.
Temnepatypy KaTona, $ika BXOIHTD
y ¢opmysy (a), BHSHAYalOTb Ha OCHOBI

g-2508 PO3IJIAAy TemnoBoi piBHOBar¥ Kartoia.
° l SanexHicTh TeMnepaTypH BoJbbpamo-
ﬁ‘24” BOro KaToAa Bifi posciroBaHoi Ha HbOMY

HOTYKHOCTi pO3:XKapeHHS HaBeleHO B
tabanui. JI1s npocToTH naNbUIMX PO3-
PaxyHKiB 3HaueHHH nOTyXHocti P no-
JlilleHi Ha JOGYTOK JOBXMHH KaTofa [ i
Horo niamerpa d.
Puc. 51 Ha puc. bl naBefieHo npHUHUHMIIaNB-
HY CXeMy YCTaHOBKH AJisl BHBUEHHSA
ABHL TepMoeNieKTporHoi emicii. Jlamny I'K-71 Bknioweno sk mion (ciTky
JaMIiK 3’€JIHaHO 3 aHOJAOM). AHOJHE KOJIO XHUBHTbCS CTPYMOM Bij YHiBep-
canpHOro Bunpamasua tuny BYTl. AnomHy Hanpyry MoxKHa 3MiHIOBaTH
rpy6o py4Koio peryasTopa HanpyrH BHOPAMJsSda i TOYHO — 32 JONOMOTOIO
BHCOKOOMHOTO peoctarta R.
JKuBNeHHA KaTola aMnH 3AifCHIOEThCA Bijl BUnpamasua Tuny BC-24M.
¥ 'Koni KaTofa /Al TOYHOTO PEryJIlOBaHHA CTPYMY PO3MKapeHHs BHKOPHC-
TOBYIOTb peocrar R,.

Ilopadox suxonanns po6oru

1. Cxnacru cxemy srinso 3 puc. 5l.

2. Hocninutu sanexuicT aHOAHOro CTpyMy Bijl aHOAHOI HampyTH NpH
crpymax posxapenna [/, = 1,7, 1,8, 1,9 A. Jlani sanects no Tabauui
CIOCTEpeXeHb.

3. 3a pesyavraramy 0. | no6y1yBaTH BOJbT-aMNEPHi XapaKTePHCTUKK
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I, = f (U,). Ons xpusoif I, = 1,7 A BusHauutn koediuient K y dopmydai
Borycnascbkoro — Jlenrmiopa.

4. Tlpu nanpyai HacHueHHS NOCTiZHTH SaJIEKHICTb TEPMOENEKTPOHHO-
ro CTPYMy HACHYEHHA BiJl MOTYXKHOCTi, L0 BUTPAYaEThCA HA PO3KAPEHHSH
Katoza (cTpyM posxapeHHs KaToaa sMinwerhes Big 1,5 1o 2,0 A). To6yny-
BITH rpadik 3anesXHOCTi TeDMOENIEKTPOHHOTO CTPYMY HACHYEHHS Bia mo-
TYXHOCTI. ER

5. 3a nomomorolo Ta6AnIi MeTOOM iHTEpHOAALil BU3HAYHTH TeMIiepa-
TYPY KaTojia JIs OfiepXaHHX 3HaueHb cTPyMy eMicil. [To6ynyBaru rpacdik
3aJIEXHOCTi TYCTHHH TEPMOEGJEKTPOHHOTO CTPYMY HacHYeHHs BiX Temnepa-
TYPH Kartoja j, = I /nld (j, B A/M®).

6. ITo6ynysarn rpadik 3anexHnocri In jfT® sin 1T (ryctuny Tepmo-
€JIEKTPOHHOrO CTPYMy HACHYeHHS BH3HAYHTH NPH CTPYMax PO3KapeHH:,
3asna;)ennx y 1. 2; TemnepaTypy KaToZa A/IS LHX 3HaueHb BU3HAYHTH, K
B n. 5).

7. Pospaxysat poGOTY BHXOAY €JIEKTPOHIB 3 Bosbppamy 3a rpadikom
i dopmysoro (1) (xopHCTYIOUHCh IECATKOBHMY JIOTapH(PMaMH, KYTOBHIH Koe-
(iuienr npsmoi Tpe6a noMHOXKHUTH Ha 2,3).

8. OGuncauTH NOXHOKY BH3HAUEHHS POGOTH BHXOAY.

KoHTpoabui sanuranus

1. ¥V YoMy nosArae cyrth SBHIA TePMOEAKTPOHHOI eMicii?

2. Slka q:YSH'{Ha CYTb NOHATTA «po6OTa BHXOAY» €JIEKTPOHAP

3. flk BnumMBaec Temmeparypa Karoia Ha iioro emicifini BnacTnBocti?

4, Ha saxii ninanui BojbT-aMnepHOi XapaKTEPHCTHKH Ni0Z2 SacTOCOBHA (opmy.ia
Borycnasebkoro — Jlenrmiopa?

1. 3narTa anodnoi i cirko6oi XapaxTepucTux eAEKTPORRUX AAMN

NMpunanu i Mmatepianu: 1) gBoxenekTpoaHa Jamna; 2) TPhOXENCKTPOLHA
eJiekTpouna Jamna Tuny 6HSC; 3) sunpamasu ua 250 B Tuny BYTY; 4) snnpamasu na 50 B;
5) peocrar PITII-02 (5000 Om; 0,2 A); 6) BoabTamnepmerp Tuny M253; 7) miniamnepmerp 3
mexamu samipioanns 0—30 MA i 0—5 A (ans nocriitsoro crpymy); 8) BonbTMeTpH 8 MeXca-
mH BuMipropanns 0—300 B, 0—10 B tuny 359, 3515, ACT-T; 9) Bumukaui.

Teoperuuni sidomocri Ta onuc npuradie

o ocrosnux napamempis niona i Tpiona Hanexarb: KpyTicTb XapakTe-
PUCTHKH i BHYTpiwHiil onip niona, koediuieHT miacuaenss, Kpyricts cir-
KOBOi XapaKTepHCTHKH, BHYTpiwniii onip tpiona. Kpymicms xapaxmepuc-
muxu S — ue BiHOWEHHs NPUPOCTY aHoAaHoro crpymy A/, mo opupocty
aHoiHOI HampyrH AU,:

S = AlLJAU,. 1)

Buymplwnii onip dioda R; — ue BiZHOWEHHS NPHPOCTY aHOAHO! HANPYTH
IO 1pUPOCTy aHORHOTrO CTpyMmy A/, : '

Ri = AUa/AIa- (2)X

TlorykHicTb, siKa po3ciloeTbest Ha aHOL,
Pa = IaUtv (3)
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- JIBoxeneKTpOoAHi JaMnmyu HaGy M [UPOKOrO 3aCTOCYBaHHA ISl BHIIPAM-
JIeHHs! 3MIHHOTO CTPYMY Ta AETeKTYBaHHS MOLY/JbOBAHHX €JEKTPOMAarHit-
HUX KOJIUBaHb.

Jocutb yacTo BHHMKaE TNoTpeda HmiACU/IECHHA 3MiHHOTO CTPYMY YM Ha-
-npyru. st 1bOT0 BHKOPHUCTOBYIOTH TPBOXeJNeKTPOIHi JiaMnu — mpiodu.
B Tpiogax Mixk aHOZOM i KaToaoM pO3MIlLyeThcs TPeTill eneKTpon, AKHH
JicTaB HasBY Kepyroxol cimku. Mix ciTkow i KaToJoM IPHKJIAZAEThCS TaK
sBaHa ciTkoBa Hanpyra. Ockinbku ciTka posMmiileHa OiiKYe JO KaToja i
NIEBHOIO MIipOIO «eKpaHye» BIUIMB aHOZA Ha Karof, TO He3HauHa 3MiHa Io-
TeHlliafly Ha Hill JOCHTbH CUJIBHO BINIMBA€ HA BEJIMYHHY AHOZHOIO CTPYMY.
OTke, SKIO Ha CiTKY NOJATH HAaBiThb HeBeJHMKUH MOSUTHUBHHE NOTeHIi-
aji — eJIEKTPOHH NMPUCKOPIOBATUMYTbCS, | HABIAKH, HABiTb HE3HAYHHI He-
raTHBHHMH MOTeHUia/J rajbMmyBaTHMe eneKTPoHH. IIpH JesikoMy HeraTuBHO-
My 3HaYeHH|i NoTeHIialy eeKTPOHH NPAKTHYHO He NOCATaTHMYTh aHoLa
JIaMITd — KaXyTh: JiaMIla 3arepTa.

[padiru, siki BU3HAYAIOTh 3a/€XKHICTh aHOAHOTO CTPYMY [/, Bif aHOAHOL
nanpyru Ha citui (U,) npu cranift aHomuit manpysi (U, = const), Hasu-
BalOTBCA CLMKOBUMU XAPAKMEPUCMUKamy JaMIu (puc. 52).

Has pisnux anoguux Hanpyr U, sanipuuit norennian (U,) pisuuit
(puc. 52). JIna GinblwuMx aHOZHUX HANPYT 3alipHUH NOTeHNiaN — GiJbLIHHA,
“Tomy Aans pisHMX 3HaueHb HaNPyr MOXKHA JicTaTH Tak 3BaHe cimedcmeo
CIMKOBUX XAPAKTEPUCTHK, 3 SKUX BH3HAYAIOThCS OCHOBHI napaMerpH Tpio-
na: KpyTicTh ciTKoBOI XapaktepucTHkH S, BHyTpiuHi# omip R; i Koedi-
Li€HT MiJCHJEHHS .

Jlis BU3HAUEHHS TapaMeTpiB JaMnu memoOom mpeox mouox Tpeba Ha
TIPAMOJIHIHHIH NiJISHII JBOX CITKOBHX XapaKTE€PHCTHK NoOyLyBaTH Xapak-
-TepucTHUHHHA TpUKYTHUK ABC (puc. 52). Cropona AB BH3Hayae sMiHY
Hanpyru Ha citui samnu AU., BC — aMminy asoguoro crpymy Al,. Busna-
yuBIK BednuuHy AU, = U,, — U,,, MOXHA OOYHCAUTH NapaMeTpH.

#WKpyTicTb CiTKOBOI XapaKTEPHCTHKH € MOKAa3HHKOM CTYTNeHs MiACH/IedH
JIaMi¥ i BUAHAYAETHCH SIK TAHTEHC KYTa HaXHJy XapaKTePHCTHKH:

S = AIJAU, = CBIAB. )

Buympiwniii onip — BiHOEHHA NPHPOCTY aHONHOI HAlpYrH IO BH-
‘KJIMKAHOTO HUM IPHPOCTY aHOXHOTO CTPYMY (NpPH CTaliii Hanmpysi Ha ciTui
JIaMIIH): :

R, = AU,JAI, = (Us,— U,)/BC. )

Koeghiyienm nidcusenns \ ZOPiBHIOE BiIHOMEHHIO 3MiHH aHOAHOI HAaNPyrH
AU, 1o 3MiHN Hanpyru Ha Kepyloui#t CiTili, fIKi CIPHUMHIOIOTH Ty camy
3MiHy @aHOZHOI'O CTPYMY:
pw=AU,AU, npu I, = const. (6)
Bennunna, oGepHeHa A0 KoedimicHTa NiJCHNEHHA, HA3HBAETHCH NPOHUK-
#Hicmwo aamnu D:
D = 1/p.
Po3rasiHyTi XapaKTepPUCTHKH HaneXaTh JO TaK 3BAHOTO CMAMU4H020
pexcumy poGOTH Jiammu, TOOTO TaKOro, KOJH B aHOJHOMY KOJIi HeMae

aHOJHOTO HaBaHTa)keHHsi. [Ipy HasBHOCTI aHOAHOTO HaBaHTaXEHHA na-
paMeTpH Jlamm i pexxuMH ii POGOTH HA3HBAIOTb OUHAMIYHUMU.
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Puc. 53

Ha puc. 53 naBeneno cxe-
MYy 3HSATTSI BOJMbT-aMIepHOi Xa-
PaKTepUCTHKH fiofa i BHU3Ha-
yeHHs1 Horo mapamerpiB. Cxema:
CKJIala€Thesl 3 1BOX He3alex-
HHX Ki/l: aHOJHOTO i Kosa Po3-
JKapeHHs KaToja.

Ha puc. 54 naBepeno cxemy nis BH3HAUEHHs! OCHOBHHX MapaMeTpis:
TPioAa i 3HATTA aHOAHHX TA CITKOBHX XapaKTepHCTHK. R, R, — nOAiNbHH-~
KH Haupyru; II — nepemMHKad, SKUM MOXHA 3MiHIOBATH 3HAaK NOTeHUiany
Ha citui aamnu.

3aBraHHAM AaHOI PoGOTH € NOC/iIKEHHA XapaKTepHCTHK Aioga i Tpio-
Ja i BH3HaueHHs IX rapamerpis. : :

Ilopadox suxonannsa po6oru

1. 3rnamu anodny xapakmepucmuky dioda (Kenompona).

1. CknacTe KoJIO 33 CXeMOIO pHC. 53, HOTPUMYIOUHCH MOJSIPHOCTI..

2. 3aMKHYTH BHMHMKaueM KOJIO PO3XKapeHHs KaTola JiaMmMu i BcTaHOBH-
TH 3a JONOMOTICIO PEoCTaTa CTalny Hanpyry po3XKapeHHs,

3. 36inbiuyioun aHonny Hanpyry uepes 5—10 B, sadikcyBatu nokasu:
misniamnepmerpa. [ani 3aHecty 10 Tabauii. CTeXHTH, U106 aHOAHUEH CTPYM:
JOCAr MaKCHMyMy.'

4. IlobynyBatTH aHOAHY XapaKTepHCTHKY Jamnd. Bubpatu npamo-
NinifRy ninanky Ha rpagiky /, = f (U,), noGyayBaTi TPHKYTHHK (pHc. 52)
i Bu3HauUMTH KpyTicTh Ta BHYTpilIHIK ONp KeHOTpoHAa 3a (hopMyJamu
1, @).

11. 3uamu xapakmepucmury mpioda.

1. Cksacti KoJIO 33 CXeMoIo pHC. 54, IOTPHMYIOUMCH MOJSIPHOCTI.

2. 3HATH CITKOBi XapaKTepHCTHKHM NpH ABOX 3HAYEHHSX aHOAHOI Ha-
npyru: 801 120 B.

3. ToninbHHKOM Hanpyru R, NOGMTHCH BiACYTHOCTI aHOAHOIO CTPYMY.
3anucatd nokasu poabtMerpa V.. [loriM, 36iabwyoud Hanpyry Ha CiTii
uepes 0,5—1 B, sanucatu nokasu miniamnepmerpa B anoanomy koai. Hani
3aHeCTH 10 Tabauui.

4. Tlonaty na Kepylouy CiTKy HeBeNWKHI NO3UTHBHHI MOTeHHian (Ha-
npuk/aag, 2 a6o 3 B). 3wminioloun anomny Hanpyry uepes 5—10 B,
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¢lkeypaTH moKasu MmijsiaMmepmerpa B aHoaHOMy Koai. JlaHi 3aHecTH 1o
Tabauui. CTexHTH, W06 aHOZHUI CTPYM JOCAT MAKCHMYMY.

5. INo6ynysaru rpagike [, = f(U,) ta I, = f (U,). \

6. 3 rpagikiB CITKOBHX XapaKTepHCTHK BH3HAYUTH 32 (opMmysaamu
{4), (5), (6) napamerpyu Mamny.

Koutpoasui 3anuTaHuA

1. dki 6ynosa i npuuniun Ail BakyymHoro .ioja Ta Tpioga?

2. SIki ocHoBui napamerpu jiofia Ta Tpiona? :

3. Y uomy cyTh fiBUmA TepMOedeKTPoHHOI emicii? Uum BH3HayaeThCH TepMOENEK-
TPOHHUH CTPYM HacHYEHHS?

4. SIx dopmymioerbest 3aKoH TproX ApyrHx? IoscHits #oro.

5. fka posn HeraTHBHOTO 0G’€MHOTO 3apsAy («eleKTPOHHOI XMapKU»)?

6. fIka yMoBa monajadHs eJleKTPoHIB Ha aHOA?

11, JlocaigKeHHst CHIOBUX XapaKTePUCTHK
marHitHoro noas [8—14]

—> -
MarniTHe nose B peuoBuHi XapaktepusyeThcs BekTopamMH B 1 H.
-
Bexrop HanpyxeHnocti MaraiTHoro moast H B fesikift Touni, fKuil xapakre-
-—

pusyerscsl iHaykuiero B i BiIHOCHOW MAarHiTHOW MPOHHKHICTIO p,— LE
BEKTOPHA XapaKTePHCTHKA Ili€l TOYKH MOJs, WO BH3HAYAETHCS SK

]_i == .B—)/vaao. (a)

" Jna Bu3HaueHHA {HAYKIU{i MarHiTHOTrO MOJsl €NEKTPHYHOTO CTPYMY KO-
puctyiotbest 3akoHoM Bio — Casapa — Jlamnaca:

dB = pp,ldl sin (di, 7)/4nr2. (6)
JJia HecKiHYeHHO JOBroro MpPoBiJHHKA MaEMO:
B = up2l/4nry;, H = 21/4xr,.

Cnna, 3 KOO MarHiTHe moJje Jie Ha NPOBIAHHK i3 CTPYMOM, poaMilie-
#ui B nodi,

dF = IBdlsin (dl, B). ()
Hanpsam cunu F susnauaerscs npaBHJOM JIiBOl PYKH. I3 dopmyau (B)

IpH YMOBI, IO KYT MiK HanpsAMOM CHJIOBHX JIiHI MAarHiTHOTO NOAA i Hanps-
MOM CTPYMY B IPOBiAHHKY AopiBHIoe 90°, nicranemMo:

B=F/l. (x)
B CI mn1s Hanpy:xeHocTi MarHiTHOro MOJIsl 3aMHILIEMO:

3 ocraHHbOi GOPMYAM MOXKHA BU3HAYUTH HANpPYXKEHiCTh MarHiTHOro moJis,
AKWO BigoMi Beanyunn [, I ta F.
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1. BusnauetHR CUAOBUX XAPAKTePUCTUR
MAZHITHOZ0 NOAS eNeKTPOOUHAMOMETPOM

Npuanagun i Mmarepiaau: 1) sunpamasy BC4—12; 2) Bunpamasy Tuny
BYTI; 3) enekrpoaunamoMerp; 4) enexTpomaruir; 5) Asa ammepMerpr Jo 2 A tuny 39514,
6) nossyukosu# peoctat PCII (5 - 10° Om); 7) BumMukau.

Onuc npunradis

B poGori npomoHyetbcs OXMH i3 MeTOAIB BH3HAUEHHS HaNpPYKeHOCTi
MardiTHOro moJis 3a JOMOMOrOI0 eleKTpoiuHamomerpa. Eaexmpoduramo-
Memp siBIsie co6ol0 MPUCTPif, INO CKJIAZAeThCH 3 Kani6poBaHOI cmipaib-
HOI IIpYXHWHU, Ha AKi# nigBilleHO NPSAMOKYTHY IJIACTMACOBY NJACTHHKY —
Kapkac. [Jo kapkaca 1o nepumerpy npukpimieno Il-noai6uui npoBiaHHK,
0 IKOMY NIPpONycKaeThes ¢TpyM. [1-noji6Gaui npoBiAHHK NOMIIIAIOTh B NI0/I€
€NeKTpOMarHiTa MNepueHIHKYJAsSPHO JO HAaOpsAMY MAarHiTHHX CHJIOBHX
JiHiH.

Ha ropusoHranbHy yacTHHY NpOBiJHHKA Ji€ cHua 3 GOKY MarsiTHOro
noJisg, sika BH3HA4YaeThcA 3a 3akoHOM Awmmnepa. ChipanpHa nmpyXHHa OpH
[6OMY PO3TATYETHCA Y BEPTHKaNbHOMY HanmpsaMi. 3a BeMIHHOO AepopMa-
1Iii BU3HagaloTh CHAY Amnepa.

THopadok eukonanus poboru

1. Ckjactu cxeMy 3rigHo 3 pHe. 55.

2. BusHaunTu cepenne 3HaveHHs Koe(illieHTa KOpPCTKOCTI IPYXKHHM
npu pisHHX HaBaHTaXeHHSX 3a popmydolo k& = P/(l — I,), ne P — Bara
rup; l, — 1odaTkoBe MOJIOKEHHS MOKaXKYHKa WKaiW; [ — KiHIeBe 1oJo~
JKeHHs WNOKaX4MKa IDKajJM NpH AAHOMY Ha-
BaHTAXXEeHHi. ,

3. 3aMKHYTH BHMHKau I, BCTaHOBHTH
crpym 0,5—1 A,

4. 3aMKHYTH BHUMHKal 2 i BCTAaHOBHTH
ctpym 1 A rtakoro HanpsiMy, mo6 mpoBia-
HHK ONYCTHBCA RHH3. BH3HAUHTH BeJHYHHY
l — loo

:5. PospaxyBaTn 3HaueHHA cujiH Amnepa
3a gopmyaowo F = k(I — [,).

6. 3a popmynamu (r), (o) po3paxysaTu
3HaueHHs IHAYKIil Ta Hanpy:KeHOCTi MarHiT- Puc. 55
HOTO NOJis.

7. TloBropuTd BUMIPIOBAHHA NPH PiSHHX 3HAUEHHSX CTPyMYy B OOGMOT-
Kax enektpomardita. Ilo6yaysati rpadik sanexsocti iHAYKUii Bij CHIH
CTpyMmY.

Kountpoanul sanurtauua

1. Sk dopmymoeTbest 3akon Amnepa? 3anuimiTh HOro B 3araJLHOMY Ta BEKTOPHOMY
BHIIAAAX, R

2. SIx dopmynioerbest 3akon Bio — CaBapa — Jlansaca?

3. Uu onHakoBi SHaYeHHS HANPYKEHOCTi MarHiTHOrO HOAA B OCepAl edeKTpoMarl-
ta_Ta B NpocTopi Mixk nosmocamu?



L] .
I1. Busnauenua HanpymeHoCTi MAZHITHOZO NOAR COAEHOIAA Ha o020 Ocl

Mpuaagu i matepiaam 1) mKepeno NOCTIHHOTO CTPyMy (BURpAMISTY
any BC4—12 abo aKyMyaaTopHa Garapes); 2) GajniCTHYHUI rajpBaHOMETp, HANDHKIAK,
wuny I'3B5-47; 3) coneHoif| 3 BEMipIOBaJIbHOIO KOTYIMIKOIO; 4) aMmepMerp o 5 A Tuimy M104,
M109 a6o 9514 5) peoctat; 6) BEMHKaui.

Teoperuuni sidomocri Ta onuc npusradis .

Hanpy:xenicTb MarsiTHoro mosst Ha oci cosneHoiga B 3arajibHOMY BH-
TaZKy BH3HAYa€TbCcs 32 (POpMYJO0
H = In (cos ¢; — ¢0s 9,)/2,
Jie I — ctpym, mo mMpoXoAuTh Mo OOMOTI COJIEHOila; 71 — KiNbKiCTh BHT-
KiB Ha OJIMHUIIO IOBKHUHH; (; TA Q;—KYTH, I1iJl AKUMH 3 TOYKH CIIOCTEPEKeH-
Hs BUAHO pagjiycH coseHoiga no6an3y KiHuiB (puc. 56). Konm aia-
MeTp i JOBXHHA COJIEHOIZd CYMipHi, TO TaKH{ COJIEHOI]] Ha3HBAEThCS KO-
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~porkuM. las1 KOPOTKOro coJeHOifa HanpyMeHicTb MarHiTHoro mnoast [H
e - gy

MaKCHMaJbHa Ha ocCi cosleHoina. B pemrri Touok Bennuuna A menma. as

JOBroro cosneroina (ko R & I) oy — 0, @y — 7 i MarniTHe nosie Gyne.

‘ofHOpinHUM. OGYUCJMMO HANPyXKeHiCTb MarHiTHOro - moas Ins Gyap-
siKol TOYKH Ha oci coJeHoiza.
3 puc. 56 BHAHO, IO

cos ¢y = /2 OA =l T+ 4R5;
cos @, = — I/V 1> + 4R2.
‘Topi H = Inl/]V >+ 4R,
Besuuuna nl = N — noBHe uuc/io BHTKIB. OTXe,

H=INIV I+ 4R )

Tque OaraTomapoBoro CcoJieHOiJa SIKICHO Mae Taku#i camuii XapakTtep,
AIK i NoJle OAHOWIAPOBOTO.

Y mawgiii po6oTi HaNpyXeHiCTh MATHITHOTO INOJIS BHM3HAYAEThCs 3a JO-
TIOMOTOl0 6a/1iCTHYHOrO ranbBaHoMeTpa. CxeMy yCTAHOBKH HABEAEHO HA
puc. 57. banicTHuHHA raAbBaHOMETDP NPHEAHYETHCS 10 BUMIpPIOBAJBLHOI KO-
-ywku. W. ITpy 3amukanni BuMukaua K sanpyxeHicTh MAarHiTHOTO N0 Ha
«oci COJIeHOIIa 3pOCTae Bix HyJA N0 sHayeHHs H.

<MarniTHU# NOTiK, AKAR NPOHH3Ye NPH LbOMY BHMipIOBalbHY KOTYIUKY,

@ = pp fISN,
90

Ze S'i N — nuiola nonepeyHoro mnepepisy i uucio BHUTKIiB BHMipIOBasb~
HOI KOTYLIKH.

VY KoJi KOTYIIKH W BHHUKaE KOPOTKOYaCHHH Iy KuifHui CTpyM i pam-
Ka raJbBaHOMETPa BIAXHJ/ISETBCS Ha JeAKHi KyT p. 3mimenHs cBiTM0BOrO
«3afiiKa» BiApaXOBYEThCA MO LIKaJi ranbBaHOMETPA.

KinbKicTh eNeKTPHKH ¢, 1O NPOXOIHTb Yepe3 rajbBaHOMETD,

g = D/R,
ne R — omip Konta ranbBaHoMeTpa, OM;
q = pprHSNIR. @)

3 npyroro GOKy, KiJbKiCTh €JEeKTPHKH ¢ NPONOpLifiHa BEJHYHHI 3Mi-
MEHHsI CTPiJIKKA BiX NMOJIOXKEeHHS PpiBHOBAard «:

q = an, (3)’3

je C, — GajictvuHa cTaja rajbBaHOMeETpa.
3 dopmya (2) i (3) maemo:

H = RC o/ppSN.

Beanuunu S, N, R, C, 3an11maioTbcs CTaJAHMH NIPH BCiX BUMipPIOBAHHSIX,
TOMY BBeeMO MO3HaueH Hf:

C' = C,RISNpgp, toni C’ = Hla, | 4.

jge C' — GanicTHYHA cTaja YCTaHOBKH.
ITicnsi Bu3HaueHHs cranoi C’ ycTaHOBKH MOXKHA BH3HAYHUTH Hampyxe-
HiCTb MarHiTHoro mojsi B 6yAb-siKift Toulli, po3MillleHili Ha oci coseHoifa::

H,=Ca, (5))
le iHJeKC x O3Hayae KOOPAHHATY Ha Oci COJIeHOiJa.

ITopadox suxonanna pobotu

1. CknacTu cxemy 3rifHo 3 pHc. 57.

2. Poamictutu xorymky W Ha oci cosneHoina, IO BiAnoBifae Koopa-
HaTi x = 0, Ta BCTAaHOBUTH PEOCTAaTOM CTPYM Y KOJi 3aJaHOi BeJHUYUHH.

3. Pospaxysatu Hanpy)xeni(:"rb noJisi Ha oci cojeHoina 3a ¢opMmy-
aoto (1). -'

4. BH3HauUNTH ¢ B MOMEHT 3aMHKAHHA Ta PO3MHKAHHSA i B35ITH CEPeIHE
3HauYeHHA,

5. Kopucryounch gopmynoto (4), Bu3Hauutd craay C’.

6. IloBropuTH BUMiplOBaHHS, 3a3HaueHi B mn. 4, 5, He MeHII fK 3 pa-
3H Ta PO3PaxyBaTH CepeliHE 3HAUEHHS.

7. IlpoBectd BHMipIOBaHHSI B TOYKAX COJIEHOiJd, PO3TALLUOBAHHX
OllHa Bij 0HOI Ha BiAcraHi 1 ¢M, 10 3HaUeHHsA ¥ = 15 cM.

8. 3anucartd A5l KOXKHOI TOUKH 3HAuUeHHH o, B TaGMHIIO Ta 332 QopMy~
Joio (5) po3paxyBaTH HANpPYKEHiCTb MO,

- 9. INo6ynyBatd rpadix 3anexHocri H, Big x.



KourpoasHl sanurannn

1. Busecrn dopMyay pist HanpyeHocTi Marsithoro noas #€a oci coseHoina.
2, Slkm#t suraan mae sakon Bio — Caeapa — Jlansaca?
3, SIxuME AKOCTAMH NOBHHHA XapaKTepH3yBATHCA BHMiDIOBA/IbHA KOTYIIKa?

111, Busnasenns inGyxyii mazsitnoeo noas mix norocamu eneKTpomaziira
3a donomozoio misrieebepmerpa

Ilpannaan i Mmatepiananm: 1) eleKTPOMAarHit 3 NOBITPAHHM MPOMIKKOM;
2) asrorpanchopmarop tuny PHIN-250; 3) sunpamasu tany BC-24M (a6o BCA-5);
4) amnepBoabT™MeTp THIY MBA-47/5, a6o M109; 5) BHMipioBaZbHA KOTYWIKa ZiaMeTpoM
0,013 m; 6) miniseGepmeTp THIY M-119; 7) noasiiinuii BAMHKaY.

Onuc npuradie

PosrasiHeMO coJieHOik, B AAKOMY 3po6seHo monepeury minuny. Ilomic-
THMO BCepenHHY coJieHoina ¢epomarHiTHe ocepasa. Hampyxenicte Marmite
HOTO NoJI1A B IiJIMHI 3pOcTe B [ Pa3iB, A€ B — MarHiTHa NPOHUKHiCTb ocep-
aa. OcKiJIbKH BeJWYHHA W -4 (pepoMarHeTHKiB craHoButb 108—10%, To
* PO3MillleHHs! TAKOTo MaTepialy BCepeaH-

Hi CO/IEHOIAA Na€ MOXJIHBICTD OJEpIKaTH
BeJIHKE 3HAYeHHS HaNmpYXKEeHOCTi Marmir-
Horo nons. Ha uboMy npuHOMni irpys-
TyeTbcsd Gya0Ba eneKTPOMarHitiB. Esex-
mpomaeHim sBAse co60l0 KOTYIIKY 3
depoMarHiTHUM ocepAsM i UIMPOKO 3a-
CTOCOBYETbCA B pagiorexHiui, TeJe-
4BTOMATHUi AJS CTBOPEHHS Di3HUX CHJ
TATH, NOTYXKHHUX MarHiTHUX MOJIB, 30-
KpeMa B NPHCKOpIOBayax 3apsKeHHX
YaCTHHOK, IS MepPeTBOPEHHS €IEKTPHY-
Hoi eHeprii Ha MeXaHiuHy B chelLia/b-
HHX MexaHiaMax Towpo. IIpaxTiuHo 3a
JIOIIOMOT'OI0  e/IEKTPOMArHITiB i3 3ania-
HHM OCEpAAM MOXHAa YTBODUTH MO/ 3
ingykuieio go 1 Ta.
. EnextpomarHité nmomiiisioTh HA TPH BeNMKI rpymu:
3MIiHHOTO CTPYMY (B AKHX MATHITHHH NOTiK CTBODIOETBCS 3MiHHHM CTpY-~
‘MOM); '

NOCTIAHOTO CTPYMY (MarHiTHHH NOTiK CTBOPIOETBCA MOCTIHHHM CTPY-
‘MOM);

NOJIAPH30BaHI (B AKMX NOpAX 8 PoGOYMM MAarHiTHUM IOTOKOM icHye
e # NOIAPH3YIAYKIA MarHiTHH NOTiK, CTBOPIOBAHMH OCTIHHUM MarHiTom).

MaruiTHe Koac eneKTpOMarHiTiB (siKi MalOTb BHIVISL TOPOina) pospa-
XOBYETbCA 3a AomoMoroil ¢opmyan [onkiHcoHa, 3 fKOI MOXHA HicTaTH
BHpa3 AJA SHAYeHHA MarHiTHoi iHAyKuii B noBiTPAHOMY 3a30pi:

B = p,IN/I,
ze [ — cuna ctpymy; N — 3arajbHe 4uc/I0 BUTKIB TOpoina; [ — JOBXKHHA

noBiTpsHoro 3asopa. OTxe, MargiTHa {HAYKIis B 3a30pi Mae Taky camy
BeJIHYHHY, Ky BOHA Maja BCepeluHi ropoina 6es ocepas 3 KijbkicTio

32

BETKIB Ha OJMHUIUO JOBXHHU, 110 JopiBHioe N/I. ToMmy, sMeHMuIyiouH 3a30p,

MOXKHA YTBOPHUTH JOCHTbL 3HAuHi NOJA.
.Y jauili po6oTi BHKOPHCTOBYETbCA JaGOPATOPHHH €JEKTPOMArHit i

JOCJIDKYEThCS 3a/IEXKHICTh MOTOKY MarHiTHOI iHAYKIii B MOBiTPAHOMY 3a-
sopi Bij cuam crpymy B obMotii. CxeMy yCTaHOBKH HaBeieHO Ha pHuc. 58.

3HaueHHs MarHiTHOT IHAYKuil B MOBIiTPAHOMY 3a30pi eJeKTpPOMarHiTa
sHafiieMo 3a (opMmyJIolo

B =®/S,

- Jie S — njoma BuMipioBanbHOI KOTYWKH (S = nD?/4); ® — maruitHu

NoTiK.
MarnitHull noTiKk po3paxoByeThCA 32 (OPMYJIOIO

D = ¢ (o, —a)/N,

 Je ¢ — crajsa npuaagy (c = 10~* B6/nox.); N — uuc/o BHTKiB BUMipio-

paabHoi korywxH (N = 30); o, — noyaTKOBUl NOKa3 MiniBeGepmerpa
y MOAINKAaX LIKaJKR NPH BCTAHOBJEHOMY CTPYyMi B OGMOTI eJeKTpOMari-
Ta; &, — T0Ka3 NPUJIaRy NpH 3MEHIIEHH{ MarHiTHOrO MOTOKY uepe3 KOTyLi-
Ky 10 Hyas (np¥ po3MHKaHHi Koaa). Toxi ¢opMyna jjis BU3HAYEHHA iH-

AyKnii mMatuMe BHLASAL
B = ¢ (o, — @,)/INS. (1)

Bpegemo nosuauenus ¢/NS = c,. Bénnuuna ¢, € cTanoro npu Beix BHMipio-

BaHHAX. OCTaTOYHO MAaEMo:
B = ¢y (ay — o). 2

ITopadok sukoHanHa poboTu

1. CkaacTH Ko0JI0 3a cxemoto puc. 58.
2. YcyHyTH 3aJMLIKOBe HaMarHiyeHHs ocepis. IlocTaBuTH nepemmkayq

B TOMOXKeHHs ¢l», nofatu aminny Hanpyry 80—100 B Ha wac 60—90 c,
THCJIS 4OTO TOCTYMOBO 3MEHIUMTH 1i IO HYJH,

3. TMocraBuTH nepeMuKauy B nosioxenus «2». IMoxatu crpyM 1 A. 3a-
¢hiKcyBaTH M0YaTKOBE BiAXHNEHHS -a; CTPiNKH. PO3iMKHYTU mMepeMuKadq
B UEHTpa/ibHE MO0JIOXKEHHA i 3HOBY 3adikCyBaTH BiIXMJeHHS CTPIIKHA oy,
BHMipIOBaHHS MOBTOPUTH TPH PasH i B3ATH cepelHE 3HAUYCHHS.

4. Ctpywm 36iabmyBaTy yepes 1 A no snauenns 10—12 A. Ina koxnoro
SHAYEHHS! CHJIM CTPYMY [OBTOPHTH BUMipIOBAaHHS, fiK ONMMCaHO B mim. 2, 3.

5. Jnf KOXHOTO 3HAueHHA CTPyMy poapaxyBath 3a dopmyaow (1)
a6o (2) sHaueHHs iHOyKUii MarHiTHOro MoJid B MOBITPAHOMY 3a30pi. °

6. ITo6ynysaru rpadik.

7. OSuMcaIMTH NMOXHOKH BUMIpIOBaHb BenuuuHu B ana crpymis 1,5

Ta 10 A.

Koutpoabui sannTanusg

1. Hati o3xayenus MarHiTHOro nortoxky, maruiteoi inayxuii, Hanmpyxenocti mMaruir-

HOTO TOJISL.
2. B axux ofHHMUSX BUMipIOOTHCA IHAYKLIA i HanpyxeHicTk MaruitHoro nons B CI?

Jary ix osnayenus.
* 3, Ile sactocomyioTbes enexTpomaraitu? fka ix 6yposa?

4, SIK (OpMYJIOIOTECS 3aKOHH MardiTHUX Kix?
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IV. Busna4enna 20pu3onTanrsnoi ckaadosoi indyrxiyik
MA2HITRO20 noas Jemai

Npunazu i Mmatepiaan: 1) Axepeno nocrifinoro crpymy tuny BC4—12;
2) raurenc-ransBanomerp; 3) amnepmerp o 0,5 A tuny D513 a6o MBA47/5; 4) peocrat Tu-
ny PII-5 a6o PCIT ao 3 A; 5) aBonomocHu# nepeMHKal. ‘

Teoperuuni gidomocri ra onuc npusradie

3emust aBiise co6o0 BeqHuesHHid MarHit. Marditai noJaiocH 3emai He
36iratotbest 3 reorpadidHuMH. [1ig0enruti noawc MardiTHoro noJast 3emii
3HaXOMUThCA 6insA miBHiYHUX Geperis AMepuku, GnH3bko 75° miBHiuHOI
wypory i 101° 3axixHoi AOBroTH, a nisHiunul noatoc — B AHTAPKTHAI, Bij
67° niBnensoi mupotd i 140° cxizHoi noBrotd (MOMOXMKEHHS MATHITHHX
nomociB 3emyi 3 uacoM NOBIJNBHO 3MiHIOETBCS).

'

/?'/loa/gm' .

2e02pagivmoze Y &

/ , Wowine S &

Mepudieng mz,'//(f(////ozo SN
METRTHT = R

s U
|

Puc. 59 Puc. 60

IcuyBanusa marsitHoro mosa 3emai GesnocepelHbO NiATBEPIKYETHCA
BiAXUJEHHAM MarsiTHol cTpiniku mpu 1i BinbHOMY miagici. Ilpm upomy
OCTAHHS] BCTAHOBJIOETLCA Yy HanpsaAMi AOTHYHOI A0 JiHil iHAYKLII Marsir-

-

Horo moast 3emni. 3HauenHs inaykuii B maruitHoro mnoas 3emai HeBedu-
ki i avimiorotses Big 0,42 - 107" To1 Ha exsaropi z0 0,70 - 10~ T no-
6113y MarHiTHHX HOJMIOCIB.

OcCHOBHUMH IIapaMeTpaMH MarHiTHOro mosisi 3eMJi €: MarHiTHe HaxH-

=

JeHHA O (KyT MiX HanpsMoM BeKTopa B i IUIOMMHOI TOPH3OHTY

(puc. 59, a)), MaruiTHe cxujieHH @ (KYT MiX TOPH3OHTANBHOIO CKJIALOBOIO
-

BexTopa B i nyomunoio reorpagiuyHoro Mepuiasa) i ropu3oHTaNbHA CKJa-
-

poea {maykuii MareiTHoro mnois 3emai B,.

Teoepagpiunutl mepudian -— HanpsM, 10O BH3HAUAE HifCHE MOJOMKEHHS
Jini{ miBHiY ~~ NMiBAeHb Y NEBHIH MicesBocTi.

Maenimnuil mepudian — ysBHa JiRHis Ha 3eMHifi noBepxHi, wo 36i-
TAEThCsI 3 HaANPsIMOM 3€MHOI'O MAarHiTHOTO HoJsA (HanpsaM CTPIJIKM KoMIlaca
86iraeTeca 3 HampsMOM MarHiTHOTO MepHjiaHa).

¥ nepiomy HaG/MHMKEHHI MarHiTHE Nosie 3eM/i MOXKHA YABHTH SIK MoJie
OZHOPiAHO HaMarHiyenoi Kyai. Ha MaruiTHHX mosocax MarHiTHe HaxXHJ/eH-
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Ha gopisHioe 6=t 90°. Tomy nopHa {uaykuis i BepTHKaJbHa CKI4J0BA
MAarHiTHOrO noJifi MaiOThb OJHAKOBi 3HaUYeHHs — MarHiTHa CTPijJka BCTA-
HOBJIIOETECS Y BEPTHKANBHOMY MOJIOXKEHHi.

) -
Ha marnitHomy ekBatopi (0 = 0°) noBHa infykuisi B i ropuseHTaNbHa
-

cKkmanoBa B, nopiBHIOIOTL ofHa OnHIiY — MarHiTHa CTpifKa BCTaHOBIIO-
€TbCSA Y TOPH30HTAJIbHOMY NOJOXKEHHi.
CxeMaTuyno rosie 3eMsi 306paxkeno Ha puc. 59, 6. Hacnpasai x nose
Ma€ IOCHTb CKJAjHHI XapakTep.
-—

T'opusoHTanbHy CKJIaJ0BY B BU3HAuaioTh 3a JONOMOrOI0 NpHJIany, LIO
Ha3HBAETbCH TaHTeHC-TajbBaHOMETPOM. BiH cKiajmaerbess 3 KOJNOBOI paM-
KH, PO3MileHO] BePTHKAJIbHO B IVIOIIMHI MarHiTHOro MepHiaHa. ¥ meHTpi
PaMKH Ha BepTHKaJbHiNl OCi 3aKpinjeHO HeBeJHKY MAarHiTHy CTpiJIKy, fiKa
MOXKe BiIbHO 06ePTaTHCA TiJIbKH B FOPH3OHTaNbHil nyomuHi. Boxa nosus-
Ha 6yTH HacTiJBKH MaJjol, mo6 MoxHa 6yJo BBaxKaTH iHAYKIilo, fKa Aje
Ha MOJIOCH CTPiJIKH, TaKolo, MO AOPiBHIOE iHAYKLii B LEHTPi KOJOBOro
CTpyMY. :

Ilpu npomyckasHi cTpyMy uepe3 paMKy MarHiTHa CTpilKa 3a3Hae
Jil JBOX MAarHiTHUX NOJIiB, a caMe — MarHiTHOro nojs 3emni (figeTbes npo
TOPHU30HTAJNBHY CKNaNoBY B,, OCKiJIbKH BepTHKaJbHa CKJajoBa 3piBHO-
BaXXYEThCs PEAKILi€I0 ONOPH CTPIJIKH) i MAarHiTHOroO NOMS CTPYMY 3 iHAYK-
Hieo B, mWo npoxoauTh uepe3 paMKy TaHreHc-rajibBaHOMeETpa.

Ilizg nielo uux noniB MarHiTHa CTPiJiKa BCTAHOBJIOETHCSI OCTATOYHO B
NeBHOMY HanpsaMi MiA KyTOM o IO HAampsiMy MardiTHOro noJs 3eMai
(puc. 60). Toxni maemo: B, = B ctg «, ne B — iHgyKnia mMaruitTHoro nossa
CTpyMY.

IenyKuis MarHiTHOTO NOJAS B LEHTP] KOHTYPa

B = unl/2R,

e n — 4YHCJIO BHTKIB KOHTYpa; ] ~— cuja cTpyMy, L0 NMPOXOJHUTH uepes
KOHTYP; R — paziyc kourypa. (BeanunHn n 1 R 3a3HaueHO Ha npHAaaji.
B paniit poGori 7 = 0,1 m, n = 80 BuTKIB.)
‘ B, == ponl ctg a/2R. §))
3 dopmyau (1):
I = 2B .R/npctga.
Bemuunya C = 2B R/n) Ha3uBaeThbcs CTANOK TaHI€HC-TalbBaHOMETPA.
Toni
I =Clctga. @)
dxmo o« = 45°, To [ = C. Orxe, crana TaHreHC-raJbBaHOMETPA UHCENbHO
JOPiBHIOE CTPYMY, TPH SKOMY MarHiTHa CTpi/ika TaHIeHC-TaJbBaHOMETDA
nosepraerbes Ha KyT 45°. Ocratouno pofoua popMyJ/ia MaTuMe BUIVIAL:
B. = p,nCI2R. ' A 3)

Ilopsadok suxkonanua po6oTu

1. Cknacrtn esieKTpHUUHE KOJIO 3TiJIHO 3 CXEMO0, HaBeIEHO Ha puc. 61.
2. losepraioun MiACTABKY TaHIeHC-rajJibBaHOMeTpa, PO3TaliyBaTH KO-
JIOBY paMKy B INIOWMHI MarHitHoro MmepujiaHa. [lpu uboMy oauH 3
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poMoCciB Mar"itHOl CTPiNKM 3HAXOAMTHCH NPOTH HYJNBOBOI MORINKH WKa-
Jau. 3akpinuTH [iACTaBKY B TAKOMY NOJIOXKEHHi.
3. BusHauuTH Ccrajgy TaHreHC-rajbBaHomerpa. [as nporo:
a) 3aMKHYTH KOJIO i IOMOrTHCH, WG CTPiJKa MOBepHyJaach Ha KyT 45°.
SadikcyBaty 3HaueHHs CUJH CTPyMy i 3a cdopmyJaoio (2) po3paxyBaTdH
crany C; ‘
6) SMiHMTH HampAM CTPpyMy i NpOBECTH aHa-
@ JIOTIYHi BUMipIOBaHHS;
B) BHKOHABIIM BUMipIOBaHHA IO TPH pasH,
B3ATH cepejiHe 3HaueHHs C.
4. BH3HaYWTH TOPH3OHTA/IBHY CKJALOBY iH-
Aykuil marmitTHoro noast 3emui 3a dopMyJol0
Puc. 61 (3). (ouinbHo TakoX BH3HAYUTH CEPeJHE 3Ha-
YeHHs TOPHM3OHTaJbHOI CKAANOBOi IHAYKLil Mar-
HiT})IOl"O noas 3emni 3a gopmy.oo (1) A1 KiTbKOX 3HaueHb CHJIH CTPY-
MYy. '
5. 3a KyToM MarHiTHoro HaxmJieHHsl O A1s faHOI MicHeBOCTi BH3Ha-
4UhTH NOBHY iHJAYKI{I0 MarHiTHoro noas (puc. 60).
6. PospaxyBaTH moxuGKH BUMipIOBaHb.

KonTpoabni sanuranus

1. OxapakrepusyfiTe OCHOBHI mapaMeTpH 3eMHOTO MarHeTH3MY.
2. SIki GymoBa i MpUHIMN Ai1 TaHT€HC-TaNbBAHOMETPA?

3. Yomy Br naitkpaite BUMIPIOBATH IIpH KyTaX BiaxuieHns 45°7
4. Jle sHaxoauTbes niBHiynnf (MarsiTHui) nosoc 3emni?

V. Busna4enna nuromozo 3apady eaeKIpona 3a donomozow
€AeKTPORHO-NPOMeRe80i TpYybGru i mazneTpona

Hpuaagw i matepiaau: 1. 1) ocummorpad tamy OEII napuanbuuit;
2, munpsamasy Teny BC4—12; 3) amnepmerp no 5 A; 4) kinbuesa xotyuwka (r = 0,25 M,
n = 15 BuTKiB).

I1. 1) maruerpon (enekrponHa jgamna CO-118 a6o 2I12C B conenoini); 2) Bunpamany
Tuny BYIL 3) cenexoBuil sunpamasu Tuny BCA-5; 4) noBaynkosi peocrats tuny PITII
-ao PCIT (Ry=5-1030mM, R, =5+ 10° OM, Ry3=6 Om, I = 0,2 A), R, — Marasuu
onopis Tuny KMC-4 a6o Tiny MCP-60, P-33; 5) Boast™erpu Tuny D515 8 MexxaMu BHMipIo-
Banna: V; = 150--300 B, V, = 150—300 B, Vg = 7,5-—-15—30—60 B; 6) amnepmerpn
Thiy 9514 xo 10 A; 7) miniammepmerp THny MA-11/5 a6o M253; 8) nepemukaui.

Teoperuuni gidomocri Ta onuc npuradis

umomum 3apadom eirexmporHa Ha3HBAETbCHA BiXHOIWIEHHA 3apsiy A0
Horo macH (¢/m). BU3HAYHTH NHUTOMHE 3apsi]l €NEeKTPOHA MOXKHA, JOCJHi-
JUKYIOUH fI0TO PYX B NONEPEYHHX eNeKTPUYHHX i MarHiTHuxX noasnx. Huni
BiZIoMO 6araTo pi3HHX METOJiB BUMipIOBaHHS MHTOMOIO 3apsiiy eJNeKTPOHaA.
HaiinpocrimmuMu € Taki, mo IPYHTYIOTbCSA HA BiAXUJEHH{ NMydYKa €JeKTpo-
HiB y MardiTHOMy noJi.

B nmani#i po6ori BinHOMEHHA e/m BH3HAYAETBCS JBOMA METONAMHU:
1) memoOom esexmpornno-npomeresoi mpybru: 2) memodom mazremporna. Ha
puc. 62 HaBeleHO NMpHHUMNiaJbHY CXeMy JJ/5 BH3HAueHHs NHTOMOIO 3a
PALY METOJOM eJeKTPOHHO-NPOMEeHEBOi TPYOKH.
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Ha enekTpoH, sikufi pyxaerhcst B opHOpimHOMy MarmitHOoMy noal, aie
cuna Jlopenna:

FJI = e[;;B'].

Ilpr BiACYTHOCTI MAarHiTHOrO IOJIfi €/IEKTPOHH PYXAIOTHCS IPAMOJI-
HifiHo. SIKmo 3aMKHYTH BUMHKa4 K, To TpaekTopif pyXy esieKTpoHiB Gyae
BXe KpHBOJiHiHHOI0. IHAyKIiag MarHiTHOro no/is B HEHTPi KOJOBOI KO-
TYWIKH, fKa CK/NaJaeThCA 3 1 BHTKIB,

B = puln/2R, Y

e R — pagiyc BuTka; ] — cuJia eTpyMy B KOTYIIIli; 2 — KiNbKicTh BUT”
KiB.

=K c E
-1 o —— g
. ~ 71
B
. ot p Y
Puc. 62 Puc. 63 [

OcKinbkH pO/Ib HOUEHTPOBOI CHJH BHKOHYe cHaa JlopeHna, To npy

=

v L B maemo:

evB = mv?/p abo e/m = v/pB, 2y
Jie p— paliyc KpPHBH3HH TL'})aeKTopi'i pyXy enektpoHiB. BuaHauuswH v®
3 piBHocTi mv*/2 = eU (ne U — pisHHLSA moTeHIiaNiB y npocropi KaTox —
aHoX) i niAcTaBHBIIM B monepeaHe piBHAHHSA (2), AicTaHeMO:

e/lm = 2U/p*B*
a6o 3 BpaxyBaHHsaM (1):
e/m = 8URE[plp*I*np®,

Sk BU3HAuaeTbCs PajiyC KPHUBU3HH TPAeKTOpii, BMAHO 3 PHC. 637
OB =V p* — B OB = p — x, NPHpPiBHSABIIM MpaBi YaCTHHH, MAEMQ;
p = (¥ -+ 1?)/2x,

Iie ¥ — 3MilleHHA CBITHOI NJISMH Ha eKpaHi ocuujorpada mij Hi€o Mar
HiTHOro moJs. OcraTouHo:

elm = 32U R x*/p2u2I?n® (x* +- I2). 3)

Ha puc. 64 naBeneHo npuHUMOIANBLHY CXeMy [Jisi BU3HA4YeHHS NMHTOMO-
ro 3apsagy eJ1eKTPOHa METOLOM MarHeTpoHa.

Enexrponny namny (tuny CO-118 a6o 2112C) nomimaeMo BCepemvHy
JioBroro comnesoiza. Oco6aUBiCTIO UMX JNaMI € Te, 10 KATOXA i aHOX BHIO
TOBJGHI Yy BUrAAAi ABOX CHiBBICHMX HMJIHAPHYHHX NOBEPXOHb,

Posrnsinemo xapakrep pyxy enekTpoHis y sammi. Koau B coneHoini
HeMae MarsiTHOro noas (B = 0), enekTpoHH pyXxaloTbcs Bil Kartoja Ao
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aHoza y panianbHOMY HanpﬂMi B3/IOBXK CHJIOBUX JiHIll €EKTPHUHOrO moss-
(puc. 65, a).

ITpu Haxnaaa}mi MarsiTHoro noJjs coseHoifa 0 << B << By, HanmpsaM-
JICHOT'O B3JI0BX OCi JlaM1ii (TOGTO TAKOTo, HAMPSAM HaNpy:KeHocTi SKoro 36i-
ra€ThCsl 3 HANPSIMOM HUTKH PO3XKapeHHs KaTofa), Ha eJIEKTPOHH NMOYUHae
niaty cuna Jlopenna. Tpaektopifi pyxXy eneKTPOHIB cTae KpHBOJiHifHOIO
(puc. 65, 6). Ilpu 36inpwenHi inaykuii Mar"iTHOro NoJs paiiyc KPUBH3HU

Puc. 64 °

Puc. 65

TpaexTopil eNeKTPOHIB 3MeHIyeTbes i mpu B == By, HabyBae TaKoro 3Ha-
9EHHs, KOJI eeKTPOHH He JOCSTalTh aHoxa (PHC. 65, 8). Kondirypauis
€JIEKTPHYHOTO | MAarHiTHOTO MOJIB y JAHOMY BHMAJKy Haranye KoHQiry-
palilo cXpelleHuX IOJiB y MarHeTpoHax — reHepaTopax eJeKTPOMarHir-
HMX KOJHBaHb B 00JacTi HaJBHCOKHX 4acTOT. 3BiJACH i MOXOAMTbL HasBa
MeTozny.

Bugoasian poGouy (popmy.ny, BUXOAMMO 3 JuQepeHIlialbHOrO PiBHAHEA
PYXY eJIeKTPOHA [iJi Ai€l0 eNeKTPUYHOrO i MarHiTHOro MOJIiB:

d%p

—7[; =-I5+Fm.

m

P03B’s130K 1bOr0o piBHSIHHS A/ BiZHOLIEHHA e/m Mae BMIAL:
elm = 8U/a*Bi, (1 — k2la%)?, 0))

g¢ U — anopna nanpyra; By, — KpHTHYHA iHAYKIif MardiTHOro mnoJs
(Byp = Moftolyp); &, @ — paniycu karona i aHona.

Kparuuna iHAyKuUis B AaHifi poGOTi BUSHAYAETRCS 32 Pi3KHM 3MeHIIeH-
HSAM aHOJHOTO CTPYMY (/) Ha KpuBi# 3ajexHocTi /, BiJ iHAyKLii MaruiTHo-
ro noJia B npu cranii anoxHi# Hanpy3i (Ue Tak 3BaHa ckudosa xapaxmepuc-
muKa naMmIM).

BukopucroByroun namny CO-118, tpe6a 3anofirtu BmaHBY CITKH Ha
aHonuu# ctpyM. g uporo CiTKy NPUEIHYIOTh A0 aHOAA Yepe3 BeJHKHH
onip, aAkuit BuGupaersca Tak, mOO ciTkKa Aicrana noreHuiaj, 6aAusbKHil 10
SHayeHHsl MOTeHNiaJy aHoAa B Micui poamimenHs citku. [ToTeHuian ciTKH

U,= bU,,
o8

Re b — KoedimieHT, IO BH3HAYAETLCA BiTHOCHHMH BiACTaHAMH MiX KaTo-
ZOM, CiTKOIO i aHOJOM 8a TaKOI0 (pOoPMYJI0i0:

b= (Ink—Inc)/(lnk—Ina),

ze k,"a, c — BiANOBIZHO pamiycyu KaToja, aHOAA, CiTKH, SIKi MOXKHaA 8asja”
Jieriib BUMipATH '8a JOINOMOICIO iHCTPYMEHTaJbHOTO MiKpocKona (B Hamid
poboti k& = 1,01 MM, a = 9,25 MM, ¢ = 6,51 mm). Jlo moyatky poGorm
nuxpaxyBam AIHCJIO0 BUTKIB COJMEHOIAA Ha OAMHUINIO LOBXKHHH (f1).

Hopﬂ@mc BUKOHAHKA POLOTU

I. Buanayumu e/lm memodom erekmponHo-npomeresoi mpybKu.

1. Ckaacrtu cxemy sa puc. 62.

2. BcraHOBUTH CBiTHY IMIAAMY Ha eKpaHi ocuuJorpaja B LeHTPi Koop-
IuHatHOI CciTKH. IlepeMHKay NOCTaBHTH B MOJIOXKEHHA «I>».

3. 3aMKHYTH BUMHKAY Ta BH3HAYHTH SMilleHHA X CBiTHOI IAMH. Io-
oJ1iy BUKOHATH NpH cTpyMax 3, 4, 5 A. PospaxyHok e/m npoBectd 3a GopMmy-
Joo (3). Hanpyry Ha dHon enekTpoHHO- npOMeHeBo'f TPYOKH 1715 OCLHJIO-
rpagiB tany OEII (ocunsorpad eekTPOHHHME LIKIIBHAN) MOXKHA B3ATH
2000 B, sigcranb ! = 0,29 M.

4. I'IepeBecm I1 B monoxeHHs «2» i BUKOHATH BUMIpIOBaHHSA, 5K B 1. 3.

5. BusHauMTH cepejHE 3HAUEHHS BEJIHUHHH e/m Ta mifipaxysBaTd no-
XHOKH BHMipIOBaHHA.

I1. Busnauumu e/lm memodom maeHempona.

1. Ckuiactu cxeMmy 3a puc. 64.

2. Bk/II0OYATH KHBJIEHHSA HHTKH DO3KapeHHA KaToAa samnu. Bcramo-
BUTH Hanpyry 3,5 B; mixrpumysath 11 crajiolo 3a JOMOMOrow peocrata.

3. Ilo6ynyBaTH CKHJIOBY XapaKTepucTHKY JiaMnH I, = f (I) cosneHoina
npu 3HaueHHi aHoAHOI Hampyru 60, 70, 80 B.

4. OGYHCIHTH KPHTHUHY iHAYKLiIO Byp AN CHAM CTPYMY cOJeHOiAa,
NPH_SIKOMY CKHIOBA XaPAKTEPHCTHKA NMOYHHAE «CNANATH.

5. O6uncantH 3a GopmyJoio (4) BiaHOWeERHS eim.

6. 3MiHATH HanpsiM CTPyMy B COJIEHOIAi Ta NMOBTOPHTH BHMipIOBaHHA
BiAnogizHo mo mm. 3, 4, 5.

7. Oétmcnum cepelHE 3HAYEHHs MHTOMOrO 3apsny, po3paxyBaTH INo-
XHOKH, TOPiBHATH 3 TaGJIHYHAM 3HAYEHHSM, 3POGHTH BHCHOBKH.

Kourtpoapni 3anurtanns

1. SIki disnuni ocnosH npuHIMNY po6GOTH MarHerpona?
2. Illo Ha3MBalOTh CKHOBOIO XapaKTEPUCTHKOIO MarHeTpoHa?
" 3. SIki cuan AiIOTH HaA €JEKTPOH, L0 PYXAETbCA B MarHiTHOMY RoJi?
4. Ak BH3HAUHTH IMIyKNil0 Mar#iTHOrO MoJAs CoJeHOiaa?
5. YoMy cKMAOBi XapaKTepHCTHKM He JAlOTb Pi3KOTO «BEPTHKAJBHOIO» 3MEHIICHHSE
CHJIH aHOJAHOTO CTPYMY IIpH 3Ha49eHHi HKDP

6. SIki HepeBarnm Ta HeXONIKM KOXHOrO 3 METOAIB BHUMIipIOBAaHHS BifHOMIEHHS e/m?
2. JochinkeHHss MarHiTHHX BJAaCTHBOCTEH peuoBHHM [8—14]

Yci peuoBHHM 32 MaTHITHHMM BJIACTHBOCTSAMH MOXKHA MOLIMHUTH Ha ABE
rpynH: CHIBHOMATHITHI Ta ciaGoMaruiTHi. J1o cuabromacHimrux HalleXaTh

‘(epomarHeTHKM, (epHMarseTHKH (a6o (epHTH) i aHTH(ePOMAarHETHKH.

ﬂOl (C/za6omaammuux HaJIeXKaTh napamMarHeTHKH i piaMarneTuks.
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" epomaztiemusm — 11e 0COGJHBHIA CTaH JESKHX NapaMarHETHKIB, fKHA
XapaKTepH3yEeThCs CHIBHOI0 HaMarHiueHicTIO B CJJaOKHX MarHiTHHX MOJIfAX.
TunoeuMu mpeacTaBHHKaMH ¢epOMarHeTHKIB € 3ali30, Hikelb, KOGAJabT.
KpiM Toro, ¢gepoMarsiTHi BJIACTHBOCTI NpHTaMaHHI - JeSIKHM CIJiaBaM 3
He(hepOMarHiTHUX KOMIOHEHTIB, B OCHOBI SIKHX — Mapranensb i xpom. Xa-
- paKTepHOIO 0COGMHBICTIO PePOMArHETHKIB € CKJIaZHa HeMiHifHa 3a/IeXKHICTD
innykuii i HamarniueHoct MarHiTHOro noJs Bij HanpyxeHocti. Lio 3anex-
HiCTb Brepie cucTeMaTHuHO jgocuigus misa 3aniza O. I'. Croneros. e on-
Hi€I0 XapaKTEPHOIO 0COOIHBICTIO PepOMATHETHKIB € iCHYBaHH:A TaK 3BaHOrO
mazrimrozo eicmepesucy. CyTsb OTo noJSirae B TOMY, IO MarHiTHa iHAYKLiA
¥ (epOMarHeTHKY BH3HAUAEThCS He JIMILE 3HAYeHHSM HANPYMKEHOCTi noJs
B JlaHHi1 MOMEHT, a i momepeaHso icTopiclo HamarHideHHs (epoMar’iTHOrO
apaska.

depoMarHiTHU CTAaH PeYOBHHH iCHYe JMLIe MPH TeMmeparypax, ski
MeHIIi 3a memnepamypy (mouxy) Kropi. Tlpu nepexoai uepes touxy Kiopi
depoMarHeTHK CTa€ napamMarHeTHKOM. MariTHa CHPHAHATIHBICTD AJ1A
(pepomarHerHKiB mignarae sakony Kiopi — Beiicca:

H=1¢/(T—T),),

Je ¢ — cTada, Lo 3aJIexXuTh Bif npHpoan depoMarHeTuka.

OcTagHiM YacoM WIMPOKOrO 3acCTOCYBaHHS HaGy/aH XiMiuHi CHOAYKH
okcuay 3anisa (I1I) 3 okcuaamu iHmux Metanis. Taki cnosyku JAicTajd Ha-
3By c¢epurisb.

3aranpHa dopmysia depHTiB

(Mekos)m (Fe203)n ’

e Me — meran (nanpuknazn, Fe, Mn, Zn, Ni i T. &.); & — Ba/eHTHiCTb;
m i n — uini gucaa,
Iast depuriB xapakTepHe BHCOKe 8HAUeHHsI MarHiTHOI NPOHHKHOCTI.
QepHuTH MIHPOKO BUKOPUCTOBYIOTECHA B TeXHilli AK MarHiTHI aHTeHH,
ocepas TpaHcdopMmaTopiB, ApoceniB, BHCOKOYACTOTHHX MAarHiTONPOBOAIB
TOILLO.

L. Busnauenns mazniTHOi nporuxnocti pepurie

. Npunnaagu i Mmatepiamu: 1) xpa Topoinu Ha naueni; 2) npunag zias Buml.
pioBaHHs iHAyKTHBHOCTe#l Ta eMHocred Tuny E12—1A.

Teoperuuni sidomocri Ta onuc npuradis

QepuTH, 8aBASAKM BUCOKi# MarmiTHi#t npoHukmocti (mo0 5—6 - 10%),
MaJIuM BTpaTaM Ha nepeMarHiueHHs, BeJHKHM NHTOMHM OmnopaM (NOpsAKY
10 Om - M), Manum BrpataM Ha cTPyMH PYKO Y BHCOKOUACTOTHHX HOJSAX,
3HaNILIH INMPOKE 3acTOCYBaHHA B pajioTexHiui. Peputosi ocepas BHKO-
PUCTOBYIOThCA B pafiosoKauiftHifl, eJeKTPoaKyCTHYHidl Ta iHmWIiA pagmio-
anapatypi, B €leKTpo/aiYuABHUX MAIUHHAX.
~ PosrnsaHeMo oauMH 3 MeTOAIB BMMipIOBaHHA MAarHiTHoi NPOHHKHOCTI
Gbepuris.

[HIYKTHBHICTD KOTYIIKH i3 3aMKHEHHM OCePAAM Yy BHIVIAAI TOpoOiZa
BH3HAYAETbCA TaK} -

L = ppn?V,
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SIKimo BMroTOBHTH 3 pi3HMX MaTepialiB 2Ba OZHAKOBHX 8a pPO3MipaMH

TOPOIAM i HaMOTaTH Ha HHMX OJHAKOBY KiJbKiCThb BHTKiB APOTY, TO iHAYK-

THBHOCTi OyIyTb HEOJHAKOBI BHACJifIOK Pi3HOI MATHITHOI NPOHHKHOCT{

.- 2 .

ocepab. st nepmoro Topoina Ly = p pomiVy, ais apyroro Ly = papensV,.
Skmo kK n, = nyi Vy = Vy, 10

Ly/Ly = plps e = pLy/L,, ey

i ToMy 115 BH3HaYEHHsS MOYATKOBOi MarHiTHOI NPOHHKHOCTI (PepHTOBOro

ocepAsi JOCHTb BUMIPATH iHAYKTHBHICTb ABOX OJIHAKOBHX 3a pPO3MipaMH

KOTYILOK, OfHA 3 SIKHX 3 (epHTOBHM ocepAsM (W), Apyra — 3 ocepasM
3 HeMarHiTHOro marepiany ().

Y nmanifi po6oTi mpomoHyeThcsi 3a xomoMorolo npuaany E12——1A pu-

MipATH iHAYKTHBHOCTI KOTYIUOK i PO3paxyBaTH MarHiTHY NPOHMKHICTb
¢depuroBoro ocepas. :

Ilopsadox sukonannsa po6oru

1. OsuafioMuTHCA 3 NOPAAKOM POGOTH HA MPHJIaji LS BUMipIOBaHHS
emHoctedt i iHAykTHBHOcTelh E12—]A.

2. Ilin’eqHatd 10 BUMIpHHX KJeM NpPHJIAly CMOYaTKy nNepimy, NOTiM
JApYry KOTYWKY i BHMipATH iHAYKTHBHOCTI L, Ta L,.

3. O6uucautd 3a ¢opmyJolo (1) MarHiTHY NPOHHKHICTD (HePHTOBOrO
ocepasi.

Konrpoabni sanuranng

1. fxi peyoBHHH HasuWBaOTL (epoMarHeTHKaMH?

2. SIKuMH napaMeTpaMHM XapaKTepH3YIOTbCH (epuTH?
3. e 3acrocoByioTbesl epHTH?

4. Jlafite o3HaueHHs oxurHLi ingykTuBHOCTI B Cl.

1. Busnasenns rousu Kwopi dpepomaznirnux cnaasie merania

NMpunaau i Matepiann: 1) erekrponiu 3 BUMipIOBANBHOIO OGMOTKOI Ta
ﬁepmonnm ocepasm; 2) Mikpoamnepmerp (aGo uyTiHBUA Misiammepmerp) 3 Aiopom THIY
220 (O7T); 3) xpoMesb-amoMeseBa a60 Milb-KOHCTAHTaHOBA TepMonapa 1 Ta6nuui 3ua- -
yeHb €. p. c.; 4) uudposui BosbTMeTp THITY B7—20 a0 notenuioMerp A/ BEMipIOBaHHS

215 l-’il[lci’ 5'r0e)[.monapu tuny III1-63; 5) cexynnomip; 6) mKepeso JKHBAeHHS eneKTporeui

Teoperuuni sidomocrti Ta onuc npuradis

Cxemy ycraHoBKH AJ151 BH3HaueHHs1 Touku Kiopi depomarHeruka HaBe-
ZeHo Ha puc. 66. EJjekrpomiu sBisie coGOi0 UHJIIHAPHYHHE COMEHOIS,
BeepeZHi SIKOro 3HaxomuThesi pepurose ocepias F. Ha soBuimmboMy wu-
JiHApI HaMOTaHO BHUMipIOBa/NbHY KOTYWIKY. MarHiTHHi mnotik B ocepai
SMIHIOETBCS 32 CHHYCOiHHM 3aKOHOM 3MiHH CTPYMY B NEpPBHHHil 06MOTL]
(I). E. p. ¢. innykuii, fiKa BUHHKae B NePBUHHIl OGMOTII, '

gl=11R1_U1v ' ()

me I;R, — cnman Hanpyrd Ha oMiyHoMy oropi o6MoTku; U; — etekTHB-
He 3HayeHHs HANPYrH Ha BXOAI OOMOTKH. Y EMMiploBaibHiil ob6mormi 7
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nijJ Ji€io TOro camoro 3a BesH-
YHHOIO MarHiTHOTO [OTOKY BH-
HHKaE e. p. C.

67 8, = N,/N,, (2
ae Ny i N, — kiabkicts BHT-
KiB Yy nepBuHHIl i BropunHiR
0OMOTKaX,

3 dopmyau (1) maemo, moO
nopu [{Ry = U e. p. c. iHIYK-
~11if y BHMipioBasIbHIE 06MOTII

N nopisHioe Hymo. Lla ymosa B~

KOHYETbCH NpH  TeMmepaTtypi
Kiopi. Tlpn Temneparypax,

Puc. 66 6/1M3bKHX 10 ToukH Kropi, mar-

) HiTHa NPOHHKHICTb (EPUTOBOTO

ocepia pisko crnajgae. MarmiTHuI MOTiK TexX SMeHIyeTbCs 1 BelHuHHA

&, (a orxe, i y BropuHHOMY Koni &,) Tex cnamae 1o Hyss, WO i QiKCy-

€TbCsl NOKasaMH MminiamnepMmerpa. Temneparypy, mpu ski# BinGyBaeThb-

Csi 3MEHLIEHHS CTPYMY, BHMIDIOIOTh 3a JONOMOrO0 Tepmonapu. Jlias He-

NepepBHOro CIIOCTEPEXKEHHS 334 3MiHOWO e. p. " B poGoTi BH-

KODHCTOBYETbCA YHiBepCaJbHHE 1Lud ji ny B7—20.

TR TR X RN
BRI A XIS KS

Ilopadox euxonanua poboTu

1. CkaacTH KOJO 3a CXeMOI p 6.

2. YBIMKHYTH CTPYM >XMBJEHHS €JIEKTPOleui (Hampyra BKasyeTbcs
OKpPeMo).

3. BxuounTd cekyHAoMmip i oZHOYAacHO 3aHecTH 10 Tabaulli mokasu
MijliaMnepmerpa Ta e. p. C. TepMomnapH. ‘

4. Tloxasu miniaMnepmerpa Ta BifNOBiIHI 3HaueHHs €. p. ¢. pikcyBaTH
OJlHOYacHO uepe3 KoxHi 15—20 c.

5. Kosu ctpym miniaMnepmeTpa mouyHe sMeHIIYBaTHCS, BifliKM mMpoBo-
IUTH yepes 3—5 c.

6. HarpipanHfl NpDUNMHWTH, KOJAH CTPYM NePECTaHe 3MEHIYBaTHCh.

7. OxonoauTu 3pasok Ha 15—20 K i moBropuTH Ine pas sasHaucHe B
oo, 3—6.

8. Ilo6yayBatH KPHBY 3a/eXHOCTI 3MiHH CTPYMY BiJl 4acy Ta 3MiHH
TEMI1ePaTypH BiJl yacy. BH3HaumBLIH MOMEHT Pi3KOTO 3MeHLIEHHS CTpyMy,
3a npyrum rpadikoM BH3HauutH Ttemneparypy Kiopi.

KountpoabHi 3anutanns

I. YoMy npn neBuux TemnepaTypax (epoMarHeTHKH BTPaualoTh XapaKTePHi Aus HHX
BJIACTHBOCTI ? -

2. [aiire o3navenns Toukn Kiopi.

3. Ha sxux $isuynux 3aKoHaX TPYHTYETHCA POSISAYBAHHN METOJ BH3HAUYEHHS TOU-
ku Kiopi? ‘ ‘

4. Y 4oMy nosArae cyTb NOMEHHOT CTPYKTYPH (epoMarieTuxar
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‘HI. Iocaidacennn maznitocTpuryii nixeao

NDpuaagu i Matepiaan: 1) IoBrufi cosmeHOif 3 HiKEJEBHM CTEPXKHEM;
2) BignikoBuil npucTpill; 3) ocBiTaoBaY 3 MKasow; 4) aMnepmerp THIy D514 1o 5 A; 5) ne-
pemukau cTpyMy; 6) peocrar tuny PITII a6o PCIT; 7) sunpsmasy Ty BYII ta peryasitop
#anpyru tiny PHIH-250; 8) noxsifinuit nepemuxau.

Teoperuuni sidomocri Ta onuc npuradis

Maeximocmpuxyicto HasMBa€TbCA 3MiHa PO3MipiB i ¢opMH Tijna npu
fioro HaMarHiuyBadni. MarHiTocTpUKIUis BJacTHBa BciM TinaM, ane Giabiu-
MEHIU 3HayHa BOHA Juie y ¢epoMarHeTHKiB.

Ilnst ¢epomarsiTHEX Tis1 i deputiB BigHOCHe BHIOBXEHHA K Mipa Mar-
uitocTpukuii Al/l Moxe xocsraru 107° i masits 107, ,

Mox/HBi ABa THOM MarHITOCTPHKUIAHHX nedopManifi KpucTasidHOl
pelliTKY: 32 paxyHOK 8MiHH MarHiTHHX CHJ B3aeMoZii BcepennHi depomar-
HEeTUKY i 32 paXyHOK 3MiHH OOMiHHHX CHJI.

Minimymy eneprii HeMarHiTHOro MarHeTHKY BiATIOBiJalOTh NEBHi Bix-
cTaHi Mixk BysnaMH Kpuctajignoi pewitku. Ilix aielo 30BHimHbOro mar-
HiTHOTO moad Big6yBaeTbcs 3MiHa eHeprii MarHeTHKY BHAacCJilOK B3aeMO-
JiT Mar"iTHEX MOMEHTIB YaCTHHOK PEYOBHHH 3 MarHitTHHM noseM. lle npH-
BOJIHWTb M0 3MiHH PiBHOBaXKHHX BiiCTaHeH MiX By3/laMH KpHCTaJiuHOi pe-
illiTKH i, OTke, 00 3MiHM po3MipiB i ¢opmH 3paska.

®depoMarseTHKH Bifpi3HAOTHCA BijJ iHIIMX MAarHiTHHX PEYOBHH He JIHIIE
BeJIHYHMHOI0 MarHiTOCTPHKLI, a i XapaKTepoM ii 3a/leXkHOCTi Bil Hanpy:ke-
siocti MargitHoro mossi. Tak, y mepManiol0 MarHiTOCTPHKILiSI NMOSHTHBHA
(Tifi0 BHIOBXKYeThcs1), Y HiKeJ0 — HeratHBHa (TiJio ckopouyerbcs). Ic-
Hye i ofepHeHe O MarHiTOCTPHMKLIl siBHINE, fIKe MOJIATa€ y TOMY, IO NpH
MexaHiuHil pedopMauii Tisa 3MiHIOETBCH CTaH HaMarHiueHocri ¢epomar-
HEeTUKY (MarHitonpyxkHuii edekt). JloKJajHO NOSACHHTH SBHILE MATrHITO-
CTPHKUIT MOXHA JIMIIE HA OCHOBi KBaHTOBO! MeXaHiKH.

lle siBHILe SHAHLIO MIKPOKE 3aCTOCYBaHHSA B cydacHifi TexHniui. fximo
HiKeJeBHil cTepKeHb OMICTHTH B 3MiHHe MaTHITHe 10J1e, TO PO3MipH CTePXK-
Hsi 3MiHIOBATMMYTBhCA 3 YacTOTOIO 3MiHM MarHiTHoro noas. Ilpum  3miHi
[0/ YTBOPIOIOTBECS MeXaHiuHi KOJHBaHHA {3 8BYKoBowo abo yabTPasBy-
KOBOIO 4acTOTOK. TOMy fBHILE MarHiTOCTPHKI{i BHKOPHCTOBYIOTH MJifl
CTBOPEHHsI NOTYXKHHUX BHNPOMiHIOBAuiB Y/bTPasBYKOBHX KoaHBaHb, Oc-
TaHHIM YacoM SIBHIIE MarHiTOCTPHKUII IIKPOKO BHKOPHCTOBYIOTb Y MarHi-
TOCTPHKLUIAHUX dinbTpax pasioyacror, pesne, JaTuHKaxX BHMipIOBaHHA THC-
Ky i T. I

Haiikpawum matepianioM Ans1 MardiTOCTPHKUIKHHX BHIPOMiHIOBadiB
€ HiKeJib, cTaJb | JesAKi cnyaBH.

Meroio aaHoi po6otH € BuBueHHd 3anexHocti Al/l, = f (H).

Jns BUMipIOBaHHS MarHiTOCTpUKUil WHPOKOro 3acTOCYBaHHs Ha6yJsH
MeTONH, 3aCHOBaHi HA MPHUHIMNI MeXaHOONTHYHOro Baxens. Lli meromu
JaloTh 3MOTY DeeCcTPYBATH BiAHOCHI 3MiHH 3paskiB NMOPAAKY 1078, Pagio-
TexHiuni Ta iHTepdepeHuiiHi Metoxu nalOTh Iue GiNbIIY YYTJAHBICTb, aje
BOHH JOCHTH CKaajHi. ITopiBHSIHO NPOCTHM € MeTOX APOTHHHUX HATYUKIB
(TensomartunkiB). TeH30JaTUMK HAKJIEIOETHCH HA 3pas0K i MixMHUKaeThes B
OfiHe i3 mreueit MicTKa YiTcTOHA. I3 3MiHOIO MarHiTHOTO [0/ 3MiHIOIOTHCA
posMipH 3pa3ka, WO NIPUBOAKTH AO 8MiHH ONOPY HKATYMKA i NOPYIUEHHA
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piBHOBaru Mmlcrka. BumocHe BUIOBXKEHHS 3Da3Ka PO3PaXOBYEThCS 32 ®op-
INZ ‘

Al/l, = cAR/R,

Jié ¢ — cTana rpajayioBaHHS.
B naniéi po60Ti BUKOPHCTAHO METOX, 3aCHOBaHMH Ha NPHHUHNI MeXxa-
HoonTHyHoro Baxend. Ha pHe. 67, a HaBe#eHO cXeMy YCTaHOBKH, 3a J0-

oooo-ooooo-o-o-ou\nt..--.of.-.-

a Puc. 67

NoMOTrolo 1Kol y AaHilt po6oTi BcTaHOBIIOEThCA 3anexHicts Al/ly, = f (H).
3pa3ok I 3a JOTIOMOrOI0 ClieliabHAX 3aTHCKaYiB 2 KPiNHTLCA B COEHOIRI
3. MexaHiuHi KonuBaHHS 3pa3Ka nepealoThes yepes NpucTpiit 4 i neperso-
PIOIOTHCA Ha o6epTaibHi KOJHBaHHA oci, Ha AKill 3aKpinJIeHo J3epKaJblie 5.,
Koan p3epkanbne noBepraerhesi, CBITNIOBHET NPOMiHL mepeMilyeThcs
B3JOBXK WIKAIM 6. 33 KyTOM IOBODOTY A3€PKaJbLs MOXKHA pO3PaxyBaTH

BHJOBXEHHs 3paska Al
Al=coc,

ne ¢ — crasa' mpusaxy; @ — KyT nosopoTy. Kyt noBopory nos’sisaHuit 3
BijcTanHIO L 10 A3epKada BiJ IIKa/AH i IepeMillleHHAM «3aifuHKan» 110 LIKaJi
S cniBBiAHOLIEHHAM

a=S/2L.
Toxi
Al/ly= cS/2L1,. (D
Hanpy:keHicTh MarHiTHOTO mosisi Po3paxoBYETbCS 32 BiZOMOIO (opMYJIOD
H=NI/2l, 2)

ae N — uuciio BUTKIB costeHoifa; [ — HOro JOBXKHHA.

Ilopadok suxonanns poboru

1. 3i6paru enekTpuyny cxemy 3a puc. 67, 6.
2. PosmarnituTd 3pasok. [Jlis uporo moga™i sminHy Hanpyry (100—
150 B) i amenwnTH ii HO HyA. IMepemukay I1 B nosoxexHi «I».

104

3. HepeBecm nepemukau /7 B nonoxeHHs «2». [Ipu upoMy BHMHKA4
PO3iMKHeHHH.

4. 3aMxHYTH BUMHKa4. 3MiHIOBATH CTPYM B Koai six O mo 0, 7 A uepes
koxkHi 0,1 A. IlonoxkeHHs1 «3affuMKa» Ha WKaJi IJisi KOXKHOTO 3HAYEHHS
CTPYMy 3anucyBaTd KO Tabaumi.

5. PospaxyBard BiJHOCHE BHAOBXKEHHS Al/ly 3a gopmyioio (1) i Ha-
npy:xenicts 1 3a dopmyaow (2).

T 6. TloGynyBarn rpadix 3aiexHOCTi BiAHOCHO BHIOBKEHHs Bil Hanpy<

JKEeHOCTi MNoJis.

KourTpodbui sanutanua

1. Y uomy mossirae CyTh SIBHIA MaTHiTOCTPHKILii?
2. SIki MeTOAM 3aCTOCOBYIOTHCH JJISl BHBUEHHS SIBHINA MarHiTOCTPUKUIT? .
3. SIKe mpakTHYHe 3aCTOCYBaHHS SBHILA MATHIiTOCTPUKIIT?

13. JochnipxKenns KBasicrauioHapHUX eJeKTPHUUHUX CHCTEr
[8, 11—14, 16, 17, 3aBoackKi iHCTPyKUii]

CTpyMH Ha3HBAIOThCS K6a3icmayionapHumu, KO Binctaub [ mix naft- |

BiJla/TeHI MU TOYKAMH €JE€KTPUUYHOrO KOJa, B SIKOMY IPOXOIUTBb CTPYM,
SHAQYHO MEeHIIa 33 JOBXKHHY ejexkTpoMarsitioi xsuai A = Tv (T — nepion
CTPYMY; U ~— IIBHJKICTh NOMIMPeHHA XBHJi). ToMy TeXHiYHMH 3MiHHHMM
crpym (v = 50 Tm) moxna BBaxkaTH KBasicraumionapuum. Momy Bigmosi-
Jae goBxuHa XBHAI A =6 . 10® M. Orke, yac TOUMPEHHS NOJAA A1
€JICKTPOTEXH{YHHX CHCTEM JIO YBaru MOxHa He 6GpaTtH.

- Poarnsinemo x0/10 KBa3iCTaliOHAPHOTO CTPYMY, fiKE CKJIAJAETHCS 3 10
C/IOBHO BK/IIOYEHHX OMiuHOro onopy R, inaykrusHocti L i emmnocri C.
Hexaii B Koaii jie cuHycoinna e. p. c.

<0600 CTPYM BUMYILIEHUX KOJHBaHb. CHY HOTO MOXKH4 BH3HAYHTH 3a dop-
MY.J1010

= &, sin wt, ne &, — amnairy-
na. CIpyM y TakoMy Kogi, COPUYMHEHHH Hi€l0 3MiHHOI €. p. C., ABAsIE

I = I, sin (0t — @), ne (a) .
I, = &,/V R? 4 (oL — 1/0C)? 6)

(tyr I, i &, — amnnityndi 3sHayeHHf cUAM cTPyMy { e. p. c. B Koaxi).
Ilpyu 1bOMy MOBHMM OIMOPOM eJEKTPHYHOrO KoJa 3MiHHOTO crpymy (imme-
JaHCOM) € BeJHYHHa

Z=28,/l,=V R*+ (oL — 1/aC)% - (8)

re R, X; = oL, X¢ = l/oC — BignosigHo omip pesucropa (aKTHBHUI
omip), iIHAYKTUBHUK Ta eMHicHU# (peakTHBHi) onopH. IToHATTS peakTnBHUM
[IOXOUTH BiJ CTOBa peaxllis, WO O3HAUae Ipolec, AKUH BUHHKAE y BifmO-
Billb HA MeBHY 30BHiINHIO Jito. Mix cuJ0I0 3MiHHOTO CTPYMY Ta HAamPYrolo
B KOJIi Mae Miclle 3MillleHHs 3a (a3010 @:

tg ¢ = (oL — 1/wC)/R. (r)

Ha ocHosi piBHocTelt (a) — (r) MoXHa npoananisyBaTH OKpeMi BHMaLKH
Kin 3MiHHOTO CTpyMY.
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1. Xt =0, Xc = 0;Z = R. Orxe, Ha AinsHUi XONA, B SKY BXOXHTH
TinbKn pesucrop, tgor = 0, g = 0. 3mimeHHs 3a ¢aso0 Mixk cujIoK:
CTPyMY i Hampyroio B TAKOMy KOJIi 3MiHHOTO CTPyMy HeMae.

2. Ha ninauui xona, sika MiCTHTb TiJIbKM iHLYKTHBHICTB, {g @ = oo
i or = n/2. Otxe, cuya cTpyMy 3a (hasoro BigcTae Bij Hampyrd Ha /2.
Skmo R 5% 0, 10 tg ¢ = wL/R.

3. Ha pinsuni xoua, ska MicTuTh Tiapku eMHICTB, tg Q¢ = l/cgc =

=-—o0 i ¢¢c= —mn/2. Omxe, cuia cTpyMy 3a (as30l0 BulleperKaec Ha-

1wl A ﬂPyF}i/Ha n\/2. meo R 7= 0,10tgp =

: = —1/wRC. MakcuMa/IbH  3HaYeHHs CH-

o ~_/_) au crpymy [, i vaupyru U,, nos’gsani 3

7 @/ e(PEeKTHBHUMH 3HAYEHHAMU CHJIH CTPyMY

0 7 r Iep i Hanpyru Uep, SKi BHMIipIOIOTBCS

‘_f_ €/IeKTPOBHUMIPIOBAaNLHUMH TIPUNAJAMH, Ta-
we - KHMH CIiBBiJHOMEHHAMHU:

Puc. 68

lep = Im/V2; Uep = Umfl/2-

EdextuBHe (nitoye) 3HaUeHHs1 CHJIH SMiHHOTO CTPYMY NODiBHIOE CHJIi
NOCTIHHOTO CTPYMY, SKHH B LAaHOMY KOJi CTBODIOE TENJIOBHH edekT, 110
JOpiBHIOE €EKTOBI, CTBOPIOBAHOMY 8MiHHEM CTPYMOM. BisbiicTh enekTpo-
BUMipIOBA/IbHUX MpPH/IaLiB T'paiyioeThcsi B epeKTUBHAX 3HadenHax. [lo-
CHTb 3DYYHHM i HaOUHHM croco60M 306paxkeHHS (NMOAAHHS) BETHYHH, SKQ
3MiHIOIOThCSl 38 TaPMOHIYHHM 3aKOHOM, € METOJ, BeKTOpHHMX Hiarpam. Ha
puc. 68 HaBeJEHO BEKTOPHY Jiarpamy Ijisi CKJAAAHOI RiJIAHKH KOJMA SMiH-
HOro cTpyMy. BsioBXK ropusoHTanbHOI OCi BiAK/JageHO B YMOBHHX OJH-
HHUSX aMIVIITYAy CHJIM cTpyMmy /,, i aMmiiTydy 3HaueHHs Hanmpyrd Ha pe-
suctopi Upmp = IR (60 3cyBy das Mix HuUMM HeMae). AMnaiTyaHi 3Ha-
YeHHsl Hampyr Ha Koryumi iHAyKtuBHocti /oL i Ha KoHAeHcatopi
I/oC BigknageHO Ha BepTHKaAbHiK oci. [X mpoTHaexHa HanmpAMJIEHICTD.
CBiIUHTb IPO Te, LI0 HANPYIH HA iHAYKTHBHOCTI i €EMHOCTI nepeGyBalOTh Y
nporudasax.

Bekropni jiarpam# jaroTh 3MOry npoCTO Ofep:KaTH OCHOBHi piBHOCTI
I/ pO3PaxyHKiB €JeKTPHUHHX KiJ 3MIHHOTO CTPYMY, 30KpeMa piBHOCTE

(6) — ().

1. Busnauenns axTusrozo onopy, indykTuenocti
i EMNOCTI Y KOAL 3MIRHOZ0 CTPYMY

Npunanu i Mmarepiauanu:l)asrorpancpopMarop tuny PHII-250; 2) Bunpsm-
asy Ty BYTI; 3) 6atapes xouaencatopis Big 0,5 10 30 Mx®; 4) KOTYIUKA {HAYKTHBHOCTE
| 8 IeB’ATbMa CeKUisIMH; b) peocrar 6yab-skoro TMny Ha 180 Om, 1 A; 6) amnepmerp THIY

ACT a6o 3513 no 1 A; 7) Boabstmerp Tuny ACT a6o 3515 na 300 B; 8) tpy ABOnOMOCHUX
nepeMHKaui. .

Hopadok suxonanns poboru

1. Crnacti enekTpPHYHE KOJO 38a CXeMOIO, HaBeAeHOIO Ha pHc. 69.
Peoctar R nmpu3HaueHHi /14 3MEHUIEHHA CTPYMiB 3aMHKaHHS i po3MHKaH-
HA, AKi MOXyTb OyTH GinplIMMH, Hi HOMiHaJbHI 3HaYeHHS NPHJALIB,
YBIMKHEHHX Y KOJO.
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2. Bu3HAYHTH iHIYKTHBHICT KOTYIIKH 33 GHopMYJIO0
2
L=V R — R/,

Ze Ry = Uegllep, @ R = U/l — arupuuit onip. Jns 1b0ro: a) yBiMKHY-
TH K0J10 TIOCTiHHOIO CTPYMY NPY BBEIEHOMY IOB3YHKY peocTata R Ha Mak-

CHMYM ONopy (mepeMuKad [1, B MOJOXKEHHI «[»; nepemukau I1, — B 110J0-
®euui «I»; I[T; — B nOAOKeHH] «/»). 3MeHIMTH onip A0 HYJA, BUMIpATH
cunu crpymy I i Hanpyr# U, BM3HAuU#TH aKTHBHHE onip R; 6) yBiMKHYTH
KOJI0 3MiHHOTO CTPyMY, Nepemukau [1; B moJsioxeHHi «2». Bumipsath 3na-
yeHHs Uep 1 Tep, BU3HAYUTH OMP Rep | IHAYKTHBHICTH KOTYWKH. Bumipio-
BaHHSA [OBTOPHUTH TPHYI.

~2208 ‘ 1

Puc. 69

3. BusHauuTH €eMHiCTh KOHAEHcaTopa 32 GopMyJIon
C = 1/0.) V-Rg(‘d) - RZ’
ne Ry = Uep/lep. Axmo R = 0, To dopmysa cnpouryerbes:
C = 1/0R,4-

JInsi nporo notpiGHo: a) YBIMKHYTH KOO 3MiHHOrO CTPyMy (nepeMukau
I, B nonoxenHi «2», I1,, I1,—B nosioxeHHi «2», peoctat R BNOJIOKEHH] MaK-
cHMasipHOTO 0nopy); 6) BUMIPATH Uep i lep, BU3HAUHTH EMHICTH KOHJCH-
catopa. BumipioBanHsa NOBTOPUTH TPUYi NMpPH PisHUX 3HAUeHHAX Ueg.

4. IlepeBiputu 3akoH Oma jsis1 XoJa 3MiHHOTO cTpyMmy ((opmy.aa (6))
Ta BU3HauuTd tg ¢ arigHo 3 (r). Hast 1mporo: a) yBiMKHYTH KOMIO 3MiHHOTO
cTpymy (nepemukau [1; B nonoxenti «2», {1, — B nonoxenui «/»). Bumi-
pATH 3HaueHHA [eq T2 Uep i po3paxyBaTu Rep; 6) BianosigHo 10 (B) o6umc-
JIUTH 3HaueHHs Z miAcTaHOBKOWO y dopmyay s3HadeHs R, L, C; B) nopisHs-
Iu PO3pPaxyHKOBi 3HaYeHHA Rep 13 ONEpXKAHUMHM 3 JOCAIAY; T) BU3HAUKTH

g P

5. Hakpecautu BeKTOpHi Aiarpamm jsis KOXHOTO 3 JOCHiZiB.

6. O6uucauTH NOXUOKH BHMipIOBaHb 3 ypaxyBaHHSM KJjaciB To4HOCTI
npuJIaLiB. -



KouTpoabui aanuranus

1. fx dopmymoerbca sakon OMa ans aMiHHOTO cTpyMy? SIKMMH BeAMuHHAMu Xapak
YepuayeTbes SMiHHMA cTpyM?P

2. SIxuit Burasj Mae BekTopHa glarpaMa sakouy OMa fist 3MiHHOrO cTpyMy?
3. Slxa BiaMiHHicTh MiX cepeAHiMH i HilouMMH 3HayeHHSMH 3MIiHHOrO CTpyMy?

11. locaidnenns nocaifosnoeo i naparesbrozo pe3oHancy
8 K0Al 3MIRHO20 CTPYMY

MNpuaapu i matepiaaun: 1) aprorpadcdopmarop thny PHII-250; 2) tpn
amnepMeTpd Ha 0,5--5 A tumy 3513, 2514; 3) 1p¥ BoabT™MeTpH Ha 150—300 B Tuny 3515;
4) MarasyH Konjencaropis Ha 50 MxQP; 5) KOTyIIKa iHAYKTHBHOCTI BiJ 3aBOACBKOrO TPaHC-
¢dopmaropa (n = 3400 BuTKIiB).

Teopemuuni sidomocmi

Pesoranc Hanmpyr (mOCnijOBHUE pe30HaHC) BUHHKAE B KOJi 3MiHHOTO
CTPYMY 0pPH NOCJIZOBHOMY 3’€IHaHHI €MHICHOTO Ta iHAYKTHBHOTO ONopiB
(HaBaHTaxeHb) B pexuMmi, Koy X; = Xc (oL = 1/oC) nupu HeBeqHKOMY

aKTHBHOMY onopi xosa. [lpu 1po-

1/;”0)/. é'—” _ My Crialy Hanpyr Ha EMHiCHOMY Ta

¢ t {HIYXKTUBHOMY OlIOpax OXHAKOBi

4 A > 32 BETHUHHOI i mporuyexHi 3a
;I N !m.& “ ¢asoto (puc. 70, a):

Pt p Wi J Uc=1,/0C=UL=I,Lo. (1)

Puc. 70 ‘ Tomy ix MHTTEBa cyMa JOpiBHIOE

HYMO, i BCA 3O0BHIiIUHg Hanpyra
NpHunajac Ha aKTUBHUH 0Nip, 3a6eaneuyioun Halbinbiy CUAY CTPYMY B KO-
ai (I, = é,/R). Tlpn upomy Benuuunu Ue i Up, 30Kpema, nepeBHILYIOTh
npuknanesy Hanpyry. Taka cutyanis Moxe OyTH AOCATHYTa LLISXOM
sMind BesinuuH L i C, a6o npu cranux L i C — 3MiHOI0 4acTOTH ® 3MiHHO}
e. p. c. Ilpn vacrori '

o=w,=1/})LC (2)

aMIITYA CTPYMY MaKcHMajbHa, TOOTO HAacTae pesoHaHc. MzeTscs mpo
ToCJ1i I0BHUH pesoHaHc (pesoHawc Hanpyr). Yacrora wp, nNpu skill Hacrae
pe30oHaHC HanpyT, Ha3HBAETbCA Pe30HAHCHOIO KYTOBOW YacToTol. Pexum
LEe30HAHCY HAMPYF B TeXHilli CHIBHHUX CTPYMIB € aBapifiHHM, OCKiJbKH NpH
pboOMY 30/ KOTYIIOK, KOHAEHCAaTOPiB MOxke 6yTd npobHTa.

Y papiotexHiui (BHCOKOYACTOTHHH PeXXHM) Pe30HAHC HANPYT € HOpMa-
THBHHUM PEXHMOM i BUKOPHCTOBYETbCS AJIs MiACHJIEHHA Hanpyr,

XapakTepHi oco6aNBOCTI pesonancy nanpye: iMOENAHC €JeKTPUYHOrO
KoJsia MiHiMaJbHHE | NOPiBHIOE aKTHBHOMY OMOpY; aMILIITYAa CTPYMY Mak-
cumanbia (/,)mex = &,/R; aMnaiTyza HanpyrH Ha akTHBHOMY OIOpi
JopiBHIOE aMmaiTyAi npukaaneHoi HanpyrH (e. p. ¢.): (Ur)max = Umax;
MiX HaAMPyrolo i CTpyMoM HeMmae 3cyBY (as; NOTYKHICTb JuKepena cTpyMmy
nepefaeTbcs TiJbKH aKTHBHOMY OMNOPY, KODHCHA MNOTYXKRiCTh 3MiHHOrO
CTPYMy MaKCHMa/bHa.

Bpaxosyioun (1), nicraHemo:

(ULmax = I,0L = 8,0L/R. )
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OTKe, SHAUYGHHS HANPYIW HA {HAYKTHBHOCTi 3aJIeXKHTh Bill BEHUMHH Bill-
HOIUEHHS

oL/lR=Q a6o Q= l/oRC. 7@

I{# BennmunHa wasuBaeTbes OobpomHicmio xkonmypa. Ilns BHCOKOuacToOT-
HEX pexumiB wL 3> R, tomy Q > 1. ¥V npoMy BUNAAKY pe30HAHCHa Hanpy-
ra Ha iHAYKTUBHOCTI (Ur)max = 6,,Q 1 piBHa ifi Hampyra Ha eMHOCT
MOXYTb 6yTH HabaraTo GibIIMMHK 33 3MiHHY e. p. c. KoHTypa. lle asuiye
IIMPOKO BHKOPHCTOBYETHCH B palioTexHilli J/ns HAcTPOIOBaHHSA Dpajio-
npuiiMauiB Ha pafioXBHJIO NeBHOT JOBXKHUHEHY. ,

B esekTpHuHOMYy KOJi 3MiHHOrO CTPYMy NpH NapajejbHOMY 3'€IHaH-
Hi KOTYWIKM iHAYKTHBHOCTI i KOHAeHcaTopa i PiBHOCTI YacCTOTH HifKJiO-
YeHO1 Hanpyr# i pe3soHaHCHOI YacTOTH eJEKTPHYHOTO Koaa (@ == o) BH-
HHMKae pesoHanc cmpymie (napanenbHuil pesonanc) (puc. 70, 6). Bsaxka-
THMEMO, (IO aKTHBHHUH OMip HiNSHOK KOJa Majuii i HIM MOXHAa 3HEXTyBa-
TH.

Ockinbkn Hanpyra Ha 060X AiNSIHKAX NapasiesbHOro 8’eJHaHHA OJHa-
KOBa, To 3cyB (a3 NOYMHAEThCH TiJIbKY Ha CHIaX CTYMiB Ha AiMsIHKaX KoJa
8 iHAyKTHBHicTIO i €MHicTIO:!

I, = U, sin(of—a/2)/oL,
I¢ = UnoC sin (0f 4- n/2).

Ipu peanizauii ymoBn oL = 1/oC crpymu B 060x BitTkax 6yayTtb OZ-
HAKOBi 3a BeJIMUHHOW, Y NPOTHIEXKHAX (pa3ax i B3aeMHO 3piBHOBaX€eHi.

Y peanbHHX e€JeKTPHYHMX KOJaxX NOBHIiCTIO NO36aBUTHCS AKTHBHOIO
onopy HemoX/uBo. ToMy mnpu peainisanii ymoBH (2) cTpymMH y BiTKax 3
€MHICTIO i iBIYKTHBHICTIO Maf>ke NMPOTHJAEXKHI 3a (asowo i Majao BiapisHA-
1oTbcA 32 MopyJteM. Ilpy upoMy CTpyM y ro/loOBHOMY TNpOBiAHHKY MiHi-
ManbHHfi, a onip KoJa MakcuMaibeHA Z, = L/CR = p*/R (pe p ==

= }/ LIC — xBunboBuii onip kourypa). Takuil BUNagok HasuBaeThCs pe-
goHaHCcOM CTpyMiB. FizieTbes npo BCTAHOBAEHHA MiHiMANLHONO 3HAUYEHHS CH-
Ji1 3MiHHOTO CTPYMY B HepO3TajlyXKeHili 4yacTMHi Kosa NP NapaJyejbHOMY
3’elHaHHi eleMeHTiB Kosa. Y KOHTYpi 3 mapa/sieJibHO 3’€HaAHHMH KOTYIL-
KOl {HAYKTHBHOCTI i KOHJeHcaTopoM BifOyBalOTbCS €NeKTPHYHI KOJNHBaH-
Hf, @ TaKOXK OOMiH eHeprifiMi MiK KOTYIIKOIO i KOHIEHCATOPOM; eHepris
8 KOHTYpa He BUJYYaEThCs.

ITopsdox suxonanns poboru

1. [ocaidumu pesoranc nanpye.
1. Cknactd enekTpHyHe KOJIO 33 CXeMOW puc. 71.

2. BeraHoBUTH PYYKY aBTOTpaHchOpMaTropa B HYJLOBE MNONOMKEHHS,
BCTAaHOBMTH moyaTKoBY eMHicTh 10 Mk®.

3. Bcranoeutu Ha BoJbTMeTpi V Hampyry 60 B. -

4. 3minioBaty emHicTb uepe3 2—5 MK®. 19 KOXKHOrO 3HaueHHS
€MHOCTi [10Ka3d BCiX NMPHJIAJiB 3aHECTH A0 TaOMHLI.

5. Tlo6yaysatu rpadiku 3anexsocti

I=f(©), V=F(©) Vs=f(©), Vo=F(©. |
6. BusHauutn iHAYKTHBHICTb KOTYUIKH, KOPHCTYIO YHCh QopMyaoio (2),
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7. BusHauutH J06pOTHiCTH KOHTYpa srigno 3 dopmysnamu (4) i (5).
8. O6uncauTH MOXHOKH BHMipIOBAHb.

I1. Jlocaidumu pesonanc cmpymis.

1. Cknactu KOO 33 cXeMoiwo puc. 72.

2. BeraHOBHTH PYYKy aBTOTPaHCQOpMAaTopa B HYJbOBE IOJIGKEHHS.
BeraHoBHTH MOYaTKOBY €MHiCTb Gartapei KoHzeHcatopis 10 Mk®.

@
L‘.

Pre. 71 Puc. 72

3. 3minoBatH eMHicTh Garapei uepes 3—5 MK®D i s KOXKHOro 3Ha-
9eHHS eMHOCTi IMOKa3H NPHJIafiB 3aHeCTH JO Tabaui.

4. [TobyayBaTH rpagiku 3aJeKHOCTeH:

I=f(©), Ic=f(©), I.=7(Q).

5. Busnauntu pesoHaHCHY eMHicTh 3 rpagikiB (il BignoBigae MiHiMyM
CHJIH CTPYMY). .

6. BusHauntH Ha ocroBi dopmynu (2) IHIYKTHBHICTH KOTYIUKH L.

7. BusHauuTd NOGPOTHICTH KOTYINKH 3rizHo 3 dopmynamu (4) i (5).

8. O6uncauTH MOXHOKU BAMipIOBaHb.

KonTpoasni sanuranus

1. SIki npuunum i Hacnifku pesoHaHcy wanpyr i crpymis?
2. IlpoananisyBath BeKTOPHi Aiarpamy pesoHaHCy Hanpyr i crpymis.
3. o HasuBaloTH JOGPOTHICTIO KOHTYpar

111, Busuennsn AiuAbRUKG eneKTPUNHOL eHepeit

NMpunanagn i matepianm 1) ogHopasuu# aigunpuuk tuny CO-H446 aGo
CO-2M; 2) sosbTMeTp Ha 150—300 B Tuny 3515; 3) amnepmerp na 2,55 A tuny 3514;
4) namnosuil peocrat; 5) peryasrop uanpyru tumy PHII-250; 6) cexyszxomip.

Teoperuuni 8idomocti Ta onuc npusadis

B konax 3MiHHOro CTpyMy B OCHOBHOMY 3aCTOCOBYIOThCS JIi YHJILHHKH
inpykuifinoi cucremu. IHAyKuifinu# nmivnabHEK (puc. 73, @) cKaajgaeTh-
€ 3 ABOX eNeKTPOMArHiTiB 4, 5, MiX NoMocaMM SIKMX PO3MIlleHO aJioMi-
HieBHH AMCK 3, HacamxeHHH Ha BepTHKaJbHY Bich 2. OMH 3 enekTpoMar-
HiTiB 5 Mae O6MOTKY 3 TOBCTOIO i30/IhOBAHOTO APOTY, sIKA € OGMOTKOIO
cTpyMy i MiAKAIOYa€ThCST B KOMO MOCJiJOBHO 3 HaBaHTaXKeHHAM. pyruit
eJIEKTPOMATHIT 4 Mae 06MOTKY 3 TOHKOTO {30JIbOBaHOTrO APOTY (0OMOTKA Ha-
NpyrH), WO NiIMUKAETHCA B KOJIO MapajelbHO HaBaHTAXKeHHIO, 3MiHHUH
CTPYM, TPOXOAAYH 10 OGMOTIi CTPYMy, CTBOpPIOE MarHiTHH# notik @,
a POXOJAYH 10 O6MOTIi Hanpyru,~— MardiTHH# notik @,. 3MiHHI MarHiTHI
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norory @ i @, 36yKy0Th BUXPOBI iHAYKLifAHNi ctpymu [, 1 1, B amomini-
eBoMy HUcKY. [Ipu BaaeMoaii MaruitHoro noroxy @, i3 ctpymom /,, Marsir-
Horo notoky @, i3 crpymom [; ajioMiHieBHH RHCK NiJ Hi€0 pe3yJbTYIOYO-
ro o0epTajibHOrO MOMEHTY NOYHHae O6epTaTHCA.

M06 = k]q)]m(D2m Siﬂ q), - (1)
Xe k; — Koediuient nponopuiAHocTi; ¢ — 3cyB ()a3 MiK MarHiTHHMH I10-
TOKaMH. B JMiUUJABHHKY iHRYKLifiHOI cHCTeMH MarHiTHHH notik @y, npo-
nopuilinuit crpymoBi /;, a MarsiTHu# noTik @y, — Hanpysi B kouai U.

J

Puc. 73

Toxi 3 (1) maemo:
Mos = ky U sin ¢. (@)

Jlnsa npavoi nporopuifinol 3anexuocTi Mos Bifl noryxunocri P norpi6Ho,

106 sin @ = cos ¢ (@ — 3cyB (a3 B KOJi MiX CTPYMOM i Hampyroio).

Ile B KOHCTPYKUii Ji4u/JbHHKA HOCATAETHCS CMEliaJbHHMH PO3rajlyXKeH-
HsMH MarHitonposoaa. Toii ocraToyro:
Mos = kI,U cos @ = kP, 3)

Hagpnicts y siynasuukosi mocrifinoro marrity ! cTBopioe raibMiBHHH
MOMEHT aJIlOMiHi€BOTO JUCKA AHAJOTiYHO rajbMiBHOMY MOMEHTOBI aJiOMi-
Hi€BOr0 KapKaca B NpuJajaXx MarHiToeneKTpHuHOI cHcreMH. Kpim wuworo
rajbMiBHOIO MOMEHTY B JiYMJbHHKY CTBODIOETbCS IUe /Ba TlajbMiBHHX
MOMEHTH BiJl B3aeMOXii eNeKTPOMarHiTiB 3 IXHiMH IHAYKIifiHHMH CTpY-
MaMH.,

Pesynbryloun#t rajibMiBHHE MOMEHT NponopuilHHM WBHAKOCTI obep-
TaHHA aJIOMiHi€BOI'O XHCKa: '

M,=k'n, 4

Jie n — KinbKicTb 06epTiB IUCKAa B CEKYHAY.
Ilpn piBHOMipHOMY OGepranni aucka Mos = M,. Toxi Ha ocHosi (3)

. i (4) micraemo:

P=cn, ()
111



se ¢ = k'/lk — crana niunnbHuka. TTOMHOXMBIIM npaBy i JiBy yacTHHH
{5) Ha yac f, Maemo:

A=cN, v (6)
ne A = Pt — eneprisi cTpyMy, 10 cnoXHBaeThcs, a N = nf — uync/o
obepriB aucka 3a uac £. Ocrarouno ¢ = A/N.

B naniit poGori norpiGHo aeranbHO 03HAKOMHTHCA 3 6yNOBOIO Ta NPHH-
IIHTIOM Jlil IHXYKIiHHOrO JIi4H/IbHHKA i NpOBECTH JOCHiIXKeHH I loro pobOoTH.

Iopadok suxonanna po6otu

1. CxnactH enekTpHUHe KOJIO 32 cxeMoio pHc. 73, 6. (PasHuil nposix
fIPHEAHYIOTh [0 3aTHCKaga [, a HYJLOBHHA NpOBig — JO 3aTHcKada 3;
J0 2 Ta 4-10 3aTHCKAUiB NiZMHKA€ThC HABAHTAXKEHHS.)

2. OsHaifioMHTHCS 3 TeXHIYHUMH JaHHMH JiYHJIbHHKA. 3adikcyBaTH HO-
MiHaJIbHY CTaNy JiuMJIbHHKA ¢, (Ha JiYHJIbHAKY 3a3Ha4eHO, CKiJIbKOM 06ep-
TaM JgMcKa Biznosiaae 1 kBT - rox enexkrpoeHeprii, sika npofinuia uepes
JIUHJIBHEK). :

3. BH3HAuyHTH BifHOCHY NMOXUOKY JiUHJbHHKA 32/I€XKHO BiJi BeHYHHH
HapaHTaMenHd. [l nporo: a) pery/isiropoM Haupyrd BCTAHOBHTH HOMi-
HaJbHe 3HaYeHHs HANpyrH JJIs JNAaHOTO JIiYHJBHHKA; G) JaMImOBHM peo-
cTaToM Mifi6paTd HaBaHTaXkKeHHA JIYUJbHHKA (KOHTPOJIOETLCS aMIepMeT-
pom), ske nopiHioe 5 % HOMIHANBHOTO HABAHTAXKEHHS JiUHJIbHHKA.
ITinpaxysaTu KinekicTb 06GeptiB nucka 3a yac { == 180—240 ¢, Janmi 3a-
HecTH 10 TabJHLi; B) MOBTOPUTH cIOCTepEKEHHA 1. 6) NPH HABaHTaXeHHAX
JNiYHJIbHHKE, fKi nopiBmiotots 10, 15, 20, 30, 40, 50, 75, 100 % HOMiHa/b-
Horo 3HavueHHs. ([Ipomoryerbcs OpaTd HOMiHa/IbHE 3HAUEHHS CTPYMY
5 A); r) mra KoxHOro i3 cnocrepexkeHb Mifipaxysatd AificHy c; i Homi-
HA/JIBHY ¢, CTaji JiYuJIbHHUKA:

cll == At/Nl; CH = A/N,

ne A; — pojora, siKa BHKOHYEThCS 3a 4ac ! (BUMipAHe 3HaueHHs); A —
opuHuLA eHeprii, o BUMipioeTbea MiuuabHUKOM 3a N obepTiB AucKa (3a-
3HayeHa Ha JIYHJIbHUKY); A) BH3HAYHTH /5l KOKHOTO HaBaHTaXKeHHA Bii-
HOCHY MOXHOKY: ‘

Y= (c;—¢cy) - 100/c,, %.

Besnunna ¢, crasa i BCix BUMIpIOBaHb.
Pesynbratit saHecTd RO Tabiauii.

N BumiproBani sesnuunay PoapaxyHKosl BeaHyuHU

nop

Lalus | te [ Mos|ame| w | a | vy

|

4. Tlo6ynyBatn rpadix 3aneXHOCTI BiAHOCHOI MOXHOKH JiudJbHHKA
v Bix sequuunu [ » 100/1,, %. S
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"KonTpoabni sanutTaHus

1. SIkuit npuHnAn Kif iHAYKUiAHOTO JTiYHILHAKA eeKTPHYHOT eHeprii?

2. Ik niMHKAaTH B €JIeKTPUYHE KOJIO JIiYHJIbHHK eJeKTPHYHOI eHeprii i IKHX NpPaBHA
HpH 1IbOMY AOTPUMYBATHCSA? '

3. SIkuit pisnanuit aMicr crajol AiYHAbHAKA?

1V. docridncenns poboru rpancopmaropa

Npusiaagu i Mmatepiann 1) TpanchopMarop 8 xiabkoMa o6MOTEamH i Bls
JOMOIO KinbKicTio BHTKiB; 2) BoabT™MerpH Ha 150—300 B i 7,5~300 B Tuny 2515; 3) amne)
setp Ha 0,5—1 A Tuny 3513 a6o I59/3; 4) parmerp Ha 5 A, 160 B tuny J539/1, [1539/2)
8) peoctat a0 5 A tany PIII-5; 6) BuMukau,

Teoperuuni sidomocri Ta onuc npuradis

[ Tpancdopmamop — e eJeKTPOMATHiTHHI amnapat, MPU3HAYEHHH ANA
fiepeTBOPEHHs €Heprii 3MiHHOro CTPyMy OJHi€i Halpyrd Ha €Hepriio 3MiH-
HOTO CTPYMY iHINOI HampyrH NpH HeaMiHHiil yactoti crpymy, Bin cknaza-
erbed i3 3aMKHEHOro ocepas i o6MoTok. OcepAsi BUTOTOBJRETECA 3 IUIac-
THH eJIEKTPOTeXHI9HOI cTasi i mpaBHTH 32 MarHitTonposix TpaHcdopMaropa.
O6MoTKH poamilneHi Ha ocepii i BHrOoTOBASIOTHCS 3 i30JIBOBAHOTO APOTY
Y BHFJIAJ] KOTYILOK MpsMOKYTHOI aGo kpyrJoi ¢opmu. O6MoTKa, KA MiA-
K/IOuaeThesl N0 JRKepeda CTPyMy, HasuBaeThCsi nepsunnow. OOMOTKA,
JO SIKOT NMiIMHKAIOTBCA NpHiMadi ejneKTPHYHOI eHeprii, Ha3HBaETbCA 6mo-
purroro., BropuaHIX 06MOTOK Moske GYTH KifbKa. |

i Tpanctopmaropy, B AKHX Y BTOPHHHHX OOMOTKAX YHCJIO BHTKiB Gijibuie

NODIBHAHO 3 [EPBUHHOIO, HA3UBAIOTHCA NiJBULLYBAILHUMH, !

. Hexaft N, i Ny, — kinbkocti BUTKIB y NepBHHHIK i BTOpHHHIH o6MOT-
Kax. Jlo mepBHHHOI OOMOTKHM' IiiBeleHO 3MiHRY, Hanmpyry U;. Bropunna
KOTYHIKA po3iMKHeHa (pexum xosocToro xoay).{Ileppurna o6moTka B Koal
SMiHHOI'O CTPYMY YTBODIOE 3HAYHME iHAYKTHBHH{ omip, i B Hilt cTpym [
(xonocTOrO X04y) HeaHauHHMH, BiH Bijcrae Bin Hanpyru U, maiixe wa 90°.
. Ockijabku ocepas saMmkHeHe, TO poaciloBaHHA JIHiA MarHiTHOI iHAYK-
wii B moBiTpi HeaHauHe i MOXKHA BBaXaTtH, WO MarniTHu# norik B ocepai
OHAKOBHH Jiis o6ox ob6Morok. Llefi maruiTHuii notik @,, nponopuifiHui
cuai crpymy /g, HaBOAUThL y MEPBUHHIA oOMoOTLI €. p. ¢. caMOiHAyKuil

dd
81=“N1T°‘=“U1, 1)
SIKa KOMIEHCYEThCH NpHKJafeHow Hanpyrow U, OnxouacHo Tofi camufl
HOTiK HABOAWTH Y BTOPHHHIN 0OMOTLI €. p. ¢. B3aeMoiHAyKuil

(0]
8, =— N2 = — U, @

3 dopmyn (1) i (2) nicraemo: ‘
UJN, = 5,7N, = 80’ @)

ze 8, — e. p. ¢., KA mpunagae Ha OfHMH BHTOK OGMOTOK TPaHc(OpPMaTopa.
8 ¢opmymu (1) i (2) Maemo:

U1/$2=N1/Ng=k, . (4)
113



ne k — roepinient Tpanchopmanii; axmo k > 1 — tpanchopmarop 3HH-
XyBasbuuit. Bennuuny &, MoxHa BHMipsiTH, 6e3T0CEPENHbBO MilK/THOIHBIIH
BOJILTMETP JIO KJjieM He3aMKHeHOI BTopHuHHOI 06MoTkY (U, == &,){{Y cunosux
TpaHcopMaTOpax cmaj HampyrdH Ha aKTHBHOMY i iHAYKTHBHOMY OMO-
pax posciloBaHHSI NEPBHHHOI OOMOTKH NPH XOJOCTOMY Xoii TpaHcgopma-
TOpa cTaHoBHTh 1—2 % migBeneHol Hampyru.

© SIxmo posrasiiaTH HaBaHTaXeHW# TpaHcpopMaTop (BTOPHHHA OOMOTKA
3aMKHEHa) | SHeXTYBaTH HesHAYHHMM BTpPaTaMH eHeprii Ha HbOMY, TO
MOXHA BBaXKaTH, IIO0 NOTYXKHOCTI B 060X oOMOTKax opxHakosi: [,U; =
= 1,&,, 3Binku

gZ/Ul = 11712 = NZ/NI'

K. k. A. TparchopMaTopa 1, 1K i BCAKOI iHIIOI MALlIMHY, BUSHAYAETLCSA Bif-
HOIUEHHSIM KOPHCHOI MOTyxHocTi P, 1o Bciel mifiBesieHOl mOTY:KHOCTI Pjy:

n = P,/P,. (6)

Brpatu notyxHocti B TpanchopMaropi cKIanamTbea 3 BTpaT y MiTHEX

npoBojax oOMOTOK, MOB’A3aHUX 3 HarpiBaHHfAM MPOBiAHHKIB OOMOTOK, a
TaKOX BTPAT y cCTaji OCepAs, 3yMOBJEHUX ricTepesucoM (nepeMarsiges-
HAM) i BUXPOBUMH cTpyMaMH B ocepAi. OcTanHi BTpaTH BHU3HAYAOTbCS Be-
JUYHHOIO | YaCTOTOIO 3MiHHM MarHiTHOTO MOTOKY i Bil HaBaHTaXeHHs He 3a-
saexatb. HalGinbmmi k. K. A. MawoTh TpaHchopMaTOpy IpH piBHOCTI BTpAT
B crani i mimi. Cyuacui cuiosi tTpanchopmaropu sabesnedyioTh K. K. A.
97—98 %. B po6ori mponoOHYyeThbCst BH3HAUUTH KoedinienT TpaHcpopma-
uii, K. K. I. TpaHcopMaropa i Horo 3ajexxHicTb Bill CTPYMYy HaBaHTaXeHHS.

Ilopadok 8uKoHanHA poboTU

1. CxaacTu eleKTpHUHE KOJIO 33 CXeMOK pHC. 74.

2. Tlpu xomoctoMy Xofi TpaHcopmaropa (BHMHKau He3aMKHeHHH)
BuMipsTH BesnauHy U, i &,. 3Hatoun kinbkocTi BUTKIB 0OMOTOK N, i N,,
pospaxyBarty Ha ocHoBi dopmyn (3) i (4) e.p. c. 39_i koediuienT Tpancdop-
Malji. .

3. 3aMKHYBUIH BTOPHHHY
oOMOTKY NpH pPi3HHX HaBaH-
TaXEeHHAX B MeXaX HoMi-
HaJIbHHX 3HaueHby CTPYyMY
1,, Busnauuty P, i P, 3a no-
KasaMM npuJaziB i obuhc-

Puc. 74 JutH 32  ¢opmyaor  (5)
. K. K. 4. TpascjopmMaTopa.

4, Tlo6ynyBatu rpadir 3amexrocti 1 (/;) i BCTaHOBHTH, NPH SKOMY

ctpyMi I, koediuieHT KopHcHOI Hii TpaHcopMaTopa MakcHMaJbHHUH. -

KORTpPOJbHI SanHTaHHA

1. SIxi Gynosa i mpusmauemnst oaHodagsHoro Tpanchopmaropa?
:2. $Ix HaMOTYIOTbCA MepBHHHA i BTOPHHHA OGMOTKH TpaHcdopmaTopis?
i3. Ilo nasuBaeTbca KoeinienToM Tpascdopmanii, k. K. A. Tpadcdopmaropa?

/4. SIKi yMOBH 3a6eaneuyioTh MaKCHMaJbHHH K. K. A. TpaHcdopmaropa? \
6. SIki Brpatn eneprii y Tpancdopmatopi i Bij Joro BOHH 3a/1eXaTh? :
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14. JlocainkeHHS €1eKTPOMATHITHUX KOJHBAaHb
[14, 17, 18, 21, saBoncebKi iHCTpyKmii)

B enexTpHuHOMY KOJi, fIKe CKJaJaeThcd 3 MOCHAINOBHO 3’€IHAHHX KO-
TYIIKH iHAyKTHBHOCTI L, KoHzencatopa C i pesucropa R, BHHHKAIOTh
€JIeKTPOMAarHiTHi KO/JIUBaHHA.

EslexTpoMaruiTHi KOJMBaHHA B KOJMBaJbHOMY KOHTYpi € 3aTyXaloyH-
mu. JudepeHuiasbHe piBHAHHA TaKUX KOJHBAaHb Ma€ BHIVISH

az dg 9 _
L+ Rg+c=0

3a ¢opmoro Iie piBHAHHSA aHaJoriyHe AudepeHNiabHOMY PiBHSHHIO BiJb-

' HHX MeXaHiYHHX KOJNMBaHb Oylb-IKOrO TArapLa Ha NPYKHHI:

d? a
d—g—l-oc—d);—+kx=0.

m
Lli nBa piBHAHHA MATEeMaTHUHO aHalOriyHi (HHETBCA NPO eNeKTpoMexa-
HiyHy noni6HicTb). AHAJIOrOM MacH m € iHAYKTUBHICTb KOJHBAJBHOIC KOH-
Typa L, xoedinienta onopy oo — onip (akTuBHH#) Koaa R i aHaJjorom Koe-
tinierra npyxHocti & € BeqnuHHa, obepHEHA JO €MHOCTI.

Po3B’a3KH TaKUX piBHAHb MalOThb 3arajibHUH BHIVISAX

r

X= Aoe_ am
Jis eNeKTPOMArHiTHUX KOMHMBaHb
I = [ e=R12 sin (of + @),
U = Uye=R2E sin (ot + @,). (a)

’sin (0t + @).

Pisuauua (a) onucyiorh Koausanua ctpymy i nanpyru. lsuakictb 3ary-
XaHHS KOJIHBaHb BU3HAYA€TbCsl BEJJHYHHOIO aKTHBHOI'O ONOPY Kosa. AMnJi-
TyZXa CTPyMy, K BHAHO 3 dopmyJu (a), nopiBHIOE:

I, = lg~Riz. (6)
i, oTxKe, 3MeHILIyeETbCA 3 YacOM BijJ MOYATKOBOTO 3HauyeHHs [/, Ko HyJs 3a

_€KCIIOHEHIjaIbHHM 3aKOHOM.

Benuunna f = R/2L nasuBaetrbcs xoepiyienmom samyxanxs. 3a yac
v = 1/f amnaiTyza KoJHMBaHb 3MeHINyeThER B e pasiB. Lleii uac HasupaoTh
CMAanow SamyxaxHs KOMHBAaHb y KOHTYpi. Mipoio saTyXaHHsI KoJHBaHb
TaKOX BBaXKalOTh BEJIHYHHY BilHOMEHHS ABOX aMMJiTyl KOJHBaHb, BHMi-
PAHAX 4Yepe3 Nepiof KONHBaHb, i HA3HBAOTh ii AEKPEMEHTOM KOJMBaHb,
Yacrime 3aTyXaHHs KONMBaHb OILiHIOIOTh JIOTAaPHPMIUHHM AEKPEeMEHTOM
3aTyXaHb:

A =10 (I /Im,) = BT. ®)

1. Busuenna po6otu eaexrponnozo ocyuaozpada .
mn puaann i matepiaamn: I)ocuunorpad tany DOUI (a6o Cl—1); 2) sByko-

guii reweparop I'3-33 (a6o I'3-41); 3) smuxysanvumit Tpancgopmatop (220 B/6, 12
24, 48, 60 B); 4) BuMuKaui. odop P '
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Teoperuuni siBomocri Ta onuc npuradie

Enexmponnuii ocyurozpag — ne npuial LA Bi3yaJbHOTO crocTepe-
JKeHHs, BUMIpIOBaHHA i 3anucy pi3HOMaHiTHHX eJeKTPOMArHiTHHX Mnpo-
necis. i
¥YMoBHO ocumiorpadu MoXKHA MOAIAHTH Ha TaKi rpymu: 1) naGoparopHi
yHiBepca/ibHi 3 9y TIHBICTIO 10 coTeHb MisiMeTpiB Ha BosbT (MM/B); 2) mpo-

lnagmina g
Nideumpbny, y* I 3

‘pvi ,,>"_ Ainskix !
Biid,y 1 wnpye
/3
: LUK pORiZaYH"
- bnow —
| cunvponizayli
) , snax Ly}
o I8 podoma” nubnesus L.
) ' B -
Tengpamap - ~ -1
pos2apmml /A 2206
Tenepamap -{— q
, - | wimox vacy 7
Tideupobay, X" * u
w1 4
31/17, }{, Linsrux

xenpyeu l‘> —
> T ‘ sy
Jraemuwe X"

‘Puc. 75

cri ocuunorpadu 8 uyrausictio Big 10 no 100 mm/B; 3) ocunnorpadu nas
ClOCTepeXKeHHs MOBiNbHUX MpoleciB, B IKHX BHKOPHCTOBYIOTbLCH €JI€K-
TPOHHO-NPOMEHeBi TPYOKH 3 BE/IMKOIO TPHBAJICTIO MiC/ACBITIHHA eKpaHa;
4) imnynbeHi ocuunorpady I/ CIOCTEPEKEHHST KOPOTKOYACHHX MPOUECB.
Ocumaorpad ck/1anaeTbcsi 8 e1eKTPOHHO-IPOMeHeBOi TPYOKH, reHepa-
TOpa PO3TOPTKH, GJOKa CHHXPOHi3auil, ABOX MiiCHJIOBAYiB, 6JOKA KHB-
aenus. Jaa kani6pysanns Macurraby gacy B IesKHX THIAX ociuujaorpadis
e reneparop MiTok yacy. Bnok-cxemy ocuusnorpada HaseaeHo Ha puc. 75.
Ocuunorpadyu 3acTocoByioThcsl B 6araThoX Tafiy3fiXx HAYKH i TeXHiKH,
30KpeMa B eJeKTpo- i pajiorexdiui, Mexamini, akycruui, Meavuui, 6io-
gorii i T. m. Ocumaorpad mae sMory crocrepiraTd NponecH TPHBAJMiCTIO
107°—1077 c. '
BuMipioBaJsHAM €IEMEHTOM e/1eKTPOHHOrO ocuuorpada € enekTpOHHO-
npoMeHeBa TPyOKa, BCePelHHi AKOi yTBOPIOETbCA €JIEKTPOHHHH MYYOK,
o nagae Ha ekpaH TpyGkHu. PospisHsloTh ABa THOH TPYGOK: 3 esieKTpo-
craTHYHUM (OKYCYBaHHAM €NeKTPOHHOTO Mydyka i 3 MardiTHUM (oKycy-
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. pH RO’ er R29 Rav R4- J
D

. HIOE TOTeHmiaJy IJIaCTHH TIIpH.

BaHHAM. CHpOINeHy CXeMy eJIeKTPOHHO-IIPOMEHEBOI TPYOKH HaBEJCHO Ha
puc. 76. Ha nbomy paHO i HafinmpocTilly cXeMy KepyBaHHSI €JeKTPOHHHUM
nyykoM. OCHOBHHMH XapaKTePHCTHKAaMH eJIeKTPOHHO-NPOMEHEBOI TPYOKH
€ YyTJIHUBICTb, 5IKa KOJHBaeThcs B Mexkax 0,1-—1 mm/B; obnacts ainiftnocTi;

' IIBUAKiCTh nepeMillleHHs MJASIMH Ha eKpaHi, Npy fKifi me cnocrepiraeTbes

CBiTiHHA; PO3MipH expaHa; HPUCKOPIOIOYA HANPYFa; 4ac TPHBAJOCTI Micas-
cBiTiHHA. Jl1a BHOPOMiHIOBAaHHS €JEKTPOHIB JIMIIE B OXHOMY HanpsMi
Katonl / BHTOTOBJSIETbCA Y BHIVIAAI HEBEJHKOrO METANEBOI0 LHUJiHApa 3

" OKPEMHM HOKPHUTTAM 3 Topusd. Meranesuii nu/ainap HacamxkeHuii Ha dap-
.GopoBy TpyOKy, BcepeaMHi AKOi po3MilleHo nifirpiBHy cmipaib. Kepy-

BaHHS €JICKTPOHHUM MNYYKOM 3RiHCHIOEThCS MNOAIMBHHKOM HAmNpyrd, Ao
CKJafly SIKOTO BXOIATH PE3UCTO- 1234 5

Kepytounit enexktpoa 2 npu-

——]
3HaueHHH JJ15 peryJiloBaHHA Kisb- —]
KOCTi €JIEKTPOHiB B eJIEKTPOHHO-
My Nydky (peryasTop sicCKpaBocTi l_
R,). Ilorennian enekrtpoja Hera-
THBHHHA BiJIHOCHO Kartoja. z

» JlonarkoBe ¢okyeyBanus (pe- 7 A
ryastop R, — «pokycr)  enek- _
TPOHHOrO Ny4YKa i Horo npucKopeH- I
Hs 3AIACHIOIOTBCA 332 AONOMOIOK) B
JBOX MUJiHIAPUYHHX aHOAIB 3, 4. 3
ITincTpoioBanbHuil pesucrop R,
Ja€ 3MOT'Y BCTAHOBUTH MOTeHILial f
JApyroro axHoja TakHM, IO AOpiB- ) I

4 L

HeBiIXUJIeHOMY TpPOMeHi Ha expa- Prc. 76
Hi ocuuaorpada. dpyruit aHox 4 Mae BHIUMI NOPIBHAHO 3 NEpIUAM
noresuias. BHacaiflok nboro MiX aHoZaMH CTBOPIOETHCA eJIEKTPHUHE
nose. [losna Hanmpyra, sika MOAA€ETbCA HAa aHOM, /I 3BHYAHHHX OCIUHJIO-
rpadis kKonuBaeThea B Mexkax 500—5000 B. [Iaa cnemianbHux wiseit
3aCTOCOBYIOTb IIBUAKICHI OCUMJIOrpady 3 NPHCKOPIOIOYOI0 HANPYroW0 BiJ
30 no 100 kB.

‘Cicrema nap BiIXWJISIO4MX MJIACTHH § i 6, POSTAMIOBA:AMX B3AEMHO
NepneHAHKy/APHO, NPU3HayYeHa IJIs BiAXH/EHHS Ny4yKa eJeKTPOHIB y Bep-
THKaJbHOMY Ta TIOPH30HTAJILHOMY HanpsaMax. 3MillleHHA nyuyka 3fific-
HIOETbCA 110/1aY€l0 Ha BEPTHKANBLHO Ta TOPH3OHTAJILHO BiAXHJANIOUI MJACTH-
HH Hanpyr BiANOBiJHO Bifl NOAINbHHKIB Rg, Ry, Ry i R;, Rg, R, Onopu
Rg i R; nopiBHIOIOTH OIHH ONHOMY, TOMY NPH CePEIHbOMY MNOJOMKeHHi
NOB3yHKa pesHcTopa Ry (Ha maHesi ocumjorpada — ue peryasrop «3mi-
UIEHHSA X») TOTeHlian Ha 060X NJIACTHHAX «x» Gyle OAHAKOBHH i MPOMiHb .
He 3milmyeTbca. Ilpw 3mimeHri moB3yHKa pesrcropa noTeHunian oxmiel
8 MJIaCTHH 3MEHINYEThCS, APYroi — 36iJbLIYEThCA HA TaKy caMy BeJHYH-
Hy. Mix nnactMHamMm BHHMKae mose, sike i BiiXHJisie MPOMiHb B TOPH30H-
TaNbHil nJomuHi, AHajoriuHo BinGyBaeTbesl i BiIXHJIEHHS TIPOMEHs Y
BePTHKaJbHif NIOIMHI (perynaTop Ha maHeni ocuuaorpada — «3MimeHHs
y»). BennuMna 3MmillleHHS 3a/eXUTh AK Bij 3HAUeHHs HaNpPYIH, NPHKJIa-
IeHoi 10 MJacTHHH, TaK i Bil IIBUAKOCTI pPyXy €JEKTPOHiB.
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Hanpukaaz, ¢IKIIIO O1IHA {3 HANPYT NPONOPLiAHA 3MIHHIH Be/IHUUH] «X»,
a Jpyra — BeJHYMHI «y», TO HA €KPaHi ocuuJorpada CBiTHa NJIsMa ONHCY-
sathMe AedaKy §yHKuilo f (x, y) B HPSIMOKYTHIN cHCTeMi KOODJIHMHAT.

Tak, ana_osepxanus diryp Jliccaxy.TpeGa N0 060X . Hap MIAACTHH
TiBECTH CHHYCOIAHI Hanpyru’ [PI3HOI 4acTOTH.

“Exrpan’ eJIeKTpOHHo-npomeHeBm TPyOKH 7 sBAsiE COGOI0 BHYTPilLHIO
10BEPXHIO Ha ii Ga/oHa, siKa OKPUTa TOHKAM WApOM JIoMiHO(popa (Ha-
fIpUKJal, cy/bdizom um—xxy) 3]laTHOrO CBiTHTHCH B TOUILi, B AIKy NoONafiae
TIy4OK eJeKTPoH{B. UyrnuBicTb caMe eJIeKTPOHHO-NPOMEHEBOI TPYOKH
HesHa4yHa, TOMY AN AOCHiIKeHHS clabKuX cMrHajdiB ocuujaorpadu MaioTh
figcumoBaui Ha Bxofax «X» i «Y» [Ilizcumosaui xapakrTepm3yioTbCs
PIBHOMIpDHOIO YaCTOTHOK XapaKTePHCTHKOIO (TO6TO HesaslexHicTio Koedi-

p ) nieHTa nijcuNeHHs Bin vac-
A TOTH, LHPOKOIO CMYTOIO NPo-

_ \/M NyCKaHHS 4acToT — Bif Je-

0 1 CATK{B repi JIo COTeHb KiJo-
5 A A ¢ repn a6o KiJbKOX Merarepii).

i Puc. 77 Koedimienr niAcHIeHHA

IJ1aBHO PETyJIOEThCA 3a JIo-
momorowo pesuctopa. OcKiabkH 6yab-fKHE MmifcumoBay Mae o6MexeHHH
JianasoH wacror, To B ocuusorpadax, siK npaBuJo, nepea6adaerbes noxa-
'ya CATHATY 6e3nocepem{bo Ha BiIXu/d04i IVIaCTHHH  eJeKTPOHHO-IPO-
MeHeBoi TpyOku (nmepemukaui [7; i [1, na puc. 75). Bxiani ruispa nia-
CTHH PO3TallOBaHi Ha TH/IbHIN YaCTHHI KOXyXa NpHJ/any.

BaxIIBUM eleMeHTOM. OCIHIOLPApA.. €. [EHEPaTOp POSTOPTKH. Horo
npU3HaYeHHs — 3a6e3neYuTH PiBHOMIPHY. POSFOPTKY-EAEKTPOHHOIO NyYKa
Ha expam eneKTpOHHo rIpOMeHeBOI préxn sk npasuio, Hanpyra pos-

ru Bmoysae'rbca TPAKTHYHO MHTTEBO 33 qacl}*(T2 & Tl) TOMy “enek-
TPOHHHUI NYYOK BIAXUISAETHCA B OIIHOMY HanpsiMi 3J1iBa HaNpaBo npornopuii-
HO 4Yacy (npamuil abo poGouunit Xif) i MOTIM MUTTEBO NOBEPTAETbCS Y BHUXIJ-
He NoJIoXKeHHs (3BopoTHHUE Xin). [Ipw 3BOpOTHOMY XOAi NPOMiHb FacUThCS
i Ha expani cnocrepiraeTbcsl JHIIe NPsAMHA Xif. SIKUIO nepion posropTkKH
BeJIMKMH, TO PYX CBiTHOI TOUKH RoOpe MOMiTHHI Ha eKpaHi. [Ipu manomy
niepioni cBiTHUH pyX AyXKe 4acTO NMOBTOPIOETHCHA, i OKO JIIOAWHYU BXKe He
MOXe DPO3pPI3HWUTH nepeMillleHHs NPOMEHS — HA eKpaHi CIoCTepiraeTbecs
HenepepBHa JiHif.

*ITepiol PO3rOpTKH MOXHA IJIaBHO peryJsoBaTH pyukoio «Yacrora
TI1aBHO». Pexum poGoTH BCTaHOBJIOETHCS nepemikaueM /13 «Pox pabotsi».

J_'[ocmux(yBaHnH CHrHaJ NOJAETHCSA Ha BePTHKaJbHI IJIACTHHH, a Ha To-
PH30HTaNbHI IACTHHH NOJAETbCSA MUJIKOMOAiIGHA HAmpyra. ﬂKmo 4acToTa
JOCMiNXKYBaHOI Hanpyrd NOPiBHIOE f, a yacToTa HaNpPYr#d PO3TOPTKH fo,
‘TO Ha €KpaHi JicTaeMo IeBHYy KPUBY IOC/iIKyBaHOTO CHTHaNy. 306pakeH-
HA JIOC/I/KYBAHOrO CHrHANY Ha €KPaHi HepyXoMe TOAi, KOJM 4acToTH
JOCH{IDKYBAHOrO CHTHANY i NMJIKOMOAIGHOT Hanpyry KpatHi onna onHii.
I1pu meBukoHaHHI niei ymMoBM 306pa)eHHs Ha ekpaHi 6yle pPyXOMHM,
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Jas y3rofxeHHs 9acTOTH AOCHAiNXKYBaHOI'O CHTHA/NY 3 Y4CTOTOW). TeHe-
paTtopa pO3ropTKH 3aCTOCOBYEThCA CHHXPOHI3aIlifl 9acTOTH FeHeparopa pos-
TOPTKM, fKa 3LiHCHIOEThCA BiX 9acTOTH CTabilLHOrO JXKepesaa HANPYTH.
CuHXpoHi3alis Moxke 3AificHIOBaTHCS 6e3MOCepeNHbO Bill HAPYTH Mepexi,
BiJ{ 4aCTOTH 30BHIIIHbOrO JKepesna, Bil 49acTOTH BHYTRILUHBOTO IDKepesa
Hanpyru (A7 IbOro KoxkeH ocuusorpad Mae nepemuxau /7, «CHHXPOHH3a-
LU sI»).

JKusJsienHss ocuuaorpada saificHioeTbesd BiX creuiaibHoro G6J0kKa, A0
CKJlajly SIKOro BXOAHTb HiJHH PsJ NPHCTPOIB, 110 3a6e3MeYyI0Th HOPMaJIbHY
poboTy BCiX cHcTeM. '

Ilopadox euxkoNaxHa po6oTu

1. BuBuuTH 3aBOACBKY iHCTPYKIilO A0 ocuHJjorpada i, KOPHCTYIOUHCH

" Helo, MiAroTyBaTH ocuuaorpad 1o po6oTH.

2. HapunTHCh BHKOHYBATH TakKi omepauii:

‘a) KicTaTH Ha eKpaHi HepyXoMy CBiTHY TOYKY Ta JiHil0 (HepyxoMmy
SICKpaBy CBiTHY TOYXY He DEKOMEHIYETbCS JOBro TPHUMATH Ha OAHOMY
Micui ekpaHa, OCKiNhbKH e€KpaH Mo-

JKe BHUIOparH); £ty g0°
0) nepeMiliyBaTd TOUKY BepTH-

KaJbHO, TOPH3OHTAJbHO, PEryJioBa- .

TH S$ICKpaBicTh TOUKH, ¢oKycyBa- %4

T™ 1i;
B) peryJIoBarH CTyHiHb MiACHJIEH-

HS BEPTHKAJbHOIO | TOPU30HTAJIBHOTO 2

BXoniB ocumJsorpacga.

3. Cknacty Koo 3a CXeMOlo
puc. 78. Ilonati Hanpyry Ha BXif «y» :
Ta [licTaTd KDPHUBY NPOMHCJIOBOTO 5
cTpyMy. 3adikcyBaT Ha eKpaHi ox-
HY, ABi, TPH NOBHi CHHYCOImH.

®®ee o
BEEEE

HIEICISISIE

4. BuaHaquTH 3a/1€XKHICTb AOBXKH- 2.7
HH CBIiTHOTO ITPHXa Ha eraHi oc-
' 25
:leq /[Mm//ozpzrm
Puc. 78 Puc. 79

uuaorpada Bix Hanpyry (TyT i B 0. 5, 6 BAKOPUCTOBY€ETbCS cXeMma pHc. 78).
Tlomatu Ha BXix «y» ocuusaorpada psin Hanpyr (He MeHume 10 3HavyeHb).
Tlpu BUMKHEHOMY FeHepaTOpi PO3ropTKH Ha €KpaHi 3’ SIBHThCH BepTHKaJIb-
Ha JiHis (cBiTHHH wWTpuX). BuMipAT™H IOBXMHY wWITPpHXa. BuMipioBaHHA
TIPOBECTH, He 3MiHIOIOYH JOBIJILHOTO MOJIOMKEHHS PeryJsTopa YyTJHBOCTI..
Tlo6ynysarn rpadik 3anexHOCTi NOBXHMHHM IITPHXA Bil Hanpyru.

5. BusHaunti gyTansicTb BXOA4y ocuuaorpada «y» Ta «x» B 3aneXHOCT
BiJi ONOXEHHA PYYOK peryJioBaHHS YyTJHBOCTI (BUOpPaTH [OBiJIbHO
He meHI sk 10—15 nosioxkeHb KoxHOI pyukH). IIpy BHMKHeHOMy renepa-
TOpi pO3rOpTKH BHMipATH AOBXKHMHY ! mTpHuxa. SIKWO Binxu/eHHS nepe-
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GinbWMTh pafiyc eKpaHa, 3MiCTHTH NPOMiHb Ha Kpail eKpaHa i BUMipioBaTH
MaKcHMaJlbHe BiIXHJIEHHS Bif IbOTO MOJIOKeHHs (To6To ammiityay [/2).
Yyrausicts (B MisliMeTpax Ha BosbT (MM/B)) pospaxyBartu 3a opmy.iow0

v=12V2U

(Y dopmyJi BpaxoBaHo, 110 BOALTMETPH BHMipIOIOTh eeKTHBHI, a ocIH/I0-

rpadu — aMnAiTyIHi 3HaueHHH HaOpyrH).

ITo6ynyBat rpadik 3anexHOCTi 9yTJHBOCTI Bil TNOJOXKEHHS DPYYOK
peryJiioBaHHA YYTJIHUBOCTI.

6. BusHaunTH YyTIMBICTH €JEKTPOHHO-NPOMEeHeBOI TPYOGKH (IO OCAX
y 1a x). [logatu no yepsi Hampyry GesnocepeiHbO Ha BEPTHKAJBbHO Ta ro-
PH3OHTANBLHO BiixuJdoui miacTHHM ocuuJorpada. Ilinpaxysatu 3 oaep-
XKaHuX y 1, 4 i 5 pe3yabratiB MakcuManbHHH KoedinieHT niacHreHns nig-
CHJIIOBAUiB.

7. TlepesipuTtH rpanyioBaHHA 3ByKoBoro resHeparopa. [lomatv Ha omny
napy NJacTHH ocluJorpada Hanpyry Bill Mepexi 3MiHHOTO CTpyMy (UacToTa
50 I'm), Ha Apyry — Hanpyry BiX 3BYKOBOI'O reHeparopa. 3a JAOMOMOrOI0
@iryp Jliccaxy (puc. 79) Busrauuti icTuHHI 9actotdH. CKJIacTH TaGaHLIO
nonpasBok. 3apucyBath topMmy diryp Jliccaxy mns BigHOLIEHHA 4acTOT
50 : 50; 50 : 100; 50 : 150; 50 : 200.

KonTpoanbHi 3amuTaHHusg

1 SIki 6ynoBa i npuHumMn Aii eJleKTPOHHO- NpoMeHeBOl TpyO6KH?
. SIki ocHopHi 6soKH ocuusiorpada Ta fKe IX HPUSHAUEHHSA?
3 SIxuit npuHUAN PpOGOTH reHepaTopa PO3TOPTKU?
4. Ik yrBopuTH Ha ekpaHi ocuusorpada ¢irypu Jliccaxy?
5. Ik sa ¢dirypamu Jliccaxy BUSHAUMTH BIJIHOLUEHHS YacTOT?

11. Busnauenns nozapupminnozo dexpemenra 3aTyxanns
KOAUBANBHOZO KOHTYPA

NMpuanagu i marepiann 1) erexrpounnst ocuunorpad tuny. EOHI; 2) Bu-
npamasty tTuny BYTI; 3) peocrat tuny PITII a6o PCIT (a 5000 Om); 4) MOHTaxHa NaHedb.

Teoperuuni sidomocri Ta onuc npusradis

V nani#t po6oTi NpONOHYETbCS €KCTIEPUMEHTANLHO AOCIANTH 3aTyXaK0yi
€NIeKTPOMArHiTHi KOJMBaHHA 32 I0NOMOroio ocuujorpada. [Ipunanunianbay
cxemy HasezeHo Ha puc. 80. Konaencarop C, 3apskaeTbcs gepe3 omip

Puc. 80

R.. Kosnu "anpyra jocsirae noreHiliany 3anaJioBaHHsA THPATpoHa, TO dyepe3
HBOTO NPOXOAHTD CTPyM. IMnyasc ctpymy 36ymKye B KOHTYpi 3aTyXatodi
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eeKTPOMArHiTHi Ko/uBaHHs. IMnysben crpymy nepioAHIHO NOBTOPIOIOTH-
cs1, i Ha ekpaHi ocuuJiorpada cocTepira€Thes HEpyXoMa KapTHHA 3aTyXaio-
Y4HX KOJHBaHb.

Ilopadox eurxonanns poboru

1. Cknactu cxemy 3a puc. 80.

2. Hicratu Ha ocunsorpadi HepyxoMy KapTHHY 3aTyXalOYHX KOJHBAHb.

3. BuMipatu cycinHi 3HaueHHsi aMIUTITYZH i mifpaxyBaTH Jiorapugpmiu-
HHH JleKpeMeHT 3aTyXaHHsS KOJHMBaJbHOrO KOHTYpa 8a ¢opmyJoio (3).

4. Tligxk/a0YuTH B KOHTYD MO Yep3i akTUBHi omopu R;, R, i noBTopUTH
BHMipIOBaHHS, 3a3HaueHi B mm. 2, 3.

5. Pesysabrati sanect#t Ko Tabauui.

6. O6uncanTn NOXHOKY BHMipIOBaHb.

Kounrtpoansni 3anuranus

1. Illo Ha3uBalOTL MOTEHILia/IOM 3anaI0OBaHHA HEOHOBOT JIAMIIH? .

2. Busepitb nudepentianbe piBHAHHS €JICKTPOMATHITHHX KOJNHBaHb B KOJHBajb-
HOMY KOHTYPI. .
3. SIxui mpuHUED POGOTH pejaxcaliifHoro reHepaTopa, IO 3aCTOCOBYETbCS B AaHilk

15. JocaigxeHHsI eJeKTPOMArHiTHHX XBHJIb
B Asonposinuii ainii [10—12]

NMpunaau i MmaTepiaau: 1) reHepaTop eNeKTPOMArHiTHUX XBHJb; 2) ABO-
npoBifHa Jinis; 3) iIHAHKATOp eNeKTPOMAarHiTHHX XBHJIb.

Teoperuuni sidomocri Ta onuc npuradis

Jsonpoeigna ninia (ninia Jlexepa) — cHcreMa 3 JBOX JOBrHX mnapa-
JeJIbHUX LHJIHIPHYHUX TPOBiNHHUKIB pajiyca r, po3MillleHHX Ha BiicTaHi
h (h > r). Jlinia Jlexepa — cucrema 3 pO3MNOAiNIEHHMH IlapaMeTpaMu
Lo i Cy(Ly i Cy— iHRYKTHBHiCTb i €MHiCTb, L0 NPHNANAE HA OJUHHMILO
JoBxuHU ninii). Jlinia Jlexepa nae 3mory npoBOAMTH AOC/iJMKEHHS e/eK-
TPOMArHiTHHX XBHJIb B CTPOTO BHPAXKEHOMY HanpsiMi B3JOBX NPOBiIHUKIB
JHi1.

Hasa wanpyru U Mix npoBignukamu JiHil cnpasefJHBe XBHJbOBE PiB-
HSIHHA

2 d
o = T @

e 2 — KOOpAMHATa PO3IJIsiAyBaHoro nepepisy Jinii. AHasoriune piBHAHHA
XapakTepHe i A5 CHIH CTPyMYy:

[C. &l _ &l 5

o0 g T T4z ()

LC

Po3B’si3kH piBHAHB () i (6) AaioTh piBHAHAA 6iXYYHX XBH/Jb HANpPyTH
1cuan cTpymy:

U=U,sino( —z/v), ze v=1/LCe, ®
I=I,sino ({t—z/). (r)
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Amnanoriuno aHaJIisyeTBCﬂ NUTaHHA 0po Oixkyui XBUAI esekTpHuHOrO E

i MarniTHOro H nouis B Jinii. Benrunuu Un i I, nos’sasani cnieBigHoO-
IEeHHAM

Um = Z]mv (A)

Ze Z — xBuaboBuil onip ainii (Z =V L,/C,).
Hns o6unc/eHHs IWBMAKOCTI NOWMPEHHs XBHJI CKOPHCTaEMOCh 3Ha-
“ueHHsMM 1151 Ly (y renpi Ha Merp (I'u/m)) i Cy (y dapanax na metp (P/M)):

Ly =L In[(r 3+ n)/ry e Lo 1n (), ©)
Cy = aey/In[(h + r)/r] = ney/ln (h/r). ‘(}K)

Ha migcrasi (8), (r), (1)
Iicraemo:
U == I/VLOCO =

r = I/VSOP'Q =C, (3)
T06TO IUBHAKOCTI IOILK-
PEHHS €JIEKTPOMATHITHUX
XBUJIb Y3IOBX Jinii Jle-
----- xepa i y BijbHOMY 1pO-
cTopi omgHakosi, SKuio Ji-
Hia Jlexepa posMimena B

SNUNNA,

//1/////11////11/1/1/1/4 AN

—1 nieNeKTPHKY, TO LIBHJI-
- ~EI8 == ) © KicTh XBHJI NPH UbOMY
M N,,,pg 3MEHIUYEeTbCA:
'=C/Vgl_b’

Je & ip— nienekrpuyna 1
MarHiTHa NpOHHKHOCTI Ai-
eJIEKTpHKa ﬂ./lﬂ OinbliocTi AieJeKTPHKIB p = 1, OTXKe, MPaKTHYHO:

v'=C/V e. : (n)

Skwo JiHisa Ha KiHui 3amMkHeHa npoBiguum mictkoMm (Z = 0), T0 BH-

Puc. 8]

. HIHKae€ Bigbuta xBuns. B pesysbrari inreptepenuii npsamoi 6ixkydoi i Bix-

©6HTO1 XBU/Ib B JiHii BHHHKAIOTh cTosiYi XBHJi. IIpH nboMy Ha Kigni JiiHii

. BAHHKAIOTb MAaKCHMaJIbHHH CTPYM i MaKcHMaJbHe MarHiThe noge, To6TO

AOYy4HOCTi CHAM CTPYMy i HanpyxkeHocTi MarHitHoro noss. Ejektpuune

. moJie y BiiGHTi# XBHJIi 3MiHIOE (pasy Ha 7, TOGTO fixeThcs PO By30J1 Hanpy-
'TH 1 HanpyXeHOCTi eJIeKTPHYHOrO MNOJs.

OT)Ke Ha Bl}IMlHy BiX GI}KY'-IOI eJleKTpOMaI‘HITHOI XBHJi, ISl AKOI BeK~

TOPH E i H suimowoTbes cHH(a3HO, y cTOAYilH XBUJi BY3/H €NEKTPHUHOIO
fios1 (Hanpyru) 86iraioThcs 8 MyYHOCTAMH MAaCHITHOTO mosis (CHJM CTPY-
My), i HaBmakH.

OueBnjno, yMOBH, fIKi BiANOBijai0Th BCTAHOBJNEHHIO B JiHii Jlexepa
pexXuMy CTOSTY0i XBUJI, Taki: Ha A0BxuHI JiHiT [, 3aMKHeHOT 3 060X KiHUiB,
TIOBHHHO BKJACTHCH ILiie UMCIO MiBXBHJIb:

l=nM2 (n=1,28,..). 4]
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BpaxoByious, mo v = Av (1e v — wactora KOJNMBaHb), piBHicTh (i) MoxkHa
nojxaTv y BUIAAA] ‘ L

== nu/2l.

HicTraBum crosuy eneKTPOMarHiTHy XBUJ/IIO i BUMipABIIM BifcTaHb Mixk
cycinHiMM my4HOCTSIMH abo BysJaMH, MOxXKHa 3Ha#Tu A/2 xBuJi. 3Haioun
YacTOTy FEHEepaTopa eJeKTPOMarHiTHUX XBHJ/b, MOXHA 3HAUTH LIBHIKICTb.
nomMpeHHsi XBUb v = Av, JlieJeKTpHYHY NPOHHUKHICTb HieJeKTpHKaA
suajizeMo Ha migcrasi (u).

B poGoti BUKODHCTOBYEThCS BEPTHKA/NbHO DO3MillleHa ABONPOBIAHE
Aidis (puc. 81, a), 0 3HAXONUTLCS B CKAAHIH Tpybui, B IKY HaJUBalOTh
pisui npienekTpuuHi piauMHM (AMCTHIBOBaHA BOAa, TpaHchopMaTOpHE Mac-
20). Jdiamerpu npoBiguuxis JiHii 2—3 My, Bincranb Mix HumMH 30—40 MM.
3Bepxy i 3HH3Y TpyOKa 3aKpHBaEeThCA JieTeKTpHYHUMH NpobkaMH (eGOHIT,
nnekcuraac). Yepes oTBip y BepxHiil npobui B3foBxk JiHii MOXKHA Nepemi-
ATy 32 AOMOMOrOI0 AieJIeKTPUUHOI PYUKH 3aMUKAIOUHi MeTaleBU il JTHCTOK.
IIum camum smiHiOETbCST JOBXKUHA npoBigHoi JiHil i i1 HacTpowoBaHHA B
PEe3OHAHC 3 TeHepaTOpOM.

[MTpuwmirka Jna panioHaabHOrO KOHCTPYKTHBHOIG OMOPMJIEHHSI CHCTEMH reHe-
parop — ABONPOBifHa JIiHi pEKOMEHAYETHCA BHKODHCTATH KOHCTPYKTHBHO-MOHTAXHY
cxemy JAeMoHcTpauifinol ycranopku tuny I'II-1.

lenepaTop eneKTPOMarHiTHHX KOJHBaHb 3i6paHUil Ha OcHOBi moasiit-
Horo Tpioxa 6HI5IT (puc. 81, 6). Hoexkuna cTofgoi xBusi B moBiTpi I =
= },/2 — BenuuuHa nopsiaky 30 cm. 'eHepatop iHAYKTHBHO 3B’A3YETLCST
3 Jidieo. 3a sckpasicTio CBiTiHHS iHIMKATOPHOI JIAMIIOUKH MOXHA 3pO-
GWTH BHCHOBKH MPO aMIIiTyAy KOJHBaHb B JAaHOMY Miclli JiHii.

Ilopadox sukonanus poboTu

1. BgawounTtd reHepatop KOJIHUBaHb.

2. IMicns nporpiBaHHs reseparopa nporaroM 2—3 XB HaGJIU3HTH HOTO:
JIO TIOYATKY JiiHil, po3MilieHoi B MOBIiTpi.

3. INepeMillleHHAM 3aMHKAIOYOrO MiCTKa B3J0BXK JiHil BH3HAYUTH TNO
Ainifii, posMilleHiil mopsix 3 ckAsHOW TpYOKOIO, BiCTaHb MiXK JBOMa noc-
JIIJOBHUMH TIOJIOXKEHHSIMH MiCTKa, NPH SKHX SICKPABICTb CBIiTiHHSA JlaMnoy-
KM MakcumanbHa. Lsi Bincranb nopieHioe BincraHi Mix aBoma cyciauimu
By3JIaMH XBHJIi CTPYMy (MarkiTHoro noss) i sianoBinae ho/2. :

4. Bukonaru ne MeHm gk 10 BuwplOBaHb i BUSHAYHTH JOBXKUHY esieK-
TPOMArHiTHOI XBHJI Ay B MOBITPI.

5. O6uucautu noxnﬁku BUMipIOBaHb.

6. 3a gopmynolo C = Ay BUSHAYHTH YACTOTY reHepaTopa.

7. HanoBhuti TpyOKy, B sIKiil poaMilliena ainis Jlexepa, AMCTH/IbOBA-
HOI0 BOJOW. BHKOHATU BUMIpIOBAaHHA /15 LbOro BUMAAKY 3rigHo 3 mit, 3—5.

8. 3a dopmyaow & = (A/A)?, e A — NOBXKHHA eNeKTPOMAarHiTHOI XBH-
Ji y BOAi, po3paxyBarTH & AJIsl BOAH.

9. Amuasoriudi BUMipioBaHHS MPOBECTH IJ1s BHMNAIKY, KOJH JABONPOBi-
Ha JiHis 3HaXomuTbcA B TpaHCHOPMATOPHOMY Macii.
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KonTpoaoni sanuranws

1. Unm. pifpisuseTsca NMOMMpEHHA eNEKTPOMATHITHHX xXBHAb B Jinil Jlexepa Bin
1x nowHpenns y BinbHOMy mpocropi?

2. Slknit xapakTep PO3MOAiJY BEKTOPiB HANpPYXEHOCTi €JEKTPHYHOTO i MarHiTHOrO'
noniB y 6ixyuilt i cTosuill eMeKTpOMArHITHHX XBHJISX?

3. flx Bm3navaiorscs ogunuyni emuicts C, i inaykTHBHicTh L, Ainii? :

4. SIK TMOSICHIOETHCS CTaJliCTh NOLIHPEHHS eJEKTPOMATHITHHX XBHAb y3HOBX JiHill 8
pisnumu sHaueHHsaMu Cy 1 Lo?

Po3nin yerBepTHit
ONTHKA

16. doToMeTpuuHe AOCTIIKEHHS AXKepea cBiTaa
[22, 25, 28, 3aBoackki iHCTpyKUii K0 npuJaKis]

NMpunanu { matepiaam 1)onrnuna aasa; 2) hoTomerp; 3) eTajsoHHA JaM-
na; 4) namna 3 HeBinOMOIo cHJIOK CcBiTMa; 5) peryasrop Hanpyru PHIII-250; 6) centexosuit
doroenement; 7) mikpoamnepmerp tuny M24; 8) moxcmerp; 9) KomTo-3eNeRuii CBiTHO-
@lnbTp, sakpinviennit B Tpumaui goroenementa; 10) Bonst™erp; 11) ammepmerp.

Teoperuuni gidomocri Ta onuc npuradis

15 onTHYHOrO BHIPOMIHIOBAHHS, fIKE BJAAE COGOI eJeKTPOMAarHiTHe
BHIPOMiHIOBAHHSA 3 JOBXKUHAMH XBHJb B Mexax BiXx 1 uMm no 1 mm
(T'OCT 7601—78), noxinui ontHyni ¢isHuyHi BeMHYMHH mnoOAiAAOTL HA
JBi cHCTeMH BeJMYMH: €HepreTHuHi (OUiHIOWOTBbCS OG'€KTHBHHMH eHepre-
THYHHMH XapakTepHCTHKaMmHu) Ta cBiTvioBi. Ha BimMiHy Bi@ eHepreTHuHHX
BeJIMYHH, BUMipIOBaHHSA SIKHX He NOB’si3ade 3 (isionoriunolo miero cBitaa,
BHMipIOBaHHS CBIiTJIOBHX BeJMYMH TPYHTyeTbcs Ha disionoriuniit aif csir-
Jia i TOMy 3Ha4YHOWO Mipoio Mae cy6’ekTHBHHIT Xapakrep. OcTaHHE 3yMOB/e-
He THM, 11O BHIPOMiHIOBAHHAM pi3HHX NOBXWH XBHJb BiZNOBinalOTh, MO-
niepie, pisHi KOJbLOPOBI BiuyTTA i, MO-Apyre, BOHH 3YMOBJIOIOTh BiAYYTTA
CcBiTJ1a pi3HOI iHTEHCHBHOCTI.

ITin cgimaom po3yMilOTh TiJIBKH BH AW M€ BHIPOMIHIOBAHHS B MeXKax
JianasoHa noBxkuH xBuJb Bix 380400 no 760—780 um (I'OCT 7601—78).

OcuoBHoto oxunHIel0 CI CTOCOBHO ONTHYHHX BEJIHUMH € OOHHHISA CHJH
¢BiTIa — Kaujgena (kn).

Ikepesa cBiT/na MalOTh IIHPOKE 3aCTOCYBaHHA $IK 3aci6 nisnawHs i
inctpyment y BumipioBanbHi#l TexHili, a Takox A CYTO NMPAKTHYHUX
uines. ‘

YMOBHO JKepesa CBiT/a MOKHa MOAIMUTH Ha TemnoBi (a6comoTHO Yop-
He TiJIO, eIeKTPHYHI JIaMIIH PO3XKAPIOBAHHSA, WTHGTH | CiTKH po3xapeHHA
1 1. n.), enexTpuuni nyru i ickpu, rasocBiTHi Ta JasepHi Axepena.

Ontruni Meroau nocnifxkeHHsi a60 TeXHIYHOr'O KOHTPOJIIO B GiibiocTi
BUNaAKiB NoB'a3aHi 3 doromerpiero. Pomonempia — posain npuxiaagrol
- ONTHKH, B IKOMYy BHBYAIOTbCS MeTOJIMKA i TeXHiKa BUMipIOBaHHA MapameT-
piB IUKepeJs cBiTJa, CBIT/IOBHX My4KiB Ta OCBITVIEHHX MOBEpXOHb. MeToxm
<dotomerpii MOXHA YMOBHO MOAINHTH Ha BidyanabHi, elekrphuHi Ta doTo-
rpadiyHi. : '
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HasseMo ocHoBHi cBiT/IOBI XapakTepHCTHKH IXepea CBitJa.
Csimaosuil nomix @ — BeJMUHHA, KA JAOPiBHIOE JOOYTKY CHJH CBiTaIa
I mxepesa Ha TiNlecHH# KYyT o
® = lo.

Onuunnero caitiosoro noroky B Cl e momen (am). 1 M = 1 xx - cp. 3po-
3YMiJIO, O NOBHUHA CBITJAOBMH NOTiK, AKUH BUIPOMIHIOETHCA HKEPesIoM
cunowo ceitna I, mopiBiioe @ == 4nl.

JocnifuuM msXoM BCTaHOBJIEHO, IO cBiTJioOBOMYy NOTOKY B 1 JMm,
CTBOPEHOMY BHNPOMIHIOBAHHSIM 3 JOBXHHOWO XBHJi A = 555 HM, Bigmosi-
Jac mnorik BHIOpOMiHIOBaHHa @, =
= 0,0016 Br. f =L

Ocgimaenicme E — Bennuuna, mwo
JOpiBHIOE BiJiHOIIEHHIO CBiTJIOBOIO
notoky @, AKWH Nafae Ha OBEPXHIO,
Jio ot -S uiei nosepxui (E = @/S).
Onuunnero oceitnesocti B 'Cl e
Joke (k). 1 ax = 1 am/m2, 7

3rifHO 3 OCHOBHMM piBHSHHAM
doromerpii — 3akonom  JlamGeprta
(3akoH ofepHeHHX KBaxpaTiB), OCBIT-
JIEHiCTh, CTBOPIOBAHY TOYKOBHM JiiKe-
pesioM CBiT/1a, MOXKHA BHPAa3UTH dYe-
pe3 cuay cBitia I:

E = (I/r¥) cosa, (a)

JAe r — BiicTaHb Bi JUKepena IO
OCBITJIIOBaHOi MOBEPXHi; @ — KYT
MiK HOpMaJUTIO JO NOBEepXHi i Hanps-
MoM Jio Ixkepeia. [Mas peanbHHX Puc. 82
Jokepea CBiTJIa Iefl 3aKOH BHKOHY- . .
€TbCA 3 BHCOKHM CTYNeHeM TOYHOCTi, AKUIO MOMepeyHl posMipH AkKepena
MaJi nopiBHsHO 3 Biacranuio (1 : 1000, ase He Giabw sk 1 :10). Ocsir-
JIEHiCTb MOBEPXHi He 3aJIeXUTh Bifl CHIEKTPAJILHOTO CKJaly CBITJA.
Bu3sHaueHHs CHJH CBiTVIa JzKepesa NMPAKTHYHO 3/1iHCHIOETBCA NOPiBHAH-
HAM CHJIM CBiT/1a JIBOX - JKepes (Bigomoro i HeBigomoro), To6To AocAraH-
HAM OJHAKOBOi OCBiTJICHOCTI MJIACTHHKH JBoMa Kepenamu (E, = E,).
Ko cusa cBiTia ogHoro mxkepena I, Bigoma, To, BUMipIOlouM BiicTani
r, i 7, Bill IKepea 10 MIACTHHKH, MOXKHA BH3HAUHTH cuay csitaa /, me-
BifoMoro mxkepena 3a dhopmyJsow

12=11(r3/f"l’)- (©6)
Peanbui Jxxepena cBitia (HanpukJ/al, eJeKTPUUHI saMmy) € HeisoTpOMHH-
Mu, TOBTO cHJla CBiT/a Jzkepesia HeOJHAKOBa B PisHUX Hanpsimax: [ = I (g).
Kpusi I (¢) (inaukaTpucH) 3pyyHO NOJABaTH B NMOJIAPHHX KOOPAMHATaX.
Onuum 3 HafZOCKOHAMIIIMX 8i3yaabHux omomempis € doromerp JloM-
mepa — Bpozxxyna. Horo ontuuny cxemy HasefeHo Ha puc. 82. CsitvioBi
NyYykd Bif ABOX HKepes, Bigomoro I i mocaimxkysaHoro 2, majamoTh Ha
maacTHHKY 3, fka audysHo posciloe cBiTo. UactuHa poscisgHoro caitia
y BUIVIALI NMapajelbHBUX NMy4KiB nanae Ha ABi npaMokyTui mpusmu 4 i 7
TMOBHOrO BHYTpilIHbOro BiAGHTTS., BigbubBalounck Bix rinoreHy3EHX
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rpaHe# UMX MPHU3M, CBITJIO noTpan/se Ha GOTOMETPHUHHE KYOGHK JliomMme-
pa —bpoaxyna 6. Lleit ky6uk sBisie co6oI0 ABi IpAMOKYTHI npusm. ino-
TeHy3Ha IpaHb MPaBoi NPH3MH — IJIOCKA, TiNOTeHy3Ha rpaHb JiBOI NpHU3-
MH — yacTHHa cgepd. ¥ Micui AOTHKY npusm iCHye ONTHYHHI KOHTAKT.

Y ¢oroMerpax npocrimoi KoHeTpyKuii chepa JAiBoi NpusMH Bifuido-
BaHa Tak, IO YTBOPIOETbCA INIOCKHH KpYr. B okyJasapHY 30opoBy Tpyby &
nonajae CBiTJ/IO Bifi Jxkepesa I, sKe MPOXOAHTD uepe3 MVIOUIHHY ONTHYHOTO
KOHTaKTy, a TakoX CBiTJIO BijJ AXepesa 2 nicas BinOMBaHHA Big mio-
IIHHH ONTHYHOTO KOHTaKTy. OTxe, (OTOMETPHUHE HoJe — le KPYT 3 KOH-
HEHTPHYHHM KislblieM, o oxommioe Horo (puc. 83). OcBiTieHicTs BHyTpiw-
HBOTO Kpyra 3yMoOBJIeHa MKepesoM I, a OCBiTJieHiCTb SOBHIIIHBOI'O Kifb-
nsa — mxkepesom 2. [Ipu pieHocTi ocitneHoctedl (Ey = E,;) BUIMMA MeXKa
MiX BHYTPilIHIM | 30BHIIUHIM HOJSMH 3HHKAE.

Puc. 83

Y Ginbm TowHHX (GOTOMETPAaX Ha MOBEPXHi MPaBOi NMPHU3MH 3pOGNEHO
HeBeJIMKi saryiuOueHHs y Burasaai Tpaneuii. Lle 3aGesmeuye nepensereni
¢oromerpuyHi moss (puc. 84), 1o B CBOIO Yepry Jae niABHILEHHS TOYHOCTI
¢ixcanii MOMEHTY 3BHHKHEHHS MexXi. ¥ MicUsiX 3ar/JHG/ieHb ONTHYHOTO KOH-
TakTy Hema€. Ha puc. 84 o6macri, sawTpuxoBani B ofHOMY HanpsiMi, 3y-
MoBJIeHi Jiero onHoro mxkepesa. Ilpu doromeTpHuHili «piBHOBasi» mnose
80py Tpy6Hu piBHOMipHO ocBiT/ieHe (E; = E,) i KOHTYpiB 3ariH6iieHb He
BHJHO.

ExoHOMiuHiCTB eJleKTpONIaMI XapaKTePH3YETbCA [THTOMOIO TIOTYKHICTIO
f] — BEJIMYHHOW, sKa MOPiBHIOE BiJHOILEHHIO €AEKTPHYHOI IIOTYIKHOCTI
P, 10 croXMBaEeThCA JaMIOI0, O CHJIH CBiTJa:

n= P/l (8)

Bennunna n 3anexuth Bix TeMnepaTypu i marepiany HuTKH. [TutoMma
MOTYKHiCTh 1) BU3HaYaeThes 6e3nocepefHbo GOTOMETPYBAHHAM IPH OIHO-
4aCHOMY BHMipIOBaHH{ CIIOKHBaHOI MOTYKHOCTi eJeKTPUYHOTO CTPYyMy.

[Ipy BuKOHaHHI pOGOTH JaMIM PO3MIILYIOTb Ha JaBi B CreliafbHHMX
TpUMauax, siKi JaroTh 3MOTY 3AilCHIOBATH TepeMillleHHs IX B3JOBX JIaBH
i noBopoOTH HABKOJIO BEPTHKAMbHOI oci. JKUB/IEHHs JlaMI 31iHCHIOETbCA CTa-
6inisoBaHOI0 HANpPYToIO0.

Cuay cBiT/1a J0BiNBHOTO TOYKOBOTO JKepesa MOKHA BUMIPSTH 3a JI0-
TIOMOT'OI0 00°€xmusHoz0 omomempa (TOKCMETp, MiKpOaMIIEPMETD), ¥ KOJIO
sKOro BBiMKHeHO (oroeneMeHT. Beanuuna doro-e. p. ¢. doToenemenra (a
1pA cTaJIoOMy ONOpi Kosla i 3HaYeHHs CHJIM CTPYMy) NpOnopuifHa B NeBHHX
MeXKax HOTOKOBi BUIPOMIHIOBAaHHS, siKe [aJae.

Ilpun piBHOCTi NMOTOKiB BHNPOMiHIOBaHHA Bifl 0GOX JKepesa cBiTaa
(@1 = @¢;), a oTKe, i enepreTnuHux ocBiTieHocteli (Eey = Eep, E. =
= @,/S, ne S — nyoma poroesemeHTa) NOKa3H MikKpoammnepmerpa y Koai
¢doroenemMenTa B 060X BHNaLKaX OyAyTh OLHAKOBHMH.
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ITopadox suxkonanus poGoTu

1. Bumipamu cury ceimaa aamnu 3a QONOMO2010 8i3YarbHO20 Homo-
Mempa.

1. YcTaHOBUTH eTa/IOHHY i ZocnimKyBaHy JaMmyu Ha KiHUAX ONTHYHOL
Jiapd (IaMIH — B 9oXJax). MixX HUMM Ha OZHAKOBiii BifcTaHi po3MilLyETh-
cs oroMerp. 3abe3neunTH napaneJbHiCTh HUITOK PO3:KAPEHHS JIaMII. '

2. Tlepemimyioun doToMerp ysnoBxK ontuyHoi J/1aBH, pocartd Goro-
MeTPUYHOI «piBHOBaru» i BUMipsTH BiacraHi ry i r, mO WKaji JaBH.

3. IloBepuyTtu Kamepy doromerpa Ha 180° HaBKOJIO FOPH3OHTANIBHOI OCi.
TloBTopuTH Omepalii, 3a3HadeHi B n. 2, i BUMipATH BiAcTaHi rin.

4. Onepauii, 3a3Haveni B nn. 2 i 3, HOBTOPUTH ISt TPOX Pi3HHX Bil-
CTaHeil MiX AxepelaMH cBiTia.

5. JIns KoXHOTO BUMipIOBaHHS NPH BifoMoMy 3HaueHni /, pospaxyBa-
TH 3riHo 3 popMynoio (6) 3HaueHHs [, i OGUMCINTH cepelHE 3HAYEHHS CHIIH
CBiTJIa JOCJIiJKYBAHO! JIaMIIH.

11. Bumipamu cuay ceimaa ramnis 06°EKIMUBHUM (POMOMEMPoM i BU3HA-
qumu ii numomy NOmMyxcHicme.

1. Ha ontuuni#t JaBi po3MicTHTH eTasOHHY Jamny i B cnemiaJbHHX
KapeTKax XOBTo-3eJieHuH cBiTyodhinbTp (e 3abe3meuye cBiTJIOYYTIHBiCTb
PoToeneMenTa, OHAKOBY 3 OKOM) Ta CeJleHOBUH (oTOesleMeHT, 3’€HaHUH
3 mikpoamnepmerpoM. [lkepeso cBiTiia 3HaXoxHThCst Bij ¢oTOENTEMEHTA
Ha Bifcrani, npuHaiiMui, B 10 pasis 6inbwifi 32 Jainifini posmipu Kxepena
CBiT/1a (TpH LBOMY JDKEPENO MOXKHA BBaXKaTH TOYKOBHM).

2. Ha gpyromy KiHni iasu po3MicTHTH nocaiIKyBaHe JxKepeso CBiT/a.
CBiT/I0BH{ MYYOK Bill HbOTO Najae Ha oToeseMeHT, NPOXOAAYM Uepe3 aHa-
aoriunu#t ciTaodinbTp.

3. HiniGpatu Bincrani ry i r, Mixk Nkepenamu i ¢oToeseMeHTOM Ta- -
KumH, o6 3a6e3neynTH OxHAKOBicTh MOKa3iB MikpoammepMerpa. 3a Bi-
JIOMOIO CHJIOK) CBiTJIa €TaJIOHHOro JXKepesia 3rigHo 3 dopmyJoio (6) pospa-
XyBaTd cHAy cBitaa I, JocailxyBaHOi JaMmy.

QoroejieMenT B TpUMaui NOBEPTATH HABKOJIO BePTHKAJbHOI oci Ha
180° mpu BuMmipioBaHHI OCBiT/IeHOCTI Bif KOxHOI JaMmH.

Bci BuMiproBaHHS MOBTODHTH IJI TPBOX Di3HMX BilcraHel ry iryTa
of6uMcaNTH CepefHE 3HaueHHS [,

4, TlpoBectu awasoriuni n0 1m. 3 BUMipIOBaHHs, OAHOYAcHO (iKcyroun
amrepMeTpoM i BOJIbTMETPOM poboui cuay ctpymy I i ranpyry U xuBneHHst
JocainxyBaHol jiamnu. 3Harouu P i [, pospaxypatH 3rigHo 3 (opmyJoio
(B) nutoMy notyxHictk Jammu. [Tonaty rpadiuno sanexuicte v (U).

III1. Hocaidumu ceimaoge nose aamnu (inOuxampucy po3Cit08aHHA).

1. BcraHoBuTH erantoHHy i nocnimxysany Jamnu Ta doTOMETp  aHa-
Joriugo n. 1 (3aBuanus I).

2. BumipsaTa cuny cBitna nocninxysanoi samnu [,, BAKOHABIIK onepa-
uii sixnosizno mo nn. 1—5 (Toro caMoro 3aBiaHHSA).

3. Toeepratoyn B TpHMaui HABKOJIO BepTHKAAbHOI oci Jamny 3, BH3Ha-
UUTY aHAJOriuHo 1. 2 cuay csitna [, uepes KoxHi 15°, sapo6usiuu niBoGep-
Ta. Kyt noBopory ¢ikcyerbes Ha nim6i Tpumava. 3a 3106yTHMH pe3yJib-
TaTaM¥ HAKPECIHTH KPUBY pO3NOXiNy cuau csitia [, 3aneXHO Bil Kyra
TIOBOPOTY JIaMITK ¢, BifiKJanaiouu No paaiycax B Hamepesd o6paHOMy Mac-
mtabi sHauenus [, ki BignoBizawTh IHM KyTaMm.
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4. OsnaifoMuTHCsl i3 3aBOACHKOIO iHCTpyKLicio 10 JoKcMerpa. Ilpe-
BecTH aHajoriyHi jo m. 3 xpocaigkenHsa Iy (9). IlopiBasaTH sanexHocti
I, (9), onepxani 3a monomoroio thoromeTpa i JIOKCMETpA.

KounTpoasHi sannTanus

1. OxapakTepH3yfiTe OCHOBHi eHepreTH4Hi Ta CBiTJIOBi ONTHYHI BEJIHYMHH Ta 3B’A30K
Mix HUMH.

2. OxapakTepnsyiiTe METOAH BUMipIOBaHHS CBITJIOBHX BeJIMYHH,

3. ki Gynosa i npunumn aii potomerpa JloMmepa — Bpoaxyna?

4. ¥ uomy noJsirae npuHUHN Aif 06’ €eKTHBHAX doTomeTpiB? SIki Horo nepeBaru Hajx Me-
TOROM Cy6’ekTHBHOL doToMeTpii?

17. Bu3HaueHHA eHepreTHYHHX ONTHYHHX BEJHUHH
spa3kis marepianiB 3a gonomorolo yHiBepcaabHOro ¢oromerpa
[22, 24, 3aBonchbki incTpyKUii]

Npunaau i matepianmn 1) ynisepcansuuit doromerp GM-56; 2) Habip cir-
nodiabTpiB; 3) Habip NpPOSOPHX IJIACTHHOK (CKJIO, MOMIMETHIMETAKPHJAT, CIIORa);
4) WTaHTeHIUDKYJIb.

Teoperuuni sidomocti Ta onuc npusradis

.Y 3araJpHOMY BHNAJKY IpPH NafiHHi BUIPOMIHIOBAHHSA Ha Tij0 noTik @,
qacTKOBO BinGuBaeThca (De), YacTKOBO norauyaerbes TinoM (@) i yacrko-
BO MpOXOZHTh Hackpisb (@, ). OueBnamo,

®, = O, + O, + C«.

INoninuemm o6unpi yactuHu wiei pisHocri Ha @,, xiora-
HEMO!

p+a+7=l’

ze p = /D, o =0/, T=®D./D, — BiZNOBIAHO KO-
ediieHTH BifGUTTA, NOTrJIMHAHHA 1 IPONYCKAHHS.

Koxuu#t 3 uux xoedinienrip € QyHKUi€l0 HOBKHHH
xBuJi. YUepes 1e pisni peyoBHHH, HA AKi Najae BHANME
BHIIpOMiHIOBaHHS (CBiT/JIO) OAHAKOBOrO CHEKTPAJBLHOrO
CKJANy, CIpUUMAIOThCA K Pi3HOKOJIpHI.

Indopmanis npo xoediunienTH, fKi XapakTepH3ylOTh
edeKT B3aeMOZi] BUNPOMIHIOBAaHHS 3 DEUOBHHOI0, Ma€ Be-
JIMYe3He NpaKTHUHe 3HaueHHS. BumiprooTbesa ui Koedini-
€HTH 3a JOINOMOrOI (OTOMETPHYHHX i cCHeKTpodoToMeT-
PHYHUX MpPHJANiB.

Ilpurnun nii goroMerpa nossArae B INOPiBHAHHI ABOX
CBITMIOBUX MoOTOKiB. JIBa cBitiioBuX nyuku / i /] (puc. 85)

Duc. 85 NOTPANVIAIOTh Y NMpHJIaj Yepes Hiapparmi 2, BiOKpUTTS

SKHX peryJioeTbcsi  BHUMipioBanbHHUMH  GapaGaHaMH
1. Tani cBiTJIOBI MYYKM 32 LONOMOFOI0 CUCTEMH JiH3, DOMGIYHHX NpusM 3
06’e(HyI0TbCA | HaAXonATh B 6inpusmy 4. Binpuama 3BoaANTH 06HABA NyUYKH
RO okyJspa &, ITonepeaHbo MyYKH MPOXOAAThL Yepes CBiTIOPIiNbTP 6 (B Ha-
6opi ®M-56 e 11 pisnux cBitiodinbrpis). Korcrpykuist okyJaspa Taka, 1o
crniocrepirad 6aunTh noJe 30py y BHIVIARI Kpyra, posiijieHoro Ha Agi mo-
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JIOBHHH; iX SICKPABiCTb B 3arajJlbHOMYy BHIaJKy HEOJHAKOBa. SIcKpaBicTb
AiBoi YAacTUHM NOJS BH3HAYAETLCH CBITIOBUM NOTOKOM, SIKMH NIPOXOAUTDH
gepe3 npasy JiapparMy, a npaBoi 9acTHHH — IMOTOKOM, WO NPOXOIUTH
uepes JiBy Aiapparmy. [Ipn opHakoBoMy po3KkpHTTi Ta OCBiT/IEHHI Hiadparm
sICKpaBicTb 000X MOJOBHH NOMA 30py 6yle OAHAKOBOIO.

Ackpasicrmio By cBiTHOT noBepXHi B NesiKOMY HanpsaMi ¢ HasHBaeTbcs
BeJIMYHHA, AKa JOPiBHIOE BiIHOIEHHIO CHJIH CBiTaa [ B LbOMY Hanupami xo
mwiromi S mpoexnii cBiTHOI noBepXHi Ha MJIOIMHY, NEPNEHIHKY/AAPHY HO
JaHOTO HanpaMmy, TOOTO

By = 1/(S - cos ).
IMoknasuu I = 1 ka, S = 1 M?, ¢ = 0, mMaemo:
[Be) =1 gn/(1 M- 1) =1 ga/M2.

SIKImO Ha UWISXY OJHOrO CBITJIOBOrO myuka, Hanpuxaajn I, nomicruta
3pa30K PeuoBHHH, fKA UaCTKOBO MorauHae aGo Binbusae cBitvo, moje [
CTaHe MeHII fCKpaBHM. JJist BHMipiOBaHHS sicKpaBocTefl NoJiB morpiGHo
3MEHIIHTH {HTEeHCHBHICTh BHIPOMiHIOBAHHS NyukKa /J MIISIXOM 3MeHINEHHS
BiZKpHuTTA Bignosimnoi miadparmu.

Ha BumiproBanbHux GapabaHax HaHeceHO 1B IKaaM — YOPHY i uep-
pony. [lomiskn dopHOI WIKaaM (B MPOIEHTAX) MOKA3YIOTk BifHOIMIEHHA
nJomi orBopy AiapparMu S npu paHomy i1 poskpurri 1o miaoui S, npu ii
MakKcuMaJbHOMY po3kputri. OCKiJIBKM NnoTiK BHIPOMiHIOBaHHS, sKe IIpo-
nycKaeTbes AiahparmMor, NpornopuiiHuil niouli poskpuTTa AiadparMu, 1o
BizgHoweHHA S/S, lae BiHOIEHHS IOTOKY, AIKMH NpoHIOB 9epe3 giadpar-
My RpH OTBOPi S, IO MOTOKY, INO IPOXOAUTH Uepe3 Aiapparmy npH ii nos-
HOMY DO3KDHTTI.

Orxe, nokasn 4YopHoi wKajin OapaGaHa BilmoBifalTh Koedilienram .
NPONYCKaHHA T AJI NMPO30PHX TiJ, SIKMIO BiZOHMTTAM MOXHa 3HEXTYBaTH,
a6o koedinientam Big6UTTA I HENPO3OPHX TiJl.

YepBoHa IKaNa Ha BHMipioBalibHHX 6apabGaHaXx e IIKaJIOI0 ONTHYHHX
TYCTHH.

Onmuunow eycmunoio D peuoBHHH HA3MBAEeThCA JorapH(pM BeJHYHHH,
ofepHeHoi Ji0 Koedinienta nponyckaHHs: '

D =g (1/7) = Ig (DJD7). (1)

Mix onTHuHOIO IycTHHO0 [) i TOBIHHOIO [ TPO30PO1 PEHOBHHH Ha OCHOBI
8akoHy Dyrepa BcTaHOBJIOETBCA MPOCTHH 3B’A30K.

3rinno 8 3akoHoM DByrepa, ¢ = @,e=*, ne @ ‘i @, — noBepxHeBi
TYCTHHH [OTOKY BHNPOMiHIOBaHHsA (iHTEHCHBHOCTI BHOPOMiHIOBaHHA) [0
HPOXO/XKEHHS Yyepe3 PeYOBHHY i MicAs MPOXOJKEHHsS depes IIap PEUYOBHHH
TOBUIMHOW [; @ — JniHifHUE KoedilieHT NOTVIMHAHHA; T = ¢~ { onTHYHA
ryctuia D = —Ig . Ane Ine = —al i Ig ¢ = —0,43 al. 3Bincu

D = 0,43cl. @)

Yuisepcanonuii doromerp (puc. 86) CKJIamaeTbess 3 TaKHX OCHOBHHX
BY3JiB: (JOTOMETPHYHOI TOJIOBKH &§; PEBOJIbBEPHOTO AHCKa 6 3 OAHHAAUATD-
Ma cBiTiiodinbTpamMu (ix HOMepH 8’SABJAAIOTLCA Y BiKHi AMCKa npu #ioro no-
BepTaHHi); wraTHBa 9; MpeAMETHOro cTonuKa /1, AKuil mepeMmilmaeTbes 3a
JIOTIOMOT0I0 KpeMaJibep 12; m1ocKoro A3epKana 2 i ocsiTimoBaya 4 8 1BoMa
KoHneHcopamu 3. Ha ooromerpuuriit rososui sakpinneno okyasp 7 3 Kisib-
1ieM 8, sike Jlae 3MOTY BCTaHOBJIIOBaTH Ha piskicTs sinito noaimy noas sopy.
Bumipiosanphi Gapabauu 10 sakpinseri 3 60KiB GOTOMETPHUYHOI IOSOBKH.
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. Dotomerp posMilleHO Ha MacHBHill Kpyraifi ocHosi I, Ina BHMipio-
BaHb 3 KOJBOPOBHMH 3pa3kaMH (oTomerp Mae Habip 3 I/ aGeopGuiiiux
cBiTvIoinbTpiB. BiciM 3 HUX NMOZINAIOTH BHAMMY 06JacTh criekTpa Ha Ii-
JIAHKY 3aBIUMPIIKH B cepefHboMy 40 HM. Isis ocTaHHiX noJjocu npomye-
KauHs 6i/bl ITHPOKi; BOHU NOAIMAIOTE BUIANMY 006/1aCTh Ha TPH MifobJacTi:
YepBOHY, sejeHy i cuHio. CBiTVIohinbTpU XapakTepusyloThes eheKTHBHOIO
JIOBXHHOIO XBHJI Aeg, KA BiANOBifae MaKcUMyMy KoepinieHTa mpomyckau-
HA. 3HaUeHHN Aoy HaABeLEHO B. TabuaHLi.

Ne disnbT- EdexTunna lupyra mo-

pa MapKyBaHHs JIOBKHHa Jlocu nporty-

XBHJI, HM CKaHHS, HM
1 M-72 726 65
2 M-66 665 65
3 M-61 619 40
4 M-b7 574 35
b M-53 533 35
6 M-50 496 40
7 M-47 455 45
8 M-43 432 55
9 M-2 633 85
10 K-4 550 50
11 K-6 471 110

Puc. 86

[pucrpifi An1s BUMIipIOBaHHA GNUCKY BCTAHOBJIIOETHCS Ha OCHOBi MpH-
Jajy 3aMiCThb IJIOCKOTO J3epKasa i CK/IajaeTbesl 3 CTOJMKa, sIKHH obep-
TaeThCA HABKOJIO F'OPU3OHTA/IbHOL OCi, 8 TAKOXK TPUMAuiB JOC/iIKYBaHHX
3paskiB i 6apHTOBUX MJIACTHHOK.

Koepiyienmom sckpasocmi nosepxui P HasuBaeTbcs BesMYHHA, fIKa HO-
pmmoe BiAHOLIEHHIO sICKpaBOCTi noBepxHi By, o poaciloe cBiTJ/I0, 10 A€K-
paBocTi nockoHasoro (ifeanbHOro) posciloBaua B, AKi 3HaXoAAThCA B Of-
HAKOBHX yMOBax OcCBiT/ieHocTi. lneanbHHM posciloBaueM BBaXaioTb Mo-
.BEpPXHIO, KA BifGuBae Bech MOTIK, 10 Najac Ha Hei, BiANOBiAHO A0 3aKOHY
JlamGepta. [las HBOTO ACKDABICTD He 3a/IeXHTh BiJ HanpaMy. 3akoH Jflam-
6epTa CTpOro CHPaBeVINBHI TiMbKH /1 aGCOMOTHO HOPHOTO Tisa. Ma-
TOBI noBepxHi (Hanpukaaji, 6ina noBepXHSA Tijia, BKPUTA OKCHIOM Markio,
a60 MOJIOUHE CKJIO) TaKOXK JOCHTb CTPOTO MijVIAraloTh 3aKOHY JIaMéepTa.

Koediuient sckpaBocTi 3a/exuTh Bil KyTa NaliHHs CBITJIOBHX MYYKiB
i Bij HanpAMY CHOCTEPEXKEHHS.

BuwmipioBanus xoepinienra f cBiTJoposcilolounx 3pasKiB BHKOHYETbCS
.34 IOMOMOTOIO MPUCTPOIO /19 BUMipIOBaHHSA GMHCKY, AKHI BCTAHOBJIOETHCH
B (oToMeTpi -3aMicTb A3epKana 2 (puc. 86) Tak, wo6 BianikoBHH JiM6 OyB
~cnpasa BiA oneparopa. [IoBOpOTHUH cTOIMK POSMIlLYIOTH B TOPH3OHTANb-
HoMy moJioxkeHHi. OrKe, KoedilieHT ﬂcxpaaocn BUMipIoeThcA B HanpsaMi
HOpMaJai ;o 3pasKa.
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ITopadox suxonanus poboru

1. TligroryBati ¢oTomerp no poGotu. Jas 1mporo:

a) BKJIOUHTH OCBIiTVIIOBAY Ha HOMiHA/JbHY HampyTy XKHBJEHHS; 6) Bcra-
HOBHTH HOro Tak, mo6 cBiT/IOBi myukH, fiKi BiIGHBaOTHCA Bif A3epKana,
JaBajH OJHAKOBe OCBIiTJIEHHs OTBOpiB (poToMeTpa (HpH nbOMy o6GHIABa Ga-
pabGann posMimeHi Ha nofiaui «100», mo BixnoBizae oAHaKOBOMY pO3-
KPHTTIO AiatparMu); B) BBeCTH 3eJieHHH cBiTodiasTp Ne 4, choKycyBaTh
OKYJISIp 3a JONOMOIOK0 Kisplsl 8 Ha JiHil0 NOAiNY mOJiB NOPIBHAHHA I CHO- -
crepiraty 306paxkeHHA cnipali samMnmH ocCBiT/MIOBada B 060X MOJIOBHHAX
noJisi 30py (AKLIO 306paxeHHa He pi3Ki, To pisKkocTi KOGHBAIOTHCA MOBEp-
TaHHAM OCBiTJIIOBaya, mepecyBaHHAM foro KOHAeHcopa, 0o6epTaHHAM MJIO- °
CKOTO Ji3epKaJa); I') 4151 CTBOPEHHA piBHOMiPHOI ocBiTsieHocTi oHY crocTe-
pexeHb B a3y ONpaB KOHIEHCOPiB BCTAHOBHTH MaTOBi posciloBaui; mic/as
LBOTO BUMKHYTH CBiTIOPiAbTPH.

1. Bumipamu roepiyicHm nponyckasHs nposopoco 3paska.

1. BuMmipATH WTaHreHIHPKYJ/eM TOBIMHY NOCHiIKYBaHHX 3pasKiB
8 Mpo3oporo Marepianay.

2. IlpaBu#i 6apabaH Mo YOpHili WKaJi BCTAHOBHTH Ha nomnxy «100»
(npu upomy piadparma, 3B’sizaHa 3 npaBuM 6apabaHOM, MOBHICTIO BiJKPH-
Ta). JocaimkyBaHuil 3pa3oK NMOKJAAcTH Ha IIpEeIMEeTHHUH CTOJNHK MiA JiBOIO
Aiapparmolo, pH UbOMY 1paBa NOJIOBHHA 30Dy moTemuie. OGepralouu npa-
Bt GapabaH, AoGHTHCS OJHAKOBOI ICKPABOCTi 0GOX MOJIOBHH NOJSA 30py
i apo6utH Bifnik no wopHif mkani 6apabana, AKM#A BinnoBinae KoepinienTy
nponyckaHas T. Iy nifABuIneHHS TOYHOCTI BUMipIOBaHHSI 3pa3oK Iiepe-
KJACTH 3-MiJ OXHOTO OTBOPY NijJ iHIUH#A, MOBTOPHBLIH IO onepauilo 5—6
pasis.

3. 3a dopmyaamu (1) i (2) pospaxyBaTH ONTHUHY T'YCTHHY i JiHiAHUHA
KoepinieHT noryuHaHHA . BaMiploBaHHs, aHaNOTiYHi BUKOHAHUM y nl. 1,
2, BUKOHATH IJf BCiX NPO30pHX 3pa3KiB PeuyOBHH.

4, AHamoriuni BHMipIOBaHHSI NpPOBECTH JJiIs KOJbOPOBHX IIPO30PHX
3paskiB mpu pisHUX HOBXHHax XBHJAb. KoxHuf jpochimkypaHu#l 3pa3oK
PO3IVISSHYTH MOC/iZOBHO uepes Bei CBiTA0diMbTPH i IS KOXKHOFO CBiTJIO-
¢inbrpa BigmoBigHo Ho m. 2, 3 obuncamu D i «.

5. I'padiuno mogaté 3anexHICTb r = f (A).

II. Bumipsmu Koegiyienm sckpasocmi i Koegpiyienm si06umms ceimao-
poscirordux 3pasKis.

1. Ha o6ox TpuMauax npucrpoio po3MicTHTH GapHTOBi MIacTHHKH (6a-
put — Baxku# mwmar BaSO,) i ocituTH iX piBHOMipHO OcBiT/MOBaYeM (ApH
1IbOMY po3ciloBaui 3 nasiB KoHAeHCOpa BHHMAIOTb).

2. JliBuii GapaGaH BucTaBHTH Ha mofinKy «100» mo vopwifl mxani, a
npaBUfl “— B cepeHe NOJOXeHHA (POTOMETPHYHOI piBHOBATH.

3. BapuToBy mJIaCTHHKY I1ij IpaBHM My4YKOM 3aMiHHMTH JOCHiJKyBaHHM
3paskoM. [lopymeny ¢oToMeTpHYHY piBHOBary BiJHOBHTH IOBOPOTOM JIi-
Boro Gapabana. Cepennilt Bianik mo yopHill wkadi usoro 6apabana Biano-
Bijlae MPOLEHTHOMY BifHOIIEHHIO KoetiLieHTa sickpaBocTi 3pasKa f; 0 Koe-
(inieHTa ACKpaBOCTI NJAACTHHKH P

m = Pg/Bua.
BumipioBarHs nmpoBecTH He meHwe 5—6 pasis.-
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4. ko ILOCJIIB,}KYBaHI/II/I 3pasoK i 6apHTOBa [1aCTHHKA MaIOTh noxi6Hi Je A — pisuuus xony iHTepQJepy}oqnx nyukiB;m =0, 1, 2, 3, ... — nops-

KpHBi posnoniny (imaukarpucy) BIAGHTOrO CBiT/Ia B MPOCTOPI, TO HA OCHOBI HOK inTepdepeHuifiHOro MakcuMyMy i MiHiMyMy; A — noBxuHa cBiTaIOBO
BHMipIOBaHb KoedimieHTa sicKpaBocTi po3paxyBaTh KoedinieHT BiabuTTs XBHJI.
3paska f,:

03 = MPun. L. Busnauennn dosacunu xeuni MOHOXPOMATUUROZ0 CHITA

o 3a aonouoao;o inrepepenyii s8id dsox uirun
3HaueHHs1 Py, BiIOMO Hamepen.

I'L puxafn i Mmatepiaan 1) pxepeno ceitaa; 2) piapparma; 3) nompiitna
winuna; 4) Ha6ip cBiTA0diALTPIB; 5) 36MpannHa Jin3a 3 pokycHoto Biacranmo 0,1 — 0,15 M;
6) naniBuposopuii ekpaH; 7) BHMlpIOBaJIbHHﬁ mikpockon; 8) macmraGua Jlimﬁxa; 9) on-
THYHa JIaBa 3 NOB3YHKaMH.

KOHTpOAbLHI 3anHTAHHS

1. HasBiTb OCHOBHi BeJHYHHH, AKIi XapaKTepH3YIOTh ONTHYHe BHNPOMiHIOBaHRHS,
i cBiTNIOBI BeIHYMHU Ta IX OZMHHII.

2. SIki 6ynoBa Ta npUHLAN A yriBepcaabHOro Goromerpa PM-562 Teoperuuni sidomocri Ta onuc npusradis

3. Coopmymoiite 3akoH JlamGepra. . ‘

4. Hassits -ocHoBHI THIM CBITIOQIALTPIB. : Ilepunm nocnmizom, SAKHM GyJ0 HOBENEHO MOXKAHBICTH aicraTé iHrep-
depenuiro cBiTIoBHX XBHIb, 6yB mocaif IOHra. Kopucrylounch cxemoio

18. BuBueHHs iHTepdepeHuii cpiTaa IbOTo AOC/IiLy, MOXKHA BH3HAUUTH JOBXHHY CBiT/IOBO1 XxBuai. Posrmsnemo

[22—24, 3aBoaceki iHCTPYKILii] Xix npomeHiB B gocaifHifi ycranosui (puc. 87). Csitio Bix axepena S

XBuAbOBa HPUPOJA CBiT/Ia JOCHTH SICKPABO NPOABJAAETHCA B ABUINAX
intepoepenuii, nudpaxuii Ta nonsipusauii ceitna. /umepgepenyieo csitaa

HA3UBaiOTh SiBMLIE, SIKE BHHUKAE IIPH JOJAaBaHHi CBITJIOBHX XBMJb i moJjd- “ o f £

rac B TOMy, L0 iHTEHCHBHiCTb pe3y./IbTyIOuOi CBiT/IOBOI XBHJ, 3a/MeXHO , ‘ .
Bij pisuuui a3z XBHJIb, K JozaioThcsA, MOXKe 6YTH Giblue abo MeHINE 3a e ¥
CyMy iXHiX iHTEHCHBHOCTEH. TS , a—— -

Iurepdepenuis ceitia crnocrepiraerses TIMBKM AN KOTEPEHTHHX CBiT- I
JIOBHX XBHJIb — TaKHX, L0 MAIOTh CTaJy pisHuIIO (a3 CBiTIOBUX KOJH- 4
BaHb NPOTATOM IIEBHOTO IPOMIXKKY 4acy,A0CTaTHbOI'O A/18 CIOCTEPEXKEeHHA Puc. 87 Puc. 88
iHTepdepeHiAHO] KapTHHH. ) . .

Hesanexxni KorepentHi HesnasepHi Aepeaa cBiTiia peanisyBaTH npak- uyepes BY3bKY Aiapparmy C cnpsMoBYeThCs Ha noABiiHy mwinuny H. 3a fo-
TUMHO HEMOXJMBO. [Ipore B onTHili BiioMi MeTOZM YTBODEHHS KOT€pEHT- NIOMOTOI0 JIIH3H L_mgcbpqma GoKycyeTbCsl Ha IVIOLHH] MOLBIAHOT WIMHHH,
HUX MYYKiB Bif 3BuualfiHux jokepen cBitia. [lepumit 3 HUX nossrae och ChitIoBi npoMeHi Bif WiTHH NpONyCKaioTh 4epes CBITModiIbTpH i, oKy
y uomy. KorepeHTHi XBHJIi BHIIPOMiHIOIOTBCS OJHHM €JIeMEHTapHHM BHIIPO- CYIO4H MiKDOCKOI M Ba nanisnposopuii ekpau E, cnocrepiraiorb m'repcpe
MiHIOBayeM B pIi3HHX HanpsMax, micis HeoOXiAHHX BiZGuBaHb i 3aoM- peHuifiny KapTuHy. 3 puc. 88 Maemo:

JieHb TM HaJaloThCsl TaKi HanmpsiMU NOIMIMPEHHH, NMPH SKHX BOHH MOXKYTh Arjd = x,]L, (t)
neperunarucst # iHtepdepysaru (inerbes npo iHtepgepeniio dpenens; Ie X,, — BincTaHb MaKCHMyMY Ta MiHiMyMy mopsaky m Bix Op; L — Bia-
st Tpyna MeToiB licTa/la HasBy MeTOLIB nodiay x8i.1b08020 (POHMY; BOHA craHb Bill NOABifHOI HIIJINHH JO eKpaHa; d — BiACTaHb MiX IEHTpPaMH muii-
peastisyeThCa 3a JOMOMOTroio Gifgeprasa i Ginpuamu QpeHensi, n3epKaja JauH (3aMmictb S; D GepeMo d, OCKIJIBKH KYT G JOCHTH Maauii). 3Hainemo
Jlnop{na, minuy ¥OHra i 1. m.). Jlpyru#i MeTol yTBOPEHHA KOIepeHTHMX BAsi JBOX JOBiNIbHHX TEMHHX CMYI' Ha eKpaHi ix BifcraHb Bif Touku O,.
IYuKiB [OJASITa€ B PO3ILEIJIEHH] ofiHie] XBMIi Ha KinbKa npH BinOHBaHHI Jlas nporo sanumemo yMoBH MiHiMyMy inTepdepeHuii (a):

i 3an0MIIOBaHHI Ha MOBEPXHAX (el METOZ Ha3HBAIOTb METOJIOM nodiny amn- Ar, = (2m + 1) M2.

aimydu; igerscst npo intepdepenuio HeloToHa; BoHa peallisyeTbes B pis- Toxi . - 1) Bi - i
HHX THONAX iHTepdepomerpis; npukiafoM inTepdepeHUiliHuX KapTHH, ¥T- oni wykani ixctani sriano 3 (1) Bigmosiano sopieHIOIOTE!
BOplOBaHHX B pesyJ/ibTari NOAINY aMIUIiTYAH, € CMYTH OJHAKOBOI TOBUIMHH Xm = (L/d) 2m + 1) A/2.
i onHakoBoro Haxuiy, kinbus HrrotoHa). . . . . Bigcranp Mik o6paHHMM TEMHHMH CMYyIaMH

InTepdepenniiina KapTuHa fBJSEe COGOK MOCHAIAOBHICTD CBITMIMX i TeM- Ag — ALId
HUX iHTephepeHLifHAX CMYT — MaKcUMyMiB i MiHiMyMiB. SBIIKH JOBXKHHA XBAi X = Xmepn == Xp = NALIG,

YMOBH eKCTpeMyMiB MaioTh TaKHil BHUIVIAA

pewy | A= Ax - d/nL @)

A = = mh (ymosa MaKcmfylf'iY)’ (n — KinbKicTb CBITANX CMYT MK JOCHIZKYBAaHHMH TEMHHMH CMyrami;
A=+ (2m+ 1)A/2 (ymosa MiHiMyMY), (@ Ax — Bijcranb, BuMipsHa MIKpOCKOMOM).
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Hopsadox suxonanns poboru

1. OsuaitomutHacs 3 GyJoBoio BuMiploBanbHOTO MiKpockona. Bin'ocry-
BaTH JOCTifHY ycTaHOBKY. BcTaHOBHTH ofuH i3 cBiTnodinerpis. 3a aono-
MOTOI0 BHMipIOBaJILHOTO MiKPOCKONA JOMOTTHCSA CIIOCTepeXKeHHS KOHTpacT-
HOT mTequepeHumHm KapTHHH.

2.* 3a ponomorow GOKOBOT0O TBHHTA MleOCKOﬂa nepemicrutrt iHTepde-
peHuifiHy KapTHHY B LeHTP INOJA 30py. 3’sicyBaTH, fK BIVIHBAIOTH Ha
inTepdepenuifiny KapTHHY reOMeTPHUHI IapaMeTpH CXeMH.

3. TligpaxyBaTH KiJbKiCTb CBiT/IHX CMYT MiXK 6yAb-AKMUMU NOAINKaMHU
IIKaJIM OKYJIApa MiKpocKona i, BpaXoBYIOYH LiHy NOXiJKH, BHSHAUUTH Bif-
craHb Ax MiX KiHIEBHMH TEeMHHMH CMyraMH.

4. BukoHaTu mogiGHi BuMiploBaHHS Mis 3—4 cBiTaI0QinbTpiB, 3aiH-
Ialoyy He3MiHHMMH Bci reoMeTpHuHi napamerpu nocainy. Pesyabprartu Bu-
MipIOBaHb 3aHeCTH 10 TaGauui.

5. TlinpaxyBartu 3a po6ouoio GopMyoio (2) ZOBXKUHH XBHJb Ta O0YHC-
JIUTH NMOXHOKH BHMipioBaHb. 3HaueHHA NapaMerpa d jJae JnaGopaHT.

KoHnTpoabwHl 3anuTaHun

1. Y 4omy nossrae siBuule iHTepepennii?

2. Oxapakrepusyiite MeTOIH YTBODEHHS KOT@PEHTHUX NyuKiB.

3. lllo Take onmTHYHA Pi3HUUS XOAY?

4. Sk smiHuThCA iHTepdepeHnilina KapTHHA, SKIIO He KOPHCTYBATHCA CBIiT/IOPiIL-
TpaMu?

5., Unm BH3HAYAETHCA KiJbKICTh BUZMMEX iHTepdepeHuifHux cmyr?

I, Docaidwenns inrepepenyii ceitaa
3a donomozoro Ginpusmu DPpenern

Npunagu i Mmatepiaan 1)oceirmosay; 2) alapparma; 3) 6inpusma; 4) Ha-
6ip ceimodiasTpis; 5) BumipioBanbuuit Mikpockon; 6) ONTHUHA naBa $ NOB3YHKAMHM;
' 7) 36npaabHa Ain3a 3 pokycHol BifcraHHi0 10—20 oM.

Teoperuuni gidomocti Ta onuc npuradie

Binpusma ®peHens cknanaerbes 3 ABOX MPH3M 3 MaJHMHU 3a/10MJIOIOYH-
MH KyTamu (nopsiaky 30°), CKJIeeHHX OCHOBaMH.

CaitiioBuA y4oK Bill Jpkepena (winnHHa Aiadparma S) (puc. 89) micas
sajioMneHHA y OinpusMi A nOAiNseTbCA Ha JIBa KOTEPEHTHHX HYUKH 3 Bep-
uIMHAMH B YABHHX 306paxenHax S’ i 8" winunu S. OckiNbKH Axepena

Puc. 89

S’ ta 8" korepenTHi, y 6yab-aKif Touni o6nacti nepexpurta nyukis BCDE
criocTepiraTuMeThesl iHTepdepenLifiHa KaptuHa. [IpH. cnocrepexenHsix
dikeyerbesa neBHa IVIOMIMHA (a0 NMOBepXHA) B mpocropi — nose intepde-
pennii. BuGip noas nesHOIO Mipolo JOBIMBbHUI i 3aM€XHTh BiX pisHHX 06-
CTaBHH, ajie yepe3 KOXKHY TOUKY IOJA Mae NPOXOAMTH HE MeHIn SK ABa

inTepdepylounx nyuku. MoxHa BBaxkaTH, IO NIPH CHOCTEPEXKEHHI Y MiKpO-
cKon inTepbhepeHuifiHa KapTHHA JIOKasli30BaHA B IJVIOWIHHE] MKaau OKYJI-
pa. InTepiepennifina KaptuHa, crBopeHa 6inmpusmoio Operensi, aHanoriuHa
KapTHHI iHTepdepennii Bix aBox minun. To- 2
My IJifl BU3HAYEHHS NOBXUHHM XBHJi JKepe-

Ja abo cBiT/OQINBTPAa MOXKHA CKODHCTATHCA )
¢opmynoto (1) 3aBmanns 1. Ilapamerp Ax
BHMipIOETECA 3a JONOMOTrOI0 Mikpockona, L —
MacwitabHolo JiHiliKolo. Bigcranp Mix ysas-
HHMH JKepelaMH SHaXOZHMO, BJIAIOYHCh MO
TakHx MipKyBaub. 3 A SS’B (puc. 89), Bpa-
XOBYIOUM MaJiCT> KyTa BiIXWJEHHS 1poMe-
uiB nmpusMowo, MoxHa JHicratH S8’ = d/2=
=SB :i{=1[{. Ona upusmMu i3 3a70MJI0IO-
YHM KyTOM € Ta [OKAa3HHKOM 3aJIOMJIEHHS N
KyT BiIxuieHHs i JopiBHIE i = (n — 1) e.

Tozi wyKaHa BiACTaHb MiX YABHHMH JiKe-
penamu

d=2l(n—1)e, (1)
a AOBXKHHA XBHJIi
A=Ax-2l(n—1)¢e/L. 2

Ak Bigomo, npuH BHKOpHcTaHHI Gisoro
CBiT/Ia  crnocrepiralotbes  iHTepdepeHuiini
CREKTpH. Aue TpH BeJHKHX mopsakax iHTepdepeHuii Moxe OGyTu nepe-
KPHTTA CNEKTPIB, 110 MPHBOAUTD IO PO3MHBaHHsA iHTepdepeHuifiHOi KapTH-
Bi. OueBHIHO, YMOBOIO 3HHKHeHHA iHTepdepeHifiHOl KapTHHH €

m @+ AA) = (m+ 1) A,

3BilkH m = A/AM. To6To, uum GiNblla MOHOXPOMATHYHICTb CBiTJIa, TUM
Oinbly KinbKicTb MaKCHMYMIB MoX<Ha crioctepiratd. Kpim Toro, ocranns
3aAeXHiCTb Jlae 3MOTY BH3HAUHTH CMYTY NpONycKaHHA ¢iJbTpa 3a Aomo-
MOTOI0 BHMipIOBaHHSI KiJIbKOCTi BHAMMHX iHTepQpepeHIiAHHX cMyF. 3a-
FaJbHa KibKiCTb BUANMHX cMyr m = 2k, Tomy

Ah = 2)\/m. )

Puc. 90

Ilopadox suxonanus po6oru

1. 30ilicnumu aKichi cnocmepesicenna inmepgeperyii ceimaa.
1. Hicratn witky inTepdepenuifiny Kapruay. [lias uboro:
a) OCBIiTHTH LLIJINHY, CIPOEKTYBABIUH Ha Hel HHTKY PO3KapeHHA OCBiT-

JiosajbHoi samnu. [NoauButucs yepes 6IHPI/13My i BNeBHUTHCS, 110 BOHA

JAae Ba YSIBHUX 300paKeHHs ILiNHHA. 3MIHIOIOUM HaXuJ ULiJIHHH, BCTaHO-
BHTH 11 Napasie/ibHO TyNoMY KyTy 6inpusmu. PeGpo Tynoro xyra 6inpHsMu
Mae OyTH 3BE€PHYTO 1O LLiJHHH;
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6) nepeBipuTH IEHTPOBKY ONTHYHOI cucTeMu. [Tonmepensno po3KpHBIIH
. IiNHHY, TOAUBUTHCA ¥ MIKPOCKOI i NIEPECBIAYHTHCS, IO CBIT/IO HE 3HHKAE
"8 1OJIA 30py NpH nepeMiuleHHi MiKPOCKOIa B3IOBX ONTHYHOI J1aBH;

B) 3By3uTH Mmiauny. OGepTaHHAM GOKOBOrO I'BHHTa BHMipIOBaJbHOIO
Mikpockona nepemicTuTH iHTephepeHUifiny KapTHHY B LEHTP MOJs 30pYy.
IlepecyBatoun MiKpoCKON BSAOBXK ONTHYHOI JIaBH Ta 3J€rKa pPeryJioiyu
HaxuJ WiNUHK, JOMOITHCH MaKCHMalbHOI KOHTpacTHOCTI iHTepdepeHuiH-
HOl KapTHHU. S

2. IlepecBinuutucs, mo iHTepdepeHUifHy KapTHHY MOXHa clocrepi-
raTH B JOBinpHi#l Touni obaacti, Je B3aeMoAilOTh KOTepeHTHiI nyuku (06-
nactb ABCD), 10610 cMyTH BUAHO NIPH JOBiIbHOMY NOJOXKEHH] MiKpoCKona
Ha ONTHuHIH NaBi.

3. 3’scyBarH, K BIVIMBAE Ha iHTepdepeHIiHHY KapTHHY: a) IUMPHHa
Wi/uHY; 6) BicTaHb MiX YSBHHMHU JoKepesiaMH (3MiHIOBATH BifICTaHb Mix
mwinyHoW Ta Gimpu3MoI0); B) BifcTaHb MiK XKepeioM Ta TOYKOIO CIoCTe-
peXKeHHs.

11. BusHauyumu GosxcUnu XeUAi macmyei nPonYcKARHA ceimaogiavmpa.

1. 3minroroun wHpuRy LiMuMHEOL AiadparMu i B3aeMHE poO3TaLIyBaHHS
6inpusMH Ta MiKpOCKOINa, JOMOITHCHA TOro, IN06 iHTepepeHmifHi cMyrud
6y/1M KOHTDaCTHHMH IIPH JOCTATHiM I8 BEMIipDIOBAHHA BillcTaHi MiXK HUMH.

2. 3a jmomomorol0 BHMipIOBAJILHOTO MiKPOCKONA BH3HAUHTH IMIMPHHY
cemyrd Ax. 1A 1bOro CyMIiCTHTH HUTKY OKYJIsSipHOTO MiKpoMeTpa 3 Ioyart-
KOM ofiHiei 3 TeMHHX cMyTr. 3po6uTH Bianik mo mkani 6apaGaHa MiKpOcKo-
na. [lepeMicTHTH HUTKY OKYJIAPHOrO MiKpOMeTpa Ha IKOMOTra 6i/bIy Kisb-
KicTb cMyT # Ta 3pobutu Apyru# Bignik. [loxinutu pisHHIto uux Bignmikis
Ha KinbkicTe cMyr. BuMipioBaHHA 3poGHTH KilbKa pasiB i B3ATH CepelHE
SHAYEeHHS.

3. BumipsATd BifcraHb BiA KorepeHTHHX JKepena Ao nois iHrephepeH-
nii. ¥ Hamowmy Bunmaaky L -— BificTaHb MiX LIiTHHOIO Ta OKYJAPOM MiKpo-
CKOIla, OCKITbKH MOXKHA BBaXKaTH, IO YSIBHI JDKepesna 3HAXOXAThCA B IJIO-
WHHI INiTHHA,

4. SIxmo napamerpu Ginpuamu Bimomi, BUMipsATH Bificrab [ Mix mli-
JIHHOIO Ta GillpH3Molo i mizpaxyBaTu BifCTaHb MiXX YSIBHHMM JXepeJaMH
3a ¢opmyaoo (1), a noBxMHY XBHAI 3a (opmyJoio (2).

5. $Ikwmo napamerpm Ginpu3MH HeBiZoMi, BiICTaHb MiX YySIBHUMH JuKe-
pellaMy BUSHAU4EThCH eKClepuMenTanbHO, s 1boro, He 3pyIyIOUH HPH-
JajliB Ha ONTHYHiM JnaBi, momicruTH MiX Ginpuamoio Ta BixTiKoBHM MiKpo-
CKOIIOM 36HpabHy JiH3Y. 3MIilLYIouH JiH8y B3JI0BK ONTHUYHOI JaBH, Jicra-
TH B IoJi 30py MiKpockona 4iTki 306paxeHHs Winnuy. Bumipsath Bigcranp
Mix HuMu d’. BuMipsit Bizcrani mix minubomw Ta ain3oio d i MiXK JiH3010

~Ta OKyJaspoM Mikpockona b. Pospaxysaru AificHy BiAcTaHb MiX ySBHUMH
IKepesnaMu, KOPHCTYIouuCh dopMmysoio 36inbenns JaiHan d = d’a/b.

6. BusHAUMBIIM JOBKHHY XBHJi, NiApaXyBaTH KilbKiCTb BHIUMHX
-cMyT, 3a hopMysioo (3) OOYHCAUTH IIMPHHY CMYTH NMPONYCKAHHA CBiTJIO:
QineTpa. -

Kourponwsui sanuragns

1. Yomy mxepena S’ ta S” korepeHTHi?

2. Yomy 3anomaioiounti Kyt 6inpusMy NoBHHEH GYTH MajuM?

3. Uum Bu3HAua€TbCS KiMbKICTh BUAHMEX iHTepdepeHuifiHuX cMyr?

4. fx sminutbes iHTepdepennifina KapTHHa, SKINO 3MIHUTH CBITAOMIALTP (3MIHHTH .
A, aminntu AA)?

5. Illo ma#Ginblue BUIHBAE HAa TOYHICTb BUMiPIOBAHAN B AaHift poboTi?

HI. Jocaidxcenns inrepdepenyii ceirra
3a donomozoro wineys Herorona

 NMpuaapgn i Mmatepianu 1) ocBitmosay; 2) Mikpockom; 3) HamiBnpo3opa
f11aCTHHKA; 4) onyKkJa JiH3a; 5) maockomnapajienbHa CKAfHA MJAcTRHKA; 6) Habip cBiTiO-
$vbTpiB. :

Teopetuuni sidomocri Ta onuc npuradis

Kinbis HoloToHa ABASIOTH cO60I0 MpHKIIaf iHTepdepeHuiitol KapTUHH
y TOHKHX NPO30PHX MJiBKax fK iHTepdepeHuiiini cmyeu 00naxosoi moeuyu-
#u. SIKImo Ha mposopy IVIBKY (IJIaCTHHKY) Najae napafiefibHHE Ty4oK
CBiTJIa, TO Ha BepXHil i HHXKHil MOBepXHAX 11 BiH PO3ABOIOETHCS (JaCTKOBO
Bii6MBaETbCAA, YaCTKOBO 3aJioMmoeTbesl). TakuM unHOM, y BigGHTOMY Ta
IpoXifHOMY CBiTJIi BHHHKAIOTh KOrepeHTHi npomeni. PisHuns xony B 3a-
TaAbHOMY BHNAIKY BH3HAYAETHCH TOBLIMHOWO IVIIBKH, KYTOM MaliHHA mpO-
MeHiB-Ta ONTHYHOIO TYCTHUHOIO [JIiBKH i
OTOYYIOUOrO CepeloBHIIA  (NOKa3HHKAaMH 5
3aJioMJIeHHsA), 3BHYAHHO, TOHEHbKA I1iBKa A
siBJie COGOI0 TOHKHIH 1wap sikoi-HeOyAb pe-

4OoBHHH (CKJIO, pilHHA), OTOYEHHH 3 JBOX _

60KiB nOBiTPAM. YMOBHM BiIOHMBaHHS CBIT-

Jia Ha BepxHifl i HUXKHil DOBepXHAX MJiB- 2 : \
ku pisHi. Ha omniit noBepxni BinGuBaHHsA . LV
BiGYBAETHCS 3 BTPATOI0 MiBXBHJI (HHX- )

HS— cepelioBHIle — NOBiTps), Ha iHmMiA !
(BepXHA — NOBITPA — cepenoBHIile) — Ge3 | CLzLreszd
Brparu. Bupas aasa ontHuHoi pisHuni Xony Puc. 91
Mae TaKHH BHIVIAA:

A =28V n®—sin?{ M2, 1))

Kinpusa HbloToHa cmocrepiraiothest TOZi, KOJH chepuyHa MNOBEPXHA
ONYKJIO1 JIIH3H BeJIMKOro pajliyca KPHBH3HU CTHKAETLCA 3 IIOCKOIO IIOBEPX-
neio. Ilpn npoMy MiX JIiH30I0 Ta MJIZCTHHKOIO YTBOPIOETHCS MOBITPAHMA
3a30p — MWIiBKa aminHol ToBuimHH (puc. 90, a). IlpoBegeMo po3spaxyHKH
kinenp HploToHa, 1o crocrepiraiotecst y BinOutoMy citai (iHTepdepeH-
wiliHi KapTHHM y BigGHTOMY CBiTJi crocrepiraTH 3pyunime). Y 1pomy
BUNalKy iHTephepyBaTUMyTh NpOMeHi, BiNOHTI BiJ BepXHBbOI Ta HHKHBOL
Mex oBiTpAHOro 3a30pa. Orxe, NiHii MakcuMyMiB Ta MiHiMyMiB mnpoxo-
JAITh yepes TOUKH, IO BiANOBiAAIOTh OAHAKOBI TOBIIMHI 3a30pa, i TOMY
Ha3WBAIOTLCA CMyeamu 00Haxoeoi moswunu (puc. 90, 6). Akino npomeHi
NajaloTh HOPMaJbHO [0 MOBEPXHi IIaCTHHKH (puc. 91), To BHaCAiNOK Ma-
JOCTI KPHMBH3HM J/IiH3H MOXHA BBaXaTH, U0 BiZGUBaaTBCS BOHH TEXK M0
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Hopmadi. Otxke, g pisuuni xoxy mpomeris (1) IicTaHeMo:
- A= 2n+ 2/2 (1a)

(ana nositpa n = 1, Kyt naninna i = 0). ToBmuHa noBiTpsiHOTO 3a30pa
h 3anexxuthb Bij BiACTaHI 10 TOYKH JOTHKY JIiH3H 3 MIACTHHKOW r. 3 A AOD
Maemo: r> = R* — (R — h)®. Ockinbku niH3a Mae BeJHUKHI paiiyc KpH-
Bu3HU (R > h), MoxHa samucatu: r* = 2Rh, 3Biaku h = r?/2R.

- llas TO4OK, B SIKMX BHKOHYeTbCS yMoBa A = r?/R + A/2 = mh, cno-
cTepiraeTbcs MakcHMyM inTepdepennii. Otxke, pafiyc citjoro kijbus
:rg“ = VAR (m —1/,). Auanoriuno paniyc TeMHoro Kimpus r,= ) ARm.

BigcH

R = r¥/(Am). 2

OckifnbKM NPaKTHYHO He BRAETbCH JOCALTH ULIIBHOTO HPHJISTAHHSA
IaCTHHKH A0 JiH3H, TO Ginbll TOYHHH pesysibTar GyAe Npu BH3HaUEHHI
R (abo A) sa pisHuuero paniyciB ABOX JROBiNIbHHX Kimeub r, i r,. Tomui
tdopmyna (2) HaGepe BUIVIALY

R=r]—ril(h (i — R)). ®3)

BigpaxyHox TeMHHMX Kijeub nmounHaetbcsd 3 m = 0, TO6TO Big camoro
ueHtpa inTepdepenuifiHoi kaptuHu., BimpaxyHoK cBITMIMX Kijseupb moyu-
HaeTbcs 8 m == 1

ITopadok sukonanns poboru

1. 3akpinutu B o6ofiMi JiH3Y Ta MIOCKOmapasienbHy MJACTHHKY i 1O-
MicTHTH 000FMYy Ha CepeHHy NpeAMETHOro crosqnka Mikpockomna. [lepemi-
eHHAM Ty6yca MiKpocKomna JictaTH piske 306paxeHHs Kijgenp Hblotona.

2, 3nerka swmimyroun oGoliMy, HaBecTH HoJie 30py MiKpocKoma na
UeHTpaJbHHil TemMHHH Kpyr. OGepraioun GapaGaHH MiKPOMETPHUHHX
TBHHTIB B32a€MHO NEPNEHJAHKYJISAPHHX NepeMillleHb NMPeIMETHOTO CTOJIHKa
MiKpPOCKOIla, HaBECTH NePeXPecTs HHTOK B OKYJApPi Ha LEHTP TEMHOTO Kpy-
ra, 3anucati mokasH luKaj GapaGaHiB.

3. Bumipsaru paaiycu 5—6 TeMHHX KiJlenb, MOYHHAIOUH 3 3-TO B OXHOMY
HanpsiMi (Hanpsmi x). OCKifbKH KiJbIS MaloThb CKiHYEHHY WIHPUHY, TO
Tpe6a oOpaTH OJHAKOBO DPO3MillleHy TOYKY VISl HaBelEHHS Iepexpects
HHUTOK B OKYJNIAPi (HalKpallle — 3aKiHYeHHA TeMHOI cMyTH). Paniye kinbus

- ROpiBHIOBaTHMe Di3HHLI NOKa3iB ImKaaH GapabGaHa. Ananoriadi BuMipro-
BaHHsl BHKOHATH A/ APYIoro HampsiMy (HampsMmy y) JUIS THX CAMHX Ki-
Jenb. OGUHCIHTH CepelHE 3HAYEHHS pafiyca KOXKHOIO KiJbIs.

4. OGuncauTy pafiyc KpPHBH3HHM JIiH3H 3rifHO 3 dopmynamu (2) i (3).
3aminuTh cBiTa0oQinbTp. Bumiparu pagiycn 5—7 kinenp Ta no6ynyeats
rpadik r® = f (m). 3a HaxuJoM uBoro rpadika OGUHCIMTH 3HAYEHHS J1OB-
KUHH XBHAi A,

5. IlizpaxyBaTH KiIbKicTh BHIHMHX iHTepdepeHUilHUX Kineup Ta 06-
uyucaHTH 3a Qopmydoo (3) sasAaHHa II mHEpHHY cMyrH npomycKaHHA
cBiTnoiAbLTpa.
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Koutponsni sanHTaHHA

1. Yomy iutepdepennis crmocTepiraeTecs JMuLle Y TOHKHX naiBKax? .

2. Yum pigpisusorsca kinbug Helotona y Big6uromy Ta npoxigHomy cairmi?

3. Unm mMoxe GyTH CIipHIHHEHe BUKDHBJECHHS KiTenb? -~
4. SIx sMiHWTBCS BHNNIAA KiNells, Ko npocTip Mix JiH30I0 Ta NJIACTHHKOIO 3aNOBHAs

TH BOAOIO? . .
5. SIxui BuIIAA MatThMe iHTepdepeHnniiina xapTHHA, AKIMO chepuuny i3y 3aMiHHe
TH NTiHAPUYHOWL? ]
6. fAxumu 6ynyTsh xinbua HeioToHa npu ocBitienni Gimum csitaom?

1V. Busuennn dedpexrio 6idbusnux nosepxons
8@ donomozoro inrepepomerpa Jdinnuxa

Npuaagu i matrepiaxm 1) mixpointeppepomerp MUM-4; 2} wmeranesi
NJACTHHKH DPi3HOI YHCTOTH OGPOGKM Ta 3 TOHKHMH NpPO30pHMH TiiBKamu; 3) HaGip cir-
A0¢tALTPIB.

Teoperuuni sidomocri ra onuc npusradis

Intepdepenniiini sBUIA JalOTh 3MOTY BHKOHYBAaTH Npeunusiini BuMi-
pioBaHHA JiHIAHUX Ta KyTOBHX po3MipiB, KoedilienTiB sanmomienss i . 1.,
ToGro 6yAb-IKHX BEeJIHUMH, Bill AKUX 3anexuTb pisHHUA a3 iHTepdepylo-
upx nyykis. [Ipunanu JJjs TakHX BHMipIOBaHb Ha3WBAlOThCH iHmepgpepo-
sempany. KiacuuHuM ITPUKIZZOM JABOpOMeHeBoro iHTepgdepoMerpa e

YL L e Zz
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_Pue. 92 Puc. 93

intepdepomerp MalikenbcoHa -—— NPOTOTHN 6araTboX Cy4acHHX MpHJIARIB,
OOKiJIbKH B HbOMY MOXHa peaJiisyBarti pi3Hi Bumagku iHtepdepennii B
NIJIACTHHKAX — TOBCTHX i TOHKHX, KJMHOMORIGHUX i miocKomapasienibHux.
ITpu mpomy S3MiHIOIOTbCA YMOBH OCBiT/IEHHSI Ta 3acOGH CHOCTEPeXKeHHH
inTepgepeHil.

B. Iq Jlinauk Ha ocHoBi iHTepdepomerpa MalikenbcoHa mnoGynyBaB
Mmig[ “intepdepoMerp 4nA AoCHilKeHb jedeKTiB BIAGHBHUX - OBEPXOHb.
Ontuuny cxemy MikpoinTepdepomerpa HaseseHo Ha puc. 92. Jlkepeso
CBiT/Ia (aMnoYKa PO3:KaploBaHHA) 306paxyeTbcsl B MJOMHI anepTypHOI
niapparmu A. ani, y ¢doxanbhiit miomuHi npoekniitnoro o6’extusa O,
€ nosboBa AiadparMa /1, axka 306paxyerbcsd HUM Ha HeckiHueHHocTi. [Ticna
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npoekUifiHoro o6’ekTHBa O; MyuYoK CBiTJIa NOAINAETBCS CBITIONOLIMHHOIO
NJIaCTHHKOIO Ha JiBa Ny4KH. OJHH 3 HHX 36UPaeThcs y (GOKANBHIA NIOMHHI
o6’ektuBa 0,, Je MiCTUTBCS AOCHiKyBaHa noBepXHsa Z,. Jpyruil mydok
JleueHTpoBaHHM 06’eKTHBOM Oy 36HPaeThCA Ha eTajJoHHOMY J3epKani Z;.
IMicna BigGurTa Big Z; i Z, ni myuku 3HoB npoxoxats o6’ektuBH O, i O,
a motiMm, mic/id CBIT/IONOAIMBHOI INIACTHHKH, 36HPalOTbCd B TOYKaX Io-
A iHTepdepeHnii, fKe po3IJAfaeTbcst uepe3 okynaap OK.

Y mixpointeppepoMetpi posMipH iHTepdepenLiAHIX cMyT SMiHIOIOThCA BHAC-
JifoK 3MmimeHHa o6’ektiBa O; 3 ontHuHOI oci. fKuo aMilmeHuA BigHOCHO
oci 06’¢xtuB Oy ofepTaTH HaBKOJO Ljiel
oci, mo iHTepdepeHuifini cMmyrm B

I

Puc. 94

noni sopy obepratumythes. IlepemimeHHA AocnimkyBaHoi nobepxHi Zg
Bropy ab0 BHU3 Ha NeBHY MaJly BIACTaHb CIPHYHHIOE 3MiHY XORY IPOMEeHst
Ha 1nojipifine 3HaYeHHs mepeMilueHHA, OCKINMbKU CBIT/IO HPOXOAMTH IO Bif-
cradb aBiui. 3MiHa X0y mpoMeH B OJHOMY IJledi [PUIAly CIPHYHHIOE
aMiHy pisHuui Xomy Mix iHTepgepyiounMu npomeHsamu. Uepes ie cMyTH
B 110J1i 30py 3MilmlyBaTHMyThbesl, OueBHIHO, (POpMa CMYT MOBTOPIOBATHME
npodinb JocaifKyBaHO! NOBepXHi, a IO BeJHYHHI BUKDUBJIEHHS CMyl
MOXHa CYJAUTH Npo IMUGHHY HepiBHocredl. CmpaBJi, SIKWO Ha HOBEpXHi
€ mogpsinuHa (puc. 93) rnbuHO A/2, TO B LbOMy Micui 3’sBJSETHCS
JOaTKOBA PisHUIA XOAY (IpOMeHi MPoXoAATh IMubHKy ABiui). Bin6ypaerh-
cs1 sMillleHHs (BUKPHBJ/IEHHA) CMYT Ha OZHY. SIKIIO X crocTepiraerbest 3Mi-
LIeHHS CMYT He Ha OJHY, a Ha N CMyT, TO, OYeBHAHO, [JIHOMHA NOAPSHUHH |

d=(M2)N. ' (1

. OckinbpKH MOKIMBHH BilJIiK 9acTKH CMyTd, MIKpoiHTepdepoMerpH IaloTh
SMOTY OLLIHHTH YHUCTOTY 06POGKY HOBEpXHi 3 TouHicTio 0,1 A, T06TO 6/IH3BKO
0,05 MEM. ‘

Skuwo Ha nocCaiIKYyBaHY NOBEPXHIO HAHECEHO TOHKUE map 6yIb-sKOl
1po3opoi peyoBHHH, TO MiXK IPOMEHSMH, BiIGUTHMH Bij RIMAHKM YMCTOI
NOBEPXHi Ta HiJIAHKM [10BepXHi 3 NOKDHTTAM, BHHHKAE ONTHYHA PI3HALS
XoZy (puc. 94): '

A =2hn—2h=2h(n— 1),

Ie n — NOKa3HHK 3a/OMJIEHHS DPeYoBHHU NOKpUTTS. Lls pisHuus xoxny
NPUBOANTL N0 BHKPHBJEHHs iHTepdepenuifinux cmyr. Toxi

AN = 2h(n— 1). @)
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SIKINO MOKA3HUK 3aJOMJIEHHST MOKPUTTA BifoMHuil, MOXHa BH3HAUHTH fioro
TOBIMHY. 30BHIINHIA BUTJISA NpHAaRy MoKasado Ha puc. 95. Hocaimxysa-
HU# 06’eKT KialyTh Ha npeaMeTHHl cronuk I, OcBiTiioBad 5 CTBOPIOE Ma-
panenwHul nyuok cBitia. IHTepdepennifiny kapTUHY MOXKHA ClOCTepirat
B OKYJISIP, CIIOPSLAXKEHHH MiKpoMeTpoM 3. 3a JONOMOTOI0 MiKPOMETPHIHOTO
rBuHTa 4 3AiHCHIOITDL (oKycyBaHHA. PyKosaTKa 2 MOXe BUMHKATH (nepe-
KpHBaTH) OIHe mJjede iHTepdepoMerpa (HOJMOXKEHHS 1).

Ilopadox sukonanus poboru

1. 3a saBoacbkolO iHCTPYKIi€l0 AOKAafHO O3HaHOMHTHCA 3 OyH0BOIO
Ta npuHuHnoMm Aii inrepdepomerpa MHM-4.

2. PosmicTuTH 10 Yep3i Ha NPEIMETHOMY CTO/HKY KilbKa AOCHiIKYBa- -
HHX IJIaCTHHOK, OJlep2KaTH Ta BiayasibHO npoaHalisyBaTH iHTepdepeHuifini
KapTHHH.

3. O6paTu OfHY 3 NJIACTHHOK, AicTaTH pisKe 300pa’keHHs1 KapTHHH.
OGepraHHaM MpPEIMETHOrO CTOMMKA JOMOTTHCH, W06 iHTepdepeHuiiini
cMyTH GyJIH NEPNeHAMKYAApHUMH 10 noipanuuu. OKynsapHuUH Mikpomerp
NOBEPHYTH TaK, o6 O/lHa 3 HHTOK IepexpellleHHa GyJia napaJebHa, a Apy-
ra nepneHiUKyJsApHa Ho inTepdepeHHmiHHUX CMYT.

4, BusaBurTH HaliGinbiue BUKpHUBAeHHA cMyr. CyMicTHTH nepexpects
HHUTOK 3 OAHIEI0 CMYTOIO Ta 3pOOHTH BiliK 1o wKani Mikpomerpa 3. Tlorim
CYMICTHTH IepeXpecTsl HMTOK 3 BEepLUMHOI0 BHKPHBJIEHHSI Ti€l XX cMyTrH
(puc. 93) Ta 3po6utu gpyruit Bignik. PisHuus uux BianikiB AacTh BeJHYH-
Hy b.

5. BupasuTy 110 BeIHUNHY B JONAX WHPHUHH cMyTH. JInst uporo cymicru-
TH NepexpecTsi HHTOK 3 ofHieio i3 cMyr Ta 3poGutH Bignik. IlepemicTuTH
nepexpecrsi Ha 5—10 cMyr Ta 3poGuTu Apyruii Bigmik. Pisaung uux Bipgi-
KiB, NMOAi/leHa Ha KinbKicTb cMyr, aacTh BeauuHHy a. Toai

N = bla. " (3)

B:i BumipioBaHHs 3po6uTH He MeHmie 3 pa3 i B3ATH cepenne. 3a GopMYJIOIO
(1) migpaxyBaT 3HaueHHs rAuGHHM noapsnuuu. Ilpu ocBitseHHi 06’eKTa
GIUM CBITJIOM NOBXHHY XBHJI GpaTH Takolo, 10 HopiBHIE 5,5+ 107 m.

6. OcBiTHTH 0G’€KT MOHOXPOMATHYHHM CBITJOM, MHifpaxyBaTH Kijb-
KicTh BUAUMUX iHTepdepeHmifiHUX cMYT Ta 3a dopmyJoio (3) 3aBranua 11
OBGYMC/ANTH 1IUPUHY CMYLH NPONYCKAaHHA CBiTJoQinbTpa.

7. PoamicTHTH Ha NpeIMETHOMY CTOJNHKY IVIACTHHKY 3 HAHECEHHM Ha il
TI0BEPXHIO TOHKHM L1apoM Npo30poi peuoBHHH. OCBITHTH MJIAaCTHHKY MOHO-
XpoMaruyHuM cBiTioM. Bumipaswu a i b (auB. puc. 94, nn. 3, 4), 3a dopmy-
Jaamy (2) i (3) obuncnuTH TOBIMHY MoXpUTTA. (MoXHa BHKOHaTtH i oGepHe-
HY 3ajayy — OOGUHC/AMTH IOBXHHY XBMJi, 3HAIOUH TOBIIHHY IOKPHTTS.)

Konrtpoabui 3anurasus

1. SIkuit npuHuun poGotu iHTepdepomerpa Maitkenncona?

2. Ski xoHcTpyKTUBHI 3Minu B inTeppepomerpl notpiGHo 3pobutu Ana BHMIproBaH-
HA Ma/JHX KyTOBMX mepeMiluenb?

P3' UM BippisHsIOTHCA BHKPHUB/IEHHA CMYT, L0 BIANOBIZAIOTE NOAPANHHAM Ta BHCTY+
nam .
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19. Bupuenns pudpaxuii cBitaa
[22, 23, 3aBoxchki {HCTPYRLiT]

Hudgppaxyiero cBiTla Ha3HBAIOTH 3YMOB.IEHE XBHIbOBOK MPHPOLOIO CBIT-

Ja sBHUlE BiAxuJeHHS BiA 3aKkoHiB HOU.II/I]JEHHH cBiT/Ia I‘eOMeTpH‘-IHOf,

ONTHKH, SIKe BUHHKAE IIPH MPOXOMXKeHHi cBiT/a B cepenoBuii 3 pisKUMH
ONTHYHHMMH HEOZHOPIAHOCTAMH. 3BHYaiiHO, 1i fBHINA He 3BOAATbCA IO
HpocToro BinGHBaHHA | 3aJOMJIEHHS CBiTaa.

Yci pudppakuiiini sy TOAIIAIOTLCS Ha ABa THIM — Audpakiiio ®pe-
Hens i Audpaxuito ®payHropepa.

Posrasuemo nudpakuiio ceitia Bix ukepesna S Ha oTBopi Kiapparmu D
paniyca R (pnc 96). SIkwo TouKy crocrepexenns O Bu6paHO NopiBHAHO
» OJMM3BKO JI0 OTBOPY, a TOYHILe,

AKIIO

o RB>MR, (@

To HueThcsl mNpo AUPpaKiLiio
< —v == DpeHeasa (mugpaxiiiio, wo cno-
cTepiraeThest IpH YTBOPEHHI 30-
6paxeHHs uepenond). $Kuio
AH}paklifiHa KapTHHa cHocre-
piraeTbesi B JOCTaTHBO RaJleKiit
e Toulli, ToOTO, SAKILO

Puc. 96 'RIb & MR, (6)

TO AeThest mpo Audpakuio payurodepa (zudpakuiiiHe 306paxeHHs Jxe-
peaa cBityia). OctaHHA BifGyBaeThest B Napasle/IbHHX IPOMEHAX (IKepeso
cBiT/Ia i TOUKa CcrOCTepezKeHHs: HeCKiHYEHHO BifjaneHi Bif NepernoHH, Ha
fKil BinGyBaeTbca audpaxuis). MarematnuHo AMppakuiiHi sagaui poss’s-
3yloTbcsl Ha OCHOBi npunyuny [ltotcenca — Dpeness, AKUH MOXKHa chop-
MYJIIOBATH TaKHM YHHOM: KOXHa TOYKd (DPOHTY XBHJIi € JAKepesoM eeMeH-
TapHUX BTOPMHHHX XBHJIb, L0 MOIIHPIOIOTLCA B YCixX HampsMax, a MoBepx-
Hsd, AKa OXOINIIOE 1X 4epe3 yac Af, € HOBHM NOJIOKEHHAM (PPOHTY; BTOPHHHI
XBHJIi € KOTePEHTHHMH i CBiTVIOBE moJie B TOULi CHOCTEPEXKEHHS — L& pe-
ayJibTar iHTepdepenuii Biy okpeMHX AiNsSHOK (POHTY BTOPUHHHX XBUAD,

1. Hocaldwennn dudpparylinoi xaprunu 6id wirunu

Mpunagu i matrepiaan 1) onruuna nasa; 2) ocsitmosau OW-9; 3) xomi-
matoep 3 mijnuHOW0; 4) winuHa 8 MiKpOMeTpHUHUM I'BUHTOM; b) ekpaH; 6) kacera fas dorto-
fJIaCTHHKHE a60 QoTonanepy; 7) WTaHIeHUKPKY.Ib; 8) Ha6lp cBiTmodinbTpis.

Teoperuuni gidomocri ra onuc npusradia .

Bupuenns sBuila Audpaxuii cBiTa B sarajbHOMY HOJSITa€E y 3HaX0A-
KeHHI posmojiny iHTeHCHBHOCTI CBiT/Ia Ha eKpaHi B 3a/leXKHOCTI
BiJl reOMETPHYHHX YMOB (BiicTaHeHd MiX HXKepejoM CBiTsa, NEpPENnoHOIO
i expanom) Posnonin iHTEHCHBHOCTI CBiTJIa MO €KpaHY 3a/eKHTh TaKOX
BiA ¢dopmu Ta po3MipiB OTBOPY. 3HauHHWil iHTEpEC CTAHOBHTH BHIMANOK
nudpakuii Bix winaau. Lirunow HasuBaTHMEMO NMPSIMOKYTHHH OTBIp, 1O
Ma€ He3HaUHy IUMPHHY i HeCKiHueHHy JoBxkHHY. [lpakTHuHO Takoo GyZe
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WiJKHa, ¥ AKoi JOBXHKHa B Gararo pasis Glubina 32 ii mupuHy; y nepesax-
HOI 6iapwocti WinuH ne BigHoweHHs xopisioe 1 : 1000.

SIKIO Ha By3bKY IIIHHY LIMPHHOIO b Majae HOPMaJLHO O NOBepXHi
HLIJTHHH IJIOCKa CBiTJIOBa XBHJS, BifOyBaeTbesl Audpakuia B o6HABI cTO-
poHH (1iBOpyu Ta mpaBOpYyuY) Bi}l - :
JuHH — au¢pakuia Ppaysrodepa. Ak
HacJiJloK — 300pakeHHs LLiMHHH Ha
eKpaHi po3TAryeTbcs  y CMyry 3 Mak-
CHMYyMaMH Ta MiHIMyMaMH iHTEHCHBHO-
cTi B nepneunnxynapnomy 0 ULiTHHK
Hanpami.

HasBuicTh MakcuMyMiB i MiHiIMyMiB
y posnofini iHTeHCHBHOCTi cBiTHa @O-
sICHIOETbCA i{HTepdepeHLiel0 BTOPHHHUX
XBHJIb, IIO TOLIHPIOIOTECA Y Pi3HHX
HanpAMax BiA pi3HHX TOYOK LLIJIHHH
(puc. 97). dxwo ¢ — xyt Mixk Hanps-
MOM NajiHHS NMPOMeHiB Ha ILiJHAHY i
NIeBHAM DO3TJiilyBaHUM HaMPAMOM, TO
yMOBa MaKCHMyMy oOCBiTJIeHOCTi Mae
TaKuit BUIVIAN:

bsing = (2m -+ 1) M2, (1)
a yMOBa MiHIMyMYy:
bsing = 2mA/2, @)
ae m= =£1, £2, 3, ...
0 @ K. u £
L ’ 1
—:L :!-u £ L ‘: (" 10|
Puc. 98

Poanozin iHtencuBHocTi B audpakuifiHiit KapTHHI Ha eKpani cmocre-
peXeHHs 3aJleXHO BiJi KyTa Audpaxuii ¢ Mae BHIIAA
I.o=1 sin2 [(sb/A) sin @]
- [(nb/A) sing)?

ze I, — inTeHCHBHiCTb CBiTJIa B HanpsAMi Majatouoi xsuati (¢ = 0). Le
piBHAHHSA CBiIYHTb PO Te, WO NPH OCBIiT/JIEHHI WLiIIHHH nydkoMm 6ijioro
CBiTJIa MaKCHMYMH Ta MiHIMyMH BilNOBiIHHX NOBXKHH XBHJb 3MillleHi
onvH BigHocHo oxHoro. HynboBi MakcuMyMu 11s1 BciX 10BXUHH XBHJB 36i-
raioThcsi, TOMy B HeHTpi RudpakuifiHoi KapTHHH cnoc1epiraen;ca 6ina
cMyTa, WO NOCTYMNOBO NEPEXOIHTh B KONLOPOBY. Hani noBunsi #tn 3aGaps-
JieHi B pisHi KOJIbOPH MaKCHMyMH. AJie npH Audparuil Bix onniel minunu
{IpaKTHYHO HE MOXXHA NMOGAYHTH UiTKe PO3MINIEHHA A1 OKPEMHX NOBXKHH
xpuaib. Ha sikictb iudpakuifinol KapTHHH 10CHTD IOMITHO BITHBa€ WHPHHA
utisiuen. Ilpu s6inbmwenni 11 cnocrepiraeTbcsl HaGMHMEHHA MaKCHMYMIB Ta
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MinimMyMiB ocBiTtenHs 1o nenTpa. llupuna minunu b He moxe noplBHIOBaTH
IOBXKHHI XBUJI A, 60 B bOMY BHNAAKy sin ¢ = A, To610 ¢ = /2. Lle o3na-
yge, IO HYJAbOBHA MaKCHMYM pO3IUIHBAETbCSl MO BChOMY €KpaHy,—
eKpaH piBHOMIpHO ocBiTsienufi. SIkmo b > A, TO Ha eKpaHi cHocTepiraeTb~
cq piske 306paxeHHA winnHu, pHdpakuifina KapTHHA 3HHKaE.

Y BHNajKY, KOMH LIHPHHA Wi/iHHK b 3HaYHO MeHINa 3a BiAcTaHb [ Bif
IiMHHHE [0 eKpaHa, nudpaknis dpaynrodepa cnocrepiraerses i 6e3 JiHsH
L. Tlpu upoMy npoMmeHi, mo ARyTh Bil KpaiB IiJIMHY, NPAKTHYHO Mapa-
JenbHi. KopHeryiounen pue. 97 pig Bunaaky audpakuii Bif miauuy, Aicra-
HeMO BHpas BifcTaHi ocTaHHbOro AHPaKULiiHOrO MaKCHMyMY Bil LEHT-
panbHOTO!

xmax = lSiIl (p "‘I“ b/2.

SIkmo ekcnepHMeHTaJbHO BHBHAYHTH Xmax, I, M, CKOpHCTaTHCS GopMy-
oo (1) i BiJoMHM 3HaYEHHAM A, TO 3 OCTaHHBOI PiBHOCTi MOXKHA BH3HAUHTH
IWHPHHY INL{JHHU:

b= (2m + 1) M/2%max. 3)

Iopadox surxonanus poboru

1. PosramyBatn Ha ontuusiil JaBi npusaau BisnoBigHo Ao puc. 98.

2. PeresqpHO BifUeHTpyBaTH MNOIEPeYHHM INepeMillleHHSAM KOHIeHcopa
ocBiTmoBaua O 306pakeHHs JaMIH pPO3XKaPIOBAHHA Ha IMIJHHY KoJiMaTtopa
K. JlomorTucsa HaisickpaBimoro 3o6pakeHHsi Ge3 cBiTyoQinbTpa.

3. BcraHoBuTH Ha omTuuHi¥ naBi pudpakuifiny winuny [ 3 mikpo-
MeTPUYHUM T'BHHTOM, PO3KPUBINU il IO MaKCHMAaAbHO! [MUPUHM,

4. lomortucs napajenbHocTi WIJIMHM KoJdimaropa Ta AudpakuifHOl
IIiTHHY,

5. [Nepemimennsam auppaknifiHol MIMMHY B3JOBXK JaBU JOMOITHCS ii
piskoro soGpaxKeHHs Ha eKpaHi.

6. HicraBmy piske 306paxeHHs MIMHHY Ha eKPaHi, HOBIJLHO 3MEHILY-
BatH 11 wupuHY i cHoocrepiratd 3a mMosiBowo AudpaknifiHol KapTuHu.

7. BeraHoBHTH Ha ONTHYHIH JiaBi noOpAX 3 KoMiMaTopoM cBiTsiodiabTp
CC2 (A =5-107" w).

- 8. ChororpadyBaru audparuiiiny xaptury. Jas uporo samiHutu
eKpaH KaceTolo, 3apfKeHOI ¢oTomaacTuHKol abo goromanepom. UYac
ekcnosunii 5—10 xB.

9. Tliena BMuKaHHA cBiTia BUMIpPSTH BiicraHb MiX audpakiifiHoio
M{THHOIO T2 €KPaHOM,

10. IlposBuBmM ¢oromanip, NifpaxyBaTH MaKCHMaNbHY KiJbKicTb
TEMHHX CMYyT 3 OQHOTO GOKY BiJX IeHTpasbHOI.

11. ltanreHuupkyaeM BHMIipATH BincraHp MiX KpalHiMM TeMHUMH
cmyramy. [loainuBiuy 1o BigcraHb HaBmid, uicram 3HAUEHHS Xmax.

12. O6uucauty b 3a Qopmysoo (3) Ta OUIHHTH TOYHICTH NPOBEAEHHX
BHMipIOBaHb.

KoHTpoabHi sanvTanng

1. ¥ uomy nossirae npuanun [iofirerca — ®penens?
2. Yum BijpisHAIOTbCS YMOBH crnocrepexeHHs Jncpakuii Ppedens i mudparuil
¢payuro¢epa9
3. INpomeni axol noBxuuH xBuai mpr Auppaxuii BigXuAAIOTHCA BiX MOYaTKOBOro
Hanpxmy HaHGiabue?
4. SIk aMiHlOBaTHMerbcA AudparnifiHa KapTHHa Ha eKpaHi npu: a) MoNepeyHOMY
sMimeHHi minuayu; 6) momepeuHoMy amimenHi Jinsu (pue. 97)?

11, Busuenna ougppaxyiiinoi pewircu

Mpuanagn i matepianu 1) ontuuHa JaBa; 2) AudparuifiHa pemriTka;
8) Maciura6Ha ainifika 3 miauHow; 4) ocsiTmoBau OU-9; 5) cBitaopiavtp KC-13.

Teoperuuni sidomocri Ta onuc npuradis

SIk Bigomo, nmppaxuiﬁﬂa periTka y Haﬁnpocﬁmomy BHNAJKy — e
npo3opa MIaCcTHHA, Ha sIKiH HaHeceHO Ha OJHAKOBIH BixcTaHi mposopi (wii-
JMHY) | Hempo3opi (BlAcTaHp MiX IMiMMHAMH) IITPHXH OAHAKOBOI LIHPH-
un. Taky pelniTky, 1K Aucnepryioya cHcTeMa, Moxma BHKOpHCTaTHBCl'IeKT-
pajlbHOMY NMpHJajAi 3aMicTb
npusmu. BoHa sa6esneuye
Gisbly pO3fiJIbHY 30aTHICTH | x,}\'/\‘_\
Ta CBITJIOCHJIy MOPiBHAHO 3 ] N
NPH3MEHHHMH  CIEKTPOMET- 4 !.
pamMH THX XKe pO3MipiB. M B
Ak i npusmy, audpaxnifny " Puc. 95
PELIiTKY BCTaHOBJIOIOTH Y
napajeJbHHX NPoMeHsX. Y BUMAaAKy HOPMaJIbHOTO NafiHHA CBiT/a HAa mpo-
30py mudpaKuiiiHy pewiTKy MOJNOXKEeHHs TONOBHMX AH(PPaKUiHHHX MAKCH- '
MyMiB BH3HaYaeThCsl PiBHICTIO

dsing = ma, )

Ie d — nepiox (a6o cTaja) pewliTKH; ¢ — KyT AHOpaKilii, To6TO KyT Mix
HOPMaJLTIO JI0 PEUIiTKH Ta HanpsAMoM Ha AuppakumiiHHi MakcHMyM; A —
JIOBXKHMHa cBiTvIoBOi XBHJI; m — NOpANOK MakeuMyMmy (m = 0, &1,
=+2,...);d = a -+ b, ne b — wWHpHHa WiJNHH, a -— Biicrane MiX ABoMa
cycigriMu minuHaMA. \

SIxumo Ha pewiTky majae notik 6iJoro cBitTaa, T0 NPH TOMY X CAMOMY ~
sHaueHHi m 5= 0 xytu audpaxkuii ¢ OyAYTh HEOAHAKOBHMH ANA DI3HUX
JIOBXHH XBHJb %, TOOGTO crocrepiraTHMeTbecsl po3sKaajaHHsa 6inoro ceitzia
B cnekmp. Ilpp m = 0 ymoBa MaKCUMyMy 3aJOBOJIBHAETbCA IJd BCiX
JOBXWH XBWJIb, To6T0 nmpu ¢ = 0 cnocrepiraetbecs UEHTpPanbHa CBiTIa
cMyra.

PoarnisHemo oaud 3 MeToiiB BuBueHHs audpakuifinoi pemwitku, Lleft
MeTOJ, CXeMy YCTaHOBKH SIKOro HaBeZeHo Ha puc. 99, nossrae B TOMy, 11O
yepe3 auppakuiliny peuitky PP’ po3risagaioTh MiNTHHY B MacluTabHii Ji-
Hitini MM’', sakpinnenii Ha ekpani. I[Ipn npoMy KpiM sickpaBoi wiiinHH
B IJIOWHMH{ eKpaHa crmocTepiraroTh AudpaKuifiHuil cnekTp-abo KOJAbOPOBi
Jinil 0py ocBiT/EHH] IIHHH MOHOXPOMATHYHMM cBiT/IOM. CreKTpu m-X
nopaKiB YTBOPIOIOTLCS N0 O6UABI CTOPOHU Bif WIiJIMHH Ha OfHAKOBHX BiX-
CTaHsX.

P’
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Y posrasjyBaHOMy BHMAAKy poJb Jdinsu L (puc. 97) simirpae xpumra-
/UK OKa, sKu# (oxycye npoMeHi, yTBopeHi B pesyiawrati Au(pakuii Ha
ciTKiBIi OKa.

SIkmo minuHay OCBITHTH MOHOXPOMATHYHHMM CBIiTJIOM 3 BiJJOMOIO JOBXH-
Holo xBuai, To 3rigHo 3 (1) mepiox pewitku :

d = m\Jsin . @

Taurenc Kyta @, Ii% AKHM CIIOCTEPIracThCsi CHEKTP M-T0 OPAJKY, MOXKHA
BH3HAYHUTH 3 pHC. 97:

tg O = Xl ©3)
I X, — BiACTaHb BiJ IMiJHHH JO CMEKTpa m-ro nopsaky; ! — BimcraHb
Bifl eKpaHa 3 IiAMHOI0 J0 OKa cHocrepiraua (AU¢pakuifiHoi pemriTkH).
B ymoBax panoro Merony .l x,,, ToMy MOXKHa nokJiacTH sin ¢ == tg ¢. Toni
Ha ocHOBi (2) 3 ypaxyBaHHsM (3) MaeMo:

d = mAl/x,,. @)

Hait6inbioro nomupenns audpakuifina pewitka xicTanxa jjs BH3HA"
YeHHs JIOBXHHH CBIiTJIOBMX XBHJb (3a opMyJiowo (4) mpH Bimomili cranifi
pellitky d).

Hopadok suxonanns poboru

1. YBimMKHyTH oOcBiT/IOBay, ocBiTHTH ILiaHHY. CrocTepiraioun yepes
pelliTky AudpakititHy KapTHHY, BiAperyJioBaTH WMPHHY IIJHHA FAA
YTBOpeHHA YiTKUX i pi3KuUX chexTpis.

2. Nuopakuifiny pemiTky Ta WIiTHHY pOSTAIIyBaTH Ha HaAGiIbmii
BifgcraHi OAHa Big oAHOI Ta BUMIpATH BijicTaHb /.

. 3. Bcerasosutd B onpaBy ocsitiioBaua cBitnodinsrpa KC-13 (A =
= 6,810~ m).

4. Bumipstu Ha Macwrabuifi Jjimifini Bigcrane Mix cnekTpamm 2, 3,
4-ro nopaAKiB JaiBopyY i mpapopyu Bif misuuu. Pe3yabratd BUMipIOBaHL
NOAIMHTH Ha 2 i BUSHAYHUTH X,,.

5. Jlns xoXKHOrO 3HaUeHHs m 3a HopMyoio (4) OGUHCIUTH CTaNy peluit-
KH Ta OLiHHTH NMOXHOKY BUMipIOBaHb.

6. BcraBuTH B onpaBy OCBIT/IOBaya CBIiTJIODINBETD 3 HEBiZIOMOIO LOBKHU-
HOIO XBUJi. BukOHaTH BHMiploBaHHS 3a 1. 4 | OGUHCANTH JOBXUHY XBHJI
cBiTodinbTpa.

KoHTpoabHi sanmTanus

i. Unm Bifpisuserscs Audpaxuifinufi crnextp Bis pucnepcifinoro (mMpHsMaTHYHOro)?
. Ha mo BnuinBae sHauenHs cranol auppakuifinol pemitky i ak?

3. SIk nosicHIOIOTECH OCHOBHI Ta JOAATKOBI MakcHMyMH | Minimymu y nmi)paxui‘ﬁuouy“

cnexTpi pemiTRH?
4. S1k BUroTOBAAIOTBCA AM(Bpakunifivi pewliTKH i SXKHMH BOHH GyBalOTHP

111, Bu3snawenns weudrocti i dosacunu yavTpassyKxosux xXeuns
8 pidunax onTuvnum merodom

Tlpunaanm i matepianmu 1) reHepatop Y/ABTPa3BYKOBHX  KOJMBaHb
YI-76; 2) ontuuna nasa; 3) oceitmosay OH-9; 4) konimartop i3 ceitnodinvrpom KC-18;
b) s6upanbra ninsa; 6) nposopa naocKonapasenbHa KioBeTa Ls pifuiu; 7) KBapueTpH-
Mad 3 KBapleBoK IJacTHHKOW; 8) BigsnikoBa onruuna TpySa,
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Teopetuuni sidomocri Ta onuc npuradis

Yavbmpassykom Ha3UBAIOTh NPYXKHi XBUJi, 9aCTOTa AKHX NepeBHIlye
BepPXHIO YaCTOTHY MeXY YYTHOCTi JoAcbKoro Byxa (nosaz 18 kI'm). Onuum
3 MeTONliB TX YTBOPEHHS € 3BOPOTHHIl n’€30esexmpudruil egpekm Ha OCHOBi
KBapLeBOi NJIaCTHHKH.

Amnnitysa nedbopManifiHHX KOJHBAHL KBapIly NOCAra€ pe30OHaHCHHX
3HaueHb HPH YMOBi 30iry OCHOBHOI YaCTOTH BJAcHHX KOJHBaHb MJIACTHHKH
3 YacTOTOIO 3MiHHOI HampyTH BiJ BHCOKOYACTOTHOrO reHeparopa. SIkimo Ta-
Ka MJIaCTHHKA KOHTAKTYE 3 KIOBETOIO, B AIKifl 3HAXOAUTLCA PilliHa, TO YJIbT-
Pa3BYKOBi KOJHBaHHS NPOXOAATh KPi3b AHO KIOBETH i MOMIMPIOIOTBCA Y
piznni. Ha mexi noainy pianHa — moBiTpsA yJAbTpa3ByKoBi XBHJI BiaOH-

Tl
L
./rlw - X
.l —1 4
1 — /
~ 2008
Puc. 100 Puc. 1ut

BaloThesd. IHTepdepennin 6ixkyuoi Ta BigOHTOI XBH/IbL NPHUBOAUTH A0 BCTa-
HOBJIEHHA Y PifldHi CTOSIMO0I YJIbTPA3BYKOBOI XBHJIi, AKa 3yMOBJIIOE NPOCTO-
poBY HEONHOPiNHIiCTb PiAWHH — mepioAHYHi pO3pijkeHHS Ta CTHCHEHHA.
Fobro B KIOBETi YTBOPIOIOTLCS LIapH PiMHK 3 Pi3HUMH ONTHYHHMH XapaKTe-
puetHkamu. [lepiogHuHe mpocTopoBe pO3TallyBaHHS HeOJNHOpPifHOCTEH
npeaopoi pimuHN nopiGHe A0 06’emuoi pudpakuifinoi pewitkn. Crana Ta-
Kol audpakuifinoi pewiTku, T06TO cyMa IIHPHHH NPO30POro Ta HENpo3o-
POTO MPOMiXKiB, JOpiBHIOE MOBXHHI YJIbTPA3BYKOBOI XBHJi Ayss. SKuLO
TaKy pewliTKy OCBiTHTH My4YKOM MOHOXPOMaTH4HOro abo 6isoro csitnia, Ha
expari cnocrepiratimMerbcs AupakiifiHa KapTHHA. YMOBa YTBOPEHHs
AuOpakiifiHIX MakKCUMyMiB Ha eKpaHi BH3HaUae€Tbecsl CNiBBiAHOLIEHHAM

dsing=mA (m==x1, 2, £3, ...). N
Y panomy BUnNaaky d = Ays. Toni
Aysp SIN @ == mA, 2)

Crnocrepemxents audpakitii cBiTia Ha yJabTPasBYKOBHX XBHJAX 3iiiic-
HIOIOThCA Ha yCTaHOBUIi, mokasaHilt Ha puc. 100.

Ha onruunift nasi y gokyci kongeHcopa ocBitmobaua O 3HaXOAHTbeEA
gonimatop K 3 cBitnodinerpom @. Ilapanensnuft nortik cwiTaa, sAkui
BUXOAUTH i3 LLiMHK KosiMaropa B IOPH3OHTAJbHOMY HampsMi, OCBITJIOE
n/IoCKONapaJsesbHy KioBery 3 pinusoio. Jludparytoui npomeni, uio Buxo-
ISTh 3 KIOBETH, 30HpaloThesl JiH3010 L y okanbHifl MUIOLKHI Ta PO3TJsi-
JAIOThCsT 3a AONOMOro0 BiaslikoBoi onTHunoi Tpy6u. ¥ mnodi sopy TpyOu
CIIOCTepiraeThesi KOMbOPOBE 300paxeHH WLiMHHH MPH BiCYTHOCTI y/bTpa-
3BYKOBHX XBH.Jb, [lic/is BK/IOUEHHS TeHepaTopa YJAbTPa3BYKOBHX KOJH~
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BaHb B KIOBETi YTBOPIOETbCSI CTOSiYAa XBHJS MO BHCOTI KIOBETH'
h=mhy/2 (m=1, 2, 3, ...).
3} piBHsHHA (2)

Ayss = mAJsin @. (3

Jna 3HaxomKenHs sin ¢ posrasuemo puc. 101. [Mapanensni npoMeni, mwo
yTBOPIOIOTH MakcHMyM HH(dpaKiii, 36upaiorbes B Touni P GoKajIbHOI II0-
IHHH JIiH3H Ha BiJicTaHi X Bij rosoBHoi ontuuHoi oci. 3 puc. 101 BugHoO, WO

xlIf =tgp=sing “4)
(ockisnbKH KyT ¢ MaJui). [TigcraBasiouu (4) B (3), RicTaHemo
}"yas = m?\.f /x. (5)

IIBuAKicTb y/ABTPA3BYKOBOI XBHJII MOXKHA MifpaxyBaTd, 3HAIOYH YacCTOTY
YJIbTPa3BYKOBHX KOJIHBAHb:

U = AyagV. (6)
Yacrora xonuBaHb reseparopa Y I-76 nopienioe 2 MI'n.

ITopadok sukonanns poboTu

1. 3i6pati ycraHoBKy 8a cxemow puc. 100,
2. 3anoBHHMTH KIOBETY JMCTHJbLOBAHOIO BOJAOK. PiBeHb BOAM MYCHTH

6yt Ha 10 MM Huk4e BHCOTH KioBeTH. KioBeTy Tpe6a BCTaHOBHTH CTPOro

fepneHIHKYAAPHO A0 HampsaMy cBiTioBoro mydka. IIupoki rpaui kioBeru
noBuHHi OyTH unctumu. [IpM BeTaHOBJIEHHI KIOBETH HAa KBapuerpumay ii

~rpefa TPUMaTH 3a BY3bKi rpaHi.
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3. Bin'tocryBatu cucTeMy i AicTaTH BePTHKaJbHHM HepeMillleHHAM Bil-
JIiKOBOI ONTUYHOI TPyOM Ta rOPU3OHTANBHHM MepeMilleHHAM JIiH3H piske
300paKeHHs iJHHH,

4. IToBHicTIO 3aKpUTH WLiNHHY, (iKCylOuH NMOKa3uW HOHiyca MiKpomer-
PHYHOro rBuHTA. [TocTynoBo BifKpHBalOuH LLiJAMHY, AOBECTH il LUHpHHY
1o 0,04—0,05 mm.

5. OsnaifoMHBILHCh 3 GYLOBOIO YJIBTPa3BYKOBOI'O reHEPATOPa, BKJIOWH-

. 71 #oro. I1ixiGpaTn pe3oHaHCHY YacTOTy KOJIHBaHb i 3a IOOMOTOI0 OKYJIfi-

pa BiANiKoBOi ONTHYHOI TPYGH crocrepiratu pisxy JudpaKuifiny KapTHHy.
6. IlepeMimyioun y BepPTHKAJLHOMY HaNpsMi BilUIIKOBY ONTHYHY TPY-
6y, BAMipATH BiCTaHb X MiX HyJIbOBHM MaKCHMyMOM i MakcuMyMamu I,
2, 3-ro nopsiAkiB (iHa MOAiNKY MKaau MiKpoMeTprunoro reuura 0,01 mm),
7. Jsis KOXHOTO MOPAAKY ClIEeKTPa /m i BiANOBiXHOTO 3HaYeHHs X, B3fB-
mH y Ja6opanTta 3HaueHHst A 1 f, OOUHCANTH Ay, 3rifHo 3 dopmydaoio (5)
Ta MBHJIKICTb yJbLTPa3ByKoBoi XBHJi 3rifHo 3 (6).

KoHTpoasHi sanutauwnsg

1. YoMy crosiny yAbTPasBYKOBY XBHJIIO MOXKHA BBaXaTH aMmjiTyaHolo andpaxuift-
HOIO peuliTKOIo?

2. Uomy uepion yanTpasBykoBoi pemiTKr jopiBHIOE poBkuHI O6DKydol, a He cros-
4oi XBHJ?

3. ¥V gomy noasirae m’esoenekTpHunHfi edekt? SIki me icHyloTH MeTonu ofepKaHH
YABTPa3BYKOBHX XBHAb (KpiM mn'esoesieKTpHUHOrO)?

20. BupuenHs moasipH3anii ceitna ‘ :
 [22—24, 3aBonceki incTpykmii]

Horapusayis cgimaea — 1ie BJaCTHBICTb CBiT/a, fKa XapaKTepPH3YETHCSH
fIPOCTOPOBO-YACOBOIO BIIOPAAKOBAHICTIO OpieHTaNii €NeKTPUYHOTO i MarHiT-
Horo BektopiB. Ilix TepMiHOM «nonﬂpusauiﬂ cBitna» pOByMi}OTb TaKOoXK
fpouec ofiepKaHHsi NONAPH3OBAHONO CBIT/I2. 3a/€XKHO Bif BHLIB BIOPAA-
KOBaHOCTi €JICKTPHTHOrO BEKTOPA PO3PisHsUOTH: JiHifiHy, edinTHuHY Ta-
KosoBy moJasipusadii. Jlocutb 3pyuHO 30GpaiKkaTH MOJIipH30BaHe CBITJIO-
3a JONOMOTOIO JIHIIE OJHOTO eJEKTPHUHOrO BEKTOPA, a HOro Xapakrep —
y BHTIIAA4I npoekuii Tpa-
€KTOpii KiHng uboro Bek- Y4 E
TOpa Ha IUIOIIMHY, nep- . 3
NeHIUKYJSAPHY 10 NMy4Ka.
Y BHNaAKy JiHifilHO no-

JNApU30BaHOTO CBiT/Ia Ta- L/
Ka npoekiifiHa KapTHHA |
JOCHTb TIpocTa — L€ Bil- %

pisok npsMoi nix neBHHM
KyToM ¢ IO oiHiei 3 00-
paHux oceél (puc. 102, a).
Kyt ¢ wuasuBaioTh asu-
MyTOM MNOJsIpH3anii.
Haitnomupenimsm Ha ¢
OpPaKTHLI € ¥ACMKOBO_ No- 0
aapusosare csitio. Horo X
MoxHa ysiBUTH Tak. OGe- & .
pemo B IVIOWIMHI, IepNeH-
JUKYJSpHiH [0 HanpaMmy
NOMUPEHHs CBITJIOBOTO MYyuKa, OPTOTOHAJbHY CHCTEMY KOOPJHMHAT x i y-
Ta CIIPOEKTYEMO Ha OCi eJIeKTPHUHi BEeKTOPH B JaHuil MoMeHT. Ilincymyemo.
BCi X -KOMIIOHEHTH i BCi §-KOMIIOHEHTH (pHC. 102, 6). OueBugHo, y BHNIAJKY
npnpo;u{oro CBiT/1a TpH Oy Ab-sIKiii opieHTalii cHCTeMH KOOpPAMHAT Wi ABi:
CYyMH JIOpiBHIOIOTH ONlHa OJHI:

in = Zyl'
¥ BMDajKy 4acTKOBO HOJISIPH30BAaHOrO cBitia 2x; 5= Zy,. HacTkoBo moJs-
pH30BaHE CBiTJIO MOXKHA XapaKTEPH3yBAaTH BEJHUYMHOIO, L0 HA3HBAEThCH

cmynerem noaspusayii P. $IKmo iHTEHCHMBHICTh CyMapHO! X-KOMIOHEHTH
no3nayutd I,, a y-KoMmnoHentd — [, To

P=(,—1),+1)]-100 %.
Hasa ninifiHo nonspusosanoro csitia P = 100 %, a ana npupoaHoro

P == 0. MoxHa 1aTH Take O3HAYeHHS YACTKOBO MOJIAPHU30BAHOTO CBiTJa:
e CBiTJIO, IO CKJAJAEThCA 3 HPHPOJHOI Ta NOJSIPU30BAHOI CKJANOBHX.

Puc. 102

I. Buanaseuns xyra Bprocrepa

Npunaan i Mmatepiaan: 1) ocsitmosau OH-31; 2) miapparma; 3) cknsna
NJIacTHHKA; 4) HeNpo30pa MJIaCTHHKA 3 JieJeKTpUKa; 5) cporoe.uemeﬂ'r, 6) raabBaHOMeTp;
7) noaspoig.
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Teoperuuni eidomocri ra onuc npuradie

Bizomo, 110 4acTKOBa MOJAPH3allis CBiT/ia crocTepira€Thcst MpH BiAs
GuBaHHi BiJ HieJeKTpuKiB. SIKIO OPOMYCTUTH YacTKOBO MOJSPH3OBaHE
CBiTJIO uepe3 aHaJi3aTop, TO NpH oGepTaHHi NPHJAJy HABKOJO HANMpPAMY
1y4Ka iHTEHCHBHICTh CBiTJ/Ia, AKe MPOAIILIO Yepes HbOro, 3MiHIOBATHMEThCS
B MexaX Bill [max A0 Imin- Imax BiIUIOBiZlae po3TaiyBaHHIO I'OJOBHOI IJIOLIY -
HH TONApOifa B3JOBXK OCi Y, @ Jmin — B3MOBX X.

YaBiMO 4acTKOBO TMOJSIPU30BaHE CBITJIO fIK CYKYIHiCTB ABOX JiHifiHO
TIONIAPU3OBAHUX XBUJAb 3 pisHMMH ammaityfamu. Hexaft B ommili xBmai
UIOLIMHA KOMMBaHb 36iraerbes 3 muomuHow naginua (puc. 103, a), a 'y
JPYrifi — 3 MJIONMHOIO, IMEePNeHAVKY/IAPHOW [0 IVIOMHHH [NaliHHSA

- S |
\ i
—{e B
o o <:>L
B B
@ 7
Puc. 103 Puc. 104

{puc. 103, 6). IuTeHcHBHiCTb HIMX XBUJIb NO3HAYMMO Bimmosiaxo [y Ta [,.
Jocniaxyoun sa/exHicTh UMX iHTEHCHBHOCTe! Bil KyTa MaiiHHs, MOXHA
nicratv indopmauiio npo crynine mosnspusauii cBiTaia npu BinGHBaHHIi.
Ko BinGUBalOYy MOBEPXHIO OCBITJIIOBATH MPHPOAHHM CBITJIOM, TO

) I, = Iy + Ioy.
IHTeHCHBHOCTI Mafaluoro CBiTJAa y B3AEMHO NEPNEHAMKYNAPHUX MJIOWH-
‘HaX OJHAKOBi:
Iou = IO.I.-

Binnoeigni iHTeHcHMBHOCTI BiAGHTOrO CBiT/1a NOPiBHIOWOTD:

sin® (@ — B) _ tg® (« —B)
L=l GEerp! =" gGrn -

Hnsi cymapHOi iHTEHCHBHOCTi BiflGHTOrO CBiT/Ia Maemo:

I=-L7 [sinﬁ(a-m 4 et @—p) ]

-2 "% sin® (o +B) tg? (@+6) |°

3 ocTaHHbOI hopMysH BHAHO, o [ = f (o, B). Kytu a i B nos’asani supa-
30M sin a/sin p = n, 1e n — NOKa3HHK 3aJOMJIEHHS BifGHBaIOYOro Jienex-
Tpuka. Ilpu n = const iHTeHcHBHiCTb BiIOMTHX MPOMEHIB 3aJIE}KUTh TiJlb-
KH Bill KyTa majiHHs o. AHa/i3 HaBeJleHMX PiBHSIHb NOKasye, IO KOJIH
o + p = n/2, 10 I — 0, To6T0 y BigGuTOMY CBiT/Ai i€l CKNaxoBoi He Gy-

(9
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Je,a ], == 0. lpu TaKkoMy CniBBiAHOIIEHHI KYTiB Ma€ Miclle MOBHA NOJSPU-~
sanisi BiAGHTOro cBiT/Ia. YMOBY MOBHOi mossipH3allil MOXKHa BHPa3HTH B:
inmif ¢opmi, mop’A3aBmmM ii 3 MOKa3HHKOM 3a/JOMICHHA CepeNOBHILA.
3amiHHBIIM Y 3aKOHi 3aJIOMJIEHHS

sinf = sin ((7/2) — &) = cosa,
XicraHemo: sina/cos a = n, a6o

tga=n="7Vk. (1)

OcranHifi BUpa3 Ha3uBaeThcsA 3akoHoM Bpiocrepa, KyT & — KyTOM NOBHOL
noJspHusanii, abo Kkyrom bpiocrepa.

‘¥ PoGoTa BUKOHyeTbcsl Ha ycTaHOBLi, 306paxeHiit Ha puc. 104. Citio-
Bif Jkepena S npoxoAHTh gepe3 Aiapparmy D, dokycytouy nin3y L i ma-
lae Ha naactuHy /1, sakpinyeny B o60fiMi Ha cToJMHKY 3 JiMOGoM. CTONHK:
oGepraerbecs s 3MiHM KyTa nmafinua cBitya Ha miactuHky. [Ticns BinGu-
BaHHA Bifl MJacTHHKH CBiTJIO momafae Ha (OToeNeMEeHT, SIKUH peecTpye
iHTEHCHBHiCTh NMyuKa. PorocTpyM, nponopuiiinuii iHTeHcHBHOCTI cBiTJa /1,
BHMipIOETbCsA rajibBaHOMeTpoM. [ljf pocaigKeHHs iHTEHCHBHOCTI CBiT/1a-
3 [IEBHOIO INVIOUMHOIO KOJHBAaHb BUKOPHCTOBYETbCA mosapoix N. Jlinis
Ha onpasi DonApoifa No3Hadae Horo rosoBHy miomuHy. Kyr naninns nyy-
Ka BH3HayaeThbcd 10 JiMOy mpH oGepTaHHI CTOJIHKA.

IHopadok suxonanns po6oru

1. BcranoBuTtH JiM6 Ha HYJBLOBY NOMIJNKY NPH KyTi NaAiHHA CBiT/IOBOro-
AYyYKa Ha IUIaCTHHKY, L0 AOPiBHIOE HY.JIO.

2. BuwmipsaTu 3anexHicTh iHTeHCHBHOCTI Bi6HTOro CBiTJIa Biji KyTa ma-
IiHHA o okpeMo mas [y Ta I, 3a nokasamu ranabBaHoMerpa. HampsiM nio-
HIHHH KOJIMBaHb BCTAHOBJIIOETHCS MOJIOXKEHHAM noAsipoina. BuwmipioBanns
3po6uTH B iHTepBasi KyTiB nafinHa Bix 5 no 85°. KyTu aminioBatH uepes.
KoxHi 5°,

3. BeraHopuBumn 3a nonepeaHimMu BHMipIOBaHHAMU 00J1acTb MiHiMajb-
HHX 3HaueHb /|, 3HATH 3anexHictb /| = f (a) uepe3 koxui 1—2°. Buana-
unTH KyT Dplocrepa Ta mokasHHK 3aJoMJIeHHsS miacTHHKH., OGuuenurn Ai-
€JIEKTPHUYHY [POHHKHICTb MJIACTHHKH 3rigHo 3 dopmyJoio (3).

4. BcranoBuTH neBHUH KYT NajliHHA CBITJOBOFO Myyka Ha NJACTHHKY.
OGepraioun monsipoin, BA3HAYHTH MAKCUMAJbHY Ta MiHiMa/bHY iHTEHCHB-
HOCTi BiAGHTOro cBiTJa. 3a HIMMH JaHUMH BH3HAYHTH CTYMiHb noJspu3anii
BiAGHTOrO CBiTJIa NMPU HAaHOMY KyTi MajiHHs.

KonTtpoasvhni sanutanns

1. Unm sinpisusierbes mnoaspusosane cBiTAO Bif npupoaHoro? OxapakTepH3yiite
OCHOBH{i METONN OlepXKaHHA NMOATPU3OBAHOro CBiTIA.

2. $lke posTaulyBaHHSA MUIOUWHHA KOJNBaHbL y BiIGATOMY Ta Sa/IOMJIEHOMY NIPOMEHSX?

-

3. B axiit naouusi konuBaerbcs BekTop E cBiTnosol xBuai, Bipburol Bix nosepxui
IienekTpuka mig kytom DBpiocrepa?

4. fIx posramosauni Bin6utuit Ta 3anoMAeHHH npomeHi npu yMOBi moBHOI nonspH3a-
nil Big6utoro npomens?
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11. lepesipxa 3axony Massoca

NMpunaau i Mmarepiaanm 1) ,us\a nompo'fnu; 2) aim6 13 mxanowo 0-—360"
3) moxcmerp I0—16; 4) nxepeno ceitna OH-18A.

Teoperuuni gidomocri Ta onuc npusradis

Binomo, mo 6yap-sKy JiHilfHO NOJNAPH30BaHYy XBHJIO MOXHA PO3KJIACTH
Ha ABi JiHiAHO NOJNIAPU30BaHI XBUJi 3 B3aE€MHO NMEPNEHIHKYIIPHUMH TIIO-
mHHaMu KoiuBaHb. Hexait mosmsipusarop I1 (puc. 105) crBoproe JiniitHo

-
noJisipu3oBane cBiTIo 3 ammaitygow E;. Aunanisarop A npomyckae KoiH-
‘BaHH#, WO 36iraiorbcs 3 Hanpamom aa’. KyT MiXK TOJTOBHMMH TJIOLHHAMH

- -

‘TosApusatopa i ananisatopa jgopisHioe .. PoskianeMo BekTop E, Ha E,
. g [*]

o 3b6iraetbest 3 HampsivoM aa’, Ta E ), NEpNeHAMKYJASPHHA 1O bOrO

n
£,
Puc. 105 Puc. 106

-
nanpsmy. KonvBaHHs 3 aMIIiTy 010 £ NOTVIMHAIOTBCS aHANi3aTopoM, a 3
-
ammaitypoio £ npoxoAaTh kpisb Hboro. 3 puc. 105 maemo:
E" = EnCOSOL. ‘

-Ane Binomo, mo oxo a6o. doToeseMeHT pearye He Ha aMILTiTyAy KOMHBaHb,
-4 Ha iHTeHCHBHiCTb CBiTV1a, fKa NpPsAMO NMPONOPHifiHa KBaApaTy aMIiTyau
xBuni: [ ~ E2

[Minnocaun Bupas ang E no xBafpaTa Ta 3aMiHIOIOUM KBaJpaT aMiji-
TyId 3HayeHHAM iHTeHCUBHOCTI, aicraeMo 3akon Masoca:

[ = I,cos?a.

SIkmo cBitio nonspusosane, 70 [, — iHTEHCHBHICTh MAJAOYOTO HA aHafdi-
3aTop CBIT/Ia; o — KYT MiXK IVIOLHHOIO KONHBAHHA €JEKTPHUHONO BEKTOPa
CBiTJIa Ta TOJIOBHOIO INVIOUIMHOIO aHaglizaTopa; [ — iHTEHCHBHICTB CBirJa,
fKe TIPOXOAUTD uepe3 aHanisarop (NOTMIHHAHHSA B HbOMY He BPaXOBYETHCS).
Y Bumagky npupoasoro cimia [, — iHTeHcHBHicTH cBiTJIA, SIKE POXO-
JHUTh Yepes [oJspH3aTop i aHajisarop npH mapajeabHHX IOJOBHUX IJ10-
IMHAX; 00— KYT MiXK TOMIOBHHMH IJIOMIMHAMH MNoOJAspu3aropa i aHaxaizato-
pa; | — idTencHBHiCTb CBiTJIa, fIKe IPOXOAMTh Yepe3 HOASAPU3ATOP i aHa-
Jii3aTop (NOr/IMHAHHS B HUX He BpaxoByeTbcsl). Ilpm noaspusauii ceitna
Y DoJIsipH3aTopi BTPA4a€Thes NOJOBHHA iHTEHCHBHOCTI 11aflal040TO Ha HBOTO
cBitna. OTxe, Insl CHCTEMH MOJAsSpH3aTop — aHajizaTtop 3akoH Mauoca
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8aMHCYETHCH TaK:
' I = 0,5k%*]cos? a,

Je [, — iHTeHCHBHIiCTh NaJalOuYoOro Ha aHasi3aTop NPHUPOJAHOTO CBiTaa;.
k — koedinienT MONJIMHAHHA NOJApH3aTOPa Ta aHaaisaropa. lloaspusa-
uifHui npunazn (puc. 106) cknanaeTbes 3 o6oiMH 3 iM6oM, B SKill 3akpin-
JieHo aHajizatop. ITix Helo 3HaXOAUTbCA MOAAPH3ATOP, 3aKpimJieHHW¥ Ha
mwrathBi. JlKkepeno cBiT/1a po3TamoOBy€EThes Mijl NOJAAPH3aTOPOM. HA OCHOBI
wraruBy. [HTeHCUBHiCTh CBiTJa, IO NPOXOAUTh KPi3b MONAPOINH, BH3HA-
YaeThes 32 GOTOCTPYMOM JIIOKCMeTpa, AIKUH 3aKpilJieHo Hafl, aHa1i3aTOpOM. .

ITopadox suxkoranns poboTu

1. YBiMKHYyTH OCBiT/IIOBaY B €JEKTPHYHY Mepexxy. Bcrasosutd Mini-
Ma/lbHy YyTJIMBiCTh JIoKcMerpa (mepeMukau B nosoxenni 500 aGo 100).

2. OGepratoun JiM6 aHaji3aTopa, BH3HAYUTH MAaKCHMAJbHE 3HAYEHHS:
OCBITJIEHOCTi JIIOKCMETpa i BCTAHOBUTH HOBI MexXi HOro wxaju.

3. 3miHo094 1noKasHu JiMGa yepes xoxui 10° B mexkax Bix 0 no 180°,
3HATH TOKa3d 10 ImKaJsi JmokcMerpa. OGepranHs JimMb6a BUKOHATH Y JBOX.
HanpsiMax.

4. Tlo6ynyBaTi B NOJSIPHHX KOOPAHHATAaX 3a/MeXHiCTb iHTEHCHBHOCTI
I Big KyTa moBOpoTy aHaJi3atopa.

KoOHTpoabHi 3anHTaHKHA

1. SIKMMH MeTOJlaMH Ta 33 JIOIIOMOTOI SIKHX NMPUCTPOIB MOXKHA OAEPKATH NOJISHPH30-
BaHe cBiTIO? )

9. TMoscrits 6ynoBy Ta noaspusauiiini srnactusocti npusmun Hikons Tta mosispoina..

3. Sk sMiHHTBCS OCBiT/EHiCTH eKpaHa, SKIO MiXK ABOMAa CXpELIEHHMH NOAspoifa-
MH TIOMICTHTH Tperiii, NUIOIUHA NPONYCKAHHA $KOTO He 86iraeTbCs 3 MJOMMHAMH [PO-
NYCKaHHA MepLIUX JBOX?

11, Busnauenna KoORYeRTPayii postuny yyxpy
3a Jonomoz2ot0 noAApUMeTPa

Npunagu i Mmatepianu 1) ocsitaoBay OU-9; 2) noaspumerp I1-161;
8) xon6u 3 posyMHOM LYKpPY pisHOi KOHUEHTpamii.

Teoperuuni seidomocri Ta onuc npuisadis

OnHUM 3 BaXK/IHBUX Y TEOPETHUHOMY i IPAKTHYHOMY BiJHOWIEHHAX SBHUIL,
MOJIEKYJ/IsIpHOI ONTHKH, 30KpeMa B3aEMOJi] NOJIsIpH30BAHOTO CBiT/Ia 3 pe-
YOBHHOIO, € SBHILE 06epmaHHa naowuHu noafpusayii. BoHo nondrae y
TOMY, 11O TPH NPOXOMKEHHI MOHOXPOMATHYHOrO MOJAPH30BAHOrO CBiT/IA:
yepes JesKi PeuoBHHH 0GepTaeThCs IIOIHHA fioro noaapusauii. e apuuie:
6yJio BUSIBIEHO AJS 3HAYHOI KiNbKOCTi PEYOBHH Yy DPiSHHX arperaTtHHX.
ctaHaX. Taki peuoBHHH HA3BaHO NPUPOOHUMU ORMUYHO AKMUBHUMU DPEYO-
puHami. Jlo HHX HanexkarTb KBapl, PO3UHH LYKpy, CKHNHIap, Kamdopa Ta
psl PO3UMHIB CKJIAAHHX OPraHivHUX cnoayk. JIinifiHo nosspusoBaHe CBiT-
JIO NPH BXOli B ONTHYHO aKTHBHY PEYOBHHY BHACJifIOK B3a€MOMii 3 MoJje-
KyJIaMH mofiiJisieTbest Ha ABi yacTHHH. IIpoMeRi onniel yacTHHH NOAAPU3O-
BaHi MO KOJIy 3a FOAHHHHKOBOIO CTPiJIKOIO, APYTOi ~— NPOTH IOAMHHUKOBOL
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TpinkH. [Ipn BUXON! 3 peYoBUHH CBITJIO 3HOB CTae JiHIAHO HOJAPH3OBA-
HuM. AJle IpH NPOXOJKEHHI Yepe3 PedyOBHHY MPOMeHi 3 KOJIOBOIO NOJAPH-
3auielo MaoTh Pi3Hi MBHAKOCTI, a OTXKe, i pi3Hi (pasH kKoauBaHb. [Ipu ix
CKJIaJaHHI Ha BUXOLi 3 PEYOBHHH PeSyJbTYIOUHH JiHIHO moApH3oBaHU
1IpoMiHb MaTHME IJIOIMHY NOJSPH3allii, TOBePHEeHY Ha AesKHH KyT NOpiB-
HAHO 3 MAJAlOUUM NpoMeHeM. 3HaYeHHs KyTa 06epTaHHA IJIOHIHHH TIOJS-
pH3allii NpH NPOXOIKEHHi uepe3 TaKy DPEYOBHHY 3aJIeXKHTb Bif pisHuui
1UBHAKOCTEH NMOIMMPeHHS NOASAPH30BaHUX 10 KOJY IPOMEHIB, TOBIIHHHM Mia-
Py cepejioBHINA Ta, He3HAYHOIO Mipolo, Bin TeMmmeparypH.

KinbkicHoro Mipoio onTHYHOT aKTHBHOCTI PEYOBHHH € KYT NOBOPOTY ILJIO-
WMHK noaspusanii. Ilell KyT y MOJeKy/sipHO aKTHBHHX PeUOBHHAX (po3-
YHHYM) NPONOPUiHHHI KOHUEHTPAlUil ¢ pEYOBHHH B HEAKTHBHOMY DO3YHHHH-

¢ Kk 17 A 05

Puc. 107

Ky, AOBXHHi ONTHYHOTO WIIAXY CBiTJa B miii peyoBHHi, a TakoX 3aJe-
-2KUTb Bill NIPHPOXH caMOi PEYOBHHH: ,

Q= (POCI’ (1)
Je ¢, — OMTOMA ONTHYHA aKTHBHiCTh. KyT @, 3a/€KUTh Bill JOBXKHHH XBH-
Ji cBiTNa, TEMIepaTypH, a TAKOXK NOCHTb CKJIAXHO BiZl IPHPOAH PO3YHHHHKA
y BHIAAKY HOro akTuBHOCTI. JIOCHTD BaKJHBUM € Te, IO @y 415 AAHOT pe-
YOBMHH He 3aJIeKHTb BijJ ii arperatHoro crany. Bumipasmu @ ta sHaoun
Py i {, MOJKHA BU3HAUNTH KOHLEHTPAL{O NaHOro Po3unHy. SIKIIO XK NUTOMA
ONTHYHA aKTHBHiCTL HeBifoMa, TO KopHcryiouuch (1) i BUMIpSBHIH KyT
ofepTaHHs IJIOMMHN NOJspH3anil posuMHOM BinoMmoi KOHIUeHTpamii, sHa-
XOAATh 3HAYEHHA HeBioOMOi KOHUeHTpalii: 1

= C19/@y. - (2)

‘OckinbKH icHye nucrepcis Kyra obepTaHHS @, TO B Nmpujaajax Aas Horo
BHMipIOBaHHA BHKODHCTOBYIOTb MOHOXpoMaTHuHe cBiTvio. Kyt o6epranus
IJIOMMHY TOJAPH3alii BHMIpIOOTb nosapumempanu. Ilupokoro nomw-
‘peHHA Haly/u TNONAPHMeTPH Al BUMipPIOBaHHS KOHIEHTpalii IyKpOBHX
PO3uHHiB.

Y poGoTi BHKOpHCTOBYeTbcsl noasipuMerp I1-161 3 notpifinum nosiem
30py, ONTHUHY CXeMy SIKOro HaBeieHo Ha puc. 107, ¥ HLOMY 3aCTOCOBaHO
NPHHIMI 3DiBHIOBAHHA sIcCKpaBocTell MOAIJEHOTO HA TPH YaCTHHH [I0JA
sopy. Ioxin noxsi 30py Ha TPH YaCTUHH 3[iHCHIOETHCA BBEACHHAM B ONTHY-
HY cXeMy HOpHJaJy KBapueBoi MJIAcTHMHKH K, siKka 3aiiMae JHIe CepemHio
YacTHHY NOJs 30py. 3piBHOBaXXYBaHHs 10JiB Bii6yBaeTbcs NOGAH3Y 1MOB-
HOro 3aTeMHEHHs MoJis 30Dy, L0 BiAMOoBilae MailKe MOBHOMY CXDeEIeHHIO
NOJIPHU3ATOPA Ta aHaJisaropa.

- IoTik cBiTy1a Bif OCBiT/IIOBaYa 3a KOTMOMOrOIO J3€PKaJjia CIpAMOBYETHCS
Ha opaHxkeBHH c¢BiTnodiabTp P. ITicns HBOro MOTIK noxinseTbess HA TPH
vactund. CepelHa YacTHHA NMyuYKa Nonajae Ha noaspusarop /1 micas npo-
XoJKeHHst KBapueBol nuacTHHKH K, a IBi KpaiiHi — Ge3nmocepenHbO Ha
TonsApu3arop. 3piBHIOBAHHA ACKPABOCTEH MOJA 30pY 8AiHCHIOETbCSA NOBEP-
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TanHaAM aHaxisaropa A. Bursisa nons 3opy B oKyJapi TORAETbCs HA PHC.
108. SAkumo MiX ITOAApPU3aTOPOM i aHA/i3aTOPOM MOMICTHTH KIOBETY 3 pO3-
YHHOM LYKpY, AKUN ofepTae IJIOMMHY NoJaspuaanii, To HyJbOBa PiBHICTb
SICKpaBOCTefl YACTHHH NOJIS 30PY TOPYIUMTLCA. 11 MOXKHa BiXTBOPHTH 06ep-
TAaHHAM aHaJi3aTopa Ha KyT, IO JOPiBHIOE KYTY 06epTaHHA IVIOLMHH TO-
aAsipusanii posunnoM. PisHuua 1Box BiAaikiB, 10 BiANOBifaOTh GoTOMET-
puunift pisHoBasi nonis 3 ONTHYHO

SKTHBHHM PO3YMHOM i 6€3 HBOTO, JIO-
piBHIOE KyTy 0GepTaHHsI IVIOLHMHHU [O- '
JAspH3aiil pOSUMHOM A2HOI KOHIICHT-

anji.
P [lepen nouaTtkoM BUMipIOBaHb KO- Puc. 108
BeTy 151 PO3YMHiB HeOO6XilHO BH-
YHCTHTH Ta TPOMHTH AMCTHJ/bLOBaHOW Bopow. [licna mporo ofMH KiHeus.
KIOBETH SaKPWTH, a Yepe3 APYrufl 3anoBHUTH JAOCHiMKYBaHHM PO3UHHOM..-
3anoBHEeHHS KIOBETH NPOBOAUTHCA HO YTBOPEHHS HA IIOBEPXHi OMYyKJOro:
menicka. Lleit Menick o6GepexHo 3cyBaeThest BOIK, IPH HAaCyBaHHi Ha Tople-
BY YAaCTHHY KIOBeTH HaKpHBHOro cksa. Ha ck/0 Hak/laJa€Tbcsi IymoBa
NPOKJafKa, IKa PHTHCKAETHCS BTYJKOIO 3 Pi3b60I0. Y KIOBETi He OBHHHO
6yTH NOBITPAHOI OyJIbGAILKH.

Tlopadox suxonanns poboru

1. Osnafiomutrca 3 6ynoBoo i mpuHuHnoM Aii moaspumerpa I1-161..

2. IligroTyBatu KiOBEeTY 3 BiZilOMOIO KOHIEHTDAIi€l0 PO3YHHY.

3. BmictuTn y BHPi3 KOJOHKH NpHJafy KIOBETY 3 HUCTHJALOBAHOIO BO-
J010.

4, CnpsimyBaBIIM CBiTJIOBHH NOTiK Bifl OCBiTJlIOBaya 3a JONOMOTOK»
A3epKajsa y MpHJal, 4epes OKyJsAp chocrepiratd (oOTOMETpHYHe mnoJe.
[TepemimenHsaM OKyIsipa SOCATTH pisHOro 3o0paxkeHHs JiHill nofiny moas
30py.

5. O6epranHsiM aHaji3atopa JOMOITHCA DPiBHOMipDHOTO 3aTeMHEHHS
notpiltHoro nosis 30py. ¥ 1boMy Hai6iibIl 4yTIHBOMY MONOXKEHHI HE3HAY-
He ofepTaHHsi aHaJi3aropa Beje N0 PisKoi 3MiHM OCBiTJIEHOCTi noJIiB.

6. PiBHoMipHy 3aTeMHEHiCTb 1OJIs BCTaHOBHTH 3—b5 pasiB, KOXHOTO
pasy 3HsBLIM NOKasH mo HOHiycy rpamycHoi mkanu, Cepepne 3HaueHHst
NPOBEIeHHX BijJiKiB € HYJbOBHM BilJiKoM mpusapny, aGo mOnpaBKOO Ha
«O». 3Hak nomnpaBku (-4, —) BiIHOCHO HYJBOBOTO LITPHXA HOHiyca BBa-
JKa€TheA JONATHHM, SIKIIO INTPHX 3MiMIEHHH 32 FOJAHHHHKOBOIO CTPiJKOIO,
i Bil’éMHMM — SIKIIO NPOTH TOAMHHHKOBOI CTPiJIKH.

7. BCTaHOBHTH Y BHDi3 KOJIOHH KIOBETY 3 PO3UMHOM BifloMOi KOHLEHTpPa--
uii i spoGuti BuMipIOBaHHs KyTa Bianosiauo jio mm. 5, 6. Cnouatky samnu-
CaTH KiJbKicTb MOBHMX IrpajyciB MOBOPOTY IIKanu ananisatopa. Ilorim
niipaxyBaTH KiJbKicTb NMOAINOK Bill HyJs HOHiyca JO IUTpHXa HOHiyca,
AKHE 36iracThes 3 WITPHXOM rpagycHoi mkanu. LliHa nofisky wKanu HO-
“Hiyca nopisaioe 0,1°. S '

8. BcraHoBHTH Y BHpPi3 KOJIOHH NPHJALy KIOBETY 3 PO3UHHOM HeBilO-
Mpi KoHneHnTpanii. 3rigno 8 nn. 4, 5, 6 BU3HAYHTH KyT 00epTaHHA MJIOLHHY
noasipusanii. Takux BUMipIOBaHb 3pOGHTH He MeHI K 5—6. 3a dopmy-
J010 (2) OGUHC/IMTH HEBiXOMY KOHIEHTpalilo.
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Mpumirtka SKmo ontHyHO akTHBHA peyoBuHa ofeprae mromuEny nonspusanil
6inbm Ak na 10°, T0 Tpe6a KOPHUCTYBATHCS MOHOXPOMATHYHUM JKEPEJIOM CBIiTNIA, OCKiMb-
#H €3 UbOTO BYHHKae MoMiTHe 3a0apBAeHHs NMOAiB, 1O YCK/IaJiHioe BCTAHOBJIEHHS (hOTO-
Merpuynol pissocti noais.

Konrpoabui sanurauusg ‘ ;

1. $Iki pedoBMHH Ha8MBalOTb ONTHYHO AKTHBHMMH?

2. Nosicwith dhisuynmit aMicT ABHILA 06epTAHHS NJIOMMHK nmoaspusauil,
3. ILns yoro B noasipuMeTPaxX BUKOPUCTOBYIOTh IIOIIJ 11018 30py?

4. llo Take MHTOMa ONTHYHA aKTHBHIiCTL i Bijl YOro BOHA 3a/ICXKHTHL?

IV. Jocaidaxcenns ontunoi anisorponii
npu mexariynux depopmayinx

Npunagu i matepiaanm 1) onruyna nasa 3 HaGopom peiitepis; 2) Ha6ip
cBiTa0dinbTpiB; 3) ABa HiKOJi B OGepTanbHUX oupasax; 4) C/IOAJHA NIACTHHKA Y 7BEPTh
xBRJIi B oGepTaibHik onpasi; 5) ocsitmosay OU-18; 6) ipucosa aiadparma; 7) sbupanbua
JAinsa; 8) 3pa3ok mieKcHraacy (OpramiyHe CKJIO) B ONIPaBi 3 PYXOMMM 3aTHCKaueM)
9) expau.

Teoperuuni 6i00MOCTi TQ ONUC YCTAHOBKU

Y 6ararboX i30TPONMHHX TiNax (CKJIO, MAEKCHIVac, GakeJXiT Ta iHiui
noniMepH) mMix jiel0 MeXaHidHHX Aedopmaliit (CTHCK, pO3TAr) BHHHKae
onTUuHa aHi3oTponis i MOB'si3aHe 3 Helo NoJBiitHe HPOMEHE3aIOMNEHHA —
doronpyxuicte. Ilpu opHoBicHiit Jepopmauii (nmanpHkaaz, oxHOBicHHI
CTHCK) i30TpOnHe Ti/io Ha6yBaE ONTHYHHX BJIACTUBOCTEH, XapaKTEePHUX R/IA
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Puc. 109 Puc. 110

OQHOBICHUX KPHCTa/liB, Yy fKHX BH3HAYAJbHUMH € IBa IIOKA3HHKU 3aJ10M-

DEHUS My i Ne.

Ilnst Manux ONHOBICHUX CTHCKIB BHKOHYeThes NiHikHUE 3aKoH Bplocte-

pa ’
An =n,—n, = ko, (1)

Je An — BeaMuHHA NOABIHHOrO HDOMeHe3aJOMJeHHs, ¢ = F/S — Mmexa-
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HiuHa Hanpyra (THcK); k& — xoedinienT doronpyxkuocT! pevoBHHH (cTasa
Bprocrepa).

Hexait na 3pasok peqoamm y dopmi mapaneeninena (puc. 109) nazae
JinifiHO mossApH30BaHe cBiTI0 B HanpsiMi oci 2. [1nomuHa Ko/MBaHb BEKTO-
pa A ytBopioe 3 Biccwo y (Bich amisorporil — HanpsAM CUIH THCKY) KYT .
Bennununa

o = F/S = F/ld = const. 2)
Pnsnnuﬂ a3 cBiTJIOBHX KOJMBaHb B31OBXK Oci y 1 epneHAUKY.IApHO A0 Hel
= 200 (I/A) (no — 1), A (3)

" e A\ — IOBXKHHA XBI/LHi nafaouoro ceitaa.

Ha nincrasi (1) — (3) micraemo:
k = An/o = (Ad/2xF) §. _ (4)
-BusHauenns pisuuni ¢as sfificHioeTsea Tak. Ha 3pa3ok nagae ainiAHO
TIOJISIpH3OBaHe CBIiTJIO (BeKTOp Z) B3foBX oci z (puc. 110, a). Toxi nepen
3paskoM (z = 0)
x = Asina cos of = acos of,
y = Bsina cos of = b cos wf. (5)
Ha nosxuni spaska (z = 1) B31OBXK oci y da3a 3aMiHIOETbCA Ha BeJIHYH-

Hy 8. Toxi samicrb (6) MaTuMeMO TaKi piBHAHHS KOJHBaHHs enempuqﬂnx
BEKTOPiB MPOMEHIB, L0 NPOHIIIM Kplab NJaCTHHKY:

=qcos @f; Y = bcos(wt+ ). (6)
3 pisusHb (6) 3HaXOAMMO:
x2/a® 4 y?/b*—2xycosb/ab = sin?§. (7

Orxe, nicna BUXOLY i3 3pasKa pPeyoBHHH JiHIHHO MOJS9pH3OBaHe
CBIT/IO cTae eMinTHUHO HoAspH3oBaHUM. [Ipu o = 45° (ak y poarasaysa-
HOMy BHNaAKy) @ = b i, OTXKe,

x% 4 y? — 2xy cos § = a? sin? d. (7a)

SIk BHIHO 3 puc. 110, 6, KiHeup eNeKTPUYHOTO BEKTOPA XBUJI OmHcye '
enine, BnMcaHHil B KBaApar i3 cTOPOHOIO 2a. Bick edimnca yTBopme 3 OCAMH
x 1 y kymn 45°, Vloro gopMa BH3HAYaEThCA plSHHHelO das §; npu Beix 3na-
yeHHAX O TOJIOBHMMH ocsMu eJinca € oci x' i y'.

Onepmany eNiNTHYHO MONSAPH30BAHY XBUJIIO MOXKHA 306pasHTH Y BH-
I‘J‘lﬂlll CYMH J1BOX B33€MHO NIEPNEHAHKYJISPHHX KOJHBAHb B3JOBXK OceH x’

iy (pisHuus (as Mixk HHMH 0D iBHIOE a/2).

SIKWOe pO3MICTHTH Ha WWIAXY CBIT/IA INIACTHHKY B YBEPTH xsuai (Ha-
cnpaBai il BHrOTOBJASIOTH Takow, wWo A - nd = (m + 1/4) A, ne m —
1¥Je unenao) Tak, wob il rogoBHi HanpsAMH 306irajnHcs 3 TOJOBHHMH OCAMH
eninca, To pisuung ¢a3 KoMHBAHb CKOMIEHCYEThLCH, i CBITJIO 3HOBY CTaHe
JiHi#HO NOMsIPH30BAHUM, NPU IIOMY IIOUWMHA KOJHBaHb OyIe mOBepHYTa
Ha jgesku# Kyt ¢ (puc. 111),

$Ik Bumuo 3 puc. 111,

tgo=0'1a’. , )
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Jloxkuun nisocefi eninca a’ i b’ MOxHA 3HaiTH Nic/iA nepeTBOpeHHs pis-
Hauus (7a) (noBepHysum oci Ha KyT 45°). Ha ocHoBi BitomMux 3 anasiruy-
HOI reometpii ¢OpMyJ HepeTBOpPeHb HiCTAEMO:

an = ay; cos? o 4 a,, sina 4 2a,, sina - cos a,
Q92 == Ay, SIN* @ + ayy cOSE ot — 2a,, sina - cos L.
Ilpn a = 45°
an=1—cosé i ap=1-cosb.

Pre. 111

Puc. 112
Pasom 3 M aj; = 1/a", ax = 1/b"%. Orxe,
tgp = b'ja' = }—J‘r_—g-%_:_% — g 8/2.
BBiAKH
6 = 29, ©)

10670 pisnung das 8 nopisHIOE NOABIAHOMY KyTOBi IOBOPOTY ILIOIMHH KO-

JTHBaHb, a6o, IpakTH4HO, TNOABIKHOMY KYyTOBi IIOBOPOTY aHaJjisartopa,
SIKHH BH3HAYa€ IO IVIOIHHY.
YeranoBka Juist BUKOHaHHs po6oTH (puc. 112) ckiranaeTbes 8 posmine-

' HEX Ha onTHuHil naBi 10 oceitoBaya 1, cBiTaodiabTpa 2 (hep = 550 HM),

ABoXx HiKosiB B ofepTaibHifl onpapi — moasipusaropa 3 i aHanisaropa 8,
npeca a4 neopMauii 3paska §, IJ1acTHHKM 7 B YBEPTb XBUJIi B o6epTa/bHii
ompasi (A = 550 uMm).

~ ITiacuaenus i nocnab/ieHHs CBITJIOBOTO IMy4yKa (iKCYIOTbCA 33 3MiHOIO
ocBiTiieHocTi ekpaHa 9. Pyxoma niapparMa 4 i 36upaJbHa JiiH3a 6 € AO-
MOMiXKHHMH IIPHCTPOSIMH.

Bci eneMeHTH yCTaHOBKHM MOXKHA INepeMilllaTH B3J0BXK ONTHUHOI JIaBH

3a jgonomorolo peiitepiB /1. Po6oTa BHKOHYETbCA B 3aTeMHEHOMY MNpHMi-
LIeHH] .

llopsadox suxoranus poboTu

1. Busnauumu 20408Hi Hanpamu CAOOSHOL NAGCHUKKY 8 48EPMb X8UAL.
1. PoamicTHT Ha onTHuHiA naBi cBiTJaOQiAbTP, NOAApPH3ATOP — Hi-

Koab (BiH 3akpiniienu#i B onpasi Tak, mo BiaMiTka «O» BinmoBinae BepTH-

KaJIbHIfl ILIOWMHI KONHBAHb), nia@pamy, s6HpaNBHY NiH3y, €KpaH.
2. YsimkayBUm OCBiT/IOBaY, AicTaTH 32 AOMOMOrOI0 JiH3H pisKe 300pa-
¥KeHHS Aiadparmi,
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3. PosmictuTtn Ha naBi ananisaTop Tak, mo6 BiH 6yB cxpelleHHiH 3 MO~
JSPU3aTOPOM; NPH HBOMY OCBiTJIEHiCTb eKpaHa MOBUHHA GyTH MiHiMaJjbe
HOIO. ‘

4, Po3MicTHTH MiX CXpelleHUMH HiKOIAMH MJIACTUHKY B UBEPTh XBUJI
i 3HOBY IOMOITHCSl MiHiMaNbHOi OcBiTJIeHOCTi ekpaHa; 3adikcyBaTH Bif-
MOBifHY MOAiNKY Ha ompaBi IVIACTHHKY. BH3HauuTH 4YOTHPH Taki Mmoo~
JKeHHsl IJIaCTHHKH, BHKOHATH Kpec/JeHHs NJIacTHHKH i NPOBECTH mpsimi,
fIKi 300paxKalorb i1 TONI0BHI HampAMHU.

5. [ToBOpOTOM MJIACTHHKH HOCSIFTH TOTO, 100 i1 FOJIOBHI HaNpsIMH CTa-
HOBHJIH 3 IUTOWHHOIO KOJIMBAHb KyT 45°, i omepxatd CBIiTJIO, MOJISIPH30BaHe
no KoJy.

Il. Busnawumu roegpiyicnm chomonpysxcrocmi naekcuenacy.

1. BcTanoBHTH NOJASPH3ATOP B MOJOXKeHHS «45», 1106 MJIOMIHHA KOJH-
BaHb My4Ka cBiTJ1a, siKe Majia€ Ha 3pa30K, CTAHOBHJIA 3 Bicclo aHisoTpomii
3pas3ka Kyt 45°.

2. 3HATH 3 ONTHYHOI JIaBU MJIACTHHKY B 4BEPTb XBHJIi; BCTAHOBHTH Yy
BIAMOBIAHUM peiiTep mpec i3 3pa3KoM MJIeKCHrJacy i AicTaTH 3o6pa>xemm
3paska Ha ekpaHi.

3. 36iabIMBIIM HABAHTAXKEHHST HA 3pa30K (33 BKa3iBKOO KepiBHHKa
3aHSATB), LiCTaTH eJNiNTHYHO NOJSPU30BaHe CBIiTJIO.

4. Tlepemimyroun npec y310BX BepTHKaJi i BHKOPHCTOBYIOUH PyXOMY
niadparmy, BHAITHTH NiNISHKY 2pa3Ka, Ha skili edexr iHTepdepeHuii ro-
JISIPH30BAaHHX IIPOMEHIB, 1[0 NPOHLIIHN Yepe3 3pa30K, BUPaXkeHHH HalCHIb-
Hime (MPH CXpeleHHX HiKOJIAX OCBIT/ICHiCTb TakKoi HiJIAHKH, 1O MOKJIH-
BOCTi, NMOBHHHa 6YyTH HalGiJabIION; iHTEHCHBHiCTb CBiT/a, 3BHYafiHO, 3a-
JIEXKHUTh Bifl pi3HUII TOJOBHHX HanpyxKeHb ¥ opieHrtauii mojspusaropa i
ananisaTopa BiIHOCHO Oceff TOJIOBHHX Hamnpy»KeHb). BuGpaBum Taky Ai-
JITHKY, 3MEHIINTH HABAaHTa)KeHHSI Ha 3pa30K JO HYAS, i IepeMillyioun
JOTIOMiKHY JIiH3y, AicTaTH Ha eKpaHi pi3ke 300pa’keHHs Aiadparmu.

5. Ha mnaxy cBit0oBoro ny4xa NocTaBHTH NJIaCTHHKY B UBEPTb XBHJi
TaK, Wo6 oauMH 3 1i FOJOBHHX HanpsaMiB GyB pPO3MilleHW B MUIOHIMH{
KOJIHBaHb CBiTJa, MO Majae Ha 3pa30K; CXPECTHTH HiKoJi (noBepTaTH TiAb-
KH aHa/lis3aTop; MoJIsSIpH3aTOp BCTAHOBJIEHO HA MOAILi «45») i nepeBipuTH
3a OCBIiT/IEHICTIO eKpaHa NMPaBHJBHICTb YCTAHOBKH TJIACTHHKH (AuB. 1. 4
3apiaHHs I).

6. 36iabiuyloul HaBaHTaXEHHA Ha 3pa3oK, MOBOPOTOM aHaJji3aTropa
AJISl KOXKHOFO 36i/IbUIEHHS] HaBaHTaXKeHHs (OCTAHHS MpoleAypa perjamed-
TYeTbCs BKa3iBKaMM KepiBHHKA 3aHATb) IOMOITHCA MiHiMaJbHOI OcBiT/e-
HOCTi eKpaHa; NpH [bOMY KOXHHIT pa3 diKkcyeTbes No mKajai KyT NOBOPOTY
aﬂanisaTopa Qo (p =, — @), Te ¢y i Py — KYTH, fIKi BiANOBigaIOTH HO-
YaTKOBOMY i HACTYMHOMY MOJIOXKEHHAM aHalisaropa; & = 2¢.

7. To6yaysard rpadik sanexuocti 8 (F). 3a kiJbKOMa TOUKaMH rpa-
dixa i dopmyoo (4) obuncautn KoedinieHt doronpyxHocTi k.

8. IlpoananisyBatH MOXJTHBi MKepeaa moxu6GOK BHMIPIOBAHb.

Konrpoabni sanuraunsa

1. Ik nosicHioeTbCA MOABifiHE MpOMeHe3aJOM/IEHHS B KPHCTaJax?

2. SIk no6ynoBana mojaspu3auifiHa ApH3Ma — HiKOJBL?

3. OxapakrepuayiiTe TN HaNpaBJeHAX 30BHiHIX 36ypeHb, AKi 3yMOBIIOIOTL MOST-
BY IITYYHO! ONTHYHOT aHiserponii.
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4. SIX eKCnepHUMEHTAJbHO BiApisHuTH: a) IPHPOAHE CBITJO BiA MONSPH30BAHOTO MO
xony; 6) ainifino monspn3oBaHe CBITMIO BiX eMimTHYHO NOJASPH3OBAHOTO?
5. ¥ womy noadrae inrepdepeHuis nOASIpH30BAHUX NPOMEHIB?

21. BuByeHHs reoMeTpUYHOT Teopil ONTHUHUX 306paKEHD
[22, 25, 3aBomChKi iHCTPYKIii]

Ontuyni 306paxkeHHs1 AicTaloTh 3a JOMOMOIOI0 CreliafbHUX ONTHYHHX
IIPUCTPOIB — ONTHUHHUX CHCTEM (CYKYMHOCTI JiiH3, J3epKaJ, NPH3M TOLIO).
OnrtuuHi cucreMu 3aBJIAKH 3aJIOMJIEHHIO T2 BillﬁI/IBaHHIO CBiTJIOBOI XBH.JLi
3MIHIOKTb 1T GopMy i 06MexyIOTE QPOHT XBHJ. SKINO ¢BiT/I0BI MpoMeni,
AIKi BUXOJIATH 3 NEBHOI TOYKH S, B pe3y/braTi BiIOUBaHHA i 3aJOMJIEHHA B
onTHyHI# cucremi cxoasiThes B Touni S, TO OCTAHHS HA3HBAETHCA.ONTHY-
HUM 300paxeHHAM (abo MpocTo 300paKeHHSM) TOYKH S.

B reoMerpuuHill ontHni ToYka, IO CBiTHTbCS, i CBITVIOBHH NMPOMIiHB €
MaTeMaTHYHUMH TIOHATTAMH. Ceimaosuti npomiHs — JNiHiA, B3XOBXK SKOI
HOIUPIOEThCA CBiT/IOBa eHepris. $IKIO NMpoMeHi BUXOAATb 3 OXHiel ToukH
a6o 36MparoThCs B OAHIH TOUIL], TO MYYOK HA3HUBAETHCH 20MOUYEHMPULHUM.
3o6paxeHHs, YTBOPeHe FOMOLEHTPUUHHM ITyYKOM, HA3HBAETHCS TOYKOBHM
abo crmuemamuunum. 300paxeHHs, YTBOPEHI MEPETHHOM CAMHX MPOMEHIB,
HasuBaoThes OlticHumu. 300paxkeHHs, YTBOPEHi [IePeTHHOM reOMeTPHUHHX
TIPOLOBXKEHb IIPOMEHIB, HA3HBAOTLCS YAGHUMU.

SIKIIO LeHTPH KPUBU3HH MOBEPXOHb ONTHYHOI CHCTEMH JIEXKATh Ha Of-
Hifi npsamif aiHil, To onTHYHA cHcTeMa Ha3MBAETbes Koaxciaabroto. 1110
npaMy JiHil0 HA3WBaOTb 20.206HO/0 ONTHYHOW Biccio, IIpominp, mo mo-
IIMPIOETbCA B3JA0OBX TOJNOBHOI ontHuHOi oci cHcTeMH, MpPOXomuTh yci ii
nosepxHi 6e3 3a7OMJIEHHSA.

Beintike 3HaueHHs B reoMeTpHuHifl Teopil ONTHYHUX cHcTeM i 306paXkeHb
MaloTb napaxciabui NpoMeHi, AKi NPOXOAATh HeCKiHUeHHO OJHU3bKO A0
onTHYHOI oci abo mix AyXe MaJUMU KyTaMH Jio Hel.

1. Buanauenns 2010810% oxycnoi eidcrani
36upanssrix i PO3CIIOBANBHUX NiH3

[Tprnnanu { maTepianu 1)onTnuna JaBa 3 NOB3yHKaMH JJIl PO3MIilIEHHs
ocBiTIOBaya, ekpasa i niu3 (a6o Ix cucrem); 2) Ha6Gip 36MpPaNbLHUX Ta PO3CiIOBANBHEX
TOHKHX J1iH3; 3) ocBiT/iOBay i3 3aKpinieHHM Nepes, HUM NpeiMeToM, 306paxeHHs AKOro yT-
BODIOETBCA Ha eKpaHi; 4) expad i3 mKamor.

Teoperuuni 8i0omocTi Ta onuc npusradis

Jlinza sBise cobo0 ONTHYHO Nposope Tino, obMexeHe 3 JIBOX GOKiB
3aJIOMJTIOIOUMMH TIOBEPXHAMH. SKINO BiacTaHb MiK OOMeXYIOUMMH TNOBep-
XHsIMU B IleHTPi J1iH3M HabaraTto MeHIIa 3a pajaiycd I1X KDHUBH3HH, JiH3a
HasHBaeTbcsl MoHKo. JIiHan GyBatoTh 0soonykai (36upasnbHi), dsosenymi
(poscitoBanbHi), naockoszrnymi (poaciioBanbHi), onyxaoseHymi (36HPanbHi
i poscitoBanbhi). Paniyen xprBH3HH cepHuHUX MOBepXOHb, SIKi oGMe-
XKYIOTb JiH3y, R; i R, NOB’si3aHi 3 MOKa3HHKOM 3aJIOMJIEHHS] PEYOBHHH
JHH3K 1 i roJIoBHOIO GOKYCHOW BiacraHHIO ii F TakuM CHiBBiZHOLISHHAM:

= 1/F = (n — 1) (I/R, — 1/R,). (1)

Baxaupoio BractuBicTio NiH3 € X 3faTHicTb AaBard 306paxenus. [lpu
1IbOMY A/ TOHKHX JIiH3 20408Ha GhoKycra ei0cmane iX F ionmuuna cura D
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o’ s13aui 3 BigcTanaMu fo npenmera d i 10 306paken s [ cniBBigHOMEHHAM
«+ D = % 1/F = 1/d & 1/f. )

Y it dopmyti 3HAK «+» BiLNOBijae 36HpaibHifl, a 3HAK ¢—» — PO3-
ciloBasbHi# Ja1iH3aM.

[nst fOCHiRHOrO BHSHAUeHHS TOJOBHHX OKYCHHX BiXCTaHell TOHKHX
niH3 (260, 1x CHCTEM) BHKOPHCTOBYIOTb ONTHUHY /1aBy I 3 HIBTOpaMETpOBOlO
wkanow 2, nida noxinku sxoi 1 MM (puc. 113)

Ha nagi SaKpll'IJIIOGTbCH IIOB3YHOK 3 OcBiT/IIOBaYeM i CBiTHUM npeame- ‘

ToM 3 (OCBiTJIeHa eeKTPHYHOO JIaMIIOI Xiadparma 3 OTBOpaMH, PO3TAILO-
BaHUMM O KOHTYPY CTPiJIKH); NMOB3YHOK 38 JOCJiJKYBaHOWO JiH3010 4 T4

J T
' d ., £
2z : |
I\QW‘ ."“”.”llllllllllllll‘ll.llqﬂ ’\\\ hl
Puc. 113 ' & [
A h |
4 | VA T
ﬁl d’ f’)
: 1
i ~ ; .
Puc. 114 e

NOB3YHOK 3 eKpaHoM 5. Ha nosaynkax e Bisuphi NnoKaxunky, sa ZOTIOMO-
ToI0 SIKHX BH3HAYA€THCS NOJIOXKEHH: NOB3YHKIB BiAHOCHO 1IKAJIH ONTHYHOL
siaBH. JIiH3K I IpeMeT YCTaHOBIIOIOTH TaK, W06 UeHTPH ix 6yau posraruo-
BaHi B3/I0BXK ofHi€l ocboBoi MiHii. IIpaBubricTh ycTaHOBKH nepesips0Ts
nepeMillleHHAM JIiH3H B3JOBXK ONTHYHOI JaBu. IpH Takomy mepemimenHi
LleHTp 300paXkeHHs Ha eKpaHi He NOBHHEH 3MillyBaTHCS.

st xapakTepHCTHKH 300paxkeHHs, YTBOPEHOro JiH3010, KpiM fioro
[IOJIOKEHHA NOTPIGHO 3HATH i po3Mip aobpaxkenns. 3a O3HAUCHHAM IOme-
peuHoro 36inblIeHHA Ta 3 puc. 114 MoxHa 3anucaTH, IO

I' = h/h' = dJf,
8 nworo Bupasy
d= (h/h')f.

Ckopucrapmuch dopmynoo (2), 3HaliieMo 3B°s30K po3MipiB npeaMmera Ta
fioro 3006paxeHHs 3 (QOKYCHOIO BiJCTAHHIO JIIH3H:

=(/(h+H)f (3)

ze h i h’ — BianoBizHO poamipu npeaMeTa Ta Horo so6pakeHHA Ha eKPaHi.

Busnauenns cdoxycHoi Bigcrasi qiH3u 3a dopmynamu (2) i (3) norpe
6ye BUMipIOBAHHS KiJbKOX BEJMUMH, INO BIVIMBAE€ HAa 3HAYEHHA UOXHOKH
pe3y.JbTaTy LbOro HENpsAMOro BHMipIOBaHHA.
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Beccens po3poGuB MeTon, BHMipIOBaHHﬂ 'F 3 10cHTB BelUKOW TOUH{CTIO
3a PaXyHOK 3MEHLIeHHs KiNbKOCTi 3MiHHHX BequunH. EkcrepuMenTanbHO
Horo spificHiolOTs Ha ycTaHOBII, sofpaxeniit Ha puc. 113.

Busnauaiors BifcTanb L MiX npeiMeToM i ekpanoM, Ha AKOMY HiCTaioTh
piske so6paeHHs npeaMeTa NPH NeBHUEX BijctaHsix d i f (puc. 115). [Torim
nepeMiIlyioTh JiH3Y B iHile NONOXKEHHA | 3HOBY AicratoTb pisKe 306paeH-
Hs1 TOTO CaMOrO NpeMeTa Ha TOMY CAMOMY eKpaHi, aje BiKe IIpH-HOBHX Bif-
crauax d' i f'. BumipsABIuM BifcTans MiXk XBOMA NOCAIIOBHMMH ROJOXKEH-
HAMHM niH3u [ i sHawouu L, MoxHa oGuueautu F.

'lf £
|
|

Puc. 116

Tlokaxkemo 1e. OckinbKH B 060X BUNAJKaX Ha eKpaHi 306paxeHHs
yTBOpIOBaJioCs 3a AONOMOTrowo Tiel caMoi JiHsH, TO 3 hopMyau (2) MoxHa
3anucaTH:

di/(d =) = d'f'/(d" + [') =F, (4)
3 pncnya BupHO, o d +f=d' + ' = L; orxe, \
fd=fd, ()

d'l-—d—f—f =1; sBiged d' =1[-+d, a ['=f—1. Migcrapumo ul
3HAYEHHA B O): fd— Ff—0({ +d) a6o

f—d=1L
OT)Ke, It f i d MaeMo cucTeMy piBHAHB
f—d=10 fd+d=

posa f3aBlIK 9Ky, HictaHemo: f= (L + 0)/2; d = (L—1)/2. HmCTaBHMO
Ii sHaueHHs B (4), TOAi

F = (L* — I%)/4l, 6)

PoacioBanbHi niH3M He AaloTh AificHOTO 306paXkeHHS NpPeIMETa Ha eK-
pani. ¥ upomy BUNanky Ajis BU3HadeHHA (DOKYCHOI BiicTaHi posciioBalb-
HOI JIiH3H CTBOPIOIOTb 30HPaJIbHY IEHTPaJIbHy CHCTeMY i3 poacioBajbHOi i
a6upaJibHoi ain3. [1pu npomy Ha ekpani AicTaloTh AiHcHe 306paXKeHHs npek-
Mera. Om‘uqﬂa CHlIa TaKOl CHUCTEMH JiiH3 BH3HauyaeTbhca (OPMYJOI0

1/F, = |/Fy + 1/F, —d/(F,Fy)), - )

ze F . — tdoxycHa Bifcranb cucremu Jin3; F;, F;, — doxychi Biacrani jius,
0 BXOAATH B cHCTeMy; d — BincTaHp MiX TOJOBHHMH IVIOIHHHAaMH JiH3,
3 AKHX CKJIafacThCA CHCTeMa. FIKIO JiH3U JOCHTh TOHKI i TOPKAIOTHCS OHA
o1HOo1, TO d MOXKHA BBaXKaTH TaKHM; 10 J0piBHIoe Hy/mo. Toai onTHyHa: cuaa
CHCTEMH. JiH3 JOPiBHIOE CyMi ONTHUYHHX CHJ JIiH3, fIKi BXOAATb JO Hiel
CHCTEMH.
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Moxua spobutu it inakme. ITixGupaiors nonomxmy 36HpaNbHy JiH3Y
8 ONTHYHOK CHJION, GiIBLIOK HiX Y po3ciioBanbHOl J1iHaH. 32 JONIOMOroIo
uiel 36upanbHOi MiH3W AicTalOTh HA eKpaHi RificHe so6paxeHHd mpeaMeTa
(puc. 116). Tlorim Mix expaHOM i 36HPaJIBHOIO JiH3010 NIOMIIIAIOTE POSCito-
BaJbHY JiH3y Ha BijcTaHi d Bix expana. Ilpu npomy plsxe’ 306paKkeHHH
sHuKae. [lepemilyoun ekpan Ha BiicTaHb [ BiA posciloBa/ibHOI JiH3H,
3HOBY JIicTaioTh piske 300paxeHHs npeaMera. OcKiJibKM poOJb NpeiMera
A5 posciroBaibHOI JiH3H BiZirpae 3o6pakeHHs, YTBOpEHe 3a JIONOMOIoOI0
86upanbHOi JiH3H, TO AJs PO3ciloBa/bHOI JiH3H

: F =df/(f — d). ®)

Ilopadox surkonanns poboru

L. Busnauumu 20108rYy @orxychy 8i0cmarns 36upareHOl AiH3U.

A.BumipoBaHHaM Bijcrane# npexametra I
ioro BoOGpaxeHHA BiJg Ai”3H

1. PosmicTuTn €KpaH Ha ROCTaTHLOMY BimgasieHui Bij cBiTHOrO mpeg-
MeTta. BeTaHOBHTH MiXK HIMH NOB3YHOK 3 JIiH3010 i NOBiJbHO NepeMilnyBaTi
foro no oxepxkaHHsl Ha eKpaHi piskoro soGpaxenns. 3apikcyBatd 1O
IIKaJ/i NONOXKEHHA JiH3H, NpelIMeTa i eKpaHa.

2. 3MiHHTH TNOJOXEHHS eKpaHa i MOBTOPHTH Jociaia. BumipioBaHHs
NPOBECTH He MeHWI K 3 pa3n mpH Pi3HHX NOJOXKEHHsX NpeaMeTa, eKpaHa
i ninsn.

3. Kopucrytourics dopmyJioio (2) Ans 36upasbHOi JMiH3H, PoO3paxyBaTH
roJIoBHY (JOKYCHY BiACTaHb /ISl KOJKHOIO BHMipIOBaHHs, 3HAlTH cepejHe
sHaueHHS F i noxu6Ky BUMipioBaHHS.

b.3a posmipamu npeamera, 306paxeHHsn |
BijcTaHHw 3o06paxeHHsd BIijg JAiH3H.

1. TlomictuTn MiH3y MiX expaHoM i cBiTHEM npeaMeroM. ITepemicruTn
OCTaHHI# JI0 OZiep3KaHHs CHJIBHO 36i/IbLICHOrO PisKOro 306paeHHs.

' 2, Bumiparu poamipu so6paxenns b’ i Bigcraun so6paxkenns’ Big ain-
su (poaMipu npexMera h 3anani). BumipioBanHa nposectd 3 pasu g pis-
HOr'O IIOJIOKeHHA €eKpaHa.

3. Hus koxHOI cepii BuMipioBanb o6uncauTty F 3a dpopmy.toro (3), 3Hali-
TH JIOr0 cepenHe 3HAYeHHs i OGUMCIUTH HMOXHOKY BHMIpIOBaHb,

B. Metonom DbBecceas.

1. PosmicTduTd NpefMer i eKpaH Ha ONTHYHIiK JaBi TaK, 106 Bmcraﬂb
Mix HEMH GyJia Giabioio sa 4F (opieHToBHO).

2. TlomicTuTi NiH3y MiXK npeamMeroM i eKpaHOM TaK, o6 Ha expam
6yJi0 piske g6isibulene 306paxeHHs NpeaMera. 3a¢nxcyaam Ile [OJIOXKEeHHA
AiH3R 710 IIKaJi ONTHYHOI JIaBH.

3. 'He Topkaioun npeaMeTa i eKpaHa, 3HafiTH APYTe NOJONEHHA JiH3HU,
NpH SIKOMY YTBODIOETbCA Pi3Ke, ajle 3MeHIeHe 306paKeHHA NMpeAMETa Ha
expaHi. {le nonoxkenns Takoxk sadikcysaru mo mwKani.

4, BusHauuTH BiacTaHb / K Pi3HHIUO JBOX Sa3HaYeHHX NepeMilleHb,

15. Bumipsartu Bigcranb L Mix eKpaHoM i npeaMeToM.

-6, 3miguTH BifCTaHbL MiX €KPaHOM i IpeaMeToM. \

7. Bu3HauuTH cepefHe 3HAUEHH: F 8 prOX BHMlplOBaHb npH pisHUX
L i [ 3a ¢opmysowo (6). ‘
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8. O6uncanTH MOXHGKY BHMipIOBaHb.

11. Buznauumu 20a06nYy oxycuy eidcmare poacuoea/zbuoz ALH3H,

A.MerosoM cTBOpPeHHss 36HpPaJbHOI LEHT-
PaabHOI CHCTEeMH. ' '

1. Ha yeranoBui, mo aaethcs Ha puc. 113, Busnauutu Metogom Beceens
(oKycHY BigcraHb 36upaibHol JiH3W (n. B 3aBpaunsa I).

2. 3akpinuTu B ONHi#l onpaBi poscitoBanbHYy JiH3Yy 3 HeBinoMomw dokyc-
HOIO BificTaHHIO i 36HPaJBHYy 3 BigOMOIO.

3. Buanauutu ¢okycHy Biactanp cucteMu F, i 3a dopmyneio (7) o6-
YHCAHTH QOKYCHY BifcTaHb poscioBanabHOi ainsu. Hocnizn npoBeetn nas
TPbOX pi3HMX 3HauYeHb d.

b. MetojgoM mnoaBifinoro ®OKyCYBamuHSH.

1. Poamictuts Ha onrTiuHiH J1aBi MiXK IpeaMeToM Ta eKpaHoM 30HpaJb-
Hy JiH3y 3 JOBiJIbHOIO HeBimoMolo GoKycHo0 Bixcranmio. Jieratn piske
300paxKeHHd mpexMera i BUMIPSTH BiACTaHb Mix JIiH30I0 Ta eKpaHOM (ue
6yxe d AN PO3CIIOBANBHOI JIiH3H).

2. Mix 36upaJIbHOIO JIIH30K Ta €KPAHOM posmc'mm poscitoBaNbHy
Ainay. Tlepemimyious ekpaH, aicraty piske 306paKeHHs NpexMeTa. {

3. BumipsiTi BiACTaHb MiX PO3Cii0Ba/IbHOIO JIiH30I0 i HOBHM [OJIOXKEH-
HAM eKpaHa (ue Gyne f nns posciropaaphol Jinsu). 3a dopuyneio (3) o6-
unCaUTH QOKYCHY BiACTaHb PO3CIIOBaILHOI JIiH3H.

4. O6uncauty NoXuGKKH BuMipoBaHHA oKycHOI Bifcrani posciioBaib-

HOI JiH3M o6oMa MeTofaMM .iI NOpPiBHSATH 1X Mix co6oi0.

KounrTpoapui sanuranusga

1. Busectu ¢opmysu ainsu (1) 1 (2).

2. YoMy He MOMHA TOUHO BUBHAYHTH (OKYCHY mncmm, onTHYHO! cneTeMu 3a GopMy-
fioro (2) saBjanng I?

3. Yomy meron Beccemst Tounimmit sa npsmi sumipioBanns d i f/» Un sacrocosuuil
Mmerox Beccens past roBeTHx sina?

4, 1[0 Ha3uBAIOTh ONTHYHOIO CHMJIOIO JNiH3HM i B IKHX OAVHHUAX ii Bnmiplom-b'-’

5. 3 AKOI0 WBHAKICTIO | KYAU PyXaeThCs 306paskeHts IpeMeTa, KO BiH piBHOMIp-
HO Bifizanserpcs Bif JiH3HM 3 WBHAKICTIO VP

6. Lo HasuBawThb 36iNbUIEHHAM AiH3KH? SIK BH3HAyaTh 36iMbIIEHHS ONTHYHOL CH=~
cTemMu?

I1. Bustasetins-zoa08n0i oxycnoi sidcrani chepunnux dzepkan

Mpunangu i maTepiann 1)onruana nasa s mKaiow; 2) Brayre i onykane
A3epxaia Ha miAcTaBkax; 3) ekpa; 4) oceitmoBay; 5) cnuns gosxuHow 40—50 o i ai-
ameTpoM 2—3 MM Ha mifctapui; 6) cnuua poskmunow 40—50 MM i piamerpom 10 MM
Ha migcTapui.

Teoperuuni sidomocti ra onuc npuradia

: CheprunuMH K3epKaiaMH Ha3HBaIOThCA BiJuoJipoBaHi noBepXHi YacTHH
cdepy, fAKi n3epKanbHO BiabusaioTh cBitiio. ChepHuni A3epkaia GyBaioTh
BrHYTHMH i ONYKJHMH: Y NepmoMy BUNaJKy J3epKalbHA NOBEPXHA 3Bep-
HyTa JO LEeHTPa KPHBH3HH, B JPYIOMYy — B NIPOTHIEXKHHA GiK.

Jns Bu3HayeHHs (oKycHOI BiicraHi F B reoMeTpHyYHiil omFuui BHKOPH-~
CTOBYIOTH CIIiBBi{HOIIEHHA AN OCROBUX MPOMEHiIB, fiKe IOB’f3ye Bi/CTaHb
Bifl CBITHOI TOYKM IO moJjioca A3epKania d, BiACTAHb BiX 300paxeHHA 1O
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J3epKana f i paniyc xpuBH3HH 13epKana R:
1/d + 1/f = 2/R. 1

1/f—1/d=2/R. @)

“$lxuo npenmer HeckiHueHHO Bigjasnenuil (d ~» oo), TO NpoMeHi napasesbHi
roJIoBHI# onTHyHif oci, i Toai 1/f = 2/R, 3Bigku

Jas onykaoro asepkana

F =f=RJ2. 3
3 ypaxyBanuam (3) dopmyay (1) MoxKHa nmepenucaTd Tak:
1/d + 1/f = 1/F. 4

®opmyan (1) i (4) € ocHOBHUMH 151 JOCJiAKeHHS chepHUHHX A3epKal,
33 HUMU 3HAXOASTH OJHY 3 TPhOX BeJqHuHH d, f, F, Akuo ABi inwi Bigomi.

KpiM 1poro, MoxHa CKOpDHCTATHCA CHiBBiZHOLIGHHSM MiX pO3MipoM
qpeamera h i Horo sofpaxeHHaM h':

hiR' == (d — F)/F = F/(f — F). (5)
Sasnaueri Bulle GOPMYyJH cnpaBeiHBi s napakciaJbHUX MpoMeHiB.

Iopadox 8uxoHanHs poboTu

1. BusHnauumu 204081y (Pokycry sidcmans 8eHymozo cheputrnozo 03epra-
Aa 06'ekmusHum memodom.

1. Hdasepxano, npeamer AB i ekpan E xns ofepkanHs AificHOro so6pa-
JKeHHS! TpeiMeTa YKPiMHTH Ha pedtepax ontuuol siaBu. [lo mikanai nasu
pusHauaru Bigcrani d i f 3 TounicTio Ao 1 MM. SIK mpeaMer MOXKHa B3SITH

.CTPiJKy, BHpi3aHy B OCBiTJIIOBaui.

d

A

8

BAAAMIANNNANNNY

Puc. 117 Puc. 118

2. Po3amicTnTH npeaver Bij A3epKaJa Ha BiAcTaHi, Giabwii 3a nogsifny

dokycny Binctanb. IlepecyBaioun expaH, AictaTh piske 306pameHHS

npeiMera Ha ekpaui (puc. 117).

3. Bizpaxysatu no mkasui Bifcrami d i f.

4. BumipaTi BHCOTY npeamera A Ta BHCOTY 3o6pameﬂﬂa k.

5. Habausntn pesiMeT N0 J3epKana, 3HOBY 3HaiTH pisKe fioro so6pa-
>KeHHS Ha ekpaHi i BuMipsatu d, f, h, '.

6. Jlocaix noBroputd 5—7 pasis, sMmiHiOlOuH BiAcTaHi npeiMera 1o

A3epKana.

165



7. Kopucryioyuch tbOpMleaMH (4) (5) odqncnmu cepenHe 3HAYCHHA
F. O6Guuciutd aGCoJilOTHY 1 BIXHOCHY NOXHOKH BHMipIOBaHHS.

8. IlopiBuATH 3HaueHHS BifHOmEHb po3MipiB 300paxeHHs 10.poamipis
apenMeriB. IlepeBipuTH, 44 He CHOTBOPIOE. A3ePKajo 306paKkeHb.

I1. Busnauumu 20208HY (hOKYCHY 8i0CMAHL ORYKA020 03¢PKAAG MEMOO0M
sidcymruocmi naparaxca.

1. TlocTaBuTH OmyKJe A3epKajto B peiiTep ONTHYHOI JIaBH.

2. Ha ontuunifi oci A3epkana Ha Bifcrani 20 cM Bif HbOTO BCTAHOBHTH
ciunio AB piamerpom 8—10 MM (puc. 118).

3. BcraHoBHTH 3a J3epKanoM Ha BiJCTaHi Hafkpaioro GadeHHS Bif
oka apyry coumio Cn Jiamerpom 2-—3 M.

4, IlepecyBatu cnumo AB B3JI0BXK TOJIOBHOI ONTHYHOI OCi ONyKJIOrO
I3epKajia JOTH, IOKH 306paxkeHHs cnuui AB B onykaoMy J3epKasi icnu-

‘ui Cn He 3HaXOIWTUMYThCSl Ha OXHiH Bijcranmi Big OKa cnocrepiraua.

. OJHOT,

Le cranerbcsi Toai, KOMY SHUKHE PisHUIA Mix so0paxeHHaM cnuui AB B
onykjomy Asepkadi i cnuneio Cn npu 60KoBOMY NepemilleHHi OKa crocrepi-
raya BiZHOCHO TOJIOBHOI ONTHYHOI OCi OMYKJIOrO jA3epKana.

5. Bumipsitu Bigcraui d i f. 3a ¢opmyJoro (2) obuncantu F.

6. 3minutu Bigcraup d cnuui AB Bix A3epkana i MOBTOPHTH AOCiR
(5—7 pasis).

7. O6uucauTu cepenue 3HaueHHsa F. OGuucautu aGCoJOTHY i BifHOCHY

* MOXHOKH BHMipIOBaHb.

KOHTpOJIle 3aNHTaHHA

1. Yomy npu mpoBefienni focaifis Tpe6a craBuTH npeaMer Ha BiAcTawi d > 2F?

2. SIke 306paxeHHs YTBODIOETBCS Y BrHyToMy Asepkani mpu F <d < 2FTa upa

F > d? [e BoHo 3Haxoautbes? [lo6yayBatu 806paKeHHs /IS BCiX BHNAAKIB.
3. SIki J3epKajtia Ha3WBAIOTHCS BrHYTHMH, IKi ONYKJIHMH?
4. No6yaysaTh 306paxkeHHst B ONYyK/AOMY A3epKaji NMpH pisHHX Bifjamennsx npej-
MeTa.
5. Ile 3acTOCOBYIOThCS J3epKajia?

I, Bue4enna mikpockona i 30posoi Tpy6u

INMpunagu i matepiauau 1) mikpockon; 2) ocsiTaoBay; 3) oryaspuHuil

. Mikpomerp; 4) of’extusuu#t Mikpomerp; 5) Maclurabua JiHifika; 6) onTuuHa (abo soposa)
' opy6a; 7) crinuuit macwrab; 8) pynerka.

Teopetuuni sidomocri Ta onuc npuradis

Oxo MOIUHK 3AaTHe Po3pisHATH ABi OGMM3bKI TOYKM OKpeMo OfHA Bif
AKUIO iX BHAHO NiJ KyTOM 30pYy He MeHIue OAHi€l KyTOBOI XBUJIMHH.

- Kyt sopy moxua 36inbwnTH, HaGauKaouK npeamer 10 oka. Ilpore ue ne
' 8aBXKIM MOXJIMBO (HanpuKJaj, A1 aCTPOHOMiYHHX o6’ekriB). Kpim Toro,

icnye oOMexeHHSI 4iTKOro cnocrepexeHHs MNpeiMera 1IPH HabiuKeHHi
fioro 110 oKa BHACMiJOK iCHYBaHHS IpaHHIi akoMoZanii oKa.

POSLUHPPITPI MOXKJIHBOCTi OKa MOXKHa 3a ZOMOMOTOIO pISHOMaHlTHHX Ooll- ‘

THUHKX NPHJaAiB, Bif NpOCTHX JH3 (1ymM) JO CKIaIHHX IXHIX cuCTeM.
st 36iabuenns Kyma 3opy PH POITIAAL APIGHUX OG’€KTiB Clykarth MiK-
POCKOIH, a [pH PO3IJIAni MaKpOCKOMiYHHUX, aje BifAaJieHHX od’emm —
30poBi TpyOU (TesecKomnH).

166

TIPO30POIO MJIACTHHKOIO,

Mikpocxon B cyuacnux Mikpockonmax MoxHa BHAIMHTH IBi
'4aCTHHH: MeXaHiuHy i ontuuny (puc. 119). Jo MexaniuxHoi HajexaTh oc-
goBa I, Ty6ycorpumad /0, reunT 11 ana rpyboro GoxycyBaHHA MiKpocko-
na, NpeIMETHUH CTONHK 5, TyOyc 8, ipucoBa Aiadparma 3 ias perymo-
BaHHA OCBIiTJIEHHS 00’€KTa, MeXaHi3M TORKOrO (OKycyBaHHS MiKpocKona
12, peBonbBep 7 3 3aKpiMICHHMH B HBOMY 06’ekTuBamu. ONTHYHA YaCTHHA
CKJIaJlaeThCA 3 J3epKaja 2 i KonpeHcopa 4, 3MiHHHX 06’ €KTHBIB 6 Ta OKYyJisi-
pa 9. lizepkano 2 3 BHyTpimmHiM cpiéneHHﬂM Mae ZBi cTOpPOHH, Ha OfHiH 3
HHX — IUIOCKA BiAOHBaiOua NOBePXHs, a Ha APYrif — yruyTa. YrayTe
JI3eDKaJI0 3aCTOCOBYEThCS Y MiKpO-
cKomnax cjgabkoro 36iabineHHs Ge3
KOHJEHCOpa, a ILJIOCKEe — pasoM 3

KoHJeHcopoM. OCHOBHe NPU3HAYEHHSA

OCBIT/IIOBa/NbHOI CHCTEMH MiKpPOCKO-

1la — CTBOPEHHs piBHOMIpHO OCBiT-

JIeHOro 10/ 30pYy Mikpockona. Kpim

TOro, Po3jifibHA 3JaTHICTb MiKPOCKO- Wrmmnﬂ
1|

”’%n”]”"

na 3ajexuTb Bij anepTypu 06’eKTH-
Ba (IOJIOBHHA KyTa MiX xpaiiHiMu
DPOMeHAMH, 1O YT Bif 06'eKkTa JI0 |
KpaiB 06’exTuBa). diadparma 3 Kom-
JeHcopa 4 Bijirpae posib 3pauka BXO-
Iy KoHZleHcopa. Bowna 3o6paxkyerbes
y dokaybHif 3agHil nuousi 06’ eK-
THBa. lle 306paxenns ii okyaspom
Mickpockonma Jae 3padoKk BHXORY
BCHOr0 MiKpoCKomna. 3MiHIOIOYH OTBip
ipucoBoi miagparmu, MOXKHa BIJIHBa-
TH Ha PO3Mip anepTypu O0G’€KTHBa,
{10 AOmnOMarae yCyHyTH 3afiBe po3-
cisiHe cBiTyI0. O6’eKTHB ABJAE COGOIO
CKJafHy 6araTosiH3oBy ONTHYHY CH-

‘ '"mumnnuuuu 0

\HHIII"NIIIIIIIIIHM
(

. creMy (10 12—13 niun3), noMileny B

onpasy. 'onoBHY posp B ofepxanui 36iabuieHoro 3o6paxeHHsa Bigirpae
flepenHs, a6o Tak 3BaHa (GpoHTasbHA JiH3a, iHII XK CJAYXKaTb IS YCyHEH-
HA' HeJoMiKiB 306pakeHHA | Ha3HBaIOTbCA KOPErYIOUHMH,

O6’ektnBH MikpockoniB — koporkogoxycui (1,5 MM i Ginbwme), a ix
a6inblrenns JexaTb B Mexkax Big 10 mo 100.

Okyasip siBisie cO6OI0 CKAAAHY JyNy, X0 SIKOI BXOJUTH BEpXHS OKOBa
JiiH3a 1 HHKHA 36upanbHa. JIiH3H po3TallioBaHi Ha Bijcrani, IO JOpiBHIOE
niBcyMmi iX ¢doxycHuX BiacraHe#l. Ila onTHYHAZ CHCTEMa TaK0X MiCTHTBCSH
B onpabi. OkpeMi OKyJIfApH 3a6e3NEUYIOTLCH OKYAAPHUM MIKDOMEMPOM —
Ha sIKifi HaHeCceHO MKajy 3 NeBHOIO LiHO MOAiJ-
Kd. PoaMimyiors okyJaspHHiII MikpoMerp moG6aH3y ¢(OKaNbHOI NJIOWHHH
oKyaapa, OKynsp BHIOTOBJISIOTh 3 (OKycHMMH BiicraHsamu Bix 0,85 no
12 em i s6inbwennsm Bix 2 po 25.

Ilin6upaioun pisui 06'ekTuBH i OKysspH, 36inbluieHHs MiKpockona
MOXKHa 3MiHIOBaTH B INMPOKHX MeXax.

HocninxyBani npeaMeTs KiaaayTh Ha NpeAMeTHRI CTOAMK 5. SIKWO BOHH
nposopi, cnocrepexeHHA BeACThCA B NPOXiJAHOMY CBiTJi i OCBiTMIeHHS
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3/LIACHIOETbCA 32 ONIOMOTOI0 i3epKaa 2 i KOHaechpa 4. Henposopi ripen-
MeTH croctepiraiorh y Binutomy civii npu ocpitienHi ix 8 Goky 06’ek-
THBa& 3a JOIIOMOT0I0 CI'IelllaJ'IbHOI‘O OCBiTJIIOBAYa.

O)
05 "
A
Ji] £ '

Puc. 120

TIpunuunianbHy cxeMy Mo6yiOBH 306paeHHs B MiKPOCKOMNI OAaHO Ha
puc. 120. HocnimkyBanui npeamer AB posmuuy}mb Hejajeko 3a GoKy-
coM 0o6’extuBa Fy. Vloro HatypaspHa ninifina pennunna h. O6’eKTuB nae
36iJblIeHe nepesepHyTe nificHe 3o6paxenns npexmera A;B; 3a noapifinum
¢dokycoM 06’ekTHBa. BenuunHa 306pa>xemm h,. Tlo BiZHOLIEHHIO JO OKY-
i . Jasapa 306paxKeHHA
i

o] A;B; € npeamerom.

i/ OkyJasp Ppo3MillyiOTh
- R o Tak, o6 306pa>er§m

i \V Ig A.B; mnonagano Mix

J #loro ONTHUHHM IeH-
Puc. 121 TPOM i HOKYCOM.
‘ Orxe, KiHlleBe 30-
GpaxeHHs h, Gyde yaBHUM 1 BigHOCHO npemMera AB TNepeBepHYTAM i
361J1bIlIEHHM 3o6paxenna A,B, 3HaXOZUTbCA Ha Biacrani HaBKpaworo
6aueHHs.

BuBenemo copMmyay ans 36inblueHHA MiKpockomna. TloaHauuMo 36imb-
IIeHHs OG’€KTHBAa k;, OKy/apa kg, a 3aranbHe 36i/blieHHs MiKpockona
k. 3 puc. 120 maemo:

ky = hy/h = 0,B/O,B; ky= hy/h, = B,0,/B,0,;
k = hg?h = OlBl . 32027013 . 3102-

Ilo6 36inbmeHss Mikpockona 6y/J0 MaKCHMaJbHO MOXKJ/HBHM, 6epyThb
0,B = F;; B,0; = F,. Ilpu upomy OBy = F; + 6, ne 6 — BiACTaHb
MiX roIoBHAMH POKyCaMH 06’eKTHBa | OKYJ1Apa, sKa NPaKTHYHO JIOPiBHIOE
JoBxkuHi Ty6yca Mikpockona. [TosHauuMmo BiicraHb Hafikpaumoro GaueHHs
B;0, = L (L nna nopmanbHoro oka nopiBuioe 25 cm)., Ockinbku F; & 6,
TO MOKHA BBa)katH, mo O,B; = & — onTHYHA JIOBXKMHA MiKpockona, OT-
xke, opMyna 36i/bIeHHsT MiKpOCKONna HabHpae TAKOro BUIVIARY:

k = kyky = LO/F,F,. | (1)

BaxnHBOI0 XapaKTepHCTHKOK Mikpockona € Horo sjaTHiCTb AaBaTH
posxinbHe 306paxeHHs ABOX CYCiZHiX o6’eKTiB. Posdissna sdamuicme
Mikpockona, fiK i BciX ONTHYHMX NPHUJafiB, o6MeikeHa XBHJILOBOIO NPHpPO-
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Zoo cBita (llﬂ(bpaKIlII/IHHMH SIBHIlaMy) - 3asexuth auwe BiA wucsosol
QANEPTYPH. 06’ektuBa A i JOBKUHH cBiT/I0BOT XBHaI A. UHC/I0Ba amepiypa
o6’ekTHBa A BU3HAUaeTHCH BXIAHHM 3payKRoM 06 €KTHBA, ﬂmm obMexye
KOHYC [POMEHIB, IO BXOIATb B 00 €KTHB.

Bpaxysapu, wo IJIOMKHHA 306pakeHHs, fKe CTBOPIOE - 06’ €KTHUB, Jie-
3KHThb Ha BijcTaHi, 3HayHO Ginbmill HixX Aiamerp 06’eKTHBA, IPOMEHi y IpoO-
cropi 306paxKeHHs MOXKHA BBaXKaTH napaselbHHMY. 3acrocosqun top-
MyJH $payHropepoBoi nn@paxuu Ha anepTypHii IiapparMi 00’eKTHBa,
JicTaloThb BHpa3 A posmnbnox 3jaTHOCTI MiKpockoma:

=0,61A/A. : 2)

Orxke, sk BuminBae 3 dopMyan (2), po3mijbHY 34aTHICTH MiKpocKorna
MOXKHa nifBUIIUTH, 36GijbLIyIOYH dYMCIOBY ameptypy o0’ektuBa A aGo
3MEHIIYIOUM JOBXHHY XBHJI A. UacTo a5 36ibLieHHsA anepTypH 06’eKTHBA
TIPOCTip MiXK 06’eKTOM i (POHTANBLHOIO JIIH30I0 3aNOBHIOITh iMepcifiHOO
piauHow (iMepciitne Macao 3 n = 1,515, Bosa, BOAHHI PO3YHH TJilepH-
#y). [Ipu npomy ameptypa 36inbmyerbcsl B 7 pa3. IHoai pJda 36isablueHHs
po3fiibHOi 3paTHOCTI MiKpockona BHKOPHCTOBYIOTH yJ/brpadioserone
OCBiT/IEHHS.

Jlnsi mpakTHYHOro BH3HAYeHHS PO3AijbHOI 3xaTHOCTI MiKpockona i 30-
POBHX Tpy6 KOPHMCTYIOTHCA IITPUXOBUMM TeCT-TaGIHIUSAMU — mipamu.
Ultpuxoea mipa siB/isie coGolo rpyny ciMeiicrs (KBagpartiB), NMoO-pi3HOMY
poaMilllennx y Burasaai Martpuii. ITpuxu ciMeficTB y KOXHOMY pAIKY
OpieHTOBaHi OJIHH BiIHOCHO OAHOTO Nix KyToM 45°. ¥ MexkKax ofiHOTO ciMelicT~
Ba WITPUXH NapasieibHi 1 0HaKoB 3a mupHHow. Takux rpyn cimelicrs 6y-
Bae, fIK npaBuJio, 16 a6o 25. Ulupuna WTPHXIB BiX rpyny Jo rpynu 3po-
€Ta€_ y reoMeTPHuHiii mporpecif.

OckisbKM PO3AiNbHA 3AaTHICTD MiKpocKkoIla 06MexeHa, T0 i fioro 36iJb-
IIeHHS TaKOXK 06MeXeHe NEBHUM MaKCHMYMOM, AKHH Ha3HBalOTb KOPHCHUM
36inblieHHsM. Po3paxynku nokasylotb, o KopHcHe 36i/billeHHs MiKpoc-
KoNiB He Moxe mnepesumyBatu 1000,

Bax/HBOIO XapaKTEpPHUCTHKOIO MiKpockona € raubuHa piskoro 3obpa-
2KEHHA.

Teomerpuuni Toukn 06’ekta (puc. 121, Touka A), 110 JeXKaTh B MVIOLHHI
S, Ha sAKy cOKYCOBAHO MIKPOCKON, NMPOEKTYIOTbCA B MJOWMUHI 306pa-
xennsi 8’y surasni roukn A'. Touku B i C, ki nexartb HUXK4e Bix nio-
1uH GOKyCcyBaHHA abo Buille BiX Hel, TPOEKTYIOTbCS Ha IVIOWMHY 306pa-
XeHHs1 y BUNJIsIAL KpyriB poscisiunda. Yum nasni Toukd B i C Bia niowuun
(oKycyBaHHs, THM GisbiuM Gyle KPYr po3cisiHHS. Wlap, ans nommHK"
SIKOTO KyTOBa Be/MYHHA KPYTiB PO3CIsIHHA HE nepeBulilye POSAIIbHOL 3jat-
HocTi oka, cnpuitMaerbcsl piskum (wap BC). Voro ToBMIMHY Ha3HBaroTh
TeoMeTPUYHOI0 INIMOHMHOW 306paKeHHd b:

b = 2L/k2. 3

Ortke, npu 36i1bmeHH] 2 MBHAKO 3MeHIIYeThcA IIMGKUHA piskoro 306pa-
HEHHS.

3oposi Tpy6u Ilpuram, aki xawors aMory poarnsifaTi mpef-
METH, U0 3HAXOASThCA Ha 3HauHil BIILCTaHl Ha3UBaIOTh TEJIECKOMiYHHMH.
Jlo HUX HanexkaTh Taki, WO BHMIPIOIOTh KOOPAHHATH PYXOMHX Linel,—
JaJbHOMIpH Ta BHCOTOMipH, BeJIMKa Ipyna reofe3HYHHX NPHJIajiB: HiBe-

r
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_ aiipH, TeomoaiTy Ta iHii, 332 ZOMOMOrOI0 AKMX BH3HAYAIOTH KOOPAHHATH TO-
90K Ha 3eMHil nopepxHi. Bigpisnse TeneckonmiuHi cHCTeMu. BiA iHIUMX OMO-
THYHHX CHCTEM.Te, IO NPOMeHi B CHCTEMY BXOLATL Y BUIVISAAI NapaJsiesibHOro
nyyka i BUXOZATb 3 Hel TeX y BUNIAAI NMapasebHUX HYUYKiB.

IIpemmern crnocrepiraioTbest y BUIVIsIAI 306pakeHb, YTBOPEHHX ONTHY-
HOIO  CHCTEMOIO, MiJ, 3HauHO GiJbIIMMH KyTaMH, HiX NPH PO3TIsAiaHHI iX
HEO36POEHHM OKOM,

Ha#inpocrima Teseckomniyna onTyuHa cHeTeMa CKIAJAEThes 3 JABOX eJle-
MeHTiB: 06’€KTHBA Ta OKYyJspa. [licTaTH napasenbHiCTh CIpsKEHUX MYUKiB
npoMeHIB y npocropi, npeaMeriB Ta 306paxKeHb Y MPOCTOPI MOXKHA JIHIIE

~
)

‘Puc. 122

TOZ, KoMK 3a]Hi PoKyc 06 eKTHBA 36iraeThes 3 nepeaniM GoxycoM oKys-
pa. OnTuusa JOBXKHHA TAKOi CHCTeMH ROPiBHIOE cyMi OKYCHHX BijcTaHed
06’ekTHBa | OKyJIsIpa.

SIKo B OKyJApi BHKOPUCTOBYETBCA NOJATHA cHCTeMa JIiH3 a6o OnHa
JiH3a, WO Jae o6epHeHe 306paKeHHs, TO TaKa ONTHYHA CHCTEMA HA3HBAETh-
csi cucmemoro Kenaepa (Hanpuk/aaj, 30poBi Tpy6H TreofesHYHHX Ta acTpo-
HOMiUHHX NpHUJIajiB).

Slkimo B okyasApi BHKOpHCTaHa Bin'emua JiiH3a a6o cucreMa JiH3, TO
TaKa ONTHYHA CHCTeMa Ha3uBaerbed cucmemoo Ianrises. OcHoBHe 11 3acTo-
cyBaHHA — GiHOKJ. BoHa jae mpsiMe 300paeHHs, XapaKTepPH3YeThCs Ma-
JIUM TosieM 30py. ITeBHOIO NmepeBaroio Takoi CHCTEMH € CKODOYEHHS! ONTHY-
Hol JOBXHEH Bceiei cucremu. IIpH OfHAKOBUX (hOKyCHUX BiacTaHsiX 06’eK-
THBA Ta OKyJspa cucreMa [anizes koporwa 3a cucremy Kensiepa ma isi
¢doKycHi Bigcrari okyaspa.

I'o70BHUMM ONTHYHHMMH XapaKTePHCTHKAMH TEJIECKOMIUHOl cucTeMH e:
BuAuMe 36ijbmieHHss N, mone 30py [3, 36upanbHa siatHicte Tpy6u C,
posainbHa 32aTHICTH TPYOH.

30posa Tpy6a CK/IajaeTbes 3 NOBrodoKycHOI Nin3H, oGepnex{ol JIo npen-
mera (06’ekTHBa), i okyJsapa (puc. 122). O6’ekTuB Jiae AilicHe, MepeBepHyTe
i aveniene sobpaxenns A,B, npeavera AB.

Oxy/1s1p BUKOHYE POJIb JIYIH | Na€ YsiBHeE, npsiMe i 36isbineHe 306paxen-
Hsl o0 A;B,. 300paxeHHs 3HaXOAUTbCA HA BilcTani HafiKpailoro Gayes-
g L (25 cM).

KyTtoBe 36inbuiennss 30poBol TpyGH

= tga/lg B,

Ae o — KyT, MiJ AKHM 300pakeHHA NMpelIMeTa PO3TIsifaeTbCsi B 30DPOBid
TPYGi; P — KyT, NiX AKUM NpeaMeT BHIHO HeO3GPOEHHM OKOM.

17¢

SIxmo 3oposy TPYOY HaBeJleHo Ha Heckinuenuicts, 10 0;B; = Fy;

0,8, =
tga = AzB2/Osz = AIBI/O2B]_;
' tgﬁ = AB/OlB = A2Bl/0131'

N = tga/tgp = A,B,/0,B,; A,B,J0,B, = F,JF,. 4)
OcHOBHi XapaKTepPUCTHKH TeJeCKOMiYHKX chcTeM (36inblueHHs KyTa
30py, BeNHKa PO3i/bHA 3faTHiCTb, BEJHMKA CBITJIOCH/Ia) 8anexaTh BiA -
AKOCTI Ta fiamerpa ixHiX o6’ekTuBiB. JiaMeTpu CBiT/IOBHX NYYKiB Biano-
BifaloTh JiaMeTpaM BXiZHOro Ta BEXigHOTrO 3paukiB., Bximuu#i spauox Bu-
BHAYAE€TbCH HiaMeTpOM 00’€KTHBA TeJECKOIIYHOT CHCTeMH, SIKMH MOXKHA
36i/IbIIYBaTH, BHXOAAYM 3 KOHKPETHUX YMOB 3acTocyBaHHs. Buxinuuii spa-
YOK 51K 306pakeHHS ONpaBH OG’€KTHBA, CTBOPEHOTO OKyJSpOM, He MOxe
©yTH 6iJbLINHM 32 JiaMeTp 3payKa oka. Tomy 36i/bLIEHHS KYTa 30PY CHCTEMH
6yzne NMpAMO MPOMOPUifHAM 3HAUeHHIO JiaMeTpa 06’eKTHBA. SKIO 306pa- :
2KeHHS BifZlaJleHOro 06’eKTa criocTepiraerbcs okoM (a He gororpadyernes), -
TO ONTHMaJIbHE 30pOBe BpaxeHHA («30pPoBa ACKpaBicTb») Gyne TOAi, KOJIH
3payoK OKa LiJKOM 3anOBHIOETECSH KOHYCOM MpOMeHiB, fIKi NPOXOAATHb
gyepe3 KOXHY TOYKY 300pakeHHA, [Ipu npoMy 6yle JOCATHYTO MaKcUMaJb-
HOI sSICKpaBocTi 306pakeHHS Ha CiTKiBIi OKa, AKY He MOXHA 36iJbLIHTH
JKOJHUMH JONOMiXKHHMH ONTHYHHMMH 3aco6aMHM, OCKIIbKH O6ylb-AKi NyyKkH
CBiTI2 3 BEJVKOIO anepTypolo o6GMeXyBaTHMYTbCS Ti€lo camoio liadpar-
MOIO — 3pagKOM OKa. S6uparvra sdamuicms TENeCKONi YHO1 CHCTEMH BH3HA-
YaeThes Bi{HOIIEHHSAM MJIOMmi MOBepXHi 00’eéKTHBA A0 MJIOMLi 3pavyKa oKa:

3siacu

C= Soﬁ/s . (5)

Ioaem 30py Ha3nBawoTh HalGiablly KYTOBY BiACTaHb, IKY OIHOYAacHO
BHEHO B Tpyby

tgp =S/ (6)

Tpu manux kyrax § = S/I (B — B panianax), re S — Hafi6inbwIa NOBXKHHA
BUAMMOlI B TPYOy HacTHHH MaciuTabHoOl WKaja¥ (B CaHTHMeTpax), miasiue-
Hol Ha Bigcrani [ Bix o6’ekTHBa TPYOH.

Po3aninbea 3patHicTb 30poBUX TPY6, Tak camo fIK i Mikpockoma, oGMe-
eHa aBHIeM audpaxuii. Po3paxyHkH NoKasyioTh, MO Po3difibHa 3AaT-
HicTb TpY6H R BH3HauyaeTbecs CMiBBiAHOLWEHHSAM Mix aneprtypoio D tpy6u
i nosBxkHHO XBHJAT 'cBiTaa A. Orxe,

R =k (D/A), i )]
Iie k — xoedinient nponopuiknocri (¢ = 0,41 . 107°). Uum menma anep-
Typa, TMM CHJbHIIUMA BmiMB Audpakuii i meHwe R.

Hopsadox sukornanns poboru

A, Mikpockom

I. Osuatiomumucs 3 6ydosorw mikpockona, NPUSHAUEHHAM 8cix o020
demaneld ma odepacamu 306padieHHs MikpOCKONIUHUX 06’ekmis npu pisHux
30iabUeHHAX MiKpOCKONA.

1. PoamicTHTH Ha NpeIMETHOMY CKJi CTO/IMKA MiKPOCKONAa KpamauHy
BONYM i3 cpepUUHHMH MOJIiMEpHHMH YaCTUHKaMU MiKpOCKOMi4HHX poO3MipiB
(6—50 mxm). Hakputn KpananHy nOKpHBHHUM CKJOM i MPOBECTH Aoc/ii-
JKeHHA.
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2. JlobutHcs MaKCHMaJbHOTO OCBIT/IEHHS 06’€KTa NOBOPOTOM H3ePKaJib-
09 i nepeMileHHsIM KOHAEHCOpA.

3. Onyckaroun Ty6yc MiKpocxona 3a JIONOMOTr0i0 MiKPOTBHHTIB rpy6oro
i ToHKOrO HaBelleHHA, NOGUTHCA plsxoro 300pakeHHs MOMIMEPHUX Ya-
CTHHOK.

4. TlposecTn i ZocAinu Ans pisHUX 36iNbmen» MiKpockoma, MiHSIOYH
0G’€KTHBH Ta OKYJSDH.

1. Busnaumu 36irbwenns_mikpockona.

1. TlokaacTH Ha OpeIMETHHII CTOJHK MiKpOCKONa 06’€KTHBHHI MleO-
Metp (CKAfIHY IJIACTHHKY, HA SIKYy HaHECEHO UIKady 3 WIHOIO MNOLIMKH
0,01 mM), chokycyBaTH MiKpockon i Aictat piske 306parkeHHs MOMIJOK
IKaJH. _ _

2. 36oky Bin Mikpockoma Ha BixcTaHi Hafikpaumoro Gauenus (25 cm)
NOCTaBHTH BEPTHKAJIBHO MacluTabHy JIiHIAKY 3 LiHOIO NOAINKH 1 MM.

3. Ha OKYJAD MiKpocKkona mij KyTtoM 45° 10 oci TOCTaBHTH A3€PKAJIO
i BcraHoBMTH #Oro Tak, mMO6 OXHOYAaCHO GAuHTH 306paKeHHS WKAJK
06’€KTHBHOTO MiKpOMeTpa i WKajiu BepTHKaJ/bHOI MaciuTabHOl JIiHiHKH.

4. BigpaxyBaTd KiJbKiCTh WiJAHX NOAIMOK N; wkaiu Macwralby, siki
36iraloThcd 3 WiJHM YMCJIOM MOZinok N, 300paxeHHs LIKaJH MiKpoMeTpa.
OckinpKu BiHOWEHHA IiHH NOMIJNIKM IUKAMH 0 WiHH MOAINKH MiKpomerpa
zopipHioe 100, To 36inbLieHHS MiKpOCcKoma BH3HAYAETbCS AK

k= (N,/N,) - 100.

5. IlopiBusATH BUMipsiHe 36i/bIeHHsA MIKPOCKOMNA 3 O6YHCAEHUM 32 ¢op-
myJiono (1),

- 6. Buanauntu 1iny nozijiku oxynﬂpﬂoro mixpometpa C, noMicTuBmH
Ha NPeJMETHHH CTOMUK 00 €KTHBHHH MIKPOMeTp 3 BiZOMOIO LiHOW0 TOLI/IKH
C’, cymicTuBIIM KinbKa Horo noainok N 8 n nofinkaMH OKyJ/sipHOTO MiK-
pomerpa. Tozi C = (N/n) C'.

7. TlomicTTH 3aMicTb 06’€KTHBHOTO MiKpoMerpa APOTHHH Pi3HOrO me-
pepisy i sa BizoMoIO HiHOIO NMOANKK OKYJSPHOrO MiKpomerpa BH3HAUMTH
ix aiamerpn.

8. IloBroputy ananoriyni BuMipioBaHESl AN cepHUHHX MOJNIMEPHHX
YaCTHHOK (HanmpHK/aad, AJIs YacTHHOK IOJiCTHPOJY).

9. BumipsaTH niamerp APOTHHH MeXaHiuyHMM MiKpoMeTpoM i, 3HarOuH
UiHy [OAiNKM OKy/spHOrO MiKpoMerpa, OGYHCJHTH  36ibIUEHHS
MiKpocKoma. :

I11. Bustawumu posOiavny sdamricme mixpockona.

1. Beranosutu Mipy mepen 06’€KTHBOM Mmpocxona ocBiTUTH Mipy i
mictaTH piske il 306paxenns.

12, 3Hality 3ajexHicTb HafiMeHmol posdinbHol Biacrami Bif 36iab-
INeHHA Pi3HUX OKyJspiB. BeanunHa HaliMeHwmol po3ainbHOi Bigcrani Bu3-
HaYa€TbCsl 8a JONOMOror Tab/aHHi (HOMep OCTaHHBOIO KBalpara MipH,
INTPHXM SIKOTO IUe BHIHO PO3LiJIBHO).

3. st okyasipa Binomoro 3Gi/bleHHs SHafiTH posninbHy sAaTHicTh
B UEPBOHHMX i CHHIX NMPOMEHsX (cKoprcTaBIUHCE CBITJIODINBTPaMH).

4. IlopiBHATH onepxaui mani A 3 pospaxoBanuMu 3a Qopmyaoio (2),
SHAIOUH amepTYPy s KOXKHOTO 06’€KTHBA i JOBXKUHY CBiTJa.

IoBTopuTH Hocnian Iis iHWHKX 06 €KTHBIB.
I V Busnauumu eaubuny piskozo 306pancents.
1. 3a monoMoroio MiKpoMeTPHUHOrO rBUHTA BU3HAYMTH BEJIHYHHY [epe-
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imenns Mikpockona BiHOCHO 06’€KTa B MeXaX fioro pi3Koro 306paxeHHs.
Haiikpaige 1e 3po6utH, cPoKyCcyBaBIId MiKPOCKON B KIOBETY, 1€ € CyceH-
8isl MIKPOCKOMIYHHX YACTHHOK. 3HaIOUH 36iJIbIIEHHS MiKPOCKONa, ofuuc-
JINTH TJMGHHY Pi3KOro 306pa>xex-msx b 3a popmyaoio (3) i mopiBuATH Horo
3 BUMIpSTHUM 3HAYEHHSM.

b. 3opoBa Tpyba.

1. Busnauumu 36iabienrs 30posoi mpybu.

1. OsuaitoMuTHCs 3 GyLOBOIO 30pOBOi TPYOH i upnsﬂaqemmM oxpemux
i Bysuis.

2. Hasecrn Tpy6y Ha MacmraGHy JiHiiKy, 1O BHCHTb HA CTiHi.

3. Topyu 3 Tpy6oio Ha Bigcrani 25-—30. cM Bix 0OKa BCTAHOBHTH BepTH-
KaJlbHO Ha WTATHBI Taky XK mKanay i mo6pe ii ocBiTuTH.

4. Jobutucsi, mwo6 B moji 3opy Oynau oiHodacHo oOHIABA MacmITabu
(kpaie 1e 3poGHTH 3a HONOMOIOI0 PHCYBAJBHOTO NPHIaAy a0 NpU3MH, Ha-
AITHX Ha OKyJAp TpyOH).

" 5. IlopiBHiotoun 306paxeHHs] HACTIHHOI MIKaMH 3 WIKAJIOW B TPY6i, 06-
YHC/IUTH BEJUIHHY 306pa>xeﬂnﬂ A'B’ i pificHy JOBXHHY BHUXHMOI YaCTHHH
mkann AB.

6. 3acpop1vrynoxok (AB l)/(AB 1)), nel — BiacTaHb Bix oka 1o
IIKaJH{ Ha CTiHi, a [, — BiAcTaHb Bin OKa 10 300paxkeHHs WKay (25 cM),
OGYHCIHTH 36iNbIeHHs 30poBoi Tpyou k. '

7. TlpoBecTH mocaigy KiJbKa pa3iB IpH Pi3HHX BiJCTaHAX. Ooqucmmx
cepeliHe 3HaueHHA R i nopiBHATH Horo 3 obunciaeHuM 3a dopmynolo (4).:

8. Hakpecantu Xxiz npomeHiB B Tpy06i, HaBefeHill Ha BiggajeHuit
npejMer.

11. Busnagumu 36upasery 30amuicms 30posoi mpybu.

1. Bumipsatu niamerp 3opoBoi Tpy6u i o6unciury ii 30HpanbHY 37aT-
HicTh 32 opMysoto (5), NpuiimMaloun AiaMeTp 3payka oKa 3a TakHii, 1o J0-
piBHioe B MM.-

2. O6uncnuty 36upajbHy 3JaTHICTb TesecKona, AiaMerp 006 e€KTHBa
sikoro jfopiBHioe 1 M.

111. Busnauumu noae 30py mpybu.

1. HaBectdt Tpy6y Ha MaciuraGHy InKa/y i 3aMipATH JOBXHHY LIKAJH,.
BHUIMMy B TPYOy S. ‘

2. Pynerkoio 3amiparu Bigcranb [ Bij 06’eKTHBa Tpy6H 1O IIKaIH.

3. 3a ¢opmyJioto (6) oGuucanTH BEAHUHHY NOJIsL 30pY TPYOH.

4. Tlpopobuty pocain npu pisHuX BifcraHsX [ i o6UMCIMTH cepejfHe
sHauenHus: P. - ‘

1V. Busnawumu posdmbuy adamuicmb 30pogoi mpy6u.

1. Beranosuty Mipy Ha Bincrani 2—3 M Big 06’exrtyBa Tpy6u i o6pe
ocituty namnoto. Choxycysatn TpyOy i onepxkatd piske 3o6paxeHHs
MipH.

2. Bu3HauuTH HOMep BEJMKOTO KBaJpaTa, WITPHUXH SIKOrO € BHIHO
poaninbHO. 3a TaGMMUAMHM BH3HAUMTH BiACTaHb @ MiIXK INTPHXaMH LbOrO,
KBaipara npu ¢ixcosaniit Biacraui b Bix mipn g0 o6’ekTHBa TpYOH.

3. O6GuYMCANTH FPpaHHYHY KYTOBY BijcTaHb @ = a/b, a TAKOXK PO3AINbHY
cuny R = 1/¢ = b/a. TlopiBEATH 3806yTi pPe3y/bTaTH 3 OGUHCAEHUMU 32
dopMy.1010 (6) (M = 550 um),

4. TlepeBiputi 3anexuicts R Bix aneprypu D i JOBXKUHM XBHAI A,

. CKODHCTABIUHCh Pi3HMMH 0G’ekTHBaMH i cBiTiodblibTpaMH.
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KouTpoabHi samuTanus

1. Haxpeumm Xix npoMmenis B mxpocxom i B 3oposm Tpy6i.

.- Busectn dopMyan s6iapienns Mikpockona i 30poBoi TpyGH.

Sk BHSHATa€TLCA UiHA NORIAKY OKYJISIPHOTO MikpoMerpa MiKpocKomna?

SIK BusHauMTH PO3MiPH MiKPOOG'€KTiB 32 JOMOMOTOI0 MiKpOCKONaP

Uum BH3HAYACTHCH IPaHUYHA posiinbHa 3faruicts mMikpockona; soposol Tpy6u?
SIKi BUMOTH CTaBJATBCS 40 06'€KTHBA i OKYJSIpA POSIISAHYTHX NPHAanis?

Y qomy noasrae $HOKYCyBaHHS 30pPoBOI TpyGH?

UYn MOXHA 32 JONOMOTOIO TeJIeCKONa GauHuTH 3ipKH BIeHb?

IopisasiTH posftineHy sgatHicTb OKa i TPyGH.

.

PNV W

©

1V. Busnasenns noKasnuxa 3a10MAeRHs npo3opux
T6epdux Tia 3a donomozoro mikpockona

NMpuaiagn 1 marepianm: 1) mikpockon tuny M-9; 2) ua6ip TIPO30PHX
TBEPAMX MVIACTHHOK Pi3HOi TOBWIHHA (CKAO PiSHOTO COPTY, OPICKAO TOI[lO), 3) ocsitaoBay
8 HaGopom cBiTodinbTpis; 4) MiKpoMeTp 3 RiHO0O nommm 0,01 mm.:

Teoperuuni sidomocti ra onuc npusradis

, Srumo i3 3aKOHOM 3aJIOMJIeHHA CBiT/a: 3a.nom.nem4ﬁ NPOMiHb JIEXKHATD
B IVIOMMA] NafiHHsA; BiIHOIIEHHA CHHYyCa KyTa NajiHHA JO CHHyca KyTa
3aJIOMJIeHHS JNS1 JABOX I1IPO30PHX CEPEeNOBMIL 3aJeXHUTh JIHIIE Bix
JOBXHHHM CBiT/IOBOI XBHJIi i He 3a/eXHTb BiJ KyTa MajiHHA:

sinf/sin & = ny = v,/v,,

A€ BeJIUUMHA Mgy HASUBAETHCH GIOHOCHUM NOKAZHUKOM BAAOMACHHS IPYTOTO
Cepe/IOBHINA BiHOCHO MIEPIIOr0; BiH lile BUSHAYAETbCS BiAHOIIEHHSM WIBH -
KOCTi NOIIMPEHHS CBiTVIa B NIePLIOMY cepelOBHILi v; JO IBHAKOCTI cBiTJa
B JPYTOMY CepPeIOBHIL U,.

. Ilokaspuk sajoMiIeHHS cepelOBHIIA BiIHOCHO BakyyMy HasHBalOTh
abcoaromuum nokasnukon (koedimieHToM) 3aJOMIIEHHSA IBOTO CePeOBHIIA:

n = sinf/sine = c/v,

Ie 0. — KyT naniHHa"‘ P — KyT 3a/IOMJIEHHSA; € = WBHAKICTb CBiTJiIa y Ba-
KyyMi; v — IIBHAKICTb CBiTJa B JaHOMY CepeoOBHLL.

OckiNbKH WBHAKICTL CBiT/Ia B MoBiTpi 6/M3bKa 10 WBHAKOCT Horo y
BaKyyMi, TO IOKa3HUK 3a/IOMJEHHS CepelOBHIla, BUMIDAHHH BiXHOCHO MO-
BiTPsl, MPAaKTHYHO JOpiBHIOBaTHME aGCOJIOTHOMY MOKAaSHUKOBI 3aJOMJeH-
HA 1boro cepenosua. Jlas nosirpa npu tucky 1010,8 rlla i Temmepatypi
293 K n = 1,000274.

OckKi/NbKH 7 3a71eXKUTh BiJl YaCTOTH (ZOBXKHMHM XBHJIi) Mafaiodoro cBiT-

Ja, To ioro NpHAHATO HOpPMyBaTH 0 JiHil Hatpiio D i sanucysatu np.
Yacro ingekc D onmyckaioTh, Malo4H Ha yBa3i 3rajaHy BHIIe YMOBY.
" Ilpn BeMKHX iHTEHCHBHOCTAX Majfaiouoro cBitya (nasepHi mpometi)
MOKAa3HHKK 3aJOMJIEHHs ONTHYHHUX CepefloBHLI, HeJNiHiHHO 3ajexaTb Bif
inTencuBHocTi cBiTyia. Takuii Xapakrep miei 3anexHocTi cmocrepiraerbes
TOZi, KONMH HANPYKEHiCTh eNeKTPHIHOrO MO Najaouoi XBHJI NopiBHAHHA
8 HanpymxeHicTio Nojsi BcepeAWHi aTOMIB PEYOBHHH.

Y 38’A3Ky 3 TPyAHOUaMH Ge3rocepeHbOT0 BUMipIOBaHHA KYTiB mamiu-
HA | 3a/10MeHHA CBiTIOBHX NMPOMeHiB po3pobseHo iHm MeTonu BH3HayeH-
Ha n. ¥ jadif pobori posriszaeTscsl MeTOA Bli3HAYeHHS MOKAasHHKa 3a-
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JIOMJIEHHA TIPO30PO1 TBePIOT NIOCKONAPaieNbHOl [IIACTHHKH 32 JONOMOroio
MiKpockoma [Jjis MOHOXPOMaTHyHOro Tta 6ijioro cBiTda.

PosrnsneMo map mpo3opoi peyoBHHH, O6MeXeHOI gBOMa ILUIOCKONA-
panenvauma nopepxuamu NN ta MM (puc. 123). Hexai ToBuupna wapy d.
SIkmo posrsiAnaTH wiap 3BepXy B MiKPOCKOH, TO 3JaBaTHMErhbCs, IO
HUXKHA NOBePXHA Wapy saiiMae nmonoxkeHHs N'N'. e moxH2 nokasaty,
noGynyBaBimn 300paykeHHA KOXKHOI TOukH miomuuHH NN. fKmo Ha HUX-
HIO NOBEPXHIO MJIACTHHKH HaHECTH TOHKY NOAPSNHHY S, TO BoHa Gyle
JuKepeioM poscxsumx npomeriB. Posrnsinemo aBa npomem SAK i SBL
AKi PO3XOAATHECA Wif MANMM KYTOM,

OCKIJIBEKY B NPOTHIEAKHOMY BHNAAKY

BOHU HE MONaiyTh B 06 €KTUB MiKpo-

ckona. -Ha Bepxniii nosepxsi posniny ‘” 4
peyYoBHHa — moOBiTpA (nimia  MM)
oOpaHi npoMeHi mepexoisiTh B ONTHY-
HO MEHLU I'ycTe CepefoBHIe, a OTHKe,
posxoaarbca we binpwe. Jaa cmo- - : v
crepiraya, AKHH JAWBUTBCA B3JOBX 5_[ .
HopMmaJai PS, npomeni AK i BL mne- Puc. 123

PEeTHYTbCS Ha NPOJOB:KEHHi B ToUli '

S’ — ysaBHOMY 306paeHHi TOykH S.

CyKynHICTb TOHOK, aHanoriyHux S’, yTBOpIOE ysBHE 306paxeHHs TO-
BepXHi NN. Sk BugHo 3 pucyHKa, ysfBHA TOBIMHA NJIACTHHKH MeHIua 33
JificHy TOBWIHMHY d.

[Tokaxemo, 10 aGCOMOTHHA MOKA3HHK 3a/0MJIEHHS IIapy npo3opoi-
TBepJOi PEYOBHHH MOXKHA OOUHCHHTH, BUMIpABIM Aifichy d i ysaBHy d'
TOBUIHY DJaCTHHKH. Copasai, 3 TpukyrHHka OSA sanumemo: OA =

= 0S - tg @, 3 TpukyTHHKa OS’A:. OA = OS’ - tg p. Tomy

0S/0S’' = tgP/tga = sinfP/sina.

3amina TaHTeHCIB BiAMOBIAHHX KyTiB Ha iX CHHYCH MOX/HMBa BHacJi-
Jox Manocri kyTiB o i B.

3 0CTaHHBOrO CMiBBiRHOLIEHHA MOXKHA BH3HAYHTH TaKOX 36COJHOTHHH
ﬂOKaSHldK 3aJ0MJIEHHs1 PeYoBUHH nyacTuHKU. Ockiabku OS = d, 0S8’ =

dl

n=d/d,

ITopadox suxkonanns poboru

1. 3a zomoMoroio ocBiTI0Baya Ta J3epKaja MIKpOCKONa JoGUTHCA piB-
HOMIDHOI ONTHMAJBHOI SICKPABOCTi mojsi 30py B OKyJspi.

2. TlokaacTd Ha NpeAMETHHHA CTONUK MiKPOCKONa, HANPHKIAN, CRISHY.
EJACTHHKY 3 JBOMA B3a€MHO NEPHEHAUKYJISAPHUMH NMOAPANHHKAMH Ha HHK-
Hifl Ta BepXxHifi moBepXHAX.

3. 3a AONOMOTOI0 TBHHTA rpy6oro gokycyBaHHs nigHATH Ty6yc Mik-

' pockomnia B KpaiiHE BepXHE mosioxkeHHs. OGepTaiouM IBUHT Mxxpome'rpuq-

Horo (OKyCyBaHHs, BCTAHOBHTH HOro B HYJIbOBE IOJIOMXKEHHS.

4. Onyc'm'm Ty6yc MiKpOCKONma FBHHTOM rpydom GokycyBaHHA I
ofiepaTH Pi3Ke 300paxkKEHHs MOAPANMHKY Ha BEPXHii: nosepxm nJiacs
THHKH. ‘ i
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- 5. Onyckatoud jauai Ty6yc MiKPOCKOma 'BHHTOM MiKPOMETPHYHOTO (ho-
KYyCyBaHHA, JicTaTH pi3Ke 3006paKeHHS NOAPANMHH HAa HWXKHIH NoBepXHi
mIacTHHKY. [1pH 11boMy mijpaxyeaTH KiNbKicTh NOBHUX 0GEPTIB i KiJbKicTh
TNOAIJIOK MO IKaJi MiKPOMETPHYHOTO IBUHTA. 3HAIOUHM LiHY NOAIJIKH IIKa-
JIH, po3paxyBaTH I/IMOHHY ONyCKaHHA TyOyca MiKpockoma, TOGTO YHBHy
TOBUIMHY IVIACTHHKH d’.

6. MikpomerpoM BHMipATH LifiCHY TOBIMHY IIaCTHHKH d B KilbKOX
MicHaX i B3ATH cepefiHE 3HAYEHHA.

7. 3rajani BEMipiOBAHHS BHKOHATH B GifoMy CBiTJi He MeHmwe TPBOX
pa3. L5 KoXHOTo BUMipIOBaHHS NiApPaxXyBaTH 3HAYEHHS n, a notiM 3Haii-
TH cepefHE 3HAYECHHA.

8. AHanoriysi BUMIpIOBAHHS 3DOGHTH W15 IVIACTHHKH 3 {HIIOro mate-
piany y 6inomy cBirii. IlopisasaTH pesy.brari, onepmam 1715 060X nJace
THHOK, i NMOACHHTH iX.

9. ITosropuTH Bci BHMipIOBaHHS IIe 3 pasH B MOHoxpOMaanHOMy cBiT-
Ji, A1 YOro BHKOPHCTAaTH CBIiTJIO(IJIBTPH.

10. Tlo6yayBaTu rpagik 3anexHOCTi 7 BiJ v, Bigknanaoun v B3I[OB}K
oci abcuuc, a n — B3XOBXK OCi OpAHHAT.

KouTpoawsul 3anuranns

1. Hafire osHaueHHS aGCOMIOTHOTO i BIJHOCHOrO MOKa3HUKIB 3adoMiaenna. Skult Mix
HUMH icHye 8B'I30K?

2? SAky wsuakicTs csiTna mMoxua nifpaxysary, BuMIpABIUY 7 ANia neBHOl JOBXKHHH
XBHJI

3. SIxuft mapameTp ejexTpoMarHiTHOl XBMJI 3MiHIOETBCA NPH NPOXOMKEHHI Yepes
cepenosuie i womy?

4. SIK BNUIMBa€ TOBIIMHA MJIACTHHKY Ha TOYHICTb BUMipIOBaHHS LMM METOZOM IOKa3«
HHKa 3a/1OMJIEHHSA?

. Slke ¢isnune ABHIIE 3yMOBJIeHe 3anexHicTio # BIR v?

V. Bu3srauenns noxasiuxa 3aaomaenns i cepednsoi ducnepcii
reepdux i pidxux Tia

IlTpunanu i matepiaan: 1)pedpaxromerp UPP-22; 2) Habip apaskis npo-
80pHX TBEPANX TiJI; 3) Ha6ip npo6ipok 3 AoCaiAXKYBaHHMH pl].lPlHaMH 4) npomixHa piguna
(MalAHHE MacJIo0); 5) yJAbTpaTepMocTar.

Teoperuuni siomocri Ta onuc npusradis

CBiTI0O B NpO30pHX PEYOBHHAX 3aJIeXKHO BiJi IXHiX eJeKTpHUHHX
BJIACTHBOCTEH MOLIHPIOETHCS 3 PisHOW0 wWBHAKIcTIO. ToMy Ha Mexi moainy
TAKHX CEpejOBHLL HAaNpSAM HOMHKPEHHS CBiT/a 3MiHIOETHCA (BOHO 3a/J0M-
JOEThCst). AOconomHull nOKASHUK 32J0MJIEHHSA DEYOBHHM BUSHAYAEThCH
BiIHOWeHHAM BHAKOCT] CBiTJIa ¥ BAKYYMi JO IBUAKOCTI CBiTIa B cepeso-
BHIi: - ‘

n=clv. (1)

prma,zm ans BHMlmeaHHﬂ MOKa3HHKA 3aJOMJEeHHA TBepIUX, pmxux

i rasonozi6HNX PEYOBHH HA3HBAKOThCH pedpaxmomempamy. IlpuHuun Aii
IHX NpHJIafiB TPYHTYEThCA HA SIBHIIi NOBHOrO BHYTPilIHBOTO BiXGUTTA

npH NPOXOAKEHH] CBITJIOM MeXi MOZiNy NBOX CepeliOBHIL 3 Pi3HUMH [0~
Ka3HHKaMH sajJoMm/eHHA. B aauifi po6oTi BUKOPHCTOBYEThCA pedpakToMeTp
ALY
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TIPH3MH.

HUP®-22, ocHoBHEMH YacTHHAMH SIKOrO € ABi NpH3MH: BuMipioBasbHa [ i
ocBiT/oBanbHA 2 (puc. 124). HuxkHa noBepxHs AB ocBiTiioBa/ibHOI Npus-
MH 3pofJieHa MaToBOIO.

TlokasHHKK 3a]OMJIEHHSt NPOSOPHX PiJMH BH3HAYAOTh B npoxumomy
6inomy ceitai. HocaimkyBaHy piaMHy noMillaloTh Mix JBOMA Hapajeb-
HHMH rinoTeHy3HHMH rpanami npusMm I i 2. [lapanensunii nyyok npomenis,
NPOMIIOBLIH OCBIiTJIIOBAaJBHY NMPU3MY, NOMAfla€é HA MaTOBYy NOBepxHi0 AB

"i poacitcerbesi. OTKe, B HOCHiIKYBaHy pilMHY BXOAATb NPOMeHi Pi3HHX
‘Haupamis. OCKiJIbKH MOKa3HHK 3aJIOMJIEHHA JOCTiJUKYBaHOI piiHHH n
'8aBXI{ MEHIIMH, HiX NOKASHHUK 3aJIOMJICHHS - BHMipIOBaJbHOI NpPU3MH
.ny (g = 1,74), T0 mpoMeHi pi3sHMX Hampa- .
"MiB, 3aJOMHBIIHNCh Ha MEXi NONIAY Piln- o\

Ha — CKJIO, BXOJASTh Yy npH3MYy 1.

Jlna npomens SO, Akuit nafae nix KyTOM
« Ha BUMIDIOBa/IbHY NPU3MY, MOXKHA 3anuca-
TH TaKi CUiBBiAHOWeHHA:

sina/sinP = ny/n, sina’ = sinp’ = 1/n,,

2

Je P — KyT 3aJOMIeHHS  BHMipIOBaJbHOI

[pu ymoBi 1y = n KyT 3aJOMJIEHHS 3aB- Puc. 1 4

KAu oOMmemeHuil, To6to BiH He MOoKe OYTH

6i/nblIMM, HiXK TMEBHHA T[PaHHYHHH KYyT 3a]0MJIeHHA Brp, SKOMY Biamo-
Bifae kyr naginua o = 90° (KyT naliHHA NPH LBOMY KOB3a€ MO MNOBEpX-
Hi j'AlBl)

Bci ini npomeni npoxoafTh y Bumpxoaanbuy npusmy mig Kyramu,

. MEHIIIMMH HiX ﬁrp OckiJbKH /A NpOMeHsi, AKHI KOB33€ MO MOBepXHi
-A4B,, sin o = sin 90° = 1, To AnA FpaHHYHOrO KyTa 3aJIOMJEHHS MaTH-
MeMO 3 (2):

sin 90°/sin Brp = ny/n  a6o n = n, sin Pirp. (3)

3a dopmyJoio (3) MoxkHa oGuHCIHTH n. TIpoTe TyT He BpaxoBYEThCs 3a-
JIOM/IEHHA NIPOMeHs IPU HOTO BHXOAi 3 BUMipioBanbHOI npuamu. Excnepu-
MeHTalbHO He MOXHa 3aMipaTH frp,. B Toit ke wac rpaHuuHOMYy KYTY PBrp
$aBKIM RiAMNOBiAAE TPaHHUHE SHAYEHHS KYTa Prp, BETHUHHY SKOTO MOXHA
3aMipATH.

Has A ODC xyr DCK 3oBHiwmHi# i popisHioe ¢ = f§ 4 a’. Toxni 3 BH-
pasy (2) MoxKHa 3aMHCcaTH:

sinp’ = nysina’ = n, sin(p — ) = n,sing - cosp —nycos g - sinf.
| (3a)
Tak camo 3 Bupasy (2): sinP = (n/n,) sine, a

cosp=VT—=siEp =}/ 1 — (n2/nd) sin*c. , 4)

iIMincrasusum (4) i (2) B piBHAHHA (3a), AicTaneMO:

sinf’ = sing ]/n% —n?sinfa—ncosg - sina. ®)
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" AAxmo npominb SO HaGmxaeTves no nopepxui A,B,,"T06To npy o =

= 90°, HacTae siBHIIE OBHOrO BHYTPIilIHBOTO BiAGUTTH. OTHKeE, Y BHUMipIO-

BaJbHY npU3My BBiHAyTb JHule NpoMeHi N KyroMm, He OiJbIUMM HiX
Brp. Ilpn a = 90° dopmyaa (5) nepenumerbcs Tak:

sinprp = sing |/ n3 — n? — ncos . (6)

OCKiNbKM V151 JAHOL TIPU3MH 1, i ¢ — BENHYHHH CTali i BU3HAYAIOThCS
HE3aJIeXHO, TO NPH 'Pi3HUX 1 3MiHIOBATHMETHCS JIMILE Brp- Omxe, BuMi-
protoax ﬁ;p, MOXHa, TaKHM YHHOM, BHMIipIOBATH MOKAa3HHKH 3aJOMJEHHSA
pisuux pedosHH. Ilpore dopmyny (6) Ha mpaxTHIli BHKOPHCTOBYIOTb VISl
rpajyioOBaHHs IOKaJH pedpaKTOMET:

HS peyoBHH BHM3HauaioTh N0 TIPajy-
IOBaJIbHIH LUKaxi.

IlpunycTiMo, WO AJid TEBHOI pi-
JuHU npu3mu [ i 2 posramoBaHi Tak,
LIO B MOJIi 30py cHocTepiraétocs pis-
Ke po3JiJieHHs CBITJIOTO i TEMHOrO II0-
JiB, IPHYOMY MeXa MNOfiNy po3Ta-
LIOBaFa HOcepelnHi 30pOBOTO MOJS.

SIK1I0 MiXK NpH3MaMH HOMICTHTH
iHIIy pedoBHRY, TO ISl Hel ﬂ;p 6yne
iHIUAM i MexKa MOoAiNy 3MiCTHThCH 3
nesrpa noas sopy. o6 mexy moginy
NOMICTHTH B LEHTPi noss 30py, HOT-
pi6HO nosepHyTH npusmu i 2 Ha nes-

Prc. 125 . HHH KyT. 32 KyTOM NOBOPOTY MPH3M

' . . FpayiolTh pedpakTOMETPH, a MOTIM
no 1Kaji Ge3I0CepelHbO BU3HAYAIOTh NOKA3HHK 3aJ0OMJIEHHS ROC/i Ky Ba-
HuX pinud. Haragaemo, mo pedpakToMeTpaMu BUMIpIOIOTHCSH TAKOXK MOKA3-
HVKH 3a/JOMJIEHHA TBEPIHX PEUOBHH i rasis.

Hucnepeis PEUOBHHM XapaKTepH3ye WIBHIKICTL 3MiHH KoedimieHra
3aJIOMNIEHHS NPH 3MiHI IOBXUHH CBiTJIOBOT XBuJi. SIKILO JBOM JOBXKHHAM
XBHJb Ay i Ay BiINOBINAtOTH sHaueHHA KoediuicHTIR 3aMOMNEHHSA 7y i 7y,
TO CepelHs AMCrepcis B iHTepBasi NOBXHH XBHJb Ay — A; BH3HAUAEThCH

' CNiBBiHOWEHHAM

.-

(V) = (g — 1)/ (g — Ay) = An/AM. %)

[3Ha‘1e}_{Hﬂ mucnepcii no6iu3y AaHO! JOBXKHHH XBHJIi BH3HAYAIOTHCH IPAHH -
ueto BigHoweHHA (7), TOGTO

v == dn/dA. (8)
Jns obuncnenHs cepeanbol mucnepcii' (BCTaHOBJEHO, eMIipHyHY ¢op-
Myay

(v) = A - Bo, ‘ )

Je Ai B — crani koedinientn a1 ganoro peppakroMeTpa, BeJHUHHY AKUX

3HaXOJsATh B TabNULAX, IO AOJAIOTbCS. MO NPHJALiB; O — cTanuit Koedi-

Ii€HT, SIKAH TAKOX SHAXOAATH B TAaOMHUAX /s JOGYTOro 3HaYeHHs 2, fKe
BiIpaxoBYyIOTb NO wWKani GapaGaHa npuaapy..
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piB, a HeBilOMi NIOKa3HUKH 3aJIOMJIEH- -

Pedpaxtomerp UP®-22 (puc. 125) cknajaersest 3 TaKHX gactHH: 7 —
Kopnyc; 2 — GapabaH i3 wkajaow; 3, 5, 9, 11 — wmrynepy A8 TepMocra-
TYBaHHA npusany; 4 — rymoBi TPYOKH; 6 — BHMipIOBaJIbHAa TOJIOBKZ;
7 — TepMomeTp; 8 — OCBiTVIIOBaJbHE H3epKano; IO — KpHLIKa -BHMipIO-
BaJIbHOI ToJoBKH; [2 — MaXxoBHK Ijisi o6epTaHHs NpH3M; I3 — Zpiadpar-
Ma; /4 — rBHHT 3 YOTHPHKPATHOIO TOJIOBKOIO JUIfl IOCTYBaHHSI DPHJANY;
15 — cnenianbHa OCTYBa/AbHA ILIaCTHHKA; 16 — uiaHellb AN A IOCTYBAHHSA
npusany; 17 — soposa Tpy6Ga. '

" 2B UP®-22 nepenbaueno TepMoCTaTyBaHHS, LIS 9OFO B ONpaBax MpPH3M
€ crmenianpHi KamepH, uYepe3 siKi NPOMYCKaeThcsi BOAA Bifl TepMocTara.
TepMoMeTpOM KOHTPOJIOETBCA TeMIepaTypa. .

llopadok suxonanns poboru

“J. Busnawumu noxkashux SarOMACHHA pidutu.

1. BizkuHYTH BepXHIO YacTHHY BHMipIOBaJbHOI. TOJOBKM 6, Ha moO-
BePXHI0 BMMipIOBAJIbHOT MPH3MH CKJISIHOIO MaJHYKOIO MOMICTHTH KisbKa
Kpanenb NOCHiIKyBaHOi PifMHH i 3aKPHTH TOJIOBKY.

2. Yepes BiKHO BHMipIOBa/JIbHOI F'OJIOBKH TePeBipHTH, 91 MOBHICTIO 3a-
fIOBHHJIA JOCJiAXKYBaHa pillMHA 3a30D MiXK BHMipiOBaJbHOIO i OCBIT/IIOBaJIb-
HOIO NPU3MaMH. _

3. YBIMKHYTH TEpMOCTAaT, BCTAHOBHBINH KOHTaKTHHM TEPMOMETPOM
Temn%aarypy 20 °C. TepMomerpoM 7 nepeBipuTH TeMNepaTypy 3 TOYHICTIO

1

4. OcBiT/MOBaNBHEM A3EPKAJIOM 8 CIPSAMYBATH CBIiTJIO HAa OCBiT/MIOBAJL-
#ly npu3Mmy i JOGHTHCS PiBHOMipHOro ii ocBiTJIeHHS. 3aKDillHTH A3epKajlo
TBHHTOM.

5. Cnoctepiraiouyn B OKyJnap 30poBoi TpyO6u 16 i nopepraloud BuMi-
PIOBaZIbHY TOJIOBKY 32 IOTIOMOTOI0 MaxXOBHKA 3/1iBa, 3HAHTH MeXY NOAiny
cBitna i Tini. O6eprannaM pyukd /2 yCyYHYTH 3a6apBJieHICTb.

6. MaxoBuukoM 3J1iBa MpPHJaRy CYMICTUTH MeXy moainay cBitia i TiHi
3 repexpecTsM CiTKH i 3HATH BilAiK 00 MKaJi NMOKa3HHKIB 3a/JOMJIEHHHA.
Cnig marty Ha yBasi, W0 IUKaja MOKA3HHKIiB 3aJoMJeHHA MobyaoBaHa
ans temneparypu 20 °C. Ilpy iHmmMX Temmepartypax Tpe6a BBONMTH MO-
npaBk¥ (GopMyNH L5 PO3PaXYHKY TEMNepatypHOI NOMPABKH HaBOAATHCH
B 3aBOACbKMX {HCTPYKLIifiIX IO npHaany).

7. OuinuTd 0OXHOKY BUMipIOBaHHA n.

11. Bumipamu noKasHuk 3a/0MAeHHS meepdoeo miiq.

1. IlepeBipuTH, yu BinnoOBinae NOCHiAXKYBaHHH 3pa30K TAKHM BHMOraM.
3pasox nosrHeH GyTH ONTHYHO OXHOPIAHMM i MaTH IBi B3a€MHO NepPreHIu-
KynapHi rpani. I'paHb, WO TOPKaeThcAd BHUMiPIOBaJbHOI NMPU3MH, MYCHTh
6yTH iZealbHO IJIOCKOIO, 60KOBi FpaHi — MaTOBMMH, TOBLHHA 3pa3ka He
MeHwow Hixk 0,15 MM, ‘

2. BizkuHyTM BepXHIO YacTMHY BHMipioBanbHOI ronoBxkH. IloBepxHi
3paska { BHMIPIOBAJbHOI NMPH3MH HPOMHTH CNHUPTOM i NPOTEPTH UYHMCTOIO
gaTo. Ha mosipoBany noeepxHIO 3pa3Ka CK/AHOK MaJHYKOIO HaHECTH
TOHKU# map npomixkHOo! piAMHHM (MAaUIMHHOTO MacJja).

3. Tloknacty mocnigKyBaHHi 3pasOK NOJiIPOBAHOIO IPaHHIO Ha BUMI-
pioBasbHy npusMy, [1pu nboMy crexxuTH, MO0 NpoMixKHAa piluHa He YTBO-
pHJa KJIHMH, SKMH 3HAYHOIO MipOIO CIOTBOPIOE PE3yJNbTATH BHMipIOBaHb.
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Taﬁuui AAN BH3HAYEHHS cepeamsoi mucmepcil

I podossenns mabauny

np A A B A np A a B A
1,300 | 0,02437 0,03168 1,610 | 0,02356 0,02558
. —6 —13 —2 —49
1,310 | 0,02431 5 0,03155 14 1,520 | 0,02354 . 0,02509 5
1,320} 0,02425 5 ©0,03141 16 1,530 [ 0,02353 1 0,02457 "
1,330 | 0,02420 0,03125 -1 1,640 [ 0,02352 0,02403
-5 —-17 0 —57
1,340 | 0,02415 ) 0,03108 1,650 | 0,02352 0,02346
—5 | - —19 0 —59
1,350 | 0,02410 0,03089 1,560 | 0,02352 0,02287
—5 . —20 0 —62
1,360 | 0,02405 0,03069 1,570 | 0,02352 0,02225
-4 —22 . 41 —65
1,370 | 0,02401 0,03047 1,680 | 0,02353 0,02160 !
—5 —24 +1 —68
1,380 | 0,02396 | 0,03023 1,590 | 0,02354 © 17 0,02092
—4 -25 -+2 —71
1,390 | 0,02392 0,02998 1,600 | 0,02356 0,02021
—4 —27 +-2 —74
1,400 0,02388 0,02971 . i 1,610 | 0,02358 0,01947 | .
—4 —29 43 —78
1,410 | 0,02384 0,02942 1,620  0,02361 0,01869
—4 —30 -4 —83
1,420 | 0,02380 0,02912 1,630 | 0,02365 0,01786
—4 —32 +5 —88
1,430 | 0,02376 0,02880 1,640 | 0,02370 0,01698
‘ —3 —34 -+6 —93
1,440 | 0,02373 : 0,02846 1,650 | 0,02376 0,01605
-3 —36 +7 —99
1,450 | 0,02370 0,02810 1,660 | 0,02383 0,01506
—3 —37 -8 —106
1 1,460 | 0,02367 0,02773 1,670 | 0,02391 0,01400
-3 ~-39 A 49 —116
1,470 | 0,02364 .0,02734 1,680 | 0,02400 -1.0,01286 |
—2 —41 -+11 —124
1,480 | 0,02362 0,02693 1,690 | 0.02411 0,01162
—3 —43 +14 ‘ —137
1,490 | 0,02359 0 0,02650 5 1,700 | 0,02425 0,01025
1,600 | 0,02357 .| 0,02605
—1 —47
z [ A z z o A 2
0 1,000 60 16 0,669 44
=1 —40
1 0,999 . 59 17 0,629 al 43
2 0,995 58 18 0,588 42
. -7 . —43
3 0,988 57 19 0,545 41
—10 —45
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2 [} A 2 z [ A z
4 0,978 56 20 0,500 . 40
—12 —46
b 0,966 55 21 0,454 39
-—15 —47
6 0,951 54 22 0,407 38
—17 ) —49°
7 0,934 53 23 0,358 37
—~—20 ~—49
8 0914 52 24 0,309 36
=23 —50
9 0,891 51 25 0,259 35
] —25 ) —51
10 0.866 50 26 0.208 34
) —=27 —52 : :
11 0,839 49 27 0,156 33
—30 —52 |
12 0,809 48 28 0,104 32
—32 —52
13 0,777 47 29 0,052 31
—34 --52
14 0,743 46 30 0,000 30
-—36
15 0,707 45
—38

ITpu Xopowii ycTaHOBIi 3paska HeMaeé 3aGapBJeHOCTi NOBEpPXHi 110'rm(y
8paszka i NIpH3MH.

4. TlpoBectH BHMipIOBaHHS MOKAa3HHKA SaJOMJIEHHs TaK CaMo, sK ne
pobHThCA ANsl pilInHM.

5. IloBTOpuTH nocmzm Kibka pasiB. 3HaiiTy cepenHe 3HaueHHA. 3po-
6HUTH BHCHOBKH.

6. I.UyKaHpm MOKaSHAK SaJIOM/IEHHSA TBEPIOTO Tina oGuncanTn sa hop-
Mys0l0 n = n'b, 1e n’ — NOKasHUK 3aNOMJEHHA, 3HATHH NO Kaai npu-
aany, b — cranuit koedinient (a1s mMamwmnHOro macna b = 1,02).

I11. Busnauumu cepedrro Oucnepcilo peuosuri.

1. 3pa3ok ycTaHOBHTH TaK camo, fIK i AN BHMiPIOBaHHSA NOKa3HHKa
sajomnenns (sapgauua I, I1).

2. OGepraHHAM PYYKH /2 NOBepHYTH NPH3MY KOMIIEHEaTOPa AO MOBHOrO
ycyHeHHs1 3a6apBieHocTi Mexi moxminy. Binpaxynok nposomutn no Gapa-
6aHy 2, noxineHoMmy Ha 120 yactun (Biz O zo 60 noAiNOK 3a FOAMHHHKOBOIY
cTpinkoto i mpory Hei), SIKwo ycyHyTH 3a6apBneHicTb, ane o6epTaTH Mma-
XOBHK mani y Toil xe 6iK O MPOTUJIEKHOrO, aje PiBHOrO 3HaueHHA Biapa-
XYHKY, TO MeXa MOLiay BApPyre BHUsABHUTbCcA GesbapsHoio. [Ipotu mwTpuxa
SHATH 3HAUYeHHS 2.

3. Tpu BUMIipIOBAHHAX NPOBECTH He MeHIUe N'ATH BiZpaxyHkiB 8 060X
6okiB GapaGaHa i sHaWTH cepelHe apupMmeTHuHe 2.

4. [lns BHMipSIHOTO SHAYEHHA NMOKA3HHKA SaJOMAEHHS 7 NOCJilKyBa-
HOi peuoBuHH 32 Tabauuelo Ha c. 180 sHafitn koHcranth A i B.
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5. Ilns BUMipAHOro 3HaueHHs 2 3HafiTh 32 'raGJmuﬂMH BEJIHUHHY O.
Cnin Bpaxysat, o a1 2, 6i1bmyx 3a 30, o HaGyBae Bil’eMHUX 3HaueHb.

6. 3a BusHaueHumH A, Bi o p03paxy3am BENHUMHY cepenHbOl gucnep-
<ii 3a gopmynowo 9).

7. Tlpopobutu nocaiaw nis pizuHH i TBeproro Tija.

KonrTpoaeni sankrtanns

1. fka GymoBa pebpaktomerpiB i nprHUuN aif ix?

2. BusecTH GopMyay ANs OGUHCTEHHA 1 32 BiIOMHM TPAHAYHAM KYTOM.

3. Illo 6yne BHAHO B 30pOBiill TPYOUi pedpaKkTOMETpa, SIKIMO YMOBA 7, > N He BHKO-
HYETLCA?
© 4. 3 sxux MipKyBaHs c1i1 o6npaTH BAMipioBaNbHY npRaMy | imepcifiny pinuny?

5. SIxi me MeTonu BuMipIOBaHHS NOKA3HUKIB 3aJIOMJACHHSA BH 3Ha€Te?

V1. Hocaidacenns abepayii ain3

Mpona an i maTte piaam 1) ontuuna Japa; 2) ocsiTmoBau i3 citkoio;
3) KoJiMaTopHa AiH3a; 4) gocaimKyBana sin3a; 5) HaGip cnimocbmmpm 6) na6ip ap-
TOHHHX AiaparM 8 KPYroBMMH OTBOPaMH B HeHTpPi i KiJbneBUMH mo Kpasix; 7) CiTKa 3
sigcranmio Mix wrpaxamu -1 cM; 8) ekpaH.

Teoperuuni sidomocri Ta onuc npusadie

- ImeanbHa onTHYHA CHCTeMa NOBHHHA 3aJOBOJILHATH TPH yMoBHM Makc-
Besa:

1) romMoueHTPUYHUI OYYOK NPOMEHiB 3a1HIIAECTHCS TOMOLEHTPHIHHM
flicia TPOXOMKEHHA Yyepe3 ifeaJbHy ONTHYHY CHCTEMY;

2) so6paxeHHs mIOCKUX iryp B imeanbHiit ontuuHifi cucremi mizns-
rae 3akoHy nopi6Hocti (BimmoBinmicTb dopmi Npenmera);

3) SIKILO IVIOMIMHA PEeAMETiB NeprneHAMKYJ/sSpHA A0 FONOBHOT ONTHYHOL

, T0 i mJomuHa 300paxeHb 3aJUIAETECA NEPNEHAMKY/IAPHOIO 10 Hel.

Peamam ONTHYH| CHCTEMH BilNOBiNAIOTL 3aKOHAM ilea/bHHX ONTHYHHX
CHCTEM JIHile AJS NapakciaJbHHX NMyuKiB MPOMeHiB.

Bukopucranes Ha npaxmui napaxcianmmx fy4KiB MPOMEHIR MPHBO-
JHTh JI0 nocnaénemm ocmmex-xoc'n 306paxkeHb i J0 CKOPOUYEHHs po3MipiB
gobpaxyBsanux mpeaMeris. Tomy
B 6ifbLIOCT] BUINTAAKIB OCBIiT/IEHHSA
NPOBOAATD MKPOKHUM ITYUKOM IIpO-
MeHiB; aJe TMpPH LbOMY BHHHKAae
PAI CHIOTBOPEHE 806paXkeHb, SKi
Ha3wWBalOTL abepauismu. Abepamii
TaKOX MNOB’fA3aHi 3 ;HUCHepciero
cBiT/1a Npy HOro NMPOXOIXKEHH] ye-
pes ONTHYHY CHCTEMY.

Puc. 126 Ko BiX TOYKOBOrO IXepena

cBiTna S, posTamoBaHOro Ha ro-

NOBHi onTHuHifk oci, monagae Ha NiH3y WMPOKHA Ny4YoK cBiTNA, TO na-

paKciaJbHUA My9OK Jae SO6pa)KeHHs TOYKOBOrO mxepeaa B Touui S, a

‘6inbm BinganeHi npoMeHi — 306paxeHHA CBITHOI TOYKH B S, S; i T. 4.
(puc. 126).

Ilpu moctaTHifi WUPAHI MyYKa MOHOXPOMaTHYHHX NMPOMEHiB CTHIMAaTHY-
HoCTi 300paxkeHHs He Gyae. Lleit Tun aGepaniii HasuBaoTh chepuurow abe-
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payiero. Ockinbky chepuuna aGepailisi BigpaxOBYETHCA B3NOBK ONTHYHOR
oci, To BOHa AicTasa Ha3By no3008xcHb0i cepuunoi abepauii. Mipowo mos-
RoBxKHBOI chepuuroi aGepanii AS e pisHuus BiacTaHed BiA ueHTpa JiHsH
)10 306paxeHHs A IMPOKHX i MapakciaJbHUX IPOMeHiB, TO6TO

AS =1 —Fp, (1)

ze Fp — hOKycHA BifcTaHb niH3K A5 XKOBTOT JiHiT HaTpito (Ap = 586 HM);
! — Biacranb BiJ LEHTPA JiH3H IO TOYKH, B fKifl BU3HAuaeTbcs chepuyHa
abepanisi.

Jnsi 30MpanbHUX JiH3 N0310BKHA chepHyHa a6epanm Bia'eMHa, a1
poscioBanbHHX — fofatHa. Tomy, KoMGiHYI0uM PO3CitoBaIbHI i 36upanbm
JIiH3H, MOXHA BUNPABJIATH cepruuny abepamiio.

Puc. 127

BTpara rOMOLEHTPHYHOCTI NMyYKa NPOMEHIB YHAcC/JiJOK CKiCHOro na-
ZinHg X Ha JiH3y 260 HEOMHAKOBOCTI KPHBH3HM MOBEPXOHbD. JIiH3H B 1OBiJIb-
HUX 1BOX nepepisax HasuBaerbca acrmuemamuamom. ChepuiHa MoBepXHs
(PPOHTY TOMOLEHTPHYHOrO NMyYKa NPOMEHIB, IO MONAJAE Ha JiH3Yy, mpy
BHXOJi 3 Hel BHacAinoK aCTHIMaTH3My CTae MoBepXHeio ABOSKO! KPHBH3HH.
Inakwe kaxyuu, 3ajOMJeHHil y JiH3I NYy4OK CBiT/IOBUX NMPOMEHIB CTa€
aCTHIMaTHYHHM NYYKOM, IO Ma€ ABOSIKY KDUBH3HY, 3aBAAKH 4YOMY MO-
BepXHi 300paKeHHA BEPTHKANbHHX 1 FOPHU3OHTAJbHUX JiHiH npeamera
BUAB/IAIOTECA pO3AiNeHuMu B mpocropi. Ha puc. 127 soGpaxeHo actur-
MaTHYHHH MYYOK MPOMEHIB.

Ilpomeni BepTHKaJNbHUX MepPI)IIOHaJIbHHX NOBEPXOHb 2CTHIMATHYHOTO
nyuxa nepeTHyThcA No Jinii MM, a NPOMEHi FOPH3OHTANbHUX CariTalb-
HHX [0BEPXOHb MEPETHYTbCS MO JiHii M2M2 Bianosinso paziycom Kpu-
BH3HY MepHioHa/IbHOT NoBepXxHi 6ye Bifctanb OM; = l;, a caritanbHoi —
OM, = [,. Beanunny Al = [, — [, Ha3UBAIOTb ACMUZMAMULHOW PIBHUUELIO.

IlpHunHOI0 acTUrMaTU3My MOXKYTb OyTH TaKOX ACHMETPif ONTHYHOI
CHCTEMH, HeBiAUeHTpoBaHicTh ii, HasBHiCTL AedeKTiB y JiH3aX.

JocaigHo acTHrMaTHUHY Pi3HHIO BU3HAYAIOTH i3 CIOCTEpeKeHb 306pa-
JKEHHS1 BePTHKANbHHX i TODH30HTaNbHHUX JIiHiH CITKH IpH pi3HUX KyTax
HOBOPOTY JiH3H.

Abepauii onTHYHHX cHCTeM NOAINSIOTBCS HAa MOHOXPOMAaTHUHI (CIOTBO-
peHHs 306paikeHb, O YTBOPIOIOTbCS HPOMEHAMH ORHi€l wacToTH) i xpoMa-
THYHi (3yMOBJIEHi guclepciel0c npoMeHiB pisHoi uwacrotu). Mornoxpoma-
muunumu € chepuyHa aGepaiis (NO3LZOBXKHA | mNonepeuHa), Koma,
aCTHTMATH3M, AMCTOPCifl, KPHBH3HA MOJIf; XPOMAMU4HUML — l'lO3llOB}KHﬂ‘
XpoMaTHYHA a6epaum i XxpomaTHYHa pisHMUS 36iJbIIEHB,
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XpomarHuHa a6epau1' A 3yMOBJIEHA 3a/IeXHICTIO [TOKa3HHKa 3aJIOMJICHHS
ONTHYHHX CEPENOBHIL Bill IOBKHHH CBITJIOBOI XBHII.

QokycHa Bi[ACTaHb JIiH3H 3a/1€XHUTb Bil ii MoKasHiKa 33TOMJIEHES i Big
paniyciB KpUBH3HU C(PePHYHHX [OBEPXOHb, 0 06GMeXYIOTh JiH3Y, 3a dop-
MyJI010 :

n—1) (R;— /Ry * @

Ockinbku 7= f(A), To i F= f(\). Tomy HaBiThb mnapakciancHu#
HEMOHOXPOMAaTHUHHH NyYoK. NPOMeHIB Mic/is 3a/0MJEHHA B JiH3i MaTHMe
miqHd pax  GoKyciB y3moBx
F 4 FOJIOBHOI ONTHYHO! Oci, KOXHUI
______ 3 AKHX BiJANOBiJaTHME INeBHik
noBxHHI XBHJi. ToMy Ha npak-
THLI BH3HauaioTb POKYCHY Bii-
g CTaHb ONTHYHHX CHCTEM 14
tllll’]___]"ll"“llﬂlll|IIIIllH‘!L__]'L_]HI“HllI”(IlHHHITIUW‘L__JHH'J neBH.O‘i AOB}KHHH ‘x'B‘Hﬂi'y ."Haﬁ-
yacrime Anq %oBTol JiH{i Ha=
Puc. 128 Tpito Ap.

TosjoBxHst  XpomaTHuHa
abepauist NiH3 BU3HAUAETHCH PiSHHUEO (hOKyCHHX BiicTaHe# mas Jocai-

JUKyBaHOI JNOBXKHHH XBHJ Fp i Ans xobrol nimil matpio Fp:

A = F)—Fp. 3

EKcriepHMeHTaIbHO JesiKi 3 a6epau1ﬁ JMiH3 MOXHa ROCHIANTH 33 aomo-
MOTrOI0 ONTHYHOI JIaBH, Ha fAKi# 8aKpiMJeHo OCBiT/IIOBAY 3 CiTKOW I, KOJi-
' MaTOpHY 2 i Joc1ilxKyBany 3 J1iH3H i ekpaH 4. Bei ui npusaay 3a 1onoMoroio
WTaTUBiB i BHHTIB BCTAaHOBMIOOTheA B pefitepax 5 (puc. 128). Peittepu
MaroTh MOKAXKYMKH I/1a (pikcalii iX mosokeHb HAa IKaJi ONTHYHO! J1aBH,
JlopxxkuHa ontuyHOi aBH Mae 6yTH He MEHIIOW Hix 1 M, a IiHa momiiku
11 mKaJM He NOBHHHA nepeBullyBaTH 1 MM. Pefitep 3 nocaiaxysaHoo JgiH-
3010 Ma€ JaiM6 /1 BiApaXxyHKY KyTa NOBOPOTY MiH3H. B onpaBy nocsigxKy-
BaHOI JIiH3H MOXKYTh GYTH BCTAaHOBJEH! KapTOHHI giadparMmu 3 oTBOpamu i
KiJnblIAMH pisHUX niamerpiB. KosimaropHa ninsa nosrogokycua. Ocgitiio-
Bay 3 CiTKOIO Ma€ ONpaBy A1S BCTAHOBJEHHS CBiTVIODiNbTPIB.

F =

ITopadox suxonanksa poboTu

1. [ocaidumu nosdosxcuio cgepuuny abepayiro.

1. BeTaHOBUTH OCBIiT/IIOBAY- 3 CiTKOW, AOCTIMKYBaHY i KosniMatopHy
JIiH3H, a TaKOXK €KpaH Ha ONTHYHif JaBi. Biguenrpysartu cucreMy B3foBXK
TOJIOBHO{ ONTHYHOI OCi JOC/iMKyBaHOI JiH3H.

2. Tlepecypatoun KoJiMaTOpPHY JiH3y B3HOBX ONTHYHOI JIaBH, BCTaHO-
BUTH If TaK, 1100 ciTKa OCBiTJIOBaYa 3HaXOJAHJach Y ii ¢okyci. docmixxy-
BaHy JIiH3y BCTaHOBHTH mopsj 3 KOJIIMaTOPHOIO.

3. BcranoeutH B ompaBy nocmmxysaﬂm JiH3H Aiadparmy 3 HafiMeH-
1HM OTEOPOM (BHAINMTH NApaKCiaJbHHIA IMyYoK NPOMeHiB) i, MepecyBaloun
€KpaH, 3HaiTH pisKe 306paxkeHHs ciTku. BumipsTu Biacranp Bia niH3n
Mo ekpaHa. Ile i 6yne ¢okycHa sigcraHb Fp.

4. BcraBasiioud B ompaBy KijibueBi AiadparMu 3 pisHUM Bilfa/neHHAM
Kinelb Bif oci, TaKOX 3HaATH pi3Kke 306pakeHHs CITKH Ha eKpaHi i wopa3sy
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samipsTH BiACTAaHb MiXK €eKPAHOM i JOC/iKYBaHOW NiH3ow0. Lle 6yayTh Bin<
crani Bij JiH3W Ho abepauififnx 306paxeHsb CiTKH &y, I, i T. 1.

5. JIns xoxHOI Kiablerol mia¢pparMH po3paxyBarH NO3LOBXKHIO cde-
puuny abeparniio 3a dopmy.own (1). BanyBaTH 3HaK AS.

6. IloGynysary rpadiky sa/exHOCT] AS i I Bin piamerpis niapparm Ta
npoaHanisyBaTd ix.

11, Hocaidumu acmuemamusm AiH3U.

1. BeraHoButH B OCBiT/IOBaY 3 ciTKOIO KOBTHi cBiTIopiaeTp (A =
= 586 HM) (acTUTMATH3M BHBYAIOTh B MOHOXPOMATHYHOMY CBiTJIi) i IoBEp-
HYTH [OCHAiIXKYyBaHy JiH3Y Ha KyT ¢ = 10°.

2. TlepecyBaroyd eKpaH Y3I0B¥K ONTHYHOI JaBH, 3HaWUTH HaHGinblne
piske 3006paxeHHA BepTHKAJbHHX JiiHiHl CiTKHM, a NOTiM rOPH30HTaJbHHX.
3agircyBatd B 060X BHNAZKax IOJNOXKEHHA €KPaHAa MO LUKajli ONTHYHOE
JaBd. Pi3HHLS UUX NOJOKEHDb JACTh BEJIHYHHY aCTHIMATHYHOI pisnuui Al.

3. TloBTOpHUTH AOCJinH, MOCAIROBHO MOBEPTAIOYH JOCJiJKYBaHy JiH3Yy
Ha HacrynHi 10°.

4. TToGynysatn rpadik sanexHocti Al Bix KyTa noBopoty JiH3u @.

I111. Hocaidumu no3doexcrio xpomamuyny abepayiro.

1. B onpasy aocnimxyBaHoi JiH3H BCTaHOBHTH Aiadparmy i BHIIIHTH
napakciaJbHHH MYyYOK MPOMEHiB.

2. BcraHoBHTH XKOBTHH CBiT/10QinbTP B OCBiT/IOBad, i, NepeMilmiyrousn
eKpaH, 3HaHTH pi3Ke 306paxkeHHs ciTkH. Biacranb Mixk niH3010 i ekpaHOM
BH3Hauyae QoOKycHy BijAcTaHb JIiH3H.

3. Minsouu CBiTJloq)ianpn NOBTOPUTH JOCAiIAM 1 BH3HAYMTH I
KOXKHOro 3 Hux Fj.

4. 3a dopmyJoio (3) IS KOXKHOI HOBXHHH XBHII OGYHC/AHTH I03-
JIOBXKHIO XPOMaTHYHY abepallilo, BpaXoBYIOUH ii 3HaK. -

5. IloGynysaru rpadik sanexsocri AF (A) i npoananisyBatu #oro.

KoHTpoasHui sanuTanug

SIxi onTuyHi cucTeMM Ha3MBalOThCH JealbHHMH?P

SIki npuuMHM BUHHKHEHHS CIOTBOpEHb 306paXeHb B AiH3ax?

Sxi Bu 3HaeTe OCHOBHI MOHATTA reome’rpnqﬂm ontuxu? [aiite ix o3HaveHHs. '
Hassite Buan a6epanii nina. IoscHits IX MpHuHHA.

SIKi ocHOBHI XapaKTepHCTHKM THX afepauiil, AOCAiXKeHHsI AKHX BH NPOBENH?Y

G WO

22. BuBueHHs TEM/J0BOr0 BUNPOMiHIOBAHHSA
[28, 24, 28, 3aBoxchKi iHCTPYKii]

!Buxoasuu 3 ysBJIeHb Mpo AUCKPETHHH XapakTep BHIYCKAHHs e€Heprif
MikpockoniyuuM ociunsitopoM, M. Tlnanx BCTaHOBUB €MHHMH 3aKOH PO3-
nojiny eHeprii mo JOBXKHHAX XBHJIb B ycili o6nacti crekTpa Tern/aoBOro BH-
npoMiHioBanusa. Popmyna Ilnanka mae Burasg

25hc? 1
R U el ©

Inrerpysanns uiei dyukuii npu T = const B inTepBani A0BXHH XBHJD BiR
& = 0 10 A = oo jae BHPa3 /1A €HEPreTHUHOI CBiTHOCTI abCOMIOTHO Yop-
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woro Tina Er, a6o 3akon Credana — Boabumana:
Er = j‘&‘rqz,rdh = oT%, (8)
: 0

Je 6 — crana Crepana — Boabimana. ;
HoBxuHa XBUJI, NPH AKIH QYHKUIA €47 J0OCATAE MAKCUMANBHOTO 3Ha-
YeHHSl, BU3HAYa€TbCsl 3aKOHOM 3MilleHHs Bina:

AmaxT = 2,9+ 107 m - K. (r)

‘CrnekTpanbHa BHOPOMiHIOBaJbHA 34aTHiCTH GyAb-SIKOIO HEYOPHOIO Tisa
JOpiBHIOE:

€T = a3, TEq AT- (m)

Benuuuny apr HasuBaiothb cmynenem 4opHomu. BoHa BH3HauaeTbes

8iIHOIIEHHAM eHeprii BHIPOMiHIOBaHHA AAHOTO TiJa A0 eHeprii BHIpoMi-

05 75 HIOBaHHA a6CoJIIOTHO YOPHOTrO

g Tizia npH TR camiii Temnepa-
TYpi.

Ha ocuogi (B) 3 ypaxysasn-

HAM (@) ANA  €HePreTHYHOl

Puc. 129 * CBITHOCTi HEwOpHOro Ti/ia 3Ha-
XOIHMO:
Er = aroT4, (e)

SIKIo BUNYCKaHHSA BHNPOMiHIOBAHHS BiAGyBaeThcsi B cepeOBULL 3 TeMne-
parypoio T,, TO () MaTHMe BUTVIAX

Er=aro (T4 _ Tﬁ;. ()K)
Jasa ciporo rtina :
ek,,T/EA,,T = (8;,,,1‘78;.,,7‘)‘,.

Merony BH3HAUEHHS TeMIepaTypH PO3KAPEHHS TiJ, 3aCHOBaHi Ha 3a-
KOHAX TEIIOBOrO BHIIPOMiHIOBAHHS, HOCATb Ha3BY METOAIB ONMUu4HOL nipo-
mempii. IIpHaany, aKi 3aCTOCOBYIOTBCS B ONTHYHIN mipoMeTpii, Ha3HBAIOTh
nipomempamu eunpominiosanna. Born 6yBaioTh IBOX BUZIB: paniauiiini ta
ONTHYHI (i3 SHHKAIOUOI0 HUTKOIW). Padiayiiinuii nipomemp Na€ 3MOry BUMi-
pATH TeMNEpaTypy 3a iHTerpajJbHHM BHIPOMiHIOBaHHAM TiJla 3 BHKOpHC-
TaHHAM BHPa3iB (B) a6o (e). CxeMy mpuaazy mozaHo Ha puc. 129. Jlinsa
06’eKTHBA CTBOPIOE 300paXKeHH s AiJNSTHKH po3xapeHoi nosepxui S y micui
posramyBanHsa TepMobarapel 75.TepMocTpym BHMIpIOETBCS raibBaHOMET-
pom. SIKINO posMipH 306paxkeHHs Jkepeja BHIPOMiHIOBaHHS Oijbwi 3a
PO3MipH NoBepXHi TepMobaTapei i AKILIO MOXKHA 3HEXTYBAaTH BTPaTaMM Ten-
Ja y tepmobatapei, TO MOKa3H raJbBaHOMETpa MPOMOPUIiHHI MOTYXKHOCTI
BUNPOMiHIOBaHHA Tis1a. [l aGCONMOTHO YOPHOrO TiNld MOKAa3H rajhBaHOMET-
pa npomopuifiHi YeTBepTOMYy CTeneHI0 TemnepaTypu. [lporpaayioBaBuin
nipoMeTp 3a BilOMHMM TeMmepaTypaMH, HOro MoXHa BHKOPHCTOBYBATU AN
BHMipIOBaAHHA TEMIEPATYPH Pi3HHX TiN. AJle SKIIO JOCi/KYBaHe TiJo He €
a6CcoOTHO JOPHHM, TO MiPOMeTP NOKaxKe He iCTHHHY TeMnepatypy, a Tak
sBany padiayidny memnepamypy T, PaniauifiHa TeMuepaTypa IOBiJib-
HOro HEYOPHOro TiJla ZopiBHIOE TeMnepaTypi abGCOMIOTHO YOPHOrO Tifa, sfiKe
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BHIYCKAE TAKY X MOTYXHIiCTb BHIPOMiHIOBAHHA, MO #f * HOCJiAXKyBaHe,
[opisHioloun Bupasu (B) i (), AicTaHeMO:

\ - .
T =-(1/]/ ar) T,. R (3)
IcTuRHY TeMmneparypy Tina MOXHA OGUMCIAMTH, SKIO BioOMa BEJHYHH2
ar = S ah’rdh,
0

T06TO CcepelHe 3HAaueHHs MOOTVIMHAJNLHOI 3XaTHOCTi poO3risiiyBaHOro Heucp-
HOroO Tija.

HocuTb momupeHUMH, OCOGMHB) y IPOMHC/IOBHX BHMipIOBaHHAX, €
nipomempu i3 3HUKQIO400 HUMKO0. BraHaueHHs TeMIlepaTypH 3a JAONOMO-
roo uMx nipomerpiB G6GasyeTbes
Ha 6e3nocepeHbOMY MOPiBHSHHI
siCKpaBoCcTi BHNPOMiHIOBaHHA Tina
B nepHift obaacti chekTpa 3 fic- Y
KpaBiCTIO eTaJIOHHOTO JIXepena B
Tiit camiit o6racri. Etasionne mxe-
peJsio cBiTJIa MonepenHbO I'panyio- A
€ThCS 33 BUNPOMiHIOBAHHAM alco- °
JIIOTHO 4OpHoro Tina. Temnepary- ]
pa, BU3HAuUeHa TakWM cmocoGom,  PHc- 130
Ha3WBaeTheA AckpagicHoro memnepamyporo T,. SlckpaBicHa TeMmeparypa
JOBiJIbHOTO HEYOPHOTO TiJa — L€ Taka, sIKy BOHO MaJjo 6, BHIIPOMiHiO-
IOYH y AaHill cnekTpanbHiil o6nacti AK aGconoTHO dopHe Tido. Slckpasic-
Ha TeMmmepaTypa Tijla AIs PisHUX MiJISHOK CHeKTpa pisHa:

Ty

T=1+mmmhﬂg (1)
Cxemy nmipomerpa i3 3HHKaIOUOI0 HHTKOIO ojaHo Ha puc. 130. ¥ dokanbyihk
IJIOLWKMHI 06’€KTHBA 3HaXOAUTLCH HUTKA PO3KapeHHS eTaJOHHOI JaMmmu L,
po3:KapeHHA AKOI peryJoerbcs peocraroM R.3a AonoMorow TyGyca OKy-
Jisipa CyMilllyiIOTb HUTKY €TaJIOHHOI JIaMIH i3 306paxKeHH M BHIIPOMi HIOIOYO1
nosepxHi. 3a JOMOMOrol0 peocTaTa po3KapeHHs HHTKU JaMMH 3MiHIOTh
Tak, 106 Ha $OHi BANPOMiHIOIOUOI NOBEPXHI HUTKA 3HUKIA. SIKIWO joc/i-
JXKyBane J/pKepeso — TaKOX HHTKa pO3KapeHHs, TO CHOCTepiraioth 3a
MicueM ixHboro nepernny. IIpy HemoctaTHBOMY poO3iapeHHi Jammu y npu-
Jazi Micue IXHBOrO NepeTHHy 6yJAe TEMHHM, NPH HaIMipHOMY — CBIT/IHM.
Tlokasu no wkani TeMmieparyp 3HiMaloTh, KOJMH SCKpaBoCTi 060X Kepest
onuaxosi. [Ipu BumipioBauHi Temneparypu noHan 1400 °C BBoasATh CBiT/IO-
¢inerp AP. Ilpu uboMy mosipHa sicKpaBicTb JOCAiKYBaHOTO JKepena
Oylze MEHILUOIO, TOMY JJil BUMipIOBaHHA SICKPABOCTed MOTPiGHMA MeHILHF
CTPYM po3MapeHHs eTanoHHoi JamnHu. BignosimHo npunax Mmae apyry
(HMIKHIO) IIKaly AJ1f BHCOKHX TeMmmepatyp.

L. Axic1a nepesipxa 3axony Kipxzoga
Npranagun { martepiaunn 1) erexrpuuna namna na 60 B, 250 B; 2) peryns.
aol'%l'l ﬁi;nop%m PHIN-250; 3) amnepMerp 3513; 4) Boawtmerp 2515; ©) nipomerp
- l . ‘
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Teoperuuni eidomocri Ta onuc npuradis

3akon Kipxroga (a) Touno BHKOHYETBCS NS CNEKTPANBHHX Ta iHTe-
TPaJbHMX BequuMH. BiH BCTAaHOB/IOE 3B’130K MiX 8zaaTHicTio Tina BHITyC-
KarH eHeprilo Ta MOrMIHHATH 1i Y BUIVIALI BHIPOMiHIOBaHHA. Besake Tino
MOXe BUNYCKaTH BHIPOMiHIOBaHHA JIHILE y THX OO/ACTAX CNEKTPa, B AKHX
‘BOHO Mae BiIMiHHY Bil HYyJAd norsuHabHy snaTHicTb. KiabkicTs eneprii,
sIKa BUMYCKA€ThCA Ti/IOM npU Temneparypi 7', YHCeNbHO AOPiBHIOE KibKOC-
Ti eneprii, Ky BOHO NOT/IHHYJI0 6 NPH onpoMikeHHi HOro BHNPOMiHIOBaH-
*Hva a6COJIIOTHO YOPHOTO TiJ1a 3 Tiew XK camoto TeMneparypowo T : Ep/Eqr =

7.
OckinbKH A5 HewopHHX Tin Ar << 1, TO

ET/EqT< 1. (1)

ﬂxmo BBaXKaTH, IO B HHTILi PO3XKAPEHHA BCS eNeKTPHUHA eHepris mepeTso-
'PIOETECS HA €HEeprilo BHIPOMIHIOBAHHS, TO MOXHA 3aNHCATH:

Er =®/S = [UJS, )

Ze S — edekTnBHa BUIMPOMiHI0I04a I0BEPXHS HUTKY; [, U — cuna ctpymy
Jiamny i Hampyra Ha Hifl npH naHilt Temnmeparypi posxapenHs. Toxai (2)
3 ypaxyBaHHaM (e) i (1) maTuMe BUIIAA

Er/Esr = IU/(SoT*) < 1. (3)

Jlns nuTok ckaanHoi dopmu (cnipanedt) edeKTHBHa BHNPOMiHIOOYA MO-
BepPXHA MeHINAa 3a IeOMETPHYHY, OCKIJIBKH OKpeMi BHTKH OOMIiHIOIOTbCA
BHIIPOMiHIOBAHHSAM OIMH 3 OAHUM. [T 3HaueHHS 33Ja€TbcA OKPEMO /1A JaM-
MM BiANOBiAHOI MOTYXKHOCTI.

Bukonanns 3aBnaHHa I 3BoauThCA A0 nepeBipku HepiBHocTi (3).

Ilopadox euxoHaHHA poboTU .

1. 3i6paTi enekTpuuHE KO/MO 3 BONB(PAMOBOIO JIAMIIOK PO3KaPIOBaH-

Hsl, BKJIIOYHBIIK B HbOIO aMmepMeTrp Ta BOJIBTMETP.
- 2. TliniMKHYTH A0 JuKepesla HanpyrH mipoMeTp Ta RepeBipHTH HOro

PoGOTY, 3MiHIOIOUH CTPYM ONOPOM Yepe3 eTAJOHHY Jamiy.

3. Hanpasutd 06’eKTHB mipoMeTpa Ha po3KapeHy HUTKY BOnbhpamo-
. BOI JIaMIH. 3MlLLlle'-lPI TYOyC OKyJasipa, JOMOITHCS Pi3KOro 306paKeHHS
HHUTKH.

4. OGepratoun Kinble peocrara nipomeTpa, 3piBHATH SICKPABOCTi HATKH
JOCNI/UKYBAHOI JIaMNH Ta €TaNOHHOI. 3amnucaTH SHayeHHsi TeMmepaTypH.

5. Hanpyry smiHioBatH uepe3 koxHi 20 B Bia 80 o 200 B. [{na kox-
H0ro 3Ha4eHHA HANPYTH BUMIPATH TeMmepartypy.

6. IloGynysatu rpagik sanexsocti Er/Eer = f(T) Ta nosicHUTH fioro.

Kourpoasul sanuranun

1 [lo uasuBaloTL Te110BHM BunpoMiHioBaHHsM i sika foro siaminmicTs Bia iHmux
BHAIB BVIl’IpOMlHlOBaHHﬁ")

2. Ilo Take cipe Tixo i 4uM NOACHATH TaKy Ha3By?

3. B sakoMy nianasoni oBMHH XBWJb BHNYCKae BUNPOMIHIOBaHHS MOBEPXHR Tina
JNOAHHA?

4. Illo TaKe onTHUHA nipomerpia?
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'BH3HAUaEThCs 3aKOHOM sMilteHHs Bina (r). Moro aua-

11 SAxicna nepesipka saxony amingennn Bina

Mpumaan i Mmatepiamu: 1) erekTpuyHa Namna pos3KapioBaHHA; 2) on-

yanni nipomerp OINIHUP-017; 3) qmoenemem ®32CC-¥2; 4) ceitnopiaerpa KC-13,

CC-1; 5) Mmpoamnevaxerp M109/1.

®opmyaa Ilnanka 117 BUIPOMiHIOBAaHHS aGCOJIOTHO YOPHOTO Tija Aae
amory nofynysatu psj isorepm. KoxkHa isorepMa XapakTepH3ye po3NOAiJ
eHeprii y crekTpi BHHpOMiH}OBaHHﬂ. 3aBAaKM 1 MOXXHA OLiHATH eHeprilo,
110 TIPUIIaJa€e Ha pisHi NiNHKH cHeKTpa. JloBxuHa XBHJi, HA AKY npnna~
@€ MaKCHMyM CHEKTPaJbHOI BHIYCKHOI 3AaTHOCT,

Jii3 nmokasye, 10 NMPH MiABHINEHHI TeMIepaTypH Mak- ,/
CUMYM CIIEKTPalbHOI BHIPOMiHIOBAaJBHOI 3JaTHOCTi A —

TepeMiIllyeThesl Y CTOPOHY KOPOTKMX JOBXWH XBHJIb.
‘Tomy BigHOIUEHHSI BHIPOMiHIOBAJIBHOI 3JaTHOCTI pPO3-
3KapeHOro Tijla y CHHii Ta 4epBOHili HiNAHKAaX BUINMO-
ro coeKkTpa IOBHHHO 3DOCTaTH 3 MiABHILEHHAM TeMIe-

parypu:
(ET)C7(ET)w = f(T)o (1) 250

SIKmo eKkcrnepUMeHTaJbHO BUMIpATH TNOTOKU BH- Puc. 131

NPOMiHIOBAHHA Y ABOX HiJsIHKax cnekrpa, To QyHK-

nis f(T) noBunHa 3poctarH i3 3poctaHHAM TeMneparypH. CBiTsioBHi
NOTiK MOXHa OIIHHTH 32 HoMoMoroilo ¢oToeneMeHTa, CTPYM Y KoJli AKora
NPONOPLiAHAA CTeKTPaJibHii BHIPOMiHIOBAJbHIH 3JaTHOCTI PO3XKapeHOro
Tijla B meBHUX obnacTAX cnekTpa. Tomy BigHomeHHA (GoTOCTpyMiB Gyle
TAKOIO 3K 3pOCTaloyolo PyHKILi€lo TeMnepaTypH, K i JIJs CHeKTpajbHUX
BHIPOMiHIOBaJIbHAX 3AaTHOcTe#H (1):

1. (T)14(T) = [ (T). @

CxeMa YCTaHOBKH Ha€Tbcs Ha puc. 131.

Tlopadok sukoranrA poboTu

1. YBIMKHYTH €JIEKTPHUHY JIaMIly PO3KapIOBaHHA B OCBiTJIOBAILHY
Mepexy uepe3 peryasrop manpyru PHIII-250.

2. ITopatu Ha namny Hanpyry 100 B, ontuusHM nipoMeTpoM BHMipATH
TeMmneparypy.

" 3. Ha umaxy motoKy Bif AOCJIJUKYBaHOI JIaMIIH PO3TAIIyBaTH YepBO-
Hu# ceiTiodiastp KC-13.

4. 3miHiolOUH Hanpyry Ha Jamni depe3 KoxHi 20 B, BuMipaty TeMnepa-
TYPY HUTKH Ta 3adiKcyBaTH HOKasH MiKpoamnepMerpa y KoJi ¢otoene-
MeHTa.

5. 3poGuTH aHajoriyHi BUMIpIOBaHHS AJ1s1 CBiT/IO(iAbTPa CCl Ta mo-
GynyBatH rpadik sa piBHAHHAM (2).
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Kontponssi sanuranusg’

1. fIx gicratn maremaTnuHmd 3anuc 3akoHy amimenus BiHa 3 dopmynan [Tnarka?
2. Sxy remnepatypy Mae Harpite Tijo, Ao GinbiIa dacTHHA HOrO BUNPOMiHIOBaKHA
JeXuTb B yaprpadionerosiit alnsinni crnekrpa? : ‘
8. llna axux rtin panianifina TeMmepartypa RopiBHIOE sicKpaBicHif? -

- 111, Busnasenns craroi Crepana — Boarbymana

Npunazrm | Mmarepianmu 1) rpanchopmarop sHuxyBambuuit  120/6;
2) Bowramnepmerp J-128;.3) nipomerp OTHINP-017; 4) nikenera (nixpomoBa) cMyxkka y
KepaMiuHHX 3aTHCKauax; §) Bonbrmerp 3515; 6) peryasrop Hanpyry PHIN-250.

Teoperuuni sidomocri Ta onuc npusradis

- Crana Cretdana — BoabuMana HaleXuTb A0 Ipynu GyHIAMEHTANbHHX
¢isHyHHX KOHCTaHT. ¥ HAaHiil poGori 4aa BH3HaueHHs crajol Crepana —
Bonbumana 3acTocoByeThCA METOX NMOPiBHSHHS NOTYKHOCTI €J€KTPHYHOrO

. CTPyMy, LIO BUTPAYaEThCA HAa PO3XAPEHHN HiKeJEeBOi CMYKKH, Ta NOTYXK-
Hocti BuUnpoMiHioBaHHS 3 i moBHOI moBepxwi. CeiTiHHA HiKem0, AKHM
pH po3XKapeHHi BKPHBAETbCS OKAJIMHOI0, HAGIHKAETLCA N0 CBiTiHHS a6-
comoTHO uopHOro Tina, OcKinbky njs HiKeml0 NOTJIMHANBHA 3HATHICTH
MeHIa 32 OZMHHLIO, CTa/la B JOCHTH LIMPOKOMY AianasoHi AOBXKHH XBHJb
i sanexxuTh JMIUe Bij CTaHy moBepxHi, TO HOro eneprerHyHa CBITHICTBb
BH3HauaeThcs Gopmynoo (k). SIKuUIO 3HeXTyBaTH BTpaTaMH Ha TEIIONpO-
BilHicTh NpPOBiJHHMKIB, KepaMiYHMX 3aTHCKadiB, cepejOBHLIA, IO OTOUYE
poazkapeHy CMYXKKY, MOXKHa 3aNlHcaTH Taxy PiBHicTb:

IU = arSo (T* — Ty).
3pigcu
o= IU](arS (T* —T})), (1

e S = 2 (a -+ b) | — noBHa muiowa po3KapeHoi CMYKKH; @ — LWIHPHHA;
b — roBmuHa; ! — BigcTanb MiXK sarnckauyamu; ar = 0,48 anaa oxucie-
Horo Hikesmo npu 600 °C (ar = 0,75 npu 1000 °C); Ty — TemnepaTypa Has-
KQJMILHBOTO CepeioBHINA.

Jna BumiproBaHHA TeMnepaTypy B JaHOMY 3aBJIaHHI BHKOPHCTOBYETHCA
nipoMerp. i3 3HHKAOU0I0 HHTKOIO.

ITopadok suxonanHs poboru

1. 3i6patu ycraHOBKY 3a cxeMoio puc. 132. ITiaiMkuyTH Garapeio aky-
MyJaaTopiB go mipomerpa.

2. TloctynoBo 36inpmytoun peryastopom PHII-250 sanpyry y nepsun-
Hit o6MoTLi TpaHchopMaTopa, AOMOITHCS PO3MKAPEHHA CMYXKKH X0 TeMIes
patypu 700—800 °C (TemMHO-uepBOHHH KOJip).

3. HaBectu 06’cktB nipomerpa Ha
po3KapeHy CMyKKYy Ta JOMOITHCA pi3-

' O Koro ii sobpakeHHS. YBIMKHYTH

o5 51 2L ) ; ..
_ 250 o CTPYM pO32KapeHHs IipOMETPHYHO] JaM-
e ‘ nd. 3Mimyioun okyJasp, Aicrata piske

Puc. 132 so0paxeHHA HHTKH.
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4. CymicTuTh 300parkeHHsA ;0—0 roo T

HUTKH JIaMId i3 306paxeHHAM =650

po3:xKapeHol CMYXKKH i 3MiHIOIOUH 700

peocratoM ¢TpyM y Xoni mipome- 00— = N
TPHUYHOI 1aMIIH, JIOMOTTHCA BUDIB- /000:- 00 {005
HIOBaHHS IXHIX sckpaBocreii. 3a- N - = 007
dixcyBaTd 1oKasd 10 mxadai mi- //00—\_—900 008
poMeTpa Ta SHaueHHs HANDYTH 0, ] 000 u
Ha 3aTHCKAuaX HIKEJeBOI CMYXKH zzpn N Ny - -

5. ITin KepiBHHMIITBOM BHK/A- 1500 —] 300 -
Jlaua 36iJbIIHTH CTPYM PO3XKapeH- 7500 — 1400 03
HA HikesneBoi cMyxku jgo 40 A, 7700 — ~ —0%
3po6uBIIK npH nboMy 2—3 BuMi- 8003 =10 N :zg
pioBanHA Temneparypu. Ilpu 200033 = 1600 \\:;_—_ i#
UbOMY CMij mam’statd, mo npu 2200=3 = 2000 =¥/
BHMipIOBaHHi TeMnepaTypH INoHaX Prc. 133

1400 °C moBopoTOM rOJIOBKH Ha TY-
6yci nipomerpa BBORATb B CHCTeMY clieniiansuull cBiTyodinbTp i nokasm
3HiMaioTh No APYTiH IKaJi.

6. Kopucryiouucs Homorpamoio (puc. 133), snafiTe icTuHHy TeMnepa-
TYpY pO3)KapeHOi CMYXKKH 3a il fICKPaBiCHOIO TeMNepaTypolo i cTyneHeMm
4opHOTH NpH A = 650 HM. 3a popMyJioI0 (1) O6UHCANTH 3HAYEHHSA CTAJIOL O,

KouTpoabuil sannranusg

1. 4k aicratn Bupa3s 3akoHy Credpana — Bonbumana 3 dopmymau Ilnanka?
2. SIky TeMnepaTypy BHMIpIOIOTE ONTHYHHMH METOXaMH?
3. Hasiwo B nipoMerpi BeraHoBieno cBiTaohinpTp?

1V. Busxasenns sunpominio6asvroi 3séarnocri soavpany

Mpunaaun i matepiaan 1) enexrpuuna JaMna Po3KapiOBaHHA; 2) BOAbT-
serp D515; 3) amnepmerp I513; 4) peryasrop nanpyru PHII-250.

Teoperuuni sidomocri ra onuc npuradis

BuBYeHHA TENJIOBOTO BHIPOMIiHIOBAHHA JOBINBHOTO PO3XKapPEHOro
Tila 3pyYHO BHKOHYBATH, KOPHCTYIOYHCb OCHOBHHMH XapaKTe€PHCTHKaMH
BUNPOMIHIOBaHHS aGCOJIOTHO YOPHOTo Tina. Bupas ais BunpomiHioBanbHOL
31aTHOCTI aBGCOJMIOTHO YOPHOro TiNa Aaerbca 3akoHoM Credana — Bonbu-
MaHa ‘ e

E T = OT“,
Je ¢ — crana Crepana — Bosnbinmana. YUncnenni focnigu panu migcraBy
MOLLIHPUTH 110 3aNeXHicTb i Ha BUNAJOK HeWOpPHHX TiJ. 3 Lieo MeTolo oc-
TaHHiH QopMyJi HajaBaJH TaKOro BHIVISLY:

Er = B(T)T"", (1)

Ze' B (T) i n(T) — Benuuuuu, XapaKTepHi A5 KOXKHOTO KOHKPETHOIO Tina,
AKi € QYHKIIAMHY TeMIepaTypH TiJia Ta CTaHy NOBePXHi. ¥ J0CTAaTHLO By3b-
KoMy iHTepBaJsi TeMmepaTyp BeJHYHHH B i n MOXHA BBaXaTH CTa/IUMH.
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Toni 3aBranusa 3sHaxofxeHHs1 E7 noTpebye MeToliB BH3HAYEHHS CTAJNAX

i n. le MoxKHa 3poOMTH 332 JONOMOIOIO €JIEKTPHYHHX BHMipIOBaHb.
3acTocyeMo 0 TENJVIOBOTO BHIPOMiHIOBaHHS JIOBiJIbHOIG po3xKapeHoB

TiJIa 3aKOH 30epexeHHs1 eHeprii, 3anucaBIIM HOTO B TAKOMY BHMIJISIKi: Y

IPR=a( —Ty)+B{T"—T0), @

ne o —goedinient TemioobMiny.

JliBa wacTuHa BHpasy (2) — ue NOBH& eHepris, ofepXKaHa TiJoM NpH
fioTO pO3XKapeHH! eJeKTPYYHHM CTPYMOM 3a OAMHMIUO uyacy. Ilepmmil mo-
IAHOK NpaBOi YacTHHH BHDa)Kae eHeprilo, BTpayeHy TiIoM 3a paxyHOK
Tem1000MiHy (3akoH Heiorona). Jlpyruit jojaHOK — BTpaTa eHeprii 3a

Ik .V

S

\
=

_Q’_- —— b

S
5
]
S

Puc. 134

paxyHOK BHITyCKaHHSI BHIpDOMiHIOBaHHs. Bizomo, mo onip npoBiguuka y
JIOCHTb BEJNIMKOMY iHTepBaJli TeMmeparyp JiHiHHO 3a1eXWUTh BiJ Temmepa-
Typu. Tomy y piBHAHHI (2) MoXKHa nepeiTH Big 3MinHOl T mo 3MiHHOI R:

I’R= C'(R—R,) + B' (R" —R}), (3)

je C’, B’ — HOBi KOHCTaHTH.

I'padik pisHsHHA (3) HaBeneHo Ha puc. 134, a. IIpu HH3BLKHX TeMnepa-
TypaXx nepeBaxaroTb BTPATH €Heprii yepes TEMIONpoBiAHicTb (nepunitiiona-
HOK Y (3)). Llbomy inTepBany TeMnepatyp BiZnoBilae ninsHKa ab rpadika.
JInst BHCOKHX TeMmepaTyp BHpilllaJbHUMH € BTPATH 3a PaXYHOK BHIYCKaH-
HA BHMOpOMiHIOBaHHA. Bracaigox HeminifiHOl sanexxsocti ix Bix TeMne-
parypH KpuBa [ Bin npsMoiiHiAHOI AiNSAHKM nepexomuth y LiNAHKY be-
$IKImo BiX TOUKH b NPOXOBKUTH NPAMOJMiHiIMHY RiNAHKY Kpusoi / 1o mepe-
THHY 3 Ce Ta BiIHATR BiA ce Binpi3oK de, MOXXHA BUKJIIOYHTH BTPaTH, I0-
B’A3aH{ 3 TEmIOnpOoBixHiCTIO:

IPR—C'(R—R,) =B (R"—R}) abo @
W = B'R'—B'R;. ©)

Iokaagemo B'Rg = const = f. Toxui
W=BR"—F, ' (6)

TTo6ynyBasmu rpadik sanexsocti (6), MoXKHA 3HaHTH NOKa3HUK CTENeHA f.
Jns nporo o6epemo aesakuid Macwtab 18 R Ta BiAKnanemo Ha oci aGcuuc
Binpisku Ry, R, = mR;, R; = m*Ry, ..., R; = m/I~'R, (puc. 134, 6).
3naMeHHHUK nporpecii m Ta R BuOupaeMo TaKMM UMHOM, IOG BHKOPHCTa-
TH JOCTaTHbO BY3bKHH iHTepBan Temneparyp 200—400° B sKOMY MOBUHHO
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6yTH He Menme 5 TogoK. 3anumeMo 3HauenHs W i KoxHOI Toukd. 3. dop-

Myan (6) MaeMo: -
W, =B'Ri— [,
W, + W, =B (mR)"—/,
Wi+ W, + W, = B’ (m*Ry)" —f,
BigniMemo Bif KOXHOro HacTynHoro piBHsiHHs monepenne. [icranemo:
W, =B (m'R)"—B (m"™'R)", -
e j — HoMep Bizpiska. OcTaHHiii BUpa3 3amumeMo y BHIIA[i

W;=5B (m*—1) Rj}. ]
Jlorapugmyiouu ueif Bupas, micraHeMo:
log W; = nlog R; + log [B’ (m* — 1)]. 3

Jpyrufi noAaHOK € BeJIHYHHOIO CTaJlolo i Beix j. [ToGynyemo rpadik 3a-
nexHocri log R; Bix log W;. 3a HaxunoM uiei KpHBOi BH3HAYHMO MOKa3- *
HHUK CTeleHs n. /L.l.na obuucnends B’ cnpocTumo Bupas (7), OCKi/IbKH Npak-

tuuno m 3> 1. Toni matumemo: B’ = W,;/R;m". Ockinbku B’ (R" — R}) =
= B (T" — Tg), T0

B=B (R"— R)IT" —TY. )

-Ilopsadox euxonanusa poboTu

1. 3i6paTH ycTaHOBKY.

2. 3wminioroun peryastopom PHII-250 nanpyry Ha enekrpuuniit Jammi,
BUMipATH 5 3HadeHb J i U B inTepBani Temneparyp 600—800 °C.

3. 3a ¢opmyanoio R; = R, (I + ) oGuHCINTH 3HaYeHHA R ATA M ATH
Temneparyp. (s Bombdpamy a = 5,1 . 10~ K, snauesHs R, LaeTbcs
KepiBHHKOM 3aHSATb B 3aJIeKHOCTI BiJl NOTYXKHOCTI JaMiH.) . .

4. Tlo6ynysaru rpadik 3anexuocri (8) Ta o6UHCAMTH 3HAUEHHSA 7.

5. 3poburu BHMipioBaHHA 3a mn. 2, 3 s iHtepBany 1300—1500 °C
Ta BH3HAYHTH 7 AJIA HbOrO iHTEpBaJy TeMIeparyp. . :

6. 3a dopmyaoio (9) obuucauTa crany B mis MakcHUMaJdbHHX 3HaYeHb
Temneparyp o6ox iHTepmanis. ) _

7. O6uucJHTH BHIOPOMiHIOBAaJIbHY 3JaTHICTb BOMb(pamy 3a (opMyJoio
(1) Ta nopiBHATH e 3HAYEHHS 3 AHANOTIYHUM LIS aGCOMIOTHO HYOPHOIO
Tina npu Temneparypi 1500 °C.

Koutpoabni sanntannsn

1. Illo Take BunpoMiHIOBaAbHA i INO TaKe NOTJIMHAIbLHA 3AATHOCTI HarpiToro Tina?

2. SlkMMM 3aKOHaMM ONMCYETbCHI BHAPOMiHIOBAHHS aGCONIOTHO YOPHOro Tina?

3. Unm BinpisHAIOTECA BUNPOMIHIOBaJIbHA Ta NOTMIMHANbHA 3MaTHOCTI HEUOPHOrO Tisa
Bix BunpominioBaNbROL Ta NOraARHaALHOL 3AaTHOCTef aGCOMIOTHO YOPHOTO TinaP

4. Sk mpawoe sckpaBiCHHi mipoMeTp i3 3HHKAIOYOI0 HHTKOIO? o
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23., Busuenns 3akouis sosHimunoro doroedexry [22, 23, 25]

CyTb siBUIIA 30BHIIIHBOrO QoTOEhEKTY HONsArae y BUNYCKaHHI eleKTpo-
HiB peyoBHHOI NiA Aielo cBiTia.

3akonu doroedexry noscHuB A. EfHmrelin Ha ocHOBI KBaHTOBOI Teo-
pii cBitma. Kopucryiouncs 3akoHoM 36epexeHHs eneprii, EfinmTedin BUBiB
piBHSIHHA
‘ hv = A + mv?/2, (a)

Je hv — enepris Najlaloyoro KBaHTa cBiT1a; A —poGoTa BUXOLY eNeKTpo-
Ha 3 Merany; v — LIBUIKICTb QOTOEJNEKTPOHIB; m — Maca eleKTpoHa.

Ha puc. 135 HaBefileHO TUNOBY 3aJIEKHICTh CHJIH q)OTOCprmy I Bij Ha-

npyry U. IcuyBaHHA QOTOCTPYMY NpH 3HAUEHHAX U<0 csmqmb npo

BiiMiHHY Bil HyJs TOYaTKOBY KiHETHUHY

I 1‘ eneprito  ¢oroenekrporis. MaxkcumanbHa

b= [IOYAaTKOBA WIBUAKICTD Umax IIOB’$13aHa 3 Be-
' JHYMHOIO SaTPUMyIOuOro norenuiany U,
/ CNiBBiIHOIIEHHAM
' 2
: : eUs = mvmax/2, (6)

L ,0- v e e i m — 3apsg i Maca enekTpona. Mak-
Puc. 135 cHMaJibHe 3HAueHHS cTpyMy [, HAa3WBA€EThb-
csi GOTOCTPYMOM HACHUEHHS; BiH 3yMOBJe-

Huil TUM, 110 Bci QOTORNEKTPOHH JOCATaloTh aHOAA.

" 3oBHimHIA doToepexT npakTuyHO Gesinepuilinuii. Bin mae mmpoke
3acTOCYBaHHS B Hayli i TeXHilli s Ge3nocepesHbOrO NepeTBOPEHHS eHep-
rif cBiT/Ia Ha eHepriio eJieKTPUUHOro CTPYyMY, ANsl BUMIDIOBAHHS i peecTpa-
wii{ cRiT/IOBHX MOTOKIB.

Tpunany, nis AKUX TPYHTYeTbCA Ha anopucraﬂm doroedekty, Hasu-
BAlOThCA  PomoeseMeHmany.

PoroeneMeHTH MOXYTb OyTH BakKyyMHi abo rasonanoBHehi. Baxyym-
Hull GpoToSNIEMEHT CKJIAJAEThCA 13 CKIAAHOrO GasioHa, BeepelnHi AKoOro pos-
MimeHi GoToKaTox i KoeKTop eneKTpoHiB abo anog,. Pomokamod sBisE co-
6010 TOHKI IIapyu cypMH i Lesilo, HaHeceHi Ha BHYTPIIHIO MOBEPXHIO CKAS-
Horo GasnoHa. Marepian ¢orokartosa BubHpaerbcsa 3alexHO Bix obraacri
3acrocyBaHHsA QoToenementa. Tak, cypm'aHo-uesieBi doTokarony 4yTJIHBi
R0 yabTpadioneroBoi Ta KOPOTKOXBHABOBOI YACTHH BUIHMMOTO CBiTJa, a
KHCHEBO-1le31eBOi— 10 iH(payepBoHOl yacTuuu cnekrpa. Meranesui anod
doroeneMenTa Mae hopMy cepH i posTamOBaHuH Yy LEHTPaJIbHIA YacTHH]
cknsHoro GanoHa. EnexTpuuHi KOHTAKTH BMOHTOBaHi y HOKOMB (oToene-
MeHTa. BakyywmHi (oToeneMEHTH IIMPOKO 3aCTOCOBYIOTbCH Y 3BYKOBil
anaparypi (LLB-3, CLIB-3); ¢oTomerpax (®-2, ®-3), cnekrpomerpax (P-3),
y cXeMax aBTOMaTHYHOIO KOHTPOJIO TOMLIO.

BUKOPHCTaHHA 2a30HANO08HeHux (QOToe/eMeHTiB oOMexxeHe iX iHepuifi-
HiCTIO, HEBHCOKOIO YaCcOBOO CTabi/IbHICTIO, BiACYTHICTIO HACHUEHHS aHOJHHX
XapaKTepUCTHK i T. 1.

Skwo nosepxHio Merasny y Bakyymi GoMGapAyBaTH IIBHAKHMH eJlex-

TPOHAMH, TO Lii @/IEKTPOHH BHK/IHKAIOTh eMicil0 HOBHX €JeKTPOHIB 3 uief x
TOBEPXHi, TOGTO CHOCTEPiraeThest ABUIe BTOPHHHOI e/IeKTPOHHOT eMicii.
Uitc/s1o BTOpHHHHX €/IeKTPOHIB MOXKe 6yTH B KiNlbKa pa3iB GiJblIMM 33 YHC-
#0 TepBHHHUX eJeKTPoHiB. Lle sBHILE NeXuTb B OCHOBI po6OTH (OTOEKT-

i
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Ocnoeni -xapaktepuctukn doroenementia 1 doronomHoxysauis

DoTOKATOL,
T | lare- | UYmcmo| O6nacth T %
npuaLy | Marepian sanos. “E;;’;:_’ Aumo- | Syrameoc. Hanpyra, B c:;;iz?i
BICTb,
MKA /M
L[B-1 AgO « Cs Baxy- 20 — | 400—1200 240 1.10~7
YMHHE
ur-1 AgO - Cs raso- 75 — | 400—1200 240 »
) HanosHeHuk ‘
CLIB-3 SbCs Bakyym- | 80—140 | — |400—600 240 1.1078
HH# .
K58 SbCs  makyym-| 70—130 { — |215—600 | 80—I100 | 1.10~'*
HAH ‘
DIY-11 Sb - Cs 1 s 12 [450—600 | 650—1150 [ 810~
®IY-19 » 35 13 | 400—600 | 900—2000 | 4.10~7
dIY-25 » 35 9 |400—600 | 1000—1700 | 5-10—°
dIY-38 SbKNaCs | 9 13 | 400—700 | 1000—2000 | 1-10~7
®3V-39 Sb-Cs 3 kpap-| 25 11 |300—600 | 1200—1700 | 6-10~°
LIOBHM BiKHOM

PHUHHX nomnomyaaqin fIKi 3aCTOCOBYIOThCS Y Pi3HHMX Tailyssix HayKH i
TeXHIKH: B silepHifi $i3HLL AK CUMHTHIANIAHI JIYHTBHUKH, Y CIEKTPOMeT-
pii, Ans nigcuneHHs caabKHX iOHHHX CTPYMIB B MaccrleKTpoMerpii Ta iH.
DomoenrekmporHull nOMHONCYsay siBAsie COGOI0 eNeKTPOBaKyyMHHT
npunaj, Wo CcKIagaerbcsl 3 (OTOKATOAA, CHCTEMH BTOPHHHHX eMiTepis
€JeXTPOHIB (AuHOAIB) i aHOAA (KOJIEKTOpa) 3 JONATKOBHMH €JIEKTPORAMH.
KBaHTH e/1eKTPOMarHiTHOTO BHIPOMiHIOBAHHS BHOHBAIOTH 3 GOTOKATOLE
enekTpoHu. Ilin nmiero enexTpHyHOro mosst Mixk ¢oToKaTozoM i nepum
€/IeKTPOAOM CHUCTEMH eJIEKTPOHH MPHUCKOPIOIOTHCS i CIPSAAMOBYIOTbCA Ha Iiep-
IIHH eMiTYIOUHH eJeKTpPoA. 3a PaxyHOK BTOPHHHOI €JNEKTPOHHOI emicii
3 NepUIOro IHHOAA BUOHBAEThCSA B £ pasiB esleKTPoHiB Gisblue, HiXK Ha HHOTO
napnae. Bruacainox sapusonoai6Horo npouecy, sikuii BinGyBaerbes y ¢oTo-
HNOMHOXKYBadi, Ha aHoxi 36upaeTbcsa B 10°—10'° pasis GiJblie eNeKTPOHIB,
Hix 6yJo BH6uTO 3 (hoToKaropa. Tunu ¢orokarogis PIY Ttaki, ak i y
¢doroeseMenTiB (cypM’siHO-ue3ieBi, KHCHeBO-cpiGHO-le3ieBi Ta iH.).
Hai6inpmw nowripeni ¢orokatoau 3 HamiBOposoporo GoTOUYTIHBOTC
nrapy, fKufl HaHOCHTbCS Ha BHYTpilIHi# GiK TOPLEBOi YaCTHHH CKJISHOI

 Koibu (oTONmOMHOKYBaya.

KoHCTpYKTHBHO icHYIOTh ABi Ipynd GOTONOMHOXKYBaUiB 3 (OKYCYIOUH-
MM i He(pOKYCYIOUNMH €JIEKTPOLAMH.

[o nepoi rpynu Hanexkath GOTONOMHOXKYBAYi, AMHOAH SKHX BHKOHAHF
y BUIVIALI KOpHTONOAiGHOI NoBepXHi (HanpHKaaz, THy ®Y-19, ®IY-24),
10 Apyroi — (OTONOMHOXYBayi, B AKHX IMHOAHI CHCTEMM BUKOHaHi y BHI-
JIAA1 ciTOK a60 NuIacTHHOK (Hanmpukiaag, PAY-11, ®3Y-16). Uncno Kacka-
,réliB MH{);KEHHH‘B Cy4yacHHX cepifiHHX (QOTONOMHOXKYBayax KOJHBA€ETbCA Bin

no 14,
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Jo HafiBaX/THBIIHX XaPAKTEPHCTHK npunanis is sopHimmiM doroedek-
TOM HaJlexarb: iHTErpajbHa i CiekTpaibHa YYTIHBICTb QOTOKATOAA, iH-
TerpajbHa YyTIHBICTh (poTOENEeMeHTa a00 (POTOENEKTPOHHOIO MOMHOKY-
Bada, KoedimieHT mixcuyienns, BeJHYHHA TEMHOBOIO CTPyMY, CTaleleICTb
poﬁo'm TOILO.

- B rabanui HaBeneHo JesIKi THIH cyuacHux oroeneMeHTiB i Q)o'ronomno-
XyBadyiB Ta iXHi OCHOBHI XapaKTepPHCTHKH.

L. Docaidacennn soenimnbozo horoeexry
Ta 6U3HAYERHR cTaroi Tlranka

NMpunaguimarepiaan 1) doroesementn tuny CLIB-3; 2) BonbTMerp THIY
M45M Ha 3—150 B; 3) mpusnan ans BuBueHHst ¢oroedexty; 4) Ha61p cBiTniodiabTpis;
5) oceitioBay; 6) Bunpamisay tuny BC-24M; 7) moxemerp tuny 10-16.

7

Teoperuuni eidomocri Ta onuc npuradis

Y upoMy 8aBfiaHHi BH3HA4alOTbCSi OCHOBHi XapaKTepHCTHKH (oToese-
menta CLIB-3: BosibT-amilepHa (3a/exHiCTb (POTOCTPYMY Bix nmpuKnagenoi
Hanpyry); iHTerpanbHa YYTJHBICTb Y (BeMHUHHA QOTOCTPYMY, 10 BHHHKaE

y ¢oToesemenTi NpH nonajamHi Ha HbOTO ORMHHI] CBIT/IOBOTO NMOTOKY);
cneKTpaana UYTAUBICTD 7) (3a/1€XKHicTh QOTOCTPYMY BiJ AOBXKHHH XBHJIi);

Puc. 136

CBIT/IOBa XapaKTepHCTHKA (3anexuictb QorocTpyMy Bia ocBiTaeHocti ¢o-
TOKATOJ1a).

®orocTpyM npH cTadilt Hanpysi nponopummm NIOTOKOBi €JIeKTpoMar-
HiTHOrO BHIIPOMiHIOBaHHSA:

Iy= 7O, (1)
e ® — motik cBiTi0BOi eweprii, mwo AopiBHIOE
O =1IS/2 (2)
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{rytr I —cuna cBitna ocsitmopaua; S — mioma orokaroga, S =

=40 - 10~ ™% ! — Bincramp Bix ocBimmoBaua 1o (oTorartoxa). Ha
mifcraei ¢opmys (a) i (2) sHaxomumo poGouy ¢opMyay Wis BH3HAUEHHS
inTerpasibHOi YyTJHBOCTI (oToeTeMeHTa:

v = I,2/IS. @3)

{IpnnnuniaZbHa cxeMa Jist BUBYEHHS GoToEdeKTY nofiaeThest Ha puc. 136.

EnexkTpHuYHY YaCTHHY CXeMH CKOMIOHOBAHO y BHLJISL npHIany, Ha -
flepefiHio NaHeJb SIKOTO BHHECEHO THi3ja IS MifIMHKaHHS BOJbTMETPa,
doroenementa PE i Bunpamasua BC-24M (wa 15 B).

OCHOBHOIO YaCTHHOIO € eJIEKTPOHHMUIl MiCTOK, 3i6panuii Ha NOABiiHOMY
Tpioai Tuny 6HIC. Tpioau npawoiots Hesanexno oxuu Bif o,zmoro oropu
R, i R, nopisnioors 1,3 kOM KokHHiT (2 BT).

Cneundikaniss neraneii mnpuaagy Taka:
HyJnb-rajJbBaHoMeTp THHY M273/8 3 Manum
BHYTpilIHIM omopoM; 3MiHHI pe3ucTopH R,

R;, Ry, Ry, R; MaioTh BifMOBifHO HOMiHa/b- ' A

Hi smavenns omopis 1,0; 22; 4,7; 680; 0 -~ 4
22 xOwm; norennioMerp R; MpU3HAYSHHN HJs P

3MiHM uyTJaHBOCTI rajbBaHOMeTpa; R, — pe- . c;/’

TyJi0e MNoTeHIial Ha aHOAI (oTOeNeMEeHTa;
R — perynioe moTeHuian Ha citui Jamnu
Jy; Rg, R, — perymoiotb Hanpyry Ha ¢oro- Puc. 137
enementi (Rg — «rpyGo», R; — «TOUHOY);
Mikpoamnepmerp THny M94 Ha 200 MkA. JKHB/IEHHSI €JIEKTPOHHOTO
MicTKa 31ifiCHIOETbCA BiXi KeHOTPOHHOTO BHIPAMISYA.

Jlns Bu3HauenHs cranoi Ilnanka moxua ckopucTaTHcs cXeMoro puc. 136
(nepemuxkaui [1,, IT; B nonoxenui «2»).

Poarasinemo poGoTy cxemu nmpH BusHaueHHi craioi Ilnanxa.

doroenement PE Brmouenuit y citkose kojo jgamnu JI;. Ilpu Bincyr-
Hocti cBimia onip PE nyxe senukuit. OTKe, eNeKTPOHH, fIKi pyxaloTbed
BiJ Katola 0 aHOMa, HAarpOMa/KYIOTbCA Ha CiTLi JaMnH i NiJBHINYIOTh
i notenuian. Ilorexuian citku namnu JI; BigMiHHKE Bif noTeHNiany ciTKu
Jamny JI,, oTxKe, uepe3 raabBaHoMerp nije ciaabkuii ctpyM. [Toreruiomer-
pom R BcTaHOBHMO Ha citui Jamnu JI, Takuil noTeHuiad, NPH AKOMY
CTpYyM, IO NPOXOUTD Yepe3 rajJbBaHOMETp, AOpiBHIoe HYJI0. MicTok 3p13-
HOBaXKYEThCH.

Bosst™erp nokaxe Hanpyry U,. Ilocrasumo nepemukau I1, y noso-
xeHHA «2». CnpAMyeMo Ha ¢oTOeneMeHT CBIiTJIOBHH MNOTiK 3 9acToToO

‘cBiTa1a v. PiBHOBara MicTKa nopyuurbesa. Pesucropom R, nonamo Ha ¢oTo-

€JIeMEHT 3aTpUMYylo4y pisHHIio norexunianiB. Ctpym uepe3 (oToeAEMEHT
NPUNHMHUTBCA i noTeHnian ciTku Jaamnu JI; 3HOBY Habyle NONEpeAHbOTO
3HaueHHs. MicTok 3piBHOBaxkuTbca. BosabTMerp nokaxe Pi3HHMIO NOTeH-
gianis U;, Toal sarpumyloya pisHHUS NOTEHILianKiB :

UB b U]_ — Uo. ' (4)

Is dopmynu (a) BuAHO, IO €Heprif (OTOCNEKTPOHIB 3a/MeKHUTb Bif
4acToTH najaiouoro csitia. Lle mae smory BusHaumru crany Ilnanka. Ha
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ocHoBi opmynr (a) i (6) ana nBox wactor nHicranemo hv, = A 4+ eU,,
hv, = 4 4 eU,, 3Biaku

h=e Uy — Uyltv, —vy), - ®

ne U, i U, — sarpumyioui pisuuni noreduianie. 3 [pyroro 60Ky, eKCIepH-
MEHTaJIbHO MOXKHA AiCTaTH 3aJleXKHiCTh 3aTPHMYIOUOI PisHULI NoTeHLiamiB
BiJl 4aCTOTH Majzalyoro CBiTJA.

3anumemo piBHAHHA EfiHiTeliHa y BUrJsiAi piBHSHHA NpsMol Ha IWIO-
muHi B koopauHatax U, = f (v):

U, = (hle)v— (Ale). (6)
I3 puc. 137 i piBHsHHA (6) BUAHO, 110 '
tg a = hle, @

a TNpONOBXKEHHs MpsMoi 10 nepeTHHy 3 Biccio U, mae 3Mory Bu3Ha-

yuTH KoediuieHt Ale,

Hopadox sukornanus poboru

1. Busnauumu OCHOBHL XQPAKMePUCMUKU Cypm’ AHO-ye3ieeo02o (omoene-
MEHMA. ‘ :

1. o ruisg «U» i «@E» nigiMKHYyTH BiInmoBigHi nmpusanu.

2. IocraBuTH pyuku noreHniomMerpis Rg, R, y KpaliHe JliBe NOMOXKEH-
HAA, a mepeMuKadi [1,, I1,, II; y nojoxeHHs «I».

3. YBimMkuyTH TyMGiaep «220 B» npunany i ocitmioBau (BizcTraHb J0
oCBiTVIIOBaya He Mewine 1,5 M, aiapparma MiHiMaJbpHa). :

4. Tlpu 3navenni ocsitnenocri £y = 2+ 103 nki E; = 3 - 10% 1K 3uATH
3anexHicTb ¢orocTpymy Bin Hanpyrd. Hampyry amiHoBatu uepes 10 B
Big 0 mo 120 B. Jdani saHect# g0 Tabuuii. ,

5, Ilo6GynyBaTH BONMBT-aMIePHi XapaKTepUCTHKY 32 peaysbTaTami . 4.

6. Bcrauoeuty Hanpyry 240 B i mocnmiguti 3anexHicts GoToCTpyMy
Bil ocBiTvieHoCTi (cBiT/IoBa Xapakrtepucruka). Jaui 3amecT no Tabuuui
i nomatu rpadiuo y Buriaii sanexHocti [y = f (E).

7. O6uucauTu 3rifHo 3 (3) iHTerpanbHy UyTJAHBiCTh (hoTOSNEMEHTA 1A
TPbOX 3HaueHb CBITVIOBHX NOTOK{B. OCBiT/IeHiCTb BHMIPATH JIIOKCMETPOM.

8. PospaxyBatu noxHOKy BHMipIOBaHHA iHTerpajbHOi YYyTIHBOCTI.

1. Busnauwumu cmany Ilranxa i pobomy euxody 3 homoxamooa.

1. IlocraBur nepemukaui /1,, I1; B nojioxeHHsa «2», Braountu Tym6-
JIep KUBJIEHHS.

2. Ilig’epHatu no kaemu «15 By Bunpamasia i BCTAHOBHTH BiANOBianY
Hanpyry.

3. BumipsTn sarpuMyiouy pi3HUIIO noOTeHUianiB 3a dopmynoio (4)
npu ocBiTNeHHi QoTOE/IEMEHTA 4ePBOHHM i (io/sIeTOBUM CBiTJIOM.

4. 3a ¢opmysnoro (5) Bu3HauuTH crany Ilnanka. PospaxyBaTu noxubxu
BHUMipIOBaHb.

5. Tlo6yxyBatst Ha ocHOBi dopmyn (2) i (4) sanexuicts U, = f (v),
CKOpHCTaBIINCL HAGOPOM CBiTNI0GINLTPIB. ‘

6. BusHauutu, Kopucrylouncsk gopmyJaow (5) i puc. 137, crany Ilnan-
Ka h i poGory Buxony A.

7. TlopiBusiTi asuauenss cranoi Ilnanka n. 6 3 peayapratamu n. 4 i
TabJHYHUMH 3HAYEHHSIMH.

8. Pospaxysatu moxubky BumipioBaHb h i 4.
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KonTpoasui 3anwTanua

1. Tlosiciut Ha ocHoBi dopmynn Efinmrefina sakopn -doroedexry.
2. flki TpyAHOWi MOsicHeHHS WepIOro i APYroro 3akoHiB doToedeKTy B XBHJbOBIA
Teopii cBiTaa?
3. Ski e e eKcrMepUMeHTaAbHI MIATBEPAKEHHS KBAaHTOBOI MPHPOXH CBiTAAP -
4. TloscHutH po6GOTY BAKYYMHOIO i Ta30HaNMOBHEHOrO (HOTOEAEMEHTIB.
5. SIxi ocHOBHi XapakTepHCTHKH (oToeneMeHTiB?
6. IlpoananizyBaTn MOXK/NBi NIPHYHHH PO3XOMIKEHHS €KCNEPHMEHTANBHO OAEPKAHHUX
3HauyeHb cranoi [LnaHka 8 TaGAnIHHM. -
7. TlosicHHTH NPUHUAN POOOTH CXeMH JUIST BHBUEHHH 30BHilIHbOTO HoTOCDEKTY.

11. Jocaidxcennn doroesexrponnozo nomnoxcysasa P3y-2

Mpunagn i Martepiaau: 1) (OTONEKTPOHHHA NOMHOXKYBad DIY:2;
2) punpsmasui tuny BYII; 3) mikpoamnepmerpm Ha 60—300 mMxA, manpugaaf, Tuny
114311; 4) BossTMerp na 300 B, nanpukaag, tany 3515.

.+ Teoperuuni sidomocri Ta onuc npuradis

:: Y nanoMy 3aBIaHHi NPOMOHYETbCS BU3HAUHTH KoeiyicHm 8mopuUHHOL
enekmponnoi emicii § i BU3HauuTH HOro 3asleXKHICTh BiJ eHeprii nmepBuH-
HHX ejlekTpoHiB. PosrisigeMo npHEIMN poboTH (POTONOMHOXKYBaua.

HafnpocrimnM € ¢(oTONOMHOXKYBau 3 OJHOKACKAZHUM ITiACHJIEHHSM
doroctpymy. Horo 6ynoBa BinpisHsieTbest Bi GyA0BH (OTOeseMeHTa Ha-
HeCceHHSIM ~ JOJaTKOBOIO CBITJIOYYTJIHBOIO p
CypM’ IHO-LE3i€BOrO apy, iKUA Ha3HBa- AW
10Tb eMiTepoM. Mix KaTofoM i emitepom ]
PO3TAILOBAHUH AHO/.

Tlig nieto cBit1a 3 moBepxHi OTOKATO-
Jla BUGHBAIOTbCA €JEKTPOHH, sIKi NPHCKO- @) )
PIOIOTBCS €NEKTPHIHHM I0JIEM Y HanpaMi @
Jio aHoja. bijsbpma wvacTHHaA eNeKTpoHiB
mpoJsitae aHoj i monazae Ha emitep. (Pis-
HHULA NOTeHLiaNiB MiXK KaTOIOM i aHOJOM
BUILA, HiXk Mix emitepoM i anomom). Ili
€JeKTPOHH BHOGHMBAIOTH 3 eMiTepa BTOPHH- - 44 =
Hi eJeKTPOHH, fAKi PYXalOTbCA JO aHoia ! f4
i abupaioThess Ha HbOMY. Ko Koedili-
€HT BTOPHHHOI €/]1eKTPOHHOI eMicii 6inb-
HWIKi 332 OXUHYINO, TO CTPYM Y KOJi anoia ~2208 ~7108
Gisbuvi, HiXK B Koi Katoga. Beauuuna, Puc. 138
fika JOpiBHIOE BiZHOILIEHHIO CTPYMY aHOAA
IO CTPYMY KaTojla, HasHBaeThcsl Koe(dilieHTOM BTODHHHOI e/leKTpoHHOI

eMicil:
6=1,/1,. 1)

Ha puc. 138 noxano cxemy nociixaeHHS (QOTOCNEKTPOHHOTO NOMHOXKY-
Bauga.

Ilopadok sukonanHa poboru

1. CkaacT#t KoJ10 3a cxemolo puc. 138. ‘
2. Peryasropom Banpyri 2 3MiHIOBaTH Hanpyry Mix eMitepom i ka-
TogoM Bia O zo 200 B uepes koxui 10 B.
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- 3. Perynsaropom I Mix eMiTepoM i aHOJIOM NOC/IiZOBHO BCTAHOBJIOBATH

sHaueHHs Hanpyru 180, 200, 220, 250 B. Ocsitaenicts ¢poronoMHoyBaua
npy UboMy MycHTh OyTH Takolo, 00 CTPYM KaTtoia He NepeBHUIyBaB 8—
12 mxA.

4. Io6ynyBaTn 1751 KOKHOTO 3HAaUeHHS aHOAHOI Hanpyru rpadik 3a-

JIEXKHOCTi CTpyMy B (OTONMOMHOXKYBad4i Bill HAaNpyru Ha emirepi.

5. OGunc/AHTH MJisi KOMHOIO BHNAAKY KoediuieHt &.- I[lizpaxysatn
noxXu6Ky BUMIpIOBaHb JJIs1 OJHOrO i3 BHUMaiKiB.

Konrpoubni sanuranus

1. dkult npuHOMN poGOTH OAHOKACKAAHOTO (hOTONOMHOXKYBaya?
2. Ilpn leﬁ yMOBI MOXKHAa TOYHO BH3HAUUTH KoeQillieHT BTODHHHOI eJieKTPOHHOT
emicii?

nmL a omidalcenm 6azaroxacxadnozo (oronomnoncysava PIY-19M

-Mpunagu 1 matepiaan. 1) (oTONOMHOKYBAY dIY-19M 3 NOJIIbHUKOM Ha-
npyru; 2) BHCOKOBOABTHME Bumpsamasu tuny BCB-2 1 gsa Bunmpamasmi tumy BYIT;
3) mikpoamnepmerp tunmy 114311; 4) axepeno 3 cuaoio cBitia 0,28 xa; 5) ontuuna nasay
6) Ha6ip ceiTodiabTPiB; 7) moKkeMerp Ty FO-16.

Teoperuuni aidomocri ra onuc npusradis

B sapnanni nponoHyerbca HOCHiNTH OCHOBHI XapaKTepHCTHKH (OTO-
NOMHOXyBava: iHTerpabHy Ta AHOAHY 4yT/IMBICTh, BOJIBT-aMIEPHY XapaK-
TEPHCTHKY, CBiT/IOBY XapaKTepHCTHKY.

Y
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Puc. 139

XapakrepUCTHKH poronomuoxKyBaua ®IY-19M gaiorbea B Taba. Ha
c. 195. CDOTOHOMHO)KyBa'I Mae 13 puHoni. CrpyM Ha aHOAi
1, =10, 1)
Je I, — doroctpyM Ha nepiioMy emitepi; 7 — 9HCIO JMHOAIB; © — KO€-
(iienT nigcunenns.
Interpanbna yyTauBicTh (B Mikpoamiiepax Ha JiIlOMeH) (OTONOMHOXY-

Baya
y=1 07(1)- @)
AnozHa yyTaMBiCTB (B amnepax Ha JIIOMeH)
Va = Y0" ‘ ‘ (3)
200

(auoana ttym/lueicmb — L€ BeJUYHHA aHOJHOro CTPpyMy, 110 BHUHHKae B

¢oTONOMHOXKYBayi NMpH Aii CBITJIOBOIO MOTOKY B 1'/M).
Cxema ycTaHOBKHM JaeTbca Ha puc. 139.

Ilopadok suxonanns poboru

1. Ckaactu kKoso 3a cxemoo puc. 139.

¥YBara! OsnalloMUTHCh {3 3aBOACBHKOIO iHCTPYKILi€tO BHCOKOBOJILTHOTO
BUNPAMITIA BCB-2. Ilepemikau Hanpyr# «rpy6o» MyCHTb 3HAXONHUTHCA
B Kpa#HBOMY JIiBOMY IOJOXKeHH], 2 epeMHKad MO/ PHOCTi — B TO/IOKeH:
Hi «~».

2. BneBuurucs, mo cBiTioBHi noTik He mepesumye 10~° am. (PoGoua

nnoma Karoga 9 - 107* m2.) [Tpu cTanoMy CBITJIOBOMY NOTOI 3HATH BOJIBT-
aMNepHy XapaKTePHUCTHKY (OTONOMHOXKYBaya; Hanpyry 3MiHIOBaTH uepes
50 B g0 1300 B. Ilogasu MiKpoamnepMeTpa i BilOBiAHY HANpPYTy 32HECTH
Jo Tabauni. [loGynysar rpagix.

3. Hocnizuty CBiTJIOBY XapaKTepHCTHKY DIVY-19M (zanexHicrs doro-
CTPYMy Bij CBiT/IOBOro MOTOKY NpH cranifi Hanpysi). ExcriepuMest npo-
BECTH IPHU JBOX 3HaYeHHAX Hanpyru — 600 i 800 B. Jdauni 3anectn g0 Tab-
auni i mo6ymysatu rpadik. BusHauuTu rpaHumio JaiHiiHOCTi CBiTJI0BOI
XapaKTePUCTHKH.

4. Bu3HayuTH 3 NaHUX JOCJiNy iHTErpanbHy i aHOAHY YYTIHBOCTi HOTO-
NIOMHOXYBaua (4J11 BU3HAYEHHs iHTerpajbHOI YyTJHMBOCTi KaTola 3pOGHTH
BiJBix Of mepinoro eMiTepa i BUKOHATH BHMipIOBaHHA, K /s (oTOE/NEMEH-
Ta B 3aBaauHi ).

5. BusHauutH Koe(illieBT MiACHJEHHA R = y,/y.

6. OGuncnuTH NOXHOKY BHMipiOBaHb, MOPiBHATH OOYMC/EHi 3HAYeHHS
iHTerpanbHOi YyTJAHBOCTi 3 TaGJIMYHYMH, 3pOGHTH BHCHOBKH.

KountTpoasni sanutTaHus

1. Mosichurn TPURHAN PoGOTH GaratoxackafHOro GOTONOMHOXKYBaYa.
2. JlaTu o3HaYeHHSI aHOAHOE Ta iHTerpajbHOL YyTIMBOCTI (POTOMOMHOXKYBaya.
3. e 3acrocoByioTh (POTONOMHOXKYBawi?

Po3anin n'arui

DI3HKA ATOMA, TBEPAOTO TILAA
1 ATOMHOrO A4PA

24. BupuenHns edexkry Ppanxa i I'epua
[22, 26, 3aBoackki iHCTPYKLii]
Mpuananau i matepiann: 1) taparpon TI'1—0,1/0,3; 2) enexTponHmui oc-

uunorpad Cl—1; 3) sBykosuH renepatop I'3-18; 4) BunpsmaAd BC- 24M; 5) BonbTMETP
3515; 6) xepamqmm onip 280 kOm.

TeopeTuuni 8i{00MOCTI Ta ONUC YCMAHOBKY

Hocnign ®panka | I'epua 6yaH sicKkpaBUM eKCNEPHMEHTANbHUM MiJ-
TBepAxeHHAM moctysaris H. Bopanpo icHyBaHHS cTaliOHapHHX eHepres
THYHHX CTaHiB 4TOMiB Ta BHIycKaHHf af0 NOIMIMHAHHA &roMOM KBaHTa
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gunpgmimoaax—mn OpH . mepexoii -3 OJHOIO CTAaIiOHAPHOrO CTaHy B
THIIHHA. . _ .

Skio aroMH GyAb-KOI PEYOBHHH, sIKi NepeGyBalOTh y ra3onoiGHOMy
CTaHi, ONPOMIHIOBATH TIOTOKOM €/IeKTPOHIB, MiXX HHMH BiIOyBaeTbcsl B3ae-
MOJisl, BHACJiJOK YOO eHepreTHYHi CTaHH 4TOMIB MOXYTH 3MiHIOBATHCH.
st B3aemMolist MOXKe HOCHTH XapaKTep NPY:KHOro abo HENPYKHOTO yAapiB.
Ilns BCTaHOBJIEHHA XapaKTepy CNiBynapiB NMOTPiGHO ZOC/IIAMTH PO3NOAIM
HMIBUAKOCTEH €JIEKTPOHIB Micsis CmiBynapiB 8 aTroMaMM, OCKiJbKH MOYaTKO-
BU# posnoxin Bitomuit. JIx. ®pank i I'. ['epl nokasan, mo KoJH eHepris

Iz A _ Cr-1
Q E ' ‘ ‘
. b ‘
-]
U/r"clﬁ : °©
" li o, ® ©°
T\ - .
) 1318
U: e &y o‘@ o,
jl]""'}_* Pue. 140 Puc. 141

eNeKTPOHIB MeHIa 8a JeAIKY KPUTHUHY, TO CNiByAapH MiX eleKTPOHaMH
i aromamu BinGyBarorbes npyxHo. [Ipu TakoMy cniBygapi 3HaueHHS LIBHA-
KOCT{ eJeKTPOHa NpPaKTHYHO He 3MIHIOETbCs, MOMXe 3MiHWTHCA Jume ii
Hanpsm. To6To aToM npu HbOMY eHeprii He JicTae, a eleKTPOH PyXaeThCs
3 NOYaTKOBOIO KiHeTHYHOIO eHeprieio. [Ipy HeNpyXHUX cOiBynapax BHac/i-
IOK TOTO, II0 Maca eJIEKTPOHA 3HAYHO MeHIIa 3a Macy aToMa, BiH nepejae
aTOMY Maii>ke BCIO CBOIO €Heprifo. ATOM NepexoinTh y BULLUH eHepreTHYHHH
CTaH, a eleKTPOH Pi3KO SMeHWye WBHAKICTb. BusBUiIOCH, WO HenpyxHi
SITKHEHHS eNeKTPOHIB 3 arOMaMH BifGYBalOTbCA NMPH CTPOrO BU3HAYEHOMY.
psal 3HayeHb KiHeTHYHOI eHeprii eseKTPOHIB.

Posnozin mBHAKocTell eNneKTPOHIB Iicis cHiBygapis 3 aToMamu JO-
CHiJKyBa/l¥ 3a JIONIOMOTOI0 METOLY 3aTPUMYIOUOro moTeHiiany. Hajnpo-
cTilny cXemy AJs npobeleHHs jociiny ®@panka i ['epua nonano Ha puc. 140.
Hexalt MiX kaTogoM i aHOZOM NPHKJIAJEHO NPHCKOPIOIOYY pPi3HUIIO
notexnianis U, Ilpuckopeni eleKTpoHH mpsiMyloTh A0 aHoja A, posraiuo-
BaHOro 3a citkolo C. fIKio Ha ciTky nopatu norexnuian --Uj, To y npocropi
MiX CITKOIO M aHOJIOM BHHHKHe raibMyloue enekTpuune none. Tomy auuwe
Ti €MeKTPOHH, fIKi MalOTb KiHeTHYHY eHepriio

mvZ/2 > elU,,
MOXYTb JNOCATTH aHofia A. 3wmiHwoloun sarpuMylounii norenuian U, i
BOJHOYAC BHMipIOIOYM 3HauYeHHS CTPYMY B aHOAHOMY KOJi, MOXHa NoGy-
NyBaTH BOJIbT-aMIePHY XapaKTepPHCTHKY, LIO AacTh 3MOry OGYHCJIMTH PO3-
HOAia IIBHAKOCTEH MiXK €NeKTPOHaMH. SIKIIO eHeprisi eJIeKTPOHIB MeHIa
3a KPHTHYHY, B32a€MOJisl X 3 aroMaMu rasy Mae I p y X H H il Xapakrep,
a eHeprisa JopisHioe el/. Bouu JOCHTb JIeTKO NOJAlOTh rajibMyioue nose i
JiocaraoTh aHona. I3 s6inbmenuam U aHOXHAE CTPYM MOCTYNOBO 3pOCTaE.
Tlpu kpurHuHOMY 3HaueHHi Hanpyrd U, a oTxe, i eHeprii eJleKTPOHa 3 Be-
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JUKoI0 iMOBipHicTIO Bia6yBaeThcsi He I P Y X H a B3aemoZia. Binaasumu
BCIO €HEpril0 aroMoBi, eJIeKTPOH He MOXKe MOJOJATH ralbMyI040ro noJs,
He JocsArae aHoAa, TO6TO He BHOCHTD BKJIANY Y 3HaYeHHs aHOJHOIO CTPYMY.
Tpu sGinbeHHi noreHuiany anofa U MoXHa criocTepiraTi He JiMme nep-
e HenpyxkHe 30yMKeHHsi aToMiB, a i apyre i tperte. Lle nposiBasieThea
Ha BOJIbT-aMMepHifi XapaKTepUCTHII Y BHUIVIAAI MaKCHMyMiB Ta MiHiMyMiB
AHOJHOTO CTPYMY.

Tlopsax 3 Takol0 OcoGJNHBICTIO Y MOBERiHII aHOAHOTO CTPYMY ZOIHMThb
BaX/JUBHM € Te, WO V HOCHiAi crmocrepiraetbes cBiTiHHA rasy. Ipuuomy
iHTEHCHBHICTh BHMIPOMiHIOBaHHA 3 NEBHOIO JOBXXHHOIO XBWJi BiAnoBijae
MiniMyMmy -aHOJHOro cTpyMy. Taky 3aleKHICTb MOXKHA [OSCHHTH THM, ILO

micis iHTEHCHBHOro 30y/KeHHS aTOMM rasy yepes yac MOPAIKY 1078 ¢
NepexoAAaTh Y HOPMaJbHHA CTaH, a HAJJIMIIOK €Heprii BHUMYCKalTb y BH-
rasili BUIPOMiHIOBAHHSI MEBHOI NOBXHHH XBHJI.

Y naniit po6ori BHkopucToByeTbcs THpatpos TI'1-0,1/0,3, 3anosue-
Huli iHepTHUM ra3oM aproHoM. CxeMa yCTaHOBKH 300pakeHa Ha puc. 141.
Tlpuckoprooua Hanpyra U Mix KaroJioM i CiTKOIO OLAEThCsl 3 BUXORY 3BY- .
KOBOI'O reHepaTopa i MOXe peryJ/IioBaTHCh 3a JONOMOrol MOTeHIioMeTpa
R,. Enextponsuil ocuuorpad npH3HaueHHA A1 CIOCTEPEKEHHs 32 BONBT-
aMIepHOI0 XapaKTepPHCTHKOI THpaTpoHa. [ambMyloue MoJie CTBOPIOETbCR
Hanpyroio, fKa 3HiMaeThesl 3 AHOLHOTO oNopy R,.

Ha BepTukanbHO Bigxuisiodi miaacTHHH ocuujorpada rMomaeTbCs Crajg
Hanpyru Ha onopi R,, mpomopuiitHuil 3HayeHHio aHogHoro ctpymy. Ha
TOPH3OHTANBHO BiJXWJAOUi NIACTHHH TNOJAEThCA HAnpyra rOpH30HTaNb-
HOI PO3rOPTKU. 3aJieKHO BiX aMIMITy[ HaNpyrd MiXK KaToAOM i CiTKOO
Ha BOJbT-aMIEpPHifl XapaKTEePUCTHIi CIOCTEPiraeThbcss BiAMOBiZHA Kib-’
KicTb MiHIMYMiB Ta MakCUMYMiB. :

Ilopadok suxonanusn poboru

1. 3i6paTtu ycTaHOBKY 3a cxeMoio puc. 141. _

2. YBIMKHYTH BHUNPAMISAY Y KOJIi PO3KAPEHHS KaTola THPATpOHA Ta
8BYKOBHil reHepaTop. : :

3. ¥YBimMrHyTH ocuuiorpad. 3aificHATH (OKYCYBaHHSA €JEKTPOHHOrO
npomeHa. IligGupaloud 4acToTy PO3ropTKH Ta HiACHJIEHHs, AicTaTH 30-
GpaxeHHs BOJBET-aMIIEPHOI XapaKTePHCTHKH THPaTPoHa.

4. TloBinbHO 36iNbIIYIOYH NPUCKOPIOOYY HANPYTY 3 BUXOLY 3BYKOBO-
TO reHeparopa, MepecBifUMTHCS B iCHYBaHHi MaKCHMyMiB Ta MiHiIMyMiB
Ha XapakTepHCTHIL.

5. Tlini6paBumd yacToTy NPHCKOPIOIOYOi HANMPYrH Ta YACTOTY PO3rOpT-
KH, NOBTOPHUTH JAOCJ]iA, QiKCylOuH NMOKasd BOJBTMETpA, IIO BiANOBiAaAlOTh
nepmoMy, Apyromy i TpeTboMy MiHiMyMaM aHOAHOrO CTPyMY.

6. Ha ocHOBi oflepKaHHX NaHHX BU3HAYHTH Pi3HUIO 3HAYeHb eHeprii
atomMa aproHy Ha OCHOBHOMY Ta IHepiioMy 36y/KeHOMY eHepreTHUHHX
piBHSAX.

)} 7. KopHcTyiounch ORepXKaHHMH 3HaueHHAMH eHeprii AE, oGuuc/auTH
JOBXKHHY XBH/Ii Pe30HAHCHOTO BHIIPOMiHIOBAHHA aproHy Ta MOPiBHATH
Ui 3HaueHHs1 3 TaGJHYHHMHU.
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KoHTpoubui sanutaHHnga

1. Cdoopmyamofite noctyaarn Bopa. .

2. Sk samexuTh QopMa BOJLT-aMIepHO! XapaKTEPHCTHKHA Bill THCKY rasy B Gasouf
JAaMnu? :
3. YHomy miniMaibpne sHaueHHs aHOJHOTO CTPYMY He AODiBHIOE HYJIOP
4. Sk nosicHOETHCA CBITIHHA ra3iB B eeKTPUUHOMY PO3pAAi?

25. JloCHifKEHHS CMeKTPa BHNPOMIiHIOBAHHS ATOMApPHOTO BOAHIO
[22, 25, 30, 3aBoxcbki iHCTPYKLIi]

INpuaxann i marepiaau: 1) cnektporpadp KCA-1; 2) doromnactuuku aGo
¢doronaiska; 3) BHMiploBaJbHHA MiKpockon; 4) pTyTHO-KBapnosa Aamna tHny TIPK-2.

Teoperuuni sidomocri Ta onuc npurady

ExcrnepHMeHTOM BCTaHOBJIEHO, IO PO3MiLeHHS JiHill BANPOMiHIOBaHHS
(morfivHanHg) y cneKTpi BOAHIO MifisArae nepHiil sakoHomipuocti. Jlimil
BOJIHIO PO3MIIIlYiOThCA cepifsMH y BHAHMIN (cepia Banbmepa), ynsrpadio-
NetoBif (cepisa Jlafimana), indpauepsoni#t (cepis INaeHna), a TakoX y aa-
Jekift indppavepBonift (cepii Bpekkera Ta IlpyHna) yacTHHaxX chekrpa.

Mix XBHJILOBMM YMCJOM CHEKTpaibHHX JiHiK v = 1/A (A — HoBxuHA
XBWJIi) T2 rOJIOBHHMH KBAHTOBHMH YHC/IaMH 7, i 1, icHye npocTHii 3B’ sI30K:

% = Ry (1/n? — Un)), (1y

Jde Ry — crana Pin6epra.

s ninii cepii Jlatimanan, = 1,an, = 2, 3,4, ...1 T. &., &1a aiuiit
cepii Banabmepa n;, =2, n, = 8,4, 5, ...iT. A

Ilpu nepexosi 3 OXHOro eHepreTHYHOro PiBHS Ha iHWIMA BHUIPOMiHIO-
€ThCsl 260 TMOTVIMHAEThCS KBAaHT eHeprii. EHepris KBaHTa

= E,— E,, @)

Ae h — crana Ilnanka, v — vacrora BunpominioBauus; E,, E, — eneprii
JBOX BiINOBiJHHX CTaHiB aToMa. '

Jna susHauenHs cranoi PinGepra BHKOpHCTOBYeThcs piBHsiHEsa (1),
Jie HeBiJIOMHM € JIHIIC XBHJ1bOBe YHCO0 (260 NOBXKHHA XBHJi) CIIEKTPANbHOL
Ainii. JInga uporo HeoGXiZHO 3HANTH NOBXKHHY XBHJi YOTHPHOX JiHii. SIK
Aucnepcifinnfi npHJaj BUKOpHcTOBYeTbeA crekTporpad KCA-1 (cuektpo-
rpad KBapuoBO-CKIsiHHHA apTokoniManiiiHoro THny). KCA-1 BukopuCTO-
BYEThCsl Y NPAKTHKYMi TiJIbKH y BapiaHTi 3 cKasiHOIo onTHKOl. Ha puc. 142
nojaHo #oro crmpolieHy onTHsHy cxemy. IlpoMiHb cBiTsa Bin Jkepena
3 npoXoAHTh uepe3 KOHIEHCOPHY JiH3y 2 i dajli 3a DOMOMOroio J3epKana
1 cnpsimoByeTbcsl 4epe3 KouuneHcop 4 i Amiapparmy 5 Ha mijguHy 6.
i, Big6uBmuch Bin A3epkana 9, fge no o6’ektHBa 8. 3 06’ekTHBaA mapa-
JeNbHHI Ny4YOoK NPOXOAUTH NMpHsMy 7 i, BiZGMBIIHCH Bid ii AsepKajbHOL
IpaHi, BApyre HPOXOAUThL NPH3MY Yy 3BOPOTHOMY Hanpami. 3 NpU3MH BH-
XOIHUTh JHCIEProBaHMi MyYOK, AKHA Aani 06’€KTHBOM &8 ¢QOKycyeTbea Y
NJIOLIKHI KaceTH 10, Jaioun crnekTp AociimxyBaHoro axepena. 1Llo6 asep-
Kafo 9 He 3aKPUBAJIO BUXiJHH{I NYUOK, OCTAHHIH TPOXH SMillleHHH BifHOC-
HO BXiJHOro y BepTHKaJbHifl nJolnyHi. CrieKTpaibHH Aiana3oH NpHAaLy
360— 800 uM, npy NbOMY IOBXHHA CHEKTPa cTaHOBHTb 33 cM. [Ipore Bech
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enexTp onHouacHo chororpadyBaTi He MOXKHA, OCKiIbKH JOBKHHA IJIaCTHH-
Ku He nepepuirye 24 cM. o6 chpororpadysaru norpiGHy yacTuHy cnexTpa,
HOro mepeMillyloTb BiJHOCHO KaceTH MNOBEePTAHHAM NpH3MH. BomHouac
Tpeba 1a 36epexxkeHHs QOKYCyBaHHSA NepeMillyBaT 06’ekTHB 8 i 3MiHiO-
BaTH HaXWJI KaceTHOI NJomMHM Jo oci nyuka. Bei i pyxu spilicHioioTbes
3a jonomoroio MaxoBHuka 9 (puc. 143), axwmii, KpiM nporo, o6eprae Gapa-
6an 10. [To mkani 8 nporo 6apabaHa BU3Ha4alOTh BCTAHOBAEHHH NianmasoH,
KaceTna yactuna 2 moxke obepratvcs HaBKoJO oci 11. I'sunrom 12 3akpin-
JIOIOTb MAaXOBHYOK 9 B 06paHOMY MOJIOXKEHHI.
w3
\

Puc. 142

4
o~sf=?

Puc. 145

CrnekTp MOXHa cnocrepiratd y npopisi 13 kaceTHoi 4acTHMH, SIKIIO
JUMBHUTHCb Y310BX oci npunany. Kacera sakpinsoerbes y pamui 3 nsoma
IBUHTOBHMH 3aTHCKayaMH /. PaMKa 3 KaceTolo MoxKe pyXaTHCh BEPTHKAJNbHO
BiIHOCHO 0TBOPY I3 o HanpAMHUX cTepKuAX 6 i [4. Liel pyx snificaioeTbest

_ 3a JONIOMOTOI0 PYKOATKU 15, a MOJOXKeHHs1 KaceTH (iKcyeTbCs IO IIKa-

ai 15.

Jns1 KepyBaHHA eKCro3uilielo npu 3iiomui y npHaali € cBiTnoBui 3a-
TBOp, SIKHH BiAKPMBAETbCA i 3aKPHUBAETHCSA PYYKOIO 7.

Jonomixkui npuiagn, Taki Ak AocjimKyBadi i erajloHHi JuKepena,
KOHJIEHCOPH, 8 TaKOX JOMOMiXKHi J3epkaJja posMilllyloThcA Ha pelini 5,
siKa JKOPCTKO 8B’fi3aHa 3 Kopmycom crektporpada. Hlupuna cnexrpa 3a-
JlaeThbesl INiNHHHOIO JiadparMolo i NOPiBHIOE BHCOTI BiIKPUTOI uacTHHH
minund. linunna piadparma Kae amMory AicTaTdH COEKTPOrpaMH (MOCHil:
JKYBaHy i eTaJIOHHY) BNPHTYJ Ha ONHOMY 3HiMKYy 6e3 6yab-sikoro nepe-
MilleHHA KaceTH, moO noTpi6HO npu TOYHHX BuMiproBaHHsX. Ha puc. 144
NI0Ka3aHO BilHOCHE NOJOXeHHs MiJuHH 3 i fiadpparmu 2 npy eKCNIOHYBaHHI
JOCJiJPKYBAaHOTO CNIEKTpa, a Ha pHc. 145 — mpH ekcrnoHyBaHH| cHekTpa
sanisa (I — Bupi3 piapparmu). Takum crnocoGoM OmEpPKYETHCA CHEKTPO-
rpama, oroyeHa 3 060X GOKiB CHEKTPOrpaMol0 MOPiBHAHHS, WO 3PYYHO
NpH BHMipIOBaHHi.
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HopmasnbHa mupuHa minaen 6ausbko 10 MkM. Perymioerbesi mupuHA
1I[i1HHKM MiKpOMeTPUYHUM IBHHTOM 3 BiJ/iKOBUM GapaGaHoM, IliHa MOXiAKH
AIKOro AOpiBHIOE 1 MKM. :

ITpu BuMipioBaHHi CHEKTPOrpaM OCHOBHOIO METOI0 € BH3HAUEHHS Bil-
HOCHHX 3HaueHb NOBXHH XBHJb CHNEKTPajbHMX JiHill y cHCTeMi- JOBXHH
XBHJIb CHIeKTpa nopisHAHHs. Ha nmouarky BuMipioBaHp cnekrporpama BeTa-
HOBJIIOETBCS Y MPHJAAi Tak, W06 BifjaiK Ha o6paHy JiHil0 ceKTpa NopiB-
HAHHA OiJisl cepe/IiHH CUeKTpa NpH 000X NONOXKEHHAX CleKTporpamu (dio-
JICTOBMil KiHellb IpaBopyd, GioJeToBHH KiHenb JiBopyY) 6yB ONHAKOBHIL.
Hexaii, nanpukaazn, Bin fopissioe 90. ¥ mpoMy BHNAJAKy cyMa BilvlikiB
fIpH 060X MMOJOXKEHHAX CHEeKTPOrpaMu Juia BeixX Jinifi 6yne Gibii-MeHL
oiHakoBoo i 64H3bkoio A0 180. BigmiMalouu Bci Bimniku mpu gpyroMy
nojoxenHi Bif cymu (y AaHomy BHnajaky Bin 180), sakpyrmowouu 1i, Ai-
CTaeMO BilVIiKH AN BCiX JiHi#, 6/H3bKi 32 3HaYeHHAM [0 BilJIiKiB I THX
caMHX JiHifl mpH nepiuoMy noaoxeHHi. JIns 3pyuHOCTi pospaxyHKiB 6axa-
HO, WO6 Bif1iKK IpPH NepIIOMYy M0JMOKeHHI 30iablIyBaNuCh i3 36i/blueH-
HAM JIOBXKHMHH XBHJi. 3HaXOAfu# cepelHe TPbOX BiAaiKiB mpu mepuioMy
T10J103K€HHI Ta PEYKOBAHOMY IPYTOMY IOJIOXKEHH{, ONEPKYIOTh Pe3YbTarT,
KW 3HAYHOIO MipOI0 M036aB/eHHi NeBHUX cyl eKTHBHHX MOXHOGOK HaBe-
JeHHs1, a60 XapaKTepy Ta BHIVISILY Pi3HHX CEKTPaJbHHUX JiHiH.

Ilopsadox suxonanns po6oru

1. Tlepen eKCNOHYBaHHSM NIIBKH NOGHTHCS HAHGiJbIIOT iHTEHCHBHO-
eTi 306paxkeHHs1 CEKTPa BHIPOMIHIOBAHHSA, KOHTPOJIb SIKOTO 3A1HCHIOETbCA
3 GOKy KaceTHOi YaCTHHH cnieKTporpacga 3a JOHOMOIO0 JYIIH.

2. Ha doronaactuHky (a6o ¢oronniBky) OJHOYACHO i3 CIEKTpPOM BOA-
Hio (cepin Banbmepa) gororpadyrors AyroBuii cmekTp sanisa  (cmekTp
NMOpiBHAHHA), JiHii AKOro BiIoMi.

)3. [MposiBaTH, 3aKpimvTH, MPOMHTH T4 NPOCYWIMTH NMIBKY (IJ4CTHH-
Ky).
4. OGpo6uTH CNEKTPOrpaMH 3a JIOTOMOIO BHMipIOBAlbHOTO MiKpO-
eKorna.

5. 3a monomoroto opmysnu I'aprMana

A—dy = c/(xy — x) 3)

32 TPHOM2 BIIOMUMY 3HAYEHHSAMH HOBXKHHH XBHi &y, Ay, Ag Ta 3a Bignikamu
IJis1 HUX BUSHAYUTH CTani Ay, ¢, X,.

6. O6uucnutu A 3a BitoMuM ¥ a6o x 3a TaGIHYHHM 3HAYEHHAM A A/8
BeCiX JiHil cneKTpa NMOPiBHSIHHSA.

Konu intepsan A;—A, nocuth snaunuii (40 8M i Ginbwe) i o6uucIeHi
3HAUEHHA X CHCTEMATHYHO BiAPi3RsOTBCA Big TaGAHYIHHX (IpHYOMY Iii
BiAXUJIEHHS MAlOThb NEBHHH HANMpPAM), TO HeOOXiNHO BH3HAYMTH eMIipHYHi
nonpaskH AA 260 Ax 15 KOXKHOT AIIIHKY creKTpa i samicTb dopmyau (3)
cKopHcTatHca GOPMYIIO0

A—Ddy=cl(x,— x —Ax) a0 x,— x = c/(A 4 A, — Ay).

BuMipioBaHHA NMPOBECTH OKPEMO AJIsi KOXHOI YaCTHHH BHAMMOI o6aacTi,
B AKHX POSMillleHi HOBXKHMHY XBHJ/b JiHif BogHio. Bubip ninift nopiBHaARS,
a TaKoX BH3HaYeHH 1X JOBXKHH XBHJ/Ib IPOBOAATLCA 3a JIONIOMOIOIO aTjiaca
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IyroBoro crnektpa sanisa. Jna ninifi nopiBHsHAA o6paTy MOOAMHOK]
Nivii, iHTeHCHBHOCTI SAKWX OJAH3LKI OO iHTeHCHBHOCTel JiHif, TOBXKHHH
XBHJIb IKHX NOTPiGHO BH3HAUHTH. ’ -
7. O6GuHC/MBUIM JOBXKHHH XBWJIbL YOTHPbOX JiHiA cepii Danbmepa,
sHaliTH Ry.
8. 3uaiiTH BifgHOCHY i abCcOMOTHY NOXHOKH BUMipIOBaHb.

KostpoaprHl sanHTaHus

1. Ulo e gxepenom niniftaactoro, cuyracroro Ta CyminpHoro cnekrpis?

2. Uomy cnexkrp ximiumoro enemenra y rasomoAiGHomy crani ainifuacrait, a y Tsep-
JoMmy crani cyuinbHuii? ‘

3. Homy ¢ororacera crekTporpada HaxuiIeHa Mifl XesXMM XyToM A0 ontuuHoi oci
doroxamepu?

4, Ilo tpe6a aminuTu B OnTHYHi cxemi cnekrporpada Aas Toro, uiob gicTaTh CeKTp
BOAHIO B yJbTpadioneroBift o6aacti cnekrpa?

26. CnekrTpaibHuil aHaji3 cnaaBiB 3a JONOMOrol0 CTHJIOMETPA
[30, 25, 27, saBoxchki iHCTPYKLUIi]

NMpuaangn § matepianu 1) crusomerp s ickposuM resepatopom i mratis-
HuM GJI0KOM; 2) eTaJIOHHHA Ta KOCHiKyBaHHi €J1eKTPOAH.

Teoperuuni sBidomocri Ta onuc npuiady

Onniero 3 OCHOBHMX {HAMBinya/JbHHX XapaKTepUCTHK rasononi6uoro
CT2HY PEYOBHH € CIEKTP BHIIPOMiHIOBAaHHf, 3YMOBJIEHHH XiMiuHnoio Gyno-
Boio peuonrHu. Koxua NiHis 1bOro cnekTpa BilAnoBilae NeBHOMY nepexony
aToMa 3 OJHOTO €HEPreTHUHOro CTaHy Ao iHmoro. Bcei esemenTn nepioauy-
HOI CHCTEMH eJieMeHTiB MeH[esieeBa MalOTh CBiif CNIEKTP BHNIPOMiHIOBaHHS,
i 1a 0COGNMBICTE BUKOPHCTOBYETECS A5 CIEKTPAJBHOIO aHa/lisy PeuoBHH.

ko e cymimi pisHuX enemeHTiB, CIEKTP BUNPOMIHIOBaHHS aTOMiB
niei cymimi micTuTh cnexTpanbhi JiHiT BCiX cknanoBUX. AKicrud anaris
NoJIsirae y BUsIBNEHH] 1 OTOTOXKHEHH] B ClIEeKTpi aHa/li30BaHOi pe4oBHHH ClIeK-
TpPaJbHUX JiHifl, 1O HalexaTb IMIYKaHOMY ejeMeHTy. Kiavkicnuil xe
QHaAi3 Jae 3MOTY BCTAHOBMTH NPOLEHTHHH BMiCT OKPeMHX eJleMEHTIB Y
cymimi. le poburbcs 3a gonoMoroio NMOPiBHAHHA iHTEHCHBHOCTEH CIIEKT-
panbHOi JiHil WykaHoro eneMenTa cyMimi i JiHii OCHOBHOrO eJeMeHTa eTa-
JIOHHOTO 3pasKa. o

IHTeHCHBHICTL CneKTpanbHHMX JiHIA Yy CHeKTpax peuoBUR 3ajeXKHTh
Bil GaraTbox ¢aktopiB. 30Kpema, iHTEHCHBHiCTb CNEKTPaNbHOI JiHil.
i 6yAp-sIKOi CKJIaZOBOi YaCTHHH CyMimli 3a/eXXHTh Bij 11 KOHUEHTpanii c.
L1a 3anexHicTh BUpaXKAEThC TAKHM CNiBBiHOLICHHAM: ‘ : ;

I = ach,

Jea i p — xapaxrrepni ansa koxuoi ninil napamerpu. Cnix saysaxurtu, 1O
KOHIIEHTPAallisi KOXKHOTO e/leMeHTa B ChyaBi JeMo iHila, HiXK y napax, sKi
CBiTATbCA (Ayra, ickpa). Lle MOXHa MOACHHUTH Pi3HHMH LIBHAKOCTSAMH BHe
napoByBaHHA i Audy3il piSHHX peuyoBHH. 3aNeXHiCTb iHTEHCHBHOCTI creK-
Tpanbuoi ninHii eneMenTa Bifl KOHUeHTpaNii LbOro eneMeHTa B CyMili o
JaHo rpadiyHo Ha puc. 146. IHTeHCHBHICTH MOHOTOHHO 3pocTae i3 30i/be
IUEHHAM ¢, JOCATAIOYH TEBHOro «HacuueHHs», Takui Xapakrep 3aiqexkHOCTI
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I=f (c) 1I0B’ 13aHKH 13 caMoBGHpaHHsM BHIPpoMiHioBanHs. TobTo, is 361.71!:-
[UeHHAM KOHUeHTpalii eJeMeHTa 3pocTae KiJbKiCTb aTOMiB, fKi BHIPOMis
HIOWTE. [lopsin 3 MM 3pocTae CTyNiHb BOHPAHHS BanOMlHIOBaHHH He36y11-
KeHHMH atomaMH. IIpH Majux KOHUEHTpAUisX eleMeHTiB y cymiwi ca-
MOBOUDaHHA ~NpakKTHYHO He ic-

Hye, OTXKe, MOKHA BBaXaTH, IO /m:,a ? 2% «%eﬂf’””
= 1. maa
ChnekrpajbHnii aBaJis nposo- 17:'
BATb 3a JIONOMOTOIO CmusomMempa. y
BiTunsnana npoMucJOBicTh BHRIY- =
ckae ctusomerp CT-7 s ekcopec- 7
HOTO fIKiCHOTO i KiJ]bKicnom a#Ha- - 27'
i3y HeSIKMX MeTalliB Ta CIJIaBiB.
3Ha4HOI0 MepeBarolo 3acToCyBaH-
HA CTHJOMeTpa € MaiKe NOBHA 3%&)8
BiJICYyTHICTb NOIUKOIKEHHS NPOGH
OpH amaJisax, WO Ja€ 3MOTY aHa- 4
Jli3yBaTd ToOTOBi IeTaJsi, HamiBga-
‘OpHKaTH TOMIO. 5
_ IlpyHuMnianbHy ONTHYHY cXe-
My = CTHJIOMeTpa  MOXaHO  Ha -
puc. 147. Vi
775
I ‘} 1
. I~
: ‘9\5 4 T
2 - p, —f Z
Puc. 146 : . Puc. 147

CeiTyio Bin icKpM KOHIEHTpyeTbcs KOHAeHCOpoM [ Ha mimuHi 2.
Hpolimopmy npusMy 3, CBiTJIOBHA Ny4YOK I[IONAJA€ HA KOJiMaTOpHHE
06’ekTuB 4 i po3KnapaeTbcs 6JIOKOM AuCIEpryounx npuswm 16, 15, 14.

Jificee 306paxkeHH clieKTpa (POKYCYeTbcA 06’€KTHBOM 30pOBOi TpYy-
6u 13 y niomuyi, siKa NepeTHHAE riNOTeHysHY rpans npusmu 17. Ilotpi6-
HHH HampsiM 30pOBOi TPYOH 3ajaeTbesi NpH3MOO 2. Hactuny cnektpa
npusma’ nponycxae B Hampsawmi Cl’.)OTOMETpPI‘{HOI‘O Kn1uHa 18 i npusmm 19,
Jpyra yacTHHa CBitJla micas BiaGuBaHHsA Bij cpibnoro mapy I/ npH3MH
17 npoxoputb depes goroMerpuunuii kJaHH 6 i npuamy 5. Ilicns mworo
o6nnBi TaCTHHH clieKTpa GOKYyCyloThCs B NOJi 30py oKyJaspa 10 aa jpono-
MOTrOI0 00epTalbHUX cucteM 7, 8, 9, 20, 21, 22, Tlpuamu 22 i 9 HanpaBasioTh
CBiTJIO B3JIOBXK ONTHYHOI Oci OKyasapa 0.

TIpuBeseHHs NOpiBHIOBAJIPHHX JiHill 10 Mexi noniny gocsraerbes obep-
TaHHAM GJIOKa JHCHEPIYIOYHX mpHsM 14, 15, 16 i nepemimeHHAM npH3MH
19 ta o6eproBoi minsu 20 SK €AUHOrO WIJOTO B3NOBXK onmqnm oci
Ainsu 20. ,

Jo npasoro i AiBoro GoTOMETPHYHNX KJAHHIB XKOPCTKO NPHKPIIIEHO
CKJfHI NJIACTHHKH 29 3 HaHEeCEHUMH Ha HUX LIKaJaMH, sIKi OCBIiT/IFOIOTBCA

208

namnouxoro 23. TIpuama 28 Haripas/isie npoMeHi Bil JaMmouRH 23 Ha npoeK-
nifiHuii 06’eKTHB 27, siKui fae 306paxeHHs KA HA eKpaHi 26. ;
3oBHIMHIA BUIAsA cTHIOMETpa NOAaHO Ha pHc. 148, Tpy6a 3 KonpeH-
COpOM i HIIIMHOIO 3MOHTOBaHA B KOPMOYCi, i pery/oBaHus MOJOXKEHHSA JUC- -
1Iepryioynx NnpusM 3sAilicHIOETbCs sa JonoMoroid GapaGama 3, pydkoio 4
peryJioloTh HOJNOKEHHS] MOBOPOTHOI TIPH3MH,. a NOJOXKeHHS - 00’€KTHBA
pyukoio 10. 3a nonomoroio pyuok 7 i 9 3nificHI0eETbeA 3MilleHHs GoTOMET-
pHuHMX KJAMH{B. Jlna 3pyuHocti po6OTH oneparopa Ha IpHJajfi 3MOHTO-
BaHO cJainy onpasy 5 B napi 3 okyasapom 6. Kxonka 8 ciykuth 104 crocre-
pexenHs 300paxeHHs Ha ekpaHi 2 ABox WKaJ (puc. 149), 3a nomomororo
SIKHX BH3HAYa€TbCA MOJIOKEHHS (POTOMeTPHYHHX KauHiB. JliBa mKkana Aae

Pnc. 148 Pnc. 149 Pue. 150

amory 3sadiKCyBaTH MOJIOXKEHHA (hOTOMETPHYHUX KJIHHIB (33 JONOMOrOio
ii dikcyerbes nosoxeHHs (oToMeTpHuHOro kKnauHa I8 (puc. 147), a sa
JOTIOMOTOI0 TIPaBoi — KiiuHa 6.

Mipowo BifHOCHOT {HTEHCHBHOCTi NOPIBHIOBAHHX CNEKTPanbHHX JiHiH
€ anre6pa1qﬂa cyma BiLTIKIB M0 o06ox wKanax mnicas 3piBHAHHA scKpa-
BocTefi MX JiHif. .

Ak npaBuno, upu po6oTi 3 CTUIOMETPOM CIEKTP 30YKIAYETbCA KOHACH-
COBaHOIO {CKPOIO Yepe3 YTBOPEHHS PO3PAY B 3a30pi MiXK 10C/IiLKYBaHHMH
enektpogamu. [y UbOTO CAYXKUTH cHeniaNbHHi reHepaTop KOHJEHCOBa-

~ Hoi ickpu MI-3, akuii Npaiioe B pexxumi Ayrd.

Jlis nonimmieHHs eKCnjyaranifinMx BaacTHBOCcTel cTHSIOMeTpa B foro
KOMIIJIEKT BXOJUTh TJYIIHHK, MPYU3HAUYeHHH AJif 3MEeHIUEeHHS IUyMYy, MO BH-
HHUKa€e npH poGOTi CTHIOMETPA, a TAKOXK /s 3aXMCTY Oneparopa Bik AOTH-
KaHHS 3 eJIeKTPOJaMH, AKi 3HaXOIATLCA Nij BHCOKOIO Hanpyroi.

Fnymuuk — JepeB’siHu# AUk Ge3 AHa, o60uTHI BecepenuHi acGectoM
i MiHepanbHOW BarTol0. BceepennHi rIymIHHKa 3HaXOAWTLCH WITATHBHHI
670K, [IBepuATa rMymHMKa o06sa/HaHi aBTOGJOKYIOUHM NPHCTPOEM (HpH
BiAKpUTHX IBepUATaX HaBiThb YBiMKHEHOro B e/leKTPOMepexky reHeparopa
WT'-3 na wratvBruf 670K He NOJAETLCS Hanpyra).

[MIraTuBnuit 640K (puc. 150) npusHaueHuH 119 BCTAHOBJIEHHS 1OCTi K-
BaHUX 3pasKiB. y pobode nosoxeHHs. OnuH 3 enekTponiB 2 sakpingeHo
rBuHTOM 3 y TpuMayi 1. Jipyruil enekTpon 5 BMileHo Ha niafioMHOMY cTO-
JHKY 7 i 3akpinyieno Jiemarams 6 3a JonoMoroo pyukHd 8. s BCTaHOBIEH-
H#l MEBHOI BiACcTaHi MiX eleKTPORaMU CYKHUTD ma6aoH 4, IKHH MOXHA BH-
cyBaTH Bropy. 3a JOMNOMOroi0 py4ok 9, 10 i 11 cTo/MK MOXKHA NOBEPTATH
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_HaBKOJIO rOPM30HTAJNBHO] Oci, MepeMimyBaTH y Hanpsmi, NepreHxHKyasp-
HOMY JI0 IVIOUIMHM PHCYHKa, a60 y BepTHKAJAbHOMY HarpsiMi.

Jlo KOMNJIEKTy YCTAaHOBKH BXOZSTB: :

1. Hucnepcifina KpuBa CTHIOMeTpa. 3a I0ONOMOroo Iiel Kpueoi BH3Ha-
93€ThCs 3a7€XKHICTb MiXK JHOBXKHMHOIO XBHJIi CHEKTpa/NbHOI JiHil i monoxen-
HA i1 no mKani 6apa6ana mpunany.

2. Atnac crnekTpanabHHX JiHIN 3aniza. ‘

3. I'panyioBanbuui rpadik f/is BUSHAYEHHS IPOLEHTHOTO BMIiCTy XpOMY.

Cepenns BizHoCHa noxH6Ka 0OAHOrO BUMipIOBaHHS CTaHOBHTb =3 — 7 %.

Ilopadox surxonanHs poboTU

1. Jlna BU3HaYeHHS NPOLEHTHOIO BMICTY JNOMIIIOK y AEeSIKOMY CIJIaBi,
HaNpUKJaj JOMIIIOK XpOMY Yy 3aJ1i3i, nonepeaHbo NiATOTyBaTH YCTAHOBKY X0
poGoru. [lepiu 3a BCe miaroTyBaTu 50 poGOTH €TaJOHHMH Ta JOCHiIXKYBaHHUIH
eneKTponu, koHpirypauis i posmipu fAKuX NOBUHEI BiINOBiZATH 3a3Ha-
ueHMM Ha puc. 151. [lnsa nporo: a) ouMCTHTH iX Bif Koposii Ta oKanHHH i
T. . Oco6auBO cTapaNHO NOTPiGHO 3auHIaTH po6oUi NOBEPXHi 060X eseK-

‘ 270+

g” E\ ‘20 lj g\

+ & by
B S : Sy
=S

Puc. 151

TPOAiB; 6) eTAJOHHUH eNeKTPOM 3aKPiMUTH y TpuMaui I, a fo¢nixkayBaHu
y Jelarax 6 (npu 1bOMY 3a AONOMOroio maG/JOHy BCTAHOBHTH BiANOBiAHY
BiZICTaHb MiX e/leKTpOjaMHM). 3aKpHBLIH JBepLUATA IJYIIHHKa, BBIMKHYTH
renepatop MI'-3 B esekTpomepexky. Kouau 3acBiTHTbCS KOHTPOJbHA NaM-
1I0YKa, HAaTMCHYBIIM KHONKY «[Iyck», 3amaquTé Ayry MiX enekTpolamH.
YBIMKHYBIUM FeHepaTop, NMPOBECTH MONepeJHe BHIATIOBAHHS eJEeKTPOMiB.

ITpuwmirxka Mera BunanoBanns — NPHBECTH MOBEPXHI i TEMIIEPATYDPY €JEKTPO-
BiB o cTany, fIKHH 3aJHIUaeTbCA NMOTIM HE3MiHHMM NpOTArOM ychoro axanisy. [ponecu
BCTaHOBJICHHA, SIKi BinOyBaloThC B nepiui XBHJIWHE Uicas BKJIKOYEHHS icKpH, pobasthb
CNeKTPalbHy KapTHHY HecTiliKoio, ToMy KinbKichi BHMipIOBaHHS MOMJMBI Jue yepes
JesakMit yac nicaa ysiMkHeHHsl ickpu. TpuBanicrs BHnMamoBaHHA 2-—3 XB.

Cuna cTpyMy Nij wac BHNaMOBaHHSA, a TAKOX NPOTATOM PoGOTH reHepaTopa NOBHHHA
cranoButH 2—3 A npy Hanpysi B Mepexi 220 B. Ickpa noBuHHa piBHOMIpHO 066iraty BClo
poGouy momy ejneKktpoxiB. Ile pisnomipHe 066irakHst MOBUHHO TPUBATH MPOTATOM YChOrO
BHNAMIOBAHHS Ta aHajisy. SIKIO BOHO He BHKOHY€TbCS, TOOTO iCKpa HOUKHAE GHTH B OFHY
FOUKY, IO 3pasy NMOMITHO NO 361/IbMIEHHIO CHIN CTPYMY i 1O Xapakrtepy wmymy ickpH, TO
BRNAMIOBaHHA | BUMipIOBaHHS CJij ofpasy NPUIHHHTH i, KiJbKa pa3 BKAIOYHBIUK BUMH-
Xau, cnmpofyBaTH NOMOrTHCS piBHOMipHOro o66irakus ickporo Bciel nuomagku. Skmo ue
He BAaeThCH, TO Clif poboui noBepxHi 06ox e.nex'rPoniB 33UMIATH 3HOBY.

_Bunamosauns i Bumiproanus ickporo, mo 6'¢ B 0AHY TOUKY, aGCOMIOTHO HENpHIycC-
THMI.

Bkaszane Buma/noBaHHS CJif pOGHTH He TiNIBKH CBiXKO3aTOueHHM 3pas-
KOM, a # B THX BHNAJIKax, KOJY BUMiploBaHHA Gy/M 3 SKHXOCh NPUYHH
nepepBaHi i ickpa BHK/IOUanach Ha uac. SiMpHl HiX 2—3 XB.
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2. Tlix 9ac BUNanKCBaHHA NPOBECTH skicwui anHanis. Jag nworo, mo-
Bepraioyd GJIOK NPH3M, HPOTJSHYTH BeCb CNEeKTP i BH3HAUMTH HAABHICTh
Yy HbOMY XapakTepHUX JiHil THX 4k iHmuX enemenTiB. Ilicnis mporo
TPUCTYNUTH [0 KiNbKiCHOrO aHasisy. ;

3. O6epranusam Kinbus okyaspa 6 (puc. 148) coxycyBaTH paMKy
niosis 30py. [ToBepratouu pyuky 4, CyMiCTHTH NPOraJHHY B HOBrill AinsiHii
CMEKTPA 3 IEHTPaNbHOI0 PaMKOIO, B pe3ysbTaTi 4oro B [oJi 30py OKyJaspa
6yze BUOHO HemepepBHY AiSHKY crekrpa. Pyukoro 10 coxycyBaTH ClekT-
paJabHi JiHII. ‘

4. 3a ponomoroio aucnepcifiHoi KpUBOi CTHJIOMETpa BHSHAYHTH  IOJO-
JeHHS Ha mKasi GapaaHa ABOX MOPiBHAJBHHX JiHIE — xpomy (520,
60 uM) i sanisa (522, 70 uwm).

5. Ha 6apaGani 3 BcTaHOBHUTH 3HalileHe N10/102KeHH 1 TOPiBHATH CIIEKTP
B OKYJIfIpi CTHJIOMETpA 3 aT/1acoOM CIeKTPaJbHHUX JiHil 3ani3a. OTOTOXHHUTH
BuauMi JiHiT i3 3a3HauennMy BHIE JiHIAMM XpoMy i 3aaisa.

6. 3a nponomoroto GapaGana 3 migBecTH JiHil0 3ani3a 10 Mexi moxiny
ueHTpaabHoi i s1iBoi pamok. [as uboro BcraHoBMTH ii crnpaBa Bin miei
Mexi, a JiHil0 XpoMy NMOBEpTaHHAM pY4YKH 4 BCTAHOBUTH 3J1iBa Bix Hef.

7. 3a gonomoroio pyuok 7 i 9 3piBHATH iHTEHCUBHOCT] MOPiBHIOBAJbHUX
ainit. HatucuyBumin KHOnKy 8, ocBITUTH eKpaH | sanucaTd anrebpaiumy
cyMy noxasis o6ox wxan. [Topymyoun piBHiCTb iHTEHCHBHOCTEH, MOBTOPH-
TH NONMEpenHIo omepauiio Kinbka pasiB A1a JOCAiAXKYBaHHX 3pa3kiB.

8. 3a nanumu 4—b5 3HaveHb anreGpaidHOi CYMH, A5 KOMXKHOIO 3paska
ofuncauTy i1 cepenne 3HaueHHs i 3a rpaAyloBaJbHUM rpadikoM BU3HAUHTH
NpPOUEHTHHU BMiCT XpOMY B LIHX 3paskax.

KouTpoabHi 3anHTaHuA

1. $Ixi disyuHi OCHOBH cCreKTpajJbHOrO aHanisy?

2. B siKOMy arperaTHoMmy CTaHi po3KapeHa peqoBHHa BUIIPOMiHIOE CyLiIIbHUMA CEKTP,
a B sIKOMY JiHiKuacTHH CriekTp?

3. B sikifi yactuni cnekrtpa Haiispyunime mposopuTH Axicuu#t i Kinbkicuui cnexr-
paibHUil aHaxisu?

4. lnsa 4yoro IWTaTHBHMHA 60K BMIlLYIOTh Y TJIYIIHAK?

27. HochigxeHHs Jjasepa i BHMIpIOBaHHA KYTa PO3XOAKEHHS
cBiTa0BOrO NMyuka [26, 28, 3aBoAchKi iHCTpyKUii]

Mpunagu i matepianu l)onruuna nasa; 2) keautoBuft reneparop JII-56;
8) macirrabua ninifika; 4) pyserka; 5) noaspoin; 6) audppaxuifna pemirka; 7) ekpa 3 Ko
porkodoKycHoto ningolo; 8) niockonapanensHa CKASHA IIaCTHHKA,

Teopemuuni gidomocmi ma onuc npuisadie

Jlazepu — ne resHepaTopd eneKTPOMArHiTHOTO BHIIPOMiHIOBAHHA OI*
THYHOTO AianasoHy, Aifd AKWX TPYHTYETBCH HA BUKOPHCTAHHI iHAYKOBaHO-
ro (BUMYIUEHOI'O) BMNYCKaHHA. B [eaKUX KBaHTOBMX cHCTeMaX MOXHa
[ITYYHO CTBOPHUTH TaKi YMOBH, NPH SIKHX HaceJeHiCTb BepXHbOTO eHepre-
TuyHoro piBHa E, 6yze 6inbmoio, HiXk HaceneHicTb HHXKHbOrO piBHS K.
Takuil cTaH CHCTEMH HA3HBAIOTb CTAHOM 3 [HBEPCHON HaceAeHicmuo pisHis,
a cepefloBullle — iHBepCHUM, a60 akKTUBHHM. {KUIO B aKTHBHE CePelOBHILE
BBOJAUTHCA (HOTOH 3 yacToTol v = (E; — E,)/h, TO 1e BUK/INKae JaBUHO-

211



nozi6He HApOIKeHHs1 HOBHX (OTOHIB 32 PaXYHOK ilepeXofy aTOMiB i3 cTa-

0y E, y cran E,. 3po3ymino, o B cepefoBHUILi BiAGYBaTHMYTbCS TaKOXK
nepexonu E; — E,, aje iX KiNbKiCTb 3aJMIIAETbCS JOCHTb MANO0, TOMY
D cepemOBUIlle iHBEpCHE.

Y koxHi}t 061acTi MPOCTOPY, 3aNOBHEHiH aKTHBHOIO PEJOBHHOIO, 3pO-
CTaHHA IHTEHCHBHOCTi eJleKTpoMarHitHOi xBuJiGyle npenopuiiine eneprii
camoi XBUJI:

, - dlldx = al,, (1)
Je o — KoediuieHT KBAHTOBOIO I1iCH/IHHS! peqosﬂﬂu, I, — nmouatrkoBa
igTencusmicTs xBumIi.

EeB
. N e Ne .
E, a - 2's, 3 IS p
20
i i
Mg ~~mnrd - !
|
i i
|
& z Nz :
| |
”}’iwvl—- 8 ‘75 Wﬁ)}z )
o
£ 1Ty P 15 1 15
Puc. 152 Pne. 153

Y peanbHHX PEUOBHHAX 3aBXKIM € GaKTOPH, sAKi nocaabmonoTh iHTeH-
CHBHiCTb,~—pO3CisIHHS Ha HEORHOPiXHOCTSAX, 30y XKEHHS iHWIOI NapH piBHIB,
HeBeJIMKe 4HC/I0 MepexogiB E; — E, tomo. ToMy 3 ypaxyBaHHSIM 0OIJH-
HauHA dopmyay (1) MoxkHa 3amHcaTH Tak:

dlldx = (@ —B) I,, . 2)
ze p XapakTepusye BTPaTH eHeprii B pedoBHHi. Pos’s3aBum (2), ZlictaHe-

MO 3aKOH 3MiHH cymapnm iHTEHCHBHOCTI 3aJI€2KHO Bij| BiAcTaHi, SIKYy npo-
XOJIKTb XBUJSl B aKTHUBHIi#l peqosmn'

I = I glo—b)x, ' 3)

Sk 6aunmo 3 (3), 060B’SI3KOBOIO YMOBOIO KBaHTOBOTO MiACHJEHHs, KpPiM
inBepcHoOi Hacenenocri piBHiB, € BUKOHaHHa ymoBH a > fB. To6ro Bumy-
CKaHHS aKTHBHHX aroMiB NOBHHHO 3 HaJJIMIIKOM KOMIIEHCYBAaTH BTpaTH
€/IEKTPOMArHiTHOI XBUJi y peuoBHHI.

Jns cTBOpeHHs iHBepCHO! Hace/eHOCTi PiBHIB BHKOPHCTOBYETHCS TPH-
a60 4OTUpHpiBHEBa CHCTEMA. pr{omy cepell piBHIB MOBHHEH GYTH ONMH,
4ac XKHUTTA Ha KoMy Oijabmuii, Hix y iHmux (MeTac'ra61nbﬂuﬁ piBeHb).
Ilupuna AE piBHs Ta uac XKHTTS aToMa Ha HboMy Af 1oB’si3aHi cniBBil-
HOLIEeHHAM HeBU3HaueHocrell IefisenGepra:

AE - At > Hh/2.

SIKmo gac XUTTR aToMa Ha piBHI BeMHKHil, TO Uel MeracTabiibHul piBeHb
Oyne nocutb BysbkuM. Hexah icHye TpupiBHeBa cucrema (puc. 152),
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Je E; — ocHoBHuit piBenb, E, — 36yIennil MeTactaGinbunf (BysbKUAY
piBeHb, E; — 36ymkeHuii KOPOTKOMUBYUHUH (WHPOKUE) piBeHb. CpaAMye-
MO 'Ha CepeJIOBMLIE MYYOK €1€KTPOMArHiTHHX XBHIb hvyy = E;, — E,,
TOZi YaCTHHA aTOMiB 3 eHepreTHyHoro piBHA I mepeiine Ha piBeHb J (3Mifi-
CHHTbCS TaK 3BaHa.Haxkauka). I1ix wac HaxkaukH BigGyBaioThea nopaz i3
8BOPOTHUMH nepexoiaMu 3 — I caMOuMHHI nepexonu 3 — 2, AKi iHTeH-
CHBHO 30inmbIIyioTh HaceneHicTb piBHA 2. Uac XUTTA Ha 1bOMY PiBHI M0~
CHUTb BeJIMKHH, i iHBepcisa noctynoso spocrae. Cjabka 30BHiLHA Lia ((o-
TOH 3 4acToTo v = E, — E,/h) BUK/IUKae BeJHKY KilbKiCTh BHMYILEHHX
BHIIYCKHUX TNepexofiB 2 —» I. BHacnifox uporo cucreMa BUNYCKae Koee=-
PermHe 8UNPOMIHNEAHHSA, MiICHMIOKUY BXigHHA curHana, CucremMa 3 iH-
BEPCHOIO HaceJIEHICTIO piBHA 2 MOxe i cama, Ges 30BHimHBOI Aii, BUIyCKa-
TH BHIpOMiHOBaHHA. Ilinkom imoBipHO, O caM O Y H H H O Big6yAeThb-
csl x04a 6 OfVH mepexif 2 — I, AKUH BUKJIHYE JIABHHONOAI6HE 3pPOCTaHHS
inTeHcUBHOCTI BHNIpPOMiHIOBaHHA 3rigHo 3 dopmyaoto (3). Icuytorh pisHi
THNHU J1asepiB, ane po6oTa KOXKHOIO 3 HUX-6a3yerbesl HAa OAHAKOBHX (DU3HY-
HUX npuHuMnax. BigMinmicTe 1X mossrae, roJIOBHHM HYHHOM, Yy MeTOAax
8fy[KEeHHs aKTHBHOrO CepefioBHlla, To6TO y cmocobi Hakaukd. Tak, y
meepdomirbHUX AG3epax 3aCTOCOBYIOTh ONTHYHY HAKauKy, y ea306ux —
@JIeKTPUUHUN PO3PAL, Y HanisnposiOnukogux — iHXKeKIi0 HOCiiB 3apsny.

I'a30Bi Masepu MalOTh psiji NepeBar NOPiBHSHO 3 iHIIHMY THIIAMH reHepa-
TOPiB €1eKTPOMAarHiTHOro BHIPOMiHIOBaHHSA. ¥ HHX aKTHBHe CepeJOBHILE
SHAXOAUTBCA Y CTaHi rasopo3panHOl MJa3MH, TOGTO YaCTHHKH CTAHOBJATH
CYKYIHIiCTb iOHIB Ta eNeKTpOHiB. BoHM JOCHTB c/1a6KO B3aEMOAIIOTH MiX
co6olo, a e 03HaYae, WO NiHil CAMOYHHHOIO BUNYCKAHHA Ta MOTJHHAHHSA
Lyxe By3bKi. ToMy mupHsa JiHil reHepanii rasoporo Ja3epa MiHiMa/JbHa
fIOpiBHAHO 3 iHIIAMH reHepatopamu. 3 Apyroro GoKy, ra3 B ONTHYHOMY
BifHOWEHA] € omHOpigHUM cepenoBHLIeM, To6To y dopmynai (3) p made.
Y naniit poGoTti JOCHiKYETBCA Telili-HeOHOBHH Ja3sep. Po3rasnemo aiar-
pPaMy HHXKHiX eHepreTHYHHX CTaHiB reJiio Ta HeoHy (puc. 153).

Y rasopo3papHiit Tpy6ui Jasepa, 3anoBHeHill cymimmno renio Ta
HEOHY, NIPH BHHHKHEHHI €JIEKTPHYHOIO po3psAny Bia6yBaeTbcs 36yIKeHHS
aroMiB. B ocHOBHOMY 36YyJUKYIOTBCS aTOMH Tefilo, OCKiJIbKY iX KOHIIeHTpa-
uis B 10 pas Ginbina, Hix KOHUeHTpawis HeoHy. IIpu 36ymkenHi 3a paxy-
HOK eJIEKTPOHHHX yAapiB aTroMu reiilo nepexoisiTb 3 OCHOBHOFO CTaHY
1'S, y nepwi 36ymxeni cranu 23S, i 21S,. Enepris nepmuunx s6ymKeHnx cra-
HiB reJiilo IpakTHYHO 36iraeThcs. 3 eHeprieio JesiKHX CTaHiB HeoHY (21S,—
— 38,;, 28§, - 28,). 36ir nux piBHiB NPUBOAMTE AO TOro, IO MeTacra-
6inbHi aToMH renjio npH cniByfapax 3 He3GYIKEHHMH aTOMaMH HeOHY
NepeBOAATh iX Ha ONMH 3 PiBHIB 30yJUKEHHX CTaHiB 28 1 3S. Tum camnm 3a-
Gesneuyerbcsl iHBepcist HaceaeHocTell piBHIB craHiB 2S i 3S, i npu neBHux
YMOB2X CepeOBHINE CTae ONTHYHO aKTUBHUM. Jlyrke BaXKIMBUM Jiist poGOTH
resifi-HeOHOBOrO Jlasepa € Te, WO NlepeXxoAu aToMiB HeoHy 3 piBHiB 3P i
2P na piBenb 1S Haj3BHUaHHO WIBHAKi, TOMY KOHIEHTPAIlis aTOMiB HAa OHX
piBHAX 3aBxkau Ayxe Maja. Hailluactime snasepHe BHIPDOMiHIOBaHHA BUHH-
Kae BHACJiJOK nepexoAiB (BizmosixHo b, ¢, a Ha puc. 153):

3§, —2P,, A= 632,8 HM;
28, —2P,, A= 1152 um;
38; — 3P,, 4 =3390 Hwm.
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B3arasi rexepauis Moxe CHOCTepiraTHCh OJHOYACHO Ha KiJBKOX JIHifIX.

- Tlin6opom cucTeMH A3epKaj Pe30HATOPA, BBEIEHHAM AHCIEPryiouoro a6o

- BHOIPKOBO MOIVIMHAIOUOTO eJeMeHTa MOXKHA CTBOPHUTH ONTHMa/bHi YMOBH:

resepauii s ofHiel aimil Ta saraymuTH Ans iHwmx. TakuM uuHOM, Y
renij-HeOHOBOMY Jlasepi resifi BUKOHye (YHKIi10 pe3epByapa sOyxIAeHH,
sIKe Pe3OHaHCHO NepenacThes aroMaM Heony. HeoH e pobo4oro pewosunoro:
Y rasoBHX N1a3epax 3aMiCTb HEOHY MO}KHa BUKODHCTOBYBATH i iHINi iHepT-
Hi rasu. Cxemu ix piBHiB noai6Hi Ko posriasiHyTHX Bule. JIiHii BUnyckaH-
HSl ras’oBHX JasepiB NepeKpHBalOThb CleKTPaJbHUH XianasoH Bifl yJabTpa-
bionerosoi obnacti 1o indpavepsoHoi.

: , £h
2 7 FéE& 7 £} :

/ Fo7 AN 1 —1\

Jlasep il “

. Y, S 40 | R b id 7

{
|
9 8 :
Puc. 154 ‘ Puc. 155

l'enifi-HeoHOBUIT J1a3ep CKJIaaeThCsl 3 ONTHYHOIO PE30HATOPa, AKTHB-
H0TO cepeloBHIIA H 3aXHCHOT 060M0HKU. ONTHYHUN PE30HATOD YTBOPEHHIl
ctepuanum I (puc. 154) Ta nnocKuM 6 A3epKajaMH, JKOPCTKO 3aKpilJeHH-
MM Y CTaJbHUX QNraHuAX, AKi CKpinJieni Mixk co60i0 iHBapOBHMU CTEPKHAMH
8. 3a 0moMOorow 10CTyBaJbHHX IBHHTIB 7 MOJNOXKEHHS A3epKal BiHOCHO
0Ci pesonaropa MOXKHa 3MiHIOBAaTH Y HeBeJHKHX MeXax. AKTHBHHE ele-
MeHT 9 (rasopospsiHa TpyOKa, 3alOBHEHA CYMIIULIIO TeJlilo i HEeOHY, 3aB-
JOBXKH 25 cM 3 nifirpiBHUM KaToioM 2 i aHOfIOM 4) 3aKpil/IeHH# MiX Ha -
npsMHuMH cTepxHAMH 8. Topui rasopospsigxoi Tpy6kH BimuutidoBani
nix xyrom bpiocrepa i 3akpuTi BUXifHHMH BiKHaMH 5 i3 ONITHYHOrO KBap-
10BOro ck/a. ONTHYHH{ Pe30HATOP 3 AKTHBHUM €1€MEHTOM PO3TallOBaHUi
B 3axHCcHill oBosonni 3, Ha oAHOMYy KiHUi sIKOI 3aKpin/ieHO po3’eAHyBau
JJ1s1 Kabe/1iB BHCOKOI HaNpyTH Ta HANpPyru posxapeHHs. Buxin fasepuoro
BUIPOMiHIOBAHHA 3AiHCHIOETbCA 3 GOKY HaIiBIPO3OPOro NJOCKOro A3ep-
Kaja 6.

Jna XUBJEHHA pO3PAAHOI TPYGKM BHKOPHCTOBYETbCS €/EKTPOHHHI
crabinisarop CI1B-5. Ha #oro nepenuiii nanesni posramoBaHi: BHMipio-
BasbHMH mnpuaajg «Tok Harpysku», TymGiep «Cerb», CHIHa/IbHA JaM-
ToYKa, pyuyka MnoTeHuioMerpa «PeryasTop TOKa Harpyskus, KHONKa
«[lomxur». Ha sanuifi crinni 6710Kka 3HaXolsTbCA: TNEPEMHKAy HANpyrH
KMBJIEHHS, DO3’€JHYBay IKHBJEHHS Jaszepa, KaemMa — «3eMasi», WHYP
xuBJeHHA. Jlasep JII'-56 npamwoe Ha foBxkuui xBuJi 632,8 HM i gae Bunpo-
MiHIOBaHHS NOTYXHicTio He MeHme 2 MBt. Heapaxaioun Ha HeBeJHKY BH-
XiZHy NOTYXHiCTb, SCKPaBiCThb /1a3epHOrO MpPOMEHA HAa Ki/NbKa NOpSIKiB
Giablla 3a fCKPaBicThb 3BHYAHHOI €NEKTPHYHOI JIaMIH PO3XKAPIOBAHHS.
Tomynpu po6oTi 3 nmasepoM caig 6yTu of6epexHHUM,
BUKOHYBAaTH nNpaBsuJa TexHikH O6es3nexku Onuieo
3 OCHOBHHMX OCOG/MBOCTEH JasepiB € Manuil KYT PO3XOIKEHHS MydKa.
SIkmo my4ok Mae opMy KOHyca, TO TiNeCHH{l KyT MOXHa BH3HAuUWTH, BH-
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Mip sBmu Binﬁosiﬂﬁnﬁ INOCKHIT KYT 3a opMyJIo0
Q = 2n (1 — cos (0/2)). (4y

Tlpu ymoBi © << 60° 3B’SI30K MiX TiNecHHUM i IVIOCKHM KyTamH 3 JO-
CTAaTHBOIO TOYHICTIO BHpaxKaeTbcA (GOPMYJIOIO

Q = (1/4) w2, | (5)

1€ © — NJOCKH# KyT, pai. KyT @ Moxua BuMipsTu 3a cxemoro puc. 155,

3a HKQ!O
“ 0= (D—d)/(L — 1. 6

ITopadok eukonanKA poboTu

1. Bumipamu Kym po3X00HCEHHS NY4KQ AQ3EPHO20 BUNDPOMIHIOBAHHS.

1. [ligroryBatH Jlasep A0 BHKOHaHHA DOGOTH, AJifi 4YOTO fePeBipHTH
BiJICyTHiCTb MeXaHiYHHX TOIMKOMKEHb Kabe/s Ta WHypa XKUBJeHHS 6/l0Ka
CBII-5, sikicth 3aszemnennsi. TymOaep «CeTb» mepeBecTH B HHXKHE NOJIO-
JKeHHs, PYUKY «PeryJarop ToKka Harpy3ku» — y Kpa#He JiBe NMOoJIOKeHHs .
BriesuuTHCh y MiIHOCTI 3aKpillJieHHs Jla3epa Ha ONTHUHIN Jasi.

2. YBIMKHYTH OpuJiaj, IOTPUMYIOUHCH TAKOIO MOPALKY:

a) yBiMKHYTH BHJKY mHYpa xubjedns CBII-5 y mepexxy 220 B; |

6) nepeBecTH TymO6Jep «CeTb» y BepXHE N0JOXKEHHS (IPH HbOMY Clajax-
He CHMTHa/IbHa JIaMIIOYKa, WO CBifYMTh Npo nojgayy Hanpyra 1500 B na
puxig CBII-5);

B) mporpiTH Jammy crabinizaTopa Ta rasopospsiiHy TPyOKY NPOTSIrom
3—5 xB;

I) DOCTaBHTH PYYKy «PerynsiTop TOKa Harpysku» B CepelHe NOJIO-
JKEHHS;

J) 3AifiCHUTH 3amaseHHs ra3opo3psaaHoi TpyOKH, HATHCKYIOYH KHONKY
«ITomxury;

€) pyuKoio «Perysisitop TOKa Harpy3Ku» BCTAaHOBHTH CTPiJIKy BHMipio-
BaJIbHOrO MpHJAaLy Ha BiAMiueHY MO3HAUKy MIKaau (Uf MO3HAyKa BiAmo-
Bijlae MaKCHMaJIbHifl BUXifHil NOTYXXHOCTI BHIIPOMiHIOBaHHS).

3. 3akpinuTy Ha eKpadi MiJiMeTpOBU# nmanip i BUMipATH liaMeTp M~
mu D Ta Biacraus L, IlepemicTuTy ekpan Ha Bigcranb 0,4—0,5 M Bix Jjase-
pa i Takox BuMipsaTH Aiamerp d Ta Biacranb I. 3a dopmynamu (5), (6}
OOUHCJIMTH TiJIECHHA KYT Jla3epHOro mydka.

11. Hocaidumu noaspusayiro, inmepgepenyito. ma duppaxyiro raseprozo
BUNPOMIHIOBAHHA. , .

1. BcraHoBuTH Ha ONTHUHIil JaBi MiX Ja3epoM Ta eKpaHOM NO/SPOilL.
OGepTaHHAM MOJAsIPOiAa AOMOITHCS MiHIMaJibHOI OCBiTJIEHOCTi Ha eKpaHi.
Ile cBipguuTnMme Opo NiHifiHY NoAApH3aNio BUIPOMiHIOBaHHSA Jlasepa. Busna-
YUTH HANPAM IUIOMMHH MOJsipU3alii BUNPOMiHIOBaHHA (HaNmpsM MJOIHBA
noJsipusauii nosnspoija 3ajaHo).

2. BcTaHOBHTH Ha ONTHYHIK JaBi ekpaH, B LeHTPi AKOro 3akpinieHo
KOpPOTKOGMOKYCHY JiH3y. Po36ixkHHI My90K BHNPOMiHIOBaHHA CNpAMYBaTH
Ha nopepxHi© ToBCTOI (5—10 MM) ckasnol nmnacTuHKY. HeBenukumu nepe
MillleHHsIMH eKpaHa 3 J1iH3010 foMorTHes uiTkol inTepdepenuifinoi kapTHAW
Ha ekpaHi y Bif6uTOMY Bif naactuHkH cBitni. Ilpoananisysatu onepsie
HY KapTHHY. ‘



3. BeranoBuTH Ha onTHuHifi n1aBi AudpakuifiHy pewwiTKy i cnpsMysaru
Ha Hel BUNpOMiHIOBaHHA Jasepa. Jlicrati Ha ekpari audpakuifiny KapTh-
#y. 3a popmyJowo d = mAl/x,, (pobora 19) obunciuTy nepiox Audpakuii-
HOI pemiTKH.

KonTpoabni sanutTauns

1. Yum sippisusioTecs CcHoHTaHHe Ta iHAYKOBaHe BHIYCKaHHS BHIPOMiHIOBaHHA?
2. YoMy B J1a3épax He BHKODHCTOBYEThCS RBOpiBHEBa CxeMa?

3. Ilpu axux yMoBax BifGyBaeThCa reHepauisa cBitiia B aKTHBHOMY CepefOBHILi?
4. SIKi nepeBarm MaloTh ra3oBi JlasepH?

5. ¥ uoMy noasiraioTh IepeBarH Ja3epHOro BHNPOMiHIOBAHHA MOPIBHAHO 3 iHWHMHA
BHAAMH BHIPOMiHIOBaHHA?

28. BuBueHHs OCHOB ABHHIA JIOMiHecHeHuii [22, 29, 30] _

INIpannaan i Mmarepiaau: 1) erekrpounnir ocumnorpadp Cl—I; 2) nBa
<oronoMHOoXyBaui ®IY-29; 3) BucokoBoAbTHi Bunpsimasui BCB-2; 4) marasun onopis;
5) Garapes emHocreil; 6) ocBiTmoBay OH-18; 7) enrekTpuyna jamna 6,3 B; 8) perysaarop Ha-

aipyra PHIII-250; 9) enextpuanuii gpuryu CI-09M; 10) ckaaHa naacTHHKA 8 MOMiHODOpOM;
‘11) ma6ip cBiTaopinbTpis.

Teoperuuni sidomocri Ta onuc npusradis

- Jina reHepyBaHHsi BHIPOMiHIOBAaHHA B ONTHYHOMY Aiana3oHi BHKOPH-
'CTOBYEThCS SIBHILE JiIOMiHecueHuii. JIroMiHeceHTHe CBITiHHA PEYOBHH 36y X~
2KYETbCs 338 PaXyHOK OYAb-fKOrO BHAY eHeprii, KpiM BHYTPiWIHBOI eHep-
rii. Ilig njeto cBiT/la, peHTreHiBCHLKOrO BHIPOMiHIOBaHHS, NOTOKIB PisSHO-
MaHITHHX YaCTHHOK, XiM{YHHX peakiiH, eJleKTPHYHOrO CTPyMY Ta iHmMMX
36yIHUKIB TenJoBa piBHOBAra NOPYIIYEThCA | YaCTUHKH PEYOBHHH HepPEBO-
JATbCA 3 HHXHIX €HepreTHYHMX CTaHiB y BepXHi. BHacainox uporo Ha
Jesikux 30ykeHUX piBHAX eHeprii HarpoMajXyerbes Oinbpiua, HOPiBHSIHO
3 pPiBHOBaXXHHMM CTaHOM, KiJbKicTh 4YacTHHOK. TOMYy HOpSiA 3 TelJIOBHM
BHIPOMiHIOBAHHAM 3’ ABJAETBCA MONATKOBE CBiTIHHA (HalJMIUIKOBE Hap
TEIJIOBUM) — JIIOMiHECIeHIisA.

3rigso 3 o3uavennam C. 1. Basunosa, sominecyenyia € cBiTinua Tina,
‘HAJ/IMILIKOBE HaJ TEIJIOBHM TOTO K camMoro Tina B AaHifi o6nacti cnekrpa,
MpPH JaHill Temmeparypi, SKUIO Lie BUNPOMIHIOBAHHSI Mae CKiHYeHHY TPUBa-
JIicTh (TOGTO He NpPUINMHSIETbCA Bipa3dy Mic1A YCYHeHHs] NPUYMHH, fKa
#loro BHKJHKaJsa), WO 3HAYHO MepeBHILIye NepioJ CBIiTIOBHX KOJIMBaHb.
BigmiHHicTh MiXK TenIOBMM BUNIPOMIHIOBAHHAM i JOMiHecleHIiel0 noasrae
B TOMY, IO eHeprisi, MNOIVIMHYTa PEYOBHHOIO, ife He Ha 30i/blIEHHS BHYT-
pimnboi eHeprii, a Ha 36inbINeHHs noTeBlliaAbHOI eHeprii, sika, He mepe-
"XOAAYM y TemyaoBi KOJMBAaHHA aroMiB, 9acTKOBO af0 NOBHICTIO BHITyCKa-
.€TbcAl, PeqoBHHa, 10 MOLJIHHAE eHepriio, He B3aeMojie abo cllaGKo B3aeMo-
Ji€ 3 HAaBKOJHWIUHIM CepelOBHILEM.

ITicns npunuHeHHs nii 30BHimHbOro 36YAHHKA JHOMiHEeCHEHIis 3racae
TPOTATOM JEAKOro 9acy T — uyacy 30YAKEHOro cTany. 3ajiexXHO Bij
TpHUBaJIOCTi CBITiHHA JIOMiHecHeHIil0 YMOBHO MORINATL Ha ¢hayopecyeryiro
Lt << 10~ c) Ta gocopecyenyiro (v > 10~® ¢). Il xapakTepHCTHKA Jio-
minecueHnii came i Bigpisnse ii Big BigOUBaHHA, pO3cisiHHA cBiT/Na, rafib-
MiBHOTO CBiTiHHA 3apA/XKEHHX YaCTHHOK, BHMYIUEHOIO BHIYCKaHH:.
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BuBuenns JioOMiHeceHii aae sMory AicraTv 3HauHy iHdopmailin npo-

"CTPYKTYPY TBEPAHX Tij, PO3MORI/ BHUNYCKAOUUX LEHTPIB y KPUCTAMIUHIK

PemiTii, BJACTHBOCTI MONEKYJASIPHUX 3B’A3KiB, 3AIHCHHTH fAKiCHHE Ta:
KisabKicHui ximiunuii anmanisu. HaiGinpmoro nomupenns B Hayui i Tex-

Hiwi nabyna gomomrominecyenyin. s 1i XapakTEPUCTHKH KOPHUCTYIOTHCS

NIOHATTSAMH ClleKTpa 36yIKeHHs i crekTpa JioMiHecleHlii. 3a OCHOBHHM
3aKoHoM (poro/oMiHecueHlii — 3akoHoM Crokca — JloMmenss — crnekrTp
BUNPOMiHIOBAaHHA JIoMiHOGOpPiB Ta HOro MakCHMyM 3CYHYTi MOpIBHAHO i3
CcrexTpoM 30y/KeHH Ta HOro MakCHMYMOM.Y CTOPOHY JOBIHX XBUJb.

3 HbOro BHMJIMBAE, IO BUNPOMIHIOBAHHS y BUAMMiMl YacTHHi ONTHYHOro
CIIeKTpa MOXHA HicTaTH, ONpoMiHIOIOUA JoMiHopopH yibTpadiofeToBUM
punpoMinioBanHAM. CriekTpH - 36yAKeHHs i cnekTpw - JioMiHecnenuil e
J3epKaJ5HO-CHMETPHYHHMH BiJHOCHO NpSMOI, IO IPOXOAUTh TepNeHINKY-
JIAPHO IO Oci YacTOTH Yepe3 TOUKH NepeTHHY KPHBHX 000X CHeKTDiB.

JlocninKeHHA UMX CIOEKTPiB MoKasaJH, L0 A3epKajbHa CUMeTpifa ix icnye
AN MOJIEKYJ 3 OIHAKOBOIO 6YAOBOIO CHCTEM eHepreTHYHUX PiBHIB HOpMab-
HOTO Ta 30ymixenoro craniB. Bianosingno BinxuneHus Bij cumerpuusoro
PO3TaAUIVBaHHA CNEKTPiB CBiUHTH TPO XapaKTep BiAXWJeHb Y CTPYKTYDi

eHepreTHYHHX PiBHIB Ta fIMOBipHOCTel NepexoXiB MiX HEMHU.

HOas xinbkiceOi XapaKTepucTHKHM sIBMINA JIIOMiHecleHNii BBeleHO
NOHATTS KBAaHTOBOrO Ta €HEPreTHYHOro BUXOMIB. Keanmosudl 8uxi0 s
BU3HAYAETECA BifHOMEHHAM KinbkocTi N, GOTOHIB, AKi BHNYCKAlOThCs
PEUOBHHOIO, JI0 3arajibHoi KiJIbKOCTi NOIMIMHYTHX N, (OTOHIB 3a TOH ca-
MH# TIPOMIXKOK 4acy i npy He3MiHHUMX 30BHilIH{X yMOBax:

nKB:NI\/NIl' (1)
KBanTOBMi BHXiZ iCTOTHO 3aNeXKHTh BiJl YaCTOTH NafalouHX KBaHTIB i MOxke

" HaGyBarH 3HaueHb Gijblle i MeHIUe ONHHULI.

Enepeemuunuil euxio nioMiHeciieH1ii BU3HAYAETbCs BiJHOLIEHHAM [10-

TY2KHOCTi JIIOMiHeCIIEeHTHOrO BHNPOMiHIOBaHHSA J0 MOTYXKHOCTI Najaiodoro
BHUIIPOMiHIOBaHHA:

Ne = E/E,. @)

" IIpunyckaiou, IO CNEKTP BUNPOMiHIOBAHHA He 3a/eXHTh Bill YaCTOTH
najfaryoro ceitaa, aicranemo 3 (1) i (2):

Ne = N Av /N vy = e (Va/vy).

Y nepeBaxkHifi GinbmocTi BUNAnKiB BUKOPHCTAHHA ABHLIA JIOMiHECHEHLIT
86yIKEeHHS MOJIEKYN Ta BUIYCKaHHs HUMM BHIIPOMiHIOBaHHA BiaOyBaeTbCs
HesaJleXHo OofiHe Bif OAHOTO. ¥ 3B'SI3KYy C LMM BCTAHOBJIOETbCA 32KOH

3racaHHfl JIIOMiHeGLEHTHOrO CBiTiHHA 3 4YacOM NHPH YMOBi CHNOHTAHHOTO
cBiTiHRM

I =Igr,

Je I — iHTeHCHBHiCTh BHUNPOMiHIOBAaHHS B NOBiNbHHH MOMeHT uacy; [, —
iHTeHCHBHICTE BHNPOMiHIOBaHHA Yy nouaTkoBuii (¢ = 0) MoMenT uacy;
¥ — gac 36YKIEHOTO CTaHy MOJIeKyJH moMiHodopa. ExcnepuMeHTanbHO
% MOXHa BH3HA4YUTH i3 rpadiuHoi 3anexHocti In/ Bix £ 3a TaHreHcoM KyTa
HaXuWJy npsMol fOo oci 4yacy. YCraHOBKa Ajf BH3HaueHHS T CKJ/aLaeThbCs
3a cxemoro puc. 156. 1o Hel BXoaATh 620K OCBiT/ienHs Ta 610K peecTpalii.
Baok ocBiT/IeHHs] 3MOHTOBAHO BCepeiVHi 3aX¥CHOTO MeTasieBOro KOXyXa.
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B nbomy snaxozarbes: ocBitvioBay OH-18 3 pryTHOIO Jammolo, eneKkTpo-
asuryH ED, Ha oci akoro sakpinyieso guck D 3 4oTHpMa OTBOpaMH, JiaMmmna
posxapioBanna JI Ta peryasrtop Hanpyru PHIII-250. Peectpyiouuii 610k
CKJaJaeThcs 3: IBOX (POTONOMHOXKYBauiB OIY-29, KHBJIEHHA AKHX SHil-

CHI0eTbeA Bif Bunpamiasadis BCB-2; esnekrponHoro ocumiorpagpa Cl—I1,

MarasuHa omnopie R, Garapei koufeHcaropiB C. fxmo npusectn B 0Gep-

TaHHA Jguck D, To ¢BiT/IoBHA MOTIK BiA PTYTHO! JaMmnu depe3 OTBOpH Y

JBHCKY Gyle mepioguuHO NOTpamJisATH Yepe3d ¢inbTp @, Ha JoMiHodOp

JI®. Pinprp D, Buiinge yapTpacdioseroBy 4YacTHHY CHEKTpa PTYTHOI
Jamny, a GiapTp P, nponyckae JHile.

o=

JIIOMiHeCeHTHe BHIIPOMIHIOBAHHS JIIOMi-
Hodopa. [Ipu nmonaganui JroMiBecueHT-
HOro BHNPOMiHIOBaHHS ‘Ha (OTOKATOA
@Y (1) y HbOMY BHHHKAE CTPYM £y, TIPO-
nopuiisui iATEHCHBHOCTI CBiTiHHA:

iy =Rkl
o806 | CtpyM doronomMHoxysadya PIY (1) cTBo-
proe Ha onopi R, cnaj Hanpyru Uy:
Uy = kIR = kil Rye—l7,
Uy =Upe™r, @

T
: ge U, — crmag Hanpyrd B [04aTKoO-
I Buit momenT yacy. Hanpyra U; noaaers-
[ ca Ha BepTHKANbHO BIAXH/ISIOUI FuIa-
| SR _} cruHy ocuuaorpada. Jas cHHXpOHHOI
Prc. 156 posroptku Hanpyru U; B yaci BHKOpH-
CTOBYETbCA = APYyra 4YacTHHa peecTpy-
toyoro 6ioka. I'lpu obepTanHi AKcKa yepes CHMETPHYHO PO3TALIOBAHI OTBO-
pu Ha ¢oronoMHoxysad PIY (2) oaHoyacHO i3 CBITVIOBHM NOTOKOM Bif
PTYTHOL JlaMIIH Nafae noTiK cBitna Big snamny JI. Bin Bukiaukae y Y
{2) cTpym, sKH# 3apsaxae kKoHzencarop C. Iliciist nepeKpHTTs CBITJIOBOro
TIOTOKY KOHJAEHCATOp MOYHMHae po3pskaTHch deped onip R,. Ha onopi
CTBOPIOEThCA CMal HampyrH, IO 3MiHIOEThCA 33 NEBHHM 3AKOHOM: 1

U2 = Uoze-t/R’Cc (4)

Ils wanpyra momaeThcsl HA FOPU3OHTAJbBHO BiAXWJIAOUI MIacTHHY Oc-
amaorpada. Bukirounsinn 3 piBHAHb (3) i (4) mnapamerp {, nicranemo
PiBHAHHA KpHBOi 3aTyXaHHs JIOMiHecneHuii, 300paxkeHoi Ha eKkpaHi
ocuuorpada; '

U, =Uy, exp[ Rf‘C In —Ugi-—]
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SIKuo 3a70BONLHHTH YMOBY
RC =1, ®
21‘8:

T0 AiCTaHEMO PiBHSFHHS MPSIMOL:
Uy =Up (Ug/Uy) = kU,

OTxe, /N1 IaHOTO JIOMiHOGOPA BU3HAYEHHA Yacy 36Y/UKEHOro CTaHy 3BO-
JIATHCS JIO BUKOHAHHA YMOBH (5). -

ITopadox sukoHanKs poboTu

1. 3i6paTu ycraHOBKY srigHo 3 cxeMolo puc. 156. IlepecBinuntuch, un
Hajiilgo 3asemJeHi npuiagy.

2. ¥YBimkuyTH ocuuiorpad. Ilepemukay niana3oHy 4actoT PO3LOPTKH
HOCTABHTH B NOJIOXEHHSA «BHIKJ».

3. YBimkuytd peryastop Hanpyru PHII-250; nozasu sanpyry
150—200 B na npuryH, nepecBifyutuch y pisHoMipHoMy ofepTaHHi AucKa.

4. Ionati HAnpyry >XHeJeHHA Ha (OTOMOMHOXYBAYi Bifl BUNPAMJIS-
yis BCB-2. Ilpn BMHKaHHi BHCOKOI Hampyrd Ha NaHeli BUNpAMJsiYa
crnanaxHe yepBoHa Jamnouka. Ilorpi6He 3HaueHHA Hampyrd Tpeb6a BcTa-
HOBHTH [IOCTYNOBO, CNOYaTKy nepeMukayem «['py6o», a norim — «[lnaBHos.

5. ITin6upawouy 3HayeHHs onopy R, Ta emHocti C 3a IONOMOrow Mara-
suHa Ta Garapel, AicTaTH Ha eKpaHi ocumjorpada npsMy, ska nepeTuHae
mepiuui Ta TpeTill KBagpauTH. 3adikcyBaTn 3HayenHsl R i C Ta 3a dopmy-
J010 (D) OOUMCIHTH 3HAYEHHA T.

KonTpoabni sanutTanusn

1. Illo rake JoMiHecHeHiA Ta AKUMY METOAaMH BOHA BUKJIHKA€ETbHCS?

2. TMosacuiTe Mexi 3MiHN 3HayeHb KBaHTOBOI'O BHXOZY JIOMiHecueHnii.

3. Chopmymoitte OCHOBHI 3aKOHM JiiOMiHeCIeHTHOrO CBITiHHS. ‘

4. Sk mop’ssauuil uac sGyZKEHOTO CTaHY T 3 BJAcTHBOCTAMU JioMiHodopa Ta 30B-
HiWBiMKH ymoBamu?

29. Nocaipxkenns edexry Xoasa B HaniBnpoBigHMKAX
19, 29, saBoncepki iHCTpyKuii]

MMpunaau i Mmatepiaamn: 1) 3pa3oK repMaHilo 3 KOHTAKTHOIO CHCTECMOIO;
2) BucoKooMHHI noreduiomerp P-307; 3) nsepkansuuii raapsanomerp M-21; 4) enextpo-
MaruiT 3 NOMIOCHMMHM HakoHeuHHKaMu; b) Bunpamasu BCA-b; 6) wminiseC :pmerp M119;
7) nopmaabuuft enement Becrona; 8) Garapes akymyastopis 6HKH-10; 9) asa Marasuun
onopis; 10) mimiamnepmerp MBA-47/5.

Teoperuuni gidomocri Ta onuc npuradia

Ecexmom Xonnra HasuBaeThCA fIBHIIE YTBOPeHHA PisHWiL norenujasis
Ta NONEPEYHOro eJEeKTPHUYHOro noJs B Metasi a0 HamiBIPOBiJHHKY i3
CTPYMOM, SIKIIO BOHH DO3TalIOBaHi B MarHiTHOMY 10Ji, MepHeHAUKYJIsIp-
'HOMY 710 HanpsaMmy cTpyMy. ITix niero cuiu Jlopenua sapsiiu, HanpsMJeHHHA
PYX AKHX 3yMOBJIIOE CTPYM Y MeTaJii a60 HamiBNPOBiAHHKY, BiAXHJAIOTbCA
J0 ofHiel 3 Boro rpameit i sapsaxkawth ii. JocnizkeHua edexryXoana
Jlae 3MOTY BM3HAYWTH JesKi IapaMeTpy KpMcra/ia, AKi XapakTepHu3yioTh.
HOro eseKTPUYHi BJACTHBOCTi, @ AJIsi HamiBNPOBiXHUKIB — THM MPOBii-
Hocti. PosriisHeMo Kpucran HaniBnpoBinHuka (puc. 157). Hanpsawm crpy-
My Kpi3b 3pa30oK MPOTHUJEXHHH HanpAMY IBHAKOCTI PYXY €/IEKTPOHIB.
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(ANs TO3HTHBHUX 3apsiiB BOHW 36irawoThbes). Ilix diero cunu Jlopenma

— —_ o . -
Fn=elv - Bl enekTpoHU BiaxXuisioThbcs JO BEPXHbOI rpaHi 3paska. i
_.8apsjxaioTh ii HeraTBHO. Ha mpoTu/exxkHiil rpaHi 3ajuIlaeThCs HECKOM-
TIeHCOBaHUH NOSUTHBHHN 3apsj KpHCTaliuHOI pemiTkH. BHacCAiZOK Takoro

- . 3 =1
PO3ALNECHHA 3apANIB BURHKAE €MEKTPHUHE 110J1e HANPYKEHICTIO Ex.‘ Y Bu-

> .
aajaxy B = const posnoziJ 3apsiaiB Bin6ysaerbes 40 HACTAaHHS PiBHOBArH,

7 AKa XapakTepH3YeTbCA PiBHICTIO

g / evB = eE, a6o Ex = vB.
! A fIkmo reoMeTpHyHi po3Mipu 3paska
T 7 J 3aJ0BOJBbHSIIOTH YMOBY [ > a> b, TO
e z eJeKTpHuHe nosae Ex oxHopigHe. Toxi pia-
,)————-I': iy HUUA NOTeHIianiB MiX BePXHBOIO Ta HHXK-
. yal b ] HBOIO IpaHsIMU
{ ' X Ux = Exa = vBa. (1)
Z - 3 enlekTponHoi Teopii mpoBigHOCTi MeTaniB
Puc. 15? BiJIOMO, IO CHJIA CTPYMY
I = evnab, - {2)
Jie 1 — KOHIeHTpauisi eneKTpoHiB, M—2. [lincTapasioun 3HayeHHA U3 (2)
8 (1), aicranemo:
‘ Ux = (1/en) IB/b = Rx (IB/b), 3)

Je Rx = l/en — cmasa Xoasa.

3 dopmyau (3) BHAHO, 110 3HAK ctasoi Xouna 3biraeTbcst i3 2HaKOM
-3apARy e HociiB ctpyMy. ToMy Ha ocHoBi BH3HaueHHs crtasoi Xoaaa AIs
HaniBOPOBiIHHKIB MOXXHA YCTAHOBHTH THIN MPOBIXHOCTi: MPH €JIE€KTPOH-
Hil R << 0, npu aipkoBift R > 0. SIkmo y HaniBOpOBifHUKY OJHOYACHO
iCHYI0Tb OOHJBA THIIH .NIPOBifHOCTi, TO 3a 3HaKOM cTanoi XoJJja MOXKHa
3po6HTH BHCHOBOK IpO NepeBaxkalouuit THAN npoBigHocTi. BHHHKHEHHA
XOJLIIBCBKOI €. . C. y IOMIIUKOBOMY HanmiBNpPOBiAHUKY 3yMOBJIEHE Pi3HOIO
PYXJIHBICTIO €JIeKTpOHiB i AipoK. [las nomimkoBoro HaniBnpoBiiHHKa 3
JBOMa THIIAMH NPOBiHOCTI K/IAacHYHA eNIeKTPOHHA Teopis Jiae TakUil BHpa3
Jas craioi Xoada:

Rx = (3n/8¢) (n—u’. — npul)/(n—u—. -+ nyuy)?, )
Je n_, ny — BiANOBIAHO KOHLEHTpauii eNeKTPOHIB i AipoK; u_, Uy —
ix pyxauBocti. Koepiuienr 3r/8 3’aBnserbca nNpu BpaxyBaHHi posnosiny
HOCi{B CTPYMY 33 WIBHAKOCTAMH. ¥ BUNIAAKY 3HAYHOI NepeBard KOHLEHTPa-
ilii HOCiiB NEBHOro 3HaKy piBHAHHA (4) MOXKHA 3aNMHCaTH L) €J1eKTPOHIB:
Ry = —(3n/8) (1/n_e), (5)

A aipok:
Ry = (3n/8) (1/nye). ‘ (6)

Bupasn (5), (6) natoth 3MOry npH eKCnepuMeHTaJlbHOMY BH3HaUeHHI Ry

“«OGYMCAUTH KOHUEHTpaLii 7.y, n_. SIKIlo, KpiM TOro, BiToMa NHTOMA €JIEKT-
PONPOBiJHICTh PEUYOBHHH O, TO MOXHA MiApaxyBaTH pYXJHUBOCTI #.i,
u_ HociiB sapany. Ockinbkd |Rx | = l/en, 6 = enu, 10 |Rx0 | = u.

1220

~ YcraHOBKa U1l - BUMipIOBaHHS ~XOJNIBChbKOI pisHMni noTeHuianis
{puc. 158) cknagaerbcs 3 repMaHieBOro 3paska i3 CHCTEMOIO . KOHTAKTiB,
€JIEKTPOMarHiTa, BACOKOOMHOTrO MOTEHIIOMETPA 3 rabBaHOMETPOM, BUNIPSIM-
JI519a JJI51 XKUBJIEHHS eJlekTpoMarsita, FepmanieBuil 3pasok 3aKpinJieHO Mix
JBOMa TJIAaCTHHAMH 3 opradiysoro ckia. Jlo HpOro MifBOASATHCH KOHTAKTH
1 — 5. 1o xoHrakTiB 1.i 5 mixBoauThcs 30BHIIIHA Hanpyra ANg CTBOPEHHs
cTpyMy Kpi3b 3pazok. Konraktu 8 — 4 [alOTh MOXKJUBICTL BHUMipioBaTH
XOJiBCBKY e. p. C., 2 — 3 — nutomuit onip. CTpyM yepes 3pa3oK He {10-
BUHEH nepeBHILyBaTy 1 MA ‘ !

Puc. 158

MarHiTHe none CTBOPIOETHCA Y MPOMIKKY MiXK MOMIOCHHMY HAKOHEUHHA -
KaMH, fIKi 3aKkpinjeHi Ha ocepAsx ABOX KOTYIIOK. B LeH mpomiXoK BBO-
OuThCs JOCTIIKYBaHHH 3pasOK Mic/si BHMipIOBaHHS MAarHiTHOIO MOTOKY
y NpoMiXKy. MargiTHu# noTix BEMipiOOTh 32 JOMOMOro0 MiJliBeGepmeTpa
M119. Lle npunax MarsitToeJeKTPUIHOI CHCTEMH, B SKOMY HeMae. crieliab-
HOTO NPHUCTPOIO JJis CTBOPEHHS MPOTHAIIOUOTO MeXadiyHOro MOMEHTY npu
nopopori pamku. Tomy nicas BiAXaneHHS CTPiJKa IPHJALY He IOBEPTAETh-
¢ Ha HYJbOBY MOAIJKY MIKaJH, a3a/HIIAEThCs Yy MOJOXKEeHHi, AKOoro 1o-
csirfia mpH JaHOMY BHMipioBauHi. Jlna 1i NoBepHeHHs! y MOYaTKOBE MOJIO-
XKeHHs1 B mpHaali € cneniaibHuii KopekTop. IIpuian npamoe pasom i3
30BHILIHbOIO BUMipIOBAJbHOIO KOTYMIKOIO, 1Ka BHOCUTBCS Y MarsiTHe noJe.
PoaMipu i ¢opMa BHMipioBa/bHOI KOTYIIKM 3ajexXaTb Bid KOHKPETHHX
YMOB BHMipIOBaHHS.

Ilpu BHecenni BUMipioBa/bHOI KOTYUIKY Yy MarHiTHe mnoJje B Hill BUHH-
Kae iHAyKUiBHUE CTPYM, NPONOpUifiHUA 3HAUEHHIO MAaTHiTHOrO MIOTOKY (NpPH
He3MiHHMX Hapamerpax KOTYLIKH) y NpoMiXKy. 3HaueHHs iMAyKUil noas
obuucIIoTh 32 HOPMYJIO0

B = (4ky/(nd?®N)) .,

ne ky — uina nopinku miniBeGepmerpa, wo aopipHioe 1 - 10~* B6/nox;
d — niamerp BuMipioBanbHOI KOTYWKY; N — KiibKiCThb BUTKIB KOTYIUKH;
o — KiJbKiCTb NMOJINIOK NpH BiAXH/EHH] CTPIJIKH.

BumipioBaHHA XOAJIBCBKOI €. P. C. Ta TMHTOMOI eJIKTPONpPOBiZHOCTi
anificHIOETbCS 3a JOTNOMOTrO0 BHCOKOOMHOro morenuiomerpa P-307. Bim
Apalioe 3a MICTKOBOIO CXEMOIO, @ €. P. C.BHUMIpIOETbCS KOMIEHCALifHIM
METOAOM. '

¥V nawuiii po6ori BUMipIOIOTbCS XOJJIIBCbKA €. P. C. TA PYXJHBIiCTb HOCIIB
sapsiny repmanito. Lle eseMeHT YeTBepTOi IpynH 4YETBEPTOro nepiony ne-
pionuynoi cucremu enementib . I. Menzeneepa, nopsakosuit Homep 32, -
aToMHa Maca 72,59, rycruxa 5,35 - 10® kr/m®,
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l'epmaniii 32 30BHILUHIM BHIJISAILOM HArajye MeTal, ajie Bill Ayxke KpHX-

Kuii, -He mignaetbesa rapsuift i xosonnifi obpobui. Kpucraniusa pemritka

repmgnuo Ha/eXHuTb 10 KyOiunoi cucremu. CTPyKTypa pemiTKH anmaso-
/| nogi6Ha. ‘

Hopadox suxonanna po6oru

1. TlepeBipuTu 3’enHaHHA BCiX e/leMeHTiB ycTaHOBKH. IloctaBHTH Bei
TYMOJIEPH Y NOJOXKEHH: «BBIK/». :

2. YBimxnysmm Bunpsmasy BCA-5, migroryeatu go BuMipioBaHHsA
miniBeGepmerp. IlepeBecTn nmepemukau B nonoxkeHHs «Kopektopy i BcTa-
HOBHTH CTPiJIKY NpHJIaAy Ha HYJbOBY MOAINKY 1uKanu. BeecTH B MixknoJoc-
HUH TIPOMikKOK BHMipIOBa/JbHY KOTYIIKY, PO3TallyBaBuH ii Mapase/bHO
ToBepXHi OZHOTO 3 MoJiociB. BeTaHOBUTH MepeMHKay Y noJioxKeHHA «BuMi-

proBanHa». [lonaTn Ha KOTymKH enekTpomarHita uanpyry. Llsuiko suit- -

HATH BUMIipIOBaJbHY KOTYHIKY 3 MIXIIOJNIOCHOTO HPOMIXKKY 1 3adikcyBaTH
NOKa3H 110 WKani MiniBeGepMeTpa Ta 3SHaYEHHSI CTPYMy B KOTYIUKaX ejeK-
TPOMarHiTa. KO CTPiNKa BiAXHIAETbCA BJIBO Bill HYJs, Tpe6Ga NOBEPHYTH
BUMipIOBa/ibHY KOTYHIKY Ha 180° a60 3MiHMTH HampsiM CTPyMy B KOTYLIKAX
e/leKTpoMaruira i, npoBiBmy nigrorosui onepanii, 3HOB BUMIpSTH SHayeH-
Ha imnykoii nons. BumipioBanHs iHAYKUil 3pO6HTH IJisi TPHOX BH3HAUYEHD
CTPYMY B KOTYIIKax eJeKTpoMarHira.

3. OsHafioMuBIINCh 3 MOPsAKOM poGoTH Ha P-307, npucrymuru a0
BUMipIOBaHHA XOJMiBCcbKOI €. p. ¢, L1 UbOTO BBECTH y MiXKIOMIOCHUR
NPOMIiKOK ONpaBy i3 3pa3KoM repMaHiio, 3a JONOMOroi0 peocTariB R i R,
BCTAaHOBHUTH HOMiHaJIbHHU CTPYM uepes 3pa3ok.

4. BcrapoBuru Ha Bunpsmasui BCA-5 cTpyM, sikuit Bianosimae nep-
HIOMY BMMipSIHOMY 3HAYeHHIO iHAYKIii MarHiTHOrO noJsi, i BusHauutu Ux.
He 3MiHIOIOUH CTpyM 4epe3 3pa3oK, MOBTOPHTH BHMipioBaHHs Ux me nis
JABOX 3HayeHb CTPYMY eJIeKTpOMarHira; 3a ¢opmysomw (3) o6UYHCIHTH 3HA-
ueHHs cTanoi XoanaTa 3a (5) — KOHIEHTPaUilo OCHOBHHX HOCIiB CTpyMy.

5. 3a nomomoroio notenujomerpa P-307 npoBecTH BUMipIOBaHHS CHaxy
Hanpyru U; MixX KOHTaKTaMH 2—3 NpH BCTaHOBJIEHOMY 3HaU€HH] CHJIH CTpY-
My Isp. Toni nuToMa eeKTpONpOBiHiCTH OGUHCTIOETHCA 832 (OPMYJOI0

¢ = (elab) (I ,,/Uo).

3uauenHst napamerpis I, a, b onepxartn y KepiBHHKa 3aHsaTb. JlicraBmu
nic/st oGYHC/IeHb 3HAYEHHS Rx Ta O, BUSHAUMTH DYXJIMBICTb OCHOBHMX
HOCiiB CTPpyMy B repmasii.

Konrpoabni sanuranuna

_-li> SIki 0co6MBOCTI SOHHOI CTPYKTYPH NPOBIAHUKIB, HamiBNpOBifAHMKIB Ta HNiemexT-
PHKIB

2. Sk noscuuty edexr Xonna y Bunajiry Ginonsprol mposignoct! kpucrana?

3. Skmit disuunuii amict cranoi Xoana?
% BumipioBannsa sxol BeJMYHHH y JaHili poGoTi BHOCHTb Ha#GifbWy MOXHOKY i
y . :

i

30. JocainxeHnns cpoi‘oenempnimux BAACTHBOCTER
HaniBnpoBiau#ukiB [29, 9, 3aBoAckKi iHCTPyKUii]

BupHBaHHSI €JIeKTPOHIB 32 PaXyHOK eHepril MOMVIMHYTOrO BHIL.POMi-
HIOBaHHsl 3 OBEPXHi TBEPAOro TiJla Ha3WBAEThCH 30BHIMHIM (oToedeKTOM.
Bin Moxe cnocTepiraTuch Ha MeTasnax, HaMliBUPOBiIHHKAX i JlieleKTPHKAX.

B waniBnpoBiZHHKaX MOMIUBME eHYympiwniil ghomoedesm, AKHA MO~
Jsirae y BAHHKHEHH] BiJIbHOI apH eIeKTPOH — JipKa BHACJiIOK NOTJIHHAH-
Hs atomoM eHeprii ¢oTOHa, ZOCTaTHLOI A/ NepeBelieHHS eJIeKTPOHA 3
BaJlcHTHOI 30HH Y 30HY npoBizHocti. JonaTtkosa npoBigHicThb, npunbaHa
HaNiBMNPOBIIHMKOM NPH ONPOMiHeHHiI HOro CBiTJIOM, Ha3UBaE€Thes (OTO-
npoBigHicTio. OCHOBHA X HPOBiAHICTb, 3yMOBJIEHA TEIIOBUM 30y KEHHAM
HociiB 3apsily, HasUBaeTbCs TEMHOBOIO NPOBiJHICTIO, TOMY IO Mae Micue
fIpy 3aTeMHeHHi HaniBNpoBiAHHKA. Po3pisudaioTh saacky i domiwikosy gomo-
nposidnocmi B 3anexuocti Bif 30yMKeHHs BJacHHX ab0 JOMiNIKOBHX
HociiB 3apsiny. @orompoBignicTh HaniBupoBinuukis tuny PbS, CdS CdSe,
InSb, Bi,S, nop’sisaHa 3 eNleKTPOHHHMH NIePEXOAAMH MiX 30HOI0 MPOBiA-
HOCTi i BaJIGHTHOIO 30HOIO, TOGTO 1l HUX XapaKTepHa BJacHa GOTOMPOBiA-
Hicte. DotompoBiguicTe repmasilo 3 JoMimkaMu Miji, UMHKY, 30J0Ta,
a TaKoX CILIaBH repManiio Ta KpeMmHilo, seroBaui Sb, Te, Au, Zn, xapax-
TEPU3YIOThCS NEPeXOAaMH MiXK JOMIilIKOBMMM PiBHAIMH Ta 30HOIO' NMPOBil-
Hocti. OCKiJbKH 4151 36yMxkeHHA HOCITB 3 NOMIIKOBUX piBHiB moTpi6Ha
€Hepris, MeHUla 3a WIMPHHY 3a60POHEHOI 30HH, TO TaKi HaMiBIPOBIAHUKH
noGpe mposB/sIOTH (OTONPOBINHICTL NPH HUSBKUX Temmeparypax. [las
crocrepexxenns GoTonpoBifHOCTI HamiBNpoOBiZHHKIB ((HoTOpEsHCTOPiB) MO~
Tpi6HO CKJIACTH eJIeKTPHYHE KOJIO i3 CTOPOHHIM JUKepesiOM CTaJlol HanpyTH.
Ane npn mesiKMX YMOBAX sIBHINE BHYTPIlLHBLOTO poTOeEKTY MOXKeE MpHBec-
TH IO BUHHKHEHHS PisHHII MoTeHuianiB MiXX pPi3HHMH TOYKaMH Hanisipo-
BifnHKa, TO6TO BUHHKae (oTo-e. p. c.

Y TakoMmy BHIaZKy, KOJH BHKOHYETbCH YMOBa

hv > Eq — nn4 BJacHUX HaniBNPOBiAHUKIB i

hv > E;, — A ROMIIIKOBHX HamiBIPOBiAHHKIB
(£ — wmpuHa 3a60opoHeHol 30HH; E, — eHeprif axTuBallii NOMilIKOBHX
4TOMIB), TO B OCBiTJIEHOMY HaniBNPOBiAHUKY 3’ fIBJAETbCA HaJIMILIKOBA
(HaJ, TEMHOBOW) KOHUeHTpauis An — elekTpoHiB i Ap — nipok. OaHo-
YacHO 3 OCBiTJIeHHAM B 00’eéMi HaniBNpOBiJHHKA BUHMKHE TPAii€HT KOH-
uentpauii Hocil sapsay. Bin Buknnkae augysiio BiNbHHX HOCITB Bif
OoCBiTVIeHHX Micnb J0 HeocBiT/ieHMX. OCKiNbKH DYXJIMBiCTh e/eKTPOHIB
i pipok pisHa, mpu ix audysii BuHUKae enekTpHuHe nose. YUepes aeaxuit
9ac Mic/s NOYATKY OCBITJIEHHS Ta HACTaHHfl OUHAMIYHOL pleHogazu MixX
JAudy3ifiHuM MOTOKOM HOCiiB Ta MOTOKOM Nifl A€o 11015 OCBiT/IEHA TOBEp X-
Ha Oyle 3apsipkeHa MOSUTHBHO, a HeocBiT/eHa — HeratuBHo. [Ipu Buwmi-
proBaHHi yTBOpeHOi pisHMUI noteHuianiB Ha il 3HaYEHHA CHJBHO BIJIMBZE
KOHTaKTHA pisHUUS NOTeHuialiB HaniBnpoBigHuk — Meran. Tomy ¢oro-
€. p. C. B OHOPiAHOMY HaniBNPOBiAHHKY NPAKTHYHO He MOXKHA HE TiNIbKH
BUKOPHCTATH, a HABiTh TOYHO BUMipsATH. [lemo iHmu#t Ta 6inbul icToTHHH
s IPAKTHYHOrO BHKOPHUCTAHHA MeXaHi3M YTBODEHHS (POTO-€, P. C. Y24
Micue y p-n nmepexoai. [Ipusianu, siKi 3acHOBaHi Ha siBMULi BHYTPillHE!. .
doTtoedekty y p-n nepexoni, HasuBaroThcs (oTOENEMEHTAMH i3 3anipHHM
wapoM abo eeHmusbHumu Gomoesemenmamu. A iX BHTOTOBJIECHHS
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Haffuacrilue BUKOPHCTOBYIOTh TaKi Matepianm, ak Se, Si, Ge, CdS, GaAs,
InP, GaP. Bentuabsi ¢oTtoesieMenTH, KPiM ~“HPAMOrO MepeTBOPEHHS eHep- -

Til €JeKTPOMAarHiTHOro BHIPOMiHIOBAHHA B eJEKTPHUHY, 31aTHi PpeecTpy-
BaTH i HanpsM NPOMEHHUCTOTO MOTOKY. '
1. Busnauenna oCHOBHUX XQPAKTEPUCTUK nanisnposidnurxosozo ¢horopesucropa

Opunaan i matepianun: 1) doropesucrop @®C-K1; 2) ontudna nasa;
3) ocsitmosay OH-31; 4) Bucokoomunit norenniomerp INIMTB-1; 5) x3epKanbuufi ratbpano-

metp M-21; 6) 5 pesucropie no 100 xOm; 7) moxemerp 10-16; 8) Hopmaabani enement Bece:

Tona; 9) Garapes akymyasropis 4HKH-10; 10) nepemmkau-KoMyTaTop.
Teopemuuri sidomocmi ma onuc Ycmanosku

3wmina mposinHocTi doTopesucTopa npH 1if Ha HHOTO ONTHYHOTO BUIPO-
MiHIOBaHHSI BH3HauyaeThbcsl (HOPMYJIOI0 ‘

AO' = eN fp (unTn + uDTD))

Ae N, — KiNbKicTb e/eKTPOHHO-AipKOBHX map, ¢—M—3 u,, u, — pyx-
AUBICTb €/IeKTPOHIB i AipoK, M*/(B - ¢); T,, T, — Yac KUTTA ejleKTPoHA
1 JIpKH, C. o _

3 ocraHHbO! piBHOCTI BHAHO, WO KiHeTHKa (oTONpoBifHOCTI BH3Ha4a-
€TbCSl - 4acoM JKHTTS BIMBHHX HOCIiB 3apsny. Bracnizox sBuma pexom6i-
Halii KOHIEHTpalia HajHIIKOBUX HOCIIB CIajlae 32 3aKOHOM

An = Ane=s,

~ 3a THM CaMHM 3aKOHOM crnafae i ¢oTonpoiinicTs nicis npnm»meHHa'

Iii BunpominioBagHa. Tobro uuM Gisnplie SHaueHHA T, (T,), THM GijbL
inepuifinuit doTopesucrop. BonHouac JoBlue KMTTS HANLTMIIKOBHX HOCIiB
sapsiy 3ymoBaioe dorouyTausicts HaniBnposiguuka. Jns HaliGisbm no-
WwHpeHUX GoTopesucTopiB T HabyBap sHauenHs Bin2 + 107 2c 04 « 10 ¢,
BpaxysanHs IMX ocob6auBocTell (JOTOPE3UCTOPIB CIPUUHHIOE BUTOTOBJICH-
Hsl 3HaYHOI KiNbKOCTi X pi3HOMaHITHUX THIIB | KOHCTPYKUi#. B enekTpuy-
HOMY KoJali 3 (OTOpPE3HCTOPOM HpPOXOZHTHME CTPYM '

Iy = Uy/Ry (1)

Ie Uy — cnan manpyru Ha doropesucropi; Ry — #ioro omip npu ocsir-
JIeHH].

Ilpu neBesqHKMX BHanmpyrax Ha QoTopesucropi, craaux TeMmneparypi
Ta OCBiT/IeHOCTi iX BOJIbT-aMIlepHA XapaKTepHCTHKa Mae JIiHIfAHUA Xapak-
Tep. Bigxunenus Bix sakomy Owma HacraloTh NpH Hanpyrax, GJIM3bKHX
JIO TPaHUYHOI AJa JaHoro goropesucropa.

3HaueHHs QorocTpymy I, 3aNeHMTh Bil iHTEHCHBHOCTI NazarHoro
Ha GOTOpE3UCTOp BHNPOMIHIOBAHHS Ta JOBXKUHY XBuji. Buxoasun 3 mexa-
Hi3My yTBOpeHHSI (OTOCTPYMY, MOXHa CTBepIKYBaTH, L0 BiH € HenaiHil-

- HOWO QyHKIiero cBiT/I0BOrO NOoTOKYy. Lls sanexuicty /g = f () Hasupaerh-
CSl CBIMADBOI0 XaApaKmepucmuxoro- gpomopesucmopa. B 3aranbHOMy BHNaZx-
Ky, pH pi3HAX cHiBBiAHOIIEHHSIX MiXK KOHLEHTpPAL€ld OCHOBHHX HOCIiB
sapsny Ta goroHociiB, ¢poTonpoBigHicTe HaNiBOPOBIAHUKIB Tak 3aJeXUTb
BiJ majaloyoro CBiTJIOBOTO IOTOKY:

ze ¢ =const; O0<<a<l.
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0p=c®% @)

SIkwo B 3akoni Oma (1) onip goTopesuctopa BHPASHTH Uepes MHUTOMY
3JIEKTPONPOBIJHICTb 1 CKOPHCTATHCh BHPa3oM (2), TO AicTaHeMO:

Iy = ¢, 0%V, (3)

Ie ¢, — craja ajis jAaHoro goropesucropa. OnHi€l0 3 BaX/IMBUX XapakTe-
PUCTHK (GOTOPE3UCTOPA € [HIMEespanbHA HYMAUBICITD

‘y = ]Cb/q)‘
3 ypaxyBauusm (3)
’v = Cla)aUd,/(D == CIUd)(Da—].

3 1bOro piBHSIHHS BUJHO, IO iHTErpasbHa YyTAHBICTb HE € BEHIHHOIO
CTaJIol: BOHA 3pocTae i3 spocTannam Uy i 3MEHIIYETbCA i3 3POCTaHHAM

O

R R R Re Fy

-
Puc. 159

@ (a << 1). BpaxoBytout ie, BBOAATb MOHATTSH
nUMOMOI LHMESPAALHOTL HYMAUBOCHIL:

Yo = 1/QU,,. 4) Puc. 160

UyrauBicte GOTOPE3UCTOPIB 0 MOHOXPOMATHYHOIO BHIPOMiHIOBaHHS
HEOJHAKOBa 1/ Pi3HMX JOBXKHH XBHJb. 3a/eXKHICTb YYTJIHBOCTI doTope-
3UCTOpA BiJ JOBXUHH XBHJII HA3UBAETLCA CHEKMPAAbHOI0 XAPAKMEPUCITIUKOL.
CnexkTpanbHi XapakTePUCTHKHM pi3HHX (OTOPE3UCTOPiB HaATO CHJBHO
BiJpi3HAOTLCA OfHA BiJ oaHOi. a5 pisHUX AINAHOK ONTHYHOrO AianasoHy
BUIIPOMiHIOBAHHA BHKOPHCTOBYIOTH Di3Hi THna doropesucropis. das Bu-
roToBJeHHs1 (OTOPE3HCTOPIB BHKOPMCTOBYIOTbCSI CipuaHi Ta ceneHOBi
CMOJIYKH CBHHILIO, KaaMmito, BicMyTy. UepBoHa mexxa GOTONPOBIAHOCTI LUX
CIOJIYK 3HAXOAUTHCA B iH(pauepBoHil AinAHLI criekTpa.

KoHerpykuiitHo goTope3ncTopy pisHHX THIIB AyKe MaJio BlApisHAIOTH-
csl oJiMH Bij onHOro. OCHOBHUM eJIeMEHTOM iX € TOHKHH Inap HaniBriposin-
uuka 2 (puc. 159), Hanecenuil Ha i30/110104y OCHOBY 3, HANPHUKJIAL, BAKYYM-
HUM HanugdenHsM, [1o kpasax wapy HaniBOpOBiJHHKA HaHOCHTLCS MeTaJe-
BUii KoHTakT /. B okpemux BuIajaxax (OTOPE3UCTOP BHIOTOBJSIOTH BM-
pi3yBaHHAM TOHKOI NJIACTHHKH 3 MOHOKpHcTany. BuroroBienuil neBHHM
crioco6oM QoTopesHcTOp BMIlYIOTh Y 3aXHCHHH KOpPIyC 8 BiKOHUeM i
KOHTAKTHHMH HiXKKaMH Ta eJIeMEHTAMH 0XO0J0JKeHHA (padiaTopu). Y aauii
po6oTi AN BHU3HAYEHHS XapaKTePHCTUKH (POTOPE3HUCTOPA BHKOPHCTOBY-
€ThCsi YCTAHOBKA, CXeMy fKOi-HaBeieno Ha puc. 160. Ha ontnuniét nasi
y cneniasbHOMy Tpumadi 3akpimsieHo gotopesucrop PP (tuny PC-Kly
3 miomeio ceiTnouyrausoro wapy 3 - 107° M2. B enexTpuunoMmy Kot
NOCHiOBHO 8 (OTOPE3UCTOPOM YBIMKHEHO NaHeslbKy 3 HabOpoM Kepamiu-
HHUX pesHcTopiB mo 100 kOwm, siki mepemukauem I o yepsi niAKMOYAIOTECH
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0 KoJga, 36ijbmyioud Horo saranbHuB onip. TakuM 4YHHOM, 3MIHIOWUH
onip Koaa, MOXHa AicTaTH pi3Hi 3HauenHs cnafy Hanpyr U,. Po6ora poto-
pe3dcTopa B eJeKTPHYHHX CXeMax aBTOMATH3allil Ta KePYBaHHA 3a/1€XHTh
Bl KpaTHOCTi 3MiHH ONOPY

k = R /R,, ©)

e R, — temuoBuil onip ¢oropesucropa; R, — omip npu ganomy notoui
@ Ta cranomy suHavensi Uy,

3MiHy CBIT/IOBOrO NOTOKY, KWl najae Ha CBiT/IOYYTAHBHI map, 3Aif-
CHIOIOTb 3MiHOIO BiJcTaHi MiK (JOTOPE3UCTOPOM 1 JpKepesoM CBiTa.

Ilopadok surxonanns poboru

1. O3nafioMHTUCH 32 iHCTPYKII€O 3 HOPSAKOM PpOOOTH Ha DOTEHILiOMET-
pi [IMTB-1.

2. YBiMKHYTH OCBiT/eHH# ILKa/JH rajgbsaHoMerpa (pHc. 160) ta Bu-
MIpATH TeMHOBHH cTpyM dortopesucropa. /s LbOTrO NOCTABUTH MepPeMH-
Kay ] y noJioeHHs «[», BAMipPSTH 10 4epai cnaiau Hanpyr Ha omopi R i
goropesucropi Ur i Uy. O6unciuru R..

3. YBIMKHYTH XMBJIEHHS J2Kepejla CBiTJla Ta OCBITHTH (JOTOPE3HUCTOP.
ITpu cranomy noroni M, 3MiHIOIOUN NOJOXKEHHS NepeMnkada I, an1s KOX-
HOTO 3HaYeHHs onopy BuMipsATH Ug, Uy O6uncauth sHavends [, Ta mo-
GyayBaTH BOJIbT-aMIIepHY XapakTepuCTHKy [q = [ (Uy). TloBropury BH-
mipioBanHsl An9 36i1b1LeHOTO CBITJIOBOrO NOTOKY. I1OpiBHATH Ta MOACHUTH
ollepKaHi XapaKTePUCTHKH.

4. TlocraBuTH mepemukau I y mojoxeHHs «3». 3MiHIOOUM 3HaYeHHS
cBitsioBoro notoky @, snoBy BuMipaTh Ug i Uy, I8 KOXKHOTO 3HAUEHHA
® obunciuti Iy Ta no0yayBaTH CBITJOBY XapaKTEPHCTHKY. 3HauY€HHs
noroxy @ o6UHCAIOOTE, 3HAI0YH ITOMLY S QoTOpE3HcTOpa Ta OCBIT/IEHICTD,
BUMIpSAHY IOKCMETPOM.

5. O6uucauTH 3a GopMynoto (5) KpaTHiCTb 3MiHH ONOPY, AiCTaBIUH 3Ha-
ueHHa R, AJif MaKCHMaJbHOrQ CBiTJ0BOro noroky .

6. 3a dopmyioro (4) 0O6YUCTHTH NUTOMY iHTErpabHy YYTJHBICTD.

KonTpoanbHi 3anHTaHHA

1. fAxufi mexaniam doronposiguocti gomimkosux doropesncTopis?

2. dki mepesary i Hef0JiKH oTOpesucTopis?

3. fIke mpakTHUHe 3HauYeHHA MAlOTh XapaKTePUCTHKH ¢oTopezncTopa?

4. UuM BigpisHAIOThCA BOJLT-aMNepHi XapakTepHCTHKH ¢oTopesuctopa i doToene-
menta i3 3oBHimHIM doToederToM?

11, Busna4enna ocHOBHUX XaApAKTePUCTUK (pOTOe eMeNTa

Mpunapgu i matepiaanm 1) BenTHabuuit doroenement ®CC-YV3; 2) oc-
BiTaosay OU-31; 3) Bunpamasu BC4-12; 4) ranbBanomerp M-122; 5) minjamnepmerp M-254;
6) mixpoamnepmerp M-94; 7) marasun onopin P-32; 8) marasuu onopis MCP-60M; 9) aky-
myasrop HKH-10.

Teopemuuni gidomocmi ma onuc YcmanosKu

BunugHeHHs ¢oTO-€. p. C. Y p-n nMepexoii NOB’A3aHO 3 Ai€l0 KOHTAKT-
HOTO €JIEKTPHYHOrO MOJIA. ¥ HeoCBiTJIEeHOMY p-ni Nepexoli 3a paXyHoK

udysii OCHOBHHX HOCIiB 3apAAy BHHHKAaE BHYTPIlIHE e/leKTPHUHE MO/ -
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- :
E, (puc. 161), axe 3ymoBMI0€ PiBHICTb HYJIO NOBHOTO CTPYMY Yepea nepe-
Xi y piBHOBaXXHOMY cTaHi. SIKLIO OCBiTHTH p-06/1acTb, y Hill BUHUKHYTD
napH eJieKTpoH — Aipka. [1pH yMosi, o TosuuHa & p-o6aacri He 6iabluia 3a
JoBxuHy L audysifinoro mnpo6iry HociiB (puc. 162), BoHH nocsiraorh
p-n nepexony.

Jlia yTBOpeHHX CBIT/IOM HAIJIHIIKOBHX €JIEKTPOHIB p-n mepexiia He €
noreHuiajbHuM 6ap’epoM. BoHH nMepeXomsaTh y n-061aCTh, 3aiMaOYH Bijb-
Hi piBHi 30HH mpoBiaHocTi. HapauwkoBi xipku sanuinawThes y p-obaaeri,
OCKiJIBKM p-n nepexill € A1 HUX NoTeHuianbHUM Gap’epoM (LipkaMm eHep-
TeTH4HO BHTiZHO EPEXOAUTH 3 HHU3bKUX Ha Oifbil BHCOKi eHepreTHYHi
piBri). TakuM 4nHOM, p-n mepexii IPOCTOPOBO pPO3MiJisie HALIHILIKOBI

Puc. 161 Puc. 162

€JIeKTPOHH i Aipku. B peayabrati nporo y n-06sacTi BUHHKAE HaAAHIIKO~
BHH HeraTHBHHH 3apsil, a B p-00J1acTi — HECKOMMIEHCOBAHHI MO3UTHBHURA

-

3apsi. To6ro B p-n nepexoii BHHHKAE ejqeKTpUuHe noje E, uanpsimieHe
-

NpoTuexHo BiracHoMy £,. BHucora 6ap’epa 3HHXKYETbCSI Ha BEJHUYHHY @.
Lle npuBoauTb 10 Mepexojly €NEeKTPOHIB i3 30HH MPOBIIHOCTI n-06.JacTi
y p-0bJiactb, a AipOK — i3 30HH BaJleHTHHX PiBHIB p-00aacTi y TaKy X
30Hy n-o6aacti. Toli cymapuuii NOTiK eJeKTPOHIB 3 p Yy n-o61acTb 3MeH-
LIMTbCA, a NOTiK Aipok 3pocre. I1i noTOkH 3a CBOIM XapaKTepoM Haranywrhb
npsAMHUA CTPYM depes p-n nepeXxid. Ilpu uboMy Ha p-n nepexofi BCTaHOBJIO-
€TbCsl CTALliOHApHA Pi3HHMUA MNOTEHHiaNiB 3aBASKH HECKOMIIEHCOBAHHM 3a-
pAlaM NPOTHJIEKHHX 3HAKIB Y p- i n-06/1acTX, YTBOPEHNUM MiA Ai€io CBiTAA.
1ia pisnnus notennianis i npoaBaAseTbCa 9K PoTo-€. P. ¢. 3aMHKAHHS €/1eK-
TPOJiB Ha 30BHillIHE HaBaHTa)keHHs1 R, MPHBOAUTL JIO BUHUKHEHHS CTPYMY
I, 3nauenns skoro npu R, = const 3anexxutb Bill iHTeHCHBHOCT] CBiTJIO-
Boro notoky @. 3anexkuictb /4 = f (D) nasuBaeTbes ceimaosoro xapakme-
pucmuror gomoesemenma. HeninifiHicTb 1nijel XapakTepHCTHKH 3pocTa€e
i3 3pocrannsiM @ npu R, =const Ta WBHAKO NPOSBJSETBCS IIPA Belld-
KUX R,.

Cepen pisHoMaHiTHHX THNiB ¢oTOE/EMEHTIB N06pHMU (isuKO-TeXH{Y-
HHMH XapaKTepHCTHKAaMH BiJDiSHAIOTbCS cipaucmo-cpibni doroeneMeHTH
tuny ®2CC-Y. Bonu Maioth Jocuth mupoKy (Big 0,4 a0 1,4 MkM) obiiactb
CHeKTpaJbHOI YYTJHBOCTI 3 MakcHMyMoM y Mexax 0,8—0,9 Mk, cra-
GinbHi B po6GoTi. AJe nopsix 3 LUM JiHIHHICTD CBITNIOBOI XapaKTepPHCTHKH
IJIs HHX TIPOCTEXYEeThCsl B O6MexeHOMY. iHTepBasi ocBiTaeHocti jo 100—
150 ak. KpiM TOro, npu BeJHKHX OCBiTJIEHOCTAX Y HHX Bin6yBaioTbcsl He-
o60pOTHI NpouecH, AKi BUBOAAThL (hOTOE/NEMEHT 3 safy. 3ajexHo Bil THOY
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doroesemenra (HICC-Y2, ®ICC-Y3, ®3CC-Y10) onip 30BilIHBOrO Ha-
BaHTakeHHs MycuTb Oy B Mexax 10—50 kOm. Pisri THOH doToenemeH-
TiB i3 3anipHUM HIAPOM BifiPi3HSIOTHCA CHEKTPAJbHUMH Ta iHTErpaJbHHMH
4yTauBOCTSIME. Maiike Bci (POTOeJEMEHTH MalOTh BHCOKY YYyTJIHBICTb Yy

BHIUMI# wacTHHi cnekTtpa. Has pa-

- _ _t_é‘lj____ Ay TPaKTHYHHX 3ajiay BaXJHBOIO €
i - : iHmezpasbHa  4ymausicmo — BigHO-

! =@ PE FRu 95 ILEHHSI CTPYMY KOPOTKOTO 3aMHKaHHSA
— Y (R, = 0) 10 CBiTJIOBOrO MOTOKY MNpH

! T onpoMmiHeHHi QoTOeNeMenTa Bil eTa-
451 L/ “———  nounoro mxepena (amna posxapto-
# BaHHs notyxHicTio 100 BT 3 Bobdpa-
Puc. 163 MOBOIO HHTKOIO i KOJIbOPOBOIO TeMre-

parypoto 2850 K). ¥ po6Gori nporony-

€ThCA BH3HAUUTH IHTErpajibHY YyTJHBiCTE (POTOEEMEHTa, KOPHCTYIOUHCH
YCTaHOBKOIO, 3i6paHoIo 3a cXeMolo puc. 163.
3a O3HAaYEeHHSIM iHTerpa/jbHa YyTJIHBICTH

[Ipu meBHiil BiAcTaHi r doTOETEMEHTA 3 MOUIEI0 S Bil JaMIH 3 CHJIOIO
cBiTa [ iHTerpa/jbHa UyTJAHBICTb

o = [4r?/18S.
2, . :
0" ]
@WE A 3
g.
J kA
/ ]

T

Puc. 164

Cuny cBiTya J1aMnu poO3KAPIOBAHHA 3HAXOZATD 32 2padyrosaabHO0 KpUBOIo
JaHol JaMnu (3a/leXKHiCTb CHJIHM CBiTJIa JIaMIM Bif CHJIH CTPYMY Y HHTLI
poaxkapenHsi). OckinbKH (oTOE/eMeHTH HaHyacTille eKCIYaTYITbCA Y
NPUCTPOSIX, 1€ BUKOPUCTOBYIOTH BUANME BHIPOMiHIOBAHHS, TO IHTErpajbHy
4yTIUBiCTb ¢ 3PYYHO BUMipIOBaTH B MiKpoammepax Ha JioMeH (MKA/awm).
BuMmipioBauust e, p. ¢. gotoeseMenTa 34iHCHIOTh KOMIeHcallifiHUM MeTO-
Jiom (pHc. 164) i oGuncaonTb 32 GopMynoI0

' & = I,R,. 1))
Axmo nepemukaui 2 i 3 samMxHeHi, a 4 pPO3iMKHeHHH, TO crag Hanpyru
Ha R, nopiBHioe Gorto-e. p. ¢. [1pu samuxausi nepeMikaua 4 Ha onopi R,
CTBOPIOETBCS CHIAL HANPYTH 332 PAXYHOK CTPYMY Bin fkepena §,, yBiMKHe-
HOro Hazycrpid ¢oro-e. c. p. 3MiHiolOYN R,, MOXKHa IIiAi6paTy Takuil cnan
Hanpyry, akuil ckoMnescye ¢oro-e. p. C.

ITopadok sukoHanusa poboru

1. 3i6paTu ycTaHOBKY 3a cxeMoio puc. 163.
2. 3akpinutH doroenement nHa Bigcrani 0,4—0,5 M BiA ocBiTvIOBaua.
YBIMKHYTH mepeMuKkad [ i ocBiTHTH ¢oToejeMeHT. 3AMKHYTH IepeMHKay

228

3 Ta nepecBiguMTHCH, MO CTPifKa rajJbBaHOMeTpa He 3amkanioe. [Ticas
IbOr0 3aMKHYTH NepeMHKau 2 i, 3HAIOYH HiHY MOAINKH rajbBaHOMETPa,
niapaxyBaTH 3HaueHHA (OTOCTPYMY.

3. 3adikcyBartu noKasu MiJliaMnepmMeTpa y KoJli OCBiTJ/II0BaYa Ta 3a rpa-
tikoM 3HafiTH cuJay CBiT/a Jlamm.

4. He aminioloun cusg cTpyMy uepe3 JiaMny ocBiT/ioBaua, 36i/bIIHTH
sigcranb r 1o 1 m gepe3 0,1—0,15 Mi 3poGUTH BixNOBiAHI BHMIpIOBaHH
ly. 3a uuMH faREMK OGUHCJHMTH CepeliHE 3HAYEHHs! {HTerpajbHOI YyTaH-

- BOCTi (poToe/IeMeHTa Ta NoGYHyBaTH HOrO CBITIOBY XapakTepPHCTHKY [y, =

= (@®).

5. JIONOBHHTH yCTaHOBKY MpHJaJaMU 3a CXeMOw puc. 164.

6. BcraHoButn onip R, B cepeliHe NOOXKEHHS., 3aMKHYTH MepeMHKadi
1 i 3, ocBitutu doTOCNEMENT.

7. 3aMKHYTH nepemukad 4 i, 3MiHIOlOUH onip R, uepes koxHi 10 OmM,
nepecBiluNTHCA, 110 CTPiJKa ranbBaHOMETPA MOBEPTAETHCS Y MOAOKEHHS
piBHOBaru. Y npoTHBHOMY pa3i 3MiHHTH HANPAM CTPyMY udepes R,.

8. Ilicna BuKoHaHHA rpy6oi KoMmIeHcanii CXeMH 3aMKHYTH HepeMHKay
2 i TOYHO CKOMMeHcyBaTH cXeMmy. 3adikcyBaTtd 3HaueHHs onopy R, Ta
cTpyMy no MikpoamnepMerpy. OGUHC/IUTH 32 LHMH JaHHMH 3HAYEHHS €. . C.
(dopmyaa (1)). [NpoBectu anajoriudi BUMipIOBaHHA NPH N'SITH 3HAYEHHSX
OCBiT.1eHOCTi (oToeseMeHTa. Pe3yabraTH HOCHiLy MONATH y BHLASIAI Ipa-
(iunoi 3anexHocTi ¢oro-e. p. ¢. BiA ciTiaoBoro noroky. [Ipu BukowaHHi
BUMipIOBaHb MePel KOXKHOIO 3MiHOIO CBiTJIOBOTO MOTOKY PO3MHKAaTW Mfepe-
MHKay 2. .

KoutTponbui 3annrtanus

). IlosicHiTh MexanisM BHHUKHEHHS (oTO-e. p. C.

2. o Take cnekrpanbHa 9yTaAMBICTb GoTORIEMEHTA?

3. ¥ uoMmy noasirae koMneHcauiliHuit MeTOl BHMipIOBaHHsA €. P. C.?

4. Hagsgitb raaysi npakTHYHOrO BHKODHCTAHHS BEHTHJIbHHUX (hOTOESeMeHTiB.

31. HDocnipxenns aiunabunka lefirepa—Miwoaaepa
[31, 30, 3aBoachki iHCTpyKILii] :

MMpuaann i matepiaan: 1) paniomerp NII-8; 2) 610k rasosBux AiunnbHA-
kiB ¥YT'C-1; 3) niunnbruku Fefirepa — Miostepa CHU-7T", T-25-B®JT; 4) cBunitesa cTiHKa;
5) nxepena pajioakTuBHOIO BunpoMiHoBauus 2I19, 2CO.

Teopemuyri gidoMocmi ma onuc YcmaroeKu

['asopospanni JiYHABHHKH WHPOKO BHKOPHCTOBYIOThCSI NMpPH peecTpa-
i1 Ta BAMipioBaHHi i0Hi3ylouoro BunpoMiHioBaHHsi. Bouu pisHsaThea Kom-
CTPYKTHBHO B 3aJI€XXHOCTi Bill MPHPOAH BHMPOMIHIOBAaHHSM, a TAKOXK Bif
npu3HayeHHs ycTaHOBKH. Ane Gi3HyHi sBMILA, WO JIeXKATh B OCHOBi 1XHbO] -
po0OTH, Ta OCHOBHI KOHCTPYKTHBHI efieMeHTH OfHaKoBi. Bci Bonu ckaanaio-
TbCA 3 UMJAIHAPHYHOTO GasloHa (MeTaneBoro abo CKJSHOTO), 3aIOBHEHOTO CY-
mimnno rasis (puc. 165). Haii6inbm nommupena cymim Ha OCHOBi aprouy
3 10 %-10 n06aBKOIO OpPraHiuHUX CMOJNYK, a60 HeOH 3 NOGABKAMH TajiOTeHiB.
Tuck rasy amaxomntbea y Mexax (1,33—2,7) - 108 ITa (100—200 mMm prt. cT).
Karozom € cam MetasieBHil 6anoH aGo TOHKWH 1uap MeTa/ly, HaHeceHU# Ha
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BHYTpllllH}O HOBerHlO Gasona, a aHO}IOM-—TOHKa MeTaJeBa HHTKa.
HKHJ,O 3apsjKeHa 4YacTHHKa lepeTHHae J'll‘-II/IJIbHI/IK TO BOHA 10H13y€ ras.

¥YTBOpeHi nMpu pOMY €N1eKTPOHM NPUTATYIOTbCA A0 aHOJA i N06JIH3y HbOTO

Ha6yBaloTh Be/MKOI eHeprii, JocTaTHBOI A5 JoJaTKoBoi ioHisawii. Takum
YHHOM, KOXKHHH eeKTPOH Ha CBOEMY IIAXY A0 aHOAA CTBOPIOE II€BHY KiJb-
'KicTb map ioHiB Ta 30y/:KeHHX aToMiB. 36yZxeHi aToMH BHIIYCKalOTb (¢oO-
TOHH, fAKi, GoMGAPAYIOUH KaToJ, BUOUBAIOTh 3 HBOTO JIOJIATKOBI e/eKTPOHH.
Bouwu, y cBOio uepry, pyxawouHch JO aHOJa, 3HOB iOHi3ylOTb ras. Tobro
3a Iyxe KOPOTKHil yac (I 107—107% ¢) y pospaHomy TNIPOMizKKY MOXKe
Bin0yBaTHCs NOC/{LOBHA Cepisl e/IeKTPOHHHX saBuH. [las nornuHans ¢o-
TOHIB 1 BBOASITBCA NOMILIKYM iHepTHOro rasy. MexaHiam po6oTH AiuuibHH-
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Puc, 165

Ka iCTOTHO 3a/IeXKUTb Bifl NPHKIafeHOI HANPYrH MIXK KaToioM i aHOZOM.
SIxuo Hanpyra HeBesNnKa (HeMae yAapHoOi i0Hi3awii), TO BeIMYHHA IMIY1b-
Cy CTPYMY B KoJi JiunabHHKa NponopuUiiiHa KifbKOCTi nap ioHiB, yTBOpe-
HHX TIPOJITAIOUOK YACTHHKOW, Ta €MHOCTi JiuunbHUKA. Takuil pexum
po6OTH Ha3NBAIOTb pexcumom ioHizayiiinoi kamepu. I1pu 3pocranyi Hampy-
ru no6IH3y aHO4a, BHAC/IIOK BeJHKOI HANPYKeHOCTi 1moJisi, BinOyBaeThca
yiapHa ioHisamis, sika NPUBOAMTL 10 ras3oBoro nifcuienHs. Koediunienr
ra30BOTO MifcuJeHHs k NOPiBHIOE BilkOmeHHIO KinbKOCTi nap ioHis, yTBO-
PEHUX Y JlaBHHi, J0 NOYaTKOBOI KiMIbKOCTi 1ap, yTBOPEHHX MPOJiTaIouoio
yacTHHKOW0. [Ipu naHilt Hanpyai MiX aHoIOM i KaTONOM KOXKHHH NepBSHHHUA
€JIeKTPOH BUKJ/IMKAE JIaBUHY 3 k eseKTpoHiB. KoxHa JaBHHA PO3BHBAEThCSA
He3aJeXHO Bill iHINX, 1O # 3YMOBIIOE NPONOPUiiHe NiJICHICHHS NepBUH-
Hol. joHizauii HesanexHo Bif Ti BenHumHU. TakuM YHMHOM, 3HAYEHHA iM-
NyJbCy CTPYMY y KoJai Ji4HJIbHHKA NPONOpLiliHe eHeprii mponitaioyoi
YaCTHHKH. Takuil pexxuM Ha3UBAIOTh PeHCUMOM NPONOPYILIHOZ0 AiHUAbHUKA.
Tlpu panpimomy 3pocTaHHI HanMpyrH JiYMJIBH UK NEPEXOAUTh Y PEKHM ca-
MocTifiHoro pospsany. Beanuuna sapsiy, CTBOPEHOTO BHAaCAiNIOK Ta30BOIoO
NiACHTeHHsA, a 3HAYUTh, i iMOYJBC CTPYMYy Yy KOJi CTalOTh He3aJeXHHMH
Bix nouarkoBoi ioHisamii.

Pesicum camocmitinoeo po3pady Aae 3MOTY 3apeECTPYBaTH MPOJITAIOYY
YACTHHKY HABiTh NPH YTBOPEHHI Helo ofHiel mapw ioHiB. AJie BiH npoTikae
JOCHTBh JIOBro, i JiUWJAbHMK y Ll wac He pearye Ha iHmi nponirtawoui
YACTHHKH. 3aCTOCOBYIOUH cheniaiibHi CXeMH BKJIOUYCHHSA  (HecaMoracHHi
JAivHABHEK) abo AoJaluM B 00’eM JIiUMJIbHHKA BaXKi rasu (camoracHui
J{YUIBHUK), MOKHA CTBOPHTH YMOBH, NPH AKHX CAMOCTiHHHHA PO3paA cra-
Jae nyxe wBHAKO, OTXe, NONajaHHs 3apsJUKeHOI YAaCTMHKH B o6’eM Ji-
UHJbHUKA BHKJHKaE KOPOTKOYACHHH, ajie JOCHTh CHJIbHUH IMOYJbC CTPY-
My. JIIUNIBHUKH, fKi MPaIOIOTh ¥ TAKOMY PeXHMi, i HasHBAIOTb JIiYHJIb-
urkamu lefirepa — MiwJnepa. SIxk npaBuio, y Koso JiunabHUKA (puc. 166)
HifMuKaeTbcss gocuTh Benuruit omip (10°—10% Owm). Ilpy BuUHHKHeHHI

po3psLy (KOO 3aMHKaeTbCsi) Bechb CHaj HanpyrH BiiGyBaeTbcsl Ha OIOPI.
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R, nanpyra mix aHonoM i KatozoM Jiuu/IbHHKA CNajfae i po3psj 3racae,
Kpim Toro, nei onip Bn/KBae i Ha 3pOCTaHHS HANPYTH ¥ PO3PSAAHOMY pO-
MiKKY, B pe3yJabTaTi 4oro 06’eM 3BiJbHAETbCA BiJ MO3UTHBHHUX iOHIB,
Yac mporikanHa po3psly JiYHJIbHHKA HA3UBAOTh mepmeum 4acom. Bin
HBOI'O 3aJICXKUThb WIBHIAKICTH peecTpalil YacTHHOK, abo posiisibHa 3jar-
HicTh JiunnbHuKA, YUuM MeHIWH# MepTBHH uac, TUM OGiJbily KiJbKIiCTh
YaCTUHOK BiH 3MOXe 3apeecTpyBaTH. 3asleXHiCThb MIBHUAKOCTI. JiubH Ya-
CTHHOK (TIpH cTanifi aKTHBHOCTI PafioakTHBHOIO Npenapary) Bif HAUpyru
Ha eJeKTpojax JYMJIbHUKA HAa3UBAIOTb AHUABHON XAPAKMEPUCTIUKOO
{puc. 167). Ha ninsuni ab nigunb-

HUK Hpalloe y MepexigHOMy pexHMIi ¥
BiA NpPONOpUiAHOrO JiuHJbHHKA JO .
refirepiBcbkoro. ¥ uiil ofaacti Ha-
G
II -
" uenan
wa iy
(;,:J-r r
+ 0
Puc. 166

npyr WBHAKiCTb Miu6y mBHAKO 3pocTae. HeBennka amina Hanpyru Beae o
BeJNMKOI 3MiHH MmBHAKOCTI Jiubn imnyabciB. Ha pinadui be wBuakicts
Jiubyu MalKe He 3ajeXUTb Bij Hanpyrd. Lo LinsiHKY Ha3HBawTb naamo
xapaxmepucmuxu. Bona Bkiouae oGracte pobGounx Hampyr. Tyt 3mina
Hanpyr¥ MOoxe MPHBECTH IO 3MiHM WBHAKOCTI Ji6H He Ginblie HiXK Ha
3—5 %. Ha ninsmui cd (061acTb caMoctifiHoro poapﬂny) HeBeJIUKi 3MiHH
HaOpyrH MNpHBOAATH JO NOSIBH iMOyJbCiB, He IIOB’A3aHUX i3 3MiHOIO
aKTHBHOCTi pajioakTMBHOTO npenapary. Ias 3abe3neueHHss npaBHJIbHOL
Ta cTabiJbHOI POBOTH JIiYMNBHHKA NOTPiGHO BUOHpATH HAanpyry B obJacTi
n1ato. Po3Mip nnaro € ofHi€l0 3 OCHOBHHX XapaKTepPHCTHK JiuHJbHUKA
i ana pi3HUX THNIB JNiYHIBHUKI{B nepe6yBae y mexax 100—300 B. Hasa
OfiepKaHHA JiYMJABHOI XapaKTepHUCTHKH JiYHABHHKA BHKODUCTOBYIOTb

paniomerp III1-8 (puc. 168). Bin cknagmaeTbcst 3 nepesivyBajibHOrO IpPH-

aany I tuny TICT-100, BucokoBonbTHoro BHmpsmiasua BCB-2, 6aoka
¢oTONOMHOXYBaya i3 3SMiHHHMH TroJIOBKaMH 3, 6JI0Ka ra3soBHX JIiYHAbHUKIB
4 (tuny YT'C-1). YcranoBka fae 3MOry 3apeecTpyBartd i BecTd Jiuby iM- .
nyJbciB, AKi HaAXOAATH 3 JATYHKiB pPaLiOAKTHBHHX BHIPOMiHIOBaHb,
a TaKOX NepioAMYHUX iMOyJbCiB 3 YacTOTOO cllityBaHHsa jo 108 immn/c.
Ha nepenniit naneni npunany IICT-100 sHaxoasTbcsl JeKaTpPoHHHI GJIOK
«CueT UMNYJbCOB» Ta €JEKTPOHHHH CEKYHIOMip, fiKuil 3aGesmneuye Bixpa-
XyBaHHA iHTepBaniB gacy 10% ¢. ¥ mpuiani 3abe3neuyeThCsi aBTOMATHYHA
3ynHHKa ceKyHJOMipa npd HapaxyBaHHi 06paHOI KilbKOCTi iMnyabciB —
103, 104, 10%, 10® a6o micas sakiHgeHHs iHTepBaniB uwacy 10, 102, 10® ¢
Cepenns WBHAKICTb NiuGH IMNMYNbCIB KOHTPOJIIOETBCS 32 IONOMOTOIO eJjeK-
TPOBHMIPIOBA/IbHOTO NPHJANyY, LIKAJAy SIKOro NporpaiyfoBaHo B iMNYJib-
cax 3a CeKyHAy (immn/c).

Ha nepezHifi naHesi TakoX 3HAXOASITbCA: TYMG/ED BMHKaHHS XKHBJIEH-
H#i, KHOMKOBHH MNepeMHKad KepyBaHHA pPOGOTOI0 MPHJIAJy, KHONKOBHi

231



nepeMuKau fiana3oHis BUMipoBaHHS Kisbkocti imMnysbcis Ta iHTepBanis.

yacy. Hanpyra Ha e/eKTpPOAH JiuH/JbHMKA TOJA€TbCs 3 BHNPAMJIsNYA
BCB-2, Ha nepejHill naneni sKoro e nepemukad Aianasony Hanpyr «['py6o»
Ta noreHuiomerp «[lnaBHoy. BuxigHa Hanpyra KOHTPOJIIOETBCS BOJBTMET-
poM. JliunipHUK, 3aKkpinienuil Ha wraTtusi pasom 3 6jgokoM ¥YI'C, sHaxo-
BHUTbCH 34 CBUHIEBOK CTiHKOO, Nifl HUM — Ikepe/o pafioakKTHBHOrO BH-
MPOMIHIOBAHHA.

Puc. 168

PoGoTy 3 BUBYEHHS Ta30BOro JiYyHJIbHHKA BHKOHYIOTH OKPEMO TIpH pe-
ectpauii f-sunpominroBamHs (niwnapHuku tuny CI1-2B, CBT-7, CTC-5,
CHU-TT) Tta o-BunpoMiHioBauua (niunnbuuku Tuny CAT-8, CTB-9,
T-25-b®JI).

Ilopadox sukonanns poboru

1. OsHaifioMuTHch 3 nopsiakoM potoru ycranoBku I11-§ 3a 3aBoack-
Kot iHcTpyKuiew. [lepecBimunTHch y HalifiHOCTI 3a3eMJleHHA YCTAHOBKH.
Ilepemnkau «I'py6o» ta noreHuiomerp «I[liapo» na BCB-2 mocraBuru y
Kpaiie JliBe NOJOMKEHHA.

2. YBiIMKHYTH HpHJal y MepeXxy Ta micisd uporpiBaHHs i#ioro npors-
roM 3—5 XB NOCTaBHTH TyMOJiep «BhBICOK. HAmp.» y moJjoxeHHsi «Bria.»

3. Ogepxarn y na6opaHTa AxKepeso pafioaKTHBHOrO BUIPOMiHIOBAHHS
Ta PO3MICTHUTH HOIO MiA JiYHJIBHHKOM.

4. Tlocrynoso 36i/bl1ylo4H Hanpyry noreHuiomerpom «[lnaBHO», BCTa-
HoBHTH Hanpyry U,, 10 BianoBilae noyaTky peecTpauil pafiOaKTHBHOTO
BHNpoMiHIOBaHHA. Hanpyra Ha JiYHAbHHKY BCTaHOBJIOETBCSI HOBIJIBHO,
TOMY 1i 3HaueHHA MO WKaJki npuaany Tpeba sHiMaTH micaa BifNiYyBaHHA
iMnyabcis. Hanpyry sminioBaru yepes koxui 25 B.

5. Jliuby iMnysbciB npoBoauTH 3a intepBas uacy 100 c. Tlpu KoKHOMY
3HaYeHHi HANPyrd POGHTH TPH BHMiPIOBaHHA KiJBKOCTI iMOyJibeiB Ta Gpatu
cepejiHe 3HAUEHHS.

6. IloGynyBaTh JiYUIbHY XapaKTePHCTHKY JIiUMJIbHUKA TAa BA3HAUHTH
NpOTAXHiCTb maaTo. [IpoTskHicTh niato noTpiGHO BH3HAuaTH TakK, 106
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fioro naxun He nepesumysas 0,25 %/B. BuMipioBaHHS IPOBECTH 3 NiUH/Ibe
HUKOM An f- Ta a-BUNPOMiHIOBAHHS.

7. BeranoBuTd Ha sMiun/bHEKY poGouy Hanpyry, ka6 Bigmoeizasa ces
peavHi N1aTo XapaKTepHCTHKH; 6e3 Mkepena pajioaKTHBHOIO BHIIPOMi-
HIOBAaHHSA BHMIiPSTH WBHAKICTD J1i46H iMIysbeiB a6o oH gidunbHHKE.

8. OuirnTH MOXMOKY BHUMIipIOBaHb,

Kourpoabui sanuranus

1. fki pesxumn poSOoTH MOMHa 3AIHCHHTH y ra3soBOMY JiYHMJIBHUKY?
2. Uomy anoa razoBoro Jiun/ibHUKa po6asATh Y BUTIAAI HUTKH a6o BicTpsa?
3. TlosicHiTb MeTOAM raciHHs PO3PAAY y Ta80BHX JiUHILHHKAX?

4. Illo Take JsiunnbHa xapakrepucTHka? YoMy MJaTo XapakTePHCTHKY Mae HeBeJiH-
KHH HaxuI? ‘

32. CrarMcTHYHH} Xxapaktep pafioaxkTueHOro Posnany.
Posnoain Iyaccona [31, 30, 3aBoacbki iHCTpYyKILii]

Ilpunangu i matepiaan 1) pagiomerp B-4; 2) enexrpoHHuit cexyngomip
CCEII-63; 3) axkepeno paaioakTHBHOro BunpominiosanHs 2CO; 4) cBUHUeBa criuka.

Teoperuuni sidomocri Ta onuc npusradis

Jns KoxHOT pajnioakTHBHOI peuoBMHHM iCHYE Hefska iMOBipHiCTBb TOro,
MO AP0 aToMa PEYOBHHHU NEePEeTBOPUTLCA 3a uac df Ha HoBe sApo. Lia imo-
BipHICTb 3yMOBJI€HA THM, WO KOXKHHH aKT po3nagy si/pa € CAMOUHHHHM,
HesaJeXHUM npoilecoM. BusHaunTH iMOBipHiCTD MOXKHA, AKIO CIOCTepi-
TaTH 32 KOXKHHM APOM 3 BEJHKOI KiJbKOCTi N, NpOTH#IoM NPOMIXKKY uacy
dt. SIxino 3a wUell MPOMiXKOK 4acy posnajgerbca dN sjep, TO iMOBipHiCTb
pO3Maly OKPeMOro sipa AopiBHIOBaTHMe

dp=dN/IN,. _

Tloxinusimy o6uABI 9acTHHH piBHsiHHs Ha df, nicTaneMo iMOBipHicTb

po3nasy OMHOro s/pa 3a OAMHHIIIO uacy:
dp 1 aN
dr T N, Tdt

IIpunyckatoud, IO 1A iMOBipHiCTb po3nafy sapa 3a OAHHHUILIO yacy
He 3aJeXuTb BiJ 4acy, 3 OCTaHHbLONO BHPa3y MOXKHA JiCTaTH 3aKOH
3MeHIIeHHs KiNbKOCTi palioakTHBHOI PeYOBHHH y BHIVISIAIL

N = Nge M.

Leii 3aKOH CTPOr0 BHKOHYETbCA JHlle Y BHMAAKY BEJTHKOrO SHAUEHHSA
N,. Ilpu He nyxxe BenHKHUX 3HaYeHHAX N, K i B yCiX CTATHCTHYHUX BH-
HIaX, COOCTEpPiralThest BiIXHIEHHS KiAbKOCTI posnaiiB 3a MeBHHA NpoMi-
JKOK 9acy BiJl NeBHOrO CepeAHbOro 3HaueHHs KifbKOCTi po3naliB 3a ned
npomixok gacy. [Ipu upbomy KinbKicTb posnajis, 1o 6J113bKa 0 CepelHbo-
ro, 3yCTpiuaTUMETbCA uyacTilue, HiX 3HauHi BiAxuJjeHHs Bil Hboro. Taki
BIAXHJECHHA HA3HBAIOTb aykmyayiamy. KoxHOMY 3HAYEHHIO KiJbKOCTI
PO3NajiB NpH JaHOMY cepelHbOMY 3HaueHHi BijnoBigae mHeBHa iMOBip-
Hictb. TeopeTHYHHUM BHpameHHsIM IMOBipHOCTI TOro, Mo 3a 4ac Af po3-
nagerbess AN sifiep 3 BeJHKOI KinbKocTi N,y (SKILO cepeAiHE 3HAYEHHSA KiJb-
KOCTi posnadiB 3a uefi mpomixkok uacy pnopiBuioe (N)), € posnodia
Ilyaccona.
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EKClepHMEHTATbHO BHMIDIOETbCS He 3arajbHa KiJbKiCTh posnanis
ffiep, a KiJbKiCTb YACTHHOK, IO BHIYCKa€TbCs pajiOaKTHBHUM Mpenapa-
TOM y NesHOMY TiftecHomy KyTi. [losHaunMo KiJbKicTh iMIMyJNbCiB, MO pe-
€CTPYIOThCSl pajjoMeTPoM -3a AOBiJbHI piBHi npoMixkkH 4vacy, N,;, a ix
cepeJiHE 3HaYeHHs 3a BeCb yac BHMipioBanHa (N,;), Toai poamoxin [lyac-
COHa MaTHUMe TAKHUH BUIAAN:

PN = (N )Nt =P, (1)

BumiproBaTuMeMo KifbKicTb iMIyJbCiB Bij Jkepefia paliOaKTHBHOro BH-
NpOoMiHIOBaHHsl, po3MillleHoro Ha (ikcoBanii BificTaHi Big JiunnbHuKa [eii-
repa — Mionsepa, NpoTAroM OXHAKOBHX NMPOMiXKiB uyacy T. Hessaxato-
P 4M Ha cTally aKTUBHICTb AxKepena (ne-

C__\ _—f— +%8  piog miBposmagy 3HAYHO NepeBH-
—? J_ — g 1iye 4ac BHMipIOBaHHSA), JAIYMJIBLHHE

C npuiax pikcyBaTiMe Pi3HY KiNbKicTh
iMnysbciB, WO € HacJAiIKOM BHMaz-
KOBOCTi DPaliOaKTHBHOTO pO3Majy.
P Ilpu 3HauHif KinbKocTi BigaikiB n
7 £y 6yab-siKa KigbKicTh N; 3ycTpiHeTbCst
m pasiB (m > 1). ImoBipHicTb nosien

L i€l KiNbKOCTi BU3HAYAETLCS BHPa30M

Puc. 169 _ p(N;) = my/n. (2)

CepenHe 3HayeHHs! JUCKPETHOT BHNAJAKOBOI BeJMYUHH LIS LHX BUMIpIO-
BaHb Oyje TaKHM:

Burid

n
(N;) = 2 Nip:. 3
i=1
Ane nns OHiHKM BiAXHJIEHHS BHMIpIOBATbHUX KiJIbKOCTEHl IMDyJIbCiB Bin
cepelHboro 3HaueHHs (N;) norpibuo 3matu Jucnepcirn cyxynnocmi npo-
BeJIeHUX BHUMIipIOBaHb:

DWN) =Y IN,— (N p. (4)
=l
JlonaTHy BeaHuuHy
o=+VDW) ()

Ha3UBAIOTh CepedrboKsadpamuynum eioxuieHnam abo CepenHbOl KBaxpa-
THYHOI0 noxuOKolo. PoGora BHKoHyeThCH Ha ycranoBui b-4, 9ka ck1anaets-
¢ 3 nepeqivyBaabsoro nmpuiany I1-16 Ta 610Ka razoBHX JiYMIbHHKIR
BI'C-4. Ilpu BHKOPHUCTaHHi HH3bKOBOJBLTHHX Tras3oPO3PSAHAX JiYU/b-
HMKIB /151 XHUBJIEHHS 1X BUKOPUCTOBYeThcs Hanpyra -+390 B Bin Bunpam-
aa4a 6soka I1T1-16. Ilicns nonaui Ha NiYUIBHUK BUCOKOT HAMpYru i HATHC-
Kanas kHonky «[lyck» Ha nepexnift nauneni 6aoka I[1I1-16 immyabcu Bin'em-
HOI IOJIAPHOCTi 3 aHOJa JiYMJNIbHHKA HAAXOAATh HA BXiJ Kackaay miicH-
Jenns 6n1oka BI'C-4 (puc. 169). Iliacuneni imaoynbcu 3 Buxoay 610ka BI'C-4
no xa6eno HaAXONATh Ha BXin mepesiuyBanbHoro 6soka Illl-16. 3a xono-
MOTOI0 BXiIHOrO MPHCTPOIO iMNYJbCH 3MIiHIOIOTH 3HAK, MiACHJIOIOTLCA i
NoJalTbCA Ha BXil CXEMHM 3amycKy meplioro fekarpona. Ha roxuu#l ne-
CATHH iMIyJbC, 3 THX WO HaAIAUWIH Ha BXiJ JeKaTpoHa, Ha fioro BHXOAi
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QopMyeTbcs NO3UTHBHHE iMnyabe. Iefi iMnyabc HaaXoauTth y cXeMmy 3a-
MyCKy ApYyroro AekatpoHa. JIpyru#i AekaTpPOH Ji4HTb AECATKH iMIIyJbciB
i mepenae KOXHHIl COTHH iMMyJibC Ha BXiA TPerboro i T. A.— A0 LWIOCTOro
Jekarpona. lekarpouu tuny OI'-4 € enementamy iHAUKalii i B eNeKTPOH-
Homy cekyHaomipi CCEII-63. Ilicna BBiMKHeHHA CEKYHAOMIPa B MePEXY
3amyCK IeKaTPOHiB 3AilicHIOETbCH HaTHCKaHHAM KHonkKH «[lyck», a 3y-
NYHKA — MOBTOPHMM HA1UCKaHHAM ii.

Tlopsiéok suxonanusa poboru

1. Kopueryioudeh iHCTpYKLiew A0 paliomeTpa, NiAroTyBaTH HOro: 0
poGotu. IlepeBiputu 3asemsieHHs ycraHoBku. l[lposecTH mnepeBipky je-
KATPOHIB WIsIXOM BUMIipIOBaHHSA KiNbKOCTi iMnyJabcis 3a 1 XB mpu HatH-
ckaHHi kHonku «[IpoBepka». FIKulo Npusazn npamoe HOPMaJbHO, TO MBHA-
KicTe niuGu iMmy/bciB nmoBUHHA jaopiBHioBaTH b0 -+ 2 imn/c.

2. Onepxaty y sabopanTa JKepeso palioaKTHBBOIO BHIIPOMiHIOBAHHA
Ta PO3MICTHTH ROro mij JiYHAbHUKOM. JIiYHALHUK 3 JKepesoM NOBHHHI
3HAXONUTHCh 32 CBUHIEBOI CTiHKOIO.

3. Bukonatu BuMiploBaHHS KianbKoCTi imMnyJbciB 3a 30 ¢, BMHKaouH
oanoyacHo II1-16 Ta enexTpoHHu# cekyHaoMip. Takux BHMipiOBaHb 3po-
6utH 50. 3HaueHHs1 N| 3aMUCYBATH Y CTOBIIYHK.

4. TliaroryBaTd ofepxaHi pe3y/jbTaTH BHMiptoBaHb /15 MaTeMaTHYHO!
0o6pobku. [Ins uboro ciia BHABHTY HalMeHWY Ta Ha#Oinblly KiJbKOCTi
iMNy/ibciB 3 MPOBEAEHHX K BHMipIOBaHb: MOMMNTH Di3HHINO MiXK UUMH
3HaYeHHAMH Ha R ONHAKOBHX iHTEpBaJiB Tak, mWo0 y NepwHii yBikuuio
HaliMenme 3HaueHHsi N;, a B ocTaHHifi — Hafilinbiue; MNpOHyMepyBaTH
inTepBanu Bix 1 20 k i, nosHauuBiIM IX Xj, BBaxKaTu Ha)aJdi 332 BHOAAKOBi
eejnuiind. [lepernspatoun tabsuuo 3Hauedk N, BUSABHTH, CKiJIbKH Da3iB
3’SIBUBCS 1pU BHMIPIOBAHHSX {HTEPBAI X,

5. BuaHauuTH IMOBIpDHICTB MOfIBM KOXKHOTO iHTEpPBay 3a (GopMynoi
(2).

6. OGuHCAUTH cepeiHe 3HAUeHHS BeJUYHHH X, 3a dopmydoio (3). Bin-
NOBiJHNH iHTepBaJ/ AaCTh cepe/iHe 3HaueHHst N; CYKYNHOCTi 11 BUMiPIOBaHb.

7. 3a ¢opmynamn (4) i (5) obuncauTy AMCHepCilo Ta cepelHbOKBaLpa-
THYHE BiAXUJIEHHS LA X,.

8. TMo6yaysatu rpadik sanexuocti p (x,) = f (x) Ta nokasatu na
HbOMY 06/18CTh CEPEAHBOKBAAPATHUHOrO BilXUNEHHA Xp.

[lopiBHATH eKCnepHMeHTANbHI Pe3yJabTarH 3 TeopeTH4HHMH, oBuHC/e-
HuUMH 3a dopmyJow (1).

KonTtpoabni sanurtanHng

1. Y gomy nonsrae oco6auBicTb 32KOHY pajiOaAKTHBHOIO po3nany?

2. 1llo #asuBaoTL a6COMOTHOIO GYKTYAlli€0 BUMAAKOBO! BeTHIHHH?

3. Tpu sikili ymosi posnogia [lyaccona nepexogutb y posnogin laycca?
4. Moscuite 6yA0BY Ta npuHuMn AiT aiunsshuxa [eiirepa — Miosaepa.

33. Bu3anauennsa nepiony nisposnany

DosroXxusydoro izorony [30, 31]

MMpumangn i Mmatepiamu 1) panioverp B-4; 2) enextponuuii cekyHzomip -
CCEMI-63; 3) mranreHunpKyap; 4) ainifika; 5) fxepesno pafioaituBHOre BUIPOMiHIOBaHHS
2CO; 6) csuHueBa cTiHKA.
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Teoperudni sidomocri Ta onuc npusradis

PanioakTupHuII po3naj — e ponec, AKHH Nilyarae 3aKkoHOMipHOCTAM
CTATHCTHYHOTO XapakTepy, IO BHKOHYEThCR A/ JNy:Ke BeJHKOTO uuc/a
Aaep. Bin oxonsroe He JiMile nepeTBOPeHHA ANEP Ta iX noAin, a #i mepe-
TBOPEHHA eJIeMeHTapHHX YacTHHOK. [/ NeBHOro pafioakTHBHOro sipa,
wo nepefyBae B AKOMYCb eHepreTHYHOMY CTaHi, iMOBipHicTb posnany 3a
OJMHHIIO Yacy — BeJIHYHHA cTaja. BoHa HasuBaeTbCsi cmaaow po3nady
i He 3aJleXHTb BiJl Yacy YTBOpeHHst siApa, Bifl XiMiYHOro CKJaay pasioaxk-
THBHOTO aToMa, TeMIepaTypH, THCKY, 30BHIIUHIX €JeKTPHUHHX T4 Marir:
HHX noJais Towo. To6To MO:KHA TOBOPHTH, WO [JjiA BCiX NPUPOAHHX papio-
aKTUBHHX PEUOBHH cTasna po3naly A 36epirae crase § xapakTepHe LA KOXK-
HOI PEeYOBHHH 3HAYeHHs NMPOTATOM ychboro icHysaHHsa 3emii. Ile, B cBowo
4yepry, NpHBOAUTh JO AYMKH IPO Te, IO iCHYe 3aKOH CTaNOCTi IIBHAKOCTI
panioaKTHBHOTO po3nany.

Ortxke, KiJbKiCTb aTOMiB, IO PO3MajaloThes 3a yac df, MOBHHHA GyTH

IPONOPIIHHOI 3aralbHIA KiJIBKOCTi aTOMiB PeYOBHHH i BHpaxarucs ¢op- -

mydaoio dN = —AN . dt.
Interpylour ne audepeHuiaNbHe PiBHAHHA, AiCTaHEMO:

N = NeH, . (1)

Je N, — KifpKicTh sfep y HOYATKOBME MOMeHT 4dacy, N — KiJbKicTh
saep, AKi SaJHMIIMJIHCh Yepe3 NPOMikKOK Al = t — {,.

Ilyxe 3pyuyHO IIBHAKICTD PafiOaKTHBHOTO pO3Maly XapaKTepHU3yBaTH
nepiodom nisposnady T, sikuii 3 piBHaHHA po3nany (1) (mpu N = N, /2)
JopiBHIOE:

T = In2/h. 2

Busnaualoyn eKcnepuMeHTaabHO A, 3a jonomoroilo (2) MoxHa miapaxy-
Bati T'. Lie 3pyuno 3po6uTH, BBIiBIIH BeJMYHHY, KA XapakTepH3ye iH-
TEHCHBHiCTh PO3MaAiB y npenapari B IiJioMy, a He OKpeMoro siapa. Beju-
yHHa AN, BH3Hayae KiJbKiCTb pO3NajiB sijep Npenapary AaHOoI MacH 3a
OJIMHHIIO 4YaCy i HAa3HUBAETLCA aKmugHicnio a. 3a O3HAUeHHS M a = AN,
3BilkH A = a/N,,.

Binomo, wo

Ny = (mlp) Na,
Ae m — Maca is3oronmy, Kr; M — MOJIADHA Maca, Kr/Moab; N — 4HCI0
ABoranpo, mone—!; Toxi ana A aicranemo:
A = ap/(mN ).
EKcriepuMeHTa/IbHO DEECTPYETbCA KIJAbKICTh wacTHHOK AN’, mo BU-

MyCKAIOTbCS i30TONOM B TiJIeCHOMY KYTi, O6MeXeHOMY reOMETPUYHUMH PO3-
MipamH JiudJbHUKA. BpaxoByloun me, 3HajineMO akTHBHICTb Mpenaparyi

a = AN/At = (4nr® - AN')/(1d - A¥),

Je r — BifcTaHb BiJ npenapary 1o Ji4H/lbHUKA;, [ — epeKTHBHA JOBKHHA
AiunnbHuKa; d — AiaMeTp JiYMJIbHHKA.
Toni nepion niBposnany nanoro isoromy

T = (Naln 2/4n) (mid - A)/(r*p - AN’).
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TliKCTaBJIAIONN 3HAUEHHA CTANUX BeJHUMH, NicTanemo poGouy dopmyy
(T — B .pokax):

T = 1,06 - 10% (mid - AD)/(r’p - AN").

Paniomerp B-4 cknagaerbes 3 nepesivuyBanbHoro npuaaay II1-16,
6si0ka rasoBuX JiuunbHukiB DI'C-4. Imnyabc cTpyMy, skuii BHHHKae
y NiYMABHUKY, IiAcuiaoeTbes y 6aoui BI'C-4 i Hanxoauts y nepenivyBadb-
YUl npusam.

Jis nigpaxyHKy KiJbKOCTi 4aCTHHOK, SiKi MPOMIIHN Kpisb Ji4HUIbHHEK,
y paniomerpi BUKOPHCTOBYIOTbCA JekaTpoHH. [le 6araroesieKTponHa Jamna
3 XOJIOMHMMH KaTofaMH. Bcei esleKTpoJu 3HaXoNAThCs y CKIsiHOMY GaJsoni,

R

—— o+l
A )
Ky K~y  10K,-I1Ky 201K,-20K, i
Qa l? 9 A ] '9 Py :l:F>t
. — Y
Buxid I ;
Yo ]
+em
Puc. 171

3aMOBHEHOMY iHepTHHM rasoM. JlBoiMnynbchuil aekarpol (puc. 170) ckna-
JaE€ThCA 3 AHCKOBOro aHoja A Ta TPUIAUATH WITHPLOBHX KaTOAiB, MOAijle-
HUX Ha TPM IPynu: ingukartopui katoau K, nepwi nmigkaroan 1IIK, apyri
niakaropn 2[1K. Karoan xoxuol rpynu 3’equadi Mix coboio Beepeluni
6aJioHa Ta MaloTh cninpli BUBOAH {puc. 171). BunaTkom € oaun inaukarop-
uuit katox K,, KMl BUBOAWTLCA HA LOKOJIb OKPEMO i BHKOPHCTOBYEThCS
AISl CKMAAHHS BiA/liky (BiH ke HY/AbOBU# mnokaxuuk). IIpu BKJOueHH]
NpHJIAJy Ha JEKaTPOH NOJAETbCH HANpPYyra i MiX aHOJAOM Ta HYJ/bOBUM iH-
JMKATOPHUM KartofioM K, BUHMKae TaAilounii po3pajk, cHjia CTPYMY SIKOro
obmexena onopom R,. [Ipuniun /1iu6u fekaTPoOHA NONATAE Y NepeHeceHHi
TJ1i1040T0 po3PsAAY 3 OAHOro Katoja Ha iHwuii. ins peecrpauii opnoro enex-
TPHYHOTO iMIy/AbCy, 1IN0 HAAXOAHTH 3 JAiUHJbHHKA, 3 HbOro GOPMYIOTh
JiBa Bii’éMHHX, 3CYHYTHX OAKH BilHOCHO OJIHOTO Y yaci Ha OfiHe 3HAYeHHs
tTpuBanocti iMnyabcy. Ili Bia'emni iMmnyiabcu noxatotTbes Ha NepliHi i
Ipyru# nigkarofd. OcKinbKH eN1eKTPOAH, AKi po3TaiioBaHi nobiu3y oro-
YeHOrO pO3PSAIOM KaTo[a, 3aBXKAH MAalTh HH3bKY HAlIDYTy 3anaioBanHs,
70 nosisa iMnysecy Ha rpyni 1I1K Buk/inue 3ananoBanua pospany xa 11K,
nosisa imunynecy ua rpyni 2I1K — sananioBanHa Ha 2[1K,, 3aKiHuenus
iMnyabcy Ha 2[1K — 3ananoBanHs K;. Hac mnepeneceHHs pospany —
nopsiaky 107° ¢. BHacsiok chiJbHOTO aHOZHOTO ONOPY OAHOYACHE TOpiH-
HSl PO3psiLy Ha ABOX KaTOJHHX eleKTporax Hemoxk/aube. OTiKe, KOXHHUH
iMnyabc 3 JiYMABHHKA NepeHOCUTb PO3Psi 3 OLHOTO iHAWKATOPHOIO KaTo-
Ja Ha iHnmui. ecsTh iMnyabciB nepeHOCATh PO3PAL, B3LOBXK YCHOrO KiflbLs
katoniB. Ilpu nepeHecenHi po3paAly Ha HYJBOBHH iHAMKATOPHHH KaToX
HA ONOpl BHHWKAE BUXiAHUf IMIYJbC, SKMH I1OJAETbCA Y HACTYNHHII
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Kackan 3 1ekaTpoHoM. Llefi kackan Bxke nigpaxoByBaTHMe HAECATKH iMMyJib-
ciB, Tperift kackan — coTHi iMnyabciB i Tak gasti. B pagiomerpax Buxo-
pucrosyiotbes aekarponn OI'-3 (MakcuMasbha MBHAKICTb Ji46H iMIyJib-
ciB 20000 imn/xB) ta OI'-4 (MakcuMa/nbHa WBHAKICTb JiY6H iMIyJbCiB
2000 imn/xs).

Jliunsiouuk Tefirepa — Miofllepa 3 IOC/HiPKYBaHUM pafioaKTHBHUM
isoTonoM cTpoHUi0-90 3HAXOAUTBCH 3a CBHHLEBOIO CTiHKOW0, CKIaAeHoio
3 OKpeMux GJOKIB.

Ilopsdox suxonanns poboru

L. [Tigrorysapmu ycTaHOBKY A0 PoGOTH, OjepKaTH y JgafopaHTa pa-
AloakTusHUE mpenapar. [lepen BMHKaHHAM pafioMeTpa B MepPexY BHMi-
PATH reoMeTPHYHi napameTpH JiUHJIbHHKA,

2. YBIMKHYTH YCTaHOBKY Ta mepeBipuTH po6OTY MepesiuyBajJbHOTO
npucrpolo. Jas nboro TpH pasH (mo | XB) BUMipSITH KibKiCTh iMIyabCiB
npy HatHCKaHHI KHONKH «50 Tm».

3. 3akpinuTH pagioakTHBHME npenapar Ha Bigcrami 15—20 oM Big
niynnbeyka. Harucoytu knouky «COpocy — nokasy BeiX JeKaTpoHis
noBUHH{ 3acBiTHTUCA Ha nos3Hauli «Hyaby.

4. BusHauuTH WBHAKICTL JMiu6M iMIyJbciB Bif IaHoro mnpenapary.
‘s 1boro 3pobuti 5 BuMipoBadb no 10 xB i 3HaliTH cepenHe 3HAUEHHS,

5. BHKODHCTOBYIOUM NacnopTHi XapaKTEPHCTHKH AAaHOro i3oTomy, BH-
31a4MTy nepiopn foro nisposnady. 3poGUTH BUCHOBKH 3 POGOTH.

KoHTpoabHI 3aNHTAHHA

1. Skuft ¢pisaysuit amicr cranol posnany M ta if 88’5130k 3 nepiogom nispoanagy?

2. Ulo Take akTuBHicCTh pafioakTHUBHOrO mpenapary? ki onuuuui ii BumipoBauus?

3. 3anponoHy#iTe MeToA BUMipIOBaHHs mnepioly niBposmany Aaa KOPOTKOMHBYHOIO
isorony.

34. BusnaueHHs rpaHu4HOi eHeprii f-cnekTpa paRioaKTHBHOTO
isorony metonom noraunauns [31, 30) :

- Mpunagn ra marepiaunu 1)paniowerp B-4; 2) pagioakrusuuii npénapar
2CO; 3) nabip amoMinieBux nmactuxox; 4) mikpomerp; 5) cexyngomip.

Teoperuyni sidomocri Ta onuc npusradia

Ha BigMiny Bia @- Ta y-BHIPOMiHIOBaHb, IO BHOYCKAIOThCA pajjoak-
THUBHMMH agpaMH, f-BUNDOMIHIOBAHHA XapaKTePH3YEThCH HenepepeHum
€HEPreTHYHUM clleKTpoM. THIOBHA pos3nogin eHepril, abo cnekTp P-uacrH-
HOK, MoJaHo Ha pHc. 172. CoekTpu Bcix [-BHNpOMiHIOBAYiB, BKJHOYAIOUH
INTYYHi paficakTHBHi i30TOnH, nmOAi6Hi 4O 3006pa)KeHOr0 Ha MaJIIOHKY.
BinpisusoThcs BOHM JHIle MAKCHMAJbHHM 3HaYeHHSM eHeprii, aGo BepX-
HbOIO MeXelo, fKa A pi3HHX i30TONiB 3HaXOAUTbCS B Mexax Bin 18 keB
(a5 3H) o 16,6 MeB (aas IN).

Binomo, mo BHKHAaHHA B-4aCTHHKH € Pe3yJbTaTOM KBAHTOBOIO [I€pPexo-
Jly NpOTOHA B HeATPOH a60 HeATPOHA B NPOTOH, MOAIGHO A0 TOTO, SIK BUIIPO-
MiHIOBaHHA (JOTOHA 4TOMOM € Pe3y/bTaTOM fepexoiy eseKTPOHa Mix ABO-
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Ma KBaHTOBHMH craHamiu. Oco6iuBicTb PB-po3maiy mnofasirae B yTBOpeHH]
NOPSAf 3 €eKTPOHOM (ITO3UTPOHOM) HeHATpiHO, fiKe 3abMpae yacTHHY eHep-
rif, o BHBiMbHAETbCA B akTi posnafgy. SKmo B-mepeTBOpeHHs BiifyBa-
€ThCAl 3 HOPMAJbHOIO EHEPreTHYHOI'0 CTAHY MATePHHCBhKOIO sjpa Ha HOp-
MalbHHI piBeHb JOYiPHBOrO fAPA, TO CHEKTP HA3HBAIOTbL MpPOCTHUM. ¥ Oa-
raThbOX BHUTajJKax AO4YipHE AAPO yTBOPIOETbesA y 30y:KeHOMY craHi, i #oro
nepexii y HOpManbHUH CTaH 3aBEpIUYEThCH BUIYCKAaHHAM y-Gorona. Kpim
TOTO, iCHYIOTh Allpa, Y AKUX NpH B-nepeTBOPeHHI BUABAAIOTLCSA JBa KaHAMY
po3nany, KOXHHE 3 sIKHX Befie O CBOTO NEBHOTO €HepreTHYyHOro piBHS
Jouipuboro sapa. Omxe, B-coeKTpH, AK i CHEKTPH G.-BHIIPOMiHIOBAHHS, Aa-
10Tb 3MOTY BHMBYATH eHepreTHyHi piBHi sijep. Y BHMaiKy P-cnektpis BHa-

e
X
e
Emax £
Puc. 172 Puc. 173

CJIIIOK YTBOPEHHs1 [IBOX YacTHHOK ]/ BH3HaueHHs pPiBHIB sjep Tpeba
KOPHUCTYBaTHCS 3HAYeHHSM MaKCHMaJbHOI eHeprii cnekTpa. I'pyHToBHE
IoCHifKeHHsi P-cnekTpiB notpebye cKjaaHoi anaparypu, Hanpukaan
MAarHiTHOTO CMEKTPOMETPA Ta JKepes BenuKoi akTusHocti. 'pannyny enep-
ril0 MOXHA BH3HAUUTH METOAaMH MOr/IMHAHHS.

OnvH 3 MeToAiB NOIVIHHAHHS TPYHTYEThCA HA aHali3i KPUBOI Moriu-
HAHHSA [-4aCTHHOK y pedoBHHI. KO yepe3 noraunay (puc. 173) npo-
NyCKaTH MOTiK YaCTHHOK, TO BHAC/AIZOK PO3CiIOBaHHN €/1eKTPOHIB 3 HH3b-
KO0 eHeprielo Ta BHOYBaHHS 1X 3 MOTOKY PO3MNOAIN eleKTPOHIB M0 TOBILHH]
wapy NorJIMHa4a Mae JOCHTb CKIAAHUE XapakTep. ¥ nepwomy HabaHKeH-
Hi 3a/Me&XKHICTh {HTEHCHBHOCTI NMOTOKY f3-4aCTHHOK Bill TOBLUMHH X MOLJIH-
Haua JIa€ThCs EKCIOHEHMiaNbHOW 3aJMeXHICTIO

1, = Ig=vox,

ne [, — iHTEHCUBHICTb MANAOUOro Ha morauHau notoxy; !, — iHTeHcus-
HICTh NMOTOKY MNicJsl MPOXOMKEHHS Wapy Mor/iuHaya TOBIIMHOW X; [ —
MacoBuil KoediuieHT nocrabieHHs; P — IYCTHHA PEUOBUHH,

Benuuuny px (kr/m%) HasHBaOTb Mac060/0 MOBUUHOI0 TIOTJIUHAIOUOTO
mapy. Bona € 1OCHTH 3pyuHO!O MipOIO BiAcTaHel y MOrJHHalO4OMy cepe-
noeumi. Ilpu noBHoMy norauHaHHI NOTOKY f-BUNPOMiHIOBaHHA Y HaHi#
PEUOBHHI 3HAUEHHSH Xmax HABHBAWOTL npobizom dacTuhku. 3po3yMmifo, o
IPOGIT Xmu« BU3HAUAETBCH MAKCHMA/JbHOIO €HEeprieio crekTpa YacTHHOK
Ta Qi3UKO-XiMIYHUMH OCOGIHBOCTAMU MOTVIKHAKOYO! PEeYyoBHHH., Bennunny
0Xmax = R Ha3uBaIOTh ehexmugrum macosum npobicom. Boua maiike He
3aNeXHTb BiA POAY NOTAHHAYA | 3PY4HA [J# BH3HAYEHHS TPAHUUHOI
eHeprii f-crektpa. [x 8B’5130K 12€ThCH TAKHMH EMIiPHYHHME 3a/EKHOCTS-
MH;

R =0,54Emax — 0,13 ans 0,8 << E << 3 MeB, 1)

R = 0,41E" as 0,15 < E << 0,8 MeB. 2)
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P nnx 3anexHOCTAX R BUMIPIOETHCS B rpaMax Ha KBajipaTHHA caHTnmeTp,
a [ — B Merae/eKTpOHBO/IbTAX.

Inst ekcnepumentanbHOrO BH3HAYEHHS Emax Mixk IokepenoM f-BHIpo-
MiHIOBaHHS Ta JiYunbHUKOM leiirepa — Miosniepa posMimyoTe asmoMi-
HieBi a60 MifHi MJIACTHHKH NeBHOI TOBUIMHH. I3 36GiJblIeHHSIM TOBHIMHH
apy TJIaCTHHOK WIBHAKICTb J1iuby iMOyJ/beiB
3MeHUlyeThesl 1 PR X = R CTa€ Takow, 10
nopissoe ¢oHorift. IloGynypaBinu KpuBy
3aJeKHOCTI MiX WIBUIKICTIO Jiu6H 9acTHHOK
i TOBIIMHOIO Wiapy MOrJIMHAYa, MOXKHA BH3HA-
uut R (puc. 174). BusHauenns R yckJan-
HIOETBCA THM, WO ¢opMa P-cnexTpa nobau-
¥ 5 3Y TPaHMYHOIO 3HaYeHHsl eHepril acmmmTo-

TUYHO HaOAMkKaeThcAd JNO OcCi X, TOOTO He Mae
piskoi mexi. aa ycyHeHHs UbOro Bapro
noGyaysarty rpadix N (x) y HaniBiorapudMiysoMmy Macwurabi, To6To

Ig (N) = f (x).
Binbi TourHd MeTOA BH3HAUCHHA Emny NONArac y BU3HAYEHHI TORIKH
wapy norJuHava, MPU SKHX {HTEHCHBHICTb MOTOKY [-4AaCTHHOK 3MeEHLIY-
erbea y 2" pasiB (n = 1, 2, 3,...). ['pauuuHa euepris BU3HayaeTbCsl 32

Puc. 174

EMes
7 7 yArs 7 /4
[ ///// |
o P
IRV Y ¢ 4
T /71777 pd % L %:_,
‘ n= /2//3,4 5 ﬁ/%gyjag/
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3 / / 1/////1///%4
/ // /;///// //4 ~ .
2 [ /1/’/ ,4, | e
WA S S Tl
- =
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0 1
g% 7 ] Z 25 J 35 dmm
Puc. 175

Jgonomoroo Homorpamu (puc. 175). Bapox oci aGcuunc BigkaaieHo TOBWH-
Hy Wapy a/oMinilo, siKa 3MeHIuye i{HTeHCUBHICTb noTOKY y 21, 22, 38, ..., 2"
pasiB (uuppu 6ina KpHBHX BiANOBIiZAIOTH 3HAUYEHHSIM 71), a B3LOBK OCi
ODAMHAT — IPaHUyHy eHeprito. [lss BU3HaueHHsi rpaHuuHoi eHeprii uuMm
MeToZOM Tpeba BillIyKaTd (32 AOMOMOroid KPHBOI MOrMHaHHA pHC. 174)
TOBIMHY, TP AKUX {HTeHCHBHicTb cnafae y 2, 4, 9, ... pasig, i 3a rpadi-
Kamd puc. 175 anafitu pml 3uaqeﬂb Emax. BnKopHCTOBy}oqn ni 3Ha4yeHHs,
6ynyoTh rpadik Emax = f (1) i LicTal0Th KPUBY 3 TOPU3OHTANBHOIO ACHMII-
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Toto0. OpavHara uiei acuMnTOTH i BH3Hayae rpaHuUuHe 3HAYEHHS eHepril
B-cnektpa.

lI)Kepeno f-uacTHHOK posTalloBaHe y cneulanbﬂomy CBHHIUEBOMY
KOHTeliHepi 3 HeBeJNKHM OTBOPOM (KOJiMaTOpOM) AnS BUAiJEHHS BY3bKOrO
nyuka. Han xonimatopom sakpinneno pamxy Ais anoMmiHieBux abo min-
HUX miactuH. LBmakicTs n1i4Gu 4aCTHHOK 3AIACHIOETBCA 33 AOIOMOTOIO
paziomerpa b-4.

Hopsadox suxonanns poboru

1. Osnafiomurucs 3 iHcTpyKIieto 10 paniomerpa B-4. Ilepesipuin 3’en-
HaHHA MNepesivyBanpHoro npunaany III1-16 3 6nokoM rasoBux JiuusabHH-
KiB Ta HaAilHiCTb 3a3eMJIEHH YCTaHOBKH.

2. YBIMKHYTH YCTAHOBKY B MepEXYy Ta TepeBipUTH poGOTY AeKaTPOHIB
(nuB. poboty 33). Busnauutu oH nmiunabuuka, 3poGUBIM 5 BUMipioBaib
KIJBKOCTI iMNy/bciB 10 | XB KOXKHe. B3siTH cepeliHe 3HAuEHHSA,

3. Opepxaryu y JabopaHTa IKepeso palioaKTHBHOIO BHIIPOMIiHIOBAHHS
Ta Habip [/JAaCTHHOK. BUMIPATH TOBLIMHY [JIaCTHHOK MIKDOMETpOM.
Bxnanawoun y pamky no OAHIR NiacTHHIL, BUMIpIOBATH WBHAKICTL J146H
imoysabciB. [ kokHOI TOBIIMHM moranHada poGUTH Mo 3 BUMIiploBaHHS
Ta OpaTH cepeiHe 3HaveHHA. [lo6/U3y TOBLMHM [OBHOTO NOrMHHAHHS
poGHTH 1O 5 BUMipIOBAHB.

4. INoGynysaru rpadiku N = f (x) Ta In (N) = f (x). 3a apyrum rpa-
(iKOM BH3HAUHTH Xmax. BU3HauuTH R. Kopuerywouuch gopmynoio (1) a6o
(2) (sa BKa3iBKOIO BHKJanaya), BU3HAUHTH E .

5. Kopucrytouuch rpadikom N = f (x) Ta nomorpamoio puc. 175, BH-
8HAUUTH Epax 1 TOPIBHATH i3 3HAYENHSM, NOOYTHM Ha OCHOBi eMIipHYHHX
3ajexHoCTe .

KouTpoabui sanutanng

1. Homy emeprernunmil cnexrp ﬁpoanany HenepepBHHUil?

2. SIka sapexuicTs iHTeHCHBHOCTI NMOTOKY P-BMUnpOMinioBawmst Bin Tommuin mapy
aorsmuaua? iflo Take macoBuil Koeginient nocnabnennn?

3. Hlo na3mpaloTb nMpo6irom yacTMIKH i Bill yoro Bin 3anexuts?

4. Yum 3ymosJeHnii ¢on JiunibHuKa [eiirepa — Mioasepa?

35. Bu3HaueHHs eHeprii o,-YACTHHOK 32 NOBIKHHOK BiAbHOTO
npobiry y nosirpi [31, 30, 3aBoacbKi iHCTPpYKLT]

Mpunanu i maTepianu 1) nepeniuysanvuuit npunan NCT-100; 2) su-
cokosoabTHH BUNpaMasy BCB-2; 3) 6aok dotonomnoxysaua YCC-1; 4) panioakrusnuit
npenapar 3 o-punpoMinioBanuam 2[19.

Teoperuuni sidomocti ra onuc npuradis

[Ipy BUBYeHHi @-po3najy BHABU/IOCH, LUO BaXKKi siApa, sK [PaBHJO,
BHITYCKAIOTh KiJbKa I'DYyN o-4acTHHOK 3 pisHuMH eHeprismu. Hailinrten-
cHBHIiIIA rpyna NoB's13aHa 3 Mepexoj oM 3 OCHOBHOTO CTaHY MAaTEPUHCLKOIO
fiipa B OCHOBHHH cTan aouipHboro siapa. Ilepexoau i3 a6ylxeHoro piBHA
MaTePHHCLKOTO sjpa CYNPOBOAATHCS 'BUKHAAHHAM O6inbll eHepreTHYHU X



(noBronpobixHUX) o-uacTHHOK. [lepexoan 3 OCHOBHOTO CTaHY MaTE€PHHCh-
KOro sfipa Ha 36y/:KeHi PiBHI JOUipHbOTO f4pa CyNnpPOBOAATHLCS BUINYCKaH-
HAM MOHOGHEPTETHYHHX IPYN C-YaCTHHOK. PisHyus B eHeprifx s LuX
rpyn BipanoBinae pisHHM €HePreTHYHHM piBHAM 36YI>KEHHA I[O‘IlprOFO
Anpa.

OTe, eHepreTHUHH CIEKTP a-BHIPOMIHIOBAHHS J2€ BeAMKY Hi LiHHY
1H¢opMalLito npo 6yn0BY siapa.

Onium 3 MeTofiiB BU3HAYEHHS eHeprii -9acTHHOK € BUMipIOBaHHs JOB-
KUHY X BiNIbHOTO MpOGIry B pedoBHHi. BHBUEHHA TpPeKiB Q-UaCTHHOK B
Kamepi Binbcona, ¢poroemybcisix NOKa3salo, U0 BOHK CIPHUHHIONTL CHJIb-

L

> CT=100
Roxe X L ]

Puc. 176 Puc. 177

Hy ioHi3alilo. B pesysabraTi LbOro o- /
YAaCTHHKH BTPavaioTh €Heprilo i rajb-
myloTbest. lonisayiiine earb MysanHHa € 2
rOJIOBHUM MeXaHi3MOM BTpaT eHeprii BT
MPY TPOXOKEHHI 3apsIMKEHUX yYac- ] | 1 4 (-7
THHOK 4epe3 pedoBHHY. ¥ LbOMY Me- | g
] 4
N s
| s
1
[ -
| —_—
1 — 7
|
|
{
!
I

XaHi3Mi KiHeTHYHA €Hepris YacTMHKH BUTpauaeTbca Ha 36yIsKeHHs i1 iomi-
3allilo MOJIEKYJl cepelloBulla. B Mipy raibMyBaHHS o-4aCTHHKa Bce 6isblie
uacy nepefyBae no6au3y KOXKHOI MOJeKyAu, i ToMy iMOBipHicTb {oHizanil
Ta 30yJKEHHA 3pOCTa€ NpH SMeHILIeHH| IBUAKOCTI a-4acTHHKHM. BincTaHe,
SIKYy TIDOXOANTb O-4aCTHHKA IO NOBHOI 3yNHHKY, HA3WBalOTb npobizom.
3naueHHs npo6iry 3ajexHTb Bill KiJILKOCTi MOXJHBHX 3iTKHEHb 3 MoJe-
KyJlaMH PEYOBHHHU, | TOMY TOBOpATH NpoO cepelHe 3HaueHHs Npobiry (R).
UncneHni eKcnepHMeHTH JlalH 8MOTY BCTaHOBMTH, LIO B MOBIiTPi cepeaniit
npo6ir (R) «-yacTuHKM npubansHo mponopuifinuil kKy6y ii nouaTkoBoi
LWIBHAKOCTI}

(R) = at?®,

mea = 9,6 107 c¥me,

Yy _61JII>LLIOCT1 rasiB npo6ir a-yacTHHOK CTAHOBUTb KiJbKa CAHTUMETPIB.
Y TBepaux Tinax Ta pinusHax BiH nocuTh Manmil. Tak, KibKOX JHCTOUKIB
nanepy, A0CTAaTHBO /ISl NONIWHAHHS GibWOCT G-YaCTHHOK, O BUNYCKAIOTD-
Csi Pani0aKTUBHHMH esievenTtavu. [Ipote He caiin poGuTH BHCHOBOK, 1110 BOHH
Be 31aTHi YHHUTH GionorivHy Lj0 BHACAILOK MaJOro npoGiry. HaBnaKn,
OCKi/bKY 1l YAaCTHHKY BiZJalOTh CBOIO BEJHYE3HY €HEPrilo Ha JOCHTb Of-
MEXEHOMY ULIISiXY, BOHM CTalTh NPHYMHOW NOCHTh 3HauHHX GioJoriunHux
aMiH B xHBoMy oprasizmi. O6po6Ka TO4HHX BHMipIOBaHb npofiry a-uac-
THHOK Ta ixHiX eHepriii a0 10 MeB (npupoani o-sunpoMinioBayi) aAana
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Taky 3a/1eXHICTh MiK eHeprieto Ta cepenHiv npobirom:
3
(R) = kEJ.

fIkmo cepenHiit npo6ir BUMipIOBaTH B CAHTHMETPAX, a €HEPrilo B Mera-

€JIeKTPOHBOJIbTAX, TO Koedinmient k2 = 0,318 c_M/MeB°/ :, Toni ocrtanun
3aJIeXXHiCcTh MA€ BUFJSA

(R) = 0,318E", - N

IIpu 6iabuMx enmeprisx (10 200 MeB) nokasHHMK cTeneHs éueprii 3po-
crae Bin 1,5 no 1,8.

TlomicTHMO ZxKepeno o-yacTHHOK Ha JesiKif BiAcradi Bil 9yT/IMBOTO
Jetekropa (payopecuiroounii ekpad B ONTHYHOMY KOHTakKTi 3 (OTONOMHO-
JKYyBadeM). @-YaCTHHKH, [aJbMYIOUMCh B PEUOBHHI e€KpaHa, BUKJIUKAIOTh
CBiTiHHA, fKe BHOMBaE€, B CBOW Yepry, €JNeKTPOHH 3 POTOKATOAA TOMHO-
xkyBava. OTxe, B KoJi (HOTONOMHOKYBa4a NPOXOANTb CTPYM, AKHEA 3ale-
JKHTb BiJl IHTEHCHBHOCTi IOTOKY ®-9aCTHHOK, LIO NajaaioTh Ha ekpaH. Ha
puc. 176 mogaHo KpHUBY 3MiHH iHTEHCHBHOCTI JiubH iMNYJbCIB 3a/€KHO
Bix aminM Bigctani Mixk MKepesoM Ta ekpaHOM. HKOH BCi a-4aCTHHKH Masn
o1HaKOBHE npo6ir, To iHTeHCHBHICTh Ji46K NpH 36inblLIEHHI X CHOYATKY
sanuiianaca 6 crajnow, a noTiM npu x = R pisko nazana 6. Hacnpasai
KDHBa CIOYaTKY mapanenbHa oci abcuuc, a B Touli A nounHaerbes piskuit
cnag, KM crnoBijbHioeTbea B Todni B. ITyHKTUpHA Jidis, OpoBeleHa siK
NPOAOBXKeHHA BiApiska ainii BC, Biacikae Ha oci afcuuc Biapi3ok, wio
Ha3WBAETbCH EKCMPanoAbosarum TNpobiroM Rexe. BpaxoByloud MOXJIHBI
¢payKTyanii B 3HaUEHHAX eHeprii a-9acTHHOK, Ul0 BHYCKAlOThCS HEBiJo-
MHUM pajliOaKTHBHUM NpemnaparoM, cepelHiii mpobir BH3Ha4aloTh, aHadi-
3ytouy Haxua Bigpiska BC kpuoi N = f (x). Jl1s Toullitloro BCTaHOBJIEH-
HSl JIOBXHHH CepelHboro npobiry AouijbHo nobyaysaty rpadiuny sagnex-
HIiCTb He WBHAKOCTI J1iu6K N Bill TOBL{MHH NOFJIHHAYA, a IedKY 11 PYHKLIIO,
sIKa «cnpamasie» Xin sajexuocti N (x). [lpakruyno no6pi pesyabrary
MOKHA MaTH npH no6yioBi rpadika N (x) y nanisjorapuagmiuHoMy Mace
urrabi, TOOTO

g N (x) = [ (x).

[lpn Biacranuax, 6inbumx 3a Ry, 3HaueHHA norapHpma crtasie i Jo-
piBHioe Ig Ny, npn manux BincTaHsix spocTaHHsa g N npakTHUHO JiHjiine.
Touka neperuHy JBOX eKCTpamoNsUiHHHX NPAMHX AacTh 3HauYeHHs (R).

ana  peectpamii «@-4acTHHOK BHUKOPHCTOBYeTbcn pafiomerp III1-8
(puc. 168) 3 BuHocHuM GokoM YCC-1. CxemMaTHyHO 6J10K CUHHTHAALLIHHOTO
JiqunbAUKa 300paxeno Ha puc, 177, a-BunpomiHioBay 3 3akpinneHuit Ha
pyxoMomy Tpumaui 4, sKHE pepemiulyeTbcss npu oOepTaHHi rBUMHTA 2.
Biacranp Mix mxepesoMm @-4aCTHHOK i CUMHTHAALIAHUM eKpaHOM S BUMi-
proerbest 1o wkani I, ¥ Gaoni sHaxonaTecs (poronoMHoxkyeay PIY-29—6
Ta nonepeuill nifcuniosau curuanis 7. [lepeniuyBanbunii npuaaj, BUCOKO-
BOJIbTHUI BUOPAMAAY TA CUHHTH/ISUIRHWUA JNiuWAbHUK 3’€lHAHI crelliajib-
HHMH KabensmH. Bcsa ycranwoska mae OyTH HaAidHO
3a3eMJaeda. ,
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Hop a00K BUKOHAHHA poboTu

¥BIMKHYTH BHCOKOBOJIBTHHIX CT361J1130BaHHPI BHIPAMJAY BCBA
TyM6JIepOM «CeTb».
) 2. YBiMgHyTH NiunabHuil npusran [ICT-100 cnouarky TymGiepom «CeTby,
a micas 1—2 xB TymGnepom «AHOM.

Ilicns nmporpiBaHHA npuaaniB nepemnkad Ha BCB-2, akuii BMHKae
BUCOKY Hamlpyry, MOCTAaBUTH B NoJioxKeHHs1 «Bkj». Ilepemukauem «I'pyGo»
BcraHoBUTH Hanpyry 900—1000 B. Ilepesiputu poboty aiuunbHOrO mpu-
aaay. Jng nporo HaTuckKyBaTH KHONKY «COpocs. Ilpnm mbomy nokasu Ha
JeKaTpoHHHX 670KaX ' «CeKyHAB» Ta «MMIyabcbl» NOBHHHI JOpiBHIOBATH
Hyo. Hatuceytn xHonky «b0 'y Ta nigpaxyBard KinbkicTh iMmysbciB
3a 1 xB.

3. Knonky MMM — «Cex» MOCTABUTH B nofowenHs «CeK» i HaTHC-

4
HYTH KHOMKY [Ipu ubOMY JiYHNBHWK aBTOMAaTHYHO 3yNUHATHMETbCA

100 .
uepe3 KoxHi 100 c,

4. Ha ninifini BuHOCHOro G6soka YCC-1 BCTaHOBHTH MaKCHMa/bHY
BiAcTanb MKepesa G-4YaCTHHOK BiJ JeTeKTopa.

5. Haruceyru kHonky «[lyck» i micis aBTOMard4HOi 3YIMHHKH JiUHJIb-
HUKa 3HSTH NOKasH Ha JeKaTpoHax O.0ka «Mmnyabcbi». He smiHowoun
NOJIOXKeHHA JNiHifiKH, 3pOOMTH lle JBa BUMipIOBaHHS KiJbKOCTi iMnyJ/bciB
Ta BU3HAYUTH CepelHE 3HAYEHHS.

6. 3MiHIOOUYM MOKa3W Ha JiHiHLi BUHOCHOTO 6Ji0Ka Yepe3 KOXKHi 3 MM,
BHKOHATH onlepanii, 3a3HayeHi B 0. 5.

7. Tlobynysary rpagik 3a/eXHOCTi KiNIbKOCTI 3apeecTpOBaHUX 4acTH-
HOK BiZ BiAcTaHi MiX I)kepesioM o-4aCTHHOK Ta JIETEKTOPOM, a MOTIM rpa-
¢ik 1g Ny = [ (x). Busnaunrn R Tta 3sa q)opMleom (1) sHaiiTu euepriio
G-4aCcTHHOK JaHOro isoromy.

KouTpoabui sanurannsg

. ITosicHiTb AMCKPETHICTL €HEPIeTHYHOTO CIEKTPa Oi-BHIIPOMiHIOBAHH L.
2 Tosicuite MexaHiaM BTPATH eHeprii Q-uaCTHHKOIO PH PYCi B PiSHHX CEPEAOBHIAX.
3. fIka ocoBauBicTb peecTpauil a-BunpoMinioBarHs y NOPiBHAHRI 3 f- i y-Bunpomi-
H OBaHHAM?
4. YoMy Tpaexropii ®-4aCcTHHOK B NOBITPI 1psAMOAiHIAHI?

HOAATOK

Tabaruys 1
PyHpaMeHTanbhi BizuyBi KOHCTAHTH
Cepepns
Knajapa-
THUHAE MO~
KOHCTaHTa MNo3uaueHHs Ysicnope 3HAYEHHA xulKa
o-10—%
%
sugxicts cBitia ¢ 299 792 458 (1,2) M- ¢~ 0,004
y BakyyMmi . .
MarniTea cTana [T, dn - 107" Tuen— =
= 1,2566370614410™° I'n X
X M .
EnekTpuuna crana = (Uec®) " 8,85418782 (7) - 1072 @ . w~' | 0.008
Crana Ilianka h 6,626176 (36) - 10~ Ik X 5.4
x Pt
h/am 1,0545887 (57) - 10~ Ik « ¢ 54
Maca CII0KOIO me 9,109534 (47) - 10~ «r 5,
€JIeKTPOHa 5,4858026 (21) - 10™* a.0.m. 0,38
Maca cnokolo npo- my 1,6726485 (86) - 10~ kr 5.1
TOHa 1,007276470 (11) a.o.m. 0,011
Maca cnokolo  wei- my, 1,6749543 (86) - 10~ kr 5,1
TpoHa 1,008665012 (37) a.o.m. 0,037
Enementapunii  sa- e 1,6021892 (46) - 10~'° Ka 29
pain
Bianomenns 3aps- e/me 1,7588047 (49) - 108 Kn X 2,8
Iy €JEKTPOHa 1O x kr!
fforo macu
ATOMHa  OfHHMILH 1,6605655 (86) - 10~% xr 5,1
MacH  (a. 0. M.)
(1078 xr x
X Mo~ y/N A
Macu atomis B
a. 0. M.:
IMporon p 1,007276470 (11) 0,011
Boz&el{b_ 1H 1,007825036 (11) 0,011
ﬂeu_T“eplifl 2H 2,014101795 (21) 0,010
Tenii 4He 4,002603267 (48) 0,012
Crana Asoraapo Ny 6,022045 (31) - 1028 mone=" 5.1
Crana ®apagen F=WNge 96484,56 (27) Ka « mosn™! 28
Crana Bombumana k=RIN, 1,380662 (44) «10~% Ik . K—'| 32
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I podosocenna mabar. 1

Cepepua
KBaapa-
KoncranTa Tlospauenus  Yacnose suavenns 'm::g,(go-
G- 10—%
%
{ Crana Crepawma —| o= (%2/60) 567032 (T1) - 102 Br. w2 x| 125
Bosbumana k483 /h3c2 x K—*
Iepwa crana Bu- ¢, = 27hc? 3,741832 (20) - 10716 Br . M2 54
1 NpoMiHIOBaHHSA
Hpyra crana Bu- ¢, = hclk 0,01438786 (45) m - K 3l
OpOMiHIOBaHHSA ‘
Crana Pin6epra R, 10973731,77 (83) M1 0,075

NDpumirtku L.

3HaueHHsl KOHCTAHT HABEIEHO 3TiAHO 3 TaGJHUEI0 CTaHJAPTHHX
JoBiakopux gawux 'CCCII 1—76, satBepmxenoio lepkaBHHM KOMiTeTOM cTaHjapris
Paxu Minicrpis CPCP. 31 6Gepesuss 1976 p.

2. Yucno B Ay)KKaX mic/s YHCIOBOTO 3HAYEHHA BeJMYHMH Bianosinae cramjapTHO-
MY BiAXWJIEHHIO ILOTO 3HAYEHHA JJIA OCTAHHIX BKAa3aHHX 3HAYYHMX wubp.

Tab auysn 2
NienekTpnynl npoHukHocT feskHx pevosun mnpu 20 °C.

PeyopnHa € Peuosuna e

lasu Teepdi misra
Asor 1,00060 Kampon 3,6—5,0
Bojenb 1,00027 Mapmyp 8,0—10,0
[MoriTpa 1,00058 1l Tlnekcuraac 3,0—3,6
Kucens 1,00055 [Monrixnopsinin 3,0—5,0
Byraexrncanit ras 1,00096 Tonietunen 2,2—2,4

. Cmona 4,0—8,0

Piduru Ckiao 3BHYaliHe 5,0—10,0
Boaa 81,0 TekcTonit 7.0
Tninepun 39,1 Turanar 6apio 1200
CnupT eTwioBuit 25,0 Dapdop 4,4—6,8
Crunugap 2,2

Ipodosoerns madar. 3

Tabauys 8

Tluromnit onip meaxkux TBepaux tim p, Om - m, apu 20 °C i TemnepaTypuuit
KoedhinieHT omopy «, K~!

Peyogruna o106 | o .10 Matepian 2108 | o . 109
Cpitao 1,60 4,1 Cnaasu
Minp 1,67 4,3 Koncranran 50,0 | 0,002
3oaoto 2,22 4,1 (Cu 58 9, Ni 40 9,
| Amominii 2,90 47 Mn 1,2 %)
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PeqonuHA o108 | - 10° Martepian . 108 o - 10* |
Boabdpam 5,50 48 | Manranin 43,0 0,02
Hixean 6,84 6,0 (Cu 8 9%, Mn 12 9,
3anizo 9,71 65 | Ni 3 %)

TlnaTuna 10,70 39
Tabauyn 4
Honyctumi cuam CTPyMmy B i30JbOBAHOMY NPOBOAI npw TpHUBaRiii poGori
IMnonta nepepisy, mm?
Peuosua Lo ]| L o | o | s | 2
Jonycrama cuna crpymy, A
Mins 11 14 20 25 3l 43 75 100
Amominii 8 11 16 20 24 34 60 80
3aniso — - 8 10 12 17 30 —
_ Tabauysn 5
ﬁnToma €JIeKTPONPOBIIHICT BOAHHMX PO3YHHIB enekTpodiTie o « 102, om—! . M"l,
npu 18 °C
Kenuerpa: NaC) Cuso, AENO, KOH H.50,

5 0,067 0,0189 0,0256 0,172 0,209

10 0,121 0,0320 0,0476 0,315 0,392

15 0,164 0,0421 0,068 0,425 0,543

20 0,196 0,087 0,499 0,653

25 0,214 0,106 0,540 0,717

30 0,124 0,542 0,740

35 0,141 0,509 0,724

40 0,157 0,450 0,680

Tabauys 6
EnekTpoximiuni exkpiBasieHTH PeqOBUR
Enextpoxi- |Maca peuopH- Enexrpoxi« Maca pevosd-
Aniown | MIge SRl | M KO | Kertoms | MU Bemle | i 0w
Mr/Kan 1A.-ron v mr/Kan 1A-ron-rl
cr 0,367 1,32 Agt 1,1180 4,025
[NOg™ 0,643 2,31 Auwdt 0,683 2,451
o2~ 0,0829 0,293 Cult 0,329 1,19
[OH}~ 0,177 0,635 HF 0,01045 0,0376
(SO, P~ 0,499 1,79 g2t 2,079 748
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MTpodosscennnn maba. 6

MEigliK'Epgxi: Maca pedqo- Enexrpoxi- Maca peyopu-
s Uit exBi~- | BHHH, . i : i-
Anjonn BasienT ,B ® ninﬂggc:l.d Karionn Mi‘:;ﬂap.lnﬂene:.m Hunﬂ[gfb:;m
mr/Kna 1A - rop-r . mr/Ka 1A-rog-r
[CO 1>~ 0,311 1,12 Ni3+ 0,203 0,73
: pp*t 1,074 3,87
Zn?*t 0,339 1,22
Tabauys 7
Tepmo-e.p.c. Tepmorapu miak — KoHcTauTan, MKB; xosomwuit cmaii npu 0 °C
°C 0 10 20 30 40 50 60 70 80 90 100
0 0 389 787 | 1194 | 1610 | 2035 7
100 | 4277 | 4749 5227 | 5712 | 6204 | 6703 %8; g??g gggg g%g 49%13;
200 | 9283 [ 9823 [ 10363 [ 10909 | 11459 | 12015 | 12575 | 13140 { 13710 | 14 285 | 14 864
Tabaruya 8 Tabauyn 9
Touka Kiopi AGcomoTHi NokaswMKyM 3aj0MJIEHHS
INCTUNBOBAHOT BOAM npu 293 K aas
pisHnX nOBMHM XBHJL
Peyvonuna Touxa Kiwopi, K
A, BM n A, uM n
CeanemoeseKmpuxu
Meratutasar  Ga- 373 43L1 11,3403 )| 589,3 | 1,3330
piro Bepxua  Huxns 436,1 1,3371 1| 656,2 | 1,331l
} CeruetoBa cimp 295,5 258,0 2460 1,345 768.2 1,3289
Depomacremuny
Tabauus 10
3aaxiso 1043 AGCOMOTHI NMOKA3HMKH 3aJ0MJIEHHR
; ) HeAKHX piaHH 1asi KosTol
: Bams;) KpeMHHCTe cnekTpasbtoi ainii D warpiwo
4,3 % Si) 963 (Ap == 589,3 um)
KoGanbT 1403
Hixkens 631 Pinuna T, K "D
Flepmaitoti (22 9 Fe,
78 9% Ni) 823
MarneTur Fe O 845 AHi]liH 293,0 1,58630
Cran I‘e;c 4ep I@ue'rox-l 292,4 |1,35886
J1epa JinepuH 293,0 |1,47300
| (61 :’%, Cu, 26 % Mn, Merunosnil cnupt 287,5 11,33118
13 ¢ Al 603 Etunosnit coupr 291,2 | 1,36242
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Tabauys 11
FycTnna somHX posumuis uykpy npu 293 K (xoHuewrpanis nawa y MacoBHx
NPOLEHTAaX)
C % p « 10® kr/m? Ci % o - 108 xr/m? C % o - 10% gr/m®
5 1,01785 20 1,08096 35 1,15129
10 1,03814 25 1,10352 40 1,17645
15 1,05917 30 1,12698 45 1,20256
50 1,22957
Tabauys 12
JloBKMHM xBHJb JiHIK y cnekTpi HeoHy
‘ : e JlopKuHa BiaHocha
[Tonoxenns i saGapanends ninif XBAAL Ao HM ACKpABICTh
flckpaBo-uepBOHA 640,2 10
YepBoHO-0opaHKeBa, JiBa 3 ABOX Gau3bKux JiHilt 614,3 10
OpaHiKeBa, neplia NOMiTHA BAIBO Bijl 4eTBepTOl 594.,5 5
{ ’Kosra 585,2 20
CgiTso-3enena, nepina noMiTHa BIpaBo BiA ueTBepTOl 576,0 4
3eniena JiBa 3 ABOX OAHMHOKMX JiHiM 540,0 6
3enena mpaBa 3 ABOX OFMHOKUX AiHiH 533,0 8
3esena nmpaBa 3 m'sATH piBHOBizmanenux ainif 503,1 5
CHHbO-3e/1€Ha OJHHOKa 4849 8
Tabauyn 13
Jogxunu xBuap niHifk y cnektpi prywi
Ilonoxenun i 3aGapsaennss niuit Aomwﬂix‘u:{m"m - BinHoﬁ?ﬁT:CKpa'
flckpaBo-uepBona 623.4 4
YKoBTa 578,0 10
CpiTJI0-3eseHa 546,0 10
Ceityo-rony6a 4916 10
Cuust 4358 10
dionerona 406,2 7
TaGauyn 14
JlosXunu Xhan ninift y cmektpi renito
Saﬁa}:ﬂﬂf ans xé],',&“;mf _H:M [HTeHCHBHICTD INpuamiTtka
Uepsona 728,1 . 3P Byxsa P osnauae usimilo maparediio
YepBoHa 706,5 50 (cuurynesTHa niHis) ‘
UeproHa 667.8 6P Byksa O osHauae JiHil0 opTorenio
JKosra 587.6 100 (Tpunaerna Ainis)
3enena 501,6 10P
3enena 492,2 4P
Foay6a 471,3 30
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N podoesicenna maba. 14 CNHCOK JNITEPATYPH

Baﬁa;iiﬂgﬂﬂg XB{{LE?X;?HiM InrencusHicTs [IpuMiTKa .
{ Cuns 447,1 60 3 uacoM eneKTpPOLM MOMVIMHAMTL Tesift
1 Cuns 4388 3P i THCK B pospsaAHilt Tpy6ui 3HHAKYETLCSA.
| dioseroBa 412,1 30 Buaaciifok uporo BigOyBaeTbesl NiAcu-
{ ®ioneroBa 402,6 50 JeHHs JiHil napareniio .
1 ; 1. Bymox I'. @ Junakruuni ocHoBu BHRAananus disuxu B nezppysax. K. : Buwa
wmKosa, 1978, 231 c.
Tabauys 15 - Tabauys 16 2. Oxpana Tpyza u TexHHMKa GesonacHocT B ofuieofpasoBartesnbHod wikose. M. : [Te-
Yepeoua rpaHMus dotoedekTy mus  aesxux  [epionw mispoanany meskux isoTonis naroruka, 1978. 104 c.
peuoBuH, ,},)M @ tpexy P P y 3. Manofianos B. E. OcHopu anexkrpoSesonacnoctu. JI. : dueprus, 1971. 320 c.
4. Boponuna A A, Wlu6enko H. ®. Texnuxka GesonacHoctd npu pabore
Tlepion, Mepion Ha a/leKTpoycTaHOBKax. M. : Brlcm. mxosa, 1969. 192 c.
Pewosuma | A, am | Peuosuma A HM [soron | nisposfa- lsoton ';LBP%T- . Donmmu T1. A, MelicTBue 57eKTPHIECKOTO TOKA Ha YENOBEKa M NepBas NOMOLIb
’“’ ay nocrpajaswemMy. 2-e u3g. M. : Dueprus, 1976. 128 c.
€. 1111 1;1)11 093 B. ®. TexHuka GesonacHocTH B xaGumere pusukn. M. : Ipocsewetne,.
Babii 979. 79 c.
Bzg;g vl 484 ll;l;lgi‘rﬂnil;a é?g 1921 | 74,4 pui ¢Ca | 153 nui 7. g)CT 22261—76. Cpenctsa u3MepeHHii aJeKTpuueckux Beauuwn. Bsex. 00.00.77.
Boabppami | 1130 ¢ .
Bos ¢ . 47 204 8 Kyuepyx LM, Nymeunko B.Il, Augpianos B. M O6poGka pe-
. re;,:;pﬁi? é;% %;Sgo a 261 ‘55Cs 26,6 poxy | “g Tl | 3,56 poky 3yabTartiB pisuuHUX BuMipioBanb. K. : Buma wkona, 1981. 216 c.
BoAbDpami 473 ) 9. Menahtnor M € 3aranbha pisuka. Enexrpuxa i marseruam. K. : Buma wxo-
3akue migi | 239 | Lleaii 662 $9Co | 5,2 poxy | %aPu |24,39-108 na, 1974. 391 c. . ‘
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