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IHepeamoBa

JlaHi METOAMYHI BKa3iBKM YKJIAJEHO HAa OCHOBI METOAMYHHMX BKAa3iBOK J0 BHKOHAHHS OKPEMHUX
nabopaTtopHux poOiT 3 gucturuiiHu «®Di3uyHl MpOIECM Ta MaTeMaTUYHI METOJUM B Xap4yOBHX
TEXHOJIOTISIX», a TAaKOXK MIJPYYHUKIB Ta MOCIOHUKIB HaBEIEHUX B CIIMCKY PEKOMEHOBAHOI JITEpaTypH.
[Ipencrasneni mabopatopHi poOOTH OXOIUIIOIOTH BCl po3auIH Kypey «Di3uuHi mpoiecu Ta MaTeMaTH4Hi
METO/M B XapuyoOBUX TeXHOJOrisx». KoxkHa maboparopHa poOoTa MICTHTh TEOPETHYHI B1JIOMOCTI, OIUC
YCTAaHOBKHM B LIJIOMY Ta OKPEMHUX MpPHJIAIIB, MOPSJAOK BUKOHAaHHS POOOTH Ta MEpeNiK KOHTPOJIbHUX
3aMuTaHb.

be3 rnmnbokoro 3HaHHS (I3UKH 1, 30KpeMa, METOAMKH (PI3UYHOTO EKCIIEPUMEHTY HEMOMIJIMBO
JIOCKOHAJIO OBOJIOJITH Oy/b SIKOIO TEXHIKOIO, a TUM OlNIblle CTBOPIOBATH HOBY. IlepcriekTuBH HayKoOBO-
TEXHIYHOTO TIPOTpecy B TEMEpIlIHIA Yac BH3HAYAIOTHCS MEPII 32 BCE JIOCSITHEHHSIMH OCHOBHHX
HanpsMKiB (13MYHOI HAYKH.

MeToro aHOTO METOAMYHOTO BHUJIAHHS €: TIOTJIMOJICHHS TEOPETUYHHX 3HAaHb 3 OCHOBHHX
(bi3MYHMX 3aKOHIB 1 SBUII;, OFEpP>KaHHS HABHMUYOK BHUMIPIOBAHHS YMCJIOBUX 3HAYCHb (DI3MUHUX BEIMYHH 1
NPaBWIBHOTO iX 3aCTOCYBAaHHSA JJISl BINIOBITHUX PO3PAaXyHKiB; O3HAHOMJICHHS 3 CYYaCHUMHU TEXHIUHUMH
3acobaMM 1 METOAaMM JOCHiDKeHHA. Y ¢i3uuHiid gaboparopii CTYIEHT CaMOCTIHHO BUPILIYE psij
eKCIepUMEHTaIbHUX 3a1a4. [Ipu 1[bOMy BiH BUMTHCS CaMOCTIHHO BiITBOPIOBATH Ta aHAJi3yBaTH OCHOBHI
¢b131uH1 SBUIIIA, 01€PKYBAaTH IPU ILOMY HaBUKU poOOTH y (i3uuHIi Jaboparopii.
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1. BAMIPIOBAHHSI JITHIMHUX PO3MIPIB TLJI

META POBOTH: 0cBOiTH METOIMKY BUMIPIOBAHHS PO3MIPIB T1JI MIKPOMETPOM,
MITAHTCHIIMPKYJIEM Ta BUMIPIOBAIbHUM MiKPOCKOIIOM.

OBJIAJITHAHHS: 1) wTaHreHupKyib; 2) MIKpoMeTp; 3) BUMIpIOBAJIbHUN
MIKPOCKOTT; 4) 3pa3Ku TiJ JJIsI BUMIPIOBaHb.

TEOPETHUYHI BIJOMOCTI TA OIINUC ITPUJIA/AIB
JIiHiiiHI pOo3MIpH — OJHA 3 OCHOBHUX XapaKTepUCTHK Til. i BUMIprOBaHHS
JOBKHHHU PO3pOOJICHO psii TPUJIAAiB, SKi JTO3BOJSIOTH TOPIBHIOBATH BIJICTaHI MiX
TOYKAMH B TIPOCTOPI1 3 eTajioHoM J0BKuHU. B cuctemi Cl onunumero 10BXUHNA € METp (K
JepKaBHUN cTaHAapT BBeAeHO B 1958 pormi). BumiproBanbHi mpuiagu NEpiogUYHO
nosipsoms 3 eranoHoM. OcTaHHIN 30€pira€ThCsi B METPOJIOTIYHUX JTa00paTOPIsIX.

Tabmums 1.
[Tpedikc
Ha3Ba [To3HaueHHS MHOKHUK
KHD. JarT.
Tepa T T 1012
rira r G 102
Mera M M 108
KiJI0 K k 103
T'eKTO r h 102
neKa na da 101
aenu hi d 101
CaHTH C C 107
MUT1 m 1073
MIKpO | MK i 10°
HaHO H n 10°°
IiKO 1 p 1012

[lopsin 3 eTaJloHOM BUKOPUCTOBYIOTh HOr0 [dOJbHI YW KpaTHI BEIMYUHH. Y
Tabnuil 1 HaBeEeHO CTaHIApTHI MHOXXHHMKHM, Npedikcu Ta iX HallMeHyBaHHS Jis
YTBOPEHHS IECATKOBUX KPATHUX 1 JOTBHUX OJAMHMIIb.

BapianT 3amucy: 1Mm=10%, IMM=103m

He ckpi3b y CBITI €TaJlOHOM JOBXHMHM € MeTp. B aHrIoMOBHHX KpaiHax Joci
BUKOPUCTOBYIOTh OMOUM Ta KpaTHI WOMYy OIWHUIN (SK JepXKaBHUU cTaHaapT Bemwkoi
bpuranii groiim BBeneno 1897 p.):

1 (yard) spn = 3 dpyru
1 (foot) ¢yt = 12 moitmiB
1 (inch) nmroitm = 12 niHii
1 (line) niHis = 6 MyHKTIB.

ITpuKias 3amucy TOBXHMHHU B aHTITHCHKiN cuctemi mip: L =37" a6o L =3ft7in.
CriBBIHOIICHHS MK METPUYHOIO Ta IFOMMOBOIO MipaMy HaBeAEHO B TAOIHII 2.
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Taomurg 2.
1 sipn (1 yd) 0.9144m
1 pyt (1 ft=1" 0.3048m
1 mroiim (1 in=1") | 0.0254m
1 minis (1 In) 0.0021m
1 myHkT (1 pt) 0.351mm

Ilkaja BUMipIOBAJIBHOIO NpWJIAAy. Y BUMIPIOBAIBHUX MpUiafax MOILIKA
(mmKaay) HAaHOCSTH Ha JIIHIWKY, BUTOTOBIICHY 3 PEYOBHH, PO3MIPHU SIKUX MaJIO 3ajeXaTh BiJl
TeMrepaTypu, TUCKY Ta 1H. [l/kana BUMIPIOBAIBHOTO MPHJIAAY — 1€ CYKYMHICTh BiAMITOK
Ta 1Udp, HAHECEHUX Y3IOBX MPsAMOI JIHII YW KojJa Ha BiAPAXyHKOBOMY MPHUCTPOI
npunany. Illkanma BignoBimae psiay TOCTIAOBHUX 3HA4YCHb BHUMIPIOBAHOI BEIWYWHH.
BumiproBanpHuii npusiaa Moke MaTH JEKUIbKa IIKal, OJlHA 3 SKUX € OCHOBHOIO. JliHiliHa
BIJICTaHb Y MIXK CYCIJTHIMU HOJIJIKAMU OCHOBHOI LIKAJIM HA3UBAETHCS YiHOIO NOOLIKU.

Homniyc. BaxxuBuM J101aTKOM 0 OCHOBHOI IIKaJIU € HOHiyc. OCTaHHIN J03BOJIsIE
MIJBUIIUTH TOYHICTH BUMIiptoBaHHA B 10 — 20 paziB. JIiHIHHUM HOHIyCOM Ha3WBA€THCS
KOpOTKa JiiHilKka b 3 moauikamu (puc. 3), gKa MO>Ke KOB3aTH B37J0BX OCHOBHOI HIKaU A.
Howniyc ninute MacmtabHy OJMHMIKO HA M PIBHUX 4YacTUH. JJig 3py4HOCTI BUMIPIOBaHb

y

MOJUJIKK Ha HOHIyCl PO3MILIYIOTh HE Ha BIJICTaHl -—, @ PO3HOCSTH M0 MOTO MIKAJ TaK, 10
m

y

: : 1 . .
OJHa IMOAlJIKa HOHlyCa CKiiagacy ——YV. Benuuuna — Ha3MBAETLCS MOYHICNIO HOHRLyCA.
m m

HaiinpocrimmMm € gecsitkoBuii HoHlyc. HazuBaeTbcest BiH AECITKOBUM TOMY, IO MOTO
mkana b cknanaersca 3 10 onHakoBux noauiok. Kpim HOHiyciB, y sikux JgoBxkuHa 10
MOJIUJIOK WOTO MIKaiIu OopiBHIOE 9Y (puc. 1), 3ycTpiuatoTbest HOHiycH, 10 MOIIIOK SKOTO

JIOPIBHIOIOTH 19y .

< \}| i

Puc. 1.
B 00o0x Bumajgkax TOYHICTh BHUMIipIOBaHHSA CTaHOBUTH 0,1y, OCKUIBKH OCTaHHS

BU3HAYAETHCS BIHOMICHHAM LIIHU MOJIJIKKA Y OCHOBHOI IIKAJIU A 10 KUIBKOCTI M MOALIOK

HOHlyca b.

[ITo6 3po0uTH BimJiK, HEOOX1THO BUSHAYUTH YKCIIO TIOJIIJIOK, Ha sIKi mepeMicTuBcs ()
HoHiyca b BigHocHO 0 miHiliku 4. Ha puc. 1 4ymcio moaisiok CTaHOBUTH | Tomisika
OCHOBHOI TIKaiau, To0To 1 mMM. [[7s BU3HaueHHS AECITHX JOJEH MiuTIMETpa Ha MIKail
HOHlyca b mOTpiOHO 3HAWTH Ty MOJLIKY, sIKa HalKpalle 301raeThCsl 3 MOAUIKOI0 JiHINKN A



(Ha puc. 3 1e TpeTs MoK MKaIu HOHlyca). TakuM YMHOM, IITyKaHa JI0BXHHA CTAHOBUTD
1,3 mM.

Hosowcuna 3pazka 00pieHIOE YUCTY YIMUX NOOINOK OCHOBHOI WKAIU NIIOC MOYHICb
HOHIYCA, NOMHOMCEHA HA HOMep U020 NOOLIKU, AKUL 30ieacmbcsi 3 0eaKol0 NOOLIKOH
WKanu.

IlTtanreHupkyJab (puc. 2) CKIAAA€EThCAd 3 OCHOBHOI ImKayu 1 (mITaHru) 3
MUTIMETpOBUMH ToAUIKaMu (Y =IMM), pyxXxoMoOi paMKud 3 HOHIYCHOIO IIKaiow 9 Ta

dikcyrodoro rBuHTa 8. JI)Isi BH3HAYEHHS 30BHINTHBOTO PO3MIPY TiJIa, OCTAaHHE IIUIHHO
3aTUCKYIOTh MK TyOkamu 3 1 7 mraHreHuupkyisa. [licias mporo pyxomy pamky 5
GIKCYyIOTh TBUHTOM 8 1 MpoBOAATH BiAmK. [I[o0 BUMIpSITH BHYTpIIIHIA po3Mip Tija
(HampuKJIaa, BHYTPIIIHIA J1aMeTp TPYOKH UM KUIblA), TYOKH 2 1 6 INTaHTCHIUPKYIIS
BCTABJISIIOTh B OTBIP 1 PO3COBYIOTH iX JI0 HIIJILHOT'O 3ITKHEHHS 3 BHYTPIIIHIMU CTIHKaMU
BHUMIPIOBAaHOTO OTBODY.

2 6 8 5
W </
e
. 9 4
3 7
Puc. 2.

JI1st BU3BHaY€HHs MUOWHUA OTBOPY BUKOPUCTOBYIOTH JIIHIMKY-TIIMOUHOMID 4.

Puc. 3.

OcTaHHIM YacoM 0COOJIMBOI MOMYJISIPHOCTI HaOyIH MUGPOBI MTAHTCHIUPKYI1 (pHUC.
3). Bonu ocHarmieHi piKOKpUCTATIYHIUM €KpaHOM, Ha SKOMY BiJOOpa)katoThCs JiHINHI
PO3MipH BUMIPIOBAJIbHUX TiJI.

MikpoMeTp BUKOPUCTOBYIOTH JUIsi BUMIPIOBAHHS JIHIAHUX PO3MIpIB T 13
touHicTio 10 0,01 MM. MikpomeTp CKIamaeTbcsl 3 MacHBHOI ckoOu 1 3 m’saTrkoro 2 i
muTiHApuyHOT TpyOku 3 (puc. 4). TpyOka Mae BHYTpIIIHIO Pi3b0y, B SIKId XOJWTH
MIKpOMETPUYHHK (OCOOIMBO TOYHHI) TBUHT 13 3aKpIIJICHUM Ha HhOMY OapabaHoM &.
Kpok MikpomeTpudHoro rsunta AopisHioe 0,5 MM (ipu moBHOMY 00epTi OapabaHa IBUHT
MOCTYMAaJIBHO NepeMicTUThes Ha 0,5 MMm).



Puc. 4.

[To TBIipHIH 1UIiHApa 3 HAHECEHO JNiHIMHY mKany (puc. 5) 3 iHTepBagoMm 0,5 MM.
Komu BukpydyBaTh IBHUHT BiJ mojiaku O IIKadu, TO MpU MOBHOMY 0O€pTi 3’SIBHTHCS
nepima BepXHS TOJIIKA IIKaIW, sSka BiamoBigae 3HadyeHHio 0,5 MM. Ilpu HacTymHOMY
ITOBHOMY 00€PT1 MOSIBUTHCS HUXKHS MO1IKA, 10 BIJIOBIIa€ 3HAYCHHIO 1 MM 1 Tak Jasi.

8
3
= Kl
Il'll'l.l.l.ll; 25
0 2120
Puc. 5.

bapaban moxineno Ha 50 piBHMX 4YacTHH Koja. SKmo moBepHyTH Oapaban 8 Ha
OJIHy TOJUIKY MOro IIKaauk, TO MIKPOMETPUYHUN TBUHT 4 TEPEMICTUTHCA B
rOpU30HTAIBbHOMY HanpsiMKy Ha 0,01mm.

[lin yac BUMIpIOBaHHS JIIHIMHOTO PO3MIpY Tijia Oyib-siki oOepTaHHs OapabaHa
HEOOXITHO TPOBOJUTU TUILKK 32 JIONOMOTOI Tpickayku 6 (Mpu MPOCKOB3yBaHHI
TpiCKauKa CTBOPIOE XapaKTEPHUN TPICK, a 11 BUKOPUCTAHHSA 3amobirae mcyBaHHIO Pi3bOU
I'BUHTA; MPU LIOMY TUIO JA€POPMYETHCS MOPIBHSIHO Majo Ta 3aBXIu OaHaKoBO). Ilicis
CIPALIOBAHHS TPICKAYKH 32 AOMOMOTOIO TaJlbMa 7 3aTHCHYTU MIKPOMETPUYHUNA IBUHT 4 1
3amucaTy BiJIIK.

[Timpaxyemo 4ucio X NOAUIOK Ha mikami 3 (mijg JiHiero) Mk 0 1 kpaem OapabaHa
8. Ha puc. 7 BoHO ckiamgae 6MM. MixK IIOCTOIO MOMAITKOIO IIKamu 3 (Iif JIIHIEK) 1 Kpaem
Oapabana 8 3HaAXOIUTHCS IIe OJHA MOIIKA HAJ JIHIEI0, SKa BiAMOBigae 3Ha4eHHIO 0,5MM.
CoTi yacTMHU BIIPaxOBYeEMO Ha mikami Oapabana BimHOCHO TBipHOI. s puc. 5 1e
0,25MMm. OT1xe, TiHIMHUN po3Mip Tija ckiagae 6MM+0,5MM+0,25MM=6,75MM.

BumiproBajabHuii MiKpOCKOIN BUKOPUCTOBYIOTh Y TUX BUITAJIKaX, KOJU MPEIAMETH €
MIKpPOHHUX PO3MipiB a00 KOHTAKTHI METOJIM BUMIPIOBAaHHS HEMOXJIHBI. BumiproBaipHUM
MIKpPOCKOII CKJIAJJA€ThCA 13 3aKpIIIEHUX Yy TyOyci AeTaneil: 00’ eKTHBa, OKYJIsIpa Ta MIKaJH.
JIyist oTpuMaHHS 9iTKOTO 300pa)KeHHS MpeaMeTa TyOyC 3a IOMOMOTOI0 MIKPOMETPUYHOTO
TBUHTAa MOJXKE 3JIHCHIOBAaTH HE3HayHI TnepeMimeHHs. Pobora 3 BHMIpIOBaIBHUM
MIKPOCKOIIOM 3aJIeKUTh BiJ] WOro THILY, BHAY MIKPOOO’€KTa Ta CIOCOOY MiATOTOBKHU




OCTaHHBOTO JI0 CIIOCTEPEXKEHb, XapPaKTePy OCBITJICHHS B MPOLECI BHUMIPIOBAHHS.
OnTUYHUI MIKPOCKON Ma€ po3JUIbHY 3AaTHICTh 10 0,25 MKM.

IMOPAJOK BUKOHAHHA POBOTHU

1. Bumipstu po3mipu L 3amaHux TiT MOCTITOBHO IITAHTCHIIUPKYJIEM, MIKPOMETPOM Ta
BUMIPIOBAJILHUM MiKPOCKOIIOM.

2. IlepeBecTtu oTpuMaHi pe3yabTaTH B JIOWMOBY CUCTEMY MIp.

3. Bkazatu moxubku AL oTpumMaHUX BUMIpIB.

4. Pe3ynbpTaT BUMipIOBaHb 3aHECTH 10 TAOIUII 3.

Tadomur 3

BumiproBaneHuii | MixkHapojiHa ~ cucTeMa | AHTIIIChbKa cUCTeEMa
pUIaI (ST) (the UK)

L AL L AL

I TaHreHIUPKY b

Mikpometp

BumiproBanbHuii
MIKPOCKOII

KOHTPOJIBHI 3AITUTAHHSA

Ha3Batu oguHUIN BUMIPIOBaHHS JOBXHHHU.

HasBaTtu npuniaay a1 BUMIPIOBaHHS TOBXKUHHU.

Onucatu Oy0BY HOHIyca.

Onucat XapakTepHi 0COOIUBOCTI pOOOTH 3 MITAHTCHIIUPKYJIEM Ta MIKPOMETPOM.
HasBatu cmoiBBIOHOIIEHHS MDXK OCHOBHMMH OJUHHIIIMH HOBXHMHHM B aHIUIIMCBHKIN
cucTeMmi mip.

6. HasBaTu aecsTKOBI MHOXKHUKH JOJIbHUX Ta KPAaTHUX €TaJIOHA.

7. Jlatu o3Ha4Ye€HHS I[IHU MOJILJIKK Ta TOYHOCTI HOHIYyCA.

8. JlaTm 03HaYCHHS IIKAJIA BUMIPIOBAJIHLHOTO TIPHIIATY.

9. Sky ¢yHKIIiI0 BUKOHYE TpiCKauka MikpoMeTpa?

10. Sk 3HalTH MOXUOKY MPSIMOTO BUMIPIOBAHHS?

ARl .



2. BABUEHHS PYXY TLIT HA TOXUJIIN MJIOIIAHI

META POBOTHU: nepeBipuTH NPUHUMIIN HE32JI€KHOCTI PyXiB.
OBJIA/THAHHS: 1) noxwna mioniuHa; 2) HaOip Tin (Kyjs, CYHUIbHUH LHTIHID,
MyCTOTUTHH IWTIHAP); 3) AMIKK 3 TCKOM; 4) JiHINKAa.

TEOPETHUYHI BITOMOCTI TA OIIMC IPUJIAIIB
B Toumi A nocnimkyBaHe TiJ0 BIIHOCHO TOYKH B Mae 3amac moTeHIiaabHOI eHeprii
mgh (puc. 1). Ilpu ckouyyBaHHI MO MOXWJIIM TUIONIMHI MOTEHI[laIbHA EHEpris Tijna
2

NEPETBOPIOETHCS B KIHETUYHY €HEPril0 MOCTYMAIbHOTO PyXy , 00epTaIbHOTO PYyXy

2
.
ES 1 BUTpavaeTbCsi Ha poOOTY CUITU TEPTH.
i ()/
I

A

r'y
o
v
C
\_.
)
A\ 4

Puc. 1

S0 pobOTOIO CUIIM TEPTS 3HEXTYBATH, TO 34 3aKOHOM 30€pEKEHHS €HEepIii:

2 2
mv° o
mgh = +—, (1)
2 2
ne m — maca Tina; | — MOMEHT iHeplii Tu1a BIZHOCHO OCl, SIKa MPOXOAUThH Yepe3 LEHTP

MacH Tijga; h — BHCcOTa MOXMIIO1 IUIOIIMHYU; L — JiHIMHA IIBUAKICTH TUIa B TOYlll B; @—
KyTOBa IIBUAKICTH Tij1a B Toulli B.

v
BpaxoByroun, 110 a):E 3 ¢gopmynu (1) 3HAXOAMMO TEOpPETHYHE 3HAYCHHS

IIBUIKOCTI:
2gh
v, = gl —k\2gh, )
1+ 5
mR
k=t 3)
|
1+ 5
mR



ne R —pazaiyc mociiKyBaHOToO Tija.
MoMeHTH 1HepIiT JOCHIKYBaHUX Y Ja00opaTopHid poOOTI TLII:

a) MOMEHT 1HEpLil KyJIl BIIIHOCHO OC1, 10 IPOXOAUTH yepe3 ii neHTp — |, = c mR;;

0) MOMEHT 1HepIlli CYIIJILHOIO MIIIHAPA BIIHOCHO OCI, 110 MPOXOJAUThH Yepe3 Horo
LIEHTP TIEPIIEHIUKYIIAPHO 10 OCHOBH — |, = 1 mRZ :

B) MOMEHT 1HEpIli TOHKOCTIHHOTO ITyCTOTIJIOTO IMJIIHJApa BIIHOCHO OCI, IO
MPOXOJUTH Yepe3 HOro UEHTP MEPHEHANKYISIPHO 10 OcHOBH — |, = manu .

[TincraBnstoun 3HAYEHHS MOMEHTIB 1Hepuii | AocCHipKyBaHMX y JabopaTopHId

po6ori Tit | B popmyny (3), Bu3HAUaeMo K uIs pi3HUX TiJI.
3a popmyioro (2), 3HaFOYM BUCOTY MOXHJIOL IUIONIMHUA N, BU3HAYa€EMO IIBUIKICTh

Uy .
[IIBunkicTte T1a B Toull B MO’KHA BH3HAUMUTH H 1HOIMM MeETOIOM. Po3KiageMo
IIBUJKICTh U, K II0KA3aHO Ha PUCYHKY, Ha JIBl CKJIaJI0Bi: TOPU3OHTAIIBHY U, =UCOS 1

BEPTHKANBHY U, =USIN .

Biacranb, Ky NpoXoauTh TIO B TOPU30HTAIBLHOMY HaIpsiMi, Oyie:

X=pt=vcosat.

3BIIKU:

X
L= (4)
tcosa

Biacranb, sSIKky mpoXOauTh TIIO 3a TaKUW K€ MPOMIDKOK 4Yacy Y BEPTUKAJILHOMY

HaIpsmi:

2 2 2

g’ _uvX gt gt
=ovt+ = + =Xtga +—.
Y=Y 2 v, 2 J 2
3BiJCH:
t= |————=. (5)
[TincraBnstoun (5) B (4), 0AEPKUMO:
Y
cosa,/2(y —xtga)
Ockinbkun  COS = n 1 tga=—, To Qopmyna mis BHU3HAUCHHS MIBHIKOCTI

b

CKCIICPUMCHTAJIbHUM IIIAXOM 6}7)16 MaTH BUTJIAA:

e x\/a :x_l gb
b ( hj b \2(by—xh)
(R

[Ticnst cipolieHHs BUpa3y OTPUMAEMO:
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_ g
v=x 2b(by —xh) (©)

MNOPAJOK BUKOHAHHSA POBOTHU

1. BcranoButn BucoTy moxwioi muomuHd h (h 3amaerbes BukiIagadeM), BUMIpSATH
BiJ|1aJTh 110 TOPU3OHTATI B 1 JOBXHMHY MOXMJIOT TUTOIWHM | .

2. 3 TOYKM A TMYCTUTH MO MOXWUJIN IUIOMIMHI OJHE 3 JOCHIPKYBAaHUX TUI (IIPU LIBOMY
MOTPIOHO CIIJIKYBAaTH, 00 TLJIO MOMAJalIo B SAIIUK 3 MICKOM). BumipsaTu Biggane X 1 Y.

Jlocmia BUKOHATH TPUYL.

3. 3a popmyoro (3) BuzHauuTH K |

4. 3a dopmynamu (2) 1 (6) BU3HAYUTU TEOPETUYHE 1 EKCIIEPUMEHTAJIbHE 3HAYCHHS
[IBUIKOCTI.

5. AHanoTiuH1 AOCIIIN BUKOHATH JUTSl 1HIIIAX TiJl.

6. OOuncauTH aOCOMIOTHI 1 BIJHOCHI IMOXUOKH, MPUNHSABIIA TEOPETUYHE 3HAYEHHS
IIBUIKOCTI 32 ICTHHHE.

7. Pe3ynpTaTi BUMIPIOBaHb 1 00UMCIIEHB 3alIUCATH B TAOIUIIIO 1.

TabOmui 1
v,
Ne o 3pazok ho| b | AL, £,%
M| M| m M| M mje | Mle | mfe
1
g Ky
Cp.
1
2 Huminap
3 CYIUTbHHAM
cp.
1 :
5 LII/IJ'IIHI[.p }
3 MyCTOTLINN
cp.
KOHTPOJIbHI 3AIIUTAHHSA
1. 3axoH 30epekeHHs eHeprii Npu pyci TUIa O MOXWIIIH IUTOIIMHI.
2. ®opmyna 115 BA3HAYCHHS TEOPETUYHOTO 3HAYCHHSI IIBUKOCTI.
3. MomeHT 1Hepuii Kyi.
4. MoMeHT 1Hepuii CYIUIBHOTO IHIIHApPA.
5. MowmeHT iHepIii myCTOTIIOr0 MUITIHpA.
6. dopmyna sl BA3HAUEHHS MIBUAKOCTI €KCIIEPUMEHTAIEHUM CIIOCOOOM.
7. ®opmyna s BA3HAYEHHS Yacy pyXy Tijla rmo mapadodi.
8. Bijacranp, IKy MPOXOAUTH TLIO IO BEPTUKATI.
9. BiacTanp, AKy TPOXOIUTH TIJIO IO TOPU3OHTAII.

10. Sk Bu3HaAua€eThCs KoedirieHt K ?
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3. BAMIPIOBAHHS OIIOPIB 3A JOIIOMOI'OIO MICTKA YITCTOHA

META POBOTHU: HaBuuTHCH BU3HAYATH BEJIMUYMHUA HEBIJOMUX OTIOPIB.
OBJIATHAHHS: 1) jpkepeno Hampyru; 2) MarasuH OIOpPiB; 3) HEBIIOMI OIOPH;
4) ranpBaHoMeTp; 5) mict MO—-62.

TEOPETHUYHI BIJOMOCTI
OnHUM 3 €JIEeMEHTIB eNEeKTPUYHOIO KOoJla € PEe3UCTOp, IO IMEPETBOPIOE EHEPTIIo
EJIEKTPUYHOTO CTpyMy | B TemioBy. ENEeKTpUYHOIO XapaKTEpUCTUKOIO PE3UCTOpa € HOro
omip R, sikuii moB’s3ye ctpyMm | Ta Hanpyry U 3rigHo 3akony Oma:
U
| = - (1)
Bupa3 (1) xapakrepusye IHTErpaibHI BIACTHBOCTI 3pa3ka. JludepeHuianbHO

XapaKTEPUCTHUKOIO PCUYOBHHU 3pa3Ka € IMMUTOMHH OIIp 0 YK eJIEeKTPOIpOBiaHicTE 0 =1/p.
JIns A HAPUYIHOTO OTHOPITHOTO 3pa3ka omip R MiX TOPISIMH:

R=p. @
S
ne | — noBxxuHa; S — TIoIIA MONEPEYHOTO Mepepi3y 3pasKa.
[Ipyu BuUMIpIOBaHHI OMOPY PE3UCTOPIB  BUKOPUCTOBYIOTH  PI3HI  CXEMH,
HAWTIOMIMPEHIIIO 3 SIKUX € MICTKoBa. MicTok VYiTCTOHa, cxeMma sKOro HaBeleHa Ha

puc. 1, cknanaerscs 3 ranpBadomerpa G ta worupeox onopiB R, R,, R,, R;.

U
1 U I
—> ——>
By —1 & 1P

Ry R,

I3 l4

I :l_

R3 C R4

Puc. 1

Ctpym | y By3m B posramyxyerscsa Ha |, ta |,. 3MiHtoroun omip R,, MoxHa
JOOUTHUCH TOrO, IO MOTEHIian ¢ B Todukax A 1 C OyAayTb OJHAaKOBUMH, TOOTO @, =@ .

Toni cTpym uepe3 raJibBaHOMETP HE TIPOTIKATUME, &
I =1 I3 = la. (3)
Jlnst  aHamizy pO3TaNyXEHUX CJICKTPUYHMX MEPEK KOPHUCTYIOTHCS IPaBHIIAMHU
Kipxroda.
[lepuie mpaBuiio: anredpaiuHa cyMma CTpyMIB Y BY3JTi IOPIBHIOE HYIIIO:
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ilizo, (4)

i€ 1 — KUIBKICTh BITOK, SIK1 CXOJIATHCS y BY3IIi.

CtpyMu, 110 BXOASTH Y BY30J, YMOBHO BB@)XAIOThCS JOJATHUMH, a CTPYMH, SIKi
BUXOJISITh 3 By3J1a — BiJ'€EMHUMU.

Jlpyre mpaBuio: anreOpaiuHa cyma AOOYTKIB CTPyMiB BITOK Ha OMOPH PE3UCTOPIB
IIUX BITOK JJI JOBUIBHOI'O 3aMKHEHOIO KOHTypa JOPIBHIOE alreOpuyHIii cyMmi e.p.c. &,

110 JIIFOTh Y [IbOMY KOHTYPI:

iliRi:igk' (5)

SIkmo HampsiM 00X0ly KOHTYpPY HE CHiBHajae 3 HampsMKOM cTpymy (abo 3
HAIPSMKOM e.p.c.) Y KOHTYpi, TO criaj HanpyrH (abo e.p.c.) y KOHTypi HEOOXiTHO Opath 3i
3HAKOM MIiHYC.

3anumemo apyre npaBuiio Kipxroda mna koutypis BAC 1 ADC, BuOpasiiu 00xija
KOHTYpa 3a TOJAMHHUKOBOIO CTPIJIKOIO:

LR, —1,R,=0; (6)
I,R,-1,R,=0. (7)

[TominuBmm piBHsSHHS (6) Ha piBHsAHHS (7) Ta BpaxyBaBIIU CIiBBiAHOIICHHS (3),

0JIEP’KUMO YMOBY PIBHOBarv MOCTa:

R._R @
R, R,
3 (8) orpumyeMo poOouy opmymy JJisi 3HAXOIKEHHST HEB1JIOMOTO OIOPY:
R, =2, ©)
R4

MonTakna cxemMa jJabopaTopHOro o0JIaJlHaHHS MPUBEICHA HA puUC. 2.

Puc. 2

HeBimomuii omip MOKHA BUMIPSITH TAKOX 32 IOMIOMOTOI0 MOCTa TIOCTIMHOTO CTPyMy
MO-62 a6o ommeTrpom. [1{o6 BuMipsiTi HeBimomuit omip Moctom MO—-62 HEOOX1THO:
1. VBiIMKHYTH npuiiaj] y MEpEeXy 3MIHHOTO CTPyMYy.
2. Ilin'eqnaty HeB1IOMHUN omip 10 KiIeM R, .

3. Ha nexagax MHOKHMKIB BCTAHOBUTH IpUOIHM3HE 3HaUeHHA R, .
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4. HatucHyTr KHOMKY 'rpy0o" 1, moBepTaroun pydykd MHOXKHUKIB "x100QQ", "x10Q",
"x1Q" mobutucsa, moO CTpiIKa TrajdbBaHoMeTpa Oyia Ha HyJl. BiANyCTHUTH KHOIKY
"rpy6o0".
5. HatucHyTu kHOMNKY "TOYHO" 1 3HOBY BCTAHOBUTH CTPIUJIKY raJlbBAaHOMETpPA HA HYJIb.
6. [ligpaxyBaTu HEBIIOMUM OITIp 3T1IHO 3 GOPMYJIOIO:

R, =N(X 100+ X, -10+ X, -1+ X, -0,1+ X, - 0,01),
Ie X, X,, X3, X,, X; — BIATIOBIJHI IOKa31 MHOXXHHKIB; N — II0Ka3 nepeMuKaya BiTHOIICHHS
IJICYEH MOCTA.

MNOPAJOK BUKOHAHHSA POBOTHU
1. Moctom MO—-62 nomipsaru nocrtiiidi onopu R, ta R,.

2. 310paTH eneKTpUYHe KOJIO 3a CXEMOIO puc. 2.
3. 3Haroun npuOIM3HE 3HA4YEHHS HeBinomoro omnopy R, , 3a gopmynoro (8) migpaxysatu

npuOym3He 3Ha4eHHs R;.

4. Ha MarasuH1 OIIOpIB BCTAHOBUTH OJ€pKaHe 3HadeHHA R, 1 3aMkHyTH Bumukau K.
3MiHO0UM onip R, 10OUTHCH, 100 CTpIIKa raJlbBAHOMETPA CTaJla Ha HYJIb.

5. 3rinHo 3 popmyioro (9) migpaxyBaTH 3Ha4eHHA onopy R, .

6. Jocunia mpopoOuTH Ui TPHOX PI3HUX HEBIIOMHUX OIOPIB.
7. Pe3ynbraTty BUMIpIOBaHb 1 00UMCIIEHb 3aHECTU B TAOIHITIO 1.

Ta0mums 1
R, Om R;, Om R;, Om R,, Om AR, Om

HOMIHAIbHE nopaxoedaxne HOMlpﬂHe nopaxoeane

No Rz, OM R4, OM

1
2

KOHTPOJIBHI 3AITUTAHHA

Ilepuie ta agpyre npasuiia Kipxroda.

B yomy nonsirae podota mictka YircroHa?

[Tpu sikiif yMOBI CTPYM 4epe3 TaIbBAHOMETP HE MPOXOIUTH?

3axkon Oma 11 OHOPITHOT IUISTHKY KOJIa B IHTETpalibHIM dopmi.
3akoH Oma [1J1 MOBHOTO KOJa.

dopmyna st 00UKCIEHHS ONOPY LUUIIHAPUYHOIO METAJIEBOTO 3pa3Ka.
[TpaBuna pobotu 3 Moctom MO—-62.

Po6oua dhopmyna as 06UrCIeHHST HEBIIOMOTO OTIOPY.

[ITo Take mATOMUM OMip Ta MTUTOMA €JIEKTPOIPOBIIHICTH?

10 P03MipHOCTI TUTOMUX OMOPY Ta MUTOMOT €JIEKTPOIPOBIAHOCTI.

©CONOUAWNBRE
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4. NJOCJIIKEHHSA TEPMOEJIEKTPUYHUX SABUIIL

META POBOTH: mno3HaitomuTuck 3 edekramu [lenprhe 1 3eeOeka.
OBJIAJTHAHHS: 1) taGopaTtopHuil MPUCTPiil 3 JPKEPESIOM HANpyru; 2) aMIepMeTp;
3) Tepmomnapa; 4) MiTIBOJIETMETP.

TEOPETHUYHI BIJIOMOCTI

S0 Temmneparypa KOHTaKTiB PI3HUX METaNliB HE OJJHAKOBA, TO B JIAHI[I031 BUHUKAE
€IEKTPUYHUNA  CTPYyM, HA3UBAHUW  TEPMOCJIEKTPUYHHUM.  SIBUIIE  BUHUKHEHHS
TEPMOEIEKTPUYHOTO CTPyMYy (sBHILE 3eedeKa), a TaKOXK MOB’si3aH1 3 HUM siBUIIA [lenbThe
11 ToMcOHa, HA3UBAETHCA TEPMOECIEKTPUYHU-MU SBUILIAMHU.

B 1821 p. T.3eebexk BCcTaHOBWB, IO B 3aMKHYTOMY KOJi, SK€ CKJIQJa€ThCA 3
MOCTIOBHO 3'€THAHUX PI3HOPIIHUX IPOBIJIHHUKIB, KOHTAKTH MDK SKHMH MalOTh PI3HY
TEeMIIEpaTypy, BUHUKAE ENCKTPUIHUM cTpyM. OCTaHHIN HA3UBAIOTh TEPMOEICKTPUYHHUM, a
eeKT MosSBU CTpyMy — sBuleM 3ecOeka. Habip ABOX MOCHIAOBHO 3’€IHAHMX CIIaiB
HA3MBAIOTh TEPMOIApPOI0. BHHUKHEHHS TEPMOEIEKTPUYHOro CcTpymy | mpuitHsITO
IIOB’SI3yBaTH 3 TEPMOEIEKTPOPYIIIHHOIO CHIIOI &), BEIMUMHA KOl CKIAAAEThCA 3 K.p.IL.

000X craiB TepMOIIapHu.

Buxoassum 3 KiIacuyHOI Teopii BUIBHUX €JEKTPOHIB, KOHTAaKTHA PI3HULS
noTeHIiamB (K.p.1.) A@ Ha TpaHMIll JBOX MeTaldiB A Ta B 3alexuTh BijJ MOTEHIATIB
BUXOAY (o, T4 (,, KOHUEHTpALIH 7, 1 n, CIEKTPOHIB y HUX Ta a0COJIIOTHOI TeMIEpaTypH
T KOHTaKTy:

A¢:¢A_¢B:k_-rln&’ 1)
e ng
ne k — crana boabimaHa; € — eJIeMEHTapHUI 3apsiI.

PosrisitHeMo enexkTpuuHe KOJ0, 300paxkeHe Ha
puc. 1.

BoHo micTuTh 1Ba cnai pi3Hux metaniB A ta B.
Hexail npy HaBKOJNMIIHINA TeMnepaTypl [, Temieparypu

cnaiB BIANOBIAHO JOpiBHIOKOTE [, 1 T,. 3rigHo 3

dbopmynoro (1) pe3ynbTyroda pi3HULS MOTEHINATIB IS
TepMornapu oyne:

k, n
& =Ap — Ay, =g|nn—A(T1—T2) =g (T, = T)).

B

(2)

BennunHy «,; Ha3uBalOTh KOE]ILIEHTOM €JIEKTPOpYLIiiiHOI crim Tepmonapu. Popmyna
(2) orpumana B HaOIMIKEHHI, 110 Hi MOTEHLIAIA BUXOAY ¢, UM (g, HI KOHILIEHTpauli N,
9y N, €JeKTPOHIB HE 3ajieXaTh BiJ TeMIepaTypu. B mpuHuumi 1ie HeBIpHO, OJHAK Ha

MPaKTHUIll BUpa3 (2) BUKOHYETHCSA B IMIMPOKOMY Jiama3zoHl TeMIepaTyp s 0araTboX rmap
MeETaiB.
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Oxkpim sBuiia 3eeOeka BIIOMI 1HIIN TepMOeNeKTpruyHi siBuia. Tak, y 1834p. XK.11.—

A. IlenbThe BIAKPUB 3BOPOTHUM €(EKT: MpHU MPOTIKaHHI CTpyMy | dYepe3 KOHTAKT JIBOX
METaJIIB Yy CIai BUIALIAETHCS (UM MOTJIMHAETHCS ) TEIIOTa!

AQ, =111t Ta AQ, =11,,1t, (3)

ne Il,zta Il,, — cram llenbThe AN NaHMX KOHTAaKTIB; t— yac IpPOTIKAHHS CTPyMy.

BuninsgatuMeThcsl UM MOTIMHATUMETHCS TeIuioTa llenbThe y maHoMy crai — 3aJekuTh Bijl
HaMpsMKY cTpyMy | . 3acTocyemMo 0 TEPMOENEKTPUUHHUX SIBUILl 3aKOHU TEPMOIMHAMIKH.
BBaxaroun sBume [lenbThe 00OPOTHUM, 3allUIIEMO HE3MIHHICTH EHTpOMii (PIBHICTH
Kiaysiyca) nis repMornapu:

Tl T2
[TincraBuBmu y (4) Bupa3 (3), orpumMaeMo 3B’ 130K Mk Koedirientamu [lenbThe:
T
R (5)
Tl

B. Tomcon (y MaiiOyTHbOoMY Jop KenbBiH) 3BEpHYB yBary Ha Te, IO Pi3HI JUISHKH
TepMoOIapu MepedyBaloTh MPU PIZHUX TeMIleparypax. AHAII3YIOYW 1€ SBUILE, BIH Yy
1856p. BcTaHOBUB TpeTik TepmoauHaMiuHuil edekT (edekt TomcoHa): SKIIO B3AOBXK

: : . oT : .
MeTaiy, IKUM IpOTIKae cTpyM |, ICHye rpafieHT TeMreparypu o TO, KpPIM JIKOYJIEBO]
X

TEII0TH:

AQ, =I°Rt, (8)
ne R — omip 3paska, Ha miasHIi X BUAUIATHMETHCS (UM MOTJIMHATHMETHCS) IIE AesKa
KUJIBKICTD TEILJIOTH:

dQ=ol o dx, 9)
OX
ne o — koedimieHnt ToMcoHa.
Terutora ToMCOHa 3HAYHO MEHIIA 3a JKOYJIEBY
TEIJIOTY, TOMY Ha MPAKTHII HEIO YaCTO HEXTYIOTh.
JlocnmimKyBaTi TEPMOETEKTPUYHI sBUIA OyIeMo
Ha J1TaOOpaTOPHOMY TIPHUCTPOI, EIEKTPUIHA CXeMa
SKOTO HaBeJIeHa Ha PHC. 2.
Moro 0CHOBOIO € MOMIlIIeHHi B TEPMOCTAT
13 TeMmmepaTyporn [, cmail OBOX map PpI3HHX

METaJliB.

Yepe3 KOHTAKT TEPIIOi AP MPOMYCKAEMO
ctpym |, a apyra wacTWHa Crmaro CiayryBaTHMe
Puc. 2 €JIEMEHTOM  TEpMONApH  JUIA  BH3HAYECHHS
TeMIEpaTypu T, KOHTAKTYy.

VY Toli yac, KOJIM Mpu 3MiHI HANpsIMY CTpyMy TerioTa [lenpThe 3MiHIOE CBIl 3HAK Ha
NPOTUIICKHUM, JDKOyJIeBa TEIJIOTa 3HAKy He 3MiHIOe. ToMy, NMpu HpPOTIKaHHI CTPyMy
onHI€T 1 Ti€T % cuin | B pI3HMX HampsiMax, TeMIEpaTypu KOHTAKTy OyayTh pi3Hi —I, Ta
T,. BBakarouw, 110 TeMIieparypa:
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AQ AQ, +AQH
T=p n =p , (10)
KA BCTAHOBUTBCA HaA KOHTaKTi, nponopuiﬁHa IMOTOKY TCIUIOTH —— IO BBOAWUTBHLCA B

TEPMOCTAT, OOYMCIMMO Pi3HULIO Temiieparyp T, Ta T,':

Tl—Tl’:g[AQﬂ +AQ, —(AQ, —AQH)]=217ABm. (11)
Pi3HuIs TEpMOETEKTPOPYUIIHHUX CHJI, SIK1 IOKA3y€e MUTIBOJBTMETP, CKIIae:
& — & =y (Tl _Tl,) =l f1. (12)

VY naniii poboTi OyneMO €KCHEpUMEHTAIbHO IEPEBIPATH 3aleXKHICTh & —&; BiA
BEJIMYMHHM Ta HANIPSIMY cTpymy |.

IMOPAJOK BUKOHAHHSA POBOTHU

1. VYBiIMKHYTH J1a0OpaTOpHUI PUCTPIN Y MEPEXKY HKUBICHHS.

2. BucraButn 3HaueHHS CcTpyMy | Ta 3HATH TOKa3W MITIBOJIBTMETpPA MPU TPIMOMY
HarnpsMi IPOTIKAHHS CTPYMY.

3. Ilokasu |, & Ta & 3anucatu B Tabimmio 1.

B

3MIHUTH HanpsiM cTpymy | Ta moBTOpUTH IMTyHKTH 2 1 3.
5. IloGynyBatu rpadik 3aj1exKHOCTI & — &, B CTpyMy |.

Taomung 1

I, mA4

&, MxB

&, MkB

KOHTPOJIbHI 3ATIMTAHHS

1. Illo Ha3uBarOTh KOHTAKTHOIO PI3HUIICIO MOTEHITIATIB?

2. 3aKO0H IIOCIIJOBHUX KOHTAKTIB BobpTH.

3. Illo HazuBaroTh Tepmonaporo? Ake ii mpakTUUHE 3aCTOCYBaHHS?
4. OsnaueHHs audepeHIliaaIbHOi TepMOTapH.

5. B domy momsirae TepMoesieKTpuyuHe sBuiie 3eedoexa?

6. O3HavyeHHS TEPMOETIEKTPOPYIIIIHHOI CHUITH.

7. CyTb TepMOENEKTPUYHOTO ABUIIA [IeabThe.

8. TepmoenexkTpuuHe siBuile ToMcoHa.

9. ®opmyna ans o6qI/IcneHH51 KOHTAKTHOI Pi3HUIIl TOTEHII1JTIB.
10. IIlo o3Havae Bupa3 “Tpadi€HT TeMIepaTypu’?

5. HATPIBAHHSA PEYOBUH EJIEKTPUYHUM CTPYMOM

META POBOTH: nepeBiputy BUKOHaHHS 3akoHy J[>koyns - JIenma.
OBJIA/IHAHHS: 1) naGoparopHuii MPUCTPIN 3 MUTIaMIIEPMETPOM;
17



2) MUTIBOJILTMETP; 3) TepMoOIIepeTBOPIOBAY; 4) mxepeno
KUBJICHHSL.

TEOPETHUYHI BITOMOCTI
Enepris W, sixka BUAUIAETHCS HA JUISHIN €IEKTPUYHOI MEPEXKi MpU MEepeMIlIeHH]
3apsiay, JOPIBHIOE TOOYTKY BEJTUYMHU 3apsaAy ( Ha pi3HUIIO noteHIianis U :
W =qU. (1)
Bona mMoxe mepexoauTy B €HEPTii0 eIEKTPUYHOTO YM MAarHiTHOTO TOJIB Ha €JIeMEHTax
Mepexi (KOHIEHCATopl 4Yd ApOCeni), MepeMillyBaTh NpPOBITHUK y MarHiTHOMY IO,
HIIIIOBAaTH XIMIYHI  peaxiiii, Har‘plBaTI/I pedosuHy  Ta inme. Haspani nporec
BiIOYBaIOThCS SIK KOKEH TMOOJWHIN, TaK 1 JEKUIbKa OJHOYAcHO. ICHYIOTH Taki i/eanbHi
CJIEMEHTHU eJIeKTpUYHOi Mepexi, e Bcs eHepris W mepexomuts y Terioty Q. Bonu

Ha3MBaIOTbCs  pe3ucTtopaMd. (OCHOBHOK — XapaKTEPUCTUKOK  pPE3UCTOpa €  HOro
enexktpuuHuid omip R. BigmoimHo no 3akony Oma BenuuuHa cTpymy |, 1o mportikae
Yyepe3 pe3ucTop, NpOoIopliiiHa MpUKIaAeHId 10 pe3uctopa Hamnpysi U ta oOepHEHO
npornopiiiitHa onopy R:

== 2)

BpaxoByroun, 1mio 3apsa (, SKHE IPOTIKAE depe3 IONEpeyHUil mepepiz pe3ucTopa,
pOTOpLINHUN BeTnurHI cTpyMy | Ta gacy t:
q=1It, 3
dbopmyny (1) mns termmotu Q 3ammmemo y BuUIsSal 3akoHy JDkoyms — Jlennma B
IHTerpaIbHId Gopmi:
Q=1°Rt. (4)
Kinpkicte Termmotun Q, ska BUIUISETHCA HA PE3UCTOPI, MPOMOPIIHHA KBaJapaTy CHIIU

cTpyMy, omnopy R pesuctopa Ta uvacy t. Lleit 3akon y 1841 p. Bmepiie BCTaHOBUB
Ixeitmc—IIpeckor Jlxoyns. Tyt dopmyna (4) orpuMaHa 3 BHKOPHUCTAHHSIM 3aKOHY
30epekeHHsl €Heprii 1 HOCUTh 3arajbHuil Xapakrtep. Jocmin miaTBepKy€e BHUKOHAHHS
BUpa3y (4) K JU1sl METajiB, HAMBOPOBIIHUKIB, IJIa3MH, TaK 1 €JIEKTPOJITIB.

Po3paxyHOK TEII0BUX NOTOKIB B OKPEMUX, KOHKPETHO 3a/laHuX 00’€Max pedOBHHH,
3IACHIOIOTH 3a JomnoMorow 3akony Jlxoyns — Jlenna, 3anucaHoro B audepeHuianbHind
¢dopmi. Huxue HaBeIeHO TpU PIBHOLIIHHUX (POPMU 3aMKCY BOTO 3aKOHY:

w=(i-é)=a-E2=§jz, 5)

Je¢ @— TYCTHHA TEIUIOBOI MOTY>XHOCTI (TEIUIOTa, SKa BUAUISETHCS B OJUHHUII 00 €My
PEYOBMHM 3a OAMHMII0 4Yacy); O — MUTOMa TMpPOBIIHICTG pedyoBHHH; E— BekTop
HAMPYKEHOCTI €JICKTPUIHOTO MOJIS; | — BEKTOP T'YCTHHH €JICKTPUIHOTO CTPYMY.

OcHoBH Teopii TemIONpoBIAHOCTI Oyno 3akiageHo Ha modatky XIX cr. XKan -
batuctom ®@yp’e. 3rigHo 3 3akoHOM Dyp’e, KIMbKICTh TeroTH Q, sKa MpoTiKae yepes

MOTIEPEYHUN TIepepi3 S PEUYOBHHHM, 3JICKUTH BiJ ii TEIJIOMPOBITHOCTI Y Ta Tpaji€eHTa

TEMIepaTypu —:
dz
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Q=z§st (6)
Z

OTxe, B CTallOHApHOMY BHUNAAKY (KOJU TEIUIOBI MOTOKH BCTAHOBIATHCS), KUIBKICThH
03CIgHOI IIUM LUISIXOM TEIUIOTH IpOHOopIiiiHA PIZHULI TeMIiepaTyp 7 HarpiBaJLHOTO
@

eleMeHTa Ta 1, HABKOJIMIIHBOIO CEPEAOBHIIA:
qu = k¢(T _Ts) . (7)
Koeiuient K, 3anexutsh BUKIIOYHO Bil HOPMHU Ta TEIIONPOBIAHOCTI KOHCTPYKTUBHUX
CJIIEMCHTIB TIPIIIATY.
3aKOHM BUIIPOMIHIOBAHHS TEIIa MOBEPXHAMM HArpiTUX TUI CTaIM 3PO3YyMUIMMHU
mume B kiHIml XIX cr. Tak, 3akon Credana — bonpliMaHa cTBepiKye, IO KIIBKICTh
BUMPOMIHEHOT TEIJIOTH MPOIOPIliHHA YeTBEPTIM CTemeHl aOCOMIOTHOI TeMmmeparypu T

HOBerHi TiJIA. BanOBYIOLII/I OJHOYACHC IIOITIMHAHHA  TCIINIOTHU OTpHMaHOT 3
HaBKOJIMITHBOT'O CCPCAOBUIITA, MATUMCMO PC3YJIbTYIOUYC CHiBBiIIHOIHGHHHI

4 4
Qe =k, (T"=T). (8)
Koedimient Kk, 3a1exuTh Bij IUIOII Ta CTaHY HOBEPXHI Tija.
Ha puc. 1 naBeneno xapakrepuuit xin kpusux Q, ta Q.

4 Q

Q On

Puc. 1

BunHo, mo npu HU3bKUX TeMIiepaTypax T Tijla Ta MaJIuX PI3HUISIX TeMiepaTyp T i
T, HABKOJIMIIHBOTO CEPEOBHIIA IIEPEBAYKAE MEXAHI3M TEILUIONPOBIIHOCTI, a TP BEIUKHX
— paaianiiHoil TeTIoB1I1aul.

Y naGopatopHiii poOOTi OyaeMo JIOCHiIKyBaTH
HarpiBaHHs JPOTHUHM Ha MPHUKIAJAl TEpMONEPETBOpIOBava
TBb — puc. 2. OcTaHHIi CKIAJa€ThCA 3 BaKyyMOBAHOTO
OajioHa, B SIKOMY /10 TOHKOI JIPOTHHH, LIO HArpiBa€ThCs
CIEKTPUYHUM CTPYMOM, TiJ’€lHaHa TepMmorapa ‘“BICMyT—
cypma”’. CxematuyHo OyaoBa TepMOIEPETBOpPIOBAYA
HaBeneHa Ha puc. 2. Kinmi apotuHu Ta TepMomnapu
3HaXOAUTHCS npu Temmeparypi T .TepmoenexkrpopymiiiHa

cuna U TepMmomnapu 3aJIeKuTh BiJ PI3HUIN TeMmrepatyp |
Puc. 2 Ta T3 :

U=a(T-T,), 9)
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e koedimienT Tepmoenextpopyiitaoi cumn o« =0,111 MB/K .
Pob6oTta momnsirae B TeCTyBaHHI TEPMOIIEPETBOPIOBaYa, TOOTO 3HATTI 3aJI€KHOCTI
Temrnepatypu T IpOTUHH Bif cTpyMy | B Hilid.

MNOPAAOK BUKOHAHHSA POBOTHU
1. VBiMKHYTH TabOpaTOpHE YCTaTKYBaHHS Ta 3HATHU 3ajexHicTh U Bix | .
2. BignosigHo no ¢gopmynu (9) nmopaxyeatu T —T, Ta moOyayBaTH rpagik 3ai1eKHOCTI

T-T, Bin | 2 Jlaui 3anucaru B Tabauio 1.

3. 3HaiiT MiHIMaJIbHE 3HAaYeHHSA cCTpymy | BUIIlE SKOTO BIAXWIECHHA JTaHUX

m?°
EKCTICPUMEHTAJILHO 3HATOI KPUBOI BiJl JIIHEAPHU30BAHOI MPH MaIMX CTPyMax MEPEBHUIILYE
5%.

4. IlopaxyBaTu I'yCTHHY TEILIOBOI IOTYXKHOCTI @, sIKa BUIUIAEThCA Ipu ctpymi | =1 3a

ymoBH, mo ToBmuHa Apoturn d =0,01 mm, a il murommii omip o =1,6-10"° Om - .

Taomums 1
Ne I, MA IZ,MAZ T—T3,K l],B
1
10
KOHTPOJIBHI 3AIIUTAHHSA

SKi eeMeHTH eeKTPUYHOTO KOJIa HA3UBAIOTh Pe3UCTOpamMu?

3akoH Oma 11 OAHOPIAHOL IUISTHKY KOJIM B IHTETPAJIbHIN (opMi.
3axon Oma 111 OTHOPIAHOL ITISTHKY KOJIM B JudepeHIiianbHii hopmi.
3akoH J>xoyns - JIeHia B iHTerpanbHiit hopmi.

O3HaueHHS I'yCTUHH TETIOBOT MOTY>KHOCTI.

Busenenns 3akony Jlxxoyns - JIedna B audepeHiiaibHii popmi.
3aKkoH TerTonpoBigHOCTI Dyp’e.

[lo Take rpamieHT TemMnepaTypu?

Sk BU3HAYAETHCS TEPMOCIIEKTPOPYIIiifHA CHUJIa TEPMOIIApH.

10 OCHOBHI IIUISIXY BiJIBEICHHS TETUIOTH BijJl HATPITUX TiJI.

©CoNOTRWNE

6. BUBHAUYEHHSA 'OPU30OHTAJIBHOI CKJIAJOBOI MATHITHOT'O
HOJIA 3EMJII

META POBOTH: 3acoitu 3akon bio-CaBapa-Jlammaca ta MeTroaum BUMIPIOBaHHS
HANpPY>KEHOCTI MarHiTHOTO TOJS.

OBJIA/ITHAHHS: 1) TanreHc-raibBaHOMETp; 2) aMriepMeTp; 3) peoctat; 4) JpKeperio
Hampyrd;  5) IBONOJIIOCHUI  mepeMukad;  0) 3’€qHYyBalIbHI
POBITHUKHU.
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TEOPETUYHI BIJIOMOCTI
MarmniTHe noJie 3emuri
Cepen mnaner CoHsS'YHOT CMCTEMM 3HAauHI MarHiTHi nons € y 3emii, FOmitepa Ta
Carypna. 3emis mae Haitoubine nosie (y 500 pa3ziB Oubiue, Hixk y Mapca, 1 B 2000 — HIX y
Benepwu). binst moBepxHi 3emini HOro Hampy»KeHicTh 3MIHIOEThCS Bigx 32 A/m Ha ekBaropi

1o 44 A/m Tta 54 A/m BIANOBIZHO HA MIBHIYHOMY Ta IMIBJCHHOMY ITOJIFOCAX. 32 MEKaMH

3eMJyIi Hampy >KEHICTh TMOJs MBUAKO cragae 1 Bxke Ha Biggam 10 3emHux pamaiycis (~ 60
muc. km) 3MeHIyeTbes B 1000 pasis.

MarniTHe mnoje 3emii B NEpIIOMYy HaOJIMKEHH1 301ra€TbCcsi 3 MAarHiTHUM IOJIEM
JUTOJIS, PO3MIILIEHUM Y ii IeHTpl. BoHO miATpuMy€eThes cTpyMaMu B paflaliiiHuX mosicax,
MarHeTU3MOM T1PCHKHUX MOPiA, HUPKYJISAIIEI0 CTPYMIB y PIAKOMY SApi TOIIIO.

MarmiTHUMH TIOJTIFOCAaMU  3eMJTl Ha3WBAaIOTh MICIS, 1€ CHJIOBI JIHIT TPOXOISTH
BEpTUKAIbHO. Ha miBHOYI 3HAXOMUTHCS MIBIACHHWA MArHITHUW TIOJIOC, a HA MIBAHI —
NiBHIYHUN. Bick MarHiTHOro moJjs, M0 NPOXOJUThH YEpe3 MOro IMOJIICH, HE 30iraerbcs 3
BicCl0 oOepTaHHs 3emiii; KyT ckiagae Ouns 11°. Big reorpagiyHoro A0 MarHiTHOTO
nostoca 0mmu3bko 1400 xv. MarHiTHI HOJIOCH MOCTIMHO PyXarOThCs, 3MILIYIOUHCh Y PIK
Ha 20 xm.

Kyr M™MbK BEKTOpOM Hampy>KEHOCTI TOJsl Ta TOPU3OHTAIBHOIO IUIOIIMHOIO
HA3MBAIOTh MAarHITHUM HaXWJIEHHAM, a KyT MDK MAarHiTHUM Ta reorpadiyHuM
MepHIiaHaMU — MarHiTHUM CXWJICHHSM. MepuaiaHOM Ha3UBalOTh JIHIIO IEPETUHY 3EMHO1
KyJI1 TUIOIIMHOIO, 110 TPOXOJIUTH uepe3 Bich 3emiil. Uepes KoKHY TOUKY 3eMJll MPOXOISATh
CBO1 MepH/IiaHu — reorpapiyHuil Ta MarHITHUH.

Bekrop H MarmiTHOrO momst 3eMii MOXHA PO3KIACTH HA TOPH30HTambHY H , Ta
BepTuKanbHy H, ckimanosi. Ha exBaTopi € nuiie ropu3oHTalbHa CKJIAZ0Ba, a Ha MOJI0CaX

— BepTUKaJbHA. HampsiM ropu30HTaNbHOI CKJIaJ0BOI MOYKHAa BU3HAYUTH 3a JOMOMOTOIO
marHiTHOro kommnaca. (IIpo uei mpunaa 3ragyeThcsi B KUTaChbKUX XpoHikax yxke 1100 p.)
Komnac He3amiHHMI B HaBiraiiii, reojie3ii Ta 1HIIUX TaTy3sX.

MarHiTHe 1oJie KOJIOBOTr0 BUTKA 31 CTPyMOM
1820 p. XK.-b.bi6 Ta @. CaBap exkcnepruMEHTAJIbHO BCTAHOBWJIM, IO KOXKEH
€JIEMEHT MPOBITHUKA 31 CTPYMOM CTBOPIOE MArHITHE TOJI€ HAMIPYKEHICTIO:

-1 [Idf,?]
dH _ET’ (1)

ae [Idl ,F] — BEKTOpHUHU J00yTOK enemeHTa ctpymy ldl Ha BekTop I TOYKH, B sIKid

BH3HAYAETHCS MATHITHE MOJe, SK MOKasaHo Ha puc. 1. Hampsim Bextopa dH Moxma
BU3HAYUTH 1 3a MPABUIIOM IIPABOIO IBUHTA.

Jliist kKosoBoro BUTKa paaiycoMm R (auB. puc. 2) BiamoBimHo 10 3akoHy bio-CaBapa-
Jlamaca Hanpyxenicth H,, y #oro wnentpi O 3a NpUHLUIOM Cyneprno3uLii

BU3HAYAETHLCA:
27R 1 c2zr |dl |

|
—, 2
Az R?* 2R D @
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ne D — miamerp BuTKa. SIKIIO TOJIE CTBOPIOETHCS TIOCKOIO KOTYIIKOIO 3 N OHAKOBUX
BUTKIB, HOTO Hanpy>keHicTh Oyne B N pa3siB OUIBIIONO:

NI
Hie=NH = ®3)

Puc. 1 Puc. 2

TaHreHc-raaibBaHoMeTp

TanreHnc-ragpBaHOMETp — 1€ IJIOCKA BEpTUKadbHA KOTYIIKAa MPOBITHUKA 31
CTPYMOM, y LEHTpl SKOI 3HaxoguThcs kommac. KoOTyliKy po3MillyloTh y IUIOLIMHI
MarHiTHOrO MepHiaHy TaK, 110 CTBOPEHE HEK Moje OyJo MEepHeHAUKYJspHE O MO
3emii. 3a MPUHIMIIOM CYIEPIO3UIlli pe3yabTyloue Moje Oy/e BEKTOPHOK CyMOIO JBOX
NoJIIB — 3eMJIl Ta KOTyIKH. CTpulka KOMIIacy, sKa 37aTHa 00epTaTUCh Y TOPU3OHTAIBHIN
IUIOLMHI, BCTAHOBUTHCS B3JIOBXK HAIPSMY TOPU30HTAIBHOI CKIIAIOBOI PE3YJIBTYIOUOTO
moist H , sk mokasaHo Ha puc. 3. KyT o BIiOXWICHHs CTPUIKH KOMITaca BiJl MarHiTHOTO
MepHaiaHy MOKHA BU3SHAUUTHU 31 CIT1BBIIHOIIICHHS:

g :%. 4)

Puc. 3

3Bakarouu Ha 3aJeXHICTH (3), BUpa3 (4) HaOye BUTIIALY:

tga :ﬂ. (5)

3 piBusaHHS (5) BUgHO, MO tga mpomopuiiHuii cTpyMmy | yepe3 KOTYIIKy, TOMY,
3HAIOYM KyT ¢ Ta BEJIMYMHY H, Mar"iTHOro mnois 3eMii, MO’KHA BU3HAYUTH CTPYM:

I:DlN_Itha:C-tga. (6)

Came uepes 11e TaHHi NpUaj 1 Ha3UBaOTh TaHT€HC-TallbBaHOMETpoM. BianosigHo 110 (5)
ta (6) orpuMyeMo ¢opMyidy JUld BHM3HAU€HHS TOPU3OHTAJIbHOI CKiIamoBoi H,.

HaANpPy>KEHOCTI MarHiTHOTO TOJIST 3eMJIi:

N
HF:BC. (7)
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Bemnunna C  npakTHyHO HE3MIHHA JUJI8  JaHOI MICIIEBOCTI Ta TE€OMETPUYHUX
xapakTepucTuk  kotymkd. Cranmy C  TaHTeHC-ralbBaHOMETpPA  3HAXOJAUTHMEMO
EKCTIIEPUMEHTAILHO BIAMOBIAHO 110 (6):

I

C=—.
tgo

(8)

MNOPAAOK BUKOHAHHSA POBOTHU

1. TloBepratoun koTymky K TaHreHc-TaJbBaHOMETpa, 3a KOMIIACOM CYMICTHUTH i 3
TUTONMHOIO MAarHiTHOTO MEpHUIiaHy.

2. 3i0path eNeKTpUYHE KOJIO 3a HABEACHOIO Ha puC. 4 CXEMOI, YBIMKHYBIIHU 3aJlaHE
BUKJagaueM yncio N BUTKIB TaHT€HC-TAIbBAHOMETDA.

A
S :

Puc. 4

3. 3aMKHYBIIM nepemMukad [/, miaiopaT peocTaToM CTPyM Tak, 00 CTpiiKa Kommaca
BCTAQHOBMJIACh Ha 3aJJaHUH BUKJIaJa4eM KyT ¢, . 3amucaTu 3Ha4eHHs CTpymy |, .

4. TlepemukayeMm 3MIHUTH HANpsSM CTPYMY Ha MPOTUIIEKHHM 1 peocTaToM MiglOpaTu Take
ioro 3HaueHHs |, o6 cTpiiKa KOMIIaca BiAXWIMIack Ha Kyt (-, ).

5. O6uncnutu cepenne 3HadeHHs crpymy |, =0,5-(1/+1)) 1 3a popmynamu (8) ta (7)
Bu3HauuTH cTamy C TaHreHc-TaabBaHOMETpa Ta TOPU3OHTAIbHY CKiIagoBy H .,

T€OMAarHiTHOTO TOJIS.

6. AHajoriuHi BUMIpDIOBaHHA Ta OOYMCIIEHHsS 3pOOMTH UIl KyTiB «, 1 a,. [aHi
BHUMIpPIOBaHb T2 0OYUCIIEHb 3aHECTH A0 Tabmui 1.

7. O0umcauTy NMOXUOKY BHMIPIOBAaHHS T'OPU30HTAJIBHOI CKJIagoBOi H, reoMarHitHoro

noJist 3emiti 3a hopmyioro (TYT KyT & 'y Tpagycax):

AHF:(£+A—I+ 7 Aa jH 9)

D | 90sin2a
Taomums 1
N [Dbmv [N |a (Qa [ 1”4 |1" 4| 1,4 |C 4| H. 4m | AH,, 4/
1
2
3
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8. O0uucauTH cepeaHe 3HAUCHHS <H F> 1 MOIaTH PEe3yNbTAaT BUMIPIOBaHb Ta OOUMCIICHD Y
BUTJISIZI IOBIPYOTO 1HTEPBAITY:

H.=(H, )*AH,. (10)

KOHTPOJIBHI 3AITUTAHHSA

1. OcHOBHI XapaKTE€pUCTUKH MAarHITHOTO MOJISt 3eMJTi.

2. 1o Ha3zuBarOTh Mar"iTocdeporo?

3. O3HaueHHS MarHiTHUX TOJOCIB 3eMIi.

4. Illo o3Ha4arOTh TEPMIHU ,,MATHITHUN MepuiaH”’, ,,MarHiTHE CXWUJIEHHS , ,,MarHITHE
HaXWJICHHS ?

3akon bio-Caapa-Jlaruiaca ta 3anucatu Woro Gopmyiy.

dopmyna st 00UKCICHHS HAIIPYKEHOCTI TOJIS B HEHTP1 KOTYIIKU 31 CTPYMOM.
Sxuii mpunaa Ha3UBAKOTh TAHTEHC-TATHBAHOMETPOM?

BynoBy TaHreHc-TambBaHOMETpA.

B sxux oIMHULIAX BUMIPIOIOTH HAIMIPY>KEHICTh MArHITHOTO TOJIsA?

10 dopmyiia ISt 3HAXOKEHHS CTaj0l TAHT€HC-TallbBAHOMETPA.

Woo~N O

7. BUBHAYEHHSA TOYKHU KIOPI ®EPOMAT'HETUKA

META POBOTMH: 3acBoitu 3akoH Kropi-Belicca Ta HOHSTTS B3a€EMHOT 1HYKITII.

OBJAJIHAHHSI: 1) npuctpiii ans BusHadeHHS Touku Kropi; 2) MITiBOJIBTMETD;
3) miiammnepmeTp; 4) aBroTpanchopmaTop (JIATP);
5) 3’eqHyBaJIbHI TPOBITHUKH.

TEOPETHUYHI BIJOMOCTI
depoMarHeTusm

@depoMarHeTu3M — MAarHITOBIOPSIIKOBAHUM CTaH MAaKpPOCKOMIYHUX 00’ €MIB
pedyoBUHM ((pepoMarHeTukKa), B SIKUX MAarHiTHI MOMEHTU aTOMIB (MOHIB) MapajeibHi Ta
0JIHaKOBO opieHTOBaHI. KpiM ¢epomarHiTHOrO, (hepomMarHeTuk Moke nepeOyBaTtu 1 B
MapaMerHiTHOMY cTaHi. 3MiHHM cTaHy ¢epomMarHeTuka BiOyBalOThCS B pe3yJIbTaTi
dazoBoro mepexody Apyroro poay. TumoBumu (pepoMarHeTHKaMH € IEePeXiJHI MeTaau
(3ami30, HIKeNIb, KOOAJIbT), a TaKOX IXHI cruiaBu. llpu HU3BKUX Temmeparypax y
dbepoMarHiTHOMy CTaHI MOXYTh TEpeOyBaTH TaKOX JEAKl PIAKICHO3EMEIbHI MEeTalu
(ramomniHiid, TepOii, TUCTIPO3iH, TONBMIHN, epOiid, TyIii).

3 Mar"HiTHUM TOJIEM TOB’si3aHa MEeBHA €Hepris. Buxoasun 3 MpUHLUIY MIHIMyMY
NOTEHI[1aIbHOI €Heprii MOXHa JOMYCTUTH, 10 PEYOBUHI €HEPTe€TUYHO BUTIAHO PO30UTUCH
Ha HeBenuki (06’ emoM 10 1073 MM3) 0071aCTI — JOMEHH, — HaMarHi4ueH1 0 HaCHUCHHs, ajie
OpIEHTOBaHI B PI3HUX Hampsmax. Y MIJCYMKY Pe3yJbTyloue MoJie BCIEl PEHOBUHH MOXKE
OyTH BIJICYTHIM.
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XapakTepHoto 0coONMUBICTIO (DEpOMArHeTUKIB Y (PEpOMAarHiTHOMY CTaH1 € CKJIaJHa
HEeNIHIHA 1 HEOJHO3HAayHa 3aJeKHICTh MIXK IHAyKUi€l0o B Ta Hampyxkenictio H
MAarHITHOTO TIOJIsl — TaK 3BaHa MeTJIs rictepesucy (puc. 1).

B

A

Puc. 1

\4

I3 3anexxHOCTI IHAYKINT BiJl HAIPY>KEHOCT1 Y BUTJIAI, K JUIs TapaMarHeTHKa:

B = pu,H :(%+1)ﬂoH , 1)
BUILIMBAE, 1110 MAarHITHA MPOHUKHICTh 4 (YM MAr"iTHa CIPUUHSATIUBICTD ¢ ) € CKJIQJHOIO
HEOJ/IHO3HAYHOIO (PYHKITIEIO HAMIpYy»KeHoCcTI H .

[Topsin 13 Benmukoro MarHiTHOIO mpoHuKHICTIO (4 ~1000 — 100000) Ta meriero
riCTepe3ncCy, TPEThOI OCOONMBICTIO (PEPOMATHETUKA € HAABHICTH TEMIEPATYpH I., NpH
nepexoAl yepes Ky BiAOyBaeTbesa (pa3oBHil Mepexi] Apyroro poay — i3 epoMarHiTHOrO B
napaMarHiTHUHA CTaH.

B excnepumenrax 13 3amsoM II. Kropi BcTaHOBHB, 110 IIpY NEBHIN TeMnepaTtypl 1.

BOHO BTpayae BIACTUBICTh (hepOMAarHeTHKa 1 NMEepPeXOoAUTh B MapaMar”iTHUil crad. Lo
TeMIlepaTypy Ha3MBarOTh TOUKOIO Kropi.

3aJIeKHICTh MAarHiTHOI CHOPUMHATIMBOCTI ()EPOMATHETUKIB BiJ aOCOJIFOTHOI
TemriepaTypu 7 pedOBUHU Yy (PEpOMAarHiTHOMY CTaHl HAOJMKEHO OMHUCYETHCA 3aKOHOM

Kropi: ;(:C(TC —T)y

ne ¥ #1 i pabysac pisHuMX 3Ha4eHb y PI3HMX TeMIepaTypHuX iHTepBanax. Hanpuxian,

pu Temrieparypax | , OJM3BKUX JI0 TOUKH (Ha3oBOro mepexomy lg, ¥ = 5.

3
Hampuknan, temmneparypa Kriopi mns Hikenmo gopiBHioe 637 K, mus 3amiza —
1042 K, nnsa kobanetry — 1394 K, mis ragoninito — 292K .
[To6mu3y Toukm Kropi (npm T <T.) MarHiTHa CHPUMHATIMBICTE ¢

nianopsaakoByeThes 3akoHy Kropi—Beiica:
_ C
T.—T

ne C — crama, mo 3aJeXuTh BiA poay pedoBuHU. Bumie temmnepatypu Kropi cuin
TEIIOBOI B3a€MO/IIi BHUSIBJISIOTHCS CHIIBHINIAMHM BiJI CHJI OpI€HTAIlli MarHiTHUX MOMCHTIB
yCepelliHl IOMEHIB; OCTaHHI PO3MaJar0ThCsA, 1 PEUOBHHA MEPEXOIUTh y MapaMarHiTHUN
CTaH.

[lepexin pedyoBuHM 3  (EpOMArHITHOIO CTaHy B  TApaMarHiTHUA  He
CYTIPOBOJIKYETHCS BUALICHHSM a00 MOTJIMHAHHSAM TEIUIa.

)
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SIBuie B3a€MHOI iHAYKIil
BignoBimHO 10 OCHOBHOTO 3aKOHY €JIIEKTPOMArHiTHOl IHAYKIi  (3aKOHY
M. @apanes) enekrpopywiiiHa cuia 1HIYKUli & y CKIAQAHOMY KOHTYpPl YHCENIBHO
JOPIBHIOE 1 IPOTHJIEKHA 32 3HAKOM IIIBUIKOCTI 3MIHU MOTOKO3YETNIEHHSI ¥ B HbOMY:
£ - _a¥ 3)
dt
SIKIIO B €NMEKTPUYHOMY KOJII MPOTiKae cTpyM |, TO BiH CTBOpIOE MarHiTHE MOJE,
MOTOKO3YEINIeHHsI ¥ SIKOTO 3 KOHTYpOM OyJie MPOTOPIIiifHEe CTPYMOBI:
¥ =LI. (4)
Koedimient L 3anexuTh BiJ XapaKTEpPUCTUK KOHTYPY Ta BIACTUBOCTEN CEpelOBHUIIA 1
HA3MBA€THCS 1HAYKTUBHICTIO. [HAyKTHBHICTH BUMIpIotoTh y ['eHpi ([ # ). Hampuxnan,
1HIYKTUBHICTH IOBI'OT'O COJICHOIIa MOKHA OOYHCIUTH 32 POPMYIIOIO:

L = uu,n’IS, (5)
e fy = 47107 I'n/ m — marHiTHa crajga; N — YKCIO BUTKIB HA OJUHUIIO JOBKHHH
conenoina; | — moBkuHa KOTYImIKK; S — IJIOMIA ii IOMEPEYHOTo Tepepizy.
3MiHa CTPyMYy B KOHTYp1 3MIHIOBaTUME MMOTOKO3YEIUIEHHS ¥, IO B CBOIO Uepry (3a
3akoHOM Dapajiest) npu3Bee 10 BAHUKHEHHS B KOHTYpPI €JIEKTPOPYIIIIHOI CHITH:

g__d_Y’:_Ld_|. (6)
dt dt

Take siBUIIlE HA3UBAIOTh CAMOIHAYKIIIEIO.
Hexaii mopsn 13 KOHTypoM, B SIKOMY IIPOTIKae CTpyM |, 3HaxXoIuThbCs I1HIIMN

eJIleKTpuuHui KOHTYyp. CTBOpeHe CTpyMOM |, MarHiTHe IoJie NMPOHU3YBaTHME 1 IPYyrui

KOHTYp. 3MiHa CTPyMy B NEpIIOMY KOHTYpl BHKJIMKATUME€ 3MIHY MAarHiTHOrO MOJS B
JIPYroMy KOHTYpI, BHACHIJIOK YOTO B OCTAaHHBROMY 1HJYKYBaTUMETHCS EJIEKTPOpYIIiifHa
cua:

d¥ di
£ =——2=—M,—L. 7
2 at 1275t (7)

Koedimienr M,, HasuBaroTh B3a€MOIHIYKTHBHICTIO, a OIMCAaHE SBUIIE —

B3aeMOIHYyKII€r0. Ha npuHImni B3aeMOIHAYKIIT MPaIol0Th TpaHC(HOPMATOPH 3MIHHOTO

CTpyMy.
Onuc 1200paTOPHOTo NMPUCTPOIO
VY naniif po6oTI AJi1 BU3HAUYEHHS TOUKH Kropi BUKOpHUCTAHO MPUCTPIH, CXEMa SIKOTO

HaBeJIeHA Ha puc. 2.
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B enexkrporeui O, HarpiBHHN €IEMEHT SIKOT BUKOHAHUH Yy BHUIJIAAI COJICHOIA,
PO3MIIIYEThCS  JOCHIKyBaHuid 3pa3ok . Iliu 31 3pa3koM TMOMilllcHA BCEPEAUHY
BUMIPIOBaJIbHOT KOTYmKH @ 1 sxuBuThes Bifg JIATPa crpymMoM mpoMHCIIOBOI 4acTOTH
50 I'y. Takum ywmaOM, KOoTymku @ Tta @, pazom 3 ocepasiMm O yTBOPIOBATHMYTh

cBoepinHuil Tpanchopmarop. Ctpym |, y npyriii koTymimi 3ajekaTMMeE BlJ JIIF0UOTO
3HAa4€HHs 3MIHHOTO CTpyMy |, B mepiniii KOTyIIIl Ta MarHiTHOI IPOHUKHOCTI £/ OCEpJ.

[Ipn nHabOmwkeHHi A0 Touku Kropi Mar"iTHa MNPOHUKHICTH CIIOYATKy 3pOCTae 3a
rinepOoIIYHUM 3aKOHOM, a IIPH JOCATHEHHI TeMIepaTypu . pi3KO 3MEHIIYEThCS.

MHOPAAOK BUKOHAHHSA POBOTHU
1. CknacTu enekTpuyHe KOJIO 32 CXeMOI0, HaBe/IeHOo1o Ha puc. /0.
2. YBIMKHYTH TpHCTpiil y Mepexy 220 B 1 3a gonomoroto JIATPa BctaHOBUTH 3a7aHy
BUKJIa/IauyeM Harpyry.
3.V mpoueci HarpiBaHHS 3pa3Ka 3HATH 3HaueHHs cTpyMmy |, 3anexHo Bij Hanpyru U

tepmonapu. [lo Hanpyrum U <10 mB BuMIpH 3HIMATH Yepe3 KOKEH MITIBOJIBT, a TIiCIIS
10 mB —4epe3 0,2 mB. Jlani BuUMiproBaHb 3aHeCcTd A0 Tabmui 1.

4. Tlpu nocsirHeHHst Touku Kropi perymstop Hampyru Ha JIATPi 3Bect n0 Hyns Ta
Bix eqHatu JIATP Bix enexkTpuuHOi Mepexi.

5. Ha wMimimerpoBoMy mamepi mnoOyayBaTH rpadiknm 3anexHocTi crtpymy |, Big
TEepMOEJIEKTpopyLIiiiHOI crin Tepmoniapu U Ta rpagyroBanbHuil rpadik TepMomnapu, siK
HaBeJICHO Ha puc. 3.

A
1, (mA)
Kpusa
Kropi-Beiicca L_'
U (m\()
TC
-
Puc. 3
6. 3a omepkaHUMH JaHUMH BH3HAYUTU TouKy Kropi.
Tabmauns 1
U, uB
l,, md

KOHTPOJIBHI 3AITUTAHHSA
Ski pe4yoBUHM HA3UBAIOTh (hepOMArHeTUKaAMU?
XapakTtepHi 0COOIMBOCTI (PePOMATHETHUKIB.
3B’S30K MK IHAYKIJIEIO Ta HAPYKEHICTIO MarHITHOTO TMOJIS 17151 (pepoMar-HeTHKIB.
OCHOBHI XapaKTEPUCTUKH METIII TICTEPE3UCY
SIKy BenmM4MHY Ha3MBalOTh TOUKO0 Kropi?
27
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3akoH Kropi-Beiica.

OCHOBHMI1 3aKOH €JIEKTPOMArHiTHOI 1HTYKIIII.
SBuine caMoiHAYKINIT Ta B3aEMOIHAYKITI.

o Take MOTOKO3YCTIICHHS?

10 O3HaueHHA 1HIYKTUBHOCTI KOHTYpA.

© o~

8. BUBHAUYEHHSA IMTOMOI'O 3APANY EJIEKTPOHA

META POBOTH: 3acBoitTu 3aKOHU PyXy 3apsAKEHUX YACTUHOK Y MArHITHOMY
TOJIL.

OBJIAJTHAHHS: 1) enckrponHa tammna 6ESC; 2) cosnenoin; 3) mkepena )KUBJICHHS,
4) BobTMET; 5) ammepmeTp; 6) MiKpoaM-IepMeTp.

TEOPETHUYHI BIJIOMOCTI
Cuaa Jlopenna
VY nocTtiitHOMY MarHiTHOMY IOJI1 Ha 3apsiIPKEHY YaCTUHKY Jiie cuiia JlopeHna:
F,=q[3,B], 1)
e ( — 3apsAll YaCTUHKH; U— BEKTOpP il IIBUIKOCTI; B — BEKTOpP MAarHiTHOI 1HAYKIII.
Bekropuuii  100yTOK [T),é] BKa3ye, IO HaNpsM CUIU Ifj7 NEPHEHAUKYIAPHUNA 10
HanpsMy MIBHIKOCTI U, TOMy poOota cwim JlopeHma 3aBxau nopiBHIOE Hymo. Cuia
JlopeHiia nuiie BUKPUBIIOE TPAEKTOPIIO YACTUHKH, HE 3MIHIOIOYM BEJTUYUHU i1 MIBUIKOCTI.
Hamnpsim cunm JlopeHnia Mo>kHa BHU3HAYUTH TAKOXK 3a MPABUIJIOM JIIBOi PYKH: SIKIIO JIIBY
PYKY PO3MICTUTU TakK, 100 CHJIOBI JIiHIT MarHiTHOTO TOJISI BXOJAWJIMA B JIOJIOHIO, YOTHPU
BUTATHYTI MaJbIll BKa3yBaJIM HAMPSIM PyXy JOJIATHOTO 3apsly, TO BIIITHYTHH BEIHKUN
najelb yKake Ha HarpsiM CUJIH.
ko 3apskeHa YacTUHKA PYXAae€ThCsl MEPIEHIUKYISIPHO /O CHJIOBUX JIHIN
MAarHITHOTO IOJs, TO ii TpaekTopiero € Kono. [iiicHo, mpu pycl BiUeHTpoBa cuiia F; 3a

—

BEJIMYMHOIO 10piBHIOE cuill Jlopenna F, :
2

m
FBz-i?-zqu, @)

Je M — Maca 4YaCTUHKHY; I' — pajaiyc kona (puc. 1).

Puc. 1

KyToBYy MBHIKICTh @ PyXy 3apsDKEHOI YACTHHKH IO KOJy MOKHa OOYHMCIUTH 3
dbopmymnu (2):
w=2-9g. @®)
r m
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3 piBusiHHS (3) BUIHO, 10 @ 3aJ€XKUTH JIMIIE Bijl TATOMOTO 3apsiy (/M YacTHHKH,
TOOTO BiJ BIAHOIICHHS 3apsAay ( 10 if Macu M Ta igAykuii B maruitHoro moms (paaiyc r

oOepTaHHA BCTAaHOBUTHCA BIAMOBIIHO A0 3HAUEHHS IMBUAKOCTI v). Taky wuactory
HA3MBAIOTh ULUKIOTPOHHOIO. OMNHCaHUN MNPUHIMI TOKJIAJEHO B OCHOBY pOOOTH
[IUKJIOTPOHA, MAarHETPOHA, MAaC-CIIEKTPOMETPA Ta 1HIINX MPUCTPOIB.

MarsiTHe moJie coJieHOIIa
ConleHOIIOM  HA3WBAIOTh IWIIHAPUYHY KOTYIIKY 3 TBHHTOBOI HAMOTKOKO
npoBigHUKa. Skmo momxkwuHa | comeHoina HabGararo Oimpma Bing Woro miamerpa D
(puc. 2), colleHOI] HA3UBAIOTh JOBTHM.

I
|
ReYeYoYoYoloYoYoYoYolo]

%\MT’

00000000000
Puc. 2

JlJi TOBroro cojeHoija 1HAYKIIS MarHiTHOTO HOJIsl Ha OCl KOTYIIKM BU3HAYAE€ThCS

3a GOpMYJIOIO:
B, = munl., 4)
ne N=N/| — KinpKicTh BUTKIB Ha OJIMHHUIIIO TOBXUHH CONICHOINa; |. — cTpyM y coneHoini;
ty=47-107" I'n/m — marmiTHa cTama; g — MarHiTHa NPOHMKHICTH cepeloBUINA. Y

3arajJlbHOMY BUIAJKy ¢dopMmyna sl OOYMCIEHHS I1HAYKIII Ha OCl COJICHOiAa MICTUTh
TEOMETPUYHI XapaKTEPUCTUKU OCTAaHHBOTO:

COS [, + COS

B=B, A Pe (5)
2
VY 1eHTpi coneHoina Ha WOro oci IHAYKILIS MOJIs MAaTUME BU3HAYaTUMEThCS:
D D

B=B, ——=uynl . ——. (6)

a o'lle

VI + D? 1” + D?

IpyHuMI pOOOTH YCTAHOBKH
Y poOGoTi [ys1 BHU3HAUEHHS MHUTOMOTO 3apsly €JIEeKTpOHAa BHUKOPUCTOBYETHCS
yCTaHOBKa, OCHOBOIO sikoi € cepiitHa namma OESC. IlpuniumoBa cxema yCTaHOBKHU
300pakeHa Ha puc. 3.
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Enexktponna namma JI po3mimngyeTbcs BcepenuHi coneHoima L, BiCh SKOTO
301ra€eThCcsl 3 BICCIO JIaMNHU (€JIEKTPUYHE Ta MarHiTHE IMOJis B JIaMIll NEPHEHIUKYJIISIPHI).
Omip Rg HEOOX1THUH JIMIIIE JIJIs1 TOTO, 00 CITKa JIaMIM HE HAJTO CHJIBHO PO3irpiBanach

ciTkoBUM cTpyMoM. KOHCTpyKIlisi TamMnu Taka, 1o Biactanb Big citku C a0 karoga K
HabaraTo MEHIIIa, HDK BIJICTaHh & BiJ CITKM 110 aHojxa A. IlomepeuHuid mepepi3 Jammu
noaaHo Ha puc. 4. Jnsa mamnu 6ESC paniyc xarona — 0,6 mm, paniyc citku — 0,7 mm,
paaiyc anoga — 3,1 mm . Innukatopna namna 6ESC 3py4yHa TuM, 1110 Ha ii BUIEMITOBOMY
€KpaHi MOXHa BI3yaJIbHO CIIOCTEpIraTH BIUIMB MArHITHOTO IO Ha TPAEKTOPIIO
CJICKTPOHIB.

Kinernuna enepris, siky HaOyBalOTh €JIECKTPOHHU Mif JI€I0 CUJ €IEKTPUYHOIO MOJIS B
IPOMIXKKY KaTOJ - CiTKa, OyJe:

2
T=qu, ™
2

e M — Maca enekTpoHa; ( — horo 3apsia; U — Hanpyra Mibk aHOJIOM Ta KaTOJOM.

Buxoasuu 3 (7), 004MCIMMO MIBUAKICTD €JIEKTPOHA:

)
©

Puc. 4

2qU @®)
m
MiX CITKOIO Ta aHOJOM €JEKTpUYHE MOJe BIACYTHE, TOMY B €JIEKTPOHIB, SKi
MOTPaNuIN B el NpOCTip, BEIUUMHA MBUAKOCTI v Oyje mocTtiiHow. Hampsim mBuAKOCTI
BHACIIJIOK P13HUX (PAKTOPIB MOKE 3MIHIOBATUCH Y ITUPOKUX MEKAX.
Ilpn nesxoMy 3HaueHH1 I1HAYKLII B, TpaekTOpis €IEKTPOHIB BHKPUBIIOETHCA

HACTUIBKH, III0 BOHU HE jocsraioTh aHona. IIlo6 He momacTu Ha aHOM, €JIEKTPOHH, SKi

pyXanuch MO AOTUYHIA O CITKW, MOBHHHI OMUCYBaTH KOJIa, pajlyCc I SKUX YABIYl
MEHIIIUM 32 BIICTaHb & BiJl CITKHU JI0 aHOJIa, SIK HABEJIEHO Ha puC. /9.

BianosinHo 1o 3pobneHux 3acrepexeHb 3 (opmynu (3) (3 BpaxyBaHHSIM

CITIBBIJIHOIIEHHS (§)) OTpUMY€EMO BUpa3 JJIs BUBHAYCHHS TUTOMOTO 3apsiy:
q_2U 8u

m r’B; a’B;

9)

MNOPAJOK BUKOHAHHSA POBOTHU

1. 3ibpaTu ycTaHOBKY 3a CXEMOI0, HaBEICHOIO Ha puc. /4.

2. YBimMkHyTH Jamity 6E5C 1 BcTaHOBUTH 337aHy BuKJIagaueM Hanpyry U .

3. YBIMKHYTH JKEPEIIO KUBIICHHS COJIEHOIAa 1, 3MiHIO0YM cTpyM |. Big 0 o 1 A yepes

koxHl 0,1 A, 3HATH 3HaueHHs aHOAHOro crpymy |,. JlaHl BUMIpIOBaHb 3aHECTH [0
Tabym 1.
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Tabmurs 1

I, A
I, A
4. Ha miniMeTpoBoMy mamnepi nodymyBaTtu rpadik 3anexsocti |, = f(l.), 1k HaBeneHo Ha
puc. 5.

e

Puc. 5

5. [IponoBxuTH NpsAMONiHIHHY AUIAHKY rpadika 10 nepeTuny 3 Biccio ctpymy |, (T. O).
OtpumaHe 3HaueHHs cTpyMy |, coneHoina 3aHecTH 10 TabauLi 2.
6. BignosinHo 1o ¢popmynu (6) mopaxyBaTu 3Ha4€HHs rpaHU4HOI 1HAYKWIi B, (mpuitHATH,
mo =1), Ta O0YMCIUTH ii BIAHOCHY HOXUOKY:
_ABO — 2£|+£+A_IO BO'
B, | D 0

7. 3a hopmyoro (9) 00UMCIUTH 3HAYEHHS TUTOMOTO 3apsJly Ta MOXUOKY:
A(ﬂj = &+ pha Z—ABO 9.

m U a B, /m

8. OTpumaHi JaHl TOPIBHATA 3 TaOJIWYHUM 3HAYCHHS IHUTOMOTO 3apsay eJeKTpOHa
q/m=1,76-10"* Kn/kz. 3a dopmynorw (3) 0OYUCIUTH LMKIOTPOHHY YACTOTY @ IJIs
€JIEKTPOHA B I10JI 3 IHAYKLIE B, .

Taomus 2

AB
- g, Kn/ke A[ﬂj, Kn/ke w,ct
B, m m

N |U,B [N |[I,u|D,m|l,,4 | By, In

WIN|F-

9. BumiproBaHHS MPOBECTHU I ACKIIHKOX 3HaYeHBb aHOAHOI Hanpyru U .

10. Pe3ynbpTaTu po3paxyHKiB MOAATH Y BUTJISIIL: a._ <&> + A(ﬂ)
m m m

KOHTPOJIBHI 3AIIUTAHHA

O3znauenns cuim JIopeHiia.

Sk BU3HAUalOTH HANpAM cuiu JlopeHma?

dopmyia 11si BUSHAYEHHS BIAIIEHTPOBOT CHIIH, IO JIi€ HA PYyXOMUM 3apsil.
SKy 4acTOTy Ha3UBAIOTh [TUKJIOTPOHHOIO?

@opmyna sl BU3HAYEHHS HIUKJIOTPOHHOI YaCTOTH.

ARl A
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6. Skuii mpucTpiii HA3UBAOTH COJICHOIAOM?

7. Yomy NOPIBHIOE 1HIYKIIIS MAarHiTHOTO MOJISI B CEPEAMHI COJIeHoina?
8. Ilpuniumn podoTH 1a60paTOPHOT YCTAHOBKH.

9. SIKy KOHCTpPYKIIifO Ma€ eJIeKTPOHHA Jamma?

10.PoGoua dhopmyina 1yt 00UUCICHHS TUTOMOTO 3apsiy JIEeKTPOHA.

9. BUBHAUYEHHSA MATHITHOI IPOHUKHOCTI PEUOBUHU 3A
JOIIOMOI'OIO IHAYKTOPA

META POBOTH: 3acBoiTH OCHOBHMH 3aKOH €JIEKTPOMArHiTHOI 1HAYKIUi Ta
METOJUKY POOOTH 3 MAarHiTHUM 1HIYKTOPOM.

OBJIAJTHAHHS: 1) Topoin 31 30Yy/KyHOUOK  KOTYIIKOK Ta  IHIYKTOPOM;
2) OamiCTUYHUN rajabBaHOMETP; 3) JABOIOJIOCHUN IEepEeMHKAY,
4) amnepMeTp; 5) mKepelto MOCTIHHOT HAapyTH; 6) peocTar.

TEOPETHUYHI BIJIOMOCTI
MarHiTHa NPOHUKHICTH

MarHeTusM pe4oBHHM B OCHOBHOMY OOYMOBJIEHMM OpOITAIbBHUM Ta CIIHOBUM
MarHiTHUMM MOMEHTaMH €JIEKTPOHIB y aromax. JlilaMarHeTu3M CHOCTEpIraeThCs B
PEYOBUH, aTOMHU SIKMX MPU BIACYTHOCTI 30BHIIIHBOIO MAarHiTHOIO IIOJISI HE MaloTh
MarHiTHUX MOMEHTIB (CKOMIIEHCOBaHI OpOITaJibHI Ta CIIHOBI MOMEHTH €JEKTPOHIB).
[lapamarHeTuaMm CHOCTEPITa€Tbcsl B THUX PEYOBUH, ATOMHM SIKMX TPU BIJACYTHOCTI
30BHIIIHHOTO MAarHiTHOTO TOJISi MalOTh HECKOMIIEHCOBaHI MarHiTHI MOMEHTHU. TernoBuii
PyX aTOMIB NIEPEIIKOKAE M 3aiHATH OJHAKOBUI HANpAMOK. JIJisl MEeIKUX PEeYOBUH CUITU
OpieHTallli MarHiTHUX MOMEHTIB aTOMIB TI€peBakalOTh TEIUIOBY B3aeMojito. Tomy
pedoBHuHa 1 0€3 30BHINTHLOTO MArHiTHOTO MOJIsl MOKe OyTH HaMarHiueHoo. Taki pe4oBHHH
HA3MBAIOTh (PEpOMArHETHUKAMU.

[naykuiss B Mar”iTHOro mojis B pPEUOBHHI MOB’si3aHa 3 HampyxeHictio H
MarHiTHOTO MOJIs CITiBB1IHOIICHHSIM:

B=uu,H, @
Jie £4 — MarHiTHA IIPOHUKHICTh pedoBHHY; L, = 47107 I'n/ m — marHiTHa cTana.
[lig mier0 30BHIMIHBOIO MArHITHOIO MOJISI MArHITHI MOMEHTH aTOMIB YacTKOBO
OpIEHTYIOTBCS, 3MIHIOIOYM 1 30BHINIHE MOJ€. 3a CWIOK BIUIMBY Ha MAarHiTHE TOJIE,
PEUYOBMHHU MOJUIAIOTH HA CTA0OMarHiTHI Ta CUJIbHOMAarHiTHi. Jlo ciaboMarHiTHUX peYOBUH
HaJeXaTh Taki, B AKuX 4 Omu3pke 1m0 1. PedoBunu, mis sikux p <1, Ha3uBaIoTh

JMlaMarHeTUKaMH, a Ti, Jjaa sSkux u>1 — mapamarnetukamu. Jlo CUIBHOMArHiTHHUX
peUOBHH BigHOCATH Taki, g skux u>1 (=500 — 500000). Humu € d¢epo- Ta
(bepruMarHeTHKHU.
MarmniTHe noJie Topoiaa

TopoinoM Ha3uBalOTh KOTYIIKY, HAMOTaHy Ha Top. HanpyeHicTh MarHiTHOro moJist
BCEpEAMHI TOpOia HAWIpOCTIIe po3paxyBaTh 3a JOTMOMOTOI JPYroro piBHSHHS
JI.K. MékcBemna — HUpPKYJsLis BEKTOpa H 1o JOBUIBHOMY 3aMKHYTOMY KOHTYpy L
JIOPIBHIOE TIOBHOMY CTPYMY, IIO HPOHHU3Y€E JOBUIbHY IMOBEPXHIO, SIKA CTATYETHCS UM
KOHTYPOM (TeopeMa Ipo LUPKYJIIito Bekropa H ):
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gS(H,dI):ZIi. @)
L i
Ha puc. 1 naBegeno nepepi3 Topoina, mo Mictute N BuUTKIB. BuOpaBiu 3a KOHTYp
L xomo paaiyca I, ge I, <r <T,, BIIIOBIIHO 10 (2) 3anunieMo:
2rr .
j(H,dl):Nll, ?)
0
ae |, — cTpym, 0 MpOTIKae MO BUTKAaX KOTYIIKH. BHacIinok cuMmeTpii, HalpsiM BEKTOpa

—

N
=1

H B x0XHIi TOUILll KOHTYpa TOTHYHUHN 0 KOJIa, TOMY:
2zr

j(ﬁ,df):H-Zyzr. 4)
0
[TopiBuiotoun (3) Ta (4), oTpUMy€eMO GOpMYITy IS

N
H :2—7”_'1. (5)

V Bunanxy, komu I, =, = D/2, ne D — niametp Topa,

dbopmyina (4) CpoIyEThCS:

N, o

SIBuIIE eJIEKTPOMATHITHOI iHAYKITiT
[HayKTOpOM Ha3MBaIOTh KOTYIIKY TMPOBIJHUKA, sIKa IepedyBae y 3MIHHOMY
MarHiTHOMY ToJi. SIKIO MIOMKMHY KOTYIIKH MPOHU3YE MarHiTHUHM MOTIK
@ =BScosa, (7
ne B — iHAyKiis Mar"iTHOro moJifg; & — KyT MK HOPMAJUIIO 0 IUIOHMIMHU KOTYIIKH Ta
HaIMpsMOM BEKTOpa 1HIYKIIii B: S — mioma KOTYIIKH, TO 3 N OJIHaKOBUMH i1 BUTKAMHU,
Oyzie 3B’s3aHe TOTOKO3YCTIIICHHS:
Y=No. (8)
BignosinHo 10 3akoHy M. @apanes, enekrtpopyuliiiHa cuwia 1HAYKOii & B
CKJIQJIHOMY KOHTYPl YHCEIBHO JOPIBHIOE 1 MPOTHIIKHA 3a 3HAKOM IBUIKOCTI 3MIHU
MOTOKO3YEIUICHHS ¥ y HhOMY:

E=—", 9)

SAKIo 1HAYKTOP i1 €IHATH B CICKTPUYHE KOJIO 13 3aralIbHUM ornopoM R, y HbOMy
noreue cTpyMm |,. Hampsam cTrpymy MoOXHa BHU3HAUUTH 3a [JONOMOIOK IIPaBUIIA
E.X. Jlenna: iHAyKOBaHMM CTPyM Ma€ TaKWW HampsM, [0 CBOIM MAarHiTHUM TIOJIEM
NPOTHJIE TiH 3MiHI 30BHIIIHBOTO TOJISI, SIKE MOT0 CHPUYMHUIIO. BIiIMOBIAHO 10 3aKOHY

Owma, 3apsin dq, mo neperede 3a yac dt, qopiBHIOBaTHME:
E d¥
dg=1,dt="dt=——-. 10
g=1, R R (10)
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3 piBasHHA (10) BumHO, MO BemuuMHA 3apsay (OQ He 3aJeXHUTh BiJl OIBHIKOCTI

3MIHM TIOJSI, a 3aleXHuTh Jdmie Big omopy R koma Ta 3miam d¥ BenwuuHH
HOTOKO3YEIUICHHS.
Onuc ycTaHOBKH
Enexktpuyna cxema yCTaHOBKM JJIi BHUMIPIOBAaHHS MAarHiTHOI MPOHUKHOCTI
pPEUOBMHU HaBe/IECHA Ha puc. 2.

Puc. 2

VYcraHoBka MicTUTh Topoin 13 aBoma Korymkamu K, T1a K,, OamicTtuunui
ragpBaHoMeTp G Ta koo kuBIEHHS KoTymku K. Bemnuuna 3apsany (, skuil npoiios
yepe3 OaniCTUYHUI rajabBaHOMETP, MPOIOPIiiiHA 0aTiCTUYHOMY BIAXHIJIEHHIO — IEPIIOMY
MaKCUMaJIbHOMY BIIXWJICHHIO N MOKaX4uKa (y MOJLIKAX IIKAJIH):

g==Cn, (11)
ne C — OamictuuHa craja. 3azaroud  peocratoM cTpyMm |,y korymm K,
CTBOPIOBATMMEMO 4epe3 KOTymKy K, MarHiTHUi notik @ .

3MiHIO0uM nepemukadeM 11 Hampsim ctpymy B kotymmi K, BianosigHo 10 (6) Ta
(8) orpumaemo Gopmyiry Ui 0OYMCIEHHS 3MIHA IOTOKO34YEIIeHH B KOoTymmi K, :

A¥Y =2N,® =0,5uu,N,N,DlI,. (12)

3a dopmynoro (10) 3apsax (, mo mHepeTik udepe3 OaNCTUYHUN TalbBaHOMETD,
JIOP1BHIOBATUME:

_ #tN; N, D1y

2(R +Ry)

ne R, —omip xorymku K,; R, — omip 6anicruanoro raaseadomerpa. 3 (13) ta (11)

(13)

OTpUMyeEMO pobouy (popMyIy it BU3HAYSHHSI MAarHITHOI MPOHUKHOCTI:

ﬂZZ(Rk+Rg)q:2C(Rk+Rg)n "
#oN; N, DI, HoN; N, DI,

e N — OaliCTUYHE BIOXUJICHHS.

MHOPAAOK BUKOHAHHS POBOTH
1. Bumipstu ta 3anucaru 1o tabmauui 1 giamerp D topoina, kunbkicts BUTKIB N; Ta N,

iioro KoTymok, onopu R, ta R .

2. 3i0paTu eleKTpuIHe KOJ0 3a CXeMOI0, HaBe/IeHOIo Ha puc. 91.

3. PeocTatoM BCTaHOBUTH 3aJjaHUil BUKJIaadeM cTpyM |, .

4. Ilepemukauem II nmepeMkHyTH HampsMm cTpymy |, Ta 3a OaJiCTUYHUM BIAKHIOM
rajJbBaHOMETpA 3HATH MMoka3u N . JlaHi 3amucarn 10 Tadmmi 1.
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5. BignosigHo 10 dopmynu (14) 00UUCTUTH MarHiTHY NPOHUKHICTD £ OCEPIs TOpOija.
6. Jlocmia NOBTOPUTHU TpHUYl Ul PI3HUX 3HAYEHb CTpyMy |, .

Taomums 1
Ne | D, m N, N, R, Ou | R, Oum l,, 4 n Yz Au
1
2
3

7. OOUYHCITUTH Cepe/IHE 3HAUYCHHS < ,u> Ta a0COIIOTHY TTOXHOKY 3a (popMyII0t0:

AR, +AR
Ap=| —= o (AD Al An (). (15)
R +R, D L n
8. PesympTar mogaTu y BUTIISII IOBIpYOTO IHTEPBAITY:

,u:<,u>iA,u. (16)

KOHTPOJIBHI 3AIIMTAHHA

O3Ha4yeHHs] MArHETU3MY PEUYOBHHU.

SIK1 peuOBUHM Ha3UBAIOTh Jia-, Hapa- Ta (pepoMarHeTUKaMu?

3B’S130K MIXK 1HIIYKIII€I0 Ta HAMPY>KEHICTIO MAarHiTHOTO TOJISI.

Teopema npo HUPKYJIALIIO BEKTOpa HANPY>KEHOCTI MarHiTHOTO MOJIS.

dopmyna 1151 0OUKCIEHHS HAIIPYKEHOCTI MAarHITHOTO TOJIsl BCEPEUH1 TOPOiJa.
[TpuHIMI pOoOOTH IHIYKTOPA.

O3Ha4yeHHs] MarHITHOTO MOTOKY Ta MOTOKO3YCIIIICHHS.

3aKkoH eneKTpoMarHiTHoi iHaykiii @apanes.

B yomy nossirae npasuino Jlenna?

10 SIKi TalbBAaHOMETPY BUKOPHUCTOBYIOTH Y PEKUMI OaliCTUIHOTO?

oCoNOOR~ODE

10. BUBHAUYEHHS JEKPEMEHTA 3TACAHHS KOJIUBHOI CUCTEMU

META POBOTH: HaBuuTUCH BU3HAYATH IApAMETPU KOJIUBHOI CUCTEMMU.
OBJIAJJHAHHSI: 1) masTHHK; 2) CCKYHIOMID.

TEOPETUYHI BIJOMOCTI
Hesracarwui kouBaHHs

KonuBaHHsIM Ha3uBa€eThCs BCAKHM pyX a0o 3MiHA CTaHy Tija, 1[0 XapaKTEePU3y€EThCS
TAM 4YH IHIIAM CTYTIEHEM IIOBTOPIOBAHOCTI B Yaci 3HAY€Hb (HI3UYHUX BEITUYHH, IO
BU3HAYAIOTh 1€ pyx abo crtan Tuta. KonwBaHHS Ha3WBalOTh BIILHUMH, SIKIO BOHU
3MIACHIOIOTBCS 3a PaxXyHOK eHeprii, sika Oylia HaJlaHa, 3a BIJICYTHOCTI B MOAAJBIIOMY
30BHIIIHIX BIUIMBIB Ha KOJMBHY cucTeMy. He3Bakarouum Ha pi3Hy NPUPOIY KOJUBAHb,
OCTaHHI MOXYTh OyTH NEPIOJUYHUMHU, TOOTO MOBTOPIOBATUCH YEPE3 OAHAKOBI MPOMIKKHU
gacy, ui HemnepioguyauMu. PopMa KOIMBaHb TaKOXK MOKe OyTH pi3HOO. J[7s1 BUBUEHHS
Ta MaTEMAaTUYHOTO OMKUCY HAUIPOCTIIIMMHU € TAPMOHIYHI KOJIMBAHHS.
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["apMoOHIYHI KOJIMBaHHS — II€ TaKi MEpIOAUYHI 3MIHU (DI3UYHOT BEIUYUHU X, MPU

SKUX Tl MUTTEBI 3HAYCHHS 3MIHIOIOTHCS B 4Yaci 3a TapMOHIYHUM 3aKOHOM KOCHHYyCa
(cunyca):

X = Acos(at +¢,). (1)

AprymeHT wt + ¢, (pyHKUIi COS Ha3MBaIOTh (Pa30r0 KOJUBaHb. MakcHMaibHE BIIXUJICHHS

A BiJ TMOJOKEHHS PIBHOBAarM Ha3WBAIOTh aMIUIITYA0I0, Koe(dimieHT @ Oinsg dacy t —
IIUKJTIYHOIO YacTOTOI0, & ¢, — OYAaTKOBOIO (a3010 KOJIMBAHb.

Haiimenmmuii mpomixkok 4yacy T, TICIs MPOXOKEHHS SIKOTO
MOBTOPIOIOTBCS ~ 3HAYEHHS  BCIX  (PI3WYHUX  BEIWYHMH, IO
XapaKTEPHU3yIOTh KOJTMBAHHS, HA3UBAETHCS TIEPI0I0M KOJTUBAHHSI.

YacToToro KOJIMBaHb V HA3WBAETHCS KUIBKICTh ITOBHHUX
KOJMBaHb, IO 3IACHIOIOTECA 3a OJWHHINO dYacy. Yacrtora
KOJIMBAaHb — BEJIMYMHA, SIKa 00EpHEHA JI0 TIEPi0Ty KOJIUBAHb:

1

v==.
T

di3u4Ha cUCTEMA, KA MOJCIIOE TAPMOHIYHUN KOJUBHUI
MIPOIIEC, HA3UBAETHCS TAPMOHIYHUM OCHIIIATOPOM. OCIUIATOpaMu
€ G13UYHUN Ta MaTeMaTUYHUN MasiTHUKH, OallaHCUpP, KOJTUBAIbHUIN
KOHTYp Ta IHIIE.

MareMaTHYHUM MasTHUKOM Ha3WBaIOTh TOUYKOBE TLJIO, IMIABIIICHE HA HEBAaroMiit
HEPO3TSIKHIN HUTII, SIKE MOKE KOJIMBATUCh Y BEPTUKAIBHIN TJIOMIMHI T TIEI0 CUITH
TsoKIHHSA (puc. 1). 3Bakarouw, 110 JOBXKKWHA S IyrH KoJjia TOpiBHIOE T00YTKY pasiyca | Ha
KYT &, Ha SIKUA CIIMPA€EThCs Ayra, BianoBiaHo 1o Il 3akony HproToHa piBHSHHS pyXYy Tija
Maco M 3aIuIIeMO:

Puc.1

2
ml th =F=—-mgsine. 2)
VBIBIIN NO3HAYCHHS:
L=af, ®)
piBHsIHHS (2) HAOy1e BUTIISIAY:
d’a .
F+coosmoc:0. 4)

PiBusinnsa (4) HemiHiiiHE, TOMy JIJIsi HOro po3B’s3KYy HEOOXIHO 3aCTOCOBYBATH
crnierianbHi MeToan. OHAK, TPU HEBEJTMKUX BIIXWICHHSIX  , KOJU BUKOHYETHCS yMOBa:

sina~a, (5)

PIBHSHHS MAaTEMaTHYHOTO MasATHHUKA 3BOJUTHCS 10 JU(EpeHIliaJIbHOrO PIBHIHHS

TapMOHIYHOTO OCIIJIATOPA:
2

dt? + a)ga =0. (6)

Po3p’si3kom (6) € dynkuis Burnsapy (1). Ilepion T, mMamux KonmBaHb MaTeMaTU4HOIO
MasiTHAKA OB’ A3aHUH 13 IUKJIIYHOK YaCTOTOK ), CIIBBIIHOIICHHSM:
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To = (7)

TaKOXK HOTO BU3HAYAIOTH 32 (hOPMYJIOIO:

T,=2x I— (8)

g

SIKIo aMInniTyna KOJIMBaHb BEJIUKA, IEepiof KOJUBaHb | BIAPI3HATUMETHCS Bl T .

Vike npu o =30° moxuOka BU3HAYEHHS MEPIOLy | KOJMBaHb MAaTEMATHYHOIO MasTHUKA
3a (hopmynoro (8) BiAPI3HAETHCS Bl ICTHHHOTO 3HAaYeHHS Ha 2%. 30UIbIICHHS aMILTITY I
MPU3BOJUTH J0 3pOCTaHHS TOXUOKH.

®Di3MYHUM MaITHUKOM Ha3WBalOTh JOBUIBHE TBEPHE TLIO, AK€ MOXKE KOJMBATHUCH Y
MOJII TSDKIHHSI HABKOJIO TOPU30HTANIBHOI OCl, 1110 HE MPOXOAUTh Yepe3 LIEHTP Macu I[bOTO
TijA.

KpyTtuinbanii MasTHUK (OajmaHcup) — TUIO, K€ MOXKE KOJIMBAaTUCh HABKOJO OCI
BUIBHOTO OOEpTaHHS MiJ A€o MpyXUHU. PI3MUHUNA MASTHUK Ta OaJlaHCUP — OCHOBHI
PETYIATOPH X0y B MEXaHIYHUX TOJAMHHUKAX.

3racarw4i KoJIMBaHHA
VYci peanbHl KOJIMBajJIbHI CHUCTEMU € JUCUIIATUBHUMH. EHepris MexaHIYHUX
KOJIMBaHb TaKOl CHUCTEMHU MOCTYNOBO BUTPAYA€ThCS Ha POOOTY MPOTHU CUII OMOPY, TOMY
BUTbHI KOJIMBAHHS 3aBX/IHU 3racaroyi — iX aMIUTITy/1a MOCTYIOBO 3MEHIIIYEThCSI.
KonuBaHHS B peanbHUX CHCTEMaxX 3aBXIU TMOB’S3aHl 3 BIUIMBOM CHJI TepTs. Y
3aJIMIIEeHIN camiil Ha ceOe cuCcTeMi KOJMBaHHS 3racaTUMyTh, TOOTO IX aMIUTITYy/la 3 4acoM
3MEHIITYBaTUMEThCS. Jludepeniiiaiibe piBHIHHS 3racalounX KOJIMBaHb Ma€ BUTIIAL:

d?x ax
—+2—+w;Xx=0, 9
g TP ©
ne [ — xoedimieHT 3racanus. Po3B’s3koM audepeHttianbHoro piBHIHHS (9) € QyHKITiS:
x=Age " cos(wt +¢,). (10)

[luKIiYHa 4acTOTa @ BUIBHHUX KOJIMBaHb 3aJE€KUTh Bl HUKIIYHOI 4aCTOTU @),
BJIACHUX KOJIUBaHb Ta KOE(III€EHTA 3racaHHS:

2 2
W=y — . (11)
Sxmo koedirieHT 3racaHHs OUIBIIUN BiJ IMUKIIYHOI YaCTOTH BJIACHHMX KOJIHMBaHb,
BIJIbHI KOJIMBaHHS B TaKili CUCTEM] HE BUHMKaTUMYTb. BUIIaqoK, KOIU @, = [/ Ha3UBaIOTh

KPpUTUYHUM. 3a Takoi yMOBH 30ypeHa CHCTEMa HaWIBHIIIE MiAXOAUTh A0 CTaHY
PIBHOBAry 1 3aCTIOKOIOETHCS.

JlekpemenTom 3racanHs D Ha3uBaroTh BIJHOIIEHHS JBOX ITOCTIAOBHUX (SIKi
BIJIPI3HSIIOTHCA Ha TIepiosl T ) aMIUIITy1 3racaro4oro KOJMBAHHS:

-pt
__ AL e o
- T o-AMT) T €
At+T) e
Jlorapudwm BinHomeHHs (12) Ha3UBaKOTH JIOTapU(PMIYHUM TEKPEMEHTOM 3TacaHHS:

A=pT. (13)

(12)
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JIOOpOTHICTIO KOJMWBAIbHOI CHCTEMU Ha3WBA€ThCA BenmmunHa Q, sKa JOPIHIOE
no0yTky 27 Ha BimHomeHHs eHeprii E(t) kommBanbHOI cucTeMH B TOBUIBHUIT MOMEHT
yacy t 70 3MEHIICHHS 1€l eHeprii 3a MPOMDKOK Jacy Big t mo t+T :

Q=2r EQ) .
EX)—E@{+T)
JI0OpOTHICTH KOJMMBAIBHOI CHCTEMH OOEpHEHA JI0 JIOTapU(PMIYHOTO JEKPEMEHTA 3TacaHHs:
T T

Q="=—", (15)
A pT
3 piBHsHHA (10) BuaHO, MmO aMIUIiTyna A 3racaiouvx KOJMBaHb 3MEHIIYETHCS 3
4acoM 3a €KCITOHEHTOIO:

(14)

A=Ae”’". (16)
B xonkpeTHuii yac t, ammiiTyna Oyzne A,, a BIIHOLIEHHS II0YAaTKOBOI aMILNTYIH A,
10 A, € eKCIIOHEHIINHOIO (DYHKIII€IO B1J Yacy i, :

A _ ot
"0 =gl (17)
A,

Jlorapudmytouu (17), orpumyemo pobdouy dhopmyiy ajisi o0unucieHHs KoedilieHTa
3racaHHs:

1
L==—In A : (18)
L, A
BigHocHa moxuOka oO4KCIICHHS [ TOpiBHIOBaTHUME:
Aﬂ _ AbAAb + AZAAZ + AtZ ) (19)

g AA(NA-INA) 1
3 ananizy (19) BurumBae, mwo npu 3mini A,/ A, Bix 0,1 no 0,5, AB/ S moxe Oytn
meHmuM 10% sme 3a ymoBH, konu A, > 60. Lleil BUICHOBOK HEOOX1IHO BpaXOBYBaTH IIPH

BUOODI1 A, .

IMOPAITOK BUKOHAHHSA POBOTH
1. Busnauntu wac t, 3a axuii BinOyBaeTbca N, =20 NOBHMX KOJIMBaHb MAasTHHKA.

OGuncnuty iepiox T konmBanb T =t /N, Ta nukiIiuHy 4actoty KoinuBanb o =27/T .

2. Biaxunutu MasTHHK B1Jl CTaHy pPIBHOBAaru Ha A, moAulok. BinxmycTuru ioro, yBIMKHYTH
CEeKYHIOMIp Ta BHU3HAUMTU 4Yac 1,, 3a SKUI aMIUlTyJa KOJMBAaHb 3MEHIIUTHCS [0
A, =0,5-A,. 3a oTpuMaHNMM JAaHUMH BHUKOpHCTOBYrouu (opmyny (18) pospaxysaTtu

Koe(iIlieHT 3racaHHs.
3. O6uucnutu norapudMidHUN AEKpEMEHT 3racaHHs 3a ¢opmyroro (13), a 3a hopmyroro
(15) — noopoTHicTh Q KOJIMBHOI CHCTEMHU.

4. locnin MOBTOpUTH Tpudyl mpu pisHuX A, Ta A,. JlaHi BUMIpIOBaHb Ta OOYHUCIECHb
3a”HecTH 0 Tabmui 1.

Ta0mums 1
Ne | N; tbe |T,e |o,ct | A A, t,e |B.ct A Q
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5. Pe3ynbratu BUMIpIOBaHHSA MOJIATH Y BUTJISIL JOBIPYMX 1HTEPBAIIiB:
P=<pL>TAL; Q=<Q>=xAQ.

KOHTPOJIbHI 3AIIUTAHHS

SAxuii BUA pyxXy Ha3UBAIOTh KOJIUBAHHAM?

Ski KOJIMBaHHS HA3UBAIOTh TAPMOHIYHUMU?

PiBHAHHS TapMOHIYHHMX KOJIUBAHb.

O3HaveHHS MTOHATH ,,MaTEMAaTUYHUN MasITHUK, ,,()13UYHUA MAsSTHUK, ,,0a1aHCcup”.
JudepeHiiiaabHe piBHAHHSA TAPMOHIYHUX KOJTUBAHb.

YoMy TOpiBHIOE MEPIO MAIUX KOJMBaHb MAaTEMaTUYHOTO MasiTHUKA?
JudepenuianbHe piBHAHHA 3racalouuX KOJIMBaHb Ta HOTO pO3B’SI30K.
SIk BU3HAYaeThLCH aMHJ'IiTyI[a 3racarouymx KOJ’II/IBaHB?

O3HaveHHs MOHATH “‘IEKPEMEHT 3racaHHs’ Ta “‘TOOPOTHICTH .

10 PoGoua ¢popmyna st oOuncieHHs koedimieHTa 3racaHHsl.

oCoNOOR~ODNE

11. BUBHAYEHHS HIBUJIKOCTI IOIUPEHHA 3BYKY METO0OM
CTOAYUX XBUJIb

META POBOTMH: 3acBoiTH OCHOBHI XapaKTEPUCTHUKUA XBUJIBOBUX IMPOIECIB Ta
BU3HAYUTH IIBUJIKICTh 3BYKY B MOBITPI.

OBJIA/IHAHHS: 1) reHepatop KOJMBAaHb  33JaHOi  4YacTOTH;  2) PE30HATOP;
3) iHAUKATOp KOJUBAHb.

TEOPETHUYHI BITIOMOCTI
IomupeHHs Npy>;KHUX XBUJIb

[Iporiec mommpeHHsT KOJIMBaHb y MPOCTOP1 HA3WBaIOTh XBWiew. [lpu mommpenHi
XBUJIl YaCTUHKHU CEPEJIOBUIIA HE PYXalOThCA Pa3oM 3 XBHIICIO, & KOJIMBAIOTHCS O17Is1 CBOIX
MoJIO’KeHb piBHOBaru. OCHOBHA BJIACTUBICTh BCIX XBWJIb € TEPEHECEHHs eHeprii 0e3
TIEPCHECEHHS PEUOBHHM.

3ae)KHO BiJl HAMpsSMY KOJIMBaHb YACTHHOK CEpPEJOBHINA BITHOCHO HamNpPsIMy
MOIIUPEHHS XBUJI1, OCTaHHI MOIISIOTH HA TTO3/I0OBXKHI Ta MOMEPEYHI.

VY momepevyHMX XBWISAX YACTUHKH CEPEIOBHINA KOJWUBAIOTHCSA B IUIOMIMHAX, SKi
NEPHeHAUKYJIAPHI O HAamnpsMKYy TMOWMpeHHs XBwii. [lomepedHi XBWII MOXKYTb
NOIIUPIOBATUCH B CEPEIOBUIII, B SIKOMY BUHUKAIOTh MPY>KHI CUIK NpHU epopmalii 3CyBy,
TOOTO JUIIE y TBEPAUX TLIAX.

VY mo370BXHIX XBUJISIX YACTUHKH KOJIMBAIOTHCS B HAMPSAMKY nommpeHHs xBumi. Li
XBUJII MOXYTh TOIIUPIOBATUCH B CEPEJOBUINAX, B SAKUX BUHUKAIOTHh MPYXKHI CHIU TIPH
nedopmariii CTUCKY 1 pO3TAry, TOOTO y TBEPAUX, PIIKUX 1 Fa30MOMI0HUX TiTax.

[ToBepxHIO, sIKa BiLIs€ 00JACTh, A€ YaCTUHKU BXKE KOJUBAIOTHCS, Bl 00IacTi, Je
KOJIMBAHHS I11¢ HE BUHHKJIM, HA3WBAIOTh ()POHTOM XBUJIi. ['€OMETpHYHI MICIS TOYOK, SKi
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KOJIMBAIOThCS B OJHAKOBIM (ha3i, HA3MBAIOTh XBUJIHLOBUMHU IOBEPXHSIMHU. 3aJI€KHO BiJ
dbopMHU XBUITLOBOI MOBEPXHI XBUJII HA3WBAIOTh INIOCKUMU YU COEPUUHUMM.

[IBUAKICT, U TOUWMPEHHS OAHAKOBOI (pa3u KOJMBaHb Ha3UBalOTh (Ha30BOIO
IIBUJIKICTIO, a MIBUJIKICTh TIEPEHOCY XBHUJICIO €HEPTii — IPYIOBOIO MIBUAKICTIO. BigcTanb
A, Ha Ky TEpEeMIIAEThCs XBUIIA 3a 4ac, 110 JOPIBHIOE mepioay T KoJIMBaHb, HA3MBAIOTh
JTOBKUHOO XBHJII.

KonuBanus, 1m0 30yIKyHOTh XBHIO, MOXYTh OyTH TEpPIOAUYHHMH YU
HENepiOANYHUMU, TAPMOHIYHIUMH YU HETapMOHIYHUMH. HalimomupeHimmmMu € rapMOHI4HI
KOJIMBAaHHS, K1 30y/KYIOTh BiAMOBIHI XBHI1. [Ipy>KHA XBUIIL HA3UBAE€THCA TAPMOHIYHOIO,
SIKITIO B1/IMOBI/IHI 1l KOJJMBAHHS YaCTUHOK CEPEIOBHINA € TAPMOHIYHIMHU.

PiBHSIHHS TaKoi XBHII, 10 TIOLMITUPIOETHCS B3IOBXK OCI X , MA€ BUTJISL:

& = Acos(at —kx), (1)
ne & — 3MIMIeHAS KOHKPETHOI TOUYKH X CEpelOBHUINAa B KOHKPETHHIA MOMEHT 4acy t; A —
aMILTITy/1a KOJIMBaHb, @ — IUKJIIYHA YacTOTa KOJHMBaHb, K — XBWIbOBe umcio. Hrokue
HaBEJICHO 3B’SI3KM MIXK YaCTOTOIO V Ta IIUKIIYHOIO YaCTOTOI @, a TAKOX MIX JOBKHUHOIO
XBWI A Ta ii XBUJIBOBUM YK CIIOM K

w=2rv, kK=2rx/A. (2)
da30Ba MIBUIKICTH MOLIMPEHHS XBHJII OB’ s13aHa 3 @ Ta K :
v=w/k, (3)
KA 3aJIEKUTH BiJ] BIACTHBOCTEN cepenoBuina. [l MO3J0BKHIX XBUIIb:
v=4\E/p, (4)

ne E —monyne npyxHocTi (Mogyns FOHra); p — rycruHa peyoBUHH.

VY razax MOXyTb NOIIMPIOBATUCH JIMILIE IO30BXHI XBWJII, AKI € 4YepryBaHHIM
pPO3pIIKEHh Ta CTUCKIB PI3HUX oOsacted ra3y. SIKI0 KOJMWMBAaHHS THUCKY HE3HAuYHI
MOPIBHSHO 3 HWOTO CepelHIM 3HaueHHsSM (ciaabKi 30ypeHHs), Mpolec MOIIMPEHHS XBUIII
MO>KHA BB)XaTH afiabaTHUM. Y TakoMy BUIAAKY MOAyb FOHTa mpomnopiiiiHuii 10 TUCKY
p razy:

E=yp, ()
Jie ¥ — MOKa3HUK aaiabaT.
AKycCTHKA

AKYCTHUKOIO Ha3MBalOTh BYEHHS MPO 3BYK. 3BYKOM HA3HMBAIOTh OyAb—sKi MPYXKHI
xBuil. JIroarHA 3 HOpMAJIbHUM CIYXOM 37]aTHA COpUMAaTH 3BYKH B 1HTepBasli yacToT (16 —
20000) Iy. 3Byk 3 yactoToro Vv <16 /'y HasuBaroTh iH(ppa3BykoMm, a Buine 20000 [y —

yneTpasBykoM. Ilpm wactotax koimBanb v >10°7y roBopsare mpo rimepssyk. Lli
KOJIMBaHHS HIYUM HE BIJAPI3HSIOTHCS BiJ KOJMBaHb aTOMIB, 10 BHUKJIMKAIOTh
6poyHiBchkHiT pyx. Ha wacrorax v >10"/y foBXMHAa XBWIi CIiBMipHA 3
MDKMOJICKYJIIPHUMU B1JICTaHSIMH, TOMY TOBOPUTH TIPO MOIITUPEHHSI 3BYKY HE MOKHA.
3BYK MEPEHOCUTH eHepriro KonumBaHb. CepeaHe 3a mepion T KOJWBAaHb 3HAYCHHS
TYCTUHH W €HEeprii IpOoIopIIiitHe 10 KBaJApaTiB aMIUTITY X Ta YACTOTH:
w=0,5pA*w’. (6)
CepenHio €HEprito, 10 MEePEHOCUTHCS XBUJICIO 3a OJUHUIIO0 Yacy 4Yepe3 OTUHUIIIO
TUIOMII TTOBEPXHi, MEPIICHIUKY/ISAPHOI 0 HANpsAMYy TOIIMPEHHS XBHJIi, HA3UBAIOTh CHIIOIO

3BYKY:
40



I =wo. (7)
JIroncbke ByXO 3/aTHE cHpuiMaTH 3ByKH 3 iHTeHcuBHicTIo | Big |, :10_1zBm/ M

(cranmaptHa Mexa uyTtHOCT1) 10 | =10Bm / M.
Cy0’eKTHUBHO PO3PI3HAIOTH HE CHITY 3BYKY |, a fioro ry4nicts L :

L=lgL. (8)
I0
Opununero ryqrocTti € 6en (5). Ha npakrtui 3pydHimie kopuctyBatuch y 10 pasis
MEHIIMMH OJUHUIIMHU — nerubenamu (05 ). Hampuknan, HerydyHa po3MoBa Ha BiJCTaHi
1 m Benmerbcs 3 ryuHicTio Oinst 40 06, ABUTYHU pEaKTHUBHOTO JiiTaka Ha Biactani 10 wm
peBYTH 13 ryuHicTiO 6111 120 05 .

Intepdepenuis. Ctosaui xBuJi

[aTepdepentis xBuib (Bi JIat. inter — B3aeMHO + ferens — ToH, 1110 Hece) — SBHUIIIE,
K€ CIIOCTEpIraeTbCcs NpPU OJHOYACHOMY IIOLIMPEHHI B MPOCTOPl JAEKUIBKOX XBHIIb.
[aTepdepeniiist momnsrae B CTalioHApHOMY (UM TOBLIBHO 3MIHHOMY) MPOCTOPOBOMY
Nepepo3Nno LT aMIUTITYIM Ta (a3 pe3ysbTyrouoi XBuil. BoHa crocTepiraerbes Juiie y
BUIIAJIKY, KOJM XBUJII, SIK1 HAKJIAAAIOTHCS, € KOT€PEHTHUMU.

KorepentHicTio (Bixg jaT. cohaerens — B3a€MOIIOB’13aHUI ) Ha3UBAIOTh y3rOXKECHUMN
nepedir y yaci JeKUIbKOX KOJMBHHUX YW XBUJILOBUX IpoleciB. KOrepeHTHUMH € XBUIIL, SIK1
MalOTh OJIHAKOBY YacTOTY Ta OJHAKOBWH HamNpsM KOJUBaHb. JIWIe B TaKOMy BHUIIAIKY
pi3HUIA (a3 MK HUMH HE 3MIHIOEThCA B Yacl.

Hexaili y mpocTopl MOMMPIOIOTHCS AB1 3yCTPIYHI KOTEPEHTHI XBUJ1 3 OJIHAKOBUMU
aMIUTITyTaMHU:

& = Acos(at —kx) ; 9)
&, = Acos(at +kx). (10)

HaKJ'Ia)IaHHSI X XBWJIb Ja€ HaCTyHHI/Iﬁ pE3ybTAaT:
E=¢& + &, =2Acoskxcosat. (11)

Takuii Tpoliec Ha3MBAIOTh CTOSYOK XBUJer. JliMicHO, SKIIO TiepIna XBHJISA
NEPEHOCUTh EHEPTiI0 B HAMpPAMI OCl, TO Jpyra — B 3BOPOTHOMY HarpsiMi. | B3araii, Bupas
(11) € piBHAHHSM KOJIMBaHb, a HE XBUJII.

Touku mnpoctopy (puc.l), B SKHX pEUOBHHA KOJUBAETHCA 3 MAKCHMAJIbHOIO
aMIUTITY1010, HA3UBAIOTh MyYHOCTSIMU CTOSYOT XBHJIL.

[TyunocTi
L~
-
Nz
L~
2A. \ A 2 -~ | Tlopuiens
Z
7
Z
Bysmu
Puc. 1

Touku MpocTopy, B AKUX KOJUBAHHS B CEPEIIOBUIII HE 30YKYIOThCS, HA3UBAIOThCS
By31amH. 3 (11) BUOHO, IO KOOPAMHATH X, BY3JIIB BU3HAYAIOThCS 3 PIBHAHHS:
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coskx, =0. (12)

X, :i(n+l)i, (13)
ne n=0,12,....

Ha mpakTuiil crosiui XBUJIi yTBOPIOIOTHCS TPH HAKJIAJIaHHI Majaroyoi Ta BiIOWUTO1
XBWJIb y pe30HaTOpax. Y My3WUHUX IHCTPYMEHTaX PE30HATOPH BUTOTOBISIOTH y BUTJISIIL
TpyO (opraH, TpoMOOH Ta iHII JyXOB1), IacTuH ((opTeniaHo, aKOPAEOH 1 T. 1I.), KOPOOOK
(ckpurika, riTapa, HuMOaIl, KAMEpPTOH 1 T. I.).

VY 1iit poOoTi 3a pe3oHaTOp MPaBUTh TPYOa, 3aKPUTA PYXOMHUM HOPIITHEM (pHucC. 2).

[Ipu pe3onanci Ha BiOMBaKOYiil MOBEpPXHI MOPIIHSA OyAe BY30J CTOSYOI XBUII.
HeoOximHo, mo0 BigOuBaroya MOBEpPXHS pe30oHATOpa Oyjia MEepPIeHIUKYIISIPHOIO 0
HaNpsSMY MOIIUPEHHS XBUII, a KOSPIIIEHT B1IOMBAaHHS — OMM3bKUN 10 OJTUHUILL.

Lle 3Ha4UUTH, 1110:

Puc. 2

IMOPAJOK BUKOHAHHA POBOTH

1. VBiMKHYTH 51a0OpaTOpHE YCTaTKyBaHHsS 1 BCTAaHOBUTU 33JaHy BHUKJIAJadye€M 4YacTOTy
KOJINBaHb 3ByKOBoro reHepatopa (800 — 1200 7y ).

2. Ilepemilyrouy NOPIIEHb PE30HATOpPA, BUZHAUYUTH Taki iloro monoxkeHHs | , npu skux
CIIOCTEPITral0ThCsl MAaKCUMAJIbHI MTOKa3H 1HAUKATOPA.

3. IlyHKT 2 MOBTOPUTH TPUUi MPH PI3HUX YaCTOTAX V KOJMBaHb T€HEpaTOpa.

4. O6uucnuty BiacTaHi d, MiX MOCIiZOBHUMH MO3ULISIMU TOPIIHS:

dn = In+l_|n' (14)
5. HIBUAKICTH v 3BYKY OOUUCITUTH 32 (OPMYJIOIO:
v, =2vd, . (15)
6. Jlani BumiptoBaHs |, o6uucnens d ta v, 3aHecTH 10 TabuuLi 1.
Tabmums 1
No Vi, Iy Vos Ly Vs, [y
l,v | d,m jo,miec | I,m |d,m |o,mc |1, m | d, m | v, e
1 _ _ _ _ _ _
2
3
cp. — — —

7. OOYUCAUTH CepelHl 3HAYEHHS <l)> MIBUAKOCTI 3BYKY MJii TPbOX PI3HUX YaCTOT 1

pe3ynbTaT BUMIPIOBaHb 3aMKMCATH y BUTJISA1 JOBIPUOTO IHTEpPBATY:
v=(v)tAv.
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KOHTPOJIbHI 3AITUTAHHSA

II{o Take xBuUJI.

Ski XBUIJI1 HA3UBAIOTh MO3/IOBKHIMH, a SIK1 MONEPEUYHUMHU ?
O3HaueHHs MOHATH “(ha30Ba MIBHUAKICTH Ta “TPYyNoOBa MBUJKICTh .
[{o Take noBkMHA XBUJI1?

PiBHSIHHSI XBUJILOBOTO MPOIIECY.

[ITo Take 3ByK? Bix 9oro 3ai1eXuTh MIBUIKICT 3BYKY?
O3HavyeHHs MOHATH “‘cujia 3ByKYy  Ta ’TY4HICTDH .

YMOBU KOTE€PEHTHOCTI 3ByKOBUX XBHJIb.

. O3naveHHs iHTepPEPEHIIii XBUIIb.

10. IIlo Ha3UBaIOTh “‘CTOSYOO XBHIICIO?

CoOoNOOTRODE

12. HEPEBIPKA 3AKOHY OMA UIA K1J1 SMIHHOI'O CTPYMY

META POBOTH: 03HallOMUTHUCH 13 p€aKTUBHUMHU T4 aKTUBHUMHU HaBaHTa-)KCHHIMU
B KOJIaX 3MIHHOTO CTPyMY.

OBJAJIHAHHSI: 1) mkepeino 3MIHHOI Hampyrd; 2) BOJBTMETp; 3) aMIep-MeTp;
4) mara3uH OIOpiB; 5) KOTyIIKa IHAYKTUBHOCTI; 6) GaTapes
KOH/JICHCATOPIB.

TEOPETHUYHI BIIOMOCTI
AKTHUBHHUI Ta peaKTUBHMI ONOPH

3MIHHUM Ha3MBaIOTh CTPYM, L0 3MIHIOETHCS SIK 3@ BEIMYMHOIO, TaK 1 32 HAIIPSIMOM.
SIKIIIO 3MIHIOETHCS JIMIIE MOT0 BEIMYMHA, TAKUW CTPYM HA3UBaIOTh MyJibcyrounm. dopma
3MIHU CTPYMY B 4acl MOKe OyTH JOBIIBHOIO, OJHAK HAHO1IBII MOIMIMPEHUMH € TAPMOHIYHI
3MIHHI CTPYMHU.

PosrnsgHemMo cnoci0 BH3HAUEHHS HAaNpyr'd Ha OKPEMHUX €JIEMEHTaX €JIeKTPUYHOTO
KOJIa MpY MPOTIKAaHHI Yepe3 HUX CUHYCOIMHOTO CTPYMY:

Iy =1, sinat. 1)

ne |, — MuUTTeBe 3HAYeHHs cTpyMy; |, — aMIUITYAHE 3HAYeHHs cTpyMmy; @ =27/T —

[UKJIIYHAa YacToTa KOJIMBaHb, | — mepiol KonuBaHb. LlukiiyHa dYacTtoTa CTpymMy B
IIPOMHUCIIOBIH Mepeki cTaHOBHUTH 314 pad/c (50 I'y).

AKTUBHHUI omip
Pe3ucTtopom Ha3uBalOTh €IEMEHT €JIEKTPUYHOIO KOJa, KU MEPETBOPIOE EHEPTII0
eJIEKTPUYHOIO CTpyMy B TeIulo. MurreBe 3HaueHHs Hamnpyru U,, Ha pe3ucTopi

BU3HAYAETHCS 3aKOHOM OMa He3aJIe)KHO BiJ TOTO, MOCTIMHUIN YU 3MIHHUI CTPYM MPOTIKA€E
gyepe3 pe3nucTop:
Uk =Rl =RIl,sinat. 2)
B enekrporexHini koedimieHT Z, = R Ha3MBalOTh aKTUBHUM OIIOPOM.
[ToryxHicTh P, 110 BUILISETHCS HAa PE3UCTOPI B KOXKEH MOMEHT 4acy, JIOPIBHIOE
N00yTKY MUTTEBUX 3HAYEHBb CTPYMY Ta HAINPYTHU:
_ _ a2
P =1uwUy =1,U,sIn"wt. (3)
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CepenHs NOTYXKHICTb Py, 1110 BUALISAETHCS HA pe3UCTOpl, Oyae:
1 17 1
PRz?_([PMRdt: IAUA?lsmza)tdt:EIAUA. ()

JIJ1st 3py9HOCTI pO3paxyHKIB OTYKHOCTI B €IEKTPOTEXHII KPIM aMILTITYTHUX
3HAa4YeHb CTPYMY Ta HAIPYTH BBOAATDH MOHSITTA iXHIX JIIOYMX 3HAYECHB:
I :I—A; U :ﬁ. (5)
72 Np
BonpTmeTpu Ta ammepMmeTpu 3MIHHOTO CTPYMYy TpaaylOlOTh CaM€ B JIIIOUHX
3HaYeHHsIX BenuuuH. CepenHs MOTYXKHICTb, IO BUIUISETHCS HAa PE3UCTOPI, TOPIBHIOE

NOOYTKy [IFOYMX 3Ha4€Hb CTpyMy Ta Hanpyru P, =1U .

InxykTBHMI omip
MurtTeBe 3HaUCHHS HAPYryd Ha 1HAYKTUBHOCTI L MOB’s3aHE 31 3MIHAMH MHUTTEBUX
3HA4Y€Hb CTPYMY B Hiif CIIBBITHOIICHHSIM:

U, =L _ 11, cosat = wll, sin(t + 7). ®)
dt 2
3 piBHSHHSA (6) BUAHO, 1O 1 AiI0Yl 3HAYEHHS HANPYTH MPOMOPIIHI JA1I0YOMY 3HAYCHHIO
CTpyMy, IOMHO>KEHOMY Ha KOoe(ilieHT Z, = @l , AKuil Ha3UBaIOTh 1HIYKTUBHUM OIIOPOM
Ha 3MIHHOMY CTPYMI:
U =271. @)
Mix KOJMBAaHHIMH CTPYMY Ta HAmpyrd 30epiraetbcs moctiitHuii 3cyB dasu 7/2,
npudoMy ¢aza Harpyru BUNEpeKae Gazy CTpymy.
HesBaxkarouu Ha Te, 1110 MUTTEBA MOTY>KHICTh Ha 1HAYKTUBHOCTI BiJIMIHHA BIJ HYJIA,
cepenHs 3a mepioA | MOTYKHICTb, IO BUAUIAETHCS Ha 1HITYKTUBHOCTI, JOPIBHIOE HYJIIO:

17 12l b .
P Z_IPMdt = jsm wtcoswtdt =0. 8)
T+ T 4

€mHicHuii onip
MuTTeBe 3HAUEHHS HAINPYrd Ha KOHACHCATOPlI MOKHA OTPUMATH 3 O3HAUYCHHS
€MHOCTI:

t
U, =9-L11 dt=—1 1, sin(et -2, ©
C Cy wC 2
ne g — 3apsan Ha oOkiagkax KoHaeHcaropa; C — fioro emHicTb. 3 piBHSIHHS (9) BUAHO, IO
(a3a Hampyru Ha KOHAEHCATOpi Bimcrae Bim (asu crpymy Ha 77/2. BHACIIOK IHOTO
cepenHs 3a mepion T TOTYXKHICTb, IO BUAUISIETHCS HA KOHACHCATOPI, TOPIBHIOE HYIIIO.
1

(«C)
3HAYEHHSIMU CTPYMY Ta HAIPYTd Ha KOHJEHCATOP1 ICHYE 3B’ SI30K:

U.=2Z.I. (10)

®opmymu (7) ta (10) HazuBaroTh 3akoHOM OMa /Jis €IEMEHTIB KOJIa Ha 3MIHHOMY
CTpyMI1, @ onopu Z. Ta Z, — peaKTUBHUMH.

Koedinienr Z. = B €JICKTPOTEXHIIll Ha3UBAIOTh EMHICHUM OMOpPOM. MiXK Jit0unMu
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AKTHBHA Ta peaKTHBHA MOTYKHOCTI
[Ipu mocmigoBHOMY 3’€IHAHHI pPE3UCTOpa, KOHAEHCATOpa Ta  KOTYIIKH
IHAYKTUBHOCTI, SIK HaBEJICHO Ha pHC 1, eMHICHMH, 1HIyKTUBHUN Ta aKTUBHUU OMOPHU
JOJIAIOTHCS SIK BEKTOpH (pHC. 2).

UR UC UL
‘_m
R C L
I
B—u-
Puc. 1

Taki HaBaHTa)XXEHHS HA3WBAIOTh KOMIUICKCHUMH. Pe3ynbTyroumit omp Z
JOPIBHIOBATHME:

Z=|R*+ coL—L , (11)
(«C)
a 3cyB a3l ¢ MDK CTPYMOM Ta Halpyroro MOKHA BU3HAYUTH 3 (OPMYIIH:
1 1
tgp=—| oL ———|. 12
T o
* Z,

Puc. 2

Bignosigno no ¢gopmyn (7) ta (10) Hampyra Ha eleMeHTax €JIEKTPUYHOIO KoJja
JOPIBHIOE JTOOYTKOB1 CTpymMy Ha omip. OCKIIBKM CTPyM IO BChOMY KOJY OJHAKOBUH,
JiarpaMa s Hanpyr Oyzie aHaJOT14HOKO J0 BEKTOpHOI JiarpamMu omopiB. 3cyB dazu ¢
JUIs1 000X JlarpaM TakoX MOBHUHEH 301TaTHUCh.

MurTteBa NMOTYXHICTb, 0 BUJLISAETHCS HA KOMIUICKCHOMY HaBaHTaKCHHI 3aJIC)KUTh
K BIJ 4acy t, Tak 1 BiJ 3CyBY (a3u ¢

P, =1,U,, =1, U,sinatsin(at + @) =%|AUA[COS(0+COS(2(0'[ +9)] (13)

Cepennro 3a mepion T mnoryxHicte P,=1UC0OS¢ Ha3uBaoOTh aKTHBHOIO, a
notyxHicts P, = IU Sing — peaktuBHOI0. Ha peakTMBHUX eleMEHTaX €Hepris MOXKe JIMIIe
HaKOMMYyBaTUCh Ta BiJJJaBaTUCh B €JIEKTPUYHE KOJO, OJHAK Yy CEPEeIHbOMY BTpAT €HEprii
HEMaE.

[ToBHOIO MOTYXKHICTIO Ha3UBalOTh AOOYTOK AIIOYMX 3HAYEHb CTPYMY Ta HANpyru
P =1U . Ilpu nepenaui enekTpoeHeprii Ha 3HAYHI BiJICTaHI OCOOJMBY YBary NpUILISIOTH
3MEHILIEHHIO 3CYBY (a3 ¢, TOOTO peakTUBHOI NOTYXHOCTI. IloBHY Ta peakTuBHY
MOTY>KHOCTI BUMIPIOIOTh Y B-A.
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Kortymika 1HIyKTUBHOCTI (IpOoceb) HaMOTaHa TOHKUM MIJHUM JPOTOM, KU Mae
CB1il BIacHUM akTUBHUI omip R, (iioro BeluunHa BKa3aHa Ha JIMLEBINA CTOPOHI KOTYILKH).

Ilpu po3paxyHkax 3araJbHUM aKTMBHUH OMip KoOJIa JOPIBHIOE CyMi onopy R, KOTYHIKH
IHAYKTUBHOCTI Ta onlopy R,, , BUCTaBJIEHOMY Ha Mara3uHi OIopiB:
Z,=R, +R,. (13)
VY 3B’sa3Ky 3 UM Hampyry Ha 1HAYKTHBHOCTI TaKOX HEOOXITHO KOPEKTYBaTH IIO
BIJIHOILICHHIO 10 MOMipsiHOT BosibT™MeTpoM U, Ha apoceri:

U=y (UL =(IR.)"- (19

MHOPAJIOK BUKOHAHHS POBOTH
1. 3i0partu enexTpUyHE KOJIO 3a CXeMoIo puc. 1.
2. Jlo Tabnuui 1 3anectr 3Ha4ueHHs onopiB R, , R, emHocti C Ta ingykruBHOCTI L.

3. 3a dpopmynamu Z, =wlL Ta Z. =1/wC BHU3HAYMTH 3HAYCHHS PEAKTHBHHX OIOPIB, a 32
dopmynamu (13), (11) ra (12) — Z,, Z ta ¢ 13aHectn ix go Tabmuu 1.

Taomums 1
Ry ,Om R, .On C,o L. In | Z;.0m |Z.,0m | Z ,Om | Z,0m | @, pao

4. YBIMKHYTH KUBJICHHS Ta BCTAHOBUTH 33JlaHE BUKJIaJadeM 3HaYeHHs cTpyMy | y kodmi.
5. [ToueproBo mpuenHy0YN BOJIBTMETpP IO €IEMEHTIB Koja, BUMipsté Hanpyru Ug, U,
U/ ta U BiAmoBigHO Ha MarasuHi oNopiB, KOHAEHCATOPI, APOCENi Ta HANIPYTy KUBJICHHS.
Hanpyra U, Ha akTuBHOMY onopi Oyne:

U,=U +IR.. (15)
6. locini MOBTOPUTH JIJIsl TPhOX PI3HUX 3HAYEHb CTpyMy. 3a dhopmynoro (14) obuucautu
Hanpyry U, . JlaHi BUMIpIOBaHb 3aHECTHU 10 TaOMLI 2.

U -u
7. 3a popmyoro tgg, = % BH3HAYHTH 3CYB Baszu ¢ .
R
8. IToOymyBaTu BEKTOpHI JAlarpaMu it Hanpyr Ta omnopis. [lopiBHITH KyTH ¢ Ta ¢, Ha
[UX Jlarpamax.
Tabmums 2

Ne | |,4 U.,B U,.B | U, B | U.B U, B U,B @, , pao

KOHTPOJIBHI SAIIUTAHHA

1. Sxwuit cTpyM Ha3UBaKOTh 3MIHHUM?

2. Sk moB’s13aH1 MIXK COOOIO ITMKIIIYHA YaCcTOTA Ta MEPi0j] KOJIUBAHb?
3. Slkuit mpunax Ha3UBaKOTh PE3UCTOPOM?
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[Ilo Take akTUBHUM O1TIp?

Sk BU3HAYAIOTHCA 11041 3HAYEHHS CTPYMY Ta HaIrpyru?

Sk 00UMCIUTH EMHICHUH Ta 1THAYKTUBHUN ONIOPH?

dopMyIu 7151 BUBHAYEHHS MOBHOTO OMOPY Ta 3CYB (pa3u MK CTPYMOM Ta Hampyrow?
BekTopHa niarpaMmy Kosia 3 EMHICHUM, IHAYKTUBHUM Ta aKTUBHUM OIOPaMHU.

Sk 00UMCITUTH aKTUBHY Ta PEAKTUBHY MOTYXHOCTI?

10 PiBHSHHS /11 BA3HAYEHHS MTOBHOT OTYKHOCTI.

wo~NO A

13. BUBHAYEHHS [1I0KA3HUKA 3AJIOMJIEHHSA CKJIA 3A
JOITIOMOI'OI0O MIKPOCKOIIA

META POBOTHM: BH3HAUUTU IOKA3HUK 3aJIOMJICHHS CKJIA.

OBJIA/ITHAHHS: 1) BuMiproBaJibHUI MIKPOCKOI 3 MIKPOMETPUYHHUM T'BHH-TOM;
2) MikpoMeTp; 3) CKJISHI IUIACTMHKM 3 INTPUXaMH Ha 000X
MOBEPXHSIX; 4) OCBITIIIOBAY.

TEOPETHUYHI BITIOMOCTI
3a XBUJILOBOIO TEOPIEI0 CBITJIO SIBIIsIE COOOIO0 eJeKTpoMarHiTHi xBujil. Ilmocka
€JICKTPOMAarHiTHA XBUJISI, sIKA TIOMUPIOETHCS B3JI0BXK 0c1 OX, OMUCY€EThCS PIBHSIHHSIMU:

E = E, cos(at —xx), (1)
H=H, cos(at—xx), (2)

ne E 1 H — Bekropu HapyXHOCTI €JIEKTPUYHOTO 1 MarHiTHOTO MOJIIB; @ — LMKJIIYHA
2r
qacToTa; K = - XBUJIBOBE YHCIIO.

HocBig nokasye, mo (dizionoriyda, ¢oToxiMiuHa Ta (HOTOENEKTpUYHA [Iis CBITIA

BUKIIMKA€TLECSA, B OCHOBHOMY, KOJIMBAHHSMHU BCKTOpa E, SIKUA Ha3WBAaIOTh CBITJIOBUM
BCKTOpPOM. da3oBa H_IBI/II[KiCTB MO PCHHA eJ'IeKTpOMaFHiTHI/IX XBUIJIb:

1
V=, ©)
\ €€ M,y
e &, 1 fi, — €JIEeKTpUYHA 1 MAarHiTHa cTajgl; & 1 g — JIeNeKTpUYHa 1 MAarHiTHa

MIPOHUKHOCTI CEPEIOBUIIIA.
[IBUAKICTH TIOMIUPEHHS CBITIIA Y BAKYYMi:
1 1
Jéokty  J47-107-8,85-107%
B cepenoBumii ¢azoBa MBUIKICTH CBITJIA MEHIIIA, HIXK Y BaKyyMi:
c

U—L— (5)
_@_n’

e N=.leu~= Je (OCKIUTBKM IS TIPO30PHX CEPEHAOBHIN 4 ~1) — MOKAa3HUK 3aJTOMJICHHS

~3-10% m/cex. (4)

JTAHOT'O CEPEeIOBUIIIA.

[Tpu nmpoxoKeHH1 CBITIa Yepe3 MII0CKY TPAHUINO IBOX MPO30PUX CEPEIOBHUIIL
HEOIHAKOBO1 ONTUYHOI I'YCTUHU Taarouuii mnpoMiHb AO po3auIsse€ThCs HA BIIOUTHIM
npominb OB 1 3anominenunit npomiabk OD (puc. 1). [Ipu upomy:

Zl= /1" — 3aK0H BiIOMBaHHA; (6),
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sini
—— =-1 — 3aKOH 3aJIOMJICHHSL. (7)
sinr v,

BigHOMmEHHS MIBUAKOCTI CBITIA B CEPENOBUIITI | 10 MBUAKOCTI B CEPEIOBUIII 2 €
BEJIMYMHA CTajia, TOOTO:
v, sini
—L =const=n,, =—

—. (8)
v, sinr

1 cepenoBuie

2 cepenoBUIIE
OibII TYyCTE

Puc. 1

BenmuunHa N3 Ha3WBA€ThCA BITHOCHUM ITOKa3HUKOM  3aJIOMJICHHSI JPYroro
Cepe/IoBHUIIA BIJHOCHO IEpIIOTO. SIKIIO OJIHE 3 CepelOBHUI — BaKyyM, TO ITOKa3HHUK
3aJIOMJICHHS Ha3uBaeThcs a0comoTHUM. OTKe, TOML:

c sini
n=—=——. 9)
v, sinr
BignocHul moka3zHUK 3aJIOMJICHHS IBOX CEPEOBUII N1 3B’s13aHUM 3 aOCOIIOTHUMU
MOKAa3HUKAMHU N1, N2 HACTYITHUM CITiBB1IHOILICHHSIM:
() cn n
n,=-+t=-—2=-2 (10)
v, ¢cn n

PosrnsgHemMo oAuH 13 METOAIB EKCIEPUMEHTAIBLHOTO BU3HAYEHHS IMOKAa3HUKA

3aJIoMJIeHHsT ckja. CxeMa MPOXOJKEHHsI MPOMEHIB 4epe3 CKISIHY IUIACTHHKY JaHa Ha

puc. 2.

[ D
. )
TOBITPS cl o
A A A ,
CKJIO h
A\ 4 4
H E
i
A 4
HOBITPS 1 A
2
Puc. 2

B Touky A manmae nBa mpomeni 1 1 2. Ilpomins 2 magae HOpMaiabHO 1, HE

48



3aJIOMITIOFOYHCH, BUXOAUTH B Toulli C. [Ipomiab 1 3aOMITIOETHCS 1 BUXOIUTH B HAMPSMKY
1o Touku D. Skmo nuButuck 3 Touku D B Hanpsmky DO, To crioctepirad Oyae 0aunuTu
TO4Ky nepetuny nmpomeHiB OD 1 AC He B Toulll 4, a B To4Ili £, TOOTO TOBIIMHA IJIACTUHKU
Oynae 3mgaBaTHch MeHIIOW H 1 piBHOIO CE = h. [{nsg npomeHiB, OJU3BKUX 0 HOPMAJIbHO
Naaf09nX, KyTH MAIiHHS 1 3aJIOMJICHHS MaJi. B 11bOMy BHITaJIKy CHHYCH MOYKHA 3aMiHUTH
TaHTeHCAMHU 1 3a 3aKOHOM 3aJioMJieHHs (7), po3risiiaroun oOepHEHUH XiJ1 TpoMeHiB Bija D
110 A, MOXKHa 3aMucaTu:

L (1)
sini tgi
3 puc. 2 BUAHO, 110 tgrz%,atgi:il—o.
Toni piBastaEs (11) HaOyne BUTIAAY:
COxH H
nCK]IO = A~ T (12)
hxCO h

IMOPAJTOK BUKOHAHHSA POBOTHU

1. BuMipsiTu MIKpOMETPOM CIIPABXKHIO TOBIIMHY CKJISHOI IMJIACTUHKU H B TOMY MiCIIi, /i€
HaHECCHI IITPHUXH.

2. BusHauutu ToBIIMHY N, Ky BHUIHO B MIKpOCKOM. /)i 1[bOTO IIACTUHKY MOKJIACTH Ha
CTOJIMK MIKPOCKOIIA M1l 00’€KTUB TakK, 1100 oOMJIBa MITPUXU MEPETUHAIU ONTHUYHY BIChH
MiKpockomna. Pyxaroum TyOyc, AOOHUTHCS YITKOTO 300paKCHHS BEPXHBOTO INTpUXA 1
3amucaTy BiJIIK MIKPOMETPUYHOTO TBUHTA, BBAKAIOUH HOT0 3a HyIhOBHUH. Jlalli OMmycTUTH
TyOyC MIKpPOCKOIIA JI0 OJIepKaHHS YITKOTO 300pake€HHs HUKHBOTO ImTprxa. HoBuii Bijik
MIKpOMETPHUYHOTO TBHHTA JIa€ BEIMIHUHY h.

3. O0UHCIMTH TTOKA3HHUK 3aJIOMJICHHS CKJIa 3a hopmyroro (12).

4. 3HailTh cepeqHe 3HAYEHHS N Ta a0COJIOTHY MOXMOKY BUMIpIOBaHHS. J[aHi 3aHECTH B
Tabnuio 1.

Tabmuus 1
Ne H, mm h, mm n An N=N¢epETAncep
1
2
3
cp.

KOHTPOJIbHI 3AITUTAHHSI

PiBHSIHHSA MJIOCKOT €JIEKTPOMAarHiTHOT XBHJIL.

da30Ba MIBUIKICTH MOMTUPEHHS CJICKTPOMArHITHUX XBHIIb.
[IBUAKICTH NOIIKUPEHHS CBITJIA B BAKYYMI.

[IBUAKICTH TIOIIMPEHHS CBITJIA B CEPEIOBHIIII.

3aKoH BiJOMBaHHS CBITJIA.

3aKoH 3aJIOMJIEHHS CBITJIA.

AOCOIIOTHHMH IMOKa3HHUK 3aJIOMJICHHS.

BigHOCHMI ITOKa3HUK 3aJIOMJIEHHS.

NIk wdDPE
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9. 3aKOH NOBHOIO BiIOMBaHHS.
10. Po6oua (opmyna aJist BUSHAYCHHS TOKa3HUKA 3JIOMJICHHSI CKJIa.

14. BUBHAYEHHSA JOBKUHU CB!TJIQBOT XBUWJII 3A JOITIOMOI'O1IO
JANPPAKIINHOI I'PATKHN

META POBOTHM: BuU3HAUNTHU JOBXKUHH XBUJIb BUIPOMIHIOBAHHS B CIIEKTP1 BOJHIO.
OBJIAJJTHAHHSI: 1) BomHeBa TpyOKa 3 JDKEpEJIOM >KHBIICHHS; 2) ONITUYHA JIaBa;
3) expaH 3 MKaJIOK0 1 MUTHHO0; 4) mudpakiliiiHa rpaTka.

TEOPETHUYHI BIJIOMOCTI

KorepeHTHUMHM Ha3MBarOThCS XBWJII, SIKI MalOTh OJIHAKOBY JOBXXHMHY 1 IOCTIMHY B
yaci pizHuiio ¢a3. B pesynbraTi HakIagaHHS Taki XBUJII MOXYTh MOCHIIIOBaTHCH abo
nocIa0roBaTuCh (siBUIIe iHTepdepentii). Pi3HuIs xoqy XBuiab A — 1€ pi3HUIS IUISIXIB,
OpoWIeHNX XBWIsIMH A0 3ycTpiui. Ha puc.1 A = 010, ne O1 ta O — mxepena
KOT€pEHTHUX XBWIb 1 12; 02X — 001acTh HAKJIaJaHHS XBUIIb; 3 — PE3yIbTYIOUa XBUJIS.

E‘k Elk
A A A A2

2 3

2 X S

(o]] 1 (07 v g 01 02 X

1
3
Puc. 1

3 MajroHka BUAHO, 1m0 sSkimo A=KA, ne k=0,1,2,..., To XBWI 3yCTpidalOThCsI y
.. : 1 .. :
¢da3i i MaKCUMaJIbHO MiJCHIIOIOTECSA. SIKIIO K A:(k+§)/1, TO TpH 3YCTpidui XBHJI

MaroTh MPOTHJIEKHI (Pa3u 1 TacsTh OJHA OJIHY.
PosrissHeMo iHTepdepeHIIifo XBHIIb, SIKI IPOXOAATh Kpi3b iy AD (puc. 2).

A B C D

(@)
Puc. 2

OpOHT XBUIII — II€ TEOMETPUYHE MICIIE TOUOK, B SIKMX KOJIMBAHHS BiOYBalOTHCS B
onHakoBuXx (azax. OpoHT NepHeHIUKYIIPHUNA O HAMPSIMKY MOIIMPEHHS XBWIII. 3T1THO
npuHIuny [ rolireaca-dpenens, kokHa ToYka (POHTY CTA€ JHKEPEIOM BTOPUHHHUX XBUIIb,
K1 1HTEp(PEepyOTh, MIJCUIIOIOYNCh B OJHUX HAMNPSIMKaxX, 1 MOCIA0IIOIOYNUCh B 1HIIUX.
Po3srisitHeMo BTOpHMHHI XBWIIL, SIKI 14yTh BiJ TOYOK (PpoHTY AD B HampsMKy ¢@. OCKIIbKU
GpOoHT 1UX XBWIb — A D1, TO PI3HUI XOAY XBWIII, IO M€ 3 TOUKU A 1 XBUJIb, 110 UIYTh 3
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touok B, C,..., D pisna BimmoBimHo BB, CCi,..., Tak, 1o BBl=§, CC1=2%,...,

A o .
DD;= nE’ Je N — KUIbKICTh 30H. XBUWJIS, 110 WJie 3 TOUKH A, Oyje moraiieHa XBUero, 1o

" : : A : -
nJac 3 TOYKHU B, OCKUIbKH PISHULA XOJAY XBHUJIb A= E . Takum YWMHOM, XBHJI1 OJHI1€1 30HHU

MOTacaTh XBHWJII 1HINOT 30HW. SIKIMIO y IIUIMHI BMIIIYETHCA TMApHE YHCIO 30H
(n=2k, k=0,1,2,...), To Touka O, B sKiif criocTepiraeMo iHTep(EPEHIIIO CBITIOBUX XBHUIIb,

Oyne HeocBiTieHOr. 3 puc. 122 Bigpisok DD, = ADsing. Ilozmaumsmm AD=a,

A . : . 2asing
OJIEPKUMO: nE =asing, 3BiIKK KiJIbKICTh 30H: N = —
YMoBa nocnaliaeHHs XBUIb, TAaK 3BAHOTO MIHIMyMY AUQPAKIIT HA IIIHHI:
2asin
n=2k=""0
A
a0o:
asinp=kA. (1)

SIkmo x uywmcno 30oH HemapHe (N=2K+1), To XBWIi OAHIEI 3 30H HE OYIyTh
noraiiei, 1 Touka O 0yJie OCBITJICHOIO. Y MOBa MaKCUMyMYy Iu(pakxiiii Ha IIUIHHI:
2asin
n=2k+1="220
A
abo:

asin¢:(k+%)/1.

OTxe, B 3aJI€KHOCTI BiJI HAMPSMKY ¢ XBUJI OYIyTh MiICUIIOBATUCH 400 TaCUTHCH, 1
3a MIIJTMHOIO OJIEPXKY€EMO HE ii 4iTKe 300pakeHHs, a CUCTEMY CBITJIMX 1 TeMHUX cMmyT. Lle
SIBUIIE BIIXWUJICHHS BiJ TPSMOJIIHIHHOCTI TMOITUPEHHS CBITJIA HA3UBAETHCS AUPPAKITIETO.
Cnin 3a3HauuTH, M0 JU@PAKI0 MOXKHA CIIOCTEPIraTH MPU MPOXOJKEHHI CBITJIa 4Yepe3
BY3bK1 IIUIMHM 1 MaJll OTBOPH.

SIKIo CBITIIO MPOXOAMTH YEpe3 CUCTEeMY IIIIUH (qudpakiiiiHy rpaTky), TO IpH
po3paxyHKy nudpakiii Tpeda BpaxyBaTH 1HTep(EpPEHLII0 XBUJb, AKI 11yTh BiJ PI3HUX
IIUTHH y HanpsIMKY @ (puc. 3).

b ¢y a b a bla b

Puc. 3
Pisauns xony nmx xBuib A=(a-+b)sing=dsing, ne a— mupuna mimuam; b —
HMIMPUHA HEMPo30poi cmyru rpatku; d =a+b — mocriiina rpatku.
YMOBa MiJICUICHHS XBUJIb:
A=KkA,
a0o:
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dsinp=kA. (2)
YMoBa MiHIMYMY NpHU MPOXOKEHH1 CBITIA Yepe3 rpaTky:
dsing=(k+1/2)A. (3)
TakuMm YMHOM, TOPSAJ 3 MIHIMyMaMH 1HTEHCHBHOCTI, 3yMOBJICHUMHU JTU(PAKIIEI0 HA
omHiN mmHI (1), 3’SBIAIOTHCS MIHIMYMH 1HTEHCHBHOCTI, 3yMOBJIEHI 1HTep(]epeHIlieio
CBITJIa B pi3HUX MIUIKH (3). MakCUMyMH 1HTEHCUBHOCTI (2) CTaHYTbh OLIBII SICKPABUMHU,
00 B HUX CKJIQA€THCA CBITJIO Bl OararhboX IIJIAH.
OTxe, XBUIISL JOBKHHOIO A TIJCHIIOETHCS B HAIIPSIMKAX, JJIS IKUX:
. kA
SINp =—. 4
d
3naueHHio K =0 BigmoBigae meHTpasbHuii MakcumyM (@ =0). 3Hauennsm Kk =1 i
k=2 — makcumymu 1-ro i 2-ro mopsimky i T.0. Lli MakCUMyMHu pO3TalIOBYIOTHCS
CUMETPUYHO BIJHOCHO IIEHTPAIBHOTO. 3 (4) BHIHO, IO XBWJI 3 PI3HUMH JOBKHUHAMHU A
MIJCUTIOIOTHCS B PI3HUX HampsMKax ¢. TakuM 4MHOM, HE MOHOXPOMATUYHE CBITJIIO MpPHU
MPOXOJIPKEHHI Yepe3 TPaTKy PO3KIATAETHCS B CIIEKTP.
CxeMa yCTaHOBKH JI1 BU3HaYeHHsI A 300pa)keHa Ha puc.

3

2 | 2
4:\’\| < 7 < x 3k 1

Puc. 4

CBITJIO BiA JKepena MEepHeHIMKYISIPHO NPOXOIUTh 4Yepe3 IUIMHY 2 1 rpaTtky 4.
CrekTpalnibHy JIiHIIO, sIKa MJICWIIOETHCS B HANPSIMKY ¢, CIIOCTEPIraroTh Ha (DOHI mIKaIU
eKpaHa 3.

Orxe:

sing = X

VIZ + %2

Je X — BiWIiK 1Mo mkaii; | — BijicTaHp MiX €KpaHOM 1 IPaTKoIo.
Skmo X< |, To:

sing = % . (5)
, X ki . . ,
[Tincrapnstoun (5) B (4), ogepKuMo e i 3BIJKHM JIOBKMHA XBHWJII CIIEKTPAJIbHO1
JIHIT:
xd
1= 6
" (6)

MHOPAAOK BUKOHAHHS POBOTH

1. BrIrounTH IKEperno KUBJICHHS BOJAHEBOI TPYOKH.

2. lobutucs 4iTKOro 300pa)Ke€HHs CIEKTPIB 1 IX CUMETPUYHOTO PO3TAITyBaHHS BIIHOCHO
IIUTMHKA, PO3TANlyBaBIIM JHKEPENO CBITJA, IMUIMHY 1 TpaTKy Ha OJHIA MpsSMid 1
BCTAHOBUBIIIU I'PATKY MEPIEHANKYISIPHO 10 MTPOMEHIB.
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3. BumipsaTu BigcTaHi X, BiI INIIMHU 1O CHEKTpanbHuX HiHIA 1-To psaka (k=1) i
BiACcTaHi X, [0 MiHil cnekTpy 2-ro nopsaky (K =2). Bumipsaru Bigcrans | Bin minueu 10
eKpaHy.

4. 3a ¢popmyroro (6) OOUUCIUTH JOBXKUHU XBWIb A y CIEKTPl BUIPOMIHIOBAHHS BOJIHIO,
BpaxyBasmy, mo d =1/100m . BupasuTtu 10BkuHN XBUIb B aHrcTpeMax (14=10"wm).

5. Jlani BUMipIOBaHb 1 0OYUCIICHb 3aHECTH B TaOIUIIIO 1.

Tabmuus 1

Komip | |, | X, | X,, A d-x A d-x y) Aty A A

mH | M | g | |

KOHTPOJIbHI 3AIIUTAHHS

1. SBume nudpakiii cBiTia.

2. YMoBa MakcuMyMy 1HTephepeHIi JBOX MPOMEHIB.

3. YMoBa MiHiMyMy iHTepdepeHIlii ABOX MPOMEHIB.

4. ®opmyna AJig yucia 30H Ha [IUTHHI.

5. YMoBa MiHiMyMy audpakxiiii Ha IIUTHHI.

6. YMoBa Makcumymy audpaxiiii Ha IIUHI.

7. YMoBa MakcuMyMy Ha AudpakiiiHiil rpaTi.

8. YmoBa MiHIMyMy Ha AUQPAKIIAHIN rparTii.

9. ®opmyra aJis 3HAXOHKCHHSI IOBKUHU XBUITI B CTICKTP1 TIEPIITIOTO TOPSIKY.
10. ®opmyna ais 3HAXOMKCHHSI TOBKUHU XBUITI B CTICKTP1 APYTOTO MOPSIIIKY.

15. BUBUEHHS 3AKOHIB TEIIJIOBOI'O BUITPOMIHIOBAHHA

META POBOTHU: pocmiauTH 3aJIeKHICTh CHEPreTUYHOi CBITHOCTI T Bia  iX
TEMIIEPATYPH.

OBJIAJIHAHHS: 1) mydenbHa  miy 3 TEpMONapoIo; 2) Tepmobarapes;
3) MUTIBOJIBTMETPH.

TEOPETUYHI BIIOMOCTI TA OIIMC NPUJIAAIB

AToMU Ta MOJEKYJIM PEUYOBUHU TPArHyTh 3alHATA CTaHU 3 MIHIMyMOM
MOTEHI[IATbHOI €Heprii (OCHOBHI CTaHW). SIKIIO aToMy HaJaTH JI0JATKOBOI €HEprii, BiH
nepenie B 30y PKeHHM CTaH.

36ymKeHni cTaH HecTiiikuii. AToM TiepebyBae B HhoMy mpotsrom 10°—-107°¢, a
MOTIM 3HOBY MEPEXOJUTh B OCHOBHHMU cTaH. Hammumok eHeprii 30ymkeHud aToMm abo
BIJIJIA€ CYCIIHBOMY aTOMY, 00 BUIIPOMIHIOE y BUTJISA/II €JIEKTPOMArHITHUX XBUJIb.

BunpomiHtoBaHHs aTOMIB MOJAUISIOTH Ha TEIJIOBE Ta JIIOMIHECICHINI0. TerioBe
BUMPOMIHIOBaHHS BIJPI3HIETHCS BiJ] 1HIIUX JIMIIE CIOCOOOM MEPEXOAY BUIPOMIHIOIOUUX
cucteM y 30ymKeHMH cTaH. B sBUIaX TEMmIOBOr0 BHUMPOMIHIOBAHHS TaKHM Mepexin
B1I0YBa€THCS BHACIIIOK TEIUIOBOTO PyXy aTOMIB Ta MOJIEKYJI.
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EneKTpoMarHiTHi XBUIIi EPEHOCATh €HEprito. i TYCTHHOI W Ha3HBalOTh EHEPTi0
BUIPOMIHIOBaHHS, 110 3HAXOJUTHCS B OJUHMIN 00’eMy. Po3MipHICTh T'YCTHHHM €Heprii —
Tlone| i

EnexrpoMartiTHe BUIIPOMIHIOBaHHS TOMIMPIOETHCS B MPOCTOPI 3 MIBHIKICTIO U .
JloOyTOK TYCTHHH W €Heprii Ha MBHUAKICTh U ii TEpEeHECeHHS B MPOCTOPi, HA3UBAIOThH
TYCTUHOIO IOTOKY €HEprii:

j=w0. 1)

[ToTokoM @ Ha3WMBaIOTh EHEPTil0, SIKY XBWIS MEPEHOCUTHh Yepe3 MOBEPXHIO S 3a

OJIMHUIIIO Yacy:

@=[(]dS). @
S

Po3mipHicTh MOTOKY eHeprii — Bm .
CHexTpallbHOI0 XapaKTePUCTUKOI BHUIIPOMIHIOBAHHS Tila € BUIPOMIHIOBAIbHA
3MaTHICT. BumpomiHroBanbHa 3nmatHicte E(w,T) — 1e ToH moOTIK  eHeprii

BunpomiHioBanHs 0@, (@), sSKUH BUITyCKAETHCS OAWHMIECIO IOBEPXHI S Tima B

unp
IHTEpBaJli YacTOT Bil @ M0 @+ dw, mpuBeeHU# 10 MUPHHA 0@ IBOTO IHTEPBAITY:

do,, (o
E(o,T)= —““”p( ) :
S-dw
Po3MipHiCTh BUIPOMiHIOBANBHOT 31aTHOCTI — [orc/ m? .

©)

EnexTpoMarHiTHI XBWJII HE JIMIIE BUIIPOMIHIOIOTBCS, a ¥ MOTJIUHAIOTHCS
pedoBUHOI0. CHEKTPaIbHOK XapAKTEPUCTUKOIO MOTIMHAHHS € MOTJIMHAIbHA 3/IaTHICTb.

[TornuuanbHa 31aTHICTh A(,T ) — 1ie Ta yacThHa Q@ (a)) 1a/1al040r0 MOTOKY

noen

d@(w) 3 yacroTamu BiT @ 10 @+ @, sIKa MOTJIMHAETHCS TLIOM:

do (w
A(wT)-82sle)
do
HoranHaabHa 3IaTHICTH — BeJIMYUHA 0e3po3MipHa.
T1710 MOe€ TTOTJIMHATHA CBITJIO OJHHUX YacTOT 1 HE HMOTJIMHATHA CBITJIO 1HIIUX YacCTOT.

Taki peyOBMHHM HA3MBAIOTh KOJBOPOBUMH. SIKIIO MOINIMHANbHA 3AaTHICTH A(®,T ) ans

(4)

BCIX YaCTOT @ OJHAKOBA, TLIO HA3UBAIOTh CIPUM.

Yum Oubllly YaCTUHY CBITJa MOTJMHAE CIpe TLI0, TUM TEMHIIIMM BOHO BUTJIAJIAE.
SIKIIO T1710 MOTJIMHAE BCE IMajiaroue Ha HLOI'O CBITJIO, TO TaKe TIJ0 HA3WBAaIOTh aOCOJFOTHO
yopHUM. J1J1s1 a0COIFOTHO YOPHOTO Tija:

Ao, T)=1 (5)
bimmM Ha3uBaroTh TIJ10, SKE BIIOMBAE BCe Majiar0ue Ha HLOrO CBITIIO.
TepmomuHaMiuHy CHCTEMY XapaKTEepU3yIOTh psiioM TapametrpiB crany. Cran

JTUHAMIYHOT PIBHOBAarM B CHUCTEMI HACTYIAa€ TOJI, KOJW BCl MAaKPOCKOITIYHI TapameTpu
(THCK, TemMmeparypa i T.J1.) yCiX 4aCTUH CUCTEMHU OJIHAKOBI.

Sx11o B cucTeMi MPOTIKAIOTH 0OOPOTHI MPOIIECH, TO B CTaHI JUHAMIYHOI PiBHOBAru
MOX€ BCTAaHOBHTHCH 1 JeTallbHa piBHOBara. JletanmpbHa piBHOBara XapaKTepPU3YETHCS
OJIHAKOBOIO WMOBIPHICTIO MPOTIKAHHS B CUCTEMI1 JOBLIHHOTO MIKPOTIPOIIECY B IPSIMOMY Ta
3BOPOTHOMY HampsiMax. Y TaKkOMy BUNAAKYy ¥ €HEpris eJeKTPOMAarHiTHUX XBHIIb, IO
BUIIPOMIHIOETBCS aTOMaMH, JIOPIBHIOBAaTUME CHEpTii, s’lka HUMHU MOTJIMHAEThCs. OCTaHHE
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BUNPOMIHIOBaHHSI Ha3WBalOTh PIBHOBAXXHHUM, TOOTO TaKuUM, sKe IepedyBae B CTaHi
JMHAMIYHOI pIBHOBAru 3 pe4OBHUHOIO.

PiBHOBa)kxHE BUIIPOMIHIOBAHHS:

® OJIHOpIJIHE — TYCTHUHA MOT0 €HEeprii 0JJHAKOBa B YCIX TOYKAX CUCTEMU;

® 130TPOIHE — BC1 HAIPSIMH HOTO MOUIHPEHHS pIBHOWMOBIpPHI,

® HEMOJSPU30BAaHE — HAMPSMHU KOJHMBAHb CBITJIOBOTO BEKTOpa B KOXHINA TOWII
MIPOCTOPY XAaOTUYHO 3MIHIOIOTHCS B YaCi.

YumMm Oisipllie eHeprii MorjauHae TUI0, TUM O1IbIle BOHO W BUMPOMIHIOE. AOCOIIOTHO
YOpHE TLJIO 3a OJIHAKOBUX YMOB BHUIIpOMiHIOE Haiounbie. ['.P. Kipxrod nmokasas, 1o npu
PIBHOBXHHX TIPOIECaxX BiHOIICHHS BUIIPOMIHIOBAIBHOI Ta MOTJIMHAIBHOI 31aTHOCTEH HE

3aJIC)KHUTh BiJl poay MmoBepxHi Tina (puc. 1):

E(o,T) _
W—f(w,T)- (6)

dyukuito f(@,T ) nasusarots pynkuiero Kipxroha, a6o BUMPOMiHIOBABHOKO 31aTHICTIO

abcomoTHO YopHoro Tina. M.Ilnank BcranoBuB xin ¢ynkiii Kipxroda:

hao® 1
Hol)= 1

e —1

—
—
g
—
~

Qv

Puc. 1

Bupas (7) HocuTh HasBy bopmynu ITnanka. Tyt 7=1,05-10" /loc- ¢ — xBaHT xii, a
c=3-10° w/c — mBuaKicTh cBiTIa y Bakyymi. I'padiuno xix ¢ysxuii (7) HaBeneHo Ha
puc.114. MakcumyM ii criocTepiraeTbesi Ha 4acToTl @, , AKa 3aJI0BOJIbHSIE YMOBY:

ho,,
KT

3anexxHo Bijg TemriepaTypu 7 MaKCUMyM BUIIPOMIHIOBaHHSI TPUIIAJIa€ Ha Pi3HI
JOBXUHU XBWIb. B. BiH ekcriepuMeHTanbHO OTpUMaB 3aJI€XKHICTh JOBKUHU A,, XBWJII, HA

~282. ®)

AKY MPHUMAa€ MAaKCUMYM BUIIPOMIHIOBAaHHS a0COIFOTHO YOPHOT'O TiJa:
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Ay T=b=29-10"n-K. (9)
3anexHicTh (9) Ha3MBaIOTh 3aKOHOM 3MillleHHs BiHa.
EHepreTrdHoI0 CBITHICTIO (IHTETPaJIbHOIO BHIPOMIHIOBAILHOIO 31aTHICTIO) R(T)
HA3UBAIOTh MOTIK @ BUITPOMIHIOBAHHS 3 OJMHUII TIOBEPXHi TiJia (Ha BCIX YaCcTOTaX @ ):

R(T):TE(a),T )o. 10)

1. Credan exkcnepuMeHTasibHO, a JI. bonpliMaH TEOpEeTUYHO JOBENTU, WO s
a0COTIOTHO YOPHOTO TiJA:
R(T)=0T* (11)

Bm ..
T koe(imienT Credana—bonpimana.

ne o0=5,67-10"° >
M .

MHOPAAOK BUKOHAHHA POBOTHU
1. 3i6patu nabopaTtopHe ycTaTKyBaHHs BiJIMOBIAHO 10 CXEMH, HABEICHOT Ha pucC. 2.

Tepmonapa
|

MydenbHa mig Tepmobarapes

Puc. 2

2. 3axon Credana — bompliMaHa CTBEp/pKye: 1HTETrpajibHAa BUIPOMIHIOBAJIbHA 3[ATHICTD
aOCOJIIOTHO YOPHOTO TUIa MPOMNOpLIMHA YEeTBEpTIM CcTenmeHl TeMmmneparypu [ Horo
nosepxHi. Jlomyckatouu, mo Hampyra U, Ttepmobarapei mponopiiiiiHa NOTOKy Iajaroyoi
Ha HBOTO MPOMEHUCTOI eHeprii, nepeBipka 3akoHy Crtedana—boabiMana 3BOAUTHCS 10
nepeBipku JtiHiHOCTI Xomy Hampyrn U, Bim T* Bpakaerbcs, mo MyQenbHa mig
BUMNPOMIHIOE TaK, SK aOCOJIIOTHO YOpHE TII0, a TepMobaTapesi 130JbOBaHa BIJ
KOHBEKTHBHHUX MOTOKIB TETUIOTH.

3. YBIMKHYTH MydenbHy mid. Y mporeci ii MOBUTFHOTO HarpiBaHHS 3HSATH 3aJICKHICTh
nokasiB U, muniBonbT™MeTpa TepmoOaTapei Bif nokasis U, MITIBOJIBTMETpA TEPMOMAPH.
4. BignoBigHo [0 rpagika TIpagylOBaHHsA TepMomapu IepeBectn nokasu U, B

Temriepatypy T MydenbHoi nedi. /laHi BUMiproBaHb 3aHECTH 0 TaOIuIl 1.

Tabmuns 1
Ne U1 . B U2 B T, K (T /100)*, K*
1
10
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5. oGy nysatu rpadik 3anesxnocti U, Bix (T /100)*. 3po6utn BUCHOBKH.

KOHTPOJIBHI 3AIIMTAHHA

O3HaueHHS TEMJIOBOTrO BUITPOMIHIOBAHHS.

OCHOBHI XapaKTEPUCTUKHU TETJIOBOTO BUIIPOMIHIOBAHHS.
SIKi IpoIIeCH Ha3UBAIOTh PiIBHOBAKHUMU?

3axoH Kipxroda.

Oynkiis Kipxroda 3a reopiero [1nanka.

3akoH 3MimeHHs Bina.

3akoH Credana—bonpmMana.

Ski Tina HA3WBAIOTH O1TMMU, a0COTIOTHO JOPHAMH, cipumu?
OCHOBHI BIIaCTUBOCTI PIBHOBXHOT'O BUITPOMIHIOBAHHS.

10 [Tpunuun Aii 1aGopaTOpPHOi yCTaHOBKH.

CoNoORrWODE

16. TOCJIIUKEHHS BOJAbT-AMITIEPHOI XAPAKTEPUCTHUKH
HANIBIIPOBITHUKOBOI'O JIIOJA

META POBOTH: 3acBoiTu MeTOA 3HATTS BOJbT—aMIepHOi Xapakrepuctuku (BAX)
HaIlIBIPOBITHUKOBOIO J110/1a 32 MICTKOBOIO CXEMOIO.

OBJIA/IHAHHS: 1) HamiBIpOBiTHUKOBHIA IO, 2) JHDKEPETIO PETyJIbOBAaHOI HATIPYTH;
3) BombTMETD; 4) MiiaMIiepMeTp; 5) ralbBaHOMETp; 6) peocTar.

TEOPETHUYHI BIJOMOCTI

HamiBnopoBilHUKaMU Ha3UBalOThb pPEYOBUHHU, MPOBIAHICT SAKUX 3a KIMHATHOI
TeMIepaTypu Ma€ MPOMIXKHE 3HAYEHHS MIXK MPOBIIHICTIO METalIB Ta HIEJICKTPHUKIB.
XapakTepHOI0 0COOJIMBICTIO HAIIBIPOBIIHUKIB € 3pOCTAHHS IXHBOI €JIEKTPOIPOBIIHOCTI 3
poctoMm Temmneparypu. IIpoBinHICTh HamIBIOPOBIAHUKIB 3aJ€KUTh HE JHILE BiA
TEeMIIepaTypH, a ¥ BiJ HASBHOCTI B HUX JIOMIIIOK, AC(PEKTIB, BiJ OCBITICHOCTI, OTOKY
IMIBUIKAX YaCTUHOK 1 T. II.

HamiBnpoBilHUKM ~ BUKOPUCTOBYIOTH  JJii  MOOYJOBM  HAIMIBIPOBIIHHUKOBUX
IPUCTPOIB: MIOAIB, TPAH3UCTOPIB, THPUCTOPIB 1 T. A. HamiBOpoBIIHUKOBUMH Ai0]aMHU
HA3WBAIOTh MPUCTPOI, B SKUX peEaTi30BaHO OJHOCTOPOHHIO TPOBIMHICTH. BracTuBocCTi
HAIBMIPOBITHUKIB Ta MPUJIAIIB HA TX OCHOBI OMMCY€E 30HHA TEOPIs.

OCHOBHUM MOHSATTSM 30HHOI TEOPil € EHEPreTUYHI 30HU eJeKTpoHiB. KoxkHa
eHepreTUYHa 30Ha BKIIOYAE EJICKTPOHU 3 NMEBHUMHU eHeprisiMu. EHepreTHyHi 30HM MaroTh
HIMPUHY JI0 JIEKUIBKOX E€JEKTPOH—BOJIBT (eB) 1 cKiIaialoThCsl 3 OJM3bKO po3MilIeHUX (3
€HEPreTMYHOK BigcranHio 10 107 eB) eHepretmdynux piBHiB. Enepretnuni pisHi
3alOBHIOIOTHCS  €JEKTPOHAMM  BIAMOBIAHO A0 mnpuHuumB Ilaym Ta MiHIMyMy
MOTEHIIIAJIbHOT €HEPrii.

[Tpu abcomoTHOMY HYJ1 TEMIEpaTypy 3allOBHEHWMH BUSIBJIATHCA JIUIIEC HAWHIKYI
CHEpreTUYHl pIBHI Ta 30HU, MO iX MICTATh. OCTaHHS 3 TMOBHICTIO (YW YaCTKOBO)
3alI0BHEHUX EHEPreTMYHUX 30H HA3MBA€ThCS BasleHTHOo. [lepmia 3 He3zamoBHEHUX (4U
YaCTKOBO 3allOBHEHHX) — 30HOIO MPOBiAHOCTI. [ MeTamiB MOHSTTS BaJCHTHOI 30HU Ta
30HM MPOBITHOCTI 30Iral0ThCHI.
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Mix Bepxom W, BaneHTHOi 30HM Ta JHOM W, 30HM NPOBIJHOCTI MICTUTHCS 30HA
3a00poHeHux eHeprii 13 mupuHoro AN =W, —W,, . 3a 3nauennam AW peuyoBHHU YMOBHO
HOJIIISAIOTE Ha: a) JienekTpuku (AW >3 eB); 0) namiBnposigauku (0,1 eB< AW <3 eB);
B) npoBigauku (0 < AW <0,1 eB).

BinmosigHo mo rimore3u JI. ge Bpoiinis, KoxeH eNeKTPOH, OKPIM KOPITYyCKYJISPHHUX,
Ma€ 1 XBIJIbOBI BIIACTUBOCTI. 3B’SI30K MK HOT0 iMITYJIbCOM [ Ta XBHJIbOBUM BEKTOPOM K
3aJJa€ETHCS CMIBBIAHOIICHHSIM Jie bpoiis:

p=rx, (1)
ne h= h/ (27[) — crana Jlipaka; h — crana [Tnanka.

Enepris W enexTpoHa 3a1eKuTh BiJ HOT0O IMITYJIbCY P :

B p2 B hZK_Z (2)
2m  2m

VY Toil yac, KOJIM XBUJIBOBE YHUCIO K €JEKTPOHA 3MIHIOETHCS HEMEPEPBHO, MOr0
enepris W Moxe 3a3HaBaté po3puBiB. s Toro, moO 1 Hajgaial BUKOPUCTOBYBATH
3aJIeKHICTh  (2), 30HHA TEOpis MPONOHYE MIATaHATH 3HAYEHHS M  Tak, 1100
CHIBBIAHOIIEHHS (2) BUKOHYBAJIOCH IIPU JIOBLIILHOMY K .

[ToasiiiHuM qudepeHIIoBaHHAM (2) 32 OTPUMAEMO:

oW h’
Ok~ m
Otpumane 3 Bupasy (3) 3HaueHHs Mack M’ Ha3HBAIOTh €()EKTHBHOIO MACOI0 HOCIs
CTPyMY:
o'W
m* = 4 / . 4
oK? )

EdexrrBHa Maca M" MOJKE 3HAYHO BiIPi3HATUCH BiJl Macu €JIeKTpoHa. binbime Toro,
BOHA MOe€ OyTH K JI0JIaTHOIO, TaK 1 BiJl’eMHOI0. Came TOMY B 30HHIH TEOpii TOBOPATH HE
PO PyX €JIEKTPOHIB, a IIPO PyX KBa3i4aCTHHOK 3 e(peKTHBHOIO Maco M’ . KasiuacTuHKy
3 JI0AATHOI €(QEKTHUBHOK MAacOK 1 BII €EMHUM €JIEKTPUYHHUM 3apsSOM Ha3WBaIOTh
€JIEKTPOHOM MpoBiAHOCTI. KBa3iyacTuHKyY 3 10AaTHOIO €(heKTUBHOIKO MAacolO Ta JI0JaTHUM
CJIEKTPUYHUM 3aps/I0M Ha3UBaIOTh JIPKOIO.

Y XimMiyHO uyHCTHX (BJaCHUX) HAMIBIPOBIAHUKAX KBa31YaCTUHKU EJIEKTPOHU
IPOBIAHOCTI Ta MIPKU 3 SBJIAIOTbCA TMapamMu i ,pkuByTh” Oims 1078 c. IlotiMm BoHH
PEKOMOIHYIOTh — 3HHMKAIOThb 3 YTBOPEHHSIM HEUTPalbHUX AaTOMIB HAaIlIBOPOBIIHUKA.
VIMOBIipHIiCTh TIOSIBM Takoi NapH 3aleKHTh Bif TeMmiepaTypu T 1 BH3HAYAETHCS
CTATUCTUYHUM po3nofiioMm Dépmi— Jlipaka:

1

PW)=—A Wy )
exp e +1

ne p(W) — I'yCTMHAa MMOBIPHOCTI NOSIBU Napu KBa3luyaCTMHOK 3 eHepriero W ; W_

enepris ®epmi; kK — crana Bonsumana (k=1,38-102 Joc / K).

Kpim BnacHuX, ICHYIOTh HAaIIBOPOBIIHUKH, B SIKAX PIBHICTb KOHIICHTPAIIIM
CJICKTPOHIB TPOBIAHOCTI Ta JMipoK mopymeHa. Hocii cTpymy, KOHIIEHTpAIlis SKHUX
nepeBaxkae, HA3WBAIOTHCS OCHOBHUMHU. PI3HMII THN TPOBIIHOCTI HAMIBIPOBITHUKIB
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MOB’A3YIOTh 13 HASBHICTIO B HUX PI3HUX JOMIIIOK — JJOHOPIB Ta aKIENTOPIB €JICKTPOHIB.
Sk npaBuIo, JOHOPHI JOMIINIKM MAalOTh BAJICHTHICTh HAa OJUHMINO OUIBIIY, HIK
BaJICHTHICTh aTOMIB OCHOBHOI'O HaMiBIPOBIJHUKA, a aKUENTOPHI — HA OJMHMIKO MEHIIY.
HamiBrnpoBiTHUKK 3 €JIEKTPOHHOIO IPOBIAHICTIO HA3WMBAIOTHCS HAIIBIPOBIIHUKAMU N—
THITY, a 3 IIPKOBOIO — P—THUITY.

SKI1110 MPUBECTH B KOHTAKT HAMIBIPOBIIHUKUA PI3HUX THUIIIB, TO BHACTIAOK AUDy3ii
€JICKTPOHM MPOBIAHOCTI 3 HAIIBIPOBIAHUKA N—THUMY MEPEXOAUTUMYTh Y HaIIBIPOBIIHUK
p—THUITy 1 HAaBIAKU, JIPKU 3 HAMIBIPOBITHUKA P—THUILY MIEPEXOJAUTUMYTh Y HAIMIBIPOBIIHUK
n—tumy. [Ipore Bke Ha MoBxuHI d BUTRHOTO MPOOITY HOCIT Pi3HUX TUIIB PEKOMOIHYIOTb.
B koxHiit 3 obnacteil pekoMOIHYBaTUMYTh OCHOBHI HOCIi 3 HEOCHOBHUMH, MOPYIIYIOUH
JUHAMIYHY piBHOBAry 3aps/iB B 001acTi p—N—mepexoay. 3 60Ky HamiBIPOBIIHUKA N—THITY
3aJUIIUTHCS HECKOMIICHCOBAHUU 3apsj NOAATHUX HOHIB JOHOPHHUX JOMIIIOK, a 3 OOKY
HAMIBIIPOBIIHUKA P—TUIly — 3apsil BiJ’€MHHX HOHIB aKLIENTOPHUX IOMIMOK. CTBOpeHe
3aps/laMd MOHIB €JIEKTpUYHE T0JIe MEPEHIKOKaTUME MOJaNbIii audy3ii OCHOBHHX
HOCIIB CTpyMy 4Yepe3 KOHTAKT HAIMIBIPOBIIHMKIB ABOX THUMIB. Ha KOHTakTi BUHHKHE
PIBHOBaXHUH MOTEHINANBHUI Oap’ep.

PiBHOBakHMI1 MOTEHIIATLHUNA Oap’e€p BUIITOBXYE OCHOBHI HOCIT CTpyMy 3 30HHU
KOHTakTy. Takui 1ap HamiBIPOBIAHUKA, 301JHEHUN HOCIIMH CTPyMy, Ha3UBAalOTh
3amipHUM.

S0 g0 p—N-Tepexoy NpUKIAcTH 30BHINIHIO Hanpyry U, piBHOBara MiX LUMHU
NOTOKaMu TopymuThes. Hampyra, mpukinazeHa B NpsSMOMY HampsMi, CIOPSIMOBYE [0
KOHTaKTy JOJIaTKOBI MOpLIi OCHOBHUX HOCIIB, SIKI PEKOMOIHYIOTh y 3alipHOMY MIapi.
Hampyra, npukiajeHa B 3BOPOTHOMY HalpsiMi, “‘BUCMOKTYE” 3 30HU KOHTAKTY JIMILIE
BJIaCHI HOCIi, CTBOpIOIOYM 3BOpPOTHHH cTpyMm |,. I3 nesxkum copomennsm BAX

HaITIBITPOBITHUKOBOTO J10/1a OMMMCYETHCS BUPA30OM:

eU

=1, exp(ﬁj—l , (6)

e € — eJIIeMEHTAapHUM 3apsia. BIOKpuTTs siBUIA OJHOCTOPOHHBOI MPOBITHOCTI OYJIO0
HACTUIbKU BaxJMBUM, 110 Y 1909 p. K.®. bpayny, sikuii Bnepiie onvcas Horo, mprCcBOiIN
HobeniBcbKy npemito.

MHOPAAOK BUKOHAHHSA POBOTH
1. 3i6patu nabopaTopHe yCTaTKyBaHHS BIJAIMOBIJHO JO MPUHIIMIIOBOI CXEMHU, HaBEJCHOI

R
™)

LORES

Puc. 1

Ha puc. 1.
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2. 3asatu Touku BAX. J{ing nporo HeoOXiaHO:

a) 30UIBIIYBATH HANIPYTY JHKEpesa J0 3HAYEHHsI, KOJIU CTPLIKa MijgiaMIepMeTpa 3MIHUTh
MOKa31 Ha KUTBKICTh MOJIOK, YJBI14l OUIBIITY BiJI MOMEPEIHIX;

0) mabuparouu omip R, T0CIATTH HYJILOBUX IMOKa31B rajibBaHoMeTpa G

B) oTpyMMaHi 3Ha4YeHHs cTpyMmy | Ta Hanpyru U 3anectu mo tabmuir 1.

3. Ilynkt 2 noBroputu 10—12 pa3iB ans pi3HUX 3HaYEHb CTPYMY | ;

4. O0YHCIATH 3HAYEHHS 3BOPOTHOTO cTpyMy |, miona. /it mboro HEOOX1AHO:

a) mooyayBatu rpadik 3anexHocti Inl Big U ;
0) ekcrtparoiroBaTH el rpadik g0 neperuHy 3 Biccio Inl, sk HaBemxeHo Ha puc. 2, Ta

Inl

< U

Puc. 2
3Haitau 3HaueHHs b B Toumi U =0 (ma oci Inl);

B) OOYMCIIUTH 3HAYEHHS 3BOPOTHOTO CTPYMY:

I, =exp(b). @)

Tabmuns 1

U,B
I, 4

Inl

5. I[lopaxyBaTu 3HaUEHHA alPOKCUMALIIMHOTO KOePillieHTa:

KT
U, =—. ®)
e

6. 3a gBoMa Toukamu rpadika OOUYMCIUTH 3HAYCHHS KoedillieHTa « BIANOBIIHO 10
dbopmymnu:
KT Inl, —Inl,

oQ=———" 9
e U,-U, ©
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7. 13 BuKOpHCTaHHAM 4uCIOBHX 3HadeHb U,, |, Ta a 3anucaru piBHAHHA BAX niona y

| = Io(exp(augoj—l}. (10)

KOHTPOJIBHI 3AIIUTAHHSA

1. SIxi pe4yoBHMHM HA3WBAIOTh HAMIBIPOBITHUKAMHU?

2. OcCHOBHI BIACTUBOCTI HaIliBIIPOBITHUKIB.

3. Slki mpunany Ha3WBalOTh HAMIBIPOBIAHUKOBUMH J10/1aMuU?
4. 30HHA CTPYKTYpPY HaIliBIPOBIIHUKIB.

5. SIki KBa31YaCTUHKH € HOCISIMU CTPYMY B HaIiBIPOBITHUKY?
6

7

8

9.

1

BUTJISAII:

. o Take epekTHBHA Maca YaCTUHKH?

. UuM 3yMOBJIEHI BJIaCHA Ta JOMIIIKOBA MPOBITHOCTI?

. B womy nonsrae cratuctuunuii posnoain @epmi—/lipaxa?
OcHOBHI BJIACTUBOCTI 3aIlipHOTO TIapy.

0. ®opmymna mns BAX niona.

17. BUBUEHHS 3AJIE2XKHOCTI OIIOPY METAJUIEBUX 3PA3KIB TA
TEPMICTOPIB BIJI TEMIIEPATYPH

META POBOTH: HaBuuTHCh BHU3HAYATH TEPMIYHUM KOEQILIEHT OMOpYy IS
PE3UCTOPIB 13 PI3HUX MaTepiaiB.

OBJAJTHAHHS: 1) nocimipkyBaHi  pe3ucropd  (MeTajeBHid Ta  HAIIBIPOBIA-
HUKOBUI); 2) mydenbHa miy; 3) TepMomMeTp; 4 OMMETD.

TEOPETHUYHI BIJIOMOCTI

SBuie eneKTpompoBITHOCTI pedoBUH BiAkpuB y 1729 p. Credan ['peii.
EnexTpuuHuii cTpyM TPOBIAHOCTI — 1€ BHOPAIKOBAHUM PyX EJIEKTPUYHUX 3apAJIB Y
pPEUYOBHHI.

1826 p. I'eopr Cumon OM eKCHepUMEHTAIbHO BCTAaHOBHB, IO Cuia CTpyMy | Ha
pe3ucTopi nmpornopiiiiHa 10 cnaay Hanpyru U Ha HhOMY:

| =—.
R 1)

Bupaz (1) nasuBaroth 3akoHoM Owma B iHTerpanbHii (opmi. Bemnmuumny R
HA3MBAIOTh €JIEKTPUYHUM OMOpPOM pe3ucTopa. s OJHOPIAHOTO IMIIIHAPUYHOTO 3pa3Ka
SJICKTPUYHUNA OMip PIBHUIA:

I
R=p 5 (2)
ne | — moekuHa 3pa3ka; S — 1UIoma WOro MOMEPEYHOro Hepepily; L — MUTOMH OIip
PEYOBHHH.
Maiixke a1 BCiX YHCTUX METANIB MUTOMHMA OMIp O TPH 3BUYANHUX TeMIlepaTypax
3MIHIOETBCS JITHIMHO 31 3MIHOIO TeMTIEpaTypH t:
p=py(l+at), &)
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ne p, — nuromiit omip npu t=0°C; a — remneparypHuil koediuieHT onopy. s Beix
YUCTUX METAJNIB TeMIepaTypHUil KOe)IlieHT Omopy MHpUOIM3HO OJHAKOBUH 1 CKIIaJae€
oy, =1/ 273(1/ K ) ~0,0037 (1/ K ) [lutomMuii omip CIUIaBIB 3HAYHO OUIBIIMKA Bij

MIATOMOTI'O OMOPY YUCTHUX METaNliB, a TeMIepaTypHHU Koe]Ili€EHT OMopy CIUIaBIB 3HAYHO
MEHIIMHA 3a ¢«,,. [nd [eskux crulaBiB (HAImpHKIAA, MAaHTaHIH, KOHCTaHTaH) IIpU

KIMHAaTHUX Temreparypax « =~0. Taky o0coOMMBICTh CIUIaBIB BHKOPUCTOBYIOTH JIIS
noOyZ0BH 3pa3KOBUX PE3UCTOpIB (Mara3uHiB omopiB). Bupas (3) mae HaOmmKeHUN
xapaktep. [lpu BuCOKMX TemmepaTypax TeMIlepaTypHHH KOEQIiIlieHT OMopy MeTaliB
3poctae mBuiIe. KpiM Toro, BiH 3Ha4HO 3pOCTA€ MPHU TIJIABICHHI METAIB.

[Tpu TemnepaTypax, OJU3BKUX 10 aOCOMIOTHOTO HYJS, OMip OUTBIIOCTI METajiB Ta
0arathoX CIUIaBiB CTPUOKOM criagae 1o Hyus. Lle sBuine, sske Ha3UBaIOTh HAIPOBITHICTIO,
BikpuB Kamepainr—Onnec y 1911 p.

OxkpiMm MeTaiiB, ICHy€ rpyna peuoBUH, MUTOMHM OMIp SKUX 3MEHIIYETHCS 3 POCTOM
temriepatypu. Kitiac Takux pedoBuH, sSiki HA3WBAIOTh HAIMIBIPOBIIHUKAMU, BiIKpuB 1863 p.
M. dapanen.

Pyx 3apskeHMX YacCTMHOK Yy PpEYOBHHI OyAe CYNEpHO3MII€I0 IX XaOTHYHOTO
TEIJIOBOTO PYXY 1 HaIMlpaBJIEHOTO 3MIMIeHHs (Aperdy) M 1€10 30BHIIIHBOTO MOJs. KO0
B OJMHMII 00’€My 3pa3ka MICTUTBCS N BUIBHUX HOCIIB 3apsfay, TO Apeh(OBY MIBUAKICTH
U,, MOJKHA BU3HAYUTH YCEPEAHCHHIM IIBUKOCTEH U; YCIX N ENCKTPOHIB:

1S
(S :—Zvi . 4
)

[BuakicTs apeiidy myxe mana i 3a3Buuaii y 101° pasis Mmenma Bix Temnosoi.

PyxJMBICTIO U Ha3WBAIOTh BIHOLICHHS BCTAHOBJICHOT LIBUAKOCTI Apeddy v, .

HOCIIB CTPYMY B PEUOBHHI i1 JI€0 €IEKTPUUHOIO MO 10 HAnpy’eHocTl E nporo mosns:

(¥
U=—2 (5)

PyxiuBicTh BUMIpIOIOTH Y M?/(B-c). BUKOPUCTOBYIOUM HOHATTS PYXJIMBOCTI, MOKHA
3anucaTy 3akoH OMa B qudepeHiiansHii hopmi:

j:l:enuEziE, (6)

S p
1€ | — T'yCTHHA CTpyMy; € — 3apsj eJeKTpoHa. I3 (6) 4iTko BUIHO, IO MUTOMUH OImip O
3aJIeKUTH BIJ ABOX (DAKTOPIB — PYXJIMBOCTI U Ta KOHLUEHTpAIlli N HOCIiB CTPyMYy.

VY Mmertanax eJeKTpOHHHM ra3 BUPOIKEHHM, TOOTO KOHIIEHTpAIlisi HOCIiB CTpyMy HE
3aJIeKUTh B Temmepatypu. OTxke, TeMnepaTypHa 3ajie)KHICTh TUTOMOTO OTOPY METaliB
BU3HAYATUMETHCSI BUKIIIOUHO TEMIEPATypHUM XOJOM PYXJHMBOCTI. TOMy IO 3 POCTOM
TEMIIEpaTypyu 3pOCTa€ TEIJIOBUH pyX aToOMiB, PYXJHBICTh HOCIiB CTpyMy Oyne
3MEHILYBAaTHCh, a 11e MPU3BEJIE 10 POCTY TUTOMOTO OIOpY.

Buxonsuu 3 posnoniny MakcBena—bosbliMaHa, CTaTUCTUUHY OL[IHKY KOHILIEHTpALii
N BUIBHUX HOCIIB 3apsiAy B HAIIBOPOBIIHUKY BU3HAYUMO 32 (OPMYIIOI0:

n=N exp(—%), (7
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ne N — xoHueHTpailis aTomMiB HamiBrnpoBigHuka, AN — mmpuHa 3a00pOHEHOT 30HU
HamiBIpoBinHUKa; T — abcooTHA Temiieparypa; K — crana bonbivana.
[Ipu He3MIHHIN PyXJIMBOCTI U MUTOMMII OIIp © HaIIBOPOBIIHUKA ILIBUIKO

3MEHINYETHCS NP 30UIBIIICHH] TEMITEPATYPH:

= p.ex (ﬂj (8)
P = P EXP KT )’

1€ p, — TUTOMUI OMIp PEYOBUHU IIPU JTy’KE BUCOKIHA TeMIepaTypi.

CaMe 0co0JIMBICTh HAMIBIPOBIIHUKOBUX MaTepiaiiB pi3Ko 3MIHIOBATH OIIp 3i
3MIHAMH TEMIEPATypy 4YacTO BUKOPUCTOBYIOThH JIsl MOOYOBH UyTIUBUX 10 HEl MpUIadiB
— TEpPMOPE3UCTOPIB (TEPMICTOPIB). B OCTaHHIX BeNUKHIA BiI’€MHHUI TeMIiepaTypHHA
Koe(dimieHT onmopy. Sk mpaBuiI0, TEPMICTOPH BUTOTOBJISIFOTH 13 MIOPOIITKIB OKCHIIB METATIB
IpecyBaHHSIM Ta crikaHHsIM. Po6ounii nianazoH TemmepaTyp Ijs MOUIMPEHUX TEPMICTOPIB
He nepesuirye 200 °C , mpu upomy ix omip 3miHoeThes B 30-200 pasis.

Crocié 00unc/ieHHs TePMIiYHOr0 Koe(dilieHTa 0nmopy 3a eKCrepUMEeHTAJIbHIMHA

TAHUMU
Omnip MeTaneBux 3pa3KiB 3MIHIOETHCS MPAKTUYHO JIHIHHO 3 TEMIIEPATYPOIO:
R=R,(1+at), (8)

ne R, — omip 3paska npu t=0°C. BpaxoByrouum nomipsHi 3HaueHHsd omnopiB R, mpu
temnepatypi t, Ta R, 3a remneparypu t, Ta BUKIIOYMBIIM 3 HUX R,, MOKHA BU3HAUUTH
TEPMIYHUI KOEILIEHT ONOPY:

— R,—R .

t2R1 _t1R2

OCKUIbKM B TEpPMICTOPIB TEMIMEpPATypHHM XiJ OMOpY HENIHIMHUMA, MOXKHA

CKOPUCTAaTUCh TPOCTUM MPUHOMOM: I1HTEPIOJIOBATH 3aJEXKHICTH omopy R Bix

TEMIIepaTypy JIHIWHUMU BIApI3KAMH 1 HA KOXXKHOMY 3 HHUX BH3HA4YaTH TEPMIYHUN
Koe(DILIEHT ONopy 3a CyMI>XHUMU BUMIPaAMHU:

Ri+1 — Ri

o =——""—"""—,
ti+1Ri _ti Ri+1

©9)

(10)
1e | — OpSIKOBUI HOMEpP BUMIpPY OIMOPY Ta TEMIIEpaTypH.

MOPAJOK BUKOHAHHSA POBOTHU
1. ITix’eqHaTH 1O OMMETPIB METaJIEBHM 3pa30K 1 TEPMICTOP.
2. YBIMKHYTU MydeabHy M4 1, 30UTbIIYIOYH TeMIepaTypy, 3HIMATH MMOKa3u OMMETPIB Ta
TepMomeTpa. JlaHi BUMiprOBaHb 3aHECTH 70 TaOmIl 1.
3. 3a popmynoro (10) oOuucnuTH 3HAYEHHS TEMIEPATYPHUX KOE(DIIIEHTIB OMOPY METaly
Ta TepMicTopa. JlaHi po3paxyHKiB 3aHECTH J10 TAOJIHIII.
4. TlobynyBatu rpadiku 3anexHocTedl omopy R,, MerameBoro 3paszka Ta omopy R,
TEPMICTOpa BiJ TEMIEPATYPH 1 TEMIIEpATypPHY 3aJCKHICTh TEPMIYHUX KOCPIIIEHTIB OMOPY
METally «,, Ta TepMiCTOpa «, .

Tabmuns 1
Ne t,°C Ry, Om Ry, Om a,, 1l K ay, 11 K
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1

10

KOHTPOJIbHI 3AIIUTAHHSA

O3Ha4yeHHs eNEeKTPUYHOTO CTPYMY MPOBITHOCTI.

SKi 3apsAIHKEeH] YaCTUHKH € HOCISIMH CTPYMY B PI3HHX CEpeJOBHILAX?
3axon OMa B IHTETpaNIbHIN Ta AudepeHIianbHii Gopmax.

Sk BU3HAUYAETHCS OMIP OAHOPIAHOTO IMITIHAPUYHOTO METAJIEBOTO 3pa3Ka?
3aexKHICTh MUTOMOTO OIOPY METaNy BiJl TEMIIEpaTypH.

ki peyoBUHM Ha3UBAIOTh HAIIBIPOBIIHUKAMU?

SIke sBUIIC HA3WBAIOThH HAIITPOBIIHICTIO?

O3HaueHHs ,,IIBUJKOCTI Apeidy” Ta ,,pyXJIUBOCTI HOCIiB CTpyMy’ .
SIK 3a7IeKUTh TUTOMUH OITip HAMBIPOBITHUKIB BiJl TEMIIEpaTypu?
10 Sy BeIMYMHY HA3UBAIOTh TEMIIEPATYPHUM KOEPIIIEHTOM OTopy?

©CoNoOkwNE

18. AOCJIIKEHHSA POBOTHU HAHIBITPOBI/IHUKOBOI'O BUITPOCTYBAYA

META POBOTH: 3acBoiTu cXeMH BUIPOCTYBayiB Ta METOJIM BUMIPIOBAaHHS CTPYMIiB
pi3HOI hopmu.

OBJIA/ITHAHHS: 1) mxepeno 3MiHHOI HaNpyrH; 2) HAIiBIPOBITHUKOBUN
BUIIPOCTYBay; 3) BOJIbTMETPH.

TEOPETUYHI BIIOMOCTI TA OIIMC NTPUJIAAIB
HaniBnpoBiTHMKOBHUI BUIIPOCTYBA4

EnexTpuunuM BUTIPOCTYyBadeM HA3UBAIOTh MEPETBOPIOBAY 3MIHHOTO €IEKTPUYHOTO
CTPYMy B TIOCTIMHUHN. 3a3BUYall Taki MPUCTPOI MICTATh €IEKTPUUHUNA BEHTHIIb, 3a TUIIOM
SKOTO  PO3PI3HSAIOTH  BaKyyMHI,  Ta30pO3ps/iHI,  HAMIBIOPOBIAHUKOBI,  PTYTHI,
€JIEKTPOKOHTAKTHI BUITPOCTYBaYl.

EnexTpuuHMM BEHTUJIEM HA3UBAIOTh MPUCTPIA 3 OJHOCTOPOHHBOKO MPOBIAHICTIO —
BUCOKOIO JJII CTPyMYy OJHOTO HAmpsIMy 1 HHU3BKOIO ISl MPOTHUIICKHOTO. SIK BEHTHIIb y
poOOTI BUKOPUCTOBYETHCS HAIMIBIPOBIIHUKOBUN 107, OCHOBOIO /10/1a € KOHTAKT JBOX
HaIIBOPOBIJHUKIB 13 PI3HUM THUIIOM MPOBITHOCTI — JIPKOBOI Ta e€JIeKTpoHHOK. Ha
KOHTAKTI TaKUX MaTepiajiiB, BHACIIIOK peKOMOIHAIlll HOCIIB PI3HUX THIIIB, YTBOPIOETHCS
TOHKUW IIIap HAMIBIPOBIAHMKA, 301IHEHUM HOCISIMH CTpyMy — 3amipHuil mmap. Skino
30BHINIHE TIOJIC MEPEMIIIy€E O KOHTAKTYy 3 PI3HUX CTOPIH €JICKTPOHU Ta JIPKH, OCTaHHI
PEKOMOIHYIOTh y 3aIlipHOMY IIapi, TIATPUMYIOUU CTPYM Yepe3 KOHTAKT. SKIO 30BHIIIHE
10JIe BIIBOAWTH €JIEKTPOHM Ta JIPKU BiJ KOHTAKTY, CTPYM 4epe3 Mi0j] He Teue. BombT—

amniepHa xapakrepuctuka (BAX) miona 3agaeTbest BUpa3om:
U

=1, e% -1/, (1)
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ne | — cuna crpymy; U — nampyra; |, U, — anpokcumaniiini koeginientu. ['padiuno
BAX niona mae Burisia, HaBe[eHuit Ha puc. 1.

| &

U

»

0 U,
1

Hanpyry U, , Buie sikoi yepes a101 Teue 3HAYHUI CTPYM, HA3UBAIOTh “‘I’ATKOI0”. B

igeansHoro gioga U =0. PeampHo Hanpyra U, 3ajgexurs Bl —MaTepialy

HamiBIpoBinHUKa: U1 repmanieBoro U =~ 0,38, nna kpemniesoro U, = 0,6 B, nns aiona
3 GaP namnpyra “n’stkn” U, =1,8B 1T. 1.
PosrasaeMo mporiec BUTIPSAMIICHHS 3MIHHOTO CTPYMY CHHYCOITaJIbHOT (hopMHu:
. 27
| =1 sin—t, (2)
T

ne | — ammniTyaHe 3HaYeHHS CTpyMy; 1 — IepioJ KonuBaHb; t — vac.

3a pexumMoM poOOTH BUIPOCTYBayl MOJUISIOTH Ha OJHOMIBIEPIOAHI Ta
JIBOITIBIIEP10/THI.

OpHomiBNEpioIHUNA BUIIPOCTYBAY 3 1/I€alIbHUM BEHTUJIEM MPOIMYCKAE CTPYM JIUIIIE
IPOTSIrOM IOJIOBHHH Tiepioay T, a IpOTSIroM Apyroro mBIepiony cTpyM He Teue (puc. 2).
BukopucroByroun OJHOCTOPOHHIO MPOBIIHICTh HAMIBIPOBIIHUKOBOIO 11073, CTPyM Y
3BOPOTHOMY HaIpsIMKYy BiTUHA€ThCs. [Ipy BCTAaHOBJICHHI Ha BEPXHiil YaCTUHI BTOPUHHOT
00MOTKHM TpaHchopMaTopa noJisspHocTi "+", a Ha HrkHIN "-" BeHTWIb D BigkpuBaeThes 1
CTPYM MPOTIKA€E Bl BTOPUHHOI OOMOTKHM TpaHchopmaropa depe3 HaBaHTaxeHHs R. Ilpu
3MiHI TOJSIPHOCTI HANpyrW Ha MEpPBUHHIM OOMOTII TpaHcopmaTopa — BeHTWIb D
3aKPUTHH 1 CTPYM Yepe3 HaBAHTAKEHHSI HE MPOTIKAE.

JIBOMiBNEpPIOAHUN BHUIPOCTYBaY MEPEKOMYTOBYE BIJI'€EMHY [IISHKY CTpyMy B
o0aTHy 00JacTh, ToMy (hopMa Hampyrd Ha HOro BUXOJI OyJe Takolo, SIK 300pa)KeHO Ha
puc. 3.

laga, T lasa,



https://uk.wikipedia.org/wiki/%D0%94%D1%96%D0%BE%D0%B4
https://uk.wikipedia.org/wiki/%D0%92%D0%B5%D0%BD%D1%82%D0%B8%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%92%D0%B5%D0%BD%D1%82%D0%B8%D0%BB%D1%8C

Puc. 3

KoediunieHT kopucHoi aii BUmpocTyBaua
KoedimienToMm KOprCHOI Aii (K.K.JI.) 77 BUIIPOCTyBa4a Ha3UBAIOTh BIAHOIICHHS
MOTY>KHOCTI MOCTIHHOI CKJIaJIOBOi CTPyMY Ha BUXO/I1 I0 OTY>KHOCT1 3MIHHOTO CTPyMY Ha

86X

BXOZI1 IPUCTPOIO: 7] =
6Ux
Po3rnsiHeMo nuTaHHS PO MaKCUMAIIBHUH K.K.JI. 11€aTbHOTO BOMIBIIEPiOTHOTO
BUNIpocTyBada. Hexail Ha BXiJl BUIPOCTyBaya MOJA€THCS HANIPYTa 3 JIIOYMM 3HAYECHHSIM
U . [loryxHicTs P_, Ky CIIOKUBA€ BUIIPOCTYBad, JOPIBHIOBaTUME N00YTKY JIIOUMX

3Ha4YeHb CTPYMY 1 HANpPyTH:

ngzwzi-U (3)

ne U, — aMIUNTyZHE 3HA4€HHs HAIIPYTH Ha BXOJ1 BUIIPOCTYyBaya.

Buxinny Hanpyry, dopma sikoi HaBeZieHa Ha puc. 147, MOKHA PO3KIIACTH Y P

®dyp’e 3a rapMOHIKaMH, MIE€P10Ji KOJUBAHb SIKUX KpaTHUM T , 1 mOCTiiiHY ckianoBy U v

pe3ynbTaTi ycepeHEHHSI Ha IPOMDKKY T CKJIaJ0B1 HAPYTH YCiX TapMOHIK JaayTh HYJIb,
OTKC OTPUMAEMO 3HAUCHHA MMOCTIHHOIL CKJIaI[OBO.l.i
2320,

T
72

1
UOewc = ?J‘Iﬂ/l
K.K. /. peaHBHOFO BI/IHpOCTYBa‘-Ia

Osux *

dt ~0,9U . (4)

0
BHacmigok HagBHOCTI Hampyru “m’arkn” U,
MEHIIUHN K.K.J. 11€aJIbHOTO Ta 3aJie)KUTh Bl HAaOpyru Ha BXOAl mpuctporo. JiiicHo, npu
BX1/IH1! Hanpy31i, MeHwii 2U , cTpyM depes 11011 He Tede.
Tunu eneKTpoBUMIPIOBATILHUX MPUTIAIIB

BumMiproBaabHUM TNpUIAIOM HAa3WBAIOTh 3aci0 BUMIPIOBaHb, IO JA€ MOKIIHBICTH
Oe3rmocepeIHbO PEECTPYBATH 3HAYCHHS BUMIPIOBAHOI BEIMYMHH. EJIEKTpOBHMIpIOBAJIbHI
NpWIaad TpU3HAYCH] [JI1 BUMIPIOBAHHS EJNEKTPUYHUX BEIMYUH — CTPYMY, HANpPYTH,
OTIOPY, MOTY>KHOCTI Ta OKPEMHUX XapaKTEPUCTUK 3MIHHUX CTPYMIB — YaCTOTH, KoeilieHTa
TapMOHIK Ta 1HILIE.

3a crnocoOoM MoOyI0BM MpUIaAHu AJi BUMIPIOBAHHS CTPyMYy HOAUIAIOTH Ha Pl
THUITIB:
a) MarHITOCJIICKTPUYHI  MPUJIAd  BUKOPUCTOBYIOTH  B3a€EMOJIII0  MAarHiTHOTO  TOJIS
MOCTIMHOIO MarHiTa 3 MarHiTHUM IO0JIEM BUMIPIOBAHOTO CTPYMY, IO T€UE€ MO PyXOMOMY
NPOBIAHMKY. SIKIIO MepioJ KOJMBAaHb PYXOMOiI MEXaHIYHOI YaCTMHU Npuiiany (pamku,
CTpUIKK) HaOaraTo OUIBIIMI MEPioay KOJMBAaHb 3MIHHOTO CTPYMY, TaKUi MpUiIaJ MOXKHA
BUKOPHCTOBYBATH SIK BUMIPHHK IMOCTIHHOI CKJIaJIOBOI CTPYyMY;
0) eIEKTPOMArHITHI TIPWJIAIA 3aCHOBAHI HAa B3a€MOJIIi MarHITHOTO TOJISI BUMIPIOBAHOTO
CTPyMy, IO T€UE MO HEPYXOMOMY MPOBIIHHUKY 3 MOJEM PYyXOMOTO MOCTIHHOTO MarHita.
Taxki mpunaan BUKOPUCTOBYIOTH JIJIsl BUMIPIOBAHHS CHJIM CTPYMY IMMPOMUCIIOBOI YaCTOTH;
B) TCPMOCJICKTPUYHUN TpUag MICTUTh TEPMOINEPETBOPIOBAY, Uepe3 HarpiBaabHUN
CJIEMEHT SIKOTO Te4Ye BHUMIPIOBaHWN CTpyM. Taki Tpuiaad BHUMIPIOIOTh 3HAYCHHS
MOCTIMHOTO UM 3MIHHOTO CTPpyMY pi3HOI popmu Ta yactoTu. OOMEKEeHE IX 3aCTOCYBaHHSI
BUKIIMKAHO JIMIIE CKJIAHICTIO BUTOTOBIICHHS Ta TPalylOBaHHS TEPMOIEPETBOPIOBAYIB.
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Cxema j1a00paTOPHOIO YCTATKYBAHHSA
Cxema JBOMIBIEPIOJHOTO MICTKOBOI'O BUIPOCTYBayda Uil BUMIpIOBaHb HOTrO K.K.II.
HaBeJeHa Ha puc. 4, ne: V, — BOIBTMETP €IEKTPOMArHiTHOI CUCTEMU AJISl BUMIPIOBAHHS

JII0YOTO 3HAYEHHS 3MIHHOI Hampyru; A, — aMIepMeTp TepMOEJIEKTPUYHOI CUCTEMH IS
BUMIPIOBAaHHS JI1I0UOr0 3HAUEHHs IIyJIbCYIOUOrO CTPyMY Ha BXOAI BUIpPOCTyBada; V, —
BOJIBTMETP MAarHITOCTEKTPUYIHOI CHUCTEMHU [JI1 BHUMIPIOBAHHS TIOCTIMHOI CKJIaJ0BOi

HaIpyrd Ha BUXOJI BHIIPOCTYBada; A, — aMIEpMeTp MarHiTOCIEKTPUYHOI CUCTEMHU UL

BUMIPIOBAaHHSI MOCTIHHOI CKJIQJI0OBOI CTPYMYy Ha BHUXOJl BHIOpOcTyBada; R — omip
HAaBAHTAXKEHHA. Y MOMEHT 4Yacy, KOJM Ha KOHTakTi | NOTeHLiaJl JoJaTHIA, a Ha
KOHTAaKTI 2 — B €MHUH, cTpyM Teue depes aiog D, pesuctop R, miog D, Ta koHTaKT 2.

Y MOMEHT 4acy, KOJIM MOTEHIlia]d Ha KOHTaKTi 1 BiJ’€MHHI, a Ha KOHTaKT1 2 — J0JIaTHIM,
TO CTpyM Teue depes piox D,, pesucrop R, miox D, ta kontakt 1. Takum unHOM, uepes

PE3UCTOP CTPYM 3aBXKIU TE€YE B OJJHOMY HAIIPSIMI.

VY po060TiI BUKOPUCTOBYETHCS CIIPOIIIEHA CXEMa BUMIPIOBAHHS K.K.JI., ¥ SIKi{ BIACYTHI
amriepMmetpu. JliicHO, TOCTIMHA CKJIaJ0Ba CTPYMY Ha BHUXO/JII MPUOIM3HO JopiBHIOE 0,9
CTPYMY Ha BXO/Ii Ipwiiaay. TomMy K.K.J. BAIPOCTyBada BUSHAYATUMETHCS (POPMYIIOFO:

l,,,.-U N 0,91 _-U,,, _ O,9U°

— Jeux 5
I@x ) st I@x ) st U ( )

6X

Osux Osux

]7:

MNOPAJOK BUKOHAHHSA POBOTHU
1. 3i06patu naboparopHe ycTaTKyBaHHS BIANOBIIHO 10 MPUHIIMIIOBOI CUCTEMU puc. 4 (6e3
aMIIEpPMETPIB).
2. 3MmiHIOIOUYM BX1AHY Hanpyry, BuMmipatu U, ta U, BoabT™eTpiB V, Ta V,.
3. BigmosigHo mo ¢gopmynu (5) mopaxyBaTu K.K.JI. 77 BUIpocTyBada. JlaHi 3aHECTH 0
tabmum 1.

Tabmnmg 1

6x’

Osux ?

n

4. IToGynyBatu rpadik 3al1exKHOCTI 77 B1J BX1OHOI Hanpyru U _ .
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KOHTPOJIbHI 3AIIUTAHHSA

SIKi mprCTpOi HA3UBAIOTH EIEKTPUIHUMHU BUMIPOCTYyBadYaMu?

[IpuHIMT poOOTH HAMIBIPOBIAHMKOBOTO J110/1a.

Sk npairoroTh OTHOMIBIIEPIOAH] Ta ABOMIBIEPIOIHI BUIIPOCTYBAYi?

[Ilo o3Havae TepmiH KOeDIIIEHT KOPHUCHOI J1i BUITpOCTyBava?

Sxuii MaKkCUMaIbHO MOKJIMBHUH K.K.J. JBOIMIBIEPiOAHOTO BUIIPOCTyBaya?
OCHOBHI TUITH €JIEKTPOBUMIPIOBATIBHUX MPUIIA/IIB 1 X XapaKUEPUCTUKH.
[TpunuMn po6OTH ABOMIBIEPIOAHOTO BUIPOCTYBAYA.

[TocnigoBHICTH BUKOHAHHS POOOTH.

dopMmyia MOTY>KHOCTI, SIKY CIIO’KABA€E BUIMPOCTYBAY.

10 dopMya 11 BU3HAYCHHS K.K.Jl. BATIPOCTyBaya.

CoOoNOOTRODE
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